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1.INIOACHUTEJIbBHAS 3AIINCKA
Meroauyeckue ykazaHus MO MPAKTUYECKUM 3aHSATUSIM y4eOHOU MUCIUIUIMHBI
«YucieHHbIEe METOAbD) COCTaBJIEHBI B COOTBETCTBUU C YUEOHBIM IJIAHOM M paboueit
MporpaMMbl JUCHUIUIMHEI 110 crienaibHocTu 09.02.07 Hnghopmayuonnvie cucmemot
U RPOZPAMMUPOBAHUE
llens mnpoBeneHUsT NPAKTUYECKUX 3aHATHH: (OPMHUPOBAHUE MPAKTUICCKUX
yMEHUH, HEOOXOIMMBIX B MOCEAYIONIEH MPOPECCHOHAIILHON U YUeOHOU IeATeTbHOCTH.

Meronnueckue yka3aHUsl MPAKTHUYECKUX 3aHSITHH SBISIOTCS YacThIO y4eOHO-
METOIMYECKOr0 KOMILIEKCa M0 y4eOHON AUCLMIUIMHE U CONEpPKAT:

- TeMy 3aHATHS (COTJIACHO TEMAaTUYECKOMY IJIaHy Y4eOHOU JUCIUIUIMHBDI);

- IIeJIb;

- obopynoBanue (Marepualbl, MpOrpaMMHOE oOOecredeHue, OCHAIICHHUE,
pa3aTOYHbIN MaTepual u Jp.);

- METOJMYECKHE YKazaHusl (M3y4YUTh KPAaTKUM TEOPETHUYECKUM Marepual Io
TE€ME MPAKTUYECKOTO 3aHSITHS);

- XOJ BBINOJIHCHHUS;

- ¢opmy oTyeTa.

B pe3synbraTe BBIIOIHEHUS ITOJTHOTO 00beMa 3aJJaHUK MPAKTUYSCKUX 3aHITHI
CTYJICHT JI0J>KEH yMeTh:
UCII0JIb30BaTh OCHOBHBIE YHCICHHBIE METO/Ibl PEIICHUS MATEMATUYECKUX 33]1aY;
- BBIOMPATh ONTUMAIbHBIN YUCIEHHBIN METOT JJI PEIICHUS TTOCTABICHHON 3a/1a4H;
- JlaBaTh MATEMaTHYECKHE XapaKTEPUCTUKU TOYHOCTH HUCXOJHOU HHPOpMAIUU U
OIICHUBATh TOUHOCTb MOJYYEHHOTO YUCICHHOTO PEIICHUS;
- pa3pabarbiBaTh aAATOPUTMBI U TPOTPAMMBI JISl PEIICHUS] BBIYUCIUTEIBHBIX 3a/1a4,
YUHUTHIBASE HEOOXOJUMYIO TOUHOCTh MOJTYy4aeMOro pe3yibTara.
[Ipn mpoBeneHUM NPAKTHYECKUX PabOT MPUMEHSIOTCS CICAYIOIINE TEXHOJOTHU U
METOJbl OOYUYeHMs: UTEHHE C MapKUpPOBKOM, «uiboH», HWHPOPMAIIMOHHBIC
TE€XHOJIOTUU, MEHTAJIbHBIE KAPTHI U T.]I.

OueHka BbINOJTHEHUS MPAKTHYECKUX 3aHIATHIA

«OTIMYHO» - TEOPETHUECKOE COJEp’KaHHWE Kypca OCBOCHO IOJIHOCTHIO, 0e3
npo0esoB, yMeHUs C(HOPMHUPOBAHBI, BCE MPETYCMOTPEHHBIC MPOTPaMMON yueOHBIC
3a/1aHUS BBITIOJTHEHBI, KAYECTBO UX BBITIOJTHEHHUS OLIEHEHO BBICOKO.

«Xopoumo» - TEOPEeTHYECKOE COJEpP)KaHHE Kypca OCBOCHO IOJHOCTBIO, 0e3
po0esIoB, HEKOTOPbIE YMEHUS C(HOPMUPOBAHBI HETOCTATOYHO, BCE MPEAYCMOTPEHHbBIE
MporpaMMoii yueOHbIE 3aJJaHUsI BBITIOJTHEHBI, HEKOTOPBIE BUJIBI 3aJJaHUN BBITIOJIHEHBI C
OIIHOKaMHU.

«Y10BJICTBOPHUTEJIBHO» - TEOPETUYECKOE COJEP)KaHHE Kypca OCBOEHO
YaCTHUYHO, HO TIPOOENbl HE HOCAT CYLIECTBEHHOI'O Xapakrepa, HeoOX0JUMble YMEHUs
paboThl C OCBOCHHBIM MAaTE€pPUAJIOM B OCHOBHOM C(HOPMHUPOBAHBI, OOIBIIMHCTBO
MPEeTyCMOTPEHHBIX MPOrpaMMOi 00yUYeHUsI yUeOHBIX 3aJaHUI BBIMIOJTHEHO, HEKOTOPHIE
U3 BBITTOJTHEHHBIX 3aJJaHUI CO/IepKAT OLTUOKH.



«Hey10B/1€TBOPUTEIBHO» - TEOPETHUECKOE COJEP)KaHHWE Kypca HE OCBOCHO,
HEOOXOJMMBIC YMEHHS HE Cc(QOpMUpOBaHBI, BBHINOJHEHHBIE YYCOHBIC 3aTaHUs
cojiepKar rpyObie OmuOKH.

B cooTrBercTBUU ¢ yueOHBIM TUIAHOM W pabouell MporpamMmbl JUCIUTIIHHBI
«UncaeHHble MeTOAbD» Ha TMPAaKTHYECKHE (JTaOOpaTOpHbBIC) 3aHATHS OTBOAMTCS 18
YacoB.

2. IEPEYEHDb NPAKTUYECKHMX 3AHATHUI

Ne Tema npakTH4YeCKUX 3aHATHI Konun4yectBo
n/n 4acoB
1 | IlpakTHyeckoe 3ansaTHe Ne 1 4

Brruncnenue norpemHocTeil pe3yabTaToB apupMETHIECKUX JIeHCTBUNA Hall
npUOIMKEHHBIMH YUCIIAMHU.

2 | IlpakTu4yeckoe 3ansATHE No 2 2
Pemenue anredpanyeckux U TPaHCLIEHAECHTHBIX YPABHEHUH METOJI0M
II0JIOBUHHOI'O JIEJIEHUSI U METOJOM UTEpaLIU.

3 | IlpakTuyeckoe 3ansitue Ne 3 2
Pemenne anredpanveckux U TPAHCIICHJCHTHBIX YPAaBHEHUI METOaMH XOP.T
U KacaTeJbHbIX.

4 | lIpakTH4eckoe 3aHsaTHE No 4 4
Pemennie cucteM JIMHEHHBIX YpaBHEHUI NPUOIMKEHHBIMU METOJAMHU.
5 | lIpakTu4eckoe 3anaTHe Ne 5 2

CocraBneHrue UHTEPHOIALIUOHHBIX Gopmyn Jlarpanxka, HeroToHa,
HAXOK/IEHWE MHTEPHOJISIIMOHHBIX MHOTOUJICHOB CIUIaitHAMU.

6 | IlpakTuyeckoe 3ansitue Ne 6 2
Bbluncienue HHTErpajoB METOJaMH YHCICHHOTO MHTETPUPOBAHUS.

7 | IlpakTH4eckoe 3ansaTue Ne 7 2
[TprMeHeHre YHCIeHHBIX METOAOB JUIsl pelleHus Ju(depeHInaIbHbIX
YPaBHEHHUH.

