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1. IMACHOPT
KOC no Y OIIII.12 MaTeMaTuka

(K00 u HazgaHue OUCYUNIUHDBL)

1.1.O0mue noa0KeHus

KontponbsHo-onienounsie cpeactsa (KOC) npennasHadeHsl s KOHTPOJIS U
OIICHKM 00pa30BaTEIbHBIX JOCTHXKEHHM OO0YyYaronuxcsi, OCBOMBIIMX MPOTPAMMY
yueoHou nuctumuinael OITL. 12 MatemaTtuka

KOC BkiI04alOT KOHTPOJIbHBIE MaTepuaibl sl MPOBEACHUS TEKYLIEro
KOHTPOJISL ¥ IPOMEKYTOUHOM arTectanuu B popme aud.3adera (3 cemectp)

KOC pa3zpabotanbl B COOTBETCTBHUU C:
obpazoBarensHol nporpammoit CITO no cnenuanbHOCTH
38.02.03 OnepanunoHHas A€ TEIbHOCTD B JIOTUCTUKE
nporpammsl yueOHoi auctuminasl OINL. 12 Maremaruka

Pe3y.]II>TaTI>I OCBOCHUSA JTUCHHUIIVIMHBI, MNOAJICKAIIINEC TIPOBCPKE

Pe3yabTaThl 00y- | HammeHnoBaHue 3inemeHTa yme- | OCHOBHBIE MOKA3aTeJIM OLleHKH pe3yJibTa-
yeHusi (OCBOeH- | HU/3HAHMIT TOB

HbIE yYMeHusl,
YCBOCHHBbIE 3Ha-
HHSI, TpPaKTH4e-
CKHIl ONBIT (IpH

HAJTHYIHNH)
Vi peliath NpukiIagHbie 3ana- | [IpumeHeHne MaTreMaTH4eCKUX METO-
g B o0mactu mpodeccHo- | AOB MPH PEIICHUH 3a7a4 C IPaKTHYe-
HaJILHOH JIeTEILHOCTH CKUM COJIEp>KaHUEM
- BeIlloHEeHHe 1eCTBUI Hal MaTpH-
naMu

- Beluucnenue onpenenureneu

- PelieHrie cucteM JIMHEMHBIX ypaB-
HeHwuii o popmynam Kpamepa

- Peliennie cucteM JIMHEMHBIX ypaB-
HeHui MerogoMm ["aycca

- BrinmonHenue neiicTBUN HA
KOMIUICKCHBIMH YHCIIaMU B ayredpa-
WYECKON U TPUTOHOMETPUYECKOU
dbopme

- Briuucnenue npenena GpyHKIuU B
TOYKE U B OECKOHEYHOCTH

- HaxoxxneHue BeposITHOCTH CITy-
YaHOTO COOBITHS

- CocraBnieHue 3aKOHa pacnpeserne-
HUS CIIy4aliHOU BEJINYUHBI

- Briuucnenue 4ucnoBbIX XapaKTepu-
CTUK CITy4YalHbIX BEJIMYUH

- Haxoxnenue npousBoiHON GyHK-
0208

- Haxosxxnenue npou3BOIHBIX BBICIIUX
MOPSIAKOB

- UccnenoBanue GyHKIIMHN U TOCTPOE-
Hue rpaduka

- HaxoxneHue HeonpeesieHHbIX UH-




TETrpaJioB
- Briuucnenune OMPCACIICHHBIX HWHTC-
TpaJioB

31 3HaUEHUE MaTeMaTuku B | - [loHuMaHue poau MaTeMAaTUKH B
npodecCHOHAIBHONW  JIesl- | OCBOEHHUH 00pa30BaTeIbHON TPO-
TEJIbHOCTH rpaMMBI U B TPOECCUOHATBLHOH Jie-
ATEJIBHOCTHU, CYyTH METOJOB PELICHHUs
3aJa4, BA)KHOCTH BHIOOPA ONTUMAIb-
HOTO aJIrOpUTMa PELIeHUs
- C1ocOOHOCTH MPUMEHSATh 3HAHHUA,
YMEHUS IPU OCBOCHUU Mpodeccuo-
HaJIbHOM IPOrpaMMBbl
- Oco3HaHKE 3HAUUMOCTH MpaKTHye-
CKOT'O OIIbITA JUIsl YCIEIIHOTO pelie-
HUS IMYHOCTHBIX U PO eccCHOoHalb-
HBIX 3a/1a4
32 OCHOBHBIE MAaTE€MAaTH4ECKHE | 3HaHWE KaK IPUMEHATh MaTeMaTH4e-
METO/Ibl PELICHUs] NPUKIIAL- | CKUE METOBI IPU PELLICHUU 3a1a4 C
HBIX 3a/la4 B 00JacTH NIpO- | MPAKTUYECKUM COJEpKAHUEM
deccuoHaNbHONW  JIeATeNb-
HOCTH
33 OCHOBHBIE IIOHATHS U MeTO- | [Iepeuncrienue nocuen0BaTeIbHOCTH
Ibl TUCKPETHOM MaTematu- | IeHCTBUI NP PELIEHUU CUCTEM JIH-
K{, JIMHEHHON anreOpsbl, | HEHHBIX ypaBHEHH 1O (hopMyIam
TEOpUM KOMIUIEKCHBIX uu- | Kpamepa, metonom 'aycca
cell, TEOPUM BEPOSITHOCTEH | - POpMyJIMPOBKA KIACCUUECKOTO
U MaTeMaTU4eCKOM CTaTH- | ONpe/eeHUsl BEPOSITHOCTU
CTHKH - [lepeuncnenne hopmy I BBITOI-
HEHUA JeHCTBUN HAJl KOMIUIEKCHBIMU
qycliaMu
- ®opMyIMpOBKa NIEPBOI'O U BTOPOTO
3aMeuaTeNIbHOTO MPEENIOB
- Onucanue MeTO/10B BBIYUCIICHUS
MIPEJesIOB B TOYKE M Ha OECKOHEUHO-
CTH
34 OCHOBBI HMHTETpalbHOTO H | - DopmynupoBka npasui auddepen-

mudepeHIaIbHOTO  HC-
YUCIICHUS

IIUPOBAHMS U TICPEUUCIICHUE TTPOU3-
BOJHBIX OCHOBHBIX JICMEHTAPHBIX
byHKIMI

- [lepeuncnenue TaOIMYHBIX HHTETPA-
JIOB




1.3. PacnipenesieHue oneHMBAHUA Pe3yJbTATOB 00y4eHHS 10 BUIAM KOHTPOJISI

Koa u HamMeHOBaHHe 3JIeMEHTA

Buanl arrecranun

YMeHMI HJIH 3HAHUH . Ilpomesxcymounas
Texywut koHmpoaw
ammecmayus
V1-pemaTes NOpUKIAIHbIE 337a4d B mud.3ader

obnact TpodeCCUOHATBLHOU  Jiesi-
TENLHOCTH

TECTUPOBAHHUEC, OLICHKA
BBIITOJIHCHUSA ITPAKTH-
YECKOI'o 3aHATUA

(3 cemectp).

31-3HaueHne MaTeMaTHKHU B Tpodec-
CHUOHAJILHOM NIeATEeILHOCTH

Y CTHBIH OIIPOC TECTH-
pOBaHUE, OLICHKA BbI-
IIOJIHEHUS TIPaKTHYe-
CKOI'O 3aHSTHUS

mud.3ader
(3 cemectp).

32-0CHOBHBIE MaTeMaTH4YeCKHE Me-
TOJBI PEIICHUS MPUKIAIHBIX 3a7a49 B
obnmactu TpodecCUOHATBLHOU  Jiesi-
TEALHOCTH

YCTHBIN OIPOC, TECTU-
pOBaHUE, OLICHKA BbI-
MOJIHEHUS IPaKTHYe-
CKOT'O 3aHSTHUS

nud.3auet
(3 cemectp).

33-0CHOBHBIE TOHSATHS M METOMAbI
MaTEMaTHYECKOr0  aHaius3a, JHC-
KpPETHOM MaTeMaTHKH, JIMHEHHOU
anreOpbl, TECOPUH KOMILUICKCHBIX YH-
cell, TEOpPUHU BEPOSATHOCTEN U Mare-
MaTHUYECKON CTaTUCTUKH

OCHOBBI HHTerpaibHoro u nudde-
PEHIMAIBHOIO UCUUCIICHUS

YCTHBII OIPOC, TECTU-
pOBaHuUeE, OLICHKA BbI-
ITOJIHEHMS TIPAKTUYE-
CKOI'O 3aHATHUSA

nud.3ager
(3 cemectp).

34-0CHOBBI WHTErpajbHOrO M JU(-
(bepeHIaTbHOr0 HCUUCICHHS

YCTHBIH OIPOC, TECTU-
pOBaHuUeE, OLICHKA BbI-
ITOJIHEHMS TIPAKTHYE-
CKOI'O 3aHATHUSA

nud.3ader
(3 cemecTp).




1.4. PacnipenesieHue THIIOB OLIEHOYHBIX CPEACTB 10 3JIeMEHTAM 3HAHUI U YMEHMH TEKYIIEro KOHTPOJIsI

Conepmaﬂne y‘l€6HOI‘O MaTepuaJia Tun KOHTPOJBHOTI'0 3aJaHus

1o nporpamme Y /I Y1 31 32 33 34
Pazgen 1. MaTemaTuyecKHuil aHAJIU3 aJredOpbl
Tema 1.1 @yHKIMSA OAHON IEPEMEHHOM. 6,7 6,7 6,7 6,7 6,7
Tewma 1.2 Ilpenensl u HEMPEPHIBHOCTh PYHKIMU | 6,7 6,7 6,7 6,7 6,7
Tema 1.3 IlpousBoaHas U €€ NPUIIOKCHUE 6,7 6,7 6,7 6,7 6,7
Tema 1.4 Heonpenen€uuplii HHTETpa 6,7 6.7 6.7 6,7 6,7
Tema 1.5 OnpenenéHHBIN HHTETPAl 6,7 6,7 6,7 6,7 6,7
Pa3znen 2. Jluneitnas aareopa
Tema 2.1 Matpuiisl U onpeeIuTean 6,7 6,7 6,7 6,7 6,7
Tewma 2.2 Cuctembl TMHEHHBIX YpaBHEHUIN 6,7 6,7 6.7 6,7 6,7
(CJIY)

Pasnen 3. OcHOBBI TeOpHH BEPOSATHOCTH,
KOMOMHATOPUKHM U MATEMATHYECKOM CTATH-

CTHKH
Tewma 3.1 OcHOBHBIE NOHATHS TEOPUU BEPOSITHO- | 6,7 6,7 6,7 6,7 6,7
CTH ¥ KOMOMHATOPUKHU

Tema 3.2 DyieMeHTHI MAaTEMATHYECKOM CTATUCTH- | 6,7 6,7 6,7 6,7 6,7
KU1

Pa3nen 4. OcHOBHELIE IOHATHS M METOALI T€O-
pl/ll/l KOMIIJICKCHBIX YHuCeJI

Tema 4.1. KoMIuiekcHbIe yncia 6,7 6,7 6,7 6,7 6,7




1.5. PacnipeesieHue THIOB OLEHOYHBIX CPEACTB IO 3JIeMEHTAM 3HAHUI M YMEHHMd, KOHTPOJIHUPYEMbIX HA MPOMEKYTOYHOM
arrecTalum

Conep:xxanue y4eOHOro martepuaJjia Tun KOHTPOJILHOIO 32/1aHNS

1o nporpamme Y /[ Y1 31 32 33 34
Pa3znen 1. MaremaTuyecKrH aHAJIN3 aJIredpbl
Tema 1.1 @yHKIMA OQHON NEPEMEHHOIA. 9 9 9 9 9
Tewma 1.2 IIpenensl 1 HeMPEPHIBHOCTh GYHKIUUA | 9 9 9 9 9
Tema 1.3 ITpousBoiHas u €€ MPUIIOKEHUE 9 9 9 9 9
Tewma 1.4 Heonpenen€uuplii HHTETpail 9 9 9 9 9
Tewma 1.5 OnpenenéHubIii HHTETPaA 9 9 9 9 9
Pasznen 2. Jluneitnas aaredpa
Tema 2.1 MaTpulibl U OIPEACITUTENHN o (] 0 9 9
Tewma 2.2 Cuctembl TMHEHHBIX YpaBHEHUI o o 0 9 (¢}
(CI1Y)
Pa3nes 3. OcHOBBI TeOpHH BEPOATHOCTH,
KOMOMHATOPUKHU U MATEMATHYECKOI CTaATH-
CTHKH
Tewma 3.1 OcHOBHBIE IOHSTHS TEOPUHU BEPOSITHO- | 9 9 9 9 9
CTH U KOMOMHATOPHUKHU
Tema 3.2 DiemMeHTHI MaTEeMaTUYECKOW CTaTUCTH- | 9 9 9 9 9
KH
Pa3zgen 4. OcHOBHLIE MOHATHA U METOALI T€O-
PHYH KOMILIEKCHBIX YHCEJ
Tewma 4.1. KomInuiekcHbIe yncia o (] 0 9 (8]




2. CIIEHU®PUKALINSA OHEHOYHBIX CPEJACTB

Ha3znauenne2.l

Crneundukanueil ycTaHaBIUBaIOTCS TpeOOBaHUS K COAEPKaHUIO U 0(hopmiie-
HUIO BApUAHTOB OLICHOYHOTI'O CPEJICTBA MpaKTUUYecKas padbora.
[IpakTrueckast pabota mpeaHa3zHAUYeHa JIJIsl meKyue20 KOHmMpoJisi U OLEHKU
3HAHUW U yYMEHUH CTYJEHTOB M0 IIporpamMme yueOHou aucturmminabl OITL[.12
MATEMATHKA o6pa3zoBarenbHoii nporpammel CI1O no crnenuanbHOCTH
38.02.03 OnepanrionHast 1€ TeIbHOCTD B JIOTUCTHUKE.
2.2 KOHTHUHIeHT aTTecTyeMbIX: (cmydenmsi 2 Kypca).
2.3 ®opma u ycJI0BHS ATTECTANMU: TEKYIINI KOHTPOJIb MPOXOJUT B BUIE

BBINOJIHEHUS 33JJaHUI ITPAKTUYECKON

paboThI

(ATTectauus npoBoautcs B popme aud.3ader (3 cemecTp) 1Mo 3aBepUICHUIO

OCBOEHUS Y4eOHOT0 MaTepurala yueOHOM TUCIUIUIMHBIL, PU MOJI0KUTEIIbHBIX

pe3yibTaTax TeKyLIEro KOHTPOJIsL.)
2.4 BpemMsi BbINIOJIHEHUS
MOJATOTOBKA 5 MUH;

BBINOJIHEHUE 0 yac 40 muH;

oopmiieHHE U claya _ MHH.
Bcero  yac _ 45 MHH.

2.5PexkomenayeMasi JIMTepaTypa il pa3pad0TKH OLEHOYHBIX CPEACTB U
MOATOTOBKH, 00y4aIOIIMXCH K aTTEeCTALMH.

Bub/morpaguueckoe onucaHue W3JaHUs

OcHoBHasl/ A0MmoJI-

Kuuroo0ecrieyeHHOCTh

Martemartuka aJi KoJUIepKel | yaueOHoe mocodue
st CI1O / Kpemep H. 1., Koncrantunosa O.
["., ®punman M. H. ; nox pea. Kpemepa H.III. —
12-e u3n., nep. u non. — Mocksa : FOpaiir,
2025. — 408 c.

(aBTOp, 3ar;1aBue, BUji, MeCTO U I'Oj U3AaHHUsA,| HUTe/bHAas JIU- 3KI3<0]J31-611:)6.J1 DJIEKTPOHHBIE
KOJI. CTP.) TepaTrypa Cﬁﬁl“ 3y ‘|  pecypchl

[lomos, A.M. OCH https://urait.ru/

MaremaTuka a1 S)KOHOMHCTOB: YYEOHUK 1 bcode/569087

MPAKTUKYM TSI CPEHETO MPOo(ecCHOHAIEHOTO

o6pazoBanus/ A.M.ITonos, B.H.CoTHnkoB.— 2-

e u3., mepepad. u gon.— Mocksa: M3ngarens-

ctBO FOpaiit, 2025.— 384c.— (IIpodeccuo-

HaJIbHOE 00pa30BaHuUE)

Kpemep, H. I11. oI https://urait.ru/

bcode/560553

JlamasH, A. A.
Martemartuka : yueOHUK. — 3 U3/, UCTP. U JOII.
— Mocksa : UTHOPA-M, 2024. — 544 c.

ot

https://znaniu
m.ru/catalog/pr|

oduct/2132236



https://urait.ru/bcode/569087
https://urait.ru/bcode/569087
https://urait.ru/bcode/560553
https://urait.ru/bcode/560553
https://znanium.ru/catalog/product/2132236
https://znanium.ru/catalog/product/2132236
https://znanium.ru/catalog/product/2132236

JlagasH, A. A. orI. https://znaniu
COopHUK 3a/1a4 IO MaTeMaTHKe : yueOHoe 1o- m.ru/catalog/pr
cooue / A. A. lamasiH. — 3-¢ u3a. — MocCKBa : oduct/1362444

DOOPYM : UHDPA-M, 2021. — 352 ¢. — (Tlpo-
(heccroHaIbHOE 00pa30BaHNUE)

3. BAPUAHTHI OHEHOYHBIX CPE/ICTB

IIpakTnyeckas padora
«Haxoxaenune obnactu onpeneneHus QyHKIAN)

Heanb:
1. TloBTOpuTh 3HaHMS oOydarommxcs B Teme: «Haxoxxnenue obnactu onpeneneHus: GyHk-
L.

