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BBegeHune

Pabo4en nporpammon ancLMnaMHbl NPegycMOTpeHo npoBeaeHne 14 npakTnyeckmx
3aHATUN.

Llenblo npoBefeHUA 3aHATUM ABMSETCA 3aKpernrieHne TeopeTUYECKUX 3HaHUM U
npnobpeteHne HeobXxoaMMbIX HaBbIKOB U YMEHWUA NO OTAENbHLIM TeMaM Kypca. Hapsay ¢
opMUpPOBaAHMEM YMEHUMW U  HaBbLIKOB B  Mpouecce  MpakTUYeCKUX  3aHATUN
BblpabaTtbiBaeTca CNoCOOHOCTb M YMEHWE MWCMNONb30BaTb TEOPEeTUYECKMEe 3HaHWSA Ha
npakTuKe, pa3BMBalOTCA UHTENNEKTYyalbHbIE YMEHUS.

BbinonHeHMe npakTU4ecKUX 3aHATUM  HanpaeBneHo Ha dQopMupoBaHue y
oby4aroLwmxca crnegyowmx KoMneTeHUnn:

- NpoheccnoHarsbHble KOMNeTEHUNN:

MK 1.1. ObGecneurBaTb TEXHUYECKYID IKCMNyaTauuilo [NaBHbIX 3HEPreTUYecKux
YCTAHOBOK CyAdHa, BCNoOMOraTesibHbIX MEXaHW3MOB W CBA3@HHbIX C HUMW CUCTEM
ynpaBneHus;

MK 1.3 BbinonHATb TexHuyeckoe oOOCnyXuBaHMEe W PEeMOHT  CydoOBOro
obopynoBaHus;

MK 3.1. NnaHnpoBaTtb paboTy CTPYKTYPHOro noapasgeneHms;

MK 3.2. PykoBoauTb paboTon CTPYKTYPHOro nogpasgenieHus;

MK 3.3. AHanusmpoBaTtb npouecc W pesynbTaTbl AEATENbHOCTU CTPYKTYPHOro
nogpasgeneHus.

- 06LWwme KoMneTeHUNH:

OK 01. Bblbupatb cnocobbl peweHunsa 3agady npodeccnoHanbHON OesATEeNbHOCTU
NPUMEHNTESNBHO K pasfiIMYHbIM KOHTEKCTaM,;

OK 02. Ncnonb3oBaTb COBPEMEHHbIE CPEACTBA NOUCKA, aHanM3a n nHTepnpeTaumum
WHopMauunM 1M MHEOPMALMOHHbIE  TEXHONorMMm  Ons  BbINOMHEHWd  3ajad
npodgeccnoHanbHOn AesTeNbHOCTY;

OK 03. TlnaHupoBaTb M peanu3oBbiBaTb COBCTBEHHOE MPOGECCMOHANbLHOE W
NNYHOCTHOE pasBuTME, NpeanpUHMMAaTENbCKY0 OeATenbHOCTb B NpodhecCcnoHarbHON
chepe, Mcnonb3oBaTb 3HaAHUS MO PUHAHCOBOW IPaMOTHOCTU B Pa3fUYHbIX XXU3HEHHbIX
CUTyaLMsIX;

OK 04. 3dhdekTMBHO B3anMoaencTesoBaTtb 1 paboTaTb B KONNEKTUBE M KOMaHAE;

OK 05. OcywectBnatb YCTHYHO W  MNUCbMEHHYID  KOMMYHMKaLMIO  Ha
rocygapctBeHHOM a3bike Poccunckon denepauumn ¢ y4eToM 0COBEHHOCTEN COLManbHOro
N KyNbTYPHOrO KOHTEKCTa;

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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OK 06. lMposaBnaTb rpaxgaHCKo-NaTpuMoTUYECKYHD MO3ULMIO, OEMOHCTPMPOBATh
OCO3HaHHOE NMoBeAEeHNE Ha OCHOBE TPaAMLUMOHHbIX 06LLeYeNnoBeYeCKMX LIEHHOCTEN, B TOM
yucrne C ydeToM rapMoOHM3auUMM MeXHauWoHarbHbIX U MEXPEerMrmo3HbiX OTHOLUEHWUW,
NPUMEHATb CTaHOAaPTbl aHTUKOPPYMNLMOHHOIO NOBELEHWS;

Mepen npoBegeHWEM MNPaAKTUYECKUX 3aHATUA KypcaHTbl 006s3aHbl npopaboTtaTtb
COOTBETCTBYKOLLME pa3gdefibl  TEOPETUYECKOro  Kypca, YACHUTb LUeNb  3aHSATUS,
O3HAKOMUTBCS C COAEPXaHMEM W nNocnegoBaTesNlbHOCTbIO €ro  MNpoBedeHusi, a
npenogaBaTtenb - NPOBEPUTb MX 3HAHME M FOTOBHOCTb K NPOBEAEHUIO K BbIMNOSTHEHWUIO
3agaHus.

TekCcT 3agaHnin, peLEHHbIX Ha MPaKTUYECKOM 3aHATMM, CXEMbl, 3CKM3bl, Tabnuupbl
AOMMKHbI OblTb BbINOMHEHLI B COOTBETCTBME C TpeboBaHMsIMKM, MNpeabsBNSAeMbiMU K
0POpPMNEHMIO NUCbMEHHBIX paboT.

lMocne kaxgoro NPakTUYECKOro 3aHATUS NMPOBOAUTCS 3a4€T, HA KOTOPOM KypCaHT
OOJDKEH:

e [loSACHUTL, KaK NPOBOAUTCA pacyerT;

e YMeTb aHanuanpoBaTb NOSTyYEHHbIE pe3yribTaTbl B COOTBETCTBUMN C OCHOBHbLIMU
TpeboBaHNAMM K 3HAHUSM U YMEHUAM MO JAaHHOW TEME;

e OTBETUTL Ha BOMPOCLI A5nd CaMOnpoBEPKU.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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MATEMATUKA C.5/49
MNMepeyeHb NpPaKTUYECKUX 3aHATUMN
Konuue
Ne n/n MpakTuyeckoe 3aHATHUE CTBO
YyacosB

lMpakTnyeckoe 3aHATNE Ne1.

1 Tema: PelweHne maTpnyHbIX ypaBHEHUMN. 2

5 MpakTtnyeckoe 3aHaTne Ne 2 Tema: HaxoxageHve Npon3BOaHbIX. 5
Mpaktnyeckoe 3aHaTne Ne 3 Tema: [NpMMeHeHne Npon3BO4HOM K

3 nccnegoBaHnIo OYHKLMN U MOCTPOEHUIO rpadmnKos. 2
Mpaktnyeckoe 3aHaTne Ne 4 Tema: HaxoxaeHue

4 anddepeHumana n npunoxeHne gaudgepeHumana K 2
NPUBINKEHHBIM BbIMUCIEHUSIM.

5 Mpaktnyeckoe 3aHATNE Ne 5 Tema: NHTerpupoBaHue yHKUNiA 5
pasnuyHbIMK cnocobamu.

6 MpakTtnyeckoe 3aHATNE Ne 6 Tema: BbluncneHus onpeaeneHHbIxX 5
WHTErpanoB pasfuyHbIMK cnocobamu.

- MpakTnyeckoe 3aHaTMEe Ne 7 Tema: BoluncneHue nnowagen >
NSOCKUX puUryp n 06LemMoB Ten BpaLLeHnS.

8 MpakTnyeckoe 3aHATNE Ne8 PelwleHune auddepeHumnanbHbixX >
ypaBHeHUN 1-ro nopsgka.

9 MpakTnyeckoe 3aHaTnEe Ne 9 PeweHune guddepeHumnanbHbIx >
ypaBHEHUIN 2-ro nopsgka

10 MpakTnyeckoe 3aHsaTME N210 Tema: PeweHune >
anddepeHumanbHbIX YpaBHEHU pasfiMyHbIMU cnocobamu.

11 Mpaktnyeckoe 3aHaTne Ne 11 Tema: CxogumMocTb psgoB. 5
PasnoxeHune doyHKLMIA B CTENEHHbIE pAabI.

12 Mpaktnyeckoe 3aHATNE Ne 12 Tema: OCHOBHblE NOHATUSA 5
KOMOMHATOPUKN, TEOPUM BEPOSTHOCTEN, CTATUCTUKM.

13 Tema: PeweHune NUHENHbIX CUCTEM YPaBHEHUI pasfnNYHbIMU 2
crnocobamu.

14 Tema: BoluncneHune MHTErparnos no dopmyrnam >
NPAMOYrofIbHUKOB, Tpanewuun.

UToro 28
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MpakTu4yeckoe 3aHaATHe Ne1l
Tema: PewweHne maTpuUUHbIX ypaBHEHUN.

CyLiecTtByeT HECKONbKO CNocoboB peLueHns Taknx cuctem. OguH U3 HUX - cnocob
peLleHne CUCTEM JIMHENHbIX YPaBHEHUI C NOMOLLbIO MaTpuL,.

Llenb 3aHATUA. HayunTbCs BbINOMHATL 4EUCTBUA C MaTpULaMn 1 pellaTb CUCTEMBI
NMHENHBIX YPaBHEHNN MAaTPUYHBIM CMOCOBOM.

CogepxaHue 1 NopsaokK BbINOAHEHUS paboThl:

1. NoBTOPUTbL NOHATME ONpeaenuTens BTOPOro N TpeTbero nopsaka u cnocobbl nx
BblYNCNEHMS; NOHATME anrebpanyeckoro JONOSIHEHNSA afieMeHTa MaTpuLbl, obpaTHON
MaTpuLbl, ENCTBUSA C MaTpuUamu.

2. BHUMaATENBbHO U3Yy4nNTb NMPpUMEP peLLeHnst CUCTEMbI TPEX NIMHENHBIX YPaBHEHUI
MaTpu4HbIM cnocobom. 3anonHuTb Tabnuuy, Nogobpas K KaxxaomMy anroputmy
KOHKpETHOEe COOTBETCTBME OENCTBUA N3 3aaHuUn 51 CaMOCTOATESNTbHON paboThbl.

Hantn peweHune cnctemMmbl TPEX SIMHENHBIX YPaBHEHUN C TPEMSA HEN3BECTHbLIMU:
Ix+5y+4z=16

3X+y=8
3X+2y+z=11
PelweHne:
Anroputm KoHKpeTHOe cooTBEeTCTBME JaHHOW cuTyauum
npeanoXXeHHoOMy anroputmy
1. Hantu onpegenutens 1 5 4
MaTpuubl CUCTEMDI _ -5
ypaBHeHuii det A u detA=[3 1 0 2, -2#0, maTpuua He BblpoXaeHHas,
ybeouTtbcs, 4to maTpuua A 3 21
- HEBbIPOXAEHHAas. obpaTHas maTpuua Al — cyulecTsyer.
2. Hantn maTpuuy A1, a) Beluncnum anrebpanyeckme goNOSTHEHUS ANIEMEHTOB
obpaTtHyto K maTpuue A, MaTpULbI:
Hanpumep, cnocobom A11=1; A12=-3; A13=3
anrebpanyeckunx A21=3; A22=-11; A23=13
JOMNONHEHNN. Azi= -4; A32=12; Asz=-14
6) CocrtaBnsiem maTpuuy anrebpanyecknx 4ONOMHEHW:
1 -3 3
3 -11 13
-4 12 -14
B) TpaHCNOHMPYEM NOYyYEHHYIO MaTpuLly:
1 3 4
-3 -11 12
3 13 -14
B) PasgenvB kaxabln anemMeHT maTpuupbl Ha det A, nony4mm:
-0,5 -15 2
Al=l 15 55 -6
-15 -6,5 7

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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3. HanTu BekTop — X -0,5 -15 2)(16
peweHune X rno opmyrne: yl=| 15 55 —6/|8

X= Al B
z) (-15 -65 7)(11

3Ha4yeHus X, Y, Z HanaéM no npaBuy YMHOXEHUS MaTpuLL:
x=-0,516+(-1,5) -8+2:11= -8-12+22=2
AHanormyHo Haxogum y n z.  y=2, z=1

4. 3anucatb OTBET (2;2;1)
CUCTEMbI YPaABHEHWM.

3agaHns ana camocTosTenbHON paboThbl:
PewnTb ¢ nomoLbio onpegenutenen cucteMy ypaBHeEHUN.

x—2y—-2z=3 3x+y-5z=-6 2x+3y+4z=7
1.<x+y-2z=0 2. 42x-3y+4z=-4 3.43x+4y—-z2=-4
X-y-z=1 SX—-y+3z=-4 AX+5y—-272=17
X+2y+z=4
4.:3x-5y+3z=1
2X+7y—2=38
Tx+5y+2z=18 1Ix+3y—z=2 x—2y+3z=06
5.¢X-y—-2=3 6.12X+5y-52=0 7. 12X+3y—-4z=16
X+y+2z=-2 X+y+z2=2 3x—2y-5z2=12
2x—y+3z=7
8.4x+3y-2z=0
2y—2=2

CodepxaHue omyema:

1. HawumeHoBaHMe NPaKkTUYECKOro 3aHATUSA

2. Uenb 3anatus

3. BapwaHT 3agaHusa

4. OT4yeT 0 BbINOMHEHMM Ha Kaxabln aTan pasgena «CogepxxaHne n nopsgok
BbINONMHEHUS 3aaHNSA»

5. Cnmncok ncnonb3yembiX MICTOYHUKOB

6. BbiBOAObI U NpeasioXeHns

7. [artawun nognuck KypcaHTa v npenogasartens

KoHTponbHbIe BOMpPOChHI

1. Kakasi maTpuua Ha3biBaeTCst HEBbIPOXAEHHOW?

2. lrobas nu matpuua nmeeTt maTpuuy, obpaTHyto en?

3. KakoB anroputm peLueHnsi CUCTEM JIMHENHbBIX YPaBHEHUIA MaTPUYHbIM Cnocobom?

MpakTu4yeckoe 3aHaTne Ne 2
Tema: HaxoxaeHne nponsBogHbIX.

[MoHATWE NPON3BOAHOM HAXOAUT LUMPOKOE NPUMOXKEHNE B Pa3fMyHbIX 06NacTax Hayku U
TexXHUKUN. [MponsBogHas NpMMeEHAETCH Npu NOUCKe YrioBoro KoapguumeHTa kacaTenbsHON
K rpadpuky KpuBOW, 3alaHHOWN ypaBHEHMEM; NPU BbIYUCIIEHUN CKOPOCTU N YCKOPEHUSA

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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TOYKM, 3aKOH OBWKEHNSA KOTOPOW U3BECTEH; NpU onpeaeneHnum nNioTHOCTU HEOAHOPOLAHOIo
CTEPXKHS UK TOKAa, eCIv N3BECTHO KOJSIMYECTBO 3S1IEKTPUYECTBa, NpoTeKatoLero yepes
NpoBOAHMK. [pouecckl, C KOTOPbLIMU CTaNKMBaeTCsa YernoBek BO BCeX 06nacTax Hay4yHon v
NPaKTUYECKON OeATENbHOCTU, Yalle BCEro aHanmnTnyeckm MoryT 6biTe NpeacTaBneHbl
CINOXHOW (PYHKUMEN, T.€. PYHKUNEN OT PYHKLUN.

Llenb 3aHaTUSA: HayunTbca HaxoguTb NPON3BOAHbIE DYHKLWUN.
CogepxaHune 1 NopsaokK BbINOMHEHUS paboThl:

1. NoBTOPUTL ONpeaeneHne NPoU3BOAHON, e€ PU3NYECKUA N TEOMETPUYECKUIA CMbICH,
npaswuna u opmynsl auddepeHUnpoBaHnS.

2. BHUMaATENBHO M3Yy4nTb NpUMEpPbI onpeaeneHnsa Npon3sBoaHbIX OYHKUUI. 3anosfiHUTb
Tabnuuy, nogobpas K KaXxgoMy anroputMy KOHKpeTHoe COOTBeTCTBME OENCTBUN U3
3agaHnn ons caMmocTosTenbHon paboTbl.

HaiiTu nponsBoaHble cyHkumii: a) f(x) = x2 + x — 7; 6) x® (x - 1); B) y=(3x3-2x+1)Isin x; 1) y

Ex

:tgx+1+x_

PewunTtb 3agayvy, ncnonbays guddepeHumnansHoe ncumcrnenve. Hantm nponssoaHole

CMNOXHOW (PYHKLIMI.

PelueHune.

Anroputm

KoHkpeTHOe cooTBETCTBUE 3aaaHMs NPeaoXKeHHOMY
anropuTmy.

1. Hantn nponssogHyto
byHKUMM f(X) = X2 + X — 7

f')=0C+x=7)=(X)"+X-7"=2x+1-0=-2x+1

2. HanTtu nponsBoaHyto
dyHkumm f(x) = x3 (x - 1).

F'x) = 3x = 1)) = () (x = 1) + x3(x - 1)' =
=3x? (x—1) + x3 (1 —0) = 3x3 - 3x% + x® = 4x° — 3x°.

3. HanTtu npounssoaHyto
pyHkumm y=(3x3-2x+1)Jsin X.

y'=(3x3-2x+1)'sin x + (3x3-2x+1)I(sin X)' = (9x>-2)sin X
+ (3x3-2x+1)cos X.

4. Hantu nponsBoaHyto

Ex

DyHKUMM y = tg x + 1+

g* gt 1
y'=(tgx + I+z )" = (tgx)" + ( 1+= ) = costE +
E A+ -0+ 1 (4xe -
(14 z)* - cosm (1+ z)*
1 et

+
cortx  (1+%)° _

5. N3BecTHO, 4TO ANga nobon
Toukn C HEeOAHOPOAHOro
ctepxHsa AB anuHon 20 cwm,
OTCTOSAILLEN OT TOYKM A Ha
pacCTosiHUKM N CM, Macca Kycka
ctepxHa AC B rpammax

onpegenseTcs no opmyrne m (

n)=3n?2+5n.Hahngute

NMHENHYIO NIIOTHOCTb CTEPXKHSA B

cepeauHe otpeska AB.

m(n) = 3n? + 5n (r), las = 20 cMm,
Poep=?

PeweHne:

T.k. p(n) = m’'(n), To p(n) = 6n+ 5.
n=10cm, p(10) =60 + 5 = 65 (r/cm)
OTtBeT: 65 r/cm.

