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Metonuueckre yKazaHUS I8 TPAKTUYECKUX 3aHATUH 10 JUCIUIUIMHE
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IMosicuuTeIbHAA 3aNIUCKA

JInsi MHOTHX CTYJIEHTOB 3HAQYMUTEJBHYIO TPYIHOCTh NPEACTABISACT PEIICHUE 3a7ad.
[TosToMy B TaHHBIX METOJMYECKUX YKA3aHUSAX TJIaBHOE BHUMAHHE YJIEJICHO PEIICHUIO TUIIOBBIX
MPUMEPOB U 3aj7a4, MOSICHSIOIIMX TeopeTuueckud matepuan. OJHAKO MpexXae 4eM HayaTh
pemiaTth 3TH MPUMEPbl HAI0 MOOUTHCS TOJNHOW SICHOCTH B TMOHUMAHHH COOTBETCTBYIOIIMX
TOHSTHH.

B Hauanme kaxJI0MW TEeMbI KpAaTKO H3J1ararOTCsl OCHOBHBIE TEOPETHUYECKHE CBEACHUS
(ompenenenus, GopMyIbl), HEOOXOIUMBIC Ml PEIICHUs MOCIEAYIIUX 3anad. [IpuBomsTcs
pELIEHHS TUITOBBIX TPUMEPOB U 3aAad. J[aroTcs yrpaKHEHUS Ha 3aKPEIUICHUS TEMBI.

BrITioTHEHHE CTyIeHTaMU TTPAKTUYECKUX PabOT HAIIPaBJICHHO HA:

- 00001IeHNE, CHCTEMATH3allui0, YIIyOJIeHWe, 3aKpeIyIeHHe IMOJIYYCHHBIX TEOPETHYCCKUX
3HAHUU 110 KOHKPETHBIM TEMaM;
- (QopMupoBaHuUE YMEHHI TNPUMEHSATH IOJYUYCHHbIE 3HAHUA Ha TMPAKTUKE M peaTu3alrio
€IMHCTBA UHTEJUIEKTYaJIbHOW W MPAKTUYECKON AESTEIbHOCTH;
- Ppa3BUTHE WHTEIUICKTYAJIbHBIX YMEGHHMA Yy OYyIymIMX CIEIUAJUCTOB: aHAJTUTHYCCKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;
- BBIPAaOOTKY MpH pPEHICHUH IOCTaBJICHHBIX 3a7a4 TaKWUX MPOPECCHOHAIBHBIX KauecTB, Kak
CaMOCTOATENIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAS] MHULIMATUBA.

B pesynbrate nzydeHus yaeOHON AUCIMIUIMHBI « Teopus BEpOSTHOCTEH M MaTeMaTHIECKast
CTaTUCTUKA» O0YUYAIOUTHICS TOKEH
YMETh:
- BBIYUCJISTH BEPOSITHOCTD COOBITHUI C UCIIOIH30BAHUEM DJIEMEHTOB KOMOWHATOPUKH;

- HCITIOJIb30BATh MCTOAbI MaTeMaTHYeCKOH CTaTUCTUKH

B pesynbraTe u3yueHus: yueOHON AUCHUIUIMHBI O0YUaIOLIUICs T0JKEH 3HATh:
- OCHOBBI TEOPUU BEPOSITHOCTEW U MATEMATHYECKOW CTaTUCTUKH;

- OCHOBHBIC IMOHATHA TCOPHUU l"pa(i)OB



IIpakTnyeckas padora Ne 1

Tema: Tema 1.1. DieMeHTH KOMOMHATOPHUKH

Heab: HayunThcst BEIYUCITSTH BEPOSITHOCTH CITyYalHBIX COOBITUMN

CpeacrBa 00y4yeHUsI: TETpPaau ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATUN, MHTEepHET-
pecypchl.

Conep:xaHue v NOPSIIOK BBINOJHEHUS] padoThI:

1. PaccmMoTpuTe TEOpETUUECKUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYHUTE METOJUKY PEIICHUS TUTIOBBIX 3a/1a4.

3. PaccmoTtpuTe mpuMephl pelieHrs TUTIOBBIX 3ajad.

4. PemnTe 3a7a4M.

KoHTposibHbIE BONPOCHI:

1. [TonsiTHE BEPOSATHOCTH CITyYaHOTO COOBITHS.

2. [ToHsTHS IEpECTAHOBKH, pa3MEILICHHS, COUCTaHUS.

BepoATHOCTL  C/Jy4YaWlHbIX  COOBITHUM. HenocpeacTBeHHbIN noacyeTt
BEPOATHOCTH.

[Ton BepPOATHOCTBIO CIIy4yallHOTO COOBITHSI TOHUMAETCS YHUCIO, XapaKTepHU3yroIIee
CTETIeHb BO3MOKHOCTH TOSIBIICHUSI COOBITUS. [Ipu 3TOM BEpOSTHOCTH HEBO3MOXKHOTO COOBITHS
MPUHUMAETCSI PAaBHOW HYJIIO, @ BEPOSITHOCTH JIOCTOBEPHOT'O COOBITHS PABHOW €IMHHIIEC. DTUM
OTPAHUYUBACTCS TUANIA30H U3MEHEHHS BEPOSTHOCTH CIIYYAHOTO COOBITHS:

0< p=<1,

Knaccuueckoe ompeneneHne BEpOSTHOCTH OCHOBAHO Ha MPEJCTABICHUU CIIy4ailHOTO
cOOBITHSI KaK pe3ysibTara (MCcXoia) HEKOTOPOTO BOOOpakaeMoro WM (PaKTHYECKOTO OIbITa
(McTBITaHUs ), TOBTOPSIOIIETOCS JTF000€ YHUCIIO pa3. DTa TEOPETUUYECKast MOJIEIb JIEKUT B OCHOBE
HENOCPEJICTBEHHOTO TM0JICUeTa BEPOATHOCTHU CITYyYalHOTO COOBITHS.

BeposTHOCTBIO  CllyyallHOTO cOOBITHA Aljasesaetcs  otHomenme  umcna

6HaFOHpI/I${TCTBy1-OI_HI/IX OTOMY COOBITHIO HCXO0J0B m ‘K O6H.I€My YHUCIY BCEX paBHOBO3MOXXHBIX

HECOBMCCTHBIX SHGMGHTapHLIX HNCXO0OI0B n 5 O6pa3YIOIlII/IX HOHHYIO rpyr[r[y:
P(A) = m
nl (1)

n‘I/I m“laCTO MNPpUXOAUTCA MCII0JIb30BATb

Jlns ompeneneHus KOJIMYECTBA HCXOJOB
dbopmynbl koMOuHaTopuku. KoMOMHATOpPHKA H3yyaeT KOJTUYECTBO KOMOMHAIIMIA U3 DIIEMEHTOB
oTpeieNICHHON MPUPO/IbI 33IaHHOTO KOHEUHOTO MHOXKECTBA.

IlepecTaHOBKHU - KOMOWHAIIMU W3 OJHUX M TE€X K€ AJIEMEHTOB, KOTOPBIC Pa3THYAIOTCS
TOJIKO TIOPSZIKOM HX PACIONIOKEeHUS. YHCII0 EpecTaHOBOK OMpeensieTcs no Gpopmye:

= ()
rae 1 ‘- KOJIMYECTBO 3JIEMEHTOB B KOMOMHALIMH.
Hampumep: CkoabkuMu c1ioco6amMu MOXKHO pacipeeuTh 5 00bEeKTOB paboThl MEXKIY 5
Opurasamu 3J1eKTPOMOHTaKHUKOB?

n=5/P=>5=1-2-3-4.5=120|

Pa:mememm - KOM6I/IHaHI/II/I nus3 n‘pa3anme QJICMCHTOB IIO m‘BJ’IeMGHTOB,
m

OTJIMYAIOMUXCcs JHMOO cocTaBoM, OO0 TmopsiakoM. Yucino pasMenieHud U3 n‘no
OTIpeIeTIsieTCs KakK:



m_ n!
" (n-m)!

-(3)
Hanpumep: Mmeercs 10 snexTpoaBuratenei, u3 KOTopeix 3 ogHoro tuma. CKOJIbKUMU
croco6aMu UX MOKHO PACIOJIOKUTh B OJIUH psia?

n=10 . 10!
=—"=10-9-8=720
m=23 ‘Aw 7! )
CO‘-IeTaHI/Iﬂ - KOM6I/IHaHI/II/I, COCTAaBJICHHBIC U3 n }paSJ'II/IIIHI)IX DJIECMCHTOB IIO m

AJIEMEHTOB, KOTOPBIE pa3IMYyalOTCsl XOTA Obl OJHUM 3ieMeHTOM. Yucio coderanuit

ompenensieTcs mo Gopmyie:
mn!

m

" m!(n;m)!

1))
Hanpumep: CkonbkuMu crioco0amMu MOKHO COCTaBUTh OpHrajgy B COCTaBe 3 4ENOBEK,

BBIOMpAsi UX U3 8 AIIEKTPUKOB?
8!
n=8 CJ} = =56
3! 5!

m=23

IIpaBuio cymmsl: Ecnu o0bekT A|B1316paH n‘CHOC06aMI/I, a obexr Bl m‘CHOC06aMI/I,
TO BBIOOP OO AL mi60 Bloxer6errs OCYILECTBIIEH (' -+ 7ICTIOCOOaMH.

IIpaBuio npoussBeaenusi: Ecau oObext AlBH6paH m‘Cl‘IOCO6aMI/I, a Tocne KaXJI0ro

TaKoro BeIOOpa 0OBEKT BlMO)KHO BHIOpaThH n‘CHOCO6aMI/I, TO mapa - #IMoxKeT ObITh BHIOpaHa
(- ) CIIOCO0AMU.

MeToaMKa pelieHUs TUNIOBBIX 3a4a4

Knaccuueckue 3amaun TB ncropuuecku cBsd3aHbl ¢ TeOopHeW a3apTHbIX urp. OpHako,
MPEACTABJICHHBIE MAaTEeMaTHYECKHUE MOJEIN MOTYT OBITh MCIOJIb30BAaHBI TaKXKe€ MPU PEHICHUH
psAlla TEXHUYECKHUX 3a/1ad.

Metonuka pemieHus: 3ajad Ha HENOCPEACTBEHHBIA IMOACYET BEPOSITHOCTH CIIyYaWHOIO

COOBITHSI CBOJUTCS K CIIEAYIOIIEMY:
n.

>

2. Anamn3 u pacucT KOJIHU4YECTBa HCXOO0B, 6JIaFOHpI/I$ITCTBy10H_II/IX C.IIy‘-IaI\/'IHOMy

1. Omnpenenenue 001Iero Yrcia BO3MOXHBIX HCX0JI0B

COOBITHIO, T.€. TAKHX, B KOTOPBIX TAHHOE COOBITHE 0053aTEILHO IPOU30UICT;
3. Omnpenenenrne UCKOMOW BEPOSITHOCTH COOBITHS TTO BhIpakeHHIO (1).
PaccMoTpuM pelieHre psijja TUIIOBBIX 33724 M0 TAHHOMY pa3ieny:

I Tum 3apa4. Ycnosue 3adauu: Ilycts umeeTcst ypHa, B KOTOPOM a ‘- O€JIbIX IIAPOB U b ‘-
yepHbIX. 13 ypHBI Hayraj BeiOupaercs 1 map. HaiiTu BeposITHOCTB TOTO, UTO 3TOT LIap Oeblil.

Perenue

n=a-+ _E_ a
p_ =

m=a n a+b,

B nanHOM cilydae Bce MCXOJbl OMbITA, CBSI3aHHOTO CO CIIy4yailHBIM BBIOOPOM IIapa W3
YPHBI, SBJISIFOTCSI PAaBHOBO3MOXHBIMA M HECOBMECTHBIMHM, T.€, OIBIT CBOJUTCS K «CXEME YpH).
[TosTOMYy BEpOSTHOCTH 1OCTaTh CIydailHBIM 00pa3oM Oeliblif map BTOPHIM WM MOCIEIHUM M3

a
p=
YPHBI TAK)K€ paBHA a+bl,
II Tun 3apau Vcaosue 3adauu: B xopobke 30 smektpomamm, mpuyeM 12 w3 HUX
paccunTaHbl Ha HanpspbkeHue 220 B, a octanbHble - Ha HanpsbkeHue 36 B. KakoBa BeposTHOCTD



TOTO, YTO W3 4 HayTaJ B3SITHIX OJHOBPEMEHHO 3JICKTPOJIAMII BCE OKAXYTCS WU C HAPSDKCHHEM
220 B, nnu ¢ HanpsikeHueM 36 B?

Pemienue

BBeneMm o0o3HaueHN:

Al- coObITHE, COCTOSIIIEe B TOM, YTO U3 4 AJIEKTpoiaMIl Bce ¢ HanpshkeHuem 220 B;

Bl-u3 4 3JIEKTPOJIAMII BCE € HarpsikeHueM 36 B;

Cl- nosmnerne cobsrmmit 6o Alm6o Bl.

a) OOree YuCI0 UCXOJOB PAaBHO KOJHUYECTBY CIIOCOOOB, KOTOPHIMH MOXHO BBIOpaTh 4
anekTponamiibl u3 30.
n= C340|

_ 4
0) Yucno ncxom0B, O1aronpusTCTBYIOUINX COOBITHIO A|, m = CIZ,
_ 4
Yucno ucxXo0B, OJIaroNpHATCTBYIOIINX COOBITHIO B|, m, =Cu
m, _C 12141260 11

P(A)= = =
0 n Cy 418300 609|
p(By=" _ Cp _1814126! _ 68

n  Cy 4141300 609

BeposTHOCTh COOBITHS, COCTOSIIETO B MOSBICHUU JTUOO COOBITHS Al, 100 COOBITHS Bl,
OTIPEICTTUM C HCIIOJIb30BAHUEM TPABHIIA CYMMBI

11 68
P(C)=P(A+P(B)y=——+—=0,1
(€)= P(A)+ P(B) =00+ <0 %
Yenosue 3a0auu: CtyneHt kynuia kaprouky CHOPTIOTO M OTMETHI B HEl IOCienoBa-
TEJbHO IIECTh MEPBBIX HOMEPOB. OnpenenuTs BEpPOSTHOCTh TOTO, YTO MHpU THpaxe 6 u3 49 B

qucJie BBIMTPABILUX 1IAPOB OKaxkeTcs map moja Ne 1.

Pemenue
_ 6
a) OOriee YyuciIo UCXO0B "~ C49|.
B cero mapog ¢ 49 HoMepaMu 6) Hucno HCXOM0B,
/ ONMaronpusTCTBYIONIMX  COOBITHIO,
. _ OTIPENENIAETCS] YUCIOM BO3MOKHBIX
1 map mog Ml 48 Wwapoe ¢ OpyramMH Mo P

KOMOMHaIMii ©U3 6  HOMEpOB,
00s3aTenpHO  BKIOYaBmux Ne 1.

m, 6 mapos n, Tnst OIpeieIeHUs qycia
\ KOMOUWHAIUKA yJIOOHO HMCIOJIB30BaTh
1 mrap mog Mel 5 [WapoB nof ZpyruMe Mo CXEMaTU4ECKOE MPECTaBICHUE:

Kakx BumnO, m ‘SaBI/ICI/IT oT
BO3MOXKHBIX KOMOWHAIMI U3 5 1mapoB (C ApyruMu HOMepamu, OTAMUHBIME OT Ne 1) u3 48 Takux
1apoB.

_ _ 5
m—ml-mz—CMJ'

5 143! 6!
m _ C,s 48143!6! =£20’1224
51431491 49

p = =
C) n Cfs



III Tun 3apau YVcnosue 3a0auu: Ha nonke Haxomutes 10 ammiepmMeTpoB, U3 KOTOPHIX 6
ucnpaBHbIX. HaliTH BEpOSITHOCTH TOro, YTO cpeau 4, Haynady OTOOpPAaHHBIX aMIIEPMETPOB, 2
UCIIPaBHBIX.

Pemenne

Ot 3amay Il TMNA naHHBIN TUI 3374 OTIMYAET HEOAHOPOJHOCTh COCTaBa KOMOWHAIUH,
COOTBETCTBYIOIIUX OJIATOMPHUATHBIM HMCXOJlaM clydyallHOro coObITud. s pemieHust yaoOHO
IIPEJICTaBUTh YCIOBHE 3a/1a4l CXEMATHUECKHU:

_ 4
a) O6mee uncio ucxomos " = G,

10 amriepmMeTpoE ~
/ \ GB1710
n ECETO

§ HCIIpaBHBX 4 HeHCIIpaBHBIX

o

m, 4 amMriepMeTpa m,

o

oTo0pamH

2 HCIIpaBHBX 2 HeHMCTIpaBHBIX l 0) m ‘OHpeHGHSIeTCSI Ha

OCHOBE TMpaBuja IPOU3BEACHHUS, IIOCKOJIBKY BBIOOp 4 aMIepMETpOB OCYILECTBISETCS
OJIHOBPEMEHHO:
o= -m2|

ml=C62m2=Cj.

_m-m, _Ci-Ci_ 6464 _3_ .
p= ==t = =—=0,
0 n ch 2422100 7

Pemure 3apaun:

3amauya 1. bpomena urpanpHas KocTb. HaliTu BEpOSTHOCTH BBINAJECHUS YETHOI'O YMCIIA
OYKOB.

3amaua 2. YYaCTHUKH KEePEObEBKH TSIHYT M3 YPHBI KETOHBI ¢ HOMepamu oT 1 mo 100.
HaiiTi BeposiTHOCTH TOTO, YTO HOMEP MEPBOI0 HAy/1ady BHITAILIEHHOTO JKETOHA OyJIET COAepKaTh
uudpy 5.

3amava 3. B maTum Memoukax HaxoAsaTCs 5 OJMHAKOBBIX KyOukoB. Ha Bcex rpansx
KaKI0ro KyOMKa HamrcaHa OJIHa U3 CIENyoIMX OyKB: o, I, p, ¢, T. HaliTH BeposSTHOCTH TOTO,
YTO Ha BBIHYTHIX 10 OJHOMY K3 KaXKIOr0 MEIIOYKa KyOMKax M pacIoyIOKEHHBIX B OAHY JIMHHUIO
MOKHO Oy/IeT TPOYECTh CIOBO «CIIOPT».

3anmava 4. Ha kaxx0if U3 MECTH OJMHAKOBBIX KapTOUEK HaMucaHbl oaHa u3 OykB: A, T, M,
P,C,0. Haiitu BEpOSITHOCTb TOTO, YTO HA YETHIPEX BBIHYTBHIX IO OJHOM M PAaCHOJIOXKEHHBIX B
OJIHY TUHUIO KaPTOUYEK MOXKHO OYyJIET MPOYECTh CIOBO «TPOCH.

3amaga 5. Ky0, Bce rpaHu KOTOpOrO OKpall€Hbl, PAaCHWIWIM Ha ThICAYY KyOHKOB,
KOTOpbIE 3aTEM TILATEIbHO Nepememiain. HallTu BeposSTHOCTh TOTO, UTO HayAauy BBITALIEHHBIN
KyOHK OyZIeT UMETh OJTHY OKpAIllEHHYIO TPaHb, TBE U TPH.

3agaua 6. 13 monHoro Habopa 28 kocTtell JOMHHO Hayjaady U3BJeueHa KocTh. Haiitu
BEpPOSITHOCTh TOT'O, YTO BTOPYIO Hay/Jaudy HW3BJICUYEHHYIO KOCTb MOXHO MPUCTABHTH K TMEPBOM,
€CJIM TIepBasi KOCTh OKa3ajach: a) Ayosem, 0) He ayOiieM.

3amaua 7. Bocemb pasmMyHBIX KHUT HayJady pacCTaBIsAIOTCS Ha moike. Haitu
BEpPOSITHOCTH TOTO, YTO JIBE ONPEICICHHBIC KHUTH OKAXKYTCS CTOSIIUMU PSIOM.



JlomaliiHee 3aaHue:

Penmnte 3agaun:

1. B nmotepee pasbirpeiBatorcs 150 BemeBbix U 50 JeHEKHBIX BBIMTphIIEH. Yucmo
noteperHbIx ounetoB papHo 10000 mTyk. YeMmy paBHA BEpOSITHOCTD BBIUTPHIIIA?

2. BeposiTHOCTB TOTO, UTO CTPEJTIOK MPHU OJHOM BhICTpene BbiObeT 10 oukoB, paBHa 0.1; 8
04ukOB U MeHble - 0.6. HaiiTu BEposSTHOCTH TOTO, YTO MPHU OJTHOM BBICTPEJIEC CTPENIOK BHIOBET HE
MEHbIIIE 9 0YKOB.

3. B maptuu u3 10 aeraneit — 8 mtyk ctangapTHeIX. HaliTh BEpOSITHOCT TOTO, YTO CpEeAr
JBYX HayJlauy M3BJICYCHHBIX JIeTaneil XoTs Obl 0Ha OyAeT CTaHAapTHOM.

4. B maptun u3 10 neraneit okazanock 8 cranaapTHeix. Haynauy otoOpanu ase. Haiitu
BEPOSITHOCTH TOTO, YTO CPEJI OTOOPAHHBIX JETaJIe OKaKeTCs:

l. He 0oJiee 01HOM CTaHJapTHOMH,

0) xoTs OBl OJIHA CTaHJApTHA,

B) TOJIBKO OJJHA CTaHAApTHAsl.

5. BeposATHOCTH TOro, 4YTO CTpENOK MomajaeT B MuileHb, paBHa 0,9. Ilpomsseneno 3
BbICTpena. HaliT BEpOsSTHOCTB TOTO, YTO BCE 3 BHICTPEIIA MTONAIH B LIENb.

6. B cryaun HaxonuTcs TpuU Tenekamepbl. BeposSTHOCTh BKIIIOUEHMSI KaXI0H KaMephbl
paBHa 0.6. HaiiTu BeposSTHOCTH TOrO, YTO B JAaHHBIH MOMEHT XOTs Obl OJHa Kamepa OyZIer
BKJIIOUEHA.

IIpakTuueckoe 3ansaTue Ne 2

Tema: Briuncienue BeposTHOCTEH COOBITUH MO KiIaccudyeckoi (opmyiie onpeaeneHus
BEPOSITHOCTH

Heab: HayuuThcs BBIYHCIATH BEPOSTHOCTH CIyYaWHBIX COOBITUH 1O KIJIACCHUYECKOU
(dbopMyiie onpeaeneHus: BEposTHOCTEN

CpencrBa o0y4eHUsi: TETpaad [JIsl BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
PECypCBHI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTE TEOPETUYECKUI MAaTepHall IO TEME.

KoHnTpo/ibHBIE BONIPOCHI:

1. [loHsiTue BEPOSTHOCTH CIY4alHOTO COOBITHS, IE€PECTAHOBKU, pPa3MEIICHHUS,
COUYETaHUs.
2. [IpaBuiia cyMMbl ¥ POU3BEACHUS CITyYaitHBIX COOBITHH.

HCHOCp@I[CTBGHHBIﬁ oACUYCT BECPOATHOCTHU cnyqaﬁHoro COOBITHS y,Z[O6HO HCIIO0Jb30BAaTh
TOJIBKO IIPpU aHAJIN3C HpOCTefIHIPIX CﬂyqaﬁHbIX HBHGHHﬁ, KOoTraa 1o YCJIIOBUIO 3aJla4H U3BCCTHBI
BCC KOJIMYCCTBCHHBIC MMOKA3AaTCJIN 110 UCCICAYCMOMY O6’beKTy WM UX JICTKO MOXXHO BBIYMCIINTD.

D10 mo3BoseT TO (opmylIaM KOMOMHATOPUKH IOJCYUTATH KOJHMYECTBO HCXOJIOB m‘I/I n‘.
OnHako Ha TPAKTHUKE TNPUXOAUTCS CTAIKMBATHCS CO CIyYalHBIMH COOBITHUSIMH, KOTOpPBIE
(hopMUPYIOTCS 32 CYST COUYCTAHMS IIEJIOTO Psija CIiydaliHbIX GakTopoB. Hanmpumep, BEpOSATHOCTH
BBIXOJIa W3 CTPOsS JIIOOOTO TEXHUYECKOTO YCTPOWCTBA 3aBUCUT OT  BEPOSTHOCTH
paboTOCIIOCOOHOCTH KaXKJIOTO M3 €ro JJIEMEHTOB, a TakXe OT crocoba mx coemuHeHus. [ms
OMpCACICHUA BCPOATHOCTU TaKHUX CﬂyqaﬁHBIX COOBITHH HCIIOJIB3YIOTCA KOCBCHHBIC MCTO/bI,
MO3BOJIAIOINIME 110 H3BCCTHBIM BCPOATHOCTAM OJHHUX COOBITHH HaXOoauTb BCPOATHOCTH
CBSI3aHHBIX C HUMH COOBITHH.

