MUHUCTEPCTBO HAYKU U BBICIIIET'O OBPA30BAHM S POCCUICKOM
®EJIEPALIUN
®EJIEPAJILHOE T'OCYJJAPCTBEHHOE BIO)KETHOE OBPA30BATEJILHOE
VUYPEXJIEHUE BBICIIETO OBPA3OBAHMUSI
«CAHKT-IETEPBYPI'CKHUI TOCYJIAPCTBEHHBII DKOHOMUYECKHUIA
YHUBEPCUTET»

KoMIuIeKT KOHTPOJIbHO-0LIEHOYHBIX CPEACTB
Mo y4eOHOI JUCUUILJINHE

OIIII.12 MaremaTuka

(K00 u Hazsanue OUCYUNTUNBL)

NporpamMMbl NOJArOTOBKHU CIEIHAJIUCTOB CPEeIHET0 3BEHA
Mo CHeNUAJTBLHOCTH
38.02.03 OnepaunoHHas 1eATEIbHOCTD B JIOTUCTHKE

(K00 u Hazsanue cneyuarbHOCmu)

Cankr-IleTepOypr
2023 T



COIAEPKXAHHUE

1. IMacnopt KOC V]I
2. Creuugukanus OLEHOYHBIX CPECTB
3. BapuaHTbl OIIEHOYHBIX CPE/CTB



1.

3

IMACIOPT
KOC no Y1 OIIIl.12 MaremaTuka

(K00 u HazgaHue OUCYUNIUHbL)

1.1. OOmmue noJiokeHUst
KonTtpoawsHo-onieHounble cpeacTBa (KOC) npeaHazHaueHsbl Jjisl KOHTPOJIA U
OIICHKH 00pa30BaTEIbHBIX TOCTHXKCHHN 0O0YyJaronuxcsi, OCBOMBIINX MPOTPAMMY

yaeOnou aucturummabl OITL]. 12 Marematnka

KOC Bki10OYarOT KOHTPOJIBHBIE MaTE€pUAIbl ISl TPOBEICHUS TEKYIIETO
KOHTPOJIS U IIPOMEXKYTOUHOM aTTecTaruu B popme 3auer ¢ oreHkoi(1 cemectp)

KOC pa3zpabotanbl B COOTBETCTBUH C:
obpazoBarenbHol nporpammoit CI1O no cneruanbHOCTH
38.02.03 OnepanonHast 1€ TeIbHOCTD B JIOTUCTUKE
nporpammbl yueoHou auctumauabl OINL. 12 MaTtemartuka

Pe3y.]IbTaTI>I O0CBOCHMA TUCHUIIIIUHBI, ITOAJC/KAINUE ITPOBEPKE

PesynbTarsl
o0yueHust
(ocBOEHHBIE
yMeHus,
YCBOEHHBIE
3HAHUS,
NPaKTHYeCKUii
ONBIT (npu
HAJTUYUN)

HaunmenoBanme
YMeHUii/3HaHU I

JICMEHTA

OcHoBHbIE noKa3aTeyim OLIEHKHU
pe3yJIbTaToOB

Vi

peiaTh NPUKIIAAHBIC 3aa49n

B
npodeCcCuOHATBHON
ACATCIIbHOCTHU

obnactu

[IpumeHeHne MaTeMaTH4YeCKUX
METOIOB IPU PELICHUH 3a7a4 C
MPAKTUYECKUM COAEPKaHUEM

- BrimmonHenne gericTBUM HaL
MaTpUIlaMu

- Briuncnenue onpenenureneit

- Pemmenne cucremM TUHEHHBIX
ypaBHeHHit o popmynam Kpamepa
- Pemmenune cucremM TUHEHHBIX
ypaBHeHu MeronoMm [aycca

- BrimmoniHeHUe nelicTBUM HA
KOMILICKCHBIMH YHCJIaMH B
anredpandecKou u
TPUTOHOMETPHUECKON (hopme

- Beruncnenue npenena GyHKIuM B
TOYKE U B OCCKOHECUHOCTH

- HaxoxxneHue BepoATHOCTH
CIIy9aifHOTO COOBITUS

- CocrapiieHne 3aK0Ha
pacpeneseHus CIy4aiiHoON
BEIIMIHHBI

- BrIuncieHne 4ucioBbIX
XapaKTEPUCTUK CIIyYalHbBIX BEIMUUH
- Haxoxnenue nmpou3BoaHOM
byHKIIH

- Haxoxaenune npou3BOIHBIX BBICIIUX
TOPSIIKOB




- UccnenoBanue GyHKITUN U
MOCTpOeHUE rpaduka
- Haxoxxnenne HeompeeieHHbIX

MHTErpajioB
- Brruucnenue OTpeIeTIEHHBIX
MHTErpajoB
31 3Ha4YeHWE MaTeMaTuku B | - [JoHMMaHKe poJin MaTEMAaTUKU B
npodecCuoHATBHON OCBOCHHMH 00pa30BaTeIbHON
e TEIbHOCTH MIPOrpaMMBI U B Tpo(eccruoHaIBHON
NeSITeIbHOCTH, CYyTH METOJI0B
pelIeHus 3a/1a4, BAXKHOCTH BEIOOpA
ONTUMAJILHOTO aJTOPUTMA PELICHUS
- CnocoOHOCTh PUMEHSIThH 3HAHUS,
YMEHHUSI IPU OCBOECHUU
npo¢eCCHOHATBHON MPOrpPaMMbl
- Oco3HaHue 3HaYUMOCTH
MPAKTUYECKOTO OIbITa IS
YCHEUIHOTO pelIeHHs] TUYHOCTHBIX U
npoecCHOHANBHBIX 33]a4
32 OCHOBHBIC MaTeMaTHYeCKHE | 3HAHUE KaK MPUMEHATHh
METObI pelIeHusl | MaTeMaTHYeCKUEe METOIbI TPU
NPUKJIAAHBIX  3afad B | PELIEHUU 3a7a4 C MPAKTUYECKUM
obnacTtu cofiep>KaHueM
npodeCcCuOHATBHON
NEeSTETbHOCTH
33 OCHOBHbIe  mOHATHA U | [lepeuncnenune nocneq0BaTeIbHOCTH
METO/bI JUCKPETHOM | IEUCTBUU NPU PEILIEHUHU CUCTEM
MaTeMaTHKH, JMHEWHOH | TUHEHHBIX ypaBHEHUH 10 popMyiam
anreopsl, teopun | Kpamepa, meronom I'aycca
KOMIUIEKCHBIX ymced, | - DopMynupoBKa KJIaCCHUECKOTO
TEOPUU BEPOSITHOCTEM U | ONpeJereHus: BEpOSITHOCTH
MaTeMaTU4eCKON - [lepeuncnenue dhopmyn s
CTaTUCTHUKH BBIIIOJIHEHUS ICUCTBUN HAJL
KOMIUIEKCHBIMU YHCIIaMU
- ®opmynupoBKa MEPBOro U BTOPOTro
3aMeyaTesbHOTO MPEeesioB
- Onucanue METO/10B BHIYUCICHUS
MpeieioB B TOUKE u Ha
0ECKOHEYHOCTH
34 OCHOBBI HMHTErPAIBHOTO H | - DOpMYIHUPOBKA MPABUII

Qg depeHInaIbHOro
WCUUCIICHUS

mudQepeHIPOBaHUS U
HEPEYHCIICHHE TPOU3BOIHBIX
OCHOBHBIX JJIEMEHTAPHBIX (YHKITHIA
- [lepeuncnenne TabIUIHBIX
MHTETrpaJioB
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1.3. Pacnpenesienne onieHMBAHUS Pe3yJIbTATOB 00y4eHHs M0 BUAAM KOHTPOJIA

Kon u HauMeHOBaHuUe JJIeMeHTa
YMEHHI UIU 3HAHUHI

Buanl arrecranun

Texywut konmponw

IIpomesrcymounas
ammecmayus

V1-pemates npukiIagHble 337aud B

TCCTUPOBAHUC, OLICHKA

3ayeT ¢ OLEHKOH

obnactu poeCCUOHAIBHON | BBITTOJTHEHUS (1 cemectp).
JESITEIIbHOCTH MPAKTUIECKOTO

3aHATHSA
31-3HaueHue MAaTEMaTHUKH B | YCTHBIN OITPOC 3ader ¢ OlleHKOU

npodeccuoHaNbHOM e TEeIbHOCTH

TECTUPOBAHUEC, OLICHKA
BBITTOJIHCHU A
IMPAKTUYCCKOT' O
3aHATUA

(1 cemectp).

32-0CHOBHEIE MaTeMaTH4eCKue
METOAbI peLHeHI/I}I HpI/IKJIaI[HBIX 3a1a4
B obOmacth  mpodecCHOHATBHON

ACATCIIbPHOCTHU

YCTHBIN OIpPOC,
TECTUPOBAHUE, OLICHKA
BBITIOJTHEHUS
MPaKTUYECKOTrO
3aHATHS

3ayeT ¢ OIEHKOHI
(1 cemectp).

33-0CHOBHBIE MOHATHUS U METOMbI
MaTEMATHYECKOTO aHaJm3a,
JACKPETHOM MAaTEMATHUKH, JJUHEUHOMN

YCTHBIU OIpPOC,
TECTUPOBAHUE, OLICHKA

3a4yer ¢ OLEHKOH
(1 cemectp).

anreOpbl, TEOPUU  KOMIUIEKCHBIX
o BBINOJIHEHUS
ylucesl, TEOPUU BEPOATHOCTEM U
. MPAKTUYECKOTO
MaTeMaTHYECKOW CTaTUCTHKU
3aHATHUSA
OCHOBBI UHTETPATBHOTO U
T GepeHIMATBHOTO HCUUCIICHUS
34-0CHOBBI HUHTETPAJILHOTO U | YCTHBIN OIIPOC, 3aueT ¢ OLEHKOMI

nudGepeHIMATBHOTO HCUUCTICHUS

TECTUPOBAHUEC, OLICHKA
BBITIOJIHCHU A
IMPAKTUYCCKOT' O
3aHATUA

(1 cemectp).




1.4. PacnipenesieHne THIIOB OIIEHOYHBIX CPEJACTB MO 3JIeMEHTAM 3HAHUI M YMEHHUIl TeKylero KOHTPOJIst

Conep:xanue y4e0OHOro MaTepualia Tun KOHTPOJIBHOTO0 3a1aHUSA

no nporpamme Y /1 Y1 31 32 33 34
Paznes 1. MartemaTnuecknii aHaIu3 ajaredpol
Tema 1.1 @yHKuMsA OTHON IEPEMEHHOM. 6,7 6,7 6,7 6,7 6,7
Tema 1.2 [Ipenensl u HeNIpepbIBHOCTH GyHKIMU | 6,7 6,7 6,7 6,7 6,7
Tema 1.3 IIponsBogHas u €€ NpUIIOKEHNE 6,7 6,7 6,7 6,7 6,7
Tema 1.4 HeonpenenéHnubiii HHTErpaj 6,7 6,7 6,7 6,7 6,7
Tema 1.5 OnpenenéHHbIil HHTErpaj 6,7 6,7 6,7 6,7 6,7
Pasznen 2. Jluneiinas aaredpa
Tema 2.1 Matpuiisl 1 onpeaeaInuTeIu 6,7 6,7 6,7 6,7 6,7
Tema 2.2 Cuctembl TUHEHHBIX YpaBHEHUN 6,7 6,7 6,7 6,7 6,7
(CIIY)

Pazgen 3. OcHOBBI TeOPpUHU BEPOSITHOCTH,
KOMOMHATOPUKHU U MATEeMAaTHYECKOI

CTATHCTHKH

Tema 3.1 OcHOBHBIE IOHATHS TEOPUU 6,7 6,7 6,7 6,7 6,7
BEPOSITHOCTH U KOMOWHATOPUKHU

Tema 3.2 DnemMeHTB MaTEMAaTUYECKOU 6,7 6,7 6,7 6,7 6,7
CTaTHCTUKHU

Pa3znea 4. OcHOBHELIE HOHATHSA M METOALI
TEOPUH KOMILJIEKCHBIX YHCeJ
Tema 4.1. KoMIuIeKCHBIE YmCIa 6,7 6,7 6,7 6,7 6,7




1.5. PacnipenesieHre TUIOB OLEHOYHBIX CPEACTB IO 3JIEMEHTAM 3HAHUN M YMEHHU, KOHTPOJIUPYEMbIX HA MPOMEKYTOYHOM
arrecTalum

Conep:xxanue y4e0HOro MaTepHuaJia THn KOHTPOJILHOIO 3a1aHUHA

1o nporpamme Y /| Y1 31 32 33 34
Pa3nes 1. MartemaTnueckuii aHaIu3 ajaredpol
Tema 1.1 OyHKIMS OTHON IEPEMEHHOM. 9 9 9 9 9
Tema 1.2 [Ipenenst u HenpepbIBHOCTD QyHKIMH | 9 9 9 9 9
Tewma 1.3 IIpousBoaHas U €€ MPUITIOKEHHE °) (°) °) °) °)
Tema 1.4 Heonpenen€Huublii HHTErpasl 9 9 9 9 9
Tema 1.5 OnpenenéHnublii HHTErpa 9 9 9 9 9
Pasznen 2. Jluneiinas aaredpa
Tema 2.1 Matpulbsl 1 onpeaennuTeny 9 9 9 9 9
Tema 2.2 Cuctembl TMHEHHBIX YpaBHEHUN °) (°) °) °) °)
(CIIY)
Pa3nes 3. OcHOBBI TeOpHH BEPOSTHOCTH,
KOMOMHATOPUKHM U MATEMATHYECKOM
CTATHCTHKH
Tema 3.1 OcHOBHBIE TOHATHS TEOPUHU 9 9 9 9 9
BEPOSTHOCTH U KOMOMHATOPHUKH
Tema 3.2 DiieMeHTHI MaTEeMaTHYCCKOU 9 9 9 9 9
CTAaTUCTUKH
Pa3znea 4. OcHOBHEIE HOHATHSA M METOALI
TEOPUH KOMILJIEKCHBIX YHCeJ
Tema 4.1. KoMmruiekcHbIe yucia °) (°) °) °) °)




2. CHELHU®UKALMS OLEHOYHBIX CPEJACTB

Ha3znauenmne?2.1l

Crnenundukanueit ycTaHaBIUBAIOTCS TPEOOBAHUS K COJAEPIKAHUIO U

0(OpMIICHUIO BAPUAHTOB OIICHOYHOTO CPE/ICTBA MpaKTHIecKast paboTa.
[TpakTuueckas paboTa mpeaHa3HAYCHA IS MeKyue20 KOHMpPOJisa N OIICHKU

3HaHUU U yYMEHMH CTYJIEHTOB MO Iporpamme yueonoi aucuurinas OITL.12
MATEMATUKA o6pa3oBarensHoil nporpamMmsl CIIO no cnenuanbHOCTH
38.02.03 OnepaunoHHas A€SITEILHOCTD B JIOTUCTHUKE.

2.2 KOHTMHI€HT aTTecTyeMbIX: (cmydenmol 1 Kypca).

2.3 ®opMa 1 yCJI0BHA aTTECTALMU: TEKYIIU KOHTPOJIb IPOXOJIUT B BUIE
BBITIOJTHEHUS 3aJJaHUN MPAKTUIECKON PadOThI

(AtTectanus poBoaUTCs B hopMe 3a4eT ¢ oneHkou (lcemectp) mo
3aBEPILECHUIO OCBOEHHUS y4eOHOro Marepuaina yueOHON JUCIUIUIMHBI, TPU
MTOJIOKUTENBHBIX PE3YyJIbTaTaX TEKYIIEr0 KOHTPOJIS. )

2.4 BpeMsi BbINIOJIHEHMSI:

MOJATOTOBKA 5 MUH,;
BbIoJIHEHHE () yac 40  wmun;
odopmIIeHHE U cAaYa  MUH.

Bcero  yac 45  MuH.

2.5PexomMeHnyeMasi JIuTepaTypa J1Js pa3padoTKu OleHOYHBIX CPEACTB H
MOATOTOBKH, 00YYaIOIIMXCH K aTTeCTAIUM.

JJIEMEHTEI BEICIIIEH MaTeMaTUKU. —MOCKBa :
KYPC : UHD®PA-M, 2019. — 304 c.

KnnroodecneueHHOCTH
Buobamorpaduyueckoe onucanue H3IAHUS OcHoBHast/ Kon-po
(aBTOp, 3arj1aBHe, BUI, MECTO U T'0OJ U3IAHUS, | JONOJHHTEILHASN 6 6 DIEeKTPOHHBI
KOJL CTP.) auteparypa | B OO e pecypen
CIIeIdy
bapaymkus, B. B. OCH DbC
Marematuka. B 2-x Tomax : Tom 1 : yueOHUK. ZNANIUM

bapaymkus, B. B. OCH DbC
Matemartuka. B 2-x Tomax : Tom 2 : yueOHUK.
DJIIEMEHTHI BBICIICH MaTeMaTHKH. — MOCKBa :
KYPC : UHOPA-M" 2020. — 368 c.

ZNANIUM

C

Kpemep, H. I11. OCH DBbC FOpaiit
Matematrka ajsi KoJuiekel : yaeOHoe mocobue
st CITO / Kpemep H. 1I., Koncranturosa O. T'.,
@puaman M. H. ; nox pen. Kpemepa H. III. — 10-e
W31., ep. u gon. — Mocksa : FOpaiit, 2019. — 346

JlamasH, A. A. oI 9BC

ZNANIUM



http://znanium.com/go.php?id=978660
http://znanium.com/go.php?id=978660
http://znanium.com/go.php?id=1047417
http://znanium.com/go.php?id=1047417
https://www.biblio-online.ru/bcode/445990
http://znanium.com/go.php?id=967862
http://znanium.com/go.php?id=967862
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Matematuka : yueOHuk / lagasta A. A. — 3-e u3n.,
uctp. u fon. — Mocksa : UHOPA-M" 2018. —

Marematrka. COOpHUK 33134 : yueOHO-
npaktudeckoe mocodue st CI1O / Jopodeepa A.
B. — 2-e u3n. — Mockaa : FOpaiit, 2019. — 176 c.

