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BBegeHue

MeToamnyeckoe nocobue aAnsa NpakTUYECKUX 3aHATUIN COCTaBNEHO B COOTBETCTBUM C
pabouyen nporpammon amcumnnunuel EH.03 «Matematuka» ans cneumanbHoctn 43.02.15
«lNoBapckoe 1 KoHOUTEPCKOE OEN0».

MpakTuyeckne 3aHATMA NPOBOAATCA C  LUEnbl  3akpenneHuss  MNOofyYeHHbIX
MaTeEMaTMYECKMX 3HAHUA U YMEHWUA, a TakKe HanpasfieHbl Ha POpMUPOBaHME OBLLMX U
npodgeccuoHanbHbIX KOMNeTeHUMI, npegycMoTpeHHbIx PIOC.

Pabo4yen nporpamMmmon AUCUUNAWHBLI A9 MPOBEOAEHUSI MNPAaKTUYECKUX 3aHATUN
npegycmoTpeHo 20 akagemuyeckmx Yacos unm 10 3aHaTui.

Llenbto npoBeaeHnsa NpakTUYECKNX 3aHATUIA ABNSAETCS 3aKpenneHne TeopeTuyeckmx
3HaHUM N NpMOBpPETEHN HEOBXOAUMbIX NPAKTUYECKNX HABLIKOB M YMEHWI NO OTAENbHbLIM
TeMam gucumnnuHel. Hapsgy ¢ dopmMupoBaHMEM YMEHWMA U HaBbLIKOB B npoLecce
NPaKTUYEeCKUX 3aHATUN 0006 alTCA, CUCTEMATUIUPYIOTCH, KOHKPETU3MPYKTCA U
yrnyonsTca TeopeTnyeckme 3HaHus, BblpabaTbiBaeTcsi CNOCOOGHOCTb M FOTOBHOCTb
NPUMEHATb 3TN 3HAHWSI HA NPAKTUKE, Pa3BMBAOTCA MHTENNEKTyanbHble YMEHUS.

BboinonHeHne npakTU4eckMx 3aHATUM  HanpaBfneHo Ha dopMuMpoBaHue Y
oby4atoLmnxcsa cnegyowmx anemeHToB obwmx komneteHumn (OK):

OKO01. Bbibupatb cnocobbl pewleHuns 3agay npodeccrnoHanbHON AeaTeNbHOCTH,
NPUMEHUTESBHO K pa3fiMyHbIM KOHTEKCTaM;

OK02. OcywecTtBnaTb MNOUCK, aHanua3 W uWHTepnpeTauuio unHpopmaumu,
HeobxoaMMon Ans BbIMNOSHEHUS 3a4a4 NPOdECCUOHANbHON AeATENbHOCTH.

Mepepn npoBeaeHUEM NpaKTUYECKNX 3aHATUIN oBy4vatomeca obsi3aHbl npopaboTaTb
COOTBETCTBYHOLLUNA MaTepuar, ySaCHUTb Lefb 3aHATUS, 03HAKOMUTBLCA C CoAepXaHuem u
nocrnenoBaTenibHOCTbIO €ro MpPOBeAEHUs, a npenogaBaTernlb NPOBEPUTb WX 3HaHMUS
rOTOBHOCTb K BbIMNOSIHEHWUIO 3a4aHNS.

TekcT BbINOMHAEMbIX paboT Ha NpPakTUYECKUX 3aHATUSX obyyarolumecss OOSMKHbI
nucaTtb PyYKOW MOHATHLIM NovYepkoM. Cxembl, 3CKM3bl, Tabnuubl HEOOXOANMO BbINOSHATL
TONbKO KapaHAallOM C MOMOLLbI0 YEPTEXKHBLIX MHCTPYMEHTOB.

lMocne Kaxgoro NpakTUYECKOro 3aHATUS MPOBOAUTCSA 3allMTa oT4eTa, Kak npaBurio,
Ha cnegyloLweM NPakTUYECKOM 3aHATUKM Nepes BbiNOHEHNEM nocneayowen paboTol.

Ha 3awmnte otyeta obyvawwumnca OOMKEH 3HATb TEOpUKO MO AaHHOW TeMme,
NOSICHUTb, KaK BbINOSIHANAcb paboTa B COOTBETCTBMM C OCHOBHbIMM TpeboBaHUAMM K

3HaHMSAM U YMEHUAM NO JaHHOM TeMe paboyen nporpaMmmbl.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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MATEMATVKA | C. 4/32
lNMepeyeHb NPaKTUYECKMUX 3aHATUN
Tema MNMpakTuyeckoe 3aHsaATUE Konuue
CTBO
4yacoB

Paszpgen |. MaTtemaTtnyeckmm aHanums.

Tema 1.2. MNMpegen dyHKUMN. Ne1: «TexHuKka BbluMCNEeHUs NpeaenoB yHKUMU B TOYKE U Ha 2
6ECKOHEYHOCTUY.
Tema 1.3. | Ne2 «HaxoxgeHve npon3sogHon dyHKLUNY 2
OundpdepeHumnansHoe Ne3 «WMccneposaHne yHKUMA M MOCTpoeHMe rpadnkoB C 2
ncumcneHue. NOMOLLIbIO NPOU3BOAHON»
Ned «[lMpumeHeHne auddepeHUMana K MpUONMKEHHbIM 2
BbIYMCNEHNAM»
Tema 1.4. WuterpancHoe | Ne5 «HaxoxgeHve HeonpeaenéHHoro WHTerpana 2
ncumcneHue. pasnu4yHbIMK cnocobamm»
Ne6 «BblumcrnieHne onpeaené&HHoro HTerpana» 2
Tema 1.5. | Ne7 «PeweHue anddepeHumnanbHbIX YpaBHEHNN»
OndpdbepeHumnancHble
ypaBHEHuUS.
Pasgen Il. Teopus BeposATHOCTEN U MaTeMaTUYeCKas CTaTUCTUKA.
Tema 2.1. OcHoBHble noHaTUS | Ne8 «3agaum Ha onpegeneHve BepoATHOCTU COBbITUS» 2
KOMOMHaTOpMKN ©1  Teopuu
BEPOSATHOCTEMN.
Tema 2.2. OnemeHTbl | Ne9 «MaTemaTuyeckoe oxugaHue n gucnepcusa» 2
MaTeMaTUYECKON CTaTUCTUKM.
Paspgen lll. MatemaTuyeckne metoabl peLleHUs NpUKNagHbIX 3agay B obnactu
npodreccuoHanLHON AeATeNnbHOCTHU.
Tema 3.1. Marematudeckme | Ne10 «MaTemaTuyeckme MeTOAbl pPeLIeHUs MpPUKNagHbIX 2
MEeTOAbl PELLEHUS NMPUKNagHbIX | 3a4ad B obnactn npodyeccMoHanbHOM AeATENbHOCTAY
3apad B obnactu
npodeccnoHanbHoN
AeaTenbHOCTW.
nToro 20

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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PA3OEN 1 MATEMATUYECKUA AHANU3
MNMpakTnyeckoe 3aHATME N2 1 TexHMKa BbIYUCIIEHUA NpeaenoB pyHKUUU B
TOYKe U Ha 6eCKOHEeYHOCTHU
Llernb 3aHsmus:

3aKpennTb HaBblKU BbIHNCITEHUA NpeaerioB beHKLI,I/II/I B TOYKE U Ha BECKOHEYHOCTW.

PaboTa HanpasneHa Ha dopmumpoBaHue komneteHumn: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, m.2, § 2.1.3, 2.1.4]

UcxoOHble Mmamepuaribl U OaHHbIe:
1. Yucno A HasbiBaeTcsa npeaenom pyHKuumn y = f(x) B Touke X = a, ecnv Ans BCex X,

CKOJlb YrOgHO Mano oTnn4yarLmMxca OT a (|x —a| < §), 3Ha4YeHne (PyHKUUM Y CKOSlb YrOAHO

maro otnuyaetcs ot uncna A (|y — Al < g). MuwyT: lim f(x) = A.
X—a

2. Yucno B HasbiBaeTcs npegenom yHkumm y = f(x) npn x—, ecnu gns Bcex
AOCTaTOMHO GonbLIMX MO MOAYM 3HAaYEeHUN aprymMeHTa X COOTBETCTBYHOLUME 3HAYEHUSA

dyHKumnK y = f(x) ckonb yrogHo Mano otnuyaeTcs ot yncna B. MNuwyT: lim f(x) =B

Teopemsbl 0 Nnpegenax (Nnpasuna npeaensHOro nepexoaa):
Ecnn dyHkuum f(x) n g(x) onpegeneHbl B HEKOTOPOW OKPECTHOCTM TOYKM a,

BO3MOXHO, 3a UCKMIOYEHMEM CaMOWN TOYKM a, U cywecTBylOT npegensl lim f(x), lim g(x),
X—a X—a

TO

lim (f(x) £ g(x)) = lim f(x) = lim g(x)
1_ X—a X—a

X—a

lim (f(x) * g(x)) = lim f(x)* lim g(x)
2_ X—a X—a X—a

lim f
i 100 _ s
x—ag(x) lim g(x)
3. x—a ,apn g(x)= 0mn limg(x)=0.
X—a
CnepcTBus:

1. MNpenen nocTostHHOW paBeH 3TOM NOCTOAHHOWN.

2. [MOCTOAHHBIN MHOXUTESb MOXHO BbIHOCUTL 3a 3HaK Npegena.

