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1 BBEJAEHUE

BaxHyio dacTh TeOpeTHYecKOH u TNpO(EecCHOHANBHOM NPAKTUYECKOH IMOJTOTOBKH
00yYaroIIMXCsl COCTABIISIIOT IPAKTUYECKUE 3aHATUS.

CocraB u coxepxaHue Ja0OpaTOPHBIX 3aHATHA HANpPaBICHbl HA  PeAN3aLUI0
denepanbHOro rocyAapcTBEHHOT0 00pa30BaTeIbHOIO CTaHIapTa CPEAHEro MPOo(hecCUOHATBHOTO
o0OpazoBaHusl.

Benymeld nupakTuyeckoM Lesblo JIAOOPATOPHBIX 3aHATHH sBIseTCS (OPMHUPOBAHUE
y4eOHBIX IPAKTUYECKUX YMEHUH, HEOOXOMMBIX B TOCJIEAYIONICH yueOHOM NesITeTbHOCTH.

Benymell nuaakTuueckod 1eblo Ja00paTOPHBIX 3aHATUH SIBJISAETCS SKCIEPUMEHTAIbHOE
NOATBEP)KJIEHUE M  IPOBEPKA  CYIIECTBEHHBIX TEOPETUUYECKUX IOJIOKEHUHM  (3aKOHOB,
3aBUCUMOCTEH ).

B cooTBercTBUUM ¢ pabodyeil mporpaMMoil yueOHOH MUCHMIUIMHBI «YUCIEHHBIE METOIbI»
IPESYCMOTPEHO Ja0OPATOPHBIX 3aHATHH.

B pe3ynbraTte ux BBIIOIHEHUS, 00yYaIOUIMNICS JOKEH:
ymembp:
— UCIIOJIb30BaTh OCHOBHBIE YHCIICHHBIE METOBI PEIIEHUS MATEMAaTUYECKUX 3a/1ay;
— BBIOMPATh ONTUMAJILHBIA YMCIEHHBIM METOJT AJIsl PELLIEHUS IOCTAaBICHHOM 3aauu;
— JaBaTh MAaTEMaTHUYECKUE XapaKTEPUCTUKU TOYHOCTH HCXOJHOW HHPOpMaLUU U
OLICHUBATh TOYHOCTb ITOJIyYEHHOI'O YHCIIEHHOIO PEILICHUS;

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

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

I1IK 1.1 — ®opmupoBaTh anropuT™Mbl pa3pabOTKU MPOTrpaMMHBIX MOJIyJIeH B COOTBETCTBUH C
TEXHUUYECKHUM 33JJaHUEM.

[1K 1.2 — Pa3pabaTsiBaTh IpOrpaMMHbIE MOAYJIM B COOTBETCTBUU C TEXHUUECKUM 33/1aHUEM.

I1K 1.5 — OcymiecTBasATh peakTOPUHT U ONTUMHU3ALMIO TPOIPAMMHOI0 KOJIa.

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

A Taxxke GOpMHUPOBAHUIO 0OUUX KOMNEM eHY UL

OK 1 — Bsibupars cnocoObl pemeHHs 3a1ad NpodEecCHOHATBHON JIEATEbHOCTH,
NPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.
OK 2 - MHcnonbp30BaTh COBpPEMEHHBIE CPENCTBA IOMCKA, aHAIW3a W HWHTEPIPETALUN

uH(popMalui, U MHPOPMAIIMOHHBIE TEXHOJOTMM I BBINOJIHEHUS 3ajad Hpo¢ecCUOHATbHOU
JESATEIIBHOCTH

OK 4 — 3¢ddexTrBHO B3auMOACHCTBOBATH U Pa0OTaTh B KOJUIGKTUBE U KOMaH/Ie

OK 5 — OcymiecTBisTh YCTHYIO U IMCBMEHHYIO KOMMYHHUKALIMIO HAa TOCYJTapPCTBEHHOM SI3bIKE
Poccutickoit denepariu ¢ y4eToM 0COOCHHOCTEH COIMAIBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 09 — Ilonmp3oBarbcs Npo(hecCHOHAIBHOM TOKyMEHTallMel Ha TOCYAapCTBEHHOM H
MHOCTPAHHOM SI3bIKAX.

Brimonnenue o6yvaromuxcs 1a00paTOpHBIX padoT 1Mo yueOHO! AucuuIuimHe «YncaeHHble
METO/IbI» HaMpaBJIEHO Ha:

- 0bobwenue, cucmemamuszayuio, yenyonenue, 3aKpenjienue, pazsumue u 0emanru3ayuio
NONYYEHHbIX MeopemuieckKux 3HaHUll N0 KOHKPEemHblM memam y4eOHol OUCYUNTIUHDL.

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



2 METOANYECKHE YKA3AHUSA
Tema 1. AKTyaamn3anusi OCHOBHBIX NOHATHI BbICHIel MATEMaTHKHU

JIABOPATOPHOE 3AHATHE Nel « PEHHIEHUE 3AJAY U3 OCHOBHBIX PA3JEJIOB
BBICIIEA MATEMATHUKH!»

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

— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM PIH(bOpMaI_II/II/I 1 OLCHUBATh
TOYHOCTDH MOJIYUCHHOI'O YUCJICHHOTI'O PCIICHUA,

- pa3pa6aTBIBaTB AJITOPUTMBI U NOpPOrpaMMmbl JIA PCHICHUA BBIYHUCIWTCIBHBIX 3a1a4,
YUYHUTBIBass HEOOXOAMMYIO TOYHOCTBITOIYIaeMOr0O Pe3yibTaTa;
MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3amanmue:
Memoow: pewerus CJIAYV
MeToz pelneHHs IIpaMmep
Pewienue nesvipoxcoernol CI4AY I x+2y+3z=6,
no gopmyram Kpavepa (m=n) AR S G
Ay A, A, I =
X]=— Xp=—=, wuXp=—0, 7x+8y =—6
A A A 1 2 3
rae A —ompegemarens CIIAY (A =0): -
= A=4 5 6/=27
A; — ompesenHTeIb, MOTYISHHBIH H3
OIlpeeTHTeNsd CHCTeMbI 3aMeHOH 7 -To 780
CTOIIOIA CTOIOIIOM CBOOOIHBIX WIEHOB 6 2 3
A, =|9 5 6/ =-54,
-6 8 0
1 6 3
A, =14 9 6=27,
7 -6 0
1 2 6
A, =4 5 9([=54,
7 8 -6
-54 27 54
_\':—:—2\}’:—:1_ zZ =—=2
27 27 27
Pewerue HeabipodcoerHoli CJIAYV (x+2y+32=6.
4 9 : oM (m= :
MAMPUYHBIM cnocooow_lm ) Y45y 4 629,
_4X = B = ,X’ =4 - B l e
~ 7x+8y=-6.
(1 2 3) [ 6
A=(4 5 6|,B=| 9
\7 8 0} | —6
(—48 24 -3
ALl a6
27
\—3 6 -3
(x\ (-16/9 8/9 -1/9Y 6\ (-2)
|y|=| 14/9 -7/9 2/9 ! 9 |=| 1|
lz) \-179 2/9 -1/9)A-6) | 2 )




MeToa penieHHs

IlpuMep

Peuteriue CJI4Y memooom I'aycca
(Memoo noc1e0o8amenbHOL0 UCKTIOYEHUA

HEeU36ECMHBIX) (M= m)
Pacuuperinyio Mampuyy CHCTEMBI
(MaTpHna, cocTaBlIeHHad H3 K03((QHIHEHTOB
CHCTEMBI ¢ J00aBISHHEM CTOI0Ia CBODOIHBIX

ay ap . ay b
WIEHOB) 7 I ay an .. ay b
Aml Am2 - Ay bm

C IIOMOIIBK) 3JIEMEHTapHBIX npe06pa3onanm‘i,

IPOBOJMMBIX  TOJBKO  Hal  CTPOKAMH,
MIPHBOJAT K CTYTIeHYaTOMY BHIY
’ ’ ’ ’ !
ayy - @y, - A, - G b
0 .. ab, .. ab, - aby B
' r '
0 .. 0 .. ag .. ay b
r
@ = U = 0 0 o,
r
@ = U = 0 0 by,
ITocie  BBIMOIHEHHA  3IeMeHTapHBIX
IIpeoOpa30OBaHHI MOJKHO MOy IHTh
SKBHBAJICHTHYIO MaTPHIY CIeAyIONIero THIA:
CHcTeMma
COBMeCTHA H
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'=
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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
3x +2x, =X, +2x, =4 =2x, +3x, - X, —x;,==5
2 X 3% 1 2x0x,= 8 5 |—X, =5X, + X, —6x, =0
x+2y+z=4 2x—5z=—-17
b 13x-5y+3z=1 b) 2x-2y-3z=3
2x+7y—z-8 3x+4y—5z--8
[x,+2x,+ 3%, + 4%, =5 5% x4 x; 4 3x,= -4
| 2x 4 x + 2%, 433 = X +2%+3%,—-2x,=6
(u 4 3 ) a) 3
3x + 2% +x,+ 2x, =1 2x,—-Tx,-3x,-3x,=8
3 4 +30+2x,+x,=-5 6 =4x, = 2x, = x;+2x, =3
3x+2y+2z=5 [x—y=4
b) {2x+3y+z=1 b) 12x+3y+z=1

|2x+y+3z=11

2x+y+3z=11




2 Haiinnre npou3BoaHYI0 QyHKIUH

1) y=5x* -3{* + L+ 4; 2)y=2x5—%+%+3«/;;
X X
3)y=x2+-—1§-~2x+2x; 4) y =5-2" - 4tgx;
X
4
5) y=x’sinx; 6)y=x4+1;
X" -1
2x° —4x+5 1-cosx
7)y= : O
)y 5 ) ¥Y=—27
9)y=x-chx+l; 10)y=~/;+i—tg\/§:
x Jx

X

11) y =logs x +Inx - 12)y=(\/;+1)-arcsinx;

arctgx ’
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. Peumuth npeasniokeHHBIE 3a/1aHUS.

2. OdopMHUTH U IPEICTABUTH PE3yJIbTATHl PACUCTOB.
®opma npeacTaBiaeHus pe3yjabTara:



Pe3ynbTarhl mpeAcTaBUTh B BUIE OTUETA B TETPAJIH.

Kpurepum ouenku:

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

3ajianue BBITOJIHEHO MPABUIIBHO, HO JONYIICHBI 1-3 BBIYUCIUTEIBHBIX OIMIMOOK — OIICHKA
«XOPOIIIOY.

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

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



Tema 2. OcHOBHbIE NOHATHS TEOPUHU NMOTPELIHOCTEH BHIYHCIEHMIA.
JABOPATOPHOE 3AHSITHE Ne2 .
«PEHIEHUE ITPOCTENUIINX 3AJAY HA BBIYNCJIEHUE INTOI'PEINTHOCTEMW»

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 n OLCHHBATh
TOYHOCTH IMOJIYYEHHOI'O YUCJICHHOI'O PCUICHUS;
— paspabaThiBaTh QJITOPUTMBl W TIPOTPaMMBbl IS PEIICHUS BBIYUCIMTEIBHBIX 3a7a4,
YYHUTHIBasE HEOOXOIUMYIO TOYHOCTHITOJIY4aeMOTO pe3yJIbTaTa;
—  pacmo3HaBaTh 3ajady W/WiH MpodJieMy B MPO(EeCCHOHATBHOM H/ITU COIUAIEHOM KOHTEKCTE
—  OHNpCACIATH HeO6XOI[I/IMI)Ie HCTOYHUKHN HH(bOpMaHI/IH;
- BSaHMOHCﬁCTBOBaTL C KoJIJiIeraMu, pyKOBOACTBOM, KIIMEHT
— TMPUMEHATH TEXHUKH U TIPUEMBbI 3PPEKTUBHOTO OOIIeHNUS B TPO(ECCHOHANBHOM JIESTEILHOCTH;
—  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=0,871,4/42 = 6,48; 6) 0,088748, 5 = 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.
10.2) 17/9=1,89,V17 = 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.a) 13/17=10,765,/31=5,57; 6) 3,6878 = 0,0013; 8) 8,74.
19.a) 50/19=2,63,y/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.a) 4/17 = 0,235,105 =10,25; 6) 1,1341, 8 = 0,12%; B) 2,401.
30.a) 7/15=0.467.+/30 = 5.48; 6) 6,7702 + 0,0015; B) 11,1239,
Kparkue TeopeTnueckue cBeIeHH:

BeienuM criefyroniyie OCHOBHbIE HCTOYHUKH TTOTPEITHOCTEMH:

a) TapameTpsl, BXOIIIME B ONKMCAHWE 3a/laud, 3a/laHbl HETOYHO;, COOTBETCTBYIOIIYIO
HOTPEIIHOCTh Ha3bIBAIOT HEYCTPAHUMOH (IIOTPELTHOCTh JaHHBIX);

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

B) YHCJICHHBIA aJNTOPUTM, TPUMEHSEMBIH Ui peIIeHHs MaTeMaTHYecKoW 3ajaudu,
3a4acTyro JIaeT JHIIb MPUOIMKEHHOE pelleHne (MOrpeuIHOCTh MEeTo/a);

) 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, OOBEOUHSIS B OAMH, TaKKe HAa3bIBAIOT
HEYCTPaHUMOM MOTPEUIHOCTHIO.

O603HaunB yepe3 | abCOoMOTHYIO BETUYMHY MTOTPELIHOCTH pe3yibTara, a yepes I, , I, u |,
— a0COJIFOTHBIC BEITMYMHBI HEYCTPAHHMOM TOTPEIIHOCTH, MOTPEITHOCTH METO/a M OKPYTIICHHS
COOTBETCTBEHHO — HETPY/THO MOJIYYUTH CIEAYIOIIEe COOTHOIICHHE:

HepasenctBo (1.1) maer omeHKy AJis MOTPENIHOCTH pe3yiabTata. M3 3TOro HepaBeHCTBa
MOYKHO CJIeJIaTh BaXKHBIN BBIBOJI: MOJIHYIO HOTPEIIHOCTh pe3ysibTaTa Hellb3sl C/elaTh MEHBIIE,
YeM HarOOJIbIIast U3 COCTABIIIONINX €€ MOTPEITHOCTEH.

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

ITycTs & — TOYHOE 3HaUEHHE HEKOTOPOH BEIMUUHBL, a & p — €€ NPUOIIMKEHHOE 3HaUEHHE.

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

A= |a — ap| (1.2)

Hpumep 1.1. Ecin a=20,25na, =20, To abconoTHas norpemnocts = 0,25 .



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

_la—ay| A

o Tl (1.3)
DT0 paBEHCTBO MOXKHO 3aIlKCaTh B APYyrou popme:
A= |a|é (1.4)

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

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

Ha npaxTuke, Kak mpaBuio, TOYHOE 3HAUYEHUE BEIMYMHBI HEU3BECTHO. [loaTOMy BMecTO
TCOPETHYECKUX TIOHATHH aOCOMIOTHOM W OTHOCHTENBHOW TOTPEUIHOCTEH  HCHONB3YIOT
NPAaKTUYECKHUE TOHATHS MPEIETbHOI a0COMOTHON MOTPEITHOCTH U MPEAeIbHOW OTHOCUTEIHHOM
HOTPEIIHOCTH.

