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INOACHUTEJIBHASA 3AIINCKA
Meroguyeckue  peKOMEHJAMM 1O  OpraHu3aluyd  BHEAYJIUTOPHOMU

CaMOCTOSITEJIbHOMN pa60TI)I 110 y‘l@6H0ﬁ JUCTHUITIINHC «MaremaTuka» MpCaHa3Ha4YCHBI

st oOy4qaroruxcst o criernaibHocT 08.02.04 BonocHa0keHue M BOJ0OTBeleHHE
(@1'OC 2018).

CamocrosiTenbHas BHeayIUTOPHAs padoTa M0 MAaTEMATUKE OPTraHU3YETCs C LEJIbIO:

- CHUCTEMaTU3allMM W 3aKPEIUICHUS TMOJYYEHHBIX TEOPETUYECKUX 3HAHMM
CTYJICHTOB;

- yriyOJieHUs U paclIMpeHUs TEOPETUUECKUX 3HAHUM;

- pa3BUTHs T[IO3HABATEJBHBIX CIIOCOOHOCTEH UM AKTUBHOCTH  CTYICHTOB,
CaMOCTOATEIIbHOCTH, OTBETCTBEHHOCTH;

- (QopMUpOBaHUS  CaMOCTOSITEIBHOCTH  MBIIUICHHS,  CIIOCOOHOCTEH K
CaMOPa3BUTHUIO, CAMOCOBEPILIEHCTBOBAHUIO U CAMOPEATTU3ALIIH.

BueaynuTopHasi caMocTosTeNIbHas paboTa BBIMNOIHAETCS CTYAEHTOM IO 3aJaHHI0
npenoaaBaresis, HO 6e3 ero HermoCPEACTBEHHOIO yUacTHsl.

OO0 00BEM  BpEMEHH, OTBEIEHHOIO Ha  BHEAYJHUTOPHYIO

CaMOCTOSITENIbHYI0O  paboTy mo  y4eOHOM  gucuumivHe — «MareMmaTtukay,
npeaHa3HadeHbl A1 oOy4aronuxcs mno crenuanbHocTu 08.02.04 Bogocnat:xxenue u
BoaooTBeaenune (PI'OC 2018) cocrapiser 16 yacos.

B pesynbrare BBIMOTHEHUS 3aJaHUl BHEAYJUTOPHON CaMOCTOSITEIHHOW pabOThI
00y4YaroIuiCs JOJIKEH:

3HAMb:

- OCHOBHBIE MAaTEMaTHUYECKUE METO/IbI pELIECHUS MPUKIIAIHBIX 33/1a4;

- OCHOBHBIE MOHSATHUS U METOJbl MaTEMaTHYECKOrO aHalu3a, JUHEHMHON aireopsl,
TEOPHH KOMIUIEKCHBIX YMCEJI, TEOPUN BEPOSITHOCTEN U MaTEMATHYECKON CTaTUCTUKH;

- OCHOBBI HHTETPAJILHOTO U JU(PHEepEeHIINaTbHOTO HCUUCIICHUS;

- poJlb M MECTO MaTeMaTHKM B COBPEMEHHOM MHUpPE IIpU OCBOCHHH
PO ECCUOHANIBHBIX TUCLUHUILUIMH U B chepe npodhecCuoHaNbHOU NeITeTbHOCTH.

ymemnw.:

- aHAJIM3UPOBATH CJIOXKHBIE (PYHKIIMU U CTPOUTH UX TpaduKy;

- BBIIIOJIHATH I€UCTBHS HaJl KOMIUIEKCHBIMH YUCIIaMU;

- BBIYUCIISITh 3HAYEHUS] TEOMETPUUECKUX BEIHYNH;

- IPOU3BOAUTH ONEpALlU HAJl MATPHULIAMH U ONIPEAEIIUTEISIMU;

- pemiath 3aJa4d Ha BBIYKMCICHHE BEPOSITHOCTH C HCIIOJIB30BAaHUEM 3IIEMEHTOB
KOMOWHATOPUKH;

-pemaTh NPUKJIaJAHbIE 3a/1a4U C UCIIOJIb30BAHUEM 3JIEMEHTOB AU(hepeHInaTBLHOTO
Y MHTETrpajJbHOT0 UCUHUCIICHU;

- penaTh CUCTEMbI JJUHEHHBIX YPaBHEHUHN pa3IMUHbIMUA METOIAMH.

2



B METOJMYECKUX  PEKOMEHIALUAXIIO BBIIIOJIHEHHUIO BHEAyAUTOPHOU
CaMOCTOSITENIbHOMPA0OThI O KaXKJIOM TeMe COICPKUTCS HHCTPYKIHUS C UYETKUM
anroputMoM xoja padotel. Kaxmas camocTrosiTenbHas padoTa BKIIOYAET KPATKHMA
TEOPETUUECKHI MaTepHall, MpuMephI 3a7a4 U Habop 3a1aHui.

ITopsiaoK BBHINOJTHEHUS 3aJaHUM
BHEAyIUTOPHOM CAMOCTOSITEJIbHOI PadoThI
3agaHusl BHEAYJUTOPHON CaMOCTOSITEILHONH PabOTHl HEOOXOIWMO BBHITIOIHATH B
CIIEHUAIIBHBIX TETPAISAX C YKa3aHUEM HOMEpa, TEMBI, 1eJeil pabOTHI.
Xoo pabomwi.

1. Ilo3HaKOMHUTBCS C TEOPETHUECKUM MATEPHATIOM

2. CpenaTh KpaTKuil KOHCHEKT TEOPETUUYECKOTO MaTepuana B pabo4yuX TETpajsix
(OCHOBHBIE IOHATHUS, ONIPEAETIECHUs, POPMYJIbl, IPUMEPHI)

3. B TeTpaasx BHIIOJHUTH CAMOCTOATEIBHYIO padoTy.

4. 3amauM cHAloTCA CTYACHTOM Ha IMPOBEPKY YaCTAMU — IO MEpPe H3YyYEHHUs
Kypca.

Kpurepuu onenuBanus
BHEAYJAUTOPHOM CAMOCTOATEIbLHOM padoThl

Ouenka «5» cTaBUTCA, €CIM BEpHO M pamuoHanbHO pemeHo 90%-100%
npeiaraéMblX 3aJaHuil, JomycTUM | HeloueT, HeMCKa)KatoIUi CYyTH pELICHHUS.

Ouenka «4» craButcs npu  Oe3ommboyHoMm pemieHun 80% mpensaraeMbix
3aJlaHUM.

Ouenka «3» craButcs, ecnu BbIoaHeHO 70% npennaraeMbiX 3a1aHUM, JOIYCTUM
1 Henouer.

Ouenka «2» - pemieHo meHe 70% mpeayiaraeMspIxX 3a1aHUM.

IlepedyeHb CaMOCTOATEIBbHBIX PadOT

Ne HasBanue Tembl no | Coaep:xkaHue BHeayIUTOPHOIi camocTosiTe/ibHOoil | Kou-
TeMbI nporpamme padoThI BO
4yacos
Tema | Onementsl  Teopuu | BoimonHenune  pacuetHoi  paboThl MO TeMe: 2
1.1 | mpenemnos. «HccnenoBanre GyHKIIMN HA HETPEPHIBHOCTHY
Tema | Juddepennmansuoe | [TonroroBka mpe3eHTaluu Mo TEME: 3
1.2 | ucuucnenue «Mcnonp30BaHKe MPOU3BOIHON B pa3IMUHbIX
(GyHKIIUN OJHOU 00J1acTsIX HAyKN»
NIEPEMEHHOM. Beinonnenue pacueTHoi paboThI 10 TeMe:
«[Ipumenenue Mpou3BOIHON MPH peIICHUN
NPUKJIAJHBIX 33/1a49»




Tema | MHTErpasbHOE IToaroroBka Npe3eHTalyHy 110 TEME: 3
1.3 | ucuucnenue «Mconp30BaHue MHTETpaja B pa3IMIHBIX 00IaCTIX
(byHKIMU OHOH HayKH»
MepEeMEHHON BrimonnHeHME pacueTHOUM paboTHI 1O TEME:
«IIpuMeHeHnEe ONpeIeIEeHHOI0 HHTETpaJla IpU
pElIeHUHU IPUKIATHBIX 3a/1a49»
Tema | Pewmenue cucrem Beinonnenue pacyeTHoi paboThI 10 TeMe: 2
2.2 | TUHEHHBIX «Mcnonb3oBaHue MaTPUIL IPU PELUICHUH
anredpanvyecKkux IIPUKIIAIHBIX 3a7a4»
ypaBHeHuii (CJIAY)
Tema | KommekcHsle uncina | BeimoaHeHne pacueTHON paboOThI IO TeEMe 2
41 |u peiictBus Han | «/300paxkeHre KOMIUIEKCHBIX YMCEN Ha
HUMH KOOPJAMHATHOM IJIOCKOCTH»
Tema | BeposatrHocTh BrlimontHeHME pacueTHOM pabOTHI 1O TEME: 2
5.1 | cimyuaitHOrO «Bblunciienue BeposSTHOCTEN CIOKHBIX COOBITUI
COOBITUSA
Tema | Ciyuaiinble Beimonnenue pacyeTHoi paboThI 10 TeMe: 2
5.2 | BeNUYUHBI «BblunClieHre YUCTIOBBIX XapaKTEPUCTUK
CIYYAMHBIX BEJTUYUH»
BCET'O 16

Tema 1.1J;eMeHTHI TeOpHHU MpeaeioB
Hean:Hayuuthcst onpenensiTe TOUKH pa3pbiBa GYHKIUUA U UX BUJ, UCCIIETOBAThH
(GyHKIHIO HA HEPEPHIBHOCTD.

CamocrosiTesibHasi padoTa: BBIITIOJIHEHHE PACYETHOU PabOTHI.

dopma KOHTPOJISI: TPOBEPKA paCYETHOU pabOTHI.

N3yunre TeopeTnueckuii MaTeprail U MPUBEIEHHBIE IPUMEDBI:

Onpeoenenue: GyHKIUS HEMPEPHIBHA B TOUKEX ), €CIIU TIpeAea GYHKINHU B JaHHON

TOYKE paBeH 3HaueHHIO0 QYHKIUU B 3TO# Touke: lim f(x) = f(xo).
X—Xq

Onpenenenue IeTATM3UPYETCS B CICAYIONIUX YCIOBUSIX:

1) ®yHKuMs 10JKHA OBITH ONIPEieNIeHa B TOUKE X, TO €CTh JOJKHO CYIIECTBOBATh

3Hauenue f(x,).

2) JloipkeH cymiecTBoBaTh 00muii npeaen Gyakium: lim f(x). O1o
X—Xq

0JIpa3yMEBacT CYMICCTBOBAHUE K PABEHCTBO OJHOCTOPOHHHUX MTPE/ICIIOB:
lim f(x)= lim f(x)
X—=Xo-0

X=X0+0

3) [Ipenen ¢hyHKIMU B TaHHOW TOYKE JTOJDKEH OBITh paBEH 3HAUYCHUIO (DYHKIIUU B

aroit Touke: lim f(x) = f(x,).
X—Xg

3ameuanue: Eciiu Hapy1ieHO XOTH Obl 0JIHOU3 3-X YCIOBHH, TO QYHKIIUS TEPSET

CBOMCTBO HEMPEPHIBHOCTH B TOUKEX,.




Kinaccudukanus Touek pa3pbiBa
Touku paspwiea nepsozo pooa
Ecnu B Toukex, HapylI€HO yCIOBUE HEMPEPHIBHOCTUM OJHOCTOPOHHHUE TPeIesibl

KOHE€YHbI, TO OHA HA3bIBACTCA TOUYKOM pa3pbiBa NIEPBOro poaa.
sinx

Ipumepl:N306pa3um Ha ueprexe rpaduk pynkuuu:f (x) =
: : A : : : : Jannast GyHKIMS
......... HEIPEPHIBHA HA BCEU
' : : ' ' :_sinx: : YHCIIOBOM MPSMOI,
kpoMe Touku X=0. 11 B
camoM Jiene,

3HAaMCHATCJIb K€ HC

MOKET OBbITh paBEH
Hy0. OTHAKO XOTh TOYKA U BBIKOJIOTA, CIIPABEIMBOCTH MEPBOTO 3aMEUATEIHHOTO
. sinx
npenenalim — = 1He HapyleHa — Mbl MOKEM MPUOJIU3UTHCS K «HYIIO» U CJIEBa U
x-0 X
cIpaBa OecKkoHeuHO O1U3K0, TAKUM 00pa3oM, OJJHOCTOPOHHUE MPENEIIbl CyIIECTBYIOT
. nx .
M COBIIAIArOT: lim = lim

x—-0+0 X x—0-0
BBITIOJTHEHO).

Ho (bYHKHI/IH HC OIIPCACIICHA B TOYKC )C:0, CJICOO0BATCIbHO, HAPYIICHO YcnoBue

sinx

=1 (YcnoBue Ne2 HenpepbIBHOCTH

Nel HenpeprIBHOCTH, U (GYHKLIMSTEPIIUT Pa3pbiB B JTAHHOM TOUKE.
Pa3pbIB Takoro Buaa (¢ CymecTBYOMIMMOOIINM TIPEIeioM)
Ha3bIBAIOTYCTPAHMMBIM pa3pbiBOM. [loueMy ycTpanumeim? [lotoMy uTo QyHKIHIO

sin_x ecm x =0
flx=9 x 7

l, ecm x=10

£

MOXHOIOOIMMPEACIUTEB TOYKC pa3phiBa:

Ilpumep 2:
x?+1, mpux<0
PaccmoTtpuMm ¢yHKIHI0, 33a1aHHy0 KycouHof (x) =<1+ 2x, npu 0 < x < 2u
X—2, Ipu x =2
BBITIOJIHUM €€ YEPTEK.
Hccneayem Touky x=2Ha HEMPEPHIBHOCTH:
1)f(2)=2-2=0— pyukius onpeaeiieHa B
JTaHHOM TOYKE.
2) BbIauciuM 0JHOCTOPOHHHE MTPEICITBI.
lim (x—2)=0 xLigrlo(l +2x)=5

x—-2+0
B PE3YJIbTATC ITOJNYYCHBIKOHEYHbIE YUCIA,

npu4yeM oHuHe pashsl. [IoCKONbKY




OJHOCTOPOHHHC IMPCACIIBIKOHCYHBI M PA3JIMYHbBI, TO Hallla (1)YHKI.IPI5I TCpHIUTPA3PhLIB

OEPBOT0 POJIA HEYCTPAHUMBIN.
Touku paspwiea 6mopoco pooa:

Ilpumep 3:PaccMoTpuM QyHKIHIO Y = xiz
Hccnemyem Ha HEmpephIBHOCTH TOUKYX=0:

1) ®ynkuus He onpeiesieHa B JaHHOW TOUKE.

