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1 HOACHUTEJIBHASA 3AIIMCKA

CoctaB u cojepkaHue J1aOOpaTOPHBIX 3aHATUN HAMpaBlIEHbl Ha pealli3alluio
®DenepanbHOTO TOCYAAPCTBEHHOTO 00pa30BaTEIbHOTO CTAHAAPTa CPEIHETr0 NPOoPeCCHOHATHLHOTO
oOpazoBaHwUs.

Benymeld numakTUYecKOM IENbl0 JIAOOPATOPHBIX 3aHATHH SBISETCS (OPMHPOBAHUE
yueOHBIX MPAKTUYECKUX YMEHH, HeOOXOIMMBIX B OCIEAYIOLIeH yueOHOM e TeIbHOCTH.

Benymeld nuaakTHuecKon 1enbio Ja00paTOPHBIX 3aHATUN SIBISETCS AKCIEPHUMEHTAIbHOE
MOJATBEPXKJIEHUE M TPOBEPKA CYIIECTBEHHBIX TEOPETUUYECKUX TIOJIOKEHHH  (3aKOHOB,
3aBUCUMOCTEN ).

B cootBercTBUM ¢ paboueii mporpamMmoil y4eOHOW TUCHUTIIMHBI «YHCICHHBIE METOBI»
NPEIyCMOTPEHO JIabOpaTOpHBIX 3aHATHHA. B pamkax maGoparopHOro 3aHATHS OO0yYaroluecs
MOTYT BBIMOJHSTH OJIHY UM HECKOJIBKO J1a00paTOPHBIX paboT.

B pe3ynbraTe ux BBIIOIHEHUS, 00y4arOLUIMCs JOKEH:
ymembo:
— UCII0JIb30BaTh OCHOBHBIE YUCIEHHBIE METO/Ibl PELICHNUS MAaTEMAaTHUECKUX 3aa4;
— BBIOMPATh ONTUMAJILHBIA YMCIEHHBIM METOJT AJIsl PELLIEHUS IOCTAaBICHHOM 3aauu;
— JaBaTh MAaTEMaTHUYECKUE XapaKTEPUCTUKU TOYHOCTH HCXOJHOW HHPOpMaLUU U
OLICHUBATh TOYHOCTb IMOJTYYEHHOI'O YHCIEHHOIO PELLIECHUS;

— pa3palaThiBaTh aNrOPUTMBl M HPOTPaMMBbl Ul PELIEHHs] BBIYMCIUTENBHBIX 3a7ad,
YUUTBIBasi HEOOXOAUMYIO TOUHOCTb [10JIy4a€MOTr'0 pe3yibTara;

Conepxanue 11a00OpaTOPHBIX 3aHATHI OPUEHTHPOBAHO HA IOATOTOBKY OOydaromuxcs K
OCBOCHHIO TIPO(ECCHOHATEHOTO MOYJISI IPOrPaMMBI TIOATOTOBKH CIICIMATIMCTOB CPEAHETO 3BEHA T10
CIIELMATIbHOCTH U OBJIAJICHUIO HPOGhecCUOHANbHBIMU KOMPEMEHYUAMU:

I1K 1.1 — ®opmupoBaTh anropuT™Mbl pa3pabOTKU MPOrpaMMHBIX MOJyJIEH B COOTBETCTBUH C
TEXHUYECKUM 3aJ]aHHUEM.

[1K 1.2 — Pa3pabaTsiBaTh IpOrpaMMHbIE MOAYJIM B COOTBETCTBUHU C TEXHUUECKUM 3a/IaHHUEM.

I1K 1.5 — OcymiecTBasATh peakTOPUHT U ONTUMHU3ALMIO TPOIPAMMHOI0 KOJIa.

IIK 11.1 — OcymectBasaTh cOop, 00pabOTKy U aHAIU3 MHPOPMALUH I MPOEKTUPOBAHUS
0a3 TaHHBIX.

A Taxoxke GOpMHUPOBAHUIO 0OUUX KOMNEM eHY UL

OK 1 — Bsibupars cnocoObl pemeHHs 3a1ad NpodEecCHOHATBHON JIEATEbHOCTH,
NPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.

OK 2 — OcymiecTBisTh NOUCK, aHAJIU3 U MHTEPIPETALUI0 HHPOpMaIui, HeOOXO0IMMON J17Ist
BBITNIOJTHEHUS 33/1a4 PO ECCUOHATBHON eI TeNbHOCTH

OK 4 — PaGoTtaTh B KOJJIEKTHUBE M KOMaH/e, 3 (HEKTUBHO B3aUMOJIEHCTBOBATh C KOJUIEIaMH,
PYKOBOJCTBOM, KJIUEHTAMH.

OK 5 — OcymecTBisTh YCTHYIO U IMCBMEHHYIO KOMMYHHUKALIMIO HAa TOCYJapPCTBEHHOM SI3bIKE
C Y4E€TOM 0COOEHHOCTEH COLMAIbHOIO U KYJIBTYPHOI'O KOHTEKCTA.

OK 9 — Ucnonb3oBaTh HHPOPMALMOHHBIE TEXHOJIOTHH B IPOPECCHOHATBHOM 1A TEIbHOCTH.

OK 10 — Ilonb3oBarbcs mpodecCHOHAIbHOW JTOKyMEHTAallMed Ha TOCYJapCTBEHHOM U
WHOCTPaHHOM SI3bIKE.

Brimonnenune o0yyaronmxcs J1a00paTopHbIX paboT 1Mo yueOHON qucHUIuIHe «YucieHHble
METO/IbI» HAIPABJIEHO Ha!

- 0bobwenue, cucmemamuszayuio, yenyobnenue, 3aKkpenyienue, pazgumue u O0emanu3ayuio
NOJIYYeHHbIX MEeOPemUecKux 3HaHUll N0 KOHKPEMHbIM memam y4eOHol OUCYUNTUHDL.

JlaGopaTtopHble 3aHSTHs MPOBOJTCS MOCIE COOTBETCTBYIOIIEH TEMbI, KOTOpas 0OecreunBaeT
HaJIMYUe 3HaHUH, HEOOXOIMMBIX JUIS €€ BBITOJTHEHHSI.



2 IEPEYEHB JIABOPATOPHBIX 3AHATHIA

Pa3nesnl/Tembl Tembl J1a0OPATOPHBIX 3aHATHI Konuuyects | TpeGoBanus
0 4acoB orocC C1io
(ymeTn)
Tema 1. Ocuosuble | JlaboparopHas pabota Nel 2 V2, V3, V4,
HOHSITUSA teopun | «Pemenue mnpocTedmux 3amad  Ha Y01.1, Y02.2,
MOTPEIIHOCTEN BBIYMCIICHUE TTOTPELIHOCTEN ¥05.4, Y09.1,
BBIYHCIICHUM. ¥09.2,¥10.4
Tema 2.  Yucnennoe | JlaGopaTopHas pabota No2 6 Vi1, V2, V3,
pemenne CJIAY «Permienue CHUCTEM JIMHEMHBIX V4, VO01.1,
YpaBHEHUI» v02.2, V054,
¥09.1, ¥09.2
Tema 3. Anroputmsel u | JlaGopaTopHas pabota Ne3 6 Vi1, V2, V3,
METOJpl TOUCKa KopHel | «Pemenue anredpanyecKkux u V4, YO01.1,
YpPaBHEHUST M PELICHUS | TPAHCLEHACHTHBIX YPAaBHEHUN ¥02.2, Y054,
HETUHEWHBIX CUCTEM v09.1, ¥09.2
Tema 4. Meroast | JJaboparopHas pabota Neq 4 V1, VY2, V3,
AHAJIUTUYECKOTO «HTepnonupoBanue GyHKIUN. V4, Y01.1,
MPEACTABICHUS TaOJIMYHO v02.2, Y054,
3aJjaHHON (DYHKIIUU V09.1, ¥09.2
Tema 5. Anroputrmsel u | JlabopaTopHas pabora Ne5 4 V1, V2, V3,
METO/IbI YUCJIEHHOIO | «YHUCIIEeHHOE  MHTErpupOBaHUE U V4, Y0l1.1,
MHTETPUPOBAHUS u | nuddepeHIupoBaHMEe». ¥02.2, Y054,
T epeHIMpoBaHus ¥09.1, ¥09.2
Tema 6. UYucnennslie | JJabopaTopHas pabota Ne6 2
METO/IbI pemenus | «HucnenHoe pelieHue V1, V2, V3,
OOBIKHOBEHHBIX Qg depeHInanbHbIX ypaBHEHUI». V4, YO01.1,
nuddepeHIantbHbIX v02.2, Y054,
YPaBHEHUU ¥09.1, ¥09.2
UTOI'O 24




3 METOJANYECKHUE YKA3AHUS

Tema 1. OcHOBHBIC NOHATHS TEOPHHU NMOTPEIIHOCTel BHIYHCICHUH.
_JIABOPATOPHAS PABOTA Nel .
«PEHIEHUE ITPOCTENIINX 3AJAY HA BBIYNCJIEHUE INTOI'PEITHOCTEN»

Iesib: OTYYUTh HABBIKK ONPEICICHIS] OCHOBHBIX HCTOYHUKOB MOIPEITHOCTEH.
Boinosinus pa6ory, Bel Oynere:
ymemo:
—  BBINOJIHSATH OKPYIJICHUE YKCET,;
—  ompenensaTh aOCOMIOTHYIO U OTHOCHTEIIbHYIO MOTPEIIIHOCTH PEe3yJIbTaTa,;
—  BBIYHCJISITH MOTPEIIHOCTH PE3yJIbTaTa Pa3InYHbIX apU(PMETHUSCKUX OINEpaIiii HaJl
PUOIHIKCHHBIMU YHCITAMHU.
MarepuaabHoe ofecnedeHne: akeT NpUKIaaHbIX mporpamm Microsoft Office.
3aganue:
a) ONPEJIeTNTh, KAKOE PAaBEIICTBO TOYHEE;
6) OKPVTAHTE COMHUTCIBHBIC ].l]’I[t)phI YHCId, OCTABHMB BCDHBIC 3HA-
KH; O1peje/IMTh a{)COJllO'l'H}’I‘O OrpelHoOCTL pe3yibTaTd,
B) HalTH IpcaciabHLIC HﬁCOﬂH}THym H OTHOCHTCJILHYIO ITOTPCITHOC-
T™ III_}HGJ[H}K{:‘HHUI'U HHUCA, BCe LlI:lprl:-l KROTOpOro Io yMoIHaHHKY Bep-
HEIE,
Bapuanmu 3adanuit:
1.2) 14/17 = 0,824,/53 = 7,28; 6) 23,3748, 8 = 0,27%; 1) 0,645.
2.a) 7/3= 2,33,\./% =7,62;0) 13,5726 = 0,0072; B) 4,8556.
3.a) 27/31=0,87 1,A/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, JAi1=6,40; 0) 46,7843, 5 = 0,32%; B) 7,38.
6.2a) 12/7=1,71,J47 =6,86; 6) 0,38725 + 0,00112; 8) 0,00646.
7.2) 21/13=1,62,/63 =7,94; 6) 45,7832, & = 0,18%; B) 3,6765.
8.a) 16/7—2,29,\11-3,32: 6) 075244 + 0,00013; B) 5,374.



9.a) 18/7=2,57,422 = 4,69; 6) 46,453, 5 = 0,15%; B) 6,125.
10.a) 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, 5 = 0,34%; B) 0,543.
12.2) 19/12=1,58,412 = 3,46; 6) 4,88445 + 0,00052; ) 4,633.
13.a) 13/7=1,857,4/7 = 2,65; 6) 2,8867, 8 = 0,43%; B) 63,749.
14.2) 49/13=3,77,\14 = 3,74; 6) 5,6483 = 0,0017; 5) 0,00858.
15.a) 5/3=1,667,/38 =6,16; 6) 3,7542, 6 = 0,32%; B) 0,389,
16.a) 17/11=1,545,/18 = 4,243; 6) 0,8647 + 0,0013; B) 0,864.
17.2) 7/22=0,318,413 =3,61; 6) 0,3944, 8 = 0,15%; 8) 21,7.
18.2) 13/17=0,765,+/31=5,57; 6) 3,6878 = 0,0013; 8) 8,74.
19.2) 50/19=2,63,4/27 = 5,20; 6) 0,85638, 5 = 0,22%; B) 231,57.
20.a) 21/29=0,724,+/44 = 6,63; 6) 13,6853 + 0,0023; B) 2,16.
21.2) 17/19=0,895,/52 = 7,21, 6) 7,521, 8 = 0,12%; B) 0,5748.
22.2) 6/11=0,545,4/83 =9,11; 6) 3,7832 + 0,0043; B) 2,678.
23.2) 16/19=0,842,/55 = 7,416; 6) 17,356, & = 0,11%; B) 0,5718.
24, a) 23/15=1,53,/98 = 9,899; 6) 8,7432 = 0,0023; B) 0,578.
25. ) 2/21=0,095,v/22 = 4,69; 6) 24,5641, 3 = 0,09%; B) 4,478.
26. ) 12/11=1,091,v/68 = 8,246; 6) 0,5532 + 0,0014; B) 3,4479.
27.2) 6/7=0,857,/48 =6,928; 6) 14,5841, 5 = 0,17%; ) 0,421.
28.a) 15/7=2,14,+/10 = 3,16; 6) 4,5012 + 0,0013; ) 1,4229.
29.2) 4/17=0,235,4105=10,25; 6) 1,1341, 8 = 0,12%; B) 2,401.
30.a) 7/15=0.467.+/30 = 5.48; 6) 6,7702 + 0,0015; B) 11,1239,
Kparkue TeopeTuueckue cBeJIeHH:

Brigenum crienyronire OCHOBHbIE HCTOUHUKH MOTPEIIHOCTEH:

a) TapameTpsl, BXOJIINE B OMKMCAHUE 3aJaud, 3aJlaHbl HETOYHO; COOTBETCTBYIOIIYIO
MOTPEIIHOCTh Ha3bIBAIOT HEYCTPAHUMOH (IIOTPEIIHOCTD JAaHHBIX);

0) mMaremaThyeckass MOJIElb OMHCHIBAET M3y4aeMbli OOBEKT MPUOIMKEHHO C Y4ETOM
OCHOBHBIX, Han0oJiee CYIECTBEHHBIX (PAKTOPOB (MIOTPEIHOCTh MATEMATUYECKON MOJIETIH);

B) YHCJICHHBIA alTOPUTM, TNPUMEHSEMBIH [UIS pEIIeHUs MaTeMaTHYeCKOW 3a/add,
3a4acTyro JIaeT JHIIb MPUOIMKEHHOE pelleHue (IOrPeIHOCTh MeTOa);

) B MPOIECCE BBHIUYMCICHUH Ha KOMIBIOTEPE MPOMEKYTOUHBIE M KOHEYHBIE PE3yIbTaThI
OKpYIJISIIOTCA  (BBIUMCIUTENbHAsT MOTPEIIHOCTh WM TOTPEIIHOCTh OKpYIJIeHus). MeTo[sl,
NPUYHCIISIEMBIE K TOYHBIM, HE YUYUTHIBAIOT HAJTMYUE BHIYACIUTEIBHON MTOTPEITHOCTH.

YacTto mnepBble [Ba BUAA MOTPEUIHOCTH, OOBEOUHSIS B OAMH, TaKKe HAa3bIBAIOT
HEYCTPaHUMON MOTPEHIHOCTHIO.

O0603HaunB yepe3 | aOCoMOTHYIO BETUUMHY MTOTPELIHOCTH pe3yibTara, a yepes I, , I, u l,
— a0COJIFOTHBIC BEJTMYMHBI HEYCTPAHMMOW TOTPEIIHOCTH, MOTPEITHOCTH METO/Ia U OKPYTJICHHS
COOTBETCTBEHHO — HETPY/THO MOJIYYUTH CIEAYIOIIEe COOTHOIICHHE:

HepasenctBo (1.1) maer omeHKy AJis MOTPENIHOCTH pe3yiabTata. M3 3TOro HepaBeHCTBa
MOYKHO CJIeJIaTh BaXKHBIN BBIBOJ: TOJIHYIO MOTPEIIHOCTh Pe3yJibTaTa Hellb3sl C/eiaTh MEHBIIE,
4eM HauOOJIbIAsl U3 COCTABIISIONINX €€ TOTPEITHOCTEH.

Onpenenenue 1.1. Ilpubnudxcennviv sHaueHuem HEKOTOPOM BEIWYMHBI & HA3bIBAETCS
YUCIIO @p , KOTOPOE HE3HAYUTEIBHO OTINYAETCSI OT TOUHOTO 3HAYEHUS ITON BETUIHHBI.

ITycTs & — TOYHOE 3HAUE€HHE HEKOTOPOH BEINYKHBL, a & p — €€ PUOIIMKEHHOE 3HaUEHHE.

Onpenenenune 1.2. Aobconrommuoii noepewnocmvio A TPUOTMHKEHHOTO 3HAYCHUS
Ha3bIBAETCSI MOLYJIb PA3HOCTH MEXY TOYHBIM U MPUOIMKEHHBIM 3HAYCHUSMH 3TOW BEITMYUHBIL:

A= |a — ap| (1.2)

IIpumep 1.1. Ecmu a= 20,25 ua, = 20, To abcomtoTHas norpemnocts = 0,25 .



Onpegenenne 1.3. OTHOCHTENBHOH HNOIPEHNIHOCTBIO NPHUOIMKEHHOH BEIUYUHBI
Ha3bIBAETCS] OTHOLIEHHWE aOCOJIIOTHONW MOTPEUIHOCTH NMPHOIMKEHHON BEMYMHBI K a0COIOTHON
BEJIMYMHE €€ TOYHOTO 3HAYCHUS:

_la—ap| A

6= lal  lal (L3
DT0 paBEHCTBO MOXKHO 3aIlKCaTh B APYyrou popme:
A= |a|é (1.4)

Ipumep 1.2. ITycts a = 20,25 n a ;, =20, TOorga OTHOCUTEIbHAS IOIPELIHOCTD

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

Ha npaxTuke, Kak mpaBuio, TOYHOE 3HAUYEHUE BEIMYMHBI HEU3BECTHO. [loaTOMy BMecTO
TEOPETHYECKUX TIOHATUH aOCOMIOTHONH M OTHOCHTENBHOW MOTPENIHOCTEH HCHOJB3YIOT
NPAaKTUYECKHUE TOHATHS MPEIETbHOI a0COMOTHON MOTPEITHOCTH U MPEAeIbHOW OTHOCUTEIHHOM
HOTPEIIHOCTH.

