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Ilpakmuueckoe 3anamue Nol. Ymounenue Kopnua Heauneinozo ypasnenus memooom Heromona
cpeocmeamu nakema Excel u cpeocmeamu naxkema MathCad.

1. YcaoBue 3a1anus

[IprMeHsis YMCIEHHBIE METOJIbl HAUTH ¢ TOYHOCTBHIO e=10" nBa KOpHSI HEJTMHEWHOTO YpaBHEHUS
F2(x)=0, tme Fy(X) — 3amanHas ¢yHKOMS  KBaAPAaTUYHOM amnmpoKCHUMAaIuu Habopa HEKOTOPBIX
SKCHICPUMCHTAIIbHBIX orcuéTtoB. B nponecce pCuiCHUus YpaBHCHUA HGO6XO,Z[I/IMO BBIITOJIHUTDH BCC ITYHKTHI,
yKa3aHHbIE B 33IaHUU KYPCOBOM pabOTHI.

F,(x) = -0.0255x* + 0,1932x + 0,5059.

Jnst pelieHyst Takoro ypaBHEHMsI CYIECTBYET M3BECTHAs U3 IIKOJBHOIO Kypca MaTeMaTUKHU
npoctast GopMyla x = (-h+~/b> —4ac)/2a, PE3YIBTATOM BBIUUCICHUHN 110 KOTOPOU SABISIOTCS KOPHU X/= -

2,06787 m x,=9.78787. OT0 OKa3anoch BO3MOXHBIM TOJBKO IPH IOJOKUTEIBHOM JINCKPUMHUHAHTE
D=b2—4ac. B npoTUBHOM ciTyyae ypaBHEHHE MOTJIO UMETh TOJBKO OJTHO WJIM HU OJHOTO PEIICHHUS.

OpHako 1J1s peneHus anredpandeckux cTerneHu oonee 4-i U BceX TPAHCLEHJCHTHBIX ypaBHEHUN
no00HbIX GopMmyn He cymiecTByeT. [loaToMy JaHHBIE KOPHH MOTYT CIYXKHTh B 3TOM 3aJaHUHM TOJBKO
JUIsl KOHTPOJISl BEPHOCTH PacueTOB YNCIEHHBIMU METOAAMH.

2. OTaesieHNe KOpPHel HeJIMHEITHOT0 YPaBHEHMS.

[Tox oTnmeneHreM MOHUMAIOT MPOIECC YCTAHOBJICHHS MUHHUMAIHHO BO3MOXKHOTO OTpe3ka [n, k]
ocH X, Ha KOTOPOM COJACPIKUTCS TOJIBKO OJMH KOPEeHb ypaBHEeHUs F)(x)=(). DTOT mporecc (METO/1) MOKET
OBITh rpa)UIECKUM WIIM AaHATTUTHYECKUM.

IIpu rpadguyeckoM MeToJe 3HAUCHUSIMH KOPHEW 3aJaHHOTO ypaBHEHHs SBISIIOTCA (cM. puc.l)
TOUKH TiepecedeHus rpaduka pynkuuu F>(x) ¢ ocbto 0X. [lomaras, 9To JaHHBIC TOYKHU JIEKAT BHYTPH
OTpe3KoB [n, k], MOXXHO OIIEHUTHh M TPOU3BOJIHLHO BHIOpATh HaudajdbHBIC (X=N) ¥ KOHEUYHBIE (X=K)
TpaHUYHBIC 3HAYCHHS] HHTEPBAJIOB U3OJISIIMUA JJIsI KXKIOTO U3 KOPHEH.

Ha puc.1 pacnonoxkeHue TOYEK TAKOBO, YTO OTIEIUTh MOKHO TOJBKO OJIMH KOPEHb, KOTOPBIN
CYyILIECTBYET Ha oTpe3ke [-3, -2]. Bropoii KOpeHb Ha 3TOM PUCYHKE YBHMJETh HEBO3MOXHO. Ilo3Tomy
cienyeT AOCTpOuTh Tpaduk (YHKIMH BIOPaBO 10 MepeceueHus ¢ ocklo Y. Jlms sToro HeoOXoaumo
peanM3oBaTh Mpouenypy Tadymsuuu (TeHepaluio 3HAYeHW (YHKIMHM MPU U3MEHEHUH apryMeHTa C
¢dbukcupoBaHHbIM marom). Illar Tabymnsaiuu BeIOMpaETCs MPOU3BOIBLHO, UCXOI M3 JKEJIAeMOW TOYHOCTH
ompezeneHuss oTpe3ka. Tabiuia Takux 3HAYCHWH mpu eauHWMYHOM mare aprymenta (h=1) umeer
CIEAYIOUIUNA BUL:

Tabaumna 3HadeHuil pyrkmun Fo(x)=-0,0255x + 0,1932x + 0,5059

X 5 6 7 8 9 10 2
Fof) o,i34 0,7147 0,6808 0";19 0’1279 0,112 | 0,454
1 4

I'padpux Qynkmum npencraBieH Ha puc.l. Jlerko BuIeTh, YTO BTOPOM OTPE30K OTPaHHYCH
KoopauHatamu [9, 10].



F2(x)

08 1 F'pacdmnk dyHkumnm F2(x)

Puc.1. I'padux pynkmmn Fy(x)

IIpn aHaIMTHYeCKOM MeToAe Uil OTACICHUS KOpHEH Iesecoo0pa3sHO BOCHOIB30BAThCSA
Ha0OpPOM YHCIIOBBIX pe3ylbTaTOB TaOymsiiuu GyHKIuM f(X) Mpyu M3MEHEHUH apryMeHTa X ¢ maroMm h u
BBIOpaTh M3 HHUX OTpe3kH [n, k|, B Hawyare n u KoHie k koTopsix HempepbiBHas (yHkuus f(x) Oyner
NPUHUMAThH 3HAYEHUS Pa3HbBIX 3HAKOB.

AHanuTHdeckuil cnoco0 UCMONMB3yeT TEOpEMY M3 MAaTEeMaTUUECKOTO aHAIM3a: €CIM HelpephIBHAS
dbyakuus f(X) mpuHUMaeT 3HAYCHHS Pa3HBIX 3HAKOB Ha KoHIAx orpeska [k,m], To ecth f(k)*F(m)<0, To
BHYTPH 3TOTO OTpe3Ka COJCPXKHTCS, 10 MEHBIIEH Mepe, oauH KopeHb ypaBHeHus f(x). Kopens Oyner
€MHCTBEHHBIM, €clii TMpousBoaHas f(X) CylIecTByeT M COXpaHSeT IMOCTOSHHBIM 3HAaK BHYTPU
unTepBanalk,m].

Tab6muia 3HakoB QyHKIHMN Fo(X):

X -3 -2 9 10
F)(x) -0,3032 0,0175 0,1792 -0,1121
sign F»(x) - + + -

Ha otpeske [-3, -2] u Ha oTpe3ke [9, 10] pyHkIMsa MEHsET 3HAK, ClIeIOBATEIHHO, CYIIIECTBYET, IO
KpaiiHel Mepe, 10 OAHOMY KOPHIO Ha OTpE3KeE.
[TepBast npousBoaHas QyHKINUN
Fy'(x) =2%(-0,0255x) + 0,1932;
BTOpasi Mpou3BogHAs HYHKIIMI
F>"(x) =-0,0510<0.

3HaK BTOpPO TPOM3BOAHON (DYHKIIMK CBUICTEIHLCTBYET O TOM, UYTO TepBas €€ IMPOU3BOJHAS
saBisieTcsl (PyHKIIMEH MOHOTOHHO YOBIBafoIIeH, a cama (DYHKIUS SIBISIETCS BBIMTYKJIOW. MOHOTOHHOCTH
CIEAYET U3 HEU3MEHHOIO 3HAYEHHUSI BTOPOU MPOU3BOJHOM.

Tabnuiia 3HaKOB MPOM3BOTHON HYHKIIUU:

X -3 -2 9 10
F,'(x) 0,3462 0,2952 -0,2658 -0,3168
sign Fo(x) + + - -

Ha otpeske [-3, -2] mepBas mpou3BOJHAS COXpAHAET 3HAK M IMOJOKHUTEIbHA, CIEAOBATEIbHO,
¢ynkuus F>(Xx) MOHOTOHHO BO3pacTaeT U MMEET eIMHCTBEHHBIH KOpeHb Ha oTpeske. Ha orpeske [9, 10]
nepBasi MPOU3BOIHASL COXPAHSET 3HaK U OTpHIIATeIbHA, CJIEI0BaTENbHO, PYHKIINS MOHOTOHHO YOBIBAET, U
Ha OTPE3KE TAK)KE UMEETCS €AMHCTBEHHBIN KOPEHb. DTH BBIBOBI OJHOCTHIO COBIMAIAIOT C TpapHUueCKUM
npecTaBieHueM QyHKINH.

Jl11 yTOuHEHHS IEPBOr0 KOPHS MCIOJIb3YEM METOJ IPOCTOM UTEpPALH, & BTOPOIO KOPHS — METOJL
HeroToHa.



KonTtpoasnsie Bonpocs! I131(0OI1K-4):

B uém 3akmntovyaeTcs 3aa4a YUCICHHOTO HHTETPUPOBAHUSA?
Kaxk rpynnupyrorcst uncieHHbIE METOAbl UHTETPUPOBAHUSA?
Meronst Hetorona — Koteca. @opmyibl psiMOYTOJIHUKOB?
Mertonst Hetotona — Koreca. @opmyna tpanenuii?
Meronsl Hetorona — Koreca. ®opmyna Cumricona?

DAl

Ilpakmuueckoe 3anamue Ne2. CmpykmypHble cxemul anzopummos, npozpammuposanue u
peutenue 3a0ay na IIK, ceéazannplx ¢ peuieHuem HeJTUHEUHbIX YPAGHEHUIL Memooamu
no106uUHNH020 Oenenus, umepayuu u kacameavnvlx (Horomona — Paghcona).

YTouHeHUe KOPHS YpaBHeHHus1 MeToaoM HbloToHA

Meron HpioToHa cuuTaeTcsi Oojiee MPAKTUYHBIM IO CPABHEHUIO C  METOJIOM
UTEpAIK, TaK KaK He TPeOyeT OTBICKUBATH CXOSIIYIOCS UTEPUPYIONIYI0 QYHKIIHIO (P(X).
Jns yrounenust Ha otpeske [9; 10] BToporo kopHs ypaBHEHHS F,(x) STHUM METOJOM C

TOYHOCTBIO € UCTIOJIB3YIOT PEKYPPEHTHYIO POpMYITy
X, =X, — Fz (x,) ,n=0,12,..
Fy(x,)

HavanpHoe 3HayeHWe TMEpPEeMEHHOM X JIOJDKHO HaXOAWTbCA B HHTEpBale
OTIIeNIeHHOTO oTpe3ka Xo €[n; k]. Ho mpu sTom HEoOXoauMo oOecneuuTh YCIOBHS
CXOJIMMOCTH UTEPALIMOHHOTO Ipolecca:

- ¢yukua F(x) lnomkHa ObITh HEMpPEphbIBHA HAa OTPE3KE JIOKAIM3AIUU U UMETh
pa3Hble 3HAKU Ha KOHI[AX OTPE3Ka;

- TIepBasi ¥ BTOpasi MPOU3BOIHBIE (PYHKIIMH OTIMYHBI OT HYJISI M COXPAHSIOT 3HaK Ha
OTpe3Ke. DTU yCIOBUS BBIMOIHAIOTCS, OHU MPOAHATU3UPOBAHBI B MPEABIYIIUX pa3/eax.

OOBIYHO W3 UHTEpBaia JIOKAJIU3aUN KOPHS BBIOUPAIOT Ty TPAaHUYHYIO TOUKY X = N
WL Xo = K , KOTOpas Mo3BOJIIET 00ECHEUUTh YCIOBUE CXOAMMOCTH BBIYMCIUTEIBHOTO
nporecca

F(xg) * F>7(xg) > 0

Hanpumep, npu x,=10:

F,(10) =-0,0255%10% +0,1932*10 + 0,5059 = -0,1121<0;

F",(10) =-0,0510<0;

-0,1121 * (-0,0510) >0.

Takum oOpa3om, WTepalMi0 MOYXHO HayMHAThb OT HAYaJbHOrO 3HadeHus Xo=10.
Kcratu, BTopas Touka orpeska k=9 sTomy yciaoBHIO HE yI0BIETBOPSET.

BoruncnuTenbHbIl  mpolece MOCHeAOBATENbHBIX MPUOIMKEHHM OT HayalbHOMN
TOYKH K UCTUHHOMY 3HAYEHUIO KOPHS JOJDKEH MPOJIOJDKATHCS 10 00eCredeHnss TOUHOCTH
ero BbruncieHus. [Ipu sTom 3amaBaeMasi TOUHOCTh € OOECIIEUMBAETCS MPHU BBITOJHEHUU

YCIIOBUSL:
< 2me R
M2

rae my=min | F2’(x) | u M,=max | F,"(x) | na orpeske [n; k]. Ho Tak kak njus
-2
MCXOJHOTO YPaBHEHHUS BBIMIOJHACTCS COOTHOMIEHUE 2m; /M, >10, To BMECTO yKa3aHHOTO
YCJIOBHSI MOKHO MCTIONB30BaTh Oosee mpoctoe [2], [3]:

T=|X,-X,,




T = | Xn+1_ Xn | = | Fz(Xn) / FZ’(Xn) | _<0,]*8

CxeMa anropuTma yTOUHEHHs KOpHE 1o metony HbeloToHa mpencTaBiieHa Ha puc.3.

PesynbTaTel nporpammHoro pemieHus ypaBHenus F,o(x) = 0 Ha otpeske [9, 10] (cMm.
PUJIOKECHHE) MPUBEICHBI B Ta0IHIIE:

n Xn FZ(Xn) FZ‘(Xn
)

0 10,0 -0,11210

0,31680
1 9,6461 -0,00319

0,29875
2 9,6355 HMckoMBl

1 KOPEHb

X* - yTOUHEeHHBIH KOpeHb Ha oTpe3ke [9, 10] paBen 9,6355.
[TorpentHocTh BBIUUCIEHUS METOIOM HbI0TOHA OTICHUBAETCS 110 (hOpMYyIIE:

x*—x,| < )?~02-107

X+1:=b
n:=0

v

r REPIiAT ﬁ

Hi=Xiw
Xie1:=Xr Fo(X)/F2(x)
BoiBoa(n, X, X.1)
n:=n+1

'

L UNTIL Fg(xj)fFv_.'(x;)“E)

Puc.3. Cxema anroputma yrouHeHus: KopHel 1o Mmerony HeroToHa

KonTpoabubie Bonpocsl 1132(0I1K-4):

1.

2
3
4
5.
6.
7
8
9.
1

Kakoe ypaBHeHME Ha3bIBA€TCSl HEMMHEHHBIM?

Kakoe ypaBHeHME Ha3bIBaeTCs aIreOpanyeckuM, a Kakoe — TPaHCLEHIEHTHBIM?
UYro sBisieTcs KOPHEM HEJIMHEWHOTO YpaBHEHUA?

W3 Kakux 3TanoB COCTOUT PEUICHUE HEITUHEHHOIO YpaBHEHUS?

Kak npousBoauTcs 3tamn oTaeseHns KopHei?

Ha xakoli TeopeMe OCHOBBIBACTCS aHAJIUTHYECKOE OTACICHUE KOpPHEN?

[Tpu KakuX yCIOBHSX KOPEHB OyIeT eMHCTBEHHBIM Ha OTPE3KE OTIEICHUS KOpHEi?
B uém 3akmmrouaercs sTan yTOUYHEHUS] KOPHEH?

B uém cyTh MeTOIa IOJIOBUHHOT'O AETICHUS?

0. Yro sABiIseTCA yCIOBHEM OKOHUYAHUS TIOUCKA KOPHS?
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11. B uém cyTh MeTOZ]a MPOCTON UTEPALIMN YTOUHEHUSI KOPHS?
12. Kakue ycnoBUs AOIKHBI ObITh BBIMOJHEHBI, YTOOBI MPOLIECC CXOAUIICS K KOPHIO?
13. [IpuBeauTe OAMH W3 CIOCOOOB PAaBHOCWIJIBHOTO NpeoOpa3oBaHUs ypaBHEHHS f(x)=0k

BHIY X= ((X).

14. Yto siBAsieTCs yCIOBUEM OKOHYAHUA IMOUCKA KOPHS B METOZAE MPOCTOM UTEpanuu?

15. B uém cyts Merona Hetorona - Padcona yrounenus kopHs?

16. CpaBHHUTE METO/Ibl YTOYHEHHUS KOPHEH.

17. [lpuBeauTe CTPYKTYPHYIO CXEMY aJIFOPUTMA 3aJaHHOTO METOJa, YTOUHSIOLIEro KOPeHb
HEJTMHEHHOTO ypaBHEHHS.

Ilpakmuueckoe 3anamue No3. Memoo naumenvumux keaopamos. CmpykmypHbvle cxembl
anzopummos, npozpammuposanue u pewienue 3aoay na I1K, ceéazannvix c peuwienuem 3aoau
AnnPOKCUMAYUU MEMOOOM HAUMEHBUUUX KEAOPAM 8.

YTOouHeHUe KOPHS YpaBHeHust MeToaoM HbroTOHA
cpencrBamu nakera [ 111

Yrounenue kopHs MerogoM HeioroHa cpeactBamu makera Excel ocymiectBusiercs
N0 TeM >K€ NPUHIIMIIAM, YTO W pacdyeT METOJOM NPOCTON HUTepaluu B MPeAblayIEeM
paznene. HeoOxonuMo opraHu3oBaTh LMKIMYECKUN MPOLIECC pacdyeTa C BO3MOKHOCTBHIO
MHOT'OKPAaTHOT'O YBEJIMYEHHUS 4YHCIIa IOBTOPOB Teja Hukiaa. [loBTOpsl peanusyrorcs
KOMUPOBAHUEM PACUYETHHIX (OPMYJI C BU3YyaJbHBIM KOHTPOJIEM AOCTIXKEHUS TpeOyeMoit
TOYHOCTH.

Jls 3Toro TpedyeTrcss MOATOTOBUTH IAINKY TAOIHIBI U MO PACYETHBIM (opMyiiam
MEPBYI0 CTPOKY C HayalbHbIMU 3HAQUYEHUSIMUA IIEPEMEHHBIX (A2:F2). [nsa
paccMaTpuBaeMoil (pyHKIIMU HadaiabHOe 3HaueHue X =10 (sueiika B2). B sueiike E2
3HaY€HHE COOTBETCTBYET YAaCTH PACUETHOM (HOPMYIbI, HO OHOBPEMEHHO U MOTPEUTHOCTH
BbluKclieHusd. [lo3TOMy HMMEHHO OHa TPUMEHSIeTCS IS BHU3YaJIbHOTO KOHTPOJIS
JOCTHXKEHUS 33JaHHON TOYHOCTH (CM.puc.5).

Btopas cTpoka oTnuyaeTcss TeM, YTO BBIUMCISET TMOPSAKOBBIA HOMEp U
paccUMTHIBAET MOCIIEayIoIIee 3HaueHne aprymenTa X. OctaibHble (GOpMyIibl KOMUPYIOTCS
u3 mnepBoil ctpoku. Ilocne dopmupoBanus ctpoku A3:F3, MOXHO BBINOJHATH
KOMUPOBAHUE IEJIMKOM BCEH CTPOKH PACUETOB.

