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JIABOPATOPHAS PABOTA Nel-2.
UTEPAITMOHHBIE METO/bI _
PEHIEHUA HEJIMHEUHbBIX YPABHEHHNU.

Llenp pabGoThl: HAYYWUTHCS pelIaTh HEIUMHEHHBIE YpaBHEHUS METOIOM
NPOCThIX HUTepanui, MeToaoM HploTOHAa W MOIU(UIMPOBAHHBIM METOJIOM
Hrrorona ¢ nomonisro DBM.

ConepxaHue pabOThL:

1. M3yuutp MeTOn  NPOCTBIX WTepanui, Meron HeroToHa wu
MoaupupoBaHHbIi MeToa HbloTOHA 7S pelieHus] HEMTUHEHHBIX YpaBHEHUIA.

2. Ha KOHKpeTHOM IpHUMeEpE YCBOUTH NOPSAOK PELICHHUsS HEJIWHEUHBIX
ypaBHEHUH ¢ noMoupio 9BM yka3aHHBIMA METOJAMU.

3. CocraButh mporpamMmy  (mporpaMMbl) Ha  JIFOOOM  SI3BIKE
IPOrpaMMHUPOBAHUSA U C €€ MOMOLIBIO0 PEHINTh ypaBHEeHUE ¢ TouHocThi0 € = 0.001
u 0 =0.01. Cnenatb BBIBOJ O CKOPOCTH CXOJIUMOCTH BCEX TPEX METOJIOB.

4. Nsmenuts € =¢€/10,8=0/10 u cHoBa pemmth 3amady. Crenarh BHIBOJIBI

0: CKOPOCTH CXOJUMOCTH PaccMaTpPHBAEMbIX METOJIOB; BJIMSHUU TOYHOCTH Ha
CKOPOCTh CXOJIMMOCTH; BIUSHUM BbIOOpAa HAYAJIBHOIO MPUOJIMKEHUS B METOJE
MPOCTBIX UTEPALIMI HA CKOPOCTh CXOJIUMOCTH.

5. [loaroToBUTHCS K YCTHOMY OMPOCY MO TeME PabOTHI.

[TPUMEP BbIIIOJIHEHMA PABOTDBI

3ajaHue.
1. Jloka3aTrh rpad@uUecKMM M aHAJTUTHYCCKUM METOAaMHU CYIIECTBOBAHHUE

€MHCTBEHHOT'O KOPHSI HEJINHEWHOTO YPABHEHUS
f(x)=e* +x=0 (1)
Ha oTpe3ke X €[-1,0].

2. Tloctpouts pabouue (opmynbl MeToja MPOCThIX HTEpaluid, MeToja
Hrerorona u moauduimpoBanHoro Meroja HpIOTOHa, peanu3yromue IMpoIece
MOMCKa KOPHS HEIMHEWHOTro ypaBHeHUs (1) Ha yKa3aHHOM OTpe3Ke.

3.  CocraBuTh  mnporpamMmy  (mporpammbl) Ha  JIOOOM  S3bIKE
IPOrpaMMUPOBAHMS, PEATTU3YIOLINE TOCTPOEHHBIE UTEPALMOHHBIE MPOLIECCHI.

Pemmenue.
1. lokaxxeM rpaduyeckuM METOJIOM €IWHCTBEHHOCTh KOPHS HEJIIMHEHHOTO

ypaBuenus (1). U3 rpapuxa ¢ysxmum f(X)=€* +x ma Puc.l BugmHo, yro
¢yukums  f(X) mnepecekaer ocek OX B OJHOM TOYKe, SIBIISIOLICHCS

MpUOIMKEHHBIM 3HAaUYCHHEM KOpHS HenuHedHoro ypaBHenus (1). Ho rtak kax
naHHass QYHKIOAS WMEET CJIOXKHBIM aHaJTUTUYECKUH BHUJ, TO MpeodpazyemM

ypaBHenue (1) x Bumy € =—X u moctpoum jBa rpapuka y=e€* m y=-X,
uMeroux Oosiee mpocToil aHanmutuueckuid Bun (Puc.2). AOcuucca TOYKH
TepecedeHusi rpaQuKoB SABJIAETCS NPHOIMIKEHHBIM 3HAYCHHEM KOPHSA. 3aMETHM,



YTO TpauUeCcKUil METO/I MOKA3bIBACT KOJIUYECTBO KOPHENH HCXOJHOTO YPaBHEHHUS,
HO HE J0Ka3bIBAECT €AUHCTBEHHOCTh KOPHA HA OTPE3KE.
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0,800 y
0,600
0,400
0,200 !
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-0,200
o0 Puc.2
-0,600
-0,800
Puc.1

Anamutnaeckuit Meton. ®ynkmus f(X) HempepwiBHa Ha otpeske [-1,0],

UMeeT Ha KoHmax orpe3ka pasHbie 3Haku ( f(-1)=-0.632; f(0)=1), a
npousBogHas  (QYHKIUHU f(x) HE  MEHSeT 3HaK Ha  OTpe3Ke

(f'(xX)=e* +1>0Vxe[-10]). CnenosarensHo, HenuHeliHoe ypaBHeHue (1)
UMEET Ha YKa3aHHOM OTPE3KEe €IMHCTBEHHBIN KOPEHb.

2. MeTo1 IpOCThIX UTEPAIIUH.

[Toctpoum ¢ysakmio  @(X) =X +cf (x). Koncranta C BbeIOMpacTcs u3

JAOCTATOYHOTO YCIOBHSI CXOJUMOCTH
o'(x) <1, vx e[a,b] (2)
Ecmu mpoussommas f'(x)>0,Vxe(a,b], To sHauenne ¢ BwiGupaercs u3

uHTEpBaia —— <C<0, ecnmu npousBoaHAs f'(x)<0,vxela,b], To — wus
f'(x)
_9 ’
naTepBaa 0<C< m Tak Kkak U1 paccMaTpuBaemoro npumepa f'(X) Bcromy
X
nojoxurenbHa Ha otpe3ke [—1,0], To mpumaBas mepeMEHHOW X pPa3JIMYHBIC

t(x)
nosyunM —1< ¢ < 0. Beibupaem npou3BoiIbHOE 3HAUCHUE C W3 ITOTO MHTEpPBAJIA.

[lycte ¢=-0.1. Torma pabouas ¢opmyia MeToJda NPOCTHIX HUTepalruii Oyner
UMETb BH/I;

3HaueHus u3 uHTepBaia [—1,0] u BeIOMpas HaUMEHBIINN WHTEPBAJ <c<0,

Xps1 =X, —01- (exn + Xp, ) n=012,... (3)
Urepanmonnsiii  mporecc (3) MOXHO HayaTh, 3aJaB I[POU3BOJIBHOE
HavyaJlbHOE  NPHUOIIDKEHHE  Xg € [— 1,0]. Urepaunonnsiii  npouecc  (3)
3aKaHYMBAETCS IPU OJTHOBPEMEHHOM BBITIOJIHEHUHU JABYX YCIOBHIA:
Xns1—Xn| <€ 1 [ F (X000 ) <8 (4)

B sTOoM ciyuae 3HaueHHE X,.q SABISETCSA NPUOTMHKEHHBIM 3HAYEHUEM KOPHSI



HEeJIUMHENHOro ypaBHeHus (1) Ha oTpeske [— 1,0].

