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1 BBEJAEHUE

BaxHyl0 yacTh TE€OpPETHYECKOH M Mpo(hecCHOHATBLHONW MPAKTHUYECKOW MOATOTOBKU OOYYarOIIUXCs
COCTABJISAIOT MPAKTUYECKUE 3aHATHS.

CocTtaB M coiepkaHUE IPAKTUUYECKUX 3aHATUHM HampaBiieHbl Ha peanusauuio DenepanbHOro
roCyJapCTBEHHOT0 00pa30BaTEIbHOIO CTaHAAPTA CPEAHEr0 NPOPECCHOHATBHOIO 00pa30BaHMSL.

Benymieid  qumakTU4ecKOM — IENbI0  MPAKTUYECKUX — 3aHATHH  sBisieTcs  (opMupoBaHue
Ipo(eCCHOHATBHBIX MPAKTUYECKUX YMEHHUH (YMEHMH BBINOJIHATH ONpE/eNeHHbIe NEHCTBUSA, ONepaluH,
HEOOXO/JMMBIE B TOCIEAYIOUEM B MPO(ECCHOHATBLHONW NEATENbHOCTH) MM Y4eOHBIX NPAKTUYECKUX
YMEHUH peliaTh 3a1a4u 110 MaTeMaTUKEe , HEOOXOAMMBIX B MOCJIEAYIOIIEN y4eOHOU e TeIbHOCTH.

B cootBercTBHM ¢ paboueil mporpamMMmoil yueOHOH AMCHUIUIMHBL «MareMaTHkay MperycMOTPEeHO
IIPOBE/ICHUE NPAKTHUECKUX 3aHATHH.

B pe3yinbrare X BBIIOJHEHMSI, 00Y4arOIUNCs JODKEH:
ymembp:
V¥ 2.1.10 aHanu3upoBaTh CIOXKHbIE QYHKIIMH U CTPOUTH UX TPAQUKH;
V 2.1.11 BRIMONHATE AEHUCTBUSA HAJlT KOMIICKCHBIMH YHCJIaMHU;
- ¥V 2.1.12 BbIYMCIATH 3HAYEHUSI TEOMETPUUECKUX BEIUUUH;
VY 2.1.13 npou3BoAUTH ONEpaIluy HaJl MATPULIAMU U OTIPEICTUTEISAMU;
VY 2.1.14 pemats 3a1a4¥ Ha BRIYMCIICHUE BEPOSITHOCTH C UCIIOIH30BAHUEM AJIEMEHTOB KOMOMHATOPUKHU;
- V¥V 2.1.15 pewmaTh NOPUKIAAHBIE 3aJauyd C MCIOJIB30BAaHUEM OHIIEMEHTOB JU(PHEPEeHINATBLHOIO U
MHTETrpaJIbHOI0 UCUHCIICHUI;
- ¥V 2.1.16 pematrb cucTeMbl TMHEHHBIX YPAaBHEHUHN PA3IMUYHBIMU METOAAMH;
- Y001.02 anamu3upoBaTh 3amady, BBIOMPATh W HCIOJIB30BaTh YMECTHBIE IU(POBBIE CPEICTBA,
HPUIOKEHHS i PECYPCHI [UIsl IOCTAHOBKU M PEILICHUS 33a4u\[IPOOIICMBL;
- Y001.03 pazgenarb KOMIUIEKCHBIE 3aJ]a41 Ha MOA3aa4H; OTCICKUBATH MPOIIECC UCTIOTHEHUS 3a/1a4,
C NMOMOIIBIO HU(POBBIX HHCTPYMEHTOB
- Y002.01 onpenensts 3aa4uu 1715 OUCKA HH(OPMALINK;
- Y0 02.07 opopmMiasTh pe3ynbTaThl HOUCKA C TOMOIIBIO HU(POBBIX HHCTPYMEHTOB.

ConeprkaHye MPaKTUYECKUX 3aHATHH OPHEHTUPOBAHO Ha IOJArOTOBKY OOYYaOIIMXCS K OCBOEHMIO
npo¢ecCHOHATIBHBIX MOJYJIEH MpOrpaMMbl MOJITOTOBKH CHELMAMCTOB CPEIHEro 3BEHA MO CIENUaIbHOCTH U
OBJIAZICHUIO NpogheccuonanbHoii Komnemenyuei:

IIK 2.1 YuacTBOBaTh B NPOEKTUPOBAHUH T'HAPABIMYECKUX U ITHEBMATHUYECKUX MPHUBOJIOB I10 331aHHBIM
YCIIOBHSIM U pa3padaThIBaTh NPUHIUITHAIBHBIE CXEMBI.

A Taxxke GOPMHUPOBAHUIO OOUIUX KOMNEM EHYUIL:

OK 01. Boibupats ciocoObl pemieHus 3aad nNpopecCHOHaIbHON AESITEIbHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 02. Ucnonb30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAIN3a M MHTEpIpEeTaluu HHOpMauu 1
MH(pOPMAaIMOHHbIE TEXHOJIOTUH JUIs BBIMOJIHEHUS 3a/1a4 TPO(eCCHOHATBHON AEATEIbHOCTU

BoinonHenue oOydaromuMucs NPAKTHUECKUX padboT mo ydeOHoM aucuumimHe «Maremaruka
HaIpPaBJICHO HA:

- 00o001IeHne, cucTeMaTr3aIuio, yriayoaeHne, 3aKperuieHne, pa3BUTHE U JCTATU3AINIO TIOTyYEeHHBIX
TEOPETUYECKHX 3HAHUN N0 KOHKPETHBIM TeMaM y4eOHOW AMCHIUIUINHBL;

- (hopmupoBaHNEe yMEHHI NMPUMEHATH MOITYYECHHbIE 3HAHHUS Ha MPAKTHKE, pealn3allii0 €IUHCTBA
MHTEJJIEKTYAJIbHOM U TPAKTUYECKON AESITEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHHI: HaOII0/laTh, CPaBHMUBATH, CONOCTABIATH, AHAIU3UPOBATH,
JIe7IaTh BBIBOJIBI M 0000IICHNS;

- BBIpaOOTKY MpHU PElIEHUH MOCTaBICHHBIX 33/1a4 NPOo(EeCCHOHATBHO 3HAYUMBIX KaYeCTB, TAKHX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKASI HHUIMATHBA.

[IpakTyeckue 3aHATHS MPOBOJSATCS MOCIE COOTBETCTBYIOLIEH TEMBbI, KOTOpasi 0OecrieuBaeT HaIMUUe
3HAHUN, HEOOXOTUMBIX JUTS €€ BBIIOJHEHHS



2METOAUYECKUE YKA3AHUSA

Tema 1 KomniekcHble YHcIa
IpakTuyeckoe 3ansaTue Ne 1

JeiicTBUS HaJl KOMILIEKCHBIMH YHUCJIAMU B ajiredpandeckoii gopme

Hesan: HayunuThcs BBITOTHATH NEHCTBHS Ha/l KOMIUICKCHBIMU YHCIIaAMH, 3alTUCAHHBIMU B aJIreOpandecKoi
dbopwme.

Beinosnus patdory, Bel Oyaere:

ymemb:

- 3aMKCBIBATh KOMILJICKCHBIE YHCTIa B anredpanyeckoit hopme;

- BBINOJIHATH JACHCTBUS HaJl KOMIUIEKCHBIMU YHCJIaMU B ajaredpanydeckoit popme.

MarepuajibHoe odecnedeHHne: HHINBUIYAIbHbBIC 3a1aHHS, KOHCIICKThI JICKIIUH.
3aganue:
1. Jlausr komiutekcHble uncna: z1= (7;1), 2,=(-1,5;1,5), z3=(4;-3).
3anucaTh 3TH 4Kciia B ajdredpandeckoit popme.
2. BpIUHCIUTE:

1) z,+zs
2) z;—zy

=
3) =
) o
4) z,-zy

5
5 zy;

143i , 4-5i .g
3. Beramcnuts: 2 T lra

ITopsinok BbINOJIHEHUs padoOThI:
1. 3anumuTe KOMIIEKCHBIE YUCIIa B alredpanyeckoit popme z = a + bi

2. BeimonHuTEe AEHCTBUS HAJ KOMIUIEKCHBIMH YHCIaMHU B alnreOpandeckoil gopme, MCHONb3ys
bopMmybL:

2+ 2 = (o +ag) + (by + by)i;
2 — 5= {:ﬂl - ﬂ:} + {'[Jl —:[J:}I-;

zy- 53 = (ayap — byby) + (ayby + ey by )i

Xon paborhr:
1. Jlausr komrutekcHble uncna: z1= (7;1), 2,=(-1,5;1,5), zz=(4;-3).
3anucaTh 3TH YKclia B adredpandeckoit popme.

Pemenue: T.k. anreOpanueckast popma KOMIUIEKCHOTO YHCIa UMEET BUJ: £ = a + bi, TO yucia B
anreOpandeckoit popme OyAyT 3anucaHbl B BUJE:

5y =74+8 2 =-105+ 150 =z3 =431

2. Bpruuciaurs:



7+ 2, =(7-15) + (1 +1.5)i =55 + 2.5,

3 —z3 = (=15 —4) + (L5 + 3)i = 5.5 + 4.5;
5 T (THDH3D 184+4i+1Li4+31°  18425-3 15415
=y 4-30 [4-304+3D 16-3°  18+4% 15
zpoz3 = (1,54 1504 —3i) = -6 + 45 + 6i — 45 = -6+ 105+ 45 = —1,5+ 10.5;
=T+ =(F+0)*0T+) =080 +14i + #)*(F+ 1) = (48 + 140)*(7 + i) = (2304 + 13441 +
1962 )(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344i)(7 + i) = 13412 + 11516i .

1431 4-51

=1+1

3. BbUHUCIUTE: +——if
1-3 1431
Pemenue:
S R R
-3 1431
1) 430 _ (i43i)=i-d) _ -!-3-’3!3-;! _ i _ _;
-3 [I=3)(=1—-3) 1745 10
2) 4-51 _ (4-51371-31) _ 4—1!!—5!-}-15!3 _ -11-171 — 11— 17
1431 (14310971-315 1-51° 10
3) EF=(E)r=0-14*=1
4) —i—-11-17i-1=-21-27i

®opma npeacTaBaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kputepun onenkmn:

— «OTanuHoO» -  yMmMeHHsl c(OpMHpOBaHBI, BCE 3a/JaHUs BBINOJIHEHBI TMPaBUIBHO, 0e3
apudmeTnyeckux ommoOOK, pemieHrne opopMIIEHO aKKypaTHO, ¢ HEOOXOUMBIMU 00OCHOBAHHUSMU.
— «Xopouio» - HEKOTOpble YMEHHS C(OPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHEHBI, HEKOTOPHIC BUJBI 33JJaHUI BBHIMOJHEHBI ¢ ommnOkaMu. bezomm6oyno BeimonHeHo 80-89 %
BCEX 3aJJaHUM.

- «Y IOBNIETBOPHUTEIILHO» - HEOOXOIHUMBIE yMEHUS B OCHOBHOM C(hOpPMHpPOBAHBI,
OOJBIIMHCTBO  3aJlaHUH BBIITOJIHEHO, HEKOTOPBIC W3 BBHITIOJHEHHBIX 3aJIaHUN COJEpIKAT OIIHOKH.
Bbe3ommb6ouno BeimonHeHO 70-79 % Bcex 3agaHum.

- «HeynoBiIeTBOPUTENHEHO» - TEOPETUUECKOE COIEPIKAHUE Kypca HE OCBOECHO, HEOOXOAMMbIE

yMEHUs He CPOPMHUPOBAHBI, BHIIIOJIHEHHBIE yUeOHbBIE 3a/laHus COJlepKaT rpyoObie omnoku. be3zommbouno
BEIMOTHEHO MeHee 70% BcexX 3amaHui.

Tema 1 KoMmjiekCHbI€ YHCJIA
IIpakTnyeckoe 3ansaTne Ne 2

JeiicTBUSA HaJl KOMILUIEKCHBIMHU YHCJIaMH B TPUTOHOMETpHYecKoi (popme

Henb: HayunTecs BBINOJIHATH AEMCTBUS HAJ KOMIIJIEKCHBIMHM YHCIAMU B TPUTOHOMETPUYECKOMN
dbopwme.

Beinosnus patdory, Bel Oyaere:

ymemb:

- 3aMKCBIBATh KOMITJIEKCHBIE YKCIIa B TPUTOHOMETpHUYECKON (opMme;

- BBINIOJIHATH ACHCTBUS B TPUTOHOMETPHUECKOH (opMe;

- IEPEXOJUTh OT OJTHON (POPMBI KOMITJIEKCHBIX YHCEI K ApYyroi ¢opme.

MaTtepuajibHOe o0ecniedeHue: HHIUBUIyaIbHbIC 3a/1aHUs, KOHCTICKTHI JICKITUH.
3ananue:
1. [ansl komiuiekcHbie uncna: z1=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucaTh 3TH YKMClia B TPUTOHOMETPHUYECKON (hopMme.
6



Zy —
2. Beruncnure: 2, - 24, = 2%, 4/25 .
2 3 =z 11 V=2

3. BrImonHUTE NEWCTBUS U 3alUIIUTE PE3yIbTaT B alredbpanyecko popme:

5r Sr. L 247c0s 75" +izin 7513
a) (3 {cﬂsTT+ isin :T]] b)—+

0 i
A(ees 30" iz 307y

KpaTRne TECOPETHYCCKUEC CBCACHUS .

TpHFOHOMeTpH‘leCKOfI (bOpMOﬁ KOMIIJICKCHBIX YHCCJI HAa3bIBACTCA 3aIIUCh UX B BUJIC:

z = r(cosp +1i- sing).

HpI/I BBITTIOJTHCHHUH ,Z[CﬁCTBHfI Haa KOMIIIICKCHBIMHM 4YHUCJIaMH B TpHI‘OHOMCTpH‘ICCKOﬁ

HCIIONB3YIOTCS CAeAYOIMHKE POPMYIIBL:
Z "2 =1 -r:{cus{@l + cp:}-l— :'s:'n{@l + cp:}]
z r
= : {cns{@l —:p:}-l-:'s:'n(@l —cp::}]

r*(cosng + isin ng)

o m
"

=

Z[J'ISI HU3BJICUCHHA KOPHA N-¥ CTENIEHU U3 KOMIIIEKCHOI'O YHCla B TpHFOHOMeTquCCKOﬁ (I)OpMC

z = r(cos¢ + 1 - sing) ucnone3yercs Gpopmyna :

+2mi +2nk o
+ isin =, re 2r - apudmMeTnyeckuii kopenb, k=0, 1, 2, ..., n-1.

u R

ni ¥
wp = Vr-(cos

Aneopumm nepexooa om ancedpauieckou Gopmuvl K mpuecoOHOMempuieckou:

[TycTh KOMIUIEKCHOE YHCIIO 33J]aHO B alreOpandeckoii popme z = a + bi.

1) Monyns r =|z| omHO3HAYHO ompenaensieTcs mo popmyine r = va® + b=,
a . b

2) AprymeHTt ¢ onpenensercs u3 GopMmys1 CoOSp =—, Sing=—.
r r

3HaueHUs APTryYMCHTAa KOMILJICKCHOI'O YU CJIa MOKHO HaXOJAUTh U TaK:

dbopme

e Ormpenenuth, B KaKOM YETBEPTH HAXOJUTCA BEKTOpP (MCIONB30BATh TI'E€OMETPUUECKYIO

MHTEpIpETaLNIO Yicia) z = a + bi
e PemuB ypaBHEHHE tgg = E, MI0JIy4aeM, 4To
b .
argz = @ = arctg - JUIA BHYTPEHHUX TOYeK 1 u 4 yeTBepTeN,

b
argz = ¢ = arctg -+ m JUI1 BHYTPEHHUX TOYEK 2 YETBEPTH,

b
argz = @ = arctg ——w U1 BHYyTpCHHHUX TOYCK 3 YCTBCPTH.

Ecnu Touka z nmexut Ha TEMCTBUTEIBHOW MJIM MHUMOW OCH, TO arg Z MOKHO HaWTH HEMOCPEICTBEHHO.

3) Haiigs MOAYJIb U apryMCHT KOMIUICKCHOI'O YHUCJId, €TO MOYKHO 3alliCaTh B TpHFOHOMCTpH‘-ICCKOﬁ

WJTU TIOKA3aTeNbHON hopMe = = r(cosg +ising) WIH z = re'?,

IHopsaoK BbINIOJIHEHHS PA0OTHI:



l.3anummure 3a7aHHble 4YHCIa B TPUTOHOMETPUYECKOW (Qopme, UCIONb3ysl afOPUTM Mepexoia K
TPUTOHOMETPUUECKOH (hopme.

