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BBepeHue

MeTtoanyeckoe nocobue Anst NpakTUYECKNX 3aHATUIN COCTaBMIEHO B COOTBETCTBUN C
paboyen nporpammon aucumnnmHbel EH.03 «Matematuka» ans cneuwansHoctn 43.02.15
«[loBapckoe 1 KOHOUTEPCKOE LeNno».

MpakTnyeckne 3aHATUA MPOBOAATCA C LEnbl  3aKpenneHust MnofyyYeHHbIX
MaTeEMaTMYECKMX 3HAHWA M YMEHWUWA, a Takke HanpasBneHbl Ha hopMmpoBaHMe OBLLINX K
npodgeccuoHarnbHbIX KOMNEeTeHUMI, NpeaycMoTpeHHbIX PIrOC.

Pabouenn nporpammon OUCUMNIMHBI ONA MPOBEAEHUA MPaAKTUYECKUX 3aHATUIN
npegycmoTpeHo 20 akagemuyeckux 4acos nnu 10 3aHAaTUNn.

Llenbio npoBeeHnsa NpakTU4YeCcKnX 3aHATUN ABNAETCS 3aKpenneHne TeopeTuyeckmnx
3HaHUN 1 NpuobpeTeHna HeobXOANUMbIX MPAKTUYECKUX HABbIKOB U YMEHWUA MO OTAESbHbIM
TemMam aucuunnuHel. Hapsagy ¢ dopmuvpoBaHMEM YMEHUMM W HaBbIKOB B Mpouecce
NPaKkTUYECKNX 3aHATUN 06obLarTCca, CUCTEMATUIUPYIOTCS, KOHKPETU3MPYHTCA WU
yrnybnsaiTca TeopeTuyeckne 3HaHus, BblpabaTbiBaeTcsl CNocCOOHOCTb WM FOTOBHOCTb
NPUMEHSTb 3TN 3HAHUA Ha NPaKTUKe, Pa3BUBAOTCH UHTENNEKTYarnbHble YMEHNS.

BbinonHeHMe npakTU4eckux 3aHATUM  HanpaeBneHo Ha dopMupoBaHue y
oby4aromxca cnegyowmx aneMeHToB obLmnx komneteHuumn (OK):

OK01.  BbibupaTtb cnocobbl peleHna 3agay npodeccuoHanbHon AesaTeNbHOCTH,
NPUMEHNTESNBHO K pasfUYHbIM KOHTEKCTaM;

OK 02. OcywectBnaTb MNOUCK, aHanu3 W UWHTepnpeTauuio  MHdopmaumn,
HeobxoaMMon 4NA BbINOMHEHNA 3a4a4 NPOdeCCUOHANBbHOM AEATENBHOCTY.

Mepen npoBeaeHUEM NpakTUHECKNX 3aHATUI oBy4varowmnecs oba3aHbl npopaboTaTb
COOTBETCTBYHOLUMA MaTepuarn, YSCHUTb Lefb 3aHATUS, 03HAaKOMUTLCS C cofepXXaHuem U
nocrnegoBaTeNbHOCTBIO €ro MpOBEeAEHUs, a npenogaBaTenb NPOBEPUTb WX 3HAHMUS
rOTOBHOCTb K BbIMOMIHEHUIO 3a4aHUS.

TekcT BbINOMHAEMbIX paboT Ha MNpPaKTUYECKUX 3aHATUSX obydarowmecs LOOSMKHbI
nucaTtb Py4YKOM MOHATHLIM NoYepkoM. CxeMbl, 3CKM3bl, Tabnuubl HEOO6XOANMO BbINOSTHATb
TONbKO KapaHAaLLlOM C MOMOLLbI0 YEPTEXKHBLIX MHCTPYMEHTOB.

lMocne kaxaoro NpakTU4ecKoro 3aHATUS NPOBOAUTCSH 3allMTa oTdeTa, Kak npasumo,
Ha cnefyoLweM NpakTMYeCcKOM 3aHATUKM nepes BbiNOfHEHWEM nocneayowen paboTol.

Ha 3awmute otyeTa oOy4valoWMNCHA AOMKEH 3HaTb TEOpUKD MO [aHHOW TeMme,
MOSICHUTb, KakK BbINOMHANAcb paboTa B COOTBETCTBUM C OCHOBHbIMM TpebOBaHUAMM K

3HAHUAM M YMEHNAM MO AaHHOW TeMe paboyen nporpamMmmbl.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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Mepe4vyeHb NPaKTUYECKUX 3aHATUN
Tema lMpakTnyeckoe 3aHATHE Konunue
CTBO
YyacoB

Paspen |I. MaTemaTuyeckum aHanus.

Tema 1.2. MNpegen dyHKuUK. Ne1: « TexHuka BblMUCHIEHMS NpeaenoB PYHKUUN B TOYKE U Ha 2
DECKOHEYHOCTMY.
Tema 1.3. | Ne2 «HaxoxgeHune npon3BogHou yHKLUUY 2
OunddepeHunansHoe Ne3 «WccnepoBaHme QyHKUMA U NOCTPOEHME rpaduKoB C 2
ncumcreHue. NMOMOLLIbKO NPON3BOLHONY
Ned4 «[pumeHeHne pudppepeHumana K NPUBNMKEHHBIM 2
BbIYMCIIEHUAM»
Tema 1.4. WHTerpanbHoe | Ne5 «HaxoxgeHue HeonpenenéHHoro WHTerpana 2
ncumcreHue. pasnuyHbIMK cnocobammy
Ne6 «BbluncneHne onpegenéHHoro nHTerpana» 2
Tema 1.5. | Ne7 «PewweHune anddepeHumnanbHbIX ypaBHEHNNY 2
OuddepeHumanbHble
YypaBHEHMUS.
Pasgen Il. Teopusi BepoATHOCTEM U MaTeMaTU4ecKasa CTaTUCTUKA.
Tema 2.1. OcHoBHble NoHATUS | Ne8 «3agaunm Ha onpegeneHne BEPOSATHOCTU COOLITUSI» 2
KOMOMHATOpUKM 1”1 Teopumn
BEPOSATHOCTEN.
Tema 2.2. OnemeHTbl | Ne9 «MaTemaTuyeckoe oxugaHue u gucnepcusay 2
MaTeMaTU4EeCKON CTaTUCTUKM.
Pasgen lll. MaTemaTuyeckme MeToabl pelleHUs NPUKNagHbIX 3aga4y B obnactu
npodeccuoHanbHON AeATEeNIbHOCTMU.
Tema 3.1. Marematnyeckme | Ne10 «MaTtemaTnyeckne MeTodbl PeLIeHWs npuKnagHbIX 2
MeTOoAbl peLleHns NpUKNagHelx | 3agad B 06nacty npodheccrMoHanbHOM AeaTeNbHOCTU»
3agay B obnactu
npodeccnoHansHon
OeATENbHOCTW.
UTOro 20

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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PA3OEN 1 MATEMATUYECKUA AHANU3
MpakTuyeckoe 3aHATUE Ne 1 TexHMKa BbluucrieHUsA npeaenoB (pyHKUUN B
TOYKe U Ha 6eCKOHEeYHOCTHU

Llenb 3aHsmus:
3aKpenUTb HaBbIKN BbIYUCIIEHNSA NpeaenoB YHKLMM B TOYKE U HA BECKOHEYHOCTH.

PaboTta HanpaBneHa Ha hopmupoBaHune komneteHumn: OK 01, OK 02.
Ucnonbsyemas numepamypa: [1, m.2, § 2.1.3, 2.1.4]

UcxoOHble mamepuaribl U OaHHbIe:

1. Uncno A HasbiBaeTcsa npegenom yHkumn y = f(x) B Touke X = a, ecnm ans Becex X,

CKOJlb YFOAHO Marno OTNMYalLwmxcs oT a (|x—a| < 3), 3Ha4YeHne PYHKLUUN Y CKOMb YrOAHO

Marno oTnunyaeTcs oT yicna A (|y —A| <g). MuuyT: lim f(x)=A.
X—a
2. Yncno B HasbiBaeTcs npegenom gyHkumm y = f(X) npn x—, ecnu ana Bcex

AoCTaToYHO 6onbluMX Mo mMoaynio 3Ha4YEeHUN aprymeHta X COOoTBEeTCTByWOLNE 3HaAYEeHUA

dyHKuun y = f(x) ckonb yrogHo mMano otnuyaeTcs ot uicna B. MuwyT: lim f(x) =B
X—>0

TeopeMbl 0 Npegenax (Nnpasvna npeaenbHOro nepexoaa):
Ecnn dyHkuumn f(x) n g(x) onpeneneHbl B HEKOTOPOW OKPECTHOCTM TOYKU a,

BO3MOXHO, 32 UCKINIOYEHNEM CaMOWN TOYKM a, U cyllecTByloT npegensl lim f(x), lim g(x),
X—a X—a

TO

1 lim (f(x) £ g(x)) = lim f(x) + lim g(x)

lim (F(x) * g(x)) = lim f(x) * lim g(x)

lim f
) )
x—ag(x) lim g(x)
3. X—a ,apng(x)= 0n limg(x)=0.
X—a
CnepcTBus:

1. MNMpepen NOCTOAHHOW paBeH 3TOW NOCTOSHHOMW.

2. [MOCTOSAHHBIN MHOXNTENb MOXHO BbIHOCUTbL 3a 3HaK Npeaena.