Meton  HproToHa. B kadecTBe Ha4YallbHOTO HpI/I6J'II/I}K€HI/IH Xg 31€Ch

BBIOMpAETCS TpaBblil WM JIEBBIA KOHEL| OTpPe3Ka, B 3aBUCUMOCTH OT TOTO, B
KOTOPOM BBINOJIHAETCS JIOCTaTOYHOE YCIOBHE cXoauMocTh meroaa HeroTroHa

BUJIA:
f(xo)f"(%)>0 (5)

3ameTHM, 4TO B TOUuke X =—1 ycioBue (5) He BbINIOIHSETCS, a B Touke X =0

— BemosHAeTCs. ClenoBaTelbHO, B KA4eCTBE HAYAIBHOTO TPHOIMKEHUS

BpIOMpaercss Touka Xy =0. PabGouas  ¢opmyma wmetona  Helorona

f (%)

Xpa1 = Xn — TX) ,Nn=01,2,... 11 AaHHOTO ypaBHEHMs 3alINLIETCS TaK:
n

X
e +X
Xn+1=Xn—X—”,n:0,1,2,... (6)
e +1
VYcnoBus BbIXOJa UTEPALIMOHHOTO Tpoliecca (6) aHaJIOrMYHbl YCIOBUIM (4)
METOJa ITPOCTBIX UTEPALIAN.

Momuduumposannsni meron HprotoHa. HagampHoe mnpuOmmkeHue X

BbIOMpaeTcst aHanoruyHo Metony HeroToHa, T.6. Xg=0. Pabouas ¢opmyna

MoauuuMpoBaHHoro Meroxa HerooTtoHa  X,.q =X, _f’(_xn)’ n=012,... mig
f'(%)
JTAHHOTO MPpUMEpPA 3alHUIIETCS TaK:
e’ + X,
e’ +1
VYcnoBus BbIX0OJa UTEPAIMOHHOTO Tpoliecca (7) aHaJIOrM4Hbl YCIOBUIM (4)
METO/1a IPOCTBIX UTEPALUH.
3amedanue: ISl TOTO, YTOOBI CHAENAaTh BBIBOJ O CKOPOCTH CXOAMMOCTHU
METOJ/IOB, HEOOXOJUMO B Ka)XJOM METOJIe¢ BBHIOMpATh OJUHAKOBOE HAYAIBLHOE
pUOIMKEHUE.
3. brnok-cxema wmeToma TMpOCThIX uUTepauuii, Metona HeoToHA U
MOIU(DUITMPOBAaHHOTO MeTo1a HhIoTOHA ITpHBEIcHA HA PUCYHKE 3.

n=012,.. (7)

Xne1 = Xp —

1. 3anars napamerpst meroza: N =0, X = Xg, €,9.
2. Boruuciuts ouepenoe npubmmkenue Y = @(X)

3. IIpoBepuThH yCIIOBUS OKOHYAHUS IPOLIECCA: | y—X |S € &| f (y) <9.

vy Ja

4. OGHOBUTH 5. Pacneuarath  mpuONIMKEHHOE
—Ha4YaJIbLHOE €«<—— Her 3HaYeHHE KOpHS Y .

npuOIMKeHne T

X=Y 1 6. OctaHoB

n=n+1

Puc.3



Hrwxe B KkauecTBe mpuMepa NpPHUBEACHBI NPOrpaMMbl Ha  A3bIKaX
nporpammupoBanus [lackans u C, peanuzyronne nTepaiMoOHHbIN MPOLECC METOIA
MIPOCTBIX UTEPALIHIA.

I[TPUMEP ITPOI'PAMMbBI HA A3BIKE ITACKAJIb

Program Pr_iter;

Uses Crt;

var n:integer;
x0,x,eps,d,y,z,c:real;

begin
clrscr;
n:=0;x0:=-1;c:=-0.1;x:=x0;eps:=0.001;d:=0.01;
repeat
y:=x+c*(exp(X)+x);
Z:=X;
writeln(n:3,x:9:5,y:9:5,abs(y-x):9:5,abs(exp(y)+y):9:5);
X:=Y;
n:=n+1;
until (abs(z-x)<=eps) and (abs(exp(x)+x)<=d);
end.

[TPUMEP ITPOI'PAMMBI HA A3BIKE C

#include <stdio.h>
#include <math.h>
main()
{
int n=0;
float x,y,z,x0=-1,c=-0.1,eps=0.001;d=0.01;
X=X0;
clrscr();
do
{
y=X+c*(exp(X)+x);z=X;
printf(“%d %.4f %.4f %.4f %.4f\n” ,n++,x,y,fabs(y-X),
fabs(exp(y)+y));
X=Y;
}
while(fabs(z-x)>e || fabs(exp(x)+x)>d);
getch();
}



Pewienue: B pe3ynbTaTe pelleHUs HeIMHEHHoro ypaBHeHus (1) Ha
YKa3aHHOM OTpEe3Ke TpeMsl METOAAMM IpU HadaJbHOM HpuOmmkeHuu X, =0 c

touHoCcThi0 € =0.001 u 0=0.01 momydeHsl cieayrImue Pe3yIbTaThl: METOIOM
IOPOCTBIX HUTepalui  Xo; =-0.56213; wmeromom Herotoma X3 =-0.56714;

MoaupurpoBaHHbIM MeToAoM HerotoHa X5 =—0.56700.

[HOPAAOK BBIITOJIHEHNM A PABOTHI

1. OnpenenuTe KOJIWYECTBO KOPHEW HCXOAHOTO HEIMHEHHOrO ypaBHEHUS
rpauuecKkuM METOJIOM U MTOCTPOUTH Ipaduk (MpUMeEp MPUBEACH HA PUCYHKE 2).

2. Jloka3zaTb aHAINTHUYECKHM METOJIOM E€IMHCTBEHHOCTH KOPHSA HCXOIHOTO
HEJIMHEWHOTO YPAaBHEHUS HA YKA3aHHOM OTpPE3KE.

3. 3anmcarb HUTEpalMOHHBIE (OPMYJIbI, pPEATU3YIOIIME IPOLECC IMOUCKa
KOpHA Ha OTpe3Ke METOAOM IIPOCTBIX WTepanui, MeronoM HeroTroHa u
Mo (ULIMPOBAHHBIM MeTOAOM HbloTOHA.

4. CocraButh mnporpammy(bl) Ha JIO00M f3BbIKE MPOrPaMMHUPOBAHUS,
peann3yrolyo(1e) NOCTPOCHHbIE UTEPALIMOHHBIE MTPOLIECCHI, UCIOJIB3YS aITOPUTM
METOJOB, IIpUBEACHHBIM Ha pucyHke. [ledatp  pe3ynpTaroB  JOJDKHA
OCYUIECTBJISATHCS HA Ka)KJOM IlIare UTEpALii B BUAE CIAEAYIOIIEH TaOIUIb:

‘n ‘Xn ‘Xn+l “XnJrl—Xn‘ “f(XnJrl] ‘

5. IIpoBecTH BBIYUCIUTEIIBHBIEC SKCIIEPUMEHTHI.
6. CaenaTh BBIBOJIBI O TIPOJICIIAHHOM padoTe.

BAPUAHTBI UHJIMBUY AJIbHBIX 3A JAHUH

No Bapuanta | HenuneiiHoe ypaBHeHUE OTtpesok
1. eX+x2-2=0 [-1.5,-0.5]
2. e +x>-2=0 [0;0.6]

3. e +x=0 [-1,0]

a. e —x+2=0 [1.5;2.5]

5. e —2(x-1)* =0 [-1.1:1.5]
6. 2sin(x)—x+0.4=0 |-2.5,-1.5]
7. 2sin(x)—x+0.4=0 [1.5;2.5]

8. 2x—4c0s(x)—-0.6=0 [11.5]

9. 3c0s(2x)—x+0.25=0 | [-2.0;-1.8]
10. 3cos(2x)—x+0.25=0 | [2.5;2.9]
11. 3c0s(2x)-x+0.25=0 | [3.2;3.5]
12. | e*+sin(x)-1=0 [-5.5,-4.8]
13, e* +sin(x)-1=0 [-1,0.69]




14. e* +sin(2x)+0.5=0 [-10.9,-10.5]

15. e* +sin(2x)+0.5=0 [-10,-9.5]

JIABOPATOPHASI PABOTA Ne3-4. 5
UTEPAIIMOHHBIE METO/IbI PEHIEHUSI CUCTEM HEJIMHEWHBIX
YPABHEHUM

Llenb paboThI: HAYYUTHCS PElIaTh CUCTEMbI HEMMHEWHbIX ypaBHeHui (CHY)
MeToaoM npocthix urepauuit (MIIN) u merogom Herotona ¢ nomomeo 9BM.