6. Hantu nponssoaHyto

yHKUMK y=1 3x2 -4

! (3x3—4) 2
( 3 —4) 9

) 23x3_4 ) 23x3_4
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7. Hantu nponssoaHyto
dyHKUMKM y=1In sin e*

noJIy4ynm:

(Insine*) =— L
sin

MpeactaBmm pyHKUMIO y=In sin e* B BUge
cynepnoauumm Tpéx yHkumn: y=Inu, u=sin t, t=e*,
Toraa no popmysie NPOU3BOAHON CIOXHOW OYHKLNN

. 1
—-(sine”)' = —
e sine

X X X X
—-cose’-(e") =e’-ctge

3afaHus ansa camocTosiTeNbHON paboThl:

1. HanTtu nponsBoaHy0 OYHKLNN:
a) h(x) =5x2 +3x +8

6) y:x4 —8x3+16x°2

B) g(x)=2log2x+Inx
ry y=2x+e*—sinx

n) foo=2x-8 3%
X
e) f(X)=2Vx +3Inx;

1. HanTtu nponsBoaHYyt0 OYHKLUN:
a) f(x) =4x2-3x-1

0) y:2x3 +3x212x-5

B) Y(X) = 2sinx + cosx — 3

N y=2x+e*-tgx

n) f(x)=x* - eX—cosx;

e) f(x)=¥x+Inx;

x) f(x)=x e

2. Hangwnte cuny F , nencreyoLyto Ha
MaTepuarbHYyt TOYKY C Maccom m,
ABUXYLLLYIOCS MO 3aKoHy X(t)=2t3-t2
nput=2.

%) f(x)=3x eX' ® o) 100=2 24+3x
I I
2| ) f=2 g -4
g 2x+1’ g ) 3(x4 2,
m m n) y=3(——x
120 =
) y_l 3 2. [pw oBMXeHun Tena no NpsMon ero
X ckopocTb V (Mm/c) MeHsieTcsa no 3akoHy V ( t
y 5
2. KoopauHata maTtepuanbHOM TOYKM )= o t3+t+1, et - BPEMS ABWKEHUS
M3MEHSeTCA C TeYeHMEM BPEMEHU O ’
sakoHy x(t) = 3t 2 - 7t + 6. Hangute B cekyHaax. Haiigute yckopeHue (M/c 2)
CKOPOCTb TOYKM B MOMEHT BpeMeHU t = 6. yepes 2 CeKyHAbl nocne Havana
OBVXKEHUS.
1. Hantu npon3BogHyt0 PyHKUNN: 1. HanTu npon3sBoAHY PyHKLNN:
a) f(x) =4x2+ 7x+1 a) f(x) =5x%+ 6x-1
0) y:x3 —9x2 4+ 24x-15 0) y:x4—8x3 116x2
2_4 )g(x)-2|nx-3|og7x+5
B) f(x)=" "
cosx r) f(x)= —2 +2€e* +CoSX;
N y=2x+e*-sinx
) 1 o) f(x)—\/;—ZInx;
~ n) f(x)—ﬁ—ﬂn X; < e) f(x)=x e
P e) f(x)=x3 +eX —cosx; z | f(x )1= 3xlog s x
s -X»
g x) fx)=xeX 3 |3) =2
o -1
m 2x + 3 m
3)f(x)= ,
> V=2
4x+1 x=(x-1)
n) y=1+
2 2. B kakne MOMEHTbI BpeMeHU TOK B Lienu

paBeH Hy, eCrnn KoNM4ecTBo
3NneKTpuyecTBa, NpoTeKkarLlero Yepes
NPOBOAHUK, 3adaeTcsa popmyrion q =t -

wlT+I.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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HanTu nponsBoaHbIE CIOXHbIX (PYHKLNNA:
1 BapuaHT 2 BapuaHT 3 BapuaHT 4 BapunaHT

1. f(x)=(3x+2)°

1. f(x)=(5-7x)*°

1. f(x)=(x*+3)*

1. f(x)=(7-8x3)1L

2. y=+x*—6x+12

2. y=/5x*-3x+4

2. y=Vx*+3x° —2x+1

2. y=4/(2x-1)(x+5)

3. y — e4X—2

3. y — 52X+1

3. y=10""

3. y — 35X+6

4. f(x)=sin(5x-4).

4. f(x)=cos(5x-4).

4. f(x)=tg(5x-4).

4. f(x)=ctg(5x-4).

CodepxaHue omyema:

8. HammeHoBaHMe NpakTUYEecKoro 3aHATUS
9. Uenb 3aHATMA

10. BapwuaHT 3agaHus

11. OTyeT O BbINOSIHEHNWN HA KaXXAbl aTan pa3gena «Coaep)xaHne n nopsaok
BbINOJIHEHUSA 3aaHNSA»

12. Cnncok Ucnosb3yemMblX UCTOYHUKOB

13. BbiBOAbI 1 NpeanoXeHus

14. [aTta n nognuck KypcaHTa 1 npenogasartens

KoHTponbHbIe BOMNPOCHI

1. UTO Ha3bIBaeTCsa NPon3BogHOM OYHKLNN?

2. Kak Bbl4MCNNTb NPOMN3BOAHYKO BTOPOro nopsiaka? B 4ém coctonTt omsnyecknin cMblicr
BTOPOWN NPOM3BOLHON?

3. Kakasi cBA3b CyLlecTBYeT MexXay HeENpPepbIBHOCTLIO PYHKLMM 1 €€ NPOU3BOSHON?

4. Kakne npuknagHbie 3agayqn pellatoTcsi C NOMOLLbH NPOM3BOAHON?

5. Kakasi (oyHKUMNA 9BNAETCS CNOXHON?

6. Kaknm 06pa3om MOXXHO HAWTK MPOU3BOAHYH CIOXHOW (PYyHKLMN?

7. Kak HanTn YyacTHoe 3HayYeHue NpomM3BO4HON?

MpakTnyeckoe 3aHATHe Ne 3
Tema: NpumeHeHne NPOU3BOAHON K UccrnefoBaHMIO0 PYHKLUM U MOCTPOEHUIO
rpacdumkos.

[MpounsBogHasa ncnonb3yeTcs Ans uccriegoBaHusa yHKUNN, T.e. OANA €€ n3yvyeHus
pasnnyHbIX CBONCTB. Pe3ynbTaTbl Takoro uccrnegoBaHnsa ygobHo npefcraBnsaTb B BUAE
rpadpuka.

Llenb 3aHaATUA: HayunTbCca CcTpouTb rpadpmk oyHKUUIW, UCNONb3yS NPOU3BOLHYHO.

CopepxaHue 1 NopaaoK BbiNONMHEeHUd paboThl:
1. MNoBTOPUTL anNropnTm nccnegoBaHnsa QYHKLMM C MOMOLLbI NPON3BOAHOM 1 MOCTPOEHMS
€€ rpagomka.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2. BHMmaTenbHO n3yuntb NpuMep MccnegoBaHnsa yHKUmMK. 3anonHntb Tabnuuy,
nogobpas K KakgoMy anropuTMy KOHKPETHOE COOTBETCTBME AENCTBUIN U3 3aaHUN NS
CaMOCTOATENbHOWN paboThl.

NccnepoBatb doyHKUMIO M NOCTpouTb eé rpadpmk: f (X ) =x3+2x2 0 x 0 2.

PelweHne.
Anroputm KoHKpeTHOe COOTBETCTBUE 3aaHNA NPeaSIOKEHHOMY afirOpUTMY.
1. Hantn O6nactb onpeaenenns x R ( x — ntoboe gencTBUTENbHOE YMCHO);
obnactb obnacTtb 3Ha4YeHUn Yy £R, Tak kak f ( X ) — MHOrOYNeH HEYETHON
onpenernieHnda N | cteneHu;
obnactb
3HayYeHun
YHKUMN.
2. [NpoBeputb dyHKUMA f (X ) HEe ABNAETCA HU YETHOWN, HN HEYETHOMN
dyHKUMIO Ha
YETHOCTb.
3. npoBepuUTb f (X ) — Henepuoanyeckas PyHKLNS
JYHKUMIO Ha
NepuoanYHOCTb.
4. Hantn f'(x)=3x?+4x 01; Haintn kopHu ypaBHeHus 3x? + 4x [1 1 =0.
MPON3BOAHYIO 4+28 247
PYHKUMN 1
DTH KOpHH. X132 = = . DyHKIHA HMEET
KpuUTnyeckue 6 3

TOYKM (PYHKLNN.

OEE FPHTHHUECKHE TOYEH H TPH HHTEREATA MOHOTOHHOCTH.

247 247 —z+d7 2447
(-0, 3 : Ju( ,Fe0 ).
3 3 3 3

5. Cectu — — — — — —
Nnosly4eHHble “2-T | SEeWT | —2-WT O SEHYT | SZHNT | -2 YT
AaHHble B X (-e, ————-)| | ()| - {——————+ =]
Ta6n|/|uy_ 3 3 3 3 3 3

F(x) + 0 _ 0 N

Fix) /,,,/’ ~0.631 \\ ~=2.112 /’)

max tmin

6. Onpegenntb
KoopAuHaThbl
TOYKM
nepeceveHnsa
rpaduka c ocbto
QY.

Mpadumk pyHKUMM nepecekaeTcs c ocblo Y B Touke (0, —2 ), Takkak f (0
)=102

7. Hantu Hynu
dYHKUMN.

YTOObI HAWTV HYNM DYHKLMN HYXHO PeLUnTb ypaBHeHUe: X 3+ 2x 2 [ X []
2 =0, Hynamun yHKuMK aengTca: 12, 11 un 1.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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8.lo ¥
Nosly4eHHbIM
OaHHbIM 2
NOCTPOUTb |
rpaduk
11
PYHKUMN. maz s 0631 |
;
) - o ‘:r 1 I2 X
|
-1 _:
I
I
=2 mins-2112

3apaHusa ona camocTosiTeNnbHOM paboThl:
NcenepoBaTb oyHKLMIO M NOCTPOUTE €€ rpaduk:

- 1 y=-x3+3x2-2 - 1. y=-x3-3x°+3
TS| 2. y=-2x—1/(2x) T 2. y=x+2/x

§ 3. y=1/(x2 - 4) §° 3. y=1/(x2-4)
0 s}

~ 1. y=-x*+2x%+3 < 1. y=x%8x%+8
= 2. y=3x+1/(3x) = 2. y=x+4/x

o] 3. y=1/(x>-4) T 3. y=1/(x>-4)
% Q

0 B

CodepxxaHue omyema:

15. HanmeHoBaHMe NpakTUYeCKOro 3aHATUA
16. Llenb 3aHaTus

17. BapwuaHT 3agaHus

18. OTyeT 0 BbINOSIHEHNN HA KaXXabl aTan pa3gena «Coaep)xaHne n nopsaok
BbINOSTHEHUSA 3a4aHUSA»

19. Cnuncok Ucnosb3yeMblX UCTOYHUKOB

20. BbiBOAbI 1 NnpeanoxeHus

21. [arta v nognuck KypcaHTa v npenogasaTens

KoHTponbHble BONpOCHI

1. Kaknum 06paszom MOXXHO NpPoBEPUTb PYHKLIMIO HA YETHOCTbL?

2. Kakum 06pa3omM MOXXHO NpoBepuTb PYHKLMIO Ha NEPUOOUNYHOCTL?
3. Kak MOXXHO HanTu Hynu yHKLMN?

4. Mo kakoMy anropuTmy npoBoauTCca uccnegosaHne OyHKLMN?

MpakTnyeckoe 3aHaTHe Ne 4
Tema: HaxoxgeHue gudcepeHumana m npunoxeHue audcgepeHumana K
NPUGNNKEHHbIM BbIYUCIIEHUAM.

OundbdepeHuman dyHKLMM NPUMEHSETCA NPU BbIYUCIEHUN NPUONMKEHHOIO 3HAYEHUS
BEJIMYUNH, YTO HYaCTO MUCMONb3yeTCs NpU peLLleHnn 3agad NPUKNagHoro xapakrepa.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Llenb 3aHaTtug: HayunTtbea BbluMCnATb andodepeHumansl PyHKUNA, MPUMEHATb
anddepeHuman K NPUGAMKEHHBIM BbIYUCIIEHNSIM.

CogepxaHue 1 NopsaaokK BbINOAHEHUS paboThl:

1. MNosTOPUTL ONpeaeneHne auddepeHuymnana yHKUUK, NoHATUE anddepeHunana
apryMmeHTa, reoMeTpuyecknin cMblicr andpdoepeHumana, popmyny ans Bbl4MCiEHNA
NPUBAMKEHHOIO YNCNOBOIrO 3HaYEHNA PYHKLMN.

2. BHMMaTenbHO U3y4nTb NpuUMepsbl BblincneHns auddepeHumnanos pyHKLNN.
3anonHuTb Tabnuuy, nogobpas K KaXkaomMy anroputMy KOHKpETHOE COOTBETCTBUE
AENCTBUI N3 3aaHUI AN CaMOCTOATENbHON paboThl.

Bblumncnute anddeperuymnansl yHKUNA U BIMUCTIUTE NPUONMXKEHHOE 3HAYEHNE PYHKLMINA:

PelueHune.

Anroputm KoHKpeTHOoe cooTBETCTBME 3a4aHUs NPEATIOKEHHOMY
anropuTmy.

Hantn guddepeHumnan yHkummn y = 2x + sin X, Npu Xo :%, dx=0,02

1. HanTtu nponsBoaHyo y’ = 2+C0S X
YHKUMN.
2. Ncnonb3ys dopmyny dy =y’ dx = (2+cos x) dx

anddepeHumana, HauTm
andcepeHumnan pyHKUNN.

3. NoacTtaButb 3Ha4eHns xo U | (2+cos X) dx = (2+0,5)-0,02 = 0,05
dx B nonyyeHHyo hopmyny.

OnpefenvTb NPUGIKEHHOE 3HaYeHne /2 .

1.PaccmoTpeTb doyHKLMIO MycTtb x=2,25; Ax=-0,25, Toraa y(x)=4/2,25=15
y = Vx v npumeHnTh ol 0y AL 54t (<0, 25)~1.5-0,083~1, 417
CbOpMyJ'Iy y 2\/; 2 (2’25 31 ( ) y 1 3 ( ’ ) 1 ’ )

FOx+Aax) = () +y"-Ax. Takum 06pasom, f (X +Ax) =./2,25-0,25 = /2 ~ 1,417

3agaHus ans caMoCTOATENbHOM paboThl:

BapwuaHT 1. 1. Hantu gndpdepeHuman yHKUMN:
50
a) y=0Bx+2)
6) y=+/5-2x

B) Yy =c0s?’x npu: X =mn/4 dx =0,03

2. Bbluucnutb NpubnmkeHHoe 3HadYeHne yHKLUN:
a)f(x) =2x3-3x-1 npu x=2,01
6) (1,013)*

B) 3/1,06
1

N ——
0,997

BapuaHT 2 1. Hantu gndpdepeHuman gyHKUMm:
10
a) y=(5-T7x)

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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X2

6) y=

x2+1
B)y =In cos?2x npu: x=n/8 dx =0,01

2. Bbluamcnutb npubnmxéHHoe 3HadYeHne OyHKLMK:
a) f(x) = (13)x3+ (1/2)x—2x+4 npu x=1,1
6) (1,005)°
B) 11,03
r) i
9,97

BapuaHT 3. 1. Hantu gnddepeHuman yHKumm:
2 4
a) y=(x"+3)

6) y=x2+6x+12
B) y:ﬁ

2. BblMucnuTb NpubnmkeHHoe 3HadYeHne yHKLUN:
a)fx)=x3 +x>+1 npu x=2,001
6) (3,025)*

B) /99,5

1
ry ——
1,03

BapuaHT 4. 1. Hantu gnddepeHuman pyHKumm:

a) y=(7-8x")"

6) y= 5 -
B)y =sin?x npu: x =n/4 dx =0,03
2. Bbluncnutb NpubnmkEéHHoe 3Ha4YeHne PyHKLNN:

a)f(x)=x3-3x—-1 npu x=1,001
6) (1,012)°

B) /24,96
1
r)

1,99

CodepxxaHue omyema:

22. HanmeHoBaHMe NpPaKTUYECKOro 3aHATUS
23. Uenb 3aHaTtus
24. BapwaHT 3agaHus

25. OTy4eT 0 BbINOSIHEHUM Ha Kaxabln 3Tan pasgena «CoaepxaHue n nopsigok

BbINOSTHEHUA 3aaHUA»
26. Crnvcok ncnonb3yemblX NCTOYHUKOB
27. BbiBOAbI U NpeasioXeHns

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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28. [arta v nognuck KypcaHTa 1 npenogasaTens

KoHTposbHble BONpoChI
1. Uemy paBeH gudpdepeHuman aprymeHTa?
2. B 4éM coCcTOUT reoMeTpu4ecKknin cmbicn anddepeHumana?
3. UTto HasbIBaeTcsa guddepeHumnanom BTOporo nopsgka?
MpakTuyeckoe 3aHaTHe Ne 5
Tema: UHTerpupoBaHme pyHKLUM pa3nniYHbIMU criocobamu.

MeToa NHTEerpMpoBaHns, NpM KOTOPOM UHTErpan NyTem TOXAECTBEHHbIX Npeobpa3oBaHnm
noabIHTErpanbHON yHKUUN (UK BbIPaXKeHUS) 1 NPUMEHEHMS CBONCTB MHTerpana
NPUBOANTCA K OAHOMY UITN HECKOSTbKMM TabnunyHbIM MHTErpanam, HasblBaeTcs
HenocpeaAcTBEHHbIM UHTErPUPOBaHUEM.

Bo MHOrmMx cnyyasx ynpocTutb MHTErpan MOXHO, UCMOMb3ysa 3aMeHy nepeMeHon Ha HeKyHo
YHKUMIO OT OPYron NnepeMeHHON. ATOT METOA NPUMEHSIETCA OYEHb LLUMPOKO, HO BbIOpaTh,
KaKyto MMEHHO 3aMeHy caernartb, He Bcerga nerko. HTterpmpoBaHue rno 4acTam - Npuéem,
KOTOPbIN NPUMEHSIETCS NOYTU TaK XKe 4YacTo, Kak U 3aMeHa nepemMeHHon. Jta hopmyna
ncrnonb3yeTcs B cnyyae, Korga nogbiHTerpanbHas yHKUMS npeactasnseT nponsseneHme
anrebpanyeckon 1 TpaHCUEHAEHTHOWN PYHKLMMW.

Llenb 3aHsaTUs: Hayuntbcs MHTErpupoBaTth YHKLMN COCOGOM NMOACTAHOBKM U MO YacTsaM.

