MEHHCTEPCTBO HAYKH B BRICIero obpazosanns Poceuiickolt Denepann

Meepanbioe roCyapeTBeHH0e OI0/KETHOE 00PAIOBATEIBLHOE YUPCKICHHE
BhICLIETO OOpazoRanus
«MariHToropeKHii rocyIapCTBEHHbLL TEXHAYECKHIT YHHBEPCHTCT
v, .M. Hocosan
Mitoronpoduisabiil KoIe1K

METOJHYECKHE YKA3ZAHUS 110 BLITIOJIHEHHIO
NPAKTHYECKHX PABOT

110 y4ednoii 1ucunanne
EH.01 Maremarnkra

JUIH CTYICHTOB COCHHAIBHOCTH
13.02.11 Texuuueckas IKCIAYATALNA 0 06CIYRKHBAHKE VICKTPHUECKOI0 |
VIEKTPOMEXAHNHECKOTo 0Gopyaosanms (110 0TpacaIM)

Maruuroropek, 2021



OJOBPEHO

[peameTnoli komuccneji «Maremaruiuecknx u Metoauueckoi komuceneit MnK
CCTECTBCHHOHAY YR BIN ANCIATIINY
[peacesarens /E.C. KophitHukoBa [potokoa Ne 3 o1 24.02.2021r.

Iporokosa Ne 6 o1 17.02.2021r.

Cocrvasnrean:
npenosasarenas @OV BO «MITTY um. W, Hocosay MoK E. B. ®oprikuna
npenoaasareas ©IBOY BO «MITY um. [H. Hocosay MuK  10.H. Canunkosa

Merosnueckue yKazanus N0 BuINOJAHEHHIO NPAKTHYECKHX paboT paspaloTansl na ocHoBe
patoUeit nporpaMMel VaeOHOH JHcIIuMEL «Maremarukay,

Conepikarime  npaxtivecknx  pabor  opueHTHpoBaHO Ha  (popMHpoBaHHe OOUMX M
HPOGECCHOBUILHBLIX KOMIETEHIMI 10 NPOrpaMMe NIOAFOTORKH CTICIHUTHCTOR CPE/IHErD 38CHa 110
coermaibiocty 13.02.11 Texuuueckas akcayarauus u 00C/HYKHBAHHE IIEKTPHYECKOTO M
AIEKTPOMEXAHHHECKOI0 000py 10Ban#st (N0 OTpacisiM).



COJEPKAHUE

1 TIOACHUTEJIBHAA 3AIIMCKA
2 TIEPEYEHD [TPAKTUYECKUX 3AHATUI

3 METOANYECKUE YKA3AHUA

[IpakTuueckoe 3ansartue 1
[IpakTuueckoe 3anarue 2
[IpakTuueckoe 3ansatue 3
[IpakTnueckoe 3anstue 4
[IpakTrueckoe 3ausTue 5
[IpakTnueckoe 3anstue 6
IIpaktuueckoe 3anstue 7
[IpakTuueckoe 3anarue 8
[IpakTnueckoe 3anstue 9
[IpaxTuueckoe 3ansarue 10
[IpakTuueckoe 3austue 11
[IpakTuueckoe 3anstue 12
[IpakTuueckoe 3austue 13
[IpakTuueckoe 3ausarue 14
[IpakTuueckoe 3austue 15
[IpakTuueckoe 3ansarue 16
[IpakTuueckoe 3ausitue 17
[IpaxTnueckoe 3anstue 18

12
14
16
19
22
25
27
29
31
34
36
40
43
45
47
49



1 HOACHUTEJIBHASA 3AIIMCKA

CocraB M cojepkaHUE NPAKTUUECKUX 3aHATUN HampaBieHbl Ha peanuzaunto denepaabHOro
roCy/1apCTBEHHOT'0 00pa30BaTENIbHOTO CTaHIapTa CPEeIHEro NpohecCHOHATBLHOTO 00pa30BaHHUS.

Benymieidi aunakTHYecKOW LENbI0 MPAKTUYECKHX 3aHATUN  sBiseTcss  (opMupoBaHUe
y4eOHBIX NPAaKTHUYECKUX YMEHHMH (YyMEHHH pemarh 3aJaud [0 MaTeMaTHKe) HEOOXOIUMBIX B
MocleAyromel yaeOHOM 1esaTeTbHOCTH.

B coorBerctBHM ¢ paboueii mporpamMmMoil  y4yeOHOW AMCHMIUIMHBI  «MareMaThKa»
IIPEIyCMOTPEHO IIPOBEJACHHE IPAKTUUYECKUX  3aHATHM. B pamkax IpakTHUUECKOro 3aHsTHs
oOyyaronyecss MOTYT BBITIOJHSTH OJIHY MM HECKOJIBKO MPAKTUYECKUX PadoT.

B pe3ynbrare ux BBIOJHEHUS, 00YYatOLINICA JODKEH:

ymembs:

V1 pemats npukiagHble 3a1a4u B 001acTH NPo(hecCHOHAIBHOM JesITENbHOCTH;
VY01.2 ananu3upoBaTth 3aJa4y W/WiIK IpoOIEeMy U BBICIATH €€ COCTaBHbIC YacTH;
VY01.3 onpenensath 3Tanbl peluieHus 3a/1auu;

VY01.9 peanuzoBaTh COCTaBICHHBIH TJIaH;

Y02.4 cTpyKTypupOBaTh MoIy4aeMyro HHGOPMAIHUIO;

Y02.7 ohopMIsSITh pe3ybTaThl OUCKA.

CoznepxaHue NPAKTUYECKMX  OPUEHTUPOBAHO HA IOJATOTOBKY OOYYArOIIMXCS K OCBOECHHIO
po(heCcCHOHAIBHOTO ~ MOIYJS  [POrpaMMbl  MOATOTOBKM — CHELMAIMCTOB  CPEIHEr0 3BEHa 110
CIIELIMATIbHOCTH U OBJIA/ICHUIO HPOeCcCUOHAIbHBIMU KOMPEMEeHUUAMU:

I[IK 1.1. DBbINOAHATH HaANaAKy, PpEryJupoOBKY U  IPOBEPKY  DIEKTPHUUYECKOIO
JIEKTPOMEXAHUYECKOT0 000py10BAHUS.

A Takxe GOPMUPOBAHUIO 0OUUX KOMNEMEH UL

OK 01 BriGupaTh criocoObl peuieHus 3a1a4 npodecCHOHaIbHON IesTeIbHOCTH IPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM.

OK 02 OcymiecTBisATh MOUCK, aHAIW3 W HMHTEpIpeTanuio HH(OpManuu, HEoOXOoIUMON st
BBITNIOJTHEHUS 33/1a4 NPOPECCUOHATBHON AESITEIbHOCTH.

BeinonHenue oOydaronmxcsi NpakTHUECKuX padoT Mo yyeOHOW AucuuIuiiHe «MaremaTukay
HaIpaBJIEHO HA:

- 0000mIieHre, cHUCTeMaTU3alUio, YIIIyOJeHHe, 3aKpeljieHWe, pa3BUTHE M JAETaTU3alluio
MOJIYYEHHBIX TEOPETUUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIMUILINHBL,

- (GopMHMpoBaHHE YMEHUN NPUMEHSTH IOJyY€HHbIE 3HAHUS Ha TPaKTHKE, pean3aluio
€IMHCTBA MHTEIJIEKTYaJIbHOM U MPaKTUUECKOMN JeATeIbHOCTH;

- (opmupoBaHMEe W pa3BUTHE yMEHHWI: HaOmOAaTh, CpaBHUBATh, CONOCTABIIATH,
aHAJIM3UPOBATh, JIEJIATh BHIBOJIBI U 000OIIEHUS;

- BbIpaOOTKY NpHU PpEIIEHUH IOCTABJICHHBIX 3a/ad MPO(PEecCHOHANbHO 3HAYMMBIX KadyecTB,
TaKMX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsi MHUIIMATUBA.

[lpakTiueckue 3aHATHS MPOBOJATCS TOCIE COOTBETCTBYIOIIEH TeMbI, KOTOpas oOecreunBacT
HaJIMYKe 3HaHUH, HEOOXOIUMBIX IS €€ BBIIOTHEHHSI.
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2 IEPEYEHb IPAKTUYECKHX 3AHATHA

Pa3nesnl/Tembl Tembl KonuyectBo TpebdoBanus
NPAKTHYECKHUX/J1a00PaTOPHBIX 4yacoB oIrocC C1io
3aHATHI (ymeTn)
Paznen 1. KOMIUJIEKCHBIE UMCJIA 4
Tema 1.1. [Tpaktuyeckas padora Nel 2 Y01.2, Y01.3,
Anrebpanyeckas Gpopma «JlericTBUS HaJl KOMIUIEKCHBIMHU v02.4, ¥02.7
KOMILJIEKCHOT'O YHUCIIa YHCIaMU B anreOpanveckoi
dhopme»
Tema 1.2. [TpakTrdeckas padorta Ne 2 2 V1, ¥01.2, V01.3,
Tpuronomerpudeckas «JlericTBUS HaJl KOMIUIEKCHBIMHU Y01.9, ¥02.7
(opmMa KOMIUIEKCHOTO YUCJIAMH B TPUTOHOMETPUUYECKOU
qucia dhopme»
Paspen 2. IUHEMHASI AJITEGPA 12
Tema 2.1. [TpakTuueckas pabota Ne3 2 ¥01.3,¥Y01.9
Marpuiipl u onpenenurenu | «JledcTBUs ¢ MaTpuLiaMm»
[TpakTuueckas padora Ne 4 2 ¥01.3,¥01.9
«Bpluncienue onpeaenuTenen»
Tema 2.2. [TpakTuyeckas padora Ne 5 2 Y01.2, Y01.3,
CucreMbl TUHESHHBIX «Pemenne cucreM JTUHEHHBIX vV01.9, ¥02.7
YpPaBHEHUU ypaBHeHui MeroaoM Kpamepa»
[TpakTuueckas paborta Ne 6 2 Yo01.2, V01.3,
«Pemenune cucTteM TUHEHHBIX v01.9, ¥02.7
YpaBHEHUU MaTPUYHBIM
METOJIOM»
[TpakTnueckas padorta Ne 7 2 Yo01.2, V01.3,
«Pemenune cucTteM TUHEHHBIX v01.9, ¥02.7
ypaBHeHul MeroaoM ['ayccay
[TpakTnueckas padota Ne 8 2 v01.2, Y01.3,
«Perrenre cucTeM TUHEHHBIX V01.9, ¥02.7
YpaBHEHUH pa3IMYHbIMU
METOAAMM
Paznen 3. MATEMATUYECKHIN AHAJIN3 16
[TpakTnueckas padorta Ne 9 v01.2, Y01.3,
« Beruncnenue npeznenos 9 ¥01.9,¥02.4
Tema 3.1 (ymKrmii>
Teopws pezeon [Tpaktuueckas padora Ne 10 Y01.2, V01.3,
« UccnenoBanue GpyHKImii Ha 2 ¥01.9,¥02.4
HETMPEPHIBHOCTh U TOUYKHU
pa3pbIBa»
[TpakTnueckas padorta Ne 11 Y01.2, V01.3,
«duddepenmmpoBanue 9 Y01.9, v02.4,
Tema 3.2. CJIOKHBIX (PYHKITU» ¥02.7
[TpousBoaHast GyHKIIUU U
€€ MPUMEHEHHNE [IpakTrueckas padora No 12 V1, V01.2, Y01.3,
«HccnenoBanue GpyHKIuil Ha 2 ¥01.9, ¥02.4,
MOHOTOHHOCTB, YKCTPEMYMBI, ¥02.7

5




BBIITYKJIOCTh, BOTHYTOCTb,
neperunoy»

ITpakTrueckas padora Ne 13

V1, V¥01.2, ¥01.3,

« UccnenoBanue GpyHKImii u 2 ¥01.9, ¥02.4,
MTOCTPOEHUE TPAPUKOBY Y02.7
[IpakTryeckas aborta 14
«EI;LI‘-II/ICJICHI/IG HGOII)IpeI[eHeHHBIX 2 yo1.2, yol.3,
HWHTETPaJIOB) Yol y024,
v02.7
Y01.2 YV01.3
IMpakTuueckass pabora 15 « ’ ’
HI})ITerI/IPOBaHI/IepHO JacTIM» 2 yo1.9, v02.4,
Tema 3.3. v02.7
Huterpan u ero
e |, Y2 v
HWHTETPaJIOB) yo1.9, v02.4,
v02.7
[IpakTuueckas padora 17
« %pI/IMeHeHI/IGIZ)HpeIICJICHHOFO 2 ¥1,¥01.2, ¥01.3,
HHTerpanay V01.9, vV02.4,
v02.7
Pasnen 4 DJIEMEHTBI TEOPUM BEPOSITHOCTEUN U 2
MATEMATHUYECKOW CTATUCTUKU
[TpakTuyeckas pabora Nel8 2 V1,V¥01.2,Y02.4
« Pemenue 3agay Ha
BBIYHCIICHUE BEPOSITHOCTH C
HCIIOJIb30BAHKEM 3JICMEHTOB
KOMOHHATOPUKI
HUTOI'O 36




3SMETOANYECKHE YKA3AHUS

Tema 1.1 Aaredpanyeckasi popmMa KOMILJIEKCHOTO YHCJIA
IIpakTnueckoe 3anaTne Ne 1
JeiicTBUS HaJ KOMILJIEKCHBIMHU YUCJIAMU B ajiredpaudeckoii gopme.

Hean: HayuywuTbcs BBINOJHATH JEHCTBHUS HaJ KOMIUICKCHBIMH YHUCIIAMH, 3allMCaHHBIMH B
anredpandeckoit popme.

Bbinosinus padory, Bel Oynere:

ymembs:

- 3aMKChIBaTh KOMIUIEKCHBIE YHCIIA B ajdredpanyeckoii popme;

- BBITIOJIHATH JACHCTBHSI HAJl KOMIUIEKCHBIMH YHCIIAMH B anreOpandeckoit popme.

MaTtepuajibHOe o0ecnedeHue: HHIUBUIyaIbHbIC 3a1aHuUs, KOHCIICKTHI JICKITHA.
3apanmue:
1. Jlausr komIuiekcHbIe uncna: z1= (7;1), 2,=(-1,5;1,5), z3=(4;-3).
3amucarh 3TH YKCia B anreopandeckoi popme.
2. Bpruucnurs:
1) z; +zy;
2) zp — z3,
3) &
Z3
4) zy- z3;
5) z7;
3. BerumciauTs: 3t 450 s
i—3 1+3i

ITopsinok BeINOJHEHHs PAa0OThI:
1. 3anumnTe KOMIUIEKCHBIE YHCIA B aylreOpandyeckoi popme z = a + bi

2. BoimonHuTe nEWCTBUS HaJA KOMIUIEKCHBIMH 4YHCIaMU B airedOpandeckoil ¢opme,
HCTIONB3YS (OPMYJIBI:

z 4z =(ay +ap) + (B + By i
— %= {:ﬂl - ﬂ:} + {:'[Jl — .[J:}:';

212 = (ayay — byby) + (a1 by + ey by )i;

Xox pa0doThI:
1. [ansl komiuiekcHble uncia: z1= (7;1), z,=(-1,5;1,5), zs=(4;-3).
3anucarh 3TH 4YKcia B anredpandeckon popme.

Perienue:

T.k. anreGpanueckas popma KOMIUIEKCHOTO YHMCIIa UMEET BUJI: = = a + bi, TO Yncia B
anreOpandeckoit popme OyAyT 3anucaHbl B BUJIE:
7



5y =7+i6 29 ==13+ L5 zg =4 - 3i.

2. Breruuciours:

2+, =(7-15)+(14+15)i=55+ 2,5i;

73— 23 = (=15 —4) + (L5 + 3)i = —=5.5 + 4.5i;
Iy THL  T+0{3+30) 2B+ 4i+21i+3° __ 2B+251-3 154250
=y 4-30  (4-3004430 163" 1848 15
zoz3 = (1,54 15004 —30) = -6+ 451+ 6i —45% = -6+ 10,5{ + 45 = —1.5 + 10,5i;
=745 =T+ )T+ =204+ 14+ #)*(7+1) = (48 + 140)2(7 4+ 1) = (2304 + 1344i +
1962 0(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344:)(7 + i) = 13412 + 11516i

1431 4-51
3. BbIYHCIUTD: +1+’ _

1—3 a1
Pemrenue:
S N 8- _21-27
-3 1431
1) L3 _ (430)=i-3) _ -:-3—)3:3-5: _ ol _ _:_
1—3 (i=-3r-i-3 —1"45 10
2) 4-51 _ (4-51311-31) _ -}—12!—5!-}-15!3 _ -11-171 - —11—17i
1431 (1431371-3103 1-91° 10
3) f=(F)=(-1D*=1
4) —-i-11-17i-1=-21-27i

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kpurepun oneHku:

- «O1nuyHO» - yMeHHsS CHOPMHPOBAHBI, BCE 3aJaHUs BBIIOJHEHBI MPABUILHO, 0€3
apupMeTHYECKUX OMMOO0K, perneHne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMUA 00OCHOBAHUSIMHU.
— «XO0pomio» - HEKOTOpble yMeHHsI C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. bezommbouno BeimonHeHo 80-
89 % Bcex 3amaHu.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAMMBIE YMEHUS B OCHOBHOM C(OPMHUPOBAHBI,
60J'II>HII/IHCTBO 3a)IaHI/II\/JI BBIIIOJIHEHO, HCKOTOPI)IG 13 BBIITIOJITHCHHBIX SaHaHI/II\/JI COI[Cp)KaT OIHI/I6KI/I.
Be3ommubouno BeITOTHEHO 70-79 % Beex 3agaHuil.

- ((Hey,I[OBJ'IeTBopI/ITeJ'ILHO)) - TCOPCTUYCCKOC COACPIKAHUC KypCa HE OCBOCHO,

HeoOXOoIMMbIe YMEHUsI He C(OPMHUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIE 3aJaHMs COJEp)KaT rpyoble
omnOku. be3ommbouno BeinonHeHO MeHee 70% Bcex 3a1aHuil.



Tema 1.2. Tpuronomerpuyeckasi popMa KOMIIEKCHOT0 YHCJIa
IIpakTuyeckoe 3ansitue Ne 2
JleCTBHSA HAl KOMILIEKCHBIMHY YHCJIAMH B TPUTOHOMeETPUYecKol hopme

Heab: Hayuutbes BBIIIOJIHATH,  JIEUCTBUS  HAJ  KOMIUIEKCHBIMM  YHUCJIaMH B
TPUTOHOMETPUIECKOH (hopme.