ConeprxaHue pabOThL:

1. U3yunte MIIU n meron HeproTOHA I pelIEHUS CHCTEM HEIMHEWHBIX
YPaBHEHUM.

2. Ha KOHKpETHOM @IpUMEpE YCBOUTb IMOPSAOK pELICHUS CHCTEM
HenuHeWHbIX ypaBHeHud MIIU u metogom HeroToHa ¢ momomipio 9BM.

3. CocTaBUTh IPOrpaMMy U € €€ MOMOUIbIO PELIMTh CUCTEMY YPAaBHEHMI C
touHocThio € = 0.001.

4. Wsmenuts £=¢&/100 u cHoBa pemmth 3amady. Crenarh BBIBOI O
BJIMSIHUHA TOYHOCTH HA KOJIMYECTBO UTEPALUi.

5. [loaroToBUTHCS K YCTHOMY OMPOCY MO TeME PabOTHI.

[TPUMEP BbIIIOJIHEHU A PABOTDI

3ajaHue.
1. Ananmutnyecku pemuts CHY Buna:

f(X,y)=x+y-5=0; o
f,(x,y)=xy—6=0.
2. Tloctpouts paboune Gopmynsr MIIM u wmeroga HeloToHa s
YHCJIEHHOTO pelieHus: cuctemsl (1) mpu HayaabHOM MPUOIMKEHUN

(x©,y@)=(22). )

3. CocraBUTh HOpOrpaMMy Ha JOOOM S3BIKE MPOTPAMMUPOBAHUSA,
peaIN3yIOLIYI0 TOCTPOEHHBIN UTEPALIMOHHBIH IpoLEcC.

Pemienue.
1. Ananutnyeckum pemeaneM CHY (1) aBisitoTcst TOUku (2;3) u (3;2).

2. Jlna moctpoenust pabounx dopmyn MIIN nns yucneHHOrO pemieHHs
cuctemsl (1) HEOOXOMMO BHaYAJIe TPUBECTHU €€ K BHIIY:

x=dy(xy)
- 3)
y=,(xy)
JUist 3TOro yMHOXHUM IE€pBO€ ypaBHEHUE cucTteMbl (1) Ha HEM3BECTHYIO
MOCTOSIHHYIO O, BTOpOE€ - Ha [}, 3aTeM CJOXHUM HUX U J00aBUM B 00€ yactu
ypaBHeHus X . [loayunm nepBoe ypaBHEHHE MPeoOpa3yeMoi CUCTEMBI



X = X+ ofy (X, y)+ B, (X, y) = X+ a(x+ y —5)+B(xy — 6), (4)
rae @;(X,y)=x+a(x+y—5)+p(xy—6). damee, yMHOXHM IEepBOE YpaBHEHHE
cucteMsl (1) Ha HEU3BECTHYIO MMOCTOSIHHYIO Y, BTOPOE - Ha O, 3aTEM CIIOXKHUM UX U
nobaBuM B o0e ydacTu ypaBHeHHs Y. Torma BTOpoe ypaBHEHHE mpeoOpazyemoi
CUCTEMBI Oy/IeT UMETh BUJI:

y=y+vh(% y)+8f,(x, y)=y+y(x+y-5)+35(xy —6), (5)
rae @,(X,y)=y+y(x+y—5)+3(xy—6).

HewnsBecTHbple OCTOSIHHBIE O, [3,Y,0 ONPENENINM U3 JTOCTATOYHBIX YCIOBUUI

CXOJIMMOCTHU MTEPALMOHHOTO MpoLecca:

6CI)1|+ 8(1)2|<1H acI)1|+ 8(I)2|<1.
x| ol ley| | oyl
3anuiieM 3Ty yCIoBUs 0ojiee Mo IpOOHO:
14O +Baf2|+ yafl +502| g
OX 8x\ OX OX
oc%+6% +1+y%+6% <1
o oy o oy

[lomarass paBHBIMU HYJIO BBIPAXKEHUS MO 3HAKOM MOJYJS, MOIYYHM
cucTeMy JuHEeHHbIX anreOpamveckux ypaBHeHuil (CJIAY) 4 mnopsaka c 4
HEU3BECTHBIMH O, [3,7,0

a_.f:l-_FB%
OX OX

ya—f1+6%20;
OX OX
o, of (6)
o—+p—2=0;
oy
1+y6—f1+86f—2:0.
oy oy

Jlnst pemienus cuctemsl (6) HE0OOXOIMMO BBIYUCIUTH YaCTHBIC TPOU3BOTHBIC
o, oty ofy of,
OX ox oy oy
%zizl’izy’izx_
oX oy OX oy

Tornma CJIAY (6) 3anumiercs Tak:

1+a =0;

(1+a+ py=0;
y+0y=0;
<a+ﬂx:0;
1+y+0x=0.




o X
PemenueM »5Tol CHCTEMBI SBJISIIOTCS CICAYIOIMIUC 3HAYCHUSA: O =

y—-x'
1 y 1
p=—, y=——, 0=———. Torma paboune dopmynsl (4), (5) s
y—-X X=y X=y
pemennss CHY (1) npumyT Buxa:
X=X+——(X+y—-5)———(Xy—6),
X <Y =8 (-6
y 1
=y+——(X+y-5)———(xy—6).
y=yr oy (xry=8)= (v -6)
Jnsa peanuzanuu Ha DBM paboune GopMyIibl MOXKHO MEpenucaTh Tak:
(k)
(k+1) _ o (k) X (k) (k) (k) (k)
X =X+ (X" + Y =5 ) —————=| X"y —6)
NOENG ( ) NOENG (
(k)
(k+1) _ (k) y (k) (k) _5)_ (k) (k) _ ) _
yusy +X<k>_y<k>(x Y X<k>_y<k>(x y'=6) k=012,
[Tocne HeCOXHBIX TPeoOpa3oBaHuil JaHHbIE (POPMYIIBI IPUMYT BU:
NONVC
y - (k) (k) y k—0,1,2,...
S
of, of, of; of,
3amMeT¥M, YTO €CJIM YacTHbIE NPOU3BOAHBIE ——,—=,—,—= Mallo
OX OX oy oy
U3MEHSIOTCS B OKPECTHOCTH HAa4YaJIbHOTO TIpUOIMxKeHus (2), To:
a_flza_fl: ’a_fzzy‘ ) :1,%:X‘ ) :2.
ox oy ox @M gy @

Tornma CJIAY (6) 3anumieTcs Tak:

1+a+B=0;
Y+0=0;
a+2B=0;
1+y+25=0.

