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Jlexus Ne 1 (2 gaca)

Tema: «MaTpuubl U ONpPeaeJTUTEIN»
1 Bonpocel JieKIIMu:
1.1 Marpuubl, BUABI MATPHIIL.
1.2 JdeticrBus Hag maTpunamu. [IpuBenenne MaTpunbl K CTyNeHYATOMY BHIY.
1.3 OnpenenuTeu KBaApaTHLIX MATPHUIl M UX CBOMCTBA.
1.4. MuHopsbI 1 ajaredpandeckue 10MoTHeHUs1. BblunciieHue onpeaeauTeeii.
1.5. O6parHast MmaTpuua.

2. Kparkoe cogep:kanue BOIPOCOB
Marpuubl, BUibI MaTpHil.
Onpedenenue. Mampuyeil Ha3pIBaeTCs MPAMOYTOJIbHAs TaOIULA YUCETT.

a“ Cll2 aln
A= Ay Ay a,,
aml am2 amn

a.. . o o
O6ozHaueHus:: A — marpuna, - SJIEMEHT MaTpuibl, !~ HOMEp CTPOKH, B KOTOPOW CTOMT JQHHBIH

snemenr, J HOMEP COOTBETCTBYIOIIETO CTOIOIA; M — YUCIO CTPOK MATPHUIIBI, N — YUCIIO €€ CTOIOIOB.
Onpeodenenue. Yncna m v n Ha3BIBAIOTCS PA3MEPHOCTSIMH MaTPHIIBL.

Onpedenenue. Marpuila Ha3bIBaeTCS KBaJIpaTHOW, ecid m = n. YWCIO n B 3TOM cCliyyae Ha3bIBAIOT
MIOPSIIKOM KBaJPATHON MATPULIBL.

0 O 0

0 0 0
) 00 ..0 y
npedenenue. Marpurna Buaa Ha3bIBACTCS HYJEBOI.

1 0 0

0 1 0

0 0 1

Onpeoenenue. Matpuna Bua

Ha3bIBACTCA CHHHHHHOﬁ.

HeﬁCTBHﬂ HaQ{ MaTpulaMu. HpnBe)Ielme MaTpulbl K CTYIICHYATOMY BU/Y.
Onpe()eﬂeHue. TpaHCHOHHpOBaHI/ICM MAaTpulbl HA3bIBACTCA 3aMCHa €€ CTPOK CTOJ'I6I_IaMI/I C TCMH XKC

HOMEPaMH.
d; g 1y dyp dgp e Gy
c a et et i o
21 22 I T 12 22 Wl
A= , A=
aml amﬁ ':Im:u alx ﬂﬂ:u a:me

s ymo6cTBa Bee oreparuu OyneM BBOIUTH IS MaTPHUIl pa3MEPHOCTH 3X3.

1. Cnoxenne mMatpuil: UToObI CIOXKUTH JIBE MATPHUIIBI HY)KHO CIIO)KUTH COOTBETCTBYIOIINE SIEMEHTHI
9TUX MaTpPHUL;:
all alZ al} blZ b13 all + bll alZ + blZ a13 + b13
a21 a22 a23 + b21 b22 b23 = aZ] +b2| a22 +b22 a23 +b23
a31 a32 a33 b32 b33 a31 + b31 a32 + b32 a33 + b33
2. Brruntanue marpui: BellosHs€TCS aHAIOTHYHO CHOXKEHUIO.
3. YMHOXXEHHE MaTpHLbl Ha 4ucio: YTOOBl YMHOKUTH MAaTpHIly Ha YHCIO HEOOXOIMMO KaKIbIH

9JIECMCHT MAaTpUllbl YMHOXUTH HA JaHHOC YHUCJIO:



a,, 4, d; kall kan kal%
k- Ay Gy Ay |= kaZI kazz kaz3
a;  d; Ay kasl kasz ka33
4, YMHOKEHHE MaTpPHII;
ai; bll bIZ b13 a 'bn +a, 'bzl +a; 'bsl a 'blz t+a, 'bzz +a; 'b32 a, 'bls ta, ‘bzs +a; 'b33
Ay X b21 bzz b23 =14y 'bu ta, 'bzl +ay 'b31 a, 'blz +a, 'bzz +a,, 'bzz a 'b13 +ay 'bzl +ay 'b33
Qs b31 bzz b33 as, 'bn +as, 'b21 +as, 'bal as 'blz +as, 'bzz +a, 'bsz as, 'bls +a,, 'bzs +a, 'bzz

Onpeodenenue. dneMeHTapHBIMU TTPe0OPa30BaHUIMHI MATPHIIBI HA3BIBAIOT CIEAYIOIINE OTIEPAITHH:

1. MepecTaHoOBKa JIIOOBIX IBYX CTPOK (CTONOIOB) MAaTPHIIBI,
2. YMHOXEHHUE JIF000# CTpoKH (CTONO0LA) HA MPU3BOIBHOE, OTIMYHOE OT HYJS, YUCIIO;
3. CIIOKEHUE 000N CTPOKH (CTONOIA) ¢ Apyroii CTPOKOH (CTOIOIIOM), YMHOXKESHHOM

(YMHOXEHHBIM) Ha POU3BOJIHOE, OTIIMYHOE OT HYJISI, YUCIIO.

al] aIE aH aln
0 a22 aZS aln
O 0 a}"« a]n
Onpedenenue. Matpuna Buaa 00 0 . 4, yaspBaercs CTYTICHYATOH.

JIro6yro MaTpHIly MOXKHO MIPUBECTH K CTYICHYATOMY BHJLY C TIOMOIIBIO 3JIEMEHTapHBIX MPeoOpa3oBaHUi
HaJl 3JeMEHTaMH MaTPHLIBL.
Onpeaeanresin KBAAPaTHBIX MATPHUIL U UX CBOJCTBA.
Kaxxnoit kBasipaTHOI MaTpuIle MOKHO IIOCTaBUTh B COOTBETCTBHE YHUCIIO, ONPEAEIsIieMOe
€/IMHCTBEHHBIM 00Pa30M € MCIIOJIb30BaHUEM BCEX IIEMEHTOB MAaTPHUIIBI. DTO YHCIIO HA3bIBACTCS
OTIPEEITUTETIEM.

a;; dp a,
a a a
21 2 2
A, =
anl anz ann

Onpeodenenue.OnpenennureneM BTOPOTo MOpsiaKa Ha3bIBAETCS YMCIIO, ITOMyYEHHOE ¢ TOMOLIBIO 3JIEMEHTOB
KBa/IPaTHOW MaTPHIIBI 2-TO TOPS/IKA CICAYIOIMM 00pa3oM:

a,, a4y
A= =410y — A0y,

ay A4y )
[Ipn 5TOM W3 MPOM3BEAEHHS DIEMEHTOB, CTOSIIMX HA TAaK HA3bIBACMOH IIABHOW JMArOHAM MaTpPUIIBI
(mpymed W3 JIEBOTO BEPXHETr0 BIIPABBIA HIDKHUM YTOJ) BBIYMTAETCS TPOW3BEACHHE JJIEMEHTOB,
HaXOAALIMXCS Ha BTOPOM, WM TOOOYHOH, AUAarOHAH.
Onpedenenue. OnpenenurtesieM TPETbErO MOPSIKA HA3bIBACTCS YHCIO, ONpENeIsieMOe C MOMOIIBIO
3JIEMEHTOB KBaJIPaTHOW MAaTpHIIBl 3-TO MOPSIKA CIEAYIOIIM 00pa3oM:

a;; a4, dp
A=lay Gy Gp|=0a,0y05 +0130y,03 + 0,0y05 — 305,03 — 01505033 — Ay Ay Ay, .
Qs dzp  dy
3ameuanue. JInsg TOro 4ToOBI JIErde 3allOMHHTH 3Ty (OPMyIly, MOKHO MCIIOJIB30BaTh TaK HA3BIBAEMOE

IMpaBUJIO TPEYTOJIBHHUKOB. OHo 3aKkJIrouaeTcs B CICAYIOIIEM: DJICMCHTEI, IIPOU3BEACHUA KOTOPBIX BXOAAT B
OIpeACIUTEIIb CO 3HAKOM «t», pacnojiararoTcs Tak:



3t 732 731 ofpasys nBa  TpeyroibHMKA, CHMMETPUYHBIX OTHOCHMTENBHO IVIABHOW JMATOHAJIH.
DIEMEHTBI, MPOM3BEACHHSA KOTOPBHIX BXOIAT B ONPENEIHMTENh CO 3HAKOM «-», PAaCIOIararTcs
ay 4y 4y
Uy Ay Ayl

o Qs dzp Ay
AHAJIOTMYHBIM 00pPa30M OTHOCHTEIBHO IOOOYHOM IUATOHAIIH:

OcHoBHBIE CBOCTBA onpeaeIuTesei.
CdopmynupyeM 1 JOKa)keM OCHOBHBIE CBOMCTBa OIpeleNuTeneld 2-ro U 3-ro mopsiaka (J10Ka3aTeIbCTBO
MIPOBEIIEM TSI OTIpeIeuTeNeH 3-T0 mopsiaKa).
CgoiictBo 1. OnpenenuTens HE U3MEHSAETCS IPU TPAHCIIOHUPOBAHUH, T.€.

a;  dp Az |G Gy 4y
Ay Ay Ay =|d)p Ay Ay
Q3 Az Ay |Q3 Gy Ay

3ameuanne. Cremyronme CBONCTBA OIpenenuTeneid OyayT (popMyaupoBaTbCs TOMBKO IS CTpok. llpm
9TOM M3 CBOICTBa | ciiemyeT, 4To TeMH ke CBOMCTBaMH OynyT 001aaaTh U CTOIOLBI.

CgoiictBo 2. Ilpu yMHOXXEHHMH »SJIEMEHTOB CTPOKM OIPEACIUTENs] Ha HEKOTOPOE 4YHUCIO BECh
OIpeneNuTeb YMHOXAETCS Ha 3TO YHCIIO, T.€.

ka,, ka, ka;, a, 4 4y
Ay Ay Ay |=kjay  ay  ay)
a4z ds; Ay Gy Ayl
CaoiictBo 3. Onpeaenurens, UMEIOIINN HYJIEBYIO CTPOKY, paBeH 0.

CgoiictBo 4. OnpenenuTeib, UMEIOIINA 1B paBHBIE CTPOKH, paBeH 0.
CgoiicTBo 5. Onpeaenurensb, IBe CTPOKU KOTOPOTO MPOTIOPITMOHANIBHEI, paBeH 0.

a,;, 4, dg
ka,, ka, ka,|=0.
as; 4z dy

CsoiicTBo 6. [Ipu nepecTaHOBKE IByX CTPOK OIPENENIUTENs OH YMHOXKaeTcst Ha —1.

Ay dy dy a4 4y
A 4 A= |4y Gy Aol
A Ay Ay ay dyp  dy
CsoiicTBo 7.

b +c, b,+c, by+cy| |b b, b, . C, G

a, Qs Ay |= Ay Ay Ay T Ay Ay Ay

as, s, s az 4y Ayl |4y 4y di
CgoiictBo 8. BenmumHa ompenenuTens HE M3MEHHTCSA, €CITU K 3JEMEHTaM OJHOM CTPOKM MPHOaBHUTH
COOTBETCTBYIOIINE 3JIEMEHTHI IPYTOM CTPOKH, YMHOKEHHBIE Ha OHO U TO XKe YHUCIIO.

a,, +ka, a,+ka, a;+kay |a, a, a;

ay Ay Ay = 1Ay Gy Aol

as, as, as; a; 4z i
MuHopsbl 1 ajredpanyeckue 10noTHeHus. BoIluucjienne onpeaeauTeeii.

Onpeéeﬂeﬂue. MI/IHOpOM 9JIEMCHTA ONPCACIUTECIIA HA3bIBACTCA ONPCACIIUTCIIb, HOJIy‘lCHHBIﬁ U3 JAaHHOIO
IIYTEM BbIUCPKHBAHUA CTPOKU U CTOJ'I6I_Ia, B KOTOPBIX CTOUT BLI6paHHLIfI OJICMCHT.

a. — . M.
Ob6o3Hauenue: Y  BbIOpaHHBIN 2IEMEHT ONpEneNnuTes, 7 ero MUHOD.



1 2 3
-5 1 1 2 3
a, =-5M, = =8+3=11.
2 -1 4 -1 4
ITpumep. dns
A,
Onpeodenenue. AnreOpanyecKuM AOTIOJHEHHEM Y 3JIeMEHTa OIPEAETHUTENs Ha3bIBAETCSl €r0 MHHOP,
€CIM CyMMa HWHAEKCOB JTaHHOIO JJIEMEHTa i+j €CThb YHCJIO YeTHOE, WM YHCIO, MPOTHBOIOJIOKHOE

A, =DM,

MUHOPY, €CIIY i+j HEUETHO, T.€.

Ooparnas MaTpuuna.

Onpeoenenue. KBanparnast MaTpuma A Ha3pIBaeTCs 0OpaTHMOM, €CITH CYIIECTBYET KBaJApaTHas Marpuma X
TOM e pa3MEepHOCTH, YIOBJIETBOpstoNIas cooTHomEeHMsIM A X=X A=E.

Marpura X Ha3biBaeTcs oOpaTHOM K MaTpuie A u o6o3HadaeTca A7, r.e. 4-A'=A"-A=E.

Obpamuyto mampuyy A yooieno naiimu no creoyroweti popmyne:

a1
A== A
14| _,q,f.lf"

aNreGPaNuecKiX JOMOIHEHHHA COOTBETCTBYIOIIMX SIEMEHTOB MATPHIB 1

, TAC | | — OIPCACINUTCIIb MaTPHUILIbI — TPAHCIIOHUPOBAHHAA MaTpuLa

Jlexmus Ne 2 (2 yaca)

Tema: «CucTeMBbl JIMHEHHBIX aJIre0panyecKux ypaBHeHHN»
1 Bonpocsl Jexkuun:
1.1 OmnpenesieHue cucTemMbl TUHEHHBIX YPaBHEHH.
1.2 Pemienue cucrem JiMHeiHbIX ypaBHeHnH MeTonoM [aycca.
1.3 Pemenue cucrem JiMHeHbIX ypaBHeHHH MeTonoM Kpamepa.

2. Kpatkoe cogep:kanue BOIpocoB
OmnpenesieHue cucTeMbl THHEHHBIX YPAaBHEHHH.
Onpeodenenue. CucteMoil NMHEHHBIX ypaBHEHUH (JIMHEHHON cuCTeMOil) Ha3bIBaeTCs cHcTeMa
BHJIA
a,x, +a,x, +..+a,,x, =b,
Ay X, +apX, +...+a, x, =b,

a,x, +a,,x, +..+a, x, =b

" ey

a. b X, o
roe Y, “i-49ucnia, ~ /- HeM3BECTHBIC, N — YHUCJI0 HEU3BECTHBIX, M — YHCIIO YPaBHEHUH.

N XopsXgpseees X
Onpedenenue.PeriennemM JTMHEHHOW CUCTEMBI Ha3bIBaeTCsd HAOOp yuces ™ 01”7027 707> kgoTOpBIE

IOpU MOJCTAHOBKE BMECTO HEU3BECTHBIX OOpAIIAIOT Ka)XJ0€ YPAaBHEHHE CHCTEMBI B BEpHOE
PaBEHCTBO.
Pemenue cucremMbl THHEHHBIX YpaBHeHHH MeToaoM aycca.
3ameuanue. JluHeilHas cucreMa MOXKET HMMETh €IMHCTBEHHOE pelleHHe, O€CKOHEYHO MHOTO
pELICHUH WIA HE UMETh HU OJHOTO PEILICHMUS.
VYcnoBusi CyliecTBOBaHUS U KOJMYECTBA PEIICHUN JIMHEHHOW cucTeMbl OyAyT H3Y4YeHbl B
JalbHeIeM, a ToKa pacCCMOTPUM CIIOCOOBI HAXOXK/IEHUS €JUHCTBEHHOTO PEILIEHHs CUCTEMBI,
a,x, +a,x, +..+a,x, =b,
Ay X, +ayX, +...+a,,x, =b,

" o a,x, +a,x,+..+a, x =b,
B KOTOPOM YUCIIO YPaBHEHUI paBHO YHCITY HCH3BECTHBIX:



a,, #0

[TycTh (3TOTO BCETAA MOKHO JOOWTHCS, TIOMEHSB ypaBHEeHHsI MecTamu). Pa3genum obe

YaCTHU IICPBOI'O YPABHCHHA HA ay M BBIYTEM IIOJIYYCHHOC YPaBHCHHE M3 KaXKI0ro M3 OCTaJIbHBIX

) a. .
YPAaBHEHUN CHUCTEMBI, YMHOXHUB €ro IPEABAPUTEIBHO Ha I’rme 1 — HOMEp O4epesHOro
ypaBHeHMsl. Kak n3BecTHO, osyueHHast Ip1 TOM HOBasi cUucTeMa Oy/eT paBHOCHIIbHA UCXOJHOM.

Ko>dduumenTsl mpu 1 Bo BceX ypaBHEHHUAX 3TOH CHCTEMBI, HAYHHAs CO BTOPOTO, Oy1yT paBHbI 0,
T.€. CUCTEéMa BBIIVISIANUT TaK:

X, +d,Xx, +..+d, x, =b,

TakuM ke o00pasoM MOXKHO MCKIIOUHTh “2H3 TPEThEro M IIOCIEAYIONINX YpaBHEHHIA.
IIpomomxass 3Ty onepauuro [ CICAYIOIIMX HEU3BECTHBIX, IIPUBEIEM CUCTEMY K Tak
Ha3bIBAEMOMY TPEYTOJIbBHOMY BUY:

X, +d,X, +..+d,x, =b,
X, +..+d, x, =b,

a.,da,b, b .
3neck cumBoiamMu Y7 U’7im i 00O3HaYCHBI W3MEHUBIIHECS B pe3ylbTare MpeoOpa3oBaHUi
YHCJIOBBIC KOY(PPUIIMESHTHI M CBOOOIHBIE YICHBI.

13 MOC/NEIHEr0 YPAaBHEHHS CHCTEMBI EIMHCTBEHHBIM 0ODA30M ONpENeIsercs ", a 3aTeM
HOCJIeI0BaTeNIbHON MOACTaHOBKOM — OCTaIbHbIE HEM3BECTHBIE.
3ameuanue. MHorna B pesynbrare npeoOpa3oBaHUil B KAKOM-TMOO U3 ypaBHEHHI 00pamaroTcs B
0 Bce k0od(PUITMEHTHI U MpaBas 4YacTh, TO €CTh OHO MpeBpalaercs B ToxkaectBo 0=0. Uckmtouns
€ro W3 CHCTEMBI, Mbl YMEHBIINM YHUCIIO YPaBHEHUH 1O CPABHEHUIO C YHCIOM HEHM3BECTHBIX.
Takast cucTeMa He MOXKET UMETh €JUHCTBEHHOTO PEIICHHUS.
Ecnmu ke B mporecce mpuMeHEeHHsi MeTona laycca Kakoe-HHOyIb YpaBHEHHE IPEBPATUTCS B
paBercTBo Buja 0=1 (koddduuments nmpu HeusBecTHbIX oOparuinuck B 0, a mpaBas 4acTh
NPYHSIa HEHYIEBOE 3HAUYEHHE), TO MCXOIHAs CUCTEMa HE MMEET PEUICHHs, TaK KakK MOJ00HOe
PaBEHCTBO SIBJSETCS HEBEPHBIM MPH JIFOOBIX 3HAYEHUAX HEU3BECTHBIX.
Pemenne cucrem JuHeiHbIX ypaBHeHueM MeTo0oM Kpamepa.

IIpaBuno Kpamepa.

Paccmorpum cuctemy (1). HazoBeM IIIaBHBIM ONpEIENNTENEM 3TON CHCTEMBI ONPEAETUTENs A,
AIIEMEHTAaMH KOTOPOTO SIBISIFOTCS KOA(GHUITMESHTHI IPY HEM3BECTHBIX:

a,  ap a,,
ay A4y a,,
A= a, Apy oo Ay,

HpC,Z[HOJ'IO)KI/IM CHa4daJia, I{TOA # O‘VMHO)KI/IM KaXXA0€ YpaBHCHUC CUCTCMbI Ha aﬂre6pa1/1qec1<ne

ALA LA .
JOTONTHeHusT ~ /7" 2 " 3]IEMEHTOB j-TO CTOJIOIa A.

C0XuB 3aTEM BCE YpaBHCHU, TOJTYUUM:



D x(ayA; +ayA, +..+a,A) =bA; +b,A, +..+bA,

i-1

a, a, .. a; a, ..a,
a a e Ay a,. ..d
21 22 2i 2i 2n
ayAy; +ayA,; +...+a,A, =
a, Q, .. 4; .. a4, ..4,

OTMeTHM, 9TO .
(j-1 cTonber)

(Pe3ynbTar TOMyueH M3 pasjiokeHHs ONpeneiuTens 1o j-My cronbiy). Takoil ompenenurtens

pasen 0 npu'”/u pasen Anpu i=j. IlpaBas dYacTh paBEHCTBA MPEJACTABIAET COGOIL

ompenenurens A, B KOTOPOM BMECTO i-I0 CTOIOIA CTOUT CTONGEN CBOOOIHEIX YIEHOB CHCTEMBL.

. A .
HazoBem Takoii omnpeneauTens %, PaccmarpuBag 1=1,2,...,n, TMOJIYy4YUM CHUCTEMY,

A-x=A,
A-x, =A
. A-x,=A, A .
HKBUBAJICHTHYIO HCXOJHOM: ». Pa3menuB Bce ypaBHeHMsT Ha A, Hailnem
Axl A-’Cz Axn
X, = J X, = yeeer X =
€AMHCTBEHHOE PEILEHUE: A A A
0-x, =A,
0-x,=A_
A X, =A,
[Ipeamnonoxum teneps, uro A=0. Torna cucrema (2.6) npumeT BUA: "
0-x,=0
0-x,=0

A, 0-x,=0
B stom cnydae, ecnmu Bce =0, cuctema BBIIISIUT TakK: U uMeeT OeCKOHEYHO

. A o
MHOTI'O pCHICHUU. Ecmu sxe XoTs Obl OIMH U3 % * 0’ CHUCTCMA PCIICHNUU HEC UMCCT.

Takum o6pazom, npasusio Kpamepa mo3Bonser HalTH €IMHCTBEHHOE PEIIEHUE CUCTEMBI WU
CZIeNaTh BBIBOJ O CYIIECTBOBAHUU OECKOHEYHOIO YHCIIA PELICHUH JTNO0 00 UX OTCYTCTBHH:

1) Ecm A # O cucrema (1) umeeT eqUHCTBEHHOE peIlIeHUe, orpenesieMoe mo GopMynam:
A, A, A,
TN TN Ty
A_A, .
2) Ecnmu A="""=0, cuctema nmeeT 6ECKOHEYHO MHOTO PEIICHUH.
A= A, #0, .
3) Ecnu A=0, a XOTs ObI OUH U3 CHUCTEMa HE UMEET PEIICHHII.



Jleknus Ne 3 (2 yaca)

Tema: «OCHOBHbIE MOHATHS TEOPUU MHOKECTB»
1 Bonpocwbl jeknum:
1.1 YncjioBbie MHOKECTBA.

2. Kparkoe conep:kaHue BONPOCOB

YucJi0Bble MHOKECTBA.

[lonsiTHe MHOXECTBA SBISACTCSA IEPBOHAYAIBHBIM MAaTEMATUYCCKUM TIOHATHEM, T.€. TaKUM
MOHATHEM, KOTOPOE MOXHO TOJBKO TOKa3aTh Ha MpuMepax. MHOXKECTBa MbI OyJeM B JajbHEHIIEeM
0003HaYaTh OONBIIMMHE JIATHHCKUME OykBamu, Hampumep, A, B, C u T.1. MHorma mHOXecTBa OyayT
3aJ1aBaThCsl MPOCTO TEPEUHCICHUEM HX JIIEMEHTOB U JIJISl 3TOTO OYJIET UCIIONIb30BAThCS 3aTUCh BUA, T/IE B
{...} OymyTr mnepeducnsaTbCcs IMMEMEHThI MHOKecTBa A. Hanpumep, A={a, b, ¢} ecTb MHOXECTBO,
COCTOsIIIEE M3 DIEMEHTOB a, b u c. O0o3Hayenre aS A o3HAYaeT, YTO DIEMEHT a IMPHHAIIEKHUT

MHOXeCTBY A, a 0603Hauenune & = Ayma® A 03HAUYAET, YTO AIIEMEHT a HE MPUHAJIC)KUT MHOXKECTBY A.

3HaKOM %) Oynetr 0003HaYaThCA TaK Ha3bIBAEMOE IIYCTOE MHOXKECTBO, T.€. TAKOE MHOXKECTBO, B KOTOPOM
HET HHA OJJHOTO DJIEMEHTA.

Ornepalny HaJi MHO)KECTBAMH.

1. BxoxaeHue uin BKIIOYECHUE MHOXKECTB.

TOBOPAT, YTO MHOXKECTBO A BXOAUT B MHOXKeCTBO B (0603nauenne A & B) wiu
MHOKECTBO B BKIOuaeT MHOXeCTBO A (0o0o3Hauenne B — A) ecnum u3 TOro, uto @

Vae A= ae B 51y onepammmo B

HEKOTOPEIi s1eMenT a € A cienyert, uro a € B (3amuch
MOYKHO TIOSICHUTH CIIEAYIOIINM PHCYHKOM.

U3 nero BuaHO, uTo ecian A & B, To MHOKeCTBO B miMpe MHOXKECTBA A, T. €. COIEPKHUT GOIIbIIEE
ypcio sneMenToB. Eciu onqaoBpemenno A & B u BC A, To o3navaet, uto MHOXKecTBa A 1 B coBmazaror,
WY paBHBL APYT Apyry (obo3naueHne A=B).

2. OO0beAMHEHNE WM CYMMa MHOXECTB.

MuoxectBo C Ha3pBalOT OOBEIMHEHHEM WJIA CYMMOW MHOXecTB A u B
(o603Hauenne C=A'“B) ecnu OHO COCTOMT U3 IIEMEHTOB, MPUHAIIEKANUX XOTS ObI
onHomy u3 MHOXeCTB A u B, T.e. a€ C o3nauaer, uto a€ A, wim a€B i a€ u A u B

OTHOBPEMEHHO. DTO MOXXHO 3alMcaTh TaK: C=taiacAvac b , TOe 3HaK V €cTh
CHUMBOJI JIOTHYECKOTO CIOKeHHUs (YnuTaercs “wim’”). Jrta onepanusi MOKET ObITh MOsSICHEHA
CJIEAYIOIUM PUCYHKOM.

Onepanus -~ 061a1aeT 0OBIYHBIMU CBOHCTBAMMY:

H)AYB=BUA;

2))AY(BYO)=AYB) YC.

n
U4,
s cymmbl MEHOXKECTB Al, A2,...An UCIONB3YIOT 0003Ha4YEHHKE =1
3.IlepeceueHne WM MPOU3BEACHNE MHOXKECTB.
MuoxectBo C Ha3pIBaeTCs IepeceueHNeM WM NPOou3BeieHueM MHOXeCTB A u B (00o3Hauaercs
C=A"B) ecnu OHO COCTOUT U3 DJIEMEHTOB, MPUHAIEKANINX OJHOBPEMEHHO M MHOXECTBY A U
C={a . acd ac b} :

MHOXeCTBy B. DTO MOXHO 3ammcarh Tak: e 3Hak /\ecTb
CHUMBOJI JIOTHYECKOTO YMHOXEHUS (YuTaercs “m”). DTa onepauusi MOKET ObITh MOSICHEHA
CJIETYIOIUM PUCYHKOM.

Omnepanus () 06anaeT CBOHCTBAMM:

1)AMB=BMA;

2)AMN(BMC)=(AMB) MC.

Io oTHOMmEHHIO APYT K Apyry oneparuu ( Yu \~ 061a1al0T CleyIoMUMH CBOHCTBAMMU:

1. (AYB) NC=AMC) YBMC)

(cpaeH. (at+b)c=(ac+bc))

2). (AMNB)YCc=AYC) NBYCQ)




n
NA,
Juia mepecedeHnss MHOXECTB A1, Aa,... Ay UCTIONB3YIOT CHMBOIT =!I
4.BplUMTaHKE WU PA3HOCTh MHOKECTB.
MuoxecTBo CHa3bIBACTCIPA3HOCThI0 MHOXKECTB A u B (06o3HauaeTcs C=A\B),
€CJIM OHO COCTOMT W3 3JIEMEHTOB, MPHUHAISKAIIMX A, HO He TpuHaIekanmx B. (3to

MOXXHO 3allhCcaTh TakK: C-f{a:a€nhna®B) ). [aHHBII pPHUCYHOK TOSACHSET OTY
OTICPAIIHIO.

B nmanpHeiimemM Ham HauOoliee 4YacTO TPUAETCS WMETh JEJI0 C  JABYMS
MHOKECTBAMHU.

N={1, 2, 3,4, ... } — MHOXXECTBO BCEX IEIBIX MMOJOKUTECIHHBIX YHCEI U

Z={0, +1, -1, +2, -2, +3, -3, +4, -4, ... } -MHOKECTBO BCEX IICJIEIX YHCEIL.

Jleknus Ne 4 (2 yaca)
Tema: «KoMmiekcHbIe YHCIa»
1 Bonpocsl jeknum:
1.1. MHOXkeCcTBO KOMILUIEKCHBIX YHCeJI. Ajiredpanyeckasi 1 TPUTOHOMeETpUYecKas (popma
KOMILJIEKCHOT0 YU CJIA.
1.2 JleiicTBUS HAJT KOMILIEKCHBIMH YHCJIAMH.
1.3  ®opmyna Myaspa.
1.4 H3BJIeyeHne KOPHSA 1-0ii CTENEeHN U3 KOMILJIEKCHOTO YMCJIA.
1.5 Teomerpuyeckasi MHHTepHpeTamnus.

2 Kparkoe cogep:kaHue BOIIPOCOB
MH0:keCTBO KOMILIEKCHBIX YHCeJ. AJiredpanyeckasi 1 TPUrOHOMeTpHYecKasi popma 3anmucu
KOMILJIEKCHOT0 YHCJIA.

Komnnexcunoie '{uC]lCl[C — OTO IIapa (a'!l b)ﬂCﬁCTBHTGJ’IBHHX YUCEIl € 3alaHHBIMHA OIIPEACIICHHBIM

a,b)

o0pa3oM omepaiusiMi YMHOXCHUS M CJIOKEHUs. KOMIUIEKCHOE YHCIIO0 z = (
z=a+b-1

Yuciio (IHa3BIBAETCS OelcmeumebHOU Yacmplo YUCIa 2, a YUCIO0 b — mnumoii wacmoio uucna

3allMChIBAIOT KakK

. Ux o6osnauator Ite zu 1T Z coorsercrrenno:
a=HRez, b=1Imz.
DneMeHT i (MHUMas €IMHHUIIA) TaKOM, uTo 12 = — 1.
KommexkcHoe yncio a + 0i OTOXIECTBISETCA ¢ OEHCTBUTENBHEIM YHCIIOM a, T.€. a + 01 = a, B

[

gactHocTH, 0 + 0i = 0. Yucna Buza bi (b 7 0) HA3HIBAIOT YMCTO MHUMBIMH.

[paBuiio paBeHcTBa. J[Ba KOMILICKCHBIX YKCJa PaBHBI TOINIA U TOJBKO TOINA, KOTJIA PaBHBI UX
JIEHCTBUTEIHHBIE YaCTH U PABHBI KOAPPHUITMEHTH MHUMBIX YaCTeH.

T.e., ecmn a + bi =c +di, To a=c, b=d: u, obparso, ecnu a=c, b =d, To a + bi = ¢ +di.

Touka KOOPAMHATHOW IJIOCKOCTH, COOTBETCTBYIOINAs KOMIUIGKCHOMY YHMCIy Z = X + Vi,. ee
KOOpJWHATaMHd MOT'YT OBITh PAacCTOSHHE I OT Hayalia KOOPAMHAT M BEIMYMHA yIila ] MEXKIy
MOJIOKUTENBHOU nonyochio Ox u ayyom Oz.

Mozysib KOMIUIEKCHOTO 4YHcClia Kak apudMeThdyeckoe (HEOTPHUIATEIbHOE) 3HAYCHHUE KOPHS:

- 1.2 1
Lzl =1z | =yx"+y
VYron j MexXIly MONOKUTENHHOH 1moiryochio OX u 1ydoM Oz Ha3bIBAIOT apryMEHTOM KOMILIEKCHOTO
yucna z = x + yi.

z=xtyinz=x-y

COHpSDKeHHBIe KOMIIJICKCHBIC YHCJIa HUMCIOT OJWH U TOT XXC MOAYJIb

- |1 2

I:?.'I—Iul—yx+v . )
- nu apFYMeHTBI, OTJIIMYAOIIIUECCSI 3HAKOM . _] = *‘].

B OTJIMYUC OT MO,Z[YJ'ISI aprMeHT KOMIIJICKCHOI'O 4YHucCJia onpez[enﬁeTcg HEOAHO3HA4YHO. AprMCHT

OOHOI'O U TOI'O XXE€ KOMINIICKCHOI'O 4YHCJIa MOXET HUMCETh 6€CKOHG'-IHO MHOTI'O 3H8‘-ICHI/II71, OTIINYAO TN XCSL

JIpYT OT ApyTa Ha YHCI0, KpaTtHoe 360°.



[TycThb TOUKE C KOOpauHATaMH (X; ¥) COOTBETCTBYET KOMIIEKCHOE YHCIIO Z = X + yi. 3aluimeM 3To
KOMIUIGKCHOE ~ 9YHCII0O 4epe3 ero MOAydb M  apryMeHT. Bocmomb3yemcss — ompezneneHHeEM
TPUTOHOMETPHUECKUX (PYHKIHMH CHHYCa U KOCHHYCA:

X=T1COSj;y=rsinj.