2) Beiuucinum oJJHOCTOPOHHKE
s, iy, = 1] =+t =[] =+
00OIHOCTOPOHHUE MPeIETbl OECKOHECUHBIE,
cienoBaTenbHOX=0 SIBIIIETCS TOYKOM pa3phiBa
BTOpOro pona. [loctpoum cxemaTuuHbIi raguk

JTAHHOM (PYHKITUU, IJIs1 ’TOTO BBIYUCIIUM €Il

npeaenbl 3ToM GYHKIIMU Ha OECKOHEUHOCTH

3amaHus I pacueTHONPadoThI
HccnenoBath HEMPEPHIBHOCTh (PYHKITUN B COOTBETCTBHUH C 3a/IaHUSIMU.

a) IlpoBeputs, sBastercst u Gyukmus Y = f (X) HempepsiBHOM B Toukax x1 1 x2. B
Cllydae pa3pbiBa GYHKIMH yKa3aTh THIT pa3pbiBa U CAEIATh CXEMATHIECKHA YEPTEXK B
OKPECTHOCTH TOYKH Pa3phIBa.

6) Ioctpouts rpaduk ¢yukuun Y= f(X), wucmonssys rpaduk, 3ammcars
IPOMEKYTKH HEMPEPBIBHOCTH (DYHKIIMH, IEPEUUCTUTH TOUKH pa3pbiBa M yKa3aTh THII
Ka)KIIOTO U3 HHX.

Ne
a §)
BapuUaHTa ) )
1 2, x<0,
L y:12ﬁ’x1:4’ X2 =5 f(x)=12-x 0=<x<l,
x> -1 x>1
1 sinx, x<0,
f(x)=40, 0<x<2,
2 Y=82X_3,x1:1,5, X2:2 (X) X <
3-x, x>2
Xx+1, x<0,
3 = F =1L, 0<x<1
y:lOS_X,x:]_:S, x2=7 = X, <1,
1 x>1




3 XZ, X<—l,
4 y=5E xi1=1, xo,=4 f(x)=42x-1, -1<x<2,
’ ’ 3, X>2
0, x<0,
: f tgx, 0<x<Z
5 y:94x_2’X1:01 XZ:O,S (X)_ gX’ _X<El
—x, x>
3 1-x2, x<0,
6 y=7ﬂ x1=-1, x»=2 f(x)=¢x+1 0<x<2,
’ ’ 1, x>2
2 CcosXx, X<0,
x-3 f(x)=41 0<x<1,
! y=3*3 x=3, x2=5 (x) X
Xx-1 x>1
2—X, x<0,
1
8 y::l.6g _)Cl:l xZ:3 f(X): X2_2, OSX<2,
’ ’ 2, X>2
1, X <0,
1 X
9 y:2E xlzo xzzl f(X): -2, 0<x<],
’ ' 2x—4, x>1
3 —X2, X <1,
10 y:62X+l’x1:_0’5’ x2:1 f(X): —l, lSX<2,
3—-X, x=2

Tema 1.2 [Indpdepenuuaibuoe ucuncienne GyHKIUHN OHOI nepeMeHHOI
Hean: 3akpenuTh HaBBIKM BBIYUCIEHUS MNPOU3BOAHBIX M YMETh IPUMEHSTH
ITPOU3BOIHYIO ISl PELIECHUS NPUKIAJHBIX SKOHOMUYECKUX 3a/1a4.
CamocrosiTesibHasi padoTa: MOArOTOBKA IPE3EHTALMU U BBIIIOJIHEHHE PACUYETHON
paboTHI.
dopmMa KOHTPOJISA: IPOBEPKA PacUE€THOM pabOThI M OLIEHKA MPE3ECHTAIIH.

[Topsinok BbINONTHEHUS paOOTHI
1. N3yuute Teopernyeckuid mMatepuan no teme: «lcnosab3oBaHue MpOU3BOAHONU B
SKOHOMHUKE» U, COIJaCHO TMPUBEACHHBIM HUXKE TpPEOOBAHUSAM, MOATOTOBBTE
MPE3EHTALIUIO.



2. BpinoaHuTe pacueTHyro padoTy, IpeaBapUTEIbHO U3YYHB, PACCMOTPEHHBIE HIKE
3amauu. OdopmuTe perieHne MIChbMEHHO B TETPAIH.
TpeboBaHus K CO3IAHUIO MPE3EHTANNH
Co3oanue mamepuanog-npe3enmayuii— 370 BUJ CAMOCTOSTEIBHOU pPabOTHI
CTYJICHTOB IO CO3/IaHUI0 HATJBITHBIX WH()OPMAIMOHHBIX IMOCOOWA, BHIMIOJTHEHHBIX C
MOMOIIIBI0 MYJTBTHMEIUIHON KOMITBIOTEPHOM mporpammbel PowerPoint (cm. mpwt. 1).
Marepuanbsl-npe3eHTalu  TOTOBSITCA CTYJEHTOM B BHJI€ CIIAWIOB C
ucrnoJyib3oBaHueM mporpammbel Microsoft PowerPoint. B kauecTtBe Mmarepuaios-
pe3eHTaluii MOTYT OBbITh MPEJCTABICHBI PE3YJIbTATHI JIIOOOTO BUJIa BHEAYAUTOPHOM
CaMOCTOSTENIbHON pabOThI, IO (OpMATy COOTBETCTBYIOIINE PEXKUMY MPE3CHTALIM.
Cmpykmypa npe3zenmayuu:
TUTYJAbHBIN cjaaiin (aucuuruimHa, Tema, ®UO cryneHTa, CHenUaibHOCTD,
HOMED TPYIIIHI)
coJeprkaHue, IJie IPEACTaBICHbl OCHOBHBIC ATallbl (MOMEHTHI) MPE3CHTALINH.
XKenarenbHo, 4YTOOBI U3 COJEpPXKAHUS 110 TUMEPCCHUIKE MOXKHO TMEPEUTH Ha
HEOOXOJIUMYIO CTPAHUILY U BEPHYTHCS BHOBb Ha COJIEp KaHUE.
OCHOBHafl 4acTb - OT 15 ciaiioB (TEKCTOBBIM Marepuan Mo Teme +
rpaguueckoe COpOBOKICHUE)
3aKJ/o4eHne - 1 crnaii (BBIBOJBI O TEME)
CIIUCOK JINTEPATYPBI- COJACPKUT HE MEHEE 2 — 5 UCTOYHUKOB
[IpUBETCTBYIOTCS:MY3bIKQIBHOE CONPOBOXKIACHUE, MYJIbTUIUIMKALUSA, BHIIEO,
aHUMAaIUSI.
Ilpu co3z0anuu npezenmayuu peKoOMeHOyemcs:
COOJTI0IaTh €ANHBINA CTUIIH O(POPMIICHHUS;
— 175 (hoHa BRIOUpANTE XOJIOHbBIE TOHA (CUHUM, 3€JICHbIN);
—  Ha OJHOM ClaiJe UCIIOJIb30BaTh He 0oJiee 3 I[BETOB;
—  aHUMAalUOHHBIE A(PPEKTHl HE OJDKHBI OTBIIEKATh BHUMAHUE OT COJCPKaHUS
uH(bOpMaIUH Ha Cllaie;
—  TpU  TpeACTaBICHUU  MHPOPMAIMUHUCIIONB3YHTE  KOPOTKHE  CJIOBa U
PEAJIOKEHNUS;
—  HAJIKCH PaCIOjaralTe noj KapTUHKAMU;
—  mpudTHL: I 3aT0JI0OBKOB HEe MeHee 24,111 nHdopMaluu He MeHee 18;
— 14 BBIJETCHUS MHGOPMAIIMK UCTIONB3YHTE PaMKHU, 3aJIUBKY;
—  HE meperpysxaite ciaiig 00ap1uM 00beMoM HHDOpMaIINY;
—  KJIro4eBble (PakThl OTOOpaXkaiTe 1Mo OJJHOMY Ha KaXJ0M CJIaije;
— g oOecrieueHns pa3HOOOpa3us CTIOJIb3YUTE Pa3TUYHBIC BUJIBI CIIAHIOB.
Teopemuueckue ceedenus:

OcHOBHBbIE IOHATHSA

[IpuMmeHeHrne TPOU3BOJHON B 3KOHOMHUKEMO3BOJSAET MOJIY4YaTh TaK Ha3bIBa€MbIC
npeoenbHble  XApaKkmepucmukudIKOHOMUYECKHMX  OOBEKTOB  WJIM  IPOIIECCOB.
[IpenenvHble BeMMUMHBI (MPEICIbHBIC BBIPYUYKA, MOJIE3HOCTh, MPOU3BOAUTEIHHOCTD,
MpeaeabHbIl  JOXOJ HWOp.) XapaKTEepPU3YyIOT He COCmosiHue, d CKOPOCHb



UBMEHEeHUSIIKOHOMUYECKOTO 00BEKTa MJIM TIPOIecca 0 BPEMEHU WU OTHOCHUTEIBHO
JPYTOro HCCIIeTyeMoro GakTopa.

1. H30epotcku npouzeoocmea.Eciivi M3IEPKKU TPOU3BOJICTBA ypacCMaTpUBaTh Kak
(GYHKIMIO BBITyCKAaeMol mpoaykuuu x, T.e. y = C(x), 1o y' = C'(x)0Oymyr
BBIPAXKATh npeodebHble U30epIHCKU TPOU3BOJCTBA U MPUOIMKEHHO XapaKTepU30BaTh
OPUPOCT TEPEMEHHBIX 3aTpaT Ha MPOU3BOJCTBO JIOMOJHUTEIHLHON EIUHUIIBI

npoaykuuu. CpelHue H3IEPKKH SBIAIOTCS H3JACPKKAMH Ha EIUHUILY BBIMYyCKa
C(x)
OPOAYKIHUU: Y = —.

X
2. IlpomsBoautenbHocTh TpydAa. Ilycts ynkmus u(t)BelpakacT o00beM

Npou3BeAeHHON mpoxnykuuum y3a Bpems t. Torma mnpousBogHas oObema
MPOM3BE/ICHHOM MPOIYKIUH 110 BpeMeHH U’ (ty)eCcTh npouszsodumensHocms mpyoda B
MOMEHT BPEMEHU &.

3. @yHkuus norpediaenus u coepe:kenusi. Ecnm x — Hanmonaneuelil goxon, C(x)—

byHkuus mnoTpebieHus (4acTb J0XoAa, KoTopas Tpatutcs), a S(x)byHKuus
coepexenusi, To x = C(x) + S(x). AubddepeHuupys morydum, 4to
ac ds
dx Tax
rae 3—i — TpefieNibHast CKIIOHHOCTH K OTPEOJICHHIO;

as
rac a — IIPCACIIbHAA CKIIOHHOCTD K C6epe>KCHHIO.

4. DNacTMYHOCTh. JTa Mepa pEarupoBaHUAOIHON MMEPEMEHHOW BEIUYMHBI Ha
M3MEHEHHE JAPYro. DJAaCTUYHOCTh IOKAa3bIBAET, HA CKOJIBKO IMPOLIEHTOB U3MEHUTCS
OJIHA MIEPEMEHHAs B PE3yJIbTATE U3MEHEHHUS IPYyTron nepeMeHHou Ha 1 %.
DNacTUYHOCTD (PYHKIIUU ONPEIENSIETCS C TOMOIIBIO COOTHOIICHUS:

Ex(y) = 5 Y Ex(y) = x - T,
e T,(x) = (lny) = % y',—omnocumenvras  ckopocmv  uzMeHeHus(memn)

(GyHKLIMH.
DnacTUYHOCTh (DYHKIIMM MPUMEHSIETCS NPH aHAJIM3€ CIpoca U MPEIJIOKEHUs OT

1eHbl (yenosas snacmuynocms). OHa TIOKa3bpIBa€T PEAKIMI0 CIpoca WA
NPEIJIOKEHUSI Ha W3MCHEHHE IICHBI W OMpENesseT, Ha CKOJBKO TPOICHTOB
PHUOJIVKEHHO H3MEHHUTCSI CITPOC WITH MTPEIOKEHUE ITPU U3MEHEHUH 1IeHbI Ha 1%.
Ecnu snmactuunocts cripoca |E,(y)| > 1, To cpoc cUuTaeTCs 31acmuynbim, eClIu
|E,(¥)| =1 , netimpanoneim (¢ eAMHUYHOM smacTtuuHOCTHIO), |E,(y)| <1 —
HeINACMUYHbIM OTHOCUTEIIHLHO TICHBI.
[Tpumepsr:
1.  3aBHCHMOCTH MEXAY U3JIEP’KKaMH ITPOU3BOJICTBA Y U 00HEMOM BBIITYCKaeMOKH
NpOAYKLUM X BhIpaxkaercsa Qynkumei y = 50x — 0,05x3 (men. en.). Onpenenuts
CpeIHHE M MpeIebHbIC U3ICPIKKH TP 00beMe npoaykiuu 10 e,



Pewenue. OyHKIUSA CpeqHUX HM3ACPKEK (HAa €IWHUIYY MPOYAYKIIMH) BBIPAXKAETCS
OTHOIIEHHUEM Y = % = 50 — 0,05x2; mpu x = 10 cpeanue U3AEPKKHU (Ha €IMHUILY
IPOAYKIMU) PaBHbl Y, (10) = 50 — 0,05 - 102 =45 (nen. en.). DyHkuus
TpelebHBIX M3JIEPKEK BhIpakaeTca mpou3BogHoi y'(x) = 50 — 0,15x%;mpu x =
10 npenensHble u3nepkku coctaBar y'(10) =50 —0,15-102 = 35 (zmen. en.).
Wtak, ecnu cpeHre U3IEPKKH Ha MPOU3BOJICTBO €IUHUIIBI IPOAYKIIMA COCTABISIOT
45 neH. ed., TO TIpeneibHBIC W3JCPKKH, T.€. JOIOJHUTENBHBIE 3aTpaThl Ha
MIPOU3BOJICTBO JIONOJHUTCIIGHON E€IMHUIBI TPOAYKIIMH TPU JAaHHOM YPOBHE
MPOU3BOACTBA (00BEME BITycKaeMou mpoaykiuu 10 e.), CocTaBIsroT 35 neH. e.

