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BBepeHue

Pabouen nporpammon ANCUMnnHbI NpeaycMoTpeHo nposeaeHne 14 npakTuyeckux
3aHATUN.

Llenbio npoBedeHUs 3aHATUA ABNSAETCH 3akpenfieHne TeopeTUYEeCKUX 3HaHUN U
npnobpeteHne HeobXOAMMbIX HaBbIKOB M YMEHWUI NO OTAENbHBIM TeMaM Kypca. Hapsay ¢
opMMpOBaAHMEM YMEHUA U  HaBbIKOB B  Mpouecce MNpakTUYeCKUX  3aHATUN
BblpabaTbiBaeTca CNoCOBHOCTb M YMEHWEe UCMNoMb3oBaTb TeopeTUYecKUe 3HaHWSA Ha
npakTuke, pa3sBnBatOTCA MHTENNEKTyanbHble YMEHNS.

BbinoniHeHMe nNpakTU4ecKMX 3aHATUA  HanpasfieHO Ha  dopMupoBaHue Y
obyyvaroLmnxcs cnegyowmx KOMneTeHUmn:

- obwue KomnemeHyuu:

OK 01. BbibupaTtb cnocobbl pelleHus 3agad npodeccnoHanbHON OeATerIbHOCTY,
NPUMEHNTESbHO K pasfiIMyHbIM KOHTEKCTaM;

OK 02. Mcnonb3oBaTb COBPEMEHHbIE CPEACTBA NOMCKA, aHanM3a u nHTepnpeTaumnm
WHpopmauun, 1M MHPOPMAUMOHHbIE  TEeXHONoOrMM  Ons  BbINOfIHEHWUS  3ajad
npodeccuoHanbHoON AeATENbHOCTMU.

OK 04. 3dekTnBHO B3anmMoaencTBoBaTth 1 paboTaTb B KOMMEKTUBE U KOMaHAE.

OK 05. OcywectBnaAtb YCTHYO n NMMCbMEHHYIO KOMMYHUKaLMIO Ha
rocygapcTBeHHoOM s3bike Poccuiickon degepaumm ¢ y4eToMm oCOHBEHHOCTEN COoLnanbHOro
N KyNbTYPHOrO KOHTEKCTa;

OK 07. CogenctBoBaTb COXpaHEHUIO OKpYXatloLlen cpefdbl, pecypcocbepexeHuto,
NPUMEHATb 3HaHUS 006 M3MEHeHWW Knumarta, NPUHUKUNBl GepexnMBoro NpovM3BOACTBA,
3P PEKTUBHO LENCTBOBATL B YPE3BbIYANHLIX CUTYaLNAX.

OK 09. MNonb3oBaTbCsa NpodeccMoHanbHON AOKYMEHTaUnen Ha rocygapCTBEHHOM U
WHOCTPAHHOM S3blKaXx.

lNpogbeccuoHaribHble KoMnemeHyuu

MK 1.1. O6ecneunBatb TEXHUYECKYID IJKCMyaTaUMIO [faBHbIX 3HEPreTUYecKmx
YCT@HOBOK CyHa, BCNOMOraTesflbHbIX MEXaHU3MOB W CBSI3@HHbIX C HUMW CUCTEM
ynpaBneHus.

MK 2.1 OcylwecTBnaTb ynpaBreHne rnaBHbIMA OBUraTENsSMU U MEXaHM3MaMMu,
obecneunBaTb UX TEXHUYECKYHO IKCMNNyaTaumio, Coaep>KaHne 1 PEMOHT.

MK 3.1 NMnaHnpoBaTtb paboTy CTPYKTYPHOro nogpasaeneHus.

Mepen npoBedeHMEM MNPaAKTUYECKUX 3aHATUA KypcaHTbl 06s3aHbl npopaboTtath
COOTBETCTBYWOLUME pa3fenibl  TEeoOpeTUYEeCKoro Kypca, YSACHUTb LUenb  3aHATUS,
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O3HakKOMUTbCA C coadepXaHnem U nocneanoBaTesibHOCTbIO ero rnpoBegeHud, a

npenogasartesib - NPoBepuUTb UX 3HaHWE N TOTOBHOCTb K MpoBeAEHUIO K BbINMOJIHEHUIO

3agaHus.

TekcT 3agaHui, PelEHHbIX Ha NPaKTUYECKOM 3aHSITUKN, CXEMbI, 3CKMU3bl, Tabnumubl

AOIDKHbI ObITb BbLINOMHEHbI B COOTBETCTBME C Tpe6OBaHI/IFIMI/I, npegbAaBiid€MbIMA K

0hOpPMNEHNIO MUCbMEHHbIX PaboT.

Mocne kaxaoro NpPakTUYeCKOro 3aHATUS NMPOBOAMTCS 3a4€T, HA KOTOPOM KypCaHT

[OJDKEH:

e [loACHUTL, KaK NPOBOAUTCA pacyerT;

e YMmeTb aHannanpoBaTb MNMosty4eHHble pe3yrnbTaTbl B COOTBETCTBUMN C OCHOBHbIMA

Tpe6OBaHI/IFIMI/1 K 3HAHUAM N YMEHUAM o AaHHON TeMe;

e OTBETUTL Ha BOMpPOCLI AJ1d CaMOnpoOBEPKU.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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MepeyeHb NPaKTU4ECKUX 3aHATUN
Konuue
Ne n/n lNMpakTnyeckoe 3aHATUE CTBO
YyacosB

MpakTtnyeckoe 3aHATnEe Ne1.

1 Tema: PeweHne MaTpuYHbIX ypaBHEHUN. 2

5 MpakTnyeckoe 3aHaTNEe Ne 2 Tema: HaxoxaeHne nponsBogHbIX. °
lMpakTnyeckoe 3aHaTne Ne 3 Tema: NpnmMeHeHne Npon3BoaHON K

3 ncenegoBaHmio PYHKUMN U NOCTPOEHMIO rpadonKoB. 2
MpakTnyeckoe 3aHaTne Ne 4 Tema: HaxoxaeHne

4 anddepeHumana n npunoxeHne audpdepeHumana K 2
NPUBIMXKEHHBLIM BblYUCIEHUSIM.

5 MpakTnyeckoe 3aHaTne Ne 5 Tema: HTerpupoBaHue oyHKLMI 2
pasnuyHbIMK cnocobamu.

6 MpakTnyeckoe 3aHsaTME N2 6 Tema: BboluncneHus onpeneneHHbIx 2
WHTEerpanoB pasnuyHbiMK cnocobamu.

7 MpakTnyeckoe 3aHaTne Ne 7 Tema: Boluncnenue nnowagen 2
NNOCKUX ouryp 1 o6bemMoB TeN BpaLLeHus.

8 MpakTtnyeckoe 3aHaTnEe Ne8 PelwweHune anddepeHumanbHbIX o
ypaBHeHUn 1-ro nopsagka.

9 MpakTtnyeckoe 3aHaTne Ne 9 PewweHne anddepeHumanbHbiX o
ypaBHEHWNIN 2-ro nopsagka

10 MpakTnyeckoe 3aHsaTne Ne10 Tema: PeweHune >
anddepeHumanbHbIX YpaBHEHU pasfiMyHbIMK cnocobamu.

11 Mpaktnyeckoe 3aHaTne Ne 11 Tema: CxogumMocTb psgos. o
PasnoxeHne oyHKLMN B CTENEHHbIE PAabI.

12 MpakTnyeckoe 3aHaTne Ne 12 Tema: OCHOBHbIE MOHATUS o
KOMBUHATOPWKW, TEOPUN BEPOATHOCTEN, CTATUCTUKMW.

13 Tema: PeleHne NMHENHbIX CUCTEM YpPaBHEHUN Pa3NNYHbIMU o
cnocobamu.

14 Tema: Bbluncnenuve MHTErpasnos no dopmynam o
NPSAMOYroSIbHUKOB, Tpaneuun.

UTOIro 28
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MpakTnyeckoe 3aHaTUE Ne1
Tema: PewweHne maTpuUyYHbIX ypaBHEHUN.

CyuiecTByeT HeCKOmMbKO cnocoboB peLleHus Takmx cuctem. OauH U3 HMX - cnocob
peLleHne CUCTEM FIMHENHbIX YPaBHEHWU C NOMOLLbIO MaTpuL,.

Llenb 3aHaATUA. HayunTbCs BbINOMHATL 4ENCTBUA C MaTpULAMN U pellaTb CUCTEMDI
NMHENHbIX YPaBHEHUIN MaTPUYHBIM CNOCOBOM.

CopepxaHue 1 nopsiaok BbIMONTHEHUS PaboThl:

1. MoBTOPUTb NOHATME ONpeaennMTensa BTOPOro 1 TpeTbero nopsiaka n cnocobdbl Ux
BbIYMCNEHUS; NOHATME anrebpanyeckoro AOMNOSIHEHUS AfiEMeHTa MaTpuLbl, 0bpaTHOM
MaTpuubl, ENCTBUS C MaTpmLUamMu.

2. BHMMaTEenNbHO U3y4nTb NPUMeEp pPeLLEHUs CUCTEMbI TPEX NUHENHbIX YPaBHEHUN
MaTpuU4HbIM cnocoboM. 3anonHuTb Tabnuuy, Nnogodpas K KaxaoMy anroputmy
KOHKPETHOE COOTBETCTBME OENCTBUN N3 3afaHW AN CaMOCTOATENbHON paboThl.

HanTtu pelueHne cuctemMbl TPEX JIMHENHBIX YPAaBHEHUN C TPEMS HEU3BECTHLIMMU:
Ix+5y+4z=16

3x+y=8
3x+2y+z=11
PeweHune:
Anroputm KoHKkpeTHOe COOTBETCTBUE AAaHHOW CUTyaLuun
npeanoXXeHHoOMy anropuTmy
1. Hantn onpegenurtens 1 5 4
MaTpuLbl CUCTEMBI detA=3 1 0[=-2,-2#0, maTpuua He BblpOXaeHHas,

ypaBHeHun det A n
ybeanTtbca, yto maTtpuua A
- HEBbIPOXXAEHHAA.

3 21
obpaTtHasa maTtpuua A — cyulecTayer.

2. Hantu matpuuy A, a) Belumcnum anrebpavyeckne JONONMHEHNST 3NEMEHTOB

obpaTHyto kK MaTpuLe A, MaTpULbI:

Hanpumep, cnocobom A11=1; A12= -3; A13=3
anredbpanyeckmx A21=3; A22=-11; A23=13
JOMNONMHEHUN. Az1=-4; A32=12; As3= -14

6) CoctaBnsiem matpuuy anrebpanyeckmx SOMOMHEHUN:

1 -3 3
3 11 13
-4 12 -14
B) TpaHCNOHMPYEM NONYYEHHYIO MaTPULLY:
1 3 4
-3 —-11 12
3 13 -14
B) PasgenvB kaxabln anemMeHT maTpuubl Ha det A, nonyynm:
-0,5 -1,5 2
Al'=l 15 55 -6
-5 —-6,5 7

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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3. Hantu BekTop — X -0,5 -1,5 2)(16
peleHne X no popmyne: —| ral
e A S y 5 55 -6/ 8

z -5 -6,5 7 )\11

3HayeHud X, y, Z Hangém no Npasuny YMHOXEHUS MaTpuL:
=-0,5-16+(-1,5) -8+2-11= -8-12+22=2

AHanNorMyHo Haxogum y n z.  y=2, z=1

4. 3anucaTtb oTBeT (2;2;1)
CUCTEMbI YPaBHEHUM.

3apaHusa ona camocTosiTeNnbHOM paboThl:
PelwunTb ¢ noMoLwbo onpeaennutTenen cMCTemMy ypaBHEHUN.

x=2y-2z=3 3x+y—-5z=-6 2x+3y+4z=7
1.9x+y—-2z=0 2. 92x-3y+4z=-4 3.43x+4y—-z=-4
x—y—z=1 S5x—y+3z=-4 4x+5y—-2z=7
X+2y+z=4
4.{3x-5y+3z=1
2x+7y—z=8
Tx+5y+2z=18 Ix+3y—z=2 x—2y+3z=6
5 {x—-y—-z=3 6.92x+5y-5z=0 7.2x+3y—-4z=16
X+y+2z=-2 xX+y+z=2 3x-2y-5z=12
2x—y+3z=7
8.4x+3y—-2z=0
2y—z=2

CodepxaHue omyema:

1. HamnmeHoBaHMe NpaKkTUYEeCKOro 3aHATUSA

2. Uenb 3aHaTusA

3. BapwaHT 3agaHunsa

4. OT4eT 0 BLINOMHEHMN Ha Kaxabln 3Tan pasgena «CogepxaHme n nopsiaok
BbIMOSIHEHUS 3a4aHNSA»

5. Cnuncok ncnomnb3yemMbiX MICTOYHUKOB

6. BbiBOAbl U NpeanoxeHus

7. [OaTa v nognuck KypcaHTa 1 npenogasaTens

KoHTponbHbIE BOMNPOCHI

1. Kakas matpuua Ha3biBaeTCsl HEBbIPOXOEHHON?

2. Iobasa nu maTtpuua nmeet matpuuy, obpaTHyo en?

3. KakoB anroputm peLLeHns CUCTEM JIMHENHbBIX YPaBHEHUA MaTPUYHbIM Cnocobom?

MpakTuyeckoe 3aHATHE Ne 2
Tema: HaxoxaeHue npousBOAHbIX.

[MoHATME NPON3BOOHON HAXOAMUT LUMPOKOE NPUMOXKEHNE B pasnnyHbiX 0651acTax Haykm m
TexHuku. lNpounssogHas NpUMEHAETCS Npu NOUCKe YrinoBoro kKoadduumeHTta kacaTesibHON
K rpadpuKy KpuBOW, 3aaHHON ypaBHEHMEM; NPU BbIYUCIIEHUN CKOPOCTU N YCKOPEHUSA

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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TOYKM, 3aKOH ABMKEHNSA KOTOPOW U3BECTEH; NPY onpeaenieHnn nNioTHOCTU HEOQHOPOAHOrO
CTEPXKHS UMK TOKA, €CIN N3BECTHO KOSIMYECTBO 3NIEKTPMUYECTBA, NPOTEKAIOLLEro Yepes
npoBOAHMK. [pouecchl, C KOTOPbIMU CTaNKMBAETCA YeroBeK BO BCeX 061acTax Hay4yHOM U
NPaKTU4YECKON OeATENbHOCTH, Yallle BCEro aHanmTM4eckn MoryT ObiTb NpeacTaBneHbl
CNOXXHOW (PYHKUMEN, T.e. PYHKUMEN OT QOYHKLMN.

Llenb 3aHaTuA: HayunTbcs HaxoguTb NPOM3BOAHbIE DYHKLINA.
CopaepxaHue 1 NnopsaaoK BbiNONHEHUSA paboThl:

1. MoBTOPUTL ONpeaeneHne NPou3BOAHON, e€ PU3NYECKUA N TEOMETPUYECKUA CMbICTT,
npasuna un popmynbl audpdepeHUNpoBaHUA.

2. BHUMaTENbHO U3y4nTb NpUMepbl onpeaeneHnsa npon3sBogHbIX PyHKUUW. 3anosiH1uTb
Tabnuuy, nogobpas K KaXkgoMy anropuTMy KOHKPETHOE COOTBETCTBUE OENCTBUN U3
3afaHun Anga camocToaTeNnbHOM paboThbl.

Haiitn nponssoaHble dyHKumi: a) f(x) = x2 + x — 7; 6) x3 (x - 1); B) y=(3x3-2x+1)Isin x; r) y

Ex

:tgx+1+X_

PewnTb 3agayy, ncnonbsys anddepeHunansHoe ncuncneHne. Hantm npomssoaHble

CINOXHOW (PYHKLMN.

PelueHune.

Anroputm

KoHkpeTHoe cooTBETCTBME 3a4aHUs NPEeAnoXXeHHOMY
anropuTmy.

1. Hantn npounssoaHyto
pyHKUMM f(X) = X2 + x — 7

f'X)=(+x=7)=X3)+X-7"=2x+1-0=-2x + 1

2. HanTtu nponssoaHyto
dpyHkumm f(x) = x3 (x - 1).

F'(x) = (Cx = 1)) = () (x = 1) +x3(x = 1)' =
=3x2(x=1)+x3(1-0) =3x3-3x? + x3 =4x3 - 3x2%.

3. Hantn nponssogHyto
dyHKumm y=(3x3-2x+1)0sin x.

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

4. Hantn nponsBogHyto

E}{

yHKUMM y = tg x + 1+ =

g* ¥ 1
y'=(tgx + 1+2) = (tgx)' + (1+% ) = cos'x +
() (1+x)-(1+m'e 1 S
(14 x)° - cos'm (14 =
1 et

+
cortx  (1+x)° _

5. N3BecTHO, 4YTO ANga ntobon
To4km C HEOAHOPOAHOro
ctepxHa AB gnnHon 20 cwm,
OTCTOSALLEN OT TOYKM A Ha
pacCTOSiHUK N CM, Macca Kycka
ctepxHs AC B rpammax

onpegensetca no gopmyre m (

n)=3n2+5n.Hangute

NMHENHYI0 NNOTHOCTb CTEPXKHS B

cepegmHe otpeska AB.

m(n) = 3n? + 5n (r), Iag = 20 cm,
Peep= ?