CopepxaHue 1 NopsaokK BbINONHEHUS paboThi:
1. MNoBTOpPUTL TAbNULY HeonpeaenEHHbIX MHTErpanos, anropuTMbl UHTErPUPOBAHNS
cnocobom NoaCcTaHOBKM U MO YacTAM.
2. BHUMaTENbHO N3Yy4nTb NPpUMEpPbl UHTErPUPOBAaHMUS NPOCTENWNX OYHKUNA. 3anOfNHUTb
Tabnuuy, nogobpas K KaKgoMy anropuTMy KOHKPETHOE COOTBETCTBUE OENCTBUN U3
3aJaHuin Ans caMoCToSATENbHOM paboThl.
HenocpeactBeHHOE MHTErpnpoBaHue.

Anroputm:
1) npeobpa3oBaTtb NOAbIHTErpanbHOE BblpaXeHne Tak, YTobbl Nonyymnacb cymma
BbIpaXXeHWI, NOXOXMX Ha NOAbIHTErpasnbHble BblpaXeHst TabnMYHbIX UHTErParos;
2) N3 OQHOr0 UCXOLHOro UHTErpana Nony4YnTb CYMMY HECKONbKMUX MHTErpanoB (MCNonb3ys
3-e n 4-e cBOKMCTBA HeoNpeaeneHHOro nHTerpana);
3) no Tabnuue nHTerpanoB HaNTWN KaXabl U3 OTAENbHbIX MHTErpanos;
4) KaK TONMbKO McYe3 NocneaHnin 3Hak MHTerpana, nosiBNseTcst NOCTOsIHHAs
nHTerpmpoBaHus C;
5) npn HeobxoanumocTn npeobpasoBaTb NOMYYEHHbIA pe3ynbTaT: NPUBECTN NOA06HbIE,
cokpaTuTb Apobun, n3baBmTbLCA OT NPPALMOHANbHOCTM B 3HAMeHaTene u T.n.

Anroputm KoHKpeTHOEe COOTBETCTBUE 3a4aHVs MPEASIOKEHHOMY anropuTMy.
8 5
5x% —6x + ——)d 2 8 _ 2 _53 6, 8 0,25 _
1-.[( X x+x%) ‘. I(5x —6x+m)dx—5jx dx—6jxdx+8jx 4a’x—éx —Ex +_0’25x +C=
=§x3—3x2—2+c
3 Yx

X X X
2. [(2-37)dx j(2—3x)dx:j(4—4-3x+32X)dx:4jdx—4j3xdx+j9xdx:4x—4-|33+|99+C

n n

NHTerpnpoBaHne cnocobom nogcTaHOBKM.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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ANropuTM UHTErpupoBaHns yHKUMA CnocoboM NoaCcTaHOBKM:
1) BBecCTM BCNOMOraTesnbHYyH NePEMEHHYI0, CBA3AaHHY C UCXOL4HOW NepeMeHHON
HEeKon (PYHKLUMOHAaNbHOW 3aBUCUMOCTbIO;
2) BbIpa3snTb UCXOOHYHO NepeMEHHYI0 Yepes BCNOMOraTesbHYI;
3) BblpasnTb AnddepeHLman NCXogHon nepemeHHon Yepes anddepeHumnan
BCNomMoraTesibHOW;
4) noacTaBuTb BCNOMOraTesnbHYy0 NepeMeHHyto 1 ee guddepeHumnan B uHTerpan;
5) cBeCTn NonyYeHHbIN MHTerpan K TabnnmyHoMy n B3siTb €ro;
6) BEPHYTLCS K UICXOAHOW NEPEMEHHON.

Anroputm

KoHKpeTHOe CoOTBETCTBME 3a4aHMs NPEOSIOKEHHOMY anropuTmy.

1. J‘x«\?x —3dx

UTo6bl n36aBNTLCA OT KBAAPATHOIO KOPHS, MNOMOXUM JX—3=U, Torga x =
u? + 3 u, cnegosatenbHo, dx = 2u du. [lenas nogcTaHOBKY, UMEEM:

5

5 _2)2 3
jx\/ 3dx = ju +3)u2udu = J(Zu“+6u2)du:%+2u%€:@+2(x—3)2+C

2
Ixex dx X :t,2xdx:dt,xdx:%,
' ' dt _
fxe dx = je jedt e+C_ ~e+C
2
nycmbxlx—er,xzr +2,dx =2rdr
3. IX“X_ZdX- J'x«/ 2dx = J'(r +2)r- 2rdr—I(2r +4r)dr—2j'r“dr+4J'r2dr_2L+4?r +C=
:2\/(x—2) +4\/(x—2) ic
5 3
COS X ST dsinx . 2 1
1+4sinx =t,1+4sinx=t°, 4cos xdx = 2tdt, cos xdx = —tdt
J.\/1+4smx 2

1
~tdt
cosX dx=.[2t fj‘dt— f\/1+4smx+C

J‘x/1+ 4sin x

MHTerpmpoBaHue no 4YacTtsm.

judv = uv—jvdu

OTa hopMyrna HasblBaeTCa (hopMysion MHTENPUPOBAHNA MO YacTaM. B kayecTBe U 0ObIYHO
BblbMpaeTcs yHKLMSA, KoTopas ynpowaeTca auddepeHumnpoBaHmeM, B kavectae dv -
OCTaBLLASACHA YacCTb NOAbIHTErpasribHOIo BblpaXeHus, cogepxatlasa dx, U3 KOTOPO MOXHO

onpegenntb Vv nytem

NHTErPUPOBaHMS.

AnropuTM UHTErpnpoBaHns PYHKLNA NO YaCTAM:

1) BbIBPaTb PYHKUMIO U (OT MCXOAHOW NepeMeEHHON) Takyto, YTo auddepeHumnan ot Hee

du npoue, yem u;

2) pa3genuTb NoAbIHTErparibHoe BbipaXkeHue Ha U - nonyyYnum dv (MOXHO YCTHO);

3) n3 dv HanTn nHTerpupoBaHmnem v (06bIYHO ee HaxXOAAT YCTHO M cpa3y BHOCAT NOA 3HaK
AndpdepeHumana, HoO MOXHO N OTAENbHLIM UHTErPUPOBAHNEM);

4) n3 u HanTn ero gudpdepeHuman du;

5) noacTaBuTb NOMyYEHHbIE BENMWUYKHBI U, V, du, dv B (hOpMyIny MHTErpMpoOBaHNA Mo

YyacTawm;
6) nonbITaTbCA B3SATb

nHTerpan ot vdu. Mpu 3TOM BO3MOXHbI BapUaHTbl:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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a) ecnu uHTerpan ot vdu nerknin, To B3ATb €ro;

6) ecnu nHTerpan ot vdu Bce eLle He Nerkni HO NpoLLe NCXOAHOro, MPUMEHUTb
WNHTErpupoBaHme Mo 4acTsaM YxKe A8 HEro;

B) eCnv B NpaBoOW 4YacTy MOMy4YMCA TaKoM Xe UHTerpars, Kak u UICXO4HbIN, B 3TOM
ypaBHEHMN MOXXHO NMPUBECTW NOLOOHbIE M pe3ynbTaT Nony4mMTca cam cobown;

r) ecnun nHTerpan ot vdu CNoXHO B3ATb, NOBTOPUTL Warn 1-6 gns gpyroro u;

Y70 e 0603HauMTb U, a 4YTO V? TOYHOro oTBeTa HET, HO eCTb YCMOBUE: OHY U3 HUX
©epem Npoun3BOMbLHO, a APYryto - Tak, YToObl X NpondseneHMe BbINO paBHO
nogblHTEerpansHon yHKUuKW. ECTb 1 30paBbii CMbICA: BBOASA CMOXHYKO (DYHKUUIO, Mbl BPS
nu cgenaem nHTerpan npotue.

BoT HekoTOpble pekoMmeHaaumm no NPUMEHUMOCTU NHTENPUPOBAHNA MO YaCTAM:

1. Ans BblpaxxeHn Buga X" yMHOXEHHOe Ha NoAblHTerpanbHoe BblpaXeHne
TabNMYHbIX U NPOCTLIX MHTErpanoB (HanpumMep, Xsinx, X2cos2x, x?eX) BblGupatoT u=x"

2. [nsa BblpaxeHu Buaa e* yMHOXeHHOe Ha noAblHTerpanbHoe BblpaXeHue
Tabnu4yHbIX U NPOCTLIX MHTErpanoB (Hanpumep, e*sinx, e*cos2x ) BblbupatoT u=e*.

3. [nsa BeipaxxeHu Buga X" yMHOXEHHOe BblpaXkeHue Buaa arcsin ax, arcos ax, arctg
ax, In|[x| BeibupatoT x"dx 3a dv, a ocTanbHble COMHOXUTENN — 3a U.

AJ'IFOpMTM KOHerTHOG COOTBETCTBUME 3adaHNA NnpeanoxXeHHoMy anroputmy.

1. [xsin xdx. u=x; dv=sinxdx; du=dx; v=/]sinxdx=-cosx

[ xsin xdx = x(—cos x) — | (—cos X)dx=—xCcos x+sin x+C

: : d
2. [n xdx u=Inx;, dv=adx; du=):(; =
[ In xdx=x1In x—j@ =XIhx-x+C
X
3. [xIn xdx. d 2
u=Inx; du:—x; dv = xdx; v:jxdx:x—
X 2
2 2 d 2 2
Jxlnxdx:x—lnx—jx——x=x—ln x-2 +cC
2 2 X 2 4
4, jexsin xdx u=eX: du=efdx; dv=sinxdx v=-cosx

[e* sin sdx=—e cos [ (~cos x)e* dx=—e* cos x+[e* cos xdx;

Ymobwl Haﬁmujex COSxdx  mpuMeHuM — (OPMYTY  UHMESPUPOBAHUA MO YACHAM  ewé  pa3

X
jex cos xdx=e sin X—Iex Sinxdx  noayuunca  ucxoOwwilli - uMmezpan; 3anuuiem

pesyiemam 8  ude  ypagHeHus U NHpUseoéM  NOOOOHble  UieHbl.

: X X . .
[eXsinsdx = —e” cosx+e” sin x— [e* sin xd

X
. . . e .
2[eX sin sdx=—e*X cosx+e*sinx; [eXsin sdx:7(sm X—cos x)+C

3agaHns ana camocTosiTenbHON paboThbl:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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BapunaHT Ne1. BapunaHT Ne2 BapwnaHT Ne3 BapunaHT Ne4.
1. j(3-5x)2 dx 1. _[(3X+1)2 dx 1. I(3x4+2)3x3dx 1. I(5x3—8)5x2dx
2. jx(sinxz)dx cos xdx sin xdx jcos xdx
[ 3x%dx 2. I23in x+1 "7 2+cos X V2sinx+1
sin®(x’ ~2) 3 j\/mexdx Bx”dx 3. .[3 (L-3x)" dx
4. [xe* dx - ' J‘(1—2x3)2 2x
4. I(x—l)ezxdx ) 4. _fxe dx
5. jxcosxdx 4. [xedx B
5. J'e“ cos xdx 5. [xcosxdx 5. [e” cosxdx

CodepxxaHue omyema:

29. HanmeHoBaHMe NpakTUYeCKOro 3aHATUSA

30. Uenb 3aHATMSA

31. BapwaHT 3agaHuns

32. OT4eT 0 BbINOMHEHUN HaA Kaxabl aTan pasgena «CoaepxaHue 1 nopsigok
BbIMOMHEHNA 3ajaHnsa»

33. Cnncok ncnonb3yembiX UCTOYHUKOB

34. BbiBoabl 1 npeanoxeHus

35. [aTa u noanuck KypcaHTa 1 npenogasaTens

KoHTponbHbIe BOMPOCHI

1. B kaknx cny4dasx ygobHo NpuMeHaTb cnocob 3aMmeHbl NepeMeHHOro npu Bbl4MCEHNN
WHTerpanoB?

2. Kak npoBepuTb, NpaBunbHO N HangeHa nepBoobpasHas gaHHOW PyHKUMN?

3. B 4ém 3akntoyaeTcs MeTod MHTErPUPOBAHNA MO YacTaM?

4. B 4ém 3aknoyaeTcsa reoMeTpMYEeCKNn CMbICIT NepBOOOpa3HbIX 4aHHOW PYyHKUMN?

5. Kak npoBepuTb, NpaBunibHO N HangeHa nepBoobpasHas AaHHOW PYyHKUUN?

6. B 4ém 3aknioyaeTcs MeToa HENOCPEACTBEHHOIO MHTErPUPOBAHUA?

MpakTu4yeckoe 3aHaTne Ne 6
Tema: BbluncneHus onpeaeneHHbIX MHTErpanoB pa3fiMyHbIMU cnocobamu.

MeTopg MHTErpnpoBaHuns, Npy KOTOPOM MHTErpasn nyTeM TOXAEeCTBEHHbIX Npeobpa3oBaHUN
noabIHTErpanbHON PyHKUUN (UM BbIPaXKEHUS) U NPUMEHEHNS CBONCTB MHTErpana
NPUBOAMUTCA K OOHOMY UITM HECKOSTbKMM TabnuyHbIM MHTErpanam, HasblBaeTca
HenocpeacTBEHHbIM UHTEerpupoBaHueM. [1py Bbl4MCNEHUN OnpeaenéHHbIX MHTerpanos
npumMmeHseTcsa opmyrna HetoToHa — JlenbHuua,

b
[ f(x)dx = F(b) - F(a)
roe F(x) — ogHa u3 nepBoo6pa3Hab|x dyHKumn f(x).

Llenb 3aHaATUA: HayunTbCcs MHTErpmpoBaTth npocTenwmne yHKLMK.

CopepxaHue n nopsaokK BbINONHEHUS paboThbi:

1. MNMoBTOPUTL TAbNMLY HEONpPeaENEHHbIX UHTErpPanoBs, anropuTM BbIMOSHEHWUS
HenocpeacTBEHHOIO MHTErPUPOBaHUS.

2. BHUMaATENBHO N3Yy4nTb NPUMEPbl UHTErPUPOBAHMUS NPOCTENLINX OYHKUNA. 3anONHUTb
Tabnuuy, nogobpas K KakgoMy anropuTMy KOHKPETHOE COOTBETCTBUE OENCTBUN U3
3a4aHuin ANs caMoCTOSATENbHOM paboThl.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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PeweHne.
Anroputm KOHKpeTHOe COOTBETCTBME 3aaHNA NPEeANOXEHHOMY anropuTMmy.
; x z
2 2
1'-([(:03 Xdx. [ cos xdx=sin x| = sin % -sin0=1
0 0
2
3 _ g2 2 x* x*[2 16 8 4
2. [ (¢ =x*)dx. JO¢—xtdx= (= 70) =, - )-0=1
0 0 4 3 0 4 3 3
1 1 1 4 3
3. J(Rt-Vt)dt. 1 11 s N
3 _ 3 2 _ t t _ 3t 2t _
0 JEt-Jt)dt = [(t3-t2)dt = (g =) =, -5 =
0 0 ~+1 =41 10 0
3 2
3 2 1
= {\—— — —0:—
(4 3) 12
2 2
e e
= dx [ %:In|x| —lne-In1=2
4. - . 1 X 1
1 X
1 1 1
dx
5 ] 5 - ) o =arctgx =arctgl—arctg(—1)=£—(—£)=z
—1x°+1 %241 1 4 % 4 2
3agaHus ans caMoCTOATENbHOM paboThl:
BapuaHT Ne1. BapuaHT Ne2 BapuaHT Ne3 BapuaHT Ne4.
T g2 1 a2 L2
1 1. [ (5x<+1)dx 1. | (3x<—6x)dx 1. | (4x“-Ddx
1. [ (3x2+2)dx -1 -1 -1
- 22 22 4042
2. [ (x=+2x+T7)dx 2. [ (x£-10x+2)dx 2. [(2x=+3x-1)dx
-1 - 2

.
2. [(x¢+x=5)dx
1

3

3 U1 g v2oq
3. U dx (IJ\/l—16x2 g)\/l—16x2 _121-x2

J1-x2 2
A 1-x 4_\/Fdx 4.([)dX2 4_}dx
. j% 1 1+x2 4+x 0x2-1
~14x4-9 2

NHTerpmpoBaHne cnocobom noacTaHOBKM.

b
MycTb HEOBXOAMMO BBIMUCINTL I f (x)dx, rae f(x) HenpepbiBHa Ha [a,b] 1 nycTb x = o(t)

HenpepbIBHO-AnddepeHumpyemMas oyHKUnA, npudém a <t < B, korgaa<o(t) <b.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Torga I f (x)dx =

a=gp(a);dx=@'(t)dt
b =p(p)

H F(p(t)- p(t)dt.

AJ'IFOpI/ITM KOHerTHOe COOTBETCTBME 3adaHNAd npeaioxxeHHoMy alropunTtmy.
1 }de 3x% -1+t dt_ dt
0(3x*-1)* 1 ydx dt 2 X& 2 & 6 1 2t 1 12
0(3x"-1) X ottt gt t°7] 4
x=0, t=-1; x=1,t=2
1.1 1
e IS (R | N

23 (-1 188 16

MHTerpmpoBaHue No YacTtsm.

iudv= uv—Tvdu

OTa hopMyrna HasbiBaeTCcsa hopMySion MHTENPUPOBAHNA MO YacTaM. B kayecTBe U 0ObIYHO
BblbupaeTcs PyHKUMA, KoTopas ynpowaetca auddepeHumpoBaHnemM, B kayectee dv -
OCTaBLUASsACA YacCTb NOAbIHTErpasibHOIro BbIpaXKeHusi, cogepxatlasa dx, U3 KOTOpon MOXHO
onpeaenuTb V NyTeM UHTErPUPOBAHUS.