Onpenenenune 1.4. Ilon npenenbHON aOCOMOTHONW MOTPEHIHOCTBIO MPHOIMKEHHOTO
YHCIIa TOHUMAETCsl BCIKOE YHCI0 Az He MEHbIIee a0COMIOTHON MOTPEIHOCTH 3TOTO YUCHIA:

A= |a — ap| <A, (1.5)
Hepasenctso (1.5) no3Bosiser 411 TOUHOTO 3HAUYEHUSI BETUUUHBI IOJYYUTh OLICHKY
a, — A< a<a,tA4, (1.6)
Yacro HepaBeHcTBa (1.6) 3anChIBaIOT B Apyroii hopme
a=a,*A,=a,(1%38,) .7

Ha npaktuke B KadecTBe IMpeleabHOM aOCOJIIOTHOM IMOTPEIIHOCTH  BBIOMPAIOT
HalMEHblIee U3 4uucesn A, , yIOBIETBOPAIONIMX HepaBeHCTBY (1.5), ogHako 3TO He Bcerna
BO3MOYKHO.

IIpumep 1.3. OueHuTh mpeAeabHYIO aOCONIOTHYIO MOIPEUIHOCTh MPUOIMKEHHOIO
3HaueHMs a p = 2,72 yKcia €, eclid U3BECTHO, 4To €= 2,718281828459045.

Pemenue.

OueBHUIHO, YTO |ap - e| < 0,01 . CunenmoBarenbHo, A, = 0,01. Takxe crpaBemTUBO

HEPABEHCTBO |ap —e| =12,720 —2,71828 ...| < 0,002. Tlomyyaem jpyroe 3HayeHUE
abcomoTHOW mnorpemHocTH Ay = 0,002. SlcHo, uyTO cieayeT BbIOpaTh HaWMEHbIIEE U3
HaMJICHHBIX 3HAYCHUH TIPEACITbHON OTPEIIHOCTH, TaK KaK 3TO MO3BOJIUT Cy3UTh auamna3oH (1.5),
B KOTOPOM HaXOJMTCS TOYHOE 3HAYCHUE U3y4aeMOil BETHUNHBI.

Omnpenesienne 1.5. [IlpenenvHoii OTHOCHUTEIBHON MOTPEUTHOCTBIO 0a
JAHHOTO TPUOJIMKEHHOTO YHWCJIa HAa3bIBAeTCS JIO0OE YHCIIO, HE MEHBIIEe OTHOCHUTEIHHOU
MOTPEIIHOCTH TOTO YUCIIA!

6 <68, (1.8)
Tak Kak crpaBeUIMBO HEPABEHCTBO
=L <la
la] = lal

TO MOXHO CYUTaTh, YTO MpEACNIbHbIC aOCOMIOTHAS UM OTHOCHUTENIbHAS MOTPEITHOCTH CBS3aHbBI
bopmynoit

T % i A, = |ald,.

Ipumep 1.4. [lycte mmmHa Opycka M3MepeHa CaHTHUMETPOBOM JHMHEHKOM M IMOy4yeHO
NpUOIMKEHHOE 3HaYeHne ap=251 cMm. Halitn npenenbHyo OTHOCHTEIBHYIO IIOTPELIHOCTD O,

Pemenue.

Tak Kak CaHTHMETpOBas JIMHEMKA HE COAEPKUT JCIICHUH MEHbIIE CaHTUMETpPa, TO
npenenbHas abCONIOTHAS MOTPEITHOCTh A; = 1 cM, a TOYHOe 3HayeHHWe, a UITMHBI Opycka
HaxoauTcsa B quama3zone 250 cM < a < 252 cM. X0oTd TOUHOE 3Ha4YeHIEe a HEU3BECTHO, MOYKHO IS

OTHOCUTEJIbHOM MOrpCIIHOCTH 3allUCaTb HEPABCHCTBO

5 _Ba_ 1 = 0,004
@ al 250

T. €. CYUTATh, 4TO 0,5=0,004 .



Ecnu abGconmoTHas MOrpeHocTh A; 3HAYUTEIBHO MEHBIIE TOYHOTO 3HAYeHHs |al, To
OTHOCHUTEJIbHYIO TOTPEIIHOCTh TMOAPA3IACISIIOT MPUOJMKEHHO KaK OTHOIICHHE aOCOJIOTHON

MOTPEIIHOCTH K IPUOIMKEHHOMY 3HAUYCHHIO:
Aq

O, ~ W,Aaz |ap|6a. (1.10)

Yacro B Gopmyne (1.10) BMecTO 3HaKa «<» UCHOJIb3YIOT 3HAK TOYHOTO PABEHCTBA «=).
OTHOCHUTEIBHYIO IOTPEIIHOCTh MHOT' /1A 33JJa0T B IIPOLICHTAX.

Ipumep 1.5. Onpeaenutp NpeneaIbHyI0 OTHOCHTEIBbHYIO U aO0CONMIOTHYIO TOTPEIIHOCTH
3HaueHus X=125+5% .

Pemenue.

3neck 02 =5% =0,05 u A, =0,05 125=6,25 . B 3TOM mpumepe MbI BOCIOIH30BAIHUCH
dbopmymoii (1.10).

3navamue nudpol

Onpenenenne 1.6. 3Havamumu 1udpaMd B 3a0MCH  NPUOIIDKEHHOTO  YHMCIA
HA3bIBAIOTCS:

BCE HEHYJIEBBIE U (PHI;

HYJIHU, COIepKAIllMecss MEX 1y HEHYJIEBbIMU U PaMu;

HYJIHM, SIBISIONIMECS TPEICTABUTEISIMA COXPAaHEHHBIX JIECATHYHBIX paspsioB  pU
OKPYTJICHUH.

B caenyromux npumepax 3Hadamiye HuQpel Moa4epKHYTHI.

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

IIpu oxkpyrnenun umciaa 0,035299879 no mectu 3HAKOB IOCE 3aMATOW IOJIy4aeTCs
yrcno 0,035300, B KOTOpOM MOCHEAHHUE IBa HYJs SBISAIOTCSA 3HavamuMu. Eciu oTrOpocuTs 311
HyJa4, TO nosiyueHHoe uucio 0,0353 He sBiserca paBHo3HauHbIM c¢ uyuciaoM 0,035300 kax
npubmkeHHbIM  3HadeHneM uucia  0,035299879, Tak Kak MOTPEIIHOCTH  YKa3aHHBIX
NpUOJIMKEHHBIX YMCEIT OTIIMYAr0TCs !

Onpenenenne 1.7. IlepBble N 3Havamux LUGpP B 3aMUCH NPUOIMIKEHHOTO YHUCIA
Ha3bIBAIOTCSl BEPHBIMU B Y3KOM CMBICIIE, €CJIM a0COIIOTHAS MOTPEUIHOCTh YHCIIa HE IPEBOCXOIUT
MOJIOBUHBI €IMHUIIBI pa3psla, COOTBETCTBYIOLIEro N -i 3Hayameidl mudpe, cuumras cieBa
HaIpaso.

Hapsiny ¢ naHHBIM onpezieleHMeM MHOT1a UCTIONIb3YeTCsl APYToe.

Onpenenenne 1.8. IlepBbie N 3Havammx 1udp B 3anucHd NPUOTMHKEHHOTO YHCTA
Ha3bIBAIOTCS BEPHBIMH B IIMPOKOM CMBICIIE, €CIM a0CONIOTHAs MOTPEUIHOCTh 4YHCciIa He
IIPEBOCXOUT €IMHULIBI pa3psiia, COOTBETCTBYIOLIETo N -i 3Havamei nudpe.

Ipumep 1.7. Onpenenuts BepHble LUPPHI IPUOIMKEHHOTO 3HaUeHUs ap =2,721 4ucna e
, €CJIM U3BECTHO, 4TO € = 2,71828...

Pemenue.

OueBHIHO, YTO |ap - e| = 2,721 — 2,71828 ...| < 0,003 < 0,005. CuemoBareibHO,
BEPHBIMH SIBJISTIOTCS TOJIBKO TPH TIepBbIe MHU(MPHI (B Y3KOM M IIUPOKOM CMBICIIE), TIOCIEIHIO0
nu(py MOXKHO OTOPOCUTS, & p = 2,72.

Ipumep 1.8. Ilycte X =1,10253+0,00009. BepHbIMU SBISAIOTCS NEPBBIE YETHIPE
3Havame U@pel, a TUGpPsl 5 U 3 HE YJOBIETBOPSIOT OIpeNesieHUI0. B mmpokoM cmbicie
BEPHBIMH SIBJISIFOTCS TIEPBEIE MATH THP.

Hpumep 1.9. Ilpu 3anucu crneayromux (U3NYECKUX KOHCTAHT yKa3aHbl TPH BEPHBIC
3HayaIme mudpsr:

a) TpaBUTALIMOHHAS MMOCTOSIHHAS Y=6,67 1011H, MZ/KFZ;

6) cKopocTb cBeta B Bakyyme ¢=3,00-10° , m/c;

B) nocrostHHas [lnanka h :6,63-1034 , Jx c.

3ameuanue. TepmMuH «BepHble 3Hayamue UUQPBD HENb3S IMOHUMATh OYKBAJIBHO.
Hanpumep, coBpeMeHHOE ONBITHOE 3HAYEHHWE CKOPOCTH CBeTa B BaKyyMe€ COCTaBiIseT C=
2,997925-10° | m/c. OueBHIHO, YTO HHU OJHA 3HAYALIAS nudpa B mpumepe 1.9, He coBmagaer ¢



COOTBETCTBYIOLIEH TOUHOM U (PO, HO aOCOMIOTHAS TIOTPEIIHOCTh MEHbBIIE MTOJIOBHUHBI Pa3psia,
COOTBETCTBYIOIIECTO TOCJIeIHEH 3Havamen nudpe B 3anucu 3,00 108 :
3,00-10° - 2,997925-10° |< 0,003-10° < 0,01-10% / 2 = 0,005-10° .

IIpaBwuiio OKpyrJieHUs Yncesa

UToOBl OKPYIIIMTH YKCIIO 1O N 3HAYammx nudp, orOpachBalOT Bce MHUQPHI, CTOSIIIHE
cmpasa OT N -i 3Havamed HUQPbI, WIH, €CIU 3TO HYXKHO JJI COXPAHEHUS Pa3psiioB, 3aMEHSIOT
ux HyiaaMmu. [Ipu stom:

eciu mepBas oTOpoleHHas uudpa MEHbIIE 5, TO OCTaBUIMECS AECATUYHBIC 3HAKU
COXPAHSIOT 0€3 U3MCHCHHUS,

ecu TepBasi oTOpomieHHas 1udpa Ooble 5, TO K MOCHeIHeH ocTaBiieics nudpe
NpUOABISAIOT €IUHUILY;

€CJIM TepBasi OTOpOIIeHHAs LU(pa paBHA 5 U Cpeal OCTAIbHBIX OTOPOILIEHHBIX UD
€CThb HEHYJIEBbIE, TO K MOCIETHEH ocTaBIIelCs IU(pe NPUOABISIOT SIUHHILY;

€CJIM TepBasi U3 OTOPOIICHHBIX (P paBHA 5 U Bce OTOPOILIEHHBIE [IU(PHI SABISIOTCS
HYJSIMH, TO IOCHEIHsS OcTaBLIascs LU(pa OCTaBJISIETCS HEU3MEHHOH, €ClaM OHA 4YeTHas, U
YBEJIMYUBACTCS HA €UHUILY, €CIIU HET (MIPaBUIIO Y€THOM LU]pHI).

OTO MpaBWIO TapaHTHPYET, YTO COXPAaHEHHBbIC 3HAYANIMe LUQPHI YUCIA SBISIOTCS
BEPHBIMHU B Y3KOM CMBICIIE, T. €. IOTPEIIHOCTb OKPYIJICHUS HE MMPEBOCXOAUT MOJIOBUHBI pa3psija,
COOTBETCTBYIOILIETO IOCIEAHENH oOcTaBiIeHHOW 3Hauvamedl uudpe. [lpaBuno ueTHOW HUPPHI
JOJKHO 00eCreYnTh KOMIIEHCAIIMIO 3HAKOB OITUOOK.

Mpumep 1.10. IIpuBeneM npuMepsl OKPYTIICHUS 0 YETHIPEX 3HAYAIUX IUQDp;

a) 3,1415926 ~ 3,142;

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

6) 1256410 ~=1 256 000;

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

B) 2,997925-10° ~ 2,998-10° ;

a=|2,998-10° - 2,997925-10° |< 0,000075-10° < 0,0005-10°

CJ'IGI[YI-OHIaSI TEOpEMa BBIABIISACT CBA3b OTHOCHUTEIBLHOH IOrp€IIHOCTU YUCjia C YUCIIOM
BEPHBIX JECATUYHBIX 3HAKOB.

Teopema 1.1. Ecniu moyioKuTEIHHOE MPUOIMIKEHHOE YHCIIO UMEET N BEPHBIX 3HAYAIIUX
u@p, TO €ro OTHOCUTENbHAs! MOTPEIIHOCTh O HE MPEBOCXOAUT BETUYMHBI 10", nenennoii Ha

MEPBYIO 3HAYAITYIO ITUDPY oy
1-n
§ <107/ (1.11)

®opmyna (1.11) mo3BossieT BBIYUCIUTD MPEAEIbHYI0 OTHOCUTEIBHYIO TOIPEIIHOCTh
1-n
6a=10"/a, (112)

IIpumep 1.11. Haiftu oTHOCUTENBHYIO M aAOCONIOTHYIO MOTPEUIHOCTH NPUOIMKEHHBIX
ancen: a) 3,142, 6) 2,997925-10° .

Pemenue.

a) 3mece N = 4, o, =3. Ucnonszyem ¢dopmyny (1.12) ans OIEHKH OTHOCHUTEIHHOMN
MOTPEIIHOCTH:

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

Jlst onipeneniennst abCOMIOTHOM MOTPEIHOCTH TpuMeHuM dopmyry (1.10):

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

0) AHaJIOTHYHO BBIUUCIUM: N =7, 0, =2 , 3, =10*"/ o, = 0,000001/ 2 =0,0000005;
a ~ |a,|8, =2,997925-10°%0,0000005 =150

IHorpemnocru apugpmMeruyecKux onepanui



[IpuBenem  mpaBWiia  BBIYMCICHHUS  MOTPEIIHOCTH  pe3yiabTaTa  Pa3iIMYHBIX
apu(METHUECKUX ONepanuii Ha | MPUOIKEHHBIMHI YHCIIAMH.

OTHOCHTENBHO areOpandeckoil CyMMBI U = X £ Y MOXKHO yTBEPIKIaTh CICIYOIIEe.

Teopema 1.2. IIpenenpHas abCoNOTHAS MOTPEIIHOCTh CYMMbI MPHOJMIKEHHBIX YUCEI
paBHA CyMMe TPeeIIbHBIX a0COMIOTHBIX TOTPEUTHOCTEH CllaraeMbIX

Ay=AxtAy (1.13)

N3 popmynsr (1.13) cnemyer, uTo npedervhas adOCOMOMHASI NOSPEULHOCT CYMMbL He
Modcem Oblmb MeHbule NpPedelbHOU aOCONIOMHOU NOSPEUWHOCMU HAUMeHee MOYHO20 U3
clazaemvlx, T.e. €CIM B COCTaB CYMMbI BXOJISAT MNPHOJMKEHHBIE CllaraeéMble C pa3HbIMU
a0COJIIOTHBIMHU TIOTPEIIHOCTSIMHU, TO COXPaHATh JHIITHUE 3Ha4Yamue mudpsl B 00ee TOYHBIX HE
UMEET CMBICIIA.

Hpumep 1.12. Haiitu cymmy npuOIMIKEHHBIX YHCEN, BCE HUQPHI KOTOPBIX SBISIOTCS
BEPHBIMU B LIIMPOKOM CMBICIIE, U €€ MPEJIENIbHYI0 a0COIIOTHYIO U OTHOCUTENIBHYIO ITOTPELIHOCTH
u=0,259 + 45,12 + 1,0012.

Pemienne. IlpenenbHble aOCONMIOTHBIE MOTPEUIHOCTH  CJIAraéMbIX 3]1eCh  pPaBHbBI
cootBercTtBeHHo 0,001; 0,01; 0,0001.

CyMMupOBaHHE HPOM3BOJUM, PYKOBOJCTBYSCh CJEIYIOLIIUM IPABUIOM: BBIJEIUM
HaVMEHEee TOYHBIE cjaraeMmble (B HAlleM MPHUMEPE 3TO BTOPOE ClIaraeéMoe) M OCTaBUM HX 0e3
U3MEHEHHUS;

OCTAJIbHBIC YHCJIa OKPYIJIMM IO O0pasily BBIICICHHBIX, OCTaBISIsI OIWUH WIH JBa
3allaCHbIX 3HAKA;

CJIOKMM JJaHHBIE YMCJIA, YIUTHIBASI BCE COXPAHEHHBIE 3HAKU;

MIOJTyYEHHBIH pe3yIbTaT OKPYIJIUM 10 TOUHOCTH HaUMEHee TOYHbIX ciaraeMblx. MiMeem

A, =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 aOCONIOTHYIO TOTPEITHOCTh Pe3yJbTaTa 3/1e€Ch BHOCST IMPEACITbHBIC
MOTPEIIHOCTH UCXOHBIX IaHHBIX, MPUBEICHHBIC BHIIIIE.

Teopema 1.3. Ecnu Bce craraembie B CyMMe UMEIOT OJJUH U TOT K€ 3HAK, TO MpeAesibHas
OTHOCHUTENIbHAs TOTPEIIHOCTh CYMMBI HE TMPEBBIIIACT HAWOOMBINEH U3 MpeaeabHBIX
OTHOCHUTEIILHBIX TTOTPEITHOCTEH ClIaraeMbIX:

6y < max (Oy, Oy, -, Ox) (1.14)

[Ipy BBIYKMCIIEHUU PA3HOCTH JBYX NPUOIKEHHBIX dYHMcel U =X -y ee abcoioTHas
MOTPENIHOCTh, COTJacHO Teopeme 1.2, paBHa cymMMe aOCONIOTHBIX TMOTrpPEHTHOCTe
YMEHBIIAEMOT0 U BBIYMTAEMOTO, T.€. Ay=Ay+Ay,a NIpesienbHas OTHOCUTENbHAS TOTPEIIHOCTD.