Mpumepsi:
lim(x? —-7x+4)=3%2-7*3+4=-8

1. x>3

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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X% +x+2 22 4242 8
2. lim = =— (cHayana npoBepuM, He obpallaeTcs nu

x>2x2 1 2x+8 2242*2+8 16

3HamMeHaTenbBO Npux =2:22+2*2+8 =16 #0),

_ x?-6x+9 . (x-3)%  x-3 3-3
3. Im————=Ilm——"—=1Iim =——=0 (30ecb wnmeeT MecCTO
x—3  x2 _3x x—>3X*(x-3) x-a X

0 .
HeonpegeneHHoOCTb 6 PaCKpoeM ee, pas3rioxKnmB HACITINUTESb N 3HAMeEHaTESl1b Ha MHOXUTESTN

N COKpaTumB),

2_§+£+l
 2x3-3x% +5x+7 X x2 x3 2
4. lim 3 5 = lim =— (30ecb umMeeT MecTO
xon 3x3 +4x% —x+2 xomg 4 1 2 3
x x2 x3

e ) o
HeonpegeneHHoCTb Bnaga —. PaCKpoeM ee, pasgernmB YncnmTesib 1 3HaMeHaTeslb Ha X3).
o0

3amevaTenbHble npeaensl:
. sinx
lim —— =1
1. x>0 X

k

2. lim(+)* —e (e =2, 71828...).

X—>00 X

CodeprxaHue u nopsidoK 8bINoNHEHUS 3adaHus:

Bbluncnntb npeaesnsl yHKUMNA:
BapwnaHT Ne 1

lim(2x? —3x +4)

X—2 .

lim (x+3)(x-2)
2. x—>-1 X+ 2

. 3
lim
3. x->32X—6

. 2x3 —2x2
m ———%
4. *05x7 —4x“

. x%2_-8x+15
lim —

lim X5 -|-X6
6. x> x> +x*

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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7 X>64Jx+3-3
lim 5
8. XX +3X .
lim sSin3x
9. x—-0Sindx
lim (1+§)X
10. X>»® X

BapuaHT Ne 2

lim (x3 —x? +1)

1. x—>-1

”m\/;+1
2. x4 x -1

lim

3 x>03x% +2x

o 3x34x
lim ———
4. x>0 X

lim

vy 3 2X+3
5. 2

4 3

lim 3

6. X X7 +2x

lim
7. x>0 X

im(5+2 -
8. X—»00 X X

. sin2x
lim —
9. x>0sin4dx

im[ X 2)2)(
10 X—»00 X .

BapuaHTt Ne 3

1_X—>—

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx

4x2% -9

X =X +X
2

MX+1-1

Iim1(x3 —3x% +X)
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lim (x=3)(x+1)
2. x—>2 X—-4

lim ——
3. x>43x-12
lim x2 _2x—-3

4. x—3 X2 -9
lim x3 +x
5 x>0 X

lim X2 —3x

”m«/;+1
7. X—>4\/;_1.

lim —————
g, x>»3x> —4x?
lim sin4x
9. x->0sin5x |

lim (14 S)*
10. x> X'

BapuaHT Ne 4

lim (x? —4x +2)
x—4 )

lim (x=5)(x+1)
2. x—>-3 2—-X

lim
3. x>-12X+2

2X + X2

lim —
4. ¥ 2X°+5X+6
. 4x3 £ %2
lim ——
5 x>02x3 —3x?
. 14 2x + x°3
lim 3 5
6. X2>*10x” +x° -80

i VX+6 -3
im-——

7. x>3 x2 _3x

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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. 4 5
lim (20— — +—)
8. X—>0 X2 X3
. sinbx
lim —
9. x—-0Sin8x

im X+3 3
10. X—>00 X )

MNMpakTnyeckoe 3aHaATME N2 1 TexHUKa BblYUCNEHUA npeaenoB (pyHKUun B
TOYKe U Ha 6eCKOHeYHOCTH
KoHmporibHbIe 80MpoChl:
[aTtb onpegeneHune npegena yHKUUN B TOYKE N Ha 6ECKOHEYHOCTH.

CdopmynunpoBaTh 1 3anucaTtb NepBbIi U BTOPOW 3aMedaTeribHble Npeaenb.

MpakTnyeckoe 3aHaTMe Ne 2. HaxoxaeHue nponsBoaHon PyHKLUKN

Llenb 3aHsmus:

3aKpennTb HaBblKM MCMNOMb30BaHWA NpaBun U dopmyn auddepeHunpoBaHus
PYHKLNNA.

PaboTta HanpaBneHa Ha popmupoBaHue komneteHumn OK 01, OK 02.

Ucnonb3yemas numepamypa: [1, an.2, § 2.1.7]

Ucxo0Hbie mamepuaribl U OaHHbIE:!
MpaBuna andpdepeHunpoBaHuns:
1.C' =0,

2. (uxv)y=uzv,

. (u*v)y=u*v+u*v

4. (C*u)y=C*u,

u

5. (V) = uv-utv'

v2

OcHoBHble hopmynbl AnddepeHUNpPoBaHNS:
1. (x") =nx "™,

2. (sinx)’ = cosx,

3. (cosx)’ = -sinx,

1

4. (tgx) = cos? X

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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MATEMATKNKA

| C.10/32

1

5. (Cth)’ = Sin2 X ,

6. (@) = a* *Ina,

7. (€ = e,

1
8. (log ax) = X*Ina

X | =

9. (Inx) = X,
1

10. (arctg x) = 1+x%

11. (arcctg x)’ = - :
1+ x2
1
oy = V1—x2
12. (arcsin x)’ = ,
13. (arccos x)’ = - 1ix2

HaxoxgeHne npon3BogHOM CITOXHON dOYHKLMN:

y =g(u),
rae u = f(x): yx' = g'(u) * F(x) unn yx' = y'u * U'x.

CodeprxaHue u nopsidoK 8bINoHEHUS 3a0aHus:
HanTtu npounssoaHble yHKLUNN:

BapuaHT Ne 1

1.y =5x*+7x-2

4 o
2_y= X3
3.y=x%cos X

x2+5
4_y= X —1

x3
5y=ﬁ

6.y = e2x2+4x
7.y =1logs(3x3-7)
8.y = sin 4 3x.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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BapuaHT Ne 2
1.y =7cosx —2x" + 3
2.y = 2vX _|ogsx

3.y=x3*sinx

Xx-3
4_y= X2+2

2
5y= Vx?
6.y =37+

7.y =cos®(4x—1)

8.y = arccos x?

BapuaHT Ne 3
1.y=eX-3x8+7

5
2.y=;-tgx
3.y=ctgx*e*

3x+1
4.y= 2x* -1

52
5.y=ﬁ
6. y = arcctg 5x
7.y =sin 4 (2x)
8.y =1In (2x 4 — 5x)

BapuaHT Ne 4
1.y=3*+6x2-38

7
—4+ctgx
2_y= X
3.y=3"*"tgx
2x2 +1
4_y= 3x-2
x°
5.y= Q/;

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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6.y =ctg (6x>—1)
7.y=cos?(x>+x—1)

8.y = arcsin x3

KoHmporibHble 80rpochi:

1. Hatb onpegeneHve npousBogHon yHKumn. CdopmynupoBatb, B 4YeM
3akno4vaeTcs eé U3nYeckuin N reoMeTpmuYeckuii CMbICn?

2. CdopmynupoBatb npasuna gudpdepeHUnpoBaHna npon3BeaeHusi, CyMMbl,

4YaCTHOro ABYX (PYHKUUKN, a TaKKe — CINOXHON OYHKLINN.

MpakTnyeckoe 3aHaTne Ne 3. UccnepoBaHue chyHKLUN C NOMOLLIO
npousBoaHoun. NoctpoeHune rpachukoB pyHKLUN

Llenb 3aHsmus:
3aKpennUTb HaBbIKN BbIMOMHEHMS UCCNenoBaHNSA OYHKLUMIA C NOMOLLIbIO MPOM3BOAHOWN
N NOCTPOEHNS rpaddMKoB Mo pesyrbTaTamM UCCIeLOoBaHUS.

PaboTa HanpaeneHa Ha bopmupoBaHme komneteHumn OK 01, OK 02.

Ucnonb3yemas numepamypa: [1, an. 2, § 2.1.10]

UcxodHble mamepuarbl U OaHHbIe:

NccnepoBaHne oyHKUMM HA MOHOTOHHOCTb.

Ecnn doyHkuma y = f(x), X e (a; b), meeT nonoxmTenbHy0 NPON3BOOHYIO B KaXO0M
TOYKe UHTepBana (a; b), To aTa (pyHKUMS BO3pacTaeT Ha uHTepsarne (a; b).

Ecnn dyHkumna y = f(x), x e (a; b), meeT oTpmuaTenbHy0 NPOU3BOAHYIO B KaXXO0W
TOYKe UHTepBana (a; b), To ata pyHKumMs ybbiBaeT Ha uHTepeane (a; b).

