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HOACHUTEJIBHAS 3AIIMCKA

Meroguyeckne  peKOMEHJAUMM MO  OpraHu3alMd  BHEAYJIUTOPHOMN

CaMOCTOSITEILHOM pabOThl O y4eOHOU AUCHUILIUHE «MaTeMaTukay MpeHa3HaYCHBI

u1st o0y4aroruxcs no cnenuanbHocty 08.02.04 BonocHat:keHue U BOJ0OTBEAeHUE

(®T'OC 2018).

CamocTosgTenbHas BHCAYJIUTOpHAA pa60Ta 10 MaTEMATHUKC OPraHru3ycTCs C LCIIbIO:

- CHUCTEMaTH3allUu H

CTYACHTOB;,

3aKPCINICHUA  IIOJMYUYCHHBIX TCOPCTUUCCKUX

3HAHUU

- yIUIyOJI€HUS U PACIIMPEHUS TEOPETUUCCKUX 3HAHUM;

- pa3BuTHUA

II03HAaBAaTCJIIbHBIX

CaMOCTOATCIBbHOCTHU, OTBCTCTBCHHOCTH,

- (opMupoBaHus

CaMOCTOATCJIIBHOCTH

CIIOCOOHOCTEH WU

MBIIJICHUA,

dKTUBHOCTU  CTYIACHTOB,

CIIOCOOHOCTEHN K

CaMOpPa3BUTHIO, CAMOCOBCPIICHCTBOBAHHIO U CaMOpPCaAJIN3allnH.

BHG&Y}II/ITOpHaH CaMOCTOATCJIbHasA pa60Ta BBIIIOJIHACTCA CTYACHTOM II0 3aJIaHUIO

ImperioaaBaTcist, HO 0e3 ero HCIIOCPCACTBCHHOI'O YHACTHA.

OO0

CaMOCTOATCIIbBHYIO

00BEM  BpEMEHH,

paboTry 1o  y4eOHOM

OTBEJIEHHOTO

Ha BHEAYIUTOPHYIO

IUCIHUIUINHE  «MareMaTHukay,

peaHa3HaveHbl i ooyuaromuxcs mo cnenuanbHoctu 08.02.04 BogocHadxkeHue u

BogooTBeaeHne (PI'OC 2018) cocrannser 16 yacos.

B pesynbpTaTe BBIMOJHEHHS 3aJaHU BHEAYJAHTOPHON CaMOCTOATEIBHOW paboOThI

00yYarOIIUICS TOJIKEH:

Kon YMmenus 3HaHuA

IIK, OK, JIP

OK 1-5,9 aHAJIM3UPOBATh CJIOXHBIC (DYHKIMHM | OCHOBHBIE MAaTEMaTHUYECKUE METOIbI

I[IK 2.4 U CTPOUTH UX IpapuKu; peIIeHUs IPUKJIAIHBIX 3a/a4;

JIP - BBIIOJNHATH  JIEMCTBMS  HAJ | - OCHOBHBIE TIIOHATHS W METOJBI

1,2,4,10,11,13,14, | KOMIIJIEKCHBIMHU YUCIAMU; MaTEeMaTUYECKOr0 aHalu3a, JIMHEHHOMI

15,16,17 - BBIYUCIIATH 3HAYCHHMS | aNreOpbl, TECOPUHU KOMILJICKCHBIX YHCEN,
FCOMETPUYCCKUX BEIIMYHH; TEOpUH BEPOSTHOCTEH u
- TPOU3BOJIUTH ONEpaly  Haj | MaTeMaTUYeCKOW CTaTUCTHUKH;
MaTpULIAMHU U OTIPEICTUTESIMU; - OCHOBBI UHTETPAIBHOTO u

- pemaTh 3aJa4d Ha BBIYUCIICHUE
BEPOSITHOCTH C  HCIOJIb30BaHUEM
3JIEMEHTOB KOMOWHATOPUKH;

-pemiaTh MpUKIATHBIE 3a7add ¢
UCIOJIb30BAHUEM 3JIEMEHTOB
mddepeHnanbHOro u
UHTETPaJIbHOr0 UCUUCICHUIA;

- pematb CHCTEMBbl JIMHEHHBIX
YpaBHEHHH pa3IMYHBIMU METOAAMHU.

i depeHInanbHOr0 UCUNCIICHNUS;

- polmb W MECTO MaTeMaTuKd B
COBPEMEHHOM MHUpPE TIpH OCBOCHHHU
npo(eCCHOHANBHBIX TUCHUIUIMH W B
chepe npodeccuoHaIbHON
JeATEILHOCTH.




B METOIMYECKHUX PEKOMEHAALUSIXIIO BBITIOJTHEHU IO BHEAYAUTOPHOM
CaMOCTOSATEIbHOMPAOOTHl MO KaXJAOW TEME COAEPKUTCA HHCTPYKUHS C YETKUM
anroputMoM xozaa pabotel. Kaxknas camocTosiTenibHas paboTa BKIIIOYAET KpaTKUN
TEOPETUUYECKUN MaTepHuall, pUMEpPHI 3a/1a4 U HaObOp 3aJaHui.

Iopsaa0K BHINOJIHEHUA 3aJaHU I
BHEAY/IMTOPHOM CAMOCTOSITEJIbHOI PadoThI
3amaHusl BHEAYJIUTOPHOM CaMOCTOSITEILHON PabOThl HEOOXOIWMO BBHITIONHATH B
CIIEUATIBHBIX TETPAMSIX C YKa3aHHUEM HOMEpa, TEMBI, I1eJIeil paOOThI.
Xo0 pabomui:

1. Tlo3HaKOMUTBHCS C TEOPETUUECKUM MATEPUAIOM

2. Cnenarb KpaTKHM KOHCIEKT TEOPETUUYECKOTO Marepuaja B pabodyux TeTpaasix
(OCHOBHBIE MOHSTHS, OTIpeieSIeHUsI, POPMYJIbI, TPUMEPHI)

3. B TeTpansix BRIMOIHUTH CAMOCTOSTEIBHYIO Pa0OTY.

4, 3amauu CHAOTCS CTYJACHTOM Ha TPOBEPKY YaCTIMU — MO MEpe H3y4YCHUSs
Kypca.

Kpurepun oueHuBanus
BHEAYIMTOPHOM CAMOCTOSITEJIbHOI PadoThI

Ouenka «5» cTaBUTCS, €CIM BEpHO U panuoHalbHO pemeHo 90%-100%
npeaaraeMbix 3aJJaHui, TOMyCTUM | HEeJ0ueT, HEMCKAKAIOIIUN CYyTH pelIeHUsI.

Ounenka «4» craButcs npu  OeszommbounoM pemennn 80% mpenaraemMbx
3aJIaHU M.

Ounenka «3» cTaBUTCS, €CiM BbINMOJHEHO 70% mpeniaraeMbiX 3alaHui, 1OMYyCTUM
1 HexoueT.

Ouenka «2» - pemeHo meHe 70% npensiaraeMbIX 3aaHUI.

IlepeyeHb caMOCTOATEJIbHBIX PA00OT

Ne HaszBanme Tembl no | Coaep:kaHue BHeayIUTOPHOI camocTosTeabHOH | Koua-
TeMbI nporpamMmme padoThI BO
4acoB
Tema | OnemenTsl  Teopuu | BeimonmHeHnue  pacyeTHoil  paboThl O TeMe: 2
1.1 | npenenos. «HccnenoBanue pyHKIUN Ha HETIPEPHIBHOCTH)
Tema | Iuddepenunansrnoe | [ToaroroBka npe3eHTanuu mno TeMe: 3
1.2 | ucuucnenue «Hcnonp3oBaHue NPOU3BOIHON B pa3INUHbIX
(byHKIMU OTHON 00J1aCTsIX HAYKU»
IIEPEMEHHOM. BrinonHeHnue pacueTHo# paboThl MO TeMe:
«IIpuMeHenne Npon3BOAHON NPU PELICHUH
IPUKJIAJHBIX 3a7a9»




Tema | MHTerpansHoe IToaroroBka npe3eHTanuu 10 TEMeE: 3
1.3 | ucuucnenue «/cnonp3oBaHue UHTErpaja B pa3IMuHbIX 001acTIX
(GyHKIMU OTHON HaYyKI»
MEPEMEHHOM BrimonHeHne pacyeTHON paboThI IO TEMeE:
«IIpuMeHeHue onpeseseHHOro HHTerpaa npu
pELICHUH IPUKIAIHBIX 3a7au»
Tema | Pemenue cuctem Brimonaenue pacueTHo# paboThI IO TeMe: 2
2.2 | TMHEWHBIX «Vcnonb3oBaHue MaTPUIL IIPU PELIEHUN
anredpanvdecKux IPUKIIATHBIX 3aau»
ypaBHenuii (CJIAY)
Tema | KommiekcHble uncna | BeimonHeHnue pacyeTHol paboThI 110 TeMe 2
41 |u pewictBus  Haj | «300pakeHne KOMIUIEKCHBIX YHCEN HA
HUMU KOOPAMHATHOW TIOCKOCTHY
Tema | BeposatHOCTB Brinonnenue pacyeTHoON paboThI O TEME: 2
5.1 | ciydaiiHoro «BpIruncnenre BEpoSITHOCTEN CIOKHBIX COOBITHI
cOOBITHS
Tema | Cyuaiinbie Brinonnenue pacyeTHoi paboThI MO TEMeE: 2
5.2 | BenmuuHBI «BpIunceHre YUCIOBBIX XapaKTEPUCTUK
CIIy4alHBIX BEJIMYUH»
BCET'O 16

Tema 1.19/ieMeHTBI TeOpUH NPeIeIOB
Hean:Hayuutscs onpenensTh TOYKU pa3pbiBa GyHKIUU U UX BUJI, UCCIEAOBATh
(GYHKIMIO HAa HEMIPEPHIBHOCTb.
CamocrosiTeibHasi paboTa: BBIIIOJIHEHUE PACYETHON PabOTHI.
dopma KOHTPOJIS: IPOBEPKA pACUETHOU PAOOTHI.

N3yuute TeopeTHUECKU MaTepHall U MPUBEAEHHBIE IPUMEPHI:
Onpedenenue: GyHKIUS HETIPEPHIBHA B TOUKEX ), €CIIU IIpeae QYHKIIUY B TaHHOU
TOYKE paBEH 3HAYCHUIO (PYHKIIUHM B OTOH TOYKE: )}l_)l’)rcl f(x) = f(x).
0
Onpenenenue AeTAIU3UPYETCS B CIACAYIOMIUX YCIOBUSX:
1) ®ynkums q0mKHA OBITH OIMpEieNieHa B TOYKE X, TO €CTh JOJIKHO CYIECTBOBATH
3Hauenue f(xg).

2) JloJDKeH cymecTBoBaTh 00muii npenen Gpyukuun: lim f(x). D1o
XX,

HOJPa3yMeBAET CYLIECTBOBAHKME U PABCHCTBO OJHOCTOPOHHUX IIPEIEIOB:
lim f(x) = lim f(x)
X—=X0-0

X=Xo+0
3) [Ipenen byHKIUU B TaHHOW TOYKE JIOJDKEH OBITh PaBEH 3HAYCHUIO (YHKIINHU B
aroii Touke: lim f(x) = f(xo).
X=X

3ameuanne: Eciu HapyllleHO X0Ts1 Obl 0IHOU3 3-X YCIOBUM, TO (PYHKIIUS TEPSET

CBOWCTBO HEMPEPHIBHOCTH B TOUKEX .



Krnaccuduxanus Touek paspbiBa

Touku paspwiea nepsoco pooa

Ecnu B TOukeXx HapyIIeHO YCIOBHE HEMPEPHIBHOCTHH OTHOCTOPOHHUE Npeaebl
KOHEYHBI, TO OHAa HAa3bIBAETCS TOUKOM pa3pbiBa MEePBOrO poaa.

sinx
Ipumepl:N306pasum Ha deprexe rpapuk pyakmmu: f (x) = "
: : ‘ : A : : : : Jannas GpyHKuus
......... b HETIDEPBIBHA HA BCEH
: : : : Yy :sin X: : i i
- @)= ; 5 YHCIIOBON MIPSIMOH,

: x caMoM JIeJie,

~<_—t—> 3HaMEHAaTelb XKE HE

| 4

MOJKET OBITh PaBCH
HYJIIO. O}IHaKO XOTh TOYKA U BBIKOJIOTA, CIIPABCAJIMBOCTDL IICPBOI'0 3aMCYATCIIbBHOT'O

. sinx
npenenalim —~ - 1He HapyIlIeHa — MBI MOKEM MPHUOJIM3UTHCS K «HYJIIIO» U CJIeBa U
x—-0

CIIpaBa beckoneuno 6]lu3K0, TaKUM o6pa30M, OIHOCTOPOHHUC IMPCACIIbI CYIICCTBYIOT

. sinx . sinx
U coBnagaroT: lim —— = lim
x-0+0 X x—-0-0 X

=1 (YcnoBue No2 HenpepbIBHOCTH

BBITTOJIHEHO).

Ho dbyHkius He onpezeneHa B Touke x=0, CJIe10BaTEIbHO, HAPYIIIEHO Y CIIOBHE
Nel HenpepbIBHOCTH, ¥ (YHKIMSITEPIHUT Pa3pbiB B JaHHON TOUKE.

Pa3peiB Takoro Bua (¢ CymeCTBYHOIMUMOOIINM [IPEIEIOM)

Ha3bIBAIOTYCTPAHUMBIM pa3pbiBoM. [louemy ycrpanumbiM? [loTomMy uTO QyHKITHIO

sin_x ecm x =0
flx=9 x 7

l, ecm x=10

£

MOXHOAOOIMPCACIUTEB TOUYKC pa3phbiBa:

Ilpumep 2:
x2+1, mpux <0
Paccmorpum QyHKIMIO, 3a1aHHYI0 KycodHOof (x) =<1+ 2x, npu 0 < x < 2u
X—2, npu x =2
BBITIOJIHUM €€ YEPTEXK.
Hccnenyem Touky x=2Ha HENPEPHIBHOCTD:
. 1f(2)=2-2=0— ¢pyHkuus onpeseiieHa B
o ......... ........ JNAaHHOMN TOYKE.
| | 2) BerunciuM 0JJTHOCTOPOHHHE MPEIEIIbI.