Beinosinus patdory, Bel Oyaere:

ymemn:

- 3aMMCHIBATh KOMILJICKCHBIE YHCIIa B TPUHTOHOMETPHUYECKON (hopMme;

- BBITIOJIHATH JICHCTBUS B TPUTOHOMETPUYECKOH (opMe;

- IEPEXOJUTh OT OJTHON (OPMBI KOMIUIEKCHBIX YHCEI K APYror dopme.

MarepuanbHoe obecniedeHHe: NHIUBUIYaIbHbIE 3aJaHHsI, KOHCIIEKThI JIEKLIUH.
3aganue:
1. [aus! komiuiekcHbie uncina: z1=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucarh 3TH YKclia B TPUTOHOMETPHUYECKON (opMme.

2. Beruucnure: z, - Z3, Zl, \VZ,

3. BBIHOJIHHTC JCHCTBHS U 3QIMIIMTE PE3YNBTAT B anredbpandeckoii hopme:

gETh +rr4:||

a) (3- {cus— isin T]] b) ;_

KpaTRne TCOPETHYECCKUEC CBCACHUSA

Tpuronomerpuyeckoil (opMoil KOMITJIEKCHBIX YHCEN HAa3bIBAETCS 3alIUCh UX B BUJIE!
z = r(cos@ + i- sing).

[Ipu BBIMOTHEHWH ACHCTBUN HaJ KOMIUIEKCHBIMH YHCIAMH B TPUTOHOMETPUYECKOH (opme
HCIOJIB3YIOTCS CleyIomue GopMyIbl:

Z3-23 =7y '?‘:{'3'3'5'[% + ‘F‘:}"‘ 555“{‘?"1 + ‘F':}]
o "

; = ;{cns{@l - cp:} + :'s:'n'[q:'l - EF':}]

ir

= "(cosng + isin ng)
J11st M3BJICUCHHS KOPHS N-H CTENEHH U3 KOMIUIEKCHOTO YHCIa B TPUTOHOMETPUIECKO# popme
z = r(cos@ + i - sin@) ucronp3yercs popMmya :

ni— g+imk | @tk
¢ = Vr-(cos + isin

}, TIE Vr - apudmernueckuit Kopenb, k=0, 1, 2, ..., n-1.

Aneopumm nepexooa om aneebpauieckoi Gopmul K MpuoOHOMempuieckou.

[TycTh KOMITJIEKCHOE YHCIIO 33/1aHO B anredpandeckoit popme z = a + bi.

1) Monyns r =|z| oxHO3HAYHO ompenaensieTcs mo popmynne r = ya + b=,



a . b
2) AprymeHT ¢ onpenensiercss U3 GopMyn coSp =—, Sing=—.
r r

3HaueHUs ApryMEHTa KOMILICKCHOI'O YMUCJia MOKHO HaXOJAUTh U TaK:

e Omnpenenutb, B KaKOil 4ETBEPTH HAXOAUTCS BEKTOP (MCIIOJIB30BATh I€OMETPHUUYECKYIO
MHTEpIpETALNIO Yicia) = = a + bi

e PemB ypaBHEHHE tgg = E, MOJIy4aeM, uTo

i) 19
arg z = @ = arctg - JUJI1 BHYTPEHHUX To4eK | u 4 yerBeprei,
b
arg z = @ = arctg -+ 7 UIA BHYTPCHHHUX TOUCK 2 YCTBEPTH,

T}
argz = @ = arctg -—w U BHYTPCHHHUX TOUCK 3 YCTBEPTH.

Ecnu Touka z neXuT Ha NEUCTBUTEIbHOM WJIM MHUMOM OCH, TO arg Z MOKHO HalTH
HETIOCPEICTBEHHO.

3) Haiinsg monynb U apryMeHT KOMIUIEKCHOTO YHCIIa, €T0 MOXKHO 3arucaTh B
TPUTOHOMETPUYECKOMN WIIM TTOKA3aTEIbHON opMe = = ricosg + ising ) WK = = re'¥,

Ilopsinok BbINOJHEHHS PadOThHI:

1.3anummre 3aJaHHBIE YMCIIa B TPUTOHOMETPUUYECCKONM (hOopMe, HCIOIB3Ys alTOPUTM Tepexo/a
K TPUTOHOMETPHUYECKOH (popMme.

2.BrimonHuTe HeOOXOAUMBIE IEeHCTBUS.
Xoa pa6oTsI:

Janbl komiutekcHsie uncia: z1=(7;1), z,=(-1,5;1,5), z3=(4;-3).
1. 3anucate yucna z1, Zp M Z3 B TPUTOHOMETPHUECKOM popme.
Pemenue:
1) z,=7+i
lz;| =49 + 1 = /50 = 54/2,
Uwuciio HaxoIUTCs B MIEPBOM YETBEPTH, 3HAUUT

@ = nrctgj—_' = arctg0,1429,

z; =7 +i= 5V2(cos 8°8 + isin8°8).
2) z;=-15+15i

|z)] = (~15Y + 1.5 =225+ 2.25 = &5 22,1
Ywucso HaXOIUTCSI BO BTOPO# YETBEPTH, 3HAUUT ¢ = arctg E +r=arctg(—1) +7=— i +m=2

41T

3
7 = —1, 1.5i =2/ — + isi
Zq 1.5+ 1.5 l{u:u:us_}+szf1_1

3) z3=4-3i
|z;] =v9+ 16 =25 = 5.

Yuciio HaxoIUTCs B YETBEPTOM YETBEPTH, 3HAUUT
P = nrctg_T! = arctg (—0,75) = —36%°52",

z3 = 4 — 3i = 5(cos(—36°52 + isin(—36°52).
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2. Beraucnure:
1) z; - z3;
2) %,
-3
3) =i,
4) \z;
Pemenue:

Zyoz;=21-5 (.:us{135= — 36°52 ) + isin (135° — 35=52'}) = 10.5(cos 98°8 + isin 98°8);

Iy 2

= 5

(cus(a=8' ~ (-36°52') ) + isin (38 + 35=52'}) = V2(cos 45° + isin45°);

=5 = (5v2) (cos5 - 8°8  + isin5 - 8°8') = 125001/2(cos40°40" + isind0°40');

Bocnons3yemcst popmyinoii:

+27K . . @+27K
o= (cos¢— +isin (p_)
n n
B Hamewm npumepe n=2.
32 135°+360 135°4+360°k
WE = wp = J t {cos t - + isin t Il];
ﬁ 135°4360°-0 135°4+360°0 —_— ) )
an = |5 (ms%wsm +—) = \/Z.1(cos 67°30' + isin 67°30');
ﬁ 135°4+360°-1 135°+360°-1 —_— ' '
w = [ (::-:% ¥ isin +—) = \Z.1(cos 247°30' + isin 247°30')

2. BwImonHATE ACHCTBHS U 3aMMUAIIUTE PE3YIbTAT B allreOpandeckoi popme:

r r & - r - r = =
T __ 4T It .. 4T T . 4T Vi _ W2
(2 {cusa+ isin EJ] = 25(cusa- 6+ tsin ﬁ-) = 64 (cus:+ isin :) = 64 (—— - :—:] =

—324/2 — 324/2:

24{eosT5" fizin 78 24 : : : 1 5
e e ) = Z(cos(75° — 15°) + isin(75° — 15°) = 8(cos60° + isin60°) = 8 (; + :'T) =44

3rcos 15" +izin 157 -

4 '-,E:'

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenkmn:
- «OTaM4HO» - YyMeHHUS COPMHUPOBAHBI, BCE 3aJaHUsS BBINOJHEHbI NMPaBUIbHO, 0€3
apupMeTHYECKUX OMMOO0K, pemeHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
- «XOopomIo» - HEKOTOpble yMeHHs C(hOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHMS
BBINOJIHEHBI, HEKOTOPBIE BU/IbI 3a/1aHUI BBHIIOJIHEHBI ¢ omrOkaMu. be3ommbouno BeimoiaHeHo 80-
89 % Bcex 3amaHuil.
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- «Y IOBJIETBOPUTENILHO» - HEOOXOAWMBIE yYMEHHS B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO 3aJIaHUH BBITOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHH COJIEP)KAT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «Hey/moBIETBOPUTEIIEHO» - TEOPETHYECKOE COJIEp)KaHHUE Kypca HE OCBOCHO,
HE0OXOIMMbIC YMEHHUsI He C(HOPMHUPOBAHBI, BBHINOJIHCHHBIC yYeOHBIC 3aJaHMs COJEPIKAT IpyoOble
omnOku. be3ommbouno BeimoaHeHo MeHee 70% Bcex 3amaHui.

Tema 2.1. MaTpuubl 1 onpeaeJuTe I
IIpakTnyeckoe 3ansitue Ne3
JelicTBUS ¢ MATPULIAMH
Hean pabdotrbi: HayuynThest BHIMONHATH ACUCTBUS HAJ MATPULIAMH.

Boinosinus padorty, Bl Oynere:

ymemp:

- BBIIIOJIHATH ONEPALMH HAJl MAaTPULIAMU;

- HaXOJIUTh OOPATHYIO MaTPUILY.

MarepuanbHoe odecniedeHue: WHIUBUIYATbHbBIC 3aJaHHs, YUCOHUKH, KOHCTICKTHI JIEKIIH.

3ananmue:

1. Haiitu matpuny € = A* + 3AB, T/Ie A = (__2 3 :I; E= {5 _1:].

1 -1 1 3
-2 1
2. BBIACHUTS, ABNISETCA MAaTpULA A~ = ( 5 __:) 00paTHOM K MaTpHIIE A = {g g)
3 2 -3\ /1 0 -5
3. Jameimarpump: A= 1 5 —-2|u B=(3 —4 1 | Haiigure: A+B;2A; AB; BA.
2 4 -1 0o -2 2

Kparkue Teopernyeckue cBeleHUs:
Marpurieii Ha3pIBaeTCs MPSIMOYToJIbHAs TabaKIa yucen. MaTpuiia 3aiCchIBaeTCs B BUJE:
By Opz.. g
A=| 0y Bz 0O |
ﬂi"l'.l Ini"l'.: ﬂi"l'.i"!
JleicTBUA HAl MaTpULIAMMU:

1.CnoxeHue.
Onepaumi CJIOKECHUA BBOOAUTCA TOJIBKO IJIsA ManI/III OJNHAKOBBIX paSMCpOB. HpI/I CIIOXKCHHUU
ManI/IH ux COOTBGTCTByIOHH/Ie 3JICMCHTBI CKJIAABIBAKOTCH.

ay +byy ap +bpp ay +by
A+B=C=|ay +by G +by = gy + by
Oy + by Bz F B G + D

2. YMHOXK€EeHHE HA YUCIIO.

[Ipu yMHOKE€HUU MaTPUIbl Ha YUCIIO KaKIbIH €€ JIEMEHT YMHOKAeTCsl Ha 3TO YHUCIIO.

12



kﬂ].]. kﬂL: e kﬂlﬂ
kA =('rm:L K@y =+ Koy )
kﬂﬂ;l kﬂﬂ;: kﬂﬂ;i’!

3.YMHOXEHHUE MaTpHIL.

Onepanys yMHOXKEHHSI MAaTPUL] BBOJUTCS TOJIBKO JUIS ClIydasi, KOTJa YMCIIO CTOJIO0LI0B EPBOH
MaTpUlbl PABHO YUCILYy CTPOK BTOPOM.

YroObl HANTH AJIEMEHT MATPHIIBI, CTOSIIUI B I-TOH CTpOKe B K-TOM cTOJI01IE, HY)KHO
BBIYKMCIIUTH CYMMY MIPOM3BEICHUI 3JIEMEHTOB i-TOM CTPOKH MEPBOW MATPHUIIBI HA COOTBETCTBYIOIINE
3JIEMEHTHI K-TOro CTOJIOIa BTOPOii.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. 3anumuTte 3anaHue.

2. OmpenenuTe, Kakhe JEHCTBUSA, H IO KaKUM TpaBWIaM HEOOXOIWMO BBITIOJHHUTE.
[IpounTaiiTe KOHCIIEKT.

3. Bemonaure neiictus. [IpoBeppTe MpaBHILHOCTH BHIYUCICHUH.

Xoa paGoTsI:

1.Haiftu matpuny ¢ = A* + 3AE, eciiu
a=(7 2)e=( 3)
a) Haiinem A?, yMHOXasi MAaTpHLLy caMy Ha cest
2 (=2 3y (-2 3 7 -9
A :(1 —1)'(1 —1) :(—3 4)

0) Haiinem matpuily 34, yMHOXKHB BCE JIEMEHTBI MaTpUIlbl A Ha 3.

a=3( 2)=(3 3)

B) Haiinem npoussenenune 3AB

_(—6 0 5 —1y_ /=21 33
34B _( 3 —3) (1 3 ) - ( 12 —12]
r) Haitnem marpuny C, cxirageiBas COOTBETCTBYIOIINE DJICMECHTHI

-y D)+ (F B)-(3 %

2.Haiinem npousBeeHue 4 - A™* u Atoa

o=@ D(EF Y= 9-e

Yl [ Y B

4

B cooTtBeTcTBHE C OMMPCACIICHUCM JJAHHBIC MATPUIILI SABJIAIOTCA BSaI/IM006paTHBIMI/I.

-3 2 =3 1 0 =5
3. daner MaTpup: A=| 1 5 —-2|uB=({3 -4 1
2 4 -1 0 -2 2
Haiigure: A+B; 2A; AB; BA.
-3 2 -3 1 0 -5 -2 2 -8
A+B=(1 5 -2]+(3 -4 1 ]|=(4 1 -1}
2 4 -1 0 -2 2 2 2 1
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-3 2 -3 1 0 -5 3 -2 11
C=A-B=(1 5 =213 -4 1 |=|16 —-16 -4
2 4 -1 0 -2 2 14 -14 -8

ciu=—3-1+2-3+(-3)-0=3;
Cl=—3-0+2-(—4)+(-3)-(-2) = -2;
ci3=—3(-5+2-1+(-3)-2=11;
;1 =1-1+5-3+(=2)-0=16;

€y =1:04+5-(—4) + (=2) (-2) = —16;
3 =1-(-5)+5-1+(-2)-2=—4;
c31=2"1+4-3+(-1)-0=14;
C32=2'0+4-(—-4)+(-1)-(-2) = -14;
c33=2"(-5)+4-1+(-1)-2=-8.

1 0 =5 -3 2 -3 -13 —-18 2
B-A=({3 -4 1)1 5 =-2|=(-11 -10 -=2|.
0 -2 2 2 4 -1 2 -2 2

®dopma npegocTaBeHNs pe3yIbTaTa: BBIIOJHEHHAs paboTa.

Kpurepun oneHku:

- «OTIU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHCHBI MMPABUIBHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMICHO aKKypaTHO, ¢ HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUs C()OpMUPOBaHBI HEJOCTATOYHO, BCE 3aJaHUA
BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBIIIOIHEHBI ¢ omHOkamMu. be3ommbOouyno BeinonHeHO 80-
89 % Bcex 3amaHuH.

- «Y IOBNETBOPUTEIILHO» - HEOOXOJAMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBITMHCTBO 3aJaHUM BBHITIOJIHEHO, HEKOTOPHIE M3 BBITTOJHEHHBIX 3aJaHUN COJEpPk AT OIIUOKH.
Bbe3ommb6ouno BeimonHeHO 70-79 % BCex 3agaHu.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOEHO,
HeoOXOoIMMbIEe YMeHUsI He C(OPMUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIE 3aJaHMs COJEp)KaT rpyoble
omnoOku. be3zommbouno BeimoHEHO MeHee 70% Bcex 3aIaHuii.

Tema 2.1. MaTpuubl 1 onpeaeuTe Il
IpakTHyeckoe 3anaTue Ned
Boruncienue onpeneauTeseH
Ienp padoThI: HAYYNUTHCS BBIYUCIIATH ONPEAESIUTEIN BTOPOIO U TPETHETO TOPSAKOB.

Boinosinus padoty, Bel Oyaere:

ymemp:

- BBIYUCIIATH OIMPEACIIUTEIIA BTOPOIr'0O IIOpsAaKa,

- BBIYUCIIATE ONPEACTIUTEIIN TPETHETO HOpr}IKa;
-BBIYMCIIATH ONPEIEIIUTENN YETBEPTOTO MOPSAKA.

MaTepna.m,Hoe odecmeyeHue: HWHAUBUAYAJIBHBIC 3a/1aHUA, y‘-Ie6HI/IKI/I, KOHCIIEKTBI JICKITHI.
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3aganue:

Brprunciuts onpenenurenu:

| 3 5 7 8
3 3 3 -5 10 -2 1 -1 7 0 1
O D N I o8 Do 5 3 2
I 1 -1 7 4

Kparkue TeopeTuueckue cBeeHHA:

Omnpenenurenem KBaApaTHON MaTpHIbl BTOPOTO MOpsiiKa (OIPEAeIUTEIEM BTOPOIO OPSIKA)
Ha3bIBAETCS YUCIIO, PABHOE PA3HOCTH MPOU3BEICHUN 3JIEMEHTOB IVIABHOM TUAroHalIu U JIEMEHTOB
1100OOYHOM JAUaroHau.

a by
=ay by —ay by

a; B

Omnpenenurenem KBaApaTHON MaTPUILIbl TPETHEr0 NOPsAAKa (ONPeIeIUTENIEM TPETHETO MOPSIAKA)
Ha3bIBAETCS YUCIIO, PABHOE

@11 @3 O3

i @ Ayg| = . o (I - b — - oy — ey — .
M Bl =ayyapaz +agpagzag +ay 0303 — 307 03 — G13071033 — G330330y
@3y f3z O3

OnpenenI/ITeneM KBaﬂpaTHOﬁ MaTpulbl N-ro MopsaKa Ha3bIBA€TCA YUCIIO, pABHOC CYMME
HpOI/ISBeI[CHI/Iﬁ 9JIEMEHTOB JIFOOOH CTPOKH HJIN CTOJ'I6I_Ia Ha ux anre6pqueCKI/Ie JOIIOJIHCHHA.

aj; Az 413 Qg
A= %21 G2z (a3 G2 = a,,411 + a1,41, + 1342 + a14,A
A3, A3, Q33 Qs 11411 12412 13413 14414

Ay Qgp Qg3 Agg
Aii = (=DM,
) -

MI/IHOPOM HEKOTOPOro 3JICMCHTA Q4; j OIIPEACINUTEII N-TO NOPsIIKa HA3bIBACTCS ONIPEACINTCIIb
(n'l)'FO nopsaaka, HOHy‘lCHHBIﬁ N3 UCXOAHOTO OIIPEACTIUTEIIA IMMYTEM BBIUCPKHUBAHUA CTPOKH U
CTOJ'I6I_I8., Ha NCPECCUCHUU KOTOPBIX HAXOAUTCH BLI6paHHBII>'I 9JICMCHT.