2. 3aBUCUMOCTh MEXKY CEOECTOMMOCTBHIO EAMHUIBI MPOAYKIUU Y (ThIC. py0.) U
BBIITYCKOM MPOAYKIMH X (MJIpA. py0.) Belpaxkaerca ¢ynkuuert y = —0,5x + 80y.
Haiitu snacTUYHOCTh CE0ECTOMMOCTH MPHU BBIMYCKE MPOAYKIMU, paBHOM 60 MIIH.

pyo.
Pewenue. Tlo  dopmyneE,(y) =x-T, = % - y/3I1aCTHYHOCTE  C€OECTOMMOCTH

X -05x _  x _ _
Ex(¥) = om0 (705 = 55550 = woieo 1IpH x = 60 Ex—go(y) = =06, Te.

MIPH BBIMTYCKE MPOAYKIMH, paBHOM 60 MIIH. py0., yBenudenue ero Ha 1% npusener K

cHImKeHu1o ceobecroumoct Ha 0,6 %.
3. O0BbeM MPOAYKIMH U, TPOU3BEACHHBIM Opuramoi pabouyux, MOXKET ObITh

ONKCAH YPaBHEHHEM U = —§t3 + l?stz + 100t +50 (en.), 1<t<8 ,rmet —

pabouee BpeMs B yacax. BBIYMCIUTH MPOU3BOAUTEILHOCTD TPYAa, CKOPOCTh M TEMII
¢e M3MEHEHHS Yepe3 Yac Mocje Havyajaa padoThl M 33 Yac J0 €€ OKOHYAHHUS.
Pewenue. TIpon3BoIUTEILHOCTh TPYAA BbIpakaeTcs npousBogHon z(t) = u'(t) =

5 e,
— Etz + 15t + 100 (—),a CKOpOCTh W TEMIT M3MEHEHHUSI TPOU3BOJUTECIHLHOCTH —
q

COOTBETCTBEHHO mpom3BoAHOW z'(t)u sorapudmuueckoit mnpousBoanHouT,(t) =

[Inz(t)]":

" —15t+15 2t—6
T,() =22 = = ),

z(t) —§t2+15t+100 " t2-6t—40
B 3amannbie MoMeHThl BpemeHu t; =1 ut, = 8 — 1 = 7COOTBETCTBEHHO HMEEM:
z(1) = 112,5 (%),z'(n =10 (i—’;‘),Tzu) — 0,09 (%),zm — 825 (i—ﬂ),z'a):-
2o(j—’;‘),TZ(7) = —0,24 (ﬂ)

Utak, k KOHITy pabOThl POU3BOAUTEILHOCTh TPY/la CYIIECTBEHHO CHIDKACTCS, TIPH

aTOM M3MeHeHue 3Haka z' (t)u T,(t) ¢ iroca Ha MUHYC CBHJICTEIIBLCTBYET O TOM, UTO
yBEJIMUYCHHUE MTPOM3BOJUTEIBHOCTH TPYy/Ja B MEPBbIC Yachl pabouero JHsS CMEHSETCS
€€ CHIDKCHHEM B MOCJICTHUE YaChl.
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3aganus 11 pacyeTHOPadOThI
1. O6vem mpoaykiuu U (yel. en.) mexa B TeueHue pabodero THS MPEICTaBIIICT

pynakmumro  u = —t3 —5t2+75t+425, rtme t — Bpems (4). Haiitu
IPOU3BOIUTENLHOCTh TPY/Aa uepes3 2 4 Mocie Hayaaa padoThl.

2. 3aBUCUMOCTh MEXIYy H3JIep)KKaMUd TPOU3BOJACTBA y (A€H. €1.) U 00beMOM
BBITYCKA€MOM NpOAyKIMU x (en.) Belpaxkaerca ¢yHkuuedn y = 10x — 0,04x3.
OnpenenuTs CpeaHNe W MpeeIbHbIC H3ACPKKH MPU 00beMe MPOAYKITUU, PABHOM 5
el.

3. ®yHKIMU cripoca ( U NMPEUIOKEHUS S OT LIEHBI p BBIPAXKAIOTCS COOTBETCTBEHHO
ypaBHeHUsIMU q =7 —pus =p + 1. Halitu: a) paBHOBECHyl0 IlieHy; 0)
AIIACTUYHOCTh CIpOca W MPEUIOKEHUs I 3TOW ILIEHbI; B) M3MEHEHHuEe Joxona (B
MPOIICHTAX) MPU YBEIUYCHHUH 1IE€HBI Ha 5% OT paBHOBECHOIA.

Tema 1.3 UnTerpasbHoe ucuncjieHue GQyHKIHUN OHOI NepeMeHHOH

Hean: 3akpenuTh HaBBIKM  BBIYKMCICHUS HEOINPEACICHHBIX W OMNpPEeEICHHBIX
MHTErPAJIOB, HAYYUTHCSA IPUMEHATh UX MPU PEIICHUH MPUKIIAIHBIX 3a/1a4.

CamocrosiTesibHasg padoTa: MOArOTOBKA MPE3EHTAINH U BBIIOJIHEHUEPACUYECTHON
paboTHI.

®dopmMa KOHTPOJISA: IPOBEPKA pabOThI

[Topsinok BeINOIHEHUST PAOOTHI
1. Usyuute Teopetmueckuii marepuan mo Tteme: «lcmonp3oBaHMe WHTETpaiga B
PKOHOMHUKE» M, COTJacHO  mpuBeAeHHbIM B Teme  1.2TpeGoBaHusIM,
MTOATrOTOBBTENPEZCHTALUIO.
2. BeimonHuTe pacyeTHyIo paboTy, MPeABAPUTEIHHO N3YYHB, PACCMOTPEHHBIC HUXKE
3anauu. OdopMuTe perieHrue NMCbMEHHO B TETPAIH.

Teopemuueckue ceedeHust

IKonomuueckuil cmoici onpedenennozo unmezpana. Ilycts Gynkuus z = f(t)
OITUCHIBACT U3MEHEHUE MPOU3BOIUTEIBHOCTH HEKOTOPOTO IPOU3BOJICTBA C TEUCHUEM
BpeMeHn. Torma o0beM NPOMYKIIMU W, MPOM3BEICHHON 3a MPOMEXKYTOK BPEMEHH
[0,T] MmoxxeT ObITH BBIUUCIIEH TO (hopmuie:

u= 0ff(t)dt

T.€. ecnu f (t) — IPOM3BOAMTENBLHOCTD TPY/Ia B MOMEHT t, TO | OT f(t)dt ectb 00beM

BBIITYCKaeMOM MpOAYKIMH 3a npoMexxkyTok [0, T ].

Ecmu B dynkumn Ko66a—/lyriaca cunurath, 4TO 3aTpathl TPy/la €CTh JTUHEHHas
3aBUCUMOCTh OT BPEMEHH, a 3aTpaThl KalmWTajla HEM3MEHHBI, TO OHa MPUMET BH]
g(t) = (x t + B)e? . Torna 06beM BeImyckaeMoii npoaykuuu 3a T JIET COCTAaBUT:
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Q= fOT(oc t + p)evtdt.

Ipumep:Haiitu 00beM mpoayKIuM, MPOU3BEACHHON 3a 4 roja, eciu (yHKIUS
Ko66a-/{yrnaca umeet Bug g(t) = (t + 1)e3t

Pemrenne: ITo gpopmyne Q = fOT(oc t+ B)e?tdt:Q = f:(t + 1)e3tdt.
Wcnonk3yeM MeTOJ HMHTErpupoBaHus 10 dvactsaMm. Ilyctelu =t+1,dv =
e3tdt|Torna|du = dt,v = [ e3tdt = %e3t|

3t |4 _
0

CrnenoBarensHo, Q = (t + 1)§e3t |g — f04§e3tdt = §(5912 —-1) - %e

1(14312 —2) = 2,53-10%(ycn.en.)
9

[Tycts u3BecTHA PyHKIU =1(X), omHChIBarOImas M3MEHEHUE 3aTpaT BpeMEHH t Ha
M3TOTOBJICHHE W3JIENIAs B 3aBUCUMOCTH OT CTEIIEHH OCBOEHUWS IPOM3BOJCTBA, TAE X
— IOPSAAKOBBIA HOMED U3JEeNMs B apTuu. Toraa cpeanee Bpems tep, 3aTPA4CHHOE Ha
M3TOTOBIICHHE OJHOTO W3JACIHs B IIEPUOJ OCBOCHMS OT X1 OO Xp H3JEIUU,

BBIUKCIISIETCS IO TEOPEME O CPETHEM:
X2
1
tep = —— | t(x)dx
X2 — X1
X1

Urto xacaetcs PyHKIIMU U3MEHEHUS 3aTpaT BPEMEHHU Ha U3TOTOBJICHHUE U3JIENUN t =
t(x), TO 4acto OoHa MMeEeT BUJ t = ax~? rme a — 3aTpaTbl BPEMCHHM Ha IIEPBOC
u3nenue, b — nokasarenb NPOU3BOJCTBEHHOTO MpolLiecca.

Ipumep. Haittu cpenHee Bpems, 3aTpay€HHOE HAa OCBOCHHME OJHOIO M3JIEIIHS B
nepuosl ocBoeHust oT Xx; = 100mox, = 121 wusnmenuii, mnomaras B ¢opmyie
u3MeHeHus 3arpar a = 600 (mun), b = 0,5.

Pemenue. Ucnonw3ys Gpopmyny

1
tep = Fo——, f t(x)dx
X1
[Tomyyaem
121
1 600 121 400
= -1/2 = — == \
tey = 131100 f 600x~2dx o1 2\x 100 =7 57,2 (MUH)

100

3aganus 1Jis pacyeTHONPadOThI
1. TIpou3BOaUTENHLHOCTh TpyJa pabo4yero B TEUCHHE JHA 3aJaceTcs (PyHKIHEH

z(t) = —0,00625t2 + 0,05t + 0,5(zeH. en./4), rme t — BpeMs B yacax OT Hayaja
pa6otsl, 0 < t < 8. Hailitu ¢pynkimio U = U(t), BeIpakaromyto 00beM MpOayKIHH (B
CTOMMOCTHOM BBIP@YKEHUH) U €r0 BEIMYMHY 3a pabouuii JeHb.
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2. CTOoMMOCTh TEpEBO3KH OJHON TOHHBI Tpy3a HAa OJMH KWUIOMETp (Tapud
. 10
nepeBo3ku) 3aaaercs GpyHkiuen f(x) = m(HeH. ea./km). Omnpeaenure 3aTparbl Ha

IIEPEBO3KY OJHOW TOHHBI I'py3a Ha paccTosiHue 20 kM
Tema 2.2 Pemenue cucreM JIUHEHHBIX ajredOpanyeckux ypasHenuii (CJIAY)

Henb: HayuyuTbCs NPUMEHATH CBOMCTBA MATPUHULl JJI PELICHUS MPHUKIAIHBIX
HPKOHOMUYECKHUX 3a/1ay.

CamocrosiTesibHasi padoTa: BBIIIOJIHEHUE PACYETHON padOThI

dopma KOHTPOJISI: IPOBEPKA pacYETHOU padOTHI.

[Topsimok BeITIOTHEHUST PAOOTHI
1. PaccmoTpute TeopeTHMUECKHH MaTepuan Mo TeMe M MPHUMEpHl PEIIeHUs 3aaad
(mpuBeEHbI HUXE).
2. Pemure camocTrosTensHy0 padoty. Odhopmure perieHue NMCbMEHHO B TETPA/IH.

Teopemuueckue ceedenus:

MatpruyHO€ HCUYHCIEHHE UIPACT BAXHYIO pOJIb B OJKOHOMMKE: MHOTHE
MaTE€MaTUYECKHE MOJEIN 3KOHOMHYECKMX OOBEKTOB 3alHCHIBAIOTCS B KOMITAKTHOM
MaTpuyHOU (hopme.

Ilpumep 1. HEKOTOPOE NPEANPUATHE BBITYCKAET YETHIPE BUAA H3JEINU,
WCIIONB3Ys IPU 3TOM YEThIpe BUAA ChIpbsi. HOpMBI pacxoa ChIpbsl HAa KaKIbI BUJ
W3JEJIHs MOKHO 3a7aTh MaTPULIEH YETBEPTOrO MOpsIKa:

Buo ceipvs
1 2 3 4

ajy Qi dyz Ay
dp; dpy dp3z dyy
d3; dzp dzz dzy

a a a a
A=\"41 42 43 4477 Buo uzoenus

IS NGO I \C I

[Ipennpusitre BBITYCKAET MPOAYKLIUIO ABYX BUIOB U MCIIOIB3YET CHIPHE TPEX
BUI0B. HOpMBI pacxoza chIpbs 3a1at0TCs1 MaTpULIEH

Buocuvipvs
12 3

43 1) 4

_\7 6 2

A 2 Buo npooyrkyuu
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. aij(lﬁiSZ, 1< <93
Kaxxnprii siemMeHT

ATOW MATPUIIBI YKa3bIBAET, CKOJBKO
CJIMHHUIL CHIPhSI J-TO BHJA PACXOIyeTCS Ha MPOU3BOACTBO SIUHHIIBI MPOIYKIIUHU I-TO
BUJIA.

[Tnan Beimycka 3amaH marpuiei-ctpokoii B=(50 100). CToumMoCTh €IMHHUIIBI
Ka)X/I0TO BUJa CBIPhS (ICH. €11.) XapaKTepu3yeTcss MaTpHUIleh-CTOI0IOM

5
g =

CraenyeT OnpeeanTh:
1) 3aTpathl CHIPhs, HEOOXOAUMBIE IS IJIAHOBOIO BBIMYCKA MPOYKIUH;
2) O0ITYH0 CTOUMOCTD CHIPBSI.

Pewenue. Onpenenum 3atpatbl Cj -ro chIpbs (1<) < 3);
C1=4 -50+7 -100 =900;
C,=3-50+6 -100 = 750;
Cs=1-50+ 2 -100 = 250.
4 3 1

Marpuna-crpoka 3atpar C = BA = (50 100) - (7 p 2) = (900 750 250)

O6mas croumocts cbipbs Q = 900 - 5+ 750 - 4+ 250 - 2 = 8000 (meH. exn.)
MOKET OBbITh HaliJieHa CpeJICTBAMUA MaTPUYHOTO UCUUCIICHUSI:
5
Q=C-5=(900 750 250)- (4) = (8000)
2
Omeem: 1) (900 750 250); 2) 8000 geH. en.

Ilpumep 2. JlanHple O JHEBHOM NPOU3BOAUTEIBHOCTH IISTH MNPEINPUATHH,
BBIITYCKAIOIIMX YEThIpEe BHUJA NPOAYKIMH C TMOTPEOJICHHEM TpeX BHJIIOB CHIPHA,
IPOAOKUTEIBLHOCTh PAaO0Thl KaXJA0ro MPEANPUSATUS B TOAY U II€HA Ka)XJ0ro BHIA
CBIpBS IPUBEJIEHBI B TA0I. 1.