BoT HekoTOpble pekoMmeHaaumm no NPUMEHUMOCTU UHTEPUPOBAHNS MO YacCTAM:

4. Ansa BblpaxxeHn Buga X" yMHOXEHHOe Ha NoAblHTerpasnbHoe BblpaXeHne
TabNMYHbIX U NPOCTLIX MHTErpanoB (Hanpumep, Xsinx, X2cos2x, x?eX) BblGupatoT u=x"
5. [nsa BblpaxeHu Buaa e yMHOXEeHHOe Ha noAdblHTerpanbHoe BblpaXeHue
Tabnu4yHbIX U NPOCTLIX UHTErpanoB (Hanpumep, e*sinx, e*cos2x ) BblbupatoT u=e*.
6. [nsa BbipaxxeHn Buaa X" yMHOXEHHOE BblpaXeHue Buaa arcsin ax, arcos ax, arctg
ax, In|x| BeibupatoT x"dx 3a dv, a ocTanbHble COMHOXUTENN — 3a U.
7.
Anroputm KoHKpeTHOe COOTBETCTBUE 3aaHNA NPeaSIOKEHHOMY afiropuTMy.
2 Bbibepem B kadecTBe u=x, Toraa dv=e*dx, Torga du=dx, v=-eX,
1. J.XG dx MpumeHnMm hopMyIny MHTErPUPOBAHMUS MO YaCTSM:
0 In2 N2 In2 In 2
[ xe Xdx=x-(—e ) - [ (e X)dx=—(xe"5) +
0 0 0 0
In2 In2
+ [ e Xdx=—(In2-e 2 -0)—(e™*)| =—In2-eM2—_(e"2_¢%)=
0 0

——In2e ™M e M2 11— M2(In 2+1)+1:—;(In 2+1)+1=

n2 Ine 1 1 e
=———————4+Inhe=—-(nhe-2)=—_-In—
2 2 5 V=505

3agaHua Ans caMoCTOSATENbHOM paboThl:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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BapunaHT Ne1. BapunaHT Ne2 BapwnaHT Ne3 BapunaHT Ne4.
g T 0 ) 1 4 3 e-1
1-j003(2X+Z)dX 1. [(2x3-1)xdx 1. [(x* +2)x7dx 1. [In(x+1)dx
0 -1 0 1
6 3r z z
dx il z z
2. 2 2 4
'([ 3x—2 2. [ sin?4xdx 2. [cos? 4xdx 2. J' dx
2r  x z : = cos? (2x—)
3. | sin—dx ; dx 8 4
- 3 dx 3. I 2
. 3. Im s V3x+4 3. [ (1+2%)%dx
4. I(xz —4)In xdX. -2 e 0
] L » 4, j(x +1)In xdx. )
- 4. I(Sx—l)e dx. 1 4, [(2x+1)e'dx.
— 0 0
2 z 7
5. [ xcos2xdx i - 2
5. | xsin 2xdx 2
0 5 _[xsin 3xdx ! 5. gx cos 2 xdx.
0

CodepxxaHue om4yema:

36. HanmeHoBaHWe npakTM4ecKkoro 3aHATUS

37. Uenb 3aHATMA

38. BapwaHT 3apgaHun4

39. OT4eT 0 BbINOMHEHUUN Ha KaXabl aTan pasgena «CoaepxaHue 1 nopsigok
BbIMOMHEHUS 3aJaHNSA»

40. Cnncok Ucnonb3yemMblX UCTOYHUKOB

41. BbIBOObI M NpeanoxeHnsa

42. [ata v noanucb KypcaHTa u npenogasartens

KoHTponbHbIe BOMNPOCHI
1. UTo Ha3bIBaeTcsa onpeaenéHHbIM MHTErpanom?
2. B 4ém 3aknioyaeTcs pasHuua mMexay HeonpenenéHHbIM 1 onpeaeniéHHbIM UHTerpanom?
3. B 4ém 3akntovaeTcs opmyna 3aMmeHbl NEPEMEHHON B ONpeaenéHHOro nHTerpana?
1dx 1
4. OBBACHUTL, NOYEMy HeBepeH pe3ynbTaT: [—=In|x| =In1-In1=0?
-1 X _1
5. B 4ém 3aknyaetcd MeTo4 WHTEerpMpoBaHuMst MO 4acTaMm Ans  onpeaenéHHoro
nHTerpana?

MpakTu4yeckoe 3aHaTne Ne 7
Tema: BbluncneHue nnowaaen nnockux ouryp m1 o6 -emMoB Ten BpaLleHuUs.

C reomeTprnyecKomn TOUKM 3peHNs, onpeaenéHHbli MHTerpan npeacraBnseT cobon
nnowaab KPMBONMHENHOW Tpanewumm, orpaHn4yeHHon rpadonkom oyHkummn y = (1x),
3aaHHOM Ha oTpe3ke [ a, b ] 1 coxpaHstoLLEeNn Ha 3TOM OTPe3Ke CBOW 3HaK, OTpe3koM [ a, b
]nnpambiMm X =a n X =b. C nomoLLblo onpeaenéHHoro nHTerpana MoXxHo0 BblYUCINTb
naowaam passimyHbIX NAOCKUX ouryp n o6 bEmebl Ten.

Llenb 3aHATUA: HayumTbCa BbIMUCAATL NAOLWaan NAOCKNX puryp n o6bEmbl Ten
BpaLLeHus.

CopepxaHue 1 Nnopsaaok BbiNoMHEeHUs paboThl:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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1. NoBTOPUTEL reOMETPUYECKUIA CMbICI OnpeaenéHHOro HTerpana, cnocodbl BblMUCIEHUS
nnowagen Nnocknx uryp n o6bLEMOB Ten BpaLleHUsl, anroputmMbl UHTEFPUPOBAHUS.

2. BHUMATENBHO U3Yy4nNTb NPUMEPbI BbIYMCIIEHUS NoLwagen nnocknx guryp n o6 LMo
Ten BpaweHnda. 3anonHntb Tabnuuy, nogobpas K KagoMy anropuTmy KOHKpeTHOe
COOTBETCTBME LENCTBUN U3 3aaHNN ONsi CaMOCTosATeNbHON paboThbl.

BbluncneHve nnowagen nnockux uryp.

Anroputm KOHKpeTHOe cOOTBETCTBME 3aaHNA NPEeaOXEHHOMY anropuTMmy.
1.Hantn nnowaab Mpadmk dyHkummn f(X) = 2x - x*> napabona. BepiuunHa: (1; 1).
dourypel,
orpaHnyeHHomn 1 .
MMHUAMUA v4 ¢ \‘-:"}x"& \
0

f(x)=2x-x2n
ocblo abcuunce

1 2 x
\ I
Z w2 |z g

5 = [(2x - %¥)dx =|:><2-_:|| = (4-5)-0=1;(xs en)
o

11|<:E= [=Hil
Oteget: 2

2. Hantn nnowagb

dourypel,
orpaHu4eHHoOn
NVHUAMU

~..f=«f?w=%><

Mpaduk pyHKLUN LR npsmMasi.
OyHKUMA ¥ = +f% aBnseTca obpaTHOM PyHKUMKM Yy = X 2 Ha npomexyTke [0;
+00),

0 1 2 3 B(40 X

5 = Somap - Saoam
Mpenenbl MHTErPUPOBAHNSA yKa3daHbl B Tabnmuax 3HauyeHun QyHKLUNNA.

? G < 2 d4_2.2 1
Somsg = [4®de = Su®[T= Z({42 -0) = 5=(kE. B4.)
£ 37103 3

Cng = %DE--&E-,

1

OB =4, AR =2, Svous = i G2 = 4|:KEI. E,El,:l

1
S=5--4=1
3

1
OTBerT: 1§( KB .e[n.).

(KB. 20.).

|~

3.Bbumncnutb
nrowanb urypesl,
orpaHu4YeHHoOn
NNHUAMMN

y=x'—buy=—x*+5

Harpgem abcumcchbl Touek nepecedeHns rpadukoB AaHHbIX QYHKUMI. [Ong
3TOro peLaemM cucTemy ypaBHEHUN

y=x'—6,
y= —x% = 5% —6.
J'r(jTﬁc':rona HaxoamMm Xx1=0, x2=2,5.

15 . 2 5 9 5
S= [z +5x—6-—x"+6)dx=[(-2x +5x).:1’x=5g.
i 0

4.Npwn Kaknx
3Ha4YeHUsX a

a) BeinonHum cxematnyecknn Yeptex

nrowagb urypesl,

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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orpaHnUyeHHomn
MUHUAMU Y = X2, y = y
0, x = a, paBHa 97

6) Bbluncnum nnowaab urypbl, orpaHMYeHHoN napabonon y = X2, 0Cbio
OX N NPAMOM X = a:

2 3* 3

B) Tak kak nnoluaap no ycrnosuio pasBHa 9, To a%/3=9 , a%= 27, a = 3.
OtBeT: a = 3.

BbluncneHne o6EMOB Ten BpaLleHus.

KoHkpeTHoe cooTBETCTBME 3a4aHUs NPEeAnoXXeHHOMY
anropuTmy.

Anroputm

1. Bbluncnntb ob6bem Tena, Bocnonb3yemcsa chopmyrnon ans BblumcneHna obbema tena
obpa3oBaHHOro BpalleHUeM

BOKpPYr ocn OX NMNHUK y=sinx
n y=0.

BpaLleHusi, nony4yaem Vs

T
_ a2
—ﬂIS'” XdX hanee BbluMcnseTcs
0

JaHHbIN MHTEerpar:
V4

EISiHZXdX =
0 0

T f T
=—(|dx—|cos2xdx) =—(x—
2({ | )=

0

sin2x.|* #*
=—ky0. ed.
5 )|, 5

Tl—cost i

2. Hantn o6b€m Tena,
Mosy4eHHOro BpaLLeHUeM
BOKPYr oct OX nNuHUI y=+x 1

y=x,

Mckombin 06bEM MOXHO HaNTU Kak pa3HOCTb 06 bEMOB,
Nosly4eHHbIX BpaLLeHnemM BOKpYr ocu OX KpMBOMMHENHbIX

Tpaneuui, orpaHNYeHHbIX MUHUAMU  y=+x U y=x",
1 \/_2 1 - 1 1 . X2 X5 1 l 1
vX:n!( X) dx—;r!(x ) dx:ﬂ_([xdx—ﬂ_([x dx=r(= -5 =7(5-5) =

3

E’O’

3agaHus ons camocTosiTeNnbHON paboThi:

1.MNo pucyHky 3anucatb hopmyny Ans
BblYMCIIEHMS nowaan purypsl Yepes nHrerpan.

2. Bbluncnutb nnowagb
dourypbl, orpaHU4YeHHon

| BApmaHT

JIMHNAMW:
a) y:(x+1)2 uy=-1-x

6)y=—x2 uy=—2

B) y=x+4u y=6x—x2

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATUKA C. 24/49
y ?
y=o(x) 4
y=g(x)
OWS X
3. Bbuncnutb nnowaab urypbl, orpaHndeHHon npamon X = 0, rpadpmkomMm pyHKLNK
y = -x? + 3 1 KacaTenbHOI K 3TOMY rpaduKy B TOYKe C abcLmMccom Xo = 1.
1.Mo pucyHKy 3anucatb hopmyny ans 2. Bbluncnute nnowaab
BblYMCIEHMS Nrowaan durypbl Yepes nHterpan. dourypbl, oOrpaHU4YeHHON
v —_— NMNHUAMMU:
4 y=RE) a) y=x3, y=2x—x2u y=0
E 6)y=x2+3xuy:O
© v — 2
S 5 B)y=x—2u y=x
@© O 2 X
a1]
3. BbluncnuTb NnoLuaab urypsbl, orpaHnYeHHorn rpadukom doyHkumm y = 0,5x2 + 2x
+ 2 1 rpacpnkom ee Npon3BOSHON.
1.MNo pucyHky 3anucatb hopmyny Ans 2. Bbluncnuts nnowaab
BblYMCNEHUS nnowaan urypbl Yepes nHTerparn. dourypbl, orpaHU4EHHON
i NMUHUAMU:
- a) y:x,x:Zuyz1
T / .V=f(x) X
©
S SN 3 > 6)y=x2—4x—3u y=0
3 A _ —(r—1)2
L B) y=x+5u y=(x-1)
3.Bbluncnutb nnowaae gurypbl, orpaHuYeHHon npsamMon x = 0, rpadpmkom yHKUMN y
= x? - 4x + 5 1 KacaTenbHOW K 3TOMY rpadunKy B TOYKE C abCLMCCOM Xo = 2.
1.MMo pucyHky 3anucatb oopmyny ang 2. Bblumcnutb nnowaab
BblYMCNEHMS Nnowaan durypbl Yepes nHterpan. dourypbl, OrpaHUYeHHON
y A NNHUAMMU:
a) y=x,x=2uy=1
= X
g " 6)y=x2—4x—3u y=0
© 0 3 6\ X B) y=x+5u y=(x—1)2
= y=p(x)

3. Bblumcnutb nnowaab gurypbl, orpaHudeHHon npsamMon x = 0, rpadpmkom dyHKLMK
y= -4X - X2 1 KacaTenbHON K 3TOMY rpadvKy B TOYKE C aBCLMCCOMN Xo = -3.

CodepxxaHue omyema:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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43. HanmeHoBaHWe NpakTUYeCcKoro 3aHATUSA

44. lenb 3aHATMA

45. BapwaHT 3agaHuns

46. OTyeT 0 BbINOSTHEHUUN Ha KaxabI aTan pasgena «CogepxaHue 1 NopsiaoK
BbINOSTHEHUA 3aaHUA»

47. Cnncok Ucnonb3yemMbiX NCTOYHUKOB

48. BbiBOObI U NpeanoxeHus

49. [aTta 1 nognucb KypcaHTa n npenogasaTens

KoHTposbHbIe BONpoChI

1. B 4ém 3aknovaeTcsa reoMeTpuyYeCcKnin CMbICIT onpeaeneHHoOro nHTerpana?
2. Kakasi courypa HasblBaeTCsl KpMBONMHENHOW Tpaneumnen?

3. o kakon hopMyrie MOXHO HanTN 06BLEM Tena BpaLleHUsa?

MpakTnyeckoe 3aHATMe Ne 8
PeweHue gucdepeHumanbHbIX ypaBHEeHUN 1-ro nopsigka.

MHorve siBneHus Npupoabl 1 TEXHWKU onuckiBatoTes aAnddepeHumanbHbIMm
ypaBHEHUAMU, CBA3bIBAOLLMMU HEN3BECTHbIE BEMMYMHbBI U UX NMPOU3BOAHbIE.

Llenb 3aHsmus:
HayunTtbca pelwatb HEKOTOpble BUObLlI AnddepeHumanbHbIX ypaBHEHUI NepBOro nopsaka.

CodepxxaHue u nopsidok 8bIrnosHeHUs1 pabomsbi:

1. MNoBTOPUTL ONpeaeneHne auddepeHynanbHOro ypaBHeHNd, NOHATUE ero odLero u
4YaCTHOrO peLLeHns, cnocobbl pelueHnsa anddepeHumnanbHbIX YPaBHEHUI C
pas3gensarwnuMmncs nepeMeHHbIMU U IMHENHBIX OAHOPOAHbIX YpaBHEHUN 1-ro nopsaka.
2. BHMMaTenbHO U3y4nTb NpuUMepbl pelleHnn anddepeHumarnbHbiX YpaBHEHUMN.
3anonHuTb Tabnuuy, nogobpas K KaXgoMy anropnuTMy KOHKPETHOE COOTBETCTBME
AENCTBUI N3 3aaHUIA NS CaMOCTOATENbHON paboThl.

KoHkpeTHOe cooTBeTCTBME 3aaHuUA
Anroputm
npeanoXXeHHOMY anropuTmy
1. Hantn obuwee O6uee peweHne guddepeHumnanbHOro ypaBHEHNS C
peLueHne pasgensaroWwmnuMmcs nepeMeHHbIMU ULETCSA C NOMOLLbIO:
anddepeHumansHor | 1)pasgenutb nepeMeHHble
O ypaBHEHUs C 3yidy = x%dx
pasgensowmMmncs
nepemMeHHbIMN 2) NpOVHTErpupoBaTh NEeBYyH U NPaBylo YacTn ypaBHEHMS
d_i/:d_xz_ 3yidy= | x*dx
X® 3y
3
- 4¢
'l":l' = —_—
: 3
- 370 obLlee peLleHre UCXO4HOro AnddepeHLManbHOro
YypaBHEHMUS.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2. HanTtu yactHoe
peLleHune
andepeHumnansHor
O YpaBHEHUSA C
pasgensiownuMmcs
nepemMeHHbIMU

d_y =% y=4 npu
Xy
X=-2.