ITopsinok BbINOJHEHHS PadOTHI:

1 3anummre onpenenuTenb, ONpeaeTuTe KaKoro OH MOPsIKa.
2 Ncnomnb3yst COOTBETCTBYIOIIEE ONPE/ICNICHHE, BEIYUCIUTE 3HAUYCHNE OIPEICINTES.
Xox pa0doThI:

Brruucinuts onpenenurenu:

o — .
1) |§ ;|:2-6—3-{_—=}}:12+12:2=1-
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5 -2 1
2) 13 1 -4=5-1-(-3)+(-2)-(-9)-6+3-0-1-
6 0 -3

-6-1-1-3-(-2}-(-3)-0-(—4)-5=-15+48-6-18=

=48-30 =0
4 0 5
3 [-6 2 -7|=4-2-240-(-7)-1+(-6)-(-3)-5-
1 -3 2
—5:2:1—-(-6)-0-2-0(-3)-(-7)=164+04+90 -10—-0—84 =12
L X%
4) 0 5 3 2 =3A11+(_1)A21+0A31+1A41=3' 5 3 2 +1'
1 -1 7 4 -1 7 4
5 7 8 5 7 8 5 7 8
5 3 2(+0-{7 0 1|—1-|7 0 1|=122
-1 7 4 -1 7 4 5 3 2

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padboTa.

Kpurepun oneHku:

- «OTIU4HO» - yMEHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIIOJHEHBI MMPaBUIBHO, 0€3
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMH.

— «XO0pomio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBIIIOJTHEHBI, HEKOTOPBIEC BU/IbI 3aJIaHUM BBINOJIHEHHI ¢ omKOkamu. bezommnbouno BeinosHeHO 80-
89 % Bcex 3a/1aHuid.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOAWMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUM BBIOJIHEHO, HEKOTOPBIE W3 BBIIOJHEHHBIX 33JaHUN COJIEpP)KaT OLIMOKH.
beszommbouno BeimonaHeHo 70-79 % Bcex 3amaHuil.

- «HeynoBneTBOpUTENbHO» - TEOPETHUECKOE COJEp)KaHuE Kypca HE OCBOEHO,
HeoOXOoIMMbIe YMeHUsI He C(OPMHUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIE 3aJaHMs COJEp)KaT rpyoble
omnOku. be3ommbouHo BeinonHeHo MeHee 70% Bcex 3a1aHuil.

Tema 2.2 Cuctembl JTUHEHBIX YPABHEHU I
IIpakTnyeckoe 3ansaTue NeS
Pemenue cucrem JIMHEeHBIX ypaBHeHU#t MmeTtoaoM Kpamepa.
Ilesab padoThI: HAYYNUTHCS pelIaTh CUCTEMbI JMHEWHBIX YPaBHEHUH, HCTIONB3Ys (OPMYIIbI
Kpamepa.

Boinoinus padorty, Bl Oynere:

ymembo:

- pemaTh CUCTEMBI JIBYX JIMHEMHBIX YPABHEHHI C IBYMsI HEU3BECTHBIMU MeTo10M Kpamepa;
- pemaTh CUCTEMBI TPEX JINHEWHBIX YPAaBHEHNUU C TPEMSI HEU3BECTHBIMH MeTo0M Kpamepa;

MarepuanbHoe o0ecnieyeHme:
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NHnuBuayanpHbIC 3a1aHUS , YICOHUKH, KOHCTIEKTHI JICKITUH.
3aganmue:

Pemnts cucTeMbl JIMHEMHBIX YPAaBHEHMI:

3x+3y—57 =2
H-sy=11 X y2 23
2 +3y = 20 X+y+ez=
2X—y+7z=27

Kparkue TeopeTuueckue cBeeHHA:

N . myyx +apx; = by
[TycTh JaHa cucTeMa JBYX JMHEWHBIX YPABHEHHMH C JIBYMSI HEM3BECTHBIMHU: arxs + Gy = b
nx tapx =h

CocTaBuM orpeenuTens 13 KO3QPUIIUSHTOB ITPH HEU3BECTHBIX. DTOT ONPEICIIUTEIh Ha3bIBACTCS
Gy
OIpCACIINTCIIEM CUCTCMBbI: A= |n a |
71 =a
COCTaBI/IM OIpCACIINTCIIN Ka)I(,HOfI HEU3BECTHOM. OHpCI[CJ'II/ITCJ'IL A 1 HOJYYACeTCsA U3 OIIPCACIINTECIIA A
by @

ITyTEM 3aMEHBI IIEPBOTO CTONIOMA KOA(PPHUIIMEHTOB CTOIOIOM U3 CBOOOTHBIX WICHOB. A= . ‘

OmpenenuTens 4; MOMydaeTcsi U3 ONpeNeNUTeIs A myTeM 3aMeHBI BTOPOTo CTOJI0Na
KO3 PHUIHEHTOB CTOIOIOM U3 CBOOOHBIX WICHOB.

ay by

a= fay b

[TycTs 1aHa cucTeMa TPeX JMHEWHBIX YPABHEHHH ¢ TPEMS HEM3BECTHBIMHU:
gy x) + apx; Hap3x; = by
gy %) + apx; + ag3x; = by
a3 %) + agx; + azzx; = by

CocraBuM orpeAenuTens u3 K03 GUIMEHTOB TPU HEM3BECTHBIX. JTOT OMPEACIUTETh HA3bIBACTCA
fyy Bz g

OIIPENEIIUTEAEM CUCTEMBL: 4= B2y @2z O3

ftgy gz O3z

CocraBum OMPECACIINTCIN Ka)XKJ0H HEU3BECTHOM. OHpeZ[eJII/ITeJ'IB Ay MOJIy4acTCsd U3 OIPECACTIUTCIIA A

IyTE€M 3aMEHBbI IEPBOro cTO01A KOAP(UIIMEHTOB CTOIOIIOM U3 CBOOOHBIX YJIECHOB.
by app ayg
":"l: n!Jg Qna tag (.
.[J; 32 o

-
23

Omnpenenurens 4; MoydaeTcs U3 ONpeAeTUTeNst A MmyTeM 3aMeHbl BTOPOTo CTOI01a
KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YJICHOB.
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ay by oags
A= |ay by apg
ay by asx

OrmpenenuTenp A; MOIYYaeTCsl U3 ONPEACIUTENs A MyTeM 3aMeHbI TPEThEro CToIoNa
KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YJICHOB.

apy oy by
Az=|ag a; by
a; a3 by

I[Hopsiiok BbINOJIHEHUS PA0OTHI:
1. 3anumuTe cucTeMy ypaBHEHHH.
2.3anuirTe U BEIYUCIATE OMPEICTUTENb CUCTEMBI.
3.Berauciure onpeaeuTeN KaK 101 HEU3BECTHOM.

4.HaiiguTe 3HaY€HUS HEU3BECTHBIX, UCTIOB3Ys popmymsl Kpamepa.
Xox pabdoThI:

Paccmorpum mpumep:

Pemnth cucreMy ypaBHEHMIA:

2x) —xy +4x; = 55

{xl +2x; —3x; =0y
3.1'1 +Ig—x3 = 5

1 2 -3 1 2 -3
A= (2 -1 4 ); BA=2 -1 4|=10=20
3 1 -1 3 1 -1

Breruucnum onpenenurenn Kaxaou NepeMeHHOM:

0 2 -3

M=5 -1 4[=0-15+40-15+10-0=20
5 1 -1
1 0 -3

=2 5 4|=-5-30+0+45-0-20=-10
305 -1
1 2 0

A3=|2 -1 5|=-5+0+30-0-20-5=0
3 1 5

A 270 Aa -10 A h

n=—t=—=ip=—=—=-Ln=—=—=0

Otser: (2;-1;0).
18



®opMma npeacraBJieHUs pe3yJbTaTa: BHIIIOIHEHHAs paboTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MMPABUIBHO, 03
apudmernueckux ommbOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.

- «Xopomuio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIE BUbI 3aJIaHUH BBIMOIHEHHI ¢ omuOkamu. be3ommn6oyHo BbimonHeHO §0-
89 % Bcex 3a/1aHuid.

- «Y TOBIIETBOPUTEIBHO» - HEOOXOAHMMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUi BBINOJHEHO, HEKOTOPHIE M3 BBINOJIHEHHBIX 3aJaHHUi coaepkar OIIUOKH.
bezommbouno BeIMoaHeHO 70-79 % BCcex 3amaHuil.

- «HeynoBneTBOpUTENBbHO» - TEOPETHUECKOE COJep’KaHuEe Kypca HE OCBOEHO,
HeoOXouMble yMeHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHbIC 3aJaHMs COJEp:KaT rpyoble
ommOku. be3ommOouHo BeIMoaHEeHO MeHee 70% Bcex 3aaHui.

Tema 2.2 Cuctembl JTUHEHBIX YPaBHEHU
IIpakTHyeckoe 3anaTHE N6
Pemienne cucreM JIMHeiiHbIX YpaBHEHUH MaTPUYHBIM MeTO0M
Heanb padorbl: HayunTbes perars cUCTEMbI JIMHEHHBIX YPaBHEHUH C IOMOILBI0 0OpaTHON MaTpHLIBL.

Bbinosinus padory, Bel Oyaere:

ymembo:

-HaXO/IUTh OOPaTHYIO MaTpUILY;

- pelaTh CUCTEMY JIMHEMHBIX YPaBHEHUIN MaTpUYHBIM CLIOCOOOM.

MarepuanbHoe obecnieuenue: VHauBuiyaibHbIe 3a1aHNs], Y4eOHUKH, KOHCTIEKTHI JICKIIAMN.

3aganue:

Pemnts cucreMy JIMHEMHBIX YPaBHEHUI:

2.1'1 - 3.1': + ‘1'.1'3 = J.J.
2) .1'1 + EI: —_ 3.1'3 = g
—le - ‘1'.7.': +J.'3 = —23

{2.1'1 —3.1': = —?
) ﬁx1+2x: =J.2’

Kpartkne Teopernyeckne cBegeHHs:

a11X1 + A12Xy + -+ A1pnXp = b1
. .. ) Ap1X1 + AppXy + o+ AopXxy = b
[TycTh 3a1aHa CHCTEMA JIMHEWHBIX ypaBHeHui:{ ~ 2171 T 72272 Zn-n = ¥2

An1Xy + ApaXy + -+ App Xy = by
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a11 alz en aln b
CocraBum marpuuHoe ypaBHeHue: AX = B, rne A =| Q21422 A2n |; B = 2|
An1 An2.. App
by,
X1
X2
X =
xn

YroObl HAWTH HEU3BECTHYIO MaTpuIly X, HyxHO A~1 - B
UTOoOBI BEIUMCIUTH OOPATHYIO MaTPHUILY, HYKHO:
a) BBIYUCIIUTH ONpenenuTenb Matpuisl A (AA # 0);

0) HaiiTu anreGpanveckue JOMOTHEHUS IS KQKI0T0 JIEMEHTa MAaTPHUIIBI A U COCTaBUTh U3
HUX COIO3HYIO MaTpuiry A*.

B) TPAHCIIOHUPOBATH MATpHIly A* U3 anreOpandecKux JONOTHCHUH

Ay Agy o Ay
AT = Ay Ayy Ay ;
Agn Aoy o A
Ay Ay Ay
r) HaiiTu o6paTHyI0 MaTpuiy: A~1 = i A12 Azz Anz
Avn Agn o A

Yro6B!I HANTH HEM3BECTHYIO MATPUILY X, HY’KHO YMHOKHTB OOpaTHYIO MaTpHIly A~ Ha
Matpunly B, cocTosinyto u3 cBOOOIHBIX YIECHOB.

Ilopsinok BbINOJHEHHS padOThI:

1. 3anumuTe cucTeMy JUHEHHBIX YpaBHEHUH.
2. CocraBbTe MaTPUYHOE ypaBHEHHUE.

3. Beruncnure oOpaTHyIO MaTpuILy.

4. HaiinuTe 3Ha4€HUs1 HEU3BECTHBIX.

5. 3anuuuTe OTBET.

Xox padoThI:

Pemnte cucreMy TMHENHBIX ypaBHEHUI:

2.1'1 - 3.1'2 = -7
1) {ﬁxl + 2.1': =12
Haiinem
2 3|_ . _ iow
A= |3 _5| = —10 -9 = —19 # 0 =>00paTHAs MATPHIIA ECTh.

—1__L(—5 —3)
at=-zlg )
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Pemrnm ypasHeHHE !

X =A"tc= —ﬁ(:g _93) @ = —ri(ffg ;g) = _ﬁ(_nag) = (S)

Ortgert: (2; 0).

.7.'1 +2.1': —_ 3.7.'3 =

2.1'1 —_ 3.1': + ‘1'.1'3 = J.J.
2) .
—3.3{1 —_ ‘1'.1': +J.'3 = —25

Hatinem
A= : _37 _19 =7|_2 —2 —3|3 _2|+|3 _2|=—m4
s 2T s g sltlg 1 :
Brruncium aJIre6paI/I‘IeCKI/Ie JOITIOJIHCHUA
o e
’4“=|_32 —12 =%
e e wef g
’439=_|§ —L2|=?;
T T

CocTaBuM 00paTHYIO MATPUILY:
-12 -16 -4

atl= —lf—4(—31 2 7 )
13 26 —13

Pemmmm MatprudHOE ypaBHEHHE:

. -12 -1 -4 10 i —120 + 64 + 56 . 0 0
X=H'LC=—E(—31 2 7 )(_+)=_E( —3'LU—E—QE)=—E(—416)=(ﬂl-).
13 26 —137 \-14 130 — 104 + 182 208 -2

Ortgert: (0;4;-2).

CremnaeM mpoBepKY:
04+12-2=10

[ 0—3+4=-4.(BepHO)
0—4-10=-14

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenku:

- «OTan4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIBHO, 0€3
apudmeTnyeckux ommoOOK, perieHrne opopMICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSIMHU.

- «Xopomio» - HEKOTOpble YMEHUs c(HOpMUpOBaHBI HEJOCTATOYHO, BCE 3aaHUSA
BBITIOJTHEHBI, HEKOTOPBIE BUJIbI 3aJIaHUM BBIMOJIHEHHI ¢ omKOkamu. bezommnbouno BeinonHeHo 80-
89 % Bcex 3aJaHuM.

- «Y IOBNIETBOPHUTEIILHO» - HEOOXOJMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
6OJ'II)HII/IHCTBO SallaHI/Iﬁ BBITIOJIHEHO, HeKOTOpBIe M3 BBIITOJIHCHHBIX SaﬂaHI/Iﬁ conepmaT OHII/I6KI/I.
Be3ommbouno BemonHeno 70-79 % Bcex 3amaHuii.

- «HeynoBiIeTBOPUTEIBHO» - TEOPETUUYECKOE COJEpKAaHWE Kypca HE OCBOEHO,
HeoOXouMbIe yMeHUsi He C(OPMHUPOBAHBI, BHIMOJHEHHbIE y4eOHBIC 3aJaHHs COJEpKaT rpyoble
omnOku. be3ommbouno BrinoaneHo menee 70% Bcex 3agaHui.
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Tema 2.2 Cucrembl JTHHEHHBIX YPABHEHU
IIpakTuyeckoe 3ansiTue Ne7
Pemenue cucreM JiMHeHbIX ypaBHeHui meroaom I"aycca.
eab padoThbI: HAYYUTHCA PELIATh CUCTEMBI JIMHEHHBIX YPAaBHEHU METOJOM MOCJIEI0BATEIHLHOTO
HCKJIFOYCHHS TIEpEeMEeHHBIX (MeToioM ["aycca).

Boinosinus padorty, Bel Oynere:

ymemb:

- peuaTh CUCTEMBI TPEX JIMHEUHBIX YPAaBHEHUM C TpEeMsi HEU3BECTHBIMHU METOJI0M ["aycca;

- pelllaTh CUCTEMbI YEThIPEX JIMHEHHBIX YPAaBHEHUN C YEThIPbMS HEM3BECTHBIMU METOAO0M [ 'aycca;
MarepuanbHoe obecniedenue: ViHauBuIyabHbIC 3a1aHNs], YICOHUKH, KOHCIICKTHI JICKIIUH.
3aganue:

Pemnte cucTeMsl IMHEMHBIX YPAaBHEHMI:

X1 +x, —3x3+ 2x4 = 6,
X, + x3 +3x, = 16,

X — 2x, — X4 = —6,

2x1 — 3x, + 2x3 =6

3x—2y+z=10
14{x+5y—-2z=-15 2.
2x —2y—z=3

Kparkue TeopeTnueckue cBeeHHA:

Mertopn ["aycca siBisiercst oqHUM 13 HanOoJiee YHUBEPCATbHBIX METOIOB PEIICHHS CUCTEM
JUHENHBIX ypaBHEHUH. OH COCTOUT B MOCIIE0OBATEILHOM UCKIIIOUEHNH HEN3BECTHBIX.

[Iporecc pemenus mo merony ['aycca coctout u3 nByx 3tanoB. Ha mepBom sTane (mpsmoi xox)
cUCTeMa MPUBOJUTCS K CTyNeH4YaTomMy Buy. Ha BTopom stamne (0OpaTHBIN X0O1) UAET
MIOCJIE/I0BATEIBHOE ONPECICHNE HEM3BECTHBIX U3 ATOM CTYNEHYATONW CUCTEMBI.

Ha npaktuke yno6Hee paboTaTh HE ¢ CUCTEMON ypaBHEHUH, a ¢ paCUIMPEHHON MaTpUIleH,
BBINOJIHSAS BCE dJIEMEHTAapHbIE IPe0o0pa30BaHMs HaJl €€ CTPOKAMHU.

