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1. KommereHnuu M HHIAKATOPbI HX JOCTHKCHHUHA, IIPOBEPACMbIC NAaHHBIMHA
OICHOYHBIMM MaTepHaJIaMHU

Ienbto 0CBOCHMSI JUCLUIUIMHEI ABIsIETCA (POPMUPOBAHUE CIIEAYIOMIMX KOMIIETEHIUI:

BK-1 CniocoGeH npuMeHsTh 00I11e U CHeIHATH3HPOBAHHBIE KOMIIBIOTEPHBIE IPOTPAMMBbI
IPY PEUICHUH 33124 NPO(HEeCCUOHAIBHON e TEeIbHOCTH.

OIIK-2 CnocoOeH BBISBISATh €CTECTBEHHOHAYYHYIO CYITHOCTH NMPO0JIEM, BOZHUKAIOUINX B
X0Zle NPOPECCHOHATBHON  JEATEIbHOCTH, MPHUBJIEKATh JUIsI WX  pemeHus  (usuko-
MaTeMaTUYECKUH annapar ¥ COBPEMEHHBIE KOMIIBIOTEPHBIE TEXHOJIOTHH.

PesynpTaTamMu 0CBOEHUS IUCLUIUIMHBI SIBIISIOTCS CIEIYIOIINE WHANKATOPBI JOCTHXKEHHUS
KOMIIETECHIINH:

POBK-1.1 3naer mpaBuia ¥ NPUHIMIIBI MPUMEHEHUS OOIIMX U CHEIMATH3MPOBAHHBIX
KOMITBIOTEPHBIX IPOrpaMM Il PELICHUs 3a7a4 NPo(ecCHOHANBHOM AesTeIbHOCTH

POBK-1.2 Ymeer npumeHats coBpeMmeHHble IT-TexHomorum s cOopa, aHanuza u
IpeACTaBiIeHus HMH(OPMALMK; HCIOIb30BaTh B MPO(ECCHOHAIBHONW JESITEIbHOCTH O0IIUe U
CIEMaIN3UPOBaHHBIE KOMIIBIOTEPHBIE IPOTPAMMBbI

POOIIK-2.1 3Haer METOAMKY BBISBICHUS E€CTECTBEHHOHAYYHOW CYITHOCTH MpoOJeM,
BO3HHUKAIOIIKUX B X0JI¢ MPOPECCHOHATBHON JESITEeIbHOCTH, U METOJIUKY HpPUBJICUCHHS (UZUKO-
MaTEeMaTHYECKOro anmnapaTa i COBpEMEHHbIE MHPOPMALIMOHHBIX TEXHOJIOTUI AJIS UX PEeIICHUs

POOIIK-2.2 YMmeer BBISBIATH €CTECTBEHHOHAYUYHYIO CYIIHOCTh MPOOJIEM, BOZHUKAIOLINX
B X0Je MNpo(ecCHOHAIBHOW MAEATENbHOCTH M TPUBJIEKAaTh IS HUX pEUIeHUus (QHU3UKO-
MaTeMaTHYECKUH anmapar 1 COBpeMEHHbIE HH(OPMAIIMOHHBIE TEXHOJIOTUU

2. OueHoYHbIe MATEPHAIBI TEKYLEr0 KOHTPOJISI U KPUTEPUH OLleHUBAHUS

DJeMEeHTHI TeKYIIEero KOHTPOJIS:
3 cemecTp
— KOHTpOJIbHAs paboTa

Kontponsnas padora Nel (POOIIK-2.1, POOIIK-2.2)
Kontponbnast pabora Nel cocrout u3 1 3amaum.
IIpumepsl 3aaau.
C xakoil MOrpenHOCThIO CIENYET U3MEPUTD AJUHY b PSAMOYTOJIBHUKA CO CTOPOHAMHU
a=4.3 M u b=8.5 M, YTOOBI OTPEIIHOCTH BEIYUCIICHUS MJIOLIAIU IPSMOYTOJIBHUKA HE

npessicuna 0.3 M*>? OTseT 3amucath ¢ TouHOCTh 0.001 M.
Otsert: 0.035 Mm.

OnpenenuTs YMCI0 BEPHBIX 3HaUaIIUX nugp B yrcie 485.623, eciiu ero OTHOCUTEIbHAS
norpentHocts pasHa 0.2%.
OTBeT: 1Be BepHBIX 3HAYAMUX HUPPHI 4 1 8.

KonrtponsHas padora Ne2 (POBK-1.1, POBK-1.2)
Kontponbnast pabora No2 cocrout u3 1 3amaum.
IIpumepsl 3aaau.
MetoaoM HeomnpeaeaeHHbIX K03 GUIIUEHTOB MOTYIUTh (YOPMYJITbI YUCIECHHOTO
muddepeHIIMPOBAHUS U OIIEHUTH IMOTPEITHOCTH AMPOKCUMAIIHIH:
Yo” =CY, +C Y, + Y, + Y, + Ro”
Ortger: ¥," = 2%, =51, j4YZ met
h

11
+— Ry
B (S)



Ha otpeske [0;4] MeToAOM HAaMMEHBIIUX KBAJAPaTOB MPOBECTU AMMIPOKCUMALIUIO
byHKIMN Y = \/; TIOIMHOMOM BTOpO#i cTerenH y = ax” + bx + ¢ . HaiiTu 3Hauenne Mephl

KBaJPaTUYHOTO OTKJIOHEHHUS R.
1 , 24 12 3
OrBer: y=——x"+—x+—, R=6.53-10"".
14 35 35

— maboparopHas paboTa

Jlaboparopnas pa6ora Nel (POBK-1.1, POBK-1.2)
Annpokcumanus GyHKIUNA
[Ipumepsl 3a1aHui:

MeTo0M HaMMEHBIIUX KBAApPaTOB MPOBECTH alMpOKCUMAIUio TabinyHou (pyHkuuu. B

KauecTBe aNNpoOKCUMupylomeil ¢yHkuuu B3aTh F(x) = ax”. Iloctpouts Ha rpaduke

anMPOKCUMHUPYIONTYIO GYHKIHIO ¥ (YHKIINIO, 3aJaHHYI0 TaOJIUYHO.

