MuHHCTEPCTBO HayKH H Bhicilero obpasosanua Poccniickoil Meaepaiiu

MenepansHoe rocyapersennoe 6io/pkeTHOE 00pasoBaTENILHOEC YIPEKICHHE
BBICIIErO 0OpasoBanns
«MarsHTOropeKuii rocy/IapeTBeHHbI TexHrYeckuit yausepeuter uM. [.1. Hocosay

MuoronpouabHbIH KOLICIK

| YTBEPXKJIAIO
‘ ' Hupexrop
WA /\ , / C.A. MaxHOBCKHIt

K ( / «24» ¢espans 2021 r.

-

METOJUYECKHE YKA3AHUS 1TO BBITOJITHEHHIO
JJABOPATOPHBIX PABOT

no yuednoil pucunnanne
OITIL10 Yucaennbie MET0abI

JJIS CTYICHTOR CNECIHAIBHOCTH

09.02.07 Hudopmannonnsie CHCTEMLI H NPOrPAMMHPOBAHKE
Ksaandukanns: Mporpammucr

Marsauroropek, 2021



OJOBPEHO:
[IpenMeTHO-LIMKIIOBOW KOMUCCHUEN
«MadopmaTrKa ¥ BBIYUCIUTEIbHAS TEXHUKA

[Ipencenarens WU.I".3opuna
ITporokon Ne 6 ot 17.02.2021r.

Meronnueckoi komuccneit MK
[IpoTtokom Ne3 ot «24» deBpais 2021r.

CocraBureib:
npenogasatens MoK ®I'bOY BO «MI'TY um. I'.'1. HocoBay,k.T.H., nouent B.J[. Tyraposa

Meroanueckue yka3aHus 1O BBITTOJTHEHHIO JIAOOPATOPHBIX paboT pa3paboTaHbl HA OCHOBE
paboueit mporpaMMbl Y4eOHOM TUCIUTIIUHBI «YMCIIEHHBIE METOIBI».

Conepxanue 51a0OpaTOPHBIX PAOOT OPHUEHTUPOBAHO HA IMOATOTOBKY OOYYaIOUIUXCS K
OCBOEHHUIO MPO(ecCHOHANBHBIX MOJYyJIed HpOrpaMMmbl MOATOTOBKHU CHEIHAIHUCTOB CPEAHETO
3BeHa 1o crenuanbHocTH 09.02.07 HMubopmanmoHHbIE CHUCTEMBI M NPOTPaMMHPOBAHUE H
OBJIAJICHUIO OOIIMMH U MTPO(eCcCHOHATBHBIMA KOMITETEHIIUSIMU.



COJIEP’KAHUE

I B 63: (0320516 Xeni 0 55 £:3: e Y21 01% (o) :x: WUTE U T 4
2 IlepedeHb TAOOPATOPHBIX BAHITHH ... .ccuvveeiutrieiiiieiteeesstieeessseeessbeeesbe e e st e e st e e stne e e eesne e e 5
3 METOMIUUCCKIE YKABAHFIST .. .vvvveeeaseteeaesansseeaeaaassseasaassseassaassssassassbeeaesastseeaesantbeeeesanbaneeesansneeas 6

JlabopatopHas pabora Nel «Perrenue mpocTelmmx 3a/1a4 Ha BEIYUCICHUE TOTPEITHOCTEH ......0

JlabopatopHast pabora Ne2 «PerieHre CUCTEM TUHEHHBIX YPABHCHHID .......vvvveesinivieeesiireneenanens 14
JlabopartopHas pabora Ne3 «Perienne anreOpanvdeckux U TPAHCIECHACHTHBIX YPAaBHEHUN ....... 18
JIaGoparopHas padoTta Ned «MIHTEPIOIUPOBAHUE DYHKIIHIDY ....vveruvveeirreeiireeaineessneeesnneessneens 25
JIaGoparopHas padota Ne5 «UucnenHoe nHTErpupoBaHue U AUDHEPEHITUPOBAHUEY. ................ 30

JlabopatopHas padora Ne6 «Hucnennoe perienrne 1MPpPepeHIUAIbHBIX YPABHEHUIY ............... 38



1 HOACHUTEJIBHASA 3AIIMCKA

CoctaB u cozpepxkaHue J1a0OpaTOPHBIX 3aHATHHA HANpaBiICHbl HA  PEAIU3ALUIO
denepanbHOT0 TOCYAAPCTBEHHOTO 00pa30BaTEIbHOTO CTAHJApTa CPEAHET0 MPOPEeCCHOHATBHOTO
oOpa3oBaHMUS.

Benymeld numakTH4eckoil Ienbi0  JTAOOpAaTOPHBIX 3aHATHHA SIBISETCS (OPMHPOBAHUE
Y4eOHBIX MPAKTUIECKUX YMEHHA, HEOOXOIMMBIX B TIOCIIEAYIONICH yueOHOM NesITeTbHOCTH.

Benyuieit nunakTu4eckoi 1ebio J1a00paTOPHBIX 3aHATUHN SIBISETCA AKCIEPHUMEHTAIbHOE
MOATBEP)K/IEHUE M IPOBEpKA CYIIECTBEHHBIX TEOPETHMUECKUX IOJOXKEHHH  (3aKOHOB,
3aBUCHUMOCTEN).

B cooTBercTBUMM ¢ pabodeld mporpaMMoil y4eOHOW NUCHUIUIMHBI «YHCICHHBIE METObI»
MIPEeyCMOTPEHO J1TabOpaTopHbIX 3aHATUH. B pamkax maGopaTopHOro 3aHsTHsS OOydaromuecs
MOTYT BBITIOJIHSTH OJIHY HJIM HECKOJIBKO JIa0OpaTOPHBIX PadoT.

B pe3ynbrare ux BHINOIHEHMS, 00y4aromuics JOKEH:
ymemp:
— UCIIOJIb30BaTh OCHOBHBIC YHCIICHHBIE METOIbI PEIICHHUS MAaTEMATHUECKUX 3a]1a4;
— BBIOMPATh ONTUMABLHBIN YHCIEHHBIN METOT /TS pEIICHUs TOCTaBICHHOM 3a1a4u;
— JlaBaTh MaTE€MAaTHYECKHE XapaKTePUCTHUKU TOYHOCTH HCXOMHON HWHpOpManud u
OIICHUBATh TOYHOCTH MOTYYEHHOTO YHCIICHHOTO PEIICHHS;

— paspabaTpiBaTh aJTOPUTMBI M TPOTPAMMBI JIJIsi PEIICHUS BBIYUCIUTEIBHBIX 3ajad,
YYUTBIBasE HEOOXOIUMYIO TOYHOCTh IMOJTy4aeMOoro pe3yibTaTa,

Conepxanne 1abOpaTOpHBIX 3aHATHH OPHUEHTHPOBAHO HA TOJTOTOBKY OOYYAIOIIMXCS K
OCBOEHHIO MPO(PECCHOHATIBHOTO MOTYJISI IPOrPaMMbl TIOATOTOBKU CIICIMAIMCTOB CPEIHETO 3BE€HA 10
CMELMATBHOCTU U OBJIQJICHUIO HPOGheccuonanbHblMu KOMHEMEeHYUAMU:

IIK 1.1 — ®opmupoBaTh aIrOpUTMBI Pa3pabOTKH MPOTrPAMMHBIX MOJIYJIEH B COOTBETCTBHH C
TEXHUYECKUM 3a/IaHUEM.

I1IK 1.2 — Pa3pabarbiBaTh MporpaMMHBIE MOIYJIH B COOTBETCTBUH C TEXHUYECKUM 3aIaHHEM.

ITIK 1.5 — OcymiecTBasaTh peakTOPUHT U ONTUMHU3AIMIO TPOrPAMMHOTO KOJa.

IIK 11.1 — OcymectBisath cOop, 00pabOTKy M aHamu3 WH(OpPMAIUU IJIs1 MPOSKTUPOBAHUS
0a3 JaHHBIX.

A Taxoke GOpPMHUPOBAHHIO 0OULUX KOMNEMEHYUIL.

OK 1 - BseiOupate cmocoObl perieHuss 3amad  MpOoPECCHOHAIBHONW JIeATEILHOCTH,
MPUMEHHUTENHHO K PA3JIMUYHBIM KOHTEKCTaM.

OK 2 — [InanupoBaTh M pealn30BbIBATH COOCTBEHHOE MPO(PECCHOHAIBHOE M JIMYHOCTHOE
pa3BUTHE.

OK 4 — PabGoTaTh B KOJUIEKTHBE U KOMaH/e, 7)(HEKTUBHO B3aUMOICHCTBOBATh C KOJUICTAMH,
PYKOBOJCTBOM, KIIMEHTAMH.

OK 5 — OcymecTBasTh YCTHYIO U TUCBMEHHYIO KOMMYHUKAIIMIO Ha TOCYITAPCTBEHHOM SI3bIKE
C YY4ETOM OCOOCHHOCTEH COIMAIIBHOTO U KYJIbTYPHOTO KOHTEKCTA.

OK 9 — HUcnonp3zoBaTh MHGOPMAIIMOHHBIE TEXHOJIOTHUH B MPO(ECCUOHAIBHOM AeATeIbHOCTH.

OK 10 — Ilonb3oBatbcsi mpodhecCHOHAIbHONW [TOKYMEHTallMeld Ha TOCYJapCTBEHHOM U
MHOCTPAHHOM SI3BIKE.

Brimonnenue oOydaromuxcst 1a00opaTOpHBIX paboT mo y4eOHoM aucuurmiuHe «UucieHHbie
METObI» HAIIPaBJIEHO HA:

- 0000weHue, cucmemamusayuto, yeayoOienue, 3aKpenieHue, passumue u O0emanuzayuio
NOJIYYEeHHbIX MeoPemUdecKUx 3HaHUll N0 KOHKPEeMmubiM memam y4eOHOU OUCYUNTUHBL.

JlabopaTopHble 3aHATHS MPOBOASATCS TMOCIE COOTBETCTBYIOMIEH TEMBI, KOTOpask o0ecreurBaeT
HaJTM4Ke 3HaHHi, HEOOXOIUMBIX JIJISl €€ BBITIOJTHEHMSI.



2 MIEPEYEHD JIABOPATOPHBIX 3AHATHI

Pasneanl/Tembl TeMbl J1a0OPATOPHBIX 3aHATHI Konnuecrs | TpeGoBanus
0 4acoB oI'oC C1io
(ymeTn)
Tema 1. Ocnognele | JlabopaTtopHas pabota Nel 2 V2, V3, V4,
MTOHSTHS Teopun | «PemieHne mnpocredmMx 3agad  Ha Y01.1, ¥02.2,
MOTPEIIHOCTEN BBIYHCIICHHUE [TOTPEIIHOCTEN» v05.4, Y09.1,
BBIYUCIICHUH. v09.2, V10.4
Tema 2. Ywucnennoe | JlabopaTopHas pabora No2 6 Vi, V2, V3,
pemenue CJIIAY «Pemrenne CHCTEM JIMHEHBIX V4, VO01.1,
YpaBHEHUI» v02.2, Y054,
¥09.1, ¥09.2
Tema 3. Anroputmbel u | JlabopaTopHas pabora Ne3 6 V1, V2, V3,
MeTO/Ibl TIOHUCKa KopHeH | «Pemienue anredpanvdecKux u V4, YO01.1,
YpaBHEHMs] M pEIIECHUs | TPAHCLEHJACHTHBIX YpaBHEHUI» ¥02.2, Y054,
HEJIMHEWHBIX CHCTEM V09.1, V09.2
Tema 4. Mertons! | JlTabopaTopHas pabora No4 4 Vi1, VY2, V3,
AHAJTMTUYECKOT O «MHTepnonupoBanre QyHKII. V4, Yol.1,
MPEACTABICHUS TAOIMIHO v02.2, Y054,
3aIaHHON (PYHKITH ¥09.1, ¥09.2
Tema 5. Amroputmbel u | JlabopaTopHas pabora Ne5 4 Vi1, VY2, V3,
METO/IbI YUCJIEHHOTO | «YHUCIEeHHOE  WHTErpUpOBaHUE U V4, YOI.1,
WHTETPUPOBAHUS u | muddepeHnrpoBaHme. ¥02.2, V05.4,
muddepeHnupoBaHus ¥09.1, ¥09.2
Tema 6. Ywucnennsie | JlabopaTopHas pabora Ne6 2
METO/IbI peuienus | «Yucnennoe peuieHue Vi1, V2, V3,
OOBIKHOBEHHBIX muddepeHInaTbHBIX YPAaBHCHHUI. V4, YO01.1,
muddepeHnanTbHBIX ¥02.2, Y05.4,
YpaBHEHUI ¥09.1, ¥09.2
UTOI'O 24




3 METOAUMYECKHUE YKA3AHUSA

Tema 1. OcHOBHBIC NOHATHS TEOPHH MOTPELIHOCTEH BHIYMCIICHHUIA.
JIABOPATOPHAS PABOTA Nel
«PEIIEHUE IMTPOCTEMIINX 3AJIAY HA BBIYUCJEHUE ITOT PEITHOCTEN»

I.[e.m;: IIOJIYUUTh HAaBBIKU OIIPCACIICHHA OCHOBHBIX HCTOYHHKOB HOFpCIHHOCTeI;'I.
Boinosinus padorty, Bel Oyaere:
ymemo:
— BBIIIOJHATE OKPYTJICHUC YUCLII;
—  ONpenessTh aOCOTIOTHYIO U OTHOCHTENIbHYIO TIOTPELIHOCTH Pe3yJIbTaTa;
— BBIYHCIATH MMOTPCINHOCTH PE3YJibTaTa pa3JIMYHbIX apI/I(bMeTI/I‘-ICCKI/IX OHCpaIII/Iﬁ Hazg
HpI/I6J'[I/DKeHHI)IMI/I qucJIaMu.
MarepuajibHoe ofecnedeHne: MakeT NpUKIAAHBIX porpamm Microsoft Office.
3aganue:
a) OTIPEZIe/THTh, KaKOe PaBelcTBO TOYHee;
6) OKPVTJIHTE COMIHTC/IBHBIC I.[]’I[l)pbl HHCIA, OCTABHB BCPHBIC 3HA-
KH; Olpeie/InTh HGCOJIK)'I'H}’I(J NOrpelHOCTb pe3y.abTaTa,
B) HaiTH MpCACILHBIC RﬁCO."HOTHym H OTHOCHTCIBEHYH IMOTPCIIHOC-
™ JIPH(JJIH}KEHHUI‘U HHUCTA, BCe LlI»lprbl KOTOPOIro 110 YMOJIHdHHI) BEp-
HEIC.
Bapuanmuw sadanuil:
1.2) 14/17=0,824,+/53 = 7,28; 6) 23,3748, 5 = 0,27%; B) 0,645.
2.a) 7/3= 2,33,4/58 =7,62; 0) 13,5726 = 0,0072; ) 4,8556.
3.a) 27/31=0,87 1,/42 = 6,48; 6) 0,088748, 5 = 0,56%; B) 71,385,
4.a) 23/9=2,56, J87 =9,33; 6) 4,57633 £ 0,00042; B) 6,8346.
5.a) 6/7=0,857, J41=6,40: 6) 46,7843, 5 = 0,32%:; B) 7,38.
6.2) 12/7=1,71,v47 =6,86; 6) 0,38725 = 0,00112; B) 0,00646.
7.2) 21/13=1,62,/63 =7,94; 6) 45,7832, 5 = 0,18%: 8) 3,6765.
8.) 16/7=2,29,J11=3,32; 6) 0,75244 + 0,00013; B) 5,374.



9.a) 18/7=2,57,4/22 = 4,69; 6) 46,453, 5 = 0,15%; B) 6,125.
10.2) 17/9=1,89,17 = 4,12; 6) 0,66385 = 0,00042; B) 24,6.
11.a) 51/11=4,64,/35 =5,92; 6) 0,66385, 8 = 0,34%; B) 0,543.
12.2) 19/12=1,58,4/12 = 3,46; 6) 4,88445 £ 0,00052; B) 4,633.
13.a) 13/7=1,857,/7 = 2,65; 6) 2,8867, 5 = 0,43%:; B) 63,749.
14.a) 49/13=3,77,\14 = 3,74; 6) 5,6483 = 0,0017; B) 0,00858.
15.a) 5/3=1,667,/38 =6,16; 6) 3,7542, 5 = 0,32%; B) 0,389.
16.a) 17/11=1,545,\18 = 4,243; 6) 0,8647 + 0,0013; B) 0,864.
17.a) 7/22=0,318,4/13 =3,61; 6) 0,3944, & = 0,15%; B) 21,7.
18.a) 13/17=0,765,+/31="5,57; 6) 3,6878 £ 0,0013; B) 8,74.
19.2) 50/19=2,63,/27 = 5,20; 6) 0,85638, 5 = 0,22%; B) 231,57.
20.2) 21/29=0,724,\44 = 6,63; 6) 13,6853 + 0,0023; B) 2,16.
21.a) 17/19=0,895,4/52 = 7,21, 6) 7,521, 6 = 0,12%; B) 0,5748.
22.2) 6/11=0,545,/83 =9,11; 6) 3,7832 = 0,0043; B) 2,678.
23.2) 16/19=0,842,4/55 = 7,416; 6) 17,356, 8 = 0,11%; B) 0,5718.
24.2a) 23/15=1,53,4/98 = 9,899; 6) 8,7432 + 0,0023; 8) 0,578.
25.a) 2/21=0,095,22 = 4,69; 6) 24,5641, 3 = 0,09%; B) 4,478.
26.2) 12/11=1,091, /68 = 8,246; 6) 0,5532 + 0,0014; B) 3,4479.
27.2) 6/7=0,857,v/48 = 6,928; 6) 14,5841, 5 = 0,17%; B) 0,421.
28.2) 15/7 =2,14,+/10 = 3,16; 6) 4,5012 + 0,0013; B) 1,4229.
29.a) 4/17=0,235,v105 =10,25; 6) 1,1341, 5 = 0,12%; B) 2,401.
30.a) 7/15=0,467,/30 = 5,48; 6) 6,7702 = 0,0015; ) 11,1239.
Kparkue TeopeTuueckue cBeleHHA:

Briienum crieyroniyie OCHOBHBIE HCTOUHHKH TTOTPEITHOCTEH:

a) TapaMeTphl, BXOIAIIME B OMUCAHWE 3a/laud, 3aJlaHbl HETOYHO, COOTBETCTBYIOIIYIO
MOTPEUTHOCTh HA3bIBAIOT HEYCTPAHUMOH (TTOTPEITHOCTh TAHHBIX);

0) MareMaTH4ecKass MOJETb OMHUCHIBACT M3ydaeMbld OOBEKT MPUOIMKEHHO C y4eTOM
OCHOBHBIX, HanOoOJIee CYIMECTBEHHBIX ()aKTOPOB (IMOTPEITHOCTh MAaTEMAaTUUECKONH MOJIEITHN );

B) UYHCJICHHBI alTOPUTM, TPUMCHSEMBIA Ul pEIICHUS MaTeMaTHYecKOW 3ajaud,
3a4acTyro JIaeT JIMIIb TPUOIKEHHOE pelieHre (OrpelrHOCTh METOIa);

') B MPOLIECCE BBIYMCICHUN Ha KOMITBIOTEPE MPOMEKYTOUHBIC U KOHCYHBIE PE3yJIbTaThI
OKpYIJISIFOTCS  (BBIUMCIIUTENIbHAS TIOTPEIIHOCTh WJIM TIOTPEIIHOCTh OKPYTJICHHUs). MeTobl,
MPUYKUCIISIEMbIE K TOYHBIM, HE YUYUTHIBAIOT HAJTMYUE BHIYUCIUTEIBHON MOTPEITHOCTH.

Yacto mepBble JBa BHJA MOTPEUTHOCTH, OOBCIWHSSI B OJUH, TaKXKe Ha3bIBAIOT
HEYCTPaHUMOU MOTPEITHOCTHIO.