Tornma urcno z BeIpaxkaeTcsa 4epe3 MOIYIb U apTyMEHT CIEAYIONNM 00pa3oM: Z = X + yi = r(cos j
+ 1 sin j).

Bripaxkenue z = r(cos j + i sin j) Ha3bIBaIOT TPUTOHOMETPUUIECKOH (popMO KOMILIEKCHOTO YHcIIa,
B OTJIMYMU OT BBIPKEHMS Z = X + yi, Ha3pIBAEMOTO0 ajreOpandeckoi popMoii KOMITTIEKCHOTO YUCTIA.

JeiicTBUA HAJ KOMILJIEKCHBIMH YHCJIAMH.
ClIOXKeHHEe KOMIUIEKCHBIX YHCeIT BHIIOIHSETCS M0 IpaButy: ~1 T 72 = (214 22) +i(y1 + ¥2)
BrlunTanue KOMIUIEKCHBIX yncen. CloKeHUe TOMycKaeT 00paTHYIO ONEpaIHio: AJIsl TIOObIX ABYX

KOMILTEKCHBIX umcen <1 = 11T Wiy 22 = T2+ 12 peerna moxkHO HaiiTé Takoe wmcno < — L T 1Y,
yro Z2 T 2 = Z1_ Taxum obpasom, =1 — %2 = (21— 22) +i(n — 92),

BuauM, 49Tto 00¢ ONEpaldd COBEPIICHHO AHAJNOTMYHBI JEHCTBHSM C BEKTOpaMH. OJIHAKO
HA CIIEYIOIIEH ONepalyy aHATOTHS 3aKaHIHBACTCSL.

2

VMHOXEHHE KOMIUIEKCHBIX —uuceld. [IpuHsB BO BHMMaHue, u9ro i = —1, u rpynnmpys
HeﬁCTBHTeHBHBIe 1 MHUMBIC 4aCTH, HAXOAUM

21z = (11 + iy ) (T2 +1y2) = (2172 — 11y2) + (2170 + T2y1)

TOT e pe3y/bTaT MOXKHO TIPEICTABHTh H B TPUTOHOMETPUUECKOH (hopMe: ecln

71 =1i(cosgy +isingy) , z3 = ra(cosgy +ising;)

10 71 - 72 = Tira(cos(@1 + ¢o) + isin(¢r + @)

(le/l yMHO)KeHI/H/I KOMIIJICKCHBIX YHUCCII HepeMHO)KaIOTCﬂ ux MOI[yHI/I U CKJIaAbIBAKOTCs
apryMeHTHI).

JlefieHe KOMIUIEKCHBIX UHCEN OINpeeNserTcs Kak AeHCTBHE, OoOpaTHOE YMHOXKEHHIO: eCIH

= ¥y " ¥

I Sy n# 0 1o wacTHOE Z OT meNeHMs z) HA Zp €CTh YHCIIO, YIOBICTBOPSIOLICE PABECHCTBY
A
ZLZg = Zq.

1 nTpt+ Yy | T — Tl T

= 3 3 3 5 — (cos(¢y — ‘;32) +isin(¢; — ‘1’2”
Z ) T3 +¥2 T2
®opmyaa Myaspa.
n
Bo3BesieHne B cTeneHb KOMIDIEKCHOTO YHCIA, T.€. BBIYMCICHHE < TaKKe MOXET ObITh

BBIOJTHEHO [JByMsi cnocobamu. C ogHON cTOpoHBI, MOXHO ¥% pa3 Bocmoib3oBaTbesa (GOPMYIIO

ymHOXKeHus (popmynoii bmaOMa HetoToHA)
2

2= (24iy)" = (2" =C2" PO Ty - )i Ty —Cl e Ty ey
|

i n!
3nech ™ 03Ha4aeT OWHOMHANBHBIN KOIPPUIMEHT: EVECEN DN JIpyrol CTOPOHEI,
BCIIOMHMB MPaBWJIO YMHOXCHHMS YHCEN B TPUTOHOMETPHUYECKOH (GopMe, MOXKHO MOIYy4UTh (GOpMYITy
Myagpa:
" =1r"cos¢ +ising)" = r"(cosng + isinng)

w = Z
H3Bieuenne KOpPHHA M3 KOMIUICKCHOI'0 YMcCJIa WU BBIYHUCICHUEC 4YHCJIa Taxkoro,

1
uro W = 2 MoxkeT ObITh IPOU3BEIEHO C HCTIONB30BaHMEM (OpMyITBI MyaBpa
) o427k o4 2wk
w = ¥r(cos ———— +isin ———)
T ri
3necr mapamerp k MOXET TmpolOerarh JiOObIe IIE€JbIe 3HAYCHMUS, 'y
HO peasibHO TOCHeHssE (GopMya COICPKUT TOIbKO Ti pasinuHBbIX 3HAYCHUIN

k=0,1,..,(n—-1)

Ey

s W' OHHU COOTBETCTBYIOT Ha xommiiexkcHomi

Vr
IIJIOCKOCTH BCEC OTU 3HAYCHUA PACIIONOKCHBI HAa OKPYXXHOCTH paauyca r

E
!
[l
C LIEHTPOM B Ha4yaJIe KOOPJAMHAT U OHU JENSAT 3Ty OKPY>KHOCTh Ha 7!  paBHBIX ] A
AYT.

l'eoMeTpuYeckasi HHTepNIPeTALMS.

L



leomeTpryeckass wWHTEpHpeTansi KOMIUIEKCHBIX YHCEN COCTOMT B TOM, YTO KaXIOMY
KOMIUIEKCHOMY YHCITy Z = X + yi CTaBHTCS B COOTBETCTBHE TOYKA (X, Y) KOOPJUHATHON MIIOCKOCTH TaKUM
o0pa3oM, 4YTO JAeHCTBHUTENbHAs YacTh KOMIUIEKCHOTO 4YHCIIAa MpEACTaBIsieT coboil alcmmccy, a
K03 PHUIMEHT TPU MHUMOU YaCTH — OpAWHATY TOUKH.

Jlexmust Ne 5 (2 yaca)
Tema: «IIpenen pynxumnu. [IpousBoanas»
1 Bonpocel JieKIuu:
1.1 penen pynxuuu B Touke. Teopembl 0 npenesiax.

1.2 Beckoneuno masbie u 0eckoOHe4HO 0o01bIIHe (PyHKIINH, HX CBSI3b M OCHOBHBIE CBOMCTBA.

1.3 PackpbITHe HeonpeaeTeHHOCTE.

14 IlepBblii M BTOpPOH 3aMedaTeibHble Tpeneabl. O000IIEHHBIH BTOPOW 3aMedaTeIbHBIN
npeneJ.

1.5 Tabauma IKBUBAJEHTHBIX 0ECKOHEYHO MAJIBIX, €e HCMOJb30BaHHEe NPH BbIYUCIEHHHU
npeaesoB.

1.6 HenpepbIBHOCTH (PYHKIIUM B TOUKE U HA MPOMEKYTKe.

1.7 IlpupameHue apryMeHTa U npupameHue GyHKIUHU.

1.8 Ilousitue Mpou3BOAHON PYHKIHM.

1.9 Teomerpuyeckmii, MeXaHMYECKHUIl, OMOJOTHYECKUIT CMBICJIbI IPOU3BOIHOI.
1.10 ITpaBuaa nud¢pepeHpoBaHMS.

1.11 IIpou3sBoaHBbIE OCHOBHBIX JJ1€eMEHTAPHBIX (PYHKIMIA.

2. Kpartkoe conep:xaHue BONPOCOB
IIpenen ¢pynkuun B Touke. Teopembl 0 npenesiax.

y . aE(b:c X
Ilycts @ — Touka 4YHMCIOBOM mNpsSMOM, { ! ) [lycte ¢dyHKIHS f { jonpeﬂeneHa Ha

E= {.L’| x € (b c)\{a}}

MHO>ECTBC .

X
Yucno A Ha3bIBaeTCI Mpedenom HKYUU f( :] opu x, CTpEMAIICMCA K d 0003HauaeTcs
b

A= 11mx—“ﬂf (L:I ), ecnu Ui JH0O0ro IMOJOKUTENBHOrO Yucliia E(Hf = O) CYLICCTBYCT TaKoC
(36 = 0) x (Vx)

HOJIOKHUTEIBHOE YHCIIO 4TO ISt 106010 TaKoro, 41O

0<|x—a|<8x€eE flx)—Al<e

, BBITIOJTHEHO HEPaBEHCTBO
Uucno A HazbIBaeTcs npedenom @ynxyuuf (x) ciesa B TOUKE a, ecnd Uil Kaxmoro &> 0

xE(a—9d;a)

CyHIeCTBYCT 0> 0 TaKoe€, 4TOo JUISA BCEX BBITITIOJIHACTCA HEPAaBCHCTBO

fO)—Ayl <«
Uucno A, Ha3zwIBaeTcs npedeiom yukyuu f (x) cnpaéa B TOUKe a, eciaul Iy Kaxjoro &> 0

xE(a;a+d)

CyHIeCTByCT 0> 0 TaKoe€, 4TO JUIS BCEX BBITITOJIHACTCSA HCEPaBCHCTBO

fO—Al<e
A=lim,_q_of(¥)

IIpenen cleBa 0003HaYaeTCs npeaen cripaBa
A=1lim,__.,f(x)

OTH TIpenensl XapaKTepu3yloT ToBeneHne (YHKIIMW ClIeBa W CIpaBa OT TOYKHA a. VX dacto
Ha3bIBAOT OAHOCTOPOHHUMU NPCACTIaMU.

Ecmn s kaxkmoro &> 0 cymecTByeT Takash o-OKPEeCTHOCTh TOYKHM d, 4YTO JJisi BCEX X,
YIOBIETBOPSIFOIIMX YCIOBHUIO |X — a| <J, X # a, BBINOIHSACTCS HEPABEHCTBO [f (x)| >&, TO TOBOPSIT, UTO

y lim,__ f(x) =
GbyHKIMS f (X) IMEET B TOUKe a OECKOHEUHBIH Mpeaen:
Ecnu misa kaxxnoro €> 0 cymectsyeT Takoe 0> 0, 4To st JIF000T0 x>0 BBITOIHICTCS HEPABEHCTBO
[f (x) — A| <&, To roBOpPSAT, uTO Npenen GPyHKIKH f (X) P X, CTPEMSIIEMCS K IUIFOC OECKOHEYHOCTH, PaBeH

A lim,_.. fi(x) = A.



AnanmorudHo QOpMyIHpyeTcs ONpeieieHHe TMpeaeia TP X, CTpeMslieMcs K MHHYC

lim,__. f(x)= A.

0ECKOHEYHOCTH:
Ceoiicmea npeodenos
Ecnu cymectByet llm"'_‘“ f(k) =4 M CYIIECTBYET hm"““ g (}") - B, TO:
) lim,_,(f(x)+ g(x)) =lim,__ f(x) +lim,__ g(x)=A+B
) lim,_,(f(x)— g(x)) =lim,_, f(x) —lim,_, g(x)=A—B
N lim,_.(f(x)-g(x)) =lim,_, f(x)-lim,_, g(x)=A4-B
. Flx) limy g flx) A ) ’
lim,._, — | = —=—- (B#0
4) My—a (g'\x,l) limyyq glxl B ( )

Teopema: Eciu B  HEKOTOPOM  OKPECTHOCTH  TOYKHMA  BBITIOJIHSETCS  HEPABEHCTBO

glx) < f(x) < hi(x) ; lim,_, g(x)=1lim,__h(x)=4 o lim,_, f(x) = A'

b

3ameuanue. B nanpHelimeM OyaeM IONB30BaThCs TEM, YTO JIS JIFOOOH 3MeMeHTapHON (QyHKITUN

lim,_, f(x) = f(a)

f(x) u m1060¥ TOUKHMa U3 ee 00IaCTH OTIPENETICHNS CIIPABEIMBO COOTHOIICHUE

BeckoHeuHo MaJibie M 0eCKOHEYHO (oJibiue (PYHKI[HU, UX CBS3b H OCHOBHBIE CBOICTBA.
. X—a
Onpedenenue. OyHkuus f(x) Ha3bIBaeTCs OSCKOHEYHO OOJIBIIOHN MPU , €CIIM IS JII00O0T0

f)l=C
MOJOKUTENBHOTO yncinaC CylIeCTBYET OKPECTHOCTh TOUKU a Takas, 4To JuIs I000ro X U3
BEIOpaHHON OKPECTHOCTH TOYKH a W TPUHAAISKANEro oOmacTh ompeneiaeHus ¢GyHKOud  f(x).
Ob6o03Ha4yeHne

lim,_, f(x) =c (lim,_, f(x) = +oo, lim,_, f(x) = —)

. X—a
Onpeoenenue. Oynkus f(x) Ha3pIBaeTCsl 0ECKOHEUYHO MAJION TIpH , €CIIU JIJIs JII00O0ro

0l<=C
ITIOJIOKUTCIBHOI'O LII/ICJ'IElC' C}/IIICCTByeT OerCTHOCTB TOYKH a Takas, 4TO |f|:: ) | JUISL HIO6OFO X U3
BEIOpaHHOW OKPECTHOCTH TOYKM a W TPUHAISKANEr0 OOIacTH ompeneieHus ¢GyHKOUA  f(x).

O06o03HaueHne
lim,_, f(x) =0

ChopmynupyeM OCHOBHBIC COOTHOIICHMS ISl OSCKOHEYHO OOJIBIIMX U OCECKOHEYHO MallbIX

bYHKIHIH.
1

. . _ . - ]_im -— T = 'CJ:'
Ecmu lim,,_. f(x) =0,f(x) #0, TO CS , W 00paTHO, eciu
. 1
lim,_q f(¥) = o0 | NiMma 75 =0

lim, o fi(¥) = 00, Mo fo(0) = A lim o (A +£ () =

Ecnan

Ecmm limx—ﬂ fl {l:l = +C’QH limxda fz (1;:1 = +m, 0
lim,_ (£, () + (1)) = +e0

Eerm lim,__ fi(x) = % lim,__ f(x)=A=%0 o
lim, . (i(x):f2(x)) =

o MM () =A4%0, (020, lm_ () =0
lim,_ 2% —

SR



. N _ lim,_ 2% _ o
hmx—a ﬁl I(JL) = A u hmx—a fz (3"") = m’ 0 xoa fz1(x) .

Econ
PackpbiTHE HeonpeaeeHHOCTE.
Bviuucnenue npedena ¢ ciyuae neonpeoenennocmu
[Ipu BblYMCIEHMH TpPEAENOB MOTYT BO3HHKHYTH CHUTYalldd, KOTAAa HEMOCPEACTBEHHOE

NPUMEHEHHE TEOPEM O CBOMCTBaxX MpeaesioB, OECKOHEUHO OONBIINX M OECKOHEYHO MajblX (PYHKIMH He
JlaeT BO3MOXKHOCTb UX BBIUUCIUTD. Takoe MooKeHHEe BO3MOXKHO B CIICIYIOIINX CIyqasx:

: ()
lim,._. . fl,k,l:
1 glx)
. . [E]
a) lim,_q f(x) = lim,_, g(x) = O(CI/IMBOJ‘II/I‘IGCKI/I o6o3nauaercs “04);
oD
0) lim,_, f(x) =1lim,_, g(x) = CO(CI/IMBOJIH%CKH obo3HayaeTcs LD]).

» My (f() - g()):
lim,__ f(x) =0, lim,__g(x) = [0 <]y

(CMMBOIMYECKH 0003HA4YaeTCs
3 lim,._ (f(_zf;) —g (.x:)):

lim, o f(x) = lim,_, g(x) = m(CI/IMBOJ'II/I‘IeCKI/I obo3HauaeTcs [ ).

B ToM ciydae, kora UIMeeT MeCTO HEONPEICICHHOCTb, JJIsl BEIYHCICHUS Tpeeia —  pacKpbITHS
HEOTPENCICHHOCTH — TPeoOPa30BhIBAIOT BBIPAXKCHHE TaK, 4YTOOBI IOJYyYUTh BO3MOXKHOCTH €0
BBIYUCIHUTE. [ Takux mNpeoOpa3oBaHHUN HCHONB3YOTCS WM TOXJICCTBEHHBIC COOTHONICHHS WU

yr —

o0 — o]

CpaBHEHHS NOBeICHUS (PYHKIWH MPH CTPEMIICHHUH
IlepBblii M BTOpPOIi 3aMeuaTe/ibHbIE Ipe/ieabl.

JUis BBIUMCIIEHUS NPEAETIOB YacTO HCIOJNB3YIOT TaK Ha3blBaeMble 3aMedaTelibHble
HpeAebl:

a (cooTHOIIEHNS S5KBUBAJIEHTHOCTEN).

Tabauna HKBUBAJIEHTHBIX O0ECKOHEYHO MAJBIX, €€ HCHOJIb30BaHHe TPH BBIYHCICHHH
npeesioB.

OyHKIUA f {k:l SKBHBAJICHTHAa (YHKIUU Q(-"’Jjnpﬂ.}i - a(f (k) ’“'Q‘(.E:‘ mpH x = &:J’

a(x)
eclin CyILLIECTBYET Takas (byHKIHS , 4TO

FO) =a()-g(x) | e =1 x-0

n

x—=0

0CH08Hble IKeuedjieHmHocmu npu
sinx~x
) x?
— COSX~—
2
tg x ~x
arcsin x ~x
arctgx ~x

g* —1~x



a* — 1~xlna
In(l+x)~x
X
log (1 +x)~—
Ina
(1+x)" —1~mx

HenpepbIBHOCTH (PYHKIMHU B TOUKE M HA IPOMEKYTKe.
Oyukuus y = f(x) Ha3bpIBaeTCs HENPEpHIBHONW B TOYKEXo, €CIU Mpeaes (yHKIUH MpU

X—>X

0 paBeH 3HAYEHUIO (PYHKIIMU B 3TOM TOUKE.

O®ynkuus y = f(X) Ha3pIBaeTCcsl HENPEPbIBHONM HAa HEKOTOPOM MPOMEXKYTKE, €CIIM OHa
HENpepbIBHA B KAXKJI0M TOUYKE JAHHOTO IPOMEKYTKA.

IIpupamenne aprymenTa u npupamieHue GyHKIuu.

v=FQ0) (a;b)

Paccmotpum pyHkIuIo , OTIPENICJICHHYIO Ha HEKOTOPOM HHTEpBaJie

¥ — X, = Ax (x X, € (a; b))

Onpedenenue. Paznocts |
TOYKE Xp.

Ha3bIBAIOT npupaujenuem apeymermax B

Onpeoenenue. PaszHocth flo +Ax) — f(xp) = Af ('xD)HaS’BIBaIOT npupawerHuem
@yukyuuf(x) B TOUKE Xo.
IHonsiTne npon3BoaHoi GpyHKIUM.
Onpeodenenue. Ecin cyliecTByeT Mpeaesl OTHOUICHUS MPUpAIICHUS (YHKIMHA K TPUPAIICHHUIO
apryMeHTa, MPH YCIOBHH, YTO TMPHUpAIICHUE apryMeHTa cTpeMHuTcs K 0, TO ero Ha3bIBalOT NPOU3BOOHOU

I e
f(x)
: Af{xq) L
hm.l'.x—ﬂ- A = f (-xﬂ)
-k .
Haxoxxnenne nmpou3BogHON Ha3bIBaeTCs qudQepeHupoBanreM (GyHKIINH.

I'eomeTpuueckmii, MexaHM4YeCKHH, OMOJTOrMYECKHU A CMBbICJbI IPOU3BOIHOM.
Teomempuueckuit cmplcl nPOU3600HON COCTOUT B TOM, YTO TPOU3BOAHAS €CTh YIJIOBOM

. y = f(x) o x )
Ko2(pPUIMEHT KacaTeIbHOH K TpaduKy QyHKIHH ~ B JJaHHOM ToUKe = “; ¢husuueckuii cmoicn —
B TOM, YTO TPOW3BOAHAS OT MYTH MO BPEMEHU €CTh MTHOBEHHAsl CKOPOCThH JBMIKYHICHCS TOYKH HPHU

X
@ynxyuu 6 mouxe  Yu 0603HaAIAIOT

. t N
IPAMOJIMHEWHOM JIBHKEHUHU 5 = 5(f) B MOMEHT BPEMEHHU U OUOM0UMECKUI CMBIC: €CTIU 3aBUCHMOCTh
MEXJIy YHCIIOM OCO0€il MOMyJISIMU MHKPOOPTaHM3MOB y M BpEMEHEM ! €€ pa3MHOKEHHs 3a/aHa

I
ypaBHeHUEM y = p(f), TO p (f)— MPOU3BOAUTENLHOCTL  JKU3HEJAEATEIIbHOCTA  MOITYJISILUU
MMKPOOPraHN3MOB B MOMCHT BPEMCHHU f.
IIpaBuaa nuddepeHunpoBaHus.
1 (F+9(0)) = f/()+9' (),

(F)—9() = ')~ g' (.

2.
3. (F0) - g() = ' G) - g() + F() - g' (),
4 (c -j‘"(.:c))I = ¢+ f'(x),rae c —4ucno,
(L) L Leenrs') 5y 2
5. g0x) (g() '
IIpou3BoaHBIE OCHOBHBIX 3JIEMEHTAPHBIX (PYHKIMI.
(c)'=0.

(xn).r — '?’?..JC”_ 1 .

’

v o
YaCTHbIC Cllydau: v



(a*) = a*Ina.
9
v o xay o X
yacTHbli cyyait: (87) =€
1

(lOga L) = J.']na;

. . (Inx) = 2
YACTHBIN CIIydaii: Xy
(sinx)' = cosx.
(cosx) = —sinx.

1
tex) =
(D ) Coszx;
1
o Y ! —
(Ctb 'L:] sin?® 3
(arcsinx)’ = =
v1—x=.
1
(arccosx) = ———
Y1-x2.
a1
(arctgx)’ = vl
1
arcctgx)' = —
( = ) 1+x2‘

Jlekuust Ne 6 (2 yaca)

Tema: «IIpuiiokeHue Nnpou3BOIHOIN
1 Bonpocsl Jexkuun:
1.1 HccnenoBanne GpyHKIUH ¢ IOMOLIBIO NPOU3BOAHBIX. OO IIaH HCCIeI0BAHUS.
1.2 Ilpuznaku Bo3pactanusa M YObiBaHusi (pynkuuu. HeoOxommmoe u jJocrarodHoe
YCJI0BHE CYyLIECTBOBAHMSA IKCTPEMyMa.
1.3  Ilpu3HaKu BBINYKJIOCTH H BOTHYTOCTH (pyHkumu. Haxoxaenue Touek nepernda.

2. Kpartkoe conep:xaHue BONPOCOB
HccnenoBanne GyHKIUM ¢ TOMOIIBIO NPOU3BOAHBIX. O01IMI MJIAH UCCJIEI0BAHUSA.
Haiitu obnacte onpeaenenus GpyHKuuu.
Onpenenuts NoBeAcHUEe (YHKIIMK Ha TPaHUIaX 00IaCTH ONPECIICHUsI.
Haiitu Touku nepeceuenus rpaduka QyHKINU ¢ OCIMU KOOPIUHAT.
Haiitu npomMexyTKH 3HaKOIIOCTOSIHCTBA.
HccnenoBath QyHKINIO HA YETHOCTh M IEPHOANIHOCTb.
Haiitn mpomexxyTKH MOHOTOHHOCTH (DYyHKIIHH.
Hatitu sxcTpemMymbl GyHKINH.
Haiitu nmpomMexyTKH BBIITYKJIOCTH M TOUKH Nepernda rpaduka GyHKIHIH.
HccnenoBath (yHKIMIO Ha CYIIECTBOBAHUE BEPTHUKAIBLHBIX, TOPU3OHTAIBHBIX H
HaKJIOHHBIX aCUMITOT.
10. [octpouTts rpadux GpyHKIKH.
IIpusnaku Bo3pacrtanusi m yObiBaHusa (ynxkuuu. HeoOxonumoe m gocrarouHoe
ycCJIOBHME CYLIIECTBOBAHUSA IKCTpPeMyMa.
Teopema. [lnst Toro utoObl auddepeHimpyemas Ha npomexytke X ¢yHkuus y = flx) Obuia
Bo3pacTaromeil (yObIBaroIeil) Ha 3TOM IPOMEXKYTKE, HEOOXOAMMO M JOCTAaTOYHO,  YTOOBI TUTST

xe X

WPONAN B W=

BBINOJIHAJIOCh ~ yCJIIOBHE f (1'") >0 (f () < O).

xg € D(f)

J1r000Tr0

Ha3bIBAIOT MOYKOU Makcumyma (Munumyma) QyHKIuu y = f(x)

(.rc. - 5; .L—c. + 5) e 5 :} D

Onpeoenenue. Touky

¢ obOmacteio ompenenerns D(f), ecau cCymecTByeT HHTEpBal



. . XFX
coacpIKalnucd B D(f), TaKOH, YTO OJIdA Ka)XA0ro o U3 J3TOro0 HHTCPBAJa BBITIOJTHACTCA

nepasercreo | ) < (o) GOESIC]

Xn— o
JIpyruMH CJI0BaMH, TOYKa — ©  TOYKa MaKCMMyMa (MHHHMyMa), €CJIM 3HaueHHe (YHKIUM B 3TOM
Touke Oombine (MEHBINE), YeM 3HaueHHWe (YHKIUM BO BCEX JIPYyIHX TOYKAaX HMHTEpBaia

(o =& %o + 5)c LIEHTPOM B TOYKE '1‘"'3', NPHHAIIEKANIETO 00aCTH OIPEIEICHH .

Onpeoenenue. Toukn MakCUMyMa M MUHHMYyMa HAa3bIBAIOT mMoukamu dKkcmpemyma (QYHKIHH, a
3HaYeHMs1 QYHKIMH B 3TUX TOUKAX HA3BIBAIOT IKCTHPEMYMaMU QyHKyuu.

Ilpusnax sxcmpemyma: Ecnu dyHkiust y = f(x) BozpactaeT (yObIBaeT) Ha HEKOTOPOM HMHTEpBaje

'}"'3'), comepkamiemcst B D(f) u yObIBaeT (Bo3pacTaeT) Ha HHTEpBaie

X, €D —
conepxariemcst B D(f), To Touka ~ © (f :I TOYKA JIOKAJIBHOTO MakcuMyMa (MUHUMyMa) QYHKLIUU Yy

BO3p. | YOBIB. yOBIB.| BO3p. -
XgT- 0% gigF o x Xg— 0X aXg+o X

T. max T. M1n

19

=ftx).

IIpu3Haku BhINYKJIOCTH U BOTHYTOCTH (pyHKIuH. HaxoxneHue Touek neperuda.

v =f(x :
Onpeoenenue. Pdynxuus - f( jebmyma 66epx (8bINYKAA 6HU3) B TOUKE '}"'3, eciu

M(x; Y
rpadguky QYHKIHU B TOUKE 1(x03 ) )nemm BbIlIEe (HUKE) Tpaduka.

Teopema: J1ns Toro uytoObI rpaduk aBakasl nuddepeHnnpyemMoi Ha uaTepBane (a; b) GyHKIUN
y = f(x) OB BBITYKIIBIM BBEPX (BBIMYKIILIM BHH3) Ha TOM HHTEPBAJIE, HEOOXOMMO U JJOCTATOYHO, YTOOBI

CyI€CTBYET HMHTCPBAJ TaKOfI, YTO JJI1 BCEX €TI0 TOYCK X KacarcJbHasad K

x € (a;b)
JUTS JTI000T0 BBINOJTHSIOCH HEPABEHCTBO
" E {] " E 0
[ f ) )
n — 0
Toukn, B KOTOpBIX f (X) WIM HE CYIIECTBYET, Ha3bIBAIOT TOYKaMH Teperuda rpaduka

bynkimn y = flx).

Jlekuus Ne 7 (2 yaca)
Tema: «HeonpenesieHHbII U onpeeIeHHbII HHTErPaJDy
1 Bonpocs! Jexkuun:
1.1  IlepBooOpa3Has u ee cBoOlicTBA.
1.2  HeomnpenejeHHbIH HHTErpaJl, ero cBoicTBA.
1.3  Tabamua HeompeeJeHHbIX HHTETPAJIOB.
1.4  IIpocreiimme mnpueMbl HHTETPHMPOBAHMA: HeNOCPeICTBEHHOEe HHTEIPHMPOBaHMe,
MeToA  moAcTaHOBKH. Mertox wuHTerpupoBanusi mno 4vacraM. HWHrerpupoBanue
panMoHaJBLHBIX Apodeii. PexyppentHasi popmyia.

1.5 3amaya 0 HAXOKAEHMHU IUIOIIAIAM KPUBOJAUHEeHHOH Tpameuuu. IloHsiTHe MHTErpajdbHOM
cymMbl. OnipenesieHHbIH HHTErpal.
1.6 ®opmyna Herorona-JleiioHuma. OCHOBHBIE CBOICTBA ONpe/IeJICHHOT0 HHTerpaJa.

1.7  Ilpocreiimme NpUIOKEHHUS ONPeIeJEHHOI0 HHTErpaJa.

2. Kpartkoe coaep:kaHue BOIpocoB
IlepBooOpa3Has u ee cBONCTBA.



Onpeodenenue. ®yukuust F(x) Ha3biBaeTcs mepBooOpasHon g (yHkiuu f(x) Ha
uHTepBajie X=(a,b) (koHeYHOM WM OECKOHEYHOM), €CJIM B Ka)KJIOH TOYKE 3TOr0 MHTEpBaya f(x)

SIBJIICTCS IPOU3BOIHOM st F(x), T.€. Filx) = fix) .

U3 storo onpezneneHus cienyer, 4yTo 3ajada HaXoXKAeHUs iepBooOpa3Hoil oOpaTHa 3a1aue
muddepennupoBanus: mo 3amaHHod QyHKumM f(x ) TpeOyercs Haitu Qynkmuo F(x),
MPOU3BOAHAS KOTOpOH paBHa f(x). [lepBooOpa3Has ompenencHa HEOTHO3ZHAYHO: IS (PYHKIIUU

1

L+x’ nepBooOpasHpiMu ~ Oynyr u  ¢ynHkuums  arctgxy, u  ¢yHkuma  arctgx-10:

{arcte x)' = (arctg x —10Y = !

t+x* | Jlnst Toro, 4ToGBI OMHMCATH BCE MHOKECTBO IepPBOOOPA3HBIX
dbyHK1IUU f(X), paccMOTpUM
CaoiicTBa mepBoo0Opa3HOIi.
1. Ecmu ¢ynkuus F(x) - nmepBooOpasHas ans ¢yHkuuu f(x) Ha mHTEepBasie X, TO
byukuus f(x) + C, tne C - npou3BoibHAs MOCTOSIHHAS, TOXKE OyzeT nmepBooOpasHon as f(x) Ha

srom mrrepsare. (Jlok-so: & ) =Fx)+C) = flx) ).

2. Ecnu ¢ynxus F(x) - Hekoropas nepBooOpasHas st QyHKUIUU f(X) HAa UHTEpBaie
X=(a,b), To mobas apyras neppoodpasnas F1(x) MoxeT ObITh mpeacTapieHa B Buae Fi(x) = F(x)
+ C, tae C - noctosiHHas Ha X QyHKIHMS.

3. Jiis o601 iepBooOpaszHoii F(x) BeimonHsieTcs: paBeHCTBO dF (x) = f(x) dx.

W3 stux cBOWCTB ciexyet, uro eciu F(x) - HeKoTOpas mepBooOpasHas GyHKIUU
f(x) Ha wnHTepBase X, TO BCE MHOXECTBO NEpBOOOpasHBIX (yHKIuH f(x) (T.e. (QyHKUIUH,
UMEIOLINX TMpou3BoAHYIO f(x) m muddepennuan f(x) dx) Ha 3TOM HHTEpBaJIe OMHCHIBACTCS
BeipakeHueM F(x) + C, rae C - npou3BoIbHAs TOCTOSIHHAS.
Heonpenesennblii HHTErpaJi, ero CBOMCTBA.

: x)Ha(a b
Onpedenenue. MHOXECTBO BCEX INEPBOOOPA3HBIX F(,},:l + Cz[na (hyHKIMH f ( ) ( ! :I
Ha3bIBAIOT  HEONPeOeNeHHbIM — UHme2panoM W 0DO3HAYAIoT

Jfdx f(x)
flx)dx .

. o X o
MOAMHTETPAJIbHON  (QyHKIMEH, — TOAUHTETPAJbHBIM BBIPAKEHUEM, ~ — [IEPEMEHHOU
WHTEIPUPOBAHUS.

Ha3bIBACTCA

Cesoiicmea neonpedeneHHozo uHmezpana

J(F) £ g(0))dx = [ fx)dx + [ g(x)dx,
2. JRf()dx =k [ f(x)dx,

3, d([ f(x)dx) = f)dx,

a, (J f)ax) = f(x),

JdF(x) =F(x) +C,

TZéJ’IHI{ﬂ Heonpe):[e.]’[eHHbIX I/IHTeraJIOB.
y  Jodx=c
2) fld.r=.r+C;
, Jxdxs .::1 +C (a= 1)
Y %=1n|x|+c (_r.:-a);

[a*dx =]G—I+C (a>0,a=1), [eXde=e*+C
5) na .

>



[sinxdx =cosx +C.