WccnenoBaHne oyHKUMKM HA SKCTPEMYM.

Heobxoanmoe ycnosume CyLLLEeCTBOBAHUS SKCTPEMYMA:

Teopema Pepma: ecnm ToUKa Xo ABNAETCHA TOYKOM IKCTpemMyma pyHKkumn 'y = f(x) 1 B
3TOW TOYKe cyllecTByeT npouaBogHas, To f(xo) = 0.

[locTaTouHble yCNOBUSA CyLECTBOBaHMSA 3KCTpemyma: ecnu npoussogHas f(x) npu
nepexoae Yepe3 TOUKY Xo MEHSIET 3HAK C «+» HAa «-», TO Xo — TOYKa MaKCUMyMa; ecriv npwu
nepexone Yyepes TOUKY Xo NPON3BOAHAS MEHSIET 3HAK C «-» Ha «+», TO X0 — TOYKa MUHUMYMa.
Ecnu f(x) npn nepexoae yepes TOUKY Xo HE MEHSIeT 3HaK, TO B TOYke Xo pyHKums f(x) He
nMmeeT IKCTpeMyma.

3. HaxoxaeHue nHTepBanoB BbINyKNOCTM M TOYEK nepervba.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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Ecnv Ha nHTepBane (a; b) gsaxabl anddepeHunpyemas dyHkuma y = f(x) umeer
oTpuULaTeNbHYIO (MOMNOXUTENBHYI) BTOPYH NPOU3BOAHYH0, TO rpadmk yHKLMM obpalleH
BbIMYKNOCTbIO BBEPX (BHU3).

Heobxoanmoe ycnoBme CyLLecTBOBaHUA TOuYkM nepermba: ecnun pyHkumnsa y = f(x)
UMeeT HenpepbiBHbIE NPOU3BOAHbIE A0 BTOPOro MOpsigka BKAYMTENbHO Ha MHTepBane
(a;b) n Touka (xo; f(x0)), rae xo € (a; b) aBnseTca Toukon nepermba rpadmka dyHkumm f(x),
10 f’(X0) = 0.

[locTtaTtoyHoe ycrnoBume CyLLeCcTBOBaHUA TOUKM nepermnba: ecnun dpyHkums y = f(x),

X € (a; b), oBaxabl auddepeHumpyema Ha nHTepsarse (a; b) u npu nepexoe yYepes

X 0 € (a; b) BTOopasa npomssogHas f’(X) MeHAeT 3HaK, TO TOYKa KpMBOW ¢ abcunccom x
= Xo AABNSieTCA TOUKOon nepernba.

4. AcuMnToTbl rpadmka yHKLNK:

Mpamasa nuHMS HasbliBaeTcs acuMnToTon rpaduka dyHkumm f(x), ecnm paccrosiHme
OT ToukM M, nexawien Ha rpaduke, 4O 3TON MPSMON CTPEMUTCSA K HYFO MpU OBUMXKEHUN
TOYKM MO rpadmnky B 6€CKOHEYHOCTb.

CyLecTByHOT TpU B1UAa aCMMMTOT: BEPTUKAlbHbIE, FOPU3OHTalTbHbIE U HAKITOHHbIE.

Mpamas x = Xo Ha3bIBaeTCA BEpTUKANbHOW acMMNTOTON rpadpmka pyHkuum f(x), ecnn

X0Ts1 6bl 04HO U3 npedernbHbiX 3HadeHun  lim f(x) unn  lim f(x) paBHO +o00 UMK — .
X—>Xg+ X—>Xo—

Mpsamas y = A HasbIBaeTCsA ropM3oHTanbHOM acuMnToTon rpadumka dyHkumm f(x) npm

X —> 40 (X > —0),ecrim lim f(x)=A ( lim f(x)=A).
X—>+00 X—>—00

Mpsamas y = kx + b (k # 0) Ha3bIBaeTCs HaKNOHHOW acUMNTOTON rpadomka yHKLUN
f(x)

y = f(x) npwu X—+00, ecnm lim (f(x)—-kx-b)=0, rge k= lim —=;
X—>+00 X—>+00 X

lim (f(x)—kx).

X—>+00
5. Obwasn cxema nccnegoBaHus QYHKUMA U NOCTPOEHNSA rpadOUKOB:

1) HanTh obnacTtb onpeaeneHns QYHKLNNK;

N

nccnegosatb PYHKLMIO HA YETHOCTb U HEYETHOCTb;
3) uccnenoBaTb PYHKLMIO HA NEPUOANYHOCTb;

4
5

nccnegosaTtb PYHKUMIO HA HENPEPbLIBHOCTb, HAWTU TOYKN pa3pbiBa;

HanTW acUMMNTOTbI rpadomka PyHKLNNK;

»

HanTn KpuUtn4eckmne To4Km nepBoro poaa,

~

)
)
)
)
)
) Ha
) HAUTWN MHTepBasibl MOHOTOHHOCTU U AKCTPEMYMbI (PYHKLMK;
8) HaNTN KPUTUYECKME TOYKN BTOPOro poaa;

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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9) HanTW MHTepBarbl BbIMYKNOCTU U TOYKN Nepernba;
10) HanUTK TOYKM NepecedeHus rpadmnka (PyHKUUM C OCAMU KOOpAMHAT (ecrnu 3To
BO3MOXHO);

11) nocTponTb rpacmk yHKLNN.

CodeprxaHue u nopsidoK 8bINoHEHUS 3adaHus:

Bapuarm Ne 1

1. HaiiTn KpUTYecKme TOUKM PYHKLUMKM: Y = X3 — 2X2 + X + 3.

2. WccnepoBaTb YHKUMIO HA MOHOTOHHOCTb U 9KCTPEMYMbI: Y = X3 + 2X% — 7Xx — 2.

3. Haitv nHTepBanbl BbINYKNOCTU U TOYKK Nepernba rpaduka pyHKUmn: y=- x3 + 5x2.

X3 2
4. BbInONHUTL UccnegoBaHne 1 NOCTPOUTL rpaduk PyHKUNK: y = . X<,

5. HaiTn nponsBoaHyto CroXHoOm yHKLmmK: y = (3x8 — 7x + 2)°.

BapuaHm Ne 2

1. Hantn kputnyeckne To4KkM OyHKUMK: Y = X3 — X2 — X + 2.

2. ViccnenoBaTb OYHKLMIO HA MOHOTOHHOCTb U 9KCTPeMyMbl: y=2x3 — 3x2 — 36X + 40.
3. HaitT nHTepBanbl BbIMYKNOCTU U TOYKU nepernba rpadumka pyHKumn: y = x* — 2x3,
4. BbINONHWUTL UccneaoBaHne Y NOCTPOUTL rpaduk yHKUMK: Y = - X3 — X2 + 5X.

5. HaiiTu nponsBoaHyo CnoXHOW pyHKUMK: y = sin (9x? — 3).

BapuaHm Ne 3

1. Hantn kputnyeckne Toukn dyHkumm: y = 2x3 — 10x? + 6x.

2. NccnenoBaTh PYHKLMIO HA MOHOTOHHOCTb M 9KCTPEMYMbI: Y = X3 — X% — X + 3.

3. HainT nHTepBanbl BbIMYKNOCTU U TOYKK Nepernba rpaduka yHKumn: y=2x3— 4x2,
4. BbINONHWUTL UCCNeaoBaHne 1 NoCTPOUTL rpadpmk yHKUMK: Y = 6x* — 4x8.

5. Hantn nponsBogHyto CnoxxHon pyHkumn: y = In (4 — 5x).

BapuaHm Ne 4
1. Haintu kputnyeckmne Toukn yHKUMK: y = X3 + x? — 5x - 3.
2. ViccnenoBaTb OYHKLMIO HA MOHOTOHHOCTb W 3KCTPEMYMbIL: Y = X3 + 6x2 + 9X.

3. HaiiTu nHTepBanb! BbINYKNOCTU M TOYKM nepernba rpadpmka dyHkumn: y=x* + 3x3.

x3
4. BbInonHUTL UccnegoBaHue 1 NoCTpouTb rpaduk yHKUUK: Y +4x.

o 3
5. HaiiTvi NpOV13BOAHYIO CHOXHOM yHKUmK: y = eX 3%,

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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KoHmporibHble 80rpocsi:

1. aTb onpegeneHne To4ek aKCTpeMmyma PyHKLMUN.

2. Kak uccnegoBatb (PyHKLMIO HA MOHOTOHHOCTb N 9KCTPEMYMbI C MOMOLLIbIO NEePBOM
NpPoOn3Bo4HON?

3. Kak HaxogaTca uHTepBarbl BbIMyKNOCTU KPUBOMW M TOYKM nepernba?

4. YT0 Takoe acMmnToThI rpadomnka pyHKumMmn? Kak nx Hamtm?

MNMpakTnyeckoe 3aHaTne Ne4 NMpumeHeHne anddepeHumnana K npUMGNNKEHHbIM
BbIYMCIIEHUAM

Llenb 3aHsmus:
yMeTb NPUMeHATb andepeHumnan K npubNmKEHHbIM BbIYUCIIEHUSM.