Mpumepsi:
lim(x?2 -7x+4)=32-7*3+4=-8
x—3

1.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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 x?+x+2  224+2+2 8
2. lim = = — (cHa4ana npoBepuM, He obpallaetca nu

x>2x2 12x+8 2242*24+8 16

3HameHaTenb B 0 Npn x=2:22+2*2 +8 =16 #0),

_ x2-6x+9 . (x-3)®  x-3 3-3
3. Im——=Ilm——=1lim =——=0 (3mecb wnmeeT MecTO
x—3  x2 _3x x->3X*(x=3) x-a X

0 N
HeonpeaeneHHoCTb 0’ PackpoeMm €€, pasnoxuse Yncnmtenb U 3HaMeHaTeNb Ha MHOXUTENN
N COKpaTumB),

3 2 2-
. 2X° —=3X° +5x+7 )
4. lim 3 5 = lim
X>© 3X7 +4X° —X+2 X% g

x

N 7
x3 _2
2 = 5 (3D,er nveeT MeCTO
+ —_ .

5
— +
1 +
x2

X || X|w

3

X

o0 .-
HeonpeaeneHHoCTb Buaa — . Packpoem eé, pa3genvs YnMCnUTENb U 3HaMeHaTenb Ha X3).
o0

3amevaTtenbHble npeaensi:
. sinx
lim —— =1
1. x>0 X

2. lim(1+1) —e (e = 2,71828..).
X

X—>0

CodeprxaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUs:

Bbluncnutb npegensl PyHKUUNA:

BapuaHT Ne 1

lim (2x2 - 3x + 4)
X—2 .

im (x+3)(x—2)
2. x—>-1 X+2

. 3
lim
3. x>32X—-6

_2x3 —2x?
I'mﬁ
4. X056x° —4x“

_ x%_-8x+15
lim =—==—"=
5 x5 x°-25

X5+X6

lim
6. X x3 + x4

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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lim

8 X—>00 X2
lim sin3x

9. x->0Ssin5x

lim (14 2)%
10. x>» X

BapuaHT Ne 2

lim (x3 —x? +1)

1. x>

Iim\&H
2. x4x -1

lim

3. x>0 3x2 +2x |

C 3x3 +x
lim ——
4. x—0 X

lim
X"‘% 2x+3

5.

4 3
lim

6. X—>00 X3

+2X

lim
7. x>0 X

2

lim(5+—-—
8. X—>00 X X

. sin2x
lim —
9. x->0sin4dx

fim (x + 2)2)(
10 X—>0 X .

BapuaHT Ne 3

lim (x® —3x2 +x)

1. x>-1

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx

+3X

4x% 9

X =X +X
2

Mx+1-1
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lim (x=3)(x+1)
2. X2 Xx—4

im ———

3. x>43x-12
lim x%2 -2x-3

4. X—3 X2 _9

X3+X

lim
5 x>0 X

lim x? - 3x
g, X x2 -8

”m\/;+1
7. X—>4\/;_1.

im ——
8. x»>» 3x> —4x?
lim sin4x
9. x->0sindx

lim (142
10. X—>» X

BapunaHT Ne 4

lim (x? —4x +2)
1. x>4

(x=5)(x+1)
2. x—>-3 2-X

3. x>-12X+2

2X + x2

lim —

4. ¥7>2X° +5x+6
4ax3 + x?

im ————

5. x—0 2x° —3x .

14+ 2x + x3

lim
6. x> 10x3 + x2 - 80 _

. AX+6-3
lim ——M —

7 X3 x2 - 3x

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
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lim (20 — iz 2
8. X—>0 X X3

. sinbx
lim —
9. x->0sin8x

lim (x + 3)3)(
10. X—>00 X )

Mpaktnyeckoe 3aHATME N2 1 TexHMKa BbIYUCIIEHUA npeaenoB hyHKUUU B
TO4YKe U Ha GEeCKOHEYHOCTHU

KoHmporsbHbIe 80rpochi:
[aTb onpepenexve npegena MyHKLMN B TOYKE U HA GECKOHEYHOCTM.

C(*)OpMyJ'II/IpOBaTb 1 3anncaTtb I'IepBbIIZ n BTOpOI7I 3aMedaTerlibHble npeaerbl.

MpakTnyeckoe 3aHaTne Ne 2. HaxoxaeHue nponsBoaHON (hbyHKLUN

Lenb 3aHamusi:

3aKpenuTb HaBblkKM WCMOMb30BaHUSA npaBun u dopmyn anddepeHuMpoBaHns
dYHKUMIA.

PaboTa HanpaeneHa Ha dopmmpoBaHme komneTeHumn OK 01, OK 02.

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

UcxoOHble mamepuaribl U OaHHbIe:!
MpaBuna gndpdepeHuympoBaHns:
1.C’ =0,
2. (uxv)y=uzv,
. (u*vy=u*v+u*v
4 (C*uy=C*u,

u

5. (V)’ = uv-u'v

v2

OcHoBHble hopMyIbl AnddepeHLNpPOBaHUS:
1. (x") =nx "™,

2. (sinx)’ = coskx,

3. (cosx)’ = -sinx,

1

4. (tgx) = cos? x ,

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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MATEMATUKA
1
— gin2
5. (ctgx) = SIn” X,
6. (@) = a** Ina,

7.() = &,
1
8. (log ax)’ = X*Ina ,

1
9. (Inx) = X,
1

10. (arctg x)’ = 1+x°

11. (arcctg x)’ = -

1+x2
1
2
12. (arcsin x)’ = V1=Xx
o 1
13. (arccos x)' = —

HaxoxgeHne npon3BogHOW CIIOXHOW (PYHKLMN:

y =g(u),
roe u =f(x): yx' =g’'(u) * F(X) unm yx’ = y'v * U'.

CodeprxkaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUs:

HanTtu nponssBoaHble PYHKLUMN:
BapwnaHT Ne 1
1.y =5x*+7x -2

4 X
2_y= X3
3.y =X%cos X
x? +5
4_y= X -1
¥
5 y:ﬁ

6.y = er2+4x
7.y =logs(3x3—7)
8.y =sin43x.

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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BapuaHT Ne 2
1.y =7cosx —2x" + 3
2.y= 2Jx _ logsx

3.y =x3*sin x

X—3
4.y= x% +2

2
5.y = 3/, 2
6.y=37*6

7.y=cos3(4x—-1)

8.y = arccos x?

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

5
2.y= x -tg x
3.y=ctgx*e*
3x+1
4.y=2x* -1
2
5.y= ﬁ
6. y = arcctg 5x
7.y =sin 4 (2x)
8.y =1In (2x 4 — 5x)

BapuaHT Ne 4
1.y=3*+6x2-8

7
—4+ctgx
2_y= X
3.y=3*tgx
2x2 +1
4_y= 3x-2
X
5.y= x

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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6.y =ctg (6x>—1)
7.y=cos?(x>+x—1)

8.y = arcsin x3

KoHmMporbHbIe 80Mpochl:

1. [Hatb onpepgeneHve npousBogHon yHKumn. CdoopmynupoBatb, B 4YeMm
3akno4vaeTcsa eé Pr3n4ecknin 1 reoMeTpmuYeCcKkUn CMbICn?

2. CdoopmynupoBaTtb npasuna guddepeHuMpoBaHns Mpou3BedeHUs, CyMMbl,

YaCTHOro ABYX (PYHKLMI, a TaKKe — CNOXHOM dOYHKLMW.

MpakTnyeckoe 3aHaTne Ne 3. UccnenoBaHue hpyHKLMIK C NOMOLLLIO
npousBoaHoun. NoctpoeHue rpacmkoB pyHKLUN
Llenb 3aHsmus:
3aKpenuTb HaBbIKM BbIMOSHEHNSA UCCeaoBaHns (OYHKUMIA C MOMOLLbHO MPOU3BOAHON
N NOCTPOEHUSA rpadPmnKoB MO pesynbTaTtaM UccnegoBaHUS.

PaboTa HanpaeneHa Ha dopmumpoBaHme komneTeHumn OK 01, OK 02.

