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AHHOTANMSA

Ha nmanHOM 3aHATHM HEOOXOAWMO W3YyYUTh BCTpOeHHble (pyHKIMU cucteMbl Mathematica,
MpeIHa3HAYCHHBIC JIJISl YUCIICHHOTO ¥ CUMBOJIBHOTO PELICHHUS «CTAHAAPTHBIX BHIYHCIUTEIBHBIX)
3a1ay.

Onepamm MATEMATHYCCKOI'0 aHAJIN3a

Bbruucienue ¢ 3aJJaHHOM TOYHOCTBIO

3aganune Nel

BoeruncnuTs JUIMHY OKPY>KHOCTH 3alaHHOTO paguyca 2. 3HadyeHue [? moiny4uTh B 1UaJI0rOBOM pe-
XHUMe ¢ omo1bio pyakimu Input. Beraucnenus nposectu ¢ 20 3Ha4ammMu 1udpamu, a peynsrar
BBIUYHCJICHUH BBIBECTU Ha AKpaH ¢ 17 3HayamuMu nudpamu.

Bbruuciaenue cymm

Saganue No2
AHaJIUTHYECKH BBIYHCIUTH CYMMY BHJIA

n m

T
|
m=0 1

[Ipu momorm mpaBuII MOICTAHOBKY MOJIYYUTh aHATTUTHIECKOE U YnciaeHHoe (¢ 18 BepHbIMH 3HaKa-
MH) 3HAYEHUE ATOW CYMMBI JUTsl Cieaytonuil nap 3HadeHuii: x = 10, n =5,z = 11, n = 6; z = 12,
n=T,x=13,n=8x=14,n=9;x =15, n = 10.
3ananue Ne3

Moaudunnposanuyro Gpynkimio beccens [; () MOXKHO MpeICcTaBUTh B BHE OECKOHEYHOTO psijia:

2k+1
z (/)7
Skl (k4 1)
HaHI/IcaTB (bYHKHI/IIO I10JIB30BaTeCJIA, KOTOpaﬂ 10 3TOI>'I (bOpMy.]'Ie YUCJIICHHO BbBIUUCIIACT 3HAYCHUEC MO-

muduuupoBanHoil pyHkunu beccens nepBoro nopsaka. Pesynsrar BEIYMCICHUNH CPaBHUTD CO BCTPO-
eHHoll QpyHkiuen beccens. Pesynbrar BEIUMCIICHH TPEICTaBUTh B BUE TAOIHIIbL:

AprymesnT: 5.
OyHKIMA MONIB30BATEN ! 24.3356
BcTpoeHHas (QyHKINA: 24.3356

A6commoTHas ommbKa: 3.55271 x 1071®



Bbruuciaenue npoussBeaeHmnin

3aganue Ned
AHaJIMTUYECKH BBIYMCIUTH TPOU3BEACHUE BUIA

()

2
n=2 n

[TomyunTh aOCONIOTHO TOYHBIM OTBET U €ro MpUOIMKEeHHOE (¢ 18 BepHBIMU 3HAKAMH) 3HAYCHHUE.

3aganue Ne5
qI/ICJIeHHO BBIYHUCIUTDH HpOI/ISBeﬂeHI/IC

33
1
H cosh <n>
n=1 1
Bblql’lCJ'leHI/Ie HpOI/I3BOI[HbIX

3ananue Ne6
Haiitu nepByto IpoM3BOAHYIO APAMETPUYECKHU 3aJaHHON GyHKIUK p' = d—g
2 Ja
p:(g-\/a—i-l)-oz, 0=+a- e

3ananue Ne7
Hesisras Qpynkums y(x) onpenensiercs ypaBuenueM x - > — (x + 1)? - y + 3 = 0 u ycnosuem
y(0) = 3. Haiinute 3HaueHUs IEPBOM U BTOPOM Mpou3BoaHON GyHKuuu y(z) mpu = = 0.

