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Beeoenue.
Ilonamue o uucnennvix memooax.
Hcmopus pazeumus 4ucieHHbIX Memooo0e.

CoBpeMeHHOE pa3BUTHE HAYKH U TEXHUKH TECHO CBSI3aHO C MCIOJIb30BAaHUEM
OBM, craBumM paboyuM MHCTPYMEHTOM Y4EHOIO, MH)KEHEpa, KOHCTpyKTopa. OBM
MIO3BOJISIET CTPOUTh MaTEMaTUUYECKHE MOJIENIN CIOKHBIX YCTPOUCTB U MPOLIECCOB, IIPU
3TOM PE3KO COKPAaTUTh BPEMsI U CTOUMOCTbh MH)KEHEPHBIX pa3paboToK.

upokoe ucnonpzoBanue IBM criocoOCTBOBANIO pa3BUTHIO BHIYUCIUTEIBHON
MaTeMaTHKu (MpUKIagHOH Marematuku). Kak wu mobas Hayka, MaremaTuka
IpeJICTaBIseT co0o criaB "Kinaccuyeckoi" (TEOpeTHUYecKoil) HayKu U IPUKIIaTHOU
HayKH, B POJIU MOCJEIHEN BBICTYNAET 001aCTh BHIYUCIUTENBHBIX METO/IOB.

B ocHOBE BBIUMCIMTENBHOM MaTEMaTHKU JIGKUT pelIeHue 3ajad
MaTEeMaTHYECKOI0 MOJEJIMPOBAHUS YHCIEHHBIMU MeTogamu. Pemenue 3amad 3TUMH
MeToJlaMHu Ja€T MPUOIMKEHHOE pEelIeHHEe, HO B PsJI€ CIy4aeB 3TO BBITOAHO, TaK Kak
HE BCErJa NPEICTaBISIETCS BO3MOXKHOCTb pa3pelIMTh MaTeMAaTUYECKyI0 3ajady
AQHAJIMTUYECKU, a METOJAbl pEHICHHs HACTOJIbKO TPOMO3IAKA M TPYAOEMKH, TO
MOJIyYEHHOE PEIlIEHNEe CTAHOBUTCS IIPUEMIIEMBIM JJIs1 IPOEKTHOTO MPUMEHEHHUSI.

Pa3paboranHble Ha CErOAHSIIHUNA MOMEHT YHUCIIEHHbBIE METOJIbl NMEePEeKpbUIN
MPaKTUYECKH BCIO KIJIACCMYECKYI0 MaTeMaTHKy MojenupoBaHus. [IpumeHenue
MPUOIMKEHHBIX YUCIEHHBIX METOJIOB BO MHOTHX CiIydasx 0ojee MpearnodYTUTEIbHO
Ja)ke TOrJa, KOIJla W3BECTEH TOYHBIM METOJl pELIEHHs, TaK KaK JOCTaTO4Has
TOYHOCTb U HEOOJIbIIINE 3aTpaThl BPEMEHU NPU HCMONb30BaHMN DBM olecneunBaroT
MIOJIy4Y€HUE [IEHHBIX PE3yJbTaTOB, HE MpUberas K rpOMO3KUM BbIKJIaIKaM.

I'maBHas 3a7aya BBIUMCIUTEIBLHOW MaTeMaTHKHU - (AKTUUYECKOE HAXOXICHHE
pelieHne ¢ TpedyeMoll TOYHOCTBIO, TOTJ]a KaK KjacCHMuecKas MaTeMaTHKa pellaeT B
OCHOBHOM 33/1a4H CYILIECTBOBAaHUS U CBOMCTB PELLICHUS.

BrruncnuTenbHas MaTeMaTHKa Hadajga CBOE Pa3BUTHE JIOCTAaTOYHO JABHO U B
CBOEM JBMKEHHH MPOIILIa TPH 3Tara:

I.  Ilepssrit aTan Havancs 3-4 Teicsauu JeT Ha3aa. OH ObUI CBSI3aH C HECIOKHBIMU
3ajauamMu  apudMmeTHKd, — anredpel M reomerpuu. Hampumep, BeneHue
KOHTOPCKHUX KHWI, BBIYHCIIEHHE IUIOIMIAJied M O0BEMOB, pacueTamMu
MPOCTEHIINX MEXaHW3MOB. BbIUMCIUTENbHBIE CpelCTBA- MalOYKH, MalblIbl,
KaMEUIKU U BepIIUHA- CYETHI.

Il. Bropoii nepuon Hauancs ¢ Heiorona. B stor mepuoj pemanucek 3agauu
aCTPOHOMHUH, T€0I€3UU M pacueTa MEXaHUYECKUX KOHCTPYKLIMH, CBOJSLINECS
aMb0 K OOBIKHOBEHHBIM Ju((depeHIHaTbHBIM YPaBHEHUSM, ambo K



anreOpanyeckuM  CUCTeMaM ¢ OOJBIIMM  YHUCIOM  HEU3BECTHBIX.
Boruucnurensupie  cpeactBa-  TaONMMIBI  3JEMEHTApHBIX  (YHKIUH,
apuMoMeTphl U JIorapupMuIecKue JTUHEHKY.

I1l. Tperuit nmepuon Havancs npumepHo ¢ 1940 roma. TosukoM K pPa3sBUTHIO
NPUKJIAJHON MaTeMaTUKH MOCITYKHJIM BOCHHBIE 3a/1a4, TPEOYIoIne BHICOKON
CKOpPOCTM M peuieHus 3anad. llosiBMIIMCH 31E€KTPOHHBIE BBIYHUCIUTENBHBIE
MaIIUHBI.

B ocHOBY M3ydeHHs U IPaKTHYECKOTO MCIIOIb30BAHUS YUCIEHHBIX METOJIOB
I10JIO’KEHBI CJIEAYIOIINE OCHOBOIIOJIATAIOIINE TE3UCHI:

1. Llenp pacueToB - 3TO IOHUMAaHUE, a HE YNUCIIA;

2. Ilpexxne veM pemaTh 3agady, HEOOXOAMMO NOAyMaTh HaJ NPAaKTUYECKUM
IIPUMEHEHHUEM €€ PEIICHHUS;

3. OBM  MHOroKpaTHO  YBEIMYMBACT  HEKOMIIETEHTHOCTb  BBIUYMCIIUTEIS
(umxenepa). Jlo mnpousBoacTBa BeuMciaeHUW Ha OBM  HeoOxomumo
NPEICTaBIATh (PU3UYECKYI0 CYIIHOCTh IIPOILIECCOB, KOTOpPBIE HHKECHEP
MOJIETIUPYET € TIOMOIIIbIO porpammsl Ha DBM.



Humepnonayua ¢pynxuuil.

[lepBsiit aTan paboOThI TFOOOTO BEIUKUCICHHUS - YU CIIA, IPUOIMKEHHUS,
MOTPEIIHOCTb.

Bropoii aTan paboTe! - GyHKIHS, BerYKcIeHus GyHKINH, €€ mpubanxeHus. B
Kpale O HHTepHoJsiuu. VHTepnossmus B MPOCTEUIIEM Cllydae 3aKI04aeTcsl B
CIIC/IYIOIIEM:

CymiecTByeT Kakas-To QyHKIUS, HAa HEW 3aJaHbl TOUKH (Ha3bIBAEMbIC Y3JIaMU
WHTEPIOJISINH ), TPEOYETCS TOCTPOUTD (MHTEPIOJUPOBAHHYIO) QYHKITHIO, KOTOpast
MpUHUMAJIA Obl B yKa3aHHBIX y3JIaX T€ e 3HAYCHHUS.

Hurepmompyronad &-mmt

ITocTanoBKa 3aJa4M.

Ha otpeske [a, b] 3a/laHbl N 3HAUYEHU apryMeHTa X U COOTBETCTBYIOIIME UM
snauenus pyukimn f(Xo)=Yo; f(X1)=y1, ..., f(xn)=Yn.

Tpebyetcst moctpouts GyHkimoo F(X), koTopas Obl MPUHUMATA B TOYKAX X TE
e 3HaueHwus, uyto u f(x):

F (X0)=Yo; F (X1)=Y1... F (xn)=Yn

Jns gero?

Jlst Toro, 4TOOBI:

1. 3amauya unTepnomsnuu. CyMeTh MO MOMY4YeHHOH (YHKIIUU BBIYHUCIHUTH
3HayeHus F(z), rme z€ [a, b],

z# X mpu 1=0,n

2. 3agaua skctpanonsauud. CymMeTb MO MOMY4eHHOH (YHKIHUU BBIYUCITHUTH
F(z),rne z¢ [a, b].

Bce cymectByromupe WHTEPHIONSIIHOHHBIE (OpMYINBI  coaepkar B cebe
KOHEYHBIE PA3HOCTH PA3ITUYHBIX MOPSIIKOB.

BBenéM noHsTHE KOHEYHBIX Pa3HOCTEN.

Koneunbie Pa3HOCTH PA3JIMYHBIX IOPAIAKOB.

[Mycte: y =f(X) - 3anannas GpyHkuus
Ax = h - puKcupoBaHHas BETMYHHA PUPAICHUS apTyMEeHTa



Torma Ay =Af(x)=f(x+Ax)— f(x) - Ha3blBaeTCd NEPBOl KOHEUHOU
PasHOCTBIO (PYHKIUH Y, WK KOHEYHON Pa3HOCTHIO MEPBOTO MOPSIIKA.
AY = Yig — Y,
Ay = ALT (x+ AX) = F ()] = AY,., — Ay, =

=[f(X+2AX) — T (X+ AX)]-[T (X +Ax) — f (X)] = T (X +2AX) =2 (X + AX) + T (X)

Bropas koHe4YHast pa3HOCTb, WM KOHEUHAsl Pa3HOCTh BTOPOT'O MOPS/IKA.

Ny = A[ALf (x +Ax) = f(O)l] = Ay, — Ay, = ALf(x +2Ax) = 2 f (x + Ax) + f(x)] =
=[f(x+3Ax)=2f(x +2Ax) + f(x + Ax)]=[f(x +2Ax) =2 f(x + Ax) + f(x)]=
= f(x+3Ax)-3f(x+2Ax)+3f(x + Ax)— f(x)

TpeThbst KOHEUHAS PAa3HOCTb, WM KOHEUHAs! Pa3HOCTh TPEThEro MOopsIKa.
T.o., B 00O1mIEeM BHJIE:

Any — A(An+1y)
KoneuHas pa3HOCTB N-TO MOPSIKA.
Hpumep: y = f(x)=x’ Ax =1
Ay=f(x+Ax)— f(x)=(x+1)° —=x> =2x+1
Ny=(x+2)-2x+1) +x* =x" +4x+4-2x" —4x—-2+x" =2
ANy=(x+37-3(x+2) +3(x+1) —x" =
=x"+6x+9-3x> —12x—-12+3x> +6x+3-x" =0
KoHeuHble pa3HOCTH pa3IMuYHBIX MOPSIKOB yIoOHO pacmojaraTh B ¢opme
TaOJIUI] IBYX BHUJIOB: TOPU30OHTAIBHON U JMArOHAIBHOM TaOJIUI] pa3HOCTEH

X y Ay Ny Ny
Xo Yo Ay, Ay, Ny,
X1 Y1 Ay, Ny, Ay

JlnaroHasnpHas TabJIMIa pa3sHOCTEHl.

X y Ay ANy ANy
Xo Yo

Ay,
X1 Y1 Ny,

Ay, Ny 0
X2 Y2 Ny,

Ay,
X3 Y3




ITpumep:

2
ropu3oHTanbHas Tabumna Gyakun Y = f(X) = X° npu
Ax =1, Xo = 0 HayaJILHOE 3HAYEHHUE, Xg=5 KOHEUHOE 3HAUCHHE

X y Ay Ay Ay
0 0 1 2 0
1 1 3 2 0
2 4 5 2 0
3 9 7 2
4 16 9
5 25
JImaronaabHasi TabJamua
y Ay Ay Ay
0
1
1 1 2
3 0
2 4 2
5
3 9
[Ipu cocraBmeHun TaOJUIl BO3MOXKHBIE OINMOKM  BBIYUCISIIOTCA U

JuaroHajibHas Ta6JII/II_Ia HarJiiJHO ITIOKAa3bIBACT HaM, KaK OTPa3UTCA omubka & B

3HA4YCHUHU Yh.

x v Ay Ny Ay A'y
X4 Vs
AV, 4
X3 Y3 AZ)’,H;
Ay, 5 A3y -4
) V2 Ay, Ay, +§
Ay, Ay, s+
X Yu Ay, +E Ay, s —4
Ay, +& Ny,,—3
Xy Y, +& A2yn71 2§ A4yn72 — 6§
Ay, - & Ny, +3
Xt Vet Azyn +& A4yn71 —48
AV, A3y » &
X2 Yo Ay, A'y, +§
AV, Ay,
X3 Y3 Azymz
A,
X4 Ynia
CﬂeﬂyeT 3aMCTUTh, YTO MaKCHUMaJIbHad omnokKa Aky — B TOH ke

FOpI/ISOHTaHBHOﬁ CTPOKE, TAC U TaONIMYHAas BeINYMHA Yn.




ITpumep: ucnpaBuTh OMKOKY B TaOIHIE (HEBEPHBIC IU(PHI B3SITH B CKOOKH).

X y Ay ANy Ommbka
15 13,260 0
884
16 14,144 0
884
17 15,912 0
884
18 15,028 (-4)0
88(0)4
19 16,79(2)6 (8)0 £
88(8)4
20 17,680 (-4)0 -2
884
21 18,564 0 €
884
22 19,448 0
884
23 20,332 0

Kak BugHO W3 TaOMUIBI, XOJl BTOPHIX pa3HOCTEH Hapymaercs mpu X=19.
Ommbka pacrpocTpansiercs Ha 3 crTpoku. Haxomum cpemHee apupmeTHueckoe
3HA4YE€HHE BTOPOU pPa3HOCTH VISl CpEIHEN 13 3 TOUEK:

1073

1
ANy, = XP4+8—4}:Q:38:Exm—00mﬂ:—QMM
Buocs HCIIpABJICHHUC B Ta6J‘II/I‘{HOG 3HAYCHHUC y JJIA X:19, MMOJIy4YUM BCEPHOC
3HAYCHHUC Q)YHKI_II/II/IZ
yn=(ynt+ &)- £=16.792-(-0.004)=16.796.

IlepBas unTepnoasiuuonnas ¢popmysia Herorona.

IMycte mis Gyakuuu Y=Ff(X) 3amanbr 3nauenus Yi=f(Xj) 111 paBHOOTCTOSAIIMX
3HAUYCHUIT HE3aBUCUMOM mepeMeHHor X;=Xo+i*h (i=0,n) , rae h - mar uHTEpIONSALNY.

Tpebyetcst momobpath moiuHOM Pr(X) cTeneHn He BbIiie N, MPUHAMAOIWN B
Toukax Xj 3HaueHus Pn(xj)=y; (i=0,n)

HbIOTOH pemiui mocTaBICHHYIO 3a1a9y:

-1 -1)..(g—n+1
0D 2y, 60D Q04D g,

Pa(X)=Yyo+q A y+

X — Xg
h

Ota popmMyna Ha3bIBaeTCs EpBOM MHTEPHOIALMOHHON opmynoit Heto-ToHa.

rae q=




KakoB  ¢Qu3myeckuii  cMbIc ~ WMeeT TEepeMeHHas ( B  TEpBOM
MHTEPHOJAIMOHHON opmynoit HeroToHa.
W w+h 0+ - x
X — X Xg +kh—x
a=" O =|x=xp+kh="2"—"-7C - 0 =k,

rae K - gucno maros, HEOOXOAMMBIX JIJISl JIOCTHXKEHHS TOYKU X , UCXOJS U3
TOYKH Xo.
PaccmoTpum wactHble cirydan N=1 uam N=2:
n=1 P1(X)=Yo+q A Yo — IMHEIHOE UHTEPIIOTUPOBAHKE
-1
n=2 P2(X)=Yyotq A Yo+ —q(q I ) A %yo-napaboimdeckoe

2!