O603HauuB yepe3 | abCOMIOTHYIO BEIMYMHY MOTPEIIHOCTU pe3yibrata, a yepes |, Ly u l,
— a0COJIIOTHBIC BEIMYMHBI HEYCTPAHMMOM TOTPEIIHOCTH, MOTPEITHOCTH METO/a U OKPYIJICHUS
COOTBETCTBEHHO — HETPYTHO TIOJIYYHTD CJICAYIOIIEEe COOTHOIIICHUE:

HepagenctBo (1.1) maer omeHKy Ui MOTPEHTHOCTH pe3ylibTaTta. M3 3Toro HepaBeHCTBA
MOJKHO CJIeJIaTh BaKHBIA BBIBOJ: TOJIHYIO IOTPEIIHOCTh PE3yJIbTaTa HEJb3sl CAeIaTh MEHBIIIE,
4eM HauOOJIbIIas U3 COCTABIISIONIUX €€ MOTPEITHOCTEH.

Onpenenenue 1.1. Ilpubnudsxcennviv 3nauenuem HEKOTOPOH BEIMYMHBI 8 Ha3bIBaeTCA
YHCIIO 8p , KOTOPOE HE3HAYUTENBHO OTIMYAETCS OT TOYHOT'O 3HAYSHUS STOM BETUYHHBI.

[TycTh @ — TOuHOE 3HaUEHUE HEKOTOPOM BEIMUYUHBL, a & p — €€ MPUOTNKEHHOE 3HAYCHHE.

Onpenenenune 1.2. Ab6conomnou noepewinocmvio A TPUOTKEHHOTO 3HAYEHHUS
HA3bIBACTCSI MOYJIb PA3HOCTH MEXK]Ly TOUYHBIM M MPHUOJIMKCHHBIM 3HAYCHUSIMHU 3TOW BEITMYNHBIL:

A= |a - ap| (1.2)

Ipumep 1.1. Eciu a=20,25u ap =20, To abcomoTHast norpeurHocts = 0,25 .



Onpenenenue 1.3. OTHOCHTENBHOH MOTPEIIHOCTHIO MPUOMMKEHHOW BEIMYHHBI &p
HA3bIBACTCSl OTHOLICHHE a0COJIFOTHOW MOTPEUIHOCTH MPUOIMKEHHON BEJIWYHHBI K aOCOIIOTHOM
BEJIMYMHE €€ TOYHOI'O 3HAYCHMUSL:

_la—ap| _ A

o Tl (1.3)
DTO paBEHCTBO MOXHO 3aMucaTh B APYroi popme:
A= |a|é (1.4)

Hpumep 1.2. ITycts a = 20,25 u a p =20, Tora OTHOCUTEIbHAS OTPEIIHOCTD

0= 0,25/20 = 0,0125.

Ha npakruke, kak npaBuiio, TOUHOE 3HaYEHHE BEJIUYMHBI HeU3BeCTHO. [loaToMy BMecTO
TEOPETHUYECKUX TOHATUNA aOCOMIOTHOM M OTHOCHUTEIBHOW MOTPEIIHOCTEH HMCIHOJIB3YIOT
MIPaKTUYECKUE TOHATUS IPEAEIbHON a0COIIOTHOM NOTPELIHOCTH U IIPEASIIbHON OTHOCUTENbHON
MOTPEIIHOCTH.

Onpenenenne 1.4. Ilog npenenbHOl aOCOMIOTHON NOrPEUIHOCTHIO MPHUOIHKEHHOTO
qrclia TOHUMAETCS BCAKOE YHUCIIO Aa HE MEHbIIee a0COMIOTHOM MOrPEUIHOCTH 3TOT0 YHCa:

A=la—a,| <4, (1.5)
Hepasenctpo (1.5) mo3BoisET 411 TOYHOT'O 3HAYECHHS BEJTMUYUHBI TTOJIYYUTh OLICHKY
ap — A< a<a,+A4, (1.6)
Yacrto HepaBeHcTBa (1.6) 3anuchIBatoT B Apyroit popme
a=a,+A,=a,(1+35,) (1.7)

Ha npaktuke B KkadecTBe TMpeAeTbHOM aOCOJIOTHOW MOTPEIIHOCTH BBIOMPAIOT
HauMeHblllee W3 uncen Aa , yIOBJIETBOpSIOUIMX HepaBeHCTBY (1.5), omHako 3TO He Bcerna
BO3MOXHO.

Ipumep 1.3. OueHuts mnpeaeabHYIO aOCOMIOTHYIO MOTPEIIHOCTh MPUOIHKEHHOTO
3HaYeHMs a p = 2,72 4ucna €, eclii U3BeCTHO, uTo e= 2,718281828459045.

Pemenne.

O4eBHUIHO, YTO |ap — e| < 0,01 . CnemoBaTenbHo, Ay = 0,01. Takxe crpaBeITMBO
HEPABEHCTBO la, —e| = 12,720 — 2,71828 ...| < 0,002. Tlomyuaem Jpyroe 3HaucHHE
abcomotHOM morpemHoctd Aa = 0,002. flcHo, 4YTO cremyer BHIOpaTh HaWMEHBIIEEC W3

HaWJIEHHBIX 3HAYCHUH MPEAeTbHON MOTPEITHOCTH, TaK KaK 3TO MO3BOJIUT CY3UTh auamnas3oH (1.5),
B KOTOPOM HAXOAMTCSI TOUHOE 3HAYEHUE U3y4aeMON BEJIMYUHBI.

OmnpenesieHue 1.5. TIlpemenpHOil  OTHOCHTEIBHOU MOTPEUTHOCTHIO Oa
JAHHOTO MPUOIMKEHHOTO 4YHUCJIa Has3bIBaeTcs JII00O€ YHUCIIO, HE MEHbIIee OTHOCHTEIbHOU
MOTPELIHOCTH 3TOT0 YUCIIA:

6 <6, (1.8)

Tak kak cripaBeUIMBO HEPABEHCTBO

— 4 <l

lal = lal

TO MOXXHO CUUTaTh, YTO MpeleibHble aOCOMIOTHAS M OTHOCHTENbHAs MOTPEIIHOCTH CBSI3aHbBI
dbopmyoit

by = % wiu A, = |a|d,.

Ipumep 1.4. Ilycts muinHa Opycka M3MepeHa CAaHTUMETPOBOM JIMHEHKON W MOTy4YeHO
npuOIKeHHOE 3HaUeHue ap=251 cM. Haiitu mpenenbHy0 OTHOCUTENBHYIO IOTPEUTHOCTD Oa

Pemenne.

Tak kak caHTUMETpOBas JMHEHKA HE COACPKUT JCJIICHUM MEHbIE CAHTUMETpA, TO
npenenbHas abCONMIOTHAs MOrpemHocTh Aa = 1 cM, a TOYHOE 3HaueHue, a ATUHBI Opycka
HaxoauTcd B Auana3oHe 250 cm < a < 252 cm. XoTd TOYHOE 3HaYeHUE 8 HEM3BECTHO, MOKHO IS
OTHOCUTEIIbHOM MOTPEIIHOCTH 3alicaTh HEPABEHCTBO

04 = ﬁ = i = 0,004
“ la] 250
T. €. CUATATh, YTO 03=0,004 .



Ecnu abcomoTHast morpemHocTh Aa 3HAYUTEIBHO MEHBIIE TOYHOrO 3HaueHHs |al, To
OTHOCHTEJIbHYIO IOIPEIIHOCTh MOAPA3ACNISIOT MPUOIMKEHHO KaK OTHOIICHHE aOCOIOTHOM
MOTPEIIHOCTH K NPUOINKEHHOMY 3HAUEHUIO:

a ~
—|,Aa~ |lay|8a. (1.10)

6a ~ |ap

Yacrto B opmysie (1.10) BMECTO 3HAKA «~» HCIIOIB3YIOT 3HAK TOYHOI'O PABEHCTBA «=».
OTHOCHUTENBHYIO IMOTPEITHOCTh HHOTIA 33Jaf0T B MPOIICHTAX.

Ipumep 1.5. Onpenenuts NpeneabHy0 OTHOCUTENbHYIO M a0COJIOTHYIO MOTPEIIHOCTH
3HaueHus X=125+5% .

Pemenue.

3nech da =5% =0,05 u Aa =0,05 125=6,25 . B 3TOoM mpumepe MbI BOCIOJIb30BAIHCH
dbopmymoii (1.10).

3navamue uudpsl

Onpenenenune 1.6. 3Havamumu nudpamMu B 3alMCH  NPUOIMKEHHOTO — 4HKCIa
Ha3BIBAIOTCS:

BCE€ HEHYJIEBbIE LIU(PHI;

HYJIH, COJICpIKAIIHeCs MEeX Ty HeHYJICBBIMH [TU(paMH;

HYyJIA, SIBJISIOIIUAECS TPEJACTABUTEISAMH COXPAHEHHBIX JICCATHYHBIX pa3psAIoB  MPH
OKpYTJICHUH.

B cnenyromux npumepax 3Hadamniye nu@pel Mo4epKHYTHI.

Mpumep 1.6. 2,305; 0,0357; 0,001123; 0,035299879~0,035300.

[Ipn oxpyrnenun umcia 0,035299879 no mectn 3HAKOB MOCHE 3alATON IOJIy4aeTCs
gucio 0,035300, B kKoTOpOM TOCHIETHNE JBA HYJIS SBISIOTCA 3HadammmMu. Ecou otOpocuts 31TH
HynH, TO noiaydeHHoe uucio 0,0353 He sBusercs paBHO3HauHbIM ¢ unciaoMm 0,035300 kak
npuOMKeHHpIM  3HaueHueM uucia  0,035299879, Tak Kak MOTPENIHOCTH  YKa3aHHBIX
MPUOIMKEHHBIX YHCeN OTIHYaloTcs!

Onpenenenue 1.7. Ilepbie N 3Havamux 1udp B 3aMUCH TPHOIMKEHHOTO YHCIIA
Ha3bIBAIOTCS BEPHBIMU B Y3KOM CMBICIIE, €CIIH a0COIOTHAS MOTPEIIHOCTh YHCIa HE TPEBOCXOIUT
MOJIOBUHBI E€AMHMIIBI pa3psiia, COOTBETCTBYIOUIETO N -i 3Hauamiedl nudpe, cuurtas clieBa
HaIpaso.

Hapsiny ¢ nanHbpIM onpe/iesieHneM HHOTAA UCIIONIb3YEeTCs APYToe.

Onpenenenue 1.8. IlepBbie N 3Havamux 1udp B 3amucd NPHOIMKEHHOTO YHCIIA
HA3bIBAIOTCA BEPHBIMH B ILIMPOKOM CMBICIIE, €ClIM aOCONIOTHAsl MOrPELIHOCTh YHUCIIa He
MIPEBOCXOIUT €IMHUIIBI pa3psia, COOTBETCTBYIOIIEro N -i 3Havalen nudpe.

Ipumep 1.7. Onpeaenuts BepHbIEe TU(PHI TPUOIMKEHHOTO 3HAUYCHUS ap =2,721 yucia e
, €CJIM U3BECTHO, uTO € = 2,71828...

Pemenue.

OueBHAHO, YTO |ap — e| = 2,721 — 2,71828...| < 0,003 < 0,005. CruenoBareibHO,
BEPHBIMU SIBJISIIOTCSL TOJBKO TpU MepBble HUDPHI (B Y3KOM M HIMPOKOM CMBICIE), MOCIEAHIOK
uudpy MOKHO OTOPOCHUTB, & p = 2,72.

Hpumep 1.8. Ilycts X =1,10253+0,00009. BepHbiMU SBISIOTCS NEPBBIE YETHIPE
3Havamue 1udpsbl, a Tudpsl 5 U 3 He yAOBIETBOPSIOT ONpPENCNICHHI0. B MIMPOKOM cMBbIce
BEPHBIMH SIBIISIOTCA MIEPBBIC TSATH LUPP.

Ipumep 1.9. Ilpu 3anucu cienyromux (QUINIECKUX KOHCTAHT YKa3aHbl TPU BEpPHBIC
3HavaIue uudpsl:

a) rpaBUTAIIMOHHAS TIOCTOSIHHASA Y=6,67 10™H, m?/kr?;

6) ckopocTh cBeTa B Bakyyme ¢=3,00-108 , m/c;

B) mocrosiuHas Ilnanka h =6,63-10%*, Ix c.

3ameuanue. TepmMuH «BepHbIE 3Hadamue UUGPB» HENIb3s TMOHUMATh OYKBAIBHO.
Hampumep, coBpeMeHHOE OMBITHOE 3HAUEHHWE CKOPOCTH CBETa B BaKyyMe COCTaBIsIeT C=
2,997925-10% |, m/c. OueBHIHO, YTO HHU OJHA 3HAYALIAS nudpa B npumepe 1.9, He coBmanaer ¢

A




COOTBETCTBYIOIIEH TOYHOH 1M (PpOi, HO aOCOMIOTHAS TOTPEUTHOCTh MEHBIIIE TTOJIOBHHBI Pa3psaa,
COOTBETCTBYIOIIETO NOCIeHeH 3Havamei mudpe B 3amucu 3,00 108 :
3,00-108 - 2,997925-10° |< 0,003-108 < 0,01-10° / 2 = 0,005-108 .

IIpaBuJI0 OKPYIJIeHUS YHCe

UToOBl OKPYIJIMTH YKCIO O N 3HAYammx mudp, oTOpachiBalOT Bce MHUQPHI, CTOSIIHE
crpaBa OT N -ii 3Havaled UU@pPbl, UK, €CIIM ITO HYKHO JJISl COXPAHEHUS Pa3psI0B, 3aMEHSIOT
ux HyJsmu. [Ipu sTom:

ecii TmepBasi OTOpomIeHHas Iudpa MEHbIIE S5, TO OCTABIIMECS JECITUYHBIC 3HAKU
COXPAHSIOT 0€3 U3MCHCHUS,

eciu mepBasi orOpouieHHas nudpa OomibiIe 5, TO K MOCienHeld ocTaBiieics nudpe
NpUOABIIAIOT €ANHUILY;

€CITU TepBasi OTOpoIIeHHas U(pa paBHA 5 U CPEAU OCTAIBHBIX OTOPOIIECHHBIX UMD
€CTh HEHYJIEBBIE, TO K ITOCIEAHEN ocTaBIIeNCs IIU(ppe TpUOaBISIOT €AUHHUILY;

€CJIM 1epBas U3 OTOPOILIEHHBIX (P paBHA 5 U Bce OTOPOILIEHHbIE TUQPHI SBIAIOTCA
HYJIIMH, TO TOCJIEIHSS OcTaBlIascs LU(pa OCTABIAETCS HEU3MEHHOH, €caM OHa 4YeTHas, U
YBEJIMUMBAETCS HA €IMHUILY, €CJIU HET (MIPaBUIIO YETHOU LU (PBHI).

OTO HpaBWJIO TapaHTHPYET, YTO COXpPAaHEHHbIE 3Hayalue LU(pbBl yucia SBISIFOTCS
BEPHBIMU B Y3KOM CMBICIIE, T. €. IOTPEIIHOCTh OKPYTJIEHHS HE TPEBOCXOAUT MOJIOBUHBI pa3psia,
COOTBETCTBYIOILIETO TOCTeAHEeNH ocTaBieHHOW 3Hauamied nudpe. I[IpaBuno yetHoi uudpsl
JOJHKHO 00€CeunTh KOMITEHCAIMIO 3HAKOB OIIHOOK.

Ipumep 1.10. [IpuBeneM npuMepsl OKPYIJICHUS O YETHIPEX 3HAYALIUX LUPD;

a) 3,1415926 = 3,142;

Aa =(3,142 - 3,1415926|< 0,00041 < 0,0005 ;

6) 1256 410 =1 256 000;

a =|1 256 000 -1 256 410 |< 500 ;

B) 2,997925-10% ~ 2,998-108 ;

a=|2,998-108 - 2,997925-108 |< 0,000075-108 < 0,0005-108

Crnenytomiasi TeopeMa BbBISBISIET CBSI3b OTHOCUTENBHOM MOTPEIIHOCTH YHUCIAa C YHUCIOM
BEPHBIX JECATUYHBIX 3HAKOB.

Teopema 1.1. Eciiu monoxurenbHOe MPUOIKEHHOE YUCIIO UMEET N BEPHBIX 3HAYAIIUX
uudp, TO €ro OTHOCUTENbHAS HOIPENIHOCTh & He MPeBOCXOoauT BenuuuHel 101" | nenennoii Ha
MEPBYIO 3HAYAIYIO HTUPPY OH

1-n
5§ <1077/ (1.11)
®opmyna (1.11) mo3BONAET BEIYUCIUTD IPEACTBLHYI0 OTHOCUTEIIBHYIO MOIPEIIHOCTh
1-n
8. =10"/a, (1.12)

IIpumep 1.11. HaifTu OTHOCUTENBHYIO U aOCOJIOTHYIO MOTPEUIHOCTH MPUOIMKEHHBIX
ymcen: a) 3,142, 6) 2,997925-108 .

Pemenue.

a) 3mecs N = 4, o, =3. Hcnonszyem c¢opmyny (1.12) misg OUEHKH OTHOCHUTEIHHOU
MOTPEUTHOCTH:

a=10""/, =0,001/3 % 0,00033.

Jnist ornpenienieHust abCONMIOTHOM MOrpenHoCTH NpuMeHuM gopmyay (1.10):

a ~ |a,|8, = 3,142 0,00033=0,001.

6) AHAJIOTHYHO BBIYMCIUM: N =7, o, =2 , 82 =10'" / o, = 0,000001/ 2 =0,0000005;

a ~ |a,|8, =2,997925-108-0,0000005 =150

IHorpemnocTn apupMeTHYECKUX ONepanu

IIpuBenem  mpaBuia  BBIYMCICHHS  TOTPEIIHOCTH  pe3yibTara  pa3iIU4HbIX
apu(pMEeTHYECKHX OIepaluil HaJl TPUOIMKEHHBIMHA YHCIIAMH.

OTHOCHTEJIBHO aJIreOpandecKoi CyMMBI U = X & Y MOKHO YTBEPXIaTh CICIYOIIEE.



Teopema 1.2. IlpenenbHas abcoytOTHAS MOTPEUIHOCTh CYMMBbI NPHONMKEHHBIX YUCEI
paBHa CyMMe IpeAeIbHBIX a0COITIOTHBIX MOTPEIIHOCTEH caraeMbIx
Au:Ax+Ay (113)
N3 dopmynsr (1.13) cnemyer, 4To npedenrvhas adOCOMOMHASL NOSPEUIHOCTL CYMMbL He
Moxcem Oblmb MeHblule NpPedelbHOU aOCONIOMHOU NOZPEWHOCMU HAUMeHee MOYHO20 U3
cnaeaemvlx, T.€. €CIM B COCTaB CYMMBI BXOIAT TNPUOMMKEHHBIC ClIaraeMble C Pa3HBIMH
aOCOJIIOTHBIMU TIOTPEIIHOCTSAMH, TO COXPaHATh JHIITHUE 3Hadamue nudpsl B 6oee TOYHBIX He
UMEeT CMBICIA.

Hpumep 1.12. Haiitu cymmy npuOIMKEHHBIX YHCEd, BCE HU(MPHI KOTOPBIX SBISIOTCS
BEPHBIMH B IIUPOKOM CMBICTIE, U €€ TMPEIEIbHYI0 a0COIIOTHYIO U OTHOCHTEIBHYIO TIOIPEIIHO CTH
u=0,259 + 45,12 + 1,0012.

Pemenne. IlpenenbHble aOCOMIOTHBIE MMOTPEIIHOCTH  CJaraéMblX 3[€Chb  PaBHBI
cootBercTBeHHo 0,001; 0,01; 0,0001.