= Sty (1.15)
lx=yl

N3 dopmyner (1.15) chnemyer, 4to ecnu NpUONMKEHHBIE 3HAYEHHS] X W ) OJIM3KH, TO
npeiesibHasi OTHOCUTENbHAS TIOTPEITHOCTh Oy/IeT 0Y€Hb OOJIBIION.

u

IIpumep 1.13. Haiitu pa3sHOCTs U =X-y ¢ TpeMs BEPHBIMH 3HaKamH, ecid x =12,1254 +
0,0001, y =12,128 £ 0,001.
Pemenue.
Hmeem 12,1254 — 12,128 = - 0,0026.
u = 0,0001 + 0,001 = 0,0011;
0,0011

- —0,42;
¥ =120,0026]

_ 20001 0,000008;
*TTz21254 " ’



0,001
Y =T12,128]
CornacHo 3TUM pe3yabTaTaM Pa3HOCTh X-Y uMeeT He Ooyiee OJHON BepHOU HUBPBI U
OTHOCHUTEJIbHASI  MOTPEUIHOCTh OYEHb BEJIMKA 110 CPaBHEHUIO C  OTHOCHUTEIHLHBIMHU
MOTPEITHOCTSIMH OTIEPAHIOB.
B HekoTophIX citydasix ygaercss n30eXaTh BBIYMCICHUS PAa3HOCTH ONM3IMX YHUCEN C
MOMOIIbIO MPeoOpa3oBaHMs BBIPAKEHUS TaK, YTOOBI PAa3HOCTHh ObLIa HMCKItOYeHa. PaccmoTpum
OJIMH M3 TAaKUX MPUMEPOB.

~ (0,00008;

Hpumep 1.14. Haiitu pasaocts /4,05 — v/4 ¢ TpeMst BepHBIMH 3HAKAML.
Pemenne. YMHOXHMM U pa3zieiuM Ha conpsibkeHHoe. [Tomydunm

m_@:(m_ﬂ)'(m+ﬁ)_ 405—-4 0,05

J4,05 + V4 V4,05 +v4 4012461

~ 0,0125

Ecnu mpepcraBiseTcss CIOXKHBIM 3aMEHUTHh BBIYUTAHUE OJIM3KUX MPUOIMKCHHBIX YHCEI
CIIOKEHHEM, TO CJIEIyeT MOCTYIaTh TaK: €CIIM U3BECTHO, YTO MPH BHIUUTAHUH JOKHO IPONACTh
M TepBBIX 3HAYAMX IUQP, a B pe3yabTare TPeOyeTcsl COXpaHUTh N BepHBIX IUp, TOTIA B
YMEHbBIIIAEMOM U BHIYMTAEMOM CIIEAYET COXPAHATh /7 +1 BEPHBIX 3HAYAIUX HUDp:
J4,05 — V4= 2,012461 — 2 = 0,0125

Teopema 1.4. IlpenenbHas OTHOCHTENbHAs TOTPEIIHOCTh MPOU3BEACHUS U=X'Y
NpUOIMDKEHHBIX YHCEN, OTIWYHBIX OT HYJS, paBHA CyMME€ IMPEACITbHBIX OTHOCHTEIBHBIX
MOTPEIIHOCTEN COMHOKHUTENEH, T. €.

~ (0,01246

Oy =0y +oy . (1.16)

B uactHOCTH, eciu U =K-X , riae K — Tounoe uucio, umeem Ay=|k| - A,, &y =0x.

Ipumep 1.15. Onpenennuts npoun3BeaeHNEe MPUOIIKEHHBIX yrncen X=12,45 u y=2,13 n
YHCIIO BEPHBIX 3HAYAIIMX IU(P B HEM, €CIIM BCE HAaMCAaHHbBIE IU(PBI COMHOXKUTEICH — BEpPHBIC
B Y3KOM CMBEICIIE.

Pemenne. [1o ycnoBuio npeaenbHble aOCONIOTHBIE MOIPEIIHOCTH COMHOXKUTENEH paBHbI
Ay =Ay = 0,005 ; 64 = 0,005 /12,45 [ =0,0004 ; &, =0,005/2,13 = 0,0023. Torga o Teopeme 1.4
umeeM o, =0x+0y = 0,0004 + 0,0023 = 0,0027 = 0,003. Beruncaum npoussenenue 12,45 -2,13 =
26,5185. u= 26,5185-0,003~0,079~0,08. Takum o00Opa3zoMm, pe3ynbTaT HMEET TPU BEPHBIX
3HaYalX HUQPHI B IIMPOKOM CMBICIIE U MOXET OBITh 3alIMUCaH B BUJIE

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

Teopema 1.5. [lpenenbHas OTHOCHUTENBbHAs TMOTPEIIHOCTh YAaCTHOI'O paBHA CyMMe
NpeJeTbHBIX OTHOCUTEIBHBIX TIOTPEITHOCTEH IETUMOTO U JCTHTEISL.

IIpumep 1.16. Boruncante yactHoe npuOIMKeHHbIX uncen X=12,45 u y=2,13 u yucno
BEPHBIX 3HAaYammX OU(Qp B HEM, €CIM BCE HANMMCAHHBIE NU(PHI COMHOXHUTENEH — BEpHBIC B
Y3KOM CMBICIIE.

Pemenue. [IpenensHas OTHOCHTEIBHAS MTOTPEITHOCTh YAaCTHOTO 110 Teopeme 1.5 paBHa
~0,003. Beruucaum gactHoe 12,45 /2,13 =5,84507 .

u= 5,84507-0,003~0,0175~0,02 . Pe3ymbraT MMeeT ABE BEPHBIX 3HAYAIIUX HOU(DPH B
Y3KOM CMBICJIE U MOXET OBITh 3alMCaH B BHJIE

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

IHorpemHocTs NPOU3BOJLHOM (PYHKIHH

[Tycts 3amana npousBosbHas GyHKIusS U=F (X1, X2, ..., Xn), T X1, X2, «ovy Xn—
NpUOIMKEHHBIE BETUYMHBL, @ Ayq , Ayy, ..., Ay — UX U3BECTHBIE TPEIEIIbHBIE A0COMIOTHBIE
norperrHocTr. Toraa npenenbHas abCoMOTHAS MTOTPENTHOCTD pe3yibTaTa — QYHKIIUA U — JUIS
MaJbIX Ayj BRIYHCISETCS IO (hopMmyIie

0

Ay=271 |£| Ay; B TOYKE (X1, X2 4 +vry Xn) (1.17)

Kaxk BumHO U3 popmyasl (1.17), ans ee npumeHenus Tpedyercs, uToobl Gynkmms f (X1, X 2
, -y Xn ) ObUTa AU depeHInpyeMoil 0 BCEM MepEMEHHBIM.



Mpumep 1.17. Beraucnute pyHkimo U= 2sin(3x+ 4y) , ecim
x=--+0002uy =_10,005

Haiitn mnpenenpHble a0CONIOTHYIO M OTHOCHUTEIBHYIO IOTPEUIHOCTH pe3yibTaTa Hu
OIIPE/ICITUTD YUCIIO BEPHBIX 3HAYAIINX LHD.
Pemenue. [Tpumensis popmyiny (1.17), umeem

du Jdu
Ay=|==|Ax + |z=|A,= |6 cos(3x + 4y)|- 0,002 + |8 cos(3x + 4y)| - 0,005 =

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

=v2 - 0,026 ~ 0,037. -

T yrkiun u HaxomuM U =v2 ~1,414214. YuurbiBas mpeelbHYI0 aOCONIOTHYIO
norpemHocTh Ay =0,04 , mony4yaem pe3ynbTaT, KOTOPhI HMEET JIBE BEPHBIX 3HAYAIIUX ITU(PHI B
y3KkoM cMbiciie. OTBET MOXKHO 3amucaTh B BUIE

=1,4+0,04.

Iopsiaok BbINOJIHEHUS PA0OTHI:

1. O3HaKOMHTBCA C TEOPETHUUECKUMU CBEIACHHUSIMH.

2. BbIONHUTE HEOOXOUMBIC PACUETHI.

3. OdopMuTh U NpeACTaBUTH PE3YIbTATHl PACUETOB.

dopma npeacTaBjieHus pe3yjabTara:

Pe3ynbraThl peCTaBUTh B BUJIE OTYeTa B hopmare .0OCX.

Kputepun ounenku:

3aaHue BBIMOIHEHO 0e3 OMMOOK — OI[EHKA «OTITUYHO».

3ajanue BBIOIHEHO MPABUIBHO, HO JOMYIICHBI 1-3 BBIYMCIMTEIBHBIX OIMIMOOK — OIIEHKA

«XOPOLLIOY.
3a/laHue BBIIOJIHEHO HEOPEIKHO, TOMYIIEHbI OLINOKU — OIIEHKA «yIOBJIETBOPUTEIBLHO.
3ananue BBIIIOJIHEHO HEIPaBUJILHO, JOIYIIEHBI OLIMOKH - OLICHKA

«CHCYOOBJICTBOPUTCIILHO.



Tema 2. Uncnennoe pemenne CJIAY
JABOPATOPHAS PABOTA Ne2 «PEHIEHUE CUCTEM JIMHEWHBIX
YPABHEHUIN»

Ienb: 0OCBOUTH METOBI PELICHUS CUCTEM JIMHEMHBIX YPaBHEHUI

Boinosnus padory, Bel Oyaere:

ymembv:

— peliaTh CUCTEMBbI JIMHEHHBIX anreOpanyeckux ypaBHEHHUH, Hcnosb3ys Meron ['aycca u
METOJ] UTEPALIUH.

MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3amanue:

Haiitu pemenust cucteM JHMHEHHBIX anreOpandecKkux ypaBHEHHH AX=Db ¢ TOYHOCTBIO

-2 o
£=10"": a) ucnons3zys meron I['aycca; ©) ucnonb3ys Mmeron wureparnuid. CpaBHHUTh HX C
TOYHBIMHU pEIICHUSIMHU & .

5 0 1 11 2
1.A=|1 3 -1|, b=|4| ¢&=|1|
-3 2 10 6 1
2 0 -1 -3 -1
2 A=|-1 3 1| bz[Z , &= 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| bz[S , &= 1
1 -2 4 1 1
3 1 -1 -1 -1
5 A=|-2 4 1| b=[5 , (§=(1 :
1 1 3 -3 -1
3 1 -1 6 2
6. A=|2 4 1| b=[9, &= 1}.
1 -1 3 4 1
2 -1 0 -2 -1
7.A=|12 5 =2| b={4, §=[0 :
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
9.A=2 3 0| b=|7| &=|1]
1 -1 5 11 2




: . o~ O — . —— : o~
S ~ — — - — Ve N\ — <«
— — L — -
N 4 : TN T N U , - — N = :
N—
. N A dA I L m e I L A I — I N O
N—
EN)) ~ _ Il RN un Il o Il o
- apn - - S0 un - )
N - = Y SN
- — - TN -
— S~ ~ 7\
— Lo © < o AN o ™M - - R o Lo o~ N~ ~
I —— W [ I ©C g | w45 0 | © [ o
— o~ < | ® 1 NI - S P ¥ 00 = __/|\__ = m -
M " N T ~ [ ~— NI,
< I I o o a I a I N I o ;
a a a o I o) a
- - - b -
7~ N\ = = 7\
- - - - - N - - N = - < -
A A < /43 d < - ~ ~ ~ —
N TN w - I — — - ™ - < - " < © < | 345 5
(40) — . \
| | — — . | N d <
<t — — Te} Te} | O N N O O _ — [V J— ™M
- -
© 'Y qa ;oo © _ N A A M« L S
— < o~ —
N o 4 N O d M AN M N o~ SC N N T L T N N O d MO N N NN D o ™
Il Il Il Il Il Il Il Il Il Il Il Il Il
< < < < < < < < < < < < <
o — o~ ™ < To) © N~ ) (<)) o — o
— — — — — — — — — — AN [9\} N



1

23. A=|1 -3 1| b=|-6| ¢&=| 2
0 1 2 0 -1
5 -11 -6 -1

24, A=| -2 5 1| b=|13| ¢&=|2
3 -15 0 1

5 1 -1 8 1
25.A=|-1 3 1| b=| 0| &=|1
-1 0 2 -5 -2

KpaTrkue TeopeTnyeckue cBeieHUs:

2.1. Memoo npocmoii umepayuu

Bce MeTonml pemieHHs CHCTEM ypaBHEHHMH MOXXHO pPa3OUTh Ha YCIOBHO TOYHBIE H
npubmkennbie. K ToynbiM anroputmam otHocuTcs — meron Kpamepa, T'aycca, Xoppana-
laycca u T.1. Cpemu TpuOMMKEHHBIX CIEAYeT OTMETUTh, INPEKIE BCETO, HTEPAIlOHHBIE
MeToIbl. PaccMOTpuM MOapoOHO METOJ MPOCTON HTEpalii, KOTOPbIA 00JagaeT CIeayIoIuMu
[PEUMYIIECTBAMU:

1. Ecnu mporiecc utepanuu CXOAUTCS OBICTPO, T.€. KOJUYECTBO MPUOIMKEHUI MEHBbIIIE,
YeM MOPSAOK CHCTEMBI, TO IOJYYaeTCsl BBIUIPBHIII BO BPEMEHHU PELICHUS IO CPAaBHEHUIO C
TOYHBIMU METOJaMHU.

2. Merton urepauui SBISIETCS CaMOKOPPEKTUPYIOIIMMCS, T.€. OT/AEJIbHbIE OLIMOKH He
OTPaXKAKTCSI HA KOHEYHOM PE3YJIbTaTe PEUICHUS.

3. IIpouecc urepanuii jerko nporpaMmmupyercs Ha 9BM.

[TycTh naHa cucreMa JIMHEHHBIX anredpandeckux ypaBHEHUH

AxZ=b

rae A — HEBBIPOXKICHHAA MaTPUILA.

Pacummpennas marpuna A 3Toil cUCTEMbl UMEET BUI:

(a, ayp .. a,

[IpuBOS C MOMOIIBIO TMHEWHBIX MPEOOPA30BAHUI ITY CUCTEMY K IKBHBAJICHTHOMY BHUY .
X=cE+d
Oynem pemaTh MOCIEAHIOI0 METOAOM IIOCIIEOBATEIbHBIX MpHOMKeHUH. B3sB 3a HyneBoe
o = 1
NpUOIMKEHNE KAKOH-THO0 BEKTOp X', BBIYMCIIMM NpHOIMKEHHEe X 110 GopMyIie
=" +d
AHAJIOTUYHO
R W TL
JE.]:I} .

ITocnenoBaTenbHOCT BEKTOPOB /. k=1.2_.... cXOZUTCA K TOYHOMY PEIIEHUIO X , T.€.

lim%* =%

k==
€CJIM HOpMa MaTpHIIbI C
llell = 1.
Hopwma ||c|| onpenensieTcs 1Mo 0AHOMY U3 CIETYIOIIUX CIOCOOO0B:

o], =max 3 fe|



"’C" = max / a

ij

= |IE ai.':
V5 )
[Ipu cenaHHpIX MPEATONIOKECHHUSIX 0 HOPME MATPHIIBI C TIOTPEITHOCTh K-0ro MpUOIMKEeHUS
MOKHO OIIEHUTH CJICAYIOINUM 00pa3oMm:
e e

mpu ¥

— ||:|| 'y —11

=== g =
1=

[TepBass w3 3TuX GOpMyN MO3BOJSIET OIEHUTH KOJHMYECTBO HTEPAIMii, TEOPETUYCCKU
HEOOXOIUMBIX IS JOCTHXKEHUS 3aJaHHON TOYHOCTH.

= -

iy

Iopsiiok BbIMOJIHEHUsI PpA0OTHI:

1. O3HaKOMHTHCS C TECOPETUUCCKUMHU CBEICHUSIMHU.

2. BBINOIHATH HEOOXOIUMBIC PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBJieHus pe3yJbTarTa:

PesynbraThl pecTaBUTh B BUjE oTueTa B hopmarte .dOCX.

Kpurepum ouenku:

3ajaHue BBINOJHEHO 0€3 OIMMOOK — OLIEHKA «OTIMYHOY.

3aanue BBIOJIHEHO MPaBUIBHO, HO AOMYIIEHBI 1-3 BRIYUCIUTEIBHBIX OMIMOOK — OIICHKA
«XOPOILIOY.

3aaHue BBINOJIHEHO HEOPEIKHO, TOMYIIEHBI OLTUOKU — OIIEHKA «yI0OBIETBOPUTEIHLHO.

3amanue BBIIOJIHCHO HEIPaBUIIBHO, JIOTTYIIEHBI OIIOKU - OIICHKA
«HEYIOBIECTBOPUTEIILHO.



Tema 3. AIropuTMBI M METO/ABI IOUCKA KOPHEell ypAaBHEHUS U pelleHus!

HeJIUHEHHBIX CHCTEM
JJABOPATOPHAS PABOTA Ne3 «kPEHIEHUE AJIFE]EPAI/I‘IECKI/IX u
TPAHCHEHIAEHTHBIX YPABHEHUU»

Iesb: OCBOMTH METOJBI PELICHHUS aNreOpandecKuXx M TPAHCUEHICHTHBIX YpaBHEHHMN
Boinosnus padory, Bel Oyaere:

ymembw:

— pemaTth aiareOpandyecKkue ypaBHEHUS METOJIAaMHU IOJIOBUHHOTO JIEIEHUS, IMPOCTHIX
HTepaHHﬁ, MCTOOOM XOpA U KaCaTCJIbHbIX.

MarepuaabHoe ofecnedeHne: akeT NpUKIaaHbIX mporpamm Microsoft Office.
3aganue:
HaifTi pelreHns caeQyomux ypaBHeHHi ¢ TodHocThio € =1072:
a) METOJIOM ITOJIOBHHHOTO JIEJIEHUS; 0) METOAOM MPOCTHIX UTEPAIHIA; B) METOJOM XOP/ U
KacaTeJbHbIX.

x*-3x—-20=0 (x>0). 2. x>-2x-5=0 (x>0).

x}+3x+5=0

© N g w -

11. X3 +2x—-7=0 .

13. x* —2x—4=0 (x>0).
15. x* =2x—-4=0 (x<0).

x®-12x-5=0 (x>0).
x®—2x* —4x+5=0 (x<0).
x® -10x+5=0 (x<0).

4. x* +5x—=7=0 (x>0).
6. Xx+e" =0.

8. x>—x—-2=0.

10. 2—Inx—x=0 .

12. x> +x* =11=0 (x>0).
14. 2e* +x-1=0 .

16. 2x°> +x* —=4=0 (x>0).

17.e* —x—-2=0 . 18.%ex—x—1:0 (x>0).

20. x> +Inx=0 .
22. Inx-0.5x+1=0 (x>1).

19. x> —cosx=0 (x>0).
21. Inx+0.5x-1=0 .

23. 12—Inx=0 : 24, 12_e_=0 (x>0) .
1+Xx 1+X 2

25. X —Inx=0
2+ X

Kparkue TeopeTrnueckue cBeJeHH:

Pewenue ancebpauueckux u mpancyeHoenmHulx ypagHeHull

3.1. Kopnu ypasuenus. Omoenenue Koprel

®yuknus f(x)Ha3piBaeTCs anreOpandecKo, eciu Al MOJYICHUS €€ YMCIOBOrO 3HAUCHHUS
[0 JAHHOMY 3HAYEHHUIO apryMeHTa X TpeOyeTcs BBINOJHUTH apu(pMETUYECKHe ONepaluu u
BO3BEJICHUE B CTEIIEHb C PAallMOHAJILHBIM ITOKa3aTeJIeM.