[Ipexne Bcero HEOOXOIUMO TPOAHATHM3MPOBATH CIyYaiHOE COOBITHE W OIPEICITUTH
oOpa3yercs JIM OHO KaK CyMMa 3JIEMEHTapHBIX COOBITHI MU KaK UX ITPOU3BE/ICHHUE.



M sToro BBeieM JBa 6a30BbIX MOHATHS alreOpbl COOBITU.
CyMMO#i HECKOJIBbKHX CJIYYaifHBIX COOBITHI HA3BIBACTCS COOBITHE, KOTOPOE COCTOWT B

MOSIBJICHUU XOTSl OBl OJTHOTO U3 3TUX COOBITUN. Tak At CyMMBI TpeX CIydalHbIX COOBITUI Al, B|

, ClnpomofmeT 100 Al, 1100 Bl, 0o Cl, 6o coueranus AB ‘, ACL BC‘, ABC‘. Hampuwmep,
aBapuiiHOE TOBPEXKICHHE OJIOKA SJIEKTPHUYECKOW CHUCTEMBbI Te€HepaTop-TpaHCPOPMATOP-IUHUS
3JIeKTponepeaay NpeAcTaBiIsieT co0oi CyMMy 3JIEMEHTapHBIX COOBITHI: JMOO MOBpEXICHUE
reseparopa, 0O TOBpEXIeHHE TpaHcpopmaropa, OO JMHUM 3JEKTporepenad, Judo
BCEBO3MOXHbBIE COBMECTHBIE TIOBPEIKIICHHUSI.

IIpousBegeHueM HECKOJIBKHUX CAYyYaWHBIX COOBITHI Ha3bIBACTCS COOBITHE, COCTOSINEE
B OJHOBPEMEHHOM TMOSIBIEHUH 3TuUX coObiTuil. Hampumep, Oe3oTka3nas pabota Oioka
reHepaTop-TpaHc(HhOpMaTOP-TMHHS DIIEKTpOIepead BO3MOXKHA TOJBKO TIPH OJIHOBPEMEHHOMH
0e30TKa3HOI paboTe BCeX TpeX JIEMEHTOB OJIOKA.

Pacder BEpOATHOCTH CIIO)KHOTO COOBITHSI POM3BOIUTCS HA OCHOBE TEOPEM O CyMME U
IIPOM3BEICHUH CIIy4alHbBIX COOBITHH.

[Tpu BEIOOpE pacueTHBIX (GOPMYIT HEOOXOAMMO YUUTHIBATH JIBA CYIIECTBEHHBIX MOMEHTA!

a) OnpeeneHre BepOITHOCTH CYMMBI CITyYaifHBIX COOBITHI 3aBHCHUT OT TOTO, COBMECTHBI
WJIA HECOBMECTHBI 3TH COOBITHSI.

[Tycts cnmywaifHble COOBITHS Al, Bl. HECOBMECTHBI, TOT/Ia BEPOSTHOCTh CYMMBI JIBYX

coObiTHii A+ B|paBHa
P(A+B)=P(A)+ P(B)|

Ecmn Al, Bl coBmectHbIe COOBITHS, TOrJ]a BEPOATHOCTh CyMMBI JBYX COObITMH A+ B|

paBHa
P(A+ B)=P(A)+ P(B)— P(AB)

JUIE  TpeX COBMECTHBIX COOBITHI Al, Bl, Clesrapcnenue BEPOSITHOCTH  CYMMBI
MIPOU3BOIUTCA 110 (popmyiie

P(A+B+C)=P(A)+P(B)+P(C)—P(AB) — P(AC)—P(BC)+ P(ABC)l

6) Jlnst ompeneneHus: BEpOSTHOCTH TNPOU3BEICHHS CIIyYallHBIX COOBITHH HE00XOIUMO
MIPOAHAIM3NPOBATH 3aBUCUMBI OHU HJTH HE3aBUCUMBI.

[Ipy BBIYMCICHUHM BEPOSITHOCTH TPOU3BEACHHUS COOBITHH HCHONB3YeTCsl IOHATHE
YCIIOBHOM BEPOSTHOCTH.

[Ton ycn0BHO BepPOSAITHOCTHIO L (B)|HCKOTOpOFO CIly4yalfHOro  COOBITHS B|,
CBSI3aHHOT'O C COOBITHEM AL MIOHUMAETCsl BEPOSATHOCTH MOSBJICHUS COOBITUS B|an YCIIOBUH, YTO
COOBITHE A|y>1<e HPOM3OIILIO.

Ecnmu cmygaitabie coObIThs A|, Bl HE3aBHCHUMBbI, TO BEPOSTHOCTb MPOU3BEICHUS ABYX
COOBITHI paBHA POU3BEACHUIO BEPOSITHOCTEH 3TUX COOBITUI

P(A-B)=P(A) P(B)|

Ecnu ciyuaiinble COOBITHSI 3aBUCHUMBI, TO BEPOSTHOCTh HMPOM3BEACHUS IBYX COOBITHIMA
BBIUHCIISIETCS C YYETOM YCJIOBHOM BEPOSITHOCTH

P(A-B)=P(A)-P,(B),

P(A-B-C) = P(A)-P,(B) P,,(C)

[Ipn pemenun 3amay 4acTo HAXOAUT NPHUMEHEHHUE CIEICTBUE U3 TEOPEMBI O CyMMeE
BEPOSTHOCTEM.



CymMa BepOsATHOCTEH Ui COOBITHH, OOpa3yIOUIMX MOJHYI TPYIIY <---- <%  paBHa
eMHHULIE

P(A)+P(A)+...+ P(A) =1

B yactHOCTH, U1 IPOTUBOMOIO0KHBIX COOBITHIA:

P(A)+ P(A) =1

Jdomamnee 3aganue:

1. BepodTHOCTh TOro, 4TO CTpENOK MomajaeT B MuileHb, paBHa 0,9. IlpousBeneno 3
BbICTpeIia. HaliT BEpOSTHOCTH TOTO, YTO BCE 3 BBICTPEIIA ITONAIH B LIEIIb.

2. BepoaTHOCTb MOpa)K€HUsI LI€TIN MIPH OJHOM BBICTpEJiE NMEPBbIM cTpenkoM paBHa 0.8, a
BTOpBIM - 0.6. HaliTh BEpOATHOCTH TOTO, YTO IEIh OyAET MOpa)ke€Ha TOJHKO OJHHM CTPEIIKOM
(TIepBBIM WU BTOPBIM).

IIpakTnyeckoe 3ansaTue Ne 3

Tema: PemeHne 3agay Ha BBIYMCIEHUE BEPOSTHOCTEH COOBITHH IO KJIACCHYECKOM
bopmyIie onpenesaeHns: BEpOSITHOCTH

Henb: HayuuThCcsi BBIYHCIATH BEPOSTHOCTH CIy4YailHBIX COOBITHI MO KIACCHUECKOMN
bopmyIie onpeeneHns BEpOsSTHOCTEN

CpeacrBa 00y4eHHMs: TeTpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTEepHET-
PECYPCBL.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. Pemmre 3amaun.

Pemnre 3agaun:

3anaga 1. B norepee paseirpsiBatorces 150 BemeBbix U 50 neHeXHbIX BhIUTphlei. Yucio
notepeiiHbix OmneroB pasHo 10000 mTyk. Yemy paBHa BEpOSATHOCTH BBIUIPHIILIA?

3agaua 2. BeposTHOCTH TOTO, YTO CTPENOK MpPU OAHOM BhICTpesie BbIObeT 10 OuKOB,
paBHa 0.1; 8 oukoB u MmeHbuie - 0.6. HaliTu BEpOSITHOCTH TOro, YTO NHPU OJHOM BBICTpEIE
CTPEJIOK BHIOBET HE MEHBIIE 9 OUKOB.

3anava 3. B maptuu u3 10 neraneit — 8 mwTyk craHgapTHeIX. HaliTu BeposATHOCTH TOTO,
YTO Cpelu JIByX HayJiauy W3BJICUEHHBIX JIETajei X0Ts Obl 0HA OyIeT CTaHAapTHOM.

3anava 4. B nmaptuu u3 10 neraneii okazanock 8 crannapTHbix. Haynauy orobpanu ase.
Haiitu BeposSITHOCTB TOTO, UTO CPEeN OTOOPAHHBIX JeTalel OKaKETCA:

2. He 0oJiee OJTHOM CTaHAAPTHOM,

0) xoTs OBl OJTHA CTaHJApTHA,

B) TOJIBKO OJIHA CTaHIAPTHAS.

3anaua 5. B ypHe HaxoasTesa 5 Genblix, 4 yepHbIX M 3 cuHUX mapa. Kaxaoe ucnbitanue
COCTOUT B W3BJIEUCHHMM HAyraj OJHOrO IIapa, MPUYEM OH HE BO3BpaIlaeTcs oOpaTHO B YpHY.
HaiiT BeposSITHOCTH TOrO, 4TO MPH MEPBOM HUCHBITAHUM MOSBUTCS O€NbIN 1Iap, MpU BTOPOM -
YEPHBIH, a IPU TPETHEM — CUHHUM.

3agava 6. BeposTHOCTH TOro, 4TO CTPENOK MONajeT B MulleHb, paBHa 0,9. [IpousBeneno
3 BeIcTpena. HaliTu BEpOATHOCTB TOTO, YTO BCe 3 BBICTpEA MONAJIN B LIENb.

3anaya 7. bpoieHbl MOHETa U KOCTb. HallTu BEpOSITHOCTH TOrO, YTO OJHOBPEMEHHO HA
MOHeTe nosiBUTCs "open", a Ha kocTH "6".

3amaya 8. B CcTyaum HaxoguTcs TpHU TelleKaMmepbl. BepOATHOCTH BKIIIOUEHUS KaXKI0H
kamepbl paBHa 0.6. HaiiTu BepOSTHOCTH TOrO, YTO B JAaHHBIM MOMEHT XOTS Obl OJHA Kamepa
OyZeT BKJIIOUEHA.
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3amaua 9. U3 psma mudp 1,2,3,4,5 cHavana BeIOMpAETCS OJIHA, a 3aTEM M3 OCTABIIHMXCS
4eThIpex - apyras. HaliTu BeposiTHOCTH TOTO, 4TO OyZeT BhIOpaHa HeueTHas udpa:

a) TOJIbKO B MEPBBIN pas;

0) TOJIBKO BO BTOPOI1 pa3;

B) B TIEPBBIIl ¥ BO BTOPOIi.

3amaua 10. BeposTHOCTh TOTO, 4TO COOBITHE A TOSBHUTCS XOTSA ObI OJMH pa3 MpH JABYX
HE3aBHCHUMBIX HCTBITaHUIX, paBHa 0.75. HailTu BEpOSATHOCTH MOSBIEHUS COOBITHS A B OJHOM
WCIIBITaHU.

JdomamiHee 3aaHue:

1. Ocywecmensaemcs npogepka uzoenuti Ha CMmaHoapmHocms. Beposmuocms mozo, umo
uzoenue Hecmanoapmmuo, pasua 0,1. Haiimu 6epossmuocmes moeo, 4mo:

a) U3 TpeX MPOBEPEHHBIX JIeTaNel TOIBKO OJTHA OKAKETCSl HECTaHJapTHOI;

0) HECTaHIaPTHBIM OKaXKETCS TOJIBKO YETBEPTOE IO MOPSAJIKY IPOBEPEHHOE U3/EIHUE.

IIpakTH4eckoe 3ansTHEe Ne 4

Tema: BeranciaeHne BEpOSITHOCTEH CIIOKHBIX COOBITHN

Heab: HayunThCst BBIYUCIATH BEPOSTHOCTH CIOKHBIX COOBITHIA.

CpeacrBa o0y4yeHMsl: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, VHTepHeT-
pecypcehl.

Coaep:xkanue ¥ NOPSAI0K BbINOJTHEHUS PadoThI:

1. PaccmoTpuTe TeOpeTHUECKHil MaTepral o TeMe.

2. 3aKOHCIIEKTUPYWTE PEIICHNE TUIOBBIX 3a/a4.

3. Pemure 3agaun.

KoHTpoabHbIE BONIPOCHI:

1. [lonsiTHE YCIIOBHOM BEPOSITHOCTH.

2. dopmyJia MOJTHON BEPOATHOCTH.

3. OT dYero 3aBUCHUT KOJMYECTBO THIIOTE3 TMOSBICHHUS HEKOTOPOrO CIydaifHOro
coOBITHSA A..

®opmy.Jia NMOJHOH BEPOSITHOCTH

dopmyna MOJTHON BEPOATHOCTH MPUMEHSIETCS MPH CIEAYIOIEH MOCTaHOBKE 3a1a4H.

[TycTb mpOM3BOAUTCS aHANIM3 HEKOTOPOTO CIy4YyailHOro COOBITHS Al 1o MOBOJTY
BO3MO>XHOCTH TIOSIBIICHUSI TAHHOTO COOBITHS MOTYT OBITh BBICKAa3aHBl HEKOTOPBIE TUTIOTE3BI 77+,
rio] ..., F.|, KOTOpbIC OXBaTBhIBAIOT BCE BO3MOXKHBIC YCJOBHUS TOSBJICHUS COOBITHS AlI/I
00pa3yroT MOJHYIO TPYMITY COOBITUH.

"3 yCiioBuUs 3aaa4yu HU3BCCTHBI HJIKM MOTYT GI)ITI) OMPCACIICHBI BCPOATHOCTHU BCEX

P(H1)|, P(HZ)‘, ce., TUHL )l, a TaK’K€ YCJIIOBHBIC BECPOATHOCTHU IMOABJICHUA

P, (A)| P, (A)| P D

BO3MOXHBIX T'MIIOTC3

AalI/I KaXOgol u3 Tumore3 OHpe,[[eHI/ITB BCPOATHOCTDH

TIOSIBJICHUS CITYYaitHOTO COOBITHS Al
BeposTHOCTE COOBITHS TIPH TaKOM MOCTAaHOBKE 3a7]a4l MOXKET OBITh Haii/ieHa 1o ¢hopmyIie

MOJHOM BEPOSATHOCTH.
P(A) = P(Hl)PH1 (A)+P(H2)PH2 (A)+"'+P(HH)PHH (A

rae 7. ... .| - runotespl, KOTOpPBIE 0OPA3YIOT MOJHYIO TPYIITY COOBITHH;
P(H,)+P(H,)+...+P(H,) =1

Pelienne THNOBBIX 3324
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I ™anm 3apa4d. Vcnosue 3ad0auu: @OYHKIIMOHHPOBAHHE DIICKTPUUECKOW CHCTEMBI
obecneunBaer 100%-Hoe 3neKTpocHaO)KeHNEe MOTpeOUTENel B TpeX PeXKUMax, pa3InyaroluXcs
Mo KOHPUTYpallUd M TPOMYCKHON CIIOCOOHOCTH 3JEKTPUYECKOM ceTH. B KakIoM u3 3TuX
PEKHUMOB CETh MOYKET HaXOIUThCs ¢ BeposaTHOCTHIO 0,3; 0,5; 0,2 cooTBeTcTBEeHHO. bezaBapuiinas
paboTa cucTeMBbl B KaXIIOM pexuMe Bo3MoxkHa ¢ BepostHocTamu 0,9; 0,75; 0,8. Ompenenuth
BeposaTHOCTh 100% onexkTpocHabxkeHus mnoTpedutenei. Hailtu BeposSTHOCTh HapyILICHUS
ANEKTPOCHAOKECHHUS.

Pemenne

a) Beegem o603HaueHNE COOBITUI U TUTIOTE3.

Hccnenyemoe coObITHE:

Al- oBecnieuenne 100%-toro AJIEKTPOCHAOKECHHS;

Al- HapyIIeHHE IEKTPOCHAOKECHHSL.

['unoTessl

BepostHocTn

TUTIOTE3

Y cn0BHBIE BEPOATHOCTH

77, - paboTa CEeTH B MIEPBOM PEKUME;

P(H)) = o,j;

P, (A)=09
P, (A)=1-09= o,ﬂ,

#7=]- paboTa CETH BO BTOPOM PEIKUME;
P(H,)=0,5.

P, (A)= 0,75‘

P, (A)=1-0,75= 0,25‘

#4,- paboTa CETH B TPETHEM PEIKUME.

PCHL =03,

P, (A)=08

P, (A)=1-08= 0,2‘

6) ITo dbopmyne monHOM BepoSTHOCTH Haigem BeposTHOCTH 100% siekTpocHaOKeHUs
norpeduTenei

P(A)=P(H,) Py (A)+P(H,) Py, (A+P(H;) Py (A)=

=0,3-0,9+0,5-0,75+0,2-0,8 = 0,805.

OnpenenyM BepOATHOCTh HAPYIICHUS 3JIEKTPOCHAOKEHHUs A 10 (popmyiie

rrAa)—=1— P(A) — 0,195.

II Tun 3apau. Yciosue 3adauu: B rpynmne 10 cTyaeHTOB, MPUIIEAIIMX Ha HK3aMEH.
DOK3aMeHalMoHHble OnneTsl BKiItoyaroT 20 BompocoB. Tpu cTyJeHTa NOJATOTOBIEHBl OMAUUHO -
3Ha1OT Bce 20 BONPOCOB OMIIETOB; 4 CTYJEHTA MOATOTOBIEHBI XOpOouio — 3HAIOT 16 BOIIPOCOB U3
20; 2 cryneHTa MOATOTOBIIEHBI yoogrnemeopumenvio — 3HatoT 10 BompocoB u3 20; 1 cryaeHT
MIOJATOTOBJIEH n0X0 — 3HaeT 5 BompocoB u3 20. BbI3BaHHBIN CTy/IEHT OTBETWJI Ha BCE TPU
BOIpoca Ouera.

Pewenne

a) BBeneMm 0003HaYCHHS THIIOTE3 M COOBITHIA.
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A|— MIpaBUJIBLHBIN OTBET CTYJICHTA Ha BCE TPU BOIIpoOca OuIieTa;
I'unore3nl

BepostHocTn

TUIIOTE3

Y cn0BHBIE BEPOATHOCTH

¥, - IOATOTOBJIEH OMIUYHO;

PH1 (A) :‘?

#7=|- MOATOTOBIICH XOPOULO;

Py, (M=,

4, - TIOTOTOBIICH Y0081emME8OPUMENILHO;

P(H.,) =03 ;
Py, (A) =,

 _J- IOArOTOBJIEH NI0XO0.

Py, (A) =y

0) [l onpeneneHus: yCIOBHBIX BEPOSTHOCTEN MOXKHO UCIONIB30BATh 08a HOOX00A.

Ilooxoo 1. HemocpeICTBEHHBI IOJACYET BEPOSATHOCTEW Ha oOcHOBE (opmyn
KOMOMHATOPUKH 10 aHAJIOTUH C 3a7adamu pasznaena 1.1.3.

BCETO 20 20 20
BOIMPOCOB
15 / \ il lI:I / \ 10 5 / \ 15
J] HeT J] HeT J] HeT
l'ICl‘IjFT-IH
BOHPO': IHAeT IHAeT IHAeT
0B

C IIOMOIIIBFO anBez{eHme CXEM HaAxXoamMum yCJ'IOBHI)IG BGpOﬂTHOCTI/IZ
P, Hy A)=1
C2 16!3117!
P, (A)=—2= = 0,491;
2 Cc;, 3113120

C) 1013117

P, (A) = = = 0,105;
iy (A) ci 37120
C. 513171
P, (A=—F=-———=87-10".
cy, 32 200

Ilooxo00 2. IlpumeHeHne TeopeMbl TPOU3BEICHUS BEPOSTHOCTEH 3aBUCUMBIX COOBITHIA.
[TockonbKy CTYAEHT [OJDKEH OTBETUTh Ha TpPU BoIpoca Owusera OJHOBPEMEHHO,
HEO0OXOAMMO OIPEICIUTh BEPOSTHOCTH MPOU3BEACHHS TPEX 3aBUCUMBIX COOBITHH:
-l OTBET Ha MEpPBBI BOMPOC OHIICTA;
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] - OTBET Ha BTOPOM BOIpOC OHJIeTa;

-]~ OTBET Ha TPETHIi BOMPOC OHIIeTA.

Ecnu cTyieHT MOAroTOBJICH omuiuuHO, TO TPABHJIBHBIA OTBET Ha TPU BONpoca Ouiera
€CTh COOBITHE JOCTOBEPHOE, T.C.

P, (A)=1.

I[J'I}I OIPCACIICHUSA YCIOBHBIX BepOHTHOCTeﬁ MMPaBUJIBHOT'O OTBCTA HAa TPHU BOIIPOCaA ounera
IIpU TUIIOTE3aX Hzl, o H4II/ICHOJIb3yeM BBIPAKCHUC

Py, (A)=P(A; - A, - Ay) = P(A) P, (A,)- P,

YAy

(Ay),
16 15 14 ‘

P(A/H,)=—-=—2.22~0,491.
Ecnu cTyaeHT moAroToBIIeH Xopouto, TO 20 19 18

P(A/H)=—.=2.2° 0,105.‘
EciM CTyEHT IIOATOTOBJIEH HOCPEOCHBEHHO, TO 20 19 18

P(A/H)=— —-—=8,7-10"".

ECJH CTYJIeHT TIOATOTOBIIEH AI0X0, TO 20 19 18

Kak BumHO, BTOpO# MOAXOM MPEANOYTHTEIbHEE, TaK KaK MO3BOJSET YMEHBIITUTh 00bEeM
BBIYMCIICHUM.

c¢) Hanee no ¢popmyie MoJIHON BEPOATHOCTH HAXOJIUM BEPOSITHOCTh MPABUIIBHOTO OTBETA
Ha TP BoMpoca Ouiera A0 UCTIBITAaHUS:

P(A)=0,3-1+0,4-0,491+0,2-0,105+0,1-8,7-10° = 0,518|

Pemure 3apaun

3amaua 1. B rpynme 20 nasbDKHUKOB, 6 BenocureauctoB, 4 OeryHa. BeposiTHOCTB
BBITIOJTHCHMSI KBATU(UKANMOHHOW HOpMBI cienyromas: 0,9 ans  mepkauka, 0,8 mos
Benmocuneaucta, 0,75 nns Oeryna. Hailtm BeposSTHOCTH TOro, 4YTO Hayjaady BbIOpaHHBIN
CIIOPTCMEH BBITIOJTHUT HOPMATHB.

3amaua 2. B mepBom simuke Haxomutcs 20 meraneidt (M3 HuUX 15 - cTaHAApTHBIX), BO
BTOpoM - 30 neraneil (24 cranaapTHBIX), B TpeThbeM - 10 ageraneit (6 cranmapthbix). Haiitu
BEPOSTHOCTh TOTO, YTO HayJady HM3BJICUCHHAs JAeTajb U3 HayAaudy BBHIOPAHHOTO SIIUKa OyJeT
CTaHJIapTHOM.

3anaua 3. Mmeercs yeTblpe KMHECKONa. BeposATHOCTH TOTo, YTO KMHECKOIBI BBIAEPKAT
rapaHTuiiHblid cpok. paBHbl: 0,8; 0,85; 0,9; 0,95. HaliTu BepOosSTHOCTh TOTO, YTO HayJady B3sITHIN
KHUHECKON BBLAEPKUT FrApaHTUKUHBIN CPOK.

3amaya 4. M3 momHoro Habopa KOCTEl NOMHMHO HayAady HW3BJIeYeHa KOCTh. HaiiTu
BEPOSITHOCTh TOTO, YTO BTOPYIO BBITAIICHHYIO HayJady KOCTh MOXHO OYJeT MPUCTaBUTHh K
IIEPBOM.

3amaua 5. B smuke coiepkutca TpU AeTald. B HEro mosjokeHa elie oJHa, MpuyeM
cranaaptHas. OnpenenuTb BEPOSITHOCTh W3BJICUECHUS U3 SILIUKA CTaHJIAPTHOM JIeTaju, €clid BCe
paccMaTpuBaeMble BapUaHThl PABHOBEPOSITHBI.

JdomamiHee 3aaHue:

Pemnre 3anaun:

1. BepositHoCTh cpabateiBanus curnanuzaropa Cl pasua 0,8, a curnanmzaropa C2 — 0,9.
BepositHocts npuobperenust C1 pasna 0,6, a C2 — 0,4. [lomydeH curHaa o HEMCIPABHOCTH
curHanmuzaTopa. Uro BepositHee: Ha 00bekTe ctout curnanuzatop C1 wmu C2?

