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1 BBEJJEHUE

BaxHyio 9acTh TEOpeTH4YeCKOW M NpO(eCcCHOHANFHON NPAaKTUYECKOH MOArOTOBKM OOYYAIOIIUXCS COCTABISIIOT
MpPaKTUYECKHE 3aHITHUS.

CocTtaB U coaepkaHHe NMPAKTHYECKUX 3aHATUH HampaBiieHbl Ha peanusanuio denepalbHOrO rOCyAapCTBEHHOIO
00pa3oBaTeNbHOrO CTaHIAPTa CPEAHET0 NPodeccHoHaNIBFHOTO 00pa3oBaHUsL.

Benymieid AMAakTHUECKOH LENbIO0 MPAKTUUECKUX 3aHATHH sBisieTcss (QopMHpOBaHHME MPOQecCHOHATBHBIX
NPaKTHIECKUX YMEHHUH (YyMEHHH BBINOJHATH ONpENEICHHBIE NEHCTBHA, ONEpaIi, HEOOXOAMMBIE B MOCIEAYIONIEM B
npodeccroHaNBHON AEATETBHOCTH) WM yIeOHBIX MPAKTHYECKUX YMEHUH pemaTh 3aady 10 MaTeMaTHKe, HEOOXOANMBIX
B TIOCJIEAYIOICH yaeOHOW AEATENEHOCTH.

B cootBercTBUEM ¢ pabodeii mporpaMMoi y4eOHOW IHUCIHMIDIMHEI «MaTeMaThka» IpeayCMOTPEHO IPOBEACHUE
MIPAKTUYECKUX 3aHATHUI.

B pesynpraTe ux BBHIIOTHEHUS, 00yJaIOMNHACS TOIDKEH:

ymembp:

-aHAJTU3UPOBATh CIIOXKHBIE (DYHKIIMH U CTPOUTD MX IPapHKH;

- BBITIOJIHATH IeHCTBUS HaJl KOMIJIEKCHBIMU YHCIAMU;

- BBIYUCJIATH 3HAYCHUA TCOMETPUICCKUX BCJIUNYNH;

- NPOU3BOAUTH OIEpALUU HAJl MATPULIAMU U OIIPEACIUTEIIMU;

- pemaTh 337241 Ha BHIYMCIICHHE BEPOSITHOCTH C HCIIOJIb30BAHMEM 3JIEMEHTOB KOMOMHATOPHUKH;

- pemraTth MIPUKIAAHBIC 33/1a9H C UCIOIb30BaHNEM 3JIEMEHTOB I (hepeHINaIFHOTO U HHTETPAIbHOTO HCUHCIICHHH;
- pelIaTh CUCTEMBI TMHENHBIX YPAaBHEHHUN pPa3IMYHBIMU METOIAMH;

CopeprkaHne NMPAKTUYECKUX M JA0OPaTOPHBIX 3aHATHI OPHEHTUPOBAHO HA TMOJTOTOBKY OOYYArOIIMXCS K OCBOCHHIO
npoecCHOHaEHOTO MOAYNS  MPOTPAaMMbI MOATOTOBKHM CITCIHAIINCTOB CPEJHETO 3BEHA IO CIEIMATbHOCTH U OBIAACHHIO
npogheccuonanvHbiMu KOMREMEHYUAMU:

IIK 1.1. OcymiecTBaATh TEXHOJIOTHUECKHUE OTEPAIIH 110 TPOU3BOJCTBY YEPHBIX METAIIIOB.

I1K 1.2. Vcnionb30BaTh CUCTEMBI aBTOMAaTHYECKOTO YIIPABJICHUS TEXHOJIOTHYECKUM POLIECCOM.

I1K 1.3. DkcrutyaTupoBaTh TEXHOJIOTHYECKOEC W IMOJABEMHO-TPAHCIIOPTHOS O0OpyIOBaHUE, OOCCICUUBAIOIICE
MpoIlecC MPOU3BOACTBA YEPHBIX METANJIOB.

1K 3.2. YuacTBOBaTh B 00CCIICUCHUU U OIICHKE YKOHOMHYECKOMN 3(ppeKTUBHOCTH.

1K 3.3. OdopMIIaTh pe3ynbTaThl SKCIIEPUMEHTAIBHOM U UCCIIE0BATEIbCKON AEATEIBHOCTH.

A Taxxe GOPMUPOBAHUIO 0OU{UX KOMREMEHY UL,

OK 01 Bsi6bupats crioco0sl pernieHus 3a1a4 npodecCHOHaIBHOM JeITeIbHOCTH IPUMEHNUTENBHO K Pa3THYHBIM
KOHTEKCTaM

OK 02 Mcnonb30BaTh COBpEMEHHBIE CPE/ICTBA TIOMCKA, aHAIN3a U HHTEPIIPETAMY HHPOPMAIUH 1
MH()OPMALMOHHbIE TEXHOJIOTHH JUTSA BBITIOJIHEHHMS 3a/1a4 PO eCcCHOHAIbHON AeATETbHOCTH

BrinonHeHre 00y4aroIuMHUCs MPaKTHYECKUX PadoT Mo yueOHo aucuuiuinie «MaremaTiKay HalpaBlieHo Ha!

- 0000mIeHHe, CHCTEMATH3alUI0, YIAyOJieHHe, 3aKpEIUICHHE, pa3BUTHE W JCTAIM3AIMIO  IOJTYYCHHBIX
TCOPECTUICCKUX 3HAHUM 110 KOHKPETHBIM TEMaM yqe6H0171 JUCHUIIIINHBI;

- (bOpMI/IpOBaHI/Ie yMeHI/Iﬁ MMPUMCEHSATH TIOJTYUYCHHBIC 3HaHUA Ha IIPAKTHUKE, pcainsanunro CANHCTBA
UHTEJIEKTYaJIbHOM U IPAKTUYECKOU AEATEIbHOCTH;

- Pa3BUTHUEC MHTCJUICKTYaJbHBIX yMeHI/Iﬁ y 6y£[yH_II/IX CIICHHUAJIUCTOB: AHAJIUTHYCCKUX, MPOCKTUPOBOYHBIX,
KOHCTPYKTUBHBIX U JIp.;

- BBIPa0OTKY TIpM PEIICHWM IIOCTAaBJICHHBIX 3324 NPO(ECCHOHATBHO 3HAUYMMBIX KadecTB, TAaKHX Kak
CaMOCTOSITENIbHOCTb, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsI MHUIIMATHBA.

[pakTrueckne 3aHATHS TPOBOASTCS IIOCNE COOTBETCTBYIONIEH TEMBI, KOTOpas OOecreurBacT HAIMYUe 3HAHUH,
HEOOXOAMMBIX 151 €€ BBITIOJHEHHSL.



2 EPEYEHb IPAKTUYECKUX 3AHSATHI

Conep:xkanue
00yueHus

Tembl
NPaKTHYeCKUX/J1a00paTOPHbI
X 3aHATHH

Koaunuect
BO 4aCOB

B popme
NMPaKTH4YECKO
€ NOAr0TOBKH

TpedoBanu
1 ®I'oC
COO

Pa3zgen 1. KoMmieKkcHbIE YHCJIA

1.1 KomruiekcHbie
qucia

[IpakTrueckas
Anrebpanyeckas dbopma
KOMILIEKCHBIX YHCel.
JleicTBUs HaJl KOMIUIEKCHBIMU
YucjaaMu B aireOpamveckoi

dbopme

pabota 1

[MpakTudeckas pabora 2
Tpuronomerpuueckasi ¢opma
KOMILJIEKCHOT'O YHUCIIA.
[lepexon oT oaHON (opmbl
KOMIUIEKCHBIX YUCEJI K IPYTOM.

[MpakTudeckas pabora 3
JericTBusa HaJ KOMIUIEKCHBIMU
YUCIIAMU B
TPUTOHOMETPHUYECKOU (hopMme.

V2
Y0 01.02
VYo 02.04
33

Paznen 2. [AuddepeHnuaibHoe W HHTErpajbHOe

HCYHUCJICHUE

22

2.1 Teopus npenenos

IIpakTHueckoe
IIpakTHueckoe
Brruucnenue
PackpsiTne
HEONPEIEIEHHOCTEN

3aHATHE
sagsatue 4.
MIpPEICIIOB.

IIpakTnueckoe  3aHsaTue 5.
ITepBbIii 3aMevaTeIbHbIN
npenen. Bropoii
3aMevaTeIbHbINA Mpeies

[TpakTueckoe  3aHsaTHE 6.
AcumnTotsl (pyHKIMU. Touku
pa3pbiBa

V1,32

Y0 01.02
Yo 02.04
Yo 01.05

2.1
Huddepennnansaoe
WCUHUCIICHUE

IIpakTrHueckoe 3aHATHE
7. lucdpepenumpoBanue
CJIOKHBIX (PYHKIIMH

[TpakTueckoe  3aHsaTHE 8.
IIpuMeHeHne MpPOM3BOJHON K
UCCIIEIOBAaHUIO (DYHKITHIA.

IIpakTnueckoe 3aHsaTHe 9.
IIpuMeHeHHe NPOU3BOJHOU K
pEIIEeHHUO 3a1a4
npodeccCuoHaNBHOM
HAIpPaBJIEHHOCTH

V1, Ve,
31,32, 33

Y0 01.02
VY0 02.04
Yo 01.05

2.3 UnTerpanbpHoe

ITpakTnueckoe 3ansatue 10.

Y3, V6,

5




HCUHCIICHUE Haxoxnenue
HEOIPEJEIECHHBIX HHTErpajioB

31,32,33

no TabmWlEe HUHTErpajJoB U Y0 01.02
METOJIOM 3aMEHBI. Vo 02.07
[IpakTtnueckoe 3anstue 11. 2 Vo 01.05
Haxoxnenne
HEONPEIETICHHBIX HHTErpajoB
METOJIOM HHTEIPUPOBAHUA 10
4acTAM
[lpaktuyeckas pabGora 12. 2
HaxoxJeHue omnpeneneHHbix
WHTETPAJIOB pa3IUYHBIMU
METOAAMU
[lpaktuyeckas pabora 13. 2
Haxoxnenue Iomaaein
¢uryp u o0beMOB Tel
[IpakTnueckoe 3anstue 14. 2
[IpuMmeHeHne  OmnpeaeIeHHbIX
UHTETPAJIOB K  PEILICHUIO
MPUKJIAJHBIX 3a7a4.
Paznen 3. DieMeHTBHI TeOpHH BepPOATHOCTEH M 6
MAaTEeMATHYeCKON CTATUCTUKH
I[IpakTHyeckast pabora 15 2 Y0 01.02
31 Pemenue KOM6I/IHaTOpHI>IX 3aga4d yo 0207
DIIEMEHTBI Y0 01.05
KOMOMHATOPUKHU V5,32
I[IpakTiyeckast pabora 16 2 V5,32
Pemienue 3aga4 Ha BBIYHCIICHHE
BEPOATHOCTU C HCIIOJIB30BaHHUEM Yo 0102
3JIEMEHTOB KOMOHHATOPUKH Yo 02.04
3.2 Yo 02.07
DJIEMEHTHI TEOPUHU Yo 01.05
o [IpakTruueckas pabora 17 2
BEPOSTHOCTEU U
. Bri6opka. YucnoBbie
MATCMATHICCKON XapaKTePUCTUKH BBIOOPKH.
CTaTHCTHKH 'eHnepanbHasi COBOKYIHOCTh U
BBIOOpOYHAs COBOKYITHOCTb.
Onpenenenne  CTaTUCTHYECKHAX
pacrpeneneHuit
Pa3nen 4. JInneiinas aareopa 12
IIpakTuueckas pabota 18 2 V4, 32
4.1. JeiicTBus ¢ MaTpuaMu
Marputisl u IMpakTuueckast pabora 19 2 Y0 01.02
OIpEACTTUTEIIN Berauciienne omnpenenurenei 2- Vo 02.04

T0 ¥ 3-T0 MOopsiAKa

6




Y0 01.05

4.2.

Cucrembl TUHEHHBIX
anreOpanvecKux
ypaBHEHU U

IIpakTrdaeckas pabora 20
Pemenue cucremM — JTMHEHHBIX
ypaBHeHu# meroioM Kpamepa

IIpakTrdaeckas pabora 21
HaxosxmeHne o0paTHOW MAaTPHITHI

IIpakTrdaeckas pabora 22
Pemenue cucrem  JTMHEHHBIX
ypaBHEGHUIl METOJIOM O0OpaTHOM
MaTPHIIBI

IIpakTrdeckas pabora 23
Pemenne cuctem  JHMHEHHBIX
ypaBHeHU# meTooM ['aycca

[IpaxTrueckas pabota 24
Pemenne  cucteM — JIMHEHBIX
YpaBHEHUI pas3IM4YHbIMU
crocobamu

v7,32

VY0 01.02
VYo 02.04
Y0 01.05

NTOI'O

48




3METOAMYECKHUE YKA3AHUSA

Tema 1.1 Kommiiexcuble yuciaa

Mpakruyeckas padora Ne 1
Auredpanyeckasi popmMa KOMILIEKCHBIX yKcel. JlelicTBUsSI HAl KOMILIEKCHBIMHU YMCJIaMHU B aJIre0panyeckoit
dopme.

].le.]]b paﬁOTLI: Hay‘II/ITI)CSI BBINOJIHATE ACHUCTBUS HaJl KOMILUIEKCHBIMU qyucCjiaMH, 3allMCaHHbIMU B anre6pa1/1qec1<0171 (bopMe.

Broinosnus pabory, Bel Oyaere:
YMETb:
- 3aIUChIBaTh KOMIUIEKCHBIE YHCIIa B anredpanyeckoil opme;
- BBITIOJIHATH JICHCTBHS HaJl KOMILIEKCHBIMH YHCJIaMH B airedpanydeckoit Gpopme.

MarepuajibHOe o0ecnieyeHre: UHAMBUIYaIbHbIE 3aJaHUs, KOHCIIEKThI JICKLIMH.

3ananue:
1. Jansl KoMIuiekcHbIe uncna: z,=(-3;-5), 2,=(-7,2;7,2), 23=(2;6).
3anucath 3TH YKCIa B aredpanveckoit hopme.

2. Byrumcnurs:

1) z;+12z
2) -3
3) z1/z3
4) %13
5) z,°.

3. Beruamcnurs:
1-3i 1+4i .,
i
i—-2 1+3i

Ilopsaok BbIMOJTHEHUS Pa0OThI:
1. 3anummTe KOMIUIEKCHBIE YKCIIa B anredpandeckoii hopme z = a + bi

2. BemonHuTe AeHCTBHS HaJ KOMIUIEKCHBIMH YHMCIAMH B anrebpamdeckoi (popMme, MCIONB3ys (OPMYTsI:Z; +
Z; = (a; + a) + (b + by)i;

71 — 2z = (a1 — az) + (by — by)i;
7y - Z, = (aya; — byby) + (a;by + azby)i;

z1 _ ajaz+biby azb1—a1by .
2.1p2 2.2
2 aj+bj ajz+bjy

Xoa paboTsI:
1. Jansl KoMmiuiekcHble uncia: z;= (7;1), z,=(-1,5;1,5), zs=(4;-3).
3anucath 3TH YKCIia B ajdredpanveckoi popme.

Pemenue:

T.k. anredpanyeckas popmMa KOMIUIEKCHOTO YMCIIa UMEET BU: Z = a + bi, To uncia B anredpandeckoi popme OyayTt
3anMcaHbl B BUJIE:

21:7+l, 22:_1,5+1,5i; Z3=4_3i.

2. Bprumcnurs:
z1+2,=(7-15+ 1+ 15)i =55+ 2,5i;
zy —2z3 =(—1,5—-4)+ (1,5 + 3)i = —5,5 + 4,5i;



z1 _ TH (D@43 28+44i+21i+3i% _ 28425i-3 _ 254250 _ 14

z3 4-3i  (4-3i)(4+30) 16-9i2 16+9 25 !

Zy 23 = (—1,5+ 1,5)(4 — 3i) = —6 + 4,5i + 6i — 4,5i> = —6 + 10,5i + 4,5 = —1,5 + 10,5i;

=7 +)°=(7+D??(7+i)=(49 + 14i +i®)?>(7 + i) = (48 + 140)?(7 + i) = (2304 + 1344i + 196i%)(7 +
[=2304+1344i—1967+i=2108+1344:7+i=13412+11516/

143i  4-5i .
3. Beuuciauts: —— 4+ —- — 8
i—-3 1+3i
Pemenue:
143i | 4-5i .g .
— +——i®=-2,1-27i;
i-3 + 1+3i ! T
1) 1430 (143i)(=i-3) _ —i-3-3i2-9i _ —10i _
i-3 ~ (i-3)(—=i-3)  —i?49 10
4-5i  (4-5i)(1-3i) 4-12i-5i+15i2 —11-17i ,
) A5 (-S0a-3) Sl =-11-17i
1+3i (14+3i)(1-3i0) 1-9i 10

3) =@ =(-D*=1
4) —-i-11-17i-1=-21-27i

®opma npeacTaBiIeHHs pe3yJbTaTa: BBINOJHEHHAs paboTa

Kpurepuu ouenku:
Kaxxmoe npaBriIbHO BBHITIOITHEHHOE ACHCTBHE -1 Gamt

KauecTBeHHast OLICHKA HHAUBUIYATbHBIX
TIDOIGHT PesyIHTATHBHOCTH 00pa30BaTENbHBIX JOCTHKCHUM
(IpaBHIIEHBIX OTBETOB) N
Oayt (oTMeTKa) BepOaNbHBINA aHAJIOT
90 - 100 5 OTIMYHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBJICTBOPHTEIIHHO
Meree 70 2 HE YIOBJICTBOPHTEIBHO

Tema 1.1 KoMniiekcHbIE YHCIa

IIpakTuuyeckas padora Ne2

Tpuronomerpuueckast popma KoMiIeKCHOro uuciaa. Ilepexoa or oaHoi GopMbI KOMILIEKCHBIX YHCEI K
Apyroii
Heab: Hayuurbcst 3anuchiBaTh KOMIUIEKCHBIE YUCIAa B TPUTOHOMETPUUYECKOH (hOpMe, BBINOJIHATH NEUCTBUS Hajl
KOMIUIEKCHBIMU YUCIIAMU B TPUTOHOMETpUUECKOH (opme.
BoinosinuB padoty, Bl Oyaere:
YMETb:
- 3aIMCHIBATh KOMIUIEKCHBIE YHCIIa B TPHTOHOMETPUYIECKOH (opme;
- BBITTOJIHATH JEHCTBHS B TPUTOHOMETpHUIECKOH (opme;
- IEPEXOJUTh U3 TPUTOHOMETPUUECKOH (DOPMBI B anreOpanvecKyio.

MaTepna.m,Hoe o0ecmneyenne: WHAWBUAYAJbHBIC 3aJaHUST, KOHCIICKThBI JICKIIHH.

3aganne:
1. Jlaubl KOMILIEKCHBIE uncia: zy=(-3;-5), 2,=(-7,2;7,2), 23=(2;6).
3amucaTh 3TU YUCIa B TPUTOHOMETPHYECKOI (hopme.

2.Breruncnure:
1) z, - z3;
2) 4.
),
3) z7;
4) V7,

3. BeimosHUTE ASHCTBUS M 3alMIITNATE PE3YNIbTaT B aredpandeckoi Gopme:

. S5t , . . 5m\\2 24(cos 750 +isin 759)
a) (3 (cos 4 + isin 4 ) 6) 3(cos 300+isin 300)°



KpaTKne TEOPETHYECCKUEC CBCACHUA:
TpHFOHOMeTpPI‘ICCKOﬁ (bOpMOﬁ KOMINJICKCHBIX YHCCJI Ha3bIBACTCs 3aIIMCh UX B BUIC!:

z =r"-(cosp + ising).

IIpr BBIONHEHWW NEHCTBHMH HAX KOMIUIEKCHBIMH YHCIAMH B TPUTOHOMETPHUYECKOH (hopMe MCIIONB3YIOTCS
cneayronye GopMyJIbL:

=T (cos(@q + @2) +isin(pr + ¢;))
1 1 ..
— = —(cos(@1 — @;) + isin(e; — ¢3))
Z; N

z" =r"*(cosng + isin ng)
Jnist n3BIeYeHUs KOPHS N-1 CTENEeHH U3 KOMIUIEKCHOTO YMCiia B TPUTOHOMETPHYECKOH (hopme

z=r-(cos @+ising) ucroap3yercs popmya :
+omk | . . g@+2mk .
wy, = \r- (Cos% + isin %), rmae Q/F - apudmeruueckuii kopens, k=0, 1, 2, ..., n-1.

AJNTOpUTM TIEpexo/ia OT aaredbpandeckoil (POPMbI K TPUTOHOMETPHUYECKOM:
[TycTh KOMIUIEKCHOE YHCJIIO 3a/1aH0 B aireOpandeckoit popme z = a + bi.

1) Moayns r =|z| omHO3HauHO ompenensieTcs o popmyne r =va? + b2
a . b
2) AprymeHT ¢ ompeznensercst u3 popmyn COS@ =—, SIN@p =—.
r r
3HaueHHs apryMeHTa KOMIUIEKCHOTO YMCIa MOYHO HaXOJHUTh U TaK:

e Omnpenenuts , B KAKOW YE€TBEPTH HAXOJMUTCS TOYKA (HMCIOJIb30BATh TEOMETPHUYCCKYIO HHTEPIPETALMIO YKCIIA)
z=a+bi

b
e PemuB ypaBHeHUE tgQ = —, TOIy4aeM, 4To
b .
argz = ¢ = arctg— U4 BHYTpEHHHUX Touek | u 4 yeTBepreil,
a
b
argz = @ = arctg—+ m U1 BHYTPEHHUX TOYEK 2 YETBEPTH,
a

b
argz = @ = arctg——m 1 BHYTPEHHUX TOYEK 3 YETBEPTH.
a
Ecny Touka z 1eXHT Ha ISHCTBUTENLHOM MIIM MHUMOM OCH, TO arg Z MO>KHO HalTH HENOCPEICTBEHHO.

3) Haiing Moaynb 1 apTyMEeHT KOMIUIEKCHOTO YHCIIa, €T0 MOXHO 3alyCcaTh B TPUTOHOMETPUYECKON MITH
nokazaresbpHoit hopme z = r(cos@ + i sing) wm z =re'?.