CymMMupOBaHHE TPOU3BOAMM, PYKOBOJACTBYSCH CIIEAYIOIIMM MPAaBUJIOM: BBIJIEIUM
HauMeHee TOYHbIE cjlaraeMble (B HallleM IpHUMEpe 3TO BTOPOE CllaraéMoe) M OCTaBUM HX 0e3
M3MEHEHNS;

OCTajJbHbIE 4YMCIA OKPYIJIMM IO OO0pa3lly BBIIEIEHHBIX, OCTaBlisAs OJWH WIH JBa
3aMacHbIX 3HAKa;

CJIOKHMM JIaHHBIE YHCIIA, YUUTHIBAsl BCE COXPAHEHHBIE 3HAKMY;

MIOJIyYE€HHBIHN pe3yNbTaT OKPYTJIUM /10 TOYHOCTH HaUMEHEee TOUHBIX cliaraeMbix. imeem

Ay =0,001 + 0,01 + 0,0001 = 0,0111;
= 0,259 +45,12+1,0012 = 0,26 + 45,12 + +1,00 = 46,38 + 0,01.

OcHOBHOU BKJIaJ B aOCOJIFOTHYIO TOTPEIIHOCTh Pe3yJIbTaTa 3JIeCh BHOCST IpeaeiabHBIC
MOTPEITHOCTH UCXOTHBIX JIAHHBIX, IIPUBEJICHHBIC BBIIIIC.

Teopema 1.3. Eciiu Bce cnaraeMble B CyMM€E UMEIOT OJIMH M TOT € 3HaK, TO MpeeabHas
OTHOCHUTENIbHAS TOTPEINIHOCTh CYMMBI HE TIPEBBINIACT HAWOOJBIICH W3  MPEICTbHBIX
OTHOCHUTEIIbHBIX TTOIPEITHOCTEH ClIaraeMbIX:

6y < max (6y, 0y, .., 0x) (1.14)

[Ipy BBIYMCICHHHM Pa3HOCTH JABYX HPHOIMKEHHBIX 4YHced U =X -y ee aOCOJIOTHAs
MOTPEIIHOCTh, COTJIaCHO TeopeMe 1.2, paBHA CyMMe aOCONIOTHBIX  IOTPEITHOCTEH
YMEHBIIIAEMOT'0 ¥ BBIYUTAEMOTO, T.€. Ay=AxtAy,a ipejiesibHass OTHOCUTEIIbHAS TOTPEIIHOCTD.

5, = 2 (1.15)
lx=yI

N3 dpopmynsr (1.15) crmenyer, uro ecnu npuOIMKEHHBIE 3HAYCHUS X W ) OJU3KH, TO
npeJieibHast OTHOCHTEIbHAS IMOTPEIIHOCTh OyAeT OYeHb OOJIBIION.

IMpumep 1.13. Haiitu pazHocTth U =X-y ¢ TpeMs BEpHBIMU 3HaKamu, eciu x =12,1254 +
0,0001, y=12,128 + 0,001.
Pemenne.
Hmeem 12,1254 — 12,128 =— 0,0026.
u =0,0001+ 0,001 =0,0011;

_ o011 _
Y =120,0026] - Y
__ooout 0,000008

*TT1z21254] "~ " ’

0,001
y ~ 0,00008;

~ 12,128



CornacHo 3TUM pe3ylibTaTaM Pa3HOCTh X-Y uMmeer He Ooyiee OmHON BepHOU mUDPHI H
OTHOCHUTENIbHAS TIOTPEHIHOCTh OYeHb BEJIMKA [0 CPaBHEHUIO C  OTHOCUTEIHHBIMHU
MOTPENTHOCTSIMH OTIEPAHIOB.

B HexoTOphIX ciyyasx ynaaercss n30eXaTh BBIYHCICHHUS PA3HOCTH ONU3IMX YHUCEN C
MTOMOIIBI0 TIPeoOpa30BaHuUsl BBIPAKECHUS TaK, YTOOBI Pa3HOCTh ObLIAa MCKIIOYEHA. PaccMoTpum
OJIMH U3 TaKUX MPUMEPOB.

Hpumep 1.14. Haiitu pasHocts /4,05 — v/4 ¢ TpeMs BepHBIME 3HAKAMH.
Pemienne. YMHOXHAM U pa3JienuM Ha colpsbkeHHoe. 1lomyunm

\/4_()55_\@:(‘/%_\/1)'(\/%""@) 4,05 — 4 0,05

\/m + \/Z \/m + \/Z 4,012461 0,01246

~ 0,0125

Ecnu mpeacraBisieTcsi COKHBIM 3aME@HUTh BBIUUTAHUE OMU3KUX MPHOIMIKEHHBIX YHCEI
CJIOKEHUEM, TO CIIEyeT TOCTYIAaTh TaK: €CJIM U3BECTHO, YTO MPH BRIYUTAHUU JOJHKHO MPOMACTh
M TepBBIX 3HAYAIUX IUQpP, a B pe3yibTrare TpedyeTcs COXpaHUTh N BEpHBIX IUdp, Toraa B
YMEHBIIIAEMOM U BEIYMTAEMOM CIIEAYET COXPAHATH 7+ BEPHBIX 3HAUAITUX [UGP:
4,05 — /4= 2,012461 —2 ~0,0125

Teopema 1.4. IlpenenpHas OTHOCHUTENBHAsI IIOIPEIIHOCTh NPOU3BEACHUS U=X'Yy
MPUOIMKEHHBIX YHCENl, OTJIMYHBIX OT HYJS, paBHA CyMME TMpEIebHBIX OTHOCHTEIBHBIX
MOTPEITHOCTEN COMHOXKHUTENIEH, T. €.

Sy =0x+0y . (1.16)

B uactHOCTH, ecin U =K-X , Tae K — Tounoe uucio, umeeM Ay=|k| - A,, du =0x.

Mpumep 1.15. Onpenenuts nMpou3BecHNE TPUOTIDKEHHBIX uncen X=12,45 u y=2,13 u
YHCIIO BEPHBIX 3HAYAIKUX IU(P B HEM, €CIIM BCe HAIMMCAHHBIC ITU(PHI COMHOXKUTEIICH — BEpHBIC
B Y3KOM CMBICIIE.

Pemenue. I1o ycinoButo mpenenbHbie aOCOMIOTHBIC MOTPEITHOCTH COMHOKHUTEICH PaBHBI
Ax =Ay = 0,005 ; 6x = 0,005 /12,45 (1 =0,0004 ; 6y =0,005/2,13 = 0,0023. Toraa o Teopeme 1.4
nMeeM Oy =0x+0y = 0,0004 + 0,0023 = 0,0027 = 0,003. Beruuciaum npousBenenue 12,45 -2,13 =
26,5185. u= 26,5185-0,003=~0,079~0,08. Takum oOpa3oMm, pe3yJbTaT HMEET TPHU BEPHBIX
3HAYaIMMX HUGPHI B MIKPOKOM CMBICIIE U MOXKET ObITh 3allMCaH B BUJIE

=26,5-(1+0,003) .

Teopema 1.5. [lpenenbHas OTHOCUTEIbHAs MOrPEIIHOCTh YAaCTHOTO paBHA CyMMeE
Mpe/IeIbHBIX OTHOCUTEIBHBIX MOTPEIIHOCTEH EIUMOr0 U ACTUTENs.

IIpumep 1.16. Beruuciauts yacTHOe MpHOIMXKEHHBIX uncen X=12,45 u y=2,13 u yucno
BEpPHBIX 3HAYAIIMX HU(P B HEM, €CIIU BCE HalMCaHHbIe HUQPHI COMHOXKUTEIECH — BEpHBIC B
yY3KOM CMBICIIE.

Pemenne. [IpenenbHas OTHOCUTENbHAS TOTPEIIHOCTh YaCTHOTO 1O Teopeme 1.5 paBHa Oy
~0,003. Beruucianm yactHoe 12,45/ 2,13 =5,84507 .

u= 5,84507-0,003~0,0175~0,02 . Pe3ynpTaT MMeeT [BE BEPHBIX 3HAUANIMX LUDPHI B
y3KOM CMBICIIE U MOXKET ObITh 3allMCaH B BUJIE

=5,8-(1+0,003) .

IMorpemHocTh MPOM3BOIBLHONH PYHKIIUH

ITycTpb 3amana npousBoibHas GyHKIms U=f (X1, X2 , ..., Xn), TA€ X1, X2, ..., Xn—
MPUOTMKEHHBIE BENUYUHBL, & Ayq , Ayy, ..., Ay — UX U3BECTHBIC TIPEICTbHBIC A0COIIOTHHIE
norpemnocTy. Toraa npeaeiabHas a0COMOTHAS MOTPEIIHOCTh Pe3ybTata — QYHKIUH U — IS
MasbIx Axj BEIUUCISAETCS 110 hopMmyIie

A,=31 |z—£ A,; B TOUKE (X1, X2 , ..., Xn) (1.17)

Kax Bumno u3 gpopmyisr (1.17), mis ee npumeneHus Tpedyercs, utoobl pyHkims f (X1, X 2
, oy Xn ) OBLTA TUPEepeHIHPYEMOIi IO BCEM NTEPEMEHHBIM.
Mpumep 1.17. Beraucnuts GpyHKImio U= 2sin(3x+ 4y) , ecnu

x =-—=+0,002uy=-—+ 0,005
24 24




Haiitn mnpenenpHble aOCONIOTHYIO M OTHOCHTEIBHYIO IIOTPELHIHOCTH pe3yJsibTaTta H
OIPECIUTh YUCIIO BEPHBIX 3HAYAIIUX LU PP.
Pemenune. [Tpumensis popmyay (1.17), umeem

ou Ju
A,= P A, + @ A,= |6 cos(3x + 4y)|- 0,002 + |8 cos(3x + 4y)| - 0,005 =

=12 cos(3x + 4y)| - (30,002 + 4 - 0,005) = |2 cosZ| - (30,002 + 4-0,005) =

=2 0,026 ~ 0,037. -

Jlns dyHkuuu u HaxoaumMm U =vV2 ~1,414214. YuursiBas mpejelbHyI0 aOCONIOTHYIO
norpeurHocTs Ay ~0,04 , momyyaem pe3yabTar, KOTOPBI IMEET JIB€ BEPHBIX 3HAYAIUX HU(DPHI B
y3KOM cMbiciie. OTBET MOXKHO 3aIucaTh B BUJIE

=1,4+0,04.

IHopsinok BbINOIHEHHS PadOTHI:

1. O3HaKOMHTBHCS C TEOPETHUECKUMHU CBEJICHUSAMMU.

2. BpIMOAHUTH HEOOXOMMBIE PACUETHI.

3. OdopMUTH U IPEACTAaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTrasiieHus pe3yJbTara:

Pe3ynbTathl mpencTaBuTh B BUje otueTa B popmate .dOCX.

Kpurepun ouenku:

3agaHue BBITOIHEHO 03 OIMMOOK — OLIEHKA «OTIIMYHO.

3aaHue BBIOJIHEHO MPaBUJIbHO, HO JONYIIEHBI 1-3 BRIUMCIUTEIbHBIX OMIMOOK — OIIEHKA
«XOPOIILIOY.

3aaHue BBINOIHEHO HEOPEKHO, TOMYLIEHBI OIIMOKH — OILIEHKA «YA0BJIETBOPUTEIHLHOM.

3ananue BBITIOJIHEHO HENPaBUIBHO, JIOTYIIIEHbI OLIMOKH - OIIEHKA
«HEYJIOBJICTBOPUTEIBHO.




Tema 2. Uncaennoe pemenune CJIAY
JJABOPATOPHAS PABOTA Ne2 «PEIIEHUE CUCTEM JIMHEMHBIX
YPABHEHUN»

Llesb: OCBOMTH METOBI PEIICHUS CUCTEM JIMHEHHBIX YPaBHEHHHA

Boinosinus padorty, Bel Oyaere:

ymemp:

— pemath CUCTEMBI JMHEHHBIX anreOpanyecKux ypaBHEHHH, UCTONB3ysl Meton ['aycca u
METOJ UTEPALII.

MarepuajibHoe ofecniedeHne: MakeT NpUKIaaHbIX nporpamm Microsoft Office.

3aganue:

Haiitu pemieHus cucrteM JIHMHEHHBIX anreOpanveckux ypaBHeHH AX =D ¢ TOYHOCTBIO
£=10"%: a) ucnons3ys Meron l'aycca; 6) HCIoONb3ys MeToA uTepauuii. CpaBHHUTH MX C
TOYHBIMHU PEUICHUSMU & .

5 0 1 11 2
1A= 1 3 -1| b=|4| &=|1|
-3 2 10 6 1
2 0 -1 -3 -1
2 A=|-1 3 1], b{z, E=| 0
1 -1 4 3 1
2 0 -1 1 1
3. A=|1 -3 1| b=|2| &=|0]
1 1 3 4 1
5 1 -1 -5 -1
4 A=[-1 3 1| b[S,él
1 -2 1 1
3 1 -1 -1 -1
5. A=| -2 1, b{S, 5[1 .
1 1 -3 -1
3 1 -1 6 2
6. A=|2 4 1| b9,§1}.
1 -1 3 4 1
2 -1 0 ~2 -1
7.A=|2 5 -2| b{—4, g{o .
1 -1 3 2 1
3 -1 1 1 1
8 A=| 0 2 -1| b=|3| ¢&=|1
-1 1 5 -5 -1
4 1 -1 7 2
0. A=|2 3 0| b=|7] ¢&=]1
1 -1 5 11 2
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5 0 1 11 2
22. A=|1 -3 1} b[s , £=|0
3 -1 5 11 1
5 -1 3 0 1
23. A=|1 -3 1} b=|-6]| 5{2
0 1 2 0 -1
5 -11 -6 -1
24, A=|-2 5 1| b=|13] 5[2 .
3 -15 0 1
5 1 -1 8 1
25.A=|-1 3 1| b=| 0| &=|1
-1 0 2 -5 -2

KpaTkue Teopernueckue cBeeHHs:

2.1. Memoo npocmoui umepayuu

Bce mertonpl pemieHHs CUCTEM ypaBHEHHH MOXHO pa3OUTh Ha YCJIOBHO TOYHBIE U
npuOmmkenapie. K TouHbM anroputmam oTtHocuTcs — Meton Kpamepa, [Maycca, XKopmana-
laycca u 1.0, Cpenu mnpuOIMKEHHBIX CIEAyeT OTMETUTh, MPEXKIE BCEro, HUTEpallOHHbIE
MeToibl. PaccMoTpuM mopoGHO METO[ MPOCTOM UTepaluu, KOTOPBIM 00JIajjaeT CleqyomuMu
MPEUMYIIIECTBAMU:

1. Ecnu mpouecc urepanuu cXoauTcst ObICTPO, T.€. KOJWYECTBO MPUOIMKEHUN MEHbIIE,
4YeM TOpSAIOK CHCTEMBI, TO TOJY4YaeTCsl BBIMIPBHIII BO BPEMEHH pELIEHHS MO CPaBHEHHUIO C
TOYHBIMHU METOJaMH.

2. Merox wutepanuii SBISETCS CaMOKOPPEKTHPYIONIUMCS, T.€. OTHACIbHBIC OIIMOKH HE
OTpakaroTCsl HA KOHEYHOM Pe3yJIbTaTe pelIeHusI.

3. IIporiecc urepanuii Jierko nporpammupyercs Ha O9BM.

[TycTs nana cucTemMa JMHEHHBIX aIreOpandecKuX ypaBHEHUN

AZ=b

re A — HeBBIPOXK/IEHHAs: MaTPHULIA.

Pacmnpennas matpuna A 3TOW CUCTEMBI UMEET BULL:
(a; ap - a, by

b

[IpuBOAs C TOMOIIBIO JIMHEHHBIX HpeOGpaBOBaHI/I_ﬁ 9Ty CUCTEMY K DKBUBAJICHTHOMY BUIY .
X=cE+d
OyzeMm pemiaTh MOCIEAHIOID METOAOM IOCJIeNOBaTeIbHBIX MpHOIKkeHnid. B3sB 3a HyneBoe
v =l =
MpUOIIKeHNE KaKoW-T100 BEKTOp X, BEIYUCIUM NMPUOIMKeHHe * 1o Gopmynie
=il —I0) e
X =cx" +d

AaHaJIOTUYHO

T _ox 2 g UL
JE.]:I} R .
HOCJ'Ie,Z[OBaTCJ'ILHOCTB BEKTOPOB E k=12 CXOUTCA K TOUHOMY PCIICHUIO X ,T.C

. —lk —
11n1 X =%

€CJIM HOpMa MaTPHIBI C
llell = 1.



Hopwma ||c|| omipenensieTcst 1o OAHOMY U3 CIEIYIOIUX CIIOCOOO0B:
[e]... = max E_,|a |

[, = max 3

Sk

= IIE ai_:
Va oo
[Ipu caenaHHBIX TPEATIOIOKEHUSIX O HOPME MATPHUILIBI C TOTPEIIHOCTD K-0ro mpuoOImKeHus
MOXHO OIEHUTD CICAYIOIIUM 00pa3oM: _
I L

o p—
[ -
mpa ¥
=< e N __H|
-]

[lepBass u3 >THX (opMyn TO3BOJISET OIECHUTH KOJUYECTBO HUTEpaIUii, TEOPETUUYECKU
HEOOXOAMMBIX ISl TOCTUKEHUS 3aIaHHON TOUHOCTH.

=H_.

IMopsiaok BHINOJTHEHNS] PA0OTHI:

1. O3HAKOMHTBHCS C TCOPETHUCCKUMHU CBEICHHUSIMH.

2. BbIMOTHATE HEOOXOUMBIC PACUCTHI.

3. OdopMuUTH U MPEJACTAaBUTH PE3YyIbTATHI PACYCTOB.

dopma npeacTaBieHus pe3yJbTara:

Pe3ynbraTel pecTaBUTh B BUE oTueTa B (hopmate .dOCX.

Kpurtepun ouenku:

3agaHue BBITOIHEHO 0€3 OIMO0K — OLIEHKA «OTIIMYHO.

3aaHue BBIMTOJIHEHO MPABUIBHO, HO JOMYIIEHBI 1-3 BBIYUCIUTEIBHBIX OIMMHOOK — OIEHKA
«XOPOIIIOY.

3aaHue BBIMOJTHEHO HEOPEKHO, TOMYIIEHBI OITUOKU — OIICHKA «YIOBJICTBOPUTEIHLHOY.

3amaHue BBIITOJIHEHO HEMPaBUJILHO, JIOTTYIIIEHBI OIIINOKH - OLlIEHKa
«HEYJIOBJICTBOPUTEILHO.



Tema 3. AropuT™Mbl M MeTOABI NOUCKA KOPHeil ypaBHEeHNs U PellleHus!
HeJIMHEHHBIX CHCTEM
JIABOPATOPHAS PABOTA Ne3 «PEHIEHUE AJITEBPAUYECKHUX U
TPAHCIHEHJIEHTHBIX YPABHEHUI»

Henab: ocBOUTh METOJBl pPEUICHUS aNreOpandeckux M TPAHCUEHAECHTHBIX YpaBHEHUU
Boinosinus padorty, Bl Oyaere:
ymemp:

— pcfuaTtb anre6pa1/1quKHe YpaBHCHUA MCETOJaMH IIOJIOBHUHHOI'O [JCJIICHHA, IIPOCTBIX
HTepaHHﬁ, MCTOAOM XOpA U KaCaTCJIbHBIX.

MarepuajibHoe ofecnedeHne: MakeT NpUKIaAHBIX mporpamm Microsoft Office.
3aganue:

HaiiTn pemenus cieayrouX YPaBHEHUH C TOYHOCTBI0 & =107

a) METOJIOM TTOJIOBUHHOTO JIEJIEHUsI; 0) METOIOM IPOCTHIX UTEpPALUii; B) METOJOM XOpJ U
KacaTeJbHbIX.

1. x*=3x-20=0 (x>0). 2 x*-2x-5=0 (x>0).
3. x*+3x+5=0 . 4. X" +5x-7=0 (x>0).
5. x> —12x-5=0 (x>0). 6. x+e*=0.

