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1 BBEJAEHHUE

BaxHyro yacTb TeOpeTH4yeckoil U npodeccHoHAILHON MPAKTHYECKOW MOATOTOBKU OOYYarOMIUXCS
COCTaBJISAIOT IPAKTUUECKUE 3aHATHUS.

CoctaB M coaepkaHHE NPAKTUYECKUX 3aHATUN HalpaBlIeHbl Ha peanuzauuio DenepanbHOTO
rOCyJapCTBEHHOTO 00pa30BaTEIBHOTO CTaHAaPTa CPEAHEr0 MPoPeCcCCHOHATHHOTO 00pa30BaHNSI.

Benymelt  nuaakTMuecKOM — LI€NbI0  MPAKTUYECKUX — 3aHATHM  sBisercs  (OpMUpOBaHUE
po(hecCHOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHH BBINIOJHSATH OINpEeNICHHbIC NeHCTBUS, OIEpalny,
HEOOXO/JMMbIE B TOCIEAYIONIEM B MPO(ECCHOHATBHON MESITEIBHOCTH) WM Y4€OHBIX MPAKTHUECKUX
yMeHHM (yMeHuH pemiarh 3ajauyd 10 MaTeMaTUKe), HEOOXOIUMBIX B IMOCIEAyIOUlel yueOHOU
NEeSITEIbHOCTH.

B cootBerctBUM C paboueil mporpamMMmol y4eOHOW IUCHUILUIMHBI «MAaTEeMaTHKa» MPEIyCMOTPEHO
MIPOBEJICHUE MPAKTUYECKUX 3aHATUH.

B pe3ynbraTe uX BBINOJIHEHUS, 00ydatoIUiCs JOIDKEH:

ymembp:

- Y7 1 BBINONHATH NEHCTBUS HaJl KOMIUIEKCHBIMU YHCIIAMU;

- Y1 2 BBIUKCHATH 3HAUEHUS T€OMETPUUYECKUX BEITUUMH;

-¥Ya 3 pemarb 3amaud Ha BBIUMCIEHHME BEPOSTHOCTU C MCIOJIb30BAHHEM DIIEMEHTOB
KOMOMHATOPHKH;

- VY1 4 pemath npuKIagHbIe 337a4U C UCIIOJIb30BAHUEM 3JIEMEHTOB AU(PPEepeHInaTbHOIO U
MHTErpajbHOI0 UCUUCIICHHI;

-V 5 pemiaTe CUCTEMBI JIMHEWHBIX YPAaBHEHUH Pa3IMYHBIMA METOJaMHU.

- V11 6 MpOn3BOANTH NEHCTBHS HA/I MATPUIIAMHU U OTIPE/ICITUTEISIMU;

-VY001.02 Bnaaers akTyajabHBIMH METOJAMH PaOOThI B IPOPECCHOHAIBHOM U CMEKHBIX Cepax;

-Yo 02.01 ompenensith HeEOOXOMUMbIE HMCTOYHHKH HHGMOpManuy; SPPEKTUBHO HCKATh
nH(OpMAIHIO, HEOOXOAMMYIO JJIs PEIICHUS 3a1a4M U/UITH PoO0IIeMbl, 0OPMIISTH pPe3yJIbTaThl TOUCKA;

ConeprkaHne MPAKTHUYECKUX U JJaO0PaTOPHBIX 3aHATUH OPUEHTHPOBAHO HA MOATOTOBKY O0y4aIOUIuXCcs K
OCBOEHHMIO TMPO(ECCHOHATBHOIO MOJY/Sl MPOrpamMMbl TMOJTOTOBKH CIIEIMAIMCTOB CpPETHEro 3BEHa 10
CHELMAIBHOCTH U OBJIQICHUIO HPOGECCUOHATbHBIMU KOMNEMEHUUAMU:

ITIK 1.1. OcymiecTBasTh MyCK U OCTAHOBKY TEIUIOTEXHUYECKOTO OOOPYAOBAHUS M CHCTEM TEIUIO- U
TOIUIMBOCHAOKEHUSL.

IIK 4.2. OcymmecTBasATh OIEHKY 3KOHOMHYECKOH 3(h(HEKTUBHOCTH MTPOU3BOJACTBEHHOMN NEATEILHOCTH
00CTyKMBAIOLIETO MEepCOHAala TEINIOTEXHUUECKOT0 000PYI0BaHUS U CUCTEM TEIUIO- U TOTUIMBOCHAOKEHUSI.

A Tak:xe POPMUPOBAHUIO 0OUUX KOMNEM EHYUIL:

OK 01 BeI6upath crmocoObl peneHus 3a1a4 npoGeCcCUuOHATbHON IeATeILHOCTH MTPUMEHUTEIBHO K
pa3IMYHBIM KOHTEKCTaM.

OK 02 MHcmonws3oBaTh COBpPEMEHHBIE CpEACTBA TIOWCKA, HMHTEpIpPETAlMu HWH)OpMaIuu, W
nH(OPMAaLMOHHBIE TEXHOJIOTUHU AJISl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATEIbHOCTH.

[IpakTuueckue 3aHATHS TPOBOAATCS B pPaMKax COOTBETCTBYIOIIEH TEMbl, IOCIE OCBOCHHS
JTUIAKTUYECKUX €TUHUI], KOTOPbIEe 00ECIeUNBAIOT HATMYNE 3HAHUHN, HEOOXOIUMBIX JJIsl €€ BBITIOJHEHHUS.



2 METOANYECKHUE YKA3AHMUSI
Tema 1.1 KoMmmiexkcHbIe YACTIA

IIpakTnuyeckas padora Ne 1
JelicTBUSl HA/I KOMILUIEKCHBIMH YU CJIAMH B ajredpandeckoii popme

He.]'lb paﬁOTbI: HayLII/ITI)CH BBIIIOJIHATH IICfICTBPISI Haad KOMIINICKCHBIMUM 4YHCJIaMH, 3allMCAHHBIMHU B
anredpanveckoit popme.

Boinosnus padorty, Bl Oyaere:

YMETh:
V1 1 BEIIOJHATE AEUCTBUS HAJ KOMIIJIEKCHBIMH YHCIAMH;

MarepuajbHoe obecrniedeHne: WHIMBUTYAIbHBIC 3a/1aHUsI, KOHCTIEKTHI JICKITHH.

3aganue:
1. Jaus! kommiaekcHbie uncna: z1=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucaTh 9TH YKclia B anrebpandeckoit hopme.
2. Breramcants:
1) 21+ 23
2) 2-13
3) 21/ 73;
4) z* z3;
5) 215.
3. Berumcauts:
1-3i 1+4i .,
— i
-2 1+3i

Iopsinok BbINOJIHEHHSI PadOTHI:
1. 3anumnTe KOMIUIEKCHBIE Yncia B airedpandeckoit popme z = a + bi
2. BpimonHuTe AEMCTBHS HaJ KOMIUIEKCHBIMH 4YHCIaMH B anredpandeckoil gopme, HUCMONIb3Ys
dopmynbrz, + z, = (a; + a,) + (by + by)i;
71 — 73 = (ay — az) + (by — by)i;
z1 7, = (a1a; — byby) + (a1b; + azby)i;

Z1 _ a1a2+b1b2 azbl—albz .

Zy aZ+b32 a%+b2

Xox pabdoThI:
1. Jansl kommiekcHbie yucna: zy= (7;1), z,=(-1,5;1,5), z3=(4;-3).
3anucaTth 3TH YUClIa B anredopandeckoi Gopme.
Pemenue:
T.x. anreOpanueckas (opmMa KOMIICKCHOTO YMCIIa UMEET BUA: Z = a + bi, To 4yncia B
anrebpanveckoi popme OyayT 3aMucaHbl B BUJIE:
z,=7+1i; 2z, =—1,5+1,5i; z3 =4 — 3i.

2. Brerancauts:

z1+2z,=(7-15)+(1+15)i =55+ 2,5i;

z,—z3=(-15-4)+ (1,5+ 3)i = —5,5 + 4,5i;
zy _ 7H _ (T+D(4+30) _ 28+4i+21i+3i% _ 28+425i-3 _ 25425( _ 140
73 4-30  (4-30)(4+30) 16-9i2 1649 25 '
Zy 23 = (—1,5+ 1,5i)(4 — 3i) = —6 + 4,5i + 6i — 4,5i* = —6 + 10,5 + 4,5 = —1,5 + 10,5i;




22 =T+ =(7+DHD?(7+i) =49+ 14i +i?)?>(7+i) = (48+ 14)*(7 +1i) =
(2304 + 1344i + 196i?)(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344i)(7 + i) =

13412 + 115164,

3. Brrumcaurs: 1,+3i + 4_5% — 8
-3 1+3i
Pemenne:
I 8= 2,1 2,7
i—-3 1+3i
1 1430 _ (1430)(=i-3) _ —i-3-3i*-9i _ -10i _
) i-3  (i-3)(-i-3)  -i?+9 10
_ . _ . _ . _ ._ . .2 _ _ .
2) 4 51' — (4 51')(1 31') — 4-12i 51'+151 — 11-17i — _1,1 _ 1,71.
1+3i  (1+3i)(1-3iQ) 1-9i2 10
3y it=(>()*=(-D*=1
4 —i—11-17i—-1=-21-27i

dopma npeacTaBieHus pe3yJbTaTa: BHIIOJHCHHAS paboTa
Kputepuu onenku:
Kaxxioe mpaBuiibHO BBITTOJTHEHHOE JIeHcTBHE -1 Oan

KauecTtBeHHas orieHka
TIpouent WH/IMBUIyaJIbHBIX 00pa30BaTeIbHBIX
Pe3yIbTaTUBHOCTH AOCTHIKCHHH
(IpaBUJIBHBIX OTBETOB) Oam1 .
BepOaIbHBINA aHaAJIOT
(oT™meTKa)
90 - 100 5 OTIIMYHO
80 - 89 4 XOpOUIO
70-79 3 YIOBJIETBOPUTEITHHO
HE
MmeHee 70 2
yJIOBJIETBOPUTEILHO

Tema 1.1 KommiekcHbIe YucIa

IIpakTnyeckas padbora Ne2

JeiicTBUS HaJl KOMIUIEKCHBIMH YHCJIAMHU B TPUTOHOMETPHYECKOH (popMme

Heasr padorbl: Hayuuthes
TPUTOHOMETPHUECKOU hopMme.

Boinosinus padory, Bel Oyaere:
YMETh!

BBIIIOJIHATD HCﬁCTBHH Had KOMIUICKCHBIMH 4YHCJIaMH

Vi 1 BBITIOJIHATH JIEUCTBUS HaJl KOMIIICKCHBIMU quCJIaMU,

MarepuajibHoe obecniedenue: VHIuBryanbHbIe 3aJaHNs], KOHCIIEKTHI JIEKIIUN

3aganue:

1. Z[aHH KOMIIJICKCHBIC YK CJia B TpHFOHOMeTqueCKOﬁ (l)OpMCI

a .o I o 5
zp =19 cus;+:smg— HE =8 cus?+nsm—.

R N
2'1 ' Zg_. 51, Zl, Zg

Brruucnure:

E

2. BrinonHuTe 1EeHCTBUA U 3alIMIIUTE PE3yNbTaT B airedpanyeckoit popme:

el [cus%+ bsin %}jd

Idiwar 727 figm '?E-Uj
b) Fons 307 s 307

5

B



Kparkue Teopernyeckue CBeleHUs:

Tpuronomerpuueckoii  ¢GopMOl  KOMIUIEKCHBIX YHCENl Ha3bIBAE€TCS 3allICh HMX B BHUJE:
z =t (rosp + ising )

[Ipy BBIMOJIHEHWM JCWCTBHIA HAJ KOMIUIEKCHBIMU YHCIAMH B TPUTOHOMETpPUYECKOH (opme
UCTIOJIB3YIOTCS CIeAyIomue (OpMYIbL:

EyE3 =y rrylcos v+, 4+ r'.siﬂlzq.:ll+ q;lgjl]

"M -

—=— [cu:us[q:ll - q:lgjl + Lsmlzq:ll - :pgjlj

;™M
i —

= #rozngp + izin ng)
Jlyis m3BIIeYCHHsI KOPHS N-M CTENEHW W3 KOMIUICKCHOTO YHCJIa B TPUTOHOMETPUYECKOW (opme
z=r-(cos @+ising) ucnonb3yercs hopmyia :
1 ptiak o ptlink
@ =4 (cos . TEmT :', e Vr. apudmerndeckuii kopens, k=0, 1,2, ..., n-1.

Ilopsinok BbINOJTHEHHS PadOTHI:
1.3anumuTe 3aAaHHBIE B TPUTOHOMETPUUYECKOH (opMe duncia.
2.Vcnonp3ys KOHCIIEKT, BBICHUTE, KaK BBITIOJHSAIOTCS JIEHCTBHS HaJ KOMILICKCHBIMH
YlCclIaMU B TPUTOHOMETpUYECKOU (opme.
3. BeimonHuTE 331aHHBIE ICHCTBHSL.

Xox pa0doThI:
BrimonHuTe ASMCTBUS U 3aUIITATE PE3yIbTAT B anredpandeckoit opme:

scn..sﬂ‘f‘_s(&w ..Scn)_
2 [cusg4+r.sm 24]] =2 £os 6+ tsir 6] =

Car Cr 2 F]
G4 (cus:+ isin ;) = 54(—§— %) = _a2E — 224

1
2

1digar 757 1o 'IEU) _
3oos 157 41z 15':') -

a( cosH0® + isin60°) = & G + a% = 4+ 45

dopma npeacrapiieHUs pe3y/bTaTa: BbIIOJIHEHHAs padoTa.

?[ms(?? —15%) 4 isin (750 — 15°) =

Kpurepun oueHku:

3a HpaBWIBHBIA OTBET HAa BOMPOCHI MJIM BEPHOE PEHICHUE 3aJa4Yd BBICTABJISACTCS IOJIOKUTCIbHAS
oreHka — 1 6aur.

3a He mpaBWIBHBIA OTBET HA BONPOCHI WM HEBEPHOE pEIICHHE 3a1a4d BBICTABIISACTCS
oTpuIaTeNbHas oreHka — 0 6ayIoB.

KauecTBeHHass oOlLleHKa  WHAMBHUAYaIbHBIX
Hpouent 00pa30BaTeNbHBIX JOCTHKCHUN
PE3yNbTaTUBHOCTH o -
(IpaBUIBHBIX OTBETOB) (oTMeTKa) BepOaIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIO
60 =79 3 YIO0BJIETBOPUTEIBHO
meHee 60 2 HE yJIOBIIETBOPUTEIBHO




Tema 2.1. MaTpuubl 1 onpeaeJuTe/ Il

IIpakTnueckas padora Ne3
JelicTBusl ¢ MATPHLIIAMHA

Hean padorbl: HayunThest BHIMOMHATH ACUCTBUS HAJ MAaTPUILIAMH.
Boinosnus padorty, Bel Oyaere:
YMETh:

VY1 6 npou3BOUTH JIEHCTBUS HaJl MAaTPULIAMU U ONIPEJECIIUTENSIMHU;

MarepuajbHoe obecniedeHHe: UHIUBUIYaIbHbIE 3aJaHUsI, YYCOHUKH, KOHCIIEKTbI JIEKLIUH.

3ananue:
. a2 (2 3\.,p_(5 -1
1. Haiitu matpuny C = A° + 3AB,tne A = ( 11 _1), B = (1 3 )
2. BBbISACHUTS, sBIseTcs MaTpuna A~ = ( 5 _Z> oOpaTHOM kK MaTpuie A = (é 2)
3 3

KpaTkue Teopernueckue cBeeHHs:

Martpurieit Ha3pIBae€TCS MPSAMOYTOJIbHAs TaOIUIIa yrcen. MaTpuiia 3anuchiBaeTcs B BUae: A =
a1 as... A

aq aysy... Arn

Am1  Am2.. Amn
JleficTBHs HAL MaTpULAMU:

1.Cnoxenue.
Omneparusi CJI0KEHHsI BBOJUTCS TOJBKO JJII MATPHUIL OJJMHAKOBBIX pa3MepoB. [Ipu crioxeHnmn
MaTpPHIl UX COOTBETCTBYIOIINE AIEMEHTBI CKJIAIbIBAIOTCS.
ay1+byy @+ bypr Ay by
A+B=C=| az +byy ay, +by, -~ ay,+ by
m1 t bml mz + bmz Amn t bmn
2. YMHOKEHHE Ha YHCIIO.
[Ipy yMHOKEHHH MATPHUIIBI HA YUCIIO KaXKIBIH €€ AIEMEHT YMHOYKAeTCsl Ha 3TO YHCIIO.
ka;, kayp, kag,
kA =\ kay,; kay,,--- kay,
kaml k Am2 k Amn
3.YMHOX€EHHE MaTpHll.
Omneparusi yMHOXKEHHS MaTPHI] BBOJUTCS TOJIBKO JIJIS CIydasi, KOTJia YUCIIO CTOJOIOB MEpBOH
MaTpHIIbl PABHO YUCITY CTPOK BTOPOIA.
YroObl HAUTH SJIEMEHT MATPHIIBI, CTOSIIIHIA B I-TOM CTpOKe B K-TOM CTOJIOIE, HY)KHO BBIYUCIIUTH

CYMMY HpOI/I3BeI[eHI/II/I 3JIEMEHTOB I-TO CTPOKHU nepBon MaTpulbl Ha COOTBETCTBYIOIIUEC 3JICMCHTBI k-
TOro CTOJ'I6I_[a BTOpOI/I.

Ilopsinok BbINOJTHEHHS PadOTHI:
1. 3anummure 3a7aHue.

2. Ompenenute, Kakue JEHUCTBHs, U MO KaKUM MpPaBUIaM HEOOXOJIUMO BBINOJHUTH. [IpounTtaiite
KOHCIIEKT.
3. Bomonnure aeiictBus. [IpoBepbTe NpaBUIIBHOCTH BBIYMCICHUH.

Xoa padoThi:
1.Haiitu marpuity C = A% + 3AB, eciu



a=(7 2)ie=( 3
a) Haiinem A%, ymHOXast ManI/IIiyzcaM%’ Ha CG_6;I , .
A2=(1 —1)'(1 —1)2(—3 4)
0) Haiinem matpuiy 34, yMHOXKHB BCE JIEMEHTBI MaTpUIlbl A Ha 3.
-2 —
3‘4:3(1 —31)=(36 —93)

B) Haiinem npoussencuue 3AB

_ (-6 9\ (5 —-1\_(-21 33
3AB_(3 —3) (1 3)‘(12 —12)
r) Haiinem MaTpuny C, ckiaapIBast COOTBETCTBYIOIIUEC DJICMCHTHI

c=(5 GG )= %)

2. Haiinem npoussenenne A A"l u A1 - A:

=@ (F -0 -+

-2 1\n2 3 1 0
-1, _ — —
A A_(g _§>(5 6)_(0 1)_E.
B COOTBETCTBHHU C onpeneneHI/IeM JaHHBIC ManI/IHBI SIBIIAIOTCA BSaI/IMOO6paTHI)IMI/I.

dopma npenocTaBiieHus pe3yJibTaTa: BHITIOJHEHHAs padoTa.
Kpurtepun ouenku:

Kaxxioe mpaBuiibHO BBITOTHEHHOE JIeHcTBHE -1 Oan

KauecTtBeHHas orieHka

TpoueHT WH/IMBUIYAJIbHBIX 00pa30BaTeIbHBIX
Pe3yIbTaTUBHOCTH AOCTHIKCHUHU
(MpaBUIBHBIX OTBETOB) Oan .
BepOATBHBIN aHAJIOT
(oT™eTKa)
90 - 100 5 OTJIMYHO
80 - 89 4 XOPOIIO
70-79 3 YIOBJIETBOPUTEITHHO
HE
menee 70 2
YJIOBJICTBOPUTEILHO

Tema 2.1. MaTpuubl 1 onpeaeauTe I n

IIpakTuyeckas padora Ne4
Boiuncienue onpeaenuresei

Ilesab padoThl: HAYYUTHCS BBIYUCIATH ONPEAEIUTENIN BTOPOIO U TPETHETO MOPSIIKOB.
BemmoJsinus patdory, Bel Oyaere:

YMETh:

Y1 6 npon3BOIUTH IEHCTBUSA HA MaTPULIAMU U ONPEIEIIUTEISIMH;

MaTepna.nbﬂoe odecmeyeHue: WHAUBUAYAJIbHBIC 3aJlaHUA, y‘Ie6HI/IKI/I, KOHCITIEKTBI JICKITHI.