PeweHue:

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. HanTtu nponssoaHyo

byHkuMn y=v 3x2 -4

' [3x3 —4) 2
( 353 —4) o

) 2323 -4 ) 2333 4
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7. HanTtu nponssBoaHyto
dPyHKUMN y=In sin e*

NoJTIy4HnUM:

(Insine’) =

[MpenctaBum PyHKUMIO y=In sin ¢* B BUAe
cynepnosuumm Tpéx oyHkumn: y=Inu, u=sin t, t=e*,
Torga no popmyne NPon3BOLHON CNOXHOW OYHKLMMK

X

(sine’) =

,_
——-cose’ (') =e -cige’

Sin e

3agaHns anga caMmocTosTenbHON paboThbl:

1. Hantn nponsBoaHYy0 OYHKLUUK:
a) h(x)=5x?+3x +8

6) y=x4 8% +16x2

B) g(x)=2log2x+Inx
N y=2x+eX-sinx

n) f=2x-2 -3
X

1. Hantn nponsBoaHyt0 QOYHKLMM:
a) f(x) =4x?— 3x-1

6) y=2x>+3x2—12x-5

B) y(X) = 2sinx + cosx — 3

N y=2x+e*-tgx

2. Hangnte cuny F , gencteyoLyio Ha
MaTepuanbHy TOYKY C Maccom m ,
[IBVDKYLLIYIOCA MO 3aKOHY X(t)=21t3-t2
nput=2.

)
e) f(x)=x +Inx;
| e) fx)=2Vx+3mnx; _ x) f(x)=x e
N = X« o™
= X) f(x)=3x e*; - 3) f(x)= 2+3x ;
S|t : v
& 2x+1 g 4 s
m 5 m n) y=3(-—-x°)
l=x 2
) y_l— 3 2. Mpun oBmxeHUn Tena no npsiMomn ero
Y ckopocTb V (M/c) meHsieTca no 3akoHy V (t
. 5
2. KoopguHata MaTepuarnbHOW TOYKM )= [ t3+t+1, raet - BpeMs ABUKEHMS
M3MEHSIETCA C TeYeHMeM BpeMeHn Mo 5
sakoHy x(t) = 3t 2 - 7t + 6. Hangute B cekyHgax. Haitoute yckopeHue (M/c 2)
CKOPOCTb TOYKM B MOMEHT BpeMEHN t=6. yepes 2 CeKkyHbl nocrie Ha4yana
OBVXKEHUS.
1. Hantn nponsBoaHy0 OYHKLUUMK: 1. Hantn nponsBogHyto QOYHKUMM:
a) f(x) =4x? + 7x+1 a) f(x)=5x?+ 6x-1
6) y=x-—9x2+24x—15 6) y=x?—8x>+16x2
2_4 B) g(x)=2Inx-3log7x+5
B) f(x)= "~ 1
cosx r) f(x)=— +2e* +cosx;
N y=2x+eX—sinx *
1 n) f(x)=vx—2Inx;
| A == =S < | e f=xex
l_
T e) f(x)=x3 +e* —cosx; (% x) f(x )1= 3 x7log 3 x
s -X»
s k) flx)=xex 8 |3)f(x)=——;
m _ 2x+3 . o) 3x-1
3)f(x)= ; 1
5—-4x V|) y=27
4x+1 x“(x-1)
n) y=1+
x2 2. B kakne MoMeHTbl BpeMEHM TOK B LIEeNn

paBeH HYI0, eCrnn KONIMYecTBO
3MEeKTPMYECTBa, NPOTEKAOLLErNO Yepes
NPOBOAHUK, 3aaaeTca opmyrnon q =t -

Jre.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Hantn nponssogHble CNOXHbIX (PYHKLMNA:
1 BapuaHT 2 BapuaHT 3 BapuaHT 4 BapuaHT
1. f(x)=(3x+2)°° 1. f(x)=(5-7x)"° 1. f(x)=(x?+3)* 1. f(x)=(7-8x3)""
2. y=~x"—6x+12 2. y=+5x>-3x+4 2. y= \/x +3x7 —2x+1 2. y=@x-1)(x+5)
3' y :e4x—2 3 y :52x+1 3 y 10—3x -1 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. HaumeHoBaHMe NpakTN4ecKoro 3aHATUSA
9. Uenb 3aHATMA

10. BapwuaHT 3agaHus

11. OTyeT 0 BbINOMIHEHMM HA KaXabIn aTan pasgena «CogepxaHne n Nnopsagok
BbINOSTHEHUS 3aJaHUSA»

12. Cnncok ncnonb3yemMblX UCTOYHUKOB

13. BbIBOAbI M NpeanoxXeHns

14. [aTa n nognucb KypcaHTa n npenogasatens

KoHTposibHble BONPOChHI

1. YT0 Ha3bIBaeTCs NPOM3BOAHON PYHKLMN?

2. Kak BblMMCNNTb NPOM3BOAHYHO BTOPOro nopsaka? B 4ém coctont omanyecknin cmboicn
BTOPOW NPOU3BOLAHON?

3. Kakasi cBs3b CyLLeCTBYeT MeXAy HENPEPLIBHOCTLIO PYHKLMM N €€ NPON3BOAHON?

4. Kakvne npuknagHble 3aga4yn peLarTcs ¢ MOMOLLbI NPOU3BOLAHON?

5. Kakast oyHKUMNA ABNAETCS CNOXHON?

6. Kakum o6pa3omM MOXHO HaUTW MPOU3BOOHYHO CIIOXHOW PYyHKLNN?

7. Kak HanTu YacTHoe 3Ha4YeHne Npom3BoaHON?

MpakTnyeckoe 3aHaTne Ne 3
Tema: NMpumeHeHne NPoON3BOAHOM K UCCNeAOBaHUIO PYHKLMM U NOCTPOEHUIO
rpacdmkoB.

lMponsBogHasn ucnonb3yeTcs Ans uccnegoBaHus PyHKUMN, T.e. AN €€ n3yyeHus
pasnu4YHbIX CBOMCTB. Pe3ynbTaTthbl Takoro nccrnegoBaHusa ygobHo npeactasnaTb B BUAe
rpacuka.

Llenb 3aHaTua: HayunTbesa CTpouTb rpadomk oyHKLUMIA, UCNOMb3YS NPOU3BOLHYIO.

CopepxaHue 1 NopsaoK BbiNOAHEHNS paboTh!:
1. MoBTOPUTEL anropuTM UccnegoBaHUs PYHKUUN C MOMOLLBIO NMPOU3BOAHOW U MOCTPOEHUS
€€ rpaduka.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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2. BHumMaTtenbHO uyuntb NpumMep nccnegoBaHnsa OyHKUMKM. 3anonHuTb Tabnuuy,
nogobpas K KaXxaoMy anropuTMy KOHKPETHOE COOTBETCTBME AENCTBUM U3 3aJaHui AN
CaMOCTOATENBbHOM PaboThI.

NcenepoBath oyHKLMIO 1 NOCTPOUTL eé rpadmk: f(x ) =x3+2x2 0 x 0 2.

PeweHwue.
Anroputm KoHKpeTHOe cOOTBETCTBME 3a4aHNSA NpeanoXeHHOMY anropuTmy.
1. Hantu O6nacTb onpeaenenns x R ( x — ntoboe AencTBUTENbHOE YMCHO);
obnacTtb obnacTtb 3Ha4YeHUn y £R, Tak kKak f( X ) — MHOIrOYNeH HEYETHON
onpenerieHna N | cteneHu;
obnactb
3HaYeHun
dOYHKUMMN.
2. MNpoBepuTb dyHKUMA (X ) HEe ABNAETCHA HN YETHOWN, HN HEYETHOMN
JYHKUMIO Ha
YETHOCTb.
3. npoBepuTb f ( x ) — Henepuoan4veckasa PyHKLMS
dyHKUMIO Ha
nepuoanYHoCTb.
4. Hantu f(x)=3x?+4x 01, Hailtu KopHu ypaBHeHusa 3x%+4x 1 1 =0.
NPOM3BOAHYI0 44428 2447
YHKUMM N
DTH KOpHH. X132 = = . DyHKIHA HMEET
KpuUTnyeckue 6 3

TOYKM (PYHKLMW.

OEE FPHTHHUECKHE TOYEH H TPH HHTEREATA MOHOTOHHOCTH.

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

5. Ceectn — — — — — —
nony4yeHHble “2-T | SEeWT | —2-WT O SEHYT | SZHNT | -2 YT
AaHHble B X o ——)—-| (-, ] —— { ——————, + )
Tabnuuy. . 3 3 3 3 3

Fx) + 0 - 0 N

Fix) /,,/’ ~0.631 ‘\.\ ~=2.112 ,/’)

max tmin

6. Onpegenntb
KoopauHaThbl
TOYKM
nepeceveHusi
rpacduka ¢ oCbto
oy.

Mpadmk pyHKUMN NnepecekaeTca c ocbio Y B Touke (0, —2 ), Takkak f( 0
) =102

7. Hantu Hynu
dYHKUMMN.

YTo6bI HAWTU HYNW OYHKLMN HYXXHO PeLUnTb ypaBHeHue: x 3+ 2x2 [ x [
2 =0, Hynamu dyHKuMn aensatoTes: 12, 1 um 1.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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8. Mo ¥
NosTly4YeHHbIM
JaHHbIM 5
NoCTPOUTb
rpacovk 1
dyHKUMN. maxw 0.631 |
;
) - o ‘:r 1 I2 X
|
-1 _:
I
I
=2 mins-2112

3agaHunsa ans caMoCTOATENbHOM paboThl:
NcenepoBaTb OYHKLMIO U NOCTPOUTL €€ rpadouk:

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

§ 3. y=1/(x2-4) §° 3. y=1/(x2-4)
0 0

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

© 3. y=1/(x2-4) T 3. y=1/(x2-4)
% Q

s s

CodepxxaHue omyema:

15. HanmeHoBaHMe NpaKkTUYECKOro 3aHATUA
16. Llenb 3aHaTm4A

17. BapuaHT 3agaHus

18. OTyeT 0 BbINOMHEHMM HA KaXabln aTan pasgena «CogepxxaHme n nopsgok
BbIMNOSIHEHUS 3a4aHNSA»

19. Cnncok ncnonb3yemMblX UCTOYHUKOB

20. BbiBoabl 1 npeanoxeHus

21. [arta n nognucbk KypcaHTa 1 npenogasaTens

KoHTposbHbIe BONPOChHI

1. Kakum o6pasom MOXHO nNpoBepuUTb YHKLMIO HA YETHOCTbL?

2. Kakum 06pa3omM MOXHO NpOBEPUTb (PYHKLMIO HA NEPUOLNYHOCTbL?
3. Kak MOXXHO HanTu Hynu yHKLMN?

4. Mo kakoMy anropuTmy NpoBOAUTCS UccnegoBaHne QyHKUNN?

MpakTnyeckoe 3aHaTne Ne 4
Tema: HaxoxpaeHune auddepeHumana v npunoxeHue ancgpcepeHumana K
NpPUGNNXKEeHHbIM BbIMUCIIEHUSAM.

AndbepeHuman oyHKLMM NPUMEHSETCS NPU BbIYNCIIEHUM NPUBNMXKEHHOIO 3HAYEHWS
BESIMYUNH, YTO HYaCTO MCMNONb3yeTCH NPU peLLEeHNN 3a4ay NPUKIagHoro xapakrepa.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Llenb 3aHaTua: HayunTtbes BbMUCHATb AuddepeHumnansl OYHKUUIA, NPUMEHATb
anddepeHuman K NpUbIMKEHHbIM BbIYUCTIEHUSIM.
CopepxaHue n NopsiaoK BbINOAHEHUS PaBOTbI:

1. NoBTOPUTL ONpeaeneHne guddepeHunana oyHKUuMK, NoHATUE audpdepeHumnana
aprymeHTa, reomeTpuyeckui cmbicn guddepeHumnana, popmyny ans BblYUCIIEHUS
NPUBAMKEHHOIO YNCNOBOIrO 3HAYEHNSA (PYHKLUMN.

2. BHUMaTENbHO U3Yy4nTb NpUMepbl BblYMCeHns anddepeHunanoB OyHKLUUA.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AENCTBUA N3 3a4aHn ANg CaMOCTOSATENbHON paboThl.

Bbluncnnte guddepeHumnansl PyHKUUA 1 BbIMUCIIUTL NPUONMKEHHOE 3HaYeHne PyHKUNNA:

PelueHne.

Anroputm

KoHkpeTHOe cooTBeTCTBMNE 3aa4aHus NPeaSIoKEHHOMY
anropuTmy.

Hantn guddepeHuman yHkumm y = 2x + sin X, Npu Xo =§, dx=0,02

1. Hantn npounssogHyto
dOYHKUMMN.

y’ = 2+C0s X

2. Vicnonb3ysa popmyny
AnddepeHumana, HauTm
anddepeHuman QyHKUMN.

dy =y’ dx = (2+cos x) dx

3. MoacTaBnTb 3HAYEHUA Xo U
dx B MONyYeHHY hopmyny.

(2+cos x) dx = (2+0,5)-0,02 = 0,05

OnpefenvTb NPUBIKEHHOE 3HaYeHne /2 .

1.PaccmoTpeTb pyHKUMIO

y = X v npuMeHnTh
bopmyny ,
f(x+Ax)=f(x)+) - Ax.

MycTb Xx=2,25; Ax=-0,25, Torga y(x)=+/2,25=1,5

, 11 1
Y00 20225 3
Takum 06paszom, f(x + Ax) = /2,25-0,25 = /2 ~ 1,417

: f(x)+y'-Ax=1,5+;-(—0,25):1,5—0,083%1,417

3apaHunsa ansa camocTosiTeNbHOM paboThl:

BapwaHT 1. 1.
a) y=0Bx+2)"
0) y=+5-2x

Hantu guddepeHumnan pyHKumnn:

B) y =cos?x npu: x =n/4 dx =0,03

2. BbluncnuTb NpUBNMKEHHOE 3HaYeHne PyHKLNN:

a)f(x)=2x3-3x—-1 npu x=2,01
6) (1,013)*
B) 3/1,06
r) ;
0,997
BapwuaHT 2 1. Hantun gudpdepeHumnan yHKumnn:

a)y=(05- 7x)10

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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2
X

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

6) y=

2. Bblumcnutb npubnmkEHHoe 3HavyeHne OyHKUNK:
a) f(x)=(1/3)x3+ (1/2)x —2x+4 npu x=1,1
6) (1,005)1°
B) 1,03
r) L
9,97

BapuaHT 3. 1. Hantn gndpdepeHuymnan gyHKunu:
2 4
a) y=(x"+3)

6) y=\ 2 6x+12

Inx
B) J’ZE

2. Bblumcnutb NpUBnmKEHHoE 3HaYeHne OYHKLNN:
a)f(x)=x3 +x>+1 npu x=2,001
6) (3,025)*

B) /99,5

1
r R
) 1,03

BapuaHT 4. 1. Hantn gndpdepeHumnan gyHKunu:

a) y=(7-8")"

6) y=— -
B)y =sin’x npu: x=n/4 dx =0,03
2. BbluMCnuTb NPUBAMKEHHOE 3HaYeHne OYHKLNN:

a)f(x)=x3-3x-1 npu x=1,001
6) (1,012)5

B) /24,96
1
r

1,99

CodepxaHue omyema:

22. HavmeHoBaHMe NpakTU4YecKoro 3aHATUS
23. Uenb 3aHATMSA
24. BapwaHT 3agaHuns

25. OTyeT 0 BbINOMHEHUN Ha Kaxabli aTan pasgena «CoaepxxaHue 1 NopsaaokK

BbINOMHEHUS 3adaHNUA»
26. Cnuncok ncnonb3yembiX MICTOYHUKOB
27. BbiBOAbl U npeanoxeHus

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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28. [ata u noanuck KypcaHTa 1 npenogasaTerns

KoHTponbHbIe BONpPOCHI
1. Yemy paBeH guddepeHumnan aprymeHTa?
2. B 4ém cocTouT reoMmeTpmu4ecknin cmbicn auddepeHumana?
3. YUto HasbIBaeTca guddepeHumnanom BTOporo nopsgka?
MpakTnyeckoe 3aHaTne Ne 5
Tema: UHTerpmpoBaHue hpyHKLUN pa3niMiyHbIMU cnocobamm.

MeTopn HTerpnpoBaHus, Npy KOTOPOM MHTErpan nyTeMm TOXAECTBEHHbIX Npeobpa3oBaHuin
nogblHTerpanbHOM PyHKUUKN (UK BblpaXXeHU) U NMPUMEHEHUsS CBOMCTB UHTerpana
NPUBOAUTCA K OOHOMY UITM HECKOSTbKMM TabnunyHbIM MHTErpanam, HasblBaeTcs
HenocpeacTBeHHbIM UHTErpupoBaHMEM.

Bo MHOrmx cnyyasx ynpoctutb MHTErpan MOXHO, UCNONb3ys 3aMeHY NEPEMEHON Ha HEKYIO
YHKUMIO OT APYron nepeMeHHOn. OTOT MeToA NPUMEHSIETCSA OYEeHb LLUMPOKO, HO BblIOpaTh,
KaKyl MMEHHO 3aMeHy caernartb, He Bceraa nerko. IHTerpmpoBaHume no 4acTtsam - Npuém,
KOTOPbIN NPUMEHSIETCA MOYTU TaK Xe 4acTo, Kak U 3aMeHa nepemMeHHon. Ata opmyna
ncnonb3yeTcs B Cnyyae, koraa nogbiHTerpanbHas dyHKUMS NpeacTaBnsaeT NponsseaeHme
anrebpanyeckon 1 TpaHCUEHAEHTHOWN PYHKLMMW.

Llenb 3aHATUS: Hay‘-II/ITbCFI MHTErpnpoBaTb beHKLI,I/II/I cnocoboM NoACTaHOBKM U NO YaCTSAM.

CopepxaHue 1 NopsaokK BbiNofHeHUsa paboTbl:
1. NoBTOpUTE TabNMLUYy HeonpeaenéHHbIX MHTErpanos, anropuTMbl UHTEFPUPOBAHUS
CcnocoboM NoACTaHOBKM M MO YacTAM.
2. BHUMaATENBHO N3Yy4nNTb NPUMEPbI UHTErPUPOBAHUS NPOCTENLINX YHKUMA. 3anoNHUTL
Tabnuuy, nogobpas K KaXXaoMy aniropuTMy KOHKpeTHOe COOTBETCTBUE OENCTBUN U3
3a4aHuin ong camocTosTeNbHOM paboThl.
HenocpeacTtBeHHOE UHTErpupoBaHme.