HOpﬂI[OK BBINNIOJIHCHUSA paﬁOTbl:

1. Banmmmre 3amaHHBIE Yyucina B TPUTOHOMETPUYECKOH (opMe, UCTIONB3YSl QJITOPUTM  Mepexoja K
TPUTOHOMETPUUECKOH (hopme.

2. BBINONHATE 3aIaHHBIE AEHCTBHS.
Xoa padoTsI:
Jansl komruiekcHsle uncna: z;=(7;1), z,=(-1,5;1,5), zz=(4;-3).
1. 3anmcatp yncna z;, Z, 1 Z3 B TPUTOHOMETPUIECKOH popme.
Pemenue:
1) z=7+4+1i
|z:] = V49 + 1 = /50 = 5v2,

Yo HaXoAUTCS B IEPBOIT YETBEPTH, 3HAUUT
Q= arctg% = arctg0,1429.
z; =7+ =5V2(cos8°8 + isin8°8").
2) z,=-154+15i
;] = J(=1,5)% + 1,52 = /2,25 + 2,25 = \/4,5=2,1
3

. b T
Yuciio HaXOAUTCS BO BTOPOii YeTBEPTH, 3HAYUT @ = arctg—+m = arctg(—1) +m = — 7 + = T;
a
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z,=-15+4+15i= 2,1(cos%ﬂ + isin %n).
|z3] = V9 + 16 = V25 =5.
Uucno HaX0UTCS B UETBEPTOM YETBEPTH, 3HAUUT
@ = arctg_T3 = arctg(—0,75) = —36°°52".
Z3 = 4 — 3i = 5(cos(—36°52  + isin(—36°52).
2. Beiuucnure:
1) Zy - Zg;
21,
2) =
3) z7;
HVzy;
Pewmenue:
7y - 73 = 2,1 - 5(cos(135° — 36°52) + isin (135° — 36°52")) = 10,5(cos 98°8" + isin 98°8');
a- %(COS(S"S’ — (—36°52)) + isin(8°8' + 36°52’)) = V2(cos 45° + isin45°);
3
5 ) ) , ,
z; = (5v2) (cos5-8°8" + isin5 - 8°8") = 12500vV2(c0os40°40" + isin40°40');
Bocnonp3yemcs popmyoii:

o=4/r (cos P+27K | isin 2+ 2ﬂk)

n

B namem npumMepe n=2.

3V2 135°4360°% ., . 135°+360°%. .
Vz; = w, = [—(cos ———— + isin———);
2 2 2
,3\/7 135°+360°0 . . 135°+360°0 L, /
wy = T(cos 5 + isin . ) =+/2,1(cos 67°30 + isin 67°30 );

wy = (22 (cos B o sin B0 = (2T (cos 247°30” + isin 247°30).

3. BoinonuuTe AHCTBUS U 3aTIHIINTE pe3yibTat B anredpanieckoii popme:

. 5T 1 iein 3TV\6 — 96 5, icin2".6) = 5% 4 iein 2T = V2 —
(2 (c0524+15m24)) =2 (cosz4 6+Lsm24 6)—64(6054 +lsm4)—64( 12)— 32v/2

32V2i;

24 (cos 75  +isin 75%) _ 24 o 1co .. o 1roy _ o 1 ieinzney — afl . Y3\ _ ..
Feos 150455m 150) — 3 (cos(75° — 15°) + isin(75° — 15°) = 8(cos60 +lSln60)—8(2+l 2)—4+4\/§L,

®dopma npeacTaBIeHHs Pe3yJbTATA: BHIIOIHEHHAs paboTa.
Kputepun onenku:
Kaxoe mpaBUIbHO BBIIOTHEHHOE AeHCTBHE -1 6amn

KauecTBeHHas OlleHKa HHAMBU1YaJIbHBIX
TIpOLIEHT pe3ybTaTHRHOCTH 00pa3oBaTeNbHBIX JOCTHKCHUI
(IpaBHIIBHBIX OTBETOB) N
Oam (oTMeTKa) BepOATBHBIN aHAIOT
90 - 100 5 OTIUYHO
80 - 89 4 XOpOHIO
70-79 3 YAOBJIETBOPUTEIBHO
Mmeree 70 2 HE yJIOBJIETBOPHUTEIILHO
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IIpakTnuyeckas padora Ne3

JleiicTBHSI HAl KOMILJIEKCHBIMH YHCJIAMH B TPUTOHOMeETpHYecKoi (hopme
Hean padorsi: Hayuyutbcsi BBIOIHATH JEUCTBHS HaJl KOMIUIEKCHBIMH YMCIIaMU B TPUTOHOMETpUUECKOH (hopme.

Buinosnnus padory, Bel Oynere:

YMETh!

YMETb:

- BBITIOJIHATH JEHCTBHA HaJl KOMIIEKCHBIMH YHCIIAMH B TPHTOHOMETPHIECKOH (opMe;
- IEPEeXOUTh U3 TPUTOHOMETPHUECKON (POPMBI B alTreOpandecKyo.

MarepuasnbHoe ob6ecniedenme: HauBUAyanbHbIE 3a0aHNsI, KOHCIIEKTHI JEKLIUN
3aganmue:

1. JTaHBI KOMITJIEKCHBIC YHCIIa B TPUTOHOMETPUIECKOH popme:

T L I o Em
zy = S lcos—+ isin - H z; =8 ros—4isin—)
a a E 3
2
oz =g 4
Brruucnure: &
2. BeImomHuUTE ASHCTBYS U 3AMIINTE PE3YJIbTAT B alreOpandeckoi popme:

Er . G E igar TS 4om TE
a) [3 I [CDS?—F il I:I:I b) 3(m530°+|.s'm SIZI':')

23

Kparkue TeopeTHyecKue cBeIeHusI:

TpuronoMeTprdeckoil (GopMOii KOMIUIEKCHBIX 9HCEN HA3bIBACTCSA 3AIACh X B Bije: 2 = ' (£05¢ + ising ),

[Tpu BBIMOMHEHUN ACUCTBHIA HAJl KOMILICKCHBIMH YHCIAMH B TPUTOHOMETPUYECKOH (JOpME HCIIONIB3YIOTCS CIICAYIOIIHE
(bopmybL:

77y = vy raleosipy + py) +isin (@, + 9,))

Zl ?"1 L

—=— [cus[:pl — q:lz:l + r.smlzq:ll — q;lgjlj
5 ™M

' = "{co=ng + isin ng)

Jlnst u3BieUeHnsT KOPHS N-i CTENEeHH M3 KOMIUICKCHOTO YHCIa B TPUTOHOMETPHUYECKOH (opme  Z=r-(COS @+isSing)
MCTIONB3YeTCs popmyna :

Fink pyimk
= ¥ (cos —+isin—

:I, rae Q/F - apudmeTudeckuit kopens, k=0, 1, 2, ..., n-1.

[opsaok BbINoIHEHHS Pa0OThI:
4. 3Banumure 3a/1aHHbIE B TPUTOHOMETpHYECKOH Gopme uncna.

5. I/ICHOHL?;yS[ KOHCIICKT, BBIAACHUTC, KakK BBIIIOJIHAKTCS I[eﬁCTBPIS[ HazQ KOMIIJICKCHBIMU qyuciiaMHu B
TPUTOHOMETpPHUUECKOH (opme.

6. BolnonHUTE 3a1aHHbBIE JEHCTBH.

Xon padorsi:
BrimonHHTE NEHCTBAS U 3alAIIATE pe3yIbTaT B anredpandeckoil gpopme:

sm..snﬁ‘_e(a --E)_
2 [cusz4+r.sm 24]] =2 cos 6+ sin 6] =

fd (cﬂs%+ isin %) - 64(—£— a? = _3247 — 3243

1 1

2
Idigar 75 b 1o ?Euj _

3(m515u+|s|ﬂ15uj -
. IS .
E(cusﬁﬂ" + r.smE-El":l =8 (E + E.T:] =44 4-\-"§L

®opma npeacTaBiIeHns pe3yJbTaTa: BBIIOJHEHHas padboTa.

?[EDS(TS" _15°) o isin (750 — 15°) =

Kpurtepuu ouenku:

3a nmpaBUIIBHBIN OTBET HA BOMPOCHI WIIM BEPHOE PEIICHUE 3a1aYH BBICTABIISICTCS ITOJIOKUTEIbHAsI OlIeHKa — 1 Oa.
3a He MpaBWILHBIA OTBET HA BOIMPOCH MJIM HEBEPHOE PEIICHHE 3aJadH BBICTABJSIETCS OTpHIATEabHas omeHka — 0
0aJIjIoB.

12



KauecTBeHnHas OLICHKA WHIUBHIYAIIbHBIX
[IpomeHT  pe3yNbTATUBHOCTU N
00pa30BaTENbHBIX JOCTHKCHUM
(TIpaBMIIBHBIX OTBETOB) =
Oay1 (0TMETKa) BepOaNbHBINA aHAJIOT
90 + 100 5 OTIMYHO
80 + 89 4 XOPOIIIO
60 +~79 3 YAOBIETBOPUTEIILHO
MeHee 60 2 HE yJIOBJIETBOPHUTEIHHO

Pasnen 2 InddepeHuuanbHoe 1 MHTErpajJbHOe UCYHCICHHE
Tema 2. 1 Teopus npeaesioB M HeMPEPHIBHOCTD.

IpakTuyeckas padora Ned

Boruncienue npenenos. PackpbiTue HeonpeaejaeHHOCTel

Hesan: HayanThes BEIYUCIATH MPEIENTbl () YHKITHA.
BeinoJsinus padory, Bel Oyaere:
YMETB!
-BBIYUCIIATE NPeeIbl QYHKIMH, HCTIONB3Ys TEOPEMBI O IIpeAeiax;
- PacKphIBaTh HEOIPEAEICHHOCTHY;
- HAXOJUTh Npeesbl pyHKINH, UCTIONb3Ysl POPMYJIbI 3aMeyaTeNbHbIX IPEIEIIOB.
MatepuanbHoe o0ecnieyeHre: HHANBUAYaIbHbIC 3a1aHUS, KOHCTIEKTHI JEKIUH.
3apanne:
BbrauciuTh npenenbl GyHKIHA:
lim,_,(—x3 +2x% —4x — 1)
x+2

X>=23,3174
lim 4x%—7x—2
x—2 5x22—9x—2

lim

lim —_-—
X290 %243y
x3+5x24+10

3x3+4x2-1
sin2x—sin3x

lim,

lim, .
li Vx+1-1
My o T

lim ( 2x )x
X2® \2x+1

O N o 0 bk ow e

ITopsiiok BHINOJHEHUS PadOTHI:
Haiinure nipeaen GyHKIMH, HCIONB3YsI TEOPEMBI O Mpezesax.
Ecnu nosryunnace HeonpeeIeHHOCTh, OTIPEICTINTE €€ BUA U CIIOCO0 PaCKpBITHUS.
[IpeoGpa3zyiiTe GYHKINIO U pacKpOHTE HEOTIPEAETIEHHOCTb.
Beruncnure npenen.
Xon padoTsli:
Haiitu npenen GyHKImm:

Eal N

1. lim,,(2x3 — 10x% — 4x + 5)
I/ICHOHLByCM TCOPEMBI O IpeacIax:

lim,_,(2x3 — 10x% — 4x + 5) = 2(lim,_, x)3 — 10(lim,_,; x)? — 4lim,_,, x +5=16—40—8 + 5 =
27
2_
2 lim 3x“—=11x+6

X3 2x2-5x-3

@yHkuus npeacTaBisieT co00i OTHOIIEHHE BYX MHOTOWICHOB, 00OpaIialomuxcs B HylIb B Touke x = 3.ITosTomy
CHavaja npeobpasyeM AaHHYyIO QyHKIHIO.
JIro00ii KBaIpaTHBIA TPEXWIEH MOKHO Pa3JIOKHUTh HA MHOKUTEIHN C IOMOIIBIO (OPMYJIBI
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ax? + bx + c = a(x — x;)(x — x3), TJIe Xy ¥ X, KOPHU KBAJPATHOTO TPEXUJIEHA.
2
KopHsME KBajpaTHOTO Tpexunena 3x? — 11x + 6 sBisioTcs dmcia R 3; 3HAUUT

2
3x2 —11x+ 6 = 3(x—§)(x—3)

1
A KOpHH KBAJIpaTHOTO TpexuneHa 2x2 — 5x — 3 paBHbI S H 3, cienoBaTeNbHO

1
2x*—-5x—-3 = 2(x +)(x—3).

Boss I v, mteent lim 3x%-11x+6
0O3Bpamiasc peacay, uMCeeM: x=3 52 oy 3

3x-2 9-2 7
2121,
7

2
3x2-11x+6 _ 3(x—3)(x—-3) _
23 x4+l 641

= lim — =
x=3 7042 553 23 24y (x-3)

11x3-5x2—6x+10
6x%—8x2+2

lim

lim
3. lim, o,

[
Tak Kkak MHOTOYJICHBI B YUCJIUTENIC U 3HAMCHATEIIC CTPEMATCS K 00, TO NOJTy4aeM HCONPEACICHHOCTh BUa [—] HJ'IH
o)

€C PACKPLITHS pa3ACJIMM KaXXA0C CJIaracMocC YUCIUTCIIA U 3HAMCHATCIIAL Ha x4. Tor;[a MOJy4YHM:

3 ) 1123 5x2  6x | 10 1 5 6 , 10
_ 1x*—=5x*—6x+10 @~ T -7 atam | Tz mta 0
lim 7 5 = lim 7 5 = lim——7——F———=-=0
x—00 6x* —8x% +2 x>0 6x*  8x% | 2 x-S 2 6
4 x4 T4 x2  x*

. sin%
4. lim,_, —

YtoObI BEIYUCIUTH MPEeIT (YHKIUHU, HY>KHO BOCIIOIB30BAThCs (DOPMYJION IIEPBOr0 3aMeYaTeIbHOIO Ipeiea:

. sinx 1
lim,_ o —— = 1.YMHOXUM YHCIHTENh U 3HAMCHATEIb IPOOH Ha >
x
X 1 . x 4
sin - —-Sin—- 1 sin— 1
. 2 i 2 2 _ : 2 _
lim = lim = =-lim—*==—-
x-0 X x—0 x 2 x—0 -
2 2

4.%im, ., (1 - i)sx

X
[IpeobOpazyem  ¢yHKIMIO Tak, dYTOOBI MOMKHO OBUIO TNPHUMEHHTh BTOPOH  3aMeuaTeNbHBIA  Tpernel,

X
dopmyny lim,_,, (1 + i) =e
Beeaem HOByIO epeMeHHYI0: X = —3), X — 00; y — 00,
5x 3 —15y 1 —15y

lim (1 ——) = lim (1 ——) = lim (1 +—> =e 15
X—00 X y—o0 —3y y o0 y

®opma npeacTaBIeHAA pe3yJibTaTa: BBIIOJIHEHHAsA paboTa.
Kpurtepuu ouenku:
Kaxn0e nmpaBuIbHO BBINOJHEHHOE JieiicTBHeE -1 6aut

KauecTBeHHas OlleHKa MHAMBU1YaJIbHBIX
TIpOTICHT pe3yTHTATHBHOCTH 00pa30BaTeNIbHBIX JOCTIDKCHHUH
(IpaBMIIEHBIX OTBETOB) N
Oay1 (oTMeTKa) BepOaNbHBIN aHAIOT
90 - 100 5 OTJIMYHO
80 - 89 4 XOpOHIO
70-79 3 YAOBJIETBOPUTEIBHO
Menee 70 2 HE yJIOBJIETBOPHUTEIILHO

Pa3nen 2 IudpdepenuuaibHoe U HHTErpaibHOE HCUHCIEHUE
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Tema 2. 1 Teopus npenesioB ¥ HeMPEePbIBHOCTb.

[pakTuyeckas padora Neb5

IlepBrlii 3ameuyaTeabHblil peaen. Bropoii 3amMeyaTeabHblIi npeaes

Hesn: HayanTbes BEIYUCIATE IPEIENb () YHKITHH.
Beinosnnus padoty, Bel Oynete:
ymembp:
-BBIUUCIISTE IPEEIbl QYHKIMHN, HCTIONB3Ys TEOPEMBI O IIpe/Ienax;
- HAXOJWTH Npeenbl PyHKINH, UCTIONb3ys POPMYIIBI 3aMeUaTEIbHBIX MPEACIIOB.
MarepuanbHoe o0ecnieyeHne: HHANBUAYAlIbHbIE 3a1aHUs, KOHCIIEKTHI JTEKIHH.
3aganne:
Beruncnnts npeaensl GyHKIuMi:
X

sins

1 . limx_,o .

2. lim, (1 - i)Sx

x
HOpﬂZ[OK BbBITIOJTHCHUSA paﬁOTBI:

Haiinure npeaen GyHKIMH, HCHIONB3YsI TEOPEMBI O Mpeesax.
Ecnu nonyuyunack HeonpeaeaeHHOCTb, ONPEISIUTE €€ BUL M CIIOCO0 PACKPBITHSL.
[TpeoOpasyiiTe GyHKIHIO ¥ PACKPOITE HEONPEAEIEHHOCTb.
Brruucnure npenein.
Xon padorsi:
Haittu npenen Gpyukiuu:

PR

sins
2

D) lim, o —=

UYroOBI BEIYUCIUTH TIpeelT GYHKINHU, HYy>KHO BOCIIONB30BAaThCS (POPMYIIOH IMEPBOTO 3aMeUaTeIbHOTO
. sinx
npegena: lim, ,—=1.
X

1
YMHOXKXUM YHCIIUTENb U 3HAMEHATEN b APOOH Ha >

sinZ lsin£ 1 sin 1 1
2 _ 13 2 2 3 2 . —
= lim,_q o= Ellmx_w =3 1= 7
2

lim, —
2

2) lim,—, (1~ i)sx

IIpeoOpa3yeM (QYHKIIMIO TakK, YTOOBI MOXKHO OBUIO MPUMEHUTH BTOPOH 3aMeuaTesbHbIH mpement :  lim, (1 +

1xxr=e. BBeieM HOBYIO IEPEMEHHYIO: X=—23y;X—>00;y—00,

-15y

3 )5-(—3y) = lim, .o (1 +§) =e 15 = L

lim, (1 — %)Sx = limy_,oo (1 ~

®opma npeacTaBIeHUs pe3yJibTaTa: BBIIOJHEHHAsA paboTa.

Kpurtepun onenku:

- «OTIMYHO» - yMEHHs C(OPMHUPOBAHBI, BCE 3aJaHMs BBINOJHEHBl NMPABUIbHO, Oe3 apudMeTHyecKux
omMOO0K, perieHre 0opOPMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAaHHSAMH.

- «X0poIIo» - HEKOTOpble YMEHHs COPMHUPOBAHBI HEJOCTATOYHO, BCE 33JaHUsI BHIIIOJIHEHBI, HEKOTOpPbIE
BHJIBI 3aJaHUH BBIIOIHEHH! ¢ omnOkaMu. be3ommoo4uno BeinoiHeHo 80-89 % Bcex 3amaHui.

- «Y IOBIIETBOPUTENHHOY» - HEOOXOAMMBIE YMEHUSI B OCHOBHOM C(OPMHPOBAHBI, OOJBIIMHCTBO 3aJaHUN
BBINTOJIHEHO, HEKOTOPHIE M3 BBIOJHEHHBIX 3aJaHU coiep)kaT ommuOku. besommbouno BemomaeHo 70-79 % Bcex
3aJaHUH.
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- «HeynoBIeTBOPUTENBHO» - TEOPETHIECKOE COAEepKaHHEe Kypca HE OCBOCHO, HEOOXOIMMEIC YMEHHS HE
c(hOpMHUPOBAHEI, BBHIIOJTHEHHBIE YU9eOHBIC 3aJaHus coaepikaT rpyOsie ommOku. besommbouno BeimonaeHo menee 70%
BCEX 3aJlaHUI.

Pasnen 2 InddepeHnuanbHoe 1 HHTEIPAJIbHOE HCYHMCIICHUE
Tema 2. 1 Teopusi npenesioB 1 HeNPEPHLIBHOCTb.

IpakTuueckast padora Ne6

Acumnrorsl pynkuun. Touku pa3peiBa

Heab: Hayunthcs HaXOOWTh TOYKHM pa3pbiBa (DYHKIHHA, ONPENEisTh UX POA, HAXOIUTh ACHUMIITOTHI IpaduKOB
GyHKIMA.

BeinosinuB padoty, Bel Oyaere:

ymembp:

- nccuenoBaTh (DYHKIMH Ha HETIPEPHIBHOCTH;

- HAXOJWUTh TOYKH PA3pPhIBA, OMPEIENATh HX POJ;

- HAXOJAHUTh ACUMITOTBI.

MarepuaibHoe o0ecniedyeHHe: HHINBHIYaIbHbIC 3a1aHHS, KOHCTICKTHI JICKIIUH, TaOJINIa IPON3BOTHBIX.

3aganue:
HccnenoBath (GyHKIMU HA HENPEPHIBHOCTh. HallTH TOUKM pa3pbiBa M ONpeAeauTh UX poa. Haiitn acumnToTs! GpyHKUIMI.

22 +3

) y=Z
2x% —4x—30

2) JI':II:T

Kpatkue TeopeTnyeckue cBeeHUs:
Toukamu paspsiéa yynKyuu Ha3pIBAIOTCS TOUYKH, B KOTOPBIX HAPYIIACTCS YCIOBUE HETIPEPBIBHOCTH (PYHKIINH.
Bce Touku paspsiBa (DyHKIMH Pa3esrOTCs Ha TOYKH Pa3pbiBa IIEPBOTO M BTOPOTO POJa.
Touxa paspbIBa X, Ha3bIBACTCA MOUKOU paspwiea nepo2o poda GyHKIMH y = f(x), eciau B 3TOH TOUKE CYHIECTBYIOT
KOHEYHBIE Mpeziesbl QyHKIUH CIIeBa U CIIpaBa, T €

lim, o f(x) =A1 u  limy_, 4o f(x) =A,. Tlpu stom: ecmu A; = A,,TO Touka X, Ha3bIBAETCS TOYKOH
YCTPaHUMOTO pa3pbiBa; eciu A; # A,, TO TOUKa X; HA3bIBACTCS] TOUKOW KOHEUHOTO Pa3phiBa.
Touka paspbiBa X, HA3BIBACTCS MOUKOU pazpuléa 6mopo2o poda byukuun y = f(x), ecinu 1o kpaitHeit Mepe oauH u3
OJTHOCTOPOHHHX MPEJIEIIOB HE CYHIECTBYET UIIH PAaBEH OECKOHEYHOCTH.
Acumnmomoii zpagpuxa pynxuyuu v = fxJHa3piBaeTcs npsmas, 001agaronas TeM CBOMNCTBOM, YTO PACCTOSHUE OT TOYKH
(x; f {x]} JIO 3TOM MPSIMOU CTPEMHTCS K HYJIFO PU HEOTPAaHUYEHHOM yIAJICHUU TOYKH rpadrka OT Havasia KOOPIUHAT.
[psiMast X = & Ha3BIBAETCS 6epMuKanbHoll acumnmomou Tpadpuka Qyukiuu ¥ = f{x), ecnmum Xxors Obl OJHO W3
npenenbHbIX 3HadeHuit limy ., g flx) i  lim, .. 5 flx) paBHO —02 wym +02 .
3ameuanue. lpsimasi x = @ HE MOXET OBITh BEPTHKAILHONW aCHMITOTOW, eciu (YHKIHS HETPEephIBHA B
Touke X = . [T0o3TOMy BepTHUKaIbHBIC ACUMIITOTHI CJICIYET UCKATh B TOUKAX pa3pbiBa ()yHKIIHH.
[psimast ¥ = b HaseIBaeTCs 2copuzonmanvroi acumnmomou rpapuxa Gyukuun ¥ = f(x), ecau xors Obl OJHO U3
npenenbHbIX 3HaueHn i lim, o f () wou lim,_.___ f(x) paBro b.
3ameuanmne. ['paduk QyHKIMH MOKET HMETh TOJBKO MPABYIO TOPHU3OHTAILHYIO ACHMIITOTY WM TOJIBKO JICBYIO.
[psmas ¥ = kx + b HaseiBaeTcs Haxknonnol acumnmomoti rpapuka GyHKIUK , €CIT lim, | flx) —kx —B| =0

fix)

Ecmu s dysxumn ¥ = f(x) cymectByroT npeaenst lim, _,— = k u lim;_(f (x) - kx) = b, To dyHkus umeer
HAKJIOHHYIO acuMIToTy ¥ = kx + B mpu x — o=,

Xoa padoTsI:
HccnenoBath QyHKIHNIO HA HETIPEPHIBHOCTH. HaliTi acHMIITOTHI (PyHKITHH.

i

Y=oz

O6macts onpenenerust Gynxuun D (f) = (—oo: 1) U (1: +09)

Touka x = 1 siBisieTcst TOUKOMN pa3psiBa 2 poja, T.K.