:udl_.l ERB NI TR AR BE-HMIU GG a =0 2l Koy
H15 A

m
L[]
il

i OB

A1 8 | [; T ] & 1 F
1 n x Jix)y Sz :.ful S ix)y Hugdopuanins
_.E 0 10 =0,0265'B2'B2+0,1932'B2+0.6059 |=2"(-0,0265'B2)+0,1932 |=C2/D2 =ECNW(E2<=0,001:"stop"."nanee"}
3 =A2+1|=B2-E2 |
4

Puc.5. ®opmyns! Anst yTouHEeHUs KOpHs 1o MeTony HeroToHa

BrinmonHeHne pacueTroB JaeT pe3ysibTaThl, NMpeJCTaBlIeHHbIE Ha pucyHke 6. Ilo
: s sa wsuuue. TaOOMIlE BUAHO, YTO cuUrHaa 'stop" BBIJAETCS YK€ Ha
L T e T TPEThEM IlIare YTOYHEHMs. DTO BUJHO MO sA4eiike E4, B

fix) e x) _r )| Hupowanus
.n:nse 0353351 |panee

speri soossrpes | KOTOPOM ~ OHIMOKA 3HAYUTEIBHO MEHBINE JOIyCTUMOM.

3HaueHUE NEPEMEHHOW, IPU KOTOPOW OTO JTOCTUKHUMO
MOKa3aHo B siueiike A4, 3T0 U ecTb NPUOIMKEHHOE 3HAYEHUE
kopHsi. Takum oOpa3oMm, BTOPOW KOpPEHb YpaBHEHHUS pPaBEH

Puc.6. Pe3ynbTaThl yTOUHEHUS
KOpHs 110 Metoay HeloToHa

9,6355.



YTouHeHUe KOPHS YpaBHeHHust MeToaoM HbroToHA
cpeacrBamu nakera MathCad

Jlns pemieHuss HelMuHEeMHBIX ypaBHeHuM Buaa f(x)=0 B Mathcad ucnonb3yercs

byHKIUA
root( f(x1,x2, ...),x1, a, b ).

@dyHKIUs BO3BpallaeT 3HaueHue X1, mpuHaaexaiiee oTpe3ky [a, b], npu koropom
BhIpakeHue uinu Qynkius f(x) oopamraercs B 0. O6a aprymMeHTa 3Tol (PYHKIIUH JTOJDKHBI
ObITh ckajsipamu. DyHKIMSA Bo3BpauiaeT ckausap. OyHKIUS root peanu3yeT BbIYHCICHUE
KOpHS ypaBHEHHUS! YHCJIEHHBIM METONOM (CEeKyIIUX MpsMbIX) ¢ TouHOCThro TOL (1o
ymomuanuio TOL =1,107).

ApryMeHThbI:

- f(x1, x2, ...) - dyHKIUA, ompeneiaeHHas Ie-1M00 B paboyeM TOKYMEHTE, WU
BbIpa)keHHE. BbIpakeHHe TOJKHO BO3BpAIlaTh CKAISPHBIE 3HAYCHHUS,

- X1 - - UMS mepeMEHHOM, KOTOpasi UCMOIb3yETCSl B BBIPAKEHUU. DTON EPEMEHHON
nepen HCHojb30BaHWEM (QYHKIUU Foot HEOOXOJUMO IPUCBOUTH YHUCIOBOE 3HAUCHUE
(HauambHOE MPUOIMKEHUE TIPU TTOMCKE KOPHS );

- a, b - HeoOs3aTeNbHBI, €CITU MCHOIB3YIOTCS, TO JOHKHBI ObITH BELIECTBEHHBIMU
YHCJIaMH, puyem a < b.

Jlnsi M3MEHEeHHsI TOYHOCTH, C KOTOpOMl (YHKIUS roof WILIET KOPEHb, HYXHO
M3MEHHUTh 3HAUeHUE cucTeMHOUN nepeMeHHorM TOL. Eciu 3nHauenne TOL yBenuuuBaercs,
byHKuMs root OymeT cxoauThesi ObICTpee, HO OTBET OyneT MeHee ToueH. Ecnu 3HaueHue
TOL ymenbiaetcsi, TO QyHKUUS root OyIeT CXOOUTHCS MEAJIEHHEE, HO OTBET OyaeT Ooee
ToueH. YtoObl m3mMeHuTh 3HaueHue TOL B ompeneneHHOW TOYKe pabouyero MOKyMEHTa,
UCHIOJIB3yHTe omnpeneneHue Buaa. Utoosl usmenuts 3Hauenne T7OL nns Bcero padouero
JOKyMeHTa, BblOepuTe KoMaHay Mamemamuxka =Ilapamempeol... —=llepemennvie
=/[onyck cxooumocmu (TOL).

[Tpumeps! ucnonb3oBanus HYHKIUH F0Of TIOKa3aHbl Ha puc.”.

[ER Mathcad PLUS - [HeamHe HHbie ypasHe HHA.MCD] EJ@@
@ Mafin Mpaeka TekcT MaTematika [padMika CHMBONMKE OKHO HHMMM 7
- g%
e ]
B[22 (A (1] 12| 31 |t
il (N et PN e N
| Bl E|EE [
s
10 OnpefeneHie NepemMeHHOR W 3HaYEHHE
iy HaYansHoro NpHBaKKeHUA
%) :=.n.0255-x2+n.1932-x+n.5059 McxoaHoe ypaEHeHKE
1 cnocob TYHKLHA M MEpEMEHHEA
root( %), ¥) = 9634 ONpeARpEnsl paHes
2 cnocof
rn:n:d;{-IZI.Dzjj-x2 + 01932z + D.5D59,x} =0636
DYHEUMA B CAMOM BEIPEHEHHN,
MepeMEHHEA ONPEdEneHa paHes
b
JL0A NoayqeHHs cipaeku Hasmmgme Fl AETO

Puc.7. Pabodee mosie 1j1sl yTOUHEHUST KOPHS



JJ1s HaXOXKIEHUS KOPHEH BBIPAKEHUS, UMEIOIIETO BU/T
VX" o VX F v+ v,
BO3MOYKHO MCIONIb30BaHUE PyHKIUU polyroots, Hexxenu root. B otnuane ot GyHKINY root,
byukuusi polyroots He TpeOyeT HadaabHOTO TPUONMIKEHHS W BO3BpAIIAeT Cpa3y BCe
KOpPHH, KaK BEIICCTBCHHbBIE, TaK M KOMIUIEKCHbIE. HO B MpUBEIEHHOM 3aJaHUM ATOTO HE
Tpedyercs.

Kontpoasubie Bonpocsl 1133(OI1K-4):
1. Omnpenenenue anmpokcuMaruu GyHKIUNU?
2. OmnpeneneHue HHTEPHOIALNN QYHKITUH?
3. VYcnoBue MHUHHMyMa OTKJIOHEHHS 3HAYCHHUH anmpoKCUMHpyoIled (yHKIuU Ot
IKCIEPUMEHTAIbHBIX TOUEK?

4. Meton penieHus CUCTEMbI HOPMAJIbHBIX YPABHEHU?

5. MeTtoabl HaXOXJIEHUSI KOPHEH CUCTEMbl HOPMAJIbHBIX YPABHEHUI?

6. IlomydeHne MTMHEWHON M KBaIpaTHYHON allIPOKCUMHUPYIOITUX (QYHKITUH?

7. IlpuBeauTe CTPYKTYPHYIO CXEMY alrOpUTMa METO/JAa HAMMEHBIIUX KBaJparoB s
MOJIYYCHHUS JIMHCHHOW U KBaJAPATUIHOM alMIPOKCUMUPYIOMUX (HYHKITAM.

8. KonuyecTBeHHas OlEHKA Ka4yeCTBa allPOKCUMAIUU?

9. Kakoe nmpubnuxeHue K TaOJIUYHO 3aJaHHON PYHKIIUU CUUTACTCS JTyqIumM?

10. TTonyyenune k03(pPUIMEHTOB aNMPOKCUMAIIUH C MCIIOB30BAHUEM METO/Ia HAMMEHBIITUX
KBa/IpaToB cpeacTBamu nakera Excel u makera MathCad?

Jlabopamopnas paooma Nel. Ymounenue KOpHA HETUHEUHO20 YPAGHEHUSL MEMOOOM Umepauuu
cpeocmeamu nakema Excel u cpeocmeamu nakema MathCad.

YTouHeHHe KOPHS YPABHEHUS] METO0M UTepPaAllUH

Jis yTOuHEHHS KOpHS METOJOM WTepally C 3aJaHHOW TOYHOCTBIO € MpeanoJiaraercs
npeoOpa3zoBaHue ypaBHeHUs Fo(x)=0 k paBHOCHIBHOMY ypaBHEHHIO BUAA X = ¢(x). Ecnmn ¢pynkuums
¢(X) Takas, 4TO JJII BCEX X U3 MHTEPBaja U30JsIUK KopHeH [k, m] BeIomHsIETCS HepaBeHCTBO | ¢'(X)| <1,
TO Ha JJAHHOM OTPE3KE MOXKET OBITh MPUMEHEH aJITOPUTM MPOCTON UTEPAIUH 110 (opMyIie

Xiv1 = @(x;).

[Ipu 3TOM TOYHBIM 3HAYCHHEM KOPHS X=X, B TCOMETPUUYECKON HHTEPIPETAIIUU ABISIETCS a0cIucca
TOUKH TMEepecedeHus MpsAMON y|=X U KpUBOH Y,=@(x). BbiOpaB 3a HayanbHOE MPUOIMKEHHE K KOPHIO
mro6oe u3 uHTepBana [n; k] 3HaueHne X=xy , HEOOXOJMMO MPOU3BECTH €0 MTEPALUOHHOE YTOYHEHHE
MOCJICIOBATEIBHBIM BBIYUCIICHUEM 3HadeHUH X1=0(Xo), X2=0(X1), ... Xy=@(Xn.1). IIpomecc Takmx
BBIUMCJICHUM OKAaHUYMBAETCSA IOCJE BHIIIOJHEHUS MPOBEPSIEMOT0 Ha Ka)XJOM IIare UTEpalud YCIOBUS
JOCTHXKEHHUS TOYHOCTH T=|((X,)-Xp/<e. 3a yTouyHEHHOE TMpH ATOM (C TOYHOCTHIO €) 3HadeHue x*
HMCKOMOTO KOpHSI MPUHHMMAETCS 3Ha4yeHHe, paBHOE X, ( X*= X, ), OTJWYaolleecs OT TOYHOIO X, Ha
BEJIMYUHY €.

Jlnst oGecriedeHust yCIOBHsI CXOAMMOCTH (PYHKITUS JOJKHA UMETh BHJ [1]:

p(x) = A-F,(x)+x,
r7ie A BEIOMpaAeTCs 10 MpaBUIIy:

—l</1<0, ecmu F(x)>0
B

0</1<1, ecmu F,(x) <0
r

b

IIpu 5TOM 7 = max(JFg(k) F;(m)‘)
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Jns otpeska [-2, -3] F,>0, r = max(]0,3462|, |0,2962]). CnenoBatensno —(1/r) =-(1/0,3462) = -
2,89. IlosTomy A BbeIOMpaercs u3 ycnoBusa -2,89< A<(0. BwiOupaem A = 2. Torma mocienoBaTelbHOE
npUOIIKEHNE K KOPHIO BBIYUCIIAETCS 0 hopmyrie:

x,,, =x, —2(-0.0255-x +0,1932-x, +0.5059), n=0.1,2,...

B kadecTBe HayalbHOrO MPUOJIMKEHUST MOXKHO BBIOpATh JIHOOYIO M3 TOYEK I'paHMIl OTpe3Ka [-3, -
2], nanpumep xo=-2.

Cxema asiropuT™Ma Jiisl METOJ]a UTEpalluy NIpeICTaBlIeHa Ha puc.2.

Xiw1:=Xp
n:=0

v
| REPEAT
:

X=X
Xis1:=@(X)
BeiBoa(n, X, Xu41)
n:=n+1

v

| UNTIL [x.9-3| <€ |
( KoHeu )

Puc.2. Cxema anroputma yTOUHEHHUS KOPHS 110 METOAY UTEpALIUU

Pe3ynbTaThl BHIYMCICHUN IPEACTABICHBI B TAOIUIIE:

n Xn @(Xn). T= |@(Xn)-- Xn |
0 -2,0000 -2,0350 0,0350

1 -2,0350 -2,0493 0,0143

2 -2,0493 -2,551 0,0058

3 -2,0551 -2,0574 0,0023

4 -2,0574 -2,0583 0,0009

5 -2,0583 -2,0587 0,0004

6 -2,0587 -2,0589 0,0002

7 -2,0589 Nckomblit KOpeHb

Takum o0pazom, yTOYHEHHBIH KOpeHb Ha otpeske [-3, -2] x* = -2,0589. IloxcraBnss ero

3HAYCHHE B HCXOIHYIO QYHKIIUIO, MTOJTydaeM:
F»(-2,0589) = 2,43E -5.
O1eHKy MOTPENTHOCTH METOA MOKHO BBITIOJTHUTH 110 (JOPMYIIe CKOPOCTH CXOIUMOCTH [2]:
m
<—q",
l-¢g 1

q = max|¢' (x)
m= |x0 - (o(x0)| x €|a,b]

* _
|x X,

3

m = |-2,0 - (-2,0350)| = 0,0350; n=7;
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o(x,)=x, —2(~0.0255-x> +0,1932- x, +0.5059),
@'(x,)=1-2(=2-0.0255-x, +0,1932) ,

g =max| 1-2(-2-0.0255-(-2,0) + 0,1932) |=0,4096
Torpa norpemHocTs
0,0350
1-0,4096
IIpuMep HCXOAHOrO TEKCTAa IPOTPAMMBI JUIsl YTOYHEHUs KOPHEM IO METOAY HWTepauuu
NpeaACTaBJICH B IPUJIOKCHUH.

-0,4096" =1,15E —4

n

‘x*—x <

YTouHeHHe KOPHS YPABHEHUS METOAOM MTEPAIlUU
cpencrBamu nakera [ 111

Cnocoo 1. C mosBICHMEM MATEMATHUYECKUX I1AKETOB M 3JIEKTPOHHBIX

JJ TAOJIML CTAJI0 BO3MOXHBIM BBIUUCIATH TAOJIMLBI 3HAYEHUN (PYHKIUHU C JHOOBIM

IIarOM ¥ CTPOUTH I'paUKH C BBICOKOM TOYHOCTBIO. DTO MO3BOJSET YTOUHSTH

OuepeHOM 3HaK B MPHUOIMKEHHOM 3HAYEHUHM KOPHS MPU MOMOIIHU CJEIYIOIIETO
aIropuT™Ma:

1) Econ ¢ynkmus f(x) Ha koHIax otpeska [a, b] mpUHHMAaeT 3HAUYECHUS Pa3HbBIX
3HAKOB, TO pa3leiuTh OTpe30K Ha 10 paBHBIX YacTel WM HAWTH Ty YacTh, KOTOpas
COJEPKUT KOPEHb (TaKUM CHOCOOOM BO3MOXXKHO yMEHBIIUTh JJIMHY OTpe3Ka,
COJIeprKalllero KopeHs, B 10 pa3z);

2) IloBTOpUTH [HEWUCTBUS MPENbIAYIIETO IyHKTAa A TOJYyYEHHOTO OTpe3Ka.
IIpouecc mpopomkare OO0 TEX MOp, MOKa JJMHA OTpe3Ka HE CTAaHET MEHbUIE 3aJaHHON
HOTPEIIHOCTH.

TeXHUYeCKH 3TOT AIrOPUTM PEATU3YeTCs MO METOJUKE MOCTPOEHUs rpapuKoB
¢dbyukiuii B Excel:

1. BBectn 3HaueHus aprymenra x. s storo B sAueiike A2 3amMcarb INEpPBOE
3HaY€HUE apryMeHTa, B siuelike A3 — mocleayrolee 3HaueHUe apryMeHTa C 3aJaHHbIM
maroM. [locie 3toro BeaenuThs auana3oH A2:A3 U ¢ NOMOLIBIO MapKepa 3aloJIHEHHUS
MPUCBOUTH 3HAYCHHS OCTAIBHBIM sTYeKaM 10 HEOOXO0IMMOTO 3HAUCHUS apTyMEHTa;

2. B sueiiky B2 BBectu Qopmyny "=F,(x)" u ckomupoBath Qynkumio B2 c
MOMOIIBI0 MapKepa 3alloJHeHHsS B OCTajJbHbIE SYCHKH MO KOJIMYECTBY 3HAUCHUH
apTryMEHTOB;

3. [loctpouts ¢ MOMOLIBI0 MacTepa auarpamm rpaduk QyHKUUU (THI JUArpaMMBI
"I'paduk c mapkepamu").

Cnocod 2. llpu Hanuyuu uTeparmoHHOM (Gopmylibl (T.e. oOecredeHUuu YCIIOBUS
CXOJUMOCTH) U OTpe3Ka OT/AEJICHUs KOPHs 3HAYeHHE KOPHS MOXKHO YTOUHHUTH C 3aIaHHOU
TOYHOCTBIO, MOCTPOMB CHEIHaIbHBIM 00pa3oM Tabiuily pacueroB. Ee crtpykTypa u
coJiepKaHue TaHHbBIX JIOJKHBI 00€CIIEUUTh CIIEYIOIUE YCIOBUS:

1. Kaxpmas cTpoka TabJIULIbl IPEACTABIATH COOON MOTHOCTHIO JAHHBIE OJIHOTO I1ara
UTepaluy;

2. JIns mpoCTOTHl BU3YadbHOTO KOHTPOJIS JOCTHKEHUS TpeOyeMoW TOYHOCTH
KeJaTEIbHO MPEAYCMOTPETh COOTBETCTBYIOLIME CPEJCTBA HA KAXK/IOM IIare UTepaluu;
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3. HapamuBanwe KOJWYECTBA IArOB HWTEpAIlMU JOJDKHO OBITh BO3MOKHO
YBEJIMYCHUEM YHCIIa CTPOK TAaOJUIBI, U, KPOME TOTO, 3TO HApANTUBAHUE JISI TPOCTOTHI
JIOJKHO OCYIIIECTBIISITHCS BBITIOJTHEHUEM DJIEMEHTAPHO! OTepanuy KOMMMPOBAHUS CTPOK.

Jlns paccmatpuBaeMoin 3a1a4u:

- OTHEJEHHBIN OTPe30K — [-3, -2], Hayaso mpoluecca oT X=-2;

- UTepanmoHHas opmyna

o(x,)=x, —2(=0.0255- x> +0,1932- x, +0.5059),

- TOYHOCTb pacCcUuThIBaeTCs o gopmyie - T=|¢(x,)-x,|<&;

- TouHOCTD 107

Tabmuia popmupyercs B cneayromieM nopsake (cm. puc.l):

1. BRomsTCst Hanmucu B mIanke TaOIMITBL: N — MOPSIAKOBBIM HOMep uTepanuu (Al);
3HaueHue nepemenHoi (B1); 3Hauenue urepupytomieil pyHKIMKU Npu 3TON MEepeMEHHON
(C1); 3nauenne touHocTu Ha miare utepanuu (D1); nadopmanmonHoe cooOIeHrne Ha
nanHoM mare (E1).

