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KJIFOYEBBIE CJIOBA

Meroauueckue peKOMEHAAIMU, NPAKTUYECKHE padOThl, YUCIEHHBIE METOIbI,
XpaHEHHE YUCEN B MaMSITH 3JEKTPOHHO-BBIYMCIHUTEIBHON MAaIlMHbI, TPHUOIMKEHHbIC
yyclia, 3Hayallue W BepHbIe LU(PBI, NEHCTBUS HaJ MNPUOTKEHHBIMUA YHCIIAMHU,
OKPYIJIEHHE, TOYHOCTH BBIYMCIICHHM, XapaKTEPUCTHKHA TOYHOCTH HH(POpPMAIINH,
OLICHKA TOYHOCTH, TOYHOCTh PE€3yJIbTaTa, JINHEWHBIE U TPAHCLEH/ICHTHBIE YPAaBHEHHS,
OT/ICJICHHE KOpHEW, YTOYHEHHUE KOpPHEH, METOJ MOJIOBUHHOTO JefieHus (OuceKiuii),
METOJ IPOCTBIX UTepaluii, Meron kacareiabHblx (HbroTOHA), MeTOA XOpJ, CHUCTEMBI
YpaBHEHUH, TOUHbIE METOJbl, IPUOIMKEHHBIE METOBI, MeToA ['aycca, mpsimoil Xox,
oOpaTHbIl XOJl, BBIOOp TIJIAaBHOTO 3JIEMEHTA IO CTOJNOLY, METox 3eWaens, MeTOoJ
[OCJIEIOBATENbHBIX MPUOIMKEHNUN, UHCIEHHOE HHTETPUPOBAHUE, KBaJApaTypHbIE
(GopMyJibl, IIAr HMHTETPUPOBAHMS, MOTPEUIHOCTh HHTETPUPOBAHUS, JBOWHOE
UHTETpUpOBaHUE (ABOWHOM MpOCYET), METOABl MPSMOYTOJbHUKA (JIEBBIX, MPaBBIX,
cpenHux), Tpameumii, Cumicona, Herotona-Koreca, nuddepenuuporanue,
OObIKHOBEHHbIE U PepeHlnanbuble ypaBHEHMs, 3anada Koim, y37bl  CETKH,
OJHOIIArOBBIE METOJbI, MHOI'OIIIArOBBIE METOJ/bI, CAMOCTAPTOBAHUE, METOJ Jiliepa,
MoAU(pUUMPOBaHHBIA MeToJ Jilniepa, meton Pynre-Kyrra, meroq MunHa, nporsos,
Koppekuusi, Metog Anamca-baidopra, HHTEpHoNMpoBaHue PyHKIUN, MHTEPHOJISALINS,
JKCTpamoJisALMs, MHorowieHamu Jlarpamxka, wmHorouwneH HprooTtoHa, nepBas
MHTEpHosILUOHHAs (Gopmyna HproToHa, BTOPOW HHTEPHOISUUOHHBIA MHOTOWIECH
HproToHa, anmpokcuMmanus, KpUTEpPUMl aNmpoKCHUMAlMH, METOJ HAauMEHBIIUX
KBaJIpaTOB, JINHEWHAs alllIPOKCUMALIMS, KBaPATHYHAS alllIPOKCUMALINS.



AHHOTALINS

Meronuueckue peKOMEHAAIMM IO BBIIOJHEHUIO NPAKTUYECKUX PabOT 110
aucuuIinHe «YucleHHble METOJbI» COCTAaBJICHBI B COOTBETCTBHH C TPeOOBaHUSMU
@denepaliIbHOTO  TOCYJIAPCTBEHHOTO  00pa30BaTENbHOTO  CTaHAapTa  CPEIHEro
npodeccuonanbHOro obpaszoBanus mo crueruanbHocTH 09.02.07 «MHbDOpMarmonHbie
CUCTEMBl M NPOrpPaMMHPOBAHHE» B COOTBETCTBUM C YTBEPKIECHHOM MNpPOrpaMMoOin
JUCHUAIUIMHBL «YUCIEHHBIE METOABDY M C YYETOM PEKOMEHAAMNW NPUMEPHON
OCHOBHOW 00pa30BaTeIbHON MPOTrpaMMbl MOJATOTOBKHM CHEIUATMCTOB CPEIHETO 3BEHA
no cnenuanbHoctu 09.02.07 MHbOpMallMOHHBIE CUCTEMBI U IIPOTPAMMHUPOBAHHUE.

Meroanueckue peKOMEHIallK MpeIHa3HAYeHbl JJIS CTYJACHTOB CIEHUaTIbHOCTH
09.02.07 «WHdpopmaimoHHbIE CHUCTEMBI W MPOTPAMMHUPOBAHUE», H3YYAOITUX
JUCHUTUINHY «YHUCIIEHHBIE METOJIBI.

[lenp METOAMYECKHX PEKOMEHJIAlUMH — OKa3aTh IOMOIIb OOy4YaroIMMCs B
MOATOTOBKE U BBINOJHEHUH NPAKTUYECKUX PabOT, a Takke O0OJIerduTh paldoTy
MPENoIaBaTesis M0 OPraHu3alld U TMPOBEJCHUIO MPAKTUYECKOrO 3aHSTHS Ha OCHOBE
JEeATEIbHOCTHOIO U KOMIIETEHTHOCTHOIO MOAXOA0B K 00YYEHHIO, UTO COOTBETCTBYET
TpedoBanusiM @I'OC HOBOTO MOKOJIEHUS.



MNOACHUTEJBHASA 3AIINCKA

MeTtoau4eckue peKOMEHIAIUM TMpeIHa3HAY€Hbl B KayeCTBE METOJIUYECKOrO
nocoOusl TpU TPOBEJACHUM TMPAKTHYECKUX paboT 1o JucuuiuinHe «YuciaeHHbie
metonel» s crienranibHocTH CIIO 09.02.07 «MHDOpManMiOHHBIE CHCTEMBI H
MPOrPAMMUPOBAHUE.

Hucrummaa «YucineHHple METOAB» B MPOGeCCHOHATBHBIX 00pa30BaTEIbHBIX
VUPEKIACHUSAX  SBISICTCS  AWCIUIUIMHONW — 00mIenpodeCcCHOHANBHOTO  ITMKJIAa B
cootBeTrcTBUM ¢ PI'OC CIIO 4yeTBepTOro NOKOIECHHUS.

[IpakTyeckre pabOThl MPOBOASTCA IOCIAE M3YYEHUSI COOTBETCTBYIOIIMX
pa3ielioB M TeM Y4eOHOW MUCIUIUIMHBI «YHCIeHHbIe METOAbl». BrInonHeHue
00y4aroIMMUCs NPAKTUYECKUX PadOT SBIIAECTCS BAXKHOM YaCThIO y4EOHOIo Ipolecca,
npeciieayromnei 1nenb 0osee riryO00Koro yCBOEHUs TEOPETHUECKHUX MOJI0KEHUN Kypca U
NPUOOPETEHHS] BBIYMCIUTENBHBIX HAaBBIKOB, IO3BOJSET UM MOHATh, TJ€ U KOTJa
U3y4aeMble€ TEOPETHUECKHE TIOJNIOKEHHUSI M TMPAKTHUYECKUE YMEHHS MOTYT OBbITh
UCIIOJIb30BAHBI B OyAyIIeH IPAKTUYECKOM eI TEIbHOCTH.

Bce mpaktuueckue pabOThl COOTBETCTBYIOT TPEOOBAaHUSIM, MPEABIBISIEMbIM
@denepanbHbIM  TOCYJApCTBEHHBIM  00pa30BaTENbHBIM  CTAHJAPTOM  CPEIHErO
npodeccuoHanbHOro oopaszoBanus 1o crneruaabHocTu 09.02.07 «MudopManroHHbie
CUCTEMbl W TPOrpaMMUPOBAHME», K 3HAHUSM W YMEHUAM OOydYaroOUIUXCs IO
TUCHUIUIMHE «YUCIIEHHBIE METOJAbD», YUUTHIBAIOT BPEMs, OTBOJUMOE Ha H3yUYCHHUE
JUCHUTUIAHBI.

OcHOBHBIC LIEJIM IPAKTHYECKUX padoT

BrimosiHeHre MpakTHYeCKUX padoT MO AWCHUILIMHE «YHCICHHBIE METOIbD)
HAIPaBJICHO Ha:

— o0oOImenre, CUCTEMaTU3AlMIO, YIIIyOJeHHe, 3aKpervieHue TOJyYCHHBIX
TEOPETUUECKUX 3HAHUM;

— (opmupoBaHue HEOOXOIUMBIX YMCHHI M HABBIKOB MPHUMEHSATH MOJIYYCHHBIC
3HAHUS Ha TPAKTHKE,

— BBIPA0OTKY MPH PEHICHUM TOCTaBJICHHBIX 3aJad TaKUX MNPO(EeCCHOHATLHO
3HAYUMBIX Ka4eCTB, KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTD,
TBOpYECKass MHUITUATHBA.

Oo0pa3oBaTebHbIE  pe3yJbTaThbl, MOAJEKalHe TPOBEPKe B  Xoje
BBINOJIHEHUS] MPAKTHYECKUX PadoT

B xone ocBoeHust yueOHOM MUCIUIUTMHBI « YUCIICHHBIE METOBD» W BBITIOJIHCHHUS
MPAKTUYECKUX PabOT 0OydarorMucs GOpMUPYIOTCS CIASAYIONMINUE PE3YIbTATHI:
— 3HaHUA:
— METOJOB XpaHCHHUS 4YHCET B TMaMSITH JJICKTPOHHO-BBIYHCINTEIHLHOM
MAaITUHBI U JIEHCTBUS HAJl HUMH, OIICHKY TOYHOCTH BBIYMCIICHHIA;



METOJIOB PEIICHUS OCHOBHBIX MaTEMaTHYECKHUX 3a/1a4 - UHTEIPUPOBAHMS,
muddepeHIIMPOBaHMsI, pPEIICHUS JTUHEHHBIX W TPAHCICHJIEHTHBIX
YPaBHEHUH U CUCTEM YpPaBHEHUN ¢ moMolbio OBM;

—  yMEHHUS:

UCII0JI30BaTh OCHOBHBIE YHCIICHHBIE METO/Ibl PELICHUS MAaTEMAaTUYECKUX
3az1ay;

BBIOMpATh ONTUMAJIBHBIA YMCICHHBIA METOJI JIJISl PEIICHUS TOCTABICHHOM
3a/1a4y;

JaBaTb ~ MAaTE€MaTU4YECKHE  XapaKTEPUCTHUKM  TOYHOCTH  HCXOJHOM
UHOpMAallMM M OLEHUBATh TOYHOCTh IOJIYYEHHOI'O YHUCIEHHOTO
peuieHus;

pa3pabaTeiBaTh ~ aIrOPUTMBI M [pOrpamMMbl Ui PELICHUA
BBIUMCIIUTEIBHBIX  3a/Jady,  Yy4YWTbIBasA  HEOOXOAUMYIO  TOYHOCTh
IIOJIy4aeMOT0 pe3yJIbTaTa,

— npo¢eccuoHaIbHbIE KOMIIETEHIIUH:

[1K.1.1 - ®opmMupoBarh anropuT™Mbl pa3pabOTKU MPOrPaMMHBIX MOJYJIEH
B COOTBETCTBUU C TEXHHUUYECKHUM 3aJaHUEM;

IIK.1.2 - PazpabGarbiBaTh MNpOrpaMMHBbIE MOJYJIH B COOTBETCTBUU C
TEXHUYECKUM 3a1aHUEM;

I[IK 5.4 - IlpousBomuTh pa3pabOTKy Mojayiell HHPOpMAILIMOHHON
CHUCTEMBI B COOTBETCTBUHU C TEXHUYECKUM 3a1aHUEM;

— 0O0IIMe KOMIIETEHIINH:

OK 1 - DBeiOuparb cnocoObl pemieHust 3aaady  MnpopecCuOHaTbHON
NEeATEIbHOCTH, IPUMEHUTENBHO K Pa3IMYHBIM KOHTEKCTaM;

OK 2 - OcyuiecTBisTh MOUCK, aHAIU3 M MHTEPHpPETALUI0 WH(pOpMaIuHy,
HEOOXOAMMOW st BBITTOJIHEHUS 3ajay  MpoQecCHOHATBHON
NEesATEeIbHOCTH;

OK 4 - Paborarb B KOJJIEKTUBE H KomaHzae, d(OPEKTUBHO
B3aMMOJIEUCTBOBATH C KOJIJIETAMH, PYKOBOJICTBOM, KIINEHTAMH;

OK 5 - OcymecTBiusiTh YCTHYK) M NHCBMEHHYK) KOMMYHHMKALIMIO Ha
rOCyJapCTBEHHOM SI3bIKE C Y4YE€TOM OCOOCHHOCTEH COLUMAIbHOTO U
KYJIbTYPHOTO KOHTEKCTA;

OK 9 - HUcnonb3oBath  uH(MOPMAIMOHHBIE  TEXHOJIOTHHU B
npoecCHOHANTEHOM NS TEIBHOCTH;
OK 10 - Tloms3oBarbest mpodecCUOHANBHOM TOKyMEHTAIlMed Ha

TOCYAAapCTBCHHOM U MHOCTPAHHOM A3BIKC.

Oﬁmne METOAUYECCKHE YKa3aHMfd U IIPpaBWJIA NPOBCACHUA MNMPAKTHYCCKHX

padot

Yto0sl JocTHub HanOoJbero 3(dexTa npy BHITOJIHEHUH MPAKTUYECKUX PadoT,
HEOOXOMMO BHHUMATEIbHO MPOYUTATH M OCMBICIUTH LEIM KaXI0H paboThl,

OBTOPUTH

COOTBETCTBYIOLLIUAMN TEOPETUUECKUH MaTepuall, BHUMATEIIBHO

O3HAKOMUTLECA C COACPKAHUEM pa6OTBI, OTBCTUTb Ha KOHTPOJBHBLIC BOIIPOCHI,
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UCIIOJIb3YsI KPAaTKUE TEOPETHUYECKHUE CBEACHMS 3TUX YKA3aHUN WIM KOHCIEKT JICKIIHUM,
PEKOMEHJOBAHHYIO JINTEPATYPY, BHIIOJIHUT HHANBUYAJIbHBIE 3aJaHHUS.

[Ipexxne uyeM MNPUCTYNaTh K BBINOJHEHUIO MPAKTHUYECKOW paboThl, CTYJIEHT
JOJHKEH TBEPO 3HATh TEOPETUYECKUI MaTepHall, 0XBaTbIBAEMbIN 3TOI pabOTOM, SICHO
IpPEJCTaBIATh IIOCTaBIEHHYI0O B paloTe 3ajnady, CHOCOObl €€ pa3pelieHus u
0’KMIAEMBIE PE3YJIbTATHI.

J1s1 BBIACHEHUS TOTOBHOCTHU CTYZICHTA K BBIIIOJHEHUIO OYEPEIHON IPAKTHYECKON
paboThl IPOBOAUTCA COOECEIOBAHNE C TIPENIOIABATEIIEM.

[lepen BBIOJHEHUEM OYEPENHON MPAKTUUECKOM pabOThl, HEMOCPEACTBEHHO Ha
3aHATUH, CTYAEHT JOJDKEH CaTh OTYET IO MpeAbIAyIIel padboTe.

Ilepeuensb NpakTHYECKUX PadoOT

TeMaTnka MpPakKTUYECKUX 3aHATHI COCTaBJIEHA B COOTBETCTBUU C JIEKIIMOHHBIM
KypcOM U paccunMTaHa Ha 16 gacos.

KomnuectBo
Ne i/ HaunmMenoBanue paboThI
4acoB

[IpakTruueckas | BeinogHeHue apupMeTHYECKUX IEUCTBUI Hal 2
pabota Nel NpUOIM>KEHHBIMU YUCIaMU
[IpakTnueckas | PemeHrne HEMMHEMHBIX YPaBHEHUN METOIaMU 5
pabota Ne2 MOJIOBUHHOTO JIEJIEHUS U MPOCTHIX UTEPALUI
[IpakTrnueckas | Pemenre HeMMHEWNHBIX YPABHEHUN METOAAMU XOPI U 5
paboTa Ne3 KacaTeJIbHBIX
[IpakTueckas . .

Peuiennie cucteM JTMHEUHBIX YPABHEHUM 2
pabota Ned
[IpakTnueckas | Beruuciaenue narerpainoB merogamu HproToHa- 2
paboTa Neb Koreca
[IpakTrueckas

[TpubnuxxenHoe pemenue 3agaun Komm 2
pabota Ne6
Hpaxrueckas HNurtepnionupoBanue QyHKIUN 2
pabota Ne7 P P Y
Hpaxrieckas [TocTpoeHne annpoKCUMUPYIOLIEH KPUBOM 2
pabota Ne8 P P Py P

TpeOdoBaHus K COAEPKAHUIO IPAKTHYECKHUX padoT

Kaxxnas mpaktryeckast paboTa COIePIKHUT:

- HaWMEHOBaHHE PadoTHI,

- 1IeJb €€ TIPOBEACHMS,

- TepeyYeHb UCIOIb3yeMOro 000pyA0BaHNUS;

- TepedYeHb HEOOXOIMMOTO MTPOTPAMMHOTO 00ECTICUEHUS;

- KpaTKui 0030p TEOpEeTUUECKOro MaTepuara,

- 3amanus 1 GOPMHPOBAHUS YMEHUW. AJTOPUTM BBIMOJHEHUS 3aJaHUs
MOXHO HaWTH B KpPaTKUX TEOpeTUYeCKuX cBeAeHMsX. OOBIYHO CTYACHTY
MIpEIaraloTCs BapUaHThI 3a7aHusl 111 UHIUBUTYaTbHOTO BBITIOJTHEHHUS,

- TIOPSAZIOK BBITTOJIHEHUS IPAKTHUECKON paboTHI,
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TpC6OBaHI/I$I K COACPNKAHHUIO OTUYCTA O BBLINIOJIHCHHUN Hp&KTPI‘l@CKOfI pa6OTI>I;
KOHTPOJIbHBIC BOITPOCHI JJIA 3aKPCIIIICHUSA 3HAHMH.

TpeﬁoBa}mﬂ K Oq)OpMJ]eHl/IIO OTYETOB MO0 MPAKTHYECCKHUM paﬁoTaM

Kaxxnas mpaktudeckas pabora 3akaHuuBaercs otdyeToM. OTueT odopmisiercs B
OTJICIBHOM TETPaau Ui MPAKTUIECKUX paboT.
ConepxaHue OT4ETa CTYACHTA 10 TPAKTUYECKON padoTe:

CoNoakrwdE

HauMEHOBaHHE PabOTHI;

11e7Ib PaOOTHI;

KpaTKOE OMKMCAHKNE METOJIa PEIICHUS 3a/1a4H;
WCXOJIHBIC JIAHHBIC JIJIS PCIICHHMS 3a1a4H;

pacyeTHas 4acTh;

pe3yJbTaThl Pa0OTHI MIPOTPAMMBI 110 PEIICHUIO 3a]1a4H;
aHaju3 pe3yJIbTaToB,

BBIBO/I,

OTBETHI Ha KOHTPOJIbHBIE BOTIPOCHI.

TpeGoBanusl K NOPSAKY BbINOJHEHUS MPAKTHYECKHUX PadoT

[Ipexxne yeM MpUCTyNnuTh K paboTe, 0O0ydarouuics JTOHKEH O3HAKOMHUTBHCS C
MOPSIKOM BBITOJTHEHUS TPAKTUYECKON paOOThI:

1.

2.

w

6.

BCIIOMHHUTh, a TIpM HEOOXOAWMMOCTH, TOBTOPHO M3YYUTh METOIUKY
MIPOBE/ICHMS PACUCTOB,

BbIOpaTh WM TOATOTOBUTH MCXOJHBIE JaHHBIE B COOTBETCTBHHM C
WHIMBUY AJIbHBIM 33]JaHUEM;

BBITIOJIHUTH MTPAKTUYECKYIO YaCTh 3aJIaHUS;

0o(OpMHUTH OTYET MO MPOJIeTaHHON paboTe, aKKypaTHO MUCHbMEHHO O(POPMHUB
BBITIOJIHEHHOE 33JJaHUE B TETPAJIU JUIsl MPAKTHYECKUX padoT;

OTBETUTh NMUCHMEHHO Ha KOHTPOJBHBIE BOMPOCHI, KOTOPHIC JTaHbI B KOHIIE
Ka)XJ10M MPaKTUYECKON PadOTHI.

3alUTUTH MPAKTUYECKYIO padoTy.

TpeOoBaHus K 3a1IMTEe NPAKTHYECKUX PadoT

3amura npakTuyecKor paboThl MPOBOAUTHCS MHAUBUAYAIBHO B YCTHOM (popMe.

PaboTa 3acuuThIBaeTCs MOCIE YCTHOTO OTBETAa HAa KOHTPOJbHBIE BOMPOCHI U B
cillyyae HEyOeJIMTEIIbHOCTH OTBETOB CTYJEHTa, €l€ M Ha BOMPOCH MO JEKIHUH,
COOTBETCTBYIOIIIEH JAHHOM TEME.

3aiuTa npakTU4eckoi paboThl COCTOUT U3 CIAEAYIOLIUX ITAMOB:

1.

2.