2. Jnga ydacTusi B CTYAEHUECKUX OTOOPOYHBIX COPEBHOBAHMSX U3 MEPBON TIPYIIIbI
BBIJIEJICHO 4 YelloBeKa, U3 BTOPOH - 6, U3 TpeTbel -5. BeposATHOCTH TOTO, UTO CTYJEHTHI IEPBOH,
BTOPOU M TPEThEH TPYIIBI MOMAAyT B COOPHYIO KOMAaHIy MHCTUTYTA, PAaBHBI COOTBETCTBEHHO:
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0,9; 0,7, 0,8. K xakoif M3 rpymnm BeposiTHee Bcero OyAeT MNPUHAICKATh MPOU3BOJIBHO
BbIOpaHHBIN U3 COOPHON KOMaH/bI CTYACHT?

IIpakTHyeckoe 3ansitue Ne §

Tema: BerancneHre BeposSTHOCTEH coObITHH B cxeMe bepHysuiu.

Heanb: HayunThbcst BEIUMCIATH BEPOSTHOCTH CITydallHBIX COOBITUH B cxeme bepHyiiu

CpeacrBa o0y4yeHMsl: TETpaau JUIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, HTEepHET-
PECYPCBL.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTtpuTe TEOpeTHUECKHI MaTepUal MO TEME.

2. 3aKOHCTIEKTUPYUTE pellieHue TUIIOBOH 3a1a4u.

KoHTpoabHbIE BONPOCHI:

l. B kakux ciyuasx npumeHuma dopmyia bepuymn?
2. Korga yno6nee npumenuts Gpopmyiy Ilyaccona?
®opmyaa bepuyaiamn

[Tpumenenue Gopmyiibl bepHyIIH BO3MOXKHO MPH CIIEAYIOMIEH MOCTAaHOBKE 3a/1a4H.

HyCTB MMPpOBOAATCA n‘HCBaBI/ICI/IMBIX HCHBITaHHfI, B KaXIOM U3 KOTOPBIX MOKET
MOABUTHCA WJIM HE MMOABUTHCA HEKOTOPOC coObITHE Al I/ISBGCTHO, YTO BEPOATHOCTL IMOABJICHUA
AlB OAHOM HCIIBITAHUH pPaBHA PL a BEPOATHOCTH HECIOABJICHUA AlCOOTBCTCTBCHHO a=1—p,
HeO6XOI[I/IMO ONpCACIINTb BCPOATHOCTL TOI0, 4YTO COOBITHE AalOHSOﬁI{GT POBHO B k‘
HUCIIBITAHUAX U3 n‘.

®opmyna bepHynnu mo3BosisieT HAUTH BEPOSITHOCTh TOTO, YTO COOBITHE AlnpomofmeT
POBHO B k‘I/ICHBITaHI/ISIX u3 n‘.

P, =Cip a™| ()

K n!

Trac " kl(n—Kj!l| KOJIMYECTBO COUCTAaHUI M3 n ‘HO k‘

Ecnu xoimM4yecTBO MCIHBITAHUN n‘Z[OCTaTO‘-IHO BEIUKO (104 U BBIIE), & BEPOATHOCTH
IOSIBJICHUSA AlB OJIHOM HCIbITaHUU Mania (1o—=l u HIXKe), TO nmpuMeHeHne Gopmyisl beprymm
CBA3aHO CO CJIOXXHOCTAMH BBIYHCIUTCIBHOTO XapaKTepa. B stom ciIy4dac yL[06Hee IIPUMCHHUTD
dbopmyny Ilyaccona, kotopas maeT BO3MOXHOCTh 00Jie€ MPOCTO TOJYYHUTh AHAJOTUYHBIC

pe3yJIbTAThI:
k
P (k)= 2o
rae A=n-4.

[Tpumensst Boipaskenus (0) u (1), MOKHO HalTH BEPOSATHOCTU OOJIEe CIOKHBIX COOBITHI:

a) MOSIBJICHHE COOBITHS Al venee k ‘pa3 g N ‘I/ICHI:IT&HI/I?IX
P.(0)+P (D+....+P (k —1)|, @)

0) nosiBieHHE COOBITUS Al Gonee k ‘pas g N ‘I/ICHI)ITaHI/IHX
P, (k+1)+ P, (k+2)+......+ P,(n).. 3)

B) TIOSIBJIEHUE COOBITHUS Al e menee K ‘pas g N ‘I/ICHBIT&HI/IHX
P, (K)+ P, (k+1)+....+ P,(n) . &)
3

T') MOSIBJICHUE COOBITHS Al e Gomee K ‘pa3 g N ‘I/ICHBITaHI/ISIX
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P (O)+P (D)+.....+ P, (k)l' )

Pemenue THIIOBBIX 33724

I Tun 3apau. Venosue 3adauu: Cuctema >MeKTpOCHAOKEHHUS 3aBOJIa BKIIIOYAET BOCEMb
OJIHOTUITHBIX arperaToB, KaXIbld M3 KOTOPBIX HAXOAWTCSI B paboYeM COCTOSHUU C
BepossTHOCTHIO 0,9. OnpenenuTs BEpOSTHOCTh TOTO, YTO:

1. BCE arperatbl HaXOAATCs B pabO4YeM COCTOSHUMY;

2. BBIIIUIO U3 CTPOSI MEHEe 3 arperaTos;

3. B pabo4yeM COCTOSIHUU HaxoJATcs He Ooiee 6 arperatos;
4. BBIIIIJIO U3 CTPOsI HE MEHEE 2 arperaTos.

Pewenue

1) Al- BCE arperatbl HaXOATCS 8 paboyem COCMOsHUU
n= 8\; k=8
p—oo, @=1-09= 0,14;

_ 8 8 o __ 8! N 8 _
Py(8) = C{ -0,97:01" = —~--0,9 _0,43{

AHanoruuHslil pe3ynbTaT MOKHO MONY4YUTh, peliast 3Ty 3aady OT 0OpaTHOro, T.e. Al 1
OZIUH arperar He svlitesl U3 cmpos

n= 8\; k=0

p=1-09=01

. - 0,9
’q 3

_ 0 0 8 __ 8! 8 __
R(0)=Cy-01"-0,9" = = -09" =0,

Crnenyer oOpaTuTh BHUMAaHHE Ha TO, YTO BEPOSATHOCTh TOSBICHHS COOBITHS B OJHOM
ueniranmn Pl dopmyse bepHymM 3aBUCHT OT TOrO, Kakoe coObITHE aHaynu3upyercs. Tak, B
NIEPBOM BapUaHTE pEIIeHHs # — ©-9- 3TO BEPOSTHOCTH pabouero COCTOSIHUS, a BO BTOPOM
P = 0.1- 3TO BEPOSTHOCTb BBIX0JIA U3 CTPOSI.

2) AL o us cmpos meHee 3 acpecamos, T.€. 0, 1, 2 arperara.

J1yist BBIYHCTIEHUS] BEPOSTHOCTH UCTIONB3yeM Gopmyiy (2)

n:8‘; =01 2;

P=01; q=09;

P,(0)+P,(1)+P(2)=C"-0,1°-0,9° +C!-01'-0,97 + C?-0,1”-0,9° =

=0,9° + 8 0,1-0,9” + 8 0,1°-0,9° = 0,96.

u7t 216!

3) Al pabouem cocmosanuu HaXoAsITCs He bonee 6 azpecamos (0T 0 110 6).

n:8‘; k=0,1,2,3,4,5,6]

p =09 qg=0.1]

J1J1s1 BBIYMCIICHHS BEPOSTHOCTH MOXKHO IMTPUMEHUTD ISl BhIUUcIeHus hopmyiy (5)

P (0)+ R, (1) + P,(2) + B(3) + R (4) + B,(5) + R, (6)|

B stoMm ciyuae TpeOyeTcs MpPOU3BECTH JOCTATOYHO CJIOXKHBIE BbIYMCICHUS. OnHAKO
MO>KHO UCIIOJIb30BaTh 0oJiee MPOCTON MpUEM I PELIeHUs 33a]Jauu, €CIIM yUeCTb, YTO

P.(O)+P,()+P,(2)+....+ P, (n)= 1\’

TIOCKOJIBKY IMEET MECTO TOJTHASI TPYTINa COOBITHIA.

Torma HCKOMYIO BEpOSTHOCTh MOXKHO OMPEICITUTh CIETYIOIUM 00pa3oM:
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1-[B(7)+B®)]=1-|C] 09701 +C} 09" -01°| =1-[8:097-0.1+09"| = 0,187,
4) AL o us cmposi He meHee 3 azpe2amos.

n= 8" k=348

BeposTHOCTH COOBITHS Alvoxer Gurts BhmCTEHA TTO dbopmyne (4)

P,(3) + By(4)+ By(5) + B, (6) + B, (7) + P,(8)

Hcrnonb3yemM pacCMOTPEHHBIN BBILIE IPUEM, BBIUACIUM BEPOSTHOCTh BbIXoAa U3 ctpos 0,
1, 2 arperaToB u3 8, a 3aTeM OINPEACIUM HCKOMYIO BEPOSITHOCTD CIEAYIOIINM 00pa3oM:
1-[R,(0)+ B,(D) + B,(2)] =1—-[C - 01°-0,9° +C -0,1' - 0,97 + C? - 0,1* - 0,9°] =

= 1—{i -0,9° +i0,1- 0,9 + i0,12 -0,96] =0,038.
0! 8! u7 216!

II Tunm 3apad._VYcnosue 3a0auu: B 1iexe METaTypruyecKoro 3aBOJia HCIIOIb3YETCS
rpynna u3 100 OgHOTHUIIHBIX AIEKTpoABUTaTeNieid. BeposTHOCTh BBIXOJIa M3 CTPOS KaxKJI0TO
anektponaBuratens paBHa 0,02. OmpenenuTh BEpOSTHOCTH TOTO, YTO B pabOYeM COCTOSHHUH
HaXOJUTCS HE MeHee 98 3JIeKTpoIBUTaTENeH 1exa.

Pemenue

Jns ompenencHUsT BEPOSATHOCTH HAXOXKICHUS B pabovyeM COCTOSHMHM HE MeHee 98
ANIEKTPOJBUTATENEH MOKHO UCIIOJIb30BaTh BhIpakeHue (4)

Pioo(98) + Py (99) + Py (100)
e =100/ k =98, 99,100

ra

P = o,gq; q —0.02],

5

B stoMm ciydae TpeOyeTcs MPOBECTH CIOXHbBIE BBIYMCICHUS. 3HAUUTENIBHO YHPOCTUTh
pElIeHnEe MOXHO, €CIM INEPEUTH K OINpEeAeNeHUI0 BEPOSTHOCTM BbIxoma w3 crpos 0, 1, 2
3JIEKTPOJABUTraTENeH, YTO IMOJIHOCTHIO COOTBETCTBYET HAXOXJIEHUIO B pabouyeM COCTOSIHUU He
MeHee 98 anekTpoaBUTaTenei

Poo(2) + Py (D + Py (0)

rae n:IOOL k=01 2;

P=002; g= o0.98]

IMockonmeky 11 ‘I[OCTaTO‘IHO 6ombmoe, a P - Maslo, ynoOHee MCI0Jb30BaTh (opmyiry
ITyaccona (1)
A=n-p=100-0,02=2;
2 1 0

T L e’(2+2+1)=0,677.

2! 1 o
Jdomamnee 3aganue:

1. Haiitu BepositHOCTH TOTO, 4TO MpH 400 MCHBITAaHUSX COOBITHE HACTYNMHUT poBHO 104

pasa, eciu BEPOSITHOCTh €Tro MOSBIICHUS B KaXJI0M OnbITe paBHa 0,2.

IIpakTH4eckoe 3ansaTHE Ne 6
Tema: Perienue TUNOBBIX 3a/a4 Ha BBIYHUCIEHHUE BEPOSATHOCTEH COOBITHII B cxeme
bepnymn.
Heab: HayunThCst BHIYUCIATH BEPOSTHOCTU CIIy4alHBIX COOBITUH B cxeme bepHyu
CpeacrBa o0y4yeHMsl: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, VHTEepHeT-

pecypcehl.
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Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. Pemmure 3amaun.

Peminre 3apaun

3agava 1. B uexe umeercs 6 MOTopoB. BeposITHOCTh TOr0, YTO MOTOP B TAHHBI MOMEHT
BKIItOUeH, paBHa (,8. HaiiTu BeposSTHOCTb, YTO B IaHHBII MOMEHT:

a) BKIIFOYEHO 4 MOTODA;

0) BKJIFOUEHBI BCE MOTOPBI;

B) BBIKITFOUCHBI BCE MOTOPHI.

3amava 2. HaliTu BEpOSTHOCTH TOTO, YTO COOBITHE A TOSBUTCS B MATH HUCIBITAHUAX HE
MeEHee JIByX pa3, €ClId BEpOATHOCTD MOSBJICHUS €T0 B K&YKJOM UCIIBITaHUU paBHa 0,3.

3amava.3. Monety OpocaroT 6 pa3. HaliTu BEpOsSTHOCTH TOTO, YTO TepO BHIMIAICT:

a) MEHee JBYX pas3;

0) He MEHee JIBYX pas.

3amaua 4. BeposTHOCTH TmOMajaHusi B 1eJb NpU OJHOM BbIcTpene paBHa 0,9.

BeposTHOCTE mOpakeHus LENH Mpu k ‘Honanaﬁymx paBHa *—«at. HaifTu BepoOSTHOCTBH TOTO, YTO
1enb OyeT YHUUYTOXKEHA, €CIIH CeJIaHo 2 BhICTpEIIa.

3anavya 5. BeposTHOCTh MoOpa)k€HHsI MUILEHU MpU OJHOM BbIcTpene paBHa 0,75. Haiitu
BEpPOSITHOCTH TOTO, YTO MuIIeHb 1pu 100 BeICTpenax OyAeT mopaxeHa:

a) ue meHee 70 u He 6onee 80 pas;

0) He 6ostee 70 pas.

Jdomainee 3agaHue:

1. CoObiTHE B mosiBUTCS B TOM ciiydae, €CiM COOBITHE A TMOSBUTCS HE MEHEe JBYX pas.
Haiitu BeposITHOCTB TOTO, YTO HACTYHHUT cOOBITHE B, ecnu Oynet mpousBeseHO 6 HE3aBUCUMBIX
OTIBITOB, B KaYKJOM U3 KOTOPBIX BEPOSATHOCTD MOsIBICHUS cOObITHS A paBHa 0,4.

IIpakTH4eckoe 3ansaTHE No 7

Tema: Pemenne 3a1au Ha 3anuck pacnpenenenus JICB.

Hesab: HayunThCst BHIYUCIATH BEPOSTHOCTU CIIyYalHBIX COOBITUI

CpeacrBa o0y4yeHMsI: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, HTepHeT-
pecypcesl.

Coaep:xkanue ¥ NOPSAI0K BbINOJTHEHUS padOThI:

1. PaccmoTpuTe TeopeTuuecKii MaTepral o TeMe.

2. 3aKOHCIIEKTUPYITE pelIeHNnEe TUTIOBOM 3a1a4Hu.

3. Pemnre 3amaumn.

KonTposbHbIE BONPOCHI:

1. [lonsiTME JUCKPETHOM CIy4YallHOM BEJMYWHBI, HENPEPBIBHOM  CIy4alHON
BEJIMYMHBI, psijia pacupeaeneHus, GyHKIUN pacipeaeIeHHUs.

2. 3aKOHBI paclpeeeHUs CIIy4YaiHbIX BEJIUYMH.

3. Ot yero 3aBUCUT (pOopMa IpeACTaBICHUS 3aKOHA PACIIPEICIICHHS.

3aKoOHBI pacnpe/jeieHUus JUCKPEeTHbIX C/Iy4YaUHbIX BeJIMYUH

CayuaiiHOH Ha3bIBAIOT BEJIMUMHY, KOTOpas B PE3YyJIbTaTe OIbITA CO CIIy4alHBIM UCXO/I0M
IIPUHUMAET OJHO U TOJIBKO OJHO BO3MOXKHOE 3HAUYCHHE, 3apaHEe HEU3BECTHOE U 3aBUCALLEE OT
Clly4aiHbIX TpuuuH. Bee cimyualinbpie Benuunnbl (CB) nensitcs Ha JUCKPETHbIE U HENPEPBIBHbIE.

JuckpeTrHoii Ha3blBalOT cay4daiiHyww BeauunHy (/ICB), xotopas mnpuHHMaer
OTJIEJIbHBIEC, N30JIMPOBAHHBIE 3HAYEHUS C ONPEEICHHBIMU BEPOATHOCTIMHU. B KauecTBe mpumepa
MO>HO IIPUBECTU BEIUYMHY X, PAaBHYIO KOJUYECTBY arperaroB 3HEPrOCUCTEMBI, BBIICAIINX U3
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CTposA, WM Y, PAaBHYIO BO3MOXHOMY KOJHMYECTBY TpaHC(HOPMATOPOB pa3iIMYHONH MOILHOCTH,
KOTOpBIE MOTYT OBbITh YCTAHOBJICHBI B CUCTEME 3JIEKTPOCHAOXKEHUS paiioHa.

HenpepsbiBHOII Ha3biBaoT ciayydaiinyro Besnyuny (HCB), kotopas MoxeT npuHUMATh
BCE€ BO3MOXHBIC 3HAUYEHUS U3 HEKOTOPOr0 KOHEYHOIO WM OECKOHEYHOIOo MPOMEXKYTKA.
Hanpumep, 3HaueHHs HaIpsDKEHUH, TOKOB, ITOTOKOB MOIIHOCTH IO JIMHUAM 3JIEKTPOIIEpEnad,
KOTOpbIE M3MEHSAIOTCS CilydallHbIM OOpa3oM 3a CYeT CIIy4allHOrO H3MEHEHHs Harpys3ku B
HEPrOCUCTEME.

bunoMuanbHOE pacnpenesieHne

Takoii 3aKkoH pacmpenenenms xapakteper mms JICB X :k‘, rae k‘- KOJIM4ECTBO
MOSIBJIEHUI COOBITHS AlB n‘H@SaBI/ICI/IMBIX HUCIIbITAHUAX. I/I3B€CTHO, 4YTO BECPOATHOCTD IMOABJIICHHUA

AlB OJTHOM HCIIBITAHUW OJMHAKOBAa M paBHA p | Orcrona BuaHO, 4ro X ‘MO}KGT MIPUHUMATH

sauerns ot 0 go 1 , @ BEPOATHOCTh KaXKJIOTO ! BEIYUCIIAETCS 110 hopmyie bepHyiu.
X =k
0
1
2

|

N e
2,0}
=, (1)

2,023

2, )

P,(k)=C,p“q"™"
B mpaktudeckux pacderax OWHOMHAILHOE pacmpeselieHne 4acto coorBerctByeT J[CB
Y= k‘, rae k|— KOJIMYECTBO BBIMIEAIINX U3 CTPOS (MM HAXOMSIIMXCA B paboueM COCTOSIHHH)
arperaToB YHEPrOCUCTEMBI, II€Xa, OTACIBHBIX OJIOKOB TEXHHUYECKOTro ycTpoictBa. Korma n‘
JIOCTATOYHO BEJIMKO, a p |Mano, s onucanus JJCB ucnonsiyercs 3akoH Ilyaccona. Ilpu stom
BEPOSATHOCTH MOSIBIICHHSI | BRIUUCIIAIOTCS 110 popmyite [TyaccoHa.
X =k
0
1
2

hnS

LCED|

q

co}
)

2}

N

7

LK

(€2

P, (k) = %e”{
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I'eomerpuueckoe pacnpeneaenne cootserctByer JICB X ‘, paBHOM k‘- YUCILy
UCTIBITAHNH, KOTOpble HEOOXOIMMO MPOM3BECTH IO TOSBICHUS COOBITUS Al, T.. B k_ll
nererranmii Alre mosmsOCH. BeposTHOCTB NOSIBIICHUS Al KaXIOM HCIBITAHUH paBHA P |, HE

IIOSABJICHUS - q‘

P
p-q

pa?|

pa~
P(X = k) = pq*]
I'unepreomeTrpuyeckoe pacnpeaeaeHue
[IpuMensieTcst ipu yCIIOBUM 3aJ]a4M, CBOASIIEMCS K CICAYIONIEeH TOCTAHOBKE: B ypHE a ‘-

6enbix, D ‘- YEpHBIX [IAPOB, U3 HEE BBIHYJIN n‘mapOB. Haiitn BeposTHOCTH TOTO, YTO m ‘HIaPOB

- 6enbix. Takum o6pazom, X L JICB, pasmas anciy 1 ‘6enmx 1apoB U3 n‘.
X
0
1

I/I3n

2]

me~n-m
Ca C'b

n

at+b

PemeHue TUIIOBOM 3aJa4yH

P =P(X=m)=

TexHHuecKkoe YCTPOHCTBO COCTOMT W3 TpeX (YHKIMOHAJIBHBIX OJIOKOB, KaXIbIH W3
KOTOPBIX BBIXOJUT M3 CTPos ¢ BeposTHocThIo 0,3. Juckpernas CB X - 3T KOJHYECTBO 0JI0KOB,

BpimeaAmux u3 crpos. Iloctpouts mis JICB X ‘ PSAI pacTpeneieH s, ONPEAeTUTh (YHKIIUIO
pacnpezieneHusi, IoCTpouTh rpaduk QYHKIUU pacipe/leIeHHUs.
Pewenne

a) duckpernas CB X ‘MO)KeT npuHuMaTh 3Hauenus 0, 1, 2, 3.
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[TockonbKy TIOCTAaHOBKA 3a/la4ll  COOTBETCTBYET OHHOMHAJIbHOMY 3aKOHY, JUIS
BBIYHMCIICHHS BEPOSATHOCTEHN HcTonb3yem dopmyny beprymm (1.21):

P,(0)=C?-0,3°-0,7* = 0,343;

P,(1)=C;-0,3'-0,7* =0,441;

P,(2)=C;-0,3°-0,7' =0,189;

P,(3)=C2-0,3°-0,7° =0,027.

YR =1

J1s mpoBepKH MPaBUIIBHOCTY BBIYMCIICHUHA HAWIEM, 4TO =1
P(0O)+P D+ P(2)+P,(3)=0,343+ 0,441+ 0,189+ 0,027 = 1.‘

Psn pacnpenenenus JICB X ‘I/IMeeT BU]I
X

0,343
0,441
0,189
0,027

0) Ucnonszys (1.20), 3anmummem GyHKIHUIO paclpefesieHus + <X laHaJTUTHYECKH, a 3aTeM
MOCTPOUM ee Tpaduk
0 npu x<0
0,343 npu 0O<x<1
F(x)=40,784 npu 1<x<2
0,973 npu 2<x<3
1 npu x>3

I'padux Gpynkunu pacnpeaenenus JJCB X :

F
1 _____

0973 — — ";'_

0,784(— —I—I

|

0,343 —I

|

1

|
o
L
L
| .
2 3

X

Jdomamnee 3aganue:
1.CocTaBuTh 3aKOH pacmpeieNieHus CIIy4ailHOM BeIWYMHBI X, BO3MOXKHBIC 3HAYCHUS

KOTOpoil paBHbL: X:=2X:=5X.=8| }]3pecTHEl BepOATHOCTH IEPBBIX IBYX BO3MOKHBIX

sHageHmi: B =0.4. P, =0.15

IIpakTH4eckoe 3ansaTHe Ne 8

21



Tema: I'paduk. CBoiicTBa yMCIOBBIX XapakTepuctuk JJCB

Heab: HayunThcst BEIUKCIISTH BEPOSITHOCTH CITyYalHBIX COOBITUIN

CpeacrBa 00y4yeHHs1: TETpaaM ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHNA, VIHTEepHET-
pecypcehl.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHHS PadOThI:

1. PaccMoTpuTe TEOPETUYECKUI MaTepHall MO TEME.

2. 3aKOHCIIEKTUPYWTE PELICHUE TUIIOBOM 3a1a4u.

3. Pemwure 3amaun.

KoHTpoJibHBIE BONIPOCHI:

1. TloHsiITHE TUCKPETHOM CIy4YallHON BEJIMYMHBI, HEIPEPHIBHOM CIIyyallHON BETWYUHBI, psaa

pacripeneneHusi, pyHKIUH pacrpeeneHusl.

2. 3aKOHBI pacIpeIeIeHNs CIyYaHbIX BEJINYMH.

