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1. MHNACIIOPT
KOC no Y1 OIII.05 MaTemaTuka

(K00 u HazgaHue OUCYUNIUHDBL)

1.1. O01Me moJIoKeHus

KontponbsHo-onienounsie cpeactsa (KOC) npennasHadeHsl s KOHTPOJIS U
OIICHKM 00pa30BaTEIbHBIX JOCTHXKEHHM OO0YyYaronuxcsi, OCBOMBIIMX MPOTPAMMY

yueoHou nuctumuinael OITL[.05 MatemaTtuka

KOC BkiI04alOT KOHTPOJIbHBIE MaTepuaibl sl MPOBEACHUS TEKYLIEro

KOHTPOJISL ¥ IPOMEKYTOUHOM arTectanuu B popme aud.3adera (3 cemectp)

KOC pa3zpabotanbl B COOTBETCTBHUU C:

obpazoBarensHol nporpammoit CITO no cnenuanbHOCTH
19.02.11 Texnosorus NpoAyKTOB IUTAHUS U3 PACTUTEIBHOTO CBHIPHS
nporpammsl yueOHoi auctumnasl OIL.05 Maremaruka

Pe3y.]'II>TaTI>I OCBOCHUA NUCHHUILJIMHBI, MOAJCKAIINE IIPOBEPKE

Pe3yabTaThl 00y-
YyeHusi (0CBOEH-
HbIE yMeHHS,
YCBOEHHBIE 3HAa-
HHSI, TIPaKTHYe-
CKHIl ONBbIT (IpH
HAJTHYIHMH)

HaumeHoBaHue j1eMeHTa
YMEHHUIi/3HAHUH

OcHOBHBIE MOKA3aTEJIH OIEHKH pesyJbTa-
TOB

Vi

-IPUKJIaTHBIE 3a/1a4H B 00-
JacTu npodeccuoHambHON
NeSITeIIbHOCTH;

IIPUMEHATH IIPOCTHIE MAaTe-
MaTHYECKHE MOJICIIA CHCTEM
U TIpOIIecCcOB B cepe mpo-
(eccHOHATBHOM JIesATelb-
HOCTH.

[IpumeHeHne MaTeMaTHUYECKUX METO-
JIOB TIPH PEIICHUU 3a]1a4 C MPaKTH4e-
CKUM COJIep>KaHUEeM

- BoIlloTHEHHE IeCTBUIA Hal MaTpH-
HamMu

- Beluucnenue onpenenurenei

- Pemienue cucreM JTMHEHHBIX ypaB-
HeHwuii o popmynam Kpamepa

- PelieHne cucteM JIMHEMHBIX ypaB-
HEHH MaTPUYHBIM CIOCOOOM

- BrinmonHenue geiicTBUN HAX
KOMIUICKCHBIMH YHCIIaMU B ayredpa-
WYECKON U TPUTOHOMETPUYECKOM
dbopme

- Briuucnenue npenena GpyHKIUU B
TOYKE U B OECKOHEYHOCTH

- HaxoxxneHue BeposITHOCTH CITy-
YaIHOTO COOBITHS

- CocraBneHue 3aKOHa pacnpe/erne-
HUS CIIy4aliHOU BEJIMYUHBI

- Briuucnenue 4ucIoBbIX XapaKTepu-
CTUK CITyYalHbIX BEJIMYUH

- HaxoxneHue npousBoiHON GyHK-
0208

- Haxosxxnenue npou3BOAHBIX BBICIIUX
MOPSIAKOB

- UccnenoBanue GyHKIMHU U TOCTPOE-




HUe rpaduka

- HaxoxeHue HeolpeIeIeHHbIX UH-
TETpaJioB

- Briuucnenune OMNIPCACIICHHBIX HWHTC-
TpaJioB

31

3HAYCHUEC MATEMATHUKHU B
npodeccuoHanbHOM Aes-

TEJIbHOCTH U IIPU OCBOCHUU
[TIICC3

- [loHnmanue poian MaTeMaTUKU B
OCBOCHMHU 00pa30BaTEIbHON MPO-
rpaMMBI ¥ B TPOECCUOHATBHOH Jie-
ATEJIBHOCTHU, CYyTH METOZOB PELICHHUs
3aJa4, BA)KHOCTH BHIOOPA ONTUMATb-
HOTO aJIrOPUTMa PELICHUs

- C1ocOOHOCTH MPUMEHSATH 3HAHUSA,
YMEHUS IPU OCBOCHUU Mpodeccuo-
HaJIbHOM IPOrpaMMbl

- Oco3HaHKE 3HAUUMOCTH MpaKTHye-
CKOTO OTIBITA ISl YCIIEIIHOTO pelle-
HUS IMYHOCTHBIX U PO eccCHOoHalb-
HBIX 3a/1a4

32

OCHOBHBIC TTOHATHS U METO-
JIBI MaTEeMaTUYECKOro aHa-
JIM3a, TUHEHHON ajre-

OpBbI ,TEOpUHU BEPOSTHOCTEH
1 MaTeMaTU4EeCKOM CTaTH-
CTHKH

[Iepeuncnenne nociaea0BaTeIbHOCTH
JEUCTBUN IIPU PELLICHUU CUCTEM JIU-
HEWHBIX YpaBHEHUH 110 hopMysiaM
Kpamepa, metoniom I'aycca

- @opMyJIUPOBKA KIIACCUYECKOTO
OIpeENIEHNUs] BEPOSATHOCTU

- [lepeuncnenuie Gpopmy i1 BBINIOI-
HEeHUA JeHCTBUU HAJl KOMIUIEKCHBIMU
YUCIAMHU

- ®opmynupoBKa MEPBOro U BTOPOro
3aMe4aTesIbHOIO MPEAEIIOB

- Onucanue METO/10B BHIYUCICHUS
MpeieIoB B TOUKE U Ha OECKOHEYHO-
CTH

- ®opmynupoBka npaBui guddepeH-
LHUPOBAHUS U NIEPEUUCIICHUE TTPOU3-
BOJIHBIX OCHOBHBIX 2JIEMEHTapHBIX
byHKIII

- [lepeuncnenue TabIUYHBIX UHTETPA-
JIOB

33

OCHOBHBIE MaTEMaTHIECKHE
METO/IBI PEIICHUS TPHKIIA-
HBIX 337124 B 00JacTH Mpo-
(dbeccroHaNbHOM IeATeNb-
HOCTH.

3HaHue Kak MMPUMCHATH MaTECMaTU1C-
CKHE€ MCETOJbI IIPU PCUHICHUH 3aJa4d C
MPaKTUYICCKUM COLACPKAHUEM




1.3. PacnipenesieHue oneHMBAHUA Pe3yJbTATOB 00y4eHHS 10 BUIAM KOHTPOJISI

Koa u HamMeHOBaHHe 3JIeMEHTA

Buanl arrecranun

YMeHMI HJIH 3HAHUH . Ilpomesxcymounas
Texywut koHmpoaw
ammecmayus
VY1-nmpukiaaHeie 3a/1a4d B 00J1aCTU mud.3ader

po(hecCHOHATLHOM JIeATEIIBHOCTH;
-IPUMEHSTH MPOCTHIC MaTeMaTHYC-
CKHE MOJIETIH CUCTEM U TPOLIECCOB B
chepe nmpodeccuoHaTbHON ACATENb-
HOCTH.

TCCTUPOBAHUC, OLICHKA
BBIITOJIHCHUSA MTPAKTH-
YCCKOI'O 3aHATHUA

(3 cemectp).

31-3Ha4ucHHEe MaTEeMaTHKHU B mpodec-
CHOHAJILHOM JIEATEeIbHOCTH M TpHU
ocsoeunu [1TICC3

YCTHBIN OIPOC, TECTU-
pOBaHMeE, OLICHKA BbI-
ITOJIHEHMS TIPAKTUYE-
CKOT'O 3aHATUS

nud.3ader
(3 cemectp).

32-OCHOBHBIE TOHATHS W METOMIBI
MaTEeMaTUYeCKOr0 aHajln3a, JIUHEH-
HOM anreOpbl ,TEOPUH BEPOSTHOCTEN
1 MaTeMaTHYECKOM CTaTHCTUKU

YCTHBII OIIPOC, TECTU-
pOBaHuUeE, OLICHKA BbI-
ITOJIHEHMS TIPAKTHYE-
CKOI'0 3aHATHUSA

nud.3ader
(3 cemectp).

33-0CHOBHBIC MaTEMaTUYECKHE Me-
TOJIBI pelIeHHsI IPUKIIAIHBIX 33/1a4 B
obsactu mpodeccuoHaNIbHOM Aes-
TEIIbHOCTH.

