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Metoanueckue yka3zaHus IO BBIOJIHEHHUIO JIA0OPATOPHBIX paboT pazpaboTaHbl HA OCHOBE
paboueii mporpaMmbl y4eOHOM TUCIUIUIUHBI «UHCIICHHBIC METOIBI.

Copnepxanue 1a00OpPaTOpPHBIX PabOT OPHEHTUPOBAHO HA IOATOTOBKY OOYyYaIOMUXCS K
OCBOCHMIO MPO(ECCHOHATBHBIX MOJYJEH MporpaMMbl IMOATOTOBKH CIIEIUATUCTOB CPEIHEro
3BeHa 1o crenuanbHocT 09.02.07 MHpopMmalMoHHbIE CUCTEMBI M HPOrpaMMHUPOBAHUE U
OBJIa/ICHUIO OOIIKMMU U POHECCHOHATBHBIMU KOMIIETEHIUSAMH.
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1 BBEJAEHUE

BaxHyio dacTb TeOpeTHYecKOH U TNpo(ecCHOHANBHOM NPAKTUYECKOH IMOJTOTOBKH
00yYaroIIMXCsl COCTABIISIIOT IPAKTUYECKUE 3aHATUS.

CocraB u coxepxaHue Ja0OpaTOPHBIX 3aHATHA HANpPaBICHbl HA  PeAN3aLUI0
®denepanbHOT0 rocyAapcTBEHHOr0 00pa3oBaTeIbHOIO CTaHAApTa CPEIHEro NPophecCnOHaIbLHOIO
o0OpazoBaHusl.

Benymeld nupakTuyeckod Lenbl0 JIAOOPATOPHBIX 3aHATHH sABIsSeTCd (OPMHUPOBAHUE
y4eOHBIX IPAKTUYECKUX YMEHUH, HEOOXOMMBIX B TOCJIEAYIONICH yueOHOM NesITeTbHOCTH.

Benymelt nuaakTuueckol 1enbro Ja00paTOPHBIX 3aHATUN SIBISETCS HKCIEPUMEHTAIbHOE
NOATBEP)KJIEHUE M  IPOBEPKA  CYIIECTBEHHBIX TEOPETUUYECKUX IOJIOKEHUHM  (3aKOHOB,
3aBUCUMOCTEH ).

B cootBercTBUM ¢ pabodyeil mporpaMMoil yueOHOH MUCHMILIMHBI «YUCIEHHBIE METOBI»
IPESYCMOTPEHO Ja0OPATOPHBIX 3aHATHH.

B pesynbrare ux BBITOTHEHUS, 00YJAIOLIHICS JOIKEH:

ymembw:

— UCII0JIB30BaTh OCHOBHBIC YMCIICHHBIE METO/IbI PEIICHHS MAaTEMAaTUYECKUX 3a/1a4;

— BBIOMpATh ONTUMAJIbHBIA YUCICHHBIM METO JUIsl PELIeHUs IOCTaBIEHHOH! 3a1a4H;

— JaBaTh MaTEMaTHUYECKHWE XapaKTEPUCTUKH TOYHOCTH HCXOTHOW HWHPOpPMALUU U
OLICHUBATh TOYHOCTb ITOJIyYEHHOT'O YHUCIIEHHOTO PELICHMUS;

— paspabaThiBaTh aNTOPUTMBI W TPOTPAMMBI JUIS PEIICHHS BBIYMCIHUTENBHBIX 3371ad,
YUUTBIBAsE HEOOXOUMYIO TOUYHOCTb [10JIy4a€MOT'0 pe3yJIbTaTa;

Coneprkanre 1a0OpaTOPHBIX 3aHSATHH OPUEHTUPOBAHO HAa TIOATOTOBKY OOyYaromuxcs K
OCBOCHHIO MPO(ECCHOHATBHOIO MOIYJISl IPOrPaMMBbI TIOATOTOBKH CIIELMAIMCTOB CPEAHETO 3BEHA I10
CIEUATBHOCTHU U OBJIAJICHUIO HPOPECCUOHATbHBIMU KOMNEMEHUUAMU:

1K 5.1 — CoOupath MCXOHbIE JaHHBIE JUIs pa3pabOTKU MPOEKTHOM TOKYMEHTAluU Ha
UH(POPMALIMOHHYIO CHCTEMY.

1K 9.2 - Pa3pa6aTLIBaTI> B€6'HpI/IJ'IO)KeHI/Ie B COOTBCTCTBHUH C TCXHHUYCCKHUM 3aJaHUCM.

A Taxoxe GOpMHUPOBAHUIO 0OUUX KOMNEM eHY UL

OK 1 — BniOupars cnocoObl pemeHuss 3anad  MpodecCHOHATBHONW JAeATeNbHOCTH,
NPUMEHUTENIBHO K Pa3IMYHbIM KOHTEKCTaM.
OK 2 — MHcnonb30BaTh COBPEMEHHBIE CPEACTBA IIOMCKA, aHAIW3a W HUHTEPIPETALNN

uH(popMaluy, U MHPOPMAIIMOHHBIE TEXHOJOTMM Ui BBINOJIHEHUS 3ajad Hpo¢ecCUOHATbHOU
JESATEIIBHOCTH

OK 4 — 3¢ddexTrBHO B3aUMOACHCTBOBATh U PaOOTATh B KOJUICKTUBE U KOMaH]Ie

OK 5 — OcymecTBisTh YCTHYIO U IMCBMEHHYIO KOMMYHHUKALIMIO HAa TOCYJapPCTBEHHOM SI3bIKE
Poccuiickoit @denepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTA.

OK 09 — Ilonp3oBaTbcs npoecCMOHANIBHOM JTOKyMEHTalMeld Ha TOCYJapCTBEHHOM U
MHOCTPAHHOM $I3bIKAX.

Beinonnenune o6yvaronmxcs 1a00paTopHbIX padoT 1o yueOHo! aucuuIuinHe «UucaeHHble
METO/IbI» HaMpaBJIEHO Ha:

- 000bwenue, cucmemamusayuio, yenyoneHue, 3aKpenieHue, passumue u Oemanu3ayuio
NONYUEHHbIX MeoPemUuiecKUx 3HAHULL N0 KOHKPEMHbIM memMam y4eOHOU OUCYUNTUHDL.

JlabGopaTtopHble 3aHSTHS MPOBOJTCS MOCIE COOTBETCTBYIOIIEH TeMbl, KOTOpas 0OecrieuynBaeT
HaJIM4YKe 3HaHUN, HEOOXOIUMBIX IS €€ BBIIOTHEHHUSI.



2 METOOAUYECKHUE YKA3ZAHUS
Tema 1. AKTyanu3auusi OCHOBHbIX OHSITHI BbICIICH MATEeMATHKH

JIABOPATOPHOE 3AHATHE Nel « PEHHIEHUE 3AJAY U3 OCHOBHBIX PA3JIEJIOB
BBICIIEA MATEMATHUKH!»

Heab: AkTyanu3upoBaTh 3HAHUS JUCHHUILUIMHBI « DJI€MEHTHI BHICIIIEH MAaTEMAaTHKH.
Boinosnus padory, Bel Oyaere:
ymembw:

— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM PIH(bOpMaI_II/II/I 1 OLCHUBATh
TOYHOCTDH MMOJYUCHHOI'O YUCJICHHOT'O PCIICHMA,

- pa3pa6aTBIBaTB AJITOPUTMBI U HOpPOrpaMMbl JIA PCHICHUA BBIYHUCIWTCIBHBIX 3a1a4,
YUYHUTBIBass HEOOXOAMMYIO TOYHOCTBITOIYIaeMOr0O Pe3yiIbTaTa;
MarepuajbHoe o0ecnedeHune: maker npukiaaasix mporpamm Microsoft Office.

3amanmue:
Memoow: pewerus CJIAYV
MeToz pelneHHs IIpaMmep
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0 oInpezeeHHA
(AMeeT
eIHHCTBeHHOe
pelneHHe).
CHcTema
COBMeCTHA H
HeollpeJeIeHHa
0 (mMeeT
MHOXKeCTBO
peleHHH).
Cucrema

HeCcOBMecTHa
0 ol la (pemenmnii HeT)

|
9z=18 {

[x+2.v+3:=6.

]4A'+5y+6:-=9.

7x+ 8y =-6.
(Y 2 3 6
AT =|4 5 6 9 |~
7 8 0 -6/
(' 2 3 6 |
~0 -3 -6 =15~
.0 _6 _21 _48v
1 2. 3 6 |
~0 1 2 5
\0 0 -9 -18)
IToaygena CJIAY Buaa
0 H
DxBHBaTeHTHag CJIAV:
X+2y4+3z2=6 (x=-2
y+2z=5 =dy'=

L I
]
[




1 Pemnre cucreMsbl anredpandecKuX ypaBHeHUH COOTBETCTBEHHO BADHAHTY

_e Cucmexia ypacnenui Ne Cucmenia )pw ‘
X +%+2x6+x, =1 (2, +5x, =2
3, -x,-x,-2x,=-4 2x, = x, +3x; +2x, =4
aj a i '
2, +3x, —-x, -x, =6 36 ~X, =X, +2x, =6
1 X+ 26,435, -x, =4 4 =5x - x, +8x; - x, =10
Sx+8y-z=-7 -2x+3y-3z2=11
b 1x+2y+3z=1 h) {x-y=0
|12x-3y+22=9 Ix+y—-4z--4
(X, + 25, +3x,-2x,=6 ’X, -dx,-x,=2
X=X =2x=3%, =8 3x, +x,4+2x,+3x, =1
u) $ 2 a) o 7
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b) {2x+3y+z=1 b) 12x+3y+z=1
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2 Haiinnre npou3BoaHYI0 QyHKIUH

1) y=5x* -3{* + L+ 4; 2)y=2x5—%+%+3«/;;
X X
3)y=x2+—1§-~2"+2x; 4) y=5-2" - 4tgx;
X
4
5) y=x’sinx; 6)y=x4+1;
X" -1
2x% - 4x+5 1-cosx
ny= ; 8) y=—-—;
)y 3x )y x?
9)y=x-chx+l; 10)y=~/;+i—tg\/§;
x I
X
11) Y=|093X+|nx—arctgx: 12) y=(\/;+1)-arcsinx;

13) y = X-ctgx

i e 14)y=|ogsx-3"+—13—sin3.
arccos X X

3 HaiiguTte HeonpeeJIeHHbIH HHTEIPaJI:

4 _ 5.3 -
I(x4—2x3—6x2+8x+7)dx. I3x 2% +§x 7X+8dx.
52
j(xl -2x+ L,)dx. [(a+bx)*dx.
X
3 x—2
I(a—bx) dx. I —dx.
X
[EHDE+6) I(l+£,+%)dx.
3x° x X X
1 3 3 7 x5
Z-Ss g I(?‘F)‘L‘
3 5 W . 2
I(l*'l) dx. ng +12x 613+7x 4x+2dx.
X 7
o 3 _ 2 2
.J'(_x 1)(i( l)dx. I(x +-\;+1) e
x° X
o Ea N (2
x+3 4x° -9

IMopsiiok BHINOJIHEHUS PAOdOTHI:

1. Peuruth npeasniokeHHBIE 3a/1aHUS.

2. OdopMHUTH B TPEICTABUTH PE3yJIbTATHl PACUCTOB.
®opma npeacTaBieHus pe3yabTara:



Pe3ynbTarhl mpeAcTaBUTh B BUIE OTUETA B TETPAJIH.

Kpurepum ouenku:

3amanue BBIIOIHEHO O€3 OIIMOOK — OIEHKA «OTIHYHOY.

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

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

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



Tema 2. OcHOBHbIE IOHATHS TEOPUHU NMOTPELIHOCTEH BHIYHCICHMIA.
JJABOPATOPHOE 3AHSITHE Ne2 .
«PEHIEHUE ITPOCTENIINX 3AJJAY HA BBIYNCJIEHUE INTOI'PEINHOCTEM»

Hesb: MOMyIUTh HABBIKK ONIPEICICHUS OCHOBHBIX HCTOYHUKOB MTOTPEITHOCTEH.
Boinosinus pa6ory, Bel Oynere:
ymemu:
— JaBaTb MATCMATHYCCKHC XaPAKTCPUCTHUKU TOYHOCTHU I/ICXOI[HOI7[ I/IH(i)OpMaIII/II/I U OILICHUBATh
TOYHOCTH IMMOJIYYEHHOI'O YUCJICHHOI'O PCHICHUS;
— paspabaThiBaTh QJITOPUTMBl W TIPOTPaMMBbl IS PEIICHUS BBIYMCIMTEIBHBIX 3a7a4,
YYHUTBIBasE HEOOXOIUMYIO TOYHOCTHITOIY4aeMOTO Pe3yJIbTaTa;
—  pacmo3HaBaTh 3ajady W/WiH MpodJieMy B MPO(EeCCHOHATBHOM H/ITU COIUAIEHOM KOHTEKCTE
—  OHNpCACIATH HeO6XOI[I/IMI)Ie HUCTOYHUKHN I/IH(bOpMaIII/II/I;
- BSaHMOHCﬁCTBOBaTL C KoJIJIeraMu, pyKOBOACTBOM, KIIMEHT
—  TPUMEHSITH TEXHUKH H MIPUEMBI 3 (PEKTUBHOTO OOIECHNS B IPO(heCCHOHAITBHOM AeSTEIIBHOCTH;
—  KpaTKO 00OCHOBBIBATh M OOBSCHUTH CBOU JICHCTBHS (TEKYIUE U IFITAHUPYEMBIC)
MarepuajibHoe o0ecnedeHue: makeT npukiIaaaeix nporpamm Microsoft Office.
3ananue:
a) OTpeJIesIHTh, KaKoe PaBEeHCTBO TOYHEE;
6) OKPVTAHTE COMHUTCIBHBIC I.l]’I[t)phI YHCId, OCTABHMB BCDHBIC 3HA-
KH; O1peje/IMTh aﬁCO.'ll()'l'H}’tO OrpelHoOCTL pe3yibTaTd,
B) HalTH IpcaciabHLIC ElﬁCOJTH}THyH] H OTHOCHTCJILHYIO ITOTPCITHOC-
T™ III_}HGJIH}KEHHUI'U HHUCA, BCe LlLlprhl KROTOpOro Io yMoIHaHHKY Bep-
HEIE,
Bapuanmu 3adanuit:
1.a) 14/17=0,824,/53 = 7,28; 6) 23,3748, & = 0,27%; ) 0,645.
2.a) 7/3=2,33,V58 =7,62; 6) 13,5726 = 0,0072; B) 4,8556.
3.a) 27/31=0,871,/42 =6,48; 0) 0,088748, & = 0,56%,; B) 71,385.
4.a) 23/9=2,56,V87 =9,33; 0) 4,57633 + 0,00042; B) 6,8346.
5.a) 6/7=0,857, V4l =6,40; 6) 46,7843, 5 = 0,32%; 1) 7,38.
6.a) 12/7=1,71,47 =6,86; 6) 0,38725 + 0,00112; B) 0,00646.
7.2) 21/13=1,62,/63 =7,94; 6) 45,7832, 5 = 0,18%; B) 3,6765.
8.a) 16/7=2,29,4/11=3,32; 6) 0,75244 + 0,00013; B) 5,374.



9.a) 18/7=2,57,422 = 4,69; 6) 46,453, 5 = 0,15%; B) 6,125.
10.a) 17/9=1,89,+/17 = 4,12; 6) 0,66385 * 0,00042; B) 24,6.
11.a) 51/11=4,64,/35 =5,92; 6) 0,66385, 5 = 0,34%; B) 0,543.
12.2) 19/12=1,58,412 = 3,46; 6) 4,88445 + 0,00052; ) 4,633.
13.a) 13/7=1,857,4/7 = 2,65; 6) 2,8867, 8 = 0,43%; B) 63,749.
14.2) 49/13=3,77,\14 = 3,74; 6) 5,6483 = 0,0017; 5) 0,00858.
15.a) 5/3=1,667,/38 =6,16; 6) 3,7542, 6 = 0,32%; B) 0,389,
16.a) 17/11=1,545,/18 = 4,243; 6) 0,8647 + 0,0013; B) 0,864.
17.2) 7/22=0,318,413 =3,61; 6) 0,3944, 8 = 0,15%; 8) 21,7.
18.2) 13/17=0,765,+/31=5,57; 6) 3,6878 = 0,0013; 8) 8,74.
19.2) 50/19=2,63,4/27 = 5,20; 6) 0,85638, 5 = 0,22%; B) 231,57.
20.a) 21/29=0,724,+/44 = 6,63; 6) 13,6853 + 0,0023; B) 2,16.
21.2) 17/19=0,895,/52 = 7,21, 6) 7,521, 8 = 0,12%; B) 0,5748.
22.2) 6/11=0,545,4/83 =9,11; 6) 3,7832 + 0,0043; B) 2,678.
23.2) 16/19=0,842,/55 = 7,416; 6) 17,356, & = 0,11%; B) 0,5718.
24, a) 23/15=1,53,/98 = 9,899; 6) 8,7432 = 0,0023; B) 0,578.
25. ) 2/21=0,095,v/22 = 4,69; 6) 24,5641, 3 = 0,09%; B) 4,478.
26. ) 12/11=1,091,v/68 = 8,246; 6) 0,5532 + 0,0014; B) 3,4479.
27.2) 6/7=0,857,/48 =6,928; 6) 14,5841, 5 = 0,17%; ) 0,421.
28.a) 15/7=2,14,+/10 = 3,16; 6) 4,5012 + 0,0013; ) 1,4229.
29.2) 4/17=0,235,4105=10,25; 6) 1,1341, 8 = 0,12%; B) 2,401.
30.a) 7/15=0.467.+/30 = 5.48; 6) 6,7702 + 0,0015; B) 11,1239,
Kparkue TeopeTuueckue cBeJIeHH:

Brigenum crienyronire OCHOBHbIE HCTOUHUKH MOTPEIIHOCTEH:

a) TapameTpsl, BXOIIIME B ONKMCAHWE 3a/laud, 3a/laHbl HETOYHO;, COOTBETCTBYIOIIYIO
MOTPEIIHOCTh Ha3bIBAIOT HEYCTPAHUMOH (IIOTPEIIHOCTD JAaHHBIX);

0) mMaremaThyeckass MOJIElb ONHUCHIBAET M3y4yaeMbli OOBEKT MPUOIMIKEHHO C Y4ETOM
OCHOBHBIX, Han0oJiee CYIECTBEHHBIX (PAKTOPOB (MIOTPEIHOCTh MATEMATUYECKON MOJIETIH);

B) YHCJICHHBIA aJNTOPUTM, TPUMEHSEMBIH Ui peIIeHHs MaTeMaTHYecKoW 3ajaudu,
3a4acTylo JIaeT JHIIb MPUOIMKEHHOE pelleHue (OrPeIHOCTh MeTOoIa);

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

YacTto mnepBble [Ba BUAA MOTPEUIHOCTH, OOBEIUHSS B OAMH, TaKKE HAa3bIBAIOT
HEYCTPaHUMON MOTPEHIHOCTHIO.