544 c.

[Iunosa, JI. . on DbC
Matematuka : yaeoHoe nmocobue / [llunosa JI. 1. — ZNANIUM
Mocksa : UHOPA-M" 2019. — 238 c.

Jlopodeena, A. B. o1 OBbC Opaiit

3. BAPUAHTBI OUEHOYHBIX CPEJACTB

IIpakTnyeckas padbora

«Haxoxaenue obnactu omnpenencHus GyHKIIUm»

Hean:

1. TloBTopuTh 3HAHUS OOyUaromUXcs B TeMe: «HaxoxkaeHune o0IacTi onpeaeieHus

GYHKIIAWY.

2. 3akpenuTh YMEHUS ¥ HaBBIKH HAXOXICHUS 00JACTH ONpeeieHus (YyHKIUH.

ITopsiioK BBITIOJIHEHMS:
1. O3HaKOMHTHCS C TEOPETUUECKUM MATEPUATIOM U PEHICHUEM TPUMEPOB.

2. CpenaTh KpaTKHil KOHCIIEKT TEOPETUUECKOI0 MaTeprasa B pabodmnx

(OCHOBHBIE

HOHATHS, OTpeieTIeHUs, (POPMYIIBI, IPUMEPHI).

3. B Terpagsx mis mpakTHYeCKUX paOOT BBITIOJIHUTH MPAKTHYECKYIO padoTy.

TeopeTnyeckue cCBeIeHUA:
O6acTBI0 OnpeeseHust Wik 00J1acThio 3a1anus GyHknnn y = f(X) Ha3bIBaeTCS MHOXKECTBO

3HAYeHUH X, JUISI KOTOPBIX CyHIecTBYIOT 3HaueHust y = f(x) .O003HauaeTcsa o0nacth

onpenenenuns pyuakuuu — D(f) mwau D(y).

Cxema HaxOJIeHUs! 001acTH onpeaeneHus QyHKITH:
1. Ecnu f(x) npeacrasisier co00i MHOTOWIEH, TO 001aCThIO ONpeeIeHUs] PYHKIUN y =
f(x) Oymer MHOKECTBO BCEX JCHCTBUTEILHBIX YHCEI.

Ecnu f(x) — panuonanbHas 1po0b, TO 001aCThIO SBISIETCS MHOXKECTBO BCEX
JeWCTBUTENBHBIX YHCET KPOME TeX 3HaueHui E, mpu KOTOPBIX 3HaMeHaTes b paBeH HYJIIO.

TeTpaasax

Ecnu ¢pyakius umeer Bun y = 4/ f(x), To 0o01acTeio onpenencHus Oy1eT MHOXKECTBO PEIICHUN
HepaBeHcTBa f(x) = 0.

Ecnu QyHKIus uMeeT BUI Y = ——=, T1ie g(X) HEKOTOPbIf MHOTOUJIEH, TO 00J1acThIO

g(x)

Vi)'

orpesiesieHus: OyIeT MHOKECTBO pereHnid HepaBeHcTsa f(x) > 0.
OO6nacTp onpeneneHus: CyMMbl, pa3HOCTH HITU MPOU3BEACHHS IBYX MM HECKOJIBKUX (DYHKITHI
€CTh IIEpeCcCeUCHHE 00JIacTe OnpeaesIeHn 3TUX QYHKITUN, T €€ OTHICKAHUS COCTABJISIETCS U

3aTE€M PEILIAETCS] CHCTEMA COOTBETCTBYIOIIUX YCIOBUH.

IIpumepsl

CLICHUS HAXOKACHHsI 00JacTH omnpeneaeHUs QYHKIHH

No
i/t

[Tpumep

Pentenue

Haiitu obmacte ompenencHus



http://znanium.com/go.php?id=990024
http://znanium.com/go.php?id=990024
https://www.biblio-online.ru/bcode/426506
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/
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1 y OYHKIUIO MOXXHO MPEICTaBUTh B BUAE PA3HOCTH ABYX QYHKIMH y =
— 2 3 3
= x“ + 2 2 —_— = 2 —_
3 XS+ 2-— x*+2) —
- = fi(x) =x?+2 D(f;(x)) sBOsercs MHOXkeECTBa BCEX 4YHUCEN
X — 3
f,(x) = =
Haiimem 3HaueHus1 , KOTOpbIE OOHYJIAIOT 3HAMEHATEIb
x—5#0
X#5
OtBer:D(y): xe(—0o0; 5) U (5; +0)
2 y JInst HaX 0K IEHUsS 00JIaCTH ONpeaelIcHus ¥ = VX2 — 3X + 2

=+x%2—-3x+2

pelmmMM HepaBeHCTBO X2 — 3x +2 = 0

Jlnst aToro pemuM ypaBHeHue X2 — 3x + 2 = 0.

KopHsamu 3T0r0 ypaBHEHUs ABISIOTCA uuciia 2 u 1.

O0603HaunM HalJIeHHBIC KOPHU Ha YUCJIOBOW OCH M OTIPEACIIUM 3HAK
HEpaBEHCTBA HA MOJIYYEHHbBIX MHTEpBAJIaXx.

+ — +
® ® >
1
Ortser: xe(—0; 1] U [2; +0)

[ o8]

3 _ 2x—17
Y= Bxt 2l

DyHKIUS MPEACTaBISET CO00H APOOHO-pAIMOHAIBHYIO (PYHKITHIO, B
YHUCIIUTENE KOTOpoi MHOrOwIeH. O01IacTh onpeeieHuss MHOTOWIECHA
€CTh MHOYKECTBO JICHCTBUTEIHHBIX YHCEIL.

3x+21>0
{3X+21¢0—>3x+21>0—>x> 7

Otser: D(y): X € (—7; +)

4 2x Haiiger O/13: x = 0
y =
V=3 |Vx=3=#0
Vx #3
X#9
Otset: D(y) X€ [0;9) U (9; +0)
IIpakTnyeckoi padora:
Haiitu obmacte omnpenencHus
y=5x—12 y=2x+13
X _ 2
YT ax+7 YT5—11
y=v3x+21 y =Vv5x—15
B 1 B 1
V= Y Btox
7 4 3x _ 6 4 2X
Y= X% 9 Y =X )g2—4
2
y=x*+ Xt oo

X2+ 4



http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/
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IIpakTnyeckue padoThl
no TeMe «Haxoxxaenue npenena QyHKIH.
« HaxoxneHnue 061acTi HEIPEPHIBHOCTU U TOUYEK PA3pPhIBaY.

0
Hesas: popMHpOBATH YMEHHUS BEIYUCIICHUS MPEAEIIOB, PACKPBITUS HEONPEICICHHOCTH BUIA (E)
IyTEM pa3/I0KEeHUsI HA MHOKUTEIH, ONPE/IETICHNs HENPEPBIBHOCTU (DYHKIIHH.

Iopsinok BbINMOJIHEHHSI PadOTHI:
1 PaccMoTpeTs TeOpeTHUECKHUI MaTEpUal 10 TEME U IPUMEPHI PELICHUS 3a1a4.
2 PemuTh caMOCTOATENbHYIO paboTy, BbIMONHMUB 10 3amaHuii COOTBETCTBYIOLIETO BapHaHTA.
Odopmuth nmoapoOHOE pelieHne MTUCbMEHHO B TETPAAU C YKa3aHUEM OTBETOB.
3 OTBETUTh NTUCBMEHHO Ha KOHTPOJBHBIE BOIPOCHI.

Kparkune Teopermyeckmue cBeleHHsI N0 paccMaTpuBaeMol mpolJieMe, OCHOBHBIE
XaPAKTEPUCTHKHU 0 COAEPKAHNIO NPAKTHYECKOH padoThl:

Omnpenenenune. Yncio A HazpiBaeTcs npenenom ¢pynkiun Y=F(X) mpu X, ctpemsimemcs K
Xo (B TOUKEX(), €CNU JUIA JIIOOOT0 IMOJIOKUTENBFHOTO YKCa € HaWAeTCs TaKoe MOJI0KUTEIbHOE
yncio 8, uro |f(x) — A] < g, kak Tonpko 0 < |x — X,| < 8.

O6o3nauenue: lim f(x) = A.
X—Xp

Onpenenenue. Oynkius  Y=f(X) Ha3pIBacTCSI OCCKOHEYHO MAJIOH TIPHU X, CTPEMSIIEMCS
K Xo (B TOUKeX,), ecnu lim f(x) = 0.
X—X(q

Onpenenenne. Dynxius y=Ff(X) Ha3piBaeTCss OECKOHEUHO OOJIBIION MIPH X, CTPEMSIIEMCS
K X (B TOUKEX)), €CIH JJIs1 JTFOOOTO MOJIOKUTEIHHOTO yuciia M HaliieTcs Takoe MOJIOKUTETHHOE
gucio d, uro |f(x)| > M, kak Tonsko 0 < |[X — Xq| < 8.

O6o3nauenue: lim f(x) = oo.
X—Xp

Onpenenenne. Oynkius Y=f(X), 3amanHas Ha BCcell YHCIOBOH MPAMON, HA3bIBACTCS
0ECKOHEUHO OOJIBIION MPHU X, CTPEMSIIIIEMCS K 00), €CITH IS JTF0OO0T0 MOJOKHUTEIBHOTro Yrcia M
HalIeTCs Takoe moaokuTeapHoe uncio T, uto |f(x)| > M, kak Toasko |x| > T.

O6o03nauenue: lim f(x) = oo.

X—00
OcHOBHbBIE TeOpeMbI 0 Mpeeiax:

1 lim (f(x) £ g(x)) = lim f(x) + lim g(x).
X—Xgo X—Xq X—Xp
2 lim (f(x) - g(x)) = lim f(x) - lim g(x).
X—Xg X—Xg X—Xo
3 lim kf(x) = k lim f(x).
X—Xp

X—Xg
fx) o 0O

x-x%o () lim g(x)

B mpocteimmx ciydyasx BeIUMCIACHUE Tpenena (yHKIUA CBOIUTCS K TOJCTAaHOBKE B
(YHKLHMIO, CTOSIIYIO MOJ 3HAKOM Tpejesa, MpeAeibHOro 3HaueHust aprymeHta. Ho noBosibHO
YaCTO TakKasa MNOJACTaHOBKA IPCACIBHOIO0 3HAYCHHA aprymMcHTa IMPUBOJUT K HCOIIPCACIICHHBIM

3HAYCHUSIM BHUJIA: (%), (g), (0 ), (0 — ), (1), (0%), (0?). OTbickanue npenena B 3THX

CIIydasiX, Ha3bIBalOT PACKPBITHEM HeompenesneHHOoCcTe. [lyis pacKkpbiTusi HeonpeaeneHHOCTeN
npeoOpa3yloT BBIPAKEHHE, CTOAIIEe IMOJ 3HAKOM TIpelela, 3aTeM HCIOJBb3YIOT TEOpPEeMBbl O

npeaciax, 3aMe4aTCIIbHBIC ITPEACIIbI.
. o . q=_ sinx
IlepBbIii 3aMeyaTeJIbHbBIN MPeae: lln(}— = 1.
X— X
. tgx . arcsinx . arctgx
CIIECTBUSI lim 2= = 1, lim—— =1, lim 28X — 1.
x-0 X X—0 X x—0 X

1 X
. . . 1 . 1
Bropoii 3ameuaTeibHbII pee: lm(}(l +x)x = e wm lim (1 + ;) =e.
X—

X—00



IIpumep 1. Beruncaurs lins}(Zx - 1.
X—
Pemenue. IloacraBnsiem B pyHKIuio y = 2X — lnpeaenpbHOE 3HAYCHUSI apryMeHTa X=3,
HOJTY4UM ling(Zx -1)=2-3—-1=5.
X—

OtBerT: 5.

2
x“—10x—-11
Ipumep 2. Beruucnuts lim ————
x-—1 x2-1

x%-10x-11
Pemenue. [loacrarmsiem B QyHKIMIO Yy = 21 MPEAEIIbHOE 3HAYEHUS apryMeEHTa X=-

1 HOJIY‘-II/IM(O) HGO6XOI[I/IMO PA3JI0KUTDb YUCIIUTCIIb U 3BHAMCHATC]Ib HA MHOKHUTCIIU, UCIIOJIb3YsL

(OPMYJIBI COKPAIIEHHOTO YMHOKCHHUS, TPABUIIO PA3JIOKCHUS KBAIPAaTHOTO TpeXWIeHa Ha
mHoxkuTend (ax? + bx + ¢ = a(x — x;)(X — X;), Tle X;, X, - KOPHU KBaJPATHOTO TPEXUJIeHa),
METOJI TPYIITUPOBKH. PelieHne 3anuchIBaloT B BUJIE:

) 2 _10x — 11 <o> G IDGHD -1 -1z
im == im im = 6.
X——-1 x2 -1 0/ x-1(x—1D&x+1) x-1 (x—1) =2
Coxkparenue Ha (x+1) BO3MOXKHO, Tak Kak OHO HE PaBHO HYIIIO, @ JIUIIL CTPEMUTCS K HYIIIO.
OtBer: 6.
I 3B li —V5+x

pumep 3. Boranciurs lim —=—=.
Pemenue. IoacrapiseM B QyHKIHUIO y = 3_2 51+6X IpeIeIbHOE 3HAYEHUs apryMeHTa X=4,

HOJIyLII/IM(O) Urto0bl n30aBUTHCS OT HEOTIPEIEICHHOCTH, HA10 (PYHKIIMIO YMHOKUTh HA €TUHUILY,

IPEJCTaBUB €€ B BHUJIE APOOU, CONPSKEHHON K BBIPAKEHMIO, COIEpIKAIEeMy KOpeHb 3 — V5 + X.
3anuiueM peuieHue

I —\/5+X_<0>_1_ 3—v5+x 3+V5+x
xoi x2—16 \0)  xo4 x2—16 3+5 +x
32 —\/5+x2 ) 4 —x

e 10GeTY G- Dat DG IVE Y
-1 -1 1

= lim = = ——
4 (x+4)3+V/5+x) 8:6 48
Ortser: -1/48.
2x2+X+3

Ipumep 4. Berancmute lim ———.
x—00 X°—16X+1

2x%4+x43
Pewenne. Ioxcragnsem B QyHKLMIO y = ————TIPS/C/ILHOE 3HAUCHHs APIYMCHTA X—
x3-16X

co
o , HO.Hy‘II/IM(;). Yro0ObI H30aBUTHCS OT HCOMPCACIICHHOCTHU, HAJO B YUCIUTCIIC U 3HAMCHATCIIC

BBIHCCTHU MHOXKHUTCIIb, coz[epmaumﬁ MaKCI/IMaJII:HyIO CTCIICHb HepeMeHHOﬁ. 3aHI/ILHeM pemeHHe
2X 3 ) 2 1 3
X + =+ SrS 4=
2X +x+4+3 <X3 X?’ — i x2

lim ————— = lim =
Soox3 — oo 3 -0 16 1
xso x> —16x+1 x « (x 16X+1) X 1_X2_|__

X3 3%
0+0+0 0

=T or0 1"
Ortser: 0.

5
. X7 +7
Ipumep S. Beruucauts lim ———.
x—oo 4X°+2x+8
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Pemenue. [Toacrapnsem B pyHKIHIO ¥ = pesebHOE 3HAYCHHS apryMeHTa X—

4x3+2x+8
o0
0 , nonquM(;). Y1006l M30aBUTHCSA OT HEOIIPEAECTICHHOCTH, HAI0 B YUCIIUTENIC U 3HAMEHATEIIE

BBIHECTH MHOKUTENb, COIEPKALIUI MAaKCUMAIIbHYIO CTEIeHb IEPEMEHHOMN. 3alluIIeM pelieHne

5

5 (X 7
SR e A < (5 +5) _
XLTO4X3+2x+8'_xL“;5(x3 2x 8)_
Xl=+=+=

X X X

7

. 1+ R 5. U

Tl , 2 8 1004040 0

x2  x*  x°
OTtBeT: 0,

Onpenenenne. Oynaxnus y=f(X) Ha3pBaeTcs HEMPEPHIBHON B  TOYKEX,, €CIH OHA
ompesiesieHa B 3TOM TOUYKE M CYIIECTBYET KOHEYHBIM Tpeaes (YHKIMH B 3TOM TOYKE, paBHBIN
3HaueHnto GyHkuu B 9TOM TOouke: lim f(x) = f(X().Touka, B kOTOpOil QyHKIHS HE SBISCTCS

X—Xg

HETPEPHIBHOM, HA3bIBAETCS TOUKOM pa3phIBa.
Ecnu dynkmust y=Ff(X) HempepbIiBHA B KX 101 TOUKE HHTEpBaa (&, D), To oHa HenpepbIBHA
Ha 3ToM uHTepBasie (PucyHoxk 1).

A

¥

~ Pucynok 1. Tpaduxu HenpepsBHOii 1 pasphiBHOi (ysKimii

IIpumep 6. PaccmoTpum dyHKIINIO
x?+1 mpu x<0,
f(x) =42x+1 mpu 0<x<2,
X—2 npu Xx=2.

Y BBITIOJIHUM €€ YepTEK.