3. COAEP KAHUE NPAKTUYECKUX 3AHATUI

IIpakTuyeckoe 3ansaTue Ne 1
Tema: BrrunciieHne NOTpemIHOCTEN pe3yabTaTOB apu(METUYECKHX JEUCTBHM HaJ
NPUOIMKEHHBIMU YUCIIAMU.
Heab: HayuuTbcs BBINOJHATH apUPMETHUECKHE JAECUCTBUA C MNPUOIMKECHHBIMU
YUCJIaMU; BBIYUCIATH IIOTPEIIHOCTH MOJYYEHHBIX PE3YyJIbTATOB.
OobopynoBanme: TeTpaab, pyuka, [IK
Meroauyeckue YKa3aHMsi: O3HAKOMBTECH C TEOPETHYECKMMM  CBEIACHUSAMM,
BBIITOJTHUTE 33/1aHUS, OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI

X0/ BbINOJHEHUS
KPATKHME TEOPETUYECKUE CBEJJEHWA:

Ilpubnuscennoe yucio 3aMeHsieT COOOM YHCIO TOYHOE, KOTOPOE Yalle BCErO OCTAeTCS
HEH3BECTHBIM.

Bephoii yughpoii Ha3BIBalOT TaKylo, IMOTPEHIHOCTh KOTOPOH HE TMPEBBIMIACT IOJOBHHBI
eIMHUIIBI CIIETYIOMIETO pa3psia.

Comnumenvras yughpa — 310 nuudpa, clieayromnas 3a BEpHO.

3navawumu yugpamu HTAHHOTO 4YHCIA HA3BIBAIOT HU(PH, HAYMHAS C TEPBOM CIeBa,
OTJIIMYHOM OT HYJIS, U KOHYAs TIOCJIE/IHEH, 32 TOYHOCTh KOTOPOH €IIe MOYKHO ITOPYUYHTHCSL.




HOZpeWHOCWlblO Aa ﬂpu6ﬂu9f€€HHOZO 3Ha4YeHu:A a 4ucjia X Ha3blBa€TCs PasHOCTb Aa =xX—-a,

a MOJyJb 3TOM NOIPEIIHOCTBIO HA3BIBAETCS AOCOIIOMHOU NOZPEUHOCHIbIO.
Eciu A, >0, 1o a B3sT0 ¢ HeoctatkoM. Eciu A, <0, To a B3STO ¢ U30BITKOM.

I'panuyeii nozcpewHocmu NPUOIUICEHHO20 3HAYEHUs A YUCIa X Ha3bIBACTCA BCIKOE
HEOTPHULIATENLHOE YHCIO /1, , KOTOPOE HE MEHbBIIE MOJYJIsl HOIPEITHOCTH: |Aa| <h,.

I'oBopsT, uTO NMpUONMKEHUE a TPUOIUKAET YUCIO X C TOUHOCTBIO O /1, , €CIIH |x - a| <h,,
a-h,<x<a+h,, x=axth,.

Ommnocumenvrou nozpewHocmsio HpI/I6J'II/I)KeHHOFO 3HAUYCHHUA a 4YHCjIa X Ha3bIBACTCA
OTHOILICHHEC

a

a

0, = ,a#0.

o

o \/— 1 X
Keaapamﬂblu KOpeHb U3 HpI/I6J'II/I>KeHHOFO YHcJia BBIYUCISICTCA 10 (I)OpMyJ'Ie: X = E a+—|,

a
rae az\/;.

. 1 X
Obwasa ¢opmyna nns BBIUKCICHUS KOPHS N-OM CTENEHHU: 2/x =—{(n—1)a+—}, rae

n n—1
ax%x.

Ilpumeuanue: 8bInOIHUMb 3A0AHUS CO2NACHO CBOEM) 8APUAHNY
3ATAHME 1 Bpluuciuth CyMMY C YKa3aHHBIM YHMCJIOM BEPHBIX JAECATUYHBIX U 3allaCHBIX 3HAKOB.

Bap. CymmMma Bepn. | 3an. | Bap. CymmMma Bepmn. 3amn.
aec. | 3H. JaecsT. | 3HAKOB
3H. 3HAKOB
T 7 dr 1
I x=§+z+@+\/4_3 2 L2 VI jx="Faels 5+\/ﬁ 2 1,2
1l x=%+§+\/§+\/@ 2 | 2,3 | VII | x=+2r+igl+lge 2 1,2
5 1 |z 2 1
M | x=rx+e’+/53+10 4 1,2 | VIII X=—.|—+4+—=4.]- 3 1,2
2V2 7 \3
IV | x=2+e+lge+67 | 4 |1,2| IX x=e2+f+i+\ﬁ 3 2,3
2 4 2z \5
A% x=Zisinl+e’ 2 34| X x=L+£+ 3 4 2,3
3 2r & 7
3AJIAHMUE 2 Bprauciuth pa3HOCTh C YKa3aHHBIM YHCIIOM 3HAYaImX nudp.
Bapuant Pa3znoctn 3Hayanmmx Bapuant Pa3znocth 3Havamux
undp ungp
22
I x="2_x 3 VI O E 3
7 T 4
1 2 4 VII R 3
e L2z =
1 x=m—é 2 VIII x=+10-x 4
v x =27 —6tgl 3 X x:%\/Z—sinl 4
15 =
A% x=+r -3 2 X XS0 5




3AIAHUME 3 Haiiti npousBeaeHue mpuOIMKEeHHbIX uncel (2 cnocobamu). OnpeaenuTtb, CKOJIBKO
3HAYaIMX (P UMEeT Npou3BeIcHHE, YKa3aTh BEPHbIC U COMHHUTEIbHbIC HUPHI.

Bapuant a b Bapuanrt a b
78,5184 +
+ + + 4
I 1,58 + 0,005 0,973 = 0,0005 V1 1,109 £ 0,0005 0,00005
11 3,77 £ 0,005 1,107 £ 0,005 VII 4,371 £ 0,0005 | 97,106 + 0,0005
111 0,108 £ 0,0005 90,7 + 0,05 VIII 5,804 £ 0,0005 105,84 £+ 0,005
10,1071
’ + + +
v 0,00005 0,13 + 0,005 IX 10,382 + 0,0005 64,42 + 0,005
11,1073 £
+ ’ + +
A% 0,015 £ 0,0005 0,00005 X 0,15 + 0,005 99,908 + 0,0005

3AJAHUE 4 BrrauciauTh U yKa3aThb KOJWYECTBO 3HAYAIIMX HMUGP B pe3yibTaTe, €CIU HCXOIHBIC
JaHHBIE — MPUOJIMKEHHBIC YMCIIa, ONPeNeICHHbIE ¢ TOYHOCTHIO J0 MOJIOBHUHBI €UHHIIBI TOCIETHETO
azpsija.

Bapuant 3ananus Bapuant 3ananus

1| (03787 | Jooas | %7342: VI | 26019 | 10586 | ©78%42:
0,3271 3,015

11 (7,542) | /17,5324 | 6,7:2,3784 VII | (10,1013)2 | /25,607 4’520%9 ‘

m | (5,689 | /19,1805 27’681343 lovim | 04198 | 281198 12’60 })3(1’9 ’

v (0,129)* | /21,594 25’19(?25 : IX (0,5601)? | /15,0509 25§472(:’Z ‘
8,92 : 31,560185 :

3 9 2 9
\% (3,586)3 | /16,1018 4.5401 X (1,1809)? | /18,0011 57804
3AJIAHHME 5 Boruuciuth ¢ yKazaHHBIM YHCIIOM 3HAYANTUX ITUGD.
Bap. [pumep | 3u. u. | lIpume | 3H. 1. Bap. Hpumep | 3u.u. | [Ipumep 3H. 1.
p

| 3,78 6 910 5 VI /19,807 8 J15 8

11 5,906 5 $/10 8 VII /28,908 9 $/31 9

111 J1L685 | 4 {15 7 VIII | /27,591 7 Y53 7

v 39349 | 5 Y10 6 X 37,708 8 §/48 8

\% J25.694 | 6 Y14 8 X J48,8193 7 391 5

3AIAHHUE 6 Pemuth 3ama4y Ha onpenesieHne abCOMOTHON (OTHOCUTETFHOM ) MOTPEIIHOCTH.

