MUWHUCTEPCTBO HAYKMU U BBICIIET'O OBPA3SOBAHUS POCCUNCKOM
®EJEPALINN
®EJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/DKETHOE OBPA30BATEJIBHOE
YUPEXX/TEHUE BBICIIIET'O OFPA3OBAHNS
«CAHKT-IIETEPBYPI'CKUH I'OCYJAPCTBEHHBI D KOHOMUNYECKUN
YHUBEPCUTET»

KOMILIeKT KOHTPOJ/IbHO-0IIeHOUHBIX CPE/CTB
Mo y4eOHOH JUCHUILIHHE

OIIIl.12 MaremaTHKa

(k00 u HasgaHue OuCYUNAUHbL)

NporpamMmal MOArOTOBKH CIel{Ua/IMCTOB CPpeiHero 3BeHa
Mo CnenuaabHOCTH
38.02.03 OnepanuoHHas AesiTe/JIbHOCTb B JIOTUCTHKE

(K00 u HazgaHue cneyuarbHOCMU)

Cankr-ITetep6ypr
2023



2
COAEP)XAHUE

1. Tlacnopt KOC Y[,
2. CrierjiuKaiys orjeHOUHbIX CPe/ICTB
3. BapraHTbI OLIEHOUYHBIX CPe/ICTB



1.

3

ITACIIOPT
KOC no Y1 OIIIl.12 MaremaTruka

(K00 u HazgaHue OUCYUNAUHbI)

1.1. OOiHue MoJI0)KeHUA
KonTposbHo-o11eHOuHbIe cpeficTBa (KOC) npegHa3HaueHsbl /11 KOHTPOJIS U
OLIeHKM 00pa30BaTebHBIX AOCTHMXKeHWM 00yuaroIuxcs, OCBOUBIIMX ITPOrpaMMy

yuebHoM auctmrimabl OIT1I.12 MaremaTrKa

KOC BKIHOUaOT KOHTPOJIbHBIE MaTepuasbl [Jisi TPOBEJEeHUs] TEKYIero
KOHTPOJISI ¥ IPOMEXKYTOYHOM aTTeCcTaluu B (hpopme 3aueT C OL[eHKOU (3 ceMecTp)

KOC pa3paboTaHbl B COOTBETCTBHH C:
obpazoBaresibHOM rTporpamMmoii CITO 1o crierfuaibHOCTH
38.02.03 OnepauioHHas 1esiTe/IbHOCTb B JIOTUCTUKE
nporpaMmel yueOHoM guctunivabl OTTL.12 MaTtemaTuka

Pe3yJIbTaTbl 0CBO€HMA JUCIUIL/IMHEBI, ITOJIeXKdII[He ITIPOBEPKe

Pe3yJ'II>TaTLI HaumeHnoBaHue 3JIeMeHTa OcHoOBHBIE IoKa3aTe/In OLl€eHKH
o0yueHus yMeHHUi1/3HaHUuI pe3y/1bTaToB

(ocBOeHHBIE

yMeHus,

YCBOEHHbIe

3HAHMA,

NpaKTHYeCcKUi

OIBIT (ipu

Ha/IMYUH)

Y1 peliaTh npuK/iagHblie | [IpumeHeHre MaTeMaTHUYeCKUX
3a/1auu B 00/1aCcTH | METO/IOB TIPH PeLleHnH 3a7iau C
npodeccroHa bHOU MpaKTUUeCKUM CO/iep>KaHUueM
JlesiTeTbHOCTH - BoinonHeHue 1elCTBUN Hajl

MaTpHULiaMU
- BoruncrneHnue onpezenuTesneit

- Perienuie cucrem JTIMHEMHBIX
ypaBHeHu# 1o opmynam Kpamepa
- Perienuie cucrem JTIMHEHHBIX
ypaBHeHul MeTozoM ["aycca

- BrinosiHeHue JeliCcTBUM Ha[
KOMII/IEKCHBIMU UMCJ/IaMU B
anrebpanyeckoi u
TPUTOHOMETPUUECKOH opme

- Borurcnienue npesiena GyHKIMY B
TOUKE ¥ B 0ECKOHEUHOCTH

- Haxoxx/ieH1ie BepOSITHOCTU
CJTy4aitHOTO COOBITHS

- CocTaBieHe 3aKOHa
pacripeiesieHus1 C/Ty4yaliHOM
BeJTMYMHBI

- BblurcieHye ync/ioBbIX
XapaKTepUCTUK CTyYalHbIX BeJIMUUH
- HaxoxxgeHne npon3BoJHOM
byHKLIMM

- Haxoxx/ieH1ie IpOM3BO/IHBIX BBICILIUX
TOPSIAKOB




- UccnepoBanue GyHKLMY U
MOCTpOoeHUe Tpaduka
- HaxoxxzieH1e Heorpeje/leHHbIX

HHTerpasioB
- Borurcnenue orpeie/IeHHbIX
VHTerpasioB
31 3HaueHWe MaTeMaTvkKd B | - [loHMMaHUe po/iu MaTeMaTHKU B
ripoeccroHabHOM 0CBOeHMU 00pa30BaTe/IbHON
JlesATe/TbHOCTH rporpamMMsbI U B poeCcCUOHaTbHON
JlesiTeIbHOCTH, CyTU METO/I0B
pellieHUs 3a/jau, Ba)KHOCTH BbIOODPA
OMTHUMA/LHOTO a/ITOPUTMa pPelleHUst
- CocobHOCTh MPUMEHSITh 3HAHUS,
yMeHUsI IPYU OCBOEHUU
ripodeccroHaIbHON MPOrpaMMbI
- Oco3HaHve 3HaUMMOCTHU
MPaKTUUeCKOro OMbITa Ji/Isi
YCIELIHOTO pellleHrsl TMUHOCTHBIX U
ripodecCcHOHa/bHBIX 3374
32 OCHOBHbIe MaTeMaTuyeckue | 3HaHUe KaK MPUMEHSTh
MeTO/IbI pellieHus1 | MaTeMaTUUeCKre MeTO/Ibl TIPU
MPUK/IQJHBIX ~ 3aflau B | pellleHUM 3a/lau C MPaKTUUeCKUM
obnactu cojlep>KaHrueM
ripoeccroHabHOM
JlesiTeNIbHOCTH
33 OCHOBHbIE TIOHATHSA u | [lepeuncnenuve nociefoBaTe/IbHOCTU
MeTO/Ibl JIUCKPeTHOM | [1eHiCTBUM TP pellleHUU CUCTeM
MaTeMaTHKH, NMUHEeMHOM | MMHeWHBIX ypaBHeHUH 1o hopMyiam
anreOphI, Teopuu | Kpamepa, metozom ['aycca
KOMIT/IEKCHBIX yncesi, | - DopMyIUpPOBKa KIaCCUUECKOTO
TEOpUU BEPOSITHOCTeH U | orpefesieHusi BepOSITHOCTH
MaTeMaTh4YecKou - [lepeuricnenvie popmyn st
CTaTUCTUKHU BBITIOJTHEHUST [IeHCTBUI Ha/l
KOMII/IeKCHBIMU YU C/IaMU
- ®opMynMpOBKa MEPBOT0 U BTOPOTO
3aMeuaTe/IbHOTO TpeJiesioB
- OnurcaHye MeTo/I0B BBIYUC/IEHUST
rpesieloB B TOUKe U  Ha
0eCKOHeUHOCTH
34 OCHOBBI MHTerpajbHOr0 " | - @opMyiMpoBKa MpaBU/

I depeHIMaTBEHOTO
WCUMCTIeHHS

b depeHIMPOBaHUS U
riepeyrcieHre POU3BOJHbBIX
OCHOBHBIX 3JIEMEHTapHbIX (YHKLIAN
- [lepeuricieHyre TabIMUHBIX
WHTErpasioB
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1.3. Pacnpejie/ieHe oLleHUBaHKS Pe3y/IbTaTOB 00yYeHHUsI 0 BU/JaM KOHTPOJIA

Koj 1 HauMeHOBaHUe /IeMeHTa
yMeHU# WId 3HAaHUHU

Bujapl arTecranyuu

Texywuii KOHMpo/b

IIpomesicymounas
ammecmayus

Y1-peluate TpUK/IaJHble 3a7jaud B

TeCTUPOBaHHE, OLI€HKa

3ayeT C OLIeHKOMU

obnactu Npo(ecCcUOHaIbHON | BBIIIOIHEHUS (3 cemecTp).
JesTe/IbHOCTU NIPaKTUYeCKOro

3aHATHS
31-3HaueHue MaTeMaTUKU B | YCTHBIN O1IpocC 3aueT C OLIeHKOU

npogecCcUoHaNbHOU JesiTeTbHOCTU

TeCTUPOBaHUe, OL[eHKa
BBITTO/THEHUSI
MIPaKTUYECKOT O
3aHSTHS

(3 cemecTp).

32-0CHOBHLIE MaTeMaTHUeCcKHe
MeTOZbl  pelLleHHs  TPUK/IaJHBIX
3a71au B 06/1acTu podeccroHanbHON
JleITeTbHOCTH

YCTHBIM OIpOC,
TeCTHPOBaHMe, OLleHKa
BBITIOJTHEHUS
MPaKTUYeCKOro
3aHATHUS

3aueT C OLIeHKOM
(3 cemectp).

33-0CHOBHbIe TIOHAATUS M MeTOZbl
MareMaThU4ecKoro aHanausa,
JVCKPETHOM MaTeMaTHUKH, JIMHEeMHOU

YCTHBIM OIpOC,
TeCTUPOBaHUe, OLleHKa

3aueT C OLIeHKOU
(3 cemecTp).

aireOpbl, TeOpUU  KOMILIEKCHBIX
o BBITTO/THEHUSI
yuces, TeOPHUU BepOSTHOCTEN U
. MPaKTHUYeCKOoro
MaTeMaTUueCKON CTaTUCTUKU
3aHATUS
OCHOBBI VHTerpaabHOro u
nvddepeHIMaTIbLHOTO UCUNCTIeHUST
34-0CHOBBI HHTerpajbHOro Y | yCTHBIM OIpOC, 3aueT C OLleHKOU

nvddepeHIMaTIbLHOTO UCUNCIEHUST

TeCTUPOBaHHE, OLI€HKa
BBITTIOJTHEHMSA
MMPpakKTU4YeCKOro
3aHATHA

(3 cemecTp).




1.4. Pacnipejie/ieHNe TUNOB OL€HOYHBIX CPE/ICTB MO 3/1eMeHTaM 3HAaHUM U YMEHUM TeKyIlero KOHTPoJis

CojepxaHue y4deOHOr0 MarepHuasa THUI KOHTPOJIBHOI'0 3aJaHUSA

1o nporpamme Y /| Y1 31 32 33 34
Pa3pen 1. MareMaTHueCcKHii aHA/IU3 airedpbI
Tewma 1.1 ®yHKIUS OJHOU NTepeMeHHO. 6,7 6,7 6,7 6,7 6,7
Tewma 1.2 [Ipesesnsl ¥ HeNpepbIBHOCTh PyHKLMU | 6,7 6,7 6,7 6,7 6,7
Tema 1.3 Ilpon3BoiHasi ¥ eé NpUIoKeHue 6,7 6,7 6,7 6,7 6,7
Tema 1.4 Heorpeie1éHHbINM UHTETpasl 6,7 6,7 6,7 6,7 6,7
Tema 1.5 OnipeieéHHbIN UHTETrpasl 6,7 6,7 6,7 6,7 6,7
Pa3pen 2. JIuHeliHas anreopa
Tema 2.1 MaTpuupbl ¥ onipefie/IuTe v 6,7 6,7 6,7 6,7 6,7
Tema 2.2 Cuctembl TMHENHBIX YPaBHEHUN 6,7 6,7 6,7 6,7 6,7
(CITY)

Paspen 3. OCHOBBI TeOpUH BepOATHOCTH,
KOMOMHATOPHKHU ¥ MaTeMaTHYeCKOH

CTAaTHUCTHKH
Tema 3.1 OCHOBHBIE TOHATUSL TEOPUU 6,7 6,7 6,7 6,7 6,7
BEPOSITHOCTH Y KOMOWHATOPUKU

Tema 3.2 DeMeHThbl MaTeMaTU4YeCKON 6,7 6,7 6,7 6,7 6,7
CTaTUCTUKU

Pa3pgen 4. OcHOBHBIE IOHATHUA U METO/bI
TeOPHUH KOMILJIEKCHBIX UM Ce/l

Tema 4.1. KoMrijiekcHbIe unc/ia 6,7 6,7 6,7 6,7 6,7




1.5. Pacripefie/ieHue THUIIOB OL€HOYHBIX CPeACTB 110 3/1eMeHTaM 3HAaHMU U YMeHUM, KOHTPO/IMPyeMbIX Ha MPOMeXYTOYHOM
aTTecTaluu

COI[EP)K&HI/IE y‘-IEﬁHOl"O MdTe€pHadJ/iad Tun KOHTPOJIBHOI'O 3da/1dHHUA

no nporpamme Y /| Y1 31 32 33 34
Pazgen 1. MaremaTH4eCKHH aHa/Iu3 airedpsul
Tema 1.1 @yHKIMSA OJHOU NTepeMeHHOM. 9 9 9 9 9
Tema 1.2 [Ipezienibl U HeMPepLIBHOCTh GYHKLIMU | 9 9 9 9 9
Tema 1.3 [Ipor3Bo/iHas U eé TIPUIOKeHne 9 9 9 9 9
Tema 1.4 HeornpeieiéHHbIN MHTETpaj 9 9 9 9 9
Tema 1.5 OnpefienéHHbIM UHTErpasl 9 9 9 9 9
Pa3pen 2. JTuHeliHas anreopa
Tema 2.1 Matrpuupbl ¥ oripefie/IuTe 9 9 9 9 9
Tema 2.2 Cuctembl TUHEHHBIX YpaBHEHUH 9 9 9 9 9
(CI1Y)
Pa3pgen 3. OcHOBBI TeOpHH BePOSITHOCTH,
KOMOMHATOPHKH U MaTeMaTHYeCKOU
CTaTUCTUKHU
Tema 3.1 OCHOBHBIe TIOHATHUS TEOPUU 9 9 9 9 9
BEPOSITHOCTH ¥ KOMOMHATOPHKH
Tema 3.2 DyieMeHTbI MaTeMaTUUeCKOM 9 9 9 9 9
CTaTUCTUKU
Pa3pgen 4. OcHOBHBIE IOHATHA U METO/IbI
TeOPHUH KOMILIEKCHBIX UMCe/l
Tema 4.1. KoMmniekcHble uncia 9 9 9 9 9




2. CHEIU®UKAIVSA OIIEHOUYHBIX CPE/ICTB

Ha3znauenue2.1

Crieriudukariyeil ycTaHaBIMBaIOTCS TpeOOBaHUS K COZlepKaHHUIO U

odopM/IeHHIO0 BapUAaHTOB OIIeHOUHOTO CPe/ICTBa MpaKThueckasi pabora.
[TpakTrueckast paboTa TipeiHa3HaueHa [l meKyuje2o KOHMpo/si U OLIeHKH

3HAaHWUM U YMEHMU CTYJeHTOB TI0 Tporpamme yueOHoM auciuriiabl OITL[.12
MATEMATUKA o6pa3oBaTtenbHoi rporpammel CITO 110 crierjuanibHOCTH
38.02.03 OnepanjioHHas [esiTeJIbHOCTb B JIOTUCTHKE.

2.2 KOHTHHI'@HT aTTecTyeMbIX: (cmyodeHmbl 2 Kypca).

2.3 dopMma M yC/I0BUA aTTeCTalUM: TEKYI[UA KOHTPO/Ib TIPOXOAUT B BUJE
BBITIOJTHEHUS 3a/laHU TIPAKTHUUeCKOH paboThI

(ATTecTauys NpoBogUTC B (hopMe 3aueT C OLjeHKOU (3 cemecTp) mo
3aBepIIIeHHI0 OCBOeHUs yueOHOro MaTepHasa yueOHOMH AUCIUTIIMHBI, TIPH
TOJIO’KUTEJIbHBIX Pe3y/ibTaTax TeKYyI[ero KOHTPOJIS. )

2.4 Bpems BbIIIO/IHEHUSA:

MOArOTOBKA 5 MUH;
BbIrloJiHeHUe 0 yac 40 MuH;
odopmieHHe U cZlaya _ MUH.

Bcero ____yac 45  MuH.

2.5PekomeH/1yemMas iuTepaTypa A pa3padboTK OLeHOYHbBIX CPeACTB U
MOArOTOBKH, 00yJalIUXCA K aTTeCTaluu.

Kuuroo0ecneyeHHOCTD

DJIeMeHThI BLICIIel MaTeMaTUKU. —MOCKBa :
KYPC : UTHDOPA-M, 2019. — 304 c.

Bubnmorpadguueckoe onucaHne u3jaHusA OcHoBHasn/ Kon-Bo
(aBTOp, 3ar;1aBue, BUJ, Mec)To Y rOJ\ U3AAHHSA, | JOMO/IHUTE/IbHAS 5K3. B 611 6.11 O/IeKTPOHHBI
KOJ1. CTP. . ‘| e pecypcnl
JUTeparypa CIISI DY pecyp
bapayuikuy, B. B. OCH IObC
MareMaTHKa. B 2-x Tomax : Tom 1 : yueOHUK. ZNANIUM

bapayiikuH, B. B. OCH DbC
MaTtematuka. B 2-x Tomax : Tom 2 : yueOHUK.
JIeMeHThI BBICIIIEN MaTeMaTUKU. — MOCKBa :
KYPC : UHOPA-M" 2020. — 368 c.