(KBaipaTUIHOE)

MHTEPIOJINPOBAHUE
[Ipumep: HEOOXOAUMO MOCTPOUTH WHTEPHOJSAIMOHHBINA MonuHOM HproTOHA

1
11 GYHKLUY Y= — Ha OTpe3Ke [4;8] ch=1
X
X | 4 | 5 | 6 | 7 | 8

Y | 0.25 | 0.2 |

I'opu3oHTa/ILHAS TA0HIA PA3HOCTEN,

X y Ay A’y A%y A’y
4 0.25 -0.05 0.017 -0.008 0.005
5 0.2 20.033 0.009 20.003

6 0.167 20.024 0.006

7 0.143 20.018

8 0.125

T.0., mpu HaAIMYUK S5 TOYEK MAKCHUMAJIbHBIA TOPSIOK CYIIECTBYIOLIEH
KOHEUYHOH pa3sHOCTH =4, MaKCUMaJbHas CTEIIEHb MMOJIMHOMA =4.

q(qZI— D a2y, 900 132|(q =2) A3y

P4(X)=Yyo+q A yo+

-1)(g-2)(q—3
+90=0(a=2)@=3) 4,
4
Kak mons3oBatbest hopmysnoit?
JomyctuMm, He0OXO0AMMO ONIPENETUTh 3HAaUeHHE B Touke X=4.4




VY350Bbie TOukH Xp=4, h=1,Torma q= X _hxo = 4’41_ 4 =0,4

P, (4,4)= 0,25+o,4-o,05+%‘0'6).0,017+ 04-(- 0’5)' (16) (_0.008)+

L 04 (-0,6)-(-1,6)-(—2,6)
24
Tounoe 3nauenue =0.22727.

0,005~ 0,22468

Bropas unTepnojasiunonnas ¢gpopmy.a Herorona.

[lepBast nnTepnonsonHas ¢opmyna HploToOHA mpakTUYecKH HEYJOO0HA JUIs
MHTEPHOJINPOBAHUS 3HAUCHUH BOMM3M KoHIA Tabiumbl. B 3TOM ciaydae 0OOBIYHO
IpUMEHSIETCS BTOpasi UHTeprosuonHas Gpopmyna Herorona.

-1 +1)...(g+n-1
P (=Yt A Yo s q(q2| ) g2y 90+ n(Iol ) ATy,
XX,
1=
[Ipumep: y=sin X xe l300 ;550J ,h=5
I'opuszonTagbHasi Ta0IMIA PAa3HOCTEM.
X y Ay A%y Ay Ay A%y
30 0.5000 0.0736 -0.0044 -0.0005 0 0.0002
35 0.5736 0.0692 -0.0049 -0.0005 0.0002
40 0.6428 0.0643 -0.0054 -0.0003
45 0.7071 0.0589 -0.0057
50 0.7660 0.0532
55 0.8192
[pumep: Oteimem sin(51 °), x,=51, x=50°, q=0.2
sin(51°)= P, (51)= 0,766+ 0,2.0,0589+ 2222 (_0,0054) + 221222 (g g005) 4
.02 '1’22'42’2 32 o 0,7660+0,01178—0,00065—0,00004+ 0 = 0,77709

Kak nepsasi, Tak u Bropast opmyna HproToHa MOKeT ObITh UCIIOJIB30BaHA IS
AKCTPANOJIUPOBAaHUS (PYHKLIMH, T.. JJISl HAXOXKICHUS 3HaueHUN (QyHKUUU Y JUIs
3HAYEHUH apryMEHTOB X, JIEXKAIIUX BHE MPEesIOB TaOIHUIIbL.

Ecin  X<Xp, TO Jy4llle NMPUMEHATh NEPBYIO WHTEPHOSAIUOHHYIO (DYHKIHIO
Herotona.

Eciu  X>Xg TO jdydile MPUMEHSTh BTOPYIO MHTEPIOJSILIMOHHYIO (DYHKIHIO
HerotoHa.

T.e., 1WM®H wucnone3yercs Ui  WHTEPHNOJHMPOBAHUA  BHEPEN H
JKCTPANOIMPOBaHUS HA3al.

2 NU®H wucnonp3yercs A MHTEPIOIUPOBAHUSA HA3aJ U SKCTPAIIOIUPOBAHUS
BIIEPE.




Kak BugHO U3 dhopmyin | 1 2, mpu MHTEPIIONALIUHN UCIIONB3YETCS PA3HOCTHU: B
IUOH A"y, Bo 2UDH A ¥y .

Ho cymectBytoT ¢opmyiibl, Ha3biBaeMble (POPMYIIBI C IICHTPATbHBIMU
Pa3HOCTSMH, K HUM OTHOCSITCSL:

- HN® I'aycca
- N® Crepaunra
- N ® Bbeccens,

KOTOPBIE HCIIONIB3YIOT Pa3HOCTH, PACTIOIOKEHHBIE B TOPU30HTAILHOM CTPOKE
JMarOHAIBHOM TaOIUIIBI, COOTBETCTBYET HAYAJIbHBIM 3HAYEHUSM X, Yk WJIM B CTPOKaxX
Onu3IekKAIIUX.

Ho Bce 3Tu popmyiiel pabOTaIOT TONBKO AJIS TOCTOSIHHOTO II1ara.

Heo6x0a1Mo 0TMETUTH clemytoliee:

IpU TOCTPOSHUHM HMHTEPIOJSUMOHHBIX (opmyn HploToHa B KaudecTBe
HAayaJdbHOIO 3HA4YEHHMsA X, BBIOMpaeTcs MEpBbIil WIA TIOCTEeIHUN  y3en

WHTEPIIOTMPOBAHUS; IJISl IICHTPATBHBIX (POPMYIT HAYAITBHBIN Y3 SBJISICTCS CPETHUM.
[Tpu |q| <0.25 npumenstor popmyny Crupnunra, a npu 025<g<0.75 -
beccens.

I1®H u 2UDH npumeHsroT Toraa, Korjia MHTEpIoIMpPOBaHUE TTPOU3BOAUTCS
B HayaJie WM B KOHIIE TaOIHIIbl U HY)KHBIX LIEHTPAJIbHBIX Pa3HOCTEN HE XBaTaeT.

OO0masi XxapakTepuCTHKA HHTEPNOJIAMOHHBIX
(hopMyJI ¢ IOCTOSTHHBIM LIATOM.

MoskeT ObITh TIPE/ICTAaBIICHA B BHJIC TUArOHAILHOW TAOJIMIIBI Pa3HOCTEH:

X y Ay A 2y A 3y Ay llpumeuanue
X Y2 A 2y.3 A 4y.4 2-9 UOH

A Yo A 3y_3
X1 Y1 A%y A'Ya

A Vi A 3y_2
Xo Yo A 2y_1 A%y ¢. Cmepnunea

A Yo . Ay, . ¢. beccens
X1 A AY.
Y1 " Yo X7 Y1

X2 Y2 A 2yl A 4yo 1-a UDH

MBI paccMOTpenH WHTEPHOJSALMOHHBIE (GOPMYIIBI Ui PaBHOCTOSIIUX Y3JIOB
MHTEPIIOINPOBAHUS.

Paccmotpum bopmyIbl I E: IIPOU3BOJILHO 3aJIJaHHBIX y3JI0B
MHTEPIIOINPOBAHUS.

Haubonee yacto ucnonssyercs popmyna Jlarpanxka.

HNurepnonsunonnas ¢popmyiaa Jlarpanxka.
[Tycte Ha otpeske [a@;b] manbr N+1 pa3nuuHbBIX 3HAYCHUH aprymeHTa X: Xo,

X1,..., Xn M WU3BECTHBI COOTBETCTBYIOIME WX 3Ha4YeHUI0 QyHkiuu y=Ff(X) : f(Xo)=Yo,
f(x1)=y1, f(Xn)=Yn. TpeOyercs mocTpouTh MONMHOM Ln(x) CTENEHH HE BHIIIE 71,




UMEIOIUH B 33laHHBIX Y3/1aX X,...X, T€ )K€ 3HaueHus, yTo U QyHKuus f(x), T.e.
Ln(xi)=yi npu i=1,n
L (x) = Zn: o (X X0) (X=X ) (X = X g ) (X = Xjg1)--(X = X )
nXi)= 2.Yi
izo (% =%0)(Xj = %1)-.(Xj = Xj_1)(Xj = Xj11)---(Xj = Xp)

L (M (x) = (X = Xo)(X~ Xl)--,-(x — Xi—1)(X = Xjy1)..(X=Xp)

(Xj =X0) (i =X )--(Xi = X 1) (Xj = Xj1)--(Xi = Xp)
rae Li™- koa(urmentsr Jlarpanxka.
Cnenyer OTMETUTb, €CIHM Y3Jbl PAaBHOCTOALINE, TO HHTEPHOJISIUOHHBIN
nonrHOM Jlarpanska coBmagaeT ¢ HHTEPIOISAIIMOHHON opMynioit HeroToHA.
[IpumeuaTenbHO TO, uTO opmyna JlarpaHxka 3aBUCHT JUIIb OT Yj, a HE OT
pa3HOCTEH.

YacrHble ciyyau.

n=1
X=X X=X
1 +yp X 0
Xg — X1 X1 — Xo
[Tpu n=1 umeem 2 touku: (Xo;yo) ¥ (X1;Y1).

npsiMasi, IPOXOJISIIas Yepe3 TH TOUKH-
X=X X=X
1 +yp X 0
Xo — X1 X1 — Xp

Ly (X) = yo x

Ly (X) = yo x

n=2 (Xo;Yo), (X1;y1), (X2:y2)
Ly (X) = y(x) = yo x XXX =%2) o (X=X0)(X—Xp)

(X —x)(Xg—Xp) ~+ (¥ —Xg)(Xq — Xp)
(X = Xp)(X = X1)

+ Y, X
i (X2 = Xp) (X2 — X1)
[Tpumep
l X y
0 0 5
1 1 3
2 2 12
3 5 147
Ly(X)=yg % (X =X )(X = X, )(X = X5) ey, x (X = Xg) (X = X5 )(X = X3)
(Xg =X )(Xg = X5)(Xg = X3) (g~ X)Xy — Xp) (% ~ X3)
by, (X=X ) (X = X )(X = X3) (X=X ) (X=X )X = X5)

X + Yq X
(%) = Xg)(Xy = X))(Xg = Xg) 2 (Xg = X{)(Xg = Xo)(Xg = X3)
L(X)=X°+x2-x+2



yIOOHO  COCTaBISTh

I[HH BBIYHCJICHUA JIarpaH>XEBbIX IIOAMHOXKECTB
CJICYIOIYIO Ta0JIUIly PA3HOCTH:
X-Xo Xo-X1 Xo-X2 | .l Xo-Xn
X1-Xp X-X1 X1-Xo | X1-Xn
X2-Xp X2-X1 X-X2 | X2-X1
Xn'XO Xn'Xl Xn'X2 ..... X'Xn

O003Ha4MM TIPOU3BEJICHUE IEMEHTOB I-01 cTpoku uepe3 D, a mpousBeneHue
rinaBHoOU auaroHanu I[1n+1(X). OTcrona ciieayer, uro:
T +1(X)=(X-X0) (X-X1)..... (X-Xn)
1Ty 41(X)
n .
L (x) = 1 A2 npu i=1,n
[
=i
Ln (X) = 17511(X) X ZE
=11
JIns ynporieHusi BBIYUCICHUH MOXKHO HCIOJIB30BaTh WHBAPHAHTHOCTD (TIPH

PaBHOOTCTOSIIUX TOYKAX JIArPAHKEBBIX KOA(D(DHUITMEHTOR),eCITn
X= at+b
X;= atj+b npu j=0,n
1o Li"x)= L")

CxeMa JHiTKeHa

Yame Bcero tpeOyercsi HallTu He oOiee BeipaxkeHHe Ln(X) , a 3HaueHHe ero
IIPU KOHKPETHBIX X , Torja OyAeT y100HO MOJIb30BATHCS MHTEPHOIALMOHHON CXEMO

OUTKeHa:
TTocienoBaTenbHO BHEIUUCIAIOTCS MHOTOUWIEHEI:

1 Yi Xi—X
Liiva(X)=———x
Xit1 = Xi Yit1 Xip1 =X
1 I-i,i+1(X) Xj — X
Liisgiv2(X) = ————x
Xie2 =X Liggiv2(X)Xj 2 — X

Liistiv2(X) X —X

1
Liistiv2i+3(X)= VI
1+3 ' I—i+1,i+2,i+3(x)xi+3 —X
nuT.ao.
1 Liivg,.. n-1(X)x; — X

Lijiv1.n(X)=——x
" Xn =X Ly n(X)  Xp—X



Beruncnenus mo cxeme DTKeHa yIOOHO pacIioIOKUTh B TaOIHUIIE:

Xi Yi Xi-X Livi Lioia,i Lisi2,i-1
Xo Yo Xo-X Loz P Lo123
X1 Y1 X1-X Lio Li23 L1234
X2 Yo Xo-X Los L234

X3 Y3 X3-X L3s

Xa \ X4-X

Breruncnenuss mo cxeme DWTKeHa OOBIYHO BEOYTCS 1O TEX IMOp, IOKa
nocienoBaTenbHbie 3HaueHUA Loi. n(X) ¥ Loi .np+1) HE cOBHAZyT MO 3aJaHHON
TOYHOCTH.

T.e. mpouenypa sBISETCS HWTEPALMOHHOW, JIETKO pPEAIU3yeTCd MW JTHUM
obecrnieurBaeT BO3MOKHOCTh aBTOMAaTHIECKOTO KOHTPOJISI TOYHOCTH BBIYUCIICHHIA.

[Tpumep: x=27, £=0,1
i Xi Yi Xi-X Li-v,i Li2,i-1,i Li-3,i-2,i-1i Li-4,i-3,i-2,i-L,i
0 14 68,7 -13 48,33 49,38 49,31
1 17 64,0 -10 49,71 49,26
2 31 44,0 4 48,90 48,21
3 35 39,1 8 50,46
4 40 32,0 13
X, — X 68,7 -1
Lo (X) = 1 Po %=X L —48.33
X=X |¥Y1 X—X 3|64 -10
X, — X 64 -10
L, (x) = 1 P 67X 1 — 49,71
X2 - X]_ y2 XZ —X 14 44 4
X, — X 44 4
L, (X) = 1 . Yz ? = 1 =489
Xg—X, |Y3 X;—X 41391 8
X, — X 391 8
Loy (X) = 1 e XX L = 50,46
=X Y, X,—X 5|32 1
L X, — X 4833 -1
Lop (X) = 1 o X=X _ 1 — 49,38
X, =X, |Lip, X, —X 17 4971 4

|Loro (X) — Loy (X)| = [49.38 - 48.33 = 1.05 > £ = 0.1



l I—12 X]_ —X 1 49,71 —10
Lips (X) = =—"
Xs—%X |L,s X;—X| 18 |4890 8
|Lip(X) — L, (X)| =49.26 —49.71| = 0.45> £ = 0.1
489 4
Lt () = — -1 = 4821
Xy — X, 9 150,46 1
|Lyas (X) — Lyg(X)| = [48.21 - 48.90| = 0.69 > £ = 0.1
4938 -1
Loios (X) = 1 = i =4931
X3 — X, 21 4926 8
|Lo123(X) — Lora (X)| = [49.31-49.38/ = 0.07 < £ = 0.1
L(27) =49.31

‘ =49,29

L, X,—X
L, X,—X

I-012 Xy —X

Lips X3 =X



®opmyiia HbroTOHA 17151 HEPABHOCTOALIUX Y3J10B
Pa3nenénnbie pasHoCTH

Ecnu B Tabnuiax BCTpeyaroTCss HEPAaBHOOTCTOSIINE 3HAYCHUS apIyMEHTa, T.€.
TaOJIUIBI C HEPEMEHHBIM LIarOM, TO BBOJST HOHATHE Pa3AeIEHHBIX Pa3HOCTEH.