. x 1 . x* 1

T |
LX—i u LX—i u
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Ilpsimast x = 1 — BepTuKambHast acCHMITOTa (GYHKIMK. Y PaBHEHNE HAKJIIOHHON aCHMITOTEI MMEET BHI ¥ = kx + b

L= 1 X i x* ’ x- i 1 1
Tahn _ILE{Ex—E]_r_IL—EEx:—Ex_xl—-ch._g_E
Coox
R xt 1 . xt—x(x—1) ’ xt—xttx ’ x ’ 1 1
T e -2 27) TR T ooy TR 2@ o1)  sm2(x-1) we=,_2 2
Toox

Koneunslii Bua npsmoil ciaenyoniuil

y=test

®opma npeacTaBieHHs pe3yJibTaTa: BBIIOJHEHHAA padboTa.
Kpurepuu ouenku:

- «OTnyHO» - yMeHHsA c(hOpPMHUpPOBAHBI, BCE 3aJaHMS BBHIIIOJIHEHHI IPABHIBHO, 0€3 apu(pMETHIECKUX
omuboK, penieHne 0hopMIIEHO aKKypaTHO, C HEOOXOTUMBIMI 0OOCHOBAaHHUAMHU.

- «XO0poIIo» - HEKOTOpble YMEHHs ChOpPMHUPOBAHBI HEOCTATOYHO, BCE 33aHUs BBIOJIHEHBI, HEKOTOpPHIC
BUJIBI 3a/IaHUH BBIMOJIHEHBI C omnOKkaMu. be3zomubouno BeimonHeHo 80-89 % Bcex 3amaHuil.

- «Y IOBJIETBOPUTENBHO» - HEOOXOAUMBIE YMEHHSI B OCHOBHOM C(POPMHUPOBAHBI, OOJIBIIMHCTBO 3aJaHUN
BBINIOJTHEHO, HEKOTOPHIE U3 BBINOJIHEHHBIX 3aJaHuii couepkar omuOku. bezommboyno BeimonmHeHo 70-79 % Bcex
3a/laHUN.

- «HeynoBneTBOpUTENBHO» - TEOPETUUECKOE COJIEpKAaHUE Kypca HE OCBOCHO, HEOOXOAMMBIE YMEHUS He

c(OpMHUPOBAHEI, BHIIOJHEHHBIC YUeOHBIC 3aJaHUs CoAep)kaT IpyOsie ommOku. be3ommbouno BemomHeHO MeHee 70%
BCEX 3aJlaHUI.

Pasnen 2 IndpdepennuanbHoe 1 HHTETPaJbHOE HCYHMCIEHUE
Tema 2.2. Ilpou3Boanasi pyHKIUH U ee MPUIOKEHUS

[pakruyeckas padora Ne7/

JuddepennpoBanue c10KHbIX PyHKIMHA.

Hesan: HayunTbcs HaXOAUTH POU3BOIHBIE CIIOKHBIX (DYHKITHH.

Boinosinus padoty, Bol Oyaere:

YMETB!

- IPUMEHSATH MpaBwiIa TUPPepeHIINPOBAHNS;

- HAXOJHTh IIPOU3BOIHBIC CIIOKHBIX (PYHKITHIA.

MaTtepuanbHoe o0ecnedeHne: HHINBUAYaIbHBIC 3aIaHUs, KOHCIIEKTHI JICKIIUH, TAOUIIa TPOU3BOTHBIX.
3aganue:

Haiitu npomsBogHbIe QyHKITHIHA

y = (5x3 — 2x)°

f(x) = 3sin(2x — %)

f(x) = arcsindx + arccos®x
f(x) =logs(7x* — 5x3 + 1)

1+cos x

flx) = ln\/:

Eal A e

1—cos x

HOpﬂI[OK BbITNIOJTHCHUSA paﬁon,lz

1. Onpenenuts B GyHKIMK. BBeCTH MPOMEKYTOUHBINH apryMeHT.
1. Omnpenenuth, KakuMH npaBWwiIaMd AUGGEPEHIIUPOBAHUS HYKHO BOCIONB30BaThCs. [IprMeHUTH
COOTBETCTBYIOIIEE MIPABUIIO.
2. Hcnonb3ys TabIuIly IPOU3BOAHBIX, HAUTH MPOU3BOIHBIC (HYHKIHMH.
3. PackpsITh CKOOKH U IPUBECTH TO00HBIE, €CIIH 3TO YIIPOCTUT 3aIKCh (PYHKINH.

Xon padoTsli:
Haiitu nmpousBoansie QyHKIMIL:

17



L gC)=(1-4xH)"

OyHKIMA ABIIETCSA  CIOKHOM  CcTeneHHOW. Baexgem l'[pOMe)KyTO‘{HbII/I apryMeHT u=1-—4x2Jlna

L[H(i)(bepeHquOBaHm HYKHO BOCITOJIB30BaThCs (popmyitoit (u™) = nu™ ! - u

y =10(1 — 4x2)% - (1 — 4x?)" = 10 (1 — 4x%)°(—8x) = —80x(1 — 4x2)°

.1
2. f(x) = sin=x - cos 2x
OyHKIUA TpeAcTaBiIieT co00i NpoW3BEINeHHE OBYX CIOXKHBIX TPHUTOHOMETpHiyeckux ¢yHKkumid. IlosToMy cHauama
BOCIIONIb3yeMcst paBmiioM quddepenuuposanuss (U-V) =UV + UV

’ 1 ’ 1 1 ’
fx)= (sinzx *cos2x) = (sinzx) cos2x + sinzx(COSZx)

. o 1 .
BBenem npomeKyTOUHBIN apryMeHT : Ul IepBOH QYHKINH U = 2%, 1S BTOPOH byHKIMM U = 2X.

Ipu xuddepeHIrpOBaHIH HCTIOTb3yeM cieayronmme hopmynsr: (sinu) = cosu - u, (cosu) = —sinuu'.

) 1 , 1 1 ) 1 1 1 ,
fx)= (sinix *cos2x) = (sinzx) cos2x + Sinzx(COSZX) =cosZx: <§ x) cos2x + sinzx * (—sin2x) - (2x)

1 1
= —C0S—X"C0S2x — 2sin—x - sin2x.
2 2 2
3 23x+5x2
Y= log,(3+10x)
OYHKIUA MPEICTaBIsAeT cOOOW YacTHOE JBYX CIOXKHBIX (yHKumi. [losToMy cHadaia BOCIONB3yeMCS MpPaBUIOM
U u'v-uv’
nuddepeHInpoBaHUSL (;) =07

o (23%5%%)  Jog, (3 + 10x) — 23*+5%% . (log, (3 + 10x))’
y =

(log, (3 + 10x))?

BBesieM NPOMEKyTOUHbIH apryMeHT : JyIs iepBoii pynkuuu u = 3x + 5x2, s Bropoit dynkuun u = 3 + 10x.
I

[Ipu quddepeHuMpoBanuy Ucnonb3yeM crueayromue popmynsl: (a*) = atlna - u', (log, uw)' =

2 2 3x+5x2 2 3x+5x2__ 1
o @3x5x %y 0g, (3410x)—23¥ 5% (log  (3+10x)) 27 In2 (3x45x%)" log 2 (3+102) 27 TN a5 (34+10x)

y = (log 2 (3+10x))? - (log 2 (3+10x))?
2 2
23%+5%% 112 (3410x) log 5 (3+10x)—2 3% +5% 10

B+10x0)n2;
(log 2 (3+10x))2 !

ulna

4. f(x) = arcsin%x + arccos5x

OyHKIUS NpeACTaBIsieT co00i CyMMy JBYX CIIOXKHBIX — OOpaTHBIX TpUroHomerpuueckux ¢(yHkuwid. [TosTomy cHauaia
BOCIIOJIb3yeMcs ipaBmiioM muddepennuposanus (U +V) =U +V .

'

, 3
fx)= <arc5in§x> + (arccos5x)’

3
BBeznem npomeKyTouHBIH apryMeHT: s NepBOd QyHKINHN U = S, A BTOPOH (I)yHKI_II/II/I u = 5x.

[pu auddepeHInpOBaHNH UCTIONB3YEM CIIEAYIONIHE (GOPMYJIBL: (arcsmu) ‘/— ; (arccosu) =

1

W(g") e Y ZSJ%_W

)= (arcsingx) + (arccos5x)'=

5. f(x) = arccosV1 — e?*

OyHKIUS ABISIETCS CI0KHOIM 00paTHON TPUTOHOMETpHUYecKoil. Bexem npOMencyTquLm apryment u = V1 —e?*, Jlnn

nubdepeHIIpoBaHHs HyKHO BOCIIONE30BaThCs Gopmyioit  (arccosu) = —
—u

f (x) = (arccosV1 — ezx), =— -(V1- ezx)l.

1
-G

[TpomexyTOuHBIIT apryMEHT SIBJISIETCS TaKkoKe CI0KHON (pyHKImel. BBeneM u 11t Hero HOBBIH IPOMEXKYTOUYHBIH apryMeHT
2x
u=1-e

Jns muddepeHurpoBanus Hy>KHO BOCIIONB30BATHCS (popMyInoit
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(Vo) ==

. . N (—2e%) =
Tt Jiotre 2yioer X 212

f (x) = (arccosV1 — ezx)’ =—-—L1 . (V1i- ezx), = ! 1-e?) =—
1

®opma npeacTaBIeHUs pe3yJibTaTa: BBIIOJHEHHAA padboTa.

Kpurepuu ouenku:
Kaxxmoe npaBriIbHO BBHITIOTHEHHOE AeHcTBHE -1 Gamn

KauecTBeHHas OLleHKa HHAUBHAYAIbHBIX
TIpOICHT Pesy THTATHBHOCTH 00pa30BaTeIbHBIX JOCTHKCHUH
(IpaBUIIBHBIX OTBETOB) .

6a (oTMeTKa) BepOaJIbHBIN aHAJIOT

90 - 100 5 OTJINYHO

80 - 89 4 XOPOIIO
70-79 3 YIOBJICTBOPUTEIHHO

Menee 70 2 HE yIOBICTBOPUTEIHHO

Pasnen 2 [IudpdepennuanbHoe U HHTErpaibHOE HCYHCTIEHUE
Tema 2.2. Ilpou3Boanas pyHKIUHU U ee NPUTOKEHUS

[pakruyeckas padora Ne8

IIpumeHeHne NPOU3BOAHOM K MCCIe10BAHUIO QYHKIUI

Heas padorei: Hayunutbes nccnenoBats GyHKIMA U CTPOUTH TPAdUKH (P yHKITHIHA.
BeinoJsinus padory, Bel Oyaere:

YMETB!

- MPOBOJIUTH UCCIICAOBAHUE (DYHKIIMIA C IIOMOIIIBIO IPOU3BOIHOM;

- cTpouTh rpaduku QyHKIHH.

MatepuanbHoe o0ecrieuyenue:

WunuBuayansHble 3a1aHus, TaOIUIIA TPOU3BOIHBIX, KOHCIIEKTHI JIEKIINH, YUeOHUKH.

3ananue:
HUccnenoBath QYHKIHIO MO 00IIEl cXeMe U OCTPOUTH ee rpaduk:
1. f(x) = 5x3 — 3x°.
X
2.f(0) = 7=
KpaTkue TeopeTuuecKkue cBeIeHH:
OOm1ast cxeMa rcciIeJoOBaHUS (PYHKITHIA.

1. Haiitu obnacts onpegenenust Gpyuxuuu D (y).
2. Haiitu (ecnm 3TO He BBI3BIBACT 3aTPyJHEHHMIT) TOUKH NepecedeHus rpaduka ¢ ocsiMu koopauHat (mpu X = 0 u
npu y = 0).
. UccnenoBars GpyHKIMIO HA IEPUOJUYHOCTD, YETHOCTD U HEUYETHOCTb.
. HaliTi uHTEpBalibl MOHOTOHHOCTH, TOUYKU SKCTPEMYMOB U 3HaYeHUS PYHKIIMHU B 3TUX TOYKaX.
. HaifTu mHTEpBaBI BRITYKJIOCTH (BOTHYTOCTH) M TOUKH Iepernda rpaduka GyHKINH.
. Haiftn acumnToTs! rpaduka QyHKIHN.
. HaiiTi jomonHuTeNbHBIE TOYKH U IOCTPOUTD Tpad K MO pe3yabTaTaM HUCCIIeIOBAHUSL.
AJITOPHUTM HAXO0KIEHHUS IKCTPEMYMOB ()YHKIIMH M HHTEPBAJIOB €¢ MOHOTOHHOCTH € TIOMOIIBIO NMePBOii
NMPOU3BOIHOM
1. Haiit 06nacTh onpezeseHus pyHKIMN U HHTEPBAIIbI, HA KOTOPBIX (DYHKLHS HEMPEPhIBHA.
2. Haiitu npousBonuyro ¢yukuuu f'(X).
3. Haiitu kputnyeckue Touku GpyHkimu y = f (X), T.e. TOUKH, NpUHAIICKAIINE 00JIACTH ONMpeAeeHUs] (PYHKLUH, B
KOTOpPBIX Tipou3BojHass f '(X) oOpamiaercs B HyJIb WM HE CYIIECTBYET.
4. UccremoBats xapaktep u3meHenus ¢yukuwmu f(X) u 3Hak mpowmsBoxnoii f '(X) B mpomexyTkax, Ha KOTOpBIE
HalIeHHBIC KPUTHIECKHE TOYKHU JEIST 00macTs onpenenerns Gyukmu Y = f (X).

NN bW
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5. OTHOCHUTENBFHO KaXXJOH KPUTHIECKOW TOUKH ONPEIEIIHT, SIBISIETCS JIM OHA TOYKON MaKCUMyMa, MHHUMYMa HIIH
HE SIBIIAETCA TOUYKOM 3KCTpEMyMa.

ITomMHH: KpUTHYECKAsT TOUKA Xg €CTh TOYKA MHHHMYyMa, €CIM OHA OTACISICT MPOMEXYTOK, B kotopom f '(X)<0, ot
npoMeKyTka, B kKotopom f (X)>0, U Touka MakcuMyma - B MPOTHBHOM ciydac. Eciu ke B COCEAHHX IPOMEKYTKAX,
pa3leNeHHBIX KPUTHYECKOH TOUKOH Xg, 3HAK MPOM3BOAHON HE MEHACTCS, TO B TOUKE Xo (QYyHKIUS SKCTpEMyMa HE UMEET.

6. Beranciuth 3HaYeHns! PyHKIUH B TOUKaX IKCTpEMyMa.
7. 3anmcath pe3yibTaT UccieoBaHusl QYHKINKI: MPOMEXYTKH MOHOTOHHOCTH U SKCTPEMYMBI.
AJITOPUTM HAXO0:K/IEHUs BBIMYKJIOCTel GYHKIMH U TOYeK neperuda:
Haxoaum BTOpYI0 IPON3BOHYIO.
Haxoum TOUKH, B KOTOPHIX f (X) = 0 MM He CyIeCTBYeT.
3. MHccnenyem 3Hak cieBa W cIipaBa OT HAWJCHHBIX TOYCK M JAETAaeM BBIBOJ 00 MHTEpBanax BBITYKIOCTH M O
HAJIMYAW TOYEK Mepernoa.
4. Haxonum 3HaueHHEe GYHKINHU B TOUKAX repernoa.
ACHMINTOTBI.

AcumnroToii rpaduxa ¢pyukuun y = f(x)Has3piBaeTcs mpsimasi, 00iaaaromias TeM CBOHCTBOM, YTO PACCTOSHUE
ot touku (x; f(x)) mo 3TOM MPSAMOW CTPEeMHUTCS K HYJIO NPH HEOTPAHHYCHHOM YIaJeHHH TOYKM rpaduka OT Hayasa
KOOp/IMHAT.

[Ipsimast x = a Ha3bIBaeTCsl BEPTUKAJIbHOW acuMnToTO#l rpaduka GyHkumn y = f(x), ecau xoTs Obl OJHO M3
npesenbHbIX 3HaueHuit lim,,_o f(x) wmm  lim,_, .o f(x) paBHO —oomnu +oo .

3ameuanme. [IpsiMass x = a He MOXeET ObITh BEPTHUKAJIHHOW aCHMITOTOH, €ciii (pyHKINS HEMPEPhIBHA B TOUKE X =
a . IloaToMy BepTHKaIbHBIC ACUMIITOTHI CIEAYEeT UCKAaTh B TOUKAX pa3pbiBa (GyHKINH.

[Ipsimas y = b Ha3pIBaeTCS TOPH3OHTAIBHON acuMnToToM rpaduka GyHKEA y = f(x), ecim XoTsA OBl OTHO W3

N

npeseNnbHbIX 3HaueHuit lim, ., f(x) wiu lim,_,_,, f(x) paBuo b.
3ameuanmne. ['padyk QyHKIUE MOXKET UMETh TOJILKO NPABYIO TOPU3OHTAIBHYIO ACUMIITOTY HIIH TOJIBKO JIEBYIO.

Ipsimast y = kx + b Ha3bIBaeTCS HAKJIOHHON acHMNTOTOM rpaduka Gyukuuu y = f(x), ecmu lim, . |f(x) — kx —
H=0

Ecmn mis pyukuuu y = f(x) CymecTBYIOT Mpeaes lim, f ix) =ku lim,_,(f(x) —kx) = b, T0 QyHKIMA UMeeT

HaKJIOHHYIO acUMIITOTY Y = kx + b mnpu x — oo .
IMopsaok BhINOTHEHHsI Pa6OThI:

1. [IpoBectn aHanm3 3aMaHHOM QYHKIH 1O OOMIEH cXeme.
2. [Moctpouts rpaduk GyHKIHH.

Xoa padoThI:
HccnenoBath GyHKIMIO ¥ TOCTPOUTH €€ rpaduk.
X
Y=
1. O6macts onpenenerus dyukuun D (f) = (—o0; 1) U (1; +00)
2. Tlpu moacranoBke 3Hadenus x = 0 momyunm y(0) = 0.
Takyro e TOYKY IOJY4YHMM, €CIM IpUpaBHsieM QYHKIHMIO K Hymo. Touka x = 0 - eJUHCTBEHHas TOYKa
nepeceveH s ¢ OCIMHU KOOPIHHAT.
3. IIpoBepsieM QyHKINIO HA YETHOCTD
(—x)? _ 2
—2x -

S 2 X
y(=x) = -2 2x+2

y(=x) # y(x); y(—=x) # —y(x).
Wrax, pyHKIMSI HU YeTHAS, HU HeYeTHAs, HeTIePHOANIeCcKasl.
4.I[J'I$I OTBICKAHUSI I/IHTepBaJ'IOB MOHOTOHHOCTH BBIYUCIISIEM HepBYIO HpOI/IBBOILHyIO q)YHKIlI/II/I

. 2x(2x —2) —x%-2  4x? —4x—2x? 2x? —4x
- (2x — 2)2 T (@2x—-2?2 (2x—2)

[IpupaBHHBas ee K HYIIO, MOJydUM KpUTHYecKHe ToukHd X = 0; x = 2. OHM pa30MBaIOT 00JIaCTh ONpeJeNIeHNsT Ha
CJIe/Tyole HHTEpBabl MOHOTOHHOCTH (—0;0) U (0;1) U (1;2) U (2; +0)
Hccenenyem nmoseneHne Npon3BOIHOI CiieBa 1 CIIpaBa OT HalJICHHBIX TOUEK pa30OHNeHHS.
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I'paduaeckn nHTEPBATBEI MOHOTOHHOCTH OyIIyT HMETh BHU]
)’Yl
-+ 3 < +
0 1 2
Hccnenyemast ¢pyHKIMs Bo3pactaeT Ha uHTepBaiax (—oo; 0) U (2; +00) u yosiBaer (0; 1) U (1; 2).
5.Touka x = 0 TouYKa JIOKAIEHOTO MaKCUMyMa, X = 2 — JIOKaJbHOrO MHHHMyMa. Halimem 3HaueHue QyHKIH
Ymax = 0; Ymin = 2.
6.. /Iyt OTBICKaHUSI MHTEPBAJIOB BHITYKJIOCTH HalIeM BTOPYIO IPON3BOJHYIO
s (Ax—4)(2x —2)2 — (2x? —4x)-2(2x —2) -2 8 8 1
yo= (2x — 2)F T 2x—27 8(x-17 (x-1)7
Takux WHTEPBAJIOB HET, IOCKOJIbKY BTOpas IPOW3BOAHAs HE NPUHMMACT HYJEBBIX 3HAYCHUH B 001acTH
OTIPEIEICHHS.
7. llpsimast x = 1 — BepTUKanbHas acuMNTOTa PyHKINHU. YpaBHEHUE HAKIIOHHON acCUMIITOTBI MMeeT BUI y = kx +

b.
AT (O R S . SRS S
x—0 X x50 (26 — 2)x  x-w 2x2 —2x  xowp _ 22
b = lim (x_2_1x> = 1imw= hmﬂ= limL= limL=1
x-w \2x —2 2 X—00 Z(X - 1) xX—0 2(x - 1) X—00 2(x - 1) X—0 9 z2 2
Koneunslit Bua npsmMoil ciaenyoniuit .

1 1
=-x+-.
Y=3 2
8.Ha ocHOBe IpOBEJEHHOrO aHAIN3a BBHIIOJIHAEM IOCTpOeHHE Ipaduka (GyHKIuH. IS 3TOro CHadaga CTPOUM

BCPTUKAJIbHBIC 1 HAKJIOHHBIC aCUMIITOTHI, 3aTEM HaXOJUM 3HAYCHUEC (byHKI_II/II/I B HECKOJIBKMX TOYKax M IO HUX NPOBOJAUM
HOCTPOCHHE.

y=(x+1)/72

®opma npeacTaBIeHAA pe3yJibTaTa: BBIIOJIHEHHAsA paboTa.

