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1 HOACHUTEJIBHASA 3AIIMCKA

CoctaB u cojepkaHue J1aOOpaTOPHBIX 3aHATUN HAMpaBlIEHbl Ha pealli3alluio
®DenepanbHOTO TOCYAAPCTBEHHOTO 00pa30BaTEIbHOIO CTaHJapTa CPEAHEro MpoheCCHOHATHLHOTO
oOpazoBaHwUs.

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

Benymeld nuaakTHuecKol 1ebl0 Ja00paTOPHBIX 3aHATHHA SBISETCS SKCIEPUMEHTAIHHOE
MOJATBEPXKJIEHUE M TPOBEPKA CYIIECTBEHHBIX TEOPETUUYECKUX TIOJIOKEHHH  (3aKOHOB,
3aBUCUMOCTEN ).

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

B pe3ynbraTte UX BBIIOIHEHUS, 00YYAIOLIMNACS TOJIKEH:
ymembp:
— UCIIOJIb30BaTh OCHOBHBIE YHCIICHHBIE METOBI PEIIEHUS MATEMAaTUYECKUX 3a/1ay;
— BpIOMPATh ONTUMAJIbHBIA YMCIEHHBIM METOJI JJIs1 PELLEHUS TIOCTaBJIEHHON 3a/1auH;
— JaBaTh MAaTEMaTHUYECKUE XapaKTEPUCTUKU TOYHOCTH HCXOJHOW HHPOpMaLUU U
OLICHUBATh TOYHOCTb [TOJIyU€HHOT'O YUCIEHHOTO PELICHMUS;

— pa3palaThiBaTh aNrOPUTMBl M HPOTPaMMBbl Ul PELIEHHs] BBIYMCIUTENBHBIX 3a7ad,
YUUTBIBasi HEOOXOAUMYIO TOUHOCTb [10JIy4a€MOTr0 pe3yibTara;

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

I1IK 1.1 — ®opmupoBaTh anropuT™Mbl pa3pabOTKU MPOrpaMMHBIX MOJyJIE B COOTBETCTBUU C
TEXHUUYECKHUM 33JJaHUEM.

[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 MHPOpPMAIUH Ji1 MPOEKTUPOBAHUS
0a3 TaHHBIX.

A Taxxke GOpMHUPOBAHUIO 0OUUX KOMNEM eHY UL

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

OK 2 — IInaHupoBaTh M peasn30BbIBaTh COOCTBEHHOE MPO(ECCHOHATBHOE U JIMYHOCTHOE
pa3BUTHE.

OK 4 — PaGoTtaTh B KOJJIEKTUBE M KOMaH/J€e, 3()(HEKTUBHO B3aUMOAEHCTBOBATh C KOJJIETaMH,
PYKOBOJCTBOM, KJIMEHTAMHU.

OK 5 — OcymiecTBisTh YCTHYIO U IMCBMEHHYIO KOMMYHHUKALIMIO HAa TOCYJTapPCTBEHHOM SI3bIKE
C Y4E€TOM OCOOEHHOCTEH COLMAIBHOIO M KYJIBTYPHOIO KOHTEKCTA.

OK 9 — Ucnonp3oBaTh HHPOPMALMOHHBIE TEXHOJIOTHH B TPOPECCUOHATIBHOM J1eITETbHOCTH.

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

Brimonnenune o0yyaronmxcs 1a00paTopHbIX padoT 1Mo yueOHON TUCIUIUIMHE «YucIeHHbIe
METO/IbI» HAIPABJIEHO Ha!

- 0boOwenue, cucmemamuszayuio, yenybnenue, 3aKpenjienue, passumue u 0emanu3ayuio
NOJIYYeHHbIX MEeOPemUecKux 3HaHUll N0 KOHKPEMHbIM memam y4eOHol OUCYUNTUHDL.

JlaGopaTtopHble 3aHSTHS MPOBOJTCS MOCIE COOTBETCTBYIOIIEH TEMbI, KOTOpasi 0OECIeUrBaeT
HaJIMYUe 3HaHUH, HEOOXOIMMBIX JUIS €€ BBITOJTHEHHSI.



2 IEPEYEHD JIABOPATOPHBIX 3AHATHIA

Pa3nesnl/Tembl Tembl J1a0OPATOPHBIX 3aHATHI Konuuyects | TpeGoBanus
0 4acoB PIr'oC CI1O
(ymeTn)
Tema 1. Ocuosuble | JlaboparopHas paborta 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/bI YUCJICHHOTO | «UHUCIIEHHOE  MHTErpUpOBaHUE U V4, YO01.1,
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. OcHOBHBIE NOHATHS TEOPHH NOTPEIIHOCTel BHIYUCICHHUH.
_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.
3amanmue:
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; B) 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 TeopeTnueckue cBeIeHH:

BeienuM criefyroniyie OCHOBHbIE HCTOYHUKH TTOTPEITHOCTEMH:

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
HEYCTPaHUMOM MOTPEUIHOCTHIO.

O603HaunB yepe3 | abCOoMOTHYIO BETUYMHY MTOTPELIHOCTH pe3yibTara, a yepes I, , I, u |,
— 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)

Hpumep 1.1. Ecin a=20,25na, =20, To abconoTHas 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 IOHUMAETCS BCIKOE YHCIIO Ay HE MEHBIIIeE a0COIIOTHOM MOTPEHIHOCTH 3TOTO YHCIA:

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 . CunenoBarenbHo, Ay = 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 HaXOJIUTCS TOYHOE 3HAUCHHUE N3yIaeMOM BEITMUNHBI.

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

6 <6, (1.8)

Tak Kak crpaBeUIMBO HEPABEHCTBO

— A L

lal = lal '

TO MOXXHO CYUTaTh, YTO MpEACIIbHbIC aOCOIMIOTHASS UM OTHOCHUTENbHAS TOTPEITHOCTH CBSI3aHbBI
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

OTHOCHTCHBHOﬁ HOFpCIJ_IHOCTI/I 3aIIucaTtb HepaBCHCTBO
5 Aa ! 0,004
¢ lal 250

T. €. CUMTATh, 4TO 0,=0,004 .



Ecnu abGconmoTHast 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

Onpenenenune 1.6. 3Havamummu 1udpamMd B 3a0HCH  NPUOIIDKEHHOTO  YHUCIA
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
NpUOIMKEHHBIX YHCEeN OTINYatoTes !

Onpenenenne 1.7. IlepBpie N 3Havammx IUdp B 3amUCH MPUOIIKEHHOTO YHUCIA
Ha3bIBAIOTCSl BEPHBIMU B Y3KOM CMBICIIE, €CJIM a0COIIOTHAS MOTPEUIHOCTh YHCIIa HE IPEBOCXOIUT
MOJIOBUHBI €IUHUIIBI Pa3psAa, COOTBETCTBYIOIIETO N -l 3Hauamiei mudpe, cuuTas clesa
HaIpaso.

Hapsiny ¢ naHHBIM ompesienieHneM MHOT/Ia UCTIONIb3YETCs IPYToe.

Onpenenenne 1.8. IlepBbie N 3Havammx 1udp B 3anucHd NPUOTMHKEHHOTO YHCTA
HA3bIBAIOTCS BEPHBIMU B IIUPOKOM CMBICIE, €CIM aOCONIOTHAs TMOTPENIHOCTh YHCIa 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. CnuenoBareibHO,
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
BEPHBIMU SBJISIOTCS TIEPBBIE TATH ADP.

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 3HAYCHHE CKOPOCTH CBeTa B BaKyyMe COCTaBIse€T C=
2,997925-108 , M/c. OueBHJIHO, YTO HU OJIHA 3Havamas nudpa B npumepe 1.9, He coBmamaer ¢



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 OTHOCUTEIBHYIO M aOCONIOTHYIO MOTPEUIHOCTH NPUOIMKEHHBIX
ancern: 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 apugpmMerHyecKux 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
YMEHBIIIAEMOT0 U BBIYUTAEMOTO, T.€. Ay=Ax+Ay,a pefiesbHasi OTHOCHTENIbHAS IOTPEITHOCTb.

= Sty (1.15)
lx=y|

N3 dopmynsr (1.15) cnemyer, uro ecnu NpUONMKEHHBIE 3HAYCHHS] 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;
*=121254] " ’



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
YHCJI0 BEPHBIX 3HAUAIIMX IU(p B HEM, €CJIM BCE HAMCAHHbIE U(PBI COMHOXKUTENEH — BEpHBIE
B Y3KOM CMBEICIIE.

Pemenne. [1o ycnoBuio npeaenbHble aOCONIOTHBIE MOIPEIIHOCTH COMHOXKUTENEH paBHbI
Ay =Ay = 0,005 ; 64 = 0,005 /12,45 (1 =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 CMBICTIE.

Pemenue. [IpenenpHast OTHOCHTEIbHAS MTOTPENTHOCTh 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)

Kak BumHO U3 popmyasl (1.17), ans ee npumeHeHus Tpedyercs, utoobl Gpynkmms f (X1, X 2
, -y Xn ) OBLTA TUDPEpEHITPYEMOI TIO BCEM ITIEPEMECHHBIM.



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.
3anaHue BBITIIOJIHEHO HEIPaBUJILHO, JOIYIIEHBI OLINMOKH - 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:

— pelaTh CUCTEMbI JIMHEHHBIX alireOpandyeckux ypaBHEHUH, UCHOb3ys metof [aycca u
METOJ] UTEPALIUH.

MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3amanue:

Haiiti pemieHusi cucteM JMHEHHBIX —anreOpanueckux ypaBHeHuit AX =D ¢ TouHOCTBIO
£=10"?: a) ucnone3ys meron l'aycca;, ©) ucmonb3ys meron urepanuii. CpaBHHTH HX C
TOYHBIMH PELICHUSMH & .

5 0 1 11 2
LA=| 1 3 -1| b=|4| &=|1
-3 2 10 6 1
2 0 -1 -3 -1
2 A=|-1 3 1| b=|2]| &=|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=[5]| &=|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=|2 5 -2| b—[—4, = 0.
1 -1 3 2 1
3 -1 1 1 1
s A=| 0 2 -1} b_[s, E=| 1
11 5 -5 -1

4 1 -1 7 2
o.A=|2 3 0| b=|7| é&=[1].
1 -1 5 11 2
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5 0 1 11 2
22. A=[1 -3 1| b=|3]| ¢&=|0

3 -1 5} [11 1

5 -1 3 0 1
23. A={1 -3 1} b—(—G, g—[z

0 1 2 0 -1

5 -11 -6 -1
24. A=|-2 5 1| b=|13| 5—[2

3 -15 0 1

KpaTkue Teopernyeckue cBeieHUA:

2.1. Memoo npocmoii umepayuu

Bce Mertonml pemieHus CHUCTEM YypaBHEHMH MOXXHO pPa3OUTh Ha YCIOBHO TOYHBIE H
npubikenusie. K TounbiM anroputmam otHocutTcs — Mmeton Kpamepa, [Maycca, XKoppana-
'aycca u 1.1. Cpenu npuOIMDKEHHBIX CIEAyeT OTMETUTh, NPEXIE BCEro, HTEpalOHHbIC
MeTopl. PaccMoTpuM moapoOHO METOJ MPOCTOW UTEpaliu, KOTOPbIH 00JaaeT CaeayoluMu
IIPEUMYILIECTBAMH:

1. Eciu mpouecc urepanyu CXOOUTCsl OBICTPO, T.€. KOJIWYECTBO NMPUOIMKEHUN MEHBILE,
4eM IOPSOK CHUCTEMBI, TO IOJIY4aeTCs BBIUIPHIINI BO BPEMEHM PELICHMS IO CPABHEHMIO C
TOYHBIMH METO/IAMHU.