Ilycts pynkuusa y = f(x) 3anaHa TabIn4HO, T1E

XXy, X,y... - 3HAUEHHS apTyMEHTa

YVos Vi»Vy... - 3HAUCHUS QYHKIIUU

Ax, = x,,, — x, # const

Yin = Vi .
OTHOLIEHUSI [xl., le] = ~H—=L - pa3jieaéHHas Pa3HOCTb MEPBOTO TMOPAIKA
X =X
[xm > xi+2] - [xi’ Xivl ..
[x,.,xm, o | = - pasenénnas pasHocTh
Xivg =X
BTOPOI'O MmopsAaaKa
_ [xi+1""xi+n]_[xi""‘anfl] .
Xy Xppsee- Xy, | = N - pasnenéuHas
l

i+n
Pa3HOCTh 7 -TO MOpsAIKa
Paznenénnpie pazHocTH ymoOHEE BCEr0 paccMaTpuBaTh B TaOJHIE - TAOIUIS
pasHocTen

X y Pas3nenénnble pa3HOCTH
1-ro 2-T0 3-ro 4-ro
Xo Yo
[xox ]
X1 B4 [xo,xl,xz]
[xl,xz] [xo,xl,xz,x3]
X3 Y [xl,xz,x3] [xo,xl,xz,x3,x4
[xz,x3] [xl,xz,x3,x4]
X3 Y3 [xz,x3,x4]
[
Xy Vs

HNuTtepnonsiunonnas ¢popmya HeroToHa 1J151 HepaBHOCTOSIIMX 3HAYEHUI
aprymeHra

Hano x,,...,x, - 3HAYEHUS apryMeHTa

Vgseees ¥V, - 3HaUCHUS QyHKIUH

ATpPOKCUMHUPOBaTh TAaOJIMYHO 3aJaHHYIO (DYHKIUIO MOJMHOMOM MOpSIKa HE
BBIIIIE 7

P(x)=y, +[x0,x1](x—x0)+[x0,x1,x2](x—xo)(x—x1)+...

+[x0,x1,...,xn](x—xo)(x—xl)...(x—xn)




ITpumep:

X y 1-ro 2-T0 3-ro
0 1,450
1,127
15 3,140 -0,098
0,795 -0,012
3,4 4,650 -0,18
-0,159
6,8 4,110
_Vi—Ye _314-145
o ]= X —-X  15-0
e
[, %, ]-[x, %] 0795-1127
[Xo’Xv Xz]: =
X, =X, 34-0
s
3 1
(0. %%, 5] = [X0, %5, X5 | = [Xo, %0 %, | _—018+0,098
X3 — X, 6.8
x=2

P(2) =1,45+1127-(2-0)—-0,098-(2-0)-(2-15) -
~0,012-(2-0)-(2-15)-(2-3,4)~ 3,623

Horpemnocts popmy.ibl HeroToHA 1)1 HEPABHOCTOAIIMX Y3J10B
(n+1)
R(x) = max " (x)
(n+1)!
(n+1)
R = (0= P =S e = ) -,)

rae & - IpoMexyTOo4HOEe 3Ha4eHHE MEXy TOUKaMH X,...X, U X

(x=x)(x=x))...(x —x,)

HNuTepnonsiuus cniaikamu

Hansl: [a,b], pa30UTHIi Ha pa3sHble OTPE3KH C Y3JIaMH X, X;...X,
X, =x,+ih
Y COOTBETCTBYIOLINE UM 3HaueHUs QyHKIMH Y, V;... ),

ComaiikoM  Ha3bIBaeTCs (I)YHKL[I/IH, KOTOpast BMECTC C HCCKOJBbKHUMU
IMPOU3BOJHBIMU HCIIPCPbIBHA HA 3aJTaHHOM OTPC3KC [a,b], N Ha KaXXIO0M 4aCTHYHOM




oTpe3ke  [X,,X,,] B OTHEIbHOCTH SBISETCA HEKOTOPHIM  aJIreOpandyeckum
MHOTOYJICHOM, PUYEM CTEIIEHH MHOTOUYJICHA Pa3IHYHBI.

Crenenb cruiaiika - MaKCUMaJIbHAs CTENIEHh MHOTOYJICHA.

Hedekr cmmaiika - pa3HOCTh MEXKAY CTENEHBI0 CIUTAiKa H TIOPSIKOM
HaWBBICIIEH POU3BOIHON Ha OTpe3ke [a, b].

Ha npakTuke mupokoe mpuMeHeHHE TOTYIHIN KyOMYeCcKHe CIUTaiKH.
('xi+] —x)2(2(x—xl.)+h) n (x—xi)2(2(xi+] _x)+h)

Si(x)= e Yi e Via T
MU e

m; = S3/ (x;)

mi+1 = S3/ (xi+])

TakuMm 00pa3oM Il HMHTEPIIOIAIMU CIUTAMKaMH, HEOOXOJMMO 3HAaTh HE
TOJIbKO 3HaueHUsl QYHKIIMH B TOUKaX Z W i+ 1; a emeé u uX mpou3BOIHBIC

m, = S;(x,) - HAKIIOH CIUIAKa
Kaxk 3agaércsd HakiioH crianka?
1. YopouéHuslii criocod

4y —y, —3
m, = Vi ;’Z Yo
— Via =i —1
! 2h
m. = 3yn _yn—2_4yn—1
" 2h

2. Bcnu u3BecTHBI 3HAYEHHUS Y| => m, =y,

3. 'moOanpHbIHI

m :fo/
mn = fn/

3f., — 1
m_, +4m, +m,, = —(f’“h Ji1)

Cnnaiiku sBIstOTCSA Hanbosee yIOoOHBIM CPEICTBOM alpOKCUMALMK (QYHKIUI
Ha HeOONBIINX MPOMEKYTKaX, TO €CTh 1 >> 0.

[Tpu anmpkcumanuu (QyHKIUNH HHTEPHOJSLIUOHHBIMU MHOTOWIEHAMH MOXHO
oTpebOoBaTh OYEHb BHICOKON CTENEHU MOJMHOMBI, TOTJa KaKk pa30UeHus Ha y4acTKH,
coJiepKallliX HECKOJbKO y4YacTKOB, MpaBla MpH ITOM B CaBKE JBYX MHOIOYJICHOB
nepBasi MPOU3BOAHASI TEPIUT Pa3phIB.

MHuoro4/ienbl YeObliena
OcoOeHHOCTh ~ MHTEpHOJSANUM  (QYHKIMM  MHOrowieHamu  YeObleBa

3aKJIIOYAETCSl B TOM, YTO MPUBEAEHHBIC MHOTOUJICHBI MUHUMHU3HPYIOT MaKCUMATHHYIO
norpemnsocts [—1;1]



Tiy(x)=1
Ty(x)=x
T,(x)=2x" -1
T,(x)=4x> - 3x
T,(x)=8x"-8x" +1
T, (x)=16x" —20x + 5x

Bp10op y3/10B HHTEPIOJIUPOBAHUS

Ha mnpaktuke M®H oOpeiBacTcs Ha wWieHaX, COACp)KAIIUX PA3HOCTH B
npeesnax 3aJaHHOi TOYHOCTH. B 3TOM citydae octaTouHbIi wieH fga 2uHo:

q(g+1)...(q+n)

R (x)=~ A"y, - 2UOH 1
q(q=D..(¢=n) ..

R (x)= ()] A"y, - IN®H (2)
X, <x< X, f”+l(x)|

R, (x)~— (11 1)] |17n+1(x)| - Jlarpamx 3)
X, <x< X, f"+l(x)|

R (x)= (x=x)(x=x,)...(x—x,)

(n+1)!
11, =(x—xy)(x—=x)...(x —x,)
AHaM3Upysl TOTPENTHOCTH HMHTEPIOISIMOHHBIX (DOPMYJ, MOXKHO CHENaTh
CHEAYIOIINN BBIBOJI:
1. OcraTouHble YiIeHbI 3aBUCST OT BEIOOPA Y3JI0B MHTEPIIOJIUPOBAHUS:

Wn@=q="""

(2) 11, =(x —x)(x —x))..(x —x,)
2. B mepBbIX OBYX (GopMyliax BHIOHU3MEHHTH YTO-JIMOO CIIOXKHO, HOO camo
yCJIOBUE 03HA4aeT PAaBHOOTCTOSILUE Y3JIbI.
3. B dopmyne Jlarpamka MOXHO BbIOMpath y3ibl. [Ipu HeymauyHOM BBIOOpE
Y3JI0B UHTEPIIOJMPOBAHHS NOTPEITHOCTE R, MOXKET OBITh OY€Hb OOJIBIION.

[a, D] ecin CKOHLIETPUPOBATH OKOJIO OJHOTO U3 KOHLIOB, TO [/ ,, >>0

PanyionansHbIi BBIBOJ Y3710B, YTOOBI NONMHOM /7 , (X) HMMeNn HauMEHbILIEE
MaKCUMaJIbHOE 3HaUeHHE MO a0COMIOTHOM BETWYMHE Ha OTpe3ke [a,b] => “HammeHee
OTKJIOHWJICS OT HIpcs Ha [a, b].

DTa 3a/1aua pemmnmMa pycCKuM MaTeMaTukoM UeObIeBbIM

b+a b-a
X, = + €
2 2
2i+1 o —
Tne & =—CoS —— T, i= 0,7 => 910 y31b! [lonunom Yebbimesa 17, (x)
n+

b _ n+l
|Hn+1(x)| S 2( 4 aj



Ot Y3JIbl HCPABHOOTCTOAMIUC, a4 CI'YIIAIOTCA OKOJIO KOHIIOB OTPE3Ka.
OﬁpaTnoe HHTEPIOJUPOBAHUE AJIAA PABHOOTCTOSAIIUX y3JI0B

3amaga OOpaTHOTO WHTEPIOIMPOBAHUS 3aKIIOYACTCS B TOM, YTOOBI IIO
(GyHKIMU y HAWTH 3HAYCHHE apTyMEHTa X .

[Tpenmnonoxum, 4ro f(x) MOHOTOHHA W 3HAYEHHE ) COIEPIKUTCS MEKIY
Vo=f(x,) m y, = f(x;). 3aMeHsAA y HMHTEPHOIALUMOHHBIM nonuHOMOM HproToHa,

HUMECCM:
Ay, Ay 'y
y=f =yt a5 gD (g =D (g —n+ D)

2 x= Xy +qh, rac g 4YucCio 1maros, H606XOI[I/IMBIX I AOCTUKCHUS TOYKH

X , MCXOJA U3 TOYKH X, .

n

- A A
g=g(g) =220 =20 g1y =2 gg-1). (g-n+1)

Ay,  2!Ay, n!Ay,
3a HayaJIbHOE NPUONIMKEHNE TPUHUMAEM:
_r=n
9 Ay,

HpI/IMeHﬂﬂ MECTO/ HTepauHH, HOJIquM:
q, = (p(Q[*l)
HTepaHHOHHBIﬁ IMponeccC, OCTaHABJIIMBACTCA, KOIr'lia

G — 4| <& mrorma g~ g, => x=x, +qh

IIpumep:

3anano Y =15. Onpenenuth X ¢ TouHOCThIO & =0.1
X Y

4 11

6 27

8 50

10 83

y=15 y,=11

["opuzoHTanbHast TabauIa pa3HOCTEH:

X y Ay Ay A’y
4 11 16 7 3
6 27 23 10

8 50 33
10 83

Y=Y _15-11_4 55

b= Ay, 16



v AYo 2% Ay i 3k Ay, 2.16
_0.25:(0.25-1):(025-2) ;o
6-16
|0, — 0| =0.28-0.25/< 0.1 = q=0.3
Torma

X=X, +0q-h=4+0,3-2=4,6
O0paTHOe MHTEPNIOJUPOBAHME /IJI51 HEPABHOOTCTOSIIIIUX TOYEK

3anaya oOpaTHOrO MHTEPIOIUPOBAHUS TS CIy4ast HEPAaBHOOTCTOSIIUX TOUYEK
HEMOCPEACTBEHHO MOXET OBITh pellleHa C MOMOIIbI) WHTEPIOSIHUOHHON (HOPMYIIBI
Jlarpanxa

xzi:(y—m)%y—yHXy—%H%(y—n)
o (V=) Vi =y )i = Vi) (Vi = ¥,)

WUnu ¢ 1oMombi0  HMHTEPHOJSIUMOHHOW  ¢opmynsl  HploroHa s
HEPaBHOOTCTOAIINX TOUEK

X=X+ [V M1 = Y) + [ Y15 1 = ¥ )y — y ...
Ao Vi Y I = vy =y (v = v,

i

OO01mue BHIBOABI MO 3a1a4€ HHTEPNOJISIIIAU

1. JInga paBHOOTCTOSIIMX Y3JIOB MHTEPIIOJUPOBAHMS JIydllle BCErO BBIOMPATh
UHTEpHOIMOHHBIE (popMyisl HeroTOHA, TpH 3TOM:

a) eclii 3Ha4YeHHE B Havaje Tabmunbl - 1MOH
0) eciu 3HaueHUe B KOHIIe Ta0auIel - 2MOH

2. CymiecTBYIOT MHTEPIOISALUOHHbIE IEHTPAJIbHBIE (POPMYIIbI, TTO3BOJISIOIINE
UHTEPIHOJIMPOBATh B CEpeAUHE TaONMIbI, HCIONb3Ys OJM3Iexalye
pasHoctH (I"ayc, Ctepnunr, beccens)

3. JIns HepaBHOOTCTOSIIUX Y3JI0B HHTEPIIOIUPOBAHMS CYLIECTBYIOT (POPMYJIBI
Jlarpanka, HeroToHa.

4. Ecnu  KOJMMYECTBO y3JI0B OOJibIle M CYIIECTBYeT BO3MOXKHOCTb
ofpesieNieHusl XOTs Obl MEepBBIX NMPOU3BOAHBIX B y3Jax, TO Jydlle BCEro
UCPOJIb30BaTh HHTEPHOJISAIMIO CIIJIaKaMH.

5. Ecnu cymiecTByeT BO3MOXXHOCTD BEIOOpA Y3J10B, TO BHIOMPAIOT MO YCIOBUSAM
YeObimena, KOTOpOE MIO3BOJISIET YMEHBIIUTh MOTPEIIHOCTD
anmnpOKCUMAIUH.

6. Mcrone3yst MHTEPHONSIUOHHBIE (OPMYNIBI, MOXHO peIIaTh 3aaady
00paTHOTO MHTEPIOIUPOBAHHUS.

7. 3agaya 0OpaTHOTO MHTEPIIOJMPOBAHUS MOXKET OBbITh HCIOJIB30BaHA MHpPU
pelIeHNH KOpHEH ypaBHEHHsI, @ MMEHHO:

f(x)=0, Heobxomumo HaiiTu kopHu. CocTaBiasgeM TabauLy X, », IO

dbopMmyrie, a 3aTeM 3aaBasch 3HadyeHreM y = (0 => umar x.

y-— yO _ qO (qO _1) 'AZ _ qO (qO _1)(q0 _2) ‘A3y0 =0.25— 025(025_1) T —



OneHka MOrpemHoCTH HHTEPNOJIAHMOHHOI (popMyJibl JIarpanaxka

Ecnmu mnsa ¢ynkumm  y = f(x) HMHTEpHOJSLMOHHBIM ToiauHOM Jlarpamxka
L (x) MPUHUMAET B TOYKAX XosX)seees X, 3a/laHHbIE 3HAYCHUS
Vo =f(x), 3, = f(x)),...,y, = f(x,). Bo3Hukaer BoIpoc, HACKOIBKO OJIM3KO
MOCTPOCHHBII MOJIMHOM Ipubimxkaercss K QyHKuu f(x) B IPYTUX TOUYKAX, TO €CTh
KaK BEJIMK OCTaTOYHBIN YIICH.
R, ()| =|f(x)~ L,(x)

- abcoyoTHas NOIPEIIHOCTh WHTEPHOJALMOHHONW (dopMmynbl Jlarpanika
(ocTaTOYHBIN YJICH)

max

X, Sx<Xx,

fn+1(x)|
(n+1)!
1T, = (e )~ — )

[Ipumep: ¢ KaKoW TOYHOCTHIO MOXHO BbBIUHCIUTH V115 ¢ momouipro MDJI

IR, (x)| < 7,.,(x)

st GYyHKIUU ) = Jx
Bei6pas y3ibl unTepnonuposanus x, =100,x, =121,x, =144

1 1 1 3 3 5

yv=5x2’ y":_Z'x 2’ ynvzgx 2
max 3 1 3

2 100<x<144=———==10"
84100° 8

3.1 1
IR,| < §10-5 §|(115 —100)(115—121)(115—144)| = EIO‘S 15-6-29~1,6-107



Pemenue cucreMbl JTUHEHHBIX YPABHEHHUI

OO0masi xXapakTepUCTHKA METO/I0B PelICHUsI CUCTEM JTHHEHHbIX
YPaBHEHUM

MeTobl peleHnsl CUCTEM JIMHENHBIX YPABHEHU B OCHOBHOM JICJISITCS HA JIBE
CPYIIIbL:
1. Tounble METOABI - MPEACTABISIIONIUE COOONW KOHEUHBIEC AJITOPUTMBI JIsS
BBIYMCIICHUS] KOPHEW CHUCTEMBI.