Pemennem 310i1 cuctems! siBasitoTest Toukn o0 =—2, B=y=1, 6=-1. Torna
pabouue hopmysl (4), (5) MIIN nns pewenus CHY (1) npumyT BU:
X=X-2(X+Yy—5)+(xy—6),
y=y-(x+y-5)-(xy—6)
st peanmzanuu Ha OBM pabourie popMyIibl MOKHO TIEpenucaTh Tak:

1) 2 ) _p(x) 4 y0) _g) (x(K)y ) )

yd) = 00 (x0) 00 5} (xy0) _g)k =012, (7)



Urepanmonnslii  npouecc (7) MOXHO  HayaTh, 3aJaB  HAdyaJbHOE
npuommkenue (2). [pouecc (7) 3akaHuUBaeTCS MPU OJTHOBPEMEHHOM BBITIOTHEHUU

JBYX YCHOBHIL: X, —X|<€& U |Yi,1—Y|<e. B oToM ciydae 3HadeHuss X, H
Yk 41 ABISIFOTCS IPUOIMKEHHBIM 3HaUeHUEM oiHoro u3 pemenuiit CHY (1).
3. Jlna noctpoenus padounx Gopmyn merona HetoroHna B Buzie

L) _ (k) _W—l()_((k)) ; ()—((k))’ (8)

HEO00XOIMMO:

of, of
. ox oy 11
1. Haittu MaTpuily 4aCTHBIX MPOU3BOAHBIX W (X, y) = o of = .
2 Ol y X
oy

OX
2. HaiiTu onpeenuTesib 3TOM MaTpPULIbL:
detW (x,y)=x—y.
3. Onpenenutb OOpaTHYIO MaTPUILY:

(W(xy)) = m& ﬂT ) xi y[—xy _11] |

[IpoBens Hecliox)HbBIE TpeoOpa3oBaHus MOTyIrM padbouyro popMyny Meroaa
HrrotoHa (8) B BUE:

(k+1) - X(k)y(k) + 5x(k) _ 6
Ty

X

(1) _ X(k)y(k) _5y(k) +6

Yo m Ty m

3. biok-cxema MIIN u metona Hetotona nns pemennss CHY npuBenena na
pucyHke 1.

Pemenue: B pesynbrate pemenus CHY (1) npu HayanbHOM NPUOIUKEHUN

(2) merogom mpocThix uTepanuii ¢ TouHOCThIO € =0.001 mosydeHo pemieHue

(x2), y?))= (2.00000;3.00000), a MeTOzIOM HeroToHa
(x®, y®)=(2.00000;3.00000).

k=01,...




1. 3agaTs mapamerpsl Metona: K =0, X = X(O), y= y(o), €.

1. Boraucuts oyepeHoe MPHUOIKEHHIE X(k +1), y("+1) no popmynam (7).

3. IIpoBepuTh yCI0BHS OKOHYAHUS IIPOLIECCA: | X(k+l) - X(k) |£ e& |y("+1) - y(k)| <eg.

vy Hda
4. OOHOBUTH 5. Pacieuarars npuOImKeHHOE 3HAUCHHE
—HAYATBHOE <“«——qer bemenus (X(k+l) y(k+1))'
pHOIMKEHHE '
() = x(k+1). 1
k) .\, (k+1 6. OcTaHoB
O Z )
k=k=1 Puc.1

[HOPAIOK BBIIIOJIHEHW A PABOTDI

1. Omnpenenutrh aHaIUTHUYECKOE(ME) pEIICHUE(s]) MCXOJHONM CHUCTEMBbI
HEJIMHEVHBIX YPaBHEHUU.

2. Tloctpouth utepanmoHHbie (POPMYIIBI, peaTu3ylolue Mpolecc MOUCKa
OJHOTO U3 PELICHUM CUCTEMbl HEJIWHEWHBIX YPaBHEHUW METOJOM IPOCTBIX
urepanui u Mmeroaom HerotoHa.

3. CocraBuTh TporpaMmy Ha JOOOM $3bIKE MPOrPaMMHPOBAHUA,
PEAN3YIOLIYI0 TMOCTPOCHHBIE HTEPALMOHHBIE IPOLECCHI, HUCIOJIB3Ys aITOPUTM
METONOB, TpuBEACHHbIN Ha pucynke 1. Iledars pe3ynpTaroB JOJDKHA
OCYUIECTBIISATHCS HA KaXKJOM IlIare UTEpaluii B BUAE CIACAYIOIIEH TaOIUIb:

‘k (k) xwﬂ)‘%“”—xww ‘wﬂ ‘y““)“ﬂ“ﬂ—y“ﬂ‘

4. IIpoBeCTH BBIYHCIUTENBHBIEC SKCIIEPUMEHTHI.
5. CnenaThb BBIBOJIBI O TIPOICIIAHHON padoTe.

BAPUAHTBI MHANBUIY AJTHHBIX 3AJAHUN

Ne BapuanTa | CucreMa HeJIMHEHHBIX ypaBHeHUH | HavanbHoe npubnmxeHue

X—y+4=0;

1. {xy—S:O (2,2)
2.2 _41_0

5 {x +y°-4=0; (3.2)
X-y—-2=0

X-y-1=0

2 2 — 0
3 {X y©=>=0 (L0)




JX+y-4=0;
4. g ) (L-1)
8Jx+y2—-20=0
X—y+2=0;
5. { 4 (2,-2)
xy—-3=0
X—y+2=0;
6. { g (-1-3)
Xy-3=0
2X+Yy—-5=0;
SR a2)
y—-x°-2=0
x-=3y-5=0
8. {x—yz—lzo (-2-1)
X+y-1=0;
9. { ) (L.1)
y—-x--1=0
X+y-1=0;
10. { ) (2,2)
X-y“°+2=0
2 y_R_(
11 {x +y-6=0; (1)
X+y—-4=0
2 _5_0
12. {“y 2=0; (2,2)
X+y—-2=0
2X+y—-17=0;
: 2,2
13 {gy—G:O (22)
2 y2 _17_
1. {x +y°-17=0; (13)
-3x+y-1=0
X+y+2xy—7=0;
1> {2x+2y+xy—8:0 (£0)

JIABOPATOPHAS PABOTA NeS.
NTEPAIMOHHBIE METO/AbI PEIIEHUA
CUCTEM JIMHEVHBIX AJITEBPAMUYECKHUX YPABHEHU

lenb paboThl: HAYYUTHCS pelIaTh CUCTEMbl JUHEHHBIX alreOpandecKux
ypaBuenuil (CJIAY) meronom npoctbix utepanuii (MIIN) u merogom 3eiiaens ¢
nomMoniso IBM.

Copepxanuie paboThI:

l. M3yunTh MeTOA NPOCTBIX WUTEpPAM U METON 3eWlieNs IJis PEelICHUS
CJIAY.

2. Ha koHKpeTHOM npumepe yCBOUTh nopsiaok pemenus CJIAY ¢ nomonisio




OBM yka3aHHBIMU METOJIAMH.

3. CocraButh nporpamMmy U ¢ ee nomouipto pemuth CJIAY ¢ TOUYHOCTBIO
& =0.001. CpaBHUTH CKOPOCTU CXOAMMOCTH METOJIAa MIPOCTHIX UTEPALUIA U METOAa
3enpaens.

4, Usmenuts £=¢/100 u cHoBa pemmth 3amady. Crenath BBIBOJ O
BJIUSIHUYA TOYHOCTU Ha KOJIMYECTBO UTEpAIUil.

5. Pemmute CJIAY ¢ tounocthio € u & =&£/100, BeIOpaB Apyrue HayalabHBIC
npUOJIMKEHUsT 711 HEU3BECTHBIX CUCTeMbl. CraenaTh BBIBOJ O TOM, Kak BBIOOD
HAYaJIbHOTO MPHUOIMKEHHS BIHUSIET HA CKOPOCTh CXOIMMOCTH PaccMaTpUBAEMBbIX
METO/IOB.

6. [loArOTOBUTHCS K YCTHOMY OIPOCY MO TEME pabOTHI.

[TPUMEP BbIIIOJIHEHW A PABOTDI

3ajanue.

1. Ananutnuecku pemnts CJIAY Buaa:
8x-5y+z=1
X+6y—-2z=T1, (1)
—-X-y+4z=9,

2. IToctpouTts padboune hopmynsl MIIN u Metona 3eliens A YUCICHHOTO
penienus cuctemsl (1).

3. CocraButh mnporpamMmy(bl) Ha JOOOM SI3bIKE MNPOrPaMMHPOBAHUA,
peanu3ynyo(1ue) NToCTPOCHHbIE UTEPAIIMOHHBIC MPOLIECCHI.

Penienue.
1 . AHaJ'H/ITI/I‘-IGCKI/IM pPCUICHUCM CUCTCMBI ABJISAKOTCA 3HAYCHUA .
x=Ly=2,2=3.