Tabnuya 1

Bun [Ipon3BOIUTENBHOCTD MPEANPUATHN, | 3aTpaThl CHIPHS,
u3nenus | u3a./1eHb ell. Beca u3l.

1 2 3 4 3) 1 2 3
1 4 2 0 5 4 2 5 5
2 0 15 7 4 6 3 4 6
3 8 10 3 6 0 5 3 4
4 3 3) 4 3 7 4 8 6
Uwucno pabounx gHEHN B TOY Ilena ceipps

81 131 |181 231 281 |32 33 34
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Tpebyetcs onpenenuTb:

1) rogoByr0 NPOU3BOJUTEIBHOCTh KAXIOTO MPEANPHUSATHS IO KaxJAOMY BHUAY
HU3CIUI;

2) rOAOBYIO MOTPEOHOCTH KAXKJIOT0 MPEANPHUATHS IO KAXKIOMY BUIY ChIPbS;

3) roJOByI0 CyMMYy KPEIWTOBAHHS KaXKIOTO MPEANPHUATUS IJIs1 3aKYyIKH ChIPbS,
HEOOXOJIUMOI0 JIJI1 BBINTyCKA H3JCIMN YKa3aHHBIX BHJIOB U IIPU OMPEICICHHOM
KOJIMYECTBE pab0O4YMX JTHEH.

Pewenue.

1. OnpenenuM roJIOBYIO IPOU3BOJUTEIHFHOCTh KAXKIOI0 IPSANPHUITHS 110 KaXKIOMY

BUJLY U3JICIIHN.
Ha ocHoBanuu Tabn. 1 coctaBum Matpuny P, XapakTepu3yOIlyt0 MpOU3BOIM-

TCIBHOCTD HpeI[HpHHTI/Iﬁ I10 BCCM BHIAM IMPOAYKIHH:
HpOHSBOI[I/ITeJII)HOCTB HpeI[HpI/ISITI/If/i

Bun ingemia

J-ii crosbenr Matpuibl P XapakTepu3yeT THEBHYIO MPOHU3BOJUTEIBHOCTH |-TO
HOPEINPHUATHS 10 KaXKI0My BUIy npoaykiuu: j =1, 2, 3,4, 5.

["of0Bast MPOM3BOAUTENBHOCTD J-TO HMPEANPUATHS MO0 KaXKIOMY BHIY MPOITYKIIUU
OIPEACITUTCS TPU YMHOKEHUHU |-TO CTOJOIA MaTpHIbl P Ha KOJIMYECTBO pabOYMX
IHEW B TOAY 3TOTO MPEANPUATHS, MOTPAYCHHBIX HAa M3TOTOBJIECHHUE YETHIPEX BHUOB
npoaykiui. Toraa rogoBas MPOU3BOAUTEIILHOCTD |-TO MPEANPUATHS O KaKIOMY

_(pij), + = Pij - Nj

BUJTy U3JIENIHM OyIeT XapakTepu30BaThcsa MaTpulie  P.,o= rae P ,
I1<i<d4, I<j<S5.

4.81 2-131 0-181 5-231 4-281
0-81 15-131 7-181 4-231 6-281
8-81 10-131 3-181 6-231 0-281
3-81 5-131 4-181 3-231 7-281

20
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324 262 0 1155 1124
0 1965 1267 924 1686
648 1310 543 1386 O

243 655 724 693 1967

B cooTBercTBHU C YCJIIOBHCM 3aJ1a4Hu ManI/IIIaZ 3aTpar CbIpbd Ha COAWHUIY
n3aciIsa MMECT BU

Buo uzoenus
1 2 5 4
2 3 5 4

=15 4 3 8 >33TPHTH CRIPBA
56 46

Eciu ymHOXuTH, MaTpuily Z Ha wMatpuily P, To momxyyuMm pacxoj Ha
MPEANPUATUSIX 110 BCEM BUJIAM ChIPbS:

4 2 05 4
2 3 5 4

015 7 4 6
5 4 3 8|x =

810 3 6 0
5 6 4 6

3 5 4 37

ZP=
8+40+12 4+45+450+420 21+15+16 10+12+30+12 8+18+28
=| 20+24+24 10+60+30+40 28+9+32 25+16+18+24 20+24+56
20+32+18 10+90+40+30 42+12+24 25+24+24+18 20+36+42

60 119 52 64 54
68 140 69 83 100

7p= 70 170 78 91 98

B matpuie ZPi-s cTpoka COOTBETCTBYET HOMEPY BHAA CHIPhS, J-H CTOJIOEI-
HOMEpY MpeanpusaTus cornacuo taou. 1 (i=1, 2,3; j=1,2,3,4,5).

2.01npeesIMM TOJIOBYI0 OTPEOHOCTh KAXKJIOT0 NPESANPHITHS B KaXKJIOM BHJIC
CBIPbSL.

l'omoBasi MOTPEOHOCTh KAXIOTO MPEANPUSITHS B KAXKIOM BHUIE ChIPHA
onpenenurcs Marpuieit Z-P.,y, KOTOpasi mojydaeTcsi Mo aHaJOTUM ¢ MaTpulel Proy
Py YMHOXEHUM MaTpullbl ZP Ha COOTBETCTBYIOIIEE KOJUYECTBO pabOUMX JHEH B

roAy JUisd NpeAnpUSATHM.
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4860 15589 9412 14784 15174
5508 18340 12489 19173 28100
7.p = 5670 22270 14118 21021 27538
" P00 — .

3. OmpenenuM ToJIOBYI0 CyMMY KpPEIWTOBAaHUS KaXKIOTO NPEINPUSATUS IS
3aKyMKHU CHIPbS.

Bexkrop cronmocti cipbs C =(Cy, Co, C3) = (32;33;34).

CroumocTh 00IIEro TOJOBOTO 3amaca ChIpbS IS KaXIOTO MPEANPHUITHS
XapaKTEepU3yeTCsl BEKTOPOM

C-(Z- P.,») =(530064; 1861248; 1193333, 1820511 2349480).
Takum 00pa3oM, CyMMbl KpPEOUTOBAHUS NPEANPUATANA JJIs1 3aKYNKH ChIPbA

ONPENEIIAIOTCS COOTBETCTBYIOIIMMH KOMIIOHEHTAMH BEKTOpa C(z-P rox)-

324 262 0 1155 1124
0 1965 1267 924 1686 |
648 1310 543 1386 0 |
Omeem: 1) 243 655 724 693 1967

4860 15589 9412 14784 15174
5508 18340 12489 191/3 28100 |

2) 5670 22270 14118 21021 27538

3) (530064; 1861248; 1193333, 1820511 2349480)

Ilpumep 3.0t1paciib COCTOUT U3 TPEX MPEANPHUATHN, BBIITYCKAIOIMINX IO OJTHOMY BUAY
MPONYKIIUKU Kakaoe oO0wbemMoMm Xi. Kaxkmoe w3 mnpeanpusTuii  oTpaciu  Jyis
o0ecrnedyeHus CBOEro MPOU3BOACTBA MOTPEOIISIET YacTh MPOYKIUH, BHITYCKAEMOW UM
CaMUM ¥ JIPYTUMH TPEANPUATHSIMHU.  @jj - OIS MPOAYKIUH I-TO MPEANPHSITHS,
notpedsiemMas j-M MPEANPHUITAEM JJIsi 0OSCIICUCHHUS BBIITYCKA CBOCH MPOIYKIUH X;.
Haiitu xoim4ecTBO Yi  TPOAYKIUHI-TO TPEANPUATHS, TPEIHAZHAYCHHON IS
peanu3aluy BHE JaHHOU oTpaciu (00beM KOHEYHOTO POIYKTA).

03 04 0,03 200
0,04 04 0,02 100
A (0303 07 ) {400

17



Y1
Yo

Pewenue. Matpuily KOHEYHOTO MPOAYKTA 0003HAUNM Y= Y3

Ota MaTpula SBJISETCS PEIIEHNEM MaTPUYHOTO YPaBHEHUS
(E-A)-X=Y.

Haxomgum marpuny E-A:

100 03 04 0,03 07 -04 -0,03
01 0|-(004 04 002|=| -004 06-0,02
001 (03 03 07 -03 -03 0,3

E-A=
Ha ocHOBaHuM npaBuiia yMHOXKEHUS MATPHUIL IOJTy4aeEM

0,/ -04 -0,03) (200 140-40-12 88 Y1
-004 06 -002(-100|=| -8+60-8 |=|44|=|VY,
-03 -03 0,3 ) | 400 -60-30+120 30 Y3

(E-A)X= .

Omeem: Y1 = 88, y, =44; y;=30.

3agaHus 11 pacyeTHON padoThl
1. Ilpennpusatre BBIMYCKAET €XKECYTOUHO YEThIpe BUAA H3JETIUI, OCHOBHbBIE
MPOU3BOJCTBEHHO-I)KOHOMUYECKHUE MOKa3aTeNIM KOTOPBIX MPUBEIACHBI B Ta0I. 2.

Tabnuya 2
Bumnsnennsa | KonmnuectBousnenui Pacxon Hopwma Llena uznenus,

CBIPbS, W3TrOTOBJICHUS JICH. e]1. U3]1.
KI/W3. q/u3m.

1 30 10 15 40

2 60 7 10 20

3 40 12 20 50

4 50 9 12 30

OnpenenuTs CIEAYIONIUE XKECYyTOUHbIC TTOKAa3aTeIU: PACX0/l ChIPhs S, 3aTPaThl
pabouero BpeMeHH T U CTOUMOCTh P BBITTyCKaeMOU MPOTYKIIMHU TPEATPUSITHS.

2. IlpeanpusiTue BBIMYCKAET YEThIPE BUAA U3JICIIUM C UCTIOJb30BAHUEM YEThIPEX
BUJIOB CBIPbS. Hopwmbl pacxonia CeIpbsi JaHbl Kak 3JieMeHThl MaTpulibl A. Haiitu
3aTpaThl Ha CHIPbE KAXJIOr0 BUJA IPU 33JaHHOM IUIAHE BBIMYCKAa Ka)KIOr0 BHJA
n3aeimsa coorBeTcTBeHHO 50; 65; 30; 45.
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4 27 2
3435
5523

Azl93 77

3. 3aTpatrhl Ha YeThIpE BUAA CHIPbs JIJISl BBIMMYCKA YETHIPEX BUIOB MPOIYKIIUU
XapaKTEpU3yIOTCS MaTpHLEeil A, MpuBeIeHHOH B 3a1a4e 13.
Haitru:
1) oburme 3aTpatThl HA ChIPhE AJIS KAXJ0TO BUJIa MPOAYKIIUU U €TO TIEPEBO3KY;
2) oOmue 3aTrpaTbl HAa ChIPbE U €r0 TPAHCIOPTUPOBKY MPHU YCIOBHH 3aJaHHOTO
BEKTOp-TUIaHa 3a7a4M 13, eciin N3BECTHBI C€0ECTOMMOCTH KaKJI0TO BUAA CHIPHA 8, 5,
6, 4 u ero goctaBku 2, 3, 1, 2 1eH. €. COOTBETCTBEHHO.

Tema 4.1 KoMmieKcHbIE YHCJIa U JeHCTBUA HAJ HUMHU
Hean: dopmupoBath ymMeHuEe rpaduueckoro u300pakxeHus KOMIUIEKCHBIX YHCEN,
BBITIOJTHEHUS apU(PMETUUECKUX OMEPALNil C KOMILJIEKCHBIMU YUCJIaMHU.
CamocrosiTesibHasi padoTa: BBITIOJIHEHHE PACYETHOU PabOTHI.
dopma KOHTPOJIsI: TPOBEPKA paCYETHOU pabOTHI.

[Topsinok BBIMOTHEHUS paOOThHI
1. PaccMoTpute TEOpeTHYECKH Marepuaji MO TeMe W MPUMEPhl PEIIeHUs 3aaad
(MpUBEIEHBI HUXKE).
2. Pemute pacuetnyto paboty. Opopmure pemieHre NiCbMEHHO B TETPAIH.
3. OTBeThTEC MUCHMEHHO Ha KOHTPOJIBHBIE BOTIPOCHI.
Teopemuueckue ceedeHus:

OCHOBHBIC MOHATHUSA

H300parrcenue KOMNAEKCHBIX HuUcCel

Komnnekcnwie wucna 3anvceiBarorcs B Bune: a+bi. 3necraub — oeucmeumenvuvie
yucia, a i — MHumas eounuya, m.e. i°= —1.Yucno a HasblBaeTcsiabcyuccoi, a b —
opounamotii KomiuiekcHoro yucia a+ bi. KommiekcHoe uncino 0+ bi HaswiBaeTcs
yucmo muumsimuuciom.3amnuck biosnayaer to xe camoe, uro u 0+bi.
MoOyemKOMILIEKCHOTO dYKcaa HasbiBaeTcs aauHa BekTopaOP, m3o6pakaroriero
KOMILIEKCHOE YHCIO0 Ha KOOPAMHATHON (komniexchotl) maocKoCTH. COnpsoKEHHBIE
KOMIIJIEKCHBIE YHCJIa MMEIOT OAMHAKOBEIM MOIYJIb

PaccMoTpuM Ha TIOCKOCTH JEKApTOBY MPSIMOYTOJIbHYIO cucTemy koopauHat xOy.
KaxnoMy KOMIUIGKCHOMY 4YHCIy Z = @ + DIMOXHO CONOCTaBHTH TOYKY C
KoopauHatamu (a;b) , m HA00OPOT, KaXJAOW TOUYKe C KoopauHatamu (c;d) MOXKHO
COMOCTaBUTh KOMIUIEKCHOE 4nciio W = C + di. Takum oOpa3oM, MeXIy TOYKaMH
IUIOCKOCTH W MHOXECTBOM KOMIUICKCHBIX YHWCENl yCTaHABIMBAETCS B3aWMHO
OJIHO3Ha4YHOE cooTBeTCTBUE. [I0ATOMY KOMILJIEKCHBIE YHCIa MOKHO M300paXkaTh Kak
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TOYKH TIJIOCKOCTU. IIMOCKOCTh, Ha KOTOpON H300pakarOT KOMIUICKCHBIE YHCIIA,
OOBIYHO HA3BIBAIOT KOMILJIEKCHOHN IJIOCKOCTBIO.

[Tpumep.N300pa3nm Ha KOMIUIEKCHOW TUIOCKOCTH uncna Z; = 2 + 132, = 3i; 23 = -3 +
21;24=-1—1.

