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COILEPKAHHUE

1. IMacmopt KOC Y/
2. Cnenuukarys oleHOYHBIX CPEICTB
3. BapuaHTBl OIIEHOYHBIX CPE/ICTB



1. ITACIHIOPT
KOC no Y1 OIIII.0S MaremaTuka

(K00 u Hazsanue OUCYUNTUNDBL)

1.1. OO0mue MoJI0:KeHUA
KonTtpoawsHo-onienounsie cpeacta (KOC) nmpegnasHadueHsbl Il KOHTPOJIS U
OIICHKM 00pa30BaTENbHBIX JOCTHKEHUM OOYyYarolmMXcs, OCBOMBIIUX MPOrpaMMy
yueoHou nuctumuinael OITL[.05 MaTtemartuka

KOC Bxit04alOT KOHTPOJIBHBIE MAaTE€pPUANbl JJII MPOBEJACHUS TEKYIIETo
KOHTPOJISL ¥ IPOMEKYTOUHOM arTecTanuu B popme 3adeT ¢ oneHkoi (1 cemectp)

KOC pa3paboTtanbl B COOTBETCTBUH C:

oOpazoBarensHOM mporpammoii CI1O mo cnienuaabHOCTH
19.02.11 TexHoJIIOTMSA TPOLYKTOB MUTAHUS U3 PACTUTEIBHOIO CHIPbS
nporpammbl yaeOnoi auctumummabl OII.05 Maremarnka

Pe3yJIbTaTbl OCBOCHUA JUCHUILINHBI, MOAJICKAIIINE IIPOBECPKE

MIPUMEHSITh IIPOCTHIE
MaTeMaTHYeCKHE MOJICITN
CHCTEM M IIPOLIECCOB B
cthepe npodeccronanbHON
JeSITeIbHOCTH.

Pe3yabTarsl HauMeHoOBaHHeE JIeMEHTA OcHoBHbIE noKa3sareJu OLIEHKH
o0y4eHust yMeHuUii/3HaHmii pe3yJIbTaToOB

(ocBOEHHBIE

yMeHHs,

YCBOEHHBIE

3HAHMNS,

NPaKTUYeCKU I

OIBIT (npu

HAJIUYHH)

Vi1 =[IPUKJIAAHBIC 3ala4YU1 B HpI/IMCHeHI/Ie MaAaTEMATHYCCKUX
oOnactu METOJIOB IIPU PELICHUH 3a]1a4 C
npodecCuoHAIBHON MPAKTUYECKUM COACPKaHUEM
JIeSITEIbHOCTH; - BrimosiHenne nevicTBUM HaL

MaTpuLaMu
- Beruucsienue onpenenurenen

- Pemenue cucreM IMHEHHBIX
ypaBHeHui o popmynam Kpamepa
- Pemenue cucreM TMHEHHBIX
yYpaBHEHU MaTpUYHBIM CIIOCOOOM

- BrinmosniHeHue gevicTBUi Hal
KOMIUIEKCHBIMU YHCIIaMU B
anreOpandeckoi u
TPUTOHOMETPHUUECKOH opme

- Boruncnenue npenena GpyHKuuu B
TOYKE M B OECKOHEYHOCTHU

- Haxoxaenue BepoATHOCTH
CIIy4aitHOro cOOBITHS

- CocraBneHue 3aKoHa
pacrpeneieHus Cly4aiiHon
BEJTMYHUHBI

- Briunciienne 4ncnoBbIxX
XapaKTePUCTHUK CIIy4YalHbIX BETMUUH
- Haxoxnenue npousBoaHoi

byHKIIIHN




- HaxoxxieHre mponu3BOIHBIX BBICIINAX
MOPSIKOB

- UccnenoBanue pyHkmm u
ocTpoeHue rpaduka

- HaxoxxneHue HeorpeaeieHHbIX
HWHTETPAJIOB

- Brruncnenue
WUHTETPaJIOB

OIIPEIEIIEHHBIX

31

3HaYCHUE MATEMATHUKH B
npodeccroHabHOM
NeSITeIbHOCTH U TIPU
ocsoenu [1T1ICC3

- [loHnMaHue poay MaTeMaTUKH B
OCBOEHHUU 00pa30BaTEILHOM
IPOTrpaMMBbI U B IPO(eCCUOHATBHOM
ACATCIIBHOCTH, CYTH MCTOI0B
peleHws 3a/1a4, BAXKHOCTH BBIOOpa
OINTUMAJIBHOT'O aJIrOpUTMa pCIICHUSA
- ClocoOHOCTh MPUMEHSThH 3HAHHUS,
YMEHUs IPU OCBOEHUU
poeCCUOHATBLHOMN MPOrpaMMbl

- Oco3HaHue 3HaYMMOCTH
NPaKTUYECKOTO OMBITA JUIS
YCHICHIHOT'O PCHICHUA TUIYHOCTHBIX U
podeCcCHOHATIBHBIX 33124

32

OCHOBHBIC ITOHATHS
METO/Ibl MATEMaTHYECKOTO
aHaJm3a, THHEHHOM
anreOpsl ,TCOpUHU
BEPOATHOCTEMN U
MaTeMaTH4eCKOn
CTaTHCTUKH

[Iepeunciienre nocaea0BaTeIbHOCTH
JICICTBUH MPU PENIEHUU CUCTEM
JMHEWHBIX YpaBHEHUH 10 hopmynam
Kpamepa, metonom ["aycca

- ®opmyIMpOBKA KJIACCHYECKOTO
ONpeJIeJICHUsI BEPOSITHOCTH

- [lepeuncnenne Gopmyn st
BBIIIOJIHEHUS NJ€HCTBUI HAI
KOMIUIEKCHBIMH YHCTIaMU

- ®opmynupoBKa EPBOro U BTOPOro
3aMe4aTesIbHOTO MPEAEIIOB

- Onucanue MeTo/10B BHIYUCIIEHUS
IIPEAECIIOB B TOUKE U Ha
0ECKOHEUHOCTH

- ®opmynIMpOBKa MPaBUIT
nudQepeHIpPOBaHUS U
IIEPEYMCIICHHE TPOU3BOIHBIX
OCHOBHBIX AJIEMEHTAPHbBIX (PYHKIIUH
- [lepeuncnenue TabIUIHBIX

WHTETPAJIOB
33 OCHOBHbBIE MaTEMAaTUUECKUE | 3HAHUE Kak IIPUMEHSTH
METO/IbI PEIICHUS MaTeMaTUYECKHE METO/IbI npu

MPUKIIAIHBIX 33134 B
obmactu
npodeccroHanbHOI
JeSITeIbHOCTH.

pelieHrH 3a1a4 ¢ THPaAKTUYCCKUM
CoZiepKaHUEM




1.3. PacnpenesieHne OLieHMBAaHUS Pe3yJIbTAaTOB 00y4eHHs MO BUAAM KOHTPOJIA

Koa n nHaumeHoBaHue 3JjieMeHTa
YMeHUIl WIH 3HAHUI

Buapl arrecranuu

Texywuii KoHmMpoaL

Ilpomeosxcymounas
ammecmayus

VY 1-npuknaaHbie 3aa49 B 007IaCTH
po(hecCHOHATLHOM JIeATEIIBHOCTH;
-IPUMEHSTH MPOCTHIE
MaTEeMaTHYECKHUE MOJICTTH CHCTEM U
MIPOIIECCOB B cepe
po(hecCHOHATLHOM e TSILHOCTH.

TECTUPOBAHUE, OLICHKA
BBITTOJIHCHU A
IMPAKTHUYCCKOI'0
3aHATUA

3ayeT ¢ OLIEHKOH
(1 cemectp).

31-3Hauenue MaTEMATHKHU B
po(heCCHOHATILHOM TeATEeIbHOCTH U
npu ocoenuu II1CC3

YCTHBIH OIIpOC,
TECTUPOBAHUE, OLIEHKA
BBITTOJIHCHU S
IIPAKTUYECKOIO
3aHATUA

3ader ¢ OIleHKOU
(1 cemectp).

32-0CHOBHBIC IIOHSATHA W METOIbI
MaTEMaTHYECKOIO aHajau3a,
JIMHEHHOM anreopsl ,TEOpHUH
BEPOSITHOCTEM M MaTEeMaTU4YeCKOU
CTaTUCTHUKH

YCTHBIH OIpoc,
TECTUPOBAHUE, OLICHKA
BBIITOJIHEHUS
IPAKTHYECKOIO
3aHATHUS

3ayer ¢ OLEHKOH
(1 cemectp).

33-0CcHOBHBIE MATEMAaTUUECKHE
METO/IbI PEIICHHUS TPHKIIATHBIX
3a/1a4 B 00JIaCTH MPOPECCHOHATHLHON
JIEATENHHOCTH.

YCTHBIN OIIpPOC,
TECTUPOBAHUE, OLIEHKA
BBIIIOJTHCHUA
IIPAKTUYECKOIO
3aHATUA

3ader ¢ OIleHKOU
(1 cemectp).
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1.4. Pacnpenesnenyne THIIOB OLEHOYHBIX CPEACTB IO 3JIEMEHTAM 3HAHUI
¥ YMEHHMH TeKylero KOHTpoJIs

Conepxkanue y4yeOHOro marepuajia

THIl KOHTPOJILHOIO 3a1AHUSA

1o nporpamme Y /[ Y1 31 32 33
Pa3znen 1. MaremaTuueckuii aHaau3 ajaredpbl
Tema 1.1 @yHKIIUS OJHOM TEPEMEHHOM. 6,7 6,7 6,7 6,7
Tewma 1.2 IIpenensl u HeMPepPHIBHOCTh GYHKIIUUA | 6,7 6,7 6,7 6,7
Tewma 1.3 ITpousBoaHas u e€ NPUIIOKEHHE 6.7 6,7 6.7 6,7
Tema 1.4 Heonpenen€nuplii UHTETpaj 6,7 6,7 6,7 6,7
Tema 1.5 OnpenenéHublii HHTErpa 6,7 6,7 6.7 6,7
Pa3znen 2. Jluneiinas aareopa
Tema 2.1 MaTpuilbl U OnpeIeTUTENN 6,7 6,7 6.7 6,7
Tema 2.2 CucteMbl TMHEUHBIX YPABHEHUI 6,7 6,7 6,7 6,7
(CIIY)
Pa3nen 3. OcHOBBI TeOpuM BEPOATHOCTH,
KOMOMHATOPUKHU U MATEeMAaTHYeCKOI
CTATHCTHKH
Tewma 3.1 OcHOBHBIE IOHSTHS TEOPUHU 6.7 6,7 6.7 6,7
BEPOSITHOCTH 1 KOMOMHATOPUKH
Tema 3.2 DyieMeHTHI MATEMATHYECKOH 6.7 6,7 6.7 6,7
CTaTUCTUKU
Pasznen 4. OcHOBHEBIE IOHATHS U METOAbI
TEOPHUH KOMILJIEKCHBIX YHCeJ
Tewma 4.1. KomIuiekcHbIe yncnia 6,7 6,7 6,7 6,7
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1.5. PacnpeneneHue THIOB OLECHOYHBIX CPEACTB IO JJIeMEHTAM 3HAHMU U

YMeHHUii, KOHTPOJIHPYEMbIX HA IPOMEKYTOYHOMH aTTeCTAIlUN

Conep:kanue y4eOHOro mMarTepuaJia
mo nporpamme Y J{

THIl KOHTPOJILHOTO 3aIAHUS

Y1

31

32

33

Paznes 1. MaremaTnuecknii aHaIu3 ajaredpol

Tema 1.1 @yHK1IMSA OQHON EPEMEHHOI.

Tema 1.2 [Ipenensl 1 HEMPEPHIBHOCTD (DYHKITHH

Tema 1.3 IIpousBoaHas u €€ NpUIIOKEHNE

Tema 1.4 Heonpenenénuslii mHTErpa

Tema 1.5 OnpenenéHubiii UHTErpal

OO |\O|\O| ©

OO |\O|\O| ©

O |\O|\O|\O| ©

OO |\O|\O| ©

Paznen 2. Jluneiinas anaredpa

Tema 2.1 MaTpulibl U OnpeaCIUTEN

O

O

O

O

Tewma 2.2 CucreMbl TUHEHHBIX YpaBHEHUM

(CTTY)

O

Pa3nes 3. OcHOBBI TeOpHH BEPOATHOCTH,
KOMOMHATOPUKH U MAaTEMATHYECKOM
CTATUCTHKHU

Tewma 3.1 OcHOBHBIE NOHSTHS TEOPUU
BEPOSITHOCTH M KOMOMHATOPUKH

Tema 3.2 DineMeHTbl MATEMATHYECKOU
CTATUCTUKH

Pasznea 4. OcHoBHBIE NOHATHA M METOADI
TE€OPUH KOMILJIEKCHBIX YHCEJ

Tema 4.1. KoMIuiekcHbIE Ynciia




2. CIHEHU®UKALINA OHEHOYHbIX CPEJACTB

Hazunauenne2.1l

Cneundukanmeit ycTaHaBIMBaIOTCS TPeOOBAHUS K COJAEPIKAHUIO U
0(OpMJICHUIO BAPUAHTOB OIIEHOYHOTO CPE/ICTBA MpaKTHUeckas padoTa.
[IpakTruueckas pabota npeaHa3zHAYCHA JJISl MeKyue2o0 KOHMpOJisi U OLICHKU
3HAHUM U yMEHHH CTYJEHTOB Mo nporpamme yueoHou nucuurmaunbl OITL.05
MATEMATHUKA o6pa3zoBatensHoii nporpammel CI1O no cnenuanbHOCTH
19.02.11 TexHonorust IpOAYKTOB MUTAHUS U3 PACTUTEIBHOTO CHIPbS
2.2 KOHTHHTEHT aTTecTyeMbIX: cmyodenmsl 1 Kypc).
2.3 ®opMa M yCJI0BHA aTTECTALMU: TEKYIIUA KOHTPOJIb IPOXOIUT B BUIE

BBIITOJIHEHHS 3aJaHUI PAKTUYECKOW padOThI
(ATtTectamus npoBoauTcs B (hopme 3adet ¢ orieHKkor (1 cemectp) nmo
3aBEPILICHHUIO OCBOEHUS Y4eOHOIro Marepuana y4eOHON JUCIHUIUIMHBIL, TPH

IMOJOKUTCIIbHBIX PC3YyJIbTAaTaX TCKYIICTO KOHTpOJ'ISI.)

2.4 Bpemsi BbINOJIHEHHS:
MOATOTOBKA 5 MUH;

BBIIIOJTHEHUE 0 yac 40  wmwums;

o(opMJIEHUE U C1aYya __ MHH.
BCETO qac 45 MUH.

2.5PexoMenayemMasi auTepaTypa AJsl pa3padoTKHU OLEHOYHBIX CPEICTB U
MOJATrOTOBKH, 00y4AKOIIMXCH K ATTECTALMH.