MPEACTABIICHUE TPENOAaBaTeI0 TETpaau IS TPAKTHYECKUX padoT ¢
MOJIHOCTHIO 0(hOpMIIEHHON pabOTOM U MPOBEpKa ee MpenoaaBaTesiem;
co0eceloBaHME C TMpernojaBaTeieM II0 TEOpUH, a TakXKe OTBEThl Ha
KOHTPOJIbHBIE BOTIPOCKHI B KOHIIE KaXKOW MPAKTHUYECKON pabOTHI,

€CJIU CPeAN KOHTPOJIbHBIX 33a/IaHUI €CTh YPABHEHHUS U 3a]1a4d, TO OHH JIOJKHBI
OBITH BBITIOJIHEHBI B MUCEMEHHOUM popMe B TETPaIH,



7.

claTh paboTy MpenojaBaTenio (T.€. 3aIUTUTh €€ Ha OLIEHKY) MOYKHO Ha TOM
K€ 3aHATUH, Ha KOTOPOM OHa BBIIIOJIHSIACK.

ecid oopmiieHrHe paboThl TpeOyeT MOMOIHUTEIFHOTO BPEMEHH, TO 3allluTa
BBIITOJIHEHHOM MTPaKTUYECKON pabOThI MPOBOJIUTCA Ha KOHCYJIbTALUH;

IIpU MOATOTOBKE MPAKTUYECKON padOThl K 3alluTe CIEAYeT NOBTOPUTh
COOTBETCTBYIOIIME Pa3JIEibl 10 KOHCIEKTY JICKUUN U YYEOHUKY;

10 pe3yJbTaTaM 3aIUThl IPAKTUYECKON paOOThI BBICTABISETCS OLICHKA.

Kpurtepuu oneHUBaHUS MPAKTHYECKO padoThI

OHCHK& «S5» CTaBUTCs, €CJIN.

pa60Ta BBIIIOJIHCHA IIPABHUJIBHO B IIOJJHOM o0BeMe ¢ CO6JII-OIIGHI/I€M
HCO6XO,Z[I/IMOI>’I IIOCJICAOBAaTCIBHOCTH U Tpe6OBaHHI>'I K ITPOBCACHUIO pa6OTBI;
BCC pacCdCTbl IIPOBCACHBI B YCJIOBUAX H PCKHMAX, 06GCH€‘II/IB3IOHIHX
IMOJIYUYCHHC PC3YJIbTATOB U BBIBOAOB C HauOOoIbIICH TOYHOCTBIO,

B IIPCACTABIICHHOM OTYCTC IMPABUJIbHO U AKKYPATHO BBIIIOJIHCHBI BCC 3aITMCH,
BBIYUCJICHUS U CACIJIaHbI BBIBOAbI,

IMPOABJIAIOTCA OPraHU3alMOHHO-TPYAOBBIC YMCHH:.

Ouenka «4» cTaBUTCSA, €CIIM

BBIITOJIHCHBI BCC Tpe6OBaHI/I$I K OILICHKC ((5)), HO PE3yJIbTaThbl NIPCACTABJICHBI HE
B ITIOJIHOM O6T>CM€, HIJIN p€aJIn30BaHbI HC BCC MCTOAbI, HJIM BbIBOJbI CACIAHBI
HCETIOJIHBIC, NJIN OBLIH AOIMYIICHBI HCAOYCTLI IIPU OTBETC HA BOIIPOCHI.

Ornenka «3» CTaBUTCS, €CIIH

paboTa BBINOJIHEHA MPaBUJIBHO HE MEHEE, YeM Ha MOJIOBHHY, OJHAKO 00BEM
BBIIIOJIJHEHHOM 4YacTH TakKOB, 4YTO TO3BOJIIET TIOJYYHUTh IPaBUJIbHbBIE
pe3yabTaThl U BBIBOABI 110 OCHOBHBIM, IMPUHUMIIMAIBHO Ba)XKHBIM 3aJadaM
paboTHI;

paboTa mpoBeJeHa C MOMOIIBIO NPENoAaBaTesss WIM B XOJE€ MHPOBEIACHUS
BBIYMCIICHUI TOMYILEHbI OIIMOKU B (POPMYJIMPOBAHUU BBIBOJIOB;

JonyuieHa rpyoast ommOka B 0ObSICHEHUH, B OPOPMIIEHUN pabOThI, KOTOpas
MCIIPaBJISETCS MO TPEOOBAHUIO MTPENO/IaBaTEIIs.

O1eHka «2» CTaBUTCS, €CIIN

paboTa BBINOJHEHA HE IMOJHOCTbIO W OOBEM BBINOJHEHHON pabOThl HE
MO3BOJIAET CACNATh MPAaBUIBHBIX BHIBOJIOB,;

BBIYHCIICHHS] TIPOU3BOIUINCH HETIPABUIIHHO;

B X07ie pabOThl U B OTUETE OOHAPYKUIUCh B COBOKYTTHOCTH BCE HEIOCTATKHU,
OTMEUYEHHBIE B TPEOOBAHMSIX K OLICHKE «3»;

JIOIyCKaeT JBe U Oojee rpyObie OmUOKA B OOBACHEHHH, B OGOPMIICHUU,
paboThl, KOTOpbIE HE MOXET WCIPaBUTh Jake 1O TpeOOBAHUIO
npenojaBaTels.

Kpurepuu oneHkH 0TBeTa HA YCTHBbIE BONPOCHI NPH 3alIUTE MPAKTHYECKOH

padoThI

OueHka «5» BBICTABISIETCS CTYJIEHTY, T[JIyOOKO M TMPOYHO YCBOUBIIEMY
OPOrpaMMHBIA MaTepuall, UCYEPIbIBAIOIIEC, TPAMOTHO U JIOTUYECKH CTPOMHO €ro
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U3JIararoLIeMy, B CBETE KOTOPOI'O TECHO YBSI3bIBACTCSA TEOPUs C NpakTUKOM. [Ipu aTom
CTYIEHT HE 3aTpyAHSETCS C OTBETOM IPH BHUIOM3MEHEHWHU 3aJaHus, CBOOOIHO
CIIPABJIIETCS C BOIIPOCAMU.

OueHka «4» BBICTABIIACTCS CTYIAEHTY, TBEpPAO 3HAIOLIEMY MPOrPaMMHBIN
MaTepuaj, TPaMOTHO M IO CYyIIECTBY H3JIArarolero €ro, KOTOPBIA HE IOIyCKaeT
CYLIECTBEHHBIX HETOYHOCTEH B OTBETE€ Ha BONPOC, MPABUIBHO MPUMEHSET
TEOPETUUECKUE MOJIOKECHHUS.

OneHka «3» BBICTABIISIETCS CTYJIEHTY, KOTOPBIM UMEET 3HAHUS TOJIBKO OCHOBHOIO
MaTepuala, HO HE YCBOWJ €ro JeTajd, JIOIyCKaeT HETOYHOCTH, HEAOCTATOYHO
OpaBWIbHBIE (OPMYJIMPOBKH, HAPYLIEHUS IOCIEIOBATEIbHOCTY B  H3JI0XKEHUU
IPOrpaMMHOI0 MaTepuaa.

OneHka «2» BBICTABISIETCS CTYACHTY, KOTOPbIM HE YCBOWJI 3HAUUTEIILHOW 4acTH
IPOrpaMMHOr0 MaTepHaa, T0MyCKaeT CylleCTBEHHbIE OIIMOKY.
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NHCTPYKTUBHO-METOINYECKHUE YKA3AHMUS 110
BBIITOJIHEHUIO TPAKTUYECKUX PABOT

IIpakTuyeckas padora Nel
Tema: BpinonHeHne apupMeTHUECKUX NEUCTBUN Ha/ MPUOIMKCHHBIMHU YHCIaMH

L]env pabomol:

- 3aKpeIUICHHE TEOPETUYECKUX 3HAHHMM MO TeMe M (POPMHUPOBAHUE HABBIKOB U
YMEHHUM ONpeesieHus] 3HAYAIUX U BEPHBIX HU(p B 3aMucH MPUOTHKEHHOTO
4lClia, OCBOCHHME IIpaBWJI BBINOJHEHUS] apU(PMETHUYECKUX JEUCTBUN Hal
IpUOIMKEHHBIMH YUCIIaMHU.

3aoauu pabomui:

— 00pa3oBaTeIIbHBIE: Hay4YUTh IIPUMEHSTh IIpaBHJIA BBITIOJTHEHUS
apu(pMETUYECKUX NEUCTBUI HaJl NPUOJIMKEHHBIMU YHCIIAMU;

— PpAa3BHUBAIOIIME. PpAa3BUTHE TBOPYECKUX YMEHHUW, CAMOCTOATEIBHOCTH,
IIO3HABATEJILHOI'O UHTEPECA,

—  BOCIIMTATEJIbHBIE. BOCIIUTHIBATH IIOJIOKUTEIBHOE OTHOLICHUE K TUCIUIIIINHE.

OL!@HMSCZQMble SHAHUA.

— METOJIbl XPaHEHHSI YUCEN B MAMSTH SJICKTPOHHO-BBIYUCIUTEILHON MallWHbI
(manee — ODBM) u neicTBUS HaJl HUIMH, OLICHKA TOYHOCTH BBIYHCIICHUM.

Oueﬂueaesze YMeHUA.

— JlaBaTh MAaTeMaTHYECKHE XapaKTEPUCTUKHU TOUHOCTU UCXOJHON MHPOpMaLuu
Y OLIEHUBATh TOYHOCTH MOJYYEHHOTO YUCIEHHOTO PELIEHNS.

Ouyenusaemvie komnemenyuu: 11K.5.4, OK.01, OK.02, OK.04, OK.05,
OK.09,0K.10

Obopyodosanue, npoecpammuoe obecneuerue:

[TepconanbHbIii KOMIbIOTEp ¢ KoHburypamumein: OC - MS Windows 10,
TabauuHbIl Tporeccop MS Excel 2016.

Kpamkue meopemudecKkue CB8EOCHUSL:

Apudmernueckre AEUCTBUS HaJ MPUOJMKEHHBIMU YHCIAMH BBIMOJHSAIOTCS IO
OnpeeeHHbIM MPaBUiiaM, KOTOPbIE 3aBUCAT OT BUA apU(PMETHUECKON ornepaiuu.
[IpaBmio 1. Crnoxenue (BbIUUTAHKE) IPUOIMIKEHHBIX YUCET
1) cpemu crnaraeMbIX BBIOpAaTh HaUMEHEE TOYHOC (MMEET HAWMEHbBINEE YHCIIO
Pa3psiIoB MOCIIE 3ansTON);
2) BCe OCTaJbHBIC CllaraeMble OKPYIJIMTh, COXpaHSS OJMH 3alacHOW pa3ps,
CJIEIYIOLIUHI 32 MOCIEIHUM Pa3psIOM BbIIEIEHHOTO CIaraeMoro;
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3) CIOXKUTh MOJTyYEHHBIE TOCJIC OKPYTIICHHUS YNCIIA;

4) OKpYIJIMTH TOJYYSHHBIA Pe3yJIbTaT JI0 MPEAIIOCICIHETO pa3psia.

[IpaBuno 2. PekomeHmanmmuu Npu BHIYUTAHUHA TPHOIMKECHHBIX YUCET TaKUE XK€,
YTO U TIPH CIIOKCHUH.

[IpaBuno 3. yMHOXKEHUE (JIeTCHUE) MPUOIMKCHHBIX YHACET

1) BBIICINUTH COMHOXXHTENb, COACPKAIINN HAMMCHBIIIEE YHCIIO 3HAYAIIHNX ITUPD;

2) OKpYTJIUTHh OCTAJbHBIC COMHOXKHTEIHM, OCTaBIISAA Ha OJHY 3HAYaIIyro 1Uppy

0O0JIbIIIE, YEM B BBIJICJICHHOM COMHOKHUTEIIE;

3) mpou3BeCcTH YMHOKECHHE (IeTICHHE);

4) OKpYIJIUTH TOJYYCHHBIH pE3yJIbTaT, COXPaHss CTOJBKO 3HAdalmx mudp,

CKOJIBKO MX B BBIJIEJIEHHOM COMHOXHTEJIE.

[IpaBuso 4. [1pu Bo3BeieHNN NPUOIMKEHHOTO 3HAUCHHS B KBaApaT WK KyO, IpH
U3BJICUCHUN KBAJPATHOTO WM KyOWYECKOTO KOpHS, B PE3YJIbTAaTe CIEAYET OCTaBISATh
CTOJIBKO 3HAYAIUX MUQP, CKOJBKO UX UMEET OCHOBAHUE.

[IpaBuno 5. Ecau yucio sBisieTcsl pe3ysIbTaToM MPOMEKYTOUYHBIX JTEHCTBUH, TO
ClielyeT COXpPaHUTh B HEM Ha 1-2 mudpsl OoJbLIE.

llopsook evinonnenus pabomol:

1) BBIOpaTh CBOM BapuaHT 3aJIaHUSI,

2) BBITIOJIHUTh ~ OCHOBHBIC  apu(dMeTHYecKkne oIepanud HaJl  3aJaHHBIMH
npUOIMKEHHBIMH YU CIIAMU;

3) opopMHUTH OTUET;

4) OTBETUTH Ha KOHTPOJIbHBIC BOIIPOCHI.

Bapuanmul unoueuoyanvuvix 3a0anui

No Hcxonupie JaHHBIC

3a1aHu
s Yucao 1 Yucao 2 Yucao 3
1 0,145 321 78,2
2 0,301 1931 11,58
3 398,5 72,28 0,34567
4 179,6 24,44 201,55
5 3,49 8,6 236
6 25,1 1,743 12,23
7 0,02 16,5 765
8 0,253 654 83,6
9 1,78 91 1,183
10 5,684 123 0,1
11 654 0,342 87,65
12 43 34,99 0,33
13 661 11,78 0,364
14 0,654 111 41,1
15 234 0,943 12,6
16 98,45 345 78,4
17 92 0,46 54,089
18 75,008 86 12,0253
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No Hcxonubie nanHbie

3aJlaHu
s Yucmo 1 Yucmo 2 Yucmno 3
19 73,11 0,234 75,341
20 0,001 214 23,234
21 912 78,54 72,008
22 33,2 47,22 11,111
23 74,9911 0,9 6,33
24 76,83 42 2,1777
25 11 9,8345 35,03
26 0,876 12,45 721

KOHWIpOJZbel@ 60Nnpocosl.

. Kakoe uncino HazpiBaeTcss MpuOINKEHHBIM?

. UTo Takoe morpemHocTsb?

. McTouHuKHY 1 KIaccuuKanus IorpemHocTen

. Kakue uudpspl uncna Ha3pIBalOT 3HAYAIIMMU, a KAKU€ BEPHBIMU?

. UTo Takoe OKpyIJIEHUE C HEJOCTATKOM U OKPYTJICHHE U30bITKOM?

. ChopmynupyiTe NpUHIMN 3aIIUCH IPUOIMKEHHOTO Yncia

. IEpeUucIuTe OoOlMe TMpaBWia HAaXOXKIACHHUS TMOrPEHIHOCTEH OCHOBHBIX
apu(meTnyeckux onepanui?

~NOoO o1k WwN

IIpakTuyeckas padora Ne2

Tema: PemieHue HEIMHEHMHBIX YPABHEHUM METOJAaMHU IOJIOBUHHOIO JIECJIICHUS U
MIPOCTBIX UTEPALIAN

Llenv 3anamusi.

- 3aKperuieHHe TEOPETUYECKUX 3HAHMM MO TeMe M (POPMUPOBAHUE HABBIKOB U

YMEHUM BBIYUCIICHUS KOpHEM aireOpamdyeckux W  TPAHCLEHICHTHBIX
YpaBHEHUH C 3aIaHHOM TOYHOCTBIO C MOMOIIBIO COOCTBEHHBIX MPOTrpaMM Ha

SBM.

3aoauu pabomui:

- oOpa3oBaTesibHbIE:  pa3paboTaTh MpPOrpamMMmy, pPEATU3YIONIYI0 aJIrOPUTMbI
pemieHusi anreOpandecKux | TPAHCICHACHTHBIX ypaBHeHud Ha OBM ¢

3aJITaHHOM CTENEHBIO TOYHOCTH,

- Ppa3BHBAIOLIINC: Pa3BUTHUC TBOPUYCCKHX YMeHHﬁ, CaMOCTOATCIIbPHOCTH,

IMO3HABATCJIbHOT'O MHTCPECCA,

- BOCIINTATCJIbHBIC. BOCIIMTBIBATDH ITOJTOXHUTCIIPHOC OTHOINICHUEC K AUCHUITIIMHC.

OL!QHMGCZeMble 3HAHUA.
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— METOJbl pEeIIeHUs] OCHOBHBIX MAaTeMaTHYEeCKUX 3ajad - aireOpandyeckux H
TPAHCUEHAEHTHBIX YPAaBHEHHI - ¢ ToMoIIb0 DBM.

OueHMGCleMble YMeHUA.

— HCIIOJb30BaThb OCHOBHBIE YHCIICHHBIE METOJbl PEIICHUS MaTeMaTH4ECKUX
3az1ay;

— BbIOMpaTh ONTHUMAJBHBIA YHCIEHHBIA METOJA JIsl PELICHUS MOCTaBICHHOU
3a/1a4y;

— paspabaThIBaTh aJrOPUTMBI U MPOTPaMMBbI ISl PEIICHHS BBIYMCIMTEIbHBIX
3a/1a4, yYUThIBask HEOOXOAUMYIO TOYHOCTb MOTYyYaEMOT0 pe3yJIbTara.

Oyenusaemvle xomnemenyuu: I11K.1.1, TIK.1.2, T1K.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyoosanue, npocpammuoe obecneyerue:

[TepconanbHbiii KOMITbIOTEp ¢ KOoH(purypamueii: OC - MS Windows 10, cpena
paspaboTku npuinoxkenus - MS Visual Studio 2017.

Kpamkue meopenmudecKkue c6e0eHUs.:

MeToa 1OIOBUHHOTO JeieHus (OMCEKIMi) — MPOCTOM W HANCKHBIH METO
IOKMCKAa IPOCTOro KopHs HenuHerHoro ypaBHenus f(X)=0. MrepanuoHHBIH MeTO
OMCEKIIUH COCTOWT B TIOCTPOCHUHM TOCIEIOBATEIHPHOCTH BIIOKCHHBIX OTPE3KOB, Ha
KOHI[aX KOTOPBIX (YHKIIUS TIPHWHUMACT 3HAYCHHWsS] Pa3HBIX 3HAKOB. Kaxmplid
MOCJIETYIONIMH OTPE30K TMOJYydYarT JeJIeHUEeM TomojaM mpeasaymero. [Iporecc
MOCTPOCHHSI MOCIIEIOBATEILHOCTH OTPE3KOB MO3BOJSICT HaliTh HyJb QyHKuuu f(X)
(xopenn ypaBHenus f(X)=0) ¢ mo0oii 3a1aHHOM TOYHOCTBIO.

Onwumrem oauH mar utepanui. [Iycts Ha (N-1)-m miare HakaeH oTpe30K [an-1,0n-
1] €[a,b], Taxoii, uro f(an.1)*f(bn.1)<0. Jdenum ero momosnam Toukoi ¢=(an.1 +bn1)/2 u
BeruucisieM f(&). Ecnu f(£)=0, o {=(an1 +bn-1)/2 - kopensb ypaBuenwus. Eciu f(€)#£0, To
U3 JIBYX IIOJIOBHH OTpEe3Ka BBIOEpEM Ty, Ha KOHIIaX KOTOpOH QYHKIUS HMEET
MIPOTHUBOIIOJIOKHBIE 3HAKH, TAK KaK OJWH W3 KOPHEH JISKUT HA 3TOM MOJOBUHE. Takum
obpazom,

an = an-]_, bnzé, cClin f(&)*f(an-1)<0,

an= &, bn=bn.1, eciu f(&)*f(an-1)>0.

Ecnu TpeOyercs HalTM KOpeHb & TOYHOCTBIO €, TO JIeJIGHHE IIOIOJIaM
MPOAOJIKAETCS 0 TEeX IMOp, MOKa JJIMHA OTpe3ka He cTaHeT MeHblie 2g. Torma
KOOpPJIMHATA CEPEIMHBI OTPE3Ka M €CTh 3HAYeHUE KOPHs ¢ TpeOyemMoil TOYHOCTBIO €.
JInst AOCTHXKEHUSI TOYHOCTH € HeoOXxoAuMo coBepiinTh N urepanuid, riae

b—a
N=log, ¢

DTO O3HA4YaeT, YTO JUIS MOJYYEHHUs KAKIbIX TPEX BEPHBIX 3HAKOB HEOOXOJIHUMO
cOBepLIMTh 0K0JI0 10 urepanuii.
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Ecimu Ha otpeske [a,b] HaxomuThcsi Heckosabko KopHed ypaBHenust f(X)=0, To
IPOIIECC CBOIUTCS K OJTHOMY M3 HHX.

Cxema aJiropurMa Meroaa IMOJOBHHHOIO JCJICHUA AdHA HAa PHUC. 1

!
Hayaso

8=c

a J(Z)Icc)so
5= 8 -
[ o
o ferd s on

x-M
2

w=£0d

9
betbod
X,2

10
oemaHob

Pucynok 1 — Cxema anroputMa MeTo/1a MOJIOBUHHOTO JICTICHHUS

MeToa npocThIX UTepaui (METO NOCAeA0BATENIbHBIX MPUOIMKEHHI) peIIeHUs
TpaHClieHAeHTHOTO ypaBHeHus f(x)=0 cocTouT B 3aMeHe HMCXOJHOTO YpaBHECHUS
SKBUBAJICHTHBIM €My YypaBHEHHUEM X=@(X) M TOCTPOCHHEM TOCJIEA0BATEILHOCTH
Xn+1=0(Xn), CXOASMIMMCS ITPH N—>00 K TOYHOMY PELICHHIO.