Ctpoum rpaduxk:
1) na monyunTepsane (-o0; 0] ueptum parment napabonsr f(x) = x? + 1,
2) na unrepsaie (0; 2) — orpesok npsamoit f(x) = 1+ 2x,
3) Ha monyuHTepBaie [2; +oo) — npamyro f(x) = x — 2.

I[Tpu 5ToM B crity HepaBeHcTBa X < 0 3uauenne f(0) ompemeneHo ayst KBaAPATHUHOM
Gynkumn f(x) =x%+ 1, u B cuy HepaBeHCTBa X = 2, 3Hauenue f(2) ompeneneHo s
nuneinol pyuknun  f(x) = x — 2 (PucyHok 2).



o 1 : . i £
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Pucynok 2. I'paduk ¢pynkiuu npumepa 6. PII/IC}/HOKV 3. I'paduk pynkmum npumepa 7.

IIpumep 7. UccrnenoBarh PyHKIHIO HA HEMPEPHIBHOCTD Y =
x3—x? x?(x—-1)
Pemenue. [IpeoOpaszyem pynkmuio y = Y=
O6unacts onpenenenust pyukmun: D(y) = (—oo; 1) U (1; +00).
[octpoum rpaduk GpyHKIUK HOCIE YOpOIIeHus Apodu y = x? npu X # 1 (PucyHok
3).0OtBet: (yHKIMS HEMpEephIBHA HA BCEW YMCIIOBOI MPSIMOM KPOME TOUYKH
X = 1, B KOTOpOW OHA TEPIUT pa3pbIB.

x-1 "

3amaHus 1J151 CAaMOCTOATEIbHOM padoThI

BapuanTt 1
Brruucauts mpeacibl.
6+x—x2 6+x—x2 . 64+x—x2
1) lim . 2) lim . 3) lim .
X_>5 x3-27 X_>3 x3-27 Xx—o0 X3-27
6x345x%-3 11x345x%+3x—1 5arcsin2x
4) lim &°X 3 5) lim L oxX #3x-1 6) lim 22LSn2x
X——00 2X2—X+7 X—00 2x3—x+7 x—0 tgax
5%—1 Vx+4-3 3—7x—2x>
7) lim 8) lim 9) lim 222
S+00 5%+3 5 x2-25 " 53 X2—-8x+15

10) UccnenoBarh Ha HEMIPEPBIBHOCTH U MIOCTPOUTH Ipaduk PyHKITUU
—2Xx—-2 mpu X<0,
f(X)= Iogzx npu 0<x<4,
10—-2x npu x=>4.

Bapuant 2
BBI‘H/ICJ'II/ITI) peJebl.
-16 . x%-16 x?-16
l)l — 2) lim——. 3) lim ———
1x2+x 20’ X—4 X2+x-20 x—00 4x2+x-20’
16x+1 . tg 3x
4) lim 5) lim ———. ) lim ———
X—o— ooZX+6 x—00 4%X2+x—20 X—(0 arcsin7x
5_ 3 \/— _
X X+1-2 3x%—7x+2
7) lim — . 8)lim . 9)1 —_—
X——o00 4X%24+3%X—6 x—3 X-3 2 x2-7x+2 "
10) UccnenoBath Ha HEMPEPBIBHOCTH M MIOCTPOUTH rpaduK (PyHKITUH.
2

Xc+2x-1 nmpu x<1,
f(x)=14-2x opu 1<x<2,

é nmpu X > 2.




Conep:xanue oTyera:
1 Tema, nens.
2 OdopmiieHre 3aIaHAi ¢ TOAPOOHBIM PEIICHUEM U C YKa3aHHEM OTBETOB.
3 OTBeThl Ha KOHTPOJIBHBIE BOIIPOCHI.

KoHTpoJibHbIE BONIPOCHI:
1 Kakue BUAbI HEONPEIECICHHOCTEN BCTPEUYATIUCh MPH PEIICHUH 3aTaHUI?
2 CKOJIBKO MOKET OBITh TOYEK pa3pbiBa?
3 Yto 3HaYuT O€CKOHEUHO OO0bIas GyHKIHS?
4 Kakast pyHKIMS Ha3bIBaeTcss OECKOHEUHO MaIoi?
5 YUto Ha3bIBaeTCs DJIEMEHTAPHON M HERJIEMEHTApHON (QYHKIIHEH?

IIpakTnyeckas padora
Haxoxnenne HauOoIbIero, HANMEHbBINET0 3HAYCHUS (PYHKITHH.

Ilean padoOTHI:

- IPUMEHUTh YMEHUS 110 BJIAJICHUIO TIPEJICTABICHUN 00 OCHOBHBIX MOHATHSIX MATEMaTHYECKOTO
aHamM3a W MX CBOWCTBaX, BJIAJCHHE YMEHHEM XapaKTepH30BaTh NOBEACHHE (YHKIIHIA,
WCITOJIH30BAaHUE TTOTYYCHHBIX 3HAHUH JIJTsI OTTMCAHUS U aHATIN3a PEATbHBIX 3aBHCUMOCTEH.

TeopeTuveckuii MaTepuas;

JlocraTounoe ycnoBue s3xcTpemyMa. [Tycts pynkums y=f(X) HenpepbiBHa Ha
IIPOMEKYTKE X U UMEET BHYTPU IPOMEKYTKA CTALMOHAPHYIO WIIN KPUTUYECKYIO TOUKY X=Xo.
Torpa:

a) €ClIM y 3TOHM TOUKHM CYILIECTBYET TaKasi OKPECTHOCTb, B KOTOPOU BBINOJIHAETCS
HepaBeHCTBO f '(X)<0. mpu X<Xo, a ipu X>Xo - HepaBeHCTBO f '(X)>0, TOo X=X - TOUKa MHHUMYMa;

0)ecin y 3TOH TOUKH CYLIECTBYET TaKasi OKPECTHOCTb, B KOTOPOW MpU X<Xo BBIIOIHSIETCS
HepaBeHCTBO f '(X)>0, a mpu X>Xo - HepaBeHcTBO f '(X)<0, To X=Xo - TOUKa MaKCUMyMa;

B) €CJIM y 3TOM TOYKH CYILECTBYET TaKkas OKPECTHOCTh, YTO B HEH U CJIEBA, U CIIPABa OT
TOYKHU Xo 3HAKHU NMPOU3BOAHOMN OJMHAKOBBI, TO B TOUKE X0 IKCTPEMYMOB HET.

AJTOpHUTM HCCIIeI0BaHUs HenpepblBHOW GyHKIMH Y=f(X) Ha MOHOTOHHOCTB M 3KCTPEMYMBI:
1) Haiitu npousBoznyto f'(X)
2) Haiit cranimoHapHbIE U KPUTHYECKUE TOUKH.
3) OTMeTUTh CTalMOHApHBIE U KPUTHUUECKHUE TOUKH HA YUCIIOBOM IPSIMOM M ONIPENIEIHUTD
3HAK{ IPOM3BOIHON Ha MOJYYUBIIUXCS TPOMEXKYTKAX.
4) Onupasich Ha TEOpEMY, clieJaTh BEIBOABI O MOHOTOHHOCTH U TOYKaX 3KCTPEMyMa.

[Ipu BBIMTOJIHEHUN TPAKTHYECKOM pabOThI PACCMOTPHUTE CIECAYIOIINE TPUMEPHI:
[Tpumep 1:

x*+1e
.' ==
HccnenoBath QpyHKIUIO x* Ha DKCTPEMYMBI.
Pemenune. @ynkuus HenpeprsiBHA, Kpome Touku X=0.

1)Haitnem npou3BOIHYIO:

Fog=Bt 16) - x*-(x3) - (x* + 16) _ 4x* - x*-2x(x*+ 16) _ 2x*-32x _ 2(x - 2)(x + 2)(x* + 4)
= (x=)3 - e T e = X

2)X=2 u X=-2 - cranuonapusie To4kH. [Ipu X=0, mpous3BoHast HE CYIIECTBYET, TO TOYKA
paspsbiBa.




10

_ ; : : 3
= = = =
2 i) 2
4) X=-2 - TouKa MUHUMYMA, Ymin=8 X=2 - TOYKa MaKCUMyMa, Ymin=8.

AJITOPUTM OTHICKAHHSI HAMMEHBIIICTO U HAHMOOJIBIIIETO 3HAUCHU I HEPEPHIBHON

byuknuu y=f(X) Ha orpeske [a;b]

1)Haiitu npousBoanyto f '(X).

2)HaiiTu cranoHapHbIe ¥ KPUTHYECKUE TOUKH (QYHKIIUH, JISKAIIUE BHYTPH
otpeska [a;bl].

3)Beruucinuth 3HaucHue Gpynknun Y=f(X) B Toukax, oToOpakaeMbIX Ha BTOPOM IIare 1 B
TOuKax a u b, BEIOpATh Cpe/i STUX 3HAUYCHUI HAUMEHBIICE (Yiauw) U HAHOOJBINEE (3TO
6YHeT yHau6)-
[Tpumep 2. Haiitu HaumeHblee U HanOoJbIIee 3HaYeHUE (QYHKIIUN
y=x3-3x%-45x+1 Ha orpeske [0;6].
Pemenue. Bocrosb3yeMcst airoputMom

y'=3x2-6x-45 x=>5 € [0;6]
3x?-6x-45=0

x2-2x-15=0

X1=-3, X2=5

Yy HaI/IM:_1741 yHaI/I6:1

[Tycts ¢pynkius y=Ff(X) HenpepbiBHA HAa IPOMEKYTKE X U KIMEET BHYTPH HETO SAMHCTBEHHYIO
CTAIMOHAPHYIO MJIH KPUTHYECKYIO TOUKY X=X0

Tornma:

a) eCJIM X=X0 TOYKa MaKCUMyMa, TO Yuanc=F(Xo0)

0) ecitu X=Xo TOYKa MHHUMYMA, TO Yuaun=F(X0).

X
y=9""
[Tpumep 3. Halitu HanGosnbiiee 3HaueHue HyHKITMH 1 + x* na nyue [0; +o0).
e 1-x2
- F
Pemenue . (1 +x3) [Ipou3BoHas BCIOIY CYILIECTBYET, 3HAYUT, KPUTUYECKUX TOUEK Y

¢dbyukum wer. Y’ =0, 1-x?=0, x=1 wam X=-1.

ananmomy nyay 105 F0)€X = 1. rpyx>1, y'>0, a npu x >1, y’<0.
Vmax = f@)=——=3
max = =——=3
3HaumT, X = 1 — TOUKa MaKCUMyMa 1+12 2
X=1 — eJIMHCTBEHHAs CTAIMOHAPHAS TOUKA GYHKIIMM HA 33J]aHHOM NPOMEKYTKE, IPHYEM TOUKA

MaKCHMyMa.

Bomnpocs! 11 3akperieHus: TEOpeTUYECKOro MaTepraia K pakTHYeCKOMY 3aHITHIO:
1. Kakas Touka Ha3bIBaeTCs TOUKON MakcuMyma?
2.  Kaxkas Touka Ha3bIBaeTCsl TOUKOM MUHUMYMa?
3. Ilepeuncnute npaBuia qudepeHIMpOBaHuUS.
4.  Ha3oBuTe aaropuT™M Hax0XIE€HUS HaUOOJIBLIET0 U HAMMEHBILEr0 3HaYeHUs (PYHKIUHU Ha
OTpE3KE.

3ajaHue:

| Bapuant Il Bapuant
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1. UccnenoBath Ha SKCTpeMyM (DYHKITHIO:
y=xk-17 vy =2xk - 2¥
2. OnpenenuTb 3KCTPEMYMBI

3. Haiiaure HaubosbIiee U HAaMMEHbIIIEe 3HAaYCHUE (DYHKIUU:

2. OnpenenuTh SKCTpeMyM (QYHKITUN fO) =9x*

y = x3-3x%+3x+2 Ha otpeske [2;5] y = x*-4x?+2x-1 Ha orpeske [2;3]
4. Kakue u3 naHHbIX (yHKUMHA HEe uMeeT kputudeckux 4. Kakue n3 naHHbIX QyHKUUH HE
TOUYEK UMeeT KPUTUYECKHX TOYEK

a) y=x*+2x%+6 a) y=x3+x2-2

6)Y =x —vx 6)Y =VX +X

g) ¥ = 3X + 7Vx B) Y =X +¥x

') TAKOH HET. ') TAKOW HET.

[Tops10K BEITIOJHSHUS .

BHuMarenpHO POYUTATH TEMY U IENIb IPAKTUIECKON PabOTHI.
N3yunTh yaeOHBIN MaTepHal 1o TEME.

OTBETUTH HAa BOIIPOCHI.

BrimmorHUTE 3amaHus.

IloAroTOBUTH OTYET.

N E

CoepkaHHE OTYETA:

Ha3zBanue npakTuueckoil paboTHI.

VYyeOHas 1eib.

Pemenue 3a1annii MpakTHYECKON paOOTEHI.

OTBeTHI HA BOMPOCHI IJI 3aKPETUICHUS TEOPETUUECKOTO MaTepralia.
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IIpakTnyeckas padbora
Tema: UccnenoBanue QpyHKIUI 1 mocTpoeHUE TpaprKOB ¢ TOMOIIBIO IPOU3BOTHOM.
Heb: YuuThcst IpOBOIUTH UCCIIENOBaHUE (PYHKITUN C TIOMOIIBIO TIPOU3BOTHON U
CTpOuTh TpaduK HYHKIIUU O pe3yabTaTaM MPOBEAEHHOTO HCCIEIOBaHNS.
Xox padoTsbl
O3HaKOMBTECH C TEOPETUUYECKON YaCThIO;
3anuiuTe alropuTM Hcciae1oBaHus QyHKIUY;
BreinosinuTe 3a1aHUS TPAKTUYECKOW YaCTH;
OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI.
Teopernyeckas 4acTb
[Tpu mocTpoennu rpaduka GyHKIIHH HEOOXOIUMO MTPOBECTH €€ TIPEABAPUTEIBHOE HCCIICIOBAHNE.
ANTOPUTM UCCIIETOBAHUS (PYHKIIHH

el AN S

1. Haiitu 06macth onpeaeneHust DY) i o6macts JOMYCTUMBIX
snavennit (V) byHKINN.

HccnenoBaTh GyHKINIO HA Y€THOCTh, HEYETHOCTD, IEPUOIUIHOCTb.
Haiitu Touku nepeceuenus rpapuka GyHKINU C OCIMUA KOOPAUHAT.
Haiitu acumnrots! rpaduka GyHKIHH.

HccnenoBaTh GyHKINIO HA MOHOTOHHOCTD U 9KCTPEMYMBI .

HaiiTi mpoMeXyTKH BBIITyKJIOCTH, BOTHYTOCTH M TOUYKH ITeperuoa.
[MoctpouTts rpaduk GyHKIMU IO pe3yIbTaTaM UCCIICAOBAHUSL.

Nookwn

2 U TIOCTPOUTH €€

X
IIpumep . [IpoBecTu nosnHoe uccinenoBanue QyHKIUUA Y = 12

rpaduk.
Pemenue.
1. OGnacts ompenenenuss D(f) (QyHKIUM — BCS YHCIOBAsk OCh, 32 UCKJIIOUYCHHEM TOYEK
X=-2ux=2,1e. D(f)=(-0-2)U(-2;2)U(2+mx).

2. (DYHKHI/ISI HEMICpHUOANICCKasA, UCCICAYEM €€ Ha YCTHOCTb N1 HCUCTHOCTD:

LS N S
(0=~ g W

3. Haiinem Touku nepecedyeHus rpaduka ¢ ocsIMH KOOPIUHAT:
c oceto Oy rpaduk mepecekaercss mpu X =0, orkyna y= f(0)=0, T.e. M(0;0)-TOouKa
IepecevYeHus ¢ ocero Oy

X
¢ oceto OX rpaduk mepecekaercs, ecau f(x) =0, T.e. 4—2=0, orkyma X =0. Takum

o0Opa3om, M (0;0) - enMHCTBEHHAs TOYKaA NepecedeHus rpaguka ¢ 0ciMU KOOpAUHAT.

y x> X
4. Haiinem acumnrotsl rpaduka pynkimn: — |jm—— = +©, lim——=—.
X—2-0 4 X X—2+0 4 X
T.C. mpsiMasi X = 2 - BepTUKaibHas acuMnrora. OTCI0/1a, B CUITy CHMMETPHUH, CICIYET, YTO

npsiMast X = —2 - TaK)Ke BEPTHKAIbHAS aCUMIITOTA.

(%) <

Haiinem HaknoHHBIE acuMnToTh: K = |[jm——= ||m
X—>+00 X X—>+00

) ] x3 4x
b=I|m[1‘(><)—|<><]=ll X Flimy =0

X—>+00 X X—>+00

)
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T.e. IpAMasi y = —X - HAaKJIOHHAsi aCUMIITOTA IIPpU X —> +00 (1pu X —> —00 ). [[OpU30HTaIBHBIX
aCUMIITOT (DYHKIIMSI HE HMEeT.
5. Haiimem uHTEpBaJill MOHOTOHHOCTH M 3KCTPEeMyMbl (DYHKIIMH, HCCIEOys IEpPBYIO

, ( x°® ]I_x2(12—x2) x2(2\/§—xX2\/§+x)

S

Ortcrona BuaHO, uto pu X = 0 (puc.17) pyHKIMSA UMEET MAKCHMYyM B TOYKE X = 243 (mpruem
f (24/3) = =343 ~ -5,2 ), Bo3pacTaer Ha (0;2) m (2;2\/§)I/I yObIBaET Ha (2\/§;+oo).

,zﬁm‘_h/? 5
f(z)
_ / 2 \ ~
Puc.17

6. UToObl onpenennuTh MHTEPBAIbI BBIMYKIOCTH M TOYKH HEperuda, BHIYUCIUM BTOPYIO
IIPOU3BOJHYIO:

Y= 4-x*)
TIPOM3BOTHYIO

8x(12 + x?)