3. Ot yero 3aBucUT (hopMa PECTABICHUS 3aKOHA pacIpeeTICHUS.

3aKoHBI pacnpe/jeieHUs JUCKPETHbIX C/Iy4YaWHbIX BeJIUYUH

Hawnbonee monHON XapaKTepUCTUKOW JFOOOW CIIydyalHOW BEJIMYWHBI SIBIISIETCS 3aKOH
pacnpeznenenus. @opma MpeACTaBICHUS 3aKOHA PACIpEAeSeHUs] 3aBUCUT OT BMJA CIy4alHOM
BesmunHbl. s JICB mox 3akoHOM pacnpenesieHHs MOHMMAETCSI COOTBETCTBHUE MEKIY €€
BO3MOXXHBIMH 3HAUEHUSIMU U UX BeposTHOCTAMU. [Ipu aTom 3akoH pacnpenenenus JICB moxer
OBITh 3aJ1aH CIEAYIOIIMM 00pa3oM:

mabauyHo — B BUJIE PAA pacnpe/iesieHust

X

X1

le

X3|

x|

n

Lp=

i=1
P|
2l
]
=S

2

ananumuyecku — B BUJIE ABHOM Qpynkmun X = x> = Y(Xr)L

HaIpuMep, 3TO MOXKET OBbITh popmyiia beprymm

B,(k)=Ckp“q"™

C TOMOWBI (PYHKIMH pacnpeeeHus £ >3, KOTopas SBISETCS yHUBEPCATBHOM

XapaKTepUCTUKON 3aKOHA paclpeaeaeHus 1 He 3aBUcUT oT Bujga CB
F(x)=P(X < x);

(=) =0;

F(+oo)=1.
F s JMCKPETHBIX CB byHKIUS
pactipeneneHus £ <~J  —  93T0  HeyOBIBaromas,
[ S — pa3pbiBHas ~ cTymeHYaTas  (QyHKIHs,  KoTopas

P! rpaduyecku s psiia U3 TpeX 3HAYCHUH UMEeT BUJT
|

F_

pjr 22
X, 0| X5X5 X




3
Z p =1
P}

epaghuuecku — B BUJI€ MHOTOYI0JILHMKA pacnpe/iejeHus, KOTOPbI CTPOUTCS [0 TOYKaM
(~.- »l) B nexapToBoli cucTeMe KOOpAWHAT | Ui psijaa u3 Tpex 3HadeHuit JJCB moxer umersb
BH/T

P

P+

P
P

xl xz XBX IIPAKTHYCCKUX pPaCYC€Tax MOXKHO BBIJICIUTH CJICAYIOIINC

B kagectBe Hamboiee YacTO HCHOIB3YEMbIX B

BU/JIbI 3aKOHOB pactpenenenus s JCB.

Pemnre 3agaum:

1. BeposTHOCTh poOXIeHHS B ceMbe Manpuumka paBHa 0,515. CocraBuTh 3aKoH
pacnpeneneHusl CiydalHOW BEIWYMHBI X — 4YuClIa MaJbYUMKOB B CEMbSX, UMEIOIINX YEThIPEX
neteit. [loctpouts rpaduk pacnpeaeneHus

BepoATHOcTel. HaliTh  marematuyeckoe  OXUIaHWE, JUCIEPCUI0 M CpelHEee
KBaJpaTUYECKOE OTKIOHEHHUE.

2. BepoATHOCTB TOr0, YTO MOKYNAaTellb COBEPUIUT MOKYNKY B marasune, 0,4. CoctaBuTh
3aKOH pacHpeseNieHus Cly4ailHOM BETMYMHBI X— 4yucia MOKyNaTelnei, COBEPIIUBIINX MOKYIIKY,
ecnu MarazuH nocetwno 3 mokynarens. HaliTu marematnueckoe OKHIAHWE, IUCIEPCUI0 U
CpelHee KBapaTUUeCKOe OTKIOHEHUE CIIy4ailHOM BEIMYMHBI X.

3. B rpymme u3 10 cmoprcmenoB 6 MacrepoB crnopra. OtOuparoT (mo cxeme 0e3
BO3BpalieHus) 3-x crnoprcMeHoB. COCTaBUTH 3aKOH paclpeieNieHus] clydailHOW BETUYMHBI X-
quciia MacTepoB CIOpTa U3 OTOOpaHHBIX cIOpTCMeHOB. HaiiTm maremaTuueckoe OXHIaHUE
CIIy4alHOM BEJINYHHBI X.

JlomamiHee 3aaHune:

1. UrpanpHas KocTh OpolneHa Tpu pas3a. HamucaTh 3aKkoH pacmpeeNieHus ducia
MOSIBJIEHUI «IIECTEPKI.

IIpakTnueckoe 3ansitue Ne 9
Tema: ®opmyna bepHysun. 3aK0H pactpeeneHus Cly4YalHON BEJIMYHUHBI.
Leab paGoThbl: HAYYUTHCA NPUMEHATH (GopMyny bepHymm s cocTaBiaeHUs 3aKOHA
pacrpeiesieHus CITy4aiiHOW BETMYMHBI, N300pakaTh 3aKOH TpaduuecKu, HaXOIUTh BEPOSITHOCTH
KOHKPETHBIX 3HAYECHUM CIy4YaliHOW BEJIUYUHBI.
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Oo6opynoBanue: IBM PC, Mathcad
Teopernyeckue 000CHOBAHUA:
1. ®opmy.aa bepuyiin

[lycTh pOM3BOAUTCS KOHEYHOE YHCIIO OJIMHAKOBBIX MCIBITAHUM, B pPe3ysbTaTe Ka)10Ir0o
U3 KOTOPBIX MOXKET MPOM30UTH WM HE MPOU3ZONTH HEKoTopoe coOwiTue A. byaem cuurtath, 4yTO
BEPOSITHOCTH COOBITHS A B KaKJOM HCIIBITAHUU OJlHA U Ta ke P(A) = p U HE 3aBHCHT OT TOTO,
MPOU30MAET WM HET cOoObITHE A B JPYrMX MCIBITAHUAX. Takue HUCHBITAaHUS Ha3bIBAIOTCA
nezagucumvimu. Haiinem BepoSITHOCTh TOTO, UTO CPEJI N HE3aBUCHUMBIX UCIBITAHUN cOOBITHE A
Mpou30ieT poBHO m pa3. Mckomyro BepoATHOCTh 00o03HauuM P,(m) u 11 ee HaXOXKIEHUS
ucnoinbzyem gopmyny bepuynnu:

Py(m) =n!/(m! - (n—-m)!) - p™- (1 —p)" ™
Ipumep 1

BepositTHOCTh momamaHusi B 1eJib MPUH OJHOM BbIcTpene cocrtabisier p=0,8. Haiitu
BEpPOSITHOCTH YEThIPEX MOMaJaHUM MPU IECTH BhICTPEaX.

Pemenue

3necs n =6, m =4, p =0,8. [To popmyne bepHynnu Haxoaum
Ps(4)=6!/(4! - (6-4)!)-0,8" - (1-0,8)° *=0,246.

2. 3aKkoH pacnpeesieHUs CJIY4ailHON BeJUYUHbI

Cnyuaiinoii éenuuunoll Ha3bIBACTCS IEPEMEHHAs BEJIMYMHA, KOTOpasi MOXKET MPUHUMATD
T€ WM WHBIE 3HAYEHHS B 3aBUCUMOCTH OT ciydas. CiydaiiHble BeIMYMHBI 0003HAYAIOTCA
MPOMUCHBIMA OyKBamMHu JIaTUHCKOrOo andapwura: X, Y, Z W T. 1., a WX 3HAUCHUST —
COOTBETCTBYIOIIUMHU CTPOYHBIMH OykBamu: X, Y, z u T. II.
CrnydaifHple BEJMYMHBI JENSTCS Ha JTUCKpeTHble (WM TIPEphIBHBIE) W HEMPEpPHIBHBIC.
CrnydaiiHasi BeIMYMHA HAa3bIBACTCS OUCKPEMHOU, €CIIM MHOXECTBO €€ 3HAYEHUH KOHEYHO WU
CYETHO, T. €. MHOXECTBO €€ 3HAYCHUH MpEeJCTaBIseT CO00 KOHEUHYIO MOCIEI0BATEIbHOCTD X1,
X2ye.ns Xn HIIH OECKOHEUHYIO IMOCIIEJOBATEIIbHOCTD X1, X2y .ty Xny. ...
OyHKIMSA, CBSI3bIBAIONIAs 3HAYEHHS] CIYyYallHOM BEJIWYMHBI C COOTBETCTBYIOIIMMH UM
BEPOSITHOCTSIMU, HAa3bIBACTCS 3AKOHOM pacnpedenenus AUCKPETHOU ciaydyallHON BennuuHbl. Ero
yI00HO 3a71aBaTh B BUE CIEAYIOMICH TaOIUIIbI:

3HayeHNu X; X1 X X3 Xn

BepositHOoCTH pi p1 p2 p3 Pn

Tabanna 1. 3axoH pacnpezeneHus Ciy4aiiHON BEJIUYUHbI
Cobpirmst X = x; (1 = 1, 2, 3, ..., n) SBISIOTCA HECOBMECTHBIMH M EIUHCTBEHHO
BO3MOXKHBIMH, T. €. OHH OOpa3ylT TOJHYI0 CHCTeMy coObiTHii. [loaTomy cymma wux

BCpOHTHOCTeﬁ paBHa CAUHULIC:

pitp2tpst...+tpn=1.
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IIpumep 2

Pa3wirpeiBaroTcst IB€ BEIIM CTOMMOCTBIO MO 5 THIC. py0. M OJHA Bellb CTOUMOCTHIO 30

ThIC. py0. COCTaBUTH 3aKOH paclpepeNeHUs] BBIUTPHIIIA IS YeI0BeKa, KYMUBIIEr0 OJANH OUIIET
n3 50.

Pemenue
Hckomas ciydaiiHasi BeIWYMHA X MPEACTABISIET COOOW BBIMTPHIIN U MOXET NMPHUHAMATh

Tpu 3HaueHus: 0, 5 u 30 TeIC. pyO. IlepBoMy pesynbTaTy OnaronpusitcTByeT 47 cCllydaes,
BTOPOMY PE3YyJIbTATY — JIBA CIIy4ast U TPETbEMY — OAMH cilydail. HaiiieM uxX BepOsITHOCTHU:

P(x1) =47/50 = 0,94;

P(x2) = 2/50 = 0,04;

P(x3) = 1/50 = 0,02.

3aKOH pacnpeieNIeHHs CIIy4YallHOW BEJTUYUHBI UMEET BUJ]

3HaYCHUS X; 0 5 30
BepositHOCTH D 0,94 0,04 0,02

B xagecTBe MpoBEpKHU HaAEM
P(x)) + P(x2) + P(x3) = 0,94 + 0,04 + 0,02 = 1.
IIpakTnyeckoe 3ansaTue Ne 10
Tema: bunomuHanbHOE pacnpeneieHne

Heap padorbl: HayuyuThCcsl MPUMEHSTH (GopMyiy bepHymum ans coctaBieHus 3aKoHa
pacripeniesieHus CIly4aifHON BEITHMYUHBI, N300paXkaTh 3aKOH TpaduyecKy, HAXOJUTh BEPOSITHOCTH
KOHKDPETHBIX 3HAaUEHUI CIIy4allHOU BEJIMYMHBI.

Oo6opynoBanue: IBM PC, Mathcad
Teopernyeckue 000CHOBAHUA:

[lycTes mpoOW3BOAMUTCS OMPEAENIEHHOE YUCIO N HE3aBHUCHUMBIX HCIBITAHWMA, MPUYEM B
KKIOM M3 HUX C OJHOW M TOM kK€ BEPOATHOCTHIO MOXKET HACTYMHTh HEKOTOpPOE COOBITHE A.
Paccmotpum ciyuaitnyro BenmuuuHy X, MPEACTABIISIONIYI0 COOOM YMCIIO HACTYIJICHUN COOBITHUS
A B n uCHbITaHUSAX. 3aKOH €€ paclpeeiIeHUs] UMEET BUJT

3HaYeHU X; 0 1 2 n

BeposTaocTn PA(0) P.(1) P.(2) s Pu(n)

bi
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rje P.(m) BBIYHMCIISTFOTCS 1o dbopmyne bepnymn.
3aKoH pacmpeseneHusl ClydyailHoi BennMuuHBl X, KOTOPBIM XapaKTepU3yeTcsl TaKoil TaOIuIeH,
HA3bIBACTCS] OUHOMUAILHBIM PACHPEOEIeHUEM.

IIpumep 3
[To Mumenu crpenstor 10 pa3, npuyeM BEpOSITHOCTH OMNAJaHusl IPU OJJHOM BBICTpEIe
paBHa 0,2. Mcnonb3ys maremarndeckuil maker nporpamm Mathcad, BeImosHuTH ciepyromme

3aJaHUA:

1) CocraBUTh 3aKOH pACIPEICICHUS CIy4ailHOW BEMWYMHBI X — YUCIIO MOMaJaHUi B

LEJIb.

2) N306pa3uth rpadudecku 3aKO0H pacrpeneieHus.
3) Haittn HanMeHee BEPOSATHOE YUCJIO0 MOMaIaHui.
4) Haiitn HauboJee BEPOSITHOE YUCIIO MONaAaHUM.

5) Onpenenutb BEPOSITHOCTh TOTO, YTO YUCIIO MONAAaHUN
a) m > 6; 0) m < 5; B) meHee 4; r) He MeHee §; 1) 6oree 2, HO HE Oosee 7
Pemenue

1) CocTaBuM 3aKOH paclpe/ieleHHs JaHHOU ciiy4aiiHoi BenuuuHsbl (<PucyHok 1>).
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Pucynox 1. CoctaBieHue 3akoHa pacnpeiesieHus Cy4aiHON BETMYUHBI.

Ipumeuanue: YtoOnl 3amaTh B Mathcad 3HaueHHs m, HAJO KCIONH30BATH KIIABUIIY
[ ; ], B pe3ysbTaTe Ha SKpaHe MOSBUTCS CUMBOJI .. [lomydyennbpie 3HaueHnss m u P(m) HeoOxoaumo
3amucaTh B BHJE CTAaHAAPTHOW TaOMUIBI 3aKOHA pachlpeieNieHus] CIyd4alHOW BeTMYHHBI
(<Tabmuma 1>).

2) N300pa3um rpadudecky MOTyYeHHBINA 3aKOH pactpenenenus (<PucyHok 2>).
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Pucynoxk 2. I'pacuk 3akoHa pacnpeneneHus ciydyailHol BeTUUNHBI.

IIpumeuanue: Ilocie Toro kak OyneT BbI3BaH rpaduk, B HIUKHEE M0JI€ BBOJA BBEIUTE
MEPEeMEHHYI0 M, B JIEBOE IIOJIE BBOJA BBeAUTEe Ha3BaHWe (yHKmmu P(m). 3HaueHus s
MEPEeMEHHOI m 3aJar0Tcsl OT HYJIS J0 33JJaHHOTO MO YCIOBHUIO 3HAUYCHUS n. 3HaueHus A P(m)
3aJIal0TCS OT HYJISI 10 HauOOJbIero 3HaueHus P(m). 3aTeM BBI30BHUTE JBOWHBIM IIETYKOM JICBOM
KHOIIKM MBbIIK guanoroBoe okHo Formatting Currently Selected... m ycTraHOBUTE HYyXHBIC
¢bnaxku u nepexaouarenu (<PucyHok 3>).

Formatting Currently Selected ...

Oou Xy |Enenb|| Merin | Yronarin |
Dce X Oece 'Y
[T *ypran [ #ypHan
[+ Cerka [+ Cerka
¥ Hymepauma [+ Hyrepauus
¥ ApTowrkana ¥ AsTowrana
™ Nok. Maprept [ Mok Mapreps
[T AsroCerr: [~ Astoletra
Mz CeTow: M2 Cero:
fio »
Cruine Oeced

I Kopofikod

* Mepeceverse [ Daunakossie

" Her

(2].4 | OrraeHa l 1 £ I Cnpasxa |

Pucynok 3. OxHO ¢popmaTtupoBanus rpaduka.
3) Mcxoas U3 mosry4eHHOT0 3aKOHA pacIpeesieHusI CIIy4aiiHOW BETMYUHBI WU U3 €ro Tpaduka,

HailleM HauMeHee BEpOsTHOE YUCIIO MONAJaHuM, T. €. TaKOe 3HaYeHUe IIepEMEHHON m, IpU
KOTOpPOM BEpOSITHOCTh P(m) npuHuMaeT HauMeHblIee 3HaueHue. [ Hamero ciydasd m = 10.

28



4) Ucxoas u3 NOJy4yeHHOr0 3aKOHA paclpeesieHus CIy4aiiHOM BEJIMYMHBI WIH U3 ero rpaduka,

HaiijieM Hanbosiee BEPOSATHOE YHCIIO MONAaHHMH, T. €. TAKOE 3HaUeHHe NepeMEHHOI m, Ipu

KOTOpPOM BEpOSITHOCTh P(m) nmpuHuMaeT camoe Oosbliioe 3HaueHue. [ Haero cirydas m = 2.

5) Ucnionw3ys kHOTKy ? Ha aHenu McuuciieHne, BEIYUCITUM BEPOSTHOCTH MPHU 3a/IaHHBIX
3HAYEHHSIX MepeMeHHol m (<PucyHnok 4>).

. Mathcad lNpodeccrnoHanbHan Pycckana sepcusa - |

Lfﬂ $aidn [paexa Bmg Bctaeka DgpMat  MateMmatveka CuMBOmaka O
D~-=2zd &Y B o | MU=
| Nomal v || vial ~ljo ~|| B I U

10
a3 P(m)=8644x 1074
m=7
5 Hamm...@
0 Z P(m) = 0.994
m=10
3
B Z P(m) = 0.879
m=0 i de
3 Z P(m) = 7.793 x 10 LU R

m=23
7
I Z P(m) = 0.322

m=23

PucyHnok 4. Beinonnenue 3aianus 5.
IMopsinok BHINOJHEHUS PA0OTHI:

1. [TpopaboTaTh TEOpETUUECKUN MaTEepHa IO TEME.
2. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

3. IlosyuuTh BapuaHT 3a1aHUSI.

4. BINOTHUTH 3aJjaHUE.

5. Odopmuts otuer o pabdote.

KOHTpOJIl)HI)Ie BOIIPOCHI:

1. Kakas BennurHa Ha3bIBACTCS CIIyYatHONU?

2. Kakas ciyvaiiHas BeIMYMHA HA3bIBAETCS JUCKPETHOM?

3. Onumare cxemy beprymmu. Kakue aneMeHTapHbBIE COOBITHS TIOBTOPSIFOTCSI B 3TUX
HCTIBITAHUSIX ?

4. 3anmmute Gpopmyny beprymmu.
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5. UTto Ha3bIBa€TCsl 3aKOHOM paCIPE/ICICHUS CIIy4YailHOW BETUYUHBI?
6 Kakoii 3akoH pacnpezeneHus: Ha3bIBaeTCss ONHOMHATBHBIM?

IIpakTyeckoe 3ansaTue Ne 11

Tema: Beruncnenue xapaxkrepuctuk J{CB. Beiuncnenue (¢ moMoIpto CBONCTB)
xapakTepucTuk pynkuuii or ICB

Hean: HayunTtscs BbruncisaTh xapakrepuctuku JICB.

CpencrBa 00y4yeHHUs1: TETPaIu JUIsl BHITIOJIHEHUS NpakTHUeCKuX 3ansaTHii, MS Excel.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmMoTpuTe TEOpETUUECKHUI MaTepHrall IO TEME.

2. BcniomHuTe MEeTOAMKY BblunciaeHus xapaktepuctuk JICB.

3. 3aKOHCIIEKTUPYHUTE TIIOCCAPUA.

3. Beruucaure yncioBsle xapakrepuctuku JJCB npeioxeHHoro psna,
MIPOAHAIU3UPYHTE CMBICII ITOJTYYEHHBIX YUCIOBBIX 3HAYEHUHN BEJINYMH.

4. Ucnonp3yiite 1uisi TpOMO3AKNX pacueToB xapakrepuctuk JICB HancTpoiiky «Ilaket
aHanu3ay» npunoxkenus MS Excel

KoHTpoabHbIE BONIPOCHI:

1. [TonsiTHE MUCKPETHOM Cily4ailHOW BEJIMYMHBI.
2. Xapakrepuctuku [[CB.
I'noccapmit
Ne n/m
Ha3zBanue

(xapakrepuctuka JICB)
AJnroputM onpeaesaeHnss A GopMyJia BbIMUCICHUSA
Conep:kareJIbHbII CMBICJI
1
MorHoCTh psifia (c4er)
HOIIC‘-IGT KOJIMYECTBA 3JICMCHTOB
KonunuecTBo 351€MEHTOB psijia

MunumMyMm
ITonck MUHMMATBHOTO 3HAUCHHUS
MuHuManbHOE 3HaYEHUE ALl

Makcumym
ITonck MakCUMaabHOTO 3HAYEHUS
MaxkcumanbHOE 3HaUEHUE psla

Pazmax (Muatepnai)
BbruncnuTh pazHuIly MeXIy MaKCUMaJIbHBIM U MUHUMAJIbHBIM 3HAYEHUSMU
Pa3znuna Mexay MakcuManbHbIM U MUHUMAJIbHBIM 3HAYEHUSIMU
5
Cymma
CymMmupoBath Bce 3HAaUCHUS
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CymMa Bcex 3HaYCHHI

Mona
[Touck Hanboiee YacTO BCTpEUaIOIIeecs 3HaUCHUS
Haubonee uyacto BcTpeuaroieecs: 3HaUeHHE
7
Menunana
ITorck 3HaUeHUs psisia, KOTOPOE JACIUT PAHKUPOBAHHBIN PsiJ HA JIBE paBHBIC YaCTH
3HaueHue psga, KOTOPOE JACIUT PAaHKMPOBAHHBIN Psi/l HAa IBE€ PaBHbIC YacTU

8
Cpennee
1
X = ; - Z X;
Cpennee apupMeTHIECKOE BApUAITMOHHOTO psiia
9
Hucnepcus

D) =M{x -MQO))

s$=-".p
n-1

XapakTepu3yroT CTeleHb pa30dpoca BCeX 3HAYEHUI BApUALIMOHHOTO PsAZa OTHOCUTENIBHO

CpEIHEero 3HAYCHHS

10
CpennekBaapatuueckoe oTkiIoHeHue (CTaHAapTHOE OTKIOHEHHUE)

o(X) = D(X)|

_ 2
Sy =Sy

11

CrangaprtHas omunoka
«ITaker ananm3a» npunoxenus MS Excel
OrneHka cpeTHEKBaAPATUYHOTO OTKIOHEHUS! BBIOOPOYHOTO CPETHETO

12
ACUMMETPUYHOCTD
«ITaxet ananu3za» npunoxenus MS Excel
Br16opounbiii KO3DPHUITUEHT aCUMMETPUHI
13
DKcuecc
«ITaker ananuza» npmioxenuss MS Excel
Br16opounslii koaddumeHT sKciecca
Yucaosbie xapakrepuctuku JICB psga
pan -1
pan -2
pan-3
psan -4
psax -5
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Brruucnenne xapakrepuctuk JICB ¢ nucnonb3oBannem HaacTpoiiku «Ilaker ananuza»
npunoxxkenuss MS Excel.
1. Mcnionp3yst TEXHOJIOTUYECKYIO KapTy BeIUucIUTe Xapakrepuctuku JJCB.
TexHoJiornYeckasi Kapra
CepBuC — HAJACTPOMKH — MTAKET aHAIIM3a — aHAJIU3 JAHHBIX — ONKUCATEbHAsl CTAaTUCTHKA!
BXOJIHOM MHTEPBAJI — 110 CTOJIOIY — BBIXOIHOIM MHTEPBAJl — UTOTOBasi CTATUCTUKA — YPOBEHb
HaJIeKHOCTH

2. CpaBHUTE MOIy4YCHHbIE 3HAUEHUS C ITAJIOHOM, CJIEaiTe BBIBOIBI.
OTanoH.
pao - 1
pao -2
pAao -3
pao -4
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
CrannapTtHas omuOKa
0,269
CrannapTtHas omuOKa
0,342
CrannapTtHas omudKa
0,401
CrannapTtHas omudKa
0,619
Menunana
3,5
Menunana
3,5
Menunana
3,5
Menuana
5
Mona
4
Mona
4
Mona
5
Mona
5
CranapTHOE OTKJIOHEHUE
0,85
CranapTHOE OTKJIOHEHUE
1,08
CranapTHOE OTKIIOHEHUE
1,269
CranapTHOE OTKIIOHEHUE
1,958
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Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Okcuecc
0,1
Okcuecc
Okcuecc
Okcuecc
AcUMMETpUYHOCTH
AcUMMETpUYHOCTH
AcUMMETpUYHOCTH
AcUMMETpUYHOCTH
NHurepBan
NHurepBan
NHurepBan
NHurepBan
Munumym
Munumym
Munumym
Munumym
Makcumym
Makcumym
Makcumym
Makcumym
Cymma
Cymma
Cymma
Cymma
Cuer

Cuer

0,722
1,167
1,611
3,833

-1,0
-1,7
-2,1

35
35
35
35
10
10
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Cuer

10
Cuet

10

YpOBeHb HAJC)KHOCTH
0,608

YpOBeHb HAJC)KHOCTH
0,773

YpOBeHb HAJC)KHOCTH
0,908

YpOBeHb HAJC)KHOCTH
1,401

Jdomamnee 3aganue: [Ipoananu3npoBaTh BapuallMOHHBIA PsJT

IIpakTnyeckoe 3ansiTue Ne 12

Tema: Permenue 3amau Ha (hopMyITy T€OMETPUIECKOTO OMPEIEICHUS BEPOSITHOCTH.