2.BrImosiHnTe HEOOXOAUMBIE JIEHCTBUSL.
Xon padoThr:
Janbl komiutekcHsle uncia: z;=(7;1), z,=(-1,5;1,5), z3=(4;-3).
1. 3anmcarp yncna 73, Z;u Z3 B TPUTOHOMETPUIECKON (hopMme.
Pemenne:
l) ) = 7 +i
|zl| =440+ 1 = \-"ﬁ= 5\-‘5,
Uucito HaxoIUTCS B MIEPBON YETBEPTH, 3HAUUT
@ = nrctgj—_' = arctg0.,1429,
z; =7 +4i= 5V2(cos 8°8 + isin8°8).
2) z;=-15+1,5i
lz] =/ (-L5) + 15" =4/225 + 225 = {35 22,1
Yucno HaXOAUTCS BO BTOPOM YETBEPTHU, 3HAUUT ¢ = arctg E +tr=arctg(-D+n=-"4m=",
3 =—154+15i= 2.1(.:.35":"+ isin :T]

3) z3=4-3i

| =9 +16 =+/25 = 5.

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

z3 = 4 — 3f = 5(cos(—36°52 + isin(—36°52).

2. Beruucnure:
1) z;  z3;
2) =,
3) =i;
4) \z:,
Pemenne:

Z, 02, =2,1-5 {cus{135= — 36°52 ) + isin (135° — aﬁ=52'}) = 10,5(cos 98°8 + isin 98°8);

5 E+/2

(cns(esa' —(-36°52) ) + isin (38 + 35=52'}) = 2(cos 45° + isind5°);

25 = (5v2) (cos5 - 8°8' + isin5 - 8°8') = 125004/2(cos40°40' + isind0°40');

Bocnonwsiyemcs popmynoii:

@+ 27K

. 2
K= Q/F(cos— +isin p+27K
n

n

)

B namem mpumepe n=2.



342 135°4+360°-0 135%4360°0 —_— ) )
@ = |5 (cos =25 4 isin =) = Y2 T (cos 6730 + isin 67°30);

342 135°+360°-1 135°+360°-1 — ] ]
w = 7 (cus+—+:'s:'n+—) = \Z.1(cos 247°30' + isin 247°30')

s sr. 8 5 bm bm Em bm ¥Z )
2 (cos—+isin—)) =2 — 6+isin— 6] = —+tisin— | =64|—-——i—) =
(2 {cis:_}+ s_n‘ ) (cus:_} 6+ sin - 6) 6‘1-(@5 T + isin _}) 64( )

el il
24(coeTh +isin Th)
o T o
3jees 15 iz 157y

4 »..-"§:'

24 . . - 1 E)
= = (cos(75° = 15%) + isin(75° - 15) = 8(cos60° + isin60?) =8 (s + 1 %) =4+

@®opMma npeacTaBlieHUs pe3yJbTaTa: BHIIOIHEHHAs paboTa.

Kpurepun oneHku:

—  «OtmmyHO» -  yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBITOJHEHBI MPABWIBHO, 0€3
apudmeTnyecKkux ommoOK, pernreHne opopMIICHO aKKypaTHO, ¢ HEOOXOJUMBIMUA 000CHOBAHHUSIMH.
—  «Xopomio» - HEKOTOpble yMEHHUS CPOPMHUPOBAHBI HEAOCTATOYHO, BCE 3aJaHHS

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOkaMu. be3zommboyno BeimosHeHo 80-89 %
BceX 3aIaHUH.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO  3aJaHUi BBIIOJIHEHO, HEKOTOPBIC M3 BBINOJHCHHBIX 3aJaHUM COJCpIKAT OIIMOKH.
be3zomm6ouno BemonHeHO 70-79 % BCcex 3aaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COAECPKAHKE Kypca HE OCBOEHO, HEOOXOIUMBIE
yMeHHUs He c(hOpMHPOBaHBI, BHITIOTHEHHBIE yUeOHbBIE 3aJaHus coJiepKaT Tpyosie ommobku. be3ommnbouHo
BbITOIHEHO MeHee 70% Bcex 3aIaHui.

Tema 2 JInneitnas aaredpa
IIpakTuyeckoe 3ansaTue Ne3
HdeiicTBus ¢ MAaTpULIAMH
Hean padotrbl: HayunThcsi BHIMONHATH AEUCTBUS HAJ MAaTPULIAMH.

Beinosnus patdory, Bel Oyaere:
yMmemb: - BBIIIOJIHATH OIIEpalliy HaJl MaTPULIAMU;
- HaXOJIUTh OOPAaTHYIO MaTpHILy.

MartepuanbHoe odecniedeHue: HHIUBUIYalIbHbIE 3aaHUs], YYCOHUKHU, KOHCIIEKTHI JIEKIIUH.

3aganme:
y e _ (-2 3. ,_(5 -1
1. Haiitu matpuny € = A° + 3AB, rae 4 = ( 1 _1). B = ('L 3 )
-2 1
2. BBISCHNTB, ABISETCS MATpUIa A~ = ( g __z) 00paTHOM K MaTpuiie A = {g g)

! E)



-3 2 -3 1 0 =5

3. Hanpt Matpunp: A=| 1 5 —-2|u B=|3 —4 1 |. Haiinure: A+B; 2A; AB; BA.
2 4 -1 o -2 2

KpaTkue TeopeTnyeckue cCBeIeHUS:

Martpuueli Ha3bIBaeTCs PAMOYTOJIbHAs TaOIMLA Yicesl. MaTpuiia 3al1CbIBAETCs B BUAE:

Gy @z HBpp
A=Ay @ O |

Omi %mzo. B

JelicTBus Hal MaTpUIIAMU:

1.Cnoxenue.

Onepamm CJHIOKCHUS BBOAUTCA TOJIBKO IJIsI MaTpULl OJJMHAKOBBLIX pasMECpPOB. HpI/I CJIIOKCHHH
MaTpul UX COOTBETCTBYIOIIUEC 3JIEMEHTHI CKIAAbIBAOTCA.

ay +by e Fhp At by
A+B=C=|a; +by a;+by - axymtby
Omy + By Omz e Omn + Bmn

2.YMHOXEHHE Ha YHUCIIO.

HpI/I YMHOXCHUHU MATPHUILIBI HA YUCIIO Ka)K,I[LIfI €C 3JICMCHT YMHOKACTCA Ha 3TO YHUCJIO.
kay  kap- kag

kA = (kﬂ:L k@zy = K@z )
|l;‘-“i'r.J. kﬂﬂ;: kﬂﬂ;i’!

3. YMHOXEHUE MaTpun.

Onepanys yMHOXKEHHSI MATPHUL] BBOJUTCS TOJBKO JUIS ClIydasi, KOTJa YMUCIIO CTOJIOIOB MEPBOM
MaTpHIbl PABHO YUCIIY CTPOK BTOPOH.

YroObl HAUTH DIIEMEHT MATPHIIbI, CTOSIIUIA B I-TOW CTPOKE B K-TOM CTOJIOIIE, HY’)KHO BBIYHCIIUTH
CYMMY TIPOU3BEICHUIT JIEMEHTOB I-TOW CTPOKH MEPBOI MATPHUIIBI HA COOTBETCTBYIOIINE HIEMEHTHI K-
TOro CTOJOIA BTOPOH.

ITopsinok BbIMOJHEHHS Pa0OTHI:

1. 3amwmmmre 3amanue.

2. OHpe,[[eJ'II/ITe, KaKue HeﬁCTBHH, U TI0 KaKuM IIpaBUJIaM HGO6XO)II/IMO BBITTOJITHUTBD. HpO‘IHT&I’ITG
KOHCIICKT.

3. Bemonnure neiictus. [IpoBeppTe NpaBUILHOCTH BBIYUCIECHUH.

Xox pa0doThI:

1.Haifti matpuiy € = A* + 3AE, eciin
_ (-2 3y ,_{5 -1
A_(-L _'L)'B_(]_ 3)
a) Haiizem A®, yMHOXast MAaTpHILy caMy Ha cest
2 _ (-2 3\ (-2 3\_(7 -9
A _(1 —1) (1 —1) _(—3 4)
0) Haiinem matpuily 34, yMHOXKHB BCE JIEMEHTBI MaTpUIlbl A Ha 3.
_af—2 3y_{-6 9
3‘4_3(1 —1)_(3 —3)

B) Haiinem npousseneuue 3AB
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_ (=6 9%y (5 —1y_ (=21 33
34B _( 3 —3) (1 3 )_ ( 12 —12)
r) Haitnem matpunty C, ckiiaapiBasi COOTBETCTBYIOIINE 3JIEMEHTHI
{7 -0 —31 33y _ (-14 24
':_(—3 4)+{12 —12:'_( 9 —a)
2.Haiinem npousBeneHue A - A~ u At-a
._L_za(—_El__'Ln_
aa=(2 7 : -;]‘(n V) =E.
-2 1%r2 3 10
R RIE - = E.
anea ({ —j)(s ﬁ) (n 1) E
B cooTBeTcTBUHM ¢ ompeiesIeHuEM JaHHBIC MATPHUIIBI SBJISIOTCS B3aUMOOOPATHBIMH.
-3 2 -3 1 0 —5
3. danpr Matpyune: A=| 1 5 —-2|uB=|3 —4 1 |
2 4 -1 0o -2 2
Hatigure: A+B; 2A; AB; BA.

-3 2 -3 1 0 -5 -2 2 -8
A+H=(1 5 —2)+(3 —4 1)=(4 1 —1);
2 4 -1 0 -2 2 2 2 1
-3 2 -3\, /1 0 -5 3 -2 11
C=A-B=(1 5 —z)-(a —4 1)= 16 —16 —4);
2 4 -1/ o -2 2 14 —-14 -8
c,y =—3-142-34+(-3)-0=3;
€p=—3-0+2-(—4)+(-3)-(—-2) =-2;
€3 =—-3-(-5)+2-1+4+(-3)-2=11;
€y =1°14+5-34(—-2)-0=16;
Cpp =1-0+45-(—4)+ (=2)- (-2) = —16;
Cog =1-(=5)+5-14(—-2)-2=—4;
€3y =2-1+4-34+(—1)-0=14;
€, =204 4-(—4)+ (1) - (—2)= —14;
€33 =2-(—-5)+4-14+(-1)-2=-8.
1 0 -5, /-3 2 -3 -13 -18 2
B-A=(3 —4 1)-(1 5 —2)=(—11 —-10 —2).
0 -2 2 2 4 -1 2 -2 2

®opma npeaocTaBiieHUs pe3yJbTAaTa: BhINOJIHEHHas padoTa.

Kpurepum ounenku:
— «OTIUYHOY -

- «Xopowmo» -

yMeHHsT Cc(HOpPMHUpOBAHBI, BCE 3a/laHWs BBIMOJIHEHBI TMPaBUIBHO, 0e3
apupMeTHYECKUX OMMOOK, pemeHrne 0hOpPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.

HCKOTOPLIC YMCHHA C(I)OpMI/IpOB AaHbI

HEOAOCTATO4YHO, BCC 3aldaHusA

BBIITOJIHCHBI, HCKOTOPBIC BHU/IbI 3aJlaHU# BBHIIOJHEHBI C omnoOkamu. be3omubouno BeimonaHeHo 80-89 %

BCEX 3aIaHUN.

- «Y,Z[OBJ'ICTBOPI/ITCHBHO»

OOJIBIIMHCTBO

HeO6XO,Z[I/IMLIe YMCHHA
3aJIaHuMN BBIIIOJIHCHO, HCKOTOPBLIC U3 BBIIIOJIHCHHBIX 3aJlaHui CoJACpKaT OIIIMOKH.

Be3ommnbouno BeInToHEHO 70-79 % Beex 3agaHuUil.

11
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—  «HeynoBneTBOpHUTENBbHOY - TEOPETUUECKOE COAEPIKaHUE Kypca HE OCBOEHO, HEOOXOAMMBbIe
yYMEHUs He cpOpPMUPOBaHBI, BHIIOJIHEHHBIE YUeOHBIC 3aaHusl coaepxar rpyosie omuodku. besommbouno
BEIMOTHEHO MeHee 70% BceX 3amaHui.

Tema 2 JIuneiinas aaredopa
IIpakTuyeckoe 3ansaTue Ne4
Borunciienue onpenenuresei
Hean padoThl: HAYYUTHCS BHIYUCIIATH ONMPEACIUTENN BTOPOTO U TPETHETO MOPSIIKOB.

Boinosinus pa6ory, Bel Oynere:
ymemp: - BBIYUCIATH ONPEACIUTENIN BTOPOrO MOPSAIKA;
- BBIYUCIIATH ONPEIEIUTENN TPETHErO MOPSIAKA;
- BBIYUCIIATH ONPEAEIUTENIN YETBEPTOrO MOPSIKA.
MartepuanbHoe obecrniedeHne: WHIUBUIYAIbHBIC 3a/IaHUsI, YU€OHUKH, KOHCTIEKTHI JICKITUH.
3ananue:

Brruuciuts onpenenurenu:

3 3 3 10 2 1 3 > 78

-3 5 22T e 1 7 0 1
Sl P e ) R R LR
) I 1 -1 7 4

KpaTKue TCOPETHYECCKUEC CBCACHUSA

OmnpenenureneM KBaApaTHON MaTPHUIIBI BTOPOTO MOPsiIKa (OMpeaeIuTeIeM BTOPOro MOPsIKa)
Ha3bIBACTCS UUCIIO, PABHOE PA3HOCTH MPOU3BEIACHUH 2JIEMEHTOB IIABHOW IMAaroHAJIA U 3JIEMEHTOB
TOOOYHOU JUaroHaiu.

:ﬂl'bg—ﬂ:'bl

OnpenenHTeneM KBaZ[paTHOﬁ MaTpulbl TPETHET'O TOPAAKA (onpenenHTeneM TPETHETO HOprI[Ka)
Ha3bIBACTCA YUCII0, PaABHOC

oy @2 A43

o a Arg| = o a [la - . — - ay — gy — a [l

: 22 Bl =apapaz +apapay ey a3;0;3 — 813003 — 83071833 — G3303301)
031 @32 3

OnpenenureneM KBaApaTHOW MaTPUIBI N-T0 TOPSAKA HA3bIBAETCS YUCII0, PABHOE CyMME MPOU3BEICHHI
AJIEMEHTOB JIF000# CTPOKH MK CTOJIOLA HA UX alreOpandyeckue JOTOTHEHHUS.

Ay @ Tz s

- ey T2z Caog
A= |2t 22 - N=a,d4 tasdL Fad FaLd
114111 124112 134113 14414

flgy gz 3z Ozg

flg) gy gy Ogg

A iEf

Ay =(—1)"M,; .
12



MHHOPOM HEKOTOPOTO SNEMEHTA @, ; ONPEAENUTENS N-TO MOPAIKA HA3bIBAETCS onmpenenurens — (N-1)-ro
MOpPSIKA, TOJTYYSHHBIH U3 UCXOIHOTO OTIPEIEIUTEINS TyTeM BBIYEPKUBAHUS CTPOKU U CTONIOLIA, HA
NepeceueHNH KOTOPBIX HaXOAUTCS BHIOPAHHBIH 3I€MEHT.

HOpﬂ)j[OK BbIIIOJTHCHHU A paﬁoTLl:

1 3anumwure onpeaenuTeb, OMPEALIUTE KAKOT0 OH MOpsIKa.

2 MHcnonw3yst COOTBETCTBYIOIIEE ONMPECICHIE, BBIYUCIUTE 3HAUYCHUE ONPEISTUTEIIA.
Xox padoThI:

Berancnouts OIpCACIINTCIIN:

2 - )

1) |‘ 4|=2-ﬁ—3-{_—4}=12+12=24

3 6

5 -2 1

301 —4
0 -3

2) =5-1-(-3)+(-2)-(-4)-6+3-0-1-

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

=48-39=90
4 0 3 _ _ _
3 |-6 2 -7|=4-2-2+0-(-7)-1+(-6)-(-3)-5-
1 -3 2
-5-2-1-(-6)-0-2-(-3)-(-7) =16 + 04+ 90 - 10 — 0 — 84 = 12
_31 ? 3 ? 7 0 1 5 7 B
0 5 3 2 =34, +(—1)A,, +04;, +1A,,=3-|5 3 2(+1-|5 3 2|+
1 —1 7 4 -1 7 4 -1 7 4
5 7 8 5 7 8
0-17 0 1|1—1-|7 0 1|=122
4) -1 7 4 5 3 2
®opma npeacTaBJieHus pe3yJbTaTa: BHIOTHEHHAs paboTa.
Kputepun onenkn:
- «OTan4HO» -  yMeHMsl c(OpMHMpOBaHBI, BCE€ 3a/JaHUs BBINOJIHEHbI INPaBUIbHO, 0€3
aprupMETHYECKHUX OMMUOOK, pelreHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 0O0OCHOBAHHUSIMH.
- «Xopomio» - HEKOTOpble YMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIC BHJIBI 33JJaHHI BBIMOIHEHHI ¢ omuOKkamMu. bezommbouno BeimonaHeHo 80-89 %
BCEX 3aJaHUN.
— «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,

OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJTHEHHBIX 3aJaHUl COAEpkKaT OIIHUOKH.
Be3ommnbouno BeIToHEHO 70-79 % Beex 3agaHuil.