2. Meron mpocteix wurepaimid. M3 cucremsl (1) BHAHO, YTO MOIYJIH
JIMaroHaJdbHBIX KOY(POUIMEHTOB B KaXXJOM YpPaBHEHUU OTJIWYHBI OT HYJS U
0o0JIbIlIe CyMMBI MOJYJIEH BCEX OCTaIbHBIX KO3(PUIIMEHTOB, HE CUMUTAsl CTOJOLA
CBOOO/IHBIX YJICHOB. 3aMETHUM, YTO €CJIM yKa3aHHbIE YCIOBUS HE BBIMOIHSAIOTCS, TO
MyTeM DJIEMEHTAPHBIX MPeoOpa30BaHUI CHCTEMY HEOOXOIUMO K OSTOMY BHIY
MIPUBECTH.

PaznenuB kaxmoe ypaBHeHHe cuctemMbl (1) Ha COOTBETCTBYHOUIUUI
IMaroHaldbHbIN Kod(pdumumeHT, chopmupyeM cromdoen X =(X;,...,X,) B JIEBOH
YaCTH U MEPEHECEM OCTaJIbHbIE CllaraéMble B MPABYIO YaCTh U MOJYy4YUM paboune
dbopmynsl MITU Buaa:

p

(k1) _ 1 §y(k)_lz(k);
8 8 8

(CEV DA N (I () ()
6 6 3

CEUCIRE N IRy (O TP
4 4 4




HavanpHoe npubnmxeHue oObIYHO BHIOMPAIOT PaBHBIM CTOJIOIY CBOOOIHBIX
. 179
YJICHOB MPEOOPa30BaHHON CHCTEMBI (X(O), y(o), Z(O)): (5’6'2) [Ipomece (2)
3aKaHYMBAETCS IPU OJTHOBPEMEHHOM BBIMIOJTHEHUU TPEX YCIOBHIA:
‘X(k+l)_x(k ‘<8 ‘y (k+1) y(k)‘gg’ ‘Z(k+1)_z(k)‘£ .

B sToM cilydae 3HaveHMs X(k+1),y(k+l),z(k+1)

3HaueHusiMu petrenust CJIAY (1).

Mertop 3eitnens. boyee ObICTPYIO CKOPOCTh CXOAMMOCTH UMEET METO]T 3ehes,
k+1)

ABJIIAIOTCA HpI/I6JII/DKeHHBIMI/I

B KOTOpOM HaﬁﬂeHHOG (

-C HpI/I6JII/I>KeHI/Ie Cpa3y K€ UCIIOJIB3YCTCA IJIA
k+1)

MOJTy4eHUS ( -ro NpuOIKeHs nocneayomux koopaunar (Puc.1).

k+1

......

PabGoune hbopmynbl MeTos1a 3eiens 3anuIIyTes Tak:

k) 2L 5 L0,
8 8 8

() _7 L otken) 100, 3)
6 6 3

U SN G y Y k=012,..
4 4 4

VYcnoBust BeIXOAa HTEpallMOHHOTO Tipoiiecca (3) ¥ BbIOOP HAYaIBHOTO
npubavxeHus anagoruaasl MITH.



3. Biok-cxema MeTojia MpoCThIX UTEpallMid U MeTo/1a el Iesl IpUBEIeHa Ha
PUCYHKE 2.

1. 3agaTh mapaMeTphl METOIA: (X(O), y(o)1 Z(O)), £=0.001,k =0.

2. BeucIuTh ouepeiHoe npubmmkenue no popmynam (2) umu (3) (X(k*l), yled) Z(k*l)).
3. HpOBepI/ITL YCJIOBUSL: na
) < £ &Iy _y < &2 7] <

Y

HET
Y A 4
4. OOHOBUTH HaqanLHoe l'IpI/I6J'II/I>KeHI/IeZ 5. Pacrewatats nmpuOIMHKEHHOE
) = )y k) = ylked) 700 — (k) e 41, 3HAYCHHE KOPHA (x(k”), ), z(k”)).
6. OctaHoB
Puc.2

Pemenue: B pesynbrare pemenus CJIAY (1) MeTooM mpoCThIX UTEPALINA C
TOYHOCTBIO €=0.001 MOJTY4€HO pelieHue

(x(g), y(g), 2(9)) = (1.0001;1.9999;3.0000) , METOJIOM 3eHieis ¢ TOH K€ TOYHOCTBIO

(x®),y®),2%)) = (0.9998:1.9999;2.9999).

[TOPAOOK BBIITOJIHEHNM A PABOTDI

1. Onpenenuts ananuTudeckoe pemeHue ucxoanou CJIIAY.

2. Ecim ucxonmunas CJIAY He sBiIseTcs cucTeMod ¢ mpeoOjiagaroIruMu
JMArOHABHBIMU KOd((PUIIMEHTaMU, TO MyTEeM 3JEMEHTapHBIX MpeoOpa3oBaHUN
MIPUBECTHU €€ K ’TOMY BULY.

3. IMocTpouth wureparmoHHbie (HOPMYJIBI, peaTu3yIoNIUe MPolecc MOUCKa
pemennsa CJIAY MeTonoM npOCTBIX UTEPALANA U METOIOM 3EHIEIA.

4. CoctaButh mnporpamMmy(bl) Ha JIFOOOM SI3bIKE MPOTPAMMHUPOBAHUS,
peanu3ymonlyo(ue) IMOCTPOSHHBIE  UTEPAIIMOHHBIE  MPOILECCHI,  UCIOIb3Ys
IIPUBE/ICHHBIM HAa PHUCYHKE 2 alropuT™M MeETOAOB. IleyaTh pe3ynbTaToB JOJIKHA
OCYUIIECTBIIATHCS HA KAXKJOM IlIare UTEpaluii B BUAE CIACAYIOIIEeH TaOIuIb:

‘ K ’ () ‘ (D) ‘ ‘Xk+l k)‘ ’ y(k) ’ y(k+1 ‘ ‘yk+l k)‘ ‘ 7 (K) ‘ 7 (ki) ‘ ‘Z (k+1) Z(k)‘ ‘

5. IIpoBeCTH BBIUMCIUTEIBHBIC SKCIICPUMEHTHI.
6. Caenarb BBIBOJBI O TIPOJICTIAHHON padoTe.




BAPUAHTbBI UHIMBUIY AJTIbHBIX 3AJTAHUN

Ne CucreMa TMHENHBIX No CucreMa TMHENHBIX
BAapHAHT aJ'IFe6paI/I‘IGCKI/IX BapHaHTa aﬂre6panqec1<nx

a YpaBHECHUI YpaBHECHUI
2X—y—172=4; 9 4x —y—0.52=3.5

1 3Xx+4y—-2z=11, X+2y+0.3z2=1.3;
3Xx—-2y+4z=11. X—-y—-3z=-2.

10
—12x+1y+12:—12
X—-y+2=4 9= 9

2 2Xx—-5y-3z=-17, —2x—10y—§z:—2

x+y-z=1 X—0.5y +2.52 =1.
11
X-y+2=3; 12X -2y -5z =-5;

3 2X+5y—22=5; x-1.6y+z=1
(X+y-3z=-1 2x—%y+3z:&
5x—y-2=3; 12 2.8x-1.4y+0.53z =-2.4;

4 6x -8y +z=-1, 1.5x-3.8y+z=-3.8;
2x -3y +10z =09. X+y+z=1.

13 6 1 0.1z=-0.1
12x+2y -5z =12; X=gy o= s
5 6x —10y + z =6; -3x—-5y+0.52=0.5;
X—y+5z=1. 2X—-3y+62=06
14 [ —7=/
11x — 2y —5z =11 Kty -2 j’ .
6 X+7y—z2=1,; 0.8X—-5y+—-z=—;
ﬁi— . y 3 15
X+y=—sz==o X+y+2=2.
15 ( - — 05
I y— 721 4x+y-15z2=-0.5;

7 2X—4y +27=-4; 2x—5y+gz=—43ﬂx

2X+3y—-6z2=3.