7. x> =2x* —4x+5=0 (x<0). 8 x>—x-2=0.

9. x> =10x+5=0 (x<0). 10.2—-Inx—x=0 .

11. X* +2x-7=0 . 12. X* +x* =11=0 (x>0).
13. X" =2x—-4=0 (x>0). 14 28" +x-1=0.

15. X" =2x—-4=0 (x<0). 16.2x> +x*—4=0 (x>0).

17.¢* —=x-2=0 . 18.%ex—x—1=0 (x>0).
19. x> —cosx=0 (x>0). 20. x*+Inx=0.
21. Inx+0.5x-1=0 . 22. Inx—-0.5x+1=0 (x>1).
1 e
23, 12—Inx=0 . 24, > ——=0 (x>0)
1+x 1+x 2
25 % —Inx=0
2+ X

Kparkue TeopeTnueckue cBeIeHHA:

Pewenue arcebpauueckux u mpancyenOeHmuvlx YpaeHeHull

3.1. Kopnu ypasnenus. Omoenenue KopHeil

Oyuknus f(X)HaspiBaeTes anreOpandecKo, eciau At MOJYUYSHUS €€ YHUCIIOBOTO 3HAYCHHSI
[0 JJAHHOMY 3HA4YCHHUIO apryMeHTa X TpeOyeTcs BBINOJIHUTh apu(PMETHUYCCKHE OIepald U
BO3BEJICHUE B CTETICHD C PALIMOHAIBLHBIM ITOKa3aTEIeM.

Ecnu B 3amuch ypaBHEHHUS BXOIAT TOJNBKO aireOpandeckue (QyHKIUH, TO ypaBHEHHUE
Ha3bIBACTCS a1eeOpauiecKuM.

AnreGpandeckoe ypaBHEHHE BCET1a MOXKET OBITH IPUBEACHO K BHIY
a,x" +a,_x  4a,_x" "+ +axta;=0. (3.1)

e "=123... a,=0.



Bce HeanreGpamucckue (QYHKIMH: IOKasaTenbHas @ , jorapudmudeckas loga X
TPUTOHOMETpUYECKHE Sin X, COS X, tg X, CtgX u oOpaTHblE TPUTOHOMETPHUYECKHE arcsin X,
arccos X, arctg X, arcctg X — Ha3bIBarOTCsl TPAHCIIEHACHTHBIMH.

Ecnu B 3amuchk ypaBHEHUS! BXOAAT TPAHCUECHICHTHBIE (DYHKIMH, TO YpaBHEHHE HA3bIBACTCS
TPaHCLICHICHTHBIM, HallpMep tg X = ax .

Pemenne ypaBaenus f (x) =0 ¢ 0ZJHUM HEU3BECTHBIM X 3aKJIFOUACTCS B OTHICKAHUU KOPHEH,
TO €CTh TE€X 3HAYCHHH X , KOTOpBIE 00PAIIal0T ypaBHEHHUE B TOXKJIECTBO.

B obmem ciyuae mnst ypaBHenus f (x) =0 OTCyTCTBYIOT aHaJIMTHYECKHE (OPMYIIBL,
OIIPEIEISIONINE €r0 KOPHHU.

3amaua OTHICKAHUS KOPHEH CBOIMTCS K HaXOXJICHHIO BCEX TOYEK Xj epeceueHus rpaduka
¢dyukuu f(x) ¢ ocwio x (puc. 3.1).

5

1 vt
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Puc. 3.1. T'eomerpuueckas uHTEprpeTaius KopHei ypaaenus f(x) = 0

W3 pucyHka BHIHO, YTO YHCIIO TOYEK MepeceucHus rpaduka QYHKIMHA C OCBIO X MOXKET
ObITh HECKOJbKO. [109TOMY B KadecTBe IMEpPBOrO Ilara MPH pEIICHHH JFO00r0 ypaBHCHHUS
MPOBOAT omodeneHue ero KOpHel. DTo 03HAYaeT, YTO OCh X Pa30MBAIOT HA TAKUE OTPE3KH, YTO B
Ka)XJIOM M3 HUX COJCPXHTCS TOJBKO OJMH KOPEHb ypaBHEHUs. [lociie 3Toro cieayer yTOYHUTh
MOJIOKEHUE KX IOT0 KOPHS B Mpe/esiax J0MyCTUMO#M MOTPEITHOCTH.

Jlns oTaeneHUsT KOPHEH IMoJie3Ha ClieAyrolas TeopeMa: ecinu HenpepbiBHas GyHkims f(X)
MPUHAMACT 3HAYEHHUS Pa3sHBIX 3HAKOB Ha KOHIAxX orpeska [a, b] , t.e. f (a)-f (b) <0, To BHyTpH
3TOTrO OTpPE3Ka COMEPIKUTCS, IO MEHbIICH Mepe, oauH KopeHb ypaBuenus f(X) = 0. Ha ochose
ITOM JKE€ TEOPEMbl PEATU3YIOTCS CaMble MPOCThIE W HAACKHBIC METOAbl YHCICHHOTO
OIpe/IeICHUs] KOPHEH ypaBHEHHIT: METO/I IOJIOBUHHOTO JICICHHSI U METO XOP/I.

I[Mpotiecc oTaeNCHNS KOPHEH HAYMHACTCS C yCTAHOBIICHHS 3HAKOB f(X) B rpaHUYHBIX TOUYKAX
HMHTEPECYIOIIEro HAC OTPEe3Ka ONMPEICICHHs IEPEMEHHOM X: X = @ u X = b. 3arem onpeaessirorcs
3HaKku f(X) B psjie MPOMEXKYTOYHBIX TOYEK X = (i1, 02 ..., BHIOOP KOTOPBIX JOJDKEH YYMTHIBATH
ocobennoct Gpynkiuu f(x). Ecnu okaxercs, uro f(ai)f(ait1) <0, To B mHTEpBane (oi, aitl) ecth
kopenb ypaBuenus f(X) = 0. Heobxoaumo yOeauThes, sIBASETCS JIM 3TOT KOPSHb €MHCTBEHHBIM
Ha JAaHHOM WHTepBaye. [l OTJACICHUS KOPHEH MPAKTHYECKH JIOCTATOYHO MPOBECTH IMPOIIECC
[IOJIOBMHHOT'O JICJICHMs, TOCIEI0BATENbHO AEs MCXOAHBIN OTpe3ok [a, b] ma 2, 4, 8 u 1. 1.
paBHBIX YacTell u ompexenss 3Haku f(x) B Toukax aenenus. HamoMHuM, 4TO anreOpamyeckoe
ypaBHEHHE CTEMEHH N HMMeeT He Oojiee N JeHCTBHUTENbHBIX KOpHEW. Ilostomy ecnu st
anreOpanyeckoro ypaBHEHHsS MbI moiaydwian n+l mepemeny 3Haka f(X), TO BCe ero KOpHH
OT/ICJICHBI.

3.2. Hucnennoe peuterue ypagueHus Memooom NoI08UHHO20 OelleHust (Memoo OUXoOmomuu)

[MpeamnoaoxuM, 9TO MPOIECC OTIACICHUS KOPHEH MPOBEICH U Ha oTpe3ke [a, b] HaxomuTcst
poBHO oauH KopeHb & ypaBHeHus f(x)=0. HeoOxomammo omnpenennTh €ro MOJOXKECHUE C
MOTPEUTHOCTBIO €.

MeTo/1 TOJIOBHHHOTO JICJICHHSI 3aKJIF0YAETCs B CIICAYIOIIEM, CM. pHc. 3.2.



Puc. 3.2. I'padmyeckas MHTEpIIpETALINS METO/IA TIOJIOBHHHOTO JCTICHUS

CHavana ompejensieM cepeanHy ¢ orpe3ka [a, b] ¢ = (a+b)/2 u BeUuCIAEeM 3HaUYeHHE
¢byukuuu f(c). Jlanee memaem BBIOOP, KaKyr0 M3 IBYX 4acTed B3ATh I YTOYHCHHS KOPHSI.
OdeBHIHO, YTO KOPEHb Oy/JeT HAaXOIUTHCS B TOM IMOJIOBMHE MCXOJHOTO OTpPE3Ka, Ha KOHIIAX
KOTOpOM (pyHKIMS UMeeT pa3Hble 3Haku. Ha pucynke 2 Takum OyzieT mpaBblii OTPE30K — OTPE30K
[a, c].

Jlns odepeaHoro Imara YTOYHCHHS IMOJIOKEHHs KOpHS OTpe3ok [C, b] u3 paccmorpenus
HCKIIIOYaeM, a C OTPe3KOM [8, C] mpojoipKaeM MpoIecC ACNCHUs, KaK U C MepBOHAYAIbHBIM
otpe3koM [a, b], dopmanbHO mepenpHcBanBas HOBOMY 3HadeHHIO D 3Hadenue C . Eciam ke
peanu3yercsi CHUTyalus, Korjaa (GyHKIUMsS UMeeT pa3Hble 3HaKW Ha KOHIAX oTpe3ka [C, b], To u3
pPaccMOTpEeHHs CIIEyeT HCKIIOUUTh OTpe30K [@, C], (opMaiabHO IepenprucBanBas HOBOMY
3HAYEHUIO a 3HAYEeHHUE C .

B pe3ynbraTe Mbl MOJTYYUM IOCIIEIOBATEILHOCTD BIOKEHHBIX IPYT B JApyra OTPe3KOB BCE
yMeHbIIaromeincs umuel: : [ai, bi], [az, b2 ],... [an , bn ]. DTOT mNOBTOpSIHOIIHIiCS
(WTepannoOHHBIH) Tpolecc OyaeM MPOIOKATh 0 TEX IMOp, MOKa JUIMHA OTpe3ka [an, bn | He
CTaHET MEHbLIE 33/ITaHHON NOTPEIIHOCTH € BBIYUCICHUM.

Torma UCKOMBIN KOPEHB

a

S Fda by~ (ﬂu L bn}z (3.2

Crneayer yuuThiBaTh, 4TO (QyHKIMS f(X) BBIUHCISETCS C HEKOTOPOHl abCOIIOTHOM
MOTPELIHOCTRIO £r. BOMM3u KopHs 3HaueHus (yHkuuu f(X) maisl o abCONMIOTHOM BETHYUHE H
MOTYT OKa3aThCSi CPaBHHUMBIMU C IOTPEIIHOCTHIO €€ BBIUMCICHUA. [lpyruMu cioBamu, NpU
MOAX0A€ K KOPHIO MBI MOXKEM IIONAacTh B “mosniocy myMoB” 2€1 (puc. 3.2.) U JanbHEHIIee
YTOYHEHHE KOpHS CTaHOBUTCS OeccMbicieHHBbIM. [loaTomMy Hamo 3aaaTh MHMPUHY “TIOJIOCHI
IIYMOB” U TNPEKPaTUTh UTEPALMOHHBIA IMpollecc MpHU MomagaHuu B Hee. Taxke HE0OXO0AUMO
MUMETh B BUJIY, YTO MPH YMEHBIICHUH JJIMHBI HHTepBaia [an, bn ] yBenuumuBaetcs morpeniHocts
BBIYMCIICHHUS €r0 JJTMHBI ah — Dp 32 CYET BBIYMTAHUS JBYX OJM3KHX YHCEL.

MeTo1 OIOBUHHOTO JIeNeHUs 00J1aaeT JOBOJIBHO OOJNBIION CKOPOCThIO cxoaumocTu. Tak
KaK 32 KaKIyI WUTEpalMi0 MHTEpBal, TJIe pacloiioKeH KOpeHb, YMEHBIIAeTCs B JBa pas3a, TO
yepes n WTepanuil AnuHa uHTepBana Oyner paBHa (b—a)/2n. 3a 10 wuTepauuii HHTEpBal
ymenbutcs B 210 =1024 =103 pas, a 3a 20 urepaunii — B 220=106 pas.

3.3. Memoo xopo

B npenmonoxkenusix mpensiaymiero mnaparpadga ykaxkeMm Oonee OBICTpBIA  cIOCOO
HaxoxaeHus KopHs & ypaBHenus f(x) = 0. B atom MeTone odepenHoe MpHOMMIKEHHE K KOPHIO
Oepetcss He B cepenuHe OTpe3ka [a, b], a B Touke x1, rae xopma rpaduka ¢ynkium f(X),
coenunstromias Touku f(a) u f(b), mepecekaer ock abermcc (puc. 3.3).



[ f(x)

sz.:1

Puc. 3.3. I'padmyeckas mHTEpIIPETALINS METOJIA XOP/T

B kauecTBe HOBOro MHTEpBaja sl MPOJIOJKEHHS UTEPAIIMOHHOTO TIPOIlecca BRIOUpaeM Ty
u3 1Byx yacreit ( [a, x1] wiu [Xx1, b] ) orpeska [a, b], Ha kKoHIIax KoTOporo GyHkiws f(x) MeHseT
3HaK.

[Ipomiecc yTO4YHEHHMS] KOpHS 3aKaHUMBACTCS, KOTJA PACCTOSHUE MEXIY OdYepeIHBIMHU
MPUOIMKEHUSIMU CTAaHET MEHBIIIE TPEOyEeMO MOTPEITHOCTH € BHIYUCICHUI:

[, —xps| < 2.

WM KOTJja 3HaueHusl (QyHKIUU MONaayT B 001acTh IIyMa, T.€.

|.ﬁ:.11 < Eq.
YpaBHeHHE XOp/AbI B HAIIEM CITy4ae UMEET BUJL:

b)- fla) . .

v(x) =M-ta— x)+ fla)
b—a

OTKyJa ISl X1 MOJIy4aeM:
n=a —b_—af[ﬂl
flb)=fla) (3.3)

Cxema BBIYMCICHUI TpHU pEHICHHH TPAHCIECHAECHTHOTO YpaBHEHHUS METOJIOM XOpA B
OCHOBHOM COBIIQ/Ia€T CO CXEMOW BBIUYMCIICHHI MO METOQY AUXOTOMHUHM. Meron xopn Tpedyer
BJIBOE—BTPOE MEHBIIIETO YHCIa UTEpAlHii, YeM METOJ IOJIOBUHHOTO JENICHUs, /Ul OTHICKAaHUS
KOpHSI ¢ TOM jke morpemnoctbio. OmHako, ecnu GpyHkiwms f(x) B 001acTu mepeceueHus ¢ 0ChIo
abcuuce I0CTaTOYHO MOJIoras, TO O4YepeHas Xop/Aa MOXKET MPAaKTUYECKH Jiedb Ha oCch abcuuce,
TO €CTh MOJHOCTBIO IMOMACTh B MOJIOCY IIyMOB. B 3Toil cuTyauuu NpOU3OHAET CHUIIbHOE
yBEJIMYEHUE OMIMOKHM BBIYMCIICHUH, TaK KaK B B (hopmydie (3.3) pa3HOCTh ABYX OJU3KUX BEIUYHH
f(a)—f(b) crout B 3HameHatese. B 3TOM cMbIcie METOJ IMOJOBHHHOTO [CJICHUS 3HAYUTEIBHO
yCTOMUHMBEE.

3.4. Memoo kacamenvhuvlx (Memoo Hviomona)

ITycte x* ectb KopeHb ypaBHenus f(x) = 0, eauHCTBEeHHBI# Ha oTpe3ke [a, Db].
[Ipenmonoxum, 4To KaKUM-THOO CIOCOOOM, Hampumep, rpapuuecku OIpeAeieHO HayalbHOe
npubIKeHHEe Xo K KOpHIO. B 3Toif Touke BbluMciauM 3HadeHue ¢yHkiuu f(Xo) wu ee
npou3sBoHoi f'(X = Xo ) . 3HaueHue 3TOil Mpou3BOHON paBHO tgo (puc. 3.4) — TaHreHCy yria
HaKJIOHAa COOTBETCTBYIOIIEH KacaTeabHOM K OCH abcuucc.
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Puc. 3.4. Nmmroctparus meroaa kacarenbHbIX (HproTOHA)

Touka X1 mepeceyeHus TON KacaTeIbHON € OCBIO a0CHUCC €CTh CIIEAYyIOIIee NPUOINKEHHUE
K KOpHIO (rmoaTomMy MeToJ HboTOHa M Ha3pIBalOT METOAOM KacaTelbHbIX). OJTa TOYkKa X1
MIPUHUMAETCS 32 HOBOE HadaJbHOE MPUOIMIKEHUE U Tpolecc noBTopsiercs. M3 pucyHka BuHO,
YTO MPOLECC CXOIUTCS K UCKOMOMY KopHIO X*. IIporniecc yTouHeHHsI KOpHS 3aKOHUUTCS, KOTJa
BBITIOJIHUTCST YCIIOBUE

|.1'||l.+1 — X < E,
rane € — )IOHYCTI/IMaSI HOFpeI_HHOCTI) onpeneﬂeHI/m KOpHS[. I/IB FeOMeTpI/IquKI/IX
COOOpaKCHHUI MOKHO TIOJTYYUTh pacueTHYIO (hopMyITy it MeToia HeroToHA B BHIE:
Sl )
Xl =X TS -
f(x) (3.4)
Meron HeioToHa 0051a1aeT BBICOKOHW CKOPOCTBIO cXOAUMOCTH. OOBIYHO aOCOIIOTHAS
MOTPEITHOCTh HAXOXKIACHUSI KOPHA € = 107 ... 107 mocturaercst 32 5 — 6 urepaunii. OnHAKO

CYIICCTBEHHBIM  HEJOCTaTKOM JTOTO METOJa SBJSIETCS HEOOXOAWMOCTh  BBIYHCIICHUS
MPOU3BOJHON (YHKIIMU Ha KKIOM IIare MTEPAIMOHHOTO IpoIecca. ITO MOXKET SBHTHCS
CepBE3HBIM TPEISITCTBUEM, KOTAAa (YHKIUS BBIUMCIACTCS 10 OYECHb CIOXKHOMY WU
TPYAOEMKOMY arOpUTMY. HECKOIBKO YMEHBIITHUB CKOPOCTh CXOAMMOCTH, MOKHO OIPaHHYUTHCS
BBIUMCIICHUEM TPOU3BOJHON TOJILKO HA TEPBOM HMTEpalld, a 3aTeM BECTH BBIUYMCIICHUS II0
dhopmyie (3.4), monaras

£~ 1)
] e f{l"k ]
J‘rf—]. - x.‘:’ fr‘."-(] }

CrpykTypa mporpaMMbl pelieHds ypaBHEHUN MeTonoM HbproToHa moxoxa Ha CTPYKTypy
porpaMM JJisi METOAOB JUXOTOMHH W XOpA. I 71aBHOE OTIMYHME 3aKIIOYaeTcs B TOM, YTO B
Metozie HploToHa HE HYKHO JIeJaTh BHIOOP MEXIY JIEBOM MpaBoOil 4acTsIMU OTpe3Ka, a TakKe B
TOM, YTO HET HEOOXOAMMOCTH 3aJaBaTh IMOJIOCY IIyMa (DYHKIMH, TaK KaKk MO Pa3HOCTH IBYX
MOCJICIOBATEIbHBIX MPHOMMKEHUH *#+1 ~ 4%  MOXHO Cpa3y OLICHUBATh M BEIIMYMHY OTHOLICHUS

f&Lf r(x}. Jlis mpenoTBpalieHusl BO3MOXKHOTO “‘3allMKIMBaHUsA” TPOrpaMMbl B Ciydae
HEYJJayHOro BBIOOpa HAYalbHOTO MPHUONMKEHHS WM HENpaBUIIBHO 3a/JaHHBIX MapaMeTpoB,
PEKOMEHIyETCSl IPEAYCMOTPETH CUETUHUK YNCIIA UTEPALIAH.