3aganue Ne8

[TomyunTts B Hamboliee POCTOM BUIC AHATUTHUYECKOE BBIPAKEHUS IS TIEPBOM MPOU3BOIHON

cnenyromei QyHKIINN:
sin(x) i 1 + sin(z)
cos?(x) cos(x)

y(z) =

Hammcars (bYHKHI/IH MMOJIB30BATCJIA, KOTOpasd MOJydacT ABa YUCJIa — 3HAYCHUC apT'YMCHTA = W IIOpPs-
JOK HpOI/I3BO,HHOI>'I N, 1 BO3BpAIlaCT YHUCJICHHOC 3HAYCHNC n—Tou HpOH3BOI[HOI>i (I)YHKI_[I/II/I Y B TOYKC
x.

3aganue Ne9

dy d?y
Haittn ' = -2, " = —2, eciu:
Ty =,y 72 Som
r = a-cosi(t)
y = a-sin’(t)
i, _ Py
[TocTpouts rpaduk pyHkuu y" = 122 npu a = 0.1.
x

3ananue Nel(

Hcmone3yst TOT ¢akt, uro ecnu Az Mano mo abcooTHoM BenmuuHe, 10 f(r + Ax) ~ f(x) +
f'(z) - Az BerauciuTh NpHOIIKEHHOE 3HaYeHue arcsin(0,51). CpaBHUTH MOIYYCHHOE 3HAYCHUE C
PE3yJBTATOM TIPSIMOTO BBIYHMCIICHHS.

3apanue Nell



ITokasarh, uto yHKIms 2 = y¥/% sin (y) YIOBJIETBOPSIET YPAaBHEHHUIO:
x

z° % +x % =y -z
ox Y dy vz
3ananue Nel2
3amana pynkums r = p? - sin® (). Haiiru: Al Q
dp 06

3apnanune Nel3
[Tyctp 3amansl yHkumu: x = p - cos(f), y = p - sin(6). C nomorpio Gyskimu Quter opranu3zo-
BATh BBIYHCIICHHUE:

oz Ox
9, 00
oy oy
dp 00

3aganue Neld

T+ . . .

ITycte 3amana GyHKIMs 2 = arctan ( y> Haiitu nonueiii nuddepennnan 3aganHon GpyHk-
r—Y

mu d 2.

3ananue NelS

[TpuOIMKEeHHO BBIYKMCIUTD 3HAYCHUE \/ sin?(1,55) + 8 - €015, ucxons u3 3HaYeHUs. GYHKIMM 2 =

\/sin2(x) +8-e¥npu x = g, y=0.

3amanne Nel6
0%z 0%z 0%z
0x?” 0x 0y’ Oy?

[ycts 3amana Gyakmust z = y - In(x). Haiitu:

3AMEYAHMUE:
Ecmu dyukuums f(z,y) nuddepenuupyema, To IpOU3BOIHAS B HANPABICHHH BEKTOpPA € BBIYKC-
asiercst mo opmyie:

0z 0=z
de Oz
rjie (v — yroJI, 00pa30BaHHbIM BEKTOPOM € C OCBIO 0.

I'paguentom dynkunn z = f(z,y) B Touke M (x,y) Ha3pIBACTCS BEKTOP, BBIXOMAMIMI U3 TOUKH
M v uMeroIIHii CBOMMH KOOPIUHATAMH YaCTHBIE TPOM3BOHBIE (PYHKIHH 2

-cos(a) + gz, sin(a),

dy

—_— (9,2 - (92 -
grad(z):%-z—i-afy-j.

3apanue Nel7
Haiitu npou3BoaHy0 QyHKIUU 2 = — y2 B Touke M (1, 1) B HAITPABJICHUH €, COCTABIIAIONIEM
yroi « = 60° ¢ MOJ0KUTEIbHBIM HAIIPaBJIEHUEM OCH O .

3aganue Nel8
Haiitn BenuuuHy ¥ HanpasjieHue rpaauenta GyHkuun v = tan(x) — x + 3 - sin(y) — sin®(y) +

T
z + cot(z) B Touke M <4, 3 2>.
3aganue Nel9
®yukums 2 (1, y) onpenenseTcs Kak HesiBHas QyHKIUS YpaBHEHHEM 20 — x - 2 + 2 - 22 — 1 =0
u ycnosuem z(0,0) = 1. Haiiaure 3Ha4eHHs IEPBBIX MPOU3BOAHBIX 3T0W (yHKImMH B Touke (0, 0).