YCTHBIH OIIPOC, TECTU-
pOBaHMUeE, OLICHKA BBI-
IIOJIHEHMS TIPAKTUYE-
CKOT'O 3aHATUSA

nud.3ader
(3 cemectp).
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1.4. PacnpenejieHne THIOB OLEHOYHBIX CPEACTB IO JJIeMEHTAM 3HA-
HMH M YMEHHMH TEKYyLIero KOHTPOJIs

Copep:xxanne y4eOHOro marepuasa

THn KOHTPOJIBLHOIO 3aJaHUSA

no nporpamme Y /[ Y1 31 32 33
Pa3nes 1. MatemaTnyeckuii aHaIu3 ajaredpol
Tema 1.1 ®yHKIIMA OAHON TEPEMEHHOM. 6.7 6.7 6,7 6,7
Tema 1.2 [Ipenenst u HEMPEPBHIBHOCTh PyHKIMHU | 6,7 6,7 6,7 6,7
Tema 1.3 IlpousBoHas U €€ IPUIIOKCHUE 6,7 6,7 6,7 6,7
Tema 1.4 Heonpeaen€HHBIN HHTETpAl 6,7 6,7 6,7 6,7
Tema 1.5 OnpenenéHuplii HHTETpA 6.7 6.7 6.7 6,7
Pa3znen 2. Jluneiinas aareopa
Tema 2.1 MatpuIlsl U OIpeeIUTEIN 6,7 6,7 6,7 6,7
Tema 2.2 CucteMbl TMHEHHBIX YPABHEHUI 6,7 6,7 6,7 6,7
(CJ1y)
Paznen 3. OcHOBBI TEOPUM BEPOATHOCTH,
KOMOMHATOPUKH U MATEMATHYECKOI CTATH-
CTHKH
Tewma 3.1 OcHOBHBIE OHATHS TEOPUU BEPOSITHO- | 6,7 6,7 6,7 6,7
CTH ¥ KOMOMHATOPUKH
Tema 3.2 DneMeHTH MATEMATUYECKOH CTATUCTH- | 6,7 6.7 6.7 6,7
K1
Pa3gen 4. OcHOBHLIE MOHSATHA U METOALI T€O-
PpUH KOMILTEKCHBIX YHCEJ
Tema 4.1. KommiekcHpIe gncna 6,7 6,7 6,7 6,7
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1.5. PacnipeesieHue THIIOB OLICHOYHBIX CPEACTB 10 3JIEMEHTAM 3HAHMN U yMe-
HHH, KOHTPOJIMPYEMbIX HA MIPOMEKYTOYHOM ATTECTALMH

Conepxxkanue y4yeOHOro Mmarepuajia Tun KOHTPOJILHOIO 321AHUSA
no nporpamme Y /[ Y1 31 32 33
Pa3znen 1. MaremaTuyecKuil aHAJIU3 aJIredpbl
Tema 1.1 @yHKIMSA OHON IEPEMEHHOI. 9 9 9 9
Tema 1.2 [Ipenensl v HeNPepbIBHOCTD GYHKIMU | 9 9 9 9
Tewma 1.3 IlpousBoaHas u €€ NPUIOKECHHE 9 9 9 9
Tema 1.4 Heonpenen€HHblii HHTETpall 9 9 9 9
Tewma 1.5 OnpenenéHHpId HHTETPAT 9 9 9 9
Paznen 2. Jluneiinas ajaredpa
Tema 2.1 MaTpHIIbl U OIPEACTUTEIHN 9 9 9 9
Tema 2.2 CucteMbl IMHENHBIX YPaBHEHUM 9 9 9 9
(CIIY)
Pa3nes 3. OcHOBBI TeOpHH BEPOATHOCTH,
KOMOMHATOPUKHN M MATEMATHYECKOI CTATH-
CTHKH
Tema 3.1 OcHOBHbBIE IOHATHS TEOPUU BEPOSTHO- | 9 9 9 9
CTH U KOMOMHATOPHUKHU
Tema 3.2 DeMeHThI MATEMATHYECKOW CTATUCTU- | 9 9 9 9
KH
Pa3nen 4. OcHoBHLIE NOHSATHA U METOALI TEO-
PHUH KOMILJIEKCHBIX YHCEJ
Tewma 4.1. KoMmIuiekcHbIe ynciia 9 9 9 9




2. CIIEHU®PUKALINSA OHEHOYHBIX CPEJACTB

Ha3znauenne2.l

Crneundukanueil ycTaHaBIUBaIOTCS TpeOOBaHUS K COAEPKaHUIO U 0(hopmiie-

HUIO BAPUAHTOB OLIEHOYHOI'O CPE/ICTBA MpaKTHUeckas padoTa.

[IpakTrueckast pabota mpeaHa3zHAUYeHa JIJIsl meKyue20 KOHmMpoJisi U OLEHKU
3HAHUW U yYMEHUN CTYJEHTOB M0 TIporpaMme yueOnou aucuurminabl OITL.05

MATEMATHKA o6pa3zoBarenbHoii nporpammel CI1O no crnenuanbHOCTH
19.02.11 TexHosnorust TpoAYKTOB MUTAHUS U3 PACTUTEIBHOTO ChIPbSI
2.2 KOHTHUHIeHT aTTecTyeMbIX: (cmydenmsi 2 Kypca).
2.3 ®opma u ycJI0BHS ATTECTANMU: TEKYIINI KOHTPOJIb MPOXOJUT B BUIE

BBINOJIHEHUS 33JJaHUI ITPAKTUYECKON

paboThI

(ATTectauus npooautcs B hopme aud.3adera (3 ceMecTp) Mo 3aBEPILICHUI0

OCBOEHUS Y4eOHOT0 MaTepurala yueOHOM TUCIUIUIMHBIL, PU MOJI0KUTEIIbHBIX

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

BBINOJIHEHUE 0 yac 40 muH;

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

2.5PexkomenayeMasi JIMTepaTypa il pa3pad0TKH OLEHOYHBIX CPEACTB U
NOATOTOBKH, 00Y4aIOIIMXCH K ATTECTALMH.

KnurootecneueHHOCTH
Bubauorpaguueckoe onncanue u3IaHus OcHoBHas/ n0moJi- Kol-0
(aBTOp, 3ar/1aBHE, BU/, MECTO M IO U3AaHUA, | HHUTEJbLHAA JIH- K3, B 61 6..11 JIeKTPOHHBIE
KOJI. CTP. . :

p.) TepaTypa CIIGIDY pecypchl
bapnymkun,B. B. OCH https://znaniu
Maremaruka : yueOHuK. B 2-x Tomax: Tom 1: m.ru/catalog/pr
MatemaTrKa. DJIeMEHTHI BBICIICH MaTEeMaTH- oduct/2135282
ku./bapaymkun B. B. ; MOCKOBCKHIT HHCTUTYT
RIIEKTPOHHOM TeXHUKHU. - MockBa:KYPC,2024. -

304 c. - (Cpennee npodeccroHampHOe 00pa3o-

BaHUE).

baprymkun, B. B. OCH https://znaniu
MaremaTuka : yaeOHuk. B 2-x Tomax : Tom 2. m.ru/catalog/pr
MatemaTtuka. DJIEMEHThI BbICIIEH MAaTEMATHUKH. oduct/2145214
— Mocksa : KYPC : UHD®PA-M, 2024. — 368

C.

Kpewmep, H. 111. o1 https://urait.ru/

MaremaTHKa JUIsl KOJUIeaKel : yuebHoe nmocodue
st CITO / Kpemep H. 1., Koncrantunosa O.
I"., ®puaman M. H. ; nox pea. Kpemepa H. I11.
— 10-e u3a., nep. u non. — Mockaa : }Opaiir,
2025. — 408 c.

bcode/560553



https://znanium.ru/catalog/product/2135282
https://znanium.ru/catalog/product/2135282
https://znanium.ru/catalog/product/2135282
https://znanium.ru/catalog/product/2145214
https://znanium.ru/catalog/product/2145214
https://znanium.ru/catalog/product/2145214
https://urait.ru/bcode/560553
https://urait.ru/bcode/560553

1.

3. BAPUAHTBI OHEHOYHbLIX CPEJACTB

IIpakTHyeckas padora
«Haxoxnaenue obaactu onpeaeieHus: GyHKIUN»

ean:
1. TloBToputh 3HaHUs oOydvaronuxcs B Teme: «Haxoxaenue obaactu onpeaeneHus GyHK-
UNY.

2. 3akpenuTbh YMEHHS U HaBBIKU HAXOXIECHUS 00JIaCTH ONpesieeHuss (PyHKIUH.
IHopsiaoK BHINOJIHEHHS:
1. O3HaKOMHTBCS C TEOPETUUECKUM MaTEPUAJIOM U PELIEHUEM IIPUMEPOB.
2. Cpenarb KpaTKMii KOHCIIEKT TEOPETUYECKOT0 MaTepuana B pabouux  TeTpaasx (OCHOB-
HbIE HOHSTHUS, OTIpeieNieHus, POPMYJIbl, TPUMEPHI).
3. B rerpamsx ams npakTHUECKUX pabOT BBIMOIHUTH MPAKTUYECKYIO paboTy.

TeopeTnyeckue cCBeIeHUA:
Ob.JacThI0 onpeeaeHus Wim o0acTeio 3a1aHus GyHKIMH y = f (X) Ha3bIBaeTCS MHOKECTBO

3HAYEHHUH X, JUISl KOTOPBIX CYIIECTBYIOT 3HaueHus i = f (x) .O603HauaeTcst 061acTh OIpeene-
aust pyskun — D () win D(y).
CxeMa HaxO0KJIeHUs 00JIacTH onpeaesieHus (PyHKITUH:
Ecmu f (x) npencrasnser co00it MHOro4IeH, TO 00JIaCTbIO onpeeneHus QyHKIUN i =
f (x) Gyzmer MHOXKECTBO BCEX JEHCTBUTEIBHBIX YHCEIL.
Ecmuf (x) — paumonansHas Jpo0b, TO 00J1aCThIO SBISIETCS MHOXKECTBO BCEX ACHCTBUTEINb-
HBIX YHCEJ KpOME TeX 3HaueHui E, mpu KOTOpPBIX 3HAMEHATEIh PaBEH HYIIIO.
Ecmu gpynkuns umeet Bug iy = 4/ f (X), To 00nacTeio onpeneneHus OyaeT MHOXKECTBO pellie-
Huii HepaBeHcTBa f (x) > 0.

g(x)
VA&
aeneHus OyieT MHOXKECTBO pelleHui HepaBeHeTBa f (x) > 0.