O0603HaunB yepe3 | aOCOMOTHYIO BETUUMHY MTOTPELIHOCTH pe3yibTara, a yepes I, , I, u l,
— abCOJIFOTHBIE BEJTMYMHBI HEYCTPAHMMOU TOTPEIIHOCTH, MOTPEITHOCTH METO/Ia U OKPYTJICHHS
COOTBETCTBEHHO — HETPYTHO MOJIYUYUTH CIIEAYIOIIEE COOTHOIIECHHE:

HepasenctBo (1.1) maer omeHKy AJis MOTPENIHOCTH pe3yiabTata. M3 3TOro HepaBeHCTBa
MOYKHO CJIeJIaTh BaXKHBIN BBIBOJI: MOJIHYIO TOTPEIIHOCTh Pe3ysibTaTa HeJsb3sl C/elaTh MEHBbIIE,
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 3HAaUEHHE HEKOTOPOH BEIMUUHBL, a & p — €€ NPUOIINKEHHOE 3HaUEHHE.

Onpenenenune 1.2. Aobconrommuoii noepewnocmovio A  TPUOIMHKEHHOTO 3HAYCHHS
Ha3bIBAETCSI MOLYJIb PA3HOCTH MEXY TOYHBIM U MPUOIMKEHHBIM 3HAYCHUSMH 3TOW BEITMYUHBIL:

A= |a — ap| (1.2)

IIpumep 1.1. Ecmu a= 20,25 u a, =20, To abconmtoTHas norpemHocts = 0,25 .



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

_la—ap| A

0= lal  lal 13)
DT0 paBEHCTBO MOXKHO 3aIlKCaTh B APYyrou popme:
A= |a|é (1.4)

Hpumep 1.2. ITycts a = 20,25 n a , =20, TOorga OTHOCUTEIbHAS HOIPELIHOCTD

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

Ha npaxTuke, Kak mpaBuio, TOYHOE 3HAUYEHUE BEIMYMHBI HEU3BECTHO. [loaTOMy BMecTO
TCOPETHYECKUX TIOHATHH aOCOMIOTHOM W OTHOCHTENBHOW TOTPEUIHOCTEH  HCHONB3YIOT
NPaKTUYECKHUE TIOHATHS MPEAETbHON a0COIIOTHON MOTPEIIHOCTH U MPEASIbHOW OTHOCUTEIHHOM
HOTPEIIHOCTH.

Onpenenenue 1.4. Ilon mpenensHONW aOCOMIOTHOW MOTPEHIHOCTBIO MPHUOIMKEHHOTO
YHCIIa TOHUMAETCsl BCIKOE YHCI0 Az He MEHbIIee a0CONMIOTHON MOTPEITHOCTH 3TOTO YUCTIA:

A= |a — ap| <A, (1.5)
Hepasenctso (1.5) no3Bosisier 411 TOUHOTO 3HAUEHUS BETMUHHBI IOIYYUTh OLICHKY
a, — A< a<a,+tA4, (1.6)
Yacro HepaBeHcTBa (1.6) 3anChIBaIOT B Apyroii hopme
a=a,* A= a,(1%38,) (1.7)

Ha npaktuke B KadecTBe IMpeNeIbHOM aOCOJIIOTHOM MOTPEIIHOCTH BBIOMPAIOT
HalMEHblIee U3 4ucen A, , yIOBIETBOPSIONIMX HepaBeHCTBY (1.5), ogHako 3TO He Bcerna
BO3MOYKHO.

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

Pemenue.

OueBHUIHO, YTO |ap - e| < 0,01 . CunenmoBarenbHo, Ay = 0,01. Takxe crpaBemIUBO

HEPABEHCTBO |ap —e| =12,720 —2,71828...| < 0,002. Tlomyyaem Jpyroe 3HayYeHHE
abcomtoTHOM morpemHocTH Ay = 0,002. SlcHo, uyTO cieayeT BbIOpaTh HauWMEHBIIEE U3
HaMJICHHBIX 3HAYCHUN TIPEACTbHON OTPEIIHOCTH, TaK KaK 3TO IMO3BOJIUT CY3HUTh Auarna3oH (1.5),
B KOTOPOM HaXOJMTCS TOYHOE 3HAYCHUE U3y4aeMOil BETHUNHBI.

Omnpenesienne 1.5. [IlpenenvHoii OTHOCHUTEIBHON MOTPEUTHOCTBIO 0a
JAHHOTO TPUOJIMKEHHOTO YHUCJIa HAa3bIBACTCSA JIO0OE YHUCIIO, HE MEHBIIEe OTHOCHUTEIHHON
MOTPEIIHOCTH TOTO YUCIIA!

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

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

T % i A, = |ald,.

Ipumep 1.4. [lycte amuHa Opycka M3MepeHa CAaHTHUMETPOBOM JMHEHKOM M IMOy4yeHO
NpUOIMKEHHOE 3HaYeHne ap=251 cMm. Halitn npenenbHyo OTHOCHTEIBHYIO IOTPEHIHOCTD O,

Pemenue.

Tak Kak CaHTHMETpOBas JIMHEMKA HE COAEPKUT JCIICHUH MEHbIIE CaHTUMETpPa, TO
npenenbHas abCONIOTHAS MOTPEITHOCTE A; = 1 cM, a TOYHOEe 3HayeHHWe, a UITMHBI Opycka
HaxoauTcsa B quamaszone 250 cM < a < 252 cM. X0oTd TOUHOE 3Ha4YeHIE a HEU3BECTHO, MOYKHO IS

OTHOCUTEJIbHOM MOrpCIIHOCTH 3allUCaTb HEPABCHCTBO

5 _Ba_ 1 = 0,004
@ al 250

T. €. CYUTATh, 4TO 05=0,004 .



Ecnu abGconmoTHas MOrpeHocTh Ay 3HAYUTEIBHO MEHBIIE TOYHOTO 3HadeHHs |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 «=» UCHOJB3YIOT 3HaK TOUHOI'O PABEHCTBA «=).
OTHOCHTENBHYIO IOTPEIIHOCTh MHOT' /1A 33Jal0T B IPOLICHTAX.

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 mnpumepe MbI BOCIOIH30BAIHUCH
dbopmymoii (1.10).

3navamue nudpol

Onpenenenne 1.6. 3navamumu nudpaMd B 3a0UCH  NPUOIIKEHHOTO  YHMCIIA
HA3bIBAIOTCS:

BCE HEHYJIEBBIE U (PHI;

HYJIHU, COIepKAIllMecss MEX 1y HEHYJIEBbIMU U PaMu;

HYJIHM, SIBISIONIMECS MPEICTABUTEISIMH COXPAaHEHHBIX JECSATUYHBIX Pa3psgoB IpH
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 TMOCIEAHHUE IBa HYJs SBISIOTCSA 3HavamuMu. Eciu oTrOpocuTh 311
HyJau, TO nosiyueHHoe uucio 0,0353 ne sBnsiercst paBHo3HauHbIM ¢ yuciom 0,035300 kax
npubmkeHHbIM  3HadeHneM uucia  0,035299879, Tak Kak MOTPEIIHOCTH  YKa3aHHBIX
IpUOIMIKEHHBIX YMCEN OTINYatoTces !

Onpenenenne 1.7. IlepBeie N 3Havamux udp B 3amUCH NPUOIMKEHHOTO 4YHUCIA
Ha3bIBAIOTCS BEPHBIMU B Y3KOM CMBICIIE, €CJIM a0COIIOTHAS OTPEIHOCTD YHCIIa HE TPEBOCXOIUT
MOJIOBUHBI €IMHUIIBI pa3psla, COOTBETCTBYIOLIEro N -i 3Hayameidl mudpe, cuumras cieBa
HaIpaso.

Hapsiny ¢ naHHBIM onpezieleHMeM MHOT1a UCTIONIb3YeTCsl APYToe.

Onpenenenune 1.8. IlepBbie N 3Havammx 1udp B 3amuUcCHd NPUOTMHKEHHOTO YHCTA
Ha3bIBAIOTCS BEPHBIMU B IIMPOKOM CMBICIIE, €CIM a0CONIOTHAs MOTPEUIHOCTh 4YHCiIa He
IIPEBOCXOUT €IMHULIBI pa3psiia, COOTBETCTBYIOLIETo N -i 3Havamei nudpe.

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

Pemenue.

OueBHIHO, YTO |ap - e| = 2,721 — 2,71828 ...| < 0,003 < 0,005. CuemoBareibHO,
BEPHBIMU SIBJISIFOTCSI TOJIBKO TPU NepBble HUGPHI (B Y3KOM U IIMPOKOM CMBICIIE), MOCIETHIO0
nu(py MOXKHO OTOPOCUTS, & p = 2,72.

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

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

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

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

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

3ameuanue. TepmMuH «BepHble 3Hayamue UUQPBD HENb3sS IMOHUMATh OYKBAJIBHO.
Hampumep, cOBpeMEHHOE OIBITHOE 3HAUYE€HHE CKOPOCTHM CBETAa B BAaKyyMe€ COCTaBJISIET C=
2,997925-10° | m/c. OueBHIHO, YTO HHU OJHA 3HAYALIAS nudpa B mpumepe 1.9, He coBmagaer ¢



COOTBETCTBYIOIIEH TOUHOM M(poi, HO aOCOMIOTHAS IOTPEIIHOCTh MEHBIIIE MTOJIOBUHBI pa3psia,
COOTBETCTBYIOIIETO TOC/IeIHEH 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 mepBasi oTOpolleHHas 1nudpa MEHbIIE 5, TO OCTaBUIMECS AECATUYHBIC 3HAKH
COXPAHSIOT 0€3 U3MCHCHHUS,

€ci TepBasi oTOpomieHHas Iudpa OoJbIIe S5, TO K MOCIEIHeNH OcCTaBIIeiCcs udpe
NpUOABISAIOT €IUHUILY;

€CJIM TepBasi OTOpOIIeHHAs LU(pa paBHA 5 U Cpeal OCTAIbHBIX OTOPOILIEHHBIX UD
€CTb HEHYJIEBbIC, TO K MOCIEIHEH ocTaBIIeics udpe NpuOaBISIOT eIUHHILY;

€CJIM TepBasi U3 OTOPOIICHHBIX (P paBHA 5 U Bce OTOPOILIEHHBIE [IU(PHI SABISIOTCS
HYJISIMHM, TO TOCJHETHSS OCTaBmIasicss nudpa OCTaBIseTCS HEM3MEHHOH, €Clii OHa YeTHas, U
YBEJIMYUBACTCS HA €UHUILY, €CIIU HEeT (IIPaBHIIO Y€THOM LUDPHI).

OTO MpaBWIO TapaHTHPYET, YTO COXPAaHEHHBbIC 3HAYANIMe LUQPHI YUCIA SBISIOTCS
BEPHBIMH B Y3KOM CMBICIIE, T. €. IOTPEIIHOCTh OKPYTJIEHUS HE MPEBOCXOAUT MOJIOBUHBI pa3psa,
COOTBETCTBYIOILIETO IOCIEAHENH oOcTaBiIeHHOW 3Hauvamedl uudpe. [lpaBuno ueTHOW HUPPHI
JOJKHO 00eCreYuTh KOMITEHCAIIMIO 3HAKOB OIINOOK.

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 mosioKuTEIHHOE MPUOIMIKEHHOE YHCIIO UMEET N BEPHBIX 3HAYAIIUX
u@p, TO €ro OTHOCUTENbHAS MOTPEIIHOCTh O HE MPEBOCXOAUT BEIUYHHBI 10", nenennoii Ha

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

®opmyna (1.11) mo3BossieT BEIUUCIUTD NPEAETIbHYIO0 OTHOCUTEIBHYIO TOTPEIIHOCTh
1-n
6a=10"/a, (112)

IIpumep 1.11 Haiftu OTHOCUTEIBHYIO M aOCONIOTHYIO MOIPELIHOCTH NPUOIMKEHHBIX
ancer: a) 3,142, 6) 2,997925-10° .

Pemenue.

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

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

Jlst onipenenennst abCOMOTHOM MOrpenrHoCTH TpuMeHuM popmyiry (1.10):

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

0) AHaJIOTHYHO BBIUUCIUM: N =7, 0, =2 , 34 =10*"/ o,, = 0,000001/ 2 =0,0000005;
a ~ |a,|8, =2,997925-10°%0,0000005 =150

IHorpemnocru apugpmMeruyecKux onepanui



[IpuBenem  mpaBwiia  BBIUMCICHHS  MOTPEIIHOCTH  pe3yibTaTa  Pa3InYHBIX
apu(METHUECKUX ONepanuii Ha | MPUOIKEHHBIMHI YHCIIAMH.

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

Teopema 1.2. IIpenenpHas abCoNIOTHAS MOTPEHIHOCTh CYMMbI MPHOIMIKEHHBIX YUCEI
paBHA CyMMe TPeeIIbHBIX a0COMIOTHBIX TOTPEUTHOCTEH CllaraeMbIX

Ay=AxtAy (1.13)

N3 popmynsr (1.13) cnemyer, uTo npedervras adOCOMOMHASI NOSPEUIHOCT CYMMbL He
Modcem Oblmb MeHbule NpPedelbHOU aOCONIOMHOU NOSPEWHOCMU HAUMeHee MOYHO20 U3
clazaemvlx, T.e. €CIM B COCTaB CYMMbI BXOJSAT MNPHOJMKEHHBIE CllaraeéMble C pa3HbIMU
a0COJIIOTHBIMU TIOTPEIIHOCTSIMHU, TO COXPaHATh JHMIITHUE 3HavYamue nudpsl 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, PYKOBOJICTBYSCh CIEAYIOUIMM HPAaBUIOM: BBIJEIUM
HauMEHee TOYHbIE cilaraeMble (B HallleM MPUMEPE 3TO BTOPOE CIaraéMoe) U OCTaBUM UX 0e3
U3MEHEHHUS;

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

CJIOKMM JJaHHBIE YMCJIA, YIUTHIBAS BCE COXPAHEHHBIE 3HAKY;

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 3/1eCh BHOCST IMPEACITbHBIC
MOTPEIIHOCTH UCXOHBIX IaHHBIX, MPUBEICHHBIC BHIIIIE.

Teopema 1.3. Ecnu Bce craraembie B CyMMe UMEIOT OJUH U TOT K€ 3HAK, TO MpeAesibHas
OTHOCHUTENIbHAs TOTPEIIHOCTh CYMMBI HE TMPEBBIIIACT HAWOOMBINEH U3 MpeaeabHBIX
OTHOCHUTEIIBHBIX MTOTPEITHOCTEH CITaraeMbIX:

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
YMEHBIIIAEMOTO M BBIYUTAEMOTO, T.€. Ay=Ax+Ay,a IpefiesbHasi OTHOCUTENbHAS IOTPEITHOCTb.

= Sty (1.15)
lx=y|

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

u

IIpumep 1.13. Haiitu pa3sHOCTh U =X-y ¢ TpeMs BEPHBIMH 3HaKaMmH, eciid 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;
*TT21254 " ’



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 ciydasix ygaercs HM30€kaTh BBIYHACICHUS PA3HOCTH OJU3IMX YHUCEN C
MOMOIIBI0 MpeoOpa3oBaHUs BBIPAKEHUS TaK, YTOOBI Pa3HOCTh ObLIa HCKIIOYEHA. PaccMoTpuMm
OJIMH M3 TAaKUX MPUMEPOB.

~ (0,00008;

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

\/m_ﬁ:(‘/m_ﬂ)'(‘/m+ﬁ)_ 405—4 0,05

J4,05 + V4 V4,05 +v4 4012461

~ 0,0125

Ecnu mpepcraBiseTcss CIOXKHBIM 3aMEHUTH BBIYMTAHUE OJU3KUX MPUOIMKCHHBIX YHCET
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. IlpenenpHas OTHOCHTENbHAs MOTPEIIHOCTh 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. Onpenenuts npoun3BeeHNE MPUOIIKEHHBIX yucen X=12,45 u y=2,13 u
YHCJIO BEPHBIX 3HAUAIIMX [U(p B HEM, €CJIM BCE HAIMCAHHbIE LU(PBI COMHOXKUTENEH — BEpHBIE
B Y3KOM CMBEICIIE.

Pemenne. [1o ycnoBuio npeaenbHble aOCONIOTHBIE MOIPEIIHOCTH COMHOXKUTENIEH paBHbBI
Ay =Ay = 0,005 ; o, = 0,005 /12,45 (1 =0,0004 ; &, =0,005/2,13 = 0,0023. Torga o Teopeme 1.4
umeeM 9, =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
3HaYaluX HUQPPHI B IIMPOKOM CMBICIIE U MOXET OBITh 3alMCaH B BHJIE

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

Teopema 1.5. IlpenenbHas OTHOCHUTENBbHAs TMOTPEIIHOCTh YAaCTHOIO paBHA CyMMe
NpeJebHBIX OTHOCUTEIBHBIX TIOTPEITHOCTEH IETMMOTO U JACTHTEIIS.