-X—-y+3z=2.




Ex—£y+z:l;

4 16
8 5x+12y—-z=-1;
0.5x+y+2z=2.

JIABOPATOPHAS PABOTA Ne6-7/. _
HUHTEPIIOJIALIUA U AIINTPOKCUMALIMA ©YHKIINN.

Ilenp  paboTHL: HAy4YUThHCS CTPOUTH MHTEPHOJSLUOHHBIE u
annpOKCUMAMOHHbIE MHOTOWIEHBI MO 3aJaHHOM CHCTEME TOYEK C IMOMOUIbIO
OBM.

Conepxanuie pabOThI:

. W3yuuTp OpUHIUOBI TOCTPOECHUS HWHTEPHOJALMOHHON  (OpMYIIbI
Jlarpanxa, | u |l uaTepnonsaunonHbIX popmyn HproTOHA M annmpoOKCUMAIIMOHHOTO
MOJIMHOMA.

2. Ha KOHKpeTHOM NpHMepe YCBOWUTHb IOPANOK IOCTPOCHHUS YKa3aHHBIX
IIOJINHOMOB C IOMOLIbI0 DBM.

3. CocraBuTh mnporpamMmy Ha JI00OM S3bIKE€ MPOrpaMMHUpPOBaHUS,
peaNM3yIONy0 IPOLECC NOCTPOEHUS YKa3aHHBIX MOJMHOMOB BTOPOTO MOpPSIKA
JUISL CUCTEMBI U3 TPEX PABHOOTCTOSIINX Y3JIOBBIX TOYEK.

4. Caenatb BBIBOJ, O TOYHOCTH OCTPOEHUS TOJIMHOMOB.

5. [loaroToBUTHCS K YCTHOMY OMPOCY MO TeME PabOThI.

[TPUMEP BbIIIOJIHEHU A PABOTDI

3ajaHue.
1. CocTaBuTh TaOIHIly 3HAYCHUH IKCIICPUMEHTATBHON QyHKIMH Y =SiN X C

TouHOCThI0 & =0.001 nmms paBHOOTCTOSIIEH CUCTEMBI U3 TPEX Y3JIOBBIX TOYEK

i+1 i

. = T .
X, =X +h, 1=0,2 Ha orpe3ke X EI:O; E} U3 00JIaCTU JOMYCTUMBIX 3HAYCHHI

¢bynkuuu, rae h = %

2. Tlo chopMupoBaHHON CHCTEME TOYEK MOCTPOUTH HHTEPHOJISIIMOHHYIO
bopmyny Jlarpanxka, | wu |l wunTepnomsmuonusie Qopmynsl HeoToHa U
anMpOKCUMAIIMOHHBIN TOJIMHOM BTOPOTO MOPSIKA.

3. CocraBuTh TporpaMmy Ha JOOOM S3bIKE MPOTPAMMHPOBAHUSA,
peanu3yoNIyl0 MpOolLecC MOCTPOCHUS YKAa3aHHBIX MOJMHOMOB [JIsl 3aJaHHOU
CUCTEMBI TOYEK.

Pemienue.



1. Tabmumna 3HaveHud ¢yHKEE Y =SIN X ¢ TouHocThio &=0.001 mus

PaBHOOTCTOSIIIIEH CHCTEMBI U3 TPEX Y3JIOBBIX TOUeK X, =X, +h, 1=01 Ha

T T
OTpEe3Ke X € {O; E} ,rme h= Z , IMEET BHU];

Xi 10.524|1.047|1.571

Yi 10.500/0.866/1.000

2. IHTepnoasaIiMOHHbIN ITOJMHOM Jlarpamska.

3ameuanue. Tak kak AaHHBIA TIOJMHOM CTPOMUTCS JUIsi MPOU3BOJILHOM
CHUCTEMBI Y3JIOBBIX TOYEK, TO 3alUIIEM ATOT IOJUHOM Il PaBHOOTCTOSIIHUX
Y3JIOBBIX TOUYECK:

L2(X)= ao(x—xl)(x—x2)+a1(x—x0)(x—x2)+a2(x—x0)(x—x1),

riae Koa(b(l)HuHeHTm a;, = 0_2 BBIYHCIIIIOTCA TaK:
a, = Yo - 05 ~0.912;
(%, =%, NX, —X,) (0.524-1.047)(0.524 —1.571)
a, = 2 - 0.866 — _3.159:
(X, =%, J(X, —X,) (1.047 —0.524)(1.047 —1.571)

% - . ~1.824
(X, =X, (X, =% ) (1.571-0.524)(1.571-1.047)

Torna uckombiii MHOTOUJIEH Jlarpanka BTOpOro nmopsijka 0yeT UMeTh BU/T;
L, (x) =0.912(x — X, )(X — X,) —3.159(X — X, )(X — X, ) +1.824(X — X, )(X — X, ),

T
rae Xe|0;—|.
g [2}

| unTepnossuuonHas ¢opmyna HeloTOHa BTOpOTro mMOpsiaka MO 3aJaHHOM
CHUCTEME TOYEK CTPOUTCA B BUJIE:

t(t-1
N, (t) =y, +tAy, + ( , )Azyo.

a, =

3nece  BemmumHbl Ay, =Y, —Y,, Ay, =Ay,—Ay, Ha3bBaKOTCs
TaONMYHBIMHA Pa3HOCTAMM TIEPBOIO M BTOPOIO MOPSJIKOB COOTBETCTBEHHO,
X=X
t=—212.
h

Il uaTepnoasimonnas dbopmysna HeloTOHA BTOpPOro mopsijika Mo 3aJaHHOU
CHCTEME TOUYEK CTPOUTCS B BUJIC:

Nz(tl): Y, +t'Ay1 +

3necs BemmumHbl Ay, u A Yo BBOIATCS aHAJOIHYHO  CIIy4Yaro,
h

HpI/I IMOCTPOCHUU AIINIPOKCUMAIIMOHHOT'O MHOTI'O4JICHA METOOOM

t'(t'+1)

Ay,.

, X
PacCMOTPEHHOMY BbIIIIE, ' =




HAaWMEHBIIIMX KBAJAPATOB HEOOXOAMMO, YTOOBI CymMMa KBaJpaTOB OTKIOHEHUH
NOCTPOEHHON (YHKIMH OT JKCIEPUMEHTAJbHOM B Y3JIOBBIX TOYKax Oblia
MUHUMAaJIbHA. Byiem cTpouTh (GyHKIIMIO B BUIE€ MHOTOWJIEHA BTOPOTO MOPSIKA

2
P,(X)=a,X" +a;Xx+ay.
Cormnacnao AITOPUTMY MCTOJAa HAMMCHBIIMX KBaJApPaTOB, IJISI ITOCTPOCHMA
MHOI'O4JICHA BTOpOfI CTCIICHU H€O6XOI[I/IMO BBIYHCJIUTD CICAYIOIHUEC CYMMBI:

2 2 2 2
> x; =3.142; Y x? =3.838; Y x’ =5.168; > ;' = 7.366;
i=0 i=0 i=0 i=0
2 2 2
>y, =2.366; X x.y, =2.739; > x*y, =3.544,
i=0 i=0 i-0
U PEILINTh CHCTEMY JTUHCHHBIX aareOpandecKux YpaBHCHHUH 3-T0 MopsiaKa BHIa
2 2 2
(m+Da, + > %8, + > x'a, =X Y,;
i=0 i=0 i=0

2 2 2 2
ZXiaoJrZXizaﬁZXfaz=2Xiyi; (1)
i=0 i-0 i=0 i=0

2 2 2 3 2 4 2 2
_Zoxi a, +_Zoxi a +_Zoxi a, = _Zoxi Y
L= 1= 1= i=

OTHOCHUTEJIbHO HEW3BECTHBIX KOA(Q(UIMEHTOB a;,d;,d,. B maHHOM citydae

cucrema (1) Oyaer BBIMISAAETh Tak
3a, +3.142a, + 3.838a, = 2.366;
3.142a, +3.838a, +5.168a, = 2.739; (2)

3.838a, +5.168a, + 7.366a, = 3.544.