O0acTh onpeaeseHns: CyMMBI, Pa3HOCTH WX TIPOU3BEACHUS BYX WM HECKOJIBKUX (PYHKIHHA
eCTh MepecedeHre o0aacTel onpeesieHuit 3TUX GYHKIHH, /U1 €€ OThICKaHUSI COCTaBISETCS U
3aTeM peIIaeTCsl CUCTEMa COOTBETCTBYIOIIUX YCIOBUH.

Ecnn QpyHkuus umeer Bua y = rae g (X) HeKOTOPbI MHOTOYJIEH, TO 00JIACThIO OIIpe-

le/lMepl)l PCHICHUA HAXO0KICHUSA o0JacTH onpeacJacHusd (byHKIII/II/I

Ne

/m

[Tpumep Pemenue

Haiiti o0sacTh ompeeiacHus

1

y=x2+2- 3 | dyHKIMIO MOKHO TIPEJICTABHTH B BUJE PA3HOCTH JBYX DyHKIWMI Y =
X=5 [ ,2,.9_3 _(,2 _3

x“+2 x_S—(x +2) -

f1(x) = x*+2 D (f1(x)) sABISETCH MHOXKECTBA BCEX UHMCEN



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

3
f2() o
Haiinem 3HaueHus , KoTopble OOHYJIAIOT 3HAMEHATENh
x-5#0
x#5

Otser:D () :xe (—00;5) U (5; + o)

y:\/x2—3x+2

Jns HaxoxAeHus 00JaCTH ONPENENICHUs i = \/ x2-3x +2

pelmM HEepaBeHCTBO x>-3x+2>0

st aTOTO penMM  ypaBHEHUE x*-3x +2 =0.

Kopssimu 3T0ro0 ypaBHeHus SBIAIOTCS 4yuciaa 2 u 1.

O0603HaunM HalJICHHBIE KOPHU HA YUCJIIOBOM OCH M OTIPEACIIM 3HAK
HEPaBEHCTBA Ha MOJIyYeHHBIX HHTEpBa-JaX.

T +

& &
1

k2

OTBeT: X€

2x—7

y=—t
\3x +21

DyHKIUS MPEACTaBIsET cOO0H APOOHO-pAITMOHAIBHYIO (PYHKITHIO, B
YUCIINUTCIIC KOTOpOﬁ MHOT'OYJICH. O6HaCTB OnpeaACICHHUA MHOTOYJICHA
€CTh MHOXECTBO JICHCTBUTEIIBHBIX YUCEIT.

3% +21>0 )
{3x+21¢0—>3x+21 S0 > x>-7

Orser: D (y):xe(=7; + o)

y = 2x Haiiger O/13: x >0
Vx-3 Vx-3 #0
Vx #3
X#9
Otget: D(y) x€[0;9|U (9; + 0)
IIpakTH4yeckoii padora:
HaiiTi 00acth omnpeeneHus
y =5x-12 y =2x+13
__3x 2
" ix+7 Y = 5x11
=4/3x+21 y =+/5x-15
1 y = 1
\/ 2—4x {3 +9x
7 4 3X y = 6 4 2X
x2—19 X x92—4
— 2 =x2 +
ymxw x>+ 4 g x*+1

Henab: GopmupoBaTh yMEHUs BHIYMCIEHUS MPEAEIOB, PACKPBITUS HEONPEIEICHHOCTH Bnna(

IIpakTnyeckune padoTnl
no Teme «Haxoxaenue npenena QyHKIUN.

IIyTEM PA3JI0OKCHUS HAd MHOKHUTCIIN.

0
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http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/
http://ru.solverbook.com/spravochnik/reshenie-neravenstv/znak-neravenstva/

IMopsinok BbINOJHEHUS PA0OTHI:
1 PaccMoTpeTh TeOpeTHUECKUI MaTepHall 1o TeME U MPUMEPHI pelIeHus 3a/1a4.
2 Pemmmth caMOCTOSTENBbHYIO PalOTy, BBIMOMHUB 10 3agaHuil COOTBETCTBYIOIIETO BapHaHTA.
OdopMuts oIpoOHOE pelIeHre MICHMEHHO B TETPAIH C YKa3aHUEM OTBETOB.
3 OTBETUTH NTUCHMEHHO Ha KOHTPOJBHBIE BOMIPOCHI.

Kparkue TeopeTnueckmne cBelieHHs 0 paccMaTpuBaemMou npoodJieMe, 0CHOB-
Hble XapAKTEPUCTHKHU MO COAEPKAHUIO PAKTHYECKOI padoThI:

Onpenenenue. Yucno A HazwiBaeTcs npenenom pyHkuuu y=f(X) mpu X, cTpems-
memMcs K x,, (B TOUKEx,), €CIH IS JIF0OOT0 MOJIOKHUTENBHOIO YHCIIA € HAIETCs TaKOe T10-
JIOXKHUTEIBHOE 9HCIO &, 4T |f (x) —A| < €, KaK TOIBKO 0 < |x—x | <.

Ob6o3nauenue: lim f(x) = A.

X—)XO
Onpenenenne. Oynkuus y=f(X) Ha3pIBaeTCsa OECKOHEYHO MaJOW TIPH X, CTpe-

MsLIeMces K x (B TOUKex,), ecau lim f(x) = 0.
X=X

Onpenenenue. Oynknus y=f(x) Ha3pIBaeTCs OECKOHEYHO OOJBIION MPHU X, CTpe-
MsIIEMCs K x,, (B TOUKEX,)), €CIIU AJIs J1I000ro MOJIOKUTENIBHOrO yncia M HaleTcs Takoe
MOJIOKHUTENBHOE YACIIO 8, 9TO | f (x)| > M, Kak TonbKo 0 < |x—xg| <.

Ob6o3nauenue: lim f(x) = .

x—>x0
Onpenenenue. Oynkius y=f(x), 3aaHHas Ha BCEH YHMCIOBOW MPSMOIA, HA3bIBa-
eTCcsl OECKOHEYHO OOJIBIIION TIPH X, CTPEMSIIEMCS K o0), €CIU I JTI000TO MOJIOKHUTEb-
HOTo unciia M HaljeTcs Takoe MoJiokuTeabHoe uuciio T, uto |f (x)| > M, Kak TOJbKO |x| >
T.
Ob6o3Hauenue: lim f(x) = co.

X—00

OCHOBHBIE TEOPEMBI 0 NMpe/IeIax:
1 lim (f(x) £g(x) = lim f(x) = lim g(x).

.7(—7,7(0 X—)XO X—)XO
2 lim (f(x)-¢(x) = lim f(x)- lim g(x).
J(-UCO x—>x0 X-UCO
3lim kf (x) =k lim f(x).
x—>x0 X—)XO
lim f(x)

. (€3] XX
4 lim 12 =1
g(x) lim g(x)
0 X—X()
B npocreiimmx cirydasx BBIUMCIEHHUE Mpeaena pyHKIUN CBOAUTCS K MOJCTaHOB-
KC B (i)YHKI_[I/II'O, CTOAINYIO IOJ 3HAKOM IIpEaciia, NpeACJIbHOI0 3HAYCHUA apryMCEHTA. Ho

JIOBOJIbHO YaCTO TakKas IMOJCTAaHOBKA IMPEACIBHOr0 3HAYCHHS apryMEHTa IPUBOIMUT K
0 00
HEOMpe/IeICHHBIM 3HAYCHUSIM BHJIA! (5), (;), (0-00), (c0—0), (1%°,(0]0), (0|0). Otsic-

X=X,

KaHME IIpesiea B 3TUX CIyyasiX, Ha3bIBAIOT PACKPBITHEM HeompeaesneHHocTen. s pac-
KPBITHS HEONpeesIeHHOCTEN MPeoOpa3yloT BhIPAKEHUE, CTOSIIEE MO/ 3HAKOM Ipesena,

3aTCM HUCHOJIB3YIOT TCOPEMBI O MPCALCIax, 3aMCUYaTCIbHBIC ITPCACIIDI.

< vy . Sinx
IepBbIii 3ameuaTenbHblil npenen: lim == =1.

x—0
. lgx . j . arctgx
cnencteus lim =S~ =1, lim @™ =1, Iim 8% = 1,
x—0 x—0 x—0 )
o o . 1 ) X
Bropoii 3ameuarenbHbIi npeaes: lim (1 +x)x =e Wi lim (1 +%) =e.

x—0 X—00

IIpumep 1. Beruncnurs  lim (2x-1).

x—3
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Pemenue. IloacraBisieM B (QYHKIHWIO y =2x—1mpenenbHOe 3HAUYEHUS apryMeHTa
Xx=3, moiay4uM lim (2x-1) =2-3-1 =5.

x—3

OtBeT: 5.

2 105
Hpumep 2. Beraucauts lim Z=12-11

x—-1 -1

Pemenne. IloxcTaBnseM B GyHKIHIO _M

npenenbHOe 3HaUCHUS apryMeH-

Ta x=-1, HOJ‘Iy‘II/IM( ) Heo6X0MMO Pa3IoKUTh YUCITUTENL U 3HAMEHATENb HA MHOKHTE-
JI, UCTIONB3YsE (OPMYJIBI COKPAIIEHHOTO YMHOKEHHS, TIPABHIIO PA3JI0KEHUS KBAIPATHO-
ro TpexwieHa Ha MHOXHUTEMH (ax? +bx +c =a(x—x;) (x-x,) raex; x, - KOPHH KBaJpaTHOro

TpeX"IJ'ICHa), MCTOI I'PYIITUPOBKH. Pemenue 3anuceiBaoT B BHUJIC:
lim (x-11) (x +1)  lim (x-11)

. x2-10x-11 [0\ xo1 o1 -12
lim ————=|g5] = = =———=6.
—-1 x°-1 0 (-Dx+1 (x-1) -2
Coxkpaienue Ha (x+1) BO3MOXHO, TaK KaK OHO HE PaBHO HYJIIO, a JIUIIb CTPEMUT-
sl K HYJIIO.
OtBeT: 6.
Ipumep 3. Beruncuts lim 2224
x—4 x°=16
Pemenwue. [loacraBnseM B pyHKIMIO y = S ‘52 npeiebHOe 3HAUYEHUS! apryMeHTa

X—4 HOJ'Iy‘lI/IM( ) Yrto0ObI 30aBUTHCI OT HCOIIPCACICHHOCTH, HAAO0 (I)YHKI_II/IIO YMHOXKHTb

Ha eIMHUITY, [IPEICTABUB €€ B BHUJIE JPOOH, COMPSIKEHHOMN K BBIPAXKEHHUIO, COACpKAIIEMY
KOpeHb 3—V5 + x. 3aluIleM peleHue

. 3-J5+x (0\ .. 3- J5+x 3+y5+x _
lim———— == =lim
x4 x2-16 0/ o4 x2-16 3+‘/5+x
2
. 325+« 4-x
lim = lim =
x—4(x|2-16) (3+\/5+x) x—4 (x—4) (x + 4) (3+«/5+x)
1 -1 -1
lim ==

x—>4(x+4)(3+\/5+x) 86 48
Ortser: -1/48.