E‘ﬂ Bafin  [Opaska Bua  BcTaeka  Dopmar  Cepedc  JanHbie  OkHo  Cnpaska BeeanTe Bonpoc
D EH RS9 Z e 10 oK & U === e E RS-
F24 X &

A B C 8] E
1 n|x, D% ) | P )% | CoobleHne

20 |2 |=B2.2%{.0,0255"B2*B2+0 1932'E2+0 5059} =ABS({C2-B2) ! =ECMIA(D2=0 001,"Cuutats fanee’; "KopeHs HaineH = "8.C2)
3|1 |=C2
4

Puc.1. ®opMyinbl 17151 yTOUHEHUS KOPHS METOJOM UTEpALUH

2. 3amonasieTcss mepBas crpoka TaOmmmbl (A2:E2) mo mpaBuiam moJydeHUS
COOTBETCTBYIOIIMX JaHHbIX llepBas cTpoka, Kak MpaBWIO, UMEET HaYaJIbHbIE 3HAYCHUS
MIEPEMEHHBIX (HAIpUMEp, X,=-2 B sf4eiike B2) u 3TUM OTIIMYAETCA OT OCTANbHBIX CTPOK.
[ToaTOMYy €e KOImMpOBaTh HEJB3s5l, HO HA €€ OCHOBE CTPOUTCS BTOpasi CTPOKa, KOTOpast JJIs
KOMHUPOBAHUS ITPUTOJIHA;

3. Bo BTOpoi#l cTpoke TaOMUIBI MOPSAKOBBIA HOMEpP MOXKET OBITh IMPOCTaBJICH
KOHCTaHTOM (A3) Kak Ha PUCYHKE WM BbIUMCIEH 1o Gopmyrne "=A2+1". B nocinegnem
Cllydae OHa MOXXET ObITh B JaJbHEHIIIEM CKONMMPOBAaHA B COCTABE BCEH CTPOKU. 3HAUEHUE
HOBOM mepeMeHHoH (siueiika B3) B cCOOTBETCTBUU ¢ MPOLIEAYPO UTEpAIIUU JAOJKHO OBITh
PaBHO 3HAYEHUIO UTEpUPYIONIeH QYHKIIMM HA MPEbIAYIIEM Iare, I0O3TOMY BBIYUCISIETCS
no ¢opmyne "=C2". OctanbHble (GOPMYJBI BTOPOM CTPOKU KOMHPYIOTCS U3 BBIIIEC
PaCIOJI0KEHHBIX AYEECK;

4. Bropas ctpoka BbiaensieTcss Kak nuana3oH A3:E3 u mapkepoMm aBTO3alOJHEHUS
KOMUPYETCS] BHU3 0 MOSIBICHUS COOOIICHHs O JOCTIXKEHUU TpeOyemon TouHocTu. Ecmu
TOYHOCTh HE JOCTUTHYTa, TO KOINHMPOBAaHUE MPOAOJDKAETCSA. YBHJIETh BCE BBEJICHHBIE
(GhopMyIBI BO3MOXKHO TIPH BBITTOTHEHUU KoMaH[ Cepsuc-3asucumocmu gpopmyn-Pesxcum
npoeepku gpopmyn

Pe3ynbTathsl pacuera mo BBeACHHBIM (OpMyIiaM MPEACTaBICHBI B TAOIHIIE HA pUC.2.
Jlerko 3amMeTHuTh, YTO TOYHOCTH Ha mare Ne4 Brimre, yem 0,001.

I _.:g. 5'_ . < i D E
N e @lxn) Plxw)-xn| Coobilenne
2 -2,0350]  0,0350;Cumrate nanee

0 -2

1] -2,0350 -2,0493|  0.0143;Cyvrate Aanee
2| -20493 -2/0551 0.0058 i Cunrate Aanes
)

4

-2,0551 -20574| 0,0023i{CuiTaTe Aanee
-2.0574 -2,0583|  0,0009iKopeHb HaineH = -2,05834195922734

~ ;e |w k| =

Puc.2. Pe3ynbTaTsl yTOUHEHHS KOPHS [10 METOLY UTEPaLUU
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Cnoco6 3. OuH mnpeamnonaraeT HCIOIb30BAaHUE CPEACTB SJICKTPOHHOW TaOIJMIIBI,
CHEIHAIbHO PACCUMTAHHBIX Ha OBICTPBII W NPOCTOM TMOUCK KOPHEW ypaBHEHUS
HEMOCPEACTBEHHO B BU3yalbHOW cpene. Meroxa, mpumensieMblii B Excel mist pemenus
TaKUX YpaBHEHHH — MOJM(UUIMPOBAHHBIN KOHEYHBIMU pa3HOCTSIMH MeTon HpioToHa,
KOTOPBI PAacCMOTPEH B CIEIYIOIEM MoApas3aeie. Meroa MO3BOJSIET HE CHIIBHO
3a00TUTHCA O HAYAIbHOM NMPUOIMKEHUH, KaK 3TOT0 TPeOYIOT IPyrue YUCICHHBIE METOIbI
pelIeHUs] ypaBHEHUN (METOJI XOpA, TMXOTOMMHM U Jip.). EAMHCTBEHHO, UTO ClieyeT y4ecThb
- 3TO TO, 4TO OyJIeT HaWJIeHO pelleHue Omrkaiiliee K BBHIOPAHHOMY HauyajlbHOMY
PUOTMKEHUTO.

OpHako MoJabp30BaTeNlb HE BUAUT, KAKUM METOAOM OCYILECTBIIECTCS ITOUCK KOPHEH.
IToaTOMY AJI TOTHOTHI KAPTUHBI 3TA TEXHOJIOTUS PACCMOTPEHA B 3TOM pasJelie:

1. 3anecute B A4elKy Al 3HAYCHME s moa we wws s am ()

2. 3anecute B syeliky Bl neByro - j?’jf p—TTC 1 ypaBHEHUS,
UCHONB3yss B KAa4yeCTBE HE3ABUCUMOM ! “amssarsmiswamosss; [ICPEMEHHON CCBUIKY Ha
sueiiky Al. CooTBercTBylomas TabnuLa Il PacCMaTpUBAEMOI0

Moa6op napameTpa @
YpaBHEHUS [TOKa3aHa Ha puc.3. ———

3. BeInoaHuTe KOMaHay Cepeuc- |77 o i Iloobop napamempa. B
none Yemanoeumso ¢ auenke ykaxure Bl, B 1ojie 3Hauenue —
sapaidte "0", B mone Himenas 3nauenue  py3 fouckxopus  AHeUKu  yxaxure Al
JloJKHO MOJTYYUTHCS OKHO 110 TEXHOJIO MU MpeCTaBIEHHOE Ha
puc.4. Mootop

napamempa
4. Tlocne Haxatusi Ok pe3yJbTaThl noadbopa otoOpazsTcs B

okHe Pezynbmam noooopa napamempa. B sueiike Al Oyner 3ammcaHo 3Ha4YeHUE
NEepPEeMEHHOM, MPU KOTOPOW BBIpaXKeHUE B siueiike A2 mpuoOpesio ykazaHnHoe 3HadeHue 0
(T.e. 0OpaTUIIOCH B PABEHCTBO). ITO W €CTh IO OMPEACIICHUI0 KOPEHb YpPaBHEHHS (CM.
» ¢ 3HaueHuss Ha puc.4). B sueitke A2 3HaueHHE TIOCJIE IMOJ00pa
HECKOJIBKO OTJIMYAETCSI OT HYJIS, HO 3TO PE3yJbTaT MPUOIHKEHHOTO
pelieHusi, ¥ 3Ha4eHue 3TO Majo. B cooTBeTCTBUU C OCOOCHHOCTSIMU
aJITOPUTMA 3TOT KOPEHb OMIKaUIINI K HAaYaIbHOMY 3HAUYEHUIO HYJIb,
KOTOpHBIN OblIT BBeneH B siuekiky Al. Ilocne naxarus Ok eme pa3 —
y4acTBYIOIINE B OAOOpE SYCHKU OYAYT COXpAHEHBI.

Ecnu B siueiike Al mpu 3amycke mondopa ykas3aTh 3HaY€HHE,
Hanpumep, 7, To pe3yabrat 0yaeT uHbIM. OOBSICHUTD 3TO MOMBITAUTECH CAMOCTOSTENBHO.

A 8
i [_20sa067E7e|

2 7.08581E06|

Puc.4. Pe3yabTarht
noabopa napameTpa

YucreHHbie MCTO/Jbl PCHICHHA ypaBHCHI/Iﬁ XOpouinu TEM, YTO IO3BOJAIOT IOJIYUUTD
HpI/I6J'II/I)KCHHOC PEUICHUEC C BaﬂaBaCMOﬁ TOYHOCTBIO. I[JI}I 9TOT'0 HAAO0 BBIIIOJIHUTH KOMAHIY
Cepeuc-ﬂ apa.znempbl-BbmuCJzeuuﬂ N B COOTBCTCTBYIOIIMX IIO3HUIHUAX YCTAaHOBHUTH
3HAYE€HUSI OTHOCUTEILHOU IMOrp€IIHOCTU U KOJIUYCCTBA HTCpaHHﬁ.

KonTpoabusbie Bonpocsl JIP1(OIIK-4):

6. B uéMm 3axirouyaercs 3a1a4a YUCIEHHOTO HHTEIPUPOBaHUs?

7. Kaxk rpynnupyrorcs YMCI€HHbIE METObl HHTETPUPOBAHUA?

8. VYTouHeHHME KOpHS ypaBHEHHS METOJIOM HMTEpaluu cpelncTBamu makera Excel mepsbrif
crnoco0?

9. VYTOouHeHHWe KOpHS ypaBHEHHS METOIOM HTepaluu cpeactBamu nakera Excel Bropoit
crnoco0?

10. Beruncnenue uaTerpana npu nomourn nakera Excel?
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11. Beruncnenue uarerpana npu nomoum nakera MathCad?
12. IIpaBuno PyHre olieHMBaHUS MOTPEIIHOCTH BBIYMCICHUS MHTErpaia?
13. CpaBHEHME METOJJOB YUCIIEHHOTO UHTEIPUPOBaHNUsA?

Jlabopamopnas pavoma Ne2. Oyenka nozpeuwtnocmeii 6b14UcieHus KopHell npu peuieHuu 3a0ay
na ITK, ceéazannbix c peuwienuem HeIUHEUHBIX YPAGHEHUI MEMOOAMU NONOBUHHOZ0 OeNleHU,
umepayuu u KacameabHulx.

1. Jlna BeimonHeHus paboThl Ha miaockocTd X,Y 3amaércsl MocienoBaTelbHOCTD
HKCIEPUMEHTAJIbHO MOMYyYEHHBIX TOUYEK, UMEHYEMbIX AUCKpEeTHON (yHKuuen Y(x). OHa
MpeCTaBIsIeTCs TaOIuIeH:

. ’ -6 -4 -2 0 2 4
) i - -
()i | 1,060 1,406 0,386 1,000 1,386 0,406

[Ipennaraercst cuuTarh, 4YTO0 HAOOP MPEICTABIECHHBIX SKCIIEPUMEHTABHBIX JTaHHBIX
IIOJIy4YE€H CO 3HAYMTEIBHOM NOrpemHocThio. Iloatomy oTBepraercs BO3MOXKHOCTH
MHTEPIIONIMPOBAaHUS  3aJaHHOM  (QyHKIMH Y(X), TaKk Kak OCHOBHBIM YCIIOBUEM
WHTEPHOJSALMN  SIBISIETCS  PAaBEHCTBO  3HAYEHUM  mHTepnomupyeMod  Y(X) H
uHTeprnonupyromend ¢(x) QyHknuii B y3nax wHTepnomsimuu Xi , T.e. Y(Xi)= ¢(Xi). C
y4E€TOM M3JI0KEHHOTO 3a1anueM Nel npennuceiBaeTcs:

- BBINIOJIHUTh PETPECCUOHHBINA aHanu3 3agaHHoi ¢yHkuuu Y(X). I3 MHOXKeCTBa ero
BUJIOB BHIOpATh CTENEHHOW BUJ PErPECCUM M METOJIOM HAaUMEHBIIUX KBaJPAaTOB MOIYUYUTh
nuHeiinylo Fi(x) = ay + a; x W KBampatHuHyw Fo(x) = ay + a; x + a X°
anmnmpoKCUMHPYOIKe (GyHKIINH;

- COCTaBUTb M PEUINTh CHCTEMbl JIMHEWHBIX anreOpanueckux (HOpMaJbHbIX)
ypaBHEHUH U1 onpeAeneHus napamMerpos a; ¢ynkumii Fi(x) u Fy(x);

- BBIUMCIUTH 3HAYCHHs MOJYyYEHHBIX AaMMpOKCUMUPYIOMUX (QyHKIUH B y3i1ax
anNpOKCHUMALIMH X; ;

- IOCTPOUTH TpadUKU AUCKPETHO 3aJaHHON (PYHKIMHU (B BUJE MHOXKECTBA TOUYEK) U
rpaduku HaleHHBIX QYHKIMN JIMHEHHON M KBaJApaTUYHON allpOKCUMAIIHH;

- OLICHUTh KaYE€CTBO BBINOJHEHHOMN aIllIIPOKCUMALINH.

O npubnuxeHusx QyHKIHA MO METOy HAUMEHBIIINX KBaPaTOB

C 1uenp0 TOBBIIICHUS TOCTOBEPHOCTH MAaT€MAaTHYECKOTO OIMCAHUS PE3YyJIbTaToB
DKCIEPUMEHTa STUMH (YHKIMSIMH HEOOXOAMMO OMPENCIUTh WX MapaMeTphl a; TaKUM
oOpa3oM, YTOOBI BEIMYMHA BCeX OTKJIOHeHUH rpadukoB ¢yHKuuk F(X) or
HKCHEPUMEHTAJbHBIX TOYEK Yj B y3JlaX X; OblJJa MUHMMAJIbHO BO3MOXHOU U o0najana npu
3ToM  (cormacHO  TpeOOBaHMIO  3a/JaHMsA)  HAUMEHBIIEH  CPETHEKBAIPATUIHON
MOTPENTHOCTHIO, TO €CTh OTBEYaIa ObI YCIOBHIO:

U=31y, - £, (&)} =min 3.1
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MaremaTtuueckoe BblpakeHue ycnoBus (3.1) siBisieTCs OCHOBOMW /JIS ONpPEIEIICHHUS
TpeOyeMbIX MapamMeTpoB a; anmnpokcumupyromux ¢yskmuid Fi(x) u Fy(x). Jas storo
CJIeIlyeT:

1. ITonctaBuTthk B (3.1) Beipaxenue Gyukiuu Fi(X) 1 moayduTtsb

N
U, ZZ[yi —4a, _al‘xi]2 s
i=1

2. [Nony4uTh BBIpaXEHUSI YaCTHBIX MPOU3BOAHBIX OT U; IO MCKOMBIM IapameTpam
dp U a1 B BUJIC:

oU, &
= . —dad, —a, x|y
8(10 ;[yl 0 1 l]

ou, & .
= = a, —a,x;]-x,2
aal z[yl 0 1 1] i

i-1

3. IlpupaBHATH BBIPAXKEHUS 3TUX MPOU3BOAHBIX HYIIO M MOCJIE MPOCTEHIIMX

npeoOpa3oBaHUil MOMYyYUTh CHUCTEMY JABYX (C HEHM3BECTHBIMH a9 M a;) JIMHEHHBIX
anreOpandeckux (HOpPMaJIbHBIX) YpaBHEHHUH BHUA:

N N N
aOle.O + alzxi :Zyi
in1 im1 im1
(3.2)

i=1

4. TlonctaButh cHoBa B (3.1) BbIpakeHHe Temepb BTOpod (yHKuuMU Fy(X) u
HOJIyYHTh:

N N N
2 _
aozxi +a12xi _zxiyi
il im1

U, =

-

272
v, —a, —ax; —a,x;] s

5. Tlomyunts BBIpaKEHUS 4YaCTHBIX NPOU3BOAHBIX OT U, MmO TpEéM HMCKOMBIM

napaMmeTpam 2y , a; U a, , IPUPABHATh UX HYIIO U MOCJE MPOCTEHIINX MpeoOpa3oBaHUM
IIOJIyYUTh CUCTEMY TPEX HOPMAJIbHBIX YPABHEHUM BUJIA:

N N N N (3.3)
a Y, x,+ alz xP+a,y x) = Z X, ¥,

N N N
oz xiz+alz 'xi3+a22xi4=2xizyi

i=1

6. Pemwuthb IMOJIYUYCHHBIC CHCTCMbI

(3.2) u (3.3) HOpMalIbHBIX YpaBHEHUH,
NPEIBAPUTEIHLHO PACCUUTAB W TOMYYHWB YHUCIIOBBIC 3HAUCHUS WX (HAXOMSALIMXCS TOJ

3HaKaMH CyMMbI) KO3((PUIIMEHTOB U CBOOOAHBIX (PACIONIOKEHHBIX TIOCIE 3HAKOB
PaBEHCTBA) WICHOB.

Korgppuyuenmot u c60600nbvie unenvt HOpMAaaIbHBIX YPAGHEHUL

Jns  ympormeHus Tmporiecca  perieHus monydeHHblx  cucteM  (3.2) u (3.3)
HOPMaJILHBIX YPaBHEHHU II€JIECO00PA3HO MPEIBAPUTEIHHO OIMPEACIUTh (PaCCUUTaTh H
MOJIyYUTh) YHCIOBBIE 3HAYEHUS WX KOIPPUIMEHTOB U CBOOOMHBIX WICHOB. Bce
MIPOMEKYTOYHBIC M KOHEYHBIE PEe3YJIbTaThl WX BBIYUCICHHWM ISl 3aJJaHHOTO BapHaHTa
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MPOrPaMMHO TOJIy4€HbI (CM. MPHJIOKEHUE) W HAMIAAHO TpeAcTaBieHbl B Tabmuie 3.1
(matpure ['pamma):

Tabnuma 3.1
i | x° x' x° x> x* y y*X y¥x
0 1 -6 36 -216 1296 -1,060 6,360 -38,160
1 1 -4 16 -64 256 -1,406 5,624 -22,496
2 1 -2 4 -8 16 -0,386 0,772 -1,544
3 1 0 0 0 0 1,000 0,000 0,000
4 1 2 4 8 16 1,386 2,772 5,544
5 1 4 16 64 256 0,406 1,624 6,496
| 6 -6 76 -216 1840 -0,060 17,152 -50,160

Pewienue cucmem nopmanvHvIX ypasHeH Ul

[IpuBenenHsie B TOCIeAHEW CcTpoke Tabmumbl 3.1 4YHCIOBBIE 3HAYCHHS
K03 (OUIIMEHTOB W CBOOOJHBIX WICHOB CHUCTEM HOpMajbHbIX ypaBHeHui (3.2) u (3.3)
TIO3BOJISIIOT TPEACTABUTH X B TIPUTOIHOM JIJIsI PEIICHHUS 110 33JaHHBIM YCJIIOBHSIM B BHJIE:

6-a,—6-a, =-0,060 (3 4)
—6-a,+76-a,=17,152

6-a,—6-a,+76-a, =-0,060
“6-a,+76-a,~216-a, =17,152 (3.5)
76-a, —216-a, +1840- a, = ~50,160

Jlis  pemieHdss TakuX CHUCTEM MOXXHO BbIOpaTh JIO0OM M3 MHOXECTBa
pa3pabOTaHHBIX YUCICHHBIX METOMOB (Hampumep, meton ["aycca, meton [Maycca-Kopnana,
METOJ] IPOTOHKH, METOJ KBaJpaTHBIX KOpHEH, MeToa utepaiuu, meron Kpamepa u apyrue
ToMy moAo0OHbIe). Hambonee mnomxomsmum miis pemieHus cuctembl (3.4) sBisieTcs
MatpuuHblil Mmetosr Kpamepa, a cuctemsl (3.5) — metox [aycca.

Memoo Kpamepa no3BOJISIET HAXOIUTh PEUIEHNUE CUCTEMbI JIMHENHBIX YPABHEHU C
nomoIpo onpeaenuteneit. Ecnu cucremy ypaBHeHuit (3.4) mpeiacTaBUTh B MaTpUYHOU

dhopwme:

6 —6|*| ag| =| —0.060
-6 76 a 17.152| , TO eé ompegemIIeaMI OVIYT
6 —6

-6 ?6| =6* 76— (—6)*(—6) =456 +36=420= A,
—0.060 —6 |
17.152 76| = (-0. 060) * 76 —17. 152 * (-6) =98.352 = A ap,

6 0. 060
6 17.152

=6*17.152 — (—6) * (-0. 060)=102. 552 = A a,.