6)
2 [cosxdx =sinx+C.
ﬁl' T
[ —tgx+C (x=Z+mkkez)
8) costx 2 :
d -
| [ =—ctgx+C (x #nk,k€Z)
9 gin=x 5
) f1+2=arctgx+[?
10 x ;
d -
| _]'1:2 = —arcctg x + C
11 X ;
adx 1+x
12) Jome=ne
dx .
| | 1"_2 = arcsinx + C
13 Visx :
d -
| 1’1_2 = —arccosx + C
14) Vi-x

IIpocreiimme npuemMsbl nHTerpnpOBaHuﬂ HeNnocpeJACTBEHHOEe MHTerPUPOBaHNe, METO/
NMoACTAHOBKH. MeTo/1 HHTerpupoBaHus 1Mo YacTsaiM. UHTerpupoBanue panuoHaJIbHbIX
apobeii. PekyppentHnasi ¢popmy.ia.

1. Memoo nenocpeocmeennozo unmezpuposanus.
WHTerpan BBIYHUCIAETCS C OMOLIbIO TAONUIBI OCHOBHBIX HEONPEAEICHHBIX HHTETPAJIOB U IPaBHII

MHTETpUPOBAHHUA.
2. Memoo 3amenvt nepemeHHoi.

o o xX)ax o
[Tycts TpeOyeTcs HalTH HeolpeAeTICHHBIH UHTErpal f -'f ( ) , KOTOPBII HeNb3sl BBIYUCIUTH C
MIOMOLIbIO TaOJUIBI UHTETPAJIOB M NPaBWJI HHTErpupoBaHus. O003HAYNM MOAMHTETPATBbHYIO (YHKIHIO

glx) = tx =@t

t
WIN €€ YacTh 3a HOBYIO IE€PEMEHHYIO . BrIpasum mnepeMeHHYIO A I1epe3

dx:

HalgeM

dx =de(t) = (p’(f)df'
Takum o6paszom, ‘Iﬂf(k)dk B f f({"a(f))q}! (f)df.

3. Memoo unmezpuposanusa no wacmsam.

Ulx) u V(x)

a: b
{ ! j . Torna Ha 3TOM IPOMEXYTKE CIpaBeATNBA POPMYIIa HHTETPUPOBAHUS 110 YACTSIM:
fUdV = [V —fl’dU
KaK HpaBI/IJ'IO, JaHHBIM METOAOM HOJ'ILBYIOTCFI, Koraa HOI[I/IHTGI‘paHLHaSI (bYHK]_[I/IH HpC,I[CTaBJ'IeHa

dV

npousBeneHneM (yHkuuii. Torga ogHy QyHKIMIO 0003HAYaAIOT 32 ~ , a OCTaBIIEECs BBIpAXKEHHUE 32 ,
TaK 4T0OBl BHOBb ITOJTyYSHHBIH UHTErPaIl CTAaJI JieTye.

ITycts pyHKUINN HUMEIOT HEeTIpepPhIBHBIE POU3BOIHBIE HA HEKOTOPOM IPOMEKYTKE

P(x)

4. Jlna unmezpuposanus payuoHaabHoOu @QyHKyuU Q(x), rme P(x) m Q(x) - TOJIHHOMBSI,
UCIIOJNIL3YETCS CIEYIONIAs TIOCIIeI0BAaTEbHOCTD IIIAroB:

1. Ecmu apo6b HempaBwmibHas (T.e. crenenb P(x) Oonbmie crenenn ((x)), mpeoOpa3oBaTh €€ B
MPABIIILHYIO, BEIJICIIVB 11€70€ BHIPAKEHUE;

2. Paznoxkuth 3HameHaTenb (Q(x) Ha MPOU3BEJACHHE OJHOWICHOB HW/WJIM HECOKPAaTHUMBIX
KBaJIPATUYHBIX BBIPAKCHUH;

3. Pa3noxuTh panioOHAIBHYIO Ipo0h Ha MPOCTEHIIINE IPOOH, HUCTIONB3YS Memo0 HeoNnpeoeleHHbIX
KO puyuenmos;

4. BbUMCINTB UHTETPAJBI OT IPOCTEHIINX APOOEH.



PaccmoTrpuM ykazanHbIe maru 6oiee moapooHo.

Ilac 1. IIpeobpazosanue HenpasuIbHOIU PAUUOHATILHOU OPOOU

Ecnu npoOb HempaBuibHas (T.e. cTeneHb uncnutens P(x) Oonbine crenenn 3HameHarens Q(x)),
pazaenum MHorowieH P(x) Ha Q(x). Ilomyunm cnenyromiee BeIpakeHHE:

P(x) Riz)  P(x)
=F [x) + .
Q(x) Q(x] rae Q(x). MpaBUIbHAS palliOHaIbHAS APOOb.

1laz 2. Paznoscenue 3namenamens Ha npocmeiiuiue opoou
3anuireM MHOTOWICH 3HaMeHaTest Q(x) B BUIE

o £ 2 M 2 v
Qlx)=(x-a) - (x-&) [x +px+g) (x +rx+s) .
e KBaapaTHyHble (PyHKIUU SBISIOTCS HECOKPATHMBIMH, TO €CTh HE UMEIOIIUMHU JISHCTBUTEIHHBIX
KOpPHEH.
a2 3. Paznoscenue payuonaibHoi Opoou Ha cymmy npocmeiuiux opooeil.
3anuiieM panroHaNbHYIO (PYHKIUIO B CIEAYIONIEM BHIE:

Blx)__ 4 PO W +A“-1+_ PRSP S _+Bﬁ'1+

Ox) (x-a)" (x-a) = x-a | (x-&Y (x-3YT T x-d
Ex+L . Ex+i F1+_“+K;_1x+.£w1+m+ Mx+ & . M1X+Mv_1+...+M‘;‘IX+N"“I.
[xz+px+q) [x2+px+qj N (x2+rx+sj [x2+rx+5) rHrxts
Oo6mee yncio HeompeaeneHHbIX kodhdunnentos A;, Bi, Ki, Li, M;, Ni, ... TOMKHO OBITh paBHO

crerneHu 3HameHaTens Q(x).

3areM yMHOXHM O0€ YacTH MOJYYEHHOTO YpaBHEHHs Ha 3HaMeHaTenlb (Q(x) W TNpHpaBHIEM
K03 GHUUMEHTHl NPU ClaracMbIX C OIMHAKOBBIMH CTENEHSAMH X. B pesynprare Mbl HOIYyYHUM CHCTEMY
JTUHEWHBIX YpaBHEHUH OTHOCUTENHFHO HEM3BECTHHIX K03 dunmentoB A;, Bi, Ki, Li, M;, N;, .... Jlannas
cUcTeMa BCerJa MMeEeT eAWHCTBeHHOoe pemeHune. ONHCAaHHBIM alrOpUTM IMPENCTaBIsieT co00M Memod
HeonpeoeleHHbIX KO3phuyuenmos.

1llaz 4. Humezpupoeanue npocmenumiux payuoHaibHulx opooeil.

[Mpocreiitme npobu, MOTyYCHHBIE TIPU PA3IOKCHUN MPOU3BOJIBHOMN MPAaBUIBHOW PallMOHAIBLHON
JIpoOH, HHTETPUPYIOTCS C TIOMOIIBIO CISAYIONINX MECTH POPMYIL:

‘r c:t’x=1n|x—.:z|
1. Yx-a

A 1

‘r dx =
3 1
2 el (1K) (x-a)
V 1po6eii ¢ KBaIpaTUUHBIM 3HAMEHATEIEM CHaYaIa HEOOXOIMMO BBIIEIUTH HOJIHBIM KBaIpar:

Ax+ 8 =J- Ax+ &

3 E -
(xj +px+q) (£2+m2:]
dg - p* A
t=x+f 242 pop P
e 2 4 2 3areM NPUMEHSIOTCS CIENYIOIHE (OPMYIIBI:
i 1, 14
‘I‘ﬁ = —].n I[f + )
3. Y E T 2
f e _ 1
3 E-1
4 S (E+et) 2(1-E) (£ +m?)
df 1 ¢
Iﬁ = —arctg —
5. v tm & m

it
I ( E mz)"'
Wnrerpan MOXKET ObITh BBIYHCIICH 3@ k IIAroB ¢ MOMOIIBIO (POPMYJIBI PELYKIIHU

. ‘ (23 d
(Frnd ) 2nd (k-1 +ad) 2w (E-T)

(52 + mg).&a—l'



1. ®opmynsl TpHUBEACHHUS MO3BOJSIIOT TMOHW3WTH WM TIOBBICHTH CTENEHb IOABIHTETPaIbHON
(GYHKIMH U TOCTIEIOBATEIbHO CBECTH MHTETPAN K H3BECTHOMY. DTOT MPOIECC MOKHO PaccMaTpHUBaTh Kak
3aJlaHue peKyppeHmHou @yuKyuu, TO ecTh Takod (YHKUWH, BUI KOTOPOW oOmpenenseTcss depe3 eé
3HAYEeHHS MPU MEHBIIEM 3HAYeHWH HEKOTOpOTO Mmapamerpa. B Hamewm ciydae 3TM mapameTpom Oymer
MOKa3aTelb CTENEHH.

Paccmotpum uHTErpan Buaa:

Ju@ra, oo

_ n
[IpuMmeHNM K HEMy WHTETPHPOBAHKE TIO YaCTSM, ITOJIarast U= [f (I)] , TOT/a:

[If@I"dz = alf@)" =n [1f@)"af (@) dz.

Ecmm yaacTcs KaKUM-1100 crocooom npeaACTaBUTh HUHTCTpal
[ @ ef (@) de = (@) + C @) do

!
(BO3BMOXKHO cozeprkaiasi Kakoi-To HHTerpasl GyHKIuH oT-L'n f (I), HO He copeprkaras B iBHOU (popme

, The Q(I)— HEKoTopasi (DyHKITHS

k
HHTErpajl OT [f (I )] 1 ke N), C = const, ro mMer Mmoxem BBIPA3UTh UHTETPAJ Yepe3 UHTErpa ¢
MEHBIIEH CTENEHBIO:

] n—1
[l e = p(@) + € [[f(@)]" " do
WIH, €CTIM PaccMaTpUBaTh MHTErpall Kak pyHkuuto napamerpa i:
Iﬂ = "1'9(:1:) + Cfn—l-
Bamensin Timall + 1, OyleM HMETh BBIPaXCHHE, CBS3BIBAIOIEE MOCIEAYIOUIee 3HAYCHUE C
MPEABLIYIIIM:
Iﬂ-+1 = "'.P{I) + CI‘H'
B o0miem ciyuyae:
Iﬂ-+1 = "1'9(:1:) + C‘J_In + CEIn—l + ...
3agaya 0 HAXOKACHHM IUIOIIAAW KpHUBOJIMHeiiHON Tpanmeunu. IloHsTHE HMHTerpajJbLHOM
cymMbl. OnipenesieHHbIH HHTErpa.
Borunciienue miomaa KpUBOJUHECHHOH TPanenum.
[Tycte Ha oTpeske [a,b] (b>a) 3amana HenpepbIBHAS QYHKIHS y = f(X) , MpUHUMArOIIAs Ha

Fix) 2o x e [ab]
TOM OTpPE3KE HEOTPUILATEIIbHBIE 3HAYCHUS : pu . Tpebyercst onpenenutsb

miomanas § kpuBoguHenHoW Tparneuuu ABCD, orpaHuueHHON CHHU3Y OTpe3koM [a,b], cieBa u

cmpaBa - HpsIMbIMM X = a W X = b, cBepxy — ¢yHkuumeit y = flx).
¥ ¢ ¥ ) C
7 i
7 |
B j Vo
B N
on P4 i
N g i
APt P |2 1H
>

/‘xlfx21'q?3 /JM fxs [ xﬁ[ j;:x?'x _a=x|;.l | ="
a4 9 &4 5 % &

Jns pemieHust 3ToiM 3aja4u pas3ieauM MPOU3BOJIBLHBIM 00pa3zoM ocHoBaHue AD (urypsl
TOYKAMH X0 = d, X1 ,X2, ..., Xn-1 = @, Xo = b Ha n vacreni [xo x1], [x1 .x2], ..., [xi-1 xi], ..., [xXn-1

f'i".).‘!!' =Xy X !'_1;.!.! =1,2,...,J’I. Ha

P o .
Xn]; cuMBooM % OyaemM 00o03HauaTh JJIMHY I-TO OTpe3Ka:

Ka)XJIOM U3 OTpe3KoB [xi-1 ,.xi] BeIOEpEM NMPOU3BOJIIBHYIO TOUKY '51', Haiiém f (éf:', BBIYUCIIUM



IPOM3BEICHUE FCxs —xi1) = flep)ox; (3T0  TpoM3BENEHHE ~ pAaBHO  ILIOMIAIH

npsIMOyToJIbHHUKA P; ¢ OCHOBaHMEM [Xi-1 ,X;] ¥ BRICOTOM = ) ¥ IPOCYMMHUPYEM 3TH TPOHU3BEICHHS
o BCEM MPSIMOYTOJIbHUKAM. [Tonyyennyro CyMMY 0003HaUUM S cryn:

Serym = FG ey + Fl&p)bhxg +. + Fila-1)dxy 1 + F oy )boxy = Zf(éi)ﬁxi

i=1 ‘
Scryn PaBHO IIJIOLIAIU CTYNIEHYATON (UTypHl, 00pa30BaHHOM MpsiMOyroabHUKamMu P, i
=1,2,...,n; Ha JIEBOM PUCYHKE 3Ta IUIOIAb 3alUTPUXOBAHA. Scryn HE PABHA UCKOMOM IIOIIAau S,
OHa TOJIBKO AT HEKOTopoe npubmmkeHue K S. s Toro, 4To0bl ymydIuTh 3T0 IPUOIIKEHHE,
OyzeM yBeJIM4YMBaTh KOJIMYECTBO 1 OTPE3KOB TaKUM 00pa30M, 4TOOBI MaKCUMaJIbHAsI AJIMHA 3TUX

max  fx;
OTpE3KOB ¥~ 1:Z H CTpeMIJIach K HYJIIO (Ha PUCYHKE CTyNeH4arble (UTrypbl M300paskeHbI
max Sy — 0 —> o)
npu n = 7 (cneBa) u ipu 1 = 14 (cupasa)). [Tpni =12 = pazHHIA MEXAY Scryn
" S Oynet TOXE CTPEMHUTHCSA K HYJIIO, T.C.

§= i Zf(&; YAx;

% i=1
i=12,. .
Onpenenenue onpene.ﬂéﬂﬂoro HHTerpaJa.
[Tycte Ha otpeske [a.b] 3amana ¢ynkuus y = f(x). Pa3oObém oTpe3ok [a,h] mpou3BOILHBIM
00pa3oM Ha n 4acTell TOUYKaMmH [Xo xl] [x1.x2], ..., [xi-1 xi], ..., [xn-1 xu]; MHY i-TO OTpE3Ka
by Pxep =xymxyoi=12, m

0003HauNM ; MAKCHUMaJIbHYIO M3 JJIMH OTPE3KOB 0003HAYUM
A A= mas Ay
. &
£=1,%...%  Ha xaxaoM u3 OTpe3koB [xi-1 ,x;] BEIGEpeM NpPOM3BONBHYIO TOUKY =i m

COCTaBHM CYMMY

n
a= (& )by + F (&) 8xg 4o+ f (a1 )hxg oy + F (Gn dhixcy =2, F&1) 00
i=1
Cymma < HasplBaeTCs MHTErpailbHON cymmoil. Ecim  cymectByeT (KOHEUHBIN) TMpeaen
TIOCTIEIOBATENBHOCTH HMHTErpanbHbIX cyMM “mpu 4 =0 | me sapucammii mu or cmocoba
pazbuenus orpeska [a,b] Ha wactu [xi-1 ,x;], HU OT BBIOOpa TOUEK éf, 10 (QyHKIUA f(x)

Ha3bIBAaeTCsl MHTErpUpyeMoil mo oTpe3ky [a,b], a 3TOT mpeaen Ha3bIBaeTCs OINpeeEHHBIM
UHTETpajoM oT GyHKIMH f(x) 1o oTpe3Ky [a,b] u o6o3HavaeTcs

[ (o

OyHkMs f(x), KaKk ¥ B cllydyae HEOINpeNelIEHHOI0 MHTErpajia, Ha3blBaeTCs MOABIHTErPaTbHOM,
yucaa a W b - COOTBETCTBEHHO, HIDKHUM U BEPXHUM IMpelesiaMd  MHTETPUPOBAHMUSL.
Kparko omnpenenenne nHOIA 3alMChIBAIOT TaK:

[fx)de = lm ¥ by
a max hx; —>EI! 1
i=1,2,

B stom ompenenennn npeanonaraercs, uro b>a. Jns apyrux ciaydaeB mpuMeM, TOXE IO



OMPCACIICHUIO:

b b @
[ (e =0 [£ o) = ~[ £ (x)de
Ecnu b=a, To @ ; ecii b<a, To 2 b .
Teopema cyuiecTBOBaHMS ONpeaeTéHHOT0 HHTErpaJia.
Ecnu ¢ynkuus f(x) HenpepbiBHa Ha oTpe3ke [a,b], To OHa UHTErpUpyeMa 1o 3TOMY OTPE3KY.
I'eoMeTpuyeckmii CMbICJI ONpeeIEHHOT0 HHTerpaJa.
b
[£ (o)
Ecmu f(x) >0 na orpeske [a,b], To 2 paBeH IUIom@aau KpuBoauHeiHon tpaneunun ABCD,
OTpaHUYEHHOM CHHU3Y OTpe3KoM [a.b], cieBa u cmpaBa - IpsIMBIMU X = @ U X = b, cBepxy —
dynkmmeit y = fx).
®opmyaa Herorona-Jleiil0nuna. OcHOBHBIE CBOIiCTBA ONpeAeIeHHOT0 HHTerpaJa.
Boruncienue onpenenénnoro narerpana. ®opmyna Herorona-JleiiOnunna.
Ecnu f(x) nenpepriBHa Ha oTpeske [a, b], u F(x) - HekoTopas nepBooOpa3Has GyHKIIHH

IR
b
[f(x)dx = F @) - F@

@®opMyJia HHTETPUPOBAHUSA O YACTAM JJIsl ONpeneéHHOro uurerpaja. Ecim u(x),
v(x) - HenpepbIBHO muddepeHnupyemMbie GyHKIINN, TO
b 3 b
Iu'dv = uv| —Ivdu
i
[} 7] .
3amena mnepeMeHHOW B omnpeneJéHHoM wuHTerpaae. Teopema. Ilycts ¢yHKIUS
x = @(z)

1. orpeJiesieHa, HenpepbIBHO AU(depeHnrpyemMa 1 MOHOTOHHA Ha OTpe3Ke [, 8] ,
, P@=a@®=b
3. byHKIUSA fix) HenpepbIBHA Ha OTpe3ke [a, b].

Torma

b A
[ Fxia = [ Flownowa

c

CpoiicTBa onpeaeéHHOI0 HHTErpaJa.
1. JIuneitnocts. Ecnn dynkium y = f(x), y = g(x) uHTErpupyemsl 1mno otpesky [a,b] , To
10 ATOMY OTpPEe3KYy HHTErpupyeMa uX JInHeiHas komOuHatwst Af(x) + Bg(x) (A, B = const),
b

b b
[14F (x) + Bg(x)de = A[ f (x)dx + B[ g(x)dx

2. ApautuBHocth. Ecnu y = f(x) unTerpupyema mno oTpe3ky [a,b] u Touka ¢
MPUHAJJIEKUT 3TOMY OTPE3KY, TO

b c b
[£Gods = [ £l + [ £(x)d

3. HuTerpan or exuanynoii pynkumu(f(x) = 1). Eciu f(x) = 1, To



b B
[ £ (x)de = [de =b-a

4, Teopema 00 MHTerpupoBaHNMH HepaBeHCTB. Eciu B 11000 TOuke x &[a,b]
BBIIIOJIHAETCSI HEPABEHCTBO flx)<g (xj’ u ¢yukuuu f(x), g(x) UHTErpUpPYEMBbl IO OTPE3KY
[a,b], TO

] B
If (x)dx < J‘glix)dr
i 2

5. Teopembl 00 OLleHKe HHTErpaJa.

5.1. Eciut Ha otpeske [a,b] GyHKIMS YIOBIETBOPSIET HEPABEHCTRY RGO , TO

b
m(b-a) < [ f(x)de <M(b-a)

5.2. Ecu pynknus f(x) uHTErpHpYyeMa 1Mo oTpe3Ky [a,b], To
b b
[ (dede| < [ Gl
1] 1]

6. Teopema o cpexnem. Ecnu f(x) HenpepbiBHA Ha oTpe3ke [a,b], TO cymiecTByeT ToYKa

€€ [a,B] , TaKasi 9To

b
[ (xide = Fe)l-a)

IIpocTreiilue npuiIoKeHUs ONpeaeTeHHOT0 HHTerpaJa.

Beime Obul  ommMcaH TEOMETPUYECKHH CMBICH ONpEACICHHOTO WHTerpasa — IUIOINajib
KPUBOJUHENHON TpANEIIUN.

Ecmm xe f (x) < 0 Ha [a ;b], TO —f (x) > 0 Ha [a ; b]. [loaTomy momanb S COOTBETCTBYIOMIEH

KPUBOJIMHEMHOM Tpaneuuu HaxoauTcs o Gpopmyie
E

.5'=—Jrj'[x|dx 5=
2 I 2)

Haxkonen, ecnu nuaus y = f (x) nepecekaer ock Ox, TO OTpe30K [a ;b] HagO pa3dUTh Ha 4acTH, B
mpejienax KOTOphIX f (X) He MEHSeT 3HaKa, W K KaXKIOW YacTH NMPUMEHUTh Ty u3 ¢opmyn (1) wm (2),
KOTOpasi € COOTBETCTBYET.

BerunciieHre AAWHBL IYTH U IIOMIAA TOBEPXHOCTH.

Jnunoni dyeu HazpIBaeTCs Npenen, K KOTOPOMY CTPEMHUTCS UIMHA JIOMaHOW JIMHWH, BIMCAHHOM B
9Ty JIyTY, KOTJIA JUTMHA HAUOOJBIIETO 3BeHA JIOMAHOM CTPEMUTCS K HYJIIO.

Jnunal nyru AB, 3anansoil ypasaennem Y =f(x1 x € (@8] (f (x) — pynxuus, I/IMe;OHIaSI Ha [a ; D]

K

J_,f'[xld.x

2

= J1+37 ax
HEIPEPHIBHYIO MPOH3BOJHYIO), BBIPAJKAETCA bopmynoii 2 4
a iomagb S TOBEPXHOCTH  BpalleHUs dTOM  ayru  BOKpyr ocuOx —  ¢opMmysoi
Ob6bem V  TenaB, 3aKIIOYEHHOTO MEXAY IUIOCKOCTAMH X = a W X = b,

y KOTOpOTO TJIOHIaAb MEPIeHIUKYIIpHOTO ocu Ox cedeHus IS KakKJIoro x W3 oTpeska [a ;b] ecThb
¢dysxmms Q (x) (Q (x) HenpepsiBHA Hala ; b)), HaxoauTcs 1O hopmyIe
b

V= | 2ix) dr
e (6)

B wactHOCTH, ecu Teno 00pa30BaHO BpAIIEHHEM BOKPYT ocnOx

KPUBOJIMHENHOM Tpaneuuu, OrpaHUuYeHHON HENPEPhIBHON KPUBOH y =




E
V=11:J Firdx
v

f(x) (f(x) >0), ocbto Ox ¥ NpsAMbIMU ¥ =&, ¥=4, (@ <&] 1o £l =nf%(x) , & 3HAUMT, WITH
E
V= TI:JI- }Ij o
2 (N
Jleknus Ne 8 (2 yaca)
Tema: «Teopusi BepOsITHOCTH U MaTeMATHYeCKasi CTATUCTHKA
1 Bornpocs! JieKknuu:
1.1 Teopust BeposiTHOCTEI.
1.2 Jy1eMeHThl KOMOMHATOPUKH: pPa3MelleHUs1, ePeCTAHOBKH, COUeTAHUS.
1.3 CoObITHSI, BUABI COOBITHII: 10CTOBEPHOE, HEBO3MOKHOE, ciaydaiiHoe. Ciayuaiinbie mpoluecchl.
14 OTHocuTeabHAsE 4YacToTa coObITHH H ee cBoiictBa. Kilaccmueckoe omnpeneieHue
BEPOSITHOCTH U ee CBOMCTBA.
1.5 CioxeHnne M YMHOKeHHe COOBITHIA.
1.6 CoBMecTHBIEe, HECOBMECTHbIE, 3aBHCHUMbIe M He3aBHCHUMBbIe COOBITHS.
1.7 TeopeMbl cJI0KEHUSI 1 YMHOKEHUSI BEPOSITHOCTEH. YCJI0BHASI BEPOATHOCTD.
1.8 Teopema nosHoi BeposiTHOcTH. Dopmyanl baiieca.
1.9 Ilonsitne cay4yaiiHo BeauuuHbl. IIpuMepsn! ciay4YaiHBIX BeaMYUH. Buasl ciaydaiHbIX
BeJIMYHH.

1.10 JduckperHas ciaydaiiHasi BeJIJMYUHA, €€ 3aKOH pacnpenaeeHusI.

1.11 YucaoBble XapaKTePUCTHKH [IHCKPETHOH CJIYy4aiiHOl BeJMYMHBI: MaTeMaTHYecKoe
OKU/aHMe, [MCIIepcusi, cpelHee KBaapaTuyeckoe OTK/IoOHeHMe. CBoiicTBa MaTeMaTH4ecKOro
oxxuaanusi u gpucnepenu J1CB.

1.12 HenpepoiBHas ciydaiinas BeauunHa. UHTerpanbHas (QyHKIMS pacnpeieieHust U ee
cBoiicTBA.

2. Kpartkoe coaep:kaHue BOIIPOCOB

Teopusi BepOATHOCTEH.

Teopust BeposTHOCTEHl — 3TO MareMaTHdeckass HayKa O KOJMYECTBEHHBIX 3aKOHOMEPHOCTSIX
MojeJiel CIlyJaiHbIX SIBICHUN HE3aBUCUMO OT UX KOHKPETHOM HPUPOLIBL.

JjieMeHThl KOMOUHATOPUKH: Pa3MelleHUsl, MePeCTAHOBKH, COUETAHUS.
Komobunamopukoii Ha3zblBaeTCs pa3lenl MaTeMaTHKU, HU3y4YalollUd BOMNPOC O TOM, CKOJBKO
KOMOHMHAIIMH ONPEICIICHHOr0 THUIIAa MOYKHO COCTaBUTh U3 JAHHBIX MTPEIMETOB (JIEMEHTOB).

Pazmewgenusamu 13 n pasInIHBIX JIEMEHTOB 110 /7 3IEMEHTOB (m < n) Ha3bIBAIOTCS KOMOWHAIINH,
COCTABJICHHBIC M3 JIAHHBIX /1 JIEMEHTOB T10 /7 AJIEMEHTOB M OTJIMYAIOIIUECs 00 CAMUMH DJIEMEHTaMH,
JIU0O0 TIOPSIIKOM 3JIEMEHTOB.

bl
Yucno pasiuvHbIX pasmMewjeHuil W3 n 3JICMCHTOB 10 m 3JIEMEHTOB (0003HAYCHUE: *’qx)

w_ ) _
onpeensiercs o popmyre =M1l =2} (m—m+1}

Hepecmanoel(amu U3 n pa3sjIMYHbIX 2JICMCHTOB HA3bIBAIOTCA PA3MCIICHUS UX 3TUX 1 3JICMCHTOB I10
n.

Kak BHUJIHO U3 OHpe,Z[CHCHI/If/i, MNEPECTAaHOBKU MOKHO CUUTATHh YACTHBIM CIIy4acMm pa3MeH_[€HI/Iﬁ npu
m=n.

C.TIC}_IOBEITCJ'IBHO, YHCJIO0 BCEX IMCPECTAHOBOK H3 71 DJICMCHTOB (0603Ha‘{CHI/IGZ PM) HaxXoaAuTcCsa 10

P=nin=11-(n=2)..321=nl

dbopmyne " * ' '

Cottemaﬂu}lmu U3 n pa3IMYHbIX JJICMCHTOB IO m J3JICMCHTOB HA3bIBAIOTCA KOM6I/IHaL[I/II/I,
COCTABJICHHBIC U3 JAHHBIX 71 JICMCHTOB I10 771 DJICMCHTOB U OTJIMYAKOIIUCCS XOTA 6BI OIHHUM DJICMCHTOM.

OTMeTUM pa3Huyy MEXIy COUYETAaHWUSIMH W Pa3MEIICHHUSIMH: B COYCTAHHUSIX HE YUIUTHIBACTCS

HOPSAZOK JJIEMEHTOB, a B Pa3MEIICHUSX — YUYUThIBaeTCsA. UMCIO COYeTaHWi M3 1 DIEMEHTOB IO M
r'n“'l C:g_ nl
aNeMeHTOB (0003HaUCHHE: G , MHOTIa M. ) HaxomuTcs 1o popMyrie ml (n—m)!

Cesoiicmea couemanuii. 1. Ci = Cﬂ =G =1



5 =™ (m=0,1,2,3,.,n)
3. GGG Gy G- GG L+ (1) Gm0

CoObITHS, BUABI COOBITHIL: 10CTOBEPHOE, HEBO3MOMKHOE, CIydaiiHoe.

O1bIT, JKCIIEPUMEHT, HaOJIIoIeHue SIBJICHMST Ha3bIBAIOTCS UCRBIMAHUAMU.
[lpumepamMu WCHBITaHWIA SBISIOTCSA: OpPOCAaHUE MOHETBHI, M3BJICUCHUE IIapa W3 YpPHBI, OpocaHue
WUrpajIbHON KOCTH.

Pesynbrar, cXon HMCTBITaHUS HAa3bIBAIOTCS COObIMUEM.

CoOBITHSIMH  SIBIISIIOTCS: BBINMAJcHUE TepOa Wiau mudphl, B3sSTHE OEJIOr0 WIM YEepPHOrO Iiapa,
MOSIBJICHUE TOTO MJIM WHOTO YHUCJIa OYKOB Ha OPOIICHHOM MrpanbHON KocTH. J[1st 0003HaueHUs cOOBITUI
WCTIOJIB3YIOTCS 3arIaBHble OyKBBI JIATHHCKOTO aidasuta: 4, B, Cu T. 1.

JIBa COOBITHSI HA3BIBAIOTCS COBMECHIHBIMU, €CIIA TIOSBJICHHE OJHOIO M3 HUX HE HCKIIOYaeT
MOSIBJICHUE JIPYTOTO B OJTHOM K TOM YK€ UCTIBITAHUH.

JlBa COOBITHS HA3BIBAIOTCS HECO6MECHIHbLMU, €CIIH TIOSBICHHE OJHOTO W3 HHUX HMCKIIIOYaeT
MIOSIBIIEHUE IPYTOTO B OJJTHOM H TOM YK€ UCTIBITAHUH.

JlBa cobbitusd u A Ha3BIBAIOTCA NPOTHBONONOKHBIMH, E€CIM B JAaHHOM HCIBITAHHUH OHH
HECOBMECTHBI M OJTHO U3 HUX 0053aTeTbHO TMPOUCXOMIHT.

CoObITHE Ha3BIBACTCS 0OCHIO6EPHBIM, €CII B JAHHOM HCIIBITAHWH OHO SIBISETCS €IUHCTBEHHO
BO3MOJKHBEIM €I0 HCXOIOM, U HEGO3MOMNCHBIM, €CIIM B JAHHOM HCIBITAHUH OHO 3aBEIOMO HE MOMKET
MIPOU3OUTH.

CoObiTHEA HA3BIBACTCS CIYYAHBIM, €CTH OHO OOBEKTUBHO MOXKET HACTYNUTH WA HE HACTYIHTH B
JAHHOM HCIIBITAHHUH.

OTHOCUTEIBLHASI YacTOTA COOBITHIT U ee cBoiicTBa. Kiaccuueckoe onpenesieHue BepOATHOCTH
H ee CBOiicTBA.

(npeAcneHHe. CHHACHHEE ARON  WICHLOIRGE  [(4wa-
CHHOCHEN ) CODMRINR HATLIEISHCR  SHCIE
JH
% Pra)==, (1.4 "

rne M—wmcno moRencHmd cobermoa A, N —obimece
YHC1O TIPORCERABR HCRITRRHIE.

CeofcTra 4acTocTH coBRITHA.
19, Yacmocme cofimmer — geauvunia  Begpoidepnan
OWTMORHASIIC S M MR R

[0 1]=[Pridp 0z peia)=ti, (114.7)

2% Ugemocms  docmogephocy cofbman paesa 1,

10 Yaemoeme wescruomcneso coleimua pasua ().

A7, Yarmocme CAYNSANOS0 COOWINA HTMOHACTICR WG
MMcwcerase {0 1)

Cooiictea 19— 4" Joreo AOKATHAAFOTCR C IOMOIILHY
CUPEALIEIHA TaCTOTW B KICeHgmkRmmn cobatui, Tax,
HANTHMCD, NIVCTE CORTHE A QoCTaRe Mo, TITa IHAYO0T,
YTO B copEE mr Y mcnETandAd ono nactynase Yopas

Pridy="21.
X
BeposmnocmovioP (A) coObiTHsA Ha3bIBaeTCS OTHOIICHWE 4YHCIA JJIEMEHTApHBIX COOBITHH,
P4 =2
ONarompusATCTBYIONINX COOBITHIO A, K YHCITy BCEX AIIEMEHTAPHBIX COOBITHUH, T. €. n
M3 kilaccndueckoro OmpenesieHuss BEPOSTHOCTH ClenyeT: 1) eeposmHocmb 00CmO8EPHO20
coOblmus paBHA CAVHHULIC; 2) 6EPOAMHOCHb HEBO3MOMCHO20 COObIMUs PAaBHA HYIIO; 3) 6eposmHocmb
1106020 coobimusa A ynosnerBopsier ycnopuro U = FPidl =1 4) snemenmapuvie coovimusa sensomes
pasHosepossmHbIMU, T. €. 00JIATAIOT OTHON U TOU )K€ BEPOATHOCTHIO.
CJi0:xeHHe 1 YMHOXKEHHE COOBITHIA.
Cymmoit cobbitrii A u B HaszpiBatoT coObiTe C, cocrosilee B HACTYIUIEHUH XOTS OBl OJHOTO U3
coObITHi A nnm B.