Onpenenenue 1.4. Ilon mpenensHONW aOCOMIOTHOW MOTPEHIHOCTBIO MPHUOIMKEHHOTO
YHCIIa IOHUMAETCS BCIKOE YHCIIO Ay HE MEHBIIIeE a0COIIOTHOM MOTPEHIHOCTH 3TOTO YHCIA:

A= |a — ap| <A, (1.5)
Hepasenctso (1.5) no3Bosiser 411 TOUHOTO 3HAUYEHUSI BETUUUHBI IOJYYUTh OLICHKY
a, —A,Sa<a,+4, (1.6)
Yacro HepaBeHcTBa (1.6) 3anChIBaIOT B Apyroii hopme
a=a,*A,=a,(1+6,) .7

Ha npaktuke B KadecTBe IMIpeNeabHOW aOCOIMIOTHOW MMOTPEIIHOCTH BBIOMPAIOT
HalMEHblIee U3 4uucesn A, , yIOBIETBOPAIONIMX HepaBeHCTBY (1.5), ogHako 3TO He Bcerna
BO3MOYKHO.

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

Pemenue.

OueBHUIHO, YTO |ap - e| < 0,01 . CunenoBarenbHo, Ay = 0,01. Takxe crpaBemTUBO

HEPABEHCTBO |ap —e| =12,720 —2,71828 ...| < 0,002. Tlomyyaem jpyroe 3HayeHUE
abcomtoTHOM morpemHocTH Ay = 0,002. SlcHo, uyTO cieayeT BbIOpaTh HauWMEHBIIEE U3
HaMJICHHBIX 3HAYCHUN TIPEICITbHON MOTPEIIHOCTH, TaK KaK TO MO3BOJMT Cy3HTh auana3oH (1.5),
B KOTOPOM HaXOJIUTCS TOYHOE 3HAUCHHUE N3yIaeMOM BEITMUNHBI.

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

6 <6, (1.8)

Tak Kak crpaBeUIMBO HEPABEHCTBO

_ A L

lal = lal '

TO MOXKHO CYHMTaTh, YTO MpeJebHbIE a0COMIOTHAS U OTHOCHUTENbHAs MOTPEIIHOCTH CBA3aHbI
bopmynoit

6, = % i A, = |ald,.

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

Pemenue.

Tak kak caHTUMETpoOBas JIMHEHKAa HE COAEPNKUT JACIICHHH MEHbIE CAaHTUMETpa, TO
npezenbHas aOCOJMIOTHAs MOrpemHocTh Ay = 1 cM, a TO4yHOe 3HaueHue, a JJIUHBI Opycka
HaxoauTcsa B quamaszone 250 cM < a < 252 cM. X0oTd TOUHOE 3Ha4YeHIE a HEU3BECTHO, MOYKHO IS
OTHOCHUTEJIBHOM IOTPELIHOCTH 3aIIUCaTh HEPABEHCTBO

O, = ﬁ = i = 0,004
“ lal 250
T. €. CUMTATh, 4TO 0,=0,004 .



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

MOTPEIIHOCTH K IPUOIMKEHHOMY 3HAUYCHHIO:
Aq

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

Yacro B gopmyne (1.10) BMecTO 3HaKA «=» 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 mpumepe MbI BOCIOIH30BAIHUCH
dbopmymoii (1.10).

3navamue nudpol

Onpenenenune 1.6. 3Havamummu 1udpamMd B 3a0HCH  NPUOIIDKEHHOTO  YHUCIA
HA3bIBAIOTCS:

BCE HEHYJIEBBIE U (PHI;

HYJIHU, COIepKAIllMecss MEX 1y HEHYJIEBbIMU U PaMu;

HYJIHM, SIBISIONIMECS 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 MOCHEAHHUE 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
NpUOIMKEHHBIX YHCEeN OTINYatoTes !

Onpenenenne 1.7. IlepBeie N 3Havammx IUdp B 3amUCH MPHUOIMKEHHOTO YHUCIA
Ha3bIBAIOTCS BEPHBIMU B Y3KOM CMBICIIE, €CJIM a0COIIOTHAS TOTPELIHOCTD YHCIIa HE TPEBOCXOIUT
MOJIOBUHBI €IUHUIIBI Pa3psAa, COOTBETCTBYIOIIETO N -l 3Hauamiei mudpe, cuuTas clesa
HaIpaso.

Hapsiny ¢ naHHBIM ompesienieHneM MHOT/Ia UCTIONIb3YETCs IPYToe.

Onpenenenne 1.8. IlepBbie N 3Havammx 1udp B 3anucHd NPUOTMHKEHHOTO YHCTA
HA3bIBAIOTCS BEPHBIMH B IIUPOKOM CMBICIE, €CIM aOCONIOTHAas TMOTPENlIHOCTh YHCIa He
IIPEBOCXOUT €IMHULIBI pa3psiia, COOTBETCTBYIOLIETo N -i 3Havamei nudpe.

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

Pemenue.

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

Ipumep 1.8. Ilycte X =1,10253+0,00009. BepHbIMU SBISAIOTCS NEPBBIE YETHIPE
3Havame U@pel, a TUGpPsl 5 U 3 HE YJOBIETBOPSIOT OIpeNesieHUI0. B mmpokoM cmbicie
BEPHBIMU SBJISIOTCS TIEPBBIE TATH ADP.

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

a) TpaBUTAlIMOHHAS MOCTOSIHHAS Y=6,67 1011H, MZ/KFZ;

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

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

3ameuanue. TepmMuH «BepHble 3Hayamue UUQPBD HENb3S IMOHUMATh OYKBAJIBHO.
Hanpumep, coBpeMeHHOE ONBITHOE 3HAYCHHE CKOPOCTH CBeTa B BaKyyMe COCTaBIse€T C=
2,997925-108 , M/c. OueBHJIHO, YTO HU OJIHA 3Havamas nudpa B npumepe 1.9, He coBmamaer ¢



COOTBETCTBYIOIIEH TOUHOM M(poi, HO aOCOMIOTHAS IOTPEIIHOCTh MEHBIIIE MTOJIOBUHBI pa3psia,
COOTBETCTBYIOIIECTO TOCJIeIHEH 3Havamen nudpe B 3anucu 3,00 108 :
3,00-10° - 2,997925-10° |< 0,003-10° < 0,01-10% / 2 = 0,005-10° .

IIpaBwuiio OKpyrJieHUs Yncesa

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

eciu mepBas oTOpoleHHas Hudpa MeHbIIe 5, TO OCTaBLIMECS ACCATUYHBIC 3HAKU
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
€CThb HEHYJIEBbIC, TO K MOCIEeIHEH ocTaBIIelcs udpe NpuOABISIOT eIUHHILY;

€CJIM TepBasi U3 OTOPOIICHHBIX (P paBHA 5 U Bce OTOPOILIEHHBIE [IU(PHI SABISIOTCS
HYJSIMH, TO TIOCJHETHSS OCTaBmIasicss nudpa ocTaBisieTcs HEM3MEHHOH, €CIM OHa 4YeTHas, U
YBEJIMYUBACTCS HA €UHUILY, €CIIM HEeT (IIPaBUIIO YETHOM LU]PHI).

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 moyioKuTEIHHOE 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
6. = 10"/, (112)

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

Pemenue.

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

1—
a=10""/, =0,001/3=0,00033.

Jlst onipeneniennst abCOMIOTHOM MOrpemHocTy TpuMeHuM popmyiy (1.10):

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

0) AHaJIOTHYHO BBIUUCIUM: N =7, 0, =2 , 3, =10*"/ o, = 0,000001/ 2 =0,0000005;
a ~ |a,|6, =2,997925-10°-0,0000005 =150

IHorpemnocru apugpmMerHyecKux onepanui



[IpuBenem  mpaBWiia  BBIUYMCICHHS ~ MOTPEIIHOCTH  pe3yibTaTa  Pa3lInYHBIX
apu(METHUECKUX ONepanuii Ha | MPUOIKEHHBIMHI YHCIIAMH.

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

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

Ay=AxtAy (1.13)

N3 popmynsr (1.13) cnemyer, uTo npedervhas adOCOMOMHASI NOSPEULHOCT CYMMbL He
Modcem Oblmb MeHbule NpPedeibHOU aOCONIOMHOU NOSPEWHOCMU HAUMeHee MOYHO20 U3
clazaemvlx, T.e. €CIM B COCTaB CYMMbI BXOJISAT MNPHOJMKEHHBIE CllaraeéMble C pa3HbIMU
a0COJIIOTHBIMU TIOTPEIIHOCTSMH, TO COXPaHATh JHIITHUE 3HA4Yamue mudpsl B 00ee TOYHBIX HE
UMEET CMBICIIA.

Hpumep 1.12. Haiitu cymmy npuOIMIKEHHBIX YHCEN, BCE HUQPPHI 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 HPOU3BOJUM, PYKOBOJICTBYSCh CIEAYIOUIMM HPAaBUIOM: BBIIEIUM
HaMMEHEe TOYHBIE cjaraeMmble (B HAlleM MPHUMEPE 3TO BTOPOE ClIaraéMoe) M OCTaBUM HX 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 OJJUH U TOT K€ 3HAK, TO MpeAesibHas
OTHOCHUTENIbHAs TOTPEIIHOCTh CYMMBI HE TMPEBBIIIACT HAWOOMBINEH U3 MpeaeabHBIX
OTHOCHUTEIIBHBIX MTOTPEITHOCTEH CITaraeMbIX:

6, < maxi(,,d,, ...,0,) (1.14)

[Ipy BBIYKMCIIEHUU PA3HOCTH JBYX NPUOIKEHHBIX dYHMcel U =X -y ee abcoioTHas
MOTPENIHOCTh, COTJacHO Teopeme 1.2, paBHAa CcyMMe aOCONIOTHBIX TOTPEUTHOCTEeH
YMEHBIIIAEMOT0 U BBIYUTAEMOTO, T.€. Ay=Ax+Ay,a IpefiesbHasi OTHOCHTENbHAS IOTPEITHOCTb.
= Sty (1.15)

lx—y|

N3 dopmynsr (1.15) cnemyer, uro ecnu NpUONMKEHHBIE 3HAYCHHS] X W ) OJIM3KH, TO
npeiesibHasi OTHOCUTENbHAS TIOTPEITHOCTh Oy/IeT 0Y€Hb OOJIBIION.

u

IIpumep 1.13. Haiitu pa3sHOCTs U =X-y ¢ TpeMs BEPHBIMH 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;
*=121254] " ’



0,001
Y =T12,128]
CornacHo 3TUM pe3yabTaTaM Pa3HOCTh X-Y uMeeT He Ooyiee OJHON BepHOU HUBPBI U
OTHOCHUTEJIbHASI  MOTPEUIHOCTh OYEHb BEJIMKA 110 CPaBHEHUIO C  OTHOCHUTEIHLHBIMHU
MOTPEITHOCTSIMH OTIEPAHIOB.
B HekoTophIX ciydasix ynaercs M30€kKaTh BBIYHACICHUS PA3HOCTH ONU3IMX YHUCEN C
MOMOIIBIO 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. YMHOXHMM U pa3zieiuM Ha conpsikeHHoe. [lomyunm

m_@:(m_ﬂ)'(m+ﬁ)_ 405—-4 0,05

J4,05 + V4 V4,05 +v4 4012461

~ 0,0125

Ecnu mpepcraBnseTcss CIOXKHBIM 3aMEHUTHh BBIYUTAHUE OJNU3KHUX MPUOIMKCHHBIX YHCET
CIIOKEHHEM, TO CJIEIyeT MOCTYIaTh TaK: €CIIM U3BECTHO, YTO MPH BHIUUTAHUH JOKHO IPONACTh
M TepBBIX 3HAYANMX IUQP, a B pe3yabTare TPeOyeTcsl COXpaHUTh N BepHBIX IUp, TOTIA B
YMEHbBIIIAEMOM U BHIYMTAEMOM CIIEAYET COXPAHATh 7 +1 BEPHBIX 3HAYAIUX HUdp:
J4,05 — V4= 2,012461 — 2 = 0,0125

Teopema 1.4. IlpenenbHas OTHOCHTENbHAs TOTPEIIHOCTh MPOU3BEACHUS U=X'Y
NPHUOIMKEHHBIX 4YHCEJ, OTIWMYHBIX OT HYJS, paBHA CyMME IMPEACITbHBIX OTHOCHUTEIIBHBIX
MOTPEIIHOCTEN COMHOKHUTENEH, T. €.

~ (0,01246

Oy =0y +oy . (1.16)

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

Ipumep 1.15. Onpenennuts npoun3BeaeHNEe MPUOIIKEHHBIX yrncen X=12,45 u y=2,13 n
YHCJI0 BEPHBIX 3HAUAIIMX IU(p B HEM, €CJIM BCE HAMCAHHbIE U(PBI COMHOXKUTENEH — BEpHBIE
B Y3KOM CMBEICIIE.

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

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

Teopema 1.5. [lpenenbHas OTHOCHUTENBbHAs TMOTPEIIHOCTh YAaCTHOI'O paBHA CyMMe
NpeJebHBIX OTHOCUTEIBHBIX TIOTPEITHOCTEH IETMMOTO U JACTHTEIIS.

IIpumep 1.16. Boruncante yactHoe npuOIMKeHHbIX uncen X=12,45 u y=2,13 u yucno
BEPHBIX 3HAa4YammXx mudp B HEM, €CIM BCE HANMMCAHHBIE NU(PHI COMHOXHUTENEH — BEpHBIC B
Y3KOM CMBICTIE.

Pemenue. [IpenenpHast OTHOCHTEIbHAS MTOTPENITHOCTh YAaCTHOTO 110 Teopeme 1.5 paBHa
~0,003. Beruucaum gactHoe 12,45 /2,13 =5,84507 .

u= 5,84507-0,003=0,0175=0,02 . Pe3ynbTaT MMeeT ABE BEPHBIX 3HAYAIIUX LUPPHI B
Y3KOM CMBICJIE U MOXET OBITh 3alMCaH B BHJIE

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

IHorpemHocTs NPOU3BOJLHOM (PYHKIHH

[Tycts 3amana npousBosbHas GyHKIus U=F (X1, X2, ..., Xn), T X1, X2, «ovy Xn—
NpUOIMKEHHbIE BETUYMHBL, a A1 , 4,7, ..., 4, — UX U3BECTHBIE MPECIIbHBIE A0COTIOTHBIE
norperrHocTr. Toraa npenenbHas abCoMOTHAS MTOTPENTHOCTD pe3yibTaTa — QYHKIIUA U — JUIS
MaJbIX Ayj BRIYHCISETCS IO (hopMmyIie

Au= ?zl |%

Kak BumHO U3 popmyasl (1.17), ans ee npumeHeHus Tpedyercs, utoobl Gpynkmms f (X1, X 2

, -y Xn ) OBLTA TUDPEpEHITPYEMOI TIO BCEM ITIEPEMECHHBIM.

A,; B TOUKE (X1, X2 , ...y Xn) (1.17)



Mpumep 1.17. Beraucnute pyHkimo U= 2sin(3x+ 4y) , ecim
x=—-£0,002uy=_-%0,005

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

du Jdu
A= |5=| Ax + || Ay = |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| - (3-0,002 + 4-0,005) =

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

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

=1,4+0,04.

Iopsiaok 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 hopmare .0OCX.