(-]
Orcroza sICHO, 4to 1ipu X > 0 dyHKuMs Bbimykia BBepx (T.e. f”<0) Ha (2;+00), X =0- Touka
neperuoa.

7. YuuteiBas HaKOIUIEHHYIO WHpOpManuio, ctpouM rpaduk Gyaxmuu mpu X >0, a 3aTem
CUMMETPUYHO OTPaXkaeM €ro OTHOCUTENIHO Hayana KoopauHat (puc. 18).
| v

| | i
N R s {m/ﬁ

f7(x) =

IIpakTHYecKkas 4acTh
1.MccnenyiiTe GYHKIMIO U TOCTpoiiTe rpaduk: y=2x-3x>12x-1
2.UccnenoBaTth pyHKIUIO ¥ =X2/x+1

KoHTpoJibHBbIE BOPOCHI:
1) HazoBuTte cxeMy ucciieJoBaHuUs (PYHKIIUH;
2) Jlaiite onpenenenne 00JacTH ONMPEIEICHNsS U MHOKECTBA 3HAYCHUH (QYHKIINH;
3) [Maiite onpeneneHue Y€THON U HEYETHON QYHKIIHY;
4) Kak HaiiTi TOukH nepeceucHus rpaduka GyHKIHUN C OCIMUA KOOPIUHAT;,
5) JlaiiTe ompeescHUEe aCUMIITOTHI rpaduKka GYHKIIUN, HA30BUTE BUJIBI ACHMIITOT;
6) HazoBute nmpu3Haku Bo3pactaHus (yObIBaHUS) (DYHKIIHH,
7) HazoBuTe ycioBHs CyIIECTBOBAHUS TOUCK IKCTpEMyMa (yHKIIUH;
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8) Kak HailTi IpOMEKYTKH BBITYKJIOCTH Ipaduka QyHKINH;
9) Kak Haiiti Touky neperu0a rpapuka GyHKuuu?

Ilpakmuueckaa paboma
Tema: «Haxo:kaeHue HeonpeaeJeHHbIX HHTEIPAJ0B METOA0M 3aMeHbI ITepeMEeHHON 1
M0 YacTAM»
Ieab: COBEpHICHCTBOBAHME YMEHHMI HAaxXOJWTh HEONPENEIECHHBIE HWHTETPAIbl METOJO0M
3aMEHbl I[IEPEMEHHOW M II0 4YacTsAM, COBEPIICHCTBOBAHUE YMEHUH IIPOBEPATH JEUCTBUE
WHTErpupoBanus nudepeHITupOBaHUEM.

MeToanuyeckne yKazaHus 1JIM NPAKTHYECKO padoThI
Teopernyeckue cBeieHus
Ilepsooopasznan pynkyuu. Heonpeodenennwtii unmezpan

®ynxuus F (X), oIpe/eleHHas Ha HHTEpBale (a, b), Ha3bIBAETCS 1epE00OPA3HOLL IS
ynxiun f (X), OIIPE/ICTIEHHON Ha TOM K€ HHTEPBAJIE (a, b), ecnn F '(X) =f (X)

Ecmu F (X) — nepBoobOpasHas 1ud pynxiuu | (X) , TO J00as apyras nepBoodpazHas
CD(x) mns pynkiuu | (X) otmmyaercs ot F (X) Ha HEKOTOPOE TOCTOSHHOE CIaraeMoe, T. €.
&(x)=F(x)+C, rae C —const.

Heonpedenennvim unmezpaiom ot (ynkuud | (X) Ha3bIBAETCS COBOKYIHOCTH BCEX

nepBooOpa3HbIX  aisg  3Tod  PyHkmuu. OO0o3HA4YaeTCss  HEONpPENEJEHHBIH  WHTErpal:
I f(x)dx=F(x)+C, rze F'(x)= f(x), C —const.

Onepanust HaxOXJACHUM TMepBOOOpazHOW JuId JaHHOM  (YHKIMHM  HAa3bIBAETCS
unmezpupoeanuem. InTerpupoBanue spisiercs oOpaTHON onepauueil kK 1udpdepeHupOBaHUIO:

([ £ (x)de) = £ (x)

Jlis  mpoBepKHM  MPAaBUIBHOCTH  BBIIIOJIHEHHOTO  MHTETPUPOBAHUS  HEOOXOIUMO
npoauddepeHINpoBaTh PE3yNbTaT HMHTETPUPOBAHUS M CPABHUTH MOJYYEHHYIO (YHKLIHIO C
MOJABIHTErPAITHHOM.

CgoiicTBa HEONPEACICHHOTO UHTETpasia:

(jf(x)dx)_f )i d[f(x)dx=f(x)dx;
2. dF(x) F(x)+C'
3. | kf (x)dx = kj k — const;

4 [(£(x)+g(x))dx= j x)dx + [ g(x)

Tabnuya ocHo8HBIX UHMEZPATI06

1. 'Odu:C; C =const; 2. jdu:u+C;

3. [u*du = +C, a#-1 U:Z\/U+C;

d
’ o+l ' 3a'jT

4, .d—u:In|u|+C; 5, Ia du——+C
Ju Ina

=

o+l
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6. '[e“du:e“+C; 7.jcosudu:sinu+C;
8. _[sinudu=—cosu+C; 9.j —=1tgu +C;
Ccos u

10 'd—u——ctgu+C' 11j =arcsin— +C
“Jsin®u ’ Ja?

12, -d—u:m‘“ u*+a’|+C;  13. jﬁ:£3r0t9—+C;
* Ju? + a2 u‘+a° a a

14, | zdu > N Ll +C; 15. fj_u:m tgE +C;
‘uU°—-a° 2a |u+a sinu 2

6. (29U tg (£+Ej +C; 17. _[tgudu=—|n|cosu|+C;
’ cosu 2 4

18. °ctgudu=ln|sinu|+C.

Kaxnas w3 npuBeaeHHBIX B Tabmuie (opMmyn crpaBeminBa Ha IPOMEXKYTKE, HE
collepKallleM TOYEeK pa3pbiBa MOJBIHTErpalbHOW (QyHKIMU. BblynciieHne HWHTErpaioB ¢
UCTOJIb30BAaHUEM  TaONUIBI W  OCHOBHBIX  CBOWCTB  HAa3bIBAlOT  HEMOCPEICTBEHHBIM

MHTETPUPOBAHUEM.
Memoo 3amenvt nepemeHnHoOl

Teopema 1. TIycts X = (1) MmoHOTOHHAS, HempepsiBHO MHdbepeHMpyeMas GyHKIHS,
Toraa

J £ (dx=[ f (o) (et @
[pu sToM, eciu j f (p(t)@'(t))dt=F(t)+C, To j f (x)dx = F(y(x)) +C, rxe

W (X) — dynxmms, obparras @ (t).
®opmymna (1) Ha3sIBaeTCS hopMyn0Ll 3ameHbl nepeMeHHOl B HEOTIPEACIICHHOM HHTErpale.
Aneopumm 3amenvl nepemenHo.
1) CBs13aTh cTapyro IEPEMEHHYIO HHTETPUPOBaHUs X C HOBOM nepeMeHHoi t ¢ momoribpio

samennt X = Q(t).
2) Haiitu cBsisb Mexny nuddepenmuanamu dX = ¢'(t)dt .

3) [lepeiiTu oA 3HAKOM WHTErpajia K HOBOM EPEMEHHOM.
4) IIpouHTErpupOBAaTH U B MOIY4YEHHON TEpBOOOPA3HOM BEPHYTHCA K CTAPOM IIEPEMEHHOM,

noncrasus t = y(X).
Ilpumepl. IlpouHTErpUpPOBATH MOAXOAIICH 3aMEHON IEPEMEHHOM.

a) ICOS4xdx; 0) J.eng’ldx; e)jx(Z—xz)sdx

Pewenue:
t=4x ’ dbopmyna 7
a) I cosdxdx =|dt = (4x)" = 4dx|= J‘COStZt == I COStdt =< TabmuIpBl =
dx dt WHTETPajIoB

4

:lsint+C =%sin4x+c.
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t=9x+1 q 1 dopmyia 6
6) [ dx =|dt = (9x +1)’ = 9dx| = [ ! ?t ~ 5[t = rabmmma =
dx — dt HHTETpajgoB
9
_letic-teonc
9 9
t=2-—x? g 1 dbopmyna 3
G)IX(Z — x?)dx =|dt = (2 — x?) = —2xdx| = Its [—?tj = —E_[tsdt = { TaGJIHIIBI =
xdx — dt HHTETpajgoB
—2
6
__1t ¢ =—i(2— x2)® +C.
26 12

Hnmezpupoeauue no uacmsam
Hekomopbze 6UO0bL UHmezcpailos, 6blYUCTIAEMbIX NO YACMIAM

Ecmu npomssonusie dynxmuit U =U (X) u V =V (X) senpepriBHEL, TO cripaBenusa
dbopmyna:
fudv =uv - [vdu, 3)
Ha3bIBaeMas )opmyIoll UHMe2pUpoOBanUs No YACmsm.
B xauectse U (X) OOBIYHO BBIOMpPAIOT (DYHKIMIO, KOTOpas YIpPOIIAETCs NpU

nudepeHITMpPOBaHNH.
Ilpumep IlpouHTErpUPOBATH IO YACTAM.
a) [ (3x—1)sin 2xdsx; 6) [ (L+ 2x)In xdx.
Pewenue.
. . U =3x-1-dU =30 COS2X. (COS2X
a) j(sx —1)sin 2xdx = WV —sinoxdy oy - C02X|= (B3x—1)(- )+ j o=

= —E(Bx —1)cos2x + chos 2xdx = —£(3x —1)cos2x + Esin 2x+C.
2 2 2 4

U=Inx—>dU :%
X
6) [ A+ 2x)Inxdx =|dV = (L+ 2x)dx —> :|nx(x+x2)—j(x+x2)d—x=
X
v :j(1+ 2X)dX = X + X°

2
=In x(x+x2)—J(1+ x)dx=lnx(x+x2)—x—x7+C.

Bapmuanr 1
Haiitu HeonpeneneHHbIe HHTETPAIBI METOJOM HETIOCPEACTBEHHOTO HHTErpupoBanus (st Ne 1-
5).
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1 3x® —x°+x* Y oo
1.'[(5<:osx—3x2 +;jdx .ZlJ'de .3..[(6 .32 —4)1x.

1 1 dx
4, + dx. | ———.
J.(coszx 1/1_)(2J 5.-|.1+16x2
Haiitu HeonpeaeieHHbIC HHTETPaIbl METOIOM MOACTaHOBKH (1151 Ne 6-8).
3
[(Bx—4)"dx. I142X4+5dx
1. 2.7 3x" +5x-3

Haiitu HeonpeaeIeHHbIN HHTErpaj METOIOM UHTEIPUPOBAHUS 110 YACTSM: I(X + 5)COS Xdx .

Bapuanr 2
Haiitu HeonpeneneHHbIe HHTETPAIBI METOJIOM HETIOCPEACTBEHHOTO HHTErprupoBaHus (st Ne 1-

5).

J'(6sinx+4x3—%}dx. IX9_3§:+2X6dx. J.(7X.22X+5)1x.

1 1 dx
[N W -
1+Xx° sin“x A4 —9x?
Haiitu HeonpeaeieHHbIC HHTETPaIbl METOIOM MOACTaHOBKH (1151 Ne 6-8).
18x? -3 8
j(7x+5)4dx. j - X jx7~eX dx.
6x° —3x+8
Haiitu HeonpeaeIeHHbIN HHTErpaj METOIOM UHTEIPUPOBAHUS 110 YACTSM: I(x - 2)Sin xdx .

IIpakTnyeckas padora
«Bpruncnenue onpenenéHHoro uHTerpana. [lnomanu miockux guryp»
Bapmuanr 1

f; (4x* +x —3)dx

1. Bpruucnuts onpeneneHHblii HHTErpal:

) [F(2x—1)%dx
2. BoruncnuTe onpeneneHHblii HHTErpajl METOJIOM MOACTAHOBKH: 2 .
3. Bbruucnuth, npeiBapuTeNbHO CIEIaB PUCYHOK, IUIOMIAAL (GUTyphl, OrpaHUYEHHON

= — A ) = "= .y = 2
sz Y = X +4, v=0, «x L x=1
=2 1D o
4, CKOpOCTh ABIKCHMS TOYKM H3MEHsieTcst mo 3akomy V=31 +2f+1 (w/c). Haiitn
nyTh S, MPOWCHHBIN TOuKoi 3a 10 ¢ OT Hayasa JBUXKEHUSI.
Bapuanr 2

f; (2x* —x +4)dx

1. Brruucnuth onpeneneHHbIN HHTErpat:
1
y T@Bx+1)4dx

2. BoruncnuTh onpeneneHHblii MHTErpajl METOJIOM MOACTAaHOBKHU: -0 .

: BIYUCIIUTD, TPEIBAPUTEILHO CAEIAB PUCYHOK, IUIOMIAAb (PUIYpbI, OTPAaHUUYEHHON
3 B ) y ) )
sy ¥ = X +1 v=0 x=-1. x=1 _
4. CKOpPOCTB IBMKEHHS TOUKH M3MEHsieTCs 110 3aKoHy vV =91 =& (m/c). Haitru myTs S,

MIPOMJEHHBIN TOYKOM 32 YETBEPTYIO CEKYHY.

IIpakTHYeckoe 3aHATHE
Tema: [lelicTBus Ha1 MAaTPUIIAMH.
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Hean: popMHUpOBaTH HABBIKM BBHITIOJHEHUS ONEPALMN HAJ] MATPULIAMH: CIIOKCHHE, BHIYUTAHHE,
YMHO)KEHUE MaTpPHULbI HA YUCIIO, TPOU3BEACHNE MATPHIL.
TpeOoBaHNs K BHINOJHEHUIO IPAKTUYECKON padoThI:

1. Odopmuts 3aaHus B TETPaIu sl IPAKTHYECKUX PAOOT.

2. BBINOIHUATH MHIUBUAYATBHYIO padOTYy .

3. OTBeTUTb Ha KOHTPOJIbHBIEC BOIIPOCHI

Coaep:xkaHue NPaKTHYeCKO padoThI.
1. BrbinmosHeHue 3agaHuii

anaafcnenuﬂ K RpAKmMu4eCKomy 3anamuiro:

1 3
1 1 2
A= -1 2 ,B: s
[3 4 5]
0 4
-2 0 3 1
C=| 5 6, D=[-7 0
-3 7 2 5

1. Jlanbl MATPHLBL:
MO>KHO U CJIOXKUTH MaTpHILy A: ¢ MaTpuliei B; ¢ matpuneit C; ¢ matpureit D?
Pewenue:Matpuily A HeNb3s1 CIIOKUTH C MAaTPULIEH B, Tak Kak MaTpuua 4 uMeeT

pasmephl 3% 2 | marpuna B - pasmepbl 2X3 | a CKIIaAbIBATh MOKHO TOJIBKO MATPHIIEI
OJIMHAKOBBIX pazMepoB. Matpunsl 4 1 C UMEIOT OJMHAKOBBIC Pa3Mephbl, TOATOMY UX
MOYKHO CKJIAbIBaTh.

Matpuusl 4 u D umeroT oguHakoBble pa3MepBI, CIEA0BATENBHO, MX MOYKHO CKJIAJIbIBATh.

-1 0 -2 1 7 2
o0 a7
2. Haiitn A+B , eciin -5 6 -3 3 45

Pewenue:Tak xak MaTpULIbI UMEIOT OJJUHAKOBBIN pa3Mep, TO UX MOKHO CKIIaibIBaTh. [Ipn
CJIOKCHMM MaTpPHI] HaJO CIOKUTH DJIEMEHTBI, CTOSALINE Ha OMHAKOBBIX MECTaX, T.C.

-1 0 -2 1 7 2 —1+1 O0+7 —-2+2 0o 7 0

-5 6 -3 3 45 -5+3 6+4 -3+5 -2 10 2
3. /amno:
2 5 4 -1

—6 -15 -12 3
A=|6 3 0 11| —34=|-18 -9 0 -33|
17 8 1 =3 v -3A —21 —-24 -3 9

Jly1st TOrO, 9YTOOBI -3 YMHOXKUTH Ha MAaTPUILy A HYKHO KaXIbIH AJIEMEHT
MaTpHUIbl A YMHOXHUTH Ha -3.

4. JlaHbl MAaTPHIbI:

1 3 10 -1 1 3 1 -5
A=|4 2 -2|,B=[13 1 4|,C=3 -2 3|
2 7 13 -5 2 5 0 -1
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)
=|8+13-9 4+1-(-6)

20+3-6
—4+4-9 |=

4-5-0

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

19

-2 22 17
12 11 -9
-1 19 13

CamocTosiTeIbHOE BLINOJTHEHHE 3aaHui CTYACHTaAMM.

3 5 7 1 2 4
1. Haiigute cymmy matpugr A={2 -1 0O|lmu B=| 2 3 -2
4 3 2 -1 0 1
f 1 4 T‘-E- B = 4 E
1if 06 253 —: 2
‘& 1 3E0D -3 —%5}
2.BBIYUCIUTh IPOU3BECHUE MATPHIL: ™~ ol “
;”3 z H "g
{z ¢+ —ito 7 —5i
6 1 —3}
3.BbIunciInTh Mpou3BeIcHHE MATPHIL: - <
{3 z Ty oy
0 7 -5
: —3F —
4.BBIYUCIIATD TPOU3BEICHNE MATPHIL; 5 : 3ATES )
CEDY
- LB
Lz
5.BBIUMCIINTE POU3BEICHHE MATPHIL: - ~
FI0
1 a 5 3
i 4— 7 > = F
HEE
Lz

L

6.BbIauCIuTh MPOU3BEACHHE MATPHIL: -

Bonpocs! 111 CAMOKOHTPOJIA:

Urto Ha3pIBaeTCs MaTpUIlei? 3anmummTe oOMKKA BUT MATPHUITLI pa3MepoM MXnN.
Kaxue matpuiiel Ha3bIBatOTCSA paBHBIMU?