Ecnu B 3ammch ypaBHEHHUsS BXOIAT TOJIBKO anreOpanyeckue (QyHKLIUH, TO ypaBHEHHE
HA3bIBACTCS a12e0pautecKuM.

Anre6pa1/1qecxoe YPaBHCHHC BCCrla MOXKET OBITh MPUBCACHO K BUY

a,x" +a,_x"  +a,_x" +._+ax+a;=0,

(3.1)

e n=123. a,=0.

Bce neanreOpanueckue QyHKIMH: TOKa3aTelbHas ﬂx, norapudmuueckas 10ga X
TPUTOHOMETPHUYECKHE sin X, COS X, tg X, ClgXx u oOpaTHble TPUTOHOMETPUYECKHE arcsin X,
arccos X, arctg x, arcctg X — Ha3pIBarOTCSI TPAHCIIEHICHTHBIMHU.



Ecnu B 3amucek ypaBHEHUS! BXOJIAT TPAHCIICHICHTHBIE ()YHKIIUHU, TO YPAaBHEHUE HA3BIBACTCS
TpPaHCLIEHIEHTHBIM, Harpumep tg X = ax .

Pemrenue ypaBaenus f (x) =0 ¢ oJHMM HEU3BECTHBIM X 3aKJIFOYACTCS B OTHICKAHUU KOPHEH,
TO €CTh TEX 3HAYEHUH X , KOTOpbIE 00pallaloT YpaBHEHHE B TOXKIECTBO.

B ob6mem cnydae mis ypaBHenust f (x) =0 oTcyTcTByHOT aHanuTH4YecKHe (HopmyIibl,
OTIpEEIISAIONINE €T0 KOPHHU.

3aaga OTHICKAHUSI KOPHEH CBOAMTCS K HAXOXKIECHUIO BCEX TOYCK Xj IIepeceueHus rpaduka
¢byuknuu f(x) ¢ ocero x (puc. 3.1).
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Puc. 3.1. 'eomerpuueckas uHTEpripeTaius KopHei ypasaenus f(X) = 0

W3 pucyHka BHIHO, YTO YHCIO TOYEK MepecedeHus rpaduka (GyHKIHUU C OCBIO X MOXKET
ObITh HecKoNbKO. [losTOMy B KadecTBe MEpPBOro Iiara MpH pelieHUuU JI000Tro ypaBHEHHS
IPOBOJST omoenenue ero KopHeil. ITo 03Ha4yaeT, YTO OCh X pa30MBAIOT HA TaKUE€ OTPE3KH, UTO B
Ka)KIOM U3 HUX COJIEPIKUTCS TOJIBKO OAMH KOpPEeHb ypaBHeHUs. [locie 3Toro cienyer yrO4YHHUTH
MI0JIO’KEHUE KaX10r0 KOPHS B IIpe/iesax JOMYyCTUMON NOTPELIHOCTH.

JInst oTneneHus KOpHEH MoJie3Ha clieyromas TeopeMa: eciu HenpepbiBHas Gynkmus f(X)
NpUHUMACT 3HAYCHHUS PA3HBIX 3HAKOB Ha KOHIAX oTpe3ka [a, b], T.e. f (a)f (b) <0, To BHYyTpH
ITOr0 OTpPe3Ka COICPIKUTCS, IO MEHbIIEH Mepe, oauH KopeHb ypaBHenus f(X) = 0. Ha ocHoBe
TOH K€ TEOpEMBbl pEATU3YIOTCS CaMble TMPOCTbIE U HAAEKHBIE METOJbl YHCIEHHOTO
oTpeieNIeHusl KOpHEeH ypaBHEHMI: METO ITOJIOBUHHOTO JIEJIEHHUS U METOJI XOP/I.

[Mpotiecc oTaeneHns: KOPHEH HAYMHACTCS ¢ YCTAHOBIICHUs 3HAKOB f(X) B rpaHMYHBIX TOYKAX
MHTEPECYIOIIEr0 HAaC OTPe3Ka OIPEIeNICHHUs IEPEMEHHOM X: X = a u X = b. 3areM onpenenstoTes
3Haku f(X) B psijie TPOMEXKYTOUYHBIX TOYEK X = 01, 0 ..., BRIOOp KOTOPBIX JOJDKEH YUHUTHIBATH
ocobennoctu pynkimu f(x). Ecmu okaxercs, uro f(a;)f(ai+1) < 0, To B mHTepBane (ai, ait1) ecTh
Kopenb ypaBHeHus f(x) = 0. HeoOxoaumo yOeauThes, IBISETCS JIH 3TOT KOPEHb €HHCTBEHHBIM
Ha JTaHHOM MHTepBajie. i oTneneHus KOpHEM MpakTUYeCKH AOCTaTOYHO MPOBECTH MpOIecc
MIOJIOBUHHOTO JICJICHHS, MOCCIOBATEIbHO eI MCXOAHBIN oTpe3ok [a, b] wa 2, 4, 8 u 1. 1.
paBHBIX YacTel W ompenenss 3Haku f(x) B Toukax neneHus. HamomHuM, 4TO anreOpamyeckoe
ypaBHEHHE CTENEHM h HMeeT He Oojiee n JAeWcTBUTENbHBIX KopHed. Ilosromy eciam mns
anreOpanyueckoro ypaBHEHHs Mbl monydmid n+l mepemeny 3naka f(X), To Bce ero kopHH
OTJICJICHBI.

3.2. YucnenHoe peuierue ypasHenus MemoooM HOI0BUHHO20 OelleHUsi (Memoo OUXOmoMuu)

[MpeamnonoxuM, 4To MpoIecC OTIACICHUS KOPHEH MpOoBeieH 1 Ha oTpe3ke [a, b] Haxogurcs
poBHO oauH KopeHb & ypaBHeHus f(x)=0. HeoOxomumo ompenenuTh €ro MOJOKEHUE C
MOTPEIIHOCTHIO €.

MeTo MOJTIOBHHHOTO JISTICHHS 3aKIIF0YAaeTCs B CISIYIOIIEM, CM. pHC. 3.2,



Puc. 3.2. I'paduyeckas uHTEpIpeTaLlUsi METO/IA IOJOBUHHOTO JIECTICHUS

CuHavana ompejesnseM cepenuHy ¢ otpeska [a, b] ¢ = (a+b)/2 u BblUUCHsieM 3HAYEHHUE
¢yukuu f(C). danee nmemaem BBHIOOpP, KaKyr M3 JBYX 4YacTEd B3ATh Uil YTOYHCHUS KOPHS.
O4eBHIHO, YTO KOPEHb Oy/IeT HAaXOJIUTHhCS B TOW MOJOBHHE HCXOIHOTO OTpe3Ka, Ha KOHIAX
KOTOPOH (yHKIIMSI UMEET pa3Hble 3HakH. Ha pucynke 2 TakuM OyAeT mpaBblil OTPE30K — OTPE30K
[a, c].

JInst odepeaHOro miara yTOYHEHHs MOJIO0XKEHHsI KOpHs oTpe3ok [C, b] u3 paccmorpenus
UCKJIIOYaeM, a ¢ OTPE3KOM [a, C] MmpoJoiKaeM MIpOIEecC AEJCHHs, KaK U C MepPBOHAYAIbHBIM
orpe3koM [a, b], dopmanbHO mepenprcBauBas HOBOMY 3HaueHui0 D 3Hauenue C . Ecim ke
peanu3yercsi CUTyalus, Korjaa GyHKIUS UMEeeT pa3Hble 3HAKM Ha KOHIAX oTpes3ka [C, b], To u3
paccMOTpeHHsT CIeAyeT HCKIIOUUTh OTPEe30K [a, C|, (opManbHO mepenpucBanBas HOBOMY
3HAYEHUIO a 3HA4YEHUE C .

B pe3ynbpTaTe MbI OJIy4MM IOCIEA0BATENbHOCTD BIOXKEHHBIX JAPYT B pyra OTPEe3KOB BCE
yMeHblaromeicss mmuel:  [a;, bi], [a2, b2 1,... [an , by ]. DroT nOBTOpSIFOUIMIiCS
(MTepalMOHHBIN) Mpolece OyJaeM MpoaoIDKaTh A0 TeX MOp, MOKa JJIWHA OoTpe3ka [an, b, ] He
CTaHET MEHBIIIE 33JJaHHOM NMOTPELIHOCTH € BBIYMCICHUH.

Torna UCKOMBII KOPEHb

a

S Fda by~ (ﬂu - bn}z (3.2

Cnenyer yuuThiBaTh, 4T0 (QyHKIMsA f(X) BBUHCISETCS € HEKOTOPOil abCOIOTHOM
HOTPEITHOCTHIO & BONMM3n xopHs 3HaveHus GyHKuuu f(X) Maibl Mo abCOMOTHON BETHMYMHE H
MOTYT OKa3aTbCs CPAaBHUMBIMH C TIOTPEIIHOCTBIO €€ BhIUUCIeHHs. [Ipyrumu cioBamu, Tpu
NOJX0/l€ K KOPHIO Mbl MOXKEM IomacTh B “mosiocy wmymMoB” 2g; (puc. 3.2.) U jAanbHeiIee
YTOYHEHHE KOPHS CTAHOBHUTCS OeccMbICIEHHBbIM. [loaTOMy Hamo 3anaTh MIMPUHY “NOJIOCHI
IIYMOB” M HPEKpaTUTh WTEpPAlMOHHBIN MpolecC NpU MOMaJaHuu B Hee. Takxke HEOOXOIMMO
UMETh B BH]y, YTO MIPU YMEHBIICHUU JUTMHBI HHTEepBana [a,, b, ] yBenmuunBaercss morpemHocTb
BBIYMCIICHUS €T0 JUTHHBI @, — D 3a cyeT BbluMTaHUs IBYX OJIM3KHX YHCE.

Metoa MOJIOBUHHOTO JeeHHs 00J1aaeT JOBOJIBHO OOJIBIIION CKOPOCTHIO CXOAMMOCTH. Tak
KaK 32 KaXIyI0 UTEpaluio MHTEpBaJ, Iie PACHOJI0KEH KOpeHb, YMEHBIIAETCs B JIBa pasa, TO
yepe3 n WTepanuid JuuHa WHTepBasia Oyzaer paBHa (b—a)/2n. 3a 10 wurepamuii WHTEpBAI
ymenbiuTes B 210 ~1024 =103 pas, a 3a 20 urepaunii — B 220=106 pas.

3.3. Memoo xopo

B mpennonoxenusx mpeapiaymero mnaparpada ykaxem 0Oojee ObICTpBIM  crocob
HaxoxeHus KopHs & ypaBuenus f(x) = 0. B atom mMerone odepeaHoe mpuOIMKeHHE K KOPHIO
Oepercss He B cepeluHe oTpe3ka [a, b], a B Touke x1, rme xopaa rpaduka ¢yskiuu f(X),
coeaunsromas touku f(a) u f(b), mepecekaer ock abderuce (puc. 3.3).



[ f(x)

21:1

Puc. 3.3. I'paduueckas mHTEpIpETALIAS METOIA XOPI

B kadecTBe HOBOrO MHTEpBaa ISl NPOJODKESHHS UTEPAIMOHHOTO TIpoLiecca BEIOMpaeM Ty
u3 IByX yacreit ( [a, X1] wim [X1, b] ) oTpeska [a, b], Ha KoHIIax KoToporo GyHkuus f(x) MeHseT
3HaK.

[Iporiecc yTOYHEHHsT KOpHS 3aKaHYMBAETCS, KOTJA PACCTOSHUE MEXKIY OYEpeIHBIMH
NPUOTIKEHUSMH CTaHET MEHBIIIEe TPeOyeMOH MTOTPELIHOCTH € BHIYMCIICHHN:

[y — x| < .

WK Koraa 3Ha4CHUA Q)YHKHI/II/I nomnagyrt B 00J1aCThb mryma, T.C.

|f|:11 < E1.
YpaBHeHHE XOPAbI B HAIIEM CIIy4ae UMEET BU:

bi— fla) -

_].'[.1') =M_m_ x)+ fla).
b—a

OTKYJa IS X1 [OJy4aeM:
n=a —b_—af[ﬂl
flb)- fla) (3.3)

Cxema BBIUMCIIEHUH NpU pPELIEHUH TPAHCLEHJICHTHOTO YpPaBHEHUS METOJOM XOpJI B
OCHOBHOM COBII3/Ia€T CO CXEMOW BBIUMCIEHUH IO METOAY IMXOTOMUHU. Meron xopn TpedyeT
B/IBO€—BTPOE MEHBIIETO YUCIIa UTEpallUil, YeM MEeTO]| MOJOBUHHOIO AEJCHHUs, Ul OThICKaHUS
KOpHS € TOH ke morpenrHoctbio. OaHako, ecau GpyHkius f(X) B obmactu mepecedeHus: ¢ 0Chio
abciuce JOCTaTOYHO MOJIoras, TO OUepeiHast Xop/ia MOXKET NMPaKTHUECKH Jieub Ha OCh adcIumcc,
TO €CTh IIOJIHOCTBIO TIONMACTh B IIOJIOCY IIYMOB. B 3TOH cHTyauuu HOpOU30MAET CHIIBHOE
yBeJIMYEeHUE OUIMOKY BBIYUCIEHHH, Tak Kak B B popmyiie (3.3) pa3HOCTh ABYX OJIM3KUX BEITUYHH
f(a)—f(b) crout B 3HameHatene. B 3TOM CMBICIIE METO/ MOJIOBUHHOIO JACACHHUS 3HAYUTEIHHO
yCTONYMBEE.

3.4. Memoo xacamenvuvix (memoo Hetomona)

[Myctp x* ectp kopeHb ypaBHeHus f(x) = 0, eauHCTBEeHHBI Ha oTpe3ke [a, Db].
[Ipenmnonoxum, 4TO KaKMM-THOO CIIOCOOOM, HampuMmep, rpapuuecku OINpeaeseHO HayalbHOe
NpuOMIKeHne Xo K KOpHIO. B 93Toli Touke BemMCIMM 3HaueHue QyHkimu f(Xo) u ee
npousBoaHoi (X = Xo ) . 3HaueHHMe 3TON MPOM3BOIHON paBHO tga (puc. 3.4) — TaHTEHCY yria
HaKJIOHA COOTBETCTBYIOIIEH KacaTelbHOM K OCH abcuucc.



Tf(x)

Puc. 3.4. WnmocTtpanus Metoza kacatenbHbix (HproToHA)

Touka x;1 mepecedeHns 3TOM KacaTeJIbHOM C OChIO a0CIUCC €CTh CIEeAYIOLIee NPUOIMKEHUE
K KOpHIO (mo3TOMy MeToa HbIOTOHa M Ha3bIBalOT METOAOM KacaTelbHBIX). DTa TOYKa X1
MPUHUMAETCS 32 HOBOE HavaJlbHOE MPHUOJIMKEHUE U Mpolecc moBTopsieTcs. V3 pucyHka BHUIIHO,
YTO MPOLECC CXOAUTCS K MCKOMOMY KOpHIO X*. [Ipolecc yrouHeHus: KOpHs 3aKOHYMUTCS, KOrja
BBITIOJITHUTCA YCJIIOBHUC

|.1'||l.+1 — Xjp|<E,
rac € — JO0omyCTumMad IOrpCilHOCTb OIIPCACICHUA KOPHA. "3 rCOMCTPHUICCKUX
COOOpaXKeHUI MOXKHO TOIYYUTh pacueTHyto Gopmyiny s mertoaa HeloToHa B Buze:
Sl )
Xpel = Xp — 5
£'(xx) (3.4)
Meton HproroHa oOsamaetT BBICOKO CKOPOCTBIO cXxoauMmocTH. OOBIYHO abCONOTHAs
TOrPENIHOCTh HAXOXKAeHHs KopHsa € = 10 ... 107° gocturaercs 3a 5 — 6 nreparmit. OgHaKO

CYIIECTBEHHBIM  HEJIOCTATKOM JTOTO METOJa SBJISETCS HEOOXOJAWMOCTh  BBIYHCIICHUS
MPOU3BOJHON (DYHKIIMM HAa KaXXJIOM IIIare MTEPAIMOHHOTO TMpolecca. DTO MOXKET SBUTHCS
CEPbE3HBIM TPEMSATCTBUEM, KOTJa (DYHKIUS BBIUUCISACTCS 1O OYEHb CIOXHOMY WIH
TPYAOCMKOMY aJIT'OPUTMY. Heckonbko YMCHBIIUB CKOPOCTh CXOANMMOCTHU, MOKHO OTPaHUYIHUTHCA
BBIYUCIICHUEM IPOU3BOJHON TOJILKO Ha TEPBOM HMTEpallMd, a 3aTeM BECTH BBIUMCIICHUS TI0
dopmyie (3.4), monaras

F1O0 = £1(x0)
) e f{l"k ]
Xgel = X fr‘."-(] }

CrpykTypa nmporpaMMsbl pelieHus ypaBHEHUN MeTonoM HproTOHa moxoka Ha CTPYKTYpYy
IporpaMM Jjsi METOAOB JAMXOTOMHUHM U XOpA. [J1aBHOE OoTiiMuMe 3aKiIodaeTcss B TOM, 4YTO B
metone HploTOHA HE HYXKHO JAenaTh BbIOOp MEXAY JIEBOM MpaBoil yacTAMHU OTpe3Ka, a TAKKE B
TOM, YTO HET HEOOXOJAMMOCTH 3a/laBaTh MOJIOCY IIyMa (YHKIIMH, TaK KaK IO Pa3HOCTH JABYX
MOCIIEA0BATENbHBIX TPUOMMKEHUN *#+1 ~ ¥  MO)KHO cpa3y OLIEHUBATh U BEJIMYMHY OTHOLICHUS

F&If r':x}. Jlnig mpenoTBpallieHusl BO3MOJKHOIO ‘‘3allMKJIIMBAHMS MPOrPaMMbl B CIy4yae
HEYJayHOTO BBIOOpAa HAYaIbHOTO MPUOJIMKEHUS WM HENpPaBWIbHO 3aJaHHBIX I[apameTpoB,
PEKOMEHIYEeTCS IPEYCMOTPETh CUETYUK YUCIIA UTEPALIAM.

3ameuanue. OTMETHM TpU 0coOeHHOCTH MeToa HproToHa:

1. Meton HproToHa MMeeT KBaJpaTHUYHYK CXOOUMOCTb, T.€. B OTIMYME OT METOJAA
MOJIOBUHHOTO JIeJIeHHs (M MeTo/Ja XOpJ) €ro IMOTpelIHOCTh Ha CIEeAyIoIed HTepaluu
MPONOPLUMOHAIIBHA KBAJApaTy NOTPEHIHOCTH Ha NMPEABIAYIIeH uTepanuu. Y Meroja JUXOTOMHUU
TaKasi 3aBUCUMOCTb JINHEWHA.