Anroputm:
1) npeobpasoBaTtb NoAbIHTErpanbHOE BblpaXeHue Tak, YTobbl noslyymnacb cymma
BbIpaXXeHWI, NOXOXMX Ha NOAbIHTErpasnbHble BblpaXeHUst TabnMYHbIX UHTErParnos;
2) N3 04HOr0 NCXOOHOro MHTEerpana nosly4MTb CyMMY HECKOSTbKUX MHTErpanoB (MCNonb3ys
3-e n 4-e cBoKCTBA HEOMNpPeAENEHHOro HTerpana);
3) no Tabnuue nHTerpanoB HaNTWN KaXabl U3 OTAESbHbIX MHTErpanos;
4) KaK TONbKO McYe3 NocrneaHnin 3Hak MHTerpana, nosiBfseTcsl NOCTOSAHHAs
nHTerpuposaHus C;
5) npn HeobxogmMmocTn npeobpasoBaTb NONYYEHHbIN pe3ynbTaTt: NPUBECTU NOAOOHbIE,
COKpaTUTb Apobu, n3baBnUTbLCS OT MppaLMOHANbHOCTU B 3HAMeHaTene u T.1.

AﬂrOleTM KOHerTHoe COOTBETCTBME 3adaHNA npeaoxXeHHoMy aliropnTtmy.
g E
5x% —6x +—=)dx 2 8 _ 25 _é 3_§2 025 _
1_J(x * xg/;) . J.(Sx 6X+E)dX—5J.xdx 6'[xdx+8jx 4dx—3x 5% +_0’25x +C=
zéx3 -3y’ —£+C
3 x
X X X
2. ](2-37)dx f(2—3x)dx=j(4—4-3x+32x)dx=4fdx—4j3xdx+j9xdx=4x—4-113+1?19+C

WHTerpupoBaHne cnocobom nogCTaHOBKM.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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ANroputM MHTErpPMPOBaHNA (PyHKLUMIA CNOCOBOM NOLACTAHOBKN:
1) BBECTM BCMOMOraTesnbHy0 NePeMEHHYH, CBA3aHHYH C UCXOL4HOW NepeMEHHOM
HEeKON OYHKLMOHAaNbHOW 3aBUCUMOCTbIO;
2) Bblpa3nTb UCXOOHYIO NEpeMEHHYI0 Yepes BCroMoraTenbHYyHo;
3) Bblpa3nTb AnddepeHuman ncxogHom nepemMeHHon Yyepes audpdepeHumnan
BCNomMoraTesibHOW;
4) noacTaBuTb BCNOMOraTesbHyH NepeMeHHyto n ee guddepeHunan B uHTerpan;
5) cBeCTU NONyYeHHbIN MHTerpan K Tabnnm4yHoMy 1 B3ATb €ro;
6) BEPHYTLCS K UCXOAHOWN NepeMeHHON.

Anroputm

KOHerTHOe COOTBETCTBME 3aaHUA NpeanoXeHHOMY arnropmntmy.

1. J.xx/xT&lx

YTo6bl M36aBUTLCS OT KBAAPATHOTO KOPHS, MONOXMM \X—3 =u  Torga x =
u? + 3 u, cnegoaTensHo, dx = 2u du. [lenas noAcTaHOBKY, MMEEM:
5

_2)2 3
2("53) +2(x=3)2+C

5
J-x\/x—3dx= j (4 + 3 2udu =j(2u“ +61%)du =2%+2u3 +C=

X2
Ixe dx x2=t,2xdx=dt,xdx=£,
2. : 2
J‘xe"zdxzj.etgzlje’dtzle’+C=lex2+C
2 2 2 2
nycmo Nx—2 =r, x=r* +2, dx = 2rdr
’ 5 3
3. Ix x—2dx . Ix@dxzj(rzﬁ-Z)rQrdr:I(Zr“+4r)dr=2Jr4dr+4jr2dr:%+%n+(ﬁ:
5 3
_2J(x-2) +4\/(x—2) ic
5 3
COS X - . 5 1
"  dx J1+4sinx =1, 1+4sinx =¢*, 4cos xdx = 2tdt, cos xdx = — tdt
4. J.\4’1+4Sinx ' 2

1
J‘ COS X dx_J‘tht_lj‘dt_lt+C—l\/1+4sinx+C
J1+4sinx t 2 2 2

NHTerpmpoBaHue no 4YacTsaMm.

J-udv = uv—'fvdu

OTa hopMyna HasblBaeTCsa (hopMysion MHTENPUPOBAHNA MO YacTaM. B kayecTBe U 0ObIYHO
BblOupaeTcs hyHKUUS, KoTopas ynpowaetca auddepeHumnpoBaHnem, B kayectae dv -
OCTaBLLASsACA YaCTb NOAbIHTErpasribHOIro BblpaXKeHusi, cogepxatlasa dx, U3 KOTOpoO MOXHO

onpeaennuTb v nytem

NHTErPMPOBaHMS.

AnNroputMm MHTErpupoBaHua YHKUMA NO YaCTAM:

1) BbIBpaTh PyHKLMIO U (OT MCXOOQHOW NEPEMEHHON) Takyto, YTO AnddepeHunan ot Hee

du npotue, 4yem u;

2) pasgenuTb NogbIHTErpanbHOE BblpaXXeHWe Ha U - Nofy4ynum dv (MOXHO YCTHO);

3) n3 dv HanTn nHTerpupoBaHmnem v (06bIYHO ee HaxXOoAsT YCTHO 1 cpa3y BHOCAT NOA 3HaK
AnddbepeHumana, Ho MOXHO N OTAENbHLIM MHTErPUPOBAHNEM);

4) n3 u HanTn ero gudpdepeHuman du;

5) noacTaBuTb NOMyYEHHbIE BENMWUYUHBI U, v, du, dv B (hOopMyny MHTErpMpoBaHna no

yacTam;
6) nonbITaTbCA B3SATb

nHTerpan ot vdu. [py 3TOM BO3MOXHbl BApUaHTbI:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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a) ecnu uHTerpan ot vdu nerkviin, To B3ATb €ro;

0) ecnu nHTerpan ot vdu Bce eLle He Nerknin Ho NpoLle UCXOOHOro, MPUMEHNUTb
WHTErpupoBaHue Mo YacTsaMm yxe ONH Hero;

B) €Cniv B NPaBOK YacTy MOMNYy4YUca Takow e MHTerpan, Kak  ICXO4HbIN, B 3TOM
ypaBHEHUN MOXHO NPMBECTU NOOBHbIE N pe3ynbTaT Nony4mMTcs cam cobown;

) ecnv nHTerpan ot vdu CnoXxHo B3sTb, NOBTOPUTL wwaru 1-6 ansa gpyroro u;

YT0 xe 0603Ha4YnTb U, @ 4YTO V? TOYHOro OoTBeTa HeT, HO €CTb YCIoBUE: OOHY U3 HUX
GepeM Npon3BONbHO, a APYryHo - TaK, YTOObI X Npon3BefeHne ObIfio paBHO
noAblHTerpanbHON oyHKUMN. ECTb 1 3apaBbii CMbICH: BBOAS CIOXHYIO OYHKLUMIO, Mbl BPAS,
nn caenaem nHTerparn npotye.

BoT HekoTopble pekoMeHAaunn No NPUMEHUMOCTU UHTENPUPOBAHUSA MO YaCTAM:

1. [nsa BbipaxxeHn Buga X" yMHOXEHHOE Ha NoAblHTerpanbHOe BblpaXeHne
TabNUYHbIX U MPOCTLIX MHTErpanoB (HanpumMep, Xsinx, X2cos2x, x?eX) BbiGupaT u=x"

2. [nsa BblpaXxeHu Buaa eX yMHOXEeHHOEe Ha NoAbIHTerpanbHoe BblpaXeHue
Tabnu4yHbIX U NPOCTbIX MHTErpanoB (Hanpumep, e*sinx, €*cos2x ) BblbupatoT u=e*.

3. [ns BbipaxeHnin BUaa X" yMHOXEHHOe BblpaXkeHue Buaa arcsin ax, arcos ax, arctg

ax, In|x| BeibmpatoT x"dx 3a dv, a ocTanbHble COMHOXUTENN — 3a U.

Anroputm KoHKpeTHOe COOTBETCTBUE 3afaHuns NPEANoXEeHHOMY anropuTMy.
1. [ xsin xdx. u=x; dv=sinxdx, du=dx, v=/sinxdx=—cosx
[ xsinxdx = x(—cosx) — [ (—cosx)dx=—xcosx+sin x+C
2. [In xdx. u=Inx; dv=dx du:@; V=X
x
Ilnxdx:xhix—JX—CbC =xlhx-x+C
x
3. [xInxdx. d 2
u=mhx; du:—x; dv = xdx; v=fxdx=x—
X 2
2 2 4 2 2
lenxdxzx—lnx—fx——x = x—lnx—x—+C
2 2 x 2 4

4. [e” sin xdx

u=e%: du=e“dv; dv=sinxdv; v=-cosx

e sinsdv=—e" cos x~] (~cos x)e*d=—e" cos x+]e* cos xdy;

YmoGol naiimu [€* cosxdy  npumenun  opmyry  unmezpuposanus no  wacmam  ewé  pas
X X . X - o

[e" cosxdx=e sinx—[e"sinxdx nomyuuncs ucxoOwvui — unmespan, anuiuem

pesyibmam 8  Gude  ypasHeHus U  Npuee0éM  HOOOOHble  UleHbl.
X - X X . X -

[e” sin sdx = —e” cosx+e” sin x —[e” sin xd

x
. : : e’ .
2[e” sin sdx=—e* cosx+e¥sinx; [e” sin sdx:T(sm x—cosx)+C

3agaHua Ans caMoCTosATENbHOWM paboThl:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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BapuaHT Ne1. BapuaHT Ne2 BapuaHTt Ne3 BapuaHT Ne4.
1. [(3-5%) dx 1 j(3x+1)2dx 1. (Gt 2P e 1. (553 -8 x%ax
2. (sinx® )dx sin xdx cos xdx

IXSlan . I% 2. 24CoS x j«/25inx+l
j 3x“dx
sin’(x* —2) 3. I [ +1c"dx 3 I 6x>dx 3. f3(1—3x2)4 dx
4. [xe* dx - Cla-2xy J' 23 gy
N 4. [(x-Ded 4. [veds 4. Jxe
5_ IXCOSX ox dx 5 J'e2x COSxdx
5. |e cosx 5. Ixcosxdx ’

CodepxxaHue om4yema:

29. HaumeHoBaHWe NpakTU4EeCKOro 3aHATUS

30. Uenb 3aHATMSA

31. BapwaHT 3agaHuns

32. OT4eT 0 BbINOMIHEHUN Ha Kaxabl aTan pasgena «CoaepxaHme 1 nopsiaok
BbINONHEHUS 3aaHNA»

33. Cnuncok ncnonb3yembiX MICTOYHUKOB

34. BbiBoabl U NpeanoxeHus

35. [arta n nognucbk KypcaHTa 1 npenogasaTens

KoHTposibHble BONpPOChHI

1. B kaknx cnyyasax ygobHo NnpuMeHsiTb cnocob 3aMeHbl NepeMEHHOrO Mpu BblYUCIIEHUN
WMHTEerpanoB?

2. Kak npoBepuTb, NpaBUbHO N HangeHa nepeoobpasHas gaHHOW PyHKUMK?

3. B 4ém 3akntoyaeTcs MeTo4 MHTENPUPOBAHNA MO YacTamM?

4. B 4ém 3aksritoyaeTca reoMeTpmuyecKnin CMbICI1 NnepBoobpasHbIX JaHHOW (PYHKUUKN?

5. Kak npoBepuTb, NpaBunbHO N HangeHa nepBoobpasHasn gaHHOW PyHKLMN?

6. B 4ém 3akntovaeTcs MeTo HENOCPEACTBEHHOIO NHTErPUPOBaHUSA?

MpakTnyeckoe 3aHaTne Ne 6
Tema: BbluncneHus onpeaerneHHbIX UHTErPanoB pasfnM4HbIMU cnocobamu.

MeTopn MHTErpnpoBaHus, Npy KOTOPOM MHTErpan nyTemMm TOXAECTBEHHbIX Npeobpa3oBaHuin
nogbIHTerpanbHOM OYHKUUKN (MK BbIPaXXeHUS ) U NPUMEHEHUSI CBOMUCTB UHTerparna
NPUBOAUTCA K OOHOMY UITM HECKOSTbKMM TabnuyHbIM MHTErpanam, HasbiBaeTca
HenocpeacTBeHHbIM UHTerpupoBaHueM. [pu BblYMCNEHNN ONPEAENEHHbIX NHTErpanos
npumeHseTcsa opmyna HetoToHa — JlenbHuua,

[ f(x)dx = F(b)—F(a)
roe F(x) — ogHa n3 nepsoobpasHbix oyHKumn f(x).

Llenb 3aHaTua: HayunTbcs MHTErpnpoBaTb NPOCTenLLnE PYHKLNN.

CopepxaHue 1 NopsaokK BbiNoHEHNUS PaboThl:

1. NoBTOpPUTE TabnMLy HeonpeaenéHHbIX MHTErpanoB, anropuTM BbINOMHEHWS
HenocpeacTBEHHOIO MHTEPUPOBAHNA.

2. BHMuMaTenbHO U3yu4ntb NPUMEPbl UHTENPUPOBAHUSA NPOCTENLLMX (PYHKLUMIA. 3anonHUTb
Tabnuuy, nogobpas K KaXxaoMy anropuTMy KOHKPETHOE COOTBETCTBUE OENCTBUN U3
3afaHun Ang camocToaTeNnbHOM paboThbl.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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PeweHue.
Anroputm KoHKpeTHOe cooTBETCTBME 3afaHnsA NPEeANoXEeHHOMY anropuTmy.
5 x f
1.| cosxdx. 2 2
! [cosxdx=sinx| = sin% —sin0 =1
0 0
2
3 5 4 3 (2
Z.I(x —Xx")dx. j(x —x?)dx = (7_x7) _(E_§)_0:ﬂ
0 4 3 3
1 1 1 4 3
3.](%—\/;)07. L §+1 E—H 1 3 2 1
3 N t o33 2 b
0 I(IﬂdrI(r—t)dz(l e T e
—+1 —+1 10 0
3 2
3 2 1
—(C—-Y_0=__
(4 3) 12
2 " 2
“« dx Tl —meoimi=2
4. e 1 X 1
1 X
L L ax 1 T T, T
5 5 | =arctgy =arctgl-arctg(—1)="—(-")="
_1 X +1 _1 x2+1 _1 4 4 2

3apaHusa ona camocTosiTeNbHOM paboThl:

BapunaHT Ne1.

I .2
1. [ (x2+2)dx

1)
2. [(x*+x—5)dx
1

3 /4 a4
0 1-x2
4.
_jl4x -9

BapunaHT Ne2
1

1. [ (5x2+1)dx
-1

72
2. [ (x*+2x+7)dx
-1

1/4
3. L g
0 V1-16x2
2
4. \/j_ dx

i1+x2
2

BapunaHT Ne3
1

1. ] (3x2—6x)dx
-1

02
2. [ (x=10x+2)dx

BapunaHT Ne4.
b2

1. [ (4x=-1)dx
-1

102
2. [(2x“+3x—D)dx
2

12 g
—1/241-x2

4. | d
0x2—1

WHTerpupoBaHue cnocobom nogCcTaHOBKM.
b

MycTb HEO6XOOMMO BBIMUCIUTL jf(x)dx, roe f(x) HenpepbiBHa Ha [a,b] 1 nycTb x = @(t)

HenpepbiBHO-ANd depeHunpyemasa oyHkums, npudém o <t < B, korgaa<o(t)<b.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx

lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Torga j. f(x)dx =

a =

b=p(f)

cdx=¢@'(t)d b
AR A=At _t o) ooy

Anroputm KoHKpeTHOe COOTBETCTBME 3a4aHNSA NPeanoXEHHOMY anropuTmy.
1 } xdx 3x? =t dt dt
T aBx2-1)t 1 2x. 2 12 12
U lexf di=6xdx,dx=2 |- ] o6 %’:1-(——3) =
0(3)6 -1) 6x -1 ! -1t 6_1t 6 3t -1
x=0, t=—1; x=1, t=2
I B 11 1
e (o)== (D)=
18(23 (—1)3) s V=16

NHTerpmpoBaHue no 4acTsam.

iudVZ uv—jvdu

OTa hopMyna HasbiBaeTcsa (hopMyIrion MHTENPUPOBAHNA MO YacTaM. B kayecTBe U 0ObIYHO
BblGupaeTcs hyHKUUS, KoTopas ynpowiaetcsa auddepeHumnpoBaHnem, B kayectae dv -
OCTaBLUASACA YacTb NOAbIHTErpanbHOro BblpaXkeHUs, cogepxatias dx, M3 KOTOpOor MOXHO
onpeaenuTb v NyTeM UHTErPUPOBAHUS.