Pemenue:
B
39 o
I; -
3 : 5
: 1fp====- *
|
3 2 - !
n 1 2 z
[ a
-
Z4

Apudmernueckre NEHCTBUS HaJ KOMIUIEKCHBIMU YHCIAMU T€ K€, YTO M HaJ
JNEUCTBUTEIBHBIMU: UX MOYKHO CKJIAJIbIBATh, BBIYNTATh, YMHOXaTh U JIECJIATH IPYT Ha
npyra. Ciio)eHne U BBIYATAHUE TIPOUCXOIAT IO TIPABUILY

(atbi)x=(c+di)= (atc)+(b+d)i,
aAyMHOKCHHE— TOTIPABHITY
(a+bi)-(c+di)= (ac-bd)+(ad+bc)i(3neck xak pas ucnonssyercs, uroi’=—1).

Yucio z=a—binassiBacTCAKoOMNIeKCHO-conpsidcennbimkZ=a+bi. PaBeHcTBOZ® Z
=a?+b’mo3BossieT MOHATH, KaK JEIWTh OJHO KOMIIEKCHOE YHCIIO Ha JpYyroe
(HEeHyJIeBO€) KOMIUIEKCHOE YUCIIO:

at+bi _ (ad-bi)-(c—di) (ac4bd)4(be—ad)i _ getbd 4 be—ad -

c+di  (cddi)-(c—di) c2+d2 Z1d2 | e2qdz’
344i 11 23
Hampumep, 14+2i 5 5"
3anaHus I pac4eTHONPadoThI
1 BapuaHT 2 BapuaHT Komnuects
0 0aioB

No 1. M300pa3uTe Ha MIIOCKOCTH 3aJaHHbIE KOMIUICKCHBIC YHCTIa!
z1=4i Z1= -5i 1
Z2=3+]i Zo=4+i 1
Z3= -4 +3i Z3=-7T+2i 1
24= - 2 -5i Z 4= -3 —6i 1

No 2. TIponsBeauTe CI0KEHNUE U BBIYUTAHUE KOMIUIEKCHBIX YUCET:
a) (3 +5i)+(7-2i). (3-20)+(5+1). 2
0) (6 + 2i) + (5 + 3i). (4 + 2i) + (— 3 + 2i). 2
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B) (—2+ 3i) - (7-2i). (=5+2i)-(5+2i). 2
r) (5-—4i) - (6 + 2i). (=3 -5i) - (7 - 2i). 2
No 3. [Ipon3Be1MTE€yMHOKEHUEKOMILJICKCHBIX UM CEJI
a) (2+3i)(5-Ti). (1-)(A +i). 2
0) (6 + 41)(5 + 2i). (3 + 2i)(1 +i). 2
B) 11) (3 - 2i)(7 —1). (6 + 4i)3I. 2
r) (-2 +3i)(3 +5i). (2-3i)(=51). 2
Ne 4. BeinosnHHTE JIeIeHUEe KOMIUIEKCHBIX YHCEIL:
8+2i 5+ )
a) — a) -
15_—i31 12-|-_|-i31 2
6)E 6):
Ne 5. BeInoJTHUTEIEUCTBUS:
a) (3+2i)(3-2i). a) (7 —61)(7 + 61) 2
6) B+i)(5-1). 0) (4 +1)(4 ). 2
B) (1 —3i)(1 + 3i). B) (1 —5i)(1 + 5i). 2
Ne 6. Pemnre ypaBHEHUsI:
a)x’— 4x+ 13 = 0. a) 2,5x*+x+ 1 =0. 3
6)x*+ 3x+4=0 6) 4x°— 20x+ 26 = 0. 3
Ne7. Ha pucynke mokazaHo rpaduueckoe H300paKeHHE KOMILICKCHBIX YHCEIL.
[lepepucyiite pucyHok B TeTpaab. O003HAUBTE KOMILICKCHBIC YMCIA KaK Z1, Z2, Z3.
3anumuTe COOTBETCTBYIONIUE AHATTUTHICCKHIE (DOPMEIL.
2
\__/ [ L] [ L]
[l L] FTTTTTT HEREER
T T T T FTTTTT
Kpurepuu oneHku
HaOpaHnHoe KoJim4yecTBO 0asuioB OIICHKA
21 — 28 GamwioB 3
29 - 34 6amioB 4
35 - 38 Gamna 5
Tema 5.1 BeposSITHOCTB €JIy4ailHOTO COOBITHS
deab: nDoOMydnuTh HABBIKM 110 HAXOXKACHHUIO  YCIOBHBIX  BEPOSITHOCTEW,

BBIYKMCIICHUIO BEPOSITHOCTEH CIIOKHBIX COOBITUH C MOMOIIBIO TEOPEM YMHOXEHUS U

CJIOKCHUA BepOHTHOCTeﬁ, IMOJIYYUTL HABBIKK II0 BBIYMCJIICHUIO BGpOHTHOCTeﬁ

CJIOHBIX COOBITUH C MOMOUIBIO0 (POPMYJITBI OJTHON BEPOSATHOCTH
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CamocrosiTesibHasi padoTa: BBIIIOJIHEHHE PACYETHOU paboTHI;

dopma KOHTPOJIsI: TIPOBEPKA PAOOTHI.

Teopemuueckue ceedenus:

[Iycte A u B — 3aBucumbie coObITHS. YcioeHout eéeposmuocmuvio P(B|A) (unu
Pa(B)) Ha3bIBatOT BEpOATHOCTH COOBITHS B, BBIUMCICHHYIO B MPEIIOJIOKCHHUU, YTO
coObITHE A yXe HaCTYIUJIIO.

Teopema ymHoMCEHUS BeposimHOCTmEU

Teopema: BeposTHOCTH, mNpoW3BEeNEHUS ABYX HE3aBUCUMBIX COOBITHI paBHA
MIPOU3BEIICHUIO BEPOSTHOCTEH ITUX COOBITHIA

P(A'B) =P(A)P(B).

IIpumep .KakoBa BepoOsSTHOCTH TOTO, YTO MPH JECATUKPATHOM OPOCAHUU MOHETHI
rep0 Beimazget 10 pa3 ?

Pemenne: Ilyctp coObiTie Al — mosiBiieHHE repOa mpu i-m Opocanuu. Mckomas
BEPOSATHOCTh €CTh BEPOSTHOCTh COBMEIIeHUs Beex coobithit Al (1=1,2,3,...,10), a Tak
KaK OHH, OYEBMJIHO, HE3aBUCHUMBI B COBOKYITHOCTH, TO mHpumenss ¢opmyrny (10),
nMeeM

P{AA; A )= P A )P( Ay ). P App )

Ho P(A1)=1/2 nns nroboro i; mostomy

AR

P ArAy. A )= (E] =~ % 0.00]

Teopema:  BeposrHocTh TpoU3BEIEHUS JBYX 3aBUCHUMBIX COOBITUH paBHA
MIPOU3BEJICHUIO BEPOSITHOCTEM OJTHOTO M3 HMX Ha YCIOBHYIO BEPOSITHOCTH APYroro,
BBIYMCIICHHYIO B MPEJJIOKEHUHU, YTO IEPBOE YKE HACTYIUIIO.

P(AB) =P(A)P(B|A).

J17ist Tpex 3aBUCUMBIX COOBITHIA:

P(A ‘B) =P(A)P(B|A)P(C|A B).

Ipumep. U3 ypHBI, cogepxkaiieit 3 OeablX U 7 YEpHBIX MIAPOB, BEHIHUMAIOT JBa
mapa. KakoBa BEpOSTHOCTh TOTO, YTO 00a I1apa OKaXyTCsl OEIbIMU ?

Pemenne: Ota 3amava yxe Obula pellleHa B . 3 C MOMOIIBIO KJIACCHYECKOTO
onpeneneHus: BeposATHOCTH. Pemum ee, nmpumensiss popmyiny (5). M3Bneuenue aByx
IapOB PAaBHOCHUJILHO TMOCJEOBATEIbHOMY MX H3BIeYeHHI0. O003HauuM uepe3 A
MOsIBJICHUE OeJoro mapa Mpu TEPBOM H3BICYEHUH, a 4Yepe3 B — mpu BTOPOM.
CoObiTHe, cocTosiliee B MOSBICHUM JABYX O€NbIX IIAPOB, SBISETCS COBMEIICHHUEM
coobrtuit A u B. I1o popmyne (5) umeem

P{AB)=P{A)P4( B)

Ho P(4)=3/10; PA(B)=2/9, mOCKOJbKY TOCJ€ TOTO, KaK ObUI BBIHYT IEPBbIN
Oeblii map, B ypHE OCTANIOCh 9 1M1apoB, U3 KOTOPHIX 2 Oenbix. CienoBaTeNbHO,
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Teopema cnodcenus 6eposmHocmeri HeCOBMeCMUMBbIX COObIMUL

Teopema: BeposSTHOCTP CyMMBI HECOBMECTHBIX COOBITUH paBHAa CyMMeE
BEPOSTHOCTEH STUX COOBITHIA:

P(A+B) =P(A)+P(B).

IIpumep.B ypHe 2 3eneHbIX, 7 KpacHBIX, 5 KOpHYHEBBIX U 10 OenbIX IIapoB.
KakoBa BepoSITHOCTh NOSIBJICHHS IBETHOTO 11apa?

Pemienne: HaxoauM COOTBETCTBEHHO BEPOATHOCTH IOSIBJIICHHS — 3€JIEHOTO,
KpPacHOTO U KOpUYHEBOTO mapoB: P(zen.)=2/24; P(kp.)=7/24, P(kop.)=5/24. Tak kak
paccMaTpuBaeMble COOBITHS, OYEBHIHO, HECOBMECTHBI, TO, MPUMEHSS aKCHOMY
CJIOKEHMSI, HAUJIEM BEPOATHOCTD MOSBJICHUS [IBETHOTO MIapa:

2 7 5 7
Plue = Pl sen’ i+ O+ Flwopi=—+—+—=—
(ye.) = Fsen)+ Flap )+ Plrap.) TRETREYRED

Teopema:
Ecimm A u B — coBMecTHBIE COOBITHSA, TO
P(A+B) = P(A)+P(B)-P(A B).

Jliist Tpex u 0ojiee COBMECTHBIX COOBITUI 3Ta (hopMyJia 3HAYUTEIBHO YCIOKHACTCS.

Hanpumep:

P(A+B+C)=P(A)+P(B)+P(C)-P(A B)-P(A -C)-P(B C)+P(A B C).

Ipumep: IlpousBeneH 3amn w3 ABYX OpyAud IO MUIIEHHA. BeposTHOCTH
nonaganuda w3 neporo opyaus pasHa 0,85, a w3 Broporo — 0,91. Haiitu
BEPOSITHOCTH MOPAKCHUS IIEIIH.

Pemenne: ITycth coObiTHE A — XOTS OBl OJTHO IOIIA/IaHKE B MUILICHB, COOBITHE A1
— MomNaJaHue B MUIIEHB U3 TMIEPBOTO OPYIus, COObITHE Ay — MOMAa/laHue B MUIIICHD U3
BTOPOTO OPY/IHS.

Torma A = A1tAo.

[Tockonbky coObITHSI A1 1 A2 COBMECTHBI, TO

P(A) = P(A1)+P(A2)-P(ArAY).

T.k. coObiTus A1 u Az HesaBucuMbl, TO P(A1A2)=P(A1) 'P(Az),

rae P(A1)=0,85, a P(A2)=0,91 mio ycioButo 3a1aun.

Uraxk, P(A) =0,85+0,91-0,85' 0,91=0,9865.

Beposamnocms npomugononosrcnozo codvimus

Heckombko cOOBITHIT B J@HHOM OIBITE OOpPa3ylOT IOJHYIO TPYINY, €CIH B

pe3ynbTaTe OMbITa 003aTEIBHO JIOJDKHO MOSBUTHCS XOTS ObI OJTHO M3 OTUX COOBITHH,

Otcrona ciieyer, 4To cyMMa COOBITUH MOJTHOW TPYHIbI €CTh IOCTOBEPHOE COOBITHE,
BEPOSITHOCTh KOTOPOT'O paBHA €IMHULIE.

Eciu coObiTus, oOpa3zyroliue MOJHYIO TpYIITy, MOMapHO HECOBMECTHBI, TO B
pe3yJIbTaTe OIbITA MOSIBUTCS OJJHO U TOJIBKO OJTHO U3 3TUX COOBITHIA.

JIJist cyMMBI TaKuX COOBITHH cripaBeninBa (hopmyia
P(A1+A2+. .. .+An) = P(A1)+P(A2)+ .. .+P(An) =1.
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Teopema: J/[Ba NpOTUBOMOIOXKHBIX IPYT APYTY COOBITUS 00PA3YIOT MOTHYIO

rpymuy: P(A)+P(A) =1

Ipumep: B naprtuu comepsxkutcsa 20 aeTaneid, cpeau KOTOPBIX 4 HECTaHIAPTHHIX.
JI71sl KOHTpOJIs B3aiu Haynauy 3 getanu. HaiiTh BeposATHOCTb TOTO, YTO XOTs Obl
OJIHA U3 B3ATHIX JleTalell HeCTaHIapTHA.

Pemenne: IlycTh coObiTue A — XOTs Obl OfHA M3 B3ATBIX JeTajlell OKaxKeTcs

HecTaHAapTHOU. PaccMoTpum coObiTHE A , MPOTUBOIOJIOKHOE COOBITHIO A

N

A - cp€an B3ATHIX I[CTaHCﬁ HCT HCCTAaHAAPTHBLIX. Berauciaum BCPOATHOCTD

—  _— m C) 16137 28
coopitust A P(A)=—=—73"= =—.
n C, 3113:200 57

TGHGPB BBIYUCIIUM BEPOATHOCTb HCKOMOI'O COOBITHSL:

— 28 29
P(A) =1-P(A)=1-—=—~0509,
57 57

Ipumep: Ileperopena ogHa U3 MATH DJIEKTPOJAaMIl, BKIIOYEHHBIX B CETh
nocinenoBareabHo. C  1ENbl0 YCTPAHEHHsS] TMOBPEXKIEHUS HayAady BbIOPaHHYIO
JAMITOYKY 3aMEHSIIOT FOJHOM, MOCJE Yero cpa3y IpPOBEPSETCS UCIPABHOCTh JIUHUU.
Ecnu moBpexaeHue He yCTpaHEHO, TO 3aMEHsAeTCs JApyras Jiamnouka. Haittu
BEPOATHOCTh TOTO, YTO IOBPEXJEHUE OyIeT YCTPaHEHO TOJBKO IIOCIE 3aMEHbI
TPETHEN JTAMIIOUKHU.