- «Hey,ZLOBJ'IeTBOpI/ITeHLHO)) - TCOPECTHYCCKOC COACPKaHNUEC KypCa HEC OCBOCHO, HCO6XOZ[I/IMLIC

yMEHHUS He c(hOpMHPOBaAHBI, BHITIOTHEHHBIE yUeOHBIE 3aJaHus CoJiepKaT Tpyosie ommobku. be3ommnbouHo
BhITOIHEHO MeHee 70% Bcex 3aIaHnid.
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Tema 2 JInneiinas anreodpa
IIpakTuyeckoe 3ansiTue NeS
Pemenne cucrem nHeiiHbIX ypaBHeHnii Merogom Kpamepa.
Llesib padoThI: HAYYNUTHCS pelIaTh CUCTEMbI JMHEWHBIX YpaBHEHUH, UCTIONB3Ys Gopmyisl Kpamepa.

Boinoinus padorty, Bl Oynere:
ymemp:
- pelaTh CUCTEMBI JIBYX JIMHEMHBIX YPAaBHEHUM C IBYMs1 HEU3BECTHbIMU MeTo10M Kpamepa;
- pemaTh CUCTEMBI TPEX JINHEUHBIX YPAaBHEHUU C TpEMsI HEU3BECTHbIMH MeToJ0oM Kpamepa;
MarepuajbHoe o0ecnieyeHue:

WuauBuayanbHble 3a0aHus , yYEOHUKHU, KOHCIIEKTHI JIEKLIHUH.
3ananue:

Pemnte cucTeMbl IMHEMHBIX YPAaBHEHH:

3X+3y—-5z2=-2
3x-5y =11 ) Iy 97 =3

+y+2z=
2x+3y =20 y

2X—y+7z2=27

Kparkue TeopeTnueckue cBeeHHA:

. . apx +apx =k
ITycTh maHa cucTeMa JBYX JMHEHHBIX YPABHEHUH C IBYMs HEM3BECTHBIMU: s + Gy = b
1% +agpx; = by

CocraBuM ompeAenuTens U3 K03 PUIIMEHTOB TPH HEM3BECTHBIX. JTOT ONMPEACIUTETh HA3bIBACTCSA

Gy Gy

OIIPEACIIUTECIICM CUCTCMBbI: A= |ﬂ a |
zL zz

COCTaBI/IM OIIPECACIINTECIIN Ka)KHOﬁ HEU3BECTHOMN. Ol'[peI[eHI/ITeJ'IL :':'11 MMOJIy4acTCsd U3 OIPECACTIUTCIIA A&

b @1
ITyTeM 3aMeHbI IEPBOT0 CTOIONA KOA(DDUIMEHTOB CTONOIOM U3 CBOOOIHBIX WICHOB. A= | = =

IJ: e ]

"
b

Omnpenenurens 4; MoMydaeTcst U3 OMpPENeTUTeNs 4 MyTeM 3aMeHbI BTOPOTo cTo1011a K03 hHUIIMEHTOB
CTOJIOLIOM M3 CBOOOIHBIX YJICHOB.

a;, By

a= O Bs

O11 %) + @1a%; + 613 X3
[TycTh nana cucrteMa Tpex JUHEUHBIX YPABHEHHUH C TPEMSI HEU3BECTHBIMU: {871 %) + Gz2%; + f73 %3
831 %) + G32%; + A33 X3

Il
oo o
P

a3

COCTaBI/IM OIPEACIIUTECIIb U3 KOE)(I)(I)I/II_II/ICHTOB IMpU HCU3BCCTHBIX. 9TOT OIpPCACINTCIIb HA3bIBACTCA
Gyp  Hpz Oz

OIIPEACIIUTEIIEM CUCTEMBI: A= |fz; G2z Ozg

figy Ggz O3z
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CocTaBUM ONpENENUTENN KaX a0l Hen3BeCTHOW. OnpeaenuTens Ay moaydaeTcs u3 onpenenurens 4
MyTeM 3aMEHBI TIEPBOTO CTOJIOIA KOA(D(DUIIMEHTOB CTOIOIOM 13 CBOOOIHBIX WICHOB.
by @& a3
,.':I,l = IJ: I
b

el

(]
Ba
[
g

o o

[
ba
[
3

3

Omnpenenurens 4; MOIydaeTcss U3 OMPEICIUTENS A MyTeM 3aMEHbI BTOPOTO CTOJIONA K03 PHUIIMEHTOB
CTOIOLIOM M3 CBOOOIHBIX YJICHOB.

gy by a3
Ay=lay by ax
gy by a3

Onpenenurens 4; MOJIydaeTCs U3 ONPEACIUTENs A MyTeM 3aMEHbI TPEThEro ¢ToyI0a KO3 PUITUCHTOB
CTOIOLIOM M3 CBOOOIHBIX YJICHOB.

A . Ay, Ay
=2,

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. 3anumuTe cucTeMy ypaBHEHHH.
2.3anuunTe U BBIYUCINATE ONPEIETUTENDb CUCTEMBI.
3.BrruncnauTe onpeaenuTeNn Kax101M HEU3BECTHOM.

4.Haiinute 3HaueHMsI HEU3BECTHBIX, UCTIONB3Ys (popmyiel Kpamepa.

Xoa padoThi:
Paccmotpum npumep:

Pemmnts cucremy ypaBHEHUN:

.r1-|—2_rg—3.r3 =0
2x1—_rg+=1-.r3 :5:
3.1'1+.1':—.1'3 :5

1 2 -3 1 2 -3
.q=(2 -1 4); AA=2 -1 4|=10=0D
3 1 -1 3 1 -1

Brruncium onpenenuTeny KaxI0M nepeMeHHOM:

o 2 -3
A=15 -1 4|=0-15+40-15+10-0=20
5 -
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1 0 -3
Ar=1f2 5 4|=-5-304+0+45-0-20=-10
3 5 -1
1 2 0
A;=1{2 -1 5/=-5+0+30-0-20-5=0
3 1 5
A 20 As -10 Ay 0
xl=—1=—"=2;xz=—'= "=—'J_;_r3=—=—"=[|
A 17 A 17 A 17

Otser: (2;-1;0).
dopma npeacTaBiIeHus pe3yJbTaTa: BHIIOJHCHHAS paboTa.

Kpurepun onenkmn:

- «OTanuHo» -  yMmMeHHsl c(OpMHpOBaHBI, BCE 3a/laHUs BBIMOJIHEHBI MPaBUWIbHO, 0€3
apudmeTnyeckux ommoOOK, peleHrne opopMIIEHO aKKypaTHO, ¢ HEOOXOJUMBIMU O0OCHOBAHHUSMHU.
— «Xopouio» - HEKOTOpble YMEHHS C(OPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITTOJIHEHBI, HEKOTOPBIC BUJBI 33JJaHUI BBHIMOJHEHBI ¢ omuOkaMu. bezomm6ouyno BeimonHeHo 80-89 %
BceX 3aJlaHUH.

— «Y IOBJIETBOPUTEIILHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(OpPMHPOBAHEI,
OOJNIBIIMHCTBO ~ 33/IaHUI BBIMOJIHEHO, HEKOTOPBIE W3 BBHIMOJIHEHHBIX 33aJaHUN COAEP)KAT OIIMOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

— «HeynoBneTBOpUTEIbHO» - TEOPETUUECKOE COIEPKAHUE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMEHUs HE CPOPMHUPOBAHBI, BHIIIOJHEHHBIE YUeOHbBIE 3a/1aHus COZlepKaT IrpyOble omnoku. be3zommbouno
BeIMOIHEHO MeHee 70% BceX 3amaHui.

Tema 2 JInneitnas aaredpa
IIpakTnueckoe 3ansaTne Ne6
Pemenue cucrem JMHEHHBIX YPABHEHUH MATPUYHBIM METOA0M
Lean padorbl: HayunTthes perars cucTeMbl TMHEHHBIX YpaBHEHU C TOMOILBIO OOPAaTHON MaTpUIIbL.

Bobimosinus padory, Bel Oyznere:

ymemp:

-HaXO/IUTh OOPATHYIO MATPHUILY;

- pelaTh CUCTEMY JIMHEMHBIX YPaBHEHUI MaTpUYHBIM CLIOCOOOM.

MarepuanbHoe obecnieuenue: HauBuyanbHble 3aJaHNs], YI€OHUKN, KOHCIIEKTHI JEKIHI.

3aganme:

Pemnts cucreMy JIMHEMHBIX YPaBHEHUIA:

2.1'1 — 3_]:: = _7 Exl — 3_1’: + ‘1‘.1'3 11

1) {ﬁxl +2x; = 12 2)1 x +2x— 3%, =9
L —3x) — 4wy + 33 = —25

Kparkue Teopernyeckue cBeeHH:
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Ay Xy Fagpx; o +ag,x, =b

. o ) Oy X, F QX+ A, X, = b,y

[lyctpb 3aana cucreMa TMHEMHBIX ypaBHEHUM:4 =171 T axnXy ot ayx, 2

Q1 Xy + QpzXa +--+ QpmXn = bn

by

@yy Gy - Gyy b

CocraBum marpuuHoe ypaBHeHue: AX =B, rne 4 =| Az Qa3 v gy [} B = i
nl “*nl.. “nn

bi‘!
1
X3

X =

x

YroObl HAlTH HeU3BeCTHYIO MaTpuiy X, HyxkHo A1 - B

YToObl BEIUMCINUTE OOPATHYIO MAaTPHILY, HY>KHO:

a) BBIYUCIHTH OPe/IenTeb MaTpulpl A (AA =+ 0);

0) HaliTH anredpanyecKue JOMOTHEHNUS U KaXK/I0T0 SJIEMEHTa MaTPHUIIBl A ¥ COCTaBHUTh M3 HUX
COIO3HYIO MaTpuiry A'.

All Ail Anl
¥ o T Alﬂ Jqﬂﬂ ...Jq”q
B) TPAHCIIOHMPOBATh MAaTpHIly A" U3 anreOpandecKux JOMOJTHCHUH A* = S 20
Aln }12?: "'Hnn
All Aﬂl "'Anl
o — 1] 454, .4 4
T) HaliTh 06paTHyIO MaTpuiy: A~ = T 127722 nz
Aln AZ?: "'Hnn

UT06H! HATH HEM3BECTHYIO MATPUIY X, HY)KHO YMHOKHTH OOPaTHYIO MaTpHIly A™" Ha MaTpHILY
B, cocrosmiyro u3 cBOOOJHBIX UIEHOB.

IHopsaok BbINOJIHEHUS Pa0OTHI:

1. 3anumuTe cucTeMy JTUHEHHBIX YpaBHEHUI.
2. CocTraBpTe MaTpUYHOE YPABHEHHUE.

3. Beruuciaure oOpaTHyIO MaTpHILy.

4. Haitnute 3Ha4eHUS] HEU3BECTHBIX.

5. 3anuummTe OTBET.

Xon paborhr:

Pemnte cucreMy JIMHEMHBIX YPaBHEHMIA:
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2.1'1 — 3_1’: = _7
l) {'5-1'1 +2x, =127
Haiinem
_12 3. — o=
A= |3 _5| = —10 -9 = —19 = 0 =00paTHas MaTPHUIIA €CTh.

Pemrnm ypagnenne;

verte=—2(3 D=2 =-2(3) -0

Otser: (2; 0).

x1+2x:—3x3=9

2.171 — 3.1': + ‘1'.1'3 = J.J.
2)
—3.1'1 —_ ‘1'.1': +J.'3 = —25

Hatinem
A= g 39 1:- —3-|‘2 —2 3|3 _2|+|3 _2|— 104
s 1 = -1 5 g 51713 —1
Berurcianm anredpandyeckue TOMOTHEHUS:
—_2 _2 3 1
P L T
L=y s 2 1 s
3 1 _
Ay = |_2 5= —4;
3 _2 2 1
A«=—| |=—3L, A“=| =2:
1L E 5 P E 5
Agp = |2 L | =7
o0 2l
3 _2 2 3 2 3
.-‘1~:| |:13; An~:—| :_ﬁ,A~-:| = —13
1.1 E _L L E _J- X 3 _-;\

CocTaBuM 00paTHYIO MATPUILY:
-12 -15 -4
A= - — (—31 27 )
B k! 26 13
Pemmmm MatprudHOE ypaBHEHHE:

L -12 -18 —+4 10 i —120 + 64 + 26 . 0 0
X=A'lC=—E(—31 2 7 )(_‘}):_E( —31[]—8—98)=—E(—‘1-lﬁ)=(=1-).
13 26 —-13/ 14 130 — 104 + 182 208 -2

Ortsert: (0;4;-2).
CnenaeM IpOBEPKY:
{U+'J.2—2='J.EI

0—-8+4=—4 .(BepHO)
0—4—-10=-14

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurepum ouenku:

—  «OtnnyHo» -  yMeHHs C(hOPMHPOBAHbI, BCE 3aJaHUs BBINOJHEHBl IMpaBUIbHO, 0e3
apu(pMeTHYeCKUX OIHMOO0K, penieHne ohopMIEHO aKKypaTHO, C HEOOXOJUMBIMH 000CHOBAHHSIMH.
—  «Xopomwo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HENOCTATOYHO, BCE 3a/laHus

BBHITIOJTHEHBI, HEKOTOPBIC BHJIBI 33JJaHHI BBINOJHEHBI ¢ omnOkamu. bezommbouno Beimonaeno 80-89 %
BCEX 3aJaHUN.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIC YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJTHEHHBIX 3aJaHUl COAepkKaT OIIHUOKH.
Bbe3omm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.
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—  «HeynoBneTBOpHUTENIHHOY» - TEOPETUUECKOE COJIEPKAHNE Kypca HE OCBOCHO, HEOOXOAMMBbIe
yYMEHUs He cpOpPMUPOBaHBI, BHIIOJIHEHHBIE YUeOHBIC 3aaHusl coaepxar rpyosie omuodku. besommbouno
BEIMOTHEHO MeHee 70% BceX 3amaHui.

Tema 2 JIuneiinas aaredopa
IIpakTuyeckoe 3ansaTue Ne7
Pemenue cucreM iMHeiHbIX ypaBHeHud MeToaoMm ["aycca.
esab padoThbI: HAYYUTHCA PELIATh CUCTEMBI JIMHEHHBIX YPABHEHU METOJAOM MOCJIEI0BATEIHLHOTO
HCKIIFOYCHMS TIEpeMEeHHBIX (MeToioM ["aycca).

BbinosinuB padory, Bel Oyaere:

ymemb:

- pelaTh CUCTEMBI TpEX JIMHEWHBIX YPAaBHEHUN C TPEMsI HEU3BECTHBIMH MeTOIOM [aycca;

- pemaTh CUCTEMBI YEThIPEX JIMHEMHBIX YPABHEHMI C YETBIPbMsI HEM3BECTHBIMU MeToA0M ["aycca;
MarepuanbHoe obecniedenue: HauBuayanbHble 3aJaHus, YI€OHUKH, KOHCTIEKTHI JEKIHI.
3ananue:

Pemuts cucTeMbl TUHEHMHBIX ypaBHeHHﬁZ

Xy +x,—3x5;+ 2x, =6,
X, + x5+ 3x, =16,

Xy — 2x, — Xy = —6,

2x, — 3x, + 2x, =6

3x—2y+z =10
l.4x+5y—2z=-15 2.
2x—2y—z=3

KpaTKue TCOPETHYECCKUEC CBCACHUA

Meton 'aycca siBisieTcss OTHUM U3 HauboJsiee YHUBEPCAIbHBIX METO/I0B PEILIEHUS! CUCTEM JIMHEHHBIX
ypaBHeHUH. OH COCTOUT B MOCIIEA0BATEIHHOM UCKIIOYEHUH HEN3BECTHBIX.

ITpornecc pemenus no meroay 'aycca cocrout u3 AByx 3TanoB. Ha nepBom stamne (nmpsimoit Xo) cuctema
MIPUBOJIUTCS K CTyneH4YaroMy Buy. Ha BTopom stane (0OpaTHBIN XO/) UIET MOCIE0BATEIbHOE
ONpEIETICHUE HEU3BECTHBIX U3 3TOM CTYIIEHYaTOW CHCTEMBI.

Ha npaxTuke ynoOHee paboTaTh He ¢ CUCTEMON ypaBHEHHUH, a C paCIIMPEHHONW MaTpUIIeH, BHIIIOIHIS BCe
3JIEMEHTapHbIE IPe0Opa30BaHMs HaJl €€ CTPOKAMHU.

DneMeHTapHBIMU MTPE0OPa30BAHUSIMHU MATPUILIbI SBISIOTCS:
- IEPECTAaHOBKA CTPOK MECTaMH;
-YMHOK€HHE HEKOTOPOU CTPOKHU Ha Jito00€e, He paBHOE HYJIIO YHCJIO;

-npubaBiIeHNE K AJIEMEHTaM OJTHOM CTPOKH COOTBETCTBYIOIIMX AJIEMEHTOB JIPYrol CTPOKH, YMHOKEHHBIX
Ha OIHO U TO € YHCIIO0

IHopsiaoK BbINIOJIHEHHS Pa0OTHI:

1. 3anuImuTe CUCTEMY JTMHENHBIX YPaBHEHUH.
2. CocraBbTe pacHIMPEHHYIO MATPHILY.
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3. BeImosnHuTe 3NIeMEHTapHbIEe MPEeoOpa3oBaHUs CTPOK MATPHIIBI, MCKIIOYasi MOCIEA0BATEIBHO
IIEpEMEHHBIC. B pe3ynbrare N0oJKHA MOIyYUThCS CTyIICHYaTasi MaTpULa.