Borunciienue npeaesoB pyHKuuu
3aganune Ne2(

Hcxons us onpenenenus Npou3BoJHON (HE MOIb3yACh popMynaMu auddepeHpoBanys), HAUTH
pou3BoaHYI0 QyHKIMKH y = 2 - 23 + 522 — 7.2 — 4.

Bbruuciaenue HHTErpaJjaoB

3aganue Ne2l
Cpennee 3Hauenne GyHKIMU f Ha UHTEpBAJC [a, b] MOKET ObITh BBIYKCIICHO 110 (hopMyrie:

Bbrauciuth cpeHee 3HaueHue ByHKIHI
f(z) =10+ 2sin(x) + 3 cos(z)
g(x) = sin(z) sin(z + ¢)
Ha unTepBaine [0, 27].

3aganue Ne22
Cpennee 3Hauenne GpyHKimd [ Ha uHTepBae [0, +00) MOXET ObITh BBIYUCIIEHO 110 (hopMmyIie:

Boruncnuts cpeanee 3HaueHue QpyHKIUU

f(z) = sin® z + cos®(zv/2)

3aganue Ne23
Hatitu
+o00o
/ t~te t dt
iy i
In —
T
3aganue Ne24

Haiiti nnomaau ¢uryp, orpaHMu4EeHHBIX KPUBBIMH, 33JaHHBIMU B IIPSIMOYTOJIBHBIX KOOPAWHATAX:

y = 22, r+y =2

3aganue Ne25
[Tnomans Gurypsl, 3a1aHHON B MapaMETPUIECKOM BUIE MOXKHO BBIUMCIUTH 1O (opMyIie

S:

| —

[ty @) - 0y()) at.

Haiiti ruiomans ¢Gurypsl, orpaHU4eHHON KPUBBIMH, 33/IaHHBIMH ITapaMEeTPUYECKU:

asin’t

]f:CLCOSt, y:m



3ananmne Ne26
I[Tnomaae KpuBoil r = 7 (), 3aAaHHOM B MOJSAPHBIX KOOPAWHATAX H JABYMS MONYIPSIMBIME © =
u ¢ = [ (o < [3) MOXKeT OBITh 3arMcaHa B BHJIE

1

B
S = /7’2(g0) dp.

DO |

Haiitn mumomanps, OorpaHIYeHHON KPUBOM

r = asin(3y) (TPUITUCTHHUK).

3aganne Ne27

Haiinure 4nCIEHHO JUIMHY OTpe3Ka KpuBoii 4 - y*> = (z — 1)°, 3aKJII04EHHOTr0 BHYTpH nmapabo-
nel y? = x. Wcnonssyiite Qpynxmuro ImplicitPlot nupexropun Graphics ¥ BCTPOEHHYIO (DYHKIIHIO
Nlntegrate.

Pemienue ypaBHeHU# U UX CHCTEM

3ananmne Ne28
Ucnonb3ys gyukuuio FindRoot cucremsr Mathamatica npu nomoiu Merona Herotona Hailtu
HECKOJIBKO YHCJICHHBIX PEIICHUA YPaBHECHUS

1 —2-|sin(mz)| = 0.

BpInoaHUTE IPOBEPKY.

3ananmue Ne29
UuClIeHHO pelnTh CUCTEMY HEJIMHEWHBIX YPAaBHEHHM:

|
=
o

sinz + 2y
cos(y—1)+z = 1.

BpInoaHUTE IPOBEPKY.
3ananmne Ne30

HaitTn yncneHHble pemeHnsi CUCTEMbl CUCTEMBI HEJIMHEMHBIX YPABHEHUM:

2?4y + 28 =

sin(z) - y* +In(z) =

exp(—z) —y—z =

B = o
“l\z

BpInoaHUTE IPOBEPKY.

Pemienne nudgepeHnuanbHbIX ypaBHEHUH

3aganne Ne31l
3amaHa cuctemMa OOBIKHOBEHHBIX MU PepeHIINaNbHBIX YPaBHCHUMN:

/

¥ = x+2y+ 16texp(t),
Yy = 2x— 2.

