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1. KOM]’[eTeHIII/II/I N HHAAKATOPbI HX JOCTHXKCHMSA, IPOBepPACMbIC TaHHBIMH
OLCHOYHBIMH MaTepHaAIaMH

I_IGJII:IO OCBOCHUA JUCHUIIJIMHBI ABJIACTCSA q)OpMI/IpOBaHI/Ie CIICAYIOUX KOMHGTGHHHﬁI

BK-1 CnocoGeH mpuMeHATh 00IIHE U CTICIIHATM3UPOBAHHBIC KOMITHIOTEPHBIC TPOTPaMMBbI
IPY PEUICHUH 33124 NPO(HEeCCHOHATBHON AeSITeIbHOCTH;

OIIK-2 CriocoOeH BBISBIATh €CTECTBEHHOHAYYHYIO CYITHOCTh ITPOOJIeM, BO3HUKAIONIUX B
XoJle TpOPEecCHOHATBHON  NEATEeIbHOCTH, MpPHUBJIEKATh JUISI WX  pemeHus  (usuko-
MaTeMaTUYeCKUN anmnapar ¥ COBPEMEHHbIE KOMIIBIOTEPHbBIE TEXHOJIOTHH.

Pesynpraramu OCBOEHUS AMCLUIUIMHBI ABIISIOTCS CICAYIOIINE HHIAUKATOPbI TOCTHKEHUS
KOMIIETEHLIH:

POBK-1.1 3naer mpaBwia ¥ TPUHIUIL TPUMEHEHUS OOIMUX W CICIHATM3UPOBAHHBIX
KOMIBIOTEPHBIX MPOTPAMM sl pEIICHUS 3a/1a4 MPOPECCUOHANTBHON AeSITeThHOCTH

POBK-1.2 VYmeer npumenste coBpemeHHble IT-rexnomorum mis cOopa, aHammsza M
MpeCTaBICHUST WHQPOPMAINH; UCIOIL30BaTh B MPO(ECCHOHAIBHON AESITETbHOCTH O0IIue WU
CIEINAIM3UPOBAHHBIE KOMITBIOTEPHBIE TPOTrPaAMMBI

POOIIK-2.1 3HaeT METOOUKY BBISBICHUS €CTECTBEHHOHAYYHON CYITHOCTH MpoOIIeM,
BO3HUKAIOIIUX B XOJ€ MpOo(eCCHOHATBHON AESITETbHOCTH, U METOAUKY IpHUBJICUEHUS (HU3UKO-
MaTEMaTUYECKOro arnrapara i COBPEMEHHbIE KOMIIBIOTEPHBIX TEXHOJIOTHI 1JIs1 X PeLIeHUs

POOIIK-2.2 YMmeeT BBISBIATh €CTECTBEHHOHAYYHYIO CYIITHOCTh ITPOOJIEM, BOZHUKAIOIINX
B XoJe MNpo(ecCHOHAILHON NEATEeNhbHOCTH W TPHUBICKATh JUISI WX peEIIeHUus (U3HKO-
MaTeMaTUYECKHUI anmnapar U COBPEMEHHbIE KOMIIBIOTEPHBIE TEXHOJIOTUH

2. OnleHOYHbIE MaTepPUAJIbI TEKYLEro KOHTPOJIS 1 KPUTEPUHU OLleHUBAHUS

DJEeMEeHTHI TEKYIIEeT0 KOHTPOJIS:
3 cemecTp
— KOHTpOJIbHAs paboTa

Konrpoasnas pabora Nel (POOIIK-2.1, POOIIK-2.2)
KonTponsHas padora Nel cocrout u3 1 3amaun.
ITpumepsl 3aaauy.
C xakoii MOTrpenurHOCThIO CIASAYET U3MEPUTH JTHHY D IPAMOYTOJIbHUKA CO CTOPOHAMU
a=4.3 m 1 b=8.5 M, 4TOOBI OTPEIIHOCTH BEIYUCIICHUS IIIOIIAIN MPSAMOYTOJbHUKA HE

npessicua 0.3 M2? OTBeT 3amucath ¢ ToaHOCTH 0.001 M.
Ortsert: 0.035 m.

OnpenenuTh YMUCI0 BEPHBIX 3HAYAMUX Iudp B uucie 485.623, eciii ero OTHOCUTEIbHAs
norpemHocTs pasHa 0.2%.
OTBeT: nBe BepHBbIX 3HAYAIMX U(pHI 4 1 8.

Konrpomnsnas pabora Ne2 (POBK-1.1, POBK-1.2)
KonTponsHas padora Ne2 cocrout u3 1 3agaumn.
ITpumepsl 3aaauy.
MetonoM HeonpeneaeHHbIX K03()OUITMEHTOB MOTyYUTh POPMYIIBI YUCICHHOTO
T HepeHIMPOBAHUS U OLIEHUTh IOIPEIIHOCTD alMpOKCUMAIIH:

Y,”=CY,+CY,+CY, +CY, + R,

.2 —5Y1ht a,-Y, % Py 0 (&)

Ortsert: Y,



Ha otpeske [0;4] METOIOM HaUMEHBIINX KBAIPATOB IIPOBECTH ANINPOKCUMALIIIO
bynkunm Yy = \/; TIOIMHOMOM BTOpOi#i cTerenu Y = ax’ +bx + ¢ . Haiitu 3Hauenne meph

KBaJIPATUYHOTO OTKJIOHEHHUs R.

, 24 12 __ 3

OtBeT: y=——X"+—X+—, R=6.53-10".
14 35 35

— maboparopHas paboTa

Jlabopatopuas pa6ora Nel (POBK-1.1, POBK-1.2)
Annpokcumanus GyHKIUN
[Ipumepsl 3a1aHui:

MeTo0M HaMMEHBIIUX KBAApPaTOB MPOBECTH alMpOKCUMAIUio TabnnyHou (pyHkuuu. B

Ka4yecTBe aIllpOKCHMUpYOIEeH ¢QyHKIuu B3aTh F(X) = ax’. [Moctpouts Ha rpaduke
anMPOKCUMHUPYIONTYIO GYHKIIHUIO M (YHKITHIO, 3aJaHHYIO TaOJIUYIHO.