3J'I€MGHTapHBIMI/I Hp606p330BaHI/I$IMI/I MaTpulbl ABJIAOTCA:
- IICPECTAaHOBKA CTPOK MECTaMU,
~YMHO>XXCHUC HCKOTOpOﬁ CTPOKH Ha J'II-0606, HE PABHOC HYIIIO YUCJIO,

-npudaBiIeHNE K AJIEMEHTaM OJTHOM CTPOKH COOTBETCTBYIOIIMX AJIEMEHTOB JIPYrOi CTPOKH,
YMHO>KEHHBIX Ha OJHO U TO K€ YHCIIO

Ilopsinok BbINOJHEHHS PadOThI:

1. 3anuuiMTe CUCTEMY JUHEHHBIX YPABHEHUN.
2. CocTaBbTe pacIIMPEHHYIO MaTPULLY.
3. BoimonHuTe — sneMeHTapHble  mpeoOpa3oBaHUS  CTPOK — MaTpHIbl,  HUCKIIOYas
IIOCJIEI0BATEIBLHO IIEPEMEHHBIE. B pe3ysbTaTe NOKHA MOIYy4YUThCS CTyIIEHYaTas MaTpULa.
4. Ilo ctyneH4aroil MaTpuLe COCTABbTE CUCTEMY.
22



5. HOCJ’IGI[OB&TG.HBHO HaﬁﬂHTe 3HAYCHUS BCCX HCU3BCCTHBIX.
6. 3amuIIuTE OTBET.
Xox padoThI:

PaccmoTrpum npumep:

1) Pemmth cucTeMy ypaBHEHHIA:

2.171 — X1 +"‘1‘I3 = 5:

{Ii +2J.': —3.1'3 =
3.1'1 +.r:—x3 = 5

CocraBUM pacHIMpPeHHYIO MaTPHILy U3 KO3(PGUIIMEHTOB ITPH HEU3BECTHBIX U CBOOOTHBIX YICHOB:
1 2 =30

(4lB) = (2 -1 4 5)
5

i 1 -1
BoinonHuM 35eMeHTapHble IpeoOpa3oBaHus HaJl CTPOKAMHU MATPULIbL:

1 2 -=3|0 1 2 =30 1 2 =30
( -1 4 5) o (EI -3 10 5) o (EI 1 -2 —'l)w
3 1 -115 0 -5 815 0 -5 815

1 2 -=3|0
’\* (EI 1 -2 —'J.)
0 0

0 -2
HOHy‘lGHHOﬁ MaTpune COOTBETCTBYCT CUCTCMaA ypaBHeHHfIZ

%]

x1+2x:—3x3 =[|
x:—2x3 = —1;
—EIEZU

Hauunas CHHU3Y BBCPX, HAXOAUM 3HAYCHUSA HCU3BCCTHDBIX!

’x1+2x2—3x3=[] I1+2Ig—3x3=ﬂ I1+2'|:—1:]:[|
.1':—2.1'3 =-1 ; [ X2 =-1 ; { Xy = - ;

! x3=10 x3=10 x3 =10

'.r1=2

I:——]..

L.r;:[]

Ortsert: (2;-1;0).

X1 +x, —3x3+ 2x4 = 6,
X, +x3 +3x, = 16,

X, — 2x, — X, = —6,

2xq — 3%, + 2x3 =6

2)
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1 1 -326 1 1 -3 26 1 1 -3 26
01 1316 [ 01 1316 |\ [0 1 1316 |_
1-20-1-6 0 3 -3 3 12 01 -11 4
2 -3 2 06 0 -5 8-4-6 0-5 8—-4-6
1 1 -326 1 1 -326 1 1 -3 26
60 1 1316 | ( 0 1 1 316 |_ 0 1 1 3 16
0 02 2 12 0 0 1 16 0 01 16
0 0 13 11 74 0 0 13 11 74 00 0-2-4
xl+xZ_3X3+ZX4:6,
X + x3 + 3x4 = 16,
x3+X4=6,
—2x, = —4

Hauunnas CHHM3Y BBCPX, HAXOJAUM 3HAYCHUS HCU3BCCTHLIX!

x, =8
X, =6
X3 =4’
X, =2

Otser : (8;6;4;2).

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kputepuu ounenkmu:

- «OTINYHO» - yMEHUs cPOPMUPOBAHBI, BCE 3aJaHHS BBIMOJIHEHBI MPABUIBHO, 0€3
apu(MeTHYECKUX OMKMOO0K, penieHre 0hopMIICHO aKKypaTHO, C HEOOXOJUMBIMI 00OCHOBAHHSIMH.

- «Xopomio» - HEKOTOpble yMeHHs C(HOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. be3ommnboyHo BeimonHeHO §0-
89 % Bcex 3aJaHui.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHUS B OCHOBHOM C(OPMHUPOBAHEI,
OOJBIIMHCTBO 3a/IaHUi BBIMOJTHEHO, HEKOTOPHIE W3 BBIOJHEHHBIX 3aJaHUi COAEpKaT OIIMOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3agaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXouMbIe yMeHHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHBbIE 3aJaHUs COJIEpKaT TpyoObie
omnoOku. be3ommbouHo BrInoaHeHo MmeHee 70% Bcex 3agaHui.
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Tema 2.2 Cucrembl JTHHEHHBIX YPABHEHU
IIpakTuyeckoe 3ansaTue Ne§
Pemenne cucreM JIMHeiiHbIX YpaBHEHMH Pa3JIMYHBIMU MeTOJaMH.

eab padorni: HayuuThest pemiaTh CUCTEMbI IMHEUMHBIX YPaBHEHUN pa3IMYHBIMA METOJAMH.
Boinosnus padory, Bel Oynere:

ymembu:

-pelaTh CUCTEMBI JIMHENHBIX YpaBHEHUI MeTo1oM Kpamepa;

- penark CUCTeMbl ypaBHEeHHI MeTooM [ aycca;

- pelaTh CUCTEMbI JJMHEWHBIX YPaBHEHUM MATPUUHBIM CIIOCOOOM.

MarepuanbHoe obecniedenue: HauBuayanbHble 3a0aHus], YI€OHUKH, KOHCTIEKTHI JIEKIUH.

3ananne:
Pemnte cucTeMsl JIMHEMHBIX YPaBHEHMI:

3 =X, + X% =3 2y — 3xp + 4y =11
1) % +2x,-3%, =0 2)) xm 42— 3x=9
—3.1.’1 - ‘1'.1': +.1'3 = —-25
X + X, =X, =-1

Kparkue TeopeTnueckue cBeeHHA:

ITycTh 1ana cucTeMa TpeX JUHENHBIX YPABHEHUM C TPEMS HEU3BECTHBIMU:
@ ¥+ 8 Tapry = by
ay Xy + apxy +ay3x3 = by

A3 %) + A3%p +a33%3 = by

Urto6s! pemuTh cucteMy MetoaoM Kpamepa, coctaBuM onpeenuTens U3 ko3hPUIneHToB npu
HEU3BECTHBIX.

Gy Byz Oy

9TO0T OIIPEACIINTCIIb HA3BIBACTCS OINIPCACIIUTCIICM CUCTCMBI: A= |Gz; G2z  B23

figp Ggz fOg

CocTaBuM OIpeIeINTENN KaxI0i Hen3BecTHOW. OnpeeuTens 4; MOJIydaeTcs U3 onpeaeuTes A
MyTEM 3aMEHBI TIEPBOTO CTOJIONA KOA(DPHUITMEHTOB CTOIOIOM U3 CBOOOIHBIX WICHOB.

by &y ag
_l':l,l = IJ: a

by a

a

il

Ba
(]

"
&

s

o3

B3

3

Omnpenenurens 4, momydaeTcs U3 onpeAenuTeNs & myTeM 3aMeHbl BTOPOTO CTOJI011a
KO2(pPUIIMEHTOB CTOIOIIOM M3 CBOOOIHBIX YJICHOB.

25



1)
2)
3)

4)
5)
6)

ay by ey
A= oy by @

[
[
)

ag by ag

Omnpenenurens 4; MONTydaeTCs U3 OMPEACTUTENS A IyTeM 3aMeHBI TPETHETO CTOI0A

KO2(pPUITMEHTOB CTOJIOIIOM M3 CBOOOIHBIX YJICHOB.

a
= ﬂﬂl Tqn bn
& Ly
a3; by

UToOb! BEIUMCIIUTD 3HAUYEHUSI HEM3BECTHBIX, BOCHONIb3yeMcs popmynamu Kpamepa:

4. 4y
Xn = — Xq = —
- ;\.’ 3 A

Jns pemienus cucteMbl METOIOM ['aycca UCIIONb3yUTe aITOPUTM:

3anuIIuTe CUCTEMY JIMHENHBIX YPaBHEHUH.
CocraBbTe paCHIUPEHHYIO MaTPHUILY.

Bemmoanute QJICMCHTAPHLIC npeo6pa30BaHI/1;1 CTPOK MaTpulbl, HCKIOYasA IIOCICOOBATCIIBHO
NEPCMCHHBIC. B PE3YIbTATC AOJDKHA IMOJIYYHUTHCA CTylICHYATasA MaTpulia.

ITo CTynquaTOﬁ MaTpune COCTaBbTC CUCTEMY.

IlocnenoBarenpHO HAWIUTE 3HAYEHUS BCEX HEU3BECTHDIX.

3anumunTe OTBET.

L= |

Jlnist perieHust cucTeMbl MAaTPUYHBIM METOOM:!
1. 3anuiuTe cUCTEMY JTMHEWHBIX YpaBHEHHH.

2. CocraBbTe MaTpUYHOE ypaBHEHUE.

3. Beruncaure oOpaTHYIO MaTpHILy.

UTOoOBI BRIUUCIUTH 0OpATHYIO MATPHILY, HY)KHO:

a) BBIYUCIIUTH ONPEACTUTENh MAaTPULIBI A (AA # 0);

0) HaiiTu anreGpandeckue JOMOTHEHUS A K00 3JIEMEHTa MaTPULIBI A

B) TPAHCIIOHMPOBATH MATPHILY U3 alredpanuecKux JOMOJTHEHUH;

All Azl "'ATll
I) HaliTH 06paTHYIO MaTpuIy: A~ = i A Ayy Ay
Aln Azn ...Ann

4. Haiioure 3Ha4EHU HEU3BECTHBIX.

. -1
Uto0Ob! HAITH HEN3BECTHYIO MATpULly X, HY’)KHO YMHOXKUTh OOpaTHYIO MaTpully 4 Ha
Matpunly B, cocTosinyto u3 cBOOOIHBIX YIECHOB.

5. 3anumunTe OTBET.

Ilopsinok BbINOJHEHHS PadOTHI:
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1. 3anummre cucTeMy JIMHEHHBIX ypaBHEHUI.
2. PemmuTe KaXXIyr0 CUCTEMY BCEMHU TPEMsI CIIOCOOaMHU.
3. 3amuimmre OTBET.

dopma npeacraBJieHUs pe3yJbTaTa: BHIIIOIHEHHAs paboTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI NMPABUIBHO, 03
apudmeTnueckux ommbOoK, penieHne 0POpPMIICHO aKKYpPaTHO, C HEOOXOUMBIMUA 0OOCHOBAHHUSIMH.

- «XOopomuio» - HEKOTOpble yMeHHsI C(HOPMUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIE BUbI 3aJlaHUM BBIMOIHEHHI ¢ omuOkamu. be3ommn6oyHo BbimonHeHO §0-
89 % Bcex 3a/1aHuid.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOAHUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUi BBINOJIHEHO, HEKOTOPBIE W3 BBIMOJHEHHBIX 3aJaHUN COJIEP)KaT OLIUOKH.
bezommbouno BeIMoaHeHO 70-79 % BCex 3amaHuil.

— «HeynoBneTBOpUTENBHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BHITIOJHEHHbIE Y4eOHBIC 3aJaHHs COJAEpXKaT rpyoble
omuOku. be3zommbouyno BeimonHeHO MeHee 70% Bcex 3aaHui.

Tema 3.1 Teopus npenesion
IIpakTuyeckoe 3anaTue Ne 9
Breruuciaenue npegesioB GyHKumii

Henab: HayunTbes BEIUMCTATH Opeeibl PYHKIIHA.
Boinosinus padorty, Bel Oynere:
ymemp:
-BBIUMCIISITD MPeACIbl YHKIMM, UCIIONB3YS TEOPEMBI O Mpeeiiax;
- pacKpbIBaTh HEOIIPEAEICHHOCTH;
- HaXOJIUTh Mpeesbl PYHKIMHA, UCTIOIb3YsI POPMYJIIbl 3aMeUaTeNIbHbIX MTPEIEIOB.
MarepuanbHoe o0ecnedeHne: MHIUBUTyaIbHbIC 33/IaHUsI, KOHCTIEKThI JIEKIIH.
3aganue:
Boruucnuth npenens! GyHKIUI:

lim,_,(2x3 — 10x% — 4x + 5)

. 3x2-11x+6

lim,.,3 2x2-5x-3
11x3-5x2-6x+10
. x6x4—8x2 +2
. sinz
4. lim,_, —

5. lim,es (1 - z)sx

3. limy_ e

ITopsinok BbINOJIHEHUS PadOTHI:

Haiigure npenen gyHKIMH, UCTIOTB3YsI TEOPEMBI O IIpeienax.

Ecnu nonyunnace HeonpeaeneHHOCTb, ONPEIEIUTE €€ BUA U CIIOCO0 PacKpPbITHS.
[IpeobpasyiiTe GyHKINIO U paCKpOUTE HEONIPEAETEHHOCTb.

Brruncnure npeaesn.
Xox pa0doThI:
Haiitu npenen Gyukimu:

el oA

1) lim,,,(2x3 — 10x? — 4x + 5)
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Hcriosb3yeM TEOPEMBI O TIpeIeNiax:
lirr%(2x3 —10x%2 —4x +5)
x—

=2(hmx) —10(limx)2—4}ci_r)r%x+5=2-8—10-4—4-2+5=—

X2 xX—2

3x2-11x+6
2) lim _
) X23 ox2-5x-3

OyHKIUSA MpescTaBiIsieT co00M OTHOIIEHHE JBYX MHOTOYJIEHOB, 0OpAIalOIUXCs B HYJIb B
touke X = 3. [loaToMy cHauana npeoOpa3yeM JAaHHYIO (QYHKIHIO.
JIr060i1 KBaIpaTHBINA TPEXUWIEH MOXKHO Pa3JIOKHUTh HA MHOKUTEIN C TOMOILBIO (hOPMYJIbI

ax®+ bx +¢=aix —x,){(x —x,), I€ ¥ U ¥;KOPHU KBaAPATHOTO TPEXUJICHA.

KopHsiMu KBafipaTHOTO TpexwieHa 3x* — 11x + 6 SABISIOTCS YUCIA - U 3; 3HAYMT
3

3x2 —11x+ 6 = 3(x — 3)(x—§)

1
A KOpHHM KBaJ[paTHOTO TpexuseHa 2Xx% — 5X — 3 paBHBI - U 3, CJI€10BATEIBHO

2x2 —5x =3 =2(x —3)(x +7)
BOSBpaH_IaHCB K IIpeaeiy, UMCEM:

2 2
lim 3x2-11x+6 _ im 3(x-3)(x—3) im 3(x—3) im. ., 3X°2 _ 3limgogx-2 _ 33-2
X=3 ox2-5x-3 X73 2(x-3)(x+3) X=3 2(x+3) X23 2x4+1  2limygx+1 2341
77=1
. 11x3-5x%—6x+10
3) lim,_,q

6x%—8x2+2

Tak KaKk MHOTOUYJICHEI B YUCIIMTEIIC 1 3HAMEHATEIIC CTPEMSTCA K 00, TO IMOJIy4acM
HEOMIPCACIICHHOCTh BUIA [ ] I[J'IH €C pPaCKpbITUA Pa3aCIUM KaKAO0C CJIaracMoeC YUCIIUTECIIS U

3HaMeHatens Ha x*. Toraa momyumm:

] ) 11x* 5x* 6x 10 11 5 6 10
11x% — 5x* — 6x + 10 = T F T ETE T T TETE o
lim 3 S = lim I 7 = lim =—-=10
X Bx® — 8x~ + 2 X Gx B + 2 3 6 — _E'r + 2 ]
A T TR PR
X
. sinz
4) lim,_,—=

UToOBb! BEIUMCINUTD MTpeed QYHKIMH, HY’KHO BOCIIOJIb30BaThCs (hOPMYIION EpBOTO

sinx
3aMeyYaTeNbHOro Mpejaena: hmx_,o =1.

1
YMHOXKHUM YHUCIUTENIb U 3HaMEHaTellb ,Z[pO6I/I Ha E
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sinZ LsinZ 1 sinZ 1 1

. 7 SSing 1. > _
lim,_ o —2 =lim,_ 32 ==-limy(—*>=--1==
¥ P PR 2

5) limy -, (1 ;)5x

[IpeoOpazyeM (yHKIHIO Tak, YTOOBI MOXXHO OBLJIO MPUMEHHUTH BTOPOW 3aMeuaTeNIbHBIN

x

openen :  lim,_,q (1 + %) = e. BBezieM HOBYIO TIEPEMEHHYIO: X = —3y; X — 00; y — 0.
. 3\°% . 3 \>(3) A PP |
11rnx—»oo (1 - ;) = llmy—mo (1 - —_33/') = hmy_wo (1 + ;) =e = E

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurtepun ounenku:

- «OTan4HO» - yMeHHUS COPMHUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIbHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUs Cc()OpMUpOBaHBI HEIOCTATOYHO, BCE 3aaHUA
BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBITIOIHEHBI ¢ OomrOKkamMu. be3omundoyHo BeimoaHeHo 80-
89 % Bcex 3amaHuM.

- «Y IOBNIETBOPUTEIILHO» - HEOOXOJAMMBIE YMEHHUS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIIMHCTBO 3aJIaHUH BBIIOJIHEHO, HEKOTOPHIC M3 BBIMIOJHEHHBIX 3aJaHHUN COJEPHKAT OIIHUOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiaeTBOPUTEIBHO» - TEOPETUUYECKOE COJAEpKAHUE Kypca HE OCBOEHO,
HEoOXOIMMBbIC YMEHUs HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIE YYeOHBIC 3aJaHMs COJEPIKAT IpyobIe
omnbku. be3ommboyno BeIoaHEHO MeHee 70% Bcex 3amaHui.

Tema 3.1 Teopus npenenon
IIpakTuyeckoe 3ansaTue Ne 10
Hccaenopanue GQyHKIMH HA HENPEPbIBHOCTH M TOYKHU pa3pbiBa

Henab: HayuuTbcs HAXOAWTh TOYKM pa3pbiBa (PYHKUUN, ONpeneisiTh HUX poOJl, HaXOIUTh
aCUMIITOTHI I'paUKOB QPYHKIHU.

Beinosinus padory, Bel Oyaere:

ymembo:

- Hccre1oBaTh QYHKIIMU Ha HEMPEPBIBHOCTB;

- HaXOJIUTh TOYKHU Pa3pbIBa, ONPEIEIATh UX POL;

- HaXOJIUTh ACUMITOTHI.

MatepuaibHoe ofecriedyeHHMe: HWHIMBHyalbHbIE 3a/JaHUS, KOHCIEKTHI JEKIMHA, Tabiauma
MIPOU3BOIHBIX.

3aganue:

HccnenoBaTh pyHKIIMM HA HEMTPEPHIBHOCTh. HalTH TOUKM pa3pbiBa U ONpeaenuTh ux pod. Haiitu
ACUMMTOTHI (PYHKLIUH.

1) y==2

x-g’

2) y= 2 —-tr—!l}.

x2-25

KpaTkue TeopeTnueckue cBeieHUS:
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Touxkamu paspviea @ynKyuu HA3BIBAIOTCA TOYKH, B KOTOPBIX HAPYIIACTCS YCJIOBHE
HEMPEPHIBHOCTH HYHKITHH.