Kpurepuu ouenku:
Kaxxmoe npaBriibHO BBHITTOTTHEHHOE ACWCTBHUE -1 Gamt

KauecTBeHHast OL[CHKA HHAUBUIYATbHBIX
TIpOIIEHT pe3y b TATHEHOCTH 00pa3oBaTENbHBIX JOCTHKEHUM
(IpaBMIIEHBIX OTBETOB) .

Oam (oTMeTKa) BepOATBHBIN aHATOT

90 - 100 5 OTJIMYHO

80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIHHO

Menee 70 2 HE YIOBICTBOPUTEIHHO

Pa3nen 2 [IudpdepeHnuanibHoe U HHTErpajibHOE UCUHCTIEHUE
Tema 2.2. IIpouzBoanas GyHKIHUM U ee NPUJIOKEHUS
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IIpakTHyeckas padora Ne9

IIpnMeHnenne NpPOU3BOAHOM K PeLIeHHIO 32124 NPOo(decCHOHATBLHONH HANIPABJIEHHOCTH
Hean padorsi: Hayuutbcs npumensts quddepennnan st npuoInKeHHOTO BEIYUCICHUS 3HaUeHUH QyHKINY.

Boinosinus padory, Bel Oyaere:

yMeThb:
- HaXOWUTh NPUOIMKCHHABIC 3HAYCHUS (QYHKIIHI.
MarepuajibHoe obecniedeHue: MHIUBUIyanbHbIC 3aJaHUs, TAOINNIA TPOU3BOJHBIX, KOHCIIEKTHI JIEKIUH, YICOHUKH.

3aganne:
Brruuciauts npubIKeHHbIE 3HaYeHNS, HCIONb3Ys AuddepeHunan:

1) In1,01;
2) 3,96%;
3) +/16,004;
4) 3/64,09;
5) 41/15,8.

KpaTkue TeopeTHyeckune cBeieHH:
Jduddepernnanom Qyrkun y = f(x) B TOUKE X, Ha3bpIBACTCS MPOU3BEACHUC MPOU3BOJAHON (DYHKIMH B STOH TOYKE Ha
muddepeHnran apryMenTa dx.

dy = f (%) - dx
dopmyina a7 TPUOTHKESHHOTO BHIUMCIICHHS 3HAYCHUS (DYHKIIUH:

f) = f(xo) + f (x0)Ax, Ax = x — xo.
[Tpu mpakTHYecKOM MPUMEHEHUH (OPMYIIBI HaJI0 HOHUMATh, YTO IMOTPEIIHOCTh NPUOIMKEHHOTO 3HAaUSHHs OyIeT TeM

MeHbllIe, 4eM MeHblne Ax. Kpome Toro, Touka x J0JDKHA OBITh «yIOOHOI JUIs BBIYMCIICHNS 3HAYCHUsI (QYHKLUH B HEH.
Hy u, pazymeercs, ¢pyakuus y = f(x) nomkna ObITh quddepeHnnpyemMoii B TOUKe Xy.
IMopsigok BeINMOJIHEHUS] PAGOTHI:

1. TIlpencraBbTe apryMeHT B BHIE X, + Ax.
2. Ilpumenure GopMyiy Ui BBIYUCICHUS IPUOJIMIKEHHOTO 3HaUeHUS (DYHKLIUH.

Xoa paboTsI:
Beraucnuts npuOIMKeHHbBIE 3HAYCHHS, UCTIONB3Ys TuddepeHua:

1) 1,01'°

B xavectBe «ymo0HOI» Touku Bo3bMeM X, = 1. Torga npuparuenue aprymenta Ax = x —xq = 1,01 — 1 = 0,01.
fGr) = f(D) =11 = 1;
f(x) =" =102 f(1) = 10.
[loxcTaBnss HalieHHBIE 3HAYEHUS B (POPMYITy, TOIYdHM:
1,01 = (1+0,00)°~1+10:0,01=1+0,1=1,1.
2) 3/7,95

B xavectBe «ymo0HOI» ToukH Bo3bMeM X, = 8. Toraa mpupainenue aprymenra Ax = x — x, = 7,95 — 8 = —0,05.
3B ) = (F) =L
fo)=V8=2; f(x) = (Yx) =5x73= o

1 1

f(8)=m=§-

[oxcrasnsas HaleHHBIE 3HAYEHUS B (hOpMyITy, TOIydINM:

3708 = 3/g — ~24 1. (= —y_ Lt 1%
795 =38-005= 2+ " (=0,05) =2 710 = 1240.
®opma npeacTaBIdeHus pe3yJbTaTa: BEIIOIHEHHAS padboTa.

Kpurepnn onenkn:

Kaxxnioe npaBuIbHO BBITIOTHEHHOE JIeHCTBUE -1 Oa

IIpoueHt pe3ynbTaTUBHOCTU KauecTBeHHas OlleHKa MHANBULYaIbHBIX
(IpaBMIIBHBIX OTBETOB) 00pa30BaTENBHBIX JOCTIDKCHHH
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6a (oTMeTKa)

BepOaJIbHBIN aHAJIOT

90 -100 5 OTIMIHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBIETBOPUTEIHHO
menee 70 2 HE yAOBJIETBOPUTEIHHO

Haxoxaenue HeoInpeaeJIeHHbIX UHTErpaJjoB 1o Tadaune HHTErpajioB 1 METOA0M 3aMEHbI

Heab padorsl: Hayuutbcst HHTErpHpoBaTh (YHKIMH, HCHIONB3YS PA3IMIHbIE METOIbI HHTETPUPOBAHHS.

Pazgen 2 InddepennnaibHoe M1 MHTErPaJlbHOE HCYUCTCHUE
Tema 2.3 WHTerpaj u ero npuJioKeHus

IpakTuueckas padora NelO

Boinosinus padoty, Bol Oyaere:

YMETb:

- HaXOJJUTb HCONIPEACJICHHBIC MHTETrPpaJIbl MCTOJJOM IMOACTaAHOBKU,

- HaXOJJUTh HCONIPEACIICHHBIC MHTETPpAJIbl MCTOJJOM UHTCIPUPOBAHUA T10 YACTAM.
MaTepHaﬂbﬂoe o0ecneyenmne:
I/IHJII/IBI/IILyaHI)HI)Ie 3aJaHus, Ta6nnua HUHTETPAJIOB, KOHCIIEKTHL HCKHHﬁ, y‘le6HI/IKI/I.

3apanne:

Haiigure HEONMPEACJTCHHBIC HHTCI'PAJIbI:

1) f(8x* — 6x? + 2x — 3)dx

3x442x2-3x+7
2) [——F—dx

3) [ cos(10x — 5) dx
4) [ 3% xdx

5dx
5) f25+16x2

6) f xde

(1-2x3)2

4 _p02_ 0
7)f2x 4;:/;3x ldx

[opsaok BbINoIHEHHS Pa0OThHI:

=

3amnmcaTh 3a1aHNE U ONPEEIINTh, KAKUM U3 METOJIOB MHTETPUPOBAaHHS HEOOX0AMMO BOCIIOJIB30BATHCS.

2. Ecnu uHTErpas MO>KHO HaWTH METOJIOM HETIOCPEACTBEHHOI'O MHTETPUPOBAHUS, TO, HCIIONB3YsI CBOMCTBA MHTEIPaJIoB,
NPUBECTH UHTErpaj K TabnmaHbM popmynam. [IponHTErprpOBaTS.

3. Ecnu wHTEerpanm Mo>XHO HalTH METOJOM IOJACTaHOBKH, TO BBECTH HOBYIO IEPEMEHHYIO, HaiTh ee audepeHuuna.

Ilocne BBeneHUs HOBOW MEPEMEHHOM 3aJaHHBIA MHTErpan MPUBOIAUTCS K HOBOMY MHTErpaly, KOTOPBIM SIBISETCS

TabmmuHBIM. Ecnm mHTErpan onpeneneHHbIH, TO BEIUNCINTH HOBBIE MPEAEIbl HHTETpHpoBaHus. HallTu moydeHHBIH

UHTErpal. B ciyuae HeonpeaeIeHHOTO HHTETpajia BEPHYTHCS K CTapOH MepeMEHHOIA.

Xona paborsl: Haiitu unterpanst:

3xt+2x2—3x+7
)

x2
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YToOBI HAWTH 3TOT HUHTETpaJl, HY?)KHO CHavajla MPUBECTHU MOJABIHTCTPAJIbHOC BbLIPAKCHUC K Ta6HI/I‘{HOMy BULOY. I[J'ISI
9TOT0 NPUMCHACM NMOYJICHHOC ACJICHUC!:

f6x4—5x +3x+4

6x4 3x 4
f<6x2—5+ + 4x" )dx
fxzdx— fdx

dx ) 6x° 4x71 3 4
+3 | —+4 | x %dx= T—5x+31n|x|+ 1 +C=2x—-5x+3In|x| ——+C
x - x

f 15x2dx
(1-x3)*

2)

10T HUHTCTPaJI MOKHO HaWTH ¢ IIOMOIIBIO METOAa IMOACTAHOBKH. BBC,Z[GM HOBYIO ICPEMCHHYIO.

[ 1-x*=t¢
15x2dx Id(l—zx3)=dt|_ isdt_ __i 5 5
f(l—x3)4 | ~setar=de |= [ m=s [ttt = -5 O = grh O o g+
lxdx——?J

®opma npegocTaBJeHUs pe3yabTaTa: BHIIOIHEHHAs padoTa.

Kpurepuu ouenku:
Kaxxmoe npaBmiibHO BBHITTOTTHEHHOE ACHCTBHUE -1 Gamt

KauecTBeHHast OL[CHKA HHAUBUIYATbHBIX
TIpOICHT Pe3y ITATHBHOCTH 00pa30BaTENbHBIX JOCTHKEHUM
(IpaBMIIEHBIX OTBETOB) N
Oay1 (oTMeTKa) BepOaNbHBIN aHAJIOT
90 - 100 5 OTJIMYHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIIHHO
Meree 70 2 HE YIOBJICTBOPHTEIIHHO

Pazgen 2 IndgdepennnaibHoe 1 MHTErpalbHOE HCYUCTCHAE
Tema 2.3 MHTErpaJj u ero npujio:KeHus

IIpakTuyeckas padora Ne 11

Haxo:xneHue HeonpeaeeHHBIX HHTErPaJiOB MeTOA0M MHTETPUPOBAHMS MO YACTAM
Iesas padorei: HayunTscs nHTErpUpOBaTh (QYHKIMH, HCIIONB3YS PA3IUYHBIC METOABI HHTETPHPOBAHNS.
Boinosinus padoty, Bol Oyaere:
ymembp:
- HaXO/IUTh HEOIPEIEIEeHHbIE HHTErPallbl METOA0M UHTETPUPOBAHUS 110 YACTAM.
MatrepuanbHoe obecreuenue:
WupuBuyanbHbIC 3aaHus, TAOUIA HHTETPAIOB, KOHCIICKTHI JICKITUHA, y4eOHUKH.
3aganue:
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1) J-'[:.rz +5x + 7) - Inxdx:
2) J-e?:"'cGSExd.r:
3) J(? + 4x + 3)e™dx.

ITopsiiok BeINOTHEHHST PA0OTHI:
1. 3anmcarb 331aHKE U ONIPEAEITUTH, KAKUM U3 METOJ0B HHTEIPUPOBAaHHS HEOOXOANMO BOCIIOJIB30BATHCS.
2. Ecnm wHTETpam Henp3s HAWTH APYTMMH CHOCOOaMH, TO IPUMEHUTE (GOPMYTy HHTETPHPOBAHHSA IO YacTsIM

f Udv = uv — f Vdl, Dror MeTom 3aKiIodyaeTtcs B TOM, 4TO MOABIHTETPATBHOE BBHIPAKEHHE MPEICTABIAETCS
KaKuM-TH00 00pa3oM B BHE NpousBeaeHus nByX comHoxureneir U wu dV. 3arem, mocie Haxoxaenus dU u V,

UCTIONB3YHTE (GOPMYITy HHTETPUPOBAHUS IO YACTAM.
Buzp! nHTErpanos, Gepymmxcs 1Mo 4acTsM:

-Unrerpansl Buaa IP{:I} &dx, fP{::}sinkxdx. IP{:I} coskxdx rpe P(X)- MHorounen, k- uucio.
Yno6Ho nonoxute U = P(x), a Bce OCTalbHble MHOKHTENM NIPUHATE 32 V.
-HMHTerpaisl Buaa fP{_.r]nrcs:‘nxd.r. fP{_x]nrccusxd.r. fP{_x]Erer.r. fP{_x]nrctg.rd.r
_]"P'[:x} arcctgxdx,
V10610 nonoxuts P lxldx = dV, a ocTanbHble MHOKHTETH MPUHATH 32 U.
- Unrerpanst puna | € sinbxdzx, [ € cosbxdx, tie a u b uncna. 3a U moskHo npunsts Gykummo U = %%,
Xoa paborsr: Haiitu nxTerpans:
1) [ — 4x) nx - dx

DTOT UHTETPAJ MOKHO HAWTH C MOMOIIBIO METOJA UHTETPHPOBAHMS 110 YACTAM, OH OTHOCHUTCS KO BTOPOMY BHIY,
nosromy U = Inx, dV = (x? — 4x)dx.

_r-t

4
Hcnone3ys ¢hopMyiTy HHTETPUPOBAHUS 10 YACTSM, MOTy4aeM

i %t x* 1
{_.r3 - ‘I'I]EJ‘LI vdx = Inx (—— 2.1':) - j (—— Ex:)—n’x =
4 4 x
x x? x4 x4
Inx (T—Ex:]—[(r— Ex] dx :{m(?—Ex:]—E+x: +C

2) [(x? — 2x)cos4xdx
OTOT MHTErpaj MOXKHO HAaMTH C TMOMOIIBIO METO/AA WHTEIPHUPOBAHMSA IO YacTsM, OH OTHOCHTCS K IIEPBOMY BHUAY,
nostromy U = x° —2x, dV = cosdxdx.

1 )
adll = —dx, V= I{x! — dy)dy = — — 2x°
x

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

. . 1 1 )
J‘{x‘ — 2x) cos4x dx = (x* — 2x) ;s:’n%x — J‘ ;s:’nf}x{_Ex —2)dx =

. 1 1 ) 1 . 1 i
(x* — Ex} ; sindx — ‘—1. J‘ sindx(2x — E}d.r = ; (x* — 2x}sfn=1-x — ;J‘ sindx(x — 'J.}n’.r =

YroObl HANTH OCTABIIUICS UHTETPAJ, CHOBA IIPUMEHSIEM (hOPMYITy HHTCTPUPOBAHHUS IO YACTSIM.
UD=x—1, dV = sindxdx .

1
dll = dx, V :J‘s:'n%.m’_r :—‘—1‘.:'554-.1'

1{"?']'4 1(;1)(1 4][L 4xd
—‘l‘x—_xs.nx—z{ - —‘l‘cusx— —‘Lcusx.r—
1., 1 . 1 1
;'[_.r‘ —2.::}5:'?14-: —5{'[_.1:—1} —;cush’ +; cosdxdyr =

1. . 1 1
= E{x' — 2x) sindx +§{{x — 1Mensdx) —aj‘cusq-_rd_r =
- (2 2x)sind ~ 1)(cos4x) " sindx +C
;_.r —2x slnx-l—g{_.r— cosdx —Esln_r-l—

d)opMa NMpeaoCTaBJICHHUSA PE3YJdbTaTa: BBIIIOJTHCHHAA pa60Ta
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Kputepuu ounenku:

- «OTmuaHO» - yMeHHsI COPMHUPOBAHBI, BCE 3aJlaHUS BBITIOJHEHBI MPaBUIIBHO, 03 apu(pMETHIESCKHX
ommnboK, penreHne 0popMIIEHO aKKypaTHO, ¢ HEOOXOIUMBIMU 00OCHOBAaHHUAMHU.

- «XO0porIo» - HEKOTOpble yMeHHs CHOPMHUPOBAHBI HEOCTATOYHO, BCE 3a/1aHUsI BBIMOJIHEHBI, HEKOTOPhIC
BHU/IBI 3aJaHUI BBITIOIHEHH! ¢ omnOkaMy. be3omm0o4uno BeinoiHeHo 80-89 % Bcex 3amaHuid.

- «Y IOBJIETBOPUTENBHO» - HEOOXOAUMBIE YMEHHS B OCHOBHOM C()OPMHUPOBAHBI, OOJILIINHCTBO 3aaHUM
BBINIOJTHEHO, HEKOTOPHIE M3 BBINOJHEHHBIX 3aJaHuil conepxkar omuOku. bezommboyno BeimonmHeHo 70-79 % Bcex
3aaHuH.

- «HeynoBneTBOpUTENBEHO» - TEOPETUUECKOE COZIEpKAHUE Kypca HE OCBOCHO, HEOOXOANMBIE YMEHUS HE
c(OpMHUpPOBaHBI, BHINOJIHEHHBIE YueOHBIE 3aJaHusl coiepkar rpyosle ommOku. besommbouHo BbImonHeHO Menee 70%
BCEX 3aJlaHUI.

Pasnen 2 InddepeHuuanbHoe 1 HHTEIPAJIbHOE HCYHMCIICHUE
Tema 2.3 UHTErpaj u ero npujo:KeHus

IpakTuyeckas padora Ne 12

HaxoxneHue onpeeeHHbIX HHTErPaJIOB Pa3JIMYHbIMU METOJaAMH
Heas paborpi: Hayuntbcs HAaxXOOUTh OIpEJENICHHBIC HHTErpajbl, HCHONb3YsS PpaziIHYHbIC METOJBI
HMHTETPUPOBAHNS, BEIYHUCIIAT IPUOIIIKCHHBIC 3HAYECHUS ONIPEICTICHHBIX HHTETPAJIOB.
BeinoJsinus padory, Bel Oyaere:
YMETb:
- BEIYHCIIATH ONPEJICIICHHBIE HHTETPalIbl PAa3INIHBIMU METOIAMH;
MarepuasnbHoe obecnedeHnue:
WHunuBuayansHble 3a0aHus, TA0IUNA HHTETPAJIOB, KOHCTIEKTHI JICKIUH, y4CeOHHUKH.
3aganne:
Brruncinte onpezeneHHbIe HHTETPabl

2. f_32(4x3 +3x% 4+ 2x + Ddx
4 1
fl (\/E + \/—;) dx

V3
flz - dx

—x2
2 1-x

f5 dx
-23/(x+3)

s
J e cosxdx

le.' dx
n —x

in2%
3sm3

No o &~ W

HOpﬂI[OK BBITIOJTHCHUSA paﬁOTl)l:

1. 3ammcatp 3a7aHAE U ONPEACTUTH, KAKUM U3 METOIOB HHTEIPUPOBAHUS HEOOXOIUMO BOCIIOIB30BATHCS.

2. Ecnmm wHTErpanm MOXHO HAHTH METOIOM HEMOCPEACTBEHHOTO HHTETPHPOBAHUSA, TO, HCIONB3yS CBOMCTBa
HHTETPajoB, NPUBECTH HHTErpal K TabmuuHeiM (opmynaMm. IlpounTerpupoBaTs. BbuuCIUTE 3HAauYCHHE
ormpeaereHHoro uaTerpaia no ¢popmyne Hetotona-JIeitouuria.

3. Ecnu wHTErpan MOXKHO HaliTW METOJIOM MOJCTaHOBKH, TO BBECTH HOBYIO IIEpEMEHHYI0, HalTh ee nuddepeHunan.
Ilocne BBeneHHs HOBON NEPEMEHHOW 3aJaHHBIM HHTErpal MPUBOAUTCS K HOBOMY HHTErpaily, KOTODPBIM sBIseTcs
TabnnuaeiM. Ecnim MHTETpan omnpezeneHHbI, TO BBIYMCIMTH HOBBIE ITIpeJiesibl MHTErpupoBaHus. HaliTh moirydeHHBIN
WMHTETpal.

4. Ecnu nHTErpai Hejb3s HAalTH BBINIEYKa3aHHBIMU CIIOCOOAaMH, TO MPUMEHHUTH (JOPMYITy HHTEIPHUPOBAHHMS MO YaCTSIM
fudv =uv - [vdU.

Xoa padoTsI:

1) f_31(4-x3—3x2+2x+5)dx=4-f_31x3dx—3f_31x2dx+2f_31xdx+5f_31dx=x4—x3+x2+5x|31 =3%—
3343245-3—-(14+414+1-5)=81-27+9+15+2=380
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0,4 5dx
2) fO 4+25x2

10T HUHTErpajl MOXHO HaWTH C TIOMOIIbI0 METO/Ia MOACTaHOBKU. BBenem HOBYIO ICPEMCHHY1O.
_ 5 S

-x=t
2
5
-dx =dt
f0,4 5dx 5 f0’4 dx 5 f0,4 dx 2 , _
=2 == [ = =
0 4425x2 470 1422 470 1+(3x) dx = -dt
Xy = 0 tH =0
L Xp = 0,4’ tB =11
—2. 2t & _1 11 — —lr_r
=3 sfo —5 = arctgt|y = (arctgl —arctg0) =2 = .
gsinxdx
3) fo cos*x
DTOT HHTErpat MOXKHO HAWTH C MOMOIIBIO METOIa MOJICTAHOBKHU. BBeZieM HOBYIO MEpEeMEHHYIO.
r cosx =t 1
- dcosx = dt
3 et _ 0,5
sinxdx sinxdx = dt —dt t72 s 1 s 1 1
— = sinxdx = —dt =] =-—=hk’=531"=5—75z—5=2-05=15
. cos3x xy =0ty =cos0 =1 / t -2 2t 2:-0,25 2
T " T 1
Xp == =cos= ==
7B T3 B 3 2

(I)opMa npeacTraBJacHus pedyJbTaTa: BbIIIOJHCHHAA pa60Ta.

Kpurtepuu ouenku:
Kaxxnoe nmpaBuiIbHO BBINOJIHEHHOE JeiicTBHE -1 Gau

KauecTBeHHas OlleHKa HHAMBUYaJIbHBIX
TIpOTICHT pe3y THTATHEHOCTH 00pa30BaTEIbHBIX JOCTIKCHHIA
(IpaBUNIBHBIX OTBETOB) .
6amt (0TMETKa) BepOabHBINA aHATIOT
90 - 100 5 OTIMYHO
80 - 89 4 XOPOIIO
70-79 3 YIOBJIETBOPUTEIHHO
Menee 70 2 HE YAOBICTBOPUTEIHHO

Pasnen 2 [IndpdepenuuanbHoe 1 HHTErpaibHOE HCYHMCIEHUE
Tema 3.3 HHTerpaJ u ero npujio:KeHust

I[pakTuyeckas: padora Ne 13

Haxo:xaenue niiomaneit Gpuryp u 00beMoB TeJl
Heab padoThl: HAYIUTHCS IPUMEHATH HHTETPUPOBAHKE JUTS PEIICHHS 33/1a4 TE€OMETPHH.
Beinosinus padory, Bel Oyaere:
yMeThb:
- HaXOJIUTh IIJIOIIA/IN IUIOCKUX (DUTYP C TIOMOIIBIO OIPEIEIICHHBIX HHTETPAJIOB;
MatrepuanbHoe obecneuenue:
WunuBuayansHble 3a1aHus, Ta0INIa HHTETPAIOB, KOHCIIEKTHI JIEKIIMH, YUCOHUKH.