MATEMATUKA C. 26/49

dy _dx

Xy
1) ydy = xdx
2) j ydy = _[ xdx

2 2

y_x +C

2 2

y? = x* +C -obLiee peLlieHne

3)lMNoacTaByM Ha4varbHbIE YCNOBUSA

42 =(-2)*+C;

16=4+C=C=12

4)Taknm obpasom, YacTHOe peLLeHne UMeeT BUA:

y? =x%+12
3. Hantm obiee 3anunwem gaHHoe ypaBHEHME B BUAE
pelleHne NMHEeNHoro | , 'y,
nndeperumansHor | Y Ty = X (1)
O YpaBHEHUS du dv
nepeoro [Monoxum y=uv, oTkygay' = &v+u&

nopsgka: xy' —y = x*

MoactaBmm 3HaYeHUa y U y'B ypaBHeHue (1)

du dv u ,
V—+u =X
dx dx X

CprI'II'II/IpyeM YneHbl, cogepxawume v ,1u BbiIHECEM V 3a CKOOKM:

uﬂ_;_v[d_u_gj: XZ(Z)

dx dx X

Hangém yHKumMo U Takyto, 4To

CS_U_E =0.(3) Toraoa ypaBHeHwue (2) npumeT BMA
X X
dv.

u—=x"(4
dx @

Pewunm ypaBHeHue (3) kak ypaBHEHME C pa3gensiowmmMncs
nepemMeHHbIMN

du_u o odu_

dx x u X

OTKYJa,II0CIE€ HHTETPHUPOBAHUS, ITOITYINM

In|u| = In|x|, T.e u = X, moxcTaBNB 3HAYCHME YyHKUMMU B ypaBHEeHNE (4),

N\
Haiiaém X— = X? wim dv = xdX
dx

2

Otcroma vV = X?+C

HTak,00U11M perieHueM JaHHOTO YpaBHEHHUSI IBIISICTCS (PYHKITHS

X2 x3
=x| 2 +C|=2-+Cx(5
y [2 ] i )

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 27/49

4. Hantun yacTtHoe
pelueHve nuHenHoro | 1 1 B
nnddepeHLmansHor | 5 o C,meC=0
0 ypaBHeHus

nepBoro

' 3
nopsigka: XY ~Y=X |y 2
ecnun y=1/2 npun x=1

B o0I1iee pellieHe ypaBHEHU (D) IOJICTaBUM HaualbHbIC JaHHbBIC

CJ'ICI[OBaTeJ'IBHO YAaCTHBIM PCHICHUECM SABJISCTCA (bYHKHI/Iﬂ

3adaHus 0niss camocmosimersibHoU pabomsbi:

BapunaHT Ne1

BapunaHT Ne3

1.HanTtu yacTHoe pelleHne ypaBHEHUS C
pasgensarwnuMncsa nepeMeHHbIMK:

xdy = ydx,ecnu y = 6 ipu X = 2

2. HanTtu yacTHoe peLleHne NIMHENHOTO
AnddepeHUmnanbHOro ypaBHeHUs NepBoro
nopsigka:

y'+2y+4=0,eciu y=5npu x=0

3. CocTtaBuTb ypaBHEHUE KPUBOW,
npoxogsien yepes Touky M(2;1) n
UMetoLLIEN YrioBOMN KOIULMEHT

dy 1

dx 2_y

1.HanTtn yacTHoe pelleHne ypaBHEHUS C
pas3gensarwuMncs nepeMeHHbIMU:

d—gzd—)z(,ecnﬂy:ZHpHX:O

Xy

2.HanTtu yacTHoe pelLueHne NIMHENHOTO
andepeHUmnansHOro ypaBHeHUs NepBoro
nopsigka:

y'—y—-1=0,eciu y =2 npu x=0
3.CocTaBuTb ypaBHEHNE KPUBOW,
npoxogswen yepes Touky M(1;1) un
UMeloLLIEN YrIoBOWN KOIULMEHT

dy 1

dx 8x

BapuaHT Ne2

BapuaHT Ne4

1.HanTn yacTHoe pelleHne ypaBHEHUS C
pasgensarownuMmcs nepeMeHHbIMU:

dy
3x? —2x
2.Hantn yacTHoe pelueHne NMHENHOro
AnddepeHUmnanbHOro ypaBHeHUs NepBoro
nopsigka:
y'—2y—-3=0,eciu y=2npu x=1
3. CocTtaBuTb ypaBHEHUE KPUBOW,
npoxogsien yepes Touky M(1;2) n
nMeroLLen yrnoson KOagpuUneHT
dy 1
dx

=dx,ecmuy =4npu X =2

2X

1.HanTu yacTHoe pelleHne ypaBHEHUS C
pas3gensarwnuMncs nepeMeHHbIMU:
dy

X2

2.HanTtu yacTtHoe pelleHne NIMHENHOTO
andepeHUmnansHOro ypaBHeHUs1 NepBoro
nopsigka:

y'—y+4=0,eciu y=5npu x=0

3. CocTtaBuTb ypaBHEHUE KPMBOW,
npoxoasien yepes Touky M(2;2) n
UMeroLLEeN yrnoBon KO LUNEHT

dy 1

dx 4y

—%,CCJII/Iy=1HpI/IX=O
y

CodepxxaHue omyema:

1. HaMmeHoBaHWe npakTU4ecKoro 3aHATUSA
2. Uenb 3aHaTUSA

3. BapuaHT 3agaHus

4. OTYeT 0 BbINOMHEHUWN Ha Kaxkabli aTan pasaena «CoaepkaHue 1 nopaaok BbINOMHEHUS

3agaHna»

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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5. Cnucok ncnonb3yembiX MICTOYHUKOB
6. BbiBOAbBI 1 NpeanoXeHus
7. lata n nognnck KypcaHta v npenogasarerns.

KoHmporibHbIe 80rpocsi

1. Kak onpegenntb nopsaok anddepeHumansHOro ypaBHeHUs?

2. Kakue ypaBHeHus HasbiBaloTcs auddepeHumanbHbiMU ypaBHEHNAMM C
pasgensarownuMmncs nepeMeHHbIMn?

3. Kakne ypaBHeHUs HasbiBalOTCA JIMHENHLIMWU AN depeHumanbHbIMU YpaBHEHUSIMA
nepBoro nopsgka?

4. MOXHO N1 NpOBEPUTL NPaBUBbHOCTb peLLeHnst andgepeHumanbHOro ypasHeHns? Kak
3710 caenatb?

MpakTnyeckoe 3aHaTne Ne 9
PeweHune gucpdepeHumanbHbIX ypaBHEHUN 2-ro nopsigka
MHorve 4BneHuMss nNpuvpodbl W TEeXHUKM  onucbiBalTca  AnddepeHumanbHbIMK

ypaBHEHNAMU, CBA3bIBAOLLIMMN HEN3BECTHbIE BEJTMYNHBLI N NX NMPON3BOAHbLIE.

Llenb 3aHsmus:
HayunTbca pelatb HEKOTOpblE BUAbI AnddepeHumanbHbIX ypaBHEHUIN 2-ro nopsaka.

CodepxxaHue u nopsidok 8bInosiHeHUs1 pabomsbi:

1. MNMoBTOpUTb onpefeneHne AngepeHLMansHOro ypaBHEHNS, NOHATUE ero obLiero u
4YaCTHOro peLLeHusi, cnocobbl pelueHns anddepeHumanbHbiX ypaBHEHUI 2-T0 Nopsaka.

2. BHuMmaTenbHO wm3y4nTb NpuMepbl peleHun auddepeHumnaneHbiX ypaBHEHUN.
3anonHutb Tabnuuy, nogobpaB K KaXAOMY anroputMy KOHKPETHOe COOTBEeTCTBUE

OEeNCTBUM N3 3agaHui Ansi CaMocTosTeNnbHON paboThl.

KOHerTHoe cooTBeTCTBUE 3aAaHuA

Anroputm
npeanoXXeHHOMy anropuTmy
1. Hantu obwee Obulee pelleHne HenonHoro AuddepeHUnanbHOro ypaBHEHUS
peLleHne HENOSTHOMo | BTOPOro NopsiAka ULWLETCH C NOMOLLbIO NOACTAHOBKMU:
AndpepeHumnansHor - dy d’y
YCTb — = Z, TOorga —— = — YPaBHCHUCTIPUHUMACT BU .
(0] ypaBHeHVIFI dX dXZ dX
BTOPOro nopsaka: ,
d? y . — =3in X,0TKyaa dz = sinxdx. IHT erpupys nocieaHee paBeHCTBO, 0y YHM
d_2 =SIn X. dx
X .
Idz = Ism Xdx,T.ez=—-Ccosx+C,
CnenoBarenbHO,
dy
PVl —cosx+C,, t.e.dy = (—cosx+C,)dx
X

CHoBa UHTETPUPYSL, HAXOAUM

[dy = [ (~cos x+C,)dx, mmu y = —sin x+C,x+C, - obmee pemenne

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.Hantn yactoe Haiiném obmee pernienne
peweHne HernorHoro dzy

andepeHumnansHor
O YpaBHeHUSA
BTOPOro nopsigka :

dy
IIycte — = z, TOrma
YR X dx?

= ™ YPaBHEHUE IPUHUMAET BUT
X

dz dz
™ = 22,01Kkyaa — = 2dx. lHTerpupys nociaenHee paBeHCTBO,TOTyYUM
X y4

2
d—E/:ZQ,ecm/Iy:§ dz
dx>  dx 2 —:J'de,T.eInz:2x+C1;z:e2X*Cl
ny =lupux=0 z
CnenoBarteipHO,
dy _ e (1), r.e.dy =e***“dx
dx
CHOBa UHTETPUPYS, HAXOUM
J.dy = J.ez”cldx, W Y = %ez”q +C,(2) - obmee permenue
Jist HaXOXIEHUST YaCTHOTO PELICHUS MO/ICTABUM HavasibHbIe JaHHbIE B (1)u(2
_ 2e0+C; .G
1=e . 1=e C, =0
=
§=1e2'°+°1+C2 3_1 “+c, |C;=1
2 2
CnepoBaTtenbHO, YacTHOE peLLeHne MMeeT Bua;
y= Leoyg
2
3. Pewntb XapaKkTepuctmyeckoe ypaBHeHue:
ypasHeHvie k*—k-2=0, k=-1 k,=2
y-y-2y=0 Obuee pelleHne: y = Ce™ +C,e™".
4. Pewutb XapakTepuctmyeckoe ypaBHeHMe:
ypaBHeHve 2 . L
L
O6Luee pelueHne: y = e (C1+xC2 )
5. Pewntb Xapakrepuctnyeckoe ypaBHeHue:
ypaBHeHue k*+2k+5=0, D=-16; k =-1+2i; k,=-1-2i
y'+2y"+5y=0.

Ob6uwee peweHune: y=e “(C, cos2x+ C, sin 2x).

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 30/49

lMpopomkeHne
KoHKkpeTHOe cooTBeTCTBME 3aaHuA
Anroputm
npeasioXXeHHOMy anropuTmy

6. HanTtu yactHoe Pewmnm ero ¢ noMoLLbO NOACTAHOBKKU y=uV, y' = U'V + uv'
pelueHve .

1. MopgcTaBnsas y uy' B AaHHOE ypaBHEHUE, NONYyYuMm
ypaBHeHUSA
y' -2y +3 =0, u'v+uv'—2uv=-3.

ecimy =1 npux=0

CrpynnupoBas BTOpoe 1 TpeTbe criaraemoe reBoit 4acTu

ypaBHEHNA, BbIHECEM O6LL|,I/IIZ MHOXWUTENb U 3a CKOOKM
u'v+ (uv'—2uv) = -3, uv+u(v'—2uv) =0

2. BolpaxeHune B ckobkax npupaBHUBaAEM K HYMO U, peLLVB
nonyyeHHoe ypaBHeHne, Hanaem yHKUMIO V = V(X):

v'=2v=0, SV—ZV, dv=2vdx, Qdex

X v
Mony4mnu ypaBHeHWe C pasgeneHHbIMU NepeMeHHbIMMN.

MpounHTerpmpyem obe 4acTu 3TOro ypaBHEHUS: jﬂ:jde
v

2X

Haingem dyHkumio v: Injv| = 2x, v=e

3. Moacrtasum nonyvyeHHoe 3Ha4YeHne v B ypaBHEHNE u'v=-3

Monyunm: u'e™ = -3, j—ue"'x =-3, du=-3e*dx.
X

OT0 ypaBHeHMeE C pasgeneHHbIMN NepeMeHHbIMU.
MpounHTerpupyem obe 4yacTn ypaBHEHUS: Idu = —j3e’2xdx . Hangem

dyHKUMIO U = u(X,C):

u :—E;-(—l)e“"X +C, u _3enic
2 2

4. Hanpem oblee pelueHne: Yy =e* -(ge2X +C), y= g +Ce*
5. Hangem 4acTtHOe pelleHne ypaBHeHUs, yOoBneTBopsAloLlee

HayanbHbIM ycroBusiM y = 1 npu x = O:

1:§+Ce°, 1=§+C-1, C=1—§, c=-1
2 2 2 2
y_g_lezx y_3_e2X
2 2 2
_ 2X
OtBeT: y =

7. Hantn obwee
pelleHne
anddepeHumnansHor
O YpaBHEHUS
y"=C0s X

ObLee pelleHne Hanaem ABYKPaTHbIM UHTErPUPOBaAHMEM
y' = [ cos xdx=sin x+Cy
y(x)=] (sin x+Cq)dx=—cos x+Cy x+C

Xx+C

maxum obpazom, Y(X) = —COS X + Cl )

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx




KMPK BIrAP® ®I'60Y BO «KI'MY»

MO-26 02 05-EH.01.1M3

MATEMATWKA C. 31/49

3adaHus 0nss camocmosimersibHoU pabomsbi:

BapuaHT Ne1

BapuaHT Ne2

Pemts mud pepeHnmanbabie ypaBHEHHS

2
1) szl =8X—2,eany=%,
2)y"-3y'+2y=0,eciny=2,y'=3,x=0

3)y"'-2y'+2y=0,ecmy=1,y'=2,x=0

y'=2,x=1;

Pemntes nudpepennransapie ypaBHEHUS
2

1)?1 Y _10x+4,ccnuy =1y =3,x=1
X

> =

2)y"—-8y'+15y=0,ecrmy =4,y'=2,x=0
3)y" -4y +13y =0,ecmy =1,y'=5x=0

BapunaHT Ne3

BapunaHT Ne4

Pemmute nuddepennpanbabie ypaBHEHUS
d?y
1)F:4X+2'ecmy:4' y'=1x=0;
X

2)yu_6y’+5y=0’ecﬂny:2,y’=6,X=O
3)y"—4y'+5y=0,ecmy=1y'=-1x=0

Pemmth nuddepennpanbubie ypaBHEHUS
d’y
1)d—2 =8x+6,ecmy=1y =1x=1,
X

2)y"-2y'-8y=0,ecmny=4,y'=10,x=0
3)y"-2y'+5y=0,ecimy=1,y'=3,x=0

CodepxxaHue om4yema:
1. HaumeHoBaHMe NpakTU4eCcKoro 3aHATUSA
2. Llenb 3aHaTns

3. BapuaHTt 3agaHus

4. OT4YeT O BbINOMHEHUN Ha Kaxkablin aTan pasaena «CoaepaHue 1 NopsiaoK BbIMONHEHUS

3agaHuns»
5. CNMCOK UCMOINb3yeMbIX UCTOYHUKOB

6. BbiBOObI 1 npegnoXxeHund

7. lata n nognuck KypcaHta 1 npenogasarerssi.

KOHmpO]'IbeIe 80r1PpOChI

1. Kak onpegennTtb nopsaaok andpdepeHumnanbHOro ypaBHeHns ?

2. Kakue YpaBHEHNA Ha3bIBalOTCA HENOJIHbIMU ,D,I/ICbeepeHLI,I/IaJ'IbeIMI/I ypaBHEHNAMU

BTOpPOro nopsiaka?

3. Kakue ypaBHeHWA Ha3blBalOTCHA JIMHEWHbIMW OAHOPOAHbLIMU AudddepeHuUmnanbHBIMU

ypaBHEHNAMU BTOPOro nopaaka ¢ NnoCToOAHHbIMA KOSq)(bI/IU,VIeHTaMI/I?

4. MOXHO Nn NpoBEpPUTb NPaBUMBbHOCTbL peLleHns anddepeHumansHoro ypasHeHma? Kak

3TO caenaTtb?

MNMpakTnyeckoe 3aHaTne Ne 10
Tema: PeweHune gucpdepeHumanbHbIX ypaBHEHUN pasfiMiHbIMKU Cocobamu.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 32/49

MHorve siBneHns NpUpoabl U TEXHUKN onucbkiBaloTcs auddepeHumnansHbIMm
ypaBHEHUSIMU, CBA3bIBAOLLMMU HEU3BECTHbIE BEMMYMHbBI U UX MPOU3BOAHbIE.

Llenb 3aHsaTUs: Hayuntbcs peliaTb HEKOTOPbIE BUAbI AnddepeHUmanbHbiX YpaBHEHNIA.

CopepxaHue 1 nopsaokK BbINONHEHUS paboThl:

1. MNoBTOPUTL ONpeaeneHne auddepeHynanbHOro ypaBHEHNS, NMOHATUE ero obLLero u
4YaCTHOrO peLLeHus, cnocobbl pelweHna guddepeHunansbHbix ypasHeHun | u |l nopsgka.
2. BHMMaTenbHO U3y4nTb NpuUMepbl pelleHnn anddepeHumanbHbIX YpaBHEHUN.
3anonHuTb Tabnuuy, nogobpas K KaXgoMy anroputMy KOHKpeTHOE COOTBETCTBUE
AENCTBUI N3 3aaHUI AN CaMOCTOATENbHON paboThl.

Anroputm KOoHKpeTHOe COOTBETCTBME 3a4aHNA NPeanoXeHHOMY anropuTmy.
Anroputm 1. lNpounsBogHyto PyHKUMM NepennucaThb Yepes eé
pelwieHuns , _dy
anddhepeHLManH anddepeHumansl y' = ax

Oro ypaBHeHuA
nepBoro nopsigka c
pasgensowmmMmucs
nepemMeHHbIMU

2. Pasgenuntb NnepeMeHHble.
3. lpouHTerpupoBaTb 06€e YacTu paBeHCTBa, HAaNTK obLlee peLleHmne.

4. Ecnv 3agaHbl HavarnbHble yCIoBu4, HaWTW YacTHoe pewieHune.

Anroputm
peleHus
JINHENHOTrOo
andcdepeHumanbH
Ooro ypaBHeHuA
nepBOro nopsigka

y'=f(x)y+9(x
1. BBECTM NOOCTAHOBKY y=UV.
2. NpoandepeHumpoBaTb 3TO paBeHCTBO ¥' = U'V + uv'

3. MNoacTtaBuTb y M Y' B 4aHHOE ypaBHeHUe: U'v + uv' = f(X)uv +
g(X) nnn u'v + uv' + f(x)uv = g(x).

4. CprI'II'II/IpOBaTb YneHbl YypaBHEHUA Tak, 4YTOObI U BLIHECTU 32 CKOOKM:

u'v+uv'+ f(x)uv = g(x);
u'v+u(v' + f(xX)v) = g(x)

5. N3 ckobKkn, NpupaBHSB €€ K HyIo, HaUTn
dyHKuMo v=v(x):v'+ f(x)v=0

OT0 ypaBHeHME C pasgensowmmmncs
nepeMeHHbIMU: av + f(x)= O,% =—f(x)
dx dx

Pasgenum nepemeHHble 1 NonyYnMm: av =—f(x)dx
v

Onna [ =] 10906 bl =] 1 (0x = v e

6. MNoacTaBuTb NONyYEHHOE 3HAYEHME V B ypaBHeHue u'v = g(x) (13 n.4):

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 33/49

—| f(x)dx
u'e J =

9(x)

N HanTK PyHKUMIO U =Uu(X,C). OTO ypaBHeEHME C pasaensaowmmMncs
nepeMeHHbIMU:

du —[fdx
du

ox — g(0:du =l ¥ g(x)dx

u= Ief‘x)dxg(x)dx

7. 3anncatb obulee pelweHne B Buae: y =V(x)-u(x,C)

,T.e. y= g f 1o -Jejf(x)dxg(x)dx +C.

Anroputm
peweHus
OAHOPOAHbIX
andcdepeHumanbH
bIX YpaBHEeHUMN
BTOpPOro nopsigka c
NOCTOSIHHbIMU
KoadhpurumeHTamun

1. 3anucatb anddepeHumansHoe ypaBHeHue B Buge: y" + py' +qy = 0.

