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IMosicuuTeILHAS 3aNIMCKA

Jns MHOTHX CTYJEHTOB 3HAUUTEIBHYIO TPYAHOCTh IIPEACTABISICT pEIICHHWE 3aj1ad.
[ToaTOMy B TaHHBIX METOJUYCCKUX YKa3aHMUSIX TJIABHOC BHUMAHHE YJEJICHO PEIICHUIO THUITOBBIX
MPUMEPOB W 3aJa4, MOSICHSIOIIUX TeopeTHdeckuid martepuan. OJHAKO TPEXAEe YeM HayaTh
peliaTth 3TH MPUMEPHl HAA0 JOOUTHCS TOJHOW SICHOCTH B TMOHMUMAHHH COOTBETCTBYIOIIMX
TTOHSATHH.

B mHavame kaxIol TEMBbI KpaTKO M3JIaraloTCs OCHOBHBIE TEOPETUUYECKHE CBEICHUS
(ompenenenus, GopMyJibl), HEOOXOTUMBIC NJIsl PEIICHUs IMOCIEAYIMNX 3anad. l[IpuBogsTcs
pEIIeHUs] TUTIOBBIX MIPUMEPOB U 3aj1a4. J[aroTcsl ynpakHEHHS Ha 3aKPEILJICHUS TEMBI.

BrinonHeHue cTyieHTaMu MpakTHYeCKUX padoT HAIIPaBJIECHHO Ha:

- 0000meHne, cUCTeMaTHU3aluio, yriayOleHue, 3aKperuieHue TMOMYYSHHBIX TEOPETHUECKUX
3HAHWH MO0 KOHKPETHBIM TEMaM;

- (opMHpOBaHWE YMCHHI NPHUMEHATH MOJYyYCHHBIC 3HAHUS HA NPAKTHUKE W PEATU3AIUIO
€JIMHCTBA MHTEJUICKTYyJIbHON U IPAKTUYECKOMN ACSTEIIBHOCTH;

- pa3BUTHE WHTEIUICKTYaJbHBIX YMEHUH Yy OyIyluX CHEIUAIKNCTOB: aHAIUTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPAOOTKY TPH PEIICHWH ITOCTABJICHHBIX 3a/Jad TaKUX NPO(ECCHOHATBHBIX KAYeCTB, KakK
CaMOCTOSITEJIbBHOCTh, OTBETCTBEHHOCTh, TOUHOCTh, TBOPUYECKAsI HHUITUATHBA.

B pesynbrate n3ydenus yueOHON TUCHUILTHHBI « Teopust BEpOSTHOCTEH U MaTeMaTH4ecKast
CTaTHCTUKA» 00YYaIOIIUICS TOKEH
YMETh:

- BBIYUCJISITH BEPOSITHOCTh COOBITUM C UCTIOIB30BAHUEM DJIEMEHTOB KOMOMHATOPUKH;

- HCIOJb30BaTh METO bl MATEMAaTHUECKON CTATUCTUKHU

B pesynbrare uzydenus yueOHON AMCHUIIIMHBI 00yUYatOIUCs JOKEH 3HATh!
- OCHOBBI TEOPUH BEPOSITHOCTEW U MATEMATHYECKOW CTaTUCTUKH;

- OCHOBHBIC ITOHATUSA TCOPHUU I‘pa(bOB



IMpakTnyeckas padora Ne 1

Tema: Tema 1.1. DreMeHTHl KOMOMHATOPHUKHU

Henb: HayunThes BBIUMCIATH BEPOSTHOCTU CIIy4alHBIX COOBITHIM

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIIOJHEHUS NPAKTUYECKUX 3aHATUH, VHTepHeT-
peCcypceBl.

CoaeprxaHue M NOPSAI0K BbINOJTHEHUS PadOThI:

1. PaccMoTpuTe TeOpeTUUECKUA MaTeprall o TEME.

2. 3aKOHCIIEKTUPYWUTE METOAUKY PELICHUS TUIIOBBIX 3a/a4.

3. PaccmoTtpuTe nmpuMepsl pelieHns TUIIOBBIX 3a/a4.

4. Pemure 3amavu.

KoHnTpoJsibHbIE BONIPOCHI:

1. [ToHATHE BEpOATHOCTHU CIyYaHOTO COOBITHSI.
2. [TonsATHs MepecTaHOBKH, Pa3MEIICHHs, COYCTAHUSI.
BeposATHOCTh  cAy4aWHbIX  coObITHHM. HemocpeacTBeHHBIM  MOACYET
BEPOATHOCTH.

[Ton BepOATHOCTBIO CITy4ailHOTO COOBITHS TOHHUMAETCS YHCIO, XapaKTepU3yIoliee
CTETIeHb BO3MOKHOCTHU TOSIBIICHHS COOBITHS. [Ipy 3TOM BEpOATHOCTH HEBO3MOXHOTO COOBITHS
IPUHUMAETCS PABHOM HYJIIO, & BEPOATHOCTb JIOCTOBEPHOI'O COOBITHS paBHOM €AMHHULIE. DTUM
OTPaHUYMBACTCS IUAIa30H U3MEHEHUS BEPOSATHOCTU CITYyYalHOTO COOBITHS:

0= p=1 .

Krnaccudeckoe omnpeneneHne BEpOSTHOCTH OCHOBAHO Ha MPEACTABICHUU CIy4ailHOTO
cOoOBITHSI Kak pe3yjbTaTa (MCX0Ja) HEKOTOPOro BOOOpakaeMoro Wiau (HaKTHUECKOTO OIbITa
(ucmibITaHMs), TOBTOPSIOLIETOCS JH000€ YUCIIO pa3. ITa TeopeTudeckas MoJiejb JIEKUT B OCHOBE
HETOCPEICTBEHHOTO MOJICUETa BEPOATHOCTH CIIYYaHOTO COOBITHSI.

BepositHOoCcTRIO  ciiyyallHOTO  COOBITHSA AmnaspiBaeTcs  OTHOIIEHME  YKCIA
GIarONpPUATCTBYIOIMX 3TOMY COOBITHIO HCX00B ' Kk 06IIeMy YHCITy BCeX PAaBHOBO3MOMKHBIX
HECOBMECTHBIX 2JIEMEHTAPHBIX HCXOJ0B ! | 06pa3yromKX MOIHYIO TPYIIY:

pay="2

. (1)

I[J'ISI OIIPEACIICHUA KOJINYECCTBA HMCXOIO0B n u m qaCcTO MIPHUXOOUTCA HCIIOJIb30BATH
(1)OpMy'J'H>I KOM6I/IHaTOpI/IKI/I. KOMﬁI/IHaTopHKa N3y4acT KOJIUYECTBO KOM6I/IHaI_II/II7I U3 3JIEMCHTOB
onpeneneHHoﬁ IIpUPOabl 3aIaHHOT'O KOHEYHOT'O MHOXXECTBA.

HCPCCTaHOBKI/I - KOMOMHAILIMA U3 OJHHX U TEX K€ OJIEMCHTOB, KOTOPBIE Pa3INYarOTCA
TOJIBKO IMMOPAIKOM HUX PACIIOJTIOKCHHUA. Yucao IIEPECTAHOBOK OIIPEACTIACTCA 110 qoopMyne:

B, =t (2)

n

rac - KOJIMYECTBO JJIEMCHTOB B KOM6I/IHaHI/II/I.

Hampumep: CkoapkuMu crmocodamMu MOKHO pacipenenuTh S 00beKTOB paboThl MEXKIY 5
OpurasaMu 3J1I€KTPOMOHTa)KHUKOB?
n=5PR =5=1.2.3-4.5=120

m

Pasmemenuss - KOM6I/IHaL[I/II/I us3 npa3J'II/I‘-IHBIX 9JICMCHTOB IIO 9JICMCHTOB,

OTIMYAIOIMMXCA JTM6O cocTaBoM, b0 mopsukoM. Umcno  pasMemenmi  m3

m

Io

OMpECACIIACTCA KaK:



n!

n -
(n—m)! . (3)
Hanpumep: Nmeercs 10 anextpoaBuraresieid, u3 KOTOpbiX 3 oaHOro thmna. CKOJbKUMH

croco6amMy MX MOKHO PACIONIOKUTh B OJIUH PA?
=10 !
n A2 =1%_15.9.8=720

m=23 7!

Coueranus - KOM6I/IHaI_[I/II/I, COCTaBJICHHBIC U3 n Pa3IUYHBIX O3JIEMEHTOB II0

M 51eMeHTOB, KOTOpBIE pPA3IMYAIOTCS XOTA Obl OJHHM dJeMeHTOM. UMCIO CcoueTaHmi

ompenenseTcs mo Gopmyie:
n!

- mli(n—m)! (4)

m
n

Hanpumep: CxonpKuMH crioco0amMu MOXHO COCTaBUTH OpHraay B COCTaBe 3 YeJOBeK,
BbIOMpas UX U3 § 3IEKTPUKOB?
el

n:8($::3512

m=23

n

MpaBuio cymmbr: Ecin o6bext ABbiOpan ! cioco6amu, a o6bexr B- M ciocoGamu,

10 BHIOODP MO0 A, 160 B MoKeTOBITE OCyIIECTBIEH <2 + > CIOCOGAMH.

m

IpaBuiao npoussenenus: Ecimu o6bext Apwpibpan ! cnocobamu, a mocne kaxnoro

TAKOro BEIGOpa 00BEKT B MOKHO BEIOpath ! crioco6amu, To mapa <A- £ MoxeT ObITh BEIOpaHa
- m) CII0COOAMHU.

MeToMKa pelieHMs TUNOBBIX 3a4a4

Krnaccuueckue 3agaun TB uctopuuecku cBs3aHbl ¢ Teopuel asapTHbiX urp. OpHako,
IPE/CTaBICHHbIE MAaTEMAaTUYECKHE MOJIENIHM MOTYT OBITh HCIOJb30BaHBl TAKXKE NPHU PELICHUU
psiia TEXHUYECKUX 3ajiay.

Metoauka pelieHus 3ajady Ha HEMOCPEACTBEHHBIH IMOJICYET BEPOSATHOCTH ClIydailHOro

COOBITHSI CBOAUTCS K CIEAYIOLIEMY:

1. OHpe,Z[CJ'ICHI/Ie O6H_ICFO YHrcjia BO3MOXHBIX MCXOJ0B n ;

2. AHamu3 M pacyeT KOJHMYECTBA MCXOJOB, OJIAarONpPUATCTBYIOLIMX
CllyualfHOMy COOBITHIO, T.€. TaKMX, B KOTOPbIX JIaHHO€ COOBITHE O0053aTEeNbHO
MIPOU30UJIET;

3. Onpenenenre HCKOMOW BEPOSITHOCTH COOBITHUS MO BbIpaxeHH:o (1).
PaccmoTtpuM penienue psijja TUIIOBBIX 3a/1a4 [0 JAHHOMY pa3/ieny:

I tun 3anayu. Yenosue sadayu: TycTs umeercst ypHa, B koTopoit & - Gerbix mapos u b.
4yepHbIX. V3 ypHBI Hayraj BeiOMpaetcs 1 map. HailTu BEposITHOCTB TOTO, UTO STOT HIap OEINbIii.

Pemenne
n=a+b =E= a
m=a n a+b_

B nmanHOM ciydae Bce MCXO/BI OMBITA, CBSA3aHHOTO CO CIyYalHBIM BBIOOPOM IIapa W3
YPHBI, SBJISIOTCS PAaBHOBO3MOXHBIMU M HECOBMECTHBIMH, T.€, OMBIT CBOJUTCS K «CXEME YPH».
[ToaToMy BEpOSITHOCTH JOCTAaTh CIydalHBIM 00pa3oM OeNblil Iap BTOPHIM WM TOCIEIHUM W3

a

P

YPHBI TAaK)KE€ paBHA a+b
II tun 3agau Vciosue 3adauu: B xopoOke 30 nsmekTtponamm, mpuyeM 12 w3 HUX
paccunTansl Ha HanpsbkeHue 220 B, a ocranbHble - Ha HanpspkeHue 36 B. KakoBa BepoATHOCTB



TOro, 4To U3 4 HayTraJ B3ATbIX OJHOBPCMCHHO 3JICKTPOJIAMITI BCC OKAXKYTCA UJIU C HAIIPSIXKCHUCM
220 B, wiu ¢ Hanpsikennem 36 B?

Pewenne

BBenem o0o3HavyeHus:

A - coObITHE, COCTOSAIIEE B TOM, YTO U3 4 BIEKTpONaMI Bee ¢ HanpsoxenueM 220 B;
B - u3 4 snekrponamn Bee ¢ HanpskeHneM 36 B;
C - nosiBnerne cobbituii 6o Ammbo B.

a) OOmee 9nCIIO UCXOJOB PABHO KOJUYECTBY CIIOCOOOB, KOTOPHIMH MOXXHO BBIOpaTh 4
anekTpoamiibl u3 30.

_ 4
n—C3U_

_ 4
6) Uucmo ucxon0B, GnaronpusTeTByomux coobrruo A, M = Co.
YKCII0 HCXO10B, ONAroNpUATCTBYOMUX coObITHIO B, M2 = ch
: 141 26!
pA)="4 = C142 _ 12141260 11
C) n C; 481300 609

m, Cj 1814126! 68

P(B)=—2=—1 = -
Ci 4141300 609

BeposSTHOCTL COOBITHS, COCTOSIIETO B MOSABIEHUH 160 coObiTHa A, m6o codbitus B,
OIPENICITMM C MCIIOJIb30BAaHUEM TPABUIIA CYMMBI
P(C) = P(A)+ P(B) = —— + 58 _ 013
609 609 _
Vcnosue 3aoauu: CryaeHt kynun kapTouky CHOPTIOTO U OTMETHII B HEH MoclienoBa-
TEJIBHO IIECTh NMEPBBIX HOMEpOB. OmpeneauTh BEPOSITHOCTh TOTO, YTO NMpHU THpaxe 6 u3 49 B

YHXCJIC BBIMI'PABIHIUX IAPOB OKAXXCTCA HIap IMOJ Ne 1.

Pemenue

a) OOmee 4YHCIO HCXOJ/IOB

_ 6
n_c49l

Eceromapoe ¢ 49 HoMepaMH

/ Il \ 0) Yucno HCXOM0B,

OJIarompUsITCTBYIOIINX  COOBITHIO,

1l map mog Mel 48 wapce ¢ gpyrHaMH Mo
OTIPE/ICIISICTCS YHUCIIOM BO3MOMHBIX
KOMOMHaIMii W3 6  HOMEpOB,
my 6 mwapos I, 00s3arenbHo  BKIOYaBImMx Ne 1.
\ Jns OTpeieIICHUs qrcia
1l map nog Mel 5 Wwapob nog gpyrHmH Me KOMOHMHAIMi yJ00HO HCMOJIh30BaTh

CXEMATHUYCCKOC IMMPEACTABICHUC:

Kak Bugro, M 3aBrcHT 0T BO3BMOXKHBIX KOMOHHAIMIA U3 5 mapoB (C APyTHMH HOMEPAMH,
oTiinuHbIMU 0T Ne 1) u3 48 Takux mapos.

_ _ 5
m_ml'mz_c43_

5 1431 6!
m C‘}B _ 48! 43! 6! _ i ~ 01224
C) n Cu 5143149 49




III Tan 3apau Yciogue 3a0auu: Ha monke Haxomutes 10 ammepmMeTpoB, U3 KOTOPBIX 6
ucIpaBHbIX. HaliTu BEpOSATHOCTH TOTO, YTO cpeau 4, HayAady OTOOpaHHBIX aMIIEPMETPOB, 2
UCIIPABHBIX.

Pewenne

Ot 3amau II TMIA MaHHBIA TUI 337a4 OTJIMYAET HEOJHOPOIHOCTh COCTaBa KOMOWHAIIHH,
COOTBETCTBYIOIIUX OJArOMPHUATHBIM HCXOJAM CIIy9alHOTO coObITHS. s perneHust ymnoOHO
MPEACTABUTH YCIIOBUE 33/1aUl CXEMATUUYECKU:

_ 4
a) OOmee 9ncio ucxomos "~ Cio

10 amriepmeTpoE ~
OB1710
/ n \A 7 Beero

§ HCIIpaBHBX 4 HeHCIIpaBHBIX

m, 4 amMriepMeTpa m,
#  oTofpam

2 HCIpaBHBLX 2 HeHMCIIpaBHbIX 0) m ompesenseTcss Ha
OCHOBC IIpaBuJia MPOU3BCACHUA,
IMOCKOJIBKY BBI60p 4 aMIICpMETPOB OCYIIECCTBIIAACTCS OAHOBPEMCHHO!
m=rm, -m,
m, = Cf m, = C; ]
p= 'm, _Cg-Cy _ 646
204121 2110!

3 :3z0,43
n C 7

10

Pemure 3agaun:

3anava 1. bpomena urpanpHas KocTb. HaliTu BEpOSITHOCTDH BBINAJCHHUS YETHOTO UYMCIIA
OUKOB.

3anaya 2. YUaCTHUKU KepeObEBKU TSHYT U3 ypHBI KETOHBI ¢ HoMepamu oT 1 1o 100.
HaiiTu BeposTHOCTH TOTO, YTO HOMEP MEPBOTO HAayAauy BBITAIIEHHOTO )KETOHA Oy/ET COlepKaTh
audpy 5.

3amaya 3. B natu Memioukax HaxoAsTcs 5 onMHAKOBBIX KyOukoB. Ha Bcex rpansx
KaX/I0ro KyOHMKa HamucaHa oJHa W3 ciexyromux Oyks: o, I, p, ¢, T. Haiftu BeposTHOCTH TOTO,
YTO Ha BBIHYTHIX [0 OJJHOMY M3 Ka)KJOI'0 MEIIOYKa KyOMKaX M pacHoJOXKEHHBIX B OJIHY JIMHUIO
MOYKHO OyZeT IPOUYECTh CIOBO «CIIOPT.

3anaua 4. Ha ka)xa0# U3 eCTH OJJMHAKOBBIX KapTOUeK HamucaHbl ojHa u3 OykB: A, T, M,
P,C,O. HaiiTu BeposTHOCTh TOT'O, YTO Ha YETHIPEX BBIHYTHIX IO OJHON M PACHOJOKEHHBIX B
OJIHY JIMHUIO KapTOUYEK MOYKHO OyZAET IPOUYECTh CIOBO «TPOCH.

3amaga 5. Ky0, Bce rpaHH KOTOpPOTO OKpall€Hbl, PAaCHWIMJIN Ha ThICSUy KyOHKOB,
KOTOpBIE 3aTEM TIIATEIBHO Nepemermain. HailTu BeposATHOCTh TOr0, 4TO HayJady BBITAIICHHBIN
KyOUK OyJIeT UMETh OJIHY OKpAIIEHHYIO IPaHb, 1BE U TPH.

3amaua 6. M3 monHoro Habopa 28 KOCTel JOMHHO HayJauy H3BJeueHa KocTh. HalTu
BEPOSITHOCTh TOI'0, YTO BTOPYIO Hayjady H3BJIICUCHHYIO KOCTb MOKHO IIPUCTaBUTH K IIEPBOH,
€CIIM TepBasi KOCTh OKa3ajach: a) 1yoseM, 0) He 1yOneMm.

3amaya 7. BoceMb pa3iIMuyHBIX KHHUI Hayjnady paccTaBiIAOTCs Ha mnousike. Haiitn
BEPOSITHOCTh TOT'0, YTO JIBE€ ONPEIEIECHHBIE KHUTH OKaXXYTCS CTOSIIUMU PSIOM.



JdomaiuHee 3agaHue:

Pemmure 3amaun:

1. B norepee pasbirpeiBatorcsi 150 BemieBbix M S50 IEHEXHBIX BbIMTphIMICH. Yucio
noteperinbix OuneToB paBHO 10000 mTyk. Yemy paBHA BEpOSITHOCTh BBIMTPHIIIA?

2. BeposTHOCTB TOTO, YTO CTPEJIOK MPHU OJHOM BhICTpesie BbIObeT 10 oukoB, paBHa 0.1; 8
OYKOB U MeHblIe - 0.6. HaliTi BEpOSITHOCTH TOTO, YTO IIPU OJHOM BBICTpEJIE CTPEJIOK BHIOBET HE
MEHBIIIE 9 OYKOB.

3. B maptun u3 10 neraneil — 8 mTyk crangapTHeiX. HailTu BEposITHOCTB TOTO, YTO Cpeau
JIBYX Hay/Jady MU3BJICYCHHBIX JeTaneil XoTs Obl 0JjHa OyJeT CTaHIapTHOM.

4. B maptum u3 10 neraneit okazanoch 8 crangapTtHbIX. Haynmauy otoOpanu ase. Haiitu
BEPOATHOCTH TOTO, UTO CPEIU OTOOPAHHBIX JeTajeil OKaKeTCs:

1. He 0oJiee OJTHOM CTaHIApTHOM,

0) xoTs1 OBl OJTIHA CTaHJApPTHAS,

B) TOJIBKO OJIHA CTaHJapTHAas.

5. BepoaTHOCTH TOrO, YTO CTpENOK IomajaeT B MuileHb, paBHa 0,9. Ilpousseneno 3
BbIcTpena. HaliTu BeposiTHOCTB TOTO, YTO BCE 3 BHICTpEIA MONAJIN B LENb.

6. B ctynum HaxoaumtTcs TpU TelleKamephbl. BeposTHOCTh BKIIOUEHHUS KaKJIOW KaMmepbl
paBHa 0.6. HaiiTu BeposATHOCTH TOrO, YTO B JAaHHBII MOMEHT XOTs Obl OJHA Kamepa Oyner
BKJIFOYEHA.

IpakTnyeckoe 3ansitue Ne 2

Tema: Brruucinenue BeposTHOCTEH COOBITUN MO KJIacCHYECKO (opmyre ompereneHus
BEPOSITHOCTH

Heab: HayuuThCs BBIYMCIATH BEPOSTHOCTU CIy4YalHBIX COOBITHI IO KJIACCHYECKOMN
dopMyJie onpeaeneHust BEposSATHOCTEN

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypchl.

Coaeprxanue ¥ NOPAIOK BBINOJTHEHUS PadOThI:

1. PaccMoTpuTE TEOpPETUYECKUI MaTepUall IO TEME.

KoHnTpoJsbHbBIE BONIPOCHI:

1. [lonatne  BEpOATHOCTH  CIyyallHOro  COOBITHS,  NEPECTaHOBKH,
pa3MelIeHusl, CoueTaHusl.
2. [IpaBuia cyMMbl M POU3BEACHUS CITyYalHBIX COOBITUH.

HenocpencTBeHHbIN MOJCUET BEPOATHOCTU CIy4YailHOro COOBITHS YAOOHO MCIOJIB30BaTh
TOJIKO TPHU aHAIM3€ MPOCTEHIINX CIIy4alHBIX SIBJIEHHUH, KOTJa MO YCJIOBUIO 3aJjaud U3BECTHBI
BCE KOJIMUYECTBEHHBIE MIOKA3ATENHN 110 HCCIEyeMOMY OOBEKTY MIIH MX JETKO MOXKHO BBIYUCIHUTD.

OTO MO3BOJISET IIO (bOpMYJ'IaM KOM6I/IHaTOpI/IKI/I noACYUTaTh KOJIHMYCCTBO HCXOJ0B m n.

u
O}IHaKO Ha TIIPAKTUKEC MNPUXOIUTCA CTAJIKUBATHCA CO CJ'Iy‘—I&ﬁHBIMH CO6I)ITI/I$IMI/I, KOTOPBIC
(bOpMHPYIOTCS 32 CYET COUETaHUs IEJI0T0 psiaa ciaydaiHbIX ¢akTopoB. Hampumep, BeposTHOCTH
BBIXOJIa W3 CTpPOsS JIOOOT0 TEXHUYECKOTO YCTPOWCTBA 3aBUCHUT OT  BEPOSTHOCTH
paboTOCIOCOOHOCTH KAXKIOTO M3 €ro 3JEMEHTOB, a Takke OT crmocoba ux coenuHeHus. s
OTpe/ieNieHUs] BEPOATHOCTH TaKHX CIyYalHBIX COOBITHI HCIONB3YIOTCS KOCBEHHBIE METOJBbI,
MO3BOJIAIONIME 10 W3BECTHBIM BEPOSITHOCTSAM OJHHUX COOBITUA HAXOIUTh BEPOSTHOCTU
CBSI3aHHBIX C HUMHU COOBITHIA.