A -2 =0 Ip iz =3

B pesynbTaTe noiaydeHblkoHeuHble Yucid,

npu4eM oHuHe pasHwl. II0CKOIbKY




OJIHOCTOPOHHUE MPEACIIBIKOHEYHBI U PA3JIMYHBI, TO Hallla (yHKIIHS TEPIUTPA3PhIB
MEPBOTO POJIA HEYCTPAHUMBIH.

Touxu paspviea 6mopozo pooa:

Ilpumep 3:PaccmorpuM QyHKIIUIO Y = =

x2
HccnenyeM Ha HeNpepbIBHOCTh TOUKYX=0:
1) @yHkus He onpeeneHa B JaHHON TOUKeE.

2) Beluucinum 0JHOCTOPOHHUE
. 1 1 : 1 1
npenensl: lim — = [—] =400 lim — = H =+
x—=0+0X 0 x—=0-0X 0
00OIHOCTOPOHHUE TIPeIebl OECKOHEUHBIE,
cienoBaTenbHOX=0 sBIsETCS TOUKON pa3phiBa

BTOpOro poja. [loctporum cxematuuHblil raguk

JMaHHOW (DYHKITUH, JUISl TOTO BBIYHCIUM €I

npeaesbl 3TON GyHKIMU Ha OECKOHEYHOCTHU

3amanus 115 pac4eTHOMPaOdOTHI
HccnenoBath HENMPEPBHIBHOCTh (DYHKIIMI B COOTBETCTBHUHU C 3aJJaHUSIMU.

a) ITposeputh, sBisercs i Gyukuus Y = f (X) menpeprbiBHO# B TOukax x1 1 x2. B
cilyudae pas3pbiBa QYHKIMH YKa3aTh TUII Pa3pbiBa M CAEIATh CXEMATHYECKHUI YEPTEK B
OKPECTHOCTH TOUKHU pPa3phiBa.

0) Iloctpouts rpaduk ¢yskuuu Y= f(X), wucmomesys rpaduk, 3ammcars
IPOMEKYTKU HEMPEPLIBHOCTU (QYHKIMH, IEPEUMCIIUTH TOUKH Pa3phiBa U yKa3aTh THII

Ka)KI0ro U3 HUX.

Ne
a §
BapuaHTa ) )
1 2, x<0,
x4 =32— <x<
' y=12**% x; =4, x,=5 f)=92-x% 0<x<l,
X2 -1, x>1
1 sinx, x<0,
= <
2 y:82X—3’xl=1’5’ x2:2 f(X) O, O_X<2,
3—-X, x=2
X+1, x<0,
3 = f(x)= 1 0<x<1
y=105% x;=5 x,=7 =13 <1
1 x>1




; X2, x<-1,
4 y=51% xi=1 x,=4 f(x)=42x-1, -1<x<2,
’ ’ 3, x>2
0, x<0,
: f tgx, 0<x <2
5 y:94x_2,X1=0, x2 =05 (X) =< tgx, _X<E,
—x, x>Z
2
5 1-x%, x<0,
’ ’ 1l x>2
) cosX, x<0,
7 y=3%3 v =3 x,=5 f(x)=41 0<x<1,
’ ’ x=1 x>1
2—X, x<0,
1
8 y=163% y =1 x,=3 f(x)=1x*-2, 0<x<2,
’ ’ 2, x>2
1, X <0,
1 X
9 y=21 v, =0 x=1 f(x)=1-2, 0<x<1,
’ ’ 2Xx—4, x>1
5 -x%, x<1,
f(x)=<- <
10 y:62X+1,X1:—0,5, xo=1 (X) 1 1<x<2,
3-X, x=>2

Tema 1.2 IndppepennmanbHoe ucHucaeHne (PYHKIMU OHOM MepeMeHHOM
Heab: 3akpenuTh HABBIKM BBIYUCICHUS MPOU3BOAHBIX M YMETh INPUMEHSThH
MPOU3BOAHYIO JUISI PENIEHUS TPUKIIAJTHBIX 3KOHOMHUYECKHX 3a/1a4.
CamocrosiTeibHas padoTa: NOJArOTOBKA MPE3EHTAMU U BBIMOJHEHHE PACUETHOMN
paboTHI.
dopma KOHTPOJISI: IPOBEPKA pacUuEeTHON pabOThI U OLIEHKA MTPE3CHTALNH.

[Topsinox BbITIOTHEHUS paOOTHI
1. U3yuute Teopetuueckuid Marepuan no teme: «lcmonb3oBaHue MPOU3BOAHON B
SKOHOMHUKE» U, COIJIaCHO TMPHUBEICHHBIM HUXKE TpeOOBaHUSM, MOATOTOBHTE
IIPE3EHTALUIO.



2. BrinonHuTe pacyeTHyro padboTy, NpeIBAPUTEIBHO U3YUHB, PACCMOTPEHHBIE HIKE
3anayu. OdopmuTte pernieHne NMCbMEHHO B TETPAIH.
TpeGoBaHus K CO3JaHUIO PE3EHTALMHU
Co3zoanue mamepuanog-npezenmayuii— 370 BUJ CaMOCTOSTEIbHOU pPaOOTHI
CTYJIEHTOB MO CO3/aHMIO HAIJISIAHBIX MH()OPMAIMOHHBIX MOCOOUM, BBIMOJTHEHHBIX C
MOMOIIBI0 MYJIBTHMEIMIHHON KOMITBIOTEpHOU TiporpamMmMbl PowerPoint (cm. nput. 1).
Marepuanbl-ipe3eHTallid  TOTOBATCA CTYJE€HTOM B BHJAE CJlailIoB C
ucroyib3oBaHueM mporpammel Microsoft PowerPoint. B kauecTBe Martepuanos-
Mpe3eHTalUui MOTYT OBbITh MPEJCTaBICHBI PE3YNbTATHI JIFOOOI0 BUJIa BHEAYAUTOPHOM
CaMOCTOSATEIBHOMN paboThl, IO POpMATy COOTBETCTBYIOUIUE PEKUMY MPE3CHTALUH.
Cmpykmypa npezenmayuu:
TUTYJABbHBIN chaaia (nucuuruinHa, Tema, ®UO cryaeHTa, CHENHAIBHOCTD,
HOMEp TPYIIIIbI)
coJep:KaHue, IJe MPeCTaBICHbl OCHOBHBIE 3Tarbl (MOMEHTHI) MpPE3eHTAIUH.
XKenarenbHo, 4TOOBI W3 COAEpPKAHUS TIO THUIEPCCHUIKE MOXHO TEpPerTH Ha
HEOOXOIUMYIO CTPaHUILy U BEPHYTHCS BHOBb Ha COJIEp)KaHUE.
OCHOBHAsi 4acTh - OT 15 cnaiijoB (TEKCTOBBIM MaTepuan Mo TemMe +
rpaduueckoe ConmpoBOKIACHHUE)
3aKJIl04eHne - 1 ciaiin (BBIBOJIBI IO TEME)
CIIMCOK JIMTEPATYPbI- COIEPKUT HE MEHEE 2 — 5 UCTOUHUKOB
[IpuBETCTBYIOTCS:MYy3bIKAJIBHOE COMPOBOXKACHUE, MYJIbTUILUIMKALIUS, BUIEO,
aHUMAIIHS.
Ilpu coz0anuu npezenmauyuu peKOMeHOyemcs:
coOJI01aTh €AMHBINA CTUITH O(POPMITCHHUS;
— 1 (oHa BeIOMpaANTE XOJIOHBIE TOHA (CHHUH, 3€JICHBIN);
—  Ha OJIHOM CJIaifJie UCIIONIb30BaTh HEe Oosiee 3 IBETOB;
—  aHuManuoHHbIe A((EKThl HE MOJDKHBI OTBIEKATh BHUMAHUE OT COJEpKAHUS
uH(OpMaILUK Ha CIIaijIe;
—  TpH  TPEeACTaBICHUH  HHPOPMAIMHHUCIIONB3YHTE  KOPOTKHE  ClIoBAa U
IPEJIOKEHNUS;
—  HaJNKCH pacrojlaraiiTe noj KapTUHKaMU;
—  mpudTHL: 414 3aTOJIOBKOB HE MeHee 24,1715 nHpopManuu He MeHee 18;
— U4 BBIJETCHUS MHGOPMAIIMH UCTIONB3YHTE PAMKH, 3aJTUBKY;
—  HE meperpykauTte ciaia 60asmuM 00beMoM HHDOPMAIIHH;
—  Ko4eBble (aKThl OTOOpaKalTe O OJHOMY Ha KaXKJIOM CIIaiJe;
— s obecniedeHus: pa3Ho0Opas3us UCIIONb3YHTE pa3IUYHbIe BUIBI CIANI0B.
Teopemuueckue ceeoenusl:

OcHOBHBIE NIOHATHUS

[IprumeHeHne TPOM3BOAHON B ASKOHOMHKEIIO3BOJISIET TMOJIydYaTh TaK Ha3bIBa€MbIC
npeoeiibHble  XAPAKMepUCMuKUIKOHOMUYECKHX  OOBEKTOB  HJIM  MPOIIECCOB.
[IpenenbHbie BEMMYUHBI (MPEACIbHBIEC BBIPYUKA, MOJE3HOCTH, MPONU3BOIUTEIHLHOCTD,
MpEeIeNbHBIM  JOXOA HAp.) XapaKTEepPU3YIOT He COCMOsHUe, d CKOPOCMb



U3MEeHeHUAIKOHOMHUYECKOTO 00BEKTa MIIM MpOoIecca M0 BPEeMEHH WIIH OTHOCHUTEIBHO
JIPYroro uccieayeMoro gakropa.

1. H30eprcku npouzeoocmea.Ecnu m3IepKKU MPOU3BOJCTBA ypacCMaTpUBaTh Kak
(GyHKIMIO BBIDIyCKAaeMOM mnpoaykumu x, T.e. y = C(x), 10 y' = C'(x)0Oynyr
BBIpaXKaTh npeoeibHble U30epHcKy TPOU3BOJICTBA U MPUOMKEHHO XapaKTepHU30BaTh
MPUPOCT TEPEMEHHBIX 3aTpaT Ha MPOU3BOJCTBO JOTOJHUTEIHPHOW EAMHUIIBI

npoaykiuu. CpeaHue H3JAEPKKUA SBISIOTCA HU3JICPKKAMU Ha EIUHUILY BBITYCKa
cx)

MPONYKIHMH: Yy = —= .

2. IlpousBoauTenbHOCTHL Tpyda. Ilycts ynkmus u(t)BelpakaeT o00BeM

Npou3BeICHHOW mpoaykuuu y3a Bpems t. Torma mnpousBoaHas oObema
MPOM3BEICHHON MPOIYKIMHU 1O BpeMeHU U (t)ecTh npouzeooumenbHocms mpyod B
MOMEHT BPEMEHH tj.

3. ®yHkuus norpedseHus: u coepexxenns. Eciu x — HauMoHanbHbIN qoxoa, C(x)—

¢yHkuus norpebiieHus (YacTb J0Xo0ja, KoTopas TpaTtutcs), a S(x)dyHKuus
coepexenust, To x = C(x) + S(x). AuddepeHupys moIydum, 4To
dCc dS
FrA T
rae % — MpeziesibHask CKJIIOHHOCTD K NMOTPEOICHHUIO;

as
rac d— — IIpeaciibHas CKIIOHHOCTD K C6Cpe}KCHI/II-O.
X

4. DNacTMYHOCTb. JTa MeEpa pearupoBaHUAOIHON IEPEMEHHOW BEIMYMHBI Ha
U3MEHEHUE JIPYTOW. DINACTUYHOCTh MOKA3bIBAET, HA CKOJIBKO IPOLIEHTOB M3MEHUTCS
OJIHA IEPEMEHHAs B pe3yJibTaTe U3MEHEHUS Ipyrou nepemeHHoi Ha 1 %.
DNacTUYHOCTh (QYHKIIMU OMPEAEIISIECTCS C MMOMOIIBI0O COOTHOIICHUSI:

Ex(y) =3y xumn Ex(y) = x - T,
rne T,(x) = (Iny) = % -y —OMHOCUMENbHASL ~ CKOPOCMb  UBMEHeHUs(memn)

byHKIHH.

DnacTUYHOCTh (DYHKIMHM MPUMEHSETCS TPU aHaJu3€ CIpoca W MPEJIOKEHUS OT
ueHbl (yewmosass snacmuuynocms). (OHA TIOKa3bIBAET pPEAKLUMIO CIOpoca WIH
MpEVIOKEHUSIT Ha UM3MEHEHUE I1EHbl M ONpEAENsieT, Ha CKOJIbKO MPOLEHTOB
MPUOITMKEHHO U3MEHUTCS CIIPOC WU MPEITIOKEHHUE MPU U3MEHEHHH 1IeHbI Ha 1%.

Eciu snactuanocts cipoca |E,(y)| > 1, To cpoc cyMTaeTcst saacmuunsim, Clii

|E,(y¥)| =1 , meumpanomoiv (¢ emMHUYHON diacTMYHOCTBHIO), |E,(y)| <1 —
He NIACMUYHbIM OTHOCUTEILHO LIEHEL.

[Tpumepsr:
1.  3aBHCHMOCTbH MEXIY M3AEPKKAMH IPOU3BOACTBA Y U 00BEMOM BBITYCKAEMOM

NPOAYKIMK X BhIpaxkaeTca ¢ynkmueid y = 50x — 0,05x3 (men. exn.). Ompenenuts
CpeIHUE U NIpeAesbHbIE U3EPKKU MPpU 00beme npoaykiuu 10 en.