2. CocTaBuTb ero xapakTepucTuyeckoe ypaBHeHue,

0603HaumB y" Yepe3 r2, y' yepesr,yvepes1: r2+pr+q=0

3.BblumncnuTb ANCKpUMUHAHT D = p? -4g 1 HANTN KOPHM
XapaKTepPUCTUYECKOrO yPaBHEHUS; NPU 3TOM eCnu:

a) D > 0; cnegoBaTtenbHO, XapakTepucTuyeckoe ypaBHeHNE UMeeT ABa
PasrnnYHbIX AENCTBUTENBHBLIX KOPHA I, # I,. ObLlee pelueHne

A depeHLManbHOro ypaBHeHNs BbipaxkaeTcs B Buge y =C.e™ +C,e™,
raoe Ci1 n Cz - Npon3BOsibHbIE MOCTOSAHHBbIE.

6) D = 0; cnegoBaTernbHO, XapakTEPUCTUYECKOE YpaBHEHNE NMEET paBHble
AenCTBUTENbHbIE KOPHK I, =T, =t . OBLLee peLleHne
andpepeHUnansHOro ypaBHEHUS BblpaXKaeTcs B

Buage y=(C, +C,x)e" mmy=C,e™ +C,e™

B) D < 0; cnegoBaTenbHO, XapakTepUCTUYECKOe ypaBHEHNE UMEET
KOMMNMNEKCHbIE KOPHU, I, =a + S-i;1, =a— [-i Obliee pelleHne
AndpepeHLManbHOro ypaBHEHWS BbipaXkaeTcsl, B BUAE

y =e“*(C, cos px +C, sin px)

Anroputm peLueHus
HEeMnonHoro
anddepeHumansHor
O YpaBHEHUSA
BTOPOro nopsigka.

2
ﬂ = Z,mozdad—z = dz
dx dx

OOwee peleHre Hagem MNyTéM NOLCTAHOBKU i
X

AOBYKpPATHbIM MHTErpUpoBaHNEM.

3agaHns ang caMmocTosiTenbHON paboThbl:

BapunaHT Ne 1

BapuaHT Ne 2

Onpegenutb TMN anddepeHumansHoOro
YPaBHEHUSA N HAUTW €r0 YaCTHOE peLLeHme:

OnpegenuTtb TUN anddepeHynansHoro
YPaBHEHUSA N HAUTW €r0 YacTHOE peLUeHuE:

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 34/49

1y'+2y=3e";y=1,x=0

2.y':sin5x;y:1;x:%

3.y'"+4y"'+5y=0;y'=0,y=-3,x=0
4y"=x+6x",y'=1,y=0,x=0

1xy'—2y=x%",y=0,x=1
2.y'sin x—ycosx=o,y=1,x:%

3.y"-7y"+10y=0,y'=14,y=0,x=0
4.y"=8x+4,y' =2,y=6,x=1

BapuaHT Ne 3

BapuaHTt Ne 4

Onpegenutb TMN anddepeHumansHoOro

YpaBHEHNA U HaWTWN ero 4YacTHoe peweHune:

1.y'sin x—ycosx:l;y:1;x=%
2
2. /:e—Sx’ :—,XZO
y y 3
3yrr_4y’+3y:0,y’ :10,y:6,X:O
4.y"=e* +sinx,y ' =4,y=8,x=0

OnpegenuTtb TMN anddepeHynansHoro
YPaBHEHNA N HAWTU €ro YacTHOE peLUeHune:

1xy'-3y=x‘e";y=¢ex=1
2.2\/ydx—dy=0,y=1,x=0
3Y'+y' -2y=0;y'=14,y=5x=0
4y"=6x>-10,y'=2,y=0,x=0

CodepxxaHue om4yema:

50. HaumeHoBaHMe NpakTM4ecKoro 3aHATUS

51. Uenb 3aHATMSA
52. BapwaHT 3agaHunsa

53. OTYeT 0 BbINOMHEHUN Ha Kaxablv aTan pasgena «CoaepxaHue n nopsaok

BbINMOJIHEHNA 3aaHNA»

54. Cnucok ncnoJib3yemMbiX NCTOYHUKOB

55. BbiBOAbl 1 npeanoxeHus

56. ,ElaTa M noanncb KypcaHTa u npenogaBsaTtesnd

KoHmporsbHbIe 80rpochkl

1. Kak onpegenntb nopsiaok anddepeHumansHOro ypaBHeHUA?
2. Kakvne ypaBHeHUS Ha3blBalOTCHA NIUHENHLIMU OOHOPOAHBIMU
anddepeHumanbHbIMU YpaBHEHUSMU BTOPOro
nopsgka ¢ NOCTOSAHHbIMU KO3 puumeHTammn?

3. MoXHO nuM npoBepuUTb
ypaBHeHuna? Kak aTo caenatb?

npaBuUIiibHOCTb

peweHna anddepeHynansHOro

MNMpakTu4yeckoe 3aHaTme Ne 11
Tema: CxogumocTb psaaoB. PasnoxeHue ¢pyHKUMA B cCTENEHHbIe pAAabI.

PelleHne 3agayn, npeacTaBneHHon B MaTeMaTUYECKUX TEPMUHAX, Hanpumep, B BUae
KOMOMHALMKN pasnnyHbIX YHKLMWIA, UX NPOU3BOAHbBIX M UHTErpanoB, HY>KHO YMETb

“noBecTn oo Yncna’, KoTopoe Yalle BCero un

CIY>XUT OKOHYaTeJ1IbHbIM OTBETOM. [na atoro

B pa3linvHbIX pa3aenax MmateMaTuku Bblpa6OTaHbI pas3nn4yHblie MeTobl.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx

Mpogepb akmyarnbHOCMb 8epcuu o

opueuHarny, xpaHawemycsi 1C Konnedx
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MATEMATWKA C. 35/49

Pasnen mateMaTtuky, No3BONAIOLLIMIA PELLMTb N0y KOPPEKTHO MNOCTaBMEHHYIO 3a4a4y C
AOCTaToOYHOM AN NPakTUYeCKoro UCMNoNb30BaHNs TOYHOCTLIO, Ha3biBAeTCa Teopuen

pPSA0B.

[MoHATME YMCnOBOro psida LUMPOKO MPUMEHSIETCA B TaKUX OUCLUUNIIMHAX, KaK 3MEKTPOHNUKA,
pagvoTeEXHUKA U APYrMX AUCLMUMNIIMHAX.

[ns npunoXxeHun BaxXHO yMeTb AaHHyto dyHKkumio f(X) pasnaratb B CTENEHHOW psag, T.€.
dyHKuMo f(X) NpenctaBnATb B BUAE CYMMbl CTENEHHOro psaa.

Llenb 3aHaATUS: Hay‘-II/ITbCFI pa6OTaTb Cc beHKLI,I/IOHaJ'IbeIMI/I N CcTeneHHbIMU pagamMmn.

CopepxaHue n nopsaokK BbINONHEHUS paboThi:

1. MoBTOPUTb NOHATUE YNCNOBOTO, PYHKLMOHANBHOIO, CXOAALErocs, pacxoasLerocs,
3HaKo4epenyoLerocs psiga.

2. BHUMaTENbHO U3Yy4nTb NpeasioXXeHHble NpuMepbl peleHnit. 3anosiHuTb Tabnuuy,
nogobpas K KaXxgoMy anropuTMy KOHKPETHOE COOTBETCTBME AENCTBUM U3 3aaHU AN
CaMOCTOATENbHOWN paboThl.

Anroputm KoHKpeTHOe COOTBETCTBME 3aaHNA NPEeArOKEHHOMY anropuTMmy.
1. Bbinucatb 31-1 2 32-1 5
nepeble Tpu unenos | [pun=1a, = N =5-L mun=La, = 52 T4
psiga no 3agaHHOMY 331 8
obLemy yneHy woun=1a o _%_ 1
3n-1 P 37,3 "8
an=-——
2n
2. Hantn dopmyny 1+1+1 1 _1+1 1+ 1 N 1 1 1 1
obuiero yneHa psafa | 4 ' 12 ' 36 108 T4 43 49 427 4 4.3 Q2 23
4.3 4.3
111 1,
4712736 108" _ 1
4.3"-1
3.Pa3noxutb Pan Te|7|nopa ansd dJyHKLI,VIVI nmeeT BUA;
_ 3x-2 " m (”)
CTEeneHHOW psig no 3!
cTeneHsaMm (x — a) y<n>(a) .
npu _Z (x—a)".
a=1. 7
B HameM criyyae:
yh=e  Y(x) =37 y'(1)=3e
y'(x)=9e"7 Y1) =9
ym(x) — 27e3x—2; ym(l) — 276,
y"(x)=3"e"7 Y1) =3"¢
[Monyyaem pasnoxeHue B psaa;
_3e 9¢ , 27e 3" ; 3
y—e+j(x—l)+5(x—1) —( ~-1)° + +—(x )"+ Z—‘(x 1)".
Ona  onpeneneHus 06nacm CXOOMMOCTM  MOSy4YEHHOro  psda

BOCMonb3yemcs npusHakom Oanambepa.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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C. 36/49

i [ =hm| 3l _e_(x_l)nﬂ - |=hm

o, || ()3 e (x =) | o

u

3-(x=1)

=0<«l1

CnepoBaTenbHO, psia cXxoauTcs Npu Niobom KOHEYHOM 3HAYEHUN X.

1. UccnepoBaTb Bocnonb3yemcsa npusHakom Janambepa:
CXOOUMOCTb 1
YMCIIOBbIX PSOB nil3 3-31+—
jm S Vn+L-nt_ N _0 - pag cxoauTes

% an im—— kX=lim—— =0 -

z 3"3n e (n4+1)3"3n e (n+1) P

= n!
2. Hantn vHTepBan | [Ansa onpegenenus pagmyca cXoanMOCTU NpMMEHUM npusHak Janambepa:
CXoaumMocCTu ) |(x +2)2sn | |(x +2)? |
CTeneHHoro psaa P57 (x4 27 = l'ﬂl| 5 |
2 (X +2)%" ,

> 5 x* +4x-1<0
D=16+4=20

—-4+2
Xl,Z = T\/g = —2 i \/g

Taknm obpasom, MHTepBan CXoAMMOCTU (—2—\/5 ; —2+\/§)

Pasnoxuntb B pag

X
MakrnopeHa Takkak f(X) =3" =e™" =" 10, 3ameHsiss x Ha XIN3B

dyHkumio f (x)=3%. | pasnoxenun f(X) = e”, nonyunm:

X In3 n? 3 2 n33 3
f(x) =37 =1+ X + X~ + X~ o+
u 2! 3

n
In 3n

X+ ...
n!

3agaHunsa ans caMoCTOATENbHOM paboThl:

1
a,=———.
4n° +1
2. Hantu cbopmyny obuiero uneHa psga 2+4+8+16+...

(8o nAToro YneHa pasnoXeHus BKIHOYUTENBHO).

| BapunaHT
w

5. Pasnoxutb B psag Tennopa — MaknopeHa pyHKUunio cos($).

1. HanucaTtb nepBble NATbL YNEHOB psAa no 3agaHHOMY O6LLEMY YNeHy

Pasnoxutb dpyHkuuio f (x)=4/x+1, a=1 B psag Tennopa no creneHam x—a

n=1

4. WccneposaTb psgbl HA CXOAMMOCTb: a) 23—2 0) Z(—l)"n-0,9n , B)Y 2
n1 N n=

n? -

2. Hantun cbopmyny obuuero uneHa psga %+%+é+%+...

Il BApnaHT

(8o NaTOro YneHa pasnoXeHWsi BKNKYUTENBHO).

1. HanucaTtb nepBble NATb YNEHOB psiAa No 3aaHHOMY o6LeMy YneHy a, = —.

3. Pasnoxuntb pyHkumio f(x)=In(x+2), a=1, B pag Tennopa no creneHsaMm X—a

n

n!

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx

lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MATEMATWKA C. 37/49

4. WccnepoBaTb psifbl HA CXOAMMOCTb: @) o 6) Z(—l)”[ n j ,B)y
n

3’ &g

4n-1
5. Pasnoxutb B psag Tennopa — MaknopeHa (pyHKUMIO Sin7x.

n=

1. HanucaTtb nepBble NATb YNEHOB psiaa Mo 3afaHHOMY 06LLEMY YNEHY

2n+1

n = n2 *
= 2. Hantun cbopmyny obuuero yneHa psga E+E+i+i+
T ' 36 12 24
§ 3. Pasnoxmtb yHKUNIO f(x):ezx, a=2, B pag Tewnnopa no creneHam x—a (8o
= NATOrO YsieHa pasnoXeHUs BKIIOYNTESTbHO).

2
n! 0 n © n
4. Viccnenosarb psifbl Ha cxoauMocTb: @) —, 6) D (-1)'| — | , B) Eiy
3 = n+1 na n!
5. Pasnoxutb B pag Tennopa — MaknopeHa pyHKUNIO COSSHX.
1. Hanucatb nepsble NATb YNEHOB psiga No 3agaHHOMY ObLemy YneHy
2n+1
n = 3n "
y 1

- 2. Hantu cbopmyny obuiero yneHa psaga 1+ = +=+—+...
T 3 9 27
§ 3. Pasnoxuntb pyHkumo f(x)=sin 2x, a=—%, B paa Tewnnopa no cteneHsm x—a
m
> (0 NATOro YneHa pasnoXeHus BKNHYUTENBHO)

> 6" © nl

4. . WccniepoBatk psifbl Ha cXoaumocTe: @) > —, 6) > (-1)'n?-0,7", B) =
n=1 n n= n=1

5. Pasnoxutb B pap Teiinopa — MaknopeHa dyHKUMIO €2,

CodepxaHue omyema:

57. HavmeHoBaHMe NpakTU4YecKoro 3aHATUS
58. Uenb 3aHATMSA

59. BapwaHT 3agaHuns
60. OT4eT 0 BbINOMHEHNN Ha KaXkabl 3Tan pa3gena «CoaepxaHue 1 nopsiaok

BbINOJIHEHNA 3aaHNA»

61. CnMCOK MCNonb3yemMblX MCTOYHMKOB
62. BbiBOAbI U NpeasioKeHns
63. [Hata n nognuck KypcaHTa v npenogasartens

KoHTponbHble BOMpPOChHI

oahwNE

Kakon psig HasbiBaeTCHa CTENEHHbIM?

Kakown psa HasbiBaeTca (PyHKUMOHAMNbHbLIM?

Kakue psiabl HasbiBalOTCA CXOAAWLNMUCA?

Kakne psigbl Ha3bIBaloTCA pacxogawmmMmcs?

Kakon psig HasbiBaeTCsa 3HaKovepeayowmmea?

Kaknm ob6pasom MOXHO pasnoxuntb yHKuuio B pag Tennopa?

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MpakTn4yeckoe 3aHaTue Ne 12

Tema: OCHOBHbI€ NOHATUA KOMOUMHATOPUKU, TEOPUN BEPOATHOCTEN, CTaTUCTUKMN.
KombuHaTopuka - 370 pasgen mateMaTuku, B KOTOPOM M3y4aroTCs BOMNPOCHI O TOM,
CKOJTbKO pasnnyHbIX KOMOMHAaLMIA, NOOYNHEHHBIX TEM NN UHBIM YCIOBUSIM, MOXHO
COCTaBUTb U3 3adaHHbIX 06bekToB. OCHOBbI KOMOMHATOPMKN O4YEHb BaXKHbl ANSA OLLEHKM
BEPOSATHOCTEN CryvanHblX COObITUI, T.K. UMEHHO OHM NO3BONAIOT NogCcYMUTaTb
NPUHLMNMANbHO BO3MOXHOE KONMMYECTBO Pa3fiMyHbIX BapMaHTOB pa3BUTUS COObITUN
Llenb 3aHATMA: HayumTbCa pelsatb KOMBUHATOPHbIE 3a4a4n N YyNpaXHEHUS.

CopaepxaHue 1 nopaaok BbiNonHeHUda paboThl:

1. nOBTOpVITb OCHOBHbIE MNOHATUA U CbOpMyJ'IbI KOM6I/IHaTOpl/IKI/I, npasuIio CyMMbl U

npon3BeaeHun4.

2. BHMMaTenbHO U3yunTb NpeafioXXeHHble NpUMeEpPbI peLleHns KOMOUHATOPHbIX 3a4au.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AEeNCTBUM N3 3agaHui Ansi CaMocTosTeNbHON paboThl.

Anroputm

KOHerTHOG COOTBETCTBME 3adaHNA NpeajioxKeHHOMY aliropnuTmMmy.

1. CKOMbKO TPEeX3Ha4YHbIX
YeTHbIX YNCEN MOXHO
coctaBuTb u3 ungp 0, 1,
2,3,4,5, 6, ecnu undpsl
MOryT NOBTOPATLCA?

N1=6 (T.K. B KAYeCcTBe NepBON LMdPPbl MOXHO B3ATb N0BYL0 Undpy 3
1,2,3,4,5,6),

N2=7 (T.K. B KQYeCTBEe BTOPOMN LMPPbl MOXHO B3STb JH00YI0 Lndpy 13
0,1,23,4,5,6),

n3=4 (T.K. B KQ4eCTBE TpeTbeN LUdPbI MOXHO B3ATb N0BY0 Lndpy
n3 0, 2, 4, 6).

NT1ak, N=n1*n2*n3=6*7*4=168.

2. CkonbKo cyulectsyeT
ABY3HaAYHbIX Yncen, B
KOTOpbIX Lmcpa
0ecAaTKoB U undpa
eaVNHUL, pasnnyHble U
HeYyeTHble?

T.K. HeYeTHbIX umdp NATb, @ UMeHHo 1, 3, 5, 7, 9, To 3Ta 3agaya
CBOAMTCS K BbIOOpY 1 pasMeLLeHnIo Ha ABE pa3Hble No3vumMn ABYX U3
NATU pasfMyHbIX UNMP, T.e. yKasaHHbIX yucen dygert:

5! 5! 1.2-3-4.5

2 _ - _
4 = 1.2-3

== =4.5=20
(5-2)! 3!

3. Ckonbknmu cnocodbamu
yuTaTenb MOXeT
BblOpaTb OBE KHWXKN U3
LIeCcTU nmerLmxcsa?

Yncno cnoco6oB paBHO YNCMY COYETaHWUIA U3 LLECTU KHIDKEK Mo OBe,
T.e. paBHoO:

6! 1.2.3-4.5.6 5.6

C? = = = =
° 216-2)! 1.2.1.2.3-4 1.2

15

4. Ckonbkumm cnocobamm
CEMb KHUT pa3HbIX
aBTOPOB MOXHO
paccTaBuTb Ha MOSKe B
OAMH psa?

JTa 3ajava o Yucrne nepecTtaHoBOK CEMU pasHbIX KHUT. NmeeTcsa
P, =7!=1.2-3-4.5-6-7=5040 cnocoboB OCYyLLECTBUTb PACCTAHOBKY KHWUT.