[Ipexne Bcero HEOOXOAMMO MPOAHATIU3UPOBATH CIyYalHOE COOBITHE W OMPEIETUTh
o0Opasyercs M OHO KaK CyMMa dJIEMEHTAPHBIX COOBITHI MJIH KaK X ITPOU3BEICHHUE.



Jlis aTOrO BBEIeM JBa 0a30BBIX MOHATHS aNreOpbl COOBITHH.
CyMMO#i HECKOJIBbKHX CJIYYailHBIX COOBITHI Ha3bIBaCTCSI COOBITHE, KOTOPOE COCTOUT B

HOSBJIECHUU XOTs OBl OJHOTO M3 3THX COOBITHI. Tak IS CyMMBI TPEX CIIyd4aiHBIX cOOBbITHH A,

B, Chpousoitner mu6o A, mu6o B, mu6o €, mbo coueramms AB, AC  BC ABC,
Hampumep, aBapuifHOE TIOBpeXJCHHE OJIOKA  IJIEKTPUYECKOW CHCTEMBI  TE€HEpaTop-
TparncGopMaTOP-TUHUS AIIEKTPOIIePEaay MPEACTABIICT COO0M CyMMY 3JIEMEHTAPHBIX COOBITHI:
aub0 TOBpEXKACHHWE TeHepaTopa, MO0 TOBpexaAcHHEe TpaHchopmaropa, OO JIMHUK
aJIeKTporepeaay, JIn00 BCEBO3MOKHBIE COBMECTHBIC IIOBPEIKICHUS.

IIpousBeaeHneM HECKOJbKHUX CIYyYailHBIX COOBITHI HA3bIBACTCS COOBITHE, COCTOSIIEE
B OJHOBPEMEHHOM TOSIBIICHUM J3THX coObITHi. Hampumep, Oe3oTkazHas pabora Oj0ka
reHepaTop-TpancGopMaTop-ITuHUAS SJIEKTPONEepeiad BO3MOXKHA TOJIBKO TPHU OJHOBPEMEHHOM
0e30TKa3HOM paboTe BCEX TPEX FIEMEHTOB OJIOKA.

Pacyer BeposATHOCTH CIIO)KHOTO COOBITHSI MPOM3BOAUTCS HAa OCHOBE TEOPEM O CyMME H
NPOM3BEACHNH CITyYaiHbIX COOBITHIA.

[Tpu BEIOOpE pacdeTHBIX (HOPMYIT HEOOXOIMMO YUHTHIBATH JIBA CYIIECTBEHHBIX MOMECHTA!

a) Onpenenenre BEpOSITHOCTH CYMMBbI CITy4YalHBIX COOBITHI 3aBUCHUT OT TOTO, COBMECTHBI
HJIM HECOBMECTHBI 3T COOBITHSL.

[Iycts crmyuaiinbie coObituss A, B- HecOBMECTHBI, TOrga BEPOSATHOCTH CyMMBI IBYX
cobpitnii A+ B papna

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

Ecru A, B- coBmecTHble COOBITHS, TOrJa BEPOATHOCTh CYMMBI JIBYX COOBITHIA

A+ B pasna
P(A+ B) = P(A) + P(B) — P(AB)

g TpEX COBMCCTHBIX CcOOBITHH A, B y C BBIYHUCJIICHUC BCPOATHOCTH CYMMBbI
MIPOU3BOUTCS IO popMyIie

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

0) Jlns ompeneneHUs BEPOSTHOCTU MPOM3BEICHHS CIy4YallHBIX COOBITUN HEOOXOAMMO
MPOAHATU3UPOBATH 3aBUCUMBI OHU WU HE3aBUCUMBI.

[Ipy BBIYMCIEHUU BEPOSTHOCTU TPOM3BEACHUS COOBITUN HCIONB3YeTCSd TMOHSITHE
YCIIOBHOM BEPOSITHOCTH.

P,(B) HEKOTOPOro  Cily4aiiHoro cobwitus B,

ITog yca0BHOH BepOATHOCTHIO
CBSI3aHHOTO ¢ COOBbITHEM A, TOHUMAETCS BEPOSATHOCTH MOsIBIIEHUs coObITHs B nipu ycnosuwu, 4o
cobbiTie Ayike NPOU30LLIO.

Ecnu cnyuaiieesie coObitus A, B- HezaBucuMBL, TO BepOATHOCTH NMpPOM3BENEHUS IBYX
COOBITHI paBHA MPOU3BEACHHUIO BEPOSTHOCTEN ITUX COOBITUIN

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

Ecnu cimydaiinble cOOBITHS 3aBUCHUMBI, TO BEPOSITHOCTh MPOU3BENEHHUS JIBYX COOBITHUI
BBIUHCIISIETCS C YUETOM YCIOBHOM BEpOSITHOCTH

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

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

IIpu pemenun 3agay 4acTO HAXOMUT NMPHUMEHEHHE CIEICTBHE U3 TEOPEMBbI O CyMMe
BEPOSITHOCTEM.



CymMa BeposSITHOCTEH Uit COOBITHH, 00pasyolMX MOJHYIO TPYIIy -~ ---- % paBHa
e/IMHULIE

P(A)+P(A)+...+P(A) :1'

B wactHOCTH, [ IPOTUBOMOIOKHBIX COOBITHIA:

P(A+P(A)=1 i

JdomaiuHee 3aqaHue:

1. BeposiTHOCTh TOro, YTO CTpPEJOK Iomnaaer B muileHb, paBHa 0,9. Ilpousseneno 3
BeIcTpena. Hailtu BeposSTHOCTB TOT0, 4TO Bce 3 BBICTpENa MONAIH B LIENb.

2. BeposaTHOCTb NOpa)kKeHUs LIEIU MPU OJHOM BBICTpEJie NEPBbIM CTpesnkoM paBHa 0.8, a
BTOpBIM - 0.6. HaiiT BEpOsATHOCTH TOr0, YTO Li€Nb OyIeT NOpa)keHa TOJIBKO OJHUM CTPEJIKOM
(TIepBBIM HUJTH BTOPBIM).

IIpakTuyeckoe 3ansaTue Ne 3

Tema: Pemenue 3agay  Ha BBIYMCICHUE BEPOSTHOCTEH COOBITHH IO KIACCHYECKOMH
dopMyiie onpeaeneHus: BEpOsTHOCTU

Heab: HayuuThcs BBIYMCIATH BEPOSTHOCTU CIy4YalHBIX COOBITHI IO KJIACCHYECKOMN
dopMyJie onpeaeneHus: BEposTHOCTEN

CpencrBa o0y4yeHMs: TeTpaau Ul BBIIOJHEHUS INPAKTUYECKUX 3aHATUH, MHTepHeT-
pECYpCHI.

Conep:xaHue ¥ NOPSII0K BBINOJHEHUs PadoThI:

1. Pemmnre 3amayn.

Pemnre 3agaun:

3anava 1. B norepee paspirpsiBatores 150 BemieBbix 1 50 1eHeXHBIX BoIMTphIeH. Yucio
norepeitHbix 6mneroB paBHo 10000 mTyk. YUemy paBHa BEpOATHOCTb BHIMIpHIILIA?

3anaya 2. BepoATHOCTb TOro, 4TO CTPEJIOK NPU OAHOM BbICTpene BbIObeT 10 OYKOB,
paBHa 0.1; 8 oukoB u Menpuie - 0.6. HaliTu BEpOATHOCTb TOro, YTO NPU OJHOM BBICTpEIIE
CTpEJIOK BBIOBET HE MEHbIIE 9 OUKOB.

3anava 3. B maptuu u3 10 geraneit — 8 mryk crangaptHbeiXx. HailTu BeposTHOCTH TOTO,
4TO Cpeliu JIByX HayJauy W3BJICUEHHBIX JeTajei XOTs Obl 0/1Ha OyeT CTaHAapTHOM.

3anava 4. B maptun u3 10 geraneil okazanoch 8 crangaptHbeiX. Haygauy otoOpanu naBe.
HaiiTu BeposTHOCTH TOT0, YTO CPEIU OTOOPAHHBIX JI€TANIEeNH OKAKETCS:

2. He 0oJiee OJTHOM CTaHIapPTHOM,

0) xoTs1 ObI OJIHA CTaHJAPTHAS,

B) TOJIBKO OJTHA CTaHJapTHasl.

3anaua 5. B ypHe Haxogsres 5 6enbiX, 4 4epHbIX U 3 cuHuX Imapa. Kaxaoe ucnbitanue
COCTOUT B W3BJICUEHUM HayraJl OJAHOIO Iapa, NpUYeM OH He BO3BpALIAeTCs O0OpaTHO B ypHY.
Haiitu BeposTHOCTH TOrO, 4TO MpPU MEPBOM MCIBITAHUM MOSBUTCS O€Nblid mIap, MpH BTOPOM -
YEPHBIH, a IPU TPETHEM — CUHUIA.

3anada 6. BepoATHOCTB TOrO, 4TO CTPEJIOK IMOMAAeT B MulieHs, paBHa 0,9. [Ipousseneno
3 BeicTpenia. HailTu BEpOATHOCTH TOTO, YTO BCE 3 BBICTPEIA MOMAIH B LETb.

3amada 7. bpoureHsl MOHETa M KOCTh. HaliTh BEpOSATHOCTH TOTO, YTO OJTHOBPEMEHHO Ha
MOHeETe nosiBUTCs "open', a Ha koctu "6".

3amaya 8. B cTyaum HaxoIuTcs TpU TelaeKamepbl. BeposSTHOCTh BKIIOYEHMS KayKIOU
kamepbl paBHa 0.6. HaiiTu BeposSTHOCTH TOro, 4TO B JaHHBI MOMEHT XOTs Obl OJIHa Kamepa
OyJIeT BKJIIOYCHA.
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3amaya 9. U3 psana uudp 1,2,3,4,5 cHauana BeIOMpaeTCs OJIHA, a 3aT€M M3 OCTaBIIUXCS
YyeThIpex - apyras. HaliTu BeposiTHOCTh TOTO, 4TO Oy/1eT BRIOpaHa HeueTHas nudpa:

a) TOJIBKO B TIEPBHIH pa3;

0) TOJIbKO BO BTOPOIi pa3;

B) B IIEPBBII U BO BTOPOIA.

3amaua 10. BeposSTHOCTH TOTO, YTO COOBITHE A TOSBHUTCS XOTS Obl OJMH pa3 MpH JBYX
HE3aBUCHMBIX MCIBITAaHUX, paBHA 0.75. HallT BEpOSTHOCTH MOSBICHUS COOBITHS A B OJHOM
WCIIBITAHUM.

JdomaiuHee 3aqaHue:

1. Ocywecmensaemcsa nposepka uzdenuti Ha cmaHoapmHocms. Bepoamuocms mozo, umo
usoenue necmanoapmuo, pasna 0, 1. Haiimu eeposmnocmos moeo, umo:

a) U3 TpeX MPOBEPEHHBIX JIeTalel TOJBKO OJIHA OKAXKETCSl HeCTaHJapTHOIA;

0) HEeCTaHIaPTHBIM OKaXKETCS TOJIBKO YETBEPTOE IO MOPSJIKY IPOBEPEHHOE U3EIE.

IIpakTnyeckoe 3ansaTue Ne 4

Tema: Brruncienue BepOsSTHOCTEH CIIOKHBIX COOBITHI

Hesab: HayuanThCs BBIYUCTSATH BEPOSATHOCTH CIOMKHBIX COOBITHIA.

CpeacrBa 0o0yueHusi: TETpaau ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, WHTEepHeT-
pecypchl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUs] padoThI:

1. PaccmoTpuTe TEOpETHUECKUIA MaTepual 1o TEME.

2. 3aKOHCIIEKTUPYUTE PEIICHUE TUIIOBBIX 3a/a4.

3. Pemure 3amaun.

KoHTpoJibHbIE BONIPOCHI:

1. [TonsATHE YCIIOBHON BEPOSTHOCTH.
2. dopMyIia MOJHON BEPOATHOCTH.
3. OT d4ero 3aBUCUT KOJIMYECTBO THUIOTE3 TOSABIEHUS HEKOTOPOTro

CIIy4aifHOTO COOBITUS A..

DopMyJ1a NOJTHON BEPOATHOCTH

dopmyJia MOJHON BEPOATHOCTH IPUMEHSIETCS IIPU CIEAYIOLIEH TOCTAHOBKE 3a/1a4UH.

[IycTh TPOM3BOAWTCS aHAINW3 HEKOTOPOro ciydaiiHoro coObitus A. ITlo mosomy
BO3MOXXHOCTH TIOSIBIIEHUS] JAHHOTO COOBITHS MOTYT OBITh BBICKAa3aHBI HEKOTOPBIE THIIOTE3bl 7,
. ..., ¥. KOTOpbIE OXBAaTHIBAIOT BCE BO3MOYKHBIE YCIIOBMS IIOSBICHHS COOBITHS Awu
00pa3yroT MOJHYIO TPYIITY COOBITHIA.

W3 ycnoBus 3amaun W3BECTHBI WM MOTYT OBITh OINpEAENEHbl BEPOSITHOCTH BCEX

P(H,) ) P(H 2), .o., POHLD A TAKOKE YCIOBHBIE BEPOSATHOCTHU IOSBICHUSA

. P, (A P, (A
Anpu Kak[oi W3 THIOTE3 i, € ), n, ), very P €A OnpeieNiuTh BEPOSITHOCTH

BO3MOJHBIX T'MIIOTE3

TIOSBIIEHHUS CITy9aiiHOro coobiTus A,
BeposiTHOCTH COOBITHS NIPU TaKOW MOCTAHOBKE 33Jlaudl MOXKET OBbITh HaiieHa o gpopmyiie
ITOJIHOW BEPOSITHOCTH.

P(A)=P(H1)PH1 (A)+P(H2)PH2 (A)+...+P(H, )P, (A)

rae #7.... *7. - TUMOTe3bl, KOTOPBIE 00PA3yIOT MOJTHYIO TPYTITY COOBITH;
P(H)+P(H,)+...+P(H,)=1

n

Pemmenune THNOBLBIX 3a1a4
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I Tun 3apau. Vcnosue 3adauu: DOyHKIMOHMPOBAHUE DIIEKTPUUYECKOW CHCTEMBI
obecneunBaet 100%-Hoe 3reKTpocHAOKEHHE MOTPEOUTENEH B TpeX peKUMax, Pa3InyaronInXcs
Mo KOH(UTYpaIud M TPOMYCKHOW CIOCOOHOCTH JJICKTPHUYECKOW ceTH. B KaxkaoM u3 3THux
PEKUMOB CETh MOXKET HaXOUThCs ¢ BepoaTHocThIO 0,3; 0,5; 0,2 cooTBeTcTBeHHO. bezaBapuiinas
paboTa CHUCTEMBI B KKJIOM peXHMe BO3MOkHa ¢ BeposTtHocTsmu 0,9; 0,75; 0,8. Onpenenutsb
BepossTHOCTH 100% »snexkTpocHaOxkeHuss mnorpedureneil. HailTu BeposSTHOCTH HapyLICHUs
AJEKTPOCHAOKEHUS.

Pemenue

a) Beenem o603HaueHue cOOBITUI U THIIOTES.

Uccnenyemoe coObiTHE:

A- o6ecnieuenne 100%-HOro 3IEKTPOCHAOKEHUS;

A - HapyUICHHE JIEKTPOCHAOKEHUSI.

['unoressl

BepositHocTn

TUIOTE3

Y cnoBHBIE BEPOSITHOCTH

¥4, - paboTa CETH B IIEPBOM PEKHIME;

P(H))=0,3 :

P, (A)=09
P, (A)=1-09=0,,

F7. - paboTa CeTH BO BTOPOM PEXUME;
P(H,)=0,5.

Py, (A)=0,75

P, (A)=1-0,75=0,25

#7+- paboTa CeTH B TPETHEM pEXUME.
P ,) = 0,2 ;

P, (A)=08
P, (A)=1-08=0,2

0) [lo dopmyne momHO# BeposATHOCTH HaijeM BeposTHOCTh 100% snekTpocHabKeHUs
norpedureneit

P(A) = P(Hl)'PHl (A)+P(H2)'PH2 (A)+P(H3)-P”3 (A)=

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

OmnpenenuM BepOSITHOCTh HAPYILIEHUS DJIEKTPOCHA0KEHUS A 0 (popmyIie

P(A) =1— P(A) = 0,195.

II tun 3apau. Vcnosue 3aoauu: B rpynme 10 CTynAeHTOB, MPHUIIEINIAX Ha K3aMEH.
DK3aMeHaIMOHHBIe OWJeThl BKIOUaroT 20 BompocoB. Tpu CTy/eHTa MOATOTOBICHBI OMAUUHO -
3HatOT Bce 20 BOMIPOCOB OMJIETOB; 4 CTYyJEHTA MOJATOTOBIEHBI X0pouio — 3HAIOT 16 BOMPOCOB U3
20; 2 cryaeHTa MOATOTOBIEHBI yoosnemseopumenvho — 3HatoT 10 BompocoB u3 20; 1 cTymeHT
MOATOTOBJIEH n10X0 — 3HaeT 5 BompocoB u3 20. BbI3BaHHBIM CTYJEHT OTBETWJI Ha BCE TpHU
BOIpoca Ouera.

Pemenue

a) Beenem 0003HaueHUS TUTIOTE3 U COOBITHIA.
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A - paBUIIBHBIN OTBET CTYJIEHTA Ha BCE TP BOIIPOCa OMIIETa;

I'unotessl
BepositHocTn

TUIOTE3

VY ciioBHBIE BEPOSITHOCTH

#7, - IOATOTOBJICH OMJIUYHO,

P(H,)=0,3.
Py, (A) =,

#4 - - TIOATOTOBJIEH XOPOULO;
P(H,)=0,4.

PH2 (A)z?

#15 - [IOITOTOBJICH Y008/1emM80PUMENIbHO;

P(H.,) = 0,2
)

PH3(A)=?

#2 ., - TIOATOTOBJICH NJ10XO0.
P(H,)=0,1

PH4(A) :?

0) st ompesieNieHust yCIOBHBIX BEPOSTHOCTEH MOYKHO HCITOJIB30BATh 08 HOOX0OA.

Ilooxoo 1.

HenocpeaCTBEHHBIH MOACYET BEPOATHOCTEH Ha OCHOBE
ECETO 20 20 20
BOIMPOCOB
16 / \ il 10 / \ 10 5 / \ 15
IHAET J] HeT IHAET J] HeT IHAET J] HeT
nm nm nm
MoV U 3 3 3
BOTIPOC  spqgeT IHAeT IHAeT
0B

C IMOMOIIBIO IMTPUBCACHHBIX CXEM HAXOAWUM YCJIIOBHBIC BEPOATHOCTHU:

bhopmyn
KOMOUH
aTOPHUK
u o
aHaJjoru
" c
3aJa4am
"
paznena
1.1.3.
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P, (A)=1;

C;, 16!3117!
P, (A=—7= = 0,491;
2 C;, 3113120
P. (A)= Cc} _ 10131171 — 0.105:
Ha c: 3720
Cc. 51317
P, (A)=—2 =—""""""2.87.10"2,
s () c3 321201

Ilo0ox00 2. IlpumeHeHne TeopeMbl IPOU3BECHHUS BEPOSTHOCTEH 3aBUCHUMBIX COOBITHIA.

[TockonbKy CTyZIEHT JOJDKEH OTBETUTh Ha TpPU BOIpoca Owuiera OJXHOBPEMEHHO,
HE00XO0IMMO OTIPENIEIUTH BEPOSTHOCTD MTPOU3BEACHUS TPEX 3aBUCUMBIX COOBITHI:

“A. - OTBET Ha MEPBHII BONpoC OuIeTa;

A - OTBET Ha BTOPOI BOTIPOC OUIIETA;

“A - OTBET Ha TPETHUIl BOIIPOC OHMIIeTa.

Ecnu cTyneHT moAaroToBieH omaiuyHo, TO TMPAaBUIBHBIM OTBET Ha TpU BOMpoca Ouiera
€CTh COOBITHE IOCTOBEPHOE, T.C.

P, (A)=1.

Jlist onipeiesieHus YCIOBHBIX BEPOSTHOCTEH MPaBHIILHOTO OTBETA HA TPU BOIIpOca Ouiera
IPU TUIIOTE3aX 7=, *7= 77. [CIOJb3yeM BBIPAKECHHE
Py (A)=P(A - A, - Ay) = P(A)- P, (Ay) Py, (Ay),
PA/H,) =815 144 491,
Ecnu cTyneHT moaroToBieH xopouio, TO 20 19 18
10 19 18

P(A/H,)=—.=2.2° ~0105.
Eciu CTyIeHT IOATOTOBIEH NOCPEOCMEEHHO, TO 20 19 18

P(A/H,))=—-—-—=8,7-10",

Ecnu cTy1eHT moAroToBIEH n10X0, TO 20 19 18

Kak BugHO, BTOpOil MOAX0A NMPEANOYTUTENbHEE, TaK KaK MMO3BOJISIET YMEHBIIUTH 00beM
BBIYMCIICHUM.

c¢) Janee no ¢opmyJsie MosHON BEPOATHOCTH HaXOJUM BEPOSITHOCTh NMPABUIBLHOTO OTBETA
Ha TpH BOIpoca OUjIeTa A0 UCIIBITAaHUS:

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

Pemnre 3a1aun

3amaya 1. B rpynme 20 nbpkHUKOB, 6 BenocunenuctoB, 4 OeryHa. BepositTHOcTb
BBIMOJIHEHUS] KBAIM(UKAIMOHHOW HOpMbl cienyromas: 0,9 g gebkHMKa, 0,8 s
Benocunenucra, 0,75 s Oeryna. HailTu BeposSTHOCTb TOro, 4TO Haynady BbIOpaHHBIN
CIIOPTCMEH BBIIIOJIHUT HOPMATHB.

3anaya 2. B nepBoM simuke Haxoautcs 20 geranedt (M3 HMX 15 - cTaHOapTHBIX), BO
BTOpoM - 30 neraneit (24 crangapTHbIX), B TpeTtbeM - 10 neraneit (6 crangapTHbix). Haiitu
BEPOATHOCTh TOTO, YTO HayJady HM3BJIEYEHHas AETajlb U3 HayJady BBIOpAaHHOIO siiuka Oyner
CTaHJIapTHOM.

3anava 3. MMeercs yeTblpe KMHECKONa. BEpOATHOCTH TOrO, YTO KMHECKOIIBI BBIIEPKAT
rapanTHitHeli cpok. paBubl: 0,8; 0,85; 0,9; 0,95. HaiiTu BeposITHOCTH TOTO, YTO HayJlauy B3sITIN
KMHECKOII BBIIEP’)KUT FapaHTUIHBIN CPOK.
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3amaua 4. M3 monHoro Habopa KOCTeH JAOMHHO Haynady H3BIe4YeHa KOCThb. Haiitu
BEPOATHOCTh TOTO, YTO BTOPYIO BBITAIIEHHYIO HayJady KOCTb MOXHO OYyJEeT NPUCTaBUTh K
MIEPBOM.