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

Pemenue. [IpesensHast OTHOCUTEBHAS MOTPEITHOCTh YACTHOTO 110 Teopeme 1.5 paBHa
~0,003. Beruucaum gactHoe 12,45 /2,13 =5,84507 .

u= 5,84507-0,003=<0,0175=0,02 . Pe3ynbTaT MMeeT ABE BEpPHBIX 3HAYAIIUX MUPPHI B
Y3KOM CMBICJIE U MOXET OBITh 3alMCaH B BHUJIE

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

IHorpemHocTs NPOU3BOJLHOM (PYHKIHH

[Tycts 3amana npousBosbHas GyHKIus U=F (X1, X2, ..., Xn), T X1, X2, «ovy Xn—
NpUOIMKEHHBIE BETUYMHBL, @ Ayq , Ayy, ..., Ay — UX U3BECTHBIE TPEIEIbHBIE A0COMIOTHBIE
norperrHocTH. Toraa npenenbHas abCoMOTHAS TOTPENTHOCTD pe3yibTaTa — QYHKIUA U — JUIS
MaJbIX Ayj BRIYHCISETCS IO (hopMmyIie

0
Ay=71, |£| Ay; B TOYKE (X1, X2 , +vry Xn) (1.17)

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



Mpumep 1.17. Beraucnute ¢pyHkimo U= 2sin(3x+ 4y) , ecim
x=--+0002uy =—10,005

Haiitn mnpenenpHble a0CONIOTHYIO M OTHOCHUTEIBHYIO IOTPEUIHOCTH pe3yibTaTa Hu
OIIPE/ICITUTD YUCIIO BEPHBIX 3HAYAIINX LHD.
Pemenue. [Ipumensist popmyny (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. -

Tl yrkiuy u HaxomuM U =v2 ~1,414214. YuurbiBas mpeeldbHYIO0 aOCONIOTHYIO
norpemHocTh Ay =0,04 , mony4yaeMm pe3ynbTaT, KOTOPhI HMEET JIB€ BEPHBIX 3HAYAIUX ITUMPHI B
y3KkoM cMbiciie. OTBET MOXKHO 3amucaTh B BUIE

=1,4+0,04.

Iopsiaok BbINOIHEHUS PA0OTHI:

3. O3HaKOMUTHCS C TEOPETUUECKUMH CBEJICHUSMHU.

4. BbINOJTHUTH HEOOXOIUMBIE PACUETHI.

5. OdopMuTh U NPEACTaBUTH PE3YIbTATHl PACUETOB.

dopma npeacTaBjieHus pe3yjabTara:

Pe3ynbraThl peCTaBUTh B BUJIE OTYeTa B hopmate .AOCX.

Kputepun ounenku:

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

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

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

«HCYOOBJICTBOPHUTCILHO.



Tema 3. Unciaennoe pemenune CJIAY
JABOPATOPHOE 3AHSITHUE Ne3 «PEIIEHUE CUCTEM JIMHEMHBIX
YPABHEHUIN»

Ienb: 0OCBOUTH METOBI PELICHUS CUCTEM JIMHEMHBIX YPaBHEHUI
Boinosnus padory, Bel Oyaere:
ymembp:
— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOJbI pEHICHUA MaTEMAaTUICCKUX 3aJ1a4;
— BrIOupaTh onTUManbHbIM YMCICHHBIHMETO 1J1s1 PELLICHHsI TIOCTABICHHON 3a/jauu

— JlaBaTh MaTeMaTHYECKUE XapaKTePUCTHKH TOYHOCTH HCXOAHOW WH(OpMAIMHM W OLECHHWBAThH
TOYHOCTbH MOYYEHHOTO YHCIEHHOTO PEIICHHUS;

— pa3pabaTbiBaTh QJITOPUTMBI W MHPOrpaMMBbl JJIsl PEUICHHUS BBIYUCIUTENBHBIX 3a7ad,
YUUTHIBAsT HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yibTara;

— pacmo3HaBaTh 337ady W/WiIH Mpo0iieMy B MPo(hecCHOHATHHOM H/IITH COITUAIEHOM KOHTEKCTE

—  OIpeneNsiTh He0OXOIUMbIE HCTOYHUKN HH(OpMAaINy;

—  B3aUMOJCWCTBOBATH C KOJUIETaMH, PYKOBOJCTBOM, KIIMEHT

— TMPUMEHATH TEXHUKH U TMprUeMBbI 3PPEKTUBHOTO 0OIIeHHS B TPO(ECCHOHATBHON JIESTEIbHOCTH;

— KpaTKO 00OCHOBBIBAThH M OOBSCHUTH CBOU IEHCTBUS (TEKYIIUE U IDIAHUPYEMBbIE)

MarepuaiabHoe obecnedeHne: akeT NpUKIaIHbIX mporpamm Microsoft Office.

3amanmue:

HaiiTi pemieHusi cucteM JIMHEHHBIX —anreOpanveckux ypaBHeHHH AX =D ¢ TOYHOCTBIO
£=107: a) ucmonb3ys Meton l'aycca; 6) ucrmomb3ys MeTon urepanuil. CpaBHUTH UX C
TOYHBIMHU PEIICHUSIMU & .

5 0 1 11 2
1A= 1 3 -1| b=[4| ¢&=[1]
-3 2 10 6 1
2 0 -1 -3 -1
2 A=|-1 3 1| b=|2] é&=|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
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3 1 1 6 2
20 A=|0 -2 1| b=|-3| &=|1
2 -1 4 -1 -1
2 -1 0 -5 -2
21. A={2 5 1| b= 2| ¢&=|1
2 1 -4 -7 1
5 0 1 11 2
22. A=|1 -3 1} b_{B , &=]0].
3 -1 5 11 1
5 -1 3 0 1
23. A=|1 -3 1} b—£6, 5—(2
0o 1 2 0 -1
5 -11 -6 -1
2. A=| -2 5 1| b=[13| ¢&=| 2
3 -15 0 1
5 1 -1 8 1
5. A=|-1 3 1| b= 0| ¢&=|1
-1 0 2 -5 -2

KpaTkue Teopernyeckue CBeieHUA:

2.1. Memoo npocmoii umepayuu

Bce MerTonpl pemieHHs CHCTEM YypaBHEHHMH MOXXHO pPa3OUTh Ha YCIOBHO TOYHBIE H
npubsnmxennsle. K TounbM anroputmam oTtHocutcss — Meron Kpamepa, I'aycca, JKopnana-
I'aycca u T.1. Cpeau npuUOIMIKEHHBIX CJIEIyeT OTMETUTh, IPEXAE BCEro, UTEPALMOHHbBIE
Metoabl. PaccMoTpuM moJpoOHO METO/ MPOCTON UTEpaluy, KOTOPBIA 00JalaeT cleayroluMu
IIPEUMYIIECTBAMM:

1. Ecau mporecc utepanuu CXoIUTcs OBICTPO, T.€. KOJIMYECTBO MPHOIMKEHUH MEHbIIE,
YeM IMOPSAOK CHUCTEMBI, TO IOJIYYaeTCs BBIMTPBIII BO BPEMEHM PELICHHs IO CPAaBHEHUIO C
TOYHBIMH METO/IAMHU.

2. Meton uTepauui SBISIETCS CaMOKOPPEKTUPYIOIIMMCS, T.€. OT/AEIbHbIE OIIMOKH He
OTPaXKAIOTCs HA KOHEYHOM PE3YJIbTATE PELICHUS.

3. IIpouecc urepanuii jerko nporpaMmmupyercs Ha 9BM.

[TycTh naHa cucTema JTMHEHHBIX adredpanyecKux ypaBHEeHUN

AZ=b

rae A — HEBBIPOKIEHHAs MaTPULIA.

Pacmmpennas matpuna A 3Toi cCUCTEMbI UMEET BU:

2y 2 o ag b
A = dn  Am a3, by |
| =
\a d,, .. 4 b_)

[IpuBo/ ¢ MOMOIIIBIO TMHEHHBIX MPeoOpa30BaHU 3Ty CUCTEMY K SKBUBAJIEHTHOMY BUY .
X=cE+d
Oynem pemaTh MOCIEAHIOI0 METOJOM IOCNIE0BATEIbHBIX MpHOMKeHUH. B3sB 3a HyneBoe
o —i =111
pUOIMKEHHE KaKoH-i60 BekTop X' | BeIuMCIMM IpUbImKkenre & 1o Gopmysie
=il —i0) 3
X =cx  +d



AHaJIOTHUYHO

¥ =cx"+d n1.n

.1|}
[MTocnenoBaTenbLHOCTh BEKTOPOB & J k=12 CXOZUTCA K TOUHOMY PELIEHUIO X' , T.€.

lim%" =X
€CJIM HOpMa MaTpUlEbI C
llelf =1

Hopwma |[c|| ompenensieTcst mo oqHOMY U3 CISAYIOIIMX CIIOCOOO0B:
SIERS N

"’C" = max / a

ij

= |IE ﬂi.':
V5 )
[Ipu caemaHHBIX TPEANONIOKEHUIX 0 HOPME MATPHIIBI C IIOTPEIIHOCTh K-0ro mpuOImKeHUs
MO>KHO OIEHUTH CJIEAYIOIIUM 00pa3oMm:
|| [
L

= -
npH, b
=l g =
1=

HepBaﬁ U3 3THX (I)OpMy.]'I IIO3BOJIAICT OLCHHUTH KOJIHMYCCTBO HTepaHHﬁ, TCOPCTUYCCKH
H€06XOI[I/IMI)IX JJI JOCTUKCHU A SaIIaHHOfI TOYHOCTH.

—lkl

iy

Iopsiiok BbIMOJIHEHUSI PpA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUCCKUMHU CBEICHUSIMHU.

2. BbInonHUTE HEOOXOTUMBIE PACUETHI.

3. OdopMuUTh 1 IPECTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBieHus pe3yJbTara:

Pe3ynbraThl peicTaBUTh B BUE oTueTa B hopmarte .dOCX.

Kpurepun onenkn:

3agaHue BBIIOIHEHO 03 OIIMOOK — OLIEHKA «OTIIMYHO).

3amanue BBITOJIHEHO MPaBUIBHO, HO JAOMYIIEHBI 1-3 BBIYUCIUTEIBHBIX OMIMOOK — OIICHKA
«XOPOIIOY.

3aiaHue BBIMOJHEHO HEOPEIKHO, TOMYIIEHBI OTHOKU — OIIEHKA «yIOBIETBOPUTEIHLHO.

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



Tema 4. AIropuT™MBbI M METO/ABI IOUCKA KOPHeil ypABHEHHUS U pellleHus!
HEJIMHEHHBIX CHCTEM
JIABOPATOPHOE 3AHATHUE Ned «PEHHEHUE AJITEBPAUMYECKUX U
TPAHCUEHJIEHTHBIX YPABHEHUIN»

Iesb: OCBOMTH METOJBl PELICHHUSA aNreOpaudyecKux M TPAHCUEHICHTHBIX YpaBHEHHI
Boinosnus padory, Bel Oyaere:
ymembw:
— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOJbI pEHICHUA MaTEMAaTUICCKUX 3a/1a4;
— BpiOupaTh onTUMaNbHbIN YUCICHHBIMMETO/ T AJIsl pEIeHHs] IOCTABICHHOM 3a1auu

— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM I/IH(I)OpMaI_II/II/I 1 OLCHUBATH
TOYHOCTDH MMOJIYUCHHOI'O YUCJICHHOTI'O PCIICHUA,

— pa3pabaTbiBaTh QJITOPUTMBI W MTPOrpaMMBbl JJIsl PELICHHUS BBIYUCIUTENbHBIX 3a7ad,
YUUTHIBAs HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yibTara;

— pacmo3HaBaTh 3a7ady W/WIH Mpo0iieMy B Po(hecCHOHATHHOM H/IITH COITUATEHOM KOHTEKCTE

—  OIpeneNsiTh He0OXOIUMbIE NCTOYHUKN HH(OpMAIINY;

—  B3aUMOJICHCTBOBATh C KOJUIETaMH, PYKOBOJCTBOM, KIIMEHT

— TMPUMEHSATH TEXHUKH U TIPUEMBI 3PPEKTUBHOTO OOIIeHNUS B TPO(ECCHOHAIBHON e TEILHOCTH;

— KpaTKoO 0OOCHOBBIBAThH M OOBSCHUTH CBOU IEHCTBHS (TEKYIIUE U IDIAHUPYEMBbIE)

MarepuajbHoe o0ecnedeHne: maker npukiaaaasix mporpamm Microsoft Office.
3aganue:

Haiitu pemenus cnenyromux ypaBHEHUN ¢ TOYHOCTBIO & =107:
a) METO/IOM ITOJIOBUHHOTO JICTICHHS; 0) METOJIOM IPOCTHIX UTEPAIUii; B) METOJIOM XOPJ U
KacaTelbHBIX.

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

x* —2x* —4x+5=0 (x<0). 8 x>-x-2=0.

x> —10x+5=0 (x<0). 10.2—Inx—x=0 .

11. X} +2x-7=0 . 12. x> +x° =11=0 (x>0).
13. X" =2x—-4=0 (x>0). 14.2e* +x-1=0.

15. X* —2x-4=0 (x<0). 16.2x>+x*—-4=0 (x>0).
1

© N g w =

17. € =x-2=0. 18.Eex—x—1=0 (x>0).
19. x> —c0sx=0 (x>0). 20. x* +Inx=0 .
21. Inx+0.5x-1=0 . 22. Inx-05x+1=0 (x>1).
1 e
23. —Inx=0 . 24, -—=0 (x>0) .
1+ x? 1+x* 2 (x>0)
25. X —Inx=0
2+ X

Kpartkue TeopeTruyeckue cBeleHUsN:
Pewenue ancedbpauyeckux u mpancyenoeHmuvlx ypagHeHutl
3.1. Kopnu ypasnenus. OmoeneHue KopHeti



Gynkuus f(x)Ha3piBaeTCsl anreOpandecko, eciau A MOJYYCHUS €€ YMCIOBOTO 3HAUCHHS
M0 JaHHOMY 3HAYEHHUIO apryMeHTa X TpeOyeTcs BBIMOJHUTH apuPMETHUECKHUE ONepanuu U
BO3BEJICHUE B CTEIIEHb C PalllOHAJIBHBIM [10Ka3aTEJIEM.

Ecnu B 3ammch ypaBHEHUS BXOAST TOJBKO anredpamveckue (yHKIUU, TO ypaBHEHHE
Ha3bIBACTCSl a12e0pautiecKuM.

AureGpanuecKoe ypaBHEHHE BCETa MOXKET ObITh IPUBEAEHO K BHILY
=]

ax" +a,_ X" +a, x"+ +ax+ay =0, (3.1)
rae 7 =123.. a,=0.

Bce HeanreGpamueckue (YHKUMH: [OKaszaTenbHas @ , sorapudmudeckas loga X
TPUTOHOMETpHUYECKHE sin X, COS X, tg X, CtgXx um oOpaTHble TPUTOHOMETPUYECKHE arcsin X,
arccos X, arctg x, arcctg X — Ha3pIBalOTCsl TPAHCLEHACHTHBIMHU.

Ecnu B 3amuch ypaBHEHUS BXOAAT TPAHCUECHICHTHBIE (DYHKIMH, TO ypaBHEHHE HAa3bIBACTCS
TPaHCLIEHICHTHBIM, Harpumep tg X = ax .

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

B ob6mem cnydae mis ypaBueHust f (x) =0 OTCyTCTBYIOT aHanuTH4YecKue (Hopmysibl,
OTIPEIEIISAIONINE €r0 KOPHHU.

3amada OTHICKAHHS KOPHEH CBOIUTCS K HaXO0XKJIEHUIO BCEX TOYEK X; IepeceueHus rpaduka
dbyukimu f(x) ¢ oceio x (puc. 3.1).

Bl

_ y=flx)

4.

7]

' Xy % *3 JE:/K\\% x
1 L 1.5 el 25 3
TR
4]

41

l:l

Puc. 3.1. T'eomerprueckas uHTepnperaiys kopuei ypasaenus f(X) = 0

W3 pucyHka BHAHO, YTO YUCIO TOYEK MepecedeHus rpaduka QyHKIUU C OCBIO X MOXKET
ObITh HecKONbKO. [l09TOMy B KadecTBe IMEpPBOrO Iara NpU PEIIeHWH JH000TO YpaBHEHUS
HPOBOJAT omoeneHue ero KOpHel. ITo 03HaYaeT, YTo OCh X pa30MBAIOT HA TaKHe OTPE3KH, UTO B
KaX/IOM U3 HUX COAEP)KUTCS TOJIBKO OJWH KOPEHb ypaBHEeHHWs. [lociie 3Toro cieayer yTO4HUTh
MOJIOKEHHE KaXJI0T0 KOPHS B Mpeesax J0MyCTUMOI MOTpelHOCTH.

JInst oTneneHus KOpHEH MoJie3Ha ClieAyolas TeopeMa: eciu HernpepbiBHAsS QyHKims f(X)
NpUHUMAET 3HAYCHHUS Pa3HBIX 3HAKOB Ha KOHIIaX oTpeska [a, b], T.e. f (a)f (b) <0, To BHYTPH
3TOTr0 OTPE3Ka COJCPIKHUTCSA, 10 MEHbIIeH Mepe, oauH KopeHb ypaBHenus f(X) = 0. Ha ocHoBe
TOM K€ TEOpEeMbl pEaJU3yIOTCS caMble IPOCThIE M HAAEKHBIE METOAbl YHCIEHHOTO
OTIpeNieNIeHUs] KOpHEH ypaBHEHHIA: METOJ ITOJIOBHHHOTO JICJICHHSI U METOJT XOP/I.