PaboTa HanpaeneHa Ha oopmunpoBaHme komneteHumn: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, m.2, §2.1.8]

UcxoOHble mamepuaribl U OaHHbIE:!

PaccmoTtpum cyHkumio y = f(x), e€ npupawenune Af(xy) = f(xo + Ax) — f(xy) ©
andpcbepeHuman df (xy)= f'(xy,)Ax. Npn goctatodHo Manbix Ax umeeM Af(xy) = df (xg).
OTy hopmMyny NPUMEHSIOT K PasfmnyHbIM NPUBNIMKEHHBIM BbIYUCIIEHNSIM.

1. ®opmyna ans BbIMUCTIEHNS NPUBNIMKEHHOTO 3HAYEHNSA (PYHKUUK:

f(xo + Ax) = f(x0) + df (xo).
2. ®opmyna ans BblMUCIIEHUS MPUBNIMKEHHOIO 3HAYEHNSA CTENEHM:
(%0 + AX)™ = x¥ + nx}1Ax.
3. dopmyna ans BblMMCNEHUS NMPUBNMKEHHOIO 3HAYEHNSA PA3NTUYHbBIX KOPHEMN:

k,/x0+sz’i/x_0+k

‘/x—OAx.
kxo

CodeprxaHue u nopsidoK 8bINoHEHUS 3a0aHus:

BapwuaHT |I.

1. Bbramcnutb anddepeHuman yHKumm:
y = cos’x npu x = % ndx = 0,03.

2. Bblumcnutb NpubNmkEHHOE 3Ha4YEeHME NpupaLLeHnsa PyHKUUK:
y = x3-x%+x npux=2u Ax = 0,01.

3. Bblumncnutb npubnmxéHHoe 3HayeHne PyHKUMK:
f(x) = 2x?— 3x—1 npux=2,01.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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4. BblMucnntb NpUBAMKEHHOE 3HAYEHNE CTENEHN:
(1,013)*

BapwuaHrT Il.
1. Bblumcnutb guddepeHuman pyHKUnn:
y = sin’Xnpu x = % ndx = 0,02.
2. Bbluncnutb NpuBNmKEHHOE 3HaYeHne NpupaLeHns PyHKUNn:
y=x3-2x*-3x—1npux=2uAx=0,02.
3. Bblumcnutb NpuBAmKEHHOEe 3HaYeHne YHKLUNN:
f(x) = 2x3 4+ x? —3x + 4 npu x = 3,02.
4. Bblumcnntb NpubnmxEHHOE 3HaYEHNE KOPHS:

{1,06.

KoHmporibHble 80rpochl:
1. daTb onpegenexHne gudpdepeHumana gyHKUNN.
2. B 4éM cOCTOUT reoMeTpUYECKNin cMmbicn anddepeHumana?

3. Moyvemy auddepeHuman yaobHee npuMeHaTb K NPUONMKEHHBIM BbIYUCNEHUAM?

MpakTnyeckoe 3aHaTMe Ne 5. HaxoxaeHne HeonpeaenéHHOro MHTerpana
pa3nuMyHbIMK cnocobamum

Lenb 3aHsmusi:
3aKpennTb POPMYIbl UHTENPUPOBAHUSA U OCHOBHbIE MPUEMbI HEMOCPEOCTBEHHOrO
WHTErpMpoBaHus 1 cnocoba NnogcTaHOBKN.

PaboTta HanpaBneHa Ha gopmupoBaHue komneteHumn: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, an.2, § 2.1.11]

UcxodHble mamepuaribl U OaHHbIE:
Ecnn dyHkuma F(x) — nepBoobpasHas ons pyHkuum f(x), TO MHOXECTBO OyHKLMIA

F(x) + C, rae C — npon3BosnbHas NOCTOSIHHASA, Ha3blBaeTCA HeonpeaeneHHbIM NHTerpanom

oT ¢pyHkumM f(x) 1 o6osHavaeTcsi cumsonom [f(x)dx =F(x)+C.

OCHOBHbIE CBOIICTBa HEONpeaeneHHOro MHTerpana:
1. (00 = g0
2. ¢ TFOHX _ frax:

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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3. 1) = g+
4. [KE(x)dx = k[ f(x)dx.

5. [(Fx)£g0))dx = [f(x)dx:£ [g(x)dx

Tabnvua OCHOBHbIX MHTErPanoB:

, [0*dx=C.

2

n+l

jxndxz al

dx

[—=Inx+C

4.7 X

Ina

»

~

oo

dx

[— :tgx+C.

9. COSs X

dx

10. sin® x

]
11, V1-x?
dx
]
12. 1+X

2

f dx
13. \/X2 *+a

f dx
14, x* -a®
dx

15, x% +a

2

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx

[1*dx=x+C.
n+l1

X a*
[a¥dx=2—+C
_ (O<a#1);

[e*dx=e*+C.
[sinxdx=—-cosx+C.

[cosxdx =sinx+C,

=—ctgx+C

=arcsinx+C

=arctgx+C

=In
2

=—In

= —arc

‘x+\/x24_ra2‘+C

+C,a=0
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dx . X
16. [——=—==arcsin=+C, |[x|<a,a#0.
a2 _x2 a
1. Moa HenocpeAcTBEHHbIM WHTErpypoBaHMEM MOHMMAKT Tako  crnocob

WHTErpMpoBaHus, NPV KOTOPOM AaHHbIA MHTEerpan nyTem TOXXAECTBEHHbIX Npeobpa3oBaHuii
noAbIHTErpanbHON (OYHKUMM U MPUMEHEHUS CBOWCTB HeoMNpeneneHHOro MWHTerpana

npmnBognTCA K 0OgHOMY UM HECKOJTbKNM TabnmMyHbIM MHTErpanam.

Mpumepbi:
1.
4 2 4 2
X 2XT X T g = 31 dx+ 2] % dx - 3] X ax + 7] L = 3] x2ax + 2 dx — 3] T+ 77 X -
X2 x?2 X2 x2 x?2 X X2

3
3*X—+2x—3ln|x|—Z+C:x3 +2x—3|n|x|—Z+C
3 X X .

2.
dx (sin2 X + cos? x)dx sin? xdx cos? xdx dx dx
2 2. .2 2 17 2.t 2212+I-2:
sin“ X * cos“ x sin“ X * cos“ x sin“ X *cos“ x  sin“ X *cos“ x cosS“ X sin“x
=tgx—-ctgx +C;
3.
| dx = dx zlj dx :1*£*arctg£+0: 1 arcth\/§+C
4 + 3x2 2 4, 3 23 3 2 243 2
3(x +3) %2 4| 2
J3

2. Cnocob noacTtaHoBKM (MW 3aMeHbl MEePEMEHHON) 3aKn4vaeTcsa B CreayroLwemM:
3aMEHSIIT HOBOW MEepPeEMEHHON TaKyld 4acTb NoAblHTerpanbHON QYHKUUKW, Npu
AndepeHUMpoBaHMN  KOTOPOM MOSlydaeTcss OCTaBLUASACA YacTb MOAbIHTErpasibHoro
BblpaXXeHus (He cynmTas MOCTOAHHOIO MHOXWUTENS, Ha KOTOPbI BCEraa MOXHO YMHOXMUTb U

pa3fennTb nogblHTErparnbHoOE Bbl pa>KeH|/|e).

lMpumepsi:
. :t 2
[sinx* cosxdx=| =jtdt=t—+C:15in2x+C
1 cosxdx =d 2 2 :
: in2 v .
[esn X xginaxdx=| S X=t |_jetgt=et yC=eN x4 C
o 2sinx * cosx = dt

CodeprxaHue u nopsidoK 8bIrNoNIHEHUS 3a0aHus:

Hantn HeonpeneneHHble nHTerparnbi:

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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1_a)j(x2+3x3+x+‘l)dx; 6)j(x—4x2+x—3)dx_
3 ny2 3 2
I3x 2)(2 +5xdx Ix +3>; +4xdx
2. a) 2X ; 6) X
3.a) [2* *e¥dx; 6) [3* *eXdx.
dx dx
4.2) [———; 6) [———.
V4x2 +9 V9 - 4x?
_ 3
5. a) jx—mdx; 6)]2)(;27.
Jx +4 X< —-3x+9
6
6. a) j(x2 +3)5xdx; 0) j(x3 —7) x2dx.
6x2dx cosxdx
7.8) |——; 0) | ————.
”(1_2)(3)4 )IZSinx+3
8. a) jezxzxdx; 6) j6x3 * x2dx .
9. a) [sin? x * cos xdx ; 6) [cos®x * sinxdx .
10. a) [tgxdx; 6) [ctgxdx.

KoHmpornbHble 80rpocsi:

1. [aTtb onpegeneHne HeonpeneneHHoro nHTerpana.

2. CdopmynupoBaTb OCHOBHbIE CBOMCTBA HEOMNpPeaeneHHOro nHTerpana.

3. B 4ém 3aknw4vaetcsas MeTod HeNOoCPeACTBEHHOIO WMHTErPUpPOBaHUS U MeToA

noaCcTaHOBKN?