3agaya 5. B smuke colepkuTcs Tpu AeTand. B Hero mosio’keHa eue ojiHa, NMpuyYeM
ctanaapTHas. OnpeaenuTb BEpPOSTHOCTh U3BICUCHUS U3 SIILIMKA CTAaHAAPTHOW J€Tallu, ecliu BCe
paccMaTpuBaeMble BapUAHThl PABHOBEPOSITHHI.

JdomaiuHee 3aqaHue:

Pemnre 3anauu:

1. BepositHocTh cpabateiBanus curnanusatopa Cl pasna 0,8, a curnanmmsaropa C2 — 0,9.
BepositHocts npuobperenuss C1 pana 0,6, a C2 — 0,4. IloaydeH curHajg O HEHUCIPABHOCTH
curHanmu3aropa. UYto BeposiTHee: Ha 00bekTe cTouT curHanuzatop Cl wmm C2?

2. Jlng ydactusi B CTYJEHYECKHMX OTOOPOUYHBIX COpPEBHOBAHHUSAX W3 IEPBOM TIPYIIIBI
BBIJICTICHO 4 4eI0BeKa, U3 BTOPOU - 6, U3 TpeThel -5. BeposSATHOCTh TOTO, UTO CTYJCHTHI MEPBOH,
BTOPOW M TPEThEH TIPyIIbl MONaAyT B COOPHYIO KOMaHAY MHCTUTYTA, PAaBHBI COOTBETCTBEHHO:
0,9; 0,7, 0,8. K kakoii u3 Tpymnm BeposTHEE Bcero OyaeT NpUHAANEkKaTh MPOU3BOJIBHO
BBIOpaHHBINA U3 COOPHOW KOMAH/IbI CTYACHT?

IpakTnyeckoe 3ansitue Ne 5

Tema: BrruucieHnne BeposiITHOCTEH coObITUH B cxeMe bepHyu.

Henb: HayunThes BEIUMCIATH BEPOSTHOCTHU CIIy4aliHBIX COOBITHI B cxeme bepHyinu

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIOJHEHUS NPAKTUYECKUX 3aHATUH, VHTepHeT-
pecypcesl.

CoaepixaHue M NOPSAI0K BbINOJHEHUS PadoThI:

1. PaccmoTpuTe TEOpETHUECKUIA MaTepual 1o TEME.

2. 3aKOHCIIEKTUPYWUTE PEIICHUE TUIIOBOW 3a/1aUu.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B kakux cnyuasx npumenuma popmyna bepuynmu?
2. Korna ynobnee npumenuts Gpopmyiy [lyaccona?
®opmyaa bepuyaiamn

[Ipumenenue hopmysl bepHyin BO3MOXKHO IpU CIIEAYIOIIEH TOCTAHOBKE 3aJJa4H.

n

HYCTI) IMPOBOAATCHA HE3aBUCHUMBIX HCHBIT&HPIIZ, B KaXIOM H3 KOTOPBIX MOXKCT

MOSABUTHCA WM HE IMOABUTBCA HEKOTOPOC CcOoOBITHE A- I/I3BCCTHO, 4dTO BCPOATHOCTDb HOSABIICHUS
AB OAHOM MCIIBITAHUW pPaBHaA p, a BCPOATHOCTb HEIIOSABJICHUA ACOOTBCTCTBCHHO a—=1—p,

HCO6XO,Z[I/IMO OIPEACIINTE BEPOATHOCTL TOIO, UYTO CcOOBITHE AnpomofmeT POBHO B

k HUCIBITAHUAX U3 n .

®opmyna BepHYIIM MO3BOJISET HAWTH BEPOATHOCTH TOTO, YTO COOBITHE A NMpou3oiaeT
POBHO B k HUCIIBITAHUAX U3 n .
P.(k)=C,p"a" " (Q)
K n!
n

TIe ki(n—K)! _ xonugectBo coueranmii u3 Mo K .

ECJIM KOJIMYECTBO HMCIIBITAHMH '

JIOCTaTOYHO BEJIMKO (1©° U BHIIIE), a BEPOSTHOCTH
TOSBJIEHUsS AB OJHOM HCHBITAHMU Maja (10 M HWKE), TO NpuMeHenne GhopMyJbl Bepryumm
CBSI3aHO CO CJIOKHOCTSIMHM BBIYMCIUTENBHOIO XapakTepa. B 3ToM ciydae yqo0Hee MPUMEHUTh
dopmyny Ilyaccona, koropas AaeT BO3MOKHOCTH 0oJjiee MPOCTO MOJYYUTh AaHAJOTHYHBIE

pE3yJIbTaThI:
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k
P, (k)= %e*‘

(1)
rae A=n-p.
[Tpumensist Beipaxenus (0) u (1), MOXKHO HalTH BEpOSTHOCTH O0JIee CIIOKHBIX COOBITHI:

a) HOSIBJIEHUE COOBITHS A MCHCEC k pa3 B n HCIIBITAHUAX
P,(0)+P, (1) +....+ P, (k=1) . 9

6) nosiBierue cobbrrust A Gonee K pas B ! ucnbrrannsx
P, (k+1)+ P, (K+2) 4ot P (1) - (3)

B) rIOsIBIICHHE COOBITHS A He Menee K pa3 B " ucnprranmsx
P, (K)+P, (k+1)+..... + P, (n). (4)

r) mosiBIIeHHe cobbtrs A He 6onee K pas B ' ncnbrranmsix
P(O+P M+.....+ P, (k) (5)

Pemenyue THIOBBIX 33124

I Tan 3apav. YVcnosue 3a0auu’. CucreMa 37eKTPOCHAOKEHHS 3aBO/Ia BKIIFOUYAET BOCEMb
OIHOTHUIIHBIX arperaTros, Ka)I(IIBIﬁ U3 KOTOPBLIX HaXOJUTCA B pa6oqu COCTOSAHHUHN C
BepoATHOCTHIO 0,9. OmpenenuTb BEpOSITHOCTh TOTO, UTO:

1. BCE€ arperarbl HaXOATCS B paboueM COCTOSIHUY;
2. BBIIILJIO U3 CTPOsI MEHEE 3 arperaTos;
3. B pabouyeM COCTOSTHMHM HaXOJATCs He OoJiee 6 arperaros;
4, BBIIILJIO U3 CTPOSI HE MEHEE 2 arperaros.
Pemenne

1) A- Bce arperaTsl HAXOAATCA 8 paboOYeM COCMOAHUU
n=8 : k=8
p_o0o-q=1-09=0,.

8!
P8 =C}-09%.0,1° = .0,9% =0,43
018!

AHaoTUYHBIH pPE3YyIbTaT MOXHO IIOJYYHTh, pe€Ilasa 3Ty 3agady OT O6paTHOFO, T.C. A-uu
OIHWH arperar He ebluiesl U3 Cmpos

n= 8’ k=0

p=1-09=0,1. =009

!
P(0)=C?-0,1°-0,9° = 5 .0,9° =0,43
0! 8!

CnenyeT O6paTI/ITI> BHUMAHUEC HA TO, YTO BCPOATHOCTL ITOABJICHHA CcOOBITHS B OIHOM

ucneiTanud P B hopmyne BepHysmH 3aBHCHT OT TOro, Kakoe coObITHe aHamusupyercs. Tak, B
MIEPBOM BapUAHTE PEIICHUS # — O-2- 3TO0 BEPOSATHOCTH Pa0OYEro COCTOSHHUSA, & BO BTOPOM
P = 0.1-3T0 BEPOSATHOCTH BBIXO/A U3 CTPOS.

2) A- gbiunu uz cmpos menee 3 azpecamos, T.€. 0, 1, 2 arperara.

J11s BEIYHCTICHUS BEPOSTHOCTH UCTIONB3yeM Gopmymy (2)

n:8; k=o0.12"
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P(0)+P()+P(2)=C,-01°-0,9°+C;-0,1'-0,9" +C; -0,1° - 0,9° =
8! 8!

=0,9°+—0,1-0,9” + —0,1* - 0,9° = 0,96.

1n7! 26!
3) A- B pabouem cocmosnuu HaxousaTcs ne 6onee 6 azpecamos (ot 0 10 6).
n=8.k=0,1,2234,56:
‘p:O,Q; q = 0.1
J1J1s BBIYMCTICHUS BEPOSITHOCTU MOKHO MPUMEHUTD ISl BBIYMCIIeHUs hopmyiy (5)
F,(0) + B, (1) + B, (2) + B, (3) + B, (4) + B, (5) + K (6)
B stom ciydyae TpeOyeTcss MpOM3BECTH JOCTATOYHO CIOXKHBIE BblunciaeHus. OmHako

MO>KHO HCIIOJIb30BaTh 00Jiee MPOCTON MPUEM Ui PELICHUs 3a]a4, €ClIU YUeCTh, YTO

P,(0)+P,()+P,(2)+....+ P, (n) =1
MTOCKOJIBKY UMEET MECTO IOJIHAS FPyIa COObITHI.
Toraa nckomyo BEpOsSITHOCTh MOKHO OIPENETUTH CIASAYIOLUUM 00pa3oM:

1-[B(7)+ B(8)=1-|C] 097 01" +C*-0,9°-0,1°| =1-8-0,97 - 0,1+ 0,9°| = 0,187.

4) A- 6blULIIU U3 CMPOs HE MeHee 3 azpezamoes.
n= 8; k = 3,4..... 8"

p=0.1; q =0,9

BepoaTHOCTL coObITUS A MOXKET OBITH BbIUKCIIEHA 110 opMyJie (4)
B+ R+ B+ R6)+ R(7)+ F(8)

I/ICHOHBSyeM paCCMOTpeHHbIﬁ BbIIIC IIPUCM, BBIYUCIUM BCPOATHOCTD BbIXO/Jdad U3 CTPOs 0,
1, 2 arperaToB U3 8, a 3aTeM OIPEACIIMM HCKOMYIO BEPOATHOCTD CIICAYIOIIUM 06p330M:
1-[P,(0)+ B,() + P,(2)] =1-|C? -0,1° - 0,9° + C! - 01 - 0,97 +C? - 0,1 -0,9°| =

8! 8!

| , .
=1- I:i -0,9° +—0,1-0,9” + —0,1° - 0,9":| =0,038.
216!

o n7
II Tun 3apau._Vcnosue 3a0auu: B 1iexe MeTasTypruyeckoro 3aBOAa MCIOJb3yeTCs
rpynna u3 100 ogHOTHMIHBIX 3JeKTpojBUTraTenell. BeposTHOCTh BbIXOAA M3 CTPOSI Ka)JI0TO
anekTponBurarenss paBHa 0,02. Omnpeaenuth BEpOSITHOCTh TOTO, YTO B pabOdYeM COCTOSHUU
HaxXOJIUTCA HE MEHEe 98 NeKTpoABUTATENICH 11eXa.
Pemenne
Jlnst ompenesnieHusl BEpOSITHOCTH HAaXOKJEHHUs B paboyeM COCTOSSHMM He MeHee 98

BHGKTpOHBHFaTCHeﬁ MOKHO HUCIIOJIb30BATH BBIPAKCHUC (4)

Poo (98) + Pl (99) + P (100)

re 1=100: k =98,99,100.

P =098’ q=0.02,

B sTom cjIydace TPCGyCTCH MMPOBECTU CJIOKHBIC BBIYUCIICHUA. 3HAYUTENBLHO YHOPOCTUTDH
pemICHUC MOKHO, C€CIIN HCpCﬁTH K OHNpCACICHUIO BCEPOATHOCTU BbIXOHAA H3 CTPOA O, 1, 2
BHCKTpOI[BHFaTCHCﬁ, 9TO MOJHOCTBIO COOTBCTCTBYCT HAXOXICHHUIO B pa60qu COCTOAHHUU HE

MeHee 98 aieKkTpoBUTaTeNnei
P (2) + Prgo (1) + Py (0)

TIe HIIUU; k=0,1,2"

p =0.,02 ’ g = 0,98
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N nocratouno Gomsmoe, a P- Mano, ymoGHee HCHONB30BATH (OPMYITY

ITockomnbky
[Tyaccona (1)
A=n-p=100-0,02=2;
2 1 0

2212 g2y 2 2o e *(2+2+1)=0,677.

2! 1 0!
JdomaiuHee 3aqaHue:

1. Haiitu BeposiTHOCTH TOrO, yTo npu 400 MCHBITAHUSX COOBITUE HACTYNUT poBHO 104

paza, eciu BEPOATHOCTD €ro MOSBIICHUS B KaXJ0M OnbITe paBHa 0,2.

IpakTuyeckoe 3ansaTue Ne 6

Tema: Pemenue THUNOBBIX 3a/a4 Ha BBIYMCICHHE BEPOSATHOCTEH COOBITHH B cxeme
bepnyu.

Henb: HayunTbes BEIUKMCIATH BEPOSTHOCTHU CIIy4aHBIX COOBITHI B cxeme bepHynnu

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIIOJHEHUS NPAKTUYECKUX 3aHATUH, VHTepHeT-
pecypcehl.

Conep:xaHue ¥ NOPSAI0K BbINOJHEHUsS PadoThI:

1. Pemmnre 3amayn.

Pemure 3apaun

3amaua 1. B nexe umeercss 6 MoTopoB. BeposiTHOCTH TOTO, YTO MOTOpP B IaHHBIA MOMEHT
BKJIIOYEH, paBHa 0,8. HailiTu BEposSITHOCTh, UTO B JAHHBIM MOMEHT:

a) BKIIFOUEHO 4 MOTOPA;

0) BKIIFOUYEHBI BCE MOTOPBI;

B) BBIKJIFOUYEHBI BCE MOTOPBI.

3amaua 2. HaliTu BEepOSATHOCTH TOTO, YTO COOBITHE A TMOSBUTCS B MATHU UCHBITAHUAX HE
MEHee JBYyX pa3, €CJIU BEPOSITHOCTD MOSBIICHUS €r0 B Ka)KJJOM HCIbITaHUU paBHa 0,3.

3anaua.3. Monety OpocatoT 6 pa3. HaliTu BeposITHOCTb TOTO, UTO I'epO BbIMAJET:

a) MEHee JIBYX pas;

0) He MEHee JIBYX pa3.

3amaya 4. BepodTHOCTh mTONMajgaHWs B Ledb INpud OJHOM BeicTpene pasHa 0,9.
BeposATHOCTE nopaxeHus Leln Ipu K momananmsix paBHa *'— <. HaliTu BEpOSTHOCTH TOTO, YTO
1eIb OyJIeT YHUUTOXKEeHA, €CITU CeNIaHo 2 BhICTpera.

3anaya 5. BeposTHOCTh moOpa)k€HUs] MUIIEHU NPH OJHOM BeIcTpene paBHa (0,75. Haiitu
BEPOSITHOCTH TOT0, YTO MUIIIEHb 1pu 100 BeICTpenax OyAeT mopaxeHa:

a) He meree 70 u He Oonee 80 pas;

0) e 6onee 70 pas.

JlomamiHee 3agaHme:

1. CoGbiTHe B mosiBUTCA B TOM ciy4ae, €clid COObITHE A MOSBUTCS HE MEHEee JIByX pas.
Haiitu BeposITHOCTB TOTO, YTO HACTYNHUT cOObITHE B, ecnu Oyner mpousBeeHo 6 HE3aBUCHMBIX
OTIBITOB, B K&JKJIOM U3 KOTOPBIX BEPOATHOCTD MOSIBICHUS cOObITUSL A paBHa (,4.

IIpakTyeckoe 3ansaTue Ne 7
Tema: Pemenne 3anau Ha 3anuck pacnpeaenenus JCB.
Iesab: HayunThCst BBIYUCIATH BEPOSATHOCTH CIYYalHBIX COOBITUI
CpencrBa o0y4yeHMs: TETpaau JUIsl BBINOJHEHUS INPAKTUYECKUX 3aHATUH, VHTEepHeT-

peCypChl.
Conep:kanue U NOPSIIOK BHINOJHEHUS PA0OTHI:
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1. PaccMoTpuTE TEOpPETUYECKUI MaTepUall [0 TEME.
2. 3aKOHCIIEKTUPYHTE PEIICHUE TUTIOBOM 3a/1auH.

3. Pemure 3amaun.

KoHTpoJibHbIE BOIPOCHI:

1. [ToHsiTHEe AMCKPETHOW cly4allHOM BEJWYMHBI, HEMPEPHIBHOM CIIy4aillHOM
BEJIMYMHEI, Psiia pactpeaesieHus, GyHKIUN pacpe/IeIICHNUS.

2. 3aKOHBI paclpeAesICHUs] CIIyYalHbIX BEJTUYHH.

3. Ot yero 3aBUCUT (OpMa PEACTABICHUS 3aKOHA PACIIPEICIICHHS.

3aKOHbI pacnpejejeHUus JUCKPETHBIX C/Iy4YalHbIX BeJIMYMH

CiyyailHOM Ha3bIBAIOT BEJIMUYMHY, KOTOPAs B PE3YJIbTATE OIbITA CO CIIyYalHBIM UCXOJ0M
MPUHUMAET OJHO U TOJIBKO OJJHO BO3MOXXHOE 3HAUEHHUE, 3apaHee HEU3BECTHOE M 3aBUCSILEE OT
ciyuyalHbIX npuuuH. Bee cimyuaiinbie Bennuunbl (CB) nensitcst Ha AUCKpETHBIE U HETIPEPHIBHBIE.

JuckperHoil Ha3piBalOT caydaiinyio BeaumuuHy (JCB), koropas mnpuHuMaer
OT/AEJBbHBIE, N30JMPOBAHHBIC 3HAYEHHUS C ONPEACIICHHBIMU BEPOATHOCTAMU. B KauecTBe npumepa
MO>XHO MIPUBECTU BEJIUYMHY X, PaBHYIO KOJIMYECTBY arperatoB SHEPrOCUCTEMBI, BBIIIECANINX U3
CTposi, WM Y, PaBHYIO BO3MOXXHOMY KOJHYECTBY TPaHC(HOPMATOPOB pPa3IUYHONW MOIIHOCTH,
KOTOpBIE MOTYT OBITh YCTAHOBJICHBI B CUCTEME AJIEKTPOCHAOKEHUS palioHa.

HenpepsiBHO# Ha3bpBatoT cay4daiinyio Beanuuny (HCB), koTopas MoxxeT NmpUHUMATH
BCE BO3MOXHBIE 3HAUYEHHUS M3 HEKOTOPOTO KOHEYHOTO WM OECKOHEYHOrOo MPOMEXYTKA.
Hanpumep, 3HaueHus HanpsKEHUM, TOKOB, IMMOTOKOB MOIIHOCTH IO JIMHUSM 3JIEKTpOIepeaay,
KOTOpbIE M3MEHSAIOTCS CIydyalHbIM O0pa3oM 3a CUeT CIy4ailHOrO HW3MEHEHUsI Harpy3ku B
JYHEProCUCTEME.

BunomuabHOE pacnpeae/ieHue

Takoif 3akoH pacrmpeneneHus xapakrepen mis JCB X =k tne K- kommuecrso
[MOSABJIEHUN COOBITUSA AB n HC3aBUCUMBIX HUCIIBITAHUAX. I/I3B6CTHO, 4YTO BEPOATHOCTD IMOABJICHUA
AB OIHOM HCIIbBITAHUHU OJWHAKOBAa MW paBHA P OTCIOI[a BUIHO, 4YTO X MOXET IMPUHUMATb

snagenns ot 0 o '
X =k
0

, @ BEPOATHOCTb Ka)XKJIOTO *: BRIUKCISIETCS 110 popmyiie bepHysuu.
1
2

, (D
[€8)]

(@)

Yy xaro=s

2>

2, Cr)
P, (k)y=C,p“q"™"
B mpaktuyeckux pacuerax OMHOMMAJIbHOE pacrpeneneHue yacto coorserctByer J[CB

Y=k , TAC k. KOJIMYCCTBO BBIICAIINX U3 CTPOA (I/IJ'II/I HaXOoOAIMUXCA B pa60qu COCTO}IHI/II/I)

arperaroB 3HCProCUCTCMEbI, I1€Xa, OTACILHBIX OJIOKOB TEXHHUYECKOTO yCTpOﬁCTBa. KOTI[a

n JO0CTAaTOYHO BCJIIHMKO, a pMa.HO, JJIs1 OITMCaHUsA I[CB HCIOJIB3YCTCA 3aKOH HyaCCOHa. HpI/I 9TOM

BEPOSITHOCTH TIOSIBJICHHS * BBIYUCIISIIOTCSA 110 hopmyde [lyaccona.
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NI—‘ON
1l
=~

P, (kD
7,0
2,

£,C2)

7, ()
k
P, (k)= % e’
Teomerpuueckoe pacnpenesnenne coorsercteyer JICB X | pasuoii k. YUCITY
WCIBITAHMM, KOTOPHIE HEOOXOMMMO IPOM3BECTH JIO MOSABIEHHS CcoObiTHS A, Te. B
k _ll/ICHI)ITaHI/If/'I AHG IIOABJIAIOCH. BepOﬂTHOCTL IIOSABJICHUA AB KaXZI0OM HCIIBITAHUH paBHA p,

He TosBIeHus - 4
X

w N -

P(X =k)= pq""
I'nnepreoMeTpuyecKoe pacnpeaeaeHne

TIpuMeHseTcs Py YCIOBUH 3a/[au, CBOAIIEMCS K ClIeIyIoleil mocTaHoske: B ypue U -

n m

6enbix, D - YEpHBIX IIApOB, U3 HEE BBIHYJIM ' mapoB. HaliTh BEpOATHOCTH TOTO, YTO

n .

11apoB

u3 " - Genpix. Takum o6pazom, X - JICB, pasras unciy M Genpix mapos u3
X

0
1
2
n
P

Po

Py
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P =P(X =m)=

y=2

P

c'c, ™

n
a+b

PemeHnve TUNIOBOM 3aJa4Yu
TexHudyeckoe yCTPOMCTBO COCTOMT W3 TpeX (YHKIMOHATBHBIX OJOKOB, KaIbId W3

KOTOPBIX BBIXOJUT U3 cTpos ¢ BeposTHOCThIo 0,3. uckpernas CB X - 3to konudecTBo 6110KOB,
BbIIeAMUX U3 cTpos. Ioctpouts ans JCB X psax pacnpenenenus, onpenenuth (yHKIHIO
pacmpeeneHusi, MoCTPOUTh TpaduK GYHKIUU pacIpeIeICHHS.

Pemenue

a) Jluckpernas CB X moxer npunumars 3Hagenus 0, 1, 2, 3.

[Tockonbky moOCTaHOBKA

3aga4un

COOTBETCTBYET OMHOMMAIBLHOMY

BBIUMCIICHHSI BEPOSITHOCTEH rconb3yeM hopmyny bepaymm (1.21):

P,(0)=Cy-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)=C;-0,3*-0,7° =0,027.

P =1
JI1st npoBEpKH NMPAaBUIIBHOCTH BBIYUCICHUN HAWIEM, 4TO i=!

P,(0)+ P,(1) + P,(2) + P,(3) = 0,343+ 0,441+ 0,189 + 0,027 = 1.

Psn pacnpenenenus [ICB X umeer Bug

H WODN C>:><

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

3aKOHY,

1A

0) Ucnonp3ys (1.20), 3anumeM GyHKIHMIO paclpeAesieHus £ (X aHATUTHYECKH, a 3aTeM

MOCTPOUM €€ TpapuK

oo ===

0,784|— —===

0,343

0 npu

0,343 npu
F(x)=40,784 npu
0,973 npu

1 npu

x=<0
O0<x<1
l<x=<2
2<x<3

x>3

I'padux Qpynxiuu pacnpenenenus JICB X :
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JdomaiuHee 3aqaHue:
1.CocTaBuTh 3aKOH pacIpeiesieHUusl CIy4ailHOW BeIW4MHBI X, BO3MOXHBIC 3HAYCHUS

KOTOpO# paBHbL: X1 =2 X:=5X:=8  [3pecTHE BEpPOATHOCTH MNEPBBIX JBYX BO3MOKHBIX
3Haueduii: B = 0-4. P, =0.15

IIpakTuyeckoe 3ansaTue Ne 8

Tema: I'paduk. CBoiicTBa 4ncIIOBBIX XapakTepuctuk J[CB

Henab: HayunThes BEIUKMCIATH BEPOSTHOCTHU CIIYyYalHBIX COOBITHIM

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHeT-
pecypChl.