2. beicTpas cxoauMocTh MeToa Hpl0TOHA rapaHTUPYETCs JIHIb TpU OIM3KUX K TOUHOMY
PELICHUIO HAYaIbHBIX MPHOIMKeHHsIX, Eciin HadanpHOE MpUOIKEeHHe BEIOPaHO HEYAa4yHO, TO
METOJ MOKET CXOJUThCS MEIJICHHO, JT00 HE CoiieTcst BOoOIIe.

3. Eciu BOnu3u kopHs ¢yukuus f(x) momoras, To ecTh Ha ouepeaHoit urepanuu tg(a) — 0,
BO3MOXKHO PE3KO€ YBEIIMUCHUE ONMTMOKU BBIYUCIICHUH.

3.5. Memoo npocmuix umepayuii (Memoo nociedo8amenbHbiX NPUOIUIHCEHUIL)

OT UCXOAHOTO TpaHCUEeHACHTHOTrO ypaBHeHus f(X) =0 ToxIeCTBEHHBIMU areOpanyecKUMu
npeoOpa30BaHUSIMH MEepPErIeM K SKBUBaJICHTHOW 3aIMCH B BUJIC

x=0(x). (3.5)

Bribepem kakoe-To HawalbHOE TPHUOIIKEHUE Xo K KOpHIO X*. IlojmcTaBuB ero B mpaByro

qacts (3.5), monyunm nepsoe mpubmmkerme 1 =P (X0)  sarem prpoe *2 =0() g
nanee:
X =@ (xp_y). (3.6)
Bo3HUKaeT BOIPOC O TOM, HPHM KAKUX YCIOBUAX NAHHBIA HTEPAllMOHHBIN mpoluecc Oyuer
CXOJUThCA K KOPHIO TPAHCIEHJEHTHOTO YpaBHEHHs X*. JIus OTBeTa Ha HEro MPOBEAEM
rpaduueckuii aHaIu3, CM. pUCYHOK 3.5.

}

é..g e S e

|
y=xo
|
I
| I
s |
R *t *ooa 0 xoxy A X x
a) &)
¥ Y Ny=eya
Y=ex)
y=x
a ! E
e T~ Y
P i | P
I i | | |
! . : i 1 I
(N P X x & X Xt X x

&) z)
Puc. 3.5. Metoa npocThIX UTEpaLIUii:
a - OIHOCTOPOHHHUI CXOJIAIIUANCS MPOIECC;
0 - OJIHOCTOPOHHUH PACXOSIIHICS MPOIIECC;
B - IBYXCTOPOHHUH CXOJSIINICS MPOLECC;
T - IBYXCTOPOHHUHN pacXoAsIIMiics mpoiecce

~ ' -
U3 rpapukoB BHAHO, 4TO TpM M060OM 3Hake npomssomHoii @ '(¥) BosMoxHBI Kak
CXOJAIIMECS, TAK U PACXOJSIIUecs UTEPALMOHHbIE Tpolecchl. CKOPOCTh CXOJUMOCTH 3aBUCHUT

' -
OT a0COJIFOTHOM BEJIMYMHBI MPOU3BOAHON. UeM meHbIe |“‘P I(J‘)’| BOJIM3M KOpHS, TeM OBbICTpee
cxoauTcs mporiecc. bojee neTanbHBI MaTeMaTHUECKUN aHATH3 TTOKA3bIBAET, YTO HEOOXOAUMBIM
AJI CXOAUMOCTH METOAa IMPOCTBIX I/ITepaHI/Iﬁ SABJISICTCA YCIIOBUE



o' ()| <1. (3.7)

Bremonnenue ycnoBust (3.7) MOXXHO 00OECHEUHTH ITyTEM pallMOHAILHOTO BhIOOpa BHIA
dbynxmun @ () PaccmoTpuM oiiH 13 00IIHMX aarOPUTMOB TaKOTO BRIOOpA.

VYMHOKUM JICBYIO U MPaBYIO 4acTH ypaBHeHus f(x)=0 Ha mMpOM3BOJIBHYIO OCTOSHHYIO D 1
no0aBMM K OOEMM YacTsM HEM3BECTHOE X. [IpH 3TOM KOpPHH HCXOJHOTO YypaBHCHHS HE
U3MEHSTCA:

x+bfix)=x+ 05
BBenem o0o3HaueHue
O =x+b F(x). (38)

[Tpou3BONBHBIA BBHIOOP KOHCTAHTBI D IMOMOMET OO0ECICUYUTh BBIOJHCHUE YCIOBUS

cxomumocTu. XKenateapHo BbIOpaTh b Tak, 4TOOBI
—leg'(x)<0,
TOT/Ia CXOAMMOCTh UTEPALIMOHHOTO Tpoliecca OyAeT ABYXCTOPOHHEH (PUCYHOK 5, B).

Eciu dynxupst ? (X) BpiGpana B Buze (3.5), T ee IPOU3BOIHAS BEIPAXKAeTCs (hOPMyIIOi

@' (x)=1+b-f'(x).
Hau6oibIas ckopocts cxoaumocty noydaercs npu @ (x)=0. rorpa

S

u utepaunonHas Qopmyna (3.6) MeToga MPOCTHIX WUTEpalMii MEPEeXOAUT B (Gopmyiy
HerotoHa (4).

Ilpumep. YpaBHeHue

flx)=x"—-x-1=0 (3.9)
uMeeT KopeHb B uHTepBaie 1 <x* <2, rtak kak f(1) =-1 <0 uf(2)=5>0.
TO ypaBHEHNE MOYXKHO HPEACTABATH B BHAC X = X - — 1. _
3pecy @) =x -1 ©()=3x . [osromy @@ Z3ppy 1=x<2y
CIIeIoBaTeNbHO, YCeIIoBHUE (3.7) CXOAMMOCTH MPOIlecca UTEPaIliii He BBITOJHEHO.
Ho ecnu 3anicath ypaBaenue (9) B Buie

3

r+1,

A

X=A (3.10)
TO OyJIeM UMETh
o) =3x+L  9'W=——m—.
33 (x+1)”
Orcroganpu 1 <x<2
0=0(x)=025.

3HA4YMT Ipoliecc urepauuit 1 ypasaenus (3.10) ObicTpo coitnercs.

IMopsinok BbINOJIHEHHS padOThHI:

1. OSHaKOMI/ITI)Cﬂ C TeOpeTI/I‘IeCKI/IMI/I CBCIACHHUSIMU.

2. BbIMoMHUTE HEOOXOIUMBIE PACUETHI.

3. OdopMuTh 1 IPECTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBeHus pe3yJbTara:

Pe3ynbraThl pecTaBUTh B BUJIE OTYeTa B popmate .dOCX.

Kpurepun onenkn:

3agaHue BBIIOIHEHO 03 OIIMOOK — OLIEHKA «OTIIMYHO).

3aanue BBIOJIHEHO MPaBUIHHO, HO JAOMYIIEHBI 1-3 BBIYUCIUTEIHHBIX OMIMOOK — OIICHKA
«XOPOIIIOY.

3a/iaHue BBIMOJHEHO HEOPEIKHO, TOMYIIEHBI OMTHOKU — OIIEHKA «yIOBICTBOPUTEIHLHO.

3a)1aHHe BBIITOJTHCHO HeraBI/IJ'IBHO, )IOHYIIIGHBI OH_II/I6KI/I — OIICHKAa
«HEYIOBIETBOPUTEIILHOY.



Tema 4. MeToabl aHAJIMTHYECKOI0 NPeACTaBJICHUS TA0JINYHO 3a1aHHON (PYHKIUH
JJABOPATOPHAS PABOTA Ned «MHTEPITIOJIMPOBAHUE ®YHKIIUN»

Ieab: 0OCBOMTH METO/IbI HHTEPIIOIUPOBAHUS (HYHKIIHIA
Boinosainus pa6orty, Bel Oynere:
ymembs:
— 110 33JJaHHBIM 3HAYCHHSM HEKOTOPOW (DYHKIIMH B PsIJIC TOUCK MPEJICKA3aTh €€ 3HAYCHHS B
HPOMEKYTOUHBIX TOUKAX
MarepuaabHoe obecnedeHne: makeT NpuKIaaHbIX mporpamm Microsoft Office.

3amanue:

Oyuknusa omnpenenena Ha otpeske [1,00; 1,20] (cm. Tab6n. 4.1). Haiitu 3HadeHus
MHorowieHa Jlarpamka, uatepnoaupytomero Gynkuuio f(X) Ha 3ToM oTpe3ke 1o cucreme Tpex
PaBHOMEPHO pacmoiokKeHHbIX y3i10B (¢ marom 0,1), B Toukax 1,05; 1,09 ; 1,13; 1,15; 1,17.
[TomrydeHHBbIE pE3yNbTAThl CPABHUTH C TAOJIMYHBIMA 3HAYCHUSMU W JIaTh OIEHKY TOYHOCTH
WUHTEPIIOJISIINY.

Tabmuma 4.1

X e e* sh x chx | sinx | cosx | Inx

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

KpaTkue Teopernyeckue CBeJIeHH:

B mpuxmagHeIx 3agadax 4acTO BO3HUKAET HEOOXOAMMOCTH 10 3aJaHHBIM 3HAYCHUSIM
HEKOTOPOH (QYHKLHMHU vyg, y;, .. .y, B PAN€ TOYEK Xy, X, .. , X, HPEACKA3aTh €¢ 3HAYCHHUS B
NPOMEXYTOUHBIX TOUYKax. IMEHHO 3Ty 3a7a4y MO3BOJISET pellaTh HHTEPIOSAIHS (QYHKIHH.

[Tycte ¢pynkius Yy = f(X) onpeneneHa tadnuiieit

Xi Xo X1 . . . . . . Xn
yi yo yl . . . . . . yn
3navenus aprymentoB X (i=0, 1, ...,n) Oymem Ha3bIBaTh y31aMU UHMEPROJAYUU.

3aoaueii unmepnonsyuu sBASETCA HaxoXAeHUE 3HaueHus GyHkuu f B Touke X €[Xo, Xn],
*
X #Xj.




OZ[I/IH 13 BO3MOXKHBIX HYTCP'I peiCHuA IIOCTaBJICHHOU 3aa4u 3aKJIIIOYaCTCA B CIICAYIOIICM:
1) cTpoMTCS MHOTOYJIEH CTEIEHH He BhImie N, rae (n+1) - KOJIWYeCTBO 3aJaHHBIX TOYCK

Ln(x):a0~xn+a1-xn_1+...+an_1~x+an, (4.2)

NPUHUMAIOIIUI B TOYKAX Xj 3HAYCHUS Y , T.€ 3HAUCHHS KOIPPHUIMCHTOB MHOTOUJICHA &;
HaXOJISIT U3 YCIOBUS, YTO
Ln(Xi) =Y, (iZO, 1, ...,n).
DTOT MHOTOYJICH Ha3bIBAIOT UHTEPIOISINOHHBIM. OH BCeraa CymecTByeT M €AMHCTBEHEH.
®ynkuus f(X) npeacrabnsercs B BUIC:

f(x)= La(x)*+Rn(X), (4.2)
rae Rn(X) — ocratounelii wieH wuHTepnoysinuoHHON Qopmynbl. Ecim f(X) uwmeer
HEIPEPHIBHYIO MMPOU3BOIHYIO TIopsika (N+1) Ha [Xg, Xn], TO
0= O ) ) Elig) . (49
= - - e - ) S y . .
n (n+1)! 04" 11 n 07

*
2) Boruucnsercs 3naueHue Ln(X ). Ecnu 3HaueHus Vi 3aJaHHBI TPUOIMIKCHHO WM K€ TI0
KaKUM-JTHOO MPUYMHAM BBIYUCICHUS HE MOTYT OBITh BBIIIOJIHEHBI a0COIIOTHO TOYHO, TO

— *
(paKTHYECKH BBIYUCISCTCS JIHIIb OPHOIMKEHHOE 3HA4YeHHE L(X ) JUIi TOYHOTO 3HAYCHHS
*,
La(x).
— *
3) TlpubmmwkenHo npuHuMaetcs, 9To f(X)~ L, (x ).
4) OreHuBaeTCs MOTPEIIHOCTh METoJa II0 OCTATOYHOMY WICHY HMHTEPHOJISIHOHHON

bopMyIIBI:
* M * * *
Rp(x )<A= n+1 ‘(x = Xg)(X = Xq).(X —xn)‘, (4.4)
(n+1)!
re My = mex \f(””)(x)\. (4.5)
XO, Xn

5) OuenuBaeTcst MOrPEITHOCTD BEIYMCICHHUH 1O TOTPEITHOCTSAM MPHOINKEHHBIX JTaHHbBIX:
* — *
‘Ln(x )— L (x )‘ <A, (4.6)
6) BerynciIseTcs MOTHAS MOTPENTHOCTD MPHOINKEHHOTO 3HAYCHUS:
* _ *
‘f(x)—Ln(x )‘§A1+AZSA 4.7)

[Ipu pemieHnr MPaKTUYECKUX 3a/lad WHTEPIOJSIHOHHBIM MHOrouseH (1), MOXkeT ObITh
IIPEJICTaBJIEH B pa3IMuHON popme.

4.1. Humepnonsayuonnwlil MHO2oUNIeH 8 hopme Jlacpandica Oist NPOU3BOIbHBIX Y3108

Oynkumio L(X) uiieM B BUJ€ CYMMbI N YaCTHBIX PEHICHUMH.

ITepBoe 4acTHOE PEUIEHUE |y CTABUT B COOTBETCTBHME 3HAUEHHUAM aOCLHUCC: Xy, Xq, - . Xp
HaOOp 3HAYEHHH OpOMHAT y,, 0, .. ,0. VI3 CBOMCTB MHOrOYIICHOB CJIENYET, YTO MHOIOYIEH,
oOpalnaronuiicss B Hyllb B N pa3HbIX TOYKAX, T.€. UMEIOIIUNA N Pa3IHYHBIX KOPHEH, ITOJDKEH
JIETTUTCS Ha KaXKyIO U3 N pa3HOCTEM:

X=X{5 X=Xo X = Xp,
a, CJIe0BATENIbHO, U HA MPOU3BEJICHUE ITUX PA3HOCTEH, T.€. JOJKEH UMETh BU
Ig =const- (X =% )(X=X5) ... - (X=Xp )+
3HayeHHe KOHCTAHTBI OMPEIEIISIEM U3 YCIOBUS
Io(xo) =Yg = const~(x0 - xl)(xo - x2)-...-(x0 -Xp)
1
0 (x.—x )X, =X ) (x, =X
(Xg =X Xy =X5) e (Xg =X )

const=y



TOTAA |y MPUMET BUJ
B (x—xl)(x—xz)-...(x—xn)
IO =Yy .
(x0 - Xl)(XO - x2)‘... . (x0 - xn)

OcTajbHBIE YaCTHBIC pPEeIICHHA HINYTCA aHaJIOrM4HO, M3 YCJIOBHUA, YTO 1-0€ 4YacTHOe

pemenune |; (i=1,...,n) NOIKHO CTaBUT B COOTBETCTBUE 3HAYEHUAM aOCHMCC: Xy, X, .. . Xp
Ha0Op 3Ha4YeHUM opAMHAT O, .. , Vi, ..,0, T.C.
Ly (x—xo)(x—xl)-...~(x—xi_1)~(x—xi+l)~...~(x—xn)
[
O =X)0G =X e O =% ) 0 =% g) e O =)
no X=X,
583071 lj = Y- [T !
H X, —X
I=07% "7

]
j#I
OO01ee peieHue HalIeM Kak CYMMY YaCTHBIX peHIeHI/If/'I .

X—X.

n n
Yyi- I L (4.8)
i=0 jzoxi _Xj

n
L(x) = igoli =

] #1
OTO W eCTh WHTEPIOJSAIMOHHBIA MHOTOWICH B ¢opme Jlarpamka sl TPOU3BOJIBHBIX
y3JIOB. 3aMETUM, YTO CTEIIEHb MHOTOWICHA JlarpaHika He MpeBbIIIaeT yucia N.
Ocrarounasl [OTPeIIHOCTs 3HaueHHs Ln(X), BblunciaeHHOro 1o  Qopmyie (4.8),
orieHuBaetcs Gopmynoit (4.4), a BBIYUCIUTENbHAS OTPEITHOCTh

L |(x* - xo)(x* - xl)...(x* - xi_l)(x* - Xi+l)'"(x* — xn)|

Ay = Ay, (4.9)
2 |:0‘ (% —xo)(xi = X1 Xj = %)% = Xjjq)--- & —Xp) ‘ '

rae Ay; - IIOTPEITHOCTh MCXOMHBIX JAaHHBIX (3HAYEHUH (QyHKIUM B y3/ax).

4.2. UnmepnonayuonHuli MHO20YLeH 8 (hopme Hblomona 015 pagHoOmMcmosyux y3io8

Paccmotpum METO/l TIOCTPOEHHUS HHTeprnoiupyromed (QyHKIUM, OCHOBaHHbBIM Ha
BBIUMCJIEHUH KOHEUHBIX Pa3HOCTEH.

k
Koneunvimu_pasnocmamu nopaoka k HaswiBaroT BenndauHbl A'Y;. MX paccuumThIBalOT 10

bopmymnam:
2 K k-1 k-1
AYi=Yjin—VYj, AYj=AYj—AYj . AYj =AY AT
B pe3yiabTaTe BBIYHCJIICHUU JOJI’KHa OLITH ojiydyeHa CJICAyromuias Ta6HI/II_[a KOHCYHBIX

Pa3HOCTEH:
Yo y 2 y\/ Yn-1 Yn



MuorowreH P(X) mis paBHOOTCTOSAIUX y370B ( T.€ Xi+1 - Xj = h =const, rae i=o0,.., n-1,
yrciio h — HaspIBarOT 1rarom) OyieM UCKaTh B BUJIC :

P(X) =ag +a (x = Xg) + ap (X = Xg)(X = %) + ... + an (X = Xg)(X = X1) - .. - (X=X 1) THC  Xg, X, -, Xp ~ KOPHH
nosnHoMma P(x)

3HaueHus KOI(PQPUIMEHTOB &; OLPEeeNIieM U3 YCIOBUS P(x;) = v; |

ITonaras X=Xo, HalIeM P(xg)=yg =2y, = ay=Yq-
Ay
[lonarast X=X1, HAWIAEM P(x) =y, =ag+aj(x —Xp), = & = —0

h
Al Yo
[ToncTaBUB MoNTydYeHHBIE 3HAUEHUS &, B BBIpaXXEHHE [Isi MHOTOwIeHa P(X), momyuum
Ay, A2 Y,
P(X) =y + T(x —Xg) + 2 (X=Xg)(X = %) + ... +
' (4.10)

B oOmiem ciywae npu X=X,  aj =

n
Ayo

nth"
[TomyueHHO€E BBIpaXXEHHUE HA3BIBACTCS UHMEPNONAYUOHHOU dhopmynou Heromona.
[Tycth x* - TOYka, B KOTOpPOH HEOOXOJAMMO HAWTH 3HAYCHHE WHTEPIOJSIIIMOHHOTO
MHOTOYJICHA.
Jlns cimyyasi paBHOOTCTOSIINX Y3JI0B, €CIIH Xg — OMMKalIuii K X y3en cieBa ¢Gopmyna (4.2)
MIPUMET BUJT

+ (X =Xg)(X = %) e - (X=X _1)

2 3

| A7Yo
P (t):yo +—t+ tt-1)+ tt-D(t-2)+...
u 2! 3 (4 11)
n, '
+ fta—na-ama-n+n,
n!
y X —X,
rne tomnpenensercs popmynoit  t= H

OIIeHKH MOTrPEIHOCTEH IPHOMINKEHHO 3HadeHms P' (1) MOryT GBITh IPECTABIICHbI B BH/IC:

M i [ %% x| [ap) i
S 2 L R | S PN L
! (n+1)! Pt -0 nﬂ (n+1)!

t*a*—n“@*—nﬂ

n+1 ‘

‘fa*—nma*—m‘

* * * * n
Ay =A QL+2-t |+2t (t -D|+...+2
2 n! ‘
rae A* - OrpelHOCTh UCXOAHBIX TAHHBIX.