IMpumep 4. Beruucnutsb lim
x—00 X 16x+1

22 4x+3

2x +x+3

Pemenne. IloacraBiseM B (I)YHKI_[I/IIO Y= npeneanoe 3HA4YCHHUA apryMCHTa

X— 00 I‘[OJ‘Iy‘{I/IM(g). UtoObl M30aBUTHCS OT HCOHpeI[eJ'IeHHOCTI/I, HaJ0 B YHUCIUTENE U
3HaMCHATCJIC BBIHCCTHU MHOXUTCIIb, conep;xaumﬁ MaKCUMAJIbHYIO CTCIICHb HepeMeHHOI\/'I.
3anuiieM perieHue

lim = = lim = lim 16 1°
x—ooX’—=16x + 1 X003 x3_16x+1) X—00 1_724_*3
x3 x3 x3 X X
r 0+0+0 9—0
o 1-0+0 "1

OtBerT: 0.

Ipumep 5. Beruncuts lim 57—
x—00 4x +2x+8

x5+7
4x3+2x+8
X— 00 , nonquM(z). UToObl M30aBUTHCS OT HEONPEACIECHHOCTH, HA/J0 B YUCIUTEIEC H

Pemenue. [Toncrasisiem B pyHKIHIO y = npeiebHOe 3HAaYCHHsI apryMeHTa



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

5
s5(x°, 7
7+7
x5+7 . * (xS x5)
lim —————. = lim — ===
x—)oo4x +2x+8 xX—00 5( 3+2x+8)
XS XS XS
1+L
i g = i O L
X_)oo%+;4+§5 w0+0+0 0
X X X

OTBeT: co.

3agaHus A9 caMOCTOSITeIbHON padoThI

Bapuanr 1
Beraucnuts npenensl.
2 2 2
1) lim 6+3x - 2) lim ——— btx—x 3) lim —— bta—x
x—5 X —27 x—3 X —27 x—oo X —27
= 11 - .
4) lim 62> -21-5x 3 5) lim X +§x +3x-1 . 6)ll Sarcsin2x
Yoo 2XP—x+7 Yosoo  2X0-x+7 (184X
. 1 Vx+4— _7r—0y2
7) lim 5x . 8) lim x+a-3 9)lim 327x—2x
Yot00? 3 x—5 X°=25 x—3X°—8x+15
Bapuant 2
BBI‘II/ICJ'H/ITI) Mpeenbl.
1 2
1) lim ;C 6 2) lim =>—>-.3) lim ’;—16
x—1X +x =20 x—4 X 24x-20 x— 00 4x“+x-20
16x+1 . tg3x
4) lim == 5) lim —"—.  6)lim—S—.
Y002 +6 x_)oo4x +x=20 x_>0arcsm7x
5_.3 2
2x°— \/ 2 7x+2
7) lim ;—x 8) lim ————= 9) lim S Tct2
x——00 4x“+3x-6 x—3 x—2 X°=7x+2

Conep:xanue oTyera:
1 Tema, memsb.

2 OdopmiieHune 3a1aHuil ¢ HOJPOOHBIM PELICHUEM U C YKa3aHUEM OTBETOB.
3 OTBETHI HA KOHTPOJIBHBIE BOITPOCHI.

KoHTpo/ibHBIE BONPOCHI:
1 Kakue Bubl HEOIIPEIEIEHHOCTEN BCTPEYAIUCH IIPY PEILIEHUH 3aaHUNH?

IIpakTnyeckas padora
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Haxosxnenne HanOobIero, HAMMEHBIIETO 3HAYCHHS (DyHKITHH.

[leab padoThbI:

- IPUMEHUTh YMEHUS T10 BJIA/ICHUIO MPEICTaBIEHUI 00 OCHOBHBIX MOHATHAX MaTEMaTUYECKOIro
aHalM3a ¥ MX CBOWCTBAX, BJIAJCHHE YMEHHEM XapaKTepPH30BaTh MOBEACHHUE (DYHKIIHIA, UCTIONb-
30BaHNE NIOJYYEHHBIX 3HAHUH JIJIS ONMCAHUS M aHAJIN3a PEATIbHBIX 3aBUCUMOCTEN.

TeopeTnyeckuii MaTepuasI:
Jocrarounoe ycnoBue 3kcTpemyMa. [lycts ¢pynknus y=f(x) HenpepbsIBHA Ha MPoO-
MEXYTKE X U UMEET BHYTPH MPOMEKYTKA CTAIIMOHAPHYIO WJIH KPUTHUYECKYIO TOUKY X=X.
Torpa:
a) €CJIM y 3TOM TOUYKH CYLIECTBYET TaKasi OKPECTHOCTb, B KOTOPO BBITIOTHSAETCS
HepaBeHCTBO f'(X)<0. mpu x<x(, a Mpu X>X, - HepaBeHCTBO f'(X)>0, TO X=X( - TOUKa MU-
HUMYMa;
0)eciu y 3TOM TOUKH CYIIECTBYET TaKasi OKPECTHOCTb, B KOTOPOM MPU X<X( BBITIOTHIETCS
HepaBeHCcTBO f'(x)>0, a mpu X>X - HepaBeHCTBO f '(X)<0, TO X=X( - TOUKa MAaKCUMyMa;
B) €CJIM Y 9TOW TOUKHM CYILIECTBYET TaKasi OKPECTHOCTh, UTO B HEU U CJIEBA, U CIIpaBa OT
TOUKH X 3HAKU MPOU3BOAHON OJIMHAKOBBI, TO B TOUKE X( SKCTPEMYMOB HET.
ANTOpPUTM UCCIIeOBAHMS HENpepbIBHOW (QyHKIMU y=f(X) HA MOHOTOHHOCTbH U KCTPEMYMBI:
1) Haiitu npousBoanyto f'(x)
2) HaliTu cranmoHapHble 1 KpUTHUECKUE TOUKH.
3) OTMETUTD CTallMOHAPHBIC U KPUTHUECKUE TOYKH HAa YUCIIOBOU MPSMOK U ONPEICTUTh 3HA-
KU TIPOM3BOTHON HA MOTYYUBIINXCS TPOMEKYTKAX.
4) Onupasich Ha TEOpEMy, CeNIaTh BHIBOJIBI O MOHOTOHHOCTU U TOYKAaX SKCTPEMyMa.

[1pu BBIMOIHEHNN TPAKTUYECKONW PaOOTHI PACCMOTPUTE CIICAYIOIINE TPUMEPHI:
[Ipumep 1:
x*+ 16
F o—_——_—

HccnenoBath GyHKIINIO x* Ha KCTPEMYMBI.
Pemrenne. @yHkuus HenpepblBHA, KpoMe TOUKU X=0.
1)Haiinem nmpou3BoAHYIO:

i (x*+ 16) X3 -3 - (x*+ 16) 4x3-x3-2x(x*+ 16) _ 2x%-32x  2(r — 2)(x + 2)(x* + 4)
foo= e - T T T xs T xe

2)x=2 u Xx=-2 - crauuoHapHsle Touku. [Ipu x=0, mpon3BoaHas HE CYIIECTBYET, 3TO TOUKA pa3-
phIBa.

3)
>

te @
s @
~ o

4) x=-2 - TOYKa MUHUMYMA, Ypnin=8 X=2 - TOYKa MAaKCUMYMa, Ymin=3.

AJNTOPUTM OTHICKAaHHS HAUMEHBIIIETO U HANOOJIBIIIETO 3HAUYCHH HETPEPBIBHON (PYHK-
un y=f(x) Ha oTpeske [a;b]
1)Haiitu nmpousBoanyto f'(x).
2)Haiitu cTanimoHapHble U KPUTUYECKHE TOYKH (PYHKIUH, JeKallie BHYTPU OTpe3-
Ka [a;b].
3)Bbruncnuth 3HaueHue GyHkuu y=f(x) B Toukax, 0TOOpakaeMbIX Ha BTOPOM IlIare u B
TOYKAxX a M b, BBIOPATh CPEIN ITUX 3HAYCHUI HAUMEHBIIEE (Yyaymy) ¥ HAHOOIBIIEE (3TO OY-

JET Yiano)-
[Tpumep 2. Haiitu HanMeHbIIee M HanOoIbIIee 3HaYeHNE (PYHKIIUU



y=x>-3x2-45x+1 na orpeske [0;6].
Pemenne. Bocrons3yemcs alnropuTMoMm

y'=3x2-6x-45 x=5 € [0;6]
3x2-6x-45=0

x2-2x-15=0

X1:-3, X2:5

Y waum—- 1 74; YHan6:1

[Tyctp Pynkums y=f(x) HempepbIBHA HA MPOMEKYTKE X U UIMEET BHYTPU HETO €IMHCTBEHHYIO
CTallMOHAPHYIO WM KPUTHYECKYIO TOUKY X=X

Torna:

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

0) eclti X=X( TOYKa MUHUMYMA, TO Vyam—F(X0).