HazoBure BubI MaTpHil.

Ha3zoBute nuHeliHble onepauuy HaJ MaTPULIAMH.

Kakne maTpuiibl MOKHO niepeMHOkaTh? Kak BBITIOITHAETCS YMHOKEHUE?

aorwODdDE

Tema: BorunciieHue onpeneauresiei
Leasn: chopMupoBaTh yMEHUE BEIUUCIISATH ONPEACTUTETN BTOPOTO, TPETHEr0 U N-TO MOpsAKa.
TeopeTuyeckue cBeleHUsI K MPAKTHYECKOH padoTe
Omnpenenenne. OnpenenureneM (IETEPMUHAHTOM) BTOPOTO MOpPs/IKAa HA3bIBAIOT YHUCIIO,
KOTOpPO€ CTAaBUTCA B COOTBETCTBHE MATPHUIIbI BTOPOTO MOPSAKA, M BBIUUCISAETCS CIEIYIOIIUM
obpasom (0bo3HauaeTcss A, |Al, detA):
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a a
|A|: o =838y — a8y -
ax
l) ‘3 4‘=3~6—4-5=18—20:—2,
5 6
2) _g é‘:(—4)-6—1-(—5)=—24+5=—19.

Omnpenenenne. OnpenenuteneM (IETEPMUHAHTOM) TPETHETO MOPSAKA HA3BIBAIOT YHUCIIO,
KOTOPOE CTABUTCS B COOTBETCTBHE MATPHUIIBI TPETHETO MOPSAJIKA, U BHIYUCIISETCS 110 MPABHITY:
81 A 3
A=lay a8y 8y3|=ay38y8z3 + 8183831 + 8138183y — 8138583 — 81385385, — 818y 85,
431 a3 8
JlaHHBII aTOPUTM HA3bIBACTCS «IIPABUIIOM TPEYTOJIBHUKAY, KOTOPOE MOKHO MPEJICTABUTH B BUJIE
CXEMBI

o o o o o o o o o o o o o o o
o o of=|o o[+ o + o[ —|o o[ —|o - o
o o o o o o o o o o o o o o o

Hamnpumep, BeIducIuM onpenenuTeinb

3 -1 2

A=l4 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.

J171s BbIUKCIIEHHS OIPEENIUTENS TPETHEro MOPSIKa MOXKHO MOJIb30BaThCs anropurmMoM Capproca:

1) Mocne 3anucK onpeaenvTens A40NMCbIBAaEM ero nNepsbiit U BTOPOK cTonbel, u BblYnCaAEM
no cxeme

—8385;83) — 81785383, — 812871833
Hamnpumep, BerurcauMm onpenenutens no anroputmy Capproca
1 -4 2| |1 -4 2|1 -4

A=|-2 5 4|=]-2 5 =1-5-(-6)+(-4)-4-3+
3 1 -6 |3 A1 3\ 1
+2:(-2)1-2-5-3-1-4-1-(-4)-(-2)-(-6)=

=-30-48-4-30-4+48=-68.

2 -1 5
MUHOP |-4 2 1 M32:‘2 i‘=21—5~(—4)=22,
0 3 -2 B
-1 5
|\/|21:‘3 _2:(—1)-(—2)—3-5:—13.

Onpenenenne. AnreOpanyecKuM JIOTIONHEHUEM JJIEMEHTA a; onpedeiumens N -20
nopsaoka (obosnauaemcs A;j) Hazvieaemcsi COOMeemMCmeyouuLL emy MUHoOp Co 3HaAKOM

- (o, -{

ij» ecau (i + j) — yemmuoe 4ucio,

-My;, ecmu (i + j) — newemnoe uucno.
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1 2 3

Hamnpumep, nis onpenenurens (4 5 6
789

3+1 2 3

A3l =(_1) M31 = M31 = 5 6 =2-6-3-5=12-15=-3,

4 6
Ay :(_1)1+2M12 =-My, :—‘7 9

9) (Teopema Jlamnaca) Ormpenenureb paBeH CyMME IPOHM3BEACHHUI DIIEMCHTOB
HEKOTOPOTO CTOJIONA (CTPOKH) HA COOTBETCTBYIOIIUE MM aNTreOpandecKue JOMOTHECHUS.
Hanpumep, 15 onpenenuTens TpeTbero nopsaka

=—(4-9-6-7)=—(36-42)=—(-6)=6.

a1 dp; A3
Ay Ay A=Ay tappAp +agAg = a3Ag +axAgg + Az 3.

dz; a3 dag

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

Pewienue
1) Boruncianm onpeeuTeb.
a) 1Mo TIPaBUJTy TPEYTOIbHUKA.

1 2 -3
3 -1 2|=|3 =
4 5 -2

=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.
0) o anroputmy Capproca.

1 2 -3
3 -1 2|=§3 1=
4 5 -2

=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) 1o Teopeme Jlamnaca.
Paznoxxum onpenenuTesns o MEPBOMY CTOJIOILY:
1 2 -3
3 -1 2|=1-A +3-Ay+4-Ay =1 My +3- (<12 My, +
4 5 -2
vt 2 Td? e
—3(2-(-2)-(-3)-5)+4(2-2—(-3)-(-1)=2-10-3(-4+15)+ 4(4-3)=
=-8-33+4=-37.

Conepxanue NnpakTH4ecKoil padoThbl:
1 éapuanm BpauciuTh ONpeenuTeNn

2 -3 |3 5 ‘ g 23

-5 -6
D 50228 3|1 g4 _5;5);‘61173;
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1 2 -12
3 0 1 5
6) 31 47t 2381 2 0 3
-2 -4 1 6

2 éapuanm. BeryuciuTh onpeaenuTenu

2 -3 3% |5 -¢ |8 -3 123
D 515212831 gl'¥|4 _5,5)2613,
1 2 -12
7 8 3 11 5 6 3 0 1 5
o3l 4nlt 2 et 2 0 3;
2 68 |7 4 4 |,

IIpakTuyeckas padora
«Pemenne cucrem JMHEHHBIX yPaBHEHHI TpeThero nopsijaka meroaoM Kpamepa»

Iean padoThI:

®  pacuMpuTh npenacTaBieHue o Meronax pemenus CJIY u orpaborats anroputm pemenus CJIY
MerogoM Kpamepa;

®  pa3BUBATh JIOTMYECKOE MBIIUICHUE CTYJAECHTOB, YMEHHE HAXOAUTH PALIMOHATIBLHOE PELICHUE
3aa4y;

®  BOCIHUTHIBaTh Y CTYIECHTOB aKKypPaTHOCTb U KYJIbTYpYy MMCbMEHHOM MaTeMaTHUECKON peyuu Npu
O0(OpPMIICHUN UMU CBOETO PELICHHUS.

Pemnre cucremy ypaBHeHuit mo ¢opmymnam Kpamepa

BAPHUAHT 1 BAPUAHT 2
5x+y—-3z=-2; 3x—2y+z=10;

1) 4x +3y + 2z =16; 1) {X+5y—-2z=-15;
2X -3y +z=17. 2x—2y—z=3.

(2X—y+22=-3;

(2Xx -3y +2z2=-3;
2) \X+2y—z=4

2) sX+5y—z=-1

(3X+y+3z=3. 3X+y+4z=11.
X+2y+3z=5
2X—-y—-2=1,
X+3y+4z=6. X-ytz=2
3) 3) 13x+2y+2z7=-2;

X—2y+z=1.
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IIpakTHyeckas padora
Pemenne cucreM JTMHEHHBIX YPABHEHHUI C TOMOIIBIO 00PATHOH MATPHIIbI
Ienb: HayuynTHCS pelIaTh CUCTEMBI JIMHEWHBIX YPaBHEHUM ¢ MIPUMEHEHHEM MAaTPUYHOIO
METO/1a.
B mMaTpuuHOM MeTO/ie peleHus CUCTeM JIMHEHHBIX aareOpandecKux ypaBHEHHH BUA:
X +a,X, .+, X, =b,
A, X, + Ay Xy + .o+ Ay, X, =D,

2n n

a X +a,,X, +...+a,,X, =b,

& B - &y
KOTOpbIEe B MaTpuuHOil hopme 3amuchiBaroTes kak A-X = B, rae A_| B Bz o -
anl an2 ann
X
2
OCHOBHAsI MaTpUIIA CHCTEMBI, X = - MaTpUILA-CTOJNOEL HEM3BECTHBIX IEPEMEHHBIX,
Xn
b,
B = - MaTpHLa CBOOOJHBIX YJICHOB.

n

Pemenne cucrembl JIMHEWHBIX anreOpandeckux YypaBHEHUH MaTPUYHBIM METOIOM

onpenensercs 1o popmyne X = Al- B, T.e. pelenne HaXOAUTCS ¢ MOMOIILIO OOPATHOI MATPHUIIBI
Al

Bapmuanr 1
1. Pemmth cucTeMy TUHEHHBIX YpaBHEHUN TPETHETO MOPSIKA MATPUYHBIM METOIOM.
SX+2y—-z=-1, X+Yy+z=-4, X+y—-z=-1
a) «3X—Yy+3z=-4, 6) {3X+4y—-3z=1, B) <3X+3y+2z=7,
X+2y—-32=3. 4x+5y—-3z=-1. 2X—Yy—3z=8.
Bapmuanr 2
1. Pemmth cucTeMy TUHEHHBIX YpaBHEHUN TPETHETO MOPSIKA MATPUUYHBIM METOIOM.
X+y+2=2, X+y—2=2, X+y—2z=3,
a) 49X+3y+2z2=-1, 6)4—4x+3y—-z=3, B){4X+5y+4z=-3,
X—y+4z=1. 3Xx—-2y-2z=11, 3X+3y -5z =8.

KoHnTpoJibHBbIE BONIPOCHI
3anummTe cCUCTEMY JIMHEHHBIX areOpanyecknx ypaBHEHUH B MaTpUYHON GopMme.
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IIpakTnyeckas padora
Tema: «Boiuucnenue gepoammnocmeii cooblmuil no KiaccuiecKou gopmyne 6epoAmHoCmu)
Heasb: dopMupoBaHre yMeHUI pemarb 3aAayd, MCIONb3YS KIACCHUECKYI0 (OopMyIy
BEPOSITHOCTH;
3aKpeIUIeHue YMEHUH pellaTh 3a/Ja4d, UCIONb3Ys OmpeneneHus U (OpMyNbl pa3HBIX BHJIOB
KOMOUHaIMii 0e3 NOBTOPEHMM M ¢ MOBTOPEHUSMH; pellaTh 3aJaud, HCIOJb3ys IMpaBUiia
KOMOWHATOPUKH.

MeTtoauyeckue ykazaHusl M TeOpeTHYeCKHe CBeIeHUsI K PAKTHYecKoii padore
Knaccuueckoe onpedenenue eeposmnocmu
Ipumep 1. TlycTh B ypHE CONEPKUTCA 6 OMHAKOBBIX IIAPOB, IPUYEM 2 U3 HUX - KpacHbIE, 3 -
cunue u 1 - 6enpiit. KakoBa BO3MOKHOCTH BBIHYTh HayAauy U3 YPHBI IIBETHOH map? MoXHO 1
0XapaKTepU30BaTh 3TY BOZMOKHOCTh YMCIIOM? OKa3bIBAETCS MOKHO. DTO YHCIIO U HA3bIBAETCA
BEPOSITHOCTHIO COOBITHSA A (TTOSBICHUS IIBETHOTO mIapa). Takum o0pa3oM, 6epoAmHOCHLb eCHlb
uucno, xapaxKmepusyioujee Cmenensb 603MO}CHOCIU NOABIEHUA COObIMUA.
Kaxxaplit 13 BO3MOKHBIX PE3yJIbTaTOB UCTIBITaHUs (B IpUMepe 4, UCTIBITAHUE COCTOUT B
M3BJICYEHNH 11apa U3 YPHBI) HA3bIBACTCS 971EMEHMAPHBIM UCXOOOM.
Te anemeHTapHbIE UCXO/bI, B KOTOPBIX HHTEPECYIOIIEe HAC COOBITHE HACTYIIAET,
Ha3bIBAIOTCS H1A20NPUAMCIMEYIOWUMU YTOMY COOBITHIO. B pumMepe 4 61aronpusTcTBYyIOT
coOBITHIO A (TIOSBJIICHHE IIBETHOTO II1apa) 5 UCXO0JIOB.
CoObITHS HA3BIBAIOTCS PAGHOGO3MOMNCHBIMU, €CITH €CTh OCHOBAHUS CYMTATh, YTO HE OJTHO U3 HUX
He sBJIsieTcs 0oJiee BO3MOKHBIM, YEM JIPYTOE.
Ipumep 2. TlosiBIIeHNE TOTO WJIM MHOTO YHCIIA OYKOB Ha OPOIICHHOM MTPATbHOM KYOHKeE —
PaBHOBO3MOKHBIE COOBITHSI.
Bepoamnocmuio P(A) coObiTusi A Ha3bIBAIOT OTHOIICHUE YMCIIa OJIaronpusTCTBYIOIINX TOMY
COOBITHIO UCXOJI0B K OOIIIEMY YHCITy BCEX PAaBHOBO3MOXKHBIX HECOBMECTHBIX 3JIEMEHTAPHBIX
MCXO0JI0B, 00pa3yIouX NOJIHYI0 rpynny. Bepoamnocms P(A) cobbiTus A onpenensiercs mo

bopmyie
Pay="
i

rJie M — YUCIIO JIEMEHTAPHBIX HCXO/I0B, OJIArompusATCTBYIONIUX A; N — YHCIIO BCEX BO3MOXKHBIX
9JIEMEHTAPHBIX UCXOJI0B HCIBITAHHUS.

B nmpumepe 4 Bcero 3neMeHTapHBIX HCXOJ0B 6; U3 HUX 5 01aronpusTCTBYIOT COOBITHIO A.
CremoBareabHO, BEPOSATHOCTH TOT'O UTO B3SITHIMH IIap OKaXKeTcs IBETHHIM, paBHa P(A) = 5/6.

IIpumep 3. OnpenenuTb BEpOSITHOCTh BBIMAICHUSI HEUETHOTO YUCIIa OYKOB Ha KOCTH.
Pewenue. ITpu Gpocanuu KOCTH cOOBITHE A — «BBITIATO HEYETHOE YUCIO OYKOBY» MOXKHO
3amucaTh Kak moaMHoOxecTBo {1, 3, 5} mpocTpancTBa ucxomos {1, 2, 3,4, 5, 6} (puc. 1).

Yuciio Bcex paBHOBO3MOXKHBIX UCXOJIOB N = 6, a YKCII0 0JIaronpusTHRIX coObITHIO A — M = 3.
CrnenoBaTeiabHO,

P(A) =

o | W
3| =

IIpumep 4. B ypHe Haxoautces 7 mapoB: 2 Genbix, 4 uepHbIX U 1 KpacHbIi. BeiHMMaeTcst ogun
map Hayraa. KakoBa BepOsSTHOCTh TOTO, UTO BBIHYTHIH mIap OyaeT 4épHbIM?

Pewenue. 3anymepyem mapsl. [lycts, Hanpumep, mapsl ¢ Homepamu 1 u 2 — 6edble, ¢
HoMmepamu 3, 4, 5 u 6 — uépHbIe, a KpaCHOMY IIapy MPUCBOUM HOMEp /. Tak Kak Mbl MOKEM
BBIHYTH TOJIbKO OJMH U3 CEMH ILIAPOB, TO 00IIIee YUCIO PABHOBO3MOXHBIX HCXO/I0B PAaBHO CEMHU
(n =7). U3 Hux 4 ucxoja — mosiBIIeHUE mapoB ¢ HoMmepamu 3, 4, 5 b — npuBeAyT K TOMY, 4TO
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BBIHYTHIH map Oyzaer u€pubiM (M = 4). Tem caMbIM, BEPOSTHOCTH COOBITUSI A, COCTOSIIETO B

Py=2

MOSIBJICHUH YEPHOTO 11apa, paBHA 7

BbruncnuTe BEpoSITHOCTH TOTO, UTO BBIHYTHIH IIap OyAeT OebIM.

Ipumep 5. Berauciauth BEpOSTHOCTD BbIMaieHHsI B cyMMe 10 0ukoB mipu OpocaHuM mapbl
KOCTEH.