X

1.1

1.2

2.3

3.4

f(x)

1.21

1.44

5.29

11.56

OtBeT: Yy = X

MeTto10M HaMMEHBIINX KBAJPATOB MPOBECTH ANIIPOKCHMAIIHIO TaOINYHON (QYHKITHH.
[TomoOpatk anmpoKCUMUPYIOIIYIO PYHKIUIO camocTosTeNnbHO. IlocTpouTts Ha rpaduke
anMPOKCUMHUPYIONTYIO GYHKIIUIO ¥ (YHKITHIO, 3aJaHHYIO0 TaOJIUYIHO.

X ]03 1.2 3.3 5.4 8.5
f(x) 0.1 0.2 0.4 0.9 3.1

Otger: y = 0.1041-exp(0.4015-x)

Jlaboparopnast padora Ne2 (POBK-1.1, POBK-1.2)
UucneHHoe HHTErpUpOBaHKE
[Ipumeps! 3agaHui:

Brruucnuts onpeneneHHslid HHTErpall ¢ NOrpEeIIHOCTbIO £=10"" MeTooM LEHTPAJIbHBIX

2
In(x)
IPsIMOYTOJIBHUKOB U MeTo1IoM CUMIICOHA I—dx.

* Jx
Ortser: 0.3037

. ¢ odx
Brraucnuth onpeneneHHbd HHTErpa J. o o KBajpaTypHbIM dhopmynam ["aycca-
V11—
Jlexannapa u [Naycca-YeObrmeBa mis n=1, 2, 3.
OrtBer:
n 1 2 3
Meton 'aycca-Jlesxannpa 2.00000 2.12132 2.27778
Merton I"aycca-UeOnimiera 3.14159 2.56510 2.63041




Jlaboparopnast padora Ne3 (POBK-1.1, POBK-1.2)
Yucnennoe nuddepeHnnpoBanme
[Ipumeps! 3agaHui:

[Monyunts  dopmyny uucinernHoro nauddepermupoBanus Y’ ¢ MOMOIIBIO
UHTEPIOSIUOHHOTO NoirHoMa HproToHa amist N = 3 . OueHuTh NOrpeHocTh R B 3aBUCUMOCTH
ot mara h.

Ortser:

V" = (=Y, +3Y, =3y, +y5)/1°;

R<D max y"‘”(&)|+8%

- 2 X<E<xg

[Monyuuts  ¢dopmyny  uucieHHoro audpdepeHupoBanus Y1’ ¢ HOMOIIBIO
MHTEPIOSAIMOHHOTO onrHoMa Jlarpamka st N = 4 . OueHuTh MOTPenIHocTs R B 3aBUCHMOCTH
ot mara h.

Ortser:

Y, =(11y, - 20y, + 6y, +4y, - y,)/(12h?);

Y () + 25

h3
R <— max 5
1 6 h

2 X<EX,

Jlabopatopuas pabora Ne4 (POBK-1.1, POBK-1.2)
Pemienue cuctem JTMHEHHBIX anreOpandecKkux ypaBHEHHM
[Ipumepsl 3a1aHui:

Haiitu pemenune cucTeMbl TUHEHHBIX aNTeOpandecKux ypaBHEHU METOIOM ITPOCTHIX
UTEpALUN C TOYHOCTBIO € = 1073
2.7X1+3.3%X2+13x3= 2.1
35X+ 1.7 x,+2.8x%x3=1.7
4.1 X1+ 5.8 X2+ 1.7%x3=0.8.
Otser:
[IpeoOpa3yeM UCXOAHYIO CUCTEMY YpaBHEHUH K JUaroHaJbHOMY JOMUHHUPOBAHUIO:
7.6 X1+4.1%,+1.1x3= 25
-0.8x:+5.0x2-1.5x3=0.4
1.3 x;+ 0.8 X+ 4.3 x3=3.4.
[TepenucriBaeM B BUJIE:
X1 :( -4.1x%x,-1.1x3+ 25)/ 7.6
X2 = (0.8 x1+1.5 x3+0.4)/ 5.0
X3 :(—1.3 X1 -0.8 X2+3.4)/ 4.3
PaccraBisiem ureparioHHble HHIEKCHI:
%Y = (-4.1x,M -11x, +2.5) /7.6
%, = (0.8x" +15x,% +0.4)/5.0
x4 = (-13x ™ - 0.8, +3.4) /4.3
UucneHHoe penieHue:

X1 X2 X3
1 1 1
—0.355263158 0.54 0.302325581

-0.006126071 0.113855569 0.797637699
0.152077723 0.318311138 0.771367311
0.045581617 0.335742629 0.685500011
0.048605948 0.292943062 0.714453441

G WIN PR OIX




6 0.067504561 0.302112984 0.721501818
/ 0.061537469 0.307251275 0.714082252
8 0.059839381 0.304070671 0.714930295
9 0.06143249 0.30405339 0.716035411

Haiitu penienne cuctemMsl JIMHEHHBIX anreOpanyeckux ypaBHEHUH MeToI0M 3erens ¢

TOYHOCTBIO £ = 10

OrtBerT:

[TpeoOpasyeM HCXOIHYIO CUCTEMY YpaBHEHHH K TUaroHaIbHOMY JOMHUHHUPOBAHUIO:

IlepenuceiBaeM B BUIE:

YHucneHHoe penieHue:

2.7 X1+ 33x+13x%x3= 2.1
35X+ 1.7 X+ 2.8x3=1.7
41 x:+5.8x%,+1.7x3=0.8.

7.6 X1+4.1x,+1.1%x3= 25
-0.8x1+5.0x%x,-1.5x%x3=0.4
1.3 x:+ 0.8 X2+ 4.3 x3=3.4.

X1 =(=4.1%-1.1X3 + 2.5)/ 7.6
Xo = (08 X1+1.5 X3+0.4)/ 5.0
X3 =(~1.3 X1 0.8 X,+3.4)/ 4.3

PaccraBisiem urepalOHHbIE HHAEKCHI:
P = (—4.1x,% —11x,) +2.5)/7.6
X, = (0.8x,"™ +15x, +0.4) /5.0
X = (-13% " - 0.8x,“Y +3.4) /4.3

k X1 X2 X3

0 0 0 0

1 —0.355263158 0.323157895 0.837980416
2 0.033325549 0.336726213 0.717975771
3 0.043374892 0.302332714 0.721336388
4 0.061442874 0.306231776 0.715148568
5 0.060235038 0.304182177 0.715895049
6 0.0612327 0.304565747 0.715522068

— KOHTpOJIbHAs paboTa

KonTtponsHast padora Nel (POOIIK-2.1, POOIIK-2.2)

4-ii cemecTp

Kontponbnast pabora Nel cocrout u3 1 3amaun.
IIpumepsl 3aaau.