2. 3akpenuTh YMEHHS U HABBIKM HAXOXKACHUS O0JIACTH ONpe/ieieHusT (PyHKIIUH.
IMopsinok BHINOJIHEHHS:
1. O3HaKOMUTBCS C TEOPETUUECKUM MAaTEPUAIOM U PELIEHUEM ITPUMEPOB.
2. Cpenarb KpaTKUi KOHCIIEKT TEOPETUUECKOro MaTepuaia B pabouux  TeTpaasx (OCHOB-
HBIE HOHSTHS, OTIPE/ICTICHHUS, (POPMYIIBI, IPUMEPHI).
3. B rerpamsx ans npakTHUECKUX pabOT BBITOJHUTH IPAKTUYECKYIO paboTYy.

Teopernyeckue cBeleHUs:
O6:1acTbI0 onpe/esieHUs WM 001aCThI0 3a1aHust GYHKIMH i = f (X) HA3BIBACTCS MHOXKECTBO
3Ha4YeHHH X, JUI KOTOPBIX CYIIECTBYIOT 3HaueHus Y = f (x) .O6o3HauaeTcs obnacth onperee-
Husl GyHKIH — D ( f ) wim D(y).
Cxema HaxOKJIeHUS 00JIaCTH ONpeIeTeHUS ()YHKITHIA:
Ecmu f (x) npencrasisier co00i MHOTOWIEH, TO 00IaCThIO ONpeieNeH s pyHKIMA i =
f (x) Gyner MHOXECTBO BCeX AEHCTBUTENBHBIX YUCEIL.
2. Ecmuf (x) — paumoHaneHas qpo0Ob, TO 00JIACTHIO SBISIETCS MHOKECTBO BCEX ACHCTBUTEINb-
HBIX YHCEJ KpOMe TeX 3HaueHui E, mpu KOTOpBIX 3HaAMEHATEe b PAaBEH HYJTIO.
3. Ecmm ¢yHknus uMeet BUI Y = 4/ f (X), To o6acThio onpezeneHns Oy1eT MHOKECTBO pellie-
Huif HepaBeHcTBa f (x) > 0.

—

g(x)

JFG’
aesieHus OyieT MHOXKECTBO peleHuil HepaBeHcTsa f (x) > 0.

5. OO0nactb onpeeneHus: CyMMbl, pa3HOCTH WJIH NIPOU3BEICHUS IBYX MM HECKOJIBKUX (DyHKIHIA
€CTb IepecedeHue obacTeil onpeaeneHuit STHX GYHKIUHN, U1 €€ OTBICKAaHUS COCTABISETCS U
3aTeM PEIIAeTCs] CHCTEMA COOTBETCTBYIOIIUX YCIOBHH.

4. Ecma QyHKIMS MMeeT BU Y = rae g (X) HEKOTOpbI MHOTOYJIEH, TO 00JACThIO OIIpe-

IlpuMepsl penieHus  HAXO0KAeHUsI 00JacTH onpenejaeHuss GyHKUUM

Ne ITpumep Pemenue
n/m
Haiitu obsacth ompenencHus
1 y = 240 35 CDy'HKI_II/IIO MOYKHO npeHCTBaBHTL B BUJIE€ PA3HOCTH ABYX QYHKLUUH Y =
x + 2— ﬁ:(x +2)——5
f1(x)=x*+2 D (f1(x)) sBusteTcss MHOXeCTBa BCEX YHCEI
3

fo(0) =

HaI/II[eM 3HAYCHMS , KOTOpbIC OOHYJISIFOT 3HAMEHATEIIb



https://znanium.ru/catalog/product/1362444
https://znanium.ru/catalog/product/1362444
https://znanium.ru/catalog/product/1362444
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/

x=5#0
x#5
Otger:D () :xe (—00;5) U (5; + o)

2 y= Nx2=3x +2 | s HaxoxkaeHns 06IaCTH ONPEIEIICHUS i = \/ x*-3x +2
PELINM HEepaBeHCTBO X2 —3x + 2 > 0
st aTOro pemm  ypaBHEHHE x>=3x +2 =0.
KopHsiMu 3T0T0 ypaBHEHUS ABIAOTCS unciaa 2 u 1.
O0603HaunM Hai/IeHHbIE KOPHHU HA YHCIOBOW OCH U OTPEACIIUM 3HAK
HEPaBEHCTBA Ha MOJyYEHHBIX HHTEPBa-JIax.
o5 = +
@ \ 4 >
1 2
OtBerT: x€
3 y = 2x=7 OyHKIHS PEACTABISAET CO00M IPOOHO-palMOHANBHYIO QYHKITUIO, B
/3 Y +0] | dHcmaTENE KOTOpOfIVMHOFO‘IHeH. O06utacTh orpeieNIicHUs MHOTOWICHA
€CTh MHOXKECTBO JCHCTBUTEIbHBIX YHUCEI.
3x+21>0
= 3x+21>0 > -7
{3x +21£0 -7
Otser: D (y):xe(=7; + o)
4 Y= 2x Haiiger O/13: x >0
Vx-3 Vx-3 #0
VX #3
x#+9
Oteet: D(y) x€[0;9|U (9; + )
IIpakTHyeckoii padora:
Haiit 00s1acTh omnpejieacHus
y =5x-12 y =2x+13
__3x 2
ix+7 Y Thn1
y =+/3x+21 y =+ 5x-15
1 1
y = y =
y 2-4X 3 +9x
L7, O L0, 2
X x? —19 X x92—4
2
y=x"+— X4
X +4

IIpakTnyeckue padoThI
no Teme «Haxoxaenue npenena QyHKIAW.

« HaxoxaeHue obnactu HCHIPECPBIBHOCTHU U TOYCK pPa3pbIBa».



http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/

5

0
Heab: popMupOBaTh YMEHHS BBIYUCICHHUS TPEIEIIOB, PACKPBITHS HEOMPEASIIEHHOCTH BUIA (5)

yTEM Pa3JIokKEeHHsI HA MHOKUTENH, ONpeiesIeHUs] HeMPEPbIBHOCTH (PYHKIIHU.

Iopsinok BbINOJHEHHUS PA0OTHI:
1 PaccMoTpeTh TeOpeTHUECKUI MaTepHall [0 TEME U MPUMEPHI peLIeHUs 3a/1a4.
2 Pemmth caMoCTOSTENBHYIO palOTy, BbIMOJHUB 10 3agaHuii COOTBETCTBYIOIIETO BapHUaHTA.
Odopmuts noipoOHOE pelIeHne MUCHbMEHHO B TETPAAH C YKa3aHUEM OTBETOB.
3 OTBETUTH MUCHbMEHHO Ha KOHTPOJIbHBIE BOMPOCHI.

KpaTkue Teopernyeckue cBeleHHs 10 paccMaTpuBaeMoii mpoodjieMe, 0CHOB-
Hble XapaKTEPUCTHKH 10 COAEPKAHUIO MPAKTHYECKOI padoThI:

Onpenenenune. Ynciao A Ha3pIBaeTcs npeaenoM QyHKuuu y=f(x) mpu x, crpems-
eMCs K x,, (B TOUKEXx,)), €CIIH ISl JIIOOOTO MOJIOKHUTENBHOTO YHCIIA € HAIETCsl TaKoe T10-
JIOXKHUTENBHOE YHCIIO 8, 9TO |f (x) —A| < £, KaK TOIBKO 0 < |x—xo| <.

O6o3nauenue: lim f(x) = A.

X—>X0
Onpenenenne. Oynkuusa y=f(x) Ha3pIBaeTCcd OECKOHEYHO MaJIoOil MpH X, CTpe-
MILLEMCS K X, (B TOUKex,), eciti lim f(x) = 0.

X—)XO
Onpenenenne. Oynkius y=f(x) Ha3biBaeTCsl 6ECKOHEUHO OOJIBIION MPH X, CTpe-
MSIIEMCS K X, (B TOUKEX,)), €CJIU AJIs1 JTF000r0 MOJIOKUTENIBHOrO uncia M HaliaeTcs Takoe
IOJIOKUTEIBHOE YHCIO 8, uTO |f ()| > M, KaK TOIbKO 0 < |x—x| <6.
Ob6o3nauenue: lim f(x) = .

x—>x0
Onpenenenne. Oynxius y=f(x), 3a1aHHas Ha BCEH YMCIOBOW MPSIMOM, Ha3bIBa-
eTcsi OECKOHEYHO OOJIBIION TIPH X, CTPEMSIIEMCS K o0), €CIIU I JI000TO MOJIOKHUTEb-
HOTO unciia M HalzeTcst Takoe MoJIoKuTeabHoe yuciio T, uto |f (x)| > M, Kak TOJbKO |x| >
T.
Ob6o3nauenue: lim f(x) = oo.

X—00

OcHoBHBIE TE€OPEMBI 0 IIpeaejaax:
1 lim (f(x) £g(x)) = lim f(x) = lim g(x).

x—>x0 X—)XO x—).xO
2 lim (f (x)-¢(®) = lim f(x)- lim g(x).
X—>XO x_)XO X—UCO
3lim kf (x) =k lim f(x).
X_)XO X—)XO
lim f(x)

. f(i) _ X—X(
4 llmog(x) = i 5"

X=X .X—UCO
B npocreiimux ciydasx BbIUMCIEHHUE Mpeaesia (yHKIUN CBOJUTCS K MOJCTaHOB-
K€ B (DyHKIHIO, CTOSIIYIO IIOJ 3HAKOM IIpejena, IpeAeabHoro 3HaueHus aprymenta. Ho

AOBOJIBHO 4YaCTO TakKad NOACTAaHOBKA HNPCACIBHOIO0 3HAYCHUSA aprymMCeHTa HNPUBOIHUT K
0 0
HEOIpeIeJICHHBIM 3HAYCHHUSM BHJIA! ((—)), (;), (0-00), (c0—c0), (1%°,(0]0), (0|0). Otbic-

KaHue IpeJesna B OTUX ClydasX, Ha3bIBalOT PACKPBITHEM HEOlpeaeraeHHocTen. s pac-
KPBITUS HEOTIPEICIIEHHOCTEH MTPeoOpa3yoT BEIPAKEHUE, CTOSIIEE MO/ 3HAKOM Ipejera,
3aTE€M UCHOJIB3YIOT TEOPEMBI O IIPENENax, 3aMedaTeIbHbIE IIPEIEIIbL.
. o . SINX
IepBbIii 3aMeuaTeabHbII pexe: [im - = 1.
; ) ; x—0
. X B arcsinx . arctex
cnencTeus lim % =1, lim %< = 1, Iim T8 = 1,
x—0 x—0 x—0 .
2 . x
Bropoii 3ameuarenbHbIil mpeae: lim (1 +x)¥=e Wik lim (1 +%) =e.

x—0 X—00
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IIpumep 1. Boruucouts  lim (2x-1) .

x—3
Pemenue. IloacraBnseM B (yHKIUIO y =2x-1NpeAenbHOE 3HAUEHUS apryMeHTa
x=3, moinyuum lim (2x-1) =2-3-1 =5.
x—3

OtBeT: 5.

2 10,
IMpumep 2. Beraucauts lim "1207"“.
x—-1 x°-1
Pemenune. Iloacrasisiem B pyHKIUIO y _M npeJesbHOe 3HAYCHUS apTryMeH-
x2-1

Ta x=-1, nonquM( ) Heo6X01MMOo pa3ioXUTh YUCIUTENh U 3HAMEHATEIb Ha MHOKHTE-
JIU, UCTIONB3Ys (hOPMYIIBI COKPALIEHHOTO YMHOKEHHS, PABMIIO Pa3I0KeHUs KBaJIpaTHO-
ro TpexwieHa Ha MHOXHUTEH (ax? +bx +c =a(x-x;) (x-x,) raex; x, - KOPHH KBaJpaTHOro

TpeXuJIeHa), METOJ TPYNIUPOBKHU. PerieHue 3anucriBaioT B BUJE:
lim (x-11) (x+1)  lim (x-11)

. x2-10x-11 [0\ xoq o1 _-12
lim — > . =\g)~ = =—7—=6.
x—-1 x°-1 0 (-Dx+1 (x-1) -2
CoxparieHue Ha (x+1) BO3MOXHO, TaK KaK OHO HE PaBHO HYJIIO, a JIMIIb CTPEMHT-
Cs K HYJIIO.
OtBeT: 6.

5+x

Hpumep 3. Beruncnuts lim >
x—4 x°=16

Pemenue. IloacraBnseM B QyHKIMIO y =

3V npeienibHOE 3HAYEHHS APTyMEHTa
¥2-16
x=4, HOJ‘Iy‘lI/IM( ) UYtoObl M30aBUTHCS OT HEONPEIEICHHOCTH, Ha/I0 (PYHKLUIO YMHOXHUTh

Ha €JIMHUILY, IIPEACTABUB €€ B BUJE JPOOH, CONPSHKEHHON K BBIPAXKEHUIO, COJCPKAILIEMY
KOpPEHb 3—V5 + x. 3alUIIEM PEIICHUE

. 3-5+x (0) . 3- J5+x 3+y5+x _

lzmz—: = =lim

x—4 x°-16 0/ o4 x2-16 34+ /5+x

2
. 325+« 4-x
lim =lim =
x—4(x|2-16) (3+\/5+x) x—4 (x—4) (x + 4) (3+\/5+x)
-1 1 1

lim ===
=4 (x +4) (3+«/5+x) 86 48
OrtBer: -1/48.

IIpumep 4. Beruucauts lim
x—00 X 16x+1

22 4x+3

2
203 heiesIbHOE 3HAUEHHUS apryMeHTa
x3-16x+1

X— 00 , HOJIleI/IM(g). YroObl M30aBUTHCS OT HEOIPEIECIIEHHOCTH, HAJ0 B YUCIUTENE H

Pemenue. IloacraBisieM B QyHKLUIO y =

3HaMCHATCJIC BBIHCCTH MHOXKHTCIIb, coaepmamnﬁ MaKCUMAJIbHYIO CTCIICHDb HepeMeHHOﬁ.
3anumeM PCUICHUC

2
) Bl x 3 2,.1.3
. 2x*+x+3 . P s T
lim =1 = lim =

x—)oox3—16x+1 x—00 3 x3 16x 1 xX—00 1_1764_;
L FERR x2 i3

[ 0+0+0 9—0

w1-0+0 "1

OtBerT: 0.

IMpumep 5. Beraucauts lim — 47

x—00 4x +2x+8



x5+7
4x3+2x+8
X— 00 , HOJIytH/IM(g). UtoObl M30aBUTHCS OT HEONMPEAETEHHOCTH, HAJ0 B YUCIUTENE U

Pemenue. [ToncraBnsiem B QyHKIHIO y = MpeIETbHOE 3HAYEHUS ApTyMEHTA

3HaMCHATCJIC BBIHCCTH MHOXKHTCIIb, co;lepmanmﬁ MaKCUMAJIbHYIO CTCIICHDb HGpGMGHHOfI.
3anuiiem peuicHuc

5

s(x°, 7
. X +7 . X x5+x5)
hnz—f;——————.: lim =
x—oodx” +2x + 8 x—>oox5(x3+2x+8)

x> ¥ X

1+L

X 140 1
el 2,87 N0+0+070"

x> xt A

OTBeT: .

Onpenenenne. dynknus y=f(X) Ha3pIBaeTCs HEMPEPHIBHOW B TOUYKEX,, €CIU OHA
orpeziesieHa B 3TOM TOYKE M CYLIECTBYET KOHEUHBIN mpenen GYHKIMHU B 3TOH TOUKE, paB-

HBII 3HAYCHUIO PYHKIUH B 3TOH Touke: lim f(x) = f (xo) Touxka, B koTOpo#i PpyHKIHS HE
X—>XO

ABJISIETCS] HENIPEPBIBHOM, HA3BIBAETCSI TOYKOM pa3phIBa.
Ecnu ¢pynkums y=f(x) HempepbIBHA B KaXKJ10i TOUke UHTepBaa (a, b), To OHa He-
npepbiBHA Ha 3ToM uHTepBaine (PucyHok 1).

-~

Y

Y= Fx

Pucynok 1. Tpaq)I/IRI/I HenpepLIBHoﬁ U pa3pbIBHOU (QyHKIUH

IIpumep 6. Paccmotpum dyHKINIO
x% + 1npux <0,
f () ={2x+1npnd < x <2,
x-2npux > 2.

U BBIINOJIHUM €€ YEPTEK.
Ctpoum rpaduxk:
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1) Ha monmyunTepBaie (-o; 0] uepTum pparmeHT napadonsl f (x) = x?+1,
2) na unrepsaie (0; 2) — orpe3ok npsimoit f(x) =1+ 2x,
3) Ha monmyuHTepBaie [2; +0) — npamyo f (x) = x-2.

IIpu 5ToM B cuiy HepaBeHcTBa X < (0 3Hauenuef (0) ompeneneHo ans KBagpa-
TH4HOHN (QyHKIMH f (x) = x?>+1, U B CHIy HepaBeHCTBA X > 2, 3HAYCHNUE f(2) ompe-
meneHo qust nmuHelHol pynkmuu  f (x) = x—2 (Pucynok 2).

54 .4

o H E

Pucynok 2. I'padux Q)};HKI_[I/II/I npumepa 6.  Pucynok 3. I'padux ¢pynkimu npumepa 7.

3.2
IIpumep 7. Mccaenosats GyHKIUIO HA HEIPEPBIBHOCTD I = xx_ylc .
3_.2 2nr
Pemenue. [Ipeobpasyem yHKIMIO Y = %, = %

OGunacts onpexenenust pyrkuun: D () = (—00;1) U (1; + 00).

[TocTpouM rpaduk GyHKIMHU MOCHIE YIPOILEHUS JPOOU Y = x? npu x # 1 (Pucy-
HOK 3).OTBeT: GyHKIMS HENPEephIBHA HA BCEH YUCIIOBOU MPSIMOI KPOME TOUKH
x =1, B KOTOpOil OHa TEPIHUT pa3phbIB.