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

McxoOHble mamepuarsbi U OaHHbIE:!

McecneposaHne oyHKUMM HA MOHOTOHHOCTb.

Ecnn dyHkuma y = f(x), x € (a; b), nMeeT NONOXUTENBHYO NPON3BOAHYIO B KaXK4om
TOYKe uHTepBana (a; b), To aTa yHKLUMS BO3pacTaeT Ha uHTepBarne (a; b).

Ecnn dyHkuma y = f(x), X € (a; b), nmeeT oTpuLaTenbHYO NPON3BOAHYIO B KaXKoom
TOYKe UHTepBana (a; b), To aTa yHKUMs yObIBaeT Ha nHTepsarne (a; b).

WcecnenoBaHne oyHKLNM Ha SKCTPEMYM.

Heobxogumoe ycrnoBue CcyLLeCTBOBaHNA 3KCTpeMyMa:

Teopema Pepma: ecnm ToUKa Xo ABNAETCS TOYKOW SKCTpeMyma yHKUMn y = f(x) n B
3TOM TOYKE CYLLECTBYET npomssoaHas, 1o f(xo) = 0.

[locTaTouyHble yCNnoBus CyLLECTBOBAHUA 3KCTpeMyma: ecnun npomssogHas f(x) npu
nepexoae Yepes TOUKY Xo MEHSIET 3HAK C «+» HA «-», TO Xo — TOYKa MaKCUMyMa; ecrniv npu
nepexoae Yyepes TOUKY Xo MPOM3BOAHAA MEHSET 3HAK C «-» Ha «+», TO Xo — TOYKA MUHMMYMa.
Ecnn f(x) npn nepexoae 4epes TOUKY Xo HE MEHSIET 3HAK, TO B TOYKE Xo PYHKUMA f(X) He
UMeeT IKCTpeEMyMa.

3. HaxoxageHune nHTepBarnoB BbIMyKIOCTU U TOMEK nepernoba.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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Ecnv Ha uHTepBane (a; b) asaxabl anddepeHumpyemasa pyHkums y = f(x) nveet
oTpuLaTenbHY (MOMOXUTENbHYI0) BTOPYIO MPON3BOAHYI0, TO rpaduk doyHKUMKM obpalleH
BbIMYKIOCTbIO BBEPX (BHU3).

Heobxogumoe ycrioBme cyLlecTBoBaHUS TOYKM nepernba: ecnu pyHkumsa y = f(x)
MMeeT HenpepbiBHbIE MPOM3BOAHbLIE A0 BTOPOro Mopsaka BKMOYMTEIbHO Ha MHTepBane
(a;b) n Touka (xo; f(xo0)), rae xo € (a; b) aBnseTca To4kon nepermda rpaduka yHkuun f(x),
1O f’(X0) = 0.

[ocTaTo4HOe ycroBue CyLLeCTBOBaHNA TOYKN nepernba: ecnun pyHkums y = f(x),

X € (a; b), oBaxabl anddepeHumpyema Ha nHTepsarne (a; b) u npu nepexoge yepes

X 0 € (a; b) BTOpas nponssogHas f'(x) MeHsieT 3HaK, TO To4YKa KpuBom ¢ abcumccom x
= Xo ABNAETCA TOYKON nepernba.

4. AcMMnTOTbI rpadmka PyHKUMK:

Mpsimas nMHMA HasbiBaeTcs acuMnToTon rpaduka pyHkumn f(x), ecnm pacctosHue
oT Toukn M, nexawen Ha rpaduke, 0O 9TON NPAMON CTPEMUTCA K HYJIHO NPU OBMKEHUN
TOYKM MO rpadonky B 6€CKOHEYHOCTb.

CyLlecTBYIOT TP BUAa acCUMNTOT: BepTUKaIlbHbIE, TOPU3OHTaNbHbIE U HAKIMOHHbIE.

lMpsamas X = Xo Ha3bIBAeTCA BEPTUKANBHON acuMnToTon rpadumka dpyHkuum f(x), ecnm

XOTS 6bl 04HO U3 NpeaenbHbIX 3HaveHnn  lim f(x) unn  lim f(x) paBHO +o0 unn —owo.
X—>Xg+ X—Xg—

Mpsamas y = A Ha3bIBaeTCsA ropu3oHTanbHOM acumMnToTomn rpaduka dyHkuum f(x) npm

X — +00 (X —> —o0), ecnn  lim f(x)=A ( I|m f(x) A).

Mpamas y = kx + b (k # 0) Ha3bIBaeTCs HAKNMOHHOW aCMMNTOTON rpadmka yHKLNN

= f(x) npwu X —> 40, ecnm lim (f(x)-kx-b)=0, rge k= Ilim M; b =
X—>+00 X—+00 X

lim (f(x)—kx).

X—>+00
5. O6bwasa cxema nccnegosaHns PYyHKLUUIN U NOCTPOEHNSA rPadPUKOB:
1) HanTK obnacTtb onpeaeneHnss OyHKUNK;
2) uccnepoBatb QYHKLNIO HA YETHOCTb U HEYETHOCTb;
3) uccnepoBatb OYHKLUUIO HA NEPUOONYHOCTD;
4) uccnepoBaTtb OYHKLMIO HA HENPEPBIBHOCTb, HAWTU TOYKM Pa3pbIBa;

5) HanTK acuMNTOTLI rpadmka PyHKUUK;

\l

6) HaMTK KPUTUYECKME TOYKM NEPBOro poaa;
) HAWTN MHTEpBarnbl MOHOTOHHOCTU U SKCTPEMYMbI (OYHKLNN;

8) HaMTK KpUTUYECKME TOYKN BTOPOro poaa;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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9) HaNTK MHTepBasbl BbINYKIIOCTW 1 TOYKM nepernba;
10) HanUTK TOYKM NepecedeHus rpaduka (PyHKUMM C OCAMU KoOopAMHAT (ecrnv 3To
BO3MOXHO);

11) nocTponTb rpacmk OyHKLUN.

CodepxxaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUus:

BapuaHm Ne 1

1. HaiiT KpUTUYECKne TOYKN PYHKUMK: Y = X3 — 2X2 + X + 3.

2. NiccnepoBaTb PYHKLMIO HA MOHOTOHHOCTb M 9KCTPEMYMbI: Y = X3 + 2X? — 7X — 2.

3. HaitTu nHTepBanbl BbIMYKNOCTU U TOUKM Nepernba rpaduka yHKUmn: y=- x3 + 5x2.
3

X 2

4. BbINONHUTBL UccregoBaHne N NOCTPOUTb rpadouK OYHKUNK: Y = 3 X<,

5. HainTi npon3BoaHyto CrioxkHom cyHKumm: y = (3x8 — 7x + 2)°.

BapuaHm Ne 2

1. HanTn kputnyeckme ToUkn YHKUMK: Y = X3 — X2 — X + 2.

2. ViccnegoBaTb OYHKLUMIO H8 MOHOTOHHOCTb M 9KCTpeMyMbI: y=2x3 — 3x? — 36x + 40.
3. HaitTn nHTepBansb! BbINYKNOCTM U TOYKM Nepernba rpadmka yHKumn: y = x4 — 2x3,
4. BbINONHWUTb UccnegoBaHne 1 NOCTPOUTL rpaduk yHKUMK: Y = - X3 — X2 + 5x.

5. HaiiT npon3BoaHy CroXHOM pyHKUMK: Y = sin (9x2 — 3).

BapuaHm Ne 3

1. HaiiTn kputudeckue Toukn dpyHKUmn: y = 2x3 — 10x2 + 6X.

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

3. HainTu nHTepBansb! BbINyKNOCTU U TOYKKU Nepernba rpadvka yHKUmn: y=2x3— 4x2.
4. BbINONHWUTL UCCNeaoBaHne U NOCTPOUTL rpaduk dyHKUUK: Y = 6x* — 4x8.

5. Hantn nponsBogHyto crioxkHon doyHkumu: y = In (4 — 5x).

BapuaHm Ne 4
1. HaiTn KpuTUdeckne Toukn pyHKumn: y = x3 + x? — 5x - 3.
2. ViccnenosBaTh OYHKLMIO HA MOHOTOHHOCTb M 9KCTPEMYMbI: Yy = X3 + 6X2 + 9X.

3. HainiT nHTepBanbl BbINyKNOCTH 1 TOYKK nepernba rpadmka dpyHKUmum: y=x* + 3x3,

3
4. BbINONHUTL UccnegoBaHue N NOCTPOUTL rpaduk PyHKUNK: — 3 +4x.

3
5. HaiiT1 NpO13BOAHYIO CIIOXHOM yHKLMK: y = e* 3%

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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KoHmporbHble 80rpochi:

1. daTb onpefeneHne To4eK aKCTpeMyMa (PyHKUUN.