3ananue:

Haiitu miomany miockux GUryp, OorpaHMIeHHbIX JTHHUASMHU:
aA)y=x*+1,y=0, x=1x=4;
6)y=Inx,y=0, x=1,x =¢;

B) y? =x3;x = 4.
Kpartkue Teopernyeckue cBeIeHUsI:
FeOMempuqecxuﬁ CMbICT OHPE()EJZEHHOZO Unmeczpaia
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Iycts Gynkuus Y= f(X) HeNpepbIBHA HA OTPE3Ke [a; b] U NPUHHAMAET Ha JTOM OTpPE3Ke HEOTpULaTEIbHbIE

3HAYEHMs, T.C. f(X)>0 npu X € [a; b]. durypa, obpasoBanHas quHusMu X=a, X=b, y=0, y= f(X), Ha3bIBAETCS

KpHUBOJIMHEIHOW Tpamernwmeil (puc. 1). OnpenesnieHHBIH HMHTErpal OT HEOTPULATENFHONH (QYHKIHMM HMMEET IPOCTOH
T€OMETPUUECKUM CMBICIL: 3TO IUIOIIAb KPUBOJIMHEHHON TpareLuuy.

‘ * " Puc. 1

[Tnomany miockux puryp

1. Ecmu dyukuus f(X) HEOTpULaTeIbHA Ha OTpPEe3Ke [a; b], TO IUIOWIANb S IO KPHBOH Y = f(X) Ha [a;b] (puc. 2)
b

YHCJIEHHO paBHA OIPENCIICHHOMY HWHTETpajly OT f(X) Ha JaHHOM OTpe3ke: S = I f(x)dx (TreoMeTpHYecKHi CMBICHT
a

OTIpE/IeNIEHHOTO UHTErpana).

ol a & % Puc.2

2. Ecmn ysxuus f(X) — nenonoxurensuas na orpeske [a;b], o momans S nox xpusoit y = f(x) #a [a;b] (puc. 3)
b
paBHa ONpEJENeHHOMY UHTerpany ot f (X) Ha [a; b], B3STOMY CO 3HAKOM «MHHYC»: S = —J f (x)dx .

1

a

Puc. 3
3.  Ecmu yskmus fz(X)Z fl(X) Ha otpeske [a;b], To momaap S GUrypEI, 3aKITIOUEHHON MEKTY KPHBBIME Y = fZ(X) u

b
y= fl(X) Ha [a;b] (puc. 4) onpenensercs Gopmymnoit S = j(fz(x)— f(x))dx .

>
. y=fix)
Y ™ P o
f -'}

</ A S YHN)

1" R Puc. 4

HOpﬂI[OK BbINNIOJIHCHU A paﬁOT])I:

1. WM3ob6pasute purypy Ha KOOPAMHATHOH MIOCKOCTH;
2. Onpenenure, sBJsieTcs i GUrypa KpUBOJIMHEHHON Tparenne.
3. Berunciaure mwiomans GUrypsl.

Xoa padoTsI:
Haiiti niomas GpUrypel, orpaHHueHHo# rpadgukamu pyskmui y = x2 —3x +2uy =x — 1.

Haiinem npeneisl HHTETpUPOBAHUS - TOUKH ITepecedeHus] rpauKoB (QyHKIUH, 11 3TOTO IPUPaBHSEM IIPaBble 4acTH
MCXOMHBIX (YHKITHi M PENTUM MONydHBIITeecs ypapHeHue x2 — 3x + 2 = x — 1. KopHAMH 5TOT0 ypaBHEHHUs ABJIAIOTCS
uhcna X = 1 u x = 3, clefoBaTeIbHO, OHU U SIBIIIOTCS MPeieIlaMU MHTETPUPOBAHUSL.
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A
oy

3HaYWT, MWIONIA s PUTYPHI paBHA:

Szf:(x—l)dx 3

f(z 34 2 = ISP T S (27 SAR P 2)
X X=X\ T T T 2 3 2 372
1

=1

W[ -

1
[Mony4wny, 9to mionaas Gurypsl pasHa 1 3 (xB. en.)

®opma npeacTaBiIeHHs pe3yJbTaTa: BBIIOJHEHHAs padboTa.

Kpurepuu ouenku:
Kaxxmoe npaBriibHO BBHITIOTHEHHOE ACHCTBHE -1 Gamt

KauecTBeHHast OLICHKA HHAUBUIYATbHBIX
TIpOLCHT Pe3y IHTATHBHOCTH 00pa30BaTENbHBIX JOCTHKCHUM
(IpaBUNIBHBIX OTBETOB) .

6ast (0TMETKa) BepOabHBINA aHAIOT

90 - 100 5 OTJIMYHO

80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIIHHO

Menee 70 2 HE YIOBIETBOPUTEIHHO

Pa3nen 2 [IudpdepenniuaibHoe U HHTErpajibHOE UCUUCTIEHHE
Tema 3.3 HNHTerpaj u ero npujioKeHus

IIpakTnueckas padora Ne 14

HpnMeHelme OMPEACJTECHHBIX HHTEIrpajJoB K PCIICHUI0 NPUKJIAAHBIX 3a/1a4

Hesanb paGoThl: HAYyIUTHCA pemIaTh (pU3MUECKHE W TEXHUUECKHE 33/a4H C MpUMEHeHneM auddepeHnanisHoro u
HMHTETPATbHOTO HCYHCIICHUS.
Beinosnus padory, Bel Oyaere:
YMETB!
—  aHWIM3UPOBATH 3aJa4y WM NPOOJIEMY U BBLACIATH €€ COCTaBHBIE YaCTH
— pemwaTtb NpPUKJIAIHbIE 3aJadd C HCHOJIB30BAHUEM 3JIEMEHTOB H((EepeHINnalIbHOT0 M HHTErPaIbHOTO
WCUYUCJICHUI;
MarepuajbHoe o0ecniedeHue:
Pa3znaTounbIif MaTepual (KapTOUKH C 33aHUSMHE), TAOIUIBI HHTETPAJIOB.

3ananue:
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1. HaiinuTte myTh, MPOWIEHHBIM TOYKON OT HaYaia ABHWKCHHS IO €€ OCTAHOBKH, 3HAs CKOPOCTh €€ MPSMOJIMHEHHOTO

aBwKeHust v = 18t — 6EE,

2. Haiinute myTh, NpONHIEHHBIN TOYKON 32 YETBEPTYIO CEKYH]y, 3Hasi CKOPOCTh €€ MPSAMOJIMHENHOIO ABMKCHUS
v=3t" -2t -3

3. Cuna ynpyrocTu npyXuHbI, pacTsayToil Ha 0,05 M, paBra 3H. Kakyro paboTy Hamo mpou3BECTH, YTOOHBI
pacTsaHyTs npyKuHy Ha 3TH 0,05M?

4. Kakyro paboTy Hazmo 3aTpaTHTh, 94TOOBI pacTsHyTh mpyxuHy Ha 0,05M, ecmm cmima 100H pactsruBaer
npyxuny Ha 0,01m.

5. OmpenenuTs CHIly JaBJICHUS BOJBI Ha CTEHKY ILIUII03a, JUIMHA KoToporo 20 M, a BEICOTa 5 M (CUMTasl IITI03
JIOBEPXY 3aIllOJIHEHHBIM BOJO).

KpaTkue TeopeTHieckune cBeeHu:

IIyTh, npoiiieHHbIH TEJIOM

IIycte MaTepmampHasi TOYKA IEpEeMeIIaeTcs 10 IPSMOHW ¢ TEepeMeHHOH ckopocTeio v=v(t). Haiimem myts S,
MIPOMJEHHBIH €10 33 IPOMEXKYTOK BPEMEHHU OT t1 10 t).
W3 ¢Qusndeckoro cmbicia NMPOM3BOAHON HM3BECTHO, YTO IIPU JIBMKCHMM TOYKM B OJHOM HAIpPAaBICHHHM «CKOPOCTh

. N v(f) = ﬁ-
MNPAMOJIMHCHUHOT'O ABUKCHUS paBHA MIPOMU3BOJAHOU OT IIYTU 1O BpEMCHU», T. € . . OTC}O,I[a CJICAYCT, UTO dS =
fa

§= f u(t) dt.
v(t)dt. UaTerpupyst mojiydeHHOE PaBEHCTBO B Ipeeiiax OT ty 10 tp, HoIydaeM b
Ilycts MaTepuasibHasl TOYKa IEpEeMELIacTCs BIOJIb OCU OX IMOJ NECHCTBUEM NEPEMEHHOHN cuwibl F = F(X), HalpaBieHHOU
napauiesbHo ocu. Torma pabora, mpom3BenéHHas CWION F mpu mepeMemieHHH TOYKH H3 mojoxeHuss X=a B
nosnoxxeHre X =b (a<b) Berancnsercs no Gopmyre:

A= i F(x)dx

Berunciienne padoThbl ¢ NOMOLUBIO ONIPeeIEHHOT0 HHTerpaJja.

o o X o
HYCTL oA ACUCTBUEM HCEKOTOPOU CHJIbI f( ) MaTtepuaibHasgd TOYKa M JABWIKCTCA 1O MPAMOU B HAIIPABJICHUHN OCH

r=x

CX | TpeOyercs HaiiTu paboOTy, NMPOM3BEAESHHYIO CHIION fi) NpU NepeMelIeHH TOYKd M W3 TMOJI0XKEHUs B

nojoxernue -

¥)=C 1o paota BbIpakaetcs cieyiomum obpasom 4~ “Ha ),
i
A= L-"I::\ i
2)  Eciu cuia nepeMeHHas BETUYMHA, TO 1

+
1) Ecmu cuna mocTosiHHa -

OnpenesieHne CHIIBI AABJIEHHS KUIKOCTH HA BEPTHKAJIBHO PACIOJI0KEHHYIO IIACTHHKY.
W3 ¢usuku u3BecTHO, 4TO cuia P naBieHus ®UIKOCTH Ha TOPU30HTAIBFHO PACIIONIOKEHHYIO TUIOMIAAKY S, TIryOuHa
HOTpY’KeHHs KOTOpoH paBHa h, onpenensiercst mo popmyie:

P =9,81yhS (4) , TIie ¥ _ nnornocts JKUJIKOCTH.
b

P = 9,81]4'_,‘ xy dx (5).
a

Ecnm BepxHUii Kpail IIIACTHHKN COBIIAAAET C MMOBEPXHOCTHIO JKUAKOCTH, To a=0 n popmymna (5) npumer Bua
b

P= 9J81yj xy dx (5).
a
[[MupuHa KaXKI0# TOJOCH 3aBUCUT OT (POPMBI TUTACTUHKHU U SBJISAETCS (QYHKIMEH TIYOWHBI X TIOTPYKECHHS JaHHON
IIOJIOCHI.
Jln1sl IIacTHHKY MOCTOSIHHOM MMpHHBL opMyna (5) ympomaercsi, T.K. 3Ty IOCTOSHHYIO MOXKHO BBIHECTH 33 3HaK
HHTErpaja:

b b
x2 B2 — g2

P = 9,81}fj xydx = 9,81y}-'j xdx= 9,81‘}!}-'?"‘ = 9,81}@-‘7.

a a a

IMopsnok BINOIHEHHS PA0OTHI:
1. IlpounTats 3aa4y ¥ ONPEIEIUTH CIIOCOO €€ PEeLICHUs.
2. [IpumeHnTs GOPMYITY HHTETPATTFHOTO HCUHCICHUS AJIS PEIICHHS 3a/1a9H.
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3. 3amucarth OTBET.

Xopa padorsr:

Ipumep 1. 3aganne. Haiftu myTh, IpOWICHHBIA TEOM 3a 4 CEKyHIBI OT Ha4aja ABIDKEHHUS, €CIIH CKOPOCTh Teia
v(t) =10t + 2 (m/c).

Pemenne: Ecnu v(t)=10t+2 (m/c), TO myTh, NPOWAEHHBIH TeJIOM OT Havaia nprkeHus (t=0) 10 KoHua 4-i CeKyHIb,
paBeH

4
S= fUn42)dt =50+ =004+8=88 (u)
o

Otset. S = 88 (m).

Ipumep 2. Kakyio paboTy HyXHO 3aTpaTuTh, 4TOOBI pacTsAHyTh mpyxuHy Ha 0,05 M, ecmun cwma 100 H
pactsruBaet npyxuny Ha 0,01 m?

Pemenue: I1o 3akony ['yka ympyras cuia, pacTAruBaromas npy>xuHy, IPONOPIMOHAIBHA 3TOMY PAaCTsDKEHUIO X, T.
e. F = kx, rne k — koap¢punment nponopumonansaocty. CorylacHo ycnoBuio 3anaud, cuna F = 100 H pacrsarusaer
npyxuny Ha x = 0,01 M; cienoBarensro, 100 = k*0,01, otkyna k = 10000; ciemoBarensHo,F = 10000x.

Hckomast paboTa Ha OCHOBaHUHU (POPMYJIBI PaBHA

A= o/'“ 10000z de = 50002 (0" = 12,5 (1Lx).
°

IIpumep 3. B Bony omymieHa npsMOyrojibHas IJIACTUHKA, PACIOJIOXKEHHAs BEepPTHKaIbHO. Ee ropusoHTanpHas
CTOpOoHa paBHa 1 M, BepTHKaibHas 2 M. BepxHss cTopoHa Haxoautcs Ha riayoune 0,5 M. OmpeaeauTh CHIY TaBICHUS
BOJIBI Ha IJTACTHHKY.

Pewenue:
3pecby=1,a=0,5,b=2+0,5=2,5(m), ¥ =1000 KF/M! . CriefjoBarensHo,
’ r 2|25 2,52 0,52
F =19310 j.ry dx = 9810 [.r dx = 9810 = 0:5 = 9310 Ea—— 29430 (H).
= e - - BbeInoJaHuTL 3a1aHKUA:
1. Haiftu paboTy npou3BOIUMYIO TpH CxKaTHH NpykuHBI Ha 0,03 M, ecim ans cxarus e€ Ha 0,005 M HyXHO TPHIOXKHTH
cuny B 10 H.
Otgert: 0,9 JIx.

2. Cuia ynpyroctd mpykuHbl, pactsuyroir Ha 0,05 M, paBua 3 H. Haiitu paboTy, KOTOPYIO Haa0 MPOU3BECTH, YTOOBI
pacTaHyTh 3Ty NnpyxuHy Ha 0,05 M

Otser: 0,075 Ix.

3. Macca cTepikHs, pacioJIoKEHHOTO Ha OTPE3Ke [0;3] , ECJIU TIOTHOCTH 3afaetcsa Gpynkuuen p(x) = x* =3x, paBHa ...

4. Haiitn paboTy, KOTOPYIO HYKHO 3aTPaTUTb, YTOOBI pacTIHYTh npyxuHy Ha 0,05 M, ecru crma 100 H pacTsruBaet npyxuHy
Ha 0,01 M

Otsert: 125 JIx.

5. Beraucnute paboty, coBepiaeMyio MpH CKaTUHM HPYXHUHBI Ha 15 cM, eClii U3BECTHO, YTO AJISL CKATHS NMPYKUHBI HA |1 cM
HeoOxonuma cuia B 30 H.

Otser: 33,75 JIx.

6. Beruucnuth paboTy, coBepiiaeMyo IpH cxxatuu npykussl a 0,08 m, ecnu st exarus e€ Ha 0,01 M HyxHa Cuma B 25 H.

Otsert: 8 k.

7. Telo JBIXKETCs HPSIMOJIMHEIHO €O CKOPOCThIO V(t) = 2t —t+1 (M/c). Haiitu mmyTh, npoiiaeHHblil 3a epBsbie 3 c.

Ortser: 16,5 M.

8. Teno ABIKETCS NMPSMOIUHEIHO cO CKOPOCThIO V() = 2t +a(M/c). HaliTH 3HaYeHue napaMerpa d, ecld U3BECTHO, YTO

3a IPOMEKYTOK BpeMeHH oT L = 0 o t, = 2 (c) Teno nponwio myTh IUHON 40 M.
OtBer: a=18.
9. Teso ABIKETCS MPSMONHEEIHO co ckopocThio V(t) =12t —t? (m/c). Haiftu aiiHy myTH, IPOAIEHHOTO TEJIOM OT HaYaia

MyTH, IO €T0 OCTAaHOBKH.

YkazaHue: B MOMEHTHI HayaJla M1 OCTaHOBKH CKOPOCTB TeJla paBHa HYJIIO.

Ortser: 288 M.

10. HaiitTm mnyTh, NPOHAEHHBIH TOYKOW 3a TPETBIO CEKYHAY, 3HAas CKOPOCTh €€ MPSIMOJMHEHHOTO IBIKEHUS
v(t) =3t -2t -3 (m/c).

Otsert: 11 M.

11. JIBa Tena Hava M IBUTATHCS 1O MPSIMOM B OJUH M TOT K€ MOMEHT M3 OJHOW TOYKM B OJHOM HAIPaBJICHUU. OJHO TEIIO
JIBUTANOCh CO CKOPOCTBIO V, (t) =3t” +2t (M/c), Apyroe co CKOPOCTHIO V,(t) =2t (M/c). onpenenuTh paccTosHne
MEXy TeIaMU 4epe3 2 CeKYH/bI.

OtgeT: 8M.
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o 2
12. Macca cTepkHs, PacHoJIOKEHHOTO Ha OTpe3Ke [0;2] , €CJIM IUIOTHOCThL 3amaercs Qynkuued p(x)=6x"—3x,

paBHa ...

v(1) = (3t% + 81)

13. Teno ABUKETCS NPSIMOJIMHENHO CO CKOPOCTHIO . Torna myTh, NpORACHHBIN TEIOM 32 IPOMEXYTOK BPEMEHU

oal=1 HOE.‘=4

, PaBeH ...

(12t

2
14. CxopocTh Tena, ABIXKYIIETOCs MPSIMOIMHEHHO, 3amaeTcs (GopMyon V(D) = —3%) (m/c). Torma mnwHA TyTH,

HpOﬁZ[eHHOFO TCJIOM OT Ha4daJia €ro ABUKCHHUA 10 OCTaHOBKHU, paBHaA ...

IMpumep 4.1. Haiiti paboTy, KOTOPYIO HYXKHO 3aTpaTHTh, YTOOBI pacTsHyTh npyxuny Ha 0,05 m, ecam cuma 100 H
pacTsarusaer npyxusy Ha 0,01 m

Io 3axony ['yka ynpyras cuma F, pacTsSruBaiolas mpyxuHy, IPONOPLIHOHATEHA STOMY PACTSIKCHHIO X, T.e. F = KX, rae
k — koadpdunuent nponopunonaipHocT. 1o yenosuto cuna F =100 H pactsarusaer npyxuny Ha X =0,01 M, T.c.

100=k-0,01= k =10000 . Torma F =kx=10000x .

Beruncianm padory:
0,05 0,05

2
X 0,05
A= leOOOde = 10000? = 5000X2‘O =5000-0,05” = 12,5 ([l
0 0
OmnpenenéHHBIN HHTETpal IPUMEHSIOT JUIS BBIYUCICHUS IyTH S MPSMOIMHEHHOTO JBIKCHHUS.

IIyTs S, MpOii/IeHHBIH MaTepHaNbHOH TOUKOH 3a HMpoMexkyTok Bpemenn or t=a mo {= b , PaBeH OIpeleIEHHOMY

unrerpany ot ckopoctu V(t):
b
S= j v(t)dt
a

IIpumep 4.2. Boiunuciuth myTh, NIPOWISHHBIN TOUKON 32 4 CEKyH]IbI OT Hayaja JBMKEHUS, €CJIU CKOPOCTh TOUKU v = 2t +4
(m/c).
Ilo ycnosuto: V() =2t+4,a=0,b=4.
t t? ) 4
Toraa § = [(2t+4)dt = 21 + 4 =42 +4-4=32(wo).
0

0

[0:6]
Ipumep 4.3. Macca cTep)kHs, pacHoOJOKEHHOT0 Ha OTpe3Ke 7, ecuM TIUIOTHOCTh 3amaercs (yHKIHeH
i 2
plx)=2x"+3
[a_; b] N
Ha ocu OX, JJIMHA KOTOPOTO COBHAJAET C AJMHOW CTEpPXKHS U B
plx)

Ka)KZ[Oﬁ TOYKEC KOTOPOTO 3aAaHO 3HAYCHUEC IJIOTHOCTH . Torz[a MaccCy CTCPKHA MOKXHO BBIYUCIWUTH 11O (I)OpMyJ'Ie

m = _ifp(x)dx

, paBHa ...

B kaudectBe MOJECIN CTCPKHA NPUHUMACTCA OTPE30K

6 h3 ° L
m=[ (222 +3)dx = “ 3| =S +18=
0

=144 +18=162.

Hcnons3ys ycnoBue 3aa4u, HOTYIUM
®opma npeacTaBIeHHs pe3yJibTaTa: BBIIOJHEHHAsA paboTa.

Kpurtepuu onenku:
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3a paBUIIBHBIM OTBET HA BOMPOCHI WIIM BEPHOE PEIICHUE 3a1aYH BBICTABIISICTCS MTOJIOKUTEIbHAsI OlICeHKa — 1 Oa.
3a He MpaBWILHBIA OTBET HA BOIPOCH MJIM HEBEPHOE PEIICHHWE 3aJadl BBICTABJSIETCS OTpHIATEabHas omeHka — 0
0asIoB.

KauecTBeHHast OLIEHKA HHIMBUAYATbHBIX
[poleHT pe3yabTaTHBHOCTH .
00pa30BaTeNbHBIX TOCTHKCHUI
(TIpaBMIIBHBIX OTBETOB) ~
Oaym (OTMETKa) BepOaNbHBINA aHAJIOT
90 + 100 5 OTIMYIHO
80 +~ 89 4 XOPOIIIO
60 ~79 3 YIOBJIETBOPUTEIHHO
MeHee 60 2 HE YZOBJIETBOPUTEIHHO

Pa3gen 3. DiieMeHTHI TEOPUHU BePOSATHOCTEH U MaTeMATHYECKOIi CTATHCTHKH
Tema3.1 DneMeHTHI TEOPUM BEPOSITHOCTEN U MATEMATHYECKOI CTATUCTUKHU

IIpakTuyeckas padora Ne 15

Pemenue KOMGHHaTOpHLIX 3agavd

Ieab padoTsl: OCMBICIUTS OCHOBHBIC MTOHATHS KOMOMHATOPUKH, HAYYHTHCS OTJIMYATH OJHY BHIOOPKY OT IIPYTOH,
MPUMEHATH (OPMYIIBI U UX HAXOKACHHS.