CoaepixaHue M NOPSAI0K BbINOJHEHUS PadoThI:

1. PaccmoTpuTe TEOpeTHUECKUI MaTepUall 10 TEME.

2. 3aKOHCIIEKTUPYWUTE PEIICHUE TUIIOBOW 3a/1aUU.

3. Pemure 3amaun.

KoHTpoJibHbIE BOIPOCHI:

1. TloHsTHE AMCKPETHOM CIy4aliHOM BENWYMHBI, HEMPEPHIBHOMN CIIy4aiiHON BEJIMYMHBI, psaa
pactipenenenusi, pyHKIUH pacrpeeeHusl.
2. 3aKOHbI paclpeeeH sl Cy4yalHbIX BEJIUYUH.
3. Ot 4yero 3aBUCHUT (popMa MPEACTABICHUS 3aKOHA PACIIPEICIICHUS.

3aKOHbI pacnpejejeHus JUCKPEeTHBIX C/Iy4YalHbIX BeJIMYMH

HauOonee monHON XapakTEepUCTHKOW JHOOON ciydaifHOW BETUYMHBI SIBISETCS 3aKOH
pacnpenenenus. Popma NPECTABICHUS 3aKOHA PACIPENENICHUs] 3aBUCUT OT BUAA CIydalHOU
BenuuuHbl. s JICB moa 3akoHOM pacrpesielieHus] TOHMMAeTCs COOTBETCTBUE MEXAY €€
BO3MOXXHBIMH 3HaUEHUSIMU U UX BeposTHOCTAMHU. [Ipu 3Tom 3akoH pacnpenenenus JICB moxer
OBITH 3a7aH CIIETYIOITUM 00pa3OM:

mabauyHo — B BUJIE ps/ia pacnpeieeHus

P

P
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P,
ananumuyecku — B BUAE ABHON Gynkmun P(X = x) =Y (x)

HampuMep, 3T0 MOXKeET ObITh popmyra beprymu
P,(k)=C;p“q"™
C TIOMOIIbIO (PYHKUMH pacnpeaeeHHs (x>, KOTOpas ABISETCS YHHBEpPCATbHOU

XapaKTEPUCTUKON 3aKOHA pacipeiesieHus U He 3aBUcuT oT Buaa CB
F(x)=P(X < x);

F(—es) =0;
F(+o2) =1.
F Hns JIUCKPETHBIX CB byHKIH
pacmpeseneHus £ <x>  —  93T0  HeyObIBaoIlas,
_ a3pbIBHAsE  CTyIeHYaTas HKIUS,  KOTopas
| — pasp y by p

rpaduyuecKu IS psiia U3 TPEX 3HAYCHHUI UMEET BT

P3|
L :

 — *
P -
X, 0| X, X X b

¥ =4
P

3
Lpi=l
i=1

epaghuuecku — B BUJIE MHOTOYTOJILHUKA pacnpeaejeHusi, KOTOPbId CTPOUTCS MO TOYKaM
(> ) B IeKapTOBOM CHCTEME KOOPAWHAT W Ui psija u3 Tpex 3Hadenuit JJCB moxker umersb
BU/]I

P

P+

P
P

xl xz x3X MNPAKTUYCCKUX PaCUCTaX MOKHO BBIACINUTL CIICAYIOUINC

B xauectBe Haumboyiee UacTo HCIIOJIb3YCMBIX B

BH/JIbI 3aKOHOB pacnpenenenus s JJCB.

Pemure 3apaun:

1. BeposarHocts poxzaeHus B cembe Manbuuka paBHa 0,515. CocraBuTh 3aK0OH
pactpeneneHus CiaydyalHOW BETWYMHBI X — YHCIIa MaJbYMKOB B CEMbSIX, UMEIOIINX YETHIPEX
neteit. [loctpouts rpaduk pacnpeneneHus

BepoATHOCcTel. HaliTh maremaTMyeckoe OXHUIaHWE, JUCIEPCUI0 H  CpeaHee
KBaJpaTUYECKOE OTKIOHEHHUE.

2. BepogTHOCTh TOTO, YTO MOKYIAaTEIh COBEPLIUT MOKYNKYy B Mara3zune, 0,4. CocTaBUTh
3aKOH pacIpe/ie]IeHHs] CIIyYaiiHON BETUYMHBI X— YHClia MOKynaTeleld, COBEPIINBIINX MOKYIIKY,
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€clIM Mara3uH mnoceTwsio 3 mnokymnarens. Haiitu maTemaTuyeckoe OXHAAHHE, AUCIEPCHUIO U
CpelHee KBaJpaTHYeCcKoe OTKIOHEHUE CIydailHOM BeTUYUHBI X.

3. B rpynne u3z 10 cmoprcmeHoB 6 mactepoB cropta. OtOupaior (mo cxeme 0e3
BO3BpaIeHus) 3-X crnoprcMeHoB. COCTaBUTH 3aKOH PACIHPEACIICHHUS CIIyYalHOW BEIMYWHBI X-
YHclla MacTepoB CIOpTa W3 OTOOpaHHBIX CHOPTCMEHOB. HaliTm maTemaTtuuyeckoe OKuIaHHE
Clly4aiiHOH BelIU4YuHBI X.

JdomaiuHee 3aqaHue:

1. UrpanbHas kocTh OpomieHa Tpu pasza. Hammcare 3akoH pacnpefeneHus Yucia
MOSIBJICHUH «ILIECTEPKI.

IIpakTnyeckoe 3ansiTue Ne 9
Tema: ®opmyna beprynnu. 3akoH pacrpenenaeHus cay4yaiiHOW BETUUYHHBI.
Heasb padoTbl: HAy4YUTHCS TPUMEHATH (GopMmyiny bepHymIM ans cocTaBieHHs 3aKOHA
pacripesiesieHus CIly4aifHOW BEJTMYMHBI, N300pakaTh 3aKOH TpapryuecKu, HAXOIUTh BEPOSITHOCTH
KOHKPETHBIX 3HAYCHUH CITy4yaliHON BEJIMUMHBI.

OoopynoBanue: IBM PC, Mathcad
Teopernueckue 000CHOBaHMSA:

1. ®opmysa Bepuyuu

[lycTth poM3BOIUTCS KOHEYHOE YMCIIO OJUHAKOBBIX MCIIBITAHUM, B pe3yibTaTe Kax10I0
U3 KOTOPBIX MOKET IIPOM30UTH UM HE MPOM30UTH HEeKoTopoe coObiTue A. bynem cunrars, 4to
BEPOSITHOCTh COOBITHSI A B KaXXIOM HCIBITAaHUM OJHA U Ta *e P(A) = p u HE 3aBUCHUT OT TOTO,
OPOM30HWJET WIM HET coObITME A B JAPYrUX MCIBITAaHUSAX. Takue HCHBITAaHUS Ha3bIBAIOTCS
Hezasucumvimu. Halinem BEpOSTHOCTb TOTO, UTO CPEU N HE3aBUCUMBIX MCIBITAHUI cOObITHE A
NpOM30MJIEeT poBHO M pa3. Mckomyto BepoATHOCTh 0003HauuM Pn(m) u Ui ee HaXOXXIEHHUS
ucnons3yem ¢popmyny bepuynnu:

Pa(m)=n!/(m!" (n—m)!) - p" - (1 —p)" ™.

IIpumep 1

BepO}ITHOCTB nomaganvuga B LEJIb IIPU OAHOM BBICTPCJIC COCTaBJIACT p:O,g. Haiitu
BEPOATHOCTH YCTBIPEX HOHaI[aHPIfI IMpU IECTH BBICTPCIIAX.

Pemenue

3necs n=6, m=4, p=0,8. [lo bopmyne bepnymiu Haxonum

Pe(4)=6!/(4! - (6-4)!)-0,8* - (1-0,8)°*=0,246.

2. 3aKkoH pacnpefe/eHus CJIYYaiiHOH BeJJMYHHBI

Cnyuaitnon eenuyunoll Ha3bIBACTCS IEPEMEHHAs BEJIMYUHA, KOTOpast MOXKET MPUHUMATh
T€ WIA WHBIC 3HAYCHHWS B 3aBUCHUMOCTH OT ciydas. Ciy4aifHble BETUYMHBI 0003HAYAIOTCS
OPONMCHBIMA OyKBaMu JaTMHCKoro andasuta: X, Y, Z W T. A, a HUX 3HAUYCHUA —

COOTBETCTBYIOIIUMU CTPOYHBIMHU OyKBaMu: X, Yy, z " T. .
CrnyyvaiiHple BeIMYMHBI JEIATCSA Ha JUCKpPETHbIe (MM TpephIBHBIE) W  HENpEphIBHBIE.
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CrnyualiHas BeIMYMHA HA3bIBACTCSI OUCKPEMHOU, €CII MHOXECTBO €€ 3HAUEHUN KOHEYHO WIN
CYETHO, T. €. MHOKECTBO €€ 3HaYEHHI Mpe/ICTaBIsieT cCo00i KOHEUHYIO MMOCIIEI0BATEIbHOCTD X1,
X2,. .., Xn W1 0OECKOHEUHYIO IIOCJIEI0BATEIIbHOCTD X1, X2,..., Xn,....
@yHKUHKS, CBSI3bIBAKOIIAs 3HAYECHMS CIy4allHOW BEJIWYUHBI C COOTBETCTBYIOUIUMH UM
BEPOSITHOCTSIMU, HA3bIBACTCS 3AKOHOM pacnpedeneHus AUCKPETHON ciaydailHol BennuuHbl. Ero
yA00HO 3a/1aBaTh B BUJE CIEAYIOUIEH TaOIHIIbI:

3HaueH

us Xj 12 |3 n
Beposr

HOCTH Di 12 |3 n

Tadauua 1. 3akoH pacnpeneneHus ciy4ailHoW BETMUUHbI

Cobprirnss X = xi (i = 1, 2, 3, ..., n) SBIAOTCI HECOBMECTHBIMU U CJIMHCTBEHHO
BO3MOXHBIMH, T. €. OHM OOpa3yloT NOJHYI cucreMy coOblTuii. I[losTomy cymma wux
BEPOATHOCTEN paBHA €IMHULIE:

pr+p2+tps+...+tpn=1.

Ipumep 2

PaspIrpsIBatoTCs ABE BEIM CTOMMOCTBIO 1O 5 ThIC. py0. M O/HA Bellb CTOUMOCTHIO 30
ThIC. py0. COCTaBUTH 3aKOH pacHpeAe/ICHUs BBIUTPHINIA I YEIOBEKa, KYMUBIIETO OAMH OUJIeT
u3 50.

Pemienue

Hckomas ciydaifHas BelnyuHa X MPEICTaBIsIeT cOOON BBIUTPBIII U MOKET MPUHUMATH
tpu 3HaudeHus: 0, 5 u 30 Teic. pyO. IlepBomy pesynbrary OnaronpusatcTByeT 47 ciyuaes,

BTOPOMY PE3YyJIbTATY — JIBA CIIy4asi U TPETbEMY — OJUH city4ail. Haiinem ux BeposTHOCTH:

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

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

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

3aKkoH pacnpeaciiCcHu-d CJIy‘-IElﬁHOﬁ BCIIMYMHBI UMCCT BHU

3HaueH

U Xj 0
Beposr

HOCTH Di 94 1,04 |,02

B xauectBe mpoBepku HalgeM

P(x1) + P(x2) + P(x3) = 0,94 + 0,04 + 0,02 = 1.
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IIpakTnyeckoe 3ansaTue Ne 10

Tema: buHOMUHAIBHOE pacCIpencIICHUE

Heap padorbi: HayuuThcs NMpuUMEHATH Gopmyrny bepHyinm s cocraBieHHs 3aKOHA
pacrpeziesieHus: Cay4yaiiHOW BeIMYUHBI, HU300pakaTh 3aKOH Tpaduiyeckd, HAaXOAUTh BEPOSTHOCTU
KOHKPETHBIX 3HAYCHUH CIIy4YaiiHOW BEJTMYUHBI.

OoopynoBanue: IBM PC, Mathcad
Teoperuueckne 000CHOBAHMS:

[Iyctb mpOM3BOOMTCS ONPENEICHHOE YUCIO N HE3aBUCUMBIX MCIIBITAHUM, NPUYEM B
KaKIOM M3 HHX C OJHOM U TOI K€ BEPOSITHOCTHIO MOKET HACTYNHUTh HEKOTOPOE COObITHE A.
PaccmoTpuM cirydalinyio BeMMUUHY X, MPEACTABIISIONIYIO0 COOOM YHCIIO HACTYIUICHUN COOBITHUS
A B n UCHIBITaHUSAX. 3aKOH €€ PACIIPEEICHUS UMEET BUJ

3Haue
HUS Xi
Bepos
THOCTH Di n(0) |[n(1) [n(2) n(n)
rje Pn(m) BBIYHMCIISTFOTCS o bopmyie bepnymnu.

3aKOH pacrpeieseHusl cllydallHOM BeIM4MHbI X, KOTOPBIA XapaKTepu3yeTcs Takou TadiuueH,
Ha3bIBACTCSI OUHOMUAIbHBIM PACHPEOEICHUEM.

IMpumep 3
ITo Mumenu crpenstor 10 pa3, npuyeM BEPOSITHOCTb MONAJAHUS IIPU OJHOM BBICTpEIIE
paBHa 0,2. Mcnonb3yss maremarnyeckuil maker mporpamm Mathcad, BBINOTHUTE cienyromiue

3aJaHusd:

1) CocTaBUTh 3aKOH paclpeereHus] CIy4ailHOW BEMWYUHBI X — YHCIO TMOMaJaHul B

1ENb.

2) N306pa3utsb rpaduyecku 3aKOH pacrpeneseHus.
3) Haiitu HanMEeHee BEPOATHOE YUCIIO nonajaaHuim.
4) Haiitn HauboJee BEPOSITHOE YHUCIIO0 onaJgaHuiu.

5) Onpenenuth BEPOSITHOCTh TOTO, YTO YHCIIO TIOTIAIaHU i
a) m> 6; 0) m < 5; B) meHee 4; r) He MeHee 8; 1) O6osee 2, HO He Oostee 7
Pemenune

1) CocTaBuM 3aKOH pacipeieleHts JaHHOU ciy4aiiHoi BennuuHbl (<PucyHok 1>).
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[g] gfﬁ.n Mpasxa Bua Bq]gu Doppar Maxgumn Cumeonst Oxwvo 7

DEE GRY| ' 0@« |[": mo=|adix - @e
[Noma ] [Times New Roman - B zullesEs =

n:=10 p:=02

_nl-pt-1-p"™
) &= m' - (n — m)!

m:=0.10

P(m) =

0.107
0.268
0.302
0.201
0.088
0.026
5.505-10 3
7.864:10 4
7.373-10 3
4.096-10 6
1.024-10 7 "

IR Q| QAN s W W =IO

[—y
(=]

Pucynok 1. CocTtaBieHue 3akoHa pacpeeNeHus CIy4yailHON BeTUYNHBI.

IIpumeuanue: UtooOsl 3amate B Mathcad 3HaueHus m, HaJO UCMONB30BATh KJIABHIY | ;
], B pe3ysibTaTe Ha dKpaHe MOSBUTCS CUMBOI .. [lomydeHHbIe 3Ha4eHHsS m ¥ P(m) HEoOX0oauMo
3amucath B BHUJAE CTAaHJAPTHON TaONMIBI 3aKOHA paclpeAeNeHUs CIy4YailHOW BeIMYUHBI
(<Tabnuma 1>).

2) N300pa3um rpaduuecku NoaydeHHbINH 3aK0H pactipenenenus (<Pucynok 2>).
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Pucynok 2. I'pauk 3akoHa pacripeiesnieHus ciy4yaiiHO! BeTUYUHBI.

Ipumeuyanue: [locne Toro kak OyAeT BbI3BaH rpadukK, B HIKHEE TI0JI€ BBOJIA BBEINUTE
IepeMEeHHYI0 m, B JIEBOE IIOJI€ BBOJAa BBEAWTE Ha3BaHue (yHKuM P(m). 3HayeHus s
NEPEMEHHON m 3a7at0TCsl OT HYJISI IO 33JaHHOTO IO YCJIOBUIO 3Ha4eHMs n. 3HaueHus A P(m)
3aJal0TCsl OT HyJI 0 HauOosbliero 3HadeHus P(m). 3aTreM BbI30BUTE ABOMHBIM IIETUYKOM JIEBOU
KHOIIKA MBI auanoroBoe okHo Formatting Currently Selected...
¢axku 1 nepexitovarenu (<PucyHok 3>).

Formatting Currently Selected ... |

OcuXy |Cnenb|| Metku | Yrtonuarn |

Oce X: OceY:
[ XKypHan ™ Xyphan
v Cerka [V Cerka
¥ Hymepauua [V Hymepauus
vV Astowkana [V Asrowkana
™ Nok. Mapkepsi ™ Mok. Mapkepe:
™ AsroCerk: ™ AsroCerka
Nt Cetok: Nz Cetok:
o 4
Crune Oceit

" Kopo6koit

* Mepeceversse | OauHakoesie

" Her

U YCTAaHOBUTE HY KHBIC

I-_OE_—l Ormena l : J Cnpasxa

Pucynok 3. OxHo ¢opmaTtupoBanus rpaduka.

3) Mcxons U3 moirydeHHOTo 3aKOHA pacipeesieHusI CIy9aiiHOW BETMYUHBI HITH U3 €ro Tpaduka,
HaliZileM HauMeHee BEepOsTHOE YHCIIO MONaJaHUM, T. €. TAKOE 3HAUECHUE MePEMEHHON m, TIPH
KOTOPOM BEpOSITHOCTH P(m) mpuHUMaeT HauMeHbIee 3Hauenue. s Hamero ciaydas m = 10.
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4) Mcxons 3 OIYYEHHOTO 3aKOHA paclpeieieHus CIyJyaifHON BeTUYMHBI WK U3 ero rpaduka,

HaieM HanboJiee BEpOsITHOE YHCIIO MOTAJaHui, T. €. TAKOe 3HAUCHHUE ITePEMEHHON M, MpH

KOTOPOM BEpOSITHOCTH P(m) mpuHuMaeT camoe Ooubiiioe 3HaueHue. [[ist Hamero cimydas m = 2.

5) Ucnionb3ys kHOMKy ? HA naHenu Mcuuciienne, BEIUMCITUM BEPOSITHOCTH TPU 3a/IaHHBIX
3HAYEHUAX repeMeHHoi m (<PucyHok 4>).

> Mathcad lNpodeccmuoHanbHasn Pycckasa Bepcusa - |

|@]) ®aitn [Opaexa Bua Bcraeka ®@gpmar Marematuka Cumeonuka O
D-2d &R V¥ B oo T D=
[Normal v || Avial ~lfo ~|IB 7 U

10
-4
P(m) = 8.644 x 10
s Z (m) x
m=7
5
0 P(m) = 0.994
o Z (m)
m=0
3
B Z P(m) = 0.879
m=0
- 5 o
¥ Z P(m) = 7.793 x 10" LU TR

8
Il
o0

P(m) = 0.322

el

3
]
w

Pucynok 4. Bemmonnenue 3aianus 5.
IHopsinok BbIMOIHEHUS PA0OTHI:

1. [TpopaboTaTh TEOpETUUECKHIT MaTepHall IO TEME.
2. OTBETUTH HA KOHTPOJILHBIE BOTPOCHI.

3. [lomyuuTs BapHaHT 3aJaHUSI.

4. BRITIOTHAUTE 3aJIaHue.

5. OdopmMuts otueT 0 pabore.

KoHTpoJibHbIE BONIPOCHI:

1. Kakas BenuunHa Ha3bIBACTCS CITyIalHON?

2. Kakas cimydaiiHasi BeJIMUMHA HA3bIBAETCS AUCKPETHOM?

3. Omumute cxemy beprymmm. Kakue snemeHnTapabie COOBITHS MTOBTOPSIIOTCS B TUX
UCIIBITAaHUSAX ?

4. 3armumute Gopmyny beprym.
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5. Yto Ha3bIBaeTCsl 3aKOHOM paclpeesIeHUs CIIy4aiiHON BEJIMYUHBI?
6 Kaxkoii 3aK0H pacripeie/ieHHs] Ha3bIBATCs ONHOMHUATHHBIM?

IpakTuyeckoe 3ansaTue Ne 11

Tema: Beruncienue xapakrepuctuk J{CB. Beruucnenue (¢ oMol CBONCTB)
xapaktepucTtuk Qpynkuuii or ICB

Henab: HayunTthbes Bbruncasats xapakrepuctuku CB.

CpencrBa 00y4yeHusi: TETPaIu U BBITOJIHEHUS MpakTHUeCKuX 3ausaTuii, MS Excel.

CoaeprxaHue M NOPSAI0K BbINOJIHEHUS PadOThI:

1. PaccMoTpuTe TeOpeTUUECKUA MaTepHrall Mo TEME.

2. BcnoMHUTE METOJIMKY BbIYMCIIeHU XapakTepuctuk JICB.

3. 3aKOHCIIEKTUPYUTE TIIOCCAPUIA.

3. Beruucnute yucioBelie Xxapakrepuctuku JJCB npennoxxeHHoro psna,
IIPOAHAIU3UPYITE CMBICII IOJYUYEHHBIX YHCIOBBIX 3HAUEHUIN BEIUYHUH.