I B. YKaXXuTe OTHOCUTENIBHYIO INOTPELIHOCTb, KOTOpasl MOJIy4MTCS, €CIM 4uciao 6,572 3aMEHUTH
qHCIOM 6,57.

II B. Cropons! napamuienorpamma pasHbl 11 u 12 cM, MeHpmias nuaronans — 13 cm. B pesynbrate
U3MepeHusl JUHeWkoi Oonbiied auaroHanu noiayudwid 18,9 cm. KakoBa oTHOcuTenbHas
MOTPELIHOCTh ATOT0 MPUOIMKEHUS?

III B. B paBHOOEApEeHHOM TpEYrojibHUKE JUIMHA OCHOBaHUS paBHa 24 cM, a O0KOBOIl cTOpOHBI — 15
cM. B pesyisbrare u3MepeHHs JTUHEHKOW PaJUyCOB, BIIMCAHHON U OIMCAHHON OKPYXKHOCTEW,
noJtyymsin  cootBeTcTBeHHO 4,1 m 12,3 cm. Halimure OTHOCHTENBHBIE IMOTPEHIHOCTH STHUX
NpUOIIMKEHUH.

IV B. Ckopocth cBeta B Bakyyme (299792,5 + 0,4) kM/c, a ckopocTh 3Byka B Bozayxe (331,63 *
0,004) m/c. Uto usmepeHo ¢ OOMbIIeH TOUHOCThIO?

V B. Kakas u3 xapakrepuctuk camoisiera «AH-24» nana tounee: pa3max kpbuia 29,2 M; B3leTHas
Mmacca 21 1; cobcTBeHHas Macca 13,9 T; mpakTU4ecKuil MOTOJIOK BBICOTHI 8,9 kM?

VI B. Okpyriute yucio 6,87 10 AeCATHIX U HAaWAUTE aOCOTIOTHYIO U OTHOCUTEIBHYIO MTOTPEITHOCTb.



VII B. Haitnure OTHOCUTENBbHYIO TTOTPEITHOCTh MPUOIMKEHHOTO 3HaueHus a = (0,143 BeTuduHbI X =
1/7.
VIII B. [lokaxkute, 4TO OTHOCHUTEIbHAS MOTPEIIHOCTh MPUOIMKEHHOT0 yKciia He npeBocxoaut 10%,
€CIIM B €r0 3allUCH JIBE 3HaYaIue nudpol.
IX B. JlokaxkuTe, 4TO OTHOCUTENIbHAs MOTPEIIHOCTh MPHUOIMKEHHOTO 4Yucia He mpeBocxoaut 1%,
€CIIM B €T0 3allUCH TPU 3HAYAIIHE TUQPHI.
X B. HalimuTe rpaHuilsl 3Ha4eHU rpy3onoabeMHocTH aBTomMoomiss 'A3-51A, ecnu oHa paBHa 2,5
(£15%) T.
KOHTPOJIBHBIE BOITPOCBHI
1. Yro Takoe norpemHocTs?
2. B uem pa3znuna Mexay abCONIOTHON NOTPEIIHOCTIO U OTHOCUTEIILHOM?
3. Kakum uuciom sBasieTcs pe3ynbTar ASUCTBUIA ¢ TPUOIMKEHHBIMHA YUCIIaMU?
4. Tlouemy npu npUOIM>KEHHBIX BBIUUCICHUSX MOTPEIIHOCTh MOKET HAKaIJIUBAThHCS?
COCTABJIEHME OTHETA
- Homep u HanMeHOBaHHe NPAKTHYeCKON padoThl
- Heab padoTsl
- Homep BbInosIHsieMoOro 3aianus 1 noapodHoe opopmiienune
(I)opMa oT4Y€e€Ta: OTYCT C PCIICHUEM, OTBCTEI HAa KOHTPOJBbHEIC BOIIPOCHI, 3allInuTa
IIpakTuyeckoe 3ansitue Ne 2

TeMa: Pemenne anre6panqecxnx " TPAaHCUCHACHTHBIX ypaBHeHI/Iﬁ METOJOM ITIOJIOBHHHOI'O JACJICHUA
U MCTOAOM HUTCpAllH.
Heab: 3akpenuTh HaBBIKK PELICHUSI YpaBHEHUH NPUOIMKEHHBIMU METOAMHU.
OobopynoBanme: TeTpaab, pyuka, [IK
MeToguyeckue YKa3aHUsl: O3HAKOMBTECH C TEOPETHUYECKMMH CBEIACHUSAMM,
BBIITOJTHUTE 3a/1aHUs1, OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI
X0/ BbINOJIHEHUSA

KPATKHUE TEOPETHUYECKHUE CBEJAEHUA:

Yucno x = x * HazpiBaeTcs KopHeM ypaBHeHUs f(x) =0, eciu f(x*)=0.
Ecnu ¢ynkuus f(x) onpeneneHa U HEMpepbIBHA Ha [a,b] U Ha KOHIIaX OTpe3Ka MPUHHMAET

3HAUYCHHSA pA3HBIX 3HAKOB, TO Ha [(1, b] CYHIECCTBYCT XOTA OBI OJIMH KOPCHb.

[Ipu onpeneneHny NMpUONMKEHHBIX 3HAYCHUM KOPHEW YpaBHEHHS HEOOXOAMMO DEIIUThH JIBE
3a/1auu:

1. Omoenums Kopenb ypasHeHusi — 3HAYUT HAUTH TAaKOW WHTEPBaJ, BHYTPU KOTOPOTO
HaXOJIUTCA OJUH U TOJBKO OJIMH KOPEHb JAHHOTO YPABHEHUSI.

2. Vmounums kopens ¢ Hanepes 3aJJaHHBIM YHCIIOM BEPHBIX 3HAKOB.

Meto1bl yTOUHEHUSI KOPHEH

Memoo nonosurno2o oenenus

B ocHoBe MeTona JeXKUT JeNeHHE OTpe3Ka IMOMNoJiaM, Ha KOTOPOM OMNpeNeeH KOpPEHb

m _a+b

ypaBHeHus. Uteparmonnas ¢popmyna UMeeT BUI: X = >

I'ne

X — UICKOMBIA KOPEHb ypaBHEHUS

k — unexc npubIMKEHHOTO 3HAYEHUS KOPHS

aub— oTpe3ok [a ; b] Ha KOTOpOM omnpeaeneH KOPEHb YPaBHEHUSI.

OTpesok [a ; b] nenutcs 3aTeM Ha aBa oTpeska: [a ; xX0] u [x® ; b], u3 xoTopIX BEHIOUpaeTCs
TOT, Ha KOHIIaX KOTOPOTo (PYHKIMs MPUHUMAET 3HAUCHUSI Pa3HBIX 3HAKOB.

[Tpouecc aeneHust mpoAoHKAeTCs 10 T€X MOp, MOKa IJIMHA MOCIEeIHEro OTpe3Ka He CTaHeT |a—
b| < 2¢ , rae € — TOUHOCTH MPUOTMIKEHUIH.

Memoo npocmoti umepayuu.



Hcxonnoe ypaBaenue f(x)=0 momkHO OBITH TpeoOpa3oBaHO K BUAY: X=0(X)

x(k) — ¢(x(k—1) )
Hrepanmonnas ¢popmyia IMeeT BUI:
BrimonHenue urepaiuii moBTOpsIOT moka He Oyaet BeimoaHeHo [x(k) —x(k-1)| < e
3aganme 1. OTaenuTh KOpHU anreOpamdecKoro ypaBHEHUS TpadUUeCKUM WM aHATUTHYECKUM
croco0OM U YTOYHHUTh KOPHU METOJIOM IOJIOBUHHOTO fesieHus 1o 0,01.

Bap. 3aganue Bap. 3aganue

I X+3x+1=0 VI x*+x-1=0

11 X -3x¥+25=0 VII 43-3°+1=0
111 XX -2+ 3x=0 VIII X+3%+1=0
v X+1,7X*+1,7=0 IX X+3x7+4x+1=0
\Y% X -2x*+7=0 X 208 +2x7-x-3=0

3aganme 2. OTAEIUTh KOPHU TPAHCLEHACHTHOIO YPaBHEHUS rpadMuecKuM crnocoOOM M YTOUHUTH
MUHHUMAJIBHBI KOPEHb YPAaBHEHUSI METOIOM KacaTesbHbIX 10 0,001.