Hcnonw3ys manee u3BectHble (opmynsl Kpamepa, momydyaem 3HaueHUs KOpHeEH
cuctembl ypaBHeHuil (3.4). Mu SBISIIOTCST UCKOMBIE MapaMeTphbl anmpOKCUMUPYIOLIEH
¢byukuun Fi(x):



17

ap-Aag/A=98,352/420 =0, 234,
aj-Aa;/A=102,552/420 =0, 244.

Metonom Kpamepa moxeT ObITh perieHa u cucteMa ypaBHeHuit (3.5). OnHaxo uz-3a
007bIIOr0 00bEMa BBHIYMCICHHM (CYHIECTBEHHO BO3PACTAIOLIErO C yBEJIMYECHHUEM YHCIIA
ypaBHEHUHN B CHUCTEME) MPUMEHEHHE ATOr0 MeToja He pekomeHayercs. [loaromy nydiie
BbIOpATh CBOOOAHBIN OT 3TOTO HEIOCTAaTKa YHCIEHHbIH MeTo] ["aycca.

Memoo @'aycca sBnsioTcs Haubojaee YKOHOMUYHBIMU JIJISi TPOTPAMMHOTO PEIIeHUS
CHUCTEM C HEOIPAHMYEHHBIM YHMCJIOM JIMHEMHBIX ypaBHeHUH. B ocHoBe mertona ['aycca
JIEKUT UAES MOCIENOBATEIBHOTO MCKIIKOUEHUSI HEM3BECTHBIX. J[aHHAs uaes peanusyeTcs
BBIYHCIIUTEILHON CXEeMOUW €IMHCTBEHHOTO JIEJICHUs, COCTOSIIEH M3 TIPSIMOTO U 0OpaTHOTO
xonoB. Ilpomecc pemieHuss CUCTEMbl HOPMAJbHBIX YpPaBHEHUN CBOJUTCS K €€
peo0pa30BaHUI0 B DKBUBAJICHTHYIO CUCTEMY YPaBHEHUU B BHJIC TPEYrOJbHONW MaTPHIIBI
(mpssMOM  XOf])) C TOCJEMYIONUM HAaXOXKACHUEM penieHus (oOpaTHBIA XOA) B BHIE
KOHKPETHBIX 3HAYEHUN BCEX HEU3BECTHBIX 3TOM CUCTEMBI.

[TpssMo#t XOm BBITIONHAETCS TpUBEACHUEM KOA(D(HUIIMEHTOB TPH OIHOMMEHHBIX
NEPEMEHHBIX a; K OJMHAKOBOMY 3HAUEHUIO MYyTEeM JEJ€HUs JIEBOW M NpaBOd 4YacTu
COOTBETCTBYIOLIUX YpaBHEHUN Ha KOA((UIMEHT MPHU 3TOM MEPEMEHHOMN C MOCIEAYIOIUM
CJIO’)KEHHE 3TUX YPaBHECHUI.

[IporpammHoe (CM. OPWIOKEHUE) pPEIICHHUE CUCTeMbl ypaBHEeHHH (3.5) MeTojaoM
["aycca BbI1as10 €€ cHauaja B TPEyroJibHOUM hopme

1-a,—1-a,+12,667-a, =—0,010
la,—  2-a,=0244 (3.6)
597,333-a, =-15,216

a 3aTeM, pCllInB Cé, YHMCJIOBBIC 3HAYCHHUA NCKOMBIX KOpHCﬁI

ap= 0,506, a;=0,193; a, = -0, 025.

Kontpoasubie Bonpocsl JIP2(OIIK-4):
1. Kak nmpousBoauTCs 3Tan OTAEIEHUS KOpHENH?
Ha kakoli TeopeMe OCHOBBIBAETCSl AHAJUTUYECKOE OTACIICHHE KOPHEM?
[Ipu xakux ycioBUsX KOPEHb OyIET €AMHCTBEHHBIM Ha OTPE3KE OTAEICHUS KOPHEH?
B uém 3akntogyaeTcs 3Tan yTOUHEHUs KOPHE?
B uém cyTh MeTOA TOJTOBUHHOTO AeEHus?
Yro siBnsieTcs yCIOBHEM OKOHYaHUS TOMCKA KOPHA?
B uém cyTh MeTOAa IPOCTOM UTEpallMM YTOUHEHUSI KOPHS?
Kakue ycrnoBusi JOJKHBI OBITH BBITIOTHEHBI, YTOOBI MPOIIECC CXOAUICS K KOPHIO?
. YUTO sABAsETCS YCIOBUEM OKOHYAHMSI IOMCKA KOPHS B METOJE MPOCTON uTepanun’?
0. CpaBHUTE METOABI YTOUHEHUSI KOPHEH.
1. [IpuBenuTe CTPYKTYpHYIO CXEMY aJIropuTMa 3aJaHHOTO METOJa, YTOYHSIOLIET0 KOPEHb
HEJIMHEHHOT0 YpaBHEHHS.
12. Kak BBIIOJIHAETCS OLEHKA IOTPEIIHOCTEW BHIYUCIEHUS KOPHEH

— =00 NV R W
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Jlabopamopnas paboma Ne3. Annpokcumauusa GyHKyuu Memooom HauMeHbUUX Keaopamoes 6
coomeemcmeuu c 3a0anuem. Cocmaenenue anzopumma u npozpammeul peuwienus. Pewenue
3a0anus cpeocmeamu MamemamuiecKux naKemaoas.

Dynkyuu u cpagpuku GynKyuii 1uHenHol U KeadpamuuHou annpoKcumMayuu

[Tomy4yeHHble B TPEOBIAYIIEM pasleiie YWCIOBBbIC 3HAYCHHUS IMApaMETPOB  a;
MO3BOJISIIOT  MPEACTaBUTh B OKOHYATETbHOM BHJe (QYHKUUMU JuHEeWHOW Fi(X) u
KBaApaTuuHoi (runepoonamdeckoit) Fo(X) annpokcumaruu. iMu siBASIIOTCS:

Fi(x)=apta;x =0, 234 + 0, 244 x, (3.7)
F(x)=aytax+ax’ = 0,506 + 0,193 x —0, 025x°. (3.8)
3nauenus >tux QyHkouil B y3max anmpokcumaruu Fi(x;) um Fy(X;) (coBMecTHO ¢
3aJIaHHBIMU Y; IPUBEACHBI B Ta0OwmIe 3.2.

Tabmuia 3.2
Xj —6 —4 ] 0 3 4
Yi | 1,060 1,406 0,386 1,000 1,386 0,406
Fi(xi - - —
) 1,231 0,743 0,254 0,234 0,723 1,211
Fa(xi — —
) 1,571 0,675 0,018 0,506 0,790 0,871

N3 nmanHO#M TaONWIBI JIETKO OMpPENSTUTh 3HAUYCHUS OTKJIOHEeHWH O = F(X;) -y; ,
KOTOpPbIE XapaKTEPU3yIOT CTENEeHb MNPUOIMKEHUS TMOTYYEHHBIX anNpOKCUMHUPYIOIINX
¢byHkuui K TabaM4HO 3anaHHOM. HarmsaHocTh Takoro mpubamxeHus: oOecreyruBaeTcs
rpa@uUecKkuM MpeACTaBICHUEM 3TUX (YHKUUNA B MPSMOYTOJIBHOM CHCTEME KOOpIWHAT
X,Y. ITocTpoeHHbIe ¢ MOMOIIBI0 TabauyHOTO Tporieccopa Excel rpaduku >tux QyHKINN
3aIaHHOTO BapuaHTa MoKa3aHbl Ha puc.3.1.:

KonmnuecTBeHHast orieHKa KadecTBa ammpOKCHMAIIUUA PACCUUTHIBAETCS O (hopmyrie

p=\/}11+1:ZO(Fm<xi>—y<xi>>2

[IporpaMMHO BBITIOJIHEHHBIE pPAacyeThl MO ATOM (opmyne (cMm.
porpaMmy B MpUJIOKEHUHU) Bblnamu pe3ynbratel p;=0.60018 ns nuHEelWHOW M p,
=0.54370 niig KkBaApaTUYHOM aNMPOKCUMALINH.

Tak xak p, < p; , TO CIEAYET CUUTATh, YTO HECKOJIBKO JIYUILIUM MPHUOIMKEHUEM K
TaOMMYHO 3aJaHHON (QyHKUMK oOnagaer noigyyeHHas (QyHKUMA KBaapaTUYHON
annpoKCHUMALIMK BUA:

F,(x) =0.506 + 0.193 x - 0. 025 x°.
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Puc.3.1 I'paduku pyHKIIUN TMHEHHON M KBaPaTUIHON alllIPOKCUMAIIHH
Ha (OHE TOUYEK TAOJUIHO 3aJaHHON (YHKITUU

MMonyuyenue k03P PUUNEHTOB ANNMPOKCHUMANUN € UCHOJIb30BAHHEM METOAA
HaAMMEHbIINX KBA/paToB cpeAcTBaMu nakera [ill]

Jlns 3amanHoro Habopa map 3HaYeHUN HEe3aBHUCUMOM MEePEeMEHHOM X; U (PyHKIUH yi
ONPENEIUTh HAWJTyulllee JUHEHHOE MPUOMKEHUE B BUJIE MPSIMON C ypaBHEHUEM y=kx+b.
Oty 3agauy pemaet dynxius JHHEHH. TIockonbKy BO3BpalaeTcs MaccuB 3HaueHni (k
u b), GyHKIUS TOJDKHA 3a71aBaThCS B BHIE (DOPMYITBI MaCCHBA.

Cunrakcuc QYHKIMH TSI pEIICHUS 3TON 3a7]a4il CIICAYIOLHIL:

JIMHEWH (u36ecmuvie_3nayu_y;u3zeecmuvle_3Hay_X;KOHCHL;CHIAMUCHL)

H3eecmmuvle 3nau_y — MHOXKECTBO 3HAYCHHM Yy, KOTOpbIE Y»K€ HW3BECTHBI IS
cootHomeHust y = kx + b. Jlnsg tabnuuHoro 3amanust GyHKIuM (puc.8.2) 3T0 auamnazoH
C2:C7;

H3eecmmuvle 3nau_x — HeoOsS3aTEIbHOE MHOXKECTBO 3HAYEHUH X, KOTOpBIE YXKe
U3BECTHBI I cooTHomieHuss y = kx + b. Ha tom >xe pucyHke 3t1o nuama3zoH B2:B7.
KonnuecTBo nepeMeHHBIX X U ) IOJKHO ObITh OJJMHAKOBO;

Konem — noruyeckoe 3Hau€HHE, KOTOPOE YKA3bIBaeT, TpeOyeTcsl Jid, 4YTOObI
koHcTaHnTa b Obuta paBHa 0. Ecniu konem nmeer 3nauenne UICTUHA unu onymieno, 1o b
BbIUMCIsieTCS 00bIYHBIM 00pa3zoM. Ecnu apryment koncm umeet 3nauenue JIOXb, To b
nmoyiaraeTcss paBHbIM 0 W 3HadeHWss k momOuparoTcs Tak, YTOOBI BBIMOJIHSIIOCH
cooTHOLIeHHe y = kx;

1
1,386
0.406
0,244171 ] 0.234171

MOCTOSIHHYIO b.

Cmamucmuka — JOTHYECKOE 3HAa4YE€HHE, KOTOPOE YKas3bIBaeT, TpeOyercs Iu
BEPHYTH JOTIOJIHUTENBHYIO |i ézd 3 3 ﬂﬁ 2.2 CTaTUCTHUKY IO pErpeccuu.
Ecmn aprymeHr wumeer 3HaueHue | | A | ¢ 1 JIOKb wmm onyueH, TO

T 0 -1.06
¢ynaxkuus  JIMHEWMH  Bo3Bpamaer i 7a06 | TOJBKO KOA(G(ULIMEHTHI K u
2 0,386
3
4
5

e nd S LT S Loy e

oi~|;|o|ewin—=

Puc.3.2. Tabnuanoe
3aaHue GyHKIUU
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Hns opmupoBanus GpopMyibl Heooxonumo ans sueiiku B7 Boimonuuts Bemaska
dynxuyuu-Cmamucmuueckue-’IMHEHH. B tnone H3eecmmuvle 3Hauenua y u
H3eecmuvble 3nauenus_X BBECTM COOTBETCTBYIOIIME JMana3oHbl. OcTanbHbIE MO
MOXXHO OIycTuTh. [lonyuurcs OKHO Apzymenmuvt ynKuuu Takoe, Kak IOKAa3aHO Ha
puc.3.3. Ilpu Beruncnenuu B stuerike B7 momyuntes 3nadenue xkosdp¢uuuenta k=0,24417,
YTO COOTBETCTBYET MPEABIIYIIIMM pacyeTaM.

Eemw QopMyria me Oyer bbeiena Kax
PTYIEHTIII HHLUHH

Soomimas | QOPMYIA  MaccuBa, IOIYYHTCS TONBKO  OJMH

N ko3@dunuent. Iloatomy  mocime  moiydeHuUs

kodddurmenta k Beigenure auanazon A7:C7,

ot e s e | HAYMHASL ¢ AYeKHM, cojepikamied  dopmyy.

By — Haxwmure wmaBumy F2, a 3areM — KIAaBUILH

CTRL+S!IFT+Enter. 1lonyuyutrcs BTOpPOE€ 4YHUCIIO,

e COOTBETCTBYIOIIEE CBOOOAHOMY UJIEHY b ypaBHECHHS
Buma Y=Kx+b (cm. saetixy C7 Ha puc.3.2).

AHAJOTHUYHBIN pe3yibTaT MOJydaeTcs, €cClu
chopmuposats  ¢ymkmuio  Buga =HHJEKC(IHHEHH(C1:C6;B1:B6);1) nnsa
ko3 duurenta k U aHATOTHMUHYIO C apryMEHTOM 2 [Js moiy4deHus: koddduimenta b
nuneitHoit  Gynkmuu. Dynxims JIMHEUH Bosspamaer ko3QdHIHEHTH ypaBHEHHs
npssMoid B BHUJE MaccuBa U3 AByX odneMmeHToB. C momomisto ¢ynkiuun HMHIEKC
BbIOMpPAETCS HY>KHBIN AJIEMEHT.

Ongnako  cambiM  3(PGEKTUBHBIM  CITIOCOOOM  MOJy4YeHHs  KOA(PPHUIIHMEHTOB
anmnpoKCUMAIIMK SIBIISIETCS MeXaHu3M pacuera TpeHiaoB (. Tpenn or anmi. Trend —
TeHJeHIus). JIMHUM TpeHAa TMPeACTaBISIIOT CcO00l TreoMeTpuyecKkoe OToOpaxKeHue
CpPEIHUX 3HAUCHUU aHAIM3UPYEMBbIX MOKa3zaresel, MOoJy4YeHHOE ¢ MOMOIIbIO KaKOW-Tu0o
MaTeMaTu4deckord (PyHKIuu (TMHEHHOHN, MOJIMHOMHANIBHOU U T.Ja.). BeiOOp dyHKUIMM st
MOCTPOEHUS JIMHUUA TPEHAA OOBIYHO OMPEAEINSeTCS XapaKTepoM H3MEHEHHS JAHHBIX BO
BpPEMEHH.

Jl7is monydeHus ypaBHEHUS TPEHAAa HEOOXOIUMO IO 3aJaHHBIM TOYKaM MOCTPOUTH
rpaduk QyHKUIMU. YCTAaHOBUTH KypcOp Ha JHHHMIO KPUBOW U MPaBOl KHOMKOM BBIOPATh
Jlobasums nunuro mpenoa. B oxne Jlunusa mpenoa (puc.3.4) na 3aknanke Tun Be1Opath
TUI alIpPOKCUMHUPYIOIIEH KpUBOH, a Ha 3aknanke Ilapamempst — yCTaHOBUTH (DIaKOK B
okHe Ilokazamoe ypaenenue na ouazpamme. Ha rpaduxe noOaBUTCS JTMHUS TpeHIA U
ypaBHEHHUE aNMpOKCUMHUPYIOIIEH KPUBOM ¢ HCKOMBIMH KO3 QUIIeHTaMu.

M3BECTHBIE sHausHNA_x | BL:BS

Puc.3.3. Apryments! dhyuxunn JUHENH

Jlunyn Tpenaa W
Tan | MaparieTpel
MOCTPOBHAE MAHAA TREHAS (SMMPOKCHMALAA H CrakHBaRHE)
DHHefHaA Nopaprdrin-eckas  onHHoMHaNEHSA
TNreinan ansTpau
ToCTpORH He paae:
Pagl

Puc.3.4. OxHo nuHUM TpeHIa
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Monyuyenue kOAPPUUNEHTOB ANNPOKCHMANUM € UCHOJIb30BAHUEM MAKETA
MathCad

Jisa pewenust cucreMsl ypaBHeHuid B MathCad ucnonb3yercs QyHkuus noucka
tounoro pemenus Find(x1,x2,x3). OgHako B 3TOM ciy4dae HEOOXOIMMO 3a/1aTh IS BCEX
HEU3BECTHBIX HauaJbHbIe TPUOIKEHHS. DTO YIOOHO 1ajeKo HE BCET/A.

HcxonHas cuctema Moly4eHHbIX JTUHEHHBIX ypaBHEHH (3.5) umeer BUJ

6-a,—6-a,+76-a, =-0,060
~6-a,+76-a,—216-a, =17,152
76-a, —216-a, +1840-a, = 50,160
B MatpuuHoii popme 3eMeHThI ITON CUCTEMBI JOKHA ObITh MPEACTABICHA B BUJIE:

6 -6 76 —-0,060
A=|-6 76 -216 |, b=|17,152
76 —216 1840 —-50,160

B cooTBeTCTBUY C IPaBUIIOM YMHOKEHHSI MaTPHUIl PACCMOTPEHHAS CUCTEMa
JUHEHHBIX ypaBHEHUN MOXKET OBITh 3allMCaHa B MATPUIHOM BHJIC
Ax = b, (3.9
a,
re: a=|aq |
a,

Marpuiia A, cronéuaMu KOTOpou SBISIOTCS KO3(DPUIIMEHTHI IPU COOTBETCTBYIOLIUX
HEU3BECTHBIX, a CTPOKAMH - KOA(P(UIMEHTHl NMPU HEU3BECTHBIX B COOTBETCTBYIOIEM
ypaBHEHUH, HA3bIBAECTCS MATPUIIEH CHUCTEMBbI; MaTpulla-cTondel b, anemMeHTaMu KOTOpoi
ABIIAIOTCS TIpaBble YacTH YPABHEHHMM CHUCTEMbl, HA3bIBA€TCSl MPABOMl YaCTbIO CHUCTEMBbI
(Marpurieli cBOOOMHBIX YJIEHOB). Marpuria-ctonber a, JJIeMEHTBhl KOTOPOW - HMCKOMBIC
HEW3BECTHBIC, HA3BIBACTCS PEIICHUEM CUCTEMBI (HEM3BECTHBIX TIEPEMECHHBIX ).

Ecnu marpunia A - HeocobeHHas, To ecTh ee onpenenutensb det A (v |A|) He paBeH
Hymo, cuctema (3.5), WM SKBUBAJIIGHTHOE €Ml MarpuuHoe ypaBHeHue (3.9), umeer
€IMHCTBEHHOE pelieHrne. PaHr He0oCOOEHHON MaTpHUIbl paBeH €€ MOPSIKY.