BeinoJsinus padory, Bel Oyaere:

YMETB!

-Haxoauth oTiuyus OHOM BEIOOPKHU OT IPYIoOi;

-[IpumensTts Gopmynsl 11t moacyéra BBIOOPOK O€3 MOBTOPEHUIA.

MarepuanbHoe o0ecnieyenue:
WNunuBunyanbHble 3aJaHUsA, KOHCIIEKTHI JIEKIIHI.

3ananmue:

1. B copeBHOBaHmsAX y4actByeT 10 4yemoBek, Tpoe W3 HUX 3aiiMyT 1-e, 2-¢ U 3-¢ MecTo. CKOJIBKO CYIIECTBYET
pa3JIMYHBIX BApHAHTOB ?

2. W3 rpymmel, B KOTOPO# yuurtces 12 denmoBek, HEOOXOAMMO BEIOpATh 3 deloBeka B COBET Koimiemka. CKOIBKO
CYIIECTBYET PA3IMYHBIX CIIOCOOOB TAaKOTO BHIOODA.

3. Ha KHMXHOH NHOJIKE BBICTABIICHBI § KHUT Pa3IUYHbIX aBTOPOB. CKOJIBKO CIIOCOO0OB MMEETCS JUIsl PACCTAaHOBKHU
9THX KHHT B pa3HOM Topsake?

KpaTlcne TEOPETHYECCKUEC CBCACHUSA:

B ocHoBe penienust 3a1a4 Ha KOMOMHATOPUKY JIeXKaT JBa paBUiia:

LIIpasuno cnoscenus. Ecin HEKOTOPHIH d7TeMeHT A MOXHO BhIOpaTh M cmocoGamu, a apyroif snmement B —n
croco6amu, HCKIIIOYAIONMME  JPYT APYra, TO BBIGOpP KAaKOro-HHOyAb OJHOTO M3 3THX aementoB( mu6o A, mmbo B)
MOJKHO OCymecTBHTE M+ N crocobamu.

2.IIpasuno ymuoscenusn. Ecnin HEKOTOPBIH 371eMeHT A MOxHO BeIOpaTh [T cmocoGamu U eciii Mocie Kaka0ro TaKoro

BBIGOpa d1eMeHT B MosxHO BBIGpaTh N crioco6amu, To BeIGOp mapsl snementos ( A, B) B ykazannom nopsike moxHO

ocymectButs M+ N cocobamu.
3aoaual. [Tpu HopMUPOBAHUY IKHITAKa KOCMUYECKOTo Kopabis mmeeTcs:10 mpeTeHIeHTOB Ha TOCT KoMaHaupa,20
MPETeHICHTOB Ha TII0CT OOPTHHXEHEPa,25 MPEeTeHJEHTOB Ha IMOCT KOCMOHaBTa-HcciefoBaTensl. CKOIBKAMH CIIOCOOaMu
MO>KHO BBIOPATh OJIHY W3 KaHAWIATYp Ha MOCT KOMaHIUpa, WK OOPTHHKEHEpa, HITH KOCMOHABTa-UCCIIeI0BATENs?
Pewenue. Tlo npaBuy cymmsl cymiectByeT 10+20+25=55cnoco60B BEIOOpa OAHOM M3 KaHAUAATYD.

3adaua2.B cTon0BOM NpeIaraloT ABa PasaMYHbIX NEPBBIX : &; M &, ;TPU PasIUYHBIX BTOPHIX ONlI0Aa: b1 ) b2 ) b3 u J1Ba

pasimn4HbIx gecepra: C; u C, . CKOJNBKO pa3iIu4HBIX 00E0B U3 TPeX OO MOXKET BEIOPATH MOKYyNATeNb?

33



Pewenue. TlepBoe OM1000 MOXHO BBIOpaTh ABYMs CIOCOOaMH, BTOpPOE OO0 MOXKHO BEIOpaTh TpeMs CIIOCOOaMH,

TpeThe G010 MOKHO ABYMS criocobamu. ITo IpaBHITy YMHOKEHHS CymecTBYeT 2 X 3X 2 =12 croco6oB BEIOpaTh 06ex 13
Tpex OroI.

3. Iloomnoscecmea n- MHOMCECME(COCOUHECHU).
JI1st HaX 0K ICHUS k - TIOIMHOYeECTB HeKoToporo N —MHoXkecTBa HyXkHO BEIOGpath K 13N ero anmemMeHTOB (IT02TOMY

4acTo ToBOPAT 0 6bi60pke K smementor u3 N —snementos). TIpo BeGpanEbie K 13 N pasnmdHbIX 371eMEHTOB MPHHATO

TOBOPHTh, 4YTO OHH 00pasyloT coemuHeHnme wu3 N odmementoB mno K .Coedunenue-cobmparenbHblii  TepMUH
KOMOHMHATOpHKH. B 3aBHCHMOCTH OT TOro, MIMEET JIM 3HAYCHUE MOPSIOK 3JIEMEHTOB B COSAMHEHUH WM HET, a TAaKXKe OT
TOTO, BXOJAT B coeanHeHHe Bce 1 BIeMEHTOB MM TOJIBKO YacTh HX, Pa3sIMYaloT TPU BUIA COSIUHCHUIL: nepecmanosku,
pasmeuienus, couemaHus.

Ilepecmanosku.

[epecranoBkamu u3 [ —3meMEeHTOB Ha3BIBAIOTCS Takue COCAMHEHMS U3 |1 —3IeMEHTOB, KOTOPBIE OTIMYAIOTCS JAPYT
OT JIpyra TOJIBKO IOPSIIKOM PACIIOIOXKEHUS HJIEMEHTOB.

OGosuauenne: P, =N

Pazmewenus.

Pa3MeIlIeHI/I§IMI/I us3 n — 3JICMCHTOB Ha3bIBAIOTCA TaKWE€ COCAUHCHHS, KaKI0€ U3 KOTOPBIX COACPIKUT m 9JICMCHTOB,
BBIOPAHHBIX U3 YKCIA AaHHBIX [ — 3JeMEeHTOB, OTIMYAIOIIUXCS JTHOO COCTABOM, JINOO MOPSAKOM HX PACIOIOKEHHS, THOO
M TEM , U IPYTHUM.

n!
(n—m)!

3ameuanue. PaccMOTpeHHbIC paHee MEPEeCTaHOBKM — YaCTHBIA ciydail pasmerieHuid u3 [ —oanementoB moN—
3JICMCHTOB.

m
O6o3nauenne A =

P oA - nl l
A

55440.

Couemanus.

CoueTaHHUsIMU U3 N- 3JIEMEHTOB MO MHA3BIBAIOTCSI TAKHE COCAUHCHUSA, KOTOPBIC OTIMYAIOTCA APYT OT ApYyra XOTd OBl
OJHUM DJIEMEHTOM.
n!

oM
O6o3nauenue: G,y = ————
m!({n—m)!

[opsaok BbINoIHEHUS Pa0OThI:
1. Omnpenenure BuA BEIOOPKH O€3 MOBTOPEHHSL.
2. Brlbepere COOTBETCTBYIOLLYIO ()OPMYITY AJIS BBIYUCICHHUS BOZMOKHBIX KOMOHHALIMH.
3. IIpowusBenute BBIYUCICHHS, HCIIOJB3YsI HOHATHE (akTOpHaa.

Xoa padoTsI:

1. KonoBblii 3aMOK OTKpBIBaeTCsl IOCIIEIOBATENbLHBIM HaOOpOM ueThIpéx pasHbix Imepp. TpebOyercs ompenenutsb
YHCIIO BO3MOXKHBIX KOJIOB, KOTOPbIE MOKHO T0100paTh AJIsl TOTO 3aMKa.

Pewenue.

1.Bo3moxubIx 1tudp Beero aecsrs(1,2,3,4,5,6,7,8,9,0).Kaxnas HabpanHas KoMOMHALINS KOJA OTIUYAETCS OT APYroit
KOMOUHAITUU XOTS ObI OJIHOM uudpo(1,4,5,7 #2,4,5,7),mu60 MOPSAKOM Habopa OJIMHAKOBBIX
mdp(1,4,5,7#4,5,7,1),m03ToMy 11 TOACUETa YKMCIa BO3MOXKHBIX KOMOWHAIMI KOJOB HCIOJB3yeM (GopMyiy ducia

pa3MeLeHui.
n!

2.®@opmyia pa3MeNIeHn UMeeT Bnﬂ:ﬂnm = B mamewm cnyusae T = 4 ,m = 10,

(m—m)!
i 10! 10! 10-9-8-7-65-432-1 _
3. IlpousBoanM pacuér :Ai,} =- =—= =10-9-8 -7 = 5040
(104} 8! £-5-4-3-2-1
2.  CkoypKO CyIIecTByeT crioco0O0B BEIOOpa TPEX UENOBEK U3 JIECSITH?

Pemenue.
1. B maHHOM cilydae TipH BBEIOOpE JUIsl HAC BayKEH TOJBKO COCTaB IO TPH YEJIOBEKA, MOPSIOK BBIOOpA POIIM HE UTPAET,
MOSTOMY B OTJIMYHE OT IEPBOTO MPUMEPA YUCIIO CIIOCOOOB MOACYUTAEM 110 POPMYIIEC COUCTAHHIA.

n!

2. ®opmyna couetanuii umeer Bux:Cl = B Hamem cnyuyae n=10, m=3.

mlin—m)!
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10! _do_7i-ee10

3 . IIpousBoaum pvaéT:Ci,} =

Pemenue.

1.Ilo YCJIOBUIO JOJAaHO MHOXCECTBO U3 qumpéx OJIEMCHTOB, KOTOPLIC Tpe6yeTc51 pacnoJIOXKUTbL B
OHpe,HeJ'IéHHOM TMopsake. 3Ha‘II/IT, Tpe6yeTc;I HaWTH KOJIMYECTBO TMEPECTAaHOBOK UX quLIpéX 9JICMCHTOB.

31(10-3)! 370 3217
3.CKOJIBKO pa3JIMYHbIX YETHIPEX3HAUHBIX YMUCET MOXKHO cOCcTaBUTh U3 1Mpp1,2,3.4 9 nudpsl He MOBTOPSIOTCS)?

=120.

2.dopMyna NepecTaHoBOK U3 11 —diaeMeHToB umeeT Bu: P, = 1! B namem ciyuae n =4,

3.Mpousseném pacuét: Py =4!=4- 3 - 2 - 1=24.

(I)OI)Ma NnpeacTaBJICHUs pedyJbTaTa: BbIIIOJHCHHAA pa60Ta.

Kpurepuu ouenku:

3a mpaBHIIBHBIN OTBET HA BOIPOCHI MJIM BEPHOE PELICHUE 3a]aYH BBICTABIISIETCS MOIOKUTENbHAs OleHKa — 1 Oasut.
3a HE NpaBHIBHBIH OTBET HA BOIPOCH! MM HEBEPHOE pEIICHHE 3aJadd BBICTABISIETCS OTpHLATENbHas omeHka — O

0aJIoB.

[IpoueHT pe3ynbTaTHBHOCTH
(TIpaBMWIIBHBIX OTBETOB)

Ka‘IeCTBeHHaH OIICHKAa MHAWBUAYAJIbHbIX
00pa3zoBaTEeNbHBIX JOCTHKECHHM

6aJi (oTMeTKa)

BepOaNbHBINA aHAJIOT

90 + 100 5 OTJINYHO

80 + 89 4 XOPOIIIO

60 +79 3 YAOBJIETBOPUTEILHO
MeHee 60 2 HE yJIOBJIETBOPUTEIHHO

Paspen 3. DiieMeHTBI TeOpHHU BEPOATHOCTE M MATEMAaTH4YeCKOM CTATUCTHKH
Tema3.1 D1eMeHTHI TeOPHH BEPOSITHOCTEl M MaTeMaTHYeCKOH CTATHCTHKH

I[pakTuyeckas padora Ne 16

Pemenue 3a1a4y Ha BLIYHCJIEHHE BEPOATHOCTHU C UCITOJIL30BAHUEM IJIEMEHTOB KOMﬁl/lHaTopl/lKl/l

Heab padorsi: Hayuuthesi HAXOUTH BEPOSTHOCTh COOBITHI, HCIIOJIB3YS (POPMYJIbI KOMOWHATOPHKH.

Boinosnus padoty, Bel Oyaere:
YMETh!

-BBIYUCJIATH YUCJIO UCXO/J0B, 6HaFOHpI/I$[TCTByIOH.[I/IX HACTYIUICHUIO pacCMaTpruBacMoro CO6LITI/I$I, HCIIOJIb3YS q)OpMyJ'ILI

KOM6I/IHaTOpI/IKI/I;

- BEIYUCIATH BEPOSITHOCTH COOBITHS IO KIIACCHYSCKOMY ONPEACTICHUIO BEPOSITHOCTH.
MarepuajbHoe o0ecnieueHune: VIHIMBUyanbHbIE 3a/1aHUS, KOHCIIEKTHI JIEKIUH.

3ananue:

1. ToToBsCch K JOKJIany, CTYACHT BbIIIMCAJ U3 KHUT'M LUATATy, HO, 3a0bIB HOMECpP CTpaHHUIBI, Ha KOTOpOfI OHa
HaxoJauJiacb, Halmucajl HOMCD HayJdaydy. Kakosa BEPOATHOCTH TOTO,

IMOMHUT, YTO HOMEP BbIPAKACTCA ABY3HAYHBIM YHUCIOM?

2. B smmuke 15 meraneit, cpeau kotopeix 10 okpamiensl. COOpIInK
BEPOSATHOCTH TOTO, YTO BEIOpAaHHBIE JIETATTH OKA3aJINCh OKPAIICHHBIMH?

3. Nmeetcs 8 kaprouyek. OynHa cTOpOHA KaXJOH M3 HUX 4YWCTas, a Ha Apyroi Hammcanel Oyksbl :K,J1,P,JI,
AH,3,I1. Kaprouku K1agyT Ha CTOJN YMUCTOW CTOPOHON BBEPX, NEPEMELINBAIOT, a 3aTE€M MOCIEA0BATENbHO OJHY 3a JIpYroil
nepeBopaunBaroT. KakoBa BEpOSITHOCTb TOTO, INpPH IOCIEIOBATEIbHOM IOSIBICHUM OYKB Oy/AET COCTaBJIEH CIIOBO

MMPA3/THUK?

KpaTkue Teopernyeckue cBeIeHHU:

BepostHOCTBIO CcOOBITHS A Ha3bIBAETCS OTHOIIGHHE YHCIIa M cilydaeB, OJIarONPUATCTBYIOMINX €T0 MOSBICHUIO, K
00111eMy YHCITy BCEX HECOBMECTHBIX PaBHOBO3MOXKHBIX M 00pa3yroOIINX MOJHYIO TPYIILY COOBITHA. Takoe ompenereHue
BEPOSTHOCTH HA3BIBAIOT KIACCHIECCKUM. BeposTHOCTE coObITHsI 0003HauaeTcst P(A) ¥ BBIYHCIAETCS 1O GOpMyIIe:

P(4) =

BepOHTHOCTB MOSIBJICHHS COOBITHS 3aKJIIOUYeHa B npeaeciaax

or 0mol: 0<PA)<1
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Iopsiaok BHINOJTHEHUsI PadOThI:

Omnpenennre codbITHE A, BEpOSATHOCTH KOTOPOTO HY’KHO BBIYHCIHTH.
[IpocunTaiite obmee yncao(N) BO3MOKHBIX HCXOIOB.
[Ipocuwnraiite Ynciio ©cxomoB(M), OIATONPHUATCTBYIOLUINX HACTYIUICHHIO COOBITHS A.

o . m
Hcrnone3yiTe GOpMyy s BEIMUCIEHHS BEPOATHOCTH OMNpeaeaéHHoro coobirus. P(A) = —.
n

A

Xon pa6orsr: 1.Habupas Homep TenedoHa, aboHeHT 3a0bu1 nocsieanue 3 udpbl 1 Habpas UX HayAady, IOMHS . YTO OHH
pasnuuHbl. Halinure BeposTHOCTB TOTO, 4YTO HAOpaHbI HYXKHbIE IU(PBHI.
Pewmenue.

1. CoObiTne A-«HOMEp HaOpaH BEPHOY.

2. Yucno n-oOuiee YMCIO MCXOAOB MCHBITAaHHUS MOJIYYUM, BOCIOJIB30BAaBIIMCH (popMynaMu KOMOHMHATOPUKH.
Bcero umeercs 10 uudp, T.e.. yncno siaeMeHTOB paBHO 10; B KakJoe COCAMHEHHE BXOIUT MO 3 HH(PHI; MOPSI0K
Qp(37IeMEHTOB) CYIIECTBCHEH IpH Habope HOMepa, 3HAYHT, Hy>)KHO HaWTH 4uciio pa3MenieHni u3 10 smemeHToB mo 3

5 _ 100 _718:910 B
1o (1)opMyJ1eA10 = (10——3)'_7_720 Hrak, n=720
3. Ymcio M=1, T.K. TOIBKO OJMH HAGOP U3 TPEX IMUDD ABIAETCA HyKHBIM.
4. P(A)="=—

2 .13 ypHBI, B KOTOpO# HaxoaTcs 12 Oenbix u § 4€pHBIX MapoB, BHIHUMAIOT Haymady /Ba mapa. KakoBa BeposSTHOCTD
TOTO, YTO 00a Iapa OKaxyTcs YEPHBIMH?
Pemenne.

1. CoObitre A-«00a mapa OKaXyTcsl YEPHBIMM.

2. Yucno n-odmiee YMCIO MCXOAOB MCHBITAHHMSA MOJTYYHM, BOCIOJIB30BABIINCH (pOpMynaMu KOMOHMHATOPHKH.

Obmee 4YHCIO BO3MOXHBIX CIydaeB N paBHO uucly coueTaHmii u3 20 smementoB ( 12+8) mo aa: n=C3, =
20! 20! _20-19-18!
=——= =190.
21(20-2)! 218! 1-2:18!
3. Yucrno caydaeB M, OnaronpusTCTBYIOIIUX COOBITHIO A,  paBHO YHUCIY coueTaHWil u3 8 snemeHTOB ( 8

YepHBIX MApoB ) TI0 ABa: N= C3 = 8 _ 8 _87¢_sg
P P susa. 8 7 218-2)1 216! 1:216!
28

4. P(A) = % =0~ 0,147

2.Ha matu xapToukax pa3pe3Hoi a30yku Hamucanbl OykBol A,3,K,0,M. KapTouku nepememmBaroTcs U Hayraja
packiazpiBatoTcs B psii. KakoBa BeposaTHocTh TOro. Uro nomyuyurcs cioso 3AMOK ?
Pemenne.

1. CoOpitre A-«momyautcs ciioBo 3SAMOKY.

2. Yucno n-oOuiee YMCIO UCXOAOB MCIBITAHHUS IMOJYYHUM, BOCHOJIB30BABUIMCH (OPMYJIaMHU KOMOWHATOPHKH.

OOmiee 4MCIO BO3MOXHBIX CJIy4aeB N paBHO YHCIY MEPECTAHOBOK M3 5 aneMeHToB (OykB): N=P; = 5!=54-3 -2 -
1=120.
3. Ywucio ciaydaeB M, GIaronpUsTCTBYIOUIMX COOBITHIO A, paBHO 1, T.K. TpeOyeTCsi COCTaBUTh CIIOBO ¢ OyKBaMH,

paccTaBIeHHBIMH B OIIPEACIEHHOM HOpPsAKE. A 3TH OYKBBI Pa3IUYHBI.

1
4. P(A) ===

®opma npeacTaBIeHAA pe3yJibTaTa: BbIIOJIHEHHAsA paboTa.

Kpurepuu ouenku:
Kaxxoe npaBmiIibHO BBITTOTHEHHOE ACHCTBUE -1 Gamt

KauecTBeHHast OL[EHKA HHIAUBUIYATbHBIX
TIpOIIEHT pe3y b TATHEHOCTH 00pa3oBaTENbHBIX JOCTHKEHUM
(MpaBMIIEHBIX OTBETOB) .

Oam (oTMeTKa) BepOATBHBIN aHAIOT

90 - 100 5 OTJIMYHO

80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIHHO

Menee 70 2 HE YIOBJIETBOPHUTEIILHO

Pa3nen 3. DiieMeHTBHI TeOPUHU BEPOSITHOCTEH M MATEMATHYECKOH CTATUCTUKHU
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Tema 3.1 DaeMeHTBI TCOPHH BepOﬂTHOCTeﬁ M MaTeMaTH4YeCKOH CTATUCTHKH

[pakTuyeckas padoraNe 17

BblﬁOpKa. YucjoBbie XapaKTEPUCTUKHA BblﬁOpKl/I. Feﬂepa.m,Haﬂ COBOKYITHOCTb U BblﬁOpO‘lHaSl COBOKYITHOCTb.
Onpenenelme CTAaTUCTHYCCKHUX pacnpeneneﬂm‘fl

Lean padoTsi: PaccMoTpeTh OTEIBHBIE IPUMEPHI, XapaKTEPHBbIE JJIsl BRIOOPOYHOTO METO/Ia.
Boinoinus padory, Bel Oynere:
YMETh!

CocTaBisTh pacnpeacicHuC OTHOCUTCIIbHBIX YaCTOT.

CTpOI/ITL IIOJIMI'OHBI HaCTOT U OTHOCHUTCIIBHBIX YaCTOT.

3.CTpOI/ITL TUCTOIrpaMMy O 3aIJaHHOMY CTATUCTUYCCKOMY PaCIIpEACIICHUIO:

4, Haxoauth cTaTUCTUYECKHE OLICHKHU reHepanLHoﬁ COBOKYITHOCTH, 3aJIaHHOM BapuallUOHHBIM PAAOM!
5.HaxoauTk cTaTUCTHYECKHE XapaKTCPpUCTHUKHN BLI60pKI/I.

whE e

MarepuajbHoe o0ecnieyeHne: VIHIMBUyabHbIE 3a/1aHUS, KOHCIIEKTHI JIEKIIHM.