IIpouseedenuem cobwiTuii A u B HaszpiBaroT coObiTHe C, COCTOSIIIEE B COBMECTHOM HACTYILUICHUU
coObrTnii 1 A u B.

CoBMecTHBIe, HECOBMECTHBIE, 3aBHCHMbIe M He3aBHCHMBbIe COOBITHSI.

[Ba cOOBITHS Ha3BIBAIOTCA COBMECHIHbIMU, €CIU TIOSBICHHWE OIHOTO W3 HHUX HE HCKIoYaeT
MOSIBIIEHUE IPYTOTO B OJJTHOM H TOM YK€ UCTIBITAHUH.

JBa coOBITHS HA3BIBAIOTCS HECOBMECHHBIMU, €CIH TIOSBICHWE ONHOTO W3 HHUX HWCKIIOYaeT
MOSIBJIEHUE PYTOro B OJJHOM M TOM K€ UCIIBITAHUH.

JBa coObITHsiA 1 B Ha3BIBAIOTCS HE3ABUCUMBIMU, €CITH BEPOSTHOCTD TOSBICHUS KaXKIOTO M3 HUX
HE 3aBUCHUT OT TOTO, TIOSBUJIOCH APYToe COOBITHE MIIH HET.

B mpotuBHOM ciiy4yae coObITHAA 1 B Ha3bIBaIOT 3aBUCHMBIMHU.

TeopeMbl cJI0KeHHSA U YMHOKEHHUS BEPOSITHOCTEH. YCJI0BHASI BEPOATHOCTh.

Teopema. BeposiTHOCTh CYMMBI IBYX HECOBMECTHBIX COOBITHIA M B paBHa CymMMe BEpOSTHOCTEH
9THX cobbIThii: P(A + B) =P(A) + P(B).

Touno Tak e Qopmynmupyercss TeopeMa W A JI000T0 KOHEYHOTO YHCIa IOMapHO
HECOBMECTHMBIX COOBITHH.

Cnedcmeue. CymMMa BEpOATHOCTEH IPOTHBOIONOXKHBIX COOBITHIA 1 A paHa emmamie: P(A4) +
P(A)=1.

IlyctbA u B — 3aBUCHMBIE COOBITUS. Yc108HOU Gepoamuocmbio COOBITUSIB Ha3bIBAETCS
BEPOSITHOCTH COOBITHA B, HaliJleHHAs! B TIPEATIONOKEHHIH, YTO COOBITHE A yXKe HACTYITUIIO.

Teopema 1. BeposTHOCTh MPOU3BENICHNUS IBYX 3aBUCHUMBIX COOBITHIIA W B paBHa NPOU3BEICHUIO

BEPOSATHOCTH OJAHOIO M3 HUX HA YCIOBHYIO BEPOATHOCTH APYrOro, HAMJAEHHYIO B MPEIIOIOKEHUHU, YTO
PiAB)=F(A)-FylE) (1)

FPyE)

TepBOE COOBITHE YK€ HACTYIIHIIO:

Teopema 2. BeposTHOCT, TNPOW3BEACHUS JBYX HE3aBHCUMBIX COOBITHIHA u B paBHa
[POU3BEICHUIO BEPOSTHOCTEN 9TUX coObiTuit: FIAE] =F(A}-FIE] (2)

Teopema. BeposaTHOCTh CyMMBI ABYX COBMECTHMEBIX COOBITHIIA W B paBHa CyMMe BEPOSTHOCTEH
3TMX  COOBITHI  MHHYC  BEPOSTHOCTH WX  mpousBenenus:  fIA+E|=FiA] +FPIE) —PIAER)
Eciu coOwitisi A U B HECOBMECTUMBI, TO HMX Mpou3BencHHEe A B — HEBO3MOXXHOE COOBITHE H,
cinenoBatensHo, P(A B) =0, 1. e. PIA+E]=F(A] +F(E)

Teopema noJiHoi BepositHocTH. Popmy.bl Baiieca.

Teopema. Ilycre uHTEpecylllee HAac CIy4aliHOE COOBITHE MOXKET TPOU3OHTH IPH
HEKOTOpBIX ycioBusix Hi, Ha, ... ,H, (TUIOTE3BI), KOTOpBHIE CaMH SIBISIOTCSA OOpasyrOIIUMH IOJHYIO

n

S H=F
TpyIIy CIy4allHBIMH COOBITHAMU: =l u Hi-H; = U— HeBO3MOXHOE COObITHE NpPU JIOOBIX [ # j.
Torga BEpOSITHOCTH COOBITHSI A TIPU 3TUX YCIOBUSIX MOXKET OBITh ONpeiesieHa COOTHOIICHHEM

P(A)=g”1P(Hi)-PH,. (4)

B pdaAcC CiiydacB MPUXOAUTCA HUMETb JCJIO C OIbITaMH, B KOTOPBIX CHy‘IaﬁHLIM 06p3,30M MOXET
MMPUCYTCTBOBATH TO WJIM MHOEC YCJIOBUC. HpOBO)Z[I/ITCSI OIIBIT W IO IMOJYYCHHLIM PE3ylIbTaTaM BO3HUKACT
HeO6XOILI/IMOCTL BBIICHUTD, KaKOBAa BEPOATHOCTL TOI'O, YTO B IMPOBCACHHOM OIIBITC MPUCYTCTBOBAJIO OAHO

u3 BO3MOYKHBIX CITyYaifHbIX YCIIOBHA.
Teopema (Baiieca). Ilycrs Hi, H,...H,— nonHas rpymnmna coosituii. Torma
P(H;) By, (4)
Py (H)= n’i

Zl P(H,) Py (4)

IlonsiTe cay4daiiHo BeJuuuMHbl. IIpuMepnl ciay4YailHbIX BeJIMYHH. Buabl ciaydaiHbIX

BeJUYHH.

Crny4aifHOH BeNMYMHOW HA3bIBA€TCA TEPEMEHHAs, KOTOpas MOXET NPUHUMATh T€ WM HHBIC
3HAYEHHS B 3aBUCUMOCTH OT Pa3IUYHBIX 00CTOATEIHCTB.

CrnyuaitHast BenmMYMHa HA3bIBae€TCS AMCKPETHOMW, €CIIM BCE €€ 3HAUYEHUS M30JIMPOBAHBI U UX MOXKHO
3aHyMEpOBATh.

CrnyyaifHas BeJIMYWHA HA3BIBAETCS HETPEPHIBHOM, €CIIM €€ 3HAYCHHS 3aIlONHSIIOT KOHEYHBIA WIIN

OEeCKOHEYHBI TPOMEKYTOK.

CrnyuaiiHple BeMTMYMHBI 0003HAYAIOT 3arfiaBHBIMU JaTWHCKUMHU OykBamu A, B, C, m T.1., a ux
3HAUYEHHsI MAJIBIMU JIATHHCKUMH OYKBaMH X1, X2, X3, H T.1I.



JuckpeTHas ciiyyaiiHas BeJIMUYMHA, ee 3aKOH pacnpe/esieHus.
3akoH pacnpeesieHUus] TMCKPETHOM cJIy4aiiHOll BeJIMYMHBI
Oynknus P(x), cBs3pIBaromas 3HAUCHUS CIIYYallHOM BEJIIMYMHBI C COOTBETCTBYIOIIMMHU WM
BEPOSITHOCTSAIMU, TPEACTABISACT COOON 3aKOH paclpeleiCHHUs TUCKPETHOM, CIy4YailHOM Benu4wHBI. Ero
yA0OHO 3a7aBaTh B BUE TaOIHIIBI, B BEPXHEHW CTPOUKE KOTOPOH PaCIOIOKEHBI BCEBO3MOKHBIE 3HAYCHUS
CIIy4allHOM BEJINYMHBI, & B HUYKHEU CTPOUKE PACIIOIIOKEHBI COOTBETCTBYIOLIME UM BEPOATHOCTU: p; = P (X
=Xx) .

3HaueHue X1 2 ... [a
BepoarHocTh p1 |p2 .. |Pn
CoObrtust X = x; (i = 1,2, ... ,n) SBISIOTCS HECOBMECTUMBIMU M €MHCTBEHHO BO3MOXKHBIMH, T.C.

OHM 00pa3yloT MOIHYK CHCTEMY COOBbITHH. I103TOMy CyMMa BEPOSTHOCTEH HUX paBHA €IUHHILE:
H

Z pi=1

i=1

3aKOH pacHpeneneHus] MOXHO MpeAcTaBuTh rpaduuecku. s 3TOro Ha IUIOCKOCTH B
NPSMOYTOJNBHOW CHUCTEME KOOPJAMHAT CTPOST TOUYKH C KOOpAWHATAMH (Xi, pi). A 3aTeM COCAMHSIOT HX
MOCTIEIOBATEbHO OTpe3KaMHu MpsAMO. B pesynprate mMoiay4arOT MHOTOYTOJBHHUK pPacHpeAeiIeHuUs
BEPOATHOCTEU CITy4ailHOW BETUYMHBI.

YucnoBble XapaKTepPUCTHKH JMCKPETHOH CJAy4ailHOW BeJMYMHBI: MaTeMaTH4YecKoe
OKU/IaHMe, [HCIepcUs, CpelHee KBaApaTHdeckoe OTKJIOHeHHe. CBoiicTBa MaTeMaTH4eCKOro
oxxuaanus u qpucnepenu J1CB.

Mamemamuueckoe odcuoanue

M(x)=>xp,
y=:1
CBoIicTBa: =

1) M(C) = C, C - mocTosiHHAaS,
2) M(CX) = CM(X);
3) M(X: + X2) = M(X:) + M(Xz), e X1, X> - He3aBUCUMBIE CITyYaliHbIE BEJTHYHHBL,
4) M(X;Xz2) = M(X)M(X>).
Jucnepcusa
p(x)=m|((x -M(x)}) D(x)=M(x?)-(M(x)}
CaoiicTBa:
1) D(C) =0;
2) D(CX) = C*D(X);
3) DX + X2) = D(X;) + D(X2), e X;, X> - He3aBUCHUMEBIE CIIyYaiiHbIC BETUIHHEI.
Cpeonee keadpamuueckoe OMKIOHEHUe CAYHAHOU 6enuyuHbl X

alX )= \M~

HenpepoiBHasi ciaydaiiHass BeauuyuHa. HHTerpagbHass (yHKHUS pacnpelejeHMs M ee
cBoOiicTBA.

WHaTerpanpHOil GyHKIMEH pacrpeneneHus CiaydaiHOW BenwuuHbl X HaspiBaeTcs QyHKus F(x),
BBIp@KaloMas JJisi KaKJOr0 X BEPOATHOCTH TOTO, YTO CiydaiiHas BeIMYMHAa X MPHUMET Kakoe-HUOyIb
3HAaYEeHNE, MEHBIIIEE X :

F (x) = P(X<x).

CaoiicTBa pyHKIUM pacnipeneIeHust

1. Ecimu F (x) — uHTerpaibHas GyHkuus pacnpeaencHus, To 0 < F(x) < 1 mis moboro x.
Oto cieayerT U3 omnpeAereHus (QYHKIMM pPacHpeneNeHHs], MOCKOJIbKY BEPOATHOCTbH JIHOOOTO COOBITHS
3aKiro4deHa B mpomexytke ot 0 o 1.

2. OyHKIHA pacnpenenenus He yobiBaeT U P (x1 < X<x2) = F (x2) — F (x1).

3. Ecmu F — Qynkuus pactipenenenus, To F(x) — 1 npu x — + oo u F(x) — 0 mpu x — — oo,

4, Ecnu x — ecTh TOUKa HENPEPHIBHOCTH (DYHKIIMHU pacTIpeiesieHusI CIy4aiiHON BETMYMHBI X,
To P(X=x)=0.

5. Ecmu x1 — ecTh TOYKa HempephIBHOCTU sl (PYHKIMW pacrpeneneHus F ciydaifHoOM

BEJIMYMHEIL X, TO



plx1 £ X<x) = p (x1<X<x2) = F (x2) — F (x1).
I'paduk pyakumum pacupeneneHus HeMPEPHIBHON CITyIaitHONW BETUIHHBI UMEET BUT
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1 Mampuuywt u onpedenumenu.

1.1 Bonpocs! K 3aHATHIO

JlelicTBUA ¢ MaTpUIIAMU.

OOpatHas marpuIa.

MuHopbI U anredpanyeckue T0NOTHEHUS.
Ornpenenurenu BTOPOro MOpsiaKa.
Onpenenurenn TPETHETO MOPSIIKA.
Ornpenenureny BbICIINX MOPSIIKOB.

O Nk W=

1.2 HpI/I IIOATOTOBKE K BOIIpOCaM aKIICHTUPOBATH BHUMAHUEC H€O6XO,Z[I/IMO Ha CJICAYIOIHX
BOIIPpOCax: yCJIOBH:A, HAKIIAAbIBACMBIC HA MaTPpULbI JJIA onepaunﬁ CJIOKCHUC, BBIYUTAHUC U IIPO-
HN3BCACHUC MATpHIl; YCIOBUA CYIIECCTBOBAHUA O6p3THOI>i MaTpulbl. HpI/I IMOAT'OTOBKE K BOIIpOCaM
AKIICHTUPOBAaTh BHHUMAHUC HGO6XOI[I/IMO Ha CJICAYIOIIUX BOIIpOCax: IMPaBUIIO TPCYroJIbHHUKA,
MMPUMCHCHHUC MHUHOPOB U anre6pa1/1qec1<I/IX JOTIOJIHEHUM K BBIYHCIICHUIO onpenennTeﬂeﬁ: pasJiio-
JKCHHUC OMIPEACIIUTEIIA 110 3JIEMCHTAM CTPOKH HUJIN CTOJI6LIa.

1 20 2 1 1

Ipumep 1. [lansr 2 maTpuisl A= 42 1iyp=0 12

1 1 3 313

Haiitu: A + B, A — B, AxB, A"
Perienue: COFHaCHO OHpe,Z[eJICHI/II-O onepaunﬁ HaJl MaTpulaMu:

1 2 0 O 3E3T
A+B=4 2 1+ o2 2133
1 1 3 H3 1 33) 426

122100 (1 113
4 11

AN

I

i
N
—_ (V] [\
(O8] —_ [a)

I
[F%) (=) Do
—_ = =
(TS o —

Il

:

1 20 21 1

I 1 3 313

5 2 4
A 2

Pewenue. ITpunuceiBaeM K HCXOIHON MaTpUIE CIIPABa €IMHUYHYIO MATPHUILY TOTO K€ MOPSIIKA:
2 1 -1|11 0 0
5 2 4|10 1 0
do3 200 01

Ipumep 2. MeTo10M 3J1eMEHTapHBIX NpeoOpa3oBanuil HaiiTk A 11 MaTpuibL: A=

. C moMo1IbI0 351IeMEHTapHbIX MpeoOpa3oBaHuil CTOIOLOB NPUBEIEM Jie-
BYIO “IIOJIOBHHY” K €IMHUYHOM, COBepIIasi OJHOBPEMEHHO TOYHO TaKHe MpeoOpa3oBaHUs HAJl
IIpaBON MaTpPHUIIEH.

J1s 5TOr0 MOMEHsIeM MeCTaMH MEPBbIi U BTOPON CTOJIOIBI:



2 1 -1{1 00 1 2 -1j0 1 0
52 40 1 02 5 41 0 0
73 2001 27 2|00 .
~ . K Tperpemy cronbiy npubaBumM nepBblid, a KO
1 000 1 0
2 1 611 -2 1
N . 1 50 0 1
BTOPOMY - TIEPBBIi, yMHOXXCHHBIN Ha -2: . 13 mepBoro cTonba BeraTeM

1 0 0]-2 1 -6
o1 0> -2 13
110001

YZIBOEHHBIM BTOPOH, a U3 TPETHETO - YMHOKEHHBIN Ha 6 BTOPOI;

10 0]-8 -5 -8
o1 018 11 13
0

. o -111 1 1
[TpubGaBum TpeTuii cTonadel K IepBOMY U BTOPOMY: /. YMHOXUM T10-

1 0 0]-8 -5 6
01 018 11 -13

cliequuii cronoer Ha -1: co 11 1T -1 . [lonmyuenHnas cpaBa OT BepTUKaJIbLHOU Yep-
THI KBaJIpaTHasi MaTPHIlA SBJISETCS 0OpaTHON MaTpHIleH K JaHHOW Matpuiie A. HTak,

-3 -5 £
At=118 11 -13
1 1 -1

IIpumep 3. Boruncants onpenenureny:

1 0 -2
o =27 3=17(-4)=0:3-(-1)+(-2)-2.0-
=‘ ‘:9-2—7-3=18—21=—3:
32 -1 0 -4
8 7 \ \ .
|*41|=2 2‘=3'2—7'2=16—14=2= —(—2)-?-[—1)—0-2-[—4)—1-3-0=—28—0—0—14—0—0=—42
;; Z=2-2—7-1=4—7=—3: 30 -1
L Bl=|6 7 3|=37:(-4)=0:3:(-3)+(-2)-6-0-
. 2=(—1]-2—?-0=—2—0=—2 30 -4

~(<2)7(=3)-0-6-(-4)-3-3-0=-84+0+0-42-0-0=-126

ITpumep 4. CocTaBUTH MUHOP Mo, MIOJIYYEHHYIO U3 UCXOJAHON MaTpHUIIbL:
1 5 9 13

2 6 10 14
3 7 11 15
4 8 12 16

Pemenue:



1 5 13
e 2 6 10 14 Y o 1s
27 7 1 15
4 8 16
— 81219
1 4 7
Ipumep 5. Haiitn anrebpanyeckue TOMOJIHEHHS BCEX DJIEMEHTOB MaTpHIbl A=(2 5 8|,
36 9
Peienne:
8 2 8 5
Au()lﬁg A= (1L As= (1)
a4 7 1 7 4
Ay =[-17" =—6; A,=(-17" =-12; A,=(-17" = -6;
21 I: )2+6 9‘ 2a I: )2 L 9‘ 23 I: )2 6
4 7 Uo7 U4
Ay = (=17 =3, =(-1 =—6; An=(-1 = -3,
R M T S A AP P v
1 -4 0 -2
Ipumep 6. Boruuciaurs 4= o1 5 4
31 1 0
-1 0 2 2
Pemenne.
-1 -4 0 =2
o 1 5 4 ‘
|J:i‘.|= Z{_'I':I';‘}.':_1"'}.::_1"'}.:;:_D"':11._-::
3 1 1 0 0T i
-1 0 2 2
0 5 4
=(-4)4,+4,,~4, =(-4)(=1)]7|3 1 0+
-1 2 2
-1 0 -2 -1 0 -2
(=173 1 o<1 o 5 4=
-1 2 2 -1 2 2

—4.(=2)=(-16)-(-12)=-12

2. Cucmembl TUHEIIHBIX YPAGHEHUIL.

2.1 Bompocs! K 3aHATHIO
Cucrembl TUHENHBIX ypaBHEeHUN. Onepanuy HaJl ypaBHEHUSIMHU CUCTEM.
OcHoOBHasl ¥ pacIIUpEHHAs] MATPUILIBL.
PaHr cucremsbl IMHEWHBIX ypaBHEHHNU. Kputepuii COBMECTHOCTH CUCTEMBI.
Pewienne cucreM nuHENHBIX ypaBHeHUN MeToaoM ['aycca.
Pemenue cucrem IMHENHBIX ypaBHEHU 10 npasmity Kpamepa.

kv =

2.2. HpI/I MMOATOTOBKEC K BOIIPOCAM AKICHTHPOBATb BHUMAHUC HCO6XO,Z[I/IMO Ha COCTaBJIC-
HUH OCHOBHOM U pacnmpeHHOﬁ MaTpul Ajd CUCTEMBI U COCTABJICHUH CHCTEMBI IO M3BCCTHBIM



OCHOBHOW M pacIIMPEHHON MaTpHULlaM, Ha IIpaBUiIaxX IPUBEACHUS MAaTPULbI K TPEYTOJIbHOMY BHU-
Iy, OIIPENEICHNs PaHra CUCTEMbI JMHEHHBIX ypaBHEHUH, CPABHEHHE PAHTOB OCHOBHOW M pac-
LIMPEHHOW MaTpULL.

Ipumep 1. Pemnts MeTogom ["aycca cucteMy ypaBHEHUI:
x4+ 2y—5z=-1

2x—y+3z=13
x+2y—z=9
3anuiinem pacHIMpeHHYI0 MaTPUILy CUCTEMBI:
202 =35K1
2 =1 313
1 2 -1/%
CHauana CMOTPUM Ha JIEBOE BEPXHEE YUCIIO:
@ 2 -5F1)
2 =k F[3
1 2 =19 ]

[Toutu Bceraa 31ech AOMKHA HAXOAUTHCS enuHuIa. BooOie roBopsi, yctpouT u —1 (a uHOTIA U
IpyrHe Yucia), HO KakK-TO TaK TPAAUIIMOHHO CIIOXKUIOCh, YTO TyAa OOBIUHO MOMELIAIOT
enuamiy. [IpeoOpa3oBaHme TepBOE: MEHSEM MECTaMH TIEPBYIO W TPETBIO CTPOKHU:

502 =511 1 2 -1%
2 =1 3[13|—=|2 -1 3|13
1 2 =18 302 =51

Teneps nepsast CTpOKa y HaC OCTAHETCS HEU3MEHHOU 10 KOHIIA PELIEHUS.
Teneps Hy’KHO IOJYYUTh HYJIM BOT HAa 3TUX MECTax:

(1 2 -1]9)

(2) -1 3|13
B3) 2 -5}

Hynu nmonyyaem kak pa3 ¢ momoiipio npeodpazopanusi. CHayana pazdupaemcsi CoO BTOPOi
ctpokoii (2, —1, 3, 13). Uto HyXHO cienarb, 4To0bl Ha MEPBON MO3ULIUHU MOIXY4UTh HOMIB? HyxXHO
KO BTOpPOIl CTpoke mpuOaBUTh MEPBYIO CTPOKY, YMHOKEHHYIO Ha —2. YMHOXaeM MEPBYIO CTPOKY
Ha —2: (-2, -4, 2, —18). W mocnenoBaTenbHO MNPOBOJUM CIIOXKEHHE, KO BTOpPOHl CTpOKe
npuOaBisieM NEPBYIO CTPOKY, YK€ YMHOKEHHYIO Ha —2:

a -5 ] -3
! I I !
-2 -4 2 -18
+ + + +
2 -1 3 13
Pe3ynbrar 3anuceiBaeM BO BTOPYIO CTPOKY:
a2 =51 1 2 1% 1 2 -1|9

2 =1 3[13|=(2 -1 313|=|0 =5 55

1 2 =15 202 =5-1) 13 2 =351
AHasiornyHo pasbupaemcsi ¢ TpeTbel crpokoit (3, 2, —5, —1). UroObl moiay4uTh Ha MEpBOM
MO3UIUN HOJIb, HY’)KHO K TpETbel CTpoKe NMpuOaBUTH MEPBYIO CTPOKY, YMHOXKEHHYIO Ha —3.
YMHOXkaeM nepByro cTpoky Ha —3: (-3, —6, 3, —27). U k TpeTheil cTpoke npubaBisieM MepBYIO
CTPOKY, YMHOXEHHYIO Ha —3:



0 -4 -2 -28
I | I I

-3 -6 3 - 27
+ + + +
3 2 -5 -1
Pesynbrat 3anuceiBaeM B TPETHIO CTPOKY:
32 =541 1 2 =15 1 2 -1|% 1 2 =189

2 -1 3[13|—=2 -1 3|13|=|0 -5 5F53|—=|0 -5 5|=-5
1 2 =18 302 =51 502 =51 0 -4 —-Z-2s
Ha npaxTtuke 3TH nelicTBUs OOBIYHO BBINOJIHSAKOTCS YCTHO M 3aIMCBIBAlOTCS B OJUH IlIar:

He HY>XHO CUYHUTATb BCE Cpasy U OAHOBPEMCHHO. HOpr,Z[OK BBIYMCIICHHH W «BITMCHIBAHHUS
PE3YIbTATOB IIOCICAOBATCIICH

1oz -1y 1oz -1y 12 —py 1oz -1 12 -19
# x|l sl ow kel slg 5wkl slg -5 Slsl0 -5 55|

E . * | E * * ESE S * * E e S * * * | H

=]

1 2 19 1 2 -1|% 1 2 -1% 1 2 -1 9
=0 =5 5F5|=|0 -5 5F5|—=|0 -5 5Fk5|=l0 -5 5]|-5
(I 0 -4 *|* 0 -4 -2|* 0 -4 -2|-28
Jlanee Hy»HO MOJYyYNUTh €AUHULLY HA CICAYIOLIEH «CTYIIEHBKE):
(1 2 -1l9 )

0it=5E 5 |—5

\0 =4 —-21-28)

B nanHoM mpumepe 3To clienarth JIETKO, BTOPYIO CTPOKY A€M Ha —5 (IOCKOJIBKY TaM BCe
yrcna AenATcs Ha 5 0e3 ocTtarka). 3a0HO JENUM TPEThI0 CTPOKY Ha —2, Bellb YeM MEHbIIEe
YHClla, TEM IPOILE pEelIeHHE:

302 =51 1 2 -1|5 1 2 =115 1 2 -1%
2 -1 3[13|—=j2 -1 313|—=|0 -5 5S|-5|—=(0 1 -11
1 2 18 3 2 =51 0 -4 —2-28 o2 104

Ha 3akm1rounuTeabHOM 3Tale QJICMCHTAPHBIX npeo6pa30BaHI/H71 HYXXHO IOJIYYUTb €IIC OOAWH

HOJTb 371eCh:
(1 2 -1/9)

0 1 -1]1

0 (2) 1[4

J11s 3TOTO0 K TpeTbelt CTpoKe NpubaBiisieM BTOPYIO CTPOKY, YMHOXKEHHYIO Ha —2:
3002 =51 1 2 1% 1 2 =11 % 1 2 =18

2 =1 3[13|—=(2 -1 3|13|—=0 =5 5S|=-5|—=|0 1 -1 |—=
1 2 -1|3 302 =51 0 -4 —-2-28 o2 104
1 2 -1% 1 2 -1
—=0 1 -1 |—=|0 1 =11
o 0 32 o0 14

JenuM TpeTbio CTPOKY Ha 3.



B pesynbrare sieMeHTapHBIX NpeoOpa3oBaHHMl MOJy4YeHAa HKBUBAICHTHAs HCXOIHOM
CHCTEMa JIMHEWHBIX YPABHEHMUIA:

x+2y—z=9
y—z=1
z=4

Teneprs B neiicTBUE BCTymaeT oOpaTHBIM XoJ Merona ['aycca. YpaBHEHUS «pPacKpyUMBAIOTCS»
CHU3Y BBEpX.

B TpeTheM ypaBHEHHH Yy HAC yXe FOTOBBI pe3ynpTar: Z =4

CMOTpUM Ha BTOpOE ypaBHEHHe: - = =1. 3HAYCHUE «3€T» YK€ H3BECTHO, TaKHM
o0pazoM:
y—4=1
y=>5

U, HakoHel, IepBOC YpaBHEHHE: tiy-z =9. «Mrpek» W «3€T» U3BECTHBHI:
i+2.5-4=9
x+6=9
x=13

Ormser: X=3¥=2%2=4

Mpumep 2:
Pemmuts cucremy mo ¢popmynam Kpamepa.
Zn - 2xtdx =21
3mtdn, - 2x =9
2x =X, — % =10

Pemenue: Pemnm cucremy no ¢popmynam Kpamepa.

7 -2 4
4 -2 B -2 |3 4
D= 4 -2/=3 +2. +4. -
T R | N v R
2 -1 -1

:3'{_4_2}+2'{_3+4}+4'{_3_8}:_18—'_2_44:_60#D,3Han/IT,CI/ICTeMaI/IMeeT
CAUHCTBCHHOC PCIICHUC.
21 -2 4
4 -z 9 -2 9 4
D=9 4 -z=21. +2. +4. =
1 -1 0 -1 0 -1
10 -1 -1

=21 (—4-2)+2 (~9+20)+4 (- 9-40)=-126 4+ 22— 196 = —300

xl:ﬂ ~300 _ .
D —60
321 4
9 -2 3 -2 B 9
D,=3 & -2=3 -21. +4. =
0 -1 2 -1 2 10
2 10 -1
=3.(~9+20)-21. (- 3+4)+4. (30-18)= 33— 21+48 =60
D, 60

=TT Teo



3 -2 21
4 9l |2 21 2 21
D=3 4 9|=3 _3 2, _

-1 10 -1 10 9
2 -1 10
=2 (40+9)-3 (- 204210+ 2. (-18-84) =147 -3 - 284 =60
XE:%:__EU:1
D -6
Otser: 17~ % %z :—1,x3:1_

3 OcHoenvle noHAmMUA MEOPUU MHOIHCECHE
3.1 Bompochl K 3aHATHIO
1. YucnoBbie MHOKecTBa. Oniepaliny HaJl MHOKECTBAMHU.

3.2 [Ipu moAroToBKe K BOMPOCAM aKIEHTUPOBATh BHUMAaHHE HEOOXOAMMO HA IPUOPUTET
onepauuii HaJi MHO>KECTBAMH.

IIpumep 1. Ilyctes A ecth otpesok [1, 3], B - orpe3ok [2, 4]; Torna oobequHEHHEM

Al B
U Oyner otpe3ok [1, 4], mepeceyeHuem - OTpe30K [2, 3], pasHocThiO A\B - MOITYUHTEP-

Bai [1, 2), B\A - nonyuntepsai (3, 4].

4 KomnaexcHwie uucna.
4.1 Bonpochl K 3aHATHIO
1. JelicTBUs HaJl KOMIUIEKCHBIMU YHCJIaMH B aire0pandeckoit popme.
2. PeuieHne KBagpaTHbIX YpaBHEHUII.
3. Tpuronomerpudeckasi opMa KOMIUIEKCHOTO YHCIIA.
4. JleiicTBUS HaJl KOMIUIEKCHBIMU YHCIIAMH B TPUTOHOMETPHIECKOH (hopMme.
5. Ucnonb3oBanue ¢Gopmynasl MyaBpa. V3BiedeHne KOpHS 7- O CTENEHHU W3 KOMIUIEKCHOTO
YHCIIa.
6. O6nactu KoMIiekCHOM TIIIOCKOCTH.

4.2 HpI/I IMOATOTOBKE K BOIIPOCAM aKIICHTHUPOBATH BHUMAHUC HCO6XOI[I/IMO Ha IPpUOPUTET
H3BJICHCHUC KBAIPATHOT'O KOPHA U3 OTPULATCIIBHOIO Yrcja, pCIICHUC KBAaJPaTHBIX ypaBHeHI/Iﬁ C
OTpULATCIIbHBIM JUCKPUMHWHAHTOM, Ha BBIYUCJICHUN MOAYIISL U apTyMEHTAa KOMIIJICKCHOI'O YHUCJIa,
nmpaBujiax I/1306pa)K€HI/I${ KOMIIJICKCHOI'O YHCJIa Ha KOMIUIEKCHOM IIJIOCKOCTH.

Tpumep 1. (5+31)+(3-i)=8+2i;
(543i1)—(3—i)=244i;
(342i)4—i)=12-3i+8i—2i2=144+5i;

2+3i _ Q*3)(G+7) _ -11+20i _ 11 29

7 G-1)G+T) | 74 74~ 747
IIpumep 2. Pemure ypaBHEHuUE:
a)x>—6x+13=0
Pewenue. Hatinem nuckpuMuHAHT 110 GopMyIie
D =b* - dac.
Takkaka=1,b=—6,c =13, 10
D=(—6)>—4*%1*%13=36-52=—16;

VD = J516 = 16 - (-1) =41,

KopHu ypaBHeHUs HaxouM 1o (hopMyram




6+44i _203+20) _ 4 .
— — — I-

IIpumep 3. 3anucaTh B TPUTOHOMETPUUECKON (POpME KOMITIIEKCHOE YHCIIO Z = 1 + .

Pewenue.
o= h2 £33 =02
1) Tak kak a =1, b =1, 10 z| 1° ¥1 \/_

2) N3006pa3um 4uciio z TeoMeTpudecku (puc.). Mbl BUIUM, UTO YUCITY y
Z COOTBETCTBYET TOYKa Z, Jekamias B | 4eTBepTH, U BEKTOP Z. }
a b
COS@P=— smep=—
3) CocTaBUM COOTHOIICHUS "n " T e.

cos p = %= Q,

OTHUM COOTHOILIEHUSM COOTBETCTBYET B | UeTBEpTH yroma

T
r= V2,0 =45 um p = &
4) Tak kak
TO TPUTOHOMETpHUYECcKast (hopMa 3aJaHHOTO KOMIUIEKCHOT'O YHCIIa UMEET BU]I

z=1+i= ﬁ(cos45°+ i sin 45°)

4 _ \[_ :
Ipumep 4. Beraucnuts £ -eciu £ = 1 -3z
Pemenne: Kak Ob110 HaliieHO B IpebIIyIIEM IPUMEPE, JaHHOE YUCIIO B TPUTOHOMETPUUECKON

o+ T = T ) T
z=2cos || —ism [=|].
z=1-1{3_ dopme umeer BuJ 3 3}/ Tlo nepsoit popmyne
ZE R MyaBpa nosry4aem:
4
T s A A
—4n/3 Rez z0=2%cos |=| —isin |[=|| =2%|cos | = —isin |—]|| =
N X(”’G 3 3 3
T
4 =24[—cos [—]+zsm [ED [—+3—]—23(\Ez—1)—8(\61—1)

8(y3i — 1.