2. Meron uTepanuii SABISAETCS CaMOKOPPEKTHPYIOIIUMCS, T.€. OTJCNIbHbIE OIIMOKH He
OTpakaroTCsl HA KOHEYHOM PEe3yJIbTaTe PeIIeHNUs.

3. IIpouecc urepanuii Jerko nporpaMMupyercs Ha 9BM.

[lycTh naHa cucreMa JIMHEHHBIX anredpandeckux ypaBHEHUN

Ax=Db

rae A — HEBBIPOXKICHHAA MaTpHUILA.

Pacimmpennas matpuna A 3TOi CUCTEMbI UIMEET BUJ:

2 ap .. da, by
A= dy dp A, b

| e |

la a,. a b,/

[IprBOAsA C MOMOLIBIO TMHEHHBIX NPEOOPa30BAHMM 5Ty CHCTEMY K SKBUBAJICHTHOMY BHIY .
X=cE+d
OylneM pemaTh HOCIEIHIOI METOJIOM IOCIEA0BATENbHBIX NPUOIMKEHUH. B3sB 3a Hynesoe
NpHONIMKEHNE KaKOH-IM00 BEKTOP < | BoramcmiM npuONIMKeHne = o bopmyne
=" +d,
aHAJIOTUYHO
¥ =cx"+d urn

Eix)
[TociienoBaTeNLHOCT BEKTOPOB } ~k=1.2._... cXOmHTCS K TOYHOMY PEIICHHIO X', T.C.
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€CJIM HOpMa MaTpUIbI C
llell = 1.



Hopwma ||c|| onpenensieTcs 1o oAHOMY U3 CIETYIOIIUX CIOCOOO0B:
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ITepBas w3 3TX GOpPMyN MO3BOJSIET OIEHUTH KOJHMYECTBO HTEPAIMil, TEOPETUICCKU
HEOOXOUMBIX JJISl JOCTHKEHUS 33JaHHOW TOUHOCTH.

Iopsiiok BbIMOJIHEHUsI PpA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUCCKUMHU CBEICHUSIMHU.

2. BBINOJHATH HEOOXOIUMBIC PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBJieHus pe3yJbTara:

PesynbraThl pecTaBUTh B BUje oTueTa B hopmarte .dOCX.

Kpurepum ouenku:

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

3amanue BBIOJIHEHO MPaBUIBHO, HO JOMYIIEHBI 1-3 BBIYUCIUTENBHBIX OMIMOOK — OIIEHKA
«XOPOIIOY.

3a/iaHue BBIMOJHEHO HEOPEIKHO, TOMYIIEHBI OTHOKHU — OIIEHKA «yIOBIETBOPUTEIHLHO.

3amanue BBIIOJIHEHO HETPaBUIIBHO, JIOTTYIIEHBI OIIOKU - OIICHKA
«HEYJIOBJIETBOPUTEIHLHOY.



Tema 3. AIropuTMBI M METO/ABI IOUCKA KOPHEell ypAaBHEHUS U pelleHus!
HEJIMHEHHBIX CHCTEM
JIABOPATOPHAS PABOTA Ne3 « PEHIEHUE AJITEBPAMYECKUX U
TPAHCUEHJIEHTHBIX YPABHEHUIN»

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

ymembw:

— pemaTth aiareOpandyecKkue ypaBHEHUS METOJIAaMHU IOJIOBUHHOTO JIEIEHUS, IMPOCTHIX
uTepanui, METOIOM XOPJ U KacaTeJIbHbIX.

MarepuaabHoe ofecnedeHne: akeT NpUKIaaHbIX mporpamm Microsoft Office.
3aganue:
Haiitu perieHust Cleyfomux ypaBHEHHUI ¢ TOYHOCThIO £ =102
a) METOJIOM IOJIOBUHHOTO JICJICHHUsT; 0) METOJIOM IPOCTHIX UTEPAIIUi; B) METOJIOM XOPI U
KacaTeJbHBIX.

1 X' =3x=20=0 (x>0). 2 x*-2x-5=0 (x>0).
3 X° +3x+5=0 . 2 X' +5X-7=0 (x>0).
5. x> =12Xx-5=0 (x>0). 6 x+e*=0.

7. X =2x* —4x+5=0 (x<0). s Xx°-x-2=0.

0. x> =10x+5=0 (Xx<0). 10.2—Inx—x=0 .

1. X +2x-7=0 . 12. X +x2=11=0 (x>0),
13. X' =2x-4=0 (x>0). 14 28" +x-1=0

15 X' —=2x-4=0 (x<0). 16. 2 +x*-4=0 (x>0).

1788 —x-2=0 . 18.%ex_x—1=o (x>0).
109. X —cosx=0 (x>0). 20 X*+Inx=0
2. Inx+0.5x—-1=0 . 22. Inx—-05x+1=0 (x>1).
1 1 e*
23. —Inx=0 . 24. -—=0 (x>0)
1+ x? 1+x* 2
25. X _Inx=0
2+X

Kparkue TeopeTnueckue cBeIeHH:

Pewenue ancebpauueckux u mpancyeHOeHmMHbIX yPAGHEeHUl

3.1. Kopnu ypasuenus. Omoenenue Koprel

®yuknus f(x)HaspiBaeTCs anreOpanvdecKo, eciu A 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 (QyHKLIMH, TO ypaBHEHHE
HA3bIBACTCS a12e0pautecKuM.

Anrebpanueckoe ypaBHEHHE BCErJja MOKET ObITh IPUBEICHO K BUILY

" =1 =2 N _
a,x" +a, 1 x +a, ,x  +.o.tax+ay=0. (3.1)

=123.. a,=0.

rae M



Bce HeanreGpamdeckue (YHKUMH: [OKaszaTenbHas @ , sorapudmudeckas l0ga X |
TPUTOHOMETpHUYECKHE sin X, COS X, tg X, CtgXx um oOpaTHble TPUTOHOMETPUYECKHE arcsin X,
arccos X, arctg x, arcctg X — Ha3bpIBalOTCsl TPAHCLEHACHTHBIMHU.

Ecnu B 3amuch ypaBHEHUS BXOAAT TPAHCUECHICHTHBIE (DYHKIMH, TO YpaBHEHHE HA3bIBACTCS
TPaHCLIEHICHTHBIM, Hapumep tg X = ax .

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

B ob6mem cnydyae mis ypaBHeHust f (x) =0 oTcyTcTByHOT aHanuTH4YecKHe (HopmyIibl,
OTIpEeIISAIONINE €r0 KOPHHU.

3amada OTHICKAHHS KOPHEH CBOIUTCS K HaXO0XJIEHUIO BCEX TOYEK X; IepeceueHus rpaduka
¢byuknuu f(x) ¢ ocero x (puc. 3.1).
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Puc. 3.1. T'eomerpuueckast uaTepnperaius KopHei ypasuenus f(X) =0

W3 pucyHka BHIHO, YTO YHCIO TOYEK MepecedcHus rpaduka QyHKIHUU C OCHIO X MOXKET
ObITh HecKOJbKO. [lo9TOMy B KadecTBe IMEpBOro Iara NpU PEHICHWH JH000r0 ypaBHEHUS
HPOBOJIAIT OMmoeeHUue ero KOpHEe. ITO 03HAYACT, YTO OCh X pa30MBAIOT HA TAKUE OTPE3KH, YTO B
KaX/IOM W3 HUX COAEP)KUTCS TOJIBKO OJWH KOPEHb ypaBHEeHHWs. [lociie 3Toro ciieayer yTO4HUTh
MOJIOKEHHE KaXJI0T0 KOPHS B Mpeesax J0MYyCTUMOI MOTpelHOCTH.

JInst oTneneHus KOpHEH MoJie3Ha Clieayromas TeopeMa: eciu HenpepbiBHas Gyakmus f(X)
NpUHUMACT 3HAYCHHUS Pa3HBIX 3HAKOB Ha KOHIIaX oTpeska [a, b], T.e. f (a)f (b) <0, To BHYTpH
ITOTO OTpe3Ka COACPIKUTCS, TI0 MEHBIIEH Mepe, oauH KopeHb ypaBHeHus f(X) = 0. Ha ocHoBe
TOM e TEOpeMbl pEaIU3yITCS caMble MpPOCThle M HaJEXKHbIE METOAbl YHCICHHOTO
OTIpeNieNIeHUs] KOpHEW ypaBHEHHIA: METO/ IMTOJIOBHHHOTO JICJICHHSI U METOJI XOP/I.

[Tporecc oTaeeHNs KOPHE HAYMHACTCSI ¢ YCTaHOBIICHHUS 3HAKOB f(X) B rpaHMYHBIX TOYKAX
UHTEPECYIOIIEro Hac OTpe3Ka ONMpeIeTICHUs IepeMeHHOM X: X = a u X = b. 3arem onpenenstorcst
3Haku f(X) B psze MPOMEXYTOUYHBIX TOYEK X = Oi1, 02 ..., BHIOOP KOTOPBIX JOJDKEH YYUTHIBATH
ocobennoctu Gpynkimu f(x). Ecmu okaxerces, uro f(o;)f(ai+1) < 0, To B mHTepBane (o, ait1) ecTh
KopeHb ypaBHeHus f(x) = 0. HeoOxomumo yoenuThes, SBISETCS JIX ATOT KOPEHb €AMHCTBEHHBIM
Ha JTAHHOM HHTepBaie. [l oTmeneHus: KOpHeH MPaKTUYECKH AOCTATOYHO MPOBECTH MPOIECC
MIOJIOBUHHOTO JICJICHHSI, MOCJICIOBATEIbHO JIesl UCXOIHBIN oTpe3ok [a, b] Ha 2, 4, 8 u 1. 1.
PaBHBIX YacTell W ompenenss 3Haku f(X) B Toukax jaenenus. HamoMHuM, 4to anredpanyeckoe
ypaBHEHHE CTENEeHW N HMeeT He Oojee n JAEHCTBUTENbHBIX KOpHed. [lostomy ecnm as
areOpanyeckoro ypaBHEHHs MbI moiydwin n+l mepemeny 3Haka f(X), To Bce ero KopHH
OT/ICJICHBI.

3.2. Yucnennoe peutenue ypasHenuss MemooOoM HOIOBUHHO20 OelleHUsl (MemooO OUXOmMoMulL)

[MpeamnonoxuM, 4To Mporecc OTACICHUS KOpHEW MpoBelieH 1 Ha oTpe3ke [@, b] Haxomgurcs
poBHO oauH kopeHb & ypaBHenus f(x)=0. HeoOXxomumo ompeneiuTh €ro MOJ0KEHUE C
MOTPEIIHOCTHIO €.