3agaHus /15 CAMOCTOSATEJILHOM PadoThI

Bapuant 1
Bpraucnute npenensl.
— 2 . — 2 . -, 2
1) lim 62#. 2) lim 6+3L. 3) lim 62#.
x—5 X -27 x—3 X =27 x—o00 X -27
3,5,2 3,5,2 ,
. 6x°+5x°-3 . 11x°+5x7+3x-1 .5 2
4) lim oX X =9 5) lim 2o Aox—l 6)lzmw
2 3 tgdx
X——0c0 2X°—x+7 x—oc0  2x°—x+7 x—0 &
.51 . Axt+a- . 3-7x—2x2
7) lim = 8) lim =3, 9)lim =2
5%+3 2_ 2_
X— 400 x—5 X 25 x—3X 8x+15

10) UccnenoBaTh Ha HEMIPEPHIBHOCTH U TOCTPOUTH Tpaduk PpyHKIUU
f(x) ={-2x-2npux <0, {logzxnpmo <x <4,

Bapuant 2

Beranciaute IpCaciibl.
2_ L2 , 2_

1) lim =12 2) lim =% 3) lim 12—,
x—1x+x-20 x—4x°+x-20 x— 00 4x“+x-20
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. 2% . 1 1 . tg3x
4) lim ——. 5) lim dbxtl 6)lim ——,
Y00 2 16 Y00 4X%+x=20 x_)oarcsm7x
5_.3 Ny 2
. 2x°— . 1-2 . —7x+2
7 lim = 8) lim = 9) lim 3362—3”
x—>—00 4x°+3x-6 3 X3 x—2 X°=7x+2

10) MccnenoBarh Ha HEMPEPBHIBHOCTH U MMOCTPOUTH TPpauK (yHKITHH.
£@) ={x* + 2x-1npux <1, {4-2xnpul <x <2,

ConepskaHue 0T4eTA:
1 Tema, niens.
2 OdopmiteHne 3a1aHMi ¢ TOJPOOHBIM PEIIEHUEM U C YKA3aHUEM OTBETOB.
3 OTBeTHI Ha KOHTPOJIBHBIE BOTIPOCHI.

KoHnTpoJibHBIE BONIPOCHI:
1 Kakue Bubl HEONpeAeIeHHOCTEN BCTPEYAINCH IIPU PEIICHNUHN 3aJaHUi?
2 CKOJIbKO MOKET OBITh TOYEK pa3pbIBa?
3 Yro 3HauuT OGeCKOHEUHO OoJblIast PyHKIMS?
4 Kakast pyHKIMs Ha3bIBaeTcss OECKOHEUHO MaJloi?
5 Uto Ha3bIBaETCS DJIEMEHTAPHON M HEAJIEMEHTAPHOU (QyHKIIUEH?

IIpakTnyeckas padora
Haxoxnenne HanOoIbIIero, HAMMEHbBIIETO 3HAUYCHHS (DYHKITHH.

[eab paGoThi:

- IPUMCHUTHb YMCHHA 110 BJIAJJCHUIO HpGI[CTaBJICHI/IfI 00 OCHOBHBIX IOHATHSAX MaTEMaTUYECCKOrO
aHalIu3a U uX CBOﬁCTBaX, BJIAACHUC YMCHUCM XapPAKTCPU30BATb MMOBCACHUC q)YHKL[I/Iﬁ, HUCIIOJIb-
30BAHUC MOJYUCHHBIX 3HAHUI AJId OIMUCAaHUA U aHaJIM3a PpCaJIbHBIX 3aBHCHUMOCTEHA.

Teoperuyeckuii MmaTepua:
Hocrarounoe ycnoBue s3xctpemyma. [lycts Gpynkius y=f(x) HenmpepbiBHA Ha MPo-
MEXYTKE X M IMEET BHYTPH MPOMEKYTKA CTAIIMOHAPHYIO WIH KPUTHICCKYIO TOUKY X=X.
Torpa:
a) €CJIM y 9TOM TOUKH CYIIIECTBYET TaKasi OKPECTHOCTh, B KOTOPOM BBITIOJIHSCTCS
HepaBeHCTBO f'(X)<0. mpu x<xo, a IpU X>X, - HepaBeHCTBO f '(X)>0, TO X=X, - TOYKa MHU-
HUMYMa,
0)eciu y 3TOM TOYKHU CYHIECTBYET TaKasi OKPECTHOCTb, B KOTOPOM MPH X<X( BBITIOTHSAETCS
HepaBeHCTBO f'(x)>0, a mpu x>X( - HepaBeHCTBO f'(X)<0, TO X=X, - TOYKa MAKCHMYMa;
B) €CIIM Y 9TOW TOYKHU CYIIECTBYET TaKasi OKPECTHOCTh, UTO B HEH U CIlieBa, U CIIpaBa OT
TOYKH X( 3HAKU MTPOU3BOIHON OJMHAKOBBI, TO B TOUYKE X( SKCTPEMYMOB HET.
AJTOPUTM UCCIIEOBaHMS HETIPEPbIBHOW PyHKIIMK y=f(X) Ha MOHOTOHHOCTH M SKCTPEMYMBI:
1) Haiitu mpomusBoanyto f'(x)
2) HaiiTi craninoHapHble U KPUTHUECKHE TOUKH.
3) OT™MeTUTD CTallMOHAPHBIE U KPUTUUECKUE TOYKHU HAa YUCIOBOU MPSIMOM U OTIPEJIEIUTh 3HA-
KU MTPOU3BOTHON HA TOTYYUBIINXCS TPOMEKYTKAX.
4) Onupasich Ha TEOpEMY, ClIeJaTh BEIBOIBl O MOHOTOHHOCTU U TOYKaX dKCTpEMyMa.

[Ipu BbIMOJIHEHUH TPAKTHYECKOM pabOTHI PACCMOTPUTE CIIEAYIONINE TPUMEPHL:
[Tpumep 1:
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x*+ 16
] = —
UccnenoBath GpyHKIHIO x* Ha SKCTPEMYMBI.
Pemenne. @yHkius HenpepbiBHA, KpoMe TOUKH X=0).
1)Haitnem npon3BoIHYO:
e (x*+16) - x3-x3) - (x*+ 16) 4x? x3-2x(x*+ 16) 2x%-32x  2(x — 2)(x + 2)(x* + 4)
f )= (x3)3 = T == e = AT
2)x=2 u x=-2 - cranroHapHsie ToYKkU. [Ipu x=0, mpou3BogHas HE CYIIECTBYET, ITO TOYKA pa3-
phIBa.

3)

- + - +

= =
2

e
=0

4) x=-2 - TOYKa MUHUMYMA, Ypin=8 X=2 - TOYKa MAKCUMYMa, Ymin=3.

AJNTrOpUTM OTHICKaHHS HAUMEHBIIETO U HAUOOJIBILIET0 3HAUYCHUI HEMPEPbIBHON (PYHK-

nuu y=f(X) Ha oTpeske [a;b]

1)Haiiti nmpousponyto f'(X).

2)HaiiTu cranimoHapHble U KpUTHYECKHE TOUKH (PYHKIIMH, JIEKAIIUE BHYTPU OTpE3-
Ka [a;b].

3)Boruncnuth 3HaueHne GyHkuuu y=f(X) B Toukax, 0ToOpaskaeMbIX Ha BTOPOM IIare u B
TOYKax a M b, BEIOpATh Cpeu STHUX 3HAUEHUI HAUMEHbIIEE (Yyanmy) U HanOOMbIIIEE (3TO OY-
ACT YHanﬁ)-
[Tpumep 2. Haiitu HanMeHblIee 1 Hauboblee 3HadYeHne GYHKIUU
y=x>-3x2-45x+1 na orpeske [0;6].
Pemenue. Bocnonb3yeMmcst anroputMom

y'=3x2-6x-45 x=25 € [0;6]
3x2-6x-45=0

x2-2x-15=0

X1:—3, X2:5

Y waum—- 1 74, YHaI/I6:1

[Tycth pynkmms y=f(X) HepepbIBHA HAa MPOMEKYTKE X U UIMEET BHYTPU HETO €TMHCTBEHHYO
CTAIlMOHAPHYIO WJIM KPUTHYECKYIO TOUKY X=X

Torna:

a) €CIIM X=X( TOYKa MaKCUMYyMa, TO Yyaus—1(Xo)

0) ecii X=X( TOYKa MUHUMYMA, TO Vyauy—1(X0)-

X
f =
[Tpumep 3. Haiitu nanbomnbiiee 3HaueHue QyHKINH 1 +x* na myue [0; +oo).
o 1-x2
T a3
Pemenue . (1 +x3)" [Tpon3BoiHAS BCIOY CYIIECTBYET, 3HAYHUT, KPUTUICCKUX TOUEK Y

¢Gyrkunn mer. y’=0, 1-x>=0, x=1 umm x=-1.
3alaHHOMY JTy4y [0; +w)ex =1 ITpu x >1, y’>0, a mpu x >1, y’<0.
1
¥ = - —_ =
max = J @)= =
3Ha4YuT, X = | — TOYKa MaKCUMyMa ) iy 1+12 2
x=1| — eIMHCTBEHHAs CTAllMOHAPHAS TOYKa (PYHKIIMU HA 33JaHHOM IIPOMEXKYTKE, IPUIEM TOUKA

MaKCUMyMa.

Bompocsr 1151 3akperieHns TeOpeTHUECKOro MaTepralia K MPaKTHIeCKOMY 3aHITHIO:
1. Kaxkas Touka Ha3bIBaeTCsl TOUKOM MakcuMyma?
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2. Kakas Touka Ha3bIBa€TCSl TOUKOM MUHUMYMa?
3. Ilepeuucnure npaBuna auddepeHnpoBaHusl.
4.  HazoBuTe allrOPUTM HAXOKICHHSI HAUOOJBIIIETO M HAWMEHBIIIETO 3HAUYCHUST (DYHKITUU HA

OTpe3Ke.
3ajanue:
I BapuanTt II Bapuant
1. UccnenoBaTh Ha SKCTpeMyM (DYHKIIHIO:
y=xk-1»7 vy =2xlk - 2¥F
2. OnpenenuTh 3KCTpeMyM QYHKIUH fo)=4x 2. Onpenennth 3KC;Tp CMYMBbI
(GyHKIUH fo)=3x
l. 3. Haiigure HanGomblliee 1 HAUMEHbIIIEE 3HAYEHUE (PYHKIUU:
y = x3-3x%+3x+2 na orpeske [2;5] y = x*-4x%+2x-1 na orpeske [2;3]
4. Kakue u3 naHHbIX (QYHKUMHA He uMeeT Kputuueckux 4. Kakue u3 qaHHbBIX QyHKUUH HE
TOUYEK UMeeT KPUTHYECKIX TOYEK
a) y=x*+2x>+6 a) y=x>+x2-2
6)}’='X—ﬁ 6)_}.':ﬁ+x
p) Y =3x +7Vx B Y =X+ VX
') TAKOM HET. ') TAKOU HET.

IlopsAI0K BBINOJHEHUSA:
BaumaTenpHO MPOYNUTATh TEMY U 1IEJTh MPAKTUIECKON pabOTHI.

N3yunTh yueOHBIN MaTepua 1o Teme.
OTBETUTH HA BOMPOCHI.

BrimmoaHuTh 3aMaHUs.

IToAroToBUTH OTYET.

Nk W=

ConepkaHue oTyeTa:
HasBanue npaktuueckoii padoTHI.

YyeOHast 1eIb.
Pemenue 3amanuii mpakTHYECKOM pabOTHI.
OTBeTHl HAa BOIPOCHI 1JIs1 3aKPETUICHHS] TEOPETUUECKOT0 MaTepHuaia.
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IIpakTHyeckas padora
Tema: UccnenoBanue GpyHKIMI 1 HocTpoeHne rpadUKoOB € MOMOIIbIO TPOU3BO/-
HOM.
Heab: Yuutbcs NpoBOIUTH UCCIIEOBaHUE (DYHKIIMH C TIOMOIIBIO IIPOU3BOJHOM U
CTPOUTH TpauK QPYHKIUH 110 pe3yTbTaTaM MPOBEIEHHOTO HCCIIEIOBAHMUS.
Xoxa padoTsbl
1 O3HaKOMBTECH C TEOPETUUYECKON YaCThIO;
2. 3anuumTe anropuT™M UCCiIeA0BaHMs QyHKINY;
3.  BrmonHuTe 3a1aHus IPAKTUUECKON YaCTH;
4. OTBeTbTEC Ha KOHTPOJIBHBIE BOIIPOCHI.
TeopeTnueckas 4acTb
ITpu noctpoenun rpadpuka GyHKIHMM HEOOXOIUMO MPOBECTH €€ MPEJBAPUTEIILHOE HCCIE0Ba-
HUE.
Anroputm ucciefoBaHus GyHKIUH
1. Haiitu oGmacth onpeneneHus DY) u o6nacts JIOITyCTUMBIX 3Haye-

wuit £(Y) GYHKIHH.

2. HccnenoBaTh pyHKIUIO HA YETHOCTh, HEYETHOCTD, IEPUOJUYHOCTb.
3. Haiitu Touku nepeceyenns rpapuka QyHKIUN ¢ OCIMU KOOPIUHAT.
4. Haiitu acumnitoTs! rpaduka GyHKINN.
3. HccnenoBaTh PyHKIUIO HA MOHOTOHHOCTh U SKCTPEMYMBHI .
6. Haiitu npomeXKyTKH BBITYKJIOCTH, BOTHYTOCTH M TOUKHU Ieperuoa.
7. [ToctpouTts rpaduk GyHKIMU TO pe3yIbTaTaM UCCIIEAOBAHUS.
3
IIpumep . [IpoBecTy moHOE KCCIEN0BaHUE QYHKIMK Y =—— M TIOCTPOMTH
4-x
ee rpaduk.

Pemenue.

1. O6aacts onpeneneus D (f) dyHKuEM — BCsl 4MCIOBast OCh, 33 HCKIIIOYCHHEM TOUYEK
x=-2ux=2,1e D(f)=(-00;-2) U(-2;,2) U(2; + ).

2. @®yHKIMS HETIEPHOJUIECKAsl; HCCIIEAYEM €€ Ha YEeTHOCTh M HEUeTHOCTE: f (—X) =

(_x)3 _ x3 _

(-2 42 f(x)

3. Haiinem Touku nepeceueHus rpaguka ¢ oCIMU KOOPJUHAT:
¢ ocbto Oy rpaduk nepecekaercs npu x =0, orkyna y = f (0) =0, r.e. M (0;0)-Touka nepeceue-
Hus ¢ ocbio Oy;

3
¢ oceto Ox rpaduk nepecekaercs, ecimu f (x) =0, T.e. ﬁ =0, orkyaa x = 0. Takum o6pazom,
—X

M (0;0) - emuHCTBEHHAs TOUYKA MepeceueHus rpaduka ¢ 0CIMU KOOpIUHAT.
3
o~ . . X
4. Haiinem acumnrotsl Tpaduka pynkmuu:  lim =+ oo, lim = —00,
x—2-04-x x—2+04-x
T.€. IpsAMas X = 2- BepTUKaibHasg acuMnrTora. OTCI0/a, B CHITy CHMMETPHH, CIEAYET, 4TO Mpsimast

X = —2 - TaK¥Ke BCpTUKAJIbHAA aCUMIITOTA.

o . (€3] . x>
Halinem HakIOHHBIE aCUMNTOTHL, k = lim ) _ lim — = -1,

xX—+00 x— 400X
. . X3 . 4x
b= lim [f(x)-kx] = lim |—5+x)= lim — =0,
4- 4-
xX—+00 X—+00 X X—+oo X
T.€. IpsAIMast I = —X - HAKJIOHHAs ACUMIITOTa NPUX — + 00 (IIpU X — —00). ['OpU30HTaIBHBIX

acUMNTOT GYHKIUS HE UMEET.
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5. Haiizem wuHTEpBagbl MOHOTOHHOCTH W OKCTPEMYMbI (YHKIHH, HUCCIEAYS TEPBYIO
x_3 )’ _xz(lz—x2) _x2(2\/§—x)(2\/§+x)
422 (4-x2)° =25

’

IpOM3BOHYI0Y = (

Orcroga BuaHO, yto npu X > 0 (puc.17) pyHKIUSA UMEET MAKCUMYM B TOUKE X = 2V3 (npuuem
f (2\/5) =-3V3 % -5,2), Bo3pacraer Ha (0;2) u (2;2\/§)I/I yObIBaeT Ha (2\/5; + 00).

—w:?/*\,/:\m
/ 5 \ @)

Puc.17
6. UToOBI OnpeAeuTh MHTEPBAIBI BBITYKJIOCTH M TOYKH TEpernda, BBHIYHCIUM BTOPYIO

MIPOU3BOJIHYIO:
f,, (x) _ Sx! 12+x2)'
(447’
Orcrona sicHO, uTo npux > 0 GyHKIMA BeIIyKIa BBEpX (T.e. f 7 <0) Ha (2; + ©), x = 0- Touka
neperuba.
7. YuuThiBasi HAKOIUIEHHYIO MH(pOpMAIHIO, CTPOUM rpapuk ¢pyHkuuu npux > 0, a 3aTem
CUMMETPUYHO OTPAKaeM €ro OTHOCUTEIHHO Havaia KoopauHat (puc. 18).

n o e e s G

L
BT T T A

A
o)

IpaKkTHYeCcKas 9aCTh
1. UccnenyiiTe GpyHKIMIO M TOCTpOiiTe rpaduk: y=2x>-3x-12x-1
2.WccnenoBatb PYHKUMIO Y =X2/x+1

KoHTpoJibHBIE BONIPOCHI:
1) Ha3oBure cxemy uccieoBanus QpyHKINU;
2) JaiiTe onpeaeneHue o0IaCTH ONpPEAEICHU U MHOXKECTBA 3HAUCHUH (DyHKIIUH;
3) Haiite onpenenenne 4€THON U HEYETHON (PYHKIINH;
4) Kak HaiiTu TOUKHM nepecedeHus rpapuka GyHKIUN ¢ OCIMU KOOPIUHAT;
5) JMaiite onpeaeneHue acCUMITOTHI I'paduka (PyHKINN, HA30BUTE BUJIbI ACHUMIITOT;
6)  Ha3oBute npusHaku Bo3pactanus (yObIBaHUS) (PyHKIUMY;
7) Ha3oBure ycnoBus CylecTBOBaHHUS TOUEK IKCTpeMyMa (QyHKIUH;
8) Kax HaliTu mpoMexXyTKHU BBITYKJIOCTH Tpaduka QpyHKIUY;
9) Kaxk naiitu Touky neperun6a rpaduxa QyHkuun?