OnuiieM OVH mar uTepanuu.

Hcxong w3 HaAIEHHOrO HaA MpEAbIAyIIEeM IIare 3HAYEHUS Xp-1, BBIYHMCIISIEM
Y=@(Xn-1). Ecin |y-Xn-1 | >&, BBITIOJHSIOT CJIEAYIONIYIO UTEpalnio, ronaras xp=y. Eciau
Ke | Y-Xn-1| <&, TO BBIYUCIICHUS 3aKaHYMBAIOTCS U 32 MPUOJIMKEHHOE 3HAUEHHUE KOPHS
OPUHUMAIOT BEJIMYUHY Xp=Y.

[TorpemHoCcTh MOMYYEHHOTO pe3yibTaTa 3aBUCHUT OT 3HaKa MPOU3BOJHOU ©’(X).
[MIpu @’ (x)>0 kopeHb HaleH ¢ mnorpemHocThi0 q*e/l-q, ecaum @,(x)< 0, TO
NOTPENIHOCTh HE IpeBhIaeT €. Yucio q, Takoe, yto |’ (x)|<q<l

CnenyeT NOMHHUTH, YTO CKOPOCTh CXOJMMOCTH IIOCIEIOBATENBHOCTH {Xn} K
KOPHIO & TeM BBILIE, YeM MEHbIIIE YHUCTIO (.

CxeMa anropuTma METO/1a IPOCTHIX UTEpaIMil pecTaBlIeHa Ha puc. 2 .

16



1
Hawaio

ocmanob

Pucynok 2 — Cxema anropuTMa METO/a MPOCTHIX UTEpAIUil

llopsook evinonnenus pabomol:

1. BoiOpath cBOI BapUaHT 3a/1aHHUS.

2. Jlns cBoero 3amaHus TpapUUECKd WM aHAJMTHYECKH OTACIWTH KOPECHb
TpaHcieHaeHTHoro ypaBuenus f(x)=0, t.e. HaiiTu otpes3ok [a,b], Ha KOTOpOM
¢byukuus f(X) npuHUMaeT 3HaYeHUS pa3HbIC MO 3HAKY.

3. Co3narp (yHKIMM, peanusyromue Ha DBM anroputM MeToja MOJOBHHHOIO
JICTICHUST ¥ METOJa WTepalui JuIis perieHus 3amaHHoro ypasHeHus f(X)=0 c
3aJaHHO# TOYHOCTRIO. B3s1h £=0,0001

. CoCcTaBHUTh IPOTPaMMy ISl BRIYHUCIICHUS KOPHS YPaBHEHUS STUMHU METOIAMHU.

. I[TpoBecTr BBIYMCICHHS TI0 MPOrPaMME I CBOETO BapHaHTa 3aJaHHs KaXIbIM
U3 OTHUX METOJOB, IMOJICYHWTAB KOJIMYECTBO HUTEpAIMi B KaXKIOM M3 HHX.
[IpoBecTn ananmm3 3¢pGHEeKTUBHOCTH METOIOB.

6. ObopMuUTH OTYET

7. OTBETUTHh HA KOHTPOJIbHBIE BOIPOCHI

o1~

Bapuanmu 3a0anus

Ne f(x) f(x)

1 arccos x* — x 14 2tgx +x—1
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No (x) e (x)
1 2X
Inx- Lnx3 -
2 1+ x? 15 1+x?
—1 , 3
3 X-€ Jx 16 X“-€ fox
4 X—In(x-1+(x-D)*+1) | 17 X—In(2x—1+ {/(x+5)* +3)
5 sin x? — 6x + 1 18 Sin (x? +5)— 4x + 2
6 cos X% — 10x 19 Cos (2x? +3)+10x
1
X +X -
X 4
8 logz(3-x) - = +3 21 3vaxt -~
9 V25 -x7 -X 22 5x2 — 2¢0s(x?)
2
10 2% 14sinx 23 loga(3 —/x ) - % +5
X 2 X
4—x - — NA-X +
11 > 24 26"
12 X2 — 3c0s X o5 2 372 + sin (5x+2)
1 X
3vx - — 2C0SX -
13 x 26 x* —13x’ + 36

KOHI’I’IpO]Zbele 60npocosl.

1.
2.

3.
. CKOTbKO KOpHEH MOXKET ObITh y (DYHKIIMH, €CIIM Y Hee CYIIECTBYET TOJBKO

Uto maet oTaeneHue KOpHeun?

MoO>XXHO 7M1 NpPOU3BOJBHO 33JaBaTh 3HAYEHUS HA OTPE3KE MO OCH X A
OTAEJIEHUS] KOPHEW?

Uto npu OTAEIEHNN KOPHEN HA3bIBAIOT KPUTUUECKUMH TOUKAMU?

OJIHa KpUTUYECKasi TOuKa?

. B uem 3akmrouaercs FCOMeTpI/I‘-IeCKI/Iﬁ CMBICJI METOAO0B IIOJIOBUHHOI'O ACJICHH,

MPOCTHIX UTEPAIUii?

. Kak BBI6I/Ipa}OTC}I KOHIOBbI OTPE3Ka CJICAYHOHICTO MHTCpBAla B MCTOIAC

MMOJIOBUHHOTO JAeIeHUA?

. Kakumu cBoiictBamu noimkHa o6nanate (yskmms f(X), 4roObl Meromom

IIOJJOBHUHHOI'O AOCJICHUA MOXHO OBLIO rapaHTUpOBaHO PCHIMTL YPABHCHUC

f(X)=0.

. OTanuue yCJ'IOBI/Iﬁ OKOHYaHHA TIIOMCKa IIpUu «MOHOTOHHOM» H IIpH

«K0JIe0aTETLHOMY MPUOJIMKEHUU K KOPHIO B METO/IE€ IPOCTHIX UTEpaIUii?
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9. Kakoit ¢yHkuueid 3amensiercs JjieBas vacth ypaBHenus f(X)=0 B metone
NPOCTHX HUTEpauii?
10.Kakyto cXOIUMOCTh UMEET METOJT MMPOCTHIX UTePAITAiA?

IIpakTnueckas padora Ne3
Tema: PemeHne HENIMHENHBIX YPABHEHUN METOAAMHU XOPJ U KaCaTEIbHBIX

L]env pabomol:

- 3aKpeIUICHHE TEOPETUYECKUX 3HAHHMM MO TeMe M (POPMHUPOBAHUE HABBIKOB U
YMEHUM BBIYUCIIEHUS KOpPHEM aireOpaMdyeckux UM TPaHCLEHAEHTHBIX
YPaBHEHUH C 3aJJaHHOM TOYHOCTBIO C MOMOIIBIO COOCTBEHHBIX MPOTrpaMM Ha
OBM.

3aoauu pabomui:

- oOpa3oBaTenbHbIE:  pa3paboTaTh MNPOTpaMMy, PEATU3YIONIYIO aJITrOpPUTMbI
pelieHus anreOpandyeckux M TPaHCLUEHACHTHbIX ypaBHeHMH Ha OBM c
3aJJaHHON CTEIIEHBIO TOYHOCTH,

- Pa3BHBAOIINC: Pa3BUTHUC TBOPUYCCKHX YMGHHﬁ, CaMOCTOATCIIbBHOCTH,
IMO3HABATCJIbHOI'O MHTCPCCA,

- BOCIINTATCIIbHBIC. BOCIIMTBIBATD ITOJIOXKHUTCIIbPHOC OTHOIMCHUC K AU CIUIIIIMHC.

OT/!eHT/lGCZeMble 3HAHUA.

— METOJbl PEIICHHS] OCHOBHBIX MaT€MAaTHYECKHX 3a/lay - alnreOpandyeckux H
TPAHCLIEHACHTHBIX YPAaBHEHUH - C MOMOIIBI0 DBM.

OT/!eHT/lGCZeMble YMEHUA:

— HCIOJIb30BaTh OCHOBHBIC YHMCJCHHBIE METONbI PEIICHUS MATEMATHYECKUX
3aja4;

— BBIOMpPATh ONTUMAJIBHBIA YMCICHHBIA METOJ JUIS PEIISHUS IOCTaBJICHHON
3a7a4u;

— pazpabaThIBaTh aITOPUTMbI U IPOTPaMMBI IS PEIICHUS BBIYUCIUTEIBHBIX
3a/1a4, YYUThIBasi HEOOXOAUMYIO TOYHOCTh MOTYy4aeMOTO pe3yJIbTara.

Oyenusaemvle xomnemenyuu: I1K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyoosanue, npocpammuoe obecneyeHue:

[TepconanbHbIil KOMITBIOTEP ¢ KOoH(purypammeii: OC - MS Windows 10, cpena
pa3paboTku npuinoxkenus - MS Visual Studio 2017.

19



Kpamkue meopenmudecKkue c8e0eHUs.:

B aT0i#1 pakTHueckoi paboTe MPOoI0IDKAETCS PACCMOTPEHNE OCHOBHBIX METOIOB
YUCJIEHHOTO PEIICHUs TPAHCIEHJCHTHBIX YpPAaBHEHUM, HA4aToe B NPaKTHUUYECKOI
pabote Ne2.

Ecnmu u3BecTHO XOpoliee HauanbHOE NMpuOmmkeHne pemenns ypaBHerus f(X)=0,
TO A()PEKTUBHBIM METOJIOM TOBBIIICHUS TOYHOCTH SIBIISICTCS METOJ] KacaTelbHbIX
(meron HeroTona). MeToJ COCTOUT B UTEPALMOHHON MOCIEAOBATEIBHOCTH Xn+1=Xn—
f(Xn)/f(Xn), cxomsmuiics k kopHio ypaBHenuro f(X)=0.

Ecnn HeoOxoMMO HaWTH KOpPEHb C TOYHOCTBIO €, TO UTEPAIMOHHBIN IpOIIEecC
MOXHO IIpeKpamarb, Koraga / Xn-Xn-1 / <&=,2me/M, , Ta€e M| —HAUMEHBIIIEE 3HAUCHUE

MOTYJIsI /f(X)/ Ha [a,b], M, - HamOosblIce 3HAUCHHE MOIYJIS /f(x)/ Ha OTpE3Ke
[a,b].

Onuna mar utepanuid. Ecom Ha (N-1) mare odepenHoe NMPUOMIKEHHE Xn.1 HE
YIOBJIETBOPSET YCIOBHIO OKOHYAaHMs IPOIECCA, TO BHMHCIAEM BeawduHbl f(Xn1),
f (Xr-1), TOrma craenyroniee IPUOIKEHHE KOPHS Xn+1=Xn—f(Xn)/f (Xn). IIpu BeImONHEHMN
YCIIOBHS / Xn=-Xn-1 / <J2m,e/M, , BEeAUUHHY Xn IPUHAMACM 3a IMPUOIMKEHHOES 3HAUCHHE

KOpHS &, BBIUUCIEHHOE C TOYHOCTHIO & MeTton HetoToHa 3¢ (heKTUBEH, €Ciu N3BECTHO
XOpolIee Ha4aJIbHOE MPUOJINKEHUE AJI1 KOPHS U B OKPECTHOCTU KOPHS rpaduk uMeeT
00JIbIIYI0 KpYTU3HY. B 3TOM ciyuae npouecc ObicTpo cxoautcs. Ecnu ke yucieHHoe
snauenue f(X) B 61131 KOPHS Mo, TO TIPOLECC BBIYMCIICHHSI KOPHS MOKET OKa3aThCs
OYEHb JIOJITUM.

Meron HproToOHa MMEET KBaJAPaTUYHYHO CKOPOCTh CXOJAMMOCTH. JTO O3HAYaeT,
YTO NIpPU IMEpPEXOA€ OT OJHOW HTEpPAlMM K JPYrod KOJIMYECTBO BEPHBIX 3HAKOB
YABAaUBAETCA B MOCIIEAYIOIIEM MPUOIMKEHUU.

HenocraTtku: y3kas 001acTh CXOIUMOCTH.

Cxema anroputma HetoToHa nmpuBesieHa Ha puc. 3.
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Pucynok 3 — Cxema anroputma MeTO/1a KacaTeIbHBIX

B Merone xopa HenuueidiHas ¢ynkuusa f(X) ma otmensHoM uHTepBasie [a,b]
3aMEHSIETCSl JIMHEHHOM, B Ka4eCTBE KOTOPOM OepeTcst Xxop/ia — mpsiMasi, CTATUBAOIIAs
KOHILIBI HEMMHEWMHOW (PyHKIuU. DTa XopAa Oompenessercs Kak mpsmasi, IpoXoasiias
yepe3 Touku ¢ koopaunaramu (a, f(a)) u (b, f(b)). Mwmes ypaBHenue xopasr y=Ccx+d,
MOJKHO JIETKO HAaWTH TOYKY €€ MEepPECeueHUs C TOPU3OHTAIBHON OChIO, TOJCTABUB B
ypaBHenue Y=0 u Halasg w3 Hero x. ECTECTBEHHO, B MOJy4EHHON TakWM 0Opa3om
TOYKE X; HE OyJeT pelleHHs, e TPUHHUMAIOT 3a HOBYIO TpaHHIy OTpe3Ka, T
colepkuTCs KopeHb. Yeped dTy TOouky ¢ koopauHartamu (X1, f(X1)) wm
COOTBETCTBYIOIIYIO TPAaHUIy MPEIbIIyIIero HHTEpBaja OIATh IMPOBOIAT XOpAY,
HaXOASAT X2 M T.O. HECKOJBKO pa3, MOJydas IOCJIEN0BaTeNbHOCTh X3, X4, Xs, ...,
CXOSIIYIOCS K KOPHIO. MeTo1 MPUMEHUM TOJIBKO JJI1 MOHOTOHHBIX (DYHKIUH.

AnroputM Mmertoma 3aBucur oT cBoicts (ymkuum f(x). Ecom f(b)f (b)>0, To
CTposiIasgicsl Ha KaXJIOM JTale XopAa HUMeeT IMpaBblii  (UKCHUPOBAHHBIH
(«3aKperIeHHBINY ) KOHEL, U aITOPUTM BBITJISIAUT CIEIYIOIIUM 00pa3oM:
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fF(x)

Xiy =X —m(b—xi);

IIPH 3TOM TTOCIIEIOBATEIBHOCTD X1, X2, ... OyICT NPUOJIKATHCS K KOPHIO CIIEBa.

Ecmm f(a)f'(a)>0, To crposmascs Ha KakaoOM OJTale XOpAa HMEET IIPaBbIi
(UKCUPOBAHHBIN («3aKPEIUICHHBIMN») KOHEI, W aJrOPUTM BBITJISAUT CIIEAYIOIIUM
o0Opazom:

f(a)

Xi+1:a+m(xi —a);

P 3TOM TIOCIIEIOBATENBHOCTD X1, X2, ... Oy/IE€T MPUOIMKATHCSA K KOPHIO CIIpaBa.
VYcaoBueM OKOHYaHUS MTEPAMOHHOTO TIpoliecca SIBISIETCS COOTHOILECHUE
X; = X4|< &, a B KauecTBe KOPHS MPHUHATO X;j (MOXKHO TaKKe 3aKOHYHUTH MPOIIECC U IPH

noctwkenuu f(x;)<s).

Ilopsook évinonnenus pabomol:

1.

6.
7.

BoiOparh cBoit BapuaHT 3amaHusi (BOCIOJIB3YHTECh BapUaHTaMU 3aJlaHUMH,
MIOMEIIICHHBIX B paboTe Ne2).

.Otpe3zok [a,b], Ha KkoTopom ¢yHkimus f(X) mnpuHUMaeT 3HAYCHUS

IPOTHUBOIIOJIOXKHBIE 110 3HAKY, B3ATh U3 MPEAbIIYIIEH paOOTHI.

. Co3nate ¢yHkiuu, peanusyomme Ha OBM anroputm meroga HeioToHa u

METOJIa XOpJ IS PEeIICHHs 3aJaHHOTO TpaHCIeHaeHTHoro ypaBHeHus f(X)=0.
Biok-cxeMy aaropuTMa MeTojia XOp,l HapuCOBaTh CAMOCTOSITEILHO.

. CocTaBuThH nporpamMmy Jisd BBIYUCIICHUSA KOPHA YPABHCHUA KaKIAbIM M3 3THUX

METOIOB.

. HpOBeCTI/I BBIYUCJICHHUA 110 IIpOrpaMMe IJI1 CBOCTO BapHaHTaA 3adaHHA KaKIbIM

U3 ITHUX METOJIOB, MOJACYUTAB KOJUYECTBO HUTEPAIMA B KaXIOM U3 HHX.
[IpoBecT cpaBHUTENbHBIN aHATN3 Y((HEKTUBHOCTH METOIOB.

Odopmurs otuer

OTBeTHUTH Ha KOHTPOJIBHBIC BOITPOCHI

KOHmpOJleble eonpocsl.

1.

B d4em 3akimro4aercss TE€OMETPUYECKMH CMBICT METOJAa KacaTeIbHBIX
(Herorona)?

2. Vicxons u3 yero BeioOupaetcs B Metoie HptoToHa nepBoe npubamxeHue?

3. HeoOxoquMble U AOCTATOYHbIE YCJIOBHUSL PELIEHUS TPaHCIEHAEHTHOIO

ypaBHeHHs MeTogoM HeroToHa?

4. B yeM 3aKJIFO4AETCsl TEOMETPUYECKUM CMBICIT METO1a XOp1?

5. Kak BIOMpAIOTCst KOHIIBI OTPE3Ka CIICIYIONIETO HHTEpBaia B METOJI€ XOp1?

6. Kakumu cBoiicTBamu noipkHa oOnanate QyHkius f(x), 4ToObl METOIOM XOP/I

MO>KHO OBLIIO permuTh ypaBHenue f(x)=0?
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7. Kakoil KoHeIl XOp bl HEMOABUKEH MPU pean3aliii MeToaa?

IIpakTuyeckas padGora Ned

Tema: PemeHne CUCTEM JTMHEHWHBIX YPaBHEHUN

Llenv 3anamus.

3aKpEIUICHUE TEOPETUUYECKUX 3HAHUM Mo TeMe U (OPMHUPOBAHUE HABBIKOB U
YMEHUN HCITOJIb30BAHUSI YUCICHHBIX METOJOB PEIICHUS CUCTEM JIMHEWHBIX
ypaBHeHH1 Ha OBM.

3aoayu pabomol:

oOpa3oBaTeibHbIE: paspaboTarhb Iporpammy, peanu3yonyo
BBIYMCIIMTEIBHYIO CXEMY METOZIOB ['aycca, MpOCThIX UTepalnii U 3eUaess s
pELIECHNs CUCTEM JIMHEWHBIX ypaBHEeHN Ha OBM;

pa3BUBAOILIKE: pa3BUTHE TBOPYECKUX YMEHHMM, CaMOCTOSTEIBHOCTH,
IIO3HABATEJILHOIO UHTEPECA,

BOCIIUTATEJIbHBIE: BOCIUTBHIBATH I10JI0KUTEIIBHOE OTHOLIEHUE K JUCLIUILIAHE.

OL!@HMSCZQMble SHAHRUA:

METOJIbl PEIICHUS] OCHOBHBIX MaTEMaTUYECKUX 3aJay - CHUCTEM JIMHEHHBIX
ypaBHEHHM - ¢ oMo DBM.

Oueﬂueaesze YMeHUA.:

UCII0JIb30BaTh OCHOBHBIE YHCJEHHBIE METOJbI PEIICHHUS MaTEMaTUYECKUX
3ajady;

BbIOMpaTh ONTUMAJbHBIA YHMCIEHHBIA METOJ ISl PELeHUs MOCTaBJICHHOU
3aJ1a4u;

pa3pabaThiBaTh aJrOPUTMbI U MPOTrpaMMBbl ISl PEIICHHS BBIYMCIMTEIbHBIX
3a/1a4, yYUThIBasi HEOOXOAUMYIO TOYHOCTb MOTYYaeMOT0 pe3yJibTara.

Oyenusaemvle xomnemenyuu: 11K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,

OK.05, OK.09,0K.10

Obopyodosanue, npocpammuoe obecneyerue:

[TepconanbHbIil KOMITBIOTEP ¢ KOoH(purypamueii: OC - MS Windows 10, cpena

paspaboTku npuinoxkenus - MS Visual Studio 2017.

Kpamkue meopenmudecKkue CB8eOeHUS:

,HJIH peucHus CUCTCEM JIMHEHUHBIX VDaBHCHI/Iﬁ HCTIOJIB3YIOTCA PA3JIMIHBIC MCTOAbI

nuHeHHoW anreOpel. HawuOonpmmii wWHTEpEC TMPEACTaBISET METOJ JIMHEWHOUN
WHTEPHOJISIUAN, KOTOPBIM NPUBOJAT K CHCTEME M JMHEWHBIX YpPaBHEHUH C N
HEU3BECTHBIMU. TaKue CUCTEMBbI PEIIAlOTCSI METOJAOM MOCIEIOBATENBHBIX UCKIIOUEHUN
— MmeTozoM [aycca.

23



OcraHoBUMCS Ha BapHAHTE PELICHHUS CUCTEMBbI N JIMHEWHBIX yPAaBHEHUH C N
HEU3BECTHBIMHU M PACCMOTPHUM AJITOPUTM TaKOro pemeHust Ha OBM.