Pemenne: Ilyctb coObiTHe A — MOBpeXAeHUE OyJET MCIPABIECHO MOCIE 3aMEHbI
TPEThEN JIAMIIBI.

PaccmoTpum criemyroniue Tpu COObITHS:

A1 — nmnepBas 3aMEHEHHas JlaMIla OKa3aJlach MeperopeBIlIeH;

Ar— BTOPAsl 3aMEHEHHAas JlaMIla OKa3aJlach IEPErOPEBILIEH;

Az — Tperbs 3aMEHEHHas JamIa OKa3ajach NEPErOpeBIIEH.

Torma: A= a-Ay-A

[1OCKONBKY COOBITHS A) - A, u Ag 3ABUCHMBL, TO

P(A) = P(Ay - Ay - Ag) = P(Ay) - P(Ay| ) - P(Ag|A - Ay)

BeposTHOCTD COOBITHSL A, €CTh BEPOSTHOCTH TOTO, YTO IEpBast 3aMEHEHHAs JIaMIIa
. — 4
OKa3aJIaCh UCIIPABHOM P(A)) = —.
5

VYcnoBHasi BEpOATHOCTH P(/TZW) - BEPOATHOCTH TOTO, YTO BTOpasi 3aMEHEHHas

JamIa OKa3ajach UCIPaBHOMW, €CJIM U3BECTHO, YTO IEPBAsi 3AMEHEHHAs JIaMIIa TAKKe
UCIIpaBHa.

ITooTomy P(ay|a) =3,
4
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HaKOHGH, YCJI0BHAsA BCPOATHOCTD p(g‘g.g) C€CTb BCPOATHOCTHL TOI'O, 4YTO

TPCTh 3aMCHCHHAA JIaMIla OKa3aJIaChb HGpGFOpGBHIGfI, CCJIM U3BCCTHO, YTO IICPBAA U
BTOpasa 3aMCHCHHBIC JIaMIIbI ObLIH HCIIPpaBHBIMU.

OTKys1a P(Ay|A - Ay) —%.

Temneps momcunTaeM HCKOMYIO BepoSTHOCTE: P(A)=-.=.~-0,2
5 4 3

IIpumep: BepoATHOCTH TOro, 4TO JAETajdb HYKHOTO BHJA HAXOJUTCS B IEPBOM,
BTOPOM, TPETHEM SIIMKE COOTBETCTBEHHO paBHbl 0,7; 0,8; 0,9. HaiiTu BepoaTHOCTH
TOT0, YTO JIETAJIb COJICPKUTCA HE MEHEE, YEM B JABYX SIIIUKAX.

Pemenne: Ilyctb coObiTHE A — €Tallb HY’)KHOTO BUJA HAXOUTCS HE MEHEE, YEM B
IBYX siuKax. PaccMoTpum cienyroiiue Tpu COOBITHS:

A1 — neranib Hy’)KHOTO BUJa UMEETCS B 1-0M SIIKKE;
Ay — netaiib Hy’)KHOTO BHJIa UMEETCS BO 2-OM SIIUKE;
Asz- neTalib Hy>)KHOTO BUJIa UMEETCS B 3-€M SIIIUKE.

CoObitie B1=A - A, - A; 3aKITIFOUaETCSA B TOM, YTO HYXHOTO BHUJIA JICTAJIb IMEETCS BO
2-0M " 3-eM sIuKax, Ho e€e HeT B 1-oM smuke. COOBITHS MMEETCSI BO 2-OM U 3-eM
HE3aBUCHUMBI, IO3TOMY

P(B,) = P(A)- P(Ay) - P(Ag) = (1-0,7)-08-09 = 0,216.

CoOBITHE B, = A - A, - A, 3AKJTIOYACTCS B TOM, YTO HY)KHOTO BHJA JETaIb UMEETCS B
1-oM u B 3-eM AIMKaX, HO €€ HET BO 2-OM SIIHKE.

Cobbitie B3=A1Ay A, 3aKIIIOYaETCS B TOM, YTO HY)KHOTO BHJA JICTANIb UMEETCS B
1-oM m 2-0M sSmMKax, HO €€ HET B 3-eM SIIHKE.

p(83)=P(A1) P(A2) P(Ag) =0,7-0,8-(1-0,9) = 0,056.

Hakomner, coositrie Bs=A; '‘AyAs 3aKkimrodaeTcs B TOM, YTO HY)KHOT'O BHJIa JICTaJb
UMeeTCs U B 1-0M, 1 BO 2-OM, U B 3-€M SIIHKaX.

P(By) = P(A))-P(Ay)-P(A3) =0,7-0,8-0,9 = 0,504.

CoObITHE A TIPOM30MIET TOT 1, KOTJa MIPOU30MIET OTHO U3 COOBITHIA:

unu B1, wim By, unu Bs, wiu Ba. [Toatomy A=B;+B,+Bs+Ba.

[Tockonbky coObiTus B1, B2, B3, B4 HecoBmecTHBI, TO

P(A)zP(B1)+P(B2)+P(Bg)+P(B4)

Breraucnsewm:

P(A)=0,216+0,126+0,056+0,504=0,902.

Dopmyna noaHoU 8epoOmMHOCU
[TycTh coObITHE A MPOUCXOAUT COBMECTHO C OJIHUM W3 coObIThi (Tmmorte3) Hi,

Hy,... H,, xoTtopwsie oOpasyroT moiHyi Tpymnmy coObiTuii. Torma crhpaBemiviBa
Gopmyna noanotl éeposmuocmu coovimus A :
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P(4) = %P(HK) : P(A‘HK) ,
k=1

rae P(Hx) — BepositHOCTh runote3sl Hy, P(A | Hy) — ycioBHas BepOsSTHOCTH A, T.¢.
BEPOSATHOCTD MOSIBJICHUSI COOBITUS A MPU YCIOBUH, 4TO Ipou3omwia runore3a Hy .

IIpumep.Tpu aBTOMaTa U3rOTOBISAIOT OAUHAKOBBIE IETAIIN.

N3BecTHO, 4TO mepBbId aBTOMAT Npou3BoaUT 30% Bcell MPOIYKUHMH, BTOPOH —
25% wu tpetniit — 45%. BepoATHOCTH M3rOTOBJIEHUS IETalIH, COOTBETCTBYIOIIEH
CTaHIapTy, Ha nepBoM aBromare paBHa 0,99, Ha Bropom — 0,988 m Ha TpeTbeM —
0,988. Bce M3rOTOBJIEHHBIE 32 CMEHY JETajlu CKJIaJbIBaloTCa BMecTe. Onpenenuthb
BEPOSITHOCTH TOTO, YTO B3sITasl HayJady J€Talb HE COOTBETCTBYET CTAHAAPTY.

Pemenne: Ilyctp coObiTme A — B3sATas HayAaudy JeTallb HE COOTBETCTBYET
CTaHAAPTYy.

['mnoressr:

H;i- B3dTas nerans U3roToBjieHa NEPBBIM ABTOMATOM;

Hy- B3Tas neranb U3roToBjieHa BTOPHIM aBTOMAaTOM;

Hs- B3dTas neranb U3roToBJI€HA TPETHUM aBTOMATOM.

Brruucinum BEpOATHOCTD TMIIOTES.

30% 25% 45%

P(H ) = =03, PH )= =0,25, P(H )=
1 100% 2" 100% 3° 100%

= 0,45.

BprunciauMm ycioBHbIE BEPOSATHOCTH:
P(A | Hi) — BepOSTHOCTH TOTO, YTO B3sATas Hayjaady JeTajlb HE COOTBETCTBYET
CTaHJAPTY, €CJIM OHA U3TOTOBJICHA NTEPBBIM aBTOMATOM.

P(A|H )=1-0,99 =0,01. P(4H )=1-0,988 = 0,012.
1 2

P(A|H ) =1-0,988 = 0,012.
3

BeposiTHOCT cOOBITHS A MOCYUTHIBaEM Mo (HopmyJie TIOJTHON BEPOSITHOCTH :

P(A)=0,3 -0,01+0,25 0,012+0,45 -0,012=0,009.

IIpumep. B niepBoit ypHe 7 Oenbix U 3 4epHBIX IIapa, BO BTOPOM — & OeNbIX U 2
yepHbIX. [Ipyu epeBo3ke n3 NepBOM YpHBI BO BTOPYIO YPHY HNEPEKATUIIMCH JBA 1Iapa.
ITociie Toro, kak mapsl BO BTOPOM ypHE I€peMElIalncCh, U3 HEE BBIKATWIICA LIap.
Haiiti BeposiITHOCTh TOTO, YTO BBIKATUBIIIMICS U3 BTOPOM YpHBI 1Iap OCIIbIH.

Pemenue: Ilycth cobbiTe Hi COCTOUT B TOM, YTO U3 MEPBON YPHBI BO BTOPYIO
MEePEKATUITUCH JIBa OeNbIX mapa, coObiTue H, COCTOMT B TOM, YTO TIEPEKATUIIUCH JIBA
4EPHBIX Mapa, a coObITHEe H3 COCTOMT B TOM, YTO MEPEKATHIIUCH IIapbl Pa3HOTO

BeTa. MOXXHO BBIYHCIHTH BEPOSATHOCTH P(H1)=C72/ C120 =7/15, P(H2)=C§/ Clzo

=1/15, P(H3)=7-3/ C120 =7/15 (mpu pemieHUH 3a7add  IOJIE3HO IPOBEPHUTH

BBINOJTHEHHE HeoOX0auMoro yciosust > P(H;)=1).
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Ecnu peanuzoBanach runoresa Hi, To BO BTOpoW ypHe okazanoch 10 Oenbix u 2
5
yepHbIX mapa. O6o3HaunM yepe3 4 coObITHE, 3aKITI0YaroIIeecs B TOM, YTO U3 BTOPOIl

ypHBI BeIKaThiics Oenbiid map. Torma P(A/H1)=10/ C122 =5/33. Ecnu peanuzoBaiach

rurnote3a H,, To BO BTOpOil YpHE OKa3alioch 8 Oeibix U 4 4€pHbIX mapa, u P(A/H)=

8/ C122=4/33. Jlerko mokazate, uro P(A/H3)=9/ C122 =3/22. Temnepb MOXKHO

BOCIIOJIb30BAaThCS (HOPMYJIION MOTHOM BEPOSTHOCTH:

P(A)=(5/33)-(7/15)+(4/33) (1/15)+(3/22) (7/15)= 47/330

IIpumep. B smuke nexar 20 TEHHUCHBIX MA4Y€, B TOM 4ucie 15 HOBBIX U 5
urpanbiX. s urpbl BRIOUpArOTCS 2 Msiua M MOCJE UTPHI BO3BpAIIAOTCS 0OpaTHO.
3aTeM JJIsi BTOPOM WIphl TaKKe HayAady U3BJIEKaroTcs emé aBa Ms4da. Haittu
BEPOSATHOCTH TOT'O, UTO BTOpasi Urpa OyAEeT MPOBOIUTHCS HOBBIMU MSIYaMHU.

PemenneO003HaunM uepe3 A coObITHE, 3aKITIOYAIOIIEECs B TOM, UTO BTOpas Urpa
OyJIeT IpOBOJUTHCS HOBBIMU Msiyamu. [lycTh runoreza Hi COCTOUT B TOM, YTO JJIS
MEepBOI UTPHI ObUIM BBIOPAHBI JIBa HOBBIX Msi4a, TUIIOTE3a H2 COCTOUT B TOM, YTO JIsI
MEepPBOM UTPbI ObUIM BHIOPaHBI HOBBIA M UTPAHBIN MsUM, TUTIOTE3a 3 COCTOUT B TOM,
YTO JIJIsl TIEPBOM UTPHI OBLITM BHIOPAHBI IBa UTPAHBIX MA4Ya. Onpesenum BeposTHOCTU
TUIOTE3!

P(Hy)=cZ/c, =21/38; P(H,)=15-5/C2, =15/38; P(H3)=C2/C2, =2/38.

Tenepb BIYKUCIUM YCITOBHBIE BEPOSATHOCTH COOBITHS A.

P(A/Hy)=C%/C2, =39/95; P(A/H2)=C? /c2, =91190; P(A/H3)=CZ /C2 = 21/38.

OcTanoch MOACTaBUTH PE3yJIbTATHI BEIUUCICHUN B (DOPMYITY MOJTHON BEPOATHOCTH

P(A4)=(21/38)-(39/95)+ (15/38)-(91/190) + (2/38)- (21/38) ~ 0.445.

IIpumep.Ha aBTO3aBOA MOCTYNMIIM ABUTATEIM OT TPEX MOTOPHBIX 3aBOAOB. OT
MepBoro 3aBojia moctymwio 10 mBurarenei, oT BTOpOro — 6 U oT TpeTrhero — 4
nBuratens. BepositTHocT 0€30TKa3HOW paboOThl JTUX JBUTATEE B TEUCHHUE
TrapaHTHUIHOTO CpokKa cooTBeTcTBeHHO paBHbl 0,9; 0,8; 0,7. KakoBa BEpOSITHOCTH
TOTr0, YTO YCTAHOBJICHHBI Ha MAaIllMHE JBUTaTeNb OyneT paborath 06e3 AeeKTOB B
TE€YEHHE TapaHTUUHOTO CpoKa?

Pemienne CoObITHEA— YCTAaHOBJICHHBIM Ha MalllMHE JBUTATENb OyneT padoTaTh
0e3 nedekToB B TEUEHHWE TapaHTHMHOTO CpOKa — MOXKET TMPOU30NTH, ECIH

NPOU30HAeT OJHO M3 HecoBMecTHbIX coObrtmit: Hq, H,, H3— ycranonennsiii Ha

MallMHE ABUIaTC]ib H3IrOTOBJICH Ha IICPBOM, BTOPOM HIHM TpPEThEM 3aBOJC

COOTBETCTBEHHO. DTH COOBITHS 00pa3yIOT MOJHYIO TPYIILY, UX BEPOATHOCTH:

10 6 4
P(H1)=2—0=0,5, P(Hz)zz—ozo,g, p(Hs):?OZO’Z,

(Kowrpons:P(H, )+ P(H;) + P(H,)=1)
Io yenosmo P, (A)=09,P,, (A)=08, P, (A)=0,7-
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[To dhopmyre moaHOM BEPOATHOCTH
P(A)=P(H)Ry, (A)+P(Hz )Py, (A)+P(Hs)Ry, (A)=
=0,5-0,9+0,3-0,8+0,2-0,7=0,83.
@opmyna baueca
ITycTh BeposiTHOCTH THTIOTE3 10 onbita Obutn P(H1), P(H2),... P(Hp). B pesynbrare
ombITa MosiBUIIOCH coobiTe A . Toraa ycnoBHas BeposaTHOCTh P(Hy | A) runoressl Hy
C YYETOM MOSBJICHUS COOBITUSI A BBIYUCIHSETCS TI0 gopmyne baiieca:

P(H ) - P(A‘HK) P(H ) P(A‘HK)
P(H |4) = =

%P(Hi) : P(A‘Hi) P(A)
i=1

IIpumep.Ha nByx craHKax NpoOU3BOIAT OJUHAKOBBIE JETAIH, KOTOPBIE MOCTYHAIOT
Ha KoHBelep. IIpon3BOAMTENHHOCTH MEPBOrO CTaHKAa B TpU pa3a OoJblie
IIPOU3BOUTENBHOCTH BTOpOro. llepBeii craHok maetr B cpenHem 80% nperanei
OTJIMYHOTO KaudecTBa, a BTopor —90%. Haypauy B3sATas ¢ KOHBelepa IeTallb
OKa3aJlach OTJIMYHOIrO KayecTBa. HailTh BEpOSITHOCTh TOTO , YTO OHA M3rOTOBJIEHA HA
BTOPOM CTaHKE.