Heab: Hayuntbes BHIYUCIATH BEPOSITHOCTH (JIJ1s1 OTHOMEPHOTO ClTydasi, Uil IBYMEPHOTO
ciiyyasi, Uil NpocTeHIuX (yHKIMA OT JBYX HE3aBHCHMBIX PABHOMEPHO paclpeenEéHHbIX
BEJINYHH)

CpeacrBa o0y4yeHMsl: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHET-
pecypcehl.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmoTpuTe pelieHne TUIIOBOM 3aJauu.

2. Pemmre 3ana4u.

KoHnTpoJibHBIE BONIPOCHI:

1.ITonsaTne OmHOMHUANBLHOTO pacnpenencHus, [TonaTne OMHOMUAIEHOTO pacIpeneeHHs.
ITonstue reOMETPUUYECKOTO pacnpeneneHus, XapaKTePUCTUKHU reOMETPUUYECKOTO
pacnpeeseHusl.

2.Ilonatue  OMHOMMATIBHOTO  pPACHpPEICNCHHS, XapAaKTEPUCTHKH  OMHOMMAIBHOTO
pacnpeeseHusl.

3. [loHsiTHE TEOMETPUUECKOTO paclpeiesieHusl, XapaKTepUCTUKU N€OMETPHUUECKOIO
pacnpeeseHusl.

Pemenue TunoBoi 3agaun

Kaxxnprit msaTeiii OusteT jgotepen — BRIMTPHIMIHBINA. KakoBa BeposTHOCTH TOTO, uTO M3 10
PUOOPETEHHBIX OUIIETOB J1Ba OUJIETa OKAXKYTCS BHIUTPHIIIHBIMU?

Pewenue

[Tposepsiercst 10 6mneros, T.e. mpoBoauTcs 10 HE3aBUCUMBIX UCIBITAHWA. BeposaTHOCTH
BBIUTPHIIIA B KaXJA0M HcmbiTanud p =1/ 5 = 0,2 , Torna q = 0,8 . Mckomyto BepOsSTHOCTb
HaxoauM 1o ¢hopmyne bepuynmu, momoras n = 10, m = 2.

P,(2=C,* - p*-q°=36-0,22-0,8° =~ 0,242,

Pemnre 3agaum:

1. Tpuauats BoceMb CTYJEHTOB KOJUIEDKA CAJIM AK3aMEH 10 CTaTU CTUKE Ha OTJIMYHbBIE U
Xopomue OoTMeTkH. YUemy paBHa BEpOSITHOCTH TOrO, YTO B cCiyd4ailHOH BblOOpke u3 100
CTYIEHTOB IO KpaiiHed wMepe 30 OKaXyTcs C XOpOIIMMHU U OTIUYHBIMU OLEHKaMU II0
CTaTUCTHKE?

2. BeposITHOCTh M3rOTOBJIEHUS MPOAYKLMHU BbICIIEro KayecTBa GpupMoii coctasiser 0,9.
Ckonpko HeoOXoaumo 00cnenoBaTh E€AMHMIL MPOAYKLHH, YTOOBI C  JOBEPUTENIbHOM
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BeposATHOCTBIO 0,95 MOXHO OBLTO YTBEpXkAAaTh, YTO MOJIs MPOIYKIMH BBICIIErO KauecTBa IO
BbIOOPKE OyE€T OTKJIOHSATHCS OT OCTOSTHHON BEPOSTHOCTH IO MOZYJIt0 He Oosiee uem Ha 0,037

3. TpuauaTe BoceMb CTYACHTOB KOJIJIEXKA CAATU K3aMeH MO CTaTHCTUKE HA OTIMYHBIC U
Xopolme OTMETKH. Uemy paBHa BEpOSTHOCTH TOTO, YTO B Cly4aiHOW BbIOOpKe u3 100
CTYIEHTOB Mo KkpaiiHed wmepe 30 OKaXyTCs C XOpOIIMMHU U OTIUYHBIMH OLEHKaMHU IO
CTaTUCTHKE?

I[OMaumee 3aJJaHMe: COCTaBbTC aJITOPUTM JII000H n3 3a1a4 110 TCMC.

IIpakTyeckoe 3ansaTue Ne 13

Tema: Borunicnenue BeposTHOCTEN U HaxoxaAeHUEe xapakrepucTuk 1yt HCB ¢ nomonisro
(YHKINU IJIOTHOCTH.

Heab: HayunTecs BEIUMCISATH BEPOSITHOCTH U Xapakrepuctuku HCB.

CpeacrBa o0y4yeHMsl: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHET-
PECYpPCBL

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHHs PadoThI:

1. PaccmoTpuTe TeopeTuuecKuii MaTepuai o TeMe.

2. Pemmre 3ana4u.

KoHTpoJibHbIE BONIPOCHI:

1. I[Tonsitue HCB.

2. Ilonarue paBHOMepHO pacnpenenénnon HCB.

HenpepbiBHOW HAa3bIBAIOT CJAYyYailHYI0 BeJMYMHY, KOTOpash MOKET NPUHUMATh BCE
3HAYECHMSI U3 HEKOTOPOT'O IPOMEXKYTKA.

3akoHoM pacnpegenenMss (WIM  HMHTErpajibHOM  (QyHKUMENH  pacHpeesieHus)
HenpepbIBHON ciyvyaiiHoii BeqmunHbl X Ha3piBaeTcs (yHkmus F(X), paBHas BEpOATHOCTH
TOTO, 4TO X MPHUHSIA 3HAYEHUE MeHbIIEe X:

F(x)=P(X <x)]

IInoTHOCTHIO pacnpenenenus (win auddepeHunanbHoN (YHKIUEH pacnpeesieHus)
HenpepbIBHOI cJy4daiiHoii BeauunHbl X HasbiBaeTcs (yHkmms f(x), paBHas MpoM3BOIHOM
MHTETpaJIbHON (YHKIMU pacrpeesieHus:

0 =F(x)]

B wacTHOCTH, BEPOATHOCTH TOTIAIaHMS CITyYaitHOM BEIMUMHBI B MHTEpBa ( a ; b ) paBHa:
b
P(a< X <b)= [ f(x)dx=F(b)~F(a).

Marematuyeckoe oxuaanme M(X) u aucnmepceusi D(X) HempepbIBHOW citydailHON
BEJIMYMHBI ONIPEENISIFOTCS Uepe3 HECOOCTBEHHbIE MHTETPAJIBL:

M) = [xf(odx, DX = [[x =M ) f(x)dx

Bce cBoiicTBa aucnepcud M MaTeMaTUYeCKOro OKMJaHus, ycraHoBieHHble st JICB,
coxpamnsitores ans HCB.

3ameuanue: Ecnu pacnpeneneHue CHUMMETPUYHO, TO €ro MoOjJa, MeauaHa U
MaTeMaTH4YeCKOe OXKMJaHUEe COBIAJAIOT.

IpakTuyeckoe 3ansiTue Ne 14
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Tema: Brruucienue BeposiTHOCTEN U HaXoxIeHue xapakrepuctuk a1 HCB ¢ momoiibio
WHTETpaIbHON (DYHKIIMH PACIIPEICIICHUS.

Heab: HayunThcst BBIUKUCTATH BEPOSTHOCTH U XapakTepucTtuku HCB.

CpencrBa o0y4eHUsi: TETpaad [JIs1 BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
pecypcehl.

Pemnure 3agaun

1. Cnyuaiinas BenuurHa X 3aJjaHa HHTETPAIbHOM (QyHKIIUEH:

0 npux< -2
F(x)= §+% npu—2<x<2
1 npux > 2

Haiiti BEpOoSITHOCTh TOTO, YTO B PE3YJIbTATE UCIIBITAHUS ClydailHas BeJIMYUHA X PUMET
3HaueHue: a) Menbie (; 6) Menbie 1; B) He MeHbIE 1; T) 3akmtoueHHoe B uaTepBaie (0;2).

2. CnyyaiiHasi BeTMYMHA 3a]]JaHA UHTETPATbHON (QyHKIIUCH:

0 n <
F(x) = ﬁ .S npuplu<xx 513
8 8 npux >3

1

Haiitu: a) nuddepennmanbayto GyHKIUIO CIy4ailHOW BelnWduHbl X; 0) MaremaTudeckoe
OKMJIaHWE, TUCTEPCHIO, CPEIHEE KBAJIPATHUYECKOE OTKIOHEHHE CIy4yalHOW BETWYHHBI X, B)
BEPOSTHOCTb MONA/IaHUs CIy4YaiiHON BeIMUnHBI B HHTEpBai (1;2).

3. CnyuaitHas BenuunHa X 3a/laHa MHTETpaJIbHONU (PyHKUIKEH:

0 npux< A
F(x)=<X_ npuA<x<B
Al' npux>B

Haiitm 3Hauennss A4 u B, wmaTreMarndeckoe OXUJaHWE, UCIEPCHI0 U CpelHee

KBaJPaTUYECKOE OTKIOHEHHE CIIy4alHOW BEJIMYUHBI X.

4. Cnyuaiinas BennunHa X 3ajjaHa HHTErPATbHON (DYHKIIMEH:

03 npux <1
F(x)=4X_ —%npu1<xs2
2 npux>2

1

Haiitu: a) nuddepenunanbayro QyHKUMIO ciaydailHONW BenuuuHbl X; ©) BEpOSTHOCTH

TOT0, YTO B pe3yJbTAaT€ YEThIPEX HE3aBHCHMBIX WCIBITAHUHN cilydaiiHas BeluuuHa X XOTs Obl

OJIMH pa3 MpUMET 3HaueHWe, NpuHajuIexkaniee uHtepBany (1;1,5); B) HauepTuTh rpaduku
GbyHKIHH.

JomalHee 3ajaHue: COCTaBbTE AJITOPUTM PELICHUS 3a/1a4H U PEILUTE €e.
CrnyyvaitHas BeuvrHA X 3a/1aHa MHTETPAIBHON (DYHKITHEH:

30 npux <2
F(x)=4X"~8 npu2<x<3
19 npux >3

1

Haiitu: a) muddepenumansuyro ¢QyHKIu0; 0) BEpPOATHOCTh TMOMAJAHUS CITydailHOMN

BEIMYMHBI B HUHTEpBan (2,5; 3); B) MareMaTHYeCKOe OXKUAAHHUE, MUCIIEPCUI0 M CpEIHEe

KBa/IpaTUYECKOE OTKJIOHEHHE CIIy4allHON BeNWYMHBI X; I') MOAYy M MEJHAaHy BEIUYMHBI X.
[Toctpouts rpaduku GyHKIUI.

IIpakTyeckoe 3ansaTue Ne 15
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Tema: Bpluncnenue BeposITHOCTEH Uil HOPMAJIbHO PAcHpeAEICeHHOM BEJIWYMHBI (MM
CYMMBI HECKOJIbKUX HOPMAaJIbHO-PACIPEICICHHBIX BETHYHH.

Henanb: HayunTecs BEIYUCIIATH BEPOSTHOCTH 711 HOPMAJIBHO PACIPEAEICHHON BEJIMYUHBI

CpencrBa o0y4eHUsi: TETpaad [JIs1 BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
PECYPCBI.

Conep:xanue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTpuTe TEOpETUUECKHUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYHITE peIIeHne TUIOBOM 3a1auHu.

3. Pemmre 3agaun.

KoHnTpo/bHbIE BONIPOCHI:

l. Packpoiite monsTHe (YHKIMH TUIOTHOCTH HOpMallbHO pacnpenenenHoii HCB,
CMBICJI IAPAMETPOB @ U G HOPMAJIBHOI'O PaCIIPENEICHMSL.

2. PackpoiiTe TOHSATHE MHTErpaJibHOW (YHKIMM paclpeseleHus HOPMAJIbHO
pacnpenenennoit HCB

3. BO3MOXHO 1M HaxoXJAEHHE CYMMbI HECKOJIbKMX HE3aBUCHUMBIX HOPMaJIbHO
pacnpeneneHHsix HCB.

HopmanbHblii 3ak0H pacnpeaesneHus (puc. 1) Urpaet UCKIIOYUTEIbHYIO POJIb B TEOPUU
BEPOATHOCTEW. OJTO Haubojiee YacTO BCTPEHAIOIIMMICSA 3aKOH pACIpPENEIeHUs], TJIaBHON
OCOOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJISIETCA IpPEAEIbHBIM 3aKOHOM, K KOTOpOMY, IpH
OTIpE/IETICHHBIX YCIOBUAX, IPUOIMKAIOTCS APYTUE 3aKOHBI paclpeaeIeHusl.

JuddepenunanbHas GyHKIMS HOPMAJILHOTO 3aKOHAa UMeeT BUJ (puc. 1):

1 (x—a)’
f(x)=——-e 27
| o2z

YucaoBbie XAPaKTEPUCTUKH HOPMAJIBHOI'O 3aKOHA:

1. MaTEeMaTHYECKOE OKUIAHUE XapaKTEPU3YeT LIEHTP PaCIpeICICHHIS:
T T ox (x—a)’
M(X)= | x- X)dx = | ——-exp(- ———)dx =a,rge e’ =exp (X);
(X) £ f (x) _La«/% P(--5 ) p (x)
2. JMCIIEPCHUS XapaKTepu3yeT GOopMy pactpeaeacHHs:

DX = [x7 - f(x)dx —(M(X))* = &~ |

CaoiicTtBa 1uppepennuaibHoil GyHKIMN HOPMATBHOIO 3aKOHA:

1. 001acTh OompeeNeHus: Dy =R
2. ocb 0X — ropu3oHTaIbHAsI ACUMIITOTA;
3. X=at0 . pe roukn mepernba;
(a; #);
4. MAKCHMyM B TOUKE C KOOpAHHATAME:  OV27
5. rpad¥K CHMMETPUUYEH OTHOCUTEIBHO MPSIMON X=a;
6. MOMEHTHI:
My =y ==y g =...=0,

2 4
M, =01, =30,
3

sk=*_ —0Ex=%_3=0;
o,
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7. BEPOATHOCTb IONAJAaHUSI HOPMAIBHOTO PACIPENEICHHON CIIy4allHOW BEJIMYMHBI B
3aJJaHHBIA UHTEPBAJ ONPEAEIAETCs, 10 CBOWCTBY UHTErpajIbHONU (PyHKINU:

P(a < x < fB) =cp*(ﬂ]-op*(“_“]zq{ﬂ_a]-@(“”)
o o o o
1 7 (t—a)’
- — dt —
o2rx 'J;exp( 20° )
WHTErpajgbHas PyHKIUS HOpMAIbHOTO 3aKoHa (puc.14); O(x) — dyukmus Jlammaca.
= ®(X) A

rae d*(x) =

f1x)

N /TN

Huddepenunanshas ¢pynkuus MaTerpanbHas GyHKIUs
Puc. 1. HopmanbHbIi 3aK0H pacnpeieneHus
HopmanbHblii 3ak0H pacnpeaenenus (3akoH ['aycca):

_(xa)’
2

1
f)=—="e *,
o~N2T1

rae M(x) = a, D(x) = 6.
B dacTtHOCTH, [UII HOPMAJBHOIO 3aKOHA paCIpeNesieHHs CIIy4allHOM BEIWYMHBI X,

BCPOATHOCTD IIOIIaAAAHUS B 3a,I[aHHBII>i HHTCPBAJ BBIPAKACTCA UCPC3 (bYHKI_II/HO Jlannaca:

P(a< X <ﬂ)=c1>(ﬂ;“)—c1>(“;“).

Kpugas I'aycca umeet Bu:

f Y

¥
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IIpakTnuyeckoe 3ansitue Ne 16

Tema: Brluuciaenue BEpOATHOCTEH M HAXOXKIEHUE XapaKTEPUCTUK JUIsl MOKA3aTEIbHO
pacnpeieIeHHOW BEJTUYUHBI.

Heab: HayunThbCsl BBIUKCIATH BEPOSATHOCTHU U1 HOPMAJIBHO PACIIPEAEIEHHON BEJIMYUHBI

CpencrBa o0y4eHUsi: TETpaad JJIs1 BBIIOJHEHUS MPAKTUYECKUX 3aHATUN, VIHTEpHET-
pecypchl.

Pelnenne THnoBoii 3a1a4n

Ilycte ciyqaitHas BenuunHa X paclpezesieHa 10 HOPMAJIbHOMY 3aKOHY C IlapaMeTpaMy,
a=30u 6 = 10. 3anucarh MWIOTHOCTb PaCIpPEACIICHHS BEPOSITHOCTEN U HAUTU BEPOSTHOCTH TOTO,
yTo X MPUMET 3HaYeHUs U3 ¢ - uurepnana ( 20 ; 40 ).

Pemenue. IlnotHOCTH pacnpeneneHus BEPOATHOCTEW HOPMAJIbHO paclpelelIEHHON
CIIy4allHOM BENMYMHBI X C 3aJJaHHBIMH [IapaMeTpaMU UMEET BUJL:

1
0= 10v2r

Haitném  BeposSITHOCTP  TOro, 4TO CllyyadHas BeJIMYMHAa X  OTKJIOHHUTCSA  OT

_(x-30)°

e 200 i

MATEMATHUYCCKOT'O OKHUJIAaHUS a Ha BeJII/I‘-II/IHy MCHBIIIC UEM O.
at+o—a a—o—d
Pla-o<X<a+0)=d(— - p(—2")=2.d(1) ~ 0,683
o o

Pemnre 3ap1aun

1. Cnyyaiinas BenuunHa X paBHOMEpHO pacmpenerneHa B uHrepBaie (-2;N). Haiitu: a)
middepeHnnanbHy0 QyHKIUIO Ciay4daifHOM BeauuuHBl X, ©) HMHTErpajbHyl0 (YHKIHIO; B)
BEPOSITHOCTh IOTAJaHUs CIIy4alHOW BEIWYMHBI B HHTEpPBaI TE3D MaTeMaTHIECKOe
OKUJaHHe, JUCIIEPCUIO U CpeHee KBaApaTHUeCKOe OTKIIOHEHHE CIIy4YailHOW BEJTMYUHBI X.

2. Haiitn MaTemMaTH4ecKoe OXKUJAHUE U TUCTIEPCUIO CIYyYalHOW BEJIMYHMHBI, PABHOMEPHO
pacmipeneneHHol B uaTepBaie: a) (5; 11); 6) (-3; 5). HauepTuts rpadguku 3TUX QyHKITUAH.

3. PaBHOMepHO pacmpeneneHHas ciydailHas BeqnunHa X 3aJaHa  IUIOTHOCTBIO
pacnipenenenus f(x)= 0,125 B untepBane (a-4; a+4), Bae Hero f(x) = 0. Havitu M(X), /{(X), 0‘()().

JlomalHee 3a/laHHe: COCTaBbTE AITOPUTM PEIICHUS JIF0OOH U3 33/1a4 110 TeME.

IIpakTyeckoe 3ansaTue Ne 17

Tema: llentpanbHas npeaenbHas TeopeMa. 3aKOH OONBLIMX 4YHced. BeposTHOCT u
4acToTa.

Heab: HayuuThcs pemath 3aadydl Ha TIOHATHE YaCTOTHI COOBITHS, CTAaTUCTHUECKOE
ITOHMMAaHNE BEPOATHOCTH

CpencrBa 00y4yeHHsI: TETpaau ISl BBIMOJHEHUS NMPAKTUYECKUX 3aHATUU, HTEepHET-
peCypCBHl.

Teopernueckunii 6J10K.

Llenmpanvnas npedenvuas meopema. Ecnu ciyqaitHas BenuarHa X MPeCTaBIsAET, COOOU
CYMMY OY€Hb OOJIBIIIOTO YKCIA B3aMMHO HE3aBHCHMBIX CIYYalHBIX BEJWYHH, BIUSHUE KaKION
U3 KOTOPBIX Ha BCIO CyMMY HHMYTOXKHO Majio, TO X HMEET pacupelerneHue, OIM3Koe K
HOPMaJIbHOMY PacHpeesICHHUIO.
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Ilpumep. TlycTb IPpOU3BOAUTCS M3MEPEHUE HEKOTOPOW (pu3nmyeckoi BeauumHbL. Jlroboe
W3MEpPEHHE JaeT JIUIIb NPHOIMKEHHOE 3HAUYCHNE U3MEPSIEMON BEIMYMUHBI, TaK KaK Ha pe3yJbTaT
M3MEpPEHHs] BIHAIOT OYEHb MHOTHME HE3aBUCUMBIC Ciyd4ailHble ¢akTophsl (Temmeparypa,
KoJebaHuss mpubopa, BIAKHOCTh U Ap.). Kaxkaplii 3 3THX (aKTOPOB MOPOKIAET HUYTOKHYIO
"gacTHyI0 omuOKy". OgHAKO, TOCKOIBKY YUCIO 3TUX (DAKTOPOB OUEHBb BEIIUKO, UX COBOKYITHOE
JeCTBHE MOPOXKIALT YHKE 3aMETHYIO «CYMMapHYIO OIIHOKYY.

PaccmarpuBast cymmapHyr0 OmIMOKY Kak CyMMYy OY€Hb OOIBIIOrO YHCIa B3aHMMHO
HE3aBHCHUMBIX YaCTHBIX OIIMOOK, MBI BIIpaBe 3aKIIOYUTh, YTO CyMMapHas OIIHOKa HMeeT
pacmpesnenenue, OnM3koe K  HOpPMalbHOMY  pacmpeneneHuto. OTBIT  MOATBEPXKAAET
CHPaBETMBOCTh TAKOTO 3aKITIOYCHHUS.

PaccMoTpuM ycnoBus, IpU KOTOPHIX BBIOJIHAETCS "LEHTpaibHas NpeaesibHas Teopema’

Ilycrs:

X1, X2, ..., Xn — nociie1o0BaTeIbHOCTh HE3aBUCUMBIX CIIyYallHBIX BEJIMYUH,

MX1), M(X2), ..,M(Xn) - KOHEYHBIE MATEeMAaTUYECKUE OXHUAAHUS OTHX BEIUYHH,
COOTBETCTBEHHO paBHble M(Xk)= ak

D(X1), D(X2), ..., D(Xn) - KOHeYHbIE IUCTIEPCUU HUX, COOTBETCTBEHHO paBHbIe D(X
k)=bk2

Bsenem o0o3nauenus: S= X1+X2 + ... +Xn;

Zﬂt thz
Ak=X1+X2+ .. +Xn=81 |, B2=DXI1)+ D(X2)+ ...+ D(Xn) = 4

3anuieM QYHKIHIO pacipeie]ICHHs] HOPMUPOBAHHON CYMMBI:

Plﬁ'. -4, ]
———«x
Fn(x) = B,

['oBopsaT, 4yro K mnociaepoBarenbHOocTH X7, X2, ..,Xn npuMeHMMa LEHTPAJIbHAS
npeJenpHast TeopeMa, €cliu MpH JIF000M X (PyHKIUS pacrpeieleHnss HOpMUPOBAHHON CyMMBI IIpU
n ® ¥ cTpeMuTCs K HOpMaITbHON (DYHKIIMH PaCIpeIeTICHHUS

r ==
o ({55 Gle

2| T

3ameuanue. TlomyueHHas QYHKUUS OTJIMYAETCSI OT MHTErpajJbHON NPHUOIMAKEHHOM
¢yHkuuu Jlamiaca TOJIBKO JUIIB OpeesaMu HHTETPUPOBaHUs, I/1e HaXoaaTcst oT () 10 x

B wactHOCTH ecnu Bce ciywaiinbie BenmuuuHbl X1, X2, ..., Xn oounaxoeo pacnpedenenvt n
oucnepcuu 6cex dMux elUdUH KOHeuHble U He paeHvle HYI0, TO K ATOH MOCIe0BATEIbHOCTH
IIPUMEHHUMA LIEHTpalbHas NpeeibHas TeopeMa.

2. 3aK0oH OOJBIINX YUCET, BEPOATHOCTh M YacTOTA.

Kak u3BecTHO, HEnb3s 3apaHee YBEPEHHO NPEIBUJIETh, KAKOE U3 BO3MOXKHBIX 3HAUYECHUN
IIPUMET cily4yaiiHasi BEIMYMHA B UTOI'€ UCHBITAHUS; 3TO 3aBUCUT OT MHOTHMX CJIy4alHbIX PUYMH,
yuecTb KOTOpble HEBO3MOXKHO. Kazanoch Obl, MOCKONBKY O KaKJOW CIy4alHOW BEIWYMHE MBI
pacrojaraeM B 3TOM CMBICJIE BECbMa CKPOMHBIMM CBEIAEHHUSIMH, TO BPSIJ JIN MOYXKHO YCTaHOBHTD
3aKOHOMEPHOCTHU MOBEACHHUS U CYMMBI JIOCTATOYHO OOJIBIIOTO YMCIIA CIy4alHbIX BenuuuH. Ha
camMoM Jeine 3To He Tak. OKa3bIBaeTCsl, YTO MPHU HEKOTOPBIX CPABHUTEIBHO LIMPOKUX YCIOBUSAX
CyMMapHO€ MOBEACHUE JOCTATOYHO OOJBLIOTO YHCa CIy4YailHBIX BEJIWYHMH TOYTH YTPAuHUBACT
CIIy4alHBI XapakTep U CTAHOBUTCS] 3aKOHOMEPHBIM.