Bapuanrt 3aganue Bapuant 3aganue

| x-sinx—1=0 VI gx=-x

11 5-6x-3=0 VII xtgx=1
I | 2x-05-3=0| VI 2\/; =3

— 2

IV Nx sl X ¢ = (I+x)

\4 X’ —sinx=10 X tg x=-x°

3aganme 3. OTAEIUTh KOPHU TPAHCLEHACHTHOTO YPaBHEHUS IpaduMuecKuM crnocoOOM M YTOUHUTH
MaKCHUMaJIbHbI KOPEHb ypaBHEHUs MeTo1oM Xopa 10 0,001.

Bapuanrt 3aganue Bapuant 3aganue
x3+0,1x%+ 0,4x —
! NE e Vi 12=0
11 xlg(xt))-1=0 VIl sin(x + m) = x?
111 x—2sinx=10 VIII sin 3x =Xx
2 -
v xX“—cosx=10 IX \/; tsinx=0
A% poX T 1 X (x-1)? =sin x
KOHTPOJIBHBIE BOITPOCBHI

. Urto Takoe UHTEpBaI U3OJSALUU KOPHEN?

. Jnst xakoro THma ypaBHEHUM MPUMEHUM METOJ] TIOJIOBUHHOTO JCJICHHUS?

3. KakoMy ycioBHIO JOMKHA YAOBJIETBOPATH (PYHKIMS HAa HHTEpBajie, €CIM HaM M3BECTHO, UTO
KOpPEHb ypaBHEHUSI HAXOIUTCS HA ’TOM MHTEpBasie?

4. B 4eMm CX0XKeCTh METOJ0B XOp/I U KacaTeIbHbIX ?

(I)OpMa oT4YEeTA: OTYCT C PCHICHUCM, OTBCTEI HA KOHTPOJBHEIC BOIIPOCHI, 3all1iTa

IIpakTuueckoe 3ansaTueNe 3
Tema: Pemenue anre0panueckux U TPAHCIEHISHTHBIX YPABHEHUI METOIAMHU XOP/I M KACATEIbHBIX.
Leab: 3akpenuTh HaBbIKK PELICHUSI YPaBHEHUIN NPUOIMKEHHBIMA METOJAMHU.

N —

OobopynoBanme: TeTpanb, pyuka, [IK
MeTtoauyeckne yKa3aHWsl: O3HAKOMBTECh C TEOPETUYECKMMHU  CBEJIECHUSIMU,
BBITNIOJIHUTE 3a/1aHUs1, OTBETUTh HA KOHTPOJIbHBIE BOIPOCHI

X0/ BBINIOJIHEHHU S
KPATKME TEOPETUYECKHUE CBEJAEHUSI:



Memoo xacamenvuwix (memoo Hviomona)
k
* f (x( ))
/60
B kauecTBe HauanbHOTO MPUOIMKEHUS BRIOMpAETCS Ta U3 TPAHUILL OTpe3Ka [a ; b] Ha koTopoit
BBITIOJIHSIETCS yenoBue: f(x)* f''(x) >0

(k+1) —

Urepaunonnas gopmyna meroga HeroToHa nmeer BUI: x X

BrInoHeHue utepanuii oBTopsIoT noka He Oyzer BoimonneHo [x© — x*&D| <g
Memoo xopo
y_a*f(b)-b* f(a)

f(b) - f(a)

OTpesox [a ; b] nemurcs 3aTeM Ha aBa otpeska: [a ; X u [x¥ ; b]. Beibupaercs HoBbIH
OTPE30K, B 3aBUCUMOCTH OT yCIJIOBHSL:

— eciu f(a)>0 u f(x®)>0 nmm f(a)<0 n f(x®)<0 To orpesox [x¥ ; b]

— ecmu f(b)>0 u f(x®)>0 unu £(b)<0 u f(x*)<0 1o orpesoxk [a ; xV]

BhINoNHEHNE UTepaIuii HOBTOPSIOT, HOKa He OyeT BhimosHeHo [x© — x&D| < g

Kombunuposannwiii memoo xopo u kacamenbHbiX

MeTon OCHOBaH Ha IOCTPOCHUM CXEMAaTHYeCKOro rpaduka (QyHKIUH, ONpeIeICHHH
HHTEPBAJIOB €T0 TIEPECEUYCHUS C OChI0 aOCIMCC U MOCISAYIOMAM «CIKAaTHEM» dTOTO MHTEpBAIA MPHU
MOMOIII CTPOUMBIX XOPJI U KacaTeIbHbIX K TpaQuKy dTOH QyHKIIUH.
3aganue 1. Otmenurs KOpHH anreGpandeckoro ypasHeHus ax® + bx? + cx + d = 0 rpaduueckum
WIA aHAJIUTHYECKUM CIIOCOOOM W YTOYHUTh KOPHM KOMOWMHUPOBAaHHBIM METOJOM XOpJI H
kacarenpHBIX 0 0,001.

Urtepauuonnas GpopMyna umeer su; x'*

Bap. Ko>dduunenrni
a b c d
I 1 -0,2 | 04 | -1,6
11 2 0,1 | 03 | -14
111 1 -0,3 | 01 | -1,3
10Y% 2 04 | 02 | -1,1
\ 1 05| 04 | -1,2
VI 2 -0,1 | 02 | -1,7
VII 2 -02 1 05 | -1,9
VIII 1 04 | 02 | -1.5
2

IX -0,5 0,3 -1,8
X 1 -0,1 0.4 -1,1
3aganue 2. OTOenuTh KOPHU TPAHCIICHJEHTHOTO YpaBHEHUS IpadUuecKuM CrocoOOM U yTOYHHTH
ux MetoaoM urepanuii 10 0,001.

Bapuant 3ananue Bapuant 3ananue
| -0,5x = cos2x VI x = 2sin 2x
11 —x/3 = sin 3x VII -x = 5sin3x
111 -0,3x = cos x VIII cos 3x = 2x
10% 0,4x = cos(0,5x) IX 4sin(1,5x)-2,8x=0
\Y -x =4cos x X cos(2,5x)-4x=0

KOHTPOJIBHBIE BOITPOCBI
1. Ecnu utepaninoHHBIN TPOIECC CXOIUTCS, TO KaKy0 TOUKY MOYKHO OpaTh B KaUeCTBE HYJIEBOTO
MIPUOTKESHUS ?
2. MoxHO 11 TpadUIeCKUM METOJOM HAUTH TOUKY HYJIEBOTO PUOIIIKEHUS?
3. B 4eMm mpenMyIiecTBO HCHOJIb30BaHUS KOMOMHHPOBAHHOTO METOAA XOPJ M KacaTeNbHBIX Tepe
OTJIEBHBIM HCIIOIH30BAaHUEM ITUX METOI0B?
(I)opMa oT4yETa: OTUCT C PCIICHUCM, OTBCTLI HAa KOHTPOJIbHBIC BOIIPOCHI, 3alllUTa

IIpakTuyeckoe 3ansiTue Ne 4



Tema: Pemenue cucTeM JIMHEHHBIX YPaBHEHHH TPUOIIMIKEHHBIMUA METOIAMH
Henb: 3akpenuTh HABBIKM PEIIEHUS CUCTEM  alreOpanyecKux YypaBHEHUU
HpI/I6JII/I}KéHHLIMI/I MCTOJOM.