X
F - —
[Tpumep 3. Halitu HauGosbiiee 3Ha4eHHE (PYHKITUN 1 + x* na nyue [0; +o0).
o 1-x®
T a3
Pemenne . (1 +x2)" [Tpou3BogHAS BCIOY CYIIECTBYET, 3HAYUT, KPUTUICCKUX TOUECK Y

Gyskuuu Her. y’=0, 1-x>=0, x=1 umm x=-1.
3aaHHOMY JTy4y [0; +o)ex =1. I[Ipu x >1, y*>0, a npu x >1, y’<0.
1
F —_— —_ —
'max =) =——=3
3HayuT, X = 1 — TOuKa MakCUMyMa ) y 1+12 2
x=1 — eAMHCTBEHHAs CTALlMOHAPHAs TOUKA (PYHKLIMHU HA 33JJaHHOM IIPOMEXYTKE, IPUUEM TOUKA

Makcumyma.

Bompocs 1151 3akperieHrs TeOpeTHUeCKOro MaTepuaia K MpakTHUeCKOMY 3aHSITHIO:
1 Kaxkas Touka Ha3pIBae€TCsl TOUKOM MakCuMyMa?
2 Kaxkast Touka Ha3pIBaeTCsi TOUKOM MUHUMYyMa?
3.  Ilepeuuncnute npaBwmia qudepeHIMpoOBaHUS.
4 HazoBure anroput™ HaxoXIeHUS HAHOOJIBIIETO M HANMEHBIETO 3HAYeHUS (DYHKIIUU Ha

OTpE3Ke.
3ajanue:
I BapuanTt II BapuanTt
1. UccnenoBaTh Ha SKCTpeMYM (DYHKIIHIO:
y=xk-1» vy =2xt - 2¥F

2. OnpenenuTb 3KCTPEMYMBbI

2. Onpenenuts sxcrpemym pynxuuu f 0 = VX7 4
byHKIMHA fo)=vx*

l. 3. Haiigure HanGomblliee 1 HAUMEHbIIEE 3HAUCHUE (PYHKIUU:
y = x3-3x%+3x+2 na orpeske [2;5] y = x*-4x%+2x-1 na orpeske [2;3]
4. Kakue u3 naHHbIX (QYHKUMHA He uUMeeT kputuueckux 4. Kakue n3 qaHHbIX QyHKUUH HE
TOYEK UMeeT KPUTHIECKIX TOYEK
a) y=x+2x*+6 a) y=x>+x2-2
6)y =X —VX 6) Y —VE +x
p) ¥ =3x +7Vx p) Y =X +¥x
') TAKOM HET. ') TAKOU HET.

IlopsAI0K BBINOJIHEHUSA:
1. BaumaTenpHO MPOYNUTATh TEMY U IIEJTh MPAKTUIECKON pabOoTHI.
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W3yunTh y4eOHBIN MaTepHa 1o Teme.
OTBETUTH Ha BOIIPOCHI.

BrInonHuTs 3a1aHusl.

ITonroroBuTh OTYET.

kv

ConepxaHue oTyeTa:
HasBanue npaktuueckoi padoTHI.

VYueOHas 1ens.
Pemenue 3aganuii mpakTHYECKOM pabOTHI.
OTBeTHI HAa BOMPOCHI JIJIs1 3aKPETUICHHS] TEOPETUUECKOTO MaTepHuaia.
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IIpakTHyeckas padora
Tema: UccnenoBanue GpyHKIMI 1 HocTpoeHne rpadUKoOB € MOMOIIbIO TPOU3BO/-
HOM.
Heab: Yuutbcs NpoBOIUTH UCCIIEOBaHUE (DYHKIIMH C TIOMOIIBIO IIPOU3BOJHOM U
CTPOUTH TpauK QPYHKIUH 110 pe3yTbTaTaM MPOBEIEHHOTO HCCIIEIOBAHMUS.
Xoxa padoTsbl
1 O3HaKOMBTECH C TEOPETUUYECKON YaCThIO;
2. 3anuumTe anropuT™M UCCiIeA0BaHMs QyHKINY;
3.  BrmonHuTe 3a1aHus IPAKTUUECKON YaCTH;
4. OTBeTbTEC Ha KOHTPOJIBHBIE BOIIPOCHI.
TeopeTnueckas 4acTb
ITpu noctpoenun rpadpuka GyHKIHMM HEOOXOIUMO MPOBECTH €€ MPEJBAPUTEIILHOE HCCIE0Ba-
HUE.
Anroputm ucciefoBaHus GyHKIUH
1. Haiitu oGmacth onpeneneHus DY) u o6nacts JIOITyCTUMBIX 3Haye-

wuit £(Y) GYHKIHH.

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

Pemenue.

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

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

(_x)3 _ x3 _

(-2 42 f(x)

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

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

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

X = —2 - TaK¥Ke BCpTUKAJIbHAA aCUMIITOTA.

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

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

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

’

IpOM3BOHYI0Y = (

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

—w:?/*\,/:\m
/ 5 \ @)

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

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

n o e e s G

L
BT T T A

A
o)

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

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

Ilpaxmuueckas paboma



13

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

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

Flx (a:
DyHKIHS , OTIpeJIe/ICHHAsT Ha WHTEPBAJIC

f(x

, Ha3bIBaeTCs nep8oobpas-

. a,
Hou nans QyHKUMAN

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

flx) Fx)

OTJIM4acTCAa OT Ha HCKOTOPOC NOCTOSAHHOC

onpeneneHHoﬁ Ha TOM JXC HWHTCpBAJIC €ClIn

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

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

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

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

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

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

CBolicTBa HEOIPEIEIEHHOIO UHTErpaa:

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

—_—

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

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

8. Ortgudu :ln‘sinu| +C.

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

Memoo 3amensvt nepemeHHoll

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

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

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

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

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

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

a) (yosdxdx; 6) ¢y dx; 6)y(2- x*) dx

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

:lsint +C :lsin4x +C.
4 4

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

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

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

&JdV =UV - §dU,

HazbIBaeMasi (hopMyn0ti UHMe2pUpOo8anusi o YacmsM.

3)

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

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

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

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

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

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

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

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

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

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

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

. 12x7 +5 .
1d8x-4)3dx' C!§x4+5x-3 )

2.

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

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

+ Hx O —
Cx;el+x2 sin*x g . \/4-9x2.

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

) . 1827 -3 .

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

IIpakTHyeckas padora
«Bpruucnenue onpeaenénHoro unrerpaia. [Inomanu miockux puryp»
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Bapuanr 1

f;[-ﬂlxz +x—3) dx

1. BrraucnuTs onpeneneHHblil UHTErpat:
3 _

5 y L Rx—1)3dx

. BrruuciauTs onpeneneHHbld UHTErpall METOAOM MOACTAHOBKHU: 2 .
3. Brruucnuts, npenBapuTenbHO CAENaB PUCYHOK, IJIOMAAb (PUTYphl, OTpaHUYEHHOMN

'——': V= =7 =7
sy Y = X +4, v=0 x=-21, x 2
=t L2 .
4. CKOpOCTb JBIKCHHSI TOYKH M3MeHsiercs 1o sakony ¥ =31" +22+1 (y/c). Haitru
Iy Th S, MPOIEHHBIN TOUKOM 3a 10 ¢ OT Havana IBM>KECHMUS.
Bapuant 2
3

i B N T —x+4)dx

. BIYUCIIUTD ONIPENICTICHHBIN HHTETPaT: ~0 .

1
y JTBx+ D*dx

2. BbrancnuTh onpeeneHHbi HHTErpajl METOA0M MOJICTAHOBKU: 0 .
3. BeraucnuTh, MpeIBapuTeNIbHO CIENaB PUCYHOK, IUIOMIAAb (QUTYPHI, OrpaHUYCHHON
[ g i L v=0 x=-1, x =1'
4. CKOpOCTh JIBUKEHUSI TOYKM HW3MEHSIETCS 10 3aKOHy ¥ = 9r" — & (m/c). Haiitn

nyTh S, TPONJIEHHBIN TOYKON 32 UETBEPTYIO CEKYH/TY.

IIpakTHYeckoe 3aHATHE
Tema: [lelicTBus Hal MaTpUIIAMU.

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

1. OdopmuTts 3aaHUs B TETPAIH IJIs TPAKTHYECKUX PAOOT.

2. BBINOTHUTS HHIUBUAYATHHYIO PaboTYy .

3. OTBeTUTHh HA KOHTPOJIbHBIEC BOIIPOCHI

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

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

1. Janbl MaTpHUUbI:

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

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

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

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

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

Haiitu: -3A4.

}

-15
-9
—24

[

0 70
-2 10 2
-12 3

0 -33|
-3 9

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

bl A yMHOXUTH Ha -3.

4. JlaHbl MATPHULBI:

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

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

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

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

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

5.BpraucanTh NPOU3BEICHUE MATPULL: ~ A

|
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S1 . _ .
i iH—7F 8 = 2}
B
£
POF P

6.Bb1ynciauTh Npou3BeICHUE MATPULL: ~ =~ -

Bomnpocsbl 111 CAMOKOHTPOJIA:

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

Ha3zoBute BubI MaTpuil.

HazoBute nuHeliHbIE Onepanyy Hal MaTpULIAMH.

Kaxue matpuipl Mo>kHO niepeMHokaTh? Kak BBIIIOIHAETCS YMHOXKEHHUE?