Haiit ee ananmTuueckoe perieHne. [10ny9nTh BBIPQKEHUS! KOHCTAHT MHTETPUPOBAHKS B 3aBHCH-
moctu ot 3HadeHuit x(0), y(0). Haiitn pemenne cucrems! npu z(0) = 0, y(0) = 1. IToctpouts
peutenus mipu ¢ € [0, 1].



3ananue Ne32
3aaHa cucreMa OObIKHOBEHHBIX U (hepeHIIaIbHbIX YPaBHEHUI:
¥ = 3x—uy,
y = 4dr—uy.
¢ HavanpHbiMU yeroBusimu (0) = 0.2, y(0) = 0.5. UHCIEHHO PEIINTh CHCTEMY YpaBHEHH Ha
untepBane 0 < ¢ < 2. CpaBHUTH pe3yabTaThl ¢ aHATUTUYECKUM perieHueM. [loctpouts rpaduku

z(t), y(t) my(z).
3aganue Ne33

Haiinure uncnennoe peurenue 3agauu Komm aiis crnenyromieit cuctemsl JIopeHIa Tpex 0ObIKHO-
BEHHBIX JU(PPepeHInanbHbIX YPaBHEHUN:

P(t) = =3 (a(t) - y(1)),
y(t) = —a(t)-2(t) +30- x(t) — y(t),
2(t) = ) yt) - 2(t).

JUIA IpOMEXyTKa BpemeHu ¢ ~ 30 npu nmomoury BcrpoeHHo ¢pyHkunu NDSolve. HauanbHblie 3Have-
HMS JUIsL MHTerpupoBanus npuHsaTh paBHbiME 2(0) = 0, y(0) = 1, 2(0) = 0. Pe3yabTar HCoIb30BaTh
JUIsL HAJIITHOTO NPEACTABIICHHs] TPAEKTOPUH. PUCYHOK IEMOHCTPUPYET HAIMYUE TAK HA3bIBAEMOTO
«CTpPaHHOTO aTTpakTopa» y Tpaektopuil cucteMsl Jlopenua. Mccnenyiite, Kak H3MEHHUTCS PUCYHOK
B 3aBUCHUMOCTH OT M3MeHeHUU KorddunueHToB 3 u 30, a Takke OT MHTEpBajia UHTETPUPOBAHMUS.
CKONBbKO BpEMEHHU 3aHMMAET YMCICHHOE MHTETPUPOBaHME Ha BauleM KoMmibrotepe? s ompenene-
HUSI BPEMEHH pacyeTa MOXKHO BOCIOJIb30BaThes GyHKue Timing.

3ananue Ne34
Hcronb3yst cTaHIapTHBIC CpeACTBa akeTa Mathematica, HAWTH pellieHUE KpaeBOW 3a/1a4:
ou 0%
— =a"— + F(x,t
at aa:Q ( ) )7
0<x<4, 0<t<b,

U(ZL‘, 0) = f(I), U(O,t) = gp(t), u(4’ t) = ¢(t)
[ycts 3anansl F(x,t) = 0, a®> = 1, f(z) = sinwz/4 u p(t) = ¥(t) = 0. [locTpouts rpaduk pe-
mreHus. [locTpouts rpaduk perieHus, COOTBETCTBYIONIHIA pemeHnto mpu x = 2. [TocTpouts rpadux
peuieHus uiss BEIOpaHHOTO MOMeHTa BpemeHH t (t = 1). [TocTpouTs Ha OJHOM pHCYHKE TpadUKH
peLIEeHH 11l pa3IuyHbIX MOMEHTOB BpemeHu t = 0.5, = 1.0,t =1.5ut = 2.0.

OHTHMHC}&HHOHHLIC 3agavamn

3ananmne Ne3S
HaiiTi nonoxeHre J10KaJIbHOTO MUHUMYMa (PyHKIIUU
3
r)=x+—
fl@)=a+
Ha unTepBane x € [0.5, 3] nBymst criocobamu. CpaBHHUTH PE3yIIBTATHL.
3aganue Ne36
Ha napaGone y = z* Haiitu TouKy, Kotopas Oimke Beex K Touke (3, 1). [locTpouTts puCyHOK.
Saganue Ne37

Haiitn Bce JIOKabHbIE MUHUMYMBI H JIOKAJIbHBIC MAKCUMYMBI (DYHKIINH
f(z,y) = 0.02sin(x) sin(y) — 0.03 sin(2x) sin(y) + 0.04 sin(x) sin(2y) + 0.08 sin(2x) sin(2y)

BkBagpate 0 <z <7, 0 <y <.