MeTo MOTIOBHHHOTO JISTICHHS 3aKIIF0YAeTCs 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 pesynbpTaTe MbI OJIy4MM MOCIEA0BATENBHOCTD BIOKEHHBIX JAPYT B pyra OTPE3KOB 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 . BOnm3n xopHs 3HaueHus GyHKuuu f(X) Maibl Mo abCOMOTHOM BETMYMHE 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 BHJY, YTO MIPU YMEHBIICHUH JUTMHBI HHTEepBaia [a,, by ] yBenmuunBaercss morpemHocTh
BBIYHCIICHUS €r0 UIMHBI 8, — Dy 32 cueT BEIYUTAaHUS IBYX ONM3KUX YHCEI.

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 3HameHnarene. B 3TOM CMBICIIE METO/ MOJIOBHHHOIO AEACHHUS 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)
Meron HproroHa o0namaer BBICOKOH CKOPOCTBIO CXOAMMOCTH. OOBIYHO aOCONIOTHAsS
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 ypaBHEHUI MeTonoM HbproTOHa 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

FLf 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
IIPONOPLUMOHAJIbHA KBaJpaTy MOTIPEIIHOCTH Ha MpEAbIAYIIeH UTepauuu. Y MeToja AUXOTOMUU
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, HPM KAKUX YCIOBUSAX JAHHBIA MTEpPallMOHHBIN mpolecc Oyuer
CXOJUThCA K KOPHIO TPAHCIEHJEHTHOTO YpaBHEHHs X*. JIus OTBeTa Ha HEro MPOBEAEM
rpaduueckuii aHaIu3, CM. pUCYHOK 3.5.

}
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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

1 -
OT a0COJIFOTHOM BEJIMYMHBI MPOU3BOMHON. UeM meHbIe |“‘P I(J‘)’| BOJIM3M KOpHS, TeM OBbICTpee
cxoauTcs mporiecc. bojee neTanbHBI MaTeMaTHUECKUN aHATN3 TTOKA3bIBAET, YTO HEOOXOUMBIM
JUISL CXOAUMOCTH METO/1a MMPOCTHIX UTEPAIUH ABISETCA YCIOBUE



o' ()| <1. (3.7)

Bremonnenue ycnoBust (3.7) MOXXHO 00OECHEUHTH ITyTEM pallMOHAILHOTO BhIOOpa BHIA
dbynxmun @ () PaccMoTpuM oiuH 13 0OIIMX AJITOPUTMOB TAaKOTO BhIOOpA.

VYMHOKUM JICBYIO U MPaBYIO 4acTH ypaBHeHus f(x)=0 Ha mMpOM3BOJIBHYIO OCTOSHHYIO D 1
no0aBUM K 00euM dacTsM Heu3BecTHoe X. [IpM 3TOM KOpHHM HCXOJHOTO ypaBHEHUS HE
U3MEHSTCA:

x+bfix)=x+ 05
BBenem o0o3HaueHue
0 (x)=x+b-f(x). (3.9)

[Tpou3BONBHBIA BBHIOOP KOHCTAHTBI D IMOMOMET OO0ECICUYUTh BBIOJHCHUE YCIOBUS

cxomumocTu. XKenateapHo BbIOpaTh b Tak, 4TOOBI
—leg'(x)<0,
TOT/Ia CXOAMMOCTh UTEPAIIMOHHOTO TpoIecca 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 MOXKHO [PEACTABATH B BHAE 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)”
Orcromanpu 1 <x <2
0=0(x)=025.

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

IMopsinok BbINOJIHEHHUS PadOThI:

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.

3amanue BBIINOJIHEHO HETPaBUIILHO, JIOTTYIIEHBI OIINOKHU - OIICHKAa
«HEYIOBIETBOPUTEILHOY.



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.
[TomrydeHHBIC peE3yNbTAaThl CPABHUTH C TAOJIMYHBIMA 3HAYCHUSMU W JIaTh OICHKY TOYHOCTH
HUHTEPIIOJISIINH.

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 10,3073 | 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 TeopeTuyeckue cBeieHUs:
B npuknaaHbeIx 3ajadax 4acTo BO3HUKAET HEOOXOAMMOCTH MO 3a/JIaHHBIM 3HAYCHHSIM

HEKOTOPOH QYHKIMH Y, Y1, - Yp B pAAE TOUEK Xy, X{, - , X, NPEICKa3aTh €€ 3HAYECHHS B

POMEXKYTOUHBIX TOYKax. IMEHHO 3Ty 3aja4y MO3BOJISET pelliaTh HHTEPIOSAIMS QYHKIHH.
[Tycts ¢pynkmus Yy = f(X) onpenenena tabnueit

Xi Xo X1 . . . . . . Xn

yi yO yl . . . . . . yn

3unauyenus aprymerToB X (1=0, 1, ...,n) Oyaem Ha3bIBATh V31AMU UHIMEPNOTAYUU.




3aoauen unmepnoasiyuu SBISICTCS HaXOXICHUE 3HAaYCHUS QyHKIUU f B TOUKe x*e[xo, Xnl,
X*i Xj.
OpauH 13 BO3MOXHBIX YTEH pEIIeHUs TOCTABIEHHON 3a/1a4M 3aK/IF04AETCs B CIICAYIOIEM:
1) cTpoMTCS MHOTOYJIEH CTEIEHH He BhIiie N, rae (n+1) - KOJIMYeCTBO 3aJaHHBIX TOYCK

Ln(x)zao-xn+a1-xn_1+...+an_1-x+an, (4.2)

NPUHUMAFOIIKM B TOYKAX Xj 3HAYCHUSA Yj , T.€ 3HAUCHHUS KOIPPHUIMCHTOB MHOTOUICHA &;
HaXO/JISIT U3 YCIOBUS, YTO
Ln(Xi) =Y, (iZO, 1, ...,n).
DTOT MHOTOYICH Ha3bIBAKOT UHTEPIOJSIIMOHHBIM. OH BCer/a CyIIeCTBYeT H €AMHCTBEHEH.
Oyuxius f(X) mpeacraBiaseTcs B BUE:

f(x)= La(X)*+Rn(x), (4.2)
rae Rp(X) — ocrarounslii uieH wuHTEpHoisAlMoHHON (opmyiasl. Ecmu f(X) wmmeer
HENPEPBIBHYIO IPOU3BOHYIO nopsiika (N+1) Ha [Xog, Xp], TO
00 = )b, £l (43)
=——(X—- —%Xq)...(X— , e , . .
n (n+1)! 0 1 n 0>n

2) Boruucnsercs 3nauexue Ln(X ). Ecnu 3HaueHus Vi 3aqaHHBI OPUOIMIKCHHO WM K€ TI0
KaKUM-JTHOO TMPUYMHAM BBIYUCIICHUS HE MOTYT OBITh BBIIIOJIHEHBI a0COIIOTHO TOYHO, TO

— *
(haKTUUECKH BBIYUCISICTCS JHIIb NPUOIMKEHHOE 3HAYCHUE Lp(X ) U1 TOYHOTO 3HAYCHHUS
*.
La(x).
— *
3) Ipubmmwkenno npuHuMaercs, 9to f(X)~ Ly (x ).
4) OueHuBaeTCs MOTPEIIHOCTh METOAa [0 OCTATOYHOMY WICHY HHTEPIOJISIIMOHHOM

(bopmybI:
* M * * *
Rn(X )SA]-: n+1 (X —Xo)(x —Xl)...(X —Xn)‘, (44)
(n+1)!
rae M, = max ‘f(””)(x)‘- (4.5)
XO, Xn

5) OHeHHBaeTCfI MOrpeIIHOCTDb BBIYUCJIEHUH 110 MMOrpCIIHOCTAM HpI/I6.]'H/I)KeHHLIX JAaHHBIX:
* _ *
L) -] <4, (46)
6) BerunciseTcs noIHas MOTPENIHOCT MPHOIMKEHHOTO 3HAYCHUS:
* _ *
‘f(x)—Ln(x )‘SA1+A2SA (4.7)

[Ipu pemieHuu MpakTUYECKHX 3a/ad HMHTEPHOJSALUOHHBIM MHOrowieH (1), Moxer OBITh
IIPEJICTaBJICH B pa3IMuHON popme.

4.1. Unmepnonayuonnviii MHO204N€eH 6 hopme Jlazpandica Onsi npoU3BONbHBIX Y3106

Oyukumio L(X) uiieM B BUJE CYMMbI N YaCTHBIX PEHICHHH.

ITepBoe yacTHoe peuieHne |g cTaBUT B cOOTBETCTBHE 3HAYCHMSIM abciuce: Xy, X, - 1 Xp

HaOop 3HaueHmit opmuHat Yy, 0, .. ,0. 13 CBOMCTB MHOTOWIEHOB CIIEAYeT, YTO MHOTOUJICH,

oOpalnaronuiicss B Hyllb B N pa3HbIX TOYKaX, T.€. UMEIOIIUNA N Pa3IHYHBIX KOPHEH, MOJDKEH
JIETTUTCS Ha KaXKyH0 U3 N pa3HOCTEM:

X=X[3 X=Xo; . X=Xp,
a, CIEI0BATENIbHO, U HA MIPOU3BEICHUE ITUX PA3HOCTEN, T.€. JOJDKEH UMETh BUJ
lg = const: (X = X7 )(X=X9) .- (Xx=Xp) .

3HaueHNE KOHCTAHTHI OMpEaAcsIEM U3 YCIIOBUA



lg(Xg) =Yg = const- (Xg =X )(Xg = Xp) .. (Xg = Xp)
. 1
0 (xO - xl)(xO —-X

const=y

)~...-(x0—x )

2 n

torga |y mpumer Bun

(x- Xl)(X_XZ) -...(x—xn)

In = .
0 y0(xo—xl)(xo—x2)-...~(x0—xn)

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

pemrenue lj (i=1,...,n) JOJDKHO CTABUT B COOTBETCTBHE 3HAUCHHAM abOcmucc: X, X, - X
HaOop 3Havenmii opaunar 0, .. , Y, -, 0, T.e.
X - _ E— — X. . — X. L —_
Y ( XO)(X X)) (X ) (= ) (X=X
[
06 =X)0G =X )es OG =% )+ 0G =% g) o 0 =X)
n X—Xj
WA =y - T
j =0 Xi — Xj
j=i

OOmiee penieHne HalIeM KaK CyMMY YaCTHBIX PEIICHUH :

X—=X.

Sy m—d (4.8)
=0 j=0% —X

L) = 21
09 =i =

]
j=i
OTO M eCTh MHTEPHOJALMOHHBIM MHOrowieH B ¢opme Jlarpanxka aias NpOU3BOJBHBIX
y3JI0B. 3aMETHM, YTO CTETIeHb MHOTOWIeHa JlarpaHka He MpeBbIIIaeT yucia N.
OcratouHas IOTpemrHOCTh 3HaueHus Lo(X), BemmcienHoro mo  dopmymne (4.8),
onieHuBaercs popmynoii (4.4), a BBIYMCINUTENbHAS TOIPEIIHOCTh

_ n |(x* - xo)(x* - xl)...(x* - Xi—l)(x* - xi+1)...(x* - Xn)|Ay- (4.9)
2 i:O‘ (0 = X)X =X —X5_1)(Xj = X; 1)+ —X) ‘ b

rae AYj - HOTPelIHOCTh UCXOJHBIX JaHHBIX (3HaueHUil GYHKIUIH B y371ax).