Knuroo6ecneyeHHOCTD
bubéanorpadguyeckoe onucanne U31aAHUA OcHoBnas/ Konx-Bo
(aBTOp, 3arJ1aBne,K1:)1J11Il,cl\Tlec)T0 W IO/ M3NANMS, | IONOJIHHTeNbHAR | 61»16..11 DJIEKTPOHHBI
P JuTeparypa CIIGIDY € pecypchol
bapaymkus, B. B. OCH PbC
Marematuka. B 2-x Tomax : Tom 1 : yueOHUK. ZNANIUM
DJIEMEHTHI BBICIIEH MaTeMaTHKu. —MOCKBa :
KYPC : UHOPA-M, 2019. — 304 c.
bapaymkus, B. B. OCH PbC
Marematuka. B 2-x Tomax : Tom 2 : yueOHUK. ZNANIUM
DJIEMEHTHI BBICIIEH MaTeMaTHuKu. — MOCKBa :
KYPC : UHOPA-M" 2020. — 368 c.
Kpemep, H. 111. OCH DbC FOpaitt
MatemaTrka A KoJiemkel : yaeOHoe mocobue
st CI1O / Kpemep H. L., Koncrantunosa O. I'.,
@®puaman M. H. ; mog pea. Kpemepa H. III. — 10-¢
u3., nep. u gon. — Mocksa : FOpaiit, 2019. — 346
C.
JlamasH, A. A. ITOTI OBbC
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

—

MaremaTuka : yueOnuk / lagasa A. A. — 3-e u3n.,
ucnp. u gon. — Mocksa : UHOPA-M" 2018. —

Matematrka. COOpHUK 3a7a4 : y4eOHO-
npakTuaeckoe nocoodue ais CITO / Hopodeepa A.
B. — 2-e uzn. — Mocksa : FOpaiir, 2019. — 176 c.

544 c.

[umosa, JI. H. ITOTI DBbC
Martemaruka : yaeoHnoe nmocodue / [llunosa JI. 1. — ZNANIUM
Mocksa : UHOPA-M" 2019. — 238 c.

Jlopodeena, A. B. ot OBbC FOpaiit

3. BAPUAHTBI OHEHOYHbIX CPEJICTB

IIpakTuyeckas padora
«Haxoxaenue obnactu omnpeneneHus pyHKIUm»
Hean:

1. HOBTOpI/ITb 3HaHUA 06yt1aroumxc;1 B TeMe: «HaxoxaeHue obnactu OIIPpCACIICHUSA

(GYHKIII.

2. 3aerHI/ITB YMCHUS U HAaBbIKU HAXOKACHU obnactu OIIpCACIICHUA q)YHKI_II/II/I

HOpﬂIlOK BbIIIOJTHCHUSA
1. O3HaKOMHTHCSA C TCOPECTUYCCKHUM MATCPpUAIIOM U PCIICHUCM IIPUMECPOB.

2. CpenaTph KpaTKu KOHCIIEKT TEOPETUUYECKOI0 MaTepuasa B pabounx  TeTpajsax

(ocHOBHBIE MOHSITHSI, OTIpeieNieH s, GOPMYIIbI, TPUMEPHI).
3. B Terpamsx mjs NpakTUYECKUX paOOT BHIMOIHUTH IPAKTUUYECKYIO PaboTy.

Teopernyeckue cBeleHUS:

O0JacThI0 onpeaesienus i obnacToio 3aaanus GpyHkuuu y = f(x) Ha3bIBaeTCS MHOXKECTBO

3HAYeHUH X, JUTSI KOTOPBIX CyHIecTBYIOT 3HaueHus y = f(x) .O0o3HagaeTcs o0nacth

onpenenenus pynkuuu — D(f) umu D(y).
Cxema HaxoxJeHUs 001acTH onpeaeaeHNs (HyHKIMM:

Ecmu f(x) npencrasisier co00i MHOTOUIEH, TO 00JIaCThIO ONPeAeTeHUS PYHKINH =

f(x) Oyner MHOXECTBO BCEX I€HCTBUTEIbHBIX YHCEIL.

2. Ecmm f(x) — pamuonansHas 1po0b, TO 00JACTHIO SIBIISIETCS MHOKECTBO BCEX
JeMCTBUTENBHBIX YMCET KpoMe TeX 3HaueHui E, mpu KOTOpBIX 3HaMeHaTes b paBeH HYJIIO.

3.  Ecmu @ynkius umeet Buay = 4/f(x), To o61acteio onpeaeneHus OyaeT MHOXKECTBO peIlIeHH
HepaBeHcTBa f(x) = 0.

4. Ecnu ¢pyHKUIMsA UMEET BUA Y = %, rze g(x) HeKOTOPbIif MHOTOUIEH, TO 00J1acThIO
orpeniesieHus: OyIeT MHOKECTBO pelieHnii HepaBeHcTBa f(x) > 0.

5. OO6nacTb onpeneneHusi CyMMbl, pa3HOCTH WJIU TPOU3BEICHHS IBYX UM HECKOJIBKUX (DYHKIIHIA
€CTb IepeceueHme obaacTeit onpeneneHuii STUX QYHKIUHI, It €€ OTHICKAHUS COCTABISETCS U
3aTeM peIaeTcsi CUCTEMa COOTBETCTBYIOLINX YCIOBUH.

IIpuMepsl pelieHnsi  HAXO0KAeHUsI 00J1acTH onpeeeHuss PyHKIUH
Ne [Tpumep Pemenne
/o

Haiit ob6sacTh ompejeneHus



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 OYHKIMIO MOXHO IPEICTABUTH B BUJIE PA3HOCTU ABYX PYHKIHHA y =
=x%2+2 X2+2_i:(xz+2)_i
3 xX-5 X—-5
— 5 fi(x) =x?+ 2 D(f;(x)) sBusercs MHOXkeECTBA BCEX 4YHUCEI
X — 3
f,(x) = —
Haiinem 3HaueHust , KOTOpble OOHYJSIOT 3HAMEHATENb
x—5%#0
X#5
Otset:D(y): xe(—0; 5) U (5; +)
2 y JIost HaX 0K JICHUsI 00JIACTH OMpeeNeHus y = Vx? — 3x + 2

=+/x?—3x+2

pelIMM HepaBeHCTBO X2 — 3x + 2 = 0

Jlns sToro pemuM ypaBHeHue X2 — 3x + 2 = 0.

KopHsmu 3Toro ypaBHeHuUs SBISIOTCA yuciaa 2 u 1.

O0603Ha4MM HaliICHHbIE KOPHU Ha YMCIOBOM OCH U OIIPENICIUM 3HAK
HEPABEHCTBA HA II0JyYEHHBIX UHTEpBajaXx.

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

[ o8]

3 2x—17
CV3x+ 21

OyHKIHS MPEACTABISAET COO0M POOHO-PANMOHAIBHYIO () YHKITHIO, B
qrcIuTeNne KOTopoit MHorowneH. O01acTh onpe/esieHrss MHOTOuJieHa
€CTh MHOKECTBO JICCTBUTEIbHBIX YHCEIL.

3x+21>0
{3X+21¢0—>3x+21>0—>x> 7

OtBet: D(y): X € (—=7; +)

4 2X Haitner O/13: x = 0
y =
Vx—3 Vx—3%#0
Vx #3
X#9
Otset: D(y) x€ [0;9) U (9; +0)
IIpakTHyeckoi padora:
HaiiTu obsiacte onpeneneHust
y=5x—12 y=2x+13
X _ 2
YT ax+7 Y Tx-11
y=v3x+21 y = V5x — 15
B 1 1
g V2 —4x d V3 +9x
7 3x _ 6 4 2X
Y =X x2—19 Y X Txe—4
2
y — XZ + y_X + X2+1



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

IIpakTnyeckne padoTsl
no teme «Haxoxnenue npenena GyHKIHUN.

0
Heab: popmupoBaTh yMEHUS BBIYUCICHUS MIPEIEIOB, PACKPBITUS HEONPEAECICHHOCTH BUIA (5)

IMIyTEM Pa3JIOKCHHA Ha MHOKHUTCIIN.

Iopsiok BbINOJIHEHUS PA0OTHI:
1 PaccmoTpeTs TeOpeTUUECKU MaTepHall 10 TEME U IPUMEPHI PEIICHUs 3a/1a4.
2 Pemmth caMoCTOSTENBHYIO paboTy, BhIMOJHWUB 10 3am1aHMii COOTBETCTBYIOLIETO BapHaHTA.
OdopMuts moapoOHOE pelIeHNE MICHMEHHO B TETPA/IH C YKa3aHUEM OTBETOB.
3 OTBeTUTH NUCHbMEHHO Ha KOHTPOJIbHBIE BOIPOCHI.

Kparkue Teopernmyeckue cBeJeHHS IO paccMaTpuBaemMoil mnpod.ieMe, OCHOBHbBbIE
XaPAKTEPUCTHKH 10 COJEP:KAHMIO NPAKTHYECKOil padoThI:

Onpenenenune. Yucio A HazpiBaeTcs npenenoM GyHkiuu y=f(x) mpu x, crpemsimemMcs K
Xo (B TOUKEX(), €ciu Juis JItoOOTo IMOJIOKUTEIBHOIO YUCIIA € HalIeTCs Takoe MOJIOKUTEIbHOE
gucino 9, uto |f(x) — A| < g, kak Tonpko 0 < |x — Xq| < 6.

O6o3nauenue: lim f(x) = A.
X—Xq

Onpenenenue. Oyaknus  y=f(x) Ha3pIBaeTCsI OCCKOHEUHO MAJIOW TIPH X, CTPEMSIIEMCS
K X (B TOUKeX), ecmu lim f(x) = 0.
X—Xp

Onpenenenue. Oynkius y=f(x) HazpiBaeTCst 06CKOHEYHO OOMIBINON MPU X, CTPEMSAILIEMCS
K Xo (B TOUKEX(), €CIIM [ JIF000T0 MOJIOKUTENBHOIO yKcia M HailieTcs: Takoe MOJI0KUTEIbHOE
gucio 8, uro |f(x)| > M, kak Toneko 0 < |x — Xo| < 6.

O6o3unauenue: lim f(x) = oo.
X—Xp

Onpenenenne. Oynkius y=f(X), 3amaHHas Ha BCEH YHCIOBOW MPSMOMN, Ha3bIBACTCS
OCCKOHEYHO OOJIBIION TIPU X, CTPEMSIIEMCS K ©0), €CJIH JIJISl JTF000T0 MOJIOKHUTEILHOTO Yrcia M
HaiiieTcs Takoe moaoxurenbHoe uncio T, uto |f(x)| > M, kak Tonsko |x| > T.

O6o3unauenue: lim f(x) = oo.

X—00
OCHOBHbBIE TEOPEMbI 0 Mpeaeax:
1 lim (f(x) £ g(x)) = lim f(x) + lim g(x).
X—Xg X—Xg X—Xg
2 lim (f(x) - g(x)) = lim f(x) - lim g(x).
X—Xo X—Xp X—Xp
3 lim kf(x) = k lim f(x).
X—Xp X—Xp
0 _ i,
x—-Xg 8(X) Xlij)r(lo g(x)
B mpocreiimmx ciydasx BeIYHCIEHHE INpeaeia (QYHKIUH CBOIWTCS K ITOJCTaHOBKE B
(GYHKIMIO, CTOSIIYIO IMOJ] 3HAKOM TIpeesia, MpeAebHOro 3HaYeHus1 aprymenta. Ho 10BOJIBHO
9YacTO Takas IOJCTAHOBKA IPEICIHOIO 3HAUCHHs apryMeHTa HPUBOIWT K HEOINPENEIEHHBIM

3HAYEHUSM BUJA! (%), (3), (0 - ), (00 — ), (1*), (0°), (). OTbicKaHue npenena B STUX

ClIydasax, Ha3bIBAIOT PACKPBITUEM HeOHpeJIeHeHHOCTeﬁ. HH?I PacCKpbeITUA HeOHpe)IeJ'IeHHOCTef/'I
Hpeo6pa3y10T BBIPpAXKCHUEC, CTOALICEC IIOJ 3HAKOM IIpE€aciia, 3aT€M HCIIOJIB3YIOT TCOPEMEBI O
npeacinax, 3aMe4aTCIbHBIC ITPEICIIBI.
.« o . Sim
HepBLIH 3aMevYaTeJaIbHbINA IIPEIACI: 1 1(1)11— =1.
X— X
arcsinx

. tgx . .
CIIECTBUS lim 2= = 1, lim—— =1, lim
x-0 X x—0 X x-0 X

arctgx

=1.

1 X
. . . 1 . 1
Bropoii 3ameuaTenbnblii npenen: 1ingl + x)x = e wim 1i n(l + —) =e.
x—0 X—00 X



IMpumep 1. Beraucautsb lirr31(2x - 1.
X—
Pemenue. IloacraBnsiem B pyHKIMIO y = 2X — lnpeaenbHOe 3HAYCHUST apryMeHTa X=3,
HOJYYUM lirr;(Zx —-1)=2-3-1=5.
X—

OtBeT: 5.

. x%2-10x-11
IMpumep 2. Beruuciutp lim ———
x->-1 x2-1

2
x“-10x-11
Permrenue. HOI[CTaBJ'I}IeM B (byHKI_II/IIO y= —x2 1 MMpEaACIbHOC 3HAUCHUA apTyMCHTa X=-
0

1, HOJ'Iy‘lI/IM(O). HCO6XOI[I/IMO PAa3JI0XKUTh YUCIUTEIb U 3BHAMCHATE]Ib HA MHOXXHTECIINU, UCIIOJIB3Ys

(GOpPMYJIBI COKPAIEHHOTO YMHOXEHHS, IPABHIO PA3JIOKEHHs KBAJPAaTHOrO TpeXwieHa Ha
mHoxkuTemn (ax? + bx + ¢ = a(x — x1) (X — X,), TAe X;, X, - KOPHU KBaJPATHOTO TPEXUJIeHa),
METOJI TPYIIUPOBKH. PelllcHre 3aMChIBAIOT B BUJIE:

. x?—10x—11 _(0) L x-1DGx+D L x—11)  —12 .
oy x2 -1 —\o ~ o x—1Dx+1) T o x—-1) -2
Cokpaienue Ha (x+1) BO3MOXKHO, TaK KaKk OHO HE PaBHO HYJIIO, a JIUIIb CTPEMHUTCS K HYJIIO.
Ortsert: 6.

3—V5+x

Ipumep 3. Berauciuts lim ————.
Xx—4 X“—16

3—V5+x
Pemenue. HOI[CT&BJIHGM B (1)YHKI_[I/IIO y= 216 MNpEeaACIIbHOC 3HAYCHUA apryMCHTa X:4,

0
HOJIyT-II/IM(B). UT0o0OBI N130aBUTHCS OT HEOTPECIICHHOCTH, HaJI0 (PYHKIIUIO YMHOXHUTH HA CIUHUILY,

MIPEJICTAaBUB €€ B BUJC APOOH, CONPSHKEHHOW K BBIPAKEHUIO, COIepKaIeMy KOpeHb 3 — V5 + X.