X 1.1 1.2 23 3.4 5
fix) | 1.21 1.44 5.29 11.56 25

Otger: y = x*

MeTooM HauMEHBIIIUX KBaPAaTOB MTPOBECTH ANIPOKCUMAIINIO TaOIHMIHON (QYHKIIHH.
[TomoOpats anmpokcUMUPYIONTY O GYHKIHIO camocTosITensHO. [locTpouTth Ha rpaduke
anMPOKCUMHUPYIONTYIO GYHKIHIO ¥ (YHKIINIO, 3aJaHHYI0 TaOJIUYHO.

X 0.3 1.2 33 54 8.5
fix) 0.1 0.2 0.4 0.9 3.1

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

Jlaboparopnas pa6ota Ne2 (POBK-1.1, POBK-1.2)
HucneHHoe NHTErpUPOBAHUE
[Ipumepsl 3a1aHui:

BBIYMCIUTS ONpe/ieeHHbIH HHTErpal ¢ MOTPeIrHOCThI0 €=107* MeTo10M IIeHTPaTbHBIX

2
In(x)
IPSIMOYTOJIBHUKOB U MeTo1oM CUMIICOHA J-

dx.
! Jx

Ortsert: 0.3037

1
o dx
BbIuuciuTh onpeaeieHHbI HHTErpa _[ 10 KBapaTypHbIM opmynam ["aycca-

SNV1=x*

Jlexxannpa u I'aycca-UeObimena misa n=1, 2, 3.

Otser:

n 1 2 3
Meron ["aycca-Jlexxannpa 2.00000 2.12132 2.27778
Merton ['aycca-UebblmeBa 3.14159 2.56510 2.63041




Jlaboparopnas pa6ota Ne3 (POBK-1.1, POBK-1.2)
Yucnennoe nquddepeHupoBanme
[Ipumepsl 3a1aHui:

[Momyuuts  ¢opmyny  umciaeHHoro auddepenuupoBanus 1"’ ¢ HOMOIIBIO
MHTEPNOJAIMOHHOTO nojinHoMa HetotoHa iist n = 3 . OUEeHUTh NOTrpelHOCTh R B 3aBUCUMOCTH
ot mara A.

Orser:

ylm = (=Y +3¥, =3y, + 5 )/h3 ;

h vy €
R <— max +8—
5 max |y ©)| X
[Monyunts  popmyny  uuciaeHHoro guddepeHuupoBanus 1’ ¢ TOMOIIBIO

MHTEPIOJSIIMOHHOTO NosiMHoMa Jlarpanyka ais n =4 . OLeHUTh NOTrPeIHOCTh R B 3aBUCUMOCTH
oT 1Iara A.
Ortser:

¥ =11y, =20y, +6y, +4y, - y,)/(12h*);

e+l

h3
R <— max >
6 h

1 2 Xg<ESxy

JlaGopatopunas pa6ora Ne4 (POBK-1.1, POBK-1.2)
Pemenue cucreM TuHEHHBIX anreOpandecKux ypaBHEHHMN
[Ipumeps! 3agaHui:

Haiitu penienue cucreMbl JIMHEHHBIX anreOpanyeckux ypaBHEHUH METOI0M MTPOCTHIX
UTepauii ¢ TOYHOCTHIO £ = 107 :
27 x1+33x+13x3= 2.1
35x1+ 1.7 x0+2.8x3=1.7
4.1x1+5.8x2+1.7x3=0.8.
Ortser:
[TpeoOpasyeM HCXOTHYIO CUCTEMY YpaBHEHHH K TMaroHaIbHOMY JOMUHHPOBAHUIO:
7.6 x1+4.1 x2+1.1x3= 2.5
—0.8x1+5.0x2-1.5x3=04
1.3 x1+ 0.8 x2+ 4.3 x3=3.4.
IlepenuceiBaeM B BUIE:
x1=(—4.1x-1.1x3+ 2.5)/ 7.6
x2=(0.8 x1+1.5 x3+0.4)/ 5.0
x3=(-1.3 x1 -0.8 x21+3.4)/ 4.3
PaccraBisiem urepaliioHHbIE HHIEKCHI:
x5 = (4.1x," 11, +2.5)/ 7.6
% = (0.8 +1.5x, +0.4)/5.0
x = (=135, —0.8x," +3.4) /4.3

YHucneHHOE penieHue:

k X1 X2 X3

0 1 1 1

1 —0.355263158 0.54 0.302325581
2 -0.006126071 0.113855569 0.797637699
3 0.152077723 0.318311138 0.771367311
4 0.045581617 0.335742629 0.685500011
5 0.048605948 0.292943062 0.714453441




6 0.067504561 0.302112984 0.721501818
7 0.061537469 0.307251275 0.714082252
8 0.059839381 0.304070671 0.714930295
9 0.06143249 0.30405339 0.716035411

Haiitu pemenue cucTeMbl TUHEHHBIX allTeOpanyecKnX ypaBHEHUN METOI0M 3eiaens ¢

TOYHOCTBIO € = 107 :

Ortser:

[IpeoOpa3yeM UCXOAHYIO CUCTEMY YPaBHEHUH K JUaroHaJIbHOMY JTOMUHHUPOBAHUIO:

[TepenucriBaeM B BUJIE:

YHucneHHOe penieHue:

27 x1+33x+13x3= 2.1
35x1t 1.7 x+ 2.8 x3=1.7
4.1 x1+5.8 o+ 1.7 x3=0.8.