OobopynoBanme: TeTpaab, pyuka, [1K

Meroanueckue yKa3zaHWsi: O3HAaKOMbTECh C TEOPETUYECKUMHU CBEJCHUSIMU,
BBITIOJTHUTE 33/IaHUSI, OTBETUTh Ha KOHTPOJIbHBIE BOIIPOCHI

X0/ BBINOJITHEHH A

KPATKHUE TEOPETUYECKUE CBEJEHUA:

1. Merox I'aycca

Jluneiinoe ypaBHEHHE HA3bIBACTCSA OOHOPOOHbIM, €CIIM €r0 CBOOOIHBIM 4JIEH paBEH HYIIIO.
Cucrema NHHEWHBIX YPaBHEHHU HA3bIBACTCS OOHOPOOHOU, €CIIM BCE BXOMSIIME B HEE YPABHCHHUS
SIBJISIFOTCSI TMHEHHBIMU OJTHOPOIHBIMHU YPABHCHHUSIMU.

OnHopoaHasi cucTeMa 1 JIMHQUHBIX YPaBHEHUN C 77 HEU3BECTHBIMU UMEET BUI:

anx; +ampx2 + ...+ amxn=0;

axix; + a;x2+ ...+ amxn=0;

anixi + an2x2+ ...+ annxn = 0.

HenocpencTsenHol npoBepkoi yOexkaaeMcss B TOM, YTO OJHOPOAHAs CHUCTEMa JIMHEHHBIX
ypaBHEHHI uMeeT HyneBoe pemenue: x; =0, x2 =0, ..., x» = 0. Takum obpazom, o0HopoOHas
cucmema JNUHEUHbIX YpasHeHull 6ceeda coemecmua. I[loamomy 6ajrCHO 6blACHUMb, NPU KAKUX
yenosuax owa sensemcsi onpeoenennou. OOHOpoOHas cucmema N JTUHEUHbIX YPAGHEHUl C N
Heu38eCmubIMU UMeem HeHyesble peueHuss mo2od U moabko moz0d, Ko2oa onpeodeiumens ee pageH
HYTIIO.

2.  Meron urepamui

[Ipn Oosbmom umcie ypaBHeHuit (~ 100 u OGonee) npsimpie Meronabl pemeHus CJIAY
CTaHOBATCS TpylaHOpeanuzyeMbiMu Ha OBM, mnpexne Bcero H3-3a CIOXKHOCTH XpaHEHHUS MU
00paboTKK MaTpHI] OOJIBIION Pa3MEPHOCTH.

Mertoabl MOC/Ie0BaTENbHBIX NPUOIMKEHUH, B KOTOPBIX IPU BBIUUCIEHUH IOCIEAYIOLIETO
NpUOIMKEHNST PELICHHs MCIOJb3YITCS MPEIbIIyIINe, YK€ M3BECTHbIE NPUOIMKEHHbIE PEIICHUS,
Ha3bIBAIOTCS UTEPALIUOHHBIMH.

B wuTepanmoHHBIX METO/JaX pelIeHHe MOXKET OBITh BBIYMCICHO 3a OECKOHEYHOE YHCIIO
uTepanui (MpuOIMKeHHI), a MOCKOJIBKY 3TO HEBO3MOKHO, TO, OCTAHABIIMBAs MPOLECC BBIUUCIICHUI
Ha KaKoW-I100 UTepamnun, He0OX0MMO YMETh OIICHUBATh IMOTPEITHOCTh METO/1a UTEPALIU.

[TpubnukeHHble METONABl PELIeHHs CHCTEM JIMHEHHBIX ypaBHEHHH MO3BOJISIIOT IOJIydYaTb
3HaYeHUs KOpHEH CcHCTeMBl C 3aJaHHOM TOYHOCTBIO B BHJIE Mpejesia I0CIeI0BaTEIbHOCTH
HEKOTOpPhIX  BeKTOpoB. Ilpomecc mocTpoeHHs TakoW — IOCIENIOBATEIbHOCTH  Ha3bIBACTCA
UTEPALMOHHBIM (TIOBTOPSAIOIINMCS).

O¢ddeKkTBHOCTE MPUMEHEHHs NMPHUOIMKEHHBIX METOJIOB 3aBUCAT OT BbIOOpa HAYaJILHOTO
BEKTOpPA U OBICTPOTHI CXOJUMOCTH IIpoIECCa.

IlycTp nana nuHelHas cucrema

3. CpaBHeHHE NPSAMBIX U UTEPALMOHHBIX METOJIOB

CucTteMbl TUHEHHBIX anredpandyeckux ypaBHEHHH MOXKHO pellaTh Kak ¢ MOMOULIbIO MPSIMBIX,
TaK M UTEPALlMOHHBIX METOJOB. [ cucTeEM ypaBHEHMH CpeAHEW pa3MEpHOCTH Yalle MCMOIb3YIOT
IpsSMbIE METOIBI.

HtepaninoHHble METOJbl MPUMEHSIOT IJIAaBHBIM 00pa3oM i pelieHus 3aaad OoJbIIoi
pasMEpHOCTH, KOIJa MCIOJIb30BAaHUE MPSIMbIX METOJO0B HEBO3MOXXHO H3-3a OrpPaHUYEHUH B
JOCTynHOW omnepaTuBHOM mnamatu OBM wumum u3-3a HE0OXOJUMOCTU BBINOJIHEHHUSI UYPE3MEPHO
OospLIOro 4yMcia apudMerudeckux onepanuil. bosblive cucTeMbl ypaBHEHUH, BO3HUKAIOIIME B
OCHOBHOM B NPUJIOKEHUSX, KaK IPAaBUJIO, SIBJISIIOTCS Pa3peKeHHBIMH. MeEToAbl MCKIIIOUEHUS JUIs
CHUCTEM C pa3peKCHHBIMM MaTpULAMH HEYJIOOHBI, HANpPUMEp, TEM, YTO NPU HMX HCIIOJIb30BAaHUU
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00JIbIIIOE YHUCIIO HYJEBBIX 3JEMEHTOB NpEBpallaeTcs B HEHYJEBbIE M MaTpulla TepsieT CBOHCTBO
pa3pexeHHOCTH. B MpOTHUBOMONOKHOCTh UM MPU UCIOJIB30BAHUU UTEPALIMOHHBIX METOJOB B XOJI€
UTEPALlMOHHOIO Mpollecca MaTpUlla HE MEHSEeTCS, U OHA, €CTECTBEHHO, OCTaeTCs Pa3peKECHHOU.
bonbmas 3 PeKTUBHOCTE MTEPAIMOHHBIX METOAOB 1O CPAaBHEHUIO C MPSIMBIMU METOJIaMU TECHO
CBSA3aHHA C BO3MOXKHOCTBIO CYIIECTBEHHOT'O MCIIOJIb30BAaHUS Pa3pEeKEHHOCTH MaTPHLL.

3ananme 1. Pemnth cuctemy TuHENHHBIX anreOpandecKux ypaBHeHHUI MmeTosioM ["aycca:

L8x, +2,7x, +4x, +3x, =18,5 2x,+3x, —x; +x, =3
&= =
E 0,5x, —x, +2x;+x, =6 § 3x,—x, +2x; +4x, =8
= 3,6x, +4x, +0.9x;, —2x, =6,3 = X, +x,+3x;,—2x,=6
‘f X, —3x, +2,5x;, +4x, =15 \2 —Xx, +2x,+3x, +5x, =3
2x,+7x, +3x;+x, =5 3x,+x, —x;+x, =2
E X, +3x, +5x;—2x, =3 % =3x, +x;+2x, =1
§ X, +5x,—9x,+8x, =1 § X, +2x,+3x, =3
2 5x,+18x, +4x, +5x, =12 2 —x, +2x, —3x,-3x, =4
a ~
2x, —=3x, +3x;+2x,-3=0
10x, +3x, +6x; +2x, = 55,1 ! 2 ’ 4
6x, +9x, —2x, —x, +4=0
= 3,5x, +2x, —x, +4x, =218 z R
= —2x,—3x,+4x,+x, =5,6 2 10x, +3x, =3x; —2x, -3=0
] ] —
E | [3x+4dx, + 720, +1x, =2534 2 8x, +6x, +x; +3x,+7=0
5x,—23x,+x,—x, =—19,7
5 41 20 - 2x, =X, +x;—x, =3
= x, +L7x, =2x; +2x, =-8,3 =
= = 4x, —2x, = 2x,+3x, =2
= 3x, +3,4x, +3x; +x, =6 =
& 3 2x,—x, +5x;, —6x, =1
@ | |—10x, +5,5x, —2x; —3x, =19,8 -2
< =) 2x,—x, =3x;+4x, =5
X+ 2, + X —x, =1 = X, +2x,+2x, =7
= =
= 2x, +x, —x; =3x, =1 s —X, =X, +Xx;+5x, =6
=
2 X, —3%x, +2x;+2x, =2 §' 3x,4+2x, +x;,=4
2
v 3x, +x, +3x; —4x, =3 —t 2x,+3x,-2x, =5
3amanue 2 BerauciauTe onpeaenuTens MetosioM ["aycca.
3 1 -2 4 3 - 1 2 5 4 -1
- 0o 2 4 -3 7 = 2 4 3 -1 4
= 9 1 -2 5 9 s 0 5 0 3 7
S -5 3 -4 1 0 o 100 -2 4 7 6
=2 "1 45 20 3 3.7 5 -2 3
A- =
53 240 4 4 -8 5 3
= 1 -2 1 10 -7 g 15 7 8 -1
s 4 -1 2 7 2 < 4 8 3 5 7
= =
Sl s 32| | S 4520
e 1 4 -6 1 1 K
~ ~
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20x, +3x, +4x, +8x, =60
3. 7% +20x, =3x; +5x, =25
—3x, +x, +20x; —x, =6
—-X, — X, +4x, +20x, =24
20x, —x, +5x, + 7x, =5 15x, +3x, +4x; +8x, = 60
4. | 2% +20x,+10x,+x,=—5 5p, 7% +15% —3x;+5x, =25
x, +4x, +20x, +3x, =2 =3x, +x, +15x; —x, =6
2x, +8x, +6x; +20x, =—11 —2x, +x, +3x; +15x, =11
15x, +2x, +3x; +x, =15
x, —15x, +2x, +3x, =14

6 B.
x, —4x, +15x; +4x, =16
2x, +8x, +x; —15x, =11
10x, —x, +2x, +3x, =18 15x, =3x, +2x; +x, =3
7 B. x, +10x, —2x; +x, =-14 g g —2x, +15x, +4x, +5x, =12
—x, +4x, +10x; +2x, =24 x, —4x, +15x, = 7x, =-30
3x, +2x, +x;, +10x, =8 — X, —2x, +7x, —15x, =8
20x, =5x, +6x; +x, =0
9p. |—3x +20x, —7x; +5x, =25
X, —x, +20x; +3x, =6
—4x, +2x, +5x, +20x, =25
30x, +4x, +3x; +x, =3
10 B. 10x, +30x, —20x; +4x, =6

—12x, + x, +30x; +6x, = -1

5x, +7x, +8x; +30x, =19
KOHTPOJIBHBIE BOITPOCBI

1. Kakwue nefictBust B MeTojie ['aycca Ha3bIBAIOT MPSMBIM XO/I0M, a KaKue 0OpaTHBIM?
2. Kak nmpoBepuTh NpaBUILHOCTh HAXO0XKICHHSI OOPaTHOU MAaTPHUIIHI?

®opma oT4yera: OTUET C PELUICHUEM, OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI, 3aIUTa

IIpakTueckoe 3anaTue Ne 5
Tema: Cocrasienne MHTEPIONALUOHHELIX Gopmyn Jlarparxka, HproToHa, HaX0XIEHHE
HHTCPIOJIINUOHHBIX MHOTOYJICHOB CIJIaMHaMMU.
enb: 3aKkpenuTh HABBIKK COCTABJIEHUS HHTEPIOALMOHHBIX MHOIOUJIEHOB Jlarpanxa,
MOCTPOEHUSI KyOM4YEeCKOTo CIUIaifHa.
OobopynoBanme: TeTpaab, pyuka, [IK
Meroauyeckue YKa3aHMsl: O3HAKOMBTECH C TEOPETHYECKMMM  CBEIACHUAMU,
BBIITOJTHUTE 3a/1aHUs1, OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI
Xo/ BbINOJIHEHUSA

KPATKME TEOPETUYECKHUE CBEJIEHUA:

3amada UHTEPIIONUPOBAHUS COCTOUT B TOM, YTOOBI 110 3HAUEeHUSM (YHKINH f(X) B HEKOTOPBIX
TOYKaX OTPE3Ka BOCCTAHOBUTH €€ 3HAYEHUs B OCTAIBHBIX TOUKAX OTPE3KA.

Cy1iecTByeT HECKOJIBKO MOAX00B K PEIICHHIO 33/1a4 UHTEPIOJISALIUY.

1. Merton Jlarpamxka. OcHOBHasI Uesl 3TOTO METO/a COCTOUT B TOM, YTOOBI, IPEkKIE BCETO,
HaWTH MHOTOYJICH, KOTOPBIN MPUHUMAET 3HaueHue 1 B ofHOM y310BOM Touke U 0 BO BCeX APYruX.
Jlerko BUAETH, YTO QHYyHKIIUS
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(X = %) (X = Xg) ... (X = X_1) (X = X1 1) (X = X,4)
(X = %) (4 = Xz ). 0 = X_1) (X = Xj4)--- (G = X q)
SBIISIETCSA TPeOyeMbIM MHOTOYICHOM CTETICHM N; OH paBeH 1, eciam x=Xj u 0, Korma X=Xi, i#j.

MHuorounen Lj(x)-yj npuHUMaeT 3HaueHus yiB 1-i y3710B0ii Touke 1 paBeH 0 BO BceX APYTUX
y®) =Y L(x)y,
j=1

y3nax. M3 aToro ciemyer, 4To €CTh MHOTOWIEH CTEMEHU N, MPOXOASIINMA yepe3 nt+1 Touky (Xi,

L;(x) =

Vi)

2. Meton HeroToHa (Meron pa3fen€HHBIX pa3HOCTEH). DTOT METOJ IO3BOJISIET IOJIYYUTh
anMnpoOKCUMUPYIOIIME 3HAa4YeHUs (QyHKUUU Oe3 IMOCTPOECHHS B SIBHOM BHUJE aNIPOKCHUMHUPYIOLIETO
nosmHOMa. B pesynbrare momydaem Gopmyiy s moauHOMa Pn, anmpoOKCUMUPYIONIYIO (PYHKITHIO
f(x):

P(x)=P(x0)+(x-x0)P(x0,Xx1)+(x-X0)(x-x1)P(X0,X1,X2)+... +(X-X0)(X-X1)...(X-Xn)P(X0,X1,...,Xn);

P(x,) - P(x,) — Pa3/len€HHas pasHOCTH 1-ro mopsizxa;
P(%p, %) = ﬁ
Pl X0 xg) = P(x,X;) — P(x;,X,) — Pa3IeIEHHAs Pa3HOCTh 2-T0 MOPSI/KA U T.J.
Xg — Xo

3navenus Pn(X) B y3/1ax COBMagaroT co 3HaUYCHUAMH f(X)

3AJAHUA U1 BBIITOJIHEHU A :