[Tporecc oTaeneHust KOPHEH HAUMHACTCS C YCTaHOBJICHUS 3HAKOB f(X) B IpaHUYHBIX TOUKAx
UHTEPECYIOIIEro Hac OTpe3Ka ONMpe/IeTICHUs IepEeMEHHOM X: X = a u X = b. 3arem onpenenstorcs
3HakH f(X) B psze MPOMEXYTOUYHBIX TOYEK X = 01, O ..., BHIOOP KOTOPBIX JOJDKEH YUUTHIBATH
ocobennoctu Gpynkimu f(x). Ecmu okaxercs, uro f(a;)f(ait+1) < 0, To B mHTepBane (o, ait1) ecTh
kopeHb ypaBHeHus f(x) = 0. HeoOxomumo yOenuThes, SBISETCS JIU ATOT KOPEHb €AMHCTBEHHBIM
Ha JTAHHOM HHTepBaie. [l oTHeneHust KOpHeH MPaKTHYECKH AOCTATOYHO MPOBECTH MPOIECC
MIOJIOBUHHOTO JICJICHHSI, MOCJICIOBATEIbHO JIesl UCXOHbIN oTpe3ok [a, b] Ha 2, 4, 8 u 1. 1.
paBHBIX YacTel W ompenenss 3Haku f(X) B Toukax jaenenus. HamomHuM, 4to anredpanyeckoe
ypaBHEHHE CTENEHW N HMeeT He Oojee n JAeHCTBUTENbHBIX KOpHed. [losTomy ecnm mis
areOpanyeckoro ypaBHEHHs MbI moiydywin n+l mepemeHy 3Haka f(X), TO Bce ero KOpHH
OT/ICJICHBI.



3.2. YucnenHoe peuternue ypasHenus MemoooM HOI0BUHHO20 OelleHUsi (Memood OUXOmomuu)

[TpeamnoaoxumM, 9TO MPOIECC OTACICHUS KOPHEH MPOBEJACH M Ha OTpe3ke [a, b] HaxomaurTcs
poBHO oauMH KopeHb & ypaBHeHus f(x)=0. HeoOxomumo ompenenuTh €ro TMOJ0XKEHHE C
MOTPEIIHOCTHIO €.

MeToa MOIOBUHHOTO JIETICHUS 3aKIII0YAETCs B CIEIYIONIEM, CM. pHC. 3.2,

Puc. 3.2. I'padmyeckas mHTEpIIpPETALIMS METO/IA TIOJIOBHHHOTO JICTICHUS

CHavajya ompejensieM cepeinHy ¢ oTpes3ka [, b] ¢ = (a+h)/2 u Berumcnasiem 3HaueHue
byuxuu f(C). Hdanee memaem BBIOOp, KaKyl M3 JBYX 4YacTeil B3ATh IS YTOYHEHHUS KOPHSI.
Od4eBHIHO, YTO KOPEHb OyIeT HaXOIUTHCS B TOH IOJOBHHE HCXOJHOIO OTPE3Ka, Ha KOHIAX
KOTOpOU (PyHKIIMS UMEET pa3Hble 3HaKU. Ha pucyHke 2 TakuM OyJeT mpaBblil OTPE30K — OTPE30K
[a, c].

JInst ovepeaHoro Iara yTOYHEHHs MOJOKEHHs KOpHs OTpe3ok [C, b] u3 paccmorpenws
WCKIIIOYaeM, a C OTPE3KOM [a, C] mpoaokaeM Mpolecc AeNeHUs, KaKk U C MepBOHAYAIbHBIM
otpe3koM [a, b], dopmanbHO mepenprcBanBas HOBOMY 3HaueHHi0 D 3nauenue C . Eciam ke
peanu3yercsi CUTyalus, Korjaa GyHKIUMS WMEeT pa3Hble 3HaKM Ha KOHIAX oTpeska [C, b], To u3
paccMOTpEHHsI CIIelyeT HCKIIOYUTh OTpe30K [a, C], GopMmalbHO MepernpucBauBas HOBOMY
3HAYCHHIO a 3HaUeHue C .

B pesynpTaTe MBI MONy4HM MOCIEAOBATEIHHOCT BIOKEHHBIX APYT B APYyra OTPE3KOB BCE
yMeHbIIaomeics mmuuel: : [a1, bi], [@ b2 ],... [an , bn ]. DroT mnoBTOpsHOIIHIiCS
(MTepalMOHHBIN) Tpoliece OyaeM MPOaOIKATh 0 TeX IMOop, MOKa JUIMHA OoTpe3ka [a,, b, ] He
CTaHET MEHBIIIE 3aJJaHHOM MOTPEITHOCTH € BEIYMCIICHUH.

Toraa UCKOMBII KOPEHb

a

S oy by *(ﬂu - bn}z (3.2)

Cnenyer yuuteiBaTh, 4T0 (yHKuMs f(X) BBUHCISETCS C HEKOTOPOH abCONOTHOM
HOTPEIIHOCTBIO €. BONM3n xopHst 3HaueHust GyHKuuH f(X) Majbl 0 aOCONOTHON BETHMYMHE H
MOTYT OKa3aTbCsl CPaBHMMBIMU C IOTPEIIHOCTBIO €€ BBIYMCIEHHUA. [IpyrMMu cioBamM, INpHU
MOJIX0JIe¢ K KOPHIO MBI MOKEM IOTacTh B “‘mojiocy mrymMoB” 2g; (puc. 3.2.) W najbHEiIIee
YTOUYHEHHE KOpHS CTAaHOBHUTCS OeccMbICieHHbIM. [loaToMy Hamo 3anaTh LIMPUHY “‘TIONOCHI
IIYMOB” M NPEKPAaTUTh WUTEPALMOHHBIA MpOLEcC NMpH MONaJaHuu B Hee. Takke HeoOXO0IuMo
UMETh B BHJIy, YTO NIPU YMEHBIICHUU JUTMHBI HHTEepBana [a,, by ] yBenmuunBaercs morpemHocTb
BBIYHCIICHUSI €r0 UTMHBI 8 — Dy 32 cueT BEIYUTAHUS IBYX OJU3KUX YHCEI.

MeToa MoJIOBUHHOTO JIeJIeHUs 00J1aaeT JOBOJILHO OOJIBIION CKOPOCTBIO CXOAMMOCTH. Tak
KaK 32 KaXIyl0 WTEpallli0 WHTEpBaJl, TJ€ pacrlojoXKeH KOpeHb, YMEHbIIAETCs B JIBa pas3a, TO
yepe3 n uTepauuil JnMHa uHTepBana Oyner paBHa (b—a)/2n. 3a 10 wurepaumit uHTEpBaN
ymenbmutes B 210 =1024 =103 pas, a 3a 20 urepanuii — B 220=106 pa3.

3.3. Memoo xopo

B npeanonoxenusix mnpeasiayniero mnaparpada ykaxkeMm Oosiee  OBICTpBIH  CcIIOCOO
HaxoxeHus kopHs & ypaBHeHus f(x) = 0. B aTom merone ouepenHoe mpuOIMKEHHE K KOPHIO



Oepercst HE B cepenuHe OTpe3ka [a, b], a B Touke x1, rae xopaa rpaduka ¢ynkuuun f(X),
coeaunsromas touku f(a) u f(b), mepecekaer ock abderuce (puc. 3.3).

1#rx)

21:1

Puc. 3.3. I'paduyeckas HHTEpIpeTaLIUs METOA XOPI

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

[Iporniecc yTOYHEHHsT KOpHS 3aKaHYMBAETCS, KOTJA PACCTOSHUE MEXKIY OYEpPEIHBIMH
NPUOTMKEHUSIMH CTaHET MEHBIIIEe TPeOyeMOH ITOTPELIHOCTH € BHIYMCIICHHH:

[ — x| < .

WK Koraa 3Ha4CHUA Q)YHKHI/II/I nomnagyrt B 00J1aCTh mryma, T.C.

|f|:11 < E1.
YpaBHEHHE XOp/Ibl B HAILLIEM CJIy4ae UMEET BUJL:

B)— fla) . .

v(x) =M-ta— x)+ fla).
b—a

OTKYJa IS X1 [OJIy4aeM:
n=a —b_—af[ﬂl
flb)- fla) (3.3)

Cxema BBIUMCIIEHUH NpU pPELUIEHUH TPAHCLEHJIEHTHOTO YpPaBHEHUS METOIOM XOpJI B
OCHOBHOM COBII3/Ia€T CO CXEMOW BBIUMCIEHMH IO METOAY IMXOTOMUHU. Meron xopn TpedyeT
B/IBO€—BTPOE MEHBIIETO YUCIIa UTEpallUil, YeM MEeTO]| MOJOBUHHOTO AEJCHHUS, Ul OTHICKaHUS
KOpHS C TOH ke morpenrHocTbio. OaHako, ecau GyHkius f(X) B obmactu nepecedyeHuss ¢ 0Chio
abciuce JOCTaTOYHO MOJIoras, TO O4epeiHast Xop/ia MOXKET NMPaKTHUECKH Jieub Ha OCh adcIucc,
TO €CTh IIOJIHOCTBIO TIOMACTh B IIOJIOCY IIYMOB. B 3TOH cHTyauuu HOpOU30HAET CHIIBHOE
yBeJIMYEeHUE OUIMOKY BBIYUCIEHHH, Tak Kak B B popmyiie (3.3) pa3HOCTh ABYX OJIM3KUX BEIUYHH
f(a)—f(b) crout B 3HameHatene. B 3TOM CMBICIIE METO/ MOJIOBHHHOIO JACACHHUS 3HAYUTEIHHO
yCTOMYMBEE.

3.4. Memoo xacamenvuvix (Memoo Hviomona)

[Tyctp x* ectp kopeHb ypaBHeHus f(x) = 0, eauHCTBEeHHBI Ha oTpe3ke [a, Db].
[Ipenmnonoxum, 4TO KaKMM-THOO CIIOCOOOM, Hampumep, rpa@uuecku OINpeaeseHO HayalbHOe
npuOMIKeHne Xo K KOpHIO. B 3Toii Touke BhumMcIMM 3HaueHue QyHkimu f(Xg) u ee
npousBoaHoi f'(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 KacaTeldbHBIX). OJTa 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 — Xj|<E,
ra€ € — JOInyCTuMad TIOrpC€iHOCTb OMNPCACIICHHA KOPHA. 4 K3 TCOMCTPHUYCCKUX
COOOpaXKeHUI MOXKHO TOIYYUTh pacueTHyto Gopmyiny s mertoaa HeloToHa B Buze:
Sl )
Xpel = Xp — 5
£'(xx) (3.4)
Meton HproroHa oOsamaetT BBICOKO CKOPOCTHIO cxoauMmocTH. OOBIYHO abCONMOTHAs
TOrPENIHOCTh HAXOXKAeHHs KopHsa € = 107 ... 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, KOTJAa (DYHKIUS BBIUMCIACTCS 1O OYECHb CIOXKHOMY HIIU
TPYAOCMKOMY aJITOPUTMY. Heckomnpko YMCHBIIUB CKOPOCTH CXOAUMOCTHU, MOKXHO OIrpaHUYUTHLCA
BBIYUCIICHUEM IPOU3BOJHON TOJILKO Ha TEPBOM HMTEpallMd, a 3aTeM BECTH BBIUMCIICHUS TI0
dopmyie (3.4), monaras

F1O) = £1(x0)
) e f{l"k ]
Xgel = X fr{"-ﬂ}

CrpykTypa nmporpaMMsl pelieHus ypaBHEHUH MeTonoM HbrOTOHa moxoska Ha CTPYKTypy
IporpaMM Jjsi METOAOB JAMXOTOMUHM MU XOpA. [J1aBHOE OTiIMYME 3aKiIo4aercs B TOM, 4YTO B
metone HploTOHA HE HYXKHO JAenaTh BbIOOp MEXAY JIEBOM MpaBoil yacTAMHU OTpe3Ka, a TAKKE B
TOM, YTO HET HEOOXOAMMOCTH 33/1aBaTh IMOJIOCY IIyMa (YHKIMH, TaK KaK IO Pa3HOCTU ABYX
MOCIIEA0BATENbHBIX TPUOMMKEHUN *#+1 ~ ¥  MO)KHO cpa3y OLIEHUBATh U BEJIMYMHY OTHOLICHUS

F&If r':x}. Jlnig mpenoTBpallieHusl BO3MOJKHOIO ‘‘3allMKJIIMBAHMS MPOrPaMMbl B CIy4yae
HEYJIayHOTO BBIOOpPAa HAYAIBHOTO MPUOJIMKEHUS WM HENpaBUIIBHO 3a/JaHHBIX MapamMeTpoB,
PEKOMEHYETCs PEYCMOTPETh CUETYHMK YUCIIA UTEPALU.

3ameuanue. OTMETHM TpU 0coOeHHOCTH MeToa HproToHa:

1. Meton HproToHa MMeeT KBaJpaTHUYHYK CXOOUMOCTb, T.€. B OTIMYME OT METOJAA
MOJIOBUHHOTO JIeJIeHHs (M MeTo/la XOpJ) €ro IMOTPelIHOCTh Ha CIEAYIoUled HuTepanuu
MPONOPIMOHAIIBHA KBAaJApaTy MOTPEHNIHOCTH Ha MPEABIAyIIEed uTepanuu. Y Meroja JUXOTOMUU
TaKasi 3aBUCUMOCTb JINHEWHA.



2. beicTpas cxoauMocTh MeToa Hpl0TOHA rapaHTUPYETCs JIHIb TpU OIM3KUX K TOUHOMY
PELICHUIO HAaYalIbHBIX MPHOIMKEHHUsIX, Eciii HavanpHOE MPUOJIMKEHNE BBIOPAHO HEYJIauyHO, TO
METOJ MOKET CXOJUThCS MEIJICHHO, JTM00 He coiieTcst BooOIe.

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

3.5. Memoo npocmuvix umepayuii (Memoo nociedo8amenbHblx NPUOIUNCEHUI)

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 NMPHUOIIKEHUE Xo K KOpHIO X*. [lo/mcTaBuB ero B mpaByro

qacts (3.5), monyunm nepsoe mpubmmkerne 1 =P (X0)  savem prpoe *2 =0() g
nanee:
X =@ (xp_y). (3.6)
Bo3HUKaeT BOIPOC O TOM, HPHM KAKUX YCIOBUAX NAHHBIA HTEPAllMOHHBIN mpoluecc Oyuer
CXOJNThCA K KOPHIO TPAHCIEHJEHTHOTO ypaBHEHHs X*. JIis OTBeTa Ha HEro NPOBEEM
rpaduueckuii aHaIu3, CM. pUCYHOK 3.5.
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Puc. 3.5. MeToz npocThIX UTEpaIHii:
a - OIHOCTOPOHHHUI CXOJIAIIUNCS MPOIIECC;
0 - OTHOCTOPOHHUI paCXOISIIUNCS MTPOIECC;
B - IBYXCTOPOHHUH CXOJSIINICS MPOLECC;
T - IBYXCTOPOHHUH pacxXoAsIIMiics mpolecce

~ ! -
U3 rpaduKoB BHAHO, YTO MpH MOOOM 3Hake mpomsBomHoit @ (X¥) BosMoXkHBI Kak
CXOJSIIMECS, TaK U PACXOJALIMECS UTEpAlMOHHbIE Ipouecchl. CKOPOCTh CXOAUMOCTH 3aBUCUT

' -
OT a0COJIFOTHOM BEJIMYMHBI MPOU3BOAHON. UeM meHbIe |‘“P I(J‘}| BOJM3M KOpHS, TeM OBICTpee
cxoauTcs mpoiiecc. bonee neranbHBI MaTeMaTHUECKUN aHATN3 MTOKA3BIBAET, YTO HEOOXOAMMBIM
AJI CXOAUMOCTH METOAa IMPOCTBIX I/ITepaHI/Iﬁ SABJISICTCA YCIIOBUE



o' ()| <1. (3.7)

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

VYMHOKUM JICBYIO U MPaBYyIO 4acTH ypaBHeHus f(x)=0 Ha MpOM3BOJIBHYIO OCTOSHHYIO D 1
no0aBMM K OOEMM 4YacTsM HEW3BeCTHOE X. [IpM 3TOM KOpPHHM HMCXOJHOTO ypaBHCHHUS HE
U3MEHSTCA:

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

[Tpou3BONBHBIA BBHIOOP KOHCTAHTBI D IMOMOMET OO0ECICUYUTh BBIOJHCHUE YCIOBUS

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

Eciu dynxupst ? (X) BpiGpana B Buze (3.5), TO e IPOU3BOIHAS BEIPAXkKAeTCs (hOPMyIIOi

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

S S

u utepaunonHas Qopmyna (3.6) MeToga MPOCTHIX HUTEpAlMi MepexoauT B (Gopmyriy
HerotoHa (4).

Ilpumep. YpaBHeHue

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

2

r+1,

A

X=A (3.10)
TO OyJIeM UMETh
o) =3x+L W=
[ (x+1)°
Orcroganpu 1 <x<2
0=0x)=025.

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

IMopsinok BbINOJIHEHHUS PadOThI:

1. O3HaKOMHTHCS C TEOPETUICCKUMHU CBEICHUSIMHU.

2. BbImonHUTE HEOOXOIUMBIE PACUETHI.

3. OdopMUTH U MIPEACTABUTH PE3YIbTATHl PACUETOB.

dopma npeacTaBeHus pe3yJbTara:

Pe3ynbTaThl IpecTaBUTh B BUE oTyeTa B hopmare .dOCX.

Kpurepun onenkn:

3agaHue BBIIOIHEHO 03 OIMOOK — OLIEHKA «OTIIMYHO).

3aanue BBIOJIHEHO MPaBUIBHO, HO JAOMYIIEHBI 1-3 BBIYUCIUTEIHHBIX OMIMOOK — OIICHKA
«XOPOIIOY.