3aganue:
Boruncnauts onpenenutenu:



. 3 3 -5 10 -2 1
1) |2 2| 2l 1 2 3)|-15 5 -2
2 -1 7 3 -2 -1

Kpartkue TeopeTrudeckue cBeleHUs:

OrnpenenureneM KBaJpaTHONW MaTPHUIIbI BTOPOTO MOPsAKa(OMpPeIeTUTEIIEM BTOPOTO OPSIIKA)
Ha3bIBACTCS YHCIIO, PABHOE PA3HOCTHU IIPOU3BEICHHI 3JIEMEHTOB IJIaBHOM JIMAarOHAIIU U JIEMEHTOB
MOOOYHOM TMaroHaH.

a; by
a, b,

OrnpenenuresnemM KBaJApaTHONW MaTPHIIbI TPETHETO MOPsIAKA(OMPEACTIUTENEM TPETHETO OPSIKA)
Ha3bIBAETCS YHCIIO, PABHOE
a1 Q12 43
Az1 Az A3
az; dzz 04z

=a;-by—a; b

= Q41022033 + 412073031 + 21032013 — A13022031 — Q12021033 — (3032011

IMopsiaok BbINOJIHEHHS PA0OTHI:
1 3anumwurte onmpenenuTenb, ONPEACIUTEe KAaKOTO OH MOPSIKA.
2  Hcnomp3ys COOTBETCTBYIOIIEE ONPEIeNICHIE, BEIYMCIUTE 3HAYCHNUE OTIPEICITUTEIS.

Xox pa0doThI:
Brrunciuts onpeaenuTent:

1) |§ _64|=2-6—3-(—4)=12+12=24

5 -2 1
2) 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 =

=48-39=9
4 0 5

3 |-6 2 -7|=4-2-24+0-(-7)-1+(—-6)-(-3)-5—
1 -3 2

—-5-2-1-(-6)-0-2—(-3)(-7)=16+0+90—-10—-0—-84 =12
@®opma npeacTaBieHus pe3y/bTaTa: BbIINOJIHEHHAs padoTa.
Kpurepum oueHku:

Kaxxtoe mpaBuiibHO BBITOJTHEHHOE JelicTBHE -1 Oan
KauecTBeHnnas omneHka

TIpoteHT UH/IMBUyaJIbHBIX 00pa3oBaTeIbHbIX
pE3yIbTaTUBHOCTH AOCTHIKCHUH
(paBUIIBHBIX OTBETOB) 6amn .
BepOaJIbHBIN aHAJIOT
(oT™MeTKa)

90 - 100 5 OTJINYHO

80 - 89 4 XOpOIIO
70-79 3 YJIOBJIETBOPUTEIILHO




HE
YJIOBJIETBOPUTEIILHO

Menee 70 2

Tema 2.2. Pemienue cuctem JMHEHHBIX ajiredpandyecKux ypaBHeHHM.

IIpakTnueckas padora Ne 5
Pemenue cucrem JIMHeHbIX ypaBHeHHH MeToaom Kpamepa
Heap paGoThl: HAYYUTHCS pelIaTh CUCTEMBbI IMHEWHBIX YPAaBHEHUH, UCTIONb3Ys (HOPMYIIbI
Kpamepa.

Boinosinus padorty, Bl Oyaere:

YMETB:
Y1 5 pemiate CUCTEMBI IMHEHHBIX YPAaBHEHUH Pa3IMYHBIMHA METOJAMHU.

BroinoJsiHeHne nMpakTH4ecKoii padoThl c1oco6cTBYeT (POPMUPOBAHUIO:

OK 01 Bsibupats crioco0sl perieHus 3aiad npo(eccuoHaaIbHOM 1eATeNbHOCTH TPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTAM.

OK 02 MHcnonb3oBaThb COBpPEMEHHBIE CpEACTBA IIOMCKA, HWHTEpIpeTanuu HHPOpMaluu, U
nH(OpPMaLlMOHHbIE TEXHOJIOTUHU JJISl BBIMIOJIHEHUS 3a/1a4 MPOPECCUOHANBHOMN 1EATEIbHOCTH.

IIK 1.1. OcymiecTBasTh MyCK U OCTAHOBKY TEIUIOTEXHUYECKOTO OOOPYAOBAHUS M CHCTEM TEIUIO- U
TOIUTMBOCHA0KEHU .

[1IK 4.2. Ocy1iecTBasATh OLIEHKY IKOHOMUYECKOH 3((EKTUBHOCTH MPOU3BOJACTBEHHON NEATEIBHOCTH
00CTyKMBAIOLIETO MEepCOoHalIa TEMJIOTEXHUYECKOT0 000PY/I0OBAaHUS M CUCTEM TEIJIO- U TOTIMBOCHAOKEHUSI.

MarepuajbHoe o0ecnieyeHue:
WnnuBuayanbHble 3a1aHus , Y4€OHUKU, KOHCIEKTBI JIEKITH.

3ananmue:
PemnTh cuctembl IMHEHHBIX YPaBHEHUN:
3X+3y-5z=-2
3x-5y=11
2) IX+y+2z=3
2x+3y =20
2X—y+T72=27

Kpatkue TeopeTudyeckue cBeleHUN:

a11X1 + 12X, = by
A31X1 + AzX7 = b,
CocTtaBuM OMpPEACIUTENb U3 KOAP(HUIIMEHTOB MPHU HEM3BECTHBIX. ITOT ONPEACIUTEIb HA3bIBACTCS

HYCTB JaHa CUCTEMa JIBYX JIMHEHHBIX ypaBHeHI/Iﬁ C IBYMs HEU3BCCTHBIMMU: {

a;1  Adgp
OTIPENICTTUTEIEM CUCTEMBI:. A=
az1 Ay
CocraBuM omnpeaeauTenu Kaxaoi HeusBecTHOU. OnpenenuTens A; molydaeTcs U3 onpeaeauTens &
by ay,
MyT€M 3aMEHbI IEPBOTO CTOJI01A KOAPPHUIIMEHTOB CTOJIOIIOM U3 CBOOOTHBIX YJICHOB. A= b q
2 22

Omnpenenurens A, moyydaeTcst U3 OMpeAenuTeNs 4 MyTeM 3aMeHbI BTOPOTO CTOJIOIA
K03 (UIIMEHTOB CTOIOIOM U3 CBOOOTHBIX UJICHOB.
_|ar b
A= b
a1 D2
[TycTh nana cucrema Tpex TUHEHHBIX YPaBHEHUI C TpeMs HEU3BECTHBIMHU:
a11X1 + A1pX; + ay3X3 = by
Az1%1 + AppX3 + Az3X3 = b,
A31X1 + A3pX7 + A33X3 = D3
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CocrtaBuM orpenenuTens 13 K03()(GUIIMEHTOB PH HEM3BECTHBIX. DTOT ONMPEICTUTENh Ha3bIBACTCS
a1 Q12 4s3
ONpeaenuTeNeM cuctemsl:. A= |Az1 G2z Q23
az; 4azz d4zs
CocTaBuM onpeaenuTenu Kaxaoi HeusBecTHoOW. Onpenenurens A, NoJydaeTcs U3 ONpeaeauTens &
IyTeM 3aMEHBI TIEPBOTO CTOJI0IAa KOAPPHUITUSHTOB CTOJIOIIOM U3 CBOOOTHBIX YWICHOB.
by ai; a3
A= [by  az;  ags).
b; az, ass
Onpenenurens A, NOTydaeTCcsi U3 ONMPEASTUTENA 4 MyTEM 3aMEHBI BTOPOTO CTOJI01a
KO3 (HUIIMEHTOB CTOJIOIOM U3 CBOOOHBIX YICHOB.

ay; by ags
Ay=|az by ays
as; bs as
Omnpenenurens Az TOTydaeTcsi U3 OMPEISTUTENS 4 MyTEeM 3aMEHBI TPETHETO CTOJIONA
K02(pPHUITMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
a1 Q2 by
As=|az1 ay; by
az; asz; bs

A
UToOB! BEIUMCIUTD 3HAUEHUSI HEM3BECTHBIX, BOCHoNb3yeMcs popmynamu Kpamepa: x; = Xl ;
A, Az
Xy = —, Xq = —
2 A’ 3 A

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. 3anummuTe cucteMy ypaBHEHUH.

2.3anyIInTe U BBIYUCIATE ONIPENETUTEND CUCTEMBI.

3.Bbryuciaute onpeaeanuTeN KaK 101 HEU3BECTHOM.

4. HalinuTe 3HaueHUS HEU3BECTHBIX, UCTIONB3Yys Gpopmynbl Kpamepa.

Xox padoThI:
PaccmoTpum npumep:
Pemnth cucremy ypaBHEHMIA:
xq1 +2x, —3x3 = 0;
2x1 — X, +4x3 = 5;
3x; +x,—x3=5

1 2 -3
A=(2 -1 4 |
3 1 -1
1 2 3
M=1[2 -1 4|=10%#0
3 1 -1
Brraucium OIIPCACIINTCIIN Ka)KHOﬁ nepeMeHHoﬁ:
0 2 -3
AM=|5 -1 4|=0-15+40—15+10—0 =20
5 1 -1
10 -3
A=12 5 4|=-5-304+0+45-0-20=—10
3 5 -1
172 0
A;=12 -1 5/=-5+0+30-0-20-5=0
3 1 5
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Aq 20 A, -10 A3 0
17 A7 10 12T 10 3T A T 10

Otser: (2;-1,0).
dopma npeacTaBIeHUs pe3yJIbTaTa: BHIIOJHCHHAS paboTa.
Kpurepuu onenku:

Kaxxnoe nmpaBuiibHO BBINOJIHEHHOE AelcTBUE -1 6ain
KauecTtBenHnas oneHka

TpoueHT WH/IMBUYaJIbHBIX 00pa30BaTeIbHBIX
Pe3yabTaTUBHOCTH AOCTHKCHHH
(IpaBUIIBHBIX OTBETOB) Oan .
BepOaIbHBINA aHAJIOT
(oT™meTKa)
90 - 100 5 OTIIUYHO
80 - 89 4 XOPOIIIO
70-79 3 YJIOBJICTBOPUTEIIHHO
HE
Mmenee 70 2
yJIOBJIETBOPUTEIHHO

Tema 2.2. Pemrenune cucTeM JTUHEHHBIX aJredpan4ecKkux ypaBHeHHUI.

IIpakTuyeckas padora Ne 6
Pemlenue cucreM JIMHEHBIX YPABHEHHUIT MeTOA0M O00pPaTHOI MaTpHULbI

Hean padorsl: HaydauThcs pemats CUCTEMBI IMHEWHBIX YPAaBHEHUN MAaTPHYHBIM CIIOCOOOM.

Bbmounus padory, Bl Oyjaere:

YMETb:
VY1 5 pemiaTh CUCTEMBI JIMHEHHBIX YPAaBHEHUH Pa3IMUHBIMU METOAAMHU.

BbinosiHeHne NpakTHYeCKO padoThI crioco0cTBYeT GOPMHUPOBAHUIO:

OK 01 BeI6uparh criocoObl peneHus 3a1a4 npoGecCUuOHATbHON IeATeILHOCTH MTPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 02 MHcnonws3oBaTh COBpEMEHHBIE CpEACTBA IIOWCKA, HMHTEpIpETaluu HHOOPMAIUH, |
nH(OPMAaLMOHHBIE TEXHOJIOTUHU AJIsl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATeIbHOCTH.

ITIK 1.1. OcymiecTBasTh MyCK U OCTAHOBKY TEIUIOTEXHUYECKOTO 00OPYAOBAHUS M CHUCTEM TEIUIO- H
TOIUTMBOCHA0XKEHUS.

[1IK 4.2. OcymiecTBIsATh OLIEHKY 3KOHOMUYECKOH 3((EKTUBHOCTH MPOU3BOJICTBEHHON NEATEIBHOCTH
00CTyKMBAIOLIETO MEePCOHAlA TEINIOTEXHUYECKOTO 000PYI0OBAHUS M CUCTEM TEIIO- M TOTUIMBOCHAOKEHUSI.

MarepuajibHoe obecniedenue: HauBuyanbHbIE 3aJaHNs], YYCOHUKH, KOHCTIEKTBI JICKIIHA.

3aganue:
Pemnts cucreMy JINHEWHBIX YPaBHEHU:
1) {le - 3x2 = _7
6x1 + 2x2 = 12’

2xq — 3x, +4x3 =11
2){ x1+2x,—3x3=9
—3x; — 4x, + x3 = —25
Kpatkne TeopeTrnyeckue cBeleHUs:
[TycTp 3amaHa cucTEMa TMHEWMHBIX YPABHEHMM:
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A11% + A2X5 + 0+ QX = by;
alel + azzxz + -+ aann == bz

Am1X1 + QX + -+ Ay Xy = by

A1 Arz A1n X1
CocraBum maTtpuuHoe ypaBHeHue: AX = B,rne A = | @21 Qz2* Qon |; X =| X2 |; B =

le
by
B
by,
X=A"1B

YToObI BEIYUCIUTE OOPATHYIO MATPHILY, HYKHO:

a) BBIYMCIIUTH onpeaenuTens Matpunbl A (AA # 0);

0) HaiiT anrebpandecKre TOTIOTHEHHUS [T KaXXI0T0 3JIEMEHTa MaTPHUIIBI A;
B) TPAHCIIOHUPOBATH MATPHILY U3 aNreOpandecKiX JOMOTHEHUH;

am1 am2 Amn

L Air Ay A
r) Haiiti 06paTHyI0 MaTpuiy: A™1 = | Az Az A
Ain Agn Amn
YT06B! HAWTH HEM3BECTHYIO MaTPUIly X, HY)KHO YMHOKHTh 00paTHyI0 MaTpuily A~1 Ha matpuiy
B, cocrosityto u3 cBOOOJHBIX WICHOB.

Ilopsiaok BbINOJIHEHHS PA0OTHI:

1. 3anmumuTe CUCTEMY JTUHEHHBIX YPAaBHEHUM.
2. CocTaBbTE€ MaTpUYHOE YPABHEHHE.

3. BoruncnuTe 00paTHYIO MaTpUILy.

4. Haiinute 3Ha4eHUS HEU3BECTHLIX.

5. 3anumuTe OTBET.

Xox padoThI:

PemuTh cuctemy TUHEMHBIX YpaBHEHUM:
2x1—3x, = =7
1) { 1 2

6x, + 2x, = 12°
Hatinem
A= |§ _35| = —10 -9 = —19 # 0 =o00parHas MaTpuIla €CTh.
1 _ _1(-5 =3
AT =5 (_3 2 )

PemiuM ypaBHeHue:

r-ic-- (5 ) --5CH7 -5 0)
Ortser: (2; 0).

x1+2x2_3x3:9

2x1 - 3x2 + 4’x3 = 11
2 {
_3x1 - 4x2 + x3 = _25

Haiinem
2 3 1
—2 -2 3 2| 3 -2
A=1[3 —2 -2 =2| |—3| |+| = —104.
O -1 5 g 517l —1
BLILH/ICJ'H/IM am‘eraI/I‘{eCKI/Ie JOIIOJIHCHUSA .
Ap=|"2 Pl=-12 an=-|3 l=-18
11 _1 5 ] 21 _1 5 )
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3 1
A31=_23 _22_ - 2 1
A12— 8 5 =_311 A22= 8 5|_2’
2 1| ..
A32_ 3 _2| 71
32 2 3 2 3
A13—|8 “4| =13; 45 = » _1| 26; ,433=|3 Sl=-13

CocraBuM 00paTHYIO MaTpPUILY:

. -12 -16 -4
Al=——[(-31 2 7 |
104
13 26 —13

Pemnm matpuyHO€e ypaBHEHUE:

. -12 -16 —4 10 . —120 + 64 + 56
X=A1C=-—|-31 2 7 —4 = " Toa —-310—-8—-98 | =

"\ 13 26 -13/\-14 130 — 104 + 182
[0 0
~2(a16)={ 4 |
208 _2
Ortser: (0;4;-2).

Cnenaem poBEpKY:
0+12-2=10

{ 0—-8+4=—4 .(BepHO)
0—-4-10=-14

dopma npeacTaBieHUs pe3y/bTaTa: BbINOIHEHHAs padoTa.

Kpurepun oueHku:
Kaxxioe mpaBuiibHO BBITTOJTHEHHOE elcTBHE -1 Oamn
KauecTBennas omneHka

TpoueHT WHIUBHIyaJIbHBIX 00pa30BaTEIbHBIX
pe3yJIbTaTUBHOCTH AOCTHKCHUHN
(TIpaBUIIBHBIX OTBETOB) Oain .
BepOAIbHBIN aHAJIOT
(oTMeTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIIO
70-79 3 YJIOBJIETBOPUTEIILHO
HE
Mmenee 70 2
YJIOBJIETBOPUTEIILHO

Tema 2.2. Pemienue cuctem JMHEHHBIX aJIre0pandyecKuX ypaBHEHHH.

IIpakTnyeckas padora Ne 7
Pemenue cucrem JIMHEHBIX ypaBHeHU MeTooM ['aycca

IIe.m; paﬁoTbI: HAaY4YUTHCA pCIIaTh CUCTEMBIL JIMHEWHBIX ypaBHeHPIfI METOJ0M ITOCIICEA0OBATCIIBHOTO
HUCKIIIOYCHUSA IICPEMCHHBIX (MGTO,I[OM Faycca).
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Boinosnus padorty, Bl Oyaere:
YMETB:

Y1 5 pemiate CUCTEMBI JIMHEHUHBIX YPABHEHUHN PA3IMYHBIMA METOJAMMU.

MatepuajibHoe o0ecniedenue: MHnuBuayanpHble 3a1aHUs, YUCOHUKN, KOHCIIEKTHI JIEKIIUH.

3ananmue:
Pemnts cucreMsl TMHENHBIX YPAaBHEHHM:

3%, —2X, =5%; + X, =3 X, + X, =3X; +2X, =6
1.]2X% —3X; + X3 +5X, =3 2| X — 2%, —X,=—6

X, +2X, —4X, =3 X, + X3 +3%X, =16

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

KpaTkue Teopernueckue cBeeHHs:

Merton 'aycca siBnsieTcst OIHUM U3 HauboJiee YHUBEPCAIbHBIX METO/I0B PELICHUS CUCTEM
JUHENHBIX ypaBHEHUH. OH COCTOUT B MOCIEA0BATEILHOM UCKIOYEHUH HEU3BECTHBIX.

[Iporecc pemenus mo metoay ['aycca coctout u3 AByx stanoB. Ha mepBom atame (mpsMoit Xo)
cUCcTeMa MPUBOJAUTCSA K CTyneH4aroMy Buay. Ha Bropom stamne (0OpaTHBIN X0/1) UAET MOCIE0BATEIbHOE
OIIpE/IETICHUE HEU3BECTHBIX U3 3TOM CTYNEHYATOW CHCTEMBI.

Ha npaktuke yno6Hee paboTaTh HE ¢ CUCTEMON ypaBHEHUH, a ¢ paCIIMPEHHON MaTpUIIEH,
BBITIOJIHSS BCE DIIEMEHTAapHbIe MPeoOpa3oBaHUs HaJl €€ CTPOKaMHU.

DneMeHTapHbIMU ITPE0OPa30BaHUSIMU MATPULIbI SIBIISIOTCS:

- IepecTaHOBKa CTPOK MECTaMU;

-YMHOK€HHE HEKOTOPOU CTPOKH Ha JIt000€, HE PABHOE HYIIIO YHUCJIO;

-puOaBIEHUE K JIEMEHTaM OJHOMN CTPOKU COOTBETCTBYIOIIMX JIEMEHTOB JIPYTroi CTPOKH,
YMHOKEHHBIX Ha OJHO U TO K€ YUCIIO

Iopsinok BbINOJIHEHHSI PadOTHI:
1. 3anuimMTe CUCTEMY JIMHEWHBIX YPAaBHEHHI.
2. CocTtaBbTe pacIIUPEHHYIO MaTPHUILY.
3. BeimonHuTE 35eMeHTapHbIe MpeoOpa3oBaHUsl CTPOK MaTPHIIbI, UCKIIIOYas MOCIEA0BATEIbHO
nepeMeHHble. B pesynbraTe 10KHA TOTYyYUTHCS CTyIIeHUaTas MaTpuLa.