Kputepun ounenku:

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

3ajanue BBIOIHEHO MPABUIBHO, HO JOIMYIICHBI 1-3 BBIYMCIMTENIBHBIX OIMIMOOK — OIIEHKA

«XOPOLLIOY.
3a/laHuE BBIIOJIHEHO HEOPEIKHO, TOMYIIIEHbI OLIMOKU — OIIEHKA «yIOBJIETBOPUTEIBLHO.
3anaHue BBITIIOJIHEHO HEIPaBUJILHO, JOIYIIEHBI OLINMOKH - OLICHKA

«CHCYOOBJICTBOPUTCIILHO.



Tema 3. Uuciennoe pemenune CJIAY
JJABOPATOPHOE 3AHATHE Ne3 «PEIIEHUE CUCTEM JIMHEWHBIX
YPABHEHU»

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

— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM I/IH(I)OpMaI_II/II/I 1 OLCHUBATh
TOYHOCTDH MOJIYUCHHOI'O YUCJICHHOT'O PCIICHUA,

- p33pa6aTBIBaTB AJITOpUTMBI M IHpOorpaMMbl JJIA PCIICHUA BbIYHUCIWTCIBHBIX 3aday,

YUUTHIBAsI HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yibTara;
— pacmo3HaBaTh 337ady W/WiIH Mpo0iieMy B MPo(hecCHOHATHHOM H/IITH COITUAIEHOM KOHTEKCTE
—  OIpeneNsiTh He0OXOIUMbIE HCTOYHUKN HH(OpMAaINy;
—  B3aUMOJICHCTBOBATh 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:

Haiitu pemeHusi cucTteM JTUHEWHBIX —alreOpanvyeckux ypaBHeHHUH AX =D ¢ TOYHOCTBIO

£=107: a) ucnone3ys merox I'aycca; 6) HCIONB3ys METO UTepaiii. CPaBHUTh X C TOYHBIMH
petieHusMu & .

5 0 1 11 2
1.A=| 1 3 -1 b=|4]| &=|1]
-3 2 10 6 1
2 0 -1 -3 -1
2. A=|-1 3 1], b=(2, E=| 0
1 -1 4 3 1
2 0 -1 1 1
3. A=|1 -3 1| b=[2] &=|o].
1 1 3 4 1
5 1 -1 -5 -1
4 A=|-1 3 1| b—{5 o=l 1
1 -2 4 1 1
3 1 -1 -1 -1
5. A=| -2 4 1|, b_{S, g_[1
11 -3 -1
3 1 -1 6 2
6. A=|2 4 1}, b{g, g]}
1 -1 3 4 1
2 -1 0 ~2 -1
7. A=|2 5 —2} b{—4, E=| 0
1 -1 3 2 1
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2 -1 -5 —2
20. A=[2 5 1| b=|2]| &=
2 1 -4 ~7
5 0 1 11 2
2. A=|1 -3 1], b_(a, E=|0
3 -15 11 1
5 -1 3 0 1
23 A=|1 -3 1], b_{—6, 5_{2
0 1 2 0 -1
5 -1 1 -6 -1
24. A=|-2 5 1| b=|13], g—{z .
3 -15 0 1
5 1 -1 8 1
25 A=|-1 3 1| b= 0| &=|1
10 2 -5 ~2

KpaTkue Teopernyeckue cCBeieHUA:

2.1. Memoo npocmoii umepayuu

Bce Mertonml pemieHus CHUCTEM YypaBHEHMH MOXXHO pPa3OUTh Ha YCIOBHO TOYHBIE U
npubikenusie. K TounbiM anroputmam otHocutTcs — meton Kpamepa, [Maycca, XKoppana-
'aycca u 1.1. Cpenu npuOIMKEHHBIX CIEAyeT OTMETUTh, MPEXIE BCEro, HTEpallMOHHbIC
MeTobl. PaccMoTpuM moapoOHO METOJ MPOCTOW UTepaliu, KOTOpbI 00JadaeT CaeayoluMu
IIPEUMYIIECTBAMH:

1. Ecnu mpouecc urepanyu CXOOUTCsl ObICTPO, T.€. KOJIWYECTBO NMPUOIMKEHUN MEHbIIE,
4eM MOPSIOK CHUCTEMBI, TO IOJY4YaeTCs BBIUIPBIINI BO BPEMEHM PELICHMS 1O CPABHEHMIO C
TOYHBIMH METO/IAMHU.

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

3. IIpouecc urepanuii Jerko nporpaMMmupyercs Ha BM.

[lycTh naHa cucreMa JIMHEHHBIX alnredpandeckux ypaBHEHUN

Ax=Db

rae A — HEBBIPOXKICHHAsA MaTpHUILA.

Pacmmpennas matpuna A 3Toi CUCTEMbI UIMEET BUJ:

2 ap .. a, by
A dy Az a), by |
| e =
la ., .. 4a b,/

[IprBOAsA C MOMOLIBIO TMHEHHBIX NPEOOPa30BAHMM 5Ty CHCTEMY K SKBUBAJIEHTHOMY BHY .
X=cE+d
6yz[eM pemaTth IMOCICAHIOIO MCETOJAOM IMOCICAOBATCIIBHBIX HpI/I6J'II/I)KeHI/II7L BzsiB 3a HYJICBOC
npuOIIMKEHNEe KaKOW-1100 BEKTOP < , BBIUUCIIUM TPUOIIKEHNE = o bopmyie
=" +d,
AHAJIOTUYHO

3

¥ =cx"+d urn
Jf.]:l} .
[TocnenoBaTenbHOCTh BEKTOpoB & /. k=1.2..... CXOAUTCSA K TOYHOMY PEIIEHHIO X', T.€.



P}
LmE™ =%

k—sa=
€CJIM HOpMa MaTpUulbl C

llell =1
Hopwma ||c|| onpenensieTcs 1Mo oAHOMY U3 CIETYIOIIUX CIOCOO0B:

I —mex k|

a

"C"-_ =max > [a;
= |IT i i':

e

V5 )

[Tpu caenaHHbBIX TPEATIOIOKEHUSIX O HOPME MAaTPHIIBI C OTPEHIHOCTh K-0ro mpuoOImKeHus

MOYKHO OLIEHUTH CJIEIYIOLIHIM 00pa3oM:

E+]
ICII

-] 4] —(o)

mpa_ ¥
-] < e =
1-|e|

ITepBas w3 3TX GOpPMyN MO3BOJSIET OINEHUTH KOJHMYECTBO HTEPAIMil, TEOPETUICCKU
HEOOXOUMBIX JJISl JOCTHKEHUS 33JaHHOW TOUHOCTH.

—

= -

-d-

Iopsiiok BbIMOJIHEHUs PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUCCKUMHU CBEICHUSIMHU.

2. BBINOIHATH HEOOXOIUMBIE PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBieHus pe3yJbTarTa:

Pe3ynbraThl mpeicTaBUTh B BUE oTueTa B (hopmarte .dOCX.

Kpurepun onenkn:

3aJaHue BBRIIOIHEHO 0€3 OIUOOK — OIEHKA «OTIUYHO).

3aanue BBITOJIHEHO MPaBUIBHO, HO JAOMYIIEHBI 1-3 BRIYUCIUTEIBHBIX OMIMOOK — OIICHKA

«XOpOLIOY.
3aaHue BBIMOJIHEHO HEOPEKHO, TOMYIIEHBI OTUOKU — OIICHKA «YOBICTBOPUTEIHLHO.
3agaHue BBIIIOJIHEHO HEIIPABUJIIBHO, JIONYIIIEHBI OIINOKHU — OIlCHKa

CHCYOOBJCTBOPHUTCILHO.



Tema 4. AIrOpuTMBI M METO/IBI NIOUCKA KOPHell ypAaBHEHNS U PelleHus!
HEJIMHEHHBIX CHCTEM
JIABOPATOPHOE 3AHSATHUE Ne4 «PEHHEHUE AJITEBPAUMYECKUX U
TPAHCUEHJIEHTHBIX YPABHEHUIN»

Iesb: OCBOMTH METOJBI PELICHHUS aNreOpandecKuXx M TPAHCUEHICHTHBIX YpaBHEHHMN
Boinosnus padory, Bel Oyaere:
ymembw:
— Hcnoap30BaTh OCHOBHBIC YHCIICHHBIC METOJbI pEHICHUA MaTEMAaTUICCKUX 3a/1a4;

- BBI6I/IpaTB OITHUMAaJIbHBIN qHCHeHHBIﬁMeTOH JJIs1 pCIICHUA IMOCTaBJICHHOU 3aJa4u
— JaBaTb MATEMATHYCCKHE XapaKTCPUCTUKU TOYHOCTHU HCXOTHOM I/IH(I)OpMaI_II/II/I 1 OLCHUBATHh
TOYHOCTDH MOJIYUCHHOTI'O YUCJICHHOTI'O PCIICHUA,

— pa3pabaTbiBaTh QJITOPUTMBI W MTPOrpaMMBbl JJIsl PELICHHUS BBIYUCIUTENbHBIX 3a/ad,
YUUTHIBAsI HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yiIbTara;

— pacmo3HaBaTh 33ady W/WiIH MPpo0iieMy B TPo(eCcCHOHATHHOM H/HITH COITUATEHOM KOHTEKCTE

—  ONIpeIeNATh HEOOXOAUMBIC UCTOYHUKH MH(DOPMALIUY;

—  B3aUMOJICHCTBOBATh C KOJUIETaMH, PYKOBOJCTBOM, KJIMEHT

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

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

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

HaiiTi pemenns cIeayIomuX YpaBHEHHiA ¢ TOYHOCTRI0 & =107:
a) METOJIOM ITOJIOBHHHOTO JIEJIEHUS; 0) METOAOM MPOCTHIX UTEPAIHIA; B) METOJOM XOP/ H
KacaTeJIbHbIX.

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

7. x> =2x> —4x+5=0 (x<0). 8 x*>—x-2=0.

9. x> —10x+5=0 (x<0). 10.2—-Inx—x=0 .

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

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

17.e* = x-2=0. 18.%ex—x—1=0 (x>0).
19. x> —cosx=0 (x>0). 20. x> +Inx=0.
21. Inx+0.5x-1=0 . 22. Inx—-05x+1=0 (x>1).
1 e
23. —Inx=0 24. —-—=0 (x>0) .
1+ x° 1+x* 2 (x>0)

X
25, —— —Inx=0

KpaTkue TeopeTuyeckue cBeIeHUsI:

Pewenue ancebpauueckux u mpancyeHOEeHMHbIX YPAGHEeHULL

3.1. Kopnu ypasuenus. Omoenenue Koprel

Oyukius f(x)Has3pBaeTcs anreOpanveckoi, eCiid IS MOJyUYeHUS €€ YUCIOBOr0 3HAYCHHUS
M0 JaHHOMY 3HAYEHHWIO apryMeHTa X TpeOyeTcs BBINIOJHUTH apu(PMETUYECKUE OIepaluu H
BO3BE/ICHUE B CTETICHD C PAIlHOHAILHBIM TIOKA3aTeNeM.



Ecnu B 3ammch ypaBHEHHS BXOIAT TOJIBKO anreOpanyeckue (QyHKLIUH, TO ypaBHEHHE
Ha3bIBACTCS A12e0paAUYECKUM.

AnreOpanueckoe ypaBHEHHE BCETIa MOXKET OBITh IPUBEICHO K BUIY

M i Rt i - —
a,x’ +a, x ta,  x ~+..tax+a;=0. (3.1)

e n=123. a,=0.

Bce HeanreOpamueckne (YHKUMH: [OKasaTenbHas @ , jorapudmudeckas loga X
TPUTOHOMETpHUECKHE sin X, COS X, tgX, Clgx u oOpaTHble TPUTOHOMETPUYECKHE arcsin X,
arccos X, arctg x, arcctg X — Ha3pIBarOTCsl TPAHCLEHICHTHBIMHU.

Ecnu B 3anuck ypaBHEHUS! BXOJAT TPAHCLEHICHTHbIE (YHKIIMH, TO YPABHEHHUE HA3bIBACTCS
TPaAHCICHICHTHBIM, Hapumep tg X = ax .

Pemenne ypaBuenus f (x) =0 ¢ 0lHUM HEU3BECTHBIM X 3aKJIFOUACTCS B OTHICKAHUH KOPHEH,
TO €CTh TEX 3HAYEHUH X , KOTOPBIE 00OpaIafoT YpaBHEHHE B TOXKIECTBO.

B o6mem cinydae mis ypaBHenus f (x) =0 OTCYTCTBYIOT aHanuTH4ecKHe (GOPMYIIbI,
OTIPENIENIAIONINE €T0 KOPHHU.

3amava OTHICKAHUSI KOPHEH CBOAMTCA K HAXOXKICHHUIO BCEX TOYEK X IepeceueHus rpaduka
dynkuu f(x) ¢ ocbio x (puc. 3.1).

54

1 vt

47

' ] 3 5/ N x
g D.U 1 1.5 2 24 \ 3
-7

B

1

Puc. 3.1. T'eomerpuueckas uHTEpIIpeTaIus KopHel ypasaenus f(X) = 0

W3 pucyHka BHIHO, YTO YUCJIO TOYEK IepeceyeHus: rpaguka (pyHKIHUU C OChIO X MOMKET
ObITh HecKoJbKO. [To3TOMy B KadecTBe MEpBOro Ilara NpU PEHIEHWH JH000ro ypaBHEHUS
IPOBOJST omoeienue ero KopHeil. ITo 03Ha4yaeT, YTO OCh X pa30MBaIOT HA TaKUE€ OTPE3KH, YTO B
KaXJIOM U3 HUX COJAEP)KUTCS TOJBKO OJMH KOpeHb ypaBHeHHMs. Ilociie 3Toro cieayer yro4HUTh
MOJIO’KEHNE KaX10T0 KOPHS B Ipejiesax JOMYyCTUMON MOTPEIIHOCTH.

JIi1st oTAeneHus KOpHEil moje3Ha Cieyrolias TeopemMa: eciii HernpepbiBHas (yHkiws f(X)
NpUHUMACT 3HAYCHHUS Pa3HBIX 3HAKOB Ha KOHIIAX oTpe3ka [a, b], T.e. f (a)f (b) <0, To BHyTpH
ITOr0 OTpPe3Ka COICPIKUTCS, 10 MEHbIIeil Mepe, onuH Kopenb ypaBHenus f(X) = 0. Ha ocHoBe
TOH K€ TEOpEMBbl pEATU3YIOTCS CaMble TMPOCThIE U HAAEKHBIE METOJbl YHCIEHHOTO
oTpeieNIeHus] KOpHEeH ypaBHEHMI: METO/ MTOJIOBUHHOTO JIEIEHHS U METOJI XOP/I.