OTBeT.

. 3
Ipumep 5. Haiitn 1.|'T]
Pemenue: IlpencraBum unciio —1 B TPUTOHOMETPUYECKON

Im=

dopme: —1= 1('3‘?'5 T+ s ’”5)- ITo BTOpOI# hopmyite MyaBpa
MOJTy4aeM:

T 2Tk T 2Tk
?{f’_—l {cos [—+T]+zsm[§+7ﬂ,k=[],l,2.

2m'3

2m'3




ITomy4yaem nociie10BaTeNbHO:

T m| 1 \E 1+1‘\E_
5

Zg = £os |3 +isin 3 =E+i?=
T 21 o m 2m _
z; =cos §+? +:an §+? =cosmtismun=-1+0=-1;
T 4m| [m  4n Sm) S| 1 \E l—z'\fg
Zy=COS E+? +1izm E+? = Cos ? +1ism ? =5—1?=T.
113
OTBCT.T’_

IIpumep 6. 1300pa3uth Ha miaockocT uncnazi =5;22=—3i;23=3 + 2i;24=5-2i;25 =
-3+2;z6=—1-5i.
Pewenue. 3anannple yncia U300paXKeHbl Ha PUC.

S Ilpeoen ¢pynkyuu. Ilpouszeoonas.
5.1 Bompocs! K 3aHATHIO
1. Tlpenen pynkiuu.

0

2. PaCKpHTI/Ie HEOMIPCACIICHHOCTHU « 6 .
»

(e o)

3. PaCKpLITI/Ie HCOIIPCACICHHOCTH «'_ N

PackpeiTie HeonpeaeneHHOCTH « % — Py,

IlepBbIil 3aMeyaTENbHBIN IIPEEN.

Tabnuia >KBUBaJIEHTHBIX OECKOHEUHO MaJIbIX.

Hcnonb3oBaHHEe BTOPOrO 3aMEYaTesIbHOIO MpeZeia JUisl pacKpbITUS HEONpPEeNeH-
HocTH (1%).

8. O0001IeHHBII BTOPOIl 3aMedaTeNbHbIN Mpe/er.

9. Ilpupaienue apryMeHTa U npupaiieHue GyHKIIH.

10. Boruncienne npou3BOJHOM 1O OMpPEaeNIEHUIO U TI0 IpaBuiIaM U (popmyiam.
11. 'eomeTpryecknii, MEXaHUYECKUM U OMOJIOTHIECKUIN CMBICIIBI TIPOU3BOTHOM.
12. TIpousBoaHast COKHOM PYHKIIUU.

13. Boruncnenue npou3BOAHBIX BBICIIUX MOPSAKOB.

Nowne

5.2. Ilpu mOAroTOBKE K BONpPOCAM aKIEHTHPOBATH BHUMAaHHWE HEOOXOIUMO Ha CBA3b
0ecKOHEYHO OONBIINX U OECKOHEYHO MajbIX (DYHKUHUH, TpaBUiia paCKpPBITUSI OCHOBHBIX HEOIpe-
JIEJICHHOCTEW; Ha IIPUBEJCHUU IIpEeIIa K BUY IIEPBOT0O 3aMEYaTEIbHOIO MPUJIEa, UCII0JIb30Ba-
HUU TaOJIUIbl SKBUBAJIEHTHBIX OECKOHEUHO MallbIX, IPUBEIECHUH IIpesiesia K BUly BTOPOTo 3ame-
YaTeJIbHOTO MpeJiena; Ha MPUMEHEHUH TaOIUIbl TPOU3BOIHBIX OCHOBHBIX AJIEMEHTAPHBIX (PyHK-



it u npaBun auddepeHnupoBaHys, TPUMEHEHHE TPOU3BOIHON K 3a/1auaM (U3UKHU U OHOJIO-
THH, IPABUJIO BHIYMCIICHNS TIPOU3BOTHON CIOKHOW (DYHKITHH.

o2
Mpuwmep 1. Haittu 1IM,__ 1:——2}.14-1
Pewenue. Ilonp3ysace CBOKMCTBAMU NMPEEIOB IOJIYy4aeM, YTO
x2—1 lim (% = 1) (-2 -1 3
s —2x+1 Im(x° —2x+1) (<207 —2-(-2)+1 -3 L

X——a

lim sx®+2x% -4
IIpumep 2. Berauciuts npezen X—=+ o 3 o ig-

oo
Pemenue. iMeeM HeonpeneieHHOCTL BUIA [;]

y 5x® + 2x% — 4 y 5x3 y 5x
— = — = o0,
ety X2+ 8X 4+ 0 xis 6%2  xoito 6

Mpumep 3. Boruucnuts npegen 1Mx—+o (Va—vx-1)

Pemenue. MiMeem HeomnpeneneHHOCTh BUIA [0 — -:::::]. YMHOKUM M pa3feiiiM BBIPAKECHUE

(Vx=vx=1) 4y BBLIPAKEHHE EMY CONPSKEHHOE, TO €CTh Ha (Vx+vVx-1),

lim '::\;—'-. r=1)lvx+yx—1) — lim x—{x-1) — lim 1 —0
r=t= '::‘-, v x— 1::' xote= '::*-,;+‘-, x— 1::' xX—t= '::'-,;+‘-, x— 1::' :
I x% —5x+4
IIpumep 4. Berauciuts npeaen My g ¥ —dyed
]
Pemenue. Fimeem Heomnpe1eIeHHOCTb BHJA | 4 |-
v =bx+4=(x-1(Hx-4)
Y —4x+3=x—-1Dx—-3
lim xZ—5x+4 — lim x—1)(x—4) — lim (x—4) -3 _3
=1z _gxsz =1 e 1)(x—3) =lipzy -2 2
tim sin(3x)
Ipumep 5. Haiitu npenen *=° 2%
Pemenue.

IloacraBmsiem 3HaYECHUE:
fim sin(3x) :<E>
=0 2x 0

[Ipunum k HEONPEAENEeHHOCTH HOMb IETTUTh Ha HOJIb. CMOTPUM B TabJIHIly HeonpeeseH-
HOCTEHIISI OTIPEICIICHHs] MeTo/1a pemieHusi. KomOuHamms cuayca u ero apryMeHTa MmojiCKa3bIBacT
HaM O MPUMEHEHUH MEPBOTO 3aMEYaTEILHOI0 Mpeielia, HO U1 3TOTO CHavajaa Hy>KHO HEMHOTO
npeoOpazoBath BeIpaxkeHHe. JJOMHOXHMM Ha 3X U YUCIUTENh U 3HAMEHATeh APO0H.

sinf3x) <0> . 3x-sin(3x) (sin(3x) 3x)

lim =) —tim 2SR |
a1 2x 0

=0 3x-(2x) =0l 3x 2x)



http://www.cleverstudents.ru/types_of_uncertainties.html
http://www.cleverstudents.ru/types_of_uncertainties.html

. (‘sin(3x))
lim -~ =1

B cuny cnencTBus U3 MepBOro 3aMeyuaTeIbHOTO mpeaena = -

JIUM K pe3yibTary:

]jln[i.sm(?’x)):i.lzi
=0l 2 3x 2 2

IIpumep 6. Boruncnouts npepen **

£

Pemenue.
Iloacrasisiem 3HaueHueE:

L1- cof2x) 1-cos(2:0) 1-1
3-0° 0

it

w—sll

3x°

tim 1- cos;(2x)
3x

3x

J
4

, IOATOMY MIPUXO-

HpI/IH_IJ'II/I K HCONIPEACICHHOCTH HOJIb ACIUTH HAa HOJIb. Hpeo6pa3yeM YUCJIIMNTCIIb, UCIIOJIb-

3ysi OPMYIIBI TPUTOHOMETPHH.

tim ]—cns;[bc) _ <E>=]1I’ll 23ini(x)
x—0 Ix 0 x—+0 Ix

Craio BHUAHO, YTO 3/ICCb MOKXHO IITPUMCHHUTD HepBHﬁ 3aMeYaTeIbHbBIN npeaci:

(2 sinxy sinx)

x—0 3 bt bt .__l

2sin~(x) |
n———-= [=

x—30

Ix”

IIpumep 7. Beruucnuts nipenen *=°

Pemenue.
Tloacrasisiem 3HaueHUE:

fim arcsin(4x}z arcsin(4- 0}: <E>
=0 3x 3-0 0

HpI/IIHJ'II/I K HCONIPECACICHHOCTU HOJIb ACJIUTH HA HOJIb. CnenaeM 3aMCHY.

Ilycts
arcsin(4x)=71 =

sin(arcsin (4x)) = sin (t)

o 1. .
4x=sin(r)= x= zsm{xj

limﬂ(arcsin (4x))= arcsin (4- 0): 0

1.1==

-

a

Lull-.

i 25 sin(4.x)
3x

, cnegosarensho, T = Ompy ¥

Torna npenen mocie 3aMeHbl IEPEMEHHON TPUMET BU:

. sinf4x)  fol t
mq%:<_>:m_
a—=l 3x 0 = 3 —S']I](I ]
4

WA

[P
i

IIpumep 8. [Ipumep.

]jm[l -—
X—X x
Beruucauts npenen
Perenue.

IToncraBmssem 6C_CKOHC‘-IHOCTBI

x==1

> 3

\5 =|,f1_ E

im|1-——
xT+1, &0

s3]

2)4
+1

+1)

x4l

C—(1-of = {17}

—}[I.



[Tpunuy K HEONPEISIEHHOCTH €UHHIIA B CTENIEHH 0eCKOHEUYHOCTh. CMOTpUM B TaOIHILY
HEOIPEETIEHHOCTEW NI OMPEACIICHUSI METOla PEIICHUsI U OCTaHABIMBAEMCSI Ha NMPUMEHEHUH
BTOPOTO 3aMEYaTEIbHOr0 MpPeaeiia.

Cnenaem 3ameny nepeMeHHbIX. [1ycTb

¥ +1 T +1 t
— —

I =— —
2 4 2
—on
Ecmu X =€ 1o T
Ncxonabpiii Tpenen mocie 3aMEHBI IIPUMET BU:

¥+l

1 _L
- -zt A 1
mn[l— = )4 ={1"°}=lim[1+1)2 =1jln{[1+1n —o 7
¥—m x +1 3w t s t

=35
Mpumep 9. Beruncauts npegen =\ x+1
Pemenue.
[ToncraBisieM 6€CKOHEYHOCTh:

X

X 1 —_ l @
) - | (59
el x+1)  xoel T 1+0
X

[Tpunum K HEONPEACICHHOCTH €IMHUIIA B CTEIIEHN OECKOHEYHOCTh, KOTOpas yKa3bIBaeT Ha
MIPUMEHEHNE BTOPOr0 3aMEYATENIbHOTO Mpeaena. Briienaum neinyr 4acTb B OCHOBAHUM IMOKa3a-
TEJTHLHO CTETICHHOM (PYHKITUU:

x—-1 x+1-2 x+1 2 1 2

x+1_ x+1 _x+1 _'.vc+1= _x+1

Torpa npenen 3anuiercs B BUAE:

o (x=1Y o 2y
i 23] =0 )=tim1- 25

Crnenaem 3aMeHy nepeMeHHBIX. [IycTh

z=—"";1 2= —x—1= x=—2t-1

ECHI/I I—}SC’TO f —»oC
Wcxonuelil mpeaen nociie 3aMeHbl PUMET BUI:

58] -2

w=xl oy ] ._I (Y

B npeobpa3zoBanusx ObLIIM MCHOIb30BAHBI CBOMCTBA CTENIEHH U CBOWCTBA MPEJIENIOB.

Mpumep 10. Haiiti npou3sonyto GyHKImn » 3eos &

Pemenue:
¥=0Gcosx)=3cosx) =3(—sm x)

y=64x+3x" —sin x— 2ﬁ+ig—llczgx
IIpumep 11. Haiitu npousBoaHyto GyHKINN x
Pewenne:



y':(6+x+3x2 —gin x—21§+i2—llcr.gx] =
x
1 f ¢
= () 4+ () + (32" — (sin x)'— [2;{1 +(x'2) —(1lctgx)' =

f
f

1
= (6) + (2 + 3(x%) = (sin ) 2[;?} +(x?) —11(eegn) =

2
:U+1+3-2x—cosx—2-l-x§+(—2}-x'3—11.(— 12 ]:
3 it X

2 2, 1
33\&_3 x osntx

Hpumep 12. Haiiti npoussoaayto GyHKIum =
Pemenue:

=14+6x—cosx—

3 .
X atfcsil X

¥ = (x" arcein 2)' = (x*) arcsin x+ x° (arcsin x)' =
3

. x

= 3x arcsin x4

1
1-x* f1— 2

2 - 3
= 3x" arcsin x+ %

e 2(3x—4)
Ipumep 13. Haiitu nporn3Boanyro GpyHKIUK o+
Pemenne:
(23— 3x—4
Y ( 41 ] [x2+1]
_ o[- N+ - Bx—d(E +1
(x% + 1) -
s 3k 4+ -(3x-4)-2x | _ 5 3 +3-6x" +8x )
(x2 +1)° - (x% +1)° -
_2(-3x" +8x+3)
x4+t

6 IlIpunoscenue npou3eo0Hoil.
6.1 Bompoch! k 3aHATHIO
1. UccnenoBanue GyHKIMN C TOMOIIBIO TPOU3BOIHOMN O TUIaHY.

6.2. Ilpu moAroToBKe K BOIpPOCaM aKIEHTHPOBATh BHUMaHUE HEOOXOAMMO Ha MpPHUMEHe-
HUU NPU3HAKOB MOHOTOHHOCTH, ITPU3HAKOB BBIYKJIOCTH M BOTHYTOCTH (YHKIIMHU K HCCIIEI0Ba-
HUIO, BBIYUCIIEHHME OJHOCTOPOHHHUX IpENeNoB U NPUMEHEHHE UX K IMOCTPOEHHUIO rpaduka,
HAXO0XJIEHUU aCUMITOT rpaduka QyHKIUH.
JesoBasi urpa no teme: «Iloctpoenne rpadukos ».

Hcnonb3yembie TEXHOJIOTHH:

e UKT (ayauosanuch, mnpe3eHTaIus)

® TEXHOJOIHS HHTEPAKTUBHOTO 0OYy4eHUS
esan ypoxka:
MeToanueckas neJjib ypoka:



cDOpMI/IpOBaHI/Ie CUCTEMBI O6IJ_II/IX KOMHGTGHL{HI’I W MHOBBINICHUC MOTHUBAIUNU K U3YUYCHUIO
MaTeMaTHKH.
esb THYHOCTHOTO Pa3BUTHSA (BOCIIMTATEIbHAS):

® BOCIMTHIBATh y CTYJE€HTOB KOMMYHUKAaTUBHbIE HaBbIKU
®  KyJIbTYypy YMCTBEHHOIO TpyJa
e rnanbpHeimee popMHUpOBaHNE HABBIKOB CAMOOPTaHU3AIIH

Oo0yuarommue nenu:

e Crpourts rpaduku pyHKUIUN IO CBOMCTBAM, yMETb YUTATh rpaduku
e crnocobcTBOBaTh (HOPMHUPOBAHHIO YMEHUN PabOTaTh ¢ TEKCTOBOM HHpOpMAIUEH, aHaTu-
3UpPOBaTh, CONOCTABIISThH, CPABHUBATH M 0000IIATh MaTepral.
PasBuBaromue ueJu:

e pasBuTHE yMeHUs (POpMyIUpOBaTH COOCTBEHHYIO TOUKY 3pEHHsI, BBICKAa3bIBaTh U apry-
MEHTHUPOBATh €€
® CIOCOOCTBOBATh Pa3BUTHIO YMEHUS IIYOJIMYHOTO BBICTYIICHHS.
Bujael 1esTeJIbHOCTH HA YPOKe:

o WH/IUBUyaJIbHAS, TPYIIIIOBAs;
o MBICJTMTENIbHAS JACATEIBHOCTD: IPOAYKTHBHAS U PEIIPOTYKTHBHAS,
o peueBasi.

JuiaKkTHYecKue cpeacTBa 00ydeHusl:

o 3aJjaHus IS TPYIII;
J Mpe3eHTAaINS;
° CIIPpaBOYHHK 10 MAaTCMATHUKE
J ay/In03aIunCh.

MexnpeaMeTHbIe CBA3U:

¢bu3uka;
PYCCKHH SI3BIK;
JUTepaTypa;
nH(popmaTuka.

Xox ypoka

1. OpraHu3anuOHHBIH
MOMEHT

[ToAroTOBUTH CTYACHTOB K paboTe Ha ypOKe
Llens:

1.ChopmupoBath o011 HACTPOH CTYAEHTOB Ha 3PPEKTUBHYIO

33[[8.‘-11/1 npenoaaBaTeis: pa60Ty Ha 3aHsITHH

2. IIpoBepuTh TOTOBHOCTH KaOWHETA U TPYIIIBI K paboTe



Mertonsr:

3ajauu CTY/ICHTOB:

Mertonsr:

Coneprxanue srara

Haposmuii Boripoc

[Ipennonaraemblii OTBET

Peup npenoaaBaTeJIAa:

Peub nmpenoaaBaTeJIAa:

1. CamonpoBepka

2. becena

1. IIpoBepUTH CBOIO TOTOBHOCTH K YPOKY
2. HactpouTthcs Ha adexTuBHYIO padboTy
1. CamonpoBepka

2. B3aumornpoBepka

B3anMHOe nipuBeTCTBHE

Y4er npuCyTCTBYIOIIUX

HacTtpoii cTyieHToB Ha paboTy, OpraHu3aIus BHUMaHUS

3HaHUE 3aKOHOB IPUPOABI JAJI0 4YEIOBEKY BO3MOMKHOCTh
OOBSICHUTB W TIpEICcKa3aTh €€ pasHooOpasHbIe sBieHHs. “MaTtema-
TUYECKUMHU MOPTpPETaMU’ 3aKOHOMEPHOCTEH HpPHUPOAbI  CIyXaT

GbyHKIHH.

A uro xe Takoe QpyHKIus?

q)}IHKI_II/IH — 3TO0 MaTrcMaThudcCKas MOJCIIb, ITO3BOJIAOIIAA
OIMHUCBIBATh U U3Yy4YaTb pa3Hoo6pa3HHe 3aBUCUMOCTH MCXKIY pC€alib-
HBIMH BCIIMYMHAMU.

BbI 3HaeTe, 4yTO CyIIECTBYET HECKOJIBKO CIIOCOOOB 3a/laHUs
byHKIIH.

BcenomHuTe, Kakue crnocoObl 3a1aHus QyHKIUH BBl 3HaeTe?
Yem oHM oTIIMUAIOTCA?

TaOnuuHbIi, aHATUTHYECKUH, rpaduuecKuit

Kaxko#t, u3 mepeuncieHHbIX CIOCOOOB CaMBbI HATJISIHBIN?
(I'padpuuecknit)

Coo01eHus 1eI1 U 3a/1a4 ypoKa.

Wrak, Tema Hamero ypoka - Mccnenoanue ¢pyHkuii u no-
CTpoeHHEe rpaHKOB.



Marepuan ypoka o4eHb BakeH. Bo-mepBbpIX, MHOro 3aja-
HUH 3TON TeMBbI BXOJST B 9K3aMCHAIIMOHHBIC PAOOTEHI.

Bo-BTOpBIX, MPaKTUYECKH BO BCEX AUCUUIUIMHAX MBI CTall-
[IpenmnonaraemMblii OTBET KHUBAaeMCs C rpapukam.

[IpuBeaute npumepsl, Ha KaKUX ypoKax, KpOME MaTeMaru-
KU, BbI CTAJIKUBAETECh C rpaUKaMu.

Ha mponuibix ypokax Bbl 3aHUMAJINUCh YTEHHEM TIpadUKOB
0 33/IaHHOMY QJITOPUTMY.

HpeI[CTaBBTe, HOX(&HYﬁCTa, HaM 3TOT aJITOPUTM.

Cxema uccnenoBanus QyHKIINU.

1. OO0nacTh onpeIeIcHHs.
2. OO6nacTh 3HAYECHU.
3. YETHOCThH, HEYETHOCT.
4. Hynu gyHKuu (TOUku nepecedeHus ¢ OChio
Ox u Oy).
5. [TpomexyTkH Bo3pacTaHus U yObIBaHUS.
6. DKCTpeMyMbl (PYHKIUH.
2. Omnpoc cTyAeHTOB 1O
NPOIICHHOMY MaTepHu- Bam mpencrasnen rpaduk ¢ynkuuu. IlpouunTaiite ero.
amy. (O6yuaromuiicst paboTaeT y 10CKH)
Hens: VY CcTaHOBUTH NPAaBUIBHOCTh U OCO3HAHHOCTb MOJTYYEHHBIX 3HAaHUN

Ha OpCAbIAYyIIUX YpPpOKax, a TAKXKC YCTPAaHUTDH HpO6€J’II>I B 3HAHUAX.

1.YcTaHOBUTH MPaBUIBHOCTH M PA3TUYUS TEPMHUHOB.
3ajauu npenoaaBaTeis:

2. OnpenenuTh TUMUYHBIC OMUOKH B TEPMUHOJIOTHUN
3. CrocoOCcTBOBaTh MOBTOPEHUIO MTPOHICHHOTO MaTepuasa.

4. IIpon3BecTy CBOEBPEMEHHYIO KOPPEKIUIO B 3HAHUAX U YMEHHUSIX.

1. ®poHTaNBHBII OnpoC.
Metonsr:

2. Pabora ¢ anropuTMOoM HcCCIeI0BaHUS PYHKIIUA.

1. 3akpenuTh NOHITHS, IPONHICHHBIE HA IPOIILIOM 3aHSATHH.
3ajaun CTY/ICHTOB:

2. HayunThCcsa OCYIIECTBIISITH CAMOIIPOBEPKY.



3 3akpensienne y4eOHOro
MaTepHaJja

Llens:

3ajauu npenoaaBaTes:

Mertonsr:

3ajauu CTY/ICHTOB:

Mertonsr:

Peus npenomaBarens:

®opmupoBaHue yMeHHI 000011aTh pe3yNbTaThl, JeJIaTh BbI-
BOJIbl. AHAIM3UPOBATH PabOYYI0 CUTYAIUIO, HECTU OTBETCTBEHHOCTD
3a pe3yJIbTaThl CBOCH pabOTHI.

[S—

OnpeaenuTs 1mIaH padoThl B MEKPOTPYIIax

2. Cozparb cUTyaluIo ycrexa

3. Oxa3zbpIBaTh HEOOXOAUMYIO TOMOIIb CTYI€HTaM IIPU BBITIOJI-
HEHUHM 33JIaHUI

4. CucreMaTHU3UpOBATh 3HAHUS U YMEHUS U HABBIKH I10 MPOK-

JCHHOMY MaTepuaiy, Ha JaHHOM JTarle.

[S—

NHTEepakTUBHBIE U AKTUBHBIE METO/IbI
2. WnmrocTpaTUBHBIM.

1.PaGoTath ¢ JOMOTHUTENBHOMN TUTEPATYPOI

2. [IpuMeHsTh U3yYEHHBIN AITOPUTM MPU PELICHUH TOCTaBICHHON
3a1a4u

3. BBINTOTHUTH CPAaBHUTENBHBIN aHATN3 BBOJIA (OPMYIT PA3INIHBIMH
cnocobamu

4. AKKypaTHO BECTU KOHCIIEKT.

5. Ctpouts rpapuku

1. Becena
2. Agamm3z

3. KoHcniektupoBaHue.

Bel paznenensl Ha mukporpynnsl. Kaxnaas rpynna — 3To OT-
nen Ha kadenpe.

Ha stom sTane ypoka mbl popmupyem ymeHue 00001maTe pe-
3yNbTaThl, JA€NaTh BBIBOJABI. AHAIM3UPOBATh pabOUYyl0 CHUTYaIUIO,
HECTH OTBETCTBEHHOCTH 3a Pe3yNbTaThl CBOeH paboThl. OcyIiecTs-
JSTh TIOUCK U UCTIONIb30BaHUE HH(POpMAIH, paboTaTh B KOMaH/IE. )



[Ipencrasnsito otaenvl: (Omoen npoekmuposéanus u uep-
meoiceil, MeopuUecKuil omoe, UHPOPMaAyUoOHHLIL omoen, omoe
uccneooeanus).

K nawm nHa xadeapy npunuio nucemo. (IIpunoxenue 1)

3aBenyrommii kadenpoit (mpenonaBaTeib) YUTACT MMHCh-
MO.

Tak Kak CTYIEHT NPOIYCTUJI 3aHATHUSA 110 YBAXUTEIbHOU
IIPUYMHE, MBI JOJDKHBI €My IIOMOYb. S| mpelarar0 HammcaTh

ydueOHOe ocoOure Mo MpONyIIeHHON TeME.

Jnist Toro 4yToOBI XOpomo pabdoTtana Bes kadenapa, HyKHa
cliaKeHHas paboTa BCeX OT/IEIOB.

[Tnan paGoTe! kadeaps.

1. Pabota B otnenax (rpynmnoBas pabora)

2. [Tpou3BoaCTBEHHOE COBElIaHUE (OTYET
TpyIIL)

3. [TonBeneHue UTOTOB.

(CTy,HeHTH B I'pyIax BbIIIOJHAOT CBOU 3aJlaHUS U IIPEC-
CTaBJIAIOT UX HA IMPOU3BOACTBCHHOM COBeHIaHI/II/I).

3anaHus Ui MUKPOTPYIIIL: .
Otaen npoeKTHPOBaHUS U YepTexei

Ha xoopauHaTHOM MJIOCKOCTH MOCTPOUTH Ipaduk Mo

3aJJaHHBIM KOOpJAMHATaM. SIBisieTcss 1M MOCTPOEHHBIM Tpaduk

byHKIMEH?

(45-4), (4:-6), (8,5:-7.5), (95-7), (9:-6), (9,5:-5), (9,5:-3,5),
(10:-3), (9,55-2,5), (45), (3:6), (2:6), (0;5),(-3:5), (-7:3), (-9;-1), (-8:-
5), (-8:-7), (-4.5:-8), (-4,5;-7), (-5;-6.5), (-5:-0), (-4,5:-5), (-4;-5), (-4;-
7, (13=1),(-1:5-6), (-2:-6), (-15-4), (15-8), (3:-8), (3:-7), (25-7), (2:-6),
(35-5), (35-6), (55-7),

(7:-7), yxo (6;-4), (6;-3), (7;-2.,5), (7.5;-3), rma3 (8;-6)
TBopuecknii oTae
Hamucars CUHKBEMH 1o teme «padukim»

1 cTpoka - Ha3BaHHWE CTUXOTBOPEHUS, Te€Ma, OOBIYHO CYIIIe-
CTBUTEIIBHOE;

2 cTpoKa- JBa MpPWIAratelIbHbIX, PACKPBIBAIOIINX TEMY CHH-
KBEIiHa;

3 cTpoka- TpW TIIarosia, OMUCHIBAIONIUX IEHUCTBUS MO TEME
CHHKBEIHA;

4 cTpoka- (dpasa, mpeaIoKeHne, UTaTa WIH KPhUIATOE BbI-



paKeHHE, BBIPAKAIOIICE CBOC OTHOIIICHHUE K TEME;
5 cTpoka- cioBo-pe3roMe, Jaroliee HOBYIO HHTEPIPETALHUIO
TEMBI.

ConocTraBuTh NOCJIOBUIBI TPaPuKaM PyHKIMIMA:
«[loBTOpEHUE - MaTh YUEHUS»

"Kak aykHercs, Tak U OTKJIMKHETCS"

"JIroOMILIb € TOPBI KaTaThCsl, TIOOU ¥ CAaHOUKH BO3UTH'.

¥

g

0 | x

¥y=cos x+ 1

"\/

y=1x]|

HNupopmannoHHbIii oTEI.

Haiitu, obpabotate u cHCTEMaTU3MPOBATH TEOPETHUYECKHIMA
MaTepual 1o JaHHON TeME.

OTaen uccaenoBaHus

Hccneoosamsv hynkuyuu, 3adannsie cpaguxamu.



Hocmpoums cpagpuk hynkyuu, eciu uzsecmmusl eé ceolicmaa:

1. obsactb onpeneneHus x € [—6;6] ;

2. O6nacte 3HaueHuit y e[—2;5];

3. Touku nepecedeHus ¢ OCIMU KOOPAUHAT:
OX: (-4, 0); (-2;,0)
0Y: (0;2)

4. MPOMEXYTKH Bo3pacTanus [-3; 1] u [4; 6]

npoMeXKyTKU yObIBaHus [-6; -3] u [1; 4]

5. HKCTPEMYMBI (DYHKIIMH:

TOUKH Makcumyma: (1;3)

Touku munumyma: (-3; -2) u (4;1)

6. Hononuurensubie ToUku: (-6; 3) u (6;5)

Hpou3300cm3enu0e coseuianue.

Kaxxnpiit oTien npeacTaBiasieT pe3ynbTaThl CBOCH paboThI. 3a-
BeyIOLIMH Kadeapoil (mpermogaBarelnb), BCE OTYETHl CKIIAJIbIBAacT B
eIMHYIO KapTHHY M MPOBOAMT peduiekcuto. Pesymprarom paboTsl mo-
Jdydaercsi yueOHoe mocobue mo teme «MccnenoBanue QyHKIMA U
HOCTpOeHHE TpahuKoB»



4. Pedaexcus

Lens:

33,[[3‘11/1 nperioaaBaTeJIAd:

Mertonsr:

3amaun CTyIeHTa:

Peus npenonasaresns:

[TpoBecTu aHamM3 cOOCTBEHHOM NEATEIHHOCTH U JEATCIEHOCTH
CTYJICHTOB Ha YpOKE

1. WaunuupoBaTh U UHTEHCU(PUIIUPOBATEH pedIeKCHIo CTyIeH-
TOB 110 IOBOJly CBOETO IICUXO - SMOLIMOHAIBHOIO COCTOSI-
HUs, MOTUBALIUH, CBOEH JEATEIBbHOCTH U B3aUMOJCICTBUSA C
IpenoaaBaTesneM U OAHOIPYIITHUKAMHU.

2. O0ecrneynTh YCBOCHHUE CTYEHTAMH PUHIIUIIOB CAMOpEry-
JSIUUU U COTPYAHUYECTBA.

Jlucr yyera 3HaHUi
Ankera

1. BoccranoBiieHHEe OCIIEIOBATEILHOCTH BEIIIOIHEHHBIX JIEH-
CTBHH;
2. ®opMynHpOBaHUE PE3YIHTATOB

Ham YPOK IMOAXOAUT K 3aBCPHICHUIO. Hpeﬂnaralo
BaM OLICHUTH CCTOAHAINIHCC MCPOIIPUATHUC. V kaxmoro u3 Bac
€CTb KapTO4YKa C BOIIpOCaMM:

(Uro mnonpaBwiioch Ha ypoke? UTO HE MOHPABHIOCH
Ha ypoke? Yem 3aunmepecosan ypox?)

Hamr ypok Mbl Hauaiu co CJOB «...Hem Hu 00HOU 00-
aacmu 6 mamemamuxe, KOmopas Ko20a-audo He OKajicemcs
NPUMEHUMOIL K AGIEHUAM 0elcmeumenbHo20 mupa...» Ceromass
BBI TIOKA3aJI COOOPA3UTENBHOCTD, CMEKANIKY, OCTpOyMue. BrI ¢ 10-
CTOMHCTBOM TIPOIILTM BCE UCIIBITAHUS U MTOKA3aJIM XOPOIINE 3HAHHS
10 TAHHOHM TeMe W CMOTJIM MX NPUMEHHUTh B HECTAHAAPTHOM CHTYa-
1.



5. 3aganue Ha A0M

Lens: Coo01ieHne cTyIeHTaM O JOMAITHEM 3a/IaHuU, METOJMKH €T0 BbI-
MTOJTHEHHM S, IIPOBEPKA MIOHUMAaHHUSI CTYACHTaMH CoJiepKaHue pabOThI
U CII0OCOOO0B BBIMIOJIHEHHUS JOMAIIHETO 3aaHU.

JlomarHee 3a1aHue:

VY Hac MOYTH TOTOBO MMOCOOMe 10 AaHHOM Teme. Ho Tak kak Hamn
CTYAICHT 00y4aeTcs M0 CIEeNUATBHOCTH TEXHOJIOTHSI MAIIMHOCTPOe-
HUS, MHE XOYETCs, 9YTOOBI B HamIel padbore Obu1a nHOpMaIus o
npuMeHeHuu rpadgukoB GyHkmui B mpodeccun TexHomorus ma-
muHOCTpoeHus. MTak, Balmim 3a1anueM OYyJIeT K CIeAYIomeMy
COBCIIAHHUIO, HAUTHU 3Ty WH(POPMAIHIO

IloxBeneHue UTOroB YpOKa, BBICTABJICHHUEC OLCHOK.

HpI/IJIO)KeHPlﬂ C JMIAKTHYCCKUMHU MaTepUuaiaMu

Hpnioxkenne 1
[Tucemo

3/1paBCTBYHTE yBakaeMbIe MPEIo1aBaTe) i KaQeapbl MaTEMATHKH !

S, Mo yBaKUTENbHON MpPUYMHE, MPONyCTHN ypoku 10 Teme «llocTtpoenue rpaduxos
Gynkuuin». Ckopo 3auet. K 3ToMy 3a4eTy Hy’)KHO 3HaTh BCE OCHOBHBIE OIPEIEICHUS 10 aH-
HOM TeMe, yMeTh HcCe0BaTh (PYHKIUU U CTPOUTH TpaduKU, IPOSBUTH ce0s TBOPUYECKU IOJIb-
3yACh rpauuecKkuM METOAOM HccienoBaHus QPyHKIMH. S meitancs coOpaTh BCIO HEOOXOAUMYIO
MH(}OpPMaLIMIO B MHTEPHETE, HO [0 MOUM 3alpocaM BXOJUT OTPOMHOE KOJMYECTBO CalTOB ¢ pas-
anuHoU nHpopmanueil. [lomorute, noxanyicra.