4. Ilo crymeHuyaToi MaTpHIlE COCTABbTE CUCTEMY.
5. IlocnenoBaTenbHO HaIUTE 3HAYCHHS BCEX HEM3BECTHBIX.
6. 3anuimTe OTBET.
Xox padoThI:
PaccmoTpum npumep:
Pemuth cucreMy ypaBHEHMIA:

xq1 +2x, —3x3 = 0;

2x1 — Xy +4x3 = 5;

3x; +x, —x3=5

CocTaBuM pacHIMpeHHYI0 MAaTPHUILY U3 KOG (GUIIUEHTOB IIPH HEU3BECTHBIX M CBOOOIHBIX YJICHOB:

1 2 -=3|0
(AB)={2 -1 45
3 1 -1I5
BrinonaHuM snemMeHTapHbie mpeoOpa3oBaHus HaJl CTPOKAMU MaTPHILIbL:
1 2 -=3|0 1 2 -=3|0 1 2 -=3]0
2 -1 4|5 ~(0 =5 105 ~{0 1 -=2|-1]~
3 1 -1I5 0 -5 8I5 0 -5 815
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1 2 -3]0
~10 1 -2|-1
0 0 =210
[TosryueHHOM MaTpHULle COOTBETCTBYET CUCTEMA YPABHEHHUIA:

X1 +2x,—3x3=0
X, — 2x3 = —1;
—2x3=0
Hauwnnasa CHHU3Y BBCPX, HAXOAWM 3HAYCHUS HCU3BCCTHBIX!

X1 +2x,—=3x3=0 (x;+2x,—3x3=0 (x;,+2-(-1)=0
X, —2x3=-1 ; X, =—1 X x, =—1 X
x3=0 x3=0 x3 =0
xX; =2
1, =—1
x3=0

Ortger: (2;-1;0).
®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.
Kpurtepun ouenku:

Kaxxioe mpaBuibHO BBITTOTHEHHOE eHicTBHE -1 Oan
KauecTtBeHHas orieHka

TIpouent WH/IMBUIyaJIbHBIX 00pa30BaTeIbHBIX
Pe3yIbTaTUBHOCTH AOCTHIKCHUH
(MpaBUIBHBIX OTBETOB) 6amn .
BepOATbHBIN aHAJIOT
(oT™eTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIHHO
HE
Mmenee 70 2
yJIOBJIETBOPUTEIIHHO

Tema 2.2. PemieHue cUCTEM JIMHEHHBIX aJredpanyecKux ypaBHeHH.

IIpakTnyeckas pabora Ne 8
Pemenne cucreM JTMHEHHBIX YPaBHEHU I Pa3JIMUYHbIMU CIIOCOOAMM

]_le.ﬂb paﬁoTbI: Hay‘II/ITLCSI peuiaTb CUCTCMbI JIMHEWHBIX ypaBHeHI/Iﬁ Ppa3IMYHbIMU MCTOIaMU.

Boinosinus padory, Bel Oyaere:

YMETh!
VY1 5 pemiaTh cUCTEMbI JIMHEWHBIX YPaBHEHUH pa3InyHbIMU METOJaMH.

MarepuajibHoe ob6ecniedenue: HIuBUyanbHbIE 3aaHNs], YYCOHUKH, KOHCTIEKTBI JICKIIHIA.
3aganme:
PemuTe cucrembl IMHENHBIX YPABHEHUM:

X =X, + X% =3

2xy — Jxy + Sy = 11
X +2X,—3%, =0 ! : ;

I1+2Ig—31’3=g
1) X + X, — 7% =-1 2) =3y — gy + g = 25
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KpaTkue Teopernyeckue cBeJ1eHHs:
I[Iyctp  nmana  cucrteMa  TpeX  JIMHEWHBIX  YpPAaBHEHHMHM € TpeEMs  HEU3BECTHBIMU:
ayy %) + apxy +apxg = by
Gy Xy + Ay Xy +ay3%; = by
a3 %) + agx; +a33x3 = by
UYroObl pemmTh cucteMy MeTonoM Kpamepa, cOCTaBUM OIpenenuTeNs U3 Kod()UIMEeHTOB mpu
HEU3BECTHBIX.

Gy Hyz g
Gz Hgp g

A=
OTO0T OMpCACIIMTECIIb HA3bIBACTCA ONIPCACTIUTCIIEM CUCTCMBI:

Gzp Oz O
CocTaBUM OIIpEIENIUTENN KakKI0i HensBecTHOI. Onpenenutens 41 nonyuaercs u3 onpenenutens &
myTeM 3aMEHbl NEepBOro  CTOJiOHma  KOA(PQHUIMEHTOB  CTOJONOM M3  CBOOOJTHBIX  YJICHOB.

by apy ag
Aj=1by e ap
by ay  agl
Onpenenurens 4, MOJIy4aeTcsl M3  OIpPEACHUTENS a MyTeéM 3aMEHbl BTOPOrO  CTOJOIa

K03((UIIMEHTOB CTOJIOLOM U3 CBOOOTHBIX UJIEHOB.

ay by oagg
A= ag by ap
ayy by ag

Onpeﬂenmenb ‘I:I'3 moJIydacTcsa U3  ONpCACTIUTCIIA a nyréM 3aMCHBbl TPETHETO CTOJ'I6IIa

K03 (UIIMEHTOB CTOIOOM U3 CBOOOIHBIX UJICHOB.
ay ap by
_I':IIE = ﬂ:l a i b:
b,

2 3

(]

ﬂ31 a

[ny

= =

UToOBl BBHIYMCINTH 3HAYEHHUS HEU3BECTHBIX, BOCHOJb3yeMcs dopmynamu Kpamepa: LT
==t
Jns perieHust cucteMbl MeTOJIoM ["aycca UCnonb3ylTe allrOpuT™:
1) 3anuIInuTe CUCTEMY JIMHEHHBIX YPABHEHUM.
2) CocraBbTe pacHIMPEHHYIO MaTPHUILY.
3) Boimonnute  snemeHTapHble  mpeoOpa3oBaHMS — CTPOK — MATpPUIbl,  HCKIIOYas
MIOCJIEIOBATEIBHO MepeMeHHbIe. B pe3ynpTaTe 10/KHA TOMYYUTHCS CTyIIeHYaTasi MaTpuIa.
4) [To cTryneHuaToil MaTpuile COCTaBbTE CUCTEMY.
5) [TocnenoBarenbHO HAAUTE 3HAUCHUS BCEX HEU3BECTHBIX.

6) 3aluIImuTe OTBET.

Jlnis peleHns CucTeMbl MaTPUYHBIM METOIOM:!

1. 3anumuTe cucTeMy TMHEUHBIX YPABHEHUN.

2. CocTaBbTE€ MaTpUYHOE YPABHEHHE.

3. Beruucnute oOpaTHyo MaTpuly.

YToObl BEIYUCIUTE OOPATHYIO MATPHILY, HYXKHO:

a) BBIYMCIIUTB Onpeaeautens Matpunpl A (44 F 0);

0) HaiiTu anreOpandeckue JOMOTHEHUS AT KaKJOT0 3JIEMEHTa MaTPULBL A;

B) TPaHCIIOHMPOBATH MATPUILY M3 alreOpandecKuX JOTIONHEHHMIA;
A Ay A
. n
ATt =4, A
a4
I) HaiiTH 0GPATHYIO MaTPHUILY: A Agp Apy

-1
UtoGhl HAWTH HEM3BECTHYIO MaTpHIly X, HY)KHO YMHOXHTb OOpaTHYIO MAaTpHIly * Ha MaTpHUIly

B, cocrosryro u3 cBOOOTHBIX YICHOB.
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4. Haiinute 3Ha4E€HU HEU3BECTHBIX.
5. 3amnuIimre OTBET.
®opma npeacTaBeHus pe3yJbTaTa: BHIIOJTHCHHAS paboTa.

Kpurepun onenkn:

3a HpaBHJIBHBIfI OTBCT Ha BOIIPOCHI WJIM BCPHOC PCHICHUC 3aa4W BLICTABJIACTCS IMOJIOKHUTCIIbHAA
oneHka — 1 Ga.

3a wHe HpaBHJ’IBHBIﬁ OTBET Ha BOIIPOChI HJIIKM HCBCPHOC PCHICHUC 3a7add BbICTABIACTCA
oTpuuaTenbHas oleHka — 0 6ayios.

KadyecTBeHHast ~ OIlEHKa  WMHIMBHIYaIbHBIX
Hpouent 00pa30BaTeNIbHBIX JOCTHKEHUN
pe3yIbTaTUBHOCTH - :
(IpaBUIIBHBIX OTBETOB) (oTmerKa) BepOaIbHBINA aHAJIOT
90 +~ 100 5 OTJINYHO
80 + 89 4 XOPOIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.1 Teopusi npeneson

IIpakTuyeckast padora Ne 9
Borunciienue npenesioB GyHkuuii

Hean: HayuanuTbest BEIYUCTATD NPeAeIbl G YHKITUH.

Bbinosinus patdory, Bel Oynere:

YMETb:

VY1 4 pemaTh NpUKIaAHbIE 337a4U C UCTIOIH30BAHUEM MPEAEITIOB U 3JIEMEHTOB JU(depeHInanbHOro
Y UHTETPAIbHOTO UCUUCIICHUN;

MarepuajibHoe obecrniedeHne: WHIMBUIYAIbHBIC 3a/IaHNsI, KOHCTICKTHI JICKITHH.

3aganue:
Brraucnuts npenens GyHKImii:
1. lim,,_,(—x3+2x%2 —4x —1)
lim _X+Z
X2=2 353424
lim 4x2-7x-2
X2 5x2_9x—2

3x3+4x2-1
sin2x—sin3x

2
3

4, limy oo -
5

6 lim,_,,
.

X
li Vx+1-1
im,_,———

8 limpo ()

2x+1
Ilopsinok BbINOTHEHHS PadOTHI:

1. Haiimute npenen ¢GyHKIUHU, UCTIONB3YsS TEOPEMBI O TpeIeiax.
2.Ecnu nonmydniack HEONpeeeHHOCTh, ONPEACTIUTE €€ BU U CIOCO0 PacCKPBITHSL.
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3.1Ipeobpa3yiite HYHKINIO U paCKpOITE HEOTPEICIICHHOCTb.
4. Bbruuciure mnpesen.
Xopn padoThr:
Haiitu npenen ¢pynkuuu:
1. lim,,,(2x3 — 10x% — 4x + 5)
Hcnonp3yeM TeopeMsl O Mpeenax:
lim,_,,(2x3 — 10x? — 4x + 5) = 2(lim,_,, x)3 — 10(lim,_,, x)? — 4lim,_,, x + 5 =16 — 40 —
8+5=-27,
. 3x2-11x+6
2. lim,_,3 Py Ry
OyHKIUS TPECTaBIIsIeT CO00I OTHOIIEHHE IBYX MHOTOUJICHOB, 0OpAIIAOINXCS B HYJIb B TOUKE
x = 3.IloaTomy cHadana nmpeobdpasyeM JaHHYIO (DYHKIIUIO.
JIro60#i KBaipaTHBIN TPEXUWIEH MOKHO PA3JIOKUTh HA MHOXKHUTENN C TIOMOIIbIO (POPMYIIbI
ax? + bx + ¢ = a(x —x;)(x — x,), rle X; ¥ X,KOPHU KBaJPATHOTO TPEXUJICHA.

Kopusamu KBagpaTHOro Tpexuiena 3x2 — 11x + 6 ABIsAroTCs yucia gn 3; 3HAUHUT
2
3x2—11x + 6 = 3(x — §)(x -3)

1
A KOpHM KBaJIpaTHOIO TpexwieHa 2x2 — 5x — 3 paBHBI S u 3, cienoBaTeabHO

2x2 = 5x =3 = 2(x +)(x — 3)

o 3x%2-11x+6
Bo3spaimasce k npezaeny, umeem: lim,_,3 PYCEr—

. 3x2-11x+6 _ . 3(x—§)(x—3) Y 3x-2 _9-2 _ 7 _
limys e ers = liMyo3 2(x+3)(x-3) Mys i ~or1 7 1
3 1i 11x3-5x2-6x+10
Mmoo T e a2 12

Tak xak MHOTOWICHBI B YHCIUTENC U 3HAMEHATEIIC CTPEMSTCA K 00, TO IMOJTydacM

o0
HCONIPCACICHHOCTh BU A [;] ,Z[J'ISI €€ paCKpbBITUA PA3ACIINM KaXKI0€ CllaracMoc€ YUCIUTEIIA U

3Hamenarens Ha x*. Torga momydmm:

3 ) 11x3  5x%2 6x . 10 11 5 6 10
lim 1x” = 5x —6x+10= lim x Xt xt  xt lim < X2 _x° x4=9=0
x—00 6x* —8x2%2+ 2 x—>o  6x*  8x%2 2 xoo g8 2 6
x* x* x* x? x4

. sing
4, lim,_,, —

UToOBI BEIUUCIUTD Mpeea GYHKINU, HY’KHO BOCIIOJIb30BaThCs (POpMYI0ii IepBOTO

. sinx 1
3aMedvaresbHOro npeaena: lim,._,, - = 1.YMHOXUM YUCIUTENb U 3HAMEHATENb Ipo0r Ha >
. X 1 . X . X
sin= -sin= 1 sin= 1
. 2 2 2 _ T 2 _
lim =lim*~——=*=-lim—*> =<
x>0 X x>0 Iy 2x-0 = 2
2 2

4.tim, ., (1 - i)sx

X
[IpeoOpazyem ¢(yHKIHIO Tak, YTOOBI MOXHO OBLJIO MPUMEHHUTH BTOPOW 3aMeuaTeNIbHBIN Tpemer,

X
bopmymy limy e (1 + i) =e
BBenem HOBYIO IEpeMEHHYIO: X = —3),X — 00;y — 00,

3 5x 3 —-15y —-15y
lim (1 — —> = lim (1 - —) = lim (1 + —) =e 15
X—00 X y—00 —3y y—00 y

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kpurtepun onenkn:
Kaxoe npaBuibHO BBINOJIHEHHOE eicTBHE -1 Oast
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KauecTBennas oreHka

TpoueHt VHIMBHIyaJIbHBIX 00pa30BaTeIbHBIX
Pe3yabTaTUBHOCTU AOCTIKCHHH
(IpaBUIIBHBIX OTBETOB) Oan .
BepOaIbHBINA aHAJIOT
(oTMeTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIIO
70-79 3 YJIOBJICTBOPUTEIIHHO
HE
menee 70 2
yJIOBJIETBOPUTEIHLHO

Tema 3.1 Teopusi npeejioB U HeNMPePbIBHOCTb.

IIpakTnueckas padora Ne 10
HccaenoBanne GpyHKIM HA HEMPEPHIBHOCTh M TOYKHU Pa3pbiBa

Henab: HayuuThcs HAXOIUTH TOUKHU pa3pbiBa PYHKLUUN, ONPENENIATh UX PO/, HAXOIUTh aCUMIITOTHI
rpadukoB QpyHKIUH.

Bbinosinus patdory, Bel Oynere:

ymembs:

V1 4 pemath TpUKIIaAHBIC 33/1a49H C UCTIOJIb30BAaHUEM IPECIIOB U AIEMEHTOB Au(dHepeHITnaTLHOTO
Y UHTETPATLHOTO UCUUCITICHUH;

MarepuajbHoe o0ecneyeHMe: UHIUBUAYAJIbHbIE 3a/aHUs, KOHCIEKTH JIeKUWH, Tabnuia
MIPOU3BOIHBIX.

3ananmue:

HccnenoBath (hyHKIIMK HA HETIPEPBIBHOCTh. HaliT TOUKHM pa3pbiBa U ONPEACIUTh UX poAd. Haitu
ACUMIITOTHI (DYHKITHIA.

1) y=22
2) y= :_r'x;-_tx:;!l}'

Kparkue TeopeTnueckue cBeIeHH:

Toukamu paspviea @Qynkyuu Ha3bIBAIOTCI TOYKH, B KOTOPBIX HApyIIAeTCs  YCIOBHE
HETPEPBIBHOCTU (PYHKITHH.

Bce Touku pa3pbiBa QyHKIIMH Pa3eiSIOTCA HAa TOUYKH pa3pbiBa IEPBOTO M BTOPOTO POJIA.

Touka pa3pbiBa X Ha3bIBACTCS MOUKOU pa3pviéa nepgo2o poda PpyHKuuu y = f(x), eciu B 3TOH
TOYKE CYIIECTBYIOT KOHEYHBIC TIpeIeiibl (DYHKIIUU CIICBa M CIIPaBa, T €

lim, o f(x) = Ay m lim,_, 4o f(x) = A,. TIpu oToM: ecu A; = A,,T0 TOUKa X Ha3bIBACTCS
TOYKOHM YCTPaHMMOTO pa3pbiBa; eciu A; # A,, TO TOUKA X, Ha3bIBACTCS TOUYKOW KOHEUYHOTO Pa3phiBa.

Touka pa3pbiBa X, Ha3bIBACTCS MOUKOU paszpviea émopozo poda GyHkuuu y = f(x), ecau mo
KpaitHeil Mepe OJIMH U3 OJTHOCTOPOHHUX MPEIETIOB HE CYIIECTBYET MIIM paBeH OECKOHEYHOCTH.

Acumnmomoii cpagpuka pynkyuu y = f(xjHa3pIBaeTCs npsiMasi, oOaanaronias TeM CBOMCTBOM, YTO
paccrosiHue OT Touku (x: f(x)) 10 5TOM HpAMON CTPEMUTCA K HYIIO IPH HEOrPAaHMYEHHOM YyIaleHHH
TOYKH rpaduka OT Havyajga KOOpAUHAT.

[Ipsimast x = a Ha3BIBAETCA 8epMuKAIbHOU acumnmomou rpaduka GyHKUIUU y = f(x), €CITH XOTs ObI
OJZIHO M3 NPEAEIbHBIX 3HAYCHUN lim,_, o f(x) mim  lim,_ .. f(x) paBHO —o2 WK +o .
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3ameuanue. llpsmas x=a HE  MOXET OBITh  BEPTUKAIBHOW  aCUMNTOTOH,  €CiH
(GyHKIMS HEMpephIBHA B TOUYKE x = a. [09TOMY BepTHKalIbHBIE ACHMIITOTHI CJIEIyeT HCKATh B TOYKaX
pas3pbiBa GYHKIHH.

[Ipsimast y = b Ha3BIBACTCS 2OPU3OHMANLHOU acumnmomotl Tpaduka QYHKIUHU y = f(x), €CIHH XOTS
OBl OJTHO M3 MPEACTbHBIX 3HAYCHHM lim, o, f(x) WiH lim,_.__. f(x) paBHO b.

3ameuanue. ['paduk QyHKIMH MOXKET MMETh TOJHKO IMPABYIO TOPU3OHTAIBHYIO aCHMIITOTY HIIU
TOJIBKO JIEBYIO.

[Ipsimas v=kx+b Ha3bIBACTCSl HAKIOHHOU acumnmomotl rpaduka byHKIINN |

flx) —kx—b| =0

ecly lim,

Fixy

Ecm s GyHKIMM v = f{x) CYIMIECTBYIOT MPEHENBI lim, . ,— =k U lim,_(f (x) —kx)=b, 1O
x

(GyHKIUSA UMEET HAKJIIOHHYIO ACUMITOTY ¥ = kx + b TIpH x — @,

Xoa paGoThI:

HccnenoBaTh QyHKIIMIO Ha HENPEpPhIBHOCTh. HailTh acuMnTOTH (PyHKIUU.
I:

Y=z
O6nacts onpenenenus GpyHkuuu D(f) = (—oo; 1)U (1; +o0)
Touka x = 1 gBIs€TCS TOYKOM pa3pbiBa 2 poja, T.K.

| n
aX—i

. x* 1 . x 1
lim, .y _p =7 = limg =] = +®
- &X—i

[Ipsimast x = 1 — BepTUKaIbHAsg aCUMNTOTAa (PYHKIIMU. YpaBHEHHWE HAKIOHHOW aCHMIITOTHI HMEET
BUOg v=rkx +5b,

L= fix) ’ x° " X i 1 L
T ae x _ri-mx(lr—E:Ix_rl—mzx:—Ex_rl—-T:7_;_2
Tx
. x* 1 Coxt—x(x—1) o oxt—xTtx . x . 1 1
b=lmlo——5—-5x)=lim 2(x — 1) = lim 2(x — 1) _}ﬂm_}ﬂ7_g_5
X

Koneunsblii BUI1 NpAMOi Clie 1yIOIIHi

1 1
y=Lxts.
@®opma npeacTaBIeHNs! Pe3yJbTaTa: BBIIOIHEHHAS paboTa.

Kpurepun oueHku:

- «OTan4HO» - yMmeHHsI cOPMHUPOBAHBI, BCE 3aJaHUsI BBIIIOJIHEHBI MPAaBUIILHO, 0e3
aprupMETHYECKUX OIMHUO0K, pemeHne 0hoPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 000CHOBAHHUSIMH.

- «Xopo1Io» - HEKOTOpble yMeHHsI CHOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUS
BBITIOJIHEHBI, HEKOTOPBIE BHUJIbI 33JJaHHI BBIIIOJIHEHBI ¢ omnOkamu. bezommbouno BeimonHeno §0-
89 % Bcex 3amaHui.