3a/aHue BBIMOJHEHO HEOPEIKHO, TOMYIICHBI OMTHOKU — OIIEHKA «yIOBICTBOPUTEIHLHO.

3aganue BBITTOJTHEHO HETPABHIIBEHO, JIOTTYIIICHBI OIIINOKHU - OIlEHKA
«HEYIOBIETBOPUTEIILHOY.



Tema 5. MeToabl aHAJIMTHYECKOI0 NPeICTaBJICHUs TA0JIUYHO 3aJaHHOI PyHKIMH
JIABOPATOPHOE 3AHATHE NeS «MHTEPIIOJIMPOBAHUE ®YHKIIUN»

Leab: ocBOUTH METO/IbI HHTEPIOIUPOBAHUS (HYHKIUIT

Boinosainus pa6orty, Bel Oynere:

ymembw:

— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOAbI pCHICHUA MATEMATUICCKUX 3aJa4,

— BriOupaTh onTUMaNbHBIA YUCICHHBIAMETO/ T IJ1s1 PEIICHHS TOCTABICHHON 3a71auu

— JaBaTb MATCMATHYCCKHC XapPAKTCPHUCTHUKU TOYHOCTHU I/ICXOI[HOI\/'I I/IH(l)OpMaL[I/II/I Hn OLCHHMBATb
TOYHOCTH IMMOJIYYEHHOI'O YUCJICHHOI'O PCUICHUS;

— pa3pabaTblBaTh QJITOPUTMBI W NIPOrpaMMBbl ISl PELICHUS BBIYMCIUTENbHBIX 3a7ad,
YUUTBIBAsE HEOOXOIUMYIO TOUHOCTHIIONYYaeMOI'0 pe3yJIbTara;

— pacCrio3HaBaThb 3aJavdy Y/WIH np06neMy B HpO(beCCI/IOHa.]'H)HOM /v COMaJIbHOM KOHTCKCTC

—  OIpeAeNsaTh HeOOXOAMMBIE HICTOUYHHUKH HH(POpMAITHH;

—  B3aUMOJICHCTBOBATh C KOJUIETAMH, PYKOBOJICTBOM, KIIHECHT
—  NPHUMEHATh TEXHUKU U IPUEeMBbI 3)(PEKTUBHOTO OOIIEHHUS B PO(eCCHOHABHOI A TeIbHOCTH;
—  KpaTKO 00OCHOBBIBATh M OOBSCHUTH CBOU JICHCTBHS (TEKYILUE U IFIAHUPYEMBIC)

MarepuajbHoe o0ecnedeHne: maker npukiaagaasix mporpamm Microsoft Office.

3aganue:

Oyukmmst ompenenena Ha otpeske [1,00; 1,20] (cm. Tabn. 4.1). Haiitm 3HaueHUs
MHoOrouteHa Jlarpamka, uaTepnoaupyromero Gyukuuio f(X) Ha 3TOM 0Tpes3ke Mo cucTeme Tpex

PaBHOMEPHO pacroyiokeHHbIX y370B (¢ marom 0,1), B Toukax 1,05; 1,09 ; 1,13;

1,15; 1,17.

HOJ’Iy‘{eHHHe pe3yibTaTbl CPaBHUTHL C TaOJMYHBIMHA 3HAYEHHUSAMHU H AaTb OHLCHKY TOYHOCTU

I/IHTepHOHHHI/IH.

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

KpaTkue TeopeTrnyeckue cBeIeHHA:
B MNPUKIAAHBIX 3adad4aX YacTO BO3HHUKACT HeO6XO)II/IMOCTI) 110 3aJaHHBIM 3HAYCHUAM

Tabmuua 4.1

HEKOTOPOH (QYHKUMHU Yg, Y, - , Yy B PALE TOYEK Xg, Xi, - , Xy IPEICKA3aTh €€ 3HAYCHUS B

IPOMEXKYTOUHBIX TOUKax. IMEHHO 3Ty 3a/1a4y MMO3BOJISIET PelIaTh MHTEPHOALUS QYHKIUH.



[Tycts ¢pynkuus Yy = f(X) onpenenena tabnueit

Xi Xo X1 . . . . . . Xn
Yi Yo V1 . . . . . . Yn
3nauenus aprymentos X (i=0, 1, ...,n) OyaeM Ha3bIBaTh V31aMU UHMEDPNOLAYUU.

3adaueti unmepnossyuy ABIAETCS HAXOXKICHAE 3HAYeHHs ByHKImn T B Touke X €[Xo, Xnl,
X # Xi.
OpauH U3 BO3MOXHBIX MMYTEH peIlIeHUs MOCTaBIEHHON 3a/1a4M 3aKIF04aeTCs B CIIEAYIOIIEM:
1) cTpouTCS MHOTOYICH CTEIIEHHU He BbIiIe N, e (n+1) - KOJINYECTBO 3aJaHHBIX TOUYCK

Ln(x)zao-xn+a1.xn_1+...+an_l~x+an, (4.1)

NPUHMMAIOIIUIA B TOYKAX Xj 3HAYEHHUS Yj , T.€ 3HAUCHHS KOI(PPHUIUEHTOB MHOTOUIEHA &;
HaXOJISIT U3 YCIOBHUS, YTO
La(xi) =vi , (i=0, 1, ...,n).
DTOT MHOTOYICH HAa3bIBAKOT HHTEPIOIANHOHHBIM. OH BCEra CyIIeCTBYET M €IMHCTBEHCH.
®ynknus f(X) npeacrasnsercs B BUIC:

f(x)= Ln(X)*+Rn(X), (4.2)
rae Rp(X) — ocratounslii wieH wuHTepnoysiuoHHOH Qopmynbl. Eciu f(X) wumeer
HENPEPBIBHYIO IPOU3BOAHYIO nopsiika (N+1) Ha [Xg, Xp], TO
n+l
)
R (X) = ———== (X = X (X = Xq )...(X = Xy ), Xq, Xp) - 4.3
n(X) (n+1)! ( 0)( 1) ( n) &<l 0 n) (4.3)

*
2) Boruucnsiercs 3naueHue Ln(X ). Ecnu 3HaueHus Vi 3aJaHHBI TPUOIMIKCHHO WM JKE I10
KakMM-JIMOO TNpHYMHAM BBIYMCICHHUS HE MOIYT OBbITh BBIIOJHEHBI a0COJIOTHO TOYHO, TO

— *
(paKTHUECKH BBIYMCIISACTCS JIUIIb MPHOIIKCHHOE 3HA4YE€HHE L, (X ) A TOYHOTO 3HAYCHHMS
La(x).
— *
3) IlpubmmwkenHo npuHIUMaeTcs, 9To f(X)~ Ly (x ).
4) OreHuBaeTCsl MOTPEIIHOCTh METoJa II0 OCTATOYHOMY WICHY HHTEPHOJISIIUMOHHON

bopMyIbL:
* M * * *
An0) <& = Lo )0 ) (1) (4.4)
(n+1)!
rae Mp = max \f(”“)(x)\. (4.5)
XO, Xn

5) OHCHI/IBaeTCﬂ HOFpeHlHOCTb BBILH/IC.]'IeHI/Iﬁ 10 HOrpeH_IHOCTHM HpI/I6JII/I>KeHHLIX JAHHBIX:
a6 - L) 4, (4.6)
6) BbrumcseTcs MOMHAS MOTPEITHOCTE MPUOTMKEHHOTO 3HAYCHUSL:
‘ (X )= En(x*)‘ <A +Ay <A (4.7)

[Ipu pemieHuu MpakTUYECKHX 3a/ad HMHTEPHOJSLUOHHBIM MHOrowieH (1), Moxer OBITh
IIPEJICTaBJICH B pa3IMuHOMN popme.

4.1. Humepnonsayuonnwlii MHo2ouneH 6 popme Jlazpandica Oisl nPOU3BOTILHBIX Y3106

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

ITepsoe yacTHOE pelmeHue |y CTaBUT B COOTBETCTBUE 3HAYEHHAM aOCHHUCC: Xy, X, - , X

HaOop 3Ha4YeHHMH OpAuHAT Yg, O, .. ,0. M3 CBOMCTB MHOTOYIEHOB CJIEMYET, YTO MHOTOWIEH,

oOpamaromuics B HyJib B N Pa3HbIX TOYKAX, T.€. UMEIOIIMA N PA3IUYHBIX KOPHEH, ITOKEH
JIETIUTCS Ha KXY U3 N pa3HOCTEN:




X=X X=Xo} .. X=X,
a, CJIIe0BATENIbHO, U HAa MPOU3BEICHUE ITUX PA3HOCTEH, T.€. JOJKEH UMETh BU
lg =const: (X=X )(X=Xp) .- (X=Xp) .
3HaueHne KOHCTAHTHI OnpeacisIEM U3 YCIIOBUA
Ig(xg) = yg = const-(xg = X1 )(Xg = Xp) - (Xg — Xp)
1
0 - - - -
(xO Xl)(XO x2) (x0 xn)

const=y

TOrJa '0 OpUMET BUJ
(x- xl)(x— x2)-...(x— xn)

Ih=Yy .
0~70
(x0 —xl)(x0 —x2)~...-(x0 —xn)

OcrajbHBIe YacTHBIC pPEIICHHA HINYTCA aHaJIOrM4HO, M3 YCJIOBHUA, YTO 1-0€ 4YacTHOe

pemenue lj (i=1,...,n) IOIKHO CTaBUT B COOTBETCTBUE 3HAYECHMAM aOCLHCC:  Xg, X{, - , Xp
HaOop 3HaveHui opauHar O, .. ,Yj, ..,0, T.e.
X=X X=X ) .- (X=X, (X=X, et (X=X
(X=X )X =% ) e (=) (X=X, ) e (X=X )

= Yj
G =Xg)0G =X ) O =2 ) O =X ) O =)

n X=X,
WA =y - II J

[ _
J:OXi X

j
j#i
OO61iee peleHre HalIeM KaK CYMMY YaCTHBIX PEIIEHUH :
n n n X— Xj
L= 2 li=2yi- I : (4.8)
i= i=

C_ X —X
i1=0% "7

J#1
OTO W eCTh MHTEPIOJALIUOHHBI MHOTOWIEH B Qopme Jlarpamxka s IpOW3BOIBHBIX
y3JI0B. 3aMeTUM, 4TO CTEeTIeHb MHOTOWIeHa JlarpaHka He mpeBbIIaeT yucia n.
Ocrarounasl [OTPeIIHOCTs 3HaueHHss Ln(X), BbumciaeHHOro 1o  Qopmyie (4.8),
ouieHuBaercs ¢popmysoit (4.4), a BBIYMCIUTEIbHAS TOTPELITHOCTD

L |(x* - xo)(x* - xl)...(x* - xi_l)(x* - xi+1)...(x* - Xn)|

As =
2 I20] ( = X)) —)-64 = Xi_1)(j X105 ~Xn) |

Ayi ,  (4.9)

rae Ayj - IOTPEIIHOCTh MCXOJHBIX JAHHBIX (3HAYCHUH QYHKIMH B y3/1axX).

4.2. UnmepnonayuonHnwvli MHO20Y1eH 8 (hopme Holomona 01 pagHoomcmosyux y3io8

Paccmorpum METOJl TOCTPOEHHUS HUHTEpIoNupyromeld (yHKIUK, OCHOBAaHHBIM Ha
BBIYMCIICHUM KOHEYHBIX Pa3HOCTEH.

k
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dbopmymnam:
2 k k-1 k-1
AYi=Yiu—Yj AYj=AYja-AYj e AYj=ATY LAY
B pesynbrare BBIYHMCIEHUH JOKHA OBITH TMOJIyU4EHA CIENYIOIIas TaOiHIla KOHEYHBIX

pa3HOCTEN:
Yo y 2 Y\/ Yn1 Yn

Ao Ay Ay,  Ays .. Ayna



Ay, Ay, A

Yo o Ao

AyoY Ay VAY.,

Ao ... Alyng

MuorowieH P(X) s paBHOOTCTOSIIMX y370B ( T.e Xi+1 - Xi =h =const, rae i=0,.., n-1,
yrciio h — Ha3pIBarOT 11arom) OyieM MUCKaTh B BUJIC :
P(x) = ag +ag (X —Xg) +ax (X = Xg)(X = Xq) + .. + 8 (X = Xg)(X = Xq) ... - (X = X,_q) TOC Xg» X{» - Xp - KOPHH
nosmmHOMa P(X)
3nadeHus KO>(QQPUIMEHTOB @ ONPENIENIAEM M3 YCIOBUS P(x;) = v; -
[onarast X=Xo, HalIeM P(xy)=yg =35, = ag=Yq-
. Ay,
[Tonarast X=X, HaWgeM P(x) =y =ag+aj(x; —Xy), =& =—
h
i
Ay
ith'
[ToncTaBUB MoNydYeHHBIE 3HAUCHUS &, B BEIpaXXEHHE JIsl MHOTOwIeHa P(X), momyunm
Azy

B obumem ciiyuae npu X=X,  aj =

Ay
0(x7x0)+ 0(xfxo)(xfxl)Jr...ﬁL

PX)=yg+—
h 21h?

(4.10)
Aly

+ 0 (X = X)X = X1 - - (X=X _1)
nth"
[Tony4yeHHOE BbIpa)KeHUE HA3BIBACTCS UHMEPNOAAYUOHHOU Gpopmynoi Hviomona.
[lyctb x* - TOuka, B KOTOpPOH HEOOXOAMMO HAWTH 3HAYEHHE WHTEPIOJISIIMOHHOTO
MHOT'OYJICHA.
Jlns cimyyast paBHOOTCTOSIIIMX Y3JI0B, €CIIH  Xg — OMMKaIIuid K X y3en cieBa popmyna (4.2)

MMPpUMET BUJ

2 3

Ay ATy ATy
Pl =y +—t+—Ct(t-1) + — 2 t(t—1)(t-2) +...
il 2! 3 (4 11)
n y '
+ =04t —1)(t-2)...—n+1),
n!
y X =X,
rae tonpenensercsa popmynoit  t= —
OneHky norpemHocTeld NpUOIMKEHHO 3HAUEHUS P'(t*) MOTYT OBITh NPE/ICTABIEHBI B BUJIE:
n+1
max y-‘
M * * * I * * *
A1=—Jﬁlh“ﬂ¢ta ~1)..t —nﬂzkﬂﬂ————+ta ~1)..t —nﬂ
(n+1)! (n+1)!

t*a*—n“@*-nﬂ

n ‘

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

rae A* - MOrpelHOCTh UCXOAHBIX JaHHBIX.
Ecmu X, — Omkaliimit Kk X y3ed chpaBa, TO MCIOJB3YeTCs BTOPOW MHTEPIONIALMOHHBINA

noauaoM HeroToHA:



My Ay Ay
pll (t)=yn+ N, n—2 t(t+1)+—n_3t(t+1)(t+2)+...
! 2! 3! (4 12)
n, '
+ = 0411t +n-1),
n!
X —X
rne t=—"
h
OLIGHKH TOTrPEIIHOCTeH MPUOIMKEHHO 3HAYeHUs P“(t ) MOXHO 3ammcaTh B BHJE:

‘ n+1y_‘

M i

L 8 n)‘ WL E—
(n+1)! (n+1)!

‘fa*+nm¢*+m‘

* * *
Aq ‘t (t +2)...¢ +n)‘

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

Iopsiaok BbINOIHEHUS PA0OTHI:

1. O3HaKOMHTHCS C TECOPETUUCCKUMHU CBEICHHUSIMHU.

2. BbIMONHUTE HEOOXOUMBIC PACUETHI.

3. OdopMuTh U NpeACTaBUTH PE3yIbTATHl PACUETOB.

dopma npeacTaBjieHus pe3yJabTara:

Pe3ynbraThl MpeCTaBUTh B BUJIE OTYeTa B hopmate .AOCX.

Kputepun ounenku:

3amaHue BBIIOIHEHO 0€3 OIINOOK — OIIEHKA «OTIUYHO.

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

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

3amanne BBIITOJIHEHO HETPaBUIILHO, JOMYIIEHbI OIIINOKHU - OlleHKa
«HEYJIOBJIETBOPUTEIHLHOY.



Tema 6. AJropuTMbI M  METOAbI  YHCJIEHHOT0 HMHTErPUPOBAHUA U
nuddepeHuupoBanus
JIABOPATOPHOE 3AHATHUE Ne6 «<YNCJIEHHOE HHTETPUPOBAHUE N
JANOOEPEHIIUPOBAHUE.

IleJsib: OCBOUTH METO/IbI YUCICHHOI'O MHTEIPUPOBAHUSA U U PEepeHIPOBAHUS
Boinosinus pa6ory, Bel Oynere:
ymembp:

— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOAbI PCHICHUA MATEMATUIYCCKUX 3aJa4,

— BriOupath onTUMaNbHBIA YHCICHHBIAMETO/ ] IJ1s1 PEILICHHS TOCTABICHHON 3a7jauu

— JaBaTh MaTeMaTHYECKHE XapaKTePUCTUKUW TOYHOCTU HCXOAHOW HMH(POPMAalMU M OLEHHUBATH
TOYHOCTbH ITOTYYEHHOTO YUCICHHOTO PEIICHHS;

— paspabaTbiBaTh QJITOPUTMbl W TPOTPaMMBbl IS PEUICHUS BBIYUCIUTENBHBIX 3aJa4,
YUUTHIBasi HEOOXOAMMYIO TOUHOCTHIIOJIY4aeMOT0 Pe3yibTara;

— pacmo3HaBaTh 3aJauy W/HiH MpodiaeMy B MpopecCHOHATLHOM H/HIIN COLUAIBHOM KOHTEKCTE

—  ompenensTh HeoOXOIMMbIe HCTOYHHKH MH()OPMAIIHH;

—  B3aMMOJAEHCTBOBATH C KOJJIETAMH, PYKOBOJICTBOM, KJIHEHT

— TPUMEHATH TEXHUKHU U ITpreMbl 3phekTHBHOrO 001IeHus B MPOGECCHOHATIBHOM AESTEILHOCTH;

—  KpaTKo 0OOCHOBBIBAThH U OOBSICHUTH CBOM JICHCTBUS (TEKYIIHE U MJIaHUPYEMBbIC)

MarepuajabHoe o0ecnedeHune: maker npukiaaaasix mporpamm Microsoft Office.