2. Kak uccnegoBaTb (PyHKUMIO H8 MOHOTOHHOCTb U 9KCTPEMYMbI C MOMOLLIbIO NepBOW
NPOn3BOAHON?

3. Kak HaxoasTca nHTepsarbl BbINyKIOCTU KPUBOW U TOYKM nepernba?

4. Yto Takoe acMMmnToThI rpadpuka pyHKUMU? Kak nx Hantm?

MpakTnyeckoe 3aHaTne Ne4 MNMpumeHeHne anddepeHumnana K NPUGIMKEHHbIM
BbIYUCIEHUAM

Llernb 3aHamus:
yMEeTb NPUMEHATb AnddepeHuman K NpUGNIMKEHHbIM BbIYUCTIEHNAM.

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

UcxodHble mamepuaribl U OaHHbIE:

PaccmoTtpum cpyHkumio y = f(x), e€ npupawenne Af(xy) = f(xq +Ax) — f(xo) n
anddepeHuman df (xo)= f'(x,)Ax. Mpn goctaTtoyHo Manbix Ax umeeM Af(x,) = df (x,).
3Ty bopMyny NPUMEHSAIOT K pa3nnyHbIM NPUBNVKEHHBIM BbIYUCTIEHUSAM.

1. ®opmyna ans BblMUCIIEHNA NPUBTIMKEHHOTO 3HAYEHNA PYHKLMN:

flxg+ Ax) = f(xq) + df (x0).
2. ®opwmyna gnsa BblYUCNEHNS NPUBNMKEHHOTO 3HAYEHUS CTEMEHN:
(xo + Ax)" ~ xft + nxf~tAx.
3. ®opwmyna onsa BblYMcNEHNst NPUGMKEHHOIO 3HAYEHMS Pa3fMYHbIX KOPHEMN:

f/x0+sz'§/x_o+k

‘/x—OAx.
kxg

CodepixaHue u nopsidoK 8bINOSIHEHUS 3a0aHus:

BapuaHT I.

1. Bbluncnutbe andpdepeHuman pyHKUnn:
y = cos?x npu x = % ndx = 0,03.

2. Bblumcnutb NpUBAMKEHHOE 3HaYeHWE npupaweHnss QyHKUUK:
y = x3-x%+x npu x =2 un Ax = 0,01.

3. Bblumcnutb npubAmKEHHOE 3HaYeHne OyHKUNN:
f(x)=2x?—- 3x—1 npux=2,01.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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4. Bblumcnutb NpUONMXEHHOE 3HAYEHMNE CTEMNEHU:
(1,013)*

BapwuaHrT II.
1. Bblumcnute andpdbepeHuman yHKUMK:
y = sin?x npu x = % ndx = 0,02.
2. BbluMcnuTb NpUBAMKEHHOE 3HaYeHne npupaweHnst yHKUUK:
y=x3—-2x?-3x—1npux=2uAx = 0,02.
3. Bblumcnutb NpubAmKEHHOE 3HaYeHne OyHKUNN:
f(x) = 2x3+x?—3x+ 4npux = 3,02.
4. BblumcnvTb NpUBNMXEHHOE 3HAYEHMNE KOPHS:

¥1,06.

KoHmMporbHbIe 80MpoChi:
1. Natb onpegeneHve anddepeHumana gyHKLUMN.
2. B 4ém cocTtouT reomeTpudeckmnin cmbicn auddepeHumana?

3. MNo4vemy audbdepeHumnan yogobHee npuMMeHATb K NPUONIMKEHHBIM BbIYMCNEHNSAM?

MpakTuyeckoe 3aHaTMe Ne 5. HaxoxaeHune HeonpenenéHHOro UHTerpana
pa3nu4HbIMM cnocobamu

Llenb 3aHsSmus:
3aKkpenuTb OpMynbl UHTErPUPOBAHUS U OCHOBHbIE MPUEMbI HEMOCPELCTBEHHOMO
WHTErpmMpoBaHus n cnocoba NnoacTaHOBKM.

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

Ucxo0Hble mamepuaribl U OaHHbIE:
Ecnn dyHkumna F(x) — nepsoobpasHasa gna yHkumm f(x), To MHOXECTBO QOyHKLMI
F(x) + C, rae C — nponaBosibHasi NOCTOsIHHAsA, Ha3bIBAETCHA HeonpeaeneHHbIM MHTErpanom

oT cpyHkumu f(x) n o6osHauaeTcst cumsoriom | f(x)dx =F(x)+C.
OcCHOBHbIEe CBOMCTBA HeonpeaerneHHoro nHTerpana:
1. JFOX )~ gy

2.d Jfadx f(x)dx;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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3. 1dFX) =y +

4. JKE(X)dx =k[f(x)dx,

5. J(FC0)£g(x))dx = [F(x)dx + [g(x)dx

Tabnvua OCHOBHbIX MHTEerparosB.

, J0*dx=C.

5 [17dx=x+C.
n xn+l
jxdx: +C
3. n+l ,nE —1
jd—X:In|x|+C
4. X (x #0);
X
[a¥dx =2 +C
5. Ina  (0<a#1);

g |e dx=e*+C.

[sinxdx = —-cosx+C.

7 ;
g Jcosxdx =sinx+C.
| d); =tgx+C

9. cos“ X :
[ d>2( = —ctgx +C
10. Sin“ X :

=arcsinx+C

I dx
11, V1-x7

| dX2 = arctgx + C
12. 1+X -

dx
—_ =
I2 2 :

13. X“ +a

X +vx2 +a?

+C

dx 1

X—a
X+a

14, S 2

+C,a=0

:1arctg§+C
15, x“+a”~ a & .

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
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dx . X
16. [———====arcsin—+C, |x| <a, a #0.
a2 _ x2 a
1. |-|O,£I, HernocpeacTtBeHHbIM  UHTErpupoBaHmMemM rMnoHUMaroT Takon crnocob

MHTErpnpoBaHuA, npn KOTOpom AaHHbIN MHTEerpan nytem ToXXaeCTtBeHHbIX npe06pasoBaH|/||7|
ﬂO}J,bIHTeraﬂbHOVI (byHKLI,VII/I n rpuuMmeHeHunA CBOWNCTB HeonpeageneHHoro wuHterpana

npmneognUTCA K OgHOMY UIMN HECKOJTbKNM TabnnyHbIM MHTEerpanam.

Mpumepsi:
1.
4 2 4 2
X H2X I Ty _ 3% x4 20 dx - 3] X+ 7] %X = 3)x2dx + 2[dx - 3] T 4 7) X _
x?2 x?2 x?2 x?2 x?2 X x?2

3
3*X—+2x—3|n|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 BRI, 2. 13 o=l ot 5=
sin“ X * cos“ x sin“ x * cos“ x sin“x*cos“x ~sin“x*cos“x cos“x  sin“Xx
=tgx—-ctgx +C;
3.
| dx = dx zlj dx zl*ﬁ*arctg£+C: 1 arcth3+C
4.+ 3x? 2,4, 3 2\ 3 2 2 243 2
3(x +3) X2+[J
J3

2. Cnocob noacTtaHoBKM (MW 3aMeHbl NEPEMEHHON) 3aKMOYaeTCsa B CreayoLeM:
3aMEHAIT HOBOW MEpeMEeHHOM TaKyl 4acTb nogblHTerpanbHOW QYHKUMK, NpuU
AndepeHUnMpoBaHMN  KOTOPOM MNoSlydaeTcss OCTaBLUAsACA 4YacTb MOAbIHTErpasnbHoro
BblpaxeHus (He cynTas NOCTOAHHOrO MHOXWUTENS, Ha KOTOPbIA BCErga MOXHO YMHOXUTb U

pas3genuTb NOAbIHTErpanbHOe BblpaXkeHue).

lpumepesi:
sinx =t 2
[sinx * cos xdx = nx =jtdt=t—+C=1sin2x+C
1 cos xdx = dt 2 2 .
sin x =t

[e" % * sin 2xdx = —f[eldt=el+C=e""*1C

2sinX *cos x = dt

2.

CodepixaHue u nopsidoK 8bINOSIHEHUS 3ad0aHusi:

Hantn HeonpeaeneHHble HTerpansbi:

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx
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1 a)j(x2+3x3+x+'l)dx. 6)j(x—4x2+x—3)dx
3 2 3 2
j3x —2x2 +5xdx Ix +3x3 +4xdx
2. a) 2X ; 6) X
3.a) [2* *eXdx; 6) [3* *eXdx.
dx dx
4.2) [————; 6) [———.
V4x? +9 9 - 4x?
_ 3
5.a) [ X1 6)] X2
X +4 x“—-3x+9
5 6
6. a) j(x2 +3) xdx ; 6) j(x3 —7) x%dx .
7.8) 6x2dx _ 6) [ cos xdx
' (1_2)(3)4’ 2sinx+3
8.a) [e2 xdx; 6) [6% *x2dx.
9. a) [sin? x * cos xdx ; 6) [cos?x * sinxdx.
10. a) [tgxdx ; 6) [ctgxdx.