3ameuanue. OTMETUM TpU 0cOOEHHOCTH MeToAa HbhroToHa:

1. Meron HplooTOHa MMEET KBagpaTUYHYIO CXOJUMOCTb, T.€. B OTIMYHME OT METOAA
MIOJIOBUHHOTO JIeNIeHUsT (M METOAa XOpJ) €ro MOrpelHOCTh Ha CleayIouled uTepanuu
IIPONOPLIMOHAJIBHA KBAJpaTy MOIPENIHOCTU Ha NMpEAbIAyIIed UTepauuu. Y MeToJa JUXOTOMHUHU
Takasi 3aBUCMOCTb JIMHEHHA.



2. beicTpas cxogumocTh MeToaa HeloToHA rapaHTUpyeTCs UMb MPH OJIM3KUX K TOUHOMY
PEIICHUIO HAYalbHBIX MPUONMKEHUIX, Eclin HadanbHOE MpUOIMKEeHUEe BRIOPAHO HEYJA4HO, TO
METOI MOXKET CXOOUTHCS MEMIEHHO, T100 HE COMAETCA BOOOIIIE.

3. Eciin BOnu3u kopHs ¢yukiwms f(X) mosoras, To ecth Ha ouepeaHoit urepanuu tg(o) — 0,
BO3MOHO PE3KOE YBEIMYCHUE OITUOKHN BBIYUCIICHUH.

3.5. Memoo npocmuix umepayuti (Memoo nocied08amebHblxX NPUOIUINCEHULL)

OT uCX0AHOTO TpaHCHEeHAeHTHOTO ypaBHeHUs f(X) =0 TOXAeCTBEHHBIMH aareOpandecKuMu
peoOpa30BaHUSAMU MEPEHIeM K SKBUBAJICHTHOW 3aIIMICH B BUJIC

x=0(x). (3.5)

BriOepem kakoe-To HadallbHOE MPHOIMKEHHE Xo K KOpHIO X*. [lojcTaBUB €ro B mpaByro

gacth (3.5), MONyYnM TniepBoe MpUOIMKEHHe 1 =® () | 3arem BTpOE 2 =001y g
nanee:

X =@ (xp_y). (3.6)

Bo3HHKaeT BOMPOC O TOM, MPH KaKUX YCIOBHSIX JaHHBIN MTEPAl[MOHHBIN Mporecc Oyner
CXOJUTHCS K KOPHIO TpPaHCIEHACHTHOro ypaBHeHUs X*. J[ins oTBera Ha HEro mpoBEIEM
rpadUUecKuii aHaJ 3, CM. pUCYHOK 3.5.

¥
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Puc. 3.5. MeTroa nmpocThIX UTEpAITHii:
a - OJIHOCTOPOHHUM CXOJISAIIMUICS MPOIIECC;
0 - OJTHOCTOPOHHUM PACXOJIAITUKCS TTPOIIECC;
B - JIBYXCTOPOHHUM CXOJSIIUICS MIPOLIECC;
T - IBYXCTOPOHHUN PACXOIALIUNCS IPOLIECC

I
)4 rpa(bI/IKOB BUJIHO, YTO IIpU 1000M 3HaKe IMPONU3BOJHOU @ (J‘} BO3MOJXXHBI KakK
CXOOAIIrECsd, TaK U pacXoaAIuecsa UTCPALIUOHHBIC ITPOLCCCHI. CKOpOCTL CXOOAUMOCTHU 3aBHCUT

-
OT a0COJIOTHON BEIUYUHBI HpOI/I3BO,I[HOI>'I. YeM MeEHbIIIE |{P Ii:"l}| BOJIM3HU KOpHs, TEM 6LICTpee
CXOOUTCA TpoueccC. bonee neranpHBIM MaTeMaTUYECKUN aHATIN3 IIOKa3bIBAc€T, 4TO HCO6XOI[I/IMBIM
I CXOAUMOCTHU MCTOAA MTPOCTHIX I/ITCpaI_II/Iﬁ ABJIACTCS YCIIOBUC



o' ()| <1. (3.7)

Breimonnenue ycnous (3.7) MOXKHO 00€CIEUHTh ITyTEM pPAIMOHAIBLHOTO BhIOOpa BHIA
dyrxumn @ )| Pacemorpum oauH 13 061X ANTOPUTMOB TAKOTO BEIGOpA.

YMHOKUM JIEBYIO U TIpaBylo yactd ypaBHeHus f(x)=0 Ha NpOM3BOJILHYIO MTOCTOSHHYIO D 1
n006aBUM K OOEUMM 4YacTsM HEW3BeCTHOe X. [IpM 3TOM KOpHM HMCXOIHOTO ypaBHEHHS HE
W3MEHSITCS:

x+bfix)=x+ 05
BBenem o6o3HaueHue
O(x)=x+b f(). 38)

[Tpou3BONBHBIA BBHIOOP KOHCTAHTBI D TMOMOXET O0OCCICUUTh BBINOJHEHUE YCIIOBUSI

cxoauMocTH. JKenaTteapHO BbIOpaTh b Tak, 4TOOBI
—leg'(x)<0,
TOT/1a CXOJIMMOCTh UTEPAITMOHHOTO MpoIiecca OyJeT IBYXCTOPOHHEN (PUCYHOK 5, B).

Ecmu pynxrms @ (X ) BbIOpaHa B BUE (3.5), TO ee Mpon3BOIHAs BEIpaKaeTcs (GopMyIion

e (x)=1+b- f'(x).
HanGonpsmas ckopocts cxomumocts momydaercs mpu @ (X)=0. rorpa

S
¥ uTepanuoHHas ¢opmyna (3.6) MeToIa MPOCTBIX HMTEpaIUi MepeXoauT B (hopMmyrty
Herotona (4).
Ilpumep. YpaBHeHUE
flx)=x"—-x-1=0 (3.9)
uMeeT KopeHb B mHTepBaie 1 <x* <2, rtak kak f(1) = -1 <0 uf(2) =5>0.
OT0 ypaBHEHHE MOXKHO NPEACTABUTD B BHJE X = X 1. :
3necy @ () =x"-1 © () =32 .  [osromy @@ Z3ppy 1=x=2y
CJIeI0OBaTENIbHO, YcioBHUe (3.7) CXOAMMOCTH MPOIecca UTEPAIM HE BBHITTOTHEHO.
Ho ecnu 3anucate ypaBHenue (9) B Buae

X= ;‘\.'Ir: (310)
TO OyJIeM UMETh
o) =35+ 9=
[ (x+1)°
Otrcromaipu 1 <x <2
0=0x)=025.

3HAYMT MpoIiecc uTepanuii s ypaBHeHus (3.10) Op1cTpo coraeTcs.

ITopsinox BbINOJIHEHUsI Pa0OTHI:

1. O3HaKOMHUTBCS C TEOPETUUECKUMU CBEICHUSIMHU.

2. BbIIOAHUTE HEOOXOUMBIE PACUETHI.

3. OdopMuUTh U NPEACTaBUTH PE3YJIbTAThl PACUCTOB.

®opma npeacTaBieHus pe3yabTara:

Pesynbrare! npeactaBuTh B BHIe oTueTa B popmare .dOCX.

Kpurepun onenkn:

3ajiaHue BBINOJIHEHO 0€3 OIMO0K — OIIEHKA «OTIUYHOY.

3a7aHue BBINOJIHEHO MPaBUWIBHO, HO JOMYIIEHB! 1-3 BBIYUCIUTENBHBIX OHIMOOK — OIEHKA

«XOpOoUIO».
3a,Z[aHI/Ie BBIIIOJIHCHO He6pe)I(HO, AOITYIIICHbI OIITMOKYU — OLICHKA «yOOBJICTBOPUTCIIBHO).
3a,Z[aHI/Ie BBIIIOJIHECHO HCIPAaBUJIbHO, AOITYIICHBI OIIMOKHU - OILICHKa

«HCYOOBJICTBOPHUTCIILHOY.



Tema 4. MeToabl aHAIMTHYECKOT0 NPeACTABJICHUS TA0JNYHO 321aHHON (PYHKIUH
JIABOPATOPHASA PABOTA Ne4 <cMUHTEPIIOJIMPOBAHUE ®YHKIINN»

Ilesib: OCBOMTH METOABI HHTEPIIOIMPOBAHUS (DYyHKIIHIA
Boinosinus padorty, Bel Oyaere:
ymemb:
— I10 3aIaHHBIM 3HAYCHUAM HCKOTOpOfI (1)YHKLII/II/I B pAAC TOUYCK MPCACKA3aTh €€ 3HAYCHUA B
IMPOMCIKYTOYHBIX TOUYKAX
MaTtepuajibHOe o0ecneyeHue: MaKkeT MpuKIaaHbix mporpamm Microsoft Office.

3ananue:

Oynkuus omnpenenena Ha otpeske [1,00; 1,20] (cm. Ttabn. 4.1). Haiitu 3HaveHus
MHorouieHa Jlarpamka, natepronupytromiero ¢pyakmnuto f(X) Ha 3TOM O0Tpe3Kke Mo cucTeMe Tpex
PaBHOMEpHO pacIoioKeHHbIX y31oB (¢ marom 0,1), B Toukax 1,05; 1,09 ; 1,13; 1,15; 1,17.
HOJ'IyLICHHBIG pE3yIbTaTbl CPaBHUTL C TaOJIUYHBIMH 3HAYEHUSIMU U JaTb OLHCHKY TOYHOCTH
HUHTCPIIOJIALINNA.

Tabmuma 4.1

X e* e~ sh x ch x sinXx | cos X In x
1.00 | 2.7183 | 0.3679 | 1.1752 | 1.5431 | 0.8415 | 0.5403 | 0.0000
1,01 | 2,7456 | 0,3642 | 1,1907 | 1,5549 | 0,8468 | 0,5319 | 0,0100
1,02 | 2,7732 | 0,3606 | 1,2063 | 1,5669 | 0,8521 | 0,5234 | 0,0198
1,03 | 2,8011 | 0,3570 | 1,2220 | 1,5790 | 0,8573 | 0,5148 | 0,0296
1,04 | 2,8292 | 0,3535 | 1,2379 | 1,5913 | 0,8624 | 0,5062 | 0,0392
1,05 | 2,8577 | 0,3499 | 1,2539 | 1,6038 | 0,8674 | 0,4976 | 0,0488
1,06 | 2,8864 | 0,3465 | 1,2700 | 1,6164 | 0,8724 | 0,4889 | 0,0583
1,07 | 2,9154 | 0,3430 | 1,2862 | 1,6292 | 0,8772 | 0,4801 | 0,0677
1,08 | 2,9447 | 0,3396 | 1,3025 | 1,6421 | 0,8820 | 0,4713 | 0,0770
1,09 | 2,9743 | 0,3362 | 1,3190 | 1,6552 | 0,8866 | 0,4625 | 0,0862
1,10 | 3,0042 | 0,3329 | 1,3356 | 1,6685 | 0,8912 | 0,4536 | 0,0953
1,11 | 3,0344 | 0,3296 | 1,3524 | 1,6820 | 0,8957 | 0,4447 | 0,1044
1,12 | 3,0649 | 0,3263 | 1,3693 | 1,6956 | 0,9001 | 0,4357 | 0,1133
1,13 | 3,0957 | 0,3230 | 1,3863 | 1,7093 | 0,9044 | 0,4267 | 0,1222
1,14 | 3,1268 | 0,3198 | 1,4035 | 1,7233 | 0,9086 | 0,4176 | 0,1310
1,15 | 3,1582 | 0,3166 | 1,4208 | 1,7374 | 0,9128 | 0,4085 | 0,1398
1,16 | 3,1899 | 0,3135| 1,4382 | 1,7517 | 0,9168 | 0,3993 | 0,1484
1,17 | 3,2220 | 0,3104 | 1,4558 | 1,7662 | 0,9208 | 0,3902 | 0,1570
1,18 | 3,2544 | 0,3073 | 1,4735 | 1,7808 | 0,9246 | 0,3809 | 0,1655
0,19 | 3,2871|0,3042 | 1,4914 | 1,7957 | 0,9284 | 0,3717 | 0,1740
1,20 | 3,3201 | 0,3012 | 1,5095 | 1,8107 | 0,9320 | 0,3624 | 0,1823

Kparkue TeopeTuueckne cBeIeHHsI:
B mpuknagHeix 3a7a4ax 4acTO BO3HUKAET HEOOXOAMMOCTH 1O 3aJIaHHBIM 3HAUCHHSIM

HeKOTOpOﬁ (byHKI_[I/II/I yo, Y1) -« »¥n B PAAC TOYCK XO, X1y - » Xpn HOPCACKa3aTh CC 3HAYUCHMA B

IIPOMEXYTOUYHBIX TOUKaX. IMEHHO 3Ty 3a/1a4y MO3BOJISET PelIaTh HHTEPIOIALUS (QYHKIUH.
[Tycts Gpynkuus y = f(X) onpenenena tabnuieit

Xi X0 X1 . . . . . . Xn

Yi Yo V1 . . . . . . Yn

3navenus aprymentoB X (1=0, 1, ...,n) Oyaem Ha3bIBATh V31aMU UHIMEPNOAYUU.




3adaueii unmepnonayuu ABAAETCS HAXOXKAeHUe 3HaueHus Qynkiuu f B Touke X €[Xo, Xn],
X # Xi.
OnuH 13 BO3MOXKHBIX IIyTeH pPELIeHUs IOCTABICHHON 33a4H 3aKJII0YAETCS B CIICAYIOIIEM:
1) CTPOMTCS MHOTOWICH CTEIEHH He BhIlie N, e (nt+1) - KOJIUYeCTBO 33 JaHHBIX TOYCK

Ln(x):a0~xn+a1~xn_1+...+an_1-x+an, (4.1)

NPUHUMAIOIIMN B TOYKAX Xi 3HAUCHHS Yi , T.€ 3HAYCHHS KOIPPHUIMCHTOB MHOTOWICHA &
HAXO/JISIT U3 YCJIOBHS, YTO
La(xi) =vi, (i=0, 1, ...,n).
DTOT MHOIOWICH HAa3bIBAIOT UHTEPIIOISIMOHHBIM. OH BCerja CylecTBYeT M €AMHCTBECHEH.
®yukuus f(X) npencrasnseTcs B BUE:

f(x)= Ln(X)+Rn(X), 4.2)
rae Rn(X) — ocrarounslii wieH wuHTepHonsuuoHHOW Qopmynbl. Ecmm f(X) wumeer
HETIPEPBIBHYIO MPOU3BOIHYIO Topsiaka (N+1) Ha [Xo, Xn], TO
Rn(x):Ll(é’g)(x—x YX=%Xq)...(x=Xp), E€€(Xq,Xn) - 4.3)
(n+1)! 07" 1 n’ 07

2) Beuucnsercs 3Hauenue Ln(X). Eciu 3HaueHus Yi 3a0aHHBI MPUONMKEHHO WIH KE IO
KaKMM-TMOO TNpUYMHAM BBIYHUCICHUS HE MOTYT OBITh BBIIOJIHEHBI a0COJIIOTHO TOYHO, TO

— *
(aKkTHYECKN BBIYHCISCTCS JIMIIb TPHONKEHHOE 3HA4YeHWE L, (x ) Ul TOYHOTO 3HAYCHHS
La(X).
— *
3) IlpubmmxenHo npuHUMaetcs, 9To f(X)~ L, (x ).

4) OreHUBaAeTCS MOTPEITHOCTh METOJa II0 OCTATOYHOMY UICHY HWHTEPHOJISIHOHHON

hopmyIs:
* M * * *
Rp(x )<A= n+l ‘(X = Xg)(X = Xq)-.(X —xn)‘, 4.4
(n+1)!
rae My = max |1V, (4.5)
XO, Xn

5) OHeHHBaCTCﬂ IOrp€rHOCTb BBIYHCIIEHUH 110 IOrp€IIHOCTIAM HpI/I6HI/I)KeHHBIX JaHHBbIX:
‘Ln(x*) ~L0O)[ <A, (4.6)
6) Breraucnsgercs moiHas IMOrpCIHOCTb HpI/IGHI/DKeHHOFO 3HAYCHUS:
* *
[ERE=Ce
IIpu pelieHUH MPAKTHYECKUX 3a1a4 HHTEPIOIALMOHHBIA MHOrowreH (1), MOXKeT ObITh
IIPEJCTABJICH B pa3InuHOi Gopme.

4.1. Unmepnonsayuonnwlil muocounen 8 hopme Jlacpanoica 0nist NPOU3BOIbHBIX V37108
Oyuknuio L(x) uieM B BUIe CYMMbI N YAaCTHBIX PEIICHHM.

<A +A, <A 4.7

HepBoe YaCTHOC pCIICHUC |0 CTaBHUT B COOTBCTCTBUC 3HAYCHHUAM 8.6CI_II/ICCZ Xgr Xr - 0 Xp

Ha6op 3HAYCHUMN opauHar Yy, 0, .. ,0. M3 CBOWMCTB MHOT'OWICHOB CJICOayeT, 4TO MHOI'O4YJICH,

O6p21H.[ElIOH.IPII’IC$I B HYJIb B N pPa3HbBIX TOYKaAX, T.C. HMEIOIUNA n Ppa3JINYHBIX KOpHeI\/'I, JOJIDKCH
ACIIUTCA HA KAXKAYIO U3 N paSHOCTeﬁZ

X=Xq5 X=Xo} . X=X,
a, CJIEJ0BATEIbHO, U HA MPOU3BEICHHUE ITUX PA3HOCTEN, T.€. JOJDKEH UMETh BUJT
lg =const- (X=X )(X=Xp) .- (X=Xp) .

3HauYeHUE KOHCTAHTHI OIIPEACIIACM U3 yCIIOBUSA



Io(xo) =Yg = const'(x0 —xl)(x0 —x2)'...«(xO -Xp)
. 1
0 (xO—xl)(xo—xz)-...~(x0—xn)

const =y

TOorga '0 NPpUMET BUJ

(x—xl)(x—xz)-...(x—xn)

Iy = .
0= Y (x0 —xl)(x0 —x2)-...-(x0 —xn)

OcTanbHBIE YacTHHIC peliCHus HIIYTCA aHaJIOIM4HO, M3 YCJIOBUA, YTO 1-0€ YacTHOE

pemenue I (i=1,...,n) JOIKHO CTAaBUT B COOTBETCTBHE 3HAYEHHMAM aOCHHCC: X, X1, -, X
Habop 3HayeHuil opauHat o, .., Yy, ..,0, T.e.
Ly (x—xo)(x—xl)-...~(x—xi_1)-(x—xi+1)-...-(x—xn)
[
O =%)0G =)o O =X ) 0 =X g ) O = X))
n X—=X.
HIIA lj = Y, IT J
i_n X, —X
=077
j=i

OoO1ee penieHne HaiJeM Kak CyMMY YaCTHBIX pPEUICHHH :
X—X
n n -
;O Yi - I1 ! ) (48)

i_gX —X
=07

n
0=,

j
j=i
DTO W eCTh HHTEPIOJSIMOHHBIA MHOrowieH B ¢opme Jlarpamka Ui MPOHM3BOJBHBIX
y3JI0B. 3aMETHM, YTO CTENeHh MHOTOWICHA Jlarpamka He mpeBbIIaeT qucia N.
Ocratounas morpemHocTs 3HaueHus Ln(X)), BblumcienHoro mo  dopmyie (4.8),

orieHuBaeTcs Gpopmysoi (4.4), a BRIMUCIUTENIbHAS MIOTPEITHOCTD

L |(x* - xO)(x* - xl)...(x* - xi_l)(x* - xi+1)...(x* - xn)|

Ay=.
|=0‘ (Xj = Xp)(Xj = X3)- (X5 = Xj_1 )X} = Xj 1) (Xj —Xp) ‘

Ay, (4.9)

rJe Ayj - HOTPEMIHOCTh MCXOAHBIX JIAHHBIX (3HAYE€HUH QyHKIMM B y3/ax).