Pewenue. OyHkuus cpeHUX HU3AEPKEK (Ha €AMHUIYY NPOYIYKLUHH) BbIpaKaeTcs

OTHOUICHUEM Y = % = 50 — 0,05x2; mpu x = 10 cpeanue M3AEPKKU (HA €THHUILY

IOPOAYKIMK)  PaBHBI ycp(lo) =50-0,05-102 =45 (men. en). Dyskuus
TpeebHbBIX M3JIepiKeK BhIpakaeTcs npousBoAnoit y'(x) = 50 — 0,15x2;npu x =
10 npenmenbHble m3nepxkku coctaBar y'(10) = 50 —0,15:10% = 35 (nen. en.).
Wrak, ecnu cpeHre U3AEPKKUA Ha MPOU3BOJCTBO €IUHUIIBI MPOAYKIUUA COCTABISIOT
45 neH. en., TO TpeAeNbHBIE W3JACPKKU, T.€. JOMOJHUTENbHBIE 3aTpaThl Ha
NIPOU3BOJICTBO  JIONOJHUTEIBHON EIUHUIIBI TPOAYKIIMM TP JAaHHOM YypPOBHE
mpou3BOICTBA (0OBbeMe BhITTyckaeMol mpoaykiuu 10 en.), cocTaBistor 35 aeH. ef.

2. 3aBUCUMOCTh MEX]y CEOECTOMMOCTBIO €AMHUIIBI MPOAYKIUU Y (ThIC. py0.) U
BBIMTYCKOM MpPOIYyKUUM X (MJpA. py0.) Belpaxaercs ¢yHkuuedn y = —0,5x + 80y.
Halitn snacTU4HOCTD C€OECTOMMOCTH TPHU BBITYCKE MPOAYKIMH, paBHOM 60 MIIH.
pyo.

Pewenue. Tlo  dopmyneE,(y) = x - T, = % y'31acTUYHOCTL  ce0EeCTOMMOCTH
x -05x x _ —

Ex(y) = m . (—0,5) = T05x180  x-160" HpPI x =60 Ex=60(y) =-0,6, T.c.
IpU BBIITYCKE MPOAYKIUU, paBHOM 60 MIIH. py0., yBenudeHue ero Ha 1% mnpusener K

CHIbKeHMIO cebectoumocTr Ha 0,6 %.

3. O0BbeM TPONYKIMH |, MPOM3BEICHHBIM Opuramond pabounx, MOXKET OBITh
ONMCaH YypaBHEHHEM U = —§t3 +1?5t2 + 100t +50 (en.), 1<t<8 , rme t —
pabouee Bpems B dacax. BEIYHCIUTH MPOU3BOAUTEIHLHOCTS TPYAa, CKOPOCTh U TEMII
ee M3MEHECHHMSI Yepe3 Jac mocie Hadana paboThl U 3a Jac JI0 €€ OKOHYaHHUSI.

Pewenue. TIpou3BOOUTENLHOCTh TPYAa BhIpaskaeTcs mpomsBogHoi z(t) = u'(t) =

5 en
—Etz + 15t + 100 (—),a cKkOpOCTh W TEMII MU3MEHEHUS MPOU3BOJIUTEIHBHOCTH —
9

COOTBETCTBEHHO Tpou3BoaHON z'(t)u sorapudpmuyeckoit mpousBoguoiT,(t) =

[Inz(8)]"
_z'(t) _  -15t+15 2t-6  en
I(6) = z(t) —§t2+15t+100  t2-6t-40 (‘I ’

B 3apganabie MOMeHTHI BpemeHH t; = 1 nt, = 8 — 1 = 7COOTBETCTBEHHO HMEEM:
2(1) = 112,5 (%), 2/(1) = 10 (%), 7,(1) = 0,09 (£),2(7) = 82,5 (£),2(7)=-

20(%), T,(7) = —0,24 (%),

Wrak, K KOHIy pabOThl MPOM3BOJUTEIBHOCTh TPYy/a CYIIECTBEHHO CHHKACTCS; MPH
sToM M3MeHeHue 3Haka z' (t)u T,(t) ¢ mioca Ha MUHYC CBHICTEIBCTBYET O TOM, YTO
YBEJIMUYECHHE MTPOM3BOAMTEIILHOCTH TPYAa B MEPBBIE Yachl paboyero JHS CMEHSIETCS
€€ CHIDKEHHUEM B MOCJIEIHNE YaChI.
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3agaHus 1/ pacyeTHOMpPadoThI
1. O6beM mponykiuu U (yen. ef.) 1exa B TedeHue paboyero JgHs MpeACTaBIseT

bynkumo u = —t3 —5t2+ 75t +425, e t — Bpems (u). Haiitu
MPOU3BOAUTENHHOCTD TPYAa Uuepe3 2 9 Mmocie Hayajia padoThI.

2. 3aBUCUMOCTh MEXKIY H3JIEpKKaMU MPOU3BOACTBA y (IeH. €1.) U 00beMoM
BBIyCKaeMOil mpoAykuuu x (ed.) Belpaxkaercs ¢yHkuueir y = 10x — 0,04x3.
Omnpenenuts CpeaHUE U TPECbHBIE U3ACPKKU MpU 00beMe MPOAYKIIUU, PABHOM 5
exl.

3. OyHKIMY crpoca (| ¥ MPEAJIOKEHUS S OT IIEHBI p BBIPAYKAIOTCS COOTBETCTBEHHO
ypaBHeHMsIMU q = 7 —pus =p + 1. Halitu: a) paBHOBecHyl0 IieHy; 0)
AIIACTUYHOCTH CIPOCa U MPEMIOKEHHUs AJisl STOW IEHBI; B) M3MEHEHHE aoxoaa (B
NPOIICHTAX ) MPHU YBEIMYCHUH IIeHBI Ha 5% OT paBHOBECHOM.

Tema 1.3 UnTerpajibHoe ncuncienne GyHKIHUN OHOI NepeMeHHO’

Henab: 3akpenuTh HABBIKM  BBIYHMCICHUS HEOINPEACIICHHBIX M OIPEIACICHHBIX
MHTETPAJIOB, HAYYUTHCS TPUMEHSTh UX IIPU PEIICHUH MPUKIAIHBIX 3a]a.

CamocTosiTeIbHAsE padoTa: MOATOTOBKA NMPE3CHTAIMU W BBITIOJHEHUEPACUCTHON
paboTHI.

dopMa KOHTPOJIA: TTPOBEpPKA pabOTHI

[Topsaiok BBITIOIHEHHS paOOThHI
1. M3yuute TeopeTudeckuii marepuan mo teme: «lcmosb30oBaHHE HHTErpajia B
PKOHOMHKE» H, corjacHo mnpuBeAeHHbIM B Teme  1.2tpeGoBaHmsM,
NOATrOTOBBTENPE3ECHTALIUIO.
2. BrinonHuTe pacyeTHyro paboTy, IpeBapUTEIHLHO U3YUYHB, PACCMOTPEHHBIE HIKE
3anauu. OdopmuTe perieHne NUCbMEHHO B TETPAJIH.

Teopemuueckue ceedenusi

IKoHomuueckuit cmuvicii onpeoenennozo unmezpana. Ilycts ¢ynkmus z = f(t)
OIMCHIBACT H3MEHEHHUE TIPOU3BOIUTEILHOCTA HEKOTOPOTO TIPOU3BOICTBA C TCUCHUEM
BpeMeHH. Torga oO0beM NpPOAYKIMU M, MPOU3BEICHHOW 332 MPOMEXKYTOK BPEMEHHU
[0,T] MmoxxeT ObITH BBIYUCIIECH TTO (hOpMIIE:

T
u= | f(t)dt
|

T.€. ecid f(t) — MPOM3BOAUTEIILHOCTE TPY/Ia B MOMEHT t, TO fOT f(t)dt ectb 00BEM
BBIITYCKaeMOM MpOAYKIHH 32 mpoMexyTok [0, T |.

Ecin B ¢pynkunn Ko66a—/yrinaca cuurtaTh, 4TO 3aTpathl TpyAa €CTh JIMHEHHAs
3aBUCUMOCTh OT BPEMEHHU, a 3aTpaThl KamWTaja HEW3MEHHBI, TO OHA MPHUMET BHI
g(t) = («x t + B)e¥ . Torna o6bem BeimyckaeMoii npoaykuuu 3a T JIeT COCTaBUT:
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Q= fOT(oc t + Be’tdt.

Ipumep:Haiitu 00beM NpoayKIMU, TPOU3BEACHHOU 3a 4 roxa, eciu (GyHKIUS
Ko66a-/{yrnaca umeer uz g(t) = (t + 1)e3!

Pemenue: Ilo gpopmyne Q = fOT(oc t+ Be’tdt:Q = f04(t + 1)e3tdt.
Hcronb3yeM MeTO[ HMHTETpHpOBaHMS Mo uacTaM. Ilyctelu =t+1,dv =
e3tdt|Tormaldu = dt,v = [ e3tdt = §e3t|

CnenosarensHo, Q = (t + 1)§e3t |g — f04§e3tdt = 3(5612 ~1) - §e3t g _

%(14e12 —2) = 2,53+ 10%(ycn.en.)

[Tycts u3BectHa ynkims t=t(X), onmuchiBaromas K3MEHEHUE 3aTpaT BPEMEHH t Ha
U3rOTOBJIEHUE U3JENUs B 3aBUCUMOCTU OT CTENEHUW OCBOECHUS NMPOU3BOACTBA, I'NE X
— TOPSIKOBBIN HOMEp M3Aenus B napTuu. Toraa cpeHee Bpems tep, 3aTpayE€HHOE Ha
U3rOTOBJIEHUE OJHOTO W3JENus B MEPUOJI OCBOEHHUS OT X1 A0 X2 W3JEIuH,
BBIYHCIISIETCS 110 TEOPEME O CPEIHEM:

X2
1
tep =—— | t(x)dx
X2 =X
X1
Yro kacaetcst GyHKUIMU U3MEHEHUS 3aTpaT BpEMEHH Ha U3rOTOBIICHUE U3/ICNUN t =
t(X), TO 4acTO OHA MMeeT BHI t = ax ”, rme a — 3aTpaThl BPEMEHH Ha IMEPBOC

uzzenue, b — rnokasarenb MPOU3BOACTBEHHOTO MpOIlEcca.

IIpumep. Haiitu cpenHee BpeMsi, 3aTpay€HHOE HAa OCBOCHUE OJHOIO M3IECIUS B
nepuoa  ocBoeHuss or x; = 100mox, = 121 wu3nmenuit, mnomaras B Qopmye
u3MeHeHus 3atpar a = 600 (mun), b = 0,5.

Pemenue. Mcnonssys popmymy

X2
1
t., = t(x)dx
Pox - 1-[
X1
[Tonyuyaem
s 600 400
e ~1/2 3. — 2°% 121 _ =09
tw = 37100 j 600x™/2dx = ——=2Vx | | = —— ~ 57,2 (mmn).
100

3amanus A1 pac4eTHOMPAOdOTHI
1. IlpousBoauTenbHOCTh TpyAa pabouero B TeueHUE AHS 3ajaercs (yHKIuen

z(t) = —0,00625t% + 0,05t + 0,5(1eH. ex./d), Toe t — BpeMs B 4yacax OT Hadaja
pabotsl, 0 < t < 8. Halitm dhynkiuio U = uU(t), BeIpakaroniyro o0beM MpoayKIiuu (B
CTOMMOCTHOM BBIPAXKEHUH) U €r0 BEJIMUKHY 32 paOOUYuil 1eHb.
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2. CTOMMOCTh MEpPEeBO3KM OJHOW TOHHBI Ipy3a HAa OAUH KuJoMmeTp (Tapud
. 10
nepeBo3kn) 3amaercs Gpyukiuen f(x) = m(ueH. en./kMm). Onpenenure 3aTpatbl Ha

IIEPEBO3KY OJTHOM TOHHBI Ipy3a Ha paccTosiHue 20 kM
Tema 2.2 Pemienue cucreM JuHeHHbIX anreopandeckux ypapueunii (CJIAY)

Henab: HayyuThCs NPUMEHSATH CBOMCTBA MATPHUMIL ISl PELICHUS TPUKIATHBIX
HKOHOMHYECKHUX 3a/ad.

CamocrosiTebHast paboTa: BBIIIOJIHEHHE pACYETHON PabOThI

dopma KOHTPOJIS: TPOBEPKA paCYETHOU PabOTHI.

[opsaiok BBIIONHEHUS paOOTHI
1. PaccmoTpuTe TeopeTHUEeCKHMH MaTephall Mo TeME€ W MPHUMEPHI pelIeHUs 3ajay
(mpuBeIEHbI HUXKE).
2. Pemmte camocrosiTenbHy0 padoty. OdopMmuTe perieHue TMCbMEHHO B TETPAIH.

Teopemuueckue ceedeHus1:

MaTpuyHOoe WCYHCICHHE WIrpaeT BaXHYK pOJIb B HSKOHOMHKE: MHOTHE
MaTeMaTUIECKUE MOJIEITH SKOHOMHUYECKUX OOBEKTOB 3alMCHIBAIOTCS B KOMITAKTHOM
MaTpuU4IHOU dopme.

Ilpumep 1. HEKOTOpOE TPEANPUATHE BBITYCKACT YETHIpE BUAA W3JEIHMA,
UCTIONB3YsI TIPU 3TOM YETHIPE BHJA CHIPhsi. HOpMBI pacxona ChIphsi Ha KKl BUJI
U3JIeNINS MOYKHO 3a7aTh MaTPHIIEH YETBEPTOTO MOPSIIKA:

Buo cvipos
1 2 3 4

ajp Qi dyz3 Ay
dp1 dpy dp3z dyy
d3yp dzp dzz dzy

a a a a
A=\"4 42 43 4477 Buo uzoenus

A W NN

[IpennpusiTie BBITYCKaeT NPOAYKLIHIO JABYX BUAOB U HCHOJIB3YET ChIPHE TPEX
BH10B. HOpMBI pacxozaa ChIpbs 3aaF0TCS MaTpULIEH

Buocwvipws
12 3
4 3 1) 4
A= 762 2 Buo npodyxyuu

13



. aij(lgigz, 1< <93
Kaxxnpiii dimeMeHT

ATOM MaTpHUIlbl YKa3bIBAET, CKOJIBKO
CJIMHHUIL CHIPhS J-TO BHJA PAcXOayeTCs Ha MPOU3BOACTBO CIUHUIIBI MPOIYKIUHU I-TO
BU/IA.