33.HI/IH_IGM PCUICHUC
I 3—\/5+X_(0)_1_ 3—Vv5+x 3+V5+x
i x2—16 \0) x4 x2—16 3+vE1x

y 32 —\EFx y 4—x

= 11m = IIm =

x4 (x2-16)3+V5+x) x*xX—4)x+4)B+V5+%x)
-1 -1 1

= lim = =——
x>4 (x+4)(3+V/5+x) 8-6 48

Ortser: -1/48.
2x2+x+3

Ipumep 4. Berancauts lim —————.
x—o0 X°—16x+1

2x%2+x+3

——————[pCACIIbHOC 3HAYCHHUA apryMeHTa X—
x3-16x+1 pel pry

Pemenwue. Iloncraisiem B GyHKIHIO y =

(00}
0, nonquM(;). UtoObI N30aBUTHCS OT HEONPEAEICHHOCTH, HA/l0 B YUCIUTENE U 3HAMEHATEIe

BBIHCCTH MHOXXHUTCIIb, conepmamnﬁ MaKCUMAJIbHYIO CTCIICHb HepeMeHHOﬁ. 3anuieM pCHICHUC

2x* x| 3 2,1 3

3

2x% +x+3 X( tat ) xTeta
lim —————~2

S Tex+1 A L[ 16x . 1 Tale 16 17
S SIS BT

04040 0

= lim ===

Otser: 0.

5
. X +7
Ipumep 5. Beruucnuts lim ————.
x—00 4x3+2x+8
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Pemenue. [loacrapnsem B pyHkuuio y = npeenbHOe 3HAYEHHUS apryMeHTa X—

4x3+2x+8
[ee]
0 , HOJ‘IY‘H/IM(;). Y1006l N30aBUTHCS OT HEOIIPENEICHHOCTH, Hal0 B YUCIIUTEIIEC U 3HAMEHATEIIE

BBIHCCTH MHOXXUTCIIb, conepxcanmﬁ MaKCUMAJIbHYIO CTCIICHb HepeMeHHOﬁ. 3amumieM peuIcHuC

x> 7
x4 < (5 +53)
xooAx3 + 2X+ 8 xoo o (X3 2% 8)

X ;-I_;_*_X_S
7
. 1+3s S S AU o
0T 2 8 <%0+0+0 0
Ztate

OTBeT: .

33)13]-[1/[5[ JJIS1 CAMOCTOATEIbHOH paﬁoTbI

Bapuanr 1
Bpruncnute npenensi.
6+x—x2 6+x—x2 6+x—x2
1) lim l —_— 2) lim l _— 3) lim ———
55 x3-27" 53 x3-27" X—00 X3-27"
6x3+5x%-3 . 11x345x%+3x-1 5arcsin2x
4) lim ———. 5) lim ———. 6) lim ——
X——00 2X2—X+7 X—00 2x3—x+7 x—0 tg4x
. 5%—1 \/x+ 4-3 3-7x—2x?
7) lim . 8)1 9)1 —_—
x—+00 5%+3 55 x2-25 ° 53 X2-8x+15
Bapuanr 2
BI)I‘H/ICJ'II/ITB MIPENIEIBI.
-16 -16 x?-16
1)1 —_— 2) 11 _— 3) lim —————
1X2+X 20° 4X2+X 20° X—00 4X2+x-20"
2% . 16x+1 . tg 3x
4) lim 5) llm— ) lim ———.
Xo— oozX x—00 4x2+x—20 X—0 arcsm7x
x3-x3 Vx+1-2 3x2—7x+2
7) lim 8) lim 9)1 —_—
X—o— oo4-X2+3X 6 x—>3 x—3 2 X2-7x+2 "

Conep:xanue oryera:
1 Tema, 11emb.
2 Odopmiienue 3a1aHuil ¢ TOAPOOHBIM PELICHUEM U C YKa3aHUEM OTBETOB.
3 OTBeThl Ha KOHTPOJIbHBIE BOIIPOCHI.

KoHTpoJibHbIE BONIPOCHI:
1 Kakue BBl HEONIPENEIECHHOCTEN BCTPEYAIUCH IIPU PELLIEHUH 3aaHUN?



IIpakTyeckas padora
Haxoxxaenue HanOoJIbIIero, HAMMEHbBILETO 3HAUCHUS (PYHKIUH.

Ilean padoThI:

- HpI/IMeHI/ITB YMCHI/ISI 110 BJIAACHUIO HpGIICTaBJIeHI/Iﬁ 06 OCHOBHBIX ITOHATHUAX MATEMATUYCCKOT'O
aHajgM3a M WX CBOMCTBax, BJIAJICHUE YMEHHEM XapaKTepu3oBaTh IOBEJACHUE (DYHKIUH,
HUCIIOJIB30BAHUC HOJIy‘IeHHBIX 3HaHI/H>'I JJIA OITMCAaHUA U aHAJIn3a peaJIBHBIX 3aBI/ICI/IMOCTeI7I.

Teopernueckuii MaTepua:

JloctarouHoe ycioBue 3kcTpemyma. [lycts hynkius y=f(x) HenpepbIiBHA Ha
IPOMEXYTKE X U UMEET BHYTPU IPOMEKYTKA CTALMOHAPHYIO WIIM KPUTUYECKYIO TOUKY X=Xo.
Torna:

a) eCIIM y 3TOM TOUKU CYHIECTBYET TaKasi OKPECTHOCTh, B KOTOPOW BBIMTOJHACTCS
HepaBeHCTBO f'(x)<0. mpu x<Xo, a MPU X>Xo - HepaBeHCTBO f '(x)>0, To X=X( - TOUKa MUHIMYMa,

0)ecin y 3TOI TOUKH CYIIECTBYET TaKasi OKPECTHOCTh, B KOTOPOU MPU X<Xo BBIIOJIHIETCS
HepaBeHcTBO f'(x)>0, a mpu x>X¢ - HepaBeHCTBO f '(X)<0, TO X=X¢ - TOYKa MAaKCUMYMa;

B) €CJIM Yy 9TOW TOYKH CYIIECTBYET TaKasi OKPECTHOCTh, YTO B HEH U CJIEBa, M CIIPaBa OT
TOYKH Xo 3HAKU TPOU3BOAHON OJIMHAKOBBI, TO B TOUKE X( IKCTPEMYMOB HET.

AJNTOPUTM HCCIIEAOBAHMS HENPEPbIBHOW (yHKIMU y=f(X) HA MOHOTOHHOCTH U SKCTPEMYMBI:
1) Haiitu npousBoanyro f'(x)
2) HaliTu craunoHapHble 1 KpUTHUYECKHE TOUKH.
3) OTMeTUTh CTalMOHApHbBIEC M KPUTUYECKUE TOYKU Ha YMCIOBOM MPSMOI U OMPEeNIUTh
3HAKH MTPOU3BOIHON HA MOJYUYUBIIUXCS TPOMEKYTKAX.
4) Onupasich Ha TEOpeMy, CAeNaTh BHIBOJbI O MOHOTOHHOCTU U TOYKAaX dKCTpEMyMa.

[Tpu BBINOIIHEHUH TPAKTUYECKON pabOThl PACCMOTPUTE CIIEIYIOIIUE TPUMEPHIL:
[Tpumep 1:
x*+1e
[ —
HccnenoBarh QyHKIHIO x* Ha 3KCTPEMYMBI.
Pemenne. @yHkuus HenpepbIBHA, KpoMe TOUKH X=0.
1)Haiinem npoun3BoaHyO:
: (x*+ 16) - X* -3y - (x* + 16) s - -2x(x*+16) 2x°-32x 200 —2)x + (= + 4)
f )= e o = xe - e = e
2)x=2 n x=-2 - ctanoHapHsle To4YKu. [Ipu x=0, mpon3BoHasA HE CYILIECTBYET, ITO TOUKA
pas3pblBa.

3)

- + - +

=

e @
=0
“Q

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

ANTopUTM OTHICKaHUS HAMMEHBIIET0 U HAOOJIBIIETr0 3HAYCHUH HeNpPepbIBHON
byuknun y=f(x) Ha oTpeske [a;b]
1)Haiiti nmpousBoanyto f'(x).
2)HaiiTu cranoHapHble U KPUTHUYECKHE TOUKH (QYHKIIMH, JIeKaIle BHYTpU
oTpeska [a;b].
3)Bbruncnuth 3HaueHue GyHkuu y=f(X) B Toukax, oToOpakaeMbIX Ha BTOPOM LIare u B
TOYKax a u b, BBIOPATh CPEeU ITUX 3HAUCHUN HAUMEHbINEE (Yuany) ¥ HAUOOIBIIIEE (ITO
OYIET Yuans).
[Tpumep 2. HaiiTu HanMeHbIIee 1 HauboblIee 3HaYeHne PYHKIUU



y=x3-3x2-45x+1 Ha orpeske [0;6].

Pemenue. Bocnonb3yemcs alroputMom

y'=3x2-6x-45 x=5 € [0;6]
3x2-6x-45=0

x2-2x-15=0

x1=-3, X»=5

Y naum—- 1 74, YHanﬁzl

[Tycts pyHKIMs y=1{(X) HEIpephIBHA HA TPOMEKYTKE X U IMEET BHYTPH HETO €IMHCTBEHHYIO
CTAIlMOHAPHYIO WM KPUTHYECKYIO TOUKY X=X

Torpa:

a) €ClIi X=X( TOYKa MaKCUMyMa, TO Yuans—1(X0)

0) ecii X=X¢ TOYKa MUHUMYMA, TO Yuann—=F(X0).

X
y=""7
[Tpumep 3. Haiitu HanOombiee 3HaueHHE QYHKIIMU 1 +x* ua nyue [0; +o0).
. 1-x7
:}.F =
1 +x2)°
Pemenue . 1 +x2)" [Ipon3BoaHas BCIOY CYIIECTBYET, 3HAYUT, KPUTUICCKUX TOUCK Y

dynximn Her. y'=0, 1-x*=0, x=1 nmu x=-1.

3agaHHOMY JTyqy [0; +o)ex =1. Ipu x >1, y’>0, a npu x >1, y’<0.
1 1

_}’mﬂx :f{l]: 1 :E

3HauuT, X = | — TouKka MaKCUMyMa +12
x=1 — eZIMHCTBEHHAs CTALlMOHAPHAS TOUKA (YHKLIMU HA 33JJAHHOM IIPOMEXYTKE, IPUUEM TOUKA
MakcHUMyMa.

Bompocs 1151 3akperieHust TEOPETHIECKOTO MaTepHraia K MPaKTUIECKOMY 3aHSATHIO:
1 Kakas Touka Ha3bpIBaeTCsl TOUKOM MakcCuMyMma?
2 Kaxkast Touka Ha3pIBae€TCS TOYKOM MUHUMYyMaA?
3.  Ilepeuuncnure npaBwia quddepeHIMpPOBaHHUS.
4 HazoBute anroputm HaxoxACHUS HAUOOJBIIIETO U HAUMEHBIIIETO 3HAYCHUS (YHKIIUHA HA

OTpE3Ke.
3ajanue:
I Bapuant II Bapuant
1. UccnenoBaTh Ha SKCTpEMYM (YHKITHIO:
y=xk-1) vy =2xk - 2¥

2. OmnpenenuTb 3KCTPEMYMBbI
dyHKIMH F&)=¥x*

3. Haiinure Hanbosnbliiee 1 HAMMEHbLIee 3HaUeHNe QyHKIUH:

2. Onpenennts sxerpemym dymkmm J 00 = V%

y = x3-3x?+3x+2 Ha otpeske [2;5] y = x*4x?+2x-1 na orpeske [2;3]
4. Kakue u3 naHHbIX (QYyHKIUI He uMmeeT kputudyeckux 4. Kakue u3 qaHHBIX QYHKIMNA He
TOYEK UMEET KPUTUUECKUX TOUEK

a) y=x*+2x>+6 a) y=x>+x%-2

6)}!:1’—& 6)y=1’f+x

g) Y =3x +7Vx g)Y =X +¥x

') TaKOM HET. I') TaKO HeT.

[Tops 10K BBITIOJHEHNS:
1. BHuMaTeIpHO MPOYUTATH TEMY U IEJIb MPAKTHIECKON PaboTHI.
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N3yunTh yueOHBIN MaTepua o Teme.
OTBETUTH HA BOIIPOCHI.

BrinosiHuTh 3a1aHUS.

[ToaroToBUTH OTYET.

N

ConepxaHnue oTyera:

Ha3Banue nmpaktuueckoi paboThI.

VYueOHas 1enb.

Pemenue 3amanuii mpakTHYECKOM pabOTHI.

OTBeTHI HAa BOIPOCHI JIJIs1 3aKPETUICHUS] TEOPETUUECKOTO MaTepHaia.
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IIpakTnyeckas padora
Tema: VccrnenoBanue GpyHKIUN U TOCTpOEHUE TPA(YUKOB C TTOMOIIHIO MPOU3BOTHOM.
Lesab: YuuTbcs NpoBOIUTH UCCIIEAOBAaHUE (DYHKIIMH C TIOMOIIBIO POU3BOAHOM U
CTPOUTH IpapuK PYHKLUH 110 pe3yabTaTaM NPOBEIEHHOIO UCCIIEIOBAHNUS.
Xoa padoTsl
O3HaKOMBTECH C TEOPETUYECKOH YacThIO;
3anummre anropyuTM HCCIeOBaHUS (QYHKIINY;
BeinonHuTe 3a1aHus IPaKTUYECKON YacTH;
OTBeTbTE Ha KOHTPOJIHHBIE BOIPOCHI.
TeopeTnyeckas 4acTb
[Tpu moctpoennu rpaduka GyHKIE HEOOX0IMMO MPOBECTH €€ MPEBAPUTEIBHOE UCCIIeIOBAHNUE.
ANropuT™ HccieaoBaHus QyHKIUH

AW~

1. Haiiti 001acTh onpeaeeHus DY) u o6macts JOIYCTHMBIX
snavermit £(Y) GYHKIHH.

HccnenoBaTh QYHKIMIO HAa YETHOCTD, HEYETHOCTD, IEPUOANIHOCT.
Haiit Touku nepecevenus rpaduka GYHKIUU ¢ OCIMH KOOPAMHAT.
Haiitn acumntoTsl rpaduka QyHKIUU.

HccnenoBaTh QYHKIMIO HA MOHOTOHHOCTb M OKCTPEMYMBI .

HaiiTi IpOMEXYTKH BBIIYKJIOCTH, BOTHYTOCTH M TOYKH Ieperuoa.
[Toctpouts rpaduk GyHKIHMH IO pe3yJIbTaTaM MUCCIICIOBAHHUS.

NN

> M TIOCTPOUTH ¢e

X
IIpumep . [Ipoectu noHOE KccaenoBaHNe QYHKIUU ) = R

rpaduk.
Pemenue.
1. OGnactps onpenenenus D(f) (GYHKIUUA — BCS YUCIIOBAs OCh, 32 UCKIIOUEHHUEM TOYEK
x==2ux=2,1e D(f)=(-00;-2)U(-2:2)U(2;40).
2. OyHKIUS HEMIEPUOINIECKas; UCCIETYeM €€ Ha YETHOCTh M HEYETHOCTH!
3 3
-
4 - (— x) 4-x
3. Haiinem Touku nepeceueHus rpaduka ¢ ocIMHU KOOPIUHAT:
c ocel0 Oy Trpaduk mepecekaercs npu x =0, otkyna y= f(0)=0, T.e. M (0;0)-TOUKa
NIEPECEUEHMS C OCBIO Oy ;

X
c ocbt0 Ox rpaduk mnepecekaercs, ecad f(x)=0, T.e. —— =0, otkyna x= 0. Taxkum
- X
o0pa3omM, M (0;0) - eAMHCTBEHHAs TOUKA MepecedeHns rpapuka ¢ OcIMU KOOpIMHAT.
3 3

X x
4. Hainem acumntotel rpaduka pynkumn:  m ——~=+°, hm ——5=—°

2 2
w204 =X 2r0 4—X

T.€. IpsiMasi x = 2 - BepTUKaJbHas acuMnroTa. OTcioa, B CUIIy CUMMETPHUH, CIIETYET, UTO

npsmas x = —2 - TaKXe BEpTHUKaJIbHAsI aCUMIITOTA.