2. UtepanlnoHHBIE METOABl - IO3BOJISIFOIIME TMONYYUTh KOPHU CHCTEMBI
ypaBHEHUU C 3aJaHHOW TOYHOUYTHIO MYyTEM OECKOHEYHBIX CXOJSIIUXCS
MIPOLECCOB.

Beeném crenyromme 0003HAYCHHUS
a, x, +a,x,+..+a, =b,

Ay X, + arX,+..+a, =b,

a,x, +a,x,+.+a, =b

n

ag, 4dp ... 4y,
Ay Ay e Gy,
A= - MaTtpuia Ko3pUIHEHTOB
anl anZ ann
bl
b2
b= - cToJIOeI] CBOOO/IHBIX YWICHOB
bﬂ
X
X,
X = - cTO0€EI] HEU3BECTHBIX
X

Pemenne umeer mecto, eciiu Matpuiia A - HEOCOOEHHas1, TO €CTh
det A=A#0
AX =B
X = A7'B - pemmenue cucTeMsI C TIOMOIIEI0 0OPaTHOM MATPHIIBI
ClOXKHOCTh HAXOXJEHHUS OOpaTHOW MATpUIBI IS 7 >4 3aKI04YaeTcs B
GOIBIIOM BPEMEHH HAXOXKIeHHs A ' .
DT0 00CTOATETHCTBO OOXOAUTCS € OMOIIIBIO TTpaBuiia Kpamepa

Ai
X, =—,
A
rae A - ompenenuTens MaTpUIsl A



A, - ompenenuTelb MATPHULBI, IOTYyYEHHBIH U3 MaTPHIIBI
3aMEIIeHUS [ -TO CTOJIOIA Ha CTOIOEI] CBOOOTHBIX YICHOB B .
3,2x, —1,5x, + 0,5x;, = 0,90
ITpuwmep: § 1,6x, —2,5x, —1,0x; = 1,55
L,0x, +4,1x, —1,5x, = 2,08

Ipsimoii MmeToa

X=A4"B, A=2755
785  —-02 275 ]

27,55 27,55 27,55
L4 -53 4

" 12755 2755 2755
9,06 —-1462 -56

127,55 27,55 27.55]

0,45281
X=4"B=| 0,04955
—0,94936
IHo npaBuny Kpamepa
A =2755
09 -15 05]

det, =| 155 -25 -10|=12475
208 41 -15

32 09 05]
det, ={16 155 -10|=1365
10 2,08 -15]
32 -15 09
det,={16 -25 155|=-26155
10 41 2,08

Metoa I'aycca. Cxema eITMHCTBEHHOI 0 AeJICHUSA

A nyrém

Haubonee pacnpocTpaH€HHBIM NPUEMOM pEIICHHUS CHUCTEMbI JIMHEHHBIX
ypaBHEHUH sBiseTcss Meron ['aycca Miam METOJ MOCIEN0BAaTENIbHOIO HCKIHOYEHHUS

HCHU3BCCTHBIX.

P ACCMOTpUM IJId MIPOCTOTHI CUCTEMY JIMHEMHBIX anre6panqec1<1/1x ypaBHCHI/Iﬁ

4-ro mopsKa:

0) 0) 0) 0) _ 0
Ay’ X, +an X, a3 xX; a4, X, =d;
0) 0) 0) 0) _ 0
Ay’ X+ Ay X, Ty X5 + 0y, X, = ays
0) 0) 0) 0) _ 0
a3 ' X + a3 X, + A3y X5 + 03,7 X, = dss
0) 0) 0) 0) (0)

Qg Xy T Qyy Xy +0y3' Xy + 0y Xy = Ays



1. Boibupaem Befymmii snement a')) # 0

2. TlojenuBs nepBoe ypaBHEHHE HA @'\’ , MOTy4aeM

(1) (D Q)] _ M
X, +anx, +ayx;+a/x, =ay , (2

(0)

a _
v
3. HckirouaeM nepeMeHHyI0 X, U3 BCEX MOCIEAYIOIIUX YpaBHEHUH, HaunHas

CO BTOpPOro, MyTéM BBIYUTAHUS YpaBHEHUS 2, YMHOXXEHHOrO Ha

KOO(Q(QUIHUEHT, CTOSAIMHA IpU X, B COOTBETCTBYIOLIEM YPaBHEHHHU.

rae a j=275,a11:l

[Tonyuaem
&) 1) 1) @O, — M
Ay X, +ap Xy, a13X; + 414X, = dys
Q) ) @O, — 0
Ay Xy + Ay Xy + a3 Xy = s
1) () M, _ M !
A3y Xy + A3y Xy + A3y Xy = 035
(€] ()] M, — M
A Xy T Ay3 X5 + Ay Xy = Ays
n_ 0 (00 + A~ A :_~z
rae alg = afj ) —afj)afl), i=24, j=25
4. BoiGupaeM BeyIIUii 2IEMEHT BO BTOPOM ypaBHEHUU a') # 0
U Tak Jgajieec.
(0)
a,, #0
al) #0
Ecimun 2 , TO TIOJIyYUM CHCTEMY
ay; #0
(3)
a, #0

(1) (1) (1) (1) —_ )
A X, +a, X, +a;3X; a4, X, = a5

2) (2) _ 2
Xy a5 X5 +a,,/ X, = dys @3)
3) 3) !

X3+ a3 X, = dss
Xy = dys

TO CCThb MaTpula A nmeer JHaroHaIbHBINA BUI:

(1) (1) (1)
1 ay, ay a,
0 1 af af
4= 3)
0 O 1 a
0 O 0 1

U3 cucteMsl 3 OTBICKUBACM X, X,,X;, X, CICIYIOLIIM 00pa3oM
Xy = Ays
_ 3 (3)
X3 =35 —d3 Xy

4)
_ (2 (2) (2) !
Xy = Aps” — Ay’ Xy —Ayy' Xy

_ M (9] (e9] (e9]
Xy =dis —Ap Xy —diy Xz —d Xy
[Ipouecc mpuBeneHns MaTPUIBI K TPEYTOJIBHOMY BUAY 3 HA3bIBAETCS MPSIMBIM
X0JIOM, a HaXOXJACHUE KOPHEH 1Mo 4 0OpaTHBIM XOJIOM.



IIpumep: npexxHuii, Ho meTonoM ['aycca. [IpuBoaUT K cHUCcTEME ypaBHEHUM:
x, +4,1x, —1,5x; = 2,08
x, —0,36252x, = 0,39371 - npaAMoii xox

x; =—0,94936
x; =—0,94936

x, = 0,04955 - oOpaTHbIii X0
x, = 0,45280

CyliecTByeT cxema €AMHCTBEHHOIO JEJICHHUS, KOTOpas HCHOJb3YeTCs MpH
JTUPHOM CYETE, HO MBI JTHOO paccMOTpUM €€ Ha MpaKTHKe, 00 BooOIIe He Oyaem
paccMarpuBaTh.

To ecTh B HaleM Kypce Mbl OPUEHTHPYEMCsI Ha BBIYMCIIUTEIBHYIO TEXHUKY U
BCE METO/Ibl UHTEPECYIOT KaK AJITOPUTMBI.

Tpynoémkocts Meroaa I'aycca

1. Ilpsamoii xon

2 n’ n
9=3m S
2. OOpaTHbIi X0/
Q,=n"—n
OO0r11ee YMCII0 BBIMOTHAEMBIX apU(DMETHUESCKUX TeHCTBUI
0=0+0, :§n3 +%l’l2 —%n z%nS
TO €CThb OJId n = 3
2
0= 3 27 =18
n=4
2
O=—--64~43
3
n=>5

2
0=3125%83

[Tpennoxxennsiit Meton I'aycca opueHTHpOBaH Ha TO, uYTOOBI BeIylIHe
2JIEMEHTHI He paBHsuIMCh 0. A ecnM Ha KakOM-TO IIare BO3HMKAET CUTYyallHs, 4YTO

BeAylui syeMeHT paBeH 0, To Torma cxema ‘“‘popManbHO” HENPHUTOIHA, XOTS
3aJlaHHas CUCTEMAa MOKET UMETh €IUHCTBEHHOE PEILICHUE.

Torma NPpUMCHAOT Pa3sHOBUJIHOCTb MCTOL Faycca -CX€ma C BLI60pOM
T'JIaBHOTI'O 3JICMCHTA!

Metona I'aycca. Cxema ¢ BHIOOPOM IIABHOI'O 3J1eMEHTA

1. BeiOupaem sneMeHT a, - HauOOJNBIIMA MO MOMIYIIO M HESBISIOUMICS

CBOOOTHBIM YJICHOM.
2. BpruncnsieM Ko3QpPHUIIMEHTHI



a[q .
m. = —— , OJId BCEX lip

l an

P -Tasi CTPOKa Ha3bIBa€TCs INIABHOM CTPOKOIA.

3. W3 kax/10il HErJIaBHOW CTPOKM BBIYMTAEM TJIABHYIO CTPOKY, YMHOKEHHYIO
Ha m;. B pesynprare noixydyuM MaTpuily, y KOTOPOH B ¢ -OM CTOJIOIE BCE
K03(pPHULIMEHTHI HyJIEBBIE.

4. TlpeoOpazyem MaTpuIly CIACAYIOIIMM 00pa3oM: oTOpackiBaeM p - (TIaBHYIO)
CTpOKY U ¢ -H cTonben. [Tonydum matpumy m, .

5. llenaeM nonoOHble NpeoOpa3oBaHus Haj MaTpULEH m, 10 TeX IOp, MOKa
HE MOJIyYHM OJIHY CTPOKY M3 JIBYX CTOJIOIIOB, KOTOPAsi SIBJISETCS TJIaBHOM.

6. lnsa ompenenenus x;. OObeAMHMM BCE IJaBHBIE CTPOKM, HAayMHas C

nocinenHen. Ilocime Hamnexamero M3MEHEHUs HEU3BECTHBIX I10IY4aceTCs
CHCTEMa C TPEYrOJIbHOM MaTPULION.

[Ipu pabore Ha OBM npu »n>>0 BBIBOA TJIAaBHOTO JJIEMEHTa MOMKET
OKa3aTbCsl JTOCTATOYHO TPyNOEMKOM 3amadeil. I[103TOMy NpakTHYEeCKM B KadecTBe
IJIABHOM CTPOKM OepyT MEepByHO CTPOKY, a B KadecTBE IJIABHOI'O JJIEMEHTa -
HauOOJIBIIHIA 110 MOIYJTIO 3JIEMEHT STOW CTPOKH.

3x,+x,—x;+2x, =6
=5x, +x, +3x; —4x, =12

Hpusiep: 2x,+0+x,—x, =1
X, —5x, +3x; -3x, =3
] m; a; a; a; A4 a;s Q6
1 -0,6 3 1 -1 2 6 11
I 2 5 1 3 -4 -12 -17
3 -0,4 2 0 1 -1 1 3
4 -0,2 1 -5 3 -3 3 -1
1 -0,333 1,6 0,8 -0,4 -1,2 0,8
I 2 -0,083 0,4 2,2 -2,6 -3,8 -3,8
3 -4.8 3,6 -3,8 0,6 -4,4
i 1 0,571 2,0 -1,665 | -1,0 | -0,665
2 2,5 -2915 | -3,75 | -4,165
\Y 1 0,572 1,141 | 1,713
Vv 1 2,0 3
Vi 1 3,0 4
Vil 1 -1,0 0
Vill 1 1,0 2
x, =1
x, =-1
X, =




JlocTonHcTBa MeTOAA

1. Ecnu MaTpuna BBIPOXKJEHHUS, TO IEpel HUCKIIOYEHUEM HEW3BECTHOMU
[JIaBHBIN 3JIEMEHT CUUTAETCS PaBHBIM HYI0 => A =0
2. C IIOMOUIBIO MeToaa I'aycca MOXHO BBIYUCIIUTH
onpenenurens A = a,, - a,,-...a,, TPEYronbHON MaTPHUILLL.
IIpu GonblioM uMce HEM3BECTHBIX cxema Meroja l'aycca, naroinas TO4HOE
pelieHue, CTAHOBUTCS BECbMa CII0KHOM.
B stux cimydasx Uil HaXOXICHUS KOPHEH CHUCTEMBI JIy4lle IT0JIb30BaThCs
NpUOIMKEHHBIMUA YHCICHHBIMUA METO/IaMHU.

Meroa urepauui

[lana cucrema ypaBHEHHI

AX =B
a, 4y a, b, X
ay, a4y a,, b, X,
A= b= X =
anl anZ ann bn xn

MOKHO TIPHBECTH CHUCTEMY K TaKOMY BHIY, YTOOBI JHArOHAIBHBIC YJICMCHTHI
OblIM OTJIMYHBIE OT HyJId, TO €cThb a, #(0, Torga paspemas i-TO€ ypaBHEHHE
OTHOCUTEJBHO X, , HOTy4aeM
X, =B, +a,x,+.. 40, X,
X, =B, +a,x+.+0,, X,

, )

‘xn = Bn + anl'xl +"'+a‘nn—1‘xn—l

b, a;
y . . . .
e B, =—"—,0,=——,i#jumo,=0npui=j
aii ii
Oy eee eee O, B,
Oy, e oo Oy, B,
o= , B=
O, eee oo O, B,

Torpaa cuctemy ypaBHEHH 2 MOXHO 3amucath B BUJE:
X =B +aX -urepanuonHas popmya.
TakuM 06pa3oM, BEIOpaB HadaabHbIe 3HaYeHHs X )
XY =B+ax?”
U TakK jJanee.
Wrepannn ocTaHaBIUBAIOTCS, KOTAa |xi1 - xi| <g,i=Ln

X5 =By ax®



CxoamMocTh MeTO/1a UTepPaluii /ISl pellIeH!sl CHCTeMbl aJredpanyeckux
YPaBHEeHHUI

Teopema: Cucrema ypaBHEHUH HMMEET €IUHCTBEHHOE PEIICHHE U CXOAMUTCS

npu J000M HavyanbHOM 3HadeHud x(0) TOorga W TOJBKO TOTZA, KOTJa BCe

COOCTBEHHBIC 3HAUEHUSI MATPULIBI O IO MOJYJIIO MEHbIIE 1.

Ecnu nnst cucremsl ypaBHEHHI
X=B+0X

BBITIOJTHEHO XOTsI OBl OJTHO M3 YCIIOBUIA:
n

L2
j=1
n

2.2,
i=1

TO Ipomnecc HUuTepanruu CXOJAUTCA, HC3aBUCHMMO OT BBI60pa Ha4daJIbHOI'O
YCJIOBUL.
OI[HaKO 9TOH TCOPCMOﬁ B O6H.I€M CJIydyac€ OYCHb TAXKEIIO BOCIIOJIB30BAaThHCA,

a, <1,j=1,_n

a, <l,i=Ln

IIO3TOMY Ha MPAKTUKE ITOJIB3YIOTCS APYI'UM IIPABUIIOM MCHCC JKECTKHM.

Ecau st YCJIOBHS BBIIOJHAKOTCA, TO B HNPUHIUIIC JIOTUYIHO BH6paTb JIA

HayaJlbHBIX 3HadeHui. Ha INpaKTUKEC B Ka4YCCTBC HAYaJIbHOI'O HpI/I6J'II/I)KeHI/I$[
HCIIOJIB3YIOT BEKTOP CBO60I[HLIX YJICHOB.

[TpuBeneHve TMHEWHON CUCTEMBI K BULY, YIOOHOMY JJI UTEPALIUHUIO.
Teopema CXOOUMOCTH HAKJIaJbIBaeT >KECTKHE YCIOBUA K KOdPPUIIMEHTaM

TAHHOW TUHEWHONH CUCTEMBI.