BoT HekoTOpble pekoMeHAaunmM No NPUMEHUMOCTU UHTENPUPOBAHUA MO YaCTAM:

4. [ns BbipaxxeHn Buga X" YyMHOXEHHOE Ha NoAbIHTerpanbHOe BblpaXeHne
TabMUYHbIX U MPOCTbIX MHTErpanoB (HanpumMep, Xsinx, X2cos2x, x?eX) BbiGupaT u=x"
5. [nsa BblpaXxeHu Buaa eX yMHOXEeHHOEe Ha NoAbIHTerpanbHoe BblpaXeHue
Tabnu4yHbIX U NPOCTbIX MHTErpanoB (Hanpumep, e*sinx, e*cos2x ) BbibupatoT u=e*.
6. [ns BbipaxeHnin Buaa X" yMHOXEHHOe BblpaXkeHue Buaa arcsin ax, arcos ax, arctg
ax, In|x| BeibmpatoT x"dx 3a dv, a ocTanbHble COMHOXUTENN — 3a U.
7.
AnropuTm KoHkpeTHOE COOTBETCTBME 3a4aHNS NPEASIOKEHHOMY anropuTmy.
. Bbibepem B kadecTBe u=x, Toraa dv=e*dx, Torga du=dx, v=-eX,
1. Ixe dx MpyvMeHUM opMyny UHTErpUPOBaHMS MO YacTAM:
’ In2 n2 In2 In 2
[ xe Xdx=x- (—e_x) — [ (—e M)dx=- (xe_x) +
0 0 0 0
In2 In2
+ [ e Xdx=—(In2-e ™ -0)—(e ¥) =—I2-e ™ —(e™?-¢")=
0 0

=—In2-e ™ —e™24]=—e™?(In 2+1)+1:—;(]n 2+41)+1=

1 1
= € hme=_(ne-m2)=-In<
2 22

3agaHus ons camocTosATeNnbHON paboThi:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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BapuaHT Ne1. BapuaHT Ne2 BapuaHTt Ne3 BapuaHT Ne4.
8 0 1 3 e—1
1 Icos(2x+—)dx 1. [2x*-1)x%dx 1. [(x* +2)x7dx 1. [In(x+1)dx
0 -1 0 1
6 3z T z
dx 7 z z
2 2 4
2 ! 3x-2 2. | sin?4xdx 2. [cos®4xdx 2. J dx
2y % 0 % cos’ (2x—z)
3. | sin “dx o 3 .7[ dx i 4
. 3. | s V3x+4 3. [(1+2x) dx
4 I(xz —4)]n xdx 2V2x+5 < 0
R . p 4. I(x+1)]nxdx |
. 4, j(?)x—l)e_xdx. 1 4. [(2x+1)e'ax.
— 0 0
2 z z
5. [xcos2xdx : 3 5
5. | xsin 2xdx 2
0 5 jxsin 3xdy _([ 5. (j)x cos2xdx.
0

CodepxxaHue om4yema:

36. HaumeHoBaHWe NpakTU4eCcKoro 3aHATUS

37. Uenb 3aHATMSA

38. BapwaHT 3agaHuns

39. OT4eT 0 BbINOMHEHUN HA Kaxabl aTan pasgena «CoaepxaHme 1 Nopsiaok
BbINOSTHEHUS 3aJaHUSA»

40. Cnmcok Ucnonb3yemMbiX NCTOYHMKOB

41. BbiBOAbI M NpeanoxeHns

42. [aTa v nognucb KypcaHTa n npenogasatens

KoHTposibHble BONPOChHI

1. UT0 Ha3bIBaeTCsa onpeaenéHHbIM MHTErpanom?

2. B 4ém 3aknioyaeTcs pasHuua Mexay HeonpenenéHHblM 1 onpeaenéHHbIM NHTerpanom?
3. B 4ém 3akntoyaeTcs oopmyna 3aMmeHbl NepemMeHHon B onpeaenéHHoro nHterpana?

Ldx
4. OBBACHUTL, NOYEMY HeBepeH pesynbTaT: [~ =h|x| =lnl-In1=07?

X -1
5. B 4yém 3aknwyaetca MeTon MHTErpuvpoBaHMS MO 4YacTaMm Ans  onpeferiéHHOro
nUHTerpana?

MpakTnyeckoe 3aHaTue Ne 7
Tema: BbluncneHme nnowanen nnockux puryp n o6 -emoB Ten BpalleHus.

C reomeTpu4eCcKon TOYKM 3peHmnsl, ONpeaenénHHbli nHTerpan npeacrasnseT cobon
nnowaib KPUBONIMHENHOW TpaneLumm, orpaHU4eHHon rpadonkom pyHkumm y = f( x ),
3aJaHHOM Ha oTpeske [ a, b ] n coxpaHsitoLen Ha 3TOM OTpe3ke CBOW 3HaK, oTpeskoMm [ a, b
]vnpambiMn x =a n x = b. C nomoLLlbto onpeaenéHHOro uHTerpana MOXHO BblYUCINTb
nnowaan pasnuyHbIX NIOCKMX huryp n o6bEmbl Ten.

Llenb 3aHATMA: HayumTbCsa BbIMUCHATL NNOLWaAn NNocknx guryp n obbEms! Ten
BpaLLeHus.

CopepxaHue 1 NopsaoK BbINOMHEHUSA PaboThl:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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1. MNoBTOPUTEL rEOMETPUYECKMIA CMbICI ONpeaenéHHOro UHTerpana, cnocobbl BblMUCIEHMS
nnowagen nNnockux uryp 1 o6 LEMOB Ten BpaLLeHUs, anropuTMbl UHTENPUPOBAHUS.

2. BHumaTensHo nsyy

NUTb NpUMepbl BbIMUCIIEHNUA nrowanemn niaocKux cbwryp n 06BEMOB

Ten BpalleHus. 3anonHuTb Tabnuuy, nogobpas K KaxkgoMy anroputMy KOHKpPETHOe
COOTBETCTBME OENCTBUN U3 3adaHNN AN CaMOCTOATENbHOW paboThbl.

BbluncneHve nnowagen nriockux duryp.

Anroputm KOoHKpeTHOe cOOTBETCTBME 3a4aHNA NPeanoXeHHOMY anropuTMmy.
1.Hantn nnowaab Mpaduk dpyHkumn f(x) = 2x - x? napabona. BeplumHa: (1; 1).
dourypbil,
OorpaHn4yeHHom 1 :
NMHUAMM v4 ¢ H_}l\{-h \
0

f(x)=2x-x2?n
ocblo abcuunce

1 2 x
\ I
Z w2 |z g

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

llKB (=¥l
OtseT: 2

2. Hantv nnowaab
dourypesl,
orpaHn4yeHHoOmn
NVHUAMMN

af=n.f?mr=%><

Mpadpmk pyHKUMM - npsamMas.
OyHKUMA ¥ = % aBnaeTca obpaTHOM PyHKUMM Yy = X 2 Ha npomexyTke [O;
+0),

0 1 2 3 B(40 X

S = Somap - Saose
Mpepenbl MHTErpMpoBaHNA yKasaHbl B Tabnvuax 3HavyeHun OyHKLUA.

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

Cng = %DE--&E-,

1

QB = 4,}':".5 = 2, Sroee = i

1
S=5--4=1
3

1
OTBeT: 1§( KB .en.).

.2 =4 (ke 21.)

(KB. 20.).

|~

3.Bbluncnutb
nnowaab urypsl,
orpaHnyeHHom
NNHUAMMN

y=x'—buy=—x*+5

Hangem abcumccebl Touek nepeceveHns rpamkoB AaHHbIX YHKUMA. Ona
3TOro peLllaemMm CUCTemMy ypaBHeHUN

y=x2—6,
y=—x%=5x-6.

XC_)TECPO,EI,a Haxoaum x1=0, x2=2,5.

15 ., 2 3 2 5
S=[(-x"+5x—6-—x"+6)dx=[(-2x +5x)dx:5g.
i 0

4.Tpwn Kakmx
3HayeHusix a

a) BbINONHMM cxemaTuyecknii YepTex

nnowaab urypsl,

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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orpaHuyYeHHoOn
MUHUAMU Y = X2,y =
0, x = a, paBHa 97?7

6) Bbluncnum nnowaae urypbl, orpaHndYeHHo napabornom y = X2, 0Cblo
OX U npsiMon X = a:

B) Tak Kak nnoluaae no ycrnosuio paBHa 9, To a%/3=9 , a3=27,a = 3.
OTBeT: a = 3.

3* 3

BbluncrneHne o6 bEMOB TeN BpaLLeHUs.

Anroputm

KoHkpeTHOe cooTBEeTCTBUE 3a4aHMs NPeaoXeHHOMY
anropuTmy.

1. Belumncnute 06bem Tena,
obpa3oBaHHOro BpalleHnem
BOKPYr ocn OX NMHUIA y=sinx

n y=0.

Bocnonb3yemcsa chopmyrion ans BelumcrieHns obbema tena

BpalwleHund, nony4yaem -« Janee BblHUCIAETCA

T
V = ﬂjsinzxdx
0
AaHHbIN UHTerpan:

T 7[2

7r'[sin2 xdx dx=—(jdx—J‘cos2xdx)— (x_sm2x
2 2% o 2 2 7o 2

©1-cos2x T T T
=7Z'I— =
0 0

)| =—kyb.ed.

2. Hantm o6bEm Tena,
Mony4eHHOro BpaLleHuem
BOKpPYr ocvt OX nuHUiA y=+x u

y=x.

Mckombih 06 bEM MOXHO HAWTK Kak pa3HOCTb 0O bEMOB,
NonyYeHHbIX BpaweHnemM Bokpyr ocu OX KpUBONMHENHbIX
Tpaneumin, orpaHUYEHHbIX NMUHNAMU y=x U y=x".

1 1, 3z

1 1 1 1 2 5 |1
_ 2 4 2N2 g _ 44 X X 0_ A 1y o7
Vx_;zg(\/i)dx ﬂ_([(x)dx—irj;xdx ﬁ!xdx—ﬂ'(z I, =759 =10

3agaHna Ans caMoCTOSATENbHOM paboThl:

1.MMo pucyHky 3anucatb doopmyny ans
BblYMCIEHMS Nnowaan durypbl Yepes nHrerparn.

| BApuaHT

2. Bbluncnutb nnowagb
dourypbl, orpaHM4eHHON
NNHUAMMU:

a) y=(x+1)2 u y=—1-x
6) y=—x2 u y=—2

B) y=x+4u y:6x—x2

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Y4
y=o(x) 4
y=g(x)
! >
3. Bblumcnutb nnowaae gurypsl, orpaHudeHHon npamon x = 0, rpadpmkom doyHKLMK
y = -x? + 3 1 KacaTenbHON K 3TOMY rpacduKy B TOYKe C aBCLMCCOoM Xo = 1.
1.MNo pucyHKy 3anucatb dpopmyny Ans 2. Bbliumcnuts nnowaab
BblYMCNEHUs nnowaan urypbl Yepes nHTerparn. dourypbl, orpaHU4EHHON
Y4 —hix NNHUAMM:
4 I a) y=x3, y=2x—x2u y=0
= 6)y=x2+3xuy=0
®© v _,2
S o B)y=x—2u y=x
@ O 2 X
a1]
3. BbluncnuTb NnoLuanb urypbl, orpaHnYeHHon rpadpukom ddyHKLmK y = 0,5x2 + 2x
+ 2 1 rpapmkom ee Npon3BOAHON.
1.Mo pucyHKy 3anuncatb hopmyny Ans 2. Bbluncnute nnowaab
BblYMCIEHMS Nrowaan durypbl Yepes nHterparn. dourypsbl, orpaHUYeHHON
i NUHUAMMK:
- a) y:x,x:2uy:l
(:lw: / y=f(x) X
= N £ > 6)y:x2—4x—3uy:0
: k. et Suy=(e)?
o B) y=x+5u y=(x—1)
3.Bblumcnutb nnowaae gurypbl, orpaHUdYeHHon npsMon x = 0, rpamkom yHKUMN y
= x? - 4x + 5 1 KacaTenbHoOW K aTOMY rpaduKy B TOHKE C abCLMCCOoN Xo = 2.
1.Mo pucyHKy 3anucatb hopmyny Ang 2. Bbluncnuts nnowaab
BblYMCNEHUS nnowaan urypbl Yepes nHTerparn. dourypbl, orpaHU4EHHON
y 4 NNHUAMM:
a) y=x,x=2u y=l
= X
g N 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, orpaHndeHHon npsamon x = 0, rpacomkom dyHKLMK
y= -4X - X?> 1 KacaTenbHON K 3TOMY rpadovKy B TOYKe ¢ abcumccon Xo = -3.

CodepxxaHue omyema:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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43. HavmeHoBaHMe NpakTU4eCcKoro 3aHATUS

44. Lenb 3aHATUA

45. BapwaHT 3agaHuns

46. OT4yeT O BbINOMHEHUM Ha KaxabIn aTan pasgena «CogepxaHve n nopagok
BbINOSTHEHUS 3aaHUA»

47. Cnncok Ucrnonb3yemMblX NCTOYHUKOB

48. BbIBOObI M NpeanoxeHna

49. [ata v nognucb KypcaHTa u npenogasartens

KoHTponbHbIe BONPOCHI

1. B 4ém 3aknoyaeTcsa reoMeTpmYeCcKnin CMbICIT ONpeaenEHHOro nHTerpana?
2. Kakasi courypa HasblBaeTCsl KpUBONIMHENHOW Tpaneumen?

3. No kakon hopMyrie MOXHO HaNnTN 0O6BLEM Tena BpaLleHnn?

MpakTuyeckoe 3aHATHE Ne 8
PeweHue aucddepeHumnanbHbIX ypaBHeHUN 1-ro nopsigka.

MHorue aiBneHuns npupodbl U TEXHUKN OMNCbIBAKOTCA ,D,I/I(Ibd)epeHLl,l/laﬂbelMM
ypaBHEHNAMU, CBA3bIBAOLLMMN HEN3BECTHbIE BEJTMYNHDBLI N NX NMPON3BOAHbLIE.

Llenb 3aHsmusi:
Hayuntbca pewaTb HEKOTOpbIE BUAbI AnddrepeHumnanbHbIX YpaBHEHN NePBOro nopsaaka.

CodepxxaHue u nopsidoK 8bInosHeHUs1 pabomsi:

1. MoBTOPUTL ONpeaeneHne andgepeHLmManbHOro ypaBHEHUS!, NOHATUE ero obLLero un
4YaCTHOro peLleHus, cnocobbl pelleHns anddepeHumanbHbIX YpaBHEHUN C
pasgensrwmnMmcs nepeMeHHbIMU U IMHENHbIX OA4HOPOAHbLIX YpaBHEHUIN 1-ro nopsiaka.
2. BHUMaTENbHO U3y4nTb NpUMepsbl peleHnn anddepeHumanbHbiX ypaBHEHUN.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AEeNCTBUM N3 3agaHui Ansi cCaMocTosTenlbHON paboThl.

KoHkpeTHOe cooTBeTCTBME 3a4aHuUA
Anroputm
npeanoXeHHOMY anropuTmMy
1. Hantn obuiee O6buwee peweHne anddepeHynanbHOro ypaBHeHUs ¢
peLlleHne pas3gensarownuMmncs NePeEMEHHbIMU ULLLETCH C MOMOLLIBHO:
anddepeHumanbHor | 1)pasgenntb NnepeMeHHble
0 ypaBHEHUS C 3yidy = x%dx
pasgensaiwmnumMmcs
nepeMeHHbIMU 2) NPpOVHTErpupoBaTh NEBYH W NPaBY YacTu ypaBHEHMS
d_);:_dxz ) 3yidy = | x%dx
x° 3y
3
=2 1¢
'l":l' = —_—
- 3
- 310 obLlee peleHne ncxogHoro anddepeHUnanbLHOro
ypaBHEHwUs.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MATEMATUNKA

2. Hantn yactHoe
pelueHne
anddepeHumansHor
O YpaBHEHUS C
pasgensaiownumMmmncs
nepemMeHHbIMN

dy dx

X )y
X=-2.

y=4 npwu

dy _dx
x )y
1) ydy = xdx

2) [ yey = [ xdx
y—2=—+C
2

2

y* =x* +C-obuiee peLieHne

3)MNoacrtaBnm HavarnbHbIE YCIOBUS

4> =(2)* +C;

16=4+C=>C=12

4)Taknm obpa3om, YacTHOE peLLeHne NMEeET BUA:
Y =x"+12

3. Hantn obwee
peLleHne NMHENHOro
anddepeHumansHor
O YpaBHEHNS
nepBoro

nopsigka: xy’ — y = x°

3anuwem gaHHoe ypaBHEHNE B BUae

y=L=x(1)
X
_ du dv
Monoxum y=uv, oTkyaa y' = —v+u—
dx dx
MNMopactaBum 3HayeHua y n  y'B ypasHeHue (1)
du dv uv
V—AFU———=x
dx dx «x

Crpynnupyem uneHbl, cogepalimne vV ,u BbIHECEM V 3a CKOBKU:
uﬂ+v(%—zj=xz(2)

dx dx x
Hangém pyHKumIo u Takyto, 4To

du_u_ =0.(3) Toraa ypaBHeHue (2) npumeT BUg,

dv
—=x"(4
H— x*(4)

Pewwnm ypaBHeHue (3) kak ypaBHEHME C pa3gensaoLwmmMmncs
nepemMeHHbIMN

du u du dx
=—,T.6e—=—
dx x u X
OTKY1a,IT0CIICUHTET PUP O MHHS, TIOJTyI M
ln|1/l| = ]n D

o . dv
HAWIEM X — = x° wim dv = xdx
dx

2

Otcromay = % +C

Wrtak,001uM penieHreM TaHHOT0ypaBHEHUS ABIIAETC () yHKIIHSI

x* x°
N ESe) ESWONT
y [2 J 5 Q)

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MATEMATUNKA C. 27/49

4. Hantu yactHoe
pelieHne nuHenHoro | 1 1 B
AandbdepeHumansHor | o 2 +C,meC=0
O YpaBHeHUs

nepBoro {

’ .3 _ 3
nopsgka: ™ —V =X y=3*
ecnu y=1/2 npu x=1

B obmeepemenne ypaBHEHUA(D ) MO ACTaBMMHAYaJIbHBICIaHHBIC

CrnenoBarerbHO YaC THEIMP CIIICHUEM SIBJICTC () yHKITHSI

3adaHus 0ns camocmosimeribHou pabombi:

BapuaHT Ne1

BapuaHT Ne3

1.Hantn yacTtHoe pelleHne ypaBHEHUS C
pasgensrowmnMmcs nepeMeHHbIMU:

xdy= ydx,ecny =6tipux =2

2. HanTtu yacTHoe pelueHne fIMHENHOro
AnddepeHumMansHOro ypasHeH st NepBoro
nopsaka:

V' +2y+4=0,ecmu y=5npux=0

3. CocTaBuTb ypaBHEHNE KPUBOW,
npoxogsien yepes Touky M(2;1) n
UMeroLLEen yrinoBon KOIPULNEHT

dy 1

dx 2y

1.HanTn yacTHoe pelleHne ypaBHEHUSA C
pasgensrownuMmcs nepeMeHHbIMU:

d—fzd—f,ecnny:2np14x:0
y

X
2.HanTtn yacTHoe peLueHne fIMHENHOro
AnddepeHUmMansHOro ypaBsHeH1si NepBoro
nopsaka:

V' —y—1=0,ecmu y=2npux=0
3.CocTtaBuTb ypaBHEHNE KPUBOW,
npoxogswen yepes Touky M(1;1) n
UMeroLLEeN yrnoBon KO3 ULNEHT

dy 1

dx  8x

BapunaHT Ne2

BapunaHT Ne4

1.Hantn yacTtHoe pelleHne ypaBHEHUS C
pasgensarwmnMmcs nepeMeHHbIMU:

dy
3x% —2x
2.HanTtn yacTtHoe pelueHne NMHENHOro
AnddepeHumanbHOro ypaBsHeHUst NepBoro
nopsaka:
V' =2y—-3=0,ecu y=2npux=1
3. CocTaBuTb ypaBHEHNE KPUBOW,
npoxogswen yepes Touky M(1;2) n
UMeroLLEen yrinoBon KOIUUNEHT
dy 1

dx 2x

=dx,ecnmuy =4npux =2

1.Hantn yacTHOe pelleHne ypaBHEHUS C
pasgensrwnuMmcs nepeMeHHbIMU:
dy

2
X

2.HanTtn yacTHoe peLueHne NIMHENHOro
anddepeHLmanbHOro ypaBHeHst NepBoro
nopsiaka:

V—y+4=0,ecu y=5npux=0

3. CocTtaBuTb ypaBHEHUE KPUBOW,
npoxoasiuen Yepes Touky M(2;2) n
UMeEIOLLIEN YrNOBOWN KOIPULMEHT

dy 1

dx 4y’

—@,ecnﬂyzlanX:O
y

CodepxaHue omyema:

1. HaumeHoBaHMe NpakTU4eCcKoro 3aHATUNA
2. Uenb 3aHaTus

3. BapuaHT 3agaHuns

4. OTYeT 0 BLINOMHEHMM Ha KaXablI 3Tan pasgena «CoaepxxaHue 1 NopsaoK BbiNOHEHNS

3agaHua»

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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5. Cnucok ncnosb3yembiX MICTOYHUKOB
6. BbiBOoAbI 1 NpeanoXxeHus
7. data n nognuck KypcaHTa v npenogasaTtens.

KoHmporibHble 80rpocsi

1. Kak onpegenntb nopsiaok anddepeHumansHOro ypasHeHms ?

2. Kakvne ypaBHeHUs Ha3blBalOTCHA AnddepeHLmanbHbiMy YpaBHEHUSIMU C
pasgensrwmumMmcs nepeMeHHbIMN?

3. Kakve ypaBHeHUs Ha3blBalOTCA NUHENHbIMWN anddrepeHumnarnbHbIMU ypaBHEHUAMMA
nepBoro nopsgka?

4. MOXHO N1 NpOBEPUTb NPaBUbHOCTL peLleHns anddepeHumansHoOro ypasHeHms? Kak
37O caenaTb?

MpakTuyeckoe 3aHATHE Ne 9
PeweHue aucddepeHumnanbHbIX ypaBHEHUN 2-ro nopsigka
MHorne 4BneHns nNpupoabl W TEXHUKM  onucbiBalOTCa  AuddepeHumnanbHbIMU

ypaBHEHNAMU, CBA3bIBAOLLMMUN HEN3BECTHbIE BEJTMYNHDBLI N NX NMPON3BOAHbIE.

Llenb 3aHsmusi:
Hayuntbca pewaTb HEKOTOPbIE BUAbI AudddrepeHuUmanbHbIX YpaBHEHUN 2-F0 nopsagka.

CodepxxaHue u nopsidoK 8bInosHeHuUs1 pabomsi:

1. MNoBTopuTb onpeaeneHne anddepeHUnanbHOro ypaBHEHUS, MOHATME ero ObLUero u
4YaCTHOro peLleHusi, cnocobbl pelueHns anddepeHumanbHbIX ypaBHEHUI 2-r0 nopsaka.

2. BHumaTenbHO wu3yu4nTb nNpuMepbl peleHnn guddepeHumnanbHbIX  YpaBHEHUN.
3anonHutb Tabnuuy, nogobpaB K KaXAOMY anroputMy KOHKPETHOE COOTBETCTBUE

AENCTBUIA N3 3a0aHUIA NS CaMOCTOATENbHON paboThl.

KOHerTHoe cooTBeTCTBME 3a4aHuA

Anroputm
npeanoXeHHOMy anropuTmMy
1. Hantn obuwee O6uwee peweHne HenonHoro amnddepeHUnansHOro ypaBHEHUSA
peLLeHne HEeMNOHOro | BTOPOro nopsika UweTcs ¢ MOMOLLbI0 NOACTAHOBKMN:
anddepeHumnansHor - dy d’y dz
YCTb—— = Z, TOrld — = —— YPABHCHUCIIPUHUMACT BU 1 :
O ypaBHEHUS b A dx
BTOPOro nopsaka: s
dy . — =sin x,0TKyna dz = sinxdx. IHT erpupys nocieHee paBeHCTBO, IOy YHM
F =Smx. dx
X :

Idz = Ism xdx,1.ez=—-cosx+C,

CrenoBaTeabHO,

dy

— =—cosx+C,, T.e.dy=(—cosx+C,)dx
dx

CHoOBa MHTETPUPYS, HAXOAUM

Idy = J(—cosx +C,)dx,umu y = —sin x + C,x + C, - o011iee peleHue

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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2.Hantn yacrtoe Haiiném oOiiee perienre
pelweHne HenosrHoro a’y dzy /7
ondbdepeHumansHor | Hlyers o = z,TOT/Ia o = = YpaBHCHUCTIPUHUMACT BH/T ;
X X X

O ypaBHeEHUS
BTOPOro nopsiaka :

dz dz
o = 2z,0Tkyna — = 2dx. aTerpupys mocieaHee paBeHCTBO,TOTyINM
z

2 X
d—g}=2ﬂ,ecm/1y=— d= i
dx dx —=j2dx,T.emZ=2x+C1;z=ex+ !
ny =lnpux=0 z
CrenoBaTeiabHO,
& =™ (1), T.e.dy =" dx
dx
CHoBa HHTETPUPYS, HAXOAUM
jdy = Iemq dx,unm y = %ez“q +C,(2) - obmee perenue
J1n1st HaxoK/IeHUsl YaCTHOT'O pellieHus TOJCTaBUM HaualbHble AaHHbIe B (1)u(2
__2e0+C _ G
I=e l=e C, =0
= =
Ezlez'mq +C, g=l€q +C, G, =1
2 2 2 2
CnepoBaTtenbHO, YacTHOE peLleHne UMeeT Bua;
= lez" +1
772
3. Pewntb Xapaktepuctnyeckoe ypaBHeHuUe:
ypaBHeHune kK> —k—-2=0; k==L k,=2;
y'-y-2y=0. O6uee peluerne: y=Ce™ +C,e™.
4. PewnTb XapakTepuctuyeckoe ypaBHeHME:
ypaBHeHue 2 e 1
1
O6Lwee pelueHne: y = e? (Cl+xC2 )
5. PewnTb XapakTepuctuieckoe ypaBHeHME:
ypaBHeHue k*+2k+5=0, D=-16; k =-1+2i; k,=-1-2i.
V'+2y'+5y=0.

Obuiee pewenune: y=e " (C, cos2x +C, sin 2x).

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MATEMATUNKA C. 30/49

[MpogomxkeHue
KoHKkpeTHOe cooTBeTCTBME 3aAaHuUA
Anroputm
npeanoXeHHOMY anropuTmMy

6. Hantn yactHoe Pelwmm ero ¢ nomoLbo NoACTaHOBKK y=uyv, y' = u'v + uv'
peLleHune '

1. Noacrtaenaga y n y' B 4aHHOE ypaBHEHME, NoSyyYnm
ypaBHeHUs
y' -2y +3=0, u'v+uy' —2uv=-3.

ecrimy =1 npux=0

CrpynnupoBaB BTOpOe U TpeTbe cnaraeMoe fieBon Yyactu
ypaBHEHUS, BbIHECEM OBLLNIA MHOXUTESNb U 3a CKOOKM
u'v+ @' —2uv)=-3, uww+u(v' —2uv) =0

2. BblpaxkeHne B ckobkax NpupaBHUBAEM K HYIIO U, peLLMB
nosly4eHHoe ypaBHeHue, Hangem (OYHKUUIo v = v(X):

V' =2v=0, é)—2v, dv=2vdx, é)=2a’x

dx %
Mony4nnun ypaBHeHMEe C pasgeneHHbIMU NEPEMEHHBIMMN.

[MponHTerpupyem obe 4yacTn aTOro ypaBHeHUS: jé}:j 2dx
v

2x

Hangem doyHkumio v: Infv| =2x, v=e

3. Moacrtasum nony4vyeHHoe 3Ha4eHne v B ypaBHEHNE u'v=-3

du

MNonyunm: u'e™ =-3, =-3, du=-3e*dx.

X
370 ypaBHEHMWE C pa3geneHHbIMU NepeMeHHbIMU.

MpounHTerpupyem obe 4yacTn ypaBHEHUS: _[du = —I3e‘2"dx. Hangem
YHKUMIO U = U(X,C):
u= —3-(—1)6_2" +C, u= Ee_zx +C

2 2

4. Hanpewm obuiee pelueHne: y =e™ '(% e™+0), y= % +Ce™
5. Hangem 4yacTHOe pelleHne ypaBHEHUs, YOOBreTBOpsoLLee

Ha4vanbHbIM ycnosusMm y = 1 npu x = 0:

1:§+Ce°, 1:§+C~l, C:I—g, C:—l
2 2 2 2
_E_lezx _3_82X

y 7 ¢ Y >

2

OTBeT:y=3 ¢

7. Hantu obiee
pelueHve
andpdepeHumansHor
O YpaBHEHUSA
y"=cosx

O6buee peleHne Hangem OBYKPaTHBIM UHTErPUPOBAHNEM
y' = | cosxdx=sin x+C;
y(x)=[ (sin x+Cyp)dx=—cosx+Cyx+C,

maxkumoobpasom, y(x) = —cosx + Clx + C2

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx




KMPK BIrAP® ®I'60Y BO «KI'MY»

MO-26 02 05-0T11.09.11M3

MATEMATUNKA C. 31/49

3adaHus 0nss camocmosimeribHoU pabomsbl:

BapunaHT Ne1

BapunaHT Ne2

Pemmts quddepeHipanbHbie ypaBHEHUS

2
1)dy

2 =
X
2)y"=3y"+2y=0,eciuy=2,y'=3,x=0

8x—2,ecnny=%,y’ =2,x=1;

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

Permts muddepeHiiraibHbie ypaBHEHUS
d’ y

1
) d

) =
X

10x+4,eciuy=1,y"'=3,x=1;

2)y" -8y +15y=0,ecnny=4,y' =2,x=0
3)y"—4y’+13y:O,CCHHyzl,y'ZS’x:O

BapuaHT Ne3

BapuaHT Ne4

Penmts qud depeHImabHbIC ypaBHEHUS
2

1)‘; Y —dx+2,ecmy=4,9 =1,x=0;

=
X

2)y"—6y"+5y=0,ecmuy =2,y =6,x=0
3)y"-4y'+5y=0,ecmy=1,y'=-1,x=0

Penmts nuddepeHnmmbHbIe ypaBHEHUS
2

1)‘; Y —8x+6,ecmy=1) =lLx=1;

=
X

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

CodepxxaHue omyema:
1. HaumeHoBaHMe NpakTU4eCKoro 3aHATUA
2. Lenb 3aHaTtus

3. BapuaHT 3agaHus

4. OT4YeT 0 BbINOSIHEHUN Ha KaXabln 3Tan pasgena «Co,u,epx(aHme M NopAaOoK BbINOJTHEHUA

3agaHua»
5. Cnucok ncnonb3yemblX UCTOYHUKOB

6. BbiBOAbI 1 NpeanoXeHus

7. ,EI,aTa M noanncb KypcaHTa v rnpenogaBarterns.

KOHm,OOI'IbeIe 80r1pOoChI

1. Kak onpegenntb nopsiaok anddepeHumanbHOro ypaBsHeHNs?

2. Kakue ypaBHeHWA HasbliBaAlOTCA HenonHbiMuM AndodepeHumanbHbiMU  YpaBHEHNAMM

BTOPOro nopsiaka?

3. Kakue ypaBHEHWs HasblBalOTCS NMHEWHBIMU OOHOPOAHLIMM AuddepeHUmanbHbIMU

ypaBHEHUSIMW BTOPOro NopsiAka C MOCTOSIHHbIMU KO3 dpmumeHTammn?

4. MOXHO N1 NpoBepUTb NPaBUIBHOCTL peLleHnsa anddepeHumnansHoro ypasHeHma? Kak

37O caenaTb?

MNMpakTnyeckoe 3aHaTmne Ne 10
Tema: PeweHue anddepeHunanbHbIX ypaBHEHMA pa3fIM4HbIMM cnocobamu.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MHorve siBrneHus NpupoAabl U TEXHWUKU OnucbiBatoTes AnddepeHumansHbIMu
ypaBHEHUSIMUN, CBA3bIBAOLLMMU HEU3BECTHbIE BENMUYMHbBI U UX MPOU3BOAHbIE.

Llenb 3aHaTUSA: HayunTbca pellaTb HEKOTOPbIE BUAbI AnddepeHUnanbHbIX YpaBHEHNN.

CopepxaHue 1 NopsiAoK BbINONHEHUS PaboTbI:

1. MNoBTOpPUTE ONpeaeneHne gudpdepeHUnansHOro ypaBHEHUS, NOHATUE ero obLuero n
4YaCTHOrO peLLeHust, cnocobbl pelueHns anddepeHumanbHbix ypaBsHeHun | u |l nopsaka.
2. BHUMaTENbHO U3y4nTb NpUMepsbl pelleHnn amddepeHunanbHbIX ypaBHEHUN.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AENCTBUA N3 3a4aHnA ANg CaMOCTOSATENbHON paboThl.

Anroputm KoHKpeTHOe COOTBETCTBME 3a4aHNA NPEeanoXEHHOMY anropuTMmy.
Anroputm 1. lNNpounsBogHyto OYHKLMM NepenncaTtb Yepes eé
peweHus , dy
nnddbepeHunaniH andpdpepeHumansl y' = o
Oro ypaBHeHus
nepBOro nopsiaka c 2. PaspennTtb nepemeHHbIe.
pasgensilowMmMmmuca

nepeMeHHbIMMU 3. lNpouHTerpupoBaTb 06€e YacTu paBeHCTBA, HANTK obLlee peLleHmne.

4. Ecnu 3agaHbl HavarnbHble YyCIoBuA, HaWTW YacTHoe pewieHune.

Anroputm V'=f(x)y+gx)

pelweHuns

NIMHENHoro 1. BBecTtu nogcraHoBKy y=uv.
andcdepeHumanbH

Oro ypaBHeHUs 2. MpognhdepeHumnpoBaTb 3TO paBeHCTBO y' = u'v + uv

NepBoro nopsiAka | 3 MopcraBuTh ¥ 1 y' B AaHHOE ypaBHeHUe: u'v + uv' = f(x)uv +

g(x) vnn u'v + uv' + f(x)uv = g(x).
4. CrpynnupoBaTb YneHbl ypaBHEHUS TaK, YTOObI U BbIHECTM 3@ CKOOKU:

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

5. N3 ckobKkn, NpupaBHSB €€ K HyI0, HaNTn
dyHkuMo v=v(x): V' + f(x)»=0

OTO ypaBHEHWE C pa3aensaoLwmMncs

nepemMeHHbIMHN: é)+f(x) :O,@ =—f(x)
dx dx

Pasgenum nepemeHHble U Nony4YnMm: av =—f(x)dx
\%

omyma |2 = s ] = ez v=e I
v

6. lNoacTtaBuTb NONy4YeHHOe 3HavYeHne v B ypaBHeHune u'v = g(x) (13 n.4):

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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= f(x)dx
u'e ] =

g(x)

N HaNTN PyHKUMIO 1 =u(x,C). ITO ypaBHEHNe C pa3fensarownumMmcs
nepemMeHHbIMU:

du . [ reodx [ reodx

d
I g(x)dx

=g(x);du=e
u= J.ef(")dxg(x)dx

7. 3anucatb obLee pelueHne B Buae: y =v(x)-u(x,C)

,T.e y= o 1o -jef T g@ydx+C.

Anroputm
peweHus
OAHOPOAHbIX
andcdepeHumnansbH
bIX ypaBHEeHUN
BTOpPOro nopsaka c
NOCTOSIHHbIMU
KoachpuumeHTammn

1. 3anucatb gudpdepeHumansHoe ypasHeHue B Buge: y" + py' +qy = 0.

2. CocTaBuTtb €ro XapaKkrepuctn4eckoe ypaBHeHue,

0603HaumB y"uvepes r?, y' yepesr, yuepesd 1: rP+pr+q=0

3.BbluncnnTb AUCKPUMUHAHT D = p2 -4q 1 HaNTN KOPHWU
XapakTepucTUYEeCKOro ypaBHeHus:; Npu 3TOM eCru:

a) D > 0; cnegoBaTtenbHO, XapakTepucTuyeckoe ypaBHeHNe UMeeT ABa
pasnuyHbIX AeACTBUTENBHbIX KOPHA 7, # 7,. ObLlee pelueHne
AndpdepeHLmanbHOro ypaBHeHust Bblpaxaetcs B Buage y=Ce™ +C,e™",
rae C1m C2 - NnpoM3BOSbHbIE NOCTOAHHBIE.