Ecnu X, — Ommkaiimuit Kk X y3en clpaBa, TO HCIOJb3YEeTCS BTOPON HHTEPIOJISALMOHHBIN
nosimHoM Herorona:

2 3
A A A
Pl =yp+ ﬁ4w+ 2F2uu4pa—%t§m+na+a+“
o ! ! (4.12)
+ =04t 4.t +n-1),

n!



OneHKd TOTPenTHOCTeH MPUOTMKEHHO 3HAuYCHUS P“(t) MOXXHO 3aIlucaTtb B BHIE:

1
Alzﬁhm U +2)...¢ +n) z'—‘t (t +1)..¢ +n)‘
(n+1)! (n+1)!

‘t*(t* )+ n)‘

* * * * n
Ay =A ~1+2~‘t ‘+2‘t (t +1)‘+...+2 " ‘

IHopsaok BbINOIHEHUS PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUICCKUMHU CBEICHUSIMHU.

2. BbIMOMHUTE HEOOXOUMBIC PACUETHI.

3. OdopmuTh 1 IpeACTaBUTH PE3yIbTAaThl PACYECTOB.

dopma npeacTaBjieHus pe3yJabTara:

Pe3ynbTaThl MpeCTaBUTh B BUe oTyeTa B (hopmare .dOCX.

Kputepun onenku:

3agaHue BBIIOIHEHO 0€3 OIINOOK — OIEHKA «OTIUYHO.

3ajanue BBHIOIHEHO MPABUIBHO, HO JOIMYIICHBI 1-3 BBIYMCIMTENIBHBIX OIMIMOOK — OIlEHKA
«XOPOIIOY.

3aiaHue BBITOJIHEHO HEOPEIKHO, TOMYIICHBI OMTUOKU — OIICHKA «yIOBJICTBOPUTEIILHOY.

3amanue BBIIOJIHEHO HEIPaBUJILHO, JOTYIIEHbI OIIINOKHU - OIICHKAa
«HEYJIOBJIETBOPUTEIHLHOY.



Tema 5. AjaropurMbl ¥ MeTOAbl  YHMCJICHHOI0 HHTErPHUPOBAHUA M
nuddepeHuupoBanus
JIABOPATOPHAS PABOTA NeS «Y4UNCJIEHHOE HHTEI'PUPOBAHUE U
JANPPOEPEHIIUPOBAHUE».

Iles1b: OCBOUTH METO/IBI YMCIIEHHOTO MHTETPHPOBAHUS U TH((HepeHIMPOBAHUS

Boinosinus pa6ory, Bel Oynere:

ymembs:

— BBIYHCIISTh HHTErPaIbl 110 (hopMysiaM MPSIMOYTOJILHUKOB, Tparneiuii 1 CUMIICOHA;

— OIICHUBATh IIOTPEIIHOCTh pe3yJbTaTa W CpPaBHUBATh MPUOJIMKEHHbIE 3HAYCHHUS
UHTErpaja ¢ TOYHBIMH

MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3aganue:

BbuuciuTte 3agaHHble  MHTETpaibl MO0 (OpPMYJIaM MPSIMOYTOJbHHUKOB, Tpanenuil u
CuMIICOHa, €ClM OTPE30K HMHTETPUPOBAaHMSA pa3OoUT Ha n=2 W n=4 paBHbIe 4YacTu. OIEHUTH
HOFpeIHHOCTB pe3YJII)TaTa 158 CpaBHI/ITI) HpI/I6JII/I)KeHHI)IC 3HAYCHUA I/IHTeraJIa C TOYHBIMH.

1
1 T
1'I1+x2 dx (1=7 ~0785).

0

1
2. idx (1=In2~0.693).
o1+ X

A
3. [sinaxdx (1=05).

0

1
a | L _4x (1=In++2~0881).
0 :].-I—X2
5. [Inxdx  (1=1).

1

1
3, jln(x+1)dx (1 =2In2-1~0386).
0

% T
7. jxcosxdx (I ===0.571).

) 2

7o
8. dx (1=1).

£1+sinx (1=

X

e
l1+e

2x

©
O t—

dx (I =arctge —% ~0.433).

10. J.cos3xdx (1=0).
0
7

1
11 J‘
5 COS X

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

12. jarctg xdx (I=2(r-2In2)~0.438).
0




1

13. J'
f/

14. _[arcsm xdx (I—£(7z+4) 1~0.26).

! ok (12038).

% 1
15. jtg xdx (I ==In2~0.346).
2
’7
13. jctg xdx (1= —In2 0.346) .
’7

17. J.xexdx (1=1).

18. [V1+x

1 X dx (|_—(2f ~1)~1.22).
7
19.J'

dx (I=1).
1+ cos x

1

0

20. |

21. _fln xdx (Il =e—2=%=).

1

dx (1 =2(/2-1)~0.828).

[y
r‘
X

/ /4

22. j tg2xdx (I = ~0.215).
7[/2 -

23. Ictg xdx (I = ~0.215).
/4
/2 /2

24, Iex cosxdx (I= € L ~1.905).

/2 7/2
25, [ersinxdx (1=° 1 2.905).

2. Oynkmus  f(x) (em. Tabmumy 2.1) ompenenena Ha otpeske [1; 1.2]. BwiOpaB mrar
h=0,5HaiiTi npubIMKEHHbIE 3HAYCHUSI TPOU3BOIHBIX ') u () g roukax 1 u 1,1. Ouenurs
MOTPEUTHOCTh BbIYMCIeHU. CpaBHUTH PE3yJbTaThl ¢ TOYHBIMH 3HAUYEHHUSIMU MPOU3BOJHBIX B
9THX TOYKAaX.

KpaTkue TeopeTuyeckue cBeIeHUsI:
Yucnennoe unmezpuposamnue. KeaOpamypHvle Gopmynvl HPsSMOY2OIbHUKOS, Mpaneyull,
Cumncona

b
Heo6xoqumMo mpuOIMKeHHO BBIUYMCIUTH MHTETPAI j f (x)dx - A1 9TOrO pasodbeM OTpe30K

UHTErpUPOBaHUs [@,0] Ha N paBHBIX YacTel ToUKaMu Xp=a, X1= Xo+h, Xi+1= Xi+h, ..., Xo,= Db, 20e
h=P2~8- mar pasbuenns. Y;— 3Hayenns Gpynkiun f(X) B TouKax pa3GHEHHS X;.

n

3areM HempepbIBHAS MOJbIHTErpaibHas GyHkims Y=F(X) 3ameHsieTcst criaiiHoM (KycO4YHO-

NOJMHOMHUANBHON  QyHKIMer) S(X), HHTepnonupyomed IaHHyr ¢QyHKuuo. HHTerpupys



dynkmuro S(X) Ha oTpeske [a,b], mpumeM K HEKOTOpO#l opMyie YUCICHHOTO UHTEIPHPOBAHHS
(xBazmpaTypHO#l hopmyIe).

5.1. @opmyna npamoy2o1bHUK08

Ecmu Ha kaxkaom orpeske [Xi1, Xi|, I=1,2,....,n , dyukumio f(X) 3amensem ¢yHkumei,
NPUHUMAIOIIEH MMOCTOSHHOE 3HaUCHHE, paBHOE Hampumep 3HaueHuio Gynkiuu f(X) B cepenune
orpeska [Xj1, Xi], 0003HaUYEHHOrO | . _XatX  Torma S(X) OymeT MMETh CTYIEHYATBHIA BHII

2

(puc.1).

F(X 1), XXX
1-=
2

f(x 1), X XX,
S0)=8,00=y ,=f(x )={ 2

f(x ;) X, XX,
nl
2

B atom ciyuae 3HaueHue umHTerpana (miomanb mon rpaduxom f(X), Ha orpeske [a,b]),
CYMTaCM NPUOIM3MTENBHO PABHOM CyMMe IUIOWIAACH NPAMOYIONBHUKOB BBICOTOH ¢(, ) M
i-=
2
mmpuHOH hy.

b n n
J.f(x)dszh.y_ ) :Zh. f(x 1)=h-(yl LHY ety .)| - dopmymna npsamoyronbaukos  (5.1)
a SR 2 2 "2

i=1

5.2. @opmyna mpaneyuti

Oyuknuio f(X) Ha kaxgom ortpeske [Xiq Xi], (i=1,2,...,n ) 3amenseM e€ IMHEHHOI
MHTEPIONSIIUEN 0 ToUKaM (Xi-1, Yi-1) U (Xi, Yi), T.€. OTPE3KOM IPSIMOM COEIUHSIONIEH STH TOUKHU.

S(X) mpuHHMAET BU:

S0 =8,00=f(4) 5 T+ F(x) = 2=y, 2

20e Xe[X, %], i=12,..,n,
a e€ rpaMKOM SIBJISIETCS JIOMaHasl.
Torna 3HaYeHHe MHTETpala HAXOAUM KaK CyMMY IUTONIazeil Tpanenuii ¢ ocHoBanusmu f(X;.

1), T(xi) u BeIcoTOI# h. C yderom dopmyisl tuomany tpaneiuu g - Mty rre m, n ocHoBaHus
mp. 2 !

Tparneuuu NoJIydnuM:

t N S Fx )+ (%) < Yiat Vi _
{ FOadx~ IZl:h 2 N izzl:h' 2 | - ¢opmyna tpaneuunit (5.2)

+
:h'(%*')ﬁ*')/z"'m"'ynfl)

5.3. @opmyna Cumncona (¢popmyna napabon)

Oynkiuio f(X) Ha Kaxkmom otpeske [Xig Xi], (i=1,2,...,n) 3amensem cmiaitHom S(X),
MIPEJICTABIISIFOIIEM COOO0M HEMPEPHIBHYIO (DYHKIINIO, COCTABJIICHHYIO M3 MPUMBIKAIOIINX Mapadolr.
[TorpeOyeM, uT0OBI Ha OTpe3Ke [X.1, Xi] mapabosa nmpoxoauia yepe3 TOYKH (Xi.1, Yi-1), (Xi-1/2, Yi-1/2)
u (Xi, Yi). HMcnonb3ys mocTpoeHHWE HHTEPHOJSAIMOHHOTO MHorouwieHa Jlarpanxka BTOpPOTo
MOPsIIKA HA OTPe3Ke [Xi-1, Xi|, MOTyYUM CILUIANH:

S(0=8,00 =Y., 2(x—X; )h(:( - Xi—l/z) Yo, 4A(x, — Xr)](zx —X4) +y, 2(x— Xifl/}jz)(x ~Xi4) ’

20e Xe[X_y, %] 1=12,..,n.

s nanpHeHmux npeodpazoBanuii BBeneM nepemeHHyto te[0,1] ¢ moMomp0 paBeHCTBA
X=X, , +ht. 3nauenusm t papueM 0, 72, 1, COOTBETCTBYIOT 3HaUEHUS X, PaBHBIE Xi-1, Xi-1/2, Xi .

Beipazum crnaiin S(X) uepe3 HOBYIO nepeMeHHYIo t:



S() =5,00=5,(t) = ¥, s L-1)L-2t) +4y, , A1)t +y, (2 -t =
=y @A-3t+2t%) +4y, ), (t-t))+y, (27 1),  (i=12,...n).

1 1 1
Yunreisas, 4T0 [@-3t+2t%)dt =[ (t—t*)dt = [ (2t* ~t)ct =%a HMCEM
0 0 0

JS00dx =3 5,000 =3 h] S0t =3 131+ 47,4+ ).

i1y, i=1 i-1

U B pe3ynbTaTe NpuXoauM K KBaJpaTypHoil popmyrne napabon:

b
h
[ 1000~ = [o + Yo + 4V + Yo + oot Vo) + 2001 + ¥, ++ ¥o)]. (5.3)

6

5.4. Oyenka noepewHocmu
[TorpermHoCTh KaxI0i KBaJApaTYpHOH (OPMYJbI OLCHUBACTCS BEIUYUHON OCTATOYHOTO
unena R(h), 3aBucsiero ot mara pazouenus h (wium ot yuca pazoueHuii N):

T f(x)dx — j. S(x)dx

R(h) =

[IpuBeneM OLGHKH TOTPENIHOCTEH KBaapaTypHbIX ¢GopMyl B TOM cly4yae, KOrja
MOJBIHTETpalibHas QYHKIUS UMEET HEMPEPHIBHYIO IPOU3BOIHYIO BTOPOTO MOPSJIKA:
1t HOPMYITBI TIPSIMOYTOJIBHUKOB

b_a " 2_(b_a)3 " 2
R(M) <=2 max| 70)-h° =25 max| (-
I (bOpMyHBI TpaHeHI/Iﬁ
(b-af

b_ " "
R(h) < ?a max| f"(x)|-h? = max| f(x) -

12n2 asx<

Ecnu noapiHTerpasibHas (yHKIUS HMEET HENPEPHIBHYIO MPOU3BOIHYIO YETBEPTOTO
Hopsi/iKa, TO CIpaBeAINBa Takask OLlEHKA MOrpeIHOCTU (hopMyibl CUMIICOHA:

bh-a

5
R(M) < > max|f ()| -h* = b-a)
2880 asxsb 2

880n* a<x<b

3amMeTuM, YTO TPU UHTETPUPOBAHUM CTEHNEHHOW (DYHKIIHMU, CTENEHb KOTOPON HE BBIIIE
Tpex, kBagparypHas ¢popmyna CUMIICOHA Ja€T TOYHBIN pe3yabTar.

[IpakTHueckn BaXKHO BECTH BBIUMCIEHUS JO JOCTHXKEHHS 3aJaHHONM TOYHOCTH € MO TOH
WK WHOW (opmyre. DTOH 1enu yJOBIETBOPSET Memood 060UH020 nepecyemd. JInsi 3TOro 1o
KBaJpaTypHOH (hopMysie MPOBOIAT BBIYMCICHHE MHTErpajia ¢ maroM h u mosiydaror 3HaucHHE
I(h). 3aTeM yMEHBIIAIOT IIar BJIBOC W TMOJYYalOT HOBOE MPHOIMKCHHOEC 3HAYCHHUE MHTErpalia
1(h/2).

YroObl ompenenuth, Kak cuibHO ykioHsercs 3HadeHue |(h/2) ot TouHoro 3HaveHus
uHTerpana |, ucmonsiyercs npasuno Pynee:

[1-1(h/2)|~

FOx)-h*.

1
2-1
rae k=2 s popMys npsiIMOYTroJIbHUKOB | Tparnenuit u k=4 st popmyisl CumIicoHa.

IIpn 3agaHHOM TOYHOCTM € BBIYMCIEHHMS C YMEHBIIAKOIIMMCS IIAaroM IPOBOAAT [0
OKOHYAHUS MPUOIMKEHUH NPU BHIMOJIHEHNN YCIOBUS

zkl_ll(h)—l(h/2)<g

IIpu sToM momararor | ~ 1(h/2) ¢ TOYHOCTBIO E.

1(h)—1(h/2),




Yucnennoe ouggepenyuposanue
5.4. Bviuucnenue npouzgo0Hol No e€ onpeodeneHuro
[Tycte ¢ynxums y=f(X) ompenencHa B HEKOTOPOW OKPECTHOCTH TOYKH Xo M HMEET
NPOM3BOJIHYIO B ATOW TOYKE, T.€. CYIIECTBYET Mpeie OTHOIICHHS IpUpaieHuss GYHKIUU A Y K
IIPUPALLECHUIO apryMeHTa A X IIPpU CTPEMJIEHUH A X K HYJIIO:

V(%) = £/0%,) = lim 2 = lim f(XOMAXi_ ) (4.1)

MX—0 AX  Ax—0

3HavYeHHE TMPOU3BOJHON B TOUKE Xg MOXHO TOJYYHTbh, MEpexoas K mnpeaeny B (4.1) mo

TOCJIEIOBATEIILHOCTH 1EJBIX YHUCEN N U MOJarasi, Ax=(Ax), :%. 31ech (AX), - HEKOTOPOE
an

HavyallbHOE MPHUpAIlCHUE apryMEeHTa, & — HEKOTOpoe 4ucio Oosbine exuHuibl, N={0, 1, 2,...}.
Torna 3nauenue npousBoaHoM Gynkiwu f(X) B TOUKe X 3aIHUIIETCS TaK:

Y0t) = 10) =lim o (ay) 0+ (A0, (%)
n—o (Ax)n
Ortcroa nonyyaeM npuOIMKEHHOE PABEHCTBO
f(xo + (AX)OJ— f(%,)
yI(X )z (Ay)n — . (4.2)
T (Ax), (AX),

n

a

Jns bynkium Y=Ff(X) , uMmeromell HENpPepbIBHYIO MPOU3BOIHYIO 0 BTOPOTO MOPSIKA

BKJIFOYUTEIIBHO B OKPECTHOCTH TOYKU Xg , TOUHOCTH MPUOTHKEHHUS TPOU3BOTHON COOTHOIIIEHUEM
(4.2), MOXHO YCTaHOBUTH, BOCIIOJIb30BaBIIKCH (hopmynoit Teiinopa:

f(X)=f(X0)+f’(XO)-AX+%f"(§)-AX2, & € (X, X).

Torna

_ max | "(£)|

f I(XO) _ f (X) f (XO)‘ < XSE<X - AX

AX 2

1 OKOHYAaTCJIIbHO UMEEM
yr(x )_ (Ay)n ‘ < )[;rl?é(x‘f (é)‘ . (AX)O
o, 2 a"

Jlnst nocTrKeHUs 3aJaHHON TOYHOCTHU € IPUOIMKEHUST TPOU3BOHON MIPHU ONPEICIICHHOM
YHCIIe BRIYMCIICHUI MOYKHO HCITOJIb30BaTh HEPABEHCTBO:
@Ay, _ (AY)os| _,
(AX),  (AX) oy
5.5,  HUcnonvzosanue  muozounenos  Jlacpawdca — 0na Gopmyn  UYUCIEHHO2O
oughghepenyuposanus

(4.3)

[Tycts pyukims y=f(X) onpenenena na orpeske [a; b] u B Toukax {X}, rae i=0, 1, ..., n
9TOro OTpe3ka npuHuMaet 3HaueHus Yi=F(x;), npudem a= Xo , b= Xp.