Meronom ['aycca HaspIBalOT TOYHBIM METOJ PELIEHUS CUCTEMBlI YPaBHEHUH,

COCTOSIH.[I/IIZ B TOM, 4YTO IIOCJICAOBATCIbHBIM NCKIIFOYCHHUEM HCU3BCCTHBIX CUCTCMY
X, +a,X, +o 3, X, =b;

Inn

By Xy +8pX, + ot By X, =hy

Ay X, + 8, X, +o+ 8, X, =b,

nn“*n

IMPUBOIAT K SKBHUBAJICHTHOM CHUCTEME C TpGYI‘OJILHOﬁ ManHHeﬁ
Xy + CpXy 4o+ Cpp X, =0,

CppXy +on+Cyp X, =d,

2nn

pelIeHre KOTOPO HaXOISIT MO PEKKYPEHTHBIM (hopMyiaMm:

n
Xp =y, X =d; = Y e X, i=n-1,n-2.1
k=i+1
Beruncnenus mo merony I'aycca pacmamaroTcst Ha JiBa dTala: Ha [EPBOM JTalle,
Ha3bIBACMBIM APSAMbIM X0OOM METO/A, HCXOIHYIO CUCTEMY HPUBOIAT K TPEYTOJBHOMY
Buay. Ha BTOpoM »3Tame, KOTOPBIH HA3bIBAIOT OOPAMHBIM XOOOM, PEUIAIOT
TPEYTOJbHYIO CHCTEMY, SKBHUBAJICHTHYIO wucxomHoi. Koadduimentsr a,,a,, ,..,a

nn

gedywumu 2nemenmamu Metoaa I'aycca.
HeoOxonumeiM ycroBueM mjis peanuzanuu Metona ['aycca, sBisercs a; #0 Ha

BCeX JTamax npeoOpa3zoBanus. B ciydyae a; =0 MpPOUCXOAUT OCTAHOB QJITOPUTMA, T.K.

NIEJIEHUE Ha HOJIb CYMTAETCS HEKOPPEKTHOM omepaunueit. [Ipu peanuzanuum ITaHHOTO
anroputma Ha [1K Bo3HHKaIOT OOJbIIKME MOTPEIIHOCTH, €CIIU @; # 0 U SBJISIETCS MaJbIM

guciaoM. JlJis TIOBBINIEHWS] TOYHOCTH BBIYMCICHHS ¢ HCKJIIOYEHHUS OCTaHOBA
NPUMEHSIOT BapHaHThl MeToAa ['aycca ¢ BHIOOpPOM TJIABHOTO 3JIEMEHTA MO CTOJOIY
(CTpoke) MaTpHIIHI.

Paccmorpum anroputm metoma ['aycca ¢ BBIOOPOM TJIaBHOTO JJIEMEHTA I1O
CTOJIOITY:

1. BriOupaem HaumOONBIIMI 3JIEMEHT B MEPBOM CTOJOIE MaTpuibl A
CHUCTEMBI YPaBHEHUN:
all a12 aln
1. A: a21 aZZ aZn
anl anZ ann
2. MensieM nepBylO CTpPOKY (TOXE, UTO U MEPBOE YPABHEHUE) CO CTPOKOI

(ypaBHEHUEM), cofiepxkaliiel BbIOpaHHbIN 351eMeHT. [Ipu nepecTaHoBKEe MEHSFOTCS
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COOTBETCTBYIOIIME DJJIEMEHTHI MpaBbiXx  yacTed. Tak Kak MOPSJIOK 3alucu
ypaBHEHUI MTPOU3BOJICH, ITPU NIEPECTAHOBKE PEIICHUE HE MEHSIETCSI.

. a .
3. W3 BTOPOIl CTPOKH BBIYUTAIOT MEPBYIO, YMHOXKHB €€ Ha —2, U3 TPETher —
a'1l
a'31
IIEPBYIO, YMHOXKHB €€ HA — H T.[I.
a11
4, IloBTOpsieM Bce nOEWCTBHsA, HAa4yMHAsE C IIEPBOrO, MCIIOJIB3Yysl BTOpPOE

ypaBHEHHE U BTOPOU cT0a0€I] BMecTO nepBoro. [Ipogoimkum 3Tu aecTBus 1ist
CIEAYIONIUX YPaBHEHUN U CTOJOIOB JIO TEX MOP, MOKA BCE PJIEMEHTBI MATPHUIIBI A,
HAXOJSIIMECS HI)KE TJIAaBHOM JMaroHajid, HE CTaHyT paBHbIMU Hymto. Torma
CUCTEMA IPUMET BUI:

8y 8, - Ay X by
By e By [, % b,

5. DTa cucrema perraeTcsi METOJI0M OOpaTHOM MOJCTaHOBKU. T.K. mocieaHee

X =
* _ n
ypaBHEHHE MMeeT BUI: om  *n = bn, TO U3 HETO MOXKHO HalTH A
6. BhIuncIisieM U3 TPeocieHero ypapaerns 1 (% yxe n3BeCTHO) U T.1I.
JUIA BCEX OCTAaBIIMXCS ypaBHEHUH, IBUTAsACh K TMEPBOMY ypaBHeHHIo. B

PE3YIBTATC MMOJIYYaCTCA PCIICHUC X1 Xz X

n

Meron I'aycca — sABasieTCss TOYHBIM, T.€. B MPEANOJIOKEHUU OTCYTCTBUS
OKPYIJIEHU C €r0 MOMOIIBI0 MOXHO MOJYYUTh TOYHOE PELICHHUE 3aa4d B PE3YJIbTATE
KOHEYHOT0 YHCJIa apuPMETUUECKUX U JIOTUYECKUX ormnepanuii. TouHble METObI
IPUMEHSIIOTCS JUIS PEILEHHs CUCTEM OTHOCHUTENILHO HEBBICOKOTO mopsaka (1o 10%).

Jlns  pemenus cucreM Oombmieii  pasmepnoctd  (103-10°)  mcmomb3syror
OPUOIMKEHHBIE UTEPAIMOHHBIE METOJbl. DTH METOJbI Jal0T BO3MOXKHOCTh HANTH
pelieHue CUCTeMbl Kak TMpefea OEeCKOHEYHOTO BBIUYMCIMTENBHOIO IpoIllecca,
MO3BOJISIIONIETO TI0 YK€ HaWIEHHBIM TMPUOMIDKEHUSIM K PEHICHUI0 TOCTPOUTH
cienyroiee, 6ojee ToUHOE MpUOIMKeHne. BaxkHo# 4epToil TaKMX METOJIOB SIBISCTCS
UX CaMOMCIIPABISIEMOCTh M IMPOCTOTA pEAIM3ALUU, T.€. B CIydae CXOIALLErocs
WUTEPAIMOHHOTO TIpOIlecca OMMMOKAa B KaKOM-TO TPUONMKCHUHM WCHPABISIETCS B
MOCJIETYIONTUX BBIUMCICHUSAX, M TaKOE HCIpPaBJICHHE TPeOyeT TOJIBKO HECKOJIHKO
JUITHUX [IAarOB €TMHOOOPA3HBIX BHIYUCIICHHM.

K cambiM pacnpocTpaHEHHBIM HPUOIMKECHHBIM METOJIaM OTHOCSATCS METOIbI
MPOCTHIX UTEPALIMI U METOT 3 aes.

PaccMmoTpyum IIpOCTEHIINT UTEPALMOHHBIA METOJ PELICHUS JTUHEUHBIX CUCTEM —
METOJI IPOCTBHIX HWTEPALMU, HA3bIBAEMBbI MHOTAA METOJOM II0CIJIEI0BATEIbHBIX
npubauxeHuii. OH COCTOMT B TOM, YTO HUCXOJHAs CHUCTeMa ypaBHEHUM Ax =B
npeobpasyercs K Bumy x=Cx+D, rme |C[#0. K TakoMy BHmy CHCTEMYy MOXHO

OPUBECTH, HANpUMEp, BB JUAroHajdbHbIE DSJEMEHThl. 3Has Kakoe-ubo
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0

npubmmkeane x° = (x”, X, ... X,’) MOKHO IOJYYUTh X' M3 COOTHOWEHHS X' =Cx°+D,

3aTeM aHauormyHo x°=Cx'+D, x*=Cx’+D W T.Ja., B OOIIEM BHJIE alrOPUTM
3aMMuChIBaeTCs B BUIE X =Cx' '+ D.

Paccmotpum  yciioBust cxoauMocTH MeTtona wurepauuid. g cxoauMocTu
HTEepaliii B METOZE JOCTATOYHO BBINONHEHMS ycnoBus |C| <1, tme |C|- mobas u3
HEKOTOPOro Habopa CTaHAapTHBIX HOPM MAaTPHIIBI, HAIIPHMED,

IC|, = max;‘cij‘ unu |||, = maxizl:‘cij‘.

Kpome Toro, mocienoBarenbHocTh X, X', ..., X' OyJeT CXOOUTHCS K PEIICHUIO
X', ecnd JuIs MaTpuibl C JUHAroHajJbHBIC JJIEMCHTHI BEJIHMKH [0 CPaBHEHHIO C

BHEIMAaTOHAIBHBIMU. MITepanuu cXoaaTcs TeM cKopee, 4eM MeHsbIe |C|.

OueHbp 4YacTO B KauyeCTBE HAYAJILHOI'O HpH6J1H>I<eHH;I 6epyT BeKTOp D, T.€.
0
x =D.

Torma HETPyAHO OLIEHUTH MOTPEITHOCTD MOCIIE I1-T0 MPUOINKCHHS

i il HCHIHDH (]_)
xh— x| < D
1= e

CootHomienue (1) MO3BONSIET OpPraHMW30BaTh PEIICHUE CHUCTEMBI JIMHEUHBIX
YPaBHEHHM C 3apaHee 3aJaHHOW MOTPEIIHOCTBIO &, UCIIOJIB3YS YCIOBUE

. <IcllD]
1-|c

U JaKe ONpPEIC/IATh HEOOXOAMMOE KOJIMYECTBO HTEpAIUMi | IS JOCTHKCHHS
3aJJaHHOW MOTPEIIHOCTH.

VYcnoBreM OKOHYAHUST UTEPALIMOHHOIO MPOIecca SIBISETCS YCIOBUE
HXM _ Xi H

B

rae x| =[x " [MpubamKeHHOE 3HAYEHUE PEIICHUS MMOJIaracTcs paBHbIM X',

Merton npoCThIX UTEpALMid HA MPAKTUKE UCIIOJIB3YETCS HE YacCTO.

Merton 3eiinens Ha3zBaH mo ¢damMwiMu aBTopa. Meroj oTMYaeTcss OT MeToja
MPOCTHIX UTEPALMI MPEKIEC BCETO B HEMEIJIECHHOM BBOJE B BBIYMCICHUS KaXJIOTO U3
MOJyYEHHBIX MCIIPABJIICHHBIX 3HAYCHUM HEW3BECTHBIX. [l wiumocTpauumu Metona
3aMuIlIeM CHadajaa METOJ TPOCThIX UTEPAIil B CKAIIPHOU (opme:

i+l i i i i

X, =CyuX; +CpX, +CiaXg +.+CppX, +0;
i+l i i i i

Xy =CpXy +CpXy +CpXg 4.t CypX, +0,
i+1 i i i i

Xg ~ =CgyX; +CspX, +Cy3Xy +...+CopX, +d,

X, = CouXy +CpXy +CgXy H et C X, +d,
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B paccMaTpuBacMOM MCETOAC KaXXJasd TOJbKO YTO HaﬁHCHHaﬂ IepeMCcHHa
MMOACTABJIACTCA B CICAYIOIICC YPABHCHHUC, T.C. AJITOPUTM UMCCT BUA:

i+l i i i i

X, T =X, +CpX, +CpXs +.t+CpX, +d;
i+l i+l i i i

Xy =CpX  +CpX, +CpXy +...4CyX, +d,

1

i+ i+l i+l i i
Xg  =CgyX;  +CpX, +CypXy +..4Cy X, +0;

i+l i+l i+l

i+l i
Xo  =CpXp  +CppX, +CaXg +..+CX, +d,

nn“*n

BHuMarenbHOE€  CpaBHEHHME  JBYX  QJITOPUTMOB  IIO3BOJIIET  YBUJIETH
IPUHLUNAAIBHOE pPa3iMyue B METONAX, KOTOPOE HEPEAKO MOXET IPUBECTH K
MOBBIIICHHONW 3((EKTUBHOCTH BTOPOTO METOAA. YCJIOBHUS CXOJUMOCTH U YCIIOBUS
OKOHYaHWs IMONCKA aHAJIOTUYHBI METOAY MPOCTHIX UTEPALUH.

llopsook evinonnenus pabomol:

1. BrpiOpath CBOI BapuaHT 3aJaHusl JUIsl PEIICHHS] CUCTEMbI YPaBHEHUI METOA0M
l"aycca.
2. AHaIUTHUYECKH HAWTH PEIICHUE CHUCTEMBl JTUHEHHBIX YpaBHEHUH METOIOM
l"aycca.
3. CocraButh nporpammy, peanusyromme Ha OBM meron I'aycca ¢ BeiGopom
IJIABHOTO 3JIEMEHTA 110 CTOJIOLLY.
4. IlpoBecTu BBIYKCICHHSA [0 TPOrpamMMme JJis CBOETO0 BapHUaHTa 3aJaHUs U
CPaBHUTH C PE3yJIbTATOM, OJYYEHHBIM B I1.2.
5. Odopmuts oTuer
6. BbpiOparh cBOW BapuaHT 3aJaHusl JJIS PEHICHHS CHUCTEMbl YpaBHEHHI
METOJaMH NPOCTHIX UTEpALMM 1/ uiu 3enaens.
7. IlpoBeputb YCIOBUS CXOAMMOCTH CHCTEMbl JIMHEWHBIX ypaBHeHHH. Eciu
HE00XOAMMO, TPUBECTHU €€ K HY>)KHOMY BUTY.
8. TloaroToBUTH K BBOAY UCXO/IHBIEC TaHHBIE.
9. PaccuutaTh 3apaHee I 3aJaHHON CTEMEHN TOYHOCTH KOJIMYECTBO UTEPAIIHA;
10. CoctaBuTh mporpamMmy pelIeHHs] CUCTEMBbl JTMHEHHBIX ypaBHEHUH METOHdaMH
IPOCTBIX UTEpALMi W/ U 3eiaens U CoepKallyto reyaTb pe3yIbTaToB.
11. TIpoBecTu BBIYUCIICHHS TI0 IPOTpamMMe JJII CBOETO BapUaHTA 3a/IaHMUS.
12. OdbopmuTh oTYET
13. OTBeTUTH HA KOHTPOJIBHBIE BOMIPOCHI
Bapuanmer 3a0anus ons pewenus cucmem ypasHenuti memooom I aycca
MNe 3aoanue Ne 3adanue
2% =Xy + X3 = X4 =-1 X = TXy + X3 +2%X, =22
Xg — Xy — X3 + 3%, =0 X, —8X, +10X5 +3x, =-35
1 5%y —3Xy + X3 — X4 =—4 14 4%, —TX, +14X3 +5x, =48
3Xp +2X, +3X3 + X4 =4 Xg +2Xy —3X3 — X4 =12
2X; + Xy —X3 —2X4 =5 3% — X, =13
2X; — Xy +3X3 — X, =4 X, — 2%y +5%3 + X4 =5
2 X3 —3Xy — X3 —=5%X, =-1 15 2% + Xo — 4%z — 5%, =1
— X +2Xy —4Xg + X4 =2 X +2Xy —3X3 — X, =15
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MNe 3aoanue Ne 3adanue
Xy + Xy +2X3 +3%X, =1 X; + Xy —BXz —4X, =6
3X1_X2_X3_2X4:_4 3X1—X2—6X3—4X4:2
3 2%X; +3Xy — X3 — X4 =—6 16 2X%; +3X, +9%X3 + 2%, =6
X, +2Xy +3Xg — X, =—4 3%y + 2X, +3X3 +8X,4 =—7
3%y = TXy +TX3 +2X4 =8 2% — Xy +4X3+2%, =3
X —8X, +10x3 +3x, =3 X, +2X; —=5X3 —3%4 =1
4 4%, — 2%y +3X3 + X, =17 17 Xy + X+ Xg— X4 =2
5%, 17X, + X3 — 2%, =24 4% —Xp +3Xg — X4 =—1
—2X — Xy +2X3 —X4 =5 3% — 2%y +4Xg =Xy =——7
X1 — Xy — X3 +3%, =0 X —8Xy + X3 — X4 =0
S) X1 +3Xy —2Xg —TX4 =-12 18 A% — Xy +2Xg3 + X4 =—4
3% +2Xy —3X3 + X4 =8 X +2Xy —3X3 — X4 =12
Xy + Xp + X3 + X4 =3 3% — X, =13
2X; — Xy +3X3 — X, =4 3% —8X, +5X3 + X4 =—23
6 4%, + X, — X5 —BX,4 =10 19 4%, — Xy +14%; +5%, =5
— Xy +2Xy, —4X3 + X4 =—2 X+ 2X; —3X3 — X, =15
X, + Xy +2X5 +3%, =1 Xp + Xy —6X3 —5x, =1
Xp + 4%, —2Xg + 3%, =2 3% — Xp + 9% +10%x, =-1
7 2X; +3Xy —X3 — X4 =—6 20 2% + Xo +9%3 + 20x, =1
—2X%; +3Xy —5X3 +4%, =3 3X, + 2%y +3X3 + 5%, =4
Xy — TXy +TX3 +2X, =0 Xp — 5%, +3%X3 + X4 =12
Xy —2X, +10X3 =X, =-5 X, + 2%y —5X%3 = 3%, =1
5% —7X, + X3 —2X, =6 4% + Xy +5X3 — X4 =5
2% — Xy + X3 — X4 =-1 Xp —TXy —2Xg + 3%, =1
— 2%y — Xy —X3 +3X4 =3 2% + Xy — X3 + 3%, =17
9 X1 —3Xp —2X3 + 2%, =-1 22 3% —TXy, + X3 +2%, =0
3X; +2X; +3X3 + X4 =4 X +2Xy —3%3 — X, =12
5% — Xy + X3 +2X, =2 2 — X, =7
Xy +4X, —3X3 —5x, =10 3% — 2%, +5Xg + X, =7
10 4%, + X, — X5 — 5%, =10 23 4%, — T, +14%, +5%, =5
— Xy +2Xy —4Xg + X4 =2 X —2X; = TX3=2%, =5
— Xy + Xy +2%3 =0 X, + X, —6X3 —4%X, =6
3X; —Xp + 2%, =2 3% — Xy —6Xg —4x%, =2
11 2% + Xy —2Xg =Xy =—4 24 2% +3Xy +9%X3 +2X, =6
X +3X, —2X3 +4x, =4 3X; + 2Xy +3Xg + 8%y =—7
3X1_X2+7X3_X4=5 2X1—X2+4X3+2X4:3
X —8X, +10%; +3%, =3 2% + Xy — X3 —5%X, =13
12 25

33X, —4Xy + X3 + 2%, =14

X+ Xy +X3—Xg =2
X, +3X, —5Xg —2%, =6
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3aoanue No 3aoanue

X
13 %
3x

—2%X; — Xy + X3 =X, =31 2% — %o + X3 = X4 =1

—X; —Xg+3%X, =0 — Xy — TXp +5X%3 — 2%, =9
—X, +4X3—%, =6 26 5% —3Xy + X3 — X4 =—4

1 +2X, +3X3 + X, =4 — 3% + 2%y —5X3 + 7%, =0

Bapuanmeut
memooom 3evoens

UHOUBUOYANBHLIX  3A0AHULL Ol peuleHUus Ccucmem

No

3aoanue

0,4, +0,0003x, +0,0008x, +0,0014x, = 0,1220
~0,0029%, —0,5x, — 0,018, —0,012x, = —0,2532
~0,0055x, —0,05x, —1,4x, —0,039x, = —0,9876
~0,082x, —0,076x, —0,007X, —2,3x, = —2,0812

1,7x, +0,0003x, +0,0004x, +0,0005x, = 0,6810
08X, +0,001x, +0,0002x, = 0,4803

~0,0003, —0,0002x, — 0,1, = —0,0802
—~0,0005x, —0,0004x, —0,0003x, — X, =—1,0007

3x, +0,0038x, +0,0049x, +0,0059x, = 0,5136
0,0011, +2,1X, +0,0032x, +0,0043x, =1,4782

—0,0005x, +0,0005X, +1,2X, +0,0026x, =1,083
~0,0022x, —0,0011x, —0,0001x, + 0,3x, = 0,328

5,6x, +0,0268x, +0,0331x, +0,0393x, = 4,0316
0,0147x, + 4,7, +0,0271x, +0,0334x, = 4,3135
0,0087x, +0,015x, + 3,8, +0,0274x, = 4,2353

0,0028x, +0,0096x, +0,0153, + 2,9, =3,7969

4,3x, +0,0217x, +0,027x, + 0,0324x, = 2,6632
0,001x, + 3,4x, +0,0207x, +0,0260x, =2,7779
0,0037x, +0,09%, +2,5%, +0,0197x, =2,533

-0,0027x, +0,027x, +0,008x, +1,6x, =1,9285

6,9x, +0,0319x, +0,039x, + 0,0461x, =5,6632
0,0191x, + 6x, +0,0333x, + 0,0405x, =6,1119
0,0134x, + 0,0205x, + 51x, + 0,0348x, =6,2
0,0077x, +0,0149x, +0,022x, + 4,2x, =5,9275

8,2, + 0,037, +0,0451x, + 0,0532, = 7,5591
0,0234x, +7,3x, +0,0396X, +0,0477x, =81741
0,0179x, +0,026x, + 6,4, +0,0422x, =8,4281
0,0124x, +0,0205x, +0,0286X, + 5,5x, =8,321

9,5, +0,0422x, +0,0513x, +0,0604x, =9,7191
0,0278x, +8,6x, +0,0459x, +0,055x, =10,5
0,0224x, +0,0315X, + 7,7, +0,0496x, =10,9195
0,017x, +0,0261x, +0,0351x, + 6,8x, =10,9775