KoHmpornbHbie 80rpocki:

1. [aTb onpenenexHne HeonpeaeneHHoro MHTerpana.

2. CdopmynmpoBaTb OCHOBHbIE CBOMCTBA HEOMNPEAENEHHOI0 NHTerpana.

3. B 4ém 3aknioyaetcsa MeTon HenocpefcTBEHHOrO WHTErpupoBaHUA U METO[,

noacTaHoOBKU?

MpakTnyeckoe 3aHATMe Ne 6. BbluncneHne onpenenéHHOro nHTerpana

Llenb 3aHsmus:
3aKpennTb HaBbIKU BbIYUCIIEHUS ONpeaeieHHOro nHTerpana.
YMeTb NPUMEHATb onpeaesieHHbIN MHTerpan ans pelenns ounsndecknx sagau.

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

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

UcxoOHble mamepuaribi U OaHHbIE:!

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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Ecnu F(x) + C — nepBoobpasHas dpyHkuma ansa f(x), To npupawexue F(b) — F(a)
nepBoobpasHbIX PYHKUUA NPpU U3MEHEeHUM apryMeHTa X OT X = a Ao X = b Ha3biBaeTc4
b
ornpefeneHHbIM nHTerpanom 1 obosHavaetcsa cumsonom [ f(x)dx = F(x) | F(b) - F (a).
a
OTa hopmyna HasbiBaeTcs hopMyrion HetoToHa — JlenbHuua.
[MpocTenwme cBoncTBa onpeaerieHHoro nHTerpana:

jf x)dx = —jf(x)dx
1.2 ;

jkf(x)dx kjf(x)dx
2.4 ;
b b b
[(f(x) £ g(x))dx = [f(x)dx * [ g(x)dx
3. a a a :
jf(x)dx = jf(x)dx + jf(x)dx
4 a a
lpumepsbi:

3 43 3
1, j8x3dx=8XT| =24 =2(34-14) =160,
1

j(2x+3x2+4x3+5x4)dx:(x2+x3+x4+x5)
1 2 43 .44 45

2.1 | 1=(1 +1° 417 +1°) -
(PN (NP () =4
3. Cnocob noacTaHOBKM:

4x> +1=t
! 12x°dx = dt > 6
[(4x +1) s ST L= el
0 xdx:Edt 124 12 6

t, =lte=5 |5 1

1

= _ (55 _1y=217.
72( )

OnpegeneHHbIi MHTErpan LWUPOKO MPUMEHSAETCS ONA BblYUCNEHUS Nnowaaen
NMocknx duryp, o6BeMOB TeN BpaLLEHUS, ANMHbI AYr, Nowaan NoBEPXHOCTU BPaLLEHUS,
a Takke Ons peweHus psaga pusmMyeckux U TeEXHUYECKUX 3agad. Tak, NyTb, NPONLEHHbLIN

TENOM Npu NPSIMONMHENHOM OBWXKEHUM, HAXOAMTCS No dopmyne:
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t2
[v(t)dt
S= t
PaboTta nepemMeHHoIn cunbl, NPON3BeaeHHON NpY NPSAMONIMHEAHOM ABWXEHUM Tena:
b
[f(x)dx
A=a

PaboTa, 3aTpayvyeHHad Ha pacTdaXeHne Uinmn cxatme npyxxmnHbl:

CodepxxaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUs:

Bblumncnutb MHTEerparbl:

BapuaHT Ne 1

?(4x3 —6x2 +2x+1)dx
1.1

T

4 1 ,

| >— +sinx dx
“m\cos” x

2. 4

}(2x3 —1)4x2dx
0

5 2X~

BapuaHT Ne 2

3
[(3x2 — 4x —1)dx

1. 2
(2o
— —2cos x [dx
sin“ x

ANia—nNI3a
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}(x2 +1)3xdx
0

BapuaHT Ne 3
8
[(3v2x - 4¥x hix

1.0

2n

3

| cos ~dx
2.0 4

ki

T sin x i
3 0VCOSX

A

2

| e *dx
4. 0

3
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Pewntb 3agauu:

1. Teno gBmxeTca NPAMONUHENHO co ckopocTbio V(t) = (3 + 3t?) m/c. Hantu nyTs,
NnponaeHHbIN TENOM 3a Nepsble 5 C. OT Havarna ABMXEHUS.

2. Hantu nyTtb, NponaeHHbIn TerioMm 3a 4 — Yyl CeKyHAy, €Crln CKOpPOCTb ero
NPAMONUHENHOTO ABWKEHUSA U3MEHSAEeTCSA Mo 3aKoHy V = (3t? — 2t — 3) m/c.

3. Teno aBmxeTcs NPSAMOSNIMHENHO CO CKOpocTbio V(t) = (4t + a) m/c. HanTu 3HayeHue
a, ecn N3BecCTHO, YTO NYTb, MPONAEHHbLIN TENOM 3a 2 C. OT Havarna ABWXeHUd, paBeH 48 M.

4. Kakyto paboTty coBepliaet cuna B 10 H npu pactsskeHun npyxmHbl Ha 2 cM.?

5. Cuna B 60 H pactarnBaet npyxuHy Ha 2 cMm. [NepBoHavanbHas AnnHa npyxuHbl

paBHa 14 cm. Kakyto paboTy Hy)XHO COBepLUNTb, YTOObI pacTaHyTb ee Ao 20 cm.?

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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KoHmpornbHbIie 80orpocsi:
1. 3anucatb copmyny HetoToHa — JlenbHuua.
2. lNepeuncnuTb CBOMCTBA ONpeaerieHHOro nHTerparna.

3. [1na peweHns Kaknx 3agad NpMMeHsieTcs onpeaeneHHbln nHTerpan?

MNMpakTnyeckoe 3aHaTMe Ne 7. PeweHune andcepeHumnanbHbIX ypaBHEHUA

Llenb 3aHamMuUs: 3aKpenuTb HaBblkM pelueHnss anddepeHumanbHbIX YpaBHEHUN C
pas3gensarownuMmncs nNepeMeHHbIMU, NIMHENHbIX anddepeHumanbHbiX YpaBHEHUA NEPBOTO
nopsigka, NIMHENHbIX O4HOPOAHLIX AnddepeHumanbHbiX YpaBHEHUI BTOPOro nopsgka c
NOCTOSIHHBbIMKU  KO3(hbprumneHTamn, auddepeHumnanbHbIX YpaBHEHUW BTOPOro nopsiaka.

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

UcxodHble mamepuaribl U OaHHbIE:
AnddepeHumansHoe ypaBHEHME Ha3blBAeTCsl YpaBHEHWEM C pasgensowumucs
nepemMeHHbIMKn, ecnn umeeT cnegyowmn sug: Yy = fi(x)f2(y). Monaras, 4to fa(y)#O0,

ypaBHEHNE C pa3genAarnwmmMmnca nepemMmeHHbiIMiM MOXHO nepenncaTtb B BUae (pa3ﬂ,eJ'IVITb

d "
nepemMeHHble) — = f;(x)dx. Ot BHEHWe Ha3blBaeTcs BHEHUEM EeNEHHbIMN
epeme efy 1 (x)dx. 31O ypaBHEHMe Ha3bIBaeTC aBHeHWeM c pasnené

2(y)

nepemeHHbIMU. IHTErpupys nesyto U npaByko 4acTu, Haxoaum obuiee pelueHne SaHHOro
ypaBHEHUS.

OuddepeHunansHoe ypaBHeHMe nepBoro nopsigka y' = f(x,y) HasbiBaeTcs
NYHENHbIM, ecnn UMeeT cneayrowmn sua: y' + P(xX)y = Q(x), rae P(x) n Q(x) — 3agaHHble
dyHKUMKM OT X. [laHHOEe ypaBHEeHUe peLlaeTcs C NOMOLLBI NOACTAHOBKM Y = UV, rge u uv
— HEN3BECTHble (PYHKLUN OT X.