M

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

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

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

2) :g é =(-4)-6-1-(-5) =-24+5=-19.

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

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

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

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

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

1111423432 —A12421433-
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Hanpumep, Berunciaum onpenenutens no aaroputmy Capproca

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

Onpenenenne. AnredOpanyeckuM TOMONHCHHEM SIEMEHTA dy onpedenumens 1-20

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

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

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

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

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

1) Beruucnum onpeaenuTens.
a) Mo MPaBUITY TPEYTrOJIbHHUKA.

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

2— 45+16 12-10+12 =-37.

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

4
1-(-1) - (2%

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

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

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

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

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

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

Pemure cucremy ypaBHenuii mo ¢opmymnam Kpamepa
BAPUAHT 1 BAPUAHT 2

1) {3x-2y +z =10;{x + 5y-2z = -15;

1) 2) {2x-3y+z=-3;{x+5y-z =-1;
x+y-3z =-2;{4x + 3y + 2z = 16;

3) {2x-y+z=2{8x+2y+2z=-2;
2

x—y+2z =-3;{x+2y-z =4;

3 )
+2y+3z=5{2x-y-z=1;
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IIpakTHyeckas padora
Pemenue cucreM JIMHEHHBIX YPABHEHUI C MOMOIIbIO 00PATHON MATPHUIIbI
Ileab: HaydnThCS peliaTh CUCTEMBI JIMHEHHBIX YPABHEHUM C IPUMEHEHUEM Mart-
PUYHOIO METOJA.
B marpuuHOM MeTozie pelleHHs CUCTEM JMHEMHBIX anreOpandyeckux ypaBHEHUN

BUJIA;
{ay1200 + aypxy + oo+ a1, = by, {a01 X7 + A0 X0 + oo+ 09, X, = Do, L,
all a12 cese aln
. _ | 421 4y ... Ay
KOTOpLIE B MaTpH4HOM (opMe 3ammchiBaroTcs kKak A-X = B, rne A = -
Ay Gy e gy
X1
X2
OCHOBHasA MaTpula CHUCTCMEI, X = - ManHHa-CTOH6eH HCU3BCCTHLIX IICPCMCHHLIX, B =
X

n

by
by
- MaTpuIia CBOOOIHBIX YJICHOB.
by
Pemrenune crcreMbl TMHEHHBIX alreOpandecKux ypaBHEHUH MAaTPUYHBIM METOJIOM
onpenensercs mo popmyne X = Al - B, T.e. peleHne HaXOAUTCS € MOMOIIBIO 0OGPATHOM
MaTpHUILIbI Al
BapuanT 1
1. Pemmthb cucteMy JTHHEHHBIX YPaBHEHHUH TPETHETO MOPSIKA MATPHYHBIM METO/IOM.
a){5x +2y-z=-1,{3x-y+3z=-4, 0){x+y+z=—-4{3x+4y-3z=1, B)
{x+y-z=-1,{8x+3y+2z=7,

Bapmuanr 2
1. PemmuTh cucTteMy JIMHEMHBIX YPABHEHHUM TPETHETO MOPSAAKA MATPUIHBIM METOJOM.
{Bx+y+z=2,{5x+3y+2z=-1,0) {x +y-z =2,{-4x +3y-z =3, B)

a)
{x+y-2z =3,{4x + 5y + 4z = -3,

KoHTpoJibHBIE BOIPOCHI
3anuIumTe CUCTEMY JIMHEHHBIX alreOpandeckux ypaBHEHUH B MaTpUIHON Gopme.
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IpakTnyeckas padora
Tema: «Boiuucnenue eepoamuocmeii coobimuil no Kiaccuueckoil popmyine eepoammnocmu
Heab: dopMupoBaHre YMEHUHN pemiaTh 3aJauu, UCIOIb3Ys KIACCUUYECKYI0 (hOpMYITy BEpOSTHO-
CTH;
3aKperyieHue YMEHUH peliaTh 3aauu, UCIOb3Ys ONpeaesieHus U (popMysl pa3HbIX BUJOB KOM-
OuHaruii 0e3 MOBTOPEHUH U C TOBTOPEHUSIMH; pEIIaTh 3a7auH, UCIIOJIb3Ys NpaBuUiIa KOMOMHATO-
PUKH.

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

P4y ==
H b

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

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

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

P(A) =

o | W
b3 | =

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

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

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

Py= =t

najeHus B cymme 10 04koB) paBHa 36 12

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

Pewenue.

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

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

n — o0I1Iee YUCIIO NIEMEHTAPHBIX HECOBMECTHBIX PABHOBO3MOKHBIX UCXOJIOB.

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

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

4) OnpenieTiM BEPOSITHOCTD COOBITHS A

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

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

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

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

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

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



25

KJIACCHYECKHUM OTpEeIeICHUEM BEPOSITHOCTH UCTIONB3YIOT U JAPYTHE ONPEAETICHUS, B YaCTHO-

CTU clmamucmuyeckoe onpeoeseHue.

Cmamucmuueckoe onpedenenue 6epoAMHOCMU

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

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

(A=
H b

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

Cooepircanue npaxmuyeckoit padoomot
1. Pewume 3a0auy:

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

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

«CocraBiieHHe CTaTHCTUUECKOTO pacrpeesieHns BhIOOpku. [locTpoeHre rHCcTOrpaMMBI U TTOJTH-
TOHA 4acTOT»
Henp O606umTh 3HaHUS 110 00paboTKe MHMOPMAIHH, TIO pPadOTe ¢ AUarpaMMaMH U TpapHuKaMH.

OOpa3er BHIIOIHEHHS 33/1aHUS

Janbl pe3ynbTathl 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.

Haiitn Moy, cpeiHee apupMETHIECKOE, pa3Max M IIOCTPOMTH MOJIMTOH U THCTOrpaMMa.

X; 2 3 5 6 7 8 9 10 Bcero
m; 5 3 2 11 9 4 5 1 40
HutepBan [2-4] (4-6] (6-8] (8-10] Bcero
m; 8 13 13 6 40
Wi 0,2 0,33 0,33 0,14 1
Mopa = 6, Cpennsis apudmerndeckas = 6, 125, Pazmax = 8
15 15
10 10 rs hs
5 — 5 *
0 ) 0
[2-4] (4-6] (6-8] (8-10] 3 7 9
1 BapuaHT

B pasnble Mecsl1ibl TUTATHBIME yCIyTaMu OpraHU3allii BOCIOIB30BaINCh 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; 221T1bIC.pYO.

1. [TocTponuTts BapHallMOHHBINA U UHTEPBAIBHBIA PSABL.

2. Omnpenenure cpeaHuit 3apabOTOK OpraHu3alnuu (cpenHss apupmeTuyeckas).

3. Kakyto cymmy opranuzanus 3apabarbiBaia yaiie Bcero?(Moga)

4. KakoBa pa3Huma Mexay cambIM OOJBIIUM U CaMbIM MaJIEHBKUM IMOCTYIJICHUEM

Ha cyeT opranu3zanuu? (Pazmax)
Kakas cymma nmonyueHa B cepeiiHe BpeMeHHoro npoMexyTtka? (Meaunana)
ITocTponuTs rucTOrpaMMy M MOJUIOH YaCTOT.

5.
6.

2BapuMaHT
OTmen kaJpoB MOTYYMIT 3alIPOC HA MCCIEA0BAHNE BO3PACTHBIX OCOOCHHOCTEH KOJIICKTH-

Ba. B pe3ynpTare npocMoTpa JIMYHBIX /1€ B IPOU3BOJILHOM MOPSIKE MOJTyUYeH pe3yabTar: 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. [TocTponuTh BapHallMOHHBINA U UHTEPBAIbHBIA PSABL.

2. Onpenenutb cpefHUil BO3pacT COTPYAHUKOB OpraHM3aLuu (CpeaHsas apudmeru-
yeckas).
Omnpenenuts BO3pACTHYIO Pa3HUIly B JaHHOM Kosuiektuse?(Pa3max)
CoTpyTHHKH KaKoro BO3pacTa COCTABISIOT OOJBIIYIO YacTh KoyuiekTuBa? (Moxa)
YkaxuTte cepequHHOe Bo3pacTHoe 3HaYeHue? (Menuana)
[TocTpouTth rUCTOrpaMMy U MOJIUTOH YacTOT.

kW
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4 KOHTPOJIbBHO-OLHEHOYHBIE MATEPUAJIbI
JJIAA MTIPOMEXYTOYHOU ATTECTALIMA 11O YYEBHOU
JAUCIHUIIVIMHE «MATEMATHUKA»

[IpenmMeToM OIIEHKH SIBISIOTCS YMEHHUS M 3HAaHUS, 00IIMe U NpodeccHoHaNbHble KOMIIe-
teHuu. OLIEHKa OCBOCHHSI IPETyCMaTPHUBAET Ough.3auem.
1. YcnoBus npoBeieHUsI —yCcTHast U MMHCbMeHHas opMma.
2 Bpewms BBINOJIHEHHUS 3a7aHUs — 45 MUHYT.

IIpuMepHBbIH nepedyeHb 3aJaHUM

7 65)(
gty
1. Bblumcnuts npegen — © 3xg

2. BblUUCIUTH NPEAETBL:

. Sxt-x7 1 . X +2x . x -4

lim———— lim —; lim —;
a) ®¥  DxT 4 x ;6) x®¥ x '4;B) x®¥ x +2x.

. sinl7x
lim—
3. Berumcinuts npegen *¥0 Sin Sx
. sinSx
lim
4. Bwramenuts npegen “¥° 3x
3xt +x

lim 5
5. Berumcauts npegen 00X - 2x

i 10416
6. Boramcmuts mpegen ¥ X 8

fay =%

7. WccnenoBats GyHKLINIO X~ 6 ga HENpepHIBHOCTH B TOUKE
(x) =3x"- x’

x, =6 .
UccnenoBats GhyHKIMIO f Y TIOCTPOUTH €€ TpaduK.