ZNANIUM

C

Kpemep, H. III. OCH ObC FOpaur
Maremaruka 115l Kojuiepkel : yuebHoe rocobue
s CITIO / Kpemep H. III., Koncrantunosa O. I,
®puaman M. H. ; nox peg. Kpemepa H. III. — 10-e
13[., rep. u gorn. — Mocksa : FOpaut, 2019. — 346

Hanasy, A. A. hife)nl 2bC
MaTtematuKa : yueOHuK / [lajasia A. A. — 3-e u3f,,
vcrp. 1 gon. — Mocksa : UHO®PA-M" 2018. —

ZNANIUM




Maremarika. COOpHUK 3a/au : yueOHO-
rpakTuueckoe mocobue ayis CITO / Topodeera A.
B. — 2-e uzn. — Mocksa : FOpaiir, 2019. — 176 c.

544 c.

ITTumnosa, JI. U. momn DbC
MarteMaTHKa : yueObHoe rocobue / IIIuroera JI. . — ZNANIUM
Mocksa : UHOPA-M" 2019. — 238 c.

opodeera, A. B. 101 ObC FOpauit

3. BAPUAHTbBI OHEHOYHbLIX CPE/JCTB

IIpakTHueckasi padboTa

«HaxoxxaeHue obmacti orpeienieHust PyHKIAN»

Hens:

1. TloBTOpUTH 3HaHUS 0OyUaroLuXcsi B TeMe: «HaxoxjeHre 06/1acTH ompeiesieHust

GYHKIN».

2. 3aKpernuTh yMeHHs U HaBbIKU HaXOX/eHHs 00/1acTy onpefiesieHus: (DyHKIUH.
ITopsiAoK BBINO/IHEHUSA:

1. O3HaKOMHUTBCS C TEOPETUUYECKUM MaTeprasioM U pellleHreM IPUMepOB.

2. CpenaTh KpaTKUM KOHCIIEKT TEOPETUUECKOr0 MaTeprasna B pabounx  TeTpafs

(ocHOBHBIE

TIOHSITUS, OTIpe/iesieHusi, (POPMYJIbl, IPUMEpHI).

3. B TeTpassix A/l IpaKTUUECKUX pabOT BBIMIOTHUTD MPAKTUUECKYI0 paboTy.

TeopeTuuyecKue CBeeHMS:
O61acTBI0 ONpe/ie/IeHus 1M 06/1aCThI0 3ajaHKs GyHKIMK ¥ = f (X ) Ha3bIBAETCS MHOYKECTBO
3HAUeHHil X, [/1 KOTOPBIX CYLIeCTBYIOT 3Hauenus y=f(x).O603HauaeTcs 06/1acTh
onpegenenus GpyHkimu — D(f ) num D(y).

CxeMa HaxosKZieHus1 006s1acTH orpesiesieHyst GyHKLIMN:
1. Ecmu f(x) mpeacrasaseT co6oii MHOrousieH, To 06/1acTbio onpeenenust pyHKua y=f(x)
OyzileT MHOYXXeCTBO BCeX [IeMCTBUTETbHBIX UHCeJI.

X

2. Ecmuf(x) — parnpoHabHast Jpo6b, TO 06/IaCTBIO SBISETCS MHOXKECTBO BCEX
JeHCTBUTEeNbHBIX UHCeN KPOMe TeX 3HaueHHi E, Ipu KOTOPBIX 3HAMeHaTeNb paBeH HYJIH0.

3. Ecm dyskuus umeet B y=+/f(x), To 061acThI0 onpe/eenus 6yieT MHOXKECTBO pelleH il
HepaseHCTBa [ (x)>0.

4. Ecm GyHKIUSA UMeeT BUf Y = \/g((ix)), rze g(x) HeKOTOpLIH MHOTOU/IEH, TO 06/1aCTHIO
orpe/iesieHyst Gy/ieT MHOMKECTBO pellieHHil HepaBeHcTBa [ (x)>0.

5. O6nacTs onpe/e/ieH|si CyMMbI, Pa3HOCTH WU TTPOU3BEIEHUS IBYX WUJIH HECKOJTBKUX (DYHKI[UI
ecTh repeceueHre 001acTel onpeieieHUi STUX GYHKLIWH, /1711 e€ OTBICKAHHSI COCTaBJISIeTCS U
3aTeM pelllaeTCsl CUCTeMa COOTBETCTBYIOIINX YC/IOBHU.

IIpuMepsl pellieHUs  HAXO0XK/JeHHsA 00/1acTH omnpeje/ieHUs QyHKIUH
Ne [Ipumep Peruenue
/i

HaiitTu obsacTb ompeiesieHUst

1

2
=x"+2—
Y x—5

@DYHKI[MI0O MOYKHO MpeJCTaBUTh B BUZie pa3HOCTU ABYX (PYHKIUH
2 3 2 3

=X 42— ——=X"+2|———

J X—5 ( ) xX—5

fl(x):x2+2 D(f,|x|) sBnsercs mMHOXecTBa BCex umcen




flx=—

Haiinem 3HaueHus

, KOTOpble OGHY/ISIOT 3HaMeHaTe Tb
x—5#0
X#5
Oteer:D|y|: xe|—00;5] U (5;+)

2 y=x/x2—3x+2

[ns HaxoxJeHus: 06/1aCTU onpefiesieHus y = \/ x*—3x+2

pellM HepaBeHCTBO x”—3 x+2>0

JInst 3TOro pemM ypaBHeHUe x°—3 x+2=0.

KopHsiMu 3T0Or0 ypaBHeHUs SB/ISAOTCS uuciaa 2 U 1.

O603HauMM HaliZieHHbIe KOPHU Ha YUC/IOBOW OCU U OTIPeZIe/TUM 3HaK
HepaBeHCTBAa Ha I0/IyYeHHbIX HTepBasiax.

+ - +

& & >
1

k2

OtBeT: Xx€

3 y= 2x—7
V3x+21

®yHKIWs Npe/cTaBseT cob0ii [po6HO-palOHANBHYI0 (BYHKIIMIO, B
YKCUTeNIe KOTOPO# MHOrouseH. O671acTh orpezieieH|ss MHOrOU/ieHa
eCTh MHOKeCTBO JIefiCTBUTE/BHbIX YHCel.

3x+2120 3415150 L x>-7
3x+21#0
Oteer: D|y):x € (=7;+)

Haiiger O/13: x=0

Vx—3#0

Vx#3

x#9

Otser: D(y) x€ [0;9¢ U (9;+)

IIpakTHUYeckoii pabora:

HatiTi 06/1acTh orpesiesieHHst

y=5x—12 y=2x+13

_ 3x __ 2
Y ax+7 YT Ex—11
y=+/3x+21 y=+/5x—15

Y= L y= L
V2—4x V3+9x
_Z+ 3x _§+ 2x
X x*-9 X x'—4
y:X2+ 1 x4+ 9
X+4 Y x°+1

IIpakTHueckue padoThI
o TeMe «HaxoxeHue npe/esia QyHKIUN».
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« HaxoxxeHre 061acTv HEMpepbIBHOCTU M TOYEK Pa3phbiBay.

I.[em;: (i)OPMI/IpOBaTB YMeHUWA BbIYMC/IEHUS TIpee/10B, PACKPLITHUA Heorpeae/J1eHHOCTHU BUd

0
0
MyTeM pda3JjIo’KeHHA Ha MHOXUTEJ/IH, OIIpe/ie/IeHA HelTPePbIBHOCTH q)y'HKL[I/II/I

ITopsiaoK BbINO/IHEHUs PadoOThI:
1 PaccMoTpeTh TeOopeTHUeCKUid MaTepuasl 1o TeMe U IpUMephl pellieHus 3a/au.
2 PellluTh CaMOCTOSITE/IbHYIO paboTy, BbIMogHUB 10 3a/jlaHM COOTBETCTBYIOLETO BapHUaHTa.
Odopmutsb noapoOHOe pellieHre MUCbMEHHO B TETPAJH C YKa3aHUeM OTBETOB.
3 OTBeTUTh MUCbMEHHO Ha KOHTPOJIbHbIE BOTIPOCHI.

KpaTrkue TeopeTrHuecKkue CBefieHHs 10 paccMaTpuBaeMoil mnpodJieme,
OCHOBHbIE XapaKTEePUCTHKH IO CO/IEP)KAaHUI0 MPAKTUUECKO# padoThI:

Onpepenenue. Unicio A HasbiBaeTcsi rpefenom ¢(yHkimu y=f(x) Ipu- X,
cTpeMsIemMcs K X, (B TOUKeX), ecyid Jjist JiloOOro TI0J/I0’KUTETbHOTO UMC/Ia € HalJeTcst
TaKoe I0JIOXKUTEILHOe YHUCIO §, UTo ‘f (x) —A‘<8, KaK TOJIBKO 0<‘X—Xo‘<5.

O603HaueHue: Pff} flx|=A.

Omnpepenenne. Oyukius  y=f(x) Ha3biBaeTcsi OECKOHEYHO Manoll  MpH X,

cTpemsiLeMcs K X, (B TOUKeX,), eciu }H{} flx|=0.
- X0

Onpegenenue. OyHkiysa y=f(x) Ha3bpiBaeTcss 0OeCKOHEUHO OOJBINION TIpU X,
cTpemsieMcs K X, (B TOUKeX,), eC/iv [yis TI000ro MOoJI0KUTebHOro ukcia M Habijercs
Takoe MOJI0KUTe/IbHOe YUC/I0 §, UTo ‘f (x)|> M, KaK TO/IBKO 0<|X—X0‘ <é.

i x| =00

OGo3HaueHue: PT fx)=co.

- X9

Onpepenenue. OyHkims y=f(x), 3a7aHHasi Ha BCeM UHCIIOBOM TIPSMOH,
Ha3bIBaeTCsi OECKOHEUHO OOJIBIION TPH X, CTPEMSIIEMCS K ), ecau i J1o0oro
TOJIOKUTENIbHOTO uncia M HalJieTcs Takoe TMOIOKUTebHOe uncio T, uto | f (x]|> M,
Kak To/KO |x|>T.

O6o03HaueHUe: 115130 flx]=co.

OcCHOBHBIE TeopeMbl 0 Ipejeiax:
1 lim If(x)+ g(x)]:(', lim f (x)+lim g(x)é,'

5 lim [f(x)-g(x)|=¢1im f(x)-1lim g(x)&,
glim kf [x|=klim f(x)
lim f(x
i [0 PR
im ={ i
vx g(x) " lim g(x)

B nmpocreiiimx ciyvasix BbIUMC/AeHWe Tipefenia  (YHKLUMU CBOJUTCA K
MO/ICTAaHOBKe B (DYHKLIMIO, CTOSIYIO TOJ 3HAaKOM Tpejesa, Mpefe/ibHOr0 3HaueHusi
aprymeHTa. Ho JoBO/IbHO 4acTO Takasi MO/ICTaHOBKA Mpe/le/TbHOT0 3HaueHHWs apryMeHTa

, f), (0-00), (20—00), (

0
IMpUBOJUT K HeOoIlpede/IeHHbIM 3HAUe€HHsAM BH/A: 6

1°¢,(0440),(00460)é 4. OTbICKaHMe TIpefiesia B 9TUX CJTydasx, Ha3bIBAlOT PACKPbITHEM
Heornpe/ieNieHHoCTell. [ pacKphITHsS Heompe/eNeHHOCTell Mpeo6pasyioT BhIpaKeHue,
CTostILIee 10| 3HAKOM Tpe/iesia, 3aTeM UCTI0/Ib3YI0T TeopeMbl O Mpejiesiax, 3amMeyaTe/bHble
TpeJiesbl.

[e¢]




sin x

IepBbIii 3aMeuaTeIbLHBIN mpeges: lim =1.
x -0
. tgx arcsin x . arctgx
cnegcteua lim 9X_1 ,lim =1,lim gx_ 1.
x-0 X x-0 X x-0 X

1
Bropoii 3ameuarebHbIi npegest: lim 1+ x| =e wim lim

x -0 X - 00

1+l
X

=e.

ITpumep 1. Boruncautsb }(IEHS (2x—1).
Pemmenue. [TogcTraBnsiem B pyHKuMi0 y=2Xx— lnipesienbHoe 3HaUeHUs] apryMeHTa

x=3, HonquMhm[Zx 1/=2-3—-1=5.

OtBerT: 5.

2
ITpumep 2. Beruncmuts lim %
x-—1 X —

x*—10x—11
PELLIeHI/Ie. HO,Z[CT&IBIIHEM B (l)YHKLII/II-O y=2—1 Hpe,qeanoe 3HAUeHUusa

aprymeHTa x=-1, moayuum| — |. Heo6xogumo pa3ioKuTh YUCIUTEb U 3HAMeHaTe/lb Ha

0

MHOXXUTE/U, UCIO/b3ysi (OpMy/ibl COKPAIlleHHOT0 YMHOXeHMsI, MPaBUIO pa3/ioKeHUs
5 )

KBa/[paTHOTO TpexuieHa Ha MHOXXuTenu (a X +bx+c=a (x — xl) (x— xz) ,20€ X1, X, - KOpHU

KBaZIpaTHOTO TpeXusieHa), MeTO/, TPyNINUPOBKU. PellleHue 3arycbiBalOT B BUJE:

5 lim (x—11)(x+1] lim (x—11]
lim X=10x—11_ (0] o et 12

em1 x—1 0 (x—1)(x+1) [x-1] =~ -2
CokpaijeHue Ha (X+1) BO3MOXKHO, TaK KaKk OHO He paBHO HYJ/O, a JIMIIb
CTPEMUTCS K HYJIIO.

=6.¢

Otser: 6.
. 3—V5+
ITpumep 3. Beruncauts lim #
x-4 X —16
_3—5+x
Pemrenue. IlofcraBiseM B (QYHKUMIO Y=—— — TIpe/e/lbHOe 3HAueHUsl

x’—16

aprymeHTa x=4, MOJy4YdM of
GYHKIMIO YMHOXXWTb Ha eJUHMIlYy, TIPEJCTAaBUB ee B BHUje JpOo0U, COMPSDKEHHOW K
BBID&)KEHUIO, CoZleprKallleMy KOpeHb 3 —+/5+ x. 3arnuiieM pelieHue
3—V5+x_ 0)_. 3—V5+x 3+V5+x_
lim ————=|~|=lim
x4 x—16 0) x.4 x*—16 3+V5+x
—5+x° 4—x .
4,1 =lim =464
(x(,(,2 16)(3+V5+x) x-4 [x—4|(x+4)(3+V5+x)
-1 -1 -1
4 (x+4)(3+V5+x) 8-6 48

Yrobbl u30aBUTBCS OT HEOIIPe|eIEHHOCTH, HaJo

b hrn

OtBer: -1/48.

2
IIpumep 4. Berurcmumts lim M
x-0 X" —16x+1



2
_2Xx+x+3
Peimenvie. TlogcraBisieM B (DYHKLMIO y—ﬁHPEAEHBHOE 3HaYeHusI
x —16x+

aprymMeHTa X— o , IOJy4YUM| — |. YT0o0ObI M30aBUTLCH OT Heoripee/1eHHOCTH, Ha/l0 B
(o¢]

YUCIUTesIe M 3HaMeHaTesle BBIHECTH MHOJKUTe/Ib, COJiep Kalljiii MaKCUMaJ/IbHYIO CTelleHb
repeMeHHOM. 3anuilieM pelleHue

3(2x° x 3 2 3
) 3t 3t Sttt
. 2X +x+3 .. X x x| .. X X x _.
lim ———=lim ; =lim ——————={
x-0 X' —16x+1 x-o S[x° 16x 1 X*""l_E...i
X\ 3773 T3 2,3
X X X X X
.. 0+0+0 _.0_ ..
Llim ————=6—=0¢
xo00 1—0+0 1
Ortsert: 0.
X°+7
IIpumep 5. Beruncmuts lim ———.
xoo0 4X +2x+8
x°+7
Pemenne. IlozacTaBnseM B (QyHKUMIO Y=—————— TpeJe/bHOe 3HaueHUs
4x+2x+8

apryMeHTa X - o , TIOyunMm| — |. YrtoObl 130aBUTHCS OT HeOMNpe/e/leHHOCTH, Ha/l0 B

YUCIUTesIe U 3HaMeHaTesle BBIHECTH MHOJKUTe/Ib, COZiepyKalljiii MaKCUMaJ/IbHYIO CTelleHb
repeMeHHOM. 3anuilieM pelleHue

sl x” 7
s X —5+—5
. X +7 . X X .
lim 37.=llrn ={
xoo 4x°+2x+8  x-o [x* 2x 8
X\ st s+t 5
x> x> x
1+—
A X . 1+0 .1 _ .
Llim —————=lim ———={(—=00}(,
xo0o 12 8 L_x0+0+0 0
PEARV A

OTtBeT: 0©.

Onpepenenue. PyHkius y=f(x) Ha3bIBaeTCs1 HEMIPePbIBHON B TOUKeX,, €C/IM OHA
oripejie/ieHa B 3TOM TOUKe U CYLeCTBYeT KOHEUHBIM rpejen (PyHKLUM B 3TOM TOUKE,

PaBHBIM 3HAUEHUIO (DYHKL[MM B 3TOW TOUKe: lim f{x|=f(x,) “Touka, B KOTOPOU (PyHKLMSI

X = X,

He SIB/ISIeTCS HellpepbIBHOM, Ha3bIBaeTCsl TOUKOM pa3phiBa.
Ecmu dynkuus y=f(x) HempepbiBHa B Ka)K/0il TOuke MHTepBana (a, b), To oHa

HerpepbIBHA Ha 3TOM HUHTepBase (PucyHok 1).



o 1 X X%\

| PucyHok 1. fpadmfm Henf)epblBHoﬁ Y pa3pbIBHOW (PyHKLIMM

IIpumep 6. PaccMoTpuM dyHKIMIO
(X’ +1mpux<0,
f(x)= 2x+1npul<x<2,
(Xx—2npux=2.

Y BBITIOJTHUM €€ 4epTEx.

CtpouM rpaduk:
1) Ha monyuHTepBae (-o0; 0] uepTuM parMeHT napabonbif| x|=x"+1,
2) Ha unTepBae (0; 2) — 0Tpe3oK mpaMoi f(x|=1+2x ,
3) Ha no/yuHTepBae [2; +00) — npsimyto f|x|=x—2.