BUJLY:

AX =B
Opnaxo, ecmu A4 # 0, TO 3Ty CUCTEMY BCErJa MOYHO NPHUBECTH K TAKOMY

X = oX +[3, 4TOOBI YIOBIETBOPUTD YCIOBUSIM 1

I1epBblii c1oco0.
Hano: AX =B

<< 0

JIOMHOKHM 3TO ypaBHeHHe Ha MaTpuny D = A~ —g, Tie ‘[8 y]
(A" —€)AX = DB
X —¢edAX = DB ,
X=eAX +DB=> X =0X +f
rne a=¢€A,= DB

Bropoii criocoo.
Kaxxnoe i -oe ypaBHeHHE AenuTCs HA @,

in"'n

1
x,=—(b —-a,x,—.—a,x,)
i

a..
i . .
Torna o, =——",1#j, 0, =0.
ii

Torma ypaBHEHHE CXOIUMOCTH UMEET BUJT



> %l<t, j=Tn

=1 |G
J#i

DTH HepaBeHCTBAOYAYT BBLIIOIHATHLCS, €CIM JUArOHAILHbBIE DJIEMEHTHI OyIyT
YIOBIETBOPATH YCIOBHAM:
|al.l.| > Z

i#]
TO €CTh €CIM MOJYIM JHArOHAIBHBIX KOX(PQPHUIMEHTOB Ui KOTOPOTO
YPaBHEHUS CHCTEMBI OOJIbIIIE CyMMBI MOJIYJIEH BCEX OCTABHBIX KO (DUIIUEHTOB.

yi=Ln,

a;

JocTonHcTBa MeTOAa HTEepaluid

1. Ecnm wurepauuu cXonsTcst OBICTPO, TO €CTh ISl CXOAMMOCTH TpeOyercs
MEHEe 7 WTEpalii, TO BBIUTPHIII BO BPEMEHHU 10 CPAaBHEHHIO C METOJOM

l"aycca:
Q, =1-n?, [ - uncno urepauuii
2 3
Or = 5 n

2. TlorpemHocT! OKPYIJICHUS B METO/IC UTEPALUi CKa3bIBACTCS 3HAYUTEIHHO
MeHbIlle, yeM B Merojae l'aycca. Kpome Toro, mMerox urepanuu sBISETCS
CaMOMCHPABJIAIOMIUMCS, TO €CTh OTJAENbHas OmMOKa 3amperacTrcs B
BBIUUCIICHHUSIX, HE OTpaXasCh HA KOHEYHOM pe3yiabTare, TO €cCTh
OmMO0YHOE MPHOIIKEHHE MOYKHO PacCMaTpUBaTh KaK HOBBIM HadabHBIHA
BEKTOD.

3. Meron urepanuii CTaHOBUTCSI OCOOEHHO BBITOJHBIM TPH PEUICHUN CHUCTEM,
y KOTOPBIX 3HAYUTEIIBHOE YNCIIO0 KOAP(PUIIMEHTOB PAaBHO HYIIIO.

4. Meton utepanuii JIErKO MporpaMMHpPYyeETCs.

Metoa 3eigens

SABnsercs moaudukanueit metona ureparuil. OcHOBHas Ues 3aKI0YaeTCs B
TOM, 4TO NPHU BbIYMCIEHUU (k +1)-ro mpuOIMKEHUs i -TO KOPHS MCHOJIb3YIOTCS yXkKe

BbluncieHHsle (k +1) nmpuOmmkénnbie kopHu 1...7—1.

n
Hano: x; =, +20c,.jxj ,i=Ln
j=1

Bribupaem HauanbHOE NpUOIMIKEHUE:!
(0) ,.(0) (0)
X; 50Xy yeeis X,
Ha k-tom mare, coryiacHo 3elento CTpOUM MPUOIIHKEHUE TI0 CIIEAYIONNM

dhopmynam:



n
(k+1) _ (k)
X =P+ zaljxj
J=1

(k)

n
(k+1) __ (k+1)
Xy =B, 4y +Zoczjxj
Jj=2

i1 n
(k+1) _ (k+1) (k)
x; =P, +Z°“y‘xj +Z°%—;xj
Jj=1 J=i

n—1

x£k+1) _ Bn + Zaijx‘(ikﬂ) +(X‘nn‘x§1k)
j=1
1. Meton 3eiinens AaéT MOJHYIO CXOIMMOCTh IIO CPABHEHUIO C METOJIOM
UTEpaLnU, HO IPUBOIALINI K TPOMO3IKMM BBIYUCICHUSM.
2. Teopema: [Inga cymiecTBOBaHMSA €AMHCTBEHHOI'O PpEIICHUS CHCTEMbI
CXOAMMOCTHU MeTo/a 3elielisi JOCTATOUHO BBIMOJIHEHUE XOTs Obl OJJTHOIO U3
JIBYX YCIIOBUI:

1) >

J#i

<|ail.|, i=ln

a;

2) MaTpunia A - CHMMETpPUYHAs MOJOXHUTEIbHO omnpeaenéHHas (Bce e€
COOTBETCTBEHHO 3HAYEHUS TOJIOKUTEIbHBI)



Yuc/ieHHOE pelieHue CUCTEeM HeJIMHEeMHbIX YPABHCHU I

ITocTanoBka 3agauu

JaHa cucteMa TUHEMHBIX YpaBHEHUH
fi(x,%,,..,x,)=0
fo(x,%,5,..,x,)=0
(1)
fn(xl’XZ""’xn) = 0
BBeném o0o3HaueHus: BEKTOp X - BEKTOP apryMEHTOB:

Xy
x=|"
AHAJIOTUYHO BEKTOP (DYyHKIIUH
A
P 5
LS
Torz[a CI/ICTeMy 1 MOXHO HepermcaTb B BUJIC:
F(X)=0

Cucrema nuHENHBIX ypaBHEHUHN B oOuieM Buje Hepaspemuma. [losTomy Mbl

OyZeM paccMaTpuBaTh TOJBKO YHUCJICHHBIE METOIbl PEIICHHS CHUCTEMbl JTMHEHHBIX
YpaBHECHUH.

Metoa HoioTona

s ypaBHEHUS] IMEET BHI:

X =, - L)

T )
ITo anomoruu meron HetoTOHA [Tt CUCTEMBI TMHENHBIX YPaBHEHUI
X(k+1)= X(k) =W (X(k)F(X(k)),

rae X(k) - BeKTOp apryMeHTOB Ha k -OM IIare uTepanuu
F(X(k)) - 3HaueHus BexTopa pyHKIMIA (cucTeMBbl ypaBHeHHH ) pu X (k)
W (X(k)) - obparnas marpuna SIkobu
W - matpuna, SIkoOu-MaTpuLa, COCTOSIIAS U3 YACTHBIX MPOU3BOIHBIX



[EAC—
ox, ox, = o,
W=|lox, ox, = ox,
&9 o Y,
ox, ox, T Ox, |

Brionine ecrecTBeHHO 04eBHIHO, YTO (hopMyiry HbI0TOHA MOXKHO IPUMEHSATH B
TOM cily4ae, Korja SIkoOu-mMaTpuiia HeoCOOEHHas!, HEBBIPOXKAEHHAS, TO ecTh AW # 0.

[Ipumep:
x, +3lgx, —x; =0
Hano: 5
2x; —xx, =5x,+1=0

Martpuua Axobu
3
—+1 2

W(X) _ X, + X,
2x, —x, =5 —x

IIpeBoHavambHAs OLHKA

34
X(0) = {2 2}

1,882 —4.4
A =21,761

1) W(X(@){ 4 a4
—-0,156 0,202}

2 WX (O0)= {— 0,294 0,086

0,154
3) F(X(0)) { }

~036
» 341 [-0156 0,202][ 01547 [3,4] [-0,097] [3,497
= 2211-0294 0,086]]|-036| 22| |-0076]"]2276
1 TakK gajiee
PesynbTathl ureparuii Jydiie BCEro CBOJUTh B TaOJIUIY
J X, Ax, X, Ax,
0 3,4 0,097 2.2 0,076
1 3,497 2,276
2

b

[Tpekpaiiaem BBIUUCIIEHUS, KOT 1A max(|Ax1 Ax2|) < & - 3aJjaHHasl TOYHOCTb.

Kak m B m100BIX YHCIEHHBIX METOJAaX BCTAIOT CICAYIOUIME 3aJadd: O
CXOJIMMOCTH METOJIa U O BRIOOPE HAYaIbHOTO 3HAUCHHSI.

Cxoaumocth MeToaa HuioTona
Bonpocamu cxoaumoctu Metona HproTOHA 3aHMManuCh Takhe YYEHBIE, KaK

Bunnyc, Crénun, OctpoBckuii, Kantoposuu u npyrue. Ml e OyneM paccMaTpUBaTh
CXOAMUMOCTh, €IUHCTBEHHOCTh KOpPHS W BBIOOp HAYaJbHOTO YCJIOBUA IO




KanropoBuuy. Ilpun paccMOTpeHHMH 3THUX XapaKTEpUCTHK METOAA HIIOJIb3YIHOTCS
MOHATHA HOPMBL. [10o3TOMY Ipekae AaiuM ONPENCIICHUS :

M -HOpMOI1 - Ha3bIBa€TCSI MAaKCHUMAaJbHAas CyMMa MOJYJIEH 3JIEMEHTOB IO
CTpOKaM.

L -HOpMOM - Ha3bIBACTCSI MaKCHUMaJlbHas CyMMa MOJYJIEW 3JIEMEHTOB IIO
cronduam.

K -HOpMOI - HBI3BIBACTCS KBAIPATHBINM KOPEHDb U3 CYMMBI KBaJIpaTOB MOAYJIEU
3JIEMEHTOB MaTPHULIbI

a;

n
I, = max Y
: i=1

[Tpumep:

35 1

|4l = =max(10,3,9) =10

|4, = max(6,10,6) =10
|4l = /82 ~9,06

I[J'ISI OLCHKU MAaTpull, UCIOJIb3YEMbIX B MCTO/C HrroTona mis HEJTMHEHHBIX
CHCTCM, 6yz[eM HCIIOJIb30BAaThb 7 -HOPMbI, 4 UMCHHO

[ = max| £, o)
ol ()
||F (x)”—mlax; axj

TeopeMa 0 CyIIeCTBOBAaHMH KOpHeﬁ H CXOAMMOCTH Ipoiecca HbroTona

IlycTh 1aHa HeMMHEHHAs CHCTEMA YPaBHEHUI

F(X)=0,
.f](xla'x25'--axn)
fo(x),%,,.00,X,)
rne F(X)= - BEKTOp-(YHKIIUS OTpeieicHa U HeTPEPhIBHA
L. (X, %y,..%,)

BMECTE CO CBOMMHU YaCTHBIMHU MPOU3BOAHBIMU IICPBOI0O U BTOPOTO IIOPAJKOB B
HEKOTOpoil obsactu . [lomoxkum, uto X(0) - ecTh TOUKa, JIEKaIIas B @ BMECTE CO

CBOEH 3aMKHYTOM / -OKpeCTHOCTHIO. IIpH 3TOM BBINOJIHAIOTCS CIEAYIOLIIUE YCIOBUS:
1) marpuna SAxobu mpu X = X(0) umeer 0OpaTHYIO QYHKIIHIO

L,=w'(x©0) |[r]<4,
2) [T, F(x(0))| < B,



n 2
3) D, LACOIPY
i1 | OX;0x,
4) noctrosHHbIE A, B,, C yIOBICTBOPSAIOT HEPABCHCTBY
n, =2n4,B,C<1
Torna npouecc HetoToHa npu HavanbHOM mpubnexennn X(0) cxomuTcs K
pemennio X - ecTh pelIeHHe TaKoe, YTO ||X - X(O)” <2B,<H
[,F(X(0) =X - Xx(0)|< B, naér ouenxy
PacXoIUMOCTH HAYaJIbHOTO M MIEPBOTO MPUOIISIKEHUSL.

s npoBepku  yclIOBHUSA |

BBICTPOTa CX0AUMOCTH Ipouecca HbroToHa

Ecnu  BBINIOJHMMBI  BCE  4YETBIPE  YCJIOBMS TeopeMbl 1, TO A
nocyenoBaTeNbHbIX Tpubmmxennit X(k), k=0,1,2,3,... cipaBeyIMBO HEPABEHCTBO:

N .
'~ xal<(1] uim,

rae X - uckomoe peuenne, a p, = 2n4,8,C <1
IIpu p, <1 cxoguMocTs MeTOAA - CBEPXOBICTpAs..

EanHCTBEHHOCTH pelIcHUuA

ECJII/I BBIITOJTHUMEI BCEC qumpe yCJIOBI/IFI, B O6HaCTI/I
|x - x(0)| <28,

TO COHCPIKUTCA CAUHCTBCHHOC PCIICHUEC CUCTCMBI

Bb100p HaYaJIBLHOIO YCI0BUSA

2
Ecnu BEHIIOJIHUMEI BCE YCTBIPEC YyCIIOBUSA U _BO <H , TO IIPOLECC CXOOUTCH K
0

€/IMHCTBEHHOMY pemieHuto X* B ocHoBHOM oGnactu ||X -X (0)|| < 2B, npu nobom
BBIOOpE HAYaIBHOTO YCIOBHA U3 001aCTH

1 _
|x"(0) - X(0)| < 5 a

B,

0

X(0)



Moauduuuposanubiii Merox Herorona

[Ipu wucnons3oBanuu meroga HproToHa Haubonee TPYAOEMKUM SIBISETCS
MpoIecC BRIYUCICHHUS 00paTHOM MaTpHUIlbl SIKOOH.

Ecim marpuma W(X(0)) HEBBIpOXKAEHHAS IS HEKOTOPOTO MPUOIMKCHUS

*
X(0), m X(0) mocratouHo Omm3ko Kk X (MCKOMOMY PEUICHHIO), TO MOYKHO
MCIOJIb30BATh MOAU(PHUIIMPOBAHHBINA MeTo HproTOHA.

Xk+1)=Xk+1)-W'(X(0)F(X(k))
MeTtoa urepauuii

JaHa crcteMa HeTMHEHBIX YPaBHCHUM:

F(X)=0

AIn
fi(x,%,5,...,x,)=0
f(x,xy,.00,x,)=0
2 1>7%2> >Vn (1)

[ (x,%y,..,x,)=0
HomyctuM, 4to cucteMy 1 MOKHO IIPUBECTHU K BUY:
X, =0,(x,%,,...,X,)

X, =Q,(X;,X,,...,X,)

)

X, =0,(x,X),...,X,)
Bseném 0003HaueHUS:

X ¢,
X
X = 2 ’ 0= D, ’
Xy ¢,
MoskHO cucTeMy ypaBHEHUH 2 nepenucarh B BUJE:
X =0(X)

[TpuBenéHHOE MaTpUYHOE YpaBHEHHE U €CTh (POpMyJia METOJ1a UTEpALIUi
Heo0xonnmoe u 10cTaTO4HOE YCI0BHE CXOAUMOCTH NPOIEcca HTepanuu

[Tycts ¢ynkuun o¢(x) u ¢@'(x) HemnpepwslBHBI B obmactu G, mpuuéMm B
obnact G BBIIOJHUMO HEPABEHCTBO:
lo' ()], <q <1,
I71Ie ¢ - HEKOTOpasi KOHCTaHTa.
Ecnu mocnenoBarenbHbie TPUOIMIKEHUS
Xk+D)=0(X(k)), k=012,..

HE BBIXOIAT M3 obnactn G , TO 3TOT IPOHECC CXOAUTCA K CANMHCTBCHHOMY
PEIICHUIO CUCTCMBI.



CaencrBue:

n

ox

J=1 J
OLICHKa HUOIVKEHHO

[ = x, = 2 - xo,

Ha IMPAKTUKC JIYYIIC BCCTO paCCMAaTpUBaATh MaTpUlly C 3JICMCHTAMU

0
M, = max&
Ox,
J1st CXOAMMOCTH JJOJDKHO BBITIOJIHATCS YCIIOBHE
n
1) 2 M, <1
i=1
n
2) 2 M, <1
k=1

3) ZM,f <1
ki

Metoa ckopeiilero cnycka (rpaiMeHTHbIIN MeTO/x)

JlaHa cucTeMa JMHEUHBIX YPABHEHUM:

fi(x,%,5,..,x,)=0

for(x,%,,..,x,)=0

1)

f,(x,%,5,..,x,)=0

B Matpuunom Buze
F(X)=0

CunraeM, 4To f,(x) NEHCTBUTENBHBI U HEMIPEPBIBHO AU GEPEHIUPYEMBI B UX

o01eit 06sacTu onpeeIeHusI.
Paccmotpum dyHk1MIO

Ux) =2 [AX0] = FTOOF (X) = (F).F(X) - (2)

OueBHIHO, YTO eclM MbI HaiiIgM peleHne cucTeMbl ypaBHeHu# 1 X, To 310
peleHue ABIseTCs U pellieHueM CUCTEMBI ypaBHEHUH 2 1 HA000pOT.