S@ P
X 4—x

X—>+0

b

Halinem Hak10OHHBIE aCUMIITOTBEL. £ = hrn

X490

b=lim [f &) -k]=tim SEA —m -2 =0,

2 2
x—>40 oo \A—X oo 4—x
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T.€. IpsIMasi y = —x - HAKJIOHHAs aCUMITOTA NpU X — +o0 (IIpH X — —0 ). ['Opu30HTAIBHBIX

acUMIITOT (DYHKIIHS HE UMEET.
5. Haiinem wuHTepBaJbl MOHOTOHHOCTH W OSKCTPEMyMbl (YHKIMH, HCCIEAYS MEPBYIO

, ( X j':x2(12—x2):x2(2\/§—xx2\/§+x)

y =
IPOM3BOIHYIO 4-x’ (4 —x’ )2 (4 -x )2 )

Otcrona BugHO, uTo pu x > 0 (puc.17) GpyHKIUS HMEeT MaKCUMyM B TOYKE X = 23 (npuyem
F3)=-33~-52), Bo3pacraer Ha (0;2) u (2;2\/§)I/I yOBbIBaeT Ha (2\/§;+oo).

VAN I
/ 5 \ f (z)
Puc.17

6. UToOb!I OmpenenuTh MHTEPBAIBI BBIMTYKIOCTH W TOYKH Iepernda, BBIYUCIUM BTOPYIO
IIPOU3BOHYIO:

8x(12+x2)

o)

Orcroza sicHo, uto npu x > 0 (yHKIMsA BbIIyKIa BBepX (T.e. f” < 0) Ha (2;+0), x =0- Touka

J'(x) =

neperuoa.
7. YuuThIBas HAKOIUIGHHYIO MH(pOPMAIUIO, CTpOouM rpaduk GyHkumu mpux > 0, a 3aTem

CHMMETPHYHO OTPa)KaeM €ro OTHOCUTEIILHO Havaina KoopauHat (puc. 18).
| i v ‘

: ! 3
J |

IIpakTHYecKkas 4acTh
1.Mccnenyiite GpyHKIMIO U TTOCTpOiiTE rpaduk: y=2x>-3x>-12x-1
2.UccnepoBath QyHKIHUIO ¥ =X2/x+1

KoHTpoJibHBIE BONIPOCHI:
1) Ha3oBute cxemy uccienoBanus QyHKINU;
2) Jlaiite ompeneneHre 00JacTH OMPEICTICHUS 1 MHOXKECTBA 3HaYeHUN (DYHKIIHNH;
3) [aiite onpenenenue 4€THON U HEUETHON PYHKIINY;
4) Kak HaliTi TOukM nepecedeHus rpaduka QyHKIUU C OCIMU KOOpPMHAT;
5) [aiite onpenenenue aCUMOTOTHI Tpaduka (yHKIIMH, HA30BUTE BU/IbI ACUMIITOT;
6)  HaszoBute npusHaku Bo3pacTaHus (yObIBaHUS) PYHKIINH;
7) Ha3oBute ycnoBHs CyIIECTBOBAaHUS TOUEK HKCTpeMyMa (PyHKILUY;
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8) Kak HaliT MPOMEXYTKH BBITYKJIOCTH rpaduka GyHKIUH;
9) Kak Haiftu TouKy neperuoda rpaduka GyHKIANA?

Ilpaxmuueckaa paboma
Tema: «HaxoxxaeHue Heonpe/eJeHHbIX HHTETPAJIOB MeTOI0M 3aMeHbI NlepeMeHHOM U
10 YacTAM»
Llesab: COBEpIIEHCTBOBAHWE YMEHUN HAXOAWUTh HEOIPENEIEHHBIE WHTETPAJIbl METOJOM
3aMeHbl IMEPEeMEHHOW U 10 4YacTsAM, COBEpPLICHCTBOBAHWE YMEHMH IIpOBEpATh JeiicTBHE
UHTETpUPOBaHUS TP PEPEeHIINPOBAHUEM.

MeTtoauyeckue yKa3aHus JJisl IPAKTHYECKO padoThI
TeopeTnyeckue cBeieHHsI
Ilepeooopasznan pynkyuu. Heonpeodenennwiit unmezpan

Oynkmus F (x), OIpeieICHHAas] Ha MHTEpBaJe (a,b), Ha3bIBACTCS NEPBO0OPA3HOU IS
Gyskmu f (x) , OIIPEJIENIEHHON Ha TOM K€ HHTEPBAJIE (a,b), ecn F '(x) =f (x)

Ecmm F' (x) — mepBooOpa3Hast it GyHKIHHA [ (x) , TO JII00as aApyrasi nepBoodpasHas
CD(x) wist GyHKIEA (x) ommyaercs ot F (x) Ha HEKOTOPOE MOCTOSIHHOE Cllaraemoe, T. €.
@(x)=F(x)+C, rne C—const.

Heonpeoenennvim unmezpanom ot GyHKiwmd f (x) Ha3bIBACTCSl COBOKYITHOCTh BCEX

mepBo0oOpasHbIX I OToM  Qynkmuu.  OO6GO3HA4YaeTcsi  HEONpPEIENEHHBI  MHTErpal:
jf(x)dx:F(x)+ C, rae F'(x)=f(x), C— const.

Onepanus HaxOXIEHUH mNepBOOOpa3HOM uid  JaHHOM  (QYHKIUMU  HA3BIBAETCS
unmeepupoganuem. VIHTerpupoBaHue SBIIICTCS 00paTHOH oreparuei Kk 1uddepeHIIPOBAHUIO:

([ £ (x)ax) = 7 ().

JUis  TpoBepKM  MNPAaBUIBHOCTH  BBHIMOJIHEHHOTO  MHTETPUPOBAHUS  HEOOXOIMMO
npoauddepeHIupoBaTh pe3yabTaT HHTETPUPOBAHUS M CPaBHUTH IOJYYEHHYIO (QYHKIUIO C
MOABIHTEr PAIBHOM.

CBoiicTBa HEOIpeIeJIEHHOT0 UHTeTpaa:

.(jf(x)dx)' =f(x); d]f(x)dx=r(x)dx;
JaF(x)=F(x)+C;

JHf (x)ax=k[ f(x)ax, k — const;

[ () +g(x))dx =] £ (x)dx+ [ g(x)dx.

Taonuua 0cHOBHBIX UHMEZPATIOB

—

B~ LN

1. IOdu:C; C =const; Z.Idu:u+C;

. _ucx+1 L ﬂ_ '
3.ju du—OH_1+C, o #—1; 3a.jﬁ_2\/5+c,
4. @zln‘uHC; S.J‘a”duzi+C;

u Ina
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6. Ie“du:e”+C; 7.Icosudu:sinu+C;
) du
8. Ismudu:—cosu+C; 9.j —=tgu+C;
cos’u
c du du u
10. =—ctgu + C; 11. | === =arcsin—+C;
Y sin’u ‘[x/az—u2 a
- du du 1 u
12. | —==Iu+u’+a’|+C; 13. Jﬁz—arctg—+C;
: «/uziaz u +a a a
c du 1 u—a du u
14 | ——=—In +C; IS.I — =In|tg—|+ C;
‘u’ —a 2a |u+a sinu 2

du =1In + C; 17. J'tgudu:—ln‘cosuHC;
cosu

u T
16.I tg [EE'FZIJ

18. Ictgudu = ln‘sinu‘ +C.

Kaxnas w3 npuBeneHHbIx B Tabmuie ¢opMyn copaBeninBa Ha MPOMEXKYTKE, HE
COJIepKalieM TOYEK pa3pbiBa IMOABIHTETPATbHON (YHKIIMK. BpluciIeHHE WHTETpaioB C
UCIONIb30BAaHWEM  TaONUIBI M  OCHOBHBIX  CBOIMCTB  Ha3bIBAlOT  HEMOCPEACTBEHHBIM
MHTETPUPOBAHUEM.

Memoo 3amenvl nepemeHnHoll

Teopema 1. Ilycts X = () MOHOTOHHAsA, HEMpPepbIBHO auddepeHmpyeMas GyHKIus,

TOorga
[ £ =[ f o) @)dr. (1)
[Ipu sToM, eciu I flo)e'(t)dt=F@)+C, to I f(x)dx=F(y(x))+C, rne

Y (X) — Qynkuums, obparaas ¢ (¢).
®opmymna (1) Ha3bIBaeTCS hopMmyn0l 3aMeHbl nepeMeHHOU B HEOTIPEICIIEHHOM HHTETpase.
Aneopumm 3ameHvl nepemenHo.
1) CBs3arhb cTapyro NepeMEHHYI0 HHTETPUPOBAHUS X C HOBOW MEPEMEHHON ¢ C ITOMOIIBIO

3aMenbl X = Q(7).
2) Haiitu cBsi3b Mexay aupdepennuanamu dx = ¢'(¢)dt .

3) IlepeliTu o1 3HAKOM UHTETpaJia K HOBOW MEPEMEHHOM.
4) ITpouHTErpUpOBATH U B MOIYYEHHON TepBOOOPA3HOI BEPHYTHCS K CTAPON MEPEMEHHOM,
noxcrasus f = Y (Xx).

Ilpumep 1. IlpouHTErpUPOBATH NOAXOAIIECH 3aMEHOM EPEMEHHOM.

a) Icos 4xdx; 6) Iegx”dx; 6)Ix(2 —x?)dx

Pewenue:
t=4x dbopmyna 7
dxdx = |di = (4x) = ddx| = [cost L = L cos i = { ras -
a) Icos xdx =|dt = (4x)" =4dx —J.cos ?—chos = < TaOJTUIIBI =
= % UHTETPajIoB

:lsint+C:lsin4x+C.
4 4
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t=9x+1 dopmyna 6
dt 1
6) [ dx =|dt = (9x +1) =9dx|= [e' == = — [ e'dt = { TabaunBI =
| v == [ =
dx — _t HUHTETrpaaioB
9
:let-FC—l 9x+1+C
9 9
t=2-x" dbopmyna 3
dt 1
&) x(2=x*)Ydx=|dt =2 —x?) =2xdx|= [’ == |=—— [ dt = TaOJIUILIBI =
)| x( ) ( )dZ [21-3 >J
vdy = AL HHTETpaioB
1¢°

1
=———+C=——2-x)%+C.
12

Hnmezpupoeanue no uacmsam
HeKOI’I’lOpble 6UO0bl urnmezpanoe, 6bl4UCIAEMbLX NO YACNIAM

Ecmu npoussoansie pynkuuit U =U(x) u V' =V (x) HenpepblBHbI, TO crpaBenBa
dbopmyna:
[vav =vy - [vau, 3)
Ha3bIBAEMAs (YOPMYIOU UHMESPUPOBAHUSL NO YACTISM.
B kauectBe U(X)  00ObluHO BBHIOMPAOT (QYHKIMIO, KOTOpas YIPOLIAETCS IPH

nuddepeHIMPOBaHNH.
IIpumep 1IponMHTErpUpOBATH 110 YACTSIM.
a) j (3x —1)sin 2xdx; 6) j (1+ 2x)1In xdx.
Pewenue.
U=3x—-1->dU =3dx
d) [(3x —1)sin 2xdx = cos x| = (Bx —1)(= Cozzx) + Coszzx dx =

dV =sin2xdx >V =—

2

1 1
=——Bx—-1)cos2x + EJ.c0s2xa’x =——Bx—-1)cos2x+ isin2x+ C.
2 2 2 4

U:Inx%dU:ﬂ
o dx
6) j(1+2x)1nxdx= dV =1+ 2x)dx — =1nx(x+x2)—j(x+x2)—=
X
V:J.(l-l—2x)dx=x+x2

2
=Inx(x+ xz)—J.(l-i— x)dx=Inx(x+ xz)—x—x?+ C.

Bapmuanr 1

Hantu HEOMPCACIICHHLIC HHTCTPAJIbl MECTOAOM HEMOCPCACTBCHHOTI'O MHTCTPUPOBAHUA (ILJ'ISI NQ 1-
5).

I(Scosx—3x2+lex. Ide. I(6X-32X—4)ix.
1. x) 2. x? 3.
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4.
I cos’ ,/1_ Jd '[1+16x
Haiitu HeonpeneneHHbIe HHTETPaibl METOAOM MOACTaHOBKH (11t Ne 6-8).
12x° +5
[
2.°3x" +5x-3

HaiiTn HeonpeneneHHblil HHTErpajl METOA0M UHTETPUPOBAHUS 110 YACTSAM: .[(x +5)cos xdx .

Lj@x—4fdn

Bapuanr 2
Haiitu HeonpezneneHHble HHTErPaJIbl METOOM HEIOCPEACTBEHHOro HHTerpupoBanus (aist Ne 1-
3).

I(6sinx+4x3—ljdx. J.xg_3x:+2X6dx. j(7"-22"+5)dx.

X X

1 1 dx

[|[—+—r. [ 77—
1+x° sin“x V4 —9x?
HaiiTu HeonpeneneHHble HHTETPAIbl METOJIOM MOACTaHOBKH (11 Ne 6-8).
18x* -3 K
j(7x+5)4dx. J-3—dx. Ix7-e dx .
6x” —3x+8

Haiitn HeonpeaeleHHBIN HHTErPal METOIOM UHTETPUPOBAHUS 110 YACTAM: I(x - 2)sin xdx .

IIpakTnueckas padora
«Bbruncienue onpenenéHHoro uHTerpana. [lnomanu miockux uryp»
Bapuanr 1

f; (422 +x — 3)dx

1. Beruucnuth onpeneseHHbI HHTErpat:
) [F@2x—1)%dx
2. BeruucnauTs onpeneneHHbI HHTETPaJl METOAOM IMOJCTAaHOBKHU: ~2 .
3. BbruncnuTh, npeaBapuTeIbHO CAENaB PUCYHOK, IUIOMIAlb (PUTYpBI, OTpaHUYEHHOM
= — 2 ' = = . T = 2
[ +4, v=0, «x L, x=21
P P o
4, CkopocTh JIBMXKEHHS TOYKHA HW3MEHSETCS MO 3aKOoHy * =3 +12r+1 (m/c). Haittu
yTh S, PO IeHHBINA TouKoH 3a 10 ¢ OT Havana JBUKEHMUSL.
Bapmuanr 2
3
y [T(2x* —x+4)dx
1. BrruucnuTs onpeneneHHslii HHTErpai: »o .
) [F(Bx+ 1)*dx
2. BbluncnuTh onpeaeneHHblii MHTErpajl METOA0M MOACTaHOBKHU: 0 .
3. BeruucnauTs, npeaBapuTenbHO CAENIAB PUCYHOK, IJIOMAAb (QUTYPHI, OTPAaHUYECHHOMN
mrmsv: Y = X +1 1=0, x=-1. x=1 _
4, CKOpOCTb ABMKCHUS TOUKU U3MEHSCTCS 110 3aKOHY V' = 9:° =8¢ (w/c). Haiftu myTs S
b

MPOUJEHHBIA TOYKOW 32 YETBEPTYIO CEKYHY.