HOCTpOI/ITB XapaKTepI/ICTI/I‘IeCKI/II\/'I MHOT'OWICH MaTpulbl MCETOAOM HCOMNPCACICHHBIX

2 11

ko3 ¢urmentTos: | 1 2 1.

11 2

OtBeT: —A°> +6A% -9\ +4.




-1 -1

1 2 -1
[IpencraButh MaTpuy 1 10 1 B BHjie npousseaenus L-U.
-1 3 -2 0
1 0 0 0 11 -1 -1
0 1 0 0 01 2 -1
OtBeT: L= U=
1 -2 5 0 00 1 -04
-1 4 -11 -14 0 0 O 1

Konrpoasnas pabora Ne2 (POOIIK-2.1, POOIIK-2.2)
KonTponsHas padora Ne2 cocrout u3 1 3amaumn.
ITpumepsl 3aaauy.

3anucath HEABHYIO PA3HOCTHYIO cxeMy Jitnepa miis cucteMbl O/[Y:
dy dz

—=-100y; —=y-z.

dx Y dx Y

Yo . yh Z

T Lea = +
1+100h (1+100h)(1+h) 1+h

Ortser: Yy, ,, =

Jlana kpaeBas 3amada y"+2y'+y=-2, 0<x<1, y(0)=0, y'(1)=0. CBectu maHHYIO
KpaeBylo 3a4auy K 1ByM 3anadyaM Komw, npencraBus pemenue B Buae Y(X) =u(x)+C-v(x).

OtBet: U"+2u'+u=-2, 0<x<1, u(0)=0, u'(0)=0.
V'+2v'+v=0, 0<x<1, v(0)=0, Vv'(0) =K.
C=—u@Q/N'(Q.

— maboparopHas paboTa

Jlabopatopuas pa6ora Nel (POBK-1.1, POBK-1.2)

PelieHne HeMMHENHOTO ypaBHEHUS
[Ipumepsl 3a1aHui:

Pemuth HenuHElHHOE ypaBHEeHHE €° — 6X = 5 METOI0M XOPJ U METOI0M TIPOCTHIX
HTeg)aHHﬁ. CpaBHUTBH KOTMYECTBO UTEPAIHiA, TPEOYEeMbIX Il HAXOXKACHUS KOPHS C TOYHOCTBIO

10,

Ortser:

X —
Mertox npocThIxX uTepauii: X, ., = @(X, ), rae ¢(x) = ¢ 5 > :

f(a)
f(x)-f(a)

9'(x)| <1, xe[-10].

Merox xopa X, =a-— (x —a),rme a=-1, f(x)=e*-6x-5



Meton
Homep IPOCTBIX Meron xopna

UTEpALU urepanii
0 0 0
1 —0.666667 —0.745173
2 —0.747764 —0.754904
3 —0.754429 —0.754997
4 —0.754954 —0.754998
5 —0.754995
6 —0.754998

Pemnth HenuHelHOE ypaBHEHHUE e+x-2=0 METOIOM MOJIOBUHHOTO NEJIEHUS U
MeTogoM HeroToHa. CpaBHUTH KOJUYECTBO UTEPALINMA, TPEOYEMBIX JIJIsl HAXOXKIECHUS KOPHS C
TouHOCTBIO 107°.

Otser:

f(x)

/(%)

Meton nonosuuHoro nenenns G = (8 +by)/2, ecnn f(c,)- f(a) <0, 10

Meron Herotona: Xy, = X, —

8,1 = 8y, by =Gy, MHAYE &,y = Cy, B,y =Dy

Howmep Metox Huiorona Meroa OJIOBUHHOTO ACIICHUS
ATEepaluu A Ay by
0 1 0.000000 1.000000
1 0.635825 0.500000 1.000000
2 0.543157 0.500000 0.750000
3 0.537297 0.500000 0.625000
4 0.537274 0.500000 0.562500
5 0.537274 0.531250 0.562500
6 0.531250 0.546875
7 0.531250 0.539063
8 0.535156 0.539063
9 0.537109 0.539063
10 0.537109 0.538086
11 0.537109 0.537598
12 0.537109 0.537354
13 0.537231 0.537354
14 0.537231 0.537292
15 0.537262 0.537292
16 0.537262 0.537277
17 0.537270 0.537277

Jlaboparopnast padora Ne2 (POBK-1.1, POBK-1.2)

Pemienue cucremMbl HETMHENHBIX YPaBHEHUM

[Ipumepsl 3a1aHui:




Pemmmth cuctemy HETMHEHHBIX YPAaBHEHUN METOAOM MPOCTHIX UTEPALIMI C TOUHOCTHIO
g<107™
f1(x,y) = tg(xy + 0.4) -x*=0
fo(xy) = 0.6x2 +2y* =1 =0,
rae &= max (|, (x®, y )| f,(x®,y“)))
Orser:
@opMyIIbl U1 peICHUsT METOAOM IIPOCTBIX UTEPALUIA:

arctg ((x‘k) )2)—0.4+ x1y®

x (kD _ >
2
2
Hauansnoe npubmmxenne X =-05, y©@ =05.
k [ x¥ y© Ly [ If(x¥yY)]
0 [-05 0.5 9.9-107° 3.5-107"
1 |-0.405021 | 0.651920 2.7-10°° 5.2:107°
2 [-0.384593 | 0.671407 5.2:107 9.7-107°
3 |-0.380821 |0.675001 1.1-10°° 1.7-10°°
4 |-0.380025 | 0.675642 1.9-10™ 3.6-10™"
5 |-0.379886 |0.675777 42.107 6.3-10°

PemmmTh cuctemy HETMHEHHBIX ypaBHEHUN MeTOAOM HBIOTOHA C TOUHOCTBIO € < 107,

f1(x,y) = tg(xy + 0.4) =x* = 0
fo(x,y) = 0.6x% +2y* =1 =0,
re &= max |, (x, Y )|, (<, y))

@opMyuisl 11 perieHus MeroaoM Herorona:

. 1 of, (%
Xt = x® —J—( fL(x, Y)%_ f2 (%)