IIpu 3ToM B Culy HepaBeHcTBA Xx<0  3Hauenuef|0)| orpejie/IeHo ISl
KBajpaTuuHol GyHkimu f(x|=x’+1, ¥ B culy HepaBeHCTBa X>2, 3HaueHue f|2|
OTIpe/ie/IeHo A1sl MuHeiHOM GyHKimK  fx|=x—2 (PHCYHOK 2).

o H X

PucyHok 2. I'paduik ¢pyHkimu npumepa 6.  PucyHok 3. I'paduk ¢pyHkImM rnipumepa 7.



3 2
IIpumep 7. VccnenoBaTh (DyHKLMIO HAa HEMIPEPBIBHOCTD y = X _){ )
X_
3 2 2 _
Pewenne. TTpeo6pasyem (GyHKLHIO Y= ’1‘ cy=X (x 11)_
_ —

O6sacTh oripesenieHUs PyHKIAN: D|y|=[—oo; 1) u (1;+00).

[TocTpoum rpaduk GyHKIMK MOC/Ie YIPOLIeHus Apodu y=x"mpu  Xx#1
(Pucynok 3).0O1BeT: (yHKLMsI HellpepbIBHA Ha BCel UWCI0BOU MPSIMOI KpOMe TOUKH
X=1, B KOTOpPOI1 OHa TepPIUT pa3phbIB.

3ajjaHusa A/ CaMOCTOATETbHON PaboThI

Bapuanr 1
BbrunciuTh npe,aenbl.
1) lim 6+X_x 2) lim 6+X_X 3)lim 6+X_X
xo5 X°—27 x-3 x°=27 xaw X —27
4) lim 6x’ 42-5x —3' 5) lim 11X°+5x°+3 x— 1 6)lim Sarcsin 2 x
xo—o 22X —Xx+7 X 00 2x°—x+7 x-0 tgdx
X _ 2
7) lim > 1. 8) lim w )hrnM
xot0 5543 x-5 X —25 x-3 X’—8x+15

i

Bapwuant 2
BbI‘—II/IC]‘II/ITb TIpe/iesibl.
2 2
1) lim —-16 2 lim —16 . 3)lim x—16
xo1 X 4+x—20" x-4 X +x—20 xeo 4X°+x—20"
X 16 x+1 .
4) lim —2 5)lim —2 L g)lim 93X
xo—o 2546 x-o 4 x> +x—=20 x .0 arcsin 7 x
5 3
7y lim —2XTX gy iy X412 ) lim 3% =7X+2
xo-0 4X°+3Xx—6 x-3 X—3 x=2 X°—7x42

10) ViccnepnoBaTh Ha HENPEPBIBHOCTh U MTOCTPOUTH FPa(UK (QYHKLUH.
\‘

R BN

i

Cojpepxxanue oTyera:

1 Tema, LieN1b.
2 OdopmiieHue 3a/jaHMI C TOAPOOHBIM PEIIEHHEM U C YKa3aHHEM OTBETOB.
3 OTBeTbl Ha KOHTPOJIbHbIE BOMIPOCHI.
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KoHTpo/IbHBIE BONPOCHI:
1 Kakue BU/bI Heorpe/ie/IeHHOCTeH BCTpevasivcCh MPH pellieHUy 3aiaHUui ?
2 CKO/bKO MOYeT ObITh TOUEK pa3phiBa?
3 Yto 3HauuT 6eCcKOHeuHO Oosbliast QyHKIUS?
4 Kakast pyHKIMsI Ha3bIBaeTCsl OeCKOHEYHO Masioi?
5 Uto Ha3bIBaeTCs 3/ieMeHTapHOU U He3jileMeHTapHOU (PyHKIuei?

IIpakTnueckasi pabora
Haxo>kzieHre HauOOo IbI1er0, HAMMEHBIIIEro 3HaUeHUsT PYHKIIWH.

- IPUMEHUTE YMEHUS I10 BJIaJ€HHUIO Hpe,I[CTaBJIEHI/Iﬁ 00 OCHOBHBIX ITOHATHUSIX MaTeMaTUYECKOI'0
dHa/IM3a MW HX CBOﬁCTBaX, B/IaicHUE YMEHUEM XdPAKTE€PHU30BATH TII0BeAEHNE Q)YHKHHIZ,
HCI10/Ib30BdHHE TTOJTYYEHHBIX 3HaHUH AJIs1 OMMMCaHUA U aHa/IM3ad pea/IbHbIX 3aBUCHMOCTEH.

TeopeTuuecKrid MaTepuasl.
HocraTouHoe ycyioBue 3kcTpeMyma. [1ycth pyHKUMs y=f(X) HermpepbIiBHA Ha
MIPOMEXXYTKe X U UMeeT BHYTPU MPOMEXKYTKa CTaLMOHAPHYIO WU KPUTHUYECKYIO
TOUKY X=Xo.
Torpa:
a) eC/Id y 3TOM TOUKHU CYILeCTBYeT TaKasi OKPECTHOCTb, B KOTOPOM BBITIOJIHSIETCS
HepaBeHCTBO f '(x)<0. mpu X<Xo, a TIpU X>X, - HepaBeHCTBO f '(x)>0, To X=X, - TOUKa
MUHUMYMa;
0)ecsiv y 3TOM TOUKH CYIIIeCTBYeT TaKasi OKPeCTHOCTh, B KOTOPOU MPH X<X, BBITIOTHSIETCS
HepaBeHCTBO f '(x)>0, a mpu x>X, - HepaBeHCTBO f '(x)<0, TO X=X, - TOUKa MaKCUMYMa;
B) €CJIM Y 3TOW TOUKHU CyILleCTBYeT TaKasi OKPECTHOCTb, UTO B Hell U CJieBa, U CIipaBa OT
TOUKH Xo 3HaKU MTPOM3BO/IHOM O/JMHAKOBBI, TO B TOUKE Xo SKCTPEMYMOB HeT.
AnropuTMm uccieioBaHUs HeTipepbIBHOW (yHKIMK y=f(X) HA MOHOTOHHOCTH U YKCTPEMYMBI:
1) Haiitu ipou3Bognyto f '(x)
2) Haiitu cTaiiioHapHble U KpUTUUECKHe TOUKH.
3) OTMeTUTD CTal[MOHApHbIe U KPUTUUECKHe TOUKH Ha UKCIOBOM MPSIMOM U OTIpe/ie/TUTh
3HaKU MMPOU3BO/IHOM Ha MOJyUMBLINXCS TPOMEXKYTKaX.
4) Onupasich Ha TeopeMy, C/leflaTh BbIBO/IbI O MOHOTOHHOCTH M TOUKax SKCTpeMyMa.

[Tpu BBITTOJIHEHUU TIPAKTUUYECKOH pabOThl paCCMOTPUTE CIeYIOIHe TPUMEPBI:
ITpumep 1:
x*+ 16
f=—
WccnenoBaTh QPyHKLNIO x* Ha 5KCTPeMYMBlI.
Perienvie. @yHKIMA HellpepbIBHA, KpoMe TOUKU X=0.
1)Haiizem rpousBoHyto:
en x4+ 16) - xF-3) (x4 4+ 16) #x®-x®-2x(x*+ 16) _  2x®-32x 200 - 2)x + 2)(x* + 4)
feo= )= = T T T X = xe
2)x=2 u x=-2 - cTauMoHapHble Touku. [Ipu x=0, npon3BoHasa He CyleCTBYeT, 3TO TOUKa
paspeiBa.

3)

’ + - +
= =
2

v
=
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4) x=-2 - TOUKa MUHUMYMa, Ymin=8 X=2 - TOUKa MaKCUMYMa, Ymin=8.

ANTopuTM OTBICKaHUsI HAMMEHBIIIero ¥ HauOOoJIblIero 3HaueHuii HerpephIBHOM
¢yukumn y=f(x) Ha orpe3ke [a;b]
1)HatiTi npousBoznyto f '(x).
2)HatiTu cTaliioHapHbIe ¥ KpUTUUECKUe TOUKU (DYHKIIWY, JieXKalllie BHYTpU
oTpe3ka [a;b].
3)Bbrunc/iuTh 3HaueHue GhyHkiuu y=f(x) B Toukax, 0ToOpa’kaeMbIX Ha BTOPOM I1Iare U B
TOUKax a u b, BEIOpaTh CpeJy 3TUX 3HaUeHUM HauMeHbliee (Vuam) U HanboJibiee (3To
OYAET Yuauo)-
[Tpumep 2. HaliTh HauMeHbIIlee ¥ HauOOo bIIIee 3HaUeHHe (PyHKIIUN
y=x>-3x>-45x+1 Ha orpeske [0;6].
Pewienue. Bocrosib3yemMcs aroputMomM
y'=3x%-6x-45 x=>5 € [0;6]
3x*-6x-45=0
x%-2x-15=0
X1:-3, X2:5

y Hal/IM:_].74, YHal/l6:1

[Tycte GpyHKuuMs y=f(X) HerpepbIBHA Ha IPOMEKYTKe X U UMeeT BHYTPU HEro eJUHCTBEHHYIO
CTaLMOHAPHYIO WX KPUTHUYECKYIO TOUKY X=X

Torpga:

a) eC/IM X=X, TOUKa MaKCUMYMa, TO Vyaus=1(Xo)

0) ecnmu X=X, TOUKa MUHUMYMa, TO Yuaum=F(X0).

X
Y=
[Tpumep 3. Haiitu Haubosibiliee 3HaueHHe HYHKLUH 1 +x* Ha nyue [0; +oo).
. 1-x=
F = _—
Petenue . (1 +x3)" [Tpou3Bo/iHAs BCIOAY CYLECTBYET, 3HAUNUT, KPUTUUECKUX TOUEK Y

Gyskipun Het. y’=0, 1-x*=0, x=1 wm x=-1.
3aflaHHOMY JIyuy [0; tew)ex=1. Ipu x >1, y’>0, a mpu x >1, y’<0.
1
T = {1] = =_
3HauuT, X = 1 — TOUKa MakCuMyMa Ymax = f 1412 2,
x=1 — e/MHCTBeHHas CTallMOHAapHas TOUKa (PYHKLIMU Ha 3a[JaHHOM [IPOMEXXYTKe, TPUUYEM TOUKa
MaKCHUMyMa.

Borpocel A1 3aKperiieHust TeOpeTUYeckoro Marepuasa K IIpakTUueCKOMy 3aHATUIO:
1.  Kakas Touka Ha3bIBaeTCs TOYKOW MakCUMyMa?
2. Kakad Touka Ha3bIBaeTCsl TOUKOM MUHAMYyMa?
3.  IlepeuncnuTte npaBuia udQepeHIpoOBaHusl.
4.  Ha3zoBuTe arOPUTM HaXOKAEHUS HAMOOJIbIIIEr0 M HaMMeHbIIero 3HaueHust GYHKLUH Ha

OTpe3Ke.
3azaHue:
I BapuaHT II BapuaHT
1. WccnenoBath Ha 3KCTpeMyM (DYHKLIUIO:
y=xk-17 vy =2xk - 2¥

2. OrnpefieiuTh 3KCTPeMyMbl

2. OnpesienUTh 3KCTpeMyM (YHKLIMU fod=¥x* .
GbyHKLIMN f&)=9x*
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1. 3. Haiigure HanbosibIllee ¥ HaMMeHbIIIee 3HaUeHre (yHKLIWU:
y = x>-3x*+3x+2 Ha oTpe3ke [2;5] y = x*4x*+2x-1 Ha orpeske [2;3]
4. Kakve M3 JaHHBIX (YHKLUI He unMeeT Kputhueckux 4. Kakue u3 gaHHBIX QyHKLMI He
TOUeK yMeeT KPUTUYEeCKUX TOUYeK
a) y=x*+2x°+6 a) y=x*+x°-2
6)y=x—ﬁ 6)y=ﬁ+x
g) Y =3x +7x g) Y =X +¥x
I') TaKOU HeT. I') TaKOM HeT.

[Tops 10K BBINOMHEHNS:
BHMMaTeIbHO MPOYMTATh TEMY H LeJIb IIPAKTUYeCKOU paboThl.

N3yunTthb yueOHBI MaTepural 1o TeMe.
OTBeTUTL Ha BOIPOCHL.

BbINO/THUTS 3a/1aHUS.

[ToAroToBUTE OTYeT.

Gihwhe

CozepykaHHe OTUeTa:
HasBanue npakTuuecko paboThl.

YuyebHasi 11e/Ib.
PereHue 3ajaHid PaKTUYECKOW PabOTHI.
OTBeThbI Ha BOIIPOCHI /1/151 3aKpeIyIeHHsl TeOPeTUUeCKOro MaTeprara.
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IIpakTHueckas padoTa
Tema: ViccneoBanue QyHKLMN YU TOCTPOeHUe TPpadMKOB C ITOMOLLBIO
TIPOM3BOJHOM.
Henb: YuuThcsi NPOBOJUTE UCC/Ie[i0BaHKe (DYHKL[MU C IOMOLL[bIO TTPOM3BOJHON U
CTpOUTh rpaduK GYHKIUU 10 pe3yabTaTaM ITPOBeJEHHOTO UCCIeJOBaHUS.
Xop padoTsl
O3HaKOMbTECh C TEOPEeTUUYECKOM YaCThIO;
3anuiuTe anropyuTM MCC/Ie0BaHUs (PYHKLIUH;
BbImosiTHUTe 3a/laHus TIPAKTUUeCKOM YacTy;
OTBeThTe Ha KOHTPOJIbHbIE BOMIPOCHI.
TeopeTrnueckasi 4yacTb
[Mlpu moctpoeHun rpaduka QYHKIUKM HEoOXOJUMO TIPOBECTH ee  [pe/iBapUTebHOe
VCC/Ie[JOBaHUe.

b=

AJIropyTM UCcaej0BaHUs QYHKLUU
1. Hatiti 06/1acThb oripefiesieHust D(y) u o6nacs JOTTyCTUMBIX 3HAUeHUH E(y)
GbyHKIUH.
WccnenoBaTh QyHKLMIO Ha UeTHOCTh, HEUETHOCTD, N1€PUOJUYHOCTb.
HatitTu Touku nepecevenus rpadvka (pyHKLUHN C OCSIMUA KOOPAUWHAT.
Haiity acuMnToTel rpaduka (yHKLMU.
VccnenoBaTh (PyHKLMIO HA MOHOTOHHOCTb 1 SKCTPEMYMBI .
HaiiTi MpoMe)KyTKH BBITyK/IOCTH, BOTHYTOCTH M TOUKH Tiepernoa.

Noukwn

[TocTpouts rpaduik GyHKIMU T10 pe3yabTaTaM UCC/IeJOBaHMUS.

IIpumep . [IpoBecTH nosiHOe Ucc/iefioBaHUe (QYHKLIMA 4=Xx" y
MOCTPOUTL ee Tpaduk.
Perienve.

1. Obnactb orpeseneHus D( f ) (yHKLMM — BCSL YMC/I0Bast OCh, 3a UCK/IFOUEHHEM TOUYeK
X==2 y x=2 pe D(f)=-00;=2]U(=2;2]U[2;+00]

2. OyHKUMS HelepuojuueckKas; UCCae/lyeM ee Ha YeTHOCTb U HEYETHOCTb:

3 3
= X
)= ey
4—[—xP  4-x°
3. Haiigem Toukuy nepeceueHus rpaduka C OCIMUA KOOPJMHAT:

c ocsto OV rpaduk mepecekaercs mpu X=0 orkyga Y= (0):0, r.e. M(0;0) rouka

nepeceuenus c ocsio OV ;

X3

— 2 —
c ocsro OX rpaduk nepecekaercs, ecmu | ( X)—O, T.e. 4—X , OTKyja X=— 0. Takum
obpasom, M (0;0) eJTUHCTBEHHAs TOUKa repeceueHust rpadyka C 0CSIMU KOOP/JUHAT.
. 3 . 3
X X
lim—*5-e  lim-* =
o 4—x 4— x>
4. Haiifiem acuMOTOTHI rpaduka QyHKLUU: ~ x>2-0 , X240 ,

T.€. TIpAMas X=2_ BE€PTHUKA/IbHasd dCUMIITOTA. OTCI-O,E[&, B CWIy CUMMETpPHUH, C/IeAyeT, UTO
npsamas x==2 - TaK)XKe BEPTHUKAJ/IbHAA dCUMIITOTd.

e=lim™olim * -

i) X —
HaI/IAEM HAKJ/IOHHbIE€ aCUMIITOTBI: X>+o0 X+ 4—x ,
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3
X

“lim-4x

2
X2+ 4—x

b:lim[f(x)—kx]:hm

X+ X+

2+X

4—x

T.€. TIpsiMast Y = — X - HAaKJIOHHAs1 aCUMITTOTA MpUX > +° (rpu X > — 9° ), TOPH30HTATBHBIX
aCUMMNTOT (PYHKLUS He UMeeT.
5. HalizeM uHTepBaibl MOHOTOHHOCTM M 3KCTPeMyMbl (YHKLMH, HCCAeLys TMepBYHO
y= x| x2(12—x2) _ x2(2\/3—x)(2 V3+x)
a 2| 2 2
4-—x (4—x2) (4—x2)

TIPOU3BO/IHYIO

OTcrofia BUAHO, uTO TIpu X =0 (puc.17) pyHKIMS MMeeT MAaKCUMyM B TOUKe X=2 \/3 (mpuuem

f(2\/§):—3\/3’%—5,2), BO3pacTaeT Ha 10;2] (2;2\/3)1/1 yObIBaeT Ha (2\/5;'*'00).

f—zﬂmg\/ﬁ »
f(z)
_ / 2 \ _
Puc.17

6. UtoOpl ompesenUTs UHTEPBa/Ibl BBIMTYKJIOCTH U TOUKU Tepervda, BBIUMCIUM BTOPYIO
NIPOU3BO/JHYO:

_8x12+x)
4—x2]

OTcrozia sICHO, UTO anXZO ¢yHKIMs BbIMyKTa BBepX (T.e. [ ”<0) Ha 2; "'00], Xx=0_ rouka
rieperuoa.

f(x)

7. YuuTbIBas HaKOIJIEHHY MH(OpMaL1io, CTPOUM IpaduK (PyHKLMU anXZO , 4 3aTeM
CUMMETPUYHO OTpPa’kaeM ero OTHOCUTe/IbHO Hauasa KoopAuHar (puc. 18).