4. Ilo cryneH4aTrol MaTpuLe COCTaBbTE CUCTEMY.

5. IlocmenoBarenbHO HAUAWTE 3HAYECHUS BCEX HEU3BECTHBIX.

6. 3anMILINTE OTBET.
Xon paboThl:

Paccmotpum npumep:

1) Pemmnth cucremy ypaBHEHUM:

a4+ 2x, —3x; =0
2y — x4+ 4y = 5

3I1+I:—Ji3 :5

CocTaBuM pacHIMpEeHHYIO MAaTPHUILy U3 KO3 (ULIMEHTOB MPU HEU3BECTHBIX U CBOOOTHBIX UJICHOB:

0
5)
3

Bremonaum QJICMCHTAPHLIC Hp606pa3OBaHI/I$I HaJl CTPOKaMU1 MaTpPUIIbI:

1 2 -=3|0 1 2 =30 1 2 =30
( -1 4 5) e (EI -3 10 ) n (EI 1 -2 —1)*\*
3 1 115 0 -5 815 0 -5 815

1 2 3|0
“” (EI 1 -2 —'J.)
0 0

0 -2
HOJ’Iy‘ICHHOI‘/’I MaTpune COOTBETCTBYCT CUCTEMaA ypaBHeHHﬁI

1 2 -3
(418) = (2 -1 4
3 1 -1

%]

I1+2I:—3I3 :U
x:—?.r; = —1:
—2.1'3:[]

Haunnas CHHM3Y BBCPX, HAXOJAUM 3HAYCHUS HCU3BCCTHDBIX!

(2 + 22y — 323 =0 (x+2x;—-32;=0 (x+2-(-1)=0
.1':—2.1'3 =-1 , [ X3 =-1 , [ Eg =-1 X

h .1'3:[' .1'3:[' .1'3:['

'.r1=2

x:=—].

.LIEZU

Otser: (2;-1;0).

x,+x,—3x;+2x, = 6,
Xy+ x5+ 3x, =16,

X, — 2x, — Xy =—6,

2xy —3x, + 2x4 =6

2)
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1 1-3 26 1 1 -3 26 1 1-3 26
01 1316} | 0 1 1316 | ( 0 1 1 316 |_
1-20-1-6 0 3 -3 3 12 01 -11 4
2 -3 2 06 0 -5 8—4-—-6 0—5 8—4—-6
1 1 -3 26 1 1 -3 26 1 1 -3 26
001 1316} (01 1316 | ( 0 1 1 316
0 02 2 12 0 0 1 1 6 0 01 1 6
0 0 13 11 74 0 0 13 11 74 00 0-2-4
xy+x, —3x;+2x,= 6,
X, + x5+ 3x, =16,
Xg tx, =6,
—2x, = —4
Haunnas cHu3y BBEpX, HAXOJMM 3HAUYEHHUS HEU3BECTHBIX:
x, =8
Xy =06
Xy =4
xy, =2
Otser : (8;6;4;2).
®opma npeacTaBaeHus pe3yJbTaTa: BHIIOIHEHHAs padoTa.
Kpurepuu onenku:
- «OTnnuHO» -  yMeHHs C(OPMUPOBAHBL, BCE 3aJaHUs BBHINOJIHEHbl IPaBUIBbHO, O€3
apu(pMETHUECKHUX OIINOO0K, pelieHre 0(hOpMIECHO aKKYpaTHO, ¢ HEOOXOAUMBIMU OOOCHOBAaHUSAMU.
- «Xopomo» - HEKOTOpble YMEHHS C(OPMHUPOBAaHBl HEAOCTATOYHO, BCE 3aJAHUSA

BBHITIOJTHEHBI, HEKOTOPBIE BHUJIBI 3aJ]aHHIl BBIMOIHEHBI ¢ omuOkamMu. bezommbouno BeimonaHeHo 80-89 %
BCEX 3alaHUU.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJIHEHHBIX 3aJaHUil coAepkKaT OIIHNOKH.
Be3ommbouno BeimonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMeHHUs He c(pOpMHPOBaAHBI, BHITIOTHEHHBIE YUeOHbBIE 3aJaHus CoJiepKaT Tpyosie ommobku. be3ommnbouHo
BeINOIHEHO MeHee 70% Bcex 3aJaHui.

Tema 3 IIpon3BoaHas QyHKIUM U ee IPUMEHEHHE
IIpakTuyeckoe 3ansaTue Ne 8
JuddepeHunpoBanne CI0KHBIX PyHKIIUIA

Iesan: HayunThcst HAXOAUTH TPOU3BOIHBIE CIIOKHBIX (DYHKITHIA.

Boinosinus padorty, Bel Oynere:

ymembp:

- IPUMEHSATH NpaBuia quddepeHIpOBaHNS;

- HaXOAUTh MPOU3BO/IHBIE CIOKHBIX (DYHKIIUH.

MarepuanbHoe ofecrnedeHHe: WHAUBHAyaJIbHbIE 3aJlaHUs, KOHCIEKTHI JIEKUWH, Tabnuia
IIPOU3BOIHBIX.

3amanme:
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Hatitu npou3BoaHbie QPyHKITHI

1. y=(5x%—2x)°

2. flx) = 3sin(2x -3)
3. flx) = arcsindx + arccosx
4
5

Flxdl =logs (7x*—5x*+ 1)
A
£ = o [reo2

W L-cosx

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbl:

1. Onpenenure Bua ¢yHkuuu. Eciim QyHKIUS SIBISETCS CIIOXKHOW, TO BBEIUTE MPOMEKYTOUHBIN
apryMeHT.

2. Omnpenenute, KakMMU TpaBwiaMu auddepeHnnpoBaHmsi HY>)KHO BOCIOJNB30BaThCs. [IpuMeHuTe

COOTBETCTBYIOIIEE MTPABUIIO.

Hcnonp3ys Tabnuily npou3BOAHBIX, HAWIUTE TPOU3BOIHBIC (DYHKITHIA.

4. PackpoiiTe CKOOKY ¥ MPUBEAUTE TTOIOOHBIE, €CITH 3TO YIPOCTHUT 3alKCh (DYHKIIUU.

w

Xox pabdoThI:

Haiiti nmpou3BoaHbIe PYHKIIMIA:

1. glx) =(1—4x5)*

OYHKIUA SIBISIETCS CIOKHOM CTeneHHOW. BBeneM NpoMEXKyTOUYHBIM aprymMeHT — u =1 —4x*. [Jls
nuGepeHIMPOBaHuUs HY)KHO BOCIIONB30BAThHCS GOpMYIoi (u™) = nut - o

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

2. flx) = sinfx ~cos 2x

OyHKIMS TpeACTaBIsAeT cCOO0N MPOU3BEIEHUE ABYX CIOKHBIX TpUrOHOMeTpudeckux pyHkuuid. [loatomy
CHadaja BOCIONIb3yeMCs TIPaBUIIOoM U depeHupoBanus (U -V) = UV + UV

. 1 ' 1] 1 .
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cuslr]

o o 1 o
BBeneM nmpoMeKyTOUHBIN apryMeHT: J1s IepBOM PYHKIMH u = - x, N7 BTOPOH PpyHKUMHU u = 2x,

[py 1 depeHIMpPOBaHNH UCTIONB3YEM ClIeayolue GopMyIbl: (sinu) = cosu - u, (cosu)' = — sinuu,

1 1 ]
flx) = {sin;_r rcos2x)} = (sin ;.r] cos2x + sin ;x{cusEx]
1 1 1 ) ) o1 1 1
=ros—x-|—-x| - c052x+sfn—x-{_—sfn2x} . '[_2_::} = —ros5— X o052y — 25in — x - sindx,
2 2 2 2 2 2

ndXEEXTT

3.y=

loga (3+10x)
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OyHKIMS MPEACTABISET COOONH YacTHOE IBYX CIOXKHBIX (pyHKuumid. [losTomMy cHauama BOCHOIB3yeMCS
U v-ow

7

.
npaBwiIioM auddepeHmpoBanus (1_) =

| {23-1'+5-‘-'i]f. ll:lg: {3 + 'J_U.r} _ 23.1-+5_1-i . {1032{3 + 'J_U.r]:lr
y = (log, (3 + 10x))*

BBenem mnpomMexyTOYHBIM apryMeHT: Uisl MepBOM (QYHKIMHU u = 3x + 5x°, I BTOPOH (YHKIHUH
u =3+ 10x,

IIpu quddepenumpoBannyu UCIOIb3yeM CiIeayromue GopMyIbL: (a*) = a*Ina - ', (log, u)' = L

Lelna

T P fa0 1 mey_ndedied 1 T
, |2'{T_:'Ti|"]=gi':3+1:.1‘:|—:'“_:'Ti'I]EQ_,I3+1:-"-'II' 2Ar#AL" g |_.1.'|.'+:|.'|.'3:| ]:gi'._.'|+1...'l.':'—.-.h' o mu+1-.‘tl
J - |:|:g;,|3+1:.'l.'||;I - |:|:g;,|3+1:.'l.'||;I -
110

L34 M) ind

Byl . - n o n $+Ext
2 g2 34 101 g, (34 10x) 2700

|:|=,g;,|3+1:.'l.'||;I /

4, flx) = nrcs:'n%.r-l— arccos3ix

@OyHKIUS MPEJCTaBIsAET CO00M CyMMY JBYX CIOXKHBIX  OOpaTHBIX TPUTIOHOMETPHUYCCKHUX (YHKIIUA.
[TosToMy cHauaja BOCIIONb3yeMCs paBuioM auddeperuupoBanus (U + V) = U + V.

Flx) = (nrcs:'n g.r) + (arecos3x)’

BBenem mpoMexxyTOUHBIM apryMeHT: JUIsl IepBOM (GYHKLUY u = ix, JUIsl BTOPOH QYHKIMM u = 5x,

1w

i , . , 1
[pu udPepeHTMpoOBaHIH HCTIONB3yeM ciieayrorue Gopmyisr: (arcsinu)’ = — (arccosu)’' = — s
y RN Loy Y 3 5
f'l:_x} = (nrcs:n jx) + (arecosix) =——/— (:x) —,—,—_J{_Sx} = — -
3 |1_ __{r =45 .I.'l—'..:.'l.':" 5 |1_ A v1-25x°
W )7zt

5. flx) = arccosy1 — 2™

OyHKIMS SBISETCS CIOKHOM 00paTHOW TpUrOHOMETpUYEecKo. BBeneM NpoMeXyTOUYHBIH apryMeHT
[ ra— o - J v
u =+T1—e>. Jlng mudepeHMpoBanus HyKHO BOCIIONIb30BaThes popMynoii  (arccosu)’ = —

v1-u?

f(x) = (arccosV1 — &= }I = m (VI=&).

[TpomexyTOuHBIH apryMEeHT ABISETCS TaKXKe CI0KHOM (yHKIMel. BBeaeM U JU1st HEro HOBBIN
MIPOMEXYTOUHBIM apryMeHT u =1 —e™*.

Jns nuddepeHnupoBaHms HYKHO BOCIIONB30BaThCs (hopMyion

(Va) =

"
i
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fl{x} = {nrccus V1-é~ }I - . {-.,.."1 - 93-1'}I -+ .t (1-6") =

J 1-(1—g21) J1-ltetr 2W1-a&
1 1

_= _25) =
g% 2y 1 —ger { ¢ } W l—ger

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepumn oneHku:

—  «OtnmuyHO» -  yMeHHUss CHOPMHUPOBAHBI, BCE 3aJaHUS BBIIOJHEHBI MPABWIBHO, 0€3
apudmeTnyeckux ommoOOK, perieHrne opopmMIIEHO aKKypaTHO, C HEOOXOAUMBIMU 000CHOBAHHUSIMH.
—  «Xopomo» - HEKOTOpble yMEHHs CQOPMHUPOBaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHEHBI, HEKOTOPBIC BUABI 3aJaHUI BBITIOJIHEHBI ¢ omuoOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJaHMI.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBIIMHCTBO  3aJlaHUH BBIIIOJIHEHO, HEKOTOPBIC M3 BBIMOJTHCHHBIX 33aJaHUNl COAEpkKAT OIIUOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKIE Kypca HE OCBOCHO, HEOOXOAUMBIE
yMeHHS He CPOPMHUPOBAHBI, BHITIOJHEHHBIC YUeOHBIC 3aIJaHUS COJIEPKAT rPpyOble OMMUOKH. be3ommbouHo
BEIMOTHEHO MeHee 70% BceX 3aIaHu.

Tema 3 [IpousBoaHast pyHKIUM U ee IPUMEHEHHUE
IIpakTnyeckoe 3ansaTue Ne 9
HccnenoBanue GpyHKIUH HA MOHOTOHHOCTD, IKCTPEMYMBI, BHIIYKJIOCTh - BOTHYTOCTb,
neperuo.
Heap padorbl: HayunThcs NpUMEHATH IPOU3BOIHYIO JUISl UCCIEA0BaHUs (DYHKIUU.

Boinosinus padorty, Bel Oynere:

ymembs:

- ONPEAENATh MPOMEXYTKH MOHOTOHHOCTH,

- HaXOJIUTh JKCTPEMYMBI (PYHKIIHH,

- ONPEENSITh HAMIPaBJICHNUE BBIMYKIOCTH (DYHKIIMU, TOUKHU Heperuoda.

MarepuanbHoe obecnieuenue: MHIuBUyaabHbIE 3aaHUs, TAOIMIIA TPOU3BOAHBIX, KOHCIIEKTHI
JeKUUH, y4eOHUKH.

3aganue:

1. HUccnenyiite pyHKIMIO HA MOHOTOHHOCTD:
flx) =x°% —x% — 2x
2. Haiimmre sxctpemymsl Gyakmun: f(x) = x* — 4x?
3. Hccrnenyiite GyHKIMIO HA MOHOTOHHOCTD M OKCTpeMyMBL: f(x) = 3x® — 25x% + 60x

4. Haiimute mpOMEXYTKH BBITYKIOCTH (DYHKIHH:
flx) =x*—10x? + 36x> + 100

Kpartkne Teopernyeckne cBeeHH:
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Anzopumm Hax0HcOCHUA IKCMPEMYMOE PYHKUUU U UHMEPEAIOE ee MOHOMOHHOCHU C
HOMOUWBIO NEPBOIL NPOU3BOOHOIL

1. Haittu oGacts onpenenenust GyHKIIMA W MHTEPBAIIbI, HA KOTOPBIX (DYHKIIHMS HEMPEPHIBHA.
2. Haittu npousBoauyto ¢pyukmuu f'(X).

3. Haiitu xputnueckue Touku QyHkumuy =f(X), T.e. TOYKHM, NpHHALISKAIIUEC OOJIACTH
ornpezecHus: pyHKIMHU, B KOTOPBIX Tpou3BoaHas f'(X) oOparaercs B HyJb M HE CYLIECTBYET.

4. UccnenoBath xapaktep u3MeHeHus: pyHkimu f (X) u 3nak npousBojanoi f '(X) B mpomexyTkax, Ha
KOTOPbIC HalICHHBIC KPUTHYCCKHUE TOUYKH JICNIAT 00J1acTh onpeaeicaus pyukuuu Y = f (X).

5. OTHOCHUTEIBLHO Ka)I(,I[OfI KpHTquCKOﬁ TOYKH OIIPEACTIUTD, ABIACTCA JIM OHA TOYKOM MaKCuMymMma,
MHUHUMYMa UJIN HE SABJIACTCA TOYKOH OKCTpEMyMa.

IlomHM: KpuTHYecKass TOUYKa Xg €CTb TOYKA MHUHUMYMA, €CIM OHA OTAENSAET IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kotopom f'(X)>0, u Touka MakcuMymMma - B IPOTUBHOM ciy4ae. Eciu
KE B COCEAHMX IPOMEXKYTKAX, pPa3/I€ICHHbIX KPUTUUECKON TOUKON Xg, 3HAK IIPOMU3BOJHON HE MEHsSETCH,
TO B TOUYKE Xo QYHKIHS IKCTPEMyMa HE UMEET.

6. BeruucianTh 3HaueHus QyHKIIMU B TOUKaX SKCTpEMyMa.
7. 3anucath pe3yabTaT Uucciael0BaHus GYHKIIMH: POMEKYTKH MOHOTOHHOCTU U IKCTPEMYMBI.
Anzopumm HaxoxncOeHUusn bINYKI0CMeEN GYHKYUU U MOoYeK nepezuda:

1. Haxoaum BTOpYIO NPOU3BOAHYIO.

HaxoauM TOYKH, B KOTOPBIX f (x) = 0 WIM HE CYLIECTBYET.