— «Y IOBJIIETBOPUTENHHO» - HEOOXOAMMBIE YMEHHS B OCHOBHOM C(HOPMHUPOBAHBHI,
OOJBIIMHCTBO 33JaHUI BBIIOJHEHO, HEKOTOPBIE U3 BBIMOJHEHHBIX 3a/laHUM COJIep:KaT OIIHUOKH.
Besommbouno BemmonneHo 70-79 % Bcex 3amaHuii.

— «HeynoBneTBOpUTENbHO» - TEOPETHYECKOE COJCpKAHUE Kypca HE OCBOCHO,
HeoOXoIuMbIe yMEHUsI He c(hOpMHUpOBaHBI, BBHITIOTHEHHBIC YUeOHBIE 3aJaHUSI COJEpkKaT IpyObie
omn6Oku. be3ommnbouHo BemonHeHO MeHee 70% Bcex 3aqaHmii.

Tema 3.2. IlpousBoanasi pyHKIHMH U ee IPUMEHEHHE

IIpakTnyeckas padora Ne 11
JAudpepenuupoBanne CJI0KHBIX PyHKIMIA
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Hean: HayanThcst HAXOAUTH IPOU3BOTHBIC CIOKHBIX (DYHKIIMHA.

Boinosnus padorty, Bel Oyaere:

YMETB:
VY1 4 pemaTh NPUKIAJHBIC 33/1a41 C UCIIOJIB30BAaHUEM MPEETIOB U JIEMEHTOB AU (HepeHInaTbHOTO

U UHTCTPAaJIbHOI'O I/IC'-II/ICJ'IGHI/If/'I;

MartepuajbHoe o0ecneyeHMe: UHIMBUAYAJIbHbIE 3a/laHUs, KOHCIEKTHl JIEKUWH, Tabiuia

IIPONU3BOJHBIX.

3ananmue:

Haiitu npousBoanble QyHKUINN

1. y = (5x3 —2x)°®

2. f(x) =3sin(2x — %)

3. f(x) = arcsin4x + arccos®x
4, f(x) =logs(7x* — 5x3 + 1)

5. f(X) —In 1+cosx

Ilopsinok BbINOJTHEHHS PadOTHI:
1. Onpenenuts BUA QyHKIMH. BBECTH MpOMEKYyTOUHBIN apryMeHT.
1. Omnpenenuth, KakuMu HpaBuiamMu 1uddepeHInpoBaHUS HYKHO BOCHOJB30BaThCs. [IpuMeHuTh
COOTBETCTBYIOIEE IIPABUIIO.
2. Hcnonw3ys Tabiuiry MpoU3BOIHBIX, HAWTH MPOU3BOIHBIE () YHKIIHH.
3. PackppiTh cKOOKM M IPUBECTU MOJOOHBIE, €CIIH ATO YIPOCTHUT 3aMUCh (DYHKITHH.

1-cosx

Xox padoThI:
Haiitu mpou3BoHbIE PYHKITHI:

1. glx)=(1—4x?)1°
DyHKIMA ABISETCS CIOKHON CTENEeHHOW. BBeneM NMpoMeKXyTOuHbI aprymedT u = 1 — 4x2,

Jlns mudpepeHMpOBanHKs HY’KHO BOCIIONBb30BaThesa Gopmystoi (u™)' = nu™1 - u/’

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

2. f(x) = sin%x * COS 2X

OyHKIMS TpeACcTaBiseT coOO0N MPOU3BEIEHUE ABYX CIOKHBIX TPUTOHOMETPUYECKHUX (YHKIUH.

[TosToMy cHauasia Bocnosb3yeMcs npasuiom auddepentmposanus (U - V) =U'V + UV’

2x.

1 1 1
f'(x) = (sinzx - cos 2x)’ = (Sinzx)'COSZX + Si‘l’lzx(COSZX)'

o o 1 o
Brenem MPOMCIKYTOYHBIN ApTYMCHT : HJISI IICPBOU (I)YHKI_II/II/I u = Ex, U1 BTOPpOH Q)YHKHI/II/I u =

IIpn muddepeHIMpOBaHUK HCIOJB3yeM cieayromue Gopmynsl: (sinu)’ = cosu -u', (cosu)' =

—sinuu'.

1 1 1
f'(x)= (sinzx - cos 2x)' = (sinzx)’COSZx + sin Ex(cost)’

1 1\ 1

= cosox: (§x> - c0S2x + sin 2% (—=sin2x) - (2x)’
1 1 ] ]

= Ecoszx *coS2x — 2sin Ex - sin2x.

23x+5x2

3.y

- log, (3+10x)
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OyHKIUSA TpeAcTaBiIseT coOOW  YacTHOe  JBYX CJHOXHBIX  (ynkumid. Ilostomy cHaudana
u'v-uvs
V2

(23%+5%%)" - log, (3 + 10x) — 23*+5%° . (log, (3 + 10x))’

Y (log,(3 + 10x))?
BBesieM IPOMEXYTOUHBINH apryMeHT : Juls nepBoii GyHkuum u = 3x + 5x2, s Bropoii QyHKIMU
u =3+ 10x.
IIpu muddepeHuupoBanry UCoab3yeM cieayomue Gopmynsl: (a*)’' = a*lna-u', (log, u)' =

4

!
U
BOCTIOJIb3YyeMcs MpaBuiioM auddepeHnrnpoBaHus (;) =

I —

ulna

;o (23x+5x2)r-1og2(3+10x)—23"+5"2-(log2(3+10x))r _
y = (log,(3+10x))? -

2 2
23%+5%% 12 (3x+5x2) 1 logy (3+10x) —23% +50° .1

(3+10x)In2 —
(log,(3+10x))? (log,(3+10x))?

10

3x+5x2 _93x+5x2,
(3+10x)r 2 In2(3+10x)log,(3+10x)—2 Gr100nz,
!

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

OyHKIMS NpeAcTaBisieT co00i CyMMy JIBYX CIOKHBIX OOpaTHBIX TPUTOHOMETPUUECKUX (DYHKIUH.
[TostoMy cHadana Bocosb3yemcs paBuiioM auddepennuposanus (U + V) =U"+V'.
!

5
. . 3 .
BBeneM mpoMexyTOuHbIN apryMeHT: JUIsl IepBOM GYHKINU U = X, JUIA BTOPOH ¢byHknmm u = 5x.

f'x) = (arcsinix) + (arccos5x)’

[Ipn ¢ depeHInpOBaHUH HCITIOJIb3yEeM clenyromue bopMyIbI:
. r_ u’ . I u’
(arcsinu)’ = = ;s (arccosu)’ = gy
, _ .3 1 (3 )’ ;L 3 -
f'(x) (arcsmsx) + (arccos5x) —\/Tgx)z X W(SX) \/1_25% NI

5. f(x) = arccosV1 — e?*

DYHKIUS SBISIETCS CIOXKHON 00paTHOM TPUTOHOMETPUIECKOH. BBeieM mpomMeKyTOUHBIN apryMeHT
ur

u =+vV1—e?*. s muddepeHuupoBaHust Hy)KHO BOCIIONIL30BaThC hopmysnoii  (arccosu)' = — =

f'(x) = (arccosV1 — er)’ === (1 o (m)

[TpomMexXyTOUHBIN apryMEHT SIBJISICTCS TAKXKeE CIIOKHOM QyHKIHeH. BBeneM u 11 Hero HOBBIM
POMEKYTOUHBIH aprymenT u = 1 — e?*
Jia muddepeHnrpoBaHus HY>KHO BOCIOJIb30BaThCsl POPMYIOii

() =

"(x) = —2x) — _ — 2 ) _ 2y —
f'(x) = (arccosVl e x) = —1 o (\/1 e x) — 7= 1+e2x 2\/1 = (1 —e%)
1
T ex m( Zex)— er

@®opma npeacTaBieHus pe3y/bTaTa: BbIINOJIHEHHAs padoTa.

Kpurepum oueHku:
Kaxxnoe npaBmIbHO BBINIOJIHEHHOE JIeHCTBUE -1 6an

KauecTBeHHas orieHka
Tpowuent UH/IMBUyaJIbHBIX 00pa3oBaTeIbHbIX
pE3yIbTaTUBHOCTH JIOCTHKCHUH
(paBUIIBHBIX OTBETOB) Oamn BepOaJIbHBIH
(oTMeTKa) aHajor
90 - 100 5 OTJINYHO
80 - 89 4 XOpOLIO
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TOBJICTB OpI/ITCH
70 - 79 3 y
BHO
HC
menee 70 2
Y/I0BJIETBOPUTEIHHO

Tema 3.2. IIpousBoanasi pyHKIMH U ee NPUIOKEHUSI

IIpakTnueckas padora Ne 12, 13
IIpuMeHeHre MPOM3BOAHOM K HCCJIEI0BAHUIO (PYHKIMH

Heab padorbl: Hayuuthes uccnenoBarb GyHKIUU U CTPOUTH I'paduku PyHKIUI.

Boinosinus padorty, Bel Oyaere:

YMETb:

V1 4 pemath TpUKIIaIHBIC 33/1a4H C UCTIOJIBb30BAaHUEM TIPEACIIOB U AIEMEHTOB JU(depeHITnaTbLHOTO
U UHTCTPAJIbHOI'O I/ICIII/ICJIGHI/Iflg

MarepuanbHoe o0ecrieyeHme:
I/IH}II/IBI/I)IyaIH)HI)Ie 3aJaHHuA, Ta6n1/1ua IMPOU3BOAHBIX, KOHCIICKTEI HeKHHﬁ, y’—Ie6HI/IKI/I

3ananmue:

UccnenosaTth GyHKIINIO 110 0OLIEH cXeMe U MOCTPOUTH ee TpadukK:
1. f(x) = 5x3 — 3x°.

2. f(x) ==

x2-4
Kparkue TeopeTuueckue cBeeHH:
OO6mras cxema uccineaoBaHust QyHKIIAN.

1. Haittu o6macts onpenencuus Gynkuuu D (y).

2. Haiitu (ecnm 3TO HE BBI3BIBACT 3aTPYAHCHHI) TOUKU MEepecedeHusl rpaduka ¢ OCIMH KOOPIAUHAT
(mpu X =0 u ipu y = 0).

3. UccnenoBaTh (pyHKIHIO HA TIEPUOTUYHOCTD, YETHOCTh U HEYETHOCTb.

4. HaiiTu nHTEpBAJIBI MOHOTOHHOCTH, TOYKH 3KCTPEMYMOB M 3HaYCHHS (DYHKIIUU B 3TUX TOUKaX.

5. Haiiti uHTEpBaJIbI BHITYKIOCTH (BOTHYTOCTH) M TOUYKH Ieperuoda rpaduka GyHKIuM.

6. Haitti acumnToThl rpaduka GyHKITUH.

7. HaifT 1OTIOTHUTENBHBIE TOYKH M IOCTPOUTH I'PadyK 10 pe3yabTaTaM UCCIIeIOBaAHHMS.

AJITOPUTM HAXO0KIEHHS IKCTPEMYMOB (DYHKIINH U HHTEPBAJIOB €€ MOHOTOHHOCTH C OMOUILI0

MepBOM NMPON3BOIHOM

1. Haiitu o6nactb onpezescHus GyHKIIUU U UHTEPBAIIBI, HA KOTOPBIX (DYHKIIHSI HEMPEPhIBHA.

2. Haiitu npousBoauyto dyukimu f '(X).

3. Haiitu xputhueckue Toukd QyHKuuu Yy =f(X), T.e. TOYKHM, NpHHAMIESKANHME OOJIACTH
ornpenenacHuss GyHKIUH, B KOTOPBIX pou3BoaHas f '(X) oOpariaercs B Hy/Ib WM HE CYIIECTBYET.

4. UccnenoBath xapakrep usMeHenus ¢pyakuuu f (X) u 3Hak npousBoanoii f '(X) B mpomexyTkax, Ha
KOTOpbIE HalJICHHbIC KPUTUIECKUE TOYKH JIEISAT 001acTh onpenaencHus pynkuuu y = f (x).

5. OTHOCUTENBHO KaXKIO0W KPUTHUECKON TOUKU OTPENEIHTh, SBISETCS U OHA TOYKON MaKcUMyMa,
MUHUMYMa WM HE SIBJIIETCS] TOUKOH SKCTpeMyMa.

[TomMHM: KpuUTHYECcKash TOYKA Xp €CTh TOYKA MHUHHUMYMa, €CIM OHa OTHENseT MPOMEXYTOK, B
kotopoM f '(X)<0, ot mpomesxytka, B kotopom f '(X)>0, 1 Touka MakcuMyma - B IPOTUBHOM ciydae. Eciu
KE B COCETHUX MPOMEXKYTKAX, pa3/IeICHHBIX KPUTUUECKOM TOUKOU Xg, 3HAK MPOU3BOJHON HE MEHSETCH,
TO B TOYKE Xo (DYHKIIHS SKCTpEMyMa HEe UMeEeT.

6. Berunciiuth 3HaueHUs QyHKIUU B TOYKAX 3KCTPEMyMa.
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7. 3amucarb pe3ylbTaT UCCIEA0BaHUS (DYHKIMH: TPOMEKYTKH MOHOTOHHOCTH M SKCTPEMYMBI.

AJITOPUTM HAXO0KIEeHHUS BHIMYKJI0CTel YHKIMM M TOYeK neperuda:

1. Haxoaum BTOpYIO NPOU3BOAHYIO.

2. Haxomum touku, B KOTOphIX f"'(x) = 0 MM HE CyIIECTBYET.

3. Uccnenyem 3Hak ciieBa M CIpaBa OT HAWJIEHHBIX TOYEK M JENaeM BBIBOJ 00 HMHTEpBaliax
BBIITYKJIOCTH U O HAIMYHH TOYEK Iepernoa.

4. Haxomum 3HaueHHe (PyHKIMHU B TOUYKAX Meperuoa.

AcCUMINTOTHI.

AcumnToToii rpaduxa pynkuun y = f(x)Ha3plBaeTcs mnpsmasi, 00Jaaaromas TeM CBOWCTBOM,
uto paccrosiHue ot Touku (x; f (X)) 10 3TOM NPAMON CTPEMHUTCSI K HYJIIO TIPU HEOTPAHHYEHHOM Y/IaJICHUH
TOYKH Tpadyika OT Havyajga KOOPHHAT.

[Ipsimast x = a Ha3bpIBacTCS BEPTUKAJILHOM acUMNTOTOM rpaduka pyakuun y = f(x) , eciu XoTs
ObI OJTHO M3 MPeNeNbHBIX 3HaUeHUH lim,_,_o f(x) wm lim,_,.o f(x) paBHO —oommm +o0o .

3ameuanue. [Ipsmas  x =a He  MOXeT ObITh  BEPTUKAJBHOM  acCUMOTOTOM,  eciu
GyHKIMS HeTIpephIBHA B TOYKE X = a . [109TOMYy BepTHKaIbHBIE aCUMITOTHI CIEAYeT MCKaTh B TOYKaX
pa3pbiBa PyHKIUH.

[Ipsimast y = b Ha3pIBaeTCS rOPU3OHTAJBHOM acHMOTOTOI rpaduka GyHknuu y = f(x), ecnu
XOTsI ObI OJTHO U3 MPENeNbHBIX 3HaUCHUH lim,,_,q, f(x) wmm lim,_,_, f(x) paBHo b.

3ameuanue. ['padux GyHKIIUU MOXKET UMETh TOJIBKO MPABYI TOPH3OHTAIBHYIO ACHMIITOTY WU
TOJIBKO JIEBYIO.

IMpsmass y = kx + b Ha3pIBaeTCsA HAKJOHHOM acHMNOTOTOM rpapuka ¢yaknuu y = f(x) ,
ecim lim, o | f(x) —kx — b| =0

Ecin s dysakumun y = f(x) cymectByror mpemenst lim,_,q, % =ku lim,,(f(x)—kx) =
b, To QpyHKIHMS UMEEeT HaKJIOHHYIO aCUMIITOTY Y = kX + b mpu x — o .

Iopsinok BbINOJIHEHHSI PAadOTHI:

1. IlpoBecTu aHanu3 3a1aHHON (PYHKIIMH 1O OOIIIEH CXeMe.

2. IToctpouTts rpadux GyHKITUN.

Xox padoThI:
HccnenoBaTh (hyHKITHIO U IOCTPOUTH €€ rpaduK.
x2
Y= 0
1. O6nacts onpenenenus pyukuuu D(f) = (—0; 1) U (1; +)
2. ITpu noxacranoske 3Hauenus x = 0 momyuum y(0) = 0.
Takyro e TOUKy MOJy4YuM, €ciH MpupaBHieM (QYyHKUIHIO K Hymato. Touka x = 0 - eAMHCTBEHHas
TOYKA MEePEeceyeHus C OCIMU KOOPIUHAT.
3. IIpoBepsieM (pyHKIIHIO HA YETHOCTD

_ _ (_x)z _ x2
y(=x) = —2x-2  2x+2

y(=x) # y(x); y(=x) # —y(x).
Wtak, GyHKIMA HU YeTHasl, HU HEeYEeTHAs!, HeTIePUOJUYeCcKasl.
4.J1n151 OTBICKaHUSI HHTEPBAJIOB MOHOTOHHOCTH BBIYHCIISIEM TIEPBYIO POU3BOJHYIO (DyHKIIUH
, 2xQQx—2)—x?-2 4x?—4x—2x* 2x%—4x
B (2x — 2)2 T (2x—2)2 (2x—2)2
[TpupaBHUBas ee K HYJIO, MOIXy4HUM KpuThueckue Touku X = 0;x = 2. OHu pa30uBaroT 00nacTsb
OTIpeieNIeH s Ha CIeYIoIINe HHTepBalibl MOHOTOHHOCTH (—0;0) U (0;1) U (1;2) U (2; +o0)
Hccnenyem noBeeHue MpoM3BOAHOI cieBa U clipaBa OT HallIGHHBIX TOUEK Pa30MEeHMS.
I'paduueckn MHTEPBATBI MOHOTOHHOCTH OYTyT HMETh BHJL
g

=¥ & - L.
0 1 2
Hccnenyemas ¢pyHKIMS Bo3pacTaeT Ha MHTepBanax (—oo; 0) U (2; +o0) u yosiaer (0;1) U (1;2).
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5.Touka x =0 TOYKa JIOKAJIBLHOIO MaKCUMyMa, X = 2 — JIOKaJbHOro MuHumyMa. Haiinem

3HaYeHUE PYHKIHUHA Viax = 05 Vinin = 2.
6.. J111s1 OTBICKaHUsI HHTEPBAJIOB BBITYKIOCTH HAiIEeM BTOPYIO TPOU3BOTHYIO
C (Ax—4)(2x—-2)>— (2x* —4x)-2(2x—2)-2 _ 8 B 8 1
B (2x — 2)* T (2x—=2)3 8(x—-1)3 (x-—1)3

Taxux HHTCPBAJIOB HECT, IMOCKOJIbLKY BTOpasd MPOU3BOAHAA HC MNMPUHUMACT HYJICBBIX 3HAaUYCHUH B

n

o0JacTu onpeIeIICHUSI.
7. llpsimas x = 1 — BepTUKaJIbHAA acCUMNTOTA (PYHKIMK. YpaBHEHUE HAKIIOHHOW aCUMIITOTH MMEET

Bun y =kx+b .
k= i f(x)_l. x? _ 1 x? DTN
0% x _xl—{lc}o(Zx—Z)x_xg?onz—Zx_ngoz_E_2
X
b= x? 1 _ xz—x(x—l)_l_ xz—x2+x_l_ X 1 1
Taom\2x—2 27) T x0e 2(x—1)  xoe 2(x—1) xow2(x—1) rowmy_2 2
X

Koneunsblit BUI pSMO Clie YOI
1 1
y = EX + I
8.Ha ocHOBe NpOBENEHHOIO aHajdu3a BBINOJIHAEM MOCTpoeHue rpaduka ¢yHkuuu. s 3Toro
CHauajga CTPOMM BEpPTHKAJIbHbIE M HAKJIOHHBIE ACHUMIMTOTHI, 3aT€M HAaXOJWM 3HayeHHe (QYHKIUU B

HECKOJIBKHUX TOYKaxX U 110 HUX IMPOBOJUM ITOCTPOCHUC.

y=(x+1)/2

dopma npeacTaBiieHUs pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepun oueHku:

Kaxxtoe mpaBuiibHO BBITOJTHEHHOE elicTBHE -1 Oan
KauecTtBennast oneHka
TIpoueHT WHAUBUAYAbHBIX 00pa30BaTEeIbHbIX
PE3YyNbTaTUBHOCTH JOCTHKCHUHI
(MIpaBUIBHBIX OTBETOB) Oasn .
BepOaIbHBINM aHaIor
(oTMeTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBJIETBOPUTEIILHO
HE
menee 70 2
YIOBJIETBOPUTEIILHO

Tema 2.3 HHTErpaj u ero NpuJIoKeHHus

IIpakTnueckas padora Ne 14
Brrunciienne HeonpeaeJeHHbIX HHTEIPAJIOB
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Heas pabGorbl: HayunTbcs WHTErpUpoBaTh (QYHKIHHM, MCIOJNB3YS pPAa3JIMYHbIE METOJIbI
MHTETPUPOBAHMUSL.