[Tnan Beimycka 3amaH Matpunei-ctpokoit B=(50 100). CtouMoCTh €AMHHIIBI
Ka)XJIOT0 BUJA CHIPHS (JICH. €]1.) XapaKTepu3yeTcss MaTpHUllei-CTOI010oM

5
S =

Crnenyer onpenesnThb:
1) 3aTpathl ChIPHsi, HEOOXOIUMBIE JUTSI TNITAHOBOTO BBIITYCKa MPOAYKIIUH;
2) 00111yI0 CTOMMOCTD CBIPbSL.

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

43 1\
> 2)—(900 750  250)

O6mas croumocth ceipbt Q = 900 - 5+ 750 - 4+ 250 - 2 = 8000 (men. en.)
MOJKET OBITh HalJIeHa CPEeICTBAMHU MAaTPUUYHOTO UCUHUCIICHHUS:
5
Q=C-S=(900 750 250)- (4) = (8000)
2
Omeem. 1) (900 750 250); 2) 8000 gen. en.

Ilpumep 2. JlaHHble O JHEBHOW MPOU3BOJIUTEIBHOCTA TATH MPEATPHUSATHH,

Marpumna-ctpoka 3arpatr C = BA = (50 100) - (

BBIMYCKAIONIUX YETHIPE BUJA MPOAYKIMH C TMOTPEOJECHUEM TpEeX BHUIOB CHIPHA,
MPOIOKUTENBHOCTh pa0OThl KaXXI0r0 MPEANPUATHS B TOJYy M LIEHA KaXKJIOro BUJIA
CBIPBS TIPUBECHBI B Ta0. 1.

Tabnuya 1

Bun [Ipon3BOAUTENBHOCTD NpeAnpUsTUH, | 3aTpaThl ChIPHS,
u3nenus | u3M./1IeHb €/1. Beca U3Jl.

1 2 3 4 5 1 2 3
1 4 2 0 5 4 2 3) 3)
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
Yucno pabouux qHEH B roay Llena coipbs

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

1) TOmOBYIO MPOM3BOAMTEIBHOCTh KAXIOTO MPEHNPHITHS MO KaXKIOMY BUIY
U3OCIIHIM;

2) TOZOBYIO TOTPEOHOCTH KAXKIOTO MPEANPUATHS MO KAKIOMY BUAY CHIPBS;

3) TOMOBYI0 CYyMMYy KpPEOUTOBAHHUSA KaXXIOTO MPEINPHITHS IS 3aKYIKH CHIPBS,
HEOOXOJMMOTO I BBIMMyCKAa H3ACIUN YKa3aHHBIX BUIOB W TPHU OIMpPEIEICHHOM
KOJIMYECTBE pabounx JHEH.

Pewenue.

1._OnpenennM roI0BYIO MPOW3BOAUTEIBHOCTh KAKIOTO MPEANPHITHS O KaXKIOMY

BUY WU3JICIINN.
Ha ocHoBanum 1abmn. 1 cocraBum matpuitly P, XapakTepu3yIOIy0 MpOU3BOIH-

TEIBbHOCTh MPEANPUATUI 110 BCEM BUIAM MPOAYKIINHN:
[Tpon3BOIUTENBHOCTD NPEATNPUITHI

._.
b= o
C}'\J\J
I=
_h

4 5 4)
P= 0 13 ’ 10 Bun ingemia
& 10 3 6 0
3 5 4 3 7

J-ii cTonben maTpuilel P XapakTepusyeT AHEBHYIO MPOHU3BOIUTEIBHOCTDH J-TO
HOPEINPUATHS 10 KaKI0MY BUay npoaykuuu: | =1, 2, 3, 4, 5.

I'ogoBast MPOM3BOAUTEIIBHOCTD J-T0 MPEATPUATHS 10 KaKIOMY BUIY MPOIYKIIHH
ONPEICIUTCI NPH YMHOXCHHH |-TO CTOJ0Ia MaTpuilbl P Ha KOJIWYECTBO PadOYmMX
JTHEW B TOAY ATOTO MPEANPHUATHS, IMOTPAYCHHBIX HAa HM3TOTOBJICHHUE YETHIPEX BHJIOB
npoayKiuu. Toraa rofgoBasi MPOU3BOAUTEIBHOCTh J-TO MPEANPHUATHS IO KaKIOMY

_(pij) = Pij N

BUJTy U3JICNIHIA OyJEeT XapaKTEepPU30BaThCSA MATpUIleH P.,0= rae Pij :
I<i<4, 1<) <5

4.81 2.131 0.181 5.231 4.281
0.81 15131 7.181 4.231 6-281
20 ~| g.81 10.131 3-181 6-231 0.281
3.81 5.131 4.181 3.231 7.281
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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 cooTrBercTBUM C ycnoBuMeM 3ajaud maTtpuuaZ 3aTpaT ChIpbs Ha €IUHUILY
U3JIeTUsl UMEET BUJ

Buo uzoenus
1 2 5 4
2 3 5 4

=15 4 3 8 >33TPHTH CRIPBA
56 46

Ecnmu ymHOXUTH MaTpunmy Z Ha wMatpuiy P, To mnomydum pacxoa Ha
OPEANPUATUSAX TIO BCEM BHJIAM CBIPbSL:

8+40+12 4+45+50+20 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 marpunie ZPi-s cTpoka COOTBETCTBYET HOMEPY BHJA CBIPbS, |- CTOJIOECII-
HOMEpY Ipeanpusatus coriaacHo taba. 1 (i=1, 2,3; j=1,2,3,4,5).

2.01npenenuM ToA0BYI0 TMOTPEOHOCTh KaXJOTO MPEANPUATHS B KaKIOM BHUIE
CBIPbSL.

l'omoBast mMOTPEOHOCTh KaXAOTO TMPEANPUATHS B KaXIOM BHAE CbIPbA
onpenenurcs Marpuiet Z-P.,9, KoTOpas moiydaeTcsi Mo aHajJoruu ¢ MaTpuiei Pro,
MpyY YMHOXXEHUU MaTpuilbl ZP Ha cOOTBETCTByIOIIEE KOJUYECTBO padO4YMX JHEH B

oAy I IPEANPUATHM.
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4860 15589 9412 14784 15174
5508 18340 12489 19173 28100

7.p = 5670 22270 14118 21021 27538
*Fao0 — .

3. OmpenenuM TOJOBYIO CYMMY KPEIUTOBAHHUS KaXKIAOIO MPEINPUATHS IS
3aKYIIKH CBIPbS.
Bexkrop cronmmoct chipbst C =(Cy, Co, C3) = (32;33;34).

CrouMocTh OOIIEr0 TOJOBOrO 3amaca ChIPbS JUIS KaXKIOrO IPEIIPUATHS
XapaKTepU3yeTCss BEKTOPOM

C-(Z-P,,)=(530064; 1861248, 1193333 1820511 2349480).

Takum 00pa3oM, CyMMbl KpPEAUTOBAHMS NPEANPHUATUN ISl 3aKYNKH ChIPbS

ONPEAEISIOTCS COOTBETCTBYIOIUMHU KOMIIOHEHTaAMHU BEKTOPA c.(z-p ro)-

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 19173 28100 |

2) 5670 22270 14118 21021 27538

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

Ilpumep 3.01pacib COCTOUT U3 TPEX MPEANPUATUHN, BBITYCKAIOIIKNX MO OJHOMY BUAY
OPOAYKIIMK Kaxkgoe oO0bemMoM Xi. Kaxkmoe wu3 mnpeanpusTuii  oTpaciud  is
oOecrieueHust CBOEro MPOU3BOICTBA OTPEOIISIET YaCTh MIPOTYKIIMHU, BBHIITYCKAEMON UM
CaMHM W JIPYTHMMHU TPEINPUATHSAMH.  @jj - 0N MPOAYKIUU I-TO TPEIIPUSTHS,
norpebisieMast j-M TIPEANPHUITHEM ISl 00ECTIeUeHHs BBIITyCKa CBOEH MPOIYKIHU X;.
Ha¥itn konwdecTBO Vi  NMPOAYKIHMHI-TO TPESANPHUATHS, INPESIHAZHAYCHHOW IS
peanu3anuu BHE JaHHOU 0Tpaciu (00beM KOHEYHOTO MPOAYKTA).

03 04 0,03 200
0,04 0,4 0,02 100
A= 03 03 07 | = 400
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Y1
Yo

Pewenue. Matpulily KOHEHHOTO MPOIyKTa 0003HAUUM Y= Y3

Ota MaTpula SBISIETCS PeIIEHUEM MAaTPUYHOIO YPaBHEHUS
(E-A)-X=Y.

Haxonum matpuny E-A:

10 0 03 04 0,03 0,7 -04 -0,03
01 0|-/004 04 002|=| -004 06-0,02
o0 1) (03 03 07 -03 -03 0,3

E-A=
Ha ocnoBanuu IMpaBujia YMHOKCHHUA MaTpUIl T1IOJTydaCM

0,7 -04 -0,03) (200 140-40-12 88 Y1
-004 06 -002(100|=| -8+60-8 |=|44|=|Y,
-03 -03 0,3 ) | 400 -60-30+120 30 Y3

(E-A)X= .

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

3ananus 1J15 pac4yeTHO padoThI
1. Tpeanpusatve BBITYCKAET €XKECYTOYHO YETHIPE BUAA HU3EINI, OCHOBHBIC
IPOM3BOJICTBEHHO-D)KOHOMHUYECKHUE TTOKA3aTeNIM KOTOPHIX MPUBEICHBI B Ta0. 2.

Tabnuya 2
Bunnsnennsa | KonnuectBonsaenui Pacxon Hopwma Llena n3genus,

CBIPBbS, U3TOTOBJICHUS JICH. €. U3].
KI/H3I. /U3,

1 30 10 15 40

2 60 7 10 20

3 40 12 20 50

4 50 9 12 30

OnpenenuTs CIEMYIONUE €KECYTOUHbIE TTOKA3aTeIU: PACXOI ChIPhS S, 3aTPAThI
pabouero BpeMeHH T U CTOMMOCTh P BbIITyCKaeMou NpoyKIUH NPENPUITHS.

2. [IpeanpusiTie BBITyCKAET YETHIPE BHUIA U3/ICINI C UCIIOIH30BAHUEM YEThIPEX
BUJOB CBIPbS. Hopwmbl pacxona ceipbsi 1aHbl Kak 3seMeHThl Matpulibl A. Haittu
3aTpaThl Ha ChIPbE KAXJOTO BUJIa MPU 3aJ[aHHOM IUJIAHE BBIMYCKAa KaXKJIOr0 BHAA
n3aennst coorBeTcTBeHHO 50; 65; 30; 45.
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4 27 2
3435
5523

G

3. 3aTpaThl Ha YETHIPE BHUJA CHIPbS JUIS BBIYCKAa YETHIPEX BUJIOB MPOAYKIIUU
XapaKTepu3yroTcs MaTpuliei A, mpuBeeHHOM B 3a1aue 13.
Haiiu:
1) o61mime 3aTpatThl Ha CHIPhE JJI KAXA0T0 BUJA MPOAYKIIUU U €r0 MEPEBO3KY;
2) oOmue 3aTrpaThl Ha CHIPbE M €ro TPAHCIOPTHUPOBKY MPHU YCIOBUU 3aJaHHOTO
BEKTOp-TIJIaHa 3a/1aun 13, eciiv U3BECTHBI CEOECTOMMOCTH Ka)JI0r0 BUAA ChIPhS 8, 5,
6, 4 m ero noctaBku 2, 3, 1, 2 1eH. €/1. COOTBETCTBEHHO.

Tema 4.1 KoMIIeKCHBIE YHCJIA U JeHCTBUA HA HUMHU
Heas: dopmupoBath ymeHue rpauueckoro n300pa>keHus KOMIUIEKCHBIX YHCET,
BBIMIOJTHEHUSI apU(METUYECKUX ONEepalliii ¢ KOMIJIEKCHBIMU YHCIIAMHU.
CamocrosiTeibHasi paboTa: BHIIIOJIHEHUE PACYETHON PabOTHI.
dopMa KOHTPOJIS: IPOBEPKA pacueTHON pabOTHI.

[Topsimok BBITIOTHEHUST PabOTHI
1. PaccMoTpuTe TEOpETHYECKHII MaTepuasl Mo TeME W MPHUMEPhI PEIIeHUs 3aaad
(TpUBEIEHBI HUXKE).
2. Pemmte pacuetHyto padoty. OdopmuTte peiieHre NMMCbMEHHO B TETPAJIH.
3. OTBeTHhTEC MUCHMEHHO HA KOHTPOJBHBIC BOIIPOCHI.
Teopemuueckue ceedenusi:

OcHOBHBIE MIOHATHSA

Hsoﬁpaafcenue KOMNJIEeKCHbIX Huce

Komnnaexcuvle yucna 3anuceiBarotcs B Buzae: a+bi. 3gecraub — oericmseumenvunvie
yucaa, a i — muumas eounuya, m.e. i°= —1.Uucno a HasbIBaeTcsiabcyuccoli, a b —
opounamoii xKomiuiekcHoro wmcia a+ bi. KommekcHoe uncino O+ bi HasweiBaercs
yucmo MHUMbIMYucIoM.3anmucLbIo3HaYaeT 1o ke camoe, uto u 0+Dbi.
Mo0ynemKOMIUIEKCHOTO YHCa Ha3biBaeTcs jiuHa BekTopaOP, wu300paxaromiero
KOMILUIEKCHOE YHWCIIO HAa KOOPJAWHATHOU (KommaekcHoti) MIocKOCTU. ComnpsiKEHHBIE
KOMILJICKCHBIC YHCJIa UMEIOT OJMHAKOBBIN MOTYJIb

PaccmoTpuM Ha MIIOCKOCTH J€KapTOBY MPSIMOYTOJIbHYIO cuctemy KoopauHat xOy.
KaxaoMy komIuiekcHOMY 4Hcay Z = @ + DIMOXHO CONOCTaBUTh TOYKY C
KoopauHaTamu (a;b) , U1 Ha0O0OpPOT, KaxAoW Touke ¢ KoopauHaTamu (c;d) MOXKHO
COIIOCTaBHTh KOMIUIEKCHOEe uncio W = C + di. Takum oOGpa3omM, Mexay TOYKaAMHU
IJIOCKOCTH M MHOXECTBOM KOMIUJIEKCHBIX YHCEJ YCTAHABJIMBACTCS B3aHMHO
OJIHO3HAYHOE COOTBETCTBHUE. [103TOMY KOMIUIEKCHBIE YHCIIa MOXHO M300pakaTh Kak

19



TOYKHU IUIOCKOCTH. IInocKocTh, Ha KOTOpPOW H300pa)kal0T KOMIUIEKCHBIE YHCIA,
OOBIYHO HAa3bIBAIOT KOMIUIEKCHON IIOCKOCTBIO.