Ilpaxmuueckas paboma



14

Tema: «Haxo:xkaeHue Heonpe/eJeHHbIX HHTErPAJIOB METO/I0M 3aMeHbI llepeMeH-
HOM H 110 YACTSAM»
Ilesib: coBEpUICHCTBOBAHUE YMEHHUH HAXOJUTh HEOMpPEeICHHBIE HHTETPAbl METO-
JIOM 3aMEHbI TIEPEMEHHOIN M IO YacTsM, COBEpPIICHCTBOBAaHWE YMEHHH NPOBEPATH IeH-
CTBHE MHTETPUPOBAHUS TU(PEpEeHITPOBAHNEM.

MeToauyeckue yKa3aHus /1Jisl MPAKTHYECKOI PadoThI
TeopeTnyeckue cBeieHus!
Ilepeooopasznaa ¢pynkyuu. Heonpeoenenuwtii unmezpan

Flx (a:
DyHKIHS , OTIpeJIe/ICHHAsT Ha WHTEPBAJIC

f(x

, Ha3bIBaeTCs nep8oobpas-

. a,
Hou nans QyHKUMAN

Fex)=/x)
Ecnn F (x) — nepBooOpasHas A GYHKLIUU f (x) , TO Jr00ast Apyrasi mepBooo-

flx) Fx)

OTJIM4acTCAa OT Ha HCKOTOPOC NOCTOSAHHOC

onpeneneHHoﬁ Ha TOM JXC HWHTCpBAJIC €ClIn

@(x)
pasHas Uit QyHKIUN
CIIAraeMoe, T. €. @ (x) =F (x) +C, rpe C — const

x)
Heonpeoenennvim unmezpanom ot pyHKuuu ! ( Ha3bIBAETCSI COBOKYITHOCTH
BCEX MepBOOOpa3HbIX s 3ToH (GyHKUMU. OO03HAYaETCsl HEONpEAeICHHbI WHTe-Tpa:

c‘)f(x)dx :F(x)+C, - F¢(X>=f(x), C — const.

Omneparust HaXOXKJACHUN TIEPBOOOPA3HOMN Il TaHHOW (DYHKIIMM HA3bIBACTCS UH-
meepupoganuem. VIHTerpupoBaHue SBISETCS 00paTHOM onepanueil k auddepeHimpoa-

| (o (x)ax F = (x).

Jln1s IpoBepKU MPAaBUIIBHOCTH BBIOJHEHHOTO MHTETPUPOBAHUS HEOOXOIMMO IPO-
Qg QepeHIpoBaTh pe3yabTaT HHTETPUPOBAHNS M CPABHUTH TMOJIYYCHHYIO (YHKIHIO C
HOJIBIHTETPAJILHOM.

CBolicTBa HEOIPEIEIEHHOIO UHTErpaa:

| (c‘f (X)dx)t=f (x);  dagy (x)ax =1 (x)dx;
o (x)=F (x)+C;

—_—

2
3 ¢ (x)dx :k(‘)f(x)dX, k — const;
4. df (x>+ g(x))dx :C‘)f(x)dx +Ce (x)dx.
Tabnuuya ocnoHbIX UHMEZPATIOE
| @Pdu=C:  C =const; | Olu=u+C:
. ‘Oladu ::a;ll +C, a’l - 1; 3a. c‘)\cj_;_l :2\/;4.(:‘;
S _tnju] + C: S = s c:

4. u 5. Ina
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. (\yudu =o' + C, - (‘yOSM du =sinu + C,
A du — C.
o (‘}inudu =-cosu +C; 9. Ocoszu —tgu*
. du C (‘)L —arcsin = + C:
O—— =-ctgu +C; / - a
10, ~sin’u © 1. Na'-u’ ¢
. du 2 2 du 1 u
Oizlnu+\/u +a” |+ C; 07‘ =—arctg— + C;
12, Nu® *a’ 5 Yl a a
du 1. |lu-a du u
07‘ = n +C; o—‘ =ln|tg—| + C;
. u-a’ 2a |u+a 15, Sinu *2
. du &  po
O e 8 i Qe = Infeosu+:

8. Ortgudu :ln‘sinu| +C.

Kaxxnas u3 nmpuBeneHHbIX B Tabnuie Gopmyn crpaBeqinBa Ha MPOMEXKYTKE, HE
coJlepKallleM TOYEK pa3pbIBa MOABIHTErpasibHON (yHKUIMU. BblynciieHne MHTErpaioB C
UCTIONb30BAaHUEM TAOIHIIBI U OCHOBHBIX CBOMCTB HAa3bIBAIOT HEMOCPEICTBEHHBIM HHTE-
TPUPOBAHUEM.

Memoo 3amensvt nepemeHHoll

Teopema 1. Ilyctb x =] (1) MOHOTOHHAsA, HempepbiBHO auddepeHuupyemas
(dbyHkIMs, TOTAA

Of (N)dx =f (j (1)) Kr)dt. 0
Of i i ddt =F()+C, —@f ()dx =F(y (x)) +C,

IIpu 3TOM, ecnu
X | (¢
rae y( )— ¢byHKus, odpaTHas J( )
®opmyna (1) HazbIBaeTcs opmynoll 3amenvl nepemeHHOU B HEOIPEJeIEHHOM
UHTETpase.
Aneopumm 3amenvl nepemenHo.

1) CBs3aTh CTapyio HMEPEMEHHYIO MHTErpHpoBaHus X ¢ HOBOI mepemenHoil £ ¢ momo-
IIbIO 3aMEHBI =) (t)

. dx =] &t)dt
2) Haiitu cBs3p Mexay auddepeHnuanramu ] &) .
3) Ilepeiitu moJ1 3HAKOM UHTETpaJia K HOBOW MEPEMEHHOM.
4) IIpouHTerpupoBaTh ¥ B MOJIYYECHHOW MepBOOOPa3HON BEPHYTHCSA K CTApOi MepeMeH-

. =Yy (x).
HOHU, IOACTaBUB y ( )
Ilpumep 1. IlpouHTErpUpPOBATH MOAXOAIICH 3aMEHOM MEPEMEHHOM.

a) (yosdxdx; 6) ¢y dx; 6)y(2- x*) dx

Pewenue:
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t =4x P i(bopMyJIa7 v
a) Cyosdxdx =\dt =(4x)¢=4dx —GostTt ZO:ostdt —| TaOJIAIIBI ;/ =
1
dy = % | I/IHTeraJIOBb

:lsint +C :lsin4x +C.
4 4

t =9x +1 p ibopmyna 6 U
6) & dx =|dt = (9x + 1)¢=9dx =c‘y’?t =5 0ldt ={ rabanus  y =
I
dx _dr |I/IHTeraJIOBb
9
:1—61 +C =1_ 9x+1 +C
9 9
t=2- x? » |¢)opMyJ1a3 u
6)Or(2- x7)’dx =|dt =(2- x*)¢=-2xdx|= g’ 7‘1_- — oy dt =} TaGaumm y =
2 I
vdx _dr , I/IHTeraJIOBb
6
=l ie=- Lo vyeac
26 12

Humezpuposanue no uacmam
Hexomopule 6uovl unmezpanos, 8biuucisemvlx no Yacmsm

E . U=U(x) V=V(x)
CJIM TIPOU3BOAHbIE (YHKIMN u HEIIPEPBIBHBL, TO CIIpa-
BeJTMBa (hopmyJa:

&JdV =UV - §dU,

HazbIBaeMasi (hopMyn0ti UHMe2pUpOo8anusi o YacmsM.

3)

U(x)
B kauectBe O0OBIYHO BBIOMPAIOT (PYHKIIMIO, KOTOpas yIPOIIAETCS TPH

Qg depeHIIPOBaHUH.
Ilpumep IIpouHTErpHPOBATH MO YACTSAM.
a) (33x - 1)sin 2xdx; 6) (31 +2x)In xdx.

Pewenue.
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U =3x-1® dU =3dx
cOsS2x .COS2Xx

) §3x - 1)sin 2xdx = —(3x- 1)(- ; dx =
A @Ix- Dsmxdx = e @ p = 082X FON DE T g

=- %(3x- 1)cos2x +%(‘yos2xdx =- %(3)(- 1)cos2x +%sin2x +C.

U=lhx® dU Iﬁ
X
6) (31 +2x)Inxdx =|dV =1+ 2x)dx ® =Inx(x +x°)- ax +x2)ﬁ =
X
V=gl +2x)dx =x +x°

2
=Inx(x +x%)- Ql+x)dx =Inx(x+x?)- x- %+C.

Bapuanr 1
Haiitu HeonpeneneHHble HHTETPaIbl METO/I0M HETIOCPEICTBEHHOTO0 UHTErpupoBaHus (s Ne 1-
5).

16 +
2 cosx - 3x? +—Hx O#d ¥ 2x
% Xo d6 87 - 4}1
1. 2.
2 1

\ 1 0
% —+ X . dx
4 &CosTx Ni- x* g ‘ Q+16x2.
5

HaiiTu HeompeneneHHbIe HHTETPAIbl METOJIOM MOACTaHOBKH (7151 Ne 6-8).

. 12x7 +5 .
1d8x-4)3dx' C!§x4+5x-3 )

2.

. . dx +5 )cos xdx
Haiitu HeompeieICHHBIA MHTErPaJl METOIOM MHTETPUPOBAHHUSA 110 YaCTAM: .

Bapmuanr 2
HaiiTu HeonpeneneHHble HHTETPaIbl METO/IOM HETIOCPEICTBEHHOTO0 UHTErpupoBaHus (s Ne 1-
5).
9 7 6
- 3x" +2x
*Bosin x +4x° - —de al dx d ¥ \p2x )i
& xo (O | 7R S e
2 1 e \ dx

+ Hx O —
Cx;el+x2 sin*x g . \/4-9x2.

Haiitu HeonpeieieHHbIE HHTETPaIbl METOJIOM MOJACTAaHOBKH (11st No 6-8).

) . 1827 -3 .

. . dx - 2)sin xdx
Haiiti HeonpeieIeHHbBIN HHTETPa METOIOM MHTETPUPOBAHUS 10 YACTSIM: .

IMpakTnyeckas padora
«Brprancnenue onpenenéHHoro nHTErpana. Ilnomanu miockux Guryp»
Bapuanr 1
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f;l:ilxz +x—3)dx

1. BpruuciauTs onpeneneHHblii HHTErpal:
2
. L @2x—1)%ax
2. BoruncnuTe ornpeieneHHbli HHTErpajl METOJIOM I0ICTaHOBKHU: 2 .
3. BbruncnuTh, npenBapuTeNIbHO ClIENIaB PUCYHOK, IUIOIMAAb (PUIYphl, OrpaHMYEHHON
'——': ) = ':—'-II '='-II
[ i +4, v=0, «x 2 x=1
. P o
4. CKOpOCTh JIBMKEHHSI TOYKM M3MEHSETCS MO 3aKkoHy ¥ =31 +=f +1 (m/c). Haiitu
nyTh S, IPOWJIeHHbIN ToukoM 3a 10 ¢ OT Havyasia JBUKEHUS.
Bapuanr 2
3
y TR —x+4)dx
l. BrruncnuTs onpeneneHHslii UHTErpai: +o .
1
N JTBx+ D*ax
2. BoruncnuTs onpeneneHHblii UHTErpajl METOJIOM ITOICTaHOBKHU: Y0 .

. BIYUCIINTD, MPEABAPUTEIBHO CHEJIaB PUCYHOK, ILIOMIAAb (PUIypBl, OTPaHUYEHHON
3 B c eJIBApHUTEIIFHO cliena CYHOK, IIIO aHuYe
PE—— e L »=0 x=-1, =x=1 _

4. CkopocThb JIBUKEHUS TOUKM HM3MEHSETCS IO 3aKOoHy Y =0t -& (m/c). Haiitu

MyTh S, MPOWIEHHBIA TOYKOH 32 UETBEPTYIO CEKYHY.

IIpakTHYeckoe 3aHATHE
Tema: [lelicTBus Hal MaTpUIIAMU.

Heab: GpopmupoBaTh HABBIKK BBITIOJHEHUS ONEpAIMii HAJl MATPUIIAMU: CIIO)KCHUE, BRIYUTAHHUE,
YMHO)XCHHE MaTPHIIBl HA YHCIIO, TIPOU3BEACHUE MATPHII.
TpeGoBaHNs K BbINOJHEHUIO PAKTHYECKOI padoThI:

1. OdopmuTts 3aaHUs B TETPAIH IJIs TPAKTHYECKUX PAOOT.

2. BBINOTHUTS HHIUBUAYATHHYIO PaboTYy .

3. OTBeTUTHh HA KOHTPOJIbHBIEC BOIIPOCHI

Conep:kaHue NpakTHYeCKOM padoThI.
1. BrInoJjiHeHHe 3aaHHH
Ynpasicnenusn k npakmuueckomy 3anamuio:

1 3
I 1 2
A=|-1 2|, B= ,
3 45
0 4
-2 0 3 1
C=| 5 6,D=|-7 0].
-3 7 25

1. Janbl MaTpHUUbI:

MoKHO 11 CIOXKUTE MaTpully 4: ¢ Matpuuei B; ¢ matpuneit C; ¢ matpuuei D?

Pewenue:Matpuily A HeNb3s CIOKUTH C MaTpULIEH B, Tak Kak MaTpulia A UIMEET pa3Me-phl
3x2  marpuna B - pasMepbl 2%3, a cKIIaibIBaTh MOKHO TOJIbKO MATPHUIIbl OJIMHAKOBBIX
pa3zmepoB. Matpuiibl 4 u C UMEIOT OJJMHAKOBBIE pa3Mepbl, IOATOMY MX MOKHO CKJIaJIbl-

BaTh.
Matpuuibl 4 1 D UMEIOT OAMHAKOBBIE Pa3MeEPBI, CIE10BATEIBHO, UX MOYKHO CKJIAJbIBATh.
-1 0 =2 1 7 2
A= , B= .
-5 6 -3 3 45

2. Haiitu A+B , ecan
Pewenue:Tax kak MaTpULIBI UMEIOT OJUHAKOBBIN pa3Mep, TO UX MOKHO CKJIaAbIBaTh. [Ipu
CJIOKCHMH MATpPHUIL HAZIO CIOXKUTH DJIEMEHTHI, CTOSIINE HA OJMHAKOBBIX MECTAX, T.€.
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-1 0 -2 17 2 —-1+1 0+7 -2+
A+B= + =
(—5 6 —3] [3 4 5] (—5+3 6+4 -3+

3. aHo:
2 5 4 -1 6
A={6 3 0 11| —34=|-18
7 8 1 -3 =21

Haiitu: -3A4.

}

-15
-9
—24

[

0 70
-2 10 2
-12 3

0 -33|
-3 9

Jist TOrO, 4TOOBI -3 YMHOXKHUTH HAa MAaTpUIly 4 HYKHO KaKJIbIi 3JIEMEHT MaTpH-

bl A yMHOXUTH Ha -3.

4. JlaHbl MATPHULBI:

I 3 10 -1 1 3 1 -5 2
A=|4 2 -2|,B=[13 1 4|,C=|3 -2 3|
2 7 13 -5 2 5 0 -1 6
Haittu: 24+B-3C.
Pewenue:

2 6 20 -1 1 3) (3 -15 6
24+B-3C=8 4 —-4+|13 1 4|-]9 -6 9 |=
4 14 26 -5 2 5) ({0 -3 18

2-1-3 6+1-(-15) 20+3-6 -2 22 17
=[8+13-9 4+1-(-6) —-4+4-9|=|12 11 -9/|.
4-5-0 14+2-(-3) 26+5-18 -1 19 13

CamocTosiTe/ibHOE BbINIOJIHEHUE 32IaHUI CTyIeHTaAaMU.
Haiigure cymmy matpur e/ u e+,
O -_d_-"-\'-. - S
: i e i & = 4 E
(15 0§ 283 —31 i

2.BBIYUCIHUTD TPOU3BEICHNE MATPUIL; éh =3 3-*'%1 -3 - 5_,§
7302 1
(2 1 —yo 7 -5
6 1 —3}
3.BBIYHCIUTE POM3BEICHIE MATPHII: - <.
722 1y 2,
a7 -= g 1
4.BbIYUCTUTD TPOU3BEACHUE MATPHIL: e 1 -35i-1) i
R0
-7 o 5 3j .
: g
|2

5.BpraucanTh NPOU3BEICHUE MATPULL: ~ A

|
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6.Bb1ynciauTh Npou3BeICHUE MATPULL: ~ =~ -

Bomnpocsbl 111 CAMOKOHTPOJIA:

Urto Ha3bIBaeTCst MaTpUIlei? 3anumnTe OOMMiA BU MATPHUIIBI pa3MEPOM mxn.
Kakne maTpulibl Ha3bIBatOTCS PAaBHBIMU ?

Ha3zoBute BubI MaTpuil.

HazoBute nuHeliHbIE Onepanyy Hal MaTpULIAMH.

Kaxue matpuipl Mo>kHO niepeMHokaTh? Kak BBIIIOIHAETCS YMHOXKEHHUE?