I[Mporiecc oTaeneHnss KOPHEH HAYMHACTCS ¢ YCTAHOBIICHUS 3HAKOB f(X) B rpaHMYHBIX TOYKAX
MHTEPECYIOIIEro Hac OTpe3Ka OIpeeieHns] IepeMeHHOM X: X = a u X = b. 3arem onpenenstorcs
3HaKu f(X) B psjie TPOMEKYTOUYHBIX TOYEK X = 01, 0 ..., BRIOOP KOTOPBIX JIOJDKEH YUUTHIBATH
ocobenHoctu ¢pynknuu f(x). Ecnu okaxercs, uto f(a;)f(ait1) < 0, To B uaTEpBane (o, aitl) ecTh
Kopenb ypaBHeHus f(x) = 0. Heobxoaumo yoeauThes, IBISETCS JIH 3TOT KOPEHb €HHCTBEHHBIM
Ha JTAaHHOM MHTepBajie. [l oTneneHuss KOpHEH MPakTUYEeCKH AOCTATOYHO MPOBECTH MPOIEecC
MIOJIOBUHHOTO JICNICHHS, MOCICIOBATEIbHO eI MCXOAHBIN oTpe3ok [a, b] ma 2, 4, 8 u 1. 1.
paBHBIX YacTed W ompenenss 3Haku f(X) B Toukax aenenus. HanmomHuM, 4to anreOpamyeckoe
ypaBHEHHE CTENEHM h HMeeT He Oojiee n JAelcTBUTENbHBIX KopHed. Ilosromy ecnam mmns
areOpanyeckoro ypaBHEHHS Mbl moiyuwid n+l mepemeny 3Haka f(X), TO Bce ero KopHu
OTJICJICHBI.

3.2. YucnenHoe peutenue ypasHenus MemoooM HOI0BUHHO20 OelleHUsl (Memoo0 OUXOmoMuu)



[Tpenmnosnoxum, 4TO MPOIECC OT/ACICHUS KOPHEH MPOBEACH U Ha OTpe3ke [a, D] HaxoauTcs
poBHO oauH KopeHb & ypaBHenums f(x)=0. HeoOxomuMo ompemeauTh €ro IOJIOKEHHE C
MOTPEUIHOCTHIO €.

MeTo OJIOBHHHOTO JICTICHHS 3aKIIF0YaeTCs B CICIYIOIIEM, CM. pHC. 3.2,

Puc. 3.2. I'paduyeckas uHTEpIpeTaLlUs METOIA IOJIOBUHHOTO JIETICHUS

CuHavana ompejesnseM cepeanHy ¢ orpe3ka [a, b] ¢ = (a+b)/2 u BbluuCHsieM 3HAYEHHUE
byukuuu f(c). [amee nemaem BbIOOp, KaKyl0 M3 JABYX YacTedl B3SITh JJIS YTOUYHCHHS KOPHS.
O4eBHIHO, YTO KOPEHb Oy/eT HAaXOJIUTHhCS B TOW MOJOBHHE HMCXOJHOTO OTpe3Ka, Ha KOHIAX
KOTOpOW (PYHKIIMS MMEeT pa3Hble 3HAKU. Ha pucyHke 2 TakuM OyJeT IpaBblii OTPE30K — OTPE30K
[a, c].

JInst odepeaHOro miara yTOYHEHHs MOJOXKEHHsI KOpHs OTpe3ok [C, b] u3 paccmorpenwus
UCKJIIOYaeM, a ¢ OTPE3KOM [a, C] MmpoJoipKaeM MIpOIEecC AEJCHHs, KaKk U C MepPBOHAYAIbHBIM
oTpe3koM [a, b], dopmanbHO mepenpucBavBas HOBOMY 3HaueHHIO D 3HadeHue C . Eciam ke
peanu3yercsi CUTyalus, Koraa GYHKIHsS UMeeT pa3Hble 3HAKM Ha KOHIaX oTpeska [C, b], To u3
paccMOTpeHHsI CIeNyeT HCKIIYHTh OTpPe30K [a, C|, (opmManbHO MepenprcBanBas HOBOMY
3HAUEHUIO a 3HAUYEHHUE C .

B pesynbraTe MBI MOXYYHM TOCIEIOBATEIBHOCTD BIOKEHHBIX JPYT B Jpyra OTPE3KOB BCE
yMeHblnamomecs muel: : [a;, bi], [a2, b2 1,... [an , by ]. DroT nOBTOpSsIFOUIMIiCS
(MTepalMOHHBIN) Mpoliece OyJaeM MpoaoIDKaTh A0 TeX MOp, MOKa JJIWHA OoTpe3ka [an, b, ] He
CTaHeT MEHBIIIE 33/IaHHOM MOTPEITHOCTH € BHIYUCIICHHI.

Torna UCKOMBII KOPEHb

a

Eaansby=(an+ byl (3.2

Cnenyer yuuThiBaTh, 4TO (yHKIMsA f(X) BBUHCISETCS € HEKOTOPOl abCOIOTHOM
HOTPEITHOCTHIO ¢ BOnMM3n xopHs 3HaueHus GyHKuuu f(X) Maibl mo abCOMOTHON BETHMYUHE U
MOTYT OKa3aTbCs CPAaBHUMBIMH C TIOTPEIIHOCTBIO €€ BhIUUCIeHHs. [Ipyrumu cioBaMu, TpU
NOJX0/1€ K KOPHIO MBIl MOXKEM IomacTh B “mojiocy mymoB” 2gp (puc. 3.2.) U jAajbHeiIIee
YTOYHEHHE KOPHS CTAHOBUTCS OeccMbICIeHHBbIM. [loaTOMy Hamo 3amaTh HIMPUHY “NOJIOCHI
IIYMOB” W HPEKpaTHTh WUTEPAL[MOHHBIA IpoIlecC MpU MOMaJaHud B Hee. Takxke HEOOXOIUMO
UMETh B BHJY, YTO MIPU YMEHBIICHUH JUTMHBI HHTEepBaia [a,, by | yBenmuunBaercss morpemHocTh
BBIYHCIICHUS €r0 UIMHBI 8, — Dy 32 cueT BEIYUTAaHUS IBYX ONU3KUX YHCEIL.

Metoa MOJIOBUHHOTO JEeHHs 00J1aaeT JOBOJIBHO OOJBIIION CKOPOCTHIO CXOAUMOCTH. Tak
KaK 32 KaXIyl0 UTEpaluio MHTEpBaJ, Ie PACHOJIO0KEH KOpeHb, YMEHBIIAETCs B JIBa pasa, TO
4yepe3 n WTepanuid amuHa wHTepBasia Oyzaer paBHa (b—a)/2n. 3a 10 wurepamuii WHTEpBAI
ymenbiutes B 210 ~1024 =103 pas, a 3a 20 urepaunii — B 220=106 pas.

3.3. Memoo xopo

B nmpennonoxenusx mpeapinymiero mnaparpada ykaxem 0Oojee ObICTpBIM  croco0
HaxoacHus KopHs & ypaBHenus f(x) = 0. B aTom mMerome ouepeaHoe mpuOIMKEHHE K KOPHIO
Oepercss He B cepeauHe oTpe3ka [a, b], a B Touke x1, rme xopaa rpaduka ¢yskiuu f(X),
coeaunsromas touku f(a) u f(b), mepecekaer ock aberuce (puc. 3.3).



[ f(x)

21:1

Puc. 3.3. I'paduueckas mHTEpIpETALIAS METOIA XOPI

B kadecTBe HOBOrO MHTEpBaa ISl NPOJODKESHHS UTEPAIMOHHOTO TIpoLiecca BEIOMpaeM Ty
u3 IByX yacreit ( [a, X1] wim [X1, b] ) oTpeska [a, b], Ha koHIIaX KoTOporo ¢yHkuus f(X) MeHseT
3HaK.

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

[y — x| < .

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

|f|:11 < E1.
YpaBHeHUE XOp/Ibl B HAIIIEM CITy4ae UMEET BUI:

b)- fla) . .

;L'[x] :M-ﬁa— x)+ fla)
b—a

OTKy/a JIIS X1 MOTy4daeM:
n=a —b_—af[ﬂl
flb)=fla) (3.3)

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

3.4. Memoo xacamenvuwix (Memoo Hviomona)

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



Tfix)

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€ € — JOoInmyCcTtumMad IOrpC€luHOCTb OINPCACIICHHA KOPH:. 43 ICOMCTPHUYCCKUX
COOOpaXKeHUI MOXKHO TOIYYUTh pacueTHyto Gopmyiny s mertoaa HeloToHa B Buze:
flx)
Xpel = Xp — 5
£'(xx) (3.4)
Meron HproroHa o0namaer BBICOKOH CKOPOCTBIO CXOAMMOCTH. OOBIYHO aOCONIOTHAsS
TOrPENIHOCTh HAXOXKAeHHs KopHsa € = 10 ... 107° gocturaercs 3a 5 — 6 nreparmit. OgHaKO

CYIIECTBEHHBIM  HEJIOCTATKOM JTOTO METOJa SBJISETCS HEOOXOJAWMOCTh  BBIYHCIICHUS
MPOU3BOJHON (DYHKIIMM HAa KaXXJIOM IIIare MTEPAIMOHHOTO TMpolecca. DTO MOXKET SBUTHCS
CEpbE3HBIM TPEMSATCTBUEM, 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':e.?.'k ]
Xgel = X fr"'-(]}

CrpykTypa nmporpaMMsbl pelieHus ypaBHEHUI MeTonoM HbrOTOHa moxoka Ha CTPYKTYypy
IporpaMM Jjisi METOJOB JAMXOTOMUHM U XOpA. [J1aBHOE OTiIMuue 3aKirodaercs B TOM, 4YTO B
metone HploTOHA HE HYXKHO JAenaTh BbIOOp MEXAY JIEBOM MpaBoil yacTAMHU OTpe3Ka, a TAKKE B
TOM, YTO HET HEOOXOJAMMOCTH 3a/1aBaTh MOJIOCY IIyMa (YHKIIMH, TaK KaK MO Pa3sHOCTU ABYX
MOCIE€A0BATENbHBIX TPUOIMIKEHUI *#+1 ~ ¥  MOKHO cpa3y OLIEHHUBATh U BEJIMYMHY OTHOLICHUS

FLf r':x}. Jlnig mpenoTBpallieHusl BO3MOJKHOIO ‘‘3allMKJIIMBAHMS MPOrPaMMbl B CIy4yae
HEYJayHOTO BBIOOpAa HAYaIbHOTO MPUOJIMKEHUS WM HENpPaBWIbHO 3aJaHHBIX I[apameTpoB,
PEKOMEHYETCs PEYCMOTPETh CUETYHMK YUCIIA UTEPALU.

3ameuanue. OTMETHM TpU 0coOeHHOCTH MeToia HpioToHa:

1. Meton HproToHa MMeeT KBaJpaTHUYHYK CXOOUMOCTb, T.€. B OTIMYME OT METOJAA
MOJIOBUHHOTO JIeJIeHHs (M MeTo/Ja XOpJ) €ro IMOTpelIHOCTh Ha CIEeAyIoIed HTepaluu
IIPONOPLUMOHAJIbHA KBaJpaTy MOTIPEIIHOCTH Ha MPEAbIAYINEH UTepaluu. Y MeToJa JUXOTOMHHU
TaKasi 3aBUCUMOCTb JINHEWHA.



2. beicTpas cxoauMocTh MeToa Hpl0TOHA rapaHTUPYETCs JIHIb TpU OIM3KUX K TOUHOMY
PELICHUIO HAYaIbHBIX MPHOIMKeHHsIX, Eciin HadanpHOE MpUOIKEeHHe BEIOPaHO HEYAa4yHO, TO
METOJ MOKET CXOJUThCS MEIJICHHO, JTM00 He coiieTcst BooOIe.

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

3.5. Memoo npocmuix umepayuii (Memoo nociedo8amenbHbiX NPUOIUIHCEHUIL)

OT ucxoaHoro TpaHcueHaeHTHOro ypaBHenus f(X) =0 ToxaeCcTBeHHBIMU areOpanyecKuMu
npeoOpa30BaHUSIMH MEepPErIeM K SKBUBaJICHTHOW 3aIMCH B BUJIC

x=0(x). (3.5)

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

qacts (3.5), monyunm nepsoe mpubmmkerne 1 =P (X0)  savem prpoe *2 =0() g
nanee:
X =@ (xp_y). (3.6)
Bo3HUKaeT BOIPOC O TOM, HPM KAKUX YCIOBUSAX JAHHBIA MTEpPallMOHHBIN mpolecc Oyuer
CXOJUThCA K KOPHIO TPAHCIEHJEHTHOTO YpaBHEHHs X*. JIus OTBeTa Ha HEro MPOBEAEM
rpaduueckuil aHaIu3, CM. pUCYHOK 3.5.

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

~ ' -
U3 rpapukoB BHAHO, 4TO TpH M060OM 3Hake npomssomHoii @ (¥} BosMoxkHBI Kak
CXOJAIIMECS, TAK U PACXOJSIINEcS UTEPALMOHHbIE Tpolecchl. CKOPOCTh CXOJUMOCTH 3aBUCUT

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



o' ()| <1. (3.7)

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

VYMHOKUM JICBYIO U MPaByIo 4acTH ypaBHeHHs 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 TMOMOXET O0ECHEYUTh BBIOJHEHUE YCIIOBHS

cxomumocTu. XKenateapHo BbIOpaTh b Tak, 4TOOBI
—leg'(x)<0,
TOTa CXOAMMOCTb UTEPAIIMOHHOTO Tpoliecca OyAeT ABYXCTOPOHHEH (PHCYHOK 5, B).

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

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

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 MOXKHO [PEACTABATH B BHAE X = X - — 1. _
3pecy @) =x -1 ©()=3x . [osromy @@ Z3ppy 1=x<2y
CIIeIoBaTeNbHO, YCeIIoBHUE (3.7) CXOAMMOCTH MPOIlecca UTEPaIliii He BBITOJHEHO.
Ho ecnu 3anicath ypaBaenue (9) B Buie

3

r+1,

A

X=A (3.10)
TO Oy/IeM UMETh
o) =3x+L W=
[ (x+1)°
Orcromanpu 1 <x <2
0=0(x)=025.

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

IMopsinok BbINOJIHEHHUS PadOThHI:

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

2. BbIMoMHUTE HEOOXOIUMBIE PACUETHI.

3. OdopMuTh 1 IPECTaBUTH PE3YIBTATHI PACUETOB.

dopma npeacTaBieHus pe3yJbTara:

Pe3ynbraThl pecTaBUTh B BUJIE OTYeTa B popmate .dOCX.

Kpurepun onenkn:

3agaHue BBIIOIHEHO 03 OIMOOK — OLIEHKA «OTIIMYHO).

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

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

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



Tema 5. MeToabl aHAJIMTHYECKOI0 NPeaCTaBJIeHUs TA0JINYHO 3a1aHHON (PYHKIUH
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/ ] IJ1s1 PEILICHHS TOCTABICHHON 3a/1auu

— JaBaTb MATCMATHYCCKHC XapPAKTCPHUCTHUKU TOYHOCTHU I/ICXOI[HOI\/'I I/IH(l)OpMaL[I/II/I Hn OILCHHUBATb
TOYHOCTH IMOJIYYEHHOI'O YUCJICHHOI'O PCHICHUS;

— pa3pabaTblBaTh QJITOPUTMBI W NIPOrpaMMBbl ISl PELICHUS BBIYMCIUTENbHBIX 3a7ad,
YUUTBIBAsE HEOOXOMMYIO TOUHOCTBIIONYYaeMOI'0 pe3yJibTara;

— pacCrio3HaBaThb 3aJavdy Y/WIH np06neMy B HpO(l)eCCI/IOHaIII)HOM 130070 0% CoOMaJIbHOM KOHTCKCTEC

—  OIpeAeNsaTh HeOOXOAMMBIE HICTOUYHHUKH HH(POpMAITHH;

—  B3aMMOAEHCTBOBATH C KOJJIETAMH, PyKOBOJCTBOM, KJIHEHT
— TPUMEHATH TEXHUKHU U ITpreMbl 3phekTHBHOrO 001IeHus B MPOdECCHOHATIBHOM AESTEILHOCTH;
—  KpaTKO 00OCHOBBIBATh M OOBSCHUTH CBOW JCHCTBUS (TEKYIIUE U IJIAHUPYEMBIC)

MarepuajbHoe o0ecnedeHne: maker npukiaaasix mporpamm Microsoft Office.