[Tpumep.300pa3um Ha KOMILIEKCHOM IIOCKOCTH uncaa Z1 = 2 + i;22 = 31; 23 =-3 +
21024=-1—1.

Pentenue:
B
kL I
I; -
3 : 5
: 1fp====- *
|
3l 2 A !
n 1 2 z
! a
-
Z4

ApI/I(l)MeTI/I"IGCKI/IG JICfICTBI/ISI HaJd KOMIINICKCHBIMH YHCJIaMH TC KC, 4YTO W Hal
ﬂeﬁCTBHTGHBHBIMﬂl HNX MOXHO CKJIaAbIBaTb, BbIYUTATb, YMHOXATh U ACIIHUTL APYT HA
Aapyra. CrnoxeHue ¥ BEIUMTAHHUE IMPOUCXOIAT 110 IMpaBUITY

(a+bi)x(c+di)= (axc)+(b+d)i,
ayMHOKEHHEe— TOIPaBUITY
(a+bi)-(c+di)= (ac—bd)+(ad+bc)i(znecs xak pa3 ucnonssyercs, uroi’=—1).

Yuco z=a-binassiBaeTcsIkomniekcrho-conpsicennvimkZ=a+bi. PaBeHcTBOZ® Z
=a’+b’no3BonseT MOHATH, KaK JEIMTh OJHO KOMILUIEKCHOE 4YHCIO Ha JpYyroe
(HEHyJIeBOE) KOMILIEKCHOE YHCIIO:

a+bi _ (a4bi)-(c—di) _ (actbd)+(be—ad)i _ aqetbd 4 be—ad -

c+di . (etdi)-(o—di) 212 = 24 T 2qa2
344i 11 23
Hampumep, 14+2i 5 5
3anaHus 1/ pacueTHOPadoThI
1 BapuaHT 2 BapuaHT Konnuects
0 Oay1oB

Ne 1. M300pa3uTte Ha IIIOCKOCTH 3aJaHHbIE KOMIUICKCHBIE YHCIIA:
z1=4i z1= -5i 1
=3+ =4+ 1
Z3= - 4 +3i Z3=-7+2i 1
Z4= - 2 -5i Z4=-3—6i 1

Ne 2. TIpousBeauTe Ci0KeHHE ¥ BBIYUTAHHE KOMIUIEKCHBIX YHCEI:
a) (3 +5i)+(7-2i). (3-2i)+(5+1i). 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
Ne 3. IIponsBe1MTE€yMHOKEHUEKOMITJICKCHBIXUHCEJI |
a) (2+3)(5B-T7i). (1)1 +1). 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)(— 5i). 2
Ne 4, BrinojiHuTE JIeJICHIE KOMILICKCHBIX YHCEI:
8+2i 5+i 2
a) 5-3i ) 2+3i
1-i 1+i 2
6)E 6);
Ne 5. BuimonuanTe neicTBHA .
a) (3+2i)(3-2i). a) (7 —61)(7 + 6i) 2
0) G+i)(5-1). 0) (4 +1)(4 ). 2
B) (1 —3i)(1 + 3i). B) (1 —5i)(1 + 5i). 2
Ne 6. Pemmre ypaBHeHUsI:
a)x’— 4x+ 13 =0. a) 2,5x%+x+ 1=0. 3
6)x*+ 3x+ 4 =0 6) 4x°— 20x+ 26 = 0. 3
No7. Ha pucynke mokazaHo rpadudeckoe H300paKeHHe KOMIUICKCHBIX YHCEI.
[Tepepucyiite pucyHok B TeTpaapb. O003HAUBTE KOMILJIEKCHBIC YMCIa KaK Z1, Z2, Z3.
3anumuTe COOTBETCTBYIONINE AaHATUTHICCKHE (DOPMEL.
2
\__/ [ 111 ]] [
L [ T T T T FTTTTT
FTTTTTT [T TTTTI
Kpurepuu olieHKH
Habpannoe koqnuecTBO 0aaioB OIICHKA
21 — 28 Oamnos 3
29 - 34 GayuioB 4
35 - 38 6amna 5
Tema 5.1 BeposAITHOCTD CJIYy4ailHOTO COOBITHS
Meanb: 0OJMYy4YWTh HABBIKM MO HAXOXJIACHHUIO YCIOBHBIX  BEpPOSTHOCTEH;

BBIYUCJICHUIO BEPOSITHOCTEN CJIOKHBIX COOBITUN C MOMOIIBIO TEOPEM YMHOXKEHUS U

CJIO)KEHUS BEPOSTHOCTEM,

CJIOKHBIX COOBITUHM C MTOMOIIBIO POPMYJIIBI TIOJIHON BEPOSATHOCTH
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CamocrosiTeibHast padoTa: BBIIIOJIHEHUE PACYETHON pabOTHI;

dopMa KOHTPOJIA: TTPOBEPKA PabOTHI.

Teopemuueckue ceedenusi:

Ilycte A u B — 3aBucumsbie coObiTUs. YcioeHnoii eéeposmuocmoio P(B|A) (unu
Pa(B)) Ha3bIBatoT BEpOSTHOCTh COOBITHS B, BBIUMCIICEHHYIO B MPEIIOJI0KCHUHU, UTO
coObITHE A y>€ HaCTYMHJIO.

Teopema ymHodHceHUs: eposimHOCmel

Teopema: BeposSTHOCTh MPOW3BEACHUS JBYX HE3aBUCHMBIX COOBITHI paBHA
IPOU3BEJICHUIO BEPOSTHOCTEH ITUX COOBITHI

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

Ipumep .KakoBa BEepOSTHOCTH TOTO, YTO MPHU IECATUKPATHOM OPOCAHUU MOHETHI
rep0O Beimazet 10 pa3 ?

Pemenne: [lycte coObiTe Al — mosiBiieHHe repba mpu i-m Opocanuu. Vckomas
BEPOSATHOCTh €CTh BEPOSTHOCTH COBMeEICHHUS Beex coobrtri Al (1=1,2,3,...,10), a Tak
KaKk OHH, OYCBUIHO, HE3aBHUCUMBI B COBOKYIHOCTH, TO TpuMeHsisi Gopmyny (10),
nMeeM

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

Ho P(Ai)=1/2 nns aro6oro i; mosromy

AR
P ArAy. A )= (—] = ——w 0,00
2 1024

Teopema:  BeposTHOCT, TPOM3BEACHUS JIBYX 3aBHCHMBIX COOBITHHA paBHa
IPOU3BENICHUIO BEPOSITHOCTEN OJHOTO M3 HUX Ha YCJIOBHYIO BEPOSITHOCThH JPYIoOro,
BBIYHCIICHHYIO B MPEJI0KEHUH, YTO MIEPBOE YIKE HACTYIUJIO.

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

JI1st TpeX 3aBUCUMBIX COOBITHIA:

P(A ‘B) = P(A)P(B|A)P(C|A B).

Ipumep. U3 ypHbI, coaepxanieil 3 OenblX U 7 YEpHBIX MIAPOB, BHIHUMAIOT ABa
mapa. KakoBa BeposSITHOCTh TOTO, 4TO 00a I1apa OKaxyTcs OeabiMu ?

Pemenne: Dta 3amaya yxe Obula pemieHa B M. 3 ¢ MOMOIIBIO KJIACCUYECKOIO
onpenesieHnsl BepoATHOCTU. PemnMm ee, mpumenss opmyny (5). M3Biaeuenue aByx
IapOB PABHOCUJIBHO TOCJIEIOBATEIbHOMY WX H3BIeYeHU0. O003HauuMm uyepe3 A
MOsIBJICHHE OeJioro miapa Mpu MEePBOM M3BJICUECHHH, a 4Yepe3 B — Mpu BTOPOM.
CoObITHE, cocTosilliee B MOSIBICHUHM JBYX O€JbIX IIApOB, SIBJISETCS COBMEIICHUEM
coobiTuii 4 u B. I1o popmyne (5) umeem

PfAB)=PfA)Py B)

Ho P(A)=3/10; PA(B)=2/9, NMOCKOJbKY IIOCJ€ TOTO, KaK OBUI BBIHYT IEPBBIN
OebIil map, B ypHE OCTalIOCh 9 mapoB, U3 KOTOPHIX 2 Oenbix. CieaoBaTeNbHO,
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Teopema cnodwcenus epoAmHoOCmen HecO8MeCMUMbIX COObIMULL

Teopema: BeposSTHOCT CyMMblI HECOBMECTHBIX COOBITHMII paBHa CyMMe
BEPOSITHOCTEN 3TUX COOBITHIA:

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

IIpumep.B ypHe 2 3eneHbIX, 7 KpacHbIX, 5 KopuuHeBbIX U 10 GenbIx IIapos.
KakoBa BEpOATHOCTH MOSIBJIEHUS LIBETHOTO 1apa’?

Pemienune: Haxonum COOTBETCTBEHHO BEPOSTHOCTH IIOSBICHMUS  3€JIEHOTO,
KPacHOT'O W KOPUYHEBOTO MIapoB: P(3en.)=2/24; P(kp.)=7/24; P(kop.)=5/24. Tak kak
paccMaTpuBaeMble COOBITHS, OYEBHUHO, HECOBMECTHBI, TO, MPUMEHSS aKCUOMY
CJI0KEHHSI, HAUJEM BEPOSTHOCTD MOSBJICHUS LIBETHOTO I11apa:

2 7 5 7
(ye.) = Plsen)+ Flap. )+ Flrap.) TRETREYRED

Teopema:
Ecmn A u B — coBMecTHBIC COOBITHS, TO
P(A+B) = P(A)+P(B)-P(A ‘B).

Jlnst Tpex u 6osiee COBMECTHBIX COOBITUH ATa (hOpMYyIia 3HAUYUTEIBHO YCIIOKHSICTCS.

Hanpumep:

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

IIpumep: IlpousBenaeH 3annm W3 ABYX OPYAUHW [0 MHUIIEHU. BeposTHOCTH
nomnajgaHuss U3 nepBoro opyaus paBHa 0,85, a u3z Broporo — 0,91. Haiitu
BEPOSITHOCTh MTOPAKEHUS LIEIIH.

Pemenne: ITycth coObiTHE A — XOTS OBI OJIHO TIOMAJaHUE B MHIIICHB, COOBITHE A1
— TIOTIa/IaHlEe B MUIIICHb U3 MEPBOTO OpYAMs, COOBbITHE A — IMONAJaHUE B MUILICHD U3
BTOPOTO OpPYAUS.

Torma A = AjtAo.

ITockonbKy coObITHSI A1 A2 COBMECTHBI, TO

P(A) = P(A1)+P(A2)-P(A1AY).

T.k. coobiTHst A1 1 A He3aBucuMbl, TO P(A1'A2)=P(A1) 'P(A2),

rae P(A1)=0,85, a P(A2)=0,91 no yciioButo 3anaym.

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

Beposamnocmv npomusononosichoco coovimus

Heckonbko cOOBITHII B J@aHHOM OIBITE OOpPa3yrOT MOJHYIO TPYIIY, €CIA B

PE3yNbTaTE OMbITa 00S3ATENHHO TOJDKHO TOSIBUTHCS XOTSI OBl OTHO U3 ITHUX COOBITHIA,

Ortcrona cnenyer, 4To cymMMa COOBITUNA MOJIHOW TPYIIIBI €CTh IOCTOBEPHOE COOBITHE,
BEpPOSITHOCTb KOTOPOT'O PaBHA €IMHUIIE.
Ecan coObiTus, oOpasyromiye MOJIHYI0 TpyHny, MOMapHO HECOBMECTHBI, TO B
pe3yabTaTe OMbITa MOSIBUTCS OJTHO U TOJIBKO OJHO U3 ATUX COOBITUH.
JI71s1 cyMMBI TakuX COOBITHM cripaBeyinBa Gpopmya
P(A1+Axt....+Ap) = P(A)+P(A2)+....+P(Ap) = 1.
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Teopema: /[Ba mpOTHBOMNOJIOKHBIX IPYT APYTY COOBITUS 00pa3yIOT MOJIHYIO

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

IIpumep: B nmaptum copepxurcs 20 neranen, cpeau KOTOPHIX 4 HECTaHAAPTHBIX.
Jlist KoHTpoJi B3sIM Hayjauy 3 ngeranu. HallTu BEpOSATHOCTH TOTO, YTO XOTS OBl
OJIHA U3 B3ATHIX JE€TAJICH HECTAaHAAPTHA.

Pemenne: IlycTh coObiTue A — XOTs Obl OJIHa M3 B3ATHIX JAETallel OKaKeTCs

HecTaHapTHOU. PaccMoTpum coObiTHe A, TPOTUBOMOIOKHOE COOBITHIO A

~

A - cpean B3ATBIX I[eTaHeﬁ HCT HCCTAHOAPTHBIX. Boeruncium BCPOATHOCTH

m C) 161371 28

cobbrmus A P(A) =—= = =—.
n Ci 3113200 57

Tenepb BBIYUCIINM BCPOATHOCTb UCKOMOI'O CcOOBITHS:

— 28 29
P(A) = 1-P(A) =1-—=—~0,509
57 57

Ipumep: Ileperopena omHa W3 TATH DIEKTPOJAMII, BKIIOYCHHBIX B CETh
nocienoBatenibHo. C  IENBI0  YCTPAHEHHs MOBPEXKICHUS Hayjaady BBIOPaHHYIO
JIAMITOYKY 3aMEHSFOT TOJHOM, ITOCIE Yero cpasy MpOBEPSETCs. UCIPABHOCTD JIHHUH.
Ecin moBpexaeHHe He YCTpaHEHO, TO 3aMEHseTcsl Jpyras Jjamrodka. Haiitu
BEPOSITHOCTh TOTO, YTO MOBPEKICHHE OYIET YCTPAHEHO TOJBKO IIOCIE 3aMEHBI
TpeTheil JIAMITOYUKH.