Pa3HOCTh MEXIY COCEIHHMH 3HAYEHUSIMH apryMeHTa X; MOCTOSIHHA W OIpPEAessIeTCs

b-a . .
mraroM h =—— pa30HeHns OTpe3Ka Ha N yacTel, Toraa Xi= Xo +i-h  (Xi+1= X +h).
n

HaiineM anmpoKCHMaIiy IPOM3BOAHBIX IIEPBOIO M BTOPOrO IOPSAAKA C IIOMOIIBIO
3HAYeHHIH (YHKIHMIA Y B y3JIOBBIX TOYKAX Xj C MOTPEIIHOCTHIO OJHOIO MTOTO K€ MOPSIKA B
3aBUCUMOCTH OT Iiiara h.

JIi1st TOro 9TOOBI BHIPA3UTh 3HAYCHUS TIPOU3BOIHBIX Yepe3 3HaUCHUs (QYHKIIUH Vi B y371aX
UHTEPIIOIAIMN Xj, [MOCTPOMM HHTEPIOISAIHOHHBIN MHOrowreH Jlarpamxka Lm(X) cremenm m,

YI[OBHCTBOp}IIOH_II/Iﬁ YCIOBUAM

Ln()=f(x)=vyx (k=i i+1,..., i+m=<h ).



MsuorouieH Ly(X), natepnonupyer ¢pynkiuro f(X) Ha orpeske [Xi, Xi+m]. Auddeperunpys
MHOrowIieH Ly(X), momyuaem 3HaYeHUs IPOM3BOIHBIX B Toukax { Xk } (k=i, i+1,..., i+m).

Eciu m=1, To Li(X) - muHeliHast GpyHKIMs, rpadK KOTOPOid, POXOIUT Yepe3 TOUYKH (X,
Yi), (Xi+1, Yi+1). Torna

X=X,y X=X X=X
Ll( ) yl Xi _ Xi+1 y|+1 X . —X yl _ h

i+1 i

y|+1_y|+1 yl
h h h

X=X
1
. +y|+1 h :

y y|+l ~ L' (X)

Eciu m=2, To Ly(X) - kBagpatuuHasi GyHKIHS, rpadrK KOTOpOW mapadoiia, MpoXosiias
gyepe3 TOYKH (Xi, Vi), (Xis1 , Vi+1), (Xi+2 , Yi+2). BblunciuMm nepByr0 ¥ BTOPYIO MPOH3BOJHbBIC
mHorowieHa Lo(X) Ha otpeske [Xi, Xi+2].

(X=X )(X—Xi.) (X=X%)(X—X..,) (X=%)(X = Xi1)
L i+1 i+2 =
( ) Y ( i |+1)(X |+2) e (Xi+1 - Xi)(Xi+l - Xi+2) oy (Xi+2 - Xi)(Xi+2 - Xi+1)
—y, (X=Xi,)(X = X;,5) Y (X=%)(X=X.,5) Y (X=X )(X=Xi,) _
(=h)-(=2h) h-(=h) 2h-h

2hz[y (X=X ) (X = Xi15) = 2Y1 (X=X )X = X1,) + Voo (X=X ) (X = %,.)]

Lé(X) [y (2X X — |+2)_2yi+1(2X_Xi _Xi+2)+ Yii2 (2X_Xi _Xi+1)]

2h2

Lg(x) [2y| 4y|+1 +2yl+2]_7[ 2yi+1 + yi+2]

2h?
[lepBass u BTOpas mpou3BojaHbIe MHOrowieHa Jlarpamxka Ly(X) B Toukax Xi, Xi+1, Xi+2
SIBJISIFOTCSI TPUOJTIM>KCHUSIMHU COOTBCTCTBYIOH_II/IX npou3BoAHbIX QyHKIKH f(X) B 3THX TOYKAX:

y: = f,(X-) R ( i [y 2X |+1 XHZ) 2yiJrl(ZXi - Xi - Xi+2) + yi+2 (2Xi - Xi - Xi+1)]:

T one
4.4
252 ] 3 gy, “4)
y;+1: f’(xiﬂ) 2 |+1) [ yl y|+2]
’ ’ ’ l
yi+1 = f (Xi+1) R LZ (Xi+1) 2h[ 4y|+1 +3Y|+2]
y y|+1 y|+1 ~ L;(X) = hiz[yl - 2yi+1 + yi+2] (45)

Ecnu dpynkims f(X) Ha oTpeske [Xi, Xi+2] MMeeT HENPEPHIBHYIO MPOU3BOIHYIO JI0 TPETHETO
HOPSIIKA BKJIIOYUTENFHO, TO CIIPaBEUIMBO MPEACTaBICHHE (QYHKIIMH B BHJIE CyMMBI:
f (x)=L2(x)+Ra(x), (4.6)
rae Ry(X) —ocTaTouHbIi YieH HHTEPHOIAIMOHHON HOPMYIIBL.

R, (x) = f;(f) (X=X )X = X)X X) € (Xi%ea)-

B »TOM cinyyae MOXHO JaTh OLIEHKY IOTPEIIHOCTH NPHOMMKEHUH MPOU3BOIHBIX
cooTHoweHusIMU (4.4) u (4.5). Auddepenuupys (4.6), nomyaum
f)=L 2(x)+R 5(x), (4.7)
f7()=L2" (x)+R2"1x). (4.8)
3nech

R0 = 20K, X2) + (- X)X ,0) + (=) xx,)] (49)

RE00 =[x+ (X %)+ (X=X, (4.10)

HOPpeI_LIHOCTI/I IIPpH BBIYMCIICHUM IIPOMU3BOAHBIX B TOYKAX Xj, Xj+1, Xj+2 OIPCHACIIAIOTCA M3
dopmy (4.9-4.10):
R () = 2R} (4, = Ry (x,.0) = £ (), (4.11)



RI()=-h-f"(&), RIX.)=0, RI(x.,)=h-f"(). (4.12)

Takum oOpa3zoM, paBeHcTBa (4.11) MOKa3pIBAIOT, YTO IOTPEIIHOCTH AMIPOKCHMAIIH
nepBoii mpon3BoHoii f(X) ¢ moMoibio hopmyis! (4.4) uMeroT ouH 1 TOT ke mopsgok O(h?), u
€CTECTBEHHA CIIe/IyIolasi PEKOMEH/IAlMK 0 UX MPUMEHEHUIO Ha oTpe3ke [a; b] B Toukax {X},
i=0, 1, 2, ..., n>2.

’

1
Yo z%[—3y0 +4y, — yz]
! (4.13)
yi’zﬁ[_yi—l-i_yiﬂ]' i=12..,n-1

, 1
Yo ® %[ynfz _4Ynfl +3yn]

N3 pasenct (4.13) crnemyer, 4TO NPUONMIKEHHE BTOPOH IMPOM3BOJHOM C ITOMOIIBIO
bopmybl (4.5) ©MeeT pa3IMYHbIA MOPSIOK B 3aBUCMMOCTH OT N B pa3HbIX TOYKax: B TOYKaX X,
Xi+2 ~HMMEETCs TOTPEHIHOCTh mopsiaka N , a B TOYKe Xj+1 MOPSIOK TMOTPEHIHOCTH BBIIIE
(R2"(Xi+1)=0).

B cnyuae wunTepnomsumu ¢yakiuu f(X), umeronneii Ha oTpe3ske Ha oTpeske [a; D]
HETMPEPHIBHYIO TPOM3BOAHYIO JO YETBEPTOTO TMOPSAKAa BKIIOUHUTEIHHO, MOXHO IOJIYyYUTh
[OrPEIIHOCTh MHTEPIOJALMH BTOPOl POU3BOAHOMN, HMeromei mopsitok h? u OJINHAKOBYIO BO
BCEX TOYKAxX, C MOMOIIbI0 MHOrowieHa Jlarpamka tperbeir creneHu L3(X) mo derbipem y3imam
uaTepnoasuud {X¢}, (K=i, i+1, i+2,i+3).

Omyckas BBIKJIAJIKH, IPUBEIEM PE3YIIbTAThI JJIsl alITPOKCUMAIIMK BTOPOU MTPOU3BOTHOM:

yézﬁékyo—5m+4y2—yJ

) (4.14)
Wl -2yeyal o i=120n-1

1
yr,1 ~ F[_ Yoa t 4Yn72 _Synfl + 2yn]

[Tpumep. 3Havuenust GyHKIUU Y =SiN X OMpeeIeHbl TaOIUIICH:

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

Tpebyercs ¢ nomomibio popmyn (4.13, 4.14) npubnuxenno Haiiti Y'(0) u Y''(0) 1 oueHUTH
HOTPEIIHOCTh PE3Y/IbTaTOB BHIUMCIICHUI.
Pemenue.

y'(0) zz—lh[—3y0 +4y1—yz]:g[—3-0+4~O,5—0,866]z1,05
V4

R (0) =§(%] 7. 0<g<l

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

<=|=| =0,09.
3\ 6

Urak, y'(0)~1,05% 0,09 (tounoe 3uauenue y'(0)=cos 0 = 1).
Teneps Bocmonbzyemcst popmyioit (4.11).

f"'(x)\ <1, mo

R;(0)

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

R(0) = —%- £7(8),

Jlig nmydmiedl OLleHKM TPOM3BOJHOW BTOPOrO MOpsiAKa HEOOXOJUMO YBEIHYUTH YHUCIO
Y3JIOBBIX TOYEK U BBIOpATh MEHBIIMH IIIar.

R (0)‘ < % ~052.

IHopsinok BbINOIHEHHS PA0OTHI:
1. O3HaKOMHTBCS C TEOPETUUECKUMU CBEJICHHUSIMHU.
2. BBIMONTHATE HEOOXOUMBIE PACUETHI.



3. OdopMuTh 1 IPEACTaBUTH PE3YIbTATHI PACUETOB.

®opma npeacTaBiIeHUs pe3yabTara:

PesynbraThl npeicTaBUTh B BUje oTueTa B hopmate .dOCX.

Kpurepum ouenku:

3aiaHue BBIMOJHEHO 0€3 OMIMOOK — OI[CHKA «OTITUIHOY.

3anaHue BBITOJIHEHO MPABWILHO, HO JOMYIIECHBI 1-3 BBIYMCIUATENBHBIX OIMIMOOK — OIICHKA

«XOpOILIOH.
3aaHue BBIIIOJHEHO HEOPEXKHO, NOMYILEHbI OIIMOKH — OLIEHKA «YAO0BJIETBOPUTEIILHOY.
3anaHue BBITIOJIHEHO HEIPAaBUJIBHO, JIOTYIIIEHbI OLITMOKH — OLIEHKa

«HEYOOBJICTBOPHUTCILHO.



Tema 3. YucieHHble MeTOAbI pelleHUS] OOLIKHOBEHHBIX AU pepeHInaATbLHBIX
YPaBHeHUil
JIABOPATOPHAS PABOTA Ne6 «4Y4UNCJIEHHOE PEINIEHUE
JIN®PEPEHIIUAJIBHBIX YPABHEHUI»

Lleab: 0OCBOUTH METOJIbI YUCICHHOTO perieHus TuddepeHInalbHbIX YpaBHEHUN

Boinosnus padory, Bel Oyjaere:

ymembs:

— perath auGepeHIrantbHbpe ypaBHEHHUs IEPBOTO MOPSIKA;

— OIIEHUBATD MOTPEIIHOCTh YUCIIEHHOTO PELIEHUSI.

MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3aganue:

|. Haiitu pemenue 3agaun Komm s auddepeHnnanbHOro ypaBHEHHs IEPBOTO MOPSIIKA
Ha paBHOMEpHO# ceTke orpe3ka [a;b] omuu pas ¢ marom h=0,2, mpyroit ¢ marom h=0,1
MeTonamu Oinepa, Oinepa-Komm u  kinaccuueckum meronoMm Pynre-Kyrra. Ouenutsb
IOTPEIIHOCTh YHUCICHHOIO pelleHus 1o npuHuuny Pynre. CpaBHUTH YMCIEHHOE pPELICHHE C
TouHBIM (@(X) . Pe3yibTaTsl IpEeICTaBUTh B BUJIE TAOIMIIBL.

, 1+ 1 1
1.y = Xy yl,, =0 1<x<2, go(x):E(x—;).

2

X
2 y':y-z—yx’ Y| =L 0<x<l @(x)=v2x+1.
3y

3.y =x+=, y| =0, 1<x<2, o(x)=x*(x-1).
. .

4.y'=xy, y| =1 0<x<l, ¢(x)=e"2

2
5. y’=yx+zxy, Vo=l 1=x<2, o(x)=x/(1-Inx).
3, y':w, | =0, 1=x<2, ¢(x)=Inx.
7. y':_X;y, y,, =0, 1=x<2, @(x)=xInx.

8.y +2xy=xe™*, y|X:0=0, 0<x<1], qo(x)=%x2e‘xz.

9. y'+ycosx=%sin2x, Y ,=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|x=1:1, 1<x<2, @(x)=2/@Q+Inx).

12. xy':x+y+xe%, yl,, =0, 1<x<109, (p(x):xlnzi.
= —X

x-1 x2—1

13. x’y'—y=xe*, y =1 1<x<2, ¢p(x)=e* .
In(x++vx* +1)
Vx?+1

15. xy’—yzﬁ, y|X:e=0, e<x<e+l, @(X)=xInInx.

14, (x? +1)y'+xy -1=0, Y, =0 0<x<1 ox)=

13. xy'—y =x%sinx, yl, = =0, %£x£%+1, o(x) =
2



17. y'+e ¥ =0 42x, y| =0, 0<x<l @(X)=x.
18. y'+e*) =X, y|X:O:o, 0<x<1, @(x)=x
19.xy'=yIny, y,, =e 1<x<2, o(x)=¢".

20, -yi0y)-1=0, ¥, =e. 15x52 p)=€'/x

21. xy'=xsinl+y, y|_1=%, 1<x<2, ¢@(x)=2xarctg X.
X =

22. Xy’ =(x-1)y, Yy =e 1<x<2, g(x)=xe".

2
23. (C+D)y +xy=x(x"+1), y_,=1 ~2<x<42+1, (p(x):XTJrl.

eZ 2

24. y’—ilenx, y|7=—, e<x<e+l], (p(x)zx—lnx.
xIn x e 2 2

25.y'—y ctgx =sin x, y\Xi:O, %sxs%ﬂ, (p(x):(x—%)sinx-
2

Il. 3amauy Komm pans nmanHoro auddepeHIuanbHOr0 ypaBHEHHsS BTOPOTO TOPSIKA
npeoOpa3oBaTh K 337a4e KOLIH Ui CUCTeMbI Au(depeHnnanbHbIX YpaBHEHUH TEPBOT0O MOPSIIKA.
Haiitn pemienne mocneaned 3amaum  MeTogoMm Pynre—Kyrra Ha cerke otpeska [a;b].
Borunciienust nmpoBectd ABaxiapl ¢ maramu h, h/2, momaras h =0,2. Haiitu yuciaenHoe
petienne TudPepeHIINaTIbHOTO YPAaBHEHUS M OIIEHUTh €ro MOTPEIIHOCTh ¢ MOMOIIBIO TpaBHiIa
Pynre. CpaBHUTH peELIEHHE C W3BECTHBHIM aHAIMTHUeCKuM pemenueM @(X). PesynbraThl
NPEJCTaBUTh B BHJIC TAOJIHUIIBL.

1!

=2e%, 1<x<2, @(x)=e>.

=1, 1<x<2, @(X):%(sz x4y
X

L xy—(x+Dy'-2(x-1y=0, y|_ =€’

x=1

1!

2. X2y +xy' =y =3x*, |

x=1 = 1' y

x=1
=3, 1<x<2, o(x)=x°.

Kparkue TeopeTnueckue cBeIeHH:
Yucnennoe peuweHue ougdepeHyuanvHvix ypasHenuli nepeo2o nopsaoka
B mpuknagHeIx 3amadax 4acTo BCTPEUYAIOTCS OOBIKHOBEHHBIE U QepeHInabHbIC
YpaBHEHMsI, TOYHOE pELIeHHE KOTOPHIX HANTH He yJaeTcs WIM OHO He BBIpaXKaeTcs depes
aneMeHTapHble GyHKIHH. Bo3HHKaeT HEOOXOIMMOCTh HAWTH PEIICHUE MPUOIIKEHHO.
3.1. Ilonamue o wucnennom memooe peuwieHus 3aoaqu Kowu
Paccmorpum 3anauy Komm:

3. x?y"-6y=0, y| =1 VY

x=1

y'=f(xy), (3.1)

Y(Xo) =Yo- (3.2)

Tpebyercs HallTM 4YHMCIEHHOE pELIEHHE Y=@(X) B BHUAE TaOMUIbl €ro MNpUOIMKEHHBIX

3HAYEHWH /ISl 33/IaHHBIX 3HAYCHUI apryMeHTa X Ha HEKOTOpoM oTpeske [a, h] ¢ ykasaHHO#H

TOYHOCTBIO.

Pemenue 3amaun Ko (3.1) Oynem uckars Ha otpeske [, b]. Orpesok [a, b] pazoobem Ha

Ha N paBHBIX yacreil. Benmumna h=(b-a)/n Ha3pBaeTcsl maroM WHTErPUPOBaHUS. TOUYKU
pa3bueHus (y3JI0BbIe TOUKH) PACHOIAraloTCsl PABHOMEPHO U CBSI3aHBI COOTHOILICHUSIMHU:

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

[Tycts y= ¢ (x) — uckoMoe TouHOe perreHue 3aaaun Komm. Pasmoxxum ero nmo ¢opmysie
Teiinopa Ha MPOMEKYTKE [Xi, Xi+1]
1 1
PU1) = 90) + 0/0) -+ 9" (6): h? + A ¥ +om*) (3.3)

[Tpou3BoHBIE CTOSIIME B TIPABOW YacTH paBeHCTBa (3.3), MOKHO HalTH 13 ypaBHeHus (1):



px)=txy), @ (x)=fK"(xyi)) ur. 1.