MpakTnyeckoe 3aHATMe Ne 6. BbluMcneHmne onpeaenéHHOro nHTerpana

Llenb 3aHsmusi:
3aKpEenUTb HaBbIKM BbIYUCIIEHNSA ONPeaeneHHOro nHTerpana.
YMeTb NpUMEHATb onpeaeneHHbI MHTerpan ans pewenus usnyecknx 3agau.

PaboTa HanpaeneHa Ha bopmunpoBaHme komneteHumn: OK 01, OK 02.

Ucnonb3yemas numepamypa: [1, ™. 2, § 2.1.12]

UcxodHbie mamepuaribl U OaHHbIE:

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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Ecnu F(x) + C — nepBoobpasHas dyHkuna ansa f(x), To npupawenue F(b) — F(a)
nepBoobpasHbIX PYHKUMA NPU M3MEHEHUN aprymMeHTa X OT X = a A0 X = b HasbiBaeTcs
b b
onpefeneHHbIM uHTerpanom v obosHavaetcs cumeonom | f(x)dx = F(x) | . =F(b)-F (a).
a
OT1a chopmyna HasbiBaeTcs popmMynon HetoToHa — JlenbHuua.
lNpocTeniime ceoncTBa onpeneneHHoro nHTerpana:

tff(x)dx = —Tf(x)dx
1. a b ;

b b
[Kkf(x)dx = k[ f(x)dx
2. a a X

b

b b
J(f(x) £ g(x))dx = [f(x)dx * [ g(x)dx
3. a a a :
b c b
[f(x)dx = [f(x)dx + [ f(x)dx
4. a a c
lNpumepsbi:
3 4.3 3
1. [8x3dx =82 | =2x*4| " =2(34—14) = 160;
1 4 "1 1
1

j(2x+3x2 +4x3 +5xH)dx = (x2 +x3 + x4 +x°) 1
2.1

(PN () =4

3. Cnocob noacTaHOBKM:

4x’ +1=t

! ° 12x%dx = dt 3 6

.[(4x3+1) x2dx = 5 1 :ijt5d;:i*t_

0 X dx:Edt 124 12 6
t,=1t6=5 _ 1

56 _1)=217.
y 55" =1

OnpegeneHHbii MHTErpan LWUPOKO MPUMEHSIETCSA ANSA BbIMUCNEHUS NMoWwaaen
Nnockmnx duryp, o6beMOoB Ten BpaLleHns, ANIMHbI 4yrk, Nowaan noBepXHOCTU BpaLLeHNS,
a TaKke ong pelweHnsa psga PUsnYeckux U TeXHUYecKUx 3agad. Tak, nyTb, NPONAEHHbLIN

TENOM Mpu NPSIMOSIMHEHOM OBWXXEHUM, HAXOAMTCs o dhopmyre:

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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ty
[v(t)dt
S= ty
PaboTta nepemMeHHO cusbl, NPOM3BEAEHHON NPU NPSAMOSIMHENHOM ABWXKEHWUM Tena:
b
[f(x)dx
A=a
PaboTa, 3aTpayeHHas Ha pacTshkeHue Unn cxaTne NPY>XUHbI:
X5
k | xdx
A= X

CoodepxxaHue u rnopsidok 8bINOIHEHUS 3a0aHusi:

Bbluncnutb UHTEerparbl.

BapwnaHT Ne 1

?(4x3 —6x2 +2x+1}jx
1.1

T

4 1 .

| >— +sinx dx
m\cos” x

BapwuaHT Ne 2

2 ay2
[(3x* —4x —1)dx
2 -

( _12 —ZCOSX}dX
sin” x

Nig—NI3

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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}(x2 +1)3xdx
3.0

E

T sint

E1—cost
4.2

e * cosxdx

O —N 3

BapuaHTt Ne 3
8
[(3v/2x - 4%x pix

1.0

2n

3 X
| cos=dx
4

| e™?*dx
4. 0

COsX

e sinxdx

O —w|3a

5.

PewunTb 3agaun:

1. Teno ABMXeTcA NPAMONMUHENHO cO ckopocTbio V(t) = (3 + 3t2) m/c. Haintu nyTs,
NPoOMAeHHbIN TENOM 3a NepBble 5 C. OT Havana ABUXEHUS.

2. Hantu nyTb, NPOMAEHHbIN TenoM 3a 4 — YO CeKyHOYy, €Crn CKOPOCTb €ero
NPAMONMUHENHOTO ABMKEHUS U3MEHSIeTCS Mo 3aKoHy V = (3% — 2t — 3) m/c.

3. Teno aBmxeTCsa NPSAMONIMHENHO CO CKOPOCTLIO V(t) = (4t + a) m/c. HanTn 3HaveHne
a, eCn N3BeCTHO, YTO NyTb, MPONAEHHbIN TENOM 3a 2 C. OT Ha4ana ABWXeHUs, paBeH 48 Mm.

4. Kakyto paboTty coBepluaet cuna B 10 H npu pactsbkeHun npyxXmHbl Ha 2 cM.?

5. Cuna B 60 H pactarnBaeT npyuHy Ha 2 cM. [NepBoHavanbHas aAnvHa npyXxuHoi

paBHa 14 cMm. Kakyto paboTy HYXXHO COBEpLUUTb, YTOOLI pacTAaHyTb ee A0 20 cm.?

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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KoHmporibHble 80rpocsi:
1. 3anucatb popmyny HetoToHa — JlenbHuua.
2. NMepeuncnutb cCBONCTBA ONpeaerieHHOro nHTerpana.

3. [Insa pelleHns Kaknx 3agad npMMeHseTcst onpeaenieHHbIn nHrerpan?

MNMpakTnyeckoe 3aHaTne Ne 7. PeweHune andcpepeHumanbHbIX ypaBHEHUA

Llenb 3aHaMus: 3aKpenuTb HaBblkWU pelueHnss anddepeHumanbHbiX YpaBHEHUN C
pas3fensarwnuMmnca NepeMeHHbIMU, NIMHENHbIX anddepeHumanbHbiX YpaBHEHUA NepBOro
nopsiaka, NMUHEeNHbIX O4HOPOAHbIX AuddpepeHUmnanbHbIX ypaBHEHUW BTOPOro nopsigka c
NOCTOSAHHLIMKU KO3hpMUMeHTaMn, anddepeHumanbHbiX YpaBHEHUI BTOPOro nopsiaka.

PaboTa HanpasneHa Ha dopmupoBaHme komneTeHuun: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, an.2, §2.2.1 — 2.2.4]

UcxodHble mamepuarbl U OaHHbIe:
AnddepeHumnansHoe ypaBHEHME Ha3blBaeTCHd YpaBHEHMEM C pa3gensolnMmncs
nepemMeHHbiMW, ecnu umeet cneaywowmn sug: Yy = fi(x)f2(y). Monarasa, yto f2(y)#0,

ypaBHEHNE C pasgendarnwmMmmnca nepemMeHHbIM MOXHO nepenncatb B BUAOE (pa3ﬂ,eﬂI/ITb

d .
nepemMeHHble) f—y = f,(x)dx. OT0O ypaBHEHNe Ha3biBaeTCsa ypaBHEHNEM C pa3aeNEHHbIMN
2(y)

nepemMeHHbIMU. IHTerpupys nesyto 1 NpaByko 4YacTu, HaxoguMm obLiee pelleHne AaHHOro
ypaBHEHuUS.

AnddepeHumanbHoe ypaBHeHWe nepBoro nopsigka y' = f(x,y) HasbiBaeTcs
NVHENHbIM, ecnn uMeeT cneayrowmn sua: y' + P(xX)y = Q(x), rae P(x) n Q(x) — 3agaHHble
dyHKUMM OT X. [laHHOE ypaBHEHME peLlaeTcsl C MOMOLLbI0 NOACTAHOBKA Yy = UV, r4e u mnv
— HEN3BECTHblE (PYHKUMM OT X.

JInHenHbIM ogHopoaHbIM AuddepeHUmnanbHbiM ypaBHEHMEM BTOPOro nopsigka c
NOCTOSAHHLIMKU KO3hPMLMEHTaMM Ha3bIBaeTCs ypaBHeHne Buga: y' +py'+ qy=0,roep u
g — TMOCTOSIHHblE BeNUYMHbI. [na peleHna [OaHHOro ypaBHEHUSI COCTaBNsAETCs
XapakTtepuctudeckoe ypaBHeHue k? + pk + g = 0, Npu pelleHn KOTOPOro BO3MOXHbI TpU
cnyyas. Cnyyau 1. KopHu xapakmepucmu4yecko2o ypasHeHusi delcmeumesibHble U
pasnuyHbie: ki#ko. Torga obuwee peweHne gudpdepeHUnanbHOro ypaBsHEHNA UMEET BUA: Y
= Cef* + (,ekex, Cnyyali 2. KopHU xapakmepucmuyecKo20 YpasHEeHUs
OeldcmeumerbHble U pasHbie: k1 = ko = k. Toraa obuwiee pelwweHne andpdepeHunanbHOro
ypaBHEHVs UMeeT BUA: y = e®*(C; + C,x). Cnyyal 3. KopHu xapakmepucmu4yecKo2o

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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ypasHeHUsi KOMIMIeKCHble: ki = a + bi u ko = a — bi. Toraa obwee peleHne
AndpdepeHLmanbHOro ypaBHeHUss UMeeT Bua: y = e (C,cosbx + C,sinbx).
AndpepeHumanbHoe ypaBHeHMe BTOporo nopsigka umeet sua: y"' = f(x, y, y').