B camom gene, npu ycnosun det A # 0 cymectByer oOparHas marpuma A
YMHOKas 00e yacTH ypaBHeHus (3.9) Ha MaTpuIy A HOIydHM:

A" A4-x=47"-b (3.10)
x=A4"b

®opmymna (3.10) naer pemienue ypaBHeHus (3.9) 1 OHO eTMHCTBEHHO (pucC.3.5).

Onpenenutens marpuibl |A| = 6*¥76%1824 + (-6)*(-216)*76 + (-6)*-216)*76 -
76*76*76 + (-6)*(-6)*1840 — (-216)*(-216)*6. OOparHas MaTpuia — 3TO Ta, YMHOKEHUE
Ha KOTOPYIO UCXOHOW MaTPHIIBI JACT CIUHUILY.

Ha puc.3.5. marpunia AA sBrsercss oOpaTHOW 1O OTHOIIEHUIO K Marpuiie A. Jlis
ATOTO BBINOJIHEHBI onepauuu Cumeonuxka-Mampuunsie _onepayuu-Qopamums. Ilponie
3TO MOXKHO CJI€JIaTh, BEIYHCIHB A .
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Cra"mapTHBIM CPENCTBOM PELIEHUS JIMHEHMHBIX YPABHECHHU SIBIISIETCS BCTPOCHHAS
bynkuus Isolve(A,b), xotopas peiiaer cucteMy Ha ocHoBe LU-pa3znoxkeHus MaTpHIlsl (C
YaCTUYHBIM BBIOOPOM T[JIABHOTO JJIEMEHTa). ApryMeHTamMu (QYHKIHUHU  SBISIOTCS
KBaJipaTHas HEBBIPOXKJEHHAs MaTpulla A ¥ BEKTOp MpaBbiXx yacTed b (cronbueas
Matpuiia). Bo3Bpaiaercsi BEKTOp pelieHus: a Takou, uto Aa = b. ®opmarbl BbIpaKeHUN
nokazanbl Ha puc.3.6. OOpaTuTe BHMMaHHE, YTO B BBIPAXKEHUU HCIOJB3YyEeTCS Masas
natuHckas OykBa . Pesymbrarhl pemenus Ha puc.3.5 u puc.3.6 coBmajamT C paHee

[E Mathcad PLUS - [Marpuunbie ypastens.MCD] Q@@ 1 [5% Mathcad PLUS - [Pemenye Isolve.MCD] Q@g‘ HonyquHbIMH' HpOBepKa

f'ﬂ' oaiin Opagra TekcT MateraTvka [padika  CHMEOMWKS QK:O EII maiin  Mpaeka TekcT MaTeMmaTWka [paduka Ha pHC.3 .6 HOKaBaHa
LTS =g % CHMEONHKA  OKHD  KHHMH 7 - 8 x
= - COBIIAJICHWE  PE3yJIbTATA
i = aBl = %
Dlz|@l8] | [=|®] | | Al9[%][7] o|z|mls| | =]m] || al9]| yMHOXEHHS C MaTpUIlei
| ] T 4 S
| - | o CBOOOJHBIX YJIEHOB, YTO
Marpuua CITY Matpuua npaeoi yact b W iy i . =
. 000 AIVAR ampuua neasoft veete S T ROKE MOATBEPKIAET
<6 7 o216 =[1rism L =U0a
76 216 1840 - 50160 =l-e 76 ;e b=| 17152 MMpaBUJIBHOCTDH
76 -216 18340 - 50.160 o
Beimcnedve onpegennrena  |&| =2.509-10° HaI/I,Z[CHHBIX
Bermcnenue onpeaenvens  |A| =2.509-10°
BLIMHCNEHWE PELLEHMA CUCTEMB! YPEBHEHMH KOB@@)I/IHHCHTOB
C NOMOLLEH) MATPHYHENX Onepaupi BLlyMCneHue pelleHHA CHETEME! YPAEHEHH A
6 6 T8 3184 5376 - 4430 C NOMOWER §iyHKMK [s0lve
=|-6 T6 -216 Ab ::#. -5376 5364 240 0.506
230880 a=lsclve(A, b) ;
76 -216 1840 F4420 240 420 P (.?]_193)
a=Ah4b Mpoeepka 025
0.506 0g
a=lo1ss Aa=|17152 T
25 + = 2016 v
¢ > bt >
Jlna noayyEHHA CNpaskd HasedTe F1 SETO J1nA cnpasky HasrauTe F1

Puc.3.6. cnoas3oBanne

Puc.3.5. Pemienue ypaBHeHUS
dynkuu Isolve

IIpy MOMOIIH anmnapara MaTpull

KonTpoasubie Bonpocsl JIP3(OIIK-4):

1. Yro Takoe anmpokcuManus GyHKIuu?

2. OmpeneneHne UHTEPIONIAINHN QYHKITUN?

3. VYcnoBue MHUHMMyMa OTKJIOHEHUS 3HAUCHHWH aNIpPOKCUMUPYIOIIEH (QYHKIUH OT

JKCHEPUMEHTAIBHBIX TOYEK?

4. Meron pelieHus: CUCTEMbl HOPMaJIbHBIX YpaBHEHUI?

5. Meroabl HaXOXJIECHHUS KOPHEW CUCTEMbl HOPMaJIbHBIX YPABHEHUA?

6. IlomydyeHue JIMHEHHON U KBaAPAaTUYHOHN anpOKCUMUPYIOMINX QYHKIHI?

7. llpuBemguTe CTPYKTYpHYIO CXEMY QJIIrOPUTMa METONAa HAUMEHBIIMX KBaJIpaToB s
NOJTY4EHUs JINHEHHON U KBapaTUYHOHN armpoOKCUMUPYIOMINUX (QYHKITH.
KonunuecTBeHHas OllCHKA Ka4yeCTBa allIPOKCUMALIAN?

Kakoe mpubnmxeHue K TabIMYHO 3aJaHHON (PYHKIIMH CUUTACTCS JTYqIINM?
10. INomyyenue ko3P PUIHEHTOB aNIPOKCUMALIUK C UCIIOIb30BAaHUEM METOJa HAaMMEHBIINX
KBaJIpaToB cpencTBamu nakera Excel n makera MathCad?

o %0

Ilpakmuueckoe 3anamue Ne4. Memoovl uuciennozo UHmMezpupo8anus peuienus 3a0au.
Cocmaenenue ancopumma u npozpammol peuwtenus. Pewenue 3aoanun cpeocmeamu
MamemamuieckKux naKemos.

1 Ycnoeue 3aoanua
Ucnonb3yss 4HUCIEHHBIE METOAbl CPEAHUX MPSIMOYTOJIBHUKOB, Tpamenuid U
KBaJIpaTUIHBIX mapabos (CUMIICOHA), BEIYMCIUTE 3HAYCHHUE ONPENEIEHHOTO HHTETpaia

X
I=] F (),
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e - Fo(X) — QyHKUMs KBaipaTHYHOM anmpoKkcuMaluu (HaiiieHHas B 3aganun Nel),
-X| M X, - KOpHH ypaBHeHus F(x)=0 (Haiigennble B 3amanun Ne2).

Pe3ynbraThl BEIYHMCIICHUS] MHTErpalia Ka)XJabIM METOAOM MNPEICTABUTh ISl CIy4YaeB
pa3OueHusT WHTEpBaJla €ro WHTETPUPOBAHUS [xi; X, ] H& n=10 u n=20 OTPE3KOB
onuHakoBo nmuHbl  h. IlpencraBuTh Takke pe3yidbTaThl OLEHKH MOTPENIHOCTU
BBIYKCIICHUI MHTErpaJia MepeurncIeHHBIMU METOAMU HHTETPUPOBAHHUS.

2. Memoouka evluucieHus ucxooHo2o unmezpaia

HcxogHbIM SBIISIETCS ONPEAECIEHHBIN UHTETPAJI BUIA:
1= [ (-0.025%" +0.193x+0.506)dx,

rae X, *=-2,0589 u x,%=9,6355-HuKHUN U BEpXHUM NPeIeTbl HHTETPUPOBAHMUS.

M3BecTHO, 4TO B OCHOBE IMOMCKA €r0 KOHKPETHOTO 3HAYEHUS JHOOBIM METOI0M
YUCJIIEHHOTO WHTETPUPOBAHUS JIEKUT OOBIYHO MNPUONMKEHHOE BBIYMCICHHUE IUIONIAAN
IUIOCKOM TEeOMETPUYECKOW (UTYphl, OTPAHMYEHHOM TIpa@UKOM MOJBIHTETrpaTbHON
bynkuun Fo(X) B npeaenax uHTepBaia [X,*; X,*] uaMeHeHus aprymMeHTa X.

Yame Bcero, mnoiiydaemass TakuM oOpazoM ¢urypa uMeeT HeonpeneiaEHHYIO
KPUBOJIMHEHHYIO (HOpMY, JUIsI BBIYMCIICHUS TUIONIAJAN KOTOPOM HE CyHIeCTBYeT (opmyi.
[ToaToMy 1 mpUOETarOT K Pa3IMdHBIM METOJaM M3MEHEHHs 3TOH (OPMBI, CpeIu KOTOPHIX
HanOoJiee TOMYISIPHBIMA ~ CYUTAIOTCSA  METOABl  MPSMOYTOJIBHUKOB, TpalCUUid W
KBaJpaTU4HbIX mapadon. I[lomydenne reomeTpudeckux GUTYpP, COOTBETCTBYIOIIUX
HA3BaHUSM 3THUX METOJOB, OCHOBAHO Ha 3aMeHE JI000W MOMBIHTETpadbHON (QyHKIIMH
WHTEPHOISIMOHHBIM MHOTOWICHOM

O(X)=Boxo T Bixi + Poxz + ... + PBuXa
COOTBETCTBEHHO HYJIEBOM, IEPBOM U BTOPOIl CTETIEHH.

JIyisl TIOBBITIICHUSI TOYHOCTH BBIYMCIICHHS] WHTETpasia JIOOBIM W3 TEPEUYHCIICHHBIX
METO/IOB 11€71€CO00pa3Ho:

- pa30buTh WHTEpPBAJI HHTETPUPOBAHHS [X;*; X,*] HA N OJWHAKOBBIX OTPE3KOB
mmHOW h=(X,* - x;*]/n ¥ mMomy4uTh B HEM CEPUI0 KOHKPETHBIX 3HAYCHHUN apryMeHTa X
BUIA X=X ¥, X;=Xoth, X,=x;th, X35=x,th, ..., x;=X;,th, ..., X;=x,%;

- pa30uTh abcruccaMy TOUEK X; ITOW Cepuu OOIIYI0 KPUBOJIMHEHHYIO QUTYPY Ha n
noAGUryp ¥ B KaXAyI0 U3 HUX BIUCATh MPSMOYTOJIbHUK, TPANEIUIO WIIM KPUBOJIUHEUHYIO
Tpaneuuro (B Be PsIOM PaCHoIOKEHHBIE MOA(UTYPHI);

- BBIYUCIIUTH IJIOIIAIM Ka)XJAOW BHOBb IMOJYYEHHOW reOMeTpUYecKor (purypbl u,
IPOCYMMHUPOBAB UX, MOTYYUTh NPUOIKEHHBINA PE3yIbTAT BEIYUCICHUS] MHTETpaa.

KonTposasubie Bonpocsl 1134(OITK-4):
1. B uém 3axirouaeTcs 3ajadya YMCICHHOTO MHTErPUPOBAaHUA?
Kak rpynnupyroTcst UncieHHbIle METOIbl HHTETPUPOBAHUS?
CTpyKTypHBIE CXEMBI AJITOPUTMOB 3aJaHHBIX METOJOB MPSMOYTOJIbHUKOB?
CTpyKTypHas cxeMa ajirOpuTMa METOJIa Tpaneumii?
CrpykrypHas cxema anropurma merona CumicoHna?
Brruncnenne nHTErpaia npu momoiu makera Excel?
Brruucnenue nnrerpana npu nomomu nakera MathCad?

Nk wLDd
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Ilpakmuueckoe 3anamue Ne5. Yucnennoe unmezpuposanue. CmpykmypHuole cxemul
anzopummos, npozpammuposanue u peuienue 3aoay na I1K, ceazannuix c éviuucienuem
ONPEOeIEHHBIX UHMEZPATI08 MEMOOAMU NPAMOY20TbHUKO8, mpaneyuit u Cumncona.

1. Ycnosue 3a0anusn

[IpyMeHsIsl YUCIIEHHbIE METOJbl ITUXOTOMHMHM U 30JIOTOTO CEYEHMsI OJHOMEPHON ONTHMMH3ALUHU,
OIPEETHTh C TOYHOCTHIO 10 € =10 ~° Touky 3kcTpeMyMa (yHKIMH KBaAPATHYHON ammpokcuMariy F,
(x), n3 3aganus Nel. I1pu BelnosHeHNH 3aJaHUSI IPEYCMOTPETh!

1. mpoBepKy yCIOBHS YHUMOJNAINBHOCTH QyHKIMHU Fa(X);

2. 000CHOBaHHBIN BBIOOP HAYAIBHOI'O OTPE3Ka ONTUMHU3ALNUH;

3. 000CHOBaHUE YCJIOBUM OKOHYAHMS IOUCKAa HSKcTpeMyMa Fy(X) B HCHONIB3YEMBIX MeETOJaX

OJTHOMEPHOI ONTUMHU3ALIH.

2. XapakTepucTuka UCXOAHON (DYHKIIHH

WcxonHoii siBisieTcst PyHKIMS KBaApaTUIHON apabosIbl BUA!

Fy(x)=-0. 025X’ +0. 193 X + 0. 506

¢ mpousBogHbIMU F,’(x) =-0. 050 X + 0. 193 u F,”(x) =-0. 050.

Tak kak | F,"(x) | = 0,0510> 0 , To ucxoanas GyHKIUS ABISCTCS YHUMOOAILHOMU, TO
€CTh coAepkalled B MOpeaenax H3MEHEHUsS aprymMeHTa X oOT “MHHYC’ nO0 “miroc”
OECKOHEYHOCTH TOJIbKO OAMH 3KcTpeMyMm. M3 anammza yced€éHHoOro rpaduka HCXOAHOU
(GYHKIUU CIEYET, UTO €€ SIKCTPEMYMOM SIBJISIETCS MakCUMyM. B pesynbrate mporpaMmmMHoOn
TaOyNALMKU 3TOM (PYHKIIMHM YCTaHOBJIEHO, YTO OH PACIIOJIOKEH HA MHTEpBaJie ONTUMHU3ALINU
[Ni=3,0; Ki=5,0], tne Ni um Ki - Havaso u KoHeI[ MHTEpBaja MPEACTOSIIETO MOUCKA
AKCTPEMYMA.

Jlis moucka SKCTPEMyMOB YHUMOJANBbHBIX (YHKIMI pa3pabOTaHO MHOXKECTBO
pa3HOOOpa3HBIX METOAOB. 3a/a4ya MOMCKAa B KaXJIOM U3 HUX CBOAUTCS K JOKAJIU3alUU U
YTOUHEHHUIO 3HaYeHU X M F,(X) B Touke skcTpeMyma. OgHU METONbl pacCUMTAaHbl Ha
MONCK MaKCUMyMOB (YHKIIWW, APYyrHWe — Ha TOUCK WX MHHHUMYMOB. HO MOCKOIBKY
MakcumMyMy (yHKIuU Fy(X) cOOTBETCTBYyeT MUHUMYM -F,(x), TO, CMEHUB 3HaK y
F,(x), anroputmMamMu U mporpaMMaMu MOMCKa MakCUMyMa (MUHUMYyMa) JIOOBIM METOJ0M
MOXKHO IOJIb30BAaThCsl W JUIsl MOMCKA MHUHMMYyMa (MakcMMyMa) JH000M yHHMOJAIbHOU
byHKIMH.

MeToasl  OAHOMEPHOM  ONTUMHU3AIMU  HMCIHOJB3YIOT — CJENYIOLIee CBOMCTBO
HEeNpephIBHON (PYHKITUU: €CIM TOUKU g U /i (g<h) pacriosiokeHbl Ha OTpe3ke [a, b] u f(g) <
f(h), To Ha oTpe3ke [a, h] ecTh x0T Obl OAMH MUHUMYM (DyHKIMHU, eciu f(g) > f(h), TO Ha
orpeske [g, b] ecTth x0Tt Obl OIMH MUHMMYM. B cuily yHUMOJAIbHOCTH (YHKIUU 3TOT
MUHUMYM OyJIeT eIWHCTBEHHBIM. TeM caMbIM YMEHBIIIAETCS OTPE30K MOMCKa MUHUMYMA.
[ToBTrOpsisi yKa3aHHBIM MpoLECC, MOIYYArOT MOCIEI0BATEIbHOCTh YMEHBIIAIOIINXCS
oTpe3koB. [lonck MHUHHMyMa MOXKHO CBECTH K OIpPENEJICHHIO OTpe3Ka, AJUHA KOTOPOro
CTaHET MEHBIIE 3aJaHHON TOYHOCTU. DTO OyIeT OKOHYaHUEM TMOUCKa |by ~ay<e.

3. Ilouck 9KCTpEMYyMa MCTOAOM JUXOTOMHU

MeTon nuUXOTOMHHM (METOJ IENIeHWsl WHTEpBaja IMOMCKAa TOIMOoJiaM) MOXET OBbITh
peaan30BaH aIrOPUTMOM MOHMCKA SKCTpEMyMa (HanpuMep, MakCMMyMa) BUJIA:
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I. 3az[a}0Tc;1 KOHKPCTHBIC 3HAUYCHUSA TI'pPaHUIL Ni 141 Ki HHTCpBaJla IIOMCKa
MaKCHMMyMad, 3HAYCHUC € IIOTPCIIHOCTU €Ir0 BBIYHMCICHHA M 3HAYCHUSA KOG)(I)(bI/IHI/ICHTOB a0,

a, a, Qynxuu Fa(x);

2. CocraBnsercss mnoamporpamma BbluMcieHHs Fy(X) 1 3amaBaembix e
3HaYEHUH aprymeHTa X.
3. Henutcs nononam uHTepBai noucka [Nj; K] 1 OTHOCUTENBHO MOITYy4aeMOTo

IpU 3TOM cpeaHero 3HadeHus aprymenTta X=(N;+K;)/2 BbIUHCIAIOTCA ABE CUMMETPUYHO
pacnonioskeHHbIe abctucebl X=X - &/2 = (Ni+Ki - €)/2 u x,= x+ &/2 = (Ni+Ki+ €)/2;

4. B nomydeHHBIX TOUKax X; M X; OCHM X BBIUHCISIOTCS (C TOMOIIBIO
MOJIITPOTPaMMBI ) 1BA 3HAYCHUST UCXOTHOM PyHKINHN F,(x ) 1 Fy(Xy);
5. [IpoBepsiercst ycnmoBue Fi(x;) > Fi(xy). Ecau oHO BBINONHSIETCS, TO

omeparopoM npucBanBaHusi Ki=X, Mpou3BOIUTCS yMEHbLIEHHE HHTEpBaja MOUCKa (3a
cuéT cBHra BJIEBO €ro npaBoii rpanuibl Ki), a ero HoBoe 3Hauenue |Ki-Ni| nmpucBauBaeTcs
nepemeHHoil S. Ecnu OHO He BBIMIONHSETCS, TO OIMEparopoM MpucBamBaHUs Ni=X;
IIPOM3BOANTCS TAK)KE€ YMEHBIIICHNE NHTEPBAJIa MOKCKA (Tereph 3a CYET CIBUTA BIIPABO €T0
neBoi rpaHullbl Ni), u ero HoBoe 3HaueHue |Ki-Ni| mpucBanBaeTcst mepeMeHHoM S;

6. BreiBomATCc s MpOCMOTpa  MONB30BaTelieM — TEKyIIUe  3HaueHUs
BBIYMCJIEHHBIX TiepeMeHHbIX Ni, X, X», Ki, S, F»(x;) u F»(x,);
7. [IpoBepsiercst ycinoBue oxoHuanuss mnoucka |Ki-Nij<2e. Ecium oHO He

BBIIIOJIHSAETCS, TO OCYIIECTBIISIETCS MEPEXOM K IM.3 ISl OYEPENHOIO CYKEHHUsI MHTEpBaIa
noucka. Eciy ke OHO BBINONHSETCS, TO BBIYUCISIIOTCA M BBIBOASATCSA UIsI IMPOCMOTpa
OKOHYATENIbHBIE PE3yJabTaThl TOUCKAa X,=(X;7X;)/2 u Fy(x,). Cxema anropurma
IIpeACTaBiIeHa Ha puc. .