M

Tema: BerunciaeHnue onpegeanrenen
Hean: chopMupoBaTh YMEHHE BBIYUCIATH OMPEACITUTEIH BTOPOTO, TPETHETO U N-TO
HOPSIZIKA.
Teoperuyeckne cBeeHHs K PAKTHYeCKOi padoTre
Onpenenenue. OnpenenureneM (IeTEpPMUHAHTOM) BTOPOTO MOPSAKA HAa3bIBAIOT YUC-
J10, KOTOPOE CTaBUTCSI B COOTBETCTBUE MATPHUIIBI BTOPOTO TOPSIKA, U BBIYUCISETCS ClIe-
ayrouM o0pa3oM (obo3Hauaetcs A, |Al, detA):

|A|:a11 f12 =010y —0150
Ay, fy 11422 =12871-
3 4

1 =3:-6-4-5=18-20=-2
)5 6 3-6-4-5=18-20 ,

2) :g é =(-4)-6-1-(-5) =-24+5=-19.

Onpenenenue. OnpesenureneM (IETEPMUHAHTOM) TPETHETO MOPSAIKA HA3BIBAIOT
YHUCI0, KOTOPOC CTABUTCA B COOTBETCTBUEC MATPHUIIbI TPETHETO MOPAAKA, U BEIYHUCIIACTCA
IO [PaBUITY:
a1 A2 d13
A=\ A (23] =ay105)033 + A1pA23031 + (1307103 ~13022031 1102303 ~A12021 33
31 a3 433

JIaHHBII aNrOPUTM Ha3bIBACTCS «IIPABUIIOM TPEYTOJIBHUKA», KOTOPOE MOXKHO MPEICTaBUTh B BH-

,Z[OCC)O(CMCE)I
aripumep, Q{HCHHM ornpeeITeNb
3 -1 2
A=la 5 1]=3-5-(-2)+(=1)-1-2+2-4-(-1)-2-5.2—
2 -1 -2

—3-(=1) -1=(-1) - 4 - (-2) = —-30-2-8-20 + 3-8 = —65.
I[J'ISI BBIUUCIICHUS OMPECACTIUTCIISA TPETHETO MOPAAKAa MOXKHO IMOJIB30BATHCS AJITOPUTMOM CappIO-
ca:

1) Mocne 3anucK onpeaenuTenst AONUCbIBaEM €ro NnepBbii U BTOPOW CTONGEL, U BbIYMUCAS-
€M o cxemMe

1111423432 —A12421433-
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Hanpumep, Berunciaum onpenenutens no aaroputmy Capproca

A=|2 5 4 5 =1-5-(-6)+(-4) 43+
31 -6
12.(02) 12 - 8- D (<) - (<2) - (=6) =
~30-48-4-30—4 + 48 = —68.
2 -1 5 -
MHUHOP |-4 2 1 2=‘_4 1| =215 (-4 =22,
0 3 -2
My = ‘3 2‘_(—1)-(—2)—3.5=—13.

Onpenenenne. AnredOpanyeckuM TOMONHCHHEM SIEMEHTA dy onpedenumens 1-20

nopsoxa (ooosnauaemcs Ay) Ha3b16a€MCs COOMBEMCMEYIOUUIL eMY MuHOp €O 3HaKOM

= (-1 M;; = {Mi]-,eCJ'IVI (i + j) —~ueTHOEUMCIIO;

Hamnpuwmep, nns onpenenurens |4 5 6
7 8 9
= (~1)**1 My, = My, = ’ —2.6-3-5=12-15 =3,
Ap=(-1D +2M12 =-My = ’ - (4 -9-6-7) =-(36-42) =—-(-6) =6.

9) (Teopema Jlamjaca) Onpe):[eJmTeﬂL paBeH CyMMe€ IpPOU3BEACHUN 3JIEMEHTOB
HCKOTOPOro CTOJ'I6I_[a (CTpOKI/I) Ha COOTBCTCTBYIOIIHUEC UM anre6pqueCKHe JOITIOJIHCHUS.
Hanpumep, nis onpenenuTenns TpeTbero nopsaka
11 412 413
Ay1 @y A3 =ay3 Ay +ap A +a13A13 =a13A13 + a3 A +az3 Az
az; dzp 4z

2 -3
Ilpumep. |3 -1 2
4 5 -2
Pewenue

1) Beruucnum onpeaenuTens.
a) Mo MPaBUITY TPEYTrOJIbHHUKA.

‘1 Z%l\ 3 |1 2 -3
3 —L}IA=BXp2 -3 -1 2=
\? 4 5 -2
1-(-D) - () +(-3)-3- 24— (-3) - (~1) -4-1-2-5-2-3-(-2) =

2— 45+16 12-10+12 =-37.

0) o anroputrmy Capproca.
1 -3|1 2
3 -1 -1 2|3 -1=

4
1-(-1) - (2%

5 -2/4 5
2 -4+(-3)-3:-5-(-3)-(-1)-4-1-2-5-2-3-(-2) =
2-45+16-12-10+ 12 = -37.
B) 1o Teopeme Jlarutaca.
Pa3noxxum omnpeaenuTens 1o nepBomMy CTOIOIY:

1 2 -3
3 -1 2|=1-Ap+3-An+4-Ay =(-D"" My +3-(-D*" - My +
4 5 -2
14 (-1 Ay = “51 ‘—3‘2 ‘|+4|2 ‘|_( 1) -(=2)-2 -5-

3(2-(=2)=(=3) -5) +4(2 - 2= (=3) - (~1)) = 2-10-3 (—4 + 15) + 4(4-3) =
~8-33 +4 = -37.
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Conep:kaHue NpaKTUYECKO padoThI:
1 ¢apuanm BpuuciuTh ONpeesIuTeNn

1 2 3
2 -3 3 5 -5 -6 -8 -3
1  2)  3) ;4)\ Sh o4 7);
4 5 -2 8 1 8 4 -5 7 & 13
7 8 3 1 5 6 é é _11 é
6)-3 1 471 -2 -3[;8 ;
2 65 |7 4 4 1 -2 03
2 -4 1 6
2 3apmmm. BLI‘{I/ICJ'II/ITB OHpe,I[eJ'II/ITeJ'II/I
1 2 3
2 -3 3 5| . |-5 -6 |-8 -3| .
1)4 5’2)—2 8’3)1 8’4)‘4 —5’5)147’
1 6 13
7 8 3 11 5 6 é é _1 ;
6)|-3 1 4:7D|1 -2 -=3[;9 ;
2 6 5 7 4 4 1 -2 03
2 4 1 6

IIpakTuyeckas pabora
«PelieHne cucTeM JIUHEHHBIX YPaBHEHUN TpeThero nopsiaka meroaom Kpamepa»

ean padoThi:
®  pacmupHTh NpeacraBieHue o metonax pemenus CJIY u orpaborats anroputm pemienus CJIY
Metonom Kpamepa;
®  pa3BUBATH JOTUYECKOE MBIIUICHUE CTYACHTOB, YMEHHUE HAXOIUTh PAllMOHAIBHOE PEIICHUE
3a/1a4u;
®  BOCHHUTHIBATh Y CTYJEHTOB aKKyPaTHOCTb U KYJbTYypy NUCbMEHHON MAaTeMaTUYECKOU peuH Mpu
0(OpPMIIEHUH UMH CBOETO PELICHHUS.

Pemure cucremy ypaBHenuii mo ¢opmymnam Kpamepa

BAPHAHT 1 BAPHUAHT 2
{5x +y-3z =-2;{4x + 3y + 2z = 16; 1) {8x-2y +z =10; {x + 5y—2z = -15;
1) 2) {2x-3y+z=-3;{x+5y-z =-1;

{2x—y+2z =-3;{x +2y-z=4;

2) 3) {2x—y+z=2,{3x+2y+2z =-2;
{x+2y+3z=5{2x—y-—z=1; { {

3)
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IMpakTnyeckas padora
Pemenne cucreM JIMHeiiHBIX YPABHEHMI € TOMOIIbI0 00PATHOI MAaTPHLIbI
Ilenb: HaydynuThCS peniaTh CUCTEMBI JIMHEHHBIX YPaBHEHUI ¢ IPUMEHEHUEM MaT-
PUYHOIO METO/A.
B MarpuyHOM MeTOzA€e pelleHHs] CUCTEM JIMHEHHbBIX anredpanyeckux ypaBHEHHM

BUA:
{ﬂllxl + ﬂlzxz + ...+ ﬂlnxn = bl,{ﬂzlxl + a22x2 + ...+ ﬂznxn = bZI{ ...........................................
411 412 A1n
. _ | 421 4 e Ay
KOTOpble B MaTpu4yHOH (hopme 3amuceiBatoTcsi kak A-X = B, rne A = -
anl anz Clnn
X1
X2
OCHOBHAsi MaTpulla CUCTEMBI, X = - MaTpPHIA-CTOJOCI HEW3BECTHBIX MEPEMEHHBIX, B =
x?’l
by
by
- MaTpHIla CBOOOHBIX YJICHOB.
b,

Pemenne cucteMbl TMHEWHBIX anreOpanyecKux ypaBHEHUN MaTPUYHBIM METOJOM
onpezensercs no Gopmyne X = Al - B, T.e. peleHne HAXOAUTCSA C MOMOLILIO OOPATHOMN
MaTpuis Al

Bapuanr 1
1. PemuTs cucTeMy JIMHEHHBIX YPaBHEHUN TPETHETO MOPSAKA MATPUYHBIM METOIOM.
a){5x +2y-z=-1,{8x—y+3z=-4, 6){x+y+z=-4{3x+4y-3z2=1, B)
{x+y-2z=-1{3x+3y+2z=7,

Bapuant 2
1. PemuTs cucTeMy JIMHEHHBIX YPaBHEHUN TPETHETO MOPSAKA MATPUIHBIM METOIIOM.
(Bx+y+z=2{5x+3y+2z=-1,06) {x +y-z =2,{-4x +3y-z =3, )

a)
{x+y—-2z=3,{4x +5y +4z = -3,

KoHTpoJibHbBIE BOIIPOCHI
3anummTe CUCTeMY JIMHEHHBIX alreOpanvyecKux YpaBHEHHU B MATpUUHOM opme.
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IpakTnyeckas padora
Tema: «Boiuucnenue eepoamuocmeii coobimuil no Kiaccuueckoil popmyine eepoammnocmu
Heab: dopMupoBaHre YMEHUHN pemiaTh 3aJauu, UCIOIb3Ys KIACCUUYECKYI0 (hOpMYITy BEpOSTHO-
CTH;
3aKperyieHue YMEHUH peliaTh 3aauu, UCIOb3Ys ONpeaesieHus U (popMysl pa3HbIX BUJOB KOM-
OuHaruii 0e3 MOBTOPEHUH U C TOBTOPEHUSIMH; pEIIaTh 3a7auH, UCIIOJIb3Ys NpaBuUiIa KOMOMHATO-
PUKH.

MeToanuyeckne yKa3aHus M TeOpeTHYeCKHe CBeleHUsI K MPaKTU4ecKoii padore
Knaccuueckoe onpedenenue gepoamnocmu
Ilpumep 1. ITycTth B ypHE COACPKUTCS 6 OIMHAKOBBIX IIAPOB, MPUYEM 2 U3 HUX - KpacHbIE, 3 -
cunue u I - 6enpiil. KakoBa BO3MOXHOCTh BBIHYTh HayJjauy U3 YpHBI LIBETHOH map? MokHO Jn
0XapaKTepU30BaTh 3Ty BO3MOXKHOCTb YHCIOM? OKa3bIBA€TCS MOKHO. DTO YHUCIIO U HA3bIBAETCA
BEPOSATHOCTHIO COOBITHSI A (TIOSIBIICHUS IIBETHOTO mapa). Takum 00pa3oM, eeposmuochb ecmb
yucno, XapaKkmepusylouiee CmeneHsb 603MONCHOCHU NOABIEHUSA COObBIMUAL.
Kaxxnp1it 3 BO3MOXKHBIX pe3yJbTaTOB UCIIBITAHUS (B IpUMeEpe 4, HCIIBITAHUE COCTOUT B U3BJIC-
YEHHH LIapa U3 YPHbI) HA3bIBACTCS 271€MEHMAPHBIM UCXO0OOM.
Te a51eMeHTapHbBIE UCXOIbI, B KOTOPBIX HHTEPECYIOIIEE HAC COOBITHE HACTYAET, HA3bIBAIOT-
csl O1azonpuamcmeyrouwjumu SToMy coobiThi0. B mpumepe 4 611aronpusiTCTBYIOT COObI-
THIO A (TOSIBJICHUE LIBETHOTO 111apa) 5 UCXOJI0B.
CoObITHUS HA3BIBAIOTCS PABHOBO3MOMNCHBIMU, €CITU €CTh OCHOBAHUS CUUTATh, UTO HE OJIHO U3 HUX
HE SBJISIETCS 00Jiee BO3MOXKHBIM, YEM JIPYTOE.
Lpumep 2. TlosiBJIeHHE TOTO UM MHOTO YKCIIa OYKOB Ha OPOLIEHHOM UTpaibHOM KyOHKE — paB-
HOBO3MOYHBIC COOBITHSI.
Bepoamnocmoio P(A) coObiTusi A Ha3bIBAIOT OTHOIIIEHHE YUCIIA 0JarONMPHUSATCTBYIONIUX 3TOMY
COOBITHIO HCXOJIOB K OOIIEMY YHCITy BCEX PABHOBO3MOXKHBIX HECOBMECTHBIX AJIEMEHTAPHBIX HC-
X0J10B, 00pa3yomux MoJIHYI0 rpyy. Beposmuocmos P(A) coObitus A onpenensercs mo ¢op-
MyJie

P4y ==
H b

/1€ m — YUCIIO AIIEMEHTAPHBIX UCXO0JI0B, O1aronpusTCTBYIOMIUX A; B — YUCIIO BCEX BO3ZMOXKHBIX
AJIEMEHTAPHBIX UCXOJ0B UCTIBITAHUSA.
B npumepe 4 Bcero aneMeHTapHBIX UCXO0B 6; U3 HUX 5 OJaronpusaTcTBYIOT coObiTHiO A. Crie-
JIOBATEIbHO, BEPOSITHOCTH TOT'O UTO B3ATHIN IIap OKAXKETCA LIBETHBIM, paBHa P(A) = 5/6.

Ipumep 3. OnipenenuTsb BEPOATHOCTD BBITIAJICHUS HEYETHOTO YHUCIIa OUKOB HA KOCTH.
Pewenue. Ilpn Opocanuu Koctu coObITHE A — «BBINATIO HEUETHOE YUCIIO OYKOBY MOKHO 3aIlu-
caTh Kak moaMHoxecTBo {1, 3, 5} mpocTtpancTBa ucxonos {1, 2, 3,4, 5, 6} (puc. 1).

Yuciao Bcex paBHOBO3MOXKHBIX HCXOJI0B B = 6, 2 YUCIIO OJIarONpUsATHBIX COOBITHIO A —m = 3.
CrnenoBaTeabHO,

P(A) =

o | W
b3 | =

Llpumep 4. B ypae Haxoautcst 7 mapoB: 2 06emnbix, 4 4epHbIX U 1 KpacHbIil. BeiHUMaeTcs oquH
mrap Hayraja. KakoBa BEpOSTHOCTB TOTO, YTO BBIHYTHIN MIap OyeT 4E€pHbIM?

Pewenue. 3anymepyem mapsl. [lycts, Hanpumep, mapsl ¢ Homepamu I u 2 — Gernble, ¢ HOMepa-
mu 3, 4, 5 1 6 — u€pHble, a KpaCHOMY LIapy NPUCBOUM HOMeEDp 7. Tak Kak Mbl MOKEM BbIHYTh
TOJILKO OJIMH M3 CEMU ILIApPOB, TO OOIIEe YHCIO PABHOBO3MOXKHBIX UCXOJI0B paBHO ceMH (n = 7).
W3 Hux 4 ucxona — nosiBjieHUE apoB ¢ HoMepamu 3, 4, 5 16 — NpuBEIYT K TOMY, YTO BBIHYTHIN
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nrap 6yzaet 4€pHbiM (m = 4). Tem caMbIM, BEpOATHOCTb COOBITHS A, COCTOSIIETrO B MOSIBICHUN

POA) = %.
4yEpPHOro 11apa, paBHa
Bbruncnure BEpoSITHOCTb TOTO, YTO BBIHYTHIH 1I1ap OyneT OenbIM.
IIpumep 5. Boruuciauth BEpOSTHOCTD BbIMageHUA B cyMMe 10 04KkoB nipu OpocaHUM Mapbl KO-
CTEH.
Pewenue. PaccMoTpuM Bce paBHOBO3MOKHBIE UCXOJIBI B pe3ysbTaTe OpocaHus ABYX KOCTeH (MxX
YHCIIO paBHO 36 - peKOMEHIyeM 3anucath B Buje Tadnuiibl). Beinagenue B cymme 10 oukos (co-
ObITHE A) BO3MOXXHO B TPEX cllyyasix — 4 OuKa Ha NepBOM KOCTU U 6 Ha BTOPOH, 5 OUKOB Ha Iep-
BOIl 1 5 Ha BTOpOH, 6 0uKkOB Ha nepBoil u 4 Ha BTOpoi. [loaTOMy BEeposATHOCTH COOBITHS A (BBI-

Py= =t

najeHus B cymme 10 04koB) paBHa 36 12

LIpumep 6. 3 60 BOIIpoCOB, BXOASIINX B 3K3aMEHALIMOHHbIE OMJIETHI, CTYIEHT NoAroToBMI 50.
KakoBa BeposITHOCTH TOTO, YTO B3STHIM Hay/lady CTYACHTOM OWJIET, COAEPKAIIUi 2 BOMpOca,
OyZeT COCTOATH U3 MOATOTOBIEHHBIX UM BOIIPOCOB?

Pewenue.