3aganue:

Oyukmmst ompenenena Ha otpeske [1,00; 1,20] (cm. Tabn. 4.1). Haiitm 3HaueHUs
MHOrouieHa Jlarpamxka, uHTeproupyroiero ¢Gynkuuio f(X) Ha 3ToM oTpe3ke 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/II/I.

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

HEKOTOPOH (QYyHKIHUM yj, Yq, -

. ¥n B pAIE TOYEK Xg, Xi, -

Taomuua 4.1

» Xn HPEACKa3aTb €€ 3HAYCHHA B

IPOMEXYTOUHBIX TOUKax. IMEHHO 3Ty 3a/1a4y M03BOJISIET peIiaTh UHTEPIIONALUS (PYHKITUH.



[Myctp pynkums y = f(X) onpenenena tabnuueit

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

3adaueti unmepnoasyuy ABIAETCS HAXOXKICHAE 3HAYeHHs ByHKun f B Touke X €[Xo, Xnl,
X # Xi.
OpauH U3 BO3MOXHBIX MMYTEH pEIICHUs MOCTABICHHOM 3a/1a4M 3aKII0YAETCs B CIEYIOIIEM:
1) cTpouTCS MHOTOYICH CTEIICHHU He BbIiIe N, rj1e (n+1) - KOJINYECTBO 3aJaHHBIX TOYCK

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

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

f(x)= Ln(X)*+Rn(X), (4.2)
rae Rp(X) — ocratounslii wieH wuHTepnoysiuoHHoH Qopmynbl. Eciu f(X) umeer
HENPEPBIBHYIO IPOU3BOAHYIO nopsiika (N+1) Ha [Xg, Xn], TO
00— o) £l . (43)
=——"(X— —Xq ). (X— , e , . .
n (n+1)! 0 1 n 071

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

— *
(bakTHUECKN BBIYUCIACTCS JIUIIb MPHOMMKCHHOE 3HAYeHHE L, (x ) A7 TOYHOTO 3HAYCHMS
La(x).
— *
3) IlpubmmwkenHo npuHIUMaeTcst, 9To f(X)~ Ly (x ).
4) OreHuBaeTCs MOTPEIIHOCTh METOJa IO OCTATOYHOMY WICHY HHTEPHOJISIIMOHHON

bopMyIbL:
* M * * *
Ra0) <4 =L o6 ). ). (4.4)
(n+1)!
e Mp = max \f(””)(x)\. (4.5)
XO, Xn:|

5) OueHnBaeTCs NOrPEIIHOCTD BBIYUCICHHUH MO TIOTPEITHOCTSIM NMPHOINKEHHBIX JaHHBIX:
* _ *
‘Ln(x ) — L (x )‘ <A, (4.6)
6) BerunciseTcs noaHas MOTPENIHOCTh MPHOIMKEHHOTO 3HAYCHUS:
* _ *
‘f(x)—Ln(x )‘SA1+A2$A 4.7)
[Ipu pemieHuu MpakTUYECKHX 3a/a4 WHTEPHOSALMOHHBIN MHOrowieH (1), MoXeT ObITh
IIPEJICTaBJICH B pa3IMuHON popme.

4.1. Humepnonsayuonnwlii MHo2ouneH 6 popme Jlazpandica Oist nPOU3BOTILHBIX Y3106
Oyukumio L(X) uiieM B BUJE CYMMbI N YaCTHBIX PEHICHHH.

HepBoe JaCTHOC PCHICHUC |0 CTaBHUT B COOTBCTCTBUC 3HAUCHUAM a6CI_[I/ICCI Xgr X1» = 2 Xp
Ha6op 3HaYCHUH OpAuHAT Yy, 0, .. ,0. M3 CBOMCTB MHOI'OYJICHOB CJIeayeT, 4TO MHOTOYICH,

oOpamfaomuiicss B HyJlb B N Pa3HBIX TOYKaX, T.e. UMEIOIIUN N Pa3IMYHBIX KOPHEH, JOJKEH
JEJIATCS Ha Ka)KIyI0 U3 N Pa3HOCTEH:




X=Xq5 X=Xo} . X=X,
a, CJICAOBATCIIbHO, U HAa IPOU3BCACHUC 3THUX paSHOCTCfI, T.C. JOJIXKEH UMCTh BU
lg = const: (X=X )(X=Xp) .. . (X=Xp) .
3HaYeHNE KOHCTAHTHI OMPEIeIsieM U3 YCIOBUS
Io(xo) =Yg = const~(x0 — xl)(x0 - x2)l...-(x0 -Xp)
1
0 (x0 —xl)(x0 —x2)-...~(x

const=y
0 _Xn)

Tornaa |y MpuMer BUJ
0= Y0 (x—xl)(x—xz)-...(x—xn) |
(xO - xl)(x0 - x2) e (x0 - Xn)

OcTanbHBIC YacTHEIC pelICHrA HINYTCAd aHAJIOrM4HO, M3 YCJIOBUA, YTO 1-0¢ YacTHOE

pemenune lj (i=1,...,n) JOIKHO CTaBUT B COOTBETCTBUE 3HAYEHUAM aOCHUCC: Xy, Xq, - , Xp
HaOop 3Ha4yeHuil opauHar O, .. ,yj, ..,0, T.C.
oy (x—xo)(x—xl)-...~(x—xi_1)-(x—xi+1)-...~(x—xn)
[
O =X )0G =X O =X )0 =% ) O =X0)
nooX—X.
1581051 lj = Y- I1 J
j =0 Xi - X.

J
j#i
OO0ee pelIeHrEe HaWJeM KaK CyMMY YaCTHBIX PEICHUH :
no X=X,

o0 j
L= 2 li= 2 yi- I , (4.8)

C X =X
i=07%

]
JE
OTO U eCTh MHTEPHOJSLMOHHBIM MHOrouieH B Qopme Jlarpanxka Juisi HMpOU3BOJIBHBIX
y3JI0B. 3aMETHM, YTO CTETIeHb MHOTOWIeHa JlarpaHka He MpeBbIIIaeT yucia N.
OcratouHas IOTpemrHOCTh 3HaueHus Lo(X), BemcienHoro mo  dopmyrne (4.8),
onieHuBaercs Gopmynoit (4.4), a BBIYMCIUTENbHAS TOIPEIIHOCTh

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

n
Azzigo‘ (6 — X)X = Xg ) (K5 =X 1)K —Xe 1 )ons (K5 — X0 ) ‘ i (49)
1200 2V AT i N
TI€ Ay; - MOTPEMHOCTh HCXOJHBIX JAHHBIX (3HaUEHUH (QYHKIHMHA B y311aX).
4.2. Unmepnonsayuonuulil MHO20YIeH 8 hopme Hviomorna 015 pagnoomcmoawux y3108
Paccmorpum METOJ] TOCTPOCHHSI HMHTEPHOIUPYIOIIeH (QYHKIIMH, OCHOBaHHBIA Ha

BBIYHMCICHUU KOHCYHBIX paSHOCTefI.

Koneunvimu_pasnocmanu_nopsoka k wassiBaioT BenudauHsl A‘Y,. VX pacCUMTHIBAIOT IO
dbopmymnam:
2 k k-1 k-1
AYj=Yiju—Yj, AYj=AYju-AYj . AYj=ATTY L -ATTYG
B pPE3yabTaTe BBIYHCJICHUN JOJI’KHaA 6BITB mojiydycHa CJICAyrouias Ta6HI/IHa KOHCYHBIX

pa3HOCTEN:
Yo y 2 YV- ¥Yn1 Yn

Ay Ay Ay, Ays .. Ayna



W/\/M

AYnz

AyoY Ay VAY.,

Ao ... Alyn,

MuorowieHn P(X) s paBHOoTcTOsAIMX y370B ( T. Xi+1 - Xi =h =const, rae i=0,., n-1,
4ucIto h — Ha3bIBAIOT IaroM) Oy/IeM HCKaTh B BUJIC :

P(x) = ag + al(x - xo) + a2(x - xo)(x - Xl) +o+ag(x - xO)(x - Xl) ce (X = Xn—l) TOC X, X{, - Xp -~ KOPHH
nosmmHOMa P(X)

3HayeHus KO(QPUIMEHTOB ; ONPEENIAEM M3 YCIOBUA P(x) = y; -

[onarast X=Xo, HalIEeM P(xq)=yg=ay. = ay=Yq-

Ay
[Tomarast X=X1, HaugAeM P(x))=y; =ag +a1(x —Xg), = aj = -0

h
i
i
ith
IloncraBus MOJIy4YCHHBIC 3HAUCHUS @i, B BBIPAXKCHUE 1JI1 MHOT'OYJICHA P(X), MOJIy4YUM
2

B obwmem cityuae npu X=X, aj =

Ay A%y
P(x) =Yy +To(x—x0)+ g(x—xo)(x—x1)+...+
2th (4.10)
A” Yo
(x = Xg)(X = %) oo (X=X 1)
n'h
[Tony4yeHHOE BbIpa)KeHUE HA3BIBACTCS UHMEPNOAAYUOHHOU Gpopmynoi Hviomona.
[lyctp x* - Touka, B KOTOpOHl HEOOXOAMMO HaWTH 3HAYEHHE HWHTEPIOJIAIMOHHOTO

MHOTOYJICHA.
*
Jlnst ciyvasi paBHOOTCTOSIIINX Y3JIOB, €CITH Xo — Onmkaimmii k X y3en cieBa ¢opmyna (4.2)

MMPpUMET BUJ

3
Ay y ATy
PR0=y0+—Q¢+ O tit—1)+—O ¢t —1)(t—2) +..
1 2 (4.11)
n
n+1),
y X —X,
rae tompenensiercs popmymnoit  t= T
OreHKH OTpenrHoCTe MPUOIMKEHHO 3HAUCHUS P'(t*) MOTYT OBITh MPEICTABICHBI B BUJIE:
‘ AL ‘
M
A1=—Jﬁlh““.fﬁ*—nnﬁ*—nﬂ Eﬂﬂ————# € —1)..¢ —m‘
(n+1)! (n+1)!

t*a*—D“ﬁ*—nM

n! ‘

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

I7ie A* - HOTPEIIHOCTh UCXOJAHBIX TAHHBIX.
*
Ecnu X, — Ommkaiiuii Kk X y3en crpaBa, TO HCIOJb3YEeTCS BTOPON HHTEPIOJISALUOHHBIN

nosimaoM HeroToHa:



Ay APy Ay
Pl )=y + 0Lt 002 0y 203y 1yt 4 2) .
) 2! 3 (4.12)
y
+ fta+nm¢+n—n,
n!
X —X
rie t=——-~=,.
h *.
OLeHKH TorpemHocTeil npuOumkenno 3uadenns P'(t) MoxHO 3ammcats B Buze:
Mna  nid >, * * [@%‘Anﬂyi‘ * * *
Alz—h -‘t (t +1)...¢ +n)z'—‘t t +1)...¢ +n)‘
(n+1)! (n+1)!

h*a*+nnn*+nﬂ

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

Iopsiaok BbINOIHEHUS PA0OTHI:

1. O3HaKOMHTHCS C TECOPETUUCCKUMHU CBEICHHUSIMHU.

2. BbIONHUTE HEOOXOUMBIC PACUETHI.

3. OdopMuTh U NpeACTaBUTH PE3YIbTATHl PACUETOB.

dopma npeacTaBjieHus pe3yjabTara:

Pe3ynbraThl peCTaBUTh B BUJIE OTYeTa B hopmare .0OCX.

Kputepun ounenku:

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

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

3aaHue BBIMOJIHEHO HEOPEKHO, TOMYIIEHBI OITUOKU — OIICHKA «YOBICTBOPUTEITHLHOY.

3amanne BBITTOJTHEHO HEIPaBUJIBHO, JOMYIIEHbI OIIINOKHU - OlleHKa
«HEYJIOBJIETBOPUTEITHLHOY.



Tema 6. AJropuTMbl ¥ MeTOAbl YMCJEHHOT0 HMHTErPUPOBAHUA U

nuddepeHuupoBanus

JIABOPATOPHOE 3AHATHE Ne6 «<YHUCJTEHHOE UHTET'PUPOBAHUE U
JANPOEPEHIIUPOBAHUE».

Lleab: OCBOUTH METO/IbI YUCIIEHHOTO HHTETPUPOBAHUS U JU(dEepeHIIUPOBAHUS
Boinosinus pa6ory, Bel Oynere:
ymembv:
Hcnonp30BaTh OCHOBHBIE YHCIICHHBIE METO/IBI PEIICHHs] MAaTeMaTH4YECKUX 3a/1ay;
Bribuparh ontuManbHbIi YUCIEHHBIAMETO/ IS PELICHUS IOCTaBICHHOH 3a/1a4H
JlaBaTh MaTeMaTHYECKHE XapaKTEPUCTHKU TOYHOCTH HCXOAHOH MH(OpMAnmu M OICHHBAThH
TOYHOCTH MMOJTYYSHHOTO YUCICHHOTO PEIICHUS;
pa3palaTeiBaTh aIrOPUTMbl M IPOTPAMMBbI JJI PELIEHUS BBIYUCIUTEIbHBIX 3ajad,
YUUTHIBasi HEOOXOAMMYIO TOUHOCTHITIOIY4aeMOT0 pe3yibTara;
pacro3HaBaTh 33/1a4y W/WUIKM IPo0IeMy B IPOYECCHOHATEHOM H/MIIN COLHAIBHOM KOHTEKCTE
OpeeIsITh HEOOXOJUMbIC HCTOUHUKU HH(OpMAIIUH;
B3aMMO/ICIICTBOBATH C KOJUIETAMH, PYKOBOJCTBOM, KITHEHT
NPUMEHSATh TEXHUKH U TIpreMbl 3pPeKTUBHOTrO 00MIeH s B TPO(ECCHOHATIBHOM A TEILHOCTH;
KpaTKko 00OCHOBBIBATh U OOBSCHUTH CBOM JEHCTBUS (TEKYIIHE U IJIaHUPYEMBbIC)

MarepuajbHoe o0ecnedeHune: maker npukiaagaasix mporpamm Microsoft Office.

3aganue:
BbruuciuTe 3amaHHbIe  MHTETpaibl MO (OPMYJIaM MPSIMOYTOJBHHUKOB, TpaNenuil

CumriicoHa, eciM OTpPE30K HHTErpHUpOBaHUS pa3OuT Ha n=2 U n=4 paBHble yacTH. OUEHUTH
MOTPEITHOCTh PE3yJIbTaTa U CPABHUTH MPUOJIMIKCHHBIC 3HAYCHHSI MHTErpaia ¢ TOYHBIMHU.

1
1 T
1'£1+x2 dx (1=, ~0.785).

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

7,
4

3. Isin4xdx (1=0.5).

0

1
a | 1L ox (1=In(l++2 ~0.881).

o V1+ X2

5. [Inxdx  (1=1).

®

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

w
O e >

xcosxdx (I = % ~0.571).