" . x, =4
BbIynciinTh 3HaYeHHEe TIPOM3BOIHONM CIIEAYIOMMX QYHKIMI B TOUKE ~ © :

a) /() =8x” - Inx. g /(x) =x" +5x

— -4 2
. Haiitu mpousBognyto pynkiuu » _()‘ - 5xT+x )7 .
I1x-8
y =
. Haiitu mpounsBoHyt0 GyHKIIMH 2x+4

— 2x°-8
. Haiiti npousBonyio dynximu ¥ ~€ .

=Inx* - 3x° +2)

- X +x-2x

. Haiftu npousBoHyto ¢pyHKIMN Y

dx
. Haiitu HeonpenesieHHbIN HHTErpal X

3
. . . Orz " dx
. Haiiti HeonpeieIeHHbIi HHTErpall METOOM 3aMEHBI TIEPEMEHHOM )
4
. . . d6x +1 1) dx
. Haiftu HeonpeieeHHBII HHTErPaa METOIOM 3aMEHbBI IIEPEMEHHOM )
. . . Oros(6x- dx
. Haiitu HeonpeieIeHHBII HHTETPaa METOIOM 3aMEHBI TIEPEMEHHOM .
. . . @in6 X 0S8 xdx
. Haiiti HeonpeieieHHBIi HHTErpall METOOM 3aMEHBI TIEPEMEHHOM .



19.

20.

21.

22.
23.
24.
25.

26.

27.

28.

28

3

5x +1)dx
Beruucnauts onpeneneHHslii uHTErpail °

1

QX - S)xdx
Boruncnuts onpeneneHHslii uaTerpan ©

2‘ 2x° +x*

dx

2
Boruncnuts onpeneneHHbIA uHTErpan ©

®e2 3 006 el 0 306

A:g-Z 1 8- B:g2 4 1
Haiitn matpuny C=34+B, eciu 8 2 4 3d, 8 b3 Od.
Pemmts cucreMy NMHEHHBIX ypaBHEHUNA METOI0M 0OpaTHOI MaTpPHUIIBL.
Pemuth cucremy nuHEHHBIX ypaBHeHUH 10 popmyitam Kpamepa.
Pewmnts cucteMy TMHEMHBIX ypaBHEHUN MeTOIOM [ 'aycca.

ix, +3x, - 2x, =4,
i
i x, +4x,-x; =7,
1 _
i 2x, +x, +x; =3.
v =5t> +4t+2 = =
CKOpOCTh ABMKEHUS TOUKH U3MEHSETCA IO 3aKOHY Y = (m/c). Haiftu myTh 5, npoii-
JIIEHHBIA TOYKOH 3a 4 ¢ OT Hayaia JABIYKECHUS.

.2
BBI4HCITHTH 00BEM TeNa, TOTyYeHHOTO OT BPAIeHNs GUrypbl, OrPAHHYEHHOM THHUA-MHY > |
¥=0_ x=1 x=3 poxpyr ocu Ox.

-2 . — _ _
BhIYHCIUTS MI0MmAAb GUryphl, OrpaHUdeHHOM sy ¥ —~ | Y =0 , X =1 x =2
IIkana oueHKH 00pa3oBaTeJbHbIX JOCTHKEHU I

OrieHka ypoBHS MOATOTOBKH
[TpoueHT pe3yabTaTUBHOCTH
(IpaBUIIbHBIX OTBETOB) Oas1 (oTMeTKa) BepOaJIbHBIN aHAJIOT
90+ 100 5 OTJIMYHO
75+ 89 4 XOpOIIO
51+74 3 YJOBJIETBOPUTEIBLHO
MeHee 50 2 HEYJOBJIETBOPUTEIBHO

Bomnpocs! 1i4 3auera

Marpuiipl, 1elCTBUS HaJ MAaTPULIAMH.

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

OOpatHas MaTpuia. AITOPUTM HAXOXKICHHSI 0OpaTHOM MaTPHIIBL.

Panr marpuibl. AIropuT™M BBIYMCIIEHHMS paHra MaTpULbl C IOMOIIBK 3JIEMEHTAPHBIX

npeodpa3oBaHuil.

5. Cucrema J1MHEWHBIX ypaBHeHUH. Meroa oOpaTtHoit maTpuisl. @opmyner Kpamepa. Me-
tox ["aycca.

il e
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11.

12.

13.

14.
15.

16.
17.
18.

19.
20.
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[Tpenen ¢pynkuuu B Touke. OCHOBHBIE TEOPEMBI O MIpeieax.

[Ipenen ¢yHKIMM mpu X, cTpemsIIeMcs K OSCKOHEYHOCTH. 3aMedaTeNbHbIEC TPeJIeIbl.
Yucio e.

HemnpepbiBHOCTS PYHKIIMM B TOUKE M Ha MPOMEXyTKe. Touka HEMPEephIBHOCTH (DYHKIIUU.
Touka paspeiBa ¢pyHkiuu. CBolicTBa HENMpepbIBHBIX (PyHKIMH. [Ipupamienue aprymMmenra.
[pupamenue GyHKIHAH.

[TpousBognas Gpyukuuu. Juddepennuman dpynxmnuu. ['eomerpuueckuit cCMbICT MTPOU3BO/I-
HOM. MeXaHMYECKHI CMBICI IPOU3BOJHOM.

Ta6mmia npou3BoaubIX. [ToHsTHE cnokHO# dyHKIMK. [Ipon3BoHAS CIOKHON (QYHKIIHH.
Cxema uccnenoBanus ¢yHkuuu. O6nacTs onpexaeneHus GyHKIUU. MHOXECTBO 3Haye-
Hull QpyHkuuu. YeTHOCTh M HeyeTHOCTh pyHkuuu. Hymu dynkmun. [IpomexyTku 3HaKo-
nocTosHCTBa (yHKIMHU. Bo3pacTanue u yOpiBaHue (GyHKINH, IPABUIIO HAXOXKACHUS TIPO-
MEXXYTKOB MOHOTOHHOCTU. TOUKM 3KCTpeMyMa (pYHKIIMH, IPABUIO HAXOXKJIEHUS dKCTpe-
MYMOB (DYHKIIUH.

[IpousBoaHbIE BHICIIMX NOPSIAKOB. PU3MUECKHUI CMBICI BTOPOU mpousBoaHOM. Uccieno-
BaHHE (DYHKIMH C TIOMOIIBIO BTOPOI MPOU3BOAHOMA.

[TepBooOpasnas. Heonpenenennpiii uaTerpain. OCHOBHBIE CBOWCTBA HEOIPEACICHHOTO
MHTErpaja.

Tabnuia HeonpeIeIeHHBIX HHTETPAIOB.

MeTo/1bl HHTETPUPOBAHUS: METOJ] HEITOCPEICTBEHHOI'O UHTETPUPOBAHUS; METO/ 3aMEHBI
NEPEeMEHHO (METO/1 MOJICTAHOBKH ); METO/I MHTEIPUPOBAHUS IO YACTSIM.

Onpenenennbiii uaTerpan. Ilonsarue uHTerpanbHoil cymmsl. /locrarouHoe yciioBue cy-
IIECTBOBAHUS ONPEICIICHHOTO HHTErpajia (MHTETPUPYEMOCTH (DYHKITHH).

OcHOBHBbIE CBOICTBA ONPE/IETIEHHOIO UHTErpasia. | 'eoMeTpuiyecKuii CMBbICI ONIPEIETIEHHO-
ro UHTErpaja.

MeToab!l BBIYHCICHHUS OTIpeieIeHHBIX nHTerpaioB. @opmyna HeroToHa-Jleiibnumna.
['eomeTpuyeckue u GpuanvecKre NPUIIOKEHHs ONIPEEICHHOTO HHTETpaa.

OYHKIUU HECKOJIbKUX MEePEMEHHbIX. YacTHBIE TPOU3BOIHBIE.

33.IlonsTHE COOBITHSI M BEPOSTHOCTH COOBITHS. JlOCTOBEpHBIE M HEBO3MOKHBIE COOBITHSA.
Knaccuueckoe ornpeieneHe BepOsITHOCTH.

34. Teopema ciioXKeHHUs! BEpOSITHOCTENW. TeopeMa YMHOKEHUS! BEPOSITHOCTEM.

35.Cnyyaitnas BenuuuHa. JJUCKpeTHAst 1 HENpephIBHAS CIyYalHbIE BEIUYUHbBL. 3aKOH

pacrpenesieHus JUCKPETHON CIIy4YalHOM BEJIMYHHBI.

36. MaremaTuueckoe OKuJaHue JUCKPETHOM CllydaiiHOM Benn4yuHbl. Jucnepcus ciayyaitHon
BennunHbl. CpeHee KBaApaTUYHOE CIIyYallHOW BEJIMYMHBI

. 7\
1 .Beraucnuts npenen lim (1 +—) )

2.Beruncnuts npenensi:a) lim
3.Boeraucnuts npeaen lim
X

4.Boranciuth npeaen lim

3x

4 .3 3

-x"+1 . +2 .
5XTX; 6) lim * > = B) lim
X—o0 2X7+x x—o00 X4 X—00 X +2x
sinl7x

sinbx °
sinbx
Y0 3x
3x2+x

X—>00

x%-4

—0

5.Berauciuth npenaen lim -

6.Bprauciuts npenen lim

x—0X—2x
x2-10x+16
8 x—8

5x

7.MccnenoBats GyHkmIo f (X) =-— Ha HENPEPHIBHOCTH B TOUKE X = 6.