4. Ucnonb3yiiTe A1 TpOMO3JIKHX pacueToB xapakrepuctuk J{CB nHaactpoiiky «Ilaket
aHaym3a» npmwioxkenuss MS Excel

KoHTpoJibHbIE BONIPOCHI:

1. [ToHsiTHE MUCKPETHOM CITyYallHOW BEJTUYUHBI.
2. Xapakrepuctuku J{CB.
I'noccapuit
Ne n/m
Haszpanue
(xapaktepuctuka J{CB)

AJITOPUTM ompe/ieJieHust MJad (popMyJia BbIYHCTEHUS
ConepxareJIbHbIA CMBICJI
1
MortHoCTh psifa (cuer)
[ToncueT KoaMUeCTBa FIEMEHTOB
KonnuecTBo 351eMeHTOB psja

MuHuMyM
ITorck MUHIMATBHOTO 3HAUECHHUS
MuHuUManbHOE 3HAYEHHE psIa

Maxkcumym
ITonck MakCUMaIbHOIO 3HAYEHHUS
MakcumanbHOE 3HaYCHHUE psAla

Pa3max (MurtepBan)
BbaucuTe pazHUIYy MEXIY MaKCUMaIbHBIM H MUHUMAJIBHBIM 3HAUCHHSIMA
Pa3nuia Mexay MakcuManbHbIM 1 MUHUMAJIbHBIM 3HAYE€HUSMU
5
Cymma
CyMmMmupoBath Bce 3HaUECHMS
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CyMMa Bcex 3HauUEHUM

Mona
[Touck Hanboee yacTo BCTpeyaroIeecs 3HaYCHUs
Hauboinee yacTo BcTpeuaronieecst 3HaYCHUE
7
Menunana
ITouck 3Ha4eHU psifa, KOTOPOE AEIUT PAaHKUPOBAHHBIN PsJl HA IBE PABHBIC YACTH
3HaveHHe psJia, KOTOPOE JACIUT PaHXUPOBAHHBIN Psi/l HA JIBE PaBHBIC YaCTU
8

Cpennee

)?:i-zx,.

n

Cpennee apu()METHUECKOE BAPUALMOHHOTO Psijia
9
Jucnepcus
D(xX) = M{[x ~M(x)J’}
s2=-—"".D

n-—1

XapakTepu3yIoT CTelleHb pa30poca BCeX 3HAYEHUl BApMALMOHHOTO PsAla OTHOCUTEIBHO
Cpe/HEro 3HaueHus

10

Cpennekpaparudeckoe oTknoHeHne (CTaH1apTHOE OTKIOHEHHE)

o(X)=+/D(X)

S, =4S

CrangaprtHas ommnoka
«[Taker ananuza» npunoxenuss MS Excel
OreHka cpeJHEeKBaIPaTUYHOTO OTKJIOHEHHS BHIOOPOUYHOTO CPEHETO

12
AcCUMMETPUYHOCTD
«ITaker ananuza» npuioxenuss MS Excel
Br160pounblii KOG GUIIUEHT aCHMMETPUH
13
Okcenecc
«[Taker ananuza» npunoxenuss MS Excel
Bri6opounslii ko3 duiment skcrecca
Yucnosbie xapakrepuctuku ICB psina
psan-1
psan - 2
psan -3
psan -4
psa -5
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Boruncnenue xapakrepuctuk JICB ¢ nucnons3oBanuem Hazactpoiiku «llaker ananuza»
npunoxenus MS Excel.
1. Mcnionb3yst TEXHOJIOTMYECKYIO KapTy BhluuciauTe xapakrepuctuku JCB.
TexHoJiornyeckasi Kapra
CepBHC — HAACTPONKH — MTAKET AaHAJIN3a — aHAJIU3 JAHHBIX — ONKCATENIbHASI CTATUCTHKA!
BXOJHOH MHTEPBAJ — 110 CTOJIOIY — BBIXOJHON HHTEPBAJ — HTOTOBAsi CTATHCTUKA — YPOBEHb

HaJICKHOCTH
2. CpaBHHTE MOJYyYEHHbIE 3HAUYCHHUS C STAJTOHOM, C/EJIATE BHIBOIBI.
DTanoH.
pao-1
pao - 2
pao -3
pao -4
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
CrangaprtHas omuoOKa
0,269
CrangaprtHas omuoOKa
0,342
CrangaprtHas omuoOKa
0,401
CranpapTtHas ommoOka
0,619
Menuana
3,5
Menuana
3,5
Menuana
3,5
Menuana
3)
Mona
4
Mona
4
Mona
5
Mona
5
CraHgapTHOE OTKIIOHEHUE
0,85
CraHgapTHOE OTKIIOHEHUE
1,08
CraHgapTHOE OTKIIOHEHUE
1,269
CraHgapTHOE OTKIIOHEHUE
1,958
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Jlucniepcusi BEIOOpKH
Jlucniepcusi BEIOOpKH
JHucnepcusi BEIOOpKH
JHucnepcus BEIOOpKH
Dkcuecc
0,1
Dkcuecc
Dkcuecc
Dkcuecc
ACHUMMETPUYHOCTh
ACHUMMETPUYHOCTh
ACHUMMETPUYHOCTh
ACHUMMETPUYHOCTh
HNuTeppan
HNuTeppan
HNuTeppan
HNuTeppan
MunumMyMm
MunuMyM
MunuMyM
MunuMyM
Makcumym
Makcumym
Makcumym
Makcumym
CymmMma
CymmMma
CymmMma
CymmMma
Cuer

Cuer

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

-1,0

-1,7
-2,1

-0,56

(O NN G2 I & 2 BENN G2 B ) S \C R ) O R - N 00 R ¢ N OV

P P W w W W
o o o o1 o1t O
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Cuer

10
Cuer

10

YpoBeHb HAJIEKHOCTH
0,608

YpoBeHb HAJIEKHOCTH
0,773

YpoBeHb HAJIEKHOCTH
0,908

YpoBeHb HAJIEKHOCTH
1,401

Jomamnee 3ananue: [Ipoananu3upoBats BapualiMOHHBIN psif

IIpakTuyeckoe 3ansaTue Ne 12

Tema: Pemenue 3a1a4 Ha popMyIly r€OMETPUYECKOTO OIPEIEIICHUS BEPOATHOCTH.

Henb: Hayuntbcest BBIYUCIATH BEPOSITHOCTH (111 OZTHOMEPHOTO CiIy4dast, ISl ABYMEPHOIO
ciydasl, JUld HPOCTEHIIMX (QYHKIUM OT JBYX HE3aBHCHMBIX PaBHOMEPHO pacHpelesIEHHBIX
BEJIMYMH)

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypehl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUs padoThI:

1. PaccMoTpuTe pelieHne TUITOBOM 3a1a4H.

2. Pemure 3amaun.

KoHTpoJibHbIE BONIPOCHI:

1.IlorsaTne OMHOMHUANBHOTO pacrpeneneHusi, [loHsTHe OMHOMHATBLHOTO PaCTIPEICICHHUS.
[Tonstue re€OMETPUYECKOTO pacnpeneneHus, XapaKTePUCTUKHU reOMETPUUECKOT0
pacnpeneseHusl.

2.IlonsiTue OMHOMMAIBHOTO  pPACHpPENETCHHS, XapaKTePUCTUKH  OMHOMHUAIBHOIO
pacnpeneseHusl.

3. [lonstue TEOMETPUUYECKOTO pacnpeneseHus, XapaKTEPUCTUKU

TEOMETPUUYECKOT0 PACIIPENETICHUS.

Pemenue TunoBoii 3agaun

Kaxxnpiii msaTeIi Omier gorepen — BBIMTPBILIHBINA. KakoBa BeposSTHOCTH TOrO, 4To U3 10
NPUOOPETEHHBIX OUIIETOB J1BA OUJIETa OKAaXKYTCS BHIUTPHIIIHBIMU?

Pemenne

[Tposepsiercst 10 Gunetos, T.e. mpoBoauTcs 10 HE3aBUCUMBIX UCTIBITAHUNA. BeposTHOCTH
BBIMIpBIIIA B Kaxa0M ucobitTanuu p =1 /5 = 0,2, torna q = 0,8 . MckoMyro BeposSTHOCTh
HaxoauM 1o ¢opmynie bepaymnnu, nojoras n = 10, m = 2.

P,(2)=C,’ - p’-q*=36-0,2"-08° = 0,242,

Pemnre 3agaun:

1. TpuauaTh BoceMb CTYEHTOB KOJUIEKA CAATH SK3aMEH IO CTATUCTHKE HAa OTIMYHBIEC U
XOpoIIMe OTMETKH. Yemy paBHAa BEpOATHOCTh TOTO, YTO B ciydailHOW BbIOOpke u3 100
CTYJEHTOB IO KpaiiHed Mepe 30 okaxyTcsd C XOpPOUIMMHM M OTJIMYHBIMU OLIEHKAMH IIO
CTaTUCTUKE?

2. BeposSTHOCTh M3TOTOBIICHUS MPOIYKIIMU BBICIIErO KadecTBa (pupmoii coctasiser 0,9.
Ckonpko HE0OX0AMMO O0CJIeI0BaTh EAWMHUI] MPOAYKIIMH, YTOOBI C JOBEPHUTEIbHON
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BepOoATHOCTHIO 0,95 MOXXHO OBUIO yTBEpXKAAaTh, YTO JOJSI MPOAYKIIMU BBICIIETO KadecTBa IO
BBIOOpKE OyJET OTKIOHATHCSA OT MOCTOSIHHON BEPOSITHOCTH 110 MOIYJIIO He Oojee uem Ha 0,037

3. TpunuaTs BOCEMb CTYIEHTOB KOJIJIEXKa CAAIU 3K3aMEeH M0 CTaTUCTHKE Ha OTIMYHbIE U
XOpomre OTMETKH. YeMy paBHa BEPOATHOCTH TOrO, YTO B CiaydailHOH BbIOOpkKe u3 100
CTYJIEHTOB MO KpaifHeii Mepe 30 oOKaxyTcs € XOpPOUIMMH M OTJIMYHBIMU OIICHKAaMHU IO
CTaTUCTUKE?

I[()Mamnee 3alaHuE: COCTABbTC AJITOPUTM T1000H 13 3aaa4 110 TCMC.

IpakTuyeckoe 3ansaTue Ne 13

Tema: Brruncienue BeposITHOCTEN U HaXOxkJIeHHe XapakTepuctuk s HCB ¢ momoribio
(GYHKIIUH TJIOTHOCTH.

Heab: HayunThcsa BRIUUCISATE BEPOATHOCTH U XapakTepuctrku HCB.

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIIOJHEHUS INPAKTUYECKUX 3aHATUH, HTepHeT-
pecypcesl.

CoaeprxaHue M NOPAI0K BbINOJHEHUS PadoThI:

1. PaccmoTpuTe TEOpeTHUYECKUI MaTepUall 1o TEME.

2. Pemute 3anaum.

KoHTpoJibHbIE BOIPOCHI:

1. [lonsitue HCB.

2. [lonstue paBHOMepHO pacnpenenénHoit HCB.

HenpepbIBHOM Ha3bpIBalOT CJAYYalHYI BeJHYHHY, KOTOpas MOXET IPUHUMAaTh BCE
3HAUEHUS U3 HEKOTOPOI'O IPOMEXKYTKA.

3akoHoM pacnpenejeHusi (WM WHTETpaJbHOM  (QYHKIMEH  pacripeneseHus )
HeNnpepbIBHON ciy4yaiiHoil BeauunHbl X HaspiBaeTcs QyHKuus F(X), paBHas BEpOSITHOCTH
TOTO, 4TO X IPUH:IA 3HAYEHUE MeHblIE X:

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

IlnoTHocTHIO pacnpeneienus (win auddepeHnnanbHol (yHKIMEH pacnpeaeraeHus)
HeNnpepbIBHON cJy4aiiHoil BeaumunHbl X HaspiBaeTcst QyHkuus f(x), paBHas nmpou3BOIHON
UHTETpaIbHON (PyHKIMM pacrpeaesieHus:

f(x) = F'(x).
B vactHOCTH, BEpOATHOCTD MONAAaHUs CIIy4aifHOM BEIMUMHBI B HHTEpBa ( a ; b ) paBHa:

P(a< X <b) :j f(x)dx = F(b) - F(a).

Marematuyeckoe oxuganue M(X) u aucnepcusi D(X) HenmpepbIBHOW cCityyailHOM
BEJIMUMHBI OMPEIEISIFOTCS Yepe3 HECOOCTBEHHbBIE MHTETPAIIBI:

M(X) = [xf(0dx, D(X)= [[x— MO fx)dx.

Bce cBoiicTBa nucnepcud M MaTeMaTHMYeCKOTO OXKHMJAaHWs, ycTaHoBieHHble s JICB,
coxpansitores aiia HCB.

3ameyanue: Ecinum pacnpeneneHne CHMMETPUYHO, TO €ro MOJAA, MeAHaHa |
MaTEeMaTH4YeCKOe 0KUIAHNE COBMA/IAOT.

IIpakTHyeckoe 3ansaTue Ne 14
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Tema: Boruncnenue BeposTHOCTEN U HaxoxkaAeHue xapakrepucTuk s HCB ¢ noMorbo
MHTETPAIbHON (QYHKIIMH pacipeiesIeHus.
eab: HayunThcsa BIUUCISATE BEPOATHOCTH U XapakTepuctuku HCB.
CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJIHEHUS MPAKTUYECKUX 3aHATUH, MHTEpHET-
pecypcehl.
Pemure 3apaun
1. Cnyuaiinas BennunHa X 3aJjaHa HHTETPATBLHON (QyHKITUEH:
0 npux<-2
F(x)= §+% npu—2<x=<2
1 npux > 2
Haiiti BepoSITHOCTB TOTO, UTO B pe3yJIbTaTe UCIIBITAHUSA CllydaiiHasi BeMMYMHA X MPUMET
3HaueHue: a) Menbie 0; 6) Mmenbie 1; B) He MeHbIIE 1; T) 3akmoueHHoe B uHTepBae (0;2).
2. CrydaiiHasi BeJIMUMHA 3a]]aHa HHTErpaTbHONU (DyHKIIMEH:
0 npux=<1
F(x) = ﬁ f% npup1<x£3
1 npux >3
Haiitu: a) nuddepennmansayo GyHKINIO CITydailHON BeITHMYUHBI X; 0) MaTeMaTHUECKOE
OXKHJIAaHHE, IUCIICPCHIO, CPEIHEe KBAJPAaTHUYECKOE OTKIOHEHHE CIIyYaiHOM BENWYHHBI X; B)
BEPOATHOCTb MONAAAHUS CITy4YaiiHON BeIMUMHBI B ©HTEpBa (1;2).
3. Cnyuaiinas BenuuuHa X 3a/1aHa UHTETPAIbHON PYHKIIMEH:
0 npux< A
F(x)=1%_npuA<x<B

1 npux > B

Haiitu 3Hauenmss A u B, MaTeMaTH4yecKoe OXXHJAHWE, AWCICPCHIO H CpeaHee
KBaJIpaTHUECKOE OTKIOHEHUE CITyYaliHON BEIMYUHBI X.
4. Cnydaiinas BeJrurHa X 3a/1aHa UHTETPAIbHON (PYHKIIHEH:

03 npux <1
F(x)=4{X_ —%npul<x£2
2 npux > 2

1

Haittu: a) nuddepenumanbHyo GyHKUIMIO ciaydyaiiHON BenuuuHbl X; 0) BEpOSTHOCTD

TOTO, YTO B PE3yJIbTAaTE€ YETHIPEX HE3aBHCHUMBIX WCIBITAHWN CllydaiiHas BennduHa X XOTS OBI

OJIMH pa3 TPHUMET 3HaueHue, NpuHaiexkanee uHTepBany (1;1,5); B) HauepTuTh Tpaduku
GyHKIMIA.

JlomamiHee 3aiaHle: COCTaBbTE AITOPUTM PELICHUS 3a/1a4M U PELLUTE €€.
Cryyvaiinas BenmuurHa X 3aJjaHa HHTETPAIbHON QyHKIMEH:

30 npux=<?2
F(x)=4X" ~8 ppu2<x<3
19 npux >3

1

Haiitu: a) nuddepenumanbayto QyHKIMi0; 0) BEpOSTHOCTh MOMaJaHUs ClydailHON

BEJIMYMHBI B HUHTepBan (2,5; 3); B) MareMaTH4ecKoe OXKUIaHHWe, IUCIIEPCHUI0 U CpelHee

KBaJIpaTMUECKOE OTKJIOHEHHUE CIy4alHONW BeNWYMHBI X; I') MOJIYy U MEIuaHy BEJIUYUHBI X.
[Toctpouts rpaduxu GyHKIIHIMA.

I[IpakTnueckoe 3ansaTue Ne 15
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Tema: BrlunciieHne BEpOSTHOCTEN UIsi HOPMAJIbHO PAaCHpPEEsIEHHON BENMUYMHBI (MU
CYMMBI HECKOJIBKMX HOPMAJIbHO-PACIIPEIEIICHHBIX BEINYHH.

Henp: HayunTbes BEIYUCIATH BEPOSTHOCTHU AJI1 HOPMAJIBHO PACIPENEICHHON BETMYNHBI

CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJIHEHUS MPAKTUYECKUX 3aHATUN, VHTEpHET-
pECYpCBI.

CoaeprxaHue M NOPSAI0K BbINOJTHEHUS PadOThI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall 110 TEME.

2. 3aKOHCTIEKTUPYUTE PEIICHUE TUIOBOU 3a/1aUu.

3. Pemure 3anaqu.

KoHTpoJibHbIE BOIPOCHI:

1. PackpoiiTe nmoHsTHE (YHKUMU IUIOTHOCTH HOPMalbHO PpacClpeieeHHOM

HCB, cMbIciI napaMeTpoB a U G HOPMAJIBLHOT'O PaCIpECIICHNU.

2. PackpoiiTe moHsiTHE MHTETPaTbHON (QYHKINU pAaCHpeieTICHUsT HOPMAIbHO
pacnpenenennoit HCB

3. B03MOXHO 711 HAXO0KJEHHE CYMMbI HECKOJIBKUX HE3aBUCHUMbBIX HOPMAJILHO
pacupeneneHHbix HCB.

HopMmaJsbHblii 3aK0H pacnpeesienus (puc. 1) urpaer UCKIIOYUTEIbHYIO POJIb B TEOPUU
BEpOSTHOCTEH. OTO Hamboiee YacTO BCTPEHAIOUIMMCA 3aKOH paclpeleseHus, IJaBHON
0COOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJIIETCS INpEleNbHbIM 3aKOHOM, K KOTOpPOMY, IpHU
OIpEENIEHHBIX YCIOBUSIX, IPUOIMKAIOTCS APYTUE 3aKOHBI paCpeIeIICHUS.

Huddepennnanpraas GyHKINS HOPMAIBHOTO 3aKOHA UMeeT BUJ (puc. 1):

(x-a)’
2

1 —
f(x)=———=-e ?2°
Sy

YucaoBbie XapaKTEePUCTUKH HOPMAJBHOI'0 3AK0HA!

1.
r < x (x—a)’ ) areMaru
M(X)= | x- x)dx = | ——-exp(- ———)dx =a, rze e" =exp (x);
()= Jx- 1 Godx = [ ——-exp(-2555) A P () ecxoe
OKUJIaH
Ue XapaKTepu3yeT LEHTP pactpeaeICHHS:
2. qucnepcus XapaKTepu3yeT

DX) = sz CF(Odx — (M) = 2. (dhopMy pacnpeneneHus:

—oo

CpoiicTBa 1 depeHnnaNbHON PYHKIMH HOPMAJIBLHOIO 32AKOHA!

1. o6macts onpenenenns: D~ &
2. och 0X — ropu3oHTaNbHASl ACHMIITOTA;
3. X=at0 . nge Touku nepernta;
(a5 ——);
4. MAaKCHMYM B TOUKE C KOOpAMHATAMI:  OV27
5. rpaduK CHMMETPHYEH OTHOCHTEIILHO MPSIMOI X=a;

6. MOMEHTHI:
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ﬂl = ﬂB == ﬂZKJrl == 0’
My = O-zsﬂct =30",
3
sk=*_—0Bx=#+_3-0;
04
1. BEPOSTHOCTh IIONAJAHUS HOPMAJIBHOIO PpACHpPEACIICHHONM CIy4aliHOU
BEJIMYMHBI B 3aJIaHHBIN HHTEPBAJ OMPEACISIETCS, 10 CBOMCTBY MHTETPAIBbHON (DYHKIHH:

P(a<x<p")=cD*[%]-q:*{a;a}cb(ﬁ;aj-cb(a;“J
S DN G
oo :[jexp( 5 )dt

UHTErpajbHas QyHKIHMS HOpMalbHOTO 3akoHa (puc.14); d(x) — pyukuus Jlarmaca.

rae @ *(x) =

[+ ]

J-\'I

ol
i
1

Juddepennunanbras pynkuus MHrerpanshas GyHKuus
Puc. 1. HopmanbHbIl 3aKOH pacnpeeleHus
HopMmaJsbHblii 3ak0H pacnpenejenus (3akoH ["aycca):

_(x-a)?

e 20°

1
f(x)=
o271
rae M(x) = a, D(x) = 2.
B uactHOCTH, 171 HOpPMAanIbHOTO 3aKOHA paCIHpeleleHHs] CIyd4alHON BENIUYUHBI X,

b

BCPOATHOCTD IOIIaJIaHUSA B 3aJIaHHBIN HWHTCPBAJI BBIPA)KACTCA YCPC3 (I)YHKI_II/II-O Jlammaca:

Pa< X <f) :cp(ﬁ;“)—cb(“;“).

Kpusas 'aycca umeer Bun:
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ato
a-o

IIpakTnyeckoe 3ansaTue Ne 16

Tema: BrluucieHue BEpOATHOCTEH M HAXOXKJIECHUE XapPAaKTEPUCTUK ISl MOKA3aTEIbHO
pacnpenesieHHON BETUYUHBI.

Hean: HayduTbest BEIYKUCIATD BEPOSTHOCTH JJII HOPMAJIBHO PacipeieICHHON BETUYHHBI

CpeacrBa 0o0y4yeHUsi: TETpaau ISl BBIMOJHEHUS MPAKTUUYECKUX 3aHATHH, WHTEepHeT-
pecypchl.

Pemenune TunoBoii 3agaun

[lycTp ciydaiiHas BenuunHa X paclpeesieHa 10 HOPMaJIbHOMY 3aKOHY C IapaMeTpaMH,
a=30u o = 10. 3anucaTe IIIOTHOCTh pacHpeieICHUsI BEPOSATHOCTEN U HAUTH BEPOSITHOCTD TOTO,
410 X MPUMET 3HaUCHUs U3 © - uHTepBaia ( 20 ; 40 ).

Pemrenue. IlmoTHOCTH pacnpeneneHusi BEPOSTHOCTEH HOPMAJIbHO pacHpeneaeéHHOoN
CIIy4alHOM BeIMYMHBI X C 33JaHHBIMU ITapaMeTPaMH UMEET BU:

1 _(x=30)"

[ =107 ¢

HaiintémM BeposATHOCTP TOro, 4YTO Ciy4daWHas BeJIMYMHA X  OTKIOHUTCA  OT

1)

MAaTECMAaTUYCCKOI'0 OXKUJaHUA a Ha BEJIMYMHY MCHBIIC UYCM G.

Pla-—o<X<a+o)=d@2"% _ @ =279 _5 o)~ 0,683
o o _

Pemnre 3a1aun

1. CnyuyaitHas BenmuunHa X paBHOMEpHO pacripeaeneHa B uHTepBaine (-2;N). Haiitu: a)
mubdepeHIManbHyI0 (YHKIHIO clydailHOM BenuuuHbl X; 0) HMHTErpaibHyl0 (DYHKIIHIO;, B)

1. v

BEPOSITHOCTh TOMAJaHHs CIyYalHOW BEIMYMHBI B WHTEpBAI 2~ MaTreMaTh4ecKoe
OKU/IaHUE, TUCIIEPCHIO U CPEeTHEE KBAIPATUIECKOE OTKIOHEHHE CITyJIaifHON BETMYHHBI X.

2. HaliTn MaTreMaTH4eCKOE O0KHMJIaHUE U JUCIEPCUIO CITyYalHOW BEIMYHUHBI, PABHOMEPHO
pacnpezneneHHoi B unteppaie: a) (5; 11); 6) (-3; 5). Haueptuth rpaduku 3Tux GyHKIUH.

3. PaBHOMEpHO pacnpeneneHHas clydaiiHas BeMWYMHA X 3a/laHa  TJIOTHOCTHIO
pacmpenenenms f(X)= 0,125 B unrepsaie (a-4; at+4), Bue nero f(x) = 0. Haittu M(X), 4(X), 7 (X).

JlomaniHee 3aJaHHe: COCTaBbTE AITOPUTM PEIICHUS JIF0OOH U3 33/1a4 110 TeMeE.

IIpakTuyeckoe 3ansaTue Ne 17
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Tema: llenTpanbHas mpeaenbHas TeopeMma. 3aKOH OONbLIMX YHced. BeposTHOCTH H
4acToTa.

Heab: HayuuThcs pemaTh 3aauyu Ha MOHSATHE YacTOThI COOBITHSA, CTaTHCTUYECKOE
MOHUMAaHHE BEPOATHOCTH

CpencrBa o0y4yeHMsI: TETpaau JUIs BBIIOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypchl.

Teoperudecknii 0J10K.

Lenmpanvras npedenvras meopema. Eciu cinydaitHast BenmuauHa X MPEICTaBIsgET, COO0H
CyMMY OY€Hb OOJIBIIOTO YMCIIa B3AaUMHO HE3aBHUCHMBIX CIyYaiHBIX BEIMYHMH, BIMSHUE KAXKIOU
U3 KOTOPBIX Ha BCIO CyMMY HHYTOXXHO Majo, TO X HUMEeT pachpeaeicHue, OIu3Koe K
HOPMAJIbHOMY pacHpe/IesICHHUIO.