4.2. Unmepnonayuonnvii MHo2041eH 6 (hopme Hovlomona 015 pagnoomcmosyux y3ios

Paccmorpum METOJl TOCTPOEHMSI HMHTEPHOJUpPYIOIIeH (QYHKIMH, OCHOBaHHBIM Ha
BBIYMCIICHUM KOHEYHBIX Pa3HOCTEH.

k
Koneunvimu_pasnocmamu_nopsoxka k naspiBaror Benmuuasl A'Y;. VIX paccuuTBIBAIOT 110

dbopmymnam:
2 k k-1 k-1
AYi=Yiu-Yj AYj=AYja-Ayj o Ay =AY AT
B pesymbrare BBIMHCIEHHMI JODKHA OBITh IOIydeHA CIEAylomas Tabluna KOHEYHBIX

pa3HOCTEM:
Yo Yy 2 y\/ Yn-1 Yn



Ao ... Alyng

MuorowieH P(X) mias paBHOOTCTOSIIIUX Y3710B ( T.€ Xi+1 - X = h =const, tae i=0,.., n-1,
yrciio h — Ha3pIBarOT 11arom) OyieM UCKaTh B BUJIC :

P(x) =ag +ay (X =Xg) + 8y (X =Xg)(X = ) +... + 8 (X=X )(X = %)) .. - (X = X _1) T Xg: X, - Xn = KOPHH
nosmmHOMa P(X)
3nauenns KOYQOUIMEHTOB a; ONIPENCTIEM U3 YCIOBHA p(x;) = y; -
HOJIaI‘aSI X:XO, HaﬁHeM P(XO) = yO = aO’ == ao = yO .
N Ay,
Ionarast X=X, HalIeM P(x))=y; =ag +ay(X —Xg), = a; =——
h
i
A Yo
B obmem cinydae npu X=X;, aj=——".
ith
[ToacTaBuB moydeHHbIC 3HAYCHUS &, B BRIpAXEHUE 111 MHOrouIeHa P(X), momyaum
Ayo AZ y0
P(x) =yg + ——(x=Xg) + (X = Xg)(X = Xq) + .. +
! (4.10)
AN y 0
+ (X=%g)(X = X1) - - (X = Xy _1)
nth"
[TorydeHHOE BBIpKEHUE HA3BIBACTCS UHIMEPNONAYUOHHOU (opmyaot Hviomona.
[Tyctp x* - Touka, B KOTOpOM HEOOXOIWMO HAWTH 3HAUYEHHWE HMHTEPHOISIUOHHOTO

MHOTOYJICHA.
*
Jlnst ciyvasi paBHOOTCTOSIINX Y3JIOB, €CITH Xo — Ovkaiimil k X y3en cieBa ¢opmyna (4.2)
pUMET BUJ

2 3
Ay Ay Ay
Pl ()= yg +—Ot+——t(t—-1) + —Ct(t-1)(t-2)+.
1 2! 3!
) (4.11)
y
+ fta—na—ama—n+n,
n!
o X — Xo
rae t onpenensiercs popmymoit  t= o
OIIeHKH MOTPEIIHOCTEH TIPHOIIKEHHO 3HadeHmst P' (') MOTYT GBITh IPEICTABICHbI B BHJIC:
n+1
max|A Ty
M * * * ‘ | ‘ *  * *
A1=—Jﬁih“ﬂ¢ta _1)..¢ —nﬂzkﬂﬂ————+ta _1)..¢ —m‘
(n+1)! (n+1)!

h*a*—n“ﬁ*—nﬂ

* * * * n
Ay =A ~1+2~‘t ‘+2‘t (t —1)‘+...+2
n! ‘
rae A* - IIOT'PEIIHOCTh NCXOIHBIX TaHHBIX.

Ecnmu X, — Omkaliimii Kk X y3ed chpaBa, TO MCIOJB3YeTCs BTOPOW MHTEPIONIALMOHHBINA
nosmHoM HeroToHa:



2 3
A A A
PII t)=yn+ yn|_1t+ yr:—2 t(t+l)+#t(t+l)(t+2)+...

2 Yo tt+1)..¢+n-1),

+
n!
. X —X
rnge l=——
h
OLIEHKH TOTrPEIIHOCTeH MPUOIMKEHHO 3HAaYeHUs P“(t) MOJKHO 3amucaTb B BUJEC:
Mna  n+d | *, * * [rgal;(]‘AnJrlyi‘ * *
Ay =——"=h -‘t (t +1)...¢ +n)‘z : ‘t (t +1)...¢ +n)‘
(n+2)! (n+1)!

£t 4. +n)
N |

* * * *
Ay =A -1+2~‘t ‘+2‘t (t +1)‘+...+2 o
Iopsaok BbINOIHEHUS PA0OTHI:
1. O3HaKOMHTBCA C TEOPETHUUECKUMU CBEACHHUSIMH.
2. BbInonHUTH HEOOXOIUMBIE PACUETHI.
3. OdopMuTh 1 IPEACTaBUTH PE3YIBTATHI PACUETOB.
dopma npeacTaBieHus pe3yJbTarTa:
PesynbraThl peicTaBUTh B BUje oTueTa B hopmarte .dOCX.
Kpurepum ouenku:
3ajanue BHINMOIHEHO 0€3 OITMOO0K — OIEHKA «OTIUYHO.

3aaHye BBIIIOJHEHO NMPaBWIBHO, HO JOMYIIEHb! 1-3 BBHIYMCIUTENBHBIX OMIMOOK — OLIEHKa
«XOpOILIOH.

BaﬂaHI/Ie BBITIOJTHCHO He6pe)KHO, JAOMMYIICHBI OIIIMOKH — OILICHKA «YHJOBJICTBOPUTCIILHO).

3ananue BBIIIOJIHEHO HEIPaBUJIBHO, JIOTYIIEHBI OLINOKHU —

OIICHKAa
«HCYOOBJICTBOPHUTCIBLHOY.



Tema 5. AjaropurMbl ¥ MeTOAbl  YHMCJICHHOI0 HHTErPHUPOBAHUA M
nuddepeHuupoBanus
JIABOPATOPHAS PABOTA NeS «YH4UNCJIEHHOE UHTEI'PUPOBAHUE U
JANPPOEPEHIIUPOBAHUE».

Ilesb: OCBOUTH METO/IBI YMCIIEHHOTO MHTETPHPOBAHUS U TH((HepeHIUPOBAHUS

Boinosinus pa6ory, Bel Oynere:

ymembs:

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

— OIICHUBATh IIOTPEIIHOCTh pe3yJbTaTa W CpPaBHUBATh IPUOJIMKEHHbIE 3HAYCHUS
UHTErpaja ¢ TOYHBIMH

MarepuajbHoe obecnedeHue: maker npukiaaasix mporpamm Microsoft Office.

3aganue:

BbuuciuTe 3amaHHbIe  MHTETpalbl MO (OPMYJIaM MPSIMOYTOJBHHUKOB, TpANenuil
CuMIicOHa, €ClIM OTPE30K HMHTETPUPOBAaHMSA pa3OoMT Ha n=2 W n=4 paBHbIe 4yacTu. OICHUTH
HOFpeHIHOCTB pe3YJII)TaTa 158 CpaBHI/ITI) HpI/I6JII/I)KCHHI)IC 3HAYCHUA I/IHTeraJIa C TOYHBIMH.

1
1 w
1.!1”2 dx (1 =7~0.785).

1

2 [Ldx (1=In2~0.699).
o 1+ X
%

3. jsin4xdx (1 =0.5).

0

1
4 [—Z—dx (1=In(+v2 ~088D).
0 :|.+X2
S.Ilnxdx (1=1.

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

% T
7. Ixamxdx (1 ===0.571).

) 2

7
8. dx (I =1).
-[1+sinx ( )

0
1 X
e Vs
9. I1+82X dx (I= arctge—z ~0.433).

0

10. _[cos*” xdx (1 =0).
0

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

7 1
11, j
4 COS X

1

12. _[arctg xdx (I =%(7r—2In 2) ~0.438).

0

1
1
13. j1+ex dx (1 ~0.38).

0



V2
14. [arcsin xdx (|=§(ﬂ+4)—1z0.26).
0

% 1
15. [tg xdx (1=7In2~0.346).
0

72 1
ctg xdx (I =Eln2z0.346).

13. 7}

T,
4

NN

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

e L Lo

18. [+/1+x dx (|=§(2\/E—l)zl.22).
0
7o
19. I dx (I =1).
o 1+Ccos X
1
1
20. dx (1 =2(~/2-1)~0.828).
! o (1=202-) )
21. Ilnz xdx (I =e—2~x).
1
7
22. Itgzxdx (I:4 T ~0.215).
0
(2 4—1
23. [ctg®xdx (1= ~0.215).
/4
/2 /2
24, J'excosxdx (I=e 1~1-905)-
0
/2 /2
&+l 2905).

25. Iexsinxdx (1=
0

2. Oynkmus  f(x) (em. Tabmumy 2.1) ompenenena Ha otpeske [1; 1.2]. BriOpaB mrar

!’ n
h=0,5HaiiTi npuOIMKEHHbIE 3HAYEHUS MTPOU3BOTHBIX F(x) u £(x) B Toukax 1 u 1,1. OuennTs
MOTPEUIHOCTh BbIYMCICHUH. CpaBHUTH PE3yJbTaThl ¢ TOYHBIMM 3HAUYEHHUSIMU MPOU3BOJHBIX B
JTUX TOYKAX.

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

b
HCO6XO,Z[I/IMO HpI/I6HI/I)KCHHO BBIYHCIINTD HHTerpaHIf(X)dX' I[J'ISI 9TOro paBO6BCM OTPEC30K
a

UHTErpUPOBaHUs [@,0] Ha N paBHBIX YacTel ToUKaMu Xp=a, X1= Xo+h, Xi+1= Xi+h, ..., Xo,= Db, 20e

h_ b—a- mar pasbuenus. Yi— 3Hadenus Gynkiuu f(X) B Toukax pazouenus X;.
n

3areM HempepbIBHAS MOJbIHTErpaibHas GpyHkims Y=F(X) 3ameHsieTcst criaiiHoM (KycO4YHO-
NOJMHOMHUANBHON (QyHKIMer) S(X), WHTepnonupyoomed IaHHyr ¢QyHKOu. HHTErpupys
dynkmo S(X) Ha oTpeske [a,b], mpumeM K HEKOTOPOil GopMysie YUCICHHOTO UHTETPUPOBAHHUS
(kBazpatypHoii hopmyIe).

5.1. Dopmyna npsamoy2oibHUK08



Ecmu Ha kaxkaom ortpeske [Xia, Xi|, 1=1,2,....,n , ¢dyakumo f(X) 3amenseMm ¢yHKuueH,
NPUHUMAIOIIEH MMOCTOSHHOE 3HAYCHKE, paBHOE Harmpumep 3HaucHuio Gyukiuu f(X) B cepenune
oTpe3ka [Xi.1, Xi], 0003HaYEHHOIrO . _Xa*X  Torma S(X) Oymer MMeTh CTYICHYATHIA BHI

2

(puc.1).