~
N o'—.&

N

1 4 =1,

1+sinXx

9.j' e dx (I:arctge—£z0.433).
1+e* 4

0

©
O ey

10. J'cos3 xdx  (1=0).
0



%oq

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

12. | arctg x dx (|——(7Z' 2In2) ~0.438) .

fon
A

13. j'—dx (1 ~0.38).

f/ s
14, J.arcsm xdx (I——(7z'+4) ~1~0.26).
’7
15. jtg xdx (I——In2 0.346).
’7
13. jctg xdx (I = —In2 0.346) .
7y
1
17.J' xe'dx (I =1).
0
1
18, [V1+xdx (I =§(2J§—1)z1.22).
0
7 1
19. | dx (1=1).
o 1+Cos X
1 1 \/_
20. dx (1=2(v2-1)~0.828).
! =0 (=202 )
21. _fln xdx (Il =e—2=).
1
% hn
22. |tg°xdx (I = ~0.215
!g (== ).
/2 4_
23, jctgzxdx (1="""+0.215).
/4
/2 7/2 _
24, jexcosxdx (I:e lz1.905).
/2 71'/2
25. J'exsinxdx (1= +1~2.905).

2. Oynkmus  f(x) (cM. Tabmuiy 2.1) ompenenena Ha otpeske [1; 1.2]. BwiOpaB mar
h=0,5HaiiTi mpuOIMKEHHBIE 3HAYSHHSI POU3BOIHBIX F'0) u ') g roukax 1 u 1,1. Ouenurts
MOTPENIHOCTh BhIYUCIHECHUN. CpaBHUTH PE3yNbTaThl C TOYHBIMU 3HAUEHHUSMHU MPOU3BOJIHBIX B
ATHUX TOYKAX.

KpaTkue TeopeTuyeckue cBeIeHUs:
Yucnennoe unmezpuposanue. KeaOpamypHole GOopmynvl RPsSMOY20JIbHUKOS, Mpaneyull,
Cumncona



b
HeoOxomuMo mpuOIMKEHHO BBIYUCIUTH WHTETpAl J’ f (x)dx - s 9TOrO pasodbem OTpe30K
a

UHTErpUPOBaHK [@,0] Ha N paBHBIX YacTel TOUKaMu Xp=a, X1= Xo+h, Xi+1= Xi+h, ..., Xo,= Db, 20e
h— P2 mmar pas6uenns. Yi— 3HaueHus Gpynkumn f(X) B TouKax pasOHEHHS X;.

n

3arem HenpepbiBHAS MOJbIHTErpalibHas QyHkuus Y=f(X) 3ameHsieTcst criaiiHoM (KycOYHO-
NOJHHOMHAIBHON (yHKIMEH) S(X), mHTeprmomupymoomeid naHayio (yHkiu. HaTerpupys
dynkmo S(X) Ha oTpeske [a,b], mpumeM K HEKOTOpO#l opMylie YUCICHHOTO UHTEIPHPOBAHHS
(kBazmpaTypHO#l hopmyIe).

5.1. @opmyna npamoy2o1bHUK08

Ecmu Ha kaxkaom orpeske [Xi1, Xi|, I=1,2,....,n , dyukumio f(X) 3amensem ¢yHkumei,
NPUHUMAIOIIEH MMOCTOSHHOE 3HaUCHKE, paBHOE Harnpumep 3HaueHuio Gynkiuu f(X) B cepenune
oTpe3ka [Xi.1, Xi], 0003HaUYEHHOTO ) _XatX . Torma S(X) OyaeT MMETh CTYIEHYATHIA BHII
A

2

X

(puc.1).

f(X 1), Xy XX
1-=
2

f(x 1), X <X<X,;
SK)=8,00=y ,=f(x )=y "2

2 2

f(x 1), Xy S<XZX,.
at
2

B atom ciyuae 3HaueHue umHTerpana (miomanb mon rpaduxom f(X), Ha orpeske [a,b]),
CYMTAaeM NPUONM3MTENbHO PaBHOH CyMMe IUIOIMAACH MPSAMOYIONBHAKOB BBICOTOH f(y ) M
i—=
2
mupuHOH ho.

b n n
[fOadx~Yhey =D h-f(x D=he(y 4y ety )| dopmymna npsmoyronsaukos  (5.1)
SR 2 2 "2

i=1

a

5.2. @opmyna mpaneyuti

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

S(X) npuHUMaeT BHUI:

B ()
h
2de Xe[x. ., %], i=12,..,n,
a e€ rpauKOM SIBIISIETCS JIOMaHasl.
Torna 3HaveHre UHTErpajia HaXOIUM KaK CyMMY IUTOMIaei Tpanenuii ¢ ocHoBaHusIMHU T(X;.
1), f(xi) u BbICOTO! h. C yuerom (opmyIIbl mIoMaaM Tpanenun S, =¥h, rze M, N OCHOBaHUs

Xi—l_y Xi—X_{_yX—Xi_l
h " h " h

S(X) = Si (X) = f (Xi—l)

Tparnceuuu noJIyunuM:

t 3 fi)+ F(X) <y Yiat s
! f(xdx ~ ; h- > = .Z:;‘ h-==—==] . dopmyna Tpanermii (5.2)

+
:h'(%+y1+yz+---+yn4)

5.3. @opmyna Cumncona (ghopmyna napabon)

GOyuknuio f(X) Ha KaxkmoMm otpeske [Xi1 Xi], (i=1,2,...,n) 3amensem cmiaiiHoMm S(X),
NpEeJICTaBIISIoNIEM co00i HEMPEPHIBHYIO (DYHKIIHIO, COCTABJICHHYIO U3 MPUMBIKAIOIINX Mapadol.
[TorpebyeM, uToOBI Ha OTpE3Ke [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], MOJTYyUUM CIUIAMH:



2(X =Xy, ) (X—X3)
i hz 1

500=5,(0=y,, )rfx B LR

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

s nanpHEHmMX mpeoOpa3oBaHuil BBeAeM mnepeMeHHyto te[0,1] ¢ moMomipio paBeHCTBA
X=X _, +ht. 3nauenusm t papubim 0, Y2, 1, COOTBETCTBYIOT 3HAUCHUS X, PABHBIC Xi-1, Xi-1/2, Xi -

Beipazum criaiin S(X) uepe3 HOBYIO MepeMeHHYIO t:

$(¥)=S,(x)=5,(t) = y,,A-t)a—2t) +4Y ., L-tt+y, (2t -t =
=V (@-3t+2t%) +4y, -t +y (27 -t),  (i=12..,n).

1 1 1
VuuTeIBas, 4TO J'(1—3t+2t2)dt :j(t—tz)dt :J‘(th _tydt :1 , IMEEM
0

jS(x)dx—Z [0 =3 ] §00t =3, -4y, 4 ).

i=l x i=l i=1

U B pesynbTaTe NpuxoauM K KBagpaTypHoil popmyre napadbon:

b
h
[ f0dx ~ & Do+ Yo+ 40 + Yoo+t Yoaa) £ 201+ Yo+t Vo]l (5.3)

5.4. Oyenka noecpewnocmu
[TorpenrHOCTh KaXk10M KBaJpaTypHOH (HOPMYJIBI OLEHHBAETCS BEIMYMHOW OCTATOYHOTO
unera R(h), 3aBucsiero or mara pa3ouenus h (uim ot yrciaa pa3oueHuii n):

R(h) = T f(x)dx—TS(x)dx :

[IpuBeneM OLIEHKM MOTpPEHIHOCTEN KBaapaTypHbIX (GOpMyl B TOM ciy4yae, Korja
HOJBIHTErpajibHast PYHKIMS UMEET HEMPEPHIBHYIO TPOU3BOIHYIO BTOPOTO MOPSIKA:
Ui hopMyIIbl nps[MoyronLHHKOB
(b-a)’
24n?

-a
Rh <_ f// 'h2= f/! ‘h2
(h) <= = max|f"(x) max| (X))
11 GOpMyIIBI Tpanenuit

R(h)<¥max|f”(x)| h® = (b;n) n<1ax|f "(x)|-h* .

Ecnu mogpiHTErpanmbHas (QYHKIHMS HMEET HENPEePhIBHYIO IMPOU3BOIHYI0 YETBEPTOTO

HOPSIIKA, TO CIIPaBe/JINBa TaKast oueHKa norpemHocT popmyiisl CUMIICOHA:

.h* = (b_a)
2880n* e
3aMeTUM, YTO TpH I/IHTerI/IpOBaHI/II/I CTENECHHON (YHKIIUH, CTETeHb KOTOPOW HE BBIIIC

Tpex, KBajparypHas popmyna CUMIICOHA JaeT TOYHBIH Pe3yabTar.

[MpakTHyYeckr Ba)KHO BECTH BBIUUCICHHUS 10 JAOCTHIKEHHSI 33JaHHON TOYHOCTH € MO TOM

WM UHOW QopMyrnie. DTOH IeIH YIOBIETBOPACT Memod 060liH020 nepeciemd. JIst 3TOTO IO

KBaIpaTypHO# (hopMyJie IPOBOAAT BHIYMCICHUE MHTETpala C IaroM N W MoiydyaroT 3Ha4YeHUe

I(h). 3areM yMeHBIIAIOT IIar BIBOE M TMOJIyYarOT HOBOE MPHUOIMKEHHOE 3HAYCHUE WHTErpaia

1(h/2).

YroObl ompenesnTh, Kak CHIbHO ykioHseTcs 3Hauenue |(h/2) oT Tounoro 3HaueHwms
uHTerpana |, ucionssyercst npasuio Pynee:

|I—I(h/2)| |I(h)—|(h/2)|

R(h) <

(4)(X)‘ he.




rae k=2 s popMya npsiMOYTroJIbHUKOB | Tpaneuuit u k=4 s popmyinsl Cumiicona.
IIpu 3amaHHONM TOYHOCTH € BBIYMCICHHMS C YMEHBLIAIOIMMCS IIaroM MPOBOAAT 10
OKOHYaHUs MPUOIMKEHUH MTPH BBITIOJIHEHUH YCIOBHSA
kl [I(h)-1(h/2)|<e
2°-1
IIpu 5TOM nmonararor | ~ 1(h/2) ¢ TOYHOCTBIO &.

Yucnennoe ouppepenyuposarue
5.4. Buiuucnenue npouzgo0Hol No eé onpeoenenuio
[Tycte ¢yukums y=f(X) ompeaereHa B HEKOTOPOW OKPECTHOCTH TOYKH Xo M HMEET
MIPOU3BOJIHYIO B 3TOH TOYKE, T.€. CYIIECTBYET MPEAeT OTHOMICHUS MpuparieHust QyHKIuu A Y K
NPUPAIICHUIO apryMeHTa A X P CTPEMJICHUH A X K HYIIIO:
Y(45) = 1'03) = lim 2 = fim Lo =202 0) (4.1)
3Ha4YeHUE TIPOM3BOJIHON B TOYKE Xo MOXHO MOJYYHTb, Iepexois K mpeaeny B (4.1) mo

TOCIIEIOBATENLHOCTH LENBIX YMCEN N U MoJaras, Ax = (Ax), :%. 31eck (Ax), - HEKOTOpOe
a

HavaJbHOE TPHUpALICHHUE apryMeHTa, & — HeKoTopoe yucio Oonbire exuHunsl, N={0, 1, 2,...}.
Torna 3HaueHue npon3BoaHO# GyHkimu f(X) B Touke Xo 3amuiiercs Tax:

! ! 1 A n
V)= 0=l (), = 10+ (90,)- 15
OTCIOI[a oJryqyacm HpI/I6HI/I)KeHHOC PaBCHCTBO
(AX)OJ
fl %, + —f(x
V(x)~ O _ [ °a ta) (4.2)
T (AX), (Ax),
an

Jns dysknuu y=Ff(X) , uMeromei HenpephiBHYIO MPOU3BOIHYIO J0 BTOPOTO MOPSIKA
BKJIFOUUTEIBHO B OKPECTHOCTH TOYKH X , TOYHOCTH MPUOIMIKEHHUS POU3BOHOI COOTHOIICHUEM
(4.2), MOXHO YCTaHOBUTH, BOCIIOJIb30BaBIINUCH (hopmynoit Telinopa:

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

Torna

B max| f (&)

f!(xo)_ f(X) f(XO)‘S XpSE=X - AX

AX \ 2

W OKOHYATEJIBHO UMEEM
yoey - @] IO o,
@x,|T 2 a"

J5is HOCTHIKEHHMSI 3aTaHHOM TOYHOCTHU € MPHUOJIMKEHHSI IIPOU3BOHOM MPH OTPEICTICHHOM
YKCJIC BEIYUCIICHUH MOKHO HUCIOJIb30BaTh HEPABCHCTBO:
@A), _ (Ao _
(A%),  (AX),y
5.5. HUcnonvszoeanue  mHoeounenos  Jlacpanyca — Ona opmyn  HUCIEHHO2O
ougpepenyuposarus

(4.3)

[Tycte Gynkims y=f(X) onpenenena Ha orpeske [a; b] u B Toukax {Xxi}, rae i=0, 1, ..., n
ATOTO OTpe3Ka nmpuHuMaet 3HadeHus Yi=f(X;), mpuaem a= Xo, b= X.
Pa3HOCTh MEKIy COCEIHMMH 3HAUYEHHUSMH apryMeHTa Xj MOCTOSHHA W OIpPeaC/IAeTCS

maroMm h = b-a pa3OmeHus OTpe3Ka Ha N yacTeit, Torma Xi= Xo +i-h  (Xj+1= Xj +h).
n



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

Jliist Toro 4TOOBI BRIPA3UTh 3HAUYEHHUS MPOU3BOIHBIX Yepe3 3HAYCHHS (DYHKIUH Vi B y3I1aX
UHTEPIIOJSAIMU Xj, MMOCTPOUM HWHTEPHOJSIIMOHHBIN MHOrowieH Jlarpamka Lm(X) cremenm m,
YIOBJICTBOPSIOIINI YCIOBUIM

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

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

Ecmu m=1, to 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
i+1 i
= + yH—l h

' ' ' Yi | Yia Yia —Yi
y| y|+l (X) h + h h

Eciu m=2, to Ly(X) - kBagpatuuHast GyHKIMs, rpadrK KOTOpOi mapadosia, mpoXosias
yepe3 Touku (Xi, Vi), (Xi+1 , Yi+1), (Xi+2 , Vi+2). BbIUHCINM TEpPBYIO U BTOPYIO MPOU3BOIHBIC
muorouneHa Lo(X) Ha orpeske [Xi, Xi+2].