4.2. HumepnoaayuonHwlli MHO20UIeH 8 (hopme Hoiomorna 01 pagHoomcmosuux y3u08

Paccmotpum METOJl TOCTPOCHMSI HUHTepIoaupyromeidl (yHKIWH, OCHOBAaHHBIM Ha
BBIYHMCIICHUN KOHEYHBIX PA3HOCTEH.

k
Koneunvimu_pasnocmamu_nopsdka k naszpiBarorT BenuuuHbl A'Y;. VIX pacCYuTBIBAIOT MO

bopmynam:
2 k k-1 k-1
AYj=Yju—Yj, AYj=AYju-Ayj ... AYj=ATTYj-A YL
B pesynbTare BbIYMCIIEHHH JODKHA OBITH IMONydeHa cieayromas TalOiauia KOHEYHBIX
pa3HOCTEM:

Azyo A2y1 A2y2 Azyn.z

A3yo A3y1 .. A3yn.3

\4



v/

Ao ... A'Yna

MuorowieH P(X) s paBHooTcTOSAIMX y370B ( T.e Xi+1 - Xi =h = const, rae i=0,.., n-1,
qucio N — Ha3pIBalOT maroM) OyJieM MCKaTh B BUJIC :

P(x) =ag +a (X —Xg) +as(X = Xg)(X = X) + ... + an (X = Xg )X = %) - .. - (X=X, _q) TAE  Xq, X{, ..., X, =~ KOPHH
nosinHoma P(x)

3HayeHuss KO3(QQULMEHTOB i ONPEJENseM U3 YCIOBUA P(x;) = y; -

[Monmarast X=Xo, HaWAEM P(xy) =Yy =2y, = ag=1Ygp-
Ay

[Monarast X=X1, HalmeM P(x;) =y =ag+aj(x —Xg), = 3 = —0
_ A'yg
B oOmem ciydae npu X=Xi, aj = o
[ToacTaBuB moaydeHHbIE 3HAYEHUS 8, B BEIpPAKEHUE JIsl MHOTrOwWIeHa P(x), momyuum
Ayo A2 y0
P(x)=y0+T(x—x0)+ ) (X=X (X = X) + ... +
2th (4.10)
AN y0
(x - xo)(x = %) e (X = X_1)
nih"
[TomyueHnHOE BBIpaKEHUE HA3BIBACTCS UHMEPNOAUUOHHOU hopmynot Heromona.
IIyctp x* - Touka, B KOTOpOH HEOOXOIMMO HAWTH 3HAYCHHE WHTEPIOJISIIIHOHHOTO
MHOI'OYJIEHA.

JInist cryuasi paBHOOTCTOSIIINX y37I0B, €CITH Xo — OMysKaifmmii k X y3en ciesa dopmyna (4.2)
MPUMET BH]T

| AYp ’ 0 A 0
P (t)=y0+—t+ tt-1)+ tt-H(t-2)+...
. (4.11)
An
2)..t-n+1),
y X —X,
rae tompenensercs popmynonn  t= -
OreHKH TorpentHocTeil npubmkenHo 3Hadenns P'(tY) MoryT 6bITh IpecTaBiIeHs B BUJE:
‘ n+1 ‘
M
Ay =L MHLT T ). g —nﬂ Bﬂl———{ta ~1).. a-mﬂ
(n+1)! +1)!

h (t -D_n*—nﬂ

n! ‘

* * * * n
Ay =A -1+2-‘t ‘+2‘t (t —1)‘+...+2

7€ A™* - MOTPEIIHOCTb UCXOIHBIX JaHHBIX.
Ecnu Xn — Omwkaiimmii k X y3esn chpaBa, TO MCHOJIB3yeTcsl BTOPOH HMHTEPIONSAIMOHHBII
nonvuHoM Herorona:
2
AYp1. DAY AYn_
P =y + =2t =202 1)+ — DB gt 1yt +2) +..
1 2! 3 (4.12)

n

O¢(t+1)...¢ +n-1),
n!



*

X =X

rne t=—-—"
h
OLEeHKM TMOrpemHocTedl MNpUOIMKEHHO 3HAYEHUs P”(t*) MOXHO 3aIlicatb B BHJIE:
M *  x * ma[)X‘An+1yi‘ *  * *
A1=—Jﬁih”ﬂ.ta +1).. +nﬂ~Eil————ﬁ t +1)..@ +m‘
(n+1)! (n+1)!

h*a*+n“@*+nﬂ

* * * K n
Ay =A -1+2~‘t ‘+2‘t (t +1)‘+...+2 o ‘

IMopsiiok BbINOJIHEHHSI PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUYCCKUMHU CBEJICHHUSIMHU.

2. BbIMOTHUTE HEOOXOUMBIC PACUCTHI.

3. OdopMuUTH 1 IPEACTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacraBjieHus pe3yabTara:

Pe3ynbraTel peicTaBUTh B BUE oTueTa B (hopmate .dOCX.

Kputepuu onenku:

3aaHue BBITOJIHEHO 0€3 OIIMOOK — OLIEHKA «OTJIMUIHOY.

3amaHue BBIMTOJTHEHO MPABUIBHO, HO JOMYIIEHBI 1-3 BBIYUCIUTEIBHBIX OIMMHOOK — OIEHKA
«XOPOIIIOY.

3aaHue BBIMTOJTHEHO HEOPEKHO, TOMYIIEHBI OITUOKU — OIIEHKA «YIOBJIECTBOPUTEIHEHOY.

3amaHue BBIITOJTHEHO HETIPaBUIILHO, JIOTTYIIIEHBI OIIMOKH - OlleHKa
«HEYIOBJICTBOPHUTEILHO.



Tema 5. AuroputmMbl H = MeTOIbI
AU pepeHIUpPOBAHNSA

YHUCJICHHOTI 0

HHTECI'PUPOBaAHUA

JIABOPATOPHASA PABOTA Ne5 «YHUCJIEHHOE UHTET'PUPOBAHUME U
JANPDOEPEHIIUPOBAHUE».

Llesb: OCBOMTH METOBI YNCIIEHHOT'O UHTETPUPOBAHUS U AU HEepeHITUPOBAHMS

Boinosinus padorty, Bel Oyaere:
ymemy':

— BBIUUCIATH UHTErpajibl 0 (GopMysiaM MPsIMOYTOJIbHUKOB, Tpanenuii 1 CUMIICOHa;
— OLEHUBATh IOIPELIHOCTb pe3yJbTaTa W CpPAaBHUBATh IPUOJMKEHHbIE 3HAUCHUS

HHTCErpajia ¢ TOYHBIMU

MarepuajibHoe ofecnedeHne: makeT NpUKIaaHbIX nporpamm Microsoft Office.

3amanue:

u

BoruncnuTe 3ajaHHble MHTErpajbl MO  (QopMyidaM HpsIMOYTOJIBHMKOB, Tpamenul u

1
1 T
1.!1”2 dx (I=7~0785).

1
2 [-1dx (1=In2~0.693).
o 1+ X

%
3, jsin 4xdx (1 =0.5).

0

1
a | 1 ox (1 =In(1++/2 ~0.881).
0 :|.-|-X2
5.j|nxdx (1=1).

1
3. [In(x+1)dx (1 =2In2-1~0386).
0

% A
7. Ixcosxdx (I ===0.571).

) 2

7o
8. dx (I=1).

I1+sinx ( )

0

X

1
e T
9. ‘!1+€2X dx (I= arctge—z ~0.433).

10. Icos3 xdx (1=0).
0

dx (I =In(1++2)~0.881).

74 1
11, J'
) cosx

1

0

12. Iarctg xdx (I =%(ﬂ—2ln2)z0.438).

Cumricona, ecid OTPE30K HMHTETPUPOBAHHS pa3outr Ha n=2 u n=4 paBHbIC yacTu. OIEHUTH
MOTPEITHOCTh Pe3yJIbTaTa U CPABHUTH MPUOJIMKEHHBIC 3HAYEHUSI MHTETpajia C TOUHBIMH.



1
13 | L ax (1 ~0.38).
0

1+e*
NG
n 2

14. jarcsm xdx (I =?(7r+4)—1z0.26).
0
% 1

15. jtg xdx (1 =2In2~0346).
0
7 1

13. jctg xdx (1 ==In2~0.346).
7 2

17. | xe*dx (I =1).

|
|

18. [v1+x dx (|=§(2J§—1)z1.22).
0
7

19. dx (1=1).
I1+cosx ( )

20.!\/mdx (1 =2(~/2-1) ~0.828).

21. _[Inz xdx (Il =e—2=).
1
7

o

2. [tg?xdx (1="""~0.215),
! g (1== )
7/2 _
23. [ ctg?xdx (1=2=7 L0.215).
/4
/2 7/2 _
24, J'excosxdx (1 _ 1z1.905).
0
/2 /2
e+l 2905,

25. J'exsinxdx (1=
0

2. Oynkuusa  f(x) (em. tabmuny 2.1) ompenenena Ha otpeske [1; 1.2]. BoiOpaB miar
h=0,5HaiiTi MpUOIKEHHBIC 3HAYCHHS TIPOU3BOTHBIX F'O) w100 g toukax 1 u 1,1. OneHuThb
MOTPEIIHOCTh BbIUMCIeHUH. CpaBHUTH pe3yibTaThl ¢ TOUYHBIMH 3HAYCHHUSIMH TPOH3BOAHBIX B
9THX TOYKAX.

KpaTkue TeopeTudyeckue cBeleHUN:
Yucnennoe unmezpuposanue. K8aopamypHvle Gopmynvl NpPIMOY20JIbHUKOS, Mpaneyul,
Cumncona

b
HeO6XOI[I/IMO HpI/I6J'II/I)KeHHO BBIYUCIINTD HHTeraJIIf(x)dx. I[J'I}I 9TOro pa306beM OTPE30K
a

uHTErpupoBanus [a,0] Ha N paBHBIX yacTel ToukamMu Xo=a, X1= Xo+h, Xi+1= Xi+h, ..., Xa= b, 20e

hP=2- mar pas6uenus. Yi— 3Hauenus pynxiuu f(X) B Toukax pazoueHus Xi.
n

3aTeM HempepbIBHAS MoabIHTErpabHas GyHkuus Y=f(X) 3ameHsiercs cruiaifHOM (KycOo4YHO-
NOJMHOMUANBHON (yHKumei) S(X), HHTepnommpymoomeid naHHyr ¢QyHKOu©0. HWHTErpupys



dyukuro S(X) Ha orpeske [a,b], npumem k HekoTOPO#t GopMysie YUCIEHHOTO WHTErPUPOBAHHUSI
(xBagpatypHOil popmyIe).
5.1. @opmyna npamoy2oibHUKO8
Ecimu Ha kaxaom otpeske [Xi1, Xi], i=1,2,....,n , dyaknuro f(X) 3amensem QyHKIHEH,
NPUHUMAIOIICH MMOCTOSIHHOE 3HAa4YeHKe, paBHOE HarnpuMep 3HaueHuto ¢pyHkimu f(X) B cepenune
oTpeska [Xi1, Xi], o6o3nauenHoro , _X.+*X . Torma S(X) Oyzer MMeThb CTyHeHYaThlil BHJ
2

1
i—=
2

(puc.1).
f(x1 )Xo SXEX;
2

f(x 1), X XXy
S0)=S,0)=y ,=f(x ,)=1 2

f(x 1), X4 S<XLX,.
n-l
2

B stom ciydae 3HaueHue mHTerpana (twomanp moj rpadukom f(X), Ha orpeske [a,b]),
CUMTaeM MPUOIUZUTEIBHO PAaBHOM CyMMe IUIOUIael MPSMOYTOJbHUKOB BBICOTOM fix ,) H
1
it

IUPHUHOM ho.

b n n
j fOydx~ D h-y [ =>h-f(x ;)= he(y o4y a ety 5| (bopmyna npsimoyroiapHUKOB  (5.1)
a S 2 2 "2

i=1

5.2. @opmyna mpaneyui

Oyukmuio f(X) Ha kaxmom otpeske [Xi1,Xi], (I=1,2,...,n ) 3ameHsieM e€ JIHMHEHHOMN
MHTEPIOJSIIUEH 1Mo ToukaM (Xi-1, Yi-1) ¥ (Xi, Vi), T.€. OTPE3KOM IPSIMON COETUHSIONIEH 3TH TOUYKH.

S(X) mpuHUMAET BUI:

X — X X—X; X — X X=X

S(X)=S;(x)=f(x_)- + f (X il —y 1y i1
(0=5,(0=F(x) ™4 ()T 2=y ==y =
20e Xe[x. ,x] i=12..n,

a e€ rpaduKoM SBJISETCS JJOMaHasl.

Torpa 3HaueHHe MHTETPaia HAXOJUM KaK CyMMY IUTOIIaAeii Tpameluii ¢ ocHoBanusamu f(Xi.

1), f(xi) u BeICOTOI h. C yueTom dopmyis! mromamy tpamnenud g — M+, rae m, n ocHoBaHus
mp. 2 1

TpalCiu MmoJIy4nuM:

n

. . f(x_)+ F(x) Yiat Vi
! f()dx ~ .21: h L, T .2:1: h- “ 2 7| - dopmyna tpaneumii (5.2)

+
=h~(%+yl+yz+---+yn_l)

5.3. @opmyna Cumncona (popmyna napabon)

Oyukmuo f(X) Ha kaxmom otpeske [Xig Xi], (i=1,2,...,n) 3amensem cruaitnom S(X),
MPEJCTaBIISAIONIEM CO00M HEMPEPhIBHYIO (DYHKIIHIO, COCTABICHHYIO U3 MPUMBIKAIOIINX Mapadol.
[Totpebyem, 4T0OBI Ha OTpe3Ke [Xi-1,Xi] Mapadosia mpoxoauia yepe3 TOUKH (Xi-1, Vi-1), (Xi-12, Yi-12)
u (Xi, VYi). Hcmonp3ysi MOCTpOCHHWE HMHTEPHOJSAIMOHHOIO MHOTOWIeHa JlarpaHka BTOpOro
MOpsiIKa HA OTPE3KE [Xi-1, Xi|, MOTy4YHM CIUIAMH:

S() =S, () =Y., 2(X =X, )h(:( —Xiy2) Yo 4(x; — Xr)](ZX —Xi4) Ty, 2(x— Xi—l/;z)(x —Xi4)

20e Xe[x, %] i=12,..,n.

1

Jlna nanpHeWmux mpeoOpazoBaHuil BBeneM nepemenHyto te[0,1] ¢ momomipo paBeHCTBa
X=X _, +ht. 3nauenusam t pasubim 0, 2, 1, COOTBETCTBYIOT 3HAYEHUS X, PABHBIE Xi-1, Xi-1/2, Xi .

Beipasum crutaitn S(X) uepes HOBYIO IepeMEHHYIO t:



S(x) =5, =5,(t) = Yia (- 1)(L-20) + 4y, ,,, L)t + Y, (2t -1t =
=YL (@-3t+2t%) +4y, , (t-t?)+y, (22 -t),  (i=12..,n).

1 1 1
Y4YuTBIBast, 4TO .[(1—3t+2t2)dt :j'(t—tz)dt:j'(th —t)dt:é , AIMeeM
0 0 0

J'S(x)dx = Z j

=1y,

n 1 __ h
$,00dx =2 h[ S (00t =3+ (s + 4Yige + ).
i=l ¢

n
i=1

W B pe3ynbTaTe MpUXOIUM K KBaJIpaTypHOU (opmyIie mapador:

b
h
[ 100 2-[ys + Yy + 402 + Yoo+t Vo) + 205+ Yo o ¥,)]| - (5.3)

5.4. Oyenka noepewinocmu
[TorpemHocTh KakJ10M KBaapaTypHOH (OpPMYJIbl OIEHUBAETCS BEIMYMHON OCTAaTOYHOIO

unena R(h), 3aBucsinero ot mara pazouenus h (Wi ot ynciia pazdoueHuii N):
b

j f(x)dx—TS(x)dx

a

R(h) =

[IpuBeneM OLIEHKM TOTrPENIHOCTEH KBaApaTypHbIX (oOpMysn B TOM cliyyae, Korja
MOJIBIHTETpaibHas (PYHKIUS UMEET HEMIPEPHIBHYIO MPOU3BOIHYIO BTOPOTO MOPSIIKA:
U1 (popMyIIbl PSIMOYTOIBHUKOB

b—a " b_a3 ”
R(h)S—24 Q%\f (x)-h2=(24n2) Q%\f (x)|-h?

1Tt OPMYIIBI TpaTeIuit

b—a " b_a3 ”
R(h) < =~ max|f (x)l-h2=(1—z)ma><|f (|- h*.

2n° asxsb

Ecnu mnoppiHTerpanbHas (yHKIUS HMEET HENPEPhIBHYIO MPOU3BOAHYIO YETBEPTOTO
MOpsAJIKa, TO CIIpaBeAINBa TaKas OLIEHKA MOrpemHocTy Gopmyisl CUMIICOHA:

5
R(h) < b-a s <4>(x)\ -h* = (b- 3)4 max
2880 asx<b 2880n a<x<b

3aMeTuM, YTO NpPHU MHTETPUPOBAHUM CTENEHHOM (DYHKIMU, CTENEHb KOTOPOH HE BBILIE
TpeX, kBajparypHas Gpopmyia CUMIICOHA JaeT TOUHBIN pe3yNbTaT.

[IpakTHyecku Ba’)kKHO BECTH BBIYHMCICHUS 0 JOCTHXKEHUS 3aJaHHOM TOYHOCTHU € IO TOM
WU WHOW QopMyse. DTOW LETH yIOBIETBOPSIET Menood 080UH020 nepeciema. JIJisi 3TOTO 1O
KBaJ[paTypHOi (hopMyJie MPOBOST BBIYMCICHHE MHTErpajia ¢ maroM h U Mmojyd4arT 3HAYCHUE
I(h). 3aTeM yMEHBINAIOT IIar BBOE W TOJIyYarOT HOBOE MPHOIMKEHHOE 3HAYCHHE WHTErpajia
1(h/2).

Yrobbl OmpenesinTh, Kak CHIBLHO ykioHsercs 3Hadenue |1(h/2) or Tounoro 3HauyeHus
unTerpana |, ucnonb3yercs npasuio Pynee:

[1=1(h/2)|~

£ (X)‘ .h?.

1
2k—1
rae k=2 s popMyI npsSMOyroibHUKOB 1 Tpanenuit u k=4 st hopmynsr CumicoHa.

HpI/I SaﬂaHHOﬁ TOYHOCTU &€ BBIYUCIICHUSA C YMeHLI_HaIOIJ_[I/IMC}I ararom HpOBO,Z[SIT a0

OKOHYaHUA HpH6JIPI)KeHPII>i ITPU BBIITOJIHCHHHU YCIIOBHUA

2kL_1||(h)—|(h/2)|<g

[Ipu 3TOoM monararor | ~ I(h/2) ¢ TOYHOCTHIO €.

[1(h)—1(h/2)|,



Yucnennoe oughghepenyuposanue
9.4. Bviyucnenue npouzgo0Hotl no eé onpeoenenHuio
[Mycte ¢ynkius y=f(X) ompeneneHa B HEKOTOPOW OKPECTHOCTH TOYKH Xo U UMEET
MIPOU3BO/IHYIO B 3TOW TOYKE, T.€. CYIIECTBYET IPEAeT OTHOIICHHS NpupameHust GyHKIUU A Y K
IIPUPALLECHUIO apryMeHTa A X IIpU CTPEMIIEHUH A X K HYJIIO:
V%) = F1(,) :A'ETO%ZA'ETO UL +AA’2‘ ) (4.2)
3HaueHue MPOU3BOJHON B TOUKE Xo MOXKHO IOJIy4UTh, Epexos K mpeneny B (4.1) no

TOCJIEZIOBATENLHOCTH LEJIBIX YMCEN N ¥ moyaras, Ax=(Ax), :%. 31ech (Ax), - HEKOTOPOE
a

HayaJbHOE IpPUpAIlEHUE apryMEeHTa, & — HEKOTOpoe 4ucio Ooibiie exuHuipl, N={0, 1, 2,...}.
Torna 3Hauenue npousBoaHoN GyHKIMHK f(X) B TOUKE Xo 3aMUILIETCS TaK:

Y0u)= F0a)=lm e (ay), = 1+ (0,) - 106)

Orcrona mosrygaem mpuOIMKEHHOE PABEHCTBO

AX
f x0+( n)o = (%)
(Ay), _ a :
(Ax)n M
an
Jns dyukiun y=f(X) , uMeroneil HenpepbIBHYIO MPOU3BOIHYIO JI0 BTOPOTO MOPSIKA
BKJTFOUUTEIBHO B OKPECTHOCTH TOYKH X0 , TOYHOCTh MPUOIMKEHHS TIPOU3BOHON COOTHOIICHHEM
(4.2), MOXXHO YCTaHOBUTH, BOCIIOJIb30BaBIINCH (hopmyoi Teiinopa:

F(X)= F (%) + f’(xo)-Ax+%f”(§)-Ax2, £ e (%, X).