Bce Touku pa3pbiBa QyHKIUHU pa3esiOTCs Ha TOUYKH pa3pbiBa IEPBOTO M BTOPOTO Po/ia.
Touka pa3pbeiBa X, HA3BIBACTCS MOUKOU paspwvléa nepgoeo poda pyHkuuu y = f(x), ecnu B
3TOH TOYKE CYNIECTBYIOT KOHEUHbIC Mpeesibl QYHKIMU CJICBa U CIIPaBa, T €
limy o f(x) =A; m limy,y 4o f(x) = A,. Tlpu stom: ecim A; = Ap,T0 Touka X
Ha3bIBACTCS TOYKOW YCTPAaHHUMOTO pa3pbiBa; eciiud A; # A,, TO TOYKa X, Ha3bIBACTCS TOYKOM
KOHEYHOTO Pa3phiBa.

Touka paspbiBa X, HA3bIBACTCS MOUKOU paA3pbléa 6mopo2o poda GyHkimu y = f(x), ecinu 1o

KpaifHell Mepe OIMH U3 OJJHOCTOPOHHKX MPEICIOB HE CYIIECTBYET WIM PaBEH OECKOHCUHOCTH.
Acumnmomoii zpaguka @pynxkyuu y = f{x)JHa3pIBaeTCs NMpsmasi, o01aaromas TeM CBOWCTBOM, YTO
paccrosiaue o1 Touks (x: f(x)) 10 5TON MPAMOM CTPEMUTCS K HYIIFO IIPH HEOTPAHMYEHHOM YIAJIE€HUH
TOYKH rpaduka OT Hayajga KOOpIUHAT.

[Ipsimast x = a Ha3BIBACTCS BEPMUKAILHOU acumnmomot Tpaduka QyHKOHH ¥ = f(x]}, €CIu
XOTsI OBI OJTHO M3 MPEACITBHBIX 3HAYCHUN lim, ., o f(x) wam  lim,_ .., fix) paBHO —o° WM 42 .

3ameuanue. llpsmass x =a He  MOXET  OBITh  BEPTUKAIBHOW  ACUMIITOTOH,  €CIH
(GyHKIUS HempepblBHA B TOYKE x = a. [l09TOMY BepTHUKAaJIbHBIE ACHMIITOTHI CIEAYyeT HCKaTh B
TOYKaX pa3pbiBa QyHKIUH.

[Ipsimast y = b Ha3bIBACTCS 2OPUBOHMANLHOU acumnmomou Tpapuka QyHKIUH ¥ = f(x), €CIu

XOTsI OBI OJTHO M3 MPEACIBHBIX 3HAYCHUM lim, .z f(x) WM lim,_,__. f(x) paBHO b.

3ameuanmue. ['padux QyHKIHHE MOXKET UMETh TOJBKO MPABYIO TOPU3OHTAIBHYIO aCHMITOTY
WM TOJIBKO JIEBYIO.

[Ipsimast y = kx + b HA3BIBACTCA HAKIOHHOU acumnmomoti rpaduxa byHKINH ,
ecru lim, o | f{x) — kx — b = 0
Ecmn nnst dyHkumu v = f{x) CyIIECTBYIOT MpEEibl lim_l._,;.:ﬁ =ku lim_o(flx) —kx)=b, ToO
x
(GYHKIUS IMeeT HAaKJIOHHYIO aCUMITOTY ¥ = kx + b TIpu x — o2,
Xoa padoThI:

WccnenoBath pyHKIMIO Ha HENIPEPhIBHOCTh. HailTh acuMNTOTHI QyHKIIMH.
I:

y=

O6mactpb onpenencuus GyHkmu D(f) = (—eo; 1)U (1; +o2)

Touka x = 1 gBnseTCS TOUKOM pa3pbiBa 2 poja, T.K.

. x* 1 . x 1
lime g g——=|7|=—% lim_jp—=|-|=+w
LX—i o LX—i U

[Ipsimast x = 1 — BepTUKaJlbHAsg acCUMMTOTAa (PYHKIMH. YpaBHEHHE HAKJIOHHOW aCHMIITOTHI
UMeeT BuJ v = kx + b,
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P x | x° ’ x° | 1 1
= x _xi.mxpx_z]x xﬂ?xf—h xﬂ?_g_z
T ox
. x* 1 Coxt—x(x—1) o oxt—xt4x . x . 1 1
b=l 23T i Ty T e T _}LEM‘}LE7_3‘5
T ox

Koneunslil BUI IPAMOM CIIETYIOLIHI

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUS COPMUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI MMPABUIBHO, 03
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOUMBIMUA 000CHOBAHHUSIMH.

- «XOopomio» - HEKOTOpble yMEHHS C(HOPMHPOBAHBI HEIOCTATOYHO, BCE 3allaHMsI
BBINOJIHEHBI, HEKOTOPBIC BUJIbI 3a/IaHUI BBITIOJHEHBI ¢ omKOKaMu. be3ommnbo4Ho BhimoaHeHO 80-
89 % Bcex 3aaHuil.

— «Y IOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3aJ]aHUN BBIMIOJHEHO, HEKOTOPHIC W3 BBIMOJIHEHHBIX 3aJlaHUI COJEPKAT ONIHUOKH.
bezommbouno BemonHeHO 70-79 % BCcex 3agaHuii.

- «HeynoBieTBOPUTEIBHO» - TEOPETHUECKOE COJEpKAHUE Kypca HE OCBOCHO,
HEeoOXOIMMBbIE YMEHUsT HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIE YYeOHBIC 3aJaHMs COJEPIKAT Ipyobie
omnOku. be3ommbouHo BhmoaHeHO MeHee 70% Bcex 3a1aHui.

Tema 3.2 IlpousBoaHasi pyHKIHMH U ee IPUMEHEHHUE
IIpakTnyeckoe 3ansaTue Ne 11
JuddepeHunpoBanne CI0KHbIX PyHKIMIA

Henab: HayunTbes HaXOAUTH IPOU3BOIHBIE CIOXKHBIX (YHKIIHM.

Beinosnus patdory, Bel Oyaere:

ymemp:

- IPUMEHSATH NpaBuiia TudPepeHIMpOBaHNS;

- HAXOJUTh MPOU3BOJIHBIE CIIOKHBIX (DYHKIIHII.

MatepuaibHoe ofecriedyeHHMe: WHIMBHyalbHbIE 3a/JaHUS, KOHCIEKTHI JEKIMHA, Tabiauia
IMPONU3BOJHBIX.

3aganue:

Haiitn npousBoaHble PyHKIMIMA

1. y=(5x% —2x)*

2. flx) = 3sin(2x —'4—*]
3. flx) = arcsindx + arccos*x
4
5

flx) =log: (7x* - 52"+ 1)
—
f':_r] — {n IL+EDSI

y L-cosx
HOpﬂI[OK BbBINNOJTHCHUA paﬁoTbI:
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1. Onpenenure Bua ¢yHkuud. Ecim  GyHKuus — sBISeTCs  CIOXKHOH, TO  BBEAUTE
MPOMEKYTOUYHBIN apryMEHT.

2. Ompenenute, KakuMH TpaBwiaMd JTUGGEpEeHIUPOBAHNUA HYXHO  BOCIIOJIB30BaThCS.

[TpuMeHUTE COOTBETCTBYIOIIEE MTPABHIIO.

Hcnonp3ys Tabnuily Mponu3BOAHBIX, HAWAUTE TPOU3BOIHBIC (DYHKITHIA.

4. PackpoliTe CKOOKH M MPUBEIUTE MOAOOHBIE, €CIIM ATO YIPOCTUT 3aMHUCh (YHKIIUH.

w

Xopn padoThl:

Haiitu npoun3BogHbIe PYHKITUI:

1. glx) =(1-4xn)

@yHKIUA ABISETCA CIOXKHOW CTENEHHOM. BBeneM mpoMeKyTOUHbIN apryMeHT u =1 —4x*. J{s
muddepeHIpoOBaHms HYKHO BOCITOIB30BaThCs (opMyIton (u™) = nu™! - u

)

¥y = 10(1 —4x%) (1 —4x%) =10 (1 — 4x*)%(—8x) = —80x(1 — 42%)

2. flx) = siﬂfx - cos 2x

OyHKIMS TPEACTaBIsAeT CO00M MPOM3BENCHUE IBYX CIOKHBIX TPUTOHOMETPHUECKUX (HYHKIUH.
[TosToMy cHauaja BOCIONIb3yeMcs paBuioM auddepenuupoanus (U V) = UV + UV

V- 1 1 ' .
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

o o L o
BBeneM nmpoMeKyTOUHBIN apryMeHT: 1Js IepBOM QYHKIMH u = - x, N7 BTOPOH PpyHKUUU u = 2x,

IIpn T pepeHIMPOBaAHUT UCIIOJIb3YEM CIIEIyIOIINE bopMynbL:
{sinu]' = cosu-u,(cosu) = — sinuu.

. 1 : .
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

1 1 1 ) ., 1 1 1
= ros ;x- ;.r s ros2x + s:'n;.r- {_—s:’n?x} ' {_2_1'} = ;cus ;x rrosix — 2sin ;x- sindx.

A3X+5T°

3.y=

loga (3+10x)

OyHKIUSA TpeAcTaBiIseT co0oW  YacTHOe  ABYX CHOXHBIX  (yHkiuid. Ilostomy chavana

U U V-
BOCIIOJIb3yeMCs ITpaBUIoM AU depeHInpoBaHus (1_) =0

(2554551 log, (3 4 10x) — 2945 . (log, (3 + 10x))’
- (log, (3 + 10x))°

y

BBenem mpoMeXyTOUHBIM apryMeHT: JUIs MepBOd (QYHKIUHM u = 3x + 5x%, JuId BTOpOH (YHKUIUU
u =3+ 10x.
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. _ 1
[Ipn nuddepeHumpoBaHuu UCTIONL3YEM CIIEMYIOIIUE GOPMYIIBL: (a*) = a“Ina - o, (log, u) = — o

L3+ 1) dnd

¥ = P = i f =

(log,(3+10x1) (log, (3+10x1)

A A
. . +5x° I n o 1 P
, ,g-“--"fi,L]:_::J|:3+1:_,_-}_g-€'r—.n‘i.Il:a”3+1:_1.”. FAFI 1 | .1.1.'+:|.1':| Iog, (34 10x) =245 ————— 34100y’

14

el . ]
2T (34 10x) log,, (34 10x) - 2F5 FyerRTar

|:|=,g_,|.'|+1:.'l.'||;I

4, flx) = nrcsfn§x+ arccosdx

OyHKIMS PEACTaBISAET COO0M CyMMY IBYX CIOKHBIX OOpaTHBIX TPUTOHOMETPHUUECKHUX (DYHKIUH.
[TosTOMy cHavaya BOCIob3yeMcs paBuiioM auddepeHiupoBanus (U + F]' =U +V.

Flx) = (nrcs:'ng.r)l + (arccosSx)’

o o 3 o
BeezieM pOMEXKYTOUHBII apryMeHT: [Ulsl IepBOM PYHKUMHK u = x, JUIs BTOPON QYHKUMM u = 5x.

[Ipu Im(bcpepeﬂuupOBaHHn UCIIOJIb3YEeM CIICAYIOIINE bopmymb:

u

{nrccusu] -

{:nrcs:'nu] =
vi-u? Vi-u

Flx) = (nrcs:'ngx) + {nrccusSx]’:;i (i_r) = :1},{5-1'} - ~ e

J

5. flx) = arccosvVl — &

(DYHKHI/ISI SIBIISIETCST CIIOKHOU 06paTHOI/I TpI/IFOHOMCTpI/I‘ICCKOI/I BBGHGM HpOMe)KYTO‘-IHBII/I apFYMeHT
-
u =+1—e>. Jlna nudpepeHnpoBanys HYKHO BOCIIONB30BaThes popMymnoii  {(arccosu) ' =

ml—u-

— - X — E X
x) = | arccosV1l — g = — = |V1-g¥).
i) =( v ) Y (v )
[TpomexxyTOUHBIN apTyYMEHT SIBJISIETCS TAKXKE CIIONKHOW QyHKIMenH. BBenem u 17151 Hero HOBBIM
MPOMEXKYTOUHBIM apryMEHT u =1 —e™*.

Jlst nudpdepeHmpoBaHus HYy>KHO BOCTIONIB30BaThCs (hOPMYITOit
N
{\IE} B 2
ey T = _ 1 — L 1 - 2t
fx) —{nrccus\-l—e ) = ——vl,m-'[\-l—e 1:} = -7 — (1 -¢ ) =

1 1
_ = 255 =
S { } V1-gix

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kpurepum ouenku:
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- «OTaM4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPABUIBHO, 0€3
aprupMeTHIECKUX OMMOO0K, pemeHrne 0hOpPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.

- «XO0pomio» - HEKOTOpble yMEHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBITIOJIHEHBI, HEKOTOPHIE BUJIbI 33JJaHUN BBIIIOIHEHBI ¢ omKOKkaMu. be3omundoyHo BeinmoaHeHO 80-
89 % Bcex 3amaHuH.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOJMMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHHI,
OOJIBIIMHCTBO 3a/IaHUi BBIIOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHUI COJEPIKAT OIIHUOKH.
Bezommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiaeTBOPUTENIbHO» - TEOPETUUYECKOE COJCpKAHUE Kypca HE OCBOEHO,
HE0O0XOMMBIE YMEHHS HE C(OPMUPOBAHBI, BHINOJIHEHHBIC Yy4eOHbIE 3aJaHUs COJAEpKaT IpyObie
ook, be3ommbouno BrimoaneHo menee 70% Bcex 3agaHui.

Tema 3.2 IlpousBogHasi pyHKIIUM U ee MPUMEHEHHE
IIpakTuyeckoe 3ansitue Ne 12
Hccaenopanue GQyHKIMiA HA MOHOTOHHOCTD, JKCTPEMYMBbI, BBIIYKJI0CTh, BOTHYTOCTb,
neperuo.
Heap padoTel: HayuyuThcss IpUMEHSATH TPOU3BOIHYIO JUTSI HCCIIETOBAHUS () YHKITUH.

Boinoinus padorty, Bl Oynere:

ymemas:

- OIPENENSITh MPOMEKYTKH MOHOTOHHOCTH,

- HaXOJIUTh 3KCTPEMYMBbI QYHKIINH,

- OIPEJIENSTh HallpaBJIEHNE BBIMYKIOCTH (DYHKIIMU, TOUKHU IIeperuoa.

MarepuanbHoe obGecniedenue: uauBuayanbHble 3aJaHus, TaOIUIA MPOU3BOIHBIX,
KOHCIIEKTHI JIEKIUH, Y4eOHUKH.

3aganue:

1. HUccnenyiite pyHK1IMIO HA MOHOTOHHOCTB!
flx) =x5—x3—2x

2. Haiigure sxkctpemymbl pynkimn: f(x) = x* — 4x3

w

Uccrnenyiite GyHKIMIO Ha MOHOTOHHOCTb M 9KcTpeMyMsl: f(x) = 3x° — 25x3 + 60x
4. Haiigutre npoMexyTKHU BBITYKJIOCTH (YHKLIUU:
f(x) = x* —10x3 + 36x2 + 100

KpaTkue TeopeTnueckue cBeeHUS:

Anzopumm HaAxoHcOeHUA IKCMPEMYMOB PYHKUUU U UHMEPBEATI08 e MOHOMOHHOCIU C
HOMOWbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu o6nacte onpeaeneHust GyHKIIMU U MHTEPBAJIbI, HA KOTOPBIX (PYHKIIMS HEMpephIBHA.

2. Haiiti npousBoanyto ¢pyukuuu f '(X).

34



3. Haiitu kputnyeckue Touku ¢yHKium Y =f(X), T.e. TOYKH, NpHHAAISKAIHE 0OJACTH
ornpezenacHus: PyHKINHU, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. HccnenoBath xapaktep wusMeHenus ¢yakium f(X) uw 3Hak mnpowmsoguoit f '(X) B
NPOMEXYTKaX, Ha KOTOpbIC HaWJCHHbIC KPUTHYECKHE TOYKH JEISAT 00JacTh ONPEICICHUS

bynkuuun y = f (X).

5. OTHOCHUTENBHO KaXKIOM KPUTUYECKOM TOYKM OINPEAEIUTh, SBJISETCS JU OHA TOYKOU
MaKCUMyMa, MUHUMYyMa WIH HE SABJIIETCS TOYKOM DKCTpEMyMa.

[ToMHHU: KpHTHYECKasl TOYKa Xg €CTh TOYKAa MHHHMYyMa, €CIIM OHA OTICISCT IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kotopom f'(X)>0, 1 Touka MakcumMyma - B IPOTUBHOM CIIy4ae.
Ecnu e B cOCeHUX MPOMEXYTKaX, Pa3AeICHHBIX KPUTHISCKON TOUKOM Xo, 3HAK IIPOU3BOTHON HE
MEHSIETCsI, TO B TOUKE Xo QyHKIHS SKCTpEeMyMa HE UMEeT.

6. BeruncnuTh 3HaYeHUs (YHKIMU B TOYKAX IKCTPEMyMa.

7. 3ammcarth pe3yiabTar HCCICAOBAaHUA Q)YHKHI/II/IZ MNPOMECKYTKH MOHOTOHHOCTH H
OKCTPEMYMBI.

Anzopumm HaxoxncoeHusn bINYKI0CMeENl YHKYUU U moYeK nepezuoa:

=

HaxoauMm BTOPYIO IPOHU3BOIHYIO.

Haxoaum TOYKH, B KOTOPBIX f (x) = 0 WIIM HE CYILECTBYET.

3. Hccrnenyem 3Hak BTOpOW MPOM3BOJHOM CJeBa W CIIpaBa OT HAWJCHHBIX TOYCK U JIEJIaeM
BBIBOJT 00 MHTEpBAJIaX BBHIMYKJIOCTH M O HATMYHH TOUYCK ITeperuoa.

4. Haxoaum 3HaueHue PYHKIMH B TOUYKaX Meperuoa.

N

ITopsinok BbINOJHEHHS PadOTHI:

1) 3amummre QyHKIHIO.
2) Ormpenenure, KAKAM AITOPHTMOM HYKHO BOCITOJIB30BATHCS TS BBITIOJHEHHS 3a1aHMUS.
3) IlpuMeHUTE COOTBETCTBYIOIINIT AITOPUTM.
4) 3anuimre OTBET.
dopMa npeacTaBIeHHs Pe3yJbTaTa: BHITOJHEHHAS PaboTa.

Kputepun onenkn:

- «OTIU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBITOJHEHBI MMPABUIBHO, 0€3
apupMeTHYECKUX OMMOO0K, pelreHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSMH.