IIpakTHYeckoe 3aHATHE
Tema: JlelicTBYs HaJ MAaTPULIAMH.
Heab: GopmMupoBaTh HaBBIKU BHITIOJHEHUS ONEpaldid HaJ MaTPUIIAMU: CIOXKEHHUE, BHIYUTAHUE,
YMHOKEHHME MAaTPHULIbL HA YKCIIO, IIPOU3BEACHUE MATPHIL.
TpeGoBaHus K BHINOJHEHUIO IPAKTHYECKOIl padoThI:
OdopmuTh 3a7aHNs B TETPaAaU AJIS IPAKTHYECKUX PadoT.
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2. BBIMOTHATE HHIUBUAYATBHYIO PabOTYy .
3. OTBETUTh HA KOHTPOJIbHBIE BOIPOCHI

Conep:kaHue NpakTHYECKO# padoThI.

1. BpInmoJHeHue 3aaHui

anaofcnenuﬂ K BIDAKMUUYECKOMY 3AHAMUIO:

A=

C=

1. JlaHbl MATPHUBI:
MO>KHO 11 CIIOKUTh MaTpU

1 3
1 1 2
=1 2 ,B=( J,
3 4 5
0 4
-2 0 3 1
5 6|,D=-7 0]
~3 7 2 9

1y A4: ¢ marpuuei B; ¢ matpuuei C; ¢ Matpuueid D?

Pewenue:Matpuily A HEJb3s1 CIIOKUTH C MATPUILIEH B, Tak Kak Matpuiia A ©UMeeT
pasmepsl 3*2 | marpuna B - pasMepsl 2% 3 | a cKIaibIBaTh MOKHO TOJIBKO MATPHIIbI

OJIMHAKOBBIX pasMCpoOB.
MOXXHO CKJIaAbIBaTh.

ManI/II_ILI A n C umerot OWMHAKOBBIC PA3MEPELI, IIO3TOMY UX

ManI/II_[BI A n D nmeror OJMHAKOBBIC pa3MEpPhbI, CJICAOBATCIIBHO, UX MOXKHO CKJIaJAbIBAThb.

A=
2. Haiitu A+B , ecin

-1 0
-5 6

—
—3

1 7 2
3 45

T

Pewenue:Tak xak MaTpuibl HUMCHOT OI[PIH&KOBLIIZ pasMeEp, TO UX MOKHO CKJIaJIbIBaTh. HpI/I
CJIOKCHUH MATPpHIl HAAO CIOKUTDH 3JICMCHTBI, CTOAIIMEC HAa OJJMHAKOBBIX MECTax, T.€.

-1 0 -2
A+ B= -
-5 6 —3] (
3. Jlano:
[2 5 4 -1
A=|6 3 0 11|
|7 8 1 -3 u

1 7 2) (-1+1 0+7 -2+2) (0 7 0
3 4 5) |-5+3 6+4 -3+5) (-2 10 2/
6 -15 -12 3
—34=|-18 -9 0 -33|
-21 =24 -3 9

aiti: -34.

Jlj1g TOro, YTOOBI -3 YMHOXKUTH Ha MAaTPUILY A HYKHO KaXKIbIH JIEMEHT

MaTpuLbl 4 YMHOXUTH HA -3.

4. JlaHbl MATPUIIBI:

1 3 10 -1 1 3 1 -5 2
A=14 2 -2|,B=[13 1 4|,C=|3 -2 3|
2 7 13 =5 2 5 0 -1 6
Haiitu: 24+B-3C.
Pewenue:
2 6 20 -1 1 3 3 -15 6
24+B-3C=|8 4 —-4(+|13 1 4|-|9 -6 9 |=
4 14 26 -5 2 5 0 -3 18
2-1-3 6+1-(-15) 20+3-6 -2 22 17
=[8+13-9 4+1-(-6) -4+4-9|=[12 11 -9].
4-5-0 14+2—-(-3) 26+5-18 =1 19 13
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CamocTosiTeibHOE BHINOJIHEHUE 32IAHUI CTYIeHTAMU.

3 5 7 1 2 4
1. Haiigute cymmy Mmatpug 4=|2 -1 0(lmu B=| 2 3 -2
4 3 2 -1 0 1
{ . Tﬁ}{ﬁ 5 & “‘E
‘15 & 203 —1 21
8 1 3Rkp -3 —=5}
2.BpI4ncauTh MPOU3BEICHUE MATPULL: ™ ol ~
{E 2 i “}
{(z ¢ —1}p 7 —5i
6 1 —3i
3.BbuucinTh NPOU3BENECHUE MATPULL: - -
{3 Z T
0 7 -5t
6 1 —3F —
4.BbIyrcauTh IPOU3BEIEHUE MATPULL: ™ SR .
RO
7 0 s 3y °
- - - H E
—z)
S.BpraucauTh MpOU3BEIECHNE MATPULL: - “
F100
T
: H— 77 = 3
Lz}

L

6.BBIYMCIMTE TPOM3BEIECHUE MATPHIL:

Bonpocs! 1151 CaMOKOHTPOJIA:

Uto Ha3pIBaeTCs MaTpUIlCi? 3anuiuTe OOIMUNA BUI MAaTPHUIBI pa3MEPOM mXn.
Kakune MaTpuipl Ha3pIBatOTCA PaBHBIMU?

Ha3zoBute BubI MaTpuI.

Ha3oBuTe nuHelHbIE Oniepaliy HaJl MaTPpULIAMU.

Kakue Matpuiisl MOKHO nepeMHokaTh? Kak BbIIOIHAETCS yMHOXKEHUE?

SNk W=

Tema: Boruuciaenue onpeaeanresnen
Heanb: chopmupoBaTh yMEHHE BBIUUCIATH ONMPEACIUTENN BTOPOTrO, TPETHETO U N-I'0 NMOPsAKA.
Teopernueckue cBeeHHs K IPAKTHYECKOH padoTe
Omnpenenenne. OnpenenureneM (JETEPMHUHAHTOM) BTOPOro MOpPsAKa HA3bIBAIOT 4YHCIIO,
KOTOPOE€ CTAaBUTCA B COOTBETCTBUC MATPULBI BTOPOIr0 MOpAAKa, W BBIYHUCIACTCA CICIYIOMIUM
o0pa3om (obo3HagaeTcst A, |4|, detA):

ap  ap

|A| = =da)dy —apdy -

dy dp

4
[=36-45=18-20=2,

3
1
)‘5
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-5

1
6‘:(—4)~6—1~(—5):—24+5=—19.

Onpenenenne. OnpenenureneM (JETEPMUHAHTOM) TPETHETO MOPSIIKA HA3BIBAIOT YHCIIO,
KOTOPOC€ CTaBUTCA B COOTBETCTBUEC MAaTPULBI TPETHETO MOPAAKA, U BEIYUCIIACTCA 110 IIPABUITY:
a4 a4
A=lay Gy ay|=ayanas +apayay +apaydy — diydydy =4 Ayxdy, — A0y dy,
a3 dxn 43y
JlaHHBII aITOPUTM HA3BIBACTCS «IIPABUIIOM TPEYTOJIbHUKA», KOTOPOE MOXKHO MPEACTaBUTh B BUJIC
CXCMbI

Hanpumep, BBIYMCIUM ONpEAETUTEND

3 -1 2
A=l 5 1 |=3-5-(-2)+(-1)1-2+2-4-(-1)-2-5-2~
2 -1 -2

—3.(=1)-1-(~1)-4-(-2)=-30-2-8-20+3-8=—65.
I[J'ISI BBIYHCIICHUA OIIPCACIINTCII TPCTHEI'O IMOPAAKA MOKHO ITOJIb30BATLCA AJITOPUTMOM Capploca:
1) Mocne 3anucu onpeaennTens AoNMCbIBaEM ero nepsbii U BTOPOM cTonbel, U BbluMCaAeM
no cxeme

—ay30y0031 — Ay Ay3d3y —Aypdndss-
Hamnpumep, Beruncaum onpenenutens no anroputmy Capproca

1 -4 2| |1 -4 1 -4
A=|-2 5 4|=|-2 5 =1.5(-6)+(-4)-4-3+
31 -6 |3 A1 1

+2-(=2)1-2-5-3-1-4-1—(=4)-(-2)-(-6)=
=-30-48—4-30—4+48=—68.

2 -1 5
2 5
MMHUHOP -4 2 1 M32:‘ A 1:2.1_5.(_4):22’
0 3 -2 B
-1 5
My = _2=(—1)-(—2)—3~5:—13.

Onpenenenne. AnreOpandeckuM JOIOIHEHHEM DIIEMEHTA a,; ONpederumens n-20
nopsoxa (06o3nadaemcs A,) HA3b16aeMCs COOMEEMCMEYIOUULL €My MUHOP CO 3HAKOM

4 - (_ I)HJM B M, , ecnu (i+ j) — Yemmoe 4uciuo;
v v -M,, ecnu (i+ j) — HeuemHoe yucio.
1 2 3
Hanpuwmep, nig onpenenurens 4 5 6
&8 9

7
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2 3
Ay = (17" My, = My, :‘5 [ =2:6-3:5=12-15=-3,

4

6
A, =(=1)"M, =-M,, -1 = —(4-9-6-7)=—(36-42)=—(-6)=6.

9) (Teopema Jlamiaaca) OmnpeneauTenb pPaBeH CYMME IPOHM3BEICHUA DSJIEMEHTOB
HEKOTOPOTO CTOJIONA (CTPOKH) Ha COOTBETCTBYIONINE UM alreOpandecKue JOMOTHEHUS.
Hanpumep, 11 onpenenanTens TpeTbero nopsaKa
a4 4
ay ayp ap|=apdy tapdy tady =apds +aydy; tasds .

ds;  dzp 4z

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

Pewenue
1) Boiuncnum onpenenureb.
a) M0 NMPaBUILYy TPEYTOJIbHUKA.

1 2 -3
3 -1 2= =
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 anropurmy Capproca.

1 2 =3 |1 |
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 Jlamaca.
Pa3noxxum onpenenurtens o nNepBoMy CTONOIY:

12 -3
3 -1 2|=1-A +3- Ay +4-Ay =(=1)"" My +3- (1) My, +
4 5 -2
-1 2| o -3 |2 -3
410" 4y, = - 4 =(=1)-(-2)-2-5-
vy =2 T =0 2)
-3(2-(=2)—(=3)-5)+4(2-2—(-3)-(-1))=2-10-3(-4+15)+4(4-3)=
—-—8-33+4=-37.

Conep:xaHue NpaKTHYeCKOH padoThI:
1 éapuanm BpIauciuTh ONPEETUTENN

2 -3 3 5 1 2 3

1 .9 [ _6.4_8_3.5147.
)45,)_28,)18,)4_5,)2613,
12 -12
7 8 3 11 5 6 30 1 5
o314t 21 2 0 3
2 65 |17 4 4 a1
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2 eéapuanm. Bp4uciauTh ONpPENeIUTENN

SRR
Dl 55200 ¢:3; s PD|g _55 - 13;
12 -12
7 8 3 11 5 6 30 1 5
N P AR FY Y R S
2 6 5 7 4 4 41

IIpakTHyeckas padora
«Pewienne cucreM JUHEHHBIX YpPaBHEHMI TPeThero nopsjaka meroaoM Kpamepa»

Heau paéoTsi:

®  pacmmpuTh NpenacTaBieHne o Merogax pemenus CJIY u orpaborars anroput™m pemenus CJIIY
meronoMm Kpamepa;

e  pa3BHBATh JOTHYECKOE MBIIUICHUE CTYCHTOB, YMEHHE HAXOUTh PAIMOHATIBLHOE PEIICHUE
3a/1a4u;

®  BOCHUTBIBaTh Yy CTYACHTOB AKKYPaTHOCTb U KyJbTYPY IHCBMEHHOW MATEMATUYECKOW pedH IpH
0(OpMIICHUH MU CBOETO PpEILEHHUS.

Pemmte cuctemy ypaBHenuit mo ¢opmyinam Kpamepa

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

1) 14x+3y+2z=16; 1) yx+5y—2z=-15;
2x-3y+z=17. 2x—-2y—z=3.

2x—y+2z=-3; §
2x -3y +z=-3;
2) X+2y—z=4 2) < x+5y—z=—1;

3x+y+3z=3, 3x+y+4z=11.
xX+2y+3z=75;
2x—y—z=1;
2x—-y+z=2;
x+3y+4z=6.
3) 3) 13x+2y+2z=-2;

x=2y+z=1.
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IIpakTnyeckas padora
Pemenne cucreM JTMHEHHBIX yPABHEHHU C MOMOIIBIO 00PATHONH MATPHIIbI
I_[e.m,: HAayUYUTBhCA pCUIATh CUCTCMbI JIMHEWHBIX ypaBHeHI/Iﬁ C IPpUMCHCHUECM MATPUIHOI'O
MeTo/a.

B MaTpuuHOM METO/I€ peIIeHUsI CUCTEM JTUHEHHBIX alreOpandeckux ypaBHEHUH BUIA:
ax, +a,x, +...+a, x, =b,

Ay X + ApX, +.o+a,, X, =b,,
anl‘xl + an2x2 + + ann'xn = bn
all alz cee aln
KOTOpbIe B MaTpu4HOi (opme 3amnuceiBatoTes kak A-X = B, rue Ll am e a, |
anl anZ ann

%]

2

OCHOBHas Marpula CHCTCMBI, X = - ManI/II_Ia-CTOJ'I6eI_[ HCU3BCCTHLIX IICPEMCHHBIX,

‘xn
bl
b2

B = - MaTpHIla CBOOOHBIX YICHOB.
b

n

Pemenne cuctembl JIHMHEHWHBIX aireOpanvyeckux ypaBHEHUH MATPUYHBIM METOJOM
onpenensercs no Gopmyie X = Al B, T.e. pelenue HaX0AUTCs ¢ TOMOIIBIO 0OPATHON MATPHUILIBI
Al

Bapmuanr 1
1. Pemmts cHCTEMy TMHEHHBIX YPABHEHHUI TPETHErO MOPSIIKA MATPHYHBIM METOIOM.
Sx+2y—z=-1, x+y+z=-4, x+y—z=-1,
a) 13x—y+3z=-4, 0) <3x+4y-3z=1, B) «3x+3y+2z=7,
x+2y-3z=3. 4x+5y—-3z=-1. 2x—y—-3z=28.
Bapuanr 2
1. Pemmts cHCTEMy TMHEHHBIX YPABHEHUH TPETHETO MOPSIIKA MATPUYHBIM METOIOM.
3x+y+z=2, X+y—z=2, x+y—-2z=3,

a) 5x+3y+2z=-1, 06){—-4x+3y—z=3, B){4x+5y+4z=-3,
x—y+4z=1. {3x—2y—2z=11. L3x+3y—52=8.