[laHHOe ypaBHeHMWe pellaeTcsl ABYKPaTHbIM UHTETPUPOBaAHNEM.

CoodepxxaHue u rnopsi0okK 8bINoOIHEHUS 3a0aHUusi:
Pewmntb anddpepeHumarnbHble ypaBHEHUS.

|. C pasgensowmmmncs nepeMeHHbIMU:

1) (x+3)dy—(y+2)dx=0 y=3npu x=2
2)(1—x)dy—-(y—1)dx=0 y=3npux=2
3) 2(x + 1)dy = ydx y=2npnx=1
4) (x? + 1)dy = 2xydx y=2npux=1

II. NInHenHble andpdrepeHLmanbHble ypaBHEHNA NePBOro nopsiaka:

1)y'+2y+4=0
2)y-y+4=0

3)y'-2y-4=0
4)y'+2y-3=0

[ll. JInHenHble ogHOpoaHble auddepeHunanbHble YpaBHEHNA BTOPOro nopsgka ¢

NOCTOSAHHLIMWU KO3 PULINEHTAMMU:

1)y"+y -6y=0 y=3,y=1npn x=0
y'—6y'+9y =0 y=1,y=1npux=0
2)y"'-2y'-8y=0 y=4,y'=10npux=0
y'—8y'+16y=0 y=2,¥=9npnx=0
3)y"-8y'+15y=0 y=4,y'=2npux=0
y'—4y'+13y =0 y=1,y=5npnx=0
4)y"-3y'+2y=0 y=2,¥=3npux=0
y'—2y'+2y=0 y=1y=2npnx=0

V. OuddepeHumnanbHblie ypaBHEHNA BTOPOro nopsaka:

1)y"=12x -2
2)y"=12x + 4
3)y"=6x+2
4)y"=6x-8

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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KoHmporibHble 80rpocsi:

1.Kakoe ypaBHeHue Ha3biBaeTca audpdepeHumanbHbIM ypaBHEHNEM?

2.4710 Ha3biBaeTcs o0Wwmm pelieHnemMm anddepeHumanbHOro ypaBsHeHNS?

Kakoe pelwleHMe HasblBaeTCA 4acTHbIM  pelleHnem  guddepeHumnansHOro

ypaBHeHuA?

PA3OEN 2 TEOPUA BEPOATHOCTEU U MATEMATUYECKASA CTATUCTUKA
MNMpakTuyeckoe 3aHATMe Ne 8. PewueHne 3apgay Ha onpeaeneHne BepOATHOCTU
cobbITuA
Llenb 3aHsmus:

3aKpernnTb HaBblKKN pelleHna 3agad Ha onpegeneHne sBepoAaTHOCTU cobbITuS.

PaboTta HanpaBneHa Ha dopmupoBaHue komneteHumn: OK 01, OK 02.

Ucnonb3yemas numepamypa: [1, an. 4, § 4.1.3]

UcxoOHble mamepuaribl U OaHHbIe:
BeposaTHOCTb CcOObITMS A paBHA OTHOLUEHUIO 4YMCNA M WUCXOOO0B MCMbITAHUN,

OnaronpuATCTBYIOLWNX  HACTynneHuw cobbitms A, Kk obwemy 4ucny n  Bcex

m
PaBHOBO3MOXHbIX HECOBMECTHbIX Ucxonos, T. €. P(A) = —. lMpnatom 0 < P(A) < 1.
n
Mpumep 1.
BpocatoT nrpanbHyto KocTb. HalTu BEPOSAITHOCTb TOrO, YTO BbiNageT YeTHOEe YMCIOo
OYKOB.
PeweHwve:

CobbiTre A — «BbINaAeT YeTHOE YMCII0 OYKOBY,

n=6,m=3.

o|lw
Il
N[ —

Monyunm P (A) =

Mpumep 2.

Ha ka)xgomn 13 cemmn ognHaKOBLIX KAapTOYeK HarneyaTaHa ogHa n3 criefyoLwmx byks:

H, O, N, P, C, T, Y. Hantn BepoATHOCTb TOro, YTO Ha NATU B3ATbIX Hayrag u
PacnosIOKEHHbIX B PS4 KapTOYKax MOXHO ByaeT NpoYecTb CrOBO «CnopT» (cobbiTne A).

PewweHue:

Obuwee 4Yyncno BCeX BO3MOXHbIX 3JIEMEHTAapPHbIX ncxonoB n=

AS =7*6*5*4*3 = 2520, a 6naronpuaTcTByeT cobbiTUIO A MWL OANH, T.e. m = 1.

1
MoaTomy, P (A) = 2520

~ 0,0004

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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CodeprxaHue u nopsidoK 8bINoHEHUS 3a0aHus:

PewwnTtb 3agayn, ncnonb3yst OCHOBHbIE MOHATUS TEOPUN BEPOSATHOCTEN:

1. a) BoceMb pasnuuyHbIX KHUI pacCcTaBnAwT Hayrag Ha ofgHown nonke. Kakosa
BEPOATHOCTb TOro, YTO 3 onpeaeneHHble KHUMM OKaXyTCSA NoCTaBfeHHbIMU pALoM?

6) B ypHe 3 Genbix n 9 4epHbix wWwapoB. BeiHMmatoT Hayrag 1 wap. Kakosa
BEPOSITHOCTb, YTO OH YepHbIN?

2. a) bpoweHa urpanbHas KOCTb. HanTu BEpOATHOCTb TOro, YTO BbiNageT 4YeTHoe
YUCMO OYKOB.

6) KapTtouka «Cnoptnoto» cogepxut 36 uucen. B Tupaxe yvacteyloT 5 uncen.
KakoBa BEpOATHOCTb TOro, 4To ByaeT yragaHo 3 uncna?

3. a) B ypHe 7 KpacHbIX U 6 cMHMX wapoB. BeiHMmatloT Hayrag 2 wapa. Kakosa
BEPOSATHOCTb TOr0, YTO OHW pa3Horo useta?

6) NmeeTcsa 100 getanen, n3 kotTopbix 4 % BpakoBaHHbIX. KakoBa BEPOATHOCTb TOrO,
YTO BblHyTas Hayrag getanb — bpakoBaHHaA?

4. a) B ypHe 20 wapos, 13 koTopbix 3 Genbix. BelHnMatoT Hayrag 1 wap. KakoBa
BEPOSATHOCTb, YTO OH He Benbin?

6) KapTtouka «Cnoptnoto» cogepxut 45 uucen. B Tmpaxe yvacteyloT 6 uncen.
KakoBa BEpOATHOCTb TOro, 4To ByaeT yragaHo 3 uncna?

5. a) B notepee n3 50 6unetoB 8 BbIMrpbIlWHbLIX. KakoBa BEPOSATHOCTb TOrO, YTO U3 5
BblOpaHHbIX Hayrag 6uneToB 2 6yayT BbIUMPbILIHBLIMA?

6) B ypHe 4 KpaCHbIX U 7 CUHMX wWwapoB. BbiHMMatT Hayrag 1 wap. KakoBa
BEPOSITHOCTb TOrO, YTO OH KPaCHbIN?

6. a) bpouweHa urpanbHast KOCTb. HanTn BEpOSATHOCTb TOro, YTO BbiNageT HEYETHOE
YUCMO OYKOB?

6) KapTtouka «Cnoptnoto» cogepxut 45 uucen. B Ttmpaxe yyacTtByoT 6 uncen.
KakoBa BEpOATHOCTbL TOro, 4to ByaeT yragaHo 4 uncna?

7. a) B ypHe 9 6enbix n 7 cuHux wapoB. BelHMMaT Hayrag 2 wapa. Kakosa
BEPOSITHOCTb TOro, YTo OHM 0ba 6enbie?

6) Hanagnte BepoATHOCTb TOro, 4TO Npu BpocaHnn 2 — X urpasbHbIX KOCTEN B CyMMe
BblnageT 6 04KOB?

8. a) B naptum n3 8 getanen 6 ctaHgapTHbIX. HanTu BEpOATHOCTb TOro, 4TO cpean 5
B34ATbIX Hayrag getanen poBHO 3 CTaHOAPTHbIX.

6) BpoweHbl 2 urpanbHble KOCTU. HalTu BEPOSATHOCTb TOrO, YTO Pa3HOCTb OYKOB

paBHa 2.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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9. a) B ypHe 8 Genbix 1 6 4YepHbIX WwapoB. N3 ypHbl BbiHyNM 2 wapa. Hantum
BEPOSITHOCTb TOrO, YTO 06a OHU YepHbIE.

6) Ha 6 kaptoukax 6yksbl A, B, K, M, O, C. lNepemeLumBaemM n packnagbiBaem B psia.
HanTtn BepoATHOCTbL TOro, 4YTo NoslydnTcs cnoso «Mocksay.