— «XO0pomio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUS
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. bezommubouno BeimonHeHo 80-
89 % Bcex 3a/1aHMiA.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/IaHUi BBIIOJIHEHO, HEKOTOPHIE W3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHUOKH.
bezommbouno BeimoHEHO 70-79 % BCex 3amaHui.

— «HeynoBiIeTBOPUTENbHO» - TEOPETUUYECKOE COJAEpKAaHUE Kypca HE OCBOEHO,
HeoOXouMbIe yMeHHUsi He C(OPMHUPOBAHBI, BHIMOJHEHHbIE y4eOHBbIC 3aJaHHs COJEpKaT rpyobie
ommOku. be3zommbouyHo BeImoTHEHO MeHee 70% Bcex 3aaHui.
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Tema 3.2 IlpousBogHasi pyHKIHMH U ee IPUMEHEHHE
IIpakTuyeckoe 3ansiTue Ne 13
Hccaenopanue GpyHKIMH U IOCTPOeHHE IPaPUKOB
Leas padotbi: HayunThes uccnenoBath GyHKIUU U CTPOUTH TpaduKH PYHKIHIA.

Boinosinus padory, Bel Oyaere:

ymemp:

- IPOBOJIUTH UCCIIE0BaHUE (DYHKIUI ¢ TOMOIIBIO IPOU3BOIHOM;

- CTPOUTD TpaduKu PYHKITHI.

MarepunanbHoe obecneyeHue:

WupuBuayanbHble 3aaHus, Ta0INIA POU3BOAHBIX, KOHCIIEKTHI JICKIIUH, YISOHUKH.
3aganue:

HccnenoBaTh QyHKIMIO 110 001 cXeMe U OCTPOUTH ee Ipaduk:

1. flx) = 5% — 325,

2. flx) = =—.

x4

Kpatkue Teopernueckue cBeJeHH:
Oowan cxema uccnedosanusn QynKyuil.
1. Haiitu obnacts onpenenenust ¢pyukuuu D (y).

2. Haiftu (ecau 3TO He BBbI3bIBAET 3aTPyIHEHMI) TOUKHM IepecedyeHus: rpaduxa ¢ ocsiMu
koopauHart (pu X =0 u npu y = 0).

3.IJCCHGHOBaTB(bYHKHHHD}HlnepHOﬂHqHOCTB,quHOCTBIIHequHOCTL.

4. HaliTu uHTEpBaJlbl MOHOTOHHOCTH, TOYKH SKCTPEMYMOB M 3HAYEHUS (PYHKIMHU B 3TUX
TOYKax.

5. HaiiTi uHTEpBajbl BHITYKIOCTH (BOTHYTOCTH) M TOUKU Niepernba rpaduka GyHKINU.
6. Haiitu acuMnToThl rpaguka QyHKIUH.

7. HaiiTu 1OMOMHUTENbHBIE TOYKH U IOCTPOUTH IpaduK MO pe3ybTaTaM UCCIIET0BAHMS.
8. HaiiTn o6nacTs 3HaUeHUH.

Anzopumm HaAx02#cOCHUA IKCMPEMYMOE PYHKUUU U UHMEPEAI0E ee MOHOMOHHOCHU C
HOMOUWBIO NEPBOIL NPOU3BOOHOIL

1. Haiitu oGnacTh onpezaeneHus GyHKIUN U UHTEPBaJIbl, HA KOTOPBHIX (YHKIUS HEMIPEPBIBHA.

2. Haiiti mpou3Boanyo GyHkuuu f '(X).
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3. Haiitu kputnyeckue Touku ¢yHKium Y =f(X), T.e. TOYKH, NpHHAAISKAIHE 0OJACTH
ornpezenacHus: PyHKINHU, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. MWccnenoBath xapaktep wusMeHenus ¢yakium f(X) uw 3Hak mnpomsBogHou f '(X) B
NPOMEXYTKaX, Ha KOTOpbIC HaWJCHHbIC KPUTHYECKHE TOYKH JEISAT 00JacTh ONPEICICHUS

bynkuuun y = f (X).
5. OTHOCHUTENBHO KaXKIOM KPUTUYECKOM TOYKM OINPEAEIUTh, SBJISETCS JU OHA TOYKOU

MaKCUMyMad, MUHUMYMaA HUJIM HC ABJIAACTCA TOYKOM OKCTpEMyMa.

[ToMHHU: KpHUTHYECKasi TOYKa Xg €CTh TOYKAa MHHHUMYyMa, €CIIM OHA OTICISCT IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B koTopom f'(X)>0, 1 Touka MakcumMyma - B IPOTUBHOM CIIy4ae.
Ecnu e B cOCeHUX MPOMEXYTKaX, Pa3AeICHHBIX KPUTHISCKON TOUKOM Xo, 3HAK IIPOU3BOTHON HE
MEHSIETCsI, TO B TOUKE Xo QyHKIHS SKCTpEeMyMa HE UMEeT.

6. BeruncnuTh 3HaYeHUs (YHKIMU B TOYKAX IKCTPEMyMa.

7. 3ammcarth pe3yibTar HCCICHOBAaHUA (I)YHKI_[I/II/IZ MMPOMECKYTKH MOHOTOHHOCTH U
OKCTPEMYMBI.

Anzopumm HaxoxncoeHusn bINYKI0CMeENl YHKYUU U moYeK nepezuoa:

1. Haxoaum BTOpYIO MPOU3BOAHYIO.
2. Haxomum TOYKH, B KOTOPBIX F(x)=0 wim e CYIIECTBYET.

3. HUccrnenyem 3HaK BTOpPOM NPOHM3BOIHOW ClIeBa W ClpaBa OT HAWJCHHBIX TOYCK U
JieJIaeM BBIBOJT 00 MHTEPBajaxX BEIMTYKIOCTH U O HAJTMYWUU TOUYEK Meperuoa.
4. Haxoaum 3HaueHue (PYHKIMH B TOUYKaX Meperuoa.

Acumnmomeui.

Acumnmomou epaguxa ¢hynkyuu y = f(x)}Ha3bIBaeTCs MpsMasi, o0siagaroniasi TeM CBOWCTBOM,
YTO PacCTOSHME OT TOYKH (x: f(x)) 1O DTOH NPAMOM CTPEMUTCA K HYJIIO NPH HEOTPAHMYEHHOM
yaJeHUuH TOUYKHU TpaduKa OT Hayaja KOOpAUHAT.

[Ipsimast x = a Ha3bIBACTCS BepMUKAILHOU acumnmomoti Tpaduka QyHKIUU y = f(x), eciau
XO0Ts OBl OJTHO U3 MPEAENbHBIX 3HAYCHUH lim, ., o f(x) umum  lim,_..o f(x} paBHO —ooUIM +22.

3ameuanue. [Ipsmas * =a He  MOXeT  OBITb  BEPTUKAJIbHOW  ACHMIITOTOM,  €CIH
(GyHKIUS HenpepblBHa B TOuke x¥ = a. [l03TOMY BepTHUKaJIbHbIE ACUMIITOTHI CIEAYyeT HCKaTh B
TOUKax pa3pbiBa (PyHKIHH.

[Ipsimast ¥ = b Ha3bIBAETCS cOPUSOHMANLHOU acumnmomoul rpadpuka QyHKIUH y = f(x), ecnu

X0Ts OBI OIHO U3 MPEAEIbHBIX 3HAYCHUN lim,_ . f(x) wm lim,.__ f(x) paBHO b.

3ameuanme. ['padux QyHKIIMM MOXET UMETh TOJBKO MPaBYI0 TOPU3OHTAIBHYIO aCUMIITOTY
WM TOJIBKO JIEBYIO.

[Ipsimast y = kx + b Ha3bIBAeTCA HakaouHOU acumnmomou Tpaduka Gy y = f(x),

eciu lim, | flx) —kx — B = 0
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Fix)

Ecmu nna gyHKuMu y = f(x) CyIIECTBYIOT NPEAEbI “mx-.::l—_ =ku limg_o(f(x) —kx)=b, TO
(GyHKIMS UMEET HAKJIIOHHYIO aCUMIOTOTY ¥ = kx + b TIpH x — @,
ITopsinok BbINOJIHEHHSI PA0OTHI:
1. [TpoBecTu aHaNIM3 3a1aHHON (PYHKIIMH 10 OOIIEH cXeMe.
2. IToctpouts rpaduk GyHKIIHUH.
Xox padoThI:

HccnenoBath GyHKIMIO U TOCTPOUTH €€ TpaduK.

¥

y¥=

2x—2
1. O6nacts onpeaesnenus pynkuuu D(f) = (—oo;1) U (1; +o0)
2. Tlpu moacraHoBKe 3HaueHHs x = 0 mosxyuum y(0) = 0.

Takyto ’ke TOYKy MOIy4YMM, €CIM MpupaBHsieM QYHKIUIO K Hymo. Touka x=10 -
€IVMHCTBEHHAs1 TOYKA IIEPECEUEHHUSI C OCSIMHU KOOPAUHAT.

3. [IpoBepsieM GYHKIIMIO HA YETHOCTh

yil—x) = (xf __ x

—2x-2 2x+2

yl—x) = yla); y(—x) = —v(x).
Wrak, QyHKIMS HA YeTHAst, HA HeYEeTHAs, HEIIEPHOIUUECKasl.

4.]:[.]'[5[ OTBICKaHHA MHTCPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IIEPBYIO IPONU3BOJHYIO (I)YHKI_[I/II/I

Co2x(2x —2) =2 4xt —4x -2 22t —ax
YT T @ -2 T @m-2f T (x-2)f

[IpupaBHUBas €€ K HYIIIO, TOJIyYUM KpUTHYECKHE TOUKH x = 0; x = 2. OHU pa30uBarOT 00J1aCTh
OIIPENICIIECHUS Ha CIEAYIOIINE NHTEPBAIBI MOHOTOHHOCTH ({—&2; 0) U (0 L)W (1; 23 U (2; +0e)

I/ICCJ'ICI[yeM ITOBCACHUC HpOI/ISBOI[HOI\/’I CJICBA U CIIpaBa OT HalJICHHBIX TOYEK paB6I/IeHI/I$I.

I'paduuecku MHTEpBAIBI MOHOTOHHOCTH OYAYT UMETh B

¥

Uccnenyemast pyHkmst Bo3pacTaeT Ha MHTepBaiax (—ce; 0} U (2; +e2) u yObIBaeT (0: 1) U (1: 2).

5.Touka x =0 TOYKAa JOKAJIBHOIO MAKCUMyMa, ¥ = 2 — JIOKAJIbLHOr0O MuHUMyMa. Haiinem
3HaueHue QyHkouu v, . =0y, . =2

6.. I[J'IH OTBICKaHHA MHTCPBAJIOB BBIITYKJIOCTU HaljeM BTOPYIO MPOU3BOAHYIO
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s B-d@-2-f-2@-2o2 8 8 1
y= (2x — 2)% T2x—-2 T 8(x-1)F (x—1)3

Takux MHTEPBAJIOB HET, IOCKOJIbKY BTOPast IPOM3BOIHASL HE IPUHUMAET HYJIEBBIX 3HAUYCHUHN B
o0JacTH OmpeeIICHNS.

7. Ilpsimast x = 1 — BepTUKaJbHAs acUMOTOTa (DYHKIMH. YpPaBHEHUE HAKIOHHOW aCHMOTOTHI
UMeEeT BUJ v = kx + b,

L= 1 f{x]_l_ x* ’ x- ’ 1 1
T ae x _ri-mx(lr—E:Ix_rl—mzx:—Ex_rl—-T:7_;_2
Tox
. x’ 1 Coxt—x(x—1) xt-—x"4x x . 1 1
ATt R TN R - TN LR - T T S A
T ox

8.Ha ocHOBe MpOBEIEHHOTO aHAJIM3a BBHIOIHIEM MOCTpoeHue rpaduka Gpynkmun. s storo
CHaYyaja CTPOMM BEPTHKAJIbHBIC W HAKJIOHHBIC aCHUMITOTHI, 3aT€M HAaXOJIUM 3Ha4eHUE (PYHKIHU B
HECKOJIBKHUX TOYKaX M MO HUX MTPOBOMM IIOCTPOCHHE.

y=(x+1)/2

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOIHEHHAs padoTa.

Kpurtepun onenku:

- «OTaU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIBHO, 03
apudmeTnyeckux ommbOoK, perieHrne opopmMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 0O0OCHOBAHHUSIMH.

- «Xopomio» - HEKOTOpble YMEHHsI C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aaHUS
BBITIOJTHEHBI, HEKOTOPHIE BHUJIBI 33JJaHUN BBITIOTHEHBI ¢ ommbOKkamMu. be3ommbouyHo BeimoHEHO 80-
89 % Bcex 3aJaHHi.

- «Y IOBIETBOPHUTEIILHO» - HEOOXOJMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBITMHCTBO 3aJaHWN BBHITIOJIHEHO, HEKOTOPHIE M3 BBIMOJHEHHBIX 33JJaHUN COACPIKAT OIIUOKH.
Be3ommbouno BeimonHeHO 70-79 % Bcex 3agaHu.
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- «HeymoBNeTBOPUTENILHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HEOOXOaUMBbIE yMEHUsI HE Cc(OPMUPOBaAHBI, BHIMOJHECHHBIE YYEOHBIC 3aJjaHUs COJEpXKAT TPyObIe
omnOku. be3ommbouHo BeIMoaHeHO MeHee 70% Bcex 3aaHui.

Tema 3.3 UHTerpaj u ero npujIoKeHust
IMpakTnyeckoe 3ansitue Ne 14
Boruncienue HeonpeeJeHHbIX HHTEIPAJIOB
Heas pabGorbl: Hayuutbcs uHTErpupoBaTh (DYHKIMM, HCHONb3YysS pAa3JIM4HbIE METOJbI
UHTETPUPOBAHMUSL.

Bbinosinus padory, Bel Oyaere:
ymembs:

- HaXOJUTb HCONPCACICHHBIC HHTErpajibl METOAOM HEIOCPEACTBECHHOI'O HMHTCIPHUPOBAHM,
MCTOAOM IIOJACTAaHOBKH,

- HaXOJIMTh HEONPEICICHHBIC HHTETPAJIbl METOIOM UHTETPHUPOBAHUS 110 YACTSIM.
MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHBHI)Ie 3aJaHusd, Ta6JII/IIIa HHTCIrpajioB, KOHCIICKTLL JICKIII/II\/JI, yqe6HI/IKI/I

3ananmue:
HaiinnTe HeonpeneeHHbIe HHTErPAJIbI:

1) J(8x* — 6% 4 2x — 3)dax
2) J- 3.1-"+:.I.-;-3.1-+:- dx

3) Jeos(10x —5) dx

4) [3* xdx

5) J- Sdx

254+18x°

2.
ITax

3
(1-2x%

6) J

Ilopsinok BbINOJHEHHS PadOThI:

1. 3amucarp 3agaHue W ONpPEACTUTb, KAaKUM U3 METOJIOB HHTETPUPOBAHUS HEOOXOAUMO
BOCIIOJIb30BAaThC.

2. Ecnu mHTErpans MOXHO HalTH METOJOM HEMOCPEACTBEHHOI'O0 WHTETPUPOBAHUS, TO, UCTIONb3YS
CBOWCTBA MHTETPAJIOB, IPUBEUTE UHTETPal K TaOIUUHBIM popmyiam. [IpouHTerpupyiire.

3. Ecmm wHTErpam MOXHO HAWTH METOJOM IIOJICTAHOBKH, TO BBEAWUTE HOBYIO NEPEMEHHYIO,
Haiinute ee nuddepenuman. [locme BBeneHUS HOBOM INepeMEHHOW 3aJaHHBIM MHTErpaj
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MPUBOAMUTCS K HOBOMY HHTErpajiy, KOTOPBHIH siBisiercss TabnuuubiM. Haiiaure momyueHHBIN
UHTErpall. B ciiydae HeonpeaeaeHHOro HHTErpajia BEPHUTECh K CTApOil IEPEMEHHOM.

4. Ecnu uWHTErpan HeNlb3sli HAWTH  BBINIEYKA3aHHBIMH CIOCO0aMH, TO TpUMEHUTE (Gopmyrty
MHTErPUPOBAHMS 110 yacTaM | UdV = UV — [VdU. DToT MeTox 3aKiI0¥aercs B TOM, UTO
MOJBIHTETPAJIbHOE BBIPAXKEHUE TMPEACTABISETCS KaKUM-INOO 00pa3oM B BHUJE NMPOU3BEICHUS
nByx comuoxuteneir U wu dV. Batem, mocie nHaxoxaenuss dU u V, wucnons3yiite Gopmyity
WHTETPUPOBAHUS 110 YACTSIM.
-Unrerpans: Buna [ P(x)e*dx, [P(x)sinkxdx, [ P(x)coskxdx, rae P(X)- MHOrounes, k- umco.
Y no6Ho nostoxkuth U = P(x),a BCe OCTAIbHBIC MHOYXHUTEIH MPUHATH 3a dV.
-I/IHTerpaJILI BUIA fP{_x}nrcs:‘nxdx. fP{_x}nrccusxdx. fP{_x}{nxdx. fP{_x}nrctg.rd.r

[ P(x)arcctgxdx.

V10610 1010KuTh Plx)dx = dV, a OCTajbHBIC MHOXKHTEIHU MPUHSTH 32 U.

- MuTerpansl BUa f e sinbxdx, f e cosbxdx, rie @ U b uncna. 3a U MOXHO IPUHATE byHKIHIO
U=g%

Xona padorsel: Haiitu nunTerpaisr:

6x*—5x2+3x+4
J—/—

1) dx

YroObl HAWTH STOT HUHTCI'paJl, HYKHO CHadajla IPHUBCCTHU IMOABIHTCTPAIBHOC BBIPAKCHUEC K
Ta6J'II/I‘lHOMy BUOY. I[J'Iﬂ 9TOT'O IPUMCHACM IMOYJICHHOC JICJICHUC:

J‘ﬁﬁ—s,r -I—3.r+=1-

ﬁ_r4 x4

= -+ — |dx
-rﬂ L xﬁ
j(ﬁx9—5+ +=}x-9)n’
J‘x:n’x— Ej

n’x 6x° 4x~! . 4
— ride = —Sx +3lnjx| +—+C=2% —59x 4+ 3In|x| ——-+C
x 3 -1 x

+3

f 15x2dx

2) (1-x3)*

OTO0T HHTErpajx MOXKHO HaWTH C IIOMOIIBKO METOJa IIOACTAHOBKH. BBGI[GM HOBYIO
MNEPEMEHHYTO.