KonTposabHbIe BONpockI
3anuiuTe cucTeMy JUHEHHBIX anreOpanyecKux ypaBHEHHH B MaTpUUHOI Gopme.
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IIpakTuyeckas padora
Tema: «Bviuucnenue eepoamuocmeii cooblmuil no K1accuieckoul gropmyne 6epoasmuocmu
Heab: ¢dopMupoBaHre yMeHHMI pemiaTh 3a7aud, HCIONb3yS KIAacCHYecKylo (opmyny
BEPOSITHOCTH;
3aKpeIyieHHe YMEHHM peliaTh 3aJauyd, UCIOJB3Ys ompelneieHus U (OpMyNbl pa3HBIX BHJIOB
KOMOMHAIMii 0e3 MOBTOPEHWH ¥ C TOBTOPCHUSMHU; pEIIaTh 3aJadyd, HCIOJIB3Yys MpaBHiia
KOMOWHATOPHKH.

MeToan4yeckne yKa3aHus M TeopeTHdeckne CBeleHusl K MPaKTU4ecKoii padore
Knaccuueckoe onpedenenue gepoamnocmu
Ilpumep 1. ITycTh B ypHE CONECPKUTCS 6 OIMHAKOBBIX IIAPOB, MPUYEM 2 U3 HUX - KpacHbIE, 3 -
cuaue u I - 6enpiii. KakoBa BO3MOXXHOCTH BBIHYTh Haylauy U3 YPHbI IBETHOHU 1map? MoXHO Jn
0XapaKTEepU30BaTh 3TY BOZMOXKHOCTb YHCIOM? OKa3bpIBAETCS MOKHO. JTO YHUCIIO U HA3bIBAETCS
BEPOSTHOCTHIO COOBITHS A (TIOSIBIICHUS [IBETHOTO apa). Takum 00pazoM, 6eposmHuocms echib
uucno, XapaKkmepusylouiee CmeneHsb 603IMONCHOCHU NOAGIEHUS COObIMUAL.
Kasxip1it 13 BO3MOKHBIX PE3yIbTaTOB UCIBITAHUS (B MpuMepe 4, UCTIBITAHUE COCTOUT B
W3BJICYCHHUH 11apa U3 YPHBI) HA3BIBACTCS 971€MEHMAPHBIM UCXO0OO0M.
Te sneMeHTapHBIE HCXOBI, B KOTOPBIX HHTEPECYIOIIee HAaC COOBITHE HACTYIIALT,
HA3BIBAIOTCS O1a20NpUAmMCmMEyIoWUMU STOMY cOObITHIO. B pumepe 4 6;1aronpusTCTBYIOT
coObITHIO A (TOSBJIICHHE LIBETHOTO I11apa) 5 UCXOJIOB.
CoO0bITHUSI HA3BIBAIOTCS PABGHOBO3MONCHBIMU, €CTTN €CTh OCHOBAaHUS CUUTATh, YTO HE OJIHO U3 HUX
HE SBIISIETCS 00JIee BO3MOKHBIM, YEM JIPYTOE.
Ilpumep 2. TlosiBJIeHHE TOTO UM MHOTO YHCIIa OYKOB Ha OPOLICHHOM UTPaIbHOM KyOUKe —
PaBHOBO3MO>KHBIE COOBITHSI.
Bepoamnocmuio P(A) coObiTusi A Ha3bIBAIOT OTHOLICHHE YUCIIA OJIArONPHUATCTBYIOIIUX 3TOMY
COOBITHIO UCXOJI0B K OOIIIEMY YHCITY BCEX PABHOBO3MOKHBIX HECOBMECTHBIX JIEMEHTAPHBIX
UCXO0J10B, 00pa3yIoLiX NONHYI0 rpynny. Bepoamnocms P(A) coObiTus A onpenensercs 1no

dbopmyie
Py =2
i

b
1€ M — YUCIIO JIEMEHTAPHBIX UCXO0/I0B, OJIarONpUATCTBYIOIINX A; B — YHUCIIO BCEX BO3MOXKHBIX
AJIEMEHTAPHBIX UCXOJI0B UCIIBITAHMUS.
B npumepe 4 Bcero aneMeHTapHbIX UCXO0B 6; U3 HUX § GJIaronpusTCTBYIOT COOBITHIO A.
CrnenoBarenbHO, BEpOSTHOCTh TOTO YTO B3SATHIN IIap OKa)KeTCs LIBETHBIM, paBHa P(A) = 5/6.

Ipumep 3. OnipeenuTh BEPOSATHOCTh BBIMAJACHUS HEYETHOTO YMCIIAa OYKOB Ha KOCTH.
Pewenue. ITpu 6pocanuu KocTH coObITHE A — «BBIIATO HEYETHOE YHCIIO OYKOB)» MOXKHO
3anucath Kak nmoAMHoxecTBo {1, 3, 5} mpoctpanctBa ucxozos {1, 2, 3,4, 5, 6} (puc. 1).

Yucno Bcex paBHOBO3MOKHBIX UCXOJIOB 7 = 6, a YUCIIO OJaronpUsTHBIX COOBITHIO A —m = 3.
CrnenoBaTeiabHO,

P(A) =

oW
od | =

IIpumep 4. B ypHe HaxoauTces 7 mapoB: 2 GeinbiX, 4 uepHbIX U 1 kpacHbIil. BeiHMMaeTcst oauH
nrap Hayraja. KakoBa BepOSITHOCTb TOTO, UTO BBIHYTHIH 11ap OyaeT 4€pHbIM?

Pewenue. 3anymepyem mapsl. [lycts, Hanpumep, mapsl ¢ Homepamu I u 2 — Genble, ¢
HoMepamiu 3, 4, 5 u 6 — uépHble, a KpaCHOMY IIapy MPUCBOUM HOMep 7. Tak Kak Mbl MOKEM
BBIHYTH TOJIbKO OJIMH M3 CEMH ILIAPOB, TO 0OIIee YKCI0 PABHOBO3MOKHBIX UCXOJIOB PaBHO CEMHU
(n = 7). U3 Hux 4 ucxoaa — nosiBJiecHUE apoB ¢ Homepamu 3, 4, 5 u6 — mpuBeayT K TOMY, 4TO
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BBIHYTHIN 11ap Oyaet 4€pHbiM (m = 4). TeM caMbIM, BEPOATHOCTb COOBITHSA A, COCTOSIIIETO B

Py=2

MOSIBJICHUH YEPHOTO 11apa, paBHA 7

BorurcnuTe BEpOSTHOCTH TOTO, YTO BBIHYTBIN IIap OyAeT OSNIbIM.

Ilpumep 5. BeIuucanuTh BEpOSITHOCTD BBINAICHUS B cyMMe () OYKOB IpU OpOCaHUU TTaphI
KOCTEH.

Pewenue. PaccMoTpuM Bce paBHOBO3MOKHBIE HCXO/IbI B pe3yJibTaTe OpocaHus ABYX KOCTeH (X
YHCII0 paBHO 36 - peKOMEHIyeM 3arucaTh B BUe Ta0uuiibl). Bemanenue B cymme 10 04KkoB
(cobmiTHE A) BO3MOKHO B TPEX ClIydasix — 4 0YKa Ha IEPBOM KOCTH M 6 Ha BTOPOM, 5§ OYKOB Ha
nepBoi U 5 Ha BTOPOi, 6 0uKkoB Ha nepBoii U 4 Ha BTOpoil. [loaTOMy BeposITHOCTE COOBITHSA A

PA)= =

3 —
(Beimazienust B cymme 10 oukoB) paBHa 6 12
Ipumep 6. 3 60 BOmIpocoB, BXOASIINX B 9K3aMEHAIIMOHHBIE OMIIETHI, CTYIEHT NoAroToBmI 50.
KaxoBa BeposITHOCTh TOTO, YTO B3SATHIN HayJa4dy CTYACHTOM OUJIET, COAEPKAIMNA 2 BOTIPOCa,
OyIeT COCTOAThH U3 MOATOTOBICHHBIX UM BOIIPOCOB?
Pewenue.
1) O603HaunM coObITHE A - « BBITSHYTBIN CTYyIEHTOM OMJIET COCTOUT U3 MOATOTOBIEHHBIX UM
OmetoBy. J{Jisl BBIYMCIICHUS! BEPOSITHOCTHU TOSIBJICHUS TAHHOTO COOBITHSI BOCIIOJIB3YEMCSI
KJIACCHYECKHUM OTPE/ICIICHUEM BEPOSATHOCTH COOBITHS, COTTIACHO KOTOPOMY BEPOSTHOCTD

P(A)=—,
ornpenensercs no popmyie: 1
i€ M — YUCJIO UCXOJIOB, IPH KOTOPBIX MOSBIISIETCS COOBITHE A,
n — o0111ee YUCII0 3JIEMEHTAPHBIX HECOBMECTHBIX PABHOBO3MOKHBIX HCXO/IOB.
2) Onpenenum n. OOLIee YUCIO OUIIETOB ONpPEaENsIeTcs coueTaHueM 1o 2 u3 60:

I .
n= Clo=0 80991990
5821 2
3) KonudecTBO OMIETOB, BOMPOCKH! KOTOPBIX CTY/ICHT 3HAET, ONPEAEISAECTCS COUETaHHEM TI0 2 U3
50:

I .
n e Clpe 30 04 a2

069
48121 2 4) OnpeenuM BEpOSTHOCTE COOBITHS A

El

Omeem: BeposITHOCTB TOTO, UTO B3ATbIM Hay/auy CTyI€HTOM OWJIET, COJep Kalluiil 2 Bompoca,
OyZeT coCTOATh U3 MOATOTOBIEHHBIX UM BorpocoB paBHa P(A) = 0,69. To ects, eciu Oyzer,
Hanpumep, 100 Takux cTy1eHTOB, TO 69 U3 HUX BBITSHYT OUJIETHI, K BOIPOCAM KOTOPBIX OHU
MOATOTOBJICHBI.

CsoiicTBo 1. BepostHOCTE docmosepnozo coObiTust A paBHa equnuie: P(A) = 1.

CBoiicTBO 2. BeposTHOCTh Hes03Mm0cH020 coObITUS A paBHA HYymO: P(A) = 0.

CBoiicTBO 3. BeposTHOCTD CIy4aifHOrO COOBITHS €CTh MOJIOKUTENBHOE YHCIIO, 3aKII0OUYEHHOE
Mexny Hynem v eounuyei: 0 < P(A) <1

IIpumep 7. Tak Kak BEpOSITHOCTD BbIMaieHus: 13 04KOB pU OpOCaHUM Maphl KOCTEH —
HEBO3MOXKHOE COOBITHE, €T0 BEPOSITHOCTD PaBHA HYJI0.

Knaccuueckoe onpedenenue eepoamnocmu 1pearnoaraeTt, 4To YUCao AIEMEHTAPHBIX HCXO0I0B
UCIBbITaHUsl KOHEYHO. Ha mpakTuke jke 4acTo BCTPEYaroTCsl UCTIBITAaHUS, YUCIIO BO3MOYKHBIX
HCXOJI0B KOTOPBIX OeckoHeuHOo. Kpome 3Toro, 4acto HEBO3MOKHO NMPEACTABUTH PE3YIbTAT
UCTIBITaHUS B BUJI€ COBOKYITHOCTH 3JIeMEHTapHBIX coObITHH. Elle TpyaHee yka3aTb OCHOBaHHUA,
MO3BOJISIOIINE CUUTATh AJIEMEHTApHbIE COOBITUS PABHOBO3MOXKHBIMU. [10 3T0M mpuumHe, Hapsaay
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C KJIACCHYECKUM OTIPEJICIICHUEM BEPOSITHOCTH HCHOIB3YIOT U IpYTUE ONPEICIICHHS, B
YaCTHOCTU CHIAMUCMUYECKOe Onpedeenue.

Cmamucmuueckoe onpeoeneHue 6epoOAMHOCHU

Ommnocumenvhaa yacmoma HapsAy C BEPOSITHOCTHIO TPUHAIICKUT K OCHOBHBIM IMOHATUSIM
TEOPUHU BEPOSTHOCTEH.

OmmnocumenvHolli yacmomoii coObITHS A HA3bIBAIOT OTHOILICHUE YHCIIA UCTIBITAHUN, B KOTOPBIX
COOBITHE MOSIBUJIOCH, K 00IIEMY YHCITy (GaKTUIEeCKU MPOU3BEACHHBIX HCIIBITAHUI:

w(A) = —
H b

TS M — YKCIIO TOSBIIEHUI COOBITHS A, B — 00IIEe YMCIIO UCIIBLITAHUM.
Kﬂaccuuecmm eepo;lmnocmb eblyuciisaemcAn 00 onslma, a OmHocumeabHan vacmoma — nocjie
onbima.
I[J'II/ITGJ'IBHBIe Ha6JHO,Z[CHI/IH IIOKa3aJjin, 4TO €CJIHN B OAMHAKOBbBIX YCJ'IOBI/IFIX HpOI/I3BOI[$IT OIIBITHI, B
KaXXI0M U3 KOTOpI)IX qUuCIO I/ICHI)ITaHI/II\/JI BCJIMKO, TO OMHOCUmMEIbHAA yacmoma
06Hapy.7fcu3aem ceoﬁcmeo ycmoﬁlmsocmu. 9TO CBOI>'ICTBO COCTOMUT B TOM, 4YTO B pa3J’II/I"IHBIX
OIIbITaxX OTHOCUTCJIbHAA 4aCTOTa U3MCHIACTCA MaJIO (TGM MCHBIIC, YEM 6OJIBHIC HpOI/I3BeIIeHO
HCHBITaHHfI), KOH€6J'I5ICB OKOJIO HCKOTOpOFO IIOCTOAHHOI'O YHcCJia. 9TO IIOCTOSAHHOC YUCJIO U €CTh
BepOﬂTHOCTB ITOSABJICHUA CO6I>ITI/I$L
TaKI/IM 06pa30M, HpI/I JO0CTATOYHO 6OJ'IBIJ_IOM KOJINYCCTBC I/ICHBITaHI/II‘/'I B
KaYeCTBC cmamucmuttecxoﬁ 8ep0}1mnocmu C06blmu}l HpI/IHI/IMaIOT omuocumeﬂbuylo
lmcmomy niIn 4Yuclio, 6HI/I3KO€ K Heﬁ.

Cooeporcanue npakmuyeckou pabomaol
1. Pewiume 3a0auy:

3aoaua 1. B ypue nHaxogurcs 15 6enbix, 5 kpacHbIX U 10 uépnbix mapos. Hayran nssnekaercs
1 map, HaliTH BEpOSATHOCTH TOTO, UTO OH OyJeT: a) OesibIM, 6) KpacHbIM, B) YEPHBIM.