Ilpumep. TlycTh IpOM3BOAMTCS M3MEPEHUE HEKOTOPOH (u3nueckor BeauduHbL. JIr0oOoe
U3MEepeHHe JaeT JUIIb NPUOIMKEHHOE 3HAaUeHNE U3MEPSIeMO BEJTMUYMHBI, TaK KaK Ha Pe3yJIbTaT
U3MEPEHUs] BIUSIOT OYEHb MHOTHE HE3aBHCHUMBIC Ciyd4aiiHble (akTopsl (Temmeparypa,
KosiebaHusl puodopa, BIAKHOCTh | Jp.). Kaxkaplil u3 3TuxX (akTopoB MOPOXKIAET HHUTOKHYIO
"qacTHyt0 omuOKy". OIHaKO, TIOCKOJIBKY YHCIIO 3TUX (PaKTOPOB OYCHH BEIHKO, UX COBOKYITHOE
JIeCTBUE TIOPOXKIACT yIKE 3aMETHYIO «CYMMapHYIO OLIHOKY».

PaccmaTtpuBas cymmapHyro omMOKYy Kak CyMMy OY€Hb OOJIBLLIOTO 4YHCIa B3aUMHO
HE3aBHCHUMBIX YaCTHBIX OMIMOOK, MBI BIpaBe 3aKIIOUUTh, YTO CyMMapHas oOImMOKa HMeeT
pacmnpeneneHue, OIM3Koe K  HOpPMalbHOMY pachpeneneHuto. OmbIT — MOATBEpPXKAAET
CIPaBEJIMBOCTH TAKOTO 3aKIIOUYCHHUSI.

PaccmoTpum ycioBust, TpH KOTOPBIX BBHITIOMHSAETCS "IIEHTpaIbHas Mpe/esibHas Teopema”

ITycTs:

X1, X2, ..., Xn — nocnenoBaTeIbHOCTh HE3aBUCUMBIX CIIyYalHBIX BEJTUYHH,

M(X1), M(X2), ..,M(Xn) - KOHEUYHblE MaTEMAaTUYECKUE OXHUAAHUS ATUX BEIUYUH,
COOTBETCTBEHHO paBHble M(Xk)= ak

D(X1), D(X2), ..., D(Xn) - KOHeYHBbIE AUCIEPCUU HX, COOTBETCTBEHHO paBHbIe D(X
k)=Dbk?2

Bsenem ob6o3naueHus: S= X1+X2 + ...+Xn;

pa " >E
Ak=X1+X2 + . +Xn=#1  :B2= D(X1)+ D(X2)+ ..+ D(Xn) = =2

3anumieM (YHKIMIO paciipe/leIeHUus] HOPMUPOBAHHON CYyMMBI:

Fn(x) :‘{%{I]

l'oBopsit, uro k mocinenoBareiabHocTd X/, X2, ..,Xn npuMeHHMMa ILEHTpalbHas
npeJenbHas TeOpeMa, eclid IpH J00M X QYHKIUS pacipeeieHs HOPMUPOBAHHOW CyMMBI IpU
n ® ¥ ctpeMuTcs K HOpMaiabHOU QYHKINU paclipeieieH s :

s, -4, 1 3
Lim f|—g <% _.-" iz

[ B a ".21_-,

3ameuanue. TlomydeHHass GyHKIHMS OTIMYACTCS OT HMHTETPATHHOW MPUOIMHKECHHOM
¢dbynkuy Jlammaca TodbKO JIMITL TpeIeiIaMid HHTETPUPOBaHUS, e Haxoaatcs ot 0 1o X

B wacTHOCTH ecnm Bce ciyuaiiHble BenuuuHbl X1, X2, ..., Xn oounakoso pacnpeoenenvi 1
oucnepcuu 6cex dMux GelUUUH KOHEeUHble U He paHble HYNI0, TO K ITON IMOCIIe0BaTeIbHOCTU
MPUMEHHMA LIEHTpaJbHas IpeieNibHas Teopema.
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2. 3aK0oH OOJIBIIMX YUCENl, BEPOATHOCTH M YaCTOTA.

Kak m3BecTHO, Henb3s 3apaHee yBEPEHHO IPEIBHJIETh, KAKOE U3 BO3MOXHBIX 3HAYCHUU
IIPUMET CiIydaliHasi BEJIUYMHA B UTOTE UCIBITAHUS; 3TO 3aBUCUT OT MHOTUX CIIy4aWHBIX NPUYMH,
y4ecTb KOTOpble HEBO3MOXHO. Ka3anock Obl, MOCKOJIBKY O KaXJIOH CllydyallHON BEJIMYHMHE MBI
pacrosaraeM B 3TOM CMBICIIE BECBMAa CKPOMHBIMH CBEJEHHUSAMH, TO BPsJ JIU MOKHO YCTaHOBUTH
3aKOHOMEPHOCTH IMOBEIEHUS U CYMMBI JOCTaTOYHO OOJIBIIOTO YHUCIIA CIydailHBIX BeanunH. Ha
camoM Jienie 3To He Tak. OKa3bIBaeTCsl, UTO MPU HEKOTOPHIX CPABHUTEIBHO LIMPOKUX YCIOBUAX
CyMMapHO€ TOBEACHHE JOCTATOYHO OOJIBIIOTO YMCIIA CIYYalHBIX BEIMYUH MOYTH YTPAYHBAET
CIIy4alHBIN XapaKTep U CTAHOBUTCS 3aKOHOMEPHBIM.

JUId NpakTUKW OYEHb BaXHO 3HAHHME YCJIOBMM, IIPH BBIIOJHEHUH KOTOPBIX COBOKYITHOE
JEHCTBUE OYEHb MHOTUX CIIy4YaiHbIX IIPUYUH NPUBOJUT K PE3yNbTATy, [IOYTH HE 3aBUCSIIEMY OT
Clly4asi, TaK KaK IIO3BOJIAET IIPEABUICTD X0 SBJICHUN. DTH YCIOBUS U YKa3bIBalOTCS B TEOPEMAX,
HOCAIIMX oOliee Ha3BaHME 3aKoHA OosbluuX uyucen. K HUM oTHOcsATCS Teopembl UeOblieBa u
bepHym (MMEIOTCS U IpyrHe TEOPEMBI, KOTOPBIE 3/1€Ch HE pACCMATPUBAIOTCS).

IIpakTnyeckoe 3ansaTue Ne 18

Tema: Pemenue 3amady Ha TMOHATHE YacTOTHI COOBITUS, CTATHCTUYECKOE MOHUMaHUE
BEPOSITHOCTH

Hean: HayuuTbest pemiaTe 3a/ladyd Ha TOHSTHE YacTOTHI COOBITHS, CTATUCTUYECKOE
MMOHUMAaHUE BEPOSITHOCTH

CpeacrBa 0o0y4yeHusi: TETpaau ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, WHTEepHeT-
pecypchl.

Conep:xaHue 1 NOPSII0K BBINOJHEHUsI padoThI:

1. PaccmoTpuTe TeOpeTHYECKHil MaTepuai o TeMe.

2. 3aKOHCNIEKTUPYWUTE PEIICHUE TUIIOBOW 3a/1a4u.

3. Pemure 3amaun.

Ommuocumenvnoii yacmomoii codbITHS <1 HA3BIBAIOT OTHONICHUE YKCIIA MCTIBITAHMI 7 |
B KOTOPBIX JJAHHOE COOBITHE TOSBHIIIOCH, K 00meMy 9ucity # (akTH4ecKd MpOoBEAEHHBIX
HCTIBITAHUI:

Wi =2 @=2
% | WM Kopoue: #
Ommuocumenvnasa wacmoma HapsNy C 6ePOAMHOCHbIO ABIETCS ONHUM W3 KIIIOUYEBBIX
HOHATHUI TepBepa, HO €Clii KJaccuyeckoe 1100 reoMeTpuyecKoe onpeaeleHne BepOITHOCTH
He TpeOyloT TpPOBEAEHUS MCIBITAaHUH, TO OTHOCUTENIbHAs YacToTa pPAaCCUUTHIBAETCS
uckmountensHo [TOCJIE onbIToB Ha 0CHOBE ()aKTUYECKHU MOTYUYEHHBIX TaHHBIX.

B TOoM cnywae, ecnm cepur WCHBITAaHUM NPOBOIATCS B HEHW3MEHHBIX YCJIOBHUSAX, TO
OTHOCHUTEJIbHAsl 4YacTOTa OOHAPY’>KUBAET CBOMCTBO yCMOUYUE0CMU, TO €CTh KOJIEeOIeTCcs OKOJIO
OTPEIENIEHHOTO 3HAYCHUS.

ITycte Hekuii mpodeccuoHanbHbI cTpenok npousBén 100 BBICTpeNoB MO MHILEHH U

m—E:D,BB

nonai 83 pasa. Torga oTHOCUTENbHAS YaCTOTa MOPAKEHUS L€ COCTABUT: 100
[Ipenmonoxum, YTO TOT K€ CaMblii CTPENOK B TOYHO Takoil ke «popme» U B
MPUOJIM3UTENHHO TaKUX K€ yCIOBUSX CHOBa MpoBEn ceputo u3 100 BwicTpenoB. BepostHo nu,
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4TO0 OH cHOBa momnaaér 83 pasza? He ouens. Ho konmuecTBO momnanaHuii Bpsia iu OyAeT CUIBHO
OTJIMYaThCA OT Mpeaplayiero pesyiprara. [lycts, Hanmpumep, ctpenok momnan 79 pas. Torma

75
@=—=079
OTHOCHUTEJIbHAS YacTOTa MOPAKEHUS LEJIU COCTABUT: 100
B tperneii cepum u3 100 BbICTpenoB, MPOBEAEHHON MpPU MOXO0XKHUX OOCTOSTENHCTBAX,
81
=— =03l
JIaHHBIN cTpesiok nonan 81 pas, 100 U T.1.

Wuorpa moryt ciayyatbest Onectsimue cepun 6onee 90 momagaHuil, MHOTIA IIPOBAJIBD,
HO CpeJHee KOJIMYECTBO MomajaHuil OyaeT BapbupoBaThes okojio 80. M korjga KoiImuecTBO
(akTHUECKH TPOBEAEHHBIX HCIBITAHUN CTaHET JOCTaTOYHO OOJBIIMM, TO peuyb 3auAeT o
cmamucmuyueckoi éepoamuocmu. Eciu B 0JUHAKOBBIX (IPUMEPHO OJMHAKOBBIX) YCIOBHAX
IIPOBEJEHO JOCTATOYHO MHOI'O WCIBITAHUMN, TO 32 CHHAMUCMUYECKYIO 6EPOAMHOCMY COObIMUSA
MPUHUMAIOT OTHOCUTEJIBHYIO YaCTOTY JAHHOTO COOBITHA 100 OJIM3KOE YUCIIO.

[Ipenmonoxum, 4TOo Ha MPOTSHKEHUH HECKOJBKUX JIET Hall CIOPTCMEH, COXPaHss
CTaOUIBHBI ypOBeHb NOATOTOBKM, coBepmimia 10000 BeicTpernoB u monan 8037 pas.

8037
=——=103037
OTHOCHUTENBHAS YACTOTA TOPAKEHUS LIEJIU COCTABUT: 10000 U 33 CTATUCTHUYECKYIO

BEPOATHOCTh €r0 Pe3y/IbTATHBHOCTH I€1eCO00PasHO NPUHATH £ 0.8

, KOTOpasi CTaHOBUTCS
TEOPETUYECKOMN OILEHKOM, HAIPUMEP, NPl TP IYIIIMHA COPCBHOBAHUSIMH.

[IpencraBpre, 4TO BO BpeMsl JICKITHMH ATOT MPo(ecCHoHa 3amién ¢ BAHTOBKOW ayJHUTOPHUIO
u npuenwica. Temepp BaM JOKEH CTaTh OKOHYATENBHO MOHSATEH cMbICH (pasbl «Cmpenok
nonadaem 6 muwens ¢ seposimuocmoio 0,8» =) =)

Nmenno tak codupaetcst 6oratasi CIOPTHBHAS CTATUCTUKA B PA3IMYHBIX BUIAX CIIOPTA.

AHanoru4Hasi UCTOPHSI C YTBEPXKACHUEM «Bepoamuocms uzeomosnenus 6paKosanHou
demanu Ha oanHom cmauke pasna (,05». DTy OLEHKY HEBO3MOXXHO IMOJIYYUTh C IOMOIIBIO
KJIACCHYEeCKOro omnpe/esieHUsl BEPOSITHOCTH — OHA CIelyeT TOJNbKO M3 mpaktuku! Ecnam Ha
CTaHKEe TPOMU3BEIICHBI JICCITKU THICAY JIeTAIed W Ha KaKIYH0, CKOKEM, TBHICSIY BBIMYIICHHBIX

z[eTanefI, MMPpUXOOUTCS B CPEAHEM 50 6paKOBaHHI>IX, TO B KQ4ECTBE CTaTUCTUYECKOM BEPOATHOCTHU

6pa1<a MMPUHUMACTCA 3HAYCHU 2= D’D5 .

B 3anaue 2 ypoka JlokanbHasi 1 MHTerpajbHasi Teopembl Jlanjaca ¢urypuposana

BEPOATHOCTh POXKICHHS MambumuKa £ — D,SE. Otkyna B3ss0ch 1aHHOE ynuciao? M3 MHOromeTHero
nojcuéra (pakTHUECKH POXKIEHHBIX JeTel B onpeAeréHHOM pervoHe. B yka3aHHON craTbe MbI
BBISICHWJIM, YTO OTO BOBCE HE 3HAYUT, 4TO cpeau 100 HOBOPOXKIACHHBIX OyIeT pOBHO 52
MajgpuyMKka. B criemyromei coTHE pOXAEHHBIX HX MOXKET OKa3aTbCs, Hampumep, 45, u

=8 _g4s

OTHOCHUTCJIbHAsA 4YacToTa 100 6yIICT Jaileka oT HCTUHEL. Ho eciu pPaccMOTPECTh

BLI60pKy B TBICAYH U ACCATKH ThICAY MJIaJCHIICB, TO @ oTKIOHMTCSH OT 2= 0’52

COBCEM-COBCEM
He3HaunTenbHO. M 3TO y:ke He ciay4yaiiHOcTh. Kak W3BECTHO, Takoe COOTHOIICHHE
HOBOPOXKJICHHBIX CJIOKUIOCH IBOJIIOIIMOHHO — 10 TipudrHe 0ObIIel CMEPTHOCTH MY>KUHUH.

B yue6nom mocobum B.E. I'mypmana ecTb BechbMa yAA4HBIA NpPUMEP, B KOTOPOM

MMPOACMOHCTPHUPOBAHO, KaK IIPHU H0}16paCI)IBaHI/II/I MOHECTBI OTHOCHUTCJIIBbHAA 4aCTOTa ITOABJICHUSA

1
" P=g 3
opJj1a HpI/I6HI/I)KaCTC$I K CBOCH BCPOATHOCTU (l’lO]ZylleHHOZ/l no Kiaccuueckomy
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onpeoenenun).

: B OTHOCHTEMEHAA
Kommecteo Opockor | "reno moAemeHIni -
MOHETEL, 71 opmna, m yacToTa, @ = ~
4040 2048 0.5069
12000 6019 0.5016
24000 12012 0.5005

Kakoit moxHno cpaenats BbiBoA? C yBEIMYEHHEM KOJMYECTBA HE3ABUCHUMBIX HCIIBITAHUN
CJAY4YailHOCTH NMpeBpaliaeTcss B 3aKOHOMePHOCTh. OHAKO ClIeyeT MOMHHTH, YTO MOPSJIOK
BBITIAJICHUST OPJIOB HEIpelCcKa3yeM, 0 4éM s MOoApOOHO pacckasbiBal Ha ypoke He3aBucuMBbIe
ucnbiTanus u popmyaa bepuyJium.

Bepnémcs k eBporneiickoit pynetke ¢ 18 kpacHbiMu, 18 uépHbiMu cekTopamu U 1 3epo. B
CaMOM TNPUMUTHUBHOM BapHUaHTE UTPHI: CTABUM Ha «KPAaCHOE» WIH «YEPHOE», W €CIIH MIApPHUK

g = E s 0.5135
OCTaHOBHWJICS. HA CEKTOpE JAPYroro usera (BEpOSATHOCTH 7 ) — craBka
2= 8 04365
npourpeiBaeTcs. B ciaydae ycrexa — yasauBaeMcs (BEpOSITHOCTb 3 ).

B otnensHO B3ATOM ceaHCe UIPbI OTACIBHO B3SATHIM YEIOBEK MOXKET BBIUIPATh, IPUUYEM
BBIMTPaTh MO-KPYNHOMY. JTO ciay4daiiHocThb. Ho, coBepias Mumonsl 000pOTOB, pyJeTKa Ha
IOPOTSKEHUM BEKOB NPUHOCUT HEU3MEHHYIO MNpuUOBLIb BiajenbliaM KasuHo. M 310 —
3aKoHOMepHOCTh. CymecTByer 06ailka O TOM, YTO KPYINHBIA BBIMTPBINI HE OTHAAYT, a €CIU U
OTIanyT, TO «BBl C HUM He noinére no nomay». Yucras «kuHowHas» ¢antazus. Komy-to
II0BE3JI0, HO CKOJIbKO npourpaercsa?! K Tomy ke yenoBek, Moceanmil noJoOHbIe 3aBeICHUS,
¢ O0NbLION BEPOATHOCTHIO MPUIET CHOBA M «COJBET ewE Oousblie» =) A 4TOObI OH BEpHYJICH,
Ka3MHO, CKOpee HaoOOpOT — CO3/1aCT MAaKCHUMajbHBIH KOMGOpPT U 0e30MacHOCTh s
«CYACTIIMBUYUKAY.

Jpyroii, BO MHOTOM YCIJIOBHBI/, IIPUMEP: IIYCTh B HEKOW JIOTEpEE NPUHSIO y4acTHE

7= 623911 Gyyerop, us KOTOpBIX = 192833 BBIMTPAJIN XOTh Kakoi-To npu3. Takum oOpazom,

_ 192833 0306127

OTHOCHUTCIIbHAs YaCTOTa BBIMI'PBIIIA COCTaBHJIA: 629511 . HOCKOJIBKy OuneToB
npoaaHo O4Y€Hb MHOI'0, TO C OOJIBIIION BCPOATHOCTBIO MOXXHO YTBCPKIAATh, YTO B 6yz[ymeM npu
COIIOCTaBUMBIX 00BbeMax npoaaxx OOJISI BbIMTPABIINX OMIeTOB 6YI[CT IMPUMCPHO TaKkok XKEC, U 3a

CTATHCTHYECKYIO BEPOATHOCT BBIMTPHIIIA YI0OHO MPUHATH 3HAUEHHE © 0.3

Opranu3arop J0Teped 3HaeT, YTO U3 MIIJIMOHA MPOJIAHHBIX OMJIETOB BBIUTPAIOT OKOJIO
300 ThIcAY c HeOonbIIMM OTKIOHEHHEM. M 310 3akoHomepHocTh. Ho BceM yuwacTHHKam
JoTepen MOoCTaéTcs.... — mpaBuwibHO, cay4daiiHoctb! To ecth, ecnu Bbl kynute 10 6uieros, To
9TO emé He 3HAuYuT, 4YTo BhIMrparoT 3 Owiera. Tak, Hampumep, no ¢opmysae bepuyniu
HETPYAHO MOJCYUTATh, YTO BBIUIPHIII TOJBKO MO OAHOMY OWIJIETYy U3 JECSITH — €CTh COOBITHE
BIIOJIHE BEPOSITHOE:!
El=cL 307" =10.03 07" =012

A ecnu yyecTb TOT (PAaKT, YTO OILICIOMHUTENbHAs JOJSl BBIUTPBINIEH — HeNpUsITHAas
MeJIoYb, TO KapTHHA BBIPHCOBBIBAETCS JIOBOJBHO YHBLIAsA, OO MajlOBO3MOXKHBIE COOBITHS HE
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MMPOUCXOJAT. CI/ITyaLII/IIO CITaCcar0T KpPAaCOYHBIC TCJICBU3MOHHLIC PO3BIIPHININ W PaA3JIAYHBIC
ICUXOJIOTHYCCKUEC TPIOKH.

JIOTEPEU — BCA CTaTUCTHUKA €CTh B CBO6OI[HOM JOCTYIIC

Kenaromuye MOTYT caMOCTOSITEILHO UCCIEA0BATh BEPOSTHOCTh BBIMTPHINIA B PA3IMYHbBIC
Pemure 3agaun
enln
= E‘] e 2@[ J

P(% -p T
3aoaua 1: Pewenue: UCNONIb3YeM dopmyny Pa
=800, p=046 g=1-p=1-06=04

B oannou 3a0aue:

a) Ecnu £=0,05 , mo:
F ‘ﬁ—o,ﬁ 20,05 | w20 L2200 ) 0B850y s 20,4981 = 0,0961
200 Jo6.04

— 8eposIMHOCMb, MO20,
umo npu 800 UCALIMAHUAX OMHOCUMENbHAS YACIMOmA nosaeneHus cobbimus 1 omxnonumes, om
8epOAMHOCMU OAHH020 coObimus He bonee uem Ha (,05.

Omo cobvimue sa6rsemcs npakmuvecxKu OOCWZOGQPHblM.

0) Ecnu £= U’DB, mo:
PUE —0,6= 0,03] e 202800 o173 5 2. 045822 0.9164
800 Jog 04

— 6€pPOosAMHOCmMb, Moco,

ymo npu 800 ucnvimanusax omHOCUMeENbHASL HACMOma Nos8IeHUs. COObIMUsL A omrnonumes om
8eposmMHOCmU OaHH020 coObimus He bonee uem Ha 0,03.

) s 09961 6) = 0.9164

Omeem:

PUE —pl= e] . 2@[#}
3aoaua 2: Pewenue: Ucnonb3yem dopmyny & Pa
B dannoii sadaue: p=600000, p=035 g=1-p=07 =0001
Taxum obpazom:
B 030,001 | w2 201 VE00000 T o 01 69) s 20,4545 = 0,909

600000 J03.07

6EPOAMHOCMb,  MO020, UYMO OMHOCUMENbHAS YACMOmMA  GblUCpbldld  OMKIOHUMCA  Om
meopemuyeckou 8epOAMHOCIU He bonee uem Ha 0,001.

Omsem: = %303

Pﬂf—p < 5] - 2@[3&] =y
3aoaua 3:  Pewenue: ucnonvzyem  popmyny # Pq .
B OaHHOM cayvae: p=04, g=1-p=06 =005 »=09
Tascun obpazom:
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_0,05.& =0
L04.06 |

5 0.05-fn

= 0,45
J0,24
0,05+
S 21,64
.j0,24
]
0.05/x = (1,643
J0,24
0023 5 6396
% = 26806 2%
0,0025
7= 2582

Omeem: 1Heobxo00umo npouszgecmu ne menee 259 onvimos.

I[()Manmee 3alaHuE: COCTABbTEC AJITOPHUTM PCIICHUA JII0001 U3 3a7a4 110 TEME.

IIpakTnyeckoe 3ansaTue Ne 19

Tema: Pacuér ko3 punmenta koppensum.

Heab: Hayuutbcst BBIUUCIHATH KOIPQPUIMECHT KOPPEISALMH, IPOBOJUTH aHAIIU3
3HAYMMOCTH KOA(PPHUIIHEHTA KOPPEIISAIIUH.

CpencrBa o0y4yeHHsi: TETpaay sl BBINOJHCHUS NPAKTHUSCKUX 3aHATUH, MHTEpHET-
pecypchl.