Pewenue. PaccMoTpuM Bce paBHOBO3MOKHBIE HCXO/IBI B pe3yJibTaTe OpocaHus ABYX KOCTeH (MX
YuUCII0 paBHO 36 - pEKOMEHIyeM 3anucarh B Buje Tabnuibl). Bemmanenne B cymme 10 oukoB
(coObITHE A) BO3BMOXKHO B TPEX caydasx — 4 ouka Ha MepBOM KOCTU U 6 Ha BTOPOH, 5 OYKOB Ha
MepBOil M 5 Ha BTOPOI, 6 0YKOB Ha TepBOil U 4 Ha BTOpoi. [ToaTOMY BepoSITHOCTh COOBITHS A

A==

3 —
(Bbmanenus B cymme 10 oukoB) paBHa 6 12
IIpumep 6. 3 60 BOTIPOCOB, BXOJSIIUX B 3a4€T C OLCHKOWIIMOHHBIE OUIIETBI, CTYACHT
noaroToBua 50. KakoBa BeposSITHOCT TOTO, YTO B3STHIA HAy/Aauy CTYJEHTOM OHIIET,
coJiepKalIuii 2 Bompoca, OyAeT COCTOATh U3 MOATOTOBIEHHBIX UM BOIIPOCOB?
Pewenue.
1) O6o3HauuM cobObITHE A - «BBITSHYTBIN CTYI€HTOM OUJIET COCTOUT U3 MOATOTOBJICHHBIX UM
OuneToBy. [l BBIYUCIEHNS BEPOSTHOCTH MOSIBIICHUS JAHHOTO COOBITHS BOCIIONIb3YEMCS
KJIACCUYECKUM OTIPEICIICHUEM BEPOATHOCTH COOBITHSI, COTTIACHO KOTOPOMY BEPOSITHOCTD

P(A)=",
ompezaensercs mo Gopmye: 1
rJIe M — YUCJIO KCXOJIOB, IIPU KOTOPBIX TMOSBIIIETCS COOBITHE A,
n-— 06mee YHUCJI0 BHGMGHTapHBIX HCCOBMCCTHBIX paBHOBOSMO)KHBIX HUCXOI0B.
2) Onpenenum N. O61Iee YnCI0 OUIIETOB OMPEEIsIETCs coueTanueM 1o 2 u3 60:

| )
n==C%= o0 _80-99 1770
s8l.2l 2
3) KonndecTBO OMIIETOB, BOMPOCH! KOTOPBIX CTYICHT 3HAET, ONPEACIIACTCS COUCTAaHUEM 110 2 U3
50:

I .
ns Gl S0 3049 a2

0,69
48l-2l g 4) Onpenenm BEPOSITHOCTD COOBITHS A 1

El

Omeem: BeposITHOCTB TOTO, UTO B3SITHIA HayAady CTYJIEHTOM OWJIET, COIEpIKAIIIi 2 BOIIpoca,
OyZeT COCTOATh M3 MOATOTOBJIEHHBIX UM BorpocoB paBHa P(A) = 0,69. To ects, eciu Oyzer,
Harpumep, 100 Takux cTyIeHTOB, TO 69 U3 HUX BHITSHYT OUJIETHI, K BOIPOCAaM KOTOPHIX OHU
HOATOTOBJIEHBHI.

CroiicTBo 1. BepostHOCTE docmoseprnozo codbiTust A paBHa equnune: P(A) = 1.

CBolicTBO 2. BeposTHOCTD He603M0xcH020 cOObITHS A paBHA HYIIO: P(A) = 0.

CroiicTBOo 3. BeposTHOCTB CIIy4aitHOTO COOBITHS €CTh MOJIOKHUTEIBHOE YUCIIO, 3aKITIOYCHHOE
Mexny Hynem v edunuyei. 0 < P(A) <1

Ilpumep 7. Tak Kak BEepOSTHOCTH BbINagcHUs 13 0uKOB mpu OpocaHUM Mmapbl KOCTEH —
HEBO3MOXKHOE COOBITHE, €T0 BEPOSITHOCTD PaBHA HYJTHO.

Knaccuueckoe onpedenenue geposasmnocmu pearnoaraet, 4YTo YUciao HIEMEHTAPHBIX HCXO0I0B
UCTIBITaHUsI KOHEYHO. Ha mpakTuke ke 4acTo BCTPEUYAIOTCS UCTIBITAHUS, YUCIIO BO3MOKHBIX
HCXOJI0B KOTOPBIX OeckoHeuHOo. Kpome 3Toro, 4acTo HEeBO3MOXKHO MPEACTaBUTh PE3YIbTAT
UCIIBITaHUS B BUJIE COBOKYITHOCTH 3JIEMEHTApHBIX cOObITHIA. Ellle TpynHee ykazaTh OCHOBaHUS,
MO3BOJIAIONINE CUUTATh dJIEMEHTapHbIE COOBITUS paBHOBO3MOKHBIMHU. [10 3T0 npuynHe, Hapsay
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C KJIACCHUECKUM OIpe/IeICHHEM BEPOSTHOCTH UCTIONB3YIOT U IpYTHE ONPEICeIICHHs, B
YaCTHOCTU CHamucmuyeckoe onpeoeneHue.

Cmamucmuueckoe onpeoeneHue 6epoAmMHOCHU

Ommnocumensnan wacmoma Hapsy C BEPOSITHOCTHIO IPHHAIICKUT K OCHOBHBIM ITOHATHSIM
TEOPUH BEPOATHOCTEH.

OmmnocumenvHoii yacmomoit coObITHI A Ha3bIBAIOT OTHOIICHHE YMCJIA HCIBITAHNH, B KOTOPBIX
COOBITHE MOSIBUIIOCH, K 00IIEMY YHCTY (PaKTUUYECKU POU3BEACHHBIX UCIBITAHHIA:

()=
H )

rI€ M — YKCJIO HOSABIIEHUN COOBITHA A, N — 00Iee YMCIIO UCIIBITaHHUIA.
Knaccuueckan eepoamnocmep gvluuciaemcsa 00 onvima, a OMHOCUMEIbHAA YACHOmMa — nocie
onvima.
I[JII/ITG.HBHBIC H3.6JIIOI[CHI/I$I IMoKasaJjii, 4To €CJIM B OJUHAKOBBIX YCIIOBUAX MMPOU3BOLAT OIIBITHI, B
KaXKJOM U3 KOTOPBIX YHCIIO UCIIBITAHUN BEJIMKO, TO OMHOCUMENbHAA YACMOma
oOHapyscueaem ceolicmeo ycmouuueocmu. 1o CBOUCTBO COCTOUT B TOM, YTO B Pa3IUYHBIX
OTbITaX OTHOCUTEJIbHAS YaCTOTa U3MEHsIETCS Majlo (TeM MEHbIIE, YeM OoJIbIlie TPOU3BEIEHO
UCIIBITaHU ), KOJIEOISCh OKOJIO HEKOTOPOTO MOCTOSIHHOTO YKCIa. DTO MOCTOSTHHOE YHUCTIO U €CTh
BEPOATHOCTDH MOSBICHUS COOBITHUS.
Taxum 06pa3oM, Mpu TOCTATOYHO OOJIBIIOM KOJUYECTBE UCIIBITAHUN B
KAueCTBE CIAMUCMUYECKOIL 8ePOAMHOCHU COObIMUA TPUHUMAIOT OMHOCUMENbHYIO
yacmomy VI 9UCI0, OJIM3KOE K HEH.

Cooeporcanue npakmuyeckoii padoomaol
1. Pewume 3a0auy:

3aodaua 1. B ypue Haxomutcs 15 6enbix, 5 kpacHbix u 10 uépHbix mapoB. Hayram ussnekaercs
1 map, HaiiTH BEpOSATHOCTH TOTO, YTO OH OyJeT: a) OenbIM, 0) KPaCHBIM, B) YEPHBIM.

3aoaua 2. B xopoOke nexaT 8 3e/eHbIX, 7 CHHUX U 15 KpacHbIX KapaHaameil. Beraucnute
BEPOSATHOCTH TOTO, UTO B3ATHIA HAyraJ KapaHjail OyJeT, CHHUM WJIH 3eJIEHBIM.
3aoaua 3. B onHoit KOpoOke HaxoauTcs 4 OeJbIX U 8 YEPHBIX IIAPOB, a B APYroi — 3 Genbix u 9
yepHbIX. 3 Ka)kq0i KOpOOKHM BBIHYIH IO 1Iapy. BEUUCIUTE BEPOSATHOCTH TOTO, UTO 00a miapa
OKaXXyTCS OCTTBIMHU.
3aoaua 4. B marazus noctynuio 30 XOJOAWIBHUKOB, ATh U3 KOTOPBIX UMEIOT 3aBOJICKOM
nedext. CaydaifHpIM 00pa30oM BEIOMPAIOT OJIMH XOJOAMIBHUK. KakoBa BEpOSITHOCTh TOTO,
4yTO OH OyneT 6e3 aedekra?
3aoaua 5. Habupas Homep TenedoHa, aOOHEHT 3a0bLT OCTEAHNUE B IUQPPHI 1, TOMHS JIUIIb,
YTO ATH UU(PHI pa3anyuHbl, HaOpai ux Hayraja. HaliTu BeposTHOCTh TOro, 4YTO HAOpaHbl HYKHBIE
U QPBI.
3aoaua 6. AGoHeHT 3a0bLT TOCHEHIO TGPy HOMepa TeneoHa W MOATOMY HabOupaeT eé
Hayraja. OnpenenuTh BEpOSITHOCTh TOTO, YTO eMy IpUIETCS 3BOHUTH HE Oojiee 4eM B 3 MecTa.
3aoaua 7. AGoHeHT 3a0b11 mocneaHue 2 nudpsl TeIeGOHHOTO HOMEpa, HO MIOMHUT, YTO OHH
pa3IUYHBI M 00pa3yloT ABy3HAYHOE Yncio, MeHbInee 30. C yaeToM 3Toro oH HabupaeT Hayraj
2 mudpsl. HaliTi BEposSTHOCTH TOTO, YTO 3TO OYAYT HYKHBIE ITU(PHI
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IIpakTnyeckas padora

«CocTaBiieHHe CTaTUCTUYECKOTO pacipeeneHus Bbloopku. [locTpoenue rucrorpaMmmsl U
MOJIUTOHA YaCTOT»
Ieas O6001MTE 3HAHKS IO 00paboTKe HH(POPMAITKH, TTO paboTe ¢ qUarpaMMamMu U rpaduKamu.

OO0pa3elr BEITIOTHEHUS 3aaHHs

JaHbl pe3ynbTaThl TECTA 10 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 mony, cpennee apudmMerndeckoe, pasMax U HOCTPOUTH MOJUTOH M TUCTOTPaMMa.

Xi 2 3 5 6 7 8 9

10 Bcero
mi 5 3 2 11 9 4 5} 1 40
HuTepBan [2-4] (4-6] (6-8] (8-10] Bcero
mi 8 13 13 6 40
Wi 0,2 0,33 0,33 0,14 1
Mopna = 6, Cpennsis apupmernueckas = 6, 125, Pazmax = 8
20 20
10 10
0 T T T 1 0
[2-4] (4-6] (6-8] (8-10] 3 7 9
1 BapuaHT

B pa3Hbie MecsIpl TUIATHRIMU YCIyTaMHi OpTaHU3AIMK BOCIIOJIB30BAINCH Ha cymMmy: 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. ITocTpouTts BaprallMOHHBINA U UHTEPBAJIbHBIN PsJIbI.

2. Onpenenure cpeaHuit 3apab0TOK OpraHu3aiuu (cpeaHss apudmerrndeckas).

3. Kakyto cymmy opranunzanus 3apabarbiBaia yaie Bcero?(Moja)

4. KakoBa pa3Huiia Mexy caMbIM OOJIBIINM U CaMbIM MaJIEHbKUM IOCTYIUIEHUEM Ha

cuet opranuzanuu? (Pa3max)
Kaxkas cymma nosrydeHa B cepeliHe BpeMEHHOT0 npomexxyTka? (Menuana)
[TocTpouts rucTorpaMMy M MOJIMTOH YaCTOT.

5.
6.

2BapHUAHT
OTxen KaipoB MOTYYHII 3aIIPOC HA UCCIIEIOBAaHIE BO3PACTHBIX 0COOEHHOCTEH KOJUICKTHBA.

B pesynbTaTe mpocMoTpa JIMYHBIX €71 B TPOU3BOJIBHOM MOPSIAKE MOJTYYEH pe3ynbTat: 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. [TocTponuTts BaprallMOHHBINA U UHTEPBAJIbHBIN PsJIbI.

2. Onpenenuth  CpeJHUM  BO3pacT  COTPYAHMKOB  OpraHu3anuu  (cpemHss
apudMeTHIecKas).

3. Onpenenuth BO3PaCcTHYIO pa3HUILY B TaHHOM KoJuiekTuBe?(Pa3zmax)

4, COoTpyIHHUKH KaKOTO BO3pacTa COCTABISAIOT OOJIBIIYIO YacTh KoutektuBa? (Moja)

5. VYkaxuTe cepequHHOe Bo3pacTHoe 3HadeHue? (Mennana)

6. [TocTpouTh rUCTOrpaMMy U MOJHUIOH YaCTOT.

IIpakTuyeckas padora
Tema: «/lelficTBus Hal KOMIICKCHBIMU YHCIIaMU B airebpandeckoid popme»
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Heabp paGoThI: HAYYUTHCS BBINONHATH JIGHCTBUS HAA KOMIUIGKCHBIMH UYHCIAMH B
anredpandeckoi popme, pemaTh KBapaTHbIE YPaBHEHUS C OTPULATEIbHBIM TUCKPUMUHAHTOM.

KpaTkue TeopeTnueckue cBeIeHHUs.
Komnnexchvie uucna - uncia Buna Z = a + ib, rie a,b - BemecTBeHHbIe uncaa, ai =v—1
- mrumasn edunuya (i>=—1). MHOXXeCTBO KOMIUIEKCHBIX 4ce 06o3Hadaercs C.
JleiicTBUTENbHBIE YMCIa @ WM D KOMIUIEKCHOro umciaa Z = a + ib, HaswBaroTcs
oelicmeumenbHol U MHUMOI Yacmbio YUCIIa Z B 0003HAYAOTCS, COOTBETCTBEHHO, Rez=X u Imz=y.
JIBa KOMILIEKCHBIX 4Yrcia Z1=a + ib u 2o=C + id Ha3bIBAIOTCS pasHbLMU B TOM U TOJBKO TOM
ciydae, ecmia = ¢, b =d.
3amuck Z=a + ib HassIBaroT ancebpauueckoil popmoil KOMILIEKCHOTO YKCIIa Z.
Uucna Z=a + ib u Z=a — ib Ha3BIBAIOT KOMNIEKCHO CONPAINCEHHBIMIL.

T'eomempuueckoe npedcmasnenue KOMNIEKCHO20 YUCIA ¥

Ecin  paccMOTpeTh IIIIOCKOCTH € IPSIMOYIOJIBHOW — CHCTEMOU ® _
KOODJHMHAT, TO JIFOOOMY KOMIUIEKCHOMY dYHCIAy Z = a + ib moxno P 2k
COIIOCTaBUTh TOYKY Ha 3TOM IUIOCKOCTH C COOTBETCTBYIOUIMMHU 2
KoopauHatamu (a;b), u pamumyc-BeKTop R KOMIUIEKCHOTrO umcnia, T.e. P .

BEKTOp, COCIMHSIONNH HAYaNo KOOPAMHAT C TOYKOM HA IUIOCKOCTH, f 7
coOTBeTCTByIOIICH uucny (puc. 1). JlaHHas TIJIOCKOCTh Ha3bIBAaeTCA

KOMILIEKCHOU. JleWCTBUTENbHBIE YHCA PACHOJAraloTcsi Ha TOPU30HTAIBHON (BEIIECTBEHHOIN)
OCH, MHUMBIC YaCTH — Ha BEPTUKAIHHOU (MHUMOM) OCH.

R = |z| = Va? + b? - mooyn KomniekcHo2o uucia - pacCTOSHUE OT Hadala KOOPIHHAT 0
COOTBETCTBYIOILIEH TOUKM KOMIUIEKCHOW TuiockocTH. IlompocTty roBops, Mo0yie — amo oauna
paanyc-BeKTopa.
b
tge = -, TIE Q- apeyMeHm KOMNIEKCHO20 YUCIa.
JeiicTBUS HaJ KOMILJIEKCHBIMHU YHCJIaMU B ajiredpandeckoii gopme.

Cnooicenue: Z1 + Z> = (a+ib)+(c+id) = (a+c) + (b+d)i.
Boiuumanue: Z1 - Zp = (a+ib)-(c+id) = (a-c) + (b-d)i.
Ymnoowcenue: Z1 - Z> = (atib)(c+id)=(ac — bd)+(ad + cb)i.
. Z; _ a+ib _ (a+ib)(c—id) _ (a+ib)(c—id)
Henenue. Z T c+id  (c+id)(c—id) c2+d?
Ymnoorcenue na conpsiicennoe:. Z - Z=(a + bi)(a -bi)= a? -b%’= a? - b?(-1) = a% + b? -

KBaJpaT CyMMBI

IIpumeps! pelienus 3agay:
IIpumep 1. BhINOIHUTE ACUCTBHS HAJ KOMIUIEKCHBIMHU YHCJIaMH, IMPEJICTABUB pPE3yIbTaT B
anredbpanveckoii hopme:
Z1=4+5i, Z,=6-9i.
Pewenue: 1) Z1 + Z> = (4+ 5i) + (6-91)= 4+6+5i -9i.= 10 - 4i
2) Z1 - Z> = (4+ 5i) - (6-91)= 4-6+5i +9i.= -2 + 14i
3) Z1 -Z2 = (4+5i)(6— 9i)= 24 —36i + 30i— 45i%= 24 -6i - 45-(-1) = 69 -6i.