3HaueHune @ (Xo)=Yo naHO B HayanbHOM ycioBuH (3.2). ITo ¢popmyie (3.3) MOKHO HAWTH
3Hadenue ¢(X1), 3aTem, 3Has @(X1), Haiith @(Xp) u T. 1. OAHAKO MPAKTHYECKOE HCIIOJIb30BaHHE
dbopmyis (3.3) 3aTpyAHUTENBHO, TAK KaK MpaBasi 4acTh paBeHCTBA (3.3) COACPKUT OECKOHEYHO
MHOTO 4ieHOB. [103TOMYy Ha MpPaKTUKE OrPaHUIUBAIOTCS JIUITh HECKOJILKIUMHY TIEPBBIMH YJICHAMH
paznoxxenus Tewsnopa.

8.2. Memoo Dunepa

[Ipocreitmmii  meton pemenus auddepeHManbHbIX  ypaBHeHHH. Ha  mpakTuke
UCTIOJIB3YETCS IOBOJIBHO PENIKO M3-32 OTHOCHTEIBHO HEBBICOKOM TOUHOCTH.

[TpubnmxeHHble 3HaUeHUs YucIeHHoro pemienus 3agaun Ko (3.1) B y3JI0BBIX TOUKAX X
0003Ha4YMM Y :

Yi = @ (X).
B merone Diinepa mns moncyera Yi+1 B paBeHcTBe (3.3) OepyT TOJIBKO MEpBBIE ABa
CJIaraeMbIX | MOJIATaloT
yie1= Yitf(Xi,yi)h, (3.4)
opa  Xj+1 = Xj+h .

I'eomeTpuueckass wuHTeprpeTanuss MeToAa JnaHa Ha puc. 3.1, rae wu300pakeHsl
WHTETpaJIbHBIE KpuBbIe. Mcnons3oBanue (opmynsl (3.4) o3HA4YaeT, 4TO IBMIKCHHE OT TOUYKH
Pi(Xi, i) k Touke Pj+1(Xi+1, Yi+1) IPOMCXOIUT HE IO CAMOM MHTETPaIbHON KPHUBOM MPOXOISIICH
yepe3 TOuKy Pi (OHa HaM HEM3BECTHA), a 110 OTPE3KY KacaTeJlbHOM K HEW IPOBEIEHHON B ATOU
Touke. Ha kakgoM crienmyromieM Iare Mbl 3aHOBO HAaxXOJUM KacaTEebHYI0 K HHTErpajibHON
KpUBOH1 (y’ke Ipyroil MHTErpaJibHON KPUBOW CEMENCTBAa MHTETPaJIbHbIX KPUBBIX). B pe3ynbrare
MOJTy4yaeM JIMHUIO, KOTOPYIO HAa3bIBAIOT IOMAaHOH Diiepa.

b
Vi Pio
Virt ~—
yi S~
X
X Xi-1 Xi+2
Puc.3.1.

3.3. Merons! Pynre - KyTra
Jlnist yMEHBIIIEHHS TOTPEITHOCTH METO/a HCIIOB3YIOIIET0 Pa3I0KEeHNE HICKOMOTO PEIIEHHSI
B psan Teinopa (3.3), HeEoOXOAMMO YYMTHIBaTH OoJiblllee KOJWYECTBO YJIEHOB psna. B
3aBUCUMOCTH OT CTaplieil CTeNeHW, C KOTOPOW YUYUTHIBAIOTCS UWICHBI psAa, MOCTPOSHBI
BeIuMcIuTeNbHbIe PyHre-Kyrra pasHbIX NHOpsIKoB TouHOCTH. Tak Merox OJinepa MOXHO
Ha3BaTh MeToA0M PyHre-KyrTa neporo nopsaka.
Merton Pynre-Kytra BTOpOro mopsaka Ha3sBaloT MeTo oM JDitiepa-Kommu. B aTom ciyuae
B popmyre (3.3) oTOpachIBarOTCS WICHBI Ha4YWHAS C YETBEPTOTO. BhramciuTebHbIE (HOPMYITBI
Meroaa Dinepa-Komu:
h f f h, y
Yia = Vi +;( (X, ¥j) + (x5 +h, ¥j)), (3.5)
i =Y + T ¥4)
['eomeTpruecKHil CMBICI 3TOTO BBIUMCIEHUS TMoka3aH Ha puc. 3.2. Kaxmoe ouepemanoe
3BeHO Pj Pj+1 TOMaHON cTOUTCS TaK:



1. B rtouke Pj(Xj, Yi) onpenessieM HarpaBlieHHE @) KacaTeIbHOW K HHTETPaIbHON KPUBOM
IpOXOsLIeH Yepe3 3Ty TouKy U 3HaueHue Ki = tg(ca). IIposogum otpesok PiP! mo
HAIMPaBJICHUIO .

2. B cepemune Ni(xi+h/2, yi+kih/2) orpeska PiP1 ompejeNisieM HampaBlIeHUE
KacaTeJIbHOH K WHTETPAIbHON KPUBOW MPOXOMISIICH 4epe3 ATy TOUYKY M 3HAYCHHE
k2 = tg(). [IpoBoaum oTpe3ok PiP j+1 10 HanpaBICHUIO ).

Y

Vit P Pin

(ci2)

1 P!
(ou

gh?

i

Y

Xi Xi+1

Puc. 3.2
Takum 06pa3zom, MbI IPOU3BOAMM IIEPECUET, YTOUHEHHE YTIOBOTO K03 (UIlneHTa 3BeHbEB
JIOMaHOM. Y3Ke U3 reOMETPUYECKOrO CMBbICIIA ICHO, YTO JAHHBIM METOJ TOUYHEE METoAa Duepa,
TaK KaK 3/IeCh YUUTHIBACTCS TOBOPOT KacaTeIbHOM Ha HHTEPBAJIC [ X, Xi+1].
Meton Pynre-Kyrra uerBepToro mopsiika Ha3blBalOT KJIACCHMYECKHMM MeToaoM Pynre-
Kytra. 3neck nomyuuntcs eiie 60s1ee TOUHbIN pe3ynbTar. ANropuT™ peuienus 3aaaun Komu:

h
yi+l=yi+g(kl+2k2+2k3+k4)'
h h 36
k= FOG, Yi), k2=f(xi+g, yi+zkl), (3.6)
h h
kg = f(x v yi+5k2), kg = f(X +h, yj +hkg)

opu  Xj+1 = Xj+h .
['eoMeTprueckuii CMBICI STOTO BBIUUCIICHHUS MTOKa3aH Ha puc.3.3. Kaxmoe ouepennoe
3BeHO Pj Pi+1 J0MmaHoIi cTronTcs Tak:

1. B touke Pi(X;, i) onpenenseM HampaBleHHE ¢ KacaTeIbHOW K MHTETPAIIbHON KPUBOH,
IpOXOsIIIeil Yepe3 3Ty TouKy i 3HaueHne Ki = tg(ca). [IpoBogum orpesok PiP! mo
HAaIpaBJICHUIO .

2. B cepemmme Ni(xi+h/2, yi+kih/2) orpeska P;P' ompemensiem HampaBnenne oo
KacaTeJIbHON K MHTErpalIbHOM KPUBOM, TIPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K2 =
tg( ). [IpoBoaMM OTpE30K PiP2 10 HAIPABJICHUIO ).

3. B cepemmne No(xi+h/2, yitkyh/2) orpeska PiP? omnpenensieM HampaBieHue o3
KacaTeJIbHON K MHTErpalIbHOM KPUBOM, TIPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K3 =
tg( ). Iipoomm otpesok PiP® o Hanpasenmio as.

4. B touke P3(Xi+h, yi+ksh) onpenensem HampaBieHue oy KacaTeabHON K HHTETPATbHOMN
KPHBO#i, IPOXOSIICH Yepe3 3Ty TOUKy U 3HaueHue k4 = tg(ay).

5. TlomydeHnHble 4yeThIpe TaHreHca ycpeaHstorca Becamu 1/6, 2/6, 2/6, 1/6 no dbopmyie:

1
- (kj + 2ky +2kg +k,). IlO 5TOMY OKOHYATENHHOMY HANPABJIECHUIO MBI IIPOBOJIMM

oTpe30k u3 Touku Pi(Xi, Yi) B TOUKY Pir1 (Xi+1, Yi+1)-



i

Xi xith Xitl

Puc. 3.3

W3 reoMeTprueCcKOro cMbicia sCHO, YTO JaHHBIH METOJ HAMHOI'O TOUHEEe MeToa Diliiepa
u Diinepa-Komu.
3.4. Ioepewnocmos memooos
ITpu npoBeieHNN BBIUUCICHUN BO3HUKAIOT JIBE IIOTPEIIHOCTHU:
1. JokajabHasi MOTPELIHOCTD, T.€. IOTPEIIHOCTh HA OJHOM IIare, BO3HUKAIOLIAs 3a CUET
NEPEMELIEHHS HE 110 MHTErPajJIbHOU KPUBOH, a IO KacaTeIbHOU K HEH;
2. 1Jj00ajbHasi NOTPENIHOCTD, T.€. MAKCUMaJIbHAS IOTPEIIHOCTD PEIICHHS:
| Yoo (%) |-
['oBOpAT, YTO YMCIEHHBIH METOA HMMeEEeT P-i MOPS/A0K TOYHOCTH 1Mo mary h, ecim
BBITOJIHAETCS YCIIOBUE:!
max |y. —(p(x_)
1<i<n!! !

rae C — HeKoTopas MOJIOKUTENIbHAs TIOCTOSIHHASL, 3aBUCALIasl OT MpaBoi yacTH ypaBHeHusd (1) u
OT paccMaTpuBaeMoro meroza. P-il MOpPsiI0OK TOYHOCTH O3HA4YaeT YTO, HANpUMeEp, IpHU
yMeHbleHuH mrara B 10 pas, morpenHocTh YMEHbIIUTCS puMepHo B 10P pas.

—chP

Jns merona Dilnepa JoKajbHas MOTPEUIHOCTh MMEET MOPSA0K TOYHOCTU h? (BTOpOH
HOPSZIOK TOYHOCTH). DTa BEMMYMHA COOTBETCTBYeT N B TOil cremeHH, B KOTOpoil h crouT B
nepBoM oTOpolieHHOM ujieHe B (gopmyne Teinopa (3). ['mobanpHasi MOTpPEemIHOCTE U METO/T
Diinepa UMEIOT NOPSAOK TOYHOCTH h (TIEPBBIi MOPSITOK TOYHOCTH).

CooTBeTcTBeHHO It MeTona Jinepa-Komm JokanbHasi MOrpemHoCTh HMEET MOPSIOK
TouroCTH h®, TII0GaNBHAS TOrPEITHOCTh HMEET MOPSIOK TouHOCTH h,

s metona Pynre-KyTTra ueTBepTOro mopsijka JIOKaIbHask OTPEIIHOCTh UMEET MOPSIO0K
Toynoctn h°, T106aIbHAs OTPENIHOCTh UMEET MopsaoK TournocTH h',

Ha mpakTrke oleHKYy MOTpeIHOCTH pelIeHus, HalIeHHOTo ¢ maroM h/2, B TOYke X; €
[a,b] mpowmzBomAT ¢ moMoIIEI0 MpaBuiaa Pynre:
|vi (h) — v (h/2)]

2P 1

rae P — TOPSAJIOK TOYHOCTH YHCIEHHOTO MeTona (st Meroma Diiepa p = 1, ama meroma
Oiinepa-Kommu p = 2, s metona Pynre-Kyrra yerBeproro nopsinka p = 4). [lonydenue oueHku
pe3yibrara mo gopmyse (3.7) BRIHYKIA€T MPOBOJANTH BBIYHCICHUS JBAXKIBI: OJWH pa3 C IIarom
h, npyroii — ¢ marom h/2.

Eciu mo ycnoBuio 3amaum TpeOyeTcss HalWTH YHCICHHOE PEUIEHHE C TOYHOCTBIO €
(mpenenpHasi abCOIOTHAS MOTPELIHOCTH), TO B 3TOM Cllydyae HadallbHbIM IIar BeIYUCIEHUN h
YCTaHABIIMBAIOT C IOMOIIbIO HEPABEHCTBA

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



HP<g, (3.8)

npu p=2, 3, 4 COOTBETCTBEHHO JJIs METOA0B Diliiepa, Ditniepa—Komm, Pynre-Kyrra yerBeproro
nopsiiKa. YCJIOBUEM JOCTHXKCHHS 3aIaHHOW TOYHOCTH BBIYHMCIICHUM, SIBJSIETCS BBINOJTHEHUE
HEPaBEHCTBA

yi(h) -y, (h/2)
2P 1
npu Beex | v e p=2, 3, 4 COOTBETCTBEHHO Ik MeTO10B Ditnepa, Ditnepa—Koru, Pynre-Kyrra
YETBEPTOT0 MOPSAKA.
3.5. Yucnennoe pewenue cucmem oughghepeHyuanbHuix ypagHeHui nepeoco nopsaoKa
Paccmotpum 3amauy Kommwm nns cuctemsl u3 N auddepeHranbHbIX YpaBHEHUN MEPOBOTO
nopsiiKa

< (3.9)

y1 = H (% ¥, ¥0.¥n),
Yo = B (%Y Ypr¥n): (3.10)

y3 = f1(% Y1, ¥p.-¥n),
IIpH HAYaJIbHBIX YCIIOBUAX

Y1(X0) = Y100 Y2 (Xg) = Yo s Yn(Xg) = Yo - (3.11)

Ecau BBecTH BCKTOPHBIC 0003HAYEHMUS:

y1(X) y1(X)
Y(X) — y2 (X) i Y’(X) — ylz(x) ,
Yn(x) Yn (X)
fo0Y) Yio
Foovy=| 27| v =| Y0
fo(xY) Yoo
to 3ama4a Komm (3.10)-(3.11) B BekTOpHO# (hOopMe 3aMUIIEeTCs TaK:
Y =F(xY), Y(xg) =Yg (3.12)

Yucnennoe pemenne 3aaaun Komu (8.12) cocrout B ToM, uto Ha oTpeske [a,b] Tpebyetcs
HOJYYUTh MPUOIIMKEHHBIC 3HAUCHHsT KOOpAuHAT BekTopa Y(X) B y31moBbIX Toukax X; (i=1, 2,...,
m) ¢ marom h=(b-a)/m.

O603HaYMM BEKTOP, NOCTABIAIOIIUN IPUOIMKEHHOE PEUIEHUE, Yepe3 Y; ~ Y () (i =12,...,m)

, a ero koopauHatel —uepe3 Yii (K=1, 2,...,n); i =1, 2,..., m) TaK, 4T0 Y,; = Y, (X) .

PaccmotpuMm uncienHoe pemenue 3agaud Komm ans cucrtembl  AudQepeHnuanbHbIX
ypaBHeHUU ¢ momolibio Meroga Pynre-Kyrra uwerBeproro mopsinka. Bekropnas ¢opma
anroputMa Metoaa Juist 3aaa4u (3.12) coorBercTByeT hopmynam (3.6) u UMeeT BUA



xi+1=xi+h (i=12,..m)

h
Yig =Y +E(K1+2K2 +2K3+K4),

o (3.13)
K1=F(Xi,Yi), K2=F(Xi+E,Yi+EK1),

h h
Kg=FOq+20 Yi w2 Ka) Ky =FOG 0 Y+ Kg),
TAC BCKTOPLI Kj — , (j:1,2,3,4)'

OneHka MNOTpemIHOCTh MeTOJAa Ha IPaKTHKE OCYIIECTBIseTcs Mo mnpaBuwiay PyHre
ananoruyno (3.7). [lycts

yy; () yy; ()
-(h -(h
Yni (M) Yni (M)

- 3HAYEHWs YHCIICHHOTO PEIICHUs B TOYKE X; , MOJydeHHble st 1mraroB h u h/2
COOTBETCTBEHHO; TOT/Ia MOTPEHIHOCTh di B TOYKE Xj I BRIYUCICHHH ¢ marom h/2 Beipaxkaetcs
MPUOJIMYKEHHBIM PABEHCTBOM

g -y 072}
2P 4

e
d; (h/2) ~ =<0 , (3.14)
e p — NOPSI0K TOYHOCTH YUCICHHOro Metoa (p=4).
3.3. YucnenHnoe pemrenne mudhepeHHaTbHBIX YPaBHEHHI BBICIIHX TTOPSIKOB
3agaua Komm ans auddepeHunanbHoro ypaBHeHHs N-TO TOpsIKa CTaBUTCA TakK: HaMTh
pelieHre ypaBHEHUs

y(n) = f(X, y‘ y,7 y”l"'ly(n_l)) (3'15)

[PU HaYaJIbHBIX YCIOBHUIX
Y0) = Vor Y0i) = Vo D0y =y, (3.16)
3amaua Komm (3.15)-(3.16) s auddepeHInanibHOr0  ypaBHEHHsS N-TO  MOPS/IKa

npuBOIUTCS K 3anade Komm mis cuctem N auddepeHImanbHbpIX  ypaBHEHUN TIEPBOTO TOPSIKa
(3.10)-(3.11), k KOTOPOIi 3aTEM MPUMEHSIOT YUCICHHBIC METO/IbI PEIIIEHHS CHCTEM.
Brenem o0o3HaueHus
=Y 2= zi, 23 = 2’2, wey Ip = Z/n—l

u BbipazuM ¢QyHKIHoO Y(X) W ee mpou3BoaHbie 10 (N-1) mMOpsiaka BKIIOYUTEIBHO dYepes
BBEJICHHBIC (D YHKITUU:
" n-1

y:Z:L,y:ZZ,yzzs, ey Y =1In-
Bwmecro 3amgaun (8.15)-(8.16) umeem 3amady 1Sl CHCTEMBI YpaBHEHHIA

’

zi:z2
n =1
2 3
(3.17)
z’n_lzzn
zn = (%, 21,22,...,zn)

IIPpU HaYaJIbHBIX YCIIOBUAX



71(Xg) =Yg 2p(Xg) =Yg - Zn(Xg) = y(()n_l) . (3.18)

IMopsinok BLINOJIHEHHUS PadOThHI:

1. O3HaKOMHTBCS C TCOPETHUCCKUMHU CBEJICHUSIMHU.

2. BbIMOMHUTE HEOOXOUMBIC PACUETHI.

3. OdopMUTh U MPEACTABUTH PE3YJIbTaThl PACUCTOB.

dopma npeacTaBeHus pe3yJbTara:

Pe3ynbTaThl MpeCTaBUTh B BUE oTyeTa B (hopmare .dOCX.

Kpurepun omenkn:

3ajaHue BBINOJHEHO 0€3 OIMOOK — OLIEHKA «OTIMYHOY.

3amanue BBITOJHEHO MPABUIBHO, HO AOMYIIEHBI 1-3 BBIYUCIUTEIHHBIX OMIMOOK — OIICHKA
«XOPOIIIOY.

3aiaHue BBIMOJIHEHO HEOPEIKHO, TOMYIICHBI OTUOKU — OIICHKA «yIOBJICTBOPUTEILHOY.

3aganue BBITTOJTHEHO HEIPAaBUIIBHO, JIOITYIIICHBI OIIIMOKH - oIleHKa
«HEYIOBIICTBOPUTEIILHO.