7.6 x1t4.1xt1.1 x3= 2.5
—0.8x1+50x-1.5x3=04
1.3x1+ 0.8 x2+4.3x3=34.

x1=(—41x-1.1x3+ 2.5)/7.6
x2= (0.8 x1+1.5 x3+0.4)/ 5.0
x3=(-1.3 x1 —0.8 x2+3.4)/ 4.3
PaccraBnsgem HUTCPALIMOHHBIC MHACKCHI:
x5 = (4. 1x,® L1, +2.5)/7.6
x* M = (0.8 +1.5x,% +0.4) /5.0
x5 = (-1.3x, % —0.8x," ™ +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

4-ii cemecTp
— KOHTpOJIbHAs paboTa

KonTtponsnas padora Nel (POOIIK-2.1, POOIIK-2.2)
Kontponbnast pabora Nel cocrout u3 1 3amaun.
IIpumepsl 3aaau.

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

2 1 1
kodddurmentos: | 1 2 1
1 1 2

OtBer: —A°> + 612 =9\ +4.



2
[IpencraBuTh MaTpuIly i L o { B BuJe mpousBeneHus L-U.
-1 3 -2 0
1 0 0 0 1 1 -1 -1
0 1 0 0 o1 2 -1
Otser: L= ;U=
1 -2 5 0 0 01 -04
-1 4 -11 -14 0 0 O 1

KonTtponsnas padora Ne2 (POOIIK-2.1, POOIIK-2.2)
Kontponbnast pabora No2 cocrout u3 1 3amaum.
IIpumepsl 3aaau.

3anucarh HESBHYIO Pa3HOCTHYIO cxeMy ODiniepa 1uist cuctemsl O/1Y:
dy

dz

D _ 100y, Eoyos,
dx 4 dx d
Otser: y,,, = Y yih Zk

T Lk T +
1+100A (1+100A)(1+h) 1+h

Hana kpaeBas 3amada y"+2y'+y=-2, 0<x<1, y(0)=0, y'(1)=0. CBectu naHHYIO
KpaeByIo 3a7a4y K AByM 3anadaM Komu, npencraBuB pemeHue B Buae y(x) =u(x)+C-v(x).

Otsetr: u"+2u'+u=-2, 0<x<1, u(0)=0, «'(0)=0.
Vi+2v+v=0, 0<x<1, v(0)=0,V'(0)=K.
C=—-u'(H/V'(1).

— nabopaTtopHas pabora

JlaGopatopnast pa6ora Nel (POBK-1.1, POBK-1.2)
Pelienne HeMMHENHOTO ypaBHEHUS
[Ipumeps! 3anaHui:

Pemmts HenuHEHOE ypaBHEHUE €° — 6x = 5 METO/I0M XOpJ U METOOM IIPOCTBIX

utepaunit. CpaBHUTH KOJTUYECTBO UTEpAIUii, TpeOyEeMBbIX 111 HAXOKIECHUSI KOPHS C TOYHOCTBIO
107

Ortser:

X
N e =5
Meron npocThIX uTepanuuii: x;,; = @(x; ), Tae @(x) = %

A
f(x) = f(a)

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

Merox Xopa x;,; =a (x,—a),rne a=—-1, f(x)=e"—6x-5



MeTton
Howmep MIPOCTBIX Merona xopn

ATEpaLu uTeparii
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

PemmmTe HenMMHEITHOE ypaBHEHUE € + x> — 2 = 0 METOIOM MOJOBUHHOTO JCJICHUS
metonoM HeroroHa. CpaBHUTH KOJIMYECTBO UTEPALM, TPeOYyEMBIX Il HAXOXKACHUS KOPHS C
TO4YHOCTBIO 107°.

OrTBer:
S (x)
f '(xk)

Metoxn nonosuuHoro nenenns ¢ =(a; +b;)/2, ecmu f(c;)- f(a;) <0, 10

Meron Herorona: x;,, = x;

Apy1 = Qs bpyy = ¢, MHAYE Gy = ¢y, by = by

Howmep Meron HuioTona MeTtox HOJTOBUHHOTO JIEJICHUS
UTCpaun ar bi
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

Jlaboparopnas pa6ota Ne2 (POBK-1.1, POBK-1.2)

Pemienne cucreMbl HETMHENHBIX YPABHEHUN

[Ipumeps! 3agaHui:




Pemnts cucteMy HEMMHENHBIX YPaBHEHUN METOIOM IIPOCTHIX UTEPALIUNA ¢ TOUHOCTBIO
e<10™
filx,y) =tg(xy+0.4)x*=0
fxy)=0.6x> +2)2 -1 =0,
rre o= max (1 (5[ (+ )
Ortser:
@opMyIsl ISl peLICHUsT METOAOM IIPOCTBIX UTEPALMIA:

(k+1) arctg ((x(k) )2 ) —0.4+x®y®
X =

2y(k)
o _ 1-0.6(x®)’
Y 2
Hauansnoe npubmmkenue x'” =-0.5, 3 =0.5.
L |0 @ i x<k>, VO 1P,
0 [-0.5 0.5 9.9-1072 3.5-10""
1 ]1-0.405021 0.651920 2.7-1072 5.2:1072
2 [ —0.384593 0.671407 52-10° 9.7-10°°
3 |-0.380821 0.675001 1.1-107 1.7-10°°
4 [-0.380025 0.675642 1.9-10°* 3.6-10*
5 |-0.379886 0.675777 4.2:10° 6.3-107

rae €= max(|fl (x(k) (k))

PelmnTh cHCTeMy HENMMHEHHBIX ypaBHEHMH MeTo1oM HploToHa ¢ TouHOCTBIO € < 1074,

Silxy) = tg(xy + 0.4) —~x?=0
H(xy)=0. 6x> +2y -1=0,

(x2.5)

®opmyiibl 11 pereHus metoaoM Herotona:

. o, (x, 9 “
x(kl) (k) f(,y) fz( y) f2(’y)f( y)
J oy
. o (x, of, (x, y)\"

D = 0 J(k)( (x,y) ) fl( ) ~fi(x ,y)fZ( y)) ,
rie

(e y) o (xy) Oh(xy) o (xy)

ox oy oy ox

Hauansnoe npubmmkenue x'” =-0.5, 3 =0.5.
k x® y(k) fi( x(k), y(k)) | /(. x(k), y(k)) |
0 |-0.5 0.5 9.9:10°2 3.5-10"!
1 —0.361293 | 0.716612 1.2:1072 1.1-10™!
2 [-0.379216 |0.677136 4.0-10* 3.3:-10°
3 —0.379848 | 0.675808 4.6:107’ 3.8:10°°