1-x=t¢
J‘ 15:2dx |3 - =t J"J.Sn’t SJ‘ P U T 5 .
T LT —3xtdx=dt |5 | oz T~ t7dt = — +tC=—=+C= — +
(1—=x%) dt -3¢ -3 3t 3(1 — x%)
xdx = _E
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3) _]"{:.rE — 4x)Inx - dx

DTOT MHTErpall MOKHO HANTH C MOMOIIBIO METO/Ia HHTEIPUPOBAHHMS 110 YaCTSIM, OH OTHOCHTCS
KO BTOPOMY BHUY, IOITOMY U = Inx, dV = (x% — 4x)dx.
4

1 . "
dlU = —dx, V:J‘{xg—:}x)n’x:—_zx-
X 4

Hcnonb3ys hopMyily HHTETpUPOBAHUS 110 YACTAM, IOJTy4aeM

- .r'l u _r'1 11
(¥ —4x)inx - dr=Inx| —= 2+ | - — — 2y |—dx =
4 4 x
4 e 4 4
— 242 = — 7 - T e 2
{m(i- __r) f(q_ __r)n’.r {M(‘l- _.r) _Lﬁ-l—.r +C

4) J(x?* — 2x)cos4xdx

OTOT MHTErpajl MOKHO HAMTH C MOMOLIbIO METOJIa MHTEIPUPOBAHUS IO YACTSAM, OH OTHOCHUTCSA K
[IEPBOMY BUAY, IOATOMY U = x* —2x, dV = cosdxdx.

1
dll = (2x — 2)dx, V= J‘ cosdxdx = ‘—1_ sindx

. . 1 1 )
j{x‘ — 2x)cosdx dx = (x* — Ex} :}sfn‘}x — J‘ :1_ sindx(2x — E}d.r =

. 1 1 ) 1, . 1 i
(x* — 2_7:] 1 sindx — ;J‘ sindx(2x — 2]:1’.1: = :1_ (x? - 2.7:]5:'11‘1-_7: — ;J‘ sindx(x — 'L]d.r =

UTo0Ob! HAITH OCTABIIMICSA UHTETpaJl, CHOBA IPUMEHsIEM (POPMYITy HHTETPUPOBAHUS IO YACTSIM.

UD=x—-1, dV = sindxdx.

1

dll = dx, V= J‘ sindxdx = — 1.::'::54-.1’
= 3G 20 sindx = (G = D) (- geostx) - [ =
—Ex —-2x sln=1-x—5{ -1 —Ecusi-_r - —‘—l_cusi-.m’.r—
2 (2 2x) sind S 1}( - 4) 'Lj 4xdx =
‘1__.r—_x stn.r—z{_.r— —4cusx +4 cosdxdx =

1. . 1 1
= E{I' — 2x) sindx +§{{x — 1)cosdx) — gJ‘cusq-xrix =

1., 1 . ) 1
—_ = a i - 1 — i
n (x _.r}s ndxr + 2 {{_.r l}{_cusq-x] 2 sindx + C

®opma npegocTaBjieHUs pe3yIbTAaTa: BhIOJIHEHHAs paboTa
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Kpurtepun onenkmn:

- «OTan4HO» - yMeHHUs c(OPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHbI NMPaBUIbHO, 0€3
apudmernueckux ommOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMHU.

- «XOopomio» - HEKOTOpble yMeHHs C(HOPMUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUA
BBITIOJTHEHBI, HEKOTOPBIE BUbI 3aJIaHUM BBIMOIHEHHI ¢ omuOkamu. bezomubouno BeinonHeHo 80-
89 % Bcex 3a/1aHuid.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOAHUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUi BBINOJIHEHO, HEKOTOPHIE W3 BBIMOJHEHHBIX 3aJaHUN COJIEP)KaT OLIUOKH.
bezommbouno BeIMoaHeHO 70-79 % BCcex 3amaHuii.

- «HeynoBneTBOpUTENBbHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXouMble yMeHUsi He C(OPMHUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIC 3aJaHMs COJEp:KaT rpyoble
ommOku. be3ommOouHo BeIMoaHeHO MeHee 70% Bcex 3aaHui.

Tema 3.3 UHTerpas u ero npujio:KeHust
IIpakTnueckoe 3ansaTue Ne 15
HNHTerpupoBanue mo 4acTsam

Heﬂb paﬁDTLIZ Hay‘II/ITLCH HHTCIPUPOBATH q)YHKHI/II/I, HCIOJIb3YA Pa3JIMYHbIC MCTOIbI
HHTCIPUPOBAHUA.

Beinosinus padorty, Bel Oynere:

ymembp:

- HaXOJUTb HCOMMPEACICHHBIC HHTCIPAJIBI MCTOAOM MHTCTPHUPOBAHUS 110 HaCTAM.
MarepunanbHoe obecrnieyeHue:

WuauBuyanbHble 3ajaHNs, Ta0INIA MHTETPaJloB, KOHCIIEKTHI JICKIUH, y4eOHUKH.
3aganue:

1) [ +5x +7) - nxdx;
2) [ e cosaxdx;
3) Jo* + 4x + 3)e* dx,
IopsiIoK BbINOJIHEHUS PaGoOThI:

1. 3anmcarh 3aJaHuUE U ONPEAETUTh, KAKUM W3 METOJIOB HMHTETPUPOBAHUS HEOOXOIUMO
BOCIOJIb30BATHCA.

2. Ecnm uHTerpan Henb3s HAUTH APYTUMU CIOcOOaMHU, TO MPUMEHUTE (POpPMYITy HHTETPUPOBAHUS
10 4YacCTIM f UdvV = Uv — f Vdll. DTOT METOJ 3aKJIIYaeTcsd B TOM, YTO NOABIHTETpaJbHOEC
BBIpQKEHHUE MPEJICTABISETCS KaKUM-TMO0 00pa3oM B BHJIE MPOU3BEICHUS IBYX COMHOXKUTEIEH
U wu dV. 3arem, nocie Haxoxnaenus dU u V, wucnons3yiite HopMyiy MHTETPUPOBAHUS IO
HacTsIM.

Bupl unTerpanos, 6epymmxcs 1o 4acTsm:
-Unrerpans: Buga | P(x)edx, [ P(x)sinkxdx, [ P(x)coskrdx, rie P(X)- MHOrOUNEH, K- uncio.
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VY no6uo monoxkute U = P(x), a Bce oCcTalbHbIe MHOXHUTEIH MIPHHATH 3a AV,
-I/IHTerpanLI BUIA J—P{:x}nrcs:'nxdx. _]—P{:x}nrccus_rd_r. IP{:x]{rer.r. _,rP{:x}nrctg.rd.r

[ P(x)arcctgxdx.

VY 100HO0 11os10%kuTh Plxldx = dV, a ocTanbHble MHOXUTEIN npuHATH 32 U.

- Uarerpansl Buga | e sinbxdx, [ e coshxdx, e @ u b uncna. 3a U MOXKHO NPUHATH QYHKIUIO

=g

Xon padorei: HaiiTu nHTErpans:

1) f{:xE — 4x)inx - dx

DTOT UHTErpaj MOKHO HAMTH C TIOMOIIBIO METO/Ia HHTETPUPOBAHHUS MO YACTSIM, OH OTHOCHTCSI
KO BTOPOMY BUJY, IO3TOMY U = Inx, dV = (x? — 4x)dx.

x-t

1 "
adll = —dx, 1r’=J‘{.r!—‘1-_r:|dx=——2x'
x 4

Hcnonb3ys hopMyay HHTETPUPOBAHUS 110 YACTSM, TTOTy4aeM

. P . 2t 1l
{_.r“—‘l-.r}{nr-dx={nr —— 2x | - — —2x" |—dx =
4 4 x
R [N P SO S
nx ‘1_—_.1' - ‘1_—_.1' xr =Inx ‘1_—_.1' —_Lﬁ+_r+

2) [(x% — 2x)cos4xdx

DTOT MHTErpai MOXKHO HANTH C MOMOLIBI0 METO/Ia HHTETPUPOBAHMUSI 110 YACTSAM, OH OTHOCUTCS K
NEpPBOMY BUAY, TO3TOMY U = x* — 2x, dV = cosdxdx.

1
dU = (2x — 2)dx, V= J‘ cosdxdy = 1 sindx

. . 1 1 )
J‘{x‘ — 2x)cosdx dx = (x° — 2.1']:}5:‘114-.1’ — J‘ n sindx(2x — 2)dx =

. 1 1 i 1., 1 3
(x? - 2.1'} ; sindx — :}j sindx{2x — 2}:1’_1' = ‘—1- (x* — E.r]s:'n‘}.r — ;J‘ sindx(x — 'J.}n’.r =

YroObl HAlTH OCTABILIMIACSA MHTErpall, CHOBA IPUMEHSEM (OPMYITY HHTETPUPOBAHUS 110 YACTSM.

U=x—-1, dV = sindxdx .
1
dll = dx, V= J‘ sindxdx = —Ecusi-_r

1 1 1 1
= :}{x' — 2x) sindx — E{{x - 1) (— ‘—l_cusi-.r] - J‘ n cosdxdx =
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- (2 2x) sind = 1}( - 4) -Lf 4xdx =
‘1___7: — 2x slnx—z{__r— —4cus.r +‘1_ cosdxdy =

1 1 1
= :}(.r' — 2x)sindx + E{{x — 1 cos4x) — A J‘ cosdxdy =

1., 1 . ) 1
‘—1_{__7:‘ — 2x)sindx + 3 ((x — 1)(cosdx) — Es:‘ni-x +C

®opma npegocTaBieHus pe3y/ibTaTa: BhIOJIHEHHAs paboTa

Kputepuu onenkmu:

- «O1nuyHO» - yMeHHS CHOPMHPOBAHBI, BCE 3aJaHUs BBIOJHEHBI MPaBUILHO, 03
aprupMETHYECKUX OMMOOK, pemeHrne 0hOpMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.

- «XO0pomio» - HEKOTOpble yMEHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BEITIOJTHEHBI, HEKOTOPBIC BUIBI 3aJIaHUH BBIMOIHEHBI ¢ omuOkamu. bezommbouno BeimoHEeHO 80-
89 % Bcex 3amaHuM.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHUS B OCHOBHOM C(OPMHUPOBAHEI,
OOJILIITMHCTBO 3aJ]aHU BBHITIOJIHEHO, HEKOTOPHIE M3 BBIMTOJIHCHHBIX 3aJJaHUN COJEpIKAT OIIUOKH.
Be3omnbouno BeimonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOpUTENBbHO» - TEOPETHUECKOE COJep)KaHue Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHbIC 3aJaHHs COJEp:KaT rpyobie
omnOku. be3ommboyno BrinoaHeHo MmeHee 70% Bcex 3agaHui.

Tema 3.3 UnTerpaj u ero npujIoKeHust
IIpakTnyeckoe 3ansaTue Ne 16
Boiuuciienne onpeesieHHbIX HHTErpajioB

Heab pabdorbl: HayunTbcs HaxoIuTh ONpeAeNeHHbIE WHTErpasbl, HCIONb3ys pa3IudHbIe
METO/bI UHTETPUPOBAHHUS.

Boinoainus padorty, Bel Oynere:

ymembs:

- BBIYUCJIIATh ONPEIETICHHbIE HHTETPAJIbl PA3IMYHBIMUA METOAAMM;
MartepuanbHoe o0ecniedeHmne:

NunuBuayanbHble 3a0aHus], TAOIUIIA HHTETPAIOB, KOHCIIEKTHI JIGKIIUN, YIeOHUKH.
3ananmue:

Brrancnure OIPCACIICHHBIC HHTCT'PAJIbI:
1. _]"_'1:{::1-_7:3 + 32 + 2x + 1)dx

47 — 1
LS (Ves ﬁ) dx
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el

3. [T =

“ W (x+3)

[

4, [#e™™ cosxdx

5. f:TLT

S |

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbl:

1. 3anmcare 3amaHue W ONPENENINUTh, KAaKUM W3 METOJOB HMHTETPUPOBAHHUS HEOOXOAUMO
BOCIIOJIb30BaThCSl.

2. Ecau unTerpa MOXHO HaTH METOAOM HEMOCPEICTBEHHOIO0 MHTETPUPOBAHMUS, TO, UCIIONIb3YS
CBOICTBA MHTETPAJIOB, MPHUBECTH HHTErpal K TabMu4HbIM (opmynaM. [IponHTErpupoBaTh.
Breruncnuth 3HaueHue onpeaeneHHoro naTerpaia mo Gopmyine Hetotona-Jleiiouuna.

3. Ecnu unTerpan Mo)KHO HalTH METOJOM MOJCTAHOBKH, TO BBECTH HOBYIO MIEpEMEHHYIO, HANTH

ee muddepennnan. [locne BBeneHUS HOBOI MEPEeMEHHOMN 3aJaHHBIN WHTErpal MPUBOIUTCS K
HOBOMY MHTETrpajy, KOTOpBIA sBisierca TabnuuubiM. Eciu uwHTErpan omnpeaeneHHbId, TO
HE0OXO0IMMO BBIYHMCIIUTH HOBBIC MPEACIbI MHTEIPUPOBaHUs. HallT moTydeHHbII HHTErpal.

Xox pabdoThI:
1) [ (4x3 —3x% + 2x + 5)dx
_]-_Jl{:é.rE — 32 + 2x 4+ 5)dx = =1-_,r_11_r3d.r— 3 fjlx:dx+ 2 f_Jlxrix+ Sf_Jl de=x* — 2% + 2% + 523, =

2) 33 +30 5.3 -(1+1+1-5)=81-27+9+ 15+ 2 =80

J- % Gdx

T ay2sp

DTOT UHTETPa MOKHO HANTH C TTOMOIIIBI0 METO/Ia TIOJICTAHOBKH. BBeeM HOBYIO IEpEMEHHYIO.

- 5 -
—x =t
5
-dx = dt
J-:-l- Sdx _EJ-:-I dx __EJ-:-I dx _ 2 _
Doapasat T a0 e T a0 ey dx = = dt
* 2 o
I_I._'l:U t.n':n
_IE:U.‘].' tE:J._

R
4 570 142

t

= énr‘ctgﬂ# = -{arctgl — arctgQ) =

OTOT HUHTCrpaJl MOXKHO HalTH ¢ HOMOIIILIO METO/Ia MOJACTAaHOBKHU. BBemem HOBYIO IICPEMCHHYIO.
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r cosx =t 7
T deosx = dt -
sinxdx —_smm’_r =dt —dt - ) .
- = sinvdx = —dt = _ —_—|I== |I== ——=2_05=15
. cos®x xg =0ty = cos0 = 1 / t -2 2t 2-025 2
T T 1
_.1'3—3 tg—cusa—z_

®opma npeacrabJieHus pe3yJbTaTa: BbIIIOJIHEHHAs paboTa

Kpurtepun onenku:

- «O1nuyHO» - yMeHHS CHOPMHPOBAHBI, BCE 3aJaHUs BBIIOJHECHBI MPaBUILHO, 0€3
aprupMeTHYECKUX OMMOOK, pemeHne ohOPMIICHO aKKypaTHO, C HEOOXOIMMBIMUA 00OCHOBAHUSIMH.

- «XO0pomio» - HEKOTOpble yMEHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBITIOJIHEHBI, HEKOTOPHIC BUJIBI 33JJaHUN BBITIOIHEHBI ¢ omubOkamMu. be3ommbouno BeinonHeHO 80-
89 % Bcex 3amaHuM.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHHS B OCHOBHOM C(OPMHPOBAHEI,
OOJIBIIMHCTBO 3aJIaHU BBIIOJIHCHO, HEKOTOPHIC M3 BBIMIOJHEHHBIX 3aJaHHUI COJIEPHKAT OIIHUOKH.
Bezommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOCHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BHITIOJHEHHBIE Y4€OHBIC 3aJaHUsl COAEpXKaT rpyoObie
omnoku. be3zommbouno BeIMoaHEHO MeHee 70% Bcex 3amaHui.

Tema 3.3 UnTerpaJ u ero npujIoKeHust
IIpakTnyeckoe 3ansaTue Ne 17
IIpuMeHeHnue onpeeieHHOT0 MHTerpaJja
Leap padoThl: HAYYUTHCS NPUMEHATh HHTETPUPOBAHUE JIJISl PELIEHUS 3a/1a4 T€OMETPHUH.

Boinmosinus padorty, Bl Oynere:

ymemp:

- HaXOJIUTh TIOIIAH TIIOCKUX (PUTYP C TTOMOIIIBIO OMPEIeICHHBIX HHTErPAIOB.
MarepuajibHoe o0ecnieyeHue:

I/IH)II/IBI/IZ[yaHI)HI)IG 3aJaHusd, Ta6J'II/IIIa I/IHTCFpaJ'IOB, KOHCIICKTHI HCKHHfI, y‘~I€6HI/IKI/I
3ananue:

HaiiTu niomany minockux Guryp, orpaHU4eHHbBIX JTUHUSIMHU:
a)y=x+1 y=0x=1x=4;
Bly=Inx.y=0 x=1x =&,

E

)yt =xhx =4,

KpaTkue Teopernueckue cBeieHUS:

I'eomempuueckuii cmvici onpedereHHo20 uHmezpaa
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Iycts ¢ynkuus y=f(x) HempepblBHA Ha OTpe3ke [a;b] M NpHHMMAaeT Ha 3TOM OTpE3Ke
HeoTpHIaTeIbHbIe 3HaueHus, T.e. f(x)>0 mpu xela;b]. durypa, o6pasoBaHHas THHUAMU X=a,
x=b, y=0, y=f(x), HasbIBaeTca KpuUBOJIMHEHHOI Tpanenueii (puc. 1). OnpeneneHublil HHTErpan

OT HEOTPULATENbHOW (YHKIMHM HUMEET MPOCTOH TIeOMETPUYECKHHA CMBICI: 3TO IUIOLIA/b
KPHUBOJIMHEHHOH TPAIECLHU.

Puc. 1
Ilnowaou nnockux guzyp

1. Ecmu dpynxmus f(x) HeoTpuuarensna Ha otpeske [a;b], To mmomans S mox kpusoit y = f(x) Ha
b

[a;b] (puc. 2) uncnenHo paBHa onpeaeneHHOMY HHTerpany oT f(x) Ha JaHHOM OTpe3ke: S =I f (x)dx
a

(reoMeTpUYECK il CMBICII ONpPeIeIeHHOr0 MHTErpana).

y y=#i1)
\ L

;] —— x Puc. 2

2. Ecmu gyukuus f(x) — HemonoxuTenbHas Ha oTpeske [a;b], To mmomans S o kpusoii y = f(x)

Ha [a;b] (puc. 3) paBHa onpeneneHHoMy uHTerpany ot f(x) Ha [a;b], B3ATOMY CO 3HAKOM «MHHYCY:
b

S:—jf(x)dx.

a

‘ & . Puc. 3
3. Ecmm ¢ynkmms fy(x)> f(x) Ha oTpeske [a;b], To momane S GUryps, 3aKTIOUEHHON MEXKILY

b
kpuBbIMu Y = f,(x) u y = f,(x) Ha [a;b] (puc. 4) onpenensercs popmymnoit S = I (f,(x)— fo(x))dx .

a

) 77 -
T“ Puc. 4
TopsiI0K BBINOJTHEHHUS PAGOTHI:

1. H3zoOpasute purypy Ha KOOPJMHATHOU INIOCKOCTH;
2. OmpenenuTe, SABISETCS M GUTYpa KPUBOJIMHEIHON Tparenuei.
3. Brruucnure miuomans GUrypsl.