Pemenne: [Iyctb coObitHe A — MOBpekICHHE OyAET MCIPABICHO IMOCIE 3aMEHBI
TPETHEU JIAMIIBI.

PaccMOTpUM CIe/IyOIHe TPU COOBITHSL:

A1 — mepBas 3aMCHEHHas JIaMIIa OKa3aiach MepPEropeBIei;

Ar— BTOpast 3aMEHEHHasl JIaMIla OKa3ajiach [eperopeBIiei;

Az — TpeThs 3aMEHEHHAs! JIaMITa OKa3auach MePeropeBIIeii.

Torma: A= A -A, - A

[TOCKOJIBKY COOBITHS A -A, u Az 3ABUCHMBI, TO

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

BeposTHOCTH COOBITHSI A, €CTh BEPOSTHOCTH TOTO, YTO MEpBasi 3aMEHEHHAsI JTaMIia
. — 4
0Ka3aJach UCIPAaBHOMU P(A)) = —.
5

YcnoBHasE BEPOSITHOCTB P(A;W) - BEPOATHOCTb TOrO, YTO BTOpas 3aMECHEHHAs

JaMIla OKa3ajach UCIPABHOM, €CIIM U3BECTHO, UTO MEpBasi 3aMEHEHHAs JIaMIla TaKXe
HCITpaBHa.

ITosToMy P(A;W) =3,
4
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Hakonell, yclIOBHas BEPOSTHOCTD p(ag|a, - a,) ©€CTh BEPOSTHOCTH TOTO, YTO

TPCThs 3aMCHCHHAs JlaMIla OKa3ajlacChb HGpCFOpCBHICfI, €CJIM U3BCCTHO, YTO IICPBaAA U
BTOpas 3aMCHCHHBIC JIAMIIbI OBLIH HCIIpaBHBIMU.

OTkysa P(Ag|A - A,) :é.

_431
Tenepsb mocurTacM UCKOMYIO BEPOSTHOCTh: P(A)=—.=.~
5 4 3

IIpumep: BeposTHOCTH TOrO, YTO AETAIb HYKHOTO BHJA HAXOAUTCS B IEPBOM,

BTOPOM, TPEThEM AIIMKE COOTBETCTBEHHO paBHbI 0,7; 0,8; 0,9. HaiiTu BeposATHOCTH
TOTO, YTO JE€TaJIb COJICPKUTCS HE MEHEE, YeM B JIBYX SIIHKAX.
Pemenne: Ilycth coObITHE A — €Ta)Ib HYKHOTO BHJIa HAXOJIUTCSI HE MEHEE, YEM B
NBYX siuKax. PaccMoTpum cienyromue Tpu COObITHS:
A1 — 1eTaJib HY’KHOTO BHJIa UMEETCA B 1-OM SIIHKE;
A2 — 1eTaJib HY>KHOT'O BH/Ia UMEETCS BO 2-OM SIIHKE;
A3z- JeTayib HY)KHOTO BHJIa UMEETCS B 3-€M SIIUKE.
CoObitre B1= A, - A, - A; 3aKITFOYAETCSl B TOM, YTO HY)KHOTO BH[A JIeTallb MIMEETCS BO
2-oM U 3-eM sIuKax, HO ee HeT B 1-oMm suke. CoObITUS UMeeTCsl BO 2-OM U 3-eM
HE3aBHCUMBI, I03TOMY

P(By) = P(E) -P(Ay)-P(A3) =(1-0,7)-08-0,9 = 0,216.

CoOBITHE B, = A - A, - A; 3aKJTFOYACTCSI B TOM, YTO HY)KHOTO BH[A JETAIb UMEETCS B
1-oM u B 3-eM smIuKax, HO €€ HET BO 2-OM SIIIUKE.

CoOnITHE BgZAlvAgvgwmmqaeTCﬂ B TOM, YTO HY>KHOTO BHUJA JI€Tajlb UMEECTCS B
1-oM 1 2-oM sIMKax, HO €€ HET B 3-eM SIIHUKE.

P(85)=P(A1) P(A2) P(A3) =0,7-08- (1-0,9) = 0,056.

Haxkownen, coositue B4s=A1 Ay A3z 3akioyaeTcss B TOM, YTO HY>KHOT'O BHJa J€Talb
HMeEETCs U B 1-0M, 1 BO 2-O0M, U B 3-eM SIIHKAX.

P(B,) = P(A])- P(A;)-P(Ag) =0,7-0,8-0,9 = 0,504,

CoObITHE A TIPOM30HACT TOTa, KOTAa IPOU30MACT OJTHO U3 COOBITHI:

win B1, wim By, unu Bs, win Ba. [Toatomy A=B1+B>+B3+Ba.

ITockonbky coObiTust B1, B2, B3, B4 HEcoBmecTHBI, TO

P(A)=P(B1)+P(B2)+P(B3)+P(Ba).

Brruncasem:

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

Dopmyna noaHou 6epoOSIMHOCMU
[lycTh coObITHE A TPOUCXOAUT COBMECTHO C OAHUM U3 coObiTui (rumote3) Hi,

Hy,... Hn, xotopeie o0pa3yloT mnoiHyio rpymnmy coObiTuil. Torjga crpaBeniuBa
Gopmyna noanou eepossmuocmu coovimusi A :
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P(A) = %P(HK) : P(A‘HK),

k=1

rne P(Hx) — BepositHoCTh THmoTe3sl Hy, P(A ‘ Hx) — ycioBHast BEpOSATHOCTH A, T.e.
BEPOSITHOCTD MOSIBJICHUSI COOBITUSL A TP YCIIOBUU, YTO ITpou3olia runore3a Hy .

Ipumep.Tpu aBTOMaTa U3TOTOBIAIOT OAUHAKOBBIC IETAIH.

N3BecTHO, uTO mepBblid aBTOMAT NpOM3BOAMT 30% BCEH MPOAYKLIMH, BTOPOU —
25% un tpetuit — 45%. BepoATHOCTH HM3rOTOBIEHUS IETaIH, COOTBETCTBYIOLIEH
CTaHJIapTy, Ha nepBoM aBToMmare paBHa 0,99, na Bropom — 0,988 u Ha TpeTbeM —
0,988. Bce M3rOTOBIEHHBIE 3a CMEHY JETalu CKJIaJbIBalOTCA BMecTe. OnpenenuThb
BEPOATHOCTh TOTO, UTO B3ATasi HAyJJauy Je€Talb HE COOTBETCTBYET CTaHIAPTY.

Pemenne: Ilycth coObiTue A — B3siTas Hayjnauyy JeTajllb HE COOTBETCTBYET
CTaHAapTy.

['unoressr:

Hi- B3sTas neranb U3roTOBJIEHA IMEPBBIM aBTOMATOM;

H»- B3sTas neranb U3roToBjieHa BTOPHIM aBTOMATOM;

Hs- B3sTas neranb U3roToBjieHa TPETbUM aBTOMATOM.

BrruncnuM BEpOATHOCTH THUIOTES.

30% 25% 45%

P(H ) = =03 PH )= =025 P(H )=
1 100% 2 100% 37 100%

Brrarcnum yciaoBHbIE BEPOSITHOCTH:
P(A|H1) — BEpPOATHOCTH TOTO, YTO B3sTas Hayjaady JeTallb HE COOTBETCTBYET
CTaHJAPTY, €CJIM OHA U3rOTOBJICHA IIEPBBIM aBTOMATOM.

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

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

BeposiTHOCTH COOBITHS A TOACUYUTHIBAEM 10 (OPMYJI€ TIOTHOM BEPOSTHOCTH :

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

IIpumep. B nepBoit ypue 7 Oenbix U 3 4epHBIX I1apa, BO BTOpor — 8 OenbIX U 2
yepHbIX. [Ipyu nepeBo3ke U3 NepBoOM YpHBI BO BTOPYIO YPHY HEPEKATUIIMCH BA 1Iapa.
ITocne Toro, Kak mapsl BO BTOPOM YpPHE NEpPEMEIIAIUCh, U3 HEE BBIKATWJICS LIap.
Haiiti BeposSITHOCTD TOTO, YTO BHIKATUBIUUACS U3 BTOPOU YPHBI map OEIbIiA.

Pemenue: Ilycte coObiTue H1 COCTOMT B TOM, YTO M3 IEPBOM YpPHBI BO BTOPYIO
MepeKaTINCh JIBa OeNbIX mapa, coobiTue H2 COCTOMT B TOM, YTO MEPEKATHIINCH JIBA
4YEpHBIX I1apa, a coObITUe H3 COCTOUT B TOM, UYTO MEPEKATUIIUCH IIAphl Pa3HOIO

BeTa. MOXHO BBIYHCIUTH BepositHocTH P(H1)= C72 / C120=7/15, P(H»)= C32 / C120

=1/15, P(H3)=7-3/ Clzo =7/15 (mpm pemieHMH 3amayd  TOJIE3HO IPOBEPHUTH

BBIMIOJIHEHHE HEOOXOAMMOTO YCIOBUS Y P(H;)=1).
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Ecnu peanusoBanach rumnoresa Hi, To BO BTOpoi ypHe okazanoch 10 Oenbix u 2
yepHbIX mapa. O0o3HaunM uepe3 4 coObITHE, 3aKII0YAOLIEECS B TOM, YTO U3 BTOPOH

ypHBI BeIKatwiics Oeneiid map. Torma P(4/H1)=10/ C122 =5/33. Ecau peanu3oBanach

rurnote3a Ho, To BO BTOPOi ypHE OKa3aJioch 8 OenbiX U 4 4€pHbIX mapa, u P(4/Hz)=

8/C122=4/33. Jlerko mokazate, urto P(4/H3)=9/ C122=3/22. Tenepp MOXKHO

BOCIOJIb30BaThCS (POPMYJION MOTHONW BEPOSTHOCTH:

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

IIpumep. B smuke nexar 20 TEHHUCHBIX Ms4€il, B TOM 4uciae 15 HOBBIX U 5
urpanbiX. Jlyis urpsl BEIOMpAIOTCS 2 Msya M MOCJE UTPhl BO3BPAILLAIOTCS OOPaTHO.
3atremM Uil BTOPOW WIphbl TakKe HayJdady M3BJIEKAalOTCA emé aBa Mmsa4da. Haiitu
BEPOSITHOCTH TOTO, YTO BTOpasi UTpa OyAET MPOBOAUTHCS HOBBIMHU MSUaMH.

PemenneO003HaunM uepe3 A coObITHE, 3aKITI0YaloIIeecs B TOM, UTO BTOpas Urpa
OyJeT mpoBOAUTHCS HOBBIMH Msiyamu. IlycTh rumoresa Hi COCTOUT B TOM, YTO JUIs
NEepPBOI UTPHI ObUTH BHIOPAHBI JIBA HOBBIX Ms4a, TUTIOTE3a H2 COCTOUT B TOM, UTO JJIsI
NepBOI UTPhI OBLUTNA BHIOPAHBI HOBBIM W UTPAHBIA MSYH, TUTIOTE3a H3 COCTOWUT B TOM,
YTO JIJIsl IEPBOM UTPhI OBLIM BHIOpAHBI IBa UTPaHbIX Ma4da. Onpenenrm BepOsITHOCTU
TUIIOTE3:

P(H1)=c2 /cZ =21/38; P(H2)=15-5/C2, =15/38; P(H3)=C2/C2, =2/38.

Tenepb BHIYUCINM YCIOBHBIE BEPOSITHOCTH COOBITHS A.

P(A/H1)=C}/C2, =39/95; P(A/H2)=C2 /c2 =91/190; P(A4/H3)=CZ /C2, =21/38.

OcTanock MoACTaBUTH Pe3yIbTAaThl BEIYUCICHUHN B (OPMYITY MOJHON BEPOSITHOCTU

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

IIpumep.Ha aBT03aBOI MOCTYNHWIIA ABUTATENM OT TPEX MOTOPHBIX 3aBoAOB. OT
nepBoro 3aBoga moctynuwio 10 nBurarteneit, or BToporo — 6 u oT TpeThero — 4
nBuratens. BepositHocTh 0€30TKa3HOW palOThl 3THUX JBUTATENE B TEUCHUE
rapaHTUMHOTO cpoka cooTBeTcTBeHHO paBHbl 0,9; 0,8; 0,7. KakoBa BEpoOsSTHOCTH
TOTO, YTO YCTAHOBJICHHBIM HA MaIllMHE JABUTATENh OyAeT paboTtaTh 0e3 JAedeKToB B
TE€YEHUE rapaHTUHHOTO CpoKa?

Pemenne CoObiTHeA— yCTAaHOBJICHHBIM Ha MalllMHE JBUTATENh OyIeT padoTaTh
06e3 mehekToB B TEYCHHE TApaHTUWHOTO CpPOKa — MOXKET TIPOU3OUTH, ECIH

IPOM30MIET OJHO W3 HecoBMecTHBIX cobbrtmii: Hq, H,, H3— ycranoBnenHsiii Ha

MallWHE JABHUIaTCJIb M3IOTOBJICH Ha IICPBOM, BTOPOM HWJIH TPCTbEM 3aBOJC

COOTBETCTBEHHO. DTH COOBITHS 00Pa3ylOT MOJHYIO TPYMITy, X BEPOATHOCTHU:

10 6 4
P(Hl):2—0:0,5a P(HZ):?OZO,;%, p(Hs):?OZO,Z,

(Kontpons: P(H, )+ P(H,)+ P(H;)=1).
Io yenosuto B, (A)=0,9,R,,(A)=08, P, (A)=07.
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[To dhopmyrie moaHOM BEPOSITHOCTH
P(A)= P(HI)PHl(A)"' P(Hz)PH2 (A)+ P(HS)PH3 (A)=
=0,5-0,9+0,3-0,8+0,2-0,7=0,83.
@opmyna baiieca
[Tycte BeposTHOCTH THTIOTE3 110 onbiTa ObH P(H1), P(H2),... P(Hy). B pesynwsTate
omnbITa MosiBUIIOCH coObITuE A . Torga ycnoBHas BeposiTHOCTh P(Hj | A) runote3bl Hy
C Y4€TOM MOSIBJICHUS COOBITUS A BBIUUCIISIETCS 110 popmyne batieca:

P(H ) P(A‘HK) P(H ) P(A‘HK)

P(H |4) = —

L P(H,) - P(A‘Hi) P(A)
i=1

IIpumep.Ha nByx cTaHkax mpou3BOAST OAUHAKOBBIC JAETAIH, KOTOPHIE MOCTYIAIOT
Ha KoHBeWep. I[Ipow3BOMUTENBHOCTH TIEPBOIO CTaHKa B TPU pasza OoJIbIIe
POU3BOAUTEILHOCTH BTOporo. llepBwiii ctaHok nmaer B cpeaHeM 80% neraneit
OTJIMYHOTO KauecTBa, a BTOopo —90%. Haynauy B3dTtasi ¢ KOHBelepa JeTalb
OKa3ajach OTJIMYHOTO KadecTBa. HaliTh BEpOsITHOCTH TOTO , UTO OHA M3rOTOBJICHA Ha
BTOPOM CTaHKE.