Jlyist ee pemieHus: MOXKHO BOCIIONB30BATHCS JIIOOBIM M3BECTHBIM METOJIOM,
Harpumep, Metrogom Kpamepa. s 3TOro HEoOXOAWMO BBIYHCIUTH YETHIPE
OTIPEJICIIUTENSI CUCTEMBI (2) BUA:

2.366 3.142 3.838 3 2.366 3.838
Ay =|2.739 3.838 5.168/=-0.008; A, =|3.142 2.739 5.168/=0.112;
3.544 5.168 7.366 3.838 3.544 6.366
3 3.142 2.366 3 3.142 3.838
A;=13.142 3.838 2.739/=-0.035; A=[3.142 3.838 5.168/=0.082.
3.838 5.168 3.544 3.838 5.168 7.366
3Ha4YeHUsI UCKOMBIX KO3(P(OUIIMEHTOB BHIYUCIISIOTCS 110 (hopMyJiaMm:

A A A
a, =1 =-0098 a =-2=1364a, =3 =—0423.
A A A
W ckoMBIif MHOTOWIEH BTOPOTO MOPSAKA OYJIET UMETh BH/I:
P,(x) = —0.423x” +1.364x —0.098.
JIist  TpOBEpKH  MPABUIBLHOCTH TOCTPOEHUS TIOJUHOMOB HEOOXOIMMO

MPOBECTH MPOTPAMMHO TIpoliecc TaOylIHpOBaHUS YETHIPEX MOCTPOCHHBIX
MOJIMHOMOB ¥ JKCIEPUMEHTATBHOU (DYHKIIMM TpU X € [XO,XZ] C OJMHAKOBBIM

1aromM TadyaIMpOBaHHUS.
I'paduku >TuX QyHKUIMI npeacTaBieHsl HAa pucyHke 1. 13 rpadpuka BuHO,



YTO HWCKOMbIE TIOJIMHOMBI ~HA  OTpPE3KE TMPAKTUYECKH  COBMANAIOT C
HKCIIEPUMEHTAIBLHON PYHKIIMEN U IPOXOJIAT YEPE3 Y3JI0BbIE TOUKH.

3ameuanue. AMPOKCUMAIIMOHHBINA MOJTUHOM B OOIIEM ClTydae HE MPOXOAUT
yepe3 y3JIOBble TOYKU M JUISI CUCTEMBI U3 TPEX Y3JOBBIX TOYEK MOXKET JaBaTh
NOTPENIHOCTh,  MPEBBIIIAIONIYI0  MOTPEIIHOCTh  MOCTPOEHUS  OCTaJbHBIX
MOJIMHOMOB.

1,2 q
14
0,8 1

0,6 ——N1(t)
0,4 - — N2(t)
0,2 (

O e e LA E e e e L o s s e e s

052 068 084 1,00 1,15 131 147

Puc.1.

[TOPAOOK BBIITOJIHEHNM A PABOTDI

1. CocraBuTh mporpaMmy Ha JOOOM fA3BIKE IPOrPAMMHUPOBAHUS,
peaTn3yIoNIyIo MpoIecc MOCTPOSHUS YKa3aHHBIX TTOJIMHOMOB:

1.1. CdopmupoBaTh TabIMIly 3HAYEHUN HKCIEPUMEHTAIHLHON (GYHKIUU
y=f (X) ¢ TouHOCThIO & =0.001 my1s1 paBHOOTCTOSIICH CUCTEMBI U3 TPEX y3TOBBIX

TOYeK X, =X, +h, i=0,1 ma oTpeske Xe la;b] w3 obmactm nomycrumbIx
b-a

3HaYeHUH QyHKImH, TIe h = ——.

1.2. Beruucnouth 3Ha4eHUS KOAPPUIIMEHTOB UHTEPIIOISAITMOHHON (HOPMYIIBI
Jlarpanxa @,,1=0,2 u 3anucaTh HEMOCPEICTBEHHO TTOJMHOM.

1.3. BbluvcnuTh 3HaY€HUS TaONMYHBIX Pa3HOCTEW NEPBOIO M BTOPOTO
MOPSIIKOB, HeoOXxoauMbIx 1yisi moctpoenust | u |l unTepnonsuuonHbx Gopmyn
HproTOHA 1 3anMcaTh HEMOCPEACTBEHHO ITOJIMHOMBI.

1.4. Insg nmocTpoeHust anmpoKCHMALMOHHOTO IMOJIMHOMA BTOPOIO MOpPSAKa
BBIYHMCIIUTh HEOOXOauMbIe CyMMbl, chopmupoBats CJIAY 3-ro mopsiika, pemuThb
ee JIF0ObIM U3BECTHBIM METOJIOM M 3aITUCaTh HEMOCPECTBEHHO MOJMHOM.

1.5. OcymectButh mpouecc TaOyIUPOBaHUS YETHIPEX MMOCTPOEHHBIX
MOJIMHOMOB U JKCHEPUMEHTANbHOW (DYHKIMM TpU X € [mez] C OJMHAKOBBIM

miarom  TaOynupoBanusi. IledaTe  pe3ynbTaToB  TaOynupoBaHHUS — JOJDKHA
OCYILIECTBISTHCS Ha KaXKJIOM IIare B BUJIE CIIEAYIOLIEH TaOIuIbL:

X, ‘ f(Xi)‘ Lz(xi) “f(xi)_l—z(xix ‘ Nl(xi) “f(xi)_Nl(Xi)‘ ‘

| | | | | |
N, (%) ’ (%)= Na(%)| ’ P (x;) “f(xi)_PZ(Xi] ‘




2. IIpoBecTy BEIYMCIUTEIbHBIE SKCIIEPUMEHTHI.
3. [locTpouth rpadguku Bcex MPUBEACHHBIX B TaOHIIE PYHKITUH.
4. Caenatb BBIBOJIBI O MPOJICIIAHHON padoTe.

BAPUAHTBI MHANBUIY AJTHBIX 3AJAHUI

Ne No
BapUaHTA f (X) BapuanTa f (x)
9 X2
1 | 15tg+2x?) 17 5
3n
12x+/ X3 +1 10 7.5e35in(x+2)
17tg(3+\/F) 11 S.Zecosx+4 X
12 3
4.1Vx° +1
4 |55/44x* co{_ sz ]

2 13 6X+5
5 1,560+ 10.3sinx—e 4

7VX2 +1 14 V37

x4 X% +1

7 | 18sin[Vx* +8) 15 ;

2.4cose 3
8 8(x+2)" +3

JIABOPATOPHAS PABOTA Ne§.
IIpudau:xeHHOe penieHne 00BIKHOBEHHBIX IU(depeHINATbHBbIX YPABHEHHUIA.

Llenp paboThl: HAYYUTHCS peIIaTh OOBIKHOBEHHBIE AU epeHITnaIbHbIe
ypaBHenus (OY) meronamu Ditniepa u Pynre-Kyrra ¢ momomipio 9BM.

Copepxanuie paboThI:

1. U3yuuts metonbl Diinepa u Pynre-Kyrtra mist nmpuGimKeHHOTO pemieHust
onay.

2. Ha KOHKpeTHOM npumepe yCBOUTH Nopsiaok pemenust OlY ykazaHHbIMU
METOJaMU ¢ TToMoIb0 DBM.

3. CocraBuUTh MOpoOrpaMMmy Ha JOOOM S3bIKE MPOrpPaMMHPOBAHUA,
peanu3yrIyo mporecc npudmmkeHHoro pemenus O/1Y ykazaHHbIMH METOIaMHU.