ITpenmosaraem, 4yTo cuctemMa 1 MMEET JIMIIL OJHO M30JIMPOBAHHOE PELIEHUE,
MPEJCTaBIAIONIEro coboil Touky crporo MuHumyM ¢yakuun U(X). Takum ob6pazom
3ajaya CBOJUTCS K HaXOXACHUI0O MHMHUMYM O¢yHknuun U(X) B n-MepHOM
IIPOCTPAHCTBE.

E = {xl,xz,...,xn}



X0

bepém Touky X(0) - mHyneBoe npubimxkenue. Uepes touky X(0) mpoxonut
IOBEPXHOCTh ypoBHA ® x. Ecim  X(0) Gmuska X', TO TOBEpPXHOCT
x=U(X)=U(X(0)) Oyner noxoxa Ha IUIICOUJ.

N3 Toukn X(0) mBmxemcs mo HopMaiu K nmoBepxHocTa U(X(0)) mo Tex mop,
MOKa 3Ta HOpMaJib He KocHETcs X (1) Apyroit HOBEpXHOCTH:

U(X)=U(X(1))

U Tak nanee.

Tak xak U(X(0))>U(X(1))>U(X(2)) >..., TO ABUTrasiCb TAKUM 00pa30M, Mbl
ObICTpO mpHUOIMIKAaeMcs K TOYKE C MHUHUMalbHBIM 3HadeHueM U, KoTopas

*
COOTBCTCTBYCT HCKOCMY KOPHIO X .

I'pagnent ¢pynxuun U

_5_(P_
Ox,
VU(X)=| ..
a9
ox,
V - nabma wim grad - ecTh BEKTOp NPHIOKEHHBIH K TOYKE X, MMCHOLIHI
HarpaBJieHue HOpMain. M3 BEKTOPHBIX IPOU3BEACHUN
X(k+1)=X(k)-A,VU(X(k)), k=12,... (3)
Kak ompenenute A, ? A8 5TOro paccMaTpUBAIOT CKALIPHYIO (YHKIHIO

(1) = U[X(k) - AVU(k)]:
P T (X (W (X (K)VU (X (K))
W (X (K)VU (X (k)T W (X (K)VU (X (K))

VYpaBHeHne 3 MOXHO NMpeoOpa3oBaTh TaK, YTOOBI HE OBUIO SIBHOTO BBIPAKEHUS
rpagueHta. BiegeM 0003HaueHHs Fk =F(X(k)) Wk =W (X(k)), rorma

uTepalroHHas popMmysa rpaIueHTHOro0 MeTo/1a Oy/IeT UMETh BUI:

X (k+1) = X(k)—,ukwl;r o



T T
I:k VVKWk I:k

Te T T
W' F W' F
(WK k k) (WK k k)
Boluucnenuss mpou3BOJATCA 10 TEX IMOp, IMOKAa HE CTaHET CHpaBeJIMBBIM
CJIEYIOLIEE HEPABEHCTBO:

rae ,uk =

X (k+1) - X (k)| <&,

rac € - 3agaHHas TOYHOCTb BBIYMCIICHHA.

[Ipumep. [lana cucteMa HETMHEHNHBIX YPAaBHCHUM:
x+x°—2yz=0,1

Y-y +3xz2=-0,2
z+2°+2xy=03

Haiitu penienne cucteMsl TpaueHTHBIM METOI0M ¢ TouHOCThIO £=0,01
OmnpenenuM HadaJIbHOE MPUOIMKCHUE KaK:

0
X0)=10
0
Bextop-pynkuus F umeer Bua:
x+x>=2yz-0,
F=|y—y*+3xz+0,2
z+2°+2xy—-03
SxoOuaH, WM MaTPHIIA YACTHBIX MPOU3BOIHBIX UMEET BUI:
1+2x -2z =2y
W=| 3z 1-2y 3x
2y 2x 142z

1 urepanus
-01
F 0,2
-0,3
1 00
W0: 010
0 01
1 00
WOT -0 10
0 01
1 0 0[|-01 -01
vvoTF0 0 1 0|l 02]|=02
0 0 1(|-03 -0,3



1 0 0||-01 -01
T
W - =
OWO FO 0 1 0} 0,2 0,2
0 0 1{/-03 -0,3

F0T=[—o.1 02 -03]

-0.1

Ty w T
F'WW'F =[-01 02 -03]| 0.2 [=0.14
0000[oo 0.3]| 0 0

-0.3
T T _[_ B
W W4 Fp) =[-0.1 0.2 -0.3]
-0l
Te \Tw wT
W F)WW'F =[-01 02 -03]| 02 |=0.14
WoWa Fo) Woo Mo [ |
-0,3
Tw wT
F'WW_ F
0 00 O _0.14_1

Mo = -
0 Te T T 0.14
W'E WAR=
WoWo Fo)™ Wl Fo)

0| |-01 01

= — T = — =| —
X=X (0)-u W] F =|0|-| 02 0.2
—03| | 03
2 utepanus
013
F =
. =|0.05
0,05
12 —06 04
W =| 09 14 03
~04 02 16
12 09 -04
W1T= ~06 14 02
04 03 16

12 09 -04][0.13] [0181
wlT F,=|-06 14 02 ||005|=|0002
| 04 03 16 ||005| |0147
(12 -06 04][0181] [0,2748
vvlwlT F =| 00 14 03]/0002|=|0208
-04 02 16]]0147| |01632




F1T:[0.13 0.05 0.05]

0.2748
F1TW1W1T F1:[0.13 0.05 0.05]| 0.2098 | = 0.0544
0.1632
(W1W1TF1)T =[0.2748 0.2098 0.1632]
0,2748

(vvlwlT Fl)TW1W1T F, =[02748 0.2008 0.1632]|0,2098 = 0.1462

01632
T o T
Fl W1W1 Fl 0.0544
= 11 S0 1ae, = 0372
WpW, F)- wpw, Ry =

0.1 01811 [0130
X(2) = X (1) - “1W1T F, =|-0.2|-0.37210,002 | = 0,050
03 0147| |0.050

Pemenue cucteMbl HEJIMHEHMHBIX ypaBHeHI/Iﬁ npeaAcCTaBJICHO B Ta6J'II/ILIeZ

K X | Ax ]| y Ay | z [ Az]
0 0.000 | 0,100 |0000 |0,200 |0000 | 0,300
1 0.100 | 0030 |-0200 |0250 |0300 | 0,250
2 0,130 | 0095 |0050 |0251  |0050 | 0,209
3 0,035 |0018 |-0201 |0016 |0259 | 0,013
4 0017 |0003 |-0185 |0007 |0246 | 0,001
5 0,014 0,178 0,245

Takum 00pa3oM, perieHre CUCTEMbl ypaBHEHUI UMEET BUJL:
x=0.01£0.01

y=-0.18+0.01
z=0.24+0.01

CXOZ[I/IMOCTB IrpagueHTHOr0 METOAA

CX0IMMOCTh METOJa TapaHTUPYETCS TPU BHIOOPE HAYATBHOTO MPHUOIMKEHUS
BOMM3n X .

B mo6om cjydgac METOA MOXKET OCTAaHOBUTbA B TOYKEC OTHOCUTCIILHOTO
METoJa.



YuciieHHOe pelieHrne 00bIKHOBEHHBIX AU depeHIuaIbHbIX
YPaBHEHU

OobixkHOBeHHBIE aupdepenunanbubie ypaBaenus (OAY) BcrpeuaroTcst mpu
ONMCAaHWM JIBWKCHHUS CHCTEMBbl B3aMMOACWUCTBYIOUIMX MAaTEpUAIbHBIX HOCHTEIEH
(MexaHMKe, XWMHYECKOM  KHHETUKE, OJJIEKTPUYECKUX LEMsIX, CONPOTUBICHUU
MaTepHaiOB U MHOTUX APYIHX SIBICHUAX >KU3HM).Psi BakHEHIINX 337124 CBOIUTCS K
3aauaM ¢ OOBIKHOBEHHBIMH JAH(PepeHIINaIbHBIMI YPAaBHEHUSAMH, & IMEHHO TEOPHS
aBTOMAaTHYECKOro ympasieHus Oasupyercs Ha OJlY, a Takke M Apyrue Kypchl
cnenuanbHocTy ADIT

[Tpocreitiunm OY saBnsercs ypaBHeHHE 1-ro nopsiaka:

dy ,
wo YT S(x,y)
X
OY n-ro nopsiika UMEET BUI:
d"y n ] " n—
o =V =Sy ey Y
x

Opnako mo0oe ypaBHEHHE N-TO MOPAIKA MOXXHO CBECTH K CHCTeMe U3 N
ypaBHeHUH 1-To mopsiaka:

yl; (X) = yk+l(X)

k=0,n-2
Yo = FOGYou Vi Vo)
NN
Yo(x) = y(x)
y'(x) = y,(x)

Voa(X) = (X, Y05 Visers Vi)

Takum oOpazom, pemeHue AUPHEpPEHINAaTBLHOTO YpaBHEHHUsSI N-TO MOpsaKa
CBOJIUTCS K PEIIEHUI0 CHCTEMbl AU(QepeHlnaIbHbIX ypaBHEHUN 1-To mopsika
(xommuecTBO auddepeHInaNIbHBIX YpaBHEHHH B cHCTEME = N).

Ecnu BBecTu crenyromue 0003HaueHUs:

Vi fi
Y= Y2 Fe S ’
Vo /.

TO cuctemy nudpepeHIaIbHBIX YpaBHEHUH MOXKHO TEPENucaTh B BEKTOPHO-
MaTpUIHOM BHJIC:
Y'(x)=F(x,Y(x)) 1)
N3BecTHO, 9TO crcTeMa N-ro MOpPsAKa UMEET MHOXKECTBO PEIICHUH,, KOTOPBIE
B 00IIIeM ciTydae 3aBUCAT OT MOCTOSTHHBIX C, 00111ee KOJIMIeCTBO KOTOPHIX -n. Obiee
pemenue cuctemsl OJY MokeT ObITh 3aMMCaHO B BHJIE:



Y=Y(xC) ,TIe C=

Jns  ompeneneHuss 3HAYEHHS OTHUX  [ApPaMETPOB, T.€.  BBIACICHUA
€IMHCTBEHHOTO DEIICHUS HEOOXOJUMO YYHMTHIBATH JOMOJIHUTENIbHBIE YCIOBHUS. B
3aBHCUMOCTH OT BBIOOpA JIOMIOJHUTEIBHBIX YCIOBUN OIPEEIICHBI CICAYIOIINE THIIBI
3a7a4 s OOBIKHOBEHHBIX AU epeHnnanbHbIX ypaBHEHUH:

- 3aga4da Koy,

- KpaeBas 3a/]a4a;

- 3a]]a4a Ha COOCTBEHHBIC 3HAUYCHUSI.

3anauya Komm.

3amaya Komm, wnM 3agada ¢ HayajabHBIMU YCJIOBUSMHU, MUMEET CIIEAYIOLIUE
JOTIOJIHUTEIIbHBIE YCIIOBHSL:

Y(Xo) :Yo
X & [%,,x,]

KpaeBas 3agaua,
KOFIla JOIMOJIHUTCIIbHBIC YCIIOBUA 3a/IaHbl KaK B TOUKC XO , TAaK W B TOYKEC Xn .
3agaya Ha cOOCTBEHHbIE 3HAYEHMNS,

Ecnu pynkuust Y (X) 3aBucur oT napametpoB 4, K = g

Y(¥)=FXY, 4 4ees 4),

N fl
rae Y= 72 F= %
Yy 1

Yuciio JONOTHUTENBHBIX YCIOBUH TOJDKHO OBITH COOTBETCTBEHHO N + | . yHKIIMN
Y. (x),A,rne k=1,n; r=1,] ynosnerBopsoliee BCEM YpaBHEHUSIM, Ha3bIBAIOTCS
cobcmeeHHbIMU OUPDGepeHyUaTbHbIMU WA COOCMBEHHbIMU 3HAYEHUAMU 3a0aUU.

Metoabl pemienust OZ1Y.

OO0bikHOBEHHBIE MU epeHIInanbHble ypaBHEHUS MOTYT OBITh PEIIEHbI CICAYIOIIUMHU
METOIaMHU:

1. aHanmUTHUYECKUMH;
2. 4YHCIICHHBIMH;
3. rpaduvecKuMu;
4. npuOIMKEHHBIMU.
AHaIUTHYECKUE METO/IbI JAI0T PELICHUE B BUJI€ AHATTMTUYECKOTO BBIPAYKEHHMSL.



I'paduueckue MeTOIbI AAIOT MPUOIMKEHHOE pellieHre B BUe rpaduka.

UucaeHHbIe METOBI IAl0T YaCTHOE PEIIeHUE IS OTIPEIEICHHBIX X € [XO, Xn] B
Buge TaOnuubl, YMCIEHHbIE METOAbl NPUMEHSIOTCS TOJIBKO K  KOPPEKTHO
MOCTaBJICHHBIM 33/1a4aM, T.€. K TaKHM, Y KOTOPBIX MaJloe M3MEHEHHE HadaJbHBIX
3HA4YeHUH, MPUBOJUT K MATOMY H3MEHEHUIO HHTETPATIHHBIX KPUBBIX.

ITpumep.
Ilycte nano cienyromee OJV:
Y(x)=y-x.
Heobxomumo permmts 3anaqy Komu ais 0 < x <100.
Hauansueie YCJI0BUA UMCIOT BUA!

¥(0)=1
OO01wee pereHne nMeeT BHUL:
y(x,c)=1+x+ce
mpu  p(0)=1 ¢=0 pemenne y(100) =101.
OHaKo MpU MaJIOM U3MEHEHHH HAYalIbHbBIX YCIIOBHIA:
(0)=1,000001 => ¢ =10 pemenue B Touke X =100: y(100) ~ 2.7*10* . To ects
MMEET MECTO IUI0X0 00YCIIOBIICHHAs 3a/1a4a.

YucsieHHbIE METOABI pelieHusI 00bIKHOBEHHBIX JU(depeHunaTIbLHbIX
YPABHEHHIA.
Metona Jiiiepa.
B ocHoBe Meroma Diinepa (METOA JIOMAaHBIX) JEKUT HAed TpadUyecKoro

MOCTpoeHUs pemieHus auddepeHIalbHbIX YpaBHEHUH, OJHAKO 3TOT METOH JaeT
OJTHOBPEMEHHO U CMOCO0 HaXOXIEHUS UCKOMOM (YHKIIMH B YHCIEHHOU (TaOIUYHOM)

dbopme.
[Tycts mano auddepeHnuatbHOe ypaBHEHHE:
y'=f(xy)
C HAYaJIbHBIMH YCIIOBUSMU:
W(x0)=yp-

Br16paB moctatouHo Masblii mar h, ctpouTcest cucremMa paBHOOTCTOSIIMX TOYEK
X =X, +ih (i=1n).
B meroze Diinepa npuOImKeHHbIE 3HaUeHU Y(X,) ~ V; BBIYUCIISIOTCS
MOCIIEIOBATENBHO 110 (hopMyJIam:

Yiu = Yi +hf(x,y) i=1n.
ITpu 3TOM HckOMast MHTerpaibHas kpuBas Y = Y(X), Mpoxosinas yepes
Touky M, (X, ¥,) » 3aMeHsieTcst JomanHoi M, M, ..M, ¢ BepmmHamMu

M, (x,y;) (i=1n); kaxnoe 38eH0 M;M,,, 3TOi TOMaHOM, Ha3bIBAEMOU 1OMAHOU

Dilnepa, IMeET HaNpaBIICHHUE, COBIA/IAIONIEE C HAITPABICHUEM TOH MHTETPAIbHON
KpuBOH ypaBHeHHs Y'= f(X,Y), KoTOpas mpoxoauT yepes ToUky M,



X, X, X
[Ipumep
[Tycts nano auddepeHnnan-Hoe ypaBHEHUE:
y' =09x+y

xe[0;02] h=0.1

C HAYaJIbHBIMH YCJIOBUSIMU:
y(0) =1.

i=1
X, =%+h=0+01=01
Y, =Y, +hf(X,Y,) =1+0.1.(0.9-0+1) =1.1
i=2
X, =%+h=01+0.1=0.2
Y, =Yy, +hf(x,y;)=11+0.1-(0.9-0.1+1.1) =1.219

Pemienue OJ1Y umeer Bun:

X y

0.0 1.000
0.1 1.100
0.2 1.219

OcobennocTu MeToaa Jiiaepa.