2) z; _ 4+50 _ (4+50)(6+90) _ 24+36i+30i+45i2 _ —21+66i _ —21+66i _ —3+22i _ -3 + 22i
z,  6-9i  (6-90)(6+9i) 62+92 " 36+81 117 39 39 39
) . .z -3 22i
OtBer: Z1+ Z2=10-41, Z1 - Z, = -2 + 141, Z1 - Z> =69 -61, Z—l = % + >
2

ITpumep 2. PackpbITh CKOOKH, UCTIONB3YS (OPMYJIIBI COKPAIIEHHOTO YMHOKCHHS:
1) (2+ 3i)? =22+ 2-2-3i + (3i)? =4 +12i + 9-(-1) = -5+12i,
2) (5 +4i)(5 - 4i)= 5% —4%72=25-16-(-1) = 25 + 16 =4,
3) (3-5i)? = 32 - 2-3-5i + (-5i)? = 9 - 30i + 25(-1) = -16- 30i.
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IIpumep 3. M300pa3um Ha KOMIUIEKCHOH MJIOCKOCTH YHCIIA

Z1=2+1i;
Z3=-3+2i;

agrwNE

Z>=3i;

Zs=-1-1.
KoHTposibHbIE BONIPOCHI.
JaiiTe onpeneneHnue KOMIIEKCHOIO YUCIIA.
Kaxkwue uncna Ha3bpIBatOTCSI KOMILUIEKCHO — COMPSIKEHHBIMU?
Kakue koMmmieKCHbIE Yncia Ha3bIBAIOTCSI pABHBIMU?

Kak BpIUHCIUTE MOAYJb KOMILJIEKCHOTO yncia?
Kak npousBogsTcst neicTBUS Ha/l KOMIUICKCHBIMU YHCIIaMU B anreOpandeckoit opme?

33}131—[1/[5[ AJI CaMOCTOATEJIbHOI0 PEIICHUSA

Bapuanm 1 | Bapuanm 2 | Bapuanm 3 Bapuanm 4
1. I3006pa3uTe Ha MIIOCKOCTH 3aJaHHbIC KOMIUICKCHBIC YHCTIa!
Z1=4i Z2 | Z1=-5i Zo= | Z1=-5i Zo=| Z1= -5i Z=4
=3+i 4+ i 4+ i + i
Z3=-4+3i Z4= | Z3=-7T+2i Z4= | Z3=-7T+2i Z4= | Z3=-7+2i Z4=-3
-2 -5i -3 — 6i -3 —6i — 6i
2 . Beraucnute MOAYJIh KOMIUIEKCHOTO YHCTIa
Z=3+4i | Z=8+6i | Z=-1+3i
3. [Ipon3BenuTe CI0KEHHUE W BBIYUTAHWE KOMIUICKCHBIX YHCEI:
Z:=(3+51), Z»= Z:=3-21), Zx= |Z1=(4+21), Z»= Z1=(-2+3i), 2
(7 - 2i) (5 + 3i) (= 3+ 2i). =(7-2i)

4. BeimonHuTe HeﬁCTBHe HaJ KOMIIJICKCHBIMHU YUCJIaMU:

a) (2+30)(5-7i),
6) (3 + 2i)(3 - 2i),

a) (3+2i)(1 + 3i),
0) (7 - 6i)(7 + 61),

a) (- 2 + 3i)(3 + 5i),
6) (4 + 3i)(4 - 3i),

a) (6 + 4i)(5 + 2i),
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
r) 5-7i r) 2+6i° r) 5+2i° r) 3-7i
5. Pemnre ypaBHeHus:
x> —4x +13=0. | 252 +x+1=0.. |x>+3x+4=0 4x*> - 20x +26=0

IIpakTuyeckas padora
Tema: «JleiicTBUA Hal KOMIIEKCHBIMU YUCJIaMHU B TPUTOHOMETPUUECKON U ITOKA3aTEIbHOU
dbopme»

Heap padoTBI: HAYYUTHCA NEPEBOJUTh KOMIUICKCHBIE 4YMCIA W BBINOJIHATH IEHUCTBUSA Hal
KOMILJIEKCHBIMHU YUCJIaMH B TPUTOHOMETPUUYECKOH U MOKa3aTeNbHOU (opMax.

Yron ¢ Mexay MOJOKHUTEIBHON MOJIYOChIO IEUCTBUTEIIBHOM OCH U
MMpOBCACHHBIM
COOTBETCTBYIOILIEH TOUYKE, HA3bIBACTCS APSYMEHMOM KOMNIEKCHO20 YUCAA = T a

paanyc-BEKTOPOM,

b
@ = arctg-.

KpaTkue TeopeTnueckue cBeIeHuUsI.
JI71st BCKOTO KOMIUIEKCHOTO YKcia Z = a + ib crpaBeisiiBo paBeHCTBO:

z=R(cosp+ ising) Ha3BIBAIOT MPULOHOMEMPULECKOU POPMOU KOMNIEKCHO20 YUCId,

Z = Re'? — Ha3BIBAIOT NOKA3AMENbHOL POPMOLI KOMNIEKCHO20 YUCIA
3neck R = |z| = Va? + b? - mooyrb komniexchoeo uucia - pacCTOSHHE OT Hadvaja

KOOpAMHAT JO COOTBETCTBYIOIIEH TOYKM KOMIUJIEKCHOM TMJIOCKOCTH.

[Tonpocty roBOps, M0OY16 — 5MO OIUHA PATNyC-BEKTOpA.

nus3

Ha4dajia

KOOpAMHAT

mz

M
B z=a+hi

K

Re:z
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Heiicmeus Ha0 KOMRIEKCHBIMU YUCTAMU 6 MPUZOHOMEmMPUYECKOU hopme.

B mpuzonomempuueckoii popme B noxazamenwvnoii hopme
21 =Ra(cosp1 + ising1), 72 =Ra(cospz + ising?) Z1=R,e'%1, Z, = Rye'¥2
YMHoOKeHUe Z1 - Z> = Ri-Ra(cos(p1+@2) + isin(p1+p2)). Z1-Z2= R{R,e!(P1+92)
I[eJIeHI/Ie ﬂ — ﬁ (Cos((pl — (pz) + lSlTl ((pl — (pz)) é — ﬁei((lh_(l’z)’
Zy R2 Zz Rz

Bo3Benenue 2" =R"(cos ng + isin np) - popmyra Myaepa 7D = R e,

B CTENEHb
H3Bjevyenune z,=%z= VR (cos <p+rzlnk + isin <P+1217Tk)’ 20 = Y7 = Wei(%znk)
ROPH 1y =01,2..n1 k=012...n-1

IIpumepsbl pemenus 3aaa4:
IMpumep. A) IlpencraButh umcna z1 = 1— v/3i, z, = 3 ++/3i B TpuroHOMeTpHyecKoli
nokasaTesbHOU (hopme,

B) BLIYMCIUTEL B TPUTOHOMETpHYECKOH (opme: 1) z1-z2; 2) 2—:; 3) z3;4)\z;

Pewenue: A). TIonyanM TPUTOHOMETPHYECKYIO H IOKa3aTenbHyo hopMy z1 = 1 — /31,

/ 2

1) Haiinem momysns umcna - Ry = [12 + (\/§) = /4 = 2, 2) Haiiiem apryMeHT 4ncia - ¢, =
arctg (_T‘/E) = —arctgV3 = —g,

3) 3anuiieM K.4. B TPUTOHOMETPUYECKOM M TIoKa3aTeabHOl dhopme:

z1=1—/3i=2 <cos (— g) + isin (— g)) = Zei(_g).

22:2+2i,

R, = «/32 + (\/5)2 = /12 = 2+/3 - moxy:b unca,

2) ¢, = arctg (g) = %- apryMeHT ymcia

3) 3amuiieM K.4. B TPUTOHOMETPUYECKOM U TIoKa3aTeabHOl dhopme:
Z, =3 ++/3i = 2\/§(cos%+ isin%) = Zeig .

b) IIpousBenenue:

21722=22V3 (COS (—g + %) + isin (—g + %)) = 43 (cos (—%) + isin (— %)) =
= 4\/§(cos% — isin%) = 4\/§(§ — l%) — 6 — 24/3i.

YacrHoe:
2= i (eos (-3-2) s (-3 -2)) = e (-3) (-3
V3 V3 V3

T T\ _ V3. L. V3.
—?(cos;— sm;)— 3 (0—-1i) = o

Bo3BeneHue B cTENEHD:

s ™ \° 5 RY/4 S5n S5n 5t
z5 = (2\/§ (cosz + isin g) ) = (2\/5) : (cos? + isin?) = 288V3 <COS? + isin ?>

= 288v3 ("7‘/§ +31) = 432 = 1441,
I/ISBHeI‘IeHI/Ie N3 110 3HAKA KOPHI:

“iomk “iomk
Vz; =2 (cos P - )

+ isin—2
2
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Ip k=0: zy =2 (cos (— %) + isin (— %)) =

A
2n L. -Tiom
)+Lsm< 32 )) =

T L. T \/§ 1. _
ﬁ(cosz—wmg) = \/E(———l) =
_r,

Ip k=1: z, =\/§(cos( 32
V6

2

2,
+—1= —Z2.
2 0

3anaHus AJ151 CAMOCTOSITEJILHOTO pPellleH sl
1. N3006pa3uTh KOMILIEKCHBIE YKCIIa HA KOMILIEKCHO IMIIOCKOCTH.

2. OmnpenenuTs JIUHY U aQpTyMEHT KaXKJOT0 KOMITJIEKCHOTO YHUCIIA.
3. IlpencraBuTh NaHHBIE KOMIUJIEKCHBIE YHCIIA B TPUTOHOMETPUYECKON 1 MOKa3aTeNbHON
dopme.
4. BbIMUCIUTH B TPUTOHOMETPHYECKOM M IMOKa3aTeIbHON opMax:
1) z1:22;  2) 2—: ;o 3) z3; 4) \z,
Bapuanm 1 Bapuanm 2 Bapuanm 3 Bapuanm 4
Z1= 2- 2i; Z1= 2+/3 + 2i; Z1=1-1; 7,=V2_¥2;.
Zr=—V3 +i Z>=3 + 3/3i Ly=—2 —2i ﬁ 2
Zz=73 + % [

4 KOHTPOJIbHO-OHEHOYHBIE MATEPHAJIbI
JJIAA TPOMEXKYTOYHOU ATTECTALIMH 110 YYEBHOU
JAUCHUITIVIMHE «<MATEMATHUKA»

[IpenMeToM OILIGHKH SIBISIOTCS YMEHUS W 3HAHUS, oOmme u mpodeccHoHaNbHBIC
komneTeHInH. OLeHKa OCBOEGHUS MTPelycCMaTpuBaeT oug.sauem.
1. YcrnoBust mpoBeaeHUs —yCTHAs U MHChbMEHHAs (popma.
2 BpeMs BbIIOJTHEHUS 3ajaHus — 45 MUHYT.

IIpumepHBbIH NepeyeHb 3aJaHUM

5x
1. BerumcnuTh npeaent Iim(1+3lj .

X—>0 X

2. BBIMHCIUTD MpEeIbl:

. Bt —x®+1 X+ 2x . x*-4
a) lim—————;0) lim—; ;B) lim— :
x>0 2X x>0 X — 4 x—o X% 4+ 2X
. sin17x
3. Beruucnuts npenen lim— :
x=0 sin5x
. Sinbx
4. Beraucauts npeaen lim
x—0  3X
. 3%+ x
5. Beruucnute npegen lim 5 .
x>0 X —2X

x2 -10x+16

6. Beruncnuts npegen lim 3
X —

x—8



10.
11.

12.
13.

14.

15.

16.
17.
18.

19.

20.

21.

22.

23.
24.
25.

26.

217.

28.

32

S5X
7. Uccnenosats pynkmuio f(X) = 6 Ha HETIPephIBHOCTh B TOYKE X, =6 .

Uccnenosars pynxmuio f (X) =3x* —x* u nmocrpouts ee rpaduk.
BrrancnuTh 3Ha4€HHE POM3BOIHON CIIeAYIOMNX QYHKIHMN B TOUKe X, =4 :
a) f(x)=8x"-Inx;6) f(x)=x®+5x.

HaiiTi pon3BoHYI0 QYHKIHHN Y = (X4 —5x% + X)7 :

11x -8

2x+4

2x°-8

Haiitu npousBoanyio GpyHKIuu y =

Haiitu npousBoanyto ¢pyHKuuu Yy =€
Haiiti pon3BoHy0 GYHKIMU Y = In(8x4 —-3x% + 2).
4—x°+ x> —2x

HaiitTn HeonpeaeneHHbI HHTErpal I dx .
X

o o o 2 A%
Haiit HeomnpeaeeHHbIN HHTErpall METOI0OM 3aMEHBI IEPEMEHHOMN IX et dx.,

4
Halitn HeonpeneneHHbIi HHTErpail METOIOM 3aMEHbI IEPEMEHHOM J (6X +11) dx.
Halitn HeonpeneneHHbIi HHTErpail METOIOM 3aMEHbI IEPEMEHHOM J.COS(GX —T1)dx.

Halitn HeonpeneneHHbIi HTHTErpal METOIOM 3aMEHbI IEPEMEHHOM Isine X -COS xdx .

3
Berauciuts onpeneneHHblil HHTerpan J-(5X +1)dx.
0

1
BBI4KCIIMTE ONpeIeIeHHbIi HHTErpal J(X —5)xdx .
0

5 22x% + x*
BrIaucinTh onpeieneHHbIi HHTErpat J-T dx
0
2 30 -1 0 3
Haittu marpunty C=3A+B,ecm A=|-2 1 8|, B=|2 4 1
2 4 3 1 30

Pemmth cucteMy TMHEHHBIX YPaBHEHHI METOAOM OOpaTHON MaTPHIIbI.
PemuTh cucreMy JIMHEHHBIX ypaBHEeHHH 10 hopmynam Kpamepa.
Pemnts cucremy NMMHENHBIX ypaBHEHUN MeTonoM ['aycca.

X, +3X, —2X, =4,
X, +4X, =X, =1,
2X, + X, + X5 =3.

CKOpOCTh JIBU)KEHMSI TOUKM HM3MEHSeTCs 10 3aKoHy V=5t +4t+2 (m/c). Haiitu nyts S,
MPOMIEHHBIN TOUKOM 3a 4 ¢ OT Hayasa JABH>KCHHUS.

o 2
Boruncnute 06beM Telna, MOJyYeHHOTO OT BpalleHus: (PUTypbl, OTPaHUYEHHON JIMHUAMH Y = X*,
y=0, x=1, Xx=3, Bokpyr ocu OX.

BBIYMCINTS TIOMAAb GUIYPBI, OTpaHHYeHHOMH MMHMAME Y = X, y =0, X=1, x=2,
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Ikana oueHkn 00pa3oBaTeIbHBIX JOCTHXKEHHU

[IpoLEHT PEe3yIbTaTHBHOCTH Ouenka ypoBHs HOArOTOBKH
(MpaBHIBHEIX OTBETOB) 6asn (oTMeTKa) BepOaTbHEII aHAJIOT
90 + 100 5 OTIIUYHO
75+ 89 4 XOPOIIO
51+74 3 VIOBJIETBOPUTEIHHO
MmeHee 50 2 HEYIOBJIETBOPUTEIIBHO

Bonpocs! pis 3auera

el N S

10.
11.

12.

13.

14.
15.

16.

17.

18.
19.

Marpuiibl, 1€HCTBUA Hal MAaTPUIIAMH.

Omnpenenurenu 1-ro, 2-ro, 3-ro nopsakoB. [IpaBuio TpeyroibHUKOB.

OO6parHas MaTpuIa. AJITOPUTM HAXOXKJIEHUSI OOpPaTHONW MaTPHIIBI.

Panr martpuipl. AITOpUTM BBIYUCICHUS paHra MaTPUIBl C TMOMOIIBIO 3JIEMEHTAPHBIX
npeoOpa3oBaHUA.

Cucrema IMHEHHBIX ypaBHeHHH. MeTon oOpatHoii MaTpuibl. Dopmyinsl Kpamepa. MeTon
l"aycca.

[Ipenen ¢pynkuuu B Touke. OCHOBHBIE TEOPEMBI O MpEEax.

[Ipenen ¢yHKIUU mpHU X, CTpeMsiIeMcsi K OECKOHEYHOCTU. 3ameuaTelIbHbIE MPeJebl.
Yucno e.

HenpepriBHOCTh PYHKIIMK B TOUKE M Ha MpoMexyTKe. Touka HempepbIBHOCTH (PYHKIIHU.
Touka pa3peiBa ¢pyHkuuu. CBoMCTBa HenpephIBHbIX QyHKIUH. [Ipupamienue aprymenTa.
[Tpupamenue GyHKINN.

IIpousBonnas  ynkuuun. Auddepenuman ¢ynkuumu. [eomerpuueckuii  cMbIca
MPOU3BOAHON. MexaHNUYeCKUI CMBICT TPOU3BOAHOM.

Tabmuua npousBoaHbIX. [loHsTHE cnoxHON QyHKIMHN. [Ipon3BOAHAS CITIOXKHON (HYHKINU.
Cxema uccnenoBanus pyHkmuu. O0acTh onpeaeneHus GyHKIMu. MHOKECTBO 3HAUCHHA
¢ynkunu. YerHocts W HedeTHocTh ¢yHkumu. Hymm dyaxoun. IIpomexytku
3HAKOIMOCTOsAHCTBA (yHKIMU. Bo3pacTtanue u yObiBaHue GyHKIINH, IPABUIIO HAXO0XKICHUS
IPOMEXYTKOB MOHOTOHHOCTH. TOYKHM 3KcTpeMyMa (YHKIHH, MPABHIO HAXOXKICHHS
AKCTPEMYMOB () YHKITHH.

IIpon3BoaHble BBICHIMX NOPAAKOB. @DU3MYECKUI CMBICI BTOPOM IIPOU3BOIHOM.
HccnenoBanue GyHKIIUH € TTOMOIIBIO BTOPOX MTPOU3BOTHOM.

[TepBooOpasnas. Heonpenenenusiii unaTerpas. OCHOBHBIE CBONCTBA HEOIPENEICHHOTO
WHTErpaa.

Tabnuua HeonpeaeIeHHBIX HHTETPAJIOB.

MeToapl MHTErpUPOBAHUS: METO/ HEIIOCPEACTBEHHOTO UHTETPUPOBAHUS; METOJT 3aMEHBI
NEpPEMEHHO (METO/ MOICTAHOBKH ); METOJl MHTETPUPOBAHHUS 110 YACTSIM.