JInHenHbIM ogHOPOAHBIM AudhepeHUnanbHbiM YpaBHEHMEM BTOPOro rnopsiaka ¢
NOCTOSAHHbIMU KO3hPMLMEHTaMM Ha3blBaeTCs ypaBHeHne Buaa: y"' + py'+ qy=0,roep u
g — MNOCTOSIHHble BenuuMHbl. [nNa pelweHuss [OaHHOr0 YpaBHEHWS COCTaBrseTCs
Xapakrtepuctuyeckoe ypasHeHue k? + pk + q = 0, npu peLLeHUn KOTOPOro BO3MOXHbI TPU
cnyyas. Cnyyad 1. KopHu xapakmepucmu4yecKkoao ypasHeHusi 0elicmeumeribHble U
pasrnuyHbie: ki#kz. Toraa obuiee peweHne anddepeHunanbHOro ypaBHeEHUS UMeeT BUA: Y
= (el + (,ekex, Cny4ali 2. KopHu xapakmepucmuyecko20 ypasHEeHUs
delicmeumerbHble U pasHbie: k1 = k2 = k. Toraa obuiee pelweHne auddepeHumansHoro
ypaBHeHMss umeeT Bua: y = e**(C, + C,x). Cnyyal 3. KopHuU xapakmepucmu4ecKo2o

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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ypasHeHUsi KOMMJeKcHble: ki = a + bi u ko2 = a — bi. Toraa obuwee pelleHne
AndpdpepeHumansHOro ypaBHeHUss UMeeT BuA: Y = e (C,cosbx + C,sinbx).
OndpdepeHunansHoe ypaBHeHMe BTOpoOro nopsigka umeet sua: y" = (X, y, y).

D,aHHOG ypaBHEHNE pellaeTCA ABYKPpaTHbIM MHTETpUpoBaHUEM.

CodepxxaHue u nopsi0oK 8bINMOSIHEHUS 3a0aHUs:
Pewntb anddepeHumnanbHble ypaBHEHUS.

|. C pasgensowmmMmmnca nepeMeHHbIMN:

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=2npux=1
4) (x? + 1)dy = 2xydx y=2npux=1

[I. [luHenHble anddepeHumanbHble ypaBHEHUS NepBOro nopsaaka:

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

[ll. JInHenHble ogHopoaHble audpepeHUmnanbHble ypaBHEHUS BTOPOro nopsiaka ¢

NOCTOSAHHbIMU KO3 dULUMEHTAMM:

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

IV. OuddepeHumanbHble ypaBHEHNA BTOPOro Nopsiaka:

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

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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KoHmporbHble 80rpochi:

1.Kakoe ypaBHeHuMe HasbiBaeTca audpdepeHumanbHbIM ypaBHEHNEM?

2.Y710 Ha3bIBaeTCcs 06WmuM pelleHnem guddepeHumnanbsHOro ypaBHeHNA?

Kakoe pelleHne HasblBaeTCs YacCTHbIM pelleHneMm anddepeHymansHoro

ypaBHeHNA?

PA3[OEN 2 TEOPUA BEPOATHOCTEN U MATEMATUYECKAA CTATUCTUKA
MNMpakTu4yeckoe 3aHaTMe Ne 8. PewweHne 3agay Ha onpeaeneHne BepOATHOCTU
cobbITnsA
Lenb 3aHsmusi:

3aKpennTb HaBblKM peleHna 3agady Ha onpeaesieHne BepoATHOCTU cobbITHA.

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

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

UcxodHble mamepuaribl U OaHHbIE:
BepodaTtHoCTb cOobObITMUSS A paBHa OTHOLUEHUKO 4YMcna m MCXOO4OB WCMbITAHWUMN,

6ﬂaFOI'IpVI$ITCTByPOLLI,VIX HacTynmneHuo cobbitnss A, K 06Lu,emy qyucny n Bcex

m
PaBHOBO3MOXHbIX HECOBMECTHbIX ncxonos, T. e. P(A) = —. Mpnatom 0 < P(A) < 1.
n
Mpumep 1.
BpocatoT nrpanbHy0 KOCTb. HanTn BEpOATHOCTb TOro, YTO BbiNadeT YeTHOE YMCIOo
OYKOB.
PeweHne:

CobbiTne A — «BbiNaAeT YeTHOE YMCII0 OYKOBY,

n=6,m-=3.

o w
N[ =

Monyyum P (A) =
Mpumep 2.

Ha kaxxgon 13 cemmn oguHaKkoBbIX KapTOYeK HaneyaTaHa ogHa 13 crieayoLwmx 6yks:
H, O, N, P, C, T, Y. Hantn BepoATHOCTb TOro, YTO Ha NATU B3ATbIX Hayrag W

pPacnonoXeHHbIX B P4 KapTovkax MOXHO 6yaeT npodecTb CnoBo «crnopT» (cobbitne A).
PeweHne:

ObLwee yncno BCex BO3MOXHbIX 3NEMEHTapPHbIX ncxonos n=

AS =7*6*5*4*3=2520, a GnaronpuaTcTBYET COOLITUIO A NUWb OAUH, T. €. m = 1.

1
MoaTomy, P (A) = 2520

~ 0,0004
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CodepxxaHue u rnopsi0oK 8bINMOSIHEHUST 3a0aHUs:

PelwwuTb 3agayn, ncnonb3yss OCHOBHbIE MOHATUS TEOPUN BEPOATHOCTEN:

1. a) BoceMb pasnuuHbIX KHUM pacCcTaBnAlT Hayrag Ha ogHon nonke. KakoBa
BEPOSATHOCTb TOrO, YTO 3 onpeaeneHHble KHUMM OKaXkyTCs NOCTaBNEHHbIMWN PSA0OM?

0) B ypHe 3 Oenbix n 9 4epHbiXx wapoB. BbiHMmalT Hayrag 1 wap. KakoBa
BEPOSATHOCTb, YTO OH YEePHbIN?

2. a) bpoweHa urpanbHas KoCTb. HanTu BepOsATHOCTb TOro, YTO BbiNageT 4YeTHoe
4YMCIIO OYKOB.

0) Kaptouka «CnopTtnoto» cogepxut 36 udncen. B Tupaxe yyactBywoT 5 uducen.
KakoBa BepOATHOCTbL TOro, 4To ByaeT yragaHo 3 Yicna?

3. a) B ypHe 7 KpacHbIX 1 6 cMHUX wapoB. BblHMMatloT Hayrag 2 wapa. Kakosa
BEPOSATHOCTb TOrO, YTO OHW pa3HOro LuBeTa?

0) Umeetca 100 getanen, ns kotopbix 4 % BpakoBaHHbIX. KakoBa BEPOATHOCTbL TOrO,
YTO BblHYTas Hayrag getasnb — 6pakoBaHHan?

4. a) B ypHe 20 wapos, 13 koTopbix 3 Genbix. BoiHumatoT Hayrag 1 wap. Kakosa
BEPOATHOCTb, YTO OH He 6enbin?

0) Kaptouka «Cnoptnoto» cogepxut 45 uncen. B Tupaxe yyactBytoT 6 uducen.
KakoBa BEpOATHOCTb TOro, 4To ByaeT yragaHo 3 Yicna?

5. a) B notepee 13 50 6uneTos 8 BbIMIpbIlWHbLIX. KakoBa BEPOSATHOCTb TOrO, YTO U3 5
BblOpaHHbIX Hayrag 6uneTtos 2 6yayT BbIMIPbILLHBIMU?

0) B ypHe 4 KkpacHbiXx U 7 cuHMX wWwapoB. BbiHMMalT Hayrag 1 wap. KakoBa
BEPOSATHOCTb TOrO, YTO OH KPaCHbIA?

6. a) bpowleHa urpanbHasi KOCTb. HanTn BEPOATHOCTb TOrO, YTO BbINAAET HEYETHOE
YUCO OYKOB?

0) Kaptouka «Cnoptnoto» cogepxut 45 uncen. B Tupaxe yyactBytoT 6 uducen.
KakoBa BEpOATHOCTbL TOro, 4to 6yaeT yragaHo 4 uicna?

7. a) B ypHe 9 6Genbix n 7 cuHMX WwapoB. BolHMMalT Hayrag 2 wapa. Kakosa
BEPOSATHOCTb TOro, YTO OHM 0ba 6enbie?

0) Hangnte BEpOATHOCTb TOro, 4TO NPU BGpocaHnn 2 — X UrpanbHbIX KOCTEN B CyMME
BbinageT 6 04koB?

8. a) B naptumn na 8 getanen 6 ctangapTHbIX. HanTn BEpOSATHOCTb TOro, YTO cpean 5
B3ATbIX Hayrag Aetanen poBHO 3 CTaHA4APTHbIX.

0) BbpoweHbl 2 nrpanbHble KOCTU. HanTn BEPOATHOCTb TOro, YTO Pa3HOCTb OYKOB

paBHa 2.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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9. a) B ypHe 8 Genbix n 6 4epHbix wapoB. M3 ypHbl BblHYNM 2 wapa. Hantm
BEPOSATHOCTb TOrO, YTO 06a OHW YepHbIe.

6) Ha 6 kapToukax 6yksbl A, B, K, M, O, C. lNepemelwunBaem n packnagbpiBaem B psag.
Hantn BepoATHOCTb TOro, 4TO Nosy4mnTcs cnoso «Mocksay.