(X=X ) (X—Xi,5) (X=%)(X—Xi,5) (X=X )(X=Xi,1)

O G 0 %) )0 %) T (%) (s %)
-y, (X=X, )(X=X,5) Y (X=X )(X=X;,5) ty, (X=X )(X=X;,1) _
(—h)-(~2h) h-(-h) 2h-h
T X0 )2, X)) s (X)X 5]
L(x)= on? [y (2X =X = Xi2) = 213 (2X = X; = Xi,0) + Vi (X=X — Xi+1)]

n 1
L(X)= W[Zyi —4y, + 2yi+2]: hT[yi =2y, + Yi+2]
[lepBas u BTOpas NpoW3BOAHBIE MHOrowieHa Jlarpamxka Lp(X) B Toukax X, Xi+1, Xi+2
ABIAKOTCA HpI/I6HI/I)KeHI/IﬂMI/I COOTBCTCTBYIOH_H/IX IMPOU3BOAHBIX (I)yHKHI/H/I f(X) B OTUX TOYKaAX:

yi = F'04) = Ly(x) [y 2% = Xig ~ Xii2) = 23,1 (2% =X = Xip) + Vi (2% =X, _Xi+1)]:

th
zhz [yl Sh ZY|+1( 2h)+ y|+2 ] 7[ 3yl +4Y|+1 YHZ] (44)
r 1 ’ 1
Yia = Fa) = Li(%,) = %[‘ it yi+2]
1
Vi = 100 ¥ L) = o [ =41 3010
y y|+1 y|+1 ~L; (X) = 7[ 2yi+1 + yi+2] (45)

Ecnu dynxims f(X) Ha oTpeske [X;, X.+2] UMEeT HETPEPBIBHYIO MTPOU3BOIHYIO JI0 TPETHETO
HOPSIIKA BKJIIOYHTENFHO, TO CIPaBEUIMBO MPEACTaBICHHE (PYHKIMH B BHJIE CYyMMBI:
f (x)=La(x)+Ra(x), (4.6)
rie Ry(X) —ocTaTouHBIN WieH HHTEPHOISAIUOHHON (HOPMYIIBL.

R,(() = mf) (X X)X X)X~ %) E€(Xi%a).

B »TOoM cnydae MOXXHO JaTh OIGHKY IOTPEITHOCTH TPHOMMKEHUH TPOW3BOTHBIX
cootHomeHusIMH (4.4) u (4.5). Juddepenupys (4.6), noxyanm
FO)=L2(x)+R (), (4.7)



f7(x)=L2 " (X)+R2"1X). (4.8)
3neck

R0 = (xx,)(~X) + (X)X~ %) + (- x)x -] (4:9)

3

” f’”
RE0 = [(x-x) + (6= x,0) + (- %,)] (4.10)
[TorpeniHOCTH MPU BBIYUCICHUU MPOU3BOJHBIX B TOYKAX Xi, Xi+1, Xi+2 ONPEACISIOTCS U3

bopmyin (4.9-4.10):

RE(X) =~2RL(,0) = Ri(x,.2) =27 7(9), (4.12)
Ry(x)=-h-f"(&), RI(x.,)=0, RJ(x,,)=h-f"(&). (4.12)

Takum oOpazom, paBeHcTBa (4.11) moKa3bpIBalOT, YTO MOTPEHIHOCTH AaNIMPOKCUMAIUU
nepBoil Ipon3BoHoI f(X) ¢ moMoLb0 GopMyIbl (4.4) UMEIOT oxuH 1 TOT e nopsinok O(h?), u
€CTECTBEHHA CIIe/IyIOIasi PEKOMEHIAlMK 0 UX MPUMEHEHUIO Ha oTpe3ke [a; b] B Toukax {X},
=0, 1, 2, ..., n>2.

Yo z2f1h[—3yo +4y, -y, ]
(4.13)

'

1 .
Yi z7[_ yi—1+Yi+1]’ i=12..,n-1

2h
Yo & i [ynfz -4y, +3y, ]
2h

W3 pasenctB (4.13) cnemyer, yto npuOIMKEHHUE BTOPOHl NPOU3BOAHON C IOMOIIBIO
dbopmyibl (4.5) ©MeeT pa3IUYHbIA MOPSI0OK B 3aBUCMMOCTH OT N B pa3HbIX TOYKax: B TOYKaX X,
Xi+2 ~HMMEETCS TOTPEHIHOCTh Mopsiaka h , a B TOYKE Xj+1 MOPSIOK IOTPEIIHOCTH BBIIIE
(R2"Xi+1)=0).

B cnyuae wunTepnomsumu Qynkimu f(X), uMmeromeli Ha oTpe3ke Ha oTpeske [a; D]
HENPEPBIBHYIO IPOU3BOJHYIO 10 YETBEPTOTO IOPSAAKA BKIIOUHUTEIBHO, MOMKHO IOJIYyYUTh
MOTPEIHOCTh MHTEPHOJALMY BTOPOHW IPOU3BOJHON, UMEIOLIEH MOPSAIOK h® u OJMHAKOBYIO BO
BCEX TOYKaX, C MOMOIIbI MHOrowieHa Jlarpamxka Tperbeil crenenu Lz(X) mo uyeTbipem y3mam
unrepnonsiuuu {X}, (k=i, i+1, i+2, i+3).

Omnyckast BBIKJIQIKHU, IPUBEJEM PE3YNIbTATHI Ul alIPOKCUMALMM BTOPOM IPOU3BOIHOM:

1
Yo zh7[2yo ~5y, +4y, - Y,
1 (4.14)
yl = hfz[yu —2y,+ V) i=12..n-1

, 1
Yo ® F[_ Yi-s +4yn—2 _5yn—1 + 2yn]

[Ipumep. 3Hauenust QyHKIMH Y =Sin X ONpezeseHbl TabInLeH:

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

Tpebyercs ¢ nomomibio popmyn (4.13, 4.14) npubnuxenno Haiitu Y'(0) u Y''(0) 1 oueHUTH
MOTPEIIHOCTh PE3Yy/IbTaTOB BHIUMCIICHUI.
Pemenne.

y'(0) z%[—SyO +4y, —y2]=3[—3-0+4-0,5—o,866]z1,05
V3

R;(O)%@ £, 0<g<l

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

2
700 <L mo [RLO) <[ %) =009.
36

Urak, y'(0)~1,05£ 0,09 (tounoe 3uaucume Yy'(0)=cos 0 = 1).
Terneps Boconb3yemcst popmyiioit (4.11).



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

" __E_ m
R(0) == 17()

Jlisa mydmiedl OLleHKM MPOU3BOJHOW BTOPOrO MOpPsiAKa HEOOXOJUMO YBEIHYUTH YHUCIO
Y3JI0BBIX TOYEK U BEIOPATh MEHBIIUH IIIar.

R (0)‘ <Z~082,

IHopsinok BbINOJIHEHUSI PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEICHUSIMHU.

2. BBHINOIHATH HEOOXOIUMBIC PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIbTATHI PACUETOB.

dopma npeacTaBjieHus pe3yjabTara:

PesynbraThl peicTaBUTh B BUjE oTueTa B hopmate .dOCX.

Kpurepum ouenku:

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

3aanue BBIOJIHEHO MPaBUIBHO, HO AOMYIIEHBI 1-3 BBIYUCIUTEIBHBIX OMIMOOK — OIICHKA
«XOPOIIIOY.

3aaHue BBINOJIHEHO HEOPEIKHO, TOMYIIEHBI OLTUOKU — OIICHKA «yIOBIETBOPUTEIHLHO.

3aganue BBITTOJTHEHO HETPABUIIBHO, JIOTTYIIICHBI OIIMOKH - OIICHKA
«HEYIOBIETBOPUTEILHO.



Tema 7. UncjieHHble MeTOAbI pelleHHs OOBIKHOBEHHBIX AH(pdepeHnuaIbLHBIX
YPaBHeHUil
JIABOPATOPHOE 3AHATHUE Ne7 «<YUCJIEHHOE PEHHIEHUE
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

— JlaBaTh MaTeMaTHYECKUE XapaKTEPUCTUKH TOYHOCTH HCXOAHOW WH(OpMAIMHM W OLCHHWBAThH
TOYHOCTH MOJYYEHHOT'O YHCIEHHOTO PEIICHHUS;

— pa3pabaTblBaTh QJITOPUTMBI W TPOrpaMMBbl ISl pPEUICHHs] BBIYUCIUTENbHBIX 3a/1a4,
YUUTHIBAsI HEOOXOAMMYIO TOYHOCTHITOIYIaeMOTO Pe3yiIbTara;

— pacmo3HaBaTh 33ady W/WiIH MPpo0iieMy B TPo(eCcCHOHATHHOM H/HITH 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 obecnedeHne: akeT NPUKIAIHbIX mporpamm Microsoft Office.

3aganue:

|. Haiitu pemenue 3agaun Komu mia quddepeHINanbHOT0 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
MOTPEIIHOCTh YHCICHHOTO pelieHHsI 1o NpuHIuny PyHre. CpaBHUTH YHCIIGHHOE DPEIICHUE C
TOYHBIM ((X) . Pe3ybpTaThl IpeCTaBUTh B BHJIC TAOJIUIIBL.

1, y'=1“;zxy, y| =0, 1<x<2 go(X):%[X—%J.
2. y’:y—2—;, y|X:O:1, 0<x<1l ¢@(x)=v2x+1.

3y =x+ 2,y =0, 1£x<2, p(x)=x*(x-1).
Y,

4.y'=xy, y| =1 0<x<l ¢(x)=e""?

2
5. y’:w, yl =1 1<x<2, @(x)=x/(1-Inx).

X x=1
3. 'Zl‘y)‘:'”x, y| =0, 1<x<2, p(x)=Inx.
7. y':XLXy, y,, =0 1<x<2, ¢o(x)=xInx.

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

9. yr+ycosx=%sin2x, y =0, 0<x<l g(x)=sinx+e "™ 1.

10. y'+ytgx =sin2x, y| ,=-1 0<x<l ¢@(x)=(1-2cosx)coSX.
11 xy'—=y*Inx+y=0, y| =1 1<x<2, o(X)=Y1+Inx).

x=1

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



x-1 x2-1

13, x°y'—y=x%*, y| =1 1<x<2, ¢p(x)=e * .

In(x++/x*+1)
VxZ+1

15. xy’—yzi yl,, =0, es<x<e+l @(x)=xIninx.

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

Inx’
18 sy —y=xsinx, yl -=0 Z<x<7+1 o0 =X _coex.
2
17 y'+e 7 =" 1+2x, y| =0, 0<x<l ¢@(x)=x°

18. y'+e¥ =X, y| =0, 0<x<l ¢(x)=x".
19. xy'=ylny, y|  =e 1<x<2, ¢@(x)=€".
20. xy'—yIn(xy)-1=0, y|  =e 1<x<2, ¢(x)=e*/x.
21. xy’:xsinl+y, y|7l=%, 1<x<2, ¢@(x)=2xarctg x.
X x=

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

2
23. (C+)y +xy=x(C+1), Y =1 V2<x<2+1 go(x):XT*l.

2

Y e’ X
24, y'——2_—xinx, y\ _=—, es<x<e+l ¢@(x)=—Inx.
xInx =e 2 2
25.y'—y ctgx =sin ¥, y\XZZ:O, %g % +1  o(x)= (x——)smx-
2

Il. 3amauy Komm pans nmanHoro aud@depeHIManbHOr0 ypaBHEHHsS BTOPOTO TOPSIKA
npeo0pa3oBaTh K 3aa4e KOIIH T CHCTEMBbI AuddepeHIInanbHbIX YpaBHEHUH TEPBOTO MOPSIIKA.
Haiitn pemenre mnocneaned 3amaunm  MeTogoMm Pynre—Kyrra Ha cerke otpeska [a;b].
Borunciienust nmpoBecTd ABaxkapl ¢ maramu h, h/2, momaras h =0,2. Haiitu yuciaeHHoe
penieHre TUQPPEPEHIMATHFHOTO YPAaBHEHUS U OIIGHUTh €r0 MOTPEITHOCTh C MOMOIIBI0 TIPaBUIIa
Pynre. CpaBHUTH pEIIEHHE C H3BECTHBIM aHAINTHYSCKUM pemieHueM @(X). Pesynbrars

MMpEaACTaBUTL B BUJIC Ta6JII/II_[BI.
L oxy'—(x+Dy'-2(x-1)y=0, y| =€’ y

1|

=2¢%, 1<x<2, @(x)=e*

x=1

/

2. 32y xy' —y=3x2, y,,=1 vy

x=1

=1 1<x<2, (/)(X)=%(2X2 —x+£) .
X

3. x"y"=6y=0, y| =1 y|,=8 1x<2, o(x=x"

KpaTkue TeopeTuyeckue cBeIeHUsI:
Yucnennoe peutenue oughghepeHyuanvbHulx ypasrneHull nepeoco nopsoxa
B npuxmagHeix 3amagax YacTo BCTPEYAIOTCS OOBIKHOBEHHBIC nudQepeHInanbHbIe
YPaBHEHHUS, TOYHOE PENICHHE KOTOPHIX HAWTH HE YJaeTcs WM OHO HE BBIpaXkaeTcs uepe3
sIIeMeHTapHble PYHKIMH. Bo3HHKaeT He0OX0IMMOCTh HAalTH pelleHHe MPUOIMKEHHO.
3.1. Ilonssmue o wucaennom memooe pewernus 3aoaqu Kowu
Paccmotpum 3amauy Komu:

y'=f(xy), (3.1)

Y(Xo) =Yo. (3.2)

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

3HAUCHUI /s 3alaHHBIX 3HAYCHHUN apryMeHTa X Ha HEKOTOpOM oTpe3ke [a, D] ¢ yka3aHHOIt

TOYHOCTBIO.

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

Ha N paBHBIX dacTeir. Bemmunmna h=(b-a)/n HaswiBacTCs marom HHTErpUpoBaHus. TOUYKH
pa3oueHus (y3JI0BbIe TOYKH) PACIONATAIOTCS PABHOMEPHO U CBS3aHBI COOTHOIICHUSMH:



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

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

1 1
Pl 1) = 90X) + 9'04) ") h% + o) h®+on*) (3.3)

[Ipou3BoHbIC CTOAIIME B TPaBOi YacTu paBeHcTBa (3.3), MOKHO HalTH U3 ypaBHeHus (1):
eUai)=f(xiyi), @ (x)=f"(Xiyi) uT. 1.

3nauenue @ (Xo)=Yo naHO B HayanbHOM ycioBuH (3.2). ITo ¢popmyne (3.3) MOKHO HAWTH
3HaueHue ¢(X1), 3atem, 3Has @(X1), HaUTH @(X2) ¥ T. 1. OJHAKO MPAKTUYECKOE MCIIOJIb30BAHUE
dbopmyis (3.3) 3aTpyAHUTENBHO, TAK KaK MpaBas 4acTh paBeHCTBA (3.3) COACPKUT OECKOHEYHO
MHOT0 4jieHOB. [103TOMY Ha MpakTHKe OrpaHUYMBAIOTCS JIUILIb HECKOJIBKUMH MEPBBIMU YWIEHAMU
paznoxenus Teinopa.

8.2. Memoo Ouinepa

[Ipocreiimmii  Meton pemenus auddepeHnuanpbupix ypaBHeHWil. Ha  mpakTuke
UCIOJIb3YETCSI IOBOJBHO PEAKO HU3-32 OTHOCUTEIHHO HEBBICOKON TOYHOCTH.

[TpubnuxeHHble 3HaUeHUs YHcIeHHOoro pemienus 3agaun Ko (3.1) B y37I0BBIX TOUKAX X;
0003Ha4YMM Y :

yi & @ (X).
B merone Diinepa ans moncyera Yiy1 B paBeHcTBe (3.3) OepyT TONBKO MEpBBIC ABa
CJIaraeMbIX U M0JIararoT
yie1= Yitf(Xi,yi)h, (3.4)
opa Xj+1 = Xj+h .