9, | i “h
\J | |

S S 33 ||
! j

IpakTHYecKas 4acThb
1.Uccnepyiite GyHKIMIO U TIOCTPO#iTe rpaduk: y=2x>-3x*-12x-1
2.iccnepnoBaTh QYHKLUMIO Y =X?/X+1

KoHTpo/ibHBIE BONIPOCHI:
1) HasoBure cxemy ucc/ie0BaHUs (PYHKLINH;
2) [aiite onpeseneHre 00/1aCcTy OTIpe/ie/IeHUsT 1 MHOKeCTBA 3HaUeHUH (PyHKIUY;
3) [aiite omnpesiesieHre YETHOW U HEUETHOU (PYHKIWH;
4) Kak HallTh TOUKU repeceueHus rpaduka GyHKI[UU C OCSIMU KOOP/IMHAT;



5)

7)
8)
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[aiiTe omnpeiesieHre aCUMIOTOThI Tpadvka PyHKLIMM, HA30BUTe BU/IbI ACUMIITOT;
Ha3zoBuTe npr3Haky Bo3pacTaHusi (yObiBaHUs) GYHKLIWY;

Ha3zoBuTe yC/0BUS CyllleCTBOBaHUS TOUEK IKCTpeMyMa (PYHKLIUU;

Kak HaliT mpOMeXXyTKH BbIMYK/IOCTU rpaduka QyHKLIUY;

Kak Haiitu Touky neperu6a rpadvka hyHKImMn?

ITpakmuueckas paboma
Tema: «Haxo)x/jeHHe Heomnpee/IeHHbIX HHTerpaioB MeTO/A0M 3aMeHbI
nepeMeHHOM M 10 YacTAM»
Henb: coBepilleHCTBOBAaHWE  YMEHUM HaXOAWTh HeOIIpe/ie/ieHHble WHTerpasbl
METOZIOM 3aMeHbl MepeMeHHON U IO YacTsM, COBepIIeHCTBOBaHKE YMEHWW TPOBEpsITh
JlelicTBUe UHTerpupoBaHus aAuddepeHIMPOBaHUEM.

MeTtoanueckue yKa3aHusi /IS MPAKTHYECKOM padoThl
TeopeTrnueckue cBejeHUsA
ITepeoo6pasnas ¢pynkyuu. HeonpeodeneHHblll uHmezpan

F(x) (a,b)

DyHKIUS , OlpefieieHHass Ha HWHTepBaje , HasbIBaeTCs

f(x) (a,b)

nepeoobpasHoll fst GyHKLUH , OTIPe/IeJIEHHOM Ha TOM >Ke MHTepBasie , eCIIH

F'(x)=f(x).

F(X) — mnepBoobOpasHas g (GYHKLIUN f (X), To mobasi apyras

@ (x) f(x) F(x)

o QyHKLUM OT/IMYAeTCsl OT Ha HEKOTOpoe
TIOCTOSIHHOE C/laraeMoe, T. €.

P()=FCJ+C, . Cc—const.
f(x)

HeonpedeneHHbiM uHmezpaiom ot (GHyHKLUA Ha3bIBAaeTCSI COBOKYITHOCTh
BCeX MepBooOpa3HbIX Ay 3ToM GyHKUuu. O603HauaeTcsi Heorpee/eHHbIN WHTeTpaJl:

J'f (x)dx =F (x)+C, e F'(x)=f(x), C — const.

Omnepanyisi HaXOXKeHWH TepBooOpa3HON /[ JaHHOW (YHKIMM Ha3bIBaeTCs
UHmezpupoeaHuem.  VIHTerpupoBaHWe  siBlseTcsi ~ oOpaTHOW  omepanueil K
I depeHLIMpOBaHUIO:

(ff () =£ GO,

[7isi TIpOBepPKM TIPaBUIBHOCTU BBITIOJTHEHHOTO WHTeTPUPOBaHUs HeobXoauMo
npov¢depeHLPOBaTh pe3y/ibTaT UHTErPUPOBAHKS U CPaBHUTh MOMYUYEHHYIO (YHKLMIO
C TO/IbIHTEeT PaJIbHOM.

CBoiicTBa Heomnpe/ieJIeHHOTO UHTerpasa:

, (J'f(x)dx)r =f(x);  d [f(x)dx = (x)dx
. JaF C)=F (x)+C;

3. i Cdx =k [f Godx, k — const;

4 J(f(-’f)**g(x))dx =J'f(x)dx+ J'g(x)dx.

Tabauya ocHOBHbIX UHME2PA/108

Ecm

rieppoobpa3Hast
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. J[)du =C; C =const; J'du =u+C;
1:+l
J'u”du =Y ic, ozt ——2\/_+C
3. a+1 J_
J‘E —In |u| +C; J"a“du e . C:
4. Y u Ina
J'e“du =e" +C; J'cnsu du =sinu +C:;
6. 7.
: — . =tgu + C;
o Jélnudu =- cosu +C; o chnszu 5
du du o .u _
=- ctgu + C; —— =arcsin— +C;
10. “['5'1[12[1 © 11. J.\J' a -u’ a
J' ‘U +u’ +a’ |+ C; J' 2dﬂ . :larﬂgg +C;
«J'u +a’ 13 Jut+a’ a a
du 1 u-a du
J'uz- a’ _Elnuﬂj +G; J'sinu =in tg2 *G
14. 15.
du u
=In|tg l —+—|[+C; _ _
6. .rmsu ) - J'tgu du =- In|cosu|+ C;

" J'ctgudu =In[sinu|+ C.

Kaxxgast U3 mpuBe/ieHHbIX B Tabiuie GpopMy/ CripaBeijiIMBa Ha MPOMEXYTKe, He
coZiep>KallleM TOYeK pa3phbiBa MOAbIHTErpa/bHOM (DYHKIMU. BbIUMC/IeHHe UHTErpasioB C
UCIO/Ib30BaHUEM Talb/MIbI M OCHOBHBIX CBOWCTB HAa3bIBAlOT HETOCPE/ICTBEHHBIM
WHTErpUpOBaHUEM.

Memoo 3ameHbl nepemeHHOLI

Teopema 1. Ilycthb X =¢(0) MOHOTOHHasl, HeTlpepbIBHO AuddepeHIpyeMast
¢byHKUWs, TOrga

[f(9dx = [f (eO) Ot "
[f@Oe@)dt =F©O+C, _ [f(x)dx =Fp(x)+C,

ITpu sTOM, ecnu
X t
rje Y(x)_ byHKUWMsA, obpaTHast P )
@opmyna (1) Ha3biBaeTcsi ¢opmynoli 3ameHbl nepeMeHHOU B HeOTpeZeeHHOM
WHTerpare.
Aneopumm 3ameHbl nepeMeHHOl:

1) CmsA3aTh CTapyl0 TlepeMeHHYI0 MHTerpupoBaHMs X C HOBOil mepemeHHoii [ c
X =Q@(t
TIOMOLLBIO 3aMeHbI @ )

2) Haiitu cBs3b Mexay guddepeHasamu dx =g (r}dr.
3) [lepeiiTy Mo/, 3HAKOM MHTeTpajia K HOBOM mepeMeHHOM.
4) TlpouHTerpupoBaTh ¥ B TIOJy4YeHHON T11€pBOOOpa3HON BepPHYTbCS K CTapoi

riepeMeHHOM, NT0/ICTaBUB £=0(x).
ol
Ipumep]. TTpouHTETpHUPOBaTh MOAX0/IsAlllel 3aMeHOU repeMeHHOM.
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a) Icnsﬂlxdx; 6) fegx”dx; E}J'x(Z- x*) dx

Pewenue:
t =4x hopmyna 7
a) J'EDS dxdx =|dt =(4x) =ddx|= J'cnsr% zi Icnsrdr =!Tabmier | =
dx — % WHTEerpaioB

:lsinr +C :lsindx + C.
4 4

t =9x+1 dopmyna 6
6) J'egx”dx =|dt =(9x +1)" =9dx| = J'er % :$ J'erdt = Tab/HLBI =
dx :E HHTEer PaIOB
9
_lef +C_le{.—'lx+l +C
9
t =2-x g . ‘$opmyna 3
&) J'x(z - x7)’dx =|dt =(2- x”) =-2xdx| = Ji‘E‘ - Et] =3 Ji‘E‘dt = Tab/mLBI =
xdx :i HHTer paioB
-2
5]
N L R NG}
26 12

I/IHmeepupoeaHue no yacmsm
HeKomopble 8UOBI uHmeepanos, 8bl4UC/AsAemMblX NO HACMAM

U=U(x) , V=V(x

Ecmu  mpou3sBosiHbIe  (QYHKIUH
cripaBefisiBa (popmyiia:

JUdV =UV - JVdU, @)

Ha3bIBaeMasi (hopmys10ll UHMe2pupo8aHuUsl N0 UACMSIM.

HerpepbIBHbI, TO

U(x)
B kauectBe 00BbIYHO BHIOMPAIOT (DYHKLIMIO, KOTOpAasi YIIPOIaeTcsl TIpy

nuddepeHIIMPOBaHUM.
Ilpumep TIpowHTerpurpoOBaTh MO YaCTSM.
a) Jt3x - 1)sin 2 xdx; 6) J[1+ 2x)In xdx.

PeweHue.
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U =3x-1— dU =3dx

a) Jth - 1)sin2xdx = IV —sin 2 xdx— V . 5O 2x| =(3x - 1)(-

=- l(3;{ - I)cos2x + E ﬁnstdx =- l(E‘»J{ - 1)cos 2x + Es.in 2x+C.
2 2 2 4

U=Inx— dU zﬁ
X
6) ﬁl+2x}lnxdx=dv =(1 + 2x)dx — =Inx(x+x)- ﬁx+x2}% =
V = [+ 2x)dx =x+x

2
=Inx(x+x")- J{l+ x)dx =Inx(x +x°) - x- %+C.

Bapuanr 1
Haiity Heonpe/iesleHHbIe UHTeTpa/ibl METO/IOM HeroCpeJCTBEHHOr0 UHTerpupoBanus (g1 Ne 1-
5).
x* - x* +x*

J{Scosx 3x* + J‘3 J(Sx 32% _ 4)1x
1 3.

J{ 12 + ! dx J- dx
4 o\ COSTX 1-x* ) J1i16x?

5.
Haiitu HeomnpeiesieHHbIE UHTErPasibl MeTOAOM MOACTaHOBKH (/151 Ne 6-8).
12x° +5
J(Bx - 4)3dx' f3x4 +ox- 3dx
1. 2.
HaliTu Heomnpe/je/ieHHbIN UHTerpal MeTOA0M UHTerPUPOBaHUS 110 YaCTsIM: J(X +5)cos xdx .
Bapuanr 2
Haiitu Heonpe/jenieHHbIe UHTETPaJibl METOZOM HerocCpeICTBeHHOr0 UHTerpupoBanus (aJis Ne 1-
5).
) 1 9 _ a7 6
1{651nx +4x° - - dx J“X 3);7 2 oy J(7x 22 45 )iy
1 1 dx
-‘[1+x2+sin2x dx. f\/4-9x2 .
Haiitu HeomnpeiesieHHbIe UHTErpasibl METOAOM TOACTaHOBKH (/11 Ne 6-8).
18x° - 3
[Gx+5Ydx | fmdx | [
J(x - 2)sin xdx

Haiity Heonpeie/ieHHbIN UHTErpaa MeTOOM MHTErpPUPOBaHUS 110 YaCTSIM:

IIpakTnueckas padora
«Bbrunciienue onpesienéHHOro uHTerpasna. [lnomaau miockux ¢uryp»

EDSZJ{}+ JEDSZJ{ dx



19

Bapmuanr 1

foz (4x* +x —3)dx

1. BbrunciuTh onpeiesieHHbIN UHTerpast:
3

y S Q@x—1)%dx
2. BbruniciuTh ornipesiesieHHbIN UHTerpaji MeToZ0oM TO/ICTaHOBKU: -2 .
3. Bblunciuthb, npegBapuTenbHO CAe/laB PUCYHOK, TIoLaZb (DUrypbl, OrpaHUYeHHOU

oyt P— - — ]
[ +4, v=0 x 2L x=1
=2 1 o
4. CKOpOCTh IBMKEHHS TOUKM M3MEHSeTCH I0 3aKoHy v =31 T =f +1 (m/c). Hautu
MyTh S, TIPOWIeHHbIN TOUKoM 3a 10 C OT Hayasa JBU)KEHHSI.
Bapuanr 2
2

. [T(2x% —x + 4) dx

1. BbluncuTh ornpejiesieHHbIA UHTerpast: »o .
1

y JTBx+ D*dx
2. BbrunciuTh ornpesiesieHHbIN UHTerpaja MeToZ0oM T0/ICTaHOBKU: -0 .
3. BbuncuTh, TIpe/[BapuTe/IbHO CZie/laB PUCYHOK, TUIONIa[b (PUryphl, OrpaHAYeHHON
[—— +1 =0 x=-1 x=1 '
4. CKOpOCTb [JBWKEHHS TOUKM M3MEHSIeTCsl M0 3aKOHy Y = 9t — & (m/c). Hatitu

MyTh S, POW/IeHHbIN TOUKOU 3a UeTBEPTYIO CeKYHy.

IIpakTHyeckoe 3aHATHE
Tema: /lelicTBUsI HaJi MaTpULIAMU.

Ilesnb: popMUpOBaTh HaBBIKU BBIMIOJIHEHHUS OIepaljuil Hafl MaTpULiaMU: CJI0)KeHUe, BbIUMTaHue,
YMHOKeHHe MaTpHLibl Ha YHUCJI0, IPOU3Be/leHre MaTpuL.
TpeGoBaHUA K BHIIOTHEHHUI0 MPAKTHYECKOH PadOThI:

1. Odopmuts 3afaHus B TeTPaJu Jjist MPaKTUYECKUX PaboT.

2. BBbINOMHWTE MHAWBUYaIbHYIO PaboTYy .

3. OTBeTUTb Ha KOHTPOJIbHBIE BOIIPOCHI

CopepkaHue MPAKTHYECKOH padoThI.
1. BeimosHeHHe 3aiaHUH
YnpadicHeHUus1 K npaKmu4yeckomy 3aHsIMuio:

13
112
A=[-1 2|, B= :
3 4 5

0 4
-2 0 301
c=| 5 6[,D=|-7 0]
-3 7 25

1. laHbl MaTpHULBbI:
Mo>xHO 1 C/10KUTh MaTpuLly A: ¢ MatpuLiei B; ¢ matpuueit C; ¢ maTputieit D?
Pewenue:MaTtpully A Hemb351 CI0XKUTh C MaTpuLlel B, Tak Kak MaTpuija A UMeeT
pasmephl 3% 2 | mMaTpuiia B - pasmepsl 2% 3, a CK/a/jbIBaTh MOXKHO TOJILKO MaTPHLIbI
OJIMHAKOBBIX pasMepoB. Matpulibl A U C UMeIOT OUHAKOBbIe pasMepbl, II03TOMY UX
MOYKHO CKJIa/IbIBaTh.
Martpuiipl A ¥ D UMerOT OJUHaKOBbIe pPa3Mepkl, C/1efloBaTe/IbHO, UX MOXKHO CK/Ia/IbIBaTh.

-1 0 -2 1 7 2
A: B:

, .
< — — 4
2. Havitu A+B , ecin 5 6 3 3 5
PeweHue: Tak Kak MaTpUL{bl UMEOT OJWHAKOBBIU pa3mep, TO UX MOXKHO CKJIaJbIBaTh. [1pu
CJI0’KeHUM MaTpHL] HaZl0 CJIOXKUTh 3/IEMeHThI, CTOsILLKe Ha OJWUHAKOBBIX MeCTax, T.e.



-1 0 -2 1
A+ B= -
-5 6 -3 3
3. [JdaHo:
2 5 4 -1
A=|6 3 0 11|
781 -3 Haiitu: -3A.

20

J

7 2
4 5

[

I+1 0+7 —=2+2)
—5+3 6+4 -3+5)
-6 -15

-34=|-18 -9

-21 -24

[

0o 70
-2 10 2

-12
0
-3

3
=33
9

Jlist Toro, uTOOBI -3 YMHOXKUTB Ha MAaTPULy A HY)KHO Ka)K/IbIi 3/IeMeHT
MaTpuULibl A YMHOKUTH Ha -3.

4. [aHbI MaTpHULbI:
1 3 10

A=(4 2
2 7 13

Hatitu: 2A+B-3C.
PeweHue:

2A+B-3C=|8 4

2-1-3
=|8+13-9
4-5-0

_2’

-1 1
13 1
-5 2

B=

2 6 20
-4 |+
4 14 26
6+1—-(-15)

3 1
4],c=|3
5 0

-1 1 3
13 1
-5 2 5

20+3-6

41-|9

-5 2
-2 3
-1 6

3 15
-6
0 -3

-2 22

—444-9 |=

12 11

4+1-(-6)

14+2-(-3) 26+5-18

-1 19

CamMocTosiTe/IbHOE BbIIIO/THEHHE 3ana1m1‘/i CTyA€HTAMMU.