CocraBneHHass MO TakKOMy aJrOpPUTMYy IporpaMma (CM. MPHUJIOKEHUE) BBITAET
IIPOMEKYTOUYHEIE, PUBEICHHBIE B TabNuUIle 1, 1 KOHEUHBIE PE3YIbTATHI.

Tabnuma 1
IMounck sxcTpemyma pyHkunn Fy(x) MeTonoM TuXoTOMUM

Ni X Xa Ki Ni K- Fa(x1) Fy(x2) *
3. 3. 3. 4. 0. 0. 878 0. 878

7495 7495 7505 0000 2505 185 190 1<f2
3. 3. 3. 3. 0. 0. 878 0. 878

7495 8742 8753 8753 1258 485 484 1>f2
3. 3. 3. 3. 0. 0. 878 0. 878

8119 8119 8129 8753 0634 432 434 1<f2
3. 3. 3. 3. 0. 0. 878 0. 878

8431 8431 8441 8753 0322 483 484 1<f2
3. 3. 3. 3. 0. 0. 878 0. 878

8587 8587 8597 8753 0166 490 490 1=2
3. 3. 3. 3. 0. 0. 878 0. 878

8587 8665 8675 8675 0088 489 488 1>f2
3. 3. 3. 3. 0. 0. 878 0. 878

8587 8626 8636 8636 0049 490 489 1>f2
3. 3. 3. 3. 0. 0. 878 0. 878

8587 8606 8616 8616 0029 490 489 1>f2
3. 3. 3. 3. 0. 0. 878 0. 878

8596 8596 8606 8616 0020 490 490 1=f2

Xm=3, 860 131 025, F,(x,)=0, 878 489 971.
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REPEAT

I

%= (Ni+Ki - €)/2
x:= (Ni+Ki + €)/2
F1:=Fa(x1)
F21=F3(X2)

| UNTIL|Ki-Nils € J
___

A 4

( KoHeu )

Puc.1. Cxema anroputmMa ONTUMHU3AINHT TIO

METOAY AUXOTOMUUN

KonTpoabubie Bonpocsl 1135(0I1K-4):

B uém 3akirodaercs 3aada YUCIEHHOTO HUHTETPUPOBAHUS?

Kak rpynnupyroTcst unciaeHHble METOIbl MHTETPUPOBaHUSA?

CTpyKTypHBIE CXEMBI AITOPUTMOB 3aJJaHHBIX METOJOB MPSAMOYTOJbHUKOB?
CrpykTypHas cxeMa aJlropuTMa METOoJla Tpanenuii?

CrpykrypHas cxema anropurmMa merona Cumicona?

Brruucnenne nHTEerpaia npu nmomoinu makera Excel?

Brruucnenune nnarerpana npu nomou nakera MathCad?

[IpaBuiio PyHre oneHMBaHUS MOTPEUTHOCTH BHIYHUCICHHS UHTErpaja?
CpaBHEHHE METO/IOB YNCIEHHOI'O UHTETPUPOBAHUS?

1.

AP I

Ilpakmuueckoe 3anamue Ne6. CmpyKkmypHble cXembl a120pUmmos, RPOZPamMMuUposanue u
pewenue 3a0au na IIK, ceazannuix ¢ npoeepkoii yciosus yHUMOO0AnbHOCMU YHKYUU, 8b100POM
ompe3Ka ONMUMU3AUUU U NOUCKA MOYKU €€ IKCIMPEMYyMa Memooamu OUXomomMuu u 3010Mo20

ceuyeHus.

Lz

Puc.2. [lencuue
oTpes3ka anuHoi L

L

ITouck 9KCTpEMYMaA MCTOAOM 30JI0TOIr0 CCUCHUA

Meron 3070TOro0 Ce4eHusl SBISAETCS JIPYTMM BO3MOYKHBIM
cnocoOoMm crsaruBaHus orpe3ka noucka [N K;] k Touke
sKCcTpeMyMa. B oTnuuue oT MeTrona AMXOTOMUU (METoAa ACICHUs
OTpe3Ka MOoIojiaM) B JAaHHOM MeTojie oTpe3oK JimHo L = K;— N;
pazOuBaeTcst TOUKOM X; Ha ABE HepaBHbIe L u L, wactu, rme L, <
L2 u L1 + L2 =L.

N3 GecuncieHHOro MHOXKECTBA BO3MOMKHBIX CEUEHHUN OTpe3Ka MO 3TOMY IpPaBHITY
TOJBKO OJHO W3 HHUX SBJSETCS M HA3bIBaeTCs 30J0ThIM. J[s HEro AOMKHO OBITH
CIPaBELJIMBBIM PABEHCTBO OTHOLIEHUI:
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L_L

L, L
Ecnu paccMmarpuBaTh OTpPE30K Kak €IUHUYHBINA, T.e. L=I, OTHOIlIEHHE MpPUHUMAET

BU/I:
1-L, L,
L, 1
[Tocne mpeoOpa3oBaHusi OTHOIIEHNE TPUHUMAET BU:
2
LS+L,-1=0.
[TostoKUTENBHBIN KOPEHBb UX 3TOTO YPABHECHUS:
—-1++/5
L,= —\/— ~ 0,618,
a, COOTBETCTBEHHO,
L1=1—L2=3_‘Ez0,382, r=Liop18.
2 L

Ho Tak kak 3HaYeHUE JAJIMHBI pealbHOTO OTpe3ka L mpakTruuecku Bcerya OTauvyaeTcs
OT €IHUHMIIbI, TO WCTUHHBIE pa3Mepbl €ro OOJbIIel W MEHbIIEH YacTe MOryT
ONPENENAThCS COOTBETCTBEHHO M3 BhIpaxkeHu L,=1*(Ki—-Ni) u L;=(1-1)*(Ki-Ni). [Ipu
3TOM KOOpJMHATa X; TOYKU CEYEHUs OTPE3Ka MOMCKA Ha OCH aOCIMCC 3aBUCUT OT MOpPsIKa
pacnonockeHuss Ha HEM ero yacteil. Ero Oymer mu6o X;=Ni+L;=Ni+(1-1)(Ki—Ni), ecou
nepBoil pacmonaraercs MeHbimas 9acth Ly, mu60 X,=Ni+L,=Ni+1(Ki—Ni), ecau nepBoii
pacrnonaraeTcst 6osbImast 4acthb L.

C y4éToM H3JIOKEHHOTO METOJl 30JIOTOTO CEUEHHUS MOXKET OBbITh pealn30BaH
aJITOPUTMOM MOHCKA 3KCTpEMyMa (HapuMep, MUHUMYyMa) BUA:

1. 3apmatorcs rpanuibsl Ni, Ki  oTpe3ka moucka, MOTpelIHOCTh BBIYUCICHUS € U
K03 OUITUEHTHI a9, a; U a; GYHKIUH F)(X);

2. Cocrapnsiercs nognporpamMmma Beiuncienus: Fy(X) nms 3apaBaemMbix apryMeHTOB
X;

3. Ompenemnstorest abcumecbl X,=Ni + T *(Ki — Ni) u x;=(1- 1)*(Ki — N1) Touex
CEUEHMSI OTpE3Ka MOMCKa MUHUMYMA;

4. BIHUCIAIOTCS ¢ TOMOIIBIO oAnporpaMmsel 3HadeHus Fy(x;) u Fa(Xx»);

5. Ilposepsiercs ycnoBue Fo(x) > Fy(Xy).

Ecnu oHO BEIMONHSETCS (YTO CBUIETEILCTBYET 00 yObIBaHHM F,(X) B Ipemenax oT X,
70 X, M CIIEJOBATEIbHO O HAXOXKACHUM MUHUMYyMa crpasa oT F,(X;)), TO onmeparopamu
npucBauBanus Ni:=x;, X;:=X; U Fy(X;) :=F,(x,) nmpou3BoauTcs yMEHBIICHHE WHTEpBAJIa
nmoucka (3a CY€T CABUTA BOPABO B TOYKY X; €T0 JIEBOW TpaHUIlbl Ni) W MPUCBOCHHE
NpPEXKHUM 3HaueHUsIM X, U Fy(Xx;) HOBbIXx uMEH x; U Fy(x;). 3arem mjisi HOBOTO
YMEHBIIEHHOTO HMHTEpBaJia MOMCKA OIpENeNsieTcsl HOBOE 3HAUEHHUE X, U BBIYHMCIIAETCS
HOBOE 3HaueHue F,(x,).

Ecnu 3710 ycinoBue He BBINONHAETCS (YTO CBUAETENBLCTBYET O Bo3pacTaHuu F,(x) B
npenenax OT X; /0 X, W CJENOBaTelbHO O HAXOXACHUM MUHUMYyMa CJleBa OT X,), TO
oneparopamu npucBanBaHusa Ki:=x,, x,:=x; 1 F»(x;) :=F,(X|) npou3BoAUTCS YMEHBIIICHNE
WHTEpBaja IMOUCKa (3a CU€T CcIBUIa BJIEBO B TOYKY X, €ro mpaBoil rpanuibl Ki) u
MIPUCBOCHUE TIPEKHUM 3HAYEHUSAM X U Fy(X|) HOBBIX UMEH X, U Fy(X;). 3aTem Jj1s HOBOTO
YMEHBIIICHHOTO UHTEPBaja MOUCKa ONpeaenseTcs X, u Beraucisercs Fy(x,).
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6. BeiBogsITCA 17151 TPOCMOTpA IMOJIb30BATENEM TEKYIIME 3HAYEHUS! BHIYMCICHHBIX Ha
JTAHHOM II1are UTeparuu mepeMeHHbIX X, Ni, X,, Ki, e=|Ki — Ni|, F»(x;) u F»(x,).

7. Ilpomepsiercs ycimoBue okoH4aHus moucka |[Ki — Ni| < e, Eciu oHO He
BBITIOJIHSAETCSI, TO OCYILIECTBIISECTCS MEPEXO/ K I.5 Il OYEePeHOrOo CTATMBAHMS OTpe3Ka
MOMCKAa K TOYKE MHHHUMYMa. B TIPOTMBHOM cCllyd4ae BBIYUCISIIOTCS M BBIBOISATCS A
MIPOCMOTpPa OKOHYATEIbHBIE PEe3yabTaThl MOUCKA X, = (Ki — Ni)/2 u Fy(xy,).

CocraBiieHHas 110 TPUBEACHHOMY AJITOPUTMY (puc.3) mporpamma (CM. MPUIIOKEHUE)
BBLAAET TSI MCXOMHOM (DYHKIIMH TMTPOMEKYTOYHBIC M UTOTOBBIE PE3YIbTAThI, TPUBEIACHHBIC
B Tabnuiie 2

TaOmuma 2
n [Touck sxcTpeMyma GyHKITHH F,(X) METOIOM 30JI0TOTO CCUSHUS
X Ni X3 Ki Ki-Ni Fa(xy) Fa(x,) *

0 3. 8090 3.6910 3. 8820 4. 0000 0.3090 0.878 425 0.878 478 fl1<f2
1 3. 8820 3. 8090 3.9271 4. 0000 0.1910 0.878 478 0.878 378 f1>12
2 3. 8541 3. 8090 3. 8820 3.9271 0.1180 0.878 489 0.878 478 f1>12
3 3. 8369 3.8090 3. 8541 3. 8820 0.0729 0.878 477 0. 878 489 f1<f2
4 3. 8541 3. 8369 3. 8647 3. 8820 0. 0451 0.878 489 0. 878 490 fl1<f2
5 3. 8647 3. 8541 3.8713 3. 8820 0. 0279 0. 878 489 0. 878 487 f1>12
6 3. 8607 3. 8541 3. 8647 3.8713 0.0172 0. 878 490 0. 878 489 f1>12
7 3. 8582 3. 8541 3. 8607 3. 8647 0.0106 0.878 489 0. 878 490 fl1<f2
8 3. 8607 3. 8582 3. 8622 3. 8647 0. 0066 0. 878 490 0. 878 489 f1>12
9 3. 8597 3. 8582 3. 8607 3. 8622 0. 0041 0. 878 490 0. 878 490 f1=2

Xm=3. 860 199 928 u F,(x,,)=0. 878 489 971.

Takum oOpa3zom, Touka Makcumyma 3amaHHod QyHkuu Fy(x) Ha mmockoctn X,Y
omnpeznensaercs e€ KoopaguHaramu
Xm= 3. 860 131 025, F,(x,)=0.878 489 971,
BBIYHCIICHHBIMHU TI0 METOAY AMXOTOMHUH, M KOOPAUHATAMHU
Xm= 3. 860 199 928, Fy(x,,)=0.878 489 971,

BBIYUCJICHHBIMUA 10 METOJy 30JI0TOro ceueHus. l[lomydeHHbIE pe3ynbTaThl SBISIOTCS
MIPUMEPHO OJIMHAKOBBIMHU. OTHAKO BTOPOM METOJT CYUTAETCS O0Iee YKOHOMUYHBIM, TaK KaK
Ha KaXJA0W wuTeparuu TpeOyeTcsl BBIYMCICHHUE TOJIBKO OHOTO 3HAYEHUs] HCXOIHOU
GbyHKIIMH, a HE IBYX, KaK B METO/I€ IUXOTOMHUHU.
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x1:= Ni+(Ki — Ni)*0,328
o= Mi+(Ki — Niy*0,618

F1 :=F:.()( 1)
F2:=Fa(x2)

v
([ repEaT i
1 0

F1=F2

Ni:=x4 Ki:=x2
Xq.= X2 Kol=Xq
F1:=F2 F2:=F1
Xz:=Ni+(Ki — Ni)*0,618 ¥q:=Ni+(Ki = Ni)*0,328
F2:=F(x2) F1:=Fa(xq)

e

I
| UNTIL |Ki—=Ni|< ¢
A
( KoHeu )

Puc..3. CxeMma aJIropuT™Ma ONTUMM3ALUH 110
METOJy 30JI0TOI'0 CECUCHUS

KonTpoabubie Bonpocsl [136(OITK-4):
1. TlpencraBneHue anropuTMa U IporpaMMbl pEeLIEHUS 3a/1aud OJHOMEPHOM ONTUMU3ALNN
B COOTBETCTBHH C YETBEPTHIM 33aJJaHUEM KypCOBOM palbOTHI.
2. Bremmonnenue nporpammel Ha [1K. OTpaboTka nporpamMmbl
Pemienue ¢ noMolb10 MaTEMaTHUECKUX MTAKETOB.
4. CpaBHeHue pe3ynbTaroB. [logroroska oruéra.

[98)

Jabopamopnas paboma Ned. Memoowt peuienusn nenuneiinvix ypasnenuii. Cocmaenenue
anzopumma u npozpammol peuwtenus. Pewienue 3a0anus cpeocmeamu mamemamuuecKux
nakemoe.

3. Botuucnenue unmezpana memooom npamoy20a1bHUKOE

B wuHTerpupoBaHuM Mo METOYy HNPSMOYTOJIBHUKOB MPEIyCMAaTPUBAECTCS 3aMeHa
dynkuun Fo(x) monmmHOMOM HyleBoii crenenn @@ )=Fx’=f, Ilpu 3ToM mocrosHHas
BEJIUYMHA ff) MOXKET NPUHUMATHCS PABHOM 3HAYEHHUIO MOJBIHTETpalbHOW (YHKIHUU B
Havane [y=F,(x;) , B xouue fB=F,(x;i;) wm B cepenune [y=F,(x.,) Kaxnoro orpeska
pasOueHns IUIMHON h, rne apryMeHT X,,=(X; + X;7) /2 . Ilpn sTOM muomans Kaxioro
IpsIMOYTOJIbHUKA paBHA MPOU3BEICHUIO €ro CTOPOH S; = fp*h, a cymMa mioniaiei Bcex n
MPSIMOYTOJIBHUKOB paBHA 3HAYCHUIO MHTErpaa.

C y4y€ToM W3J0KEHHOTO ISl BBIYUCIEHUS MHTErpajia Mo METOAY CPEIHUX
MPSMOYTOJIBHUKOB MOKET OBITh HCTIOJB30BaHa (popmya:
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X*—X* n—1 n—1
[:#ZFZ(XZ'CP):};ZFZ(XHO.M)

n i=0 i=0
v
q TounocTth HHTCTPUPOBAHUA 110 OTOH q)OpMy.HC

3aBUCUT OT 4YHClIa 1N OTPE3KOB pa?>6I/ICHI/I}I. Omna

Xs-:fn . YBEIMYMBACTCS C POCTOM N JI0 €r0 ONTHMAJbHOTO 4YHCIIA
S Nonr, TPH KOTOPOM OYEBHMIHBIA POCT 00BEMA BBIYMCIICHHIA
! IPUBOJUT K POCTY MOTPEHIHOCTH 3a CYET OKPYIJICHHIA.
REPEAT Pe3yabTatel  [MPOrPaMMHOIO (cMm. IPHIIOKEHHE)
' BBIYMCIICHUS] UCXOTHOTO UHTErpasia Mo MPUBEJACHHOMN BBIIIE
SRR dopmyne st =10 u n,=20 npusenens! B Tadbmuie 10.1.
X:=x+h Cxema anroputMma BbIYUCIEHUN NpecTaBieHa Ha puc.10.1.
.
UNTL Xl <% 4. Bviuucnenue unmezpana memooom
mpaneyui
( Lt ) B UHTETPUPOBAHMU II0 METOAY  Tpareuuu

npeaycMmarpuBaeTcs 3amMeHa (QyHKuumuM Fp(x) wumm e
Puc.1. Cxema anroputma nporecca  OTJIEITBHBIX YYACTKOB MHTETPAIBHBIM TTOJMHOMOM IE€PBOI
“HTerp“pggizz’;;sz;;Egz ot cremenn  @(1)=By +B; [ Tak Kak rpagukoM TaKOro

MOJIMHOMA SABIIAETCS MpsMas C YIIOBBIM KO3 (UIIMEHTOM
B1, TO mpeaycMarpuBaeMasi 3aMeHa MPUBOJIUT K 0Opa30BaHUIO Tpanenuii ¢ OAMHAKOBBIMU
BBICOTaAMHU h=([ﬁ*-[i*)/n n yvame Bcero ¢ pasHeiMu ocHOBaHusAMU F([]) u Fy(Ljy).
[TockonbKy MJIOIIAAb OJTHOM Tpamelnry paBHA MPOU3BEICHUIO TIOJYCYMMbl OCHOBAHHUI Ha
BBICOTY, M KaXJ0€ OCHOBAaHME, KPOME BHEIIHHUX Fz(ﬂ,)=F2(D*1) u FZ(E,L)=F2(D*2),
OPUHAJICKUT JIBYM COCEJIHHMM TpareluusM, TO JJIsi BBIYMCIEHUS WHTErpajia Mo 3TOMY
METOJIy MOKET ObITh MCIOJIb30BaHa (hopmyna:

1=05h[F,(x)+ Fy(x,)+ 25 ()]

i=1
ToYyHOCTH BBIMHUCICHUN TIO 3TOM (hOpMYJie BBIIIE TOYHOCTH BBIUMCICHUSI WHTErpaja

[0 METOAY MPSIMOYTOJIBHUKOB M TAKXKE YBEIUYUBAETCS C POCTOM N JI0 Noy, PeE3ynbTarhl
MPOrPaMMHOTO BBIYMCICHUS MHTErpana mo 31oil gopmyne ansgt n;=10 u n,=20 cm. B
tabmume 1. Cxema anropuTma MpeArnojaraeT IUKIMYECKOe HAKOIUICHWE 3HAYeHUN
¢byHkuu oT 1-0if 10 (n-1)-0f C MOCHEAYIONIMM BBIYMCICHUEM 3HAYeHUW (YHKIHUM Ha
IPAaHUYHBIX 3HAYEHUSAX UHTEPBaJIa UHTETPUPOBAHUA.

5. Boituucnenue unmezpana memooom Cumncona

B UHTErpUpoBaHuM 1o Meroay CuMICOHa TpeaycMaTpUBaeTCs 3aMeHa
nobIHTErpanbHON GyHKIMK F5(X) Uin €€ mapHbIX y4aCTKOB UHTEIPAJIbHBIM OJIMHOMOM
BTOpO#i cTerenn @& )=f) + fix + B x°. Tak kak rpaduKOM TAKOTO MOITMHOMA SIBISETCS
KBaJpaTHyHas napalosia, TO MpeaycMaTpuBaeMasi 3aMeHa MPUBOJUT K 00pa3oBaHUIO n/2
KpUBOJIMHENHBIX (C BeicoTOM 2h) Tpanenwmii. [lockonbky mapabona @(x) mpoXoauT uepe3
TPU COCEIHUE OPJIUHATHI, T.€. TOUKHU IIIOCKOCTH X,Y C KOOpAWHATAMH NEPBOM U3 HUX X
F»(x;), Bropoi x;+h, Fy(xi+th) u tperbet x;+2h, Fy(x;+2h), TO MOXHO J0Ka3aTh, YTO
IJI0MIalb OAHOM Takol Tpaneruu S=h [Fy(x;) + 4 Fy(x;th) + F,(xi+2h)]/3, a cymmy
IUIOLIAAeH BCEX KPUBOJMHEHUHBIX Tpaneuuii MOKHO PaccuuTaTth 1o ¢popmyse
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I=h[F(xp)tF(x,) 4 (F(x ) Fy(x3)+. . .+ F3(x,.1)) F2(F(x2) HFy(x ) +.. .+ F3(x,.2)]/3

To4HOCTh MHTETrPUPOBAHUS MO ITOU (OpMYyJie CYIIECTBEHHO BBIIIE, YeM IO paHee
MPUBEICHHBIM (HOPMYJIaM UHTETPUPOBAHUS IO METOJaM Tpareluuii U MpsSMOYTOJbHUKOB.
Pe3ynbTaThl BBIYMCIICHUSI MCXOJHOTO HHTErpaiga mo Heu jiusa n=I0 u n,=20
npuBefeHsl B Tabmuie 1. Cxema anropuTMa CTPOUTCS IO AHAJIOTHU C aJITOPUTMOM
WHTETPUPOBAHUS 110 METOJlY TpAECIUM.

Ta0Omumna 1
Pe3yﬂbTaTI)I I/IHTerI/IpOBaHl/I}I 1o MeToaamM
n
MIPSAMOYTOJIbHUKOB Tpanemnuit CumricoHa
0 ! 6, 873 993 874 6, 873 993 397 6,943 428 993
0 2 6,926 070 690 6,926 070 213 6,943 428 516

CyMMapHy10 NMOrpeNIHOCTh BEIYMCIIEHUS UHTErpaa B [1] npennaraercsa OLEeHUTh MO
npaBmity PyHre kak cyMMy MOTrpemHocTel BBIOpaHHOTO METO/1a M OKPYTIICHHIA:

o I=1y,
L2l
2k -1
rae - I u lps, - 3HaueHus uHTerpanoB npu n=10 u n=20 (U3 nepBod U BTOPOMH
CTPOK TaOmuIIE . 1),

- k - mpuHHMMaeTcs paBHBIM 2-M JJI METO/Ia CPEIHUX MPSMOYTOJIBHUKOB U METOa
Tpaneuui 1 paBHbIM 4-M 1511 MeToaa Cumncona. C y4éTOM U3JI0KEHHOTO MOJIyYaeM:
R wp=0, 017358938,
R, =0, 017358938,
Rcun =0,000000032.

COOTBETCTBEHHO, HAaWMEHBIIYI0 TMOTPEIIHOCTh, HuMeeT MeTon CHMIICOHa, T.K.
UHTEPIONMpYomas GyHKIUS BTOPOTO MOPSIKA, TOCTPOCHHAS TI0 TPeM TOoYKaM (DYHKIIUU
F>(x) Bcerna TouHnee npuOanKaeTcs K UCXOTHOU (PYHKIIUH.

KonTpoasubie Bonpocsl JIP4(OIIK-4):
1. Yto siBIsSETCS KOPHEM HEIMHENHOIO ypaBHEHUS?

M3 KakuX 3TanoB COCTOUT PEUICHUE HETMHEWHOTO YPABHEHUS?

Kax npousBonutcs 3Tan oTeneHust KopHen?

Ha xakoli TeopeMe OCHOBBIBAECTCA aHAJIUTHYECKOE OTIEICHUE KOpPHEN?

Uro sBisieTcsl yCIIOBUEM OKOHYAHHUS ITOMCKA KOPHs?

B 4ém cyTh MeTOA IPOCTON UTEPALIUU YTOYHEHUS KOPHS?

Kaxue ycnoBus q0mKHBI ObITh BBIITOJIHEHBI, YTOOBI POLIECC CXOAUIICS K KOPHIO?

CpaBHUTE METONBI YTOUHEHHS KOPHEH.

[IpuBenuTe CTPYKTypHYIO CXEMY aJIrOpuTMa 3aJaHHOI'O METOJa, YTOUHSIOLIETO

KOpPEHb HEJIMHEHHOTO yPaBHEHUS.

10. IlpencraBnenue aaropuTMa U IPOrpaMMbl PELIEHUS! HETMHEWHOTO YpaBHEHUS B
COOTBETCTBHH CO BTOPBIM 33JaHUEM KYPCOBON pabOTHI.

11. Bemonuenne mnporpammel Ha IIK. Otpaborka mnporpammsl. Pemenue c¢
IIOMOILIBIO MATEMATUYECKUX TAKETOB.

12. CpaBHenue pe3ynbraroB. [logroroska oruéra.

A e N Sl
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Jlabopamopnas paooma NeS. Beinonnenue npozpammet na IN1K na ocnose memoooe wuciennozo
unmezpuposanus peuienus zaoay. Cpasnenue c pe3yiomamamiu peuieHus ¢ HOMOuwbIo
MamemamuiecKux naKemaos.

1.Boiuucnenue unmezpana npu nomouwiu naxkema Excel

B Excel Her cranmapTHBIX (GyHKIHMH JUIsl BBIYMCIEHUS HHTerpaioB. IloaTomy
pacyeThl TOJKHBI OPTraHU30BBIBATHCS KaK IMOCIEAOBATEIbHOE BBIYMCIECHUE HECKOJIBKHUX
maroB. KonuuecTBo 1m1aroB n ompenensieTcss MPOU3BOJIBLHO WM HCXOAS U3 Tpeldyemoi
TOYHOCTH U3 CJIECAYIOINX COOTHOLICHUIA:

- 111 METOJ1a TIPSIMOYTOJIBHUKOB:

> magleo} 525

- JUISI METOJ1a TPaIeUi:

n>\/IPa)fF (x)‘ (2 xl

- 11t Metona CuMIICOHA:

o -x)
n>4\/IEa)fF (x)‘
rae - Fo(xX) — QyHKums ans MHTErpUpOBaHUs, AJII KOTOPOM OIpenemsioTcs
COOTBETCTBYIOIIIME IPOM3BOJAHBIE. B paccmarpuBaemon 3amade 3TO
qayHKupm KBaIPaTUYHON aNmpOKCUMALINH;
- X{, X» - IPAaHHIBI MHTEIPUPOBAHNS, SBISIOMINECS B STOH 3a7a4e KOPHAMH
bynkmn F,(x);
- £ — TpeOyemasi TOUHOCTb;

Jliig paccMaTpuBaeMoro 3aaHus pacueTHble (POpMyIibl IOKa3aHbl HA pUC.2.

B nunanazone A3:B6 moka3aHbl KOHCTaHTBI, MCIOJb3YHOIIMECS NpHU pacueTax. B
aueiike E3 onpeneneHo HayanbHOE 3HAUYEHUE CYMMBbI JIEMEHTAPHBIX NPSIMOYTOJIBHUKOB,
U3 KOTOPBIX OYyJeT CKIaabIBaThCs IUIOMAAs (GUrypsl. Jta nudpa OyAeT NONoJHATHCS Ha
kaxzaoM mare (E8) mpubaBienueM ruiomany 3J1€MEHTapHON (QUrypbl, BHIYMCICHHOW Ha
stoMm mare — D8. fueiika B8 nokaspiBaeT nepBoe 3HaueHUE MEPEMEHHOM X, PU KOTOPOM
paccuuThIBaeTCA BbICOTA MpsiMOyroibHUKA. [locnenyromuye KOopuHAThl X HapacTalT Ha
KaXKIOM I1are npuOaBieHHeM BeMYHMHBI mmara h.

Puc.2 moka3piBaeT HadalbHBIE HE BCErJa MOBTOPSIOUIMECS (QOpPMYNbl s pacyera.
CBobOonnbie stueriku cTpOoKHMA9:E9 nmomxHBI OBITH

TRNER" FERETIENEV e NFEE- R AR RASRE-SESF 18 PR UL

e e e —— ~© T 3alO0JIHEHBI KONIMPOBAHUEM BBIIIE PACTIOIOKEHHBIX

e oo S b CTPOK OJTHOMMEHHBIX CTOJIOIIOB. ITocne

- (i — 3anoHeHus cTpoka A9:E9 Oymer rortoBa yis

T 0= X fix) Mnows, ara Cymm

(1 en omwmeweesmcese el KOMAPOBAHMS — METOJIOM  aBTO3AMONHEHMs  JUIA

" Puc..2. BLUHC/IGHHE HHTETPATA METOTOM nonydyeHusa 10 maroB pacueroB. B siueiike E17
NIDAMOVIOJIbHUKOB OyneT BBIBEICHO 3HaueHue uHTerpanga s 10

maroB - 6,973324621.

2. Botuucnenue unmeepana npu nomowyu nakema MathCad



Jls BBIYMCIICHUS
orneparop OIPENIEIIEHHOTO
MMEET I0JIS AJIs1 BBOAA 3HAYCHUU
uHTerpupoBanusa. Kpome Toro,
OBITh TMOJYYEHO B CHMBOJHHOM

Jlns momyuyeHust nocryna K
UHTETPUPOBAHUS HEOOXOIUMO Ha
HaXaTb KHONKY Onepamopul
ananu3a U BbIOpaTh ONEpPaTOp U3

puc.3).

OpraHu3oBaTh
MHAye: CHavalla  ONpeleTuTh
ee 0003HaYeHUE B
BBIPKCHHE.
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[2% Mathcad PLUS - [Humrpupundune....“'E].@“].@

E’lgaﬁn Opaeka TexkcT MaTemaThika [padwica
CHMEONHKE  OKHD  EHMrH 2 = | S

BEEIEIRS

A le]

=] Al

| £l =1 [

“YMCNEHHOE DELIEHHE

r.ﬁzss
2

(-0025 0x+ 0195 x 4 0.508) &= 6930

OnpepeneHHbIn
il WHTerpan
A

= |— |y
=NEvIe
M

~
e
o |
1=
i5
5

Puc.3. Berancienue
OTIPE/ICIICHHOTO UHTErpalia

KonTpoabusbie Bonpocsl JIPS(OIIK-4):
1. IlpencraBieHue alropuTMa M NporpamMmbl YUCIEHHOTO HHTETPUPOBAHUS B
COOTBETCTBHUH C TPETHUM 3aJlaHUEM KypCOBOIl pabOTBHI.
2. Bemonnenue nporpammel Ha I1K. OTpaboTka nmporpamMmsbl

(8]

Pemenue c IIOMOIIBIO MAaTCEMATHYCCKUX ITAKCTOB.

4. CpaBHenue pe3ynbraroB. [logroroska otuéra.

MHTETpajga  HCIOJb3yeTCs
MHTETPUPOBAHUSA, KOTOPBIM
Hayaja M KOHIA MHTEpBaja
3HAQYEHUE UHTErpajia MOXKET
BHJIE.
OIIEpaToOpy ONPENEICHHOTO
[IaHEH UHCTPYMEHTOB
MamemMamu4eckozo
NOSIBUBILIEHCA MaHEnu (CM.

BBIYMCIICHUS BO3MOYKHO
(GyHKLIMIO, a 3aTeM BIHCATh
MOJIMHTETPAIbHOE

Jlabopamopnasa pavoma Ne6. Memoovl 00HOMEPHOII OnMUMUZAUUU PeUuleHUs 3a0al.
Cocmaenenue anzopumma u npozpammul peuienus. Pewwenue 3a0anus cpeocmeamu

mamemamuuyecCKux naKkemoe.

5. Ilouck skcTpemymMma ¢ nomorisio makera Excel

Hl

ITouck 9KCTpEMYyMa C IMOMOIIBLIO ITAKETa Excel npeamnojaract moCTpocHuUc
PACUYCTHBIX q)OpMYJ'I B COOTBETCTBHUHU C HUCIIOJIB3YCMbIM aJITOPUTMOM. I[JI}I METOAA

JTUXOTOMUU pacyeTHbIe POPMYJIbI IPEACTABICHBI HA pUC.4.
Crpoka A6:K6 ucrnonb3yeT KOHCTaHTBI, YKa3aHHbIE Bbllie Tabauibl. [Tocnemyromas
ctpoka A7:K7 mocne xonupoBaHHUs B HEE HEAOCTAOIIUX (POpPMYN U3 MPEAIIECTBYIONIEH
CTPOKHA OIHOMMEHHOTO CTONOIa OydeT roroBa sl KOMHWPOBAHUSA LIETUKOM METOAOM

ABTO3aIIOJIHCHUA.
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Puc. 4. cDO])MyJ'H:I JUIA IIOMCKa MUHHUMYMa 110 MCTOAY TUXOTOMUN

Crnenyer y4yecTb, YTO TOUHOCThH BBIYHCICHUS U OKPYIJICHHS B MallMHE MOTpeOyeT
HEKOTOPOTO M3MEHEHHUs pacueTHBIX ¢Gopmyn. B wactHOCTH, Ans mepemenHbix X1 u X2
ClIelyeT OTCTYINHUTh OT CpEIHEW TOYKM BJIIEBO M BIPABO HE BEJIMYMHY TOYHOCTH, a €€
nonoBuHy (cm.puc.4). B mpotuBHOM ciyuyae cOmmkeHue rpaHuuHbix Touek Ni m Ki
HUKOT/Ia HEe Oy/leT MEHbIIIE UM PAaBHO BEJIMYMHE TOYHOCTU. DTO MOIYUYUTCS MOTOMY, YTO
COJIMKEHUE MEHbIIIE TOYHOCTH HE MOXKET ObITh B COOTBETCTBUU C BUJIOM CaMOM (OpMYIIb
pacuera X1 um X2, a paBeHCTBO He OyJeT MOJYYEHO M3-3a MEXAaHW3MOB OKPYIJICHUS B
MalInHe.

Kpome Toro, Ba)kHO MOMHUTb, YTO YCIOBHbIE (POPMYJIbI pacyeTa HOBBIX 3HAYCHHM
orpe3ka N2 u K2 B COBOKYIHOCTHU SIBJISIFOTCS 9KBHUBAJIEHTOM YCJIOBHOTO omeparopa (CM.
cxeMy anroputMa Ha puc.l). OmHako Kaxjas U3 HHUX BBIYHCIAET TOJIBKO OJHY
nepemennyto: 100 N2, mu6o K2. [Tostomy kaxkaas ¢popmyna 11ub0 MO yCIOBUIO U3MEHSET
ee, MO0 OCTaBISET MPEKHEE 3HAYCHUE TOJILKO CBOEH MEPEMEHHOM.

Pesynbrarel pacuera o nmpuBeeHHBIM (pOopMyiaM MpeCTaBIeHbI HA PHC.S.

[To 3naueHunsM B stueiika A6:B23 BUIHO KaK CKUMAETCS OTPE30K MPUOIKEHUS, U C
KaKkoi CTOpOHbI 3TO npoucxoaut. [lo Benuuune camoro orpeska (16:123) narmsigHO BUAHO
KaK yMEHBIICHUE NPOUCXOAHUT 110 BeamuuHbl MeHbuie TogHocTH (0,001). Kak Tonbko
TOYHOCTh NMpeBBICUT 3aaaHHyI0 (£<0,001) B sueiike 123, unaukarop puxcupyer ST u
MOSIBISETCS UCKOMOE 3HAYCHUE Xpin=3,7889.

NG M = MW M ey O I S [ W 8IS R 0 L DR i
M3 - &

& [ 8 [ ¢ D E F G H [ Ll
1 Opt no meToay AUXOTOMWIA
| 2 [e= 0,001
L3 |Ni= 3
4 |Ki= B | | |
5 M1 K1 x1 %2 F2(x1) | F2(x2) M2 | K2 |K2-hz2| Min=__[Mpum|
| & 3 5 3,99976| 4,00026) -0.8707| -0.8707 3| 4,00026|  1,00025 g0
! 3 4,00025 3,499875| 3,750313  -0.B6572] -0.B8T181 3498875 4.0002% 0,500375 ge
8 | 3409875 4,00025 3,7498125| 3,875281 -0,87181| -0.8T166 3499876 387628126 0,37540625 ga
|9 | 3.490875| 3.BTHZE13| 3687328125 3.781555 087158 -0.87T1B4| 368732813 3.87T528125 ) 0.,18795313 g9
10| 3,687328| 3.8752813| 3,781054688| 3,828418 -0.87184| 08718 3,68732813]  3.828417988] 014108984 ga
11| 3.687328| 3.828418| 3757523047 3,793271 -0.87182| -0.87184| 375762305 3,828417968) 007079492 go
12| 3,757623) 3.828418| 3,792770508| 3,810844 -0.87184| -0.B7183| 3,75762305 3,810844238 005322119 go
13| 3,757623| 3.8108442| 3783983643 | 3,79T664 4),8?184: 0.87184| 3,757623065 3,79T66394| 0,04004089 g0
14 | 3,757623| 3.7976639| 3,777393494| 3,787779 -0.87184) -0.B71B4| 377739348 3,79766354 0,02027045 g9
15| 3777393 3.7976639| 3, 78T27T8TIT| 3,792721 -0,8?184: -0.87184 3,]"??39349% 3,792721328) 0,01532784 g0
16 | 3777393 3.7927213| 3,784807411| 3.789014 087184 -0.B7184| 378480741 3792721322 000791392 a9
A7 | 3,7B4AB0T| 3.7927213| 378851437 3,790868 087184 -0.87184| 3,TE480741| 3.T9086T845 O 00606044 g0
15 | 3784807 3.700B678) 378758763 3,789478 -0.87184| -D.B7184| 3.78480741| 3.78947774 0,00467033 go
(19| 3,784807| 3.7884777| 3786892576 3,788435 0,87184| -0.87184| 3,78689268| 378047774 0,00258516 ga
L 20| 3,7TB6BO3| 3.7E04TIT| 3 TETO35158| 378056 -0.8T184) -0.BT1E4 3,78689258)  3,788955440| 0,00206387 g9
21 | 3,796893| 3,7880564| 3 787674512 3,788565 -0.87184| -0.87184| 378757451 3,798955448) 000128194 go
| 22| 3.787675| 3.7880564| 3,78806548| 3,788761 -0.87184| -0.87184| 378767451 3,788T60965 0,00108545 g0
23| 3,787675| 3.7887T61| 3,787957738| 3,788614| 0.87184] 0.87184| 378767451 3,783614351] 0,00003984| 3,788291| stop
24

Puc.5. Pe3yJ'H>TaTI)I pacducra 3KCTpeEMyMa 110 METOAY JUXOTOMHUHU
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6. [Touck sxcTpemyma ¢ nomoripto nakera MathCad

[Tpu ucnons3zoBanuu nakera MathCad qist MuHMMyMa yHUMOAANbHOU (DYHKIIUU OT
OJTHOM TMepeMEHHON Ha 3aJJaHHOM OTpe3ke ucnoibdyercs QpyHkuus Minerr(x). OyHKuus
BO3BpAIAET 3HAUYECHUE X, MUHUMHU3UPYIOIIEE PACXOKACHUE C HAYaIbHBIM TPHUOIMKEHUEM.
Y4YuThIBalOTCS BCE YpPaBHEHHMSI M HEPABEHCTBA, PACIOJIOKEHHBIE MEXIY KIIOYEBBIM
cioBoM Given u ¢pyHkiuet Minerr.

JI1st BeIuMcneHus: TpedyeTcs 3a/laHie HadalbHOTO NMPUOIMKEHUs U1 Toucka (x=3,4
JUTSI pacCMaTPUBAEMOTO TIPUMEPA) U OTIMCAHUE MCXOMHON (DYHKIIMU U TEeJEBON (YHKITUH.
[TockonbKy MUHUMYM (DYHKIIMU HMILETCS 10 PABEHCTBY HYJIO €€ MEPBOW MPOU3BOIHOM, TO
OHA U SIBJISIETCS €€ 1esieBoi (pyHKIuel (yciaoBueM MUHUMM3AINH). DTO YCIOBUE 33/1a€TCs
MOCJIe HavaJia BEIYUCIUTEIRLHOTO Osioka (Given). Bece ocTanpHbIe HEpaBEHCTBA (IMAaNa30H
noucka x>3 U x<5) Takxke JOJKHBI pacrojiaratbCsi Mexay ciaoBoM Given u (yHKImen
Minerr.

Pabouee nosie makera Jyisi Houcka MUHUMYMa MOKa3aHo Ha puc.6.

Ecnu nakeT He MOXKET BBIUYMCIUTH HKCTPEMYM, YACTO 3TO YKa3bIBa€T Ha TO, YTO
clle/lyeT YTOYHUTh HauyajbHOE MPUOIHKEHHUE.

JI1st HallIGHHOTO PKCTpeMyMa MOCTPOEH I'padHUK HAa OCHOBE 3aJJaHHOTO Juarna3zoHa
nepeMeHHbIX (cM.puc.6). OgHako cienyeT MOMHUTbH, 4TO HcxoaHas (yHkmus Fp(X) Ha
B Mathcad PLUS - [Oanome pian Opt.MCD] caMOM [OCJI€ HUMECT MAKCHUMYM. HOC—)TOMY
B3 ¢ofin Opaska Tewcr Marewatnsa [pawsa Cawsommka Okmo K 20 - O X rpa ch K SBISETCS 3€pPKaJbHBIM OT 06 pakeHHe
o] [ | Al 5] [T =le] @ [0 OTHOLIEHHID K pealbHOM KpuBod. OH
| 3 I o ( m[omydeH  3a  cuer no0aBleHHE  3HaKa
~| orpumanus B  BeIpaxeHue F(X) mud
obecrieueHust yCIOBUN TIPUMEHEHUsT (yHKIIUN
Minerr. PeanbHOe 3Ha4eHHE MaKCUMaIbHOTO
3Hauenus pynkun F,(x)= 0,872.

Bropass BO3MOXHOCTb — IIOUCK HYJIEU

MEPBOM MPOU3BOAHOU, TO €CTh CTAHIAPTHBIN
xj;"g:“"}fxm)ﬂg; MaTeMaTU4eCKun moaxona. st 3Toro MokHO
X =360, 362. 40 UCII0Ib30BaTh ONOK Given — Find. ®yHKuus
o Find wumer ToyHoe pelieHHE CHCTEMBbI
ypaBHEHUN M HEPABEHCTB, 3aIIMCAHHBIX MOCIIE
anaaons G | cJIoBa given.
bUKCHPOBAHH s = : B  crapmmx  Bepcmsix ~ Mathcad’a
biM LLIArom " » | TOsSBHIACh JOMOJHUTEIbHAS BO3MOKHOCTH
= =— [oMCKa JKCTPEMYMOB C IIOMOIIBIO (DYHKI[HIA

Pric.6. BhipaxeHus U1 pacueTa MUHHMyMa Minimize n Maximize, KOTOpble MOTYT OBIThH

WCIIOJIb30BaHbl Kak caMu 10 cele, Tak u

COBMECTHO C OJIOKOM given. ApryMeHTbl QYHKIHA: UMs (YHKIHH, IKCTPEMYM KOTOPOM
UIIETCS, U CIIHCOK €€ apryMEHTOB.

sE=IED

3ananue diyHKUMM

Fi(x) =~ 1-00255 2 + 019321 0.5039) Mpadvk B ocsx XY

HavankHele YCNOEMA ANA NOMCKS
x:=34

Given
3anaHue LUeneeol PyHKLM

d
= Faci=0
dx

=3 x<3

F2(x) —0.871)

3anaHue

KonTpoasubie Bonpocsl JIP6(OIIK-4):
1. 3amaua onrumu3anun?
2. llenap OIHOMEPHOTO MOUCKa ?
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Korna 3agaua nmeeT eAMHCTBEHHOE pelieHue?

Kakast ¢pyHKIMS Ha3bIBACTCS YHUMOJAIBHOM?

Kputepuu yHuMoaanbHOCTH (QYHKITUN?

B uém 3akmrouaercs MeToA MNpsAMOro mnepedopa HaXOXKACHHUS SKCTpEMyMa

byHKIUNA?

CrpykTypHas cxema aJropurma Mmetozaa nepedopa?

B uém 3akirouaeTcst METOJ MMOCIIEA0BAaTENbHOIO nepedopa (METol JUXOTOMHHM)

HaXOXKJICHHS SKCTpeMyMa QyHKIUH?

9. CTpyKTypHas cxema aJlroOpUTMa METO/1a AUXOTOMUHU?

10. B uém 3akiodaeTcst METOJl MOC/IEA0BaTeNbHOrO nepedopa (MeTos 30J10TOro
CCUCHHSI) HAXOKICHHSI SKCTpeMyMa (PyHKIHH?

11. CrpykrypHas cxema aJropuTMa MEeToja 30J10TOr0 CEYEHUsI?

12.  CpaBHeHHE 3aJJaHHBIX METOJJOB HAXOXK/ICHUS dKCTpeMyMa QyHKIHH?

13.  Omnpenenenue skcTpemyma (yHKIMM cpeicTBamu nakera Excel m makera

MathCad.

SN kW

el
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[MPMJIOXEHMUE 1.
[Tpumepsl BOBMOXKHBIX MPOrPaMM PELICHUS.

1. Annpokcumanusi.
1. IIporpamma omnpenenaeHus: napaMeTpoB JUHEHHOM anmpOKCUMAIWH.
"rogram linar;
USES CRT;
Const
X: array[0..5] of real=(-11,-9,-7,-5,-3,-1);
Y: array[0..5] of real=(1.256, 0.911, -0.436, -1.416, -1.03, -0.356);
n:integer=o0;
Var
Ro,Sx,Sx2,Sy,Sxy,a0,al: real,
i: integer;
F1:array[0..5] of real;

BEGIN
CLRSCR;
Sx:=0; Sx2:=0;
Sy:=0; Sxy:=0;
Ro:=0;
Fori:=0to 5 do

Begin

Sx:=Sx + X[i];

Sy:=Sy + Y[x];

Sxy:=Sxy + X[i] * Y[i];

Sx2:=Sx2 + sqr(X[i]);

End;
Sx:=Sx/n;
Sy:=Sy/n;
al:= (Sxy — n*Sx*Sy)/(Sx2 — n*sqr(Sx));
a0:= Sy — al *Sx;

Writeln(‘Koaddurmentsr nuHelHON anmpokcuManim’);
Writeln(* a0 =’, a0:6:4, ‘al=’, al:6:4);
Writeln(* 3naueHus TMHEHHOM QYHKIIMM B y371aX allPOKCUMALIUN);
For 1:=0 to 5 do
Begin
Fl1[i]:=a0 + al *X[i];
Ro:=Ro + sqr((F1[i] — Y[i]));
Writeln(* F1(X” , 1, © )=, F1[i]:8:4;
End;
Ro:=sqrt(Ro/n);
Writeln( ‘KauectBo anmpokcumaruu , Ro:4:4);
Readln;
END.

2. Ilporpamma nocTpoeHus: MaTpuLbl [ paMMa 1 pelieHus: CHCTEMbl HOPMAJIbHBIX YpaBHEHUH.

‘togram kvadappr;

uses crt;

const

X:array[0..5] of real=(5, 7, 9, 11, 13, 15);

Y:array[0..5] of real=(-0.116, -0.876, -0.19, 1.576, 3.056, 3.25);
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n:integer=o0;
var
Ro0,Sx0,Sx,Sx2,Sx3,Sx4,Sy,Sxy,Sx2y,a0,al,a2:real;
C,M:real;
1,J,k,L:integer;
F2:array[0..5] of real,
Sys:array[1..3,1..4] of real;
begin
CLRSCR;
Sx0:=0; Sx:=0; Sx2:=0; Sx3:=0; Sx4:=0;
Sy:=0; Sxy:=0; Sx2y:=0;
writeln('[i] x*0 | x | x"2 | x"3 |xM |y | y*x | y*x*2 |");
writeln(' ";
for 1:=0 to 5 do
begin
Sx0:=Sx0+1;
Sx:=Sx+X[i];
Sx2:=Sx2+sqr(X[i]);
Sx3:=Sx3+X[1]*X[1]*X[1];
Sx4:=Sx4+sqr(sqr(X[i]));
Sy:=Sy+Y[i];
Sxy:=Sxy+X[i]*Y[i];
Sx2y:=Sx2y+X[i]*X[1]*Y[i];
write('|,,'| ', 1," |, X[1]:3:0,"' X[1]*X[1]:4:0," |'\ X[1]*X[1]*X][1]:4:0,” |",sqr(X[1]*X[i]):5:0);
writeln('|',Y[1]:6:3,'| . X[1]*Y[1]:7:3,"",sqr(X[1])*Y[1]:8:3,' |');
end;
writeln(' ";
write('| S |',Sx0:1:0," |',Sx:3:0,"',Sx2:4:0,"',Sx3:4:0,"/',Sx4:5:0);
writeln('|',Sy:6:3,'',Sxy:7:3,"|',Sx2y:8:3."' |');
Sys[1,1]:=Sx0; Sys[1,2]:=Sx; Sys[1,3]:=Sx2; Sys[1,4]:=Sy;
Sys[2,1]:=Sx; Sys[2,2]:=Sx2;Sys[2,3]:=Sx3; Sys[2,4]:=Sxy;
Sys[3,1]:=Sx2; Sys[3,2]:=Sx3;Sys[3,3]:=Sx4; Sys|[3,4]:=Sx2y;
{Pemienue cucTeMbl HOPMAJIBHBIX YPAaBHEHHU |
for i:=1 to 2 do
begin
C:=Sys[1,1];
forj:==1to 4 do
begin
Sys[i,j]:=Sys[ij}/C;
end;
for k:=i+1 to 3 do
begin
M:=Sys[k,i];
for L:=1to 4 do
begin
Sys[k,L]:=Sys[k,L]-Sys[1,L]*M;
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end;
end;
end;
a2:=Sys[3,4]/Sys[3,3];
al:=Sys[2,4]-Sys[2,3]*a2;
a0:=Sys[1,4]-Sys[1,3]*a2-Sys[1,2]*al;
writeln('Koagdurients! kBagpaTndHoil anmpokcumanuu:');
writeln('a0=",a0:6:4,",'al=",a1:6:4,",'a2=",a2:6:4);
writeln('3HaueHuns KBaApaTUIHON (PYHKIMHU B y3/Iax anmnpoKCUMaluu');
fori:=0to 5 do
begin
F2[i]:=a2*sqr(X[1])+al *X[i]+aO0;
Ro:=Ro+sqr(F2[i]-Y[i]);
writeln('"F2(x',1,")=",F2[1]:10:4);
end;
Ro:=sqrt(Ro/n);
writeln('KauectBo anmpokcumanuu Ro=',R0:4:4);
readln;
end.

2. HenvHeliHble ypaBHEHUS.
"togram ITERACIA;
uses crt;
const e=0.0001;
var
a,b,c,x,x0,f1,Lt:real;
n:integer;
function f(x:real):real;
begin
f:=a*sqr(x)+b*x+c;
end;
begin
clrscr;
n:=0;
writeln('vvedite A B C');
readln (a,b,c);
writeln('vvedite L");
readIn(l);
writeln('vvedite nachalnoe pribligenie x');
readln(x);
repeat
x0:=x;
f1:=x0+1*(x0);
x:=f1;
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t:=abs(x-x0);

n:=n+1;

until (t<e) or (n=50);
writeln('iscomiy coren',x:8:3);
Readln;

end.

‘togram Nuton;

Uses Crt;

Var

a,b,c,x0,Xn,Xt,R E:real;

n:integer;

Function F2(x:real):real;

Begin

F2:=a*x*x+b*x+c;

End;

Function F2p(x:real):real;

Begin

F2p:=2*a*x+b

End;

Begin

Writeln('Vvesti E=");

ReadIn(E);

n:=0;

Clrscr;

Writeln("Vvesti a,b,c');
Readln(a,b,c);

Writeln("Vvesti nachalnoe pribligenie x0=");
ReadIn(x0);

writeln('| n |',) Xn",":5,' F2(Xn) ',":5,' F2p(Xn) ');
repeat

Writeln('',":2,n ,":5,x0:8:4,":7, F2(x0):8:5,":7,F2p(x0):8:5);
Xn:=x0-F2(x0)/F2p(x0);

xt:=x0;

x0:=Xn;

R:=abs(xt-xn);

n:=n+1;

Until(abs(xt-xn)<E) or (n=20);
Writeln(‘utochnenni koren=',x0:8:4);
Readln;

End.
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3.HUucneHHoe UHTETPUPOBAHHUE
"RIIGRAM SREDNIX[RIAMIIYG;
USES CRT;
VAR
A,B,C,[v,[n,X,h,S,I:REAL;
n,k:INTEGER;
FUNCTILCN F2(x:REAL):REAL;
BEGIN
F2:=A*X*X+B*X+C;
END;
BEGIN
CLRSCR;
WRITE('BBEDITE A,B,C");
READLN(A,B,C);
WRITE('BBEDITE BERXNII I NIGNII [REDEL INTEGRIR [v,[1'");
READLN([ v, n);
WRITE('BBEDITE 4ISL[ | [ /TREZK[/B RAZBIENIA n');
READLN(n);
h:=([v-[n)/n;
X:=[n;
S:=0;
FUUR K:=1 Tl In D[]
BEGIN
S:=S+F2(X+h/2);
X:=X+h;
END;
I:=h*S;
WRITELN('[RI n=",n,'[ISK['MI INTEGRAL RAVEN',1:8:4);
READLN;
END.

ROGRAM TRALECIA;

USES CRT;

VAR

A,B,C,[v,[ n,X,h,S,I:REAL;

n, kK. INTEGER;

FUNCTILCN F2(x:REAL):REAL;
BEGIN

F2:=A*X*X+B*X+C;

END;

BEGIN

CLRSCR;

WRITE('BBEDITE A,B,C');
READLN(A,B,C);
WRITE('BBEDITE BERXNII I NIGNII CREDEL INTEGRIR [¥,[1");
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READLN(['v,[n);

WRITE('BBEDITE 4ISLJ ['TREZK[B RAZBIENIA n');
READLN(n);

h:=([v-[n)/n;

X:=[nh;

S:=0;

FI'R K:=1 Tl n-1 D[

BEGIN

S:=S+F2(X);

X:=X+h;

END;

[:=0.5*h*(F2(Cn)+F2(Lv)+2*S);

WRITELN('[RI n=",n,'[ ISKIMI INTEGRAL RAVEN',I:8:4);
READLN;

END.

[RIOGRAM SIMISI[IN;
USES CRT;

VAR

A,B,C, X, X1,X2,h:REAL;
n,1,J:INTEGER;
S1,S2,Isim:REAL;
FUNCTILCN F2(X:REAL):REAL;
BEGIN
F2:=A*X*X+B*X+C;
END;

BEGIN

CLRSCR;
WRITE('BBEDITE A,B,C");
READLN(A,B,C);
WRITE('BBEDITE X1,X2");
READLN(X1,X2);

n:=0;

FOOR 1:=1 T) 2 D[J

BEGIN

n:=n+10;

h:=(X2-X1)/n;

S1:=0;

S2:=0;

X:=X1;

FIR j:=1 Tl n-1 D[]
BEGIN

X:=X+h;

if odd(j) then
S1:=S1+F2(X)
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else

S2:=S2+F2(X);

END;
Isim:=h*(F2(X1)+F2(X2)+4*S1+2*S2)/3;
WRITELN('n=",n,'Isim=",Isim:12:5);
END;

READLN;

END.

4. OgHomepHasi ONTUMU3ALIUSL.

_rogram dihot;

UsesCrt;

Var

a,b,d,E:real;

x1,x2,F1,F2:real;

Xmin,Fmin:real;

Begin

Clrscr;

Writeln('Beectu a,b,d,E');

ReadlIn(a,b,d,E);

Repeat

begin

x1:=(at+b-d)/2;

x2:=(atb+d)/2;
F1:=0.0155*x1*x1 + 0.6419*x1 + 3.2069;
F2:=0.0155*x2*x2 + 0.6419*x2 + 3.2069;
If F1<F2 then b:=x2 else a:=x1;

end;

Until abs(b-a)<=E;

Xmin:=(a+b)/2;

Fmin:=0.0155*Xmin*Xmin+0.6419* Xmin+ 3.2069;

Writeln("Xmin=",Xmin:10:3,":5,'"Fmin=',Fmin:10:3);

Readln;
End.

[ togram Zol;
uses crt;
var
a,b,E:real;
x1,x2,xm,F1,F2,Fm,k1,k2:real;
Begin
Clrscr;
writeln('BBecTH a,b,E');
readln(a,b,E);
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k1:=(3-sqrt(5))/2;
k2:=(sqrt(5)-1)/2;
x1:=at+k1*(b-a);
x2:=at+k2*(b-a);
F1:=0.0596*x1*x1-1.9163*x1 + 12.2743;
F2:=0.0596*x2*x2 - 1.9163*x2 + 12.2743;
while abs(b-a)>E do
begin
if f1<f2 then
begin
b:=x2;
x2:=x1;
F2:=F1;
X1:=at+kl1*(b-a);
F1:=0.0596*x1*x1-1.9163*x1 + 12.2743;
end
ELSE
begin
a:=xl;
x1:=x2;
F1:=F2;
X2:=a+k2*(b-a);
F2:=0.0596*x2*x2 - 1.9163*x2 + 12.2743;
end
end;
xm:=(a+b)/2;
fm:=0.0596*Xm*Xm - 1.9163*Xm + 12.2743 ;
Writeln("Xmin=",Xm:10:3,":5,'fmin=",fm:10:3);
readln;
End.