Boinoanus padorty, Bl Oyaere:
VY1 4 pemaTh NpUKIAIHBIC 33291 C HCIIOJIH30BAHUEM IPEACIIOB M AJIEMEHTOB TP PEpeHIINATHHOTO
U UHTCTPAaJIbHOI'O I/ICIII/ICJIGHI/II;'I;

MaTepHaJﬂ)HOC odecmeyeHue:
I/IH[[I/IBI/IIIyaJH)HI)Ie 3aJaHuAd, Ta6JII/IIIa HHTCIrpajioB, KOHCIICKTLI JIGKIII/Iﬁ, y‘-IC6HI/IKI/I

3aganme:
HaiiguTte HeonpeaeleHHbIe HHTEIPAJIbI:
1) f(8x* — 6x% + 2x — 3)dx
4 2
2) [ de
3) [ cos(10x — 5) dx
4 [ 3% xdx

5dx
5) f 25+16x2

x2dx
O iy
4 2
7)j-Zx 4;/}? 3x 1dx
Ilopsinok BbINOJIHEHHS PA0OTHI:
1. 3anucaTh 3aJaHUEe M ONPENeNIUTh, KaKUM U3 METOJIOB HMHTErPUPOBAHMSI HEOOXOIUMO
BOCITOJIb30BATHCS.
2. Ecnu wHTErpam MOXHO HAaWTH METOAOM HENOCPEICTBEHHOIO HHTEIPHPOBAHMs, TO,
UCIOJb3Ysl CBOMCTBA MHTErPAJIOB, IPUBECTH UHTETPAJ K TAOIMYHBIM (opmynam. [IpouHTerprpoBars.
3. Ecnu mHTErpan MOXHO HaWTH METOJOM IOACTAaHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO,

Haiitu ee nuddepennman. [locie BBeAeHUS HOBOW TEPEMEHHOW 3aJaHHBIA WHTErpall MPUBOAMUTCS K
HOBOMY HMHTErpally, KOTOpbIi siBisgercs TabnuuHbiM. Eciau uHTerpan ompenesneHHbId, TO BBIYHUCIHUTH
HOBBIE TMIpefesbl WHTerpupoBaHus. Haiitu mnonmydeHHBIH uHTerpai. B cinydae HeompeneneHHOro
MHTErpajia BEpHYThCS K CTApOi MEPEMEHHOM.

Xox padorei: Haiftu unterpasbi:
3x*+2x2-3x+7
1) f T dx
UToOBl HaWTH ATOT WHTErpasl, HY)KHO CHauana MPUBECTH MOJBIHTETPAIbHOE BBIPAKEHHE K
TabIuyHOMY BUAY. J[J151 5TOT0 IpUMEHsIeM MOYICHHOE JICTICHHE:

6x* —5x2+3x+4
f dx

dx 6x3 4x~1 4
+3f—+4fx‘2dx= —— —5x+ 31In|x| + +C = 2x%—5x+3In|x| ——

X 3 -1 X
+C

2) f 15x%dx

(1—x3)*
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DTOT UHTErpaj MOKHO HAWTH C IOMOIIBI0 METO/Ia TI0JICTAaHOBKHU. BBe/ileM HOBYIO IEpEMEHHYIO.

[ 1-x*=t ]
15x2dx |d(1 —X3) = dtl
m=| ijdx=§tt|
| x dx=—? ]
=]15dt=—Sft‘4dt=—5i+c=i+c=#+c
—3t* -3 3t3 3(1 —«x3)3

®dopMa npeaocTaBeHNs pe3yJIbTaTa: BBIIOJHEHHAs padoTa.

Kputepuu onenku:
Kaxxioe mpaBuibHO BBITIOTHEHHOE eHcTBHE -1 Oan
KauectBennas onenka

IIponeHT WHIMBUIYATLHBIX 00pa30BaTEIIbHBIX
PE3yILTaTUBHOCTH AOCTHXKCHUM
(TIpaBUIIBHBIX OTBETOB) Oar .
BepOATBHBIN aHAJIOT
(oTmeTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIO
70-79 3 YJIOBJICTBOPUTEIIHHO
HE
menee 70 2
YIOBJICTBOPUTEIIHHO

Tema 3.3 UHTerpas u ero npujioKeHust

IIpakTuyeckas padora Ne 15
BbluncieHnue onpeeieHHbIX HHTETPAJIOB

He.ﬂb paﬁoTbI: Hay‘-II/ITBCSI HaxXOoJUuThb OIPCACIICHHBIC MHTCI'PAJIbl, UCIIOJIb3YA Pa3IndHbIC MCTOIbL
HUHTCI'PUPOBAHUA, BBIYUCIISTH HpI/I6J'II/I)KeHHBIe 3HAYCHUA OIIPEACIICHHBIX HUHTCTPAJIOB.

Bbinosinus patdory, Bbl Oynere:
VY1 4 pemaTh NpUKIaAHbIE 337a4U C UCTIOIb30BAaHUEM MPEACTIOB U 3J1eMEHTOB TuddepeHIInaIbHOro
Y UHTETPAIbHOTO UCUUCIICHUN;

MarepuajbHoe obecriedeHmne:

WNuauBuayanbHble 3aaHus, TAONUIa HHTETPAJIOB, KOHCIEKTHI JIEKIUH, YIeOHUKU.
3aganme:

BrruucnuTe onpeaeneHHbIe HHTErPaIbI

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

V3
. f17 dx

N -

3 3V1-x2

W

" I-23/(x+3)2

T
. J¢ es ™ cosxdx

ol
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T dx
6.
fg szx
HOpﬂ)IOK BbBINNOJIHCHU A paﬁOTbI:
1.

BOCIIOJIB30BAaThCA.

2. Ecmm HUHTErpaj MOXHO HaUTH MCTOAOM HEMOCPCACTBECHHOI'O MHTCTPHUPOBAHUSA, TO, UCIIOJIb3Ys

3anucarth 3aJaHUE U OIPEAECIUTD,

KakuM M3 MCETOJAOB HHTCTPHUPOBAHUA HGO6XOI[I/IMO

CBOWCTBA MHTETPAJIOB, MPUBECTH MHTETpall K TabnmuHbIM Gopmynam. [IpounrerpupoBaTts. Beraucautsb
3HAYEHUE OIPEIeICHHOTO nHTerpana no gopmyie Hetorona-JleiOuuma.

3. Eciiu uHTErpas MOXKHO HAWTH MET
ee muddepenmman. [locne BBeneHUS HOBOM

MHTErpaity, KOTOPBIM SIBISETCS TaOJIUYHBIM.

0JI0OM IIOJICTAaHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HAUTH
IIEPEMEHHOM 3aJlaHHBI MHTErpajl MPUBOAUTCS K HOBOMY
Ecnu wmHTErpan omnpenenceHHbI, TO BBIYMCIHTH HOBBIE

IIpeAeIbl UHTErpupoBanus. HaliTu moJrydeHHBIN HHTErpall.

4. Ecnu uHTErpan Henb3sl HaWTu
MHTErpupoBanus ro yactsm [ UdV = UV —
Xoa paéoThI:

BBIIIIEYKA3aHHBIMU CIIOCO0aMU, TO TPUMEHUTH (HOPMYITy

fvau.

1) f_31(4x3—3x2+2x+5)dx=4f_31x3dx—3f_31x2dx+2f_31xdx+5f_31dx=x4—
x3+x?+5x|3,=3*-33+32+5-3-(1+41+1-5)=81-27+9+15+2 =80

0,4 de
2) f 4+25x2
DTOT UHTErPAJI MOYKHO HAWTH C TOMOIIBIO METO/Ia MOICTAHOBKHU. BBEieM HOBYIO EPEMEHHYIO.
— 5 —
-x=1t
2
5
-dx =dt
f0,4 5dx §f0,4 dx EJ-OA dx  _ 2 X _
2 = 25 5, z — _ -
0 4+425x 470 145252 470 1+(§x) dx = Edt
Xy = 0 t =0
LXp = 0 4 tB 1.
_s.2zqld _1 1 _ 1 _ _lrm_m
s 5f0 —7 = arctgtly = (arctgl arctg0) = -7 =<.
3 Sinxdx T sinxdx
3) J-0 cos*x
OTOT UHTErpaj MOKHO HAlTH C MOMOLLBIO METO/A TOJCTAHOBKH. BBenem HOBYIO IEPEMEHHYIO.
i cosx =t
. dcosx = dt
3 i _ 0,5
sinxdx .smxdx at —dt t™% o5 _ 1 1
———= sinxdx = —dt = —5—=-—1 2| =— - =2-05
J cos3x xy =0ty =cos0 =1 J t 2’1 2t 2:-025 2
s . T 1
Xp == =Cco0ST =2
"B — 3 "B 3 |
=15

)

®dopma npeacTaBiIeHUs pe3yabTarTa:

Kpurepum oueHku:

BBITIOJTHCHHAA pa60Ta.

Ka)K,Z[OC IMpaBUJILHO BBIIIOJIHCHHOC JIeNCTBHE -1 Gamn

KauecTtBennas OIICHKa

IIponeHT WHANBUAYAIbHBIX 00pa30BaTENbHBIX
pe3yIbTaTUBHOCTHU AOCTHXXCHUH
(TIpaBUIBHBIX OTBETOB) oamt .
BepOaIbHBIN aHAIOT
(oT™MeTKa)
90 - 100 5 OTJIMYHO
80 - 89 4 XOpOIIO
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70-79 3 YIOBJICTBOPUTEIILHO
HE
YJIOBJICTBOPUTEIIHHO

Menee 70 2

Tema 3.3 UHTerpaj u ero npuJiokeHus

IIpakTnueckas padora Ne 16
Haxoxnenne miomaaei ¢puryp u o00beMo0B TeJ

Heab padoThl: HAYYUTHCS IPUMEHATH HHTETPUPOBAHUE JIJIS1 PELICHUS 3a/1a4 T€OMETPHUU.

Boinosnus padorty, Bel Oyaere:

yMeThb:
Y 4 pemaTh NpUKIaaHbIE 33Ja4d C HUCHOJB30BaHUEM IPEIEIOB U 3JIEMEHTOB AU(PPEepeHIuaNIbHOTO U
MHTErpajbHOT0 UCUUCIICHHH;
VY1 2 BIUKCHATH 3HAUEHUS TEOMETPUUYECKUX BEJTUUMH;

MarepuanbHoe o0ecnieyeHme:
NunuBuayanpHbIe 3a0aHMs, TAOIUIIa HHTETPAJIOB, KOHCTIEKTHI JICKITUH, YICOHHUKH.

3ananue:

Haiitu tutomam miockux Guryp, OrpaHIIEHHbBIX JTHHUSIMHU:

a)y=x24+1,y=0, x=1,x=4;

6)y=Ilnx,y=0, x=1,x =g,

B) y2 =x3;x = 4.

KpaTkue TeopeTHyecKHe CBeIeHH s :

Teomempuueckuti cMbLC ONPedeleHH020 UHMepana

[ycts ¢ynxmms y=f(x) HempepsiBHA Ha OTpe3ke |ab] ¥ TpHHNMaeT Ha 5TOM OTpe3Ke

HEOTpUIaTeNbHbIe 3HadeHus, T.e. f(x)>0 mpu xe[a;b]. durypa, obpazoBaHHas THHUAMH X=a, x=b,
y=0, y=f(x), Ha3piBaeTcs KpuBOJNHMHEiHOW Tpamenuei (puc. 1). OnpeneneHHBI HHTErpa; OT

HEOTpUIATENIbHON (DYHKIIMM HMMEET MPOCTOM TeOMETPUYECKUN CMBICI: 3TO IUIONIA/b KPUBOJMHEHHOMN
TpanenuH.

"Puc. 1
[Tnomaau miuockux Gpuryp
1. Ecnu pynkus f(x) HeoTpULATENbHA HA OTPE3KE [a;b], To momane S nox kpuBoit Y = f(x)
b
Ha [a;b] (puc. 2) uMCIEHHO paBHA ONpejeNeHHOMY MHTerpany oT f(x) Ha JaHHOM OTpeske: S = J- f(x)dx
a
(reoMeTpUYeCcKHil CMBICI OMPEeIEHHOTO HHTErpaia).

y y=Aiz)

e &+ Puc. 2
2. Ecrn dynxuust f(x) — Hemonoxutenshas Ha oTpeske [a;b], To miomans S moa KpuBoii

y=f(x) ma [a;b] (puc. 3) pasma ompenenenHomy uHTerpamy ot f(x) Ha [a;b], B3sTOMY CO 3HAaKOM
b
«MHHYC»: S:—If(x)dx.

a
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diF

‘ &z Puc. 3
3. Ecnu pynkmus f,(x)> f,(x) ma orpesxe [a;b], To miomams S pUrypsl, 3aKmodeHHON MEK LY

b
kpuBbIME Y = f,(x) 1 y = f,(x) Ha [a;b] (puc. 4) onpenensercs Gpopmymnoit S = I (f,(x)— ,(x))dx .

a

7 = -
T“ Puc. 4

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Uzobpasure Gurypy Ha KOOPJIMHATHOM TIOCKOCTH;

2. Omnpenenure, sIBISETCS M PUTYpa KPUBOJIUHEWHON Tpaneuen.

3. Beruucnute miomanas GUrypel.

Xoa paGoTsI:
HaiiTn momans GUrypel, orpaHuueHHOi rpadukamu Gyskuuid y = x2 —3x+2uy = x — 1.

Haiinem npeznensl HHTErpupOBaHUS - TOUKU NiepecedeHrs rpa@uKoB GyHKIUHN, A TOTO IPUPABHIEM
IpaBble YaCTH UCXOAHBIX (QYHKIHMIA ¥ pEeIuM ToJTy4uBIIeecs ypaBHenne x2 — 3x + 2 = x — 1. Kopaamu
3TOTO ypaBHEHUS SBISAIOTCA yKcia x = 1 1 x = 3, cie1oBaTeNbHO, OHU U SABJISIOTCS MpeieaMu
MHTETpUPOBAHUSL.

[
|
|
|

3HauuT, MWIoma s GUrypsl paBHa:

3
Szf (x — Ddx
! 3
x? x3  3x?
—f(x2—3x+2)dx=——x— ———+2x

2 3 2
1

9 ] 1+1 (27 3-9+6 1+3 2)_ 1
2 2 3 2 3 2 ]

[Momyuwnnu, yto miomane GUrypsl paBHa 1% (xB. e11.)

@®opma npeacTaBieHus pe3yJbTaTa: BHIINOIHEHHAs padoTa.
Kputepun onenkn:

Kaxxnoe npaBmIbHO BBINIOJIHEHHOE JIeHCTBUE -1 6an

KauecTBeHHast orieHKa

I[IporeHT WHAUBUAYATbHBIX 00pa30BaTebHbIX
pe3yIbTaTUBHOCTHU AOCTHXXCHUH
(IpaBUIBHBIX OTBETOB) oam

BepOaJIbHBINM aHAJIOT
(oT™MeTKA)
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90 - 100 5 OTJINYHO
80 - 89 4 XOPOIIIO
70-79 3 YJIOBJICTBOPUTEIILHO
menee 70 2 e
YJIOBJICTBOPUTEIHLHO

Tema 3.3 HHTerpaj u ero npuJjiokeHus

IIpakTnueckas padora Ne 17
IIpuMeHneHnue onpeaeeHHbIX HHTErPAJIOB K PellIeHUI0 MPUKJIATHBIX 32124

Henp pabGorbl: HayuuTbcs pemiaTh (QU3MYECKHME U TEXHMUYECKHE 3aJaud C TNpPUMEHEHHEM
T depeHInanbHOr0 U HUHTETPaIbHOTO UCUNCIICHUS.

Boinosnus padorty, Bel Oyaere:

YMETb:
VY71 2 BBIUKCHATH 3HAUEHUS TEOMETPUUYECKUX BEJTUUMH;
VY 4 pemaTh NpUKIaaHbIE 33Ja4ld C UCIOJB30BaHUEM IMPEIENIOB U 3JIEMEHTOB AU(PepeHIuaNbHOTO U
MHTErpajibHOr0 UCUHUCIEHUI;

MarepuanbHoe o0ecrieyeHme:
Pa3znatounslii Matepual (KapTOUKH C 3a/laHUSIMU ), TAOJIULIBI HHTETPAJIOB.

3ananmue:

1. Haiigute nyTh, IpOMACHHBINA TOUYKON OT Hadasla IBMXKEHUS JIO €€ OCTAaHOBKH, 3HAsl CKOPOCTh €€
NPSMOJIMHENHOTO ABMKEHUS v = 18t — 6%,

2. Haiigute mnyTh, NPOMACHHBIA TOYKOM 3a YETBEPTYIO CEKYHIY, 3Has CKOpOCTh €€
NPSMOJIMHENHOTO JBMKEHUS v = 3t° — 2t — 3,

3. Cuna ynpyroctu npyxuHsbl, pactsaytoit Ha 0,05 M, paBaa 3H. Kakyto paboTy Hamo mpous3BecTH,
YTOOBI PacTSIHYTh IPYXUHY Ha 3TH 0,05M?

4. Kakyro paboTy Hamo 3aTpaTUTh, 4TOOBI pacTaHyTh HpyxuHy Ha 0,05M, ecnmm cunma 100H
pactsaruBaet npyxuny Ha 0,01m.

5. OnpenenuTs CUIy AaBJICHUS BOJbI HAa CTEHKY IUII03a, JUyIMHA KoToporo 20 M, a BeIicOTa 5 M
(cuuTas 1UTI03 TOBEPXY 3allOJTHEHHBIM BOJIOH).

Kparkue Teopernyeckue cBeJleHUs:

IIyTs, npoiiieHHBIN TEJT0M

[Tycth MaTepuanbHas TOUKa MEepeMeniaeTcsl Mo MpsIMOi ¢ IepeMeHHOM ckopocThio v=v(t). Haiinem
MyTh S, IPOWJEHHBIN €10 33 IPOMEXKYTOK BPEMEHH OT t1 /10 to.

N3  ¢duzmyeckoro cmpiciaa TPOM3BOAHOW M3BECTHO, YTO TMPU JIBHOKCHHMH TOYKH B OJHOM

HAITPABJIEHUU «CKOPOCTH MPSIMOJIMHENHOTO JBUXCHUS PaBHA MPOM3BOAHOM OT IIYTH IO BPEMEHH»,

1. ¢ V= § Ortcrona cnenyer, uto dS = v(t)dt. UnTerpupys noaydyeHHOE paBEHCTBO B Mpeaenax OT

7]
§= f u(t) dt.

t1 10 tp, mosydyaem b

[lycts MarepuanbHasi TOYKa MEpPEMEIIAETCS BAOIb OCH OX MOJ JEHCTBUEM IEPEMEHHOM CHIIbI
F = F(x), HampaBJIeHHOHN MapayienbHo ocu. Toraa pabota, mpousBenéHHas cujiod F mpu mepemMernieHuu

TOYKH U3 MOJIOKEHHUsSI X =& B MOJOXKEHHE X =b (a<b) BeIUUCISAETCS 1O hopMmyIe:

A= jb' F(x)dx
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Boruncienne padoThl ¢ IOMOLIBIO ONIPeAeIEHHOT0 HHTErpaJa.
Ilycte mox nelcTBUEM HEKOTOPOU CHIIBI f&) MarepuajJbHas Toyka M IBHXKETCS IO HpsMOHN B
HarpasieHun ocu 2%, Tpebyercs HaiiTh paboTy, NPOU3BEAEHHYIO CHIION J () [IpU NIEPEMEILECHUN TOYKU

M wu3 nosioskeHus * ~*1 B mojoxeHue * - 1.
Fa ™ ol = -
1)  Ecnum cuna noctosaHa £ ¥)= % 10 paboTa BRIpakkaeTcs cieayromuM obpazom 4= Fr ),

A= L-"I::- T
2) Ecnu cuia nepeMeHHAs BETMYUHA, TO "

OnpenesieHue CUIIbI JaBJIEHHUS )KUIKOCTH HA BEPTHKAJIbHO PACIOJIOKEHHYIO IJIACTHUHKY.
N3 ¢us3ukn wm3BecTHO, WTO CWia P nmaBieHWsS KUAKOCTH HAa TOPH30HTAIBHO PACIIOJIOKCHHYIO

IUIOIIAJKY S, TIIyOHMHA MOTPyXeHHUs KOTOpo# paBHa h, onpenensercs mo Gopmyse:

P =981yhs (4) , e ¥ — mIoTHOCTD JKHIKOCTH.
B

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

]
Ecnu BepxHuii kpail MIACTUHKH COBMAJAET C MOBEPXHOCTHIO >KUAKOCTH, TO a=0 u Qopmyna (5)
MIPUMET BH/T

P= 9,81}fj xy dx (59).