17T

e

1. Hatigute cymmy MaTpuL]

=

i g

2.BBIUMCIUTEL NPOU3BE/IeHN e MaTpUL]: ™

o
[z

3.BbruncuTh rpousBe eHre MaTpuLy:

%3
(4]
‘&

4.BBIUNCNTE TPOU3Be/IeHre MaTpHL]:

1+1

e

< '.s"“ﬁg-’ﬁ
& i3

1 3HD

nu

fewch ""\..,'

6
9
18
17
-91.
13

)
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CEOY
-7 o 5 31 )
- - - H E
-z
5.BbIUUCINTE IPOU3BeJeHre MaTPULL: - -
{10}
i a— 7 = = F
B
L2

L

6.BoIuncMTh Mpor3BeieHre MaTpUL]:

BOl'[pOCbI AJIA CAMOKOHTPOJIA:

1. Uro Ha3bIBaeTcsi MaTpuLiel? 3anuiirTe 00Kl BUJ, MaTPHULII Pa3MepPOM MXN.
2. Kakue MaTpulLibl Ha3bIBalOTCSI paBHBIMU?
3. Hasosure Byl MaTpuLl.
4. HazoBuTe MHeNHbIE ONepaly HaJ, MaTpULIaMH.
5. Kakue mMaTpulibl MOXKHO ITepeMHOKaTh? Kak BbIMO/IHAETCS YMHOKeHue?
Tema: Boiunc/ieHue onpe/ieuresien
Henb: chopmupoBaTh yMeHUe BbIYUC/IATH OTNpefeuTe/ld BTOPOTo, TPeThbero U N-ro
Topsi/IKa.
TeopeTHueckue CBe/IeHHA K MPAKTHUECKO# padoTe
Onpepenenue. OnpefenvreneM (JeTePMUHAHTOM) BTOPOrO IOpPsKAa Ha3bIBAKOT
YMC/I0, KOTOPOe CTaBUTCS B COOTBETCTBHE MaTPULIbl BTOPOTO MOPsijKa, U BBIUYMCIISAETCS
crepyrommm o6pasom (o6o3Havaercs 4, ‘A‘, det A):
a, a
—“u %)= _
|Al=] |=a,,0,-a,,a,,
ay Oy
3 4
\ \23-6—4'5218—20:—2
1) 5 6 ,
-4 1, o
\ |=[-4)6-1:-5|=-24+5=-19
2) =5 6 :
Onpepenenue. OnpeenuTesnieM (JleTePMUHAHTOM) TPeTbero Mopsijka Ha3bIBatoT
YMC/I0, KOTOpPOe CTaBUTCS B COOTBETCTBME MaTPULIbl TPETHErO MOPSAKAa, YU BBIUMCIISETCS
T10 MpaBUIIY:
ay Gy Ay
A:|021 a,, 023|:a11azza33+a12‘123‘131"'“13‘121032_
a3 4y dg 1305y 03y~ Ay G303 70150y Ay

JaHHbBIA aArOpUTM HA3bIBAETCS «IIPABM/IOM TPEYrO/bHUKA», KOTOPOE MOXKHO IIPeJCTaBUTh B
BHUEe CXeMbI

000 0 (L0 0 0 (L0 0 0
e N i
o000 o o ¢ (o o o (o (o
Harnpumep, BLIYKC/IMM OIIPeIe/TUTe b
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3 -1 2 | o
A=|4 5 1]=35(-24[-1)1-242:4:-1)-2:5-2—
2 -1 -2

-3:[=1)1-(-1]-4-[-2)=-30-2-8-20+3-8=—65_
s BblUMCIeHUs OrpejenuTenss TPeTbero Topsilka MOKHO T0JIb30BaThCsl  aJArOPUTMOM
Capproca:
1) Mocne 3anucu onpeaenuTens [OONUCbIBAEM €ro nepBbii U BTOpPon cTonbel, U
BbIYUC/IIEM MO CXEME
+ [+ [+
A, G 9n Gy @
|021 "0"@' Ayy =011 0y Qg3+ 1505303, +0 305,03~
dy; 45 45 dyp Ay
=] (=] (=)

T30, 037 Ay U305y =015 Ay A3z

Hanpumep, BEIUUC/IUM onpesieiuTesib 1o anroputMy Capproca
1 -4 2 1 -4 2 1 -4
A=]-2 5 4 -2 2 5 =15{-6l+[-4/4.3+
3 1 -6 3717 1
+2:(=2)-1-2-5-3-1-4-1—(—4}[-2][-6)=
=—30-48—4—30—4+48=—68

) -1 5
42 1 M=) l=21-5{-4]=2
Mybgop 0 3 -2 -4 1 ,
1 5. .
M=y O f=i1d-2-3s=-1

a..
OHPEJJ[EJ'IEHI/IQ. AJ'IFE6paI/I‘—IeCKI/IM AOII0/IHeHHEeM 3JjIeMeHTa Y onpeaeﬂumeﬂﬂ n-

20 nopsioka (obo3Hauaemcs Aij) Ha3bIBaemcsi coomeemcmayrowuli emy MUHOp O 3HaQKOM
it ' e Ve
Aij:(—l]' JMU:U{ M., et 4]l - vemoe wico; | bt
123
4 5 6

Hanpumep, f/1s onpeenure/is 789
A31=(—1]3”M31:M31:!§ 2\:2.6—3-5:12—15:—3

b

A= =11 M == M = g\:—(4-9—6-7):—[36—42\]:—(—6]:6

[N

9) (Teopema Jlanyiaca) OripefieviTe/lb paBeH CyMMe TIPOU3Be/leHH 3/1eMeHTOB
HEKOTOPOro CToJ1011a (CTPOKH) Ha COOTBETCTBYIOIHE UM a/ireOpandecKye 0TI0OTHEHUS.
Hampumep, [/ omipefieNIUTeNsi TPeThero rmopsigka
apy dp A
1021 a,, 023’:‘111An"'alzA12+a13A13:‘113A13+‘123 Aytass Ay,

a3 dz dgz
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1 2 -3
3 -1 2]
IIpumep. 45 -2

Pewenue
1) Beruncium onpesiesiuTeb.
a) MO MpaBUJy TPEYTrOJbHUKA.

1 IN=3 b 2
3 —1—1
4 55 s

=1-(-1}(-2]+(-3)-3-5+2-2-4—-3)--1}-4-1-2.5-2-3-[-2|=
=2-45+16—-12—-10+12=—37
6) o anroputmy Capproca.

1 2 .- 31 2
3 -1 213 -1=
4 5 ) 405

=1:(=1]|-2/+2-2-4+|-3}-3-5—(-3)-1}4-1-2.5-2:3:[-2)=
=2—-45+16—-12-10+12=-37
B) Mo TeopeMe Jlariaca.
Pa3/105)kuM or1pe/iesTuTe b TI0 TIEPBOMY CTOJIOLY:

1 2 -3
3 -1 2[=LA+3 A, +4-A, =[-1/" M 431" M+
4 5 =2
T L W B I ol LA S R R
5 -2 5 =2 -1 2
—3(2:(=2)—(-3)-5)+4(2:2—(-3}:(-1]|=2-10—-3(—4+15/+4(4-3 )=
=—8-33+4=-37

Cojep:xaHHe MPAaKTHYECKO# padoThI:
1 eapuaHm BbIuUC/IUTh ONIpeZie/TUTETH

123
\2 ‘3\ ‘3 5‘ -5 —6‘ ‘—8 —3‘ 4 7]

2 -12
7 83 115 6 ‘3015‘
g T2 <003

& 2 65,77 4 4.g-2 -4 15§,

2 eapuaHm. BbIUMCINTE OTpefieIuTe N
31 _53 ‘32 2‘ iy
1) ;2) Tt 0yl

12 3
‘—8 —3‘ 14 7]
8;4)4 _5;5)2613;



7 83 11 5
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IlpakTHueckasi padora

«PelreHue cucTeM JIMHeNHBIX yPaBHEeHHI TpeThero nopsjka merogom Kpamepa»

Iesu paGoThi:
[ ]

metozoM Kpawmepa;
[ ]

3aJjauu;
[ ]

PacCIIMPUTh TIpecTaBeHre o MeTozax perteHus CJIY u orpabotats anroputm pertenust CJTY
pa3BUBATh JIOTUYECKOE MbILLLJIEHUE CTYIeHTOB, yMeHHe HaXOAUTh PALIMOHA/IbLHOE pelleHre

BOCIIUTBIBATh Y CTY/IEHTOB aKKypaTHOCTb U KyJ/IbTYPY TMCbMEHHOW MaTeMaTUueCcKoW peuu rpu
0(OpM/IEHUM UMU CBOErO pellleHUs.

Pemte cucreMy ypaBHeHud no ¢opmysnam Kpamepa

BAPHAHT 1

MaTPpHUYHOI'O MeTO/d.

BAPUAHT 2

, B

el

2)

e

3)

IIpakTHueckasi padoTa
PemreHue cucTeM JIMHEHHBIX YPaBHEHHH C MOMOIIBI0 00paTHOM MaTPHIIbI
Henb: HayuuTbCS peliaTb CUCTEMbI JIMHEWHBIX YpaBHEHUM C TpUMeHeHHeM
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B MdTpHUYHOM MeTOJe peleHuss CUCTeEM JIMHEHHBIX aJ'II‘E6paI/IIJECKI/IX ypaBHEHI/Iﬁ

BU/jIA:

| ”.hu """""“"m»....l,,mm”"w'”M

I

Hx

s

it

j

a;,  dp aqn
A=|921 9 sy,
5 an 1 a n2 ann
KOTOpble B MaTpuuHOM (hopme 3armucbiBatOTcs Kak A-X = B, rae -
X1
X = X5
Xl’l
OCHOBHAas MaTpuLja CUCTeMbl, - MaTpuLa-CTo0er] HeU3BeCTHBIX TepeMeHHBIX,
b,
B=|b=

b
7/ - MaTpuija CBOOO/IHBIX UJIEHOB.
PerieHre crcTeMbl JIMHEHHBIX anredpanyeckuX ypaBHEeHUM MaTPUUYHBIM METO/JOM

onpeziesisieTcst 1o hopmysie X = A - B, T.e. pellieHre HaXOAUTCS C TIOMOII[bI0 00PATHOM
Matpuiiel A
Bapuanr 1

1. Pemmtb crucTeMy JTMHENHbIX YpaBHEHUN TPeTbero Mopsi/jka MaTpUYHbIM METO/IOM.
‘ ‘ , ‘ | |

el * i

il

il

ol

“

WL b e

KoHTpo/1bHBIE BOIIPOCHI
3aruinmTe CUCTEMY TUHEMHBIX anreOpanuecKuX ypaBHeHUM B MaTpUUHOM (hopme.
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IIpakTHyeckas padora
Tema: «BbluucieHue gepossmHocmeti coobimuti no Kaaccuueckou ¢popmy/e epossmHocmu»
Ienb: ¢dopMupoBaHWe yMeHUW pellaTh 3a/lauM, WCIO/b3ysl KIacCUUecKyr (opMyy
BEpPOSITHOCTH;
3aKperjieHWe YMeHWI pellaTh 3a/laud, WCIOJb3ys OrpejiesieHdus U (GOpMyJibl pa3HbIX BH/OB
KOMOMHaIii 6e3 MMOBTOpeHHWH W C TOBTOPEHHSIMM; pelllaTh 3ajJaud, HCII0Jb3ys TpaBU/a
KOMOWHATOPUKH.

MeTtoanueckue yKa3aHUs U TeOpeTHUeCKHe CBe/IeHUs K MPaKTHUYeCKoi padore
Knaccuueckoe onpedenerue gepossmHocmu
IIpumep 1. ITycTb B ypHe COLepKUTCA 6 OMHAKOBBIX L11apOB, IpUueM 2 U3 HUX - KpacHsble, 3 -
cunue ¥ 1 - 6enbiii. KakoBa BO3MOXXHOCTb BBIHYTh Hay/jauy W3 YPHBI 1[BeTHOU 1map? Mo)XHO /i
0XapaKTepu30BaTh 3Ty BO3MOXXHOCTb UACIOM? OKa3bIBaeTCsI MOXKHO. JTO YKUCJIO U Ha3bIBAeTCS
BEPOSITHOCTBIO COOBITHSI A (TIOSIB/IEHNSI LIBETHOTO 11apa). Takum 00pa3oMm, eepostmHOCb eCmb
Yucs10, Xapakmepusyloujee cmeneHb 603MOMXCHOCIU Nosié/1eHUs1 coobimusi.
Kaxk/1b1i1 13 BO3MOJKHBIX pe3y/IbTaTOB UCTIbITaHUS (B MpuMepe 4, UCTIbITaHue COCTOUT B
V3B/IeYeHUH 111apa U3 YPHbI) Ha3bIBAETCS 3/1eMEHMAPHbIM UCX000M.
Te seMeHTapHbIe UCXO/BI, B KOTOPBIX MHTEPECYIoliee HaC COObITHE HACTyTaeT,
Ha3bIBAIOTCs 6/1a20Npusimcmeyowjumu 3ToMy coObITHIO. B ripuMepe 4 61aronpusTCTBYOT
CoObITHIO A (TIOSIBJIEHHUE L[BETHOTO I11apa) 5 UCXO/I0B.
CoObITHSI Ha3BIBAIOTCSI PABHOB03MOMNCHBIMU, €C/TU €CTh OCHOBAHUSI CUMTATh, UTO He OJJHO U3 HUX
He sIB/IsIeTCsI O0iee BO3MOYKHBIM, UeM JpyToe.
ITpumep 2. TTosiBiieHre TOT'O UM MHOTO YKC/Ia OUKOB Ha OPOIIIEHHOM MI'Pa/IbHOM KyOHKe —
PaBHOBO3MO)XHbIE COOBITHSI.
BepossmHuocmbio P(A) cobObIThst A Ha3bIBalOT OTHOIIIEHHE UKMC/Ia 0/1arONpUSTCTBYIOL[UX STOMY
COOBITHIO UCXO/IOB K 00IIIeMY UMC/Ty BCEX PaBHOBO3MO>KHBIX HECOBMECTHBIX 3/IeME@HTapPHBIX
MCX0/10B, 06pa3yroluX MOHY0 TpyIiny. Beposmuocmb P(A) cobbiTusi A onpeiensieTcsi 1o

dbopmynie

P4 =1
(4)=—

1,
TJle M — YKC/I0 37IeMeHTapHBIX UCXO0/0B, 6/1aroNpUsTCTBYIOIMX A; N — YHUC/IO BCEX BO3MOXKHBIX
3/1eMeHTapHbIX UCXOZ,0B UCIIbITaHHUS.
B nipumepe 4 Bcero 37eMeHTapHBIX UCXOZ0B 6; U3 HUX 5 0/1arONpUsTCTBYIOT COOLITHIO A.
CnepnoBaTenbHO, BEPOSITHOCTD TOTO UTO B3SThIM 11ap OKa)KeTCs LIBETHbIM, paBHa P(A) = 5/6.

IIpumep 3. OnipeieTUTh BEPOSTHOCTH BbITIaIEHUS] HEUETHOT'O UKC/IAa OUKOB Ha KOCTH.
PeweHue. TTpu 6pocaHiu KOCTH COOBITHE A — «BbIMNAJ0 HEUETHOE UHC/IO OUKOB» MOXKHO
3aruMcaTh Kak rmoAMHOXecTBo {1, 3, 5} mpocTpaHcTBa ucxozios {1, 2, 3, 4, 5, 6} (puc. 1).

Yucsio Bcex paBHOBO3MO>KHBIX UCXOZI0B N = 6, a uMc/io 6/1aronpuaTHbIX COOBITUIO A —m = 3.
CnenoBaTtebHO,

PA=2==
6 2

ITpumep 4. B ypHe HaxoauTcst 7 mapoB: 2 6enbix, 4 uepHbIX ¥ 1 KpacHbIi. BeiHUMaeTcst oAvH

1map Hayrazi. KakoBa BeposSITHOCTb TOTO, UTO BBIHYTHIN 111ap Oy/jeT YépHbIM?

Pewenue. 3anymepyem mapsl. [1ycTs, Hanpumep, mapbl ¢ HomMepamu 1 1 2 — Geriblie, €

HOoMepamHu 3, 4, 5 1 6 — uépHsble, a KpaCHOMY 111apy NPUCBOUM HOMep 7. Tak Kak Mbl MOXXeM

BBIHYTb TOJIBKO OJJMH M3 CEMHU II1apOB, TO 00I1lee YMC/I0 paBHOBO3MOXKHBIX MCX0/JOB PABHO CEMH

(n = 7). U3 Hux 4 rcxoja — NosiB/IeHye 111apoB C HoMepamu 3, 4, 5 U6 — puBelyT K TOMY, UTO
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BBIHYTHIH 111ap OyzeT uépHbiM (m = 4). TeM cambIM, BePOSITHOCTb COOBITHSI A, COCTOSIIIIETO B

4
P(A)=-.

NOSIBJIEHWH YEPHOTO 111apa, paBHa 7
BeruncivTe BeposiTHOCTb TOTO, UTO BBIHYThIH 11ap OyJeT OenbiM.
IIpumep 5. BbIUMC/IUTH BEPOSTHOCTD BhINazieHust B cymMe 10 OuKOB 1pyu OPOCAHWY Taphbl
KOCTeH.
PeweHue. PaccMOTpUM BCe PaBHOBO3MO)KHBIE ICXO/IbI B Pe3y/ibTaTe OpocaHust ABYX KOCTeH (Mx
YrCII0 paBHO 36 - peKOMeH/lyeM 3arucaThb B BU/e Tabiuiibl). Beinazenue B cymme 10 oukoB
(cobbITre A) BO3MOXKHO B TPEX Cydasix — 4 OuKa Ha 1epBOi KOCTH U 6 Ha BTOPOH, 5 OUKOB Ha
nepBoi U 5 Ha BTOPOH, 6 OUKOB Ha 11epBoii 1 4 Ha BTOpo. I103ToMy BeposITHOCTb COOBITHS A

PA) ==t
(BbInagenus B cymme 10 0UKOB) paBHa 36 12
IIpumep 6. M3 60 BOTIPOCOB, BXOASIIUX B 9K3aMeHAlIMOHHbIe OW/IETHI, CTYIeHT TToAroTOBU 50.
KakoBa BepoSITHOCTb TOTO, UTO B3AThI HayZiauy CTYZeHTOM OuieT, coJep Kall[uii 2 Borpoca,
OyzeT coCTOsITh U3 TIOATOTOB/IEHHBIX UM BOTIPOCOB?
PeweHue.
1) O6o3HauMM cobObITHE A - «BBITAHYTBIN CTY/IEHTOM OW/IET COCTOUT U3 MOATOTOB/IEHHBIX UM
OuneToB». [I1s1 BHIUMCIEHUS] BEPOSITHOCTH TIOSIBJIEHUsI JAHHOTO COOBITHSI BOCITIO/TB3yeMCsI
K/IaCCUUeCKUM OTIpeZie/ieHueM BePOSITHOCTH COOBITHSI, COTIaCHO KOTOPOMY BepPOSITHOCTD

I
PlA)=—,
oripeziesisieTcs 1o Gopmyiie: 1
r/le m — YKCJI0 UCXO/IOB, TIPU KOTOPBIX TOSIB/IsSIeTCS COObITHE A,
n — o011jee YKCIO eMeHTapHBIX HECOBMECTHBIX PABHOBO3MOJKHBIX MICXOZIOB.
2) Onpegenum n. O6I11Iee uKc/io 6HIETOB ONpezie/iseTcsi coueTaHueM 1o 2 u3 60:

;B0 6059

n =% =——=——=1770
Se-2l o 2
3) KonuuecTso 61/1eTOB, BOIPOCH! KOTOPHIX CTY/IeHT 3HaeT, Orpe/e/seTcs COueTaHueM 1o 2 U3
50:
S0 50.49
m= Q= =220 105 P(4)=22 _ 069
4al.2 2 4) OnpezielM BePOSITHOCTb COOLITHS A 1770

Omeem: BeposiTHOCTb TOT0, UTO B3SIThIM Hay/jauy CTy/leHTOM OueT, cojiepskaliyii 2 BOrpoca,
OyZleT COCTOSITh U3 MOATOTOB/IEHHBIX UM BONpocoB paBHa P(A) = 0,69. To ectb, eciu OyeT,
HaripumMep, 100 TakUX CTy/IeHTOB, TO 69 U3 HUX BBITSAHYT OH/IETHI, K BOIIPOCaM KOTOPBIX OHU
MOATOTOBJIEHBI.