6) D = 0; cnegoBaTtenbHO, XapakTepucTUYECKoe ypaBHEHNE UMeEeT paBHble
AeNCTBUTENbHbIE KOPHU 1, =7, =7 . ObLLee pelleHune

AndbdepeHLmanbHOro ypaBHeHUs BbipaXkaeTcs B
Buage y=(C, +C,x)e” nmmy=Ce" +C,e”

B) D < 0; cnepgoBaTenbHO, XapakTepUcTUYeCcKoe ypaBHEHNE UMeeT
KOMMMEKCHbIE KOPHW, 1, =a+ f-i;r, =a — f-i Obliee pelueHne
AnddepeHUmanbHOro ypaBHeHUs BblpaXkaeTcs, B BUae

y=e""(C,cosfx+C, sin fx)

AnropuTtm peLueHus
HenonHoro
AndpepeHumnansHor
0 ypaBHeHus
BTOPOro nopsaka.

2
d_y = z,moedad—y = %

OObLee pelweHne Hagem nNyTéM NOLCTAaHOBKM .
dx dx~  dx

ABYKPaTHbIM UHTErPUPOBaAHNEM.

3agaHna Ans caMoCTOSATENbHOW paboThl:

BapuaHT Ne 1

BapuaHTt Ne 2

Onpegenutb TN anddepeHUmMansHoro
YpPaBHEHWSI U HANTK ero0 4YacTHOEe peLleHue:

Onpegenutb TUN anddepeHUmMansHoro
YpaBHEHWS 1 HANTK er0 4acTHOE peLUeHue:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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1y'+2y=3e";y=1,x=0 lxy' -2y=x’e",y=0,x=1
2.y':sin5x;y:1;x:% 2.y’sinx—ycosx:O,y:1,x=%
30"+4y" +5y=0;y'=0,y=-3,x=0 3.0"=7y"+10y=0,y'=Ly=0,x=0
4.);" :x+6x2,y' =Ly=0,x=0 4.y":8x+4,y'=2,y=6,x:1
BapuaHT Ne 3 BapwuaHT Ne 4
OnpegenuTtb TMN anddepeHumansHoro OnpegenuTtb TN anddepeHunansHoro

YypaBHEHUSI U HAWTN €r0 YacCTHOE peLLEHME: | ypaBHEHMWS U HANTW €r0 YaCTHOE peLLUeHNE:
lxy' -3y=x‘e";y=ex=1

) 22 )ydx—dy=0,y=1,x=0

2y =, y= E,X =0 3"+ =2y=0;,)'=1,y=5x=0

l.y'sinx—ycosx=1;y= l;ng

3.y"—4y'+3y=0,y'=10,y =6,x=0 4y"=6x"-10,y'=2,y=0,x=0
4y"=¢e" +sinx,y' =4,y=8x=0

CodepxxaHue om4yema:

50. HaumeHoBaHWe NpakTU4eCcKoro 3aHATUS

51. Uenb 3aHATMSA

52. BapwaHT 3agaHuns

53. OT4eT 0 BbINOMHEHUN HA Kaxabl 3Tan pasgena «CoaepxaHme 1 NopsiaokK
BbINOSTHEHUS 3a4aHUSA»

54. Cnuncok ncnonb3yembiX MICTOYHUKOB

55. BbiBOoAbl U NpeanoxeHus

56. [arta n nognuck KypcaHTa 1 npenogasaTens

KoHmporsbHble 80rpochkl

1. Kak onpegenntb nopsiaok anddepeHumanbHOro ypaBsHeHUA?
2. Kakne ypaBHeHUs1 Ha3blBalOTCHA NIMHENHLIMU OOHOPOAHBIMU
AnddepeHumanbHbiMU ypaBHEHNUAMN BTOPOro
nopsigka ¢ NOCTOSAHHbIMU KO3 pUuneHTammn?
3. MoxHO nu npoBepuTb NPaBUMNBHOCTbL peleHus anddepeHumansHoro
ypaBHeHnA? Kak ato caenatb?

MNMpakTuyeckoe 3aHaTne Ne 11
Tema: CxogumocTb psaaoB. PasanoxeHne PyHKLUNN B CTENEHHbIE PAAbI.

PelwweHune 3agaun, npeactaBneHHoOM B MaTteMaTnYeCKMX TeEpMUHax, Hanpuvep, B Buae
KOMOUHaUUKN pasnuyHbiX PyHKUMIA, NX NPOU3BOAHbIX U MHTErpanoB, HY>XHO YMETb
‘OoBecTy o Yncna’, KOTopoe Yalle BCEro 1 CAY>XUT OKOHYaTemnbHbIM OTBETOM. [1ns aToro
B pasnnyHbIX pasgenax maTeMaTukmn BolpaboTaHbl pasnnyHble MeToabl.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Pasgen matemaTyky, NO3BONSIOWMIA PELLNTL N0OYI0 KOPPEKTHO NOCTaBMNEHHYH 3aaady C
[0CTaTOYHOW ANS NPaKTUYECKOro UCMosb30BaHMsA TOYHOCTbIO, Ha3biBaeTcs Teopuen

pPSO0B.

[MOHATME YMCIOBOro psia LWMPOKO MPUMEHSETCH B TaKUX OUCUUNIIMHAX, KaK 3NEKTPOHUKA,
pagnoTexHuka n gpyrmx AucCumnnnHax.

[na npunoXeHun BaXXHO yMeTb AaHHY0 oyHKUMIo f(X) pasnaratb B CTENEHHOWN psag, T.€.
dyHKUMo f(X) nNpencrtaBnATb B BUAE CyMMbl CTENEHHOro psaa.

Llenb 3aHsaTus: Hayuntbes pabotaTb ¢ yHKUMOHANBHBIMU U CTENEHHLIMU psigaMu.

CopaepxaHue 1 NnopsaaoK BbiNONTHEHUSA paboThl:

1. MNoBTOPUTL NOHATUE YMCITOBOrO, PYHKLMOHANBbHOIO, CXO4SLLEr0oCs, pacxoasLlerocs,
3Hakoyepeaywuieroca psaa.

2. BHUMaATENBHO N3Yy4nNTb NPEeASIOXKEHHbIE NPUMEPLI peLleHnid. 3anonH1uTbe Tabnuuy,
nogobpas K KaXxaoMy ariropuTMy KOHKpEeTHOE COOTBETCTBME AENCTBUM U3 3aJaHun And
CaMOCTOATENbHON paboThl.

AnropuTm KoHkpeTHOE COOTBETCTBME 3a4aHNS NPEASIOKEHHOMY anropuTmy.
1. Beinucatb 3 3112 B _32-1 5
nepebie Tpu uneros | pun=1a, = DY) =L mpun=l.a, = 2 4
psiaa no 3agaHHoOMy
obLiemy yneHy npun=1,a 3-3-1 § -1
, 3n-l 3,3 8
n 2}1
2. Hantn dopmyny 1+1+1+1+_1+1 1 1+—1+1+1+1+
ol6u41erolqneTa Ppada | 4 12 36 108 T 4 43 49 427 4430 452 433
412 36 108 _ !

3.Pa3noxuTb
3x-2

dyHkumio Y =€¢ B
CTEeNneHHon psg no
cTeneHam (x — a)
npwm
a=1.

Pag Tennopa gns oyHKUMM uMeeT BuAa;

y= y(a>+y( ) (x —a>+@(x—a)2+@(x-a)3+

0 (n)
Z ()

(x—a)".

B Hawewm cnyyae:

yh=e  Y(@)=3"7  y(1)=3e
V'(0)=9"7  y'(1) =9

Y"(x) =27e*7; V"(1)=27e;

y(n) (x) — 3n e3x72; y(n) (1) — 311 e;

[Mony4aem pasnoxeHue B paa:
3e 9¢ 2, 27e
y=e+F(x_1)+5(x_l) ( -1’ +

Ons  onpepenexus o6nacw| CXOAMMOCTH
BOCNonb3yemcs npuaHakom Janambepa.

ety —Z—(x 1y,
n! = n
Noy4eHHOro

(n)
+ v (x—a)" +
n!

psga

Ll

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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o[ _hm| 3n+l -e-(x—l)"“ - |
n—)w‘ u, |_n—>oo‘(n+l)!.3n -e-(x—l)”| T o

CnepoBaTtenbHO, psid CXoauTcs Npu Ntobom KOHEYHOM 3HAYEHUN X.

u 3-(x-1)

n+l1

=0<l1

1. Uccneposatb Bocnonb3yemcs npuaHakom Janambepa:

o0

2.

n=1

CXOoOAMMOCTb ; \/171
YMCIOBLIX PSAOB w3 31+~
3"3/n lim 3" Nnt+l-nt lim

n!

n
= =0 - pag cxoguTtca
e (p+)E3"Yn e (n+1)

2. Hantu nHtepsan [na onpegenenunsa pagnyca CXoAMMOCTU NpUMeHUM npuaHak Janambepa:

CXOLMMOCTU 225 |(x+2)?
CTeneHHoro paga 2or 5 (x 4 2)7 = hg010| 5 <1
© 2n
Z(x;nz) x*+4x-1<0
" D=16+4=20
—4+
X, = 4_TN§ =2+45

Takum obpasom, MHTEpBaN CXo4MMOCTHU (—2—\/5 ; —2+\/§)

PasnoxuTb B psg

X
MakropeHa Takkak f(x)=3" =¢e"" =e"™, 10, 3amensia x Ha xIn3s

dyHKUMo f(x)=3%. | pasnoxenumn f(x) = e", nonyunm:

. n3 WZ3 5 33 3 n”3 ,
fx) =37 =1+ x + x° + X
I 2 3! !

3apaHusa ona camocTosiTeNnbHOM paboThl:

1. Hanwucatb nepBble NsTb YIEHOB psida No 3agaHHOMY 0O6LLEeMY YneHy
1

a = .
" 4n® +1
= 2. Hawntn popmyny obuiero uneHa psiga 2+4+8+16+...
g 3. Pasnoxutb yHKUMO f(x)=+/x+1, a=1 B psag Tennopa no cteneHssm x —a
© (B8O NATOro YneHa pasnoXeHUs BKNIOYNTENBbHO).
B 4. WccneposaTb psabl HA CXOAUMOCTb: a) 23—2 0) Z(— 1)”n-0,9” , 3)22—2 .
n=1 n= n=11
5. Pasnoxutb B psg Teinopa — MakrnopeHa dyHKUMo cos(%).
- 1. Hanucatb nepsble NSATb YNEHOB psAaa No 3agaHHoOMY obLLemMy YneHy a, =
T n!
e y I 1 1 1
o 2. Hantn popmyny obuiero uneHa psga —+—+—+—+...
© 7 8 9 10

3. Pasnoxutb pyHkumMio f(x)=In(x+2), a=1, B paa Tennopa no creneHsam x—a
(80 NATOro YneHa pasnoXeHusi BKNIOYUTENBHO).

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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4. WccneposaTb psdbl HA CXOAUMOCTb: a) % 0) z (4
n—

n=

j )n l3n -
5. Pasnoxutb B pag Tennopa — MaknopeHa pyHKUMIO sin7X.

1. HanucaTb nepBble NsATb YNEHOB psga No 3agaHHOMY obLemMy YneHy
2n+1

a =
2
! n

2. Hantun popmyny obuiero uneHa psga 1 —+—+i+...

e
© 3 6 12 24
§ 3. Pasnoxutb yHKUNIO f(x):ezx, a=2, B pag Tennopa no creneHsam x—a (4o
= NATOro YneHa pasnoXeHUsa BKIHYNTENBHO).
! 00 " 00 3}’!
4. WNccneposaTb psiibl HA CXOOUMOCTL: a) ;—n 6) Z(—l) (—j B) —
n= n + n=1 N.
5. Pasnoxutb B psag Tennopa — MaknopeHa pyHKLMIO COS5X.
1. HanucaTb nepBble NSATb YEHOB psga no 3agaHHOMY obLemMy YneHy
2n+1
an = n
3
1 1
- 2. Hawntn popmyny obuiero uneHa psga 1+ —+—+—+...
I 3 9 27
§ 3. Pas3noxutb pyHKUM0 f(x)=sin2x, a:—%, B psg Tennopa no cteneHsam x —a
m
> (A0 NATOro YneHa pasnoXeHus BKNIYNTESBHO)

0 n 0 0 |
4. . Viccneposath paabl Ha CXOAMMOCTL: a) 26—3 6) > (-1)'n’-0,7", B) Si _
n=11 n= n=1

X

5. Pasnoxutb B psag Tennopa — MaknopeHa yHkuuio e?.

CodepxaHue omyema:

57. HaumeHoBaHWe NpakTM4eCcKoro 3aHATUS

58. Uenb 3aHATMSA

59. BapwaHT 3agaHun4a

60. OT4eT O BbINOMHEHUUN HaA Kaxabl aTan pasgena «CoaepxaHue 1 nopsigok

BbINMOJIHEHNA 3a4aHNA»

61. Cnncok ncnonb3yemMbiX MICTOYHUKOB
62. BbiBOAbl 1 npeanoxeHus
63. [aTa u noanuck KypcaHTa 1 npenogasaTens

KOHTpOJ'I bHbl€ BOMPOCHI

2

Kakon psig Ha3biBaeTCA CTENEHHbIM?

Kakon psig HasbiBaeTCa PyHKLMOHANbHBIM?

Kakue psigbl HasbiBalOTCA CXOOALWMMUCA?

Kakne psiabl HasbiBalOTCA pacxoasawmmmca?

Kakow psig HasblBaeTCcHa 3HakodepeayrLwmnmes?

Kakum ob6pasom MOXHO pasnoxmtb yHKUMIO B pag Tennopa?

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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MpakTnyeckoe 3aHATHE Ne 12

Tema: OCHOBHble NOHATUA KOMOUHATOPUKU, TEOPUN BEPOATHOCTEMN, CTaTUCTUKN.
KombuHaTopuka - 370 pasgen mateMaTuku, B KOTOPOM U3y4atoTCst BONPOCH! O TOM,
CKOJbKO pasnmyHbIX KOMOUHALMIA, MOAYMHEHHBIX TEM UM MHBIM YCNOBUSIM, MOXHO
COCTaBUTb U3 3aaaHHbIX 06BbeKTOB. OCHOBbI KOMOMHATOPUKM OYEHb BaXKHbI 4SS OLEHKM
BEPOSITHOCTEN CrydalHbiX COObITMI, T.K. MMEHHO OHM NO3BONSOT NoAcCYUTaTb
NPUHLMNNAnbHO BO3MOXHOE KONMMYECTBO PasfiNyHbIX BApPMAHTOB pa3BUTUS CODLITUIA
Llenb 3aHsaTUs: Hayuntbes peliaTb KOMOMHATOPHBIE 3a4a4M U yNpaXKHEHUS.

CopoepxaHue 1 NopsaoK BbiNONHEHUSA paboThl:

1. MoBTOPUTbL OCHOBHbIE MOHATUSA U OPMYIIbl KOMOUHATOPUKM, NPABUIIO CYMMbI U1

npon3BegeHus.

2. BHUMaATENBHO N3Yy4nNTb NPeasiIoXKEHHbIE NPUMEPHI PELLEHNS KOMOMHATOPHbIX 3a4au.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AENCTBUI N3 3a0aHUI AN CaMOCTOATENbHON paboThl.

Anroputm

KoHKpeTHoe cooTBETCTBME 3a4aHusl MPEASIOKEHHOMY anropuTmy.

1. CKONbKO Tpex3HaudHbIX
YeTHbIX YNCEeN MOXHO
cocTtaBuTb 13 ungp 0, 1,
2,3,4,5, 6, ecnu undpsol
MOryT NOBTOPATLCA?

n1=6 (T.K. B KA4eCTBE NepBOn LNdpbI MOXHO B3STb N0BYI0 Lndpy m3
1,2,3,4,5, 6),

n2=7 (T.K. B KQ4eCTBEe BTOPOWN LUGPbI MOXHO B3ATb MO0y undpy 13
0,1,2,3,4,5,6),

n3=4 (T.K. B KQ4eCTBe TpeTben UnUdpbl MOXHO B3ATb N0BY0 Lndpy
n3 0, 2, 4, 6).

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

2. CKonbKo cyLlecTByeT
ABY3Ha4HbIX Yncen, B
KOoTopbIX Lmcpa
AECATKOB 1 Lmdpa
e4MHUL, pa3fnyHble U
HeYeTHble?

T.K. HeYeTHbIX Undp nNAaTb, a UMeHHo 1, 3, 5, 7, 9, To aTa 3agaya
CBOANTCSA K BbIOOPY 1 pasMeLLeHnIo Ha ABe pasHble No3numm AByX U3
NATU PasnMYHbIX LNMP, T.€. YKasaHHbIX yncen oyger:

) 5! 5! 1-2.3-4.5

=—2 =2 =4.5=20
(5-2)! 31 1.2:3

3. Ckonbknmn cnocobamm
yutaTenb MOXeT
BblOpaTb OBE KHMXKKM U3
LIecT uMetoLLmxca?

Uncno cnocoGoB paBHO YNCIY COYETaHUIN U3 LLIECTU KHXKEK MO ABe,
T.€. paBHO:
e 6! 123456 5.6

2= = = =15
21(6-2)! 1-2-1-2-3-4 1:2

4. Crxonbkumu criocobamm
CEMb KHUT pa3HbIX
aBTOPOB MOXHO
paccTaBUTb Ha MOIKe B
O4VH psaa?

Ota 3agayva o uncrne nepecTaHoBOK CeMM pasHbix KHUT. MimeeTcs
P, =71=1-2-3-4.5.6-7=5040 cCNOCOBGOB OCYLLECTBUTb PACCTAaHOBKY KHMU.