3aoaua 2. B xopoOke nexat 8§ 3efeHbIX, 7 CHHUX U 15 KpacHBIX KapaHaamei. BeraucnuTsb
BEPOSITHOCTH TOTO, YTO B3SATHIM HAYraJ KapaHaail OyAeT, CHHUM HITH 3eJICHBIM.
3aoaua 3. B onHol KOpoOke HaxoauTCs 4 OeNbIX U § UEPHBIX IIAPOB, a B APYroi — 3 GenbIx 1 9
yepHbIX. W3 kaXka0i KOpoOKHU BBIHYIIHU IO 1Iapy. BeIUUCINTE BEPOATHOCTH TOTO, YTO 00a 11apa
OKaXXyTCsl OEIBIMHU.
3aodaua 4. B marazun noctynuio 30 X0IOIUIFHUKOB, TIATh U3 KOTOPBIX UMEIOT 3aBOJICKOM
nedexrt. CaydaliHbIM 00pa30M BBIOMPAIOT OJMH XOJIOAWIBHUK. KakoBa BepoSITHOCTH TOTO,
4TO OH OyzeT 6e3 nedekra?
3aoaua 5. Habupas Homep TenedoHa, aOOHEHT 3a0bLT MOCIeIHNE ABEe U(PBI U, TOMHS JIUIIb,
YTO 3TU IU(PBI pa3TUIHbL, HAOpan ux Hayraa. HailTu BeposSTHOCTH TOTO, 4TO HAOpaHbI HY)KHBIC
UQPBI.
3aoaua 6. AGoHEHT 3a0bLT TOCIEIHIOK ITUGPY HOMEepa TenedoHa W MOITOMY Habupaer eé
HayraJ. OnpenenuTh BepOSITHOCTh TOTO, UTO €My NpUAETCS 3BOHUTH He 0ojiee 4eM B 3 MecTa.
3aoaua 7. AGoHeHT 3a0bu1 nocieqHue 2 mudpsl TeaehOHHOr0 HOMEpa, HO IIOMHUT, YTO OHH
pa3InYHbI 1 00pa3yloT ABy3HaYHOE yuciio, MeHbInee 30. C yueToM 3Toro oH HaOupaeT Hayraja
2 uudpsl. HaliTi BEposSTHOCTH TOTO, YTO 3TO OYAYT HYXKHbIE ITU(DPBI



IIpakTHyeckas padora

«CocraBiieHHE CTaTHCTHYECKOTO pacipeaeseHus Bpioopku. [loctpoenue ructorpaMMel U
HOJIMTOHA YaCTOT»
Llens O600uMTH 3HAaHUS 110 00paboTKe HH(pOpPMALKH, IO padoTe ¢ AUarpaMMaMu U rpaduKkamMu.

OO0pa3zerlr BBITIOJIHCHHS 3aaHuUs

Janbl pe3ynbpTathl TECTa IO 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 Moy, cpeanee apupmernyeckoe, pa3Max U MOCTPOUTH TOJIUTOH M THCTOTPaMMa.

Xi 2 3 5 6 7 8 9 10 Bcero
mj 5 3 2 11 9 4 5 1 40
HurepBan [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
Mona = 6, Cpennss apupmernueckas = 6, 125, Pazmax = 8
20 20
10 10
O T T 1 O
[2-4] (4-6] (6-8] (8-10] 3 7 9
1 BapuaHT

B pa3nble MecsLbl IUIATHBIMU yCIIyTaMU OpraHU3allii BOCHOJIB30BAIUCH 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; 2211HIC.pYO.

1.
2.
3.
4.

5.
6.

ITocTpouTh BapUallMOHHBIN U UHTEPBAJILHBIN PSBL.
Onpenenure cpeaHuit 3apabOTOK OpraHu3aIuu (cpeaHsisa apudmMeTnieckas).
Kakyro cymmy opranuzanus 3apabareiBaia yamie Bcero?(Moga)

KakoBa pa3nuiia Mexy caMbIM OOJIBIIIAM M CAMBIM MAJIEHBKUM TIOCTYIUICHUEM Ha
cuet opranmuzanuu? (Pa3max)
Kakas cymma nosiyuyeHa B cepeiuHe BpeMeHHOro npoMexytka? (Meauana)
[TocTpouTh rucTorpaMMy M MOJIUIOH YaCTOT.

2BapuaHT
OTtaen kaipoB MOTYYHII 3aIPOC HA UCCIIEIOBAHIE BO3PACTHBIX 0COOEHHOCTEH KOJIEKTHBA.

B pesynbpTaTe mpocMoTpa JIMYHBIX JIe B MPOU3BOJILHOM MOPSJIKE MOTyUYeH pe3ynbrar: 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. ITocTpouTh BapUallMOHHBIN U UHTEPBAJILHBIN PSBL.

2. Onpenenuth  CpeJHUM  BO3pacT  COTPYAHUKOB  OpraHu3alMM  (CpenHss
apudmeTHuecKas).

3. Ornpenenuts BO3PACTHYIO pa3HUILY B TJaHHOM KosutekTuBe? (Pa3zmax)

4. CoTpyAHHMKHU KaKOTO BO3pacTa COCTaBISIOT OOJBIIYIO YacTh KouiekTuBa? (Moja)

5. VYkaxute cepeAMHHOE Bo3pacTHOe 3HaueHue? (Meauana)

6. [TocTpouTh rucTorpaMmMy M MOJIMIOH YaCTOT.

4 KOHTPOJIbHO-OIEHOYHBIE MATEPHAJIbI
JJIA TPOMEXKYTOYHOU ATTECTALIMH 110 YYEBHOU
JANCHUIIIMHE «<MATEMATHUKA»



10.
11.

12.
13.

14.

15.

16.
17.
18.

19.

20.

27

HPGZ[MGTOM OLCHKHU SBJAKOTCA YMCHHUA W 3HAHUA, 06H_[I/Ie u HpO(beCCI/IOHaJIBHBIe

komneTeHIMH. OLeHKa OCBOSHUS IPEeyCMaTPUBAET oud.3auem.
1. YcnoBust mpoBeaeHUs —yCTHAs U THChbMEHHAs (popma.
2 BpeMs BbIIOJTHEHUS 3aaHus — 45 MUHYT.

IIpumepHbIii NepeyeHb 3aJaHUI

S5x
) 7
1. Bpruucauts npeaen hrn[l + 3—} .
X—>00 x

2. BpMCIUTH NpEaEb:

Co5xt=xP+1 X +2x . x -4
a) 11m4— ; 0) hmz—; B) hms—.
o 2xT +X oo x° —4 oo x° +2x
. sinl7x
3. Beruucnute npegen lim ——
x>0 sin Sx
. sin5x
4. Beruucauts npenen lim .
x>0  3x
o 3xt+x
5. Beruucnuts npeaen lim > .
x>0 x° —2x

2
—-10x+1
6. Bprancnuth npezen limL);g
x—8 X —

7. Wccnenosars QyHKIUIO f(x) =

Hccnenoats pyHkmmio f(x) =3x> —x’ ¥ mocTponTth ee rpaduk.
BbruucnuTh 3Hau€HHE MPOM3BOIHON CIIEAYIOMUX (PYHKIUI B TOuke X, =4 :
a) f(x)=8x>-Inx;6) f(x)=x"+5x.

Haiitu npousBoHyt0 QyHKIMU y = (x4 ~5x" + x)7 .

11x-8

2x+4

2x°-8

Haiitu nponsBoanyto GpyHkuuu y =

Haiitu npousBoHyt0 QyHKIMU Y = €
Haiitu nponsBoanyto GpyHKIMN y = ln(8x4 —3x7 + 2).
4-x7 +x° —2x

Haiit HeonpeneneH bl UHTETpal J- dx .
X

o o o 2 3
HaiiTn HeonpeeneHHbIN HHTETrpal METOAOM 3aMEHbI IEPEMEHHOU Jx e’ dx.

4
Haiit HeomnpeaeIeHHbIN HHTErPal METOIOM 3aMEHbI IIEPEMEHHOMN J(6x +1 1) dx.
Haiit HeomnpeaeleHHbIN HHTErPa METOIOM 3aMEHBI IIEPEMEHHOMN Icos(6x —1)dx.

Haiitu HeomnpeaeeHHbIN HHTErPal METOIOM 3aMEHBI IIEPEMEHHOMN Isin % x-cosxdx.

3

BerauciuTs onpeneneHHbIi HHTErpa I (5x+1)dx .
0
1

Brraucnute onpeaeneHHbii HHTErpal j (x=5)xdx .
0

Ha HENPEPBIBHOCTL B TOYKE X, = 6.



21.

22.

23.
24.
25.

26.

27.

28.

28

. 22x% + i
BbraucnuTe onpeneneHHbIi HHTerpa f ——dx.
0
2 30 -1 0 3
Haiitu matpunyy C=34+B,ecu A=|-2 1 8|, B=| 2 4 1
2 43 1 30

PemuTe cucreMy JIMHEHHBIX YPAaBHEHH METOJIOM OOpaTHOM MAaTPHIIHI.
Pemmuth cucreMy nTuHEHHBIX ypaBHEeHHI 110 popmynam Kpamepa.
Pemmnth cuctemy nuHEMHBIX ypaBHeHU MeToioM ["aycca.

x, +3x, —2x; =4,

x, +4x, —x, =7,

2x, +x, + x5 =3.
CKOpOCTh JIBMIKCHHSI TOUKM HM3MEHSETCs 10 3aKOoHy v =5t +4¢t+2 (wm/c). Haiitu nyts s,
MPONJIEHHBIA TOYKOM 3a 4 ¢ OT Hayaja ABUKCHHUS.
Boerarcnuth 00beM Tella, MOJIYIeHHOTO OT BpalleHHus (QUTYpPHI, OTPAaHUYCHHON JTHHHUSIMHA ) = x’,
y=0,x=1, x=3, Bokpyr ocu Ox.
BbIYMCIUTS II0MAIb GUIYphl, OTPAHUYEHHOM MMHUAMH y=x>, y=0, x=1, x=2.
IIkana ouneHKH 00pa3oBaTeJbHBIX JOCTHKEHHU I

[IpoLeHT pe3ynbTaTHBHOCTH Onenka ypoBHsl TIO/INOTOBKH
(MPaBUITBHBIX OTBETOB) Oa1 (OTMETKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJIUYHO
75 + 89 4 XOpOUIOo
51+74 3 YIOBJIETBOPUTEIIBHO
MeHee 50 2 HEYIAOBJIETBOPUTEIIBLHO

Bonpocs! pas 3ayera

1. Marpuiipl, 1elCTBUA HaJl MAaTPUIIAMH.

2. Ompenenurenu 1-ro, 2-ro, 3-ro nopsiikos. I[IpaBuiio TpeyroabHUKOB.

3. OOparHas MaTpuia. AJIrOpUTM HaX0XJIeHUs1 0OpaTHON MaTpHUIIbL.

4. Panr maTtpuubl. AITOpUTM BBIYMCIIEHUS paHra MaTpUILbl C MOMOIIBIO 3JIEMEHTApPHBIX
npeoOpa3oBaHU.

5. Cucrema nMHEHHBIX ypaBHeHUH. MeToj oO6patHoii maTpuiisl. @opmynsl Kpamepa. Meton
l"aycca.

6. Ilpenen ¢pynkuuu B Touke. OCHOBHBIE TEOPEMBI O MpEJeNax.

7. Tlpemen QyHKIUMU mpu X, CTpeMsIIEMCs K OSCKOHEUYHOCTH. 3amMedaTesIbHBbIC TPEIeTbI.
Yuco e.

8. HempepbiBHOCTH PYHKIIMM B TOUKE M Ha MpOMeXyTKe. Touka HempephIBHOCTH (DYHKIIUU.
Touka paspeiBa ¢pyHkunu. CBoHCTBa HenpephIBHBIX (QyHKIUH. [Ipuparienne aprymeHTa.
[Tpupamenue GyHKImn.
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9. IlpousBomnas dynkumu. [uddepenmman PyHkmuu. [‘€oMeTpUUYECKU  CMBICT
IIPOU3BOJHON. MeXaHUYECKUN CMBICII IIPOU3BOIHOM.

10. Tabnuma npou3BoaHbIX. [loHsATHE CiloX)HOM GyHKIMU. [Ipon3BOAHAS CIIOXKHON (PYHKITUH.

11. Cxema uccnenoBanus pynkiun. O6macte onpeneneHus GyHKu. MHOXXeCTBO 3HaYEHUI
¢byuknun. YerHocts U  HeweTHOCTh GyHKumu. Hymu dynkuuun.  I[Ipomexyrku
3HaKonocTosHCTBa PpyHKIMHN. Bo3pacTanue u yobiBaHue (QyHKIIMU, TIPABUIIO HAXOXKICHHS
MPOMEKYTKOB MOHOTOHHOCTH. TOYKM 3KCTpeMyMma (YHKIMH, MPABHIO HAXOXKICHHS
KCTPEMYMOB (DYHKITHH.

12. [Ipou3BoaHbIE BBICIIMX MOPSAAKOB. DHU3UUYECKUN CMBICI BTOPOM ITPOU3BOJIHOM.
HccnenoBanue (yHKIMH C TIOMOLIBIO BTOPOI MPON3BOAHOM.

13. IlepBooOpa3nas. Heompenenennbiii uaTerpai. OCHOBHBIC CBOHCTBAa HEOIPEIEICHHOTO
MHTETpaa.

14. Tabnuiia HeonpeaeIeHHBIX HHTETPAJIOB.

15. Meroabl UHTErPUPOBAHMS: METOJI HEMOCPEICTBEHHOTO UHTEIPUPOBAHUS; METO]] 3aMEHbI
MEPEMEHHOI (METO/l MOICTAHOBKH ); METOJ, MHTEIPUPOBAHHUS 10 YACTSIM.

16. Onpenenennplii unTerpan. llonarue wuHTerpampHOM cymmsbl. [loctarouHoe ycioBue
CYIIECTBOBAHMS OIMPE/ICTICHHOTO HHTerpalia (MHTerPUPYyEMOCTH (PYHKIIMH).

17. OcHOBHBIE ~ CBOMCTBa  OINpeAENeHHOro  HUHTerpaga. l'eomeTpuyeckuil  CMbICI
OTIpeIeIEHHOT0 UHTEerpasa.

18. Meroab! BeIUUCIIEHUS ONpeiesieHHbIX uHTerpanoB. @opmynna Hetorona-Jlelionuma.

19. T'eomerpuueckue u pu3HUECKre TPUIOKEHUS ONPEACIEHHOT0 HHTErpaa.

20. ®yHKIMY HECKOJIBKUX NIEpEMEHHBIX. YacTHbIE MPON3BOAHbIE.

33.IlonsATHE COOBITHS M BEPOSTHOCTU COOBITHS. J[OCTOBEpHBIE U HEBO3MOXKHBIE COOBITHS.

Kiaccuueckoe onpeneneHue BEpOSITHOCTH.

34. TeopeMa ci0KeHUsI BEpOATHOCTEN. TeopeMa yMHOKEHHS BEPOATHOCTEH.
35.Cnyuaiinas BenuuuHa. [{uckpeTHas U HEeNpepbIBHAS Cly4aiiHble BETUYUHBI. 3aKOH
pacrnpeeneHuss AMCKPETHOM CIIy4alHOW BEJTMYUHBI.

36. MaremaTnueckoe oOKuJaHue TUCKPETHOM CilydyailHOM BenmuuuHbl. Jlucnepcus cinydaitHoN
BennunHbL. CpeHee KBaJpaTUYHOE CIy4aliHOW BETMYHHbI

Sx
. 7
1 .Beruncnuts npenen hm(l + 3—} .
X—>®0 X

. Sxt—x 1 . X +2x . x"—4

2.Berumcauts npezensa) lim —————;06) lim———; —_— .
oo 2T 4 X e xoo x4+ 2X

. sinl7x

3.Beruncnuts npegen lim ———.
=0 sin 5x

sin Sx

4.Boruncnuts npegen lim
x=>0 3y

. 3x7+x
5.Beraucauts npenen lim .
x>0 x? —2x

2
6.BeraucnuTe npeaen lirréLX;m.
X—> X —

X
7.WccnenoBarh pyHKIMIO f(X) = S Ha HEMPEPBIBHOCTH B TOUKE X, =6 .