Pemenune Ilycte coObiTue A - B3siTas Hayjaauyy ¢ KOHBeHepa JieTalb OTIMYHOTO
KAa4ecTBa.

I'mnoressr:

Hi- neranps n3rotopieHa Ha IEPBOM CTAHKE;

H»- netans n3rotoBneHa Ha BTOPOM CTaHKE.

BeposTHOCTB TUnoTe3 10 NOABICHUS COOBITUS A

P(Hl):3/4; P(Hz):1/4.

Y CII0BHBIE BEPOATHOCTH

80% 90%

P(A|lH ) = = 0,8; P(4|lH ) = =0,9.
1 100% 2" 100%

BepositTHocT TOro, 4Tto B3siTags ~ HayJady C KOHBEWepa HeTalb OKAKETCA
OTJIMYHOTO KayecTBa, T.€. BEPOATHOCTh COOBITHUS A, BBIYUCISIETCA MO (opMmyiie
MOJIHOU BEPOSITHOCTH:

3 1
P(4) =— 0,8+ = 0,9 = 0,825.
4 4

Hckomast BEpOSITHOCTh TOTO, YTO B35Tasi AETajb OTJIMYHOTO Ka4eCTBA U3TOTOBJICHA
Ha BTOPOM CTaHKE, BBIUUCJIIAECTCA 1o dbopmyie barieca:

1
P(H,) P(A|H,) 0.9
P(H,|4) = - ~ 0,273,
P(A) 0,825
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IIpumep. B niepBoii ypHe 7 Oenbix U 3 4epHBIX I1apa, BO BTOPOMl — 8 Oenbix u 2
yepHbIX. [Ipu nepeBo3ke U3 MepBoOil ypHBI BO BTOPYIO YPHY MEPEKATUIIMCH JBA IIapa
U IIapbl BO BTOPOW YpHE NEpeMelianuch, U3 HeE€ BbIKaTWiCS Oenblil map. Haiitu
BEPOSATHOCTh TOTO, YTO M3 MEPBOM ypHBI BO BTOPYIO MEPEKATWIMCH PA3HOIBETHHIC
mapsbl.

Pemenue

[TycTth coObiTHE H1 COCTOUT B TOM, YTO U3 MEPBOM YPHBI BO BTOPYIO NEPEKATUIUCH
nBa OenbIX 1mapa, coobiTue H> COCTOUT B TOM, YTO MEPEKATUIIMCH JBA YEPHBIX I1apa,
a coObITHe H3 COCTOMT B TOM, YTO MEPEKATWIIMCHh IIapbl Pa3HOro IBeTa. MOKHO

BBIUHCJINTh BEPOSITHOCTH P(H1)=C72/ C120=7/15, P(H2)=C§/ C120=1/15, P(H3)=

7 3/C120 =7/15 (npu pemieHUH 3a7a4d  TOJE3HO TMPOBEPUTH  BBHIMOJHEHUE
Heo6xoauMoro yeiosus Y P(H;)=1).

Ecnu peanuszoBanacek runoresa i, To Bo BTOpoil ypHe okazanoch 10 Oenbix u 2
yepHbIX 1apa. O0o3HaunM uepe3 A coObITHE, 3aKIIIOYAOIIEECs] B TOM, UTO U3 BTOPOM

ypHBI BbIKaThiics Oenbiid map. Torma P(A/H1)=10/ C122 =5/33. Ecnu peanuzoBaiach

rurnote3a H,, To BO BTOPOil YpHE OKa3asioch 8 Oeibix U 4 4épHbIX 1mapa, u P(A/Hy)=

8/ C122=4/33. Jlerko mokazate, uro P(A/H3)=9/ C122 =3/22. Temepb MOXHO

BOCITOJIB30BaThCA (DOPMYJIION MOJTHOM BEPOSATHOCTH:

P(A)=(5/33)-(7/15)+(4/33) (1/15)+(3/22) (7/15)=47/330

Brruucnenus nogacraBum B popmyity baiteca

P(H3/A)=P(AlH3)P(H3)l P(4)=(3/22)(7/15)/( 47/33)=7/47.

IIpumep CooOuieHne co CIyTHUKA Ha 3€MIIIO MepeaéTcss B BHJIEe OMHAPHOTO
KOJIa, TO €CTh KaK yNoOpsSJOYE€HHOro Habopa Hyinedl u eguHul. IIpeanosioxum, 4yTo
nocianne Ha 70% coctout u3 Hyneu. [lomexu npuBogatr k Tomy, 4To TOJABKO 80%
HYyJIEW W €AWHUIL] PABUIIBHO PACIIO3HAIOTCS MPUEMHUKOM. Ecin nipuHAT curnan “17,
TO KaKOBa BEPOATHOCTh TOTO, UTO OTHPaBJEH curHai “0”?

Pemienne Ilycth coObiTHE By COCTOMT B TOM, 4YTO OTIpaBiieH curHaix “0”, a
coObITHE B1 —B TOM, 4TO OoTIpasieH curHai “1”. Ilyctb coObiTHe A9 COCTOUT B TOM,
4yTO MpUHAT curHain “0”, ¢ cobbiTue A1 — B TOM, yTo mpuHAT cur”an “1”. Hac
untepecyet P(BolA1). Ilo ycnoBuio

P(By)=0,7 P(B1)=0,3

P(Ao/ Bo):O,8 P(All Bo)=0,2

P(A41/B0)=0,8 P(A4¢/ B1)=0,2

[To dopmymne baiieca momydaem

P(Bo/A41)=0,2-0,7/(0,2-0,7+0,8-03)=0,37.

Ipumep Ilo nenu HezaBucuMo cOpocuiid ABe 00MObI. BeposTHOCTH momnananus
U Kaxkioi 0oMObI paBHa 1/2. [Tpu monaganuu ogHOM OOMOBI IIEJTb MOpAXKAETCS C
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BEPOSITHOCTh 1/2, a mpu TONaJaHuu IByX OOMO OHA MOpPa)XKaeTcs C BEPOSTHOCTHIO
2/3. HaiiTn BepOSTHOCTD MOPAYKSHUS IICITH.

Pemenne.llycts cobbituss Hi, Hy u Hs cocrost B momamanuu 0, 1 u 2 60M0
cooTBeTcTBeHHO. CoObITHE A cocTouT B mopaxeHuu uemu. Ilo ¢opmyne nonHou
BEPOSTHOCTHU

P(A)=P(A|H1)P(H1)+ P(A|H2)P(H2)+ P(A|H3)P(Hs).

P(A|H1)=0, P(A|H2)=1/2, P(A|H3)=2/3, P(H2)= %, P(Hs)=1/4.

[Tostomy, P(A)= (1/2)(1/2)+(2/3)(1/4)=5/12.

3aganus 11 pacueTHONHPaOOThI
Teopema ymHodtCEHUA 6epoamHOCIEU

1. BeposATHOCTh TOro, YTO CTPEIOK HPHU OAHOM BBICTpENE IOINATAET B MUIIECHB,
paBHa p = 0,9. Crpenok npousBein 3 BeicTpenia. HallTh BEpOATHOCTH TOTO, YTO BCE 3
BBICTpena Aanu nomaaanue. Oms. 0,729.

2. bpoumieHbl MOHETa W WrpajbHas KOCTb. HaliTM BEpOATHOCTH COBMEIICHUS
coObITHIT: "TIosBUIICS "Tep0", "mosiBUIIOCH 6 0uKOB". Ome. 1/ 12.

3. B AByX smmukax HaxoAsTcs AeTaiu: B nepBoM — 10 (U3 HUX 3 cTaHAAPTHBIX),
BO BTOpOM — 15 (U3 HuX 6 cTaHgapTHBIX). M3 kaxkmoro siuka Hayaady BEIHUMAIOT
no oAHoW pgeranu. HalWTu BepOSTHOCT, TOrO, UYTO 00€ JeTalud OKaKYTCS
ctagaaptabiMu. Oms. 0,12.

4. B ctynuu TeneBUACHUA 3 TEIEBU3UMOHHBIX Kamepbl. [[ns Kakaod Kamepbl
BEPOSATHOCTh TOTO, YTO OHA BKJIIOUYEHA B JIaHHBIM MOMEHT, paBHa p = 0,6. Hailitu
BEPOSITHOCTH TOTO, YTO B JJAHHBII MOMEHT BKJIIOUEHA XOTs ObI 07fHA KaMmepa (COObITHE
A). Oms. 0,936.

5. YUemy paBHa BEpOSTHOCTH TOTO, YTO MPHU OPOCAHUU TPEX UTPAIBHBIX KOCTEH 6
OYKOB TOSIBUTCS XOTs ObI HA OJTHOM M3 KocTel (coobiThue A)? Oms. 91 / 216.

Teopema cnoowcenus eeposmuocmen

1. B nenexno-BemeBoi jgorepee Ha Kaxasie 10000 6uneroB pasbirpeiBaercs 150
BeleBbIX U S50 JIEHEKHBIX BBIUIPHINICH. UeMy paBHa BEpOSTHOCTHh BBIMTPHINIA,
0e3pa3InyHO JICHEKHOTO WM BEUIEBOrO, AJIs BIaJeliblla OJHOTO JIOTEPEHHOro
ownera? Oms. p = 0,02.

2. BeposiTHOCTb TOTO, UTO CTPEJIOK NP OJIHOM BbICTpesie BbIObeT 10 04KOB, paBHA
0,1; BepossTHOCTH BHIOMTH 9 oukoB paBHa 0,3; BEPOATHOCTh BHIOUTH 8 WM MEHBIIIE
oukoB paBHa 0,6. HailTu BEpOSITHOCTH TOTO, UTO MPU OJHOM BBICTPEIIE CTPEJIOK
BBIObET HEe MeHee 9 oukoB. Oms. p = 0.4.

3. B maptuu u3 10 neraneii 8 cranmaptHeix. HailTu BEpOSITHOCTH TOTO, YTO Cpen
HayJlady U3BJICUCHHBIX 2 JIeTanel ecTh XOTs Obl 0Ha cTaHAapTHas. Ome. p = 44 / 45.

4. B smuke 10 meraneid, cpenn KOTOPBIX 2 HECTAaHAAPTHBIX. HaliTh BEpOSTHOCTH
TOr0, YTO B HayjAadyy OTOOpaHHBIX O JeTalsiXx OKaxeTcs He Ooisiee OHOM
HecTaHaapTHOM aetanu. Oms. p =2/ 3.
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Vkazanue. Ecniu A — HeT HU OJHOW HecTaHJapTHOW Aetanu, B — ecTb onHa
HECTaHJapTHAs JeTalb, TO

P (A + B) =P (A) + P (B) = C68/C61o + Clz * C58 / C610.

Dopmyna noaHoU 8epoamHOCMU

1. Ha ¢upme paboTaroT COTpyJHUKH pa3HOTO Bo3pacta. MONObIX COTPYTHUKOB —
24, cpeanero Bo3pacta — 82 W HNOXWIBIX — 16. BEeposSTHOCTh TOro, 4TO MOJIOJIOTO
COTPYIHMKA OTIPABAT Ha TOBBIIEHUWE KBaiudukauuu, paBHa 0,52; coTpyaHHKa
cpennero Bo3pacta — 0,54; moxwnoro — 0,36. Halimutre BEpOSTHOCTH TOTO, YTO
BBIOPAHHOTO HayAady COTPYIHHUKA OTTPABST MOBHIIATH KBATU(DUKAITHIO.

2. B Oubnuotexe nmeercs 21 kHHUra mo UCTOpuu, 34 KHUTH —I10 MaTeMaTHKe, 25
KHUT — IO IOPUCIPYJICHIINU. BeposSTHOCTh TOr0, YTO KHHUTA 10 UCTOPUHU 3aHECEHA B
AJIEKTPOHHBIN KaTajnor, paBHa 0,33; mo maremaruke — 0,15; mo ropucnpyaeHuum —
0,61. Haiigute BepoOSTHOCTH TOTO, YTO BbIOpaHHAs HayJadyy KHHUra 3aHeceHa
B BJIEKTPOHHBIN KaTaJoOr.

3. [MTaccaxxup 3a mosydeHue OusieTa MOXKET OOpaTUThCA B OAHY U3 TpPEX Kacc.
BepositHocTh 0OpamieHusi B nepByto kaccy coctaisier 0,4, Bo Bropyro — 0,35, B
TpeThio — 0,25. BEepoATHOCTh TOTO, YTO K MOMEHTY MPHUXO0/Ia NACCAKUPA UMEIOIIUEC
B Kacce OwmieTsl OyayT MpoAaHbl, paBHA A mepBoid kaccwl 0,3, mist BTopoit — 0,4,
st Tpetbeit — 0,6. HaiiTu BEposSITHOCTH TOTO, YTO MACCAXKUP KYITUT OUJIET.

@opmyna baueca

1. B marasuH mocTynaroT OJWHAKOBbIE 3JiekTpudeckue yTioru: 80% c omHOro
3aBoga u 20% c npyroro. M3BecTHO, 4YTO NEPBBI 3aB0A BbiyckaeT 90% npoaykiumy,
CIIOCOOHOM MPOCTYKUTh TapaHTUHHBIA CpPOK, a BTOpoill 3aBoa — 95%. Kakona
BEPOSATHOCTh, YTO KYIUIEHHBIM B MArasuHe yTIOT IPOCIIYKUT FrapaHTUHHBINA CPOK?

