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1 BBEJEHUE

BaxHylo dYacTeh TeOpeTHUecKO u NpodecCHOHATBHON TNPAKTHUYECKOW MOJITOTOBKH OO0YYaromuXcs
COCTAaBJISIIOT MPAKTUYECKUE 3AHITHS.

CoctaB UM cozepkaHHE MPAaKTUUYECKUX 3aHATHI HampasieHbl Ha peanusanuio DenepanbHOro
roCyapCTBEHHOT0 00pa30BaTEIbHOIO CTaHAapTa CPeIHEro MpodeccCnoHaTbHOTO 00pa30BaHHUS.

Benymeld nuaakTHYecKoW LENBbI0 MPAKTHYECKHX 3aHATUH  sABIsSeTCs (POpPMHUpPOBAHUE yUEOHBIX
MPaKTUYECKUX yMEHHUH (YyMEHH#l pemarh 3ajJa4d [0 MaTeMaTHKe, B TOM YHCJIC MPHUKIAIHOTO XapakTepa),
HeOOXOMMBIX B MOCIIEAYIONIEH yueOHOM NesITeTbHOCTH.

B coorBerctBHM ¢ paboueld mporpamMmol y4eOHOH AUCUMIUIMHBI «MaTeMaTHKa» TperycMOTPEeHO
MPOBE/ICHNE MPAKTUYECKUX 3aHIATUNA. B pamMKax mpakTUYECKOro 3aHATHS 00YyYarolUecss MOTYT BBIIOIHSTH OJHY
MJIM HECKOJIBKO ITPAKTUYECKUX PaloT.

B pe3ynbrate ocBoeHUs yueOHOM NUCHUIUIMHBI O0YYaIOUIUIICs TOJIKEH Y Memb.

Y1 HaxoAuTh MPOU3BOAHYIO 3JIEMEHTApHOU (QYHKIINHU;

Y2 BBINOJHATE ACUCTBUS HAJl KOMIUIEKCHBIMU YHCIIAMY;

Y3 BBIYUCIATH NOTPELIHOCTH PE3YIbTATOB JEHUCTBUS HaJl NPUOIMKEHHBIMU YUCIIaMU;
Y4 pemars npocTeiine ypaBHEHUS U CUCTEMbI YPAaBHEHMUI;

Y5 3a1aBaTh MHOKECTBA U BBINIOJIHATH OIEPALlUX HAJl HUMU;

Y6 HaXOAUTb BEPOATHOCTH B IPOCTEHIINX 3a]a4ax;

Y7 BBINONHATH apU(PMETHUECKHUE ONIEPALIUU C BEKTOPaMU;

Y001.02 ananu3upoBarth 3a1a4y W/WiH NpoOiIeMy U BBIICIATH €€ COCTaBHbIC YaCTH;
Y001.03 ompenensarts 3Tanbl perieHus 3a1a4m;

Y001.08 peanuzoBaTh COCTaBJICHHBIH IJIaH;

Y002.03 mmarupoBaTh IPOIECC MTOMCKA; CTPYKTYPHUPOBATH IMOJydaeMyt0 HH(GOPMAIIHIO;
¥002.06 opopMisTh pe3ynbTaThl MOUCKA, IPUMEHSATh CPEACTBA MH(POPMAIIMOHHBIX TEXHOJIOTHH A pelieHus
nmpoecCOHANBHBIX 33]1a4;

CozmepxaHue  MpPAKTUUECKUX pabOT  OpPUEHTHPOBAaHO Ha  MOATOTOBKY  CTYAEHTOB K  OCBOEHHUIO
MPO(ECCUOHATBEHOTO MOJYJISi OCHOBHOM MPOo(ecCHOHAIbHOM 00pa30BaTEbHONW MPOrPaMMbl M0 CHEIMATLHOCTH U
OBJIAJICHHIO NMPO(ECCHOHATBEHBIMU KOMIIETEHIUSAMMU:

1K 2.4 YyacTBOBaTh B IPOEKTUPOBAHUH CHIIOBOTO U OCBETUTEIBHOIO AJIEKTPOOOOPYI0BAHHSI.

IIK 3.4 Y4acTBOBaTh B IPOEKTUPOBAHNH IEKTPUUECKUX CETEU

A Taxxe GOpMUPOBAHUIO OOLINX KOMITETEHIIUI:

OK 01. BriOupaTth crocoObl pemieHus 3afady NpoPecCHOHANbHON JEATETbHOCTH NPUMEHUTENBHO K
pa3IU4YHBIM KOHTEKCTaM;

OK 02. VMcnosnb30BaTh COBPEMEHHBIE CPEICTBA IOMCKA, aHAIM3a W HHTEpHpeTanud HHPOpMaluu, U
MH(OPMAIIMOHHBIE TEXHOJIOTHH ISl BHIITOJIHEHUS 3a7a4 IPo(eCcCHOHAIbHOM e TEIbHOCTH;

BeinonHenue cTyileHTaMu MpakTHUECKUX padoT No yueOHoW AucuuIuInHe «MaremMaTiKay» HalpaBiIeHo Ha:

— o0oOmieHre, CUCTEeMaTU3AlMIO, YIIIYOJIeHHE, 3aKpeIUIeHHe, Pa3BUTHE U JICTATH3AIUI0 TOJYYCHHBIX
TEOPETUYECKUX 3HAHUN M0 KOHKPETHBIM TeMaM Y4eOHOM U CIUIIIINHBL

— (opMHUpOBaHME YMEHUH NPUMEHATh MOJYYCHHBIE 3HAHUS Ha IMPAKTHKE, pPEATHU3alUI0 €IUHCTBA
MHTEJUIEKTYaJIbHON M MPAKTUYECKOH e TeIIbHOCTH;

— BBIpAaOOTKY NpU pEIIeHUH IOCTABJICHHBIX 3a/1a4 NPOPECCHOHATBHO 3HAUYMMBIX KAauyecTB, TAKMX Kak
CaMOCTOSITENIBHOCTD, OTBETCTBEHHOCTh, TOUHOCTb, TBOpYECKasi MHUIIMATHBA.

[pakTryeckue 3aHATHS TPOBOJSTCS MOCIE COOTBETCTBYIOIIEH TEMBI, KOTOpast 00ECeUBaeT HAIMUUE 3HAHUM,
HEOOXOJMMBIX JUISl €€ BBITOJTHEHNSI.

2 METOJANYECKUE YKA3AHUS

Tema 1.1 InddepennuaibHoe ncuncjieHue
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IIpakTyeckoe 3ansaTue Ne 1
Beruuciaenue npeaesios ¢pynkuuii. PackpbiTie HeonpeaeaéHHOCTel

Heanb: Hayuuthcst BbuuciATh npeaensl QyHkiuil. HayduTbes HAaXOOUTh TOYKM pa3pbiBa (DYHKITHIA,
ONPEAEIATh UX POJI, HAXOAUTh ACUMIITOTHI IpaMKOB (DYHKIIHIA.

BbinosinuB padory, Bel Oyaere:
ymembs:
¥001.02 ananu3upoBath 3a1a4y U/uiau mpoOIeMy U BBIIEISITH €€ COCTaBHBIE YaCTH;

MaTepnaﬂbnoe odecmeyeHue: UHAWBUAYAJIBHBIC 3a1aHNA, KOHCIICKTBI HGKHHﬁ.

3aganue 1:

Boeruncnuth npeaensl yHKIMIA:
lim,_.,(2x%® —10x%? —4x +5)
i 3x2-11x+6
im e E——

X3 52 _5x-3
11x®-5x% —6x+10
J§x4—8x2+2

sin-
: 2
4. lim,_q —~

5. limy_, (1 —%)Sx

3aganne 2:
HccnenoBare GyHKIMU HAa HEMPEPHIBHOCTH. HaiiT TOUKM pa3peiBa U onpeaenuTh ux poa. Haiitn acuMnToTh

GyHKIMIA.

3. lim,_.

1) y=22%
2) J‘ — :I;;ﬁ;gﬂ.

ITopsinok BeINOJHEHHS PA0OTHI:

Haiigure npenen gyHKIMH, UCTIOTIB3YsI TEOPEMBI O IIpeenax.

Ecnu nonyunnack HeonpeaeneHHOCTb, ONPEIeINTe €€ BU U CIIOCO0 PaCKPBITHSL.
[IpeoOpa3yiiTe GyHKINIO U paCKpOUTE HEONIPEAETEHHOCTb.

Brrancnure npeaein.

Awnh e

Xoa padoTsi:

1) Toukamu paspwviéa pynkyuu Ha3bIBAIOTCA TOYKH, B KOTOPBIX HAPYIIAETCS YCIOBHE HEMPEPHIBHOCTH
GbyHKIHN.

2) Bce Touku pa3pbiBa GyHKIUH Pa3IeNAIOTCS HAa TOYKH pa3phbiBa MEPBOro U BTOPOTO Poja.

3) Touka paspsiBa Xg Ha3BIBACTCS MOUKOU pazpwiéa nepso2o pooa GyHkiMu y = f(x), €CIu B 3TOH TOUKE
CYIIECTBYIOT KOHEUHBIE Tpeesibl (YHKIIUHU CIIeBa U CIIPaBa, T €

4) lim,_, o f(x) =A; m lim,_., 40 f(x) =A;. Ilpu stom: ecnu A; = 4,,T0 TOYKa X Ha3bIBAETCH
TOYKOH YCTPAaHHMOTO pa3pbiBa; eciind; # A, TO TOUKa X HAa3bIBACTCS TOYKOW KOHEYHOTO pa3phiBa.

5) Touka pa3psiBa X, Ha3bIBACTCS MOUYKOU pa3pbléa 6mopozo poda GyHKIMU ¥ = f(x), ecau 1o KpaitHei
Mepe OJIH U3 OJTHOCTOPOHHUX IPEJIEIIOB HE CYIIECTBYET MM paBeH OECKOHEYHOCTH.

6) Acumnmomoii zpaguxa ¢ynkyuuy = f(x)Ha3pIBacTCsA mpsMas, oOJagaromas TEM CBOHCTBOM, 4YTO
paccrosHue 0T To4ku(x: f(x)) 10 STOH HMPAMON CTPEMHTCS K HYIIO NPH HEOTPAHHYEHHOM YAAJECHUH
TOYKH rpaduka oT Hayajga KOOpJIUHAT.

7) Tlpsimast x = & Ha3BIBACTCS 6EPMUKANLHOU acumnmomot rpaduka GyHKIUU v = f(x), eciu X0Ts ObI 0JHO
W3 IPEAENBbHBIX 3HAYEHUM lim, .,y f(x) mmm limy_ ..y f(x) paBHO —0% WM +02 .



8) 3ameuanue. llpsimast x = a HE MOXKET OBITh BEPTHKAJIBHOH aCUMIITOTOM, eciii (DYHKLUS HENPEphIBHA B
Touke x = a. [lo3TOMy BepTHUKaJIbHBIE ACUMIOTOTHI CIIEAYET UCKATh B TOUKAX pa3pbiBa (PyHKIIUH.

9) IpsiMast y = b HA3BIBACTCS 2OPU3OHMANLHOU acumnmomot rpapuka QYHKIMHA ¥ = f(x), €CIU XOTS Obl
OJTHO U3 TPEACTbHBIX 3HAYCHUH lim, . f(x) wiu lim,__.. f(x) paBHO D.

10) 3ameuanue. ['padyk GyHKIMH MOKET UMETh TOJBKO MPABYIO TOPU30HTAIBHYIO ACUMIITOTY WM TOJBKO
JIEBYIO.

11) TIlpsimas y = kx + b Ha3BIBACTCS HAKIOHHOU acumnmomoti rpaduka byHKIHH ,
eciu lim, o |f(x) —kx —b| =0

12) Ecmu gna GyHKumd v = f(x)  CYIIECTBYIOT IIpEIEiIbl lim_l._,:“'% =k ulim_o(f{x) —kx) =5, TO

(GyHKIMS IMEET HAKJIOHHYIO aCUMITOTY ¥ = kx + b TIpH x — o,

Haiitu npenen dyakuu:
1) lim,_,(2x3> — 10x? —4x + 5)

Mcnosb3yeM TEOPEMBI O MPeIeNax:
lin%(‘?x3 — 10x%2 — 4x+ 5)
xXx—

3 2
=2(limx) —10(limx) —4limx+5=2"8-10"4—4-2+5=—27
x—}

x—2 x—2
. 3x—11x+6
2) llﬂlx_,g m
(DYHKI_II/IH npeaCTaBJIACT co00# OTHOILIIEHNE ABYX MHOI'OYJICHOB, oGpamaromnxc;I B HYJIb B TOYKC X = 3.
[TorTOMy cHavasia mpeoOpazyeM JaHHYIO (YHKITHUIO.
JTro00ii kBaApaTHBINA TPEXWIEH MOXKHO Pa3I0KHUTh HA MHOKUTEIH C TOMOIIbIO (POPMYIIBI
ax®+ bx + ¢ = a(x — x,)(x — x,), T ¥ ¥ ¥;KOPHU KBAAPATHOTO TPEXWICHA.
KOpHSIMI/I KBaJApaTHOI'O TpCX4YJICHA 3x® — 11x + 6 ABJIAIOTCA Unclia % u 3; 3HA4YUT

2
3x2 —11x + 6 =3(x — 3)(x _§)

A KOpHH KBaJpaTHOTO TpexwieHa 2x° — 5x — 3 paBHLIé U 3, CIeI0BaTEIbHO
2x? —5x—3=2(x-3)(x +)

Bo3sBpamasce k npezaeiy, uMeeMm:

2 2
. 3x?—11x+6  3x-3)E-z)  3Ex-3)
R R L = im
XS aXT T oX T2x-3)x+3)  T2x+3)
Ix — 2 3limx—2 3-3—2 7

= lim = X3 = =—=1
x=32x+1 211n§x+1 2-3+1 7

X—

11x®-5x% —6x+10
6x*t—8x7+2

3) lim,_.,

Tak xax MHOTOWICHBI B YHCIUTEIC U 3HAMEHATEIIE CTPEMSTCA K 00, TO IMOJIy4a€M HCONIPEACICHHOCTh BUIa
[i] ILJBI €C paCKpbITHUA Pa3ACIIUM KaKAO0C CJIAaracMoeC YUCIINTEIIA U 3HAMCHATCIIA Ha -1'4. Torma HOJIYUYUM:

) 3 11x* 3x* 6x 10 11 5 6 10
11x% — 5% — 6x + 10 = T F T E=TE S T2 TSTF o
lim n - = lim I 7 = lim 5 =—-=10
30 6x7 —8x- 4+ 2 300 Gx _Bx + 2 e ﬁ-——a'r+ 2 G
X = X P
. X
sin s
4) lim
x—=0 X



UToOBI BEIUMCITHTD Mpeiei PYHKIIMH, HY)KHO BOCIIOJIb30BaThCs (hOPMYIIOH MIEPBOT0O 3aMeYaTeILHOTO
. sinx
npenena: lim,_g — = 1.

1
YMHOXHUM YHCIUTEb U 3HAMEHATENb APOOH Ha =

. X 1 . x X
- sins . pSiny 11_ siny 1 . 1
lim —= =lim == =5 lm—*==2-1=
2

5) lim,_.. (1 - 3)Sx

x
[IpeoOpazyeM ¢GyHKIMIO Tak, YTOOBI MOXKHO OBUIO NPHUMEHUTH BTOPOM 3aMedaTelnbHBIA Mpeen
x

lim,._, (1 + i) = e. BBeieM HOBYIO IEPEMEHHYIO: X = —3V; X — o0; ¥ — o0,
lim (1 — —) = lim (1 — ) = lim (1 —I——) —e 15 =
X X Yoo —3y o v els

MccnenoBath GyHKIMIO HA HEPEPHIBHOCTh. HaliT acuMNTOTHI (QyHKITUH.

y==
O6mactpb onpeneneuus GyHkmu D(f) = (—o0: 1) U (1; +o0)

Touka x = 1 siBI€TCS TOYKOM pa3pbiBa 2 poja, T.K.
. .1"_1_ ) _1.:_1_
le.x-_.l_:T— -1 = —Dcllm_l._,H::I—__ -l = 4o

" o]
LX—i u &

2x—2

[Ipsimast x = 1 — BepTUKaimbHAas acUMOTOTa (YHKIWW. YPAaBHEHHE HAKIOHHOW aCUMITOTHI HMEET BH]
v=kx +b,

L x . x* ’ x- . 1 1
T ae x _ILE(Ex—E]I_IL—-EEI:—E_J:_II'—-H:]:7_2_2
X
. x* 1 Coxt—x(x—1) oxt—xt4x . x . 1 1
P n YT o TR ooy Tafeon AR 272
Toox

KoHeuHbI#1 BUJ IpSIMON CIEAYIOIINAN
L L
y=gx+3.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kputepun onenkmn:

- «OTau4HO» - yMeHuss COPMHUPOBAHbI, BCE 3aJaHUs BBIMOJHEHBI TPaBUIBHO, O€3
apu(MeTHIecKuX OMMOOK, perieHrne opopmMIeHO aKKypaTHO, C HEOOXOAUMBIMUA 0OOCHOBAHUSIMH.

- «XOopomio» - HEKOTOpble YMeHHUsi CHOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHHs BBITIOTHEHBI,
HEKOTOPBIC BUIBI 3a/IaHUI BBITTOTHEHBI ¢ ommrOkamu. bezommbouno BeimonHeHo 80-89 % Bcex 3amanmil.

- «Y,Z[OBJ'ICTBOI)I/ITCJIBHO» - HCO6XO,Z[I/IMBIC YMCHHA B OCHOBHOM C(bOpMI/IpOBaHLI, OOJIBIIIMHCTBO

3a/IaHU BBITIOTHEHO, HEKOTOPBIE U3 BBIMOJIHEHHBIX 3aJaHUi cojepkaT omnoku. be3omubouno BeimonHeHo 70-
79 % Bcex 3amaHUN.

- «HCYJ]OBJ'ICTBOpI/ITeHLHO» - TCOPCTHYCCKOC COACPIKAHUC KypCa HE OCBOCHO, HCO6XOIII/IMBIG

yMeHHUsI He C(HOPMHUPOBAHBI, BBHIMOJTHEHHBIE y4eOHbBIE 3aJaHUsl CoJepkaT rpyOble ommOku. be3ommubouHO
BeIOJIHEHO MeHee 70% Bcex 3amaHui.

Tema 1.1 InddepennuaibHoe HcUHCIeHHE

IIpakTnyeckoe 3ansiTue Ne 2
JudpdepeHunpoBanne CJIOKHBIX QYHKIHH

Llesasb padoThl: HAYYUTHCS HAXOAUTH MPOU3BOAHBIE CIOXKHBIX (PYHKIIUH.
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Bbinosinus padory, Bel Oyaere:
YMETb:
V1 HaxoauTh MPOU3BOAHYIO dJIEMEHTAPHON (YHKIINH,
¥001.02 ananu3upoBarh 3a1a4y W/WiH MPoOIeMy U BBIICIATH €€ COCTaBHBIC YaCTH,
MartepuanbHoe obecniedenue: VHauBuayanbHble 3aaHusl, TAOIULA TPOU3BOAHBIX, KOHCIIEKTHI JICKIUH.
3ananme:

Hajitu npousBoaHbie QyHKIUI
1. y=(5x% —2x)®8

2. fx) = 3sin(2x - 7)

3. flx) = arcsindx + arccos’x
4, Flx) =logs (7x* — 52+ 1)
5

ASKl
FQ) = n R

4/ 1-coax

IMopsinok BbINOJIHEHHUSI PA0OTHI:

1. Onpenenuts Bua GyHKIHH. BBECTH TPOMEKYTOUHBIN apryMEHT.

2. Onpenenutb, KakUMH mpaBwiaMu JudGdepeHIpoBaHUS HY)XHO BOCIOIb30BaThCs. [IpuMeHHUTH
COOTBETCTBYIOLIEE ITPABUIIO.

3. Hcnonp3ys TabauIly IPOU3BOJHBIX, HAUTU MIPOU3BOAHBIC (QYHKITUI.

4. PackpbITh CKOOKH U TIPUBECTH TIOJJOOHBIC, €CJIH ATO YIIPOCTHUT 3aMUCh (HYHKITUH.

Xoa padoTsbl

Haiitu npousBoaubie QPyHKIUI:

1 g(x) = (1—4x%)*

DyHKIMS SABIACTCA CIOKHOM CTEIIeHHON. BBeIeM IIPOMEKyTOUHbII apryMenT u = 1 — 4x?, Jlns

i BepeHIMPOBAHHIS HYKHO BOCIONIb30BaThCs popmyioit (u™) = nu™ ™t - u'

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

= —80x(1— 4x%)*

2. flx)= sin%x- cos 2x

@OyHKUUA NpeICcTaBIseT cO00M MPOU3BEACHUE IBYX CIIOKHBIX TpUroHOMeTpHueckux (pynkuuit. [Toatomy
CHaJasa BOCOJb3yeMcs pasuioM nuddepenmuposanus (U -V)' = U'V + UV’

1 1 1
fiix)= (sinix -cos2x) = (sinix]'coszx + sin Ex(cost]“
. o 1 .
BBezneMm npomekyTOUYHBIH apryMeHT : I IepBoi GyHKINU U = < X, U BTOPOH QyHKIUHN U = 2X.
[pu nudpepeHnrpoBaHry HCTIONB3yeM crenyromme hopmyisr: (sinw)’ = cosu -u', (cosu)’ = —sinuu'.

1 1 1
fiix)= (sinix ~cos2x) = [sinixj'coszx + sin Ex[coszx]'

1 1 3 1
=ros—x - (—x) -cos52x + sin—x - (—sin2x)
2 2 2
11 1
- (2x) =—cos—x- cos2x — 2sin—x - sin2x.
2 2 2
253:+53."5
Jy=—"——
log, (3+10x)

q)yHKI_II/ISI MMpEACTaBJIACT €000 yacTHOE ABYX CJIOKHBIX (I)YHKL[I/II\/'I. HOE)TOMy CHa4alia BOCITIOJIb3YyCMCs
f
wv-uwr

i I
MpaBUIOM AUQGepeHInPOBAHUS (E) -



"

_ (23+55°Y1 . 1og (3 + 10x) — 2%¥5%" . (log,(3 + 10x))’
o (log, (3 + 10x))?

BBezieM IIpOMEXYTOUHbII apryMeHT: U epBoit Gynkimuu u = 3x + 5x%, mist Bropoit GyHKIHH
u =3+ 10x.
—_1 !

[Ipu nuddepenumpoBanuu Ucnonb3yeM cieayromue popmyinst: (a*)' = a*lna - ', (log, w)' = -

ulna

X x2 . X ¥ - -
p (2R g (34 10w) - 28R (log, (3+10x))r

o (logg(3+10x))%

[

]

z r 2 e
ABXHEXS, . 2z r _aEBx+Ex* L .
2 in2 (3x+5x%)r logg (3+10x) -2 erioa T (310 _
i(logg(3+10x7)%
S rpoye 0
AEX+EXT, . v _AEX+EXT, 1
2 in2(3+10x) log, (3+10x) -2 Torioi e

(logg (3410707
.3
4. f(x) = arcsin Sx +arccos5x

OyHKIUS MPEICTABISAET CO00I CyMMY JIBYX CIIOKHBIX OOpaTHBIX TPUTOHOMETpHUECKUX (GyHKImiA. [ToaTomy
CHaYaja BOCMOJb3yeMcs paBmwiioM nuddepenmuposanus(U +V)' = U' + V',

¥

3
fiix)= (rx:r"csingx) + (arccos5x)’

. . 3 .
BBenem nmpoMeXyTOUHBIH apryMeHT : I IepBOH PyHKINH u = - X, JUlsl BTOPOH byHKIIMHN U = 5x,

[Ipu nuddepeHpoBaHNN UCIIONB3YEM ClEIYIOIIHE GOPMYIIbI:

wr ur

, r__ . = _
(arcsinu)’ = = (arccosu) =
"(x) = - 5)' =12 )’_; =3 5
fix) {arcsmsx + (arccos5x) Y —x N (5x) e e
W |~ 25X

5.f(x) = arccosV1l —e*

DyHKIUSA SBIISETCS CI0XKHON 00paTHOI TpUroHoMeTpuUYeckol. BBeieM npoMeXyTOuHbIN apryMeHT

u=v1-—e* Jlng nudpepeHumMpoBaHus HY’KHO BOCIIONBb30BaThCcs hopmynoi  (arccosu)’ = — ;_fz
W1l—u
, ' 1 —
flx)= [:m".::'.::'us‘.-"l —e) = - ——— . (V1 - &Y
J1-(1-¢e"

[TpomexyTOUHBIH apryMEeHT ABISETCS TaKXKe CI0KHOM (yHKIMel. BBeaeM U JU1st Hero HOBBIN
MPOMEXYTOYHBIA aPIyMEHT
u=1—e*

s nuddepeHnnpoBaHms HY>KHO BOCIIOJIb30BaThCs (hOpMyIIon

uﬂ

[\E)r =

2\."1{,




' 1 '
f'[:x]=(arccasﬁ,;'1—ezx) =— ﬂ -(gl—e:x)
1,"I.ll—(l—nf_?“":]
1 1
= —— = . . = _[1_621}'
Vi—1+4+ e 241l — e
1 1
= (-2
& ! 2x
E" 241l —e

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.
Kpurepun onenkmn:

- «OTangHo» - yMeHusl COPMHUPOBAHBI, BCE 3aJaHHs BBIMOJIHEHBI MPABWIBHO, 0€3
apu(METUIECKIX OIMOOK, perieHre 0(hopMIIEHO aKKypaTHO, C HEOOXOMMBIMU 00OOCHOBAHUSMHU.

- «XO0pomio» - HEKOTOpble YMEHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHHS BBITOJIHCHBI,
HEKOTOPBIC BHUJIBI 33/IaHUI BBHITIOJTHEHBI ¢ omrOkamu. be3omu6o4uHo BeimoaHeHO 80-89 % Bcex 3amaHui.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHHSI B OCHOBHOM c(HOPMHPOBaHBI, OOJBUIMHCTBO
3aIaHUH BBITIOJHEHO, HEKOTOPBIC M3 BBIIOJHEHHBIX 3aaHui cojepxar omuoOku. be3ommn6o4uHo BeimojaHeHO 70-
79 % Bcex 3amaHui.