CaoiicTBO 1. BeposiTHOCTE 00cmoeepHo20 cobbITHs A paBHa eaunulie: P(A) = 1.

CBolcTBO 2. BeposSITHOCTb HE803MOXMCHO20 COObITHS A paBHa HymO: P(A) = 0.

CgoiicTBO 3. BeposSITHOCTB C/yuaifHOTO COOBITHSI €CTh MOJIOKUTE/IbHOe UHCIIO0, 3aK/IF0UeHHOe
MeXXZy Hys1em U eduHuyeti: 0<P(A)<1

IIpumep 7. Tak Kak BepPOSITHOCTb BbInajieHust 13 0ukoB rpu 6pocaHny napbl KocTei —
HEBO3MOXXHOe COOBITHE, ero BePOSITHOCTh PaBHA HY/H0.

Knaccuueckoe onpedenenue gepossmHocmu npeAiosiaraeT, UToO YMCJIO 3/IeMEHTapHbIX UCXOZ0B
VCIIbITaHUS1 KOHeYHO. Ha rpakTuke ke 4acTO BCTPeUarOTCsl UCTIBITAHUS, UMC/I0 BO3MOXKHBIX
MCXO/I0B KOTOPBIX OeckoHeuHOo. KpoMe 3TOro, uacTo HeBO3MOYKHO TPeJICTaBUTh Pe3y/bTaT
WCTIBITAHYS B BU/Ie COBOKYITHOCTH 3/IeMeHTapHBIX COObITHMH. Ellle TpyZiHee yKa3aTb OCHOBAHUS,
TI03BOJISIFOIIIME CUMTATD d/IeMEeHTapHbIe COOBITHSI paBHOBO3MOXKHBIMHU. 10 3TOV MpUUMHE, Hapsoy
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C KJIaCCUUeCKUM OTIpefie/ieHreM BepOSITHOCTH MCTIO/b3YIOT U PYTHe OTpe/iesieHus], B
YaCTHOCTH cmamucmuyecKkoe onpeoesieHue.

Cmamucmuueckoe onpede/ieHue 8eposimHocmu

OmHocumenbHas yacmoma Hapsifiy C BePOSITHOCTBIO TPUHA/IJIEXXUT K OCHOBHBIM TOHSATHSIM
TeOpPUM BePOSITHOCTEM.

OmHocumesibHOU Yacmomoti COObITHS A Ha3bIBAIOT OTHOILIEHHME UKMC/IA UCTIBITAHUH, B KOTOPBIX
CoOBITHE TOSIBUIOCH, K 0011[eMy YUCTy (haKTUUeCKH I%%)OI/BBE,ZLEHHBIX WCTIBITaHUM:

W{ A) =
i,

TJIe M — YKCJ/I0 TOsiB/IeHUH COOBITHSI A, n — 00l1jee UMCII0 UCTILITAaHHH.
Knaccuueckas eposimHocmsb 8bIMUC/Is1€MCsl 00 ONblMa, d OMHOCUMe/bHAs Yacmoma —
nocse onbima.
[nvtebHBIe HAOTFOIEHUSI TIOKA3a/IH, YTO eC/IU B OJJMHAKOBBIX YC/IOBUSIX POM3BO/ST OIIBITHI, B
Ka)X/JOM 13 KOTOPBIX UMC/IO MCITBITAHWUH BEJIMKO, TO OMHOCUMes/AbHAS1 Yacmoma
oOHapyJcueaem ceoticmeo ycmotiyuugocmu. 3TO CBOMCTBO COCTOUT B TOM, UTO B Pa3/TUUHBIX
OTBITaX OTHOCUTE/TbHAST YaCTOTa U3MEHSIeTCSl Majio (TeM MeHblIIle, ueM OOJIbIile TIPOU3BeieHO
UCITBITaHUI), KOJIe0/I5ICH OKOJI0 HEKOTOPOTO TIOCTOSTHHOTO YKC/Ia. DTO TIOCTOSIHHOE YHCJIO U eCTh
BEPOSITHOCTb TOSIBJIEHUST COOBITHSI.
Takum 06pa3om, TIPH ZOCTAaTOUHO OOJIBIIOM KOTUUECTBE UCITBITAaHUH B
KauecTBe CIamucmu4eckoll eposimHocmu co0bimusi IPUHUMAIOT OMHOCUMe/bHYI0
yacmomy vy uucio, 6;M3Koe K Hell.

CoodepoicaHue npakmuuecKkoli pabombi
1. Pewume 3adauy:

3adaua 1. B ypHe Haxoautcsi 15 Gesnbix, 5 KpacHbIx U 10 uépHbIx mapoB. Hayraz n3BekaeTcs
1 wiap, HaAWTH BepOSITHOCTB TOTO, UTO OH Oy/ieT: a) 6enbiM, 6) KpaCHBIM, B) UEPHBIM.

3adaua 2. B kopoOKe jie>kaT 8 3e/1eHbIX, 7 CHHUX W 15 KpacHBIX KapaHaliel. Beuuc/uTh
BEPOSITHOCTh TOTO, UTO B3AThIN Hayraji KapaH/aiil OyieT, CHHUM W/ 3e/IeHbIM.
3adaua 3. B onHOI KOpoOKe HaxoAWUTCs 4 GenbIX ¥ 8 UepHBIX 1IApOB, a B APYroi — 3 6esbix 1 9
yepHbIX. VI3 KaXKa0i KOPOOKHM BBIHYJIU TIO 1Iapy. BEIYMC/INTE BEPOSITHOCTE TOTO, UTO 00a 1mapa
OKaXKyTCsl OesbIMH.
3adaua 4. B mara3uH noctynuio 30 X0/I0AUIbHUKOB, MSITh U3 KOTOPBIX UMEIOT 3aBO/ICKOU
nedekt. CyyaiiHbIM 06pa3oM BLIOMPAIOT OJMH X0M0AUIBHUK. KakoBa BepOSITHOCTB TOTO,
yTo OH OyeT 6e3 medekra?
3adaua 5. Habupast Homep TeniedhoHa, abOHEHT 3a0bI Moc/iefHHe IBe LUMPBI U, TOMHS JHIIIb,
YTO 3TH LU(PHI pa3TMuHbl, HAOpan ux Hayraz. HaiTH BepOSITHOCTb TOTO, UTO HaOpaHbI HY>KHbIE
UdpHI.
3adaua 6. AGoHeHT 3a0bUl MOC/IEHIO LU(PY HOMepa TeseOoHa U MOITOMY HabupaeT eé
Hayra/|. OrpeieluTh BEPOSITHOCTb TOTO, UTO €My TIPUAETCS 3BOHUTh He Oosiee yeM B 3 MecTa.
3adaua 7. AGoHeHT 3a0bu1 Moc/iefHUe 2 TUPHI Tesle)OHHOTO HOMepa, HO TIOMHUT, YTO OHHU
pa3/inyHbI ¥ 00pa3yIoT By3HauHOe uKciio, MeHbliiee 30. C yueTom 3TOro OH HabupaeT HayTa/
2 uudpel. HaliTu BepOSITHOCTE TOTO, UTO 3TO OyAyT HY>XHbIe [IU(PbI
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IIpakTHueckas padoTa

«CocTaB/ieHle CTaTUCTUUECKOTO pacrpeziesieHus BbIOOpKU. [TocTpoeHre TMCTOrpaMMbl U
TIOJTUTOHA YaCTOT»
Lens O60061UTE 3HAHKUS 110 00pab0TKe HHPOPMAI|H, TT0 paboTe C JUarpaMMaMH U rpaduKamu.

OG6pa3er| BLITIOTHEHUS 3a/IaHUS

[aHbl pe3ysibTaThl TECTa MO MaTemaTuke:6, 7, 7, 8, 9, 2, 10, 6, 5,6,7,3, 7,9, 9, 2, 3, 2, 6,
6,6,7,8,8,2,6,7,9,7,59,8,2,6,6,3,7,7,6, 6.

Haiitu Mopy, cpe/iHee apudMeTHUeCKOe, pa3Max U MOCTPOMTH MOJIMTOH U TUCTOrPaMMa.

X; 2 3 5 6 7 8 9 10 Bcero
m; 5 3 2 11 9 4 5 1 40
HNHTepBan [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
Mopa = 6, Cpegnsisi apudmetrueckas = 6, 125, Paamax = 8
15 15
10 10
5 4+— — | 5
0-+— T T T L 0
[2-4] (4-6] (6-8]  (8-10] 3 5 7 9
1 Bapuant

B pa3sHble Mecslibl MJIaTHBIMU yCIyraMy OpraHU3aliiy BOCMO/b30Ba/IMCh Ha cymmy: 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; 2211bIC.pyd.

1. [TocTpouTh BapyaLlMOHHBIN U UHTEPBA/IbHBIN PS/IbL.

2. Omnpegenure cpeqHuM 3apab0TOK OpraHu3aliuu (CpefiHss apudmeTruecKkas).

3. Kakyro cymmy opranu3arus 3apabarteiBania vaie Bcero?(Moga)

4. KakoBa pa3Huija MeX/ly CaMbiM OOJIBIIMM U CaMbIM MaJIeHbKUM TOCTYTUIEHHEM

Ha cueT opranu3atuu? (Pasmax)

5. Kakasi cymMa mnosiyueHa B cepe/iiHe BpeMeHHOTr0 rnpomexxyTka? (MeauaHa)
6. ITocTpouThb rUCTOrpaMMy U MOJIUTOH YaCTOT.

Otgen KafipoB TOAYYWI 3alpoc HAa HWCC/Iel0BaHME BO3PACTHBIX 0COOeHHOCTeH
KOJUTEKTHBA. B pe3y/ibTaTe IMPOCMOTpa JIMUHBIX [ie1 B TIPOM3BOJLHOM TOPSIIKE TIOJy4eH
pesynbTart: 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 BapyaLlMOHHBIN U UHTEPBA/IbHBIN PS/IbL.

2. Ornpefie/iuTh  CpelHAKM  BO3pacT  COTPYJHHMKOB  OpraHu3aluu  (cpeaHsis
apumeTHyeckKas).

3. Ornipezie/iiTh BO3PaCTHYIO pa3HUL]Y B JaHHOM KosuiekTuBe?(Pa3max)

4. CoTpy/fHMKH KaKOro BO3pacTa COCTaBJIsAIOT O0JIBbIIYI0 YacTh KosnekTuBa? (Moza)

5. YKauTe cepeJMHHOe BO3pacTHOe 3HaueHue? (MeauaHa)

6. ITocTpouThb rUCTOrpaMMy U MOJIUTOH YaCTOT.

IIpakTnueckas padora
Tema: «/lelicTBUsI HaJj KOMIJIEKCHBIMU YKC/IaMU B ajrebpanyeckoi opme»
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ITens pa6oTel: HAYYUTLCA BbIMNOJIHATL AENCTBUSA Had KOMMAEKCHLIMU YUCIaMU
B anrebpanyeckoin cdopme, pewaTb KBaApaTHble YpPaBHEHUA C
OTPULLATENBHbLIM AUCKPUMUHAHTOM.

KpaTkue TeopeTnueckue CBeJeHHsA.
__ Komnaekchble uucna - uicna suga Z = a + ib, rae a,b — BeLWECTBEHHbIE YNCAa, a i
= /=1 - MHumas edunuya (i*= —1). MHOXeCTBO KOMITJIEKCHBIX unces1 06o3Hauaercs C.
HelicTBUTe/bHBIE UMC/la @ U b KoMmruiekcHoro uucia Z = a + ib, Ha3bIBalOTCH
delicmeumenbHOU U MHUMOU UYACMbIO YHMCAa Z WU 0003HAUAIOTCSA, COOTBETCTBEHHO, Rez=x u
Imz=y.
IlBa KOMIUIEKCHBIX UuC/a z;=a + ib u z,=c + id Ha3bIBAlOTCSA PABHbIMU B TOM U TOJBKO
TOM CJlyuae, ecima =c, b =d.
3anuck Z=a + ib Ha3bIBAIOT aseebpauueckoll (hopmoll KOMITJIEKCHOTO UKC/Ia Z.
Uucna Z=a + ib u Z=a — ib Ha3bIBAIOT KOMMN/IEKCHO CONPANCEHHbIMU.

T'eomempuueckoe npedcmaegneHue KOMNJAeKCHO20 YUcaa ¥

Eciv  paccMoTpeTh TJIOCKOCTh € TIPSIMOYTOJIbHOM — CHUCTEMOU ® _
KOOpJHWHAT, TO JIF00OMY KOMILIEKCHOMY 4YuCily z = a + ib moxHo P Rkl
COTIOCTaBUTh TOYKY Ha 3TOM IUJIOCKOCTA C COOTBETCTBYIOLIUMU iz
KoopvHaTamu (a;b), u pamuyc-BekTop R KOMIIeKCHOro umcia, T.e. P .

BEKTOp, COE/UHSIOLINI HAyaa0 KOOPJMHAT C TOYKOM HA IUIOCKOCTH, 4t 7
COOTBeTCTByHOIeM uuciay (puc. 1). [laHHasi TIJIOCKOCTh HAa3bIBAaeTCs
KOMIT/IeKCHOU. [leliCTBUTe/bHBIE YKC/Ia PacliosiaraloTcsi Ha TOPU30HTAIbHOM (BelljeCTBeHHOM)
OCHU, MHUMbI€ YaCTH — Ha BePTUKA/IbHON (MHUMOI) OCH.

R= z\:\/(12+b2 - MOOyAb KOMNIEKCHO20 HUCAA - PAacCTOSHWE OT Hadajga KOOpAMHAT 10

COOTBETCTBYIOLL|EM TOUKM KOMILJIEKCHOM IM/I0CKOCTU. IlompocTy roBops, Modyab — 5mo OAuHa
pazivyc-BeKTopa.

b
tg(P:E , Tae Q- apeymeHm KOMNn/JeKCHO20 Hucad.

JelicTBUS HA/| KOMIUIEKCHBIMHM YHC/IaMH B aj/iredpanueckoii hopme.

Cnooicerue: Z; + Z, = (a+ib)+(c+id) = (a+c) + (b+d)i.
Bbiuumatue: Z; - Z, = (a+ib)-(c+id) = (a-c) + (b-d)i.
YMmHodiceHue: Z: - Z, = (a+ib)(c+id)=(ac — bd)+(ad + cb)i.
, Z, _a+ib _la+ibllc—id| _la+ib|lc—id|
Henenue: Zz_c+id _(c+id](c—id)_ c*+d?
YMHOJICeHUe Ha CONPSINCEeHHOE: Z - Z=(a + bi)(a -bi)= a® -b’i’= a®> - b*(-1) = a®> + b* -

KBaJApdT CYMMBbI

IIpuMmepsbI pemieHus 3a/ja4:
IIpumep 1. Bobino/sHUTE AeUCTBUS HaJ KOMIUIEKCHBIMU YMC/laMH, TPeACTaBUB pe3y/bTaT B
anrebpanyeckoii hopme:
Z,=4+5i, Z,=6-9i.
PeweHue: 1) Zy+ Z, = (4+ 5i) + (6-9i)= 4+6+5i -9i.= 10 — 4i
2) Zy -7, = (4+ 50) - (6-9i)= 4-6+5i +9i.= -2 + 14i
3) Z, *Z, = (4+5i)(6— 9i)= 24 —36i + 30i— 45i°= 24 -6i - 45-(-1) = 69 -6i.