2. Ha cbopky moctynaroTt uzaenus Tpex 1nexoB: 50 uznenuii u3 nepporo nexa, 40
u3 Broporo u 30 u3 Tperbero. BeposTHOCTH TOro, YTO M3JEIME MEPBOTO Iiexa
OTJIMYHOTO KadecTBa, paBHa (0,8, 1 BTOPOTo 1exa 3Ta BEposITHOCTh paBHa 0,9, mis
tpethero - 0,8. Haymauy B3aTO€ COOpPIIMKOM H3JENHE OKa3ajJoCh OTIWYHOTO
kauecTBa. KakoBa BEpOSTHOCTB, UTO 3TO U3EIUE MOCTYIUIIO U3 BTOPOTO 1iexa?

3. UsBectno, uro B maptum u3 600 mammouex 200 jamMmoyexk H3TOTOBICHO
nepBbiM 3aBojaoM, 250 - BropeiM M 150 - Tperbum. M3BecTHO TaK¥ke, 4YTO
BEPOATHOCTH HW3TOTOBJICHUS] CTAaHAAPTHOW JIAMMOYKM 1-M, 2-M U 3-M 3aBOJIOM
cooTBeTcTBeHHO paBHbl 0,97 ; 0,91 ; 0,93. KakoBa BepOATHOCTb TOr0, UTO HAyJady
B35Tasi U3 NMAPTUHU JIAMIIOYKA OKAXKETCA CTAHAAPTHOU?

4. Tpoe OXOTHMKOB OJHOBPEMEHHO BBICTPEIWIN MO MEIBEISIM, KOTOPBIM ObLT
youTt onHo# myneir. OnpenenuTs BEpOSATHOCTh TOTO, YTO MEABEAb ObLT YOUT TIEPBHIM
OXOTHUKOM, €CJIM BEPOSITHOCTU MONagaHusl JAJisl HUX paBHbI cCOOTBETCTBEHHO: 0,2 ; 0,4

:0,6.
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5. bblna mpoBeneHa ofHa M Ta € KOHTPOJbHAs paboTa B TpeX MapaljiesIbHbIX
rpynnax. B 1-oii rpynme, rae 30 ydammxcs, oka3aioch 8 paboT, BHIMOJIHEHHBIX Ha
«oTamaHO»; Bo 200H, rae 28 yvammxcs — 6 pabot, B 3-eif, rae 27 ydamuxcs — 9
pabot. HaiiTu BeposSTHOCTH TOro, YTOo TeEpBas B3sATas HayAadyy MpH MOBTOPHOU
npoBepke pabora u3 padoT, MpUHAUIEKAIIUX TPyHIe, KOTopas TakkKe BbIOpaHa
Hay/layy, OKa)KETCs BBIITOJIHEHHON Ha «OTIUYHO».

6. B nupamuzae 5 BUHTOBOK, TPU M3 KOTOPBIX CHA0KEHbI ONTUYECKUM MPHULIEIIOM.
BeposATHOCTH TOrO, 4TO CTPENOK NOPa3sUT MHULIEHb IIPU BBICTPENIE U3 BUHTOBKHU C
ONTHYECKUM Npuiuesom paBHa 0,95; nius BUHTOBKHM 0€3 ONTHYECKOIO MpHULENa 3Ta
BepOsATHOCTH paBHa 0,7. HaliTu BEpOSITHOCTH TOTO, YTO MUIIEHb OyAET MOpakeHa,
€CJIM CTPEJIOK IPOU3BEIET OJUH BBICTPEN U3 HayAady B3ATOW BUHTOBKH.

/. B BblUKMCIMTENBHON 1a0OpaTOPUU MMEETCS IIECTh KJIABHUIIHBIX aBTOMAaTa U
YEeThIpe I0JIyaBTOMAaTa. BeposTHOCTh TOrO, 4TO 3a BPEMs BBIIIOJIHEHUSA HEKOTOPOIO
pacdyera aBTOMAT HE BBIMAET W3 cTpos, paBHa 0,95. g nosyaBTOomMara 3Ta
BepoaTHOCTh paBHa 0,8. CTyneHT NpOM3BOAUT pacyeT Ha HayJady BbIOpaHHOU
MamnHe. HaTu BEpOsSTHOCTH TOTO, YTO JO OKOHYAHHUS pacdyeTa MalluHa HE BBIAJET
U3 CTPOS.

8. B mupamuzae 10 BUHTOBOK, U3 KOTOPHIX 4 CHa0KEHBI ONTUYECKUM MPHUIIETIOM.
BepoATHOCTh TOrO, YTO CTPENOK MOPAa3UT MMUILEHBb IIPU BBICTPENIE U3 BUHTOBKHU C
ontuyeckuM mnpuuenaom, pasHa 0,95. Jlng BuHTOBKM 0O€3 ontudeckoro npuiesna 0,8.
Crpenok nopaswsl MUIIEHb WX HayJlady B3STOW BUHTOBKU. UTO BEpOSITHEE: CTPEIIOK
CTPEJIsUI U3 BUHTOBKHU C ONITUYECKUM MPULEIOM WK 6€3 Hero?

Tema 5.2. Cnyuaiinble BeJIMYMHBI
Ilesib:0TyYnTh HABBIKK IO BBIYMCIEHUIO XapakTepucTuk ICB, 3aganHON cBOMM
pacupeneneHueM, BBIYUCIEHHE (C TOMOILIBIO CBOMCTB) XapaKTEPUCTUK IS
dbyHKIIMN OT 0HOM 1iu Heckoabkux JICB

CamocTosiTesibHasi padoTa: BBIIIOJIHEHUE PACYETHOU PabOTHI.
dopma KOHTPOJIsI: TPOBEPKA pACYETHOU PabOTHI.
Teopemuueckue ceedenus:

Chyuaiinoii @eiuuuHOU HA3BIBACTCS BEIMYMHA, KOTOpPAsl B PE3yJbTaTe OIbITA
MIPUMET OJHO M TOJBKO OJHO BO3MOXKHOE 3HAYEHHE, IPU ITOM 3apaHEe HEU3BECTHO,
KaKO€ UMEHHO.

Jluckpemmnoii Ha3p1BAIOT CIIyYalHYHO BEJIWYMHY, KOTOpas IPUHUMAET OTAEIbHBIC,
M30JINPOBAHHBIC 3HAYCHUS.

CrnyyaitHyto BeMUYMHY B JaJIbHEHIIEM Mbl OyZieM 0003HauaTh 001611101 OyKBOH X,
a ee BO3MOXKHbIE 3HAUCHUSI MaJICHbKOM OyKBOH X.

Hanpumep, X- 4uciio momagaHvii mpu Tpex BBICTpesiax. BO3MOXKHBIE 3HAYEHUS
ATOM chaydyaHoW BenuuuHbl: X1=0, Xo=1, x3=2, x4=3. PaccMmoTpum ciy4aitHyto
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BEJIMYMHY X C BO3MOXKHBIMU 3HAUCHUSIMHU X1, X2,...Xn . Kaxa0e U3 3TUX 3HAYEHUU
CIIy4dailHasi BEJINYMHA MOXET IMPUHATH C HEKOTOPOU BEPOSITHOCTBIO:

P(X=x1)=p1, P(X=x2)=p2, ... P(X=xn)=pn.

B pesynbrare ombiTa ciiydaliHas BEJIMYMHA X NPUMET TOJBKO OJIHO U3 ATHX
3HAYCHUH, T.€. MPOU30MIET TOJIBKO OJHO U3 MOJHOU IPYMIbl COOBITHI: X=X1 ,X=X2,
... X=Xp,

[TockonpKy CcymMMa BEpPOSITHOCTEH IMIOJHOW TpyHIlbl IIOMApPHO HECOBMECTHBIX

n
coObITHII paBHa 1, TO 2 P; =1
i=1

3akonom pacnpenenennss J[CB Ha3piBaeTCsSi COOTHOIIEHHE MEXAY €€
BO3MOXHBIMH 3HAYEHHUSIMU U UX BEPOSITHOCTAMHU (T. €. BEPOSATHOCTSIMHU, C KOTOPHIMU
cilydaiiHas BeTMYMHA IPUHUMAET 3TU BO3MOXKHbBIE 3HAUCHNUS).

3aKoH pacrpeaesieHus MOXeT ObITh 3a11aH (opmyroit (popmyiel beprysu,
IlyaccoHna u np.), Tabnunein unu rpagukom, a Takxe GyHKIUEnH pacrpeaeacHusl.

Xi X1 X> - Xn

Pi p1 P2 . Pn
HAa3bIBACTCS 3aKOHOM WJIM PHAAOM pacnpelejeHUs AMCKPETHOM CJIy4YailHOH

BeJIMYUHBI.
Yucnoevie xapakmepucmuxu /[CB
Mamemamuueckoe odxcuoanue [[CB

Mamemamuueckoe oxcuoanuelICB naxonurcs no Gpopmysie:

n
M(X) = Zx.p,
i=1

Beposmnocmuulii  cmbicidTOr0  BBIp@KEHUS TaKOB: TP OOJBIIOM  YHCIIE
M3MEpPEHUHN cpe/lHee 3HaueHUE HAOII0AaeMbIX 3HAUCHUN BEITMYUHBI X MPUOIHKACTCS
K €€ MAaTEMATHYECKOMY OXKHUJIAHUIO.

Mexanuueckuti  cMbICIITOTO  PABEHCTBA  3AKIIOYACTCS B CIEAYIOLIEM:
MaTeMaTUYECKOE 0XKHUJAHHUE €CTh a0CIMcca IEHTPA TSHKECTH CUCTEMbI MaTepUaTbHBIX
TOYEK, a0CHUCChl KOTOPBIX PAaBHBI BO3MOXXKHBIM 3HAYEHUSIM CITy4YalHOW BEJIMYUHBI, a
MAacChl - X BEPOSATHOCTSIM.

Jlucnepcus J[CB

Jucnepcus ciiy4aiiHON BEIUYUHBI X €CTh

2
D(X) = M((X -M(X)) )
Jucnepcuto ciydaitHoi BelrurMHbl X MHOT/IA YA0OHEE BEIYUCIIATH 10 (hopmyIie

2 2

A(X) = M(X) - (M(X)) .
Beposmuocmuvii  cmwuicnJlucnepcuss  cliydahHOM — BEIMYMHBI X €CTh
XapaKTepUCTUKA PAaCCEUMBaHMUS pPa3OpOCAHHOCTU 3HAYCHHM CIydyalHOW BEJTWYUHBI
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OKOJIO €€ MaTeMaTU4YeCKOro OKHuaaHus. Jlucmepcus ciaydyallHOW BENMYHMHBI WUMEET
Pa3sMEpPHOCTh KBaJpaTa CIIy4alHOW BEJIMYHUHBI.
Cpeodnee ksadpamuieckoe OmMKIOHEHUe
Jlist Ooniee HArISAHOW XapaKTEPUCTUKH pPACCEHBAHUs YI0OHEE TOJIb30BAThCS
BEJIMYMHOM, HMMEIOIIEH pPa3MEPHOCTh CaMOM CIy4YalHOW BeauuuHbl.  [loaTomMy

BBOJUTCS TIOHATHE CPEOHe20 K8aopamuuecko2oomrionenus. o(X) = \/E :
Ipumep: Cnyuaiinas BeauunHa X 3ajaHa QyHKIHEH pacnpeaeieHus
X 1 2 3 4
p(x) 0,2 (0,3 |ps3 0,1
Havitu BeposiTHOCTE p3. HaliTh unciioBeie XapaKTEpUCTHUKH C.B.

n

2p =1
Pemenue:IIpoBepuM TOXKAECTBO =

0,2+0,3+p3+0,1=1.
p320,4.
HaitneM unciioBeie XapaKTEPUCTUKU CIIy4alHOW BEJIUYUHBI X:
M(X) = %xi p;

i=1
M(X)=1.0,2+2.0,3+3.0,4+4.0,1=0,2+0,6+1,2+0,4=2 4.

2 2
J171s1 BBIYMCIIEHUS JUCTIEPCUN IPUMEHUM (POPMYITY: A(X) =M(X ) - (M(X))

M(X2 )=12.0,2+22.0,3+32.0,4+42.0,1=0,2+1,2+3,6+1,6=6,6.

(X)) = M(X') = (M(X))° =6,6—(24)° =084

o(X) = \/ﬂ(X) = \/0,84 ~ 0,916.

3amaHus 11 pacyeTHON padoThI

1. barapesa coctouT u3 Tpex opyauid. BeposiTHocTH momnagaHus B LENb NpH
OJAHOM BbICTpENE U3 1-ro, 2-ro, 3-ro opyaus paBHbl cooTBeTcTBEHHO 0,5; 0,6; 0,8.
Kaxnoe u3 opyaui crTpenser mo HEKOTOpoM uend oauH pas. lloctpouts psin
pacnpeneneHns CIy4alHOW BEJIIMYMHBI YHWCIIA TONAJaHUud B IeJb. BhIYMCIUTH
YUCJIOBBIE XAPAKTEPUCTUKH.

2. B smuke cemb M3Aenuii, OJHO M3 KOTOpBIX OpakoBaHHoe. U3 smiuka
M3BJIEKAIOT OJIHO W3JIeNIUE 3a JIPYyruM, ToKa He oOHapyxkaT Opak. CocTaBUThH psif
pacmpeneNicHus] CIIy4alHOW BEJWYMHBI - YHWCJIa BBIHYTBIX u3genui. Hautu ee
YHUCJIOBBIE XAPAKTEPUCTUKH.

3. JluckpertHas crmyuaiinasi BenurnHa X3aJlaHa psoM pacipeieTIeHus:

x| 2] 1|23
pi|0,080,400,32]0,2

34



Haittu: a) wmaremarndeckoe OXujaaHwe; ©O) JUCIEPCHIO; B) CpelHEe
KBaJpaTUYECKOE OTKIOHEHHUE CITy4YallHON BEIUYHHBI X.
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Oo6pa3zen opopMieHHs PEe3eHTALMH

1. TlepBsrii cinaiin:

Ilpunoswcenue 1

Tema uHpOpMaAIMOHHOTO COOOIIICHHS (I MHOTO BUJIA 3a1aHUs):

[Togrorosui: ®.MN.0. crynenra, Kypc, rpyIina, CleluaibHOCTh
PykoBogurens: @.1N.0O. npenogaBarens

2. Bropoii craiin

36



1l1an;

=

N

3. Tperuii cnaiin

Jluteparypa:

4. YerBepThlid cliaii

JlakoHUYHOEpACKPBITHE HH(POPMAILIUH, MOKHO
BKJIIOYATh PUCYHKHU, aBTOMUTYPHI, TpadUKH, TUarpaMMbl
U IPYTHE CTIOCOOBI HATJISATHOTO OTOOPaKEeHUSI HH(POpMaIIUU
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