3ananue:
1. ITocTpOUTE MONMUTOHBI YaCTOT ¥ OTHOCHUTEIFHBIX YacTOT IO PAacIIpeeNICHHIO BEIOOPKH:

x | 2 | 4 | 7 | 8 | 9 | 12

o | P |2 | e | 2| e | 3w

2. TTocTpoiiTe rUCTOrPaMMBI YaCTOT M OTHOCUTEIBHBIX YaCTOT IO PACIIPECICHUIO BRIOOPKH:

Neo HNurepsar, CymMa gacTor
HHTEpBaja Xi _ Xi 1 BapuaHT I;I]Ii{TepBana,

1 3-5 D1

2 S 7 2p;

3 7-9 3ps

4 9-11 P’

5 1113 2p;

6 13 - 15 3p;

7 15-17 D1+D,

3. Jlns reHepasbHOM COBOKYITHOCTH, 3aJJAHHOW pacripe/ieieHueM:

HaiinuTe reHepanbHyI0 CpEIHIO, TeHEPATbHYIO IUCIIEPCHIO, TeHEPAaIbHOE CTAaHIapTHOE OTKIOHEHHE, MOAY, MEIHaHy H

pa3max.
4. VI3 reHepanbHOI COBOKYITHOCTH C/I€TaHa BRIOOPKA, 3aJJaHHAS PACTIPEICIICHUEM:

x| 2 | 4 | 6 | 8 | 10 | 12 | 14

ni| P2 |2pz| P1 | pf | P3 | 2ps |p2+p3

Haiiti BEIOOpOUHYIO CpeTHIOI0 BEIOOPOYHBIE JUCHIEPCHIO M CTaHAApTHOE OTKJIOHeHne. OOpaTiTe BHUMaHHE: P; = YHCITY
OykB B Bamem umenu; p,= uncity OykB B Baei ¢pamnimu; p; = unciay Oyks B MeHH Baiero otra.
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Kparkue TeopeTuueckue cBeJeHUsl B IIOJHOM 00BbEME NMEIOTCS B JICKIIHU.

IMopsagox BbINOTHeHHsI PadOThI:

1 [IpounTaB ycroBue MpeII0KEHHOH 3a/1a4H , IT0 KOHCIIEKTY JICKIIMU HalAUTE COOTBETCTBYIOIINE (OPMYIIBL.
2.IlpumeHuTE TEKUMOHHBIA TEOPETUYECKUI MaTeprasl sl PELIEHUs] KaKIOW 3a1auH.

3 B ciny4ae HEOOXOAMMOCTH TPEICTABUTh T€OMETPHUECKYIO HHTEPIIPETANNIO YHCIOBBIX XapPaKTEPHCTHK. BEIOOPKH.
Xox pa6orsr: 1. 3aaHo paciipeseneHe 4acToT BHIOOPKH:

x | 2 | 6 | 12 ] 15
3

CocTaBUTh pacnpeeeHHe OTHOCHTEIbHBIX YacTOT.
OmnpexnenmM cHadana 00beM BEIOOPKH:
n=3+10+7+5=25.

HalineM oTHOCHTENBHBIE 9aCTOTHI IO popmyne W, = —+:

w, :%:0,12; w, :]2'—(5):0,40;W3 :%:0,28;W4 :%:O,ZO.

CreoBaTeNnsHO,
x | 2 | 6 | 12 | 15
w, | 012 | 040 | 0,28 | 0,20
Kontpoms: 0,12 +0,40+ 0,28+ 0,20 =1.

2.. Tlo pesynbraTaM nprmMepa 1 MOCTPOUTH MOJUIOHBI YACTOT M OTHOCHTEINIBHBIX YacTOT.

Pemenne. OTO6paSI/IB Ha IJIOCKOCTHU TOYKH C KOOpANHATAMHU (XI ,ni ) 1 COCANHUB UX OTPC3KAMH, IMOJTYYHUM IIOJIUTI'OH

4acCToOT:

N

2 6 12 15 Xi
AHAIOTHYHO TOCTPOUM MOMHTOH 10 Toukam (X, ,W, ) :

Wi

0,40 »

0,28

0,20

0,12

2 6 12 15 Xi

3.ITocTpoiiTe THCTOTPAMMY 10 CIIEIYIOMIEMY CTATHCTHIECKOMY PACTIPEIeTICHHUIO:

WnTtepBan CymMa gacToT
Ne nnTepBana JUIMHON BapUaHT
h=5 n;
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1 5-10 4
2 10-15 6
3 15-20 16
4 20-25 36
5 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexae Bcero, onpeneiuMm 00beM BHIOOPKH:
n=4+6+16+36+ 24+ 10+ 4 = 100.
[o u3BECTHBIM CyMMaM YacTOT BAPHAHT PACCUUTAEM IUIOTHOCTH YaCTOTHI [0 HHTEPBAJIAM:

IIm0THOCTEH YacTOTHI IIm0THOCTE YacTOTHI
Ne n. Ne n.
HMHTEpBaa FI HWHTEpBaJa FI
1 0,2 5 4,8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2

N300pa3uM NOTy4YeHHBIH pe3ybTar:

n
h 1

P N W A~ 0o N
}
T

— | .

5 10 15 20 25 30 35 40  x

4, Haﬁ,I[HTC CTaTUCTHYCCKHUEC OLICHKH FeHepaJ’IBHOﬁ COBOKYIIHOCTH, SaﬂaHHOﬁ CJICAYIOIINM BAPpUAIIMOHHBIM PAIOM!

BapHaHTa X; 2 4 5 6

gacrora N; 8 9 10 3

Pemenne. Onpenesnum 00beM COBOKYITHOCTH:
N.=8+9+10+3=30.
Haiinem renepanbHyo CpeaHIOLO:
- 8:2+9.-4+10-5+3-6
X, = =
30
Jiist BBIMHCIICHAS T@HEPATbHOM UCTIEPCHH HCTIONB3YeM QOPMYITY b _ %2 _ (%, OnpenenyM CpeJHIOK KBaIpaTOB:

4-

~7 8:2249.47410.52+3.6°

X2 =178"
30

Takxum 00pazom, D, =17,8—-4% =18.
['eHepanbHOE CTaHAAPTHOE OTKIOHEHHE: o = /Dr =./18=134.

OOBIYHO MOTYYCHHBIX PE3yIbTaTOB JOCTATOYHO JUISL MPAKTUIECKUX 3aa9. OTHAKO MOYKHO HOITYYHUTH JTOTIOHUTEIIHHBIE
XapaKTepUCTHKH JJis O0Jiee TOHKOH OIEHKH reHepalbHON cOBOKyITHOCTH. [IpruBeaeM ux:
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Moaa MO : HanOOJIbIIIas YacTOTA

Mo =10-

Menunana Me . BapI/IaIII/IOHHHﬁ pAa ACIUTCS MON0JIaM B TOUKE

Me =4,5.
Pa3zmax Bapuanuu R: B mpumepe
Xmax = 6 Xin =2
MO3TOMY
R=6-2=4.
5. 13 reHepasibHOI COBOKYITHOCTH M3BJIeYeHA BHIOOpKA
X 1 2 3 4 5
n; 92 94 103 105 106
Haiinure craTucTHUECKHE XapaKTEPUCTHKH BEIOOPKH.
Pemenne. OnpeneniiM 00beM BEIOOPKH:
n=92+94+103+105+106 =500 .
Bei6opounas cpennsis:
N 92-1+94-2+103-3+105-4+106-5

OmnpenennM CpeTHIOI KBaJAPATOB:

500

oz 92:1%+94-2% +103-3% +105-4° +106-5°

Xs

Bribopounas qucnepcus:

500

=11,45-

D, = X2 —(X, ) =11,45-1,82% =814

Br100opouHOe CTaHAAPTHOE OTKIOHEHHUE:!

o, =+/814 = 2,85.

®opma npeacTaBiIeHNs pe3yJbTaTa: BBIIIOJIHEHHAS paboTa.

Kpurtepuu ouenku:

Kaxoe mpaBHIbHO BRIIOJTHEHHOE AHCTBHE -1 6amn

IIpoueHT pe3ynbTaTUBHOCTH

Ka‘leCTBeHHaH OIICHKAa MHANBUAYaJIbHBIX
00pa3oBaTeNbHBIX JOCTHKCHUI

(IpaBHIIBHBIX OTBETOB)

Oam (oTMeTKa)

BepOaNbHBIN aHAJIOT

90 - 100 5 OTIUYHO
80 - 89 4 XOpOILIO
70-79 3 YAOBJIETBOPUTEIBHO
MmeHee 70 2 HE yJOBJIETBOPUTEIBHO

Tema 4.1. MaTpuusI u onpeeuTeTH

IpakTuueckas padora Nel8

JeiicTBusI ¢ MATPHULAMH
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ean pa6oThl: HaydanuThes BRIMOTHATH NEHCTBUS HAJ MATPUIIAMH.
BoinosHuB padoty, Bbl Oynere:

YMETB!

- BBITIOJTHATE OTIEPAINH HaJ MaTPUIIAMU;

- HaXOAWUTH OOpaTHYIO MaTPHILY.

MaTepMa.m,Hoe o0ecmneueHne: WHAWBUAYAJIbHBIC 3aJaHUs, y‘{e6HI/IKI/I, KOHCIEKTHI JSKLIHI.

3aganne:

1. Haiitu matpuny C = A% + 3AB, tne A = (_12 _31); B = (i _31)

- 1
2. BbIsCHHUTH, sBIsACTCS MaTpuua A1 = ( _g) oOpaTtHO# kK MaTpure A = @ 2)
3

s
3
Kparkue TeopeTrnyeckue cBeJeHus:
Marpuiieii Ha3bpIBacTCs MPSMOYTOJIbHAS TaOMUIIA Yrcell. MaTpuIiia 3aliChIBACTCS B BUJIC:
a1 Quz.. Qin
A=|ax Qaxp. axpy
Am1 Am2... Amn
JeiicTBus Hal MaTpULIAMU:

1.Cnoxenue.

Onepauym CJIOKCHHUA BBOJAUTCS TOJILKO JJId MaTpull OJUHAKOBBIX Pa3sMEpPOB. HpI/I CJIOKCHHU MaTpull UX
COOTBCTCTBYIOIIHUC 3JICMCHTBI CKJIAAbIBAIOTCA.

ay1 +byy agp + by ag, + by
A+B=C= anq +b21 a22+b22 a2n+b2n
am1 + bml Am2 + me Amn + bmn
2.YMHOXXEeHHE Ha YHCIIO.

[Ipu yMHOKEHUH MaTPHUIIBI HAa YHCIO KaXKIBIH €€ DIEMEHT YMHOXKAeTCsl Ha 3TO YUCIIO.
kajy  kagpp - kag,

kA = ka21 kazz kazn
ka,1 kan, ka,,
3.YMHOXE€HHE MaTpHIL.

Omneparyist yMHOXKEHHsI MaTPHL BBOANUTCS TOJIBKO IS CITydasi, KOT/Ia YMCIIO CTOJIOI0B IIEPBOM MaTpHIIbl paBHO
YHCITy CTPOK BTOPOH.

YT0oOBI HAlTH BNIEMEHT MATPHULIBI, CTOSIIHH B i-TOH CTpOKe B K-TOM cTONOIE, HY)KHO BHIYHCIUTD CYMMY
NPOU3BEIACHHUHN JIEMEHTOB I-TOM CTPOKH IIEPBOM MaTPHILBI HA COOTBETCTBYIOIIME 3JIEMEHTHI K-Toro ctosbua BTOpOH.

I[opsaok BbINoIHEHHs PadOThI:

1. 3amumwure 3amanue.

2. Omnpenenure, Kakue ICHCTBHSA, W 110 KAKUM ITPaBHJIaM HEOOXOANMO BBIIOJIHUTE. [IpounTaiiTe KOHCHEKT.
3. BemomnauTe nefictus. [IpoBepbTe MPaBUIBHOCTH BEIYUCICHH.

Xon padoTsl:
1.Haittn matpuny C = A? + 3AB, eciu

A= (_12 —31); Bz(i _31)

a) Haiinem A°, yMHOXasi MaTpuily camy Ha ce0s

AZ_(—Z 3)_(—2 3)_(7 —9)
\1 -1/ \1 -1/ \-3 4
0) Haiinem matpuily 34, yMHOXHB BCE 9JIEMEHTBI MATPHLBI 4 Ha 3.
_aof—2 3\_(-6 9
3A_3(1 —1)_(3 —3)

B) Haiinem npoussenenne 3AB
wme=(3 %) 3)

(2 )



r) Hatinem matpuity C, ckiaapiBasi COOTBETCTBYIOIINE JIEMEHTBI
(7 -9 —21 33\ _(—14 24
C_(—g 4)+(12 )_( )

—-12 9 —8
2. Haiinem npomssenenne A- A~ u A7 - A:

war= (T Y= 9=s

3

wa=(7 HE D=6 Y-

B cooTBeTcTBUM C OINIPEACIICHUEM JaHHBIC MATPHUILIBI ABJISIOTCA B33HM006paTHI>IMI/I.

®opMa npeaocTaBieHUs Pe3yJIbTATa: BBHIIIOJHEHHAs PaboTa.

Kpurepuu ouenku:
Kaxxmoe npaBriibHO BBHITIOTHEHHOE AeHicTBHE -1 Gamn

KagecTBeHHas oneHka MHINBUTYaTbHBIX
00pa30BaTENBHBIX JOCTIDKCHHH

IIpoueHT pe3ynbTaTUBHOCTH
(mpaBHIIBHBIX OTBETOB)

6ast (0TMETKa)

BepOaNbHBIN aHAJIOT

90 - 100

5 OTJINYHO
80 - 89 4 XOPOIIO
70-79 3 YIOBJIECTBOPUTEIHHO
menee 70 2 HE yIOBJIETBOPUTEIHHO

Tema 4.1. MaTpuusl ¥ onpeaeJuTeIn

IIpakTuueckas padora Nel9

Brerunciienue onpenesuresieil BTOPOro U Tperbero NopsiAkoB
ean padoThI: HAYINTHCS BHIYUCISTD ONPEACIUTEIN BTOPOTO U TPETHETO MOPSIIKOB.
Boinosnus padory, Bbl Oynere:

YMETb:

- BEIYHCIIATH OMPEJICIUTENN BTOPOTO TOPSAKA;

= BBIYUCJIATH ONPEACTIUTEIN TPETHETO MMOPsIKA.

MatepuanbHoe o0ecrnieyeHne: HHINBUAYAIbHBIC 3a1aHUs, yIeOHUKH, KOHCTIEKTHI JEKIIUH.

3ananue:
BbIUUCIHUTE OTIPEISTUTEINN:

3 3 3 -5 10 -2 1
1) |2 2| 21 1 2 3)|-15 5 -2
2 -1 7 3 -2 -1

KpaTkue Teopernyeckue cBeIeHHU:

OHpC,HCJ'II/ITCJ'IGM KBa,HpaTHOﬁ MaTpulbl BTOPOTO nopﬂaxa(onpeneﬂHTeneM BTOPOTO nopﬂzuca) Ha3bIBACTCA YUCJI0, PABHOC
Ppa3HOCTH HpOI/IBBeHeHI/Iﬁ 9JIEMEHTOB TJIABHOI JUAarOHAJIN B 3JIEMEHTOB MOOOYHOM JUaroHaJu.

a; b
=a;by—ay-b
a, b, 1702 2" D1
OnpepenureneM KBapaTHONH MAaTPHIIBI TPETHETO MOPSAKA(OTPEACITUTEIEM TPEThEr0 OPSIIKA) Ha3bIBACTCS YUCIIO, PABHOE
a1 Az 413
(21 Q22 Q23| = A110A2033 + Q12030371 + Ap103013 — Q1302031 — Q12071033 — Q3032011
31 dzz 04sz

Ilopsinok BeINOJHEHHUS PA0OTHI:

1 3anwummwre OIIPEAC/IUTCIIb, ONPEACITUTE KaKOI'0 OH IMOpAAKa.
2 I/ICHOHL3y5{ COOTBETCTBYIOIIEC ONPCACICHUEC, BBIYUCIIUTEC 3HAYCHUE ONIPEACTIUTEIIA.
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Xoxa pa6oThI:
BpruucnuTs onpeaenuTenu:

1) |§ _64|=2-6—3-(—4)=12+12=24

5 -2 1
2) 3 1 -4/=51-(=3)+(-2)(—4):6+3-0-1—
6 0 -3

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

=48-39=9
4 0 5
3 |-6 2 —7|=4-22+0-(=7)-1+(=6)(=3)-5~—
1 -3 2

—5:2-1—=(=6)0:2—(=3)-(-7)=16+0+90— 10— 0 — 84 = 12

®opma npeacTaBiIeHHs pe3yJbTaTa: BBIIOJHEHHAsA padboTa.

Kpurepuu ouenku:
Kaxxmoe npaBriibHO BBHITIOTHEHHOE ACHCTBHE -1 Oamt

KauecTBeHHas OLICHKA HHAUBUIYATbHBIX
TIDOIGHT PesyIIHTATHEROCTH 00pa30BaTENbHBIX JOCTHKCHUM
(IpaBHIIEHBIX OTBETOB) N

Oayt (oTMeTKa) BepOaNbHBINA aHAJIOT

90 - 100 5 OTJIMYHO

80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPHTEIIHHO

Meree 70 2 HE YIOBJICTBOPHTEIIHHO

Tema 4.2. PemeHne cucTeM JIMHEHHBIX aJIredpanvecKux ypaBHeHHIA.

IMpakTuyeckas padora Ne 20

Pemienne cucrem JuHeiiHbIX ypaBHeHuii Metoaom Kpamepa
Iesib padoTHI: HAYYUTHCS PEIIATh CHCTEMbI JINHEHHBIX YPaBHEHUH, UCTIONB3Ys popmyiibl Kpamepa.
Boinosnus padoty, Bel Oyaere:
YMETh:
- pemaTh CUCTEMBI BYX JIMHEHHBIX YPaBHEHHUH C IByMs HEHM3BECTHBIMU MeToioM Kpamepa;
pemaTh CUCTEMBI TPpeX JTHHEHHBIX YpaBHEHHUH C TpeMs HEHW3BEeCTHBIMHU MeTosoM Kpamepa;

MarepuajbHoe o0ecniedeHue:
WunuBuayansHele 3a0aHust , y4eOHUKH, KOHCIICKTHI JIEKIHUH.

3anannue:
Pemuts cucTeMbl IMHEWHBIX YpaBHEHHIA:

3X+3y-52=-2
3x-5y=11
2) <X+y+2z=3
2x+3y =20
2X—-y+72=27

43



KpaTkue TeopeTudeckne CBeleHHU:

a1%; + apx; = by

az1%1 + Az Xy = by

CoCTaBUM ONpeaeIUTeb U3 K0I(G(ULIUEHTOB IPH HEU3BECTHRIX. DTOT ONpeAeIUTENb HA3bIBACTCS ONPEIeTUTeNeM

HyCTL JlaHa CUCTEMa IBYX JIMHEHHBIX ypaBHeHI/Iﬁ C IBYMs1 HCU3BCCTHBIMU: {

. a;;1 A4
CHCTEMEI.. A=
az1 dpp
CocTaBuM OIpeeNuTeNd Kax 10k Hen3pecTHOM. OnpeaenuTens A; HojlydaeTcs U3 onpeaenuTess & myTeM 3aMeHbl
by a
MEPBOTO CTONO0NA KOA(DPHUIIMSHTOB CTOJIOIOM U3 CBOOOIHBIX WICHOB. A= bl alz |
2 22

Onpezenutens A, mnonydaercs U3 onpeaenurens £ myTeM 3aMeHBI BTOPOro cTo161a K03 (HUIMEHTOB CTONOIOM U3
CBOOOIHBIX YIEHOB.

|a11 by
az b,

ajix; + appx; + a;zx3 = by
[IycTs maHa cucTeMa Tpex JHHEHHBIX YPaBHEHHI ¢ TPEMSI HEH3BECTHBIMHE: 021X + Ay Xy + Ax3X3 = by
az X1 + Az X + azzxz = by
CocraBuM onpenenuTesb U3 KOAPPUIUEHTOB MPU HEU3BECTHBIX. DTOT OMPEACIUTENh HA3bIBACTCS OMPEICITUTEIEM
a1 Gz a3
cucTeMbl:. A= |d21 Qz2 A3
asz1 dzz dsz
CocTaBuM OIIpeeNuTeNN Kax a0l HenspecTHOM. Onpenenurens A; Hooydaercs u3 onpeaenuTens & myTem 3aMeHsl
MEPBOTO CTOJI01A KO (GHUIIMEHTOB CTOJIOIOM U3 CBOOOIHBIX YJICHOB.
by a;; a
A= |b; az  al
bs az ass
Onpezenutens A, nonydaercs u3 onpeaenurens £ myTeM 3aMeHbI BTOPOro cTo161a K03 GUIMEHTOB CTONOIOM U3
CBOOOIHBIX YJICHOB.

a;; by ap
Ay=|a; by ap
asz bz ass
Onpenenurens A nonydaercs u3 onpeaenutens A myTem 3aMeHbI TPEThEro cToa61a K03PGHUIMEHTOB CTONOIOM U3
CBOOOTHBIX YJICHOB.
an az b
As=la; az b
asz, as; bz

YToOb! BEIYMCIUT 3HAYEHHsI HEM3BECTHBIX, Bocnoyb3yeMcs popmynamu Kpamepa:  x; = —; x, = = x3 = n

Ilopsaok BbIMOJTHEHUS PA0OTHI:

1. 3anuiuTe cucTeMy ypaBHEHHH.

2.3anummTe ¥ BEIYUCIIUATE OTPEACTUTENb CUCTEMBI.

3.BpIyuciuTe ONpeneaIuTeNn Kax/a0i HEU3BECTHOM.

4 Haiiaure 3HaYCHHUS HEU3BECTHBIX, UCIIOB3Ys hopmyJsl Kpamepa.

Xon padoThli:
Paccmorpum npumep:
Pemmuts cucrtemy ypaBHEHUI:
x1 + 2x, —3x3 =0;
2x1 —xp +4x3 = 5;
3x1 + Xy — X3 = 5

1 2 =3
A=(2 -1 4 |
31 -1
1 2 -3
AA=12 -1 4|=10=%0
31 -1

BrluuciiuMm onpenenuTeny Kakaon NeEpeMeHHOM:
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0 2 =3
A=|5 -1 4|=0-15+40-15+10-0=20
5 1 -1
1 0 -3
A=(2 5 4|=-5-30+0+45-0-20=-10
3 5 -1
1 2 0
A;=[2 -1 5/=-54+0+30—-0—-20—-5=0
3 1 5
xle—lzﬁzz;xz:A—Zz_—loz—l;x:;:—:;:i:o
A 10 A 10 A 10

Ortsert: (2;-1;0).
®opMa npeacTaBJIeHUs Pe3yJIbTaTa: BhIIOJHEHHAsA padoTa.

Kpurepuu ouenku:
Kaxmoe mpaBuiIbHO BBITIOJTHEHHOE JIeHCTBHE -1 Oast

KauecTBeHHas OlleHKa MHIMBUAYaIbHBIX
TIDOICHT PesyIIHTATHEROCTH 00pa30BaTEIbHBIX JOCTHKEHUM
(IpaBUIIEHBIX OTBETOB) N

Oay1 (oTMeTKa) BepOaNbHBINA aHAIOT

90 - 100 5 OTIMYHO

80 - 89 4 XOPOIIIO
70-79 3 YIOBJIECTBOPUTEIHHO

Menee 70 2 HE YIOBJICTBOPHUTEIHLHO

Tema 4.2. PemieHue cucreM JHHeHHBIX ajiredpanyecKux ypaBHeHMi.