3amanmue:

BbruuciuTe 3amaHHbIe  MHTETpaibl MO (OPMYJIaM MPSIMOYTOJBHHUKOB, TpaNenuil
CuMIicOoHa, €ClM OTPE30K HMHTETPUPOBAaHMSA pa3OoMT Ha n=2 W n=4 paBHbIe 4yacTu. OICHUTH
HOFpeHIHOCTB pe3YJII)TaTa nu CpaBHI/ITL HpI/I6JII/I)KGHHI>I€ 3HAYCHUA I/IHTGFpaJIa C TOYHBIMH.

1
1 T
1'Il+x2 dx (1=, ~0.785).

0

1

2 (-1 dx (1=In2~0693).
o1+ X
%

3. [sindxdx (1=05).

0

1

1
4, j—dx (1 =In(1++/2 ~0.881).
o V1+ X2
s.jlnxdx (1=1).

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

% T
7. jxcosxdx (1 ===~0.571).

) 2

2
8. [———dx (1=1).
£1+sinx (=1

X

1
e T
9. £1+92X dx (I :arctge—zz0.433).

10. jcos3xdx (1=0).
0
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1. [——dx (I =In(l++2)~0881).
0
1
0
1

1
COS X
12. [arctg xdx (I :%(ﬂ—zlnz)zo.«ss).

13. dex (1 ~0.38).
o 1+e”

\/54 5

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

T,

4
15. [tg xdx (1 =1n2~0346).
0

T2
72 1
13. [ctg xdx (1=>1n2~0.346).
A
1
17, [xerdx  (1=1).
0
1
18. J\/1+x dx (I =§(2J§—1) ~1.22).
0
7
19. | dx (I1=1).
o L+ Cos X
1
1
20. dx (1 =2(/2-1)~0.828).
! o (=232-) )
2. [In? xdx (1 =e—2=).
1
7 _
22. [tg*xdx (1=2=7 L0.215).
0
/2 _
23. [ ctg *xdlx (1=2=7 0215,
/4
/2 eﬁ/Z_l
24, Iexcosxdx (1= ~1.905).
0
/2 /2
e+l 2905).

25. Iexsinxdx (I =
0

2. Oynkmus  f(x) (cM. Tabmuiy 2.1) ompenenena Ha otpeske [1; 1.2]. BwiOpaB mar
h=0,5HaiiTi npubIMKEHHbIE 3HAYEHUSI TPOU3BOIHBIX P u (%) g toukax 1 u 1,1. OueHuts
MOTPEIIHOCTh BhIYUCIEHUNA. CpaBHUTH pe3yNbTaThl C TOYHBIMU 3HAYEHHSIMH IPOU3BOJIHBIX B
ITUX TOUYKAX.

Kpartkue TeopeTuyeckue cBeleHUsN:
Yucrennoe unmezpuposanue. KeAOpamypHvle Gopmynvl HPAMOY20JIbHUKOS, mMpaneyul,
Cumncona



b
Heo6xomumMo mpuOIMKeHHO BBIUHACIUTH HHTETPAT J‘ f (x)dx- st aTOrO pasobbem oTpe3ok
a

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

h—P~2- mar pas6uenus. yj— 3Havenus Gpynkuuu f(X) B TOukax pazOueHUs X;.
n

3aTeM HerpepbiBHas moabiHTerpanbHas Gynkius y=f(X) 3amensiercs cruaifHoM (KycodHo-
NOJMHOMHUANBHON  QyHKIMer) S(X), uHTepnonupyomeid IaHHyr ¢QyHKou. HWHTerpupys
¢Gynkuuto S(X) Ha otpeske [a,b], mpuxem K HEKOTOPOH (HOpPMyie YHCICHHOTO MHTETPUPOBAHHUS
(xBagpatypHoii popmye).

5.1. Dopmyna npsamoyeoibHUKO8

Ecnmu Ha kaxkaom ortpeske [Xi1, Xi|, 1=1,2,...,n , ¢dyakuuio f(X) 3amenseMm ¢yHKuuew,
HNPUHUMAIOIIEH TOCTOSIHHOE 3Ha4YeHUe, paBHOE Harnpumep 3HaueHuto ¢ynkiun f(X) B cepennne
oTpe3ka [Xi1, Xi], obo3HaueHHoro , _Xa*X . Torma S(X) Oymer MMeTh CTyneHYaThIl BHA

2

(puc.1).
f(xl D X SXEX;
2

f(x 1), X SX<Xy;
S0)=S,00=y , =f(x )=1 2

f(x 1), Xog SXEX,.
n-l
2

B stom ciyuae 3Hauenue mHTerpana (miomanp mon rpaduxom f(X), Ha orpeske [a,b]),
CuMTaeM NPUONM3MTENBHO PABHOH CyMMe ILIOWIAAEH NPSMOYTONBHUKOB BBICOTOH f(y ) M
i—=

2
mupuHOH ho.

b n n
j fOydx~> h-y ;=>h-f(x )= ey s Yy ety )| ¢dopmyina npsimoyronbaukos  (5.1)
-1 = - - - n—

a i 2 i=1 2

5.2. @opmyna mpaneyuti

Oyuknuio f(X) Ha kaxgom otpeske [Xiq Xi], (i=1,2,...,n ) 3ameHseM e€ IMHEHHOM
MHTEpIoNSIIUEN o ToukaM (Xi-1, Yi-1) 4 (Xi, Yi), T.€. OTPE3KOM IPSIMOM COEIUHSIONIEH STH TOUKH.

S(X) npuHUMaeT BHUI:

X. —X X=X Xi —X X=X
S(X):Si(x):f(xi—l) Ih +f(xi) hkl:yi—l : +Yi

20e Xelx., %], i=12,..,n,

a e€ rpaMKOM SIBJISIETCS JIOMaHasl.
Torna 3HaYeHHe MHTETpaia HAXOAUM KaK CyMMY IUTOIIazeil Tpanenuii ¢ ocHoBanusmu F(X;.

1), T(xi) u BeIcoTO! h. C yuerom dopmysbl miommaau tpanenuuu g - Mty rre m, n ocHoBaHus
mp. 2 '

Tparncuuu NoJIydnuM:

h o fOG)+ TG0 o Yia s
{f(x)dngh'f:;h' 2 | - dopmyna tpamermii (5.2)

+
:h.(%+yl+y2+'”+yﬂ—l)

5.3. @opmyna Cumncona (ghopmyna napabon)

GOyuknuio f(X) Ha KaxkmoMm otpeske [Xi1 Xi], (i=1,2,...,n) 3amensem cmiaiiHoMm S(X),
NpEeJICTaBIISIONIEM co00M HEMPEPHIBHYIO (DYHKIIUIO, COCTABICHHYIO M3 MPUMBIKAIOIIUX Mapadoll.
[TorpebyeM, uT0OBI Ha OTpPE3KeE [Xi.1, Xi] Mapabosa mpoxoauna yepe3 TOYKH (Xi-1, Yi-1), (Xi-1/2, Yi-1/2)
u (X, Yi). Hcromp3ys MOCTpOoeHHE WHTEPHOJSAIMOHHOIO MHOTOuWIeHa JlarpaHka BTOpOro
MOpsIIKa Ha OTPe3Ke [Xi-1 Xi], MOTyduM CIUIaiiH:



S()=S,() =Y., 2(x=x; )rf;( - Xifl/z) » 4(x; — X:'(zx_ Xi 1) 1y, 2(x~ Xifl/ljz)(x —-Xi4) ’

2de Xe[X 4, %] i=12,...,n

Jliis nanpHEeWmuX npeodpazoBaHuil BBeneM nepemenHyto te[0,1] ¢ momomipio paBeHCTBa
X=X_, +ht. 3nauennsm t pasusim 0, %5, 1, COOTBETCTBYIOT 3HAUEHUS X, PABHBIE Xi.1, Xi-1/2, Xi -
Beipazum criaiin S(X) uepe3 HOBYIO MepeMeHHYIO t:

S(x)=S,(x)=5,(t) = y,,A-)A-2t) + 4y, -tt+y; (2t -t =
=y A=3t+2t%) +4y, ), (t-t)+y, (27 1),  (i=12...,n).

1 1 1
YUUTBIBAA, YTO [ (3t 4 2t%)dt =j(t—t2)dt = j(2t2 ~t)dt =1 » AMEEM
0

jS(de 3 [ 5,00k =3 h[ 8 0 =3 W+ i+ )

'1>< i=1 i=1

U B pesynbTaTe NpuxoauM K KBagpaTypHoil popmyre nmapabon:

b
h
[ 100~ 2Dy + Yo + 40+ Yarz ot Vo) + 205+ Yz ¥, )], (5.3)

5.4. Oyenka noecpewnocmu
[TorpenrHOCTh KaXI0W KBaJpaTypHOH (HOPMYJIBI OLEHHBAETCS BEIMYMHOW OCTATOYHOTO
unera R(h), 3aBucsiero or mara pazouenus h (uau ot yrciaa pa3oueHuii n):

R(h) = j{ f(x)dx—.TS(x)dx .

[IpuBeneM OLEHKM MOTPENIHOCTEN KBaapaTypHbIX (GOpMyl B TOM ciy4yae, Korja
HOJBIHTErpajibHast PYHKIMS UMEET HEMPEPHIBHYIO IPOU3BOIHYIO BTOPOTO MOPSIKA:
1 GOpMyIIbl IPSIMOYTOJIBHUKOB

b a " 2 _ (b - a)3 " 2
R(h) < 5z mex f"(x)|-h? = oAt grg;alx\f (x)|-h
TUTst GOPMYITBI Tpameui
b-a ” 2 (b - a) " 2
R(h) < Q%\f (x)|-h* = W@%\f (x)|-h

Ecnmu moppiHTErpanbHas (QYHKLIUS HMMEET HENPEepPhIBHYIO IPOU3BOAHYIO UYETBEPTOrO

NOpsAJKa, TO CIIPAaBEINBA TaKas oueHKa norpemnoctT popmynsl CuMIICOHA:
a (4)(X)‘ h* = (b a)

28802 X<b 2880n* a<x<b

3aMeTUM, YTO NpPHU UHTETPUPOBAHUM CTEHNEHHOM (PYHKIHMH, CTENEHb KOTOPON HE BBILIE
Tpex, kBajparypHas popmyna CUMIICOHA JaeT TOYHBIN pe3ybTar.

[IpakTHyecky Ba’)kHO BECTH BBIYHUCICHHS /10 JOCTHXKEHUS 3aJaHHOW TOYHOCTH € MO TOM
WK UHOM (opmyne. DTOH 1enu yJOBIETBOPSET Memood 080lH020 nepecuema. JIns 3TOro mo
KBaJIpaTypHO# (hopMyJie IPOBOAAT BHIYMCICHUE MHTETpala C IaroM N ¥ MoiydyaroT 3Ha4eHUe
I(h). 3areM yMeHBIIAIOT IIar BIBOE W TMOJIy4arOT HOBOE MPHUOIMKEHHOE 3HAYCHUE MHTErpaia
1(h/2).

YroObl ompenesnTh, Kak CHIbHO ykioHseTcs 3HaueHue |(h/2) oT Tounoro 3HaueHwms
uHTerpania |, ucnons3yercs npasuio Pyuee:

[1=1(h/2)|~

R(h) < 2=2

(4)(X)‘ h*.

~1(h/2),



rae k=2 s popMya npsiMOYTroJIbHUKOB | Tpaneuuit u k=4 s popmyinsl Cumiicona.
IIpu 3amaHHONM TOYHOCTH € BBIYMCICHHMS C YMEHBIIAIOIIUMCS IIaroM IPOBOAAT [0

OKOHYaHUs MPUOIMKEHUH MTPH BBITIOJIHEHUH YCIOBHSA

1_1I(h)—l(h/2)<g

2k
IIpu 5TOM nonararor | ~ 1(h/2) ¢ TOYHOCTBIO E.

Yucnennoe ouppepenyuposarue
5.4. Bviuucnenue npouzgo0Hol No eé onpeoenenuio
[Iycte ¢ynkums y=f(X) ompenesnieHa B HEKOTOPOW OKPECTHOCTH TOYKH Xo M HMEET
NPOM3BOJIHYIO B 3TOW TOYKE, T.€. CYIIECTBYET Mpeaei OTHOIICHHS IpupanieHus GyHKIuu A Y K
IIPUPALLECHUIO apryMeHTa A X IIPpU CTPEMJIEHUH A X K HYJIIO:
Y00)= 1= lim =t F TR (@)
3HayeHue NPOU3BOJHON B TOUKE Xg MOYKHO IOJY4YUTh, EpeXxojs K npeaeny B (4.1) mo

AX
TIOCIIEZIOBATENLHOCTH LENBIX YMCEN N W moJaras, Ax=(Ax), =%. 31ech (AX), - HEKOTOpOE
a

HavyaJbHOE MpHpAICHUE apryMeHTa, a8 — HEKOTopoe 4ucio Oombine exuHunbl, N={0, 1, 2,...}.
Torna 3HaueHue npousBoaHoN GyHKIHHK f(X) B TOUKE Xo 3aMUIIETCS TaK:
! ’ H (Ay)n
Y'(%) = (%) =lim ) (Ay), = f (% +(Ax),,)— f(X,) -
n—>0 (Ax)n
Ortcroa nonyyaeM npuOIMKEHHOE PABEHCTBO

f (xo + j— f(x,)
(4ay), _ :
(AX)n (Ax)o

an
Jns pysakuum y=f(X) , uMmeromei HenpepblBHYIO MPOU3BOIHYIO J0 BTOPOTO MOPSIKA
BKJIFOUUTEIBHO B OKPECTHOCTH TOYKH X , TOYHOCTH IPUOIMIKEHHUS IPOU3BOJHOI COOTHOIICHUEM
(4.2), MOXHO YCTaHOBUTB, BOCIIOJIb30BaBIINUCH (hopmyioit Teiinopa:

(A%,

(4.2)

Y'(XO) ~

f(x)= f(x0)+f’(x0)~Ax+%f”(§)-Ax2, & € (X, X).

Torna

_ max | f (&)

f /(Xo) _ f (X) f (XO)‘ < Xg<E=X - AX

AX \ 2

1 OKOHYATEJIbHO UMEEM
.I: n
y!(XO) _ (Ay)n ‘ < 21?2(’(‘ (5)‘ . (AX)O
(AX),| 2 a"

Jlnst mocTrKeHUs 3aJaHHON TOYHOCTHU € IPUOIMKEHUST TPOU3BOHON TIPHU ONPEICIICHHOM
YHCJIe BEIYMCIICHH MOKHO UCTIOIh30BaTh HEPABEHCTRO:
), (W),
), (),
5.5. Ucnonvzosanue  mnoeounenos  Jlacpawdica — 0na @opmyn  UUCIEHHO2O
oughghepenyuposanus

(4.3)

[Mycts dynkus y=f(X) onpenenena na orpeske [a; b] u B Toukax {X;}, rme i=0, 1, ..., n
3TOro OTpe3ka nmpuHuMaet 3HaueHus Yi=F(x;), npudem a= Xo , b= Xp.
Pa3zHoCTh MEXIYy COCEIHMMH 3HAYEHUSIMH apryMEHTa X; IOCTOSIHHA M OIpPEAesseTCs

[IaroM h = b-a pa3OueHus oTpe3ka Ha N vacTeid, Torna Xi= Xo +i-h  (Xj+1= X; +h).
n



Haiinem anmpokcuMaiiuu MpPOM3BOJHBIX IEPBOIO W BTOPOrO MOPSAKA C IOMOIIBIO
3HAYeHUH (QYHKIUHI Yj B y3JIOBBIX TOYKaX Xj C MOTPEHIHOCTBHIO OJHOTO HTOTO K€ TOpsaKa B
3aBHCUMOCTH OT 1ara h.

Jliist Toro 4yTOOBI BBIPA3UTh 3HAUYCHUS IPOM3BOIHBIX Yepe3 3HAYCHHS (PYHKIIUH Yj B y3J1ax
UHTEPIIOJSAIMU Xj, MOCTPOMM HWHTEPHOJSIIUOHHBIN MHOrowieH Jlarpamka Lm(X) cremenm m,
YIOBJICTBOPSIOIINI YCIOBUIM

Ln(x)=fx)=Yx (k=i i+1,..., i+m=<h ).

Mmuorouner Ly(X), uarepnomupyer pyukiuio f(X) Ha orpeske [Xi, Xi+m]. Juddepenimpys
MHOTOWIEH Lm(X), momyuaem 3HaueHHs: MPOU3BOAHBIX B TOUKax { Xx } (k=i, 1+7,..., i+m).

Ecmu m=1, 1o L1(X) - nuHeiiHas GyHKIus, rpaduK KOTOPOM, IPOXOAUT Yepe3 TOUKH (X; ,
Vi), (Xi+1, Yi+1). Tormga

X=X,y X=X X=X
L1( ) y| X — y|+1 —x yl _ h

i i+l i+1 i

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

y|+1 y|+l yl

~ L' .
y y|+1 (X) h h h

Eciu m=2, To L»(X) - kBagpatuuHasi GyHKIHS, rpadrK KOTOpoW mapadoiia, mpoXoisiias
yepe3 TOUKH (Xi, Vi), (Xi+1 , Vi+1), (Xi+2 , Yi+2). BeluviciiuM mepByi0 U BTOPYIO MPOH3BOIHBIC
mHorowieHa Lo(X) Ha oTpeske [Xi, Xi+2].