3. Hccnemyem 3HaK BTOPOIl MPOM3BOJHOI CiIeBa M CIIpaBa OT HAHJIEHHBIX TOYEK U JIEJIaeM BBIBOJ 00
WHTEpBAJIaX BBIMTYKIOCTH U O HAIMYHU TOYEK Ieperuoa.

4. Haxoaum 3HadeHHe pYHKLIHHU B TOUKAxX Meperuoa.

N

ITopsinok BbINOJHEHHS PadOTHI:

1) 3anumute GyHKIHIO.
2) Ompenenure, KAKMM aJIrOPUTMOM HYXKHO BOCIIOJIb30BAThCS /TSI BBITIOIHCHUS 3a/1aHHSI.
3) IlpumMeHHTE COOTBETCTBYIOIIUIT aITOPHUTM.
4) 3amuimre OTBET.
dopma npeacTaBiIeHHs pe3yJbTaTa: BHITOJIHEHHAS paboTa.

Kputepun onenkn:

- «OTan4HO» -  yMeHHsl c(OpMHpOBaHBI, BCE€ 3a/aHUs BBINOJIHEHBI TNpPaBUIbHO, 0€3
aprupMeTHYECKUX OMMOO0K, peneHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
- «Xopomo» - HEKOTOpble yMEHHUs C(QOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBHITIOJTHEHBI, HEKOTOPBIC BHJIbI 33JJaHHUI BBHIMOJIHEHHI ¢ omuOKkamMu. bezommbouno BeimoaHeHo 80-89 %
BCEX 3aJaHUN.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIC YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJTHEHHBIX 3aJaHUl COAepkKaT OIIHUOKH.
Bbe3omm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHOY» - TEOPETUIECKOE COACPKAHKE Kypca HE OCBOGHO, HEOOXOUMbIE
yMEHHUS He c(pOpMHUPOBaAHBI, BHITIOTHEHHBIE yUeOHBIE 3aJaHus CoJiepKaT TpyOsie ommobku. be3ommnbouHo
BeINOIHEHO MeHee 70% Bcex 3aJaHui.
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Tema 3 IIpon3BoaHas GyHKIMM U ee IPUMEHEHHE
IMpakTnyeckoe 3ansiTue Ne 10
HccaenoBanue GpyHKIMNA U IOCTPOeHHE IPaPUKOB
Leas padorbi: HayunThes uccnenoBath GyHKIUU U CTPOUTH TpadUKH PYHKIUI.

Boinosinus padory, Bel Oyaere:

ymemp:

- IPOBOJIUTH UCCIIE0BaHUE (DYHKIUI ¢ TOMOIIBIO IPOU3BOIHOM;

- CTPOUTD TpaduKu PYHKITHI.

MarepunanbHoe obecrnieyeHue:

WupuBuayanbHble 3ajaHus, Ta0INA POU3BOAHBIX, KOHCIIEKTHI JICKIIUH, YISOHUKH.
3ananmue:

HccnenoBaTh QyHKIMIO 110 001l cXeMe U MOCTPOUTH €€ Ipaduk:

1. flx) = 5x% — 325,

2. flx) ==

x2 -4
KpaTkue TeopernyecKkue CBeIeHH:
Oowan cxema uccnedoganusn QynKyuil.
1. Haiitu o6macts onpeaenenust Gpynkuuu D (y).

2. Haiitu (ecu 3TO He BBI3BIBAET 3aTPYAHEHUIN) TOUKH NepecedeHusl rpaduka ¢ ociMU KOOPJIWHAT
(mpu X =0 u ipu y = 0).

3. UccnenoBaTh GYyHKINUIO HA TEPUOJUIHOCTD, YETHOCTh U HEUYETHOCTD.

4. Haiftu uHTEpBaJIbl MOHOTOHHOCTH, TOYKH 3KCTPEMYMOB U 3Hau€HHs (PYHKIIUH B ITUX TOYKAX.
5. HaiiTi uHTEpBajbl BHITYKIOCTH (BOTHYTOCTH) M TOUKU Niepernba rpaduka GyHKINU.

. Haiitu acumntoTsl rpaduka GyHKIUH.

. HaliTu nononHuUTENbHBIE TOUKU U IOCTPOUTH TpaduK M0 pe3ynbTaTaM HUCCIIEIOBaHUS.

[C BN BN

. Haittit 0G1actTh 3HaAUEHHUH.

Anzopumm HaAxX0HCOCHUA IKCMPEMYMOE PYHKUUU U UHMEPEAI0E ee MOHOMOHHOCHU C
HOMOUWBIO NEPBOIL NPOU3BOOHOIL

1. HaiiTi oGactpb onpe/eneHus: GyHKIIMKA ¥ HHTEPBAIIbI, Ha KOTOPBIX (DYHKIIMS HEMPEPhIBHA.
2. Haiiti npousBoanyto ¢yukiuu f'(X).

3. Haiitn xputuyeckue TOYKH (yHKIMU Y =f(X), T.. TOUYKM, NpPHHAIEKANUE O0OJACTH
orpeiesieHus] PYHKIUH, B KOTOPbIX ipou3BoaHas f '(X) oOpariaeTcst B HyJb HIIH HE CYIIIECTBYET.

4. UccnenoBaTh xapakTep u3MeHenus: pyHkimu f (X) u 3Hak npousBoanoi f '(X) B mpomexyTkax, Ha
KOTOpBIC HaliICHHbIE KPUTUYECKUE TOUYKH JCTAT 00sacTh onpeaenenus Gpyunkuuu y = f (X).
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5. OTHOCUTENIBHO KaKJ0W KPUTHUECKON TOUKH OINPEAEIUTH, SBISAETCS JU OHA TOYKON MakcuMyMa,
MUHHMMYMAa UJIU HE SBISETCSA TOYKOU dKCTPEMyMa.

[TomHHM: KpuUTHYECKAas] TOYKa Xg €CTh TOYKA MHHUMYMA, €CIIA OHA OTAENISET IPOMEXKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kotopom f'(X)>0, u Touka MakcuMymMma - B IPOTUBHOM ciy4ae. Eciu
K€ B COCEIHUX IMPOMEKYTKAX, PA3JCIICHHBIX KPUTUUYECKON TOUKOMN Xo, 3HAK MPOU3BOJHON HE MEHSETCH,
TO B TOYKE Xo (DYHKIUS IKCTPEMyMa HE UMEeT.

6. BeraucnuTh 3HaueHUs QYHKIIUU B TOYKAX 3KCTPEMYyMaA.
7. 3anmcath pe3yabTaT UCCIEeIOBAHUS (YHKIIMH: IPOMEKYTKH MOHOTOHHOCTH U DKCTPEMYMBI.
Anzopumm Haxoxcoenusn 6blnyKaocmel hyHKyuu u moyvexk nepezuoa:

1. HaxonuMm BTOpYIO NPOU3BOAHYIO.
2. HaxoauM TOYKH, B KOTOPBIX f (x) = 0 WM HE CYLIECTBYET.

3. Hccnemyem 3HaK BTOPOW MPOW3BOJHON ClIeBa U CIIpaBa OT HAWJCHHBIX TOYCK U JETAacM
BBIBOJI 00 MHTEpPBAJIaX BHIMYKJIOCTH U O HATMYUH TOUYEK Meperuoa.
4. Haxoanm 3Ha4eHHEe (PYHKIMU B TOUKAX IEeperuoa.

Acumnmomeot.

Acumnmomotl epaguxa ynkyuu y = f(x)Ha3bIBa€TCsA MpsMasi, 00Jiagaroimas TeEM CBOMCTBOM, YTO
paccTostHMEe OT TOYKH (x: f(x)) 0O TOH MpsAMOIl CTpEMUTCA K HyJIIO IPU HEOrPAaHHMYEHHOM yHaleHHH
TOYKHU I'paduika OT Havajga KOOpUHAT.

[Ipsimas x = a Ha3bIBaETCS 8epmuKaivbHou acumnmomoti rpapuka GyHKuuU ¥ = f(x) , ecnu XoTs Obl
OJIHO M3 MPEAEIbHBIX 3HAYCHUIN lim,_, o f(x) unm  lim,_ ..y f(x) paBHO —%oWIIH +00.

3ameuanue. [Ipsmvas x = a He MOXET OBITh BEPTUKAIBHON ACUMIITOTOM, eCIIH
(GyHKLMS HepepbIBHA B Touke ¥ = a. [103TOMy BepTHUKaJbHBIE ACUMITOTHI CIEAYeT HCKaThb B TOYKaX
pa3pbiBa QYHKIUU.

[Ipsimast y = b Ha3bIBACTCS 2opuU30HManNbHoU acumnmomotu rpaguka GyHKIHH ¥ = f(x), €ClIu XOTs
OBl OJTHO W3 MPEJETbHBIX 3HAUCHUMN lim,_ . f(x) umu lim,_.__ f(x) paBHO b.

3ameuanue. ['padpuk QyHKIMM MOXKET MMETh TOJBKO MPABYIO TOPU3OHTAIBHYIO aCUMITOTY WU
TOJIBKO JIEBYIO.

[Mpsimast y = kx + b Ha3bIBACTCS HAKIOHHOU acumnmomot rpaduka pyukmun ¥ = f(x),

eciu limy | f(x) —kx — B = 0

fix)

Ecnu s yakumm ¥ = f(x) CyIIECTBYIOT MpeIebl lim_l._,:T =ku lim_u(flx)—kx)=5h, TO

GyHKINS UMEET HAKJIIOHHYIO aCHMIOTOTY v = kx + b TIpu x — @,
ITopsinok BbINOJIHEHUS padoOThI:
1. IIpoBecTn ananu3 3a1aHHON (DYHKIIMH 1O OOIIEH CXeMe.
2. [loctpouts rpadux GyHKIUH.

Xopn padoThr:
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HccnenoBath GyHKIIMIO M IOCTPOUTH €€ TpaduK.

¥

y=

zx-2
1. O6nacte onpenenenus GyHkuuu D(f) = (—oo:1) U (1; +c0)
2. IIpu nmoacranoBke 3HaueHHs x = 0 moaydum y(0) =0,

Takyio ke TOUKY HOJYYHM, €CIU MpHUpaBHsieM (QyHKIHMIO K Hya0. Touka x = 0 - eIWHCTBEHHAs
TOYKA IIEPECEUECHUS C OCAMU KOOpAUHAT.

3. [IpoBepsieM HyHKIHIO HA YETHOCTh

yl=x) = L

—2x—2 Zx+2

y(—x) = ylx); y(—x) = —y(x).
Wrak, QyHKIMS HUA YeTHAsI, HA HeYEeTHAs, HEIICPHUOIUUCCKasl.

4.J1511 OTBICKaHUSI MHTEPBAJIOB MOHOTOHHOCTH BBIYHCIISIEM TIEPBYIO MPOU3BOAHYIO (PYHKIINU

Co2x(2x —2) =2 4xt —4x — 20 220 —4x

YE T -2 T @-2¢ (@x-2)

[IpupaBHHMBasg ee K HYIIO, MOJYYUM KpUTHUeCKHEe TO4YkM x = 0;x = 2. OHM pa3buBaioT 00JacTh
OIIpeACIICHMs Ha CIEAYIOIINE UHTEPBAIIBI MOHOTOHHOCTH (—oo 0 W (s 13U (1;2) U (2; +o2)

I/ICCJ'IGI[yeM IIOBCACHUC HpOHSBOI[HOﬁ CJICBA M CIIpaBa OT HaﬁﬂeHHLIX TOYCK p336I/IeHI/I$I.

I'paduuecku MHTEPBAJIBl MOHOTOHHOCTH OYAYT UMETh BH]L

o+ NN
0 1 2

Uccnenyemast pyHKIMs Bo3pacTaeT Ha MHTepBanax (—oe: 0) U (2: +oo) u yObIBaeT (0: 1) U (1:2).

5. Touka x =0 TOYKa JIOKAJILHOTO MaKCuMyma, x = 2 — JIOKQJIbHOTO MHWHHUMYMa. HaﬁneM 3HAYCHHUC
(byHKHHH -Tmﬁ.r = -Tn'!!r. =2
6.. I[J'IH OTBICKaHH HHTCPBAJIOB BBIIIYKJIOCTU Haﬁ,[[eM BTOpPYIO ITPOU3BOAHYIO

o r-4(x-2 -2 -4)-2(2x-2)2 8 8B 1
B (2x— 2)* T (2x-2° Bx-1)F (x-1)°

y

Takux HHTCPBAJIOB HET, IMOCKOJIBKY BTOpPas NPOU3BOAHAA HE INPUHUMACT HYJICBBIX 3Ha4YeHUI B
00J1acTH OmpeIeICHUSI.

7. llpsimas x = 1 — BepTUKaIbHAsI aCUMOTOTa PYHKIIMH. YpaBHEHNUE HAKIOHHOW aCUMIITOTHl HMEET
BUg v=Fkx+5b,

k li & li i li * li !
(= lim—— = lim———— = lim ————— = lim =
rom x p==(2x —2)x  xo=2x? —2x xo=,

Fa | =

]
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b= I x* 1 ’ xt—x(x—1) i x—xt 4 x ’ x i 1
Tas=\2r—2 27) T xtm 2x—1)  x-= 2(x-—1) xa=m2(x—1) =, 2

3| =

| b

Koneunslil BUI IpsAMON CIIETYIOLIHI

8.Ha ocHOBe mpoBeAEHHOrO aHajaM3a BBINOJHAEM MOcTpoeHue rpaduka ¢yHkiuu. s sroro
CHayajga CTPOMM BEPTHKAIbHBIE W HAKIOHHBIE ACHMIITOTHI, 3aTE€M HAXOJUM 3HadeHHE (YHKIUU B
HECKOJIbKMX TOYKAaX U IO HUX MPOBOJUM MOCTPOCHUE.

y=(x+1)/2

x=1

@®opMma npeacTaBieHUs pe3yJbTaTa: BHIIOIHEHHAs paboTa.

Kpurepun oneHku:

- «OTnuyHO» -  yMeHHs COPMHUPOBAHBI, BCE 3aJaHUsl BBHINIOJHEHBI MPABWIBHO, 0O€3
aprupMETHYECKUX OMMUOOK, pelreHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 0O0OCHOBAHHUSIMH.
— «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIE BHUJIBI 33JaHHI BBINOJHEHBI ¢ omnOkamu. bezommbouno BeimonHeHo 80-89 %
BCEX 3alaHUU.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  33JaHUIl BBIMIOJIHEHO, HEKOTOPbIE M3 BBIMOJIHEHHBIX 3aJaHUil COAEp)KAT OIIMOKH.
be3zomm6ouno BemoHeHO 70-79 % BCcex 3agaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COAECPKAHKE Kypca HE OCBOEHO, HEOOXOUMBbIE
yMeHHUs He c(pOpMHPOBaAHBI, BHITIOTHEHHBIE yUeOHbBIE 3aJaHus coJiepKaT TpyOsie ommobku. be3ommnbouHo
BBINOJIHEHO MeHee 70% Bcex 3aJaHui.

Tema 4 UHTErpa v €ro NpHJI0KEHUs
IIpakTnyeckoe 3ansaTue Ne 11
BeruunciieHue HeonpeaeJeHHbIX MHTErpajaioB
Heas padorbi: HayuuTbcst uHTErpupoBaTh (YHKIMM, HCIONB3YS pa3jiMyHble METOJbI
HMHTETPUPOBAHUS.

Boinoanus padorty, Bul Oynere:
ymemp:

- HaXOUTb HCOMPCACIICHHBIC HHTCIPaJIbl METOJAOM HCITOCPECACTBCHHOI'O MHTCTPHUPOBAHUSA, MCTOAOM
IHOACTAaHOBKH,
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- HAXOJUTh HEOTIPEIeNICHHBIE HHTETPAIBI METOAOM MHTEIPHPOBAHUS MO YACTSM.
MarepunanbHoe obecrnieyeHue:
NunuBuayanbHble 3a1aHus], TAOIUIA HHTETPAJIOB, KOHCIIEKTHI JICKIIUN, YICOHUKH.

3aganmue:
Haiigute HeonpeaeeHHbIEe HHTETPAJIbI:

1) [(8+* — 6x% + 2x —3)dx
2) f 3.1-'-+:.:i —3x47 dx

3) [ cos(10x —5) dx

4) [3* xdx

5) J- Sdx

15416x°

xdx
6) f |J.—Z.'l."{|;l

lxt—4r®-3x-1
7) JEE

8) S + 52 +7) - Inxdx;
9) [ & cos3xdx:
10) Jx* + 4x £ 3)e™dx,

HOpﬂ}IOK BbIITOJTHCHU A paﬁon:

1. 3anucarp 3amaHue W ONpEAEIUTb, KakKUM U3 METOJOB HMHTETPUPOBAHHUS HEOOXOAUMO
BOCIIOJIb30BaThCH.

2. Ecimm wHTETpam MOXXHO HAaWTH METOAOM HEMOCPEJACTBEHHOTO HHTEIPHPOBAHUSA, TO, HCIOIB3YS
CBOWCTBA MHTETPAJIOB, IPUBEAUTE UHTErpall K TaOauuHbIM opmynam. [Iponnrerpupyiire.