'eomerpuueckast HMHTepHpeTanuss MeToJa JaHa Ha puc. 3.1, rae u300paxeHbl
UHTETpaibHble KpuBble. Vcronb3oBanue ¢opmynsl (3.4) O3HA4aeT, 4To ABMKEHHE OT TOUYKU
Pi(Xi, Vi) k Touke Pi+1(Xi+1, Yi+1) IPOHCXOMUT HE IO CAaMOW MHTETPATbHOW KPUBOM MPOXOASLICH
yepe3 Touky P; (OHa HaM HEW3BECTHA), a M0 OTPE3KY KacaTeJIbHOW K HEHl MPOBEIECHHOMN B 3TOU
Touke. Ha kakaoM crienyromeM Iare Mbl 3aHOBO HAaxOJUM KacaTEJIbHYK0 K HHTErpaJbHON
KpUBOI1 (y’Ke Ipyroil MHTErpaJbHON KPUBOW CEMENCTBAa MHTETrpaJIbHbIX KPUBBIX). B pesynbrare
II0JIy4aeM JINHUIO, KOTOPYIO Ha3bIBAIOT JIOMAHOH Jiiepa.

y

AN

v

Punc.3.1.
3.3. Merons! Pynre - KyTta
Jl71 yMeHbILIEHUsI TOTPEIIHOCTH METO/1a UCTIOIb3YIOIIETO Pa3I0KEeHNE HCKOMOTO PEIIECHUS
B pan Teitnopa (3.3), HeoOXOAMMO YYMTHIBaTH OoOJbIlIee KOJWYECTBO UJICHOB psna. B
3aBHCHUMOCTH OT CTapllied CTeNeHH, C KOTOpOM YUYUTHIBAIOTCS YJIEHBI psfa, MOCTPOEHBI
BblunCaUTENbHbIE PyHre-Kyrra pasHbIx nopsikoB TouHocTH. Tak MeTton Oiliepa MOXKHO
Ha3BaTh MeToA0M PyHre-KyrTa neporo nopsjaka.



Meton Pynre-Kyrra 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+;(f(xi,yi)+f(xi+h, Yi)), (3.5)

Yi =i + f(X. ¥4)

I'eoMeTpruyeckuii CMBICT ATOrO BBIUMCICHHS TOKa3zaH Ha puc. 3.2. Kaxmoe ouepemHoe

3BeHO P Pj+1 momano# cTouTcs Tak:

1. B rouke Pji(X;, Yi) onpenesisieM HarpaBlieHHE @) KacaTeIbHOW K HHTETPaIbHON KPUBOM
npoxosiiel yepe3 3Ty Touky u 3HadeHue Ki = tg(a). IlpoBoaum oTpe3ok PiP! 1o
HaIIPaBJICHUIO Q.

2. B cepemmne Ni(xi+h/2, yi+kih/2) orpeska P,P! OIpee/iieM HaIpaBICHUE )
KAacaTeJIbHOM K HMHTErpajbHOM KPUBOM IPOXOAAIIEH 4Yepe3 3Ty TOYKY M 3HAYCHUE
k2 = tg( ). IIpoBoaum oTpe30ok PiP i1 10 HampaBiIeHUIO .

=

vV

Puc. 3.2
Taxum 006pa3zom, MBI TPOU3BOIUM MEPECUET, YTOUHEHHE YIIOBOTO KO3 (UIIMEHTa 3BEeHbEB
JIOMaHOM. YKe U3 reOMETPUUECKOT0 CMbICIA SICHO, YTO JIaHHBIA METOJI TOUHee MeToia Dumepa,
TaK KaK 3/I€Ch YUYMTHIBACTCS TTOBOPOT KacaTeIbHOM Ha HHTEPBAJIE [Xi,Xj+1].
Meron Pynre-Kyrra uyerBepToro mnopsjaka Ha3blBalOT KJIACCUYECKMM MeToAoM PyHre-
Kytra. 3neck momyuutcs emie 60jee TOUHBIN pe3ynbTaTr. ANropuT™ petreHus 3aaaun Komm:

h
yi+1:yi+g(k1+2k2+2k3+k4)'
h h (3 6)
klzf(Xi,yi), k2:f(Xi+E, yi+Ek1), .
h h
kg = f (X +E’ yi+5k2), ky = f(x; +h, yj +hkg)

opa  Xj+1 = Xj+h .
I'eomeTpuyeckmii CMBICT 3TOTO BRIYMCIICHHS TIOKa3aH Ha puc.3.3. Kaxmaoe ouepennoe
3BeHo Pj Pj+; 1oMaHOM CTOUTCA TaK:

1. B rouke Pi(X;, ;) onpenenseM HampaBleHHE ¢y KacaTeIbHOW K MHTETPAIILHON KPUBOH,
IPOXOSLIIeH Yepe3 3Ty TouKy U 3HaueHne Ki = tg(ca). [Iposogum orpesok PiP! mo
HAINpPaBJICHUIO .

2. B cepemmne Ni(xi+h/2, yi+kih/2) orpeska P;P' ompemensiem HampaBienne oo
KacaTeJIbHON K MHTErpalibHOM KPUBOW, IPOXOASIICH Yepe3 9Ty TOUKY U 3HaueHue K2 =
tg(er2). IIpoBoauIM OTPE30K PiP? o HaIpaBJICHUIO .

3. B cepemmmue Np(xi+h/2, yitkyh/2) orpeska PiP? onpenensieM HampaBieHue o3
KacaTeJIbHOM K MHTErpalibHOM KPUBOU, IPOXOASIICH Yepe3 3Ty TOUKY U 3HaueHue K3 =
tg(a). IIpoBoauM OTPE30K PiP? o HaIpaBJICHUIO 4.



4. B Touke P3(Xi+h, yi+ksh) onpenensem HampaBieHue oy KacaTeabHON K MHTETPATbHOMN
KPHUBOM, MPOXOJIAIIEH uepe3 3Ty TOUKY U 3HaueHue k4 = tg(ay).
5. TlomyuyeHnnble yeThIpe TAaHTEHCAa YCpeAHSIOTCA Becamu 1/6, 2/6, 2/6, 1/6 no dopmyrne:

1

- (kl + 2k2 + 2k3 + k4) . Ilo 9TOMY OKOHYATCJIBbHOMY HAIIPABJICHUIO MbI IIPOBOJUM
6

0Tpe30K U3 Touku Pi(Xi, Yi) B TOUKY Pir1 (Xi+1, Yi+1)-

y

AN

Puc. 3.3

N3 reoMeTpuiecKoro CMbICIIa SICHO, YTO JaHHBIM METOJ] HAMHOTO TOYHEe MeTo/1a Diliepa
u Diinepa-Komm.
3.4. Ioepewnocms memooos
IIpu npoBeieHNU BBIYMCIEHNN BO3ZHUKAIOT JBE MOIPEIIHOCTH:
1. nokanbHasi MOTPENIHOCTD, T.€. MOTPEIIHOCTH HA OJTHOM IIIare, BO3HUKAFOIIAs 3a CUET
MEPEMEILECHUS HE 110 UHTETPAJIbHOW KPUBOU, a 10 KaCaTEIbHOM K HEH;
2. T1J00aJIbHASI MOTPENIHOCTD, T.€. MAKCUMAIJIbHAS MTOTPEITHOCTh PEIICHHS:
| Yoo (%) |-
['oBOpAT, YTO YHCIEHHBIH METOJ HWMEeT P-i MOPSIA0K TOYHOCTH MO mary h, eciu
BBITIOJIHAETCS YCIIOBHE:!
max |y, — (p(x_]
1<i<n ! '

rae C — HekoTopasi MOJIOKHUTEIbHAs MOCTOSHHASL, 3aBUCSIIAs OT MpaBoi yacTu ypaBHeHus (1) u
OT paccMaTpuBaemMoro meroja. P-il MOpsiIoK TOYHOCTH O3HAYaeT YTO, HAaNpuUMep, Npu
yMeHbIeHuH mara B 10 pas, morpemHocTh yMeHbIuTes npuMepHo B 10P pas.

—chP

Jlna metona Oilsiepa JOKalbHas MOIPENIHOCTh MMEET MOPSAO0K TOYHOCTU h? (BTOpOH
HOPSIIOK TOYHOCTH). DTa BEJMYMHA COOTBETCTBYeT h B Toii cremeHu, B KoTopoit h crouT B
nepBoM orOpomieHHOM wieHe B ¢opmyne Teinopa (3). ['moGanbHas MOrpenIHOCT U METO
Ditiepa UMEIOT MOPSIOK TOYHOCTH N (TIepBhIi TOPSIOK TOYHOCTH).

CootBeTcTBEHHO 111 MeToAa Dinepa-Komm yokanbHas MOTPEMIHOCT UMEET MOPSA0K
Togroctn h®, r106aIbHAS TOTPEIIHOCTS MMEET MOPSIOK TourHoCTH hP,

Jlna merona Pynre-Kyrra uerBepToro nopsjaka JiokajabHas IOTPEIIHOCTh HUMEET OPSAOK
Togroctn h°, T106aIbHAS TOTPEIIHOCTh MMEeT MopsioK TourocTH h',

Ha mpakTuke OIEHKY MOTPEIIHOCTH PELICHHs, HaiiieHHOro ¢ marom h/2, B Touke X €
[a,b] mpou3BoAAT ¢ mOMOIIbIO NMpaBuJa PyHre:
lvi () — y; (n/2)|

|(P(Xi )—Yi (h/2)| T, (3.7)



rae P — HOpSAIOK TOYHOCTH YHUCIEHHOTO Merona (st Meroma Odilnepa p = 1, anga meroaa
DOitnepa-Komm p = 2, anisa 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 €
(mpenenpHas abCOMIOTHAS MOTPELIHOCTH), TO B 3TOM Cllyyae HayajbHBIA IIAr BBIYHCICHUHN h
YCTAaHABJIMBAIOT C IOMOIIbIO HEPABEHCTBA

HP<g, (3.8)

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

yj(h) —yyi(h/2)
P <&
2" -1

npu Beex | v e p=2, 3, 4 COOTBETCTBEHHO I MeTO10B Ditnepa, Diinepa—Korum, Pynre-Kyrra
YEeTBEPTOTO MOPSIJIKA.
3.5. Yucnennoe pewenue cucmem oughghepeHyuanbHuix ypagHeHuil nepeozo nopsoKa

Paccmotpum 3amauy Kommwm nns cuctemsl u3 N auddepeHranbHbIX YpaBHEHUN MEPOBOTO
MopsiiKa

(3.9)

yi = fl(X, yl, yz,---yyn),
¥y = 106 Yq, YooY, (3.10)

HpI/I HaYaJIbHBIX yCJ‘IOBI/ISIX
yl(xo) =Y10- yz(xo) =Yo9 1 Yn (XO) =Yno - (311)

Ecnu BBECTH BCKTOPHBIC 0003HAYCHHS:

y1(X) y1(X)
yn(X) yn(X)
fOY) Yio
Foov) =| 2%V v, =| 20
fn(X’Y) Yno
to 3agada Komru (3.10)-(3.11) B BekTOpHO# hopMe 3amuIIeTCs TakK:
Y =F(xY), Y(x)=Yp- (3.12)

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

O603HaYMM BEKTOP, JOCTABIAIOIINN IPUOIMKEHHOE PEMIEHUE, YePeE3 Y; ~ Y () (i=12,...,m)

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



PaccmoTpuMm umcienHoe pemenue 3agaud  Komm ans cucrteMbl  AudQepeHInanbHbIX
ypaBHEeHUU ¢ moMolibio MeToaa Pynre-Kyrra uerBeproro mopsinka. Bekropnas dopma
anroputMa Metoaa uist 3aaaqu (3.12) coorBercTByet hopmynam (3.6) u uMeeT BUA

Xit1 = X +h (i=12,....m)
h
i =Yi +E(Kl+2K2 +2K3 +Ky),
i (3.13)
K]_:F(Xi’Yi)‘ KZZF(X|+E’Y|+EK1)'

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

kjl

k.
TAC BEKTOPBI  ; - 12| (21234

k in
OneHka mNOrpemIHOCTh MeTOAQ Ha INPAKTUKE OCYLIeCTBIseTcs 1O mnpaBuiay Pynre
ananoruyno (3.7). [lycts

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

- 3HAYEHWs YHCIICHHOTO PEIICHUs B TOYKE X; , MOJydeHHble st mraroB h u h/2
COOTBETCTBEHHO; TOT/Ia MOTPEHIHOCTh di B TOYKE Xj I BRIYKCICHHH ¢ marom h/2 Beipaxkaetcs
NpUOIMKEHHBIM PaBEHCTBOM

{‘yki () -y (h’z)‘}
2P 1

15k
d; (h/2) ~ =0 , (3.14)
e p — MOPSAA0K TOYHOCTH YUCICHHOTo Metoa (p=4).
3.3. YucnenHoe perrenue mudhepeHHaTbHBIX YPaBHEHHHA BBICIINX TOPSIIKOB
3agaua Komm ans auddepeHunanbHoro ypaBHeHHs N-TO TOpsIKa CTaBUTCA TakK: HalTh
pelieHrne ypaBHEHUs

y(n) = f(X, yv y'1 y”r"'ﬁy(n_l)) (3'15)

IIPU HadaJIbHbIX YCIOBUSIX
YO0) = Yo Y0 = Yo v Do) =y, (3.16)
3amaua Komm (3.15)-(3.16) mns nuddepeHnnanbHOro  ypaBHEHUs N-ro  MOpsiaKa

npuBoaAUTCs K 3anaue Komu 11t cucteM N quddepeHnanbHbpIX  YpaBHEHUH MEpBOro MopsIka
(3.10)-(3.11), k KOTOPOIi 3aTEM MPUMEHSOT YUCICHHBIC METO/IbI PEIICHHS CUCTEM.
Beeznem 0603HaueHUs
=y, 1, = zi, 73 = z'2, ven Ip = Zh—l
U BeIpazuM O¢yHkimio Y(X) u ee mpousBoaHbie 10 (N-1) TOpsaKa BKIIOYHTENBHO dYepes3
BBEJICHHBIC (DYHKIIHH:

' ” n-1
y:zl,yzzz, y:Z3, ly :Zn_

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



zi =1,
z'2 =13
(3.17)
In1=7n
zn = T(x, 2.2y )
IIpHU HAaYaJIbHBIX YCJIIOBUAX
/ n-1
71(Xg) =Yg 2o(Xg) =Yg - Zn(Xg) = y(() ) - (3-18)

IHopsinok BbINOJHEHUSI PA0OTHI:

1. O3HaKOMHTHCS C TEOPETUUECKUMHU CBEICHUSIMHU.

2. BBHINIOIHATH HEOOXOUMBIC PACUETHI.

3. OdopMuTh 1 IPEACTaBUTH PE3YIbTATHI PACUETOB.

dopma npeacTaBieHus pe3yJbTarTa:

PesynbraThl pecTaBUTh B BUjE oTueTa B hopmarte .dOCX.

Kpurepum ouenku:

3aJaHue BBRIIOJIHEHO 0€3 OIOOK — OICHKA «OTIUYHO).

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

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

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



	1 Введение
	2 Методические указания
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №1 «Решение задач из основных разделов высшей математики»
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №2  «Решение простейших задач на вычисление погрешностей»
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №3 «Решение систем линейных уравнений»
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №4 «Решение алгебраических и трансцендентных уравнений»
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №5 «Интерполирование функции»
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №6 «Численное интегрирование и дифференцирование».
	ЛАБОРАТОРНОЕ ЗАНЯТИЕ №7 «Численное решение дифференциальных уравнений»