10. a) B ypHe 8 Genblx 1 6 4YepHbIX WapoB. M3 ypHbl BbIHYNM 2 wapa. Hantm
BEPOSATHOCTb TOro, YTO 06a OHW pasHoro LuBeTa.

0) bpoleHbl 2 urpanbHble KOCTU. HemMy paBHa BEPOSATHOCTb TOrO, YTO Npou3BeneHne

BbiMaBLLUNX O4YKOB paBHO 57

KoHmporsbHbIe 80rpochi:
1. JaTb onpeneneHne BEpOATHOCTM cobbITUS A.

2. 3anucatb oopmyny AN BblMUCNEHUSI BEPOATHOCTU COBbITUS.

MNMpakTu4yeckoe 3aHaTMe Ne 9. MaTtemaTnyeckoe oxuaaHue u gucnepcus

Llenb 3aHsmusi:
HaY4YMTbCS BblMUCNATb OCHOBHbIE YNCIOBbIE XapaKTEPUCTUKN ClyYanHOW BENUYNHBI
— MateMaTu4eckoe oxmngaHme u gucnepcuto.

PaboTa HanpaBneHa Ha dopmmpoBaHme komneteHumn: OK 01, OK 02.
Ucnonb3yemas numepamypa: [1, en. 4, § 4.2.2]

UcxoOHble mamepuaribl U OaHHbIe:

CnyyanHon Ha3bIBalOT BENIMYMNHY, KOTOpasa NPUHUMAaET B pesyrbTaTe UCMbITaHUS TO
U MHOE BO3MOXHOE 3HavyeHue, 3apaHee He U3BECTHOE, MEeHsoLeeca OT UCMbITaHUA K
UCNbITAHUIO W 3aBUCALLEe OT chnydamHblx obctoaTenscTB. CriyyanHaa BenuuvHa
Ha3blBaeTCs OUCKPEmMHOU, €CNU MHOXECTBO €€ 3HAYEHWM KOHEYHO WMN CYETHO.
CooTBeTcTBUE MEXAY BO3MOXHbIMU 3HAYEHUSMM X1, X2,...., Xn CIIyHaHOW BENUYMHBI X N NX
BEPOSATHOCTAMU P1, P2,...., Pn HA3bIBAETCA 3aKOHOM pacripedesieHus cry4alHou eefluyuUHbl
X. 3aKkoH pacnpegeneHnsa crydamHon BeNUYUHBbI MOXeT OblTb npeacTaBfeH B BuAe
Tadbnuubl;

CobbiTna X=x1, X=X2,... X=X, 06pasyoT NOfHy0 CUCTEMY NOMNAPHO HECOBMECTHbIX
cobbITMI, NO3TOMY CyMMa X BEPOATHOCTEN paBHa eauHuLe, T.€.

pi1+p2+...+pn=1.

Kpome 3akoHa pacnpegeneHust, KoTopbin a€T NofHoe NpeacTaBrieHne o CriydanHom

BeJIMYMHE, 4YacCTO WCMNOJIb3YKOT 4ucCla, KOTOpble OnuUcbiBaroT cnyanlHyro BeJINMHYNHY

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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CyMMapHO. Takue 4ncna HasbIBalT YUCNOBLIMU XapaKTEPUCTUKAMMU CyHanHOW BESTUYNHBI.
Cpem 4ncnoBbIX XapakTepPUCTUK BECbMa BaXXHOM SBISIETCA MameMamuyeckoe oxudaHue,
KOTOpOe yKasblBaeT, Kakoe cpefHee 3Ha4YeHue CriydarHoOW BENUYUHbLI creayeT oXxuaaTtb B
pesynbTaTte UCMblITaHU NN HabNOEHUN.

Ecnn nssectHa gnckpeTHas criydanHas BefimdnHa X, 3akKoH pacnpeaeneHuns KoTopom
nmeet BnA;

TO MamemMamu4ecKuM oxudaHuem (Mniv cpeaHUM 3Ha4YeHMeM ANCKPETHOW BENNYMHDI
X) HasbiBaeTcs 4ncro M(X) = x1p1 + Xop2 + ... + Xnpn. Takum obpasom, maTemMaTnyeckoe
OXMAaHue OUCKPETHOWN CnyYamHOW BENUYMHbI X paBHO CyMMe NpPOu3BeAEHUN BO3MOXHbIX
3HaAYEHNN 3TON BENNYMHBI HA UX BEPOSITHOCTMW.

OCHOBHOWN 4MCIIOBOM XapaKTEPUCTUKOM CTEMEHN PaCCeAHUSA 3HAYEeHUN CryyYyanHoW
BESIMYUHBLI X OTHOCUTENbHO €€ MaTemaTudeckoro oxungaHus M(X) asnsetcs oucriepcus,
KoTopasi obosHavaeTcs 4vepe3 D(X). Oucnepcuen OUCKPETHOW CriyYamHOW BenuyuHbl X
Ha3blBaeTCs MaTeMaTU4Yeckoe oxuaaHue kBagparta eé oTknoHeHus: D(X) = M(X — M(X))2.
[ns BbluMcneHus gucnepcuin Gonee yao6Hon aensieTcs doopmyna: D(X) = M(X?) — (M(X))2.

CodeprxxaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUSs:

l. Hatimu eepossmHocmu, 3Hasi 3aKOH pacripedesieHus criydalHoU 8eflUYUHbI:

1. 3akoH pacnpeneneHnsa QUCKPETHOW CrlydanHOW BENMYUHBLI X UMeeT BULA;:
X 2 5 8
P 0,1 P2 0,6

Torga BepOATHOCTb P2 paBHa...

2. 3aKkoH pacnpeneneHns OUCKPEeTHOW CryYanHOW BENMYUHBLI X UMeeT BUA;

X -3 7 9
P p1 0,2 0,6
Toraa BEpOATHOCTL p+1 paBHa...

3. 3akoH pacnpeneneHns QUCKPETHOW CryYanHOW BENMYUHBLI X UMeeT BUA:

X -1 0 1 2
P 0,1 p2 0,6 0,1
Toraa BEPOATHOCTb P2 paBHa...

4. 3akoH pacnpeneneHuns QUCKPETHOWM CryYanHON BENMYUHBLI X UMeeT BUA;

X -2 0 1 12
P 0,1 0,2 04 | ps
Toraa BEPOATHOCTb P4 paBHa...

1. Hatimu mamemamuuyeckoe oxudaHue OUCKpemHoU 8eludUHbI, 3adaHHOU
3aKOHOM pacrpedesnieHus:
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1. MartemaTtunyeckoe oxXungaHve UCKPETHOM CriyYaHOW BENUYUNHBI, 3a0aHHOMN

3aKOHOM pacrhpenernenHus,

paBHoO...
2. MartemaTunyeckoe oXxngaHve UCKPETHOW CrlyYaHOW BENUYUNHBI, 3a0aHHOMN

3aKOHOM pacrhpepnenenHus,

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

paBHo...

3. MartemaTtunyeckoe oXxXngaHme UCKPETHOW CrlyYaHOW BENUYUNHBI, 3a0aHHOMN

3aKOHOM pacnpeaeneHnd paBHo...

4. MaTtemaTuyeckoe OXuaaHue [OUCKPETHOM CnyYamHOW BeNnUYUHLI, 3adaHHOW

3aKOHOM pacrnpepneneHuns,

X 2 3 5
P 0,2 0,3 0,5
paBHoO...
1. Hatimu ducnepcuro duckpemHou criy4alHoU eeslu4yuHbl, 3a0aHHOU 3aKOHOM
pacrnpedeneHus:

1. Hantv pgucnepcuio ONCKPETHOW CryyYanMHOW BENWYUMHbLI, €Crliv OHa 3ajaHa
3aKOHOM pacnpefeneHuns:

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

n M(X?)=40,3
2. Hantn gncnepcumio OUCKPETHOW CnyvyanHon BENUYUHBI, €Crn OHa 3ajaHa

3aKOHOM pacnpeaeneHus:

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

1 M(X?)=60,2

3. Hantn gncnepcumio QUCKpeTHOM CnyvyanHon BENUYMHBI, €CrN OHa 3aJaHa
3aKOHOM pacrnpeaeneHus:

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

n M(X?)=26,1
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4. Hantu gucnepcuio ANCKPETHOW CnyYyanHOW BENUYMHBI, €Criv OHa 3ajaHa

3aKOHOM pacrhpeneneHuns:

X 2 3 5
P

u M(X?)=16

KoHmporibHbIe 80rpochl:

1. Kak HanTn matemaTnyeckoe oxmaaHune AUCKPETHOW CyYanHOW BENNYMHDI,
3agaHHOWN 3aKOHOM pacnpeneneHms?

2. Kak HanTn gucnepcuio ANCKPETHOM CnyYyanHOM BENUYMHBI, €Crv OHa 3ajaHa

3aKOHOM pacnpeneneHna?