IIpnioxenne 2

YTo moHpaBUIOCH HA YPOKe?

YTo He NOHPABWJIOCH HA ypoKe?




Yem 3auHTEpECOBAT YPOK?

IIpuioxenne 3
CHHKBeJH.

Opna U3 TEXHOJIOTUH KOTOpasi IOMOraeT HaM B paboTe - pa3BUTHUE KPUMUYECKO20 MBIIII-
JICHUS YYalUXCH.

TexHonorus npeacraBisieT coO0H HENOCTHYIO CUCTEMY, (DOPMUPYIOIIYIO HABBIKK pabOThI
¢ uHopmanueit uepes urenne u nucbmo. OHa mpeacTaBiseT co00i COBOKYITHOCTh PAa3HBIX MPH-
€MOB U TE€XHHK, OPUEHTHPOBAHHBIX Ha MOJIEPKAHUE WHTEpeca YJalIuxcs K mporeccy odyde-
HUS, TIPOOYXKICHUE UCCIIEIOBATEIBCKON U TBOPYECKON aKTUBHOCTH; OHA MPECTABISIET YICHUKY
YCITIOBHSA I OCMBICIICHHUSI MaTepHajia i IOMOTaeT eMy 0000mMTh mproOpeTeHHbIE 3HAHNUS.

CHHKBEHH — manas cTuXOTBOpHas (opwma, ucrnoinb3yemasi s (pUKcaluu dMOINO-
HaJIbHBIX OLICHOK, ONIMCAHUS CBOMX TEKYIIHX BIEYATICHWUH, OLYIIEHUH U aCCOLIMALIMMN.

CHHKBEHH — XopoTKOe NHMTepaTypHOE MpOU3BEIEHHE, XApaKTepH3yIollee IpeaMeT
(Temy), cocTosiiiee U3 MATH CTPOK, KOTOPOE MHILIETCS MO ONpeeEHHOMY IIaHy.

CHHKBEHH — 510 cpe/ICTBO TBOPUECKOTO CAMOBBIPAYKEHHS.

B nepeBoje ¢ ¢ppaHIly3cKOro CiIOBO «CMHKBEH)» 03HAYaeT CTUXOTBOPEHHUE, COCTOSIIEE
U3 IIITH CTPOK, KOTOPOE MUIIETCS 10 OIPENEICHHBIM IIPABUIIaM.

151 4ero ucnoJib3yoTes:

obozawiaem cnoséaphulii 3anacs

noozomaenueaem K KpamKomy nepeckasy;

yuum hopmynuposams uoero (Kkarouesyio pasy);

no0360J15€M NOYYE6CME06ams ceds X0mvb HA MZHOGEHUE MEOPUOM;
noayuaemcsy écex.

IIpaBuiia HaNMCAHUSI CHHKBEHHA TAKOBBI:

Ha mepBoii cTpouke 3ammchIBa€TCs OJHO CIOBO — CYILIECTBUTEIBbHOE. OTO U €CTh TEMa
CHUHKBEHHA.

Ha BTOpoii cTpouke nuiryTcs Ba NpUJIaraTeJbHbIX, PACKPBIBAIOIINX TEMY CUHKBEIHA.

Ha Tperbeil cTpouke 3amuChIBAIOTCS TPU IJIAroJia, OMUCHIBAIONIUX JECUCTBUSA, OTHO-
csmmecs K TeMe CHHKBEMHa.

Ha yerBeproil cTpouke pasmemnaercs nenas ¢pasa, IpeaIoKeHUe, COCTOsAIEee U3 He-
CKOJIBKHX CJIOB, C IIOMOILBI KOTOPOTO YYalIUuHCs XapaKTEpU3yeT TEMY B LIEJIOM, BBICKA3bIBAECT
CBOE OTHOIICHHE K TeMe, TaKkuM MpeasioKeHUEM MOXET OBITh KPhUIATOE BHIpAXKEHHE, ITUTATa,
MOCIIOBUIIA WITH COCTaBJICHHAsI CAMUM ydalmumMcs pasza B KOHTEKCTE C TEMO.



IIsTasg cTpouka — 3TO CJIOBO-pe3l0Me, KOTOPOE JAET HOBYIO MHTEPIPETALUIO TEMBI,
BBIPAXAECT JUYHOE OTHOILIEHUE YYAIIErocs K TEME.

MPOLEYypa COCTABIEHUSI CHHKBEHA MTO3BOJIAET TAPMOHUYHO COYETATh 3JIEMEHTHI BCEX
TPEX OCHOBHBIX 00pa30BaTEIbHBIX CUCTEM: HH()DOPMAIIMOHHOMN, AEITETLHOCTHON U TMYHOCTHO
OPUEHTHUPOBAHHOM.

YMeHue ydaierocsi COCTaBisATh CHHKBEHHBI 110 TOM WJIM MHOW TEME CBUJIETEIIbCTBYET
O CTETICHU BIIAJCHHS YJAIIUMCsl YIeOHOTO MaTepuaia 3TOM TeMbl, B YACTHOCTH, SIBJISICTCS I10-
Ka3aTeseM TOro, 4YTo y4alluics:

- 3HACT CoJIep KaHre y4eOHOr0 MaTeprasa TeMEI;

-yMEET BBIJICIATh HauboJiee XapaKTEepHbIE OCOOEHHOCTH M3Y4aeMoro SIBJICHHUS, MPO-
1ecca, CTPYKTYPhI WM BEILIECTBA;

-YMECT MPHUMCHATH IMOJTYYCHHBIC 3HAHUA AJId PCIICHHA HOBOI1 JJIs HET'O 3aJ1a4i.
IIpe3eHTanus K YpOKy

«...Her HH onHOM 00/1acTH B
MAaTeMATHRE, KOTOPAA
KOrza-mmoo He OKaXeTCa
IIPAMEHUMO¥ K ABJICHAIM
J€HCTBATE)IHHOTO MHPA. ..»

VCCJIENOBAHUE ®VHKIIUA U
H.H./lobazescrmi ITIOCTPOEHHUE I'PAOUKOB

WL

Cxema uccireoBaHusa QyHEITHH

OoJstacTs onpeeIeHus.

O6acTh 3HAYECHNIA.

YéruocTs, HEUETHOCTb.

Hymu dpysrmmuy (Toukn mepecedeHRs ¢ 0ChI0
Ox u Oy).

TIpomeskyTrI BospacTaHus U yOBIBAHUS.

OKCTpeMyMbl (DYHKITAHN.

Cxema mccieoBaHus QyHKIUH

O6acTs ompemeneHus.

OobJtacTh 3HAYEHUIA.

YérHOoCTh, HEYETHOCTD.

Hym dbyskmun (Toukn mepecedeHus ¢ 0Cho
Ox u Oy).

[TpomeskyTrI Bo3pacTaHus U YOBIBAHUS.

OKCTPeMyMBbI QY HKITHH.



OT/IE/1 TPOEKTUPOBAHUSA
U YEPTEMEN

JAEJIOBAA UT'PA
«KADPEIIPA MATEMATHUKN»

OTAET
HUCC/IE/[OBAHHA

u}? =
IMpumep. MccrnenoBate GyHKINIO U TOCTPOUTH €€ Tpaduk 1+x*
1. O6nacte onpeaenennst GpyHkiuu D(y)= (—o,; +oo). Touek pa3priBa HET.
Ilepeceuenue ¢ ocbro Ox: x = 0,y=0.

OyHKIMS HeUETHAs, CIIeI0BATEeIbHO, MOKHO MCCIIEIOBATh €€ TOJIbKO Ha MpoMexyTke [0,
+00).



I:]_.? = = 5
2. (1'”‘2)3 ﬁ"‘xg} . Kputnueckue touku: x; = 1; xo=—1.
1
= —1 =—-—,
Yam = S =5
Yam = F= 2
o 2

= - 2x[:1+x2)2 —(1— x2)2(1+x2).'2x _ —2x—2x —dx+dx _ 2% — 6x
(1+x2)‘1 (1+x2)3 (1+:J:2)3 |

2% —6ix
=D x1=[:|, xE=_"‘.E, .x3=".||f§

{1+x2)3
f(ﬂﬁ}:—gﬁs 0.4

3.
4. a) BepTukanbHbIX aCUMIOTOT HET

k=4 k=lm =0 b= lm [ x2]=0
0) el x A+ x . Acumnrora —y = 0.
r——co: L= lim 12:0, b=0 »=10

>0l x
v |
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7 Heonpeoenennwltii u onpeoeienHvlii unmezpai.

7.1 Borpochl K 3aHITHIO

Brlunciienre HeonpeaeIeHHOro HHTErpaia.

MeTto1 HeNOCPEICTBEHHOTO UHTErPUPOBAHUS.

Mertoa 3ameHbl IEPEMEHHOMN B HEOIIPEIEIICHHOM UHTErpaJIe.
MeTto1 UHTErpUPOBAHUS 10 YACTSIM.

HuTerpupoBanue pallioOHAIbHBIX APOOeH.

Brrunciienue onpeaeneHHoro HHTerpana.

Brrunciienue niomany KpUuBOJIUHENHON TpaneLnH.

N AE W=

7.2 Ilpu moAroTOBKE K BONPOCAM aKIEHTHPOBATh BHUMaHHE HEOOXOAUMO Ha TO, YTO MH-
TErpupoBaHUe sBIsieTcs oOpaTHOM omepanued Kk auddepeHIMpoBaHUI0, TPUMEHEHUN CBOWCTB
HEOIPEeeIEHHOr0 MHTErpaia K pelieHrio MpuMepoB, Ha (GOopMysbl 3aMEHbl IEPEMEHHOM, U Ha
TO, YTO IOCJI€ OTHICKAHUSI MHTETpasia OT HOBOI MepeMeHHOW HeoOXO0JAUMO BEPHYTHCS K UCXO-
HOU NEpEeMEHHOM, c/ienaB 00paTHYIO MOJICTAHOBKY, Ha TO, YTO MOCJIE MPUMEHEHUs! (OpMYIIbl HH-
TErpUPOBAHHUS 10 YACTSAM MOJyYEHHBIM HHTErpal MOXKET OBbITh pEIlleH Tak ke Mo (GopMyse HHTe-
IPUPOBAHUS TIO YacTsAM; Ha MIPOBEPKE OTCYTCTBHSI TOUEK pa3pbiBa (DYHKIIMM HA TMPOMEXKYTKE WH-
TErpupOBaHUs, IPUMEHEHNE CBOICTB MHTErpaia JJsl pelieHusl IpuMepoB, IpUMEeHeHne GopMy-
abl HetoToHa-JleiiOnuIa (o4epeHoCcTh MOJCTAHOBKH BEPXHETO U HUXKHETO MPEeesioB UHTErpH-
pOBaHMs), HA HEMPEPHIBHOCTh U HEOTPHUIATENBbHOCTh (YHKIIMM HA MPOMEXYTKE WHTErpHUpOBa-
HUS.



JenoBas urpa no reme: "Bprunciienue narerpaion"

esan ypoxka:
1. OOGyuaromas 11enb: CucTeMaTH3UPOBATh MPAKTUYECKUE U TEOPETHUECKUE 3HAHUS, BBIPAOO-
TaTh YMEHHE HAXOIUTh HEOIIPEICIICHHBIN 1 ONPEACICHHBIN HHTETpajibl. Pa3BUBaTh KynbTypy

YCTHOI'O BBIYUCIICHHS OIIPEACIICHHBIX HHTCIPAJIOB

2. Pa3BI/IBaIOIJ_[aH Oeiib: Pa3zBuBaTh MbIIICHNE U p€Yb O6y‘IaIOIHI/IXC$I. Pa3BuBaTh HaBBIKH caMoO-
CTOATEIIBHOI'O MBIIIJICHHUSA, HHTCIJICKTYAJIbHBIC HAaBBIKH (aHaJ'II/IS, CHHTE3, CpaBHCHHUE, COIIOCTaB-

JICHWE), BHUMaHUE, TTaMSITh;

3. BocniuratensHas nenb: CoaeiicTBOBaTh BOCIIMTAHUIO MHTEpECAa K MaTeMaTHKe, aKTUBHOCTH,
MOOMIIBHOCTH, HCIIOJIB3Ys IIPU 3TOM 30pOBhecOEperaroiie TEXHOJIOTHH BEJCHUS ypoKa (YpoK-
urpa).

3agaum ypoka:

v Pa3BuTHe o3HaBaTENbHOIO UHTEPECA K IIPEIMETY;

v BOCIIMTAHHUE CAMOCTOSITEIbHOCTH, HACTOMYMBOCTH IPU JTOCTHKEHUM KOHEYHOI'O pE3yJib-
TaTa.

v (dbopmMupoBaHUE KYIbTYPHI YI€OHOH IEATEIHHOCTH U MHPOPMALIMOHHON KYJIBTYPHI;

v o0ecreynTh NOBTOPEHUE OCHOBHBIX MOHSTUH.

®opma npoBeeHHsA: YPOK-UTpa
Tun ypoka: ypok 0000IIeHHS U 3aKpEIUICHUS
Oo6opynoBanme:

1. MeH10 a5 KaXXJ0r0 CTOJIMKA, TA0JIMYKa C HOMEPOM CTOJIa.

2. Kaptusku 6mo]1, ¢ pa3HOYpOBHEBBIMHU 3aaHUS.

3. “Xned”- OjraHKU CO CIIPaBOYHBIMM MaTepHajamMH, NOMOTAIOIIUMU IPU HAXOXKJIEHUU HUHTE-
rpajoB.

4. Ilpesenranus

5. 3agaHus BBIIIOJIHUMBIE HA JOCKE

IIpenBapuresnbHasi NOATOTOBKA K NPOBEICHUIO YPOKA:

- pa30ouUTH rpyNIy Ha TPYMIbI 10 4 yesnoBeka (pacnpeaenuTh Mo CTOJINKaM B Kade)

- MPUTOTOBUTH Pa3HOLBETHBIE OJIAHKHM 3a7ad COOTBETCTBEHHO MEHIO, TaOJIMYKH C HOMEpaMu
CTOJIOB (B TOM 4YHCIE Vip CTOJ A TocTedl ypoka), OJaHKM CO CHpPaBOYHBIM MaTepHalloM,
[OMOTAIONIMX MpPH HAXOXKAECHUU HUHTErpajoB (TaKk HasbiBaeMbli “X1eb6”), KapTHHKH

MpeiaraeMbIX OJTFOJ] C pa3HOYPOBHEBBIMH 3aJaHUSIMH.



Ilnan ypoka
1.  Opranu3alioOHHBIA MOMEHT.
2. IIposepka J1.3. Ucropuueckas crpaBka. (CoobieHue)
3.  Pabora yctHo. [IpoBepka “kpeauTocnocoOHOCTH .
4.  3akperuieHHe u3ydyeHHOro warepuana. llpuém odunmantaMu 3aka3oB OT KaxAOro
CTOJIUKA.
e HaxoxeHue HeolpeIeJIeHHbIX HHTErpanoB. (X010 HbIe 3aKYCKH).
¢ Briuucnenue onpeaeneHHbIx HHTErpanos. (I[lepsrie O6ona).
e Brrunciienue miomnaan KpuBoJIMHEHHOU Tpaneruu. (Bropeie Oiro1a)
5.  Pednekcus. (Hamutkn).

6. IlomBeneHue UTOTOB ypoKa.

Xoa ypoka
1. Opranu3anuoOHHbII MOMEHT
- CeroiHAIIHUMI YPOK 1 XOUy Ha4yaTh CO CJIOB:
“Umoobl nepeeapusams 3HAHUA,
UX HAoo noziowiams c annemumom’”
A.Dpanc
- MBI CETOJIHS C BaMH IMOCETUM HEoObIYHOE Kae, MaTemaTnuueckoe, ¢ HazBaHuem «HHTerpamy.
[Touemy Takoe Ha3BaHUE, KaK Bbl 1ymMaeTe?
- [la, IMEHHO NTOTOMY, UTO celYac U3y4aeM 3Ty TEMY.
- A Kak BbI [yMaeTe, OTKYy/a BO3HUKIIO OHATHE UHTErpana?
OtBetpl: [loHsiTHE uWHTErpajla M HWHTErpaJbHOE MCUYUCIEHHWE BO3HUKIM W3 MOTPEOHOCTH
BBIUNCIIATH IUIOIAAN (KBapaTypy) JiIoObIX (Uryp 1 00bE€MbI (KyOaTypy) NpOU3BOIbHBIX TEI.

2. IlpoBepka nomMamiHero 3agaHus (coodueHue)

EBnoxc Kuuackuii : - S qokazan TeopeMbl 00 00bEME TUpaMUIbL, TEOPEMBI O TOM, YTO TUIO-
a1 IBYX KPYrOB OTHOCSTCS, KaK KBaJgpaThl X paauycoB. [Ipu noka3aTenbCcTBE MPUMEHUI TaK

Ha3bIBAEMBIN METOJ «MUCUECPHLIBAHUS.

Apxumen:Uepe3 1Be THICAYH JIET METOJl «MCUEPIbIBAaHUI» ObUT TpeoOpa3oBaH B METOJl MHTE-
TPUPOBAHMUSI, C TIOMOII[BI0 KOTOPOTO YAAIOCh OOBEIUHUTH CaMbI€ Pa3HbBIC 3a]]a4l — BBIYHUCIICHUE
momaau, o0béMa, Macchl, pabOThI, MAaBJICHHS, DJIEKTPUUECKOTO 3apsija, CBETOBOTO IMOTOKA U

MHOT'HE, MHOTHE JAPYyTHE.

Yto MMpEaACTaBJIACT co0oif «METOJ I/IC‘-IepHBIBaHI/I}I»?



Od¢uuunant: PaccMoTpum mpuMep, MPEANONIOKIM, YTO HaJI0 BBIYUCIUTH 00BEM JIMMOHA, UMe-
IOIIETO HENPAaBWIbHYIO (hOPMY, U TOSTOMY MPUMEHUTH KaKyIO-ITH00 U3BECTHYIO (POpMYITy 00bE-
Ma Helnb3s. C MOMOIIbI0 B3BEIIMBAHUS HAUTH 00BEM TaKKe TPYAHO, TaK KaK IJIOTHOCTh JIMMOHA

B Pa3HbIX 4aCTAX €Iro pa3Hasd.

[Toctynum cnenyromuM oGpazoM. PaspexeM nMMOH Ha TOHKUE 10JbKU. Kaxkayro noibKy mpu-
OMMKEHHO MOYKHO CUUTATh LWJIMHIPUKOM, paJuyC OCHOBAaHUS, KOTOPOI'O MOXXHO H3MEPHTb.
O06BEM TaKoro HWIMHJPA BEIYUCIUTH JIETKO 110 TOTOBOH (opmyie. CroKuB 00bEMBI MaJIeHBKUX
IWIMHAPOB, MBI IOJIYYUM NPHUOIIKEHHOE 3HaUYeHHe 00bEMa Bcero tuMoHa. [lpubmmkenue O0y-

JC€T TEM TOYHEEC, UEM Ha 0oJiee TOHKHE YaCTH MBI CMOKEM pa3pe3aTrhb JIMMOH.

Apxumen: S mpomoKu pa3BUBATh HJIEW CBOUX IMPEAIISCTBEHHHKOB, OMPEISTHI JIUHY
OKPYKHOCTH, IUIOIIA[b Kpyra, 00bEM U MOBEPXHOCTh IIapa, MOKasal, 4To ompeseleHue o0ne-
MOB 11apa, 3JUIMIICOMA, Turnepbogona U napadoyiona BpallleHUus CBOJUTCS K OINPEAEICHUIO

00bEMa IMIIMHIPA, T.€ OMPEIETUI UHTETPAJIBIL.
EBnoxc Kuuackuii : Uto xe Takoe nunrerpain’?

Horannom Bepuyiiu: CioBo «HTETpa» MPOU30NIUIO OT JATUHCKOTO integer — IeIbId, TO

€CTh 1ICj1as, BCA — INIOIAaab.

Jleiitonnu: CoBpeMeHHOE 0003HAUCHHE HEOINPEICTIEHHOTO MHTErpasia ObLJI0O BBEJICHO MHOW B

1675 rogy. 51 aganTupoBall MHTETPAIbHBII CUMBOJ , 00pa30BaHHBIA U3 OYKBBI S — B CHM-

Bonf: f (x)dx.

- Hy, a reneps nepeiném k tpamnese.

Ceroass, BBl JOJDKHBI OTBeIaTh B HalleM Kade KOMIUIEKCHBIM 00ej, MpeacTaBIEHHBIH M3
XOJIOJIHBIX 3aKYCOK —HaXO0)K/IeHUE HEONPEICIICHHbIX UHTETPaJIOB, MEpBbIe 0J1t0/1a - BBIUNCICHHE
ONpe/eNIEHHbIX MHTErpajoB. Bropble Onroga - BBIUMCIEHHWE IUIOMIAJM KPUBOJMHEHHON
Tparnenun.3a Kaxaple Oio/ia Bbl MOTydaeTe Oaibl, OQUIIMaHThl (QUKCUPYIOT Bce HaOpaHHBIE
0aJuTbl ¥ B KOHIIE BaM MPEJOCTaBSAT CUET.

[TepBbIM memoM AaBaiiTe TPOBEPUM, a KPEAUTOCTIOCOOHBI JTU BbI? XBaTHUT JIM Y BaC 3HAHHU IO
teme ~ MHTerpaisl”, 4ToObl BKYCUTh BCIO MpenecTh 3Tux omona? Hy uTo ke, mpuctynum.

3. Padora ycTHo. [IpoBepka “kpeaurocnocodonoctu”. (CM. npujioxkeHue)

3aganue 1.IIponomwkure npeayioxxenne: (Bonpocs! BEICBEUNBAIOTCS HA JOCKE)

1. Ecmu qig moboro x u3 MHOXecTBa X BBINONHsETCS paBeHCTBO F'(x) = f(x), To dyHKIIMIO

F(x) ansa pyaxuum f(X),Ha3bIBaIOT ... IepBOOOPA3HON;



2. Jhobas nmepBoobOpazHas st dyHKnK f Ha mpomexxyTku [ MokeT ObITh 3amucaHa BHJE. ... ...
F(x)+C

3. CoBokymHOCTh Bcex nepBooOpasubix pynkmuii  F(x) + Cans gannoii Gpynknum f(x) Ha3bI-
BA€TCH ... HeoNpeaeJeHHbIH nHTerpaa pynkuuun f(x)

4. C nomompto ¢popmynbl HetoToHa — JIeiiOHMIIA HAXOAT. . . ONIpe/ieJIeHHbII HHTEerpaJ;

5. Ilycte Ha otpeske [asb] ocuOx 3anmana HenpepbiBHas Qynkuus f(x), He mMmeromas Ha HEM
3Haka. Purypy, orpaHMYeHHYIO TpaduKOM 3TOH (QYyHKIMHU, oTpe3koM [asb] u mpsmbIME X = a
nx=b,Ha3bIBAIOT........ KPUBOJIMHEHON Tpaneuunen

3ananmue 2: McnpaBure omuoOKy. (CM. MPUIIOKESHHE)

1). UcnipaBuTh OMIMOKH B 3aIIUCH f 2dx=2 +C; (2x +0)
| —5dx=5x. (-5x + C)

| 3x% dx = 3x? &+ )

x 1 1 x1 1
fX_EdX=j+C=— (j+C=-—+C)

P dv—a (P s | —d— 0= 14 <? dwet “ocd 0
4t dx=4f LCdx=4+> | =4-0=1=4] = dx=4-Z=40=1(1)
J; cosxdx =sinm — sin0 = 0

4.3akpenieHne U3y4eHHOI0 MaTepHuaJia

AJMUHUCTPATOPBI-OQUIIUAHTBl PUHUMAIOT 3aKas3bl.

- [lepen Bamu Ha CTONAX JIKUT MEHIO CETOHSAIIHET0 JHA. CaMOCTOATENIbHO BhIOMpaiiTe 0.1t0/10,
o0OpatuTe BHUMaHHE, 4TO MpeyiaraeMple 0J110/1a pa3Hble MO CBITHOCTH U cTOUMOCTH. CTOMMOCTB
Kak10ro0 Oyroga o0o3HadyeHa B Oayuiax.

1. OduruanTsl pa3HOCAT XOJIOAHBIC 3aKYCKH.
IIpucrymnaiire. XKenaro Bam npHUsATHOrO anneTural
3ananue 1. HaiiTu HeonpeaeeHHbIe HHTErPaJibl:

CaJjat «BecHa» - 3 6ayuia

) J(3x*+5)dx 2) [(2x—Tdx, 3)[(8x° — sinx + 8)dx;
#)[(6x2— cosx+ 11)dx;



Orsers: 1) X°+5x+ C; 2) X2+ Tx+C; 3)2x* + cosx+ 8x + C;
4)2x® —sinx+ 11x + C

CaJyar «MHTEerpaabLHas pancoaus» - 4 0ajaia

Ix(l— %7 dx

1)3)[(9%? + sinx — 15)dx;2)
Orsersr: 1)3x° — cosx — 15x + C; 2) Pemenue

Ix(l— ox) dx = Ix(l —x+12% — B )dx = I(x— 65 +12x° —Bx*)dx =
2 3 4 5 2 8 5

=2 g it gl oo o 3t B 0 zde O = const
D 3 4 5 o 5

3)

Cajart «Heonpeaejgennas Mmeuray - 5 0ayuioB
/ ‘r2dr
1)
27341 2 . af
3 z e ra Jr - v
/xf:r:gd;rrz/;r::ﬁd;r:zq,_—{—(i‘: +C="—"—+C
Pemenne v : ’

/ rsine + Va2 + 1
i

dx

Pemenmne.

Pa3zgenuM modneHHO Ha T

2 1 2 1
/ rsine + Va® + dr = / (:-1-111:1: +za~l 4+ —) dr =
€T X
) 1
— / (:4111:1: +x7F 4+ —) dx
€T

CornacHo CBOMCTBaM HEOINpPEAEIEHHOr0 HHTETpajia, MHTErpajl OT CYMMBbI paBEH CyMMeE UHTe-
IpajoB OT KaXXJI0T0 U3 CllaracéMbIX:

rsine + v +1 du
/ SIhe + va© + dr = /:-;ill:r:d:r:—i—/;r: sdx +
€T I]I:

HOJ'Iy‘II/IJ'II/I CyMMYy TaOJIUYHBIX HUHTCErpajioB, KOTOPBIC B CBOIO OUCPC/Ab PABHLI

rsine + v +1 ﬂh
/ SIhe + v+ d;r:=f:-ain;r:d:r:—|—/;r: idx + =
€T B

g 3.

.Tl"
+Inr+C =—cosx +

l

I.-J

.:rl-

*’lf

= —cosT+ +Ine+C

;-'IL-Jl
]


http://www.webmath.ru/poleznoe/formules_9_2.php

rsine + vl +1 3. w2
/ 1+ Vet dr = —cosx + v +Inr+ O
OTBer. xr 2

O6yqaloumec;{ BBIIIOJIHAIOT 3a1aHHUA.
- BeI Tak YBJICUCHBI IIpEajiaraCMbIMU 6J'IIO,Z[aMI/I HaIen HHTeraﬂbHOﬁ KYXHH, YTO JAXKEC 3a0bLI1

0 “xye6e”! Ceituac Bam “’xJ1e6” OyJeT OYeHb KCTATH.

- [IpoBoguTcs cmena Gmroa. U ceifyac Ha BalMx CTONAX MOSIBATCS MPEKPACHBIC WHTETPAIbHBIE

nepBbie OJoa.
2. OdunmanThl pa3HOCIT MEepBHIE OJIFOA.
3ananue 2. HaiiTu onpenesieHHbIEe HHTErPaJIbl:

Bopix ¢ marerpaJjgom - 3 daimia

Dl @x—T)dx 2 137 + 1)dx; 3)f'(5x* — 8)dx;

Otpers: 1) (x° —7x) | § = —6; D(x*+x)|§ =25 3(x°—8x)| }= —7;

Cvi U3 KypHulbl (MHTErpajibHoe HCKYCCTBO) — 4 Oama

jdx

2x +1)°
1)f12 (3x? + 5)dx; 2)f12:s<‘2 + 7dx. 3) (&x +1)

Orserer: 1)(x* + 5x) | 2=12; 2)(x ' +7x)| 2= 6=

i dx _ 1
31 (2x +1)* 22x +1)

2 1 1 1 1 2 1
= - - - =——+—=—=—;
25

Oxkpomka - 5 6anios

| =

e
by

]

I(l + cos 2x)dx Hsinfﬂ:osi) dx
1) o 2) b 4 4
l)Pemienue
J(1+c052x)dx= x+lsin2x 12:1+151n_2_5_0:£+1;
f 2 'O 12 2 12 12 4



n

[+

2) Pemenne
3 . X X ’ 3 . X X ? . X
J sin — + cos — d.r=j 1+ Zsin ~cos — dx=J 1+sin— Hdx =
5 4 4 . 4 4 5 2

, | =

x \l3 2n 2n
= —2 — = — — —_— — =
(x cosz] [3 2C086} (0 - 2cos0) %_14.2:_254,1’

(OdunmanTel MPOBEPSIOT PabOTHI, BHICTABISIOT OAJIIBI B OIICHOYHBIH JIUCT)

3.0¢dunuanTel pa3HOCIT BTOPHIE OIFOAA.

bimaunku ¢ msacoMm «PaBHoBecue:
3ananue 3. Bpryucauth miomanab Gurypsl, OrpaHMYeHHOM JIUHUSIMH:

Baun4uky ¢ «<uHTerpagom»- 3 damia
l.y = x?, y=0,x=0,x=1. ®urypy He06X01UMO aKKypaTHO U300pa3UTh.

1
OTBeThI: E KB.el.,
-1 . durypy HE0OX0IUMO aKKypaTHO U300pa3UTh.

IlnoB «MuTerpaibHas panrasus» - 4 Oamia
y=x-2x+4;y=3;x=

1.
2
2—;
3 KB. €1
¥
A : p= xS —2ie s

OtBeT:
B)x —2x+4=3, x —2x+1=0, (x—1)"=0, x=1;

1
'S.iﬂf = 5_-1CDE_SEEB.E = I{.\'j - 31—4}1'1'1".— 2-3
-1

«MHTerpajnHbIii Ouduirekc»- 5 damia

y=x*—-4x;y =4 - x&

8
OtBer: 3 KB. en



a]:-:—4:-:+4 4 —x7;
2% —4x=0x-2x=0x=2:x=0:

~

S 4cBD = S.408D — S4omc = (4 - x* ) —
0

5

— [ —4x+4)dx —f{41 233 =
0

(OdunuanTel MPOBEPSIOT pabOTHI, BEICTABIISIOT OAJUTBI B OLICHOYHBIH JIUCT)

4) Hanutku: kokTeiliib « MHTErpam» (cM. NpUJI0KeHHE)
(Odunmantel  TPOBEPSIIOT PabOTHI, BBHICTABISIIOT OaUIbl B OICHOYHBIN JIUCT, CYMMHPYIOT

HaOpaHHBIC OAJIIBI, BEIBOJISAT CPEIHUN OaswT)

5) IloaBeaenue UTOroB.
B cooTBeTcTBHYM ¢ KOMYECTBOM HAOpAaHHBIX OAJIJIOB KX/l MOCETUTEINh Kade moaydnuT “O0HY-

Chl” B KYypHal.

HpnMepl
H %rlm_m 4.3 4 321}3\_4|m—4|31m+g9x d(x)=
IIpumep 2.

J-“ 4_vX2d'F(HYCTB x=2SiIT, TOrAa dFQC()M) =

bopmyiy

Bo3Bpammasce k ctapoi IepeMEeHHOM, UCII0JIb30BAJIA BBIPAKEHUE:!

o~ ] . | -]
—

— -
3ameuanue. B npuMepax | 1 2 WCHONIB30BAJIM TTOJCTAHOBKY BHIa: X = POy bopmymy.

[MoncranoBky * = (1) BBIOMPAIOT TakK, 4TOOBI MTpaBas yacTb GpopMyisl Mmpuodpena donee ynoo-
HBIN JITIS1 HHTETPUPOBAHUS BU/I.
IIpumep 3.

. i=x-1du=dx
| (x—1)e’dx

IIpumep 4.

dv=e*dv,v=[e’dx=¢" = (-l .i-*ex(h‘ =(¥—le’ e’ +C




- dx
|

y .x(.x—5)2

1 _4 Bx+C
x(x—5F (1—5)2
1= A(x? —10.1+25)+B.x +Cx
v|4+B=0

.x1|—10A+C=0

+’[254 =1
al g 1 ol2
25 25 5
|~ dx :ill l(x—lO)dx ill | S)fix e S
Y x(x—5y 257« xX— 5)2 257 x (—5)2 5 (1—5)2
a . ¢ 1 1
:141 p“l dla- $+1|d( ) M1— lM ) +C
255 25 (v-5) -5 2 Sx-5)
IIpumep 5.
na
J'sm xde=1(- cosxj| =Jcos Z-cosZ|=- l—ﬁ =&
ﬂ“ﬁ 3 6 2 2 2
nla
IIpumep 6.
i} o 3 ~ 713 w3
J« 'I4—x2c£r, x = Zain £, v —x” = 2cosk, dx = 2oos £, _4 Icoszr'di=2 I(1+c052r}'di=
] Dsinf=1=£= /6, 2sini=3=6=a13 g e
3 A3 WE r_r 1 2 T T
=2 I(1+c052£] df = 2[£| i?fﬁjl [[ +§[gm?—gm§]l =E

Bl

IIpumep 7. HaiiTu muomaas KpuBOJIMHENHON Tpaneluy, OrpaHUuYE€HHON TUHUSAMU: y=4X-

x%y=0; x=0; x=4.