Pa3noxenue B pajabl

3apnanmne Ne38
[Ipu kakom nomdoope kodhHUIIMEHTOB ¢ 1 b BeTUnIruHA

x — (a+ bcos(x)) sin(x)

OyneT OECKOHEYHO MaJIoi 5-ro MOpsAKa OTHOCUTENBHO 7

3apanue Ne39
[Mpu kakux ko3dpunmenrax A, B, C'u D cnpaBemusa npu © — () acuMnToTudeckas popmyna:

1+ Az + Ba?

14 Czx+ Da? +0(a”)

exp(z)

3ananne Ned(
Hcnonb3ys pasnoxxenus Haiitu npenen. CpaBHUTH pe3yinbTaT ¢ BCTPOSHHON (YHKIMEH BbIYUCIIe-
HUS Npefena.
.1 — cos®@) ()
lim
x—0 ;1;3

3aganue Ne4l
[TorpeurHocTh MPUOTUKEHHOTO PABEHCTBA

. T x? "
exp(z) & A TR TRy
0 < & < n -+ 1 Moxer OBITh 3allMCaHa KaK

" T

R, <

nnt+l—g

Beraucnuts exp(x) ¢ Toarocteio 0.00001. 3anucars moaydeHHyO HOpMyITy.

NuTepnoasiuusa. Annpokcumanus. Perpeccus.

3aganue Ned2
3anaHa TabnMIa 3HAYCHUH QyHKINN

f(z) = exp(z) cos®(x)

Ha unHTepBane x € [0, 7]. [IocTpOUTh HHTEPIOIAINOHHYIO (GYHKINIO. BEIUHCINTE HHTETpaT

if(x) dx

IIPY TOMOIIM UHTEPIOIALMOHHON (PYHKIIMU U BBIUNCIUTD €r0 TOYHOE 3HaueHue. OnpeneauTb ommno-
Ky. Kak ommbka 3aBucuT oT yucia pazdouenuii orpeska. [loctpouts rpaduku.

3aganme Ne43
3anana Tabnuia 3HaYCHUH QYHKITUU

1

f(x):m



Ha PaBHOMEpHOI1 ceTke 3HaueHuit x € [—1, 1].

[TocTpouTh HHTEPIIONALMOHHBII TOJTUHOM, TPOXOJAIIMIA yepe3 3Tu Touku. Hapucosats rpaduku.
Haiiti ommbxu untrepnossiuu. OLeHuTh KaueCTBO MHTEPIOJSAIMH MPU Pa3HOM KOJTMYECTBE TOUEK.

3ananue Ned4

HpI/IBe,I[eHa Ta6n1/1ua OKCIICPUMCHTAJIbHBIX JAaHHBIX 3aBUCHUMOCTH TCIINIOCMKOCTH BOJbI (Cp) oT

Temreparypsl (), mpuueM TermaoeMKocTs npu 15°C npuHATa 32 eAUHUILY.

[Ipn nmomomy MeTona HAMMEHBIIMX KBAaAPATOB IIOCTPOUTH IIOJIUHOM, AllIPOKCUMUPYIOIIUN JaH-
HYI0 3aBUCUMOCTb. HaliTu Hanbospliee OTKJIOHEHUE PACYETHOTO 3HAYEHHE OT SKCIIEPUMEHTAILHOTO

cp || 1.00762 | 1.00392 | 1.00153 | 1.00000 | 0.99907 | 0.99852 | 0.99826 | 0.99818
t 0 5 10 15 20 25 30 35

cp || 0.99828 | 0.99849 | 0.99878 | 0.99919 | 0.99967 | 1.00024 | 1.00091 | 1.00167
t 40 45 50 55 60 65 70 75
cp || 1.00253 | 1.00351 | 1.00461 | 1.00586 | 1.00721

t 80 85 90 95 100

U 3HaYE€HUE TeMIepaTypbl, IPU KOTOPOM HaifJIeHO 3T0 oTKiIoOHeHue. [locTpouTs rpaduku.