1) O6o3HauUM cobbITHE A - «BBITSHYTBIN CTYy1I€HTOM OMJIET COCTOUT U3 MOATOTOBICHHBIX UM
OunetoBy. [l BBIYUCICHUS BEPOSTHOCTH NOSABICHUS JAHHOTO COOBITUS BOCIIONb3yeMCs Kilac-
CHUYECKUM ONpe/eICHHEM BEPOSTHOCTH COOBITHUS, COTTIACHO KOTOPOMY BEPOATHOCTH OIpE/eis-

eTcs o popmyIie:
/1€ M — YUCJIO UCXOJI0B, PU KOTOPBIX MOSBISETCS COOBITHE A,

n — o0I1Iee YUCIIO NIEMEHTAPHBIX HECOBMECTHBIX PABHOBO3MOKHBIX UCXOJIOB.

2) Onpenenum n. O61Iee YUCI0 OUTIETOB OMPEEISIETCS coueTanrueM 1o 2 u3 60:

3) KonmudecTBO OMIIECTOB, BOITPOCH KOTOPBIX CTYAEHT 3HAET, ONPEACIIACTCS COUCTAHUEM T10 2 U3
50:

4) OnpenieTiM BEPOSITHOCTD COOBITHS A

Omeem: BeposTHOCTb TOTO, YTO B3SITHIN HayJauy CTyAEHTOM OUJIET, COEepKalluil 2 BOIpoca,
OyZeT COCTOATh U3 MOATOTOBIEHHBIX UM BoripocoB paBHa P(A) = 0,69. To ects, ecnu Oyzer,
Hanpumep, 100 Takux cTyA€HTOB, TO 69 U3 HUX BBITSHYT OMJIETHI, K BOIPOCaM KOTOPBIX OHU
MOJITOTOBJICHBI.

CroiicTBo 1. BepositHOCTE 0ocmosepnozo coObiTusi A paBHa equnuie: P(A) = 1.

CBoiicTBO 2. BeposATHOCTD He803M0xcHO020 COObITHS A paBHa HYI0: P(A) = 0.

CBoiicTBO 3. BepoATHOCTH ClIy4yalfHOTO COOBITHS €CTh MOJIOKUTEIBHOE YHCIIO, 3aKITIOUEHHOE
Mexy Hyaem u eounuyen: 0 <P(A) <1

Ilpumep 7. Tak Kak BEpOSATHOCTH BbINazeHUs 13 0YKOB Mpu OPOCAHHUHM MAPhl KOCTEH — HEBO3-
MOYKHOE COOBITHE, €T0 BEPOATHOCTh paBHA HYJIIO.

Knaccuueckoe onpedenenue eepoamnocmu npenonaraet, YTo Yucao AIEMEHTapHbIX UCXO0/I0B
UCTIBITaHUSI KOHEYHO. Ha mpakTHKe ke 4acTo BCTPEUYAIOTCS UCTIBITAHUS, YUCIIO BO3MOXKHBIX UC-
XO0JIOB KOTOPBbIX OeckoHeuHo. Kpome 3Toro, 4acTo HEBO3MOKHO MPEACTABUTH PE3YJIbTAT UCIIbI-
TaHUS B BUJEC COBOKYITHOCTH JIEMEHTAPHBIX COOBITUH. Ellle TpyiHEee yka3aTh OCHOBaHUS, 1103-
BOJIAIOIIME CUUTATh AJIEMEHTApHbIE COOBITUSI PaBHOBO3MOXKHBIMU. [10 3TO# npuynHe, HapsLy C
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KJIACCHYECKHUM OTpEeIeICHUEM BEPOSITHOCTH UCTIONB3YIOT U JAPYTHE ONPEAETICHUS, B YaCTHO-

CTU clmamucmuyeckoe onpeoeseHue.

Cmamucmuueckoe onpedenenue 6epoAMHOCMU

Omuocumenvbnas 4acmoma Hapsaay € BEPOATHOCTHIO IIPUHAAJICIKUT K OCHOBHBIM INOHATHUAM
TEOPUH BEPOSITHOCTEHA.

Ommuocumenvroit yacmomoii coObITUs A Ha3bIBAIOT OTHOLIEHHE YMCIIa UCIIBITAHUM, B KOTOPBIX
COOBITHE MOSIBUIIOCH, K 00ILEMY YHCTY (aKTUYEeCKH MPOU3BEICHHBIX UCITBITAHUI:

(A=
H b

TJIC M — YHCIIO MOSBIICHUN COOBITHSA A, n — 00IIee YNCIIO UCIIBITAHUMN.
Knaccuueckan eeposmnocms b1uucisaemcs 00 Onblma, @ OMHOCUMETbHAA YACMOMA — nOCJle
onvima.
JlnutenbHpIe HAOIIOACHUS TIOKA3aJId, YTO €CJIM B OJIMHAKOBBIX YCIIOBUSX MTPOU3BOISAT OIBITHI, B
KQKJIOM U3 KOTOPBIX YHUCIIO UCTIBITAHUN BEJIUKO, TO OMHOCUMENbHAA YACMOma 00HaApyHCUea-
em ce0IiCmeo yCmouuugocmu. 310 CBOMCTBO COCTOUT B TOM, UYTO B Pa3JIMYHBIX OIMbITaX OTHO-
CUTEJIbHAs 4acTOTa U3MEHSETCSI MaJIo (TEM MEHbIIIE, UeM OO0JIbIlIEe IPOU3BEIEHO UCTIBITAHUN),
KOJIEOJISICh OKOJI0O HEKOTOPOTO TTOCTOSTHHOT'O YHCIIa. DTO MOCTOSHHOE YHCJIO U €CTh BEPOSTHOCTh
MTOSIBJIICHUST COOBITHSI.
Takum 00pa3om, MpU JOCTATOYHO OOJIBIIIOM KOJTMYECTBE UCTIBITAHUHA B KAUECTBE CHAmMucmuye-
CKOIl 6epostmHOCHU COObIMUsA TIPUHUMAIOT OMHOCUMETbHYI0 YACHONY WU YUCI0, OJTU3KOe K
HEH.

Cooepircanue npaxmuyeckoit padoomot
1. Pewume 3a0auy:

3aoaua 1. B ypue naxogures 15 6enbix, 5 kpacHbix u 10 u€pnbix mapos. Hayran usBnekaercs
1 map, HAMTH BEPOATHOCTH TOTO, YTO OH OyeT: a) OesbIM, 0) KpaCHBIM, B) YEPHBIM.

3aoaua 2. B xopoOke nexar 8 3eleHbIX, 7 CHHUX U 15 KpacHBIX KapaHaalmiei. BeraucanTs Bepo-
SATHOCTB TOTO, YTO B3ATBIA HAyraJ KapaHaam OyJeT, CHHUM WU 3€JICHBIM.
3aodaua 3. B oqHOM KOpoOKe HaxoauTcs 4 OENbIX U § YEpHBIX MIAPOB, a B Ipyroi — 3 6enbix u 9
yepHbIX. M3 Kax 101 KOPOOKH BBIHYIJIM NO MIApy. BEIYUCIUTE BEPOATHOCTH TOTO, YTO 00a IIapa
OKa)KyTCsl OEITIBIMU.
3aodaua 4. B marazun noctynuio 30 X0JIOAMIBHUKOB, MSATh U3 KOTOPHIX UMEIOT 3aBOJICKOM
nedext. CayyaitHpIM 00pa3oM BBIOMPAIOT OJIMH XONOAMIbHUK. KakoBa BEpOsSITHOCTB TOTO,
410 OH OyneT 6e3 nedexra?
3aoaua 5. Habupas Homep TenedoHa, aOOHEHT 3a0bUT IMOCIISHNIE IBE U(PHI U, TTOMHS JIUIIb,
9TO 3TU U(PBI pa3nuuHbl, HaOpan ux Hayraja. Hailtu BeposSTHOCTH TOro, 4TO HAaOpaHBl HYKHbIE
udpsI.
3aoaua 6. AGoHEHT 3a0bUT MOCienHIO udpy HOMepa TenedoHa W MOITOMY HaOHWpaeT eé
Hayraja. OnpenenuTb BEpOSITHOCTh TOTO, UTO eMy HpUAETCS 3BOHUTH HE Oosiee 4yeM B 3 MecTa.
3aoaua 7. AGoHeHT 3a0bU1 nocHenHue 2 nugpsl TeaeGoHHOro HoMepa, HO MOMHHUT, YTO OHU
pasIuuHBI ¥ 00pa3yIoT ABy3HauHOE YKciio, MeHbIee 30. C ydeToM 3TOro oH HabMpaeT Hayraj
2 uu¢psl. HaiiTi BEposSTHOCTB TOTO, YTO 3TO OYIYT HYKHbIE LU PHI
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IIpakTHyeckas padora

«CocTraBneHne CTaTUCTHUECKOTo pacnpeaeneHus Bpioopku. [ToctpoeHne ructorpaMmsl U OJH-
TOHA 9acTOT»
Hens O600muUTH 3HAHUS TI0 00paboTKe HHPOPMaIHU, TTO pabOTe ¢ IUarpaMMamMu U rpaduKaMu.

OO6pa3zer BBITIOJIHEHUS 3aaHUS

JlaHbl pe3ysbTaThl TECTA MO0 Matemartuke:6, 7, 7, 8, 9, 2, 10, 6, 5, 6,7,3,7,9,9, 2, 3, 2, 6,
6,6,7,8,8,2,6,7,9,7,5,9,8,2,6,6,3,7,7,6, 6.

Haiitu mony, cpennee apupMeTHIECKOE, pa3Max U IIOCTPOMTH TOJIMIOH U TUCTOrpamMMa.

X; 2 3 5 6 7 8 9 10 Bcero
m; 5 3 2 11 9 4 5 1 40
HurepBan [2-4] (4-6] (6-8] (8-10] Bcero
m; 8 13 13 6 40
Wi 0,2 0,33 0,33 0,14 1
Moga = 6, Cpenssis apudmerndeckas = 6, 125, Pazmax = 8
15 15
10 10 r~ hs
5 +— — | 5 *
O T T 1 0 1
[2-4] (4-6] (6-8]  (8-10] 3 7 9
1 BapuaHt

B pasHble MecsLbl IUIATHBIMU yCIIyTaMu OpraHU3alliy BOCIIOJIb30BAINCh Ha cymMMmy: 220;
241; 223; 228; 190; 184; 232; 208; 205; 228; 272; 196; 225; 238; 224; 239; 202; 245; 184; 230;
188; 204; 210; 209; 238; 247; 264; 216; 207; 221 1bIC.pYO.

1. [TocTpouTh BapuallMOHHBIA U UHTEPBAJIbHBIN PSJIBI.

2. Omnpenenure cpenuuii 3apaboTOK opraHu3anuu (cpeaHss apupMeTuaecKas).

3. Kaxkyro cymmy opranuzanust 3apadarpiBaia vaiie Bcero?(Moja)

4. KakoBa pasHuiia Mexmy caMbiM OOJBIIMM H CaAaMbIM MaJIEHBKUM TOCTYTIUICHUEM

Ha cyeT opranm3ainuu’? (Pazmax)

5. Kaxkas cymMma nosyyeHa B cepeiiHe BpeMeHHOro npomexyTtka? (Meaunana)
6. [TocTpouTth rUCTOrpPaMMy U MOJIUTOH YaCTOT.
2BapUAHT

OTtaen kaJpoB MOMYYMIT 3alIPOC HA MCCIEA0BaHNE BO3PACTHBIX OCOOCHHOCTEHN KOJIEKTH-
Ba. B pe3ynpTaTe mpocMoTpa JIMYHBIX JIe] B IPOU3BOJIBHOM MOPSAKE MOJIyYeH pe3ybrar: 23, 22,
29, 35, 28, 22, 30, 22, 22, 37, 34, 42, 38, 37, 29, 42, 41, 53, 49, 48, 35, 42, 38, 41,53, 50, 49, 25,
27,37, 35, 35,42, 38, 37, 35, 40, 41, 35, 34, 35.

1. [TocTpouTh BapuallMOHHBIA U UHTEPBAJIbHBIN PSJIbI.

2. Onpenenuts CpeaHUI BO3PACT COTPYIHUKOB OpraHU3aIUu (CpeaHss apupMeTH-
qyeckast).

3. Ornpenenutb BO3PACTHYIO pa3HUILy B JaHHOM KoJuiekTuse?(Pa3zmax)

4. CoTpyAHHMKH KaKOTO BO3pacTa COCTaBISAIOT OOJIBIIYIO YacTh KouiekTuBa? (Moja)

5. VYkaxute cepeAMHHOE Bo3pacTHOe 3HaueHue? (Menuana)

6. [TocTpouTth rUCTOrpaMMy U MOJIUTOH YaCTOT.

IMpakTnyeckas padora
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Tema: «JlelicTBUS HaJl KOMIUIEKCHBIMH YHCJIaMU B alreOpandeckoi opmer»
Ileas padoTbl: HAYYNTLCS BbINOMNHATL OENCTBUS Had KOMMMEKCHbIMM YncriaMu B anre-
OGpanyeckon dopme, peluaTb KBaapaTHbIe YPaBHEHMS C OTpULATENbHBIM ANCKPUMUHAH-
TOM.

Kpartkue TeopeTruyeckue cBeieHU.

Komnnexcuvie uucna - yncna suga Z = a + ib, rne a,b — BeLWWECTBEHHbIE YMCNa, a [ =
V-1 - mnumas eounuya (i>=—1). MHOKeCTBO KOMILIEKCHBIX urcea 00o3Hagaercs C.

JleficTBUTEIIbHBIC YKCIIa ¢ M b KOMILIEKCHOr0 uncia Z = a + ib, Ha3bIBatOTCS Oeticmau-
MeNbHOU U MHUMOU YACMblo YUCIIa Z 1 0003HAYAIOTCS, COOTBETCTBEHHO, Rez=x U Imz=y.

JIBa KOMIUIEKCHBIX uucna z1=a + ib M z;=c + id Ha3bIBAIOTCS PAGHLIMU B TOM U TOJIBKO
TOM CIiIy4ae, eciii a = ¢, b =d.
3anuck Z=a + ib Ha3BIBAIOT aeebpauieckol ¢popmou KOMILTICKCHOTO YHCIA Z.
Uucna Z=a + ib u Z=a — ib Ha3bIBAIOT KOMNIEKCHO CONPANCEHHBIMUL.
T'eomempuyeckoe npedcmagieHue KOMNIEKCHO20 YUCIA

Ecnu paccMoTpeTh IIIOCKOCTh ¢ MPSIMOYTOJIBHOW CUCTEMOW KOOp-
JIUHAT, TO JIIOOOMY KOMIUIEKCHOMY YHUCIY z = a + ib MOYXHO COIOCTaBUTh
TOUYKY Ha 3TOW IJIOCKOCTU C COOTBETCTBYIOIIMMM KoopauHaTamu (a;b), u |z
paanyc-BeKTop R KOMILIEKCHOTO 4Kclia, T.€. BEKTOp, COSAUHSIONINN Haua- \‘P
JI0 KOOPJAMHAT C TOYKOH Ha IJIOCKOCTH, COOTBETCTBYIOLIEH uncy (puc. 1). g—=—4
JlaHHas MIOCKOCTh Ha3bIBA€TCS KOMIUIEKCHOW. JleHCTBUTENbHBIE 4MCIIa
pacroyiaratoTcsi Ha TOpU30HTAILHON (BEIIECTBEHHOM) OCH, MHUMbIC YaCTH — HAa BEPTHUKAIBHOMN
(MHUMOI1) OCH.

¥

@

8 Z=q+ip

R = |z| =V a? + b? - modyns komnnexcrho2o uucna - pacCTOSHHE OT HAYala KOOPAMHAT 10 COOT-
BETCTBYIOIIEH TOYKH KOMIUIEKCHOU TIOCKOCTH. ITOmpOCTy TOBOPS, MOOY/Ib — 9MO ONUHA PATAYC-

BEKTOpA.

b

tgp ==, TIe Q- apeymenm KOMNIEKCHO20 HUCIA.

JelcTBUS HA/l KOMILJIEKCHBIMHU YHCJIAaMU B ajredpandeckoi gpopme.
Cnoorcenue: Z; + Z; = (atib)+(ctid) = (at+c) + (b+d)i.
Bviuumanue: Z; - Z; = (atib)-(ct+id) = (a-c) + (b-d)i.
Ymnoocenue: Z;+ Z; = (atib)(ctid)=(ac — bd)+(ad + cb)i.
é _a+ib _ (a+ib)(c=id) _ (a+ib)(c—id)
Zy  ctid ~ (c+id)(c-id) — 2442
Ymnoorcenue na conpsiscennoe: Z - Z=(a + bi)(a -bi)=a’ -b’i’=d’ - b>(-1) =a’ + b’ -
KBaJIpaT CyMMBI

Jenenue:

IIpumeps! pemienus 3agay:
IIpumep 1. BoinonHUTh OEHCTBUS HaJ KOMIUIEKCHBIMHU YUCJIAMU, TIPEJICTABUB PE3yNIbTAT B aj-
reOpanyeckoit popme:
Z,=4+5i, Z,=6"9i.
Pewenue: 1)7Z,+ Z,=(4+ 5i) + (6-9i)= 4+6+5i -9i.= 10— 4i
2)Z, - Z, = (4+ 5i) - (6-9i)=4-6+5i +9i.=-2 + 14i
3) Zy -Z, = (4+5i)(6— 9i)= 24 —36i + 30i— 45i*= 24 -6i - 45-(-1) = 69 -6i.
) 21 _ 4450 _ (4+50)(6+90) _ 24+36i+30i+451> _ ~21+66i _ ~21+66i _ -3+22i _ =3  22i

zp  6-9i  (6-9)(6+9) 62+92 T 36481 117 39 39 39
. ,
OtBet: Zy + 2y =10~ 4i, Zy - Zy=-2 + 141, Z; -2, =69 -6i, 2 =2 + =
2

IIpumep 2. PacKkpbITh CKOOKH, UCTIONB3YS (DOPMYJIIBI COKPAIIIEHHOTO YMHOKEHHUS
1) (2+ 3i)? =22+ 2:2:3i + (3i)? = 4 +12i + 9+(-1) = -5+12i,
2) (5 +4i)(5 - 4i)= 52 -4%i?= 25 - 16+(-1) = 25 + 16 =4,
3) (3-5i)? = 32 - 2-3-5i + (-5i)? = 9 - 30i + 25(-1) = -16- 30i.
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HpnMep 3. I/I306p8.3PIM Ha KOMIUIEKCHOM INIOCKOCTH YMCIIa
21:2+i; 22:31,
Z3:—3+2i; Z4:—1—i.
KOHTpOJ’ILHBIe BOIIPOCHI.