AY

y=4x-x?2

al. O

fin )

,,,,,, e
y=0 —";1.'1' o
01 2 : 4
o <r
|} I
> >

0)u (4; 0).

Pemienne. Ctpoum rpadukn AaHHBIX JIMHHUI.
1) y=4x-x> — mapabona (Buma y=ax>+bx+c). 3ammiiem
JTAHHOE YpaBHEHHe B o0lieM Buje:y=-x>+4x. BeTBu a1oii
napaboJibl HAIIPaBJICHBI BHHU3, TaK KaK MEPBBIH KOAPHU-
nueHt a=-1<0.
Bepumna napaboinsl Haxonutes B Touke O'(m; n),
rae

b 4

=—s7—=2; N

M e =) =y(m)=4-2—22:4.
0O'(2; 4). Hynu ¢ynkuuu (TOUYKU nepeceveHus
rpaduka ¢ ocbto OX) HaliieM U3 ypaBHEHUS:
4x-x2=0.

BreiHocuM x 3a ckoOkwu, momydaeM: X(4-x)=0.
Orcrona, x=0 nim x=4. AOCIHUCCH TOYEK HalACHEI,
OpIMHATa paBHA HYIIO — HCKOMBIE TOUKH: (0

2) y=0 — 310 ock Ox; 3) x=0 — 310 0CBb OYy; 4) X=4 — npsimas, napayiensHas ocu Oy u
OTCTOSAIIAs OT Hee Ha 4 eIMHUYHBIX OTPE3Ka BIIPABO.
[Tnomane mOCTpoeHHOM KpuBOIUHEHON Tpanenuu HaxoauM 1o (¢. H-JI). V nHac f (x)=4x-

x%,a=0, b=4.



2 3 K] 2
s = [t =43 - =i - R l= 2 P s
Gd
=32-5 =32-21% = 104 (k. ea.)

Oreet: 5=1 I]% iKB. ea.]

8 Teopus sepoamnocmu u mamemamuueckas CmamucCmuKa
8.1 Bompock! K 3aHATHIO
1. Coueranus.

2. Pazmemienus.

3. [TepecTaHoBKH.

4. CiydaifHbie MTPOLIECCHI.

5. OTHOcHUTENbHAS YACTOTA COOBITHSI.

6. [ToacueT BepoOATHOCTH COOBITHS.

7. Huckpernas cinyyaitnas senuunna ([ICB). 3akon pacnpenenenus JJCB.

8. Uucnoseie xapakrtepuctuku JICB: maremarnueckoe OXHIaHHE, TUCTIEPCHS,
CpelHee KBapaTHieCKOe OTKJIOHEHHE.

8.2 Ilpu moaroTroBke K BOMpOCaM aKIEHTHPOBATh BHUMaHHWE HEOOXOIMMO Ha MPaBHIIb-
HOCTH BBIOOpa (OPMYIBI JIJIS PEUICHHUS JAHHOW 3ajadd, BaXXHOCTh MOPSAIKA B COCTABIICHHBIX
MOJIMHOXKECTBAX, HATMYKE UJIM OTCYTCTBHE MOBTOPEHUI 2JIEMEHTOB B KaXKJIOM M3 COCTaBIISIEMBIX
MOJMHO’KECTB; HAa OMPENENICHNUN JUCKPETHOM CIy4aiiHOW BETWYMHBI, U HA TO, YTO CyMMa BEpO-
STHOCTCH B TaOJIMIIE paclpeaelIieHus CIydaiiHON BeJIMYMHbBI paBHA 1.

IIpumep 1. 3ammcarek Bce pa3MmenieHus 0e3 MOBTOPSHHH 00BEMOM 2, KOTOPHIE MOYKHO
COCTaBHUTH U3 3JIEMEHTOB MHOKecTBa { 1,2,3 }.

2
Yucno Takux pazMernienuil onpeaensem mno gopmyne (4.1) A* =3-2=6.

Oto Oynyt cnepytouue pazmenienus  ( 1,2), (1,3), (2,1), (2,3), (3,1), (3,2).

IIpumep 2. 3anucate Bce NepecTaHOBKHU U3 3JIEMEHTOB MHOXecTBa { 1,2,3 }.

Yucno nepectaHoBOK onpenensieM kak ~ P*=3!1=2-3 = 6. Dto Oyayr cieayromue
MePEeCTaHOBKU
(1,2,3),(1,3,2),(2,1,3),(2,3,1),(3,1,2), (3,2,1).
IIpumep 3. CkoabKUMHU CIOCOOAMU MOKHO COCTaBUTH CIHCOK U3 25 CTY/IEHTOB.
Umcro Bcex crmoco0oB, OYEBHIHO, OTIPEIEISIECTCS YUCIOM BCEX MEPECTAHOBOK U3 25

Pa3HbIX IEMEHTOB U BhIUMCIsAeTcs kKak P 2* =25
IIpumep 4. CkonbkMMH cIOCOOaMHM MOKHO BbIOpaTh 5 HOMepoB U3 367
Yucno Takux croco0oB OyIeT paBHO YHUCTY HEYMOPSA0UYEHHBIX BEIOOPOK
0€e3 MOBTOpPEeHU 00BEMOM 5, KOTOPbIE MOKHO COCTaBUTh U3 36 3JIEMEHTOB, T.€. 3TO OyAyT
codeTaHusi Mo 5 37eMeHTOB. Yncio ux OyaeT paBHO
36-35-34.33

P e M
c¥= 1234 = 376992

IIpumep S Jlorepest cocrout u3 1000 6uneros, cpenu HuX 200 BeiMrpbiHbIX. Hayran BeiHuMa-
etcs onuH Ouer u3 1000. Yemy paBHaA BEpOSITHOCTD TOTO, YTO ATOT OMJIET BHIUTPHIIIHbIN?
Pewenue: paznuanbix ucxoaoB B 3ToM npumepe 1000 (n=1000). B untepecyroree Hac coObI-
tue A Bxoaat 200 ucxomoB (m=200). Takum 0O6pazom,
200
Ay=——=10,2
P = 000



IIpumep 6. B xopobOxke nexat 200 6enbix, 100 xpacupix u 50 3enenbix mapoB. Haynady BbIHE-
MaeTcsl OMH Iap. YeMy paBHbI BEPOATHOCTH MOJYYUTH IIap GEI0ro, KPacHOTO WM 3€JEHOIr0
nBera?

Pewenue: PaccMoTpum coObITHs: A={BBIHYIM Oeiblii 1map}, B={BbIHyJIM KpacHbIi mmIap},
C={BbIHYynH 3eneHbii map}. n=350, Toraa

Py - -2,
350 7
o 2
PE) - -2,
®) 35007
pioy=22 -1
350 7

Ipumep 7 K xakum kinaccam coObITHH (BO3MOKHOE, HEBO3MOKHOE, JIOCTOBEPHOE) OTHO-
CSITCSI: @) PACCTOSTHUE MEXKY JBYMsI IPOU3BOJIBHBIMU rOpOIaMy MeHbIIe, YeM S0 ThIcau KUJI0-
MeTpoB; 0) HayraJl BRIOpaHHOE CIIOBO PYCCKOTO SI3bIKa 3aKaHUYMBACTCS OyKBaMHU «H30»; B) Bacs
BBIMTpAeT B jorepee?

Pemenue.
[TepBoe u3 coOBITHIT TOCTOBEPHOE, a BTOPOE — HEBO3MOXKHOE. TpeThe COOBITHE MOXKET MTPOU30M-
TH, @ MOXET HE MPOU30MTH — OHO SBJISETCS BOSMOXKHBIM, HO HE JOCTOBEPHBIM.

IIpumep 8. Ykaxute coObITHS, MPOTUBOIOJIOKHBIE JAHHBIM: a) Ha KyOHKe BbInaso 1; 0)

Caerta noJsrydnsia Ha 3K3aMeHe «S5»; B) MOCIe HOUM HACTyHaeT yTpo?

Pewenue

a) Ha kyOuxke He Bbinano 1; 6) CBeTa He nosiyunsa Ha sK3aMeHe «5» (B ToM ciydae, eciau Ceera
claBaJia 9K3aMEeH, TO MOKHO YTBEPKIaTh, yTo CBeTa Moyydusia Kakyro-To IPYTYIO OIICHKY); B)
MOCJIe HOYM HE HACTYIAET yTPO. 3aMETUM, YTO COOBITHE, IPOTUBOIIOJIOKHOE COOBITHIO B) SIBIISI-
€TCsl HEBO3MOXKHBIM (BO BCSIKOM CITy4yae, B HaIlIEH OOBIICHHOM KU3HN).

IIpumep 9. CoBMecTHBI 11 COOBITHUS: @) HAa IEPBOM KyOuKe BbInaio 1, a Ha BTopoM — 2; 6) FOpa
nomén B IIKOJTY, a 3aBTpa OyeT 10b; B) IBaHOB B HacTosIee BpeMs ABISETCS MPE3UIEHTOM
cTpassl, ¥ [1eTpoB sBIsSETCA NPE3UIEHTOM TOU K€ CTPAHBI.
Pemenue.
[Tapa coObITHIT U3 TpUMEpPa a) COBMECTHA, TaK KaK MOXKET MPOU30UTH OJHOBPEMEHHO. TOYHO TaK
K€ COBMECTHA U mapa coobiTuii 0). [lapa coObpITHIi B) HECOBMECTHA, TaK KaK HE MOXET MPOU30M-
TH OJTHOBPEMEHHO.
Hpumep 10. [TakeTs akumii kommanuit A, B u C MoryT 1ath J0X0J BIaJEIbIly C BEPOSTHOCTHIO
0,7, 0,8, 0,6 coorBeTcTBeHHO. HaliTh BEPOSITHOCTH TOTO, YTO BJIAAENEI] NAKETOB aKI[Ui Pa3JIny-
HBIX (PUPM MOIYYUT JOXOJ &) TOJIBKO MO OJHOMY IMAaKeTy aKkIuii; 6) XOTs ObI M0 OJTHOMY MaKETy
aKINH.
a) [lyctb coObITHE A COCTOUT B TOM, YTOOBI OJYYUTH 10XO TOJIBKO MO OAHOMY
nakeTy akiuii. PaccMoTpum Takue coObITHS:
Al - ToTyYuTh NPUOBLIL OT aKUUK IPEeanpUiTus A,
A2 - monmy4uTh TPUOBLTE OT aKIUK TIpeanpusTs B,
A3 - momyyuTh NpuOBLIL OT akuuit npeanpusarus C.
CoOTBETCTBYIOIINE BEPOSITHOCTU COOBITUI PABHBI:

plaa)=07, plas)=03. pla;)=0,6.

p(a)=plar) p(as) ol )+ p(&) p(8s) p(83)+ b8 ) pA2) plas) -

=0,7-0,2.04+0,3.0,8-04+0,3-0,2-0,6=0,188.
0) Paccmotpum coOpiTue B, cocrosiiiee B TOM, UTO Biajieiell He MoJyduT npuOsutu. Tora,

IMpUuHUMas 0003HaYeHHs OpeAbIAYLICTO ITYHKTA, IOJTYYUM:
p(B)=p(E) p(&E;) p(&:)=0,30,2.04= 0024

Cob6witre B, mpotuBononoxuoe cobsTrio B, COCTOUT B TOM, YTOOBI TIOIYYHTH MIPUOBLTH XOTS



ObI 10 0OIHOMY TIakeTy akiuil. CiieqoBaTeabHo,
p(B)=1-p(B)=0,976 .

IIpumep 11. Ha 3aBoze, U3rotosisionieM OONTHI, epBasi MallMHA MPOU3BOIUT 25%, BTOpas -
35%, tpetbs - 40% Bcex uznenuil. B ux nmpoaykiuu Opak COCTaBIIsI€T COOTBETCTBEHHO 5, 4 u
2%. a) KakoBa BEepOsSTHOCTb TOTO, YTO CIIy4ailHO BBIOpaHHBIN O0NT JedeKTHBIN?

0) CrryuaiiHO BBIOpAHHBIN U3 MPOAYKIIUU O0NT oKazaincs nedekTHpiM. KakoBa BEpOSTHOCTH TOTO,
YTO OH OBLI IPOU3BEJICH NIEPBOM, BTOPOM, TPEThEH MAITMHON?

Pemenue. [Tycth coObiTue A = {BbIOparh ne(eKTHEIH 00T} .

BriaiBuraeM Tpu runortesbl:

H, ={00JIT U3rOTOBJICH MEPBOI MAIITMHOM }, P(H; :3':0,25 ,F (A/H 1::':0,05;

H2:{6OJ'IT usrotosien sropoii mammnoit}, £(Hz21=0,35, P(A/H2)=0,04;

H3={60J1T W3TOTOBJICH TPEThEH MaITUHOM }, F |:HE:]=0,4, P(A/ HE:J:O,OZ.
a) P(A)=0,25-0,06+0,35.0,04 +0,4-0,02 = 0,0345;
0,26 -0,06 925
5 DA = 207m35— = 69
0,35.0,04 28

PH/A) = =55a35 ~ &9’
0,4-0,02 16
P(Hs/A) = 0,0345 ~ 60

IIpumep 12. /luckperHas cinydaiiHas BenuunHa X 3ajjaHa TaOlIuIel pacipeIeeHus:
X 2 3 5 6
P 0,5 0,2 0,2 0,1
Haiitu M(X), D(X), 6(X).
Pemenue. Hafinem matematnueckoe oxkunanne: M(X)=2110,5+310,2+5010,2+610,1=3,2.
JIMCIIEPCHIO BBIYUCIUM 110 (popMyIIe DX) = M{X7") = 1 (X) )
M{X*H=2".05+3".02+5.0,2+6"-01=124

D(X=12,4-(3,2)" =2,16.
(X)) = /216 =147

IIpumep 13. IlycTs ciyuaiinas BeNMUMHA UMEET CIEIYIOIINNA 3aKOH paclpeaeIeHus

e[1]o0]2
P | 1/4 | 1/4] 12

Brerancnuts mMatematuueckoe oxumanue ME, aucnepcuto DE u cpenHekBaapaTHUECKOe
OTKJIOHEHHE G.

Pemenue. [1o onpeaenennio MmaTeMaTHYecKOe OKUIaHuE & paBHO

Hanee, a IIOTOMY

CpenHekBaapaTuiecKoe OTKIOHEHUE GW/T%F:\H B

Hpumep 14. JIs napsl cirydaiiHbIX BEIMUMH U3 3a1a4u 3 Berancants M .
Pewenue. Tlonszyemcs GpopMyioi, ykazaHHOU BbIIIEe. A UMEHHO, B KaXXI0W KJIETKE TaOIu-

bl BBINIOJHAEM YKa3aHHYIO ONEPaluIO (T.e. yMHOXKECHUE 3HAaYeHUN X; U Yi ) U pe3yNbTaT yMHO-



’KaeM Ha BEpPOSATHOCTH B KJIETKE, M BCE 3TO CYMMHUPYEM IO BCeM KJIeTKaM Tabnuuel. B urore mo-
Jy4aeM:

.= - - _ =" - — _ = " _— =
B S

IIpumep 15. Haiitn nHTErpanbHyr0 GyHKIIUIO pacnpeneIeHus CIIydailHOW BeIWYUHbI X, 3aaH-
HOU PSAIOM paclpeneeHus:
X 1 2 \ 3

P 0,3 0,2 ] 0,5

U TIOCTPOUTH €€ rpaduK.

Pemenue. [Iycts x < 1, Torna F(x) = 0, Tak kak coObiTre X < x OyzeT HeBO3MOXKHBIM. Ec-
mu 1 <x< 2, To Ha ocHOBaHUU paBeHCTBa umeeM F(x) =p1 = 0,3. Eciu 2 <x < 3, 10 F(x) =
p1+p2=0,5.

Ecmux >3, 10 F(x) =p1 +p2+p3=1.

OKoOHYATeIHHO MOJTyYaeM

0, ecrer x 21, Ftxy
0.3, ecrmel = x = 2, 1r :{—
F(x) = .
05, ecrmid < x 2 3, :
l, ecrmtx =3 :
05F e

I'padux ¢ynkumu F(x) n3o0paxkeH Ha
puc.

| I S ——
P
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BBEJEHUE

JlanHOoe  y4eOHO-METOAMYecCKOoe  IOocoO0Me  NpefHa3HaYeHO Ui BBINOJIHEHHS
CaMOCTOATCIIbHBIX pa60T 110 AUCHUIIIIMHC «MaTteMaTHKa 41 CTYACHTOB CIICIHUAJIBHOCTH
«3eMeNbHO-MMYIIIECTBEHHBIE OTHOMICHH» O4HOW (GopmMbl oO0ydeHus. [locobue cooTBeTcTBYET
TpeboBaHUsAM (peepanbHOro rocyaapcTBeHHOT0 oOpasoBarenbHoro crangapra CIIO u paboueit
HPOTPaMMBI 110 JUCIUIUIHHE.

Tak kak caMmocrosiTenbHas paboTa SBISIETCS 00A3aTENbHBIM YCIOBHUEM OpraHU3AIUH
y4eOHOrO Tmporecca, TO JaHHOE II0COOME MPHU3BAHO CIIOCOOCTBOBATh IPHUOOPETEHHIO
CTyACHTaMU HCO6XOI[I/IMBIX YMCHI/Iﬁ W HaBbBIKOB IIPU BBIIOJHCHHUU HWHAWBUAYAJIbHBIX pa60T,
Pa3BUTHIO  JIOTHYECKOTO  MBIIUICHHUS, YMEHHIO NPUMEHATh IIOMy4YCHHBIE 3HAHUS B
npodeCcCHOHATBLHOMN 1eATEIHOCTH.

VY4ueOHO-MeToMuecKoe MOCOONe COMACPXKUT 3aJaHHs Ul CaMOCTOSITENBHBIX paboT u
NOIpOOHBIE METOIMYECKHE YKA3aHUs M0 UX BBIMOJHEHHUIO C pPa300paHHBIMU ITpuMepamMu. Taxoke
B IIOCOOMU MPHUCYTCTBYIOT TAOIHIBI M (POPMYIIBI, KOTOPBIE IIOMOTYT CTYIEHTY PELIUTh 3a1aHHS.

B mponecce M3YyUCHUsA I[aHHOﬁ JUCHUIUIMHBL CTYACHT JOJDKCH BBIIIOJHUTL BCC
npejanaraeMsle 3ananus. Homep BapuaHTa B KaXIOM M3 HUX JaeTCs JIMYHO INPENoaBaTeieM U
COOTBETCTBYET HOMEPY CTYy/JCHTa B y4eOHOM JKypHaJe.

Bpewmsi, BEIOpaHHOE Ha CaMOCTOSITEIbHYIO pabOTy 1O AaHHOW(BIM) TeMe(aM) 0OOCHOBAHO:
CIIOKHOCTBIO MaTepuaa, O0JbIIMM 00bEMOM BBIYMCIUTENBHBIX ACHCTBUN H IPE0Opa30BaHHIA.



SAJAHUA U1 CAMOCTOSATEJIBHBIX PABOT

3apanme 1
BrinosninuTe AEMCTBUS ¢ MAaTpULIAMH.

2 1 3 2 —1 2
1) nokaxure, uto A - B# B- A4, rne 8 7 6, B3 -5 4|
34 2, 21
3 5 -6
2)Haiimure 4 -4, ecn A4 2 4 3 |
31 1
2 8
3) naitaure B! - B,ecrn B4 —3 —1 O |;
4 5 3
1 7 3
4) paiinure A%, ecrm A= —4 9 4|,
O 32
6 52
5) Haiigure B, ecrm B=| 1 9 5];
4 5 2
2 3 4O 331
6) nokaxwute, uTo A - B# B- A, tne 3 -1 <4 B=0 6 2
1 2 2, 192

2 1 —1
7) naitnure A7 -4, ecru A2 —1 1 |,
1 O 1
3 6 O
8) maitmure B - B! ecru B2 4 —O6
1 3

6 1 11
9) naitmure 4°, ecrm A=|9 2 5
0o 3 7



3 01
10) naiinure B’, ecmu B=0 2 7}

1 3 2
3 12 O -1 2
11) noxaxwure, ut0 4 - B# B- A,rne A=|—1 O 2| B=2 1 1|
1 21 3 7
23 2
12) naitnure 4 - A, ecm A=| 1 3 —1}|;
1 3
32 —1
13) maiigure B! - B,ecru B=|3 1 2 |,
53
6 7 3
14) naitnure 4%, ecrm A=3 1 O,
2 21
2 0 5
15) naitnure B, ecrn B4 —1 2|,
4 3 7
3 -1 0 —1 O 2
16) nokaxure, uto 4 - B# B- A,tne A=3 5 1|, B 1 8 5]
4 —7 5 3 0 2
2 1 3
17) naitnure A7 - A, ecnn 8 7 6,
3 a4 2,
2 —1 2
18) Haiimure B - B!, ecru B3 —5 4 |,
1 2 1
3 5 -6

19) maiigute A%, ecru A= 2 4 3 |
31 1



2
20) naiiogure B’ ecnu —3
4

21) nokaxure, uto A - B# B- A,tne A= —4 9 4| B=
22) naitoure 4 - A”', ecrm A4 3

3
23) naiigure B! - B, ecmu B=| 0
1

24) naitnure 4°, ecrm A=

25) naiinure B, ecnu B=

3aganue 2

Pemmre cuctemy TMHEMHBIX YpaBHEHUN TpeMsl CIIOCOOaMHU:

a) no ¢popmynam Kpamepa;

0) ¢ TOMOIIIbIO OOPAaTHOM MaTPUIIBL;

B) MetozoM ["aycca.

[2x—y+z=3
1) 3 3X+2)7+QZ:4’
xX—y+d==2

(2x—|—3y—2z=0
4) x+2y+z=1 ;
Bc+dy+2z=1

S8
—1 O |
5 3
1 7 3 6 5 2
1 95|
O 32 4 5 2
2 3 4O
— 4.
—1 2 2,
31
6 2|
9 2
2 1 —1
2 —1 1
1 O 1
3 6 O
2 4 —6|
1 2 3
[3x+2y—3z=1 (2x4+3y+z=23
2) 2x-+3y—z=1, 3) x—2y+3%=1 .
X 3y—22—=2 Sx—y—z=—/
(x+2y+3z=1 (3xc+2y+2z=3
5) 2x—y+2z=6, 6) 12x—y+z=l1
x+y+5z=—1 [+3y+32=5




Ix+dy+z=1
7) 2x—y—=z=2
XH2y+2z=-+4

b

(x+y+z=6
10) yx—y+z=2
Bx+2y+z=1(

(—2y+4z=1 1
13) \2xty—6&e=2 ;
(SHOYy+22—=—1
[2x+dy+z=4
16) 3x+6y+2z=4
Ae—2y—3=1

(x+3y+2z=4
19) 12x+6y+z=2;
(Ax+8y—z=2

(2x4+3y—z=2
22) yx—y+3z=-+4,
Bx+5y+z=4

(x+5y—z=-1
25) 2x+y—2z=7.
x—4y+z=0

3ananue 3

(2x—2y—3z=3
8) yx+y+22=1 .
2x—y—z=2

(x—y+z=4
11) x+2y+22=2 ;
(Axc+3y—5z=0

(24 3y+4z=1

14) x—6y—2z=1 ;

[e—3By+&—1
2x+y+3z=3
17) 14c+2y+5z=5;
Ic+dy+7z=2

(2x—3y—5z=1
20) Ix+y—3x=-H4,
Xx—2y+z=5

[Ac+3y—2z=1
23) 3x+ty+z=3
—2y—%=8

(x—2y+3z=1
9) 2x+y—z=7 ;
xXx—Sy+22=2

(x+6y+z=5

12) 13x—4y—2z=8;

(Sx+2y+32=3

A 2y+2z=1 "~

15) 123y+3Xx=1+<

Ax+Hy—6z=9

(3xc-+4y+2z=8
18) x+5y+22=5
2x+3y+4z=3

36—3y+z =2
21) 2x+y+3z=3
(2x—y—2z=8

9

I—2y+2z=3
24) (2x+y—z=35
Sx—y+3z=4

b

CocrtaBbTe MHOXECTBA A U B 13 4Kcen, COOTBETCTBYIOIUX BallleMy [TOJTHOMY UMEHH U (haMUIIuu
(0e3 moBTOpeHwmit). [l 3TOro 3anuimTe Bech aln(aBUT U PSJIOM € Kaxk10i OyKBOM MOANUIINTE
ee HoMmep. BrinoiHuTe creayrommuye onepanuy ¢ NoJyYUBIIUMHICS MHOKECTBAMHU:

a) AUB;
0) AN B,
B) A\ B;
r) B\ 4;

1) AX B u pe3ynbTar H300pa3suTe Ha YKCIOBOM IIOCKOCTH.

3amanmue 4

Bremoaaute }ICI)’ICTBPlﬂ C KOMIIJICKCHBIMU YHCJIAMHU.



1 T 5 2 5

) — F—1 ) 25 443

A 1+ 1— 2F 1+

) 1— 1+’ 1+ 23

; —A3F 2 . o 4— 1+

) 3347 =T ) 1+t 2

10) 4= —— -
A3 S5+ ) i —=4F
1+—=3 2>+ A+z 1+

13) . . 14) ——. ;
37 1= 1= 23

16) 542 3<%k 7 443 5<%
> 5 43 34 45

19 2—F 1—|—2'. 0 A= 3
= 23’ ) 3+ 2+
2+ 3 5<% 43

22) L 23) —(—— t+——;
32X 2+ 4+3F 5S5+<k
13 2+

25) ——
37 1+

3ananmue 5.

Haiigute npenenst QyHKINHT.

D a li X —I—.x—2; 6) 1i X —3x+2;

22 e+ 3+ X2
i simdx i x43Y
m——; 1
Yo 4x” Vs x+1
3IC+5c& . S8

)3—4' a4+5°

31 i3
_l*;
3+ —F1

6)

2+ 33
' 35 o

12 34
2+ 13

12)

1+3 4!'—|—1‘
i—2 I+

15)




3)

4)

5)

6)

7)

8)

9)

O Mg
2>+ s
n 11
2SS

0) limas——

) 1i 2243
Vi oe—a

A2 O

W Lirgs T
e —=x=2 ¢

. 342X
B lima———;

D58’

DD >

B) 11 % ;
— S22

A2
2

B) 11



> 93in 3

DE S22

14 11 ;
) @) 3 %+5c—+6

. X S

B) E@%;

. 2

) lima———

AT

. X-HA
oo XSt

) 1i 59—23—5«.
PG o

. 2 45¢ 2

B) E@m;

. X2+
B) lima———;

e S A



D A=,
e 2 o

o 1i AC—Fect2
XU HSC

o 1i 3IF—Sct4

e A

B) lima———

s T



. sirx
F) 11H1—4,
0 x

28

23) a) 1i
) A

. sin3x
r) hm——;
x—0)

X

2 o 1i 3221
e 3

3amanmne 6

. Xt
B) lima,——

DS 1S5

. 32
5) lima———;

O Sy

» 1i SC-—3+HC
J&g DS

Haiigure 3Hauenus npou3BoAHbIX V', ", y""' yka3aHHON (YHKIMH B TOUKE Xo.

X
1) y=—3

,Xo=1;
x +1

3) ¥ = ln(]+x2), xo= -1;

5) yzx-exz,)w:-l;

1
7 y: - .
) \/;c+l’x0 0;

(1
9) yZS"E_], xo=1;
X

1
11) Fﬁ_l x0=10;

2) _y‘;v-szei—l—lj x0 =0;

4) y= x/x, x0=1;

6) )/:arc.@%a, x0=0;

Jx—1

8) y=
X

,x0=1;

10) Y= .S Zr2dex, x0=0,5;

/ 1
12) y=3|x+— ,x0=1;
X



13) y=e* *,x0=0; 14) Y = 18X xp=1;
X +5
15) Y =CI8X x)=0; 16) y= L xo=1;
17) y:e‘3x2,xo=0; 18) y:lrexz—éﬁ,x():l;
N A
19) _)gc-cég—l—l xo=-1; 20) y:grcé%, x0=0;
X 1
21) Y= ,xo=1; 22) Y=COS— | xo=1;
x+1 X

23) y:x2 -, xo=-1; 24) y=\3/x—l—C0:, x0=0,5;

1
25) Y——F—— ., x0=0.
(R PR

3aganue 7
Hccnenyiite nanayio QyHKIHIO U TOCTPONTE ee rpaduk.

1)y=3x"-15x+36
2)y=x>-9x% + 24x
3)y=x-3x"-9x +4
4y=2x"-4x"+3

5 y=6x"-3x*+1
6)y=2x"-3x*+7
Dy=x-3x-9x+2
8)y=3x"-6x+1
9)y=x’-9x" +24x - 16
10)y=3x*-8x" + 1
1)y=x-12
12)y=x*-2x*-3
13)y =x° + 37

14)y =2x" - x*
15)y=x>-3x* - 9x
16)y=x*-4x"+3
17) y = - + 6x?

18) y=x"-3x

19) y = -x* + 2x?
20)y =x° - 6x% + 5x
21) y=x"- 12x% + 36
22)y=2x"-3x*+ 15
23)y=6x2-3x*+5



24)y =3x*-8x° -2
25)y=x"-3x+4

3aganue 8
Haiinure niomans Gurypsl, orpaHUuEeHHON YKa3aHHBIMU JIMHUAMH. Crenaiite yepTex.

Dy=x-1,y=x>-4x+3
D)y=x-3,y=x’+4x-3
3y=1-xy=3-2x-x°
Hy=x,y=2+2x-x°
S)y=x*-x+1,y=x+1
6)y=2-2x*y=x+1
Ny=x’+3x+1,y=-2x-3
8)y=—3x2+21x—11,y=3x+4
9 y=2x-3,y=-x>+3x-1
10)y=3+2x—x2,y=x+1

1
1)y =2x-10,y = 3 -5

12)y=x*+4x+3,y=x+3
13)y=x2—2x—1,y=x—1
14)y=x’,y=x+2
15)y=x*-2x+3,y=3x-1
16)y=x*-2x,y=x+1
17)y=9-x%y=0
18) y=4x-x%,y=0
19 y=x*-2x+3,y=
20)y=x’+2x+3,y=
21 y=x%-4x,y=0
22)y=x>-3,0X,x=-1,
23)y=—x2+9,OX, x=0,x
24)y=x*+1,0X,x=1,x=
25)y=x2,OX,x=—1,x=1

1
2

4

3ananne 9

3ajaH 3aKOH paclpenieieHuss ciydaiiHoil BenuuuHbl X (B MEpBOM CTpOKE TaOMUIBI J1aHBI
BO3MOXXKHbIE€ 3HAYEHMsI BENMYMHBI X, a BO BTOPOH CTPOKE yKa3aHbl BEPOSITHOCTU p 3TUX
BO3MOKHBIX 3HaueHUH). [TocTpoiiTe MHOTOYTrOMBbHUK pacnpeaeeHus U HalauTe:

a) MmaremaTuieckoe oxunganue M(X);

0) nucnepcuto D(X);

B) CpelHee KBaJApaTUIeCKOe OTKIOHEHUE T,

r) GyHKIHMIO pactipeneneHus F(x) u mocrpoite ee rpaux.