Meton oOueHb MPOCT B peanu3alid, HO 00JaJgaeT Malloil TOYHOCTHIO,
MOCKOJIbKY MOTPEIIHOCTh Ka)XKJIOrO0 HOBOTO Illara CHCTEMaTHYECKH BO3pacCTaerT.
CymrectByeT Moau(HUKAIIUN METO/IA, TIOBBIIIAIOIINE €0 TOYHOCTh, - METOABI Jiliepa-

Kowu — nepsas u emopas ynyuwennvie popmyuol.



IlepBas yry4ymennas popmyJsia Jitaepa

[Tycts gano auddepeHnnaibHOoe ypaBHEHUE:

y'=f(xy)
C HaYaJbHBIMH YCIOBUSMMU:
M(xy) =Y,
Pemenue B kax10i TOUKE X; OIpeesercs no Gpopmyie:
Vi = Yi T (X000 Yicasa)
rae
Xij2 =% +h/2

h
Yisarz =i +§ f(xi,yi)-

['eomeTpuyeckl 3TO O3HA4YaeT, YTO OTPE30K JIOMAaHHAs MEXIy TOYKAMHU
M;,M,,, 3amensieTcss Ha JBa OTpe3Ka [Mi M. ], [M iy M i+1] . Hanpasnenne
MEPBOro OTPE3Ka COBIIAJAET C HANPABIECHUEM UHTETPAIbHON KPUBOM B TOUKE
(X;,¥;), a HampaBlICHHE BTOPOrO OTpe3Ka ONPEAENACTCS  HANpaBICHHEM,
HHTETPATbHOI KPUBOH B BCIOMOTATEIBbHOM TOUKE (X, 1,5, Vi1 0) -
[Ipumep.
[TycTs mano nuddepenunanbHoe ypaBHEHHE:

y' =09x+y
xe[0;02] h=0.1
C Ha4aJIbHBIMU YCIIOBUSAMMU:
y(0) =1.

i=1
Xos1/2 = Xo +N/2=0+0.05=0.05

Yoir2 = Yo +g' f(Xy,Y,)=1+0.05-(0.9-0+1) =1.05
Vi =Yoo +h- f(X0.1/2 Your/2) =1+0.1-(0.9-0.05+1.05) =1.109

=2
Xiq» =% +h/2=0.1+0.05=0.15

yhuzzyl+2~f(&,w):1109+005(09-Q1+110®::1169

Y, =Y, +h- f(Xu15, Yia,) =1.109+0.1-(0.9-0.15+1.169) =1.239
Pemienue OJ1Y umeer Bua:

X y

0.0 1.000
0.1 1.109
0.2 1.239




Bropas yny4ymennas ¢popmysia Jiiaepa

[Tycts gano auddepeHnnaibHOoe ypaBHEHUE:

y'=5xy)

C HA4YaJIbHBIMH YCJIOBUSIMU:

M(xy) =Y,
Pemenue B kax10i TOUKE X; OIpeesercs no Gpopmyie:

f(x,y)+f (Xi*+l! yi*+1)
2 ]

Yia=Yith

rIe

Xia =X + h
yi*+l =Y+ hf (Xi ) yi)

I'eomeTpHYecKy 3TO 03HAYAET, YTO ONPEACIACTCS HAPABICHHE HHTET PAIIbHOM
KpuBOil B MCXOqHON Touke (X;,Y;) W BO BcmoMorartenbHoil Touke (X,,Y;), a B

Ka4yeCTBC OKOHYAaTCJIIbHOI'O HalIpaBJICHUSA JIOMaHOU 6epeTc;1 CpCIAHEC OTHUX
HanpaBJICHUMN.
ITpumep.
[IycTe mano L[Hd)cbepeHuHaHLHoe YpaBHCHUE:
y' =09x+y
xe[0,0.2] h=0.1

C HAYaJIbHBIMH YCJIOBUSMU:

y(0) =1.
i=1
X =X +h=0+0.1=0.1
y; = Yo +h- (X, ¥,)=1+0.1-(09-0+1)=1.1
y, = y0+2-(f(x0, Vo) + (X, y;))=1+0.05-((0.9-0+1)+(0.9-0.1+1.1)) 1.110
i=2
X, =% +h=01+0.1=0.2
Y, =Y, +h-f(x,y,)=1110+0.1-(0.9-0.1+1.110) =1.239
Y, =Y, +g-(f(x1, yy) + F(X,,Y,)) =1.110+0.05-((0.9-0.1+1.110) + (0.9*0.2 +1.239)) = 1.241

Pemenne OJ1Y umeer Bu:

X y

0.0 1.000
0.1 1.110
0.2 1.241




Meton Pynre-Kyrra.

Merton Diinepa 0THOCUTCS K ceMelcTBY MeTo10B PyHre-Kyrra.
Meron Pynre-Kytra ( -ro nopsijika umeer BUA:

y(x+h) = p(x)+ 2 pk(h),

i=1
rzie npu GUKCUPOBAHHBIX 3HAYEHUSX HEKOTOPBIX apaMETPOB:
Qs Cyses B3 P15 Doy Pases Py B, 0<j<i<q
[I0CJIEIOBATEIHHO BEIYHCIISFOTCS:
k(h)=hf(x,)
ky(h) = hf (x + o,h, y + ki ()

}c”q(h) = hf (x+ b,y + Bk (W) + Boky(h) e + Bk, ()

HauOonbiiee npuMeHeHre Ha mpakTuke noay4uus merox Pyre-Kyrra 4-ro

InopsaaKa:
Yin =V +Ay,,
rie
k =hf(x,y)
h k
k2 = hf(x+59y+?1

h k
k= hf (x4 3,y +22)

k,=hf(x+h,y+k)
1
Ay :g(kl +2(ky + k) + ky)

Merton Pynre-Kyrra umeer psii BaKHEUIINX TOCTOUHCTB:
1) BbICOKast TOYHOCTD
2) siBHasl CXeMa BBIYMCIIEHHH ), ., 3a ONPEJEICHHOE KOJMYECTBO NIaroB H MO
ompeIeICHHBIM (POPMYJIaM.
3) BO3MOKEH NEPEMEHHBIH 11ar, T.€. MO’KHO CMEHUTB 1I1ar, rjae QyHKIus ObICTpO
MEHSeTCSl.
4) nerko opopMIISETCS.
[lycts nano auddepennnaibHOe ypaBHEHUE:
y' =09x+y

xe[0;02] h=0.1

C HaYaJIbHBIMU YCIIOBUSMH:

y(0) =1.
i=1



k, =hf (X, Y,)=0.1-(09-0+1) =0.1
h ky 0.1
k, =hf (X, +§, Yo +E) =0.1-(0.9-(0+0.05) + (1 + 7)) =0.110

ko =t (% +2, Yo +%) ~0.1:(09-(0+0.08)+ (1+ 220

k, = hf (X, +h, Yy +Kg) = 0.1-(0.9- (0+0.1) + (1+0.110)) = 0.120

) =0.110

V.= Yo +%~(k1 +2-(k, +Kg) +K,) =1+%(o.1+ 2.(0.110+0.110) +0.120) =1.110

i=2
k, = hf (%, y,) =0.1-(0.9-0.1+1.110) = 0.120

0'1222)) =0.130

0.1230)) o131

k, = hf (x,+, y; +k;) =0.1-(0.9-(0.1+0.1) + (1.110 + 0.131)) = 0.142

k, = hf (X, +g, y, + %) =0.1-(0.9-(0.1+0.05) + (1.110+

ky = hf (X, +g, v, +k?2) =0.1-(0.9-(0.1+0.05) + (1.110 +

Vo=V, +%-(k1 +2-(k, +Kg) +k,) =1.110+ %(0.120+ 2.(0.130+0.131) +0.142) =1.241

Pemenue O/1Y umeer Bun:

X y

0.0 1.000
0.1 1.110
0.2 1.241




METOAbI OBPABOTKHN SKCIIEPUMEHTAJIBHBIX IAHHBIX.
INIOCTAHOBKA 3AJIAYH

Ilycte B pesynprare HM3MEpPEHUH B IIPOLIECCE OIbITA IOIy4YeHa
TabIMIIa HEKOTOPOU 3aBHCHUMOCTH:

X | X1 | Xz | Xn

F(x) | yi | y2 | Yn

HeoOxomuMo HaiiT ¢GopMyiy, BBIPAKAMOIIYIO 3Ty 3aBHCHMOCTH
AQHAJIUTUYECKHU.

Heo06xomuMo  oTMETHUTB, YTO  Takas  IIOCTAaHOBKAa  3aJa4yd
COOTBETCTBYET IIOCTAaHOBKE 3aJaud uHTepnoysuuu. OJHAKO B TEOpUHU
00pabOTKM SKCIEPUMEHTATIBHBIX JTaHHBIX METOJbI OTJIMYAIOTCS OT METOJIOB
MHTEPIIOJISILINY, PAaHEE PACCMOTPEHHBIX.

WuTepnonsiuuoHHble GOPMYIIBI MO3BOJISIIOT TOCTPOUTH MOJUHOMBI,
3HAUEHHUS! KOTOPBIX B Y3JIOBBIX TOYKAX Xi COBMAJAIOT CO 3HAUYEHUSMU Yi.
OnHako Takoe COBIQJCHHE B OOMIEM cly4ae HE O3HA4aeT COBIAJICHUE
XapaKkTepOB TMOBEACHHUS HWCXOMHOW ¥ HWHTEPHOJHMPYIOUIeH (QYHKIUH.
TpeGoBaHUsI HEYKOCHHMTEIBHOTO COBMAJCHHUS] 3HAYEHUW HCXOJAHOU U
MHTEPIONUpYOIEH (QYHKIIMU MOKET OKa3aThCsl TeM 00Jie€ HEOIPAaBIaHHBIM,
€ClIM 3Ha4YeHMsl Y1 IMOJIyue€Hbl B pE3ylbTaT€ HU3MEPEHUM U SBISAIOTCS
COMHHUTEIbHBIMU. JTO BO-TIEPBBIX.

Bo-BTOpBIX, 3a7aya MHTEPIOJALMUA H3BECTHBIMH METOJAMHU, Kak
IpaBWwiIo, pemiaercs Juisi  HEOOJIBIIOrO  OTpe3Ka, U HaiijJieHHas,
MHTEPIOJSIIMOHHAS (PYHKLMS MOXKET OKa3aThCs HENPHUTOAHOM Ui IPYroro
OTpe3Ka UJIU J1axe /7Sl OONbILIEro oTpe3Ka.

Hcxons W3 BBILIECKA3aHHOIO, CIEAyeT YTOYHUTH 3a/adyy METOJI0B
00pabOTKM AKCIEPUMEHTAIbHBIX JaHHbIX. [lo 3agaHHBIM TaOIUYHBIM
JaHHBIM HEOOXOIUMO HalWTH (YHKIMIO 33JaHHOr0 Buaa: y = F (X), koTtopas B
TOYKAxX Xj IPUHUMAET 3HAUCHUS KaK MOXHO 0Oosiee Onu3Kue K TaOJIMYHBIM
3HAYEHUSM Y.

[IpakTuuecku Bua npubmmxkaromieil GyHKIUM F MOXHO onpenenuTb
cienyromuM o0pa3zoM. CTpouTcsi TOYeuHbIM rpaduk (yHKIUH, 3aJaHHON
Ta0JIMYHO, a 3aTeM MPOBOJUTHCS IIJIaBHAs KpHBas, IO BO3MOXHOCTHU
Haunyywium obpazom OTpaxkawllas XapakTep pacnojiokeHusi Toyek. llo
MOJIyY€HHOM TakuM o0pa3oM KpUBOM YCTaHABIMBAETCS BUJ MPUOIIKAIOIIEH
¢GyHKIMM (0OBIYHO U3 YMCIIa MPOCTHIX M0 BUAY AaHATUTHUECKUX (YHKIIHI).

Kax nmpaBuio, nepen Tem, Kak pelIMTh TaKyl 3ajadyy HEOOXOIUMO
OTBETUTH Ha YEThIpE BOIMpPOCaA:

1) Kakue y31b1 OyayT ncnosib3oBatbes?

2) Kakytro ananutuueckast GyHKIHs Oy/I€T UCIIOIb30BaATHCS ?

3) Kaxkoit kputepuii coriacust OyJeT HCTIOIb30BaThCS ?

4) Kakyro TOUHOCTh HEOOXOAUMO TOCTHYb?



¥Y3JIOBBIE TOYKHA

B mnpuHnMIIE 3TO BOMpPOC CTAaTHCTUKH, a MMEHHO TOH 0O0IacTH,
KOTOpasi Ha3bIBaeTcs ""TIIAaHUPOBAHUEM DKCIIEPUMEHTA" .

Ha npaxTuke y3710BbIe TOUKH 33JJaHbl BHEUTHUMHU OOCTOSITEILCTBAMU
WIA HCTIOJIB3YIOTCS PABHOOTCTOSIINE TOYKH.

Ecmu ke cymiecTByeT BO3MOXHOCTH BBIOOpa TOYEK, TO BBIOOD
ocyuiecTBisiercs o ¢popmye YeObimeBa, Kak U B METOJIaX WHTEPIOIISIIHH.

KJACC ®YHKIIUI

Br16op Bua GyHKIMH OCYIIECTBISICTCS UCXO/Is M3 OOIIeH 3a1auu, B
pamMKax KOTOpPOW pemiaercs 3amada o0pabOTKH AKCIEPUMEHTATBHBIX
JNaHHBIX. B kadecTBe (yHKIMM MPUOIMKCHHUS MOTYT OBITh HCIIOJIH30BaHBI
CIICAYIOIINE dJIeMEeHTapHbIe (YHKINU:

- CTereHHas F(x) =ax™;
- moKasareybHast F(x) =ae™;
1
- IPOGHO-IHMHEHHAS F(X)=——;
ax+b
- norapudmMuyeckas F(x)=alnx+b;
a
- runepOonyeckas F (X) =—+Db;
X
X
- IpOOHO-paIOHATbHAS F(X)=—;
ax+b
- TMHENHHAas F(x) =ax+Db;
- KBaJpaTHBIA TpEeX4JICH F (X) = aX2 +bx +c;
KPUTEPUIA COTJIACHS

DTO caMblii BaXXHBIM BOIpoc. PerieHue 3Toro Bompoca JaeT OTBET
pelleHus 3a1a4u HAaWTydliero npuoirmkenus. YTo o3HadyaeT MaTeMaTHYECKU
Hawiydiee nmpubmmkeHne? DTO O3HA4YaeT BhIOpaTh KPUTEPHid coryacus,
KOTOpBIM sIBNIsSIeTCS (PYHKIMEW HEBS3KU Y3JOBBIX TOUEK U 3HAUYCHUSIMU
anMpPOKCUMHUPYIOMIEH (PYHKIIUU:

J :‘](F(Xi)_yi)'

Brei6op Hawmmyuinei GyHKIMH OCYIIECTBISAETCS 10 MUHUMYMY 3TOTO
KPUTEPHSL.

CymiecTByl0T Tpu HanOoJiee MIMPOKO PACIPOCTPAHEHHBIX KPUTEPUS
corjacus:

- CpEIHEKBAAPATUYHBIN;

- MUHMMAaKCHBIN uinn YeOkIIeBa;

- BEPOSITHOCTHO-30HAJIbHBIM.