5. Ha poantenbckom
cobpaHuu rpynnsl
npucytcrteyeT 20
yenoek. CKONbKo
CyllecTByeT pasnnyHbIX
BapuaHTOB cOCTaBa
pPOOUTENbCKOrO
KomuTETa, ECNN B HETO
JOJIKHbl BONTN 5

B aTom npumepe Hac He nHTepecyeT NopAAoK daMunmim B Crimcke
kKomuTeTa. Ecnn B pe3ynbTaTe B ero COCTaBe OKaXXyTCsl O4HU U Te e
nogu, To No CMbICIY 4515 HAac 9TO OOUH U TOT Xe BapuaHT. Noatomy
Mbl MOXXEM BOCMOMb30BaTbCHA POPMYION Ara nogcyeTa ymicna
coyetaHum 13 20 anemeHTOB Mo 5.

NHaue 6yayt obCcTOoATh Aena, ecrniv KaXabl YneH KoMuteTa
n3HavanbHO OTBEYaeT 3a onpeaeneHHoe HanpasneHme paboThbl.
Torga npy 0gHOM M TOM X€ CMMCOYHOM COCTaBE KOMUTETA, BHYTPU
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yeroBek?

Hero BO3MOXHO 5! BapnaHTOB nepecTaHOBOK, KOTOPbIE UMEKOT
3HayeHue. KonmyecTso pasHbix (M Mo cocTasy, 1 No cdepe
OTBETCTBEHHOCTW) BapnaHTOB OnNpeaensdeTcs B 3TOM Clyyae YNCIoM

pa3smeLweHnn n3 20 anieMeHToB Mo 5.

6. BownckoBoe
nogpasgerieHme coctouT
n3 5 ogumuepos, 8
cepxaHtoB n 70
pAaoBbIX. CKONbKMMMN
crnocob6amm MOXHO
BblAENUTb OTPAL 13 2
odnLepoB, 4 cep>xaHToB
n 15 pagoBbIx?

10x70x Cag = 700x Ciq

N3 5 ocpmuepos BbibpaTb 2 MOXKHO C MOMOLLbIO YMCIa COMEeTaHNN

C: =10 cnocobamu, n3 8 cepxaHToB 4 - C;‘ =170 , 13 70 psgoBbIx

15
15 - G2 . Mo npaBuny YMHOXEHWS HAXOAMM YMCHO BbIGOpa OTpsAa:

3apaHusa ana camocTosiTeNnbHOM paboThl:

1 BapuaHT 2 BapuaHT

3 BapuaHT

4 BapuaHT

1. Ckonbkummn
crnocobamun moryT
pa3MecTuTbCs 5
4YenoBeK BOKpYr
Kpyrrnoro ctona?

1. Ckonbko
ABYX3Ha4HbIX Yncen
MO>XHO COCTaBUTb
nm3undp 1,3,5,6n
9 TaK, YTOOLI B
KakgoMm vnucre He

1. N3 10 kangupaToB
HY>XHO BblOpaThb 3
YyenoBeka Ha
KOH(bepeHuuto.
CkonbKnmm
pasnnU4HbLIMK

1. Bpuragup gorxkeH
OTNpaBuUTb Ha
paboty 6puragy u3 3
yenoBek. CKonbko
Takmx 6purag MOXxHO
COCTaBUTb U3 8

Obl10 OANHAKOBbIX cnocobamu aTo yernosek?

umcp? MOXXHO caenartb?

2. CKOnMbKnmMm 2. B rpynne gecatb | 2. Ha Beibopax 2. B panoHe
cnocob6amm MOXHO | NpeaMeToB M NATb nobeaunnu 9 NMOCTPOUNN HOBYHO
paccTtaBuUTb Ha YPOKOB B [€Hb. yenosek. N3 HMX wkony. U3

Ckonbknmu
cnocobamMmmn MOXXHO
COCTaBUTb
pacnucaHue Ha
OOVH AeHb?

nomnke 6 KHur?

HY>KHO BbIBpaTb
npencenartens,
3amMecTuTens un
npodgopra.
Ckonbknmu
cnocobamu 3To
MOXHO caenaTb?

npuwegnx 25
YenoBEK HYXXHO
BblOpaTb AnpekTopa
LLKONbI, 3aBy4a
Ha4anbHOW LUKOMbI,
3aBy4a cpefHero
3BeHa 1 3aBy4a no
BOCNUTaTENbHOW
paboTe. Ckonbknmm
cnocobamu aTo
MOXHO caenaTb?

3. Ckonbkumm
cnocob6amm MOXHO
COCTaBUTb
TpexuBeTHbIN donar
N3 Nonoc pasHom
LUMPUVHbBI, ecnu
nMerTCa MaTepumn
n3 8 TkaHen?

3. N3 6 OTKpbITOK
Hafo BbIOpaTh 3.
Ckonbknmu
cnocobamu 3To
MOXXHO caenartb?

3. Ckonbko
pasnnYHbIX
NATU3HAYHbIX YMucen
MO>HO COCTaBUTb U3
umcpp 0,1,3,5un7
Tak, YTobbI B
Ka)XgoM 4Yucne He
OblN10 0OANHAKOBbIX

undpp?

3. Ha cobpaHuu
AOJIMKHbI BbICTYMUTb
5venosek (A, b, B, I
n ). Ckonbknmun
cnocobamm nx
MO>XHO pa3MecTuUTb B
cnucke
BbICTYNaLWMX, eCnu
A pormkeH BbICTynaTb
nepBbIM?

4. Pewuntb 4. Pewntb

4. Pewntb

4. Pewuntb
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ypaBHeHue ypaBHeHme 30x:A§ ypa|34HeHv|e5 ypa%HeHwe5
A= 4] 304% =43 2043 =43

5. I3 Tpex maTemMaTUKOB M AECATU 3KOHOMUCTOB HAJ0 COCTaBUTb KOMUCCUIO, COCTOSLLYIO
N3 OBYX MaTemMaTUKOB N LLECTN S3KOHOMMCTOB. CKOMbKMMM cnocobamm 3TO MOXHO
coenaTtb?

Teopusi BEPOATHOCTEN BO3HUKITA M pa3BuBasach B npouecce pelweHna psaa oTAeSbHbIX
3afady UrpoBoro 1 NpUKIagHoro xapakrepa.

lMepBble gowenwme 0o Hac ceeaeHust oTHocaTesa K XVI-XVII Bekam 1 cBA3aHbl C
pelleHneM 3agad, BO3HUKAOLWNX B a3apTHbIX urpax. Nepeble paboThl npuHaanexanu [.
KapaaHo, b. MNMackanto, . ®epma, X. NonreHcy, u ap., n npeacraBnanuy nonbITKn
Cco3aHnNA Teopun a3apTHbIX UrP C Lesbio AaTb pekoMeHaaunm nrpokam.

3aTeM cTanu Bo3HMKaTb U pa3BuBaTbCS NpUKNagHble 3agaqn — B NepByro ovepeab
BOMPOCHI CTPAXOBKN OT HECYACTHbIX Cry4YaeB U CTUXUNHLIX 6eacTeBuii. [NocTeneHHo
BblAENUICA KpYr 3agad co cneunguyeckon — BEpOATHOCTHOW— MOCTAHOBKOW BOMpoca U
METOANKOWN UX peLleHnsa, 0pOpPMUINCE NepBble onpeaeneHns u Teopemsbl.

Llenb 3aHaTUS: HayunTbcsa HaxoamMTb MaTeMaTMYECKOe OXuaaHue, AMCNepCcuio U cpeaHee
KBagpaTUYHOE OTKIMNOHEHUE AUCKPETHOW Cry4YanHON BENNYMHbI.

CoaeprkaHue 1 nopsiaoK BbINONHEHUS paboThl:

1. MoBTOPUTbL OCHOBHbIE MOHATUA N POPMYIbI KOMOMHATOPUKN, NPABUIIO CyMMbI U
npoun3eeneHus.

2. BHUMaATENBHO N3Yy4nNTb NPEASIOXKEHHbIE NPUMEPLI PELLEHNS KOMOMHATOPHbIX 3a4au.
3anonHuTb Tabnuuy, nogobpas K KaXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AENCTBUIA N3 3a0aHWIA ANs CaMOCTOATENbHON paboThl.

Anroputm KOHKpeTHOe COOTBETCTBME 3aaHNA NPEeanOXEHHOMY anropuTMmy.
1. Hantn 3akoH pacnpedesieHusi cry4YalHol eesluY4uHbI X.
MaTemMaTtumyeckoe L
OXWaaHue cryvaiHoii Xily, 111 (23
BENMNYMHBI X, UMEIOLLEN
3aKoH pacnpegeneHus, Pi o, (0, |0, |0, |0,
npeacTaBnNeHHbIN B 3 11 /2 1 |3
Tabnuue.
M(x)=-2.0,3+(-1).0,1+1.0,2+2,0.1+3,03=-0,6-0,1+
02+0,2+0,9=0,6
2. Hantn gucnepcuio Cny4anHag senuuumHa (X — M(X)) umeeTt pacnpegeneHue,
Clny4YyanHoOW BeNUYUHbI X npencraBneHHoe B Tabnuue

Xi — - |-
M(x) |26 |16

Pi 0,3 10,1

NO | MO
PO | b

WO | AN

Torpa:

D(X) = M(x = M(x))? = (-2,6)*.0,3 + (-1,6)2.0,1 + 0,4%2.0,2 + 1,42
0,1+2,4%.0,3=2,028 + 0,256 + 0,032 + 0,196 + 1,728 = 4,24
BTopon cnocob:

criyyariHasi BenvdmHa x2 uMeeT pacnpefeneHve, npeactaBneHHoe B
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Tabnuue
Xi|l1l1|4 |9
.10, |0, |0,
Piig 14" 13

TornaM(x2)=1.0,3+4.0,4+9.03=03+1,6+27=46
D(x) = M(x2) — (M(X))2 = 4,6 — 0,62 = 4,6 — 0,36 = 4,24

3. HanTtu cpegHee 5(x) = JD(x) = /4,24 ~ 2,059
KBagpaTuyHOe oXxunaaHue
CIy4anHoW BeNUYUHbI X

4. Hantn 3Ha4yeHue Tak kak
napameTpa a Aansi 3akoHa
pacnpegeneHust. 0 3 5 8

p | 40a?- |25a’?- |10a’- |25a’-

D P =1,mo 40a® —11a+25a4* —2+10a° —2a+25a° —Ta =1
i=1

100a2-20a-3=0

aa=-0,1

a»=0,3

ai= — 0,1 — NOCTOPOHHWI KOPEHb, TaK Kak 0<P(x)<1. NoacTasus
3Ha4veHue 0,3 BMeCTO a, Nony4yMM 3aKOoH pacnpeneneHus

X'o| 3|5 8
|

plo. 02 0 |01
i 1315 3|65

3agaHus ons camocTosiTeNbHOM paboThi:

Mpw cocTaBneHUn 3aKOHOB pacnpenernieHnin NOMHUTE, YTO:
e 3HAYEHWs CriyyalriHoOW BENUYUHbI, 3anncaHHble B NEPBOM CTPOKE Tabnuubl, JOMKHbI
ObITb B NOpsiAKke BO3pacTaHus;
e CyMMa COOTBETCTBYIOLLUX UM BEPOSATHOCTEN AOMKHA paBHATLCA 1;
3HaYeHune BepOATHOCTM JOSMKHO HAaXOAMTLCS B Npeaenax 0< P(x ) <1.

1. CocrtaBuTb 3aKOH pacnpefeneHusi CrnyyYamHon BenmyYnHbl X. Hantu
MaTtemaTuyeckoe OXugaHue, ANCnepcuro U cpegHee KBagpaTu4HOe OTKNOHEHWe
ANCKPETHOW Cry4YanHOW BENUYUHbI, eCn N — NOPSAKOBbLIN HOMeP dhamMunnu
KypcaHTa B Cnucke rpynnbi:

Xiln-10|n-6|/n-2| n |n+1|n+3|n+5|n+8

pi| 0,17 0,03 0,16 |0,07|0,12 | 0,4 | 0,04 | 0,01

2. Hantu yncnosble xapakTepuUCTUKN BENNYUHBI X.

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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1 |xi -3 4 5 7
Pi 10a%-3a 15a2-5a 8a2-3a 17a2%-4a-1
2 |x -2 3 5 9
Pi 5a2-3,5a 5a%-2a-1,5 15a2-9a-2 1,5a2-3,5a
3 | X 2 3 8 11
Pi 41a2-20a 23a%-16a 30a2-12a-6 6a2-32a+20
4 | X 5 7 11 18
Pi 10a?-4a-1 6a2-2 5a2-a-1 4a2-1

Hayka, koTopasa 3aHMMaeTca nony4eHmem, o6paboTkon 1 aHanM30M KONMYECTBEHHbIX
AaHHbIX O pa3HO0bpa3sHbIX MacCOBbIX SIBIIEHMSAX, NPOUCXOAALLMX B Npupoae u obuiecTtse.
CnoBo “ctaTucTnka” NnpomMcxXoamT OT NTAaTUHCKOro croBa status, KoTopoe o3HavaeT

“cocTosiHne, nonoxeHne Bellen”. PeaynbTatbl CTaTUCTUYECKNX UCCEQOBAHUN LUMPOKO
NCronb3ylT ANA NPaKTUYECKNX U Hay4HbIX BbIBOAOB.
Llenb 3aHaTUA: HayunTbCcs HaxoguTb CTaTUCTUYECKME XapaKTEPUCTUKM NPEaSIOXKEHHbIX

OaHHbIX.

CopoepxaHue 1 NopsaaoK BbIMONHEHNSA paboThl:

1. MoBTOPUTbL OCHOBHbIE OnpeaesnieHns U opMyIibl CTaTUCTUKN.

2. BHMMaTenbHO u3dyuntb NpeanioXeHHble NpuMepbl NPUOAMKEHHOTO BblYMCNEHNS
WHTerpana. 3anonHuTb Tabnuuy, nogobpas K KaXxgoMy anroputMy KOHKPETHOE
COOTBETCTBME OENCTBUN U3 3aaHNN ONsi caMOCToATeSNTbHOW paboThl.

Anroputm KoHKpeTHOe COOTBETCTBME 3a4aHNS NPeaSIOKEHHOMY anropuTmy.
1. Hantu cpegHee CpedHuM apugpmemuyeCcKUM HECKOJILKUX YuUcCesl Ha3blBaeTcs
apudmMmeTnyeckoe OTHOLLEHME CYMMbl HECKONBKMX YNCEN K NX KOSIMYECTBY.

CIny4yanHoW BeNUYUHbI X,
MMELLEN 3aKOH
pacnpegeneHus,
npeaCcTaBneHHbIN B
Tabnuue.

Bbluncnurte cpegHee apudpmeTmyeckoe ymcern
9;5;7,1,5; 3,

Pewenne (9+5+7+1+5+3).6=5

OrtgerT: 5.

Hantun moay crny4YanHomn
BENUYUHBbI X, UMEKoLLEN
3aKOH pacnpeneneHus,
npeacTaBneHHbLIV B
Tabnuue.

Modoli Ha3bIBaeTCs YNCO, KOTOPOE BCTpevaeTcsi B Habope valle
BCErO.

Hanagnte mogy Habopa uncen

9;5;7;1;5; 3

PelueHue:

B aaHHoMm Habope aBaxabl BCTpeyaeTcs Yncno 5.

OTBeT: 5

Hantn megunany
Cny4yanHoW BENUYUHbI X,
MMEIoLLIEN 3aKOH
pacnpegeneHus,
npeacTaBneHHbIV B
Tabnuue.

MeduaHoU ynopsiA04eHHOro psaa YMcen ¢ He4eTHbIM YMCIIOM
YNIEeHOB Ha3blBAeTCH YMCIO, 3anMcaHHOe nocepeanHe, a MegnaHon ¢
YeTHbIM YMCINOM YNIEHOB — cpeaHee apudmeTnyeckoe AByX Ymcen,
3anMcaHHbIX No nocepeauHe.

Bblumcnute meguany Habopa:
9;5,7;1,5;3
Ynopsigounm Habop: 1; 3; 5;5;7; 9
MegunaHna gaHHoro Habopa : (5+5):2=5
OtBeT: 5
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HanTtu pasmax
crnyyYyanHou Benn4yuHbl X,
MMeloLLLEeN 3aKOH
pacnpegeneHus,
npeactaBneHHbIn B
Tabnuue.

Pa3maxoM Ha3blBaeTCs pasHOCTb Mexay HanbonbLUMm u
HaUMEHbLUUM YMCITIOM Habopa yucen.

Bbluncnunte pasamax Habopa yucen

9;5;7;1,5;3

PeweHne

Haunbonbluee 3HayeHne = 9;

HanmeHbluee 3HavyeHne = 1;

Pasamax =9 - 1=8.

OTBer: 8.

Hantu gucnepcuio
Clny4yanHoW BeNUYuHbI X,
MMELLEN 3aKOH
pacnpegeneHus,
npeacTaBNeHHbIN B
Tabnuue.

HAucnepcuel Ha3biBaeTcs cpegHee apudmeTmyeckoe KBagpaToB

OTKIMOHEHWNI OT CpeaHero 3Ha4YeHus.

Hanagnte ancnepcuto Habopa vncen

9;5,7;1,5;3

PeweHne

Ynopsigounm Habop: 1; 3; 5; 5; 7; 9.

CpenHee apudmeTtmnyeckoe atoro Habopa=>5.

Hangem otknoHenunsa: 1-5= -4; 3-5=-2; 5-5=0; 5-5= 0; 7-5= 2; 9-5=4,
(—4)2+ (—2)*+ 0%+ 0% + 22 +4% 2

S= 6=
6 3

HanTtu ctaHgapTtHoe
OTKINOHEHWE CrnyYyanHon
BENNYUHBLI X, MetoLen
3aKOH pacnpegeneHuns,
npeaCcTaBNeHHbIN B
Tabnuue.

CmaHOapmHoe OmK/IOHeHuUe — KBafpaTHbI KOPEeHb 13 AUCNepcun.
CTtaHOapTHOe OTKITOHEHWE, OYEBUAHO, TaKXKe XapakTepuayeT Mepy
paccesiHusi faHHbIX, HO Tenepb (B OTNNYME OT AUCTEPCUM) Er0 MOXKHO
CpaBHMBaTb C UCXOAHLIMU AAHHBLIMU, TaK KaK €AVHULIbI U3MEpPEeHns y
HWUX OZMHaKOBbIE (3TO SIBCTBYET 13 hopMyIibl pacyeTa).