- «HeynoBneTBOPUTEIBHO» - TEOPETUYECKOE COJEpKaHWE Kypca HE OCBOCHO, HEOOXOIUMBIC
YMECHUSI HE C(POPMHPOBAHBI, BBHIMOJIHECHHBIC y4eOHBIC 3aJaHMs COJACpKaT TpyOble ommuOku. bezommboyHO
BEIITOJIHEHO MeHee 70% Bcex 3aJaHuii.

Tema 1.1 InddepennuanbHoe HCUHCTEHHE

IIpakTuyeckoe 3ansitue Ne 3
IIpuMeHeHne MPOM3BOAHOM K HCCJIEI0BAHNIO (PYHKIIUIA

Ilesb padoThI: HAYYUTHCS UCCIEIOBATh (DYHKIIMU C TIOMOUIBIO POU3BOAHOM U CTPOUTH TPaPUKH.
Boinoinus padorty, Bel Oynere:
YMETh!

Y1 HaxoIuTh NPOU3BOAHYIO DJIEMEHTAPHON (QYHKIUY;

Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOOJIEMY U BBIIEIATh €€ COCTaBHbIE YacTH;

¥001.03 omnpenensaTh 3TAIBI pEIICHUS 33]1a9H,

Y001.08 peannszoBaTh COCTaBICHHBIH IJ1aH;

MarepuanbHoe obecniedeHue: WHINBUAYAIbHbBIE 33JaHUS, TAOIUIA TPOU3BOIHBIX, KOHCIIEKTHI JICKITHH.
3ananmue:
HccnenoBaTh PyHKINIO U TOCTPOUTH €€ TpaduK:
1) filx) =x*—12x;
3
2) fla) ==

F-x2’

IHopsiaoK BbINIOJIHEHHS PA0OTHI:

1. 3anumute QyHKIHIO.

2. Ucnons3ys obmryto cxemy, uccineayinre GpyHKITHIO.

3. Ilo pe3ynbraTam uUcciea0BaHUs MOCTPONTE rpaduK GyHKIUN

Xopn padoThr:

1. Haiitu obmacte onpeneneHus QyHKIINH.

Haiitu (ecau 3TO He BBI3BIBAET 3aTPYJHEHUS) TOUKH IepecedeHus Tpaduka ¢ OCIMU KOOPIUHAT.
Haiitu nHTEpBaIBI 3HAKOMOCTOSHCTBA (DYHKITUH .

BbIsICHUTS, gBIsIeTCS M (QYHKIMS YETHOM, HEUETHON MM 00IIero BUa.

Haiitu acumntoTsl rpaduka GyHKITUH.

g ke
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6. Haiitu nHTEpBaIbI MOHOTOHHOCTH (DYHKITHH.

7. Haiitu 3kcTpeMyMbl QyHKINH.

8. HaiiTu nHTEpBAJIBI BRIMYKJIOCTH U TOYKH Meperuda rpaduka QyHKIUH.
[TocTpouts rpaduk GyHKINU.

AnTOopHUTM HCCIeTOBaHUS (YHKIIMA HA MOHOTOHHOCTD U 9KCTPEMYMBI:

1) Haiitu npou3BogHYyIO QyHKIIUH.

2) Haiitu KpuTHYECKHE TOUKH.

3) OTMETUTh KPUTUYECKHME TOYKM HA YKCIOBOM MNPSIMOW M OINPENECNINTh 3HAK NPOU3BOJHON Ha KAXKIOM
MHTEpBAJIE.

4) 3amucatb UHTEPBAJIBI, HA KOTOPBIX (PyHKIMS Bo3pacTaet f'(x) = 0 u yObiBaer f'(x) < 0.

5) Beimmcarh TOUKHM 3KCTpEMyMa U BBIYUCIIUTH 3HAYEHUS (PYHKIIMH B HUX.

AnTOopuTM HCCIeIOBaHMS (YHKIIMH Ha BBITYKIOCTh U TOYKU TIEperunoa:

1) Haiitu BTOpYIO NPOU3BOIHYIO.

2) Haiit TOUKH, B KOTOPBIX BTOpas MPOU3BOIHASI PaBHA HYJIIO HJIU HE CYIIECTBYET.

3) OTMETUTh 3T TOYKM HA YHUCIOBOM MNPSAMOM M ONPENEIUTh 3HAK BTOPOW MPOU3BOAHOW HA KaXJIOM
MHTEpBaJIe.

4) Ecnu f"(x) =0, o rpaduk Beinykiblid BHU3. Ecu f"(x) = 0, To rpaduK BBITYKIIBIN BBEPX.

5) BeraucianTh 3Ha4YeHUS QYHKIIUU B TOYKAX Ieperuoa.

ACHMIITOTBI MOTYT OBITh BEPTUKAIbHBIMH, TOPU30HTAILHBIMHU U HAKJIOHHBIMH.

Ecmm lim,_, f(x) = 0, To npsaMasx = a sBJIA€TCA BEPTUKAIBHON aCUMITOTOM.

VpaBHEHHE HAKIIOHHOM aCHMIITOTHI Oy/ieM UCKaTh B Bujge ¥V = kx + b

@®opma npeacTaBJieHus pe3yJbTaTa: BRIIOIHEHHAs paboTa
Kpurepum ouenku:

- «OT1anuHOY» - yMeHHsl CPOpPMHUPOBAHBI, BCE 3aJaHHs BBHIMOJIHEHBI MPaBHIBHO, 0€3
apu(METHIECKHX OIMOOK, pelieHrne 0(hopMIEHO aKKypaTHO, C HEOOXOAUMBIMU 00OOCHOBAaHUSIMHU.

- «Xopomio» - HEKOTOpbIe YMEHHUs CHOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS BBITOJHEHBI,
HEKOTOPBIC BUIBI 3a/IaHUI BBITTOTHEHBI ¢ ommrOkamu. bezommbouno BeimoaHeHo 80-89 % Bcex 3amanwuil.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHHSI B OCHOBHOM c(HOpPMHpOBaHBI, OOIBITMHCTBO
3a/IaHU BBITIOTHEHO, HEKOTOPBIE U3 BBHIMTOJIHEHHBIX 3aaHui cojepxkaT omnoku. be3ommnbouno BeimonHeHo 70-
79 % Bcex 3amaHuM.

- «HeynoBneTBOPUTENBHO» - TEOPETHYECKOE COJIep’KaHHe Kypca HE OCBOEHO, HEOO0XOIuMbIe
yMeHHUsI He C(hOPMHUPOBAHBI, BBHIMOJTHEHHBIE y4YeOHbBIE 3aJaHUs cojlepkaT rpyObie omuOku. be3ommbouHo
BEITTOJTHEHO MeHee 70% Bcex 3aJaHuii.

Tema 1.1 InddepennuaibHoe ncUHCIeHHE

IIpakTnyeckoe 3ansiTue Ne 4
IIpuMeHeHne NPOU3BOAHOM K PELICHHIO IPAKTHYECKHUX 32124

Ilesab padoThl: HAYYUTHCS TPUMEHATH IPOU3BOAHYIO (DYHKIIUH MTPH PEILICHUH 3aj1ay.
Boinosinus padorty, Bel Oynere:
YMETh!
Y1 HaxoIuTh NPOU3BOAHYIO JIEMEHTApHON (QYHKIUY;
Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOoOIeMy U BBLACTATH €€ COCTaBHbIE YacTH;
Y001.03 ompenensats 3Tansl perieHus 3a1a4m;
Y001.08 peanuszoBaTh COCTaBICHHBIH IJ1aH;
MarepuanbHoe obecnieuenue: VHauBuiyanpHbIe 3a1aHus, TAOIUIIA TPOU3BOAHBIX, KOHCTIEKTHI JICKITUH.
3amanme:
1. Haiigute HauMeHbIIee ¥ HanOoIbIee 3HaYeHUs GyHKIUH f(x) = x* — 8x* — 9 Ha oTpeske :a)[—1;1];5) [0:3].
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2. meetcst mpoBOJIOKA JUTMHOM @ METpOB. TpedyeTcss orpaauTh 3TOM MPOBOJIOKOH MPSIMOYTOJBHBIN y4acTOK
3€MJIH, OJTHA CTOPOHA KOTOPOTO MPUMBIKAET K CTE€HE 3aBOJICKOTO 3[aHUs, TaK, YTOOBI IUIOMAdh OTOPOKEHHOTO
yqacTKa ObljIa HauOOJBIICH.

IMopsitok BbINOJIHEHUS PAdOTHI:

1. Haxoaum KpuTHYeCcKUe TOUKH (DYHKIIHU.

2. IlpoBepsieM, Kakue W3 HAWJIEHHBIX KPUTUYECKUX TOUCK JIKAT BHYTPH 3aIlaHHOTO OTPE3Ka.

3. Haxomum 3HaueHus: pyHKIMM Ha KOHIAX OTpe3Ka U B TE€X KPUTHUYECKHX TOYKaX, KOTOpPbIE MOMAJaloT B
3TOT OTPE3OK.

4. U3 Bcex MONY4YEHHBIX 3HaYeHUH (DyHKIMU BbIOMpaeM HauMeEHbIIee U HauOoJbIIee .

Xox padoThI:

JlJiss OTBICKaHUsI HAMMEHBIIIETO ¥ HAaWOOJBIIET0 3HAYeHUS QYHKIHH, TUPPEPSHIUPYEMO BHYTPH OTpe3Ka
1 HEMPEPHIBHOM HA €ro KOHIIAX, CIeAYyeT HAMTHU BCe KPUTUYECKUE TOUKU (DYHKIUY, JIeXkKAllIUe BHYTPU OTpPeE3Ka,
BBIYHMCIIUTh 3HAYCHUS (DYHKIIMM B JTHX TOYKaX M HA KOHIIAX OTPE3Ka, a 3aTeM W3 BCEX MOJYYEHHBIX TAKUM
o0pa3oM umcen BbIOpaTh HauWMeEHbIIee U HaubobIIIee.

1. Haiimute HauMeHbliece W HauOomblnee 3Ha4eHUS OCQyHKOuH f(x) = —2x° —3x® + 4 Ha TPOMEKYTKE

ra)[—2; —0,5];6) [1:3].

Pemenne. Haxonum kputndeckne TOYKH (PyHKITUH.

Fl(x) = (—2x% —3x% + 4)l=—x? — 6x = —6x(x + 1);

F/(x) =0; —6x(x+ 1)=0; x = 0 u x = —1. HONYYNIH ABE KPUTHIECKHE TOUKM: ¥ = 0 1 x = —1.

a ) B npomenyTre [—2; —0,5] nexuT 01Ha U3 KPUTHYECKUX TOYeK:X= -1,

Tax kak f(—2)=8f(—1)=3.f(—0,5) = 3,5, 10 HaMMEHBbIIEE 3HaYEeHHE byHKIHS
f(x) = —2x® — 3x* 4+ 4 gocruraer B Touke X = —1 u paBHO 3, a HAHOONbIIEE - B TOYKE X = —2 J PaBHO 8.

KpaTko 3TO MOYHO 3amucaTh Tak: minp_,,_q o f(x) = f(—1) = 3.max[_,,_o ¢ f(x)=f(—2) =8.

6) Otpesky [1;3] He npUHAIIEKUT HY OJHA W3 KPUTUYECKUX TOYEK, MOITOMY HalIEM 3HaueHus GyHKIUH
Ha KOHIAax orpeska: f(1)=—-2-13—3-12+4=—-1.[1;3]:f(3) =—-2-3* —3-32 + 4 = —77. . Kpatko
9TO MOYHO 3aIUCaTh Tak: Ming |q,51 f(x) = f(3) = —7; . maxp,q f(x)=f(1) = -1,

2 Yucno 86 mpencTaBieHO B BHJIE CYMMBI JIBYX ClaraéMblX Tak, YTO WX IMPOU3BEICHHE MaKCHMAaJbHO.
HalinguTe »TH ciiaracMble.

Pemenne. I1ycTh 3a1aHHOE 4YMCIIO NMPEACTABICHO B BHJE CYMMBI JIBYX

claraeMbiX ¥ H ¥,1.6.86=x + ¥. Beipasum BTOpoOe ciaraemoe uepes x:

y=86-x.3anunieM NpoM3BecHHe >THX umcend B Buje GyHkumm ot x:f(x) = x - (86 — x) Haiiném
3HAUYE€HUE X, IPU KOTOPOM (YyHKIIUS

f(x) =x-(86 —x) pocruraer makcumyma.. Haiiném npoussoamyrof (%) n npupasHsieM e€ Hyl0. f /(x)
=(x- (86 —x)) = (86x —x?)/=86 — 2x = 2(43 — x),

2(43 —x) = 0,x = 43.

OmpenenuM BTOpo€ ciaraeMoe: ¥ = 86 —x = 86 — 43 = 43.

OtBer: x = 43 ;y = 43.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurepun onenkn:

- «OTnnaHO» - yMeHHsl COPMHUPOBAHBI, BCE 3aJaHHs BBINOJHEHBl MPAaBWIBHO, 0€3
apu(pMeTHIeCKuX OMMOOK, perieHne opopMIeHO aKKypaTHO, C HEOOXOIMMBIMUA 0OOCHOBAHUSIMH.

- «Xopomio» - HEKOTOpble yMeHHUsi CHOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHHS BBHITIOJHEHBI,
HEKOTOPbIE BHUJIbI 33/1aHUI BHITIOJTHEHBI ¢ orOkamu. be3ommbouno BeimonaeHo 80-89 % Bcex 3amaHuil.

- «Y IOBJIETBOPUTEIBHO» - HEOOXOAMMbIE YMEHHMSI B OCHOBHOM c(OpMHpOBaHBI, OOJBUIMHCTBO
3aJ]aHUH BBITIOJIHEHO, HEKOTOPHIE U3 BRIMOJHEHHBIX 3a/IaHUH cosiepkat omuOku. bezomubouHo BeimoaHeHO 70-
79 % Bcex 3amaHuM.

- «HeynoBiIeTBOPUTENEHO» - TEOPETUUYECKOE COJEpX)aHUE Kypca HE OCBOEHO, HEOOXOIUMBIE
yMEHUS HE C(HOPMHUPOBAHBI, BBIOJTHEHHBIC Yy4eOHBIC 3aJaHUs coJepkar TpyObie ommoOku. be3ommbouHo
BEITTOJIHEHO MeHee 70% Bcex 3aJaHuii.
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Tema 1.2 UHTErpajibHOE HCYHCICHHE

IIpakTuyeckoe 3ansitue Ne 5

MeToabl BHIYUC/IEHHS HeolpeleJJeHHbIX HHTerpaJjoB.
IIpumeHeHne MaTeMaTHYECKUX NPeodpa3oBaHM i

esab padoThi:
CdopmupoBaTh MpaKTUYECKUE HABBIKH 10 PEIICHUIO 33/1a4 JTAHHOH TEMBI.
Beinosinus patdory, Bel Oyaere:
ymems:
Y001.02 ananu3upoBarh 3a1a4y W/WiH MPoOIeMy U BBIICIATH €€ COCTAaBHBIC YaCTH,
Y001.03 onpenensars 3Tarbl penieHus 3a1a4u;
Y001.08 peanu3oBaTh COCTaBJICHHBIH ILJIaH;
MaTtepuajbHoe o0ecniedeHue:
— KOMIUICKT Y4eOHO-HATJISITHBIX TTOCOOMH JIJIsl HHIUBUYaTbHBIX JIOMAITHUX PadoT;
— KOMIUIEKT IUAAKTUYECKOTO pa3JaTOYHOT0 MaTepraia.
3ananue:
[ToBTOPUTH TEOPETUUYECKUI MaTEpUaIL, BBITIOJTHUTH MPAKTUICCKYIO paboTYy.
Haiitu Heonpenei€HHBIN HHTETPall, HCIIOJB3YIO TAOIUIy HHTETPAJIOB.

|+ 22 —5)ax 11 16 j(4x2+xs+3)d’f L j(6x5—2x3+x—1)dx
1.2 1.7 2 112 16°,

l"‘i"' 'P L 4 ‘;.l \L/I'J‘l j(xs—i—%x _xqjd‘x J‘(?x +2x +xjdx
1.3 j\,-’Fdx 1.8 J-\.f’;dx 1.13 f\'f;dx

e 1[I [t LIt [ -se

[wstrama L5 | 110 [+ 247 oy L15 [ - ve+ (ear

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTM:

1. IlonyunTs 3anaHue.

2. BEImoHUTE 3a1aHueE.

3. Hpe,Z[OCTaBI/ITL PE3YIbTAT BBINIOJIHCHUSA, ITIOJTYYUTH OLICHKY.

Xona padoThI:
If(x)dx = F(x)+ T, zde U= const

I — 3HAYOK UHTCIrpaJIa.

S _ moppmHTErpanbHas GyHKIHMSL.

dX _ 3pak nuddepeHmuana.

S (%)X _ oppIHTerpatbHOE BbIpaskeHHe.

Fx) _ nepBooOpazHas GyHKLIUH.
F(21+C _ \oxkecTBO epBOOOPa3HBIX HYHKITUMN.
€' - xoncranTa.

Pemmuth WHTETpa — 3TO 3HAYUT HAUTH ONpPEICIICHHYIO () YHKIIHIO Fn+C MOJIB3YSICh HEKOTOPBIMH TPaBUIIAMH,
MpUeMaMH B TaOIuIeH.
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Henocpe()cmeeﬂnoe unmezcpupoeanue — ano Haxoxcoenue H€01’lp€0€ﬂ€HHblx unmezcpailos ¢ UCnoi1b306aAHUEM
ma6]l1/l14bl UuHmezcpailos u ceolcms Heonpedeﬂefmozo uHnmeecpaia.

1) [dx =x+C;
n+i
2) [x"dx="—+C, (n* —1);
n+1
3) f%zmlxl—!—-ﬂ;
x _i .
4 [a dx—ma—I—C,
5) [e*dx =e* + C;[ ek +? dx=%e"x+b+(:
6) fsinxdx =—cosx+C; [sin(kx+ b]dx=—icos(_kx+b)
7) fcasxdx =sinx + C; [cos(kx + b)dx = %sin(_kx+ b)

8) fli:ars2
9) [-E = —ctgx+C;

sin® x

=tgx+C;

Metoa HenocpeACTBEHHOI0 HHTETPUPOBAHUS
3amaya HaXOXKJICHUSI HEOMPEACICHHBIX WHTETPAIIOB OT MHOTUX (DYHKIIMH pElIaeTcs METOJOM CBEICHUS UX K
OJHOMY U3 TaOJIHYHBIX UHTETPAJIOB.

[IpaBu/10 HHTErPUPOBAHUS CYMMBbI (Pa3HOCTH)

f(u:l:v:i:w)dac-/udx:tfrda _/ud.:

[Ipumep
HaiiTn HeonpeneneHHblid UHTErPall. BBIMOTHUTH MPOBEPKY.

_l-[x-i-wE—Bxs +£3— ,12 +£g5]dx
x

smLx Pewenue:
[3}]
I(x+ﬁ—3x5+%— _12 +ﬁg5}ix:
X sn
2dx 2
= | xefx+ o Sxdx+
Ixxlx)r;xj.xxj-x J
1
= dex+ _I.xadx - 3_[ Fdr+ 2Ix_3dx -
sin * x
: 4
=lx2+l-xg—3-1756+2-L-x'2—(—czgx)+zg5-x+C=
2 3 6 (-2)
2
P
:—+ wj_————+c£gx+zg5 x+ T, ade O = const

®opma npeacraBjeHus pe3yJbTara:
[IpenocTaBUThH BBINOJIHEHHBIE 33/1aHUS B TETPAH Ul IPAKTUYECKUX paboT.
Kpurepum ouneHku:

- «O1nyHO» - yMeHHsI CPOpPMHUPOBAHbBI, BCE€ 3aJaHHs BBHINOJIHEHBl MPaBHIbHO, 0€3
apu(METHIECKHX OIMOOK, pelieHrue 0(hopMIIEHO aKKypaTHO, C HEOOXOAUMBIMH 00OCHOBAaHUSMHU.

- «Xopomo» - HEKOTOpble yMEeHHUsi C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUS BBHITIOJHEHBI,
HEKOTOPBIC BUIBI 3a/IaHUI BBITTOTHEHBI ¢ ommrOkamu. bezommbouno BeimonHeHo 80-89 % Bcex 3amanmil.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAMMBIE YMEHHsSI B OCHOBHOM c(HOpPMHpOBaHBI, OOIBITMHCTBO
3a/IaHU BBITIOTHEHO, HEKOTOPBIE U3 BBITIOIHEHHBIX 3aJjaHui coaepxart omubku. be3ommnbouHo BemonHeHO 70-
79 % Bcex 3amaHuM.
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- «HeynoBrneTBOPUTEIBHO» - TEOPETUYECKOE COJEpXKaHWE Kypca HE OCBOCHO, HEOOXOAUMBIC
yMEHUS HE C(OPMHUPOBAHBI, BBIMOJHEHHBIC yUeOHBIC 3aJaHUS COJEpPKAT TPyObIe OITHOKH.
BBINOJIHEHO MeHee 70% Bcex 3a/1aHuid.

Tema 1.2 UHTerpasibHOE MCUHNCIEHTE

IIpakTnyeckoe 3ansaTue Ne 6

MeToabl BBIYHCIECHHS HEOIPEACICHHBIX HHTEIPaJjioB. MeToa 3aMeHbI

Hean padoThI:

CdhopMupoBaTh MPaKTUYECKHE HABBIKM [0 PELICHUIO 3a]1a4 JAHHOM TEMBI.
Beinosinus patdory, Bel Oyaere:

ymemy:

Y001.02 ananu3upoBarh 3a1a4y W/WiH MPoOIEMY U BBIICIATH €€ COCTAaBHBIC YaCTH,
Y001.03 onpenensarth 3Tarbl penieHus 3a/1a4u;
¥001.08 peanu3oBaTh COCTaBJICHHBIH ILJIaH;
MaTtepuajbHoe o0ecnieyeHue:
— KOMIUICKT Y4€OHO-HArISHBIX TOCOOUH /ISl MHIUBHIyaIbHBIX JOMAIIHUX PaboT;
— KOMIUICKT JUJAKTHICCKOTO Pa3aTOYHOro MaTepuara.

3ananmue:

[ToBTOPUTH TEOPETUYECKUI MaTepUall, BBIMIOIHUTD MIPAKTHYECKYIO PaboTy.
1. HaiiTu HeonpeaeJéHHBII HHTErPaJl, HCNOJb3YI0 TA0JNIy HHTErpaJoB.

Be3ommboyno

2.1 2.6 1 211
j(él-cosx—I- 2sinx)dx j (; + EEXJQTX 4 .
j(coszx_ 2e7)dx
2.2 2.7 y 2.12 g
5 1 j(—s — 3cosx)dx j (zex — —)dx
[+ ! *
Sin X
J‘LZ.:? 2.8 j (1 —cos2x) dx 213 J‘ tg®xdx
1+ sin’x N
- - = x —
j x+2 dx x+2
2.5 2, .7 2.10 2 2.15 -1
3x" +x x*+7x+12 x
[T |56 Je=a
1. HaijiTu HeonpeaeaéHHbII HHTErpaj MeTOAOM NOJACTAHOBKHU.
3.1 3.6 5 (3— 51,)5&[,( 3.11
j(4x—2j3dx j(5x+ 1) dx j
3.2 3.7 5 3.12
5 4 j dx
jzx—?dx jz+?x‘h dx—8
3.3 T 3.8 T 3.13
sin | 5x — = |dx 3cos|2x + - |dx
j ( 3) j ( 4) jdfsin(Zx—%)dx
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3.4 3.9 4—2x 3.14
J‘ef'x_gcix jze dx jEeiudex
3.5 3.10 3.15
J‘ 2 2 dx j . 2 ° ;dg
cos*(4x + 1) sin®(2x— 1) cos?(9x — 2)

2. HaiiTu HeonpeaeJéHHBII HHTErPaJ MeTOI0M MOJCTAHOBKH.

4.1 J’Zxdx 44 dx 4.7

6+ 2" J‘x‘\fﬁ z=lInx jtgxdx

z=6+x"

x?—x

42 [ e 45 [T 8 [ e

2+ 3e*
22=2—x

=2+ 3¢
43 [EP— 6 . 4.9 [ e
=1 1314 x z W1 —cos2x

ITopsinok BbINOJIHeHUs padoOThI:
1. [TonyunTs 3a1aHKeE.

2. BeInonHuTs 3am1anue.

3. [IpenoctaBuTh pe3yabTaT BBHITIOJIHEHUS, IIOTYYUTh OIICHKY.
Xon padoTsr:

Meroa noacTaHOBKH (MHTEIPHPOBAHKME 3aMEHOM epeMeHHOi)

AﬂeopumM 6blYUCTIEHUA H€07’lp€aeJZ6HH020 Uunmecpaia MemoooM NOOCMAHOBKIL.

1. OnpenensaoT, K KakoMy TaOJIMYHOMY HWHTErpaixy MPUBOAUTCA JaHHBIM MHTErpain (IpeaBapUTENbHO
MpeoOpa3oBaB MOABIHTErPAIbHOE BBIPAXKEHUE, €CITH HYXKHO).
2. OmpenensiroT, KaKyto 4acTh HOJBIHTETPATbHON (YHKIIMK 3aMEHUTH HOBOM MIEPEMEHHOM, U 3aIMCHIBAIOT 3Ty

3aMEHY.

3. Haxomsar muddepennmans o0enx yacTeil 3amicu U BhIpaXaroT nuddepeHuan ctapoi nepeMeHHon (Miu

BBIp@XKEHHUE, co/ieprKaliee 3TOT Juddepeniman) yepes auddepennnan HoBoi nepeMeHHOH.
4. TIpou3BOAAT 3aMEHY MOJT UHTETPAJIOM.
5. HaxonsaT nonyueHHbIN MHTErpall.

6. B pe3ynbraTe mpou3BOIAT OOpAaTHYIO 3aMEHY, T.€. MEPEXOIAT K CTapoil mepeMeHHoW. Pesynbrar mone3Ho

POBEPSTH TUPPepeHIIMPOBAHUEM.

IIpuMep THOOBOrO pacuera:

f(2x® + 1)*xdx
BBejieM MOJCTaHOBKY:
t=2x%+1.