CPEJTHEKBAJIPATUYHBIN KPUTEPUI

Hpe;[nonaraeT MHWHUMHA3AUIO CYMMBI KBaJIpaTOB OIINOKH B Y3JIOBBIX
TOYKax:

J=é(F(xi)—yi)2,

/i€ yi -3HaYeHUE UCXOHON (QYHKIIUU B TOUKE X; (TaOIU4IHOE);

F(xj) -3HaucHME anmpoKCUMUPYIOIIEH (YHKIINH.

CpeHEeKBaAPATUYHBINA KPUTEPHH MO3BOJISICT MOJIYYHTh CIIIQ)KHBAHHE
KpUBOH, TO €CTh IMO3BOJSET OT(UILTPOBATH 3alIyMJICHHBIC JIaHHBIC, HE
TpeOysl ~ HUKAaKOW  JIOTMOJHHUTEIBLHOM  WH(pOpPMAIMK O  IIyMOBBIX
XapaKTePUCTHKAX ITOMEX.

MUHHUMAKCHBIN KPUTEPUMN WJIN KPUTEPUN
YEBBILIEBA

MuHuMaKcHBIN KpuTepuilt UeOblmeBa onpeaensercs Kak:
J = max|F (%) -y

Ecim npumeHeHue CperHEKBAaIpaTUYHOIO KPUTEpUsS YMEHBLIACT
CPEIHEKBAAPATUYHYIO OLIMOKY, NPU 3TOM JOIycKas OTAEJIbHbIE OO0JIbIINE
omuOKH, TO YEOBIIIEBCKOE MPHUONMKEHHE - MHUHUMAKCHOE - YMEHBIIAeT
OKCTpEMaNIbHYI0 HaumOonbmIylo omuoOKy. Ilo 3TOoMy »53TOT KpuTepuit
HCIIOJIB3YETCs, KOT/1a HE0OX0AUMO TPH aNMpPOKCUMAIIIU N30€KaTh OOIBIINX
OLIMOOK.

MUHMMaKCHBI KPUTEPUN TAKKE HE HCIIONIB3YET AONOIHUTEIBHYIO
MH(OPMALIHIO O IIIYMOBBIX XapaKTEPUCTHKAX ITOMEX.

BEPOSATHOCTHO-30HAJIbHBINA KPUTEPUAM

K 1aHHBIM KpUTEpUsSIM OTHOCHUTCS  Lenas TpyIia KpUTEPHUEB.
JlaHHbBIE KPUTEPUU HCTIONB3YIOT (TPeOYIOT) TOMOJHUTENbHYIO HHPOPMAIIHIO
0 LIYMOBBIX XapaKTEpPUCTUKAaX OOBEKTA!

- 0000IIeHHBIN METOJI HAMMEHBIINX KBaAPaTOB - KOBapUALMOHHbBIE

MaTpHUILIbI IIyMa;

- MaKCHMaJbHOE IPaBJONON00UE - PACHPENCIIEHUE BEPOSITHOCTEN U

T.JI.

TOYHOCTb

Beibop TOYHOCTM TpPHUOIMKEHUS OCYIIECTBISIETCS MCXOAS U3
YCIIOBUI 334U ¥ BBIOPAHHOTO KPUTEPUSL.

Ha mnpaktuke HauOosblee paclpoOCTpaHEHHE MOJIYYHI METOJ
HAaUMEHBIIMX  KBaJpaToB,  MCHOJB3YIOIIUA  CpeIHEKBaJpaTHYeCKUn
KpUTEpUH.



METOJ HAUMEHBIINX KBAJIPATOB
ITOCTAHOBKA 3A/TIAYA
[TycTs 3a1ana TabIuIa N3MEPEHUI:

Xi | X1 | X2 | cee | Xn

F) [y oy

Torma 3amaua hopmynupyeTcst CieayromuM oopazom: it GyHKIHH
F(Xi), 3amanHOi TaOnuueit, HaTH (QyHKIMH F ompenerseHHOro BHIa Tak,
9TOOBI CyMMa KBaIPaTOB:

J = (F(x)-Y;)* > min.

B xauectBe npuOmmkaomux QyHKIUN B 3aBUCUMOCTH OT XapakTepa
TOUEYHOTO rpaduka GyHKIUH f paccMOTpUM crieayromue QyHKIIH:

- CTeneHHas F(x) =ax™;
- moKasareybHast F(x) =ae™;
1
- IPOGHO-IHMHEHHAS F(x) = ;
ax+b
- norapudmMuyeckas F(x)=alnx+b;
a
- runepbonnyeckas F (X) =—+b;
X
X
- IPOGHO-paLMOHATEHAS F(x) = ;
ax+b
- IMHENHAas F(x) =ax+Db;

- KBaJIpaTHBIN TpeXuwieH

F(x) = ax? + bx +¢;

a, b, M, C — HEU3BECTHLIC ITapaMETPHI. KOFI[& OCYIICCTBJICH BLI60p

npubnmxaromeil  pyHKIuH,

3agada HpI/I6J'II/I)I(eHI/I}I CBOOUTCA K

OTIpeJICJIEHUI0 3HAUEHUS 3TUX [TapaMeTPOB.
PaccmoTpuM 3a1a4y B 00111eM BUE.
[Tpubnnxaromas GyHKIUS UMeeT OO BU:

CYMME[ KBaApaToB:

F(x,a,b,c)

i(yi —F(x;,a,b,c))? = d(a,b,c)
i=1

Yro6el Haiith munumym  ¢yskmuun - @(@,b,C), ucnonssyem

HEOOXO0JMMOE YCIIOBHE IKCTPEMyMa:



do

—=0
da
o _,
db
d _,
dc

i(yi - F(x.,a,b,c)-F,(x,ab,c)=0

Zn:(yi —~F(x,a,b,c)-F,(x,a,b,c)=0

i=1

S (¥ - F(x,ab,0) - F. (4,a,b,¢) =0

i=1

PemmB 3Ty cuctemy Tpex ypaBHEHHI C TpeMsi HCM3BECTHBIMU a, B, C
MBI U TIOJTyYMJIM KOHKpeTHBIH BuI dyHkiun F(x, a, b, c).
EctectBenHo, uto F(X;) oTiim4aercs oT Yi , HO OTHOLICHHS
y; — F(x;,a,b,c)=¢;,20e i1=1Ln
OyIyT MUHUMAJIbHBI B CPETHEKBAIPATHYHOM CITydac.
PaccMoTpuM MeTOJ HAMMEHBINIUX KBAAPATOB JUIS  Pa3IMYHBIX

GbyHKIHA.
JINHEWHAS OYHKIINAA.

F(x,a,b)=ax+b

dF
— =X
da
daF
db

Zn:(yi —ax, —b)-x, =0
=
Zn:(yi —ax;, —b)=0
DX -Iz;i —ay x'—bY x, =0
| Zyi —aini —nbi=0
Paieitnn ka0 ypaBneie wa n, nOIyHACTCS:
a-%zi:xf +b'%ZXi :%in Y
a-%zi:xi +b:%2i:yi

BeeneMm 0003HaUEeHUS:



n=
ATh M,
1 X =M,
n=s

Taxum 00pa3oM, momydaeTcs cucTeMa JMHEHHBIX YpaBHEHHI ¢
HEHM3BECTHBIMHU: A U b:
a-M,+b-M, =M,
a-M,+b=M,.
Pa3pemuB naHHyr0 cucTeMy ypaBHEHUN OTHOCUTEIBHO HEU3BECTHBIX

napameTpoB a u b, ompeaenuM HCKOMYIO (hyHKIIHIO F(X, a, b) =—ax+b
Pe3ynbrarel BeIYMCIEHUH JTy4llie Bcero 0pOpMUTh B BUE TaOJIUIIbI

Xy x> | F(¥) |e=y-F() e

X y
Xy Yi XY, X12 F(x,) € 912
X, Y2 XY X5 F(x;) | & e’
Xoo | Yo | XY | Xo | F(X) | & e
E

M, [ M, [M, |[M,

3unauenue E onpenenser 61u30cTh annpokcuMupyronie pyHKkuum K
ucxoaHOU. E onpenensiercs mo cnemyromeit Gpopmyie:

n
EcrectBenHo, yem Menblile E, Tem annpoxkcumupyromas GpyHKIus

E=

OMKe K UCXOIHOM (DYyHKIIMH.

KBAJIPATHBINA TPEXUJIEH.

F(x,a,b,c)=a-x>+b-x+c



— =X
da
dF _
db

aF
dc

2 (yi—a-x =b-x; =c)-x; =0,
Y(yi—a-xt—b-x;—c)-x =0;
S (45 —a-xF ~box, ~0)=0.

[Tocne mpeoOpa3oBaHus MOIy4aeTCss CUCTEMA JIMHEHHBIX ypaBHEHUN
C HEM3BECTHBIMH: &, b, C.

MX4 ‘a+MX3 ‘b+MX2 ‘C:sz ,
Yy

MX3 'a+MX2 'b+MX'C:M
M.-a+M,-b+c=M,.

PaSpeHH/IB JaHHYIO CUCTEMY ypaBHeHI/Iﬁ OTHOCUTCIBbHO HEU3BCCTHBIX
napameTpoB a, b u ¢, onpeaeauM HCKOMYIO (DyHKIIHIO
F(x,a,b,c) =ax® +bx+c

Xyl

PeBy.]'IBTaTbI BBIYMCIICHHI JIyduIe BCCro O(I)OpMI/ITB B BUJC Ta6J'II/II_IBI

XY X x| x® x| x?y | FX) |e=y—-F(x)| e?
X | Vol X Yn | X[ | x| Xy, | FO) | e e’
X, | Yol XY, | X2 | x| x5 | X2y, | F(x,) | & e
Xo | Yol Xa¥o | X2 | X2 | x3 | X2y, | F(X)) | e, e
MMM, M. M, MM, E
CTENEHHAS ®YHKIUS

Crenennas GyHKITHS UMEET BHI:
F(x,a,m)=ax"
Ecnm mponorapudmMupoBaTs JaHHOE YpaBHEHHUE, TO MOYKHO MOTYIHTh

clienymoliee:
In(F(x)) =In(a) + m-In(x)

Beens HOBBIE MEPCMCHHBIC:



A=m

B =1In(a)

u=In(x)

#(x) = In(F(x))
MOJYYUM CJIEIyIOIlee TUHEHHOE YpaBHEHUE:

p(u)=Au+B.

OnpenenuB napameTpbl 4 U B (CM. JIMHEHHYIO (QYHKIHIO), MOXHO
OTIPEICNIUTh TTApaMETPhl CTENICHHON (PYHKITUH:

m=A
a=e®
Pe3ynbTarhl BEIYMCICHUH JIydIlie BCero 0pOPMUTH B BUE TAOJIHUIIBI

X 1Y TJu=InX | g=In(y) [ug |2 F(x) e=y-F(x)
Xy Y1 u, ¢, u, ¢, U12 F(x,) €
X, Y, u, P, U, @, US F(x,) €,
Xn yn un ¢n un¢n ulf F(Xn) en
M u M 3 M ug M u?

CJ'IG)IYCT 3aMCTUTh, UTO I[&HHI:Iﬁ AJITOPUTM CHIPAaBCJIMB TOJIBKO IJIA
MOJOKUTEIbHBIX 3HAUCHUH X 1 y.

ITIOKA3ATEJIbHASA ®YHKLUSA.

[TokazarenbHast QyHKLINS UMEET BUJ:
F(x,a,m)=a-e™
Ecnu nponorapudmMupoBaTh JaHHOE YpaBHEHHUE, TO MOKHO MOTYYHTh
clleAyroIee:
In(F(x)) =In(a) + m-x
BBens HOBbIE IEPEMEHHBIE:
A=m
B =In(a) ,
¢(x) = In(F (x))
MOJTy4aeM clieAyroliee JMHEHHOe YpaBHEHHE:
#(x)=Ax+B
OnpenenuB mapamerpsl A U B (cM. JHHEHHYIO (DYHKIMIO), MOXHO
OIpeJIeNIUTh MapaMeTpbl CTENEHHON (PYHKITUH:

m=A
a=e®
PCSYJ'IBTB.TBI BBI‘-II/ICJ'ICHI/Iﬁ qume BCECTO O(I)OpMI/ITL B BUJIC Ta6HI/II_IBI




X y g=In(y) | x¢ X2 F(x) e=y-F(x) | ¢
X Y1 ¢1 X1¢1 Xlz F (Xl) €, ef
X, Y2 9, X, 9, X22 F(x,) €, 822
Xn yn ¢n Xn¢ﬂ Xn F(Xn) en

M, M, M,, M.,

Cnez[yeT 3aMCTUTB, YTO I[aHHHﬁ AJIT'OPUTM CIIPpABCAJIUB TOJIBKO IJIA
MOJIOKUTEIBHBIX 3HAYCHHI Y.

JJOTAPUOPMHUYECKASA ®YHKLUA.

F(x,a,b)=a-In(x)+b
BBens HOBYIO IEpEMEHHYIO:
u=In(x),
MOJIy4aeM CJICIYIOIEE TMHEMHOE YPAaBHEHUE:
F(u)=au+b

PeBy.]'IBTaTbI BBIYMCIICHHI JIyduIe BCCro O(l)OpMI/ITL B BUJC Ta6J'II/II_IBI

X y u=In(x) W u2 F(x) e=y-F(X)
Xy Yi u; uy, U12 F(x,) €
X, Y, u, uy, US F(x,) €,
Xo | Yo | U, u.y, |u, F(X,) €,
M y M, M oy M 22

CneﬂyeT 3aMCTUTB, YTO }IaHHBIﬁ AJITOPUTM CIIPABCAJINB TOJBKO JJIA
MOJ0KUTEIbHBIX 3HAUCHUH U.

JIPOBHO-JTMHEMHA S ®YHKIIHUS.,

F(x,a,b)= b

[Ipeobpazyem ciemyronum o0pazoMm:




1
F(x,a,b)
BBens HOBYIO IEpEMEHHYIO:

=ax+b

1
(X)=——.
’ F(x)
II0JIy4aeM clIeAyIollee TMHENHOE YpaBHEHHE:

#(X) = ax+b

Pe3ynbrarel BeIYMCIEHUH JTy4llle BCero 0pOpMUTh B BUE TaOJIUILIbI

X y ¢:1 X¢ X2 F(X) e=y—F(x) | ¢
y

X | Y | ¢ | X F(x,) e e/

X, | Y2 | ¥ X. 00 | X5 F(x,) e, e’

X |y, |&, X4, | X2 F(x,) e, e’

M, M, M, | M, E

CJ'IeIlyeT 3aMCTUTh, YTO IIZlHHLIfI AJITOPUTM CHPABEJIMB TOJBKO JJI4 Y,
OTJIMYHBIX OT HYIJIA.

TUIEPBOJIA.
F(x,a,b)=2+b
X

BBens HOBYIO IEpEMEHHYIO:

1
u=—,
X
MOJy4aeM CJICIYIOIEee TMHEMHOE YPaBHEHUE:
F(uy=au+b

Pe3ynbTaThl BBIYKCICHUH JTydllle BCEro OOPMUTH B BUJI€ TaOIHIIBI




O O T A YRR 0 e=y-F() | ¢
X
X |y, |y Uy, |u’ F(x,) e e
X, Y2 u, Uy, U22 F(X,) iz 622
XI’] yn ul’] un yn Uﬁ F(Xn) en elf
M, | M, M., M. E
JAPOBHO-PAIIMOHAJIBHASL.
X
F(x,a,b)=
(x.a,0) ax +b
[Ipeobpasyem creayronmm 0opazom:
1 N b
g4 =
F(x,a,b) X
BBeist HOBbIE IEpeMEHHBIE:
1
u==
X
1 H
X)=——
$(x) F 0
MIOJTy4aeM CIIeyolee TMHEHHOE ypaBHEHHUE:
F(u)=bu+a
Pe3ynbTaThl BRIYHUCICHUH JTydllle BCErO OPOPMHUTH B BHJIC TAOJIHIIBI
S L T P A R e=y-F() | ¢
X y
Xy Y1 u, ¢ u, ¢, U12 F(x,) € 912
X, Y, u, P, u,d, U22 F(x,) €, e22
Xn yn un ¢n un¢n ur? F (Xn) en eﬁ
M, M, My, | M, E

CJ]C,Z[yeT 3aMCTUTb, UTO JIaHHBIN ajr OpPUTM CHPABEAJIMB TOJIBKO JUIS X

M Y, OTIIMYHBIX OT HYJI.