F(X 1)) X SX<X;
1-=
2

F(X 1), X SXZX,;
SM=8,00=y , =f(x )=1 ™2

f(x ;) X
"2

B sToMm ciyuae 3Hauenue mHTerpana (mromans mox rpaduxom f(X), ma orpeske [a,b]),
cuMTaeM NPUOIM3MTENBHO PAaBHOH CyMMe IUIOWIafCi NPSMOYTONBHMKOB BBICOTOH ¢ ) M
o1
1

2
HIMPHHOI .

i F)dx~ D hoy L =S h-f(x )=h-(y , +y , +..+y )|~ PopMyra npsmoyrombamKos  (5.1)
2 i1 = o - = 2= n—

2 2

5.2. @opmyna mpaneyuti

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

S(X) mpuHUMAET BU:

—xer X=X 4
h " h

S00=8,00= ()5 o)==y, 2

2de Xel[x, %], i=12..,n,
a e€ rpauKOM SIBIISIETCS JIOMaHasl.
Torna 3HaueHre UHTErpajia HaXOIUM KaK CyMMY IUIOMIaei Tpanenuii ¢ ocHoBaHusIMHU T(X;.
1), f(xi) u BeICOTOI h. C yuerom popmyInbl momamy Tpaneuuu ¢ _ M+n, rae M, N OCHOBAHUS
mp. 2 ’

Tparneuuu noJIyunuM:

b n f(x f(x n : :
[ 0odx =~ Z, h- M =2 h- % =| - dopmyna Tpanemuii (5.2)

i=1

+
:h'(%+Y1+y2+'"+yn—l)

5.3. @opmyna Cumncona (¢popmyna napabon)

®Oyuknuio f(X) Ha kaxmom ortpeske [Xi1 Xi], (i=1,2,...,n) 3amensem cmiaiinoMm S(X),
MPEJICTaBIISIIOIIEM CO00M HENPEepbIBHYIO (DYHKIINIO, COCTABICHHYIO U3 IPUMBIKAIOIIUX apaboll.
[Totpebyem, uToOBI Ha OTpe3Ke [Xi.1, Xi] mapabona mpoxoauia dyepe3 Touku (Xi-1, Yi-1), (Xi-1/2, Yi-172)
u (Xi, Yi). HMcnonb3ys nocTpoeHHWE HHTEPHOJSAIHMOHHOTO MHorouileHa Jlarpanxka BTOpOTo
MOpsIIKA HA OTPe3Ke [Xi-1, Xi|, MOMyYUM CILUIANH:

S(X) = Si (X) =Yia Z(X_ % )ffi(_ XH/Z) +VYiy

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

A = X)(X=X4) 4y 2(x— XH/Z)(X —Xi4)
2 hZ i h2 ’

s nanpHEHmMX mpeoOpa3oBaHuil BBeAeM mnepeMeHHyto te[0,1] ¢ moMompio paBeHCTBa

X=%_,+ht. 3nauermsm t paBHbIM 0, Y, 1, COOTBETCTBYIOT 3HAYEHUS X, PABHBIC Xi.1, Xi-1/2, Xi -
Beipasum crnaita S(X) uepes HOBYIO MepeMeHHYIO t:

S(x)=S,(x) = §i )=y, @-t)2-2t) +4yi—1/2 @-tt+y,2t-Dt=
=Y (A=3t+2t%) +4y, , (t-t°) +y,(2° -t),  (i=12,..,n).



1 1 1
YuuTeIBasi, 4TO j(1—3t+2t2)dt =J'(t—t2)dt :J'(th _tydt :%, nMeeM
0
X 1

jsmdx | S<x>dx—ZJ (t)dt 2 (Yia + g2+ V)

i=1 X1

U B pe3ynbTaTe NpUXOANM K KBaJpaTypHOU Gopmyre mapadbo:

b
h
[ 000X = 2-[yo + Yo + 402 + Yoo o+ Vo) + 202+ Yo+ + Vo)) (.3)

5.4. Oyenka noecpewnocmu
[TorpemHOCTh KaXk10M KBaJpaTypHOH (HOPMYJIBI OLEHHBAETCS BEIHMYMHOW OCTATOYHOTO
uniena R(h), 3aBucsiero or mrara pazouenus h (viu ot yucna pazoueHuii n):

Jtl f(x)dx — j' S(x)dx| -

a a
[IpuBeneM OLEHKM MNOTrpEHIHOCTEN KBaapaTypHbIX (GOpMyl B TOM ciy4yae, Korja
HOJBIHTErpaibHast PYHKIMS UMEET HEPEPHIBHYIO IPOU3BOIHYIO BTOPOTO MOPSIKA:
st POPMYITBI IPSIMOYTOJIBHUKOB

R(h) =

b-a " 2_(b_a')3 " 2
R(h)s??;n%\f (X)|-h _an%\f (3)|-h

i GopMyIIbI Tpanenuit

—a 2 (b_a)3 ” 2
R(h)< 5 max\f "(x)]-h ng%‘f (X)|-h?-

Ecnu mnoppiHTerpanbHas (YHKIUMS WMEET HENPEPHIBHYIO MPOU3BOIHYIO YETBEPTOTO
MOPsI/IKa, TO CIIpaBeUIMBA Takas OleHKa MOrpemHocTy Gopmysl CUMIICOHA!

R(h)s?max‘f“‘)(x)‘-h“ b-a) £ (0|-h*.

880 asxs<h 2880n a<x<b

3aMeTuM, YTO TPU UHTETPUPOBAHUHM CTEHNEHHOW (DYHKIIMU, CTENEHb KOTOPON HE BBIIIE
Tpex, kBagparypHas ¢popmyna CUMIICOHA Ja€T TOYHBIN pe3yabTar.

[IpakTrueckn Ba)KHO BECTH BBIUMCICHHUS JIO JOCTHHXKCHHS 3aJJaHHON TOYHOCTH € MO TOM
WK WHOW opmyre. DTOH 1enu yJOBIETBOPSET Memood 060UH020 nepecyemd. JIns 3TOro 1o
KBaJpaTypHOH (hopMysie MPOBOIAT BBIUYMCICHHE MHTErpajia ¢ maroM h u moiydaror 3HauCHHE
I(h). 3aTeM yMeHBIIAIOT IIar BIABOE W TMOJIy4arOT HOBOE MPHOIMKEHHOE 3HAYeHHE WHTErpaia
1(h/2).

Yrobbl oOmpenenTh, Kak CHIbHO ykioHsercs 3Hauenue |(h/2) or Tounoro 3HaueHwms
uHTerpana |, ucmonsiyercs npasuno Pynee:

I1=1(h/2) ~ |I(h)—|(h/2)|

rae k=2 mist popMyn NpsiMOYTOJIEHUKOB U Tpanem/m u k=4 s popmyasr CUMITCOHA.
[Ipyn 3amaHHOM TOYHOCTH € BBIYMCIEHUS C YMEHBIIAIOMMMCS IAroOM MPOBOAAT JO
OKOHYAHUS MPUOIMKEHUH NPU BHIMOJIHEHNUN YCIOBUS

~1(h/2)<e

[Ipu sToM nonaratoT | ~ 1(h/2) ¢ TOUHOCTBIO €.

Yucnennoe ouggepenyuposanue
5.4. Bviuucnenue npouzgo0Hol No e€ onpeodenenuio



[Tycte ¢ynkums y=f(X) ompeneneHa B HEKOTOPOW OKPECTHOCTH TOYKH Xo M HMEET
MIPOM3BOJHYIO B 3TOM TOUKE, T.€. CYIIECTBYET Mpeaes OTHOLIEHUS npupatieHust QyHKuuu Ay k
IIPUPALLECHUIO apryMeHTa A X IIPpU CTPEMJIEHUH A X K HYJIIO:

V0= 101 = lim 2 = fim [ Lo+ )= 100)
3HavYeHHE TPOU3BOJHON B TOUKE Xg MOXHO TOJYYHUTbh, MEpexoas K mnpeaeny B (4.1) mo

()0

(4.1)

IOCJIEA0BATENILHOCTH LEbIX YUCEN N M monaras, AX=(AX), = . 31€Ch (Ax), - HEKOTOpOE

HavyallbHOE MPHUpAICHUE apryMEHTa, & — HEKOTOPOE YHCIIO 6onbme enununel, N={0, 1, 2,...}.
Torna 3nauenue nmpousBoaHoM Gynkiwu f(X) B TOUKe X 3aIHUIIETCS TaK:

V(%)= F/06) = im0 (ay) = (% + (A%),)— f (%)
" (%),
Orcroza mojyyaeM MpHOIMKEHHOE PABEHCTBO
(%),
oy (AY), f(x" S ]_ fo) (4.2)
y (Xo) ~ (Ax)n = (AX)O . .
an

Jns dysakuuu y=Ff(X) , uMeromell HenpephIBHYIO MPOU3BOIHYIO J0 BTOPOTO MOPSIKA
BKJIFOYHUTEIIBHO B OKPECTHOCTU TOYKH X , TOYHOCTh HPHOJIMKEHHUS TPOU3BOTHOI COOTHOILICHUEM
(4.2), MOXXHO yCTaHOBHUTH, BOCIIOJIB30BaBIIHUCH (hopmymoi Ternopa:

f(x)= f(x0)+f’(xO)-Ax+%f”(§)-Ax2, & e (X, X).
Torna
f
oy T Tor)| M TEN
(%) - < AX
AX \ 2
Y OKOHYATEJIbHO UMEEeM
r( Iorl?z(x‘f (5)‘ (AX)O
y (Ax) ‘ 2 a"

I[J'ISI JOCTIDKEHMS 3aJaHHON TOYHOCTH € HpI/I6J'II/I)KeHI/I}I HpOI/I3BO)IHOI71 IIpu OIIpPCACICHHOM
YHCJIC BEIYUCICHUN MOKHO UCIOJIb30BaTh HEPABCHCTBO!

(Ay)n _ (Ay)n—l <& (43)
(Ax),  (AX)qy
5.5.  HUcnonvszoeanue  mmnocounenos  Jlacpanyca — Ona opmyn  HUCIEHHO2O

ougpepenyuposarus

[ycte pynkims y=F(X) onpenenena Ha orpeske [@; b] u B Toukax {Xi}, rae i=0, 1,
ATOrO OTpe3Ka nmpuHuMaet 3HadeHus Yi=f(X;), mpuuem a= Xo, b= X.
Pa3HOCTh MEKIy COCEIHMMH 3HAUYEHHSMH apryMeHTa Xj MOCTOSHHA W OIPeaC/IAeTCS

marom h = B pa3OueHus oTpe3ka Ha N vacTeid, Torna Xi= Xo +i-h  (Xj+1= X; +h).
n

Haitnem anmpoxcumanuy TPOU3BOJHBIX MEPBOTO M BTOPOrO IMOPSAKA C IOMOILIBIO
3HAYCHUM (PYHKIUH Y; B Y3JIOBBIX TOYKAX Xj C MOTPEIIHOCTHIO OJHOTO HTOTO K€ IMOpSIKa B
3aBHCHUMOCTH OT miara h.