D

23 25 28 29

2)



18 22 23 26

0,3 0,1 0,2 0.4
3)

12 14 16 20

0,5 0,1 0,2 0,2
4)

78 80 84 85

0,3 0,1 0,2 0,4
5)

25 27 30 32

0,4 0,2 0,1 0,3
6)

35 39 42 46

0,3 0,4 0,2 0,1
7)

31 34 37 40

0,5 0,1 03 0.1
8)

37 41 43 45

0,5 0,2 0,1 0,2
9

24 26 28 30

0,2 0,1 0,3 0,4
10)

45 47 50 52

0,4 0,1 0,3 0,2
11)

28 32 34 36

0,2 0,5 0,2 0,1
12)

25 28 30 33

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




13)

21 25 28 31

0,4 0,3 0,1 0,2
14)

46 49 51 55

0,1 0,2 0,3 0,4
15)

17 20 23 27

0,3 0,2 0,1 0,4
16)

16 21 25 27

0,3 0,1 0,2 0,4
17)

30 32 35 40

0,5 0,2 0,1 0,2
18)

60 64 67 70

0,3 0,4 0.1 0.2
19)

56 58 60 64

04 0,2 0,3 0,1
20)

12 16 19 21

0,1 0,5 0,1 0,3
21)

42 45 48 52

0,4 0,1 0,2 0,3
22)

53 55 58 61

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

23)




X 13 15 18 19
% 0,2 0,2 0,1 0,5
24)
X 34 36 40 42
p 0,3 0,1 0,2 0.4
25)
X 65 68 72 74
p 0,1 0,2 0,4 0,3
METOJIUYECKHUE YKA3AHUS IO BBITTIOJTHEHUIO 3AJTAHUM JUISI
CAMOCTOATEJADBHBIX PABOT
3ananue 1

BrinmonnuTe neiicTBus C MaTpulamu.

a) JoKaxurte, uto A - B# B - A4, rae

2 5 7 1 3 4
A=l6 3 4 B={2 0 3
5 -2 -3 -2 1 -3

Pewenue
YMHOKHUB 110 OYeper CTPOKH MAaTPUIbl 4 Ha CTOJIOIBI B, MOTYYHM:



25 1 3 <F
3 41 203
S= —=1

2:1+45-2+47-(=2) 2:345:0+7-1 2-4+5-3+7-(=3)
6-1+3-2+4-(=2) 6-3+3-0+4-1 6-4+3-3+4-(=3)
5:-14+(-2)-2+(-3)-(-2) 5-3+(=2)-0+(-3)-1 5-4+(-2)-3+(-3)-(-3)
—=
== _-='=.1 >
(e 1 =D\ 7 1 =
AHaJIOTUYHO HAaXOJUM Ipou3BeeHue B - A:
1 3 4\/2 5 7
B-A=|2 o0 3||le 3 4 |=
-2 1 -3/ \s —2 -3
1-24+3-6+4-5 1-5+3-3+4-(-2) 1-7+3-4+4-(-3)
2:240-643-5 2:-54+0-3+3-(-2) 2-7+0-4+3-(-3)

(-2)-2+1-6+(-3)-5 (-2)-5+1-3+(-3)-(-2) (-2)-74+1-4+(-3)-(-3)

24+ 18+ 20 54+9-8 74+ 12— 12 40 6 7
4415 10 — 6 144 (—9) |=1| 19 4 5 |
—4+6—-15 —-104+3+6 —-14+449 —-13 -1 -1
Takum oOpazom, momydaem, uto A -B# B - 4;

6) Haiiaute 4 - A, ecnm

2 5 7
A=(6 3 4)
5 -2 -3

Pewenue
Yro6sl HaiiTh 4 - 4™, HyXHO cHaYana HOMy4uTh MaTpuIly A — 06paTHYIO 11 MATPHIIL! A.
Haxoaum onpenenutens MaTpulibl 4 1O MPaBUITY TPEYTOJIbHUKOB:

2 5 7
A=16 3 4|=-18-84+100-105+16+90=-207+206=—1%0_ 3yaupur,
5 -2 -3

AaHHast MaTpulla HCBBIPOKACHHAA.
Berancianm anre6panqe01<1/1e JAOIOJIHCHHA 3JICMEHTOB MaTPUIbI A:



3 4 2
All = {_1)1+1 9 _3 =-04+8= —1, Azz = £_1)2+2 5 _3 = _41’
Azz = (—1)**3 § ° | =29,
Ay = (-1 ° | = 38, —
5 -3
5 7
122l6 3 Ay = (_UBH 3 4 = -1,
2 7
: Ay, = (—1)3*2 e 4l =34
Ay = (—1)*" ’ | =1,
-2 -3 ’ .
2
Az = (—1)**° 6 3l = —24

CocTaBrM BCTIOMOTaTEIbHYIO MaTpHIly B*:

Ay Ay Aga -1 38 27
B"=|Ay; Ay Ay B"=| 1 —41 29 |
31 Azz Az -1 34 24
T =
CoCTaBUM TPAaHCIOHMPOBaHHYIO MaTpuiy B~ | 3amenuB B matpurie B crpoku cronbuamu:

. —1 1 —1
B =| 38 —41 34
=27 29 24
1
CocrtaBuM o6patryio Matpuiy A™' mo gpopmymne «A~ :ZBT :

-1 1 -1 1 -1 1
Al=(-1)( 38 —-41 34| = Aa'=|-38 41 -—-34]

=27 29 24 27 —-29 24

Brruucnum npousBeneHue A A

2 5 7 1 -1 1
A-At'=|6 3 4 ||l-38 41 —34]|=
5 —2 —3/\27 _20 24
2.1+5-(—38)+7-27 2-(—1)+5-41+7-(—29) 2.145.(=34) 4724

6-1+3-(—38)+4-27 6-(—1)+3-41+4-(-29) 6-14+3-(—34+4-24)
5-14+(—2)(—38)+(—3)27 5-(—1)+(—2)41+ (—3)(—29) 5-1+(-2)(—34)+(-3)24

1 0 0
=|0 1 0|=E
0 0 1 .



IIpu Beraucnennu A - A, T.e obparHas matpuna A™' ymMHOXkaeTcs cieBa OT NPAMOI MaTPUIIBI
A, B pe3ynbTaTe TakKe MOJy4yaeTrcs eQUHH4YHas maTpuua E. DTO sBiseTcs MPOBEPKOH Npu
BLINOJIHEHUH JlelicTBuit Han MaTpunamu Buga A - A u A7 - A4;

B) HaauTe B’ ecim

1 3 4
B={2 0 3
-2 1 -3
Pewenue

Tak kak jgeiictBue B’ MOXHO MPEACTaBUTh KakK B> = BBB = BZ-B, TO BBIIIOJHUM CHadajiaa
neiicTBre B°. YMHOXKHB 110 odepea CTPOKH MAaTPHUIIbl B Ha CTOIOMBI B, MOTydnM:

1 = 1 =
22 3] 2O
—==1 ——=1

AHaJIOTHYHO BBIIOIHUM YMHOKCHUEC MATPHUILIbI BZ Ha MaTpuny B:

—2 "7 1Y 1 =
<> 2
S <411

3aganue 2



Pemnre cucteMy TMHEHHBIX YPAaBHEHHUI TpeMs CIIOCOOAMM:
a) o ¢popmynam Kpamepa;

0) ¢ MOMOIIBbIO 0OPATHOM MATPHUIIBL;

B) MeTojioM ["aycca.

x+2y—3z=0
2x-y+4z=5
Ix+y-z=2

a) o popmynam Kpamepa.

Pewenue
CocTaBUM YeTHIPE OMPEACTUTEIS:

1 2 —
A=2 —1 4| rnapusiit, cocraBien u3 K03 GHUIMEHTOB TP HEM3BECTHBIX.
3 1 —
0 2 =3
Aj=1|5 —1 4 |- cocraien U3 r1aBHOTO, 3aMeHOI CTONONA KOI(HUIIMEHTOB P X Ha
2 1 -1
cTon6er CBOGOIHEIX UIEHOB, AHATOTHYHO!
1 0 -3 1 2 0
=12 5 4l A=[2 -1 5
3 2 -1 3 1 2

BeruucnsieM cocTaBiaeHHBIE ONTPEACTUTETH TI0 MPABUITY TPEYTOJILHUKOB:

1 2 -3
A=|2 -1 4|=1-6+24—-9—4+4=10%0
3 1 -1
0 2 -3
A=|5 -1 4|=0-15+16—-6—-0+10=5
2 1 -1
1 0 -3
A,=|2 5 4|=-5-1240+15—8—0=20
3 2 -1
1 2 0
A;=|2 -1 5/=—2+0+30-0-5-8=15
3 1 2

Haxoaum pemenue no ¢popmynam Kpamepa:



A, A, A,
X=—" === Z=—

A ’ A A

5 1 20 15

10 2 Y10 “T10
Ilposepxa:

-

§+2-2—3-1,5=D "H"

1
42-5—2+4-1,5=5 "H"

1
k3-§+2—1,5=2 "H"

x=0,5
Oteer: 1Y =2
z=15

0) ¢ TOMOIIBbIO0 0OOPAaTHOM MATPHUIIHI.

Pewenue
CocTaBuM Tpu MaTpULbL:

1 2 3
A=2 —1 4 | u3 xo>dp)uUIMEHTOB IPU HEU3BECTHBIX.
31 —1

X
X =]y |- cronbuosas u3 HEM3BECTHBIX.
Z

0

5|-us CBOOOHBIX YJIEHOB.

2

H

CI/ICTeMy MOXHO 3allucarb B BHJC!: A ' X = H, rac Mmarpuna X HaxoguTCia 1O ¢)opMyne

-1 o
X=A""H Taxum 00pazoM, HyKHO Haiiti MaTpuiy A, 06paTHyO 115 MaTPHIIE! A.
Haxoaum onpenenurens MaTpulisl 4:

1 2
— =1 €&I— 4 nepbipokacHHA.
3 1



CocraBuM anredpanveckue JONOTHEHUS YIEMEHTOB MAaTPUIIBI A

Aj/

=, __51 2:

4&#1 A= f; I|=s.
_—y _al2 -3

€S =02 F=s

—1 1 -3
A = (—-1* 3 L 1=5 Ay = (—1)° s 41~ 10
2 =3 1 2
Ay = (-1)° 1 1177k Agz = (—1)° 5 _q11=75
1 -3
Ayy = (_1)4 3 _1 =8,

CocraBuUM MaTpuny B u3 MOJIYYCHHBIX anre6pa1/1quKI/IX JOTIOJIHCHUM

"3 14 5
1 8 5
5 10-5,

CocTaBMM TPaHCIIOHMPOBAHHYIO MaTpHIly B’, 3aMEHHB CTPOKH CTOJIOIAMH:

31 5O
=148 1C
5 5 -5,

_ _ 1
OOpartHyt0 MaTpuUILly A7 cocrasum o dbopmyie A7 = A B T, TakuM 00pazoM:

31 5O
A‘:ll 148 A
5 5 5

Haiinem marpuny X no ¢popmyie X=A"-H




x=0,5

OtBer: 1Y =2 ;
z=15

B) MeTojioM ["aycca.

Pewenue
Pacmipennas Matpuiia CHCTEMbI HIMEET BU:

1 2 30
2 -1 4 5
31 —1 2

Hcnonb3ys aeMeHTapHble peodpa3oBanus, MpeodpazyeM pacuIupEeHHYI0 MAaTPHILY CUCTEMBI.
1-1i wae. Tak xak aj; # 0, TO yMHOXasi MEPBYIO CTPOKY MaTpuilbl Ha uucia (-2) u (-3) wu
pUOAaBIIsAs MOJYYCHHBIC CTPOKH COOTBETCTBEHHO KO BTOPOW M TPEThEW CTPOKAM, MCKIIFOUUM
MEPEMEHHYIO X U3 BCEX CTPOK, HAYMHASI CO BTOPOU:

1 2 30 1 2 30
2 -1 4 5|~-]0 -5 10 5]
31 —1 2 0O -5 8 2

2-1i wae. Tak xak tenepp az = -5 # 0, To yMHOXas BTOpPYyI0 CTpoKy Ha (-1) m mpubainss
MOJTyYEHHYIO CTPOKY K TPEThel, HCKIIIOYMM U3 Hee EPEMEHHYIO V:

1 2 30 1 2 3 0
O -5 105(-]10 5 10 5 |
O -5 8 2 O o0 2-3

3-1i wae. [TonyuuM claeayONUIyI0 CUCTEMY YPaBHEHUMN:

x+2y—3z=0
—Sy+1Q@=5 .
D=3

4-ii wae. Vicnonw3yss oOpaTtHbli xon Merona laycca, HaiiieM M3 TpeThero ypaBHEHUS

SIS 1-€5_

-3
Z:_2:]’55 U3 BTOpOro == W W3 [EpBOTO ypaBHEHH

) ==
I —= = 2 =2 ===




x=20,5

Otser: ()Y =2
z7=15
3amanue 3

CocraBbTe MHOXKECTBA A U B U3 4nces, COOTBETCTBYIOUINX BalleMy OJTHOMY HMEHH U (paMUIIUH
(6e3 moBTOpeHuit). [ 3Toro 3anummuTe Bech andaBUT U PIIOM ¢ KaX0W OyKBOW MOAMMUIINATE
ee HoMep. BrimonnuTe crnemyromnye onepanyy ¢ MoIyYNBIINMICS MHO)KECTBAMHU:

a) AU B,

6) AN B,

B)A\ B;

r) B\ 4;

1) Ax B u pe3ynbTar n300pasure Ha YMCIOBOM IIOCKOCTH.

Pewenue
3anuiem andaBUT U PAIOM C KaK0M OYKBOI MOJIMUCHIBAEM COOTBETCTBYIOLIUH €il MO MOPAIKY
HOMED.

A|B|B|T|A]JE|JE|[X[3[u|u|K|[aA|[M[H]O]| I
11213 a4s]e[ 78 lofwolnn|lnr]mlualis|ie] 17
PlCc|T |V | @ |X |0 |u|w|m|s|b|b|D]|10]4
18 192021 2223242526 |27 28 129303132733

CoctaBUM MHOXECTBa A U B W3 4ucel, COOTBETCTBYIOIIUX MOJHOMY MMEHU U pamuiauu (6e3
MOBTOPEHUI):
Hean Ilempos

A1 G115 721 B ORE

Brinonaum OoIlepanuru C MOJYYUBIINMUCA MHOXKECTBAMU:

a) AUB.

Tak xak 0ObLEAUHEHUIO MHOXKECTB A U B MPUHAJIEKAT 3JIEMEHTHI, BXOJsAMe B A win B, npu
9TOM OJHAKOBBIC DIJIICMCHTBHI 3A4YUCITAIOTCA TOJBKO OIUH pas, TO
PEy=_TSH Qs V!

0) ANB.

[TepeceueHNI0 MHOXKECTB MPUHAIIICHKAT DIIEMEHTHI, BXOISAIINE OJJHOBPEMEHHO BO MHOXKECTBO A
1 BO MHOecTBO B. CiemoBaTebHO, ANNB 23},

B)A\B.
o onpeneneHuto BO MHOKECTBO A \ B TOJKHBI BXOAUTH TE€ JIEMEHTBI MHOXKECTBA A, KOTOPbIE

HE IpUHaAiexkaT MHOXecTBY B. [loatomy A\ B = {1,1 01 5};

r) B\ A.
AHamoruuyHo, MHOXKECTBO B\ A = 51 a’i 8’«(};

n AxB.




Tak kak gexapTOBBIM MPOU3BEACHUEM (IPSAMBIM IPOU3BEAECHUEM) MHOXKECTB A U B Ha3bIBaeTCs
COBOKYITHOCTb IIap JIEMEHTOB (a;; bi), /1€ NEPBBIN 3JIEMEHT MAaphl @; IPUHAIIIEKUT MHOXKECTBY
A, a BTOpOi1 311eMEeHT napbl b; NPUHAAIEKUT MHOXKECTBY B, TOI/1a OIy4aeM:

Pesynbrar H300pa3uM Ha YHCIIOBOM IIIOCKOCTH. I10 ocn X 0003HAUYNUM 3JIEMEHThl MHOXKECTBa B,
0 OCH Y — DJIEMEHTBI MHOXECTBA A. [TomyuyuBiuecs napsl 0003HaYaeM TOYKAMH HA YMCIIOBOM
IIOCKOCTH.

A A

R e — e

0 ] U
L G — O
6 L
e R

3 6 16 17 18 20 B

3aganmne 4

BrimonHuTEe NIEWCTBUSA ¢ KOMILJIEKCHBIMU YUCIIAMU.

2+3F 4+

4+ 23

Pewenue

YMHOKHUM YHUCIUTEIb U 3HaAMEHaTellhb ;[p06el71 Ha 9ucCiia, CONPSAKCHHBIC 3HAMCHATCIISIM!

3areM B KaxJ0H JpoOM BBIMOJHUM TMPOU3BEICHUE YHCIUTENCH W 3HAMEHATeJel, mpuueM B
3HAMEHAaTelIe HCIOoJIb3yeM (OpMYITy COKpPAIIEHHOTO YMHOXKEHHUS — Ppa3HOCTh KBaJpaToB

& >

=



I A2 AV T
—_— .

=S 02 =S

PaccmarpuBasi mooOHBIE ciiaraeMple M HMCIOJIB3ysl OCHOBHOE TPABWIIO KOMILIEKCHBIX YHCEI
.2
1

=—1, nomyyaem:

['pynnupyst nefCTBUTENbHbIE M MHHUMBIE YaCTH M MPHUBOAS HMX K OOIIEMYy 3HAMEHATEIIo,
3aMMILIEM [10JTy4YUBIIEECS KOMIUIEKCHOE YUCIIO:

—.—%'
—= Tm>==

3ananme 5
Haiinure npenensr QyHKINN.

3x+5
a) lm——
x—7 _x_5

Pewenue
Ha ocHoBaHuM HenpepbIBHOCTH (YHKLIMU B TOYKE X = 7 MCKOMBIA IpeJesl paBeH 3HAYEHUIO
(GyHKIIMH B 3TOH TOUKe, T.€.

J% = =

P, e, Woley

LR &

Pewenue

0

0
MHOXHTEJH U COKPaTUM JApo0b Ha MHOXHTENb (X — 2):

I[J'IH PAaCKpbITHA HCOMNPECACICHHOCTU BHJA [ i| pas3jio’KuM 4YUCIIHUTCIIb W 3HAMCHATCIIb Ha

31ech NpPeBapUTENILHO HMEEM C%ﬁ@%, rie x; U X2 — KOpPHHU

KBaApPAaTHOI'O TPEXYJICHA.

3@6&5 1

1) yucnureny Xe= DX = Xy =2




- & 3

2
2) 3HaMeHaTellb F :6; X = 3 Xy, =2
less
- 3C+5¢H
B) x%
Pewenue

00
HNMmeem HCOMMPCACIICHHOCTb BUA I:;:| . yLII/ITBIBaSI, YTO MOBECACHUC YHUCIUTCIIA U 3HAMCHATCIIA

IIpHU X — 00 OMMPEACTIACTCA YJICHAMU C HauOOJILIINMU ITOKa3aTeIIMU CTEIICHEH (COOTBGTCTBGHHO
3x2 u .XZ), pasaciiiuM YUCIIUTCIIb U 3HAMCHATCJIb Ha XZ, T.€. HA X ¢ HAHOOJBIINM ITOKa3aTeIeM

CTENEHU YUCIINTENS U 3HaMeHaTels. Vcronb3ys TeopeMbl 0 Mpeesnax, MoIydynuM:

TaK KakK
5 1 1 2
X X
. Sirdx
) lLm——
0 s11i8x
Pewenue
O ~ ~
I/IMeeM HeOHpe)ICJ'ICHHOCTI) BHUIA 6 . I/ICHOJ’IB3Y§I HepBBII/I 3aMCUYaTCIbHBIN Hpe)ICJ'I BHUIA
Siix
lima— =1, nonyunm:
x—9) x

i 23 \
N ek o
Pewenue

" 23 nabe—
Nmeem HEOTIpeIeIEeHHOCTh BUAA [1 ], TaK Kak )lc}eonzxi 1_1 libo o

I/ICHOHB3y$I BTOpOI/I



. 1
3aMeuaTeNbHbIN npeaen suga 11 =€, BBIJICJIUM Y JIPOOH IIEITYIO YaCTh:
C

3amanmne 6
Haiiaure 3Hauenust npon3BoAHbIX V', ", y""' yka3aHHON (yHKIIUH B TOUKE X0:

y=x -, w=1.

Pewenue
OyHKIMS ) MpeacTaBiIsieT coOoi mpou3BeneHUe NBYX (GYHKIUN: u = X, v = ex Hcnonb3ys
'

npaswio  auddepeHIupoBaHus P A ICDA ¥ Tabnuiy

Haxonum 3HaueHune nepBoi MpOU3BOJHON B TOUKE X0 = 1:

[ToryunM BTOpPYIO TIPOM3BOJHYIO (DYHKIIMU y WIIH MEPBYIO MPOU3BOAHYIO0 (DYHKIIUU V', KOTOpas
TaKkKe MpeJCTaBiIseT coOoil mpousBeneHue ABYX (QyHKimit: u = 3¢ u v = x> + x°. 3necs,
MOMHMO TpaBWJIa MPOU3BOJAHON MPOU3BEACHUS, OyIeM HCIOJIb30BaTh MPABUIIO MPOU3BOIHOM

”~

eyl AHEEP—AD =T

Haxonum 3HaueHne BTOpOW MPOU3BOAHON B TOUKE X = 1:



[Tomy4yrM TpeThIO POU3BOIHYIO (QYHKIIMH y WM MEPBYIO MPOU3BOIHYI0 (DyHKIHMH V", KOTOpast
TaKKe MPEJCTaBIAET co00il Ipou3Benenne AByX GyHKIMHA: u = 3™ u v = 3x°+6 x?+2x:

omsem: Y(1)=6¢*; Y (1)=32"; Y (1)=168.

3aganue 7
Uccnenyiite naHHyio (pyHKIMIO M HOCTpOiiTe ee rpaduk: y = x° - 6x° + 9x - 3.

IIpu uccnepoBanuM (YHKIMH W TOCTPOCHHH HUX TpaUKOB PEKOMEHIYETCs HCHOJIb30BaTh
CIIEAYIOLIYIO CXEMY:

1) HaiiTu obsacTh onpeaeneHus QyHKINH;

2) uccnenoBarh (PYHKIMIO Ha YeTHOCTh-HEYETHOCTb;

3) HaliTH BepTUKAJIbHbIE aCUMITOTHI;

4) wuccnenoBarh IMoOBeJleHHE (QYHKIMU B OECKOHEYHOCTH, HAWTH TOPU3OHTAJbHBIE WU
HAKJIOHHBIE ACHMITOTHI;

5) HaliTH SKCTPEMYMBbI U UHTEPBAJIbI MOHOTOHHOCTH (DYHKIUH;

6) HallTH UHTEPBAJIbI BHITYKJIOCTH (YHKIIMM U TOYKU NEperuoa;

7) HAMTH TOYKH MEpeceYeHus ¢ OCIMHU KOOPJIMHAT U, BO3MOXKHO, HEKOTOPbIE JOMOJHUTEIbHbIE
TOYKH, YTOUHSIOIINE TpaduK.

Pewenue

1. ®yHKIUA onpeenieHa Ha BCcei YMCIoBoil NpsMoi, T.e. D(y) = (-00; +0).
2. lanHast pyHKIMS HE SBJISIETCS HU YETHOM, HU HedueTHOH (pyHKIuMs oO1iero Buaa), Tak Kak y(-
x) # £ y(x).
3. BepTukanpHBIX acCUMIITOT HET, TaK Kak (YHKIUS OMNpelesieHa MPH BCEX JAEHCTBUTEIbHBIX
3HAUEHUSX X.
4. TloBenenne PyHKIIMN B OECKOHEYHOCTH:

15

ek
5. DKCTpeMyMbl 1 HHTEPBAJIBI MOHOTOHHOCTH.
Haxoaum nepByro Npon3BOJHYIO:

=——, T.€. rpauK 1aHHOW (PYHKIIMK aCUMITOT HE UMeEeET.



ﬁ%@é‘%jg” ;

y'=0mnpu3x*- 12x +9 =0.
Pemias nanHoe ypaBHEHHE, TOTYYUM:
D=122-4-3-9=144 - 108 = 36 = 6%;

Bl = N1

il

27 | & 27 (&3
T.€. KPUTUYECKUE TOYKH X7 = 1, X2 = 3. DTH TOUKH JEIAT 00JIacTh onpeesieHus GyHKIUU Ha TPU
npomexyTka: (-o; 1), (1;3), (3; +0).

\

|

9

X (-00; 1) x;=1 (1;3) x2 =3 (3; +o0)

' + 0 — 0 +

y
y ___— max \ min "

B nepBom u nocnennem u3 Hux y'(x) > 0, B npomexyTke x € (1;3) mpousBonnas  y'(x) < 0.
CrnenoBartenbHO, B IPOMEKYTKAX X € (-00; 1), x € (3; +00) HyHKIMS BO3pacTaeT, a B IPOMEKYTKE
x € (1;3) — yosniBaer. Ilpu nepexoae yepe3 TOUKY X; MPOU3BOJHAS MEHSET 3HAK C naoca Ha
MuHyc, a TIpU TEpexoJie 4epe3 TOUKY X2 — C Munyca Ha naioc. To ecThb X; U X2 — TOYKHU
sKkcTpemyMa. Haxoaum 3HaueHue GyHKIMH B TOUYKaX SKCTpeMyMa:

MDF SO S (DSBS
Takum oOpasom, (1;1) — Touka makcumyma, (3; —3) — Touka MUHUMYMa.

6. VIHTepBabl BBITYKIOCTH U TOUKH Ieperuoa.
Haxoaum BTOpYIO MPOU3BOJHYIO:

)fz%ﬂ%; y"=0mnpu 6x-12=0; orcroaa nonydaem x = 2.

Touka x =2 genut ob6aacTh onpeaeneHus QyHKIMU Ha 1Ba TPOMEKYTKA: xe€ (-0, 2)nx
€ (2; too).

X (-00; 2) x=2 (2; +o0)

y" — 0 +

mouxa
J m nepezuba U
B nepBom u3 Hux y” < 0, T.e. KpuBas BBIYKJIA BBEPX, a BO BTOPOoM "' > (), T.e. KpuBas BBITyKJIa
BHU3. CienoBarenbHO, TOUKAa X = 2 sABJsIeTCSA TOUKOM nepernda. Haxonum 3HaueHue GyHKIUU B
JTOU TOUKE:

po=S-_Y--—1 ¢
Taxum obpaszom, (2; -1) — Touka neperuda. 14 fx) =23 — 622 + 9x — 3
7. Haxonum TOuKy nepeceyeHus rpaduxa C OCBIO
OY: npu x = 0 3HaYeHne PYHKIUHU

B 2 St st=s = ="

Touku nepeceuenus: rpaduka ¢QyHKuuu ¢ ocbto OX
HANTH 3aTPYyAHUTENBHO, TaK KaK JUIsl 3TOTO0 HE0OXOAUMO
pemuTh Kyouueckoe ypaBHenue y(x) = 0.

[To momy4eHHBIM TOYKAaM MOCTPOUM TNPHUOIH- KEHHBIH
rpaduk 1aHHOM QYHKINU.




3aganue 8
Haiinure miomanes Gurypsl, orpaHHuEeHHON YKa3aHHBIMU JIMHUAMH. Clenaiite 4epTex.

y=—x; y=2x—x°

Pewenue
Cnenaem 4yepTex:

Y = —X — npsamas,
r=2x — x°2
¥V = 4X — X" — napabona, BETBU HallpaBJieHbl BHU3, OCh CHMMETPUHU X = 1.

v 2 o
Haiinem touku mepeceueHus: napaboisl ¥V = 2X— X" n npsaMont ¥ = —X, pemmB CUCTEMY
ATUX YpaBHECHUM: y
— Dy — y2 y r
{ r=2x—x
y=—X
[Tonyunm:
—x = 2x — x*

3x—x%=0
¥(3—x)=10

Xl=':] X2=3

IIpoeuupys  ¢urypy Ha  oCb
abciucc, BUAUM, YTO HCKO- Mas
IIoUa1b — 3TO IUIOIIAAL (UTYPBI,
3aKJIIOYEHHOM MeX- 1y KpPHUBBIMU;
mpu 3ToM Ha oTpeske [0;3]:

ARy

[Tpumenum popmyny A BBIYUCICHUS IO MI0CKUX (uUryp:
=
<z

/i€ IpeiellaMi HHTerpupoBanus 0yayT abcuuccesl Touek O u A:

S= f((2x— x?) — (—x)) dx

C nmomorsio opmynbel HeroToHa — JleitOHMIIa BEIUKMCINM 3HAUYCHUE TUIOIIAIU (PUTYPHIL:

? 3 3 3 £\ |13 27 27 27
S=[J@x—x)dx =3[ xdx - [(x?dx= (3 -Z) [, =Z-Z =T 9
27 _18_ 9
2 2 2

Omeem: S = 4.5 (ed?).



3aganue 9

3ajaH 3aKOH pachpenefieHds ciydyalHoM Benu4yuHbl X (B MEpBOW CTPOKE TaOJMIIBI JJAHBI
BO3MOJKHBIE 3HAU€HUs BEJIMYMHBI X, a BO BTOPOM CTPOKE YyKa3aHbl BEPOATHOCTU p ITHX
BO3MOXKHBIX 3HaUeHHi). [locTpoliTe MHOTOYTOJIBHUK PACIIPECIICHHS U HAUIUTE:

a) MmatemaTuieckoe oxunanue M(X);

0) nucnepcuto D(X);

B) cpeiHee KBaJApaTUYeCKOe OTKIOHEHUE T}

r) byskuuro pacnpenenenus F(x) u moctpoite ee rpaduxk.

X 5 9 12 16
p 0,4 0,1 0,3 0,2
Pewenue

[TocTpouM MHOTOYTOJILHUK pacripeeieHusl.

CtpouM TPSIMOYTOJIBHYIO CHUCTEMY KOOPJHMHAT, MPUYEM IO OCH a0CIHCcC OyJIeM OTKJIaJbIBaTh
BO3MOJXKHBIE 3HAUEHUS X, @ IO OCH OPJAMHAT — COOTBETCTBYIOLINE BEPOATHOCTH p;. [locTpoum
touku M;(5;0,4); M>(9;0,1); M3(12;0,3) u M4(16;0,2). CoequHUB 3TH TOUYKU OTPE3KAMHU MPIMBIX,
MOJIyYUM UCKOMBIA MHOTOYTOJIbHUK pPaclpeaeeHusl.

A

Di

04 [~

03 [~

02 oo N

0,1 p-—-mmmmoo—

v

a) MaTeMaTUYeCKOe OXKUJAHWE PAaBHO CyMMeE MPOM3BEACHUIN BCEX BO3MOXKHBIX 3HaUeHHM X Ha
UX BEPOSATHOCTH, T.€.

A=>3p

HO}ICT&BJ’IHH YHCJIOBBIC 3HAYCHUSA, ITOJTYIYHUM:

0) BBIUKCIIM JMCIIEPCHUIO TI0 hopMyJIe M—M JUyIs 5TOro HYKHO HalTH

M (X?). 3anumewm 3akoH pactpeenenns X2:



X2 25 81 144 256
p 0.4 0,1 0,3 0,2

o 2
Haiinem matemarnueckoe oxumanne M (X 7).

Haiinem nckomyro nqucrepcuro:

V. o, = Ta = == =]

B) Haﬁl{eM HNCKOMOC cpez[Hee KBaI[paTI/I‘IeCKOC OTKJIOHCHHC.:
P == e —EP == 5

r) ecm X < 5 , To F(x) = 0. JlelicTBUTENIbHO, 3HAYCHUH, MEHBIIIUX YHCIa S5, BeMunHa X HE
MPUHUMAET.

CuenoBarenso, npu X < 5 pynxuus F(x) = P(X<x) = 0.

Ecmu 5 < x<9, 10 F(x) = 0,4. JlefictButensHo, X MOXeT NPUHATh 3HAYEHHE 5 C
BepOATHOCTHIO 0,4.

Ecm 9 < x<12, 10 F(x) = 0,5. JleiicTBuTenpHo, X MOXET NPUHATH 3HAYCHHE 5 C
BeposiTHOCTHIO 0,4 1 3HaueHue 9 ¢ BeposTHOCTHIO 0,1; cliemoBaTENbHO, OJTHO U3 3TUX 3HAYCHUH,
0e3pa3nuyHo Kakoe, X MOXKET MPUHATH (M0 TEOpeMe CIOKEHUS BEPOSTHOCTEH HECOBMECTHBIX
coObITHi) ¢ BepositHocThiO 0,4 + 0,1 =0,5.

Ecmn 12 < x<16, 1o F (x) = 0,8. JlefictBuTenbHO, X MOXKET MPHUHATH 3HAUYECHUE 5 C
BeposiTHOCTBIO 0,4, 3HaueHne 9 c BepostHOCThIO 0,1 u 3Hauenuwe 12 c¢ BeposTHOCTHIO 0,3;
CJIEIOBATENIBbHO, OJIHO M3 ATUX 3HAYEHUH, 0e3paziuyHO Kakoe, X MOXKET MpUHSATH (10 Teopeme
CIIOKEHHSI BEPOSITHOCTEN HECOBMECTHBIX COOBITHI) ¢ BeposaTHOCThIO 0,4 + 0,1 + 0,3 =0,8.

Ecmu x > 16, To F(x) = 1. JlefictBurensHo, cobbitne X <16 moctoBepHO U BeposTHOCTH
€ro paBHa €MHHUIIE.
Wtak, uckomasi yHKIMS pacipe/iesieHUss UMEET BUL:

—

0 npx=5
Q4 TpB’<x<9
FOO=05 mip¥w<x<12,
a8 mpH 2<x<1 ¢
1 npmx>16

[Toctpoum rpadux 310l GyHKIMH.



A

F(x)

0,8

0,5
0.4

16

TABJUIBI U ®OPMYJIbI



1. Ilpasuna oupppepenyuposarusi:
1) npou3BoIHAS TOCTOSTHHOM paBHA HYJIIO:
2) npou3BOIHASI ApTYMEHTA paBHA CAMHUIIE:

x'=1
3) nmpou3BoHAs CyMMBI (Pa3HOCTH) NBYX (DYHKIIUMN:

4) mpou3BoIHAS MPOU3BEACHUS (YHKIIHIA:

5) MOCTOSTHHBIN MHOKUTEIh MOYKHO BBIHECTH 32 3HAK MIPOU3BOJTHOM:
7 ~
GOO=T&
”~
(Syroaes
==
7) mpou3BOIHAS CIIOKHOM (PYHKIIHH:
[ S 2
[Iycts V :f(b(x)) — clokHas QyHKIUA, YV = S (u) uu= u(x) Torna:

D ix

6) mpou3BOHAS YACTHOTO ()YHKIIUHA:

2. Tabauya oCHOBHBIX NPOU3BOOHBIX:

®ynKuus y Hpou;B’OJIHaﬂ Oynkmmsa y HPOH;ByOnHaH
X nx"”! cosx _sinx
Jx . 1gx !
i 24/x cos’x
! - L ctgx -1
X X sin” x
e’ e’ arcsinx L
V1=x?
1
a’ a® -Inx arccosx —_—
J1—x
! 1
Inx = arctgx -
X 1+x
lo 1 arcct 1
aX X _
s xlna 8 1+ x>
sin x CcOSX

3. Ilpasuna unmezpuposanusi:

1) NOCTOSHHBII MHOKUTEb MOKHO BBIHECTH 3a 3HAK MHTETpaja:

e

2) uHTErpat OT CyMMBI (Pa3HOCTH) MBYX (DYHKITUH:



P 7= v =

3) uHTErpa OT CIOKHOW (PYHKIUU:

4. Tabnuuya ocHOBHBIX
HeonpeoeieHHbIX UHMEe2PaN08:

[oax=c LX_ ¢ siC
cSrs
==* i dax

b ‘e b d >
i —=Aa <€

fizl*’#*c 2= =y
[acte? 4 a>1 21 A< 1, e

1a =t <z =

ot e

frinsedae _%_;%mgegx

-F:ogscﬂeé

5. ®opmyna HeroTona — Jleitbuumna:

poaraci e

rae F(x) — nepBooOpa3Hasi, BerunciasieMas: Kak HeONpeeJIeHHbIM HHTerpal.