@

HlupuHa KaXJ0M MOJOCHl 3aBUCUT OT (OPMBI IUIACTUHKUA M SBIsSIETCd (QYHKUMEH TIIyOMHBI X
MIOTPYKEHHS TAHHOU TTOJIOCHI.
JUig MIaCTUHKU MOCTOSHHOW WIMpPUHBI Gopmyna (5) ympoiaercs, T.K. 3Ty NMOCTOSHHYIO MOXKHO
BBIHECTH 3a 3HAK MHTETpaJIa:
b ] b? _ a?
2

B
P = 9,8‘lyj xydx = 9,81]f}-‘j xdx= 9,81y}-‘%j = 9,81yy
a

@ @

Iopsinok BbINOJHEHHSI PadOThHI:

1. IlpounTaTh 337729y ¥ ONMPEICITUTH CIIOCO0 €€ PeIIeHUSI.

2. IlpumeHUTH POPMYITY HHTETPAILHOTO UCUMCIICHHUS JUIS PEIICHUS 3aJauH.
3. 3anucaTp OTBET.

Xox padoThI:

IMpumep 1. 3ananue. HaliTu nyTh, NpOWICHHBIN TEIOM 3a 4 CEKyH/bl OT Hayajia JIBM)KEHUS, €CIIU
ckopocTb Tena v(t) = 10t + 2 (m/c).

Pemenne: Ecnmm v(t)=10t+2 (m/c), TO myTh, NMPONACHHBIA TEIOM OT Hadaya JaBrkeHus (t=0) mo
KOHIIA 4-11 CEKYH/Ibl, pABEH

‘
S= fune+2)dt =5+ H[=00+8=88 (u)
o

Oter. S = 88 (m).

IIpumep 2. Kakyro paboTy HYXKHO 3aTpaTuUTh, YTOOBI pacTsIHYTh NpyxuHy Ha 0,05 M, ecnu cuna
100 H pacrtsarusaer npyxuny Ha 0,01 m?

Pemenue: Ilo 3akony ['yka ympyras cuia, pacTsSruparoiias NPYKHUHY, MPOTOPIHOHATbHA 3TOMY
pacTsukeHuIo X, T. €. F = kx, rae k — koaddunuent nponopuronansHocT. CorjiacHoO ycIoBHUIO 3a/1a4H,
cwia F = 100 H pactsarusaer npyxuny Ha X = 0,01 m; cnenoBarensno, 100 = k*0,01, otkyna k = 10000;
caepoBarenbHo,F = 10000x.

I/ICKOIEaSI paboTa Ha OCHOBaHUU (HOPMYIBI paBHA

A= / 10000z de = 500020 = 12,5 (1Lx).

o
IIpumep 3. B Boay omymieHa npsMOYrojibHas IUJIACTHMHKA, PACIOJIOKEHHAs BepTUKalbHO. Ee
TOPU30HTANIbHAS CTOPOHA paBHa | M, BepTuKanbHas 2 M. BepxHsist cTopoHa HaxoauTcs Ha riayoune 0,5 M.
OnpenenuTh CUITy JABJIEHUS BOJIbI HAa TUIACTUHKY.
Pemenue:
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3pecby=1,2=0,5,b=2+0,5=2,5 (m), ¥ = 1000 Kr/*° . ClIeIOBATENbHO,

xt 25 2,57 — 0,57
P =9310 [.ry dx = 9810 f.r dx = 9810 — 05> 9810 ———— = 29430 (H).

a rd

BbInoJiHUTH 3aaHUA:
1. Haiitu paboTty npousBoaumMyto mpu cxatuu npyxkuusl Ha 0,03 M, ecan s
cxatus e€ Ha 0,005 M Hy>kHO TIpHIIOKuUTH cuity B 10 H.

Otsert: 0,9 JIx.

2. Cuna ynpyroctu npyxussl, pactsayroid Ha 0,05 M, paBna 3 H. Haiitu paboty, koTopyto Hazo0
IIPOU3BECTH, YTOOBI PACTAHYTH ATy NpyxkHuHy Ha 0,05 M

Otsert: 0,075 Ix.

3. Macca cTepiKHs, PacIoJI0XEHHOrO Ha OTpesKe [0;3] , €M IUIOTHOCTH 3ajaeTcs (yHKIMeit
p(x)=x*-3x, paBHa ...

4. Haiitu paboTy, KOTOPYIO HYXHO 3aTpaTuTh, YTOOBI pacTsHyTh NpyxuHy Ha 0,05 M, eciau cuia
100 H pactsarusaer npyxuny Ha 0,01 m

Otsert: 125 [Ix.

5. Beiuucnuth paboTy, coBeplIaeMylo NpU CKAaTHUM NPYKHUHBI HA 15 cM, eciM U3BECTHO, YTO JUIS
cKaTug NnpyxuHsl Ha 1 cM Heo6xoauma cuia B 30 H.

Otsert: 33,75 JIx.

6. Boruncnuth paboty, coBepiiaeMyto npu cxaTuu npyxunsl a 0,08 m, ecnu it cxxatus e€ Ha 0,01
M HyxHa Cuza B 25 H.

Otser: 8 JIx.

7. Teno nBuxeTcs MPSMOJIMHENHO CO CKOPOCTBIO v(t) =2t2 —t+1 (M/c). HaliTu myTh, mpoiiieHHbIH 32
nepBele 3 C.

Otser: 16,5 M.

8. Teno nBmxeTCsl MPAMOIMHENHO CO CKOPOCTBIO v(t) =2t +a(M/C). HaliTU 3Ha4YeHue mapamerpa a,

€CJIM M3BECTHO, YTO 3a npoMexyTok Bpemenn ot 1, =0 o t, = 2(c) reno npouwio nyrs mmmHOM 40 M.

OtBeT: a=18.

9. Temo IBMKETCS MNPIMOJIMHERHO €O CKOPOCTBIO V(t)=12t—t° (M/c). Haiitm mmHY mIyTH,
MIPOMJICHHOTO TEJIOM OT Hayasla IMyTH, 10 €r0 OCTAaHOBKH.

VYka3zaHue: B MOMEHTHI Hauajla i OCTAaHOBKH CKOPOCTh TeJla paBHa HYJIIO.

OtBerT: 288 M.

10. Haliti nyTh, NpONJIEHHBIA TOYKOW 3a TPETHIO CEKYHAY, 3Has CKOPOCTh €€ MPAMOJMUHEHHOTO
JBUKEHHS v(t) =3t° —2t-3 (M/c).

Otger: 11 M.

11. JIBa Tena Hayaiau JBUraThCsl MO MPSIMOM B OJMH M TOT K€ MOMEHT W3 OJHOW TOYKH B OJHOM
HAIPaBJIEHUU. OJHO TEJO JBHIaloCh CO CKOPOCTBIO v (t) =3t? +2t (M/C), APYyroe co CKOPOCTBIO v, (t) =2t
(M/c). oipeenuTh pacCTOSIHUE MEXY TeJlaMH uepe3 2 CeKyH/bI.

OtBerT: 8M.

12. Macca cTepiKHs, PacIOJIOKCHHOTO Ha OTpe3ke [0;2] , eci IUIOTHOCTH 3agaetcsi QyHKIHEH

p(x) =6x°—3x, paBHa ...

2
. v(t) = (3t~ + 8t) . .

13. Teno ABWKETCS MPSIMOJIMHEHHO CO CKOPOCTBIO . Torma myTth, NpoWIEHHBIH

TEJIOM 3a MPOMEXKYTOK BPEMEHH OT t=1 mo L= 4 , PaBeH ...
2

14. CkopocTb Tena, IBHXKYLIETOCcs MPSIMOJIMHEHHO, 3a1aeTcs (opMyioi v(t) =2t -317) (m/c).
Torna nnavHa MyTH, MPONRAEHHOTO TEJIOM OT Hayajia ero JBU)KEHUs 10 OCTAHOBKH, PaBHA ...

IIpumep 4.1. Haiitu paboTy, KOTOPYIO HY>KHO 3aTpaTUTh, YTOOBI pacTAHYTh NpyxuHy Ha 0,05 M,
ecin cuna 100 H pactarusaer npyxuny Ha 0,01 m

34



Ilo 3akony I'yka ympyras cwia F, pacTaruBaromas npyxuHy, NpONOPLIUOHAIbHA 3TOMY
pacTshkenuio X, T.e. F =KX, rae k — koadpuumnent nponopumonansroctu. Ilo yenosuro cuna F =100 H
pacTsIruBaeT MpyXMHY Ha x=0,01M, T.€. 100=k-0,01=k =10000. Toraa F =kx=10000 x.

Berancnum pabory:

0,05 2 0,05
A= {10000 xdx = 10000 X? =5000 x| " =5000-0,05 = 12,5 (JLx)
0 0

OmnpenenEéHHbI HHTETPAT IPUMEHSIOT JJIS BBIYMCICHUS IIYTH S MPSAMOJIMHEHHOTO JIBHKCHHUS.

[Iyrs S, NpoiiaeHHbI MaTepHaIbHOM TOYKOM 3a IMPOMEXKYTOK BpemeHu oT t=a no t=D, pasen
OrpeIeIEHHOMY HHTErpainy oT ckopoctu V(t):

S= j.v(t)dt

IIpumep 4.2. BpruucauTh myTh, NPONIEHHBIA TOUKOM 3a 4 CEKyHIbl OT Hayaua JABM)KEHHUS, €CIIU
CKOPOCTB TOYKH v =2t +4 (M/C).

ITo ycnosuro: v(t)=2t+4,a=0,b=4.
4

4 2
Torza s - [ (2t+4)dt = 2% 4t =42+ 4.4 =32 (M/C).
0

0

[0:6]
IIpumep 4.3. Macca cTepkHs, pacloiOKEHHOTO Ha OTpe3Ke - ~ ', €ClIM IUIOTHOCTh 337aeTCs

plx)=2x%+3

¢byHKIMEH , paBHa ...

[a; B]
B xadectBe Moenn cTepKHSA NPUHUMAETCS OTPE30K -~ * Ha ocu OX, JuIMHA KOTOPOTO COBIAAAET

' ' (x)
C IJIMHOM CTCPXKHA M B KAXIOHW TOYKE KOTOPOro 3aJaHO 3HAYCHUC IINIOTHOCTHU p . Torz[a Maccy

b
m= jp(x)dx
CTEpIKHS MOKHO BBIYUCIIATE 1o popmyme da
Hcnons3ys ycIOBUE 3a1a49H, MOTYIUM:
6. 93 ° L6
m=[(22 +3)a=| o ra | =22 yi1g=
U - 3 3

=144 +18=162.

dopma npeacTaBiieHus pe3yJbTaTa: BHIIOJIHCHHAs padoTa.

Kpurepum oueHku:

3a mpaBUIILHBIN OTBET Ha BOIPOCHI MJIM BEPHOE PEIICHHUE 3aJIa4M BBICTABIISICTCS IOJIOKUTEIbHAS
onenka — 1 Gasu.

3a He TmpaBWIBHBIH OTBET HA BOMPOCHI WM HEBEPHOE PEIICHHWE 3aJadyd BBICTABJISAETCS
oTpHIIaTeNbHas oleHka — 0 6aioB.

I KavecTBeHHast olleHKa WHAMBHTyaIbHBIX
OLIEHT N
pon 00pa30BaTeNbHBIX TOCTUKEHUHN
pe3yAbTaTUBHOCTH 5
At .
(MpaBUIIBHBIX OTBETOB) BepOaJIbHBIN aHAJIOT
(oT™MeTKa)

90 +100 5 OTJINYHO

80 +~ 89 4 XOPOIIIO

60 +79 3 YJIOBJIETBOPUTEIILHO
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MeHee 60 | 2 | HE YJIOBJICTBOPHUTEIHLHO

Tema 3.4 InddepeHuuaibHbie ypAaBHEHUS

IIpakTnuyeckas padora Ne 18, 19
Pemenne nuddepeHuuanbHbIX ypaBHEeHUH MEPBOTro NOPAIKA ¢ pa3iesiioIMMHCs
nepeMeHHbIMHI

Heab padorsl: Hayuntbes pemats mquddepeHnnanbHbple ypaBHEHUS | mopsiika ¢ pa3aessionuMu
nepeMeHHbIMU. HayuuThcs HaXoAUTh OOIINE U YaCTHBIC PEIICHUS.

Boinosnus padorty, Bel Oyaere:

YMETb:

V1 4 pemaTth TpUKIIaAHBIC 33/1a4H C UCTIOJIB30BAaHUEM TIPEACIIOB U AIEMEHTOB AU(depeHITHaTBLHOTO
Y UHTETPATTbHOTO MCYUCIICHUN;

MaTepHaﬂbHOC odecmeyeHue:
I/IHHI/IBI/I}IyaJ'II)HBIe 3aaHusd, Ta6J'II/IIII>I, CIIpaBOYHHKH, y‘I€6HI/IKI/I, KOHCIICKTHI HGKHI/Iﬁ.

3ajganue:
1. Haiitu oGmee pemenue nuddepeHnaibHOTo ypaBHEHUS

dy 3dx
a) Tz = \/_y
6) (y—1D?dx+ (1 —x3dy=0
2. Haiitn yacTHOe penieHne muddepeHnaIb-HOT0 YpaBHEHUS
dy = (3x% — 2x)dx , ecru Yy=4 npu x=

Iopsinok BbINOJIHEHHSI PadOTHI:

1) IIpuBecTH JaHHOE YpaBHEHHE K YPABHEHHIO C PA3JCISIONIUMH IEPEMEHHBIMH, T. €. IPOU3BECTH
paszeseHre IepEMEHHBIX, JIIsl 3TOTO:

a) IIpousBoaHble GYHKIIUH 3aMEHUTH ¢€ quddepeHIInaTaMu;

0) CrpynmnupoBarh WiCHBl C OJUHAKOBBIMH TU(GQEepeHIInaTaMi U 3alucaTh UX B Pa3HBIX YacTIX
paBeHCTBA, BhIHECS MU depeHITaIbI 32 CKOOKH;

B) IllojgenuTh WM YMHOXHTHh 00€ 4acTH PAaBEHCTBA Ha TAaKWE BBIPAKCHHS, YTOOBI BCE (PYHKIUH
CTOSUIM TIpH ,,cBOMX” muddepennuanax, T. €. mpusectd k Buay: @(y)dy = @(x)dx

2) TlpounHTterprpoBaTh 00€ YaCTH PaBEHCTBA U HANTH 00IICe PEIICHHE.

3) Iy BBIAETICHUS YaCTHOTO PEIICHHs U3 00IIEero 3a1aeTcs ToUka (Xg: Vo), Yepe3 KOTOPYIO A0JDKHA
MPOXOJNTH MHTErpasibHas KpuBast. Haxomum 3Hauenue nocrosiHHoM C ,a 3atem C mojcrarisieM B o01ee
pellieHHe U 3aIMChIBAEM YacTHOE PEIICHHUE.

Xox pabdoThI:

1) Haiitu o6miee perenre auphepeHInaILHOTO YPaBHEHHUS:

(6xdx + 3xy?dx) — (6ydy + 2x%ydy) = 0

Crpynnupyem wiensl ¢ dX u dy
3x(2+ y?)dx —2y(3+ x*)dy =0
-Paznenum nepemeHHbIC
3xdx 2ydy
3+x2 2+7y2

3[ xdx _Zf ydy
3+x2 ") 2+y?

-PerraeM o oTAENBHOCTH KaxKIbIH HUHTCIrpaj MECTOAOM IOJACTAHOBKU

-UnTerpupyem
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3
Eln(3 +x%) =In(2+y?) +Inc

3
In3+x%)z=In2+y?-c

JB+x2)3=02+y?»)-c

-ITorenupyem 310 ypaBHEHUE

-3anuceiBaeM o0IIIee pelieHue:
(B+x?)V3+xZ _ c
2+y?
2) HaiiTu yactHbie pemienue aud@epeHuanbHbIX ypaBHEHUN
2(y —3)dx —dy = 0 npu x=0,y=4
-Pazpgenum nepemeHHbIe
dy = 2(y — 3)dx

dy
— _—2d
y—3 *
-IIpounTerpupyem o6e yacTu ypaBHEHHUS
dy__ f 2d
y—3 *

In(y —3) =2x+1Inc
-ITo onpenenennio  norapudma 2x = Ine?*
In(y — 3) =1In(e®* - ¢)
-3anwuieM oo1Iee pereHne
y=e**-c+3
-IToncTaBuM B 3TO ypaBHEHHE HavaabHbIC yeiaoBus X=0 , y=4
4=e%c+3 =>c=1
-3anuuieM 4acTHOE PElICHUE
y=e?**+3

dopma npeacTraBiieHus pe3yJbTaTa: BbINOJIHEHHAs paboTa

Kpurepun oueHku:

Ouenka "OTJHYHO" CTaBUTCS, €cid paboTa BHINIOJIHEHA B IOJHOM 00BEME C COOJIOJEHUEM
HEOOXOMMOM IOCIEA0BATEILHOCTH JICUCTBHI; B OTBETE NMPAaBWILHO M aKKypaTHO BBIMOJHEHBI BCE
3aIllMCU U BEIYHCIICHUA.

Ouenka '"'Xopomio" CTaBHUTCsI, €CJIM BBITIOJHEHBI TPEeOOBaHMSI K OIEHKE "OTIMYHO", HO JOMYIIEHbI
2-3 "Henouera.

Ouenka "ya0B/1eTBOPUTENbHO'" CTaBUTCA, €ciu paboTa BBINOJHEHA HE TMOJHOCTHIO, HO 00BEM
BBITTOJTHEHHOM YacTH TaKOB, YTO IO3BOJIAECT IMOJYYUTh IpPaBUJIBHBIC pPE3ylbTaThl M BBIBOJIBI; B XOJIE
MpOBeJIeHUS! pabOThI ObUIN AOMYIIEHBI OIIHOKH.

Ouenka '""Hey/10BJIETBOPUTEIBLHO' CTaBUTCS, €Clii paboTa BHIMOJIHEHA HE MOJTHOCTHIO U 00BEM
BBITTOJTHEHHOM 4acTH pabOThI HE MTO3BOJISET CACNIATh MPABWIbHBIX BBIBOJIOB.

Tema 3.4 InpdepeHnuaibHbIie ypABHCHUS

IIpakTnyeckas padora Ne 20
Pemenue oqHOpoaHbIX AU GepeHuHaNbHBIX YPABHEHHH NIEPBOro MOpsaKa

Heas padorbl: Hayunutscs onpenensats BUA AuddepeHInalbHbIX YpaBHEHUH, HAX0IUTh odliee U
YaCTHOE PELIeHNEe OJHOPOAHBIX M TMHEHHBIX qu(depeHInanbHbIX ypaBHeHu# | mopsaka.
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Boinosnus padorty, Bl Oyaere:

YMETB:

Y1 4 pemaTh NpUKIAIHBIC 33a4U C HCIIOIH30BAHUEM MPEACIIOB U 3JIEMEHTOB MU (EpEeHIINATHEHOTO
U UHTCTPAaJIbHOI'O I/ICLII/ICJIGHI/If/'I;

MarepuanbHoe obecrieyenne:
NunuBunyanbHbie 3a1anus, TaOIUIIBI, CIIPABOYHUKHY, YUEOHUKH, KOHCTICKTHI JICKITUH.

3ananmue:

1. Haiiti obmee pemenne quddepeHnnanbHOT0 ypaBHEHHS
1= XY

Q) y' =_,

b) xy' —y = —x

2. Haiitn yacTHOE pemienue mudpepeHInaIbHOTO ypaBHEHHUS
Q) y*+x%y =xy -y mpuy(l) =1
b) y'sinx —ycosx =1 npuxg,y=1

Ilopsinok BbINOJIHEHHS PA0OTHI:
1.JInss pemenust ogHopoaHoro muddepeHnuanibHoro ypaBHeHust | mopsiika JaHHOE ypaBHEHHE

IyTeM BBEACHUS HOBOU NMEpEMEHHON HYHO NMPUBECTH K YPABHEHUIO C Pa3AeSIOUIUMUCS EPEMEHHBIMU.
d dz
3aMeHUM Y = Z * X, d—y =x——+tz,rn8 Z-HOBasi Heu3BecTHas QYHKIHUS OT X.
X X
[Tonyumnock ypaBHEHHE ¢ Pa3ASISIFOITUMU TTEPEMEHHBIMU OTHOCUTEIHHO Z.