10. a) B ypHe 8 6enbix 1 6 YepHbIX WapoB. M3 ypHbl BbiHyNM 2 wapa. Hantn
BEPOSITHOCTb TOrO, YTO 06a OHWM pasHOro LBeTa.

6) BpolueHbl 2 nrpanbHble KOCTU. Yemy paBHa BEPOSATHOCTb TOrO, YTO NPou3BeaeHNE

BbINaBLUMX OYKOB paBHO 57?

KoHmporibHbIe 80MpOChI:
1. JaTb onpegeneHne BEPOATHOCTM CobbITUA A.

2. 3anucatb oopmyny AN BblYUCIEHUS BEPOATHOCTU COObITUS.

MpakTuyeckoe 3aHATHe Ne 9. MaTtemaTnyeckoe oxmaaHme n gaucnepcus

Llenb 3aHsmus:
HaY4YUTbCS BbIYUCMASATE OCHOBHbIE YNCIIOBbIE XapakTEPUCTUKN CRyYanHOW BENNYMHbI
— MaTeMaTU4eckoe oXxmngaHme u AUcnepcuio.

PaboTa HanpaeneHa Ha bopmunpoBaHme komneteHumn: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, an. 4, § 4.2.2]

UcxoOHbie mamepuaribi U OaHHbIE:!

Cny4yarHoM Ha3blBalOT BEMNYMHY, KOTOpasi MPUHUMAET B pe3yrbTaTe UCMbITaHUs TO
UM MHOE BO3MOXXHOE 3HaYeHue, 3apaHee He U3BECTHOEe, MeHsoLLeecs OT UCMbITaHUS K
UCNbITAHNIO W  3aBuUcCsLlLlee OT CchydanHblXx obctoaTensctB. CnyyanmHaa BenuuvHa
Ha3blBaeTCs OUCKPEmMHOU, €CnNN MHOXECTBO €€ 3HAYEeHWN KOHEYHO WMN CYETHO.
CooTBeTcTBME MEXAY BO3MOXHLIMU 3HAYEHUSIMU X1, X2,...., Xn CITy4anHOM BENNYMHBI X U NX
BEPOATHOCTSIMU P1, P2,...., Pn HA3bIBAETCA 3aKOHOM pacripedesieHus criydatHoU eeslu4UHbI
X. 3aKkoH pacnpefeneHust CriydaHoOW BENMYUHBbI MOXET OblTb npeacTaBneH B Buae
Tabnuubi:

CobbiTna X=x1, X=X2,... X=Xn 06pasyoT NOSHYO CUCTEMY MOMAPHO HECOBMECTHbIX
cobbITUI, NO3TOMY CyMMa NX BEPOSATHOCTEN paBHa eauHuLE, T.€.

p1+p2+...+pn=1.

Kpome 3akoHa pacnpegeneHusl, KoTopbii 4aET NofnHoe npeactaBneHme O Cny4YyanHou

BelIM4YnHe, 4acToO WCMNONb3YyKOT 4ucCna, KOTOpble OnucCbiBaloT cnyqaﬁHyro BENNYNHY

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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CyMMapHO. Takue 4ncna HasbiBalT YMCNOBLIMU XapaKTEPUCTUKAMK CRyYanHOW BESNTUMYUHBI.
Cpean YMcnoBbIX XapakTepPUCTUK BECbMa BaXXHOW ABNAETCA MamemMamu4ecKkoe oxudaHue,
KOTOpOE yKasblBaeT, kakoe cpefHee 3HayYeHne CnyyYyamHoOW BerMuunHbl crnegyeT oxuaaTb B
pesynbTaTte UCMbITaHWUN U HAaBAOEHUA.

Ecnu nsesectHa guckpeTHas crnyvyarnHas BenumdmnHa X, 3aKoH pacnpeaeneHnsi KOTopon
nmeet Bna;

TO MamemMamu4ecKuM oxudaHuem (MNn cpeHUM 3Ha4YEeHNEeM OUCKPETHOW BENNYMHDI
X) HasbiBaeTcsa 4ncno M(X) = x1p1 + Xzp2 + ... + Xnpn. Takum obpasom, maTemaTuyeckoe
OXMAaHWE OUCKPETHOW CnyYamHOW BENUYMHBI X paBHO CyMMe NPOn3BeAEHUA BO3MOXHbIX
3HaAYEeHU 3TON BENNYMHBI HA NX BEPOSATHOCTMW.

OCHOBHOWM 4NCIIOBOW XapaKTEPUCTUKOW CTEMEHN pacCEAHUSA 3HAYEHUA CryYanHOWn
BENUYUHBbI X OTHOCUTENBHO €€ MatemaTudeckoro oxugaHmsa M(X) asnsetcs ducriepcus,
KoTopasi obo3Hadaetca 4vepe3 D(X). ducnepcnen OUCKPETHOM CIy4arlHOW BenuyuHbl X
Ha3blBaeTCs MaTemMaTU4yeckoe oxuaaHue kBagparta eé oTknoHeHus: D(X) = M(X — M(X))?.
Ana BbluMcneHusa amcnepcuin 6onee yaobHow asnsaetca opmyna: D(X) = M(X?) — (M(X))?.

CodeprxaHue u nopsidoK 8bINoNHEHUS 3adaHus:

l. Hatmu eepossmHocmu, 3Hasi 3aKOH pacripedesieHUs cryYaliHoU 8e/IUYUHbI:

1. 3akoH pacnpegeneHnsa QUCKPEeTHOW CryYanHOW BeNMYUHbLI X MeeT Bua;

X 2 5 8
P 0,1 p2 0,6

Torga BepOsiTHOCTb p2 paBHa...

2. 3aKkoH pacnpegeneHnsa AUCKPEeTHOW CryYanHOn BeNMYUHLI X UMeeT BUa;

X -3 7 9
P p1 0,2 0,6
Torga BepOosiTHOCTb p1 paBHa...

3. 3akoH pacnpefeneHus ANCKPETHOM Cry4YanHOM BENUYnNHbI X UMeeT BUA;:

X -1 0 1 2
P 0,1 p2 06 |0,
Torga BepOsiTHOCTb p2 paBHa...

4. 3akoH pacnpeneneHust QUCKPETHON CriydYanHon BennymHbl X MeeT BUA:

X 2 0 1 12
P 0,1 0,2 04 | ps

Torga BepOSATHOCTL p4 paBHa...

Il Hatimu mamemamuueckoe oxudaHue OUCKPemMHOU 8e/IUYUHbI, 3a0aHHOU
3aKOHOM pacripedesneHus:

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx



KMPK BIrAP® ®I'60Y BO «KI'TY»

MO-43 02 15-EH.03.11
0430215 03.n3 MATEMATKNKA | C.29/32

1. MaTemartunyeckoe oxunagaHne QUCKPETHOWN Crly4anHOW BENUYMHBI, 3a0aHHON

3aKOHOM pacripegeneHus,

paBHoO...
2. MartemaTtunyeckoe oXxXungaHve UCKPETHOM CrliyYariHOW BESNTMYUHBI, 3a0aHHOM

3aKOHOM pacripegeneHus,

X -3 7 9
P 0,2 0,2 0,6

paBHo...

3. MartemaTuyeckoe oxngaHue ANCKPETHOM Cly4anHOW BENUYNHbI, 3a4aHHON

3aKOHOM pacripeaeneHna paBHo...

4. MaTtemaTuyeckoe OXuaaHwe AOUCKPETHOM CryYanHOW BESNIUYUHLI, 3aJaHHOW

3aKOHOM pacnpegeneHus,

X 2 3 5
P 0,2 0,3 0,5
paBHO...
Il Hatimu ducnepcuto duckpemHou criydaliHoU eeslu4uHbl, 3a0aHHOU 3aKOHOM
pacrnipedeneHus:

1. Hanmtm pucnepcuio OUCKPETHOW CryyYyanMHOM BenWYMHbBbI, €CrnM OHa 3ajaHa
3aKOHOM pacnpeaeneHus:

X 2 5 8
P 0,2 0,3 0,5

n M(X?)=40,3
2. Hantu gucnepcmio ANCKPETHOW ClydanHOM BENUYUHBI, ECNN OHa 3afaHa

3aKOHOM pacnpeneneHna:

X -3 7 9
P 0,2 0,2 0,6

u M(X?)=60,2

3. Hantu gncnepcnio QUCKpPETHON CryYyanHoOW BeSiMYuHbL, eCnNn OHa 3ajaHa
3aKOHOM pacrnpeaeneHus:

X -1 0 8
P 0,5 0,1 0,4

n M(X2)=26,1

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
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4. Hantn gucnepcuio ANCKPETHOM Cy4YyarHOW BENNYMHbI, €Criv OHa 3agaHa

3aKOHOM pacrnpeneneHna:

X 2 3 5
P

u M(X?)=16

KoHmporibHbIe 80MpOChI:

1. Kak HanTn matemaTnyeckoe oxungaHne ANCKPETHOW CIrlydanHOW BENUYUHDI,
3a/aHHOW 3aKOHOM pacnpegeneHms?

2. Kak HanTn gucnepcuo ANCKPETHOM CriyYaHOW BENUYUHBI, eCrnn OHa 3afaHa

3aKOHOM pacrnpegeneHms?