Jl1st Toro 4yToOBI BHIPA3UTh 3HAYEHUS IPOU3BOAHBIX UYepe3 3HauUeHUs! QYHKLIUH Yi B y3J1ax
UHTEPIOJISIIAN  Xj, TIOCTPOMM HMHTEPIOJSAIMOHHBIN MHOrowieH Jlarpamxka Lm(X) cremeHu m,
YAOBJIETBOPSIONIUN YCIOBUAM

Lo )=fx)=Yyx (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—Xin X—X; X—Xin X=X
X)=YV. +V. =V. + V.
Ll( ) y| Xi — X y|+1 Xi+1 _ Xi y| _ h y|+1 h
’ ' ' Yi Yia Yia —Yi
=y L' (X)=—2+ =
y| y|+1 ( ) h h h

Ecmu m=2, to Ly(X) - kBagparnunas ¢pyHkius, rpaduk KOTOpoi mapaboia, IpoXosiias
gepe3 Toukd (Xi, Vi), (Xi+1 , Vi), (Xi+2 , Yi+2). BBIUHCIUM IEPBYIO M BTOPYIO IPOM3BOJHBIC
muorouwiena Ly(X) Ha orpeske [Xi, Xi+2].

L,(x)=y, (X=X, )(X = Xi,5) Y (X =% )(X=Xi,5) Y (X=%)(X=Xi,1) _
(X% = X)) (X% = Xi,2) (X2 = %) (Xi1 = Xi12) (Xio2 = %) (Kir2 = Xi1)
(X=X )(X=Xi,5) (X=X )(X=Xi,5) (X=X ) (X = Xi.1)
=Y i +VYieo =
(=h)-(-2h) h-(-h) 2h-h
= %[yi (X=X, )(X=X1,5) = 2V (X=X ) (X=X 5) + Vinp (X=X ) (X = Xi+1)]
L(x)= %[Yi (2X =X = Xi2) = 2Yi0 (2X =X = Xi5) + Yip (2X = X = Xi+1)]

” 1 1
Ly (%) :W[ZYi -4y +2yi+2]:F[yi -2y, + Yi+2]

IlepBas u BTOpass mpou3BoaHble MHOrowiena Jlarpamka Ly(X) B Toukax Xi, Xi+1, Xi+2
SIBJISTFOTCSI TPUOJIMYKSHUSIMUA COOTBETCTBYIOIIMX TPOU3BOAHBIX PyHKIMHK f(X) B 3THX TOUKaXx:

’ ’ r 1
yi=F'(x) = Ly(x) = W[yi (2% = X1 = Xi12) = 2Yi0 (2% =X = Xi.0) + Y10 (2% = X = Xm)]:

1 1 4.4
= W[yi (=3h) - 2y,.,(~2h) + ¥, (-h)] = %[—3% +8Y1 = Yivo (4.4)
! ’ ! 1
yi+1 = f (Xi+1) x L2(Xi+1) = %[_ yi + yi+2]
! 1 ! 1
Vig = F'(%) = LX) = %[yi -4y, +3yi+z]
1
V=i = Y 00 = 5 2y Y] (4.5)

Ecnu dpynkims f(X) Ha oTpeske [Xi, Xi+2] MMeeT HENPEPHIBHYIO MPOU3BOIHYIO JI0 TPETHETO
HOPSIIKA BKJIIOYUTENHFHO, TO CIPaBEUIMBO MPEACTABICHHE (PYHKIIMH B BHJIE CyMMBI:
f (x)=L2(x)+Ra(x), (4.6)
rae Ry(X) —ocTaTouHbIi YieH HHTEPHOIAIMOHHON HOPMYIIBL.
f "
Ra(0) = (x = X ) X)X Ka), € € (XiXa)

B »TOoM cnydae MOXXHO JarTh OIGHKY IOTPEITHOCTH TPHOMIMKEHUH TPOW3BOTHBIX
cootHoweHusMH (4.4) u (4.5). Juddepenuupys (4.6), noxyaum

F10=L 5(X)+R 5(x), )
£7()=La " (X)+R5 {X). (4.8)
3nech
R200 =T [0 %)+ (X0 5+ - 1) x.] (49)
R200 = o x) + () + (- x.0). (4.10)

[TorpenHOCTH TPU BBIYUCICHUU MPOU3BOJHBIX B TOYKAX Xi, Xi+1, Xi+2 ONPEACISIOTCS U3
bopmy (4.9-4.10):

Ri (%) = ~2R(X,.) = Ri(X,.2) = 31 £7(0) (4.11)
Ry(x;)=-h-f"(&), Ry (x.)=0, Ry(x,,)=h-f"(&). (4.12)



Takum oOpa3om, paBeHcTBa (4.11) TMOKa3pIBaIOT, YTO MOTPENTHOCTH AIMMPOKCUMAIINH
nepBoii mpon3BoHoii f(X) ¢ moMoutbio hopmyis! (4.4) uMeroT oauH 1 TOT ke mopsgok O(h?), u
€CTECTBEHHA CIICAYIOMIasi PEKOMEHIAIMH 10 UX MPUMEHEHUIO Ha oTpe3ke [a@; b] B Toukax {X},
=0, 1, 2, ..., n>2.

Yo z27:];][_33/0 +4Y1_Y2]
(4.13)

, 1 .
yi z%[_ yi—1+yi+1]‘ I:]" 2,....,”-1

, 1
Yo ® %[yn—Z _4yn—1 +3yn]

W3 pasenctB (4.13) crnemyer, 4To NpUOIMIKEHHUE BTOPOIl MPOU3BOAHON C IMOMOIIBIO
(bopmyie (4.5) nMeeT pa3IHUYHbIA HOPSAOK B 3aBUCHMOCTH OT N B pa3HBIX TOYKaX: B TOYKax Xj,
Xi+2 ~HMMeEeTCs TOTPEUIHOCTh mopsiaka h , a B TOYKE Xj+1 MOPSIOK IOTPEHIHOCTH BBIIIE
(R2 ”(Xi+1):0).

B cnyuae wunTepnomsumu Qynkimu f(X), uMmeromed Ha oTpe3ke Ha oTpeske [a; D]
HENPEPBIBHYIO IPOU3BOJHYIO 10 YETBEPTOTO IOPSAAKA BKIIOYHUTEIBHO, MOMKHO IIOJYyYUTh
IOTPEUIHOCTh MHTEPHOJALMY BTOPOH IIPOU3BOAHOM, UMEIOLIEH MOPAIOK h® u OJMHAKOBYIO BO
BCEX TOYKaX, C MOMOIIbI MHOrowieHa Jlarpamxka tperbeil crenenu L3(X) mo uerbipem y3mam
untepnonsuuu {X}, (K=i, i+1, i+2, i+3).

Omnyckast BBIKJIQIKHU, IIPUBEIEM PE3YJIbTATHI U1l AlIPOKCUMALMY BTOPOM IIPOU3BOIHOM:

Y zhflz[Zy0 5y, +4y, ~ ;]
1 _ (4.14)
Yi”zhfz[ym_z}’i + Vil i=12..,n-1

1
ylil ~ hT[_ Y3 +4yn72 _5yn—1 + 2yn]

[Tpumep. 3HaueHust GyHKLIUHU y =Sin X ONpeAEIeHbl TaOIULIEH:

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

TpeOyetcs ¢ momombio hopmyn (4.13, 4.14) npubmmxenno Haitu Y'(0) u y''(0) u oLleHUTH
MIOTPEUIHOCTh PE3YyJIbTAaTOB BBIYUCICHUN.
Pemenue.

y'(0) z%[—SyO +4y, - y2]=3[—3-0+4-0,5—o,866]z1,05
T

vy L7 2. " z
Rz(O)—S[G) f7(), 0<§<3
mx.  f'(x)=cosx, f"(x)=-sinx, f"(x)=-cosx

£7(%)| <1, mo

R}(0)] < 1(”jz =0,09
2 36 T

Hrak, y'(0)~1,05 = 0,09 (rounoe 3nauenue y'(0)=cos 0 = 1).
Teneps Bocmonbzyemcst popmyaoit (4.11).

) 1 36
y"(0) ~ F[yo —2y,+Y,]= ?[—1+ 0,866] ~ —0,489

Rxm=—%¢”@»

I[J'ISI J'Iy"I]_HCﬁ OLICHKH HpOI/I3BOI[HOI>'I BTOpOT'O mHopsAAKa HCO6XOI[I/IMO YBCIUYUTL YUCIIO
Y3JIOBBIX TOYCK U BI)I6paTI) MCHBIIIHH IIIar.

R (0)‘ < % ~052.

IMopsinok BbINOJIHEHHUS PadOThHI:

1. O3HaKOMHTBHCS C TCOPETHUCCKUMU CBEIACHHSIMH.
2. BbImoNHUTE HEOOXOIUMBIC PACUETHI.

3. OdopmuTh 1 IpeACTaBUTH PE3yIbTATHl PACYETOB.
®opma npeacTaBeHus pe3yJbTarTa:



Pe3ynbraThl pecTaBUTh B BUje oTueTa B hopmate .dOCX.

Kpurepum ouenku:

3amanue BBIIOIHEHO 0€3 OMIMOOK — OIEHKA «OTIHYHO.

3aianue BBITOJIHEHO MPaBUIIBHO, HO JONYIICHBI 1-3 BBIYUCIUTEIBHBIX OIMIMOOK — OIICHKA
«XOPOIIIOY.

3a/1aHue BBIOJIHEHO HEOPEIKHO, TOMYIICHBI OMTHOKH — OIICHKA «yJIOBJICTBOPUTEIILHOY.

3aganue BBIITOJTHEHO HENPABHUIIBHO, JIOTTYIIICHBI OIIMOKH - OIICHKA
«HEYIOBJICTBOPUTEIILHO.



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 pemenne 3amaun 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
TOYHBIM ¢(X) . Pe3ynbraThl npeacTaBuTh B BUJIE TaOJIUIBL.

1 y,:1+)—(2xy’ y|X1:O, 1<x<2, gp(x)zé(x—a.
2. y’:y—z—;, ¥, =L 0<x<L o(x)=+2x+1.

3. y'=x+37y’ y| =0, 1<x<2, o(x)=x*(x-1).

4. y'=xy, y|X:O=1, 0<x<], go(x)=ex2/2.

2
+
5. y’:yxﬁ, Y=L 1=x22, p(x)=x/(1-Ix).
3. y’:%, y|, =0, 1<x<2, ¢(x)=Inx.
7. y,:_x;y’ y|, =0, 1<x<2, ¢o(x)=xInx.

8. y'+2xy =xe ™, y|_,=0, 0<x<1 (p(x):%xze‘xz.

x=0
9. yr+ycosx:%sin2x, ¥ ,=0 0<x<L g(x)=sinx+e*"™-1.

10. Y'+ ytgx =sin2x, y|X=0:—L 0<x<1,  @(x)=(1-2cosx)cosx.
11 xy'=y*Inx+y=0, y| =1 1<x<2, p(x)=1/{1+InX).

12. xy’:x+y+xe%, y|, =0 1<x<109, (/)(X):XInZTXX'
x1 x4
13. x?y'—y=x%*, y =1 1<x<2, ¢(x)=e *.
In(x+/x? +1)
Nl

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

14. (X +1)y' +xy-1=0, y| ,=0, 0<x<l o(x)=



_sinx-1

13. xy'—y=x%sinx, y| =0, SXS%-I—L o(X) —COSX-
2

17. y'+e =e 0 1+2x y| =0, 0<x<1 g(x)=x".
18. y'+e™ =",y =0, 0<x<L @(x)=x".
19 Xy/:yln y’ y|x:l:e’ 1£X£2, ¢(X):ex

20. xy'—yIn(y)-1=0, y|  =e, 1<x<2, go(x)=¢€"/x.