4. CnenaThb BBIBOJI O TOUHOCTH HUCTIOIB3YEMbIX METOIOB.

5. [loAroTOBUTHCS K YCTHOMY OIPOCY MO TeME pabOThI.




[TPUMEP BBIIIOJIHEHU A PABOTBI

3ajaHue.

1. Ananutndecku pemuth 3a1ady Komm Buaa:
dy 4
L =f(x,y)=x"y, 1
o = [ey)=xy (1)
y(%,)=y@)=y, =1. 2)

2. 3anucate paboune opmynsl Meroaa Duiepa u metona Pynre-Kyrtra 4
NOpsiIKA TOYHOCTU JJII YHWCICHHOTO peIIeHust cuctembl (1) mpu HadaabHOM
ycioBuH (2) Ha OTpe3Ke

X e[xy, %, ]=[11.8]. (3)

3. CocraBuTh TporpaMmy Ha JOOOM $3bIKE MPOrPaMMHPOBAHUA,
peaTn3yIoNy0 NOCTPOSHHBIE MPOIIECCHI.

Pemenue.
1. OAY (1) sBugerca  nuddepeHIUAIbHBIM  YPaBHEHUEM  C
pa3JeNAoIUMUCA MEePEMEHHBIMUA. Ero aHaJUTUYECKUM pELIEHUEM SBIISIOTCS

5
X
MHTErpajbHble KPUBBIE BUAA y(X,C)= Ce® , I/ie TOCTOSsIHHAsI C OmpeaensieTcs u3
1

HAayaJIbHOTO yciioBUs (2) u paBHa C=¢€ °. Takum oOpa3oM, pelICHHUEM 3aJadu
1 x°
Ko (1)-(2) siBnsieTcss nHTErpanbHas Kpubas y(x) =e %e°,
2. JIns moctpoenust pabounx ¢opmyn merono Ounepa u Pynre-Kyrra 4
nopsiJika TOYHOCTH PA3IENIUM OTpe30K (3) Ha N paBHBIX YacTel U chopmMupyem

=X +h, i=0,n-1, e Xx,=1, x, =18,

CUCTEMY PaBHOOTCTOSIIIMX TOYEK X;,,
X,—X% 0.8
n n-
Pabouas ¢popmyna meroaa Diinepa B 0011IeM ciiydyae UMeeT BU/I:
Yo, =Y, +hf(x,y),i=0n-1.
Jl;1s mocTaBlIEHHOM 3a1auM aHHast (hopMyIia 3aMuIIeTCs Tak:
yiaﬁwp = yiamep + hXi4 yi9 Wp’ i=0,n-1 (4)
Jns Boruncnenuit mo wmerony Pynre-Kyrra 4 mnopsiaka HeoOXoaumo
MpeABapUTENLHO BIUUCIUTD 4 KO3 pumeHTa:

Iar MHTerpupoBanus h =

ky; = hf (Xi i )’
K, =hf(xi +—, Y, +ﬁj
Ky; :hf(xi +g,yI +Ka j

k,, =hf(x +h,y, +kg),
a pabouas popmyia UMEET BH/I;



Yia =Yi +%(kli + 2Ky + 2Ky + K, )v i=0,n-1. ()

Jlna paccmatpuBaeMoro npumepa koG GUIMeHTh! 3aluITyTCs TakK:
_ 4 |, Pynee —Kymm
kli - hXi i

4
Ky = h(xi +ﬁj ( Pceomm +&}
2 2
hy* k)
O .
2 2

Ky = h(xi + h)4( ey k3i)‘

(6)

WtepannoHHbie Tpoliecchl, 3aaanubie dopmynamu (4), (5) u (6), MOKHO
HayaTh, 3aJaB HadaibHOe ycioBue (2). Ilpomecchl 3akaHYMBAIOTCS MNpU
JOCTIKEHUHM KOHIa oTpe3ka (3). B 3ToM ciyyae mOCTpOEHHBIE HHTETpasibHbIC
KpUBBIE {Xm, Yi+1} SIBJISTIOTCS] TIPUOJIMOKEHHBIMU pertieHussMu 3anaun Ko (1)-(2)

Ha oTpe3ke (3) paccMaTpuBaeMbIMU METOJIAMH.

3. biok-cxema TOCTpOeHHS TPUOIMKEHHOro pemeHuss 3anaun Ko
Meronamu Ounepa u Pynre-Kyrra npuBenena Ha pucyHke 1.

Pemienue: pesynbTaThl pelieHuss CQOpPMYIHPOBAHHOM 3aayd B BHUC
rpauKOB MPUBEJAEHBI HA PUCYHKE 2.

, X, — X,

1. 3anats mapametpst metoma: N, i =0, X=X,y =Y,,X,,h=—"—.
n

2. Berancnuts X;,, = X; + N u ouepennoe npubmmkenne Y, , no popmynam (4) (umu (5)-(6)).

v

3. IIpoBepuTh ycioBue OKOHYaHHs mporecca: X = X, .

v HET Aa
4. PacnieyataTh NpuOIMHKEHHOE 3HAUECHUE {Xi a0 Yi +1}. 6. Ocranos

5. OOHOBHTH HauvaslbHOE NpuOmKeHne X = X,,, Y =Y,
i=1+1.

Puc.1
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y=y(x)

. /
. yee-Kymm /

V=Y Ditzep (X) 7}7
22

Puc.2
ITOPAIOK BBIITOJIHEHUA PABOTHI

1. Anamutruecku pemnTh 3aaa4dy Komu (1)-(2).

2. 3anucarb paboune popmyisl MeTo0B Dinepa u Pynre-Kyrra 4 nopsnka
JUTSl IPUOIM>KEHHOTO petieHus: c(hopMyIMpOBAHHOM 3a/1a4u Ha oTpeske (3).

3. Ucnoinb3ys 6mok-cxeMy (Puc.1), coctaBuTh nmporpamMmy Ha Jito0OOM SI3bIKE
MPOrPaAaMMHPOBAHHUS, PEATU3YIONLYI0 MeToHd Jiiiepa u meron Pynre-Kyrra mms
3agaun Kommm. IleuaTs pe3ynbTaToB AOKHA OCYIIECTBIATHCA HAa KaKIOM IIare
UTepaluil B BUAE CIACAYIONICH TaOIHIIbL:

)y |

YO [y () -y ,

4. ITposectu Bbruncienus mpu h=h/10.

5. ITocTpouTh TpadKu TOYHOTO PEIICHUS U IBYX MPHOIMKESHHBIX (METOJIbI
Oiinepa u Pynre-Kyrra).

6. CaenaTh BBIBOJIBI O MTPOCIAHHOMN padoTe.

BAPUAHTBI UHJIMBUY AJIbHBIX 3A JAHUH

Ne Bapuanrta 3agaua Komm OTtpe3ok
dy ..
_ &y y(-1)=1 ~10
1 ot A [-10]
dy
2. o (x+1)y, y@)=-1 [1.2]
d
3, d—y = (x-2)y, y(-1)=-1 [-1,0]
X
d
4. d_y =x(y-1), y1)=-1 [L2]
X
d
5, d_i =x*(y-1), y(0)=0 [01]
dy > _
6. ol (y+2),y(1)=0 [1,2]




dy
7. = ,y(0)=1 01
o, = yeosx y(0) [01]
dy
. = _yy, y(0)=-1 01
8 o =0 y(0) [01]
d
9, d—y = (x-1)y, y(-2)=-2 [-2,-1]
X
dy s
10. | =Xy, y(-2)=2 -2-1
0. | o =xy.y(-2) [-2-1]
dy
11. o x(y+2), y(2)=-1 [2,3]
12. % = x2(y+1), y(1)=0.1 [1,2]
13 | Yo ysing y(2)=1 23]
dx
dy
14. 5, = yeos 2x, y(0)= -2 [04]
dy >
15. | L=y’x y(1)=2 11.3
o =YXy [11.3]