Pemenne Ilyctb coObiTHe A - B3siTas HayJady C KOHBeliepa JieTajb OTIIMYHOTO
KauecTBa.

['unioressr:

Hi- netanp U3rotoBiieHa Ha IEPBOM CTaHKE;

H»- netanb u3rotoBiieHa HAa BTOPOM CTaHKE.

BeposiTHOCTH TUTIOTE3 A0 MOSBICHUSI COOBITUS A

P(H1)=3/4; P(H2)=1/4.

VY ci10BHBIE BEPOSATHOCTH

80% 90%

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

BepostHocTn TOro, 4ro B3sTas ~ HayJady C KOHBEWepa JeTajb OKaXeTcs
OTIUYHOTO KA4YeCTBa, T.€. BEPOSTHOCTH COOBITHSA A, BBIYHCIACTCS MO (opmysie
MIOJIHOM BEPOATHOCTH:

3 1
P(4) == 08+= 0,9 = 0,825,
4 4

HckomMast BEpOATHOCTB TOTO, UTO B3Tas J€Talb OTIIMYHOTO Ka4Y€CTBA U3TOTOBJIEHA
Ha BTOPOM CTaHKe, BBIUHCIISAETCS o bopmyie baiieca:

1
P(H,)- P(AH,) 0,9
P(H,|4) = - ~ 0,273.

P(A) 0,825
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IIpumep. B neproit ypue 7 Oenbix U 3 4epHBIX I1apa, BO BTOpor — 8 OenbiX u 2
yepHbIX. [Ipu nepeBo3ke U3 nepBOU ypHBI BO BTOPYIO YPHY IEPEKATWIMCH [Ba L1apa
U IIapbl BO BTOPOM YypHE NepeMelainuch, U3 He€ BbIKaTwics Oenbiit map. Haittu
BEPOATHOCTb TOr'0, YTO U3 IIEPBOM YpPHBI BO BTOPYIO IEPEKATUIUCH PA3HOLIBETHHIC
LIapBI.

Pemenue

[IycTh coObITHE H1 COCTOUT B TOM, YTO W3 NEPBON YPHBI BO BTOPYIO NEPEKATUINCH
nBa OenbIX 11apa, coobiTue H> COCTOUT B TOM, YTO MEPEKATHIIMCH ABA YEPHBIX 1Iapa,
a coObiTue H3 COCTOMT B TOM, YTO MEPEKATWIMCH IIApbl Pa3HOTo LBeTa. MOXXHO

BBIYUCINTE BeposTHocTH P(H1)= C72 / C120 =7/15, P(H»)= C% / C120 =1/15, P(H»)=

7 3/C120 =7/15 (mpu pelweHuH 3aJayd  IOJIE3HO IPOBEPUTH  BBINOJHEHHE
neo6xomumMoro yenosust » P(H;)=1).

Ecnu peanusoBanach rumnoreza Hi, To BO BTOpoil ypHe okazanoch 10 Oenbix u 2
yepHbIX mapa. O6o3HaunM uepe3 4 coObITHE, 3aKII0YAIOLIEECs B TOM, YTO U3 BTOPOH

ypHbI BbiKaTwiics Oenbiii map. Torma P(A/H1)=10/ C122 =5/33. Ecnu peanu3oBaiach

runote3a Ho, TO BO BTOPOH ypHE 0Ka3aloch 8 OenbiX U 4 uépHbIX miapa, u P(4A/H»)=

8/ C122=4/33. Jlerko moxkazatb, uto P(A/H3)=9/ C122=3/22. Temepp MOXHO

BOCTIOJIb30BATHCS (POPMYIION MTOJTHON BEPOSITHOCTH:

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

Brruucnenus noacrasum B popmyiny baiieca

P(H3/A)=P(AlH3)P(Hs)! P(A)=(3/22)(7/15)/( 47/33)=7/47.

IIpumep CooOmieHrne co CIyTHHKA Ha 3eMJI0 nepenaéTcs B BUAe OMHAPHOTO
KOJa, TO €CTh KaK yHmopsI04eHHOro Habopa Hylsel u eauHwuil. [Ipenmnonoxum, 4to
nocianue Ha 70% coctouT u3 Hyneil. [lomexu npuBomAT K TOMY, 4TO TOIBKO 80%
HyJIEN U €UHULl TPaBUIIbHO Paclo3HAKOTCs NpUEMHUKOM. Ecnu npunsaT curnan “1”,
TO KaKoBa BEPOSITHOCTb TOTO, YTO OTIIPaBIIeH cUrHai “0”?

Pemienune Ilycte coObiTHE By COCTOMT B TOM, 4YTO OTHpaBieH curHaa “0”, a
coObITHEe B1 —B TOM, 4TO OTmpaBieH curHan “1”. [lyctb coObiTHEe A9 COCTOUT B TOM,
yT0 TpUHAT curHan “0”, ¢ coObite A1 — B TOM, 4TO mpuHAT curHan “1”. Hac
untepecyet P(Bo/A1). ITo ycmoBuio

P(B0)=0,7 P(B1)=0,3

P(Ao/ Bo)=0,8 P(Al/ Bo)=0,2

P(A41/B0)=0,8 P(Ao/ B 1)=0,2

ITo popmyne baiieca moaydyaem

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

Ipumep Ilo nenu HezaBucumMo cOpocwin jiBe 00MObI. BeposiTHOCTh momaaaHust
U Kakioi 0oMObI paBHa 1/2. [lpu monaganuu ogHONW OOMOBI IIETTb TOpPAXKAETCS C
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BEPOSATHOCTHh 1/2, a mpu momagaHuu IBYyX OOMO OHa MOPaKAeTCs C BEPOSTHOCTHIO
2/3. Haiiti BEpOsATHOCTD MOPAKCHHS LICITH.

Pemenne. Ilycts coObitust Hi, H> u Hiz coctoar B momamanuu 0, 1 u 2 60M0
cooTBeTcTBeHHO. CoOblTHE A cocToUT B mopaxeHuu uenu. Ilo ¢opmyne nomHon
BEPOSITHOCTH

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(H3)=1/4.

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

3anaHus 1/ pacyeTHOMPadoThI
Teopema ymHoorcenus eeposimuocmeti

1. BeposiTHOCTh TOTO, YTO CTPEJIOK MPU OJHOM BBICTpEJEC MOMAJaeT B MUIICHB,
paBHa p = 0,9. Crpenok npoussen 3 BoicTpena. HailTh BEpOsATHOCTH TOTO, 4TO BCe 3
BhICTpEIIa nanu nomnaganue. Oms. 0,729.

2. bpomenbl MoHeTa W wWrpajgbHas KOCTh. HalTu BEpOSTHOCTH COBMEIICHMUSI
coObITHii: "mosiBUIICS "Tep0", "mosBuUIOCh 6 0uKkoB". Omes. 1/ 12,

3. B aByX dmMKax HaXonsTcs aeTaiu: B nepBoM — 10 (M3 HUX 3 CTaHAAPTHBIX),
BO BTOpOM — 15 (13 HUX 6 cTaHAapTHBIX). M3 KaXXa0ro sSluKa HayJladyy BBIHUMAIOT
no ojHoW neranu. HalTH BeposSTHOCTH TOro, 4YTO 00€ JAeTald OKaXyTcCs
crangapTHeiMu. Oms. 0,12.

4. B ctynumu TelneBUACHUS 3 TENEBU3UOHHBIX Kamepbl. [[ns Kaxaod Kamepsl
BEPOSITHOCTh TOTO, YTO OHA BKJIIOYEHA B JAHHbIM MOMEHT, paBHa p = 0,6. Haiitu
BEPOSATHOCTH TOTO, YTO B JAHHBII MOMEHT BKJIFOYEHA XOTs OBl 0/1HA Kamepa (coObITHe
A). Oms. 0,936.

5. UeMy paBHa BEpOSTHOCTBH TOTO, YTO MPH OPOCAHHMH TPEX HIPAIbHBIX KOCTEH 6
OYKOB MOSIBUTCS XOTS ObI HA OJJHOM M3 KocTeit (coobiTie A)? Ome. 91 / 216.

Teopema cnoswcenus eepossmnocmeut

1. B nenexxno-BemnieBoit otepee Ha Kaxzasie 10000 OunetoB passirpeiBaercs 150
BemeBbIX U S50 JIEHEXKHBIX BBIMTPHINICH. UeMy paBHa BEpOSTHOCTb BBIMIPHIIIA,
0e3pa3IuvHO JICHEKHOTO WM BEIIEBOrO, IS BIIJEiblla OJHOTO JIOTEPEUHOTO
ounera? Oms. p = 0,02.

2. BepoaTHOCTb TOT0, YTO CTPEJIOK MPU OJTHOM BBICTpesie BbIObeT 10 0uKkOB, paBHA
0,1; BeposiTHOCTH BBIONTH 9 O0ukOB paBHa 0,3; BEPOSATHOCTH BBHIOUTH 8§ WM MEHBIIIE
oukoB paBHa 0,6. HaliTu BEpOSATHOCTH TOTO, UTO NPHU OJHOM BBICTPEIIE CTPEJIOK
BBIOBET HE MeHee 9 oukoB. Oms. p = 0,4.

3. B nmaptun u3 10 geraneit 8§ ctangaptHbiX. HailTh BEpOATHOCTH TOTO, YTO CpEliH
HayjJa4yy U3BJICUEHHBIX 2 JieTajel ecTh XOTs Obl 0JiHa cTaHnapTHas. Ome. p =44 / 45.

4. B ammke 10 pgeranei, cpeau KOTOPBIX 2 HECTaHIAPTHBIX. HaliTh BEpOATHOCTH
TOr0o, 4YTO B HayJgayy OTOOpaHHbIX O JeTalsiXx OKaxkeTrcs He OoJjee OJHOU
HeCTaHJIapTHOM netaym. Oms. p =2/ 3.
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Vkazanue. Ecnu A — HET HU OJHOM HECTaHIApTHOM neranu, B — ecTb onHa
HECTaHIapTHAas E€TAJIb, TO

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

Dopmyna noaHou 6eposmHoOCmu

1. Ha ¢upme paboTaroT COTpyAHUKH pa3HOro Bo3pacTta. MoJIoAbIX COTPYAHUKOB —
24, cpenHero Bo3pacta — 82 M MOXWIBIX — 16. BEposATHOCTh TOro, 4TO MOJOJIOIO
COTpYJHUKA OTMPaBsAT Ha TNOBbINICHUE KBanudukanuu, paBHa 0,52; coTpyaHHKa
cpennero Bo3pacta — 0,54; moxwuinoro — 0,36. Halinure BEpOSITHOCTH TOTO, 4YTO
BBLIOPAHHOTO HayAa4y COTPYIHHUKA OTIPABAT MOBBIIIATH KBATU(PUKAIIHIO.

2. B 6ubnuorexe numeerca 21 kHura mo ucTopuu, 34 KHUTU —T10 MaTeMaTUKe, 25
KHUT — TI0 IOPUCTIPYACHIUHU. BEpOSITHOCTh TOrO, YTO KHUTA MO UCTOPUM 3aHECEHA B
ANEKTPOHHBIN KaTtanor, paBHa 0,33; mo maremaruke — 0,15; mo ropucnpyaeHuun —
0,61. Hailigute BepoOsSTHOCTH TOTO, YTO BbIOpaHHAs HayJayy KHHUra 3aHECeHa
B DJIEKTPOHHBIN KaTajor.

3. [Maccaxxup 3a mosydyeHue OuseTa MOXKET OOpaTUTHCS B OJIHY U3 TpeX Kacc.
BepostHocTh oOpamieHuss B nepByro kaccy coctamisier 0,4, Bo Bropyro — 0,35, B
TpeThio — 0,25. BeposITHOCTH TOr0, YTO K MOMEHTY MPUXO0/Ia MacCaXUpa UMEOLIUEC
B Kacce OwieTsl OyAyT mpoaaHbl, paBHa aisi nepBoi kaccel 0,3, mis Bropoi — 0,4,
st Tpetheit — 0,6. HaifTu BeposiTHOCTh TOTO, YTO MACCAXKUP KYITUT OUJIET.

@Dopmyna batieca

1. B mara3uH nocTynaroT OJWHAKOBBIE 3JeKTpuueckue yTioru: 80% c oIHOro
3aBojaa u 20% c npyroro. M3BecTHO, 4TO MepBblid 3aBoj1 BimyckaeT 90% npoaykuuu,
CIIOCOOHOM TMPOCIYXUTh TapaHTUHHBIN CpOK, a BTOpod 3aBonx — 95%. Kakosa
BEPOSATHOCTh, YTO KYIJICHHBIM B Mara3uHe yTIOT MPOCTYKUT FapaHTUIHBINA CPOK?