21. xy'= xsin%+ Y. Y., =z

2
22. X2y'=(x-Dy, Y, =e 1<x<2 g(x)=xe"".

, 1<x<2, @(x)=2xarctg x.

X° +1

23 (X +Dy'+xy=x(x*+1), Y|, ;=1L J2<x<V2+1 gp(x):T.

2 2

24. y— Y _xinx, y\_:e—, e<x<e+l o(X)=>Inx.
xInx =2 2

25.y'—yctgx =sinx, y| = =0, %SXS%H, (p(X)z(X—%)SinX-

[SIE]

Il. 3amauy Komm pns nmanHoro auddepeHIuanbHOr0 ypaBHEHHsS BTOPOTO TOPSIKA
npeoOpa3oBaTh K 3a7a4e KOLIH Ui CUCTeMBbI Au(depeHnnanbHbIX YpaBHEHUH TEPBOTO MOPSIIKA.
Haiitn pemenre mocneaned 3amaunm  MeTogoMm Pynre—Kyrra Ha cerke otpeska [a;b].
Borunciienust npoBectd ABaxiapl ¢ maramu h, h/2, momaras h =0,2. Haiitu yuciaenHoe
perienue TuQPepeHIIHATBLHOTO YPAaBHEHUS M OIIEHUTh €ro MOTPEIIHOCTh C MOMOIIBIO MpaBHiIa
Pynre. CpaBHHTh pEIICHHE C W3BECTHBIM AQHAIUTHYECKHM pelleHueM ¢(Xx). Pe3ynbrarsl
NPEJCTaBUTh B BHJIC TAOJIHUIIBI.

!

=2e% 1<x<2, o@(x)=e*-

Loy —(x+1y —2(x-2)y=0, y|_ =€ vy
2.

x=1

X2y"+xy' —y=3x%, y| , =1 y| =1 1<x<2, ¢(x)=%(2x2—x+%)'

3. X°y"-6y=0, y| =1 V| =3 1<x<2, o(x)=x".

KpaTkue TeopeTuyeckue cBeIeHUsI:
Yucnennoe peutenue oughghepeHyuanvbHulx ypasneHull nepeoco nopsoxa
B mnpuknagHplx 3amadax YacTo BCTpPEYAlOTCS OOBIKHOBEHHBIE MU depeHIranIbHbIe
YpaBHEHHUS, TOYHOE PEUICHHE KOTOPHIX HAWTH HE YJaeTCs WM OHO HE BBIpaXKaeTcs uepe3
slieMeHTapHble PYHKIMH. Bo3HHKaeT He0OX0IMMOCTh HAalWTH pellieHHe MPUOIHKEHHO.
3.1. llonssmue o wucaennom memooe peuienus 3aoaqu Kowu
Paccmotpum 3amauy Komn:

y'=f(xy), (3.1)

Y(Xo) =Yo. (3.2)

TpebGyercs HallTM 4YHCIEHHOE peUIeHHEe Y=@(X) B BUAE TaOMUIBl €ro MNpUOIHKEHHBIX

3HAUYEHWH /ISl 33/IaHHBIX 3HAYCHUI apryMeHTa X Ha HEKOTOpoM oTpeske [a, b] ¢ ykasaHHOUH

TOYHOCTBIO.

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

Ha N paBHBIX yacreil. Bemmumna h=(b-a)/n Ha3pBaeTcss mMIAroM WHTErPUPOBAHUS. TOYKH
pa3bueHus (y3JI0Bble TOUKH) PACHOIAraloTCsl pABHOMEPHO U CBSI3aHBI COOTHOILICHUSIMHU:

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

[Tyctb y= ¢ (x) — uckomoe TouHOe pemieHue 3aaaun Kommu. Pa3zmoxum ero mo dopmyne
Teinopa Ha MPOMEXYTKE [Xi, Xi+1]



1 1
P0xi.2) = 004) + 9/ ) N+ — 006 h? + o700 h® +on?) (3.3)

[Tpou3BoaHBIE CTOAIINE B MPABOW 4acTH paBeHCTBa (3.3), MOXKHO HalTH n3 ypaBHeHus (1):

gp(Xi):f(Xi,yi), (0”(Xi):fx ’(xi,yi) UT. A

3nauenue @ (Xo)=Yo aaHo B HauajgbHOM ycioBuu (3.2). ITo dopmysre (3.3) MOKHO HaWTH
3Hadenue ¢(X1), 3aTem, 3Has @(X1), Haiith @(Xp) ¥ T. 1. OAHAKO MPAKTHYECKOE HCIIOJIb30BaHHE
dopmynsl (3.3) 3aTpyJHUTEIBLHO, TaK KaK MpaBasi 4acTh paBeHCTBA (3.3) CoMEpKUT OECKOHEYHO
MHOT0 4jieHOB. [I03TOMY Ha MpakTHKe OrpaHUYUBAIOTCS JIUIIb HECKOJIBKUMHU MEPBBIMH YJICHAMU
pasnoxenus Tewnsnopa.

8.2. Memoo Diinepa

[Ipocreiimmii  merox pemenuss nuddepeHIUanbHBIX  ypaBHeHHWH. Ha  mpaxTuke
UCIIOJIb3YETCSI IOBOJIBHO PEAKO HU3-32 OTHOCUTEIHHO HEBBICOKON TOYHOCTH.

[TpubnmxeHHbIe 3HAYECHUS YUCIeHHOTO pemenus 3anadn Komm (3.1) B y37I0BBIX TOUKAX X;
0003HaYMM Y :

yi & @ (X).
B merome Diinepa mns mojacyera Yi+1 B paBeHCTBE (3.3) OepyT TOJNBKO IEpBBIC IBa
CJIaraeMbIX M MOJIaraloT
Yi+1= Yi+f(Xi,yih, (3.4)
opu  Xj+1 = Xj+h .

'eomerpuueckas WHTEpHpeTanyst MeTojga JaHa Ha puc. 3.1, e Hu300paKeHbl
UHTErpasibHble KpuBble. Mcnonb3oBanue Qopmynsl (3.4) o3HAYaeT, 4TO OBUIKEHHE OT TOUYKHU
Pi(Xi, i) k Touke Pj+1(Xi+1, Yi+1) IPOMCXOIUT HE MO CaAMOW MHTETPAIbHON KPUBOM MPOXOISIICH
yepe3 Touky P; (oHa Ham HeW3BECTHA), a MO OTPE3KY KacaTeIbHOW K Hel MPOBEACHHOM B ITOM
Touke. Ha kaxgoM crienyromieMm Iiare Mbl 3aHOBO HAaxOJUM KacaTEJIbHYI0 K HHTErpajbHOMN
KpHUBOH (yke Ipyroil HHTerpaabHON KPHUBOM ceMelcTBa MHTETpalibHBIX KPUBBIX). B pe3ynbrare
M0JIy4aeM JINHUIO, KOTOPYIO Ha3bIBAIOT JIOMaHOH Diepa.

\

N

v

Puc.3.1.

3.3. Meronst Pynre - KyTra

JU11 yMEHbILIEHUS IOTPEILIHOCTA METO/1A UCTIOIb3YIOIIETO Pa3I0KEHUE HCKOMOTO PEIIEHUS
B psag Teimopa (3.3), HEoOXOAMMO YYHTHIBAaTH OOJIbIIEE KOJIMYECTBO UJICHOB psna. B
3aBUCUMOCTM OT CTapliell CTENEHH, C KOTOPOM YUYUTBIBAIOTCS YJIEHBl psAAa, IMOCTPOEHBI
BbIUMCIIATENbHBIE PyHre-Kyrra pasHeIx mnopsakoB ToyHOCTH. Tak Meron Ouiepa MOXHO
Ha3BaTb MeTos1oM PyHnre-Kyrra nepsoro nopsaxa.

Meroa Pynre-Kyrra BTOporo nopsiaka Ha3slBaroT MeTogoM Junepa-Komm. B sTom ciydyae
B (opmyie (3.3) oTOpachIBalOTCs YiICHBI HAUWHAs C YeTBEpTOro. BerunciaurenbHble (HOpMYIIbI
Metoja Ditnepa-Komu:

h -
Yiaa = Vi +E(f(xi'yi)+ f(xj +h, Yj)). (3.5)

Vi =i + T, Y5)



I'eoMeTpuyeckuii CMBICT ATOrO BBIUMCICHHS ToKa3zaH Ha puc. 3.2. Kaxmoe ouepemHoe

3BeHo Pj Pj+; TOMaHOI CTOUTCS TaK:

1. B rouke Pj(X;, Yi) onpenessieM HarpaBlieHHE @) KacaTelIbHOW K HHTETPaIbHON KPUBOM
NpOXOdIIel yepe3 3Ty Touky u 3HadeHue K; = tg(an). IIpoBoaum oTpe3ok PiP! mo
HAIPABJICHUIO ().

2. B cepemune Ni(xi+h/2, yi+kih/2) orpeska PiP1 ompejieNisieM HampaBlIeHUE
KacaTeJIbHOW K HMHTErpajbHOW KPHUBOH MPOXOMSIIEH dYepe3 3Ty TOYKY M 3HAUCHHUE
k2 = tg(). [IpoBoaum oTpe3ok PiP i+1 M0 HanpaBICHUIO ).

S

vV

Puc. 3.2
Takum 006pa3om, MbI IPOU3BOIMM IIEPECUET, YTOUHEHHE YTIOBOTO K03 (UIlneHTa 3BeHbEB
JIOMaHOM. Y>Ke U3 reOMETPUYECKOrO CMBbICIIA ICHO, YTO JaHHBIM METOJ TOUYHEE MeToAa Duiepa,
TaK KaK 3/IeCh YUUTHIBACTCS ITOBOPOT KacaTeIbHOM Ha HHTEPBAJIC [ X, Xi+1].
Meton Pynre-Kyrra uerBepToro mopsiika Ha3blBalOT KJIACCHMYECKMM MeToaoM Pynre-
Kytra. 3neck nomyuuntcs eiie 60s1ee TOUHbIN pe3ynbTar. ANropuT™ perienus 3aaaun Komu:

h
Yit1 = Vi +g(k1 + 2Ky + 2kg +Ky),
h h
ki = 0%, ¥, ko = (X +—, yj +— k), (36)
2 2
h h
k3 = f(x o +Ek2)' kg = F(xj +h, yj +hkg)

opu  Xj+1 = Xj+h .
['eomMeTpHUeCcKHii CMBICI STOTO BBIYMCICHHS MTOKa3aH Ha puc.3.3. Kaxmoe ouepeanoe
3BeHo Pj Pi+1 momaHoli croutes Tak:

1. B rtouke Pi(Xi, i) onpenenseM HampaBleHHE ¢ KacaTeJIbHOW K MHTETPAIIbHON KPUBOH,
MPOXOJAIIEH depe3 5Ty TOUKy W 3Hauenue Ky = tg(cn). ITpoBomum otpesox PiP* mo
HaIpaBJICHUIO 1.