Xon paborsr:
Haiitu nomans purypsl, orpanndeHHoM rpadpukamu QyHKIUH y = x* —3xr +2uy=x —1.
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Haiinem npenensl HHTErpUPOBaHUSA - TOUKH NIepeceueHust rpaduKkoB GYHKLIUH, U1 3TOTO
IIpUpaBHsIEM IIPaBbIe YaCTU UCXOTHBIX (DYHKIIHMIA U pEIIUM MOTy4HBIIeeCs
ypaBHeHHUe x° — 3x + 2 = x — 1, KOpHAMM 5TOr0 ypaBHEHUs SBJISAIOTCS 4ucia x = 1 n x = 3,

CJICAOBATCIIbHO, OHH U ABJIAIOTCA MMPCACIIaMH MHTCTPHUPOBAHUA.

2 3
3HauuT, oAk GUIyphl paBHa: S = ff(x —1)dx — ff(xz —3x+2)dx = x? —x — (x? -

3x22+2x)=4,5—-3-05+1-273—-34.5+6—13+1,5-2=113 (kB. e4.)

11
Hounyuniy, ro miowans purypst pasia 17 (kB. ex.)

@dopMma npeacTaBJieHus pe3yJbTaTa: BRIIOIHEHHAs paboTa.

Kputepun ouenku:

- «OTan4HO» - yMeHHUS COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIbHO, 03
apudmernyeckux ommoOOK, perieHre opopMICHO aKKypaTHO, ¢ HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHHsI C(OpPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUS
BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBITIOIHEHBI ¢ omrbOkamMu. be3ommbouyno BeimmonHEeHO 80-
89 % Bcex 3aJaHuM.

- «Y IOBNIETBOPUTEIILHO» - HEOOXOJAMMBIE YMEHHUS B OCHOBHOM C(OPMHPOBAHHI,
OOJBITMHCTBO 3aJaHUN BBHITIOJIHEHO, HEKOTOPHIE M3 BBIMTOJIHEHHBIX 3aJaHUN COJEPIKAT OIIUOKH.
Be3ommbouno BeimonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHBIE 3aJaHUs COJIEpKaT TpyoObie
omubku. be3ommboyno BeIMoaHEHO MeHee 70% Bcex 3amaHui.

Paznend4  DieMeHTHI TeOPUM BEPOSTHOCTEH M MaTeMaTHYeCKOH CTATUCTUKH

IIpakTuyeckoe 3ansiTue Nel8
Pemrenue 3a1a4 Ha BbIYMC/IEeHUE BEPOSTHOCTH € HCIIOJIb30BAHUEM 3JIEMEHTOB
KOMOUHATOPUKH
Iean padoTbl: HaydnThcst HAXOIUTH BEPOSTHOCTh COOBITUH, UCTIONB3Ys (POPMYJIBI
KOMOWHATOPHKH.

Brinoinus padorty, Bel Oynere:

ymemp:
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-BBIYUCIISIT YUCIIO UCXOJI0B, OJIATONPUSATCTBYIOIIMX HACTYIUIEHUIO PACCMAaTPUBAEMOT0 COOBITHS,
UCTIONB3Yys (POPMYNIBI KOMOWHATOPHKH;

- BBIYUCJISITH BEPOSITHOCTh COOBITHUSI T10 KJIACCUYSCKOMY OINPEACIICHUIO BEPOSITHOCTH.
MarepuasnbHoe o0ecniedyeHue: IHauBuyalbHbIC 3a/JaHNs], KOHCIIEKTHI JICKIIHA.
3aganue:

1. T'oToBsICh K AOKIaMy, CTYJAEHT BBIUCAT U3 KHHUTH IIUTATy, HO, 3a0bIB HOMEpP CTPaHUIIBI,
Ha KOTOpPOM OHa HAaXOAWJIach, HaMKcall HOMEp Haynady. KakoBa BEpOsITHOCTb TOTO, YTO CTYJCHT
3amucai Hy>KHbI HOMEp, €CJIM OH TIOMHHT, YTO HOMEP BBIPa)KAETCs IBY3HAUYHBIM YHCIIOM?

2. B smuke 15 peraneit, cpenu xotopeix 10 okpamensl. COopmmK Haynady BeIOpan 3
netanu. KakoBa BepOsSTHOCTh TOTO, YTO BBIOPaHHBIC JETANM OKA3aJIMCh OKPAIIEHHBIMU ?

3. Nwmeetca 8 kaprouek. OnHa cTOpOHA KaXKIAOW M3 HUX YMCTas, a Ha JPYroil HalucaHbl
oykssl :K,1,P,JI, A,H,3,I1. Kaprouku kjaaayT Ha CTOJ YUCTON CTOPOHON BBEPX, MEPEMEIINBAIOT, a
3aTeM TIOCJIEIOBATEIbHO OJHY 3a Jpyroil mepeBopaynBaioT. KakoBa BepOSTHOCTH TOTO, MpHU
Mocle0BaTeIbHOM MosiBiIeHuH OykB Oynaet coctapineH cinoo [TPA3JTHUK?

4. llenb COCTOMT W3 HE3aBUCHMBIX OJIOKOB, COSIMHCHHBIX B CHCTEMY C OJJHUM BXOJIOM U
OJHUM BBIXOOM.

e,
~y
-~
!.-H",'
. o

o
(o

e

]
()

puc. 1

Brixon u3 CTpO4 3a BpeMs T Pa3JINYHBIX 2JIEMCHTOB LCIIH — HC3aBUCHUMBIC CO6BITI/I$I,

=0,1,9.=0,2,q3=0,3, q,=0,4.
MMEIOIINE CIEAYIOIINE BEPOATHOCTH: Q=YL @52 03752 G= 5% Orkas mo6oro
U3 DJIEMEHTOB MPUBOAMT K MPEPHIBAHUIO CUTHAJIA B TOM BETBH 1I€TIH, TJI€ HAXOAUTCS
JIAHHBINA >i1eMeHT. HaliTh HajeKHOCTh CUCTEMBI/

Kparkne Teopernyeckne cBegeHus:

Bepoamnocmoio codvimusa A Ha3plBaeTCs OTHOIIEHUE YHCIAa M Cllydaes, OaronpUaTCTBYOLINX
€ro MOSIBJIEHUIO, K OOILIeMy YHCITy BCEX HECOBMECTHBIX PaBHOBO3MOXKHBIX M 00pa3yroIIuX
MOJTHYIO TPYIITY COOBITHIA.

Takoe ompezeneHre BEPOSITHOCTH HA3bIBAIOT KIACCHUECKUM. BeposTHOCTH COOBITHS
m
o6o3nauaercst P(A) u BbIumciseTcs o Gpopmyse: PA) = —

BeposiTHOCTh MOsIBNIEHUS COOBITHUS 3aKII0OUeHa B Mpeenax
or Omol: 0=FP(4) =1

[Ipu pemennu 3a/1a4 Ha BEIYUCIEHUE BEPOSITHOCTH MPUMEHSIOTCS (DOPMYJITBI JIJISl TIO/ICUETa YHCIIa
KOMOMHAUMH U3 TaHHBIX JJIEMEHTOB:

- YHUCJIO MEePECTaHOBOK BBIYHCIIETCS o popmyne: B, = n!
50



- YUCJIO pa3MeH_I€HI/Il>'I 13 N 2JIEMEHTOB IO M 3JIEMEHTOB B KAXKJIOM BBIYUCIISICTCS 11O (popMyne:

m _ n!
An - (n—m)!

- YHCJIO COYETaHUH U3 N 2JIEMEHTOB 110 M 3JIEMEHTOB B KaXXJ10M BBIYUCIISACTCS 110 (1)0pMyJIeZ

m _ n!
n (n-m)!-m!

HanexHOCTh KaXKA0T0 3JIEMEHTA CUCTEMBI 3JIEKTPOCHA0KEHUSI MOKHO XapaKTepPH30BaTh
BEPOSTHOCTHIO pabovero COCTOSHUS P M BEPOATHOCTHIO 0TKa3a (. Eciiu He yYUTHIBATh MIIaHOBBIE
IIPOCTOU (PEMOHTBHI), TO MOXKHO CUUTATh, YTO HJIEMEHTHI B TFOOOH MOMEHT BPEMEHH HaXOJATCA B
OJIHOM M3 3TUX cOCTOsAHUM. Torzna cyMMa BEpOSATHOCTEM 3TUX cOCTOsSIHUM paBHa 1: p + q = 1.

Jljis Tpynmbsl U3 ABYX 3JIEMEHTOB BO3MOXKHBI CIICTYIOIINE COUYCTaHUS:
00a siemeHTa B pabo4eM COCTOSHUH,
MIEPBBIN AJIIEMEHT B BBIHYKJICHHOM IPOCTOE, BTOPOH B pab0deM COCTOSHUMY;
MIEPBBII AJIEMEHT B pab0UYeM COCTOSTHHH, BTOPOH B BBIHYKJIEHHOM IPOCTOC;
4. o0a smeMeHTa B BBIHYKJIESHHOM ITPOCTOE.
BeposTHOCTH 3THUX COCTOSIHUN MOKHO HAaWTH, BOCIIOJIb30BABIIHCh TEOPEMO YMHOKEHUS
BEPOSITHOCTEM.
Tak npu mocJie10BaTeIbHOM COETUHEHHH IBYX JIEMEHTOB C HAJIKHOCTHIO KAXKIOTO P1 U P2
HAJC)KHOCTh BCEH CXEMBI OINpeIeisieTcs Kak P = p; " p,
Jlpyrumu clioBaMH cxema pabomaem, eciiu pabomarom ooa rnemenma. Ilpu omxaze o0nozo
(1106020) u3 Hux cxema pabomams He 6yoem (MOK Yepe3 uensv He noioem).
BeposTHOCTB OTKa3a JJIsl MOCJIeA0BATEILHOIO COeNHEHUSI
P =1 — q1q, (115 AByX 3J€MEHTOB).
P=1-q.q; " ...q, (114 n —3IEMEHTOB).

wrh e

[Ipu mapajuieJJbHOM COeIMHEHUH ABYX JJIEMEHTOB C HAJIC)KHOCTBIO KaXA0I0 p1 U P2
HaJIeKHOCTh BCEI CXEeMBI onpenenseTcs Kak P = p1.p, +p1° q2 + 021
[Tonb3ysick hopmyInoit A BEPOATHOCTH MOSBICHUS XOTS ObI OTHOTO COOBITHS, HAIEKHOCTD CXEMBbI
MapayIeIbHOIO COEIMHEHU 3aUChIBatOT B BUje P = 1 — q1q5.

Jlpyrumu cioBaMu cxema padomaem, eciu pabomarom ooa riemenma, Ho maKice oHa
pabomaem, eciu 6vliidem u3 CMpPoA U KAKOU 1UOO 00UH U3 I]IEMEHN08.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1. Ompenenute codbiTre A, BEpOSTHOCTH KOTOPOTO HYKHO BBIYMCIUTD.

2. TIpocuuraiite obiee 4rcio (N) BO3MOMXHBIX HCXOJIOB.

3. IpocunTaiite ymciIo UCXOAOB (M), OIArONPHUATCTBYIOIINX HACTYIUICHHIO COOBITHS A.

4. Ucnonp3yiite (GopmMyny s BBIUMCICHHUSI BEPOSITHOCTH  ONPEAENEHHOTO COOBITHS.
m

PlA) =—

n

Xox pa0doThI:

1.Habupas nomep Tenedona, aboHeHT 3a0b11 nociennue 3 uudpsl 1 Habpasl ux HayAayy, HOMHS .
YTO OHU pa3iuuHbl. HaliiuTe BEpOSITHOCTH TOTO, UTO HAOpaHbI HYKHbIE [IU(PHI.

Pewenue:

CoObiTue A- «HOMEp HaOpaH BEPHO.
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Yucno n-olmiee YUCIO MCXOIOB MCIBITAHUS TOJIYYMM,  BOCIOJIB30BABIIUCH (OpPMYITaMu
koMmOunaropuku. Beero umeercs 10 mudp, T.e. uncio 3meMeHToB paBHO 10; B KakJ10€ COCTUHECHHE
BXOJUT 10 3 mudpsl; mopsaok mudp (JIEMEHTOB) CYIIECTBEHEH Npu Habope HOMepa, 3HAYuT,

HY>KHO HaWTH 4UCII0 pa3MenieHuid u3 10 ameMeHToB 1o 3 o gopmyiie:
10! 10! _ 7!8:9:10
A3y =—==—=——=720. Urak, n=720
(10-3) 7! 7!
Yucno m=1, T.K. TOJIIbKO OAMH HaOOp U3 TPEX Udp ABISIETCS HY)KHBIM. 3HAYHT,
g L
PI:,l'j:] - ﬂ: -

720

2.113 ypHBI, B KOTOpO# HaxoasaTcs 12 0enbix U 8 4€pHBIX IIapOB, BRIHUMAIOT HayAady JBa Iapa.
KaxoBa BeposITHOCTh TOTO, UTO 00a 1I1apa OKaKyTcsi YEPHBIMU ?

Pemrenue:

CoObiTue A- «00a mapa OKa)yTcs YEPHBIMHY.

Yucao N-o0liee YHUCIO0 MCXOJOB HCIBITAHUS IIOJYYHM,  BOCIOJIb30BABIIMCH (HOPMYJIaMu
KoMOuHaropuku. OOmiee YHCIO BO3MOXHBIX CiIydaeB N paBHO 4YHCIy codeTaHuii u3 20
3JIEMEHTOB " o

(124+8) mo mBa: N=c3, = M _ A _Aris

207 gyapony aeim 124

=190.

Uucno cimydaeB M, OJIArONPUSTCTBYIOMUX COOBITHIO A, PaBHO YHCIY COYETaHHN U3 &
! B _ &7

. ! 7-8!
3JIEMEHTOB ( 8 UepHBIX MIApPOB ) IO ABa: N=C; = — s10 e 12 15'228
L O—& )0 Faa i ¥ H

m pia .
P(4) = — =g © 0147

3.Ha maTtu kaproukax paspe3Hoi a30yku Hanucanbl OykBel A,3,K,0, M. KapToukun
MepPEeMEIINBAIOTCS U HAyTa/l packiaasiBatoTcs B psal. KakoBa BeposTHOCTH TOro. UTo momyuuTcs
cinoBo 3AMOK?

Pemenune: CoObiTHe A - «mtomyautcs ¢i1oBo 3AMOK».

Yucno n-obmiee 4YMCIO MCXOAOB HCHBITAHMS IOJYYUM,  BOCIHOJB30BAaBIIUCH (HOpMyTIamMu
koMOuHatopuku. OOIIee YHUCIO BO3MOXHBIX CIy4aeB N paBHO YHUCITY MEPECTAaHOBOK U3 5
aseMeHTOB (OykB): N=P; = 5!=5-4.3-2.1=120.

UYucno cmyyaeB M, OJaronpusiITCTBYIOLINX COOBITHIO A, paBHO 1, T.K. TpeOyeTcs COCTaBUTh CIIOBO
¢ OyKBaMM, pacCTaBJICHHBIMH B ONPEAEIEHHOM MOPsIKE. A 3TU OYKBbI Pa3IUYHBbI.

P(4) == —

n L0

4. llerb COCTOUT U3 HE3aBUCUMBIX OJIOKOB, COETMHEHHBIX B CHCTEMY C OJIHUM BXOJIOM M OJHUM
BBIXOJIOM.

-.
N ,l
w

.'l:\
% '3

(e
o~
(=)

puc. 1

Brixon u3 CTPOs 3a BpEM4A T Pa3JIMYHBIX 3JICMCHTOB LCIIN — HC3aBUCHUMBIC CO6LITI/I}I, HMCIOIIHEC

l:'-Illz[:]alj. I:IIE:[:]JE.I. GIB:[:IJB.I. l:-II-I-:I:].I'{II"

CJIe1YIOLME BEPOSITHOCTH: Otka3 mo00ro U3 PJIEMEHTOB
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MPUBOJIMT K NIPEPHIBAHUIO CUTHAJIA B TOM BETBHU LIETH, T/I€ HAXOIUTCS JAHHBIN dy1eMeHT. Haiitu
HaJIe’KHOCTEH CUCTEMEL.

Pewenue:
CoOriTHE A — cucTeMa HaJe)KHa.
CoObiTue Aj— i-ii 610K paboTaeT 6€30TKa3HO.

OnemeHThl 1 U 2 coelMHEHBI apajlIeNIbHO, U JJIEMEHTHI 3 U 4 COEUMHEHBI TapaJIEIbHO, a MEXKAY
co0O0li OHU COeIMHEHBI TOCIIEA0BATENBLHO, TOT 1A UCIIOJIB3Ysl (POPMYIIBI, HOTYIUM
PlAl=[1-g,0,) [1—g;q,]=(1-0,1-0,2)-{1-0,3 - 0,4]=(1-0,02)- (1-0,12|=0,98- 0,88=0,8624

®opma npeacTraBaeHus pe3yJbTaTa: BHIIOJHEHHAs padboTa.

Kpurtepun ounenku:

- «OTan4HO» - yMeHHUs cOPMUPOBAHBI, BCEe 3aJaHUS BBINOJHEHBI MPaBUIbHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMIIEHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUsI c(HOpMUPOBaHBI HEJOCTATOYHO, BCE 3aJaHUA
BBITIOJIHEHBI, HEKOTOPHIC BUJIBI 33JJaHUN BBITIOIHEHBI ¢ OomrOKkamMu. be3omundoyHo BeimoaHeHO 80-
89 % Bcex 3amaHuH.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHHUS B OCHOBHOM C(OPMHUPOBAHEI,
OOJIBIIMHCTBO 3aJIaHUN BBIIOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHUI COJEPHKAT OIIHUOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiaeTBOPUTEIBHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOEHO,
HEeoOXOoIMMBbIE YMEHUsT HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIE YYEeOHBIC 3aJaHMs COJIEPIKAT IpyoOble
omnbku. be3ommboyno BeIMoaHEHO MeHee 70% Bcex 3amaHui.
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