5. Ha poantensckom
cobpaHum rpynnbl
npucytcteyeT 20
yenoBek. CKomnbko
CyLEeCTBYET pasfinyHbIX
BapMaHTOB coCcTaBa
POANTENBCKOro
KoMuTeTa, eCrnn B HEro
JOIMKHbI BOUTU S

B aToM npumepe Hac He nHTepecyeT NopsiAoK oaMuini B CMcke
KomuTeTa. Ecnn B pe3ynbTaTe B €ero COCTaBe OKaXyTCsl OAHU U Te Xe
noan, To No CMbICY AN1S HAc 3TO OAUH U TOT e BapuaHT. Noatomy
Mbl MOXXEM BOCMNOJSIb30BaTbCA hOpMyon Ans noacdeta Yicna
coyeTaHum n3 20 anemeHToB no 5.

NHaye ByayT 06CTOSAThL Aena, eCnu Kaxablil YneH komuteTa
n3HayanbHO OTBeYaeT 3a onpeaeneHHoe HanpasreHme paboThl.
Torga npy 04HOM M TOM K€ CMMCOYHOM COCTaBe KOMUTETA, BHYTPM

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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yenosek?

pa3meweHnn n3 20 anemeHToB Mo 5.

Hero BO3MOXHO 5! BapnaHTOB nepecTtaHOBOK, KOTOPbIE UMEOT
3HayeHune. KonmyecTBo pasHbix (M No cocTasy, 1 no cdepe
OTBETCTBEHHOCTW) BapnaHTOB onpenendeTcs B 9TOM Clyyae YNCrom

6. BonckoBoe

nogpasgerneHmne cCoctonT

n3 5 oduuepos, 8
cepxaHTtoB 1 70

pPAOOBbIX. CKonbkumu

crocobamuy MOXHO

BblOENUTb OTPA U3 2
odunuepoB, 4 cep>xaHToB

n 15 pagoBbix?

10x70x Cro = 700x Cro

N3 5 opuuepoB BbiIbpaTb 2 MOXXHO C MOMOLLbIO YMCIia COMETaHNN

C52 =10 crnocobamu, n3 8 cepxaHToB 4 - Cg4 =70 , 13 70 psgoBbIx

15
15- Cy . Mo npaBuny yMHOXeHUs HaXxo4uMM vucno Belbopa oTpsaga:

3agaHunsa ans caMoCTOATENbHOM paboThl:

1 BapuaHT

2 BapuaHT 3 BapuaHT

4 BapuaHT

1. CKonbko
ABYX3HA4YHbIX Yncen
MOXHO COCTaBUTb
m3undp 1,3,5,6mn
9 Tak, YTOOLI B
Ka)kgoM Yncrne He

1. CKonbknumMmn
crnocobamun moryT
pa3mMecTUTbLCAa 5
4YenoBeK BOKPYr
Kpyrnoro ctona?

1. U3 10 kaHanpaToB
HY>XHO BblbpaTb 3
yernoBeka Ha
KOHbepeHLMIo.
Ckonbknmu
pasnuyHbIMN

1. Bpuragup gormkeH
OTNpaBuUTb Ha
paboTty 6puragy u3 3
yenosek. CKONbKO
Takux dpurag MOXxHO
coCTaBUTb 13 8

OblNO 0ANHAKOBbIX cnocobamu aTo yenosek?

undgp? MOXHO caenaTb?

2. CKonbKnmm 2. B rpynne gecats | 2. Ha Beibopax 2. B painoHe
cnocobamn MOXXHO npeaMeToB U NATb nobeannu 9 NOCTPOUINN HOBYHO
paccTaBuUTb Ha YPOKOB B [€EHb. yenosek. M3 HMX wkony. N3

nonke 6 KHur?

Ckonbknmm HY>XHO BblOpaTb
cnocobammn MOXHO npegceparens,
COCTaBUTb 3amecTuTens u
pacnucaHue Ha npocpopra.
OOVH AeHb? CKkonbknmu

crnocobamu 31O
MOXHO caenaTb?

npuweawmnx 25
4YenoBeK HYXXHO
BblOpaTb AgupekTopa
LLKOSbI, 3aBy4a
HavyaribHOW LUKOSbI,
3aBy4a cpefHero
3BEHa 1 3aBy4a no
BOCNUTATENbHOM
pabote. Ckonbkumm
cnocobamu 3To
MOXHO caenatb?

3. N3 6 OTKpbITOK
Hafo BbIGpaTh 3.
Ckonbknmu
cnocobamu aTo
MOXHO caenaTtb?

3. Ckonbko
pasnnUYHbIX
NATU3HAYHbIX Yncen
MO>XHO COCTaBUTb U3
umdp 0,1,3,5un7
Tak, YToObI B
KaXxgoM vucne He
ObINTO OANHAKOBbIX

3. Ckonbknmm
cnocobamn MOXHO
COCTaBUTb
TpexuBeTHbIN donar
13 Nosioc pasHon
LUMPWHBI, ecnn
NMerTCa mMaTepum
n3 8 TkaHen?

3. Ha cobpaHum
AOSMKHbI BbICTYMUTb
5yenosek (A, b, B, I
n ). Ckonbkumun
crnocobamm nx
MOXHO Pa3MecTuTb B
cnucke
BbICTYMNAIOLLMX, ECIN

undp? A [OMKeH BbICTyNaTb
nepBbIM?
4. Pewuntb 4. Pewutb 4. Pewuntb 4. Pewuntb

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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ypasl-ieHVle ypaBHeHme 30x:A)% ypaB4HeHI/I65 ypa|33He|-||/|e5

3_ 4 = =
T 3047 =4 204 =43

5. N3 Tpex maTemMaTUKOB N OEeCATN SKOHOMUCTOB HAZl0 COCTaBUTb KOMUCCUIO, COCTOSILLLYHO
N3 OBYX MaTEMaTMKOB U LLECTU IKOHOMUCTOB. CKONMbKMMMK CNocoBammn 3T0 MOXKHO
caenaTtb?

Teopusi BEPOATHOCTEN BO3HMKIA M pa3BMBanachb B Npouecce peleHns psiaa oTaerbHbIX
3a4ay UrpoBOro 1 NPUKNagHoro xapakrepa.

MepBble pgowenwme 0o Hac ceefeHns otHocaTea K XVI-XVII Bekam n cBA3aHbl C
pelleHneM 3agad, BO3HMKaLWNX B a3apTHbIX urpax. [Nepebie paboTsbl npuHaanexanu [.
KapaaHo, b. Mackanto, . ®epma, X. MNonreHcy, v ap., n npeactaBnanu nonbITKn
CO34aHns TEOPUKN asapTHbIX UFP C Lenblo 4aTb PEKOMEHOAUNM UrpoKaMm.
3aTtem cTanu Bo3HMKaTb U pa3BuBaTbCsA NPUKNaaHbIe 3a4a4n — B NEPBYHO ovepeab
BOMPOCHI CTPAXOBKM OT HECYACTHbIX CnyyYaeB N CTUXUUHBLIX 6eacTBui. [ocTeneHHo
BblOENUICA KPYr 3aad co crneundunyeckon — BEeposaTHOCTHOM— NOCTAaHOBKOW BOMpoca n
METOANKOWN UX peLleHns, 0pOpPMUINCEL NepPBbIE onpeaeneHnst 1 TEopeMbI.

Llenb 3aHaTUA: HayunTbcs HaxoguMTb MaTtemMaTMyeckoe oXuaaHue, oucnepcuto u cpegHee
KBagpaTU4YHOE OTKNOHEHNEe ANCKPETHOW CIlydanHOM BESTUYMHDI.

CopepxaHue 1 nopsiaokK BbIMOSTHEHUS PaboThl:

1. NoBTOPUTbL OCHOBHbIE MOHATUA N POPMYIIbl KOMOUHATOPUKK, NMPABUIO CYMMbI U1
npoun3BeneHus.

2. BHMMaTenbHO U3yunTb NpeasioXXeHHble NPUMEpPbI peLleHns KOMOMHATOPHbIX 3agau.
3anonHuTb Tabnuuy, nogobpas K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME
AEeNCTBUM N3 3agaHuin Ansi cCaMocTosTenlbHON paboThl.

Anroputm KoHKpeTHOe COOTBETCTBUE 3adaHNA NPeasIOKEHHOMY aniropuTMy.
1. Hantn 3akoH pacnpedeneHusi cry4yalHol eesluY4uHbI X.
MaTtemaTumyeckoe _ o
OXugaHue cnyyanHowm Xily, |4 |1 ]2 |3
BeNUYuHbI X, UMetoLLen
3aKOH pacnpeneneHus, .10, 10, 10, |0, |O,
o Pi
npeacTaBNeHHbIN B 3 |1 (2 |1 |3
Tabnuue.
M(x)=-2.0,3+(-1).0,1+1.0,2+2,01+3,03=-06-0,1+
0,2+02+0,9=0,6
2. Hantn gucnepcuto CnyyanHas senuuuHa (X — M(X)) umeet pacnpegenenue,
Cny4yanHoun BenuyuHbl X npencraBneHHoe B Tabnuue

Xi — - |-
M(x) |26 (16

Pi 0,3 |01

NO | MO

- O N

WO | AN

Torpa:

D(X) = M(x — M(x))? = (-2,6)>.0,3 + (-1,6). 0,1+ 0,42.0,2 + 1,42.
0,1+2,42.0,3=2,028+ 0,256 + 0,032 + 0,196 + 1,728 = 4,24
BTopoii cnocob:

cnydYaiiHas BenvM4ynHa x° MeeT pacnpeaeneHue, npeacTaBneHHoe B

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
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Tabnuue
Xi|l1/4 9
.10, |0, |0,
Pils 14" |3

TornaM(x?)=1.0,3+4.04+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. Hantu cpeaHee 5(x) = [D(x) = /4,24 ~ 2,059
KBagpaTU4YHOE OXuaaHue
Cny4yanHon BENUYMHbI X

4. Hantn 3Ha4yeHue Tak kak
napameTpa a ans 3akoHa
pacnpegeneHus.

0 3 5 8

p |40a°- |25a%?- (10a°- |25a°-
i |[11a 2 2a 7a

Y P =1,mo40a’ —1la+25a* —2+10a’ —2a+25a* - Ta =1

i=1

10082 -20a-3=0

a1 =-0,1

a2=0,3

ai=— 0,1 — NOCTOPOHHMI KOPEHb, TaK KaK 0< P(x,)<1. [logcrasus
3HayeHue 0,3 BMecTO a, NoNy4YnuM 3aKOH pacnpeaeneHus

Xlo| 3|58

p|0./02 0. 01
3 3

3agaHus ons caMoCTOSATENbHOM paboThl:

Mpu cocTaBneHnn 3aKkOHOB pacnpeaeneHuii NOMHUTE, YTo:
e 3HayeHus crnyYyanHoW BENUYMHbI, 3anncaHHble B NepBO CTPOke Tabnuubl, 4OMKHbI
ObITb B NOPSAAKE BO3paCTaHUS;
e CyMMa COOTBETCTBYIOLUX UM BEPOSITHOCTEN JOIMKHA PaBHATLCS 1;
3Ha4YeHne BepPOSiITHOCTM OOIMKHO HaXOAUTLCS B Npeaenax 0< P(x)<1.

1. CocTaBuTb 3aKOH pacnpegeneHunst criydamHon BenuymnHel X. Hantu
MaTtemMaTuyeckoe oxungaHve, AUCrnepcuo U cpeaHee KBagpaTUYHOE OTKITIOHEHNE
OVCKPETHOW CnyYyanHOW BENUYNHBI, €CIIU N — MNOPSAAKOBLIM HOMEpP hamunmm
KypcaHTa B Crvcke rpynnbi:

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

pi| 0,177 |0,03 0,16 |0,07|0,12 | 0,4 | 0,04 | 0,01

2. HanTtn yncnoBble XapakTepUCTUKN BESNTUYUHBLI X.

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

Hayka, koTopasi 3aHMMaeTcst nonydeHmemM, o6paboTkon 1 aHanM3oM KONMYECTBEHHbIX
AaHHbIX O pa3HOOOpa3HbIX MacCoBbIX ABMEHMAX, MPOMCXOAALWNX B NpMpoae 1 obuiecTtse.
CrnoBo “ctatnctuka” NponcxoauT OT NaTUHCKOro crnoea status, KoTopoe o3HavaeT

~ 7

‘cocTosiHMe, NonoXeHne BeLen”. Pe3yanaTb| CTaTUCTUYECKNX UccneaoBaHum LLUNPOKO
MCNOJIb3YIT AJ1A NMPAaKTU4EeCKMNX N Hay4YHbIX BbIBOOOB.
Llenb 3aHaATUS: Hay‘-II/ITbCFI HaxoOuTb CTaTUCTUYECKNE XapPaKTEPUCTUKN MNMpeanoXeHHbIX

AaHHbIX.

CoaepxaHue 1 NnopaaoK BbiNoNTHEHUA paboThl:

1. MoBTOPUTbL OCHOBHbIE ONpeaeneHnsa N Popmysbl CTaTUCTUKM.

2. BHUMaATENBbHO U3Yy4nTb NPEeASIOXKEHHbIE NPUMEPbI NPUBAMKEHHOIO BbIYNCIIEHNSA
WHTerpana. 3anonHuTb Tabnuuy, nogobpas K KaxkgoMy anroputMy KOHKpeTHoe
COOTBETCTBME LENCTBUN U3 3aaHN ONsi CaMOCTOATENbHON paboThbl.

Anroputm KoHKpeTHoe cooTBETCTBME 3a4aHus NPEANIOKEHHOMY anropuTmy.
1. Haittu cpegHee CpedHuUM apugpmMemuyecKUM HECKOJIbKUX YUCesT Ha3blBaeTCs
apvdmeTnyeckoe OTHOLLEHME CYMMbl HECKOIbKMX YNCEN K UX KOTNUYECTBY.

crnyyYyanHoun Benu4ynHbl X,
MMeloLLLeN 3aKOH
pacnpegeneHus,
npeacTaBneHHbIn B
Tabnuue.

Bbluncnnte cpeaHee apudmeTnyeckoe Ymcen

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

Hantn mogy cny4vanHom
BEIMMYMHbI X, UMEKLLEN
3aKOH pacnpeaeneHus,
npeacTaBneHHbIn B
Tabnuue.

Modol Ha3biBaeTCsi YNC0, KOTOPOe BCTpeyaeTcs B Habope 4alle
BCErO.

Hangute moay Habopa yncen

9:5:7;1;5;3

PeweHne:

B naHHom Habope aBaxabl BCTpevaeTcs Yncno 5.

OTBeT: 5

Hantn megunany
CNy4YanHon BENUYUHbBI X,
MMEILLEN 3aKOH
pacnpegeneHus,
npeacTaBneHHbIn B
Tabnuue.

MeduaHol ynopsao4eHHOro psiga YMcen ¢ He4eTHbIM YMCIIOM
YNIeHOB Has3blBAETCH YMCIO, 3anMcaHHOoe nocepeanHe, a MeanaHom ¢
YETHbIM YMCIIOM YNIEHOB — cpeaHee apudMeTU4ecKoe ABYX Yncen,
3anucaHHbIX Mo nocepeauHe.

Bbluncnute meamaHy Habopa:
9;5;7;1;5; 3
Ynopsigounm Habop: 1; 3; 5; 5; 7; 9
MepguaHa gaHHoro Habopa : (5+5):2=5
OtBeT: 5
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lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx




KMPK BIrAP® ®I'60Y BO «KI'MY»

MO-26 02 05-0T11.09.11M3

MATEMATUNKA C. 43/49

Hantn pasamax
CIny4yanHon BENUYUHBI X,
UMeIoLLIEN 3aKOH
pacnpegeneHus,
npeacTaBneHHbIn B
Tabnuue.

Pa3maxom Ha3blBaeTCa pa3HOCTb Mexay HanbonbLmm u
HaUMEHbLUUM YMCITIOM Habopa yucen.

Bbluncnute pasmax Habopa umcen

9:5:7:1:5; 3

PeweHne

Haunbonbluee 3HayeHne = 9;

HanmeHbluee 3HavyeHune = 1;

Pasamax =9 - 1= 8.

OTBerT: 8.

HanTtu gucnepcuio
crnyyYyanHou Benu4ynHbl X,
MMeloLLen 3aKoH
pacnpegeneHus,
npeacTaBneHHbIn B
Tabnuue.

Hucnepcuel Ha3biBaeTcsa cpegHee apudmeTndeckoe KBagpaToB

OTKIMOHEHWNI OT CPpeaHero 3Ha4YeHus.

Hangute gncnepcuto Habopa ymcen

9;5;7;1,5; 3

PelweHune

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

CpenHee apudmeTmnyeckoe atoro Habopa=>5.

Hangem otknoHeHusa: 1-5= -4; 3-5=-2; 5-5= 0; 5-5=0; 7-5= 2; 9-5=4.
(=42 + (=2)* + 0% + 0% + 2% +4% 2

S= 6=
6 3

HanTtu ctaHgapTtHoe
OTKIOHEHWE CriyYanHomn
BENMNYMHbI X, UMEKLLEN
3aKOH pacnpeaeneHus,
npeacTaBneHHbIn B
Tabnuue.

CmaHdapmHoe OMKJIOHeHuUe — KBafpaTHbIN KOPEHb U3 OUCNEPCUN.
CtaHgapTHOE OTKITOHEHUE, O4YEBUAHO, TaKKe XapaKkTepusyeTt Mepy
paccesiHa OaHHbIX, HO Tenepb (B OTNMYME OT AUCNEPCUN) €0 MOXKHO
CpaBHUBATb C UCXOAHbIMU AAHHbIMMW, TaK KaK e4uHULbl N3MEPEHUs y
HUX OANHaKOBbIE (3TO ABCTBYET M3 (DOPMYIbl pacyeTa).