10,8x, +0,0475x, +0,0576x, +0,0676x, =12,143
0,0321x, +9,9X, +0,0523x, +0,0623x, =13,0897
0,0268x, +0,0369X, +9x, +0,057x, =13,6744

0,0215x, +0,0316X, +0,0416x, +81x, =13,8972

29
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3aoanue

10

12,1x, + 0,0528x, +0,0639x, + 0,0749x, =14,831
0,0365x, +11,2x, +0,0586x, + 0,0697x, =15,943
0,0312x, +0,0423x, +10,3x, + 0,0644x, =16,6926
0,026x, +0,0376x, + 0,0481x, + 9,4x, =17,08

11

13,4, +0,0581x, +0,0702x, +0,0822x, =17,7828
0,0408x, +12,5x, +0,065x, +0,077x, =19,0599

0,0356X, +0,0477x, +11,6x, +0,0718x, =19,9744
0,0304x, +0,0425x, +0,0546x, +10,7x, = 20,5261

12

14,7x, +0,0635x, + 0,0765x, + 0,0896X, = 20,9985
0,0452x, +13.8x, +0,0714x, + 0,0844x, = 22,4406
0,04x, +0,0531x, +12,9x, +0,0793x, = 23,5195
0,0349x, +0,0479x, + 0,061x, +12x, = 24,2353

13

16x, +0,0688x, +0,0829x, +0,097x, = 24,4781
0,0496x, +15,1x, +0,0777x, +0,0918x, = 26,0849
0,0444x, +0,0585x, +14,2x, +0,0867x, = 27,3281
0,0393x, +0,0534x, +0,0674x, +13,3x, = 28,2078

14

17,3x, +0,0741x, +0,0892x, +0,1043x, = 28,2215
0,0539x, +16,4x, +0,0841x, +0,0992x, = 29,9928
0,0488x, +0,0639x, +15,5%, +0,0941x, = 31,4001
0,0437x, +0,0588x, +0,0739, +14,6x, = 32,4435

15

238x, +0,101x, + 01212x, +0,1414x, =50,8968
0,0757x, +22,9%, + 01161, +0,1363x, = 53,4873
0,0707x, +0,0909x, + 22x, +0,1313x, =55,7118
0,0656%, + 0,0858, + 0,106, +11x, = 55,5703

16

19,9x, +0,0849x, +0,102x, +0,1191x, = 36,5001
0,0626X, +19x, +0,0969x, +0,1140x, = 38,5997
0,0576x, +0,0747x, +18,1x, +0,109x, = 40,3345
0,0525x, +0,0696x, +0,0867x, +17,2x, = 41,7045

17

21,2x, +0,0902x, +0,1084x, + 0,1265x, = 41,0351
0,067, + 20,3x, + 0,1033x, + 0,1215x, = 41,2986

0,0619x, +0,0801x, +19,4x, + 0,1164x, = 451968
0,0569x, + 0,075x, +0,0932x, +18,5x, = 46,7299

18

22,5x, +0,0956x, +0,1148x, +0,1339x, = 45,8340
0,0714x, +21,6x, +0,1097x, +0,1289x, = 48,2611
0,0663x, +0,0855X, +20,7x, +0,1238x, =50,3226
0,0612x, +0,0804x, +0,0996x, +19,8x, =52,0184

19

23,8x, +0,1010x, + 0,1212x, + 0,14314x, = 50,8968
0,0757x, +22,9x, + 0,1161x, + 0,1363x, =53,4873
0,0707x, +0,0909x%, + 22x, + 0,1313x, =55,7118
0,0656x, +0,0858x, + 0,106x, + 211x, =57,5703

20

25,1x, +0,1063, +0,1276x, +0,1488x, = 56,2234
0,0801X, +24,2X, +0,1225x, +0,1437x, = 589772
0,075, +0,0963, + 233X, +0,1387x, = 61,3645
0,07x, +0,0912x, +0,1124x, +22,4x, = 63,3853
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No 3aoanue

26,4x, +0,1117x, +0,1339x, +0,1562x, = 61,8139
0,0844x, +25,5x, +0,1289x, +0,1512x, = 64,7307
21 0,0794x, + 01017, +24,6X, +01461x, = 67,2807
0,0744x, +0,0966x, +0,1189x, +23,7x, = 69,4636

27,7%, +0,1171x, + 0,1403x, + 0,1636x, =67,6682
0,0888x, + 26,8x, + 0,1353x, + 0,1586x, = 60,7478
22 0,0838x, + 0,107, + 259X, + 0,1536x, = 73,4601
0,0788x, + 0,102, +0,1253x, + 25X, = 758051

29x, +01225x, + 01467x, + 0171x, = 73,7864
0,0932x, + 28X, +01417x, + 0166x, = 77,0286
23 0,0882x, +0,1124x, + 27,2x, + 0161x, = 79,903
0,0831x, +0,1074x, + 0,1351x, + 26,3, = 82,4098

30,3x, +01278x, +0,1531x, + 0,1784x, =80,1684
0,0975x, +29,4x, + 0,1481x, + 01734x, =83573

24 0,0925x, +0,1178x, + 28,5X, + 0,1684x, = 86,6095
0,0875x, +0,1128x, + 01381x, + 27,6x, =89,2778

31,6x, +0,1332x, + 0,595, +0,1859x, = 86,8143
0,1019x, +30,7X, +0,1545x, +0,1809x, = 90,3811
25 0,0969%, +0,1232x, +29,8x, +01759x, = 93,5793
0,0919x, +0,1182x, +0,1445x, + 28,9, = 96,409

32,9, +0,1386x, + 0,1659x, + 0,1933x, = 93,724
01062x, + 32X, + 0161, + 01883, = 974528

26 0,1013x, +0,1286x, + 31,1x, + 0,1833x, =100,8126
0,0963x, + 0,1236x, + 0151x, +30,2x, =1038034

KOHI’I’IpO]Zbele 60npocosl.

1.

12,

13.

K xakuMm Metogam oTHOCUTCS MeToT ['aycca — TOUHBIM WM IPUOJIMKEHHBIM?
J{nst wero ucnonp3yercs meron ['aycca?

B dem 3axmrovaercss BbIUMCIMTENbHAs cxeMa Mmeroja [aycca ¢ BeIOOpOM
TJIABHOTO 3JIEMEHTA 110 CTOI0IY?

Urto Ha3bIBAIOT MPSIMBIM X0/10M MeToa ["aycca?

UYrto Ha3pIBatOT 0OpaTHBIM X0/10M MeTona ["aycca?

Uto Ha3bIBAIOT BEAYIIMMU 3JIEMEHTaMu MeToja ['aycca?

Korna cucrema ypaBHEHU HE UMEET PELICHUS ?

HeoOxonumeie ycmoBus [i1s peanuzanuu metoaa ['aycca Ha 9BM?

Kak wMoxHO wucnons3oBaTh MeToa [aycca 1y HaXOXIEHUS OOpaTHBIX
mMarpun?

.KOI‘}Ia HCIIOJB3YIOTCA TOYHBLIC MCETOABLI JId PCIICHUA CHCTEM JIMHEMHBIX

ypaBHEHUI?

. KakuMm MeToaom Jiydille BCEro peliarb CUCTEMY YPAaBHEHHUU HEBBICOKOTO

MOPSAKA, HAPUMEP TPETHETO?

B kakux ciyyasx MNOpearnoyYTUTEIbHbI WTEPALMOHHBIE METOAbl PEIICHUS
CUCTEM JIMHEWHBIX YPAaBHEHUI?

OT yero 3aBUCUT CKOPOCTh CXOJIMMOCTH METO/Ia UTEPALIHii?
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14. T1pu kaKoM yCJIOBUHU OYIET CXOAUTHCS METOJI UTEPALIUIA?

15. MoxHO 1 3apaHee OICHHUTHh YHMCIIO WUTEPAMHA JJIs MONTYYCHHUS PEIICHHS C
3aIaHHOM TOTPEUTHOCTHIO?

16. YcaoBue OKOHYaHMS UTEPAITMOHHOTO mporecca BBIYMCIICHUI
MPUOJIMKEHHOTO PEIICHNUS CUCTEMbI JTMHCHHBIX YPABHCHHIM.

IIpakTuyeckas padora Ned

Tema:. BeruucieHue HHTCI'PpAJIOB MCTOAAMHU Hrrotona-Koteca

L]env pabomur:

— 3aKpeIUieHHE TEOPETUYECKUX 3HAHUU MO TemMe U (POpMHpOBAaHHE HABHIKOB U
YMEHHI UCIIOJIb30BAHUS YUCIEHHBIX METOIOB HHTETPpUPOBaHus Ha DBM.

3aoauu pabomui:

— o0pazosamenvHule: Ppa3paboOTaTh NPOrpaMMy, PEATUIYIOUIYI0 aJITOPUTM
BBIYMCJIEHUS UHTETpaja C 3aIaHHOM TOYHOCThIO HAa OBM;

— pazeusarowue: pa3BUTHE TBOPYECKUX YMEHHM, CAMOCTOSITEIIbBHOCTH,
MO3HABATEILHOTO UHTEpECa;

— BocnumamenvHbvle. BOCIIMTBHIBATh  IIOJIOJKUTEIBHOE  OTHOIIEHHE K
TUCIUILINHE.

Oyenusaemvle 3HaAHUSL:

— METOAbl PEUIEHUS OCHOBHBIX MAaTeMaTHYECKHX 3aad — YHCIECHHOTO
WHTETPUPOBAHUSA - ¢ ToMous0 OBM

Oyenugaemvle yMeHUs:

— HCIOJIb30BaTh OCHOBHBIC YHMCJCHHBIE METOHbI PEIICHUS MAaTEMATHYECKUX
3aja4;

— BBIOMpPATh ONTHUMAJIBHBIA YHMCICHHBIA METOJ JJIs PEIICHHS ITOCTaBJICHHOM
3a7a4u;

— pazpabaThiBaTh aJITOPUTMbI U MPOTPAMMBbl JJISI PEHICHUS BBIYMCIUTEIBHBIX
3a/1a4, YYUTHIBAsE HEOOXOIUMYIO TOUHOCTh IMOJy4aeMOTO Pe3yiIbTaTa.

Oyenusaemvle xomnemenyuu: 11K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyodosanue, npocpammuoe obecneueHue:

[MepconanbHbiil KoMITbIOTEp ¢ KOoH(purypamuei: OC - MS Windows 10, cpena
pa3paboTku npuioxenus - MS Visual Studio 2017.

Kpamkue meopenmudecKkue c6e0eHUs:
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Kaxk n3BecTHO, BCE U3BECTHBIC YHCICHHBIE METO/AbI HHTETPUPOBAHUS CTPOSTCS HA
TOM, YTO MOJBIHTErpajibHas (PYHKIMS MPUOMIIKEHHO 3aMeHsieTcsi Oojiee MpPOCTOH,
«Onu3Koi» el BcrmoMorareabHOW (YHKIUEH (TOPU30OHTAIbHOW WM HAKJIOHHOM
npsiMOi, apadoJiol 2-ro, 3-ro uiau 0ojee BHICOKOTO MOpsiAKa), OT KOTOPOM MHTETpai
nerko 6epercs. Torna 3a nmpubIMKEHHOE 3HaYCHUE UHTETPalia MPUHUMAETCS 3HAUCHHE
MHTETpasia OT BCOMOTaTreabHOU GyHKIMHU. B pe3ynbraTe Takoi 3aMeHbl MOTY4YaloTCs
(dopMyIibl UHTETPUPOBAHUS, HA3bIBAEMbIE K8aOpamypHsviMu, TpaBas 4acThb KOTOPBIX
IOpeCTaBiIsieT co0OM B3BELIEHHYIO CyMMY OpPAMHAT MOJBIHTErPaJbHOM (DYHKUIUHU B
OTJEJIBHBIX TOYKaX:

Tf(x)dXzZWif(xi)
2 ! 1)

YeM MeHbIIIE HHTCPBAJIbI, HAa KOTOPBIX IIPOU3BOLAT 3aMCHY, TCM TOYHCC

BbIUMCIsAETCS HHTErpal. [103TOMY HCXOAHBIN OTPE30K [a,b] JUTS1 TIOBBIIEHUS TOYHOCTH
JENAT HA HECKOJIBKO PaBHBIX WMJIM HEPABHBIX MHTEPBAIOB, HA KAXKIOM M3 KOTOPBIX
MPUMEHSIOT POPMYITy HUHTETPUPOBAHUS, a 3aTEM CKJIAJbIBAIOT PE3YJIbTATHI.

Bce MCTOAbI pa3JIMYAOTCs 3HAYCHUEM OpAMHAT X; M BECOB Wi.

B  OosbmIMHCTBE Ciy4yaeB IMOTPEHNIHOCTh  YHUCJIEHHOIO  WMHTETrPUPOBAHUSA
ONpENENACTCS IYTEM  OBOUHO20  UHMEZPUPOSaHusA: €  HUCXOAHBIM  IIArOM
MHTETPUPOBaHUs (IIAr ONpeAesseTcsl MyTeM PaBHOMEPHOTO JeNICHHsI OTpe3ka b-a Ha

YUCJIO OTPE3KOB N: h=(b-a)/n y ¢ warom WHTETPUPOBAHUS, YBEIIMYEHHBIM B 2 pasa.
Pa3HuIiia BEIYKMCIIEHHBIX 3HAUEHUN UHTETPAJIOB ONPEIEISAET MOTPEIIHOCTD.

CpaBHenne 3(P(EKTUBHOCTH pPa3IUYHbIX METOJOB MPOBOAUTCS IO CTENEHU
MOJIMHOMA, KOTOPBIA JAHHBIM METOJOM HHTETPUPYETCS TOYHO, 0e3 omuoOku. Yem
BBIIIIE€ CTENIEHb MOJIMHOMA, TEM BbIIIE TOYHOCTh METOJA, TEM OH 3 (HEKTUBHEE.

K mpocreiimmum MeTogaM MOKHO OTHECTH Memoobl NPAMOY201bHUKOE (JIEBBIX,
MpaBbIX, CPEIHUX, MPOU3BOJIbHBIX) U Tpaneuuii. B nmepBoM ciyuyae nmoJbIHTErpaibHas

(GYHKIMS 3aMeHSETCS TOPU3OHTANbHOM mpsimor (Y=Cp), ¢ynkims f(X) Ha [a,b]
3aMEHSIETCs €€ 3HAUYeHHeM 00 B TOUKe a, aubo B b, mubo B cepeaune orpeska, 1ud0
B JII000M MPOM3BOJBHOM TOYke OTpe3ka. VICKOMBIA WHTErpaj, paBHBIA ILUIOMIATU
KPUBOJVMHEMHON Tpameuuu, 3aMEHSeTCs Ha IUIomaAgb npsMoyrojibHuka. U3
TEOMETPUYECKUX COOOpaKEHUN HETPYAHO 3amucaTb (HOpMYyITy HHTETPUPOBAHUS TIO
METO/y MPSIMOYTOJIbHUKA!

|=jfUWXzf@xb—m=f(mh, (2)

rae h=wy=b-a — mar uarerpuposanus. Ito GopMya ISt JCBBIX MPIMOYTOJILHUKOB.

HyxHo 3ameruth, uyto Gopmyna (2) copaBemmBa JUisi OJHOTO Y4yacTKa

unterpupoBanus. I[lpu pazOuenuu [a.b]

(hopmyuy:

Ha N yYacTKOB TMOJYYaloT CIEIYIOLIYIO
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D ey T

f(x)dx ~ ”i(f (x.)h
=0 3)

Cxema AJIropuT™Ma MCToid IpAMOYTOJIBHHUKA ITPUBCICHA HA PHCYHKC 4.

B memoode mpaneyuii nonpiHTerpanbHas (QYHKUMS 3aMEHSETCS HaKIOHHOM
npsaMoil (Y=C1X+Cq). DOpMyJIbI HHTETPUPOBAHUS B 3TOM ClIy4ae JJi OAHOTO Yy4acTKa
MHTETPUPOBAHUS BBITJISIAUT CIETYIOIIMM 00pazoM:

(b-a)
2

= [ 1090 = LD (@) + 1) =2 (F @ o) 4)

JI1s1 N y9acTKOB MHTErpUpOBaHuUs (popMyIia 3aluIIeTcs Tak:
b n—1 h
= [ F09dx= 2 (F00)+ F(x,.)) 3
a 5)

HeTpynHo 3aMeTuTh, YTO B METOJAE MPSIMOYTOJbHHUKOB MHTETPall BBIYUCIISICTCS
abcomoTHO TO4YHO Tosibko mpu f(X)=c(const), a B Mertome Tpameruit — mpu f(X)
JIMHENHOU WJIA KyCOYHO-JIMHEUHOM.

MGTOI[ MNPAMOYT'OJIBHUKOB HC HAXOAUT IIPAKTHYCCKOI'O IIPUMCHCHHA B CHILY
3HAa4YUTCIIBHBIX HOI‘peHIHOCTGﬁ.

[lo cpaBHEHHIO ¢ METOJOM HPSIMOYTOJIbBHUKOB METOJ Tpamnenuil 0osiee TOYHBIM,
TaK KakK Tpalrenus TOYHEE 3aMEHSET COOTBETCTBYIOIIYIO KPUBOJWHENHYIO TPAICLHIO,
YeM NPSIMOYTOJIbHUK.

[TorpemHocTh R BBIYMCIIECHMI MHTETpajga METOAOM Tpameuud Mpu
WCIIOJIb30BAaHUU JIBOMHOTO MpOCYeTa Ha MpPaKTUKE MOXET OBbITh OIpejaesieHa U3

CIIEIYIOIETO COOTHOLIECHHS: 3

C ucmonb30BaHUEM JBOMHOTO MpOCUYETa MOXKHO OPTaHMW30BaTh aBTOMATHUECKHA
MoA00p I11ara UHTErpupoBaHu (T.€. YUCIO pa3OueHuit N) i odecreueHus 3aJaHHON
MOTPEIIHOCTH HMHTETPUPOBaHUS (MOCIEAOBATENbHO YIBaWBasi IIar U KOHTPOJUPYS
MOTPEUTHOCTb ).

CxeMa anropuTma METO/Ia Tpaneluii NpruBeieHa Ha PUCYHKE O.
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C:l ay¥yano )
2 téod [2 8800

a,b,n a,é,n
PSR WA
ﬂ__: g r:a)
PN AR A
f(a)+ (&)
S=72
X I3 :
S=8+£(x) l-x‘“' a«@-Oh
X=X+k ' S=8+{x)
= ]
MECH memcanesone G W s
S=S-A S=S-A

(5] f‘7

( ocmapod ) au06

Pucynox 4 Pucynox 5

Memoo Cumncona 0OazupyeTcs Ha 3aMeHE TMOJbIHTETPATbHOW (PYHKITUU
KBaJIpaTHYHOW TapaboJIoi, KOTOpasi CTPOHUTCS YXKe He MO ABYM (Kak MpsiMasi B METOJIC
Tparnenmii), a Mo TPEeM TOYKaM Ha KaKJIoM ydacTke. I1o 3TUM Tpem Toukam (KpakhHue
TOYKM y4acTKa U CPEAHSS TOYKA) CTPOUTCS MHTEPIOJISAIMOHHAS (QYHKIUS — IMOJUHOM
BTOPOT'0 MOPSIKA, KOTOPBIM aHAMTHYECKH MHTEerpupyercs. [lonmydaercs ciemyromas
pacueTHas gopmyJa:

AJI1 OJHOI'O YYaCTKa HHTCTPUPOBAHUA!

a+b

:J’f(x)dng(f(a)+ ( )+ f(0)

(6)
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JJI1 N YYaCTKOB MHTCIPUPOBAHUS:

b
J'f(x)dx~ h(f(xi)+f(xi+n)+f(xi+h))
) —~ 6 2 7
(7)
[To cpaBHEHUIO C METOAAMH MIPSIMOYTOJIBHUKOB M Tparnenuii oH 60Jjiee TOYHBIH.

Meton Cumncona obecrneuyuBaeT BBIYHCICHHWE MHTErpajga To4yHO, 0Oe3
MOTPEUIHOCTH MPU NOJMHOME TPETHEr0 NOPSAIKA.

CJIeI[OBaTeHBHO, 9TOT MCTO/JZ| MPCAINMOYTUTCIBHCC ITPCAbLAYIINX.

KonuuectBo OLCHUTL INOIpCHIHOCTb IIPHU HMCIIOJIB30BAHWH I[BOfIHOFO ImpocydeTa
MOXHO I10 COOTHOILICHHUIO

15

T.€. IPY YBEJIMYECHHUH YUCIa pa30MEHMI B IBa pa3a MOrpelHOCTh NajaeT B 15 pas.