Jl1s mpakTUKU OYeHb BaKHO 3HAHHME YCJIOBMI, NMPHU BBINOJHEHUH KOTOPBIX COBOKYITHOE
JieficTBHE OYeHb MHOTHX CIIyYalHbIX MPUYHMH MPUBOJUT K PE3YJIbTATY, MOYTH HE 3aBUCAILEMY OT
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clly4as, TaK KaK MO3BOJISIET NPEABUACTD X0/ IBJICHUI. DTH yCIOBUS U YKa3bIBAIOTCS B TEOPEMAX,
HOCSIIIMX 0OIIee Ha3BaHWE 3aKoHa Ooybmux unced. K HUM oTHocATcs Teopembl UeOwimeBa u
bepuymiu (MMeroTcs U Ipyrue Te0OpeMbl, KOTOPBIE 3/1eCh HE pacCMaTPUBAIOTCS).

IIpakTyeckoe 3ansTue Ne 18

Tema: Pemenue 3a7a4 Ha TMOHSATHE YACTOTHI COOBITHS, CTATUCTHYECKOE IMMOHUMAHUE
BEpPOSITHOCTH

Henab: Hayuutbest pemaTh 3a7addl Ha TOHATHE YacCTOTHI COOBITHS, CTaTHCTHYECKOE
MMOHUMaHUE BEPOSITHOCTU

CpencrBa o0y4eHUsi: TETpaad [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
pecypceBl.

Conep:xanue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTtpuTe TeOpeTHUECKHUN MaTepUal Mo TEME.

2. 3aKOHCIIEKTUPYHITE peIIeHne TUTIOBOM 3a1auHu.

3. Pemure 3amaun.

Omnocumensnoii yacmomoii codbITHs 1 HA3BIBAIOT OTHOIICHNE YHCIIA HCIIBITAHHI 7 |
B KOTOPBIX JJAHHOE COOBITUE MOSBUIIOCH, K 001IEMY YUCITY # (aKTUUEeCKH MPOBEAEHHBIX
WCTIBITAHUM:

Wi =2 a="
% WM Kopode: G

Ommuocumensvnasa uacmoma Hapsy C 6ePOAMHOCHIBbIO SBISETCS OJHUM U3 KIHOYEBBIX
MOHATHUH TepBepa, HO €Cli Kjaccuyeckoe 1100 reoMeTpruyecKoe onpeaeneHne BepoOITHOCTH
He TpeOyloT NpPOBEAEHUS MCIBITAaHUM, TO OTHOCUTENIbHAs YacToTa pPACCUUTHIBAETCS
uckmountenbHo [IOCJIE onbIToB Ha 0CHOBE (DaKTUUECKU MOTYUYEHHBIX JTaHHBIX.

B TOoM cnywae, ecnu cepuMm MCIBITAaHUM HPOBOJATCS B HEM3MEHHBIX YCIIOBHSX, TO
OTHOCHUTEJIbHAsI 4acTOTa OOHApPY>KUBAET CBOMCTBO yCHMIOUYUBOCHU, TO €CTh KOJIEOJIETCS OKOJIO
OIpeINIEHHOTO 3HAUEHHUS.

[lycte Hekuii mpodeccuoHanbHbli cTpesiok npousBén 100 BBICTPEIOB MO MHIICHH U

LENY

nonai 83 pasa. Torga OTHOCUTENbHAS YACTOTA MOPAKEHUS 1I€JIA COCTABUT: 100

[IpenmonoxkuM, YTO TOT K€ CaMblil CTPEJOK B TOYHO Takod xke «popme» u B
MPUOJIM3UTEIIBHO TaKUX e yCIOBHIX CHOBa MpoBEn ceputo u3 100 BeicTpenoB. BeposTHo 7,
4yTO OH cHOBa momnanet 83 paza? He ouenb. Ho kommuecTBO momamanuii Bpsia U OyAeT CHIBHO
OTJIMYATBhCS OT MpeAblayliero pesynbrara. Ilycts, Hanpumep, crpenok nonan 79 pa3. Torna

—Ez[]j‘

OTHOCHUTEJIbHAS YaCTOTA MOPAKEHUS 1IETIH COCTABUT: 100
B Tpetbeit cepun u3 100 BbICTpenoB, NPOBEAEHHON NPHU MOXO0XKHUX OOCTOSATENbCTBAX,

sl
gt=——=1,
JaHHBIN cTpenok nonai 81 pas 100 UT.J
, b
Huorpa moryt ciydarbest Onectsiue cepun 6oisiee 90 momananuii, UHOTIa «IIPOBAJIBDY,
HO CpelHee KOJMYECTBO MomajaHuii Oyner BapbupoBaThcs okojo 80. M korma koiamyecTBo

(aKTHUECKH TPOBEAEHHBIX HCIBITAHUN CTaHET JOCTaTOYHO OOJBIIMM, TO peuYb 3alAET o
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cmamucmuyeckou eepoamnocmu. Eci B OJUHAKOBBIX (IIPUMEPHO OJAMHAKOBBIX) YCIOBMAX
IIPOBE/IEHO JOCTATOYHO MHOIO MCIBITAaHUM, TO 33 CIMAMUCMUYECKYIO 6EPOAMHOCY COObIMUA
MPUHUMAIOT OTHOCUTENIbHYIO YaCTOTY JAHHOTO COOBITHUS TMOO OIM3KOE YHCIIO.

[IpennonoxuM, 4YTO Ha NPOTKEHUHM HECKOJIBKHMX JIET Hall CIIOPTCMEH, COXpaHss
CTaOWIBHBIA ypOBeHb MOAroToBKH, coBepuri 10000 BeicTpenoB u moman 8037 pas.

w07
ar= -

OTHOCHUTENbHAS YaCTOTa TOPAXKEHUSI [IEJIU COCTABUT: 10000 Y 3@ CTAaTUCTHYECKYIO
p =035

BEPOSITHOCTh €T0 PE3YJBTATUBHOCTH IEIECOOOpPA3HO TPUHATH , KOTOpasi CTaHOBHTCS
TEOPETUYECKON OIIEHKOU, HApUMeEp, Mepe.l TPAIYIIUMI COPEBHOBAHUSMHU.

[IpencraBbTre, 9TO BO BpeMs JIGKIIMH STOT PO(HECCUOHAN 3alI€N C BAHTOBKOW ayIUTOPHUIO
u npunenuicsa. Temepsr BaM JOKEH CTaTh OKOHYATEIBHO MOHSITEH CMBICH (pasbl «Cmpenok
nonaoaem 6 muuiensb ¢ geposimuocmoio 0,8» =) =)

Nmenno tak cobupaetcst 6orarasi CHOPTHBHAS CTATUCTHKA B PA3IMYHBIX BUAAX CHIOPTA.

AHaJIOTHYHAs UCTOPHSI C YTBEPXKICHUEM «Bepoamuocms uzeomosnenus 6paKo8anHou
Oemanu Ha oanHom cmawnke pasna 0,05». DTy OIEHKY HEBO3MOXKHO MOJYYUTh C TOMOIIBIO
KJIACCHYEeCKOro omnpeaeeHUusl BEPOSITHOCTH — OHA CileayeT Toibko w3 mpakTtuku! Ecim Ha
CTaHKE TPOM3BEICHBI JCCITKH THICSY JETalle M HAa KAKIYI0, CKaKEM, THICSYY BBIMYIIICHHBIX
JeTaJIeH, MPUXOIUTCA B cpenHeM S0 OpakoBaHHBIX, TO B KAUE€CTBE CTATUCTUYECKOU BEPOSATHOCTH
p =005

Opaka MPUHUMAETCS 3HAYCHUS
B 3anmaue 2 ypoka JlokajbHasi 1 MHTerpajbHasi Teopembl Jlaniaca ¢urypupoBaia

BEPOSITHOCT POXKICHHS MaIbuuKa & 0’52. OTtkyna B3s10Ch JaHHOE uncio? Y3 MHOrojeTHero
noscyéra (pakTUUECKH POXKAEHHBIX NETe B ompeAenéHHOM perruoHe. B yka3aHHOW cTaThe MBI
BBISICHUJIM, YTO 3TO BOBCE HE 3HA4YUT, 4To cpeaud 100 HOBOPOXXKIEHHBIX OyAeT pPOBHO 52
ManburMka. B crnemyromel coTHe pOXIAEHHBIX WX MOXET oOKa3aThCs, Hampumep, 45, u

—£=D,4

OTHOCHUTCIIbHAA 4YacToTa 100 6y21€T maneka oT HMCTUHBL. Ho ecim PaCCMOTPETH

=0,52
#=Y2% copcem-coBcem

BBIOOPKY B THICSIYM M JCCATKH THICSY MIIAZICHIEB, TO ¥ OTKIIOHUTCS OT
He3HauuTenpHo. M 3T0 ykKe He cuay4dailHocTh. Kak W3BECTHO, Takoe COOTHOILLEHHE
HOBOPOXKJICHHBIX CIIOKMJIOCH 3BOJIFOLIMOHHO — 10 MprunHe 0ObIIel CMEPTHOCTH MY KYHH.

B yuebHOM mnocobum B.E. I'mypmana ecTb BecbMa yJIauHbIi IMpUMEp, B KOTOPOM

MPpOACMOHCTPHUPOBAHO, KaK IIPU HOII6paCBIBaHI/II/I MOHCTBI OTHOCHTCJIbHAA 4aCTOTa ITOABJIICHUA
1

P==
opna TpuHONMKAeTCS K CBOCH BEPOSITHOCTH 2 (nonyyenHou nO  Kaaccu4yecKkomy
onpeoenenur):
= 3 CITHOCTITEeTEHAL
Kommecteo Opockoe | Ureno moAeneHInt it
MOHETEL 1 opma, i HAcToTa, @ = —
"
40040 2048 05069
12000 6019 0.,5016
24000 120012 05005

Kakoit moxHno cpaenarb BbiBOA? C yBEIMYEHHEM KOJUYECTBA HE3ABUCUMBIX HCIIBITAHUN
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CJAYYAHHOCTh NMpPEBPAIIAETCH B 3aKOHOMEPHOCTh. OJIHAKO CIEQyeT MOMHHTh, YTO MOPSAIOK
BBITQ/ICHUSI OPJIOB HEMpelcKa3dyeM, 0 4éM s MoApoOHO pacckasbiBai Ha ypoke HezaBucumble
ucnbiTanus u popmyaa bepuysm.

Bepnémcsa k eBponelickoil pynetke ¢ 18 kpacHbiMH, 18 u€pHbiMEU cekTopamu u | 3epo. B
CaMOM NPUMUTHUBHOM BAapUaHTE WIPhI: CTABUM HA «KPACHOE» WM «UEPHOE», U €CIU IIapHUK

19
g =—r (0,513
OCTAHOBWJICS Ha CEKTOpe Jpyroro IBeTa (BEpOSITHOCTh 57 ) — craBKa
13
p=—r 0486
npourpeiBaercs. B cioyuae ycnexa — yaBauBaemcs (BEpOSITHOCTh ).

B oTaenpHO B34TOM ceaHCE UTPhl OTAEIBHO B3STHIA YEJIOBEK MOKET BBIMIPATh, IPUUEM
BBIUTPaTh MO-KPYNMHOMY. JTO ciaydaitHocTb. Ho, coBepiias MUIIMOHBI 000POTOB, pyJieTKa Ha
NPOTSDKEHUM BEKOB MPUHOCUT HEU3MEHHYIO MNpHObLIb BiajaenblaM KasuHo. W 310 —
3aKkoHOMepHocTh. CymiecTByeT Oailika O TOM, YTO KPYHHBIH BBIUIPHIII HE OTHALYT, a €CIU U
OTHAIyT, TO «BBI C HUM He IoWagre N0 Aomay. Uucras «kuHOmHas» Qanraszus. Komy-to
MOBE3JI0, HO CKOJIbKO Tipourpaetcs?! K Tomy ke uenoBek, mocemaromuii mog00HbIe 3aBeACHMS,
¢ OOJIBIION BEPOSTHOCTHIO MPUAET CHOBA U «CONBET emé Oomblie» =) A 4TOOBI OH BEpHYJICH,
Ka3MHO, CKOpee Hao0OpOT — CO3JacT MaKCHUMaJbHBIH KOMGOpPT M 0€30MacHOCTb JUIs
«CYACTJIMBYUKAY.

Hpyroii, BO MHOTOM YCJIOBHBIM, IpUMEp: MYyCTb B HEKOW JIOTEpEE MPHUHSIIO ydacTue

7= 629911 Guperos, us koropsix # = 192833 ppyrpanu xote kakoii-To npus. TakuM 06pasoM,

_ 192833 30612
OTHOCUTCIIbHAA 4YacTtoTa BI)H/IFPBIIHa cocraBuiia. 629911 . HOCKOHI)Ky 6I/IHCTOB

MPOJIAHO OYCHb MHOTO, TO C OOJIBIION BEPOSTHOCTHIO MOXHO yTBEPXkKIaTh, YTO B OyIyIIeM Mpu
COINOCTaBUMBIX 00bEMax MPOAax 0N BBIMTPABIIMX OMICTOB OYyJeT MPHUMEPHO TaKOH Ke, U 3a
p=>03

CTaTUCTUYECKYIO BEPOSTHOCTH BBHIUTPHIIIA YIOOHO NPUHATH 3HAYCHHE

Opranu3arop J0oTeped 3HAaeT, YTO U3 MUWIJIMOHA MPOJAHHBIX OMJIETOB BBIUTPAIOT OKOJIO
300 ThIcsiu ¢ HeOombIIMM OTKIOHeHHeM. M 3T0 3akoHOMepHOcTh. Ho Bcem yuacTHuKam
JIOTepeu JO0CTaETC.... — MPaBWIbHO, cay4daiHocTb! To ecth, ecnu Bbl Kynute 10 OuneTos, To
3TO el He 3HA4YUT, 4TOo BbIMrpatoT 3 Owunera. Tak, Hanpumep, mo ¢opmyJie BepHyium
HETPYIHO TMOACYUTATh, YTO BBIMUTPHIII TOJBKO IO OJHOMY OWJIETY M3 JECATH — €CTh COOBITHE
BIIOJIHE BEPOSATHOE:
By =C (0.3 (0,7° =10.0,3. (0,7)° = 0,12

A ecnu yudecTb TOT (PAaKT, YTO OILIEIOMUTENIbHAS IO BBIUTPBILIEH — HENpUSATHAs
MeJo4b, TO KapTHMHA BBIPHCOBBIBAETCS JOBOJIBHO YHbUIAsg, HOO MaJOBO3MOKHbBIE COOBITUSI HE
npoucxofaT. CHUTyalMIO CIAcalOT KPAaCOYHBIE TEJICBU3MOHHBIE DO3BITPBILN M Pa3iINYHBIC
IICUXOJIOTMYECKHE TPIOKH.

Kenaromue MOryT CaMOCTOATEIBHO UCCIIENOBATh BEPOATHOCTD BBIMIPHILIA B PA3JINYHbIE
JIOTEpeu — BCS CTAaTHUCTUKA €CTh B CBOOOTHOM JOCTYyIIE

Pemnre 3ap1aun

m efn
Fll——pl=c|= 2D
# ;pg

3aoaua l: Pewenue: UCNONIb3YeM dopmyny

B dannoii 3adaue: = 800, p=06 g=1-p=1-0,6=04
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£= 005 )
, mo:

a) Ecnu
=< U,DS] 2 2@[0’05' ET J = 2002808 2. 0,4981=0,9961

PU " 06
200 *x}'lﬁ' : — 8EPOSMHOCMb, MO20,

umo npu 800 UCKLIMAHUAX OMHOCUMENbHASA YACMOMA NosGIeHus cobbimus 1 omkionumes om
8eposmHOCmuU OaHH020 cobbimus He bonee wem Ha 0,05.

Omo cobvimue s615emces npakmu4ecxKu OOCWlOGeprlM.

6) Ecnu &= 0’03, mo:
PU% ~0,6|= 0,03} . 2@[ G’G;;d "ET ] 0 201 73w 20,4582 = 0,9164|
2 — B€EPOAMHOCNIb, NO2O,

umo npu 800 UCKLIMAHUAX OMHOCUMENbHAS YACTMOMA NOSGIeHUs cobbimus 1 omkionumes om
8eposimHocmu 0anHo20 cobvimusi He bonee yem Ha 0,03.

Omeem: a)= (,9961, B) = 0,9164

P[E—p < a] . 2@[5"’_{;]
3aoaua 2: Pewenue: UCNONIb3YeM dopmyny " 74|

B dannoil sadaue: w=600000, p=03 g=1-p=07 &=0001
Taxum obpazom:
B2 __ 03=0,001 =23 0,001 /600000 o169 s 2.04545=050%

600000 J0.3.07 -
BEPOAMHOCMb,  MO20, YMO OMHOCUMENbHASL YACMOMA  BbIUSPLIUA  OMKIOHUMC O
meopemuyeckou 8EPOAMHOCIU He bonee uem Ha 0,001.
Omeem: * 0,908

45
3aoaua  3:  Pewenue:  ucnoavzyem  opmyny " Pd

B OaHHOM cnyuae: p=04 g=1-p=06 =005 y=09
Takum obpazom:
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.05~ A = 0,4
fo4 06
i) M =045
S0 o4
0054n +1.64
0,24
2
0.05/n = (1,647
024
00023 _ ., 5596
0,24
%> 26896 22
00025
n = 2582

Omeem: neobxo0umo npouszgecmu He meree 259 onvimoa.

I[0Mamﬂee 3aJaHHUE: COCTAaBbTE aJITOPUTM PCIICHUA I000H 13 3aJa4 I10 TEMC.

IIpakTnyeckoe 3ansaTue Ne 19

Tema: Pacuér koddduiinenTa KOppesium.

Hean: Hayuntbcss BBUUCIAT, KOIPPHUIMEHT KOPPEISIHH, TPOBOJUTH AHAIN3
3HAYUMOCTHU KOd(DPHUITMEeHTa KOPPEIAIIUH.

CpencrBa 0o0y4eHUsi: TETpaaW JJIs BBIMOJHEHUS MPAKTUYCCKUX 3aHATHH, VHTEpHET-
PECYPCBHL.

Copep:xanue U MOPSI/I0K BHINOJTHEHHUS PadOThI:

1. PaccmoTpuTe TeopeTudecKuii Matepual mo Teme.

2. 3aKOHCIIEKTUPYITE BUIBI Koppemsiuuu, mkany [llenoka.

3. Hcnonp3yss TabnuuHble JaHHBIE M TIAKeT aHaiW3a, HAWAUTEe BO3MOXKHYIO
KOPPEJSILIMOHHYIO CBSI3b.

KonTpoJbHBIC BONIPOCHI:

1. IToHsiTHE KOppENALUH.
2. [TpuBenuTe KIaccu(UKAIMIO CTENCHU KOPPEISLIUOHHON CBS3U.
Koppeasuus

B MmaremaTtuke 3aBUCUMOCTb MEXAY ABYMs BEIUYMHAMHU X U Y BBIPAXKAETCS C TOMOIIBIO
byskun y=f(X), rie KaKaoMy BO3MOKHOMY 3HAu€HUIO X CTaBUTCS B COOTBETCTBUE HE Oolee
oJTHOTO 3HaueHus1 Y (Mogo0Hasi 3aBUCUMOCTh HA3bIBACTCS (PYHKIIMOHAIBHOK ).

BaxHbIM 4acTHBIM CIIy4aeM CTOXaCTHYECKON 3aBUCHMOCTH SIBIISIETCSI KOPPEJSIIMOHHAS.
KoppensmnuonHasi 3aBUCHMOCTh MEX]Ty TIEpEMEHHBIMUA BEITUYMHAMU — 3TO Ta (PYHKIIMOHATBHAS
3aBUCUMOCTb, KOTOpasl CYIIECTBYET MEXIy 3HAYEHUSMH OJIHOM U3 HUX M TPYNIOBBIMHU
cpenaumu apyroi. (Koppemnsiimonnsie 3aBucumoctd Y Ha X v X Ha Y OOBIYHO HE COBMAIAOT).
KoppensimpionHasi CBsI3b  4alle BCETO XapaKTepU3YETCS BBIOOPOYHBIM  KOIPPUIIECHTOM
KOPPEJALMK T, KOTOPBIA XapaKTEpHU3yeT CTENEeHb JHMHEHHOW (PYHKIIMOHAIHHOM 3aBUCUMOCTH
Mexay CB X u Y. JInsg nByx CB X u Y kodpuIMEeHT KOppensiiuu HMEeT CICIyIOIIHe
CBOMCTBA:
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1. —151’"51;'

2. ecnmu r= il‘, o Mmexany CB X m Y cymectByer (yHKIIMOHAJIbHAS JIMHEWHAS
3aBHCHUMOCT;

3. ectu =0, To CB X u Y HeKOppeIMpOBaHHBI, YTO HE O3HAYAET HE3aBUCHUMOCTH
BOOOIIIE;

4. eciu X uw Y o0pa3ylT cuctemMy HOpMmalbHO 3aBHcHMMBIX CB, TO U3 ux
HEKOPPEIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTB;

5. koo dunuents! koppensauud Y Ha X 1 X Ha Y COBIAAAIOT.

CratucTuyuecky0 3aBHCHUMOCTb HAa3bIBAlOT KOPPEJSALMOHHOM, €Clid MpU H3MEHEHUU
3HAYEHUH OJHON BEIMUYMHBI MEHSETCS CPEHEE 3HAUECHUE APYTOil.

Buasl koppeJsiumii:

l. OTHOCUTEJIBHO XapaKTepa KOppemsuu:

- TIOJIOXKUTENbHAS (paBHOHANPABJICHHAs, IIpsiMast);

- oTpuIaTenbHas (oOpaTHas);

2. OTHOCHUTEJILHO YHUCJIa IEPEMEHHBIX:

- IpocTas WK NapHasi;

- MHOJKECTBEHHasl, C €€ IIOMOIIbI0 MOYXHO OXBaTUTh BECh IMPUYUHHO-CIIEICTBEHHBIN
KOMILJIEKC;

- YacTHas KOPPEJSIHs, KOPPESAIUI MEXKITY NBYMsI MIEPEMEHHBIMU MPU (HUKCUPOBAHHOM
BIUSHUM JAPYTUX (BCKPHIBACTCS BHYTPEHHSSI CTPYKTypa COOTHOIICHHWM, T.€. DIUMUHUPYETCS
BIIMSIHUE JIPYTUX (AKTOPOB);

3. OTHOCHUTEIBHO (POPMBI CBSIZU:

- TUHEHHAS,;

- HeJIMHEWHAs,

4. OTHOCHUTEIIFHO THUIIA CBSI3U SBJICHUI:

- HETIOCPEICTBEHHAS] KOPPEIISLIUS;

- KOCBEHHAsl KOPPETSIHS;

- JIO’KHAsL KOPPEJISILIHSL.

Paznuuarot Koppessiuuto, 00yCI0BICHHYO:

- IPUYMHHOM 3aBUCUMOCTBIO X OT Y;

- 3aBUCUMOCTBIO X U Y OT TPEThEU BEINYUHBIL;

- HEOHOPOJHOCTHIO BHIOOPKU;

- (popmanbHO (YMCIOBBIMH JAHHBIMH).

OOBIYHO CTENEeHb TECHOTHI CBS3M MEXKAY Pe3yJbTaTHBHBIM M (DAaKTOPHBIM MPHU3HAKOM
OTIpeIeIIIeTCs 110 BeuunHe Kod(uirenta koppensauuu (mkana Hlenoka):

eciu r <0,2 — CBSI3M HET;

ecau 0,2 <Ir<0,5 — cnabas cBs3b,

eciu 0,5 =r<0,75 — cBsI3b CpeAHss;

ecau 0,75 =Ir<0,95 — cBs3b TeCHAL;

ecau 0,95 <Ir<l — cBs13b OYEHH TECHAS.

Ne m.im

®uznyeckue ynpaxxuenus; Ilyabe, yiapoB/Munyrty
Hoa, 0-m; 1-xk.