4)
Z_4+5i_(4+51)(6+9i| _ 24+36i+30i+451° _—21+66i_—21+66i _—3+22i _—3 22i
z, 6-9i (6-9ill6+9i 62+9° 36+81 117 39 39 39

: . 2 -3 22i
OtBet: 721+ 7Z,=10-4i,7:-2,=-2 + 14i, 7, -7, =69 -6i, —=——+——
z, 39 39

ITpumep 2. PacKpbITh CKOOKH, UCTIO/B3YsT (OPMYJIbI COKPAILeHHOTO YMHOEHHUSI:
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1) (2+ 3i)? = 2° + 2:2:3i + (3i)* = 4 +12i + 9+(-1) = -5+12i,

2) (5+4i)(5 - 4i)= 5 -4°*= 25 - 16+(-1) = 25 + 16 =4,

3) (3-5i)% = 3% - 2:3-5i + (-5i)* = 9 - 30i + 25(-1) = -16- 30i.
ITpumep 3. 11306pa3sum Ha KOMIIJIEKCHOW T/IOCKOCTH YHC/Ia

Z,=2+1]; Z, = 3i; X
23=-3+21;, Zs=-1-1 |
KoHTpo/1bHBIE BONIPOCHI. |
1. [aiite onpeziesieHre KOMIUIEKCHOTO YMC/Ia.
2. Kakue yncsia Ha3bIBatOTCSl KOMIIEKCHO — COTIPSK@HHBIMU ?
3. Kakue KOMII/IeKCHbIe YUC/Ia Ha3bIBAKOTCA PABHBIMU?
4. Kak BbIUMC/IUTB MOZY/Ib KOMIUIEKCHOT'O YKc/ia?
5. Kak rpousBogsTcs 1eiCTBUs Hafl KOMITIEKCHBIMH YMC/IaMU B anreOpanueckoit popme?
3ajaHus AJIA CAaMOCTOATE/TbHOI0 PeleHust
Bapuaum 1 | Bapuaum 2 | Bapuaum 3 | Bapuanum 4
1. i306pa3uTe Ha IJIOCKOCTY 3a/laHHble KOMILIEKCHbIE YHMC/Ia:
Zl =4 Zz le -5i 21: -5i Z1: -5i 2.2: 4
:3"'1 Zzz4+i Zzz4+i +i
Zs= - 4 +31 | Z3=-7+21 L= | 1= -7 + 20 | Z5=-7+2i Z,/~-3
Z4=-2-51 -3-6i Z,=-3—61 — 6i
2 . Beluncure MoZy/1b KOMIUIEKCHOTO YUC/IA
Z=3+4i [ Z=8+6i | Z=-1+43i |
3. [IpousBesuTe C0KeHHE Y BBIUMTAHUE KOMILIEKCHBIX UMCes:
Zl = (3 + 51) , Zz = Z1 = (3 — 21), Zz = Zl = (4 + 21), Zz = Zl = (— 2+ 31), Zz =
(7 -2i) (5 + 3i) (= 3+ 2i). (7-2i)
4. BeInosiHMTe 1eHCTBYE HaJl KOMITJIEKCHBIMUA YMC/IaMU:
a) (2+ 305 -7i), a) (3 +2)(1 + 3i), a) (-2 + 3i)3 + 5i), a) (6 + 4i)(5 + 2i),
6) (3 + 2i)(3 — 2i), 06) (7 — 6i)(7 + 6i), 0) (4 + 3i)(4 - 3i), 6) (2 — 5i)(2 + 5i),
B) (3 + 5i)%, B) (2 - 7i)’, B) (4 + 2i)%, B) (3 — 2i)%,
2+3i 3+5i 2-3i 6+2i
D570 D ovei’ D52 D37
5. Pemmure ypaBHeHuUs:
X’ —4x+13=0. | 258 +x+1=0.. x* + 3x +4=0 4x* —20x +26 =0

IIpakTHueckas padora
Tema: «/IeiiCTBUsI HaJl KOMIJIEKCHBIMU YUC/IaM{ B TPUTOHOMETPUUECKOH 1 MOKa3aTe/IbHOM

dbopme»

Ilens pa6oTbl: HAYYUTbLCA MEPEBOAUTb KOMIMJIEKCHbIE 4YUC/a U BbIMOJIHATH
JEeNCcTBMS Hald KOMIMJIEKCHbIMU YuciamMu B TPUrOHOMETPUYECKON U
nokasaTesibHOWN hopMax.

Kparkue TeopeTuueckue CBe/ileHHA.
[17151 BCIKOTO KOMILJIEKCHOT'O UKc/ia Z = a + ib cripaBeyiiBoO paBeHCTBO:
z=R(cosp+ ising) Ha3bIBAIOT MpuU20HOMempuueckoll (popmMotl KOMNIeKCHO20 uucAd,
Z = Re'" — Ha3BIBAIOT NOKA3amenbHol popmoli KOMNIEKCHO20 YUCAd
3mecs R=| z|:\/ a’+b” - MoOdy/1b KOMNIEKCHO20 YUCAd - PACCTOSIHUE OT Haya/ia KOOpMHaT
[0 COOTBETCTBYIOLI[eM TOUKM KOMIIJIEKCHOM TI0CKOCTH. [lompocTy roBops,
MOOQy/Ib — 3MO 0AUHA PaJInyC-BeKTOpa. b - a+bi
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Yron @ Mexay MonoXUTeTbHOW MOMyOChl0 JeMCTBUTETbHOW OCH U paZiuyC-BEKTOPOM,
TIPOBe/IeHHBIM W3 Hauajia KOOPJAWHAT K COOTBETCTBYIOLeH TOUKe, Ha3bIBAeTCS ap2yMeHmMoMm

KOMN/AEKCHO20 uucaa - ¢ =arctg E

Jelicmeusi HA0 KOMN/IEeKCHBIMU YUC/1AMU 8 MpU2OHOMempuyecKol ¢hopme.

B mpuzoHomempuueckoti ¢popme B nokazamesnbHoli ¢popme
z; =Ri(cos; + ising,), z: =Rz(cos@. + isingy) Z,=R, " Z,=R,e"”
YmHoxeHue | Z; - Z, = Ri"Ro(cos(@i+¢,) + isin(p;+@y)). Z,-Z= R,R,e'""*
Jenenue ﬂ:&g é:&eiﬂwrwzi
z, R, Z, R, ’

Bo3Begenue | 7" =R"(cos ng + isin ng) - popmyna Myaspa Z!=R Ie"’“".
B CTeNeHb

Q+2mk

n

WN3Biieuenun = s o+2nk .. @+2nk B o
e KopHs zk—\/z—\/R Cos - +isin - , k= zk=¢z:\/Re

b

IIpuMepsbl pelieHus 3a/ja4:

Ipumep. A) IlpescraButh uncna z; = 1—+3i, z,=3+V3i B TPUTOHOMETPUUECKON U
roKasaTe/ibHOU (popMme,

A _

. 1 5

B) BbUMCIUTL B TPUrOHOMETpUUECKOU Gopme: 1) 21°zo; 2) —; 3) z5; 4) N Z,

Z
Pewenue: A). TTonyunM TPUrOHOMETPUUECKYIO 1 MOKa3aTe/bHyI0 GopMmy z; = 1—+/31,

1) Haiigem Mopy/ib uncia - R =+ 12+(\/§)2: V4=2, 2) Haiiiem aprymeHT uuca -

@, =arctg|—— :—arctg\/§=_3—n,
3) 3amnuiieM K.U. B TPUTOHOMETPHUUeCKON 1 ToKa3aTe/IbHOU opme:
21 = 1—+/3i=2| cos| — |+isin _—BH) L2e 3
z,=2+21,
1) RZ:\/32+(@)2:\/E:2\@ - MOZLy/Ib UMCJIa,
T

2) p,=arctg EY za - apryMeHT 4uKrc/ia
3) 3anMileM K.4U. B TPUTOHOMeTPUYECKO! U MoKa3aTe/IbHOM (opme:
2,=3+V3i=2+3 cos%+isin% =2¢ ©.
b) IIpousBeseHue:
21'2222-2\/5 cos L +isin L L4/3| cos - +isin _6—n))=i,
(43 Cos%—isin% =43 %—1%):6—2\/3
YacTHoe:
ho_2 cos| ———=|+isin =L cos| —— |+isin =
z, 243 3 6 3 6/ V3 2 ||~
&ﬁ cos= —isin = ZE(O—li)—ﬁl

3 2 2 3




Bo3BeneHue B cTerneHb:

5 T isin || =(2v3F | cos 2 +isin 2 | = 57 isin 2 | =
Z,= 2V3 c056+1sm6) —(2¢3) (cos 5 +isin 5 =288/3 cos 5 +isin 5 ={
(28843 _T\/?’+%i =432=144i.
W3Bneuenue 13 noj 3HaKa KOPHS:
B _3—n+2nk i onk
\/zlzx/é cos +isin '
= —m| . [-m)||_ no..om\_ =[V3 1.| V6 V2.
Ip k=0: zo—\/Z(cos o +isin ?))—\5 cos——lsmg —\/2(7—51)—7—71,
ITp k=1:
-7 —T
— 427 —+27
212\/5 cos +isin =2 c0556—n+1'sin5?7T 2\5(_2—\/5+—1 :_2\/€+—2i:—z0

3afaHuA /1A CAaMOCTOATE/ILHOT0 PeleHHs
1. V306pa3uth KOMI/IEKCHBIE YKC/Ia Ha KOMIUIEKCHOM TT/TOCKOCTH.

N

OnpefenuTs AJIMHY U aprTyMEHT Ka)K|0r0 KOMILJIEKCHOTO UKMC/Ia.

3. TlpencraBUTh laHHBIe KOMITJIEKCHBIE YKMC/Ia B TPUTOHOMETPUUYECKOH U MoKa3aTe/IbHON

dbopme.
4. BbIUKMCIUTL B TPUTOHOMETPUUECKOM U MOoKa3aTebHOU hopmax:
z _
1) VAWAN 2) Z_l N 3) Z:; 5 4) \/Zl
2
Bapuaum 1 Bapuaum 2 Bapuanm 3 Bapuanm 4
7,=2-2i; = Z,=2V3+2i; Z,= |Zi=1-i; Z»= _V2 N2
= . —. . 2= ———1; [1,)=
—3+i 3+33i —2-2i 2 2
@_'.l l
2 2

4 KOHTPOJ/IBHO-OEHOYHBIE MATEPUA/JIBI
JIJIA ITIPOMEXXYTOYHOM ATTECTAIIVU 110 YYEEHOM
JUCHUIT/IMHE «<MATEMATHUKA»

[lpeiMeTOM OLIEHKW SIBASIOTCS YMeHHsi M 3HaHus, o0muye W mpodeccroHaibHbIe
KomreTeHIMU. O1leHKa 0CBOeHUsI TIpelycMaTpuBaeT oucg.3auem.

1. YcnoBus npoBe/ieHrst —yCTHasi 1 NTUCbMeHHasi (popMma.
2 Bpewms BbINOJIHeHYs 3alaHUs — 45 MUHYT.

IIpumepHbIN nepevyeHb 3aJaHUN

5x
7

1+—
3x

lim
1. BbluMCIWTB Tpeien




10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.
23.
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2. BBIUWCIUTB MPeesb:

. 5x*-xP+1 . XD +2x . x'-4
lim ———— lim lim—
a) " 2XT+X .6) 7 X -4 . p) X +2X
lim sin17x
3. Borumcauts npegen ¥°0 SiNOX
lim sin 5x
4. Bbraucmth npegen <0 3X
lim 3x° +x
5. Boiumcuts npesen *0 X° = 2X
lim x> - 10x +16
6. Bobrumcimth mpegen <8 X- 8
f) =
7. WccnenoBaTh QYHKLUIO X- 6 Ha HelnpepbIBHOCTh B TOUKE %o :6.
—ny2_ 3
WccnenoBaTh GyHKIIMIO fO)=3x"-x"y TIOCTPOMTH ee rpaduk.
X, =4,

BBIUMC/IATH 3HaYeHYe MPOM3BOHOMN C/IeyroX QYHKIMIA B TOUKe
2) f(x)=8x*-Inx. 6) f(x) =x> +5x

=(x4 - 5x? +xy.

HaiiTi npoussogHyto byHKimn 7
_11x- 8
Hatitn npousBoHy10 (QyHKLMN 2x+4
2x°-8
=e

HaiiTi npou3BoAHyt0 GyHKImM ¥ )
—In(8x* - 3x? +2)

A- X3 +x? - 2x

HaiiTi npou3sBoaHyo byHKimn J

) dx
Haiitu Heomnpeie/ieHHbIN UHTErpan X
3
. . . fx2 e dx
Halitu Heomnpeie/ieHHBIM UHTETPal METO/IOM 3aMeHbl TlepeMeHHOMN .
4
y . _ [x+11) dx
Havitu HeorpeziesieHHBIM UHTETpal METOOM 3aMeHbl ITlepeMeHHON .
. . . fcos(Gx- 1)dx
Haiitu Heomnpe/ie/ieHHbIM UHTETpal METOIOM 3aMeHbl TlepeMeHHOMN .
. . . fsine X -cos xdx
Halitu Heomnpeie/ieHHBIN UHTETPal METO/IOM 3aMeHbl TlepeMeHHOMN .
3
f(Sx +1)dx
Beruucuts onpefienieHHbIM UHTerpasn °
1
f(x - 5)xdx
Berumcuts onpefienieHHbIM UHTerpasn ° .
2
x* +x*
———dx
. X
Brruuciiite oripeiesieHHbIA UHTErpast ° .
2 3 0 -1 0 3
A=|-2 1 8 B=|2 4 1
2 4 3 1 3 0

Hatitu matpuily C=3A+B, eciu , .
PemuThb crcTeMy JIMHEHHBIX YPaBHEHU MeTOZ0M 00paTHOI MaTpHIIbI.



24.
25.

26.

27.

28.
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Pemmmthb crcTeMy MHENHBIX ypaBHeHUH 1o popmynam Kpamepa.
Pemmtsb crcTeMy MHENHBbIX ypaBHeHUH MeToz0oM ["aycca.

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

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

2x, + X, +X; =3.
CKOpOCTb /IBU)KEHUSI TOUKW U3MeHsieTCsl 10 3aKOoHy Vv =5t" +4¢ +2 (m/c). Hautu nyTh S,
TIPOW/IeHHbIN TOUKOM 3a 4 C OT Hauasa /IBWKeHHUs.
Bbrunciite 066eM Tesla, MOy4eHHOTO OT BpalljeHust (GUryphbl, OTPAHUYEHHOU JIMHUSIMU y =X ’ ,
y=0 x=1 x=3 BOKpYT ocu OX.

— 2 — _ _
BBIYMC/TUTB TIONIaAbL (GUTYpPHI, OrpaHndYeHHoOH muausamu Y — X | Y _0, x=1 x=2
IITkana oneHKH 00pa3oBaTe/IbHBIX 0CTHKEHUI

TIpoLieHT pe3y/nsTaTUBHOCTH OueHKa ypOBHs II0/rOTOBKH
(1paBU/IbHBIX OTBETOB) 6ann (oTMeTKa) BepbasbHbIHA aHasor
90 + 100 5 OTJINYHO
75+ 89 4 XOpOLIO
51+74 3 YZ,0B/IETBOPUTE/IEHO
MeHee 50 2 HeyJ0B/IeTBOPUTE/IEHO

Bomnpocsl /151 3aueTa

Marputibl, JeiCTBUS HaJ| MaTpULIaMU.

Omnpepenurenu 1-ro, 2-ro, 3-ro nopsiAkoB. [IpaBuio TpeyroyjsHUKOB.

O6parHast MmaTpurja. AJITOPUTM HaX0K/IeHHUst 0OpPaTHOW MaTpHLIBL.

Panr matpuibl. ANTOpPUTM BBIYMC/IEHUSI paHra MaTpHULbl C MOMOLLBIO 3/IeMeHTapHbIX

nipeoOpa30BaHUM.

5. Cucrema JuHelHBIX ypaBHeHuWW. Metos obpaTHoit Matpuibl. ®opmyssl Kpamepa.
Mertop I'aycca.

6. Ilpenen ¢pyHkiuM B Touke. OCHOBHbIE TEOPEMBI O Mpeiesiax.

7. Tlpemen ¢GyHKUUM TIpU X, CTpeMsieMcsi K OeCKOHeUHOCTH. 3aMeyaTesibHble TpeZiesibl.
Yucro e.

8. HenpepbIBHOCTh (DYHKLIMY B TOUKe U Ha MpoMexXyTKe. Touka HerpepbIBHOCTH (PYHKLIMHU.
Touka pa3psiBa (yHKIMU. CBOKCTBa HelpepbIBHBIX (PyHKUMMN. [IpupalijeHre aprymeHra.
[MpupaieHre GyHKLMH.

9. IlpousBogHasi GyHkUuM. [duddepeniuan ¢GyHKUUA. ['eomMeTprUuecKUidi  CMBICT
NIPOM3BOJHON. MexaHnyeCcKui CMbIC/I TPOU3BOJHOMU.

10. Tabnurja npor3BoaHbIX. [ToHsTHE C/10’)KHON (YHKLMU. [Ipor3BoHasE CI0KHOU QYHKIIUH.

11. Cxema wuccnegoBanust ¢yakuuu. O6sacte  ompegeneHus QYHKOUA. MHOeCTBO
3HaueHUM (QyHKLUU. YeTHOCTh U HeueTHOCTb (yHKUMU. Hymm ¢yHkiuu. ITpomexyTku
3HAKOTIOCTOSIHCTBA  (yHKUMH. Bo3pacrtanve u  yOpiBaHMe (yHKUWH, TPaBUIO
HaxOoX/leHHsI TIPOMEeXYTKOB MOHOTOHHOCTH. TOUKM 3KCTpeMyMma (yHKLMH, MpPaBU/IO
HaXO0’K/|eHUs1 5KCTPEMYMOB (PYHKLMH.

P
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12. TIpon3Bo/iHbIE  BBICIIMX TMOPSAKOB. ®U3WUECKUd CMBICJI BTOPOM  TIPOU3BOJHOM.
VccnenoBanue (GyHKLMU C IOMOILLbIO BTOPOU MTPOM3BO/IHOM.

13. ITepBooOpa3Has. HeoripeseneHHbiii nHTerpaa. OCHOBHBbIE CBOMCTBA HEOIpe/ie/IeHHOTO
VIHTerpaia.

14. Tabuiia Heompeje/IeHHbIX UHTETPaJIioB.

15. MeTo bl MUHTErpUPOBaHUS: MeTOZ, HeloCpeICTBEHHOTO0 UHTerPUPOBaHNS; METO/, 3aMeHbI
riepeMeHHOM (MeTo/j, TI0/ICTaHOBKH); MeTO/l UHTeIPUPOBAHUSI 110 YaCTSIM.