Conep:xanue ¥ MOPSIIOK BHITIOJTHEHUS PAdOTHI:

1. PaccmoTpuTe TeOpeTHYECKUI MaTepHa Mo TEME.

2. 3aKOHCHEKTHUPYHTE BHIBI KoppesuH, mkary [lenoka.

3. Ucmonws3ys TaOnu4HbIE JaHHBIE ¥ TaKeT aHalW3a, HaWAUTe BO3MOXKHYIO
KOPPEISIIUOHHYIO CBSI3b.

KonTpoabHbie Bonpocsi:

1. [TonsTHE KOppEIALMH.
2. [IpuBeauTe KIacCUPUKALUIO CTENEHH KOPPEISLIUOHHON CBSI3H.
Koppeasiuus

B maremaruke 3aBUCMMOCTb MEXKAY ABYMs BEIMUYMHAMU X U Y BBIPAKAETCS C OMOUIBIO
¢ynkuun y=f(x), rae kaxxaoMy BO3MOKHOMY 3HaueHHIO X CTaBUTCS B COOTBETCTBHE He Ooiee
OJTHOTO 3HaueHus Y (1moJo0Hast 3aBUCUMOCTh Ha3bIBaeTCsl (PYHKIIMOHAIBHOM).

BaxHBIM YacCTHBIM CIly4aeM CTOXACTHYECKOW 3aBUCUMOCTH SBIISIETCSI KOPPEJSILIUOHHAS.
KoppensiiuonHas 3aBUCUMOCTh MEX]Ty MEpEMEHHBIMU BETMYMHAMU — 3TO Ta (QYHKUIHMOHAJIbHAS
3aBUCUMOCTb, KOTOpAasl CYIIECTBYET MEXKIy 3HAYEHHUSAMH OJHOW W3 HHUX W TPYNIOBBIMH
cpenaumu apyroi. (Koppensimonusie 3aBucuMocTd Y Ha X 1 X Ha Y OOBIYHO HE COBIIAJIAIOT).
KoppensuuonHast cBA3b 4Yalle BCErO0 XapaKTepU3yeTCs BBIOOPOUYHBIM  KOA(PPHUIMEHTOM
KOPPENSIUHN I, KOTOPBIH XapaKTepu3yeT CTENeHb JIMHEHHON (YHKIMOHAIBHOM 3aBHCHMOCTH
vMexagy CB X un Y. JIng asyx CB X u Y k03 (UIHEHT KOppensuu HMEeT Cielyrolue
CBOMCTBA:
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1. —1=r=1

2. ecnu r=F1) 10 mMexny CB X m Y cymecTByeT (QyHKUMOHANbHAs JHMHEHHAs
3aBUCUMOCTH;

3. eciu =0, To CB X u Y HeEKOppenupoBaHHBI, YTO HE O3HAYAaE€T HE3aBHUCHUMOCTU
BOOOIIIE;

4, ecnru X m Y oOpasylT cucreMy HoOpMaidbHO 3aBUCMMBIX CB, TO U3 wux
HEKOPPEIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTb;

5. koaurmentsr koppensun Y Ha X 1 X Ha Y COBITAJIAI0T.

CTaTUCTHYECKYI0 3aBHCHUMOCTbh Ha3bIBAIOT KOPPENSIMOHHOM, €CIM NpU H3MEHEHUU
3HaYEHUI OJHON BEIMUYMHBI MEHSETCS CpeiHee 3HAUCHUE APYTOil.

Buael koppeasumii:

1. OTHOCHUTEJIBHO XapaKTepa KOPPEIALNN:
- MIOJIOKUTEIbHAS (paBHOHAIIPABJICHHAS, IpsiMasi);
- oTpuLarenbHas (0OpaTHas);
2. OTHOCHUTEIIbHO YHMCJIa IEPEMEHHBIX:

- IpocTas WK MapHasi;

- MHOJKECTBEHHas, C €€ IMOMOIIbI0 MOXXHO OXBaTUTh BECh MPUYUHHO-CIIEICTBEHHBIN
KOMILJIEKC;

- YaCTHAsI KOPPEISAIHs, KOPPEISAIUS MEXIY ABYMs NIEPEMECHHBIMH MPU (PUKCHUPOBAHHOM
BIUSHUM JAPYTUX (BCKPBIBACTCS BHYTPEHHSISI CTPYKTypa COOTHOIICHHH, T.€. SJIMMHUHHPYETCS
BIIUSTHUE IPYTUX (DAKTOPOB);

3. OTHOCHUTENIEHO (DOPMBI CBSI3U:
- IMHENHAas;
- HEeJIMHEHHAs;
4. OTHOCHUTEJIBHO THUIIA CBS3U SIBIICHUMN:

- HEMOCPEICTBEHHAs! KOPPEISILINS;

- KOCBEHHAsI KOPPEIISIIHS,

- JIO)KHAST KOPPEIISIIHSL.

Paznnuarot Koppersinnto, 00yCIOBICHHYIO:

- IPUYUHHOM 3aBUCUMOCTBIO X OT Y

- 3aBUCUMOCTBIO X M Y OT TPEThEN BEINYMHBIL;

- HEOTHOPOJHOCTBIO BHIOOPKH;

- (hopManbHO (YMCIOBBIMH JAHHBIMH).

OOBIUHO CTENEeHb TECHOTHI CBSI3U MEXIY pe3yJbTaTUBHBIM M (PAKTOPHBIM NPU3HAKOM
orpenensercs 1no Benuunne koddduiuenta koppensanuu (mkana [egoka):

ecin r <0,2 — CBSI3H HET;

ecmu 0,2 =r<0,5 — cnabas cBs3b;

ecim 0,5 =r<0,75 — cBs3b CpenHsS;

eciu 0,75 =r<0,95 — cBs3b TecHas;

ecin 0,95 <r<1 — ¢Bs3L OYEHH TECHAS.

Ne m.m

®usnveckue ynpaxuenus; Ilyiabc, ynapoB/MuHyTy
Mo, 0-m; 1-3k.

Bospacr, Jjer
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0 1 0 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 10 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

IlOMaI[IHee 3aJaHue: CocTaBuTh AJITOPUTM BBIYUCIICHUSA KOppeHHHHOHHOﬁ CBA3U.

IpakTuyeckoe 3ansitue Ne 20
Tema: Ananu3 3HaUUMOCTH KO3 (PULIMEHTA KOPPENALIUH.
Heas: Hayuutbcs BBUUCHATE KOIPOHUIMEHT KOPPENSALHMHM, MPOBOJUTH aHAIU3
3HAYMMOCTH KO3 PHUIIMEHTA KOPPEIALIUH.
CpencrBa o0y4eHHsi: TETpaau JJsl BBIMOJHEHUS MPAaKTUYECKUX 3aHATUH, MHTepHeT-

pecypchl.

3HauYuMOCTh KO3 PUIMEHTA KOPpeasiuun
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Jlacke JUIsi HE3aBUCHUMBIX BEIMYUH KOA(D(DUIMEHT KOPPENSIIUA MOXKET OKa3aThCs
OTJIMYHBIM OT HYJS BCIEACTBHE CIy4alHOTO pacCessHUsl pPe3yJbTaTOB HM3MEPEHHH WIN
BCJIE/ICTBUE HEOONbIION BBIOOPKM Ciy4dalHbIX BenuuMH. [loaTomy cienyer mpoBepsTh
3HAYUMOCTh KO3 dUIIneHTa KOPPEISILUH.

3HAaYMMOCTh JTUHEHHOr0 KO3 (UIMEHTa KOPPEISIIUU MpOBEpsSETCs Ha OCHOBE -
kpumepusa Cmporooenma.

=
[ ]

Eciu t > ty, (P, n-2), To nuHeiHbI KOIDOUIMEHT KOPPENIALUMH 3HAYUM, a
CJIeZIOBATENIbHO, 3HAYMMa M CTaTHCTUYECKasi CBsi3b X 1 Y.

MOXHO paccuuTaTh 3HAYCHHE KPUTUIECKOTO KO (HUIIEHTA KOPPEISAIHA

___ 1

E it +(n=2) _

Jiis ymoOcTBa BBIYHMCICHUH CO3/aHbl TaOJMIBI 3HAYCHWUH JOBEPUTEIBHBIX TPAHUIL
K03(D(DUIMEHTOB KOPPEISAUUU IS Pa3IMYHOro 4YMCia CcTermeHe cBobomsr f = n-2
(IBYCTOPOHHUI KpUTEpHi) U pa3nuyHbIX ypoBHel 3HaummocTtu a = 0,1; 0,05; 0,01 u 0,001.
CuuTaercs, 4YTO KOppeNAUsS 3HAYMMA, €CJIM PACCUYUTAHHBIA KOA(DGOUIUEHT KOpPPEIsuuu
PEBOCXOIUT 3HAYCHHUE JOBEPUTEIBHOM IPaHUIIB KO PHUIIUEHTA KOPPEIAIMU IS 33 JaHHbIX T 1
a.

Jua 6onpmmmx N u a = 0,01 3HayeHWe IOBEpUTENBHOM TIpaHUIBl KOdpUIMEHTa
KOpPPEJSIUI MOKHO BBIUMCIIUTH 110 MPUOIMKEHHON Gopmyie

Fp ¥ 2.6/ fn—1 .

IIpakTnuyeckoe 3ansitue Ne 21

Tema: MeToa HaMMEHBIINX KBAIPaTOB.

Hean: HayuuTbcst BBIACTATH  KOPPENSIMOHHYIO  CBSI3b  BEIIMYWH, TMPOBOAUTH
KOPPEJAIMOHHBIN U PeTPECCHOHHBIN aHATN3, COCTABIISITH JINHEHHYIO MOJIETh PETPECCHH.

CpeacrBa o0y4yeHUsi: TETpaaW JJIs BBIMOJHEHUS MPAKTUUYECKHX 3aHATHH, VHTEepHEeT-
peCypCHhlI.

Coaeprxanue M NOPSAIOK BbINOJTHEHHS Pa0OThI:

1. PaccmoTpuTe TeOpeTHYECKHUl MaTepuan o TeMe.

2. 3aKOHCTIEKTUPYUTE PEIICHNE TUIIOBOU 3a/1aUu.

3. Pemmre 3aga4n.
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Meton Haumenbmiux kBaapaToB(MHK) - MatemaTuueckuii METO1, IO HAXOXKICHUIO
npudamxawmein pyHKIuu - f (I)no Ha0Opy AaHHBIX(TOYEK)

{(T’l! yl)! (IE! yE)! S [:T'ﬂ-! yﬂ-) }, KOTOpasi MUHUMU3HUPYET CYyMMY KBaJpaTOB OTKJIOHEHUN
TOYEK OT HAMICHHOU (DYHKITHH.

Jixi] a fivi

[Tpubmmkaromas GyHKIus - f (I) o ¥

pebyercs mo 3Hayenusm L1, ---; LTng Y1, -+ Ynkxax MoxkHO TOUHEE OLIEHUTH f (I), TOYHEE
03HAYaeT ¢ MUHUMAJIbHBIMU ONIMOKAMHU, C MUHUMAIIBHBIM Pa30pocOM(IUCIIepCHeii), OHAKO

3aBUCUMOCTh f (I)He JOJDKHA OBITH TIPOCTO MTOCTPOSHHOM 110 TOUYKaM (Ii! Yi),
W3 Mogenu Perpeccuu cienyer MUHUMU3UPOBATh JUCIIEPCHUIO OIIUOOK:

Dlel= 3 (vi— /(. 8))

=1
e © = {C{h -y Cm }— BEKTOP HEU3BECTHBIX MTAPAMETPOB.

Jlanee Oyaem paccMaTpuBaTth TOJIBKO ClIydail ofHOnapameTpuyeckoro (ogHodaxkropHoro) MHK,
KorJa npuoiamkaromas GyHKIus f (It'! E)3aBI/ICI/IT TOJIBKO OT OJIHOTO MapamMeTpa I, (T.e
npuOmKaronas GyHKIUS 3aBUCUT TOJIBKO OT OJHOW MEPEMEHHOI), TO3TOMY CUUTAEM YTO

AUCTICPCHUA UMECT BUA!

T

1
Dl = 13 (0= (. )
MuHEMYM D [E]6y,Z[GM MCKATh Kak:
dD[e]
o
0D[e] _ ODIe] ST dDle] & —0

3€ 36{. at_"m

— e _ — —
rae {Ek}kzﬂ — {ED! 3 Em }— 0a3rc 13 TMHEWHO-HE3aBUCUMBIX (DYHKITHIA.
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MuUHUMU3UPYS AUCTIEPCUIO OLTHOOK D [E]HO HEU3BECTHBIM ITapamMeTpam {Cﬂ! -y Gm }, 6azucom
MOXKET SIBIISTHCS CUCTEMA JINHEHHO-HE3aBUCUMBIX (DYHKIHMI

{€ktio = {¥rtizo = {wo(2), -, m(2) }, npu ycnosum 11 < 1, Tora

f(x,6) =" crion(x)
npubIKaromas QyHKIUS €CTh Pa3jIokKeHHUE 110 ITOMY 0a3ucy: k=0
GyHKIMS TUCTIEPCHUU OIIMOKHU OYJIET UMETh BU/I:

,a

Dlel = = 3 (5i— 3w (z))

Jist aTOTO I[H(i)(l)epeHL[I/?IRyeM D [E](Hepeo603HaquHe: D [E] =D ) OTAENBHO M0 KAXKIOMY U3

apaMeTpoB Ciuz \Ck S k=0, rae J npoGeraer 3Hauenns ot o 12

oD
aﬂj , rz[ej = []m "
[Tosryyaem cucTeMy ypaBHEHHI OTHOCHTEIIBHO MTapaMeTpoOB {Ch‘ } k=0:
(0 — []
o
 Fet =0
9.~ B Y (wi—Y aepn(:)? = =23 (=Y ewiprl) Y a—&@k(iﬁ') =0
Cy Ci i1 k=0 im=1 k=0 k=0 9C;
b _[Li=k _,
de; \0j#k "
—2 E(yz' — Z Chir (i) E djnpr(xi) =0
i=1 k=0 k=0
Hcnonb3ys:
Z 53'&@9#:(1’) = 993'(1:)
k=0
HpI/IXOI[I/IM K:
E[yt- - E Ck@k(i’i)]@f’j(ifz‘) =0 .
i=1 k=0 , rﬂe.?:[]---m

PacnuieM npeasLyntyro Gpopmysty B Buje cuctems 11 + 1ypaBHeHI/n71:
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http://ru.math.wikia.com/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D1%85_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B9

( DoimalUi — 2 ko Cewr(Ti)]wo(xi) = 0
Sy = D e cewr(Ti)]pi(zi) = 0

\ E?ﬂ[yt' - Z?:g Ck@k(iﬁ}]@?m(:ﬁ) =0

IIpouecc npuBegeHusI CUCTEMbI YPABHEHUI K MATPUYHOMY BHY:

Hcnone3yst creayromue nepeodo3HaueHHUS:

=

(05, 01) =D wj(x:)pu(zs)

i=1

(y, 05) = i yip;(Ti)

i=1

3anuieM HpebIIyILyio CHCTEMY ypaBHeHHMi B MaTpuunoM Buje: AC = b,

(Po,00) (P10} - (Pm Po) co {y, o)
4= (wo,01) {01,901} - (Pm,01) o C1 ;= (v, v1)
e {@D:.@m> {wl,.wm} . {@m;@m}, r:;, {y,t;ﬂm}

Martpuna A- naspiBaercs matpuiei I'pama.

pelaeM CUCTeMY MaTPUYHBIM METOJIOM U HaXOJUM BEKTOP UCKOMBIX K03 (HUIIUEHTOB
npuOIKaroel QyHKINN:

c={en,C1, ..., Cm
—1
Co (po,00)  (P1,00) -+ {Pm, o) (¥, o)
. | a . (o, 1) (o1, 01) - (Pm 1) (y, 1)
c=| | =A"b= i : ) : :
Cm (@0, om) (P1,0m) “+ {Pm,Pm) (Y, ©m)
B pesynbrare, Mbl HalllIM NPUOIMKAIONTYIO (PYHKIIHIO f (I)
Co
1
fl@)=1| . |(po(z), wi(2), .., (@) = cowo(T)+c1p1(2)+...Cmpm(2)
Cm

IIpakTunyeckoe 3ansiTue Ne 22
Tema: CocraBrieHue ypaBHeHUs JIMHENHHOM perpeccun. [IpoBepka agekBaTHOCTH MOJIEIH.
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http://ru.math.wikia.com/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%87%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4

Heanb: HayunTbecss  BBIACHATH  KOPPEISALUUOHHYIO  CBSI3b  BEIIMYUH, IIPOBOAUTH
KOPPEISLIMOHHBIA U PETPECCUOHHBINA aHAJIN3, COCTABIIATH JIMHEHHYIO MOJIENIb PETPECCUH.
CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, MHTEpHET-

pecypehl.
KoHTpoJibHbIE BOIPOCHI:
1. [ToHsiTHE KOPPEIALIMOHHON U PETPECCUOHHON CBSI3U.
2. [TpuBenuTe KIaccu(HUKAUIO CTEIICHH KOPPEISALMOHHON CBS3H.
3. [TonaTust GyHKUMOHATBHOMN CBA3H, CTATUCTHYECKON 3aBUCUMOCTH.
4. B dyem 3akmiovaroTcs 3aaydl  KOPPEJALMOHHOTO W PErpecCHOHHOTO
aHau3a.

Bbi0opouyHoe ypaBHeHHMe NPAMOIl JUHMH perpeccud Y Ha X TOJIYYEHHOE IO
pe3ylibTaTaM BBIOOPKH UMEET BU JTUHEHHOro MPUOIMKEHUs ¥~ OT X

rZie T B — BBIOOPOUHBIN KO (PHUIIMEHT KOppeNsIInu, paBHbIN

_ X nyXy—n%s¥,
no,oc,

I's

Ecmu "l ¥n=123 10 cBs3p Mex /Ty CilyuaiiHEIMU BEIHIMHAMH JOCTATOYHO BEPOSITHA.
OcTaTo4yHo# AUCHepcHeil Ha3pIBalOT BEIUYUHY

2
O-or_'m = (1_ r B)

Perenune THOBOM 3a1a4Yn
JlaHHbIE K 3aJ1aue CM. MpakTuueckoe 3ansatue Nel2

Haiitn peanmsanuio ypaBHeHUs JIMHEWHOM perpeccun Y Ha X. Ecin CBA3b NPU3HAKOB Y
1 X I0CTaTOYHO BEPOSITHA, TO OIICHUTH, Ha CKOJIBKO B CPEIHEM POXKJIeHHE peOEHKA CKa3bIBACTCS
Ha BEJIMYUHE I0X0/A B pacu€Te Ha OAHOIO WICHA CEMBH.

BBIMHCIINM CpeJiHee KBaIpaTHaeckoe oTKIoenne Boidopkn X: Zx = VDPax = 0,88,

Beraucium k03 QUIHEHT KOPPEISINK:

o= 0+4+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 =037
B 100-0,88- 4,32 oo

[ToxcTaBnisieM HaliZieHHbIC BEIMYMHBI B ypaBHEHUE JIMHUU perpeccun Y Ha X

_ 4,32
—816=-0,37 "% (x —1,38),
Yx 0.88 (x )

s

YITH OKOHUaTenpHo: Y — —L83x+10,7.

Tx. sl Vn=1=37>3 10 cpas MEXJly pPacCMaTpUBAEMbIMU IPHU3HAKAMHU JOCTATOYHO

BEpOSITHA.
B cpennem poxieHue peOEHKa yMEHbIIAeT JAOXOJ Ha OJHOTO 4YiI€HAa CEMbU Ha CyMMY

oxouo 1,83 TrIC. pyo.
N3o0pasum cxemaTudeckdn B KoopawHaTax XY BBIOOPOYHOE paclpeqereHue o

IIPU3HAKaM U IOCTPOMUM JIMHUIO perpeccuu. Pazmeprsl MapkepoB Ha pUCYHKE MPONOPLUHUOHAIBHBI

COOTBCTCTBYIOIIIMM BapuaHTaM BBI60pKI/I.
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n
|

Pemnre 3a1aun

1. JlanHble onbITa pUBEICHBI B TAOJINLIE:

Xi

2

4

6

8

10

12

14

Yi

4,5

7,0

8,0

7,5

9,0

8,5

9,5

ITonaras, uto X u Y cBSi3aHBI 3aBUCUMOCTBIO BUJ]a » — <+ bx  HalTH KO3()(OUIIUEHTHI a U
b cnocoboM HauMEHbIINX KBaJAPATOB.

2. Jlana Tabnuia pe3yabTaToB HaOIIOCHUMI:

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 Be100poUuHBIi K03()(HUIIUEHT KOPPETSAIUH U ONPEICIUTh €0 3HAYMMOCTb.

Jomamnee 3aganue: COCTaBUTh AITOPUTM PEILLICHUS TUIIOBOM 3a1a4H.

IIpakTuyeckoe 3ansaTue Ne 23

Tema: Pacrno3naBaHue MOCTOB U pa3[eiSIIOIIMX BEpIIMH B rpade, HaX0XKIEHUE
paccTosHUs MEXIY BEepUIMHAMU B rpade; mpoBepka rpada Ha ABYIAO0IBHOCTD.

Llesb: MOTYyYUTHh HABBIKK IO PACIIO3HABAHUIO MOCTOB M PA3JIEIAIONINX BEPIINH B rpade,
HAXOXXJCHUIO PACCTOSHHUS MEXIy BEpIIMHAMHU B Tpade; mpoBepke rpada Ha JIBYIOIBHOCTH;
poBepKe mapbl rpagoB HA N30MOP(PHOCTH

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypchl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUs padoThI:

1. PaccmoTpuTe TeOpeTHUECKHi MaTepHal o TeMe.

2. 3aKOHCIIEKTUPYWUTE PEIICHUE TUIIOBOW 3a/1aUu.

3. Pemure 3anauu.

OcHoBy Teopun TrpadoB COCTABISET COBOKYITHOCTh METOJIOB M NPEACTaBICHUH,
c(hOpMHUPOBABILKXCS NPU PELICHUN KOHKPETHBIX 3ajau.

TepMun «rpad» BrepBble MOSIBUIICS B KHUTE BBIIAIOLIETOCS BEHI€pCKOro MaremMaruka /.
Kénura B 1936 r., X0Ts1 HayasbHbIC 33/1a4u Teopuu rpadoB BocxoasaT emie k Ditnepy (XVIII B.).
OpnHa M3 3ajad, MOJIOKUBIIMX HAyajgo TeOpuH rpadoB, — 3ajadya 0 KEHUICOEPrcKUX MOCTax (
pacckazams, nokazams pag).

I'pad ecThb COBOKYNHOCTH TOYEK M JIMHHI, COCJHMHSIIOIIMX 3TH TOYKH. OTHU
COEIMHEHUS! MOTYT 00JIaJlaTh pa3IUYHBIMU XapaKTEpUCTHUKAMHU, U TeopHs rpadoB 3aHUMaeTCs
M3YYEHHEM J3THUX XapakTepucTHK. ['pad XapakTepuzyeT OTHOIIEHHUS MEXIYy MHOXKECTBaMU
00BEKTOB.

bonbmoe 3HaueHne B Teopuu TpadoB UMEET MpodiieMa pa3peliuMOCTH: HaWTH
3 PEKTUBHBIN WK XOTS ObI JOCTaTOYHO MPOCTON B MPAKTHUECKH BAXKHBIX CIIydasX alrOpPUTM
pelIeHns 3a1a4H.