8.Uccnenopath dynkumio f (x) = 3x2—x

x—6
3u MOCTPOUTH €€ TpaduK.
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9.BBIYMCINTD 3HAYCHHE TIPOU3BOAHOMN ClleIyonmX QYHKIHUN B TOUKE X = 4:
a) f (%) = 8x*~Inx; 6) f (x) = x> + 5x.

7
10.Haiitn nponsBoaHyto QyHKIHN i = (x4—5x2 + x) .
11x-8
2x+4 "
2x5-8

11.HaiiTi npou3BOAHYI0 QYHKIUH Y =

12.Haiitn npou3BoHy0 QyHKIHU Y = €
13.Haiiti npousBoaHyto GyHKINH iy = In (83("‘—33(2 + 2).

4—x3tf2—2xd

14.HaiiTi Heonpe1eNeHHbII HUHTErpa f X.

15.Haiiti HeonpeaeIeHHbIM HHTErpal METOIOM 3aMEHBI IEPEMEHHOMN f x2 . e* de.
16.HaiiTi HeonpeIeIeHHbII HHTErpajl METOI0M 3aMEHbI IEPEMEHHON f (6x + 11)*dx.
17.HaliTn HeonpeieIeHHbII HHTErpal METOOM 3aMEHbI IEPEMEHHOU f cos (6x—1)dx.
1 8 BBIYHCIUTD ONpEAeICHHbI HHTErPa f 8 (5x + 1) dx.

19.BpIuMcanTh ONpeeeH bl HHTErpal f (1) (x=5) xdx.

o 2 23424

20.BerauciauTh onpeaeaeHHbIN HHTETpal f 0 2 d

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

MPOMACHHBINA TOYKOM 3a 4 ¢ OT Hayaja JBUKCHUS.

22 BeraucnuTh 00beM Tela, MOJYYCHHOTO OT BpamleHUsi (GUTyphbl, OTpaHUYCHHON JTHHHUSIMH

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

23.BbIYuCIUTh IIOMAAb (GUIYpBI, OTPAHUYEHHON JIMHUSAMU i = X2, y=0,x=1,x=2.
24.Pabounii 00CITy’KMBaeT TpU CTaHKA. BeposATHOCTH TOTO, YTO B TEYCHUE Yaca CTAaHOK HE
TpeOyeT BHUMaHuUs pabouero, paBHa ais nepBoro cranka 0,9, st BToporo — 0,8, s Tpe-
Thero -0,85. HailTu BEpOATHOCTH TOTO, YTO B TEUEHHE Yaca XOTs Obl OJJMH CTAHOK MOTpe-
Oyet BHUMaHUA paboyero?

25.Cnyyaitnas BennurHa X paclpeielieHa Imo 3aKoHy

X1 0,5 1 1,5 2

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

Haiitn MaremMatnuyeckoe 0’KMIaHHUE CITy4allHOW BEJTMYUHBI X.
26 Cay4aitHasg BeM4uHa X pacinpesiesieHa 1Mo 3aKoHy
X1 1 3 4
pi 0,2 0,5 0,7
Haiitu qucniepcuro ciaydaitHOM BETUYUHBI X.

27115 BEIOOPKH, MPEACTABICHHOM CTaTUCTUYECKHM PSJIOM OMNPENETUTh CpeHee 3Haue-
HUE.

7 10 15 20 25
7
ni 4 6 4 2
28 /17151 BBIOOPKH, TTPEACTABICHHONW CTATUCTUYECKHUM PSJIOM OMPEIETUTh AUCIICPCHUIO.
xi 15 16 18 19
ni 1 4 5 2

29.B marasun noctynuio 30 HOBBIX TEJIEBU30POB, CPEAU KOTOPHIX S UMEIOT CKPBITHIE Jie-
dextel. Haymauy otbupaercst oquH TeneBU30p A poBepku. KakoBa BEpOSATHOCTH TOTO,
YTO OH HE UMEET CKPBITHIX 1e(eKTOB?

30./IBa paBHOCHJIBHBIX IIAXMATHUCTa UTpalOT B maxmaThl. YTO BeposiTHEE: BHIUIPATH BE
MapTUU U3 YETHIPEX WK TPU U3 1iecT ( HUYbU BO BHUMAaHHUE HE PUHUMAIOTCSA)?
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[Ikana oreHKkH 00pa30BATEIBHBIX JOCTUKCHHIMA

OrneHka ypoBHS MOATOTOBKH
[IporieHT pe3ynbTaTUBHOCTH (TIPABUIIb-
HBIX OTBETOB) 6armt (oTMeTKa) BepOaNbHBIi aHAJIOT
90+ 100 5 OTJINYHO
75+ 89 4 XOpOIIO
51+74 3 YJOBJIETBOPUTEIBHO
MeHee 50 2 HEYJOBJIETBOPUTEIBHO

Onenka 3a-
yera

TpeGoBanus K 3HAHUIAM

«OMIAUYHO»

OrneHka «OTIMYHO» BBICTABIIAETCS CTYACHTY, €CIM OH TIIIyOOKO M TMPOYHO
YCBOWJI IPOIPAMMHBIA MaTepHall, NCYEPHIBIBAIOLIE, TTOCIEI0BATEIBHO, YETKO U
JIOTUYECKH CTPOMHO €ro MU3JIaraeT, yMeeT TECHO YBSI3bIBaTh TEOPHUIO C NPAKTHU-
KOH, CBOOO/IHO CIIpaBIIIETCSA C 33/]a4aMu, BOIPOCAMH U APYTUMHU BUJIAMU MIPH-
MEHEHUS 3HaHWM, IPUYEM HE 3aTPYyAHSETCS C OTBETOM IIPU BUJOU3MEHEHHH
3aJjaHull, UCTOJb3yeT B OTBETE MaTepHall MOHOTpapUuecKod IuTepaTyphl,
NPaBUIBHO OOOCHOBBIBAET TNPHUHITOE PEIICHUE, BIAACET Pa3HOCTOPOHHUMHU
HaBBIKAMH Y MIPUEMAMHU BBINOJHEHUS MPAKTUYECKUX 3a/1a4.

«xopouo»

OHCHKa «XOpOoHo» BBICTABIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MaTCpHal,
T'paMOTHO MW 1O CYWICCTBY H3JIaract €ro, HC OONYyCKas CYHICCTBCHHBLIX HC-
TOYHOCTEH B OTBETE Ha BOIIPOC, IIPaBUJIIbHO IMPUMCHACT TCOPETUUCCKHUE I10JI0-
JKCHHA MMPU pCHICHUHN ITPAKTUYCCKUX BOIIPOCOB U 3a/1a4, BJIAACCT H€06XOI[I/IMBI-
MU HaBBIKAMH M IIpUCMaMM UX BBIIIOJHCHMS.

«y008/1eme0-
PUMETLHOY

OneHka «yJOBJIETBOPUTEIBHO» BBICTABIISETCS CTYJEHTY, €CIIM OH UMEET 3Ha-
HUS TOJIBKO OCHOBHOI'O MaTepHalla, HO HE YCBOWI €r0 JeTallel, NOIyCKaeT He-
TOYHOCTH, HEIOCTATOYHO TMpaBWIbHBIE (HOPMYITUPOBKH, HAPYLICHUS JOTHYE-
CKOH IIOCIIEA0BATEIBHOCTH B M3JI0)KEHUH IPOrPAMMHOIO MaTe€pHalla, UCIIBIThI-
BAET 3aTPYJHEHUS MPU BHITIOJHEHNUU MPAKTUUECKUX padoT.

«Heyoose-
meopumeib-
HO»

OneHka «HEeyI0BIETBOPUTEIBHO) BBICTABISETCS CTYIEHTY, KOTOPBIN HE 3HAET
3HAQYMUTEJIbHOM YacTH IIPOrPaMMHOIO MaTepHalla, JOIyCKAeT CYIIECTBEHHBIC
OLIMOKH, HEYBEPEHHO, C OOJBIIMMH 3aTPYAHEHUSMH BBINOJIHAET MpPaKTHYe-
ckue pabotel. Kak mpaBuio, OLleHKa «HEYAOBIETBOPUTEIIBHO» CTABUTCS CTY-
JIeHTaM, KOTOpbIe HE MOTYT MPOAOJDKUTH 00yueHHe 0e3 JOMOIHUTENbHBIX 3a-
HSATHUN 110 COOTBETCTBYIOIIEH TUCIUIUINHE.
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[Tpunoxxenune

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

No n/n
Koo oye-
HOUHO20
cpedcmea

Tun oyenounoeo
cpedcmea

Kpamkas xapakmepucmuxa oyenouno2o
cpedcmea

Ilpeocmasnenue oye-
HOYHO20 cpedcmea 8

¢onoe

1.

Jenoras W/AIn

poseBas urpa

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

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

Pa3noypoBHe-
BbIC yueOHBIE 3a-
Ja4dHu U 3aJlaHuA

PasnuyaroT 3a1auu U 3a1aHus:

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

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

KomriexT pasHoypos-
HEBBIX 3aJ1a4 U 3aJ1a-
1302071

PacueTno-rpadu-
yeckas paboTa

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

Kommnexr 3aJaHuN
JUTS BBITTOJTHEHUS pac-
gyeTHO-Tpaduueckon
paboThI

Pedepar

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

Tewmbl pedeparon

Hokmax, coobmie-

HHUC

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

Tembl HOKIAmOB, CO-
00IIEeHNI

Tect

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

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

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

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

Habmronenue

Wucrpyment coopa undopmanuu ais ycra-
HOBJIEHHS (haKTOB

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

Huddepen.

3a4CT

Bxuttouaer B ce0st nepeyeHb BONPOCOB 110 Y /]

KOMIIOHOBKA BapHaH-
TOB, OUJICTBI