(k)

oA (xy)
oy

. of. (X, of, (X,

00 =y - o B 0y Feled)
Tae

3k y) (% y) i (xy) o (xy)

OX oy oy OX

HavansHoe npubnnxeHue x©® =_0.5, y(o) =0.5.
k [x¥ y“ [ MY ) (M YY)
0 |-05 0.5 9.9-10°° 35107
1 |-0.361293 |0.716612 |1.2:107° 1.1-1071
2 [-0.379216 |0.677136 |4.0-107* 3.3-10°°
3 |-0.379848 | 0.675808 |4.6-10”" 3.8:10°

Jlabopatopuas pa6ora Ne3 (POBK-1.1, POBK-1.2)
Pemenue cuctembl 0OBIKHOBEHHBIX AU (epeHInaNIbHBIX YpaBHEHUH

[Ipumeps! 3agaHui:



Pemmte cucreMy OOBIKHOBEHHBIX UG (GEpEeHINATbHBIX YPAaBHEHUH Ha MPOMEKYTKE
t € [0, 1] meTomom Diinepa 1-ro mopsaka TouHOCTH. CpaBHUTH PEIICHUE C TOYHBIM PEIICHUEM U
OIIPEAEIUTD NOPSAA0K TOYHOCTH METO/A.
X(t) = 4x(D) + y(t) - &”; x(0)=3
y'(t) = y() - 2x(t); y(0)= -3
TouHOe peleHne CUCTEMBI:
X({t)=e® + e+ (t+1)”
Y(t) = —2e* — % — 2t &
Meroa Diinepa:
X =X +hF (6 X, i)

Yr = Y Tha(t, X, ¥,)

ti Xi Yi X(ti) Y(ti)
0 3 -3 3 -3
01 |38 -3.9 3.9148 -4.03694
0.2 |4.80786 -5.05 5.10413 -5.4025
0.3 6.07682 -6.51657 6.65048 -7.19711
04 |7.67368 -8.38359 8.66142 -9.55163
0.5 9.68224 -10.75669 | 11.27739 | -12.63653
0.6 12.20764 | -13.76881 | 14.68195 | -16.67402
0.7 15.3818 -17.58721 | 19.11521 | -21.95385
0.8 19.37028 | -22.4223 24.89167 | —28.85409
0.9 24.38086 | —28.53858 | 32.42371 | -37.86839
1 30.67438 | —36.26861 | 42.25271 | -49.64176

n

n

(=2 i =X Q)]s &, (M == Y[y, ~Y (1)

k=1 k=1

., Nz, (10)) - In(e, (20)) . h, =110, h, =1/20.
In(h,) —InCh,)
o - In(3:49179) ~In(L.83173) _ 1 9300
In(0.1) - In(0.05) '
Iopsimok TourocTH paBeH 0.93.

_ In(4.06245) - In(2.11857)
~ In(0.2)—In(0.05)

~ 0.9393

Pemmth cuctemy OOBIKHOBEHHBIX Au((epeHIHaNbHbIX YpPaBHEHH Ha MPOMEXYTKE
t € [0, 1] meromom Xoiina. CpaBHHUTBH PEIICHHE C TOYHBIM PEIICHUEM U ONPEACIHUTH MOPSI0K
TOYHOCTHU METOAA.
X(t) = 4x() + y(t) - e x(0)=3
y'(t) = y(t) - 2x(t); y(0)= -3
TouHOe peleHne CUCTEMBI:
X({t)=e® + e+ (t+1) ”
Y(t) = —2e* — % — 2t &
Meton XoriHa:

h * *
Xk+l = Xk +E|: f (tk’xk' yk) + f (tk+1’ Xk+1’ yk+1):|

h o
Y = Yk +E|:g(tk’xk’ Yi) + 9 (s X yk+l):|

rne X:+l =X +hf(t, X, Y); y:+1 =Y, +hg(t, X, ¥,)-



t; Xi Yi X(ti) Y(ti)
0 3 -3 3 -3
0.1 3.90393 -4.025 3.9148 -4.03694
0.2 5.07556 -5.37114 5.10413 -5.4025
0.3 6.59415 —7.13537 6.65048 -7.19711
0.4 | 8.56265 -9.44355 | 8.66142 -9.55163
0.5 11.11496 -12.4591 11.27739 -12.63653
0.6 14.42531 | -16.39427 | 14.68195 | -16.67402
0.7 18.72076 | -21.52485 | 19.11521 | -21.95385
0.8 24.29739 | —28.20935 | 24.89167 | —28.85409
0.9 | 31.5418 -36.91405 | 32.42371 | -37.86839
1 40.95926 | -48.24584 | 42.25271 | -49.64176

e =23 - X 5, (M =2 3]y, Y (L)

_ In(e, (10)) - In(z, (20))

X

In(h,) - In(h,)

In(0.1) —In(0.05)
[Mopsimox TounocTu pasen 1.98.

, h =1/10, h, =1/20.
_In(0.37777) ~In(0.09582) _, g-0,

o = n(0.40943) - In(0.10375) _, gq0c

y In(0.1) — In(0.05)

Jlabopatopuas pabora Ne4 (POBK-1.1, POBK-1.2)

Pemenue kpaeBoit 3agaun
[Ipumepsl 3a1aHui:

Pemmmth kpaeByro 3agauy
y'-2y'-3y=e*, 0<x<1
y'(0)-y(0)=0.6, y'(D)+y()=4e’+e*
KOHEYHO-Pa3HOCTHBIM METOJIOM. YHCIIEHHOE PellIEeHUE CPAaBHUTH C TOYHBIM PEIICHHEM:
y(x)=e* +e¥ +0.2e™.
OtBer:
KOHeqHO-paBHOCTHBIﬁ AHAJIOT YpaBHCHUA

2 oo e

h? h -
x, =i-h, h=1/n.
KoneuHo-pa3HOCTHBIN aHaIoT KpaeBoro yciaoBus aiist X=0:
2 2 2 1.2
[Smep o pn 2245

KoHe4uHO-pa3HOCTHBIN aHAJIOT KpaeBOIo YCIOBUS It X=1:

h—zzynl +(—1—%—h—22) y e —2(%—1)(4& et

YucneHHoe peleHne



Xi Yi y(xi)

0 2.16998 2.2
0.1 2.51223 2.55306
0.2 3.03085 3.08596
0.3 3.79047 3.86444
0.4 488214 4,98104
0.5 6.43417 6.56603
0.6 8.62768 8.80309
0.7 11.71869 11.95168
0.8 16.06994 16.37901
0.9 22.19639 22.60595

1 30.83079 31.37305

Pemnts kpaeByro 3agauy
y'—2y' -3y=e", 0<x<1
y'(0)-y(0)=06, y'@Q)+y()=4e"+e’
Metonom ctpenbObl. UncIeHHOe pelieHne CPaBHUTh C TOYHBIM PEIICHUEM:
y(x)=e* +e¥ +0.2e™.
Otser:
Hcxonnoe ypaBHeHHe niepenucbiBaeM B Buae cuctembl OJY nepBoro nopsaka:

y'=1
7'=2z7+3y+e"
2(0)-y(0)=0.6, z(D)+y(l)=4e*+¢*

Pemraem 3amauy Komm:
y' =1
2'=27+3y+e"
y(0)=¢
2(0)=0.6+¢&
Nmem Takoe 3HaueHue &, 94To0OBI BBHITTOJIHIIIOCH PABEHCTBO
F(&)=2(1,8)+y(LEg)-4e’~e" =0.
& =6, —F(&,) 8/(F(&,+3)-F(&,)), 5=0.001

YucneHHoe peneHne

Xi Yi y(xi)

0 2.31822 2.2
0.1 2.67900 2.55306
0.2 3.22204 3.08596
0.3 4.01265 3.86444
0.4 5.14232 4,98104
0.5 6.73933 6.56603
0.6 8.98384 8.80309
0.7 12.12923 11.95168
0.8 16.53277 16.37901
0.9 22.69931 22.60595

1 31.34406 31.37305




Kpurepun onieHuBanus:

Pe3ynbTarhl KOHTPOJIBHOM pabOTHI ONIPEACIISIOTCS OIICHKAMHU «3aY4TEHO» U KHE3aUTEHO.

O1eHKa «3a4TE€HO» BBICTABIISIETCS, €CJIM BBITIOJIHEHO MPaBUIbHO He MeHee 90% 3ananusi.

Pesynbrarhl 1a00paTOpHBIX PabOT OMPEACHSIOTCS OLEHKAMHU «OTJIIMYHO», «XOPOIIOY,
«YJOBJIETBOPUTEILHO», «HEYIOBIECTBOPUTEIIHHO.

OrneHKa «OTJIMYHO» BBICTABISIETCS, €CJIM CTYACHT BBINOJHWI TPaBUJIBHO 3ajaHUE,
MMOHUMAET X0/ BBITIOJHEHHUSI POTPaMMBbI Ha KOMITBIOTEPE.

OreHKa «XOpOII0» BBICTABISAETCS, €CIIA CTYIEHT JOMYCTHJI HEOOJbIINE OMMUOKH TP
BBITIOJIHEHUH 3aJ]aHus1, TOHUMAET XOJ] BBIMIOJHEHUS IPOrpaMMbl Ha KOMIIBIOTEpE.

OreHKa «yIOBIETBOPUTEIHHO» BBICTABISETCS, €CIM CTYJASHT JOMYCTHJI ONIMOKH TIPH
BBITIOJIHEHHUH 33J[aHusl, TUI0XO0 MOHUMAET XO/]1 BBITIOJIHEHHS POrPaMMbl Ha KOMITBIOTEPE.

OreHKa «HEYIOBIECTBOPUTEIIHHOY» BBICTABIACTCS, €CIU CTYACHT HE MOXET OOBSICHUTH
3a/IaHKE U AJITOPUTM, IO KOTOPOMY BBITIOJIHSIETCS] MPOrpaMMa Ha KOMIIbIOTEpE.

3. OneHoYHbIe MaTepHaJIbl HTOTOBOr0 KOHTPOJISI (IPOMEKYTOYHOIH aTTecTaluu) v
KPHUTEPUH OLlCHUBAHUSA

3 cemecTp
3ader c oneHkoi mpoBoauTcs B (opme Tecta. K Tecty momyckaroTcs CTYACHTHI,
NOJYYHMBILIUE MO ABYM KOHTPOJIBHBIM pa0OTaM MOJOKUTENbHBIE OIeHKH. TecT coctout u3 35
BorpocoB, mposepsronmx POOIIK-2.1, POOIIK-2.2. B TecTe mpuUCYTCTBYIO KaK BOMPOCHI,
MPOBEPSIONINE 3HAHUE TEOPETUYECKOTr0 MarepHualia, TaK M BOIPOCHI, MPOBEPSIOIINE yMEHUE
pemaTth 3a1a4u.
IlepeyeHb TeOpeTHYECKUX BOMPOCOB
1. Hctounukum W KiIacCU(UKAIUSA TOTPEIIHOCTEeH. AOCONIOTHAS W OTHOCHTEIIbHAS
MOTPEITHOCTH.
2. TlorpemHOCTh pe3ynbTaTOB apu(PMETHUECKUX OIepaIuii U 3JIEMEHTAPHBIX (DYHKIIHIA.
OOpaTHas 3a7a4a TEOPUH MOTPEITHOCTH.
3. TlonsTne anmmpokcuManuu. BeryuciieHre 3Ha4eHHs TOJMHOMOB 1O cxeme ['opHepa.
AnmnpoKkcuManus HEeKOTOPBIX TPAHCLEHACHTHBIX (DYHKIIHHA ¢ TTOMOIIBIO PSIOB.

4. DKoHOMM3aIUs CTENEHHBIX PSA0B MIPH OMOIIY MOIMHOMOB YebblieBa.

5. JlpoGHo-panroHanbHbIE TPUOTHIKEHUSI.

6. Anmpokcumanuss 1O  METOAy  HaMMEHbIIMX  KBajparoB.  KBamparuunoe
anmnpOKCUMUPOBaHNE 000OIICHHBIMU OJTMHOMAaMH.

7. MeTo1 HAMMEHBIINX KBAJAPATOB B HETMHEHHOM CITydae.

8. IlocraHoBka 3agaun MHTEPIONUPOBaHUS. HTepHOIAIMOHHBIN nosinHOM Jlarpanixa.

9. Uurepnonsuuonubiii monuHoM HproroHa. [lorpemHocTs HMHTEPIIOSITMOHHBIX

MOJIMHOMOB.

10. UaTepnionupoBanre GyHKIMA MHOTUX TEpeMEHHBIX. HenwHelHas HMHTEPIOJISIIHS.
OO6paTHOE HHTEPIIOTHPOBAHUE.

11. aTepnionupoBaHue CIIAiHAMH.

12. Tlony4enue Gpopmyn YicIeHHOTO U depeHINpOoBaHNs C TOMOIIbIO psaoB Teinopa.

13. Ilonyuenne  popmyn  yuciaeHHoro  auddepeHIUpoBaHUs  C  TOMOIIBIO
MHTEPHOJIIMOHHOTO nosinHoMa Jlarpamixa.

14. Tlonyuenne  Gopmyn  yuciaeHHoro  auddepeHIUpoBaHUs  C  TOMOIIBIO
UHTEPHOJSILMOHHOTO nosinHoMa HproToHa.

15. Meton HeompeaeneHHbIX KodduimenToB. Meron PyHre omneHKM MOTpPENIHOCTA U
noJjy4eHus: GopMyi yhcieHHOro auddepeHunpoBaHus.

16. O HEKOPPEKTHOCTH ONEPAIMH YUCIECHHOTO AU PepeHITnpOBaHNUS.

17. Tlonsitue kBagpatypHsix Gopmyi. Dopmyina npsMOyroasHUKOB. PopMyIia Tpaneuii.

18. ®opmyna Cumncona. OneHKa morpentHocTy MeTo oM PyHre.

19. ABTOMaTHUECKHi BEIOOD I1ara MHTETPUPOBAHUSI.



20. Metox HeorpeieIeHHBIX KO3 (UIIMEHTOB MOTyYeHHsI KBaIpaTypHBIX (popmyil.

21. Kanpatypusie ¢hopmynsl HetoTona-Koreca.

22. KBagparypusie Gopmynsl ['aycca. @opmyna 'aycca-UeOsimeBa. @opmyna ["aycca-
Jlexxannpa.

23. ®opmyna ["aycca-Jlareppa. @opmyna ["aycca-Dpmura.

24. BoluMClIeHHWEe HHTETPaJOB ¢  OECKOHEUHBIMH  TIpeAeliaMH  HMHTETPUPOBAHUS.
Brrurcnenue HHTETrpaioB OT HEOTPAHUYCHHBIX (PYHKIIUHA.

25. TTpubnmxeHHOE BBIUMCIIEHNE KpAaTHBIX HHTETpasioB. Meroax MonTe-Kapio.

26. [IpsiMble METOABI pPEUICHHUsS CHCTEM JHMHEHHBIX anreOpanyeckux ypaBHEHUil. Meron
l"aycca.

27. Cs3p MeToz1a ['aycca ¢ pasziioskeHueM MaTpuIbl Ha MHOKUTeNnU. Cxema Xaenkoro.

28. BeruncieHne onpeaenuTess 1 00paTHOW MaTpHUIIbI.

29. Meron pOroHKH.

30. [TonsiTie HOpMBI BEKTOpa, HOpMBI MaTpullbl. [1710X0 00ycnoBIeHHBIE cucTeMbl. Mepa
00YCIIOBICHHOCTH.

31. Metox mpOCTBHIX HUTEpAllMi W METOJ 3eUens Isd PEHICHUS CHUCTEM JIMHCHHBIX
anreOpanyecKrx ypaBHEHUH.

32. [Ipsmoit ciocob HaXOXKIACHUST COOCTBEHHBIX 3HAUEHUN MATPHIIBI.

33. Metoz JleBeppbe onpenenenus K03(hGUIueHToB XapakTepuCTUIECKOT0 MOJIMHOMA.

34. Meton HeompeneneHHbIX KOA(Q(HUIIMEHTOB TIOCTPOCHUSI XapPaKTEPUCTHUIECKOTO
MOJIMHOMA.

35. UtepanmoHHbIid CcrIOCOO OJHOBPEMEHHOTO HAaXOXKJICHHS COOCTBEHHBIX 3HAYCHUW W
COOCTBEHHBIX BEKTOPOB.

IIpumepsl 3axa4

1. KakoBa aOcomoTHasi moOrpemrHocTh 4ucia 68.95, ecnm Bce nudpbl 3TOTO YHCITa
BEpHBIC.

2. Ilemexon uaeT MpUOIUZUTEIBHO CO CKOpOCThI0 6.0 kM/gac. C Kakoil OTPENTHOCTHIO
CIIeTyeT U3MEPSTh BpPEeMsl JBUKCHHSI MEIIeX0/1a, YTOOBI MOTPETHOCTh H3MEPEHUS TPOUIEHHOTO
paccrosiHuA He npeBbimana 1.2 M 7 OTBeT ykas3aTh B CeKyHJax ¢ ToUHOCThIO 10 0.01 c.

3. C Kako# MOTPeHIHOCThIO CIICAYET U3MEPHUTD JUTHHY D IpsSMOYroibHUKA CO CTOPOHAMHU
a=45m u b=2.0M, YTOOBI TOrPENIHOCTh BBIYMCIACHHUS IUIOMAAN MPIMOYrOJbHHKA HE
npessicua 0.4 M2? OTBeT 3amucath ¢ ToaHOCTb 0.001 M.

Kpurepun onenuBanuns
PesynpraThl 3adyera C OLIEHKOH ONpPENENSAIOTCS OLEHKAMH «OTIMYHO», «XOPOILIOY,
«YIOBJICTBOPUTEIILHO», «HEYIOBIECTBOPUTEIBLHOY». [l MOJIIydeHHs 3a4yeTa C OLEHKOW CTYIEHT
JIOJDKEH BBINIOJHUTh KOHTPOJIbHBIE pPa0OThl, BBINOJHUTH Ja0OpaTOpHblE padOTHl M cHaTh
UTOTOBBLIM TECT. OLIGHKa 3a 3a4CT MMPOCTABJIACTCA 11O IIPAaBUITy, IPUBCACHHOMY B Ta6JII/II_[eZ

Or1enka
3a 1abopaToOpHbBIC O1ieHKa 3a TeCT OreHKa 3a 3a4eT
paboTbI
OTJIUYHO OTJIUYHO OTJIUYHO
OTJIMYHO XOpOILIO OTJIMYHO
XOpOILIO OTJIMYHO OTJIMYHO
XOPOIIIO XOPOIIIO XOPOIIIO
OTJIMYHO YAOBJIETBOPUTENBHO XOpOIIO
YOBJIETBOPUTEIHHO OTJIUYHO XOPOIIIO
XOpOILIO YAOBJIETBOPUTENBHO YAOBJIETBOPUTENHHO
YOBJIETBOPUTEIHHO XOPOIIIO YOBJIETBOPUTEIHHO




YIOBJIETBOPUTEIBHO YIOBJIETBOPUTEIBHO YIOBJIETBOPUTEIBHO

HCYHAOBJICTBOPUTCIILHO - HCYAOBJICTBOPUTCIILHO

- HCYHAOBJICTBOPUTCIIBHO | HCYJOBJICTBOPUTCIILHO

Pe3ynbTaThl BHIOMHEHHS CTYJEHTaMU HUTOTOBOTO TecTa oueHuBaerca mno 100 OammpHON
IIKajae, KOTOphIE MEPEBOAATCS B MATHOAUTHPHYIO IIKaIy MO CIAEAYIoIer cxeme: 59 O6amwioB u
HIDKE — «HEYJIOBIECTBOPUTEIHHOY», 60 OanoB — 73 Oajuia — «yAOBIETBOPUTEIbHO», 74 Oaria —
86 6amnoB — «xopomioy, 87 6amioB — 100 6amIoB — «OTIAUIHOY.

4-ii cemecTp

DOk3aMeH npoBoauTcs B hopme Tecta. K TecTy 10ImycKaioTes CTyASHTHI, MOTY4HBIIHE 110
JIBYM KOHTPOJIbHBIM paboOTaM TMOJOKUTEIbHBIE OILIEHKH. TecT cOoCTOMT u3 15 BOIPOCOB,
nposepsitoux POOIIK-2.1, POOIIK-2.2. B tecte nmpuCyTCTBYIO KaK BOIPOCHI, IPOBEPSIOLIHIE
3HaHHE TEOPETHUECKOT0 MaTepuaa, Tak U BOIPOCHI, MPOBEPAIONINE YMEHUE PelaTh 3a4a4u.

N

No o

8.
9.

10.
11.
12.

13.

14.
15.
16.
17.
18.
19.
20.

21.

22.

23.

IlepedyeHb TeopeTHYECKUX BONMPOCOB
Meroa MOJIOBUHHOTO [EI€HUS AJis PEIICHUS HEIMHEHHOTO YpPaBHEHHUS C OJHUM
HEU3BECTHBIM.
Meroa xopa 11 pelleHus: HETUHEHHOTO YPABHEHUS C OJTHUM HEU3BECTHBIM.
Meton TpoCThIX UTEpalMil I PEIIEHUS HEIWHEHHOTO YpaBHEHHS C OJHUM
HEU3BECTHEIM.
MoauuiupoBaHHBI METOJ TPOCTHIX WTEPAMK ISl PEIICHUs] HEIMHEHHOTO
YpaBHEHUS C OJTHUM HEU3BECTHBIM.
Meron HproToHa 17151 penieHrs HETMHEHHOTO YPAaBHEHUS C OJTHUM HEU3BECTHBIM..
Meron cexymux uisi peuieHusl HETUHEHHOTO YPABHEHUS C OJJTHUM HEU3BECTHBIM.
Meton YeObImeBa MOCTPOCHUS UTEPAIM BBICIIUX TOPSAIKOB JUISI  PEIICHUS
HEJIMHEHHOTO YPAaBHEHUS C OJJTHUM HEU3BECTHBIM.
HaxoxneHnue KkopHel OJIMHOMOB.
Meroz npoCThIX UTEpaLUil A PELICHUS CUCTEMBI HEJIMHEWHBIX YPABHEHUMN.
Meton HproToHa 117151 penieHrsi CUCTEMbl HETMHEMHBIX YPaBHEHUN.
Merozsl crrycka Juisl peLIeHUs] CUCTEMbI HEJIMHENHBIX YPABHEHUN.
ABTOMAaTHYECKH BBIOOp Iara B METOJE TPAJAMEHTHOTO CITyCKa ISl PEIICHUS
CHUCTEMBI HEJIMHEVHBIX YPAaBHEHU.
3amaua Komu gy OOBIKHOBEHHBIX U epeHITnaNbHBIX ypaBHeHHH. OOmue
CBCJICHHSL.
Pa3HocTHas cxema Jditnepa.
Metonel Pynre-Kyrra.
MHoronraroBesle MeTOIbI Aamca.
HesiBHBIE pa3sHOCTHBIE (HOPMYIIBI.
KecTkue 3amaun.
Kpaesbie 3anaun.
KoHeuHO-pa3HOCTHBIE METOABI pEIICHUS KpPaeBhIX 3adad Il OOBIKHOBEHHOTO
Qg epeHIMaIbHOr0 YpaBHEHUS BTOPOTO MOPSIKA.
Merton CTPENbObI peleHus KpaeBbIX 3amaq JUTSE OOBIKHOBEHHOT'O
Qg epeHIMaIbHOr0 YpaBHEHUS BTOPOTO MOPSIKA.
CBeneHue JTUHEWHOW KpaeBOM 3ajaud K JIBYM 3amadam Komm st 0OBIKHOBEHHOTO
Qg epeHIaIbHOr0 YpaBHEHUS BTOPOTO MOPSIKA.
Mertoa nuHeapu3aluuy 1J1s1 HETMHEHHON KpaeBOM 3a/1auu.

IIpumepsl 3a1a4

1. 3HadeHue x, AeNAIero OTpe3oK [a,0] mo mpaBuiy 3070TOr0 ceveHus, HaXOIUTCS 10
dopmyne x= at+t-(b-a). YUemy paBno 1?



2
2. Jlana nMHCWHas KpaeBas 3ajaya: (;—ng ZXZ% =0, y(0)=1, y'(1)) =0. 3anwucars
X X

Pa3HOCTHBIN aHAJIOT IPAHUYHOIO YCIOBHS NPU X=1 CO BTOPBIM NOPAJKOM allpOKCUMALUH.

3. Oycrs  y(x, )=y, +Ah+o(h’) u Yy(X)=V,,+Ah/2+0(h*) nBa pemenus
QG pepeHIaIbLHOTO YpaBHEHNUS, TOTYYE€HHBIE C TIOMOIIBIO OJJHOM M TOMH YK€ pa3HOCTHOM CXEMBI
1-ro mopsaKa anmpoKCUMAINH, HO ¢ pa3sHbIMU maraMu: h u h/2. OueHnTh MorpenHocTh MeTo1a
pemienust O/1Y Ha ocHOBe npaBuia Pynre.

Kpurepun onenuBanuns
PesynpraThl  9K3aMeHa  ONPEAEISAIOTCS  OLEHKAMU  «OTJIMYHO»,  «XOPOILIOY,
«YIOBJICTBOPUTEIILHO», «HEYIOBIECTBOPUTEIBHO». [l MOJIIydeHMs 3a4eTa C OLEHKOW CTYIEHT
JIOJDKEH BBINIOJHUTh KOHTPOJIbHBIE pPa0OThl, BBINOJHUTH Ja0OpaTOpHblE padOTHl M cHaTh
UTOTOBBIM TECT. OLIGHKa 34 3a4CT MMPOCTABJIACTCA 11O IIPAaBUITy, IPUBCACHHOMY B Ta6JII/II_[eZ

Orenka
3a 1abopaToOpHbBIC O1eHKa 3a TeCT OreHKa 3a 3a4eT
paboTsl
OTJIMYHO OTJIMYHO OTJIMYHO
OTJIUYHO XOPOIIIO OTJIUYHO
XOpOIIO OTJIMYHO OTJIMYHO
XOPOIIIO XOPOIIIO XOPOIIIO
OTJIMYHO YAOBJIETBOPUTENHHO XOpOIIO
YIOBJIETBOPUTEIHHO OTJIUYHO XOPOIIIO
XOpOIIO YAOBJIETBOPUTENHHO YAOBJIETBOPUTENHHO
YIOBJIETBOPUTEIHHO XOPOIIIO YAOBJIETBOPUTEIHHO
YAOBJIETBOPUTENHHO YAOBJIETBOPUTENHHO YAOBJIETBOPUTENHHO
HEY/I0BJIETBOPUTEIHHO - HEY/I0BJIETBOPUTEIHHO
- HEYIOBJIETBOPUTEIIPHO | HEYJIOBICTBOPUTEIHLHO

Pe3ynbTarhl BBIOMHEHUS CTYJEHTAMHU MTOTOBOTO TecTa oleHuBaeTcs mo 100 GammpHOM
[IKaJie, KOTOPhIE MEPEeBOMAATCS B MATHUOALIFHYIO IIKAY MO CIEAyIomed cxeme: 59 6amioB u
HIDKE — «HEY/IOBIETBOPUTENBHO», 60 OaimoB — 73 6anmia — «yI0BIECTBOPHUTEIbHOY», 74 Oamna —
86 6amtoB — «xopotioy, 87 6amioB — 100 6aI0B — OTIUIHOY.

4. OueHo4YHbIE MaTepHaJIbI IS NpoBepKH 0CTATOYHBIX 3HAHMH
(chopMUPOBAHHOCTH KOMITETEHIIMH)

Tect (POOIIK-2.1, POOIIK-2.2)

1. Merton HeroToHa perieHus KpaeBol 3a/1aqu MPUMEHUM:
a) TonbKO K HEJIMHEHHBIM KPACBBIM 3a/1a4aM.
b) Tonbko K TMHEHHBIM KpAacBBIM 3a7adaM.
C) U x TMHEHHBIM U K HEIMHCHHBIM KPACBbIM 3a/1a4aM.
d) He nmpumeHuM JI7Isl peIICHHS KPAaeBBIX 3a/1a4.

2. HuTtepnonsaunoHHBIN MHOTOWIEH Jlarpanxa sBJsSeTCsS MPUMEPOM MHOTOYJICHA
a) JIuHEeHHOW MHTEPIIOJISAIIUH.
b) I'mo6anbHON HHTEPITOISAIIUH.
C) JlokanbHOM UHTEPIIOJISIIHH.

Kiroun: 1 a), 2 b).



3agaun

3agaya 1 (POOIIK-2.1, POOIIK-2.2)

C Kakoii MOTpeIHOCTHIO CIIEAYeT U3MEPHTh JUIMHY D mpsiMOyrojpHUKa CO CTOPOHAMHU
a=43 M u b=8.5 M, 4YTOOBI MOrpEeHIHOCTh BBIYUCICHUS IUIONIATH MPSIMOYTOJbHHKA HE
npesbicuiia 0.3 M?? OtBer 3amucathb ¢ To9H0cTb 0.001 M.

3anaua 2 (POBK-1.1, POBK-1.2)

Beruucnuts onpeneneHHslid HHTErpall ¢ NOrPEeIIHOCTbIO £=10"" meTooM LIEHTPAJIbHBIX

2
In(x)
IPSIMOYTOJIBHUKOB U MeTo1oM CUMIICOHA I—dx.

1 X

OTBETHI:
3amaua 1. 0.035 M
3agaua 2. 0.3037

Teopernyeckue BONpochI:

1. B yem 3akmouaercs obparHas 3aaada teopun morpemrHoctu? (POOIIK-2.1, POOIIK-
2.2).

OTBeT JODKEH CoNepKaTh BBIBOJ (POPMYITbI a0CONIOTHOM MOTPEITHOCTH apTyMEHTOB 10
U3BECTHOM a0COTIOTHOM MOTPEIIHOCTH (PYHKITUH.

2. OOBSICHUTD TTPEUMYIIECTBA HESBHBIX PAa3HOCTHBIX ()OPMYJ IO CPAaBHEHUIO C SBHBIMHU
JUIS petieHns: OOBIKHOBEHHBIX AU(PepeHInaIbHbIX YpaBHEHUH.

OTBeT JOJDKEH cofepkaTh OOBSICHEHNE Ha TIpUMEpEe CPaBHEHHUSI YHMCICHHOTO PEHICHUS C
TOYHBIM PelICHHEM OOBIKHOBEHHOTO Mu(epeHIMaIbHOro ypaBHeHus Buga Yy =—Ay , A >0 ¢

HavyanpHbM yernoBueM Y(0) =1.

Nudopmanus o paspadorunkax

MunbkoB Jleonna JleonnmoBuy, A-p pus.-maT. Hayk, npodeccop, npodeccop kKadeapol
MaTeMaTHYeCKOr (U3UKU (U3UKO-TeXHHYECKOro (pakynbrera TOMCKOro rocynapcTBEHHOTO
YHUBEpPCHUTETA
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