3agaHusa ans caMoCTOATENbHOM paboThl:

Hantn ctatuctudeckne xapaktepuctuku (cpegHee apudgmeTnyeckoe, Moga, Meanana,
pasmax, aucnepcus, CTaH4apTHOE OTKNOHEHWE) NPeaioXKeHHOro Maccmnea
3KCnepuMeHTarbHbIX AaHHbIX. MIcxogHble AaHHble cobpaHbl B npouecce paboTbl cygHa
Tvna npoekt 1348 B 1988-1990 rogax.

1 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
CpegHecyTt
OYHbIN 0,9 1,9 59 1,0 4,2 3,5 4,4 0,3 54 9,9
Bblf1IOB
pbIObI B
TOHHaX

2 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
YpaenbHbIn
pacxof 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
pbI6bI

3 BapuaHT
Ne 1 3 4 5 6 7 8 9 10
CyTOYHbIN
pacxoa 2,1 1,7 2,8 2,6 2,9 2,7 2,4 3,1 2,8 2,5
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TonnmBa B
TOHHAaXx

CodepxaHue omyema:

64. HanmeHoBaHWe NpakTU4eCKOro 3aHATUS

65. Uenb 3aHATMSA

66. BapwaHT 3apaHunsa

67. OT4YeT O BbINOSIHEHUM Ha Kaxabl aTan pasgena «CoaepxaHve 1 Nopsaok
BbINOSTHEHUS 3aaHUA»

68. Cnncok ncnonb3yembiX UICTOYHUKOB

69. BbiBOAbI 1 NpeanoxeHus

70. [aTa v noanuck KypcaHTa 1 npenogasaTtens

KOHTpOJ'I bHbl€ BOMPOCHI

[aTb onpegeneHne QUCKPETHON CryYanHOW BeNUYMHbI.

Y10 HasbIiBaeTCcA MaTeMaTUYECKUM OXUaaHnem?

UTto Takoe gucnepcunna?

YUTto Takoe cpeaHee KBagpaTUYHOE OTKNOHEHWE?

[aTb onpefeneHne 3akoHa pacrnpegeneHnss ANCKPETHOM CrlyYarHON BENMUYNHBI.

MpuBeguTe npumep psga Yncen, cpegHee apudMeTUYECKOE KOTOPbIX PaBHO HYIHO.

MoryT nn 6bITb B TaKOM pagy He HyneBble yucna? MoxeT nu moga Takoro psga bbiTb

OTNNYHOM OT HynA?

7. TpvBeauTe npumep psga vYmcen, pasmax KOToporo paBeH Hynt. Kak cBA3aHbl B TaKOM
psgy moga n cpegHee apudgmMeTndeckoe?

8. lNpuBeante npumep psga vYncen, Moga KOTOPOro paBHa Hyrm, a cpegHee
apugmMeTnyeckoe He paBHO.

9.MoxeT nu cpegHee apudmMmeTUYeckoe psiga Ynmcen coenagartb € ero HamdosnbLWnm

yncnom? Kaknm npu atom byaet pasmax psga?

OO WN =

MNMpakTnyeckoe 3aHaTne Ne 13
Tema: PewweHne NUHENHbIX CUCTEM YPaBHEHUN pa3finyHbIMK cnocobamum.

K peleHunto cuctem nMHENHbIX YpaBHEHUI CBOAMTCA MHOIME NpUKNagHbie 3agaqn.
CyuiecTtByeT HecKosnbko cnocoboB pelueHnsa Taknx cucteMm. OanH n3 HUX - cnocod
pelleHne CcUCTeEM NMHENHbIX YpaBHEHNN meToaoMm [aycca.

Llenb 3aHaTuA: HayunTtbCsa pelaTb CUCTEMbI FIMHENHBIX YpaBHEHUN MeToaoM [faycca.

CogepxaHue 1 NopsiaoK BblNOHEHUS paboTbl:

1. NoBTOPUTbL NOHATUE CUCTEMBI JIMHENHLIX YPAaBHEHUN, OENCTBUS C MaTPULLAMMU.

2. BHUMaATENBHO U3Y4nUTb NPUMEP peLleHnst CUCTEMbl ypaBHEHUIW. 3anonNHUTL Tabnuuy,
nogobpaB K KaXXgoMy anropuTMy KOHKPETHOE COOTBETCTBME AENCTBUM U3 3aJaHun AN
CaMOCTOATENbHON paboThl.

Anroputm KoHKpeTHOe coOoTBETCTBUE 3a4aHNSA NMPeanoXeHHOMY anropuTMmy.
Pewwntb cuctemy Bbinuwem paclumpeHHyo maTpuly JaHHOW CUCTEMBbI
ypaBHeHun metogomMm | (1 1 -3 | 2
aycca: 3 _2 1 |-
2 1 =210
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X+y-2z=2 Y NpousBeaeM crieaylolme areMeHTapHble Npeobpa3oBaHus Hag ee
r—2y4z=-1 CTpOKaMM: ) )
a) U3 ee BTOPOIA 1 TPETbEN CTPOK BbIYTEM NEPBYIO, YMHOXEHHYIO
2x+y-2z=0 COOTBETCTBEHHO Ha 3 1 2:

1 1 =312 1 1 =3 2
3 -2 1 |-1(~|0 =5 10 |-7
2 1 =210 0 -1 4 |-4

1 1 =3 2 I 1 -3 1| 2
0O -5 10 |-7|~]0 =5 10 | -7
0 -1 4 |-4 0 0 -10 13

TpeyronbHOMy BMUAYy:

xX+y —-2z=2
-5y+10z=-7
-10z=13

nony4mm
=-0,7.

6) TPeTbIO CTPOKY YMHOXUM Ha (-5) n npnbaBmm K HEN BTOPYIO:

B pesynbTate Bcex aTux npeobpa3oBaHUin AaHHasi cuctema NpuBoanTCS K

N3 nocnepHero ypaBHeHust Haxogum z = -1,3. lNogctaBngas 3To 3HaYeHue
BO BTOPOE ypaBHeHUe, nmeem y = -1,2. [lanee n3 nepBoro ypaBHeHUs

3apaHusa onsa camocTosiTeNnbHOM paboThl:

x—2y-2z=3 3x+y—-5z=-6 2x+3y+4z=7
1.9x+y-2z=0 2. {2x-3y+4z=-4 3.43x+4y—z=-4
x—y—z=1 S5x—-y+3z=-+4 4x+5y—-2z=17
xX+2y+z=4
4.43x-5y+3z=1
2x+7y—z=8
Tx+5y+2z=18 Ix+3y—z=2 x—=2y+3z=6
5 {x—-y—-z=3 6.42x+5y-5z=0 7.2x+3y—-4z=16
X+y+2z=-2 X+y+z=2 3x-2y-5z=12
2x—y+3z=7
8.4x+3y—-2z=0
2y—z=2

CodepxaHue omyema:

71. HavmeHoBaHMe nNpakTU4YecKoro 3aHATUS
72. Llenb 3aHaTuna
73. BapwaHT 3agaHuns

74. OT4eT 0 BbINOMHEHUN Ha Kaxabl aTan pasgena «CoaepxxaHue 1 NopsaaokK

BbIMNOJTHEHNA 3adaHUA»

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx




KMPK BIrAP® ®I'60Y BO «KI'MY»

MO-26 02 05-Or1.09.M3 MATEMATUKA C. 46/49

75. Cnncok ncnonb3yembiX UCTOYHUKOB
76. BbiBOAbI U npeanoxeHus
77. [Jata v nognucb KypcaHTa n npenopasaTens

KoHTponbHbIe BONPOChHI

1. CchopmynupyimTe anroputMm peLleHNs CUCTEMbI TPEX JIMHENHBIX YPaBHEHUI C TpeMs
Hen3BeCTHbIMW C NMOMOLLBI MeToaa [Maycca.

2. Kakum obpasom maTpuLy MOXHO MPUBECTU K TPeyrosisHomy suay?

3. Tllepeuncnutb cnocobbl peLleHnss CUCTEM JIMHEWHbIX YPaBHEHUW W AaTb UM
CpaBHUTESbHYIO XapaKTepUCTUKY.

MNMpakTnyeckoe 3aHaTne Ne 14
Tema: BbluncneHue nHterpanoB no ¢popmynam npAMOYrosibHMKOB, TpaneLun.

PelueHne MHOrMx TeXHNYEeCKMX 3aaa4 CBOANTCA K BbIYMCIIEHNIO ONpeaenéHHbIX
WHTEerpanoB, TOYHOE BblpaXXeHNe KOTOPbIX CNOXHO, TpebyeT ANUTenbHbIX BbIYUCIIEHUA U
He Bcerga onpaBaaHo nNpakTnyeckn. 3aechb bbiBaeT BNOMHE AOCTAaTOYHO MX
NPUBAMKEHHOro 3HaYeHus. MycTb, Hanpumep, HeobXxoaANMO BbIYUCANTL NNoLwanb,
OrpaHUYEHHYI0 NMIMHMEN, YpaBHEHME KOTOPOM HEN3BECTHO. B 9TOM criydae MOXHO
3aMeHUTb JaHHY0 NMHUIO Boriee NPoCToNn, ypaBHEHNE KOTOPOW n3BecTHo. MNnowaab
NosTly4eHHOM Taknm obpa3om KPUBOSIMHENHOW Tpaneuum npMHMMaeTcs 3a NpubnmxkeHHoe
3HayeHne UCKOMOro nHTerpana.

MpocTenwmnm NpUBAMKEHHBIM METOOOM ABMNSETCA METO NPSIMOYrofibHUKOB. MeTopq
Tpaneunn obbI4HO JAET Bonee TOYHOE 3HAYEHWe uHTerpana, Yem MeToq
NPSMOYTOSIbHUKOB.

Llenb 3aHaTUA: HayunTbCs BbIMUCTIATL ONpeaenéHHbIn nHTerpan no popmynam
NPSIMOYTOSIbHUKOB, TpaneLunn.

CopepxaHue 1 nopsiaokK BbiMOSIHEHUSA PaboThbi:

1. MNoBTOPUTbL OCHOBHbIE POPMYIIbl UHTENPUPOBAHUSA, CYLLHOCTb U3y4YEHHbIX METOA0B
WHTErpupoBaHunsi, reOMETPUYECKMIA CMbICI ONPeaenéHHOro nHTerpana.

2. BHMMaTenbHO U3yunTb NpeasioXXeHHble NpuMepbl NPUOAMKEHHOTO BblYMCNEHNS
WHTerpana. 3anonHutb Tabnuuy, nogobpas K KaxgoMy anropuTMy KOHKPETHOE
COOTBETCTBUE AENCTBUN U3 3a4aHUIN ANt CAaMOCTOATENTbHOM paboThl.

Anroputm KoHKpeTHOe COOTBETCTBME 3a4aHNsA NPeanoXEHHOMY anropuTmy.
1. Bblumncnutb no Pa3obbéM 0Tpe3sok [a, b] Ha HECKONBbKO (HanpuMep, Ha 6) paBHbIX
dopmyne b—a 5-2 1

5 Ax= -
[x:dx yacten. Tormbaa=0,b=3, . 6 >

o = + L
NPSIMOYrONbHUKOB 2 | Xk=a+k-Ax

HaiiTu aBCorioTHyo U 1 f(x0)=22=4
OTHOCUTESTbHYIO X0=2+0.2=2
MOrpeLLIHoCcTH 1 f(x1)=2,52=6,25
BbIYUCITEHUMN. x1=2+1.2=25
1 f(x2)=32=9
X2=2+2.2=3
1 f(x3)=35%=
x3=2+3.2=3 12,25

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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1 f(xs)=42=16
xa=2+4.2=4
1 f(xs)=452=
xs=2+5.2=45|20,25
1 f(xe)=52=25
Xe=2+6.2=5

?xzdxz; (446,25+9+12,25+16+20,25) = ; - 67,75 = 33,875
(23HaquV|e WHTerpana Bbl4UCIEHO C HEAOCTATKOM)
?xzdxz;-(6,25+9+12,25+16+20,25+25):;-88,75:44,375
(23HaquV|e WHTEerpana Bbl4UCNEHO C N3BbLITKOM)
33,875+44,375 39,125

,uﬂﬂ TOrO, ‘-ITO6bI BbIMACITNTb OTHOCVITeJ'IbHy}O I'IOl'peLIJHOCTb
Bbl‘-ll/lCJ'IGHI/IVI, Hago Hal7|TVI TOYHOE 3Ha4veHune I/IHTeraJ'Ia:
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%
39
2. Bbumcnutb no Ncnonb3ys Tabnuuy 3agaHus 1, umeem:
3

dopmyrne Tpaneuun

[ xtdx

4 25 1
Ixzdxz; . (E +6,25+9+12,25+16+ 20,25 + 7) =3 78,25 = 39,125
2

3apaHusa ona camocTosTeNbHOM paboThl:

BbluncnuTe MHTErpan MeToLoM NpsiMoyrofibHUKOB 1 Tpaneuuu, npuHas n=10.

1 BapuaHT

2 BapuaHT 3 BapmaHT 4 BapuaHT

j xdx

f(xz +3)dx T3J}dx

CodepxxaHue omyema:

78. HaumeHoBaHune NPaKTUN4YeCKOro 3aHATUNA

79. Uenb 3aHATMSA

80. BapwaHT 3agaHus
81. OTyeT 0 BbINOMHEHUN Ha Kaxabl 3Tan pasgena «CoaepxaHne n NOpsSAoK

BbINMOJIHEHNA 3aaHNA»

82. Cnncok ncnonb3yembiX MCTOYHUKOB
83. BbiBOAbI 1 NpeanoxeHus
84. [ata u noanuck KypcaHTa 1 npenogasaTerns

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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KoHTposibHbIe BONpOChI

1.Bcerga nv MOXHO BbIMMCNIUTL TOYHOE 3HaYeHne uHTerpana?
2.B kaknx crny4vasix IpMMEHSIITCS NPUGNIMKEHHbIE METOAblI UHTENPUPOBAHUA?
3.Kakon metoa oaéT Bonee TOYHbIN pesynbTaTt?

MCI'IOﬂb3yeMble MUCTOYHUKN NUTepaTypbl

Buabl UICTOYHUKOB

HanmeHoBaHue pekoMeHAyeMbIX YY4eOHbIX N3gaHum

OcCHOBHbIe

1. Boromonos, H. B. MatemaTtuka y4yebHunKk ans
cpegHero npodeccnoHansHoro obpasosaHus / H. B.
Boromonos, . . CamonneHko. — 5-e un3g., nepepab. n
pon. — Mocksa : 3patenbctBo KOpanTt, 2022. — 401 c. —
(MpodeccmoHanbHoe obpasoBaHune). — ISBN 978-5-534-
07878-7. — Pexum poctyna : urait.ru/book/matematika-
489612

2. Boromonos, H. B. [lpaktnyeckne 3aHATUA MO
mMatematuke B 2 4. Yacte 1 : yyebHoe nocobue ans
cpeaoHero npodeccunoHanbHoro obpasoBaHna / H. B.
Boromonos. — 11-e u3a., nepepab. n gon. — Mockea :
NspaTtenbctBo  KOpaut, 2022. 326 c.
(MpodeccmoHanbHoe obpasoBaHue). — ISBN 978-5-534-
08799-4. — Pexum pgoctyna : urait.ru/book/prakticheskie-
zanyatiya-po-matematike-v-2-ch-chast-1-490666

3. Boromonos, H. B. [lpaktnyeckne 3aHATUA MO
mMatemaTuke B 2 4. Yactb 2 : yyebHoe nocobue ans
cpeaoHero npodeccunoHanbHoro obpasoBaHma / H. B.
Boromonos. — 11-e u3a., nepepab. n gon. — Mockea :
N3paTtenbctBo  KOpaut,  2022. 251 c.
(MpodeccmoHanbHoe obpasoBaHune). — ISBN 978-5-534-
08803-8. — Pexum pgoctyna : urait.ru/book/prakticheskie-
zanyatiya-po-matematike-v-2-ch-chast-2-490667

4. Bbiclwasas maTtematvka : y4eOHUK M nNpakTUKym Ans
cpegHero npodheccmoHanbHoro obpasosanna / M. bB.
XpunyHoBa [ gp.] ; nog obwen pepakumen M. B.

XpunyHosoun, WN. WU. LbiraHok. — MockBa : N3gaTenbCTBO
KOpant, 2022. — 472 c. — (lMpodpheccmoHanbHoe
obpasoBaHne). — ISBN 978-5-534-01497-6. — Pexum

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

HdononHutenbHble, B T.u.
KypC nekunn no y4yebHou

oucyuriniuHe,
memoou4yeckue rnocobusi u
pekomeHdayuu ons
8bIMOSIHEeHUS

npakmu4yeckux 3aHamud u
camocmosimersibHbIx pabom

3.boromonos H.B. C6opHuk 3agay no matemaTuke [TekcT]:
yyebHoe nocobue gna cped. npod. obpasosanus /H.B.
Boromonos.-10-e n3g.-M.: [poda, 2014.-204c.(cpeq. npod.
obpasoBaHue)

UHTepHEeT-MCTOUYHUKMN

www geometry.ru «"feomeTpus »
www karman form.ucoz.ru «Cant no matematuke»
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www uroki.net «MatemaTuka»

www arm-matr.rkc-74.ru « Anrebpa n Ha4Yano aHanunsa»
www. school.nd.ru «3nekTpoHHas GubnunoTeka «
[MpocBelleHne»

ONEeKTPOHHbIe
obGpa3oBaTesnbHble
pecypchbl

1. 9BC «Book.ru», https://www.book.ru

2. 3BC « FOPAUT»https://www.biblio-online.ru

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

4. N3paTenbctBo «JlaHb», https://e.lanbook.com
5.9nekTpoHHO-OMbnnoTeyHan cuctema «YHMBeEpCcUTETCKas
6ubnunoteka oHnanHy,https://www.biblioclub.ru
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