16. Onpesienensbit vHTerpan. [loHATHe WHTerpasbHOM CyMMBL. JlocTaToyHoe ycCIoBHe
CyLL|eCTBOBaHUS OMpe/ie/IeHHOr0 UHTerpasa (MHTerpupyeMocTy QyHKLMK).

17. OCHOBHbIe ~ CBOMCTBAa  OMpeJeeHHOr0  WHTerpaja. l'eOMeTpUYeCKHUHd  CMBIC/
orpe/e/IeHHOr0 UHTerpasa.

18. MeToibI BEIUKC/IEHUSs OTIpe/ie/ieHHbIX uHTerpanoB. ®opmyna HetoToHa-JleiibHmMIIa.

19. l'eomeTpuueckue U GpusnUecKue MPUI0KeHUs OTipefie/IeHHOT0 UHTerpasa.

20. OyHKLMH HeCKOIbKUX IepeMeHHbIX. YacTHbIe POM3BOHbIE.

33.IToHsATHE COOBITUS M BEPOSITHOCTH COOBITHS. [I0CTOBEpHbIE W HEBO3MOJKHbIE COOBITHS.

Krnaccrueckoe onpesiesieHre BepOSITHOCTH.

34.Teopema cnoxxeHusi BeposiTHOcTell. TeopeMa yMHOXXKeHUsI BEPOSITHOCTE}A.

35.CnyuaiiHas BesiiunHa. JIMCKpeTHas ¥ HelpepbIBHAs CTy4YalHble BeJIMYMHbL. 3aKOH

pacripefiesieHus1 AUCKPETHOW C/Ty4YalHOM BeJIMUMHBI.

36. MaremaTHueckoe OKuZlaHWe JUCKPeTHOM C/IydyallHOW BeJIMYMHBL. [lucnepcus ciy4aiHON
Be/mMurHbI. CpeJiHee KBaJipaTUYHOE C/TyuyaliHOW BeJTMUUHBI

5x

lim (1+—

1.BeIuMCIUTD Tipefen X ® X
m X XL X2 x L X
4 2 3

2 .BBIUMC/INTD [pefenbra) X2©  2X +X . g)x2e X" —4 . gy x>0 X +2X

lim sin17x
3.Bolunc/mTs npegen x>0 S5 X

lim sin5x
4. BoluncauTh npegen x>0 3X

lim 3x%+x

P

5.Berunc/mTs mpegen X0 X —2X

i X.—10X+16
6.BbiuncanTs npegen x8 X8

f(x)= °X =6

_ X. =
X—6 ya HempepbIBHOCTh B TOUKe * 0

7.WccnenoBaTh PYHKLIUIO
f(x)=3x"=x

8.Uccnenosats Gynkumro |\ X)=3X = X"y nocTpourts ee rpadux.

_4 )

o o X,=
9.BbuMcUTE 3HaUeHWe NPOM3BO/IHOM ClefyoLX GYHKLWN B TOuke = 0

a) f(x):8x2—lnx; 6) f(x)=x>+5x

it —( o 5x+ )7
10.Haittu npounssoanyro Gynkipu Y — | X X *TX),
~11x-8

11.Haiit npou3BOHYIO QYHKLMU 2x+4

. _ 2x°-8
12.Haittu npoussogHyro GyHkiyu J =€
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_ 4 2

13.HaiiTu npou3sBoHY0 GpyHKImU Y = In (8 X" —3x°+2|

4—x2+x*=2x

—dx
14.HaiiTu HeoripeiesieHHbIA UHTerpasl X

3

f x*-e* dx
f(6x+11fdx
f cos(6x—1)dx

15.HaiiTu Heorpesie/ieHHbIN UHTerpal METOZ0M 3aMeHbI [IepeMeHHOU

16.HaiiTu Heorpesie/ieHHbIN UHTErpal METOZ0M 3aMeHbl [TepeMeHHON

17.HaiiTu HeoripeJjeneHHbIM UHTerpa/l MeTOZOM 3aMeHbI lTepeMeHHOM
3

f (5x+1)dx

18BbIUMC/IUTE OTpe/ie/ieHHbIN uHTerpan o

i(X—S)xdx

19.Bp1uncnuTh onpeie/IeHHbINM UHTerpal

2 5 3, 4
J"Zx-;xdx

20.Be1uncuTs onpeeneHHbli uaterpan 0 X

—c 42 .
21.CKOpOCTB JIBIDKEHHs TOUKH M3MeHSIeTCs 110 3aKoHy V=92t +4t+2 (w/c). Haiitu IyTh S,
TPOW/IeHHbIN TOUKOM 3a 4 C OT Hauasa JIBWKeHMUs.
22 .Beruncnntb 00beM Tesia, MOyueHHOTO OT BpallleHus: (GUrypbl, OrPAHMYEHHOW JTUHUSMU

N
y=X ,y_O,le,XZS,BOKDYFOCI/I Ox.

23.BBIYMCIATS M0/ (DUTYPhI, OrpaHUueHHOMN TMHusIMu Y — X 2, Y= 0, x=1 x=2
24.Pabounii 006CTy)KMBaeT TPH CTaHKa. BeposTHOCTb TOTO, UTO B TeUeHHe yaca CTaHOK He
TpebyeT BHMMaHUs pabouero, paBHa /s nepBoro craHka 0,9, s Broporo — 0,8, ass
tpeTtbero -0,85. HaliTi BepoOSITHOCTH TOTO, UTO B TeueHHe uaca XOTs Obl OJWH CTaHOK
notpeOyeT BHUMaHUs pabouero?

25.CnyuaiiHas BeqiruMHa X pacripefiesieHa 1o 3aKOHy
xi 0,5 1 1,5 2

pi 0,2 0,3 0,4 0,1

HaiiTu MaTemaTuueckoe O)KuZJaHUe CTy4alHON BeTUUUHbI X.

26 CnyuvaiiHas BeiMuMHa X pacrpeziesieHa 1o 3aKOHy

X1 1 3 4

pi 0,2 0,5 0,7
Havtu fucnepcrro ciiyyaiHOW BeJTMUMHBI X.

27[0ns BbIOOPKM, TIIpe[CTaBle€HHOM CTaTUCTUYECKUM DsJIOM OIpeJe/uTb CpefiHee

3HayeHwue.

7 10 15 20 25
7
ni 4 6 4 2

28 /1151 BHIOOPKH, TIPeCTaB/IEHHOW CTaTUCTHUECKUM PSIZIOM OTIPee/TUTh JUCTIEPCUIO.

X1

15

16

18

19

ni

1

4

5

2

29.B marasuH noctynuao 30 HOBBIX TeleBU30pPOB, CpPefd KOTOPBIX 5 UMEIOT CKpPbIThIe
nedektel. Haynauy orbupaeTcs ofuH TeneBH30p [ NpoBepku. KakoBa BeposiTHOCTb
TOT0, UTO OH He UMeeT CKPHITHIX /le()eKTOB?
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30./]Ba paBHOCW/IbHBIX 1lIaXMaTHCTa WMIparoT B I1axMaTbl. UTO BeposiTHee: BBIUTPATh [Be
MapTUU U3 YeThIpeX WX TPU U3 11eCTU ( HUUbM BO BHUMaHUe He PUHUMAKOTCS)?

[IIkasa olleHKM 00pa30BaTeIbHbIX JOCTHKEHHUH

[TpoLieHT pe3y/bTaTUBHOCTH OueHKa ypOBH IOrOTOBKH
(MpaBH/IbHBIX OTBETOB) 6ann (oTMeTKa) BepOa/bHBINA aHaJIoT
90 + 100 5 OT/IMYHO
75+ 89 4 XOpOLIO
51+ 74 3 YZOBJIETBOPUTETEHO
MeHee 50 2 HeyI0B/IeTBOPUTE/IbHO

Onenka
3auera

TpeOoBaHUs K 3HAHUAM

«OM/AUYHO»

OreHKa «OT/IMYHO» BBICTABJISIETCS CTY[E€HTY, eC/TM OH TJyOOKO M TIPOUYHO
yCBOMJI MPOrPaMMHBIN MaTepyaJi, uCUYepIibiBarollle, oCae0BaTe/IbHO, YETKO U
JIOTUYECKU CTPOMHO ero wusjaraeT, ymMeeT TeCHO VBsI3bIBaTb TEOPUID C
MPAaKTUKOK, CBOOOZHO CIpaBiseTcs C 3ajJayaMd, BOMPOCAMH W APYTHMH
BUJlaMU TIDUMEHEHHsl 3HaHW, TMpUUYeM He 3aTpPy[HSeTCs C OTBETOM IIpU
BU/IOU3MEHeHUU 3a/laHul, UCIIO/b3yeT B OTBeTe MaTepuana MOHOrpaduueckoi
JIUTepaTyphl, TIPaBUIBHO OOOCHOBBIBAET TPUHSATOE pellleHue, BJa/IeeT
Pa3HOCTOPOHHMMH HaBbIKaMU U MPYeMaMU BBITIOJTHEHUS TTPaKTUUeCKUX 3a/au.

«Xopowo»

O1LleHKa «XOpOIL0» BBICTAB/SIETCS CTY/I€HTY, eC/Id OH TBEPJO 3HaeT MaTepHal,
rpaMOTHO U TI0 CYIIeCTBY H3/laraeT ero, He [OIyCKas CyIeCTBeHHbBIX
HETOUHOCTeld B OTBeTe Ha BOIPOC, NMPaBWILHO TIPUMEHSIET TeopeTHUecKHe
TOJIOKeHUsT TIPY  pellleHWH TPAKTHYeCKUX BOIMPOCOB U 337lay, BiafieeT
HeoOXOAMMBbIMU HaBbIKaMH 1 TIPEMaMU X BBITIOTTHEHMSI.

«y0086/1emeo
pumesibHO»

OueHKa «yZlOBIeTBOPUTE/IbHO» BBICTAB/SAETCS CTYZAEHTY, eClIM OH HMeeT
3HaHUs TOJBKO OCHOBHOI'O MaTepuasa, HO He YCBOWI ero JieTajeu, JOMmycKaeT
HETOYHOCTH, HeJOCTaTOUHO TMpaBWIbHble (POPMY/IMPOBKH, HapyllIeHUs
JIOTUYEeCKOHM I0C/IeloBaTe/IbHOCTU B W3/I0KEHWH IIPOrpaMMHOIO MaTepuana,
WCTIBITHIBAET 3aTPY/AHEHNSI TIPH BBIITOJTHEHNH MTPAKTHUeCKUX pabor.

«Heyodoenem
8opumenbHO
»

OLeHKa «HeY/|0BI1eTBOPUTE/IbHO» BHICTABJISAETCS CTYZAEHTY, KOTOPbIA He 3HaeT
3HAUMTe/NIbHOM YacTW MPOTrpaMMHOI0 MaTepuana, AOMyCKaeT CyIeCTBeHHbIe
OIMOKW, HEyBepeHHO, C  OOMbIUIMMHU  3aTPYJHEHUSIMA  BBITIOJTHSIET
npakThiueckre paboTel. Kak mpaBuio, OIleHKAa «HEY[OBIeTBOPUTETHLHO»
CTaBUTCSA CTyZeHTaM, KOTOpble He MOTYT TMPOAO/DKUTE 00yuyeHue 6e3
JIOTIOJIHUTE/IbHBIX 3aHSATHH 110 COOTBETCTBYIOLEH AUCLIUIIMHE.
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[Ipunoxxenue

Koaudukarop (mpuMepHbIi nepeueHb) OI[eHOUHBIX CPeACTB /sl OIeHKH!
OBHsI c()opMHPOBAHHOCTH KOMIIeTeHLUM

3HAHUU, YMEHHH U Y

Ne n/n
Koo
OlEeHOUHO20
cpedcmea

Tun oyeHouHo20
cpedocmea

Kpamkas xapakmepucmuka oyeHouUH020
cpedocmea

IIpedcmaeneHue
OYeHOYHOo20 cpedcmea
8 (hoHOe

1.

HenoBas n/vunm

poJieBasi Urpa

CoBmecTHast JiesaTeIbHOCTD TPYIIIIBI
obyuaromuxcst W TIperofaBareis  TIOf
yIpaB/eHWeM TIpenojaBaTesisi C  Le/blo
pelieHusi yueOHbIX ¥ TPOQeCcCHOHATbHO-
ODHEHTHPOBAHHBbIX 337ilau IyTeM WIPOBOIO
MOZIe/IMPOBAHUsI  pealbHOM  Mp006JieMHOM
curyauud. [lo3BossleT OLleHMBaTb yMEHHE
aHa/M3MpoOBaTh W pellaTb  TUMWYHbBIE
ripodheccroHasTBEHBIE 3a/]au

Tema (mpobnema),
KOHLIeMUS, pOMd |
OXKUZAeMbId pe3yibTaT

Pa3HoypoBHeBbIe
yueOHBIe 3a/jaukl U
3aflaHus

PasnuuaroT 3asjaum 1 3ajjaHuA:

a) PenpOJYKTHBHOTO YPOBHSI, TIO3BOJISIFOLIHE
OLIeHMBaTh U JUarHOCTUPOBATh 3HAHUE
¢akTHueckoro Marepuasa (6a3oBble ITOHSTHS,
aJITOPUTMBI, (PAaKThl) U YMeHHe NPaBU/IbHO
WCII0/1b30BaTh CreljiaibHble TEPMUHBI U
TIOHSATHSI, Y3HaBaHHe 00BEKTOB U3yUeHus B
paMKax OrpeZie/IeHHOTO pa3zesia
JVCLIUTUTAHBI;

6) pEKOHCTPYKTUBHOTO YPOBHS,
TI03BOJISIIOIIYE OLIEHUBATh U TUAarHOCTHPOBATh
YMeHUsI CUHTe3UpOBaThb, aHa/IU3UpPOBaTh,
0600111aTh aKTHUECKHI ¥ TeOPeTUYeCKUM
MaTepuas ¢ (opMy/IMpOBaHNeM KOHKPETHBIX
BbIBO/IOB, YCTaHOB/IEHHEM TIPUUMHHO-
C/ie/ICTBEHHBIX CBSI3€H;

B) TBOPUECKOTO YPOBHSI, MTO3BOJISIOILHE
OLIeHMBATh U [JMarHOCTUPOBATh YMEHWUS,
VHTerprpoBaTh 3HAHUS pa3/IMUHBIX 00JsacTei,
apryMeHTHPOBaTh COOCTBEHHYIO TOUKY
3peHust

Kowmmnekr
Pa3HOYPOBHEBBIX 3a/ja4
1 3alaHui

PacuetHo-
rpaduueckas
pabora

CpefCcTBO TPOBEPKH YMEHWM TPUMEHSITh
TI0/TyYeHHbIe 3HaHUS o 3apaHee
oTipeZie/IeHHON METO/MKe [JIsl PellleHus 3aayd
WY 33/IlaHAN TI0 MOAYJII0 WIH JUCLIUIIVHE B
L[e7IOM.

Kowmmnekt
st

pacyeTHo-
rpaduueckoi paboTsl

3a/laHuN
BBIMOJTHEHUSI

Pecepar

[TpoayKT camocTosTeIbHOM paboThl CTYA€eHTa,
TIPe/ICTaB/ISIOIMIM COD0M KpaTKoe W3/I0KeHHe
B MMUCEMEHHOM BUJIE TIOTyYeHHbIX
pe3yJIbTaToB TEOpeTUUeCKOro aHanM3a
oTipeZie/IeHHOM TeMbl, T[le aBTOD pacKpbIBaeT
CyTb HCCIeNyeMOW TMpOoOJeMbl, TPUBOAUT
pa3/uuHble  TOUKM  3peHus, a TaKke
coOCTBeHHbIe B3IJIsI/bl HA Hee.

Tewmsl pedepaToB

Hoxnag,
coobireHue

[TpoAyKT caMOCTOsITe/IbHOM paboThI CTY/eHTa,
TIPe/ICTaB/ISFOLL[UH coboii nyoMuHoe
BBICTYILIEHHE 1o Tpe/ICTaB/IEHHUI0
MOy YeHHbIX pe3yJIbTaToB pelLIeHus
ornpe/ie/ieHHOU TeMBI.

Tembl
coo0ITeHn

JIOK/IaJIOB,

Tect

Cpe/iCTBO KOHTPOJISI, HAMpaB/ieHHOe Ha
TIPOBEPKY YPOBHSI OCBOEHUS
KOHTPOJIUPYEMOT'0 TEOPETHUECKOTO U
TIPAaKTUYECKOT0 MaTepuasa o

DoHp,
3a/laHui

TeCTOBBIX
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JWAIAKTUYECKUM eUHHULAM JUCLIATUTHHbI WA
npogeccruoHambHOro Moysist. Cucrema
CTaH/IAPTU3MPOBAHHBIX 3a/[AHUIA,
T03BOJISIFOLIast aBTOMATH3POBATh [IPOLIESYPY
W3MepEeHWsi YPOBHS 3HAHUI U yMEHUi
00YyUaoIIMXCs

[TpakTHUecKue OTo 3ajaHust, C TIOMOIIBIO KOTOPbIX y | Buapl:  HabsogeHue,
paboThI yuaruxcss (GOPMHPYIOTCSI Y Pa3BMBAIOTCA | U3MEpEeHHe, OITBIT,
(mpakTHUeckoe MpaBU/IbHbBIE TIPAKTHUECKHE IeHCTBYS. KOHCTPYMPOBaHWE U
3aJjaHue) Zp. 3ajaHusl [
MIPaKTUYEeCKUX paboT
Habmogenue WucTpymeHT cbopa uHGOpMaLUH /st Llesb, 00BEKTHI

yCTaHOBJIeHUsT aKTOB

HabmoieHus1, obpaszer]
JIACTA JJ1s1
¢ukcupoBaHUs
pe3yJIbTaToB
Hab/TI0ieHus

OuddepeH.

3a4yeT

Bk/touaet B cebsi mepeueHb BOIPOCOB 10 Y/

KOMITIOHOBKA
BApHdHTOB, OUIIeTEI
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