1. Tlo manHO# TabauUIe MOCTPOUTH HHTEPIOJSAIMOHHBIN MHOTOWIeH Jlarpamxka.

Bapuanr 1 Bapuanr 4 Bapuant 7 Bapuanr 10
x |-1 |0 3 x |7 9 1 x |2 |-1 |2 X -1 | 1,53
3
y |3 |5 2 y [2 -2 |3 y |4 9 1 y 4 -7 |1
Bapuanr 2 Bapuanr § Bapuant 8
X |2 3 5 x |3 |1 |3 X |2 4 5
y |4 1 7 y |7 -1 14 Y |9 -3 |6
Bapuant 3 Bapuanr 6 Bapuant 9
x |0 2 3 x |1 2 4 x |4 |2 |0
y [-1 [4 |2 y |-3 |-7T |2 y 2 8 5
2. Haiitu npubamkeHHoe 3HaueHrne QYHKIUU B YKa3aHHOU TOUKE.
Bapuanr 1
x | 0,43 0,48 0,55 0,62 0,7 0,75
y | 1,63597 |1,73234 | 1,87686 | 2,03345 |2,22846 | 2,35973
arg=0,702
Bapuanr 2
x | 0,02 0,08 0,12 0,17 0,23 0,3
y | 1,02316 | 1,0959 1,14725 | 1,21483 | 1,3012 1,40976
arg=0,102
Bapuant 3
x | 0,35 0,41 0,47 0,51 0,56 0,64
y | 2,73951 | 2,3008 1,96864 | 1,78776 | 1,59502 | 1,3431
arg=0,526
Bapuanr 4
x | 0,41 0,46 0,52 0,6 0,65 0,72
y | 2,57418 | 2,32513 | 2,09336 | 1,86203 | 1,74926 | 1,62098
arg=0,616
Bapuanr S
x | 0,68 0,73 0,8 0,88 0,93 0,99
y | 0,80866 | 0,89492 | 1,02964 | 1,20966 | 1,34087 | 1,52368
arg=0,896
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Bapuanr 6

x | 0,11 0,15 0,21 0,29 0,35 0,4
y [9,05421 | 6,61659 | 4,6917 3,35106 | 2,73951 | 2,36522
arg=0,314

Bapuant 7
x | 0,43 0,48 0,55 0,62 0,7 0,75
y | 1,63597 | 1,73234 | 1,87686 | 2,03345 | 2,22846 | 2,35973
arg=0,512
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Bapuanr 8
x | 0,02 0,08 0,12 0,17 0,23 0,3
y | 1,02316 | 1,0959 1,14725 | 1,21483 | 1,3012 1,40976
arg=0,114

Bapuant 9
x | 0,35 0,41 0,47 0,51 0,56 0,64
y | 2,73951 | 2,3008 1,96864 | 1,78776 | 1,59502 | 1,3431
arg=0,453

Bapuant 10
x | 0,41 0,46 0,52 0,6 0,65 0,72
y | 2,57418 | 2,32513 | 2,09336 | 1,86203 | 1,74926 | 1,62098
arg=0,478

3. Tloctpouts smMnupudeckyro hopmyiry st GyHKIHHN Y, 3aJaHHOH TaOIuIel (BOCTIONb30BAThCS
MHTEPHOJBSIIUOHHON popmyiioit HeloToHa):

2 3 4 5 6 7 8 9 10

1,1

0,048809 | 0,065602 | 0,235622 | 2,024114 | 3,024114

0,45119

1,2

0,095445 | 0,129243 | 0,285172 | 2,046635 | 3,046635

0,40455

1,3

0,140175 | 0,191138 | 0,337167 | 2,06779 | 3,06779

0,35982

14

0,183216 | 0,251465 | 0,391022 | 2,087757 | 3,087757

0,31678

1,5

0,224745 | 0,310371 | 0,446254 | 2,106682 | 3,106682

0,27526

1,6

0,264911 | 0,367981 | 0,502475 | 2,124683 | 3,124683

0,23509

KOHTPOJIBHBIE BOITPOCHI
1. TloHsTHE HHTEPIOISAIHH.
2. OTnuyne UHTEPIONALUHI OT SKCTPATIOJIALUH.
®opma oTuyera: OTUET C PELICHUEM, OTBETHI Ha KOHTPOJILHBIE BOIIPOCHI, 3aIllUTa
IIpakTuuyeckoe 3ansitue Ne 6
Tema: Beranciienne HHTETpaoB METOJAMH YHCIICHHOTO HHTETPHPOBAHUSI.
Ieab: 3akpenuTh HABBIKM COCTABJICHUS  WHTEPIOJALUOHHBIX  MHOTOYJICHOB
CIUIAaHAMH.
OobopynoBanme: Terpanp, pyuka, [IK
MCTOI[H‘IGCKI/IQ YKazaHnus: O3HAKOMBTCCh C TCOPCTHUYCCKHMHU  CBCIACHUSAMMU,
BBIITOJTHUTE 3aJ1aHUsI, OTBETUTH Ha KOHTPOJILHBIE BOIIPOCHI
Xoa BbINOJHEHUSA:
KPATKHE TEOPETHUYECKUE CBEJEHUSA:

3aaya MHTEPIOIUPOBAHUS COCTOUT B TOM, YTOOBI IO 3HaUE€HUAM (PyHKIMHU f(X) B HEKOTOPBIX
TOYKaX OTPE3Ka BOCCTAHOBUTH €€ 3HAUECHUS B OCTAJIbHBIX TOUKAX OTPE3Ka.

Cnnaun-annpoxcumayus. CruiailHoM Has3biBaeTcsa (QYyHKLHUSA, KOTOpas BMECTE€ C HECKOJIbKUMHU
NPOM3BOJIHBIMU HENPEphIBHA Ha OTpe3Ke [a, b], a Ha Ka)KA0M 4acTHOM MHTEpBaje 3TOro OTpe3ka [Xi,
Xi+1] B OTJEJIBHOCTH SIBJIAIOTCS. HEKOTOPBIM MHOTOWIEHOM HEBBICOKOW cTeneHu. OOBIYHO IPUMEHSIOT
KyOWYecKHil CIUTaiiH, TO €CThb Ha KaXIOM JIOKaIbHOM HHTEpBajie (YHKUIMS MpUOIMKaeTCs K
MOJIMHOMY 3-r0 TOpsIKA.

KyOudeckuii criiaitH Ha OTpe3Ke [Xi, Xi+1] IMEeT BHI:
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3,124114 | 2,624114 | 3,624114 | 1,235622
3,14663S | 2,646635 | 3,646635 | 1,285172

3,16779 | 2,66779 | 3,66779 | 1,337167
3,187757 | 2,687757 | 3,687757 | 1,391022
3,206682 | 2,706682 | 3,706682 | 1,446254

3,224683 | 2,724683 | 3,724683 | 1,502475




(=, )" (20x,, — x)+ )
h3

fi+1 + (xm B );l)z (x —X; ) m + (x —X; )2 (x X ) m,,

(xi+1 - x)2 (Z(x —X )+ h)

S, = e
3AJAHUA 1)1 BBIITOJIHEHU A :
1. IlocTpouTth KyOH4YecKHUil cniaiin A1 pyHKIMHU:

1 B. y=cos x, n=5, [0,57/2]

2 B. y=3%, x0=-1, x1=0, x2=1.

3 B. y=tg X, n=4, [0,27]

4 B. y=sin2x, n=6, [0,37]

5 B. y=-cos x, n=5, [0,57/2]

6 B. y=c0s2x, n=4, [0,27]

7 B. y=4%, x0=-1, x1=0, x2=1

8 B. y=(1/2)%, x0=-1, x1=0, x2=1

98. y=1/2sinx, n=4, [0,2x]

10 B. y=ctgx, n=6, [0,37]
2. IHocTponTs rpauKH AJIst KaXKAOT0 BH/a HHTEPIOJIMPOBAHNS (PYHKIHH.

KOHTPOJIBHBIE BOITPOCHI
1. Yro Ha3zwpIBaeTcs, CIIaiHOM?
2. Kak BBINIONTHSAETCS MOCTPOEHUE KyOUYecKoro cruiaiiHa?

®opma oTyera: OTUET C PEUICHUEM, OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI, 3aIUTa
IIpakTuyeckoe 3ausitue Ne 7

Tema: IIpuMeHeHre YMCIEHHBIX METOIOB VIS pelieHns AuddepeHIraIbHBIX YPaBHEHHUIA.

eanb: 3akpenuTh HABBIKU PEIICHUS OOBIKHOBEHHBIX NU((EepeHINATBHBIX YPaBHEHUM

Pa3IUYHBIMUA METOJIAMH.