Bospacr, ger
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0 I Jo 0 0 0 0 0 0 0 0 0
10 | 32 | 17 16 |20 (48 |17 |27 |24 |35 | 17 | 16
20 | 68 | 2 6 7 0 |11 |15 |16 |17 | 18 | 19
30 | 70 | 73 67 |87 |54 |75 |62 |65 | 60 | 84 | 94
40 | 79 | 100 |108 [99 |60 |90 |98 |67 | 62 | 94 | 98
50 | 80 | 101 |125 |[102 |120 | 100 [105 | 70 | 65 | 120 | 110
60 | 105| 106 | 130 |112 |140 | 105 |125 | 75 | 67 | 156 | 125
70 105 115 | 148 | 120 [136 | 78 | 70 | 176 | 138
80 104 123|200 | 140 | 147

100 148 150

103 143 165

81 145 180

0 0 0

18 20 37

3 9 14

86 90 98

94 92 108

98 125 128

99 190 148

101 198

105 220

107

111

117

0

20

4

84

88

110

120

134

Jomamnee 3aganue: CocTaBUTh aITOPUTM BBIUNCIICHUS KOPPEISALMOHHON CBSI3H.

IpakTnyeckoe 3ansitue Ne 20
Tema: Ananus 3HaUUMOCTH KO3 (D (PHUIIMEHTA KOPPENIALIUU.
Heab: Hayuutbcst BbUUCHATH KOXPGUUIUEHT KOPPENSILUMU, MPOBOIUTH aHAIH3
3HaYUMOCTH KO DUITUEHTA KOPPETIAIUH.
CpeacrBa o0yuyeHMsi: TETpaau IS BBIMIOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-

pecypcehl.

3HauyuMocTh KO3 PULMEHTa KOppeasaun
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Jlaxke 1S HE3aBHCHUMBIX BEIUYMH KOI(D(DUIMEHT KOppENsuu MOXKET OKa3aTbCs
OTJIMYHBIM OT HYJIA BCICIACTBUC cnyqaf/'IHoro pacceiaHnd PpeE3yabTaTOB I/I3MepeHI/Iﬁ NJIn
BCJIC/ICTBHE HEOOJBIION BBIOOPKM CIydailHBIX BeNWYHMH. [lo3TOMy clemyer TpOBEpSThH
3HAYUMOCTH KOd(pPuItmeHTa KOppesinum.

3HAYMMOCTh JIMHEWHOTO KOX(PHUIMEHTa KOPPENALUU NpPOBEpsSETCS HAa OCHOBE I-
kpumepus Cmolooenma:

[
=
=
[
LR

Ecmm ¢t > t, (P, n-2), TO NWHEHHBIH KOIPGUIMEHT KOPPEIAIUU 3HAYMM, a
CJIeIOBATENbHO, 3HAYMMA M CTATUCTHUYECKAas CBSI3b X U Y.

MOHO paccunuTaTh 3HaYeHHE KPUTHUIECKOTO KO (UIIEHTA KOPPEISALIUT

i

S +(n-2)

Jns ynoOcTBa BBIYMCICHMH CO3JaHbl TAaOJIMIBl 3HAYEHUH JOBEPUTEIbHBIX I'PAHMIL
KOO(QUIMEHTOB KOppesMU JUIsl Pa3IMYHOrO 4YHcia CTerneHedl cBoOGoxel f = n-2
(IBYCTOPOHHUN KpUTEpU) U Pa3NUYHBIX YpoBHeW 3Hauumoctu a = 0,1; 0,05; 0,01 u 0,001.
Cunraercs, 4YTO KOppENsLUs 3HAuYMMa, €CIM PACCUUTAHHBIA KOI(PPHUIUEHT KOppeIsuu
IIPEBOCXOIUT 3HAYCHHUE JOBEPUTEIIbHON IpaHHIIbl KO (UIIMEHTa KOPPEISLNY A 3alaHHbIX [ U
a.

Hnst 6omerux 7 u a = 0,01 3HadueHWe MOBEPUTEIBHON TpaHUIBl Kod(hduImeHTa
KOPPEJALUI MOYXXHO BBIYUCIUTD 10 PHOIMKEHHOH popmyite

Vep ® 2.6/ fn—12 .

IMpakTnyeckoe 3ansitue Ne 21

Tema: MeTo1 HAUMEHBIIIUX KBAJPATOB.

Henb: HayuuTbcst BBIAETATh  KOPPEISAIHOHHYIO  CBSI3b  BENUYMH, TPOBOJIUTH
KOPPEJSILMOHHBINA U PETPECCUOHHBIN aHAJINU3, COCTABIIATh JIMHEUHYIO MOJIENIb PETPECCHH.

CpencrBa 00y4eHHsI: TETpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATUU, VHTEepHET-
PECYPCHL.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTpuTe TeopeTudecKkuii MaTepual mo Teme.

2. 3aKOHCIIEKTUPYUTE pellleHre TUIIOBOM 3a/1auH.

3. Peuute 3amaumn.
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Meton Haumenbminx kBaaparoB(MHK) - MaremaTuyeckuii METOI, IO HAXOXKICHUIO

npudamkaomein GyHkuum - f ( I)no Ha0Opy JTaHHBIX(TOYEK)

{(121, yl)s (132_, yE)s s (Iﬂ, yﬂ-) }, KOTOpPasi MUHUMHU3HPYET CYMMY KBaJpaTOB OTKJIOHEHUI
TOYEK OT HaWJCHHON (PyHKIHH.

_f:'L' ] ,r.1_--.'

[pubnmxkaromast GpyHKIHs - f(x) o7 ¥ ’

peOyercs 1o 3HaueHUsIM L1 -3 Lap Y1, ---; Unkak MOKHO TOUHEE OLICHUTH f (I), TOYHEE
03HAYaeT ¢ MUHUMAIBHBIMHU OIIUOKaMH, C MUHIMAJIEHBIM pa30pocoM(auciepcreit), 0THaKo

3aBUCUMOCTb f (I}He JIOJKHA GBITH TIPOCTO MOCTPOEHHOI 110 Toukam \Lis Yi),
N3 Monenu Perpeccun ciaenyetr MUHHIMU3UPOBATh TUCHIEPCHIO OIIMOOK:

Dle] = -3 (i - (7.0

T
=1

rac €= {Cﬂ'? " Cm }— BCKTOP HCHU3BCCTHBIX IMapaMCETPOB.

Janee Oyaem paccMaTpuBaTh TOJIBKO cllydail ojiHomapameTpuieckoro (oaHogakropuoro) MHK,
Korza npudmmkaromas GyHKIUs f ( T, E):;aBI/ICI/IT TOJIKO OT OJIHOTO MapameTpa &, (T.e
npubnmxaromas GyHKIUS 3aBUCUT TOJIBKO OT OJHON MEPEMEHHOM), I03TOMY CUUTAEM YTO

AUCTIEpCUA UMCCT BU!
1 n
Dle]= > (yi— f(z:,8)°
i=1

MuHumMym D [E]Gyz(eM UCKaTh KaK:

OD[e] _
o "
0D[e] _ OD[e] ST dDle] & =0

35’ 8 Cp 8 Cin

—t . _ — —t
rae {Ek}kﬂ} - {Eﬂ! 1 Em }— 0a3uc U3 JIMHEHHO-HE3aBUCUMBIX (DYHKIIUH.
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MuHUMU3UPYS JUCTIEPCUIO OIINOO0K D [E]HO HEN3BECTHBIM MapaMeTpam {Cﬂ! -y Cm }, 0azucom
MOJKET SBJISATHCS CUCTEMA JINHEHHO-HE3aBUCUMBIX (DYHKITHI

{Ek}?ﬂ} = {99.1;}:1:1} = {ipﬂ(:r,)_, " ipm(:t) }, npu yciuoBuu 1t << 1, TOr/Ia

f(@,8) =3 cupnla)
npubIKaromas GyHKIUS €CTh Pa3IoKeHHUE 110 ITOMY 0a3ucy: k=0 ,a
GyHKIUS AUCTIepCHH OMIUOKY OYJeT UMETh BUJI:

n m

1
— 2
Dle] = n Z(yz' - Z crior(Ti))
Jiis aTOTO I[I/I(b(bepeHulggyeM [E](Hepeo603HaquHe D [E] =D ) OTAENBHO 0 KAXKIOMY U3
MapaMeTpoB Cimz LGk S k=0, rme .?npo6eraeT suauenns ot Uno m:
aD
oc; 0
cj el = 0..m
m
[Tonydaem cuctemy ypaBHEHU OTHOCHUTEIIBHO MapamMeTPOB {Ck }.l;:Er
(oD _
gm 0
db
J e =V
aD
 Bom = 0
oD 9 1., m ) " de
A, a. E(ya'—z ceipr(T:))” = E E Crior(T:) E ~ k(i) =0
de;  Oc; {3 k=0 i=1 =0 0¢;

=23 (v = ) cepn(®) 3 djnpn(ai) = 0
i=1 E=0 E—0
Ucnonb3ys:
> dwor(x) = p;(x)
k=0
MPUXOJUM K:

2[%‘ - iﬂk%(%)]@j(:&) =10

e =0...m

Pacnivinem npeasiyiyo GopMysTy B BHAE CHCTeMBI 171 = lypaBHeHI/Iﬁ:
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fz'f':l[yt- — > peo cerl(Ti)|wol(x;) = 0
v = 2o ceerl(Ti) i (xi) = 0

hE?:l[y‘-f — E:lg CrPr(xi)]pm(xi) =0

IIponecc npuBegeHHs1 CUCTEMbI YPABHEHUI K MATPUYHOMY BHY:

Hcnonb3ys cremyromniie nepeo0o3HaueHHs:

(@i, pr) = i CHEA-NES

i=1 s
(W, 0;) = > yipjx:)
i=1
3anuiueM NpeblIyIyo CUCTEMY YPaBHEHUM B MATPUYHOM BHUJIE: Ac= E_). ,
(vo,00) {p1,00) - {Pm,0) co (v, wo)
(wo,01) (e, e1) - (@me1) | L e |- {y, 1)
A= - . . . c=| . |b=|"".
e (0, m) (P1,0m) - (Pmy Pm) ] Cm ) (Y, om)

Marpuia A- nassiBaercs marpuunei I'pama.

pemacM CUCTEMY MAaTPUYIHBIM MCTOAOM U HAXOJUM BEKTOP MCKOMBIX KOE)(I)(I)I/II_II/IGHTOB

npubmmkaromeit Gyukuun: © = {C{' 1 Cly v vy Gm
-1
o (w0, 00) (w10} =+ {©m, o) (y, o)
. | a . (o, 1) (p1,01) -+ (Pm 1) {y, 1)
c = =A"bh= ] ) ] i X
Cm (0o, om) (1,0m) =+ (Pm,Pm) (¥, om)
B pesynbrarte, Mbl HAITH MTPUOIMKAIOILYIO (PYHKITUIO f (T’)
Co
€1
fley=[ . [(po(z), wi(z), ..., wm(x)) = copol®)+eip1(T) 4. Acmn Pm(T)
Cm

IpakTuyeckoe 3ansiTue Ne 22
Tema: CocTaBieHne ypaBHEHUs JIMHENHON perpeccun. [IpoBepka afqeKkBaTHOCTH MOJAEIH.
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Henab: HayuuTbcst BbIAEHATH  KOPPEISAIHOHHYIO  CBSI3b  BEJIUYMH, IPOBOJIUTH
KOPPEJSIMOHHBIA U PETPECCUOHHBIN aHAJINU3, COCTABIIATh JIMHEHHYIO MOJIENb PETPECCHH.
CpeacrBa o0yuyeHMsi: TETpaau IS BBIMIOJHEHUS MPAKTUYECKUX 3aHATUH, HTepHeT-

PECYPCBHL.
KoHnTpo/bHBIE BONIPOCHI:
l. [ToHsiTHE KOPPENSAUMOHHON U PETPECCUOHHOM CBSI3H.
2. ITpuBenure Kaaccu(pUKaMIO CTENEHU KOPPEISLUOHHON CBS3U.
3. [TonsiTus QPyHKIMOHAIBHOM CBSI3U, CTATUCTUYECKON 3aBUCUMOCTH.
4. B uem 3akinrogaroTcs 3a1a4u KOPPEISALMOHHOIO U PETPECCUOHHOIO aHAJIN3A.

Bbi0opoyHOe ypaBHeHHe NPSAMOM JHHUM perpeccu Y Ha X TMOJYYEHHOE IIO
pe3ysbTaTtaM BEIOOPKM UMEET BUJI JIMHEWHOTO MPHOIMKEeHHS ~ - 0T X

Ye—Yg=rs—(x—Xp),
(o2

X

]I T g — BEIOOPOYHBIN KOI(D(DHUIUEHT KOPPEIALMH, PABHbIIM
- anwx-y_ NXp¥s

no.o, ’
Eciu |rB| Wn—123

Ocraro4Hoii AucnepcHeii Ha3bIBAIOT BEIUUUHY

Ty

, TO CBA3b MCXKIY CﬂyqaﬁHbIMH BCIMYHMHAMHM JOCTATOYHO BEPOSATHA.

O_ocm = (1_ rzB)
Penienue TUNOBOM 3a1a4yu
JanHbIe K 3a1a4e cM. pakTHieckoe 3ansatue Nol2

Haiitn peanu3anuio ypaBHeHHs TUHENHON perpeccun Y Ha X. Ecnu cBsA3b NpU3HAKoB Y
1 X I0CTaTOYHO BEPOSATHA, TO OLICHUTh, HAa CKOJIKO B CPEAHEM POXKJIEHHE peOEHKA CKa3bIBAETCS

Ha BEJTMYMHE JI0X0/1a B pacy€éTe Ha OHOTO YJIeHA CEMBH.

BbIunCIMM cpeHee KBapaTHIECKOe OTKIOEHHE BRIOOPKH X: ©x ~ Dpx = 0’88l

Borancnum k03 puiimeHT Koppensium:

o _0+2-7+6-15+10-13+14-5+18+2-2-7+2-6-11+2-10-8+2-14-6+3-2-4+3-6-5+3-10-2-100-1,38-8,16 _

Iy -0,37.
100.0,88-4,32

IloacraBnsiem HaliieHHBIE BEIUYMHEL B YPaBHCHHUC JIMHHUU PETrPpeCCUn Y Ha X

4,32
y. —816=-03723
0,88

>

(x—1,38),

WM OKOHYaTenpHo: Y« = L83X+ 10’74

Tk ‘rB|-«/‘n— = 3,7 > 3,

TO CBA3b MCXKAY pacCMAaTpUBACMBIMH IIpHU3HAKaAMU JOCTATOYHO
BEpOSITHA.

B cpennem poxaeHne peOEHKa yMEHbBIIAET JOXOJ] Ha OJHOTO YiICHa CEMbU HAa CyMMY
okoJio 1,83 Teic. pyo.

N300pa3nuM cxemaTudecku B KoopAuHaTaXx XY BBIOOPOYHOE pacHperesicHHE 10
MIPU3HAKaM M IOCTPOMUM JIMHUIO perpeccuu. PazMeprsl MapkepoB Ha pUCYHKE MTPONOPIUOHAIBHBI
COOTBETCTBYIOIIMM BapHaHTaM BBIOOPKH.
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Pemnre 3apaun

1. JlaHHBIC OTIBITA TIPUBEICHBI B TAOIUIIE:

Xi

2

4

6

8

10

12

14

Yi

4,5

7,0

8,0

7,5

9,0

8,5

9,5

[Tomaras, uto X u Y cBsI3aHbI 3aBUCUMOCTBIO BHAA » — < + x|, HAUTH KOADDHUIIMEHTHI a 1
b crioco60M HaMMEHBIIINX KBAIPATOB.

2. Jlana Tabiuia pe3yabTaToB HAOJIOICHUN:

Xi

2

4

6

8

10

12

14

Yi

3,5
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6,0
7,0
6,0
7,5
8,5
10
Haiitu Bb100pouHBIi K03()(HUIIMEHT KOPPEISALMU U ONPEACIUTh €r0 3HAYMMOCTb.

I[OMaIHHee 3aJaHHeE: CocTaBUTh AJITOPUTM PCUHICHUA TUIIOBOM 3aJa4H.

IIpakTyeckoe 3ansaTHe Ne 23

Tema: Pacno3HaBaHwe MOCTOB U pa3leiSIIONIMX BEpIIMH B rpade, HaXOXKICHUE
paccTosiHusL MEXy BepIIMHaMu B rpade; mpoBepka rpada Ha ABYIOIBHOCTD.

Heab: MoMyYuTh HABBIKU M0 PACMO3HABAHUIO MOCTOB M PA3CISIIONIMX BEPIIMH B rpade,
HAXO0XJICHUIO PACCTOSHUS MEXIy BepIIMHAMU B rpade; mpoBepke rpada Ha IBYAOITBHOCTH;
poBepKe mapbl rpadoB Ha H30MOP(PHOCTH

CpencrBa 00y4yeHUsI: TETpaau ISl BBIMOJHEHUS NPAKTUYECKUX 3aHATUN, WHTEepHET-
PECypCBHI.

Conep:xxanue v NOPSII0K BBINOJHEHUS] padoThI:

1. PaccmoTtpuTe TEOpeTHUECKHAN MaTepUal MO TEME.

2. 3aKOHCIIEKTUPYHTE PEIIeHNe TUIIOBOM 3a/1auH.

3. Pemure 3amaun.

OcHoBy Teopuu TpadoB COCTABISET COBOKYHNHOCTh METOJOB M IPEICTaBJICHUH,
c(hOpMUPOBABIINXCS IIPU PELICHUH KOHKPETHBIX 3a/1a4.

Tepmun «rpad» BHepBbIe MOSBWICS B KHUTE BBIIAIOIIETOCS BEHTepCKoro MareMaruka Jl.
Kénura B 1936 r., X0Ta HavaIbHbBIE 3a7a49u Teopuu rpadoB BocxomdT emie k Ditnepy (XVIII B.).
Onna w3 3a7a4, MOJIOKUBIIUX Hadajao TeOpud rpado, — 3a7ada 0 KEHUTCOEPICKUX MocTax (
pacckazams, nokazams 2pag).

I'pad ecTtb COBOKYNHOCTHL TOYEK W JIMHUM, COCAUHSIIONMIUX ITH TOYKH. OTHU
COCMHEHHSI MOTYT 00NafaTh pa3IMYHBIMU XapaKTEPUCTUKAMH, U Teopus rpadoB 3aHUMAETCA
M3YYEHHEM JTHUX XapaKTepHCTUK. ['pad xapakTepusyeT OTHOIIEHHUS MEXIYy MHOXECTBaAMHU
00BEKTOB.

Bonpmoe 3Hauenne B Teopuu TpadoB UMEET MpodiemMa pa3peuImMOCTH: HaWTH
3¢ (dEeKTUBHBIN WM XOTS OBl JOCTATOYHO MPOCTON B MPAKTUYECKU BAXKHBIX CIy4asX alTOPUTM
pelieHus 3aJauu.

B mnocnennee Bpemsi Teopust rpadoB NpUHMMAET Bce Oojee MPUKIATHON XapakTep,
aBisAsAch A(G(EKTUBHBIM amnmapaToM Ui (Gopmanu3alid MHOKECTBA 3ajad, CBS3aHHBIX C
JUCKPETHBIM pa3MelleHneM 00bekToB. K HHUM, B 4aCTHOCTH, OTHOCSTCS: MPOEKTUPOBAHUE M
UCCIICTOBAaHHUE CEeTeH CBS3M, aHATN3 AJIEKTPUUIECKUX Iernel, rpadbl MOTOKA CUTHAIOB M TEOPHUS
0o0paTHOW CBsI3M, OJOK-CXEMBI MPOTPaMMBI, HCCIIEOBAaHHE AaBTOMATOB, aHAJIN3 W CHHTE3
JOTMYECKUX LeNel, 3aJayd KaJeHJAApHOro IUIAHMPOBAaHMS, IUIAHUPOBaHUWE U oOecreueHue
MaTepUATbHO-TEXHUYECKOTO CHAOKEHHUs, MOUCK MH(OpPMAIUHU, CTpaTeTusi WHBECTUILIMMA, aHAIN3
KauecTBa, MCCIIEIOBAHUE JIBIKCHHSI TPAHCIOPTA, pa3MElIeHUE MPEANpUITHII KOMMYHaJIbHOTO
oOCITyKMBaHUS, MOJEIMPOBAHNE, HKOHOMUYECKHE 3aJaud, TEOpHUsl MWIrp, TOJOBOJIOMKH,
JI0Ka3aTeNIbCTBO TEOPEM.
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2. OcHOBHBIE IOHATHS U ONpe/eseHusi Teopuu rpagos

Onpeoenenue: 11ycTh 3aJaHO0 HEKOTOPOE KOHEYHOE MHOKECTBO X, 3JIEMEHTHI KOTOPOTO
OyZeM Ha3bIBaTh BEPIIMHAMH, K MHOXECTBO V), cocToslee U3 map 3JIEMEHTOB (X;, X;) MHOXKECTBa
X. Ynopsimouennass mapa MHokecTB G=(X,V) Ha3piBaeTcsi rpadom. BepmmHbl n300pakaroTcs
TOYKAMH, a Tapbl DBJIEMEHTOB — JUHHUSAMH, COCIUHSIONIMMH TOUYKH, COOTBETCTBYIOIIUE
00pa3yoIKM Mapbl BEPIIMHAM.

Ecnu B onpenenenuu rpada cymecTBEeHHO B KaKOM MOPSAKE BHIOMPAIOTCS BEPIIUHBI (TO
ecTb mapa (x;, X;) OTJIM4YHA OT Mmapsl (X;,X;)), TO TaKoW rpad HA3BIBAIOT OPHUEHTUPOBAHHBIM WIIH
oprpadom, a mapy (x;, x;) — AyroH, MPH STOM CUUTAETCS, YTO X; —HAYaIbHAs BEPIIMHA, a X; —
KOHEYHas. B reomerpuueckoil MHTepHpeTalMy Tyre COOTBETCTBYET HANpPaBIECHHBIA OTPE30K.
Yacto oprpad 3anator mapod G=(X,I), rae X — MHOXeCTBO BeplIuH, a | — HeoHO3HaYHOE
oTOOpakeHHe, CTaBfAlllee B COOTBETCTBUME KaXKIOW BeplIMHE NoaMHOXecTBO B X. ['(x;) —
MHOKECTBO BEpIIWH X;€X, M1 KOTOphiX B Tpade G cymiectByeT ayra (x; Xx;). v *(x;) —
MHO’KECTBO BEpPIINH X;€X, 1151 KOTOPHIX B rpade G cymecTByeT ayra (x;, X;).

Ecnu B onpenenenun rpada He CyIIECTBEHEH MOPSIOK BEPIINH MPH 00pa30BaHUM MaphI
(x:, x;), TO Tpad Ha3BIBAIOT HEOPHUEHTHUPOBAHHBIM WJIM Heoprpadom, a mapy (x;, x;) — peopom.

Yuco BepmmH rpada Ha3bIBACTCS €T0 MOPSIKOM.

IIpumep. Ha puc.l uzobpakeH opueHTUpoBaHHBIN Tpad G=({x1, X2, X3, X4}, {(x1, X2), (x1,
X4), (X2, X4), (X3, X1), (X3, X2), (X4, X3)}), @ HA PHC.2 — HEOPUECHTUPOBAHHBIN Tpad.

X . X:
XE XS
X

Puc. 1 Puc. 2

Onpeoenenue: Ilyrem B Tpade G Has3pIBaeTCs Takas MOCIEIOBATEIbHOCTh AYT, B
KOTOPOH KOHEIl KaXJOW MpeIblIylei Jyru coBNalaeT ¢ HadyaioM cienyromei. s neoprpaga
Takas TOCJIeI0BaTeIbHOCTh pebep Has3piBaeTcsi menblo. Ecnu myTh (1eTb) MPOXOIUT depes
BEPIIHHEI X1, ..., X; TO OyJIeM 0003HaUaTh €ro (€€) CUMBOJIOM [X1, ..., X].

s rpada Ha puc. 1 mocneaoBaTenbHOCTh AT (X, X2), (X2, X4), (X4 X3) SABISETCS MyTEM H
MOXKET OBITh O0O3HaueHa CICAYIONIMM o0pa3oM [x;, X, X4 Xx3]. Jnsg rpada Ha puc.2 menbro
SIBIISICTCS, HAIIPUMeEP, CIEIyIOMIasi MOCIeI0BaATENBHOCTL pedep (X2, X3), (X3, Xs), (X5, X4), KOTOPYIO
0003HAYMM Yepe3 [X2, X3, Xs, X4].

Onpeodenenue: Ilyth (uenb), y KOTOpOro(-oi) HayaJibHasi M KOHEYHAas BEpILIMHA
COBIIAJIAIOT, HA3BIBACTCS KOHTYPOM (I[UKJIOM).

Jist rpacda Ha prc. 2 TUKIIOM SIBIISICTCS, HAIIPUMED, CICIYIOMIAsl IeTb [X2, X3, Xs, X/, X2].