1. JlaiiTe ompeeneHne KOMIUIEKCHOTO YUCIIA. :__‘4 P
2. Kaxkue yncna Ha3bIBaIOTCS KOMIUIEKCHO — CONPSKEHHBIMU? z
3. Kakue KOMIUIEKCHBIE YHCIIa Ha3bIBAIOTCSI PAaBHBIMU?
4. Kaxk BBIYMCIUTH MOJYJIb KOMILUIEKCHOTO unciia?
5. Kak npousBoasrcst 1elcTBUS HaJ KOMIUIEKCHBIMU YHCIIaMH B anreOpandeckon popme?
3agaHus 1J151 CAMOCTOSITEILHOIO pelleHus
Bapuanm 1 | Bapuanm 2 | Bapuanm 3 | Bapuanm 4
1. M3006pa3uTe Ha MIIOCKOCTH 3aJaHHbIe KOMIUICKCHBIC YHCIIA:
Z] =4 Zz le -51 Z]Z -51 le -51 Zzz 4
=3+1 Z,=4 + 1 Z,=4 + 1 + i
Z3: - 4 +31 Z3: -7 + 2i Z3: -7 + 21 Z3: -7+ 21 Z4: -
Z4=-2-51 Z4=-3-06i Z4~=-3—06i 3-6i
2 . Beiuucaute MOyJIb KOMIUIEKCHOTO YUCJIA
Z=3+4i | Z=8+6i | Z2=-1+3i |
3. [IpousBeauTe CI0KEHUE U BHIYUTAHUE KOMILJICKCHBIX YHUCEIL:
Z]Z(3+5i), ZZZ 21:(3—2i), 22: Z]Z(4+2i), Zzz le(—2+3i), Zz
(7-2i) (5 +30) (=3 +2i). =(7-2i)
4. BoinosiHUTE A€WCTBUE HA/l KOMIJICKCHBIMU YHCIIAMHU:
a) (2+3i)S -7, a) (3 +2i)(1+3i), a) (—2 + 303 + 5i), a) (6 +4i)(5 + 2i),
0) (3 +2i)(3 - 2i), 0) (7 — 6i)(7 + 6i), 0) (4 + 3i)(4 - 3i), 0) (2 - 50)(2 + 5i0),
B) (3 + 5i)%, B) (2 — 7i)?, B) (4 + 2i)%, B) (3 — 2i)?,
r) 3¢ r) 35 r) =2 r) &2
5-7i 2+6i 5+2i 3-7i
5. Pemnite ypaBHEHHS:
x> —4x+13=0. | 25x2+x+1=0. x>+ 3x +4=0 4> - 20x+26=0

IIpakTHyeckas padora
Tema: «/leficTBUS HaJl KOMIUIEKCHBIMU YHCJIaMU B TPUTOHOMETPHUECKON U MOKa3aTesIbHOM (hop-
Me»

eanb padoTbi: HAYYNTLCA NEPEBOANTL KOMMIIEKCHbIE YMCa U BbIMOJTHATL AencTBusa Hag
KOMMJ1eKCHbIMA Yncnamm B TpMFOHOMeTpI/I‘-IeCKOIZ N NokasaTesibHOM (bopmax.

Kpartkue Teoperuyeckue cBeieHUs.
J171st BCSIKOTO  KOMILJIEKCHOTO YHUCIa z = @ + ib cripaBelsINBO PaBEHCTBO:
z=R(cosp+ ising) Ha3BIBAIOT MPULOHOMEMPULECKOL POPMOTL KOMNIEKCHO20 HuCd,
z = Re'? — Ha3BIBAIOT nOKA3AMENLHOU POPMOT KOMIIEKCHO20 YUCIA

3neck R = |z| =V a2 + b - modyns komnaekchozo uucna - paccTOSHUE OT Hadana Koop-
JMHAT 10 COOTBETCTBYIOIIEH TOYKHM KOMIUIEKCHOW IUIOCKOCTH. Ilompocty

Imz

TOBOPS, MOOYIb — MO OIUHA PAJNYC-BEKTOpA. b caien
Yron ¢ Mexay NOJIOKUTEIBHOU MOJTYyOChI0 JEUCTBUTEIBHOU OCU U j

pannyc-BEeKTOPOM, MPOBEACHHBIM M3 Hayajga KOOPAMHAT K COOTBETCTBYIO- (p

LIEH TOYKE, HA3bIBAETCA ap2yMeHmMOM KOMNIEKCHO20 YUCLA - () = arctgg. i - B

/Jleilicmeusn Ha0 KOMNIEKCHbIMU YUCTAMU 8 MPUZOHOMEMPUUECKOU (hopme.
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B mpuzonomempuueckoit popme B noxasamenvnoii popme
z; =R;(cosg; + ising,), z, =R (cosp, + ising,) Z1=Rqe'P1, Z, = R,e'?2
YMHoOXKEHHE Z;Z; =Ry Ry(cos(p;+ps) + isin(p;+¢2)). 77— Rleei((P1+<P2)
Jenenune 21 _K Z1_ Ry 1((P1 (Pz)
) Rz. Zz Rz

Bo3Benenne | z" =R"(cos ng + isin ng) - popmyna Myaspa Z’f =R,e”1.
B CTENEHb

" _ a1 p+2nk . . @+27nk _ p+27k
Hﬂinlfsqe z, =Nz =VR (COS—n +isin——), k 2, =4z = \/_e( )
pHst
01,2...n-1 k=012...n-1

5

IIpuMepsl pelieHus 3a1a4:
IIpumep. A) IlpencraButh uucna z; = 1—\/_51', Z, =3+ V3i B TPUTOHOMETPUUECKON U MOKa3a-
TeJIbHOM (hopMme,
B) BeraucauTh B TpuroHoMerpudecko popme: 1) z;-zy; 2) i—;; 3) Zg; 4) \/Z_l

Pewenue: A). [Tomyuyum TpUrOHOMETPUUYECKYIO U TIOKA3aTENbHYIO POpPMY Z| = 1-V3i,
2
1) Haiinem Mmoxynb uucna - Ry = 12 + (\/5) =V4 =2, 2) Haiinem aprymeHr uncina - ¢ =
3\ _ _-n
arctg (T) = —arctg\/_ =3
3) 3anuIieM K.4. B TPUTOHOMETPUYECKOHN U TIOKa3aTelIbHON (hopme:

z1=1-V3i = (cos( 3)+zsm( 3))2e(3)

22 = 2 + 21,
)R, = /32 + (\/5)2 =12 =2V3 - moays uncna,

V3\ _ =
2)p, = arctg( 5 | = - APTYMEHT YHCIa
3) 3anuuiem K.4. B TPUTOHOMETPUYECKON U MoKa3zaTenbHOU opMe:
T
. ) 1—
z, =3+V3i = 2V3(cosﬂ+ zsm%) =2e®,

6
b) IlpousBeneHue:
7212 =02-32\7§e(c0:(_3”+ ) + zsm( ))4\/_(005( ) + zsm( - )) =
4\/_(005——15111 ) 4\/_( ) =6-2V3i.

6

YactHOE:
21

- 2\/_(cos (——%) + isin (?—g)) —\/1——(COS( ) + zszn( > )):

f(cosz—zsm ) —(O 17) ——z

Bo3Besnienyie B cTeNeHb:
( (cos— + isin )) (2[) (cos— + zszn—) 288[(cos—+ isin 5?71) =
288\/_ (T Ez) =432 = 144i.

HN3Bneyenue us nog 3HaKa KOPHS:
T ionk _n+2nk)

J71 = \/_(cos + isin2—
Tp k=0: z, :\/E(cos( - ) +zsm( - )) :\/E(cosz—isinz) :\/E(\/—g—li) :\/—g—\gi;

6 6 2 2 2

N




-7t —T
— 27 — 27
.. 5 .. 5 3
Mp k=1: z :\/E(cos( = ) + zsm( 2 )) :\/E(cos%+zsm£) :\/E(T+
V2, _
> 1 =-2.
3agaHus 1J1s1 CAaMOCTOSATEIbHOTO pPelIeHust
1. M300pa3nuTh KOMIUIEKCHBIE YHCIIa HA KOMIUIEKCHON IJIOCKOCTH.
OnpeaenuTts JUIMHY U apTyMEHT KaXJI0r0 KOMIUIEKCHOTO YHCIIa.
3. IlpexacraBuTh JaHHBIE KOMIUIEKCHBIC YHCIa B TPUTOHOMETPUUECKON U NOKa3aTeIbHOM
dhopwme.
4. BBIYHCIUTH B TPUTOHOMETPUYECKOH M MOKa3aTeIbHON Gopmax:

1) zrzy, 2)%,- 3, Hn

Bapuanm 1 Bapuanum 2 Bapuanm 3 Bapuanm 4
7,=2-2i; 7= Z=N3+2i; Z= |Z=1-i; Z=-2- |, V2 V2, , V3,
3 +i 3 +3V3i 2i L 22 2

=1
2

4 KOHTPOJIbBHO-OLHEHOYHBIE MATEPHUAJIBI
JJIA ITPOMEKYTOUYHOU ATTECTALIMUM 110 YYEBHOU
JAUCIHUIIVIMHE «<MATEMATHUKA»

[IpenMeToM OIEHKHU SIBISIOTCS YMEHUS W 3HAHUS, 00IIHe U MpodecCHOHATbHBIE KOMIIe-
teHuu. OLIEHKa OCBOCHHMSI TIPETyCMaTPUBAET Ough.3auem.
1. YcnoBus mpoBeieHus: —yCTHasi © TUCBMEHHAas opma.
2 Bpewmst BBITIOJIHEHUA 3aaHusl — 45 MUHYT.

IIpuMepHBIii NepeyeHb 3aaHUI
Sx

im&+-2

1. Bbruucnurts npeaen wie 3xg .
2. BblUUCIUTH NIPEAETBI:
CoSxt- X+l . X +2x . x*-4
11m4— lim 5 lim 5
a) ®¥  DxT 4 x ;6) ®¥ x“ -4 ;B) x®¥ x +2x.
. sinl7x
lim —
3. Boruumcnnts npegen 0 sindx
. sinSx
lim
4. Bbruauenuts npegen “¥° 3x
3xt +x
lim 5
5. Breruamcauts npegen X®0 X7 - 2x
. x*-10x+16
Iim——mM—
6. Bbruucnuth npenen eS8 x-8
5x
S(x) =

x, =6
7. WccnenoBats GyHKINIO X~ 6 ga HenmpepHIBHOCTH B TOUKE ~° .



10.

11.

12

13.

14.

15.

16.
17.
18.

19.

20.

21.

22.
23.
24.
25.

26.

27.

28.

32

_n.2_ 3
HccnenoBats GhyHKIMIO J(x) =3x"- x Y TIOCTPOUTH €€ Tpaduk.

BoruncnuTh 3Ha4eHHE TPOU3BOTHON CIETYIOMMNX QYHKIUI B TOUKE X, =4 :
2) f(x) =8x" - lnx; 5) f(x)=x’ +5x
i = (x4 - 5x° + x)7
Haiiti ipon3BoHy0 QYHKIHH .
_11x-8
~ y -
Haiitu nponssoanyto GpyHKIUN 2x+4
_ 2x°-8
. Haiitu npousBoanyio dyuxiumu ¥ ~€ .
— 4 _ a2
Haiitu npousBonnyio GyHKIMM y=In (Sx 3x +2J.
- +x?-2x
dx
Haiitn HeonpeneeHHbIN HHTErpas X
3
(‘)rz " dx

Haiitu HeonpeneneHHbli HHTETpajl METOJI0OM 3aMEHBI IEPEMEHHOMN
4
. . . d6x +1 1) dx
Haiitu HeonpeneneHHbIN UHTErPaj METOJIOM 3aMEHbI IEPEMEHHOMN .
. . . Cros(6x - 1)dx
HaiiTu HeonpeneneHHbIN HHTETPa METOAOM 3aMEHbI IEpEMEHHON .
. . . (yin® x >cos xdx
HaiiTu HeonpeneneHHbIN HHTETPajl METOAOM 3aMEHbI IEPEMEHHON .
3

&f5x +1)dlx

Brruucnaute onpeneneHHslii nHTErpal °
1

QX - S)xdx
Breruucnauts onpeneneHHslii uaTErpan °

2‘ 2x +x*

0O = &
Beruucauts onpeneneHHslii uaTerpain ° o

&2 3 06 el 0 35

A=¢2 1 8% B=¢2 4 1-

Haiitu matpunty C=34+B, eciu g 2 4 3@, 8 b3 0@.
Pemmts cucreMy MTMHEHHBIX ypaBHEHHI METOI0M OOpaTHOI MaTpPHUIIBL.
Pemmts cucremMy nuHEHHBIX ypaBHeHUH 1o popmyiam Kpamepa.
Pemnts cucreMy NMHEMHBIX ypaBHEHUN MeTOI0M [ 'aycca.

ix, +3x, - 2x; =4,

|
X +4x, - x; =7,

—_

2x, +x, +x; =3.

—c,2 . .
CKOpPOCTb JIBUKEHHS TOUKH M3MEHseTCs 1o 3akoHy Y =t +4t+2 (y/c). Haiitu myTs s, Ipoii-
JNIEHHBIA TOYKOH 3a 4 ¢ OT Hayajia ABYKEHMUS.

.2
BBIYHCIIHTH 00BEM Tea, TIOTyYEHHOTO OT BPAICHNs GUIypPbl, OrPAHUYCHHOM THHUA-MHY >
y=0 x=1 x=3 BOKpYT ocu Ox.

—2 _ _
BEraucIuTh miomans GUrypsl, orpaHudenHoH muHusaMu Y N | Y _0, x=1 x=2



33

IIkana oueHKu 00pa3oBaTeJbHbIX JOCTHKEHU I

OrieHka ypoBHS MOATOTOBKH
[TpoueHT pe3yabTaTUBHOCTH
(IpaBUIIbHBIX OTBETOB) 0as1 (oTMeTKa) BepOaJIbHBINA aHAJIOT
90+ 100 5 OTJIMYHO
75 + 89 4 XOpOIIO
51+74 3 YJOBJIETBOPUTEIBLHO
MeHee 50 2 HEYOBJIETBOPUTEIBHO

Bonpocs! 14 3auera

el e

N

10.
11.

12.

13.

14.
15.

16.

17.

18.

Marpuiipl, 1elCTBUS HaJ MaTPULIAMH.

Onpenenurenu 1-ro, 2-ro, 3-ro nopsakos. [IpaBuio TpeyroiabHUKOB.

OO6partHas MaTpuIa. AJTOPUTM HaXOXKACHUS OOpAaTHON MaTPHILIBI.

Panr marpunbl. AITOpUTM BBIYMCIICHHS PAaHra MaTpHIbl C IOMOIIBIO 3JIEMEHTAPHBIX
npeoOpa3oBaHuil.

Cucrema nuHEHHBIX ypaBHeHUU. Meton obpatHoit Matpuiiel. @opmynel Kpamepa. Me-
tox ['aycca.

[Ipenen pynkiuu B Touke. OCHOBHBIE TEOPEMBI O TIpeIeax.

[Ipenen ¢yHKMM npu X, cTpemsIIeMcsl K OSCKOHEYHOCTH. 3aMedaTeNbHbIe IMPeIebl.
Yucio e.

HenpepbiBHOCT (DyHKIIMK B TOUKE M Ha MPOMEXYTKE. ToUuka HEMPEPbIBHOCTH (PYHKILIUH.
Touka paspeiBa ¢pyHkiuu. CBolicTBa HENpepbIBHBIX (PpyHKIui. [Ipupamienue aprymenra.
[Ipupamenue GyHKIHH.

[IpouzBognas ¢pynkuuu. dudbdepenunan ¢pyHkuuu. ['eoMeTpudecKnuii CMBICI TPOU3BOI-
HOM. MeXaHMYECKUI CMBICI IIPOU3BOJHOM.

Tabnuna npousBoasbiX. [lonarue cnoxHol ¢pyHkuuu. [IponsBoaHas cioxHONU QyHKIUU.
Cxema uccnenoBanusa ¢yHkuuu. O6nacTh onpezaeneHus (yHKIUU. MHOXECTBO 3Haye-
Huil pyHkuuu. YetHocTs U HeueTHOCTh QyHKIMK. Hymn ¢dynkuuu. [IpomexyTku 3HaKo-
nocTosHCTBa GyHKIMU. Bo3pacTanue u yOpiBaHue (GyHKINH, PABUIIO HAXOXKAECHUS TPO-
MEXYTKOB MOHOTOHHOCTH. TOYKHM 3KcTpeMyMma (QYHKIUH, TPABUIIO HAXOXKACHUS IKCTpPE-
MYMOB (DYHKIIUH.

[Ipon3BoaHbIE BEICHIMX NOPAAKOB. PU3HYECKHI CMBICI BTOPOW Npou3BoaHOM. Mccmeno-
BaHHUE (DYHKIMH C TIOMOILIBIO BTOPOI MPOU3BOAHOIA.

[TepBooOpasnas. Heonpenenennsiii naTerpai. OCHOBHBIE CBOWCTBA HEOIPEACICHHOTO
MHTETpaa.

Tabnuira HeonpeAeIeHHBIX HHTETPAJIOB.