PA3OEN 3 MATEMATUYECKWE METO[1bl PELLEHUA NMPUKITAQHBIX 3AOAY
B OBJIACTU NPO®ECCUOHAIIbHOU OEATEJNIbHOCTHU
Mpaktnyeckoe 3aHaTne Ne 10. MatemaTnyeckme metoabl peLleHUA
npuKnagHbIX 3agad B obnactu npocgeccMoHanbHOW AeATeNbHOCTH

Lenb 3aHamus:

pewaTtb nNpuknagHole 3agayn B obractv npodecCUOHanbHOW OeATerbHOCTU C
NCNOSIb30BaHMEM MOHATUN NPOLIEHTa YMCNA, YMEHUSA COCTaBMATbL MPONOPLUMIO.

PaboTa HanpaBneHa Ha dopmumpoBaHme komneTeHumn: OK 01, OK 02.

CodeprxkaHue u rnopsi0oK 8bINMOSIHEHUS 3a0aHUs:

1. Onpegenntb KONMYECTBO MULLEBLIX N HEMULLEBBIX OTXOAOB NpW pasaenke 25 kr
KPYnHOM LLYKN Ha cpune ¢ Koxen 6e3 pébepHbix kocTen. (Mo Tabnuue — obuwme otTxoapl
cocTtaBnsoT 54% OT BCen Macchl, nuuweBble oTxoabl coctaBnsaoT 30% oT Bcen macchbl).

2. CKOnbKO KOTMIETHOM MaccChl NonyumTca na 27 kr menkoro coma? CKonbko
nopLmMin MOXHO 13 HEE NPUroToBUTL B cTonioBon? (Mo Tabnuue — n3 74 r coma MOXHO
nonyunTtb 57 r nonydgabpukarta, B COCTaB KOTOPOro BXoauT 5 r cyxapen).

3. [Onsa xapku nonyyeHo 10 Kr KpyrnHOKYCKoBOro nonydgabpukarta u3 roBaguHbl.
OnpenenuTtb BbIXo apeHoro mdca. (Mo Tabnuue notepu npu xapke coctaBnaoT 35%).
4. CKOmnbKo Hago B3siTb MOPOXEHbIX CBUHbIX MOYEK, YTOObI nonyyunTsb 15,5 kr
xapeHbix? ( No Tabnuue Haxogum, 4To 13 202 r MOPOXKEHbIX CBMHbIX NMOYEK MOfyYaeTcs

100 r apeHbliXx).

5. N3 400 r cupona un 1, 6 kr BOALI NPUrOTOBUNN HAanNUTOK. CKONbKO NPOLIEHTOB
cvpona CoaepXutcsa B 3TOM HanNuTke?

6. W3 500 r cupona u 2 kr BOAbI NPUroToBMAN HanuTok. OnpeaenvTb NpoueHT

cuporna B JaHHOM HalrnuTKe.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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7. [Ona npurotoBneHus 100 WT. MMPOXKOB XapeHbIX U3 POXOKEBOro Tecta ¢ MACOM
Heob6X0AMMO NPUroTOBUTbL MSICHOW dhapll C fykom. 3aknagka daplia Ha 1 nupoxok
coctasnset 1/25.

Paccuntante:

1. CkonbKo hapLua HyXHO.

2. Ckonbko CbIpbA HYXXHO B34ATb A4 NPUroToB1IEHNA HYXXHOIO KOJIM4eCTBa cbapu_la.

KOHmpOJ'IbeIe 80r1IpOoChI.
1.HasoBuTe TnnNbl 3agad Ha NPOLIEHTHI.

2.Kak peluaroTcs 3agaym Takoro tmna?

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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Cnucok ncnonb3oBaHHbIX MCTOYHUKOB

Buabl UICTOYHUKOB

HaunmeHoBaHue peKkoMeHOayeMbIX y‘-leGHle U3gaHun

OCHOBHbIe

1.0menb4yeHko B.M. MaTtemaTuka: y4eb6. nocobue (B.[1. OmenbyeHko, 3.B.
KypbaTtoea). - U3g. 5-e, ctep. — PoctoB H/L: ®enukc, 2021. -380 c.-(CpenHee
npodeccrmoHansHoe obpasoBaHue).

2.boromonoe H.B. C6opHuk 3aga4 no matematuke [TekcT]: yuebHoe nocobue
ans cpeq. npod. obpasosaHus /H.B. boromonos. -10-e uag.-M.: Opoda, 2020.-
204c.(cpen. npod. obpasoBaHue)

3. ToHyapeHko, B. M. 3OnemeHTbl Bbicllel MaTemaTuku: ydyebHuk / B. M.
"oHyapeHko, J1. B. JiunarmnHa, A. A. Peinos. - Mockea: KHoPyc, 2020. - 363 on-
line. - (CpegHee npod. obpasoBaHue). I6C KHOPYC

4.Cepnpbix, W. KO. OuckpeTtHas matematuka: ydebHoe nocobue / U. 0. Cegbix, HO.
B. I'pebeHwmkoB. - Mockea: KHoPyc, 2021. - 329 on-line. - (CpegHee npod.
obpaszoaHue). 96C KHOPYC

5.MBaHncoBa, O. B. [uckpeTHas matematvka W MaTtemaTtmyeckas noruka
[OnekTpoHHbIN pecypc: yvyebHoe nocobue / O. B. MeaHucosa, U. B. CyxaH. -
Mocksa; BepnvH : QUPEKT-MEONA, 2020 OBC Yb OL

6 Bbiclwas maTematuka [ONEKTPOHHbIA pecypc]: y4ebHWMK U NpakTUKym Ang
cpeaHero npodpeccnoHansHoro obpasosaHusa / M. b. XpunyHoea; peg.: M. b.
XpunyHosa, W. W. LipiraHok. - Mocksa: FOpaiit, 2020  35C IOPAUT
7.KpaTkuin Kypc BbICLLEA MaTEMaTUKM [ONEKTPOHHbIN pecypc]: yyebHuk / K. B.
BanguH, ®. K. banawuH, B. W. xeddans ; peq. K. B. BanguH. - Mockea: Jalukos
n K°, 2020. OBCYB OL

8.N'ynusH, b. L. OnemeHTbl Boiclwen MaTtemaTuku: y4ebHuk / b. L. MNynuan, . B.
lN'ynusH. - Mocksa: KHoPyc, 2020. 3BCKHOPYC

9.0cuneHko, C. A. OnemeHThbl BbiCLLEN MaTeMaTukn [SneKTPOHHLIN pecypc]:
y4ebHoe nocobue / C. A. OcuneHko. - Mockea; bepnnn: JUPEKT-MEOWA, 2020
OBC Yb OL.

10.Bbicluas maTemaTvka [ONEKTPOHHbIN pecypc]: YY4EOHUK M MpakTUKyM ans
npuknagHoro 6akanaspuara / pea.: M. b. XpunyHoBa, W. L. LibiraHok. - Mockea:
tOpaiiT, 2019.36C.IOPAUT

11.loH4apeHkKo, B. M. OnemeHTbl BbICLLUEN MaTEMATUKN [ONEKTPOHHbIN pecypcl:
y4ebHuk / B. M. NoHuapeHko, J1. B. JlunarnHa, A. A. Pbinos. - Mocksa: KHoPyc,
2019.56C KHOPYC.

12.Bbicluass matematuka [TekcT]: yd4ebHuMK M npakTMKym Ans cpeg. npod.
obpasoBaHus / peg.: M. b. XpunyHoBa, W. N. LibiraHok. - Mocksa: KOpant, 2019.

JdononHutenbHbIe

1.®unnmoHoBa E.B. MaTtematuka: YuebHoe nocobue ans cpegHux cneuparnbHbIX
y4eOHbIX 3aBegenun. - Poctos H/[: ®eHunke, 2008. — 416 c.

UHTepHEeT-UCTOUYHUKHM

1. http://www.1september.ru - [azeta «MaTemaTuka» wn3gaTenbCKoro goma
«[lMepBoe ceHTAbpsI»

2. http://www.exponenta.ru - ObpasoBaTeribHbIA MaTeEMaTUYECKUIA CalT;

3. http://www.teacher.fio.ru - Negarornyeckas mactepckasi, ypoku B IHTepHeT n
MHOroe gpyroe

OneKTpOHHbIe
ob6pasoBaTenbHble
pecypchbl

1. 3bC «Book.ru», https://www.book.ru

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

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

4. N3paTtenbcTBO «JlaHby, https://e.lanbook.com
5.9nekTpoHHO-6nbnmnoteyHasa cuctema «YHmBepcuTeTckast bmbnmoreka
OHnarH», https://www.biblioclub.ru
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