2. Ha cOopky mocTymaroT u3aenus Tpex 1exon: 50 uznenuii u3 nepporo 1exa, 40
n3 Broporo u 30 m3 Tperbero. BeposTHOCTH TOro, YTO M3JEIUE IEPBOIO I€Xa
OTJIMYHOTO KadecTBa, paBHa 0,8, JJ1s BTOPOro 1iexa 3Ta BepoATHOCTh paBHa 0,9, nis
tperbero - 0,8. Haynmauy B3siToe cOOpIIMKOM H3/€IUE OKa3aloCh OTIUYHOTO
KadecTBa. KakoBa BEpOSTHOCTb, UTO 3TO U3AEIUE MOCTYMHIIO U3 BTOPOro 1exa?

3. MsBectno, uro B maptuu u3 600 mammouexk 200 JamMIo4eK H3rOTOBICHO
nepBeiM  3aBosoM, 250 - BropeiM u 150 - Tperbum. M3BECTHO Takke, YTO
BEPOATHOCTH W3TOTOBJIEHUS] CTAaHAAPTHOM JAMIOYKU 1-M, 2-M W 3-M 3aBOJIOM
cooTBeTCTBeHHO paBHbI 0,97 ; 0,91 ; 0,93. KakoBa BEpOSITHOCTH TOTO, YTO Hayaaudy
B3siTas U3 MapTUU JaMIIOYKA OKaKETCsl CTAHIapTHOM?

4. Tpoe OXOTHUKOB OJIHOBPEMEHHO BBICTPENMIM MO MEABEIAM, KOTOPHIA ObLI
youT ogHoit myneit. Onpenenuts BEPOSITHOCTb TOTO, YTO MEABEb ObLIT YOUT MEPBBIM
OXOTHUKOM, €CJIA BEPOATHOCTH MOMAJAaHUS JJI1 HUX PaBHBI COOTBETCTBEHHO: 0,2 ; 0,4

: 0,6.
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5. bpla mpoBeneHa olHA U Ta K€ KOHTPOJbHAasg paboTa B TpeX MapasiedbHbIX
rpynnax. B 1-oif rpynne, rae 30 yvyanmxcs, oka3zanoch 8 paOoT, BBIIOJIHEHHBIX Ha
«oTauyHO»; Bo 200i, rae 28 yuamuxcsa — 6 pabot, B 3-e#, rae 27 yvammxcs — 9
pabot. HaliTu BepOsATHOCTH TOro, YTO NEepBas B3sTas HayJady HOpH IMOBTOPHOMU
poBepke pabora U3 padoOT, MpUHAIEKAUIUX TPyHIe, KOTOpas TakkKe BblOpaHa
HayJady, OKaKEeTCs BBIIIOJIHEHHON Ha «OTIUYHOY.

6. B nupamuzae 5 BUHTOBOK, TPH M3 KOTOPBIX CHAOXKEHBI ONTHYECKUM MPHULIETOM.
BepoATHOCTh TOTO, YTO CTPENOK MOPAa3UT MUIIEHb NPU BBICTPENE W3 BUHTOBKHU C
onTtuyeckuM npuuenom paBHa 0,95; nnas BUHTOBKH 0€3 ONTHUYECKOIO IMpHIEna 3Ta
BepoaTHOCTh paBHa 0,7. HallTu BepOATHOCTH TOr0, YTO MHUILIEHb OYJET MOpa)KeHa,
€CJIM CTPEJIOK MPOU3BEAET OAUH BBICTPEI U3 HayJady B3ATOW BUHTOBKH.

/. B BblUMCAUTENBbHON J1a0OpAaTOpPUM HMMEETCS LIECTh KJIABUIIHBIX aBTOMAara Hu
YEeThIpE MOJIyaBTOMAaTa. BEpPOATHOCTH TOTO, YTO 3a BPEMS BBIIOJHEHUS HEKOTOPOTO
pacuera aBTOMaT HE BBIMAET W3 cTpos, paBHa 0,95. nns mnomyaBrOoMara 3Ta
BepoaTHOCTh paBHa 0,8. CTyneHT NpPOW3BOAUT pacyeT Ha HayAady BbIOpaHHOMN
MamuHe. HailTu BEpOSITHOCTh TOrO, YTO 10 OKOHYAHMS pacyeTa MallluHa HE BBIMAET
U3 CTPOS.

8. B nmupamune 10 BUHTOBOK, U3 KOTOPBIX 4 CHA0KEHbI ONTHYECKUM IPHUIIEIIOM.
BeposTHOCTH TOro, 4TO CTPENOK IOPa3sUT MHUILEHb NPU BBICTPEJIE U3 BUHTOBKHU C
ONTUYECKUM mpuueioM, pasHa 0,95. [lns BuHTtoBKM Oe3 ontudeckoro npunena 0,8.
Crpenok nopasuil MUIIEHb UX HayJlady B3SITOW BUHTOBKH. UTO BEpOSITHEE: CTPEIIOK
CTpEJIsU U3 BUHTOBKHU C ONITUYECKUM MPHULETIOM WIH 0€3 Hero?

Tema 5.2. Cnyyaiinble BeJMYMHBI
eab:MoMy4YUTh HABBIKK O BbIYKCICHUIO XapakTepucTuk JICB, 3aganHol cBOUM
pacrpenereHueM, BBIYUCIEHUE (C IOMOIIbID CBONCTB) XapaKTEPUCTUK IS
byHKIHI 0T ogHOM WK Heckoabkux JJCB

CamocrosiTeibHAasi padoTa: BBITIOJIHEHUE PACYCTHON PaOOTHI.
dopma KOHTPOJIS: TIPOBEPKA PACUCTHON PaOOTHI.
Teopemuueckue ceedeHusL:

Cnyuaiinoil eéen1u4unoll HA3bIBACTCS BEJIMYMHA, KOTOpass B pe3yJbTaTe OIbITa
MPUMET OJHO U TOJIBKO OJHO BO3MOKHOE 3HAYEHHUE, IIPU ITOM 3apaHEE HEU3BECTHO,
KaKO€ NUMEHHO.

Jluckpemmoii Ha3pIBAIOT CIYYalHYI0 BEJIMYMHY, KOTOpasl IPUHUMAET OTEIIbHBIE,
M30JIMPOBAHHBIC 3HAUYCHUSL.

Cny4aiiHy1o BeJIMUMHY B JaJbHEHIIEM Mbl OyJieM 0003HayaTh 00uibinoi OykBou X,
a ee BO3MOKHbIC 3HAUCHUSI MAJICHbKON OYKBOH X.

Hanpumep, X- unucno mnomagaHuid MpU TPeEX BbICTpesiax. BO3MOXKHbIE 3HAYEHHUS
3TOM ciaydailHoM BenmuuHbL: X1=0, Xo=1, x3=2, x4=3. PaccmoTpum ciy4aiiHyto
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BEJIMYMHY X C BO3MOKHBIMHM 3HAYECHUAMH X1, X2,...Xn . KaxKI0€ U3 3TUX 3HAYECHUI
Cly4aiiHas BEJIUYMHA MOXET IIPUHATH C HEKOTOPOU BEPOSTHOCTHIO:

P(X:X1)=p1, P(X:X2)=p2, P(XZXn)an.

B pesynbrare omnbiTa ciay4yarhHas BeanurHa X TPUMET TOJBKO OJHO M3 ITUX
3HAYEHUH, T.€. MPOU30IAET TOJBKO OAHO W3 MOJHOM rpymibl coObITH: X=X1 ,X=X2,
coo X=Xp,

ITockonbKy CcymMMa BEPOSTHOCTEM IIOJHOM TIPYNIbl IONAPHO HECOBMECTHBIX

n
coObITHi1 paBHa 1, TO p; =1
i=1
3akonom pacnpegeinenuss JCB Has3blBaeTCs COOTHOLIEHHE MEXIy €€
BO3MOXHBIMHM 3HAYEHHUSIMU M MX BEPOSITHOCTSAMHU (T. €. BEPOSITHOCTSIMH, C KOTOPHIMU
clly4ailHasi BeJIMYMHA PUHUMAET 3TH BO3MOKHbIEC 3HAUCHNUSA).
3aKoH pacrpeiesieHuss MOXeT ObITh 3a71aH hopmyJoii (hopmynsl beprysm,

ITyaccona u ap.), Tabnuneit unu rpadukom, a Takxke QyHKIUEH pacrpeaeicHusl.

Xj X1 X2 s Xn

Pi p1 P2 . Pn
HA3bIBACTCS 3aKOHOM WJIM PSAOM PpacnpeneieHuss AMCKPETHOH CJOyYalHOU

BeJIMYHNHBI.
Yucnoewvie xapakmepucmuxu /[CB
Mamemamuueckoe oxcuoanue J[CB
Mamemamuueckoe oxcuoanuelICB Haxonutcs mo popmye:

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

Beposmuocmubwiii  cmbicidTOTO  BBIPOKEHUS TaKOB: TP OOJBIIOM  YHCIIE
M3MEPEHUN cpeHee 3HaueHne HaOJII0JaeMbIX 3HaUYCHUH BETUIMHBI X MPUOIMKACTCS
K €€ MaTeMaTU4ECKOMY OKHIAHHUIO.

Mexanuueckuii  cMbICIITOTO  PABEHCTBA  3aKIIOYAETCA B CIEAYIOLIEM:
MaTeMaTH4YeCKOe OKUAaHue eCTh adcIpcca IEHTpa TAKECTH CUCTEMbI MaTePHATBHBIX
TOYCK, a0CIIUCCHI KOTOPBIX PaBHBI BO3MOXKHBIM 3HAYEHHUSM CIIy4allHON BEJIMYWHBI, a
MAaccChl - X BEPOATHOCTSIM.

Jlucnepcus J[CB

Jucnepcusa ciiydaiilHOU BEIWYNHBI X €CTh

2
D(X) = M((Xx -M(X)) )
Jucnepcuio ciryyaliHOM BeTMYMHBI X UHOT/A yI00HEe BBIYUCIATH 10 (hopmyie

2 2

A(X) = M(X) —(M(X)) .
Bepossmnocmuwvii cmeuicn/lucnepcus  ciaydahHOM — BelMYMHBI X €CTh
XapaKTEepUCTHUKA paccerBaHUsl pPa3OpPOCAHHOCTU 3HAYEHUU CIIydyalHOW BEIUYHHBI
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OKOJIO €€ MAaTeMaTH4eCKOro oxxkupaHus. Jlucrepcus ciy4alHOM BEJIMYUHBI MMEET
Pa3sMEPHOCTb KBAJIpaTa CIIy4YalHOW BEJIMYHUHBI.
Cpeonee keadpamuueckoe OmKIOHeHUe
st Gosiee HArisAHOW XapaKTEPUCTUKU paccerBaHUsl YI0OHEE MOJIb30BaThCS
BEJIMYMHOM, HMMEIOLICH pa3sMEPHOCTb CaMOM CllydyaliHOW BeauduHbl.  lloaTomy

BBOJIMTCSI IOHSITUE CPeOHe20 K8aopamuieckoeoomkionenus. o(X) = \/R :
Ipumep: Cnyuaiinas BenuunHa X 3ajaHa QyHKUHEH pacnpeaeaeHus

X 1 2 3 4

p(x)|0,2 0,3 |ps 0,1

Havitu BeposTHOCTE p3. HaliTh uncioBbie XapaKTEPUCTUKU C.B.

Zpi =1.
Pemrenue:IIpoBepum TOXKAECTBO =

0,2+0,3+p3+0,1=1.
p3=0,4.
Havinem unciioBeie XapakTepUCTUKHA CIIyYaWHOU BEJIMYMHBI 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
JUist BBIYHCIICHAS AUCIIEPCHE TIPUMEHEM hopMmyiy: 4 (X) =M(x ) - (MX))

M(X2 )=12. 0,2+22.0,3+32.0,4+42.0,1=0,2+1,2+3,6+1,6=6,6.

T(X) = M(X') = (M(X))" =6,6—(24)° =084

o(X) = \/,ZZ(X) = \/0,84 ~ 0,916.

3anaHus 1/ pacueTHO padoThl

1. Barapes coctout u3 Tpex opyauil. BepodTrHocTH mMomaaaHusl B LEIb MHpPH
OJIHOM BBICTpeJie U3 1-ro, 2-ro, 3-TO Oopyaus paBHbI cooTBeTcTBeHHO 0,5; 0,6; 0,8.
Kaxnoe u3 opyaui crTpensier 1Mo HEKOTOpOM nenu oauH pa3. Iloctpouts psn
pacnpeneneHus CIy4alHOM BEJIWYMHBI 4YWCIa NONAJaHWM B LeJb. BbpUMCIUTH
YUCJIOBBIE XapaKTEPUCTUKH.

2. B smuke cemb HM3IenMi, OJHO W3 KOTOPHIX OpakoBaHHOE. N3 smmka
M3BJIEKAIOT OJIHO M3JIeNIMe 3a JIPyTuM, IoKa He oOHapyxaT Opak. CocTaBUThH psij
pacnpeneneHus CIy4allHOM BEJIWYMHBI - 4YKMCIa BBIHYTBHIX wu3nenunil. Hailtu ee
YUCJIOBBIE XapaKTEPUCTUKH.

3. Jluckpernas cimydaiiHas BennuuHa X3aJaHa PSIOM PaCIpeICIICHUS

x| 2] 1]2]3
pi|0,08]0,40[0,32]0,2
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Haiitu: a) wmartematuueckoe oxujaHue;, ©O) JUCIEPCHUIO; B) CpelHEE
KBa/IpaTUYECKOE OTKIIOHEHUE CIyYalHOUN BEIUYUHBI X.
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Oo0pa3zen opopmiieHUA NIPe3eHTAIUT

1. TlepBbiii craiin:

Ilpunoscenue 1

Tema uHbOpPMAIIIOHHOTO COOOITIECHUS (MJIM UHOTO BUJA 3a/IaHUSA):

[Toarorosun: ®.MN.0. crynenra, Kypc, rpyIna, CielualibHOCTh
PykoBoaurens: ®.1.0. npenonasarens

2. Bropoii cnaiin

Ilnau:
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3. Tpernii cnaiin

Jlurepartypa:

4. YerepThlii crnaiij

JlakoHMYHOEpacKphITHE UH(POPMAIIUN, MOKHO
BKJIFOUATh PUCYHKH, aBTOPUTYPBI, TpaUKH, TUarpaMMbl
U IpyTHe crnocoObl HATJISTHOTO 0TOOpaXkeHus: HH(opMaIuu
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