3. Ecmm mHTErpanm MoXHO HalWTH METOAOM ITOJICTAHOBKH, TO BBEIUTE HOBYIO TIEPEMEHHYIO, HAWTUTE ¢
muddepennman. Ilociae BBeeHUS HOBOM MEPEMEHHOM 3aJaHHbBIM MHTErpaj NMPUBOJUTCS K HOBOMY
UHTErpany, KOTOpbIM siBiseTcs TabnuuyHbiM. Haiinure — nomyudeHHBId wuHTerpan. B ciydae
HEOIPEEIIEHHOT0 UHTErpajga BEpHUTECH K CTAPOM IEPEMEHHOM.

4. Ecnu wuHTErpan Henb3sd HaWTH BBIIIIEYKAa3aHHBIMH CIOCOOAMH, TO TpUMEHUTE GopMyIy
MHTCTPUPOBAHUS II0 4YacCTAM fuvav =uvv - [vav. OTOT METOJX 3aKIKYaeTcss B TOM, 4YTO

MOABIHTETPAIBHOE BBIPAKEHUE TPEACTABISIETCS] KaKUM-THOO 00pa3oM B BHJEC MPOU3BEIACHUS JBYX
comHoxutener U wm dV. 3arem, mnocie nHaxoxaenus dU wum V,  wucnome3yite Qopmyny
WHTETPUPOBAHUS TIO YACTSIM.
-Unrerpans: Buga | P(x)edx, [ P(x)sinkxdx, [ P(x)ecoskrdx, rae P(X)- MHOrOUNeH, k- uncio.
VY no6Ho monoxkutk U = P(x),a Bce OCTalbHBIE MHOYHTEN MPHHSATH 3a dV.
-I/IHTeraJIBI BUIA IP{:x}nrcsfnxdx. _]"P{:x}nrccusxdx. J-P{:x}{nxdx. J"P{:x}nrctgxdx

[ P(x)arcctgxdx.
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V10610 nookuTh Plxldx = dV, a 0OCTaIbHBIC MHOXKUTEIHU MPUHSTH 32 U.
- UaTerpanst Buma [ e sinbxdx, [ € cosbxdx, Te @ u b uncna. 3a U MOXHO NpuHATH QyHKIHIO U = &%

Xoa padorei: Haiitu unTerpans:

J.- 6x*—5x"+3x+4

. dx

xZ

1)

YtoObl HAWTH HTOT HUHTErpajl, HYXHO CHadajla IIPHUBECTU IMOABIHTCIPAIBHOC BBIPAXCHUE K
Ta6J'II/I‘IHOMy BHUAOY. I[J'IH 9TOro NpUMEHIECM IMMOYWICHHOC ACIICHUC!

jﬁﬁ—sx +3.r+4-

6.1'4 3xr 4

3 :+ 7 dx
x° x
j(ﬁx:—S-l- +=}x-9)n‘
J‘x:n’x—EJ‘

n’x 63 4y~ . 4
— idx = . —5x+3[r1|_r|+—1+lf.':2_r"—5.r+3[r1|.r|——+lf.'
x - x

+3

f 15x"dx

(1-x%)*

2)

DTOT UHTErpaj MOKHO HAWUTHU C TIOMOIIBIO METO/Ia TI0JICTAaHOBKHU. BBe/1eM HOBYIO IEpEMEHHYIO.

1—-2d=¢

J‘ 15:2dx |1 —#) =t J‘lSn‘t SJ‘ P U I 5 .

L F~| —E3xdx=dt |T | Sz =— t77dt = — +tC=——=+C= — 4

(1-=x7) dt -3t* -3 3t 3(1 — )
rdxy = —?

3) [ - 4x)inx - dx

DTOT WMHTErpal MOKHO HAaWTH C TIOMOIIbIO METO/a MHTETPUPOBAHUS IO YACTSIM, OH OTHOCHUTCS KO
BTOPOMY BUJY, IOATOMY U = Inx, dV = (x* — 4x)dx.

1 4 "
dll = —dx, V:J‘{I!—‘}I]n’x=——2x'
x 4

Hcnonb3ys hopMyily HHTETpUPOBAHHUS 110 YaCTAM, MOJTydaeM

2 11
)—J‘(——Ex‘)—n’x=
4 x
P x? x4 x4
— 25— — =7 = — 2y ——
{m’(q_ __r] J‘(q_ __r)n’.r {nr(q_ _.r] Lﬁ-l-.r +C

4) [(x*— 2x)cosdxdx

a3

4
- 3 x
j{_x’ —4x)inx - dx = In.r(;— 2x
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9TOoT HUHTCIrpaJl MOXHO HalTu C MNOMOIIIbKO METOZAAa MHTCTPUPOBAHUA IO HYaCTAM, OH OTHOCHUTCA K
MEPBOMY BUIY, IOATOMY U = x* — 2x, dV = cosdxdx.

1
dll = (2x — 2)dx, V= J‘ cosdxdx = 3 sindx

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

. 1 1 ) 1. . 1 )
(x* — 2_1:} :1_ sindx — :}j sindx(2x — E}dx = :1_ (x* — Ex}s:'nﬂl-_r — ;J‘ sindx(x — 'l}n’.r =

UToObl HAITH OCTABIIMICS UHTETPpaJl, CHOBA IIPUMEHsIeM (POpMYITy HHTETPUPOBAHUS IO YACTSIM.

U=x—-1, dV = sindxdx.

1

dlJ = dx, V= J‘ sindxdx = — ‘—l_cuy}x
= 3G —20)sindx — (G — D) (— geostx) - [
=gl slnf}x—i{ -1 —Ecusé_r — —‘—l_cusd-.m’.r—

: 1 . 1 1
—(x* - Ex}s:'nﬂl-_r —= {'[_x — 1} ——rcosdx | +— | cosdxdx =

2 4 4
1 1

= —(x* — 2x)sindx + a{{x — Dlcosdx) — 3 J‘ cosdxdx =

i 1 ) 1
—(x* - Ex}s:'nﬂl-_r + g {'[_.r — 'l}'[_cus*l-x} — 3—?5:'11‘1-.:: +C

®opma npegocTaBjeHUs pe3y/IbTaTa: BbIOJIHEHHAas paboTa

Kpurepuu onenkmn:

—  «OtnnyHo» -  yMeHHs c(hOPMHPOBAHBI, BCE 3aJaHMs BBINOJHEHBl IMPaBHIbHO, 0e3
apu(pMeTHYeCKUX OIMOO0K, pelieHrne 0ohOpMIIEHO aKKypaTHO, C HEOOXOJUMBIMH 000CHOBAaHUSIMH.
—  «Xopomwo» - HEKOTOpble yMEHHS CQOPMHUpPOBAaHbI HENOCTATOYHO, BCE 3aJlaHus

BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBHITIOHEHBI ¢ ommnOkaMu. bezomm6oyno BeimonHeHO 80-89 %
BCEX 3aJlaHUM.

- «Y IOBJIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpMHpPOBAHBI,
OOJIBIIMHCTBO  3aJlaHUM BBIIIOJIHEHO, HEKOTOpbIE M3 BBIMOJIHEHHBIX 3aJaHUl cojaepXkaT OIINOKH.
bezomm6ouno BeimonHeHo 70-79 % Bcex 3agaHuil.

— «HeynoBneTBOpUTENBHO» - TEOPETUUECKOE COIEPKAHKUE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMeHHs He CPOPMHUPOBAHBI, BHIIOJHEHHbIE yueOHbIE 3a/IlaHus COollepKaT rpyoble omnoku. be3zommbouno
BBINIOJIHEHO MeHee 70% Bcex 3a1aHuil.

Tema 4 UHTErpas u ero NpuIOKeHUs
IMpakTnyeckoe 3ansiTue Ne 12
Buryucienne onpeneeHHbIX HHTEIPaJIoB

He.]'lb paﬁoTbIZ Hay‘{I/ITBCSI HaxoJuTh ONPCACICHHBIC MHTCIPAJIbl, UCIIOJIb3Yyd PA3JIMYHBIC MCTOIbI
HHTCTPpHUPOBAHUS.
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3.

Bbinosinus padory, Bel Oyaere:

ymemb:

- BBIYUCJIATH OIIPCACIICHHBIC HHTCIPAJIbI pa3JIMUHBIMU METOJAMMU,
MarepunanbHoe obecrnieyeHue:

NnauBuayanbHble 3aaHus, TaOIUIa HHTETPaiOB, KOHCIIEKTHI JIGKIIMNA, yYeOHUKH.

3aganue:

Brraucnoure OIPCACIICHHBIC HHTCT'PAJIbI:

1. fj:{:éxE + 32 4 2x + 1)dx

4 — 1
1. _,rl ('-.l"x+ﬁ)n‘x

=T 2
y (x+3)

FIRT

g rosxdx

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

3anucarh 3aJaHME€ W ONpPENENUTb, KAKMM U3 METOAOB HMHTErPUPOBAHUS HEOOXOIUMO
BOCIIOJIb30BaThCSl.

Ecin uHTErpam MOXHO HAWTHM METOIOM HENOCPEACTBEHHOI'O HHTETPUPOBAHMS, TO, HCIOJb3YS
CBOICTBa MHTErpajioB, MNPHUBECTH MHTErpadl K TaOnuuHbIM ¢opMynaM. IIpouHTerpupoBars.
BbruucnuTh 3HaueHHE onpeieleHHoro nHTerpaia no gopmyine Hetorona-Jleonumna.

Ecnu mHTErpan MOXHO HaWTH METOJOM ITOACTAHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HAUTHU €€

middepennuan. Ilocne BBeneHUs HOBOW NEpeMEHHOM 3aJaHHbBIM HHTErpan NPUBOAUTCS K HOBOMY
MHTETpay, KOTOPbIH sBisercs TabauuHbIM. Eciin mHTErpan onpenesieH b, TO HEOOX0JUMO BBIUUCIUTh

HOBBIE Mpeebl MHTErpupoBaHus. HaliTh mony4eHHbIN HHTETpal.

2)

Xoa padoThI:

3 3 2
Jo,(4x% = 3x% + 2x + 5)dx

_]"_Jl{}l-_r; —3x’ 4 2x + 5)dx = 4f:1x3dx—EIjlx:dx+2fjlxdx+ SJN_JI dx=x* —x* + 27 4523, =
-3 +3+5.3-(1+1+1-5)=81-27+9+15+2=380

J- 4 Bdx

4 4+25xf

DTOT UHTETrPAJl MOYKHO HAWTH C MOMOIIBIO METO/Ia MOJICTAaHOBKH. BBe1eM HOBYIO IEpEMEHHYIO.
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- 5 -
—x=t
S dx = at
J-:-l Sdx _if:4 dx __EJI-:-} ixr 2 = _
o Tae T+ nEe el Ty T ar=lar
" V2 J
.rn- = U t.n' = U
LXg — U.‘l‘ tE = L
_ 5 2ptdr L 1 _ 1 1 — _l m_=
=70 h o = Jerctgtls = :{nrctgl arctgQ) = T
: sitxdx
3) "r: costx
DTOT UHTErpaj MOKHO HAlTH C MOMOIIBI0 METO/Ia MOJICTAHOBKH. BBeieM HOBYIO IEPEMEHHYIO.
r cosx = ¢ 7
T deosx = dt _
3 —sinxdx = dt e 5
sinxdx i —dt T 1 .. 1 1
_— sinvdxy = —df = —_|=——|I== qu:':———zz—U.S:'LE
3 3 & .
cos'x xy =0ty =cos0 =1 J t -2 2t 2-02% 2
T T 1
Xxg=— tg=cos—=—
|--E 3 B 3 2

®opMma npeacTaBJieHus pe3yJbTaTa: BRIIOIHEHHAsA paboTa

Kpurepun oneHku:

- «OTnuyHO» -  yMeHHs C(hOpPMHpPOBAHBI, BCE 3aJaHMs BBHINOJHEHBI IMPaBHIbHO, 0e3
apu(METHYECKUX OIMHNOOK, pemieHne opopMIIeHO aKKypaTHO, ¢ HEOOXOIUMBIMU 0OOCHOBAaHUSIMH.
- «Xopouo» - HEKOTOpble YyMEHHUs C(QOPMHUPOBAaHBl HEAOCTATOYHO, BCE 3aJaHUsA

BBHITIOJTHEHBI, HEKOTOPBIE BHUJIBI 33JaHHI BBINOJHEHBI ¢ omnOkamu. bezommbouno BeimonHeHo 80-89 %
BCEX 3alaHUU.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpPMHpPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJIHEHHBIX 3aJaHUil coAepkKaT OIIHUOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3agaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMEHHUs He c(POPMHUPOBAHBI, BHIIOTHEHHBIC yUeOHBIE 3aJaHus coJiepKaT rpyObie ommbku. be3ommbouHo
BeINOIHEHO MeHee 70% Bcex 3aJaHul.

Tema 4 HHTerpaJ u ero npujioKeHust
IpakTnyeckoe 3ansaTue Ne 13
IIpuMeHeHne onpeae/IeHHOI0 HHTerpaJa
Ienb padoThl: HAYUYNTHCS MPUMEHSATH HHTETPUPOBAHUE [ PELIEHUS 3a/1a4 T€OMETPHUH.

Boinosinus padorty, Bel Oynere:

ymembs:

- HAaXOJUTh I1omaan 1JI0CKHUX (1)I/Il"yp C IMIOMOIIBIO OMMPEACITICHHBIX HHTETPAJIOB .
MarepunanbHoe obecnieyeHue:

I/IH,Z[I/IBI/I,[[yaHBHBIC 3aJaHusd, Ta6J'II/II_Ia HHTETpaIoB, KOHCIICKTLI HCKHHﬁ, y‘le6HI/IKI/I.

34



3aganue:

Haiitu mmomany miockux Guryp, orpaHuueHHbBIX JTHHUSIMH:
a)y=x"+1 y=0x=1x=4,
Bly=Inx.y=0x=1x =g,

2

B) vyt =xhix =4,

KpaTkue TeopeTnyeckue cBeeHUs:
T'eomempuueckuii cmvici onpedeieHHo20 UHmezpana

Iycts Qynkuus y=f(x) HenpepblBHa Ha OTpe3ke [a;b] ¥ NpPUHMMaeT Ha 5TOM OTpE3Ke
HEOTpHULIATeNbHbIe 3HaueHus, T.e. f(x)>0 mpu xela;b]. durypa, obpasoBanHas muHHAMH X=a, X=b,
y=0, y=f(x), HaspBaeTcs KpuBONMHEHHON Tpamemueii (puc. 1). OmnpeneneHHbIA HHTErpam oT

HEOTPUIATENIHON (DYHKIIMM HMEET MPOCTONH T€OMETPUYECKH CMBICI: ATO IUIONIA/b KPUBOJWHEHHOU
Tparnenuuu.

Puc. 1
Inowaou nnockux guzyp
1. Ecmu ¢ynkuus f(x) HeoTpuLaTensHa Ha oTpeske [a;b], To miomans S nmox kpusoii y = f(x) Ha [a;b]

b
(puc. 2) 4YHCIEHHO paBHA OIpEJENEHHOMY HHTerpamy oT f(x) Ha JaHHOM OTpe3Ke: Szjf(x)dx
a

(reoMeTpUYECKHl CMBICIT ONPEEIEHHOT0 UHTErpaia).

¥ \ v=1x)
\ e

ol a 5+ Puc. 2

2. Ecmu dynxius f(x) — HemonoxuTenbHas Ha oTpeske [a;b], To miomams S mox kpusoii y = f(x) Ha
[a;b] (puc. 3) paBma ompenenenHomy uHTerpady or f(x) Ha [a;b], B3ATOMYy CO 3HAKOM «MHHYCK:

’ e | Puc. 3
3.  Ecmm ¢pyHkmms fz(x)z fl(x) Ha OTpE3Ke [a; b], TO TUTOIIATE S (PHUTYPHI, 3aKITFOYCHHON MKy KPUBBIMU

b
y="f,(x) m y=f(x) a [a;b] (puc. 4) onpenensercs popmyimoit S = I( f,(x)— f,(x))dx .

' T* S Puc. 4

ITopsinok BbINOJHEHHS padOTHI:
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1. H3zoOpasute purypy Ha KOOPAMHATHOU INIOCKOCTH;
2. Ompenenure, SBIsAETCA JU (HUTYpa KPUBOJTUHEHHOMN TpaIeIHei.
3. Brruucnure miuomans GUrypsl.

Xon padoThr:
Haiitu miiomans Gurypsl, orpanndeHHoM rpadpukamu QyHKIHA y = x* —3x +2 uy=x —1.

Haiinem npenensl MHTErpUpOBaHUs - TOUKHU MepecedeHus rpadukoB pyHKIMMA, A 3TOTO IPUPABHIEM
IpaBbI€ YaCTH UCXOMHBIX (YHKIMI U PElIMM HOIydHBLICECS YpaBHEHHE x° — 3x + 2 = x — 1. Kopuamu

9TOI'0 YpaBHCHH SABJIAIOTCA YHUCIIA X = 1w x =3, cuemoBareabHO, OHU U SBJISFOTCA npeaciamMu

HUHTCIPHUPOBAHUA.