Onpenenennblii uHTerpan. I[loHsTHEe HMHTErpaibHOM CcymMbl. JlocTaTtouHOe YyCIOBHUE
CYIIECTBOBAHMS ONPEICICHHOT0 HHTErpaja (MHTErpUPYeMOCTH (DYHKITHH).

OCHOBHBIE  CBOWCTBa  ONPEACICHHOrO0  HMHTerpajsa. ['eoMeTpuyecKuid  CMBICI
OIPEAEIEHHOr0 UHTErpasa.

MeTopl BEIYHMCIICHUS ONIPEeACIICHHBIX HHTerpanoB. @opmyna Hetotona-Jleitoamua.
I'eomerpuueckue U pu3NIECKre TPUI0KEHUS OTIPEICIIEHHOT0 HHTETpaa.
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20. ®yHKIMU HECKOJIBKHUX MePEeMEHHBIX. YacTHBIE TPOU3BOIHEIE.
33.IlonsiTue cOOBITUS M BEPOSITHOCTU COOBITUS. J[ocTOBEpHBIE M HEBO3MOKHBIE COOBITHSI.

Kiaccuueckoe onpenenenne BEpOSATHOCTH.

34.Teopema cnoxeHus BeposiTHOcTel. Teopema yMHOKEHUS BEPOSTHOCTEN.
35.Cnyuyaiinas BenmuunHa. JMCKpeTHas U HENpephIBHAS CIIyYalHbIC BEJIMYMHBI. 3aKOH
pacrnpeneneHusi AUCKPETHOM CIIy4yaiHOW BETUMYUHBI.

36. MaremaTH4ecKoe OKUJaHUE TUCKPETHOMN CilydailHOHM BennuuHbL. Jlucnepcust ciaydyaiiHon
BeIMUUHBL. CpegHee KBaApaTUYHOE CIIy4YaiHOW BEJTUYUHBI

5x
1.Beraucnuth npeaen Iim[1+3lj .
X—>00' X

_ Bx*—x*+1 X
2.Beraucnuts npenensi:a) lim— ——; im
X—00

. sin17x
3.Beruncants npegen lim——.
x->0 sin5X

. sinbx
4 Borauciuth npegen lim .
x-0  3x

. 3P+ X
5.BerauciauTs npeaen IImz—.
x—0 X —2X

x? —10x+16

6.Beramciuts nipenen lim
x—8 X—8

7 Uccnenosars Gpyukuuro f(X) = Ha HEMPEPBIBHOCTH B TOUKE X, = 6.

oX
X —
8.Mccnenopars pyrkmuio f (X) =3x* —x° u moctpouts ee rpaux.

9.BeramcianTs 3HaYCHNE TPOU3BOJHOM CIIEAYIOMUX QYHKIIUHA B TOUKE X, =4
a) f(x)=8x>—Inx;6) f(x)=x>+5x.
10.HaiiTi npon3BoaHyIO GYHKIUHU Y = (X4 —5x% + X)7 .
11x-8

2x+4
2x°-8

11.Haiitu npou3BogHy0 GYHKIUHA Y =

12.HaiiTi npou3BOAHYIO PYHKIIUH Y = €
13.Haiitu npon3BoHyI0 QyHKIMK Y = In(8x“ —-3x%+ 2).
4-x°+x° - 2x

14.HaiiTn HeonpeieIeHHbIA UHTErPal I dx
X

3
15.Haittn HeonpeneneHHbI UHTETPAl METOJIOM 3aMEHBI IEPEMEHHOM j x*-e*dx.

4
16.HaiiTi HeonpeneneHHbI HHTETPal METOAOM 3aMEHbI IePEeMEHHON J. (6X +11) dx.

17.HaiitTu HeonpeaeIeHHbI HHTErpal METOI0M 3aMEHbI IEPEMEHHOMN J. cos(6x —1)dx.

3
1 8BBIYHCIUTE ONPEICIICHHBIA HHTETPal I (5x+1)dx.

0
1

19.BpIuncianTh onpeeeHHbIN HHTerpa j (x—=5)xdx.
0
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25,3, 4
o 2X° + X
20.BprancianTh onpeeneH bl HHTErpa J ———dx

2
0 X

21.CKOpOCTh JBUKEHHS TOYKH M3MEHSETCS 110 3aKOHY V =5t + 4t +2 (m/c). Haiitu myTs S,

MPOMIEHHBIN TOUKOM 3a 4 C OT Hayasa JIBH>KCHHUS.

22 .Berauciauth 00beM Tena, TMOJYYSHHOTO OT BpalleHUs (Urypbl, OTpaHUYCHHON JUMHUSIMH
y=x?y=0, x=1, x =3, Bokpyr ocu OX.

23.BBIUUCINUTD IUIOMAAL PUTYPHI, OTPAaHUYCHHOHN TUHUSMU Y = X2, y=0, x=1, x=2.

24 .Pabounii 00CITy>)KMBaeT TpU CTaHKA. BeposSITHOCTH TOTO, YTO B TEYCHHE Yaca CTAHOK HE
TpeOyeT BHUMaHHS pabouero, paBHa Juisi mepBoro cranka 0,9, mms Broporo — 0,8, mis
Tpethero -0,85. HaiiTu BeposSTHOCTH TOTO, YTO B TEUEHHE Yaca XOTS Obl OJMH CTAaHOK
notpe0yeT BHUMaHuUs pabodero?

25.CniyqaitHas BemarHa X pacrpeziesieHa 1Mo 3aK0Hy

Xl

0,5

1

15

pi

0,2

0,3

0,4

Haiitu MateMaTHueckoe OXKUIaHue

26 CnyvaitHas BeuarHa X pacrpesiesieHa 1Mo 3aK0HY

CIIy4ailiHOM BEITUYUHBI X.

Xl

1

3

4

pi

0,2

0,5

0,7

Haiitu nucrniepcuto ciaydailHOM BEIUYUHBI X.
27 1151 BBIOOPKH, MPEICTaBICHHON CTATUCTUYECKUM PSJIOM OIIPEJEIIUTh CPEJHEE 3HAUECHUE.

7 10 15 20 25
5
ni 4 6 4 2

281151 BBIOOPKH, TPEICTABIICHHON CTATUCTUYECKUM PSZIOM OTNIPEICIIUTH TUCIIEPCHIO.

Xl

15

16

18

19

ni

1

4

5

2

29.B maraszun moctynuio 30 HOBBIX TEJIEBH30POB, CPEOU KOTOPHIX 5 MMEIOT CKpBITHIE
nedextsl. Haynauy orOupaercs ouH TeneBu3op A1 npoepku. KakoBa BEpOSITHOCTH TOTO,
YTO OH HE UMEET CKPBITHIX Je(PEeKTOB?

30./IBa paBHOCHJIBHBIX IIAXMATUCTAa MIPAOT B IIaXMaTbl. YTO BeposATHEE: BBIUIPATh JIBE
MIApTUU U3 YETHIPEX WM TPU U3 IECTH ( HUUbHU BO BHUMaHHUE HE IPUHUMAIOTCA)?

[IIkana omeHKN 00pa30BaTENbHBIX JOCTHKEHUI

TTpPOLEHT Pe3yTHTATHBHOCTH OreHka ypoBHs IOJATOTOBKHU

(paBHITBHBIX OTBETOB) Oasn (oTMeTKa) BepOaIbHbIN aHAJIOT
90 + 100 5 OTJIIMYHO
75+ 89 4 XOPOIIIO
51+ 74 3 VIOBJIETBOPUTEITHHO
MeHee 50 2 HEYNOBIETBOPUTEIILHO
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Onenka
3ayeTa

TpeOoBaHMs K 3HAHUAM

«OMJIUYHOY

OrneHka «OTIMYHO» BBICTABISAETCS CTYIEHTY, €CIM OH TJyOOKO W MPOYHO
YCBOWJI ITPOTPaMMHBII MaTepuall, HCYEPIBIBAIOLIE, TIOCIEI0BATEIBHO, YETKO U
JIOTUYECKH CTPOMHO €ro H3J1araeT, yMeeT TECHO YBSI3bIBaTh TEOPUIO C
IIPAKTUKOH, CBOOOJHO CIPABIISIETCS € 3a7jauaMH, BOIIPOCAMU U IPYTUMU BUAAMU
IIPUMEHEHHUSI 3HAaHUM, IPUUEM HE 3aTPYAHAETCS C OTBETOM IIPH BUJJOU3MEHEHUH
3aJJaHUi, UCHOJb3yeT B OTBETE€ MaTepuan MOHOrpau4ecKoil JHUTepaTypsl,
MPaBUILHO OOOCHOBBIBAET NPHUHATOE PEIICHUE, BIAACET PAa3HOCTOPOHHUMHU
HAaBBIKaMU Y IPUEMaMH BBIITOJIHCHUS TPAKTUYECKUX 3aad.

«xopouto»

OrneHka «XOpOIIO» BBICTABIIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepuall,
rPaMOTHO M IO CYIIECTBY U3JIarae€T €ro, He JOIMYyCKas CYIIECTBEHHBIX
HETOYHOCTEH B OTBETE€ HA BOIPOC, MPABUIBHO MPUMEHSET TEOPETHYECKHE
MOJIOKEHUS TMPU PELUIEHUH TMPAKTHUYECKUX BOMPOCOB U 3a7ady, BIIAJICET
HE0OXOIMMBIMU HAaBbIKAMU U MPUEMaMH MX BBITOJTHEHHUS.

«y00871emeo
PUMeNnbHOY»

OneHka «y[OBIETBOPUTEIILHO» BBICTABISAETCA CTYIEHTY, €CIM OH HMEET
3HAHMA TOJBKO OCHOBHOI'O MaTepHalla, HO HE YCBOWJ €ro JeTaJlel, TOIMyCKacT
HETOYHOCTH, HEJOCTaTOYHO TPAaBWIbHbIE (OPMYIHUPOBKH, HAPYIICHUS
JIOTUYECKOU TIOCIENOBAaTEIIBHOCTH B M3JI0KEHUMHM IIPOrPaMMHOIO MaTepHala,
UCTIBITHIBACT 3aTPYAHECHHUS IPY BBITOJHEHUH PAKTUYECKUX paboT.

«Heyo0s1emas
OpUMenbHOY»

O1neHka «HEyI0OBJIETBOPUTEIIBHOY BBICTABISECTCA CTYIECHTY, KOTOPBI HE 3HAET
3HAQUYUTEJIbHOM YacTH NPOrpaMMHOrO Marepuasna, JONYCKaeT CYLIECTBEHHbIE
OIMOKH, HEYBEPEHHO, C OOJIBITUMU 3aTPYIHEHUSMHU BBIIOTHSIECT IPAKTHUECKUE
pabotsl. Kak mpaBuiio, olieHKa «HEYIOBIETBOPUTEIHHOY CTABUTCS CTYIEHTaM,
KOTOpbIE HE MOTYT MPOJIOJDKUTH 00yueHue 0e3 MOMOTHUTENbHBIX 3aHATUN 1O
COOTBETCTBYIOIIEH TUCIUIUIMHE.
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[Ipunoxenue

Koaunduxarop (mpuMepHbIil NepevyeHb) OLEHOYHbIX CPEICTB sl OUECHKH
OBHsA ¢OPMHUPOBAHHOCTH KOMIIETEHIIMH

3HAHUM, YMEHUN U Y

Ne n/n
Koo
OYEHOUHO20
cpedcmea

Tun oyenounozo
cpedcmea

Kpamgkas xapakmepucmuka oyeHouHo2o
cpedcmea

Ipeocmasnenue
OYEHOUHO20 Cpedcmed
6 ponoe

1. Jenoas W/ WIn

posieBast urpa

CoBmecTHast JIeSITeIbHOCTD TPYIIIbI
oOyJalomuxcss W OpernojasaTeis — Moj
yIpaBlieHWEM MperojaBaTeis C  LEeNbio
pemieHHss y4YeOHBIX W TPOQECcCHOHATBHO-
OpUEHTHUPOBAHHBIX 3aJad IYTEM HIPOBOTO
MOJICIIUPOBAHUSI ~ pealibHOM  MPOOIEMHOM
cutyaruu. [lo3BONIIET OIICHUBATH YMCHHE
aHAM3UPOBaTh W pellaTh  TUIUYHBIC
po(eCCHOHATIBHEIC 3a/1a9U

Tema (mpobnema),
KOHIIETIIUS,, PO U
0’XKMJAEMBIN pe3yabTaT

PaznoypoBHeBbIe
ydeOHbIe 3a1a9d 1
3amaHus

PasnmuuaroT 3amauu v 3a1aHus:

a) PErpOLyKTUBHOTO YPOBHSI, MO3BOJISIOIIIEC
OLICHUBATh U IMATHOCTUPOBATH 3HAHHE
(hakTHueckoro Marepuaa (6a3oBble IOHATHS,
NTOPUTMEL, ()aKTHl) U YMEHHUE MTPABUILHO
HCIIOIb30BaTh CIELUATbHbBIC TEPMUHBI U
MOHSTHS, Y3HaBaHHE OOBEKTOB H3YUCHHUS B
paMkax ornpe/esICHHOTO pa3/ena
JTUCIIATUTHHBL,

0) peKOHCTPYKTUBHOT'O YPOBHH,
TMO3BOJIAOIIHUE OLICHUBATHL U JUATHOCTUPOBATH
YMEHUA CUHTE3UPOBATh, AaHAJIU3UPOBATD,
00001aTh (GAKTUUECKHH 1 TEOPETHYECKHUH
MaTepuai ¢ GOpMyTUPOBAHUEM KOHKPETHBIX
BBIBOJIOB, YCTAHOBJICHUEM TIPUYUHHO-
CJIC/ICTBEHHBIX CBSI3CI;

B) TBOPUYECKOI'0 YPOBHSI, O3BOJISIOIUEC
OLICHUBATh U TUATHOCTUPOBATH YMEHHUSI,
MHTErpUPOBATh 3HAHUS PA3IUYHBIX 00JIaCTeH,
apryMEeHTHPOBATh COOCTBEHHYIO TOUKY
3peHust

Kommaekr
Pa3HOYPOBHEBBIX 33734
M 3aJIaHHuH

3. PacuetHo-
rpaduyeckas
pabora

CpencTtBo MpOBEPKHM yMEHUH IPUMEHSTh
MOJTyYeHHBIC 3HAHUA o 3apaHee
ONpENEIeHHON METOAUKE AN pelleHHs 3a1au
WIN 33/laHA{ TI0 MOAYJIIO WJIM JTUCLUILIMHE B
LEJIOM.

KommnekT 3aganuii 1is
BBIITOJIHCHHSI PACYETHO-
rpadudeckoit paboThI

4. Pedepar

IIpoayKT caMOCTOATEIbHOM pabOTHI CTYICHTA,
MIPEACTaBISAIONINI CO00M KpaTKoe U3JI0KEHUE
B MIMCHMEHHOM BH/JI€ IOJYYCHHBIX PE3yIbTAaTOB
TEOPETHYECKOTO  aHajH3a  ONpEACICHHON
TEMBI, TJI€ AaBTOP  pAacKphIBaeT  CYyTb
HCCIIeyeMOoit poOIeMEl, TIPUBOJTUT
pa3NUYHBIE  TOYKM  3pEHHs, a  TaKkKe
COOCTBCHHBIC B3IJISAIBI HA HEE.

Temsl pedepaToB

5. Joxkmnan,
coo01IeHHE

[IpoayKT caMOCTOATEIbHOM pabOTHI CTYICHTA,
MIpeACTaBIS IO coboii myOIMIHOE
BBICTYILICHHE o MIPEICTABICHUIO
MOJTYYCHHBIX pe3yJIbTaToB peleHust
ONPEJCIICHHOMN TEMBI.

Temnr
COOOIIEeHMIT

JIOKJIAJIOB,

6. Tect

CpencTBo KOHTPOJISI, HAMPABICHHOE Ha
MPOBEPKY YPOBHS OCBOCHHUSI
KOHTPOJIUPYEMOT0 TEOPETHIECKOTO U
MPaKTHYECKOT0 MaTepuaa mno

Donp
3aJIaHuHA

TCCTOBBIX
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UIaKTHIECKUM CIMHHIAM JACIHTITAHb HITH
npodeccronanbHoro Mmoayis. Cucrema
CTaHIaPTU3UPOBAHHBIX 3a/[AHUH,
MO3BOJISIOINAS ABTOMATU3UPOBATH MPOIIEAYPY
U3MEPEHUS YPOBHS 3HAHUI U YMEHUIA
0o0yyaromuxcs

[pakTuyeckue DT0 3amaHMsi, C TMOMOINBI0 KOTOPhIX Yy | Bumel:  HaOmoncHwe,
paboTsI yyamuxcs (QOPMHPYIOTCS W Pa3BUBAKOTCSA | U3MEPCHUE, OTIBIT,
(nmpaktuueckoe MPaBUIIbHbBIC PAKTHYECKUE JCUCTBHSI. KOHCTPYHUPOBaHHUE U JIp.
3a/1aHNe) 3aIaHus TS
MIPAKTUIECKUX paboT
HaGmonenue WHcTpymeHT cObopa nHbOpMAITUH JIs enb, 00bEKTHI

YCTaHOBIIEHUS (PaKTOB

HaOoIeHus1, oOpaser|
JIACTa IS
(uKcupoBaHus
pe3yIbTaToOB
HaOJIIO e HHS

Huddepen.

3a4cT

Bxumrouaer B ce0s nepedeHs BOnpocos 1o Y /|

KOMIIOHOBKa
BapUaHTOB, OHUJIETHI
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