Jlaboparopnas pa6ota Ne3 (POBK-1.1, POBK-1.2)
Pemenue cuctemMbl 0OBIKHOBEHHBIX AU hepeHInaIbHBIX YpaBHEHUH

[Ipumeps! 3agaHui:



Pemmmte cucreMy OOBIKHOBEHHBIX IUG(EpEHINATBHBIX YPABHEHUH Ha IPOMEXKYTKE
t € [0, 1] meTonom Diinepa 1-ro nopsaka To4yHOCTH. CpaBHUTH PEIICHUE C TOUHBIM PEIIEHUEM U
OIPENIEIUTh MOPSIOK TOYHOCTU METO/A.
x'(£) = 4x(f) + y(£) — e*; x(0)=3
Y'(#) = y(0) = 2x(2); »(0)= -3
TouHOE peleHne CUCTEMBL:
Xt =e*+e+(t+1)e*
Y(f) = 2e¥ — ¥ — 2t ¥
Meron Ditnepa:
Xew =X TH (4, %, 0,)

Vi =V thgt,x, 0

i Xi Vi X(t) Y(#:)
0 3 -3 3 -3
0.1 3.8 -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

1 n l n

e (m) == |, X5 &,(m)==> |y, —Y (1)
n =1 n =

o In(e, (10)) —In(e,(20))
In(h) —In(h,)

o, = In(3.49179) —In(1.83173) ~0.9308,

In(0.1) —In(0.05) g
[Topsok Tounoctu pasen 0.93.

, h =110, h, =1/20.

_ In(4.06245)—In(2.11857)
In(0.1) — In(0.05)

~0.9393

Pemmte cucreMy OOBIKHOBEHHBIX IU((GEpEeHINATbHBIX YPaBHEHUH Ha MPOMEKYTKE
t € [0, 1] meTonom XoiHa. CpaBHUTH PEIICHHE C TOYHBIM PEIICHUEM U OINPEACIIUTh MOPSI0K
TOYHOCTH METO/Ia.
x'(£) = 4x(f) + y(£) — e*; x(0)=3
Y'(#) = y(0) = 2x(2); »(0)= -3
TouHOe peleHne CUCTEMBL:
Xt =e*+e+(t+1)e*
Y(f) = 2e¥ — ¥ — 2t ¥
Meton XoiiHa:

h * *
Xt = X +E|:f(tk’xk’yk)+f(tk+1’xk+1’yk+1):|

h * *
Vit = Wk +E[g(tkaxkayk)+g(tk+1axk+1syk+1)]

rne xZ+1 =x, +hf (¢, x,¥,); yZ+1 =y thg(t, x,5,)-



ti Xi Vi X(#) 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
09 |31.5418 —36.91405 | 32.42371 | —37.86839
1 40.95926 | —48.24584 | 42.25271 | —49.64176

e =LY, - X(1,)

n

k=1

1 n
5 €,(n) :_Zb/k _Y(tk)|
n g

 _ In(e,(10) - In(e, (20)
In(h,) ~In(A,)
o, = In(0.37777)—1n(0.09582) ~1.9791,
’ In(0.1) — In(0.05) g
[Topsok Tounoctu paseH 1.98.

, h =110, h, =1/20.

_ 1n(0.40943) —n(0.10375)
In(0.1) — In(0.05)

~1.9805

Jlaboparopnas pa6ota Ne4 (POBK-1.1, POBK-1.2)
Pemenue kpaeBoit 3agaun
[Ipumepsl 3a1aHui:

Pemmmth kpaeByto 3agauy
y'=2y'=3y=e", 0<x<l
Y'(0)=(0)=0.6, Y (D)+y(l)=4e +¢*
KOHEYHO-PAa3HOCTHBIM METOI0M. YHCIIEHHOE PEIlIEHUE CPABHUTH C TOUHBIM PEIICHUEM:
y(x)=e " +e +0.2e".
Orser:
KoHeuHo-pa3HOCTHBIN aHAJIOT ypaBHEHUS

ERTNNE TR
h2 h i-1 h2 i hZ h i+1

x,=i-h, h=1/n.
Koneuno-pa3HOCTHBIN aHAJIOT KpaeBoro ycioBus s x=0:

2 2 2 1.2
e
KoHe4uHO-pa3HOCTHBIN aHAJIOT KPaeBOI'o YCIOBUS Il x=1:

h%yn_l +(—1—2—£)yn =e' —2(%—1)(4e3 +e4)

o1<i<n—-1,

UucneHnHoe penieHue



Xi Vi V(xi)

0 2.16998 2.2
0.1 2.51223 2.55306
0.2 3.03085 3.08596
0.3 3.79047 3.86444
04 4.88214 498104
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

Pemmmth kpaeByto 3agauy
y'—2y'-3y=e", 0<x<l
Y'(0)=(0)=0.6, Y (D)+y()=4e +¢*
MeTtoioMm cTpenbObl. UNCIEHHOE PelIeHHEe CPAaBHUTH C TOYHBIM PEIIICHUEM:
y(x)=e "+ +0.2e*.
Otser:
Hcxonnoe ypaBHeHHe nepenucbiBaeM B Buae cuctembl OJ1Y nepBoro nopsaka:
y=z
Z'=2z+3y+e"
z(0)=y(0)=0.6, z()+y(1)=4e’ +e'

Pemraem 3amauy Komu:
y=z
Z'=2z+3y+e"
y(0)=¢
z(0)=0.6+§
Nimem Takoe 3HaueHue &, 94TOOBI BBHITIOJIHHIIOCH PABEHCTBO
F(&)=2(1,8)+y(1,§)~4e’ —¢' =0.
€,.=6,—F(,)8/(FE,+8)-F(,)), §=0.001

YHucneHHoe peleHne

Xi Vi (i)

0 2.31822 2.2
0.1 2.67900 2.55306
0.2 3.22204 3.08596
0.3 4.01265 3.86444
04 5.14232 498104
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




Kpurepuu onenvuBanus:

Pe3ynbpTaThl KOHTPOJILHOM paObOTHI OIPEEISIIOTCS OIEHKAMU «3a4TEHO» U «HE3aUTEHOY.