(4.2)

yl(xo) ~

Torna

ORI L
A

f'(x,)—
( 0) X ‘ 2
1 OKOHYATEJIbHO UMEEM

< Xomﬂ?i(x‘f (5)‘ ) (AX),

- 2 a"

(4ay),
(Ax),
JIst mOCTHXKEHUS 3aJaHHOW TOYHOCTH € MPUONIMKEHUSI TIPOM3BOIHOM TIPH OTIPEICTICHHOM
YHUCJIe BRIYUCICHUN MOXKHO HCITOJIH30BAaTh HEPABEHCTBO:
(Ay)n _ (Ay)n—l <
(Ax)n (Ax)n—l
5.5,  HUcnonvzosanue  mnocounemos  Jlacpawdica  onsn opmyn  UUCIEHHO2O
oughgepenyuposaris

y' (%)=

(4.3)

[Tycte dyukius y=Ff(X) onpenenena na otpeske [@; b] u B Toukax {Xi}, rae i=0, 1, ..., n
3TOro OTpe3Ka npuHuMaeT 3HaueHus Yi=f(X;), mpuuem a= Xo, b= Xn.
PasHOCTh MEKIy COCEJHUMM 3HAYEHHSMH apryMeHTa Xi MOCTOSHHA M OIpEAeIsAeTCS

[1aroM h = b-a pa30ueHus OTpe3Ka Ha N JacTeid, Torma Xi= Xo+i-h  (Xi+1= Xi +h).
n

Haiinem AlllIpOKCUMAIM MPOU3BOAHBIX IIEPBOIO0O MW BTOPOTO IHOpsAAKa € IOMOIIBRO
3HAYEHHUI CI)YHKI_II/Iﬁ Yi B Y3JOBBIX TOYKaX Xj C IOIPCIIHOCTBIO OAHOTO HUTOIO KE MOpsaKa B
3aBHCHMOCTH OT Imara h.

I[J'IH TOT'O YTOOBI BbIPA3UTH 3HAYCHUS MMPOU3BOAHBIX YC€PC3 3HAYCHUA (byHKI.IPIPI Yi B y31ax
HHTEPIIOJIALIMM X, ITOCTPOHUM I/IHTepHOJ'ISII_[I/IOHHBII\/’I MHOT'OYJICH HarpaHH(a Lm(X) CTEIICHU M,
y,[[OBJ'IeTBOpHIOH_[I/Iﬁ YCII0OBUAM

Lm(x)=f(x)=yk (k=i, i+1,..., itm=<n ).



MuorouieH Ln(X), uatepnionupyer ¢pynkiuio f(X) Ha orpeske [Xi, Xi+m]. Auddeperuupyst
MHOTOWICH Lm(X), moy4aem 3Ha4eHUs IPOM3BOAHBIX B ToUKax { Xk } (K=I, i+1,..., i+m).

Ecmn m=1, To L1(X) - nuneitnas ¢yHkuus, rpaduk KOTOPOid, MIPOXOIUT Yepe3 TouKH (Xi,
Yi), (Xi+1, Yi+1). Toraa

X—Xiyg X=X X— Xy X=X
X) =, +V. =v. +
Ll( ) y| Xi — X, y|+1 Xi+1 _ Xi y| _ h y|+1 h
’ ’ ’ yl yi+l y|+1 yl
oy LX) =2 .
y| y|+l ( ) h h h

Ecm m=2, to L2(X) - kBagparnunas GyHKIws, rpadvK KOTOPOU mapadosia, mpoxXosiast
yepe3 Touku (Xi, Vi), (Xi+1 , Vi+1), (Xi+2 , Vi+2). BbIUHCIUM TEpPBYIO U BTOPYIO MPOU3BOJHBIC
mHorowieHa Lo(X) Ha otpeske [Xi, Xi+2].

LZ(X) =y, (X_Xi+l)(x_xi+2) » (X_Xi)(x_xi+2) Vs (X—Xi)(X—XM) _
(X = X ) (% = Xi,5) (X2 = %) (X = Xiz) (X = %) (Xi2 = Xi11)
Ly ORI K)ok | (R x)

(~h)-(=2h) " h.(-h) 2h-h

th [y (X X|+1)(X X|+2) 2y|+1(x X)(X Xl+2)+Y|+2(X X)(X X|+l)]

Lé(x) 2h2 [y (2X X|+1 X|+2) 2y|+1(2X X |+2)+ yi+2 (ZX_Xi _Xi+1)]

" l
L;(x)= W[ZYi —4yq+ ZYi+2]= F[yi =2Yi,+ yi+2]
[lepBas u BTOpas NPOM3BOAHBIE MHOrowieHa Jlarpamka Lo(X) B Toukax Xi, Xi+1, Xi+2
SABJIAIOTCS NPHOIMKEHUIMA COOTBCTCTByIOH_II/IX npou3BOAHBIX GpyHKIMH f(X) B 5THX Toukax:

y; = f'(xi) ~ L;( i [y| 2X |+1 X|+2) 2yi+l(2Xi - Xi - Xi+2) + Yi+2 (2Xi - Xi - Xi+l)]:

Ton
1
) 2520 o] 49y, (44)
yi’+l = f/(XiH) R L;( |+1 [ y| + yl+2]
r 1 ! 1
Yia = F(%0) = LX) = %[yi -4y, +3Yi+z]
" " " " 1
Yi=VYia=YiarL(X)= hT[Yi —2Y, + yi+2] (45)

Ecnn dynkius f(X) Ha orpeske [Xi, Xi+2] HMeeT HENPEPHIBHYIO MPOU3BOIHYIO JI0 TPETHETO
HOpf[I[Ka BKJ'IIOLII/ITCJ'IBHO, TO CHpaBe,I[J'H/IBO HpeﬂCTaBHeHI/Ie (bYHKHI/H/I B BUJIC CYMMBI:
f (X)=L2(x)+R2(X), (4.6)
rae Ro(X) —ocTaTouHbIi YieH MHTEPIOJISIIUOHHON (GOPMYJIBL.
f m
R, (x) = (5) (X=X )K= X)X %), E € (XiiXis).

B »9TOM ciiyuae MOXHO JaTh OIIGHKY IIOTPEIIHOCTH TMPUOIMKEHUI MPOU3BOIHBIX
cooTHoeHusIMH (4.4) u (4.5). Auddepenuupys (4.6), nonyaum
f1X)=L 2(X)+R 2(x), 4.7
f7(x)=L2" (x)+R2"1X). (4.8)
3nech

R; (X) fm(g) [(X X|+l)(x X|+2) + (X X )(X X|+2) + (X X )(X X|+l)] (4.9)

RI(X) =@kx—xm(x—xm)+(x—xm)]- (4.10)

[TorpenrHoCTH NpU BBIYHMCICHUU MPOU3BOJHBIX B TOYKAX Xi, Xi+1, Xi+2 OIPEHCISIOTCS W3
dbopmyi (4.9-4.10):



Ry (X)) = ~2R} (X,.1) = Ry (X,,2) :éhz £7(2), (4.11)
RI(x)=-h- (&), Ri(%.)=0, RI(x.)=h-f"(&). (4.12)

Takum oOpazom, paBeHcTBa (4.11) mMOKa3bpIBalOT, YTO MOrPEHIHOCTH AMMPOKCUMAIUU
nepBoii mponsBoaHoii f{X) ¢ momompbio hopmyisl (4.4) uMerot oauH U TOT ke nopanok O(h?), u
€CTECTBEHHA CJIC/IyIOIasi PEKOMEH/IAlMK 10 UX NMPUMEHEHHUIO Ha OTpe3ke [a; D] B Toukax {Xi},
i=0, 1,2, ..., n>2,

, 1
Vo = o [3%0 +4y: - ve]

(4.13)

' 1 i
Yi z%[_ yi—1+yi+1]Y 1=12..,n-1

, 1
Yo ® %[yn—z _4yn—1 +3yn]

N3 pasencts (4.13) crnemyer, 4TO NPUONMIKEHHE BTOPOW MPOU3BOJHOM C TOMOIIBIO
bopmyiisl (4.5) UMeeT pa3IUYHbIN MOPSI0K B 3aBUCKMOCTH OT N B pa3HbIX TOYKAaX: B TOYKAX Xi,
Xi+2 WMEETCsl MOTPEUIHOCTh mopsaka h , a B TOYke Xi+1 MOPSIOK TOTPEIIHOCTH BBIIIE
(R2"(Xi+1)=0).

B cnyuae wuntepnomsuuu ¢yakuum f(X), mMeromneir Ha oTpe3ke Ha oTpeske [a; D]
HENpPEpPhIBHYIO MPOM3BOAHYIO [0 YETBEPTOro IMOPSJKAa BKIOYUTEIHHO, MOXHO MOJYYUTh
TIOrPEITHOCTh MHTEPIONSIME BTOPOH TPOM3BOIHOM, NMeromeil opsaaok h? ¥ oJMHAKOBYIO BO
BCEX TOYKaX, C MOMOIIbI0 MHOrowieHa Jlarpamxka Tpetbeil crenenn Ls(X) mo deTsipeM y3iam
untepnomsuu {Xk}, (k=i, i+1, i+2, i+3).

Onyckasi BBIKJIaJIKU, IPUBEEM Pe3yJIbTaThl JIs alllPOKCUMAIIN BTOPON IPOU3BOHOM:

" 1
Vi =17 (290 =5y, + 4y, -]
) (4.14)
V- yya) =120

o1
Yo ® F[_ Yi-s +4yn—2 _5yn71 + 2yn]

[Ipumep. 3HaueHust GYHKIHUH Yy = Sin X ONpeneIeHbl TaOIUIIeH:

X 0 /6 /3
sin X 0 0,5 | 0,866

Tpebyetcs ¢ momomibio Gopmyr (4.13, 4.14) npubnmwkenno Haiity Y'(0) u y''(0) 1 oLIeHUTH
MOTPEIIHOCTh PE3yIbTaTOB BHIYUCIICHUH.
Pewrenue.

y'(0) zz—lh[—:%yo +4y, — yz]:ﬁ[—3-0+4-o,5—o,866]z1,05
T

R;(@%[%j A7, 0<e<

mx.  f'(x)=cosx, f"(x)=-sinx, f"(x)=-cosx

f ”'(X)‘ <1, mo

R'(O)\<1 z 2—009
2 3\ 6 T

Hrak, y'(0)~1,05+£ 0,09 (tounoe 3uaucuue Yy'(0)=cos 0 = 1).
Teneps Bocnonb3yemcs popmysioii (4.11).

, 1 36
y"(0) » rTz[y0 2y, +Y,]|= ?[—1+ 0,866] ~ —0,489

ey T em
R;(0) = : £"(S),

I[J'Ifi nqueﬁ OIICHKHU HpOH3BOI[H01>i BTOpPOI'0 MHOpsAaKa HeO6XO,Z[I/IMO YBCIUYUTL YUCIIO
Y3JIOBBIX TOYCK U BBI6paTB MEHBIIIMM 1I1ar.

R (0)‘ < % ~052.

IHopsinok BbIMOTHEHUS PA0OTHI:
1. O3HaKOMHUTBCS C TEOPETUUECKUMU CBEICHUSIMHU.



2. BbIMOTHUTHE HEOOXOIUMBIC PACUETHI.

3. OdopMUTh U IPEACTABUTH PE3YIBTATHI PACUECTOB.

dopma npeacTaBieHus pe3yJbTara:

PesynbraThl peicTaBUTh B BUC oTueTa B hopmarte .dOCX.

Kputepuu onenku:

3aiaHue BBIITOJIHEHO 0€3 OMHOOK — OLICHKA «OTJIMUIHOY.

3ajiaHue BBIMOJHEHO MPABWIBHO, HO JOMYIIEHBI 1-3 BBIUMCIUTEIBHBIX OMMUOOK — OLIEHKA

«XOPOLLIOY.
3asiaHue BBINOJIHEHO HEOPEXKHO, TOMYILIEHbI OIIMOKH — OIIEHKA «YJA0BJIETBOPUTEIHLHOM.
3anaHue BBITIOJTHEHO HEIPaBUJIBHO, JOITYILEHBI OLIMOKH — OLICHKA

«HCYOOBJICTBOPHUTCILHO.



Tema 3. YucjeHHble MeTOAbl pelleHUs] OOLIKHOBEHHBIX UG pepeHInaTbLHBIX
yYPaBHEHU
JIABOPATOPHASA PABOTA Ne6 «HUCJIEHHOE PEHIEHUE
JTAD®DEPEHIIUAJIBHBIX YPABHEHUI»

Ilesib: OCBOMTH METOABI YUCIEHHOTO pelIeHus AU depeHIINATbHBIX YPAaBHEHHUHA

Boinosinus padorty, Bel Oyaere:

ymemp:

— pemats audhepeHuanbHbIe YPaBHEHUS TIEPBOTO MOPSI/IKA;

— OIICHUBATh HOIPEIIHOCTh YUCIICHHOTO PEIICHHUS.

MarepuajibHoe ofecnedeHne: makeT NpUKIaaHbIX nporpamm Microsoft Office.

3ananmne:

|. Haiftu pemenue 3agaun Komm mis nuddepeHnanbHOro ypaBHeHHs IEPBOT0 MOpsaKa
Ha paBHOMEpPHOW ceTke oTpe3ka [a;b] ommu pa3 c¢ mrarom h=0,2, npyroii ¢ mrarom h=0,1
Meronamu Oilnepa, Oitnepa-Komm u  kmaccuueckum Meronom Pynre-Kyrra. Ouenuts
MOTPEUTHOCTh YUCIEHHOTO pemeHusl 1o npuHoumy Pynre. CpaBHHUTH YHMCICHHOE pEIICHUE C
TOYHBIM @(X) . Pe3ynbTarsl npeacTaBuTh B BUJE TaOIUIIBI.

1+ xy 1 1
1.y ==——, =0, 1<x<2, X)==| x—=|.
y'="" Y o(x) 2( Xj
2. y':y—z—;, y|X=0:1, 0<x<1, o@(x)=+2x+1.

3. y’=x+3—xy, yl,, =0, 1<x<2, o(x)=x*(x-1).
4.y'=xy, yl =1 0<x<1 o(x) =e*",

5.y = yz;xy’ v, =1 1<x<2, o(x)=x/1-Inx).
3. y’=w, |, =0, 1<x<2, ¢(x)=Inx.
7. y’=ixy, yl,, =0, 1<x<2, o(x)=xInx.

8.y +2xy=xe", y| =0, 0<x<1, gp(x)zéxze‘xz.

x=0
, 1. H —sin x
9.y +ycosx:§sm2x, ¥ ,=0 0<x<L ¢(x)=sinx+e " 1.

10. y'+ytgx=sin2x, y| =-1 0<x<l, ¢(x)=(1-2c0SX)COSX.
11 xy'=y’Inx+y=0, y[ =1 1<x<2, ¢(x)=1/@1+Inx).

12. xy'=x+y+xe%, y| =0, 1<x<19, go(x)lenzi.
—X

x=1

1 x2-1

13. xy'—y=x%e*, y| =1 1<x<2, g(x)=e * .
In(x+vx* +1)
2

14. (x? +1)y'+xy-1=0, Y, =0 0<x<L o(X)=—F—=""

VX +1

15. xy'—yzﬁ, yl,. =0, e<x<e+l ¢(x)=xIninx.



_sinx-1

+1,  o(X) —COS X

17. y'+e” =e"42x, y| =0, 0<x<1 p(x)=X.
18. y'+e* =X,y (=0, 0<x<L @(x)=x".
<

13. xy'—y=x*sinx, yl = =0,
2

19. xy'=ylny, y|  =e 1<x<2, o(x)=¢".

20. xy'—ylIn(xy)-1=0, y| _ =e, 1<x<2, @(x)=e"/x.
y
X
22. X’y'=(x=-1y, VY, =e 1<x<2, ¢@(x)=xe"".

21. xy'=xsin<+y, y|X:l:%, 1<x<2, ¢@(x)=2xarctg X .

2
23. (C+)y+xy=x(+1), Y =1 V2<x<V2+1 gp(x):XTJrl.

eZ 2

24, y’—ilenx, y  =—, e<x<e+l q)(X):X—InX-
xIn x e 2 2

25.y'—y ctgx = sin x, y\xz =0, %£x§%+1, (p(x):(x—%)sinx-

Il. 3amauy Komm ans ganHoro au@QepeHIualbHOro ypaBHEHUS BTOPOro MOpsIKa
npeoOpa3oBaTh K 3a/1a4e KOIIH JJIsi CUCTEMbI TU(PPEPEHITNATBHBIX YPaBHEHUH TIEPBOTO MOPSIIKA.
Haiitn pemrenne mnocnendei 3amaum  merogom Pynre—Kyrra Ha cerke otpeska [a;b].
Borunciienust mpoBectd aBakapl ¢ maramu h, h/2, momaras h =0,2. Haiitu umciaenHoe
pemenue muddepeHnnaTbHOT0 YPaBHEHHS U OIICHUTH €ro MOTPEIIHOCTh C MOMOIIBIO MpaBHIIa
Pynre. CpaBHUTH pelieHHE C HM3BECTHBIM AHAIMTHYECKUM pemeHneM ¢(X). Pe3ympraTh

NPEICTABUThL B BUJIE TAOIUIIEL.
1. xy"—(x+1)y' - 2(x-1)y =0, yl,, =e

2 y"xz1:2e2, 1<x<2, (/,(X):ezx.

’

2. X2y +xy'—y=3x*, y| =1 y

=1 1<x<2, (p(X)Z%(ZXZ —x+1) -
= X

!

3. x*y"-6y=0, y| =1 vy

3
=3 1<x<2, p(x)=Xx".

Kparkue TeopeTuueckue cBeleHHA:
Yucnennoe peuternue oughghepeHyuanbHbixX ypasHeHuil nepeoco nopsioKa
B mnpukmamHeIX 3agadax dYacTo BCTpPEYalOTCs OOBIKHOBEHHBIC auddepeHnnanbHbie
yYpaBHEHUS, TOYHOE PEIICHHE KOTOPBIX HAWTH HE yIAeTCs WIM OHO HE BBIpAKACTCS Yepes
aNIeMeHTapHble PyHKIUH. Bo3HUKaeT HE0OX0IMMOCTh HAWTH PEICHUE TPHOIKEHHO.
3.1. Ilonamue o uuciennom memoode pewrenus 3adauu Kowiu
PaccmoTpum 3agauy Komwm:
y'=f(xy), (3.1)
y(%o) =Yo. (3.2)
TpeOyercs HallTH 4YHCIEHHOE pEIIEHUE )=@(X) B BUAE TaOIUIBI €ro NPUOIMKEHHBIX
3HAYEHWH JUTS 3a/IaHHBIX 3HAYCHUI apryMeHTa X Ha HEKOTOpoM oTpeske [a, b] ¢ ykasaHHO#
TOYHOCTBIO.
Pemenne 3agaun Komu (3.1) Oymem rckath Ha otpeske [a, b]. Otpesok [, b] pazodbem Ha
Ha N paBHbIx uacteil. Bemmumna h=(b-a)/n Ha3piBaeTcs IIaroM WHTETpPUPOBaHMS. TOYKH
pa30uenus (y3JI0Bble TOYKH) pACIONaraloTcs PaBHOMEPHO U CBSA3aHBI COOTHOIICHHSIMHU:

Xo=a, Xi=Xtih, (i=1, 2, ..., n).