MeTo1bl HHTETPUPOBAHUS: METOJ] HEITOCPEACTBEHHOIO UHTETPUPOBAHUS; METO/ 3aMEHBI
MIEPEMEHHOM (METO/1 ITOICTAHOBKH ); METOJ, MHTEIPUPOBAHHUS 10 YACTSIM.

Onpenenennbiil uaTerpan. Ilonsarue uHTEerpanbHOil cymmsl. /locrarouHoe yciioBue cy-
LIECTBOBAHUS ONPEEIIEHHOT0 UHTErpaja (MHTErpupyeMocTy (QyHKIUN).

OcHOBHBIE CBOICTBA ONPENIETIEHHOIO UHTETpalla. | 'eoMeTpUYECKUI1 CMBICI OIIPEIETICHHO-
ro UHTerpasa.

MeToab! BBIYHMCIICHHUS OIpeieieHHbIX nHTerpainos. @opmyina HetoToHa-JleiiOnuma.
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19. T'eomeTpuueckuie u pu3nuecKre MPUIOKEHUS ONPEACIEHHOT0 HHTErpaa.
20. @yHKIMH HECKOJIBKUX NTEPEMEHHBIX. YacTHbIE TPOU3BOHBIE.
33.Ilonatre cOOBITHS M BEPOATHOCTU COOBITHS. JlOCTOBEpHBIE U HEBO3MOXKHBIE COOBITHS.

Kitaccuueckoe onpezeneHne BEpOSTHOCTH.

34. Teopema cnoxeHust BeposATHOCTEN. Teopema yMHOKEHUS BEPOSTHOCTEN.
35.Cnyuaiinas BennuuHa. J[uCKpeTHas U HENPEpbIBHAS CIy4yailHble BEJIMUUHBL. 3aKOH
pacrpeneseHus TUCKPETHOM CIIy4YallHOM BEJIMYHHBI.

36. MaremaTuueckoe OKuJaHle TUCKPETHOM CcllydaiiHOH Benn4yuHbl. Jucnepcus ciayyaitHon
BennunHbl. CpeHee KBaApaTUYHOE CIIyYallHOW BEJTMYMHBI

5x
1.Beraucnuts npenen lim (1 +31) .
X— 00 x

4_3 3 2
. -x°+1 . +2 . —4
2 .Berumcauts npeaensi:a) lim Sl 0) lim xz—x; B) lim —

X—00 2x4
sinl7x

sinbx °
sinbx
3x

3x%+x

+x x—s00 X°—4 x—00 X~ +2x

3.Beruncauts npeaen lim
x—0

4.Borunciuth npezaen lim
x—0

5.Berauciuth npenaen lim
x—0X —2x
x2-10x+16

6.Bpraucnuts npenen lim o

x—8

7.UccnenoBats dynknuio f (x) = X5Tx6 Ha HENPEPBIBHOCTb B TOUKE X = 6.
3

8.MccnenoBars dynkmmio f (x) = 3x?—x3 1 moctpouts ee rpaduxk.
9.BrluncanuTh 3HaYEHUE MIPOU3BOAHON ClIEAYIOIUX QYHKIMN B TOUKE X = 4:
a) f (%) = 8x*~Inx; 6) f (x) = x> + 5x.
7
10.Haiitn mpon3BoHy0 QYHKIHMH | = (964—5362 + x) .

11x-8
2x+4°

5
12.Haiitn npousBoaHyto QyHKIHU i = e> 8,
13.Haiiti npousBoaHyto GyHKINH iy = In (8x4 —3x% + 2).

11.HaiiTi Ipou3BOAHYI0 QYHKLIUH Y =

4—x3+x2—2de.

14.HaiiTn HeonpeIeIeHHbII HHTErpa f .

15.Haiitu HeonpeeneHHbId UHTETpall METOJIOM 3aMEHbI TIEPEMEHHOM f x2 - e* de.
16.Haiitu HeonpeeIeHHbIM HHTErpal METOIOM 3aMEHBI IEPEMEHHOMN f (6x + 11)4dx.
17.HaliTn HeonpeneaeHHbII UHTETpal METOOM 3aMEHbI IEPEMEHHOU f cos (6x—1)dx.
18BbI4uCInTh ONpeeICHHBIN HHTETPal f g (5x + 1) dx.

19.BeluncnuTh OnpeaeeHHblii MHTErpal f é (x=5) xdx.

2 2x3+x4d

20.BerauciauTh onpeaeaeHHbIA HHTETpal f 0T 2
X

21.CxopocTh ABUKEHUSI TOUYKU U3MEHSIETCS 10 3aKOHY U = 5t% + 4t + 2 (m/c). Haittu yTh S,

MPOMACHHBINA TOYKOM 3a 4 ¢ OT Hayaja JBUKCHUS.

22 .BpMUCIUTh 00bEM Tela, MOJYYSHHOTO OT BpamleHHs (Uryphl, OTPAHUYCHHOW JTUHUAMU

y= xz, y =0,x =1, x =3, Bokpyr ocu Ox.

23.BbIYMCIUTD IIOMAAL (GUIYpBI, OTPAaHUYEHHON JIMHUSAMHU i = X2, y=0,x=1,x=2.
24.Pabounii 00CITy’KMBaeT TpU CTaHKA. BEpOsATHOCTH TOTO, UTO B TEYCHUE Yaca CTAaHOK HE
TpeOyeT BHUMaHuUs pabouero, paBHa ais nepBoro cranka 0,9, mist Broporo — 0,8, s Tpe-
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TBET'O —0,85. Haiitn BCPOATHOCTH TOI'0, UYTO B TCUHCHHUC YacCa XOTA OBl OJIMH CTaHOK IIOTpC-

OyeT BHUMaHMsI pabodero?

25.Cnyqaitnas BennanHa X paclpejielieHa Mo 3aKoHy

X1

0,5

1

1,5

pi

0,2

0,3

0,4

Halitn MateMaTHuecKkoe OKHIaHU

€ CIIy4ailHON BETNYMHBI X.

X1

1

3

26 Cay4aitHasg Benu4rHa X pacrpesiesieHa 1Mo 3aKOHy

4

pi

0,2

0,5

0,7

Haittu qucniepcuro ciaydaitHOM BeTUYUHBI X.
271151 BEIOOPKH, MPEACTABICHHOM CTAaTUCTUYECKHM PSJIOM OMPENETUTh CpelIHee 3Haue-

HHE.
7 10 15 20 25
7
ni 4 6 4 2

28 /17151 BBIOOPKH, TPEACTABICHHOM CTATUCTUYECKHUM PSJIOM ONPEIETUTh JUCIICPCUIO.
X1 15 16 18 19
ni 1 4 5 2

29.B mara3us noctynuwio 30 HOBBIX TEJIEBU30POB, CPEIU KOTOPHIX 5 UMEIOT CKPBITHIE JIE-
¢extbl. Haynauy otOupaercst oauH TeneBU30p AJisd npoBepku. KakoBa BEpOATHOCTH TOTO,
YTO OH HE UMEET CKPBITHIX Ae(hEeKTOB?
30./IBa paBHOCWJIbHBIX IIaXMaTHCTa UrpalOT B HIaxMaThl. UTO BeposiTHEE: BBIUIPAThH JIBE
HapTUH U3 YEThIPeX WM TPU U3 eCTH ( HUYbM BO BHUMAHUE HE IPUHUMAIOTCS)?

[Ikana omeHkH 00pa30BATEIBHBIX JOCTUKCHHIMA

[TpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIb-

OrnieHka ypoBHs MOATOTOBKH

HBIX OTBETOB)

Oamn (oTMeTKa)

BepOaNbHBIi aHAJIOT

90+ 100 5 OTJINYHO
75+ 89 4 XOpOIIO
51+74 3 YJOBJIETBOPUTEIBHO
MeHee 50 2 HEYJOBJIETBOPUTEIBHO

Onenka 3a-
yera

TpeOoBaHHUs K 3HAHUAM
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«COMIAUYHO»

OneHka «OTIMYHO» BBICTABIIAETCS CTYAEHTY, €CIM OH TIIIyOOKO M NPOYHO
YCBOMJI ITPOrPaMMHBIN MaTepual, HCYEPIIbIBAIOLIE, T0CIEI0BATENBHO, YETKO U
JIOTMYECKHU CTPOMHO €ro M3jaraeT, yMeeT TECHO YBSI3bIBATh TEOPUIO C MPAKTH-
KOH, CBOOO/IHO CIIPABJIAETCS € 3aJa4yaMu, BOIPOCAMH U APYTUMHU BUJIAMU MPU-
MEHEHHUs 3HaHWUH, MPUYEM HE 3aTPYAHSETCS C OTBETOM IPH BUIOM3MEHEHUHU
3aJjaHMid, WCIOJB3yeT B OTBETE Marephajl MOHOTPa(pHUUECKOW IUTEpaTyphl,
IPaBUIbHO OOOCHOBBIBAET IMPHUHATOE PpEIICHUE, BIAACET PAa3HOCTOPOHHUMHU
HaBbIKaMU M PUEMaMH BBIITOJIHEHUS IPAKTUUECKUX 3a7au.

«xopowor

OHGHKa «XOpOouIO» BBICTABJIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MAaTCpHaAJl,
T'paMOTHO MW 1O CYWICCTBY H3JIaracT €ro, HC OOMYCKasd CYHICCTBCHHBLIX HC-
TOYHOCTEH B OTBETC Ha BOIIPOC, NPaBUJIbHO IMPUMCHACT TCOPETUUCCKHUE ITOJIO-
JKCHUA IMPU pCHICHUHN ITPAKTUYCCKUX BOIIPOCOB U 3a/1a4, BJIAACCT HCO6XOI[I/IMBI—
MU HAaBBIKAMH U IIPUEMaMM WX BBIIIOJHCHMSI.

«y008/1eme0-
PUMENbHOY

OI_IGHKa «YAOBJICTBOPUTCIIBHO» BBICTABJISICTCA CTYACHTY, €CJIIM OH MMCCT 3HA-
HUA TOJIBKO OCHOBHOI'O MaTc€purajia, HO HC YCBOUI €ro }ICTaHeﬁ, A0IMYCKaeT HE-
TOYHOCTH, HECAOCTATOYHO IMPABUJILHLIC (I)OpMYJ'II/IpOBKI/I, HapyHICHUsA JIOTHU4YC-
CKOM ITOCJICIOBATEILHOCTH B M3JIOKCHHHI MMporpaMMHOI0 MaTt€puaiia, UCIbITbI-
BaCT 3aTPYAHCHUA ITPH BBIIIOJIHCHUH IIPAKTUYICCKHUX pa60T.

«Heyoose-
meopumeib-
HO»

Ol1ieHKa «HEYAOBJIETBOPUTEIBLHO» BBICTABIIACTCS CTYACHTY, KOTOPBI HE 3HAET
3HAYUTEIbHOW YacTHU MPOTPAMMHOIO Marepuaia, JOIYyCKAET CYLIECTBEHHbIC
OmMOKHN, HEYBEPEHHO, C OOJBINIMMHU 3aTPYIHEHUSMH BBITIOJHICT MpaKTHUC-
ckue pabotel. Kak mpaBuio, oleHKa «HEYIOBICTBOPUTEIBLHO» CTABUTCS CTY-
JIEHTaM, KOTOpbIE HE MOTYT IPOJOJDKUTh 00ydeHHe O3 JOMOJHUTEIBHBIX 3a-
HATUHI 110 COOTBETCTBYIOLIEN JUCLUILIMHE.
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[Tpunoxxenune

Koauduxarop (mpuMepHbIii mepedeHb) OLEHOYHBIX CPEACTB sl OLEHKH
3HAHMI, YMEHUH U YPOBHSA CHOPMHUPOBAHHOCTH KOMIIETEHIUN

No n/n
Koo oye-
HOUHO20
cpedcmea

Tun oyenounoeo
cpedcmea

Kpamkas xapakmepucmuxa oyenouno2o
cpedcmea

Ilpeocmasnenue oye-
HOYHO20 cpedcmea 8

¢onoe

1.

Jenoras W/AIn

poseBas urpa

CoBMecTHast JeATeNIbHOCT TPYMIBl 00yd4a-
IOLIUXCS ¥ MPENoAaBaTells MoJ yIpaBIeHUEM
MIpenoaaBaTels C LeIbl0 PeIeHNs yuyeOHbIX 1
podecCHOHANBHO-OPUCHTUPOBAHHBIX  3a1ad
MyTEM HUIPOBOTO MOJECIHUPOBAHMS PEATBHOMN
npobnemHoi curyanuu. [lo3Bomnser oreHH-
BaTb yMEHHE aHAJIM3MPOBATh M pEIIaTh TH-
nHYHbIe TpodeccroHaNbHbIE 331a4K

Tema (mpobiema), KOH-
HEMIHs, PO M OXKHU-
JIAeMBIH pe3yJbTar

Pa3noypoBHe-
BbIC yueOHBIE 3a-
Ja4dHu U 3aJlaHuA

PasnuyaroT 3a1auu U 3a1aHus:

a) PeNpPOYKTUBHOTO YPOBHSI, TIO3BOJISIOIINE
OLICHUBATb U JUAIrHOCTUPOBATH 3HAHUC q)aK-
THUYECKOT0 Marepuraiia (6a30Bble MOHSTHS,
ITOPUTMBI, QAKTBI) U YMEHHUE MIPABUIILHO
HCIIOJIb30BATh CHIEIMATIbHBIE TEPMUHBI U T10-
HATHS, y3HABAaHUE OOBEKTOB M3YUCHHS B paM-
Kax OMpEJENEHHOr0 pasena JUCIUILUTHHbL;
0) pEeKOHCTPYKTHBHOTO YPOBHS, TIO3BOJISIO-
M€ OIIEHNBATh U TNArHOCTUPOBATH YMEHHUS
CHHTE3MPOBATh, aHATM3UPOBATH, 0000IIATH
(hakTHUECKUI M TEOPETUUECKUI MaTepual ¢
(hopMyIHpPOBaHHNEM KOHKPETHBIX BBIBOJIOB,
YCTaHOBJICHHUEM IMPUYUHHO-CIICACTBECHHBIX
CBSI3CH;

B) TBOPUYECKOTO YPOBHSI, O3BOJISIOIIIE OLie-
HHUBATh U IMarHOCTUPOBATh YMEHUsI, HHTETPHU-
pOBaTh 3HAHMS Pa3INYHBIX O0JIacTeH, apry-
MEHTHUPOBATh COOCTBEHHYIO TOUKY 3pPEHHS

KomriexT pasHoypos-
HEBBIX 3aJ1a4 U 3aJ1a-
1302071

PacueTno-rpadu-
yeckas paboTa

CpenctBo NpOBEpPKH YMEHHH NPHUMEHATH MO-
Jy4eHHbIC 3HAHHA 110 3apaHee ONpeeICHHON
METOJMKE U PELICHHs 3ajad WM 3aJaHni
M0 MOJYJIIO MJIM AUCHUILIMHE B LIEJIOM.

Kommnexr 3aJaHuN
JUTS BBITTOJTHEHUS pac-
gyeTHO-Tpaduueckon
paboThI

Pedepar

IIpomykT camocTosSTeT HOM pabOTHI CTYACHTA,
MPEICTABISIOMIKN COO0 KPaTKOE H3JI0KCHHE
B MUCBMCHHOM BHJC IOJYYCHHBIX PE3YyJIbTa-
TOB TEOPETUYECKOTO aHalN3a OMNpeAeTICHHOM
TEMBI, TJie aBTOpP PacCKpHIBAeT CyTh HCCIEAY-
€MOi1 Ipo0JIeMBI, IPUBOAUT Pa3INUHBIE TOUKU
3peHus, a TaKKe COOCTBCHHBIC B3IJIS/ABI HA
Hee.

Tewmbl pedeparon

Hokmax, coobmie-

HHUC

[IpoxyKT caMoCTOSATENHHOM PabOTHI CTYICHTA,
MPEACTABILIIONIMH cOO0H ITyONMYHOE BBICTYTI-
JICHUE TI0 TIPEICTaBJICHHUIO MOIYyYSHHBIX pe-
3YJIBTATOB PEHICHHS OMPEACICHHON TEMBI.

Tembl HOKIAmOB, CO-
00IIEeHNI

Tect

CpencTBo KOHTPOJIS, HAIIPaBIEHHOE Ha MPo-
BEPKY YPOBHS OCBOCHUS KOHTPOJIUPYEMOTO
TEOPETHUYECKOr0 U MIPAKTHUECKOTO MaTepuana
MO IMIaKTHYECKUM CIMHULAM TUCIUITHHBI
WM TIpodhecCHoHaIbHOT0 MoayJisi. Cucrema
CTaHJapTU3UPOBAHHBIX 3a/1aHUM, TO3BOJISIO-
11as aBTOMaTU3UPOBATh MPOLEAYPY U3Mepe-
HUsI YPOBHSI 3HAHUH M YMEHHH 00yJaronmxcst

®doHg TecTOBBIX 3aja-
HUH
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[IpakTuueckue pa-
06oTel  (mpaxTHUe-
CKOE 3aJ[aHue)

OTO0 3amaHMsA, C TOMOLIBI0 KOTOPBIX Yy yda-
muxcst (GopMHUPYIOTCS M Pa3BHUBAIOTCSA IIpa-
BWJIBHBIC TPAKTHUYECKUE ICHCTBHS.

Buger:  HabmroncHue,
M3MepeHue, OIIBIT,
KOHCTPYHPOBaHHE U
JIp. 3aJaHUsI JJIsT TIpaK-
THYECKUX paboT

Habmronenue

Wucrpyment coopa undopmanuu ais ycra-
HOBJIEHHS (haKTOB

Iesn, 00beKTH HAOTIO-
JIeHHsI, 00pa3elr JInCTa
JUTSL (QUKCUPOBAHHSI
Pe3yNbTaToB HAOIIO-
JICHUSI

Huddepen.

3a4CT

Bxuttouaer B ce0st nepeyeHb BONPOCOB 110 Y /]

KOMIIOHOBKA BapHaH-
TOB, OUJICTBI