2. B cepemmne Ni(xi+h/2, yi+kih/2) orpeska PiP1 ompejieNiieM HarpaBlIeHUE
KacaTeJIbHON K MHTErpalibHOIM KPUBOM, TIPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K2 =
tg(az). IpoBoaum oTpe3ok PiP? 1o HanpasIeHuo Q).

3. B cepeaune Na(xi+h/2, yi+k,-h/2) orpeska PiP2 oTpesieNiieM HarmpaBICHUE O3
KacaTeJIbHON K MHTErpalIbHOM KPUBOM, IPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K3 =
tg( ). Iipoomm otpesok PiP® o Hanpasenmio as.

4. B Touke P3(xi+h, yi+ks-h) ompenensem HanpaBieHHe o4 KacaTeNbHOMN K HHTErPAIbHOMN
KPHBO#, IPOXOSIICH Yepe3 3Ty TOUKy U 3HaueHue k4 = tg(ay).

5. Tlomy4yeHHble yeThIpe TaHTEHCa YCpeAHstoTca Becamu 1/6, 2/6, 2/6, 1/6 no dopmye:

1
g (kl + 2k2 + 2k3 + k4) . Ilo OTOMY OKOHYATCJIbHOMY HAIIPAaBJICHHUIO MblI IIPOBOAWM

orpe3ok u3 ToukH Pi(Xj, Yi) B TOUKY Pis1 (Xi+1, Yic1)-



V

Puc. 3.3

W3 reomerprueckoro cmeicia sICHO, UTO JaHHBIM METOJI HAMHOT'O TOUHEee MeTofa 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
NEpEMELICHMS HE 110 MHTErpajlbHON KPUBOH, a IO KacaTeabHOU K HEH;
2. 1Jj00ajbHasi NOTPENIHOCTD, T.€. MAKCUMaJIbHAS IOTPEIIHOCTD PEIICHHS:
| Yoo (%) |-
l'oBOpsAT, YTO YMCICHHBIA METOA HMMEET P-il MOPSIAOK TOYHOCTH 1Mo mary h, ecim
BBITOJIHAETCS YCIIOBUE:!
o |y o,
1<i<n!! :

rae C — HeKoTopas MOJIOKUTENIbHAs TIOCTOSIHHASL, 3aBUCALIasl OT MpaBoi yacTH ypaBHeHusd (1) u
OT paccMaTpuBaeMoro meroza. P-il MOpsiIOK TOYHOCTH O3HAYAaeT YTO, HANpUMeEp, IpHU
yMeHblieHuH mara B 10 pas, morpeniHocTh YMEHbIIUTCS puMepHo B 10P pas.

—chP

Jnsa metona Diinepa JoKalnbHas MOTPEUIHOCTh MMEET MOPSI0K TOYHOCTH h? (BTOpOH
HOPSZIOK TOYHOCTH). DTa BENMYMHA COOTBETCTBYeT N B TOil cremeHH, B KOTOpoil h crouT B
nepBoM oTOporieHHOM ujieHe B (gopmyne Teinopa (3). ['mobanpHasi MOTPEMIHOCTE U METO/T
Diinepa UMEIOT NOPSAOK TOYHOCTH h (TIePBBIil MOPSITOK TOYHOCTH).

CooTBeTcTBeHHO it MeTona Jinepa-Komm JtokanbHast MOrpenHoCTh HMEET MOPSI0K
TouroCTH h®, TII06GaNBHAS TOrPEITHOCTH HMEET MOPSIOK ToUHOCTH h,

s metona Pynre-KyTTa 4eTBepTOro mopsijaka JIOKaIbHasi HOTPEIIHOCTh UMEET MOPSIO0K
Touynoctn h°, T106aIbHAsS TOTPENIHOCTh UMeeT Mopsok TournocTH h',

Ha npakTuke OICHKY MOTPENIHOCTH PEIleHHs], HaleHHOro ¢ maroMm h/2, B Touke X; €
[a,b] mpou3BOAAT ¢ MOMOIIbIO MpaBuJia Pynre:

i () = yo; (/2)
|¢(Xi) - Vi (h/2)| ~ %

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.

Ecnn no ycnoBuio 3amaunm TpeOyeTcs HAWTH UYUCIEHHOE PEIIEHHUE C TOYHOCTBIO €
(mpenenbHas abCOMIOTHAsI MOTPEIIHOCTh), TO B 3TOM Cllydae HayaJlbHBIA IIar BBIYMCICHUN h
YCTaHaBJIMBAIOT C TOMOIIBIO HEPABEHCTBA

, (3.7)



HP<g, (3.8)

npu p=2, 3, 4 COOTBETCTBEHHO JJIs METOA0B Diliiepa, Ditniepa—Komm, Pynre-Kyrra yerBeproro
nopsiika. YCJIOBUEM JIOCTHXKCHHS 3aJIaHHOW TOYHOCTH BBIYHMCIICHUM, SIBJSIETCS BBINOJHEHUE
HEPaBEHCTBA

[vi(h) -y, (h/2)

2P 1
npu Beex | urae p=2, 3, 4 COOTBETCTBEHHO I METO10B Ditnepa, Ditnepa—Korm, Pynre-Kyrra
YEeTBEPTOTO MOPsIJIKA.

3.5. Yucnennoe pewernue cucmem ouppepenyuanvhvix ypasHeHuil nepeoco nopsaoKa
Paccmotpum 3amauy Komm mis cuctemsl u3 N nuddepeHIranbHbIX YpaBHEHHH MEPOBOTO
nopsiKa

<e (3.9)

i = f.06 Yq, Yo ¥n),
Y2 = (% ¥1.¥2:¥n) (3.10)

IIpH HAYaJIbHBIX YCIIOBUAX
Y1(Xg) = Y10+ Y2(Xg) =VYog - Yn(Xg) = Yno - (311)

Ecnu BBeCTH BCKTOPHBIC 0003HAYCHHS:

y1(X) y1(x)
Yn(X) Yn(X)
fl(x,Y) Y10
Foov)=| 207 v, =| Y20
fn (x,Y) Yno
to 3agaua Komru (3.10)-(3.11) B BekTOpHO# hopMe 3amuIeTcs TakK:
Y=F(XY), Y(xg)=Yp. (3.12)

Yucnennoe pemenue 3anaun Kommwm (8.12) cocrout B ToM, uTo Ha oTpeske [a,b] TpeOyercs
HOJTYYUTh MPUOJIMKEHHBIC 3HAUCHUsT KOOpAuHAT BekTopa Y(X) B y3moBbIX Toukax X; (i=1, 2,...,
m) ¢ marom h=(b-a)/m.

O603Ha4MM BEKTOP, IOCTaBISFOIIHIT IPHOIIMKEHHOE penreHne, depe3 Yj ~ Y (X)) (1=12,...,m)

, a ero koopauHaTel — yepe3 Yii (K=1, 2,...,n); i =1, 2,..., m) tak, uro Y ~ Y (Xi).

PaccmoTrpum uncnenHoe pemeHue 3anaun Komm s cuctemsl  AuddepeHnnaIbHbIX
ypaBHeHMI ¢ momouibio MeToaa Pynre-Kyrra uyerBeproro mopsinka. Bekropnas ¢opma
anropuT™a Merona s 3anaun (3.12) cootBercTByeT hopmyinam (3.6) M UMeeT BH]T



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

h
Y:, 1 =Y +—=(K; + 2K, +2K45 + Ky),
i+l =i 1 2 374
6 (3.13)
h h
K1=F(Xi,Yi), K2=F(XI+E,YI+EK1),
h h
K3=F(Xi+E'Yi+EK2)’ K4:F(xi+h, Yi+hK3),

K -
TAI€ BEKTOPBI K ; = 12 (j=1234)-

k in
OneHka MNOTpemIHOCTh MeTOJAa Ha IPaKTHKE OCYIIECTBIseTcs Mo mpaBuwiay PyHre
ananoruyso (3.7). [ycts

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

- 3HAYEHWs YHCIICHHOTO PEIICHUS B TOYKE X; , MOJydeHHble st mraroB h u h/2
COOTBETCTBEHHO; TOT/Ia MOTPENIHOCTh di B TOYKE Xj I BBIYUCICHHH ¢ marom h/2 BeipakaeTcs
MPUOJIM)KEHHBIM PAaBEHCTBOM

1 {yq -y (072) |
2P 1

dj(h/2) = (3.14)

rJie p — MOPSAA0K TOYHOCTH YHCIEHHOTO MeTosa (p=4).
3.3. YucnenHoe pemienue quddepeHuaabHbIX YPaBHEHHH BBICIINX TOPSIKOB

3amaua Komm nns nuddepeHnuanbHOro ypaBHEHHs N-TO TMOpSAKA CTABUTCS TakK: HAWTH
pellIeHnEe ypaBHEHUS

n - n-1
v =ty y ey (3.15)
[IPH HAYaJIbHBIX YCIOBHUIX
, , n-1 n-1
y(Xg) =Yg Y'(%g) = Yo - o )(x0)=y(() ) (3.16)
3anaua Komru (3.15)-(3.16) mist muddepeHnanisHoro ypaBHeHHs N-T0 TOPsiIKa MPUBOIUTCS
Kk 3aga4ye Komm s cucrem N auddepeHnnansHbiX ypaBHeHu nepBoro nopsiaka (3.10)-(3.11),
K KOTOPO# 3aTeM MPUMEHSFOT YHCICHHBIC METObI PEIICHUS CUCTEM.
Beenem o0o3HaueHUs
=Y, 1p= zi, 3= 2'2, vy Ip = Zh—l
u BbipazuMm ¢QyHKIHoO Y(X) W ee mpou3BoaHbie 10 (N-1) mMOpsiaka BKIIOYUTEIBHO dYepes

BBCIACHHLIC @yHKHI/H/I:
n-1

y:zl, y’:zz, y":z3, ey =175
Bwmecro 3anaun (8.15)-(8.16) umeem 3aady Al CUCTEMBI ypaBHEHHH
=1,
75 =1
27173
(3.17)
Zn1=n
7y = f(x, .2 e Z)

IIp1 HAa4YaJIbHBIX YCIOBUAX



21(Xg) = Yg: Zo(Xg) =Yg - Zn(Xg) = yén<_1)_ (3.18)

IHopsinok BbINOJIHEHUS PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEICHUSIMHU.

2. BbinonHUTH HEOOXOJUMbBIE PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIbTATHI PACUETOB.

dopma npeacTaBJieHus pe3yJbTara:

PesynbraThl npeicTaBUTh B BUjC oTueTa B hopmate .dOCX.

Kpurepum ouenku:

3agaHue BBITOIHEHO 0€3 OMMO0K — OIIEHKA «OTIUIHON.

3aaHue BBIOJIHEHO MPaBUIIbHO, HO JAOMYIIEHBI 1-3 BRIYUCIUTEIBHBIX OMIMOOK — OIICHKA

«XOpOILOH.
3aaHue BBIIIOJIHEHO HEOPEXKHO, NOMYILEHb! OIIMOKH — OLIEHKA «YAO0BJIETBOPUTEIILHOY.
3anaHue BBITNIOJIHEHO HEIPAaBUJIBHO, JIOTTYIIIEHbI OLINOKHU — OLIEHKa

«HCYOOBJICTBOPHUTCIIBLHOY.
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