.
>
-

T, e

3HAYUT, IIOMA(h (PUTYPhI PaBHA:
=z 3 z
5= [1(x—Ddx — [[(x* — 3x + 2)dx =%—x—[%—3%+2x)=4,5—3—n,5+1—

27 1 _ .1
(?—3-4,5 -I-E.—E-l- 1,5—2) = 1EI (kB.eg.)
[Monyuwnnu, uyTo miomanb GUrypsl paBHa 1? (xB. e11.)

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOIHEHHAs paboTa.

Kpurepun onenku:

—  «OtnnyHo» -  yMeHHs cGOPMHPOBAHBI, BCE 3aJaHMs BBINOJHEHBl IPaBHIBHO, 0e3
apu(pMeTHYeCKUX OIMOO0K, pelieHrne 0ohOpMIEHO aKKypaTHO, C HEOOXOJUMBIMH 0OOCHOBAaHUSIMH.
—  «Xopomwo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBl HENOCTATOYHO, BCE 3aJlaHus

BBHITIOJTHEHBI, HEKOTOPBIE BHUJIbI 33JaHHI BBINONHEHBI ¢ omnOkamu. bezommbouno BeimonHeHo 80-89 %
BCEX 3aIaHUN.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  3aJlaHUIl BBIMIOJIHEHO, HEKOTOpbIE M3 BBIMOJTHEHHBIX 3aJaHUl coAepXkaT OIIHUOKH.
Bbe3omm6ouno BemonHeHo 70-79 % Bcex 3agaHuii.

- «HeynoBIeTBOPUTENBHOY» - TEOPETUIECKOE COACPKAHKE Kypca HE OCBOEHO, HEOOXOUMBIE
yMeHHUsI He c(pOpMHUPOBaAHBI, BEITIOTHEHHBIE YUeOHBIE 3aJaHuUs COJIEpKAT rpyObie omuoOKu. bezommbouno
BeINOIHEHO MeHee 70% Bcex 3aJaHui.

Tema 5 DneMeHTHI TeOpUH BepOSTHOCTEH
IMpakTnyeckoe 3ansiTue Nel4
Pemienue KOMOMHATOPHBIX 32124

Heas pabdorbi: HayuuThcsi OTIAMYATh COYETAHWS OT pa3MENICHWH, MPUMEHSATh (HOPMYIBI s
BBIUUCIICHUS BCEX BHIOOPOK O€3 MOBTOPEHUH.
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Beinosnus patdory, Bel Oyaere:

yMeThb:

- pemaTh MmpocTeinne KOMOMHATOPHBIE 3a7a4yll METOZOM Iepedopa, a TakKe C HUCIOJIb30BaHUEM
W3BECTHBIX (hopmyiT;

MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbIC MaTCpUaJibl, KOHCIICKTBI JIGKI_[I/II\/JI.

3ananue:

1. B copeBHoBanusx yyactByer 10 yenoBek, Tpoe U3 HUX 3aUMyT 1-e, 2-¢ u 3-¢ Mecto. CKOJIBKO
CYILIECTBYET PAa3IMYHBIX BAPUAHTOB 7

2. W3 rpymmel, B KOTOpo# yumTcs 12 4YeloBeK, HEOOXOIUMO BBHIOpAaTh 3 YEIOBEKa B COBET
koyeka. CKOJIBKO CYIIECTBYET pa3IMyHBIX CHOCOOOB TakKoro BHIOOpA.

3. Ha KHWXHOH MOJIKE BBICTABJICHBI 8 KHUT Pa3iMYHbIX aBTOPOB. CKOJIBKO CHOCOOOB MMeEETCs
JUTSl pACCTAaHOBKH 3THX KHUT B Pa3HOM MOpsiaAKe?

Iopsiiok BbINOJHEHUS PA0OTHI

1. Omnpenenute BUA BIOOPKU 0€3 MOBTOPEHUS.

2. BeiOepere COOTBETCTBYIOIIYIO (POPMYIY JIJIsl BBIYUCICHUS BOZMOXHBIX KOMOWHAIUH.

3. TlpowsBeauTe BRIYHCICHUS, HCIIONB3Ys MOHATHE (pakTOpHaa.

Xoa paGoTsI:

1.KonoBblit 3aMOK OTKpBIBAETCs MOCIEI0BATEIbHBIM HA00pOoM 4eThIpéX paszHbix nudp. Tpedyercs
OTIPEICIUTL YHUCIIO BO3MOXKHBIX KOJOB, KOTOPBIE MOYKHO IMOA00PATH I TOTO 3aMKa.

Pemienue.

Bosmoxnbix 1mudp Bcero aecsars(1,2,3,4,5,6,7,8,9,0).Kaxnas waOpanHas KoOMOMHAmmsl Koja
OTJIMYAeTCsl OT APYroi komMOuHanuu XoTs Obl ofgHOU nudpoii(1,4,5,7 #2.4,5,7),1u60 nopsakom Habopa
onuHakoBbIx 1Udp(1,4,5,7#4,5,7,1),n09TOMy IS TMOACYETA YHUCITA BO3MOXKHBIX KOMOWHAIIUH KOJOB
UCIOJIb3YeM (POPMYITy YUCIIA Pa3MEIICHUN.

2.dopmyna pa3sMEIIEHUI UMEET BUIAT = (ﬂ:!mu
. 4 _ _ B! _ iRl 109276540014 - o —
IponsBomm pacuér Afy = —=—"=————" =109 &7 =5040

. B Hamem cnydae n =4 .,m =10,

3.CKONbKO CYIIECTBYET CIOCOO0B BbIOOpaA TPEX YETOBEK U3 AeCATH?
Pemenue.
B nanHoMm ciyyae mpu BeIOOpeE AJIsS HAC BaXKEH TOJIBKO COCTaB 10 TP YeTIOBEKa, MOPSII0K BEIOOpa
pOJIM HE WTPAET, MOITOMY B OTJIMUKE OT MEPBOTO MPUMEPA YUCIO CHOCOOOB MOJACYUTAEM M0 (hopmyre
COUYETaHUH.

o !
dopMyna codeTaHuil UMeeT BUAOCT = —-

——— B ramem cimygae n=10, m=3.
tnlin -yl

. ip!  _ip!_rlaein

IIponsBoaum pacuér: i, = PP =120.

4.CKONBbKO pPA3IMYHBIX YETHIPEX3HAYHBIX YHMCET MOKHO cocTaBuUTh U3 1udpl,2,3.4 9 nuudps He
MOBTOPSAOTCS)?

Pemenue.

[To ycnoBHiO aHO MHOKECTBO M3 YETHIPEX 3JEMEHTOB, KOTOpbIE TpeOyeTcs paclolOXUTh B
OIpeIeIEHHOM nopsake. 3HauuT, TpeOyeTrcs HaMTH KOJIMYECTBO IMEPECTAHOBOK HMX YETBHIPEX
JJIEMEHTOB.

®dopmyna mepecTaHOBOK U3 1T —3JIEMEHTOB UMeeT BUA:F, = #! B Hamem ciaydae n =4.
[TpomsBeném pacuér: Ay =4!=4-3 -2 -1=24.

®opma npeacTaBaeHus pe3yJibTaTa: BHIIOTHEHHOE 3aJJaHNE

Kpurepum ouenku:
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Ounenka "OTJMYHO'" CTaBHUTCS, €CM padOTa BBIOJHEHA B IMOJHOM 00BEME C COOIMIOIECHUEM
HEe0oOXOIMMOM TOCIEI0BAaTEILHOCTH JEHCTBHI; B OTBETE MPAaBMWIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMUCH U BBIYUCIICHUSI.

Ouenka "'xopomo' CTaBUTCS, €CIIU BBHITIOJTHEHBI TPeOOBaHUS K OIEHKE "OTIUYHO", HO JOIYIICHBI
2-3 Heyouera.

Ouenka "yIa0BJIETBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBIMOJIHEHA HE TMOJIHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJISIET MOJIYYHTh MpPaBUJIbHBIE pPE3yJbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PAaOOTHI OBUIH JOMYIIEHBI OITHOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABUIIbHBIX BBHIBOJIOB.

Tema 5 DneMeHTHI TeOpHH BepOSITHOCTEH
IIpakTnyeckoe 3ansitue NelS
Pemienue 3a1a4 Ha BbIYMC/JICHHE BEPOSITHOCTH € HCIIOJIb30BAHNEM 3J1EMEHTOB

KOMOUHATOPUKH
Heab padorbl: HayuyuThcs HAXOAUTH BEPOATHOCTh COOBITHH, UCIIONB3YS (DOPMYIIbI KOMOMHATOPUKH.
Boinosinus padorty, Bl Oynere:
ymembw:

-BBIYHUCIIATH YUCIIO UCXOJIOB, OJaronpUsTCTBYIOIIUX HACTYIUIEHUIO PACCMATPUBAEMOTO COOBITHS,
UCTONB3YST (POPMYIbl KOMOMHATOPHKHU;

- BBIUUCIIATH BEPOSITHOCTD COOBITHSI IO KJIACCHYECKOMY OIPEIIEIICHUIO0 BEPOSITHOCTH.
MarepuanbHoe obecnieuenune: VHauBuiyaibHbIe 3a/1aHNs], KOHCTIEKTHI JICKITUH.
3ananmue:

1. T'oToBsICh K JOKJIaAy, CTYyIEHT BBIMHUCAT U3 KHUTHU LUTaTy, HO, 3a0bIB HOMEp CTpPaHUIIbI, HA
KOTOpOI OHa HaxoJujach, Hamucajl HoMep Haynady. KakoBa BEpOSITHOCTh TOTO, YTO CTYACHT 3amucall
HY>KHBIA HOMEp, €CITM OH IIOMHHT, YTO HOMEP BBIPAXKAETCS ABY3HAYHBIM YHUCIOM?

2. B smuke 15 geraneit, cpenu kotopsix 10 okpamensl. COOpIIMK Haynady BeIOpas 3 meTaid.
KaxoBa BepOSITHOCTB TOTO, UTO BBIOpPAHHBIE JIETAIH OKa3aJIlCh OKPAIIEHHBIMH?

3. Nwmeerca 8 xaprouek. OHa CTOPOHA KaKIOW M3 HUX YUCTas, a Ha JIPYroil HamucaHbl OYKBBI
JOWP, AH,3,I1. KapTouku KiagyT Ha CTOJ YMCTOM CTOPOHOM BBEpX, MEPEMENIMBAIOT, a 3aTE€M
MIOCJIEZI0BATEIBHO OAHY 3a IpYroi rnepeBopadynBaioT. KakoBa BEposITHOCTh TOTO, MPHU MOCIEA0BATEILHOM
nosiBiieHNH OykB Oyzet cocranieH cioo [TPA3JTHUK?

4. llemb COCTOUT M3 HE3ABUCUMBIX OJIOKOB, COETMHEHHBIX B CHCTEMY C OJHUM BXOJIOM U OJTHUM
BBIXOJIOM.

"
e,
!._A.'I.
B

e

-
L3

e
(=)

puc. 1
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BBIXOI[ H3 CTPOs 3a BpCMA T PA3JINYIHBIX 3JICMCHTOB LICITU — HC3aBUCUMBIC CO6BITI/I$I, UMCIOIHUEC

CIIEAYIOIINE BEPOITHOCTHU: ¢,=0,1;,=0,2;4,=0,3,4,=0,4. OTka3 1r00ro U3 AIEMEHTOB
MIPUBOJIUT K IPEPHIBAHUIO CUTHAJIA B TOM BETBHU LIETH, T/I€ HAXOIUTCS JaHHBIN 3s1eMeHT. Halitu
HaJEKHOCTh CUCTEMBI/

KpaTRne TECOPETHYCCKUEC CBCACHUS .

Beposamnocmoro coovimus A Ha3bIBacTCsI OTHOIIEHHE YHCIIA M CIydacs, OJIArONPUATCTBYIOIIMX €T0
MOSIBJICHHIO, K OOIIEMY YHCIY BCEX HECOBMECTHBIX PaBHOBO3MOXHBIX H 00pa3yOIUX MOJHYIO TPYIIIY
COOBITUH.

Takoe onpeseneHne BEPOSITHOCTH HAa3bIBAIOT KJIACCUUECKUM. BEpOATHOCTH COOBITHS 0003HAYAETCS
m
P(A) u Bbraucnsercs no popmymne: P4) = —

BeposTHOCTh MOSBICHMS COOBITHS 3aKII0YeHa B Ipeenax
oTr 0mol: O0=P(4) =1

HpI/I pEeIICHUHU 3a4a4 Ha BBIYUCIICHUEC BCPOATHOCTH IMPHUMCECHATIOTCS C];)OpMyJII)I JJIA 1oAcC4YETa Yucia
KOM6HH3HH§I H3 JAHHBIX 2JICMCHTOB:

- 4YHUCIIO IEPECTAaHOBOK BbIuHcCiseTcs 1o popmyne: B, = n!

- YUCJIO pa3MemeH1/n?1 13 N 2JIEMEHTOB O M 2JIEMEHTOB B KAXKJIOM BBIYUCIISICTCS 110 (bOpMYJIeI

,
A™ = n!
n (m—m!

- YUCJIO COYETaHUM M3 N 3JIEMEHTOB 10 M AJIEMEHTOB B KaXKJI0M BBIYHCISCTCS 110 (I)opMyﬂe:

]
cm = n!
n (n—mb!-m!

HanexHOCTh KaXKA0ro 3JeMEHTa CUCTEMBbI 2JIEKTPOCHA0KEHHUSI MOXKHO XapaKTepU30BaTh
BEPOSTHOCTBIO pab0overo COCTOSHUS P U BEPOATHOCTBIO 0TKa3a (. Eciiu He y4UTHIBaTh MIIaHOBBIE
MIPOCTOU (PEMOHTBI), TO MOYKHO CUHTATh, YTO 3JIEMEHTHI B JIF0OOH MOMEHT BPEMEHH HAaXOATCS B OJJTHOM
U3 3TUX cocTosiHUM. Torna cymMma BEpOSATHOCTEN ATUX COCTOSIHUM paBHa 1: p +gq = 1.

JIns rpynnsl U3 ABYX 3JIEMEHTOB BO3MOXKHBI CIEAYIOIIUE COUETAHNUS:
00a siemeHTa B pabo4eM COCTOSIHUM,
MIEPBBIN AJIIEMEHT B BBIHYKJIEHHOM MPOCTOE, BTOPOH B paboueM COCTOSTHUMY;
MIEPBBII 2JIEMEHT B paboueM COCTOSIHUH, BTOPOI B BEIHYXKJIEHHOM IIPOCTOE;
4. o0a»nmeMeHTa B BBIHYKJIEHHOM MPOCTOE.
BeposTHOCTH 3TUX COCTOSTHUI MOKHO HANTH, BOCIIOJIB30BABIINCH TEOPEMON YMHOKEHUS BEPOSITHOCTEMN.
Tak npu mocJie10BaTeJIbHOM COCIHHEHUH JABYX JJIEMEHTOB C HA/IC)KHOCTBIO KaXKI0TO P1 U P2
HaJIeKHOCTh BCEH CXEeMBbI omnpeensercs kKak P = p, - p,

wnh e

Jlpyrumu cioBaMu cxema pabomaem, eciu pabomaiom ooa 3nemenma. Ilpu omkaze 00nozo (1106020)
U3 HUX cxema pabomamo He 0Oyoem (mokK uepes yenv He noidem).

BeposiTHOCTB 0TKa3a 1JIsl OC/1e10BATEIbHOI0 COeIMHEeHHUs

P =1 — q,q, (105 ABYX dJI€MEHTOB).

P=1-q,q9, ..q, (111 1n -—51eMEHTOB).
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IIpy napa/uieIbHOM COCAUHEHUH ABYX 3JIEMEHTOB C HAJIEXKHOCTBIO KaXKIOI0 p1 U P2 HAZEKHOCTD
BCEH CXEMBI ONPEACHACTCA Kak P = p, o, + Py 4 + P2y

ITonp3ysich (hopMyIioii A1l BEPOSITHOCTHU HOSBIEHUS XOTSI ObI OTHOIO COOBITHS, HAIEKHOCTb CXEMBI
MapajIeIbHOI0 COCTMHCHUS 3alIUChIBAIOT B BUJC P =1 — g, q..

[pyrumu cinoBamu cxema pabomaem, eciu pabomaiom 0oa 3nemenma, HO maxdce Ona pabomaem,
eciu evlitdem u3 cmpos U KaxKou 1udo 0OuH u3 3J1eMeHmoas.

IMopsinok BbINOJIHEHHUSI PA0OTHI:

1. Ompenenute codbiTHe A, BEpOATHOCTh KOTOPOTO HYKHO BBIYMCIUTD.

2. Ilpocuuraiite obmiee yrciio (N) BO3MOXKHBIX UCXOJIOB.

3. IlpocunTaiiTe 4YuCciIO UCXOA0B (M), OIArOMPHUATCTBYIOIINX HACTYIUICHUIO COOBITHS A.

4. Vcnionb3yiite GopMyIy Ui BBIYUCICHHS BEPOSATHOCTH OMPEICIEHHOTO coObITHs. PA) = —

Xon padorhl:

1.Habupas nomep Tenedona, aboHeHT 3a0bu1 ociennue 3 uudpsl 1 Habpas ux Hayaayy, HOMHS . 4YTO
OHU pa3nuuHbl. HaliiuTe BEpOSTHOCTh TOTO, YTO HAOPaHBI HY)KHBIC ITU(PHI.