Ilycte y= ¢ (x) — uckoMmoe TouHoe pemenue 3anaun Kommu. Pasnoxum ero mo ¢opmyne
Telinopa Ha mpoMexyTKe [Xi, Xi+1]



1 1
Pi4) = 005) + 90 T (). h? + SO0 h®+om*) (3.3)

[Tpou3BoaHbIE CTOAIIME B MPaBOi YacTu paBeHCTBa (3.3), MOXKHO HalWTH U3 ypaBHeHHs (1):
o 0)=f(x,yi), @)=k’ (X,yi) uT. 1.

3nauenue @ (Xo)=Yo maHo B HavanbHOM ycioBuu (3.2). Mo dopmyse (3.3) MOXHO HaiTh
3HadeHue @(X1), 3arem, 3Has @(X1), HaUTH @(X2) ¥ T. 1. OJHAKO MPAKTUYECKOE MCIIOJIb30BaHHE
dbopmyitel (3.3) 3aTpyAHUTEIBHO, TaK Kak IpaBasi 9acTh paBeHCTBA (3.3) comepKUT OECKOHEYHO
MHOTO 4wieHOB. [103TOMy Ha MpakTHKe OrpaHUYMBAIOTCS JHIIb HECKOJIBKUMU IEPBHIMU YICHAMU
pasnoxenus Tewnnopa.
8.2. Memoo Oiinepa
[Ipocreiimmii  Meron pemeHus auddepeHranbHbIX ypaBHeHud. Ha  mpaxTtuke
WCTIOJB3YETCs TIOBOJBHO PEAKO M3-32 OTHOCUTEIHFHO HEBBICOKOH TOYHOCTH.
[TpubnmxeHHbIe 3HAYCHUST YMCIeHHOTO perenns 3aa4n Komm (3.1) B y3II0BBIX TOUKaAX Xi
0003HaYMM Y :
yi= @ (Xi).
B merome Diinepa mns mojcdera Yi+1 B paBeHCTBe (3.3) OepyT TOJBKO TEpBBIC IBa
CJIaraeMbIX | MOJIATaloT
yi+1= Yi+f(x,yi)h, (3.4
opu - Xi+1 = Xi+h .
l'eomerprueckas WHTEpIpeTanysl MeToga naHa Ha puc. 3.1, 1€ HW300paKeHbI
WHTETpajbHble KpuBble. Vcmonp3oBanue ¢opmynsl (3.4) o3HadaeT, YTO NBHKCHHE OT TOYKH
Pi(Xi, Yi) k Touke Pi+1(Xi+1, Yi+1) IPOMCXOIUT HE MO CaMOM MHTErPaIbHON KPHUBOM MPOXOISIICH
yepe3 Touky P (OHa HaM HEW3BECTHA), a 10 OTPE3KYy KacaTelIbHOW K HEeW MPOBEIECHHOUN B 3TOU
Touke. Ha kaxknoMm creayromiemM Imiare Mbl 3aHOBO HAaXOJIUM KacaTelbHYI0 K HMHTErpajbHOU
KpUBO# (YK€ JpYyroll MHTETpaJIbHOW KPUBOW CEMEHCTBAa MHTETPAIbHBIX KPUBHIX). B pe3ynbprare
MOJy4aeM JIMHUIO, KOTOPYIO Ha3bIBAIOT JIOMAHOU Jilnepa.
N

vV
"

Puc.3.1.

3.3. Meronsl Pynre - Kyrra

JlJ1 yMEHBIIEHUS MTOTPEIIHOCTA METO0/1a UCTIONB3YIOIIETO Pa3I0KeHNE HCKOMOTO PEeLIeHUS
B psan Teinopa (3.3), HE0OOXOIMMO Yy4YMUTHIBaTH OOJbIlIee KOIUYECTBO WICHOB psaa. B
3aBUCHMOCTH OT CTapllield CTENeHH, C KOTOPOHl YUYWTBHIBAIOTCS YJEHBI psifa, MOCTPOCHBI
BbIuncnuTenbHble PyHre-KyTTa pasHbpIX mopsakoB ToyHOCcTH. Tak MeTon Jilnepa MOXHO
Ha3BaTh MeTo10M PyHre-KyTTa nmepBoro mopsika.

Meton Pynre-KyTra BTOpOro mopsjaka Ha3eIBatoT MeTogoM Jitnepa-Komu. B aTom ciydae
B (hopmyie (3.3) oTOpachIBalOTCS WICHBI HaYMHAs C YETBEPTOro. BerumcnuTtenbHble (HOpMyIIbl
Meroza Junepa-Komu:

h -
yi+l=yi+E(f(xi,yi)+f(xi+h, Yi)), (3.5)

i =i+ (X, ¥4)



I'eoMeTpuueckuii CMBICT ATOrO BhIUMCICHHS TMOKa3zaH Ha puc. 3.2. Kaxmoe ouepemHoe

3BeHO Pi Pi+1 TOMaHOl cTOUTCSA TaK:

1. B rtouke Pi(Xi, Yi) onpezessieM HampaBJICHHE (1 KacaTeIbHOW K HHTEIPAIbHON KPUBOM
NpOXOSIe yepe3 3Ty TouKy M 3Hauenue Ki = tg(aa). IIpoBoaum orpesok PiP! mo
HaIPaBJICHUIO O1.

2. B cepemune Ni(xi+h/2, yi+kih/2) orpeska PiP! ompenenseM nampasnenme o
KacaTeJIbHOM K MHTErpAJIbHOM KPHUBOW MPOXOJAIIEH 4Yepe3 3Ty TOYKY M 3HAYCHHE
k2 = tg(). [IpoBoaum oTpe3ok PiP j+1 110 HampaBIeHHIO Q.

\1\ . P

(o)

P!

v

Puc. 3.2
Takum 06pa3zom, Mbl IPOU3BOAUM IE€PECUET, YTOUHEHHE YTII0BOr0 KO3((UILlMEeHTa 3BEHbEB
JIOMAaHOM. YK€ U3 reOMETPUYECKOr0 CMBICIA SICHO, YTO JaHHBIM METOJ TOYHEE MeToja Juiepa,
TaK KaK 3/IeCh YUUTHIBAETCS MIOBOPOT KacaTeIbHOM Ha HHTEpBAE [Xi,Xi+1].
Meron Pynre-Kytra derBepToro mopsjka Ha3bIBalOT KJIACCUMYECKUM METOJI0M PyHre-
Kyrra. 31ech momyuurcs emie 60ee TOUHBIN pe3yabTaT. AIropuT™ pemieHus 3aaauu Komm:

h
Yis1 = Vi +E(k1+2k2 + 2Kz + ky),
h h (3 6)
k1=f(Xi,yi), k2=f(Xi+E,yi+;kl), .

h h
k3=f(Xi+E,yi+Ek2), k4=f(Xi+h, y|+hk3)

opu - Xi+1 = Xi+h .
I'eomeTpruecKuii CMBICI 3TOTO BBIUMCIICHUS MTOKa3aH Ha puc.3.3. Kaxmoe odepenHoe
3BeHO PjPi+1 momanoii ctoutcs Tak:

1. B Ttouke Pi(Xi, Yi) onpeaessieM HampaBiCHHE (1 KacaTeJIbHOM K HHTEIPAIbHOW KPUBOH,
NpoXosiel uepes 3Ty TOuKy M 3Hauenue Ki = tg(aa). IIpoBoaum orpesok PiP! mo
HAaIPaBJICHHUIO (1.

2. B cepemune Ni(xi+h/2, yi+kih/2) orpeska PiP! ompenensem wnampasnenue o
KacaTeJIbHON K MHTErPAILHON KPUBOU, MIPOXOISIICH Yepe3 3Ty TOUKY M 3HaueHue K2 =
tg(a2). IlpoBoaum oTpe3ok PiP? no HanpaBneHuio az.

3. B cepemune Na(xi+h/2, yi+koh/2) orpeska PiP? omnpenenseM HampasieHue o3
KacaTeJIbHON K MHTErPAILHON KPUBOM, MPOXOISIICH Yepe3 3Ty TOUKy M 3HaueHue K3 =
tg(as). IIpoBoaum otpesok PiP? no nanpasnenuio as.

4. B touke P3(Xi+h, yi+ks-h) onpenensiem Hampapienue qs KacaTeqbHOM K HHTErpaibHOM
KPUBOM, MPOXOAIICH Yepe3 3Ty TOUKy u 3HaueHue k4 = tg(as).

5. TlomyueHHble YeThIpe TaHTe€HCa ycpelnHstoTcs Becamu 1/6, 2/6, 2/6, 1/6 no opmyue:

1
g (kl + 2k2 + 2k3 + k4) . Ilo OTOMY OKOHYATCJIIbHOMY HAIIPABJICHUIO MBI HIPOBOIAUM

0Tpe30k U3 Touku Pi(Xi, Yi) B Touky Pi+1 (Xi+1, Yi+1).
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Puc. 3.3

W3 reomeTrprueckoro cMpicia sICHO, UTO JaHHBIA METOJI HAMHOT'O TOUHEee MeTojia diliepa
u Diinepa-Komn.
3.4. Ioepewnocmv memooos
[Ipu mpoBeaeHNM BBIYMCIEHUN BO3ZHUKAIOT JBE MTOTPEITHOCTH:
1. JokanbHasi NOTPEUIHOCTD, T.€. TOTPEIIHOCTh HA OJIHOM IlIare, BO3HUKAIOLIAs 32 CYET
IepeEMENIEHNUS HE IO MHTETPAIIbHOM KPHUBOM, a ITO KacaTeIbHOU K HEH;
2. 1J00aJbHasl NOTPENIHOCTD, T.€. MAKCHMaJIbHAS MTOTPEITHOCTD PEIICHHS:
| Y- (%) |
['oBOpAT, YTO YUCIEHHBIM METOA HMMeeT P-H MOPSIA0K TOYHOCTH Mo mary h, eciau
BBIIIOJIHAETCS YCIIOBHE:
max |y, — go(x_)
1<i<n!! !

rae C — HeKoTopas MOJIOKUTENbHAs TOCTOSIHHAS, 3aBUCALIAs OT PaBoi yacTH ypaBHeHud (1) u
OT paccMaTpuBaemMoro meroia. P-il MOpPSiI0OK TOYHOCTH O3HA4YaeT YTO, HANpuMmep, Mpu
yMeHbIleHnt mara B 10 pa3, morpemHocTb yMEHbITUTCS TpuMepHo B 10P pas.

—chP

Jlns metoma Diinepa JOKaibHAs MOTPEIIHOCTH MMeeT MOpAA0K TounocTH h? (BTOpOii
MOPSIIOK TOYHOCTH). DTa BEIMYMHA COOTBETCTBYET N B TO#l cTemeHu, B KOTOpPOM h crout B
nepBoM otOpoimeHHOM wieHe B dopmyne Teinopa (3). I'mobGanpHash MOrpenItHOCTh U METOJ
Ditiepa UMEIOT MOPSI0K TOYHOCTH N (TIepBbIi MOPSIOK TOYHOCTH).

CooTBeTcTBEHHO Uil MeToza Diiepa-Koim JokapHas MOTPemHOCTh UMEET MOPSIOK
tounoctr h®, rI06anbpHas IOTPENTHOCT UMEET HOPSA0K TouHocTH h?,

st metona Pynre-KyTra 4eTBepTOro nopsijka JIOKaJibHasi OTPEIIHOCTh UMEET MOPSIOK
ToyHocTH h°, r106anpHas MOrpentHoCcTh UMeeT HopsAoK Tounocty h?,

Ha mpakTrke OLEHKY MOrPENIHOCTH PElICHUs], HaiiieHHOro ¢ maroM h/2, B Touke Xi €
[a,b] mpou3BOAAT C MOMOILBI0 NpaBuJa PyHre:
|vi (h) — y; (h/2)

2P -1

rie P — MOpsAAOK TOYHOCTH YHMCIEHHOTo Merona (s Merona Oinepa p = 1, misd meroxa
Oinepa-Kommu p = 2, nis metona Pynre-Kytra uetBeproro nopsiaka p = 4). [lonyueHue oneHku
pesyabTara 1no ¢opmyse (3.7) BbIHYK/JIAeT MPOBOJAUTH BHIYUCICHUS JBaXK/bl: OJMH pa3 C 11aroM
h, npyroii — ¢ marom h/2.

Eciu mo ycnoBuio 3amaun TpeOyeTcs HAWTH YHUCIEHHOE pELIeHHE C TOYHOCTBIO €
(mpenenbHast abCONIIOTHAsT MOTPEIIHOCTL), TO B 3TOM Cly4yae HadajbHBIM IIar BbIUMCIEHU h
YCTaHABJIMBAIOT C IOMOLIbIO HEPABEHCTBA

lo(x;) - yi (h/2)] = , (3.7)



HP<g, (3.8)

npu p=2, 3, 4 COOTBETCTBEHHO AJIs1 METOJ0B Dilnepa, Diinepa—Kommu, Pynre-Kyrra uerBeproro
NOpsAJKa. YCIOBUEM JIOCTWKEHHUS 3a/JaHHON TOYHOCTH BBIYMCIICHUM, SIBJISIETCS BBIIOJIHEHUE
HEPaBEHCTBA

yi(h) = yg;(h/2)
p <é&
27 -1

npu Bcex | v riae p=2, 3, 4 COOTBETCTBEHHO JIJIsl METOI0B Ditnepa, Ditnepa—Korun, Pynre-Kyrra
YETBEPTOr0 NOPAJIKA.
3.5. Yucnennoe pewenue cucmem ougghepenyuanbhblx ypasHeHuti nepeo2o nopsoKa

Paccmotpum 3anauy Komm ans cuctemsl U3 N aud¢epeHnnanbHbIX ypaBHEHUH MEPOBOTO
opsJIKa

(3.9)

Yi = f]_(xv Y1 Yo Yn)
Vg = %Y1, VoY), (3.10)

IIpH HAYAJIbHBIX YCIOBUAX
¥1(Xg) = Y10: Y2(Xg) =¥Yoq - Yn(Xg) = Yo - (3.11)

Ecnu BBecTu BeKTOpHBIE 0003HAUEHUS:

y1(X) y1(X)
Y0 =| Y209 Y= Y200
yn(X) yn(X)
fl(x,Y) Y10
Foyy=| 2%V v, =| 20
(1) Yno
to 3amada Komu (3.10)-(3.11) B BeKTOpHO# (OpMeE 3alUIIETCs TaK:
Y'=F(xY), Y(x)=Yp- (3.12)

Yucnennoe pemienue 3aaadn Kommu (8.12) coctout B ToM, 4uro Ha oTpeske [a,b] Tpebyercs
MOJIYYUTh MPHOIMKEHHbIC 3HAYEHHS KoopauHaT Bekropa Y(X) B y3imoBbix Toukax Xi (i=1, 2,...,
m) ¢ marom h=(b-a)/m.

O603Ha4YMM BEKTOP, JOCTABIAIOIIMN MPUOIMKEHHOE pelIEHue, 9epe3 Y = Y(xj) (i=12,...,m)

, @ ero koopauHartel — uepes Yki (k=1, 2,...,n); i=1,2,..., m) 1ak, uro Y, = Y, (X).

PaccmotpuMm uymcieHHoe pemieHue 3amaud Komwm g cuctembl  auddepeHnnanbHbIX
ypaBHeHUU ¢ moMolibio Meroaa Pynre-Kyrra uderBeproro mopsinka. Bekrtopuas ¢opma
anropuTMa Metoza Jutst 3aaa4u (3.12) coorBeTcTBYET popmynam (3.6) U UMeeT BUJT



Xi+1:Xi+h (i=12,...m)

h
Yiig =Y +g(K1 +2K, +2K3 + Ky),
(3.13)
h
Ky = F (. %), Ko = RO+ Y+ Ky)
h h
Kg = F(X; v Y; +EK2)' Ky =F(X +h Y; + hK3),

k.
T BEKTOPBI i ; _ 121 (j=1234)-

k in
OneHka mNOrpemIHOCTh MeTOJa Ha TMPAKTUKE OCYIIECTBIsETCS 1O mpaBuiay Pynre
aranorudHo (3.7). [Tycts

yy; () yy; (h)
.(h -(h
Yni () Yni ()

- 3HAYeHHs] YHCJICHHOTO PEUICHWS B TOYKE X , MOJydYeHHble i miaroB h u h/2
COOTBETCTBEHHO; TOTJ[a MOrpeIHOCTh di B TOYKE Xj Ui BBIYMCICHHH ¢ maroM h/2 Beipakaercs
NpUOKEHHBIM PaBEHCTBOM

max ﬂyki ()~ vy (h/ 2)\ }

di (h/2) ~ L=k=n , (3.14)

2P _1
rJie p — MOPAA0K TOYHOCTH YHCIEHHOTO MeToa (P=4).
3.3. Uucnennoe pemenue auddepeHImaibHbIX YPaBHEHNUN BBICIINX MTOPSIIKOB

3amaua Komu nmns nuddepeHnmanbHOro ypaBHEHHsI N-TO TOpsAKA CTABHTCS TakK: HAWTH
pellieHre ypaBHEeHUs

vy =ty vy ey ™) (3.15)
MIPH HAYaIbHBIX YCIOBUSX
Y(x0) = Vgr Y'0Q) =V ¥V xg) =y, (3.16)
3agaya Komm (3.15)-(3.16) mis auddepeHnnanbHOro ypaBHEHHS N-ro  HOpPsaKa
npuBOAMTCS K 3amavye Komu mist cuctem N muddepeHnanbHbIX  YPaBHEHUH MIEPBOT0 MOPSIIKa

(3.10)-(3.11), k KOTOpOIi 3aTEM MPUMEHSIOT YUCIICHHBIEC METO/IbI PELICHHS CUCTEM.
BBenem 0603HaueHUs

=Y 1y :zi, 23:2’2, e I :Zh—l
U BBIpas’uM (I)yHKuI/I}o y(x) A €€ NOPOU3BOIHBIE [0 (n-l) IOpsIIKA BKIFOYUTEIBHO Yepes
BBCICHHBIC (I)yHKuI/II/I:

' " _ n-1 —
y:zl,y:zz,y—z3, ey y =12pn-
Bwmecro 3amaun (8.15)-(8.16) umeem 3amauy JUisi CHCTEMbI YpaBHEHHIA
=1
1n =1
2773
(3.17)
Zh4=1n
n="F1x 71,25,....7p)

IIpHU HaYAJIbHBIX YCIIOBUAX



21(Xg) =Yg, 29(Xg) =Yg - Zn(Xg) = y(()n - - (3.18)

IMopsiiok BBINOJTHEHNUS PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEJACHUSIMMU.

2. BbImoTHUTE HEOOXOUMBIC PACUCTHI.

3. OdopMuUTH U IPEACTABUTH PE3YIBTATHl PACUETOB.

dopma npeacTaBieHus pe3yJbTara:

PesynbraThl peicTaBUTh B BUC oTueTa B (hopmate .dOCX.

Kputepuu onenku:

3aiaHue BBIITOJIHEHO 0€3 OMHOOK — OLICHKA «OTJIMUIHOY.

3aianue BBIMOIHCHO MPABUILHO, HO JOMYIICHBI 1-3 BBIYUCIUTEIHHBIX OMMOOK — OIEHKA

«XOpOULIO».
3aiaHue BBIMOJIHEHO HEOPEKHO, TOMYILIEHBI OIIMOKH — OIIEHKA «YA0BJIETBOPUTEIBLHOM.
3anaHnue BBINIOJIHEHO HENpPaBUIIBHO, JOTYIIIEHbI OILIMOKH — OIICHKA

«CHECYOOBJICTBOPHUTCILHOY.
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