B mnocnennee Bpemst Teopust rpadoB NpUHMMAET Bce Oosiee MPHUKIAIHON XapakTep,
ABIASACH A((EKTUBHBIM ammaparoM i (GopMaau3alii MHOXECTBa 3a7ay, CBA3aHHBIX C
JMCKPETHBIM pa3MelleHneM 00bekToB. K HUM, B 4aCTHOCTH, OTHOCATCS: NMPOEKTUPOBAHHE U
HCCIIEIOBaHHE CEeTel CBS3M, aHAJIM3 BJEKTPUUECKUX Ienel, rpadbl MOTOKA CUTHAJIOB U TEOpUs
oOpaTHON CBA3M, OJOK-CXEMBbl MPOrPaMMBI, HCCIEIOBAHME aBTOMAaTOB, aHAIM3 U CHUHTE3
JIOTUYECKHUX IIeTel, 3aJayd KaJleHAapHOro IUIAHMPOBAaHMS, IUIAHHPOBaHHE M oOecredeHue
MaTepuaIbHO-TEXHUYECKOTO CHAOKEHUs, MOUCK MH(OpMAaLlUU, CTPATErusl HHBECTUIINM, aHaIu3
KauecTBa, MCCIEAO0BAaHUE IBUKEHHS TPAHCIOPTA, pPa3MELIEHUE NPEAUPUITHH KOMMYHAaJIBHOTO
00CITy’)KHBaHUs, MOJICIUPOBAHUE, HKOHOMHYECKHE 3a/aud, TEOpUss Wrp, TOJOBOJOMKH,
JI0Ka3aTeNIbCTBO TEOPEM.
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2. OcHOBHbIE MIOHATHS U ONIpe/ieSieHusi Teopun rpagos

Onpeoenenue: Ilycts 3a7aHO HEKOTOPOE KOHEYHOE MHOXKECTBO X, DJIEMEHTHI KOTOPOTO
OyzieM Ha3bIBaTh BEPIIMHAMH, H MHOXKECTBO V, cocTosIee U3 map 3JIeMEHTOB (Xi, Xj) MHOKECTBa
X. Ynopspodennas mapa mHoxectB G=(X,V) HaswiBacTcs rpadom. Bepuuasl n300pakaroTCs
TOYKAMHM, a TMapbl DJJIEMEHTOB — JIMHUSAMH, COCIUHSIOIIMMU TOYKH, COOTBETCTBYIOIIKE
00pa3yroIyM Napbl BEPIINHAM.

Ecnu B onpenenenun rpada CymecTBEeHHO B KAKOM TOPSAKE BRIOMPAIOTCS BEPIIUHBI (TO
ecTh mapa (Xi, Xj) oTIM4YHa OT mapsl (Xj,Xi)), TO Takoil rpad Ha3bIBAIOT OPUECHTHPOBAHHBIM HIIH
oprpadom, a mapy (Xi, Xj) — Ayroi, mpu 3TOM CUUTACTCS, YTO Xi —HAvajbHas BEPIIMHA, a Xj —
KOHEYHas. B reomerpuueckoil MHTEpIpPETAlUU Tyre COOTBETCTBYET HAIIPABJICHHBIN OTPE3OK.
Yacto oprpad 3amaror mapoir G=(X,I), rae X — MHOKECTBO BEpIIMH, a I — HCOAHO3HAYHOE
oTOoOpakeHHe, CTaBsllee B COOTBETCTBHE KaxIoW BepiumHe moaMHokectBo B X. I'(xi) —
MHOXKECTBO BEpINUH Xj€X, mus kotopbix B rpade G cymectByer ayra (xi, xj). v (xi) —
MHOYECTBO BepILHUH Xj€ X, st KOTOpbIX B rpade G cymiectByer ayra (Xj, Xi).

Ecnu B onpenenenun rpada He CylIeCTBEHEH MOPSAJOK BEPIUIMH MPU 00pa30BaHUU MAPBI
(xi, Xj), TO rpad Ha3BIBAIOT HEOPUCHTUPOBAHHBIM WK Heoprpadom, a mapy (Xi, Xj) — pedpom.

UYucno BepmmH rpada Ha3bIBACTCS €0 MOPSAKOM.

Ipumep. Ha puc.l uzodpaxen opuentrpoBanublii rpad G=({X1, X2, X3, Xa}, {(X1, X2), (X1,
Xa), (X2, X4), (X3, X1), (X3, X2), (X4, X3)}), @ Ha pUC.2 — HEOPHEHTUPOBAHHBII1 Tpad.

X | X:
XE XS
X

Puc. 1 Puc. 2

Onpeoenenue. Ilyrem B rTpade G Ha3pIBaeTCs Takas TMOCJIEIOBAaTENbHOCTh AYT, B
KOTOPOM KOHEIl Ka)XIOoW MpeAbIAyIIeil yry CoBNaaaeT ¢ HauaioM cieayromei. s Heoprpada
Takas IOCJIeIOBATeIbHOCTh pedep Has3biBaeTcsi membl. Ecim myTh (1Emb) MPOXOIUT dYepes
BEPIIUHBI X1, ..., Xk TO OyieM 0003Ha4aTh €ro (ee) CUMBOJIOM [X1, ..., Xk].

Jlnst rpada Ha puc. 1 mocienoBaTebHOCTh IYT (X1, X2), (X2, X4), (X4, X3) ABJISETCS MyTEM H
MOXET ObITh O0O3HaueHa CIEAYIOMMM 00pa3oM [Xi, Xz, Xs4, X3]. g rpada Ha puc.2 uemnbio
SIBJISIETCSI, HAIIPUMeEDP, CIIAYIOIIAs MOCIeI0BaTeILHOCTD pebep (X2, X3), (X3, Xs), (X5, X4), KOTOPYIO
0003Ha4NM uepes [X2, X3, X5, X4].

Onpeodenenue: Ilyth (uemb), y KOTOporo(-oi) HayanbHas W KOHEUHas BepIIMHA
COBIIAJIAI0T, HA3BIBACTCSI KOHTYPOM (I[HKJIOM).

Jlns rpada Ha puc. 2 MUKIOM SBIISIETCS, HAPUMED, CISAYIOIas Hemb [X2, X3, Xs, X1, X2].

Onpeodenenue. TIpocTbIM MUKJIOM Tpada Ha3BIBACTCS IUKI, B KOTOPOM BCE BEPIIIHHBI
pa3JIMYHBI 32 HCKITFOUYEHUEM HaYaIbHOW M KOHEYHOM BEPIIHHBI, KOTOPHIE COBITAIAIOT.

Hamnpumep, mis rpada Ha puc.2 UK [X2, X3, X5, X1, X2] ABJISIETCSI IPOCTHIM, a UK [X2, X3,
X4, X5, X3, X1, X2] HE SIBISETCS MPOCTHIM.

Onpeodenenue. llerell Ha3pIBaeTCs Ayra, HadalbHas M KOHEYHAas BEPIIMHBI KOTOPOI
COBMA/IAIOT.
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Onpeoenenue: I'pad, nomydeHHblid u3 oprpada 3aMeHON KaxIoW Iyrm Ha pedpo,
HA3bIBACTCSI OCHOBaHUEM oprpada.

IIpumep. Ha puc.3.6 wu3obpaxken rpad, KOTOpHIA SBIsSETCI OCHOBaHWE rpada,
M300paXeHHOT0 Ha puc.3.a.

Onpedenenue: JIBe BEpIIMHBI Xi W Xj HA3bIBAIOTCS CMEKHBIMHU, €CJIH CYIIECTBYET
coemuHsIONMEe X pedpo (myra) (xi, Xj), MPU 3TOM BEPUIMHBI HA3BIBAIOTCS MHIMIEHTHBIMU
aTOMYy pedpy (myre), a pedpo (ayra) — MHIMAESHTHBIM(-0I) 3TUM BepIIMHAM. AHAJIOTUYHO, /IBa
pasNuYHBIX pedpa (Iyru) Ha3BIBAIOTCS CMEXKHBIMH, €CJIM OHM MMEIOT IO KpalHedl Mepe OaHy
0O0IIyI0 BEpIINHY.

Puc3 a6
Bepmmsbl x1 1 x4 cMexHbl (puc. 1), ayra (x1, x4) MHIMJEHTHA BEpUIMHAM X1 U X4, @
BEPIINHBI X1 U X4 MHIIUACHTHBI IyTe (X1, X4). PeOpa (x1, x3) 1 (X3, X4) CMEXHBHI (puc.2).

3ameuanue. CMEXKHOCTh €CTh OTHOLIEHHE MEXIy OJHOPOJHBIMH JJIEMEHTaMHu rpada,
TOT'/1a KaK MHIMJCHTHOCTD SIBJISIETCS OTHOIICHHUEM MEXTy Pa3HOPOIHBIMH SJIEMEHTaMHU.

Onpeodenenue: MHOXecTBO Bcex BepuinH rpada G, CMEKHBIX C HEKOTOPOW BEPLIMHOM X,
Ha3bIBACTCS OKPYKEHHEM BepIIMHBI X U 0003Ha4yaetcs yepe3 Ne(X) mmm mpocto N(X).

Onpeodenenue: B HEOPUEHTUPOBAHHOM Tpade dYuciao pedep, WHIMIACHTHBIX JTaHHON
BEpIIMHE Xj, HA3bIBACTCS CTENEeHbI0 (BAJIEHTHOCTHIO) BEepPHIMHBI Xiu oOo3Hauaercs d(x;).
Bepmmna rpada, mmeromas crenenp 0, Ha3bIBaeTCs W30JMPOBAHHOM, a BEpIIMHA, MMEIOIIAs
crerenb 1 — Bucsueit. st neoprpada na puc.2 d(x1)=3, d(x3)=4.

Ymeepowcoenue (nemma o pykomnoxatusx). Cymma creneneit Bepiius rpaga G pasaa 2m,
rzie m — uucino pedep rpaga G.

JokazarenbcTBo. IlockonibKy Kakaoe peOpo MHIUAEHTHO JBYM BEpIIMHAM, TO OHO
nobaBiisieT 1BOIKY k cymme creneHelt rpaga G. CnenoBaTenbHo, Bce pedpa J1aloT BMECTE CYMMY
cTereHeu 2m.

Onpeoenenue:. Moarpagom rpadpa G=(X,V) naszeiBacrcs rpadp G'=(X",V'), wist koroporo
X'cX, V'cV, npuuem pebpo (Xi, Xj) comepxxkurcsa B V' TOIBKO B TOM cllydae, €Cld Xj U X
cogepxarcs B X'. OgauM u3 noarpados rpada Ha puc.l sBisercs ciaenyromuit (puc..4)

Onpedenenue: Eciu Bce Bepmmsbl Tpada G=(X,V) mnpucyrctByror B moarpade
G'=(X"V"), Torna G' Ha3pIBaeTCsS OCTOBHBIM moarpagom, 1. ¢. X'=X, V'cV.

Onpeoenenue: Tlycte X' — moamuokectBo BepmuH X rpada G=(X,V). Torma rpad
G'=(X"\V') nasbBaeTcs mopo:xkaeHHbIM mnoarpagom rpadpa G Ha MHOXKecTBe BepumH X'
(BepIIMHHO-TIOPOXIEHHBIN Toarpad), eciu V' sBiaseTcs TakUM MOJMHOXeCTBOM V, uTo pedpo
(Xi,Xj) Bxoaut B V' TOTJa ¥ TOJIBKO TOT/Ia, KOT/Ia Xi M Xj BXOAAT B X'

IIpumep. Ha puc.5 npeacraBieH nopoxkaeHHbIN HoArpad Ha MHOKECTBE BEPILUH {X1, X3,
X5} HEOPHEHTHUPOBAHHOTO Tpada, n300paKEHHOTO Ha pHC2.

56



%, X5 X3
Puc. 4 Puc.5
3. HexoTtopsbie Tunb rpagos
Onpeoenenue: I'pad G HazpIBaeTCs MOJHBIM, €CIIU JIIOOBIE JIBE €r0 BEPIIMHBI CMEXKHBI.
n(n—1)
[Tonuslit Tpad mopsaka N 0603HavaeTCst CUMBOJIOM Ki, 9HCII0 peGep B HEM PaBHO 2 . Ha

puc.6 n3obpaxensl rpadsl Ky, N<5.

TAAR

Puc.6

Onpeoenenue: 'pad Ha3pIBacTCA MYyCTHIM, €CIM B HeM HeT pedep. [lycroit rpad mopsiaka
n o6o3navaercs uepes On.

Onpeodenenue: I'pad, He colepkalvii BEepIIMH U, CIEIOBATEIbHO, pedep, Ha3bIBACTCs
HoJIb-TpadoM. ['pad, cocrosmuii U3 OAHON BEPITUHBI, HA3bIBACTCS TPUBHAIbHBIM.

KpacuBbiMu mpumepamMu SBISIFOTCS epaghel namu niaamonogvlx men (T. €. MPaBUIbHBIX
MHOTOTPAaHHUKOB): mempas’opa, Kyoa, okmal’opa, 000eKa’opa, ukoca’aopa

IMpakTnyeckoe 3ansaTue Ne 24

Tema: IIpoBepka napel rpagoB Ha U30MOP(HHOCTD.

Heab: moayynuTh HaBBIKU 1O PACIO3HABAHUIO MOCTOB U pa3JEsIONIMX BEPIIMH B rpade,
HaXOXKJCHUIO PACCTOSHUS MEXIy BepLUIMHaMU B rpade; mpoBepke rpada Ha JBYIOJIBHOCTB;
npoBepke napsl rpadoB Ha U30MOP(HHOCTH

CpencrBa o0y4yeHMs: TeTpaau JUIsl BBIINOJHEHUS INPAKTUYECKUX 3aHATUH, VHTepHeT-
pECYpCHI.

Coaeprxanue ¥ NOPAIOK BBINOJTHEHHS PadOThI:

1. PaccmoTpuTe TEOpETUYECKHI MaTepra 1o TEMeE.

2. 3aKOHCTIEKTUPYITE pellieHrne TUIIOBOM 3a]auu.

3. Pemure 3anaqu.

MeTpuuyeckue XapaKTepUCTHKH rpados
B Teopun rpadoB nmpuMeHsOTCS:

1. Martpuna uWHHMHAeHHMI. OTo Matpuma A ¢ N CTpOKamy,
COOTBETCTBYIOIIMMH BEpIIMHAM, U M CTOJOLIaMH, COOTBETCTBYIOIIMMHU pEOpam. [lns
OpUEHTUPOBAHHOTO Trpada cTosden, COOTBETCTBYIOIIUN Oyre (X,y) COAepX uT -1B
CTPOKE, COOTBETCTBYIOLIEN BEPIINHE X U | B CTpOKE, COOTBETCTBYIOLIEH BepIIMHE y. Bo
Bcex ocTanbHbIX — 0. [letmio, T. €. Ayry (X,X) MOKHO MPEACTABIATH UHBIM 3HAYEHUEM B
CTpoke X, Hampumep, 2.Ecaum r1pad  HEOpueHTHpPOBaHHBIM, TO  croioel,
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COOTBETCTBYIOIIUI pedpy (X,y) COAEPKUT 1, COOTBETCTBYIOUIME X U y — HYJIHU BO BCEX
OCTaJIbHBIX CTPOKAX.

2. Martpuna cMe:kHOCTH. DTO MaTpHUIa n*n rae n — YuciIo BepIINH, rae bij =
1, ecnu cymecTByeT peOpo, uayllee U3 BEpLIMHbI X B BepIiuHy Yy U bij = 0 B mpoTuBHOM
cilydae.

3. Iycts G=(X,U) - cBsas3nblii Tpad, a i ' Xi- nBe ero Hecomamaromye

o X: U X ;
BepIlKHbI. [lJInHa KpaTyaiiiiero MapupyTa, COSAUHSIONIEr0 BEpIIMHbI = i(myTH U3

X: M X X: U X5
! J) HA3bIBACTCA paccmosrHuem MCEKIAY BEpIIMHaAMU ! iu ob6o3HayaeTcs

d(xj,x;) d(xi.xj)=°° X; M X
17, Tlonoxxum , €CIIM BEPUIMHBI JHE COEQMHEHBI MapIIPYTOM

(mytem). PaccTosinue d(xi. ;)
1) d{ X, X } =0;
2) d{}{i,}{j ) 20;

d( X ,}{j } =0
3) TOT'JIa M TOJIBKO TOT/Ia, KOTIa
4) d{ }{i,}{j } =d{ }{j,}{i }

YZIOBJIETBOPSIET CIAEAYIOLIUM aKCUOMAM:

X =}{j )

JUIsL CHMMETPHUUYECKUX rpados;

d( x,%; ) +d( 3, % ) =d( %, %
5) (3, J]'I ( I ) =d(x;, |<}(HepaBeHCTBO TPEYroJIbLHHKA).

4. Paccrossane st rpada G ymoOHO 3amaBaTh MATPHUICH PACCTOSHUM.
Mampuueii paccmosanuii rpaga C n BepIIMHAMU Ha3bIBA€TCs KBajJpaTHas marpuia D
HOPSAJIKA N, IIEMEHThI KOTOPOI ONPENENSIIOTCS CIEAYIOIUM 00pa3oM:

{0, eCU X; = X}
N d(x;,x;),ecmmx; #X ;.
Marpuily pacCTOSHUN MOXKHO ONPENCIIUTh
S. Jnist GUKCUPOBaHHOM BEPILIMHBI Xi penuunna

e(x;) =max d(x;,xX;)

XJ-EX

HA3BIBACTCS IKCUeHmpucumemom (OTKIIOHCHHOCTHIO) BEPIITHHBI X

6. MakcuMaabHBIA ~ CpeM  DKCIEHTPUCHUTETOB  BEPIIUH  HA3BIBACTCS
ouamempom rpada G u o6o3naygaercs diam (G):
diam(G) = max e(x;) = max maxd(x;,X ;)

x;eX x;eX x;eX

7. MuHuUManbHBI U3  OKCIEHTPUCHUTETOB BEPIIMH CBSI3HOTO Tpada
HA3bIBACTCS €T0 paduycom v obo3Havaercs uepes 1(G):
r(G) =mine(x;) =min maxd(x;,x ;)

x;€eX x;eX x;€X

8. Bepmmnaa, wMeromas MHUHUMAIBHBIA  OKCIIEHTPUCUTET, HA3BIBACTCS

uenmpom rpada.

P(xi)= Y d(x;,)

}{.
9. Jnst BepmmmHbl ! "mcio X X Ha3bIBACTCS nepeoamoyHvim
YUCIOM.
10. BepmmHa rpada, KOTOpOH COOTBETCTBYET MHUHUMAIBHOE IEpPEeNaTOYHOE

YHUCIIO
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max P(x;) =max } d(x;,x;)

x;je X x;e€X x;e€X

Ha3bIBaeTCs Meduanou rpada. LleHTpoB 1 MeauaH B rpade MOKET OBITh HECKOJIBKO.

% %

o

X X

Puc. 1
Ilpumep. Jlns rpada, wn300pak€eHHOro Ha puc.l MeTpUuUecKHe XapaKTEPUCTUKHU
OIIPEIETISIFOTCS CIIETYIOLINM 00pa3oM:
XXy X3 X4 X5

X0 1 2 1 2 e(x,)=2 P(x;)=6
X o 0 1 1 1 e(x,)=1 P(x,)=4
D=x3(2 1 0 2 1 e(x3)=2 P(x3)=6
x4/1 1 2 0 1 e(xy)=2 P(x4)=5
x5({2 1 1 1 0 e(x5)=2 P(x5)=5

Panuyc rpada pasen 1, nuametp pasen 2. Llentp rpada - Bepunna Kz; Menuana rpada -

BEpILIMHA X2,

JABynouabHble rpagul

Onpeodenenue: I'pad Ha3bIBaeTCS 08y00IbHBIM, €CIIM CYIIECTBYET Takoe pazOueHue
MHOYECTBa €ro BEpUIMH Ha JBE YacTU (00.u), YTO KOHI[BI KaX/10ro pedpa NpuHaIekaT pa3HbIM
YaCTSM.

Ecnu mpu 3TOM n100ble /1B€ BEpIIMHBI, BXOJSIIME B pa3HbIe JI0JIM, CMEXHBI, TO rpad
Ha3bIBACTCS HOJIHHIM O8YOOIbHBIM.

[TonHbIi ABYIOSBHBIN Tpad, 0T KOTOPOTO COCTOST U3 p U U3 (] BEpIINUH, 0003HaYaeTcs
cuMBosioM Kpq . [Ipu p=1 nonyuaem 36e30y Kiq. Ha puc.1 uzobpakens 3Be371a K15 U MOTHBIMA
By oabHBIN rpad Kas.

AHaNOTHYHO JBYIOJNBHBIM TrpadaM onpeaenstorces K-0orbuwiti ¥ noauwitl k-001bHbill
rpader a1t K=3, 4, ... Ha puc.2 npuBeneH Tpex101bHbIi rpad.

Puc. 1 Puc. 2

J1i petieHust IpuMepoB YIA00HO MPUMEHSITH TEOpEMY

Teopema: ['pad siBisiercss TBYyNONBHBIM T. M T.T., K. BCE €r0 MPOCTHIC IHUKIBI UMEIOT
YETHYIO JIJIMHY.
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JIerko moACcYUTaTh YHCIIO BeeX rpadoB ¢ (PUKCHPOBAHHBIM MHOXKECTBOM BepIIuH X. DTH

rpadsl pa3anyaioTcs CBOMMH peOpaMu, U MOTOMY UX YHCIIO PaBHO KOJUYECTBY MOJAMHOXECTB B
n

X Te. 2 ? , tne n=|X|. OgHako »Tu rpadpl HE Bcerma cieayer paznudarb. Kak B
MPUMEHEHUAX TeOopuH rpadoB, TaK U B caMOil 3TOM TEOPUU Yallle CYIECTBEHHO JIUIIb TO, YTO
€CTh 00BEKTHI (BepIIMHBI rpada) u CBA3H MKy oObekTamu (pedpa). C aTux mo3unuid rpadsl,
KOTOpBIC TMOJIYYAIOTCS OAWH W3 JAPYroro M3MEHCHHEM HAaWMEHOBAHWM BEpIIMH, pa3yMHO HE
paznu4atb. OPopMHUM 3TU COOOPaKEHHSI B BUJIE CIEAYIOLIETO ONPEACTICHHUS.

HN3omopdubIe rpadul

Onpeoenenue: JIBa rpada Gi u G2 HA3BIBAIOTCS U3OMOPEHBIMU, SCIH CYIICCTBYET
B3aMMHO-OJTHO3HAYHOE OTOOpaXEHHWE MEXKIy MHOKECTBAMU UX BEpPILIMH, COXpaHsIIOIIee
CMEXHOCTh. Takoe oToOpakeHrne Ha3bIBAaeTCsI H30MOPGU3MOM.

JlBa oprpada n30oMOp(dHBI, €CIU CYIIECTBYET M30MOPPHU3M MEXKIYy HUX OCHOBAHUSIMU,
COXPAaHSIIOIINIA MOPAIOK BEPUINH HA KaXKJIOU JyTe.

Hanpumep, tpu rpada, npeacrasnennsie Ha puc. 4, n3oMopdHBbL, a rpadbl HA puc. 5 He
nzomopdHEL. Bonpoc 0 Tom, n3oMopdHBI i JBa JaHHBIX Tpada, B 00IIeM ciIydae OKa3bIBACTCS
CJIO’KHBIM.

P

Puc. 4.

i
SR

O‘{eBI/I,I[HO, YTO OTHOIICHUC I/ISOMOpq)I/ISMa Fpa(I)OB ABJIACTCA OKBHUBAJICHTHOCTBIO, T. €.
OHO CHUMMCTPHUYHO, TPAH3UTHUBHO H pe(bHeKCHBHO. CJ'IeI[OBaTeJ'IBHO, MHOX>KECTBO BCEX I‘pa(l)OB

pa3z0buBaeTcsl Ha KJacchl Tak, YTO rpadbl U3 OJHOrO Kiacca MOMapHO M30MOPQHBL, a rpadsl u3
pa3HbIX KjaccoB He n3oMopdHBL. M3