OobopynoBanme: TeTpaasb, pyuka, [IK

MeToauyeckue YKa3aHUsi: O3HAKOMBTECh C TEOPETHUYECKUMH CBEICHUSMU,

BBITIOJTHUTE 33/IaHUS, OTBETUTh Ha KOHTPOJIbHBIE BOIIPOCHI

Xo/ BbINOJIHEHUSA

fi+

KPATKHE TEOPETUYECKHWE CBEJIEHUSA:

Penmuts auddepennuansroe ypaBHenue y'=f(x,y) (1) UHCIEHHBIM METOJIOM - 3HAUMT I
3aJJaHHOM IOC/IeI0BAaTENIbHOCTH APIyMEHTOB X0, XI..., Xn U YMCJIa Yo, HE ompenenss (QyHKIHIO
y=F(x), HaliTu Takue 3Ha4YeHus y1, y2,..., yn, 4to yi=F(xi)(i=1,2,..., n) u F(x0)=yo.

Bennunna h=xXk-Xk-1 Ha3pIBaeTCs IarOM MHTETPUPOBAHUS.

Memoo Diinepa OTHOCUTBCS K YHCICHHBIM METOJIaM, NAIOMIMM pPELICHWE B BUAE TAOIUIIBI
MPUOJIMKEHHBIX 3HAYCHUH HCKOMOU (QyHKIIUA y(X).

PexyppenTtHbie hopmyIasl MeToa Dilnepa:

Y+ 1=yxtoxh

Xk+1=Xkth

ax=f(Xk+h2, ykt+f(xk, Yk)h/2)

yk=yk-1H{(Xk-1,yk-1)h

CHayvasna BBIYHCIISIFOT BCIIOMOTATENIbHBIC 3HAYEHUSI HCKOMOW (DYHKITMH Yx+1/2 B TOUKAX Xi+1/2,
3aTeM HaxXOoJST 3HaueHHe NpaBoil wacTu ypasHenus (1) B cpenHeit Touke y'ir12=f(Xk+12, Yk+12) U
OTIPENIEIISIFOT Yict1.

JUJ1s1 OLIEHKH MOTPEIIHOCTH B TOUKE Xx TIPOBOST BBIUMCIICHUS Yk € IIarom h, 3arem c marom
2h u 6epyT 1/3 pa3HUIIBI ATUX 3HAUCHUI:

| yi“-y(xe)|=1/3(yi -y,

rae y(x)-TouHoe pemenne nuddepeHnaibHOr0 ypaBHSHHUS.

Memoo Pynee—Kymma 2-20 nopsoka. COCTOUT B MOCIIEI0BATEIbHBIX pacyeTax mo Gopmynam

kl :f(xm’ym)

17



k2 :f(xm +h’ym+hk1)

h
Vit = Vo +E(kl +k2)

HAYHMHAS C TOYKH (X0, )0).
Meton Pyure—Kytra 2-ro nopsiika uMeeT MOrpeniHocTh nopsiaka kk’.
Memoo Pynee—Kymma 4-20 nopsaoxa. COCTOMT B TIOCJIEIOBAaTEIbHBIX pacdeTrax IIo

dbopmynam:

kl :f(xm’ym)
h h
k, = +—,y, +—k
2 f(xm 2 ym 2 lj

h h
ky = +—,y, +—k
3 f(xm 2 ym 2 ZJ

ky = f(x, +h,, +hky)
Yt =V +%(k1 + 2k, + 2k, +k4)

HAYHMHAS C TOYKH (X0, o).
Meton Pynre-Kyrra 4-ro nopsjaka MMeeT MOrpelHocTh nopsaka kh’
SAJJAHU A 11 BBINIOJIHEHW A

B apIJ:Z_;HT a YpaBHeHue Bappljeglma VpasHenue
! y=x+2,y0)-1 2 y=e", y(0)=I
? +
Xy -y _ LT
3 y—xz_zxy,y(l)l 4 YTy y(@1)
2 ,x—
5 Y= y(1)=0 6 Y2 y1)=0
X X +y
7 -2, yors ; Y2 +3, y0)3
9 y=2y"+y, y0)=3 10 y=e"+1, y(0)0
1 y=+27, y(0)=0 12 Y=y +x°, y(1)=0
' x:y ' 2
3| Y=t yO)! I e v R 1) =
x"+1 x—-1 x-1
Y . COSX
- , y()=l ——— y(1)=1
15 Yy y2 e y(1) 16 y S y(1)
17 y'qz +y2 ) y(O):_l 18 y'q?& +y2 : y(O):l
9|y oy, vl 20 y="+y", y0)=0
21 y':x3 —|—y3 , y(o):O 22 y':x3 _y3 ’ y(O):l
23 y'ZX+)_; , y(1)=0 24 y'=1 +x° + 22)6_)/ , y(0)=1
X x”+1

18



o1 o1
25 =, y(2)=1 26 = , y0)=1
y=— y2) Yy y(©0)

27 y=e", y0)-l 28 yr-x', yO)l

29 y=3x -y, y(@)-l 30 y=x+2", y(0)l
KOHTPOJIBHBIE BOITPOCHI
1. Kakoe pemenue auddepeHInanbHOr0 ypaBHEHHS Has3biBaloT oOmuM pemeHneMm? Kakoe —

YaCTHBIM?

2. B uem npuHuMNuanbHOE OTIWYUE METOI0B Ditniepa u Pynre-Kyrtra?
3. Kak BBIYMCIUTH MOTPEIIHOCTH BEIYUCIICHUN MPU MPUMEHEHUH METOI0M Disiepa u Pynre-Kyrra?

dopMma oTyera: OTYET C pCHICHUCM, OTBCTBEI Ha KOHTPOJIBHBIC BOIIPOCHI, 3alllTa

4. THOOPMALIMOHHOE OBECIIEYEHUE

4.1 OcHOBHBIE NeYaTHbIE U (MJIM) JJIEKTPOHHbIE U3IAHUS:

O-1. YwucrmeHHble MeETONBI: YyY€OHWK M TMPAKTUKYM JJIs  CPEITHETO
npodeccuoHanbHoro oodpazopanus / Y. I'. [lupymoB [u ap.]; mon penakmueit Y. I.
[TupymoBa. — 5-e uzn., nepepad. u non. — Mocksa: M3natensctBo FOpaiit, 2024. —
421 c. — (Ilpodeccuonansroe oopazoBanue). — ISBN 978-5-534-11634-2. — Tekcr:
anekTpoHHbI // OOpaszoBatenpHas 1miargopma IOpait [caiit] — URL:
https://urait.ru/bcode/542793 (nara oopamenus: 03.05.2025).

O-2. Taremok, O. B. UYwucneHuble MeTObIl: yueOHOE MOCOOUE ISl CPEIHETO
npodeccuoHanbHoro oo6pazoBanus / O. B. Taremok, III. K. Ucmaumnos, H. B.

MantokoBa. — MockBa: MzparensctBo  FOpaiit, 2024, — 140 c¢c. —
(ITpodeccuonanpHoe oOpazoBanue). — ISBN 978-5-534-07480-2. — Texkcrt:
anekTpoHHbi  //  OOpaszoBarenbHas mnatdopma IOpaitt  [caiit]. — URL:

https://urait.ru/bcode/538734 (mata oopamenns: 03.05.2025).
4.2 JlonoJIHUTEJbHbIE MeYaTHble W (MJIM) IJIEKTPOHHbIE W3IAHUA
(3/1eKTpPOHHBIE pecypchbl):

I-1. Konpmaes, B.JI. UuciaeHnHble MeTOAbl U MPOrpPaMMHUPOBAHUE: YueOHOE
nocobue / [Tox pex. JI. I'. I'arapunoii. - M.: "OOPYM": UHOPA-M, 2009. — 336 c.
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JUCT UBMEHEHUHA U JONOJIHEHUM, BHECEHHBIX B
METOAUYECKHUE YKA3ZAHUA

Ne HU3MECHCHUS, 1aTa BHCCCHUS, Ne CTpaHuIlbl ¢ UBMECHCHUEM

Bru1o CraJjo

OcHoBaHHe:

Moanuck KA, BHECHIEr0 H3MEeHEHHs
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