L ( ) y| (X X|+l)(x X|+2) + - (X X‘)(X_XHZ) +yi+2 (X_Xi)(x_xi+1) —
(% = X)) (% = Xi,5) (Xia = %) (Kiy = Xis2) (Xir2 = %) (Xi2 = Xiu1)
— v (X_Xi+1)(x_xi+2) TV (X_Xi)(X_Xi+2) +v. (X_Xi)(X_Xi+1) —
' (<h)-(=2h) " he(<h) 2 2h-h

2h2 [y (X X|+l)(x X|+2) 2y|+1(x X)(X X|+2)+y|+2(x X)(X X|+l)]

L; (X) = 2h2 [y (2X X1 |+2)_ZYi+l(2X_Xi _Xi+2)+ Yis2 (ZX_Xi - Xi+1)]

” l
L(x)= W[ZYi —4yq+ ZYi+2]: ?[Yi —2Yi,+ yi+2]

IlepBass u BTOpas mpou3BoaHbIe MHOTOowieHa Jlarpamxka Ly(X) B Toukax Xi, Xi+1, Xi+2
SIBJISIFOTCS PHOJIMYKEHHSIMUA COOTBETCTBYIOIINX MPOM3BOAHBIX (pyHKIMH f(X) B 3THX TOYKax:

1
[y (2X |+1 |+2) 2y|+l(2X i Xi+2) + yi+2 (in - Xi - Xi+1)] =

yi = F'(x) = Ly(x) = oh?
1 1
= 7D 3 =25, (200 + o ()] = S8y, + 4y =V (4.4)
’ ’ r 1
Yia = /(%) = Ly (%) :%[_ Vit yi+2]
’ ! r 1
yi+l =f (Xi+1) R LZ(Xi+1) :%[yi _4yi+l +3yi+2]
" 1
Vi =Yia=Yia® LL(X) = hﬁ[yi ~2Yis +Yieo (4.5)

Ecnu dpynxims f(X) Ha oTpeske [Xi, Xi+2] MMeeT HENPEPHIBHYIO MPOU3BOIHYIO JI0 TPETHETO

HOPSIIKA BKJIOYUTENFHO, TO CIPaBEUIMBO NMPEACTABICHHE (PYHKIIH B BHJIE CYyMMBI:
f (X)=L2(x)+Ra(x), (4.6)

rie Ry(X) —ocTaTO4HBIN YiIeH HHTEPHOIIIUOHHON (GOpMYITbL.
R0 = ()X K), €€ (i),
B osroM cnydae MOXXHO JaTh OIIGHKY TOTPEIIHOCTH TMPHONMKEHUH TPOU3BOIHBIX
cootHoweHusMH (4.4) u (4.5). Auddepenuupys (4.6), noayunm

F(X)=L %2(x)+R %(x), (4.7)
f7()=L2" (x)+R2"1x). (4.8)



3nech
[(X = %)X = X10) + (X=X )(X = %) + (X = x)(x = %.0)] (4:9)

R =)

R =[x %)+ (k=) + (X %,)] (4.10)

[TorpemHoCcTH P BBIYHUCICHUHM MPOU3BOJIHBIX B TOYKAX Xi, Xj+1, Xj+2 ONPEACIAIOTCS U3
dopmyin (4.9-4.10):

R (%) = ~2R)(X,.) = Ri(x,.2) = £ * (@), (4.11)

Ry(x)=-h-"(&), Ri(x.)=0, Ri(x,,)=h-f"(&). (4.12)

Takum oOpazom, paBeHcTBa (4.11) moKa3bpIBalOT, YTO MOTPEHIHOCTH AaNIMPOKCUMAIUU
nepBoil Ipon3BoHoi f(X) ¢ moMoLb GopMyIbl (4.4) UMEIOT oxuH 1 TOT e nopsinok O(h?), u
€CTECTBEHHA CIIYIOIIasi PEKOMEHIAIMH 10 UX MPUMEHEHUIO Ha oTpe3ke [a; b] B Toukax {X},
i=0, 1,2, ..., n>2.

, 1
Yo z%[—3)/0 +4y, - yz]
; (4.13)
y;z%[_ypl*‘YM]l i1=12,..,n-1

, 1
Yo ® %[ynfz _4yn—1 +3yn]

N3 paBenctB (4.13) crnemyer, 4to TpHOIMKEHHWE BTOPON NPOU3BOJHOW C TMOMOIIBIO
bopmyibl (4.5) UMeeT pa3TUYHBIN MOPSIOK B 3aBUCUMOCTH OT N B pasHBIX TOYKax: B TOYKax X;,
Xi+2 HMMEeTCsl TOTPEUIHOCTh Hopsiaka h , a B TOYKe Xj+1 MOPSIOK IOTPEHIHOCTH BBIIIE
(R2 ”(Xi+1):0).

B cnayugae wuntepnossuuu ¢yakuuu f(X), uMeromieir Ha oTpe3ke Ha oTpe3ke [a; Db
HEIPEPHIBHYIO IMPOU3BOAHYIO J0 YETBEPTOTO IMOPSAKA BKIIOUUTEIBHO, MOYKHO IOJIYYUTh
IOTPEIHOCTh MHTEPHOJALMY BTOPOH IPOU3BOAHON, UMEIOLIEH MOPSAIOK h® u OJMHAKOBYIO BO
BCEX TOYKaX, C MOMOIIbI MHOrowieHa Jlarpamxka Tperbeil crenenu Lz(X) mo uyerbipem y3mam
unrepnonsiuuu {X}, (k=i, i+1, i+2, i+3).

Omnyckast BBIKJIQIKHU, TIPUBEIEM PE3YNIbTATHI U1l AlIPOKCUMAIMM BTOPOM IPOU3BOIHOM:

" 1
yo zt?[Zs/0 ~5y, +4y, - V,]

1
h?

(4.14)

Y~y -2y +ya)  i=12..n-1

o1
Yo ® hT[_ Yos T 4yn—2 _Synfl + 2yn]

[Tpumep. 3HaueHust PyHKIMU Yy =Sin X ONpEeTIeHbI TA0IHUIIECH:
X 0 n/6 | w3
sin x 0 0,5 | 0,866

Tpebyercs ¢ momotpio hopmyn (4.13, 4.14) npubnuxenno Haiita Y'(0) u Y''(0) 1 oLleHUTH
MOTPEIIHOCTh PE3YIbTATOB BHIYMCICHUH.
Pemenue.

y'(0) z2ih[_sy0 +4y, -yz]:i[—s-0+4-0,5—0,866]z1,05
T

R;(O)%(’gj-f'"(é), 0<<

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

2
F70)l<L mo  [R(Q) <[ Z] =009 .
36

Urak, y'(0)~1,05£ 0,09 (tounoe 3uauenue Yy'(0)=cos 0 = 1).
Teneps Bocmonb3yemcst popmyioit (4.11).



. 1 36
y(O)z}F{yo—2y1+yZL:;E{—1+0866]z—0A89

Ry(0) = —% (&),

Jlisg mydmiel OLleHKH MPOU3BOJHOW BTOPOrO MOpPsiAKa HEOOXOJUMO YBEIHYUTH YHUCIO
Y3JI0BBIX TOYEK U BEIOPATh MCHBIIIUN TIIar.

m%@<%zaw.

IHopsinok BbINOJIHEHHUSI PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEICHUSIMHU.

2. BBHINIOJHATH HEOOXOIUMBIC PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIbTATHI PACUETOB.

dopma npeacTaBjieHus pe3yjabTara:

PesynbraThl peicTaBUTh B BUjC oTueTa B hopmate .dOCX.

Kpurepum ouenku:

3agaHure BBINOJHEHO 0€3 OIMOOK — OLIEHKA «OTIMYHO.

3ajaHue BBITOJHEHO MPABUIIBLHO, HO JOMYIICHBI 1-3 BBIYMCIMTEIBHBIX OIMIMOOK — OIEHKA

«XOpOILIOH.
3aaHue BBIIOJHEHO HEOPEKHO, TOMYILEHbl OIIMOKH — OLIEHKA «YAO0BJIETBOPUTEIBLHOY.
3anaHue BBITIOJIHEHO HEIPAaBUJIBHO, JIOTTYIIIEHbI OLINOKHU — OLIEHKa

«HCYOOBJICTBOPHUTCIIBLHOY.



Tema 7. UncjieHHble MeTOAbI pelleHHs OOBIKHOBEHHBIX AM(p¢epeHnHaATBLHBIX
YPaBHeHUil
JIABOPATOPHOE 3AHATHUE Ne7 «<YUCJIEHHOE PEHHIEHHUE
JIN®PEPEHIIAAJIBHBIX YPABHEHUI»

Lleab: 0OCBOUTH METOJIbI YUCICHHOTO perieHus TuddepeHInalbHbIX YpaBHEHUN

Boinosnus padory, Bel Oyjaere:
ymembw:
— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOJbI pEHICHUA MaTEMAaTUICCKUX 3a/1a4;
— BpiOupaTh onTUMaNbHbIN YUCICHHBIMMETO/ T AJIsl pEIeHHs] IOCTABICHHOM 3a1auu

— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM I/IH(I)OpMaI_II/II/I 1 OLCHUBATH
TOYHOCTDH MMOJIYUCHHOI'O YUCJICHHOTI'O PCIICHUA,

- p33pa6aTBIBaTB AJITOPUTMBI W IIpOrpaMMbl JId PCHICHUA BBIYHMCIUTCIBHBIX 3adad,

YUUTHIBAs HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yibTara;
— pacmo3HaBaTh 3a7ady W/WIH Mpo0iieMy B Po(hecCHOHATHHOM H/IITH COITUATEHOM KOHTEKCTE
—  ONIpeIeNATh HEOOXOAUMBIC UCTOYHUKH MH(DOPMALIUY;
—  B3aUMOJICHCTBOBATh C KOJUIETaMH, PYKOBOJCTBOM, KIIMEHT
— TMPUMEHSATH TEXHUKH U TpHUeMBbI 3PPEKTUBHOTO OOIIeHHS B TPO(ECCHOHATBHON NI TENIbHOCTH;
— KpaTKoO 0OOCHOBBIBAThH M OOBSCHUTH CBOU IEHCTBHS (TEKYIIUE U IDIAHUPYEMBbIE)
MarepuaiabHoe ofecnedeHne: akeT NpUKIaAHbIX mporpamm Microsoft Office.

3aganue:

|. Haiitu pemenue 3agaun Komu mia nuddepeHnanisHOro ypaBHeHHsI IEPBOTO MOPSAKa
Ha PaBHOMEPHOM ceTke orpe3ka [a;b] omun pa3 ¢ marom h=0,2, apyroit ¢ marom h=0,1
Merogamu Oilniepa, Oiniepa-Komm u  knmaccudeckuM merogoMm Pynre-Kyrra. Ounenuts
MOTPEITHOCTh YUCJIICHHOTO pelieHust 1o npuHiuny Pynre. CpaBHUTH YMCIIEHHOE pEIICHUE C
TOYHBIM @(X) . Pe3ynbTaThl IpecTaBUTh B BHJIE TAOJIUIIBL.

1. y’:1—+)_(2 ! y|x:1:0’ lex=2, q)(X):%(X—%}-
2. y':y—%, Y, 0=1 0<x<l o(x)=v2x+1.

y x=0

3. y’:x+3—y, Y, =0 1<x<2, o(x)=x*(x-1).
X =

4. y'=xy, Y =1 0<xsl g(x)=e"?

2
5, yf:yx+xy, V=1 1<x<2, p(x)=x/(L-Inx).
, 1-y+Inx
3. :+’ |X=1:O, 1<x<2, o(x)=Inx.
7. y’=XLXy, yl,, =0 1<x<2, ¢o(x)=xInx.

8. y'+2xy=xe ", yl,, =0 0<x<1, go(x):%xze‘xz.

-y'+ycosx=;sin2x, Y,=0 0<x<L ¢(x)=sinx+e™"™ -1.

©

10. y'+ytgx =sin2x, y| ,=-1 0<x<1 ¢(X)=(1-2c0osX)CoSX.
11 xy'—y?Inx+y=0, y| =1 1<x<2, o(x)=1/A+Inx).

x=1

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



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

VX2 +1
X

15. xy’—y=m, yl,. =0, e<x<e+l ¢(x)=xIninx.

x-1 x2-1
X

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

<x< :smx—l

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

r z
2°"%
17 y'+e 7 =7 +2x, y| =0, 0<x<L o(x)=x".
18. y'+e ™ =e™, y] =0, 0<x<L p()=x".

19. xy'=ylny, y|  =e 1<x<2, ¢(x)=¢€".

20. xy'=yIn(y)-1=0, y| =e 1<x<2 o(x)=e'/x.

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

22. X2y'=(x-1)y, Yy =e 1<x<2 ¢(x)=xe".

2
23. (< +D)y +xy=x(x"+1), y|_5=1 V2<x<y2 41, go(x):X +1.
2 2
24. y’—ilenx, y| =e—, e<x<e+l (p(x):x—lnx.
xIn x =& 2 2

25.y'—y ctgx =sinx, y\xi =0, <x< %+1, o(X) = (x—%)sin X
2

T
2

Il. 3amauy Komm pans nmanHoro auddepeHnnansHOrO0 ypaBHEHHS BTOPOTO TOPSAKA
npeoOpa3oBaTh K 3a/1a4ye KOIIU AJisi CUCTeMbI TudepeHInanbHbIX YpaBHEHUN IEPBOTO MOPSIKA.
Haiitn pemenre mocneaned 3amaum  MeTogoMm Pynre—Kyrra Ha cerke otpeska [a;b].
Borunciienust nmpoBecTd ABaxkapl ¢ maramu h, h/2, momaras h =0,2. Haiitu yuciaeHHoe
pemienue auddepeHnnaIbHOr0 YpaBHEHHs U OLIEHUTH €ro MOTPEIIHOCTh C MOMOIIBIO TpaBHiia
Pynare. CpaBHHUTH pelleHHE C HW3BECTHBIM aHAMTUYECKUM pemieHueM @(X). PesympraTsl

HpeI[CTaBI/ITL B BUJC Ta6JII/II_[BI.
Loy —(x+1y —2(x-1)y=0, y| =€’ vy

1!

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

~1 1<x<2, go(x):%(sz _x+ .
X

x=1

1!

2. 32y xy —y=3x2, yl,=1 Y

x=1
3. x?y"—6y=0, y| =1 Y| =3 1<x<2, o(x)=x".

Kparkue TeopeTnyeckue CBeIeHHS:
Yucnennoe peweHue ouggepeHyuanvHvix ypasHenuli nepeo2o nopsaoka
B mpuknagHeIX 3amadax dYacTo BCTPEUYAIOTCS OOBIKHOBEHHBIE TudQepeHIHaTbHBIC
ypaBHEHHsI, TOYHOE PEUICHHE KOTOPHIX HANTH HE yJaeTCs WIM OHO HE BBIpaXKaeTcs depes
aneMeHTapHble GyHKIHH. Bo3HMKaeT HEOOXOIMMOCTh HAWTH PEIICHUE MPUOIMKEHHO.
3.1. [lonamue o yucrennom memooe peuienus 3aoavu Kowu
PaccmoTrpum 3anauy Kommn:
y’=f(xy), (3.1)
y(Xo) =Yo. (3:2)
TpeOyetrcss HaWTH YHCICHHOE PEIICHHE Y=@(X) B BHIC TaOJHIBI €ro NPHOIMKEHHBIX
3HAYEeHUH JUIS 3aJaHHBIX 3HAYCHHWU apryMeHTa X Ha HEKOTOpoM oTpeske [a, b] ¢ ykaszanHoM
TOYHOCTEIO.
Pemrenue 3amaun Komm (3.1) 6yaem rckats Ha otpeske [@, b]. Orpesok [a, b] pasoorem Ha
Ha N paBHBIX yacreil. Bemmumna h=(b-a)/n Ha3pBaeTcss maroM WHTErpHUpPOBaHUS. TOYKH
pazOueHus (y3J0BbI€ TOYKH) PACTIONIATAIOTCS PABHOMEPHO U CBS3aHBI COOTHOIIICHUSIMH:



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

ITycts y= ¢ (x) — uckoMoe TouHoe perrenue 3agaun Komm. Pasmoxkum ero mo ¢opmysie
Teiinopa Ha MPOMEXKYTKE [Xi, Xi+1]

1 1
P0G42) = 00) + 00+ — 905 h? + o) h3+omty (3.3)

[Tpou3BoaHBIE CTOAIINE B PAaBOW 4acTH paBeHCTBa (3.3), MOXKHO HalTH 13 ypaBHeHus (1):

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

3unauenne @ (Xo)=Yo aaHo B HauajgbHOM ycioBud (3.2). ITo dopmysre (3.3) MOKHO HaWTH
3Hadenue ¢(X1), 3atem, 3Has @(X1), Haiith @(Xp) u T. 1. OAHAKO MPAKTHYECKOE HCIIOJIb30BAHHE
dopmynsl (3.3) 3aTpyIHUTEILHO, TaK KaK MpaBasi 4acTh paBeHCTBA (3.3) COMEpKUT OECKOHEYHO
MHOT0 4jieHOB. [103TOMY Ha MpakTHKe OrpaHUYUBAIOTCS JIUIIL HECKOJIBKUMH MEPBBIMU YWICHAMU
pasznoxenus Tewnsnopa.

8.2. Memoo Diinepa

[Ipocrelimmii  merox pemenus nuddepeHIUaTbHBIX  ypaBHeHHWH. Ha  mpaxTmke
UCIONIB3YETCSI IOBOJIBHO PEAKO HU3-32 OTHOCUTEIHHO HEBBICOKON TOYHOCTH.