[pakTnueckas padora Ne 21

Haxo:xaenue o0paTHOH MaTpULIBI
Henn paborer: HayunThest HAXOAUTH 0OPATHYIO MaTpPHILY.
Bobinosinus padory, Bel Oyaere:
ymemb:
-HaXOJUTh OOPATHYIO MaTPHILY;
MartepuanabHoe odecnieuenne: VHAUBHyanbHbBIC 3aaHUs, YICOHUKH, KOHCTICKTHI JICKIIUH.
3ananue:

Haiiti oOpaTHyro MaTpHIy K JaHHOI:

1-2 3 3 1 8
1)A=<0 4 —5); 2).A=<—1 0 4->
1-1 2 6 -3 9

Kparkue Teopernueckue cBeieHU:
Yro6bl HalTH HeM3BECTHYIO MaTpuIly X, HyxkHO A1 - B
UYroOBb!I BEIYUCIUTE 0OPATHYIO MaTpPHILy, HYXKHO:

a) BBIYUCIIUTH ompeaeanTenb MaTpuilpl A (AA + 0);
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0) HaliTh anreOpanmdecKkre JOMOTHEHHUS JIs KaXKI0T0 AJIEMEHTa MaTPHUIbI A U COCTABUTh U3 HUX COIO3HYIO
MaTpuily A*.

A1y Ay - Apg
B) TPAHCTIOHUPOBATh MAaTpHIly A* u3 anrebpamyeckux gononnennit  A*T = A1z Az -+ An ;
Ain Ay Ay
A1 Agp Apg
r) HaiiT 06paTHyIo MaTpuIy: A~! = i A12 Azz AnZ
Aip A Ay

Y -1
Yro0bl HAMTH HEM3BECTHYIO MATPHILy X, HYXKHO YMHOXHTh OOpaTHyro Marpuily &4~ Ha Marpuny B,
COCTOSIIYI0 U3 CBOOOIHBIX UIEHOB.

ITopsinok BeINOJIHEHHUsT PadOThI:

1. 3anumuTe cucTeMy JTHHEHHBIX YpaBHECHUH.
2. CocTaBbTE MaTPUYHOE YPAaBHEHHE.

3. Beraucnute o0paTHYIO MaTpUILy.

4. HaiinuTe 3Ha4eHUS HEU3BECTHBIX.

5. 3anuiuuTe OTBET.

Xox padoThl:

Ilycts 3anana maTpuna:

2 3 1
A=<3 -2 —2)
8 1 5

Haitnem
sl 55 =272 -3 +f Y =-104
T2 AT 51T s 1Tl gl E T
Bhl4ucIMM anreGpandeckye JOMONTHEHHUSL:
an=|20 Fl=z a=-|0 =-15
Az = _32 _12 = -4
I T
S
weef 3
Ags ; _i =13; Ap |§ _31 = 26, 333=|_ _37|:—13-

CocTaBuM 00paTHYIO MAaTPHILY:

(-2 -16 4
ATh=- (—31 2 7 )
104

13 26 —13

®opMa npeacTaBIeHNs pe3yJbTaTa: BBINOIHEHHAs padoTa.

Kpurtepuu onenku:

- «OTnu4HO» - yMeHHsI cOPMHUPOBAHBI, BCE 3aJIlaHUSI BBITIOJHEHBI MPaBUIIBHO, 03 apupMETHUESCKHX
omuoOOK, pemeHue 0oHopMIIEHO aKKypaTHO, C HEOOXOIUMBIMH 000CHOBAHUSIMH.

46



- «XopoIo» - HEKOTOophie YMEHHs cPOPMHUPOBAHBI HEAOCTATOYHO, BCE 3aJaHMsI BBITOJHEHBI, HEKOTOPHIS
BHIBI 3aJaHMH BBITTOJIHEHHI ¢ omnOkamu. be3ommoo4uno BeimosHeHo 80-89 % Bcex 3amaHuid.

- «Y IOBIIETBOPUTENHHOY» - HEOOXOAMMEIE YMEHUS B OCHOBHOM C(OPMHPOBAHBI, OOJBIIMHCTBO 3aJaHUN
BBINIOJTHEHO, HEKOTOPHIC M3 BBITOJHEHHBIX 3alJaHWil coiepykaT ommuOku. besommbouno BemomaeHO 70-79 % Bcex
3aaHuH.

- «HeynoBIICTBOPUTEIBHO» - TEOPETHICCKOE COJCPKAHUE Kypca HE OCBOCHO, HEOOXOIMMEBIC YMCHHS HE
c(OpMHUPOBaHBI, BHINOJIHEHHBIE YueOHBIE 3aJaHUs COAEpXkKaT rpyOble ommOku. besommbouHo BhimosnHeHO Menee 70%
BCEX 3aJlaHUH.

Tema 4.2. Peienne cucreM JHHEHHBIX aJredpandeckux ypaBHeHHi.

IIpakTuyeckas padora Ne 22

Penrenne cucrem JUHEHHBIX yPaBHEHHIT MeTOA0M 00paTHOI MaTPULbI
Leanb padorbl: HayunThcs penaTs CHCTEMBI JIMHEHHBIX YPaBHEHHH MaTPUYHBIM CIIOCOOOM.
Boimosanus paéorty, Bel Oynere:
YMETh:
-HaXOJTUTh OOPATHYIO MaTPHILY;
- pelarh CUCTEMY JIMHEWHBIX YPaBHEHHIT MATPHYHBIM CIIOCOOOM.
MarepuajbHoe odecnieyeHue: VHIUBHTyaIbHbIE 3a0aHNUSI, YICOHNKHN, KOHCIEKTHI JIEKIIHH.

3ananue:
Pemnth cucteMy JTUHEHHBIX YpaBHEHUM:

le - 3XZ + 4X3 =11
2) x1+2x2—3x3=9

) {le - 3XZ = —7
_3x1 - 4x2 + X3 = _25

6X1 + ZXZ 12’

KpaTKne TEOPETUYECCKHUE CBCICHUA:
ITycts 3aaHa cucTeMa JIMHEWHBIX YpPaBHEHUN:
ai1Xq + A1pXy + -+ A Xy = bl;
ar1Xq + Ay Xy + -+ Ayn Xy = bz

Ap1X1 + QpaXy + o+ Ay Xy = by,

ai; Q2 Ay X1 by
CocrasuM MaTpuaHoe ypaBHeHne: AX = B,rme A = Q21 G2 dgpn |; X =(X2 );B=| Db,
Am1 Am2 Amn Xn bn

X=A4"1'B

UToOBI BEIYMCIIUTE 00paTHYIO MaTPHILY, HYKHO:
a) BBIYMCIIUTD OlpeAenTenb MaTpuisl A (AA # 0);
0) HaiiTu anreOpanueckue JOMOJHEHUS I KaKI0TO dJIEMEHTa MaTPHUIIBI A;
B) TPAHCIIOHUPOBATh MAaTPUILY U3 alreOpandyeckux AOMOTHEHUH;
Apn A Am
T') HATH OOPATHYIO MATPHILY: A7l = Al—A A Ayp A
Ain Azn Amg
YT06hl HAHTH HEM3BECTHYIO MATPUITy X, HY)KHO YMHOKUTH 06paTHYIo MaTpuiry A~! ma Mmatpumy B, cocrosmyio
13 CBOOOHBIX YJICHOB.

ITopsiok BHINOJTHEHUA PadOTHI:

1. 3anumuTe CUCTEMY THHEHHBIX YPaBHEHHH.
2. CocTaBbTe MaTPUYHOE YpaBHEHHE.

3. Berauciure 06paTHyI0 MaTpuILy.

4. HalinuTe 3Ha4eHHsT HEU3BECTHBIX.

5. 3anuiumre OTBET.

Xon padoThli:
Pemmts cucteMy IMHEMHBIX ypaBHEHUI:
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1 {le - 3x2 = —7
) 6x1 + 2x2 = 12

Haiinem

2 3
A= |3 —5| =5 5
ATl = _%(:3 _2 )

Pewinm ypaBHeHue:

x=arc=—5(23 )= w(
Ortgert: (2; 0).

le - 3XZ + 4‘X3 = 11
2) { Xy +2x, —3x3 =9
—3x1 — 4%, + x3 = =25

19503

—10 — 9 = —19 # 0 =o0parHast MaTpHUIIa €CTb.

(-0

0

Haiiem

I Rt e BT v B i R
BBIMMCIIHM ATreGpanHeckie JOMOMHEHHS:

An =|j _52 = —12; ,421=—|_31 é|=—16;

Az = _32 _12 =4

T

As2 = ; —12|=7;

Ay = g i|—13, A23=—|é _31|=26, A33—|§ _32 = -13.

CocTaBuM 00paTHYIO MaTpHILy:

L -12 -16 -4

-1 _

A = ~Tos| 731 2 7
13 26 -—13

Pemmm maTtpudHOE ypaBHEHHE:!

) -12 -16 -4

— -1 —

X=A"C=-7-1-31 2 7
13 26 —13

Ortser: (0;4;-2).

CrienaeM IpoBEPKY:

{ 0+12—-2=10

0—8+4=—4 .(BepHO)
0—-4-10=-14

10

_4> _
—-14

. [ —120 + 64 +56
——( —-310-8-98 >=

104
130 — 104 + 182

®opma npeacTaBIeHHA pe3yJibTaTa: BBIIOJHEHHAsA paboTa.

Kpurtepuu ouenku:

Kaxxnioe npaBuIbHO BBHITIOTHEHHOE JIeHCTBUE -1 Oan

KauecTBeHHas OIICHKA MHAWBUYaJIbHBIX
00pa3oBaTeNbHBIX JOCTHKCHHI

IIporneHT pe3yIbTaTUBHOCTH
(IpaBMIIEHBIX OTBETOB)

Oam (oTMeTKa) BepOATBHBIN aHAIOT

90 - 100 5 OTIUYHO
80 - 89 4 XOpOILIO
70-79 3 YAOBJIETBOPUTEIBHO

48




menee 70 2 HE YAOBJIETBOPUTEIILHO

Tema 4.2. Pemenne cucTeM JIMHEIHBIX aJre6paniecKux ypaBHeHHUId.

IIpakTuyeckas padora Ne 23

Pemienne cucrem JquHeliHbIX ypaBHeHuii Metoaom aycca
Henb padoThl: HAYYUTHCS pelIaTh CUCTEMbI JTMHEWHBIX YPaBHEHUM METOJIOM MOCIEN0BATEILHOTO HCKITIOUEHUS
nmepeMeHHBIX (MeTonoM [aycca).
Beinoinus padory, Bel Oynere:
YMETB!
- pemaTh CHCTEMBI ABYX JIMHCHHBIX YpaBHEHHUI C TByMs HEM3BECTHBIMU MeTooM ["aycca;
pemaTh CHCTEMBI TPeX JMHEHHBIX YpaBHEHHUN C TpeMs HEeHW3BeCTHBIMU MeTonoM ['aycca;
MartepuajbHoe o0ecnieyeHue: VHANBUyaTbHBIC 3aJaHNs, YICOHUKH, KOHCIIEKTHI JICKIINH.

3ananne:
Pemuts cuctemMpl TMHEHHBIX YPaBHEHUN:

3X, —2X, =5X; + X, =3 X, + X, —3X; +2X, =6
1 ]2% =3, +X;+5%, ==3 o |X; —2X, —X,=—6

X, +2X, —4X, =-3 X, +X; +3X, =16

X — X, —4X; + 9%, =22 2%, —3X, +2X, =6

Kpatkue TeopeTrnyeckue cBeieHUs:

Merton I'aycca siBiseTCsl ONTHUM U3 Hanbonee YHUBEPCAIBHBIX METOIOB PELICHUS CUCTEM JIMHEHHBIX ypaBHEeHUH. OH
COCTOMT B ITOCJIEIOBATEIHHOM HCKIIOUEHUH HEM3BECTHBIX.

[Ipouecc pemenus no Mmeroxy ['aycca coctout u3 1Byx 3TanoB. Ha mepBom stane (IpsiMoii X0.T) CHCTEMa IIPUBOIUTCS K
cTyneHuaToMy BHAy. Ha BTropom 3rame (0OpaTHBIN X0/) HIET HOCIEI0BATENBHOE ONPEACICHHE HEN3BECTHBIX U3 ATON
CTYIEHYaTOH CHCTEMBI.

Ha mpakTtike ynobnee paboTaTh HE C CHCTEMOW ypaBHEHHMH, a ¢ PaCIIMPEHHON MaTpHIIEH, BBITIONHSAS BCE 3JIeMEHTapHbIE
npeoOpa3oBaHMs HAJ €€ CTPOKAMH.

DreMeHTapHBIMH IPe0Opa30BaHUSIMHI MaTPHIIBI SIBIISIOTCS:

- IEPECTaHOBKA CTPOK MECTaAMH;

-YMHOKEHHUE HEKOTOPOIl CTPOKHU Ha JIF000€e, He PaBHOE HYJIIO YHCIIO;

-npubaBJICHUE K 3JIEMEHTaM OJTHOW CTPOKH COOTBETCTBYIOIIUX 3JIEMEHTOB JPYTOH CTPOKH, YMHOKEHHBIX Ha OJTHO U TO K€
YHCIIO

HOpﬂI[OK BbINNIOJIHCHU A paﬁon:

1. 3amumuTe CUCTEMY JTMHEWHBIX YPABHCHHA.
2. CocraBbTe PacIIMPEHHYIO MaTPHILY.
3. BeimonHuTe BreMEHTapHBIE NPeoOpa3oBaHusl CTPOK MaTPHUIbI, UCKIIOYasl MOCIIEI0BATENILHO TIepeMeHHble. B
pe3yibTaTe T0JKHA MOTYYUThCS CTyleHYaTast MaTpHuIa.
4. Tlo cTymeH4aToi MaTpHUIlE COCTABBTE CUCTEMY.
5. TlocnegoBaTelbHO HAMANTE 3HAUYECHUS BCEX HEM3BECTHBIX.
6. 3anuinTe OTBET.
Xon padoTsl:
Paccmorpum npumep:
Pemuts cuctemy ypaBHEHUIL:
X1 + 2x2 - 3x3 = 0,
le — Xy + 4x3 = 5,
3x1 + Xy — X3 = 5
CocraBuM pacUIMpPEeHHYIO MaTPHUILy U3 KOI(G(QHUIUESHTOB IPH HEM3BECTHBIX U CBOOOIHBIX YICHOB:

1 2 -=3]0
A|B)y=(2 -1 4|5
3 1 -1I5

BrimoiaanM 351eMeHTapHbIe IPeo0pa30BaHus Ha/l CTPOKAMH MaTPHIIBL:
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1 2 -=3]0 1 2 =30 1 2 -=3]0
(2 -1 4fs) ~(0 =5 wfs) ~(0 1 =)
3 1 -1I5 0 -5 815 0 -5 815

1 2 -3]0
~l0 1 -=-2|-1
0 0 =210
ITonyyeHHOHN MaTpuLEe COOTBETCTBYET CUCTEMA YPAaBHEHUI:

X1 +2xy —3x3=0
Xy, — 2x3 =—1;
—ZX3 =0
HaunHasi CHU3y BBEpX, HAXOAUM 3HAYCHHS HEU3BECTHBIX:
X1 +2x%, —3x3=0 (x+2x,—3x3=0 (xy+2-(-1)=0

X, —2x3=-1 ; Xy = — ; X, =-1 ;
x3=0 x3=0 x3=0

X, =2

X, =—1,

x3=0

Orteer: (2;-1;0).
®opma npeacTaBJIeHUs Pe3yJIbTaTa: BBIIOJHEHHAs paboTa.

Kpurtepnu ouenku:
Kaxxnoe nmpaBuiIbHO BBINOJIHEHHOE JeiicTBHE -1 Gau

KauecTBeHHas OlleHKa HHAMBU1YaJIbHBIX
TIpOTICHT peay THTATHEHOCTH 00pa3oBaTEIbHBIX JOCTHKECHUM
(IpaBUNIBHBIX OTBETOB) .

6amt (0TMETKa) BepOabHBINA aHATIOT

90 - 100 5 OTJINYHO

80 - 89 4 XOPOIIO
70-79 3 YIOBJIETBOPUTEIHHO

Menee 70 2 HE yIOBICTBOPUTEIHHO

Tema 4.2. PemieHue cucteM JHHeHHBIX ajiredpanyecKux ypaBHeHMI.

IMpakTuyeckas pa6ora Ne 24

Pemienne cucreM JIMHeilHBIX YPABHEHMIT Pa3JIMYHBIMH CIOCOOaAMU

Iean padorbl: HayunTtscs pemaTs cUCTEMBbI JIMHEHHBIX YPAaBHEHUM pa3IUUHBIMU METOAAMH.
Boinosnus padory, Bbl Oynere:

YMETB!

-pelaTb CUCTEMY JIMHEMHBIX ypaBHEHUH MeToioM Kpamepa;

- pemiath cucTeMy ypaBHeHui metogoMm ["aycca;

- pemaTh CUCTEMY JTHHEHHBIX YPaBHECHUH MaTPUIHBIM CIIOCOOOM.

MarepuaJjibHoe odecnieuenune: VIHIMBUyabHbIC 3aIaHUs, YYeOHUKH, KOHCTIEKTHI JIEKIIH.

3aganne:
PewnTh crucTeMbl IMHEHHBIX YpaBHEHMIA:
3X, =X, + % =3

21’1 — 3.‘1"3 + 4‘.‘1’3 = 11
.‘1.'1+2Ig—3.1'3=9
l) 5X1+X2_7X3 =_1 2) —31'1 — 4‘.‘-1'2 +1'3 = —25

X +2X,—3% =0
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1)
2)
3)

4)
5)

KpaTkue TeopeTHYecKHe CBe/IeHUSI:
@ ¥+ apx; Tazx; = b
Gy %) T A%y Tag%; = by
ITycTh /laHa crcTeMa TpeX JMHEHHbIX YpaBHe it ¢ Tpems HemssecTHeMu: 031 %1 T G327 + 83345 = by

YTtoOBI penuth cucTeMy MeToioM Kpamepa, cocTaBUM ONpeeIuTENb U3 K03(h(OUITMCHTOB MPH HEU3BECTHBIX.
Gy Oz By

A= |8z B2z 8

DTOT OnpeIeIUTENh Ha3bIBACTCS ONPEACIIUTEIEM CUCTEMBI: Ogp Ogz gz
CocTaBUM OmIpeneNUTeNN KaXI0i Hem3BecTHOW. Ompenenurens 4y MONTy4YaeTCss W3 ONPEACTHTEINS A ITyTeM 3aMEHBI
TEPBOTrO cTonbIa K03 PHUIUCHTOB CTOJIOIIOM u3 CBOOOTHBIX YJICHOB.

by a; ap
A= by |y ay

by &y eyl

A, A

Omnpenenurens “I MOTydaeTCs W3 ONPENENUTENS — IyTeM 3aMEHBI BTOPOTO CTOJOMa KO3(QQPHIHNEHTOB CTONOIOM M3
CBOOOJTHBIX WICHOB.

1

[T

A 1 by

L

n
&

@
= |@
@

=T T

.
-
il 3 3
Omnpenenurens 84 MOTY4YaeTCsl M3 ONPEACIUTEI a ITyTEM 3aMEHBI TPETHETO CTONONA KO3((HUINEHTOB CTOIOIOM H3

CBOOOIHBIX YJIEHOB.

[

ay Gy by
A

.= |83 @ b,
3 & L &
agy A3 by

i
Il
= |

Il
e |5
=

YroOb! BEIYMCIUTH 3HaYEHHsI HEM3BECTHBIX, Bocnosb3yeMcs popmynamu Kpamepa: S ;
Jst penienust cucteMbl MeToioM ['aycca Mcronb3yiTe anropuTM:

3anuIuTe CUCTEMY JIMHEHHBIX YPABHEHUM.

CocraBbTe paclIMpEeHHYIO MaTPHILY.

BrimonHuTe 318MeHTapHBIE IPEe0OpPa30BaHMs CTPOK MATPHIIBI, HCKIIIOYAs TIOCIEJ0BATEIbHO IIepeMeHHbIe. B pesynbraTe

JIOJDKHA TIOJTyYHUTHCS CTYIIEHYaTast MaTpHIa.

Ilo cryneHuaToil MaTpule COCTaBbTE CUCTEMY.

IlocnenoBarenbHO HAUAUTE 3HAUEHUS BCEX HEU3BECTHBIX.

3anuImmure OTBeT.

Jl1s perieHus cUCTEeMBbl MATPUYHBIM METOJIOM
1. 3anmumuTe cucTeMy JTHHEHHBIX YpaBHEHHH.
2. CocTaBbTe MaTPUYHOE YpPaBHEHHUE.

3. Beruucnure o0paTHYIO MaTpHILy.

YToObI BEIYMCINTH 0OPATHYIO MAaTPHILy, HY>KHO:

a) BBIYHCIIUTD OIPEACIUTENh MATPHUIIBI A (‘ﬂ*:'* = 0),
0) HaliTu anreOpanyeckue JOMOJHEHUS JJIs KaXK0r0 AJIeMEHTa MaTPHUIII A;

B) TPaHCIIOHHPOBATH MATPHUILY U3 ANTreOpanvdecKux JOMOJTHEHUH;
A Ay A
11 21

1 ml
At = "y Ap Ap Ay
') HAWTH OOpaTHYIO MaTpPHUILY: A Az Agy

-'15__1

Uto0bI HAWTH HEW3BECTHYIO MAaTpHUIly X, HY)KHO YMHOXHThb OOpaTHYIO MaTpPHILY Ha marpuny B, cocrosmyio us

CBOOO/IHBIX YJIEHOB.
4. Haiinure 3Ha4eHNST HEM3BECTHBIX.
5. 3amnuInTe OTBET.

®opma npeacTaBIeHHA pe3yJibTaTa: BBIIOJHEHHAsA paboTa.

KpuTtepuu oneHku:
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3a mpaBUIIBHBIA OTBET HA BOIIPOCHI WIIM BEPHOE PELICHNE 33/1a9H BBICTABIISIETCS TTOJIOKUTENbHAS OIIeHKa — 1 Oam.
3a He IPaBWIILHBII OTBET Ha BOIPOCHI HJIM HEBEPHOE PEIICHUE 3a/1a4X BEICTABIACTCS OTPUIIaTeIbHAS OlleHKa — 0 GayuToB.

KauecTBeHHas OLIeHKa HHIUBHUYaIbHBIX
[IpoueHT  pe3yJIbTATUBHOCTH N
00pa30BaTENbHBIX JOCTHKCHUIH
(TIpaBMIIBHBIX OTBETOB) =
Oay1 (oTMETKa) BepOaNbHBINA aHAJIOT
90 +~ 100 5 OTIMIHO
80 + 89 4 XOPOIIIO
60 +~79 3 YIOBJIETBOPUTEIHHO
MeHee 60 2 HE YZOBJIETBOPUTEIHHO
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