Cxema anroputma Merona CuUMIICOHA MPUBEACHA HA PUCYHKE 6.
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( Hayaso )

» 8800

~13

Emi+2
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X;-a.-o- L-ﬁ
X¢=Xo= R
Xom Xq~A

e TS
%o-/(Xo)

=f (X
s

0

Pucynok 6 — Anroputm metona CuMmiicona

Ilopsook evinonnenus pabomol:
1. BBIOpaTh CBOI BapuaHT 3a/1aHus;
2. IOArOTOBUTH UCXOAHBIE JaHHBIE, B3ITh N=2, mounocms £=0,001;

3. pa3paboTaTh AJITOPUTM BBIUUCIICHHS UHTETpaja C 3aJIaHHON TOYHOCTBIO TPEeMs
METOJIaMHU: METOJOM JIEBBIX MPSIMOYTOJbHUKOB, METOJOM Tpamneinui, MeToI0M
CumncoHa,;

4. cocTaBUTh MPOrpamMMy, PEATU3YIONIYI0 aJITOPUTM BBIUUCIICHHUS UHTETpaja Ha
OBM c noacyeToM KOJMYECTBA WTEpALMi, HUCIOJb3YysS METOJAbI. METOJIOM JIEBBIX
NPAMOYTOJBHUKOB, METOJOM Tparnenui, MetogomM CUMIICOHA,
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5. ¢ MOMOIIBIO NMPOrpaMMbl HAaWTH 3HAYEHHWE MHTErpana JJjsi CBOEr0 BapHaHTa
3aaHUs Pa3HbIMM METOJAMHU, a TAKXKE KOJMWYECTBO MTEPALMN B KaXIOM U3 HHX.
[IpoBectu cpaBHUTENBHBINA aHANN3 d()PEKTUBHOCTH PA3HBIX METO/IOB;

6. BBIIOJIHUTH CpaBHHTCHBHBIﬁ dHaJIn3 PpE3yJIbTATOB BBIYMCIICHUSA HWHTCTpaAia
pasHbIMU MCTOAAMH, MCIIOJIB3Yysl B Ka4CCTBC KPUTCPUA KOJIHYCCTBO HTepaHHfI,
H606XOI[I/IMOG JJI1 BBIYUCIICHUA HHTCTpaJia € SaHaHHOﬁ IMOTrpCITHOCTBIO,

{. COCTaBUTH OTYET,

8. OTBETUTH HA KOHTPOJIBHBIC BOIIPOCHI.

Cooeporcanue omuema:
1. nens paboTHI;

2. 3aJaHuC B COOTBCTCTBHC C BapHAaHTOM o6yqa}0mer0c;l: OHpGIIGHGHHBIﬁ
HMHTEIrpall U IIOTPEIIHOCTh BBIYHCIICHU S,

3. AJITOPUTMBI  BBIYMCJICHUA 3aJdHHOI'O HHTCIpajla C 3apaHCC SaﬂaHHOﬁ
IOrpCIIHOCTHIO PA3JIMYHBIMH MCTOIAMHU,

3. pe3ynbTaThl BBIYHCIICHUS;

4. oTBETHI HA KOHTPOJIBHBEIC BOITPOCHI.

Bapuanmu 3a0anus

Ne 3aoanue e 3aoanue
3a0anusl 3a0aHus
1 V.4
cos(x + x3)dx 2
1 .([ ( ) 14 _[In(sin X)dx
n
1 T
2 Isin(x“ +2x% +x%)dx 15 Isin(z cos X)dx
0 0
1 2 .
. sin x
3 e dx 16 ——dx
! N
* 2 cos X
4 e~ sin xdx 17 ——dx
l "5
1 V.4
COs X 4
S _([e o 18 Ixcos x3dx
0
1 z
cos x2dx 4
6 -([ 19 _[In(l+ cos x)dx
-0
1 z
H 3
7 6[sm(x + X7)dx 20 j‘xsin <
0
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0 3aoanue i 3aoanue
3a0anus 3a0aHUsL
1 . 2 1
8 Ie’x cos xdx 21 I—exdx
0 1 X
2 , 2 1
9 [ sin(2x)dx 22 [ = In(@+ x)dx
X
1 1
) f :
10 | fe *dx 23 [ x¢e™dx
1 0
2 1 ) 2
11 [In x(x+1) ™ dx 24 [e cos(,|——)dx
: 0 sin x
j Jxe ™ dx 2 4
12 J 25 [ In(sin(x+1)*)dx
2 z
4
1 2
13 J‘cos(\/Y‘ +x%)dx 26 Iln(cos X)Vx? + In xdx
0 1

ROHI’I’IpOJZbele 60npocosl.’

1) YUro Takoe 1mIar MHTErPUPOBAHUS U KaK OH ONpeIessieTcs?

2) Kakoli 13 METOZI0B — IPSIMOYTOJIBHUKOB WIJIH Tparenuii Tounee?

3) Kakoii (QyHKIMeld 3aMeHseTCs MOJAbIHTErpajibHas (QYHKIHS B METOJE
Cumrncona?

4) O0s13aTeNIbHO JIM YYaCTOK MHTCTPUPOBAHUS pa3OMBaTh NPU pean3allud
MeTozAa Ha 0oJiee MEJIKUE Y4acTKu?

5) Kak um3MeHsieTCs TOTPENIHOCTh HAXOXKICHHS WHTErpaja MpU YMEHBIICHUH
gyucia pazoueHuii N?

6) [lana moxbiHTerpanbHas QyHknus f(X)=x+7, KakuM METOJOM JTydIlie BCETO
HAWTH UHTETpAI?

7) Mana nogsmaTerpanbHas pyHkums f(X)=2x2. MoXHO M KakuM JUOO METOAOM
BBIYMCIIUTH UHTErpaJl 0€3 OmuOKu?

8) SIBNSIOTCS TN MTOCTOSTHHBIMH BECOBBIE KOA((QUIIUCHTHI B CIIAaTraeMbIX B METO/IC
Herotona-Koreca?

IIpakTuyeckas padora Neb
Tema: Tpubmmwkennoe pemenue 3aaaun Korm

Llenv 3auamus:

— 3aKperuieHHe TEOPETUYECKUX 3HaHUH Mo TeMe U (HOPMUPOBAHHE HABHIKOB U
YMEHHM MOJIYYEHUS OPUOIMKEHHBIX  PEIICHUM OOBIKHOBEHHBIX
muddepeHInanbHbIX ypaBHEHUN C 3aJaHHBIMM HayajdbHBIMH YCJIOBHUSIMU
Pa3JIMYHBIMA METOJIAMM.

3aoauu pabomui:
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— oOpazoBaTenbHbIC: CHOPMHPOBATH yMEHHE  pemarh  OOBIKHOBEHHOE
muddepeHnanTbHOe ypaBHEHHE C HAYalIbHBIMH YCIOBHSIMH Pa3IUYHBIMA
METOJaMH; C/IeNIaTh BEIBOABI 00 3(h(PEKTUBHOCTH METOIOB;

— pa3BUBAIOIIHE: pPa3BUTHEC TBOPYECKMX YMEHHH, CaMOCTOSTCIBHOCTH,
II03HABATEJILHOTO HHTEPECa;

— BOCIIMTATENbHBIE. BOCIHUTHIBATH ITOJOKUTEILHOE OTHOIIEHNE K TUCIIUIIINHE.

OueHMGCleMble SHAHUA.

— METOBI PEIICHHS OCHOBHBIX MAaTEMAaTHUECKHUX 3a1ad - nuddepeHnupoBanus
- ¢ moMoIILI DBM.

OueHMGCleMble YMeHUA:

— UCHOJIB30BaTh OCHOBHBIE YHCJCHHBIE METOJIbl PEUICHHs] MaTeMaTUYEeCKUX
3ajady;

— BbIOMpaTh ONTHUMAJIbHBIA YUCICHHBIA METOJ [JIsl PEIICHHs] MOCTABICHHOU
3a/1auu;

— pa3pabaThiBaTh aJrOPUTMbl M MPOTPAMMBbI ISl PELICHHS] BBIYMCIHMTEIbHBIX
3a/1a4, yYUThIBask HEOOXOAUMYIO TOYHOCTb MOTYYaEMOT0 pe3yJibTara.

Oyenusaemvle xomnemenyuu: 11K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyoosanue, npocpammuoe obecneueHue:

[TepconanbHbIil KOMITBIOTEP ¢ KOoH(puryparwmen: OC - MS Windows 10, cpena
paspaboTku npuinoxkenus - MS Visual Studio 2017.

Kpamxue meopemuueckue ceedenusi.

OObikHOBEHHBIM JiuddepentmanbabiM _ypaBHennem (OJY) mepBoro mopsiaka
Ha3bIBAETCSl ypaBHEHUE BH]A

y =f(xy), xelxyb]
C HAYaJIbHBIM YCIIOBHEM Y(xo) = Yo, TAC f(x,y) - HEKOTOpas 3aJaHHasi, B OOIIEeM cliydae,
HeMHelHas (YHKIUSA IBYX IIEPEMEHHBIX. 3ajada peIICHHs TaKOro ypaBHEHHS
zaoayuet Kowu.

Uucnennoe pemenue OJ[Y cocTouT B MOMydeHUH TaOMUIBI MPUOIMKEHHBIX
3HAUEHMH y; HMCKOMOTO PEIICHUS y(x) Ha HEKOTOPOM CEeTKEe x; [x,,b] 3HAUCHUMU

aprymeHra x. Haiue BCero x; =xq+ih, i=12..,n. TOUKH Xj Ha3bIBAXOTCS V31aMU CEMKU, A

BeinunHa h — wazom (h>0).
OmHuM U3 caMbIX TTPOCTBIX METOMOB pemieHus TuddepeHITNaTbHBIX YpaBHEHUN
IIEPBOTO MOPSJIKA y = f(x,y) ABISETCS Memoo Diliepda.

B Merome DOiinmepa npuOIMKEHHBIE 3HAYEHHS  y(x)~y; BBIYHCISIOTCS
MocJeI0BaTeNbHO Mo popMyTe: vy, =vy; +hf(x,y;), i=012,.,n-1
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OTOT METOJ OTHOCUTCA K TIPYIIE OJHOIIATOBBIX METOJOB, B KOTOPBIX IS
pacuera TOUKH (x,;,¥,;) TpeOyeTcs: HHPopMaIus TOJIbKO O MOCIEIHEH BBIYUCICHHON
TOYKE (X;,V;)-

JUis TOBBILIEHUSI TOYHOCTH Ha MPAKTUKE HCIOIb3YIOT MOOUQDUUUPOBAHHDIU
Memod Junepa BTOporo mnopsaka. OH HUMEET CIEAYIOUMI BBIYMCIUTEIbHBIHN
AITOPUTM:

yi+1=yi+h[fi+fi+1]/2, 20e fi=f(xi,yi).

3neck B hopmysie ucrnonbdyercs 3HaueHue f(Xi+1,Yi+1) € ellie moka Hen3BECTHBIM
3HaYeHHUEM Yi+1. DTO 3HAUCHUE MOXKET ObITh HAMIEHO MPEIBAPUTEIHHO, HAIPUMED, 110
MeToay Diliiepa, a 3aTeEM UCIOJIb30BaThCS B AITOPUTME.

Memoodom Pynee-Kymma Ha3bIBalOT OJHOILIATOBBIA METOJ YETBEPTOIO MOPSIAKA.
OTO OOWH M3 CaMbIX PACIPOCTPAHEHHBIX METOJOB PEUIEHUS 3a7a4y C HaYaJIbHBIMU
YCJIOBHSIMU JJI1 OOBIKHOBEHHBIX JAU(P(depeHIMaNbHbIX YPaBHEHUI. DTOT METO] OoJee
TOYEH, YEM METOJ OJWJiepa, KOTOPBIM SIBJISIETCS METOAOM NEepBOro mnopsaka. [
pacuera OJHOrO 3HaueHUs (PyHKUUU HEOOXOAMMO YETHIPE pa3a BBIUUCIATH MEPBYIO
yacTh U (HepeHINaTbHOTO0 YPaBHEHUS, @ HE 1Ba KaK B MOAM(PHUIIMPOBAHHOM METOJIE
Dlinepa nepBoro Mnopsiika.

B sTOM MeTozie BEIMUNHBI Yi+1 BBIYUCIAIOTCA [0 CAEAYIOIUM (GOpMYyJIaM:

Yier = Yi + (N1 6)(ky + 2k, + 2k3 +ky),
ky = (X, i),

k, = f(x; +h/2;y, +hk /2),

ks =f(x; +h/2;y; +hk, /2),

k, = T(x +h; y; +hk;)

Kpome omHOIIaroBsix MeTOAOB, CYIIECTBYET OOJIbIIAsl TPYIa MHOTOIIATOBBIX
METO/IOB.

Hampumep, K MHOTOIIAroBBIM METOJaM OTHOCUTCS Mmemod Muana. OH
IpencTaBisgeT coOOW OJMH W3 METOJ0B MPOrHO3a M Koppekuuu. Pemienue B
CIeAYIONIEH TOUKE HAaXOAUTCS B JIBA 3TaIa.

1) Ha mepBom 3Tame - 3Tame mporHo3a - OCYIIECTBISETCS MPOTHO3 3HAYEHUS
GbyHKIIMU 10 cnienuanbHon (popMmye:

" h
Yis1 = Yi-s +4§(2fi—2 - fi+21;),

/1€ JIJIs1 KOMIIAKTHOCTH 3alMCH UCTIOIB30BAHO Cleaytoiiee 0003HaueHue f; = f(x;,y;)
2) Ha BTOpPOM OJTafe — DJTale KOPPEKIUU — OCYIIECTBISETCS KOPPEKIUs
MOJTY4YE€HHOT'0 3HaYeHUsl 1o GpopMmyiie:

h n
Yin =VYia +§(2fi+l +4f + )

Ecnu nonydyenHoe 3HaueHHe Y Mocie KOPPEKUUU CYHIECTBEHHO OTJIMYAETCs OT
CIIPOTHO3UPOBAHHOTO, TO MPOBOJAT €IIe OAWH dTanm Koppeknuu. Eciu onare mmeer
MECTO CYIIECTBEHHOE OTJIMYME OT MPEABIAYIIEro 3Ha4deHHs (T.e. OT MpeAbIAyIIeH
KOPPEKIIMK), TO TPOBOIAT €IIe OAHY KOppeknuio u T.J. OJHaKo OYeHb YacTo
OTPAHUYUBAIOTCS OJTHUM ITAIIOM KOPPEKIIUH.

AOcCoII0THas MOTPENIHOCTh ONpeaesieTcs no Gpopmyiie ¢ z‘ym -y
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Metox TpeOyeT HECKONbKO MEHBIIEr0 KOJIMYECTBAa BBIUMCIECHUI (Hampumep,
JOCTaTOYHO TOJBKO JiBa pa3a BbMHCIUTH f(X,y), oOcTajgbHBIE 3allOMHEHBI C
NPEIBIAYIINX 3TAlloOB), HO TpeOyeT MONOJIHHUTEIBHOTO «pacxoma» mamartu. Kpome
TOTO, HEBO3MOXKHO <«3allyCTUTBhY» METOA: JJI1 3TOT0 HEOOXOJUMO MpeABAPUTEIHHO
MOJIYYUTh OJTHOIIATOBBIMU METO/IaMH TIEPBBIC TPU TOUKH.

Memoo Aodamca-bawgopma TakxKe OTHOCUTCS K TpPYIIE MHOTOIIArOBBIX
METOJIOB, B KOTOPBIX JJISI HAXOXICHUS TOYKH (X, Yi,) TpeOyercs mHOpMams o

HECKOJIbKUX MpeApIaymux Todkax. Meron Anamca-bamidopra npuHAIISKUT K
KJIACCY YETHIPEXIIaroBbIX METOJIOB, TOCKOJBKY JJIA HAXOXXJICHHUS BEIMYMUHBI Yir1
UCIIOJIb3YyeTCsl HHGOPMAIIUS O YEThIPEeX MPEAbITYIINX TOUKaX:

h

Yisa =i +ﬂ(55f (%2 ¥i) =59 F (Xi_1, Vi1) +37F (Xi_2, ¥i—2) =9 f (Xi_3, ¥i_3)

MHoromaroBsie METO/Ibl 00JiIee SKOHOMHYHbBI, YEM OJHOIIIArOBbIE (HE TPEOYIOT
JIOTIOJIHUTENIPHBIX BBIUMCICHHUI). B 3TOM COCTOMT [IOCTOMHCTBO MHOTOIIArOBBIX
MeToJ10B. OgHAKO AT METO/Abl O0Jaal0T OOIIMM HEAOCTAaTKOM — C WX MOMOIIbIO
HEJb3sl HayaTh pemaTh 3ajaady. BbIXOJ W3 MOJIOKEHUS COCTOMT B HCHOJIb30BAHUU

KaKoT0-JIN00 OJHOIIAroBOI0 MCTOJAa TOI'O JKC IIOPAAKA TOYHOCTHU OO TCX IIOP, IIOKA HC
6y,ZIGT IMOJIY4CHO JOCTATOYHO 3HAYCHUM JJIA pa6OTI)I MHOIomaroBoro Mcroja.

Ilopsook evinonnenus pabomol:

1. BeiOpaTh cBOI BapHaHT 3adaHUs
2. CocTtaBUTh [porpamMmy, PEAU3YIOLLY IO AJITOPUTM pelieHus
mubdepeHnanTbHOT0  YpaBHEHHUS y =f(x,y) Ha OTpe3Ke [a,b] C W3BECTHBIMU

HA4YaJIbHBIMU YCIIOBHAMM  y(Xy) = Y, KOKIBIM U3 IIPUBCACHHBIX MCTO0OB

3. C nmoMomnipio0 mporpaMmbl JIJIi CBOETO BapHUaHTa 3aJaHus TMOJYYUTh PEIICHUE
muddepeHnnanTsHOTO YpaBHEHUS

4. opopMHTH OTUET

5. OTBETUTh Ha KOHTPOJIHHBIE BOITPOCHI

Bapuanmui 3a0anus

Pemute 3amauy Komm y =f(x,y) Ha OTpe3ke [ab] C H3BECTHBIMU HadaJlbHBIMU
YCIIOBUSAMH  y(xX,) = Yo MeTOJI0M Ditniepa ¢ mmarom h=0,1.

No No
3a1a f(x,y) y(Xo) a b 3a1a f(x,y) y(xo) | a b
HUs HUsA
1 cos(x-y) -1 0 2 14 cos(x+Y) 0,7 0 4
2 g v/ -1 2 4 15 N IO 2 -1 1
3 x+y? 0 -1 1 16 X+cos(x- y) 0 0 2
4 sin(x-y) 0 0 2 17 sin(x +y) 0,5 0 2
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y

5 arctg (x? +y?) 0.5 0 2 18 m 0,2 -1 1
6 x% +y? 1 0 5 19 sin(x—y) 0,7 0 4
7 sin(x2 +y?) 0 0 4 20 o 1 |2 4
8 2352 + 2 05 0 2 21 Y 1 |2 4
! Xy
9 xcos(y) -0,5 2 5 22 y cos(x) 0,5 2 5
X 2. 2
10 m 0 -1 1 23 cos(x +y*) 0 0 4
1
11 — 0 2 5 24 e X/ -1 2 4
3+e”Y
12 y In(x) -2 1 4 25 xIn(y) -2 1 4
arct(xy) 2,2
13 0 -2 1 26 | NIFXTHyT 1 |4 2

ROHI’I’lpOJZbele 60npocosl.’

NogakowdE

© ®

10.
11.
12,
13.
14,
15.
16.

17.
18.

B uewm 3akmrouaercs 3agaua Kommm?

Uro siBnsiercs pemeHueM auddepeHInaibHOTO ypaBHEHUS ?

Heo6xomum i morck HadaabHBIX YCIOBUN B MeTO1e Diiepa?

Kakwue eliie 0/iHOIIaroBbI€ METObI CYIIECTBYIOT?

K kakoit rpynmne oTHOCUTCS MOAUGDUITMPOBAHHBIN MeTO ] Diepa?

B 1ueM oCHOBHOE OTJIMYHME OJTHO- U MHOTOIIIArOBLIX METOJI0OB?

CKONBKO MPEIbIAYINUX 3HAUYCHUH (PYHKIIMH HYKHO UMETh, YTOOBI COCUMTATh
OJIHO clieaytolee 3HaueHue B metosie Pynre-Kyrra?

UTo MOXKHO OTHECTH K HEAOCTATKaM METOJa YETBEPTOrO Mopsiaka’?

KakoBBI 1OCTOMHCTBA MHOTOIIIArOBBIX METOI0B?

EcTh 11 HEOCTATKM Y MHOTOIIATOBBIX METOJIOB?

3a CKOJIBKO 3TaroB peanuszyeTrca metod MumnHa?

Uro nenaercs Ha 3Tane Nporuosa?

Uto nenaercs Ha HTAre KOPPEKIUU?

SIBIISITOTCSL T MHOTOIIArOBBIE METOAbI UTEPAIUOHHBIMU ?

MO>KHO JIi OLIEHUTH MOTPEIIHOCTh MeTo1a MusHa?

[Touemy miis 3amycka MHOTOIIATOBBIX METOAOB UCTOJIB3YFOTCS OJTHOLIATOBBIE
METOIBI?

KaxoBBI IOCTOMHCTBA MHOT'OIIIATOBBIX METOIOB?

EcTb 1 HEOCTAaTKM Y MHOTOIIIArOBBIX METOJ0B?
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IpakTnueckas padora Ne/
Tema: nTepnionupoBanue PpyHKIUI

Llenv 3anamus.

— 3aKpeIuICHHE TEOPETUUYECKUX 3HAHUH MO TeMe M (HOPMHUPOBAHHE HABHIKOB H
YMEHUY BBITTOTHEHUS WHTEPTOSAINN U SKCTPAMOIAINN (YHKIIMH METOIaMU
Jlarpanxa u HprotoHa.

3aoauu pabomol:

— oOpasoBaTenbHble: CHOPMUPOBATH YMEHHE BBHINOJHATH NPUOIMKEHUE
GbyHKIUH TyTEeM MOCTPOCHHUS MHTEPIOJSIITMOHHOTO MHOTouIeHa Jlarpamxka u
Hrrotona,

—  pa3BUBAIOLIKE: pa3BUTHUE TBOPYECKUX YMEHUM, CaMOCTOSITEIIBHOCTH,
MO3HABATEILHOTO UHTEpECA;

— BOCIIMTATEJIbHBIC: BOCHUTHIBATH MOJIOKHUTEIbHOE OTHOIICHNUE K JUCIIUIIJIMHE.