PA3OEN 3 MATEMATUYECKWUE METObI PELLEHUA NMPUKITAOHBIX 3A0AY
B OBJIACTU MPO®ECCUOHAIIbHOU OEATEJIbHOCTU
MpakTnyeckoe 3aHaTne Ne 10. MatemaTuyeckme metoabl peLleHUsA
NpuKnagHbIX 3agayd B o6nactu npodeccmoHanbHON AeATEeNIbHOCTHU

Llenb 3aHsmus:

pewaTtb nNpuvKnagHble 3agadn B obnactv npodeccroHanbHON OeATeNbHOCTU C
NCNONb30BaHMEM MOHATUN NPOLIEHTA YMCa, YMEHUS COCTaBMATb MPONOPLMIO.

PaboTa HanpasneHa Ha bopmmnpoBaHme komneteHumn: OK 01, OK 02.

CodeprxaHue u nopsidoK 8bINoHEHUS 3a0aHus:

1. OnpepenuTb KONMYECTBO MULLEBbLIX N HEMULLEBLIX OTXOAOB NpW pasaenke 25 kr
KpYynHOM LLYKN Ha cpune ¢ koxen 6e3 pébepHbix kocTen. (Mo Tabnuue — obuwmne oTxoas!
cocTaBnsaoT 54% OT Bcen Macchl, nuueBble oTxoabl coctaBnsaoT 30% OT Bcen macchl).

2. CKOmnbKO KOTNETHOM MacChbl NONy4nTCsa U3 27 Kr Menkoro coma? CKonbko
NnopLmMin MOXHO U3 HEE NpUroToBUTL B cTonoBon? (Mo tabnuue — n3 74 r coma MOXHO
nonyynTtb 57 r nonydgabpukaTta, B COCTaB KOTOPOro BXoAUT 5 r cyxapen).

3. [Onsxapku nonyyeHo 10 Kr KpynHOKycKoBoro nonydgabpvkaTta u3 ropsavHbl.
Onpegenutb BbIXo apeHoro msca. (Mo Tabnvue notepu npu xxapke coctaBnsaoT 35%).
4. CKONbKO HAZO B3ATb MOPOXEHbIX CBMHbIX MOYEK, YTOObI Nony4nTb 15,5 Kr
XapeHbix? ( [No Tabnuue Haxogum, 4To 13 202 r MOPOXKEHbIX CBUHbBIX NOYEK NOfyyaeTcs

100 r xxapeHbIXx).

5. W3 400 r cupona u 1, 6 kr BOAbI NPUroTOBUAN HanMTOK. CKONbKO NPOLIEHTOB
cupona COAEePXKUTCH B 9TOM HanuTke?

6. W3 500 r cupona u 2 Kr Bogbl NpUroToBMNn HanuTok. OnpeaenuTb NPoLeHT

cupona B AaHHOM HalrnTKe.

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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7. [Onsa npurotoBneHus 100 WT. NMPOXKKOB XapeHbIX N3 APOXOKEBOro Tecta ¢ MACOM

HeobXxo4MMO NPUroTOBUTL MSICHOM dhapll C fykom. 3aknagka daplia Ha 1 nupoXxok

coctaBngaeT 1/25.
Paccuutante:

1. CkonbKo hapLua HyXHO.

2. CKonbKo CbIpbA HYXHO B34ATb ANA NPUroTOBJIEHNA HYXXHOIO KOJIM4eCTBa cbapLua.

KoHmporsnbHble 80rpocki:
1.HasoBsuTe TUNbLI 3a4a4 Ha NPOLEHTHI.

2.Kak peluarotcsa 3agaym Takoro tmna?

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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Cnucok ncnonb3oBaHHbIX MCTOYHUKOB

Buabl UCTOYHMKOB

HanmeHoBaHue peKkoMeHayeMbIX yqe6|-|b|x n3gaHumn

OCHOBHbIe

1.0menbyeHko B.[1. MaTtematuka: yye6. nocobue (B.[1. Omenbyenko, 3.B.
KypbatoBa). - M3a. 5-e, ctep. — PoctoB H/[: ®eHukc, 2021. -380 c.-(CpegHee
npodeccunoHansHoe obpasoBaHue).

2.boromonoe H.B. CGopHuk 3agad no martematuke [TekcT]: yuebHoe nocobue
ansa cpen. npod. obpasoeanus /H.B. Boromonos. -10-e n3a.-M.: Opoda, 2020.-
204c.(cpen. npod. obpasoBaHue)

3. ToHuyapeHko, B. M. 3OnemeHTbl Bbicllen MaTemMaTtuku: yd4ebHumk / B. M.
"oHuapenko, J1. B. NunaruHa, A. A. Peinos. - Mocksa: KHoPyc, 2020. - 363 on-
line. - (CpegHee npod. obpasosaHue). I6C KHOPYC

4.Cepbix, U. 10. nckpeTHasa maTtemaTuka: y4ebHoe nocobue / U. 10. Cegpix, 1O.
B. NpebeHwumkoB. - Mockea: KHoPyc, 2021. - 329 on-line. - (CpeagHee npod.
obpasoBaHue). 36C KHOPYC

5.MBaHncoBa, O. B. [uckpeTHas martemaTvka W MaTemaTMyeckas noruka
[OnekTpoHHbI pecypc: ydebHoe nocobue / O. B. Meanucosa, M. B. CyxaH. -
Mocksa; bepnun : AMUPEKT-MELOWA, 2020 9BbC Yb OL

6 Bbicliasg mMaTemMaTuka [ONeKTPOHHbIA pecypc]: y4eOHMK M MpakTUKYyM AOnis
cpeaHero npodeccunoHansHoro obpasoeanns / M. B. XpunyHoea; pea.: M. b.
XpunyHosa, W. W. LpiraHok. - Mocksa: Opait, 2020  3BC IOPAUT
7.KpaTknii Kypc BbICLLE MaTteMaTuKkn [ONeKTpOoHHbIN pecypc]: y4yebHuk / K. B.
Banguh, ©. K. banauvH, B. U. Dxeddans ; pea. K. B. BanguH. - Mockea: [Jaiukos
n K¢, 2020. OBCYB OL

8.IN'ynusH, b. L. SnemeHTbl Bbiclen maTemaTtuki: yyebruk / b. W. MNynuan, I, B.
lN'ynusH. - Mocksa: KHoPyc, 2020. 3BBCKHOPYC

9.0cunenko, C. A. OnemeHTbl BbiCLUE MaTeMaTukM [ONeKTPOHHbIN pecypc]:
yyebHoe nocobue / C. A. OcuneHko. - Mocksa; bepnuH: QUPEKT-MEOWA, 2020
OBC Yb OL.

10.Bbicluas matematvka [ONeKTPOHHbIA pecypc]: YY4EOHWK M NpakTUKyM Ans
npuknagHoro 6akanaspuata / pea.: M. b. XpunyHoea, U. N. LibiraHok. - Mockea:
tOpat, 2019.36C.IOPAUT

11.MoH4YapeHko, B. M. OnemeHTbl BbiCLLen MaTeMaTuKn [ONeKTPOHHbIN pecypc]:
y4ebHuk / B. M. lNoHuapeHko, J1. B. Jlunaruna, A. A. Peinos. - Mockea: KHoPyc,
2019.96C KHOPYC.

12.Bbicluas matematuka [TekcT]: y4eBHWK M npakTuKym And cpeg. npod.
obpasoBaHus / peg.: M. b. XpunyHoBa, W. W. LibiraHok. - Mocksa: KOpawnt, 2019.

JdononHuTtenbHbIe

1.dunmnmoHoBa E.B. MaTtemartuka: YuyebHoe nocobure ang cpegHux cneumanbHbixX
y4ebHbIX 3aBegeHui. - PoctoB H/[: deHuke, 2008. — 416 c.

WUHTepHeT-MCTOUYHUKHU

1. http://www.1september.ru - lazeta «MaTtemaTuka» wusgaTenbCckoro Aoma
«lMepBoe ceHTsa0ps»

2. http://www.exponenta.ru - OBpasoBaTenbHbli MaTeEMaTUYECKUIA CaT;

3. http://www.teacher fio.ru - NMeparorndyeckas mactepckasi, ypoku B UHTepHeT 1
MHOroe gpyroe

ONeKTPOHHbIe
obpasoBartenbHble

pecypchl

1. 3B6C «Book.ruy, https://www.book.ru

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

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

4. UspaTenbcTtBo «JlaHby, https://e.lanbook.com
5.0nekTpoHHO-6nbnnoTevHasa cuctema «YHmBepcuTeTckas bnbnvoTeka
oHNnaviHy, https://www.biblioclub.ru

LokymeHm ynpaensiemcsi npozpammHbimu cpedcmeamu 1C: Konnedx
lNposepsb akmyanbHOCMb 8epcuuU o opuauHany, xpaHsuwemycs 8 1C: Konnedx
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