Pemenue:

CoOpiTHE A- «HOMEp HaOpaH BEPHO».
Yucno N-obmee 4YHMCIO HMCXOJOB  HCIBITAHUS  IOJIyYUM, BOCIIOJIb30BABIIMCE  (pOpPMYJIaMU
komOuHaTopuku. Beero umeercs 10 uudp, T.e. ymciao sneMeHTOB paBHO 10; B KaxkJIoe COeJUHEHUE
BXOJUT MO 3 1u@pbl; MopsAaaoK nudp (3J€MEHTOB) CYIIECTBEHEH MpU Habope HoMepa, 3HAUUT, HYKHO
HaiiTu yncno pasMerienuit u3 10 snemenToB no 3 no ¢opmyie:

A%y = o = 5 = o =720 . Urax, n=720

Yucno m=1, T.K. TOJIbKO OJUH HA0Op U3 TPEX HUGP SABISETCA HY>KHBIM. 3HAUUT,

P(A) =%= =

720
2.U3 ypHBI, B KOTOpOi HaxonsaTcs 12 6enbIx U 8 4EPHBIX 1IAapOB, BBIHUMAIOT Hay1auy JiBa mapa. Kakosa
BEPOSITHOCTh TOTO, YTO 00a IIapa OKaXyTcsl YEPHBIMU?

Pemenne:

CoObiTne A- «oba mapa OKaxyTcsi YEPHBIMU.
Yuco N-o0miee 4YHUCIO HUCXOJIOB  HCIBITAHUS — IIONYUHM, BOCTIOJIB30BaBIINCE  (hOpMyIamMu
KoMOuHaTopuku. OOIIee 4YHCIO BO3MOXKHBIX CIy4aeB N paBHO YMCIy coueTaHui u3 20 31eMeHTOB

) 200 _ 20 _20-1918)
+ TN=Chp = = = = .
(12+8) mo mBa: N=Cjp = ——=——="0 190

Yucno ciyyaes m, 6J'Ial“01'IpI/I$ITCTBy10H_[I/IX COOBITHIO A, paBHO YHCIy COUYETaHUH U3 § neMeHTOB ( §

B 578
YEPHBIX MIAPOB ) TIO JBa: N=C; = 1 e Lilo
l(g-23 216! F S

PlA) =2=2 x 0147

n 150
3.Ha st kapToukax pa3pe3Hoii a30yku Hanucanbl OykBbl A,3,K,0,M. Kaprouku nepememuBaroTcs u
HayraJ packiazabiBatoTcs B psia. Kakosa BepodaTHocTs Toro. Uro nomyuurcs cioso 3AMOK?

Pemenue: CoObiTie A- «momydutcs ciioBo 3AMOK.
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Yucno n-obmiee YUCIO MCXOJOB HCHBITAHUSA  TOJIYYHM, BOCIIOJIb30BaBUIMCh  (hOpMyTaMu
koMOunHaTopuku. OOmiee 4YHCIO  BO3MOXKHBIX CIy4aeB N  PaBHO YHCIY NMEPECTAaHOBOK U3 5
3eMeHToB (OykB): N=FP; = 5!=5:4-3 -2.1=120.

Yucno ciaydaeB M, OiaronpusiTCTBYIONMMX COOBITHIO A, paBHO 1, T.K. TpeOyeTcsi COCTaBUTH CIIOBO C
OyKBaMU, pacCTaBJICHHBIMU B OIIPECIEHHOM MOPAIKE. A 3TH OYKBBI Pa3IUYHbI.

Py ==

n L0

4, HCHB COCTOHUT U3 HE3aBUCHMbIX 6J'IOKOB, COCAMHCHHBIX B CUCTEMY C OJHHUM BXOJOM U OJHUM
BBIXO/J0M.

ok,
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BI)IXOZI N3 CTPOs 3a BpEMA T PAa3JIMYHBIX 3JIEMCHTOB LICIIN — HC3aBUCHUMBIC CO6I>ITI/I$I, HMCIOIIHNEC

CIIEAYIOLINE BEPOSITHOCTH: 0,=0,1,4,=02,4,=0,3,q,=04. OTka3 1r000ro 13 AIEMEHTOB IMPUBOJIUT K

MIPEPHIBAHKMIO CUTHAJIA B TOM BETBH IICTIH, IJI¢ HAXOAUTCS JaHHBINA 1eMeHT. HailiTi HaIe)KHOCTh CUCTEMBI.
Pewenue:

CoObITHE A — cUCcTEMa HaJEXKHA.

CoObiTue Aj— i-ii 610K paboTaeT 6€30TKa3HO.

OneMeHTHI | 1 2 coeuHeHbl MapauieNIbHO, U JIEMEHTHI 3 U 4 COeIMHEHBI MapaJlIeNIbHO, a MEXITY COO0M
OHHU COEIMHEHBI MTOCNIE0BATEIBHO, TOTAa UCTIONB3YS (DOPMYIIBI, TOTYIHM
PlA|=|1-q,4) [1-g;q,/=11-0,1-0,2}-(1-0,3-0,4)=(1-0,02)-11-0,12)=0,98- 0,88=0,8624

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOIHEHHAs padoTa.

Kputepuu onenkmn:

— «OTnuaHO» -  yMeHHs c(OpMHpOBaHBI, BCE 3a/laHUs BBHIMOJIHEHBI MPaBUIBHO, 0e3
aprupMeTHYECKUX OMMOOK, pemeHne 0hOpMIICHO aKKypaTHO, C HEOOXOIUMBIMUA 00OCHOBAHUSIMH.
— «Xopomio» - HEKOTOpble YMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIC BHUJIBI 33JJaHHI BBIOJHEHBI ¢ ommnOkamu. bezommbouno BeimonaeHo 80-89 %
BCEX 3aJaHUN.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(HOpPMHPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIMIOJIHEHO, HEKOTOPBIE M3 BBIMOJTHEHHBIX 3aJaHUl COAEpkKAT OIIHUOKH.
Bbe3omm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHOY» - TEOPETUIECKOE COACPKAHKE Kypca HE OCBOGHO, HEOOXOUMBIE
yMeHHUs He c(pOpMHUPOBaAHBI, BEITIOTHEHHBIC yUeOHBIC 3a/IaHUs COJIepPKaT IrpyObie ommoku. bezommboouHo
BeINOIHEHO MeHee 70% Bcex 3aJaHui.
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Tema S D1eMeHTHI TeOpPUHU BePOSITHOCTEl
IIpakTyeckoe 3ansaTHe Nel6

Brioopka. UnciioBble XapaKkTepUuCTUKU BbIOOPKH. ['eHepa/ibHAsI COBOKYITHOCTH M BLIOOPOYHAs

COBOKYNMHOCTB. OnpeaeneHue CTAaTHCTHYECKUX pacnpe/eleHuit
Lesas padoThbi: PaccMOTpeTh OTAEIBHBIE TPUMEPHI, XapaKTEPHBIE 17151 BLIOOPOYHOTO METO/IA.

Beinosinus patdory, Bel Oyaere:
YMETb:
1. CocraBnsaTh pacnpeneneHue OTHOCUTEIbHBIX YaCTOT.
2. CTpouTh NOJIHUTOHBI YACTOT M OTHOCUTEIBHBIX YacTOT.
3. CrpouTs rUCTOrpaMMy IO 33JaHHOMY CTaTUCTUUECKOMY PACIPEIEICHHIO:

4, HaXO,I[I/ITB CTaTUCTHYCCKHUE OLICHKU reHepanLHoﬁ COBOKYITHOCTH, Sa,I[aHHOﬁ BapualliOHHbIM

pAIOM:
5. HaxoauTth cTaTUCTHUYECKHE XapAaKTEPUCTUKH BHIOOPKHU.

MartepuanabHoe o0ecniedenue: VHIUBUIyaIbHBIC 3a/1aHUS, KOHCIICKTBI JICKITUH.
3ananmue:

1. ITocTpoOUTh MOJUTOHBI YACTOT M OTHOCUTEIBHBIX YaCTOT TI0 PACTIPEACIICHUIO BEIOOPKH:

xi | 2| 4 | 7] 8 | 9 | 12
| e | 2m | p | P2 | ps | 3ps

2. ITocTpoiiTe TUCTOrPaMMBI YaCTOT ¥ OTHOCHTEIIBHBIX YaCTOT 110 PACTIPEACIICHHIO BEIOOPKH:

No Unrepsan, Cymma gacror
HHTEpBAJIA Xi _ Xi+1 BapuaHT ?]?Temea,

: 3-5 P1

2 halll 2p;

3 7-9 3ps

4 9-11 p;

5 11-13 2p;

6 13-15 3p?
! 15-17 P1+P2

3. Iy TeHepaIbHOM COBOKYITHOCTH, 33/IaHHON PacIpeIeIICHHEM:

Haiigute TFCHEpPAJIbHYIO CPECAHIOO, TCHCPAJIBHYIO JUCIICPCUT0, TCHEPAJIBHOC CTAHAAPTHOC OTKJIIOHCHUC,

MOJy, MEMAHY U pa3Max.
4. U3 reHepaIbHOM COBOKYITHOCTH C/ieNiaHa BIOOpKa, 3a/laHHas pacipe/leJICHHEM:
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xi] 2 | 4| 6 | 8 | 10] 12 | 14
2

il P | 22| P | P ps | 2ps | potps

Haiitu BEIOOpOUYHYIO CPEHIOI0 BHIOOPOYHBIE JUCIIEPCUIO U CTaHAAPTHOE OTKIOHeHHne. OOpaTuTe
BHUMaHMeE: P = uucily OykB B Baimem umenu; p;= uuciy OykB B Bameil pamuminu; p3 = uucity Oyks B
nMeHH Bamrero orua.

Ilopsiniok BbINOJIHEHUS padoOTHI:

1 [IpounTaB yciaoBHe MpeaI0KEHHOM 3a/1a4H , IO KOHCIEKTY JIEKIIUK HAalIUTe COOTBETCTBYIOIIUE
bopmybI.

2.IlpuMeHuTE JTEKIMOHHBIM TEOPETUUECKUI MaTepran Ui PEUICHUs] KaXJ0M 3a/1auu.

3 B ciiyuae HEOOXOJUMOCTH TPEACTaBUTh T€OMETPUUECKYI0 HHTEPIPETALNIO YHCIOBBIX XapaKTEPUCTHUK.
BBIOOPKH.

Xona padotsel: 1. 3amano pacrpeeieHue 4acTOT BEIOOPKH:

x| 2|6 |12]15
n| 310715

CoctaBuTh pacnpeieleHie OTHOCUTENbHBIX YacToT.
Onpenenum cHavana 00beM BBIOOPKHU:
n=34+104+7 45 =15,

o n.
Haiinem oTHOCHTENbHBIE YACTOTHI IO opMyIe W, = —!
n

wl=235=0,12; w, =%=0,40;w3 =215=0,28;w4 =2£5=0,20.

CrnenoBarensHO,

xi | 2 | 6 | 12 | 15
w; | 0,12 | 0,40 | 0,28 | 0,20
Kontpons: 0,12+ 0,40+0,28+0,20 =1.
2. Tlo pe3yiibTartaM IIpumMepa 1 MNOCTPOUTH IMOJIMTOHBI YACTOT U OTHOCUTECJIBHBIX YaCTOT.
Pemenne. OTtoOpa3uB Ha MIOCKOCTH TOYKU C KOOPIUHATAMHU (Xi ,ni) U COCTUHUB UX OTPE3KaMU,

IMOJIYYHM IIOJIUTOH YaCTOT:

N

2 6 12 15 Xi

AHaJOTMYHO MOCTPOUM TOJIUTOH 10 TOUKaM (X;,W;) :

Wi

0,40 »

0,28

0,20

0,12 ¢




3.IToctpoiiTe TUCTOrpaMMy IO CIEAYIOLIEMY CTaTUCTUYECKOMY paclpeesICHUIO:

WHuTepBan Cymma yacToT
No nntepBana JUTUHOMN BapHUaHT

h=5 N;
1 5-10 4
2 10 -15 6
3 15-20 16
4 2025 36
S) 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexne Bcero, onpenenum o6beM BEIOOPKH:
n=4+64164+36+ 244+ 1044 =100,
[To u3BECTHBIM CyMMaM YacTOT BapUaHT PACCUMTAEM IJIOTHOCTh YACTOTHI [0 MHTEPBAIAM:

No II10THOCTH YacTOTBI No II10THOCTH YacTOTHI
HHTCpBAJIa % HHTCpBAJIa %
1 0,2 5 4,8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2
N306pa3iM MOTyYEeHHBIN pe3ysIbTar:
n;
WA
7 1
6 L
5 -
4 L
3 -
2 1
1 -
— l. -

5 10 15 20 25 30 35 40 X

4. Haitinute cTaTUCTUYECKHE OLIEHKH TeHEPaTbHON COBOKYITHOCTH, 3aJJAaHHOM CJICTYIOITUM
BapUALMOHHBIM PSIOM:

BapHaHTa X; | 2
gacroraN; | 8 |

| 4|5 |6
9 |10] 3

Pemenue. Onpenenum 00beM COBOKYITHOCTH:
N =8+9+10+3=30.
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Haiinem renepaibHyto CpeIHIOKO:
< - 8-2+9-4+10-5+3-6 _
: 30
J1J1s BEIYUCTICHHS TEHEPATbHOM TUCTIEPCHU HCTIOIb3yeM (hopMyTy D, =x2 — (X, Ornpenenum CpeaHIO0

4-

KBaJIpaToB:
el 8:22+9.42+10-5% +3-62
r 30

=17,8"
Taxum obpasom, p_=178-4%=18.
['eHepanpHOE CTaHIAPTHOE OTKIIOHECHUE: o =D, =18 =134-

OGBI‘-IHO HOHy‘ICHHBIX peSy.HBTaTOB JOCTATOYHO IJIA HpaKTI/I‘IeCKI/IX 3a1a4. OI[HaKO MOKHO HOHy‘-II/ITB
JOTIOJTHUTEIbHBIC XapaKTEPUCTHKH [T O0JIee TOHKOM OILIEHKH IT'eHepaabHON COBOKYIHOCTH. [IpuBeaem
ux:

Monma Mo : HanOOJIBIIIAsA YacTOTa

Mo =10-
Menauana Me: BapHaIllHOHHBIN PsI JSTUTCS OMOJIAM B TOUYKE

Me=45.
Pa3zmax Bapuanuu R: B mpumepe
Xpex = 0 Xpin =23
[I03TOMY
R=6-2=4.

5. U3 FeHepaﬂLHOﬁ COBOKYITHOCTH U3BJICUCHA BLI60pKa

Haiigure ctaTucTuyeckre XapakTepUCTUKH BBIOOPKHU.
Pemenue. Onpenenum 06beM BIOOPKU:
n=92+94+103+105+106 =500 .
Bri6opounast cpeassis:
~92.1+94-2+103-3+105-4+106-5

Ko = ~182.
B 500

Onpenenyum CpeIHION KBaJIpaToB:
— 09212 +94.2% +103-3% +105.4% +106-52
Xe = 500

~11,45-

Bri6opounas nucnepcus:
D, = X2 —(X, J =11,45-182% =814.
BLI6OpOLIHOC CTAaHAAPTHOC OTKJIIOHCHHUC!
o, =+/814 =285

®opma npeacTraBiaeHus pe3yJbTaTa: BbINOJIHEHHAas padoTa.

Kpurepum ouenku:

Ouenka "OTJMYHO'" CTaBHUTCA, €clid pabdoTa BBIOJIHEHA B IMOJHOM 00BEME C COOIMIOIEeHUEM
HEOOXOMMOM TOCIeI0BAaTEILHOCTH JIEUCTBHI; B OTBETE MPABWJIBHO W aKKypaTHO BBITIOJTHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka "xopomo' cTaBUTCS, €CJIU BBIIOIHEHBl TPEOOBaHUS K OLIEHKE "OTIWYHO", HO JOIYIIEHbI
2-3 Hezouera.

Ouenka "yI0BJI€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBINMOJIHEHA HE TOJHOCTHIO, HO 00BEM
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BBITIOTHEHHOW YacTH TaKOB, YTO IO3BOJISET IMOJYYHUTh MPABWIBHBIE PE3YNIbTAThl U BHIBOJBI; B XOJE
MPOBEACHUS PAaOOTHI OBUTH JOTYIIEHBI OITHOKH.

Ouenka ""Hey10BJE€TBOPUTEIbHO'" CTaBUTCS, €CIIH padOTa BBHIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTu pabOThI HE MO3BOJISIET C/IeNIaTh IPABUIIBHBIX BBIBOJOB
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