3apaHusa ana camocTosiTeNbHOM paboThl:

Hantn ctatuctudeckne xapaktepuctuku (cpegHee apudmMeTnyeckoe, Moga, Meanana,
pasmax, gucnepcus, CTaHgapTHOE OTKNOHEeHWe) NpearoXXeHHOro Maccmnea
3KCnepuMeHTarnbHbIX AaHHbIX. MIcxogHble gaHHble cobpaHbl B npouecce paboTbl cygHa
Tvna npoekt 1348 B 1988-1990 rogax.

1 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
CpengHecyTt
OYHbIN 0,9 19 5,9 1,0 4,2 3,5 4.4 0,3 54 9,9
BbIf10B
pbIObI B
TOHHaXx

2 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
YaenbHbin
pacxon 2,31 0,94 0,48 2,60 0,70 0,78 0,56 | 11,20 | 0,52 0,29
Tonnuea (B
TOHHax) Ha
TOHHY
pbI6bl

3 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
CyTOYHbIN
pacxon 2,1 1,7 2,8 2,6 2,9 2,7 2,4 3,1 2,8 2,5
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Tonnunea B
TOHHaXx

CodepxaHue omyema:

64. HanmeHoBaHue NPaKTUN4YeCKOro 3aHATNA

65. Lenb 3aHatus

66. BapwuaHT 3agaHus
67. OT4yeT O BbINOSHEHUN Ha Kaxkabl aTan pasgena «CoaepxaHue 1 nopsiaok

BbIMOJIHEHUNA 3aJaHNA»

68. Cnncok Ncnonb3yembiX MICTOYHNKOB
69. BbiBOAbI M NpennioXeHns
70. [arta v nognuck KypcaHTa v npenogasaTens

KoHTposibHbIe BONPOChHI

Yrto Takoe aucnepcun?

OuAWNE

[aTtb onpefeneHne QUCKPETHOWN CyYanHOW BENUYUHLI.
YUTo HasbiBaeTCA MatemMaTU4eckumM oXxXungaHnem?

UTto Takoe cpeaHee KBagpaTUYHOE OTKNOHEHne?
[aTb onpefeneHne 3akoHa pacrnpeneneHns AUCKPeTHOM CryyYyanHOW BENNYNHDI.
MpuBeguTe npumep psga yncen, cpegHee apudmMeTn4eckoe KOTOpbIX PaBHO HYIIHO.

MoryT n1 6bITb B TaKOM psifly He HyneBble yncna? MoxeT nv moaa Takoro psiga bbiTb

OTIIMYHOW OT HyNA?

MpuBeauTe NpumMep psiaa Yncen, pasmax KoToporo paBeH Hynt. Kak cBsidaHbl B TaKOM

psay moaa u cpeaHee apudmeTmyeckoe?

8.

MpvBeanTe Npumep psaa Yncen, Moaa KOTOPOro paBHa Hyrio, a cpeaHee

apudpmeTn4ecKkoe He paBHO.
9.MoxeT nu cpegHee apudmMeTmyeckoe psaa Ymcen cosnagatb € ero HambonbLWnm
ynucnom? Kakum npu atom byaet pasmax psga?

MNMpakTu4yeckoe 3aHaTmne Ne 13

Tema: PewweHue nMMHEMHbIX CUCTEM YpaBHEHUN pa3niMYHbIMK cocobamu.

K peLleHunto cuctem NMHENHbIX YpaBHEHU CBOAUTCSA MHOMME NpUKNagHble 3a4a4vn.
CyLiecTtByeT HECKONBbKO CnocoboB peLleHns Takmx cucteM. OguH ns HMx - cnocob
peLleHne CUCTEM NIMHENHbIX ypaBHEHU MeTogoM [raycca.

Llenb 3aHaTUsA: HayunTbecs pewaTb CUCTEMbI FIMHENHBIX YpaBHEHNN MeToaoM [Taycca.

CopepxaHue n NopsaokK BbINONHEHUS paboThbi:

1. MoBTOPUTb NOHATUE CUCTEMbI NTMHENHBIX YPaBHEHWUIA, 4ENCTBUS C MaTpULIaMM.
2. BHMMaTENbHO U3y4nTb NPUMEP PEeLLEeHUsi CUCTEMbI YpaBHEHMI. 3anonHWUTbL Tabnuuy,
nogo6pas K kakaoMy anropuTMy KOHKPETHOe COOTBETCTBUE AENCTBUIN U3 3adaHUIN Ans

CaMOCTOATENbHOM paboThI.

Anroputm

KoHKpeTHoe COOTBETCTBME 3a4aHUs NPEATIOKEHHOMY anropuTMy.

PewunTtb cuctemy

ypaBHEHUN MeToaoM | (1
["aycca: 3
2

Bbinuwem pacuimpeHHyo maTpuly JaHHOW CUCTEMbI

1 -3] 2
-2 1 |-1
1 -2, 0
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X+y—27=2 N Npou3BedeM crneyolmne aneMeHTapHbole npeobpasoBaHus Hag ee
3x—2y+7=-1 CTPOKaMMU: ) )

a) N3 ee BTOPON N TPETbEN CTPOK BbIMTEM NEPBYID, YMHOXEHHYIO
2Xx+y-2z=0 COOTBETCTBEHHO Ha 3 n 2:

1 1 -3| 2 1 1 -3 2
3 -2 1 |-1|~/0 -5 10 | -7
2 1 -2]0 0 -1 4 |-4

0) TPETbIO CTPOKY YMHOXMM Ha (-5) 1 npnbaBmm K HEN BTOPYIO:
1 1 -3 2 1 1 -3 2

0O -5 10| -7|~|0 -5 10 | -7
0 -1 4 |-4 0 0 -10] 13

B pesynbTtate Bcex aTux npeobpa3oBaHUil AaHHas cuctema NpuBoanNTCS K
TpeyronbHOMy BUAY:

xX+y —-221=2
-5y +10z =7
-10z =13

M3 nocnegHero ypaBHeHna Haxogum z = -1,3. lNoactaBndada aTo 3HayYeHue
BO BTOpPOE ypaBHeHWe, nmeeMm y = -1,2. [lanee n3 nepBoro ypaBHeHUs
nony4ynm
x=-0,7.

3agaHus ans caMoCTOATENbHOM paboThl:

x—-2y—-2z=3 3x+y—-5z=-6 2x+3y+4z=17
1.{x+y-2z=0 2. 42x-3y+4z=-4 3.43x+4y-z=-4
X—-y—-z=1 5x—y+3z=-4 Ax+5y—-2z=7
X+2y+z=4
4.:3x-5y+3z=1
2X+7y—-2=38
Tx+5y+2z=18 11x+3y—z=2 x—2y+3z=06
5.X-y-z=3 6.42X+5y-52=0 7.12X+3y—-4z=16
X+y+22=-2 X+y+z=2 3x-2y-5z=12
2x—y+3z=7
8.4x+3y-2z=0
2y—2=2

CodepxxaHue omyema:

71. HanmeHoBaHMe NPaKTUYECKOro 3aHATUS
72. Uenb 3aHaTus
73. BapwaHT 3agaHus

74. OTYeT 0 BbINOSIHEHUM Ha Kaxabln aTan pasgena «CoaepxaHue n nopsgok

BbINMOJIHEHNA 3aaHNA»

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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75. Cnuncok ncnosnb3yembiX MICTOYHUKOB
76. BbiBOAbI N NpennioXeHns
77. [Jarta v nognuck KypcaHTa v npenogasaTens

KoHTposbHble BONpoChI

1. CchopmynunpymnTe anroputMm peLLleHna CUCTEMbI TPEX NIUHENHbIX YpaBHEHUI C TpeMS
Heun3BeCTHbIMW C NOMOoLLb0 MeToaa [Maycca.

2. Kakum obpasom matpuy MOXHO NPUBECTU K TPEYronbHOMY BUAY?

3. [llepeyncnutb CMOCOObI pELUEHUS CUCTEM JIMHEWHbLIX YPaBHEHMW W [aTb UM
CPaBHUTESNbHYIO XapaKTePUCTUKY.

MNMpakTuyeckoe 3aHaTne Ne 14
Tema: BbluncneHue nHterpanoB no ¢popmynam npssMoyrosibHMKOB, TpaneLun.

PeweHne MHOMMX TEXHUYECKNX 3a4a4 CBOOUTCA K BbIYUCIIEHNIO ONpeaenéHHbIX
WHTErpanoB, TOYHOE Bblpa)KeHNe KOTOPbIX CAIOXHO, TpebyeT ANUTENbHbIX BblYUCIIEHUI U
He Bcerga onpasgaHo npakTuyeckn. 3gecb ObiBaeT BNOMHE OCTAaTOYHO UX
NPUBNAMXKEHHOTO 3HaYeHus. NycTb, Hanpumep, HeoBXoANUMO BbIYMCNUTL Nowanb,
OrpaHUYEHHYI0 NIMHMEN, ypaBHEHME KOTOPOM HEN3BECTHO. B 3TOM criyyae MOXHO
3aMeHUTb JaHHY0 NUHKIO Bonee NpoCcTon, ypaBHEHNE KOTOPOWN M3BECTHO. MNnowaab
Nnosly4eHHOM Taknm obpasom KpUBOSIMHENHOW Tpaneuuu npMHUMaeTcs 3a NpubnmkeHHoe
3Ha4yeHne MCKOMOro nHTerpana.

MpocTenwnm NpnBAMKEHHBIM METOOOM ABNAETCA MeTo NPSIMOYrosibHUKoB. MeTopq
Tpaneuun obbIMHO AaET Bonee TOYHOE 3HAYEeHUEe UHTerpana, Yem MeToq
NPAMOYrOSIbHUKOB.

Llenb 3aHaTUSA: HayunTbCca BbIYUCAATL ONpeaesi€HHbIN MHTerpan no doopmyam
NPSAMOYrOSIbHUKOB, Tpaneuumn.

CopepxaHue 1 NnopsaokK BbINONHEHUS paboThbl:

1. MNoBTOPUTbL OCHOBHbLIE POPMYIIbl UHTETPUPOBAHUS, CYLLIHOCTb U3YYEHHbIX METOAOB
WHTErpupoBaHns, reoMeTpUYECKMUIn CMbICI ONPeaenEHHOro NHTerpana.

2. BHUMaATENBbHO N3Yy4nUTb NPEeASIOXKEHHbIE NPUMEPLI NPUBAMKEHHOTO BblYNCEHUS
WHTerpana. 3anonHuTb Tabnuuy, nogobpas K KaXkgoMy anroputMy KOHKpeTHOe
COOTBETCTBME OENCTBUN U3 3a4aHNN ONsi CaMOCToATENbHON paboThbi.

Anroputm KoHKpeTHOe COOTBETCTBME 3a4aHNA NPEeANOKEHHOMY anropuTmy.
1. BblumMcnuTb No Pa3obbéMm oTpesok [a, b] Ha Heckonbko (Hanpumep, Ha 6) paBHbIX
dopmyne M_E:—a_i—l_l
ix:dx yactein. Tornraa=0,b =3, n 6 2
NPSIMOYTOSbHUKOB 2 | Xk=a+k.Ax .
HaiiTn aBCcornioTHyo U 1 f(xo)=2°=4
OTHOCUTESTbHYIO X0=2+0.2=2
MOrpeLLHOCTH 1 f(x1)=2,52=6,25
BbIYMCIIEHUN. x1=2+1.2=25
1 f(x2)=3%2=9
X2=2+2.2=3
1 f(x3)=3,5°=
Xx3=2+3.2=3 12,25

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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1 f(xa)=4?=16
Xa=2+4 2=4
1 f(xs)=4,5°=
Xs=2+5.2=45 | 20,25
T f(xe)=52=25
X6=2+6.2=5

?deXz; -(4+6,25+9+12,25+16 + 20,25) = ; - 67,75 = 33,875
(23Haqu|/|e WHTerpana BblYMCMEHO C HEJOCTAaTKOM)
?xdez;-(6,25+9+12,25+16+20,25+25)=;-88,75=44,375
(23Hal-|eH|/|e WHTerpana BblYNCIIEHO C U3ObITKOM)
33‘,,875+44,375=39’125

,D,J'IFI TOrO, l-|T06b| BbIHUNCITNTb OTHOCI/ITeJ'IbHyI'O I'IOFpeUJHOCTb
Bbl‘-lVlCﬂGHVIVI, Hago Haf/'ITVI TOYHOE 3HaydeHune MHTerpana:
2 2 s 22 125 8
[rlae=2] =2 —= == _"_39

! 3, 3 3 3 3
A =(39-39,125| = 0,125

0,125

0= -100% ~ 0,32%

2. Bbluucnutb no
dopmyrne Tpaneunn

[ xtdx

Ncnonb3ysa Tabnuuy 3agaxHms 1, nmeem:
3 4 25 1
ijdXz; . (E +6,25+9+12,25+16 + 20,25 + 7) = 5 78,25 = 39,125
2

3agaHus ans caMoCTOATENbHOM paboThl:

Bbluncnutb MHTErpasn MeTogom npAaMoyrosfibHMKOB U Tpaneumﬁ, NPUHAB n=10.

1 BapuaHT

2 BapuaHT 3 BapuaHT 4 BapuvaHT

dx
X

P C—

ixdx

j(x2 + 3)dx TB\/;dx

CodepxxaHue omyema:

78. HaumeHoBaHWe npakTU4ecKoro 3aHATUSA

79. Llenb 3aHaTusA

80. BapwaHT 3agaHus
81. OT4eT 0 BbINOMHEHUN HaA Kaxabl aTan pasgena «CoaepxaHme 1 nopsiaok

BbINOJTHEHNA 3adaHUA»

82. Cnmncok ncnonb3yembiX MICTOYHUKOB
83. BbIBOAbLI 1 NpeanoxeHns
84. [arta n nognucbk KypcaHTa 1 npenogasaTens

LokymeHm ynpasnsemcsi npozpaMmmHbiMu cpedcmeamu 1C Konnedx
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KOHTpOJ'I bHbl€ BOMPOCHI

1.Bcerga nv MOXHO BbIMUCIIUTL TOYHOE 3HAYEeHUe UHTerpana?
2.B kaknx cnyyasix npumeHsaoTcs NpubnmkeHHble MeToAbl NHTErPUPOBAHNSA?
3.Kakon meton gaét bonee TOYHbIV pe3ynbTaTt?

Mcnonb3yemMbie UICTOUMHUKN NUTepaTypbl

Buabl NCTOYHUKOB

HanmeHoBaHue pekomMmeHAayeMbIX y‘-lesHbIX n3gaHun

OCHOBHbIe

1. Boromonos, H. B. Matematuka y4yebHunK ans
cpegHero npodeccmnoHansHoro obpasoBaHus / H. B.
Boromonos, 1. N. CamonneHko. — 5-e unaag., nepepab. u
pon. — Mockea : MsgatenbcTtBo KOpant, 2022. — 401 c. —
(MpodeccmoHanbHoe obpasoBaHue). — ISBN 978-5-534-
07878-7. — Pexum poctyna : urait.ru/book/matematika-
489612

2. boromonos, H. B. [lpaktnyeckne 3aHATMS MO
mMatematuke B 2 4. Yactb 1 : y4yebHoe nocobue ansa
cpegHero npodeccunoHanbHoro obpasoBaHus / H. B.

Boromonos. — 11-e u3a., nepepab. n gon. — Mocksa :
N3paTtensctBo  KOpant, 2022. — 326 c —
(MpodeccmoHanbHoe obpasoBaHune). — ISBN 978-5-534-

08799-4. — Pexum poctyna : urait.ru/book/prakticheskie-
zanyatiya-po-matematike-v-2-ch-chast-1-490666

3. boromonos, H. B. [lpaktuyeckne 3aHATMS MO
mMaTematuke B 2 4. Yactb 2 : y4yebHoe nocobue ans
cpegHero npodeccunoHansHoro obpasosaHums / H. B.

Boromonos. — 11-e u3a., nepepab. n gon. — Mockea :
N3paTtensctBo  KOpant, 2022. — 251 c. —
(MpodbeccmoHanbHoe obpasoBaHue). — ISBN 978-5-534-

08803-8. — Pexum pgoctyna : urait.ru/book/prakticheskie-
zanyatiya-po-matematike-v-2-ch-chast-2-490667

4. Bbiclwas matemaTtuka : y4ebHMK M NpakTUKyM AOns
cpeaoHero npodyeccuoHanbHoro obpasoBaHus / M. bB.
XpunyHoBa [u pgp.] ; nog obwen pepakumen M. bB.

XpunyHoson, UN. . UbiraHok. — Mockea : UN3gaTtenbcTtBo
Opant, 2022. — 472 c¢. — ([NpodeccmoHanbHoe
obpasoBaHune). — ISBN 978-5-534-01497-6. — Pexum

pocTtyna : urait.ru/book/vysshaya-matematika-491581

[JononHuTenbHbIE, B T.u.
KypC nekumn no y4yebHou

oucyurisiuHe,
memooudyeckue rnocobusi u
peKkomeHOayuu ons
8bIMOJIHEHUS

rnpakmu4yeckux 3aHsmuu u
camocmosimesibHbIX pabom

3.boromornos H.B. C6opHuk 3agay no matemaTuke [TekcT]:
yyebHoe nocobue gns cped. npod. obpasoBanus /H.B.
Boromonos.-10-e n3a.-M.: lpodpa, 2014.-204c.(cpeq. npod.
obpasoBaHue)

MHTepHeT-UCTOYHUKUN

www geometry.ru «l"eomeTtpus »
www karman form.ucoz.ru «Cant no matemaTuke»
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www uroki.net «MatemaTuka»

www arm-matr.rkc-74.ru « Anrebpa n Hayano aHanusa»
www. school.nd.ru «3nekTpoHHas 6ubnunoTeka «
[MpocBeLLeHne»

ONEeKTPOHHbIe
obpas3oBaTesnbHble

pecypchbl

1. BBC «Book.ru», https://www.book.ru

2. 36C « OPAUT»https://www.biblio-online.ru

3. ObC «Akagemus», https://www.academia-moscow.ru

4. N3paTtenbcTtBo «JlaHby, https://e.lanbook.com
5.9neKkTpoHHO-6ubnmMoTeyHas cuctema «YHuMBepCUTETCKas
6ubnuoTteka oHnanHy,https://www.biblioclub.ru
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