Huddepenunpys 3To paBEHCTBO, UMEEM:

dt
Beipasus otciofa x2dx, monyanm: x> dx = . IMoacraBus

BbIPAKCHUS, TIOJTYUHUM:

xzdx=ft“*-%=ﬁift“*dt=

t5
fax®+ 1)4C 30

+C

dt = 6x7dx.

1 t4+1

6 4+1
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3. MeToa HHTErPUPOBAHMUSI N0 YACTAM
Iudu = uv—jvdu

Ecnu noapiaTerpanbHas GyHKUMS MpeAcTaBisieT co0oi mpou3BeaeHue MO0 TPUTOHOMETPUUECKON (pyHKIHU
Ha are0panvecKylo, TMO0 MOKa3aTeNIbHOW Ha anredpandecKyro, To 3a U clenyeT IpUHUMATh anreOpandyecKyro

GyHKIHIO.

Ilpumep 1.
BeravcauTe uHTErpa:

j-:r2 Inzdzr

Pemnrenne:
3/1€Ch MOIBIHTErPAILHOE BBIpAKEHHE COEPKUT storapudm. Toraa
dln x T

du = dz = (lnx)'dr = —
T

. 1 ; 1 .
2 241 3
) = :d = = T
t f;z z=5—77% 31,.

. 1 .
T f.':."} Inzdr f]n.‘r cx” dx fu dy = uy f‘t'du =Inzx- ¥J:'J' —

BeruucisieM 0CTaBIIMICA HHTETPAIL:

. 1 . 1 .
/:172 dzx = > = — g3

z° drx

—
&3 |
t"----
|
w| K,
z
| b
—

2+1 3

Torma
T;i 1 3 1
I = T]n::- Efi‘zfl,rz%]ﬂx_ax:-:_c..
u=x du=u (x)-dx=x dx=dx
H]!I/IMe ] 2. f X COS de: dr=cosxdx p:_r cosxdy=sin x :X-Sln X — f gsin xdx —
_.Sinx — (—cosx) + C.
u=3x-2 du=u(x)-dx=3dx | , o )
Jf(gx _ 2)€2x—5dx_ dp=g2t—5 v=J ezx‘sdx':iezx_s _5 (31- — 2]6;.2-%'—: _ EJ' E'zx_:'dx'

IIpumep 3.
1 2x-5 _ 3e777°
_5(317—2]8 _T+C'

u=Inx du=u.(x]-dx=§dx
[ In xdx_lav=ax o= dumx

1
[Tpumep 4. :xlnx_fx';dx:xlnx—fldx=xlnx—x+(i.

®opma npeacTaBJieHUs! pe3ybTaTa:
HpCI[OCTaBI/ITB BBIITOJIHCHHBIC 3a/IaHUA B TETPAAX AJIA IMTPAKTUYCCKHUX pa60T.

Kpurepum oneHku:

- «OtnuyHO» - yMeHusl COpPMHUPOBAHBI, BCE 3aJaHHs BBHIMOJIHEHBI MPAaBHIBHO, 0€3
apu(METHIECKHIX OIMOOK, pelieHre 0(hopMIIEHO aKKypaTHO, C HEOOXOAUMBIMU 00OOCHOBAHUSIMHU.

- «Xopomio» - HEKOTOpble yMeHHUsi C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3a/JIaHMs BBIMOJIHEHBI,
HEKOTOPBIC BUIBI 3a/IaHUI BBITTOTHEHBI ¢ ommrOkamu. bezommbouno BeimonHeHo 80-89 % Bcex 3amanmil.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHHS B OCHOBHOM c(HOpPMHPOBaHBI, OOJIBITMHCTBO
3aJJaHUH BBITIOJIHEHO, HEKOTOPHIE M3 BRIMOJHEHHBIX 3a/IaHUi coqepkat omnoku. bezommbouno BeimosHeHo 70-
79 % Bcex 3amaHuM.

- «HeynoBiIeTBOPUTENEHO» - TEOPETUUYECKOE COJIepKaHUE Kypca HE OCBOCHO, HEOOXOAMMBIC
yMeHHUsI He C(GOpPMHUPOBAHBI, BBHINOJIHEHHbIE y4YeOHbIE 3aJaHUsl colep)kaT rpyoOble omuOku. be3ommubouHO
BEITTOJTHEHO MeHee 70% Bcex 3aJlaHui.

Tema 1.2 UHTErpajibHOE HCYHMCICHHE
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IIpakTuyeckoe 3ansitue Ne 7

IIpumenenne ¢popmy.inl Herorona — JleiiOHMIA 1J1s1 BLIYHMCJICHUS ONIPeleIeHHOI0 HHTerpaJsia

Hean padoTbi:

CchopmupoBaTh MPaKTUYECKHE HABBIKU IO PELICHUIO 3a]1a4 JAHHOU TEMBI.
Beinosinus patdory, Bel Oyaere:
ymemy:

¥001.02 ananu3upoBath 3a/1a4y W/WiaH MpoOIEeMy U BBIIEISITH €€ COCTaBHBIE YaCTH;
Y001.03 ompenensars 3Tanbl peHIeHus 3a1a4H;

Y001.08 peannzoBarh cOCTaBICHHBIH IUIaH,
MarepunanbHoe obecnieyeHue:

— KOMIUICKT y4eOHO-HArISAHBIX TTOCOOUH /ISl HHIAUBUAYAIbHBIX JOMAIIHUX PaboT;

— KOMIUJICKT AUJAKTUYCCKOTO Pa3aTOYHOr0 MaTepuana.
3ananmue:

IToBTOPUTH TEOPETHUUECKUI MaTepuall, BBIIIOJHUTh IPAKTUYECKYIO paboTYy.
1. BbIYMCIUTH ONpeleéHHbIN HHTErpaJl.

5 1.6 z 1.11 .z
j et dy j 8x7dx j 64x7 dx
_y —1 -1

1 1.7 2 a 1.12
j (2x° +x — 1)dx j (% —1)dx f (3 + x3)dx
D b o

.,2_, 1.8 % dx 1.13 % |
J; 2cosxdx J; . J; sinxdx

z dx 1.9 j4 dxc 1.14 z%
,L_-r:ﬂszx o 16 +x? 10X

£
J.z dx 1.10 - . 1.15 z |
e 1:]2 —L cosidx J;l_’ sin2xdx

IHopsaok BbINOJIHEHUS PA0OTHI:
1. ITomyuuTs 3ananue.
2. BLIIOIHATE 3aaHue.

3. IIpenocTtaBuTh pe3yabTaT BBINOJIHEHUS, TOJYYUTh OLICHKY.
Xopn padoThr:

OnpesieIéHHBIM HMHTETPaNoM OT HempepblBHOM (ynkuuu f(X) Ha koneunoM otpeske [a, b] (rme ##%)
Ha3bIBACTCS IPUPAILCHNE KaKONH-HUOYIb €€ mepBooOpa3Hoi Ha AToM oTpe3ke. [Ipu aTom yroTpedsieTcs 3amuch

&
| yp
2 f [ F(xdx.
[ \ Kak BuHO Ha rpadukax BHU3Y (IpUpalieHne NepBooOpa3HOi PyHKIIMN 0003HAYEHO
AF ,f i aF; \ AF) ompeneéHHbI MHTErpajd MoOKeT ObITh KaK I0JIOKHTEJbHBIM, TAK H
J

OTPHLATEIbHBIM 4YHCJIOM (Bbluncisgercs Kak pa3sHOCTh MeEXAY 3HAYCHUEM
epBooOpa3HOil B BepXHEM Ipezieie U e€ ke 3HAYCHHEM B HMIJKHEM IIpesene, T. €.

fi | i\ kak F(b) - F(a)).
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Yucna a v b Ha3BIBArOTCSl COOTBETCTBEHHO HIDKHUM W BEPXHHUM TIpe/ie/iaMi MHTETPUPOBAHHMS, a OTpe3ok [a, b] —
OTPE3KOM MHTETPUPOBAHMUS.
Takum o6pasom, eciiu F(X) — kakas-HuOy b mepBoodpasHas pyukuus mis f(X), To, cormacHo onpeneaeHuro,

a
[ Flxdx=P(&) - Fla).

PaBenctBo Ha3biBaeTcs popmynoii Herotona-Jleitbnuna.
Pasuocts F(b) — F(a) kpaTko 3amuchIBarOT Tax:
(x)

[TorTomy popmyny HeroTona-JIeliGHuIa OyieM 3arnchiBaTh U TaK:

&
| f(xdx=F(x)

L
a

&
a

JlokaxkeM, YTO OIpPEACACHHBIH HMHTErpaj HE 3aBUCUT OT TOr0, Kakas IepBOOOpa3Has MOABIHTETPaIbHON
(yukipu B3sita ipu ero BeraucieHu. Ilycts F(X) 1 @(x) — mpou3BONIBHbBIC IEPBOOOPA3HBIC MOABIHTEIPATBHON
byHkmuu. Tak kak 3TO MepBOOOpasHbie OMHOW M TOH k¢ (DYHKIMH, TO OHH OTJIMYAIOTCS HA MOCTOSIHHOE
cinaraemoe: @ (x) = F(x) + C. IToatomy

B(b)-P(a)=

=[F(B)+C]-[F(a)+C]=F(b)-F(a).
Tem camMbIM yCTaHOBJIEHO, YTO Ha OoTpe3ke [a, b] mpupamienus Bcex mepBoodpas3usix GyHkmu f(X) coBmamaror.
Takum 00pa3oM, il BBIYKCICHHUS ONPENCACHHOIO HMHTErpaja HEOOXOAMMO HAWTH JHO0YI0 MEpBOOOPa3HYIO
IMOJBIHTETPAbHOW (DYHKIMH, T.e. CHadaia ciexyeT HaiTh HeompenenéHHbld mHTerpan. lloctosnnas C u3
MOCTCAYIOMINX BBIYUCICHUN HMCKIOYaeTcs. 3areM mpuMensiercss ¢opmyiaa HeroToHa-JleiiOnuia: B
MepBOOOPA3HYI0 (PYHKIIUIO MOACTABISICTCS 3HAUCHHUE BEPXHEro mpeerna b, nanee - 3HaYeHHe HUXKHETO mpejieria
a u BerancIssercs pasuocts F(b) - F(a). TTonyuennoe unciio u Oyaet onpeaeaéHHbIM HHTETPATIOM. .
[Ipu a = b o onpenenenuo NpuHUMaETCs

_Tf(x).:fx =10

[Ipumep 1. BeruncnuTe onpenenéHHblii UHTETpal
8

_Iliu"; odx.
1
Pemenue: cHayana HalEM HEONPEIETEHHBIA HHTETPAIL:

#i3

3
{n"; dr = xmdx:x—+tf: —x-3.,fr;+i:'.

'[ '[ 473 4

[Ipumensis popmyny Herotona-JleiiOHuIa kK nepBooOpazHOit

3 3

—xyx

i

(mpu C = 0), nomyuum

TEE dx=§xif§|3 =§-8§J§—D=12.
i}

OJTHAaKO TPY BBIYMCICHUH ONPEISIEHHOTO MHTErpajia JIydlle He HaXOIUTh OTACIBHO IMIEPBOOOPA3HYIO, a Cpasy
3alMChIBAaTh UHTErpai B Buje (39).

[Ipumep 2. BerancauTe onpenenéHHblii HHTETpall
2

_[ e Fdx.
1
Pelienue: ucroiab3yst GopMyIy

_I-Ehr:fx: lgh +,
F'

MOJTYYUM
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1= —(e*—e¥) = %eg(ej -1

CBoiicTBa onpeaeJéHHOr0 HHTErpaJa
1. Onpeoenénuwiii unmezpan ¢ OOUHAKOBLIMU Npedeamu UHMEeSPUPOBAHUsL PABEH HYIO, T.C.

_Tf(x) cdxr=10.

DTO CBOWCTBO COJCPIKUTCS B CAMOM OIPEACICHHU ONpeAenéHHOro nuterpaia. OHaKko ero MOXKHO MOJIYYUTh U
1o bopmyie Herorona-Jleitbnuna:

2

_[f(x) dx=Fla)— Fia) =10,

a

2. Benuuuna onpeoenénnoeco unmezpana ne 3as8ucum om 0O03HAUeHUs1 NepeMeHHOU UHMeSpUpOsanus, T.¢.
a A

_[f(x) dx = _[f(.t} dt.

a a

3. HOCW!O}ZHHblZZ MHOMHCUMEIb MOIHCHO BbIHOCUMDb 3d 3HAK onpedeﬂénuozo unmeepaia, T.c.

a A
[ (z) dr=k[ £(x) ax

4. Onpeodenénnvlii unHmezpanl om aneedpaudecKol CyMmbl KOHEUHO20 HUCId (OYHKYULl pasen ancedpauieckoul

cyMMe OnpeoenéHHbIX UHMe2paios om IMux OyHKYuil, T.e.
B

JLs (x)+o(x)-w(x)ax]=

a
L] A

= j-f[xj .:fx+I¢:>[x) cfx—ll-d,{f[x) ax.

a a

5. Ecnu ompe3ok unmezpupoganus pazoum Ha dacmu, mo onpeoeiéHublli UHmespan no 6cemy OompesK)y paeeH
cyMMe OnpeoenéHHbIX UHMe2Paios no e2o 4acmsam, T.e. eClu

celak],
TO

2 3 &
[ 70 dx=[r(x) de+ | 72 dx

6. Ilpu nepecmanogke npedenog UHMeEZPUPOBAHUSI ADCONIOMHAS BEIUYUHA ONPeOdesiéHHO20 UHmezpana He
MeHsemcs, a USMEeHAemcs, TULlb e20 3HAK, T.€.

a a
_[f(x) dx:—_[f(xj dx.
a a

[Ipumep 3. BeruncauTe onpenenéHHblii UHTETrpa
2
4
j(—— 5x* +2J§] dx
1 x
Perienue : ncrnonb3yst TeopemMsl 4 U 3, a IpU HAXOKACHUH TIEepBOOOpa3HbIX — Tabnu4Hble nHTerpansl (7) u (6),
IMOJy4YUM
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T[i—ﬁx“+zﬁj dx =

1 X
de 2 2
=4j——5]x*dx+2jﬁ dx =
1+ 1 1
x3."2 s
3zt

= 4(ln 2—1n1)—[25—15:l+g(2'\5—1\ﬁ) =

=41n|x”f—5§‘f+2

g 1
Al 242322
" 3‘Fr 3

dopma npeacrabJieHus pe3yJbTara:
IIpenocTaBuTh BBINOJIHEHHBIE 33/1aHUS B TETPAIH Ul IPAKTUYECKUX padoT.
Kpurepun onenkn:

- «OTau4HO» - yMeHMsI C(HOpPMHUPOBAHbBI, BCE 3aJaHHs BBINOJIHEHbl IPaBWIbHO, 0€3
apu(METUICCKIX OIMMOOK, pemeHne 0(hopMIICHO aKKypaTHO, C HEOOXOIMMBIMH O0OOCHOBAHUSIMHU.

— «XOopomio» - HEKOTOpble yMeHHUsi C(HOPMHUPOBAHBI HEIOCTATOUYHO, BCE 3aJaHHs BBITOJIHEHBI,
HEKOTOpbIEC BHJIbI 33IaHUI BBIMIOJIHEHBI ¢ omrOkamu. besommn6o4yno BeimoaHeHo 80-89 % Bcex 3agaHuil.

- «Y IOBJIETBOPUTEIILHO» - HEOOXOAMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHBI, OOJBIIMHCTBO
3a/1aHU BBITIOJTHEHO, HEKOTOPBIE U3 BBIIIOJHEHHBIX 3a7jaHuil coaepxar omnOku. be3ommnbo4yHo BbinoaHeHO 70-
79 % Bcex 3aIaHUM.

- «HeynoBneTBOpUTENIbHO» - TEOPETUUYECKOE COJIEpKaHUE Kypca HE OCBOEHO, HEOO0XOIUMbIE
YMEHUsI HE CPOPMHPOBAHBI, BBHINOJIHEHHBIC y4eOHBIC 3aJaHMs COAEpKaT TpyOble ommOku. bezommboyHO
BEINOJIHEHO MeHee 70% Bcex 3amaHui.

Tema 1.2 UHTerpajibHoe HCUHCIEHHE

IIpakTnyeckoe 3ansiTHe Ne 8
Boruunciienue niomaaei njaockux Gpuryp u 00bEMoB Tesn

Ilem,: q)OpMI/IpOBaHI/IC YMCHI/Iﬁ NPUMCHATH UHTCTPUPOBAHUC JJI1 pCHICHUA 3a1a4 TCOMETPUH.

Beinosinus patdory, Bel Oyaere:

ymembs:
Y001.02 ananu3upoBaTh 3aa4y W/WiIK NpoOIeMy U BBLAETATh €€ COCTaBHbIE YacTH;
Y001.03 ompenensars 3Tansl penieHns 3a1a4u;
Y001.08 peanu3oBaTh COCTaBICHHBIH IJIaH;

MarepunanbHoe obecnieyeHue:
I/IHHI/IBI/IJIya.]'H)HBIe 3alaHuA, CIIPAaBOYHBIC MaTC€pUajibl, KOHCIICKTbI JIGKI_[PII;'I.

3apanue:
1. Haiitu miomaau miockux GUryp, orpaHMYeHHbIX JIUHUSIMU:
a) y=x24+1,y=0 x=1x=4,
b) y=Inx,y =0, x=1x=e¢g;
C) vi=x%x=4
2. BeluucauTh 00bEM Teja, MOJIYy4EHHOrO BPAIEHUEM BOKPYI YKa3aHHOM OCH (DMIYphI, OrpaHUYEHHOM
MUHUAME: v = y/x; 7 = 0; x = 4 (ocb Bpamenus ock Ox).

ITopsinok BbINOJHEHHs padOTHI:
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1. [IpounTtath 33729y ¥ ONMPEIACITUTH CIIOCOO €€ peIIeHUsI.
2. [TpumeHHUTH (HhOpMYITy UHTETPATHHOTO HCYUCICHUS ISl PELICHUS 3a0a4H.
3. 3amnmcaTh OTBET.

Xox padoThI:
T'eomempuyeckuil cmMbici onpedeneHHo20 UHmezpaid
Iycts Qpynkuus y = f(x) HempepblBHA HA OTpe3Ke [a;b] M MPHHMMAET Ha STOM OTpE3Ke HEOTPHIATEIIbHBIE
sHauenus, T.e. f(x)>0 npu xela;b]. durypa, obpazopanHas TuHUAMH X=a, x=b, y=0, y= f(x), Ha3bIBaeTCA
KPUBOJIMHEHHOU Tparenuen (puc. 1). OnpeneneHHbIi HHTErpal OT HEOTPUIATEIHbHON (PYHKIIMU UMEET TPOCTOM
r€OMETPUYECKUN CMBICIL: 3TO ILIOUIab KPUBOJIMHENHON TpaIlCLHH.

Puc. 1
ITowadu nrockux uzyp
1. Ecmu gynkuus f(x) HeoTpuuartenbHa Ha oTpeske [a;b], To muomans Snon kpusoit y = f(x) Ha [a;b] (puc. 2)

b
YUCIIEHHO PaBHA ONpe/eIeHHOMY MHTerpany oT f(x) Ha JaHHOM OTpe3Ke: S = J f(x)dx (reOMETpUUYECKHIA CMBICI
a

ONPEICTICHHOTO UHTETpaa).

O = Puc. 2
2. Ecnu dynxuus f(x) — HemonmoxkurensHa Ha otpeske [a;b], To momans Stox kpuBoii y = f(x) Ha [a;b] (puc.
b
3) paBHa onpeeleHHOMY UHTerpany oT f(x) Ha [a;b], B39TOMY O 3HAKOM «MHHYC»: S = — I f(x)dx .

] ; :

Puc. 3
3. Ecmm QyHxmus fz(x)z f,(x) ma orpeske [a;b], To mmomans SUIYphI, 3aKIOYEHHONH MEXkIy KPUBBIMH

b
y=f,(x) u y=f,(x) Ha [a;b] (puc. 4) onpenensercs Gopmysoit S = J. (f,(x)— fy(x))dx .

Puc. 4

Boruucienne 00beMOB Tesl BpallleHUsl.

[Tpu momomu onpeneseHHOTo WHTErpajia MOKHO BBIYUCIHTH OOBEM TOTO WJIM MHOTO TeJid, B YaCTHOCTH,
TeJla BpalleHUs.

Tenom BpamieHUs: Ha3bIBAETCS TEJIO, MOJTYYEHHOE BpallleHHEM KPUBOJIMHEHHOW Tpameruu BOKPYT ee
ocHoBaHus (puc. 1, 2)
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Puc.1 pue2

O6beM Tena BpalleHUsl BBIYMCIISETCS 10 OJHOM U3 (OpMYIL:
b 2

v=x|[f(x)] a

'

1. , €CJIM BpallleHHE KPUBOJIIMHEWHOM TpanenuuBoKpyr ocu OX.

V=x “g‘-’l_\‘l] dy
2. - , €CITM BpallleHUe KPUBOJIMHEIHOM TpaneuuuBOKpyr ocu OY.
Ha ocHOBaHMY M310KEHHOTO MaTeprajga paCCMOTPUM MPUMEPHI PEIICHUS 3a/ad.

4

[Ipumep 1. Haiitu nnomans GpUrypsl, orpaHudeHHoi rpadukamu GyHkumii ¥ =+ ~3r+2y y=x-1
IInowans Urypsl, OrpaHHUCHHON HenpepbiBHbME Kpubivu *1 = /10 ¥2 =120 y ppgypiup x=ay 1=b,

) i \':f|!':“‘-,:fi_lxuvh
rae /1= 7249 ga nannoM oTpeske,HaxoauTCA 1O PopMyTIE -

Haitgem MMpEeaciibl MHTCIPUPOBAHUS - TOUKH IICPECCUCHUS I‘pa(bI/IKOB (bYHKHHﬁ, AJI 3TOTO ITPUPABHACM IIPABBIC

2

YaCTH UCXOIHBIX (DYHKIMI U PEIIMM MOJTydHBIIeecs ypaBHeHue ¥ —3%¥+2=x-1 KopHsAMH 3TOTO ypaBHEHHsI
SBJIAIOTCA yncaa ¥ =1 u ¥=3 cieoBarebHo, OHU U ABISIOTCS NPEIEIaMi MHTETPUPOBAHUS. 3HAYMT, ILIOIIA b
¢urypsl paBHa:

S= [((x=1)=(x* =3x+2))dx = [(dx~x" - 3)a

1
1
[Momyuwmnwu, yto miomanb GUryps paBHa * (KB. €/1.)

[Tpumep 2. Haiitu o06beM Tena, MmosiyuaeMoro BpalleHHEM BOKPYI OCH OpAMHAT KPHUBOJUHEHHOMN
Tpaneuuu, OrpaHUuYCHHON JTMHUAMMU: X2 + y2 =64,y=-5y=5x=0.
Pemenne.

-

3 - I 3 2 -
v=r[lea-y W=7 643:—}? =556 7 ~1163cat
e
Orser : 1163 cm®.
Ipumep 3. Borancints 0GbeM Tena, 06pa3soBAHHOTO BPAIICHHEM JIENECTKa, BOKPYT OCH abeimce Y = X2,
2
y* = X.

Pemenue .
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[TocTtpoum rpaduku GyHKIUU. Y = X, y2 = X. I'padux y2 =X mpeoOpa3yeMm K BULY Y = Jx
Nmeem V = V; — V;, Beraucinm 06beM Kaxaoi GyHKITUT

: 2oz
Vlzf{[xdx:f.t_ = —
J >0 2
0 2 yA
1 3 1 T
V=1 x4dx;:;;.i =_
2 51 5
I T
V=V, -V,==——==03r
-2 5

dopma npeacTaBjaeHus pe3yabrara:
BrinosiHeHHOE 3a/1aHUE.

Kputepumn onenku:

Ouenka '"oTam4yHO'" cCTaBUTCH, eciu paboTa BBINOJHEHA B IOJHOM O00BEME C COOIIOECHHUEM
HEOOXOMMOH ITOCIIeIOBATEILHOCTH JCHCTBHIA, B OTBETEC NMPABWILHO M aKKYPaTHO BBIIOJIHCHBI BCE 3aIUCU U
BBIYHCIICHUSI.

Ouenka '"xopomo' CTaBUTCS, €CIM BBIIOJIHEHBI TPeOOBaHUS K OICHKE "OTIMYHO", HO JOMyIIeHBI 2-3
HeJ0ueTa.

Ouenka '"yI0BJIeTBOPUTEJBHO'" CTaBUTCS, €ClM paldoTa BBHIMIOJIHEHA HE TOJHOCThIO, HO OOBEM
BBITTOJIHEHHOM YaCTH TAaKOB, YTO TMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTAaThl U BBIBOJABI; B XOJI€ MPOBEICHUS
pabOThl OBLIIU TOMYIIEHBI OIINOKH.

Ouenka ''HeylOBJIETBOPUTEIBHO'" CTAaBUTCSA, €CM pa0OTa BBHINOTHEHA HE MOJHOCTHIO WM O0BEM
BBITMTOJTHEHHOM YacTy pabOThl HE MO3BOJISIET C/IEeaTh MPABMUIHHBIX BHIBOIOB

Tema 1.2 UHTerpajibHoe HCYHCIEHHE

IIpakTnyeckoe 3ansaTue Ne 9
IlpumeHenne HHTErpaIoB B puU3UKe

I_lem,: HAaY4YUTBCA pCHIATh (bI/I3I/IquKI/IC U TCXHUYCCKUC 3aJja4r ¢ MPUMCHCHHUCM ,HI/I(b(I)CpCHL[I/IaJILHOFO n
MHTETPAJIbHOTI'O UCUUCIICHUS.

Boinosinus padorty, Bel Oynere:

ymemp:
Y001.02 ananmu3upoBarth 3a/1a9y W/WIH MPOOIEMY U BBIICIATH €€ COCTaBHBIC YaCTH,
Y001.03 omnpenensars 3Tanbl perieHus 3a1a4u;
¥001.08 peanu3oBaTh COCTaBJICHHBIH ILJIaH;

MartepuanbHoe o0ecnieyeHune:
WNuauBuayanbHble 3aaHNs], CIPABOYHBIE MAaTEPUAibl, KOHCIIEKTHI JIEKIIH.

3amanme:
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1. Haitagute myTh, NpOiI€HHBIN TOYKOM OT Hadalla JABMXKEHHS JI0 €€ OCTAaHOBKH, 3Hasi CKOPOCTh €€

MPAMOJIMHENHOTO JBM)KEHUS v = 18t — 6°,

2. Haiigute nyTh, NpONACHHBIA TOYKOM 3a YETBEPTYIO CEKYH]y, 3Has CKOPOCTb €€ MPSMOJIMHEHHOTrO
nBUXKEHUS v = 3t% — 2t — 3.

3. Cuna ynpyroctu npyxuHsl, pactsayroi Ha 0,05 m, paBHa 3H. Kakyro paboTy Hamo mpou3BecTH,

4TOOBI PACTSIHYTh NPYXUHY Ha ATH 0,05M?

4. Kakyro paboTy Hag0 3aTpaTUTh, YTOOBI pacTAHyTh npyxuHy Ha 0,05M, ecnu cuna 100H pactarusaer
npyxuny Ha 0,01m.

5. Onpenenuth CUILy JaBJIEHUS BOJbI Ha CTEHKY IUIIO3a, JUIMHA KOTOoporo 20 M, a BbeicoTa 5 M (cuuTas
[IUTI03 JIOBEPXY 3aMOJIHEHHBIM BOOM).

IMopsinok BbINOJIHEHHUSI PA0OTHI:

1. [TpounTath 3a1a4y U ONPEACTUTH CIIOCOO e peIICHHS.

2. [IpumenuTs GopMyiTy HHTETPATBHOTO UCUUCIICHHUS JIJISl PELICHUS 3a/1a4H.
3. 3anmucaTh OTBET.

Xopn padorhl:
I1yTh, IPONAEHHBIN TEJIOM
[lycTh MaTepuanpHasi TOUKA MEPEMEIAETCS 10 NMPSMON ¢ MEpEMEHHON CKOpocThio v=V(t). Haiinem nyts S,
MPONJICHHBIN €10 33 MPOMEXYTOK BPEMEHU OT t1 J10 to.
W13 ¢usnueckoro cMeIicIa NPOM3BOJHOM HM3BECTHO, YTO IIPU JIBMXKEHUM TOYKM B OJHOM HAIpaBJICHUH

u u =4
«CKOPOCTh NPAMOJMHCHHOI'O ABUKCHUSA paBHA IMIPOMU3BOAHON OT IIYTH 11O BPEMCHHU», T. € . ) .
Otcroma cnenyer, uro dS = v(t)dt. MHTErpupys moiydeHHOE PaBEHCTBO B Mpenenax oT t; A0 t,
ta
S = [ o(t) dt.
nmoixydaem  h
Brruncnenue paboThl ¢ HOMOIIbIO ONPeIeaEHHOr0 HHTErpaa.

Ilycte monm JneicTBHEM HEKOTOPOM CHIIBI f&) MarepuanbHas Touyka M JABMXKETCS 1O MNpSAMOU B

HaTpaBJIeHHH ocH 7% . TpeGyeTcss HAHTH PabOTy, IPOU3BEASHHYIO CHIIOH J () MpU MEepEeMENIEHUH TOYKu M u3
IMOJIOKEHUS * ~ *1 B MOJIOXKEHUE * = *1,
1)  Ecmu cuna nocrosHHa - /=% 1o paboTa BeIpaxkaeTcs cieyromuM oopasom 4 = Flr —4 ),

A= _|=;"[x'_|i'x
2) Ecnu cuna nepeMeHHas BETMYHHA, TO n

OHD@}IGHGHH@ CHJIbI AAaBJCHUS KUAKOCTHU HAa BEPTUKAJILHO PACIIOJIOKCHHVYIO IIJIACTUHKY.
W3 ¢usukm u3BecTHO, 4TO cuia P naBieHus ®UAKOCTH HAa TOPU3OHTAIBHO PACTIOJIOKEHHYIO TUIOMIANIKY S,
ri1yOrHa MOTpy>KeHHsI KOTOpo# paBHa h, onpenensiercs mo ¢popmye:
P =9,81yhS (4)
b

, TIC Y_ IJIOTHOCTD KUJKOCTH.

P = 9,81}'_" xy dx (5).
a

Ecnu BepxHMil Kpail TUIACTUHKY COBIAAAET C MOBEPXHOCTHIO KUAKOCTH, TO a=0 u ¢opmyna (5) mpumer
33701

b
P = 9,81yj xy dx (5).
a

[lInpuHa Kax10# MOJIOCH 3aBUCHT OT (POPMBI IJIACTUHKH U SABIACTCA (DYHKIMEH TITyOUHBI X MOTPYKEHUS
TAHHOMU ITOJIOCHL.

JI1st TUTACTUHKY TIOCTOSTHHOW IMUPHUHBI popmyia (5) ympoiaercs, T.K. 3Ty MOCTOSHHYIO MOXHO BBIHECTH
3a 3HAK I/IHTerpbana:

b b

%2 b2 _ g2

P = 9,81yj xy dx = 9,81]@-‘_,‘ xdx= 9,81}@-‘3_" = 9,81yy .
a a

a

Ha ocHOBaHMM U3/10KEHHOIO MaTepHasa pacCCMOTPUM IPUMEPHI PELLIEHUS 3aad.
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[Tpumep 1.3amanmne. HailTu myTh, IpoiIeHHBIN T€OM 3a 4 CEKYHIbl OT Hayajla IBUKEHHUS, €CIIU CKOPOCTh
rena v(t) = 10t + 2 (m/c).

Pemenune: Ecnu v(t)=10t+2 (m/c), To myTh, IPONIEHHBIN TeJIOM OT Hadaja arkeHus (t=0) mo koHma 4-i
CEKYHJBI, paBEH

4
s-!(wuz)a-sc’l;ne[;-sou-aa (w).

OtBert. S = 88(Mm).

[Tpumep 2. Kakyro paboTy HYXHO 3aTpaTuTh, 4TOOBI pacTsaHyTh npyxuny Ha 0,05 M, ecnu cuna 100 H
pactsruBaet npyxuny Ha 0,01 m?

Pemenune: Ilo 3akony I'yka ympyras cuia, pacTArMBamOIiash NPYKUHY, HPONOPIHMOHAIbHA 3TOMY
pacTsDKEeHHUIO X, T. €. F = kx, rae k — xoadduripent nponopumronanbHocTi. CoriacHo ycnoBHIO 3a1a4u, cuia F
= 100 H pacrsaruBaer npyxkuny wHa x = 0,01 m; cnemoarenmsno, 100 = k*0,01, orkyma k = 10000;
cinepoBaTensHO,F = 10000x.

Hckomas pabota Ha OCHOBaHUH OPMYJIBI paBHA

A= 7’“ 10000z d= = 50002*(0" = 12,5 (i),
o

I[Ipumep 3. B Bomy omymieHa NOpsSMOYroiibHas IUIACTUHKA, pAaclojoXeHHas BepTHKanbHO. Ee
rOpU30HTAJIbHAs CTOpOHA paBHa | M, BepTUKajibHasg 2 M. BepxHss cropoHa Haxoautcs Ha riayOune 0,5 M.
OmnpenenuTs CUITy JaBJICHHUS BOJIbI HA TUTACTUHKY.

Pemenne:

3necby=1,a=0,5,b=2+0,5=2,5(m), V= 1000 Ko/ CnegoBarensHoO,

5 2,57 - 0,5

%2 :
F =19310 j.ry dx = 9810 I.r dx = 9310 = 6'5 = 9310 — = 29430 (H).
. 210

il
®opma npeacraBjeHus pe3ybrara:
Beinonnennoe 3aganue.

Kpurepun oueHku:

Ouenka '"oTauuyHO'" cTaBUTCS, eciu paboTa BBINOJTHEHA B TOJHOM OOBEME C COONMIOJEHUEM
He0OXOMMOI MOCIe10BaTEeNbHOCTH JACUCTBUI; B OTBETE MPABWIBHO M AKKYPAaTHO BBINOJIHEHBI BCE 3alUCH U
BBIYMCIICHUSI.

Ouenka '"xopomo'" CTaBUTCS, €CJIM BBIIOJIHEHbl TpeOOBaHMS K OLEHKE "OTIMYHO", HO JOMYLIeHbl 2-3
HeJloueTa.

Ouenka '"yIoBJIeTBOPUTENbHO'" CTaBUTCS, €CIM padOTa BBINOJHEHA HE TOJHOCTHIO, HO O0O0BEM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO MO3BOJIET MOJIYYUTh IPABUIIbHBIE PE3YIbTaThl U BBIBOJBL; B X0OJI€ MPOBEIECHUS
pa®oTHI OBLIIN TOMYIIEHBI OLIHOKH.

Ouenka ''Hey10BJIETBOPUTEIBLHO'" CTaBUTCSA, €CIM pa0OTa BBHIMOJHEHA HE TOJHOCTHIO WM O0BEM
BBITIOJTHEHHOW 4acTH paboThl HE MO3BOJISIET C/IeIaTh IPAaBUIbHBIX BBIBOJIOB

Tema 1.3 Inddepennuaibabie ypaBHeHUsI

IIpakTnuyeckoe 3ansitue Ne 10
Pemenue nudpepeHaIbLHBIX YPABHEHUH NEPBOro MOPAIKA ¢ pasaead0IIUMHCH TepeMeHHbIMH

[leqb paGoThl: HAyYUTHCS pemiath AuddepeHnnanbHble ypaBHeHus | mopsiika ¢ pa3aessonimMu
rnmepeMeHHbIMU. HayuuThcst HaXOAUTh OOIIME W YaCTHBIE PEIICHUS.
Breinosnus padory, Bel Oyaere:
YMETh!
Y001.02 ananu3upoBaTh 3aa4y W/WIK IPoOIeMy U BBLACTATH €€ COCTaBHbIE YacTH;
Y001.03 omnpeensaTh 3TaIbl pEIICHUS 33]1a9H,
Y001.08 peannszoBaTh COCTaBICHHBIH IJIaH;

MarepunanbHoe obecrnieyeHue:
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MuauBuayansHbIe 3aaHUs, TAOJIUIIBI, CIPABOYHUKH, YICOHUKH, KOHCIICKTHI JICKIIHM.

3aganmue:
1. Haiitu oOmee pemenue qudpepeHInaaIbHOTO YpaBHEHUS

a) 5_. _ ]f’x

hF 9 W

6) (v—1)dx+(1—x%)dy=0
2. Haiitn yactHoe pemenue nuddepeHIManbHOr0 ypaBHSHUS
dy = (3x* — 2x)dx | ecnu y=4 npu x=

IMopsinok BbINOJIHEHHUSI PA0OTHI:

1) TlpuBecTH JaHHOE ypaBHEHHE K YPABHEHHIO C pa3CisIONIMMHU IEPEMEHHBIMH, T. €. TPOU3BECTH
pasieneHrne NepPeMeHHbIX, IS 3TOTO:

a) TIpousBoxaubie GpyHKIMHU 3aMeHHUTD ¢€ nupepeHIInaTaMHE;

6) CrpynnupoBaTh YiICHBI C OJUHAKOBBIMU AU depeHInaIaMu 1 3aucaTh UX B pa3HbIX YacTAX PaBEHCTBA,
BeIHECS U PepeHITHaNBI 32 CKOOKH;

B) IlogenuTh MM YMHOXKHUTh 00€ YaCTH PABEHCTBA HA TAKHE BHIPAKEHUS, YTOOBI Bee (DYHKLUU CTOSIM IIPH
,CBONX” muddepennuanax, T. e. npusecty k Buay: @(y)dy = ¢(x)dx

2) TlpouHTerpupoBath 00€ YaCTH PABEHCTBA U HAWTH 00IIEe PeIICHHE.

3) Jlus BBIOETICHUS YaCTHOTO PELICHHS M3 OOIIEro 3a/1aeTCsl TOUKA (¥;: ¥y ), Yepe3 KOTOPYIO TOJDKHA
MPOXOJUTh UHTErpanbHas KpuBasd. Haxonum 3Hauenune noctosHHoiC ,a 3atem C mojcTaiisieM B ooliee
pellIeHNe U 3aIIChIBAEM YaCTHOE PELICHHUE.

Xoa padoThI:
1) Haiitu oGiee perrenue quddepeHIHaILHOT0 YPaBHEHHUS:

(6xdx + 3xy?dx) — (6vdy + 2x%ydy) = 0

Crpynnupyem wieHsl ¢ dX u dy
3x(2+vHdx —2v(3 +xHdy =10
-Paznenum nepemenHbIe

3xdx _ 2ydy
3+x% 2+y?
-UnTerpupyem

xdx vdy
3| g/——==2 2
3+x* 24+ vy-
-Pemnraem no oTA€NIbHOCTH KKl MHTErPajl METOIOM MOJICTAHOBKHU

3 3 ¥
EIHEE +x*)=In(24+v°) +Inc

In(3 + xzjg =In(2+y%) ¢
-IToreHnMpyem 3TO ypaBHEHHUE
JE+xP=(2+y)-c
-3anuceiBaeM 0011ee pelieHHe:
(3+x*)W3+x2
2+ y? a

C
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2) Haiiti yactHble perienue auddepeHIanbHbIX YpaBHEHUH
2(y —3)dx —dy =0 npu x=0, y=4

-Pa3genum nepeMeHHbie

dy = 2(y —3)dx

dy
= 2dx
y—3

-[IpounTerpupyem obe 4acTi ypaBHEHUS

dy
[ 25= [2ax
y—3

In(y—3)=2x+Inc

-Tlo onpenenennio  norapudpma 2x = Ine™
In(y —3) = In(e* - ¢)

-3anuiuem oO1ee peleHue
v=e¥®-c+3

-ITogcTaBuM B 3TO YpaBHCHHEC HAYAJIbHBIC YCJIOBUA x=0 ) y:4

4=e% c+3=>c=1
-3anuiieM 4acTHOE pelieHHe
y=e¥ +3
®opma npeacTaBaeHus pe3yJbTaTa: BHIIOIHEHHAs padoTa

Kpurepun onenkmn:

Onenka '"otriaum4HO" craBUTCA, €ciau padoTa BBINOJIHEHA

B IIOJJHOM O0O0BEME C COOIIOLEHUEM

HCO6XOI[I/IMOI71 IIOCJIICAOBATCIBbHOCTH HeﬁCTBHﬁ; B OTBCTC IIPABUJIBHO U AKKYPATHO BBIIIOJIHCHBI BCC 3allUCU U
BBIYHUCIICHHA.

Ouenka '"xopomo' CTaBUTCs, €CIIM BBIOJHEHbI TPeOOBaHUS K OLIEHKE "OTIIMYHO", HO JOMYIIEHBI 2-3

HEO0YCTA.

Ouenka '"yaoBJIeTBOPUTEIbHO'" CTaBUTCS, €CIM padOTa BBINOJHEHA HE TOJHOCTHIO, HO OO0BEM

BBITIOJTHEHHOW YaCTH TAaKOB, YTO MO3BOJISET IMOIYYUTh MTPABUIIBHBIE PE3YIIBTATHI U BHIBOJIBI;, B XOJI€ TIPOBEICHUS
pa®oThI OBLIN TOMYIIEHB! OLIHOKH.

Ouenka ''Hey10BJIETBOPUTEIBLHO'" CTaBUTCA, €CIM padoTa BBHIMOJHEHA HE TOJHOCTHIO WM O0BEM

BEIIIOJTHEHHOM YaCTH pa6OTH HC MMO3BOJIACT CACIIATh IPABUJIbHBIX BBIBOIOB

Tema 1.3 InddepenuuanbHbie ypaBHEeHHsA

IpakTuyeckoe 3ansaTue Ne 11

Pemienue nudpepeHunaIbLHBIX YPABHEHUI NEPBOro MOpsaIKa

Ileqab pabdoThI:

Hayuutbcs onpenensts Buj 1uddepeHnaabHbIX ypaBHEHUH, HAXOIUTh 00I1Iee M YaCTHOE PELIeHHE JMHEWHBIX

nuddepeHanbHbIX ypaBHeHu# | mopsaka.
Beinosnus patdory, Bel Oyaere:

YMETh:

Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOOJIEMY U BBIIEIATH €€ COCTaBHbIE YacTH;

Y001.03 omnpeensaTh 3TaIbl pEIICHUS 33]1a9H,
¥001.08 peann3oBaTh COCTaBJICHHBIH IJIaH;
MarepuajbHoe o0ecnieyeHue:

I/IH,Z[I/IBI/L[[yaJ'ILHLIC 3aJaHusd, Ta6J'II/II_IBI, CIIpaBOYHUKH, y‘ICGHI/IKI/I, KOHCIIEKTHI JICKITHIA.

3aganue:
1. Haiitu yactHoe pemieHue AudppepeHnnanbHOro ypaBHEeHUs

a) J_.'z +x2}=' =xy: J_." npu }'{1:] =1

I

b) ¥'sinx—ycosx=1 npux—, 6 y=1

-
&
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Iopsinok BbINOJIHEHUSI PAa0OThI:
1. Jlunetinoe nuddepennmanbHoe ypaBHEeHHE | TOpsiiKa pemaeTcs MyTeM MOJICTaHOBKH

you-g Lo B, a8
JuddepennnanbHoe ypaBHEHUE CBOJIUTCS K PELICHUIO ABYX Au(depeHlInaibHbIX YpaBHEHUH, C
pa3AemAIoIKMHU IEPEMEHHBIMHU, CHa4Yajla OTHOCUTENIBHO U , TOTOM-8, TJie und HEM3BECTHbIC (DYHKIMH OT
X.

Xon padorhl:

1) Haiitu yacTHOE pelIeHHe JIMHEHHOTO AU PEePECHIUATBLHOTO ypaBHEeHUs | mopsiaka

xy +y =3, ecmu Yy=0, npu x=1

-IIpuBenem ypaBHeHHE K BUAY MO ONPEAEICHUIO

S
y+-=-
x X
-Cnenaem 3aMeHy
dy dd du
- dx dx dx

-Crpynmupyem wieHsl ¢, momyanm

ﬁ(E+E)=ﬂ,T.K.ﬁ¢ 0=>% - 2
dx x dx x

'Pa3I[CJ'II/IM MNEPECMCHHBIC

du dx

uw Xx
-IIpounrterpupyem

BT

Inju] = —In|x|
-IIponorenmpyem

1
u=-
x
-IToacTaBum U B ocTaBIIEecs ypaBHEHUE

1dd 3
xdx x

d? = 3dx

-IIpounTerpupyem

?=3x+¢c

-ITogcraBum v = ul?

y= ; (3x + c)- obee penieHne
-ITogcraBuM HavYaabHBIC YCIIOBHUS
0=34+c=>c=-3

3
¥ = —(x — 1)- yacTHOe pelieHue
X

®opma npeacTaBieHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kpurepun oueHku:

Ouenka '"oTau4yHO'" cTaBUTCS, eciau paboTa BBINOTHEHA B TIOJIHOM OOBEME C COONMIOJEHUEM
He0OXOJMMOI MMOCIe10BaTEeNbHOCTH JACUCTBUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMOJHEHBI BCE 3alUCH U
BBIYHCIICHUSI.

Ouenka '"xopomo' CTaBUTCS, €CJIM BBIIOJIHEHBI TpeOOBaHUS K OIEHKE "OTIMYHO", HO JOMyILIeHbl 2-3
HeJloueTa.

Ounenka '"yIoBJIeTBOPUTENbHO'" CTaBUTCS, €CIM pPadOTa BBINOJHEHA HE TOJHOCTHIO, HO OO0BEM
BBITIOJTHEHHOW YacTH TAaKOB, YTO MO3BOJISET MOIYYUTh IPABUIIBHBIE PE3YJIBTAThl U BBIBOJIBL; B XOZ€ MPOBEACHUS
pa®oTHI OBLIN JOMYIIECHB! OLTHOKH.

"
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Ouenka ''HeyI0BJIETBOPUTEIBLHO'" CTaBUTCSA, €CIM pa0OTa BBHIMOJHEHA HE TOJHOCTHIO WM O0BEM
BBIIIOJIHCHHON YacTHU paGOTbI HC MMO3BOJIACT CACIIATH NPABUJIbHBIX BBIBOIOB

Tema 2.1. Pa3Burue noHATHA 0 YHUCJIE

IpakTnyeckoe 3ansiTue Ne 12
IpubankeHHbIE 3HAYEHHUS BEJIUYUH. AOCOJIOTHASI M OTHOCUTEJIbHASI MOTPEIHOCTH.
IIpaBuia npubJINKeHHBIX BHIYUCICHU T

esab padoThi:
CdopmupoBaTh MpaKTUYECKUE HABBIKH 10 PEIICHUIO 33/1a4 JTAHHOH TEMBI.
BbinosinuB padory, Bel Oyaere:
ymemy:
Y3 BBIYUCIIATH MOTPEITHOCTH PE3YJIbTATOB NCHCTBHSI HAJ| IPUOIMKEHHBIMH YHCIIAMH;
¥001.02 ananu3upoBarh 3a1a4y W/WiH MpoOIeMy U BBIICIATH €€ COCTaBHBIC YaCTH,
Y001.03 onpenensarth dTarbl peieHus 3a/1a4u;
MartepuanbHoe odecrneyeHue:
— KOMIUIEKT Y4€OHO-HAMISTHBIX TOCOOUH /ISl HHIMBH Iy IbHBIX JJOMAIIHUX PaloT;
— KOMIUICKT JUJAKTHICCKOTO Pa3aTOYHOr0 MaTepuara.
3ananue:
[ToBTOPUTH TEOPETHUECKUIT MaTEpUall, BBITOJHUTD MIPAKTUYCCKYIO padoTYy.
1. Moaynb pa3HOCTH MEXy TOUYHBIM YUCIIOM @ U €T0 MPUOTMKEHHBIM 3HAYCHUEM X Ha3bIBAETCS a0COIFOTHON

[OTPEIIHOCTBIO PUOIIIKEHHOTO 3HAYCHHS YHCiIa X 1 0603Hadaercs Y-
Nmeem ¥ =9 ¥=9.
Ax=19,2-9|=0.2.
Ay=[B9-9|=0,1.
2. Ilpu u3MepeHny JIMHEHKOH JTTMHBI U IIUPUHBI (DaHEPHOTO JINCTa OBUTH MOJTy4eHbI pa3Mepsl =120 cM. u
b=60 cm. M3BeCTHO, YTO MOTPEITHOCTh U3MEPCHHUS IHHEHKOM paBHa 2 CM.
Brina naiinena romans ucta S=120-60=7200 kB.cM. [ToaydeHHBIN pe3yIbTaT UMEET OTHOCUTEIIBHYIO
MOTPEIIHOCTh PABHYIO ...
3) Ilycts a=3,8 u b=6,2.
HeoOxomumo HaiiTi 3HaueHue a+4b.
4) Crayasa 4uciia OKpYIJIAIH JI0 ETbIX, & TIOTOM PO/IETali BEIYNCIICHUS.
Moyqumy 38+4:6.2%4-4:6=-20
Torna abcontoTHAs MOTPEIIHOCTH MOTYYEHHOTO pe3yiibTaTa paBHa ...

oy = 3 _
5) Beruncmimn 3Hauenne pyrxipn /) =YY ppy x=2 3 ¥ =3 ponyuumm pesynsrar 40.

5, =0,01; &, =0,04.
6) I/I3BGCTHBI OTHOCUTCJIIBbHBIC HOFpeIlIHOCTI/I YHuCell 2 nu 5 i v

Torna oTHOCHTENBHAS MOTPEUTHOCTD MOJYYEHHOTO Pe3ysibTaTa paBHa ...
3

7) ®opma 3anucu paoHaIbHOM apodu 14 B BHIe OECKOHEYHOH AECATHYHON POOH UMEET BH]T ...
[Tonenutp yncnauTens ApoOU HA 3HAMEHATEIb:
IHopsiaoK BbINIOJIHEHHS Pa0OTHI:
1. Ilonyuuts 3aganue.
2. BEIMOHUTE 3a1aHueE.
3. IlpenocTaBUTh pe3ysbTaT BBHIIOIHEHUS, TOJIyYUTh OLICHKY.
Xox pa0doThI:
Heticmeumenvnoe uucno - n1000€ MOJIOKUTENBHOE, OTpUIATEIbHOE YHUCIO WM Hydb. [locpencTtBom
NIEHCTBUTENBHBIX YMCEIT BBIPAYKAIOTCS PE3YIbTAThl N3MEPEHHUS BCeX (U3NICCKUX BEITMUNH.
Pesynbrar M3MepeHMl MOJCYETOB M BBIUYMCIECHUS SBISIOTCA 4HcIaMH. Yucia MOJy4YeHHbIE B pe3ysbTare
M3MEPEHUS JIUIIb NPUOIU3UTENbHBI C HEKOTOPOH TOYHOCTBIO XapaKTEPU3YIOT HCKOMBIE BEJIMYHUHBI.
Tozpewnocmuio Ha3BIBAIOT PA3HOCTh TOYHOTO M MPUOIMKEHHOTO 3HAY BETUYNHBI.
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Abconiomnas nozcpewHocms - 3TO PAa3HOCTh MEXAY W3MEPEHHBIM U HMCTUHHBIM 3HAYCHUSIMH H3MEpSeMOil
BETMYMHBI. AOCOJIFOTHAS TOTPEIIHOCTh BHIPAKACTCS B SIMHULIAX U3MEPSIEMON BEIIMUUHBI.

Omuocumenvhas nocpewHocms — 3TO OTHOLIEHHE a0COMIOTHOM MOTrPENIHOCTH H3MEPEHHs] K UCTUHHOMY
(DeWCTBUTETLHOMY) 3HAUEHUIO H3MEPSAEMON BEIMYUHBI (OHA OOBIYHO BBIPAXKAETCS B MPOLIEHTAX ).

Ilpasuna eviuucnenuit

1. Ilpu c/10:KeHUU U BHIYMTAHUU TIPUOIMKEHHBIX YHCET OKOHYATEIBHBIN Pe3yabTaT OKPYTIISIOT TaK, YTOObI
OH He MMeJ 3Havalmmx uudp B TexX pas3psiax, KOTOpble OTCYTCTBYIOT XOTsI Obl B OAHOM U3 MPHUOIMKEHHBIX
JTAHHBIX.

2. Ilpu yMHOKEHMHU CJEIYyeT OKPYIJISATh COMHOMKUTEIM TaK, YTOOBl KaXKIbIH M3 HUX COAEpXKall CTOJIBKO
3HaYalMX UQp, CKOJIBKO UX UMEET COMHOXKHUTENb C HAMMEHBIIIUM YUCIIOM TaKuxX HUdp.

3. Ilpu BoO3BeleHNMH B KBQAPAT WU KyO CJIEIyeT B CTENEHU OpaTh CTONBKO 3HAYAIUX IMUP, CKOIBKO HX
MMEETCS] B OCHOBAHUU CTETICHHU.

4. TIpu yMHOK€HUM CIIEyeT OKDPYTJISATh COMHOXHTEIU TaK, YTOObI KaXKIbI M3 HHUX COJEPIKaT CTOJIBKO
3HaYalMX UQp, CKOJIBKO UX UMEET COMHOXHUTENb C HAMMEHBIIIUM YUCIIOM TaKuxX HUdp.

5. Ilpy BBIYHMC/IEHMH CIOXKHBIX BBIPAXEHUN CIEAyeT MPUMEHSITh yKa3aHHbIE IpaBUjia B COOTBETCTBUM C
BUJIOM ITPOU3BOJIUMBIX IE€UCTBUU.

Kpome Toro, mpu 00paboTKe pe3ylbTaTOB HCIIONB3YIOTCS MPAGUIA HAXOHCOCHUA HOZPEUIHOCHIU CYMMBI,
pa3HOCTH, TPOU3BEJICHUS U YACTHOTO.

Ilpasuno 1. llpenenbHas aOCOMIOTHAS MOTPEITHOCTh CYMMBI pPaBHA CyMME MPEACIbHBIX aOCOIFOTHBIX
MOTPEIIHOCTEN OTAETBHBIX CIaraéMblX, HO MPU 3HAYUTEIHHOM YHCJIE MOTPEIIHOCTEH ClaraeMbIX OOBIYHO
MPOUCXOJIUT B3aWMHAs KOMIICHCAIUsl TOTPEIIHOCTEH, MOITOMY HWCTHHHAS MOTPENIHOCTh CYMMBI JIMIIb B
MCKJIIOUUTENBbHBIX CIy4asiX COBMNAAAET C MPeAesbHOM MOrPeIHOCThIO WK OJIM3Ka K HEll.

e Ilpaguno 2. llpenenbHas aOCOMIOTHAsI MOTPEIIHOCTh PAa3HOCTU pPaBHA CYMME MPEIEIbHBIX a0COIIOTHBIX
IOrPEIIHOCTEN YMEHBIIAEMOT0 UJIM BBIYUTAEMOTO.

e Ilpasuno 3. IlpenenpHas OTHOCUTENbHAS IOTPEIIHOCTh CYMMBI (HO HE Pa3HOCTH) JIEKUT MEXIAY HauMEHbIIEH
1 HauOOJbIIIEeH U3 OTHOCUTENIBHBIX MOTPEIIHOCTEN ClIaracMbiX.

Ecnu Bce craraembie UMEIOT OJIHY U TY K€ MPEIEIbHYI0 OTHOCUTENIBHYIO OTPEITHOCTh, TO U CyMMa UMEET TY
)K€ TIpelelbHYI0 OTHOCHUTEIbHYIO MOTPEITHOCTh. MHBIMH cIOBaMH, B 3TOM CIIy4ae TOYHOCTh CYMMBI (B
MPOIIEHTHOM BBIPQ)KEHUHU) HE YCTYMAET TOUHOCTH CJIaraeMbIX.

B mpoTHBOMONOXHOCTE CyMME pa3HOCTh MPUONMIKEHHBIX YHCET MOXET OBbITh MEeHee TOYHOH, uYeM
yMEHbIlIaeMOe M BbhIUMTaeMoe. [loTepss TOUHOCTH OCOOEHHO BEJIHMKAa B TOM Cilydae, KOTJla YMEHBIIAeMOe U
BBIYUTAEMOE MaJIO OTJIMYAKOTCS IPYT OT JIpyra.

e IlIpasuno 4. llpenenbHass OTHOCUTENIbHAs IOTPEUIHOCTh MPOM3BEACHHUS TPHUOIMKEHHO paBHA CyMMe
MpeAeNbHBIX OTHOCHUTEIBHBIX MOTPEIIHOCTeH COMHOXHTENEH: 0=0110,, WU, TOuHee, 0=0110,10102 Tae O —
OTHOCHUTEJIbHAS TIOTPEITHOCTh MPOU3BEICHUS, 0102 - OTHOCUTEIBHBIE TIOTPEIIHOCTH COMHOKUTEIIEH.

e Ilpasuno 5. llpenenbHas OTHOCUTENbHAS MOTPEIIHOCTh YACTHOTO MPHOIMKEHHO paBHA CyMMeE IMpeaeTbHBIX
OTHOCHUTEJIBHBIX MOTPEIIHOCTEH JEIMMOro W Jenurtesid. TodHas BEIWYMHA NPEACIbHONM OTHOCUTEIbHOU
OTPEIIHOCTH BCETAa MpEeBbIIaeT NpUOIMKeHHYr0. [IpOlIeHT mMpeBbINICeHUS TPUMEPHO pPABEH MpPEIeTbHO
OTHOCHUTEJILHOU MOTPEUTHOCTH JICTUTENS.

1. Haiitu cymmy, pa3HOCTh, MPOU3BENICHNE U YACTHOE MPUONMKEHHBIX YHCENT W TPAHUIIBI a0COIIOTHOU U
OTHOCHUTEIHFHOM MOTPEUTHOCTEHN pe3yapTaTa:

1)a; = 25,74 +£0,2; a; = 96,42 +0,3.

2)a; = 37,375+ 0,03; ap=3,042 +0,004.

3)ai= 879,03+0,1; a,=653,84+0,4.

2. BBINOTHUTH IEHCTBUS, OKPYTIISIS IIPOMEKYTOUHBIC PE3YIbTATHI IO YETHIPEX U, U CPABHUTH PE3yJIbTATHI:
(0,3644 + 423)-0,125u

0,364-0,125 4 0,423-0,125.

3. HpI/I BBIYMCIICHUN 3HAUYCHUA BI)Ipa}KeHI/ISI
¥ =1003

Z=8Y-2Y pappple B yCIOBHM 3amadd 3HaueHnms ~ - -04 g

OKPYIJIMJIA 1O TenbiX H  moiyuwan £ =8-50-2-100=200. Torga abcomnroTHAas MOTPENIHOCTD
[MOJTyYEHHOTO pe3yJIbTara PaBHa ...

PemieHue: MOy PasHOCTH MEXIYy TOYHBIM YHCIOM M €ro TPUOIMKEHHBIM 3HAYCHHEM Ha3bIBACTCSA
aOCOJIOTHON TOTPENIHOCThIO MPHONMKEHHOTO 3HAYSHHS 4YHclia. 3HAYUT, aOCONIIOTHAs MOTPENTHOCTh YHUCIa

50.4 _<o| =0.4 100{ =0.3.

1003
50 paBua " ¥ aBCOMOTHAS TIOTpenHOCTh ncia 100 papua % AGCONMOTHAS TTIOrPENTHOCTD
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CYMMBI ¥  DPa3HOCTH  TNPHUOMKEHHBIX  YHCEJI  paBHA  CyMMe  aOCONIIOTHBIX  MOTPEIIHOCTEH.
Toraa aGCoMOTHAS TIOTPENIHOCT TTOMydeHHoro urciaa 200 6yner papha 8 04 +2-0.3=38.

4, H3BectHO, 4YTO pedpa NPSMOYTOJBLHOTO Mapajuienenunena paBHel S6 cM, 19cm u 122 cm. [ns
VOPOIIECHUST BBIYMCICHUNH dTH ymcna okpyrmwm 10 50cm,20cm u 120cM  COOTBETCTBEHHO.
Hauum o0beM V'=60-20-120 =144000 (ky6. cm.).
[TosryueHHBIH pe3yabTaT UMEET OTHOCUTENIBHYIO ITOTPEITHOCTh, PABHYIO ...

Pemienne:  OTHOCHTENIbHAS TOTPEHIHOCTh HPUOIMIKCHHOTO IOJOXHUTEIBHOIO YHCIIA PaBHA OTHOUICHHIO

a0COFOTHOM MOTPEIITHOCTH yucia K TOYHOMY 3HAYEHHIO 3TOro qucIa.
Tak Kak TOYHOE 3HAUCHHE YKCIIa, KaK IPABUIIO, HEU3BECTHO, TO MO/ OTHOCHTEIBHOM MOTPEITHOCTHIO TOHUMAIOT
OTHOIIICHHE a0COJIIOTHOM MOTPEIITHOCTH qyucia K ero PHOIMKCHHOMY 3HAYEHHIO.
Ay P6-30 &
Torma  OTHOCHTENbHBIE — TorpemHocTdH  umcen 50, 20 wu 120  paBHEI ' % @ @ 1%
Ay po-200 4
'\ il—!.‘r::'-fil_; 2 1
“TI07 1200 120 60" COOTBETCTBEHHO.
OTHOCUTENIbHAS TIOTPEIIHOCTh MPOM3BEACHUS NPUOJIMIKCHHBIX YHCENl pPaBHA CyYMME OTHOCHUTEIBHBIX
IOrPEIIHOCTEN COMHOKHTEIIEH.
PR D RICY SE R S [
3HauuT, 15 20 60 &0 15
5. TIlycts a=3,8 U b=6,2.
Heo6xomumo HaWTHU 3HAYEHUE a+4b.
CHayvaiia qucia OKPYTJIAITN bi (o) IEJIBIX, a IOTOM po/IeIaIu BBIYHCIICHHSI.
[Tomyunnmn 3,8+4-6,2%4-4-6=-20.

Torma abcomoTHAS MTOTPEITHOCTD MOTYYCHHOTO pe3yiIbTaTa paBHa ...

Penrenue: MOAYJIb PA3HOCTH MCXKAY TOYHBIM YHCIOM U €ro HpI/I6J'II/I)KeHHBIM 3HAUYEHUEM * HAaA3bIBACTCS
a0COJTIOTHOM IIOT'PEIIHOCTHIO MPUOJIKEHHOTO 3HAYECHUS qucia 7| obo3HavaeTcs Ax.
meem x =4, y=6.
Ax=[3.8-4|=0.2.

Ay =16.2-6|=0.2.

AOcomtoTHas MIOIPEIIHOCTh IIOJIy4YE€HHOT' O pe3yJibrara MOXHO
HaUTU o bopmyite A(x~45)=Ar +4-Ay
HOJ‘[y‘IHM' Alx=4y)=0,2+4-0,2=1

(I)opMa NMpeacraBjJacHusd pedyjabTara:
Hpe,[[OCTaBI/ITB BBITIOJIHCHHBIC 3alaHUA B TETpAAn IJIA ITPAKTHYICCKUX pa60T.

Kpurtepun onenkn:

Ouenka "oTau4HO'" cTaBUTCS, eciau paboTa BBHIMOJHEHa B TOIHOM O00BEME ¢ coOOMIOIeHHEM
HEOOXOIMMOM TIOCIIEIOBATEIHHOCTH JIEHCTBUIA; B OTBETE MPABUJILHO M aKKypPaTHO BBHITIOJIHEHBI BCE 3alHCH U
BBIYMCIICHUSI.

Ouenka '"xopomo'" CTaBUTCS, €CIM BBITIOJTHEHBI TpPeOOBaHMS K OICHKE "OTIMYHO", HO JOMyIIeHBI 2-3
HeJl04eTa.

Ouenka 'yI0BJIETBOPUTEJIBHO'" CTaBUTCS, €CIW paldoTa BBIMIOJIHEHA HE TIOJHOCTBIO, HO OOBEM
BBITMOJIHEHHON YacTH TAaKOB, YTO MO3BOJISIET MOJIYYUTh NMPABWIBHBIE PE3YJbTATHI U BBIBOJBL; B X0/1€ MIPOBEACHUS
paboThI OBLIIU TOMYIIEHBI OIINOKH.

Ounenka ''Hey/l0BJIETBOPUTEIBHO'" CTAaBUTCSA, €CM Pa0OTa BBHIMOJHEHA HE MOIHOCTHIO HIU O0BEM
BBITMIOJTHEHHOM YacTH paboThI HE MO3BOJISIET CIeaTh MPABMIIHHBIX BHIBOIOB

Tema 2.1 Anredpanyeckasi popMa KOMILIEKCHOT0 YHCJIA

IpakTnyeckoe 3ansitue Ne 13
JelicTBUS HAl KOMILUIEKCHBIMHU YUCJIaMH B ajredpandeckoi popme
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I_[e.m, paﬁ()TbI: HAYYUTLHCA BBIIIOJHATDH I[GI>'ICTBHSI Hana KOMINICKCHBIMHM YHCJIaMH, 3allMCaAHHBIMH B
anredpanyeckon hopme.

BbinosinuB padory, Bel Oyaere:
YMETh!
Y2 BBINONHATH JEWCTBHS HaJl KOMIUIEKCHBIMH YHCIIAMH;
¥002.03 ruiaHupoBaTh Mpolece MOMCKa; CTPYKTYPUPOBATh MOJIy4aeMylo HHPOPMALHUIO;

MarepuasibHoe o0ecnieyeHue:
NunuBuyanbHble 3a1aHUS, KOHCIIEKTBI JIEKIUI

3aoanue:

1. Jlaubl komIuiekcHbie uncia : z;=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucarh 3TH YKCiIa B ajdredpandyeckoit popme.

2. Berauciouts:
1) 71+ z;

2) 1p-13

3) 21/23;

4) z,* z3

5) 215.

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

ITopsinok BeINOJIHEHUs PadOTHI:
1. 3anumMTe KOMIUIEKCHBIE YHCIIa B anreOpandeckoii popme z = a + bi
2. BeInonHuTE AEHCTBUSA H

Xoa padoThi:

@dopma npeacTaBJieHus pe3yJbTara:
1.Jlausl KoMIuIeKCHBIE uncia : z1=(7;1), z,=(-1,5;1,5), z3=(4;-3).
3amucarh 3TH YuCla B anredpandeckoii hopme.

Pemenue:
T.k. anredpanveckas popma KOMILICKCHOTO YHCIIa UMEET BU Z=X+iYy, TO
z,=7+i; z,=-15+15i; z,=4-3i
2.BBIMOTHUTE IeHCTBUS B areOpandeckoi hopme:
1) 21+ zy;
2) 2,- 173
3) Z21/ 73,
4) 25 - z3;
5) 215.

Pemenue:

1) z3+ z,=(7-1,5)+(1+1,5)i=5,5+2,5i; )

2) 71- 23=(7-4)+(1+3)i=3+4i;

3)n _ T+i _ (T+D)(A+30) _ 28+21i+4i+3i° 28+25i -3 _25+25i

- : : - = =1+i
z, 4-3i (4-3i)(4+3i) 16— (3i)° 16+9 25
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4) 2z, 73=(~15+15i)(4—3i) = —6+ 4,50 + 6i — 4,51> = —6+10,5 + 45=-2,5+10,5i ;
5) 215: (7+1)° =((7+D)?)*(7+i) = (49+14i +i%)* (7T +i) = (48 +14i)* (7T +i) =
(2304 +1344i +196i°)(7 +i) =
aJl KOMIIEKCHBIMU YKCIaMK B are0pandeckoil Gopme, UCIonb3ysa GOopMyJIbl:
z; 4z, = (a; +a,) + (b + by)i
zy— 2z, = (a; —a,) + (by — by )i
z, -z, = (a,a, — byb,) + (a;b, + a,by )i

e s S +byb, ayb; —ayb,;
Z, a3 + b3 a + b3

= (2108 +1344i)(7 +i) =14756 + 2108i + 9408i +1344i* =13412 +11516i

3. Beruucnurs:

1+3i 4-5i

— ——j

i—-3 1+3i

Pewenue:

1431 4-51 te=p108i
i—-3 1+3i

1) 1+3i_ Q+3)(3-0) _-3-i-9i-3* _-10i _ .
i-3  (=3+i)(-3-i)  (-3)?-i> 10

2) 4-5i _(4-5)(L-3i) 4-12i-5i+15i° —11-17i
1+3i @+30)1-3)  1-(3i)? 10

=-11-17i

4)-i+(-11-17)-1=~i-11-17i -1=-21-28i

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOIHEHHAs padoTa.
Kputepuu onenkmn:

Ouenka '"oTauuyHO'" cTaBUTCS, ecinu paldoTa BBINOJIHEHA B TIOJHOM O00BEME C COOJIOJIEHUEM
He0OXO0JMMOI MOCIIe10BaTeNbHOCTH JACUCTBUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIOJHEHBI BCE 3aIUCH U
BBIYMCIICHUSI.

Ouenka '"xopomo'" CTaBUTCS, €CJIM BBIIOJIHEHbl TpeOOBaHMS K OLEHKE "OTIMYHO", HO JOMyLIeHbl 2-3
HeJloueTa.

Ounenka '"yI0BJIeTBOPUTENbHO'" CTaBUTCSA, €CAM pPadOTa BBINOJIHEHA HE TOJHOCTHIO, HO O0BEM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPAaBUIbHBIE PE3YIbTAThl U BHIBOJABI; B XOJI€ MMPOBEICHUS
pa®oTHI OBLIN TOMYIIEHBI OLTHOKH.

Ouenka ''Hey10BJIETBOPUTEIBLHO'" CTaBUTCSA, €CIM padoTa BBHIMOJHEHA HE TOJHOCTHIO WM O00BEM
BBITIOJTHEHHOW 4acTH paboThl HE MO3BOJISIET CeIaTh IPAaBUIbHBIX BBIBOIOB

Tema 2.2 Tpuronomerpuueckas (popma KOMILIEKCHOI'0 YHCJIA

IIpakTuyeckoe 3ansitue Ne 14
JeiicTBUSA HaJ KOMILICKCHBIMHM YU CJIAMH B TPUTOHOMETPHYEeCKOH (popme
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Ienp padorbl: HAY4YUTHCA BBIIOJNHATH JACHCTBHA HaX KOMIUIEKCHBIMM 4YHCIAMH, 3
TPUTOHOMETPHUECKON U MOKa3aTeNbHON (hopMax.

Beinosinus patdory, Bel Oyaere:

YMETb:
Y2 BBINOJHATH JEUCTBUSI HAaJl KOMIUIEKCHBIMH YHCIIaAMU;
¥002.03 mnmaHupoBaTh IPOIECC IOMCKA, CTPYKTYPUPOBATH IOIy4aeMyr0 HHGOPMAIIHIO
ob0ecneuenue: MnauBuayanbHble 3ajaHuUs1, KOHCIIEKTHI JIEKIIUA

3aganue:

4.  JlaHbI KOMIUIEKCHBIE YHCIIa B TPUTOHOMETpUYECKOi hopme:

;=25 (cos% + isin %) HzZ,=2=8 (cosas—n +i siﬂa?n). Brruuciure: z4 - 253 j—‘“; z3; 3z,

s

5. BrImonHuTe NEHCTBUS U 3aMIUIIATE PE3YIbTAT B MOKA3aTEIbHOM (hopme:

24(cos75" +isin 757)
3(coz30” +isin 307)

5m . . B2
a) (3 (cos + isin—))"h)

Ilopsinok BbINOJHEHHUS PadOTHI:
1. 3anumure 3aJaHHBIC B TPUTOHOMETPUIECKON (hopMe Jrca.

allTMCaHHBIMU B

MarepuajbHoe

2. I/ICHOHBSYH KOHCIICKT, BBIICHHUTC, KaK BBIIIOJIHAKTCA ﬂeﬁCTBHH Hagq KOMIIZICKCHBIMM 4YHCIIaMHM B

TPUTOHOMETPUUECKOH opMe.

3.  BrmmonawuTe 3a1adable JeHCTBUSL.
Xoa pa6oThl

TpuronomeTpudeckon hopmoii KOMIIJIGKCHBIX  YHCEJI  Ha3pIBaeTCd  3amuch
z =1 (cosp + ising).

Hux B BHUAC:

HpI/I BBITTOJTHEHUU ASUCTBUN HaJ KOMIIJIEKCHBIMH YMCIIAMH B TpHFOHOMeTqueCKOﬁ Q)opMe HCIIOJIB3YHOTCA

creayrone GopmMyIbL:
It I, =Ty "J"EI:IZ.DS[(P1 + q.:lz) + :'s:'ﬂ[q:ll + q:lz)j

a_n {cus[@i - @2) + isin (_qoi — qoz)]

2 T
7
Z

7 -
+ (cosng + isin ng)

J1st u3BNIeYEHUsT KOPHS N-i CTETIEHHU U3 KOMIUIEKCHOTO YHCJIa B TPUTOHOMETPUYECKOH hopme
@+ising) ucnosp3yercs popMyia :

+2mik . . @t
+ isin

2k .
i ), Tae 2r - apudmernueckuit kKopenb, k=0, 1, 2, ..., n-1.

=1, id
Wy r-(cos -

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOIHEHHAs padoTa.
Kputepuu onenkmn:

Ouenka "oTJaM4YHO'" CTaBUTCS, eciu paboTa BBIMOJHEHA B TIOJTHOM OO0BEME C

z=r-(cos

coOIroIeHrEM

HCO6XO,[[I/IMOI71 IOCICI0BATCIBbHOCTHU ﬂeﬁCTBHf/'I; B OTBCTC IMPABUJIBHO U AKKYPAaTHO BBIIIOJITHCHBI BCC 3allUCU U

BEIUMCIICHH.
Ouenka '"xopomo' CTaBUTCS, €CII BBIOJHEHB TPeOOBaHUS K OLIEHKE "OTIWYHO", HO
HeJoueTa.

JIOTIYIIEHbI 2-3

Ouenka '"yI0BJIeTBOPUTENbHO' CTaBUTCS, €CIAM pPadOTa BBINOJIHEHA HE TOJHOCTHIO, HO OO0BEM
BBIMIOJTHEHHOW YaCTH TAaKOB, YTO MO3BOJISIET MOJIYYUTh NMPABWIBHBIE PE3YIbTAThl U BHIBOJIBI; B XOJI€ MPOBEICHUS

pa®oTHI OBLIN TOMYIIEHB! OLIHOKH.
Ouenka ''Hey10BJIETBOPUTEIBLHO' CTaBUTCSA, €CIM pa0OTa BBIMOJHEHA HE TOJHOCT
BBIITOJIHEHHOM YacTH paboThl HE MO3BOJISIET ClIeaTh IPaBUIIbHBIX BHIBOJIOB

Tema 3.1. MaTpuubl 1 onpeaeJuTe N
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IIpakTnyeckoe 3ansitue NelS
HeiicTBusA ¢ MAaTpULIAMH

[lesb padoTsi: HayunuThest BRIMOTHATH JEHCTBUS HAJl MATPUIIAMHU.

Boinosinus padorty, Bbl Oynere:

yMems:

Y001.02 ananu3upoBath 3a7a49y W/WiIM MpoOJIeMyY U BBIACIATh €€ COCTAaBHBIE YacTH,
Y001.03 ompenensarts 3Tanbl peHIeHus 3a1a4H;

Y001.08 peannzoBarh cOCTaBICHHBIH IUIaH,

MartepuajibHoe o0ecnieyeHre: UHIMBUTyalbHbIC 3aJaHus], YUCOHUKU, KOHCTIEKTHI JIEKIIHII.
3aganme:

i — A2 _f-2 3y p_f> -1
1. Haiitu matpuny € = 4% + 3AB, TIe 4 = (71 1_1). B = ('L 3 )
2. BBIACHHTD, SBJIAETCSA MaTpULa A~ = (___ __3) 00paTHOM K MaTpULE 4 = {g g)
4 L]
-3 2 -3 1 0 -5
3. Haubl Matpunpl: 4 = 1 5 —2|u B=|3 —4 1 | Haiinure: A+B; 2A; AB; BA.
2 4 -1 0o -2 2

ITopsinok BbINOJIHEHHS PadOTHI:
1. 3anumwure 3ananue.
2. Omnpenenute, Kakue ASUCTBUS, U I10 KaKUM IpaBUJIaM HEOOXOJMMO BBIOJHUTE. [IpounTaiite KOHCIEKT.
3. Brmonaure neiictBus. [IpoBeppTe MpaBUILHOCTH BHIYUCICHUH.

Xoa padoThi:
Martpuiieii Ha3bIBaeTcs MPAMOYTOIbHAs TabuIa Yrcen. MaTpuiia 3anicbiBaeTCs B BUJE:
( Gyp Gz Gpp )
A=z Waa. Oy |,
Cmy Oz ... Cmn
JlelicTBus Ha MaTpULlaMU:
1.Cnoxenue.
Onepanusi C10KE€HUS BBOAUTCS TOJIBKO ISl MATPULL OAMHAKOBBIX pa3MepoB. [Ipu ciioxeHun MaTpuil ux
COOTBETCTBYIOIIME AIIEMEHTBI CKJIaAbIBAIOTCS.

gy + By Gt b At by,
A+B=C=|ay +by G +by - Gy tby
Omy + '[Jrr.l. Oz + bﬂ;: Cmn + bﬂ'.i’!

2.YMHOXEHHE Ha YUCIIO.

[Ipy yMHOKEHMH MAaTPHULBI HA YACIO KAXAbIH €€ JIEMEHT YMHOXKAETCS Ha 3TO YUCIIO.

kay kap ke,

kA = (kﬂ:L k@zy = K@z )

'[‘-ni"l'.]. '[‘-ﬂi"l'.: '[‘-ﬂi"l'.i"!

3. YMHOXEHUE MaTpPHLL.

Onepanys yMHOXKEHHSI MAaTPHUI] BBOJUTCS TOJBKO JIJIS ClTydasi, KOTJa YUCIIO CTOJIOIOB MEPBOM MaTPHIIbI
PaBHO YHCILy CTPOK BTOPOIA.

YroObl HAUTH DIIEMEHT MATPHIIbI, CTOSIIHIA B I-TOW CTPOKE B K-TOM CTOJIOIE, HY)KHO BBIYUCIUTH CYMMY
MPOU3BE/ICHHUI JIEMEHTOB I-TOH CTPOKH MEPBOI MaTPHIIBI HA COOTBETCTBYIOIIHE AIIEMEHTHI K-Toro cronbia
BTOPOM.

1.Haifti matpuny € = A* + 3AE, eciin

-2 3 3 -1
A=(l _1): B=(1 3)
a) Haiimem A%, YMHOXasi MATPUILy caMy Ha ceOs
:_ (-2 3y (-2 3 7 -9
A :(1 —1)'(1 —1):(—3 4)
0) Haiinem matpuity 34, yMHOKUB BCE JIEMEHTHI MaTpHIbl A Ha 3.
-2 —
=37 2)=(3 %)
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B) Haiinem npoussenenue 3AB

_f—6 93 /3 -—Iy_ (—21 33
348 ‘( 3 —3) (1 3 )_ { 12 —12)
r) Haitnem marpuny C, ckiiajapiBasi COOTBETCTBYIOIINE 3JIEMEHTHI
_ (7 -9 21 33 _/-—-14 24
':_(—3 +)+(12 —12)_( 9 —a)
2.Haitnem npousBesieHue 4 - A~ u At.oa:

=G A(F =G 9-e

(T HE D=0 )=

B cooTtBeTcTBHE C OIPCACIICHUCM JAHHBIC MATPUIIBIL SABJIAIOTCA B33HMOO6paTHBIMI/I.

-3 2 -3 1 0 =5
3.I[aHLIManHuH:A:(1 5 —2)1/1 B:(a —4 1 |

2 4 -1 0o -2 2
Haiinure: A+B; 2A; AB; BA.

-3 2 -3 1 0 -5 2 2 -8
A—I-B:(l 5 -2 +(3 —4 1 (4 1 —1
2 4 -1 0 - 2 2

-3 2 -3 1 0 —2 11
C:A-B:(l 5 -2 '(3 —-16 —4;
2 4 -1 0 —14 -8

C11:_3'1+2'3+(_3)'0—3,
c12=-3"04+2-(-4)+(-3)-(-2)=-—
ci3=—3-(-5)+2-1+(-3)-2=11;
¢33y =1-14+5-3+(-2)-0=16;

€32 =1-0+5-(—4) +(—2)-(-2) = —16;
€3 =1-(=5)+5-14+(-2)-2=—4;

€33 =2-14+4-3+(=1)-0 = 14;

€320 =2-0+4-(—4) +(-1)-(-2) = —14;
¢33 =2-(-5)+4-1+(-1)-2=-8.

1 0 -5 -3 2 -3 —-13 -18 2
B'AZ(?; -4 1 ( 1 5 -2 :(—11 —-10 =2 |.
0o -2 2 2 4 -1 2 -2 2

®opma npeaocTaBjieHUs pe3y/bTAaTAa: BhIOJIHEHHAas padoTa.
Kpurepun onenkmn:

- «OTnmnuHO» - YMCHUA C(l)OpMI/IpOBaHBI, BCC 3aJaHUsd BbIIIOJHCHBI

MPAaBUIIBHO,
aprU(pMETHYECKUX OMIMOOK, pelieHue oopMIIEHO aKKypaTHO, C HEOOXOAUMBIMUA OOOCHOBAHUSMU.

- «Xopomio» - HEKOTOpble yMeHHUs C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUSI BBHITIOJHEHHI,

HEKOTOPBIC BUBI 3a/IaHUI BBITTOTHEHBI ¢ ommmrOKkamu. bezommbouno BeimonHeHo 80-89 % Bcex 3amanmil.

- «Y,Z[OBJ'ICTBOPI/ITCHBHO» - HeO6XO,Z[I/IMBIe YMCHHA B OCHOBHOM C(bOpMI/IpOBaHLI, OOJIBIIIMHCTBO

3aJaHul BBIITOJIHCHO, HCKOTOPBIC N3 BBITIOJIHCHHBIX 3aJlaHui COoACpiKaT omunOkK. be3ommbouHo BeimonHeHO 70-

79 % Bcex 3aIaHUN.
- «HeymoBneTBOPUTENBHO» - TEOPETHUYECKOE COJIEp’KaHHuE Kypca HE OCBOEHO, HEOOXOIUMbIe

YMCHUSA HC C(I)OpMHpOBaHBI, BBIITOJIHCHHBIC y‘-IC6HLIC 3alaHusaA COACPIKAT pr6LIe OIIHOKH.

BeIOJIHEHO MeHee 70% Bcex 3amaHui.

Tema 3.1. MaTpuubl 1 onpeaeIuTe N

IIpakTuyeckasi 3ansiTue Ne 16
Borunciienue onpenennTesieil BTOPOro M TpeTbero nopsiikon
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Heab padoThl: HAYYUTHCS BBRIYUCIATH ONPEICIIUTEIN BTOPOTO U TPETHEr0 MOPSIKOB.
Bbinosinus padory, Bel Oyaere:
YMETh!
Y001.02 ananu3upoBarth 3a7a9y W/WiIM IpOOJIEeMy U BBIICIATH €€ COCTaBHBIC YaCTH;
Y001.03 ompenensars 3Tanbl perieHus 3a1a4H;
Y001.08 peannzoBarh cOCTaBICHHBIH IUIaH,
MarepuajibHOe o0ecnieyeHne: HHIMBUTyaIbHbIC 3aJaHusl, YIeOHUKH, KOHCTICKTHI JICKITUH.

3aganmue:
Brpruuciuts onpenenurenu:
_3 & 3 3 -3 10 -2 1
1[5 3 A 1 2| 3|15 5 -2
- 2 -1 7 3 -2 -1

Ilopsinok BbINOJHEHHS PadOThHI:

1 3anummre onpeaenuTesb, ONPEASIUTE KAaKOT0 OH MOPSIKA.

2 Hcnonb3ysi COOTBETCTBYIOIIIEE ONPEAETICHIE, BHIYUCIUTE 3HAUCHUE ONPEICTUTENs.
OmnpenenureneM KBaJpaTHONW MAaTPHUIbI BTOPOIO MOpsiiKa (ONpeAeauTeIeM BTOPOro NOpsAKa) Ha3bIBACTCsI
YHCII0, PaBHOE PA3HOCTH IMPOU3BEACHUN HJIEMEHTOB TJABHOW [UArOHAIM U HJIEMEHTOB MOOOYHOM

JMarOHAaJH.

a, b

1 1| — b — .
S it b, —a,-b;

OnpenenureneM KBaJpaTHOM MAaTpHUIbl TPETHEr0 MNOpsAAKa (OMpeNeiIuTeNeM TPETbEero MOpPsAKa)

HA3BIBACTCS YMCIIO, PABHOE
(17 3z GOyg

2 a3

gy gz Qgg
= Q43 O55053 T G5 0y303; T Gy Ogp045
— Qy3fgz @y — @13ty — Gz azliyg

Xoa padoThi:
Beruucnurs onpenenurenu:

2 —
1) E :‘zz-e—a-(—@: 12 4+ 12 = 24

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

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

=45-39 =90

4 0 3
-6 2 =7

1 -3 2

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

®opma npeacrabJieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

3) =4-2-240-(-7)-1+(-6)-(-3) -5 -

Kpurtepun onenkn:
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- «OtnuyHo» - yMeHHsI CHOpPMHUPOBAHBI, BCE 3aJaHHs BBHINOJIHEHBI MPaBWIbHO, 0€3
apu(pMeTHIeCKuX OMMOOK, perieHrne opopMIeHO aKKypaTHO, C HEOOXOAMMBIMH 0OOCHOBAHUSIMHU.

—  «Xopomio» - HEKOTOpbIE YMEHHs CPOPMHPOBAHBI HEIOCTATOYHO, BCE 3a/JaHUS BBIIOJIHEHBI,
HEKOTOPBIE BHUJIBI 33JJaHUI BBIITOJHEHBI C omnOkamu. bezommbouno Bemonneno 80-89 % Bcex 3amaHuil.

—  «YIOBJETBOPHUTEIBHO» - HEOOXOJIMMbIE YMEHHUS B OCHOBHOM C(OPMHUPOBAHBI, OOJIBIIUHCTBO
3a/IaHU BBITIOJTHEHO, HEKOTOPBIE U3 BBIMIOJHEHHBIX 3a7jaHui coaepxar omuoOku. be3ommnbo4yHo BhimomaHeHO 70-
79 % Bcex 3aaHMil.

—  «HeynoBnerBoputenbHO» - TEOPETHUYECKOE COJAEpKaHHME Kypca HE OCBOEHO, HEO0OXOIMMbIe
yMeHHUsI He C(hOpPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHBIE 3aJlaHUsl cojep)kaT rpyoble omuOku. bezommnboyHO
BBIIIOJIHEHO MeHee 70% Bcex 3a1aHui.

Tema 3.2 CucreMbl JIUHEHHBIX YPaBHEHHIH

IIpakTnueckoe 3ansaTue Ne 17
Pemenue cucrem JIMHeHBIX ypaBHeHU# MeToaoM Kpamepa

Ieab padoThl: HAYYUTHCS pelIaTh CUCTEMbBI IMHEWHBIX YpaBHEHUH, UCIONb3Ysl popmyisl Kpamepa.
Beinmosinus padorty, Bl Oynere:

YMETh:
Y4 pemath npocTeiiiiye ypaBHEHUS U CHCTEMbI YpaBHEHHIA;

Y001.02 ananu3upoBarthb 3a1a4y U/WiK NpoOiIeMy U BBIICIATH €€ COCTaBHbIC YaCTH;
Y001.03 ompenensarts 3Tanbl perieHus 3a1a4m;
Y001.08 peanuzoBaTh COCTaBJICHHBIH ILJIaH;
MarepuajibHOe o0ecnieyeHne:
WNuauBuayanbHble 3a1aHUs, YYeOHUKHU, KOHCIIEKTHI JISKIIUH.
3aganue:
PemmTe cuctemsbl IMHENHBIX YPAaBHEHUN:
3x+3y—-5z=-2
2)ix+y+2z=3
2X—y+72 =27

3x-5y=11
2x+3y =20

IMopsiiok BbINOJIHEHUS PA0OTHI:

1.3anumure cucTteMy ypaBHEHHIA.

2.3anuimTe U BEIYUCIUTE OMPEICTUTENh CUCTEMBI.

3.BrruncnauTe onpeaenuTeNn Kaxx10i HEn3BECTHOM.

4. HaiiauTe 3Ha4eHUs1 HEU3BECTHBIX, UCTIONB3Ys opmyisl Kpamepa.

ay1%; +04,%; = by

@y %y +ayx, = b,

CocraBuM ompenenuTenb #u3 KOIQOHUIIMEHTOB TPH HEU3BECTHBIX. OTOT OMNPEISTUTENIb Ha3bIBACTCS

HYCTB JaHa CUCTEMaA JIBYX JIMHEMHBIX ypaBHeHPIfI C ABYM: HCU3BCCTHLIMU: {

1 37
3y Oz

ONpEETUTENIEM CUCTEMBI: A= ‘

CocTaBuM ompeAenuTeNn Kaxa0il Hem3BecTHOM. Onpenenutens 44 momydaercs w3 omnpenenutens & myrem

by ay

b, ay
Onpenenmurens A, momydaercs w3 ompeaenutens A myTreM 3aMeHBI BTOPOro CTOJONA KO3(p(UIIUESHTOB

CTOJIOIIOM U3 CBOOOJIHBIX YJICHOB.

a; by

ay by

3aMEHBI IEPBOT0 CTOJI01Aa KO3(PPUIIMEHTOB CTOIOIOM U3 CBOOOIHBIX WIEHOB.A ;=

A=

@y3%y + Q%5 + @y3%5 = by
[TycTh 1aHa cucTeMa TpeX JHHEHHBIX YPABHCHHM C TPEMSI HEU3BECTHBIMHU: {3 Xy T Ggp Xy + GpgX5 = by
gy %y + A3y %, + AgaXy = by
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CocraBum ompenenurenb W3 KOIPOUIUEHTOB NpPU HEU3BECTHBIX. IJTOT ONpEAeNUTeNb Ha3blBaeTcs
a a,, a
11 @43 43

OTIPEACIIUTENIEM CUCTEMBI:. A= |Q31 Q33 a3
@3y @3z Qa3
CocTaBuM onpeAenuTeNn Kaxaoil HemsBecTHOW. Onpenenutens 44 mosydaercss u3 onpenenutens & myrem

3aMEHBI MIepPBOTO croJona ko3 urmeHToB CTOIOIIOM u3 CBOOOIHBIX YJIEHOB.
by ay; agg
A= |by @z dg

by az; ag
Omnpenenurens &, momydaercs w3 ompenenurens & MmyreM 3aMeHBl BTOPOTrO cToidma Ko3(h(uuueHToB
CTOJIOLIOM U3 CBOOOIHBIX YICHOB.

a;; by ag
A= |ay by ap
az; by ag
Onpenenurens A3 monyuyaercs U3 ompenenutens A myreM 3aMeHbl TpeTbero cronbua ko3dguuueHToB
cTOJI0I10M U3 CBOOOJHBIX YICHOB.
fy, @y, by
Ar=|a; i
@z @3 by
A, A, Ag
YroOb! BHIYUCIUTD 3HAUE€HHs HEU3BECTHBIX, BOCNONb3yeMcs (hopmynamu Kpamepa:x, = " =
Xopn padorhl:
PaccmoTpum npumep:
Pemnts cucremy ypaBHEHUN:
xy + 2x, —3x; = 0;
2xy —x, +4xy =5;

1 2 -3
A=|2 —-1 4 |;
3 1 -1
1 2 -3
AA=1|2 —1 4 |=10=+10
3 1 -1
Brruncinum onpenenureny Kaxx10M epeMeHHOM:
0 2 -3
Aj=5 -1 4|=0—-15+40—-15+10—0=20
5 1 -1
1 0 -3
A,=|2 5 4|=-5-304+0+45-0—-20=-10
3 5 -1
1 2 0
A,=(2 —1 5/=-540+30—-0—-20—-5=10
3 b ° A 10 A o
N R il

Ortgert: (2;-1;0).
dopma npeacTaBiIeHHs pe3yJabTaTa: BEITOJIHEHHAS paboTa.

Kpurepum ouenku:
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- «OTIYHO» - yMeHUsi CQPOPMHPOBAHBI, BCE 3aJaHUs BBHINOJHEHBl MPAaBHIBHO, 0e3
apu(pMeTHIEeCKUX OIMMOOK, perieHne opopMIeHO aKKypaTHO, C HEOOXOIMMBIMUA 0OOCHOBAHUSIMH.

— «XO0pomio» - HEKOTOpble yMeHHUsi CHOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUs BBITOIHEHBI,
HEKOTOPbIC BHUJIBI 33IaHUI BHITIOJTHEHBI ¢ omrOkamu. be3ommbouno BeimonaeHo 80-89 % Bcex 3amaHuil.

- «Y IOBJIETBOPUTEIILHO» - HEOOXOAMMBIC YMEHHsS B OCHOBHOM C(OPMHPOBAHBI, OOJBIIMHCTBO
3aJIaHUH BBITIOJTHEHO, HEKOTOPBIC U3 BBITIOJIHEHHBIX 3aJIaHUI cojiepkaT ommoOKu. be3ommbouno BeimonHeHo 70-
79 % Bcex 3aaHMil.

- «HeynoBrIeTBOPUTEIBHO» - TEOPETUYECKOE COJIEpKAHHE Kypca HE OCBOEHO, HEOOXOIMMEIC
YMECHUsI HE C(POPMHPOBAHBI, BBHINOJIHECHHBIC y4eOHBIC 3aJaHMsi COJACpKaT TpyOble ommOku. bezommboyHO
BBIIIOJIHEHO MeHee 70% Bcex 3a1aHui.

Tema 3.2 CucreMbl JUHEHHBIX YPaBHeHUIi

IIpakTuyeckoe 3ansaTue Ne 18
Pemienue cucrem JiMHeilHbIX ypaBHeHuil metoaoMm I'aycca

Ilesb padoThI: HAYUYNUTHCA pELIaTh CUCTEMbI JUHEHHBIX YPABHEHUN METOJA0M IOCJIEI0BATEIbHOIO UCKIIFOUEHHS
MepeMeHHbIX (MeTooM [aycca).
BeinosiHuB padory, Bel Oyaere:
ymemp:
Y4 pewathk npocTeuine ypaBHEHUsI U CUCTEMbI YPaBHEHUI;
¥001.02 ananu3upoBarh 3a1a4y U/WiK MPoOIEMY U BBIICIATH €€ COCTaBHBIC YaCTH;
Y001.03 onpenensarts dTarbl penieHus 3a/1a4u;
¥001.08 peanu3oBaTh COCTaBJICHHBIH ILJIaH;
MartepuajibHoe o0ecniedyenne: VHIMBUTyanbHbIC 3aJaHUs], Y4€OHUKH, KOHCIIEKTHI JICKIUH.
3ananue:
PemuTh cuCTEMBI IMHENHBIX YPABHEHUMN
3x— 2y +z =10 X1+ x; — 3x3 +2_.x4 =6,
x; +x3 +3xy = 16,
lix+5y—2z=-15 2. _
X1 —2X3; — X4 = —6,
2x —2y—z=3 _
2x; — 3x; + 2x3 =6
ITopsinok BbINOJIHEHUS] padOThI:
1. 3anuImTe CUCTEMY JMHEMHBIX YpPaBHEHUH.
2. CocTaBbTe paCIIUPEHHYIO MATPUILY.
3. BemmonHuTe AneMeHTapHBIE MPeoOpa3oBaHUS CTPOK MATPHIBI, MCKIIOYas IOCJIEI0BATEIHLHO
epeMeHHbIe. B pe3ynbTare 10KHA MOTYYUThCS CTyIeHYaTast MaTpulia.
4. Ilo ctyneH4aTroi MaTpuLEe COCTABLTE CUCTEMY.
5. IlocnenoBarenbHO HAWUTE 3HAYEHUS BCEX HEU3BECTHBIX.
6. 3anmuuIMTe OTBET.
Xox padorhrI:
Meron ["aycca siBisieTcss OIHUM U3 HanboJiee YHUBEPCaIbHBIX METOJOB PEIICHUS CUCTEM JIMHEHHBIX YpaBHEHHI.
OH COCTOUT B NOCJIEIOBATEILHOM HCKIIOUEHUN HEU3BECTHBIX.
[Ipornecc pemenust mo meroay ['aycca coctout u3 nByx 3tanoB. Ha mepBoM stamne (mpsiMoii X01) cucteMa
MPUBOJIUTCSA K CTyleH4aToMy Buay. Ha Bropom 3tame (0OpaTHBIM X0/1) HIET MOCIeI0BaTeIbHOE OMPEeICHIE
HEU3BECTHBIX U3 3TOW CTYNEHYATOU CHCTEMBI.
Ha mpakTtuke ynoOHee paboTaTh HE C CUCTEMOM YpaBHEHHUM, a C PaCIIMPEHHON MaTpUIIeH, BBITIOJIHSS BCE
3JIeMEeHTapHbIe TPe0Opa30BaHusl HaJl €€ CTPOKaMHU.
DneMeHTapHBIMU MTPEOOPa30BAHUSIMHA MATPHIIBI SBIISIOTCS:
- IEPECTaHOBKA CTPOK MECTaMU;
-YMHOXEHHE HEKOTOPOI CTPOKH Ha JTH000€, HE paBHOE HYIIIO YUCIIO;
-prOaBiIeHUE K dJIEMEHTaM OJHON CTPOKU COOTBETCTBYIOLIUX JIEMEHTOB APYroil CTPOKH, YMHOKEHHBIX Ha
OJTHO U TO K€ YUCIIO
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Paccmorpum npumep:

1) Pemmnth cucremy ypaBHEHUM:
.1'1 +2J.'g —_ 3.1'3 = U
[21:1 — x5 + 4x3 = 5
3.1'1 + I: —.1'3 = 5

CocTaBUM pacIIUPEHHYIO MAaTPUILY U3 KOIPPUIIMEHTOB IPU HEU3BECTHBIX U CBOOOHBIX YJICHOB:

1 2 —3(0
{ZAIB}=(2 -1 +‘5)

3 1 =115

BreimoaHnM OJIEMCHTAPHEIC Hp606p330BaHI/I5[ Haja CTpOKaMHM MaTpHUIbI:

1 2 -3|0 1 2 -3
(2 -1 4 5) N(U -3 10
3 1 -115 0 -5 8

1 2 =30
~ (EI 1 -2 —'J.)
0 o =210

HOJ’Iy‘lCHHOﬁ MaTpune COOTBETCTBYCT CUCTEMaA ypaBHeHI/Iﬁi

0 1 2 -3
) n ([I 1 -2
3 o0 -5 8

]
_1),\,
3

FJ.']_ +2J.': —3.1'3 = U
x:—?x; = —1;

\ —2.1'3 = U

Hauunnas CHHU3Y BBCPX, HAXOJAUM 3HAUYCHUS HCU3BCCTHLBIX!

() + 227 — 323 =0 (x+2x;—-3x;=0 (x+2-(-1)=0
xp — 2xy = -1 [ x; = —1 ; [ = -1 :

A x3=10 x3=10 xg3 =10

"_r1=2

I::—l.

Lx3 =0

Ortsert: (2;-1;0).
x1+xZ _3X3 +2x4 :6,
xE + X3 + 3}:4 = 16,

2) Xy —2x5— X4 = —6,
2x;— 3x5 + 2x3 =6
1 1 -3 26 1 1 -3 26 1 1 -3 26
0 1 1 3 16 0 1 1 316 |_ 0 1 1 3 16
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 -326
01 1 3 16 | _ 0 1 1 3 16
0 0 1 1 6 0 0 1 1 6
0 0 13 11 74 00 0-2-4

Xy+ x; —3x3+ 2x, =6,
x5 + x3 + 3x, = 16,
X3+x, =6,
—2x, = —4
Haunnas cHU3y BBEpX, HAXOJIUM 3HAYEHUSI HEU3BECTHBIX:
x; =28

xE :6.
X3 :4,
x4=2

OtBerT : (8;6;4;2).
dopma npeacTaBJeHHA Pe3y/IbTAaTa: BbIIIOJIHEHHAs padoTa.
Kputepun onenkmn:
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- «OTIYHO» - yMeHUsi CQOPMHPOBAHBI, BCE 3aJaHUs BBHINOJHEHBl TPaBHIBHO, 0e3
apu(pMeTHIEeCKUX OIMMOOK, perieHne opopMIeHO aKKypaTHO, C HEOOXOIMMBIMUA 0OOCHOBAHUSIMH.

— «XO0pomio» - HEKOTOpble yMeHHUsi CHOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUs BBITOIHEHBI,
HEKOTOPbIC BHUJIbI 33IaHUI BHITIOJTHEHBI ¢ omrOkamu. be3ommbouno BeimonaeHo 80-89 % Bcex 3amaHuil.

- «Y IOBJIETBOPUTEIILHO» - HEOOXOAMMBIC YMEHHsS B OCHOBHOM C(OPMHPOBAHBI, OOJBIIMHCTBO
3aJIaHUH BBITIOJTHEHO, HEKOTOPBIC U3 BBITIOJIHEHHBIX 3aJIaHUI cojiepkaT ommoOKu. be3ommbouno BeimonHeHo 70-
79 % Bcex 3aaHMil.

- «HeynoBrneTBOPUTEIBHO» - TEOPETUYECKOE COJIEpKAHHE Kypca HE OCBOEHO, HEOOXOIMMEIC
YMECHUsI HE C(POPMHPOBAHBI, BBHINOJIHECHHBIC y4eOHBIC 3aJaHMsi COJACpKaT TpyOble ommOku. bezommboyHO
BBIIIOJIHEHO MeHee 70% Bcex 3a1aHui.

Tema 4.1. BekTops!

IIpakTuyeckoe 3ansaTue Ne 19
ApudmMeTnyecKkue onepanun ¢ BEKTOpamMu

Leab paGoThi: HAYYUTHCS BHIOJIHSITH ACHCTBUS HAJl BEKTOPAMHU
Beinmosinus padorty, Bl Oynere:
YMETh:
Y7 BBINOJHATH apu(METHUSCKUE OTICPAIIMH C BEKTOPAMHU;
Y001.02 ananu3upoBarh 3a1a4y W/WiH MPoOIeMy U BBIICIATH €€ COCTAaBHBIC YaCTH,

MarepuajibHOe o0ecnieyeHne:
WHauBuyalibHbIC 3aaHUs, YICOHUKH, KOHCTICKTBI JICKITUH.
3ananmue:

1 HaiiTn nuHeiiHyt0 KOMOMHAIINIO BEKTOPOB AB- 3BC +4CD
AB; BC; CD

2 HaiiTu 1uiMHBI BEKTOPOB

ABu BC; BCuCD

3 HaiiTh KOCHHYCBI YIJIOB MEX]ly BEKTOpaMHU

4 Hatitu Haiitu (A_B N CD) ‘AD
1p,(BD + AC)

5 Haiitn
6 BBIsICHUTB, KOJUTMHEAPHBI JIU BEKTOPbI AB " CD

7 BBIICHATB, OPTOrOHAJIBHBI JIM BEKTOPBI ABy CD
1A(2:3,-1);B(0;1,2);C(4,-1,-1); D(2;-3; 1)
2A(3;-1;1);B(1;3;2);C(1;-1;,-1); D (4, 0; 3)
3A(4,1,2),;B(1,0;1);C(-1,2,-1); D(3; 1, 0)
4A(3;-2;1);B(2;-1;1); C(4,0;2); D (1;1;-1)
5A(-2;2;1);B(3;0;4);C(7,1;0); D (3;0;5)

6 A(1-1;-1); B(2;5;7); C(-3;1;,-1); D (2; 2; 3)
7TA(-3;1,4);B(1;-2,-3);C(2;2;3); D(5;3; 1)

8 A(2;-5;1); B(4;3;5);C(-1,0;1); D (2; 1, 0)

9A(-2;2;1);B(3;-1,0);C(4,4;0);D(1;-1; 1)
10A(4,2;5);B(0;1;3); C(-1;-1;1); D (2;-2; 1)
11A(1,0;1);B(7,4,3);C(3;-5;1); D (-2, 2, 2)
12A(5:1,0);B(-1;-1;-1);C (2,4, 7); D (1, 0; 1)

13A(10;1;1); B(-2;-1;1); C (4, 3;2); D (1, 0; -1)
14A(2;-7,4);B(2,-1,3);C(1;0;,-1); D (2,1, 3)
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15A(6;3;3); B(-1,0;-2); C(3;1,1); D(0; 4, 5)
16 A(3;2;0);B(2;-1;7); C(4;0;5); D (1;-2;-1)
17 A (4;-1; 2); B (1; 0; 3);C(-2;1;5);D(3;8;-1)
18 A (1; 1; -3); B (-7;5; 2); C (2; 1; 0); D (3; -3; 1)
19 A (5;0; 1); B (2; -1; -1); C (-6; -1; 1); D (3; 1; 3)

(-
20 A (3;5;1); B (7;-4;3): C (2; 1; 1) D (0; -1; 3)
21 A (1;-2;1); B (-1; 8;-3); C(3; 2; 1); D (5; 3; 1)
22 A (-3;-1;1); B (2; -3; 0); C (1; ,5);D(2;3;4)
23 A (3;-1; 2); B (4; 0; 4); C (-1; 9; -1); D (3; -2; -2)
24 A (3;-2; 1); B (4; 2; 1); C (-1; -1; 1); D (3; 0; 1)
25 A (-2; 0;1); B (4; -1; 3): C (-3; 2; 1); D (4; 1; 1)
26 A (2;-2;1); B (2;5;7);C(1;3;5); D(7;0;3)
27 A (2;3;3);B(-2;4;1);C(3;5;2);D(3;8;-1)
28 A (1; 1; -3); B (-3; 2; -1); C (4; 1; 2); D (7; -3; 0)
29A(7,6;1); B(2;-1;-1); C (1;0; 1); D (-2; 1; -1)
30A(-7;2,-1);B(2;5;1);C(2,1,1); D(0; 1, 3)
HOpﬂIlOK BBIINNOJIHCHU A paGOTbI:

1 Haiitu nuHeliHyI0 KOMOWHAIMIO BEKTOPOB AB- 3BC +4CD
AB; BC; CD

2 HaiiTu 1ytMHBI BEKTOPOB

ABu BC; BCuCD

3 HaiiTu KOCHHYCHI YIJIOB MEX1y BEKTOpaMu

4 Hatitu Hatitu (IE N CD) ‘AD
1p,(BD + AC)

5 Haiitu

6 BBISICHUTD, KOJUIMHEAPHBI JIU BEKTOPbI ABy CD

7 BBISICHUTB, OPTOTrOHAJIBHBI JIK BEKTOPBI ABy CD
Xoa padoTbl
BekTopom Ha3bIBaeTcsi OTPE30K, Y KOTOpOFO yKa3aHO, KaKOi M3 KOHIIOB SIBJISIETCS HA4aJioM, a KaKOW — KOHIIOM

AB A B

(HaHpaBHCHHbII/I OTpe30K) 0603Ha‘{aeTCﬂ rac - Ha4YajlOo BEKTOpa, - KOHCI.
BeKTOpBI HAa3bIBAIOTCA KOJJIMHCAPHBIMU, €CJIIM OHH PaCIlOJIOKCHBI HA OI[HOI71 HJIW TMTapalJICIBHBIX HPAMBIX.

0
BGKTOpBI HAa3bIBAOTCA OPTOTrOHAJIbHBIMU, €CJIM YT'OJI MCKAY HUMU q[} .
BGKTOpr MOKHO CKJIaAbIBATh ( 110 IIpaBUWJIaM TPEYTOJIbHUKA U napannenorpaMMa), MOKHO YMHOXXAaTb Ha YHUCJIO:

. - ‘ \ \

alp o L=02-%
b b, b,

HCO6XOILI/IMO€ " JOCTATOYHOC YCJIOBHUEC KOJUIMHCAPHOCTU BEKTOPOB:
- 3
ld| = /aj + a3 + a3.

—=
Mopyns BekTOpa a={a 1:82,043 paBeH

Ecmn 3amaHel Hadaio A(Xl Y1,y ) A KOHEII B(X2 »Y2 ’23)
HAXOJSTCS CIIEAYIOIUM 00pa3oMm:

BCKTOpa AB, TO €ro KOOpAWHATBI W IAJIMHA

—_— 2 2 2
AB =X, = X.,V, = VirZy - ’AB’ —\. x,) +(y2-y1) +(zz-zl)

8CKaJ'I${pHBIM MPOU3BCACHUCM BCKTOPOB HA3BIBACTCA YUCIIO, PABHOC MNPOU3IBCACHHUIO JIMH 3THUX BCKTOPOB Ha
KOCHHYC yIJIla MEXIY HUMU

5-5=|5|-|E|-c05{p
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a,b, + azb,

a;by +a,b, +azb;

cos@ = —_——
@]« |b] aZ +ad+al- b2+ b2

5 + by

HeO6XOI[I/IMO€ 1 JO0CTATOYHOC YCJIIOBHUC OPTOIOHAJIBHOCTHU BEKTOPOB: a b [}

&'E_; a1b1+a2b2+a3b3

R
[Ipoekuys BeKTOpa Ha HaIIPABJICHUE:!
IIpuMep BbINOJIHEHHS:

Al6,3,3), B(-1,0,-2), (3,

JlaHbl TOYKH
Jananmue 1
Pemenne:

AB—'-l 6;0- 3;- 2- 3—| 7:-3;- 5[,
BC-3+11 01+2, —14 1,3
CD—‘O 3;4-1;5- 1 334,,

AB- 3BC +4CD =|- 7 - 3-4+4-(- 3); -

|
- 31;6;2
Japanue 2
Pemenue:

E| =\(- 7)? +(- 3)? +(- 5)* =83
BC| )2 +(1)? +(3)* =426
CD)| :J(- 3)? +(3)? +(4)* =34

3aganne 3
Pemienue:

Vb? + b2 + b2

1,1, Dl0,4, 5).

3-31+4-3;-5- 33+44: —

cosA_'B BC = : : = ;
V8326 J2158

4-3)+13+34 3

cos B_C.; CD = ==
V26434 884

3ananue 4

Pemienue:

I[aHI)ITO‘-IKI/I A(6 3, 3) B(' 1,0,- 2) C(
AB_l 7= 35- 5&; CD—| 334

B

AD = 0- 6;4- 3;5- 3_--612,,
AB+CD = - 7+(- 3),- 3+3,- 5+4

(AB+CD) AD =-10 (- 6) +0 1+(-

3aganue 5
Penienue:

3,1,1), Dlo,4, 5).

=-10,0,- 1
1) -2 =58
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AB=-7,-3,-5
BD =0-(-1,4-0,5- (- 2) =1,4,7 AC =3-6,1-3,1-3 =|- 3,- 2,- 2

BD+AC =1+(-3),4+(- 2),7+(- 2) =-2,2,5
7-2)+(-3)-2+(-5) 5 _-17
\II'(' 7)1 +(' 3)-’ +(' 5)_, \"g ]

1p(BD + AC) =-

3apanue 6
Pemenne:

R . [ !
AB=|-7,-3,-5 CD=-3.34
-7 =3 -5

# =
-3 3 4 BexTOpHI HE ABJIAIOTCSA KOJUIMHEAPHBIMU.
Jananue 7

Pemenue:

| A~ |
AB=-7,-3,-5 CD=-33,4
-7 '(' 3) " (- 3) 3+ (- 5) 4=-8 ;ﬁ()’ CJIEIOBATENbHO, BEKTOPHI HE SIBJISFOTCSI OPTOrOHATBHBIMHU.
®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.
Kpurepun oneHku:

— «OTau4HO» - yMeHus CcOpPMHUPOBAHBI, BCE 3aJaHHs BBIMOJIHEHBI MPaBHIBHO, 0€3
apru(METHIECKUX OIIMOOK, perieHue ohopMIICHO aKKYpaTHO, C HEOOXOAMMBIMUA 00OCHOBAHUSIMHU.

- «Xopomio» - HEKOTOpbIe YMEHHUs CHOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHHS BBITIOJHEHBI,
HEKOTOPBIC BUBI 3a/IaHUI BBIITOIHEHBI ¢ ommrOkamu. bezommbouno BeinmoaHeHo 80-89 % Bcex 3amanwuil.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHHSI B OCHOBHOM c(HOpPMHpOBaHBI, OOIBIIMHCTBO
3a/IaHU BBITIOTHEHO, HEKOTOPBIE U3 BBIMOJIHEHHBIX 3aJaHuil cofepxkaT omnoku. be3ommnbouno BeimonHeHo 70-
79 % Bcex 3a7aHMil.

— «HeynoBneTBOPUTENBHO» - TEOPETHYECKOE COJIep’KaHHe Kypca HE OCBOEHO, HEOO0XOIuMbIe
yMeHHUsI He C(hOPMHUPOBAHBI, BBHIMOJTHEHHBIE y4eOHbIE 3aJaHUsl coJep:kaT rpyoOble omuOku. besommbouHO
BBINIOJIHEHO MeHee 70% Bcex 3a1aHui.

Tema 4.2. YpaBHeHus1 npsiMoii Ha M10ckocTH. KpuBbie BTOpOro nopsaka

IIpakTnyeckoe 3ansaTue Ne 20
YpaBHeHUe JUHUHU HA IVIOCKOCTH

Heanb: popmupoBanue yMeHu# peniath 3a/1a4l Ha B3aUMHOE PACIIOJIOKEHHUE MPSIMBIX.
Beinosnus patdory, Bel Oyaere:
ymemb:
Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOoOIeMy U BBLACTATH €€ COCTaBHbIE YacTH;
MarepuajbHoe o0ecnieyeHue:
WNuauBuayanbHble 3a0aHNsI, KOHCIIEKTHI JIEKIUH.
3aganue:
M- KOJIM4YECTBO OYKB B UMEHU
N- KOJINYeCTBO OYKB B (paMHIIUU
P- MecsL POKAEHUS
1. Haiitu Touky nepecedeHus NpsaMbix: mx —py+n =0 ux —y —p = 0.
2. HaiimuTe OCTpBIN YroJI MeXTy IPSIMBIMH:
mx+ny—p=0unx—py—nm=0.
3. CocraBbTe ypaBHEHHUE NIPSMOM, MapaIeNbHON MpsIMOH PX+ Y —M =0 u mpoxoasiei yepe3 TOuKy
A(—n; 1).
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4. U3 roukuA(m; —1) Ha npsimyro nX + py +1=0 omymen nepneHaukyisip. CocraBbTe €ro ypaBHEHHE.
Iopsiaok BbINOJIHEHUS PA0OTHI:

1. BHuMaTenpbHO 03HAKOMBTECH C YCIOBHEM 3aJaHUS.

2. [Tonmb3ysiCh KOHCHEKTAaMH JICKIHA, MOJ0CpUTEe HYKHYIO (HOpPMYITYy MJIM COOTBETCTBYIOIIEE YCIOBHE
JUISl peLIEHUs 3a/1a4u

Xon padoThr:

3amaua Ne 1

Haiitu Touky nepeceyeHus NpsMbIX :

2Xx+3y—-12=0u x—-y-1=0.

Pemmmm cucremy:

{2x+3y—12=0, {2(1+ y)+3y-12=0,

X—y—-1=0; x=1+y;
2+2y+3y-12=0, [5y=10, (y=2,
{x=1+ Y; {x=1+ y; {x=3.
Otgert: Touka M (3; 2).
3amaga Ne 2

OHpe,Z[eJ'II/ITB yYroJj Mexay IpAaMbIMHU, 3aJTaHHBIMHA YPABHCHUSIMU
2Xx—3y+6=0wu x+5y—-2=0.

Pemenue

Haiinem yrnoBpie KO3 GUIIMEHTHI THX MPSMBIX:

2Xx—-3y+6=0; X+5y—-2=0

— 3y =-2X—6, Sy=—X+2,

y=3x+6, y=—1x+g,

3 5 5
(-2 -
1 2 13
I y 00— K27k 5 3 _ 15_
OJICTaBMM HaliJIeHHbIC 3HaYeHHs k, U K, B popmyny:igp = g = = =-1.
1+k1'k2 1+(_1).E 13
5 3 15

tgp =—1; 9=135".

[TonydyeHHbI yron Mexay mnpsAMbIMH - Tynod. CMeXHbIM ¢ HHUM, OYyIeT OCTpbI, TO €cCTh
¢, =180° —135° = 45",

3agaua Ne 3

1. CoctaBbTe YypaBHEHHE MPAMOM, MapamieabHON npsiMoil 5X + 3y —7 =0 u npoxopsiuel yepe3 TOUKY
A(-2;6).

Pemenue

CoctaBum ypaBHEHUE my4yKa IPSIMBIX, MPOXOISAIINX qyepes TOUKY
A(-2;6).

y—6=Kk(x+2)

Haxonum yrnoBoit ko3¢ GUIMeHT JaHHON IpsSIMOif:

3y =-5Xx+7,

y:—§x+z' Kk =—§

3" 3 3
Tak kax mpsiMble TapautesbHeL, T0 K, = —2 - Yyri10BoH K03 (HULIHUEHT UCKOMOM MpAMOii.
[MoxcraBuM HaiiieHHOE 3Ha4YeHne K, = — 3 B YPaBHEHUE ITy4YKa IPSIMBIX:
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y—6=k(x+2);

rociie mpeodpazoBaHUs MOTYIHM:

5x+ 3y —-8=0.

3anaga Ne 4

N3 touku A(-3;5) na npsimyio X — 2y + 3 =0 omylieH neprneHaukysp. HamucaTs ero ypaBHeHHUE.

Pemenue

CoctaBum ypaBHEHUE my4yKa IPSIMBIX, MIPOXOISAIINX qyepes TOUKY
A(—3;5).

y —5=Kk(x+3).

Haiinem yrinooii koaddunuent k, npsmoit X —2y +3=0;

—2y=—X-3;

y—1x+§'
21

k, =

2
1
2

YuHTHIBas YCIOBUE IEPICHIUKYIAPHOCTH IPSAMBbIX: K; = _ki , HallJIeM ypaBHEHUE UCKOMOM IIPSIMOU
2

k, =-2.

y—-5=-2(x+3);

y+2x+1=0.

Otset: y+2x+1=0.

®opma npeacTraBJieHUs pe3yJbTaTa: BbIIIOJIHEHHOE 33/1aHUE.

Kpurepun oueHku:

Ouenka "orau4HO'" cTaBUTCS, eciau pabOTa BHINOJHEHA B TOJHOM O0BEME ¢ COOJIIOICHUEM
He0OXOJMMOI MOCIIe10BaTeNbHOCTH ACUCTBUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIIOJHEHBI BCE 3aIUCH U
BBIYMCIICHUSI.

Ouenka '"xopomo' CTaBUTCS, €CJIM BBIIOJIHEHbl TpPeOOBaHUS K OLEHKE "OTIMYHO", HO JOMyILIeHbl 2-3
HeJloueTa.

Ouenka '"yaoBJIeTBOPUTEIbHO'" CTaBUTCS, €CIM padOTa BBINOJHEHA HE TOJHOCTHIO, HO OO0BEM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO MO3BOJISIET MOJIYYUTh MPAaBUIbHBIE PE3YIbTAaThl U BHIBOJBI; B XOJI€ MTPOBEICHUS
pa®oThI OBLIN TOMYIIEHB! OLIHOKH.

Ouenka ''Hey10BJIETBOPUTEIBLHO'" CTaBUTCSA, €CIM padoTa BBHIMOJHEHA HE TOJHOCTHIO WM O0BEM
BBITIOJTHEHHOW 4acTH paboThI HE MO3BOJISIET C/IeIaTh IPABUIbHBIX BBIBO/IOB.

Tema 5.1. DjieMeHTbI KOMOMHATOPUKH

IIpakTnyeckoe 3ansitue Ne 21
Pemtenne 3a1a4 Ha OCHOBHBIE OHSITHS KOMOMHATOPUKH

Ileab paGoThl: OCMBICIUTH OCHOBHBIE MOHATHA KOMOWHATOPHUKH, HAYYUTHCS OTJIMYATh OJIHY BBIOOPKY OT
IPYroi, IPUMEHATh (YOPMYIIBI ISl UX HAXOXKICHUS.

Boinosinus patdoty, Bel 6yaere:

YMETh:
Y001.02 ananmu3upoBarth 3a/1a4y W/WIH MPOOJIEMY U BBIJICIATH €€ COCTaBHBIC YaCTH;
Y001.03 onpenensaTh 3TaIbI pEIICHUS 3a/1a4H;

MarepuajbHoe o0ecnieyeHue:

NunuBuayanbHble 3a0aHNs], KOHCIIEKTHI JCKITUH.

3amanue:
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1. B copeBHOBaHuAX y4yacTByeT 10 yenoBek, Tpoe U3 HUX 3almyT 1-e, 2-e u 3-e MecTo. CKOJIBKO CYIIECTBYET
pa3IM4HbIX BAPUAHTOB ?

2. U3 rpynmel, B KOTOpoW yuutcs 12 dernmoBek, HEOOXOAMMO BHIOpaTh 3 4eJIOBEKa B COBET KOJUIIEIKA.
CKOJIBKO CYIIECTBYET Pa3IMYHBIX CIOCOOOB TAaKOIrO BHIOOpA.

3. Ha KHWXHOW MOJNKE BBICTABJICHb 8 KHUT Pa3jIMYHbIX aBTOPOB. CKOJBKO CIIOCOOOB UMEETCS IUif
PAacCTaHOBKH 3TUX KHUT B Pa3HOM Iopske?

Xoa padoTsl
1. Omnpenenute BUJ BEIOOPKH O€3 TOBTOPECHHUS.
2. BriGepere cOOTBETCTBYIOLIYIO (POPMYIY /Ui BHIYMCICHUS BO3MOKHBIX KOMOMHAIIUH.
3. TIpowmsBeauTe BHIYHCICHUS, HCIIONB3Ys MOHATHE (paKkTOpHaa.

B ocHOBe perieHus 3aa4 Ha KOMOMHATOPUKY JISKAT JIBa MpaBUIa:

1.IIpasuno cnoxcenun. Eciin HEKOTOPBIA 31€MEHT A MOXXHO BBIOpaTh M croco0amu, a IpYyroi 3JeMeHT
B —ncmocobaMu, MCKIIOYAOIMMMUA — APYr JAPyra, TO BBIOOP KaKOrO-HUOYIb OJHOTO M3 3THX 3JIEMEHTOB(
nmu6o A, 160 B ) MOKHO OCyIIECTBUTH M+ N crioco0amu.

2.Ilpaguno ymuoxncenua. Ecnu HEKOTOpBIA 251IeMEHT A MOXHO BbIOpaTh M crmoco0aMu U €clid Iociie
KaXJO0r0 TaKOro BbeIOOpa »ieMeHT B MokHO BeIOpaTh Ncmocobamu, TO BbIOOp mapsl dmeMeHToB (A, B) B
yKa3aHHOM TOPSIIKE MOYKHO OCYILIECTBUTH M- N criocobamu.

3aoaual. Ilpu QopMupoBaHMM 3KHIIAXKa KOCMHUYECKOro kopalist umeercs:10 mpeTeHIeHTOB Ha IOCT
KOMaH1upa,20 MPETeHIEHTOB Ha IOCT OOPTHUHXEHEPA,2S5 MPETEHJEHTOB Ha MOCT KOCMOHAaBTa-UCCIIEA0BaTENs.
CKOJIBKUMH cHIOCO0aMHM MOXKHO BBIOpaTh OJHY M3 KaHIAMJIATYp Ha MOCT KOMaHAMpa, UM OOpTHUH)KEHepa, WU
KOCMOHABTa-UCCIIe0BaTEIsA?

Pewenue. I1o npaBuiny cymmsl cymiectByeT 10+20+25=55cnoco60B BEIOOpa OJJHOM U3 KaHIUAATYD.

3a0aua2.B cTon0BOM NMpeAaraloT JBa Pa3lInYHbIX IEPBLIX : & U &, ;TPH Pa3IM4HBIX BTOpBIX Omrona: b,,b,, b,

1 JIBa pa3JIMUHBIX JECCPTa: C1 n CZ . CKOIBKO Pa3JINYHBIX O6CI[OB H3 TpEeX 6J'IIO,Z[ MOXET BBI6paTB HOKyrIaTCJ'IB?

Pewenue. IlepBoe 051010 MOXHO BbIOpaTh JBYMSI CHOCOOaMH, BTOpO€ OO0 MOXKHO BBIOpaTh Tpems
crioco0aMu, TpeThe OO0 MOXHO JABYMs crocobamu. [lo mpaBuily yMHOXKEHHUS cyiiecTByeT 2x3x2=12
crtoco0o0B BBIOpaTh 00€]] U3 Tpex OO,

3. Iloomnoscecmea n- muodxcecme(coeounenus).
JInst Hax 0K ACHUS K — mopmuoxecTs HEKOTOPOro N —MHOKECTBA HYKHO BHIOpaTh K M3 N €ro aeMeHTOB

(II03TOMY YacTO TOBOPSIT O 6biO0pKe K amemenToB u3 N —amementoB). [Ipo BeiOpanHbie K 13 N pa3smuyHbIX
JIEMEHTOB MPUHSATO FTOBOPHTH, YTO OHU 00pa3yioT coenunenne u3 N anementoB mo K .Coedunenue-
coOupaTeIbHbI TEPMUH KOMOMHATOPUKY. B 3aBHCHUMOCTH OT TOro, UMEET JIM 3HAYEHUE MOPSI0K 2IIEMEHTOB B
COCIMHEHHUHU WU HET, a TAKXKe OT TOr0, BXOAAT B COCAUHEHHE BCE N JJIIEMEHTOB WU TOJIBKO 4aCTh HX,
pa3IMyaroT TPYU BUJA COCIUHEHUN: nepecmano6Ku, pazmeu|eHus, co4emaHus.

Ilepecmanosku.

IlepecTanoBKamMu U3 N —3IEMEHTOB HA3bIBAIOTCA TAKUE COCIUHEHHS U3 N — 2JIEMEHTOB, KOTOPHIE
OTJINYAIOTCS APYT OT APYTa TONBKO IOPSIKOM PACIIOIOKEHUS dJIEMEHTOB.

O6o3navenue: P, =n!

Pazmewienus.

PazmenienusiMu U3 N —31€MEHTOB HA3bIBAIOTCS TAKHE COSAUHEHUS , KaXKI0€ U3 KOTOPBIX COAEPKUT M
9JIEMEHTOB, BEIOPAHHBIX U3 YUCIA JaHHBIX N —3JIEMEHTOB, OTIMYAIOIINXCS MO0 COCTaBOM, JINOO MOPSIKOM UX
pacroNOKeHus, IN0O0 U TeM , U IPYTUM.

n!

(n—m)!
3ameuanune. PaccMOTpeHHBIE paHee MEePEeCTaHOBKM — YACTHBIM Cilydaid pa3MelleHHid u3 N —3JeMEeHTOB
10 N — 3JIEMEHTOB.

O6o3HaueHne A" =
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n!
= n:—: l
P, =A 0 n!
55440.

Couemanus.

CoueranusaMu U3 N- 3JIEMEHTOB 110 MHA3BIBAIOTCSA TaKHUe COCIMHCHHUA, KOTOPBIC OTIIMYAIOTCA APYT OT Apyra

XOTs OBl OHUM 3JIEMEHTOM.

n!

O6o3nauenue.C, = ———
mi{n—m)!

IMopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Omnpenenure BUI BBIOOPKU 0€3 TOBTOPEHHUSL.

2. Bribepere cooTBeTcTBYOUIYIO (GOPMYITY JUIS BEIYMCICHUS BOZMOYKHBIX KOMOWHAIIHA.
3. IlpousBenuTe BHIYUCICHUS, HCIIONB3YSI MOHATHE (haKTOpHaIa.

KomoBblit 3aMOK OTKpBIBaeTCA MOCIEA0BATEILHBIM HAOOPOM YETHIPEX pa3HbIX HUPp. Tpebdyercs onpenenuTs

YHCIIO BO3MOXHBIX KOJIOB, KOTOPBIE MOXHO MOI00paTh JIJIsi 3TOTO 3aMKa.

Pemienue.

1.Bo3moxnbIx mudp Beero aecstb(1,2,3,4,5,6,7,8,9,0).Kaxnas HabpaHHast KOMOWHAIUS KO/Ia OTIUYAETCS OT
pyroi KOMOMHAIMK XO0Ts Obl ofiHOM nudpoii(1,4,5,7 #2,4,5,7),1160 nopsakoM Habopa OJAMHAKOBBIX
mudp(1,4,5,7#4,5,7,1),m03TOMY JUIs1 TOACUETA YMCIIA BOSMOXKHBIX KOMOWHAITUHN KOJIOB UCTIONIB3yeM (hopmyty
qycia pa3MeIicHU .

n!

2.dopmyria pa3MelneHuii uMeeT BUI. AL = . B namem cnyqae n = 4 ,m = 10,

(n—m)!
, 10! _10/_10-%8-7-65-432-1
3. IlpousBoaum pacuér :Aj, = - =—= =10-9-8-7 = 5040
(1p-4) & 654321
2.  CKONBKO CYIIECTBYET CLIOCOOOB BBIOOpA TPEX YENOBEK U3 JECITH?

Pemenue.
1. B naHHOM ciiydae Tpu BBIOOpPE JUIS HAC BaXKEH TOJILKO COCTaB MO TPH YEIOBEKa, MOPSAIOK BEIOOpa poiH
HE UTPAET, MOATOMY B OTJIMUKE OT MEPBOTO MPUMEPA YUCIIO CIIOCOOOB MOICYUTAEM IO POpMYJie COUETaHUH.

T

2. ®opmyna coueranuit umeet Bum:C = per— B namem ciaywsae n=10, m=3.
10! 10! _71-8-5-10
3:(10-3)! 37 3247 =120.
3.CKOJIbKO pa3IMYHbIX YETHIPEX3HAUHBIX YHCET MOXKHO cOCcTaBUTh U3 uugpl,2,3.4 9 uudpse! He
MOBTOPSIIOTCA)?
Pemenne.
1.ITo ycnoBHIO JaHO MHOKECTBO U3 YETHIPEX AJIEMEHTOB, KOTOPBIE TPeOyeTCsl pacoI0KHUTh B
OnpeIeIEHHOM NOopsAKe. 3HAUUT, TpeOyeTcss HalTHU KOJIMYECTBO MEPECTAHOBOK MX YETHIPEX IJIEMEHTOB.
2.dopmyna mepecTaHOBOK U3 I —AJieMeHTOB umeeT BuA: P, = n! B namem cioydae n =4.
3.ITpousBeném pacuér: Py =41=4-3 -2 -1=24,
@dopma npeacrabJieHus pe3yJbTaTa: BhIIIOJIHEHHAs padoTa.

3 . Tlpoussomum pacuér:Ciy =

Kpurepum oueHku:

Ouenka '"oTau4yHO'" cTaBUTCS, eciau paboTa BBINOJTHEHA B TIOJIHOM OOBEME C COONMIOJEHUEM
HEOOXOAUMOM MOCIEeIOBATEIbHOCTU ACHCTBHIA, B OTBETE€ MPABHILHO M aKKYpPaTHO BBINIOJIHEHBI BCE 3alUCU U

BBIYMCIICHU .

Ouenka '"xopomo' CTaBUTCS, €CIIM BBIOJHEHB TPeOOBaHUS K OLIEHKE "OTIWYHO", HO JOMYIIeHBI 2-3

HEeJ0YETa.

Ounenka '"yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CIM pabOTa BBINOJHEHA HE TOJHOCTHIO, HO O0O0BEM
BBIITOJIHEHHOM YaCTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPAaBUIIbHBIE PE3YNbTAThl U BBIBOJBL;, B X0J1€ MPOBEACHUS
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paboThl OBLITN JAOIYIICHBI OIITHOKH.
Ounenka ''HeylOBJIETBOPUTENBHO'" CTAaBUTCS, €CM pa0OTa BBHIMOJHEHA HE MOJHOCTHIO HIU O0BEM
BBITTOJIHEHHOM YacTH paboThl HE TO3BOJISIET ClIeaTh MPaBUIIbHBIX BHIBOIOB.

Tema 5.2 Dy1eMeHTHI TEOPUH BEPOSITHOCTEH M MaTeMaTHYeCKOMH CTATUCTHKH

IIpakTuyeckas 3ansitue Ne 22

Pemenue 3a1a4 Ha BLIYHCJIEHHE KJIACCHYECKOI BEPOATHOCTHA
C UCITOJB30BAHHUEM 3JICMECHTOB KOMﬁI/IHaTOPI/IKI/I

Heab padorbi: HayuynuThCcs HAXOAUTH BEPOATHOCTH COOBITHI, UCTIONB3YS (POPMYIIBI KOMOMHATOPUKH.

BbinosinuB padory, Bel Oyaere:

YMETh:

Y6 HaXOUTh BEPOSITHOCTH B MPOCTEUIINX 3aa4ax;
Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOOIEMY U BBILACTATH €€ COCTaBHbIEC YacTH;
Y001.03 onpenensarts dTarbl penieHus 3a/1a4u;

MarepuanbHoe o0ecniedenne: MluauBuyanbHble 3a/1aHNs], KOHCTIEKTHI JICKIIH.

3aganue:

1. T'oToBsch K MOKIaAy, CTYJIEHT BBIIIACAT U3 KHUTH LIUTATY, HO, 3a0BIB HOMEP CTPAHUIIBI, HA KOTOPOW OHA
HAXOJWJIach, HaMcan1 HoMep Haynaudy. KakoBa BEpOATHOCTh TOr0, YTO CTYJEHT 3alucajl HYy>KHbI HOMEp, €Cliu
OH MTIOMHUT, YTO HOMEP BBIPAXKAETCS JIBy3HAUHBIM YUCIOM?

2. B smuke 15 peraneit, cpeau xotopbix 10 okpamensl. COopmuk Haynauy BbiOpan 3 nertanu. Kakosa
BEPOSTHOCTB TOT0.4TO BEIOPAHHBIE ICTAIM OKA3aJIMCh OKPAIICHHBIMU?

3. Nmeercsa 8 xaprouyek. OgHa CTOpOHA KaXKI0M M3 HUX YMCTasi, a Ha JIpyroi Hamucansl OykBol :K,W,P, /1,
A,H,3,I1. KapTouku KiaayT Ha CTOJI YUCTOM CTOPOHOM BBEPX, MEPEMEIINBAIOT, @ 3aTEM TOCIECIOBATEIHLHO OJIHY
3a Jpyroil mepeBopaunBaroT. KakoBa BEpOSTHOCTh TOTO.MPU IMOCIEAOBATEIHHOM IMOSBICHHM OyKB OyneT
coctasiieH cioBo [TPA3JIHUK?

Kparkue Teoperndyeckue cBeleHUs:
BeposiTHOCTBIO  cOOBITHS A Ha3bIBaeTCsl OTHOLIEHHWE  YUClIa M CiydyaeB, OJaronpHUsTCTBYIOIIUX €ro
MOSIBJICHUIO, K OOIIEMY YHCIy BCE€X HECOBMECTHBIX PaBHOBO3MOXKHBIX M OOpa3yloIIUX MOJHYIO TPYIILY

coObiTuil. Takoe ompeneneHre BEpPOATHOCTH HA3bIBAIOT KJIACCHUECKUM. BeposaTHOCTh cOOBITHS 0003HaYaeTcs
(0
P(A) wu Bbuncisercs no popmyine: P(A) = —

BeposTHOCTE TIOSIBIICHUS COOBITHS 3aKiarodeHa B npenenax or 0 qo 1: 0 £ P(A) =1

ITopsinok BbINOJIHEeHUs padoOThI:

1. Omnpenenure codbITHE A, BEPOSATHOCTH KOTOPOTO HY)KHO BEIYUCIIUTD.

2. IIpocuwnraiite obriee 9rcao(N) BO3MOMKHBIX HCXOJIOB.

3. IlpocunraiiTe 4rcao UCX0I0B(M), OIATONPUATCTBYIOIINUX HACTYIUIEHUIO COOBITHS A.

o .. _m
4. Vcnonb3yiite GopMysTy Ul BBIYMCICHHS BEPOSTHOCTH ONPENENEHHOro coopitus. P(A) = —

Xona padotsi: 1.HaOupas Homep Tenedona, aboHeHT 3a0b11 nocieanue 3 nudpsl 1 HaOpaa UX Haynauy,
ITOMHSI . YTO OHH Pa3IU4HbL. HaiiiuTe BeposSTHOCTB TOTO, YTO HAOpaHBI HYXKHBIE IUDPHI.

Pewenue.

1. CoOGriTHe A-«HOMED HAOpaH BEPHON.

2. Yucno n-o01iee 4uciIo UCXOI0B UCIIBITAHUS MOTYYHM, BOCHOJIB30BABIIUCH (POPMYyIaMH KOMOMHATOPUKH.
Bcero nmeercs 10 uudp, T.€.. uncimo 3meMeHTOB paBHO 10; B KaKI0€ COSTUHEHNE BXOANT 1O 3 HQPHI;
MOPsAOK LU P(3IEMEHTOB) CYIIECTBEHEH IPU HAOOpe HOMEpa, 3HAUUT, HY>KHO HAlTH 4yncio pasMerienuit uz 10
s =T20. Hrak, n=720

3. Yucino m=1, T.K. TOJIBKO OAUH Ha60p nu3 TpéX I_II/I(I)p SABJISICTCA HYKHBIM.
m 1

4. P(4) = w720

3 _
IeMEHTOB 110 3 o popmyned;, =
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2.113 ypHBI, B KOTOpO# HaxosaTcs 12 0enbix u 8 4€pHBIX IIapOB, BHIHUMAIOT HayAady jaBa Irapa. Kakosa
BEPOATHOCTh TOTO, YTO 00a Iapa OKaxKyTcs YEPHBIMH?
Pemenue.
1. CobGpiTHe A-«00a mapa OKaKyTCs YEPHBIMU.
2. Yucno n-o01uiee 4uciIo UCXOI0B UCIBITAHUS MTOJYYHM, BOCHOJIb30BaBILUCH (POPMYJIaMU KOMOMHATOPUKH.
O0miee 4YMCIO BO3MOXKHBIX ClIydaeB N paBHO uuciy couetanuidt u3 20 snementoB ( 12+8) mo aBa:
2 20! 20! _20-19-18!
n=C5y = = = =190.
£ 2iz20-23 2118 1-2-18!
3. Hucno cimydaeB M, O1aronpusTCTBYIONIMX COOBITHIO A, PAaBHO YHCIYy COYETaHUH U3 § anmeMeHTOB ( 8
8 _ 8 _gT8l_
- =—= =28
2(8-2)! 206 1-2-16!

gepHBIX MAPOB ) 110 aBa: N= C3 =
4. P(4) =2 == x 0,147
n 150

2.Ha mnsaTH KapToukax paspe3Hod a30yku Hamucanbl OykBel A,3,K,O,M. Kaproukun mnepeMenmBamTCcs U
HayraJ packiajsiBatoTcs B psj. KakoBa BeposiTHOCTH Toro. Uto nonyuurcs cinoo 3AMOK ?

Pewenue.

1. CoObrTHE A-«ionyuutcs cioBo 3AMOKY.

2. Yucno n-o01iee Ynciao UCXOI0B UCTIBITAHUS TIOTYYUM, BOCIHOJB30BaBIIUCH (POpMYIaMu KOMOMHATOPUKH.
O6miee YUCIIO0 BO3MOXHBIX  CJIy4aeB N paBHO 4YHUCIY IMEPECTAaHOBOK M3 5 3JIeMEHTOB(OYKB):
n=Fg = 5!=5-4-3-2-1=120.

3. Hucno cimydaeB M, OGaronpusTCTBYIONIMX COOBITHIO A, paBHO 1, T.K. TpeOyeTcs COCTaBUTh CIIOBO C
OyKBaMU, pacCTaBJICHHBIMU B ONPeNEIEHHOM MOpsaKe. A 3TH OYKBBI pa3UYHbL.

™m 1
4. P(4) = w120

®opma npeacTaBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kpurtepun onenkn:

Ouenka "orau4HO" cTaBUTCS, eciau paboTa BHIMOJHEHa B MOIHOM O00BEME ¢ coONMOIeHHEM
HEOOXOJIMMON TIOCIIEIOBATEIbHOCTA JEHCTBUI; B OTBETE MPABUIBHO M aKKypPaTHO BBITIOJIHEHBI BCE 3AMHCH H
BBIYHCIICHUSI.

Ouenka '"xopomo' CTaBUTCS, €CNM BBITIOJTHEHBI TpPeOOBaHUS K OIEHKE "OTIMYHO", HO JOMYIIeHBl 2-3
HeJl04eTa.

Ouenka 'yI0BJIeTBOPUTEJIBHO'" CTaBUTCS, €ClM paldoTa BBHIMIOJIHEHA HE TOJHOCTHIO, HO OOBEM
BBIIMTOJTHEHHOM YacTH TAaKOB, YTO MO3BOJISIET MOJIYYUTh MPABUIIbHBIE PE3YJIbTAThl U BBIBOJIBI; B X0J1€ MPOBEICHUS
paboThl OBLIU TOMYIIEHBI OLINOKH.

Ounenka ''HeylOBJIETBOPUTEIBHO'" CTaBUTCA, €CM pa0OTa BBHIMOJHEHA HE MOJHOCTHIO WMIU O0BEM
BBITTOJTHEHHOM YacTy paboThl HE MO3BOJISIET CIeaTh IPABUIIHHBIX BHIBOIOB.

Tema 5.3 DiieMeHTBI TEOPUHM MHOKECTB

IIpakTuuyeckas 3ansitue Ne 23

JuckperHasi M HenpepbIBHAsA CJIy4YaiiHAs BeJHYHHA.
XapaKkTepUCTHKH IMCKPETHON U HeNpepbIBHOM CJIy4ailHOM BeJIHYUH

I_[e.m, paﬁoTbI: HAaYIUTHBCA HAXOJUTH YUCIIOBBIC XaPAKTCPUCTHUKU Cﬂyqaf/'IHBIX BCJIMYMH.

Boinosinus padorty, Bul Oynere:

YMETh:
Y6 HaXOIUTh BEPOSITHOCTH B MPOCTEUININX 3a7a4ax;
Y001.02 ananu3upoBaTh 3aa4y W/WIK IPOOJIEMyY U BBLACTATH €€ COCTaBHbIEC YacTH;
Y001.03 onpenensars Tarbl peuieHus 3a1a4u;
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MarepunanbHoe obecniedenue: VHauBuyanbHble 3aJaHNs], KOHCIIEKTHI JIEKLIUH.

3aganue:;

HalTH MaTeMaTH4YeCKOe OXHNIAHUE, JUCIICPCUIO U CPCAHEC KBAAPATUUCCKOC OTKIOHCHHC ,Z[PICKpCTHOfI

CIIy4YallHOW BEJIMYUHBI

3aaHHON TaOIULIEH:.

X 7 -5 -1 6

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

Kpatkue TeopeTuyeckne cBeleHUs: HMECIOTCS B KOHCIIEKTE JICKIIUHA
Xoxa padoTsl

1. Haiitu wmaTremMaTHyecKoe OXXHJIAHUE JTUCKPETHOW CIIydalHOM BETWYMHBI X, 3aJaHHON 3aKOHOM

pacrpeneieHus:
X | 5] 2| 3 | 4
p | 04| 03| 01| 02

MaremaTuueckoe O)XXUJIaHUE:
M(X)=-5-0,4+2-03+3-01+4-0,2=-0,3.

2. Haiitn JIACIIEPCUIO JUCKPETHON CIIy4anHOM1 BEJIMYUHBI
3aKOHOM PacIlpeAeIeHus:

X | -3 | 1| 2 | 3
p | 04 | 03 | 01 | 02

CHauana HaX0IUM MaTeMaTU4YECKOE OXKHJaHNE CIy4aifHON BeIUYHHBI X:
M(X)=-3-04+1-03+2-01+3-0,2=-01.

2.
Jlanee 3anuiieM 3aKoH pacnpezaeneHus X

X* | 9 | 1| 4 | 9
p | 0,4 | 0,3 | 01| 0,2

MareMatrnuyeckoe 0KMIaHHUE CIIy4alHON BEIUYUHBI X%
M(X?)=9-04+1-03+4-01+9-02=6,1.
Haxonum nucnepcuto:
D(X)=M(X?)-[M(X)]* =6,1—(-0,1)*> =6,09.

3. Haiitn CpPETHEKBAIPATHYECKOE OTKJIOHEHHE JIUCKPETHON
BETMYMHBI X, 32/IaHHON 3aKOHOM pacIpeIeTICHHS:

x| 1| 1] 2| 3
P

CHayasia HaX0AMM MaTeMaTH4ECKOe OKUIAAHHUE CIIy4aiiHONW BEJIMUMHBI X:
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M(X)=-1-03+1.04+2-01+3-0,2=0,9.

Jlajiee 3anuuieM 3aKOH pacIpeneeHus X%

MatemaTnueckoe 0XKMIaHNuE CIIy9allHOM BEIINYMHBI X%
M(X?)=1-0,3+1-0,4+4-01+9-0,2=29.
Haxonum nucnepcuto:
D(X)=M(X?)-[M(X)]* =2,9-(0,9)* =2,09.

Otcroga HaxoAUM CPEHEKBAIPATUYECKOE OTKIOHEHUE O'(X )= N D(X ) =,/2,09 1,45
dopma npeacTaBJieHus pe3yJbTaTa: BRIIIOJTHCHHAS paboTa.

Kpurepun onenkmn:

Ouenka "orau4HO'" cTaBUTCS, eciau pPaboTa BHINOJHEHA B TOJHOM O0BEME ¢ COOJIFOICHUEM
HEOOXOAUMOM TMOCIIEeOBATEIbHOCTU JACHCTBUIA; B OTBETE€ MPABWJIBHO U aKKYpPaTHO BBIIIOJIHEHBI BCE 3alHCH U
BBIYHCIICHUSI.

Ouenka '"xopoumo' cTaBUTCs, €CIIM BBIIOJHEHbI TPeOOBaHMS K OLIEHKE "OTIWYHO", HO JOMyIIeHbI 2-3
HeJl04eTa.

Ounenka '"yaoBJIeTBOPUTENbHO'" CTaBUTCS, €CAM padoOTa BBINOJIHEHA HE TOJHOCTHIO, HO O0OO0BEM
BBITTOJIHEHHOW YaCTH TAKOB, YTO TIO3BOJISET MOJIYYUTh MPABHIBHBIC PE3YIbTaThl U BBIBOJBL; B XOJIE MPOBEICHUS
pa®oTHI OBLIN TOMYIIEHB! OLIHOKH.

Ouenka ''Hey10BJIETBOPUTEIBLHO'" CTaBUTCA, €CIM padOTa BBIMOJHEHA HE TOJHOCTHIO WM O0BEM
BBITTOJIHEHHOM YacTH paboThl HE TIO3BOJISET ClIeTaTh MPAaBUIbHBIX BHIBOIOB.

"

Tema 5.3 DiieMeHTBI TEOPHH MHOKECTB

IMpakTunyeckoe 3ansaTHe Ne 24
Onepauuu HaJ MHOKeCTBAMH

esab padoThi:
CdopmupoBaTh MpakTUYECKUE HABBIKH 10 PEIICHUIO 337a4 JaHHON TeMBI.
Boinoinus padorty, Bel Oynere:
ymemy:
V5 3agaBaTh MHOXKECTBA U BBITIOJIHATH ONEpallMK HaJl HUMU;
¥002.03 nmanupoBath IpoIECcC MOUCKA; CTPYKTYPUPOBATH MOIydaeMyr0 HHPOPMAITHUIO;
Y002.06 opopMisTh pe3ynbTaThl MOUCKA, IPUMEHSATh CPEACTBA MHPOPMAIIMOHHBIX TEXHOJIOTHM A pelieHus
npodeccuOHANbHBIX 33/1aY;
MarepuanbHoe o0ecrieyeHme:
— KOMIUJIEKT y4eOHO-HATJISITHBIX TTOCOOM JJIsl MHAUBUAYaTbHBIX TIOMAIIHUX padoT;
— KOMIUIEKT IUJAKTUYECKOTO pa3gaTOYHOro MaTepuaa.
3amanme:
[ToBTOPUTH TEOpPETUYECKUI MaTepUall, BBIMOIHUTD IPAKTHUECKYIO padoTy.
Kparkue Teopernyeckue cBeieHUS:

Ilepeceuenue Oo0benuHeHue Boruuranue
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[lepeceuenuem MHOXECTB A 1 B
Ha3bIBAETCSl HOBOE MHOXKECTBO,
COCTOSIIME U3 DJICMCHTOB U
MHOKECTBA A M MHOXecTBa B

A={PU,C}, B={P,O,C,A}
A B={PC}

O0OpenuHEeHEM MHOXECTB A u B
Ha3bIBaeTCsl HOBOE MHOXKECTBO,
COCTOSIIIECE U3 PIICMEHTOB HJIU
MHOKeCTBa A M MHOKecTBa B

A={PU,C}, B={PO,C,A}
A B={PC,1,0,A}

PaznocTthio MHOXKECTB A 1 B
Ha3bIBACTCS MHOXKECTBO, CO-
CTOSIIIIEE U3 DIIEMEHTOB
MHOX€ECTBa A, HE IPUHAI-
JeXalux MHOXKeCTBY B

A={PU,C},
B={PO,C,A}
A\B={U}
B\A={O,A}

:{C,T,O,.H,B}, B={C3T903JI}
B={C,T,0,JI}

A:{CQT,O,‘H’E}) B={C9T’O,‘H}
A B={C,T,0,]1B}

A:{CQTQOQ‘HﬂB}l
B={C,T,0,]I}

A\B={B}=BA -

JOIOJIHEHHE MHOKecTBa B
axao o o A

={H,0,C},B={C,0,H}

B=A=B={C,0,H}

A={H,0,C},B={C,0,H}

A B=A=B={C,0,H}

A={H,0,C},B={C,0,H}

A\B =

={C,0,H}, B={M,H,P}

B=

A={C,0,H}, B={M,11,P}

A B={C,0,H,M,H,P}

A={C,0,H}, B={M 1P}

A\B=A= {C,0,H}
B\A={M,H,P}

O0benuHeHeM MHOXKeCTB A 1 B HazbiBaeTcst MHOXkecTBO A[1B(cM. puc. 4)

A\B . .l..n:. ;

[Tepeceyennem noaMHOX)eCcTB A 1 B Ha3pIBaeTCSt MHOKECTBO
ANB={x: xedx: xeANxeB)}

Pucynku 1-6 Ha3bIBaroTCs quarpammsl Oiinepa-BeHHa.

Mpumep. Janer  wmuHOkectBa A={1l, 2, 3, 4,
x nepeceyeHneM OyaeT MHOXKECTBO ...
Pemenue: [Ipoananmusupyem BCE

1)D=4UB.

BCC€ BJIEMCHTBI MHOXCCTBa A H BCC JJICMCHTHI MHO}KCCTBaB . Ho »t0 He Tak. 3Ha‘II/IT, YTBCPKIACHUEC, YTO

D=AL_JB,
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5}

u B={3, 4, 5

NMPpCAJIOKCHHBIC BapHUaHTHI.

MHOXecTBO D ABIIACTCA O6’BC,[[I/IHCHI/ICM MHOXKECTB A n B , TO €CTb OHO JOJI’)KHO COACPIKATDH

AUB={x:xe AVxe B}



2) C=4nB MHOXECTBO C ABJIICTCA TICPECCUCHUCM MHOXKCCTB A u B , TO €CThb OHO HOJIKHO COJACPIKATh

BCE DJIEMEHTBHI, KOTOpBIE IIPUHAJJIEKAT KaK MHOKecTBY <1
m

Tak ¥ MHOXecTBy B . Ho MHOMXeCTBO C COJICP>KUT AJIEMEHTBI u ' koropsle ecth Bo MHOXkecTBe <1, HO

OTCYTCTBYIOT BO MHO>KECTBE B [Toatomy yTBEpXKACHUE C=4MB poxnoe.

3)E=B\ 4. MuoxectBo £ spnsercs pasHocThIO MHOXkecTB £ u <1, mosTomMy HOIKHO comepiKath

OJIEMCHTEBI, KOTOPBIC INPHUHALJIC)KAT MHOXKCECTBY B, N HC INPpHHAIJIC)KAT MHOXKCCTBY 4 . Ho »nemeHTHI m u

" npumamiexar, HaoOOpOT, MHOXECTBY <1 M He TpHHaIIeXAaT MHOXKeCTBY B . VYTBepxkueHue

E=B\4 HEBEPHOE, BEPHBIM OyI€eT E=4\B
Pemuth camocTOATENBHO:
1. ITycTh Ha pUCYHKE H300paXKEeHbI MHOKECTBA 4By c

£\

Toraa 3amTpuxoBaHHast 00JIaCTh COOTBETCTBYET MHOKECTBY
2. Nansl muoxkectBa A={a, b, ¢, d, e} u B={c, d, e, g, k}.
Toraa muoxectBo B\A paBho ...

3. 3anuumTe 3JE€MEHTHI IlepeceueHus U 00beIuHeHNs: MHOXecTB A u B, eciu:

1)A= {k, e, p, 10, B, 11, M}, B={m, 1, 10, B, ¢, K, p}.

2) A={k, 1, m, u}, B={u, x, m, 11, 1, 0, 1}.

3) A={3, 6,9, 12,15}, B={6, 1, 2, 5, 9, 13}.

4) A={1, 2, 3, 4,5,6}, B={12, 34, 56}.

4. 3anummure 1eMeHTH MHOKecTBa A\ B, eciu:

1) A={xk, I, f, t, u}, B={k,I,m,n,0,p}

2) A={6, 3, 2, 5,13},B={6,1,2,5,9,13 }

5. Kakoe MHOECTBO SIBJISIETCS TOTIOJIHEHUEM:

-MHO’KECTBA XBOWHBIX JIEPEBHEB O MHOXKECTBA BCEX JICPEBHEB;

-MHO’KECTBA YETHBIX YHCEJI 10 MHOXKECTBA HATypaJIbHBIX YUCEI.

6. U3BecTHO, uTo A, B, C — monMHoXkecTBa yHUBepcaabHOro MHOKecTBa. Kpome Toro, MuokecTBa A, B, C —
IorapHo nepecekaroTcs. M3o006pasurte mpu momoriu Kpyros Diisiepa cienyromue maokectsa: (C\A)  (C\B)

7. Jlanpl MHOXecTBa: A - MHOECTBO OYKB pycckoro aidasura, B -MHOecTBO riiacHeIX OykB. B kakom
OTHOIIEHUH HaxoasTcs MHOXkecTBa A u B? M300pa3ure nanHble MHOXKECTBA MPH ITOMOIIM KPYroB Ditiepa.

8. N3o0pa3ute ¢ MOMOIIBI0 KPYroB Diljiepa OTHOMICHUS MeX 1y o0ObemMamu noHsATUH A: "Pycckuit andasut"”,
B: "rnacubie 6ykBbl", C: "cornacHble OyKBbI"

®opma nmpeacTaBJieHUs! pe3yJbTaTa:
HpeHOCTaBI/ITB BBIITOJIHCHHBIC 3a/IaHUA B TETPpAAN AJIA IMPAKTUICCKUX pa60T.

Kpurepum ouneHku:

Ouenka '"oTau4yHO'" cTaBUTCS, eciau paboTa BBINOTHEHA B TIOJIHOM OOBEME C COONMIOJEHUEM
He0OXOJMMOI MMOCIIeI0BaTEeNbHOCTH JACUCTBUI; B OTBETE MPABUIBHO M AKKYPaTHO BBIMOJHEHBI BCE 3alUCH U
BBIYHCIICHUSI.

Ouenka '"xopomo' CTaBUTCS, €CJIM BBIIOJIHEHBI TpeOOBaHUS K OIEHKE "OTIMYHO", HO JOMyILIeHbl 2-3
HeJoueTa.

Ounenka '"yIoBJIeTBOPUTENbHO'" CTaBUTCS, €CIM pabOTa BBINOJHEHA HE TOJHOCTBIO, HO O0BEM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO TMO3BOJISET MOJIYYUTh MPAaBUIbHBIE PE3YIbTAaThl U BHIBOJABI; B XOJI€ MMPOBEICHUS
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paboThl OBLITN JAOIYIICHBI OIITHOKH.
Ounenka ''HeylOBJIETBOPUTENBHO'" CTAaBUTCS, €CM pa0OTa BBHIMOJHEHA HE MOJHOCTHIO HIU O0BEM
BBITTOJIHEHHOM YacTH pabOThl HE TIO3BOJISET CIETaTh MPAaBUIbHBIX BHIBOIOB.
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