8 Mccnenosats Gpynkumo f(x) =3x> —x° u moctpouts ee rpaduk.

9.BbruncnuTh 3HaY€HHE TPOU3BOTHON CIeNYIOMNX QYHKIUI B TOUKE X, =4 :
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a) f(x)=8x>—-Inx;6) f(x)=x"+5x.
10.Haiitu npous3BoAHYIO GYHKIUH y = (x4 —5x7 + x)7 .
11x-8
2x+4

x°-8

11.HaiiTi npon3BOAHYIO PYHKIIUH Y =

12.HaiiTn npou3BoaHyI0 QYHKIMHU y = e’
13.HaiiTi nponu3BOAHYIO PYHKIIUH Y = ln(8x4 ~3x7 + 2).

4-x° +x*—2x

14.HaiiTu HeonpeeIeHHbI HHTErpal I dx .

X

3
15.HaiiTu HeonpeaeIeHHbI HHTErpal METOI0M 3aMEHbI IEPEMEHHON I x> e dx.

4
16.HaiiTu HeonpeeIeHHbIN UHTETPal METOIOM 3aMEHbI IEPEMEHHOM I(6x +1 1) dx.

17.HaliTu HeonpeneneHHbII UHTErpal METO0M 3aMEHbI IEPEMEHHOM _[ cos(6x —1)dx.

3

18BrruucinuTh onpeaeieHHbId HHTErpa I(Sx +1)dx .
0
1
19.BpauciuTh onpeaeieHHbIN HHTErpal I(x —5)xdx .
0
. £ 2x% 4t
20.BbruncnuTh onpeaeneHHblid MHTerpan | ————dx

X2
0

21.CKOpOCTh JBMKEHHS TOUKH M3MEHSETCS 110 3aKOHY v = 5t° + 4t +2 (m/c). Haiitu myTb s,

MIPOMIEHHBIN TOUKOU 3a 4 C OT Havana JIBU>KECHHUSI.

22 .Bpauciantb 00bEM Tella, MOJyYEHHOTO OT BpallleHusi (pUrypel, OrpaHUYEHHON JIHMHUSIMU

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

> 2
23.BBIYMCANUTD IUIOIAb (PUTYPBI, OTPAHUYEHHOM TMHUAMU y=x", y =0, x=1, x=2.

24 Pabouuii 00cmyKuBaeT TpU CTaHKA. BeposTHOCTH TOro, YTO B T€UEHHE Yaca CTAHOK HE

TpeOyeT BHUMaHUs paboyero, paBHa Juiid nepsoro cranka 0,9, mis Broporo —

0,8, mnsa

Tpethero -0,85. HailTu BeposITHOCTH TOTO, YTO B TE€UEHUE Yaca XOTS Obl OJIMH CTaHOK

notpe0yeT BHUMaHuUs pabodero?
25.Cnyuaiinas BenuuuHa X pacnpe/iesieHa o 3aKOHY

X1 0,5 1

1,5

pi 0,2 0,3

0,4

Haiitm MaremaTtnueckoe 0)XKMIaHHME CITy4alHOW BEIMYUHBI X.

26 CayuaiiHas BeninunHa X pacnpeesieHa o 3aKOHY
X1 | 3

4

pi 0,2 0,5

0,7

Haiitu nqucnepcuio cinydyailHOM BETUYUHBI X.

27I[HH BLI60pKI/I, MPEACTABICHHON CTaTUCTUYECKUM PAAOM OMMPEACIIUTL CPECAHCE 3HAUCHHC.

7 10 15 20 25
7
ni 4 6 4 2

28HJ'ISI BLI60pKI/I, HpCHCTaBHCHHOﬁ CTATUCTUYCCKUM PAJAOM ONPCACTIUTD JUCIICPCHUIO.

X1 15 16 18

19

ni 1 4 5

2
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29.B maraszun noctynuio 30 HOBBIX TEJIEBU30POB, CPEAM KOTOPBIX 5 HMEIOT CKPBITHIC
nedextsl. Haymauy oTOupaeTcst ouH TeIeBU30p s MpoBepku. KakoBa BEpOSITHOCTH TOTO,
YTO OH HE UMEET CKPBITHIX J1e(heKTOB?

30./[Ba paBHOCHJIbHBIX IIaXMaTHCTa UIPAlOT B IIAaXMaTbl. YTO BEpOSITHEE: BBIUIPAThH JIBE
MapTUU U3 YETHIPEX WK TPU U3 iecTH ( HUYbU BO BHUMAaHKUE HE IPUHUMAIOTCS)?

[IIkana omeHKr 00pa30BaTEIbHBIX JOCTUKCHHMA

ITIpOLEHT Pe3ybTaTUBHOCTH Ouenka ypoBHs NOArOTOBKH
(IpaBAIILHBIX OTBETOB) 6amn (oTMeTKa) BepOaNIbHBII aHAJIOT
90 + 100 5 OTIIUYHO
75+ 89 4 XOPOIIIO
51+ 74 3 YIOBJIETBOPUTEIIHHO
Menee 50 2 HEYIOBJIETBOPUTEIILHO

Onenka
3ayera

TpeGoBanus kK 3HAHUAM

«OMJIUYHO»

OneHKka «OTIIMYHO» BBICTABISAETCS CTYIEHTY, €CIM OH INIyOOKO M IPOYHO
YCBOMJI IPOIPaMMHBINA MaTepHall, HCUEPIBIBAOILE, IIOCIEN0BATENBHO, YETKO U
JIOTMYECKU CTPOMHO €ro u3jaraer, yMeeT TECHO YBS3bIBaTb TEOPUIO C
MIPAKTUKOM, CBOOOHO CIPABIISIETCS € 3a7jauaMy, BOIIPOCAMU U IPYTUMU BUIAMU
MIPUMEHEHUSI 3HaHUH, IPUYEM HE 3aTPyIHAETCS C OTBETOM IIPU BUJOU3MEHEHUN
3aJJaHUi, UCHOJb3yeT B OTBETE€ MaTepuan MOHOrpaduyecKoil JIHUTepaTypshl,
MpaBWIbHO OOOCHOBBIBAET NPHUHSITOE pELICHHE, BIIAJICET PAa3HOCTOPOHHUMU
HaBBIKAMU M IPHEMaMH BBIIIOJHEHUS IPAKTUYECKUX 3a/1a4.

«xopouioy

OLIeHKa «XO0pOoIO» BBICTABIIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MAaTCpHUal,
Ir'paMOTHO HW II0 CYHICCTBY MH3Jara€r €ro, HE JOMyCKasd CYICCTBCHHBIX
HETOYHOCTEHl B OTBETE Ha BOIIPOC, MNPABUJIBHO MNPUMCHACT TCOPCTUUCCKUC
IMOJIOKCHHUA TIIpU PCHICHUH IMPAKTUYCCKUX BOIIPOCOB MW 3ajayd, BJIAACCT
HCO6XO,Z[I/IMBIMI/I HaBbLIKAMHU U TPUEMaMH UX BBIITOJTHCHUA.

«y00671eme0
PUMENbHOY

OneHka «yAOBIETBOPUTEIBHO» BBICTABIAECTCA CTYIEHTY, €CIIH OH HMEET
3HaHUSA TOJBKO OCHOBHOI'O MaTepHalla, HO HE YCBOMUII €r0 JETaleH, JOIyCKaeT
HETOYHOCTH, HEIOCTATOYHO MpaBUIbHBbIE (OPMYIUPOBKH, HapPYLICHUS
JIOTUYECKOU IIOCJIEOBATEIbHOCTH B U3JIOXKEHUM IPOrPaMMHOIO MaTepuala,
WCIIBITHIBACT 3aTPYAHEHUS MIPH BBIITOJIHEHUH MPAKTUYECKUX PadoT.

«Hey00e81eme
OpUMENbHO»

OneHka «HEeyIOBJIETBOPUTEIIBHOY» BBICTABISIETCS CTYJIEHTY, KOTOPbIA HE 3HAET
3HAQYUTENIbHONW YacTH MPOrpPaMMHOTO MaTepuaja, JOMYCKaeT CYIIECTBEHHbBIS
OIIMOKH, HEYBEPEHHO, C OOJIBITUMU 3aTPYIHEHUSMH BBIMIOITHSIET IPAKTHYECKUE
paboTtsl. Kak mpaBuiio, olieHKa «HEYI0BIETBOPUTEIBHO)» CTABUTCS CTYJEHTaM,
KOTOpbIE HE MOTYT MPOJIOJDKUTH 00yueHHe 0e3 MOMOTHUTENbHBIX 3aHIATUN MO0
COOTBETCTBYIOIIEH AUCLUIIIIMHE.
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[Tpunoxenue

Koanduxarop (mpuMepHbIii NepedyeHb) OLEHOYHBIX CPEICTB sl OLEHKH
OBHA C()OPMUPOBAHHOCTH KOMIIETEHIMH

3HAHUN, YMEHUH U Y

Ne n/n
Koo

OYEHOUHO20
cpeocmsa

Tun oyenounozo
cpedcmea

Kpamxas xapaxmepucmuka oyenouno2o
cpedcmea

Ilpeocmasnenue
OYeHOUH020 cpedcmea
6 onoe

1.

Jenopas W/AIn

poJjieBas urpa

CoBmecTHas JeATeILHOCTh TpyIIBI
oOydJaromuxcsi W TpernojaBaresisi  MOA
yIpaBJI€HUEM TpernojaBaresisi C  Lelblo
pemreHusT y4eOHBIX W TPOQEcCHOHATBHO-
OPHEHTHPOBAHHBIX 33/1ad IYTEM HIPOBOTO
MOJICNIMPOBAaHUS ~ pealbHOH  MpoOIeMHON
curyanuu. [lo3BosisieT OICHMBATH yMEHHE
aHAIM3UPOBAaTh M pemaTh  THIIMYHBIC
npodeccHoHATbHBIC 3a1aTH

Tema (mpobnema),
KOHIICTILIUSI, POJH |
OXHIAaeMBbIH pe3yabTar

Pa3noypoBHeBbIE
y4ueOHbIE 3a/1a4H U
3aJaHusl

Pasnmuuaror 3ama4u 1 3aJaHuS:

a) PENpPOJYKTHBHOTO YPOBHS, II03BOJIAIOLINE
OLICHMBATb U JUarHOCTHUPOBATh 3HAHNE
(akTuueckoro matepuaia (0a30Bbie MOHATHS,
ITOPUTMBI, (PaKThl) U YMEHUE NPABHIHHO
HCIIOJIb30BaTh CIELUaIbHbIC TEPMUHBI U
MIOHSTHS, Y3HaBaHHE OOBEKTOB U3YUEHHS B
paMKax ONpeAeNICHHOTO pa3ziena
JIMCIUTUTHHB;

0) peKOHCTPYKTUBHOTO YPOBHS,
MO3BOJIAIOIIIE OLICHUBATh M JUATHOCTHPOBATh
YMCHHS CHHTE3UPOBAaTh, aHAJTM3UPOBATH,
00001IaTh PaKTHICCKHUIA U TEOPETHICCKHMA
Marepuall ¢ GopMyJTUPOBaHHEM KOHKPETHBIX
BBIBOJIOB, YCTaHOBJICHUEM TIPUYMHHO-
CIIEJICTBEHHBIX CBSI3€H;

B) TBOPUYECKOTO YPOBHSI, NO3BOJISIOIINE
OLICHMBATb U JUarHOCTUPOBATH YMEHHMS,
HHTErPUPOBATh 3HAHUS PA3INYHBIX O0NacTei,
apryMEHTHPOBATh COOCTBEHHYIO TOUKY
3peHus

Kommaekt
Pa3HOYpPOBHEBBIX 3334
U 3aJJaHuM

PacuetHo-
rpadudeckas
pabota

CpencTBo TMPOBEPKH yYMEHHHA TNPUMEHSTH
MTOTyYCHHBIC 3HAHUS o 3apaHee
OTIpeIeIIEHHON METOUKE IS PEIICHUS 33134
WIH 33JaHAH 10 MOMYIIIO WM JUCHUIUIAHE B
1IEJIOM.

KoMmmnexr 3aganuii qiist
BBITIOJTHEHUSI PACYETHO-
rpadudeckoil paboThI

Pedepar

IIpomykT camocTosTeTbHOI paboThI CTyIEHTA,
MPEJICTaBISIIONINI COO0H KpPaTKOe HM3JI0KECHHE
B IMCBMCHHOM BH/JIE€ NTOJIYYCHHBIX PE3YJILTATOB
TEOPETUYECKOTO  aHalIM3a  ONpeleNeHHON
TEMBI, TJ€  aBTOp  PACKPHIBAET  CYTh
uccieayeMon po0OJIeMBl, TIPUBOJUT
pa3iMuHble  TOYKM  3pPEHMs, a  TaKxke
cOOCTBEHHBIC B3IJIS/IbI HA HEE.

Tewms! pedepaToB

Hoxnan,
coo0I1IeHHE

[IpoaykT caMoCTOATEIBHOI pabOTHI CTYICHTA,
MpeACTaBIS IO coboii myOIMIHOE
BEICTYILICHHE 1o MIPECTABIICHUIO
MTOJTYYCHHBIX pe3yIbTaToB peleHus
ONpeIeICHHON TEMBI.

TeMmsbl
COOOIIEHUIH

JIOKJIaZIOB,

Tect

CpencTBO KOHTPOIIA, HANIPaBJIEHHOE Ha
TIPOBEPKY YPOBHSI OCBOCHHUSI
KOHTPOJIUPYEMOTO TEOPETHIECKOTO U
MIPAKTUIECKOI0 MaTepHaa 1mo

Donn
3aJaHuN

TECTOBBIX
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JUIAKTHYECKUM €IUHHULAM THCIUIDIHHBI WA
npodeccroHambsHOTO MOy 1. CHcTeMa
CTaHIAPTU3UPOBAHHBIX 3aIaHHMH,
MTO3BOJIAIONIAS ABTOMATH3UPOBATH MPOLEAYPY
HU3MEPEHUs YPOBHS 3HAHUI U yMEHUM
00yJaromuxcst

[MpakTuyeckue D10 3ajmaHWs, C TOMOIIBID KOTOpHIX y | Bumpl:  HaOmoaeHue,
paboTsl yyammxcs (QOpMHPYIOTCS W Pa3BUBAIOTCS | U3MEpEHHE, OTIBIT,
(mpakTuueckoe MIPABUJIbHBIC MPAKTUICCKHUE TCHCTBHS. KOHCTPYHPOBAHHUE U JP.
3aJ]aHuKC) 3aIaHus JUTSE
MIPAaKTHYECKHUX PadOT
Habmronenue HucTpyMeHT cOopa HHPOpMALUH IS enb, 00BEKTHI

YCTaHOBJICHUA (baKTOB

HaOoeHus, oOpaser
JHCTA IS
(ukcupoBaHHA
pe3ybTaToB
HaOJIONEHUS

Huddepen.

3a4CT

Brurtogaet B ce0s mepeueHb BOIPOCOB 1m0 Y [

KOMIIOHOBKa
BapHAHTOB, OWUJICTHI