[TpubnmxeHHbIe 3HAYEHUs YUCIeHHOTO petenus 3anaun Komm (3.1) B y37I0BBIX TOUKAX X;
0003HaYMM Y :

yi = @ (Xi)-
B merome Diinepa mis moacuera Yir1 B paBeHcTBe (3.3) OepyT TOJNBKO THEpBBIE ABa
CJIaraeéMbIX M MOJIaraloT
Yi+1= Yi+f(Xi,yih, (3.4)
opu  Xj+1 = Xj+h .

'eomerpuueckasi WHTEpHpeTalyst MeTojga JaHa Ha puc. 3.1, rHe Hu300paKeHbI
UHTErpasibHble KpuBble. Mcnonb3oBanue Qopmynsl (3.4) o3HA4YaeT, 4TO OBUKEHHE OT TOUYKHU
Pi(Xi, i) k Touke Pj+1(Xi+1, Yi+1) TPOMCXOIUT HE MO CaAMOW WHTETPAIbHON KPUBOM MPOXOISIIEH
yepe3 Touky P; (oHa HaM Heu3BecTHa), a O OTPE3KYy KacaTeIbHON K HEeW MPOBEICHHOH B 3TOM
Touke. Ha kaxgoM crienyromieM Iiare Mbl 3aHOBO HAaxXOJUM KacaTeJIbHYI0 K HHTErpajbHOMN
KpHUBOH (YK€ JIpyroil HHTErpaJbHON KPUBOM ceMelcTBa MHTETpalbHBIX KPUBBIX). B pesynbrare
M0JIy4aeM JINHUIO, KOTOPYIO Ha3bIBAIOT JIOMAaHOU Diiepa.

\
AN

Yi

vV

Puc.3.1.
3.3. Meronst Pynre - KyTra
JU1 yMEHbILIEHUS OTPEILIHOCTH METO/1A UCTIOIb3YIOIIETO Pa3I0KEHUE HCKOMOTO PELIEHUS
B psag Teitnmopa (3.3), HEOOXOAMMO YYHTHIBATH OOJbIIEEe KOJWYECTBO UICHOB psina. B
3aBUCUMOCTH OT CTaplliell CTENEHH, C KOTOPOW YUYMTBHIBAIOTCS YJIEHBI psfa, IMOCTPOEHBI
BbIUMCIIATENbHBIE PyHre-Kyrra pasHeIx mnopsakoB ToyHOCTH. Tak Meron Ouiepa MOXHO
Ha3BaTb MeTos1oM PyHnre-Kyrra nepsoro nopsaxa.



Meton Pynre-KyTra BTOpOoro nopsiaka Ha3piBaroT MeTooM Jiniepa-Kommu. B atom ciiydae
B (dopmyne (3.3) orOpachIBalOTCS WICHBI HAUYMHAS C YETBEPTOro. BeryuciurenbHbie GOpMYIThI
Meroaa Ditnepa-Komu:

h -
yi+1:yi+E(f(xi,yi)+f(xi+h, Yi)), (3.5)

Vi = Vi + T, %)

['eomeTpuyeckuil cMbBICI ATOrO BbIUMCIEHHs TNoka3zaH Ha puc. 3.2. Kaxmoe ouepenHoe

3BeHO Pj Pj+1 JTOMaHOIl cTOUTCS TaK:

1. B rtouke Pj(X;, Yi) onpenessieM HarpaBlICHHE ) KacaTeIbHOM K HHTErPaIbHON KPUBOM
npoxXosiieH yepe3 3Ty Touky u 3HadeHue Ki = tg(a). IlpoBoaum oTpe3ok PiP! 1o
HaIIPaBJIECHUIO .

2. B cepemmne Ni(xi+h/2, yi+kih/2) orpeska PPt ompee/iieM HaIpaBlICHHE O
KacaTeJbHOM K MHTErpajbHOW KPUBOM MNpPOXOASIIEH Yepe3 3Ty TOYKY U 3HAuUCHUE

k2 = tg(). [IpoBoaum oTpe3ok PiP j+1 M0 HalIPaBICHUIO .
>

ol

vV

Puc. 3.2
Taxum 06pa3zom, MBI TPOU3BOIUM MEPECUET, YTOUHEHHE YIIOBOTO KO3 (HUIIMEHTa 3BEeHbEB
JIOMaHOM. YKe U3 TeOMETPUUECKOT0 CMbICIA SICHO, YTO JIaHHBIA METOJI TOUHEee MeToia Dumepa,
TaK KaK 3/I€Ch YUYMTHIBACTCS TTOBOPOT KacaTeIbHOM Ha HHTEPBAJIE [Xi,Xj+1].
Meron Pynre-Kyrra uyerBepToro mnopsjaka Ha3bplBalOT KJIACCUYECKUM MeToaoM PyHre-
KytTta. 3neck momyuutcs eiie 60jee TOUHBIN pe3ynbTaTr. ANropuTM petreHus 3aaaun Komm:

h
yi+1=yi+g(k1+2k2+2k3+k4),
h h (3 6)
k]_:f(xi’yi)’ k2:f(Xi+E, yi+Ek1), .
h h
k3=f(Xi+E, yi+zk2), k4=f(Xi+h, y|+hk3)

opu  Xj+1 = Xj+h .
['eomMeTpHUeCcKHiI CMBICI ATOTO BBIYMCICHHS MTOKa3aH Ha puc.3.3. Kaxmoe ouepennoe
3BeHo Pj Pi+1 nmomaHoli crouTces Tak:

1. B touke Pi(Xi, i) onpenenseM HampaBieHHe ¢ KacaTeJIbHOW K MHTETPAIbHON KPUBOH,
MPOXOJAIIEH Yepe3 5Ty TOuKy W 3Hauenue Ky = tg(cn). IIpoBomum otpesok PiP* mo
HAIpPAaBJICHUIO 1.

2. B cepemmue Ni(xi+h/2, yi+kih/2) orpeska PiP1 ompejieNiieM HampaBleHUE
KacaTeJIbHON K MHTErpalibHOM KPUBOM, TIPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K2 =
tg( ). [IpoBoaMM OTpE30K PiP% o HaIPaBJICHUIO 7.

3. B cepeamne Na(xi+h/2, yi+k,-h/2) orpeska PiP2 OTIpe/ieIsieM HAIpaBICHUE O3
KacaTeJIbHON K MHTErpalIbHOM KPUBOM, IPOXOSIICH Yepe3 3Ty TOUKY U 3HaueHue K3 =
tg(as). [IpoBoaMM OTpE30K PiP® o HaIIPaBJICHUIO 3.



4. B Touke P3(Xi+h, yi+ksh) onpenensem HampaBieHue oy KacaTeabHON K MHTETPATbHOMN
KPHUBOH, MMPOXOJIAIIEH uepes 3Ty TOUKY U 3HaueHue k4 = tg(ay).
5. TlonmyuyeHnble yeThIpe TAaHTEHCAa YCpeAHSIOTCA Becamu 1/6, 2/6, 2/6, 1/6 no dopmyne:

1

—(ky + 2k, +2kg +ky). Ilo 5TOMy OKOHYATENBHOMY HANpPABJICHUIO MbI IIPOBOJUM
6

oTpe30K u3 Toukd Pi(Xi, Vi) B TOUKY Pir1 (Xi+1, Yi+1)-

y

AN

V

Puc. 3.3

W3 reomeTpruecKoro cMpicia sICHO, YTO IaHHBIA METOJ HAMHOT'O TOYHEE MeToj1a Dilsiepa
u Dinepa-Komu.
3.4. Iloepewnocms Memooos
IIpu npoBeneHNU BBIYMCIECHU BOZHUKAIOT ABE MOIPEIIHOCTH:
1. JokajbHasi NOTPELIHOCTD, T.€. IOTPEIIHOCTh HA OJHOM IIare, BO3HUKAIOIIA 32 CUET
MEPEMEILICHUS HE 110 UHTETPaJIbHOM KPUBOM, a M0 KacaTeJIbHOM K HE;
2. 1a00aJIbHAs MOTPENIHOCTD, T.€. MAKCUMAJIbHAS MTOTPEIIHOCTD PEIICHHUS:
| Yo (%) |-
['oBOpAT, YTO YHCIEHHBIM METOJ HWMEeT P-i MOPSIA0K TOYHOCTH MO mary h, eciu
BBIIIOJIHSIETCS YCIIOBHE:!
-
1<i<n!! !

rae C — HeKoTopas MOJIOKUTENIbHAs TOCTOSIHHASL, 3aBUCALIasl OT MpaBoi yacTH ypaBHeHud (1) u
OT paccMaTpuBaeMoro meroja. P-il MOpsiIOK TOYHOCTH O3HAYAaeT YTO, HAaNpUMeEp, IpHU
yMeHbleHuy mrara B 10 pas, morpenHocTh YMEHbIIUTCS puMepHo B 10P pas.

—chP

Hns metoma Disepa JOKaibHAas MOTPEIIHOCTh MUMEET MOPSAOK TOYHOCTH h? (BTOpO¥H
MOPSZIOK TOYHOCTH). DTa BEJIMYWHA COOTBETCTBYET N B TOM cremeHu, B Kotopoir h crout B
nepBoM oTOporieHHOM ujeHe B ¢gopmyne Teinopa (3). ['mobanpHasi MOTPENIHOCTE U METO
Diiniepa UMEIOT MOPSIOK TOUHOCTH h (TIepBBIH MOPSIOK TOYHOCTH ).

CooTBEeTCTBEHHO I MeToAa Juiiepa-Komm jokanbHas MOrpelIiHOCTh UMEET MOPSIAOK
tounoctu h®, rno6anbHas MOTPEITHOCTh UMEET MOPSIOK TOUHOCTH h?.

Hnst metona Pynre-Kyrra yeTBepTOro nmopsjka JIOKaJIbHAasi TOTPEITHOCTh UMEET MOPSIOK
Tounoctu h’, rnobanbHas MOTPEITHOCTh UMEET MOPSIOK TOUHOCTH ht.

Ha npakTuke OIEHKY MOTPENIHOCTH PEIleHHs], HalJeHHOro ¢ marom h/2, B Touke X; €
[a,b] mpou3BOAAT ¢ MOMOIIbIO MpaBuJia PyHnre:

(h) = yo: (h/2
|§0(Xi)—yi(h/2)|=—|yl Zpyf'l(/ | 3.7)



rae P — HOpSAIOK TOYHOCTH YHUCIEHHOTO Merona (st Meroma Odilnepa p = 1, anga meroaa
Ditnepa-Komm p = 2, ayis metona Pynre-Kyrra yerBepToro nopsinka p = 4). [lonydenue oneHku
pe3ynbrata o ¢opmyiie (3.7) BRIHYKIACT IPOBOJAUTH BBIUYUCICHUS ABKIBL: OJUH Pa3 C IMIaroM
h, npyroii — ¢ marom h/2.

Ecin no ycnoBuio 3agaun TpeOyeTcss HalWTHU UYHUCIEHHOE PELIEHHE C TOYHOCTHIO €
(mpenenpHasi abCOMIOTHAS MOTPELIHOCTH), TO B 3TOM Cllydae HayaJlbHBIM IIar BhIYUCIEHUN h
YCTAaHABJIMBAIOT C IOMOIIbIO HEPABEHCTBA

HP<g, (3.8)

npu p=2, 3, 4 COOTBETCTBEHHO JJIs METOJ0B Diliiepa, Ditniepa—Komu, Pynre-Kyrra yerBeproro
nopsiika. YCJIOBUEM JIOCTHXKCHHS 3aJIaHHOW TOYHOCTH BBIYHMCIICHUM, SIBJSIETCS BBINOJHEHUE
HEPaBEHCTBA

|vi ()~ y5i(h12)
<&

2P 1
npu Bcex | v rme p=2, 3, 4 COOTBETCTBEHHO JJIsl MeTOI0B Ditnepa, Ditnepa—Komu, Pynre-Kyrra
YETBEPTOro MOPSAKa.

3.5. Yucnennoe pewernue cucmem ouppepenyuanrvhvix ypasHeHull nepeoco nopsaoxd
Paccmotpum 3amauy Komm mis cuctemsl u3 N nuddepeHIanbHbIX YpaBHEHUH 1IEPOBOTO
nopsiiKa

(3.9)

yi = fl(x, Y1 Yoo Yn)
Y = f06 Y1 Yp:9n) (3.10)

IIpHU HAYaJIbHBIX YCIIOBUAX
¥1(Xg) = Y10+ Yo (Xg) =Yoq - ¥Yn(Xg) = Ypo - (3.11)

Ecnu BBeCTH BEKTOpHBIE 0003HAUEHUS:

y1 (%) y1 (%)
Y(X) — y2(X) , Y'(X) — yIZ(X) ,
yn(X) yn(X)
f () 10
Fooyy=| 27 | v, =| Y20
fn(X’Y) Yno
to 3amada Komru (3.10)-(3.11) B BekTOpHO# hopMe 3amuieTcs Takx:

Yucnennoe pemenue 3anaun Ko (8.12) cocrout B ToM, uTo Ha oTpeske [a,b] TpeOyercs
HOJTYYUTh MPUOIIMKEHHBIC 3HAUCHHsT KOOpArHAT BekTopa Y(X) B y31moBbIX Toukax X; (i=1, 2,...,
m) ¢ marom h=(b-a)/m.

0O0603HauUM BEKTOP, JOCTABISIONINI MPUOIIKEHHOE pPellIeHue, Yepe3 Yi =Y (x) (i=12,..,m)

, @ €ro KoopauHatsl — uepes Y (k=1, 2,...,n); i =1, 2,..., m) tak, uro Y, = Y, (X).



PaccmoTpuMm umcienHoe pemenue 3agaud  Komm ans cucrteMbl  AudQepeHInanbHbIX
ypaBHEeHUW ¢ moMolibio MeToga Pynre-Kyrra uerBeproro mopsinka. Bekropnas dopma
anroputMa Metoaa Juist 3aaa4u (3.12) coorBerctByeT hopmynam (3.6) u uMeeT BUL

xi+1:xi+h (i=12,...,m)
h
Yiig =V +g(K1+2K2 +2Kg + K4),
(3.13)
h
Kle(Xi’Yi)’ K2=F(Xi+E,Yi+EK1),

h h
K3:F(Xi+E’Yi+EK2)’ K4:F(Xi+h, YI+hK3),

k.
r7€ BEKTOPbI K; = 12| (i=12,34)"

k in
OneHka TOrpemIHOCTh METOJA Ha IMPAKTUKE OCYIICCTBISETCS 1O mnpaBuiay Pynre
ananornyso (3.7). I[lyctsb

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

- 3HAYCHHS YHMCJICHHOTO PEIICHHS B TOYKE Xj , MOJy4YeHHbIe s maroB h u h/2
COOTBETCTBEHHO; TOT/Ia IMOrPEMIHOCTH di B TOUYKE Xj IS BRIYUCIEHHH ¢ marom h/2 BeipaxkaeTcs
npUOJIMKEHHBIM PABEHCTBOM

{‘yki () = i (h’z)‘}
2P 1

19K8)
d; (h/2) ~ =<=N , (3.14)
rJie p — MOPSAA0K TOYHOCTH YHCICHHOTO MeTona (p=4).
3.3. YucnenHoe pemienue quddepeHuaabHbIX YpaBHEHUH BBICIIMX MOPSIKOB
3amaua Komm nns nuddepeHnuanbHOro ypaBHEHHs N-TO TOpSAKA CTABUTCS TakK: HANTH
pellIeHnEe ypaBHEHUS

Y™ = o0y, yy ey ™) (3.15)

NPY HAYaJIbHBIX YCIOBUAX
Y0 = Vg Y0g) = Vo o YD) =y, (3.16)
3amaua Komm (3.15)-(3.16) s auddepeHIManibHOr0  ypaBHEHHsS N-TO  MOPSIKa

npuBOIUTCS K 3amade Komm mis cuctem N auddepeHmanbHbpIX ypaBHEHUH MEPBOTO MOPSIKa
(3.10)-(3.11), k KOTOPOIi 3aTEM MPUMEHSOT YUCICHHBIC METO/IbI PEIIIEHHS CHCTEM.
Beenem o0o3HaueHUs
=Y, 1p= zi, 23 = 2’2, vy Ip = z’n_1
U BeIpazuM O¢yHkimio Y(X) u ee mpousBoaHbie 10 (N-1) TOpsaKa BKIIOYHTENBHO dYepes3
BBEJICHHBIC (DYHKIUU:

r ” n_l
y:zl,y:zz,y:zs, ey =1pn-

Bwmecro 3amgaun (8.15)-(8.16) umeem 3amady 1Sl CHCTEMBI YpaBHEHHIA



zi =1,
2’2 =13
(3.17)
In1=n
zn = f(x 2.2y, . Zn)
HpI/I HadYaJIbHBIX YCJIOBI/ISIX
/ n-1
71(Xg) =Yg 2o(Xg) =Yg - Zn(Xg) = yé ) . (3.18)

IHopsinok BbINOJIHEHHUSI PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEICHUSIMHU.

2. BbIOMHUTE HEOOXOUMBIC PACUETHI.

3. OdopmuTs 1 IpeACTaBUTH PE3yIbTaThl PACYETOB.

dopma npeacTaBjieHus pe3yJbrara:

Pe3ynbraThl peCTaBUTh B BUJIE OTYeTa B hopmare .AOCX.

Kputepun ounenku:

3amaHue BBIIOIHEHO 0€3 OIIMOOK — OIEHKA «OTIUYHO.

3ajanue BBIOIHEHO MPABUIBHO, HO JOMYIICHBI 1-3 BBIYMCIMTEIBHBIX OIMIMOOK — OIlEHKA
«XOPOIIOY.

3aaHue BHIMOJIHEHO HEOPEKHO, TOMYIIEHBI OITUOKU — OLICHKA «YJOBICTBOPUTEIHLHOY.

3amanue BBIINOJIHEHO HEIPaBUJILHO, JOTYIIEHbI OIIIHNOKHU - OIICHKAa
«HEYJIOBJIETBOPUTEIHLHOY.
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