Oyenusaemvle 3HAHUA

— METO/Ibl PEIICHUSI OCHOBHBIX MAaTEMAaTUUYECKHUX 3a7a4 ¢ ToMoIbi0 DBM.

Oueﬂueaerble YMeHUA.:

— HCIOJb30BAaTh OCHOBHBIE YHMCIIEHHBIE METOJbl PELICHUS MaTeMaTH4YEeCKUX
3a1ad4;

— BbIOMpaTh ONTUMAJbHBIA YHCIEHHBIA METOJ ISl PELIEHUs MOCTaBICHHOU
3a]1a4H;

— pa3pabaThiBaTh aJTOPUTMBI U MPOTPaMMBbI ISl PEIICHHS] BBIYMCIMTEIbHBIX
3a/1a4, yYUThIBasi HEOOXOIUMYIO TOYHOCTb MOJIy4aeMOT0 pe3yJibTara.

Oyenusaemvle xomnemenyuu: I11K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyodosanue, npocpammuoe obecnedueHue:

[MepconanbHblil KoMIBIOTEp ¢ KOoHpurypammei: OC - MS Windows 10, cpena
paspaboTku npuinoxkenus - MS Visual Studio 2017.

Kpamxkue meopemuueckue ceedenus:

[Iycts Ha orpeske [a,b] 3amaHO QMCKPETHOE MHOKECTBO HECOBIIAJAIOIIUX TOUEK
{xi, i = ﬁ}, a Ha MHOXKECTBE 3a1aHa ceTouHas GyHKIms y, = f(x), i=0,n. Tpedyercs
HalTH QYHKIMIO Y = ¢(X), IPUHUMAIONIYIO B TOUKAX X,,X;,2 ,X, T€ )K€ 3HAUEHHS, UTO U
dyukuus y, = f(x), i=0,n,Te. o(x)=y,i=0n.

Touku Xx,,%,2 ,X, HA3BIBAIOTCS y3JIaMU HWHTEPIIOJSIUN, a HCKOMas (PYHKIUS

y = ¢(X) - HHTEPIONUPYIOILEH.
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OcHOBHasl 3aja4a uHmMepnoIAyuYu — HaAXOXKIECHUE MPOMEXKYTOUYHBIX 3HAYCHUU
Ta0JIMYHO 33/laHHON (YHKIIUM B T€X TOYKAX BHYTPH JAHHOTO WHTEpBaJa, TJe OHA HE
3a/1aHa (T.e. BHYTpH TaOJIHUIIbI).

OnHoit W3 Tene 3amadyd HMHTEPIOJISIMK SBIISICTCS BBIYHCICHUE 3HAYCHUS
GyHKUIMM B TPOU3BOJIBHOM TOYKe X.. I[Ipu 3TOM pasznuyarorcss COOCTBEHHO

uHmepnoiupoeanue, KOraa TOYKa X. €[X,,X,], W okcmpanonupoeanue, xorma
X & [Xg, %, ]
Oxempanonsiyusi — HECKOJIBKO 00Jice «IIUPOKOE» MOHATHE, OHO CBOJUTCA K

BOCCTAHOBJICHHIO (DYHKIIMH B TOUYKaX 3a MMpee/iaMK 3aaHHOT0 HHTEpBaa.
OyHKIHS ¢ (X) Ha3BIBACTCS UHmepnoaupyrowet Wi unmepnoasayuonnou s f(X)

Ha [a,b], ecau ee 3HauUeHUSA ¢ (Xo), » (X1), ..., ¢ (Xn) B 3aJaHHBIX TOYKaX Xo, X1, ..., Xn

Ha3bIBAEMbIX y3JIaMU WHTEPIIOJSILNH, COBIAAAIOT C 33JJaHHBIMU 3HAYCHUSAMH (QYHKIUH
f(X), T.e. ¢ Yo, Y1, ..., Yn COOTBETCTBEHHO.

Bce nHTEpnoisuoHHbIe METO/IbI, Oa3UPYIOIIMECS HAa UCIIOJIb30BAHUN B KAUE€CTBE
MHTEPHOJSLUOHHON (DYHKIIMU IOJMHOMOB, JAIOT OJAHU W T€ K€ PE3yNbTaTbl, HO C
pa3HbIMU 3aTpaTaMu. ITO OOBSACHAETCS TEM, UTO MOJUHOM N-U CTENEHH, COACPKAIIUN
n+1 mapaMeTp u MpOXOIAIIMI YEPE3 BCE 3aJaHHbIC N+ 1 TOUKH, - €AUHCTBEHHBIM.

WNHTEpnOJSAIMOHHBI  MOJMHOM n-ro mnopsaka B Merone  Jlarpanxka

IPENCTABIISAETCS CIIEMYIONIMM 00Pa3oM:
Lo () =YoQo () +...+Y;Qj(X)+..4+ ¥Y,Qn (X)

(X=X )X =X ) X=X 1) (X=X,
(Xj =Xg)-(Xj =X )(Xj = Xjur)- (X —Xp)

Q)=
rac

- Ha3bIBAIOT OA3MCHBIMU MHOTOWIeHaMu Jlarpanxa.

3aMeTuM, YTO YHUCIHUTENb, (PUTypHpYyIOMUMKA B 3amucu j-To ciaraemoro Ln(x)
Apodu, MpeacTaBisieT OO0 MPOU3BEACHUE PA3HOCTEH MEXKIY MEePEMEHHON X U BCEMHU
y3J1aMH, KpOMe€ j —T0, a 3HaMEHAaTEJ b — MPOU3BEICHUE PA3HOCTEH MEKIY j-bIM y3JIOM H
BCEMH OCTaTbHBIMH.

Q;(xj)=0 HQj(Xi):l

[Tpuyem HETPYAHO 3aMETUTh, YTO ,ecom ,eci ' =), Ecim
PaCKpBITh TIPOU3BEJEHUE BCEX CKOOOK B yMCIUTENE (B 3HAMEHATENe BCE CKOOKH —
9HCIIa), TO MOJIYYHM TOJIMHOM N-TO TOPSJIKa OT X, TaK KaK B YHUCITUTEIIEC COACPIKUTCS N
COMHOXHUTENEH mepBoro mopsaka. CiaenoBaTellbHO, WHTCPIIOJSIITUOHHBIA TTOJMHOM
Jlarpana He 4YTO HWHOE, KaK OOBIYHBIM MOJMHOM N-TO TOPSIKa, HECMOTpPs Ha
crienuduyeckyro hopmy 3aIrucH.

HNuTepnonsunonHbii MHOTOWICH HbIOTOHA MMEET BUL:

2 n
P, (%) = Yo +A%(x—xo)+2”f§ (x—xo)<x—x1>+...+i!hyn" (X=X ) (X~ Xy)-ws (X~ X 1) 1)
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f— —_ 2 e —
rae Mo=Y17Yo AVo=4&Y1-& . xoHeuHblC PA3HOCTH IIEPBOrO, BTOPOTO M T..
MopsKoB, h — miar WHTEpHnoONMMpoBaHUS (HEKOTOpasi MOCTOSIHHAS BEIMYHMHA), go —
0a30BBIN y3€JI MHOTOWICHA.

[Ipaktuuecku dopmyna (1) npumensieTrcss B HeCKOIbKO MHOM Bujue. [lomoxxum

X=X, X—X, X=X, —h X—X, X—X,—2h
=q,T.e. X=X, +hqg. Torma 1 0 =q-1 2 - 0 —q-2.
hoJ 014 A h q h h a

OxoHYaTEIbHO UMEEM:

ala-1)-2 -(q-n+1) ,

Ay, +2 + o

P.(X) = P,(x, +ah)=y, + gAy, +

0

ala-1)
21

Ota hopmyiia Ha3bIBACTCS nepBoli UHMepnoaayuorHHou gopmynoi Heromona.

IlepBas ¢opmyna HproTOHa OOBIYHO NPUMEHSETCS NPU 3HAYEHUAX o<1, a
MMEHHO JUISl UHMepnoauposanusi enepeo (B CTOPOHY YBEIMYEHUS X — MPHU X e (Xy,X;)
T.e. IPU qe(01)) (32 HAYAJIbHOE 3HAYEHUE Xo MOXKHO MPUHUMATH JH000E TaOIUYHOE
3HaYEHHUE apryMeHTa X) WIH IKCMPAnoaupoeanus Hasao (JeBee xo — npu X<Xg, T.C.
npu <0).

[Ipu unTepnonsuuu Hazaj (T.e. B KOHLE HHTEpBaja, HO JEBEE Xn) WIH TPHU
OKCTPANOJISIIAKA  BOEpe, TpaBee X,  (APyTMMH CJIOBaMH KOTJa TOOYEpPEIHOE
HOJKIIFOUEHHUE Y3JIOB IMPOUCXOAUT B OOpaTHOM MOPSAKE: CHayaia MOCIeIHUMN, TOTOM
OpennocieHuii ¥ T.J.)  PEeKOMEHAyeTcs Uil  TPUMEHEHHUS  6MOopou
UHMEPNONAYUOHHBIU MHO20UIeH HbiomoHa:

n

yn_ A%y, A"y
Pn (X): Ynt ! (X ) Tf(x_xn)(x_xn—l)"'""" n'h: (X_Xn)(x_xn—l)"'(x_xl)’ (2)

B KOTOpOM 0a30BBIM SBIISICTCA y3ed Xn H  KOIPOUIMEHTHI KOTOPOTO
OTIPEIENSAIOTCS KOHEUHBIMU PA3HOCTSIMH, PACIIOJIOKEHHBIMHA Ha BOCXOJAIIEH OT Yn

JTUaroHalu.

onoxuM B (2) q=2""", Torna moxydnm:

2 3 i

2+ + 22 q(g +)(q+ D)+t 0

Ay
Pa(X) =Yy, +Ay, 10+ ~q(q+)(@+2)..(q+i-1)+..+

n

2 q(q+1D(@+2)...(q+n-1)

Ilopsook evinonnenus pabomol.

1. BBIOpaTh CBOM BapUaHT 3a/IaHUS
2. cocTaBUTh MHOTOWIEH Jlarpanika, CaMOCTOSITEIbHO ONIPENIETTUB €T0 CTEIEHb,
WCHOJIb3Ys UCXOJHBIE TaHHBIC;
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3.  HaliTu 3HA4YEeHHUs MOIy4MBILEHCS (PYHKIMU B TOUKAX X1 U X2
4. cocTtaBuTh MHOrowIieH HbproTOHA TpeThell cTeneHu;

5. HalTu 3HAYECHHUS MONTyUHBIIEHCS QYHKIUU B TOUKE Xi.

6. OTBETHTH Ha KOHTPOJIbHBIE BOIIPOCHI

3aoanue:

1. Ilyctp HekoTopast ¢yHkius Y=Y(X) 3amana TaOMUIECd CBOWX 3HAYCHUM.
Wcnonb3ys MHTEPHONALMOHHBIM MHorowieH Jlarpamxka, HalTH 3Ha4YeHUS
GyHKIIMA B TOYKAX X1 U X2.

Bapuanr 1
X1=0.2 u X2=0.6
Xi | 0.0 0.4 0.8 1.2
yi |0.00 0.63 0.89 1.10
Bapuanr 2
X1=0.0 u X2=1.2
Xi [0.2 0.6 1.0 1.4
yi 10.45 0.77 1.00 1.18
Bapuant 3
X1=0.6 u xo=1.4
Xi | 0.0 0.4 0.8 1.0 1.2
yi |0.00 0.63 0.89 1.00 1.10
Bapmuanr 4
X1=0.4 u x,=0.8
Xi |0.2 0.6 1.0 1.2 14
yi |0.45 0.77 1.00 1.10 1.18
Bapuanr 5
X1=0.3 u x2=1.1
Xi |0.0 0.4 0.8 1.2
yi |0.56 0.98 1.29 2.10
Bapuanr 6
X1=0.1 m X.=1.3
Xi [0.2 0.6 1.0 1.4
yi |0.64 0.84 1.31 1.52
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Bapuant 7

X1=0.5u xo=1.1

Xi [0.0 0.4 0.8 1.0 1.2

yi 10.21 0.97 0.19 1.35 1.52
Bapuanrt 8

X1=0.3 u x2=0.9

Xi |0.2 0.6 1.0 1.2 1.4

yi |0.45 0.77 1.00 1.10 1.18
Bapuant 9

X1=0.3 u X2=0.9

Xi |0.0 0.5 14 2.7

yi | 0.5403 0.8216 0.9697 0.9977
BapuanTt 10

X1=0.5 u X»=3.6

Xi [0.2 0.9 2.0 4.0

yi |0.6831 0.9185 0.9909 0.9998
Bapuant 11

X1=0.4 u x»=1.9

Xi | 0.0 0.5 14 2.7 4.0

yi | 0.5403 0.8216 0.9697 0.9977 1.2344
Bapuanr 12

X1=1.5 u xo=2.6

Xi |0.2 0.9 2.0 4.0 4.2

yi |0.1131 0.6185 0.8904 0.9298 1.3101
Bapuant 13

X1=0.5 u Xo=2.6

Xi [0.1 0.7 2.2 3.1

yi |0.6831 1.9185 2.9909 3.9998
Bapmuanr 14

X1=0.7 u Xo=3.4

Xi [0.0 0.9 1.4 2.7 4.0

yi | 1.5403 2.8216 3.9697 5.9977 7.2341
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Bapuanrt 15
X1=0.14 u x2=0.86

Xi [0.1 0.5 0.9 1.3

yi | 0.000 0.100 0.345 0.734
BapuanTt 16

X1=0.74 u x2=1.42

Xi [0.1 0.9 1.3 1.7 2.1

yi | 0.000 0.345 0.734 1.189 1.676
Bapuant 17

X1=0.6 u Xo=1.2

Xi | 0.5 0.7 1.0 1.4

yi | -0.555 -0.239 0.000 0.114
BapuanT 18

X1=0.9 u X.=2.4

Xi | 0.7 1.4 2.0 2.6 4.0

yi |-0.239 0.114 0.139 0.123 0.082
Bapuant 19

x1=0.7 u x2=1.2

Xi |05 0.9 1.1 1.3

yi | -0.555 -0.239 0.021 0.114
Bapuant 20

x1=0.5 u xp=2.7

Xi 0.3 0.9 2.1 2.4 3.0

yi | -0.239 -0.114 0.139 0.123 0.082
BapuanT 21

X1=0.7 u X2=1.2

Xi [0.2 0.5 1.1 1.8

yi | -0.155 -0.039 -0.021 -0.014
Bapuanr 22

X1=0.5 u xo=1.7

Xi [0.0 0.4 1.1 1.4 2.0

yi |-0.239 -0.114 0.139 0.123 0.082
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Bapuanr 23
x1=1.72 1 x2=2.12

Xi |15 1.9 2.1 2.3
yi |-0.538 -0.035 0.091 1.114
Bapuanr 24
X1=0.5 u xo=2.7
Xi |0.35 0.91 2.13 2.42 3.01
yi | 0.2396 0.1144 0.1399 1.1232 2.0382
Bapuant 25
X1=1.15 u x2=2.82
Xi |1.0 14 2.0 2.3
yi |0.58 1.35 2.14 2.46
BapuanT 26
X1=0.5 u X2=2.7
Xi |03 0.9 1.1 2.1 2.0
yi |-0.239 -0.114 0.00 1.122 2.082

2. Ilyctb HekoTopas ¢yHKUUS y=y(X) 3aJaHa TaOauIEeHd CBOUX 3HAYCHHM.
Hcnonb3ysd WHTEpHOJSAUMOHHBIM MHOrouwieH HpOTOHA, HAWTH 3HAYCHUSA
(GYHKIIUY B TOYKE X U TMTOTPEITHOCTh HHTEPITOJISIIIHH.

Bapuanr 1

x=0.5

Xi | 0.0 0.4 0.8 1.2 1.6

yi |0.00 0.63 0.89 1.10 1.24
Bapuanr 2

x=0.7

Xi |0.2 0.4 0.6 0.8 1.0

yi | 0.455 0.776 1.007 1.188 1.219
Bapuanr 3

Xx1=0.4

Xi |0.0 0.3 0.6 0.9 1.2

yi |10.00 0.63 0.89 1.00 1.10
Bapmuanr 4

x=0.37

Xi [0.2 0.3 0.4 0.5 0.6

yi |0.453 0.775 1.006 1.108 1.182
Bapuanr 5

x=0.38

[ xi [0.0 [ 0.4 0.8 (1.2 [ 1.6 |

50



lyi |056 | 0.98 [ 1.29 [ 2.10 | 2.52

Bapuanr 6

x=0.6

Xi [0.2 0.5 0.8 1.1 14

yi |0.64 0.84 1.31 1.52 1.67
Bapuant 7

x=0.8

Xi |0.0 0.5 1.0 1.5 2.0

yi 10.21 0.97 0.19 1.35 1.52
Bapuanrt 8

x=0.3

Xi |0.2 0.4 0.6 0.8 1.0

yi |0.451 0.772 1.003 1.104 1.185
Bapuant 9

x=0.5

Xi [0.0 0.3 0.6 0.9 1.2

Yi |0.5403 0.8216 0.9697 0.9977 1.0921
BapuanTt 10

x=0.5

Xi [0.2 0.9 1.6 2.3 3.0

yi |0.6831 0.9185 1.9909 2.5381 3.9998
Bapmuanr 11

x1=0.4

Xi | 0.0 0.5 1.0 1.5 2.0

yi | 0.5403 0.8216 0.9697 0.9977 1.2344
Bapuanr 12

x=1.4

Xi |0.2 0.9 1.6 2.3 3.0

yi |0.113 0.618 0.890 0.929 1.310
Bapuant 13

x=0.5

Xi [0.1 0.7 1.3 1.9 2.5

yi |0.6831 1.9185 2.9909 3.9998 4.1234
Bapmuanr 14

x=0.7

Xi | 0.0 0.9 1.8 2.7 3.6

yi | 1.540 2.821 3.969 5.997 7.234
Bapuant 15

x=0.34

Xi |01 0.5 0.9 1.3 1.7

yi | 0.000 0.100 0.345 0.734 0.635
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Bapuant 16

x=0.74

Xi |01 0.5 0.9 1.3 1.7

yi | 0.000 0.345 0.734 1.189 1.676
Bapuant 17

x=0.6

Xi [ 0.5 0.7 0.9 11 1.3

yi | -0.555 -0.239 0.000 0.114 0.323
BapuanTt 18

x=0.9

Xi | 0.7 14 2.0 2.6 4.0

yi |-0.239 0.114 0.139 0.123 0.082
BapuanTt 19

x=0.7

Xi |05 0.9 1.3 1.7 2.1

yi | -0.555 -0.239 0.021 0.094 0.114
Bapuant 20

x=0.5

Xi [0.3 0.9 15 2.1 2.7

yi | -0.239 -0.114 0.109 0.123 1.382
BapuanT 21

x=0.7

Xi [0.2 0.5 0.8 11 1.4

yi | -0.155 -0.039 -0.021 -0.009 -0.001
Bapuanr 22

x=0.5

Xi | 0.0 0.4 0.8 1.2 1.6

yi |-0.239 -0.114 0.139 0.123 0.082
Bapuant 23

x=1.7

Xi |15 1.9 2.3 2.7 3.1

yi | -0.538 -0.035 0.091 1.114 1.231
Bapuant 24

x=0.5

Xi |0.35 0.70 1.05 1.40 1.75

yi | 0.2396 0.1144 0.1399 1.1232 2.0382
Bapmuanr 25

x=1.15

Xi |10 1.25 15 1.75 2.0

yi |0.58 1.35 2.14 2.28 2.46
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Bapuanr 26

x=0.5
Xi |0.3 0.75 1.2 1.65 2.1
yi |-0.239 -0.114 0.00 1.122 2.082

KOHT’I’ZpO]leble eonpocaul.

agbrwnE

6.

B dem 3aknrouaercs 3aga4a MHTEPHOJISAIUU HYHKITUN?

UTo Ha3bIBAIOT IKCTPAIIOIAIACH?

B 1yeM cocTouT KOHLIENIIUS UHTEPIIOJISIUN?

Korma yno0HO UCTI0SI530BaTh HHTEPITOJSIIIMOHHBIN MHOTOWICH Jlarpanxa?

B d4em 3awirouaercss HEOOCTATOK HWHTEPHOJSIHUOHHOTO MHOTOYIEHA
Jlarpanxa?

Koraa ynoOnee ucnonb3zoBaTh MHOTOWIEH HproTOHA?

IIpakTnyeckas padora Ne8

Tema: 1locTpoeHHE anIPOKCUMUPYIOIIEH KPUBOU

Llenv 3auamus:

3aKpEIUICHUE TEOPETUUYECKUX 3HAHUM Mo TeMe U (HOPMHUPOBAHUE HABHIKOB U
YMEHUUN OINpeesieHus] IMapaMeTpPoB aIlMPOKCUMUPYIOMNX (YHKIHUA TpU
UCIIOJIb30BAaHUU METOJ]a HAMMEHBIINX KBAJAPATOB A MPHUOIMKEHUS
byHKITUH.