Onpeoenenue: TIpocTbiM HMKJIOM Tpada HA3BIBACTCA IIUKI, B KOTOPOM BCE BEPIIHHBI
Pa3IMYHBI 32 HCKIIFOUEHUEM HadaIbHOW U KOHCUHOUW BEPIIIMHBI, KOTOPHIE COBITAAIOT.

Hampumep, ais rpada Ha puc.2 MUK [X2, X3, X5, X7, X2]| ABISAETCS MPOCTHIM, a UK [X2, X3,
X4, X5, X3, X1, X2] HE SIBJISIETCS IPOCTHIM.

Onpeoenenue: llernell Ha3pIBaeTCs Jyra, HadyajlbHas M KOHEYHasi BEPIIMHBI KOTOPOH
COBIAJAIOT.
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Onpeodenenue:. I'pad, momydeHHbIH W3 oprpada 3aMEHOM KaI0M Iayrd Ha pedpo,
Ha3bIBACTCSI OCHOBAHMEM oprpadga.

IIpumep. Ha pwuc.3.0 wm3o0paxkeH rpad, KOTOPBHIM SBISIETCS OCHOBaHHME Tpada,
M300paKEHHOTO Ha puC.3.a.

Onpeodenenue: JIBe BEpIIMHBI X; W X; HAa3bIBAIOTCS CMEKHBIMHU, €CJIH CYIIECTBYET
coequHsIONIee UX pedpo (1yra) (x;, X;), IpU STOM BEPIIUHBI Ha3bIBAIOTCS MHIMAEHTHBIMU STOMY
pebpy (myre), a pebpo (ayra) — MHUMAECHTHBIM(-0i) 3TMM BepIIMHAM. AHAJIOTHYHO, [Ba
pa3iauuHbIX pedpa (Ayru) Ha3bIBAIOTCS CMEXHBIMU, €CIIM OHU MMEIOT M0 KpalHed mepe OTHY
OOIIYIO BEPIIHHY.

Puc.3a6
Bepmmnbl x; u x4 cmexsbl (puc. 1), ayra (xi, x;) UHIUACHTHA BEpIIMHAM X; U X, a
BEPUIUHBI X| U X4 UHIUACHTHBI IyTe (X1, X4). PeOpa (xi, x3) U (X3, X4) cMEXKHBI (pHUC.2).

3ameuanue. CMEKHOCTh €CTh OTHOIICHHWE MEXIy OJHOPOIHBIMHU 3JieMeHTaMH Tpada,
TOTJ]a KaK MHIIUJCHTHOCTD SIBJIIETCSI OTHOIIICHUEM MEX]Ty Pa3HOPOIHBIMHU DIIEMEHTAMH.

Onpeodenenue: MHOXeCTBO Beex BepiinH rpada G, CMEXHBIX ¢ HEKOTOPOU BEPIIMHOM X,
Ha3bIBACTCS OKPYKeHHeM BePIIMHBI X U 0003HauaeTcst yepe3 Ng(X) win npocto N(x).

Onpeodenenue: B HeopueHTHUPOBAHHOM Tpade dYHCIO pedep, WHIUISHTHBIX TaHHOW
BEpIIMHE X;, HA3bIBACTCS CTeNEeHbI) (BAJIEHTHOCTHIO) BePIIMHBLI X oOo3HayaeTcs d(x;).
Bepmuna rpada, umeromas crenenb 0, Ha3bIBaeTCS W30JMPOBAHHOI, a BEpIIMHA, UMEIOIas
crenenb 1 — Bucsuent. st neoprpada na puc.2 d(x)=3, d(x;)=4.

Ymeepicoenue (nemma o pykomnoxatusx). Cymma creneneit BepimH rpada G paBHa 2m,
rjae m — anuciio pedep rpada G.

JokazatenbctBo. [lockonbky Kaxaoe pedpo WHIUACHTHO [BYM BEpUIMHAM, TO OHO
no0aBIsIeT IBOMKY K cymMme cteneHelt rpada G. CrnemoBaTenbHO, Bce pedpa Jar0T BMECTE CYMMY
cTeneHeu 2m.

Onpeoenenue: Mloarpadom rpada G=(X,V) nazeiBaercs rpad G'=(X', V'), mjist KOTOpOro
X'cX, V'cV, npudaem pebpo (x; X;) comepkurcs B V' TONBKO B TOM CiIy4ae, €ClIH X; U X;
coneprkarcs B X. OmauM u3 noarpados rpada Ha puc.| sBiseTcs clieayomui (puc..4)

Onpedenenue: Ecnm Bce BepumHbl rpada G=(X,V) mnpucyrcTByroT B moarpade
G'=(X" V"), rorna G' Ha3pIBaeTCsS OCTOBHBIM noarpadgom, 1. e. X'=X, V'cV.

Onpeoenenue: Ilycts X' — moamuoxxectBo BepmuH X rpada G=(X,V). Torma rpad
G'=(X"V') na3piBaeTCcsl mopo:kaeHHbIM mnoarpagom rpaga G Ha MHOXKecTBE BepuIMH X'
(BepUIMHHO-NIOPOKAEHHBIN moarpad), ecinu V' gBisgercs TakUM MOAMHOXKECTBOM V, uTo pedpo
(xi,x;) BXOIUT B V' TOT/Ia M TOJIBKO TOT/1a, KOT/A X; M X; BXOAAT B X'

IIpumep. Ha puc.5 npeacraBieH nopokIeHHbBIN moarpad Ha MHOYKECTBE BEPIIUH {Xi, X3,
Xs} HEOPUEHTUPOBAHHOTO rpada, n300pa)KeHHOTO Ha PUC2.
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'X.J XS XS
Puc. 4 Puc.5

3. Hexoropsie Tunsl rpagos

Onpeoenenue: I'pad G Ha3pIBAETCS MOJHBIM, €CIIU JIIOObIE JIBE €r0 BEPLIMHBI CMEXHBI.
n(n—11)
[MonusIit Tpad mopsaka n 0603HaAYAaETCs] CUMBOJIOM K, 4nciio pedep B HEM paBHO 2 . Ha
puc.6 nzobpaxensl rpadsl K, , n<5.

1A A

Puc.6

Onpeodenenue: I'pad Ha3bIBaeTCS MyCTHIM, €CIM B HEM HeT pedep. Ilycroil rpad nopsiika
n o6o3Hauvaetcs yepes O,.

Onpeoenenue: I'pad, He comeprkanuii BEpIIMH H, CIEAOBATEIbHO, pedep, Ha3bIBACTCS
HoJb-rpadom. I'pad, cocTosmnii U3 OHON BEpIINHBI, HA3bIBACTCS TPUBUATBHBIM.

KpacuBbiMM npuMepamMu SIBISIOTCS epagul namu naamonogeix men (T. €. IPaBUIBHBIX
MHOTOTPaHHUKOB): mempasopa, Kyoa, okmas’opa, 000exa’opa, ukocalopa

IIpakTyeckoe 3ansaTue Ne 24

Tema: [IpoBepka napsl rpadoB Ha H30MOP(PHOCTS.

Iesib: MOTYYUTh HABBIKU IO PACIIO3HABAHUIO MOCTOB U pa3eisIOIIMX BEPUIMH B Tpade,
HaXOXKJCHUIO PACCTOSHUS MEXIy BepLIMHaMu B rpade; npoBepke rpada Ha JIBYIOJIbHOCTH;
poBepKe napbl rpad)oB Ha U30MOP(PHOCTH

CpeacrBa 00y4eHMs: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTEepHET-
pecypceBl.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTpuTe TeOpeTHUECKHil MaTepHral o TeMe.

2. 3aKOHCIIEKTUPYUTE pellleHre TUIIOBOM 3a/1auH.

3. Pemure 3agaun.

MeTtpuyeckue xapaktTepucTuku rpagos

B teopun rpadoB npuMeHsoTCA:

1. Marpuua MHUMHAEHIUA. OTO MaTpuia A ¢ n CTPOKAMH, COOTBETCTBYIOLIUMU
BEpIIMHAM, W M CTOJOIIAMH, COOTBETCTBYIOIIMMHU pEOpam. [l OpHEHTHPOBAHHOTO Tpada
CTOJIOEI], COOTBETCTBYIOIIHNI TyTe (X,y) COAEPKUT -1 B CTPOKE, COOTBETCTBYIOIICH BEPIIMHE X U
1 B cTpoke, cooTBeTcTBYIOIIEH BepinHe Y. Bo Bcex ocrampHbix — 0. [lemmro, T. e. ayry (X,X)
MOYKHO TIIPEJICTaBJIATh HWHBIM 3HAYeHHEM B CTpOKe X, Hampumep, 2.Eciu rpag
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HEOPHEHTHPOBAHHBINA, TO CTOJOEN, COOTBETCTBYIOMUMK pedpy (X,y) comepxur 1,
COOTBETCTBYIOIINE X U 'y — HYJIH BO BCEX OCTAIBHBIX CTPOKAX.

2. Martpuna cMekHOCTH. DTO MaTpHIla n*n rje h — YUCIO BEpIIUH, rae b = 1,
€CJIU CYIIECTBYET peOpo, uayllee U3 BEpUIMHbBI X B BEPIIMHY Y U bj = 0 B IPOTUBHOM cliyyae.
3. Iycte G=(X,U) - cBs3HbI Tpad, a i 7 XJ|— JIB€ €ro HECOBIAIAIOIINE BEPIINHBI.
JUlnHa KpaTyallero MapuipyTa, COEIUHSIOLIEr0 BEpIIMHBI 1 J(mytn wn3z 1 i
XiI/IX-| d(Xi.X')‘
Ha3bIBACTCSl paccmosiHueM MEXAy BepIIMHAMU iln obo3Hayaercs 7. Tlonoxum
d(Xi,X')=<><>| X I/IX‘ d(Xi,X-)‘
J , €CJIM BEpIIMHBI ! ilHe coeMHEHBI MapuIpyToM (TyTtem). PaccrosHue J
YAOBJIETBOPSIET CIEAYIOIIUM aKCUOMAM:
1y d0%i, %) =,
: ) =
) d(x, X, }_q;
d{ X ,}{J' } =q X =}{j
3) TOTJ]a ¥ TOJIbKO TOT/1a, KOTia ;
d(x;,%;) =d(x;, X I"
4) U1l CHMMETPUYECKUX rpadoB;
ol X, X ) +d( X ,}{k}Ed{ X; ,}{k}‘
5) (HEpaBEHCTBO TPEYTOJIbHUKA).
4. Paccrosane mist rpada G ynoOHO 3amaBaTh Matpulieil paccTosHuil. Mampuueii

paccmoanui Tpada c n BepIIMHAMU Ha3bIBaeTCs KBajJpaTHas MaTpuiia D mopsika n, 371eMEHThI
KOTOPOH OTMPENETSIOTCS CISAYIONIIM 00pa3oM:
{O,ecmzlxi =X;
ij =

d(x;,x;), e x; # X .

Marpuily pacCTOSSHUI MOYKHO ONIPEACIIUTh

y xi|
5. Jlnst GUKCHPOBAHHOM BEPIIUHBI  IBeTUUNHA
e(x;) = max d(x;,x;)
x;e X

1

Ha3bIBACTCS IKCUeHmpucumemom (OTKIOHEHHOCTBIO) BEPIIMHBI Kil.

6. MakcuManbHbll CPEAN SKCLEHTPUCUTETOB BEPIUUH HA3BIBACTCS OUAMEMPOM
rpada G u o6o3navaercs diam (G):

diam(G) =max e(x;) =max maxd(x;,x ;)

x;jeX x;€X x;€X

7. MuHUMaNIbHBIN U3 3KCIIEHTPUCUTETOB BEPILIMH CBA3HOIO rpada Ha3bIBAeTCs €ro
paouycom v obo3Hadaercs uepes 1(G):

r(G) =min e(x;) =min max d(xj,x;)

8. Bepmmna, nMmeromas MUHUMAIbHBIA SKCIEHTPUCUTET, HAa3bIBACTCS UEHMIPOM
rpada.
P(Xi) = Zd(Xi,Xj)
9. JU1st BEpIIMHBI MinI/I(:no X eX Ha3bIBACTCS HEPEOAMOUHBIM YUCTIOM.
10.  Bepumwuna rpaga, KOTOpoil COOTBETCTBYET MUHUMAJIBHOE EPEAATOUHOE YHUCIIO

max P(x;) =max Y d(x;,x;)
xjeX xeX x;eX

Ha3EIBACTCS MEOUAH O rpa(ba. HeHTpOB n MCIHaH B rpa(be MOKET OBITh HECKOJIBKO.
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nJ9

%) %5

Puc. 1
Ilpumep. Jlns rpada, wn300pakeHHOro Ha puc.l MeTpUyYeCKHe XapaKTEpPUCTUKH
OIPEAEISIIOTCS CIEAYIOMNM 00pa3oM:

X1 Xy X3 X4 Xg
X(0 1 2 2 e(xy1)=2 P(x;)=6
X5 0 1 1 1 e(x,)=1 P(x,)=4
D=x3|2 1 0 2 1 e(x3)=2 P(x3)=6
X411 1 2 0 1 e(x4)=2 Px4)=5
x5{2 1.1 1 0 e(xg)=2 P(xg)=5

Paguyc rpada pasen 1, nuametp pasen 2. Llentp rpada - Bepumna Ké; Menuana rpada -

BEpIINHA Ké.

JABynouabHble rpadul

Onpeoenenue: 1'pad Ha3bIBaCTCSI 0GYOONbHBIM, €CIN CYILIECTBYET TaKoe pa3OueHue
MHOXECTBa €ro BEPIIMH Ha JBE YacTU (00Ju), YTO KOHIIBI KaXKJI0ro pedpa MpHHaIIeKaT pa3HbIM
YaCTSM.

Ecnu mpu sToM mnro0ble J1BE BEpIIMHBI, BXOASAIINE B pasHbIC JOJIM, CMEXKHBI, TO rpad
Ha3bIBACTCS HOJIHBIM 08YOOIbHBIM.

[MonmHbIit ABYIOTBHEIN Tpad, 10U KOTOPOTO COCTOAT U3 p M U3 ¢ BEpIINH, 0003HAYaeTCs
cumBonioMm K, , . IIpu p=1 momydaem 36e30y K;,. Ha puc.l uzobpaxens! 3Be3naa K, s U MOIHBIHA
By n0IbHBIHN rpad K.

AHAJIOTUYHO JBYJOJBHBIM TpadaM ONpEAeIsIOTCS k-00nbHbill U NoaHbIU k-001bHblI
rpadsr s k=3, 4, ... Ha puc.2 npuBeneH Tpex101bHbIN rpad.

Puc. 1 Puc. 2

Jlns perieHust IpuMepoB YI0OHO MPUMEHSTh TEOPEMY

Teopema: ['pad siBisieTcss OBYAONBHBIM T. M T.T., K. BCE €r0 MPOCTBHIC HUKIBI UMEIOT
YETHYIO JJIUHY.

Jlerko moacYuTaTh YUCIO BCeX IrpadoB ¢ PUKCUPOBAHHBIM MHOXKECTBOM BEPIIUH X. DTH
rpadbl pa3IMyaroTcs CBOUMHU peOdpaMu, U TIOTOMY MX YHUCIIO PAaBHO KOJIUYECTBY MOJMHOXKECTB B

n
2 (_)
X® te. 2'2
IIPUMEHEHUAX TEOpUH IrpadoB, TaK U B CaMOH 3TOH TEOpPHM yallle CYLIECTBEHHO JHIIb TO, 4YTO
ecTb 00BEKTHI (BepUIMHBI Tpada) U CBA3M MexAy oObekTamu (pedpa). C aTux mo3uiuil rpadsl,

, tne n=|X|. Onmnako »tu rpadbl HE Bcerga cieayeT pasznuyaTh. Kak B
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KOTOpbIE€ MOJIYYarOTCA OAWH M3 JIPYroro M3MEHEHHMEM HAaMMEHOBAaHWW BEPIIWH, Pa3yMHO HE
paznuuats. OpopMuM 31U COOOpaxKeHHsI B BUJIE CIEIYIOIIETO ONPECICHNUS.

HN3omopdubIe rpadbl

Onpeodenenue: JIa rpada G, u G HA3BIBAIOTCS UIOMOPEHBIMU, SCITU CYIIECTBYET
B3aMIMHO-OJTHO3HAYHOE OTOOpakeHHE MEXIy MHOXKECTBAMH WX BEPIIUH, COXpaHSIoIIee
CMEXHOCTh. Takoe oToOpakeHre Ha3bIBACTCsI H30MOPGU3MOM.

JIBa oprpada u3oMOpQHBI, €CIU CYIIECTBYET H30MOP(HU3M MEXKIYy WX OCHOBAHHUSIMH,
COXPaHSIOIINN MOPSAOK BEPIIUH HA KXKJION AyTe.

Hanpumep, tpu rpada, npeacraBieHHble Ha puc. 4, n3oMop(dHEI, a rpadsl Ha puc. 5 HE
nzomophHel. Bonpoc 0 Tom, n3oMopdHBI 11 Ba AJaHHBIX Tpada, B 00IIeM CiIydae OKa3bIBaeTCs
CJIOKHBIM.

X

Puc. 4.

Puc. 5
OueBUIHO, YTO OTHOLIEHHE M30MOpPH3Ma rpadoB SBISETCS SKBUBAJICHTHOCTHIO, T. €.

OHO CHUMMETPUYHO, TPAH3UTHUBHO M peduiekcuBHO. ClieoBaTeNbHO, MHOXKECTBO BceX rpadoB
pa3dmBaeTcst Ha KJIACCHI TakK, 4TO rpadbl U3 OAHOTO Kiacca MOMmapHO M30MOpQHBI, a Tpadsl U3
pasHBIX KiaccoB He m3oMOopdHBL. M3oMmopdHBIe Tpadbl MOXKHO OTOXIECTBIATH, T. €. CUUTAThH
COBMAJAIOIUMHU (MX MOXXHO HM300pa3uTh OAHUM pPHUCYHKOM). OHHM MoryiM Obl pa3inuyaTbes
KOHKPETHOH MPHUPOJONH CBOMX OJJIEMEHTOB, HO HMEHHO 3TO HWTHOPHUPYETCS TpPU BBEICHHUU
MOHATHUS «Tpad».

B HEKOTOpBIX CUTyalHsxX BCE K€ MPUXOAUTCS pazianyaTh H30Mop¢HBIE Tpadbl, H TOTAA
MIOJIE3HO TNOHSTHE «IIOMeuYeHHbIN rpady». ['pad nopsiaka n Ha3bIBaeTCA nOMeuYeHHbIM, €CIH €ro
BEPIIMHAM MTPUCBOCHBI HEKOTOPBIE METKH, Hanpumep, Homepa 1, 2, ..., n. OTOXIECTBUB KXKIYIO
U3 BepIIMH rpada ¢ ee HOMEPOM (M, CIEJOBATEIBHO, MHOXKECTBO BEPIIMH — C MHOXXECTBOM
gucen {1, 2, ..., n}), onpeaenuM paBeHCTBO moMeueHHbIX rpadoB G,=(X, V) u G.=(X,V>) ogHoro
u Toro »xe mopsaka: G;=G, torma, xoraa V;=V, Ha puc. 6 u3oOpakeHbl TpU pa3HBIX
MMOMEYEHHBIX Tpada.

ITpu HeoOX0AMMOCTH MOTYEPKHYTh, YTO pacCMaTpUBaeMble rpadbl pa3IUYaOTCs JIULIb C
TOYHOCTBIO JI0 M30MOp(H3Ma, FOBOPAT: «aOCTpakTHbINA rpagd». CTporo roBops, abcmpaxkmubiil
(v Henomeuennwiil) rpad — ITO Kiacc M30MOP(HHBIX rpados.

A 3

? 3 ! 3 1 4

Puc. 6
BapuaunTsl 3agaHuii:
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l. Jlana matpunia A. I[TocTpoiite COOTBETCTBYIOMUM i Tpad, UMeronui MaTpuiry A
CBOEH MaTpHIle cMexxHOCTH. HaliuTe MaTpHIly MHIIMIEHTHOCTH JJISI IIOCTPOCHHOTO rpada.

2 0 0 1
0 0 2 3
A =
0O 2 0 1
1 3 1 ¢
l. Jana matpuia A. [TocTpoiiTe cooTBETCTBYIONIMHI €if Tpad, IMEIOLIHA MaTpuIly A
CBOEH MaTpHIle cMexxHOCTU. HalimuTe MaTpuIly MHIIMIEHTHOCTH JJISI IOCTPOCHHOTO rpada.
o 2 0 3
2 0 2 1
A =
0O 2 0 O
3 1 0 1

IIpakTnyeckoe 3ansiTue Ne 25

Tema: 3anuce MaTpuIbl JOCTHKUMOCTH M TIOCTpOEHHE auarpamMmbl [epma mms
OPHUEHTHUPOBAHHOTO Tpada; perieHue 3a1a4 Ha OMHAPHBIC 1EPEBbSI.

Hean: OBnaneTs METOAAMHU PEIICHUS 3a7a4 HA OMHAPHBIC JIEPEBbS, 3aIUCHI0O MATPHIIHI
JTOCTH)KUMOCTH Y TIOCTPOSHUEM auarpaMmel I epria

CpencrBa o0y4yeHHsi: TETPaJH JJIs BBIIOTHEHHUS MPAKTUYECKUX 3aHSATUH, MPE3CHTAINN
o Teme, MIHTepHeT-pecypchl.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. [loBTOpEHME TEOPETUUECKOTO MaTEpHalia, B BUJI€ OTBETOB HA BOIPOCHI.

2. 3amaiite rpad G puc.l mMaTpuIlei CMEXHOCTH U UHITUACHTHOCTH.

3. [Toctpoiite rpadsr G1 u G2, cpaBHUTE CTENEHH KaXIOH BEPIIMHBI JAHHBIX
rpacos.

4. ITo 3amaHHO# MaTpuUIle OCTPOUTH CETEBOM rpad K, pemuTh 3a1ady 1.

5. Peunts 3anauy 2.

KoHTpoJ/IbHBIE BONIPOCHI:

1. Uto Ha3pIBaeTCsl opueHTHpOBaHHBIM Tpacdom? [IpuBeauTe npumepsl.

2. IlepeunciuTe OCHOBHBIE TIOHSATHS CBSI3aHHBIE C OPHEHTUPOBAHHBIMH T'padaMH.
3. IlepeuncnuTe criocoObl 3a1aHKsI OPUEHTUPOBAHHBIX IPadoB.

4. B yem COCTOUT aHAIMTHYECKUH crioco0 3ananus oprpada?

5. B 9em cocTouT reomMeTpudecku crnocod 3amanus oprpada’?

6. B ueM coctout MatpuuHbIiii criocod 3amganus oprpada?

7. Kakas matpuiia Ha3pIBaeTCs MaTpUIICH CMEKHOCTH oprpada?

' V5 8. Kakas
W3 MaTpulla Ha3bIBaeTCsA
MaTpHUIei
E3 WHIUIEHTHOCTH
oprpada?
V2 E2 «
El
W1
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Puc. 1

IIpakTyeckoe 3ansaTue Ne 26
Tema: Pemenue 3a1a4 Ha OWHAPHBIC IEPEBBSI.
Heas: OBnagers METOAaMU pELICHUS 3a]a4 HAa OMHApHBIE JIEPEBbs, 3aIIMCHhI0O MATPHLIBI
JOCTHKMMOCTH Y IOCTPOEHUEM auarpaMmsl I epra
CpencrBa 00y4yeHMs: TETPAAX Uil BHIMOJIHEHHS MPAKTHUECKUX 3aHATHH, MMPE3eHTALH
1o teMe, HTepHeT-pecypChl.

Pemure 3apaun
3anaua 1. ITo 3amanHO# MaTpHIIe TOCTPOUTDH CETEBOM rpaduk ( a;3JIEMEHT MAaTPULIBI €CTh
JUTUTEIILHOCTh pabOTHI OT 1 110 j B JHAX). HaliT IHHY KPUTHYECKOTO MyTH, yKa3aTh YKOHOMHIO

BpPEMEHH.
03560000000
00007600000
00000750000
00400036000
00000000450
00000000300
00000000500
00000000008
00000004067
00000000008
2) 00000000000

0)
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04560000000
00007600000
00000550000
00400036000
000000004770
00000000600
00000000400
00000000007
00000005066
000000000009
00000000000

3agaya 2. Haiinure KoaM4uecTBO y3JI0B JaHHOTO OMHAPHOTO JepeBa, NEPEUUCIIUTE JTUCThI
1 YKQXUTE TIyONHY OMHAPHOTO JIepeBa ¢ KOpHEM A.

(9

I[0Mamﬂee 3aJaHHe: CocTaBUTh AJITOPUTM 3aJavuu 1.
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