Pemus ero, Hano Z 3amMeHUTH Ha u BBIPA3UTh }.
X
2. JIuneitnoe muddepennnanpHoe ypaBHeHHE | mopsiaka pemaercs myTeM MoACTaHOBKU

dy dd du
y T odx dx + dx
JuddepennnanbHoe ypaBHEHHE CBOAMTCS K PEHICHUIO MBYX MU(d(epeHINaIbHBIX YpaBHCHHH, C
pa3eNgoIMMU IEPEeMEHHBIMH, CHa4Yajla OTHOCUTENBHO U , TOTOM- &, re u U Y Heu3BecTHbIe (HYyHKIINH

OT X.

Xox padoThI:

1) Haiitu yacTHOe perieHre oJHOpoHOTO nuddepeHnmansHoro ypasHenue | mopsiaka
’ 2x+y _ _
= , ecn Y=0 npu x=1

2x
dy . dy 2x+y
-3amMeHuM Y'Ha —; — = ——

dx'dx ~ 2x
. ady dz
-HpOI/ISBeI[eM INOJACTAHOBKY Yy = ZX, E = xa +z

dz 2x+zx dz x(2+z
Xx—+z= ; x % 4 g =220

dx 2 dx 2x

dz _ 2+z

dx 2

dz _ 2-z

dx 2

2 dx
-Paznenum nepeMeHHbIE z_dZ =
—Z

dx

-IIpounrterpupyem BbIpakeHue: 2 f ZdeZ =J7

-Pemaem nannoe ypaBuenne —21In|2 — z| =In|x| +Inc

In ———— = In(xc)

(2—-2)
1
(2-2)2

-IIponoreHnupyeM BeIpakeHHE
1

-Boipasum z: (2 — 2)? = -
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1
2—z=-—
Vxc
5 1
z7=2—-——
Vxc
3 _y _ 2xvxc-x 6
AMEHUM Z = M BRIDA3UM Yy = — —=— — obliiec peiienue

-ITogcraBum HavanpHbIe yenoBust y=0 , Xx=1

0=2toc—1=02Vc=1c=1c=1
Ve 2 4
-IToncraBum C B obOmiee pemenne y = 2(x — 4/X) 9acTHOE pEIICHHUE.
2) Haiitu yactHOe pemienue nuHeiHoro tuddepeHnnansHoro ypapsHeHus | nopsaka
xy'+y =3, ecu y=0, npu x=1
-IIpuBeeM ypaBHEHHUE K BHILY IO OTIPE/ICTICHUIO
Y3
+==—
YT T x
-Cnenaem 3aMeHy
. dy ad du
y = ud, E;==112;'+19£;
-Crpynnupyem 4jeHsl ¢ ¥, MoJTyduM
du u S du __ u
19(;+;) =0,Tk.9 ¢0—>dx ==
-Paznenum nepemeHHbIe
du  dx
U x
-IIponnTerpupyem
du dx
u x
In|u| = —In|x|
-IIponoTenuupyem
1
u=-
x
-IToncTaBum U B ocTaBIIeecs: ypaBHEHHE
1d9 3
xdx x
dd = 3dx
-IIpounTterpupyem
Y=3x+c

-IToacraBum y = ud
y = §(3x + ¢)- obuiee peuieHue
-IToxcTaBuM HavaIbHBIE YCIOBHS
0=3+c=>c=3

3
y== (x — 1)- yacTHOe pernieHue

@dopma npeacTaBieHus pe3y/bTaTa: BbIINOJIHEHHAs padoTa.

Kputepun onenkn:

Ounenka "oramyHo'" craBUTCS, €cnu paboTa BHINIOJHEHAa B TMOJTHOM O0BEME C COONIO/IEHUEM
HE0OXOIMMOM MOCNeA0BATENbHOCTH JIEHCTBHI; B OTBETE€ MPAaBUIBLHO M AaKKypaTHO BBHITIOJHEHBI BCE
3alUCH U BBIYUCIICHUS.

Onenka "xopomo' cTaBUTCs, €CIM BBIIOJIHEHbl TpeOOBaHMS K OLEHKE "OTIMYHO", HO JJOMYIIEHBI
2-3 Henoyera.

Ouenka "y/10BJIETBOPUTEJIBHO' CTaBUTCS, €CIH pabOTa BBIMOJHEHA HE MOJTHOCTHIO, HO 00BEM
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BBIIIOJIHEHHOW YacTU TAaKOB, YTO I103BOJISIET IMOJYYWUTh IPaBUIIbHBIE PE3YJIbTaThl M BBIBOJBI; B XOJE
MpOBeACHUS pabOTHl OBUIN JIOTYIEHB! OLTHOKH.

Ouenka '""Hey/I0BJIETBOPUTEIBHO' CTaBUTCS, €CIIM pab0OTa BHIMOJTHEHA HE MOJTHOCTHIO HITH 00BEM
BBINIOJIHEHHOW YacTU pabOThI HE MO3BOJISIET CAENIATh IPABUIIbHBIX BBIBOJIOB.

Tema 3.4 InddepenuuabHbie ypaBHEHUs!

IIpakTnueckas padora Ne 21
Pemenue nudgepeHunaIbLHbIX YPABHEHUH BTOPOIro NOpsiAKa

Heap padorei: Hayuuthcs pemats nuddepennuanbabie ypaBHeHust |l mopsaka u nuHelHble
oaHOpoiHbIe AuddepeHmanbabie ypaBHeHus |l mopsaka ¢ mocTossHHBIME K0P HUITUSHTAMH.

Boinosnus padorty, Bel Oyaere:

YMETb:

V1 4 pemaTth TpUKIIaAHBIC 33/1a4H C UCTIOJIb30BAaHUEM TPECIIOB U AIEeMEHTOB AU depeHIInaTIbLHOTO
U UHTCTPpAaJIbHOI'O HCqHCHeHHﬁ;

MarepuanbHoe o0ecrieyeHme:
I/IH)II/IBI/IJIyaIH)HI)Ie 3aJaHHuA , Ta6J'H/IIII)I, CIIpaBOYHHUKHU, y‘Ie6HI/IKI/I, KOHCIICKTHI J'ICKIIHfI.

3ananmue:
1. Pemuth nuddepennmansupie ypasuenus |l nopsaxa:
b) ay _
dx?
) " =x,A(1;0); B(1;1)
2. Haiitu gactHOe pemenne oxHopoaHoro muddepennnansaoro ypasuenus |1
MOPSLIIKA.
d’y _dy dy
ﬁ—za—3y—0npnx—0,y— 0; - 0

IMopsinok BbINOJIHEHHSI PA0OTHI:

1) Tuddepennmansasie ypasuerus |l mopsaka perrarorcss IByKpaTHBIM HHTETPHPOBAHUEM, ITyTEM

o o d
BBCACHHUA HOBOU IIEPEMEHHOU P = d_z

[IpuBOIMM K ypaBHEHUIO C Pa3ACSIONIMMU IEPEMEHHBIMU U PEIIaeéM OTHOCUTENIBHO .

[ToacraBnsiem P U pelaeM ypaBHEHHE pa3JelieHUEM MePEMEHHBIX OTHOCUTEIIHHO Y.

Ecnu nmanel HavanmbHBIE YCIOBHUS, TO TMOJCTaBisgeM B 0OIlee pEIICHHE, COCTABISEM CHUCTEMY
TUHENHBIX ypaBHeHUU U pemaeM otHocutenbHo C; U C,. IloncraBmsist C; u C, B oOiiee perieHue,
HAXOJMM YaCTHBIC PELICHUSI.

2) OnnoponHoe muddepenunansHoe ypaBuenue |l mopsiaka.
ITyrem 3ameHbl y = eX¥
y' = kel
y" = k2ekx
CocraBiseM xapakrepuctuueckoe ypasaenue k? + pk + q = o u3 kotoporo Haxoaum k,u k.
Oouiee pemenne npu D>0 Gyzer:
y = c,ek1X + ¢ ekex

[pu D=0 6yzet: y = e*(c; + c;%)

[Tpu D<0 O6yzner: y = e**(c, cos bx + ¢, sin bx)

[Ipu 3agaHHBIX HAYANBHBIX YCIOBHUSX COCTAaBJISIEeM CHUCTEMY JIMHEWHBIX ypaBHEHUH M pemiaeM eé
oTHocurenbHo Cq U C,.
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Xopn padoThr:
Il.  Pemuts nuddepennuanbHoe ypaBHEHUE TTOPSIKA

d%y
—=1-2x
dx
ay
-3aMeHuM p = > TOTyHHM:
ay

d? algy) d

i, o112y

dx? dx dx

-Pazpgenum nepemeHHbIe
dp = (1 —2x)dx
-IIpounTerpupyem
[dp = [(1-2x)dx
p=x—x%+c¢
-3aMeHuM P Ha i
dy , dx
XX +c
-Paznenum nepemeHHbIe
dy = (x —x? + ¢;)dx
-IIpounTerpupyem u moyrydyum oOliee perieHme
[dy = [(x—x%+c)dx
x?  x3
y=7—?+clx+cz
I1l.  Pemwuts ogHOpoaHOE AuddepenmanbHoe ypaBHeHue |l mopsaka
a) y'=5y"+6=0
-CocTaBUM XapaKTepUCTHYECKOE YpaBHEHUE
k? — 5k + 6 = 0, pemaeM KBaapaTHOE ypaBHEHHME, monydnm  ky = 2,k, = 3
-O06mmee pemeHue Oymer:
y = cie? + ¢ e3*
b) y'+4y'+4y=o0
-CocTaBUM XapaKTEPUCTHUECKOE YpaBHEHUE
k?+4k+4=0, (k+2)?=0 k=-2
-3anuiem o6mee permenue ass D=0
y = e ?*(c; + cpx)
c) y"—6y'+13y =0
-CocTaBUM XapaKTepUCTHYECKOE YpaBHEHUE
k2 —6k+12=0;D =36 —4-13 = —16 D<0 => x, , =6“Tl67=612‘“

-3anumem o01Iee pelieHue
y = e3¥*(c, cos 2x + ¢, sin 2x)
@®opMa npeocTABICHNs Pe3yJIbTATa: BLIIOIHEHHAs paboTa.

Kpurepum oueHku:

Ouenka "OTJHYHO" CTaBUTCS, €cilu paboTa BHINIOJIHEHAa B IOJHOM 00BEME C COOJIOJCHUEM
HE0OXOIMMOM MOCNEA0BATENHHOCTH JIEHCTBHI; B OTBETE€ MPABWILHO W aKKypaTHO BBHIMOJHEHBI BCE
3alUCH U BBIYUCIICHUS.

Ounenka "xopomo' cTaBUTCs, €CIM BBHIIIOJIHEHbl TPeOOBaHMS K OLEHKE "OTIMYHO", HO JJOMYIIEHBI
2-3 "Henouera.

Ouenka "y/10BJIETBOPUTEJIBHO' CTaBUTCs, €ClIM pabOTa BBIMOJHEHA HE MOJIHOCTHIO, HO 00BEM
BBIIIOJTHEHHOM YacTH TAaKOB, YTO MO3BOJIAET IOJYYUTh MpPaBUJIIbHBIE pPE3ylbTaTbl M BBIBOJIBI; B XOJI€
MPOBeJIeHUS] pabOThI ObUTM AOMYIIEHBI OIIHOKH.

OueHka '""Hey/I0BJIETBOPUTEIBHO'" CTaBUTCS, €ClM paboTa BHIMOJIHEHA HE MOTHOCTHIO U 00BEM
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BBIIIOJTHCHHOM YaCTH pa60TbI HC NTO3BOJIACT CACIATh MMPaBUJIbHBIX BEIBOJIOB.
Temad.1 DaeMeHTDI TEOPpUHU BCPOHTHOCTeﬁ M MaTeMaTH4eCKOil CTATUCTUKH

IIpakTnueckas padora Ne 22
Pemenne KoOMOMHATOPHBIX 32124

Heap padorbi: OCMBICIUTH OCHOBHBIE MOHATUS KOMOMHATOPUKH, HAY4YUTbCA OTJIMYATh OJHY
BBIOOPKY OT JPYroil, MPUMEHATH (OPMYIIBI JUTS UX HAXOXKICHHS.

Boinosnus padorty, Bl Oyaere:

YMETb:
VY1 3 pemaTh 334U Ha BBIYMCIEHUE BEPOSTHOCTHU C MCIIOJIb30BAHUEM JIEMEHTOB KOMOWHATOPUKH,

pelarh 3a/1a4u CTaTUCTUKH;
MarepuanbHoe obecniedenune: HIuBHIyabHBIC 3a/1aHUSI, KOHCIIEKTHI JICKIIUMA.

3aganue:

1. B copeBHOBaHusx yuactByer 10 genoBek, Tpoe U3 HUX 3auMyT l-e, 2-e n 3-e mecTo. CKOJIBKO
CYILIECTBYET PaA3JIMYHBIX BAPUAHTOB ?

2. W3 rpynmel, B KOTOpoH yuutcs 12 yenoBek, HEOOXOAMMO BBIOpaTh 3 yelOBEKa B COBET
koJutemka. CKOJIBKO CYIIECTBYET Pa3IUYHBIX CIHOCOOOB TAakKOTO BHIOOpA.

3. Ha xHWXHOU MOJIKE BBICTABJICHBI § KHUT Pa3IUYHbIX aBTOPOB. CKOJBKO CHOCOOOB MMEETCS
JUISl PACCTaHOBKH 3TUX KHUT B Pa3HOM HOpsKe?

Kparkue TeopeTuueckue cBeIeHH:

B ocHoBe pernieHus 3a1a4 Ha KOMOMHATOPUKY JIEXKaT /iBa MpaBuia:

L.Ilpasuno cnosicenusn. Ecnu HEKOTOPBIA 3JeMEHT A MOXHO BbIOpaTh M crocobamu, a apyrou
aneMeHT B —Ncmocobamu, MCKITIOYAOIMKUMHE  JIPYT Ipyra, TO BHIOOP KaKOro-HUOYAb OJHOTO M3 ATHUX
aneMeHTOB( 0o A, 1060 B ) MOXKHO OCYIIECTBHTH M+ N cHOCOOaMHU.

2.IIpasuno ymuoxncenusa. Ecni HEKOTOPHIA 3JE€MEHT A MOXHO BbIOpaTh M crocobamu W eciu
MOCJIe KaXKJIOTO TaKOTO BbIOOpa AsieMeHT B mMoxHO BeIOpath N crioco0amu, TO BEIOOP Maphl 3IEMEHTOB (
A, B) B ykazaHHOM MOPSIIKE MOKHO OCyIIeCTBUTE M- N crocobamu.

3aoaual. Tlpn HopMUPOBAaHHHM IKHUIIAKA KOCMHUYECKOTO KopaOmsi mMmeercs:10 mpeTeHIeHTOB Ha
MOCT KoMaHaupa,20 MpeTeHJeHTOB Ha IOCT OOpPTHH)KEHEepa,25 MpPeTEeHJCHTOB Ha MOCT KOCMOHABTa-
uccinenonatens. CKOJBKUMH CIOCOOAMH MOYXHO BBIOpaTh OJHY U3 KaHIUAATYp HA MOCT KOMAaHIUPA, WU
OOpTHHXKEHEPA, WM KOCMOHABTA-UCCIIeI0BATENS?

Pewenue. I1o npaBuiy cymmsl cymiectByeT 10+20+25=55cnoco60B BeIOOpa OAHOM U3 KaHIUAATYP.

3a0aua2.B cTonoBO# mpemtaraloT Ba pa3lUuYHBIX NEPBBIX :© @; U @, ;TPU PA3]IMUHBIX BTOPBIX
omona: b, b,,b, u nBa paznmmuneix necepra:C, u C,. CKOJIBKO pa3inYHBIX 00€IOB U3 TPEeX OO MOXKET
BBIOpATh MOKyNaTensb?

Pewenue. TlepBoe 611010 MOKHO BbIOpaTh ABYMs criocoOaMu, BTOpoe OJIF0JI0 MOKHO BbIOpaTh
TpeMs crnocodaMu, TpeTbe OJII0J0 MOKHO JByMs criocoOamu. [lo mpaBuily yMHOXKEHHS CYIIECTBYET 2
x3x2=12 crioco6oB BbIOpaTh 00e1 U3 Tpex OIIO.

3. lloomnosrcecmea n- muoxcecme(coeounenus).

Juis HaxoxzaeHus K — moamHOkecTs HEKOTOpOoro N— MHOKeCTBa HY)KHO BbIOpaTh K m3 N ero
AIIEMEHTOB (IIOATOMY YacTO TOBOPAT O 6bi60pke K anmemenToB u3 N —3nementoB). [Ipo BoiOpanHbie K U3

n PAa3JIMIHBIX 3JICMCHTOB IIPUHATO T'OBOPHUTH, YTO OHU o6pa3y10T coeuHeHrue U3 N 3IEMEHTOB IIO k
.COeauHeHue-CO6HpaTeHLHLIﬁ TCPMHUH KOM6I/IHaTOpI/IKI/I. B 3aBucumoctu ot TOTO, UMCCT JIM 3HAYCHUC
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HOPSAZOK DJIEMEHTOB B COCMHEHUU WM HET, a TAKXKE OT TOT0, BXOAAT B COCAMHEHUE Bce N 3JIeMEHTOB
WIH TOJBKO 4aCTh UX, Pa3IMYalOT TP BUJA COCAUHECHUN: nepecmano6Ku, pazmeuieHus, CoO4emaHnus.

Ilepecmanosku.

IlepectanoBkaMu U3 N—3JIEMEHTOB Ha3bIBAIOTCS TaKUE COCAMHEHUS M3 N — 2JIEMEHTOB, KOTOpBIE
OTIMYAIOTCS IPYT OT APYra TOJbKO MOPSAKOM PACHOJIOKEHHUS IEMEHTOB.

O6o3nauenue: P, =n!

Pazmewenus.

PazmenienusaMu u3 N —371€MEHTOB HA3BIBAIOTCS TAKUE COCAMHEHUS, KAXKI0€ U3 KOTOPBIX COIACPIKUT
M 57eMEHTOB, BHIOPAHHBIX W3 YHCIIa JAHHBIX N — 3JIEMEHTOB, OTJIMYAIOUIUXCS JTMOO COCTaBOM, JIMOO
MOPSIKOM MX PACIOJIOKEHUS, JIMOO U TEM , U APYTHUM.

O6Go3zunauenue A = _n
(n—m)!
3ameuanue. PaccMoTpeHHBbIE paHee NEpecTaHOBKM — YAaCTHBIM ciiydail pasmemieHuid u3 N-—
DJIEMEHTOB 110 1 — 3JIEMEHTOB.

. n
P =A = o =n!
55440.
Couemanus.

CouetanusaMu U3 N- 3JIEMEHTOB II0 MHA3LIBAIOTCS TaKHe COCAUHCHHA, KOTOPBIC OTIUYAIOTCA APYyT

OT JIpyra XOTs ObI OJTHUM 3JIEMEHTOM.

.

O06o3nauenne:Cl = ———
m!({n—m)!

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. Onpenenure BuA BHIOOPKH 0€3 TOBTOPEHUS.

2. BriGepete cooTBeTCTBYIONTYIO (DOPMYITY JJIsi BBIYMCICHHS BO3MOXHBIX KOMOWHAIIHIA.
3. IlpousBenuTe BBIUYMCICHUS, UCTIOIb3Ys MOHATHE (PaKTOpHUAIA.

Xox padoThI:
1. KomoBbIii 3aMOK OTKpBIBAETCSl TOCTEAOBATEIILHBIM HA0OPOM YETHIPEX PpPa3HBIX
uudp. TpeOyercst onpeaenuTh YHCIO BO3MOXKHBIX KOJIOB, KOTOPBIE MOXHO IMOJA00paTh s
3TOT0 3aMKa.
Pemenue.
1.Bosmoxueix 1mudp Bcero apecsars(l1,2,3,4,5,6,7,8,9,0).Kaxxnas naOpanHas KoMOWHamMs Koja
OTJIMYACTCS OT JIPYrol KoMOWHAIuu XoTs Obl ojgHOM 1udpoii(1,4,5,7 #2,4,5,7),mu60 nopsakoMm Habopa
oauHakoBbIX 1Hdp(1,4,5,7#4,5,7,1),m03TOMy I1si TOACYETA YKCIIa BO3MOXKHBIX KOMOHMHAIIUN KOJIOB
HCIIOJIb3yeM (OpMYITy YUCIIa pa3MEIICHHH.

.

dopmyia pasMmenieHuii uMeer BU A, = — B namewm cnyyae n = 4 ,m = 10,
N 10! _10!_10-98-7654321
[pousBoauM pacuét :Aj, = - =—= =10-9-8-7 = 5040
(10—4)! 8! £5-43-2-1
2. CKOJBKO CYIIECTBYET CIIOCOO0OB BBIOOPA TPEX UEIOBEK U3 AECATH?