3aoauu pabomui:

oOpa3zoBaTenbHbIe:  CPOPMUPOBATH YMEHHE  ONPEACNSATh  MapaMeTpbl
anMPOKCUMUPYIOMKUX  (QYHKIHMHA, HWCIONB3YEMBIX  JUISI  TPHOIMHKCHUS
byHKIUH;

pa3BUBAIOIIIHE: pa3BUTHE TBOPYECKHX YMEHUN, CaMOCTOSITEIHLHOCTH,
MO03HABATEIILHOTO UHTEPECA;

BOCIIUTATEIbHBIC: BOCIHUTHIBATH MOJOKUTEIBHOE OTHOIIIEHUE K TUCIIUTUIHHE.

Oueﬂueaesze SHAHUA.

MCTOAbBI PCHICHUA OCHOBHBIX MATCMATHUUCCKHUX 3ada4 C IIOMOIIbIO OBM.

OI/!QHL!G(ZeMble YMeHuA:

HCMOJIb30BaTh OCHOBHBIE YHCIICHHBIE METOJAbl PELIEHUS MaTEMATHYECKUX
3a1ad4;

BBIOMpATh ONTUMAIBHBIM YHUCICHHBIM METOJ JIi PEIICHHs IOCTaBJICHHOM
3a7a4u;

pa3zpabaThiBaTh aITOPUTMBI M MPOTPAMMBI ISl PEIICHHS BBIYMCIUTEIIBHBIX
3a/1a4, YYUThIBasi HEOOXOAUMYIO TOYHOCTh MOTYy4aeMOTO pe3yJibTara.
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Oyenusaemvle xomnemenyuu: 11K.1.1, TIK.1.2, TIK.5.4, OK.01, OK.02, OK.04,
OK.05, OK.09,0K.10

Obopyodosanue, npocpammuoe obecneyeHue:

[lepconanbHblii KOMIBIOTEp C KoHburypamueir: OC - MS Windows 10,
Tabmu4aHeI iporieccop - MS Excel 2016.

Kpamxkue meopemuueckue ceedenus:

OcHoBHast ~ 3a7aya  anOpoOKCHMAalldd —  TOCTPOEHUE  TPHUOIMKEHHOM
(anmpokcumupyroIiei) (QpyHKIMU, B MeJIOM HauOosiee OJIM3KO MPOXOJAIICH OKOJIO
TaHHBIX TOYEK WU OKOJIO JAaHHOW HEMPEPHIBHOUN (DYHKIIHH.

[Ipenmomoxum, YTO MEXAY HE3aBUCMMOM TIEPEMEHHOM X U 3aBUCUMOU
IIEPEMEHHOM Y UMeeTCs HeKast Hen3BecTHas QyHKIMOHAIbHAas cBsa3b Y=F(X). D1a cBs3b
oToOpaxkaeTcs TaOJIUIeH MPUOIMKEHHBIX 3HAYCHUU vy; ~ f(x;), MOJYYCHHBIX B XOJ€

HaOJII0JICHUI WJIM SKCIIEPUMEHTOB.

X XO X]_ Xn

y Yo Y1 " Vi

3amgauya amnpokcuMarn GyHknuu f(X) GyHKIHEH o(x) COCTOMT B MOCTPOCHHH
s 3aganHon GyHkimu f(X) Takoit GyHKIUHE ¢(x), 9TO

f (X) ~ (p(X) .

JloroBopuMcCsl MCIOJIb30BaTh B KAuyeCTBE AMMPOKCUMUPYIOIINX (YHKUHANU ¢o(x)
TOJIbKO MHOTOUJIEHBI WM (DYHKIIUH, COCTABJIEHHBIE U3 MHOTOYJICHOB.

brnvzocTh UCXOMHON M anmpOKCUMUPYIOMEeH (QYyHKIMA OMpenesieTcs] YUCI0BOM
Mepol — kpumepuem annpoxkcumayuu (OJIU30CTH).

HauOomnbliee pacnpocTpaHeHHe TOJMYyYMST KBaJApaTUYHbIA KPUTEPUN, paBHBIN
CyMME KBaJIpaTOB OTKJIOHEHUW PACUETHBIX 3HAUEHHUI OT «3KCIMEPUMEHTATBHBIX» (T.€.
3a/IaHHBIX), - KPUTEPUN OJIM30CTU B 3aJJaHHBIX TOUKAX:

n
R = Zﬂ| (y| _ yipaCltem.)Z .
i=1

3nech Yi — 3adaHHBIC TaONMYHbIE 3HAYEHUS (YHKIUU; y/*"“" - pacyeTHBIC
3HAUYEHHUS TI0 AaNNpOKCUMHUpYIOIEeH (YHKIUU; f;- BECOBble KOIDPUIUEHTHI,
YUUTHIBAIOIINE OTHOCHTEIBHYI) BAXKHOCTh I-TOYKH (yBEIMUYCHHE f; TPUBOIMUT IPH

CTPEMJICHHHM YMEHBIIUTh R K YMEHBIIICHUIO TIPEXkKIEe BCErO OTKIOHEHHUS B I-TOUYKE, TaK
KaK 3TO OTKJIOHEHHWE HCKYCCTBEHHO YBEJIIMYEHO 3a CUET OTHOCHUTENIBHO OOJIBIIOTO
3Ha4YEHUsI BECOBOTO Kod(pduiineHTa).

KBampatuunslit kputepuii 00aaeT PSAIOM «XOPOIIMX» CBONCTB, TaKMX, Kak

b depeHunpyemMocTsb, oOecrieueHue €AMHCTBEHHOTO  pEUICHUs 3a/1auu
anmpoKCUMAaIMU IPU MOJIMHOMHHAIBHBIX allPOKCUMHUPYIOIUX PYHKIUAX.
OCHOBHOI METOJI, UCTIOJIb3YEMbIH ISl anmpoKCUMAruu (yHKIUA -  Memoo

HaumeHbwux keaopamos. Meron 06a3upyeTcs Ha MPUMEHEHUH B KaueCTBE KPUTEPHUS
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OJIM30CTH CyMMBbI KBAaJpaTOB OTKJIOHEHUW 3aJaHHbIX W pacyeTHhIX 3HayeHuu. [Ipum
3aJIaHHOM CTPYKTYpE alMpOKCUMHUPYIOMIEH (QYHKIHUH y/*"“"*(x) HEOOXOJAUMO TaKUM

oOpazoM momoOpaTh mHapameTpbl 3TOH (PYHKIIMH, YTOOBI TOJYYHTh HAUMECHBIIICE
3HAYEHUE KpUTEpHsl OJM30CTH, T.€. HAWIYUIIYIO alnlpoKcuMaiuoo. PaccMoTpuM myTh
HaXOXKJEHUS J3THX MapaMEeTpOB Ha NpPHUMEpPE MOJIMHOMUAIBHON (GYHKIMUA OJHON
IIEPEMEHHOM:

pacdemn.

k

_ o ok k-1 _ j

Y (X)=ax" +a4x " +..+ay = E ajx
j=0

3amumieM BBIpaXEHHE Kpurepus ammpokcuMmanuu npu g,=1 (1=1,2,..,n) mns
MOJIMHOMHUAIIBHOTO  y{“"“™" (x) :

n
R = Z(yl _ yipawem.)Z
i=1

VckoMble TepeMEHHBIE @ MOKHO HalTH U3 HEOOXOIUMOTO YCIOBHSI MMHUMyMa R
II0 3TUM HEPEMEHHBIM, T.€. dR/da, =0 (Wi p = 0 1, 2,...K). [Iponuddepenmupyem mo

a, (p — TeKymwmii MHICKC):
dR/da, =2> (v - > ax)-x")=0,p =0, 1, 2,... K, i=1,2,..n.

3Ha4YeHUA HHACKCOB CYMMHPOBAHUSA OJIA IIPOCTOTHI OITYIICHEL.
[Tocre oveBHIHBIX MpeoOpa3oBaHUK (COKpalleHne Ha 2, PacKpbITHE CKOOOK,
M3MEHEHHUE TIOPSIKAa CYMMHPOBAHHUS) TIOTyYUM
dR/da, =Zyi(—xip)+z Z:ajxijxip =Z:yi (—xip)+Z:ajZ:xijxip -0,p=0,1,2,...,k

[lepenumiem nocneaHee paBeHCTBO U MOITYYUM

Zaijijxi" =yix®, p=0, 1, 2, k, 1=1,2 ...n.

[Tosryunnace cucreMa N+1 ypaBHEHMI ¢ TAKUM K€ KOJIMYECTBOM HEU3BECTHBIX dj,
MpUYEM JIMHEWHAss OTHOCUTENBHO JTUX MEPEMEHHBIX. JTa CHUCTEMa Ha3bIBAETCA
CUCTEMOM HOPMAJIBHBIX YpaBHeHMU. I3 ee pemeHus HaxXoAsAT mapamerpsl g;
anmnpokcuMupytrouiei GyHkuu, odecreunsarone MiNR, T.e. HamydIiiee BO3MOXHOE
KBaJpaTUyHOE NpUOIMKeHHE. 3Hasg KO3I(P(PUUMUEHTHI, MOKHO BBIYHCIUTD U BEJIUYUHY
R. CnenyeT NOMHUTB, YTO MPU U3MEHEHHUH JJa)Ke OAHOTO 3HAYEHUSI UCXOIHBIX JaHHbIX,
Bce KOX(DPUIIMEHTHI HM3MEHAT B OOIIEM cllydae CBOM 3HAYCHHS, TaK KaK OHH
NOJIHOCTBIO  ONPENEISIFIOTC MCXOAHBIMM JaHHBIMU. [lo3TOMy mnpu mOBTOpEeHUU
anmpoOKCUMAlMd C HECKOJIbKO W3MEHMBIIMMHUCA JaHHBIMH TOJXYYUTCS JApyras
anmpOKCUMUPYIOIasi PyHKIUs, oTIudaromascsa kodddurmenramu.

[ToBbIllIEHME TOYHOCTH AMMPOKCHUMAIIMKM YBEIMYMBAET M CIOXKHOCTH (PYHKIIHMU
(IpU TOJIMHOMUHAJIBHBIX ANNPOKCUMHUPYIOIUX (DYHKIMSAX), YTO JEJaeT €€ MeHee
yA0OHOM TPH UCIIOJIb30BaHUMU.

Jlunetinas annpoxkcumayus

[lycTp HEOOXOAMMO HAWTH ANMPOKCUMHUPYIONIYIO (PYHKIUIO B BUJIE JIMHEHMHOIO
IIOJIMHOMA y =ay+a;x 110 UMEIOIIMUMCS SKCIIEPUMEHTAIIbHBIM JaHHBIM  X; / ;.

OueHky mapaMeTpaMm dp U ai; HaXOJAT METOJOM HaWMMEHBIIUX KBaaApartoB. [lms
3TOTO MUHUMHU3HUPYIOT QYHKITUIO
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R= (@ +a1)-,)*

[IpupaBuuBas npousBoAHble QyHKIUU R 1Mo 8y, 81 K HYJIO, MOJIYYUM CUCTEMY
HOPMAJIbHBIX YpaBHEHUH C IByMsI HEM3BECTHBIMU g U aj:

a0n+alzxi =Zyi
aozxi +alZXi2 =ZYiXi

Pemass cucteMy ypaBHEHUN JIOOBIM H3BECTHBIM METOJOM, MOXHO HaWTH
KO3 DULIMEHTBI 8 U a1 IS IMHEWHOTO MOJIMHOMA.

Keaopamuunasa annpoxcumayus

I{Hﬂ IIOJIMHOMA BTOpOﬁ CTCIICHHU aIIIIpOKCHUMUPYIOIIasd (bYHKHI/Iﬂ 3aIlIUCBhIBACTCS B
CJICOYIOIICM BHUAC!

y=agtax+ 3.2X2

I/ICHOHB?)y}I MCTOA HAUMMCHBIIMX KBaApaTOB, IIOJOYYHM CHCTCMY JIMHENHBIX
ypaBHeHHﬁ OTHOCHUTENBHO 3-X HEU3BECTHBIX dp, dj,dy, KOTOPYIO MOKHO pPCIIUTD,

HarnpuMep, MeTogoMm [ aycca:
a0n+al Xi +8.2 Xi = yi

aozxi +alzxi2 +a22xi3 ZZini
aozx_z +alZXi3+aZZXi4 =Zyixi2
i

Ilopsook evinonmenus pabomol:

1. Jlnsa BbIIONHEHMS 3aJaHUsl BBHIOpATh CBOM MCXOJAHbIE AaHHbIe. B Tabmuue
JAHHBIX TOMEMIEHBI TaHHbIE U1 TMHEWHOW U KBaIPAaTUYHON 3aBUCUMOCTH

2. HWcnomw3yst Tabnuunbiid mpoueccop EXxcel umm cocraBuB mporpammy, HaWTH
IapaMeTpbl 1JIsl HOJIMHOMOB IEPBOUM Y BTOPOW CTETIEHU

3. Ha rpaduxe moka3zaTe pasHBIMH I[BeTaMU TpauK 3aBUCHMOCTH MEXKIY
MCXOJIHBIMU JTAHHBIMU U HAWJIEHHYIO alllTPOKCUMUPYIOILYIO (DYHKIIHIO.

4. OTBeTUTh Ha KOHTPOJIbHBIE BOTIPOCHI

3aoanue:

NmeroTcs naHHbIE O CBSI3M MEXKIY CTOMMOCTBE) OCHOBHBIX IPOU3BOJACTBEHHBIX
¢oHmOB M 00BEMOB BaJOBOM MNpOAYKIMH 1O 10 OXHOTUIIHBIM MPEATPUITHIM.
Hcnonb3yst MeTo HAMMEHBIINX KBaApPaTOB, HANTU MAapaMeETPbl NOJIMHOMOB NEPBOU U
BTOpPOM  CTEMEHHW, UCIOJB3YyeMbIX Il  anmpoOKCUMAuu  (PyHKIIMOHAIBHON
3aBUCHUMOCTH, OTPAXKAIOLIEH 3aKOHOMEPHOCTH 3KOHOMMYECKOIO IPOLECCa Pa3BUTHS
IPEAIPUATHH.

Bapuanmut ucxoonwvix oanuwix 0151 8b1NOIHEHUS 3A0AHUS

1) 2)

OCHOBHBIE OCHOBHBIC

TIPOU3BO/ICTB. MTPOM3BO/ICTB.

DouIbI Banosas npooykyus DoHIBI Banosas npooykyus
(MnH.py0) (MsH.pY0)
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2 25 6
4 30 20
7 45 51
7 43 50
8 47 71
10 52 112
11 53 127
12 56 153
13 58 182
14 60 201

3)

OCHOBHBIE

MIPOU3BO/ICTB.

DoHbI Banosas npooykyus

(MiH.pyO)
4 27 13
6 32 31
9 40 72
9 45 79
10 49 112
12 54 143
13 59 183
14 68 212
15 70 253
16 72 312

5)

OcHoBHbBIE

MIPOU3BO/ICTB.

®DOoH/BI Banosas npooykyus

(MyH.pYy0)
4 30 21
5 35 28
8 50 72
8 48 75
9 52 92
11 57 138
12 63 159
14 70 201
15 73 261
17 74 312

7)

OcHoBHBIC

MIPOU3BO/ICTB.

DoHIBI Banosas npooykyus

(MiH.pyYO)
10 35 114
10 34 119

S7

4 40 17
6 45 39
7 48 53
8 49 71
10 55 113
11 58 127
13 59 175
15 61 231
16 65 248
18 70 302
4)
OcHoBHbIE
IIPOU3BOJICTB.
DoHbI Banosas npooykyus
(MH.pYO)
3 22 12
4 27 21
7 41 52
6 43 41
8 46 69
9 51 83
11 53 138
12 56 157
14 57 181
15 63 252
6)
OcHoBHBIE
MIPOU3BOJICTB.
DoHIBI Banosas npooyxyus
(MsH.pY0)
5 42 28
6 45 42
8 48 73
8 49 78
10 55 115
12 56 138
13 64 171
15 67 282
17 69 251
18 80 280
8)
OcHOBHBIE
MIPOU3BOJICTB.
DoHbI Banoeas npooykyusa
(MsH.pY0)
7 37 53
8 41 71




11 45 120
12 43 151
13 47 161
14 52 201
15 53 251
16 66 292
20 85 459
25 100 713

9)

OcHoBHBIE

MIPOU3BOJICTB.

®DoHBI Banosas npooykyus

(MiH.pyYO)
1 25 5
S 50 28
7 55 41
8 63 61
8 67 63
12 72 151
11 73 131
12 76 127
13 78 151
34 120 1012

11)

OcHoBHbIE

MIPOU3BOJICTB.

DOoHBI Banosas npooykyus

(M1H.py0)
2 21 7
3 23 11
5 28 28
! 30 54
7 33 49
8 38 62
10 41 103
12 43 151
13 47 178
14 50 201

13)

OcHoBHBIE

MIPOU3BOJICTB.

DOoHBI Banosas npooykyusa

(M1H.py0)
3 37 12
S 40 28
6 41 41
6 43 42
7 48 53
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9 42 84
8 49 70
10 55 112
11 58 132
13 59 178
15 61 251
18 65 293
20 90 415
10)

OcHoBHbIE

IIPOU3BOJICTB.

DOoHIBI Banosas npooyxyus

(MH.pYO)
o 18 31
7 21 52
9 28 78
11 32 105
11 35 112
13 37 152
14 41 211
15 44 315
16 48 412
18 53 382

12)

OcHoBHbIE

IIPOU3BOJICTB.

DOoHBI Banosas npooykyus

(M1H.py0)
8 33 71
8 35 75
9 38 84
9 49 90
10 57 112
12 58 132
13 59 178
17 62 214
19 64 417
26 90 712

14)

OcHoBHbIE

MIPOU3BOJICTB.

DOoHBI Banosas npooykyus

(M1H.py0)
2 17 7
3 16 12
5 19 28
6 23 41
6 25 43




9 51 78
10 53 99
11 54 128
12 58 153
14 60 196

15)

OcHoBHbIE

IIPOM3BOJICTB.

DoH/IbI Banosas npooykyus

(MnH.pY0)
12 35 151
14 40 228
17 45 300
17 43 302
18 46 391
20 52 412
21 53 457
22 66 492
23 75 503
28 85 702

17)

OcHoBHbIE

IIPOU3BOJICTB.

DOoHBI Banosas npooykyus

(M1H.py0)
6 17 41
8 19 67
9 21 92
9 27 94
11 31 128
13 36 141
14 41 172
15 43 213
19 44 368
20 48 401

19)

OcHoBHBIE

MIPOU3BOJICTB.

DOoHBI Banosas npooykyusa

(M1H.py0)
2 17 7
4 19 11
7 19 52
8 22 93
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/ 27 57
8 30 71
9 32 88
11 33 131
12 35 158
16)
OcCHOBHEIC
IIPOU3BO/ICTB.
DoHTBI Banosas npooykyus
(MutH.pYO)
4 34 18
6 37 41
/ 38 53
/ 40 55
9 41 91
11 43 117
13 42 135
14 47 191
17 51 217
18 53 261
18)
OCHOBHEIS
MIPOU3BOJICTB.
DoHIBI Banosas npooyrkyus
(M1H.py0)
5 17 19
/ 19 38
9 20 72
11 22 99
13 25 171
13 27 168
14 28 215
15 31 292
17 37 363
19 40 383
20)
OCHOBHEIE
MIPOU3BOJICTB.
DOoHBI Banosas npooykyus
(M1H.py0)
24 44 528
26 45 593
27 48 701
28 49 753




10 25 101
10 27 112
14 30 161
17 33 214
19 34 391
20 37 415

21)

OCHOBHBIE

MIPOU3BO/ICTB.

DOoHIBI Banosas npooykyus

(MmH.pY0)
4 17 21
8 20 73
9 21 86
11 23 132
12 29 158
13 30 171
13 32 173
14 34 201
16 37 217
18 41 325

23)

OcHOBHBIE

MIPOU3BO/JICTB.

DOoHBI Banosas npooykyus

(M1H.py0)
5 22 31
7 27 47
6 28 41
7 26 50
8 30 60
9 32 78
11 34 117
14 37 157
17 40 219
18 47 301

25)

OcHoOBHBIC

TTPOU3BO/ICTB.

DoH/TBI Banosas npooykyus

(MnH.pY0)
7 42 41
9 43 73
10 47 101
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30 53 912
31 58 1002
33 59 1052
35 91 1317
36 95 1349
38 110 1435
22)
OcHOBHBIE
IIPOU3BOJICTB.
DOoHIBI Banosas npooyxyus
(MH.pYO)
4 28 19
6 30 42
7 35 53
7 37 55
10 40 112
12 47 151
12 50 147
14 53 173
17 54 192
20 57 242
24)
OcHoBHbIE
IIPOM3BOJICTB.
DOoHBI Banosas npooykyus
(M1H.py0)
4 31 15
6 35 32
7 37 42
7 40 47
9 43 78
11 47 102
13 51 141
13 50 144
17 54 198
19 60 217
26)
OcHoBHbIE
MIPOU3BOJICTB.
DoHbI Banoeas npooykyusa
(MsH.pY0)
4 22 12
6 24 32
7 27 42




10 49 117 9 30 73

12 50 136 9 31 78

14 53 197 12 37 151
16 57 217 13 36 181
17 58 253 15 39 229
18 60 301 17 42 2178
20 61 417 18 45 291

KOHI’I’IpOJZbele 60Nnpocosl.

1. B dyem 3akirouaercs anmpoKCUMAIus?

2. YTo Takoe KpUTEpUil anmpoKCUMAITIH?

3. Unes meTosa HAMMEHBIINX KBaIPaTOB

4. Kak, ucnoJiib3yst METOJ1 HAMMEHbIIUX KBaJpaTOB, HAWTU MapaMeTpbl JUHEHHON
Y KBaJPAaTUYHON allPOKCUMUPYIOIUX QYHKIINNA?
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