OlneHKa «3a4TEHO» BBICTABISAETCS, €CJIM BBIITOJIHEHO MPaBWIIbHO HE MeHee 90% 3ananusl.

PesynbpTarel 1a00paTOpHBIX pabOT OMPEIENSIOTCS OIEHKAMH «OTJIMYHOY», «XOPOIIOY,
«YJIOBJICTBOPUTEILHO», «HEYIOBICTBOPUTEIHHOY.

OI.[GHKa «OTJIHUYHO» BBICTABIACTCA, CCIIN CTYI[GHT BBITTOJTHUJI HpaBI/I.HI:HO 3aaHHUC,
MMOHUMAET X0/ BBITIOJIHEHHUSI MPOTPaMMBbI Ha KOMITBIOTEPE.

OreHka «XOpOIIO» BBICTABISACTCS, €CIM CTYACHT JOIMyCTWI HeOONbIINEe OIMOKH IpU
BBITIOJTHCHUH 3aJ[aHUsI, TOHUMAET XOJ BBIMIOJHEHHUS TPOTPaMMbI Ha KOMIIBIOTEPE.

OI.[GHKa «y,Z[OBJIeTBOpI/ITe.HBHO» BBICTaBIACTCA, C€CIIN CTy,Z[eHT ,Z[OHyCTI/I.H OLHI/I6KI/I HpI/I
BBITIOJITHCHHH 3aJ[aHus, TUIOXO0 MMOHUMAET XO/T BBITIOJIHEHHS MPOTPaMMbl Ha KOMITBIOTEPE.

OI.[GHKa «Hey,Z[OBJIeTBOpI/ITCJILHO» BBICTaBIACTCA, €CINU CTYI[CHT HEC MOXCET OGBHCHHTB
3aJIaHuE U aJITOPUTM, TI0O KOTOPOMY BBHITIOJIHSIETCS IIPOrpaMMa Ha KOMITBIOTEPE.

3. OueHoyHble MaTepHaJbl HTOTOBOI0 KOHTPOJIS (IIPOMEKYTOUHON aTTeCTALMU) U
KPUTEPUHU OLlCHUBAHUS

3 cemecTp
3auer ¢ oneHKoW mpoBoxuTcs B ¢opme Tecta. K TecTy MOMyCKaloTCs CTYACHTHI,
NOJYYMBILKE MO IBYM KOHTPOJIBHBIM Pa0oTaM MOJIOKUTENbHBIE OLEHKH. TecT coctout u3 35
Bonpocos, nposepsitomux POOIIK-2.1, POOIIK-2.2. B Tecte mpuUCyTCTBYIO KaK BOIPOCHI,
IIPOBEPSIONINE 3HAHUE TEOPETUYECKOrO0 MaTepHalla, TaK M BOIPOCHI, NMPOBEPSAIOIINE YMEHHE
pelarh 3a1a4H.
ITepedyenb TeopeTHYECKUX BOIIPOCOB
1. UcToyHMKM H KiIacCH(pHKAIM TOTPEIHOCTe. AOCONIOTHAasE W OTHOCHUTENbHAs
MOTPEIIHOCTH.
2. TlorpeumrHocTh pe3yabTaToOB apu(PMETHUECKUX ONepanuii U 3JIeMEHTApHBIX (YHKIIHHA.
OOparHas 3a7aya TEOPUH MOTPELTHOCTH.
3. llonsTue anmpokcumanuu. BeruuciieHne 3HaueHUs MOJIMHOMOB 1o cxeme ['opHepa.
Annpokcumanys HEKOTOPBIX TPAaHCLEHAECHTHBIX (DYHKIMH ¢ TOMOIIBIO PSAIOB.
4. DKOHOMM3AIMS CTETICHHBIX PSAI0B MPHU MOMOIIH TOJTUHOMOB UeOhbIiieBa.
5. JlpoGHO-parnmoHaIbHBIC TPUOIMIKEHHUS.
6. Anmpokcumanuss 10  METOAY  HAaMMEHbIIMX  KBajparoB.  KBagparuunoe
anMpOKCUMUPOBaHNE 000OIICHHBIMH ITOJTMHOMAMH.
7. MeTtox HaMMEHBIINX KBaJAPAaTOB B HEJIMHEHHOM CIIy4ae.
[TocTanoBKa 3aa4u UHTEPNIOIUPOBAHUS. HTEpNOIAIMOHHBIN NOJIUHOM JlarpaHxa.
9. HnrepnonsunmoHHbli noiauHOM HproTroHa. [lorpemHocTs HMHTEPHOIALMOHHBIX
IIOJINHOMOB.
10. UnTepnionupoBanue (yHKIMKA MHOTHX INEepeMEHHBIX. HenuueitHas WHTEPHOISAIMSL
OO6paTHOE HHTEPIIOIUPOBAHHE.
11. aTepnonupoBaHue CrlaiiHaMu.
12. TTonmyyenue ¢popmy uncieHHOro qudGepeHnpoBaHus ¢ TOMOIIBIO psioB Teimopa.
13. [lonyuenne  Qopmyn  yucineHHoro  auddepeHUUpOBaHUS  C  TTOMOUIBIO
MHTEPIIOJILIMOHHOTO IosinHoMa Jlarpamxka.
14. [lonyuenne  Qopmyn  yucineHHoro  auddepeHUUpOBaHUS  C  TTOMOUIBIO
MHTEPIIOJSILMOHHOrO nosimHoma HeroToHa.
15. Meron HeompeneiaeHHbIX K03 duimeHToB. Meron PyHre omeHKH MOTPENIHOCTH U
nostydeHust GopmyJ1 YMCIeHHOTO MU depeHITTpOBaHHUS.
16. O HEKOPPEKTHOCTH ONEPALMH YHCICHHOTO UG PEepeHIINPOBAHNUS.
17. Tlonsitue kBaapaTypHbIX Gopmyin. Dopmysia TpsiMOyroJbHUKOB. DopMyIia Tpanenuu.
18. ®opmyna Cummncona. OneHka norpenHocTu MeToaoM PyHre.
19. ABTOMaTHYeCKH BBIOOD I1ara HHTETPUPOBAHUSI.

*®



20. Metox HeompeaeIeHHBIX KO3 (OUIIMEHTOB MOTYyYEHUS KBaIpaTypHBIX (hOpMyII.

21. Ksanparypusie ¢popmyisl HeroTona-Koreca.

22. KBagparypusie hopmynbl ['aycca. @opmyna ["aycca-UeOwimeBa. @opmyna ["aycca-
Jlexannpa.

23. ®opmyna ["aycca-Jlareppa. @opmyia ["aycca-Opmura.

24. BbIUMCICHHE UWHTETPAIOB C OECKOHEYHBIMH  MpeAeliaMd  HHTETPUPOBAHMSL.
Brruncnenme MHTErpagoB OT HEOrPAaHUYEHHBIX (PYHKINH.

25. IlpubnmxeHHOE BBIYHUCICHUE KPAaTHBIX HHTErpajoB. Meron MonTte-Kapio.

26. [IpsiMble METOBI PEIICHHS CUCTEM JIMHEHHBIX anreOpanveckux ypaBHEHUU. MeTon
l'aycca.

27. Ces3b MmeToza ['aycca ¢ pa3nokeHrueM MaTpuilbl Ha MHOXKUTEIU. Cxema Xajenkoro.

28. BoluncieHue onpeaenuTens 1 00paTHON MaTpPHUIIBL.

29. MeTo MpOroHKH.

30. ITonaTue HOPMBI BEKTOpa, HOPMbI MaTpHIbl. [11oxo obycioBieHHbIe cucTeMbl. Mepa
00YCJIOBJICHHOCTH.

31. Meton mpocCThIX WUTEepaluid W METOA 3eWaens s PElIeHHUs] CUCTEM JIMHEUHBIX
anreOpanvecKux ypaBHCHHM.

32. TIpsmoii crioco0 HaXOKIEHUSI COOCTBEHHBIX 3HAYCHUN MATPHUIIBI.

33. Meton JleBeppbe omnpenenenust KO3GHUIIMEHTOB XapaKTEPUCTUICCKOTO TTOJIMHOMA.

34. Meron HeompeneleHHBIX KOIPPUIMEHTOB TOCTPOSHUS XapaKTEPUCTHIECKOTO
MOJIMHOMA.

35. UtepalliOHHBII CIIOCOO OJHOBPEMEHHOTO HAXOXIACHHSI COOCTBEHHBIX 3HAYCHUH H
COOCTBEHHBIX BEKTOPOB.

IIpumepsl 3a1a4

1. KakoBa aOcomtoTHas MOTpPENIHOCTh umcha 68.95, ecnmu Bce mudpsl ATOro UMCIa
BEpHBIE.

2. Iemexon uaeT MpUOIUZUTENHLHO CO CKOPOCThIO 6.0 kM/uac. C Kakoi MOTrpEeIHOCTHIO
ClIeyeT U3MEPATh BPeMs JBUKEHHS MENIeX0/1a, YTOObI MOrPEeNIHOCTh U3MEPEHUS MTPOUIEHHOTO
paccrosiHus He npesbimana 1.2 M ? OTBeT ykas3aTh B ceKyHaax ¢ TogyHocThio 710 0.01 c.

3. C kaKoil MOrpenHOCThIO CIeAYET U3MEPUTh JUTUHY b TPSIMOYTOJIbHUKA CO CTOPOHAMH
a=45m um b=2.0M, 4YTOOBI TOTrPEHIHOCTh BBIYMCICHUSA IUIOLIANM MPSIMOYTOJbHUKA He
npessicuna 0.4 M>? OTseT 3amucath ¢ TouHocTh 0.001 M.

Kpurepun oueHuBanust
Pe3ynbrarel 3adera C OLEHKOW OMNPENENSIOTCS OLICHKAMU «OTIMYHO», «XOPOLIO»,
«YIOBJIETBOPUTEIBHO», «HEYIOBIECTBOPUTEIbHOY. JlJI1 MOMyuyeHus: 3a4eTa ¢ OLEHKON CTYAEHT
JIOJDKEH BBINIOJHUTH KOHTPOJIbHBIE pPa0OThI, BBIIOJHUTH JabopaTopHble pabOTHl M cHaTh
UTOTOBBIN TecT. OLEHKa 3a 3a4eT MPOCTABIISAETCS MO MPaBUILy, IPUBEICHHOMY B TaOJHIIE:

OrneHka
3a 1abopaTopHbIe OueHka 3a TecT OueHka 3a 3auer
paboTsl
OTJINYHO OTJINYHO OTJINYHO
OTIIUNYHO XOpOIIO OTJIUYHO
XOpOIIO OTIIUYHO OTIIUYHO
XOpOILIO XOpOIIO XOpOIIO
OTIIUYHO YAOBJIETBOPUTEIHHO XOpOIIO
YIOBJIETBOPUTEIBHO OTJINYHO XOpOIIO
XOPOIIO YAOBJIETBOPUTEIHHO YAOBJIETBOPUTEIHHO
YIOBJIETBOPUTEIBHO XOpOIIO YIOBJIETBOPUTEIHHO




YAOBJICTBOPUTCIILHO YAOBJICTBOPUTCIILHO YAOBJICTBOPUTCIILHO

HEYJIOBJIETBOPUTEIHHO - HEYJIOBJIETBOPUTEIHHO

- HEYJIOBJIETBOPUTEIHHO | HEYAOBIETBOPUTEIHHO

Pe3ynbrarel BBITIOJIHEHHS CTYJIEHTAMU MTOTOBOTO TecTa oleHuBaeTcs mo 100 GammpHO#M
[IKaie, KOTOPhIE MEPEeBOMAATCS B MATUOALIBFHYIO IIKAy MO CIEAyromei cxeme: 59 6amioB u
HIKE — «HEYAOBIETBOPUTEIHHO», 60 6amtoB — 73 Oanna — «yIOBIECTBOPUTEIBHOY», 74 Oaina —
86 6amtoB — «xopotio», 87 6amioB — 100 6aIoB — «OTIUIHOY.

4-ii ceMmecTp

Dk3ameH npoBoautces B opme tecta. K Tecty gomyckaroTcs CTyACHTHI, MOIYYUBIINE 1O
JIByM KOHTPOJBHBIM paboTaM TOJOXKHUTENbHbIE OLEHKUA. TecT cocrour u3 15 BOmpocoB,
nposepsronmx POOIIK-2.1, POOIIK-2.2. B Tecte mpucyTCTBYIO Kak BOIMPOCHI, TIPOBEPSIOIINE
3HAHUE TEOPETUYECKOI0 MaTepHuaa, Tak U BOIPOCHI, TPOBEPSIIOLIUE YMEHHUE pelIaTh 3a/1a4uu.

SN

8.
9.

10.
. MeTonpl criycka AJisl pelIeHUsI CUCTEMbI HEJTMHEWHBIX YPaBHEHHUIA.
12.

11

13.

14.

15

21.

22.

23.

IlepeyeHb TeOpeTHYECKHX BOIIPOCOB
MeTon TMONOBUHHOIO IENEHUS Ui PEIICHUS HEIUHEHHOrO YpPaBHEHHUS C OJHUM
HEU3BECTHBIM.
Meton xop A peleHus: HEIMHEHHOTO YPaBHEHUS ¢ OJJHUM HEU3BECTHBIM.
Meron mNpoCTBIX HTEpalUi I PELICHHUS HEIUHEHHOIO YPaBHEHHS C OJHUM
HEU3BECTHBIM.
MoaupuIMpoBaHHBIA METOA MPOCTBIX HTEpalUid Ui PELIeHHUs HEIUHEHHOTo
YPaBHEHHUS C OJTHUM HEU3BECTHBIM.
Meroxn HproToHa 11 pelieHus: HEMMHEMHOTO YPAaBHEHUSI C OJJHUM HEU3BECTHBIM..
Meton cexymux uisl peleHns HETMHEWHOTO YPaBHEHUS C OJHUM HEU3BECTHBIM.
Meton UYeOblmeBa MOCTPOSHHS] HUTEpaAlMii BBICIIMX MOPSAKOB JUISL  PELICHUS
HEJIMHEWHOTO YPaBHEHUS C OJHUM HEU3BECTHBIM.
HaxoxeHue KopHel IOJIMHOMOB.
Metoa pOCThIX UTEPALMH TSl PEIIEHUS CUCTEMbI HETUHEUHBIX YPaBHEHUH.
Merozn HeroToHa 11 penieHus: CUCTEMbI HEJIMHEVHBIX YPaBHEHUM.

ABTOMAaTHYECKU BBHIOOp IIara B METOJE TPAaJUEHTHOTO CIyCKa JUIsl pPELICHHUs
CHCTEMbI HEJIMHEWHBIX YPABHEHUM.

3agaua Komm pansi OOBIKHOBEHHBIX Ju(depeHINanbHbIX ypaBHeHUH. OOmue
CBEJICHMUSL.

Pa3HocTHas cxema Diinepa.

. Metonsl Pynre-Kyrra.
16.
17.
18.
19.
20.

MHoroiaroBsie METOAbI Aamca.

HesiBHBIE pa3HOCTHBIE (HOPMYIIBI.

Kecrkue 3anaum.

KpaeBebie 3amaun.

KoHeyHO-pa3HOCTHBIE METOMABI pEHICHHS KpaeBbIX 3a7ad JUis OOBIKHOBEHHOTO
nudepeHIaTBHOTO YpaBHEHUS BTOPOTO TOPSIKA.

Meton ~ cTpenbOBl  pemieHWsT — KpPaeBbIX  3amad Uil OOBIKHOBEHHOTO
nudepeHIaIBHOTO YpaBHEHUS BTOPOTO TOPSIKA.

CBeneHue NMHEHHON KpaeBOH 3amaud K JIBYM 3aaadam Komu st 0OBIKHOBEHHOTO
nudepeHIaIBbHOTO YPaBHEHUS BTOPOTO MOPSIKA.

Merton nuHeapu3aluu 11 HEJIMHEHHON KpAeBOM 3a/1auu.

IIpumepsl 3a1a4

1. 3HaueHue x, AEIAMIETO OTPE30K [a,b] MO MpaBUITy 30JI0TOTO CEUCHHUsI, HAXOIUTCS IO
dopmyne x= a+t:(b—a). Yemy paBHO 1?7



2
2. Jlana nuHeNHas KpaeBas 3ajaya: % +2x° % =0, y(0)=1, y'(1)=0. 3anwucars
X X

Pa3HOCTHBIN aHAJIOT TPAHUYHOTO YCIOBUS MPU X=1 CO BTOPBHIM MOPSIIKOM aINPOKCUMAIIHH.

3. Oyets  y(x, )=y, +Ah+o(h’) wu y(x)=y,,+Ah/2+0o(h*) nmBa peuenns
maddepenHanbHOro ypaBHEHHsI, OITyYEHHbIE C TIOMOIIBIO OJJHOM M TOH K€ Pa3HOCTHOW CXEMBI
1-ro mopska annpokcUMaIyy, HO C pa3HbIMU maramu: 4 u #/2. OUeHUTh MOTPEeIIHOCTh METO/IA
pewennst O/[Y Ha ocHOBe npasuia PyHre.

Kpurepun oueHuBanust
Pesynbrarel  SK3aMeHa  ONPEAENAIOTCS  OLEHKAMH  «OTIUYHO»,  «XOPOLIOY,
«YIOBJIETBOPUTEIBHO», «HEYIOBIETBOPUTEIbHOY. JJI1 MOMyuyeHus: 3a4eTra ¢ OLUEHKON CTYAEHT
JIOJDKEH BBINIOJHUTH KOHTPOJIbHBIE pPa0OThI, BBIIOJHUTH JabopaTopHble pabOTHl M cHaTh
UTOTOBBIN TecT. OLEHKa 3a 3a4eT MPOCTABIISAETCS MO MPaBUILYy, IPUBEICHHOMY B TaOJHIIE:

OrneHka
3a 1abopaTopHbIe OnueHka 3a TecT OueHka 3a 3auer
paboTsl
OTJINYHO OTJINYHO OTJINYHO
OTIIUNYHO XOpOIIO OTJIUYHO
XOpOIIO OTJINYHO OTJINYHO
XOpOILIO XOpOIIO XOpOIIO
OTIIUYHO YAOBJIETBOPUTEIHHO XOpOIIO
YIOBJIETBOPUTEIBHO OTJINYHO XOpOIIO
XOPOIIO YAOBJIETBOPUTEIHHO YAOBJIETBOPUTEIHHO
YIOBJIETBOPUTEIBHO XOpOIIO YIOBJIETBOPUTEIHHO
YAOBJIETBOPUTEIHHO YAOBJIETBOPUTEIHHO YAOBJIETBOPUTEIHHO
HEYI0BJIETBOPUTEIHHO - HEYI0BJIETBOPUTEIHHO
- HEYJIOBJIETBOPUTEIHHO | HEYAOBIETBOPUTEIHHO

Pe3ynbrarel BBITIOJIHEHHS CTYJIEHTAMU MTOTOBOTO TecTa oleHuBaeTcs mo 100 GamnpHOM
[IKaie, KOTOPhIe MEPEeBOAATCS B MATUOALIBFHYIO IIKAy MO CIEIyromei cxeme: 59 6amioB u
HIKE — «HEYJOBIETBOPUTEIHHO», 60 6amtoB — 73 Oanmna — «yIOBIECTBOPUTEIBHOY, 74 Oaina —
86 6amioB — «xoporioy, 87 6amioB — 100 6aIIOB — «OTIUYHOY.

4. OueHo4yHbIE MaTepHaJIbI JJIAA NpoBepPKH 0CTATOYHBIX 3HAHMH
(chopMUPOBAHHOCTH KOMITETEHIIM)

Tect (POOIIK-2.1, POOIIK-2.2)
1. Meron HproToHa peleHns: KpaeBo 3a/1auv MPUMEHUM:
a) Tonapko K HEMMHEWHBIM KPAEBbIM 33]1ayaM.
b) Toapko K TMHEWHBIM KPAaeBbIM 3a/1auaM.
¢) U x TMHENHBIM U K HEIMHEWHBIM KPAaEBbIM 3a/1a4aM.
d) He nmpumeHuM 11 penieHus: KpaeBbIX 3aad.

2. HaTepnonsuuoHHBIA MHOTOWIEH Jlarpanika sBisieTcsi IpUMEpOM MHOTOWICHA
a) JInHeHON MHTEPIOJIALUY.
b) I'moGanbHON HHTEPIIOAIUH.
¢) JlokanbHON MHTEPIOISAUN.

Kiroun: 1 a), 2 b).



3agaun

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

C Kakoil MOrpeurHoCThIO CIeNyeT U3MEPUTh JUIMHY b NPSMOYTOJIBHHKA CO CTOPOHAMHU
a=43 M m b=8.5 M, 4YTOOBI TOTPENIHOCTHb BBIUMCICHHUS TUIOMIAJAM TPSIMOYTOJbHHUKA HE
npesbicuna 0.3 M?? OTBeT 3anucath ¢ To4HOCTH 0.001 M.

3amaua 2 (POBK-1.1, POBK-1.2)
BBIYMCIUTS ONpe/ieeHHbIH HHTErpal ¢ MOTPeIrHOCThI0 €=107* MeTo10M IIeHTpaTbHBIX

2
In(x)
HpHMoyFOHBHI/IKOB U MECTOIOM CI/IMHCOHa J‘

L Vx

dx.

OTBETHI:
3amaya 1. 0.035 m
3amaua 2. 0.3037

Teopernueckue BONpocskI:

1. B uem 3akitouaercst oOpaTHas 3ajada reopuu norpemnoctu? (POOIIK-2.1, POOIIK-
2.2).

OTBeT J0KEH coaepk aTh BBIBOJ (POpMyYIIbl aOCONIOTHOM MOTPEIIHOCTH apTyMEHTOB 10
M3BECTHOM aOCOMIOTHOM MOTPENTHOCTH (DYHKITHH.

2. OOBSACHUTH NMPEUMYILECTBA HESBHBIX PA3HOCTHHIX (JOPMYJ MO CPABHEHUIO C SBHBIMU
JUTSL peIIeHUsT OOBIKHOBEHHBIX MU PEepeHIINAIBHBIX YPaBHCHUM.

OTBeT H0KEeH coaepkaTh OOBSICHEHNE Ha TIPUMEpPE CPaBHEHHUS YMCIEHHOTO PELICHHUs C
TOYHBIM pEIIeHHEM OOBIKHOBEHHOTO Mu((PepeHINaIbHOr0 ypaBHeHus sunga y' =—Ay ,A>0 ¢

HavaapHBIM yciioBueM y(0) =1.

Nudopmanus o paspadoTunkax

MunbkoB Jleonua JleonnmoBuy, A-p pus.-maT. Hayk, npodeccop, mpodeccop kKadeapbl
MaTeMaTHUeCKO (HU3UKU (U3UKO-TeXHHUYECKOro (akynbpreta TOMCKOro rocynapcTBEHHOTO
YHHBEpCHUTETa
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