Pemenue.

B nmanHoM ciydae mpu BeIOOpE Ui HAC BaXKEH TOJIBKO COCTaB IO TPU Ye€IOBEKa, MOPSAOK BbIOOpa
pOJIK HE UTPAET, MOATOMY B OTJIHYKE OT MEPBOTO MpUMEpa YUCIO CIOCOOOB MojAcCYUTaeM Mo (opmyne
COUYETaHUM.

®dopmyna couyeranuii umeer Bua:Cl =

———. B Hamem ciygae n=10, m=3.
m!({n—m)!
10! _ 10! 718910

3(10-8) am 3zr7 L0

3.CKONBKO pa3IMYHBbIX YETBIPEX3HAUHBIX YMCENT MOKHO cOCTaBUTh U3 1udpl,2,3.4 9 uudper He
MOBTOPSIOTCS)?

Pewrenue.

[powmsBomum pacuét:C3y =
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[To ycrmoBWIO AaHO MHOKECTBO M3 YETHIPEX 3JIEMEHTOB, KOTOpBIE TpeOyeTcs pacHoJOXKHUTh B
OTIpe/IeIEHHOM NOpsIKe. 3HAYHT, TPeOyeTCsl HAUTH KOJIMYECTBO MEPECTAHOBOK MX YETHIPEX 3JIEMEHTOB.

dopmyia nepecTaHOBOK U3 I —3JIeMEHTOB uMeeT Bu: B, = n! B namewm ciyuae n =4.

[MpousBeném pacuér: Py =4!=4-3 -2 - 1=24.

dopma npeacTaBIeHUs pe3yJIbTaTa: BHIIOJHCHHAS paboTa.

Kpurepuu oneHku:

3a HpaBHJIBHBIfI OTBECT HaA BOHpOCLI HNIN BepHOG peHIeHI/Ie 3a4a4Yr BBICTABJIACTCA ITOJIOXKUTCIbHAA
oleHka — 1 Gamu.

3a He HpaBHJIbHI:IfI OTBET Ha BOIIPOChI HJIKM HCBCPHOC PCHICHUC 3aJadd BbICTABIACTCA
oTpuLaTenbHas oreHka — (0 6ayios.

KavecTBeHHast olieHKa WHIMBHTyaTbHBIX
Hpouent 00pa30BaTeNIbHBIX JOCTHKEHUN
pe3yIbTaTUBHOCTH o :
(IpaBUIIBHBIX OTBETOB) (oTmeTKa) BepOaIbHBINA aHaAJIOT
90 + 100 5) OTJIMYHO
80 + 89 4 XOPOIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJOBJICTBOPHUTEIHHO

Tema 4.1 J1eMeHTHI TEOPUU BEPOSITHOCTEH U MATEMATHYECKON CTATUCTUKH

IIpakTnyeckas padora Ne 23
Pemrenue 3a1a4 Ha BbIYMC/IeHHE BEPOSITHOCTH € MCNIOJIb30BAHUEM 3J1€eMEHTOB
KOMOMHATOPUKH

Hean padorpi: HayanuThcsi HAXOIUTH BEPOSTHOCTh COOBITUMN, UCTIONB3YS (POPMYIIBI
KOMOHMHATOPHUKHU.

Bbinosinus patdory, Bel Oynere:
VY1 3 pemath 3a7a4u Ha BHIYUCIEHUE BEPOSTHOCTHU C MCIIOJIb30BAHUEM AJIEMEHTOB KOMOWHATOPUKH,
pelaTh 3a/1a4i CTaTUCTHKH,

MarepuajibHoe ob6ecniedenue: VHIuBYyanbHbIe 3aJaHNs], KOHCIIEKTHI JIEKIIUH.

3aganue:

1. ToToBsck K AOKIaxy, CTYIEHT BBIIMCAI U3 KHUIM LIUTAaTy, HO, 3a0bIB HOMEp CTpPaHMIIbI, Ha
KOTOpPO# OHa HaxoJWjach, Haucall HoMep Haynady. KakoBa BEpOSATHOCTb TOTO, 4YTO CTYAEHT 3amucall
HY)KHBIIl HOMED, €CJIM OH IOMHUT, YTO HOMEP BBIPa)KA€TCs JBY3HAUYHBIM YHCIOM?

2. B smuke 15 geraneit, cpeau kotopbix 10 oxpamiensl. COOpIIMK Haygady BeIOpan 3 geTanu.
KakoBa BEpOSTHOCTb TOTO, UTO BEIOpaHHBIE A€TAIM OKa3aJMCh OKPAIIEHHBIMU ?

3. HNmeercsa 8 kapTouek. OgHa CTOpOHA KaKJOW M3 HUX YKCTasi, a Ha JPYrol HamucaHbl OYKBBI
JOWPJJI, AJH,3,I1. KapTouku kinaayT Ha CTOJI YMCTOM CTOPOHOM BBEpX, NMEPEMENIMBAIOT, a 3aTeEM
IIOCJIEOBATEIBHO OJHY 3a APYrod nepeBopadnBaroT. KakoBa BEpOSTHOCTB TOTO, NP MOCIEA0BATEIHHOM
nosiBieHNH OyKkB Oyzet cocranieH cioso [IPA3JTHUK?
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Kpartkue Teoperuyeckue CBeleHUA:

BepostHOCTBIO cOOBITHSA A Ha3bIBaCTCS OTHOIICHHE YHUCIIA M ciydaeB, OJIarONpPUATCTBYIOMINX
€ro MOSIBJICHUIO, K 00ILIeMYy YHCITy BCEX HECOBMECTHBIX PaBHOBO3MOXHBIX M 00pa3yrOUIUX MOJIHYIO
rpymnmny coOsiTuid. Takoe ompenencHre BEpOSTHOCTH HA3bIBAIOT KJIACCHUECKUM. BeposTHOCTH COOBITHS

o6o3nauaercst P(A) wu Bbruncisiercs mo gpopmysie: P(A) = %

BeposTHOCTh TOSIBICHUS COOBITHSI 3aKJIFOUCHA B TIpeiesiax
or 0mol: 0<P(A) <1

Ilopsinok BbINOJTHEHHS PadOTHI:
Omnpenenute coObiTEe A, BEPOSITHOCTh KOTOPOTO HY>KHO BBIYHCIIHTH.

[IpocuuTaiite o6mee unciao(N) BO3MOKHBIX UCXO/I0B.
[IpocuuTaiite unciao ncxoa0B(M), 6I1aroNPUATCTBYIOMX HACTYIJIEHUIO COOBITHS A.

PoNE

o . m
Hcnons3yiite GopMyiay s BEIYMCIEHHS BEPOSTHOCTH ONpPENENEHHOro cobpitus. P(A) = o

Xon pa6orsl: 1.Habupas Homep tenedona, aboHeHT 3a0b11 ocneanune 3 nudpsl 1 Habpan ux
HayJauy, IOMHS . 4YTO OHU pa3n4Hbl. HaliiuTe BEposTHOCTh TOTrO, 4TO HAOpaHbI HY)KHbIE TU(PBHI.

Pemenue.

1. CoOwitne A-«HOMEp HaOpaH BEPHOY.

2. UYwucno n-o0miee 4YMCIO HWCXOJOB WCIBITAHHS IOJTYYHM, BOCIOJB30BABIINCE (DopMyliaMu
koMOuHaTopuku. Becero umeerca 10 mudp, T.e.. unciao 3neMeHToB paBHO 10; B KaxkJIoe COeIMHEHUE

BXOJUT MO 3 1udpbl; NOpsaoK HUP(IEMEHTOB) CYLIECTBEHEH MPU HaOope HoMepa, 3HAUUT, HYKHO

10! _7!'8:9-10

HalTH ymcno pasmenienuii u3 10 snemenToB 1o 3 no dopmyneAs, = ————=720. Urak, n=720

(10-3)! 7!

3. Ywmcmo m=1, T.K. TOJIBKO OJIMH HAOOP U3 TPEX U SBISETCS HYKHBIM.
4, PA)="=—1
n 720

2.3 ypHBI, B KOTOpo# HaxoasaTcs 12 Oenbix U 8 4€pHBIX IIapOB, BRIHUMAIOT HayAady JBa Imapa.
KakoBa BeposITHOCTh TOTO, YTO 00a mIapa OKaXYyTCsT YEPHBIMU?

Pewrenue.

1. CoOwiTHe A-«00a mapa OKaKyTCs YEPHBIMMI).

2. Yucno n-o0iee 4YMCIO HCXOJOB HCHBITAHMS MOJIYYUM, BOCIIOJIB30BABIIUCEH (OopMyIaMu
koMOuHaTOpuKu. OOmiee YHUCIO BO3MOXKHBIX CIy4aeB N paBHO YHUCIY coyeTaHuil u3 20 3IeMeHTOB

2 200 _ 20! _20-1918!_
(12+8) mo nga: n=C3 = 21(20-2)! 21-18! 1-2:18! =190.

3. UYucno cimyyaeB M, O1arompusITCTBYIOIIUX COOBITHIO A,  paBHO YHCIY COYETaHHUA U3 &
2 8! _ 8 _ 876! _
aneMeHTOB ( 8 uepHbIX mapoB ) 1o aBa: N=C§ = ——— ——=

21(8-2)! 216! 1216
4. P(A)=Z= % ~ 0,147

2.Ha mnsatu xapTtoukax paspe3Hoit a30yku Hanucanbl OykBbl A,3,K,0,M. Kaprouku
MePEeMEIIMBAIOTCA U HAyTaJl pacKiIaapIBatoTCs B psal. KakoBa BEposATHOCTH TOTO. YUTO MOITYUUTCS CIOBO
3AMOK ?

Pemenue.

1. Cobbrte A-«nomyuntcs cioBo 3AMOKY.

2. Yucno n-o0iiee 4YMCIO HMCXOJOB HCHBITAHMS TOJYYUM, BOCIOJB30BABIIUCH (popmynaMu
koMOMHaTOpukH. OOmee YMCIO  BO3MOXKHBIX CIy4aeB N paBHO YHCIYy NEPECTAaHOBOK U3 5
aneMeHToB (OykB): N=P; = 5!=54- 3 - 2 - 1=120.

3. UYucno cmyyaeB M, OGIaromnpusATCTBYIONINX COOBITHIO A, paBHO 1, T.K. TpeOyeTcs cOCTaBUTh

CJIOBO C 6yKBaMI/I, pacCTaBJICHHBIMHA B OHpeZ[eJ'IéHHOM TopAIKeE. A ot GYKBBI Pa3JINYHEIL.
m 1

4. P(a)="=L

n 120

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
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Kpurtepuu oueHku:
Kaxoe npaBuiibHO BBINOJIHEHHOE JIeiicTBHE -1 Oamt
KauecTtBenHnas onenka

TpoueHt WH/IMBUIYaJIbHBIX 00pa30BaTeIbHbBIX
Pe3yabTaTUBHOCTH AOCTHKCHHH
(IpaBUJIBHBIX OTBETOB) Oam1 .
BepOaIbHBINA aHaAJIOT
(oT™meTKa)
90 - 100 5 OTIIUYHO
80 - 89 4 XOPOIIIO
70-79 3 YIOBJICTBOPUTEIIHHO
HE
Mmenee 70 2
yJIOBJIETBOPUTEIHHO

Tema 4.1 Dj1eMeHTBI TEOPUHU BepOﬂTHOCTeﬁ U MaTeMaTH4eCKOil CTATUCTUKH

IIpakTnueckas padora Ne 24
Yucii0BbIe XapaAKTEPHUCTUKH BbIOOPKH
Heab padorbl: PaccMoTpeTs OTAeIbHBIE TPUMEPHI, XapaKTEPHBIE IS BLIOOPOYHOTO METO/IA.
Bbinosinus patdory, Bel Oynere:

YMETB:

VY1 3 pemath 3a1a4n Ha BHIYUCIICHUE BEPOSITHOCTH C UCIIOJIH30BAHUEM AJIEMEHTOB KOMOWHATOPHKH,
periaTh 3a/1a4i CTaTUCTUKH;

MartepuajnbHoe o0ecnieueHue: HIMBUTyalIbHbIEC 3a/IaHKS], KOHCIEKTHI JIEKIIUH.

3aganue:
1. [TocTpoUTh MOJIMTOHBI YACTOT M OTHOCUTENIBHBIX YACTOT TIO PACIPEICTICHUIO BRIOOPKHU:

xi | 2| 4| 7| 8 | 9| 12
‘2p2|pz|p2’p3’3p3

2. HOCTpOfITG THCTOrpaMMbl HaCTOT U OTHOCHUTEIIbHBIX YaCTOT I10 PACIIPEACTICHHUIO BI>I60pKI/IZ

No Uurepsai, CymMa yacToT
unteppana [ X — Xj_q BapuaHT I;I]IiiTepBana,

3-5 D1

2 Sl 2p;

3 =9 3ps

4 9-11 p;

5 11-13 2p;

6 13-15 3p?

7 15 - 17 D1+

4. Jlns reHepalbHOM COBOKYITHOCTH, 3a/IaHHOM pacipee/IeHuEM:

46



Haiinure renepanbHyl0 CpeIHIOW, FEHEPAIbHYIO JUCIIEPCUIO, TEHEPAIIBHOE CTaHJApPTHOE
OTKJIOHEHHUE, MOJly, MEIUaHY U pa3Max.
4. VI3 reHepanbHOM COBOKYITHOCTH CJieJIaHa BbIOOPKa, 3a/laHHasi paclpeieICHUEM:

xi]l 2 | 4| 6 | 8 |10 12 | 14

2

| p |20 | po | bl | s | 2ps | potps

HaiiTu BIOOpOUHYIO CpeHIOI0 BEIOOPOYHBIE AUCTIEPCHUIO U CTaHJapTHOE OTKIOHeHue. O0parure
BHMMaHUeE: P1= 4uciy OykB B Bamiem numenu; po= yuciy Oyks B Bameit pamunum; ps = unciay OykB B
nMeHu Bamero otna.

KpaTlme TEOPETUYECCKUE CBECACHHUHA B IIOJTHOM 00bEME UMEIOTCST B JICKIIHUH.

Ilopsinok BbINOJIHEHHS PadOTHI:

1 IIpounTaB ycnoBHe NMPEUIOKEHHON 3a4a4 , IO KOHCIEKTY JIEKIIMM HAaUAUTE COOTBETCTBYIOLINE
(bopMyIIBL.

2.1TpumenuTe JIEKHUOHHBIA TEOPETUYECKUM MaTepuan JUlsl peIIEeHNs KaKJIOW 3a/1auu.

3 B cnyyae HEOOXOAUMOCTH TPEACTAaBUTh T€OMETPUUYECKYIO HHTEPIPETALIUIO YHCIOBBIX
XapaKTEePUCTHUK. BBIOOPKH.

Xox pa0doThI:
1. 3agano pacnpeneneHrue 4acTOT BEHIOOPKH:

x| 2|6 |12]15
n| 3[10]7]5

CocTaBuTh pacnpe/ieNieHie OTHOCUTENIBHBIX YacTOT.
Omnpenenum cHavyasna 00beM BIOOPKH:
n=3+10+7+5=25.

o n.
Haiinem oTHOCHUTENBHBIE YACTOTHI IO OopMyae W, = —-:
n

w, =i=0,12; w, =E=O,4O;w3 =l=0,28;w4 =i=0,20.
25 25 25 25
CnenmoBaTeabHO,
xi. | 2 | 6 | 12 | 15
w; | 0,12 | 0,40 | 0,28 | 0,20
KonTposb: 0,12+0,40+0,28+0,20=1.
2.. Ilo pe3ynbTaram npumepa | HOCTPOUTH MOJUTOHBI YaCTOT U OTHOCUTEIBHBIX YacTOT.

Pemenue. OTO6pa3I/IB Ha IINIOCKOCTH TOYKH C KOOpAUHATAMHA (Xi ,ni) U COCANHHB UX OTPC3KAMU,

MOJIYYHUM IIOJIMTOH YaCTOT:

N

10 ?
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AHaJIOru4HO MOCTPOUM MOJIUTOH HO TOYKam (X;,W;):

Wi

0,40

0,28

0,20

0,12

2

6

12 15

Xi

3.IlocrpoiiTe TUCTOrPaMMY TIO CIEYIOLIEMY CTATUCTHIECKOMY pacipe/IeliCHHUIO:

WurepBan Cymma gactoT
Ne mnTepBana JUTMHOM BApUAHT

h=5 Nj
1 5-10 4
2 10— 15 6
3 15-20 16
4 20— 25 36
5 25-30 24
6 30 - 35 10
7 35-40 4

Pemenue. [Ipexae Bcero, onpenennm 00beM BEIOOPKH:
n=4+6+16+36+ 24+ 10+ 4 = 100.
[To n3BeCTHBIM CyMMaM 4acTOT BapHaHT PACCUUTAEM TUIOTHOCTh YaCTOTHI IO MHTEPBAJIAM:

NO HJ‘IOTHOCTB JaCTOThI NO HJ‘IOTHOCTB JaCTOThbI
I/IHTepBa.]'Ia % I/IHTepBaJ'Ia %
1 0,2 5 4.8
2 1,2 6 2,0
3 3,2 7 0,8
4 72
N300pa3um noxydeHHbIN pe3ynbTaT:
n
h
7 -
6 -
5
4
3
2
1
— —1 .

5 10

15

20

25

30 35 40
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4. HaiiguTe CTaTUCTUYECKHUE OLIEHKH T'€HEepPaIbHOM COBOKYITHOCTH, 33JJAaHHOM CIIETYIOIINM
BapUaLMOHHBIM PSJIOM:

BapuantaX; | 2 | 4 | 5 | 6
qacroraN; | 8 | 9 [ 10 | 3

Pemenue. Onpenenrim 00beM COBOKYITHOCTH:
N.=8+9+10+3=30.
Haitnem renepanbHyr0 CpeIHIONO:
s 8:2+9-4+10-5+3-6
X, = =
30
J171st BBIYMCIIEHUS TEHEPATIbHON TUCTIEPCUH HCTIONB3yeM (hopmMymy D, =x? —(X,f- Onpenenum

4°

CPEIIHIOI0 KBaJIPaTOB:

77 8:22+9-42+10-5% +3-6°

X2 =178
30

Taxkum 06pa30M, D, =178-4?=18-
FeHepaJ'IBHOG CTaHAAPTHOC OTKIIOHCHUC! &5 =./D, =18 =134.

OOBIYHO TIOJYYEHHBIX PE3yIbTATOB JOCTATOYHO LTS MPAKTHYECKUX 3a1a4. OHAKO MOXKHO
MOJTYYUTh JOTIOJTHUTEIbHBIC XapaKTEPUCTUKH JJIs 00JIe€ TOHKOW OI[EHKU T€HEPATbHONW COBOKYITHOCTH.
[IpuBenem nx:

Mopga Mo : HauOoJbIIas YacToTa

Mo =10

Memnana Me: BapuaIllHOHHBIN P ACTUTCS MMOTIOaM B TOYKE

Me=45.
Pa3zmax Bapuanuu R: B mpumepe
Xmax = 6;Xpin =21
MIO3TOMY
R=6-2=4.

5. U3 renepanbHON COBOKYITHOCTH M3BJIEYEHA BHIOOPKA

Haiimure cTaTucTHYECKHE XapaKTEPUCTUKU BEIOOPKH.
Pemenue. Onpenenrim 06beM BEIOOPKHU:
n=92+94 +103 +105 +106 =500 .
Bri6opounas cpemHsis:
> 92-1+94-2+103-3+105-4+106 -5

Xp = —182.
B 500

OnpenenuM CpeHIO KBaIPaToOB:
2 2 2 2 2
X§=92 1°4+94-.2 +103503(>) +105-4° +106 -5 —11.45.

Bri6opounas nucnepcust:
D, = X2 —(X, f =11,45-1,82% =814.
BLI6OpOLIHOC CTaHAApPTHOC OTKJIOHCHHC:

o, =+/814 =285,

®opMma npeacTaBIeHUs pe3yJbTaTa: BHIIOJIHEHHas padoTa.
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Kpurepun onenkn:

Kaxxnoe npaBmiIbHO BBIIOJIHEHHOE AeHCTBUE -1 6ait

KauecTBennas oreHka

TpoueHt WH/IMBUIYaJIbHBIX 00pa30BaTeIbHbBIX
pe3yabTaTUBHOCTH AOCTIKCHHH
(IpaBUIIBHBIX OTBETOB) Oan .
BepOaIbHBINA aHaAJIOT
(oT™meTKa)
90 - 100 5 OTIIUYHO
80 - 89 4 XOPOIIIO
70-79 3 YJIOBJICTBOPUTEIIHHO
HE
menee 70 2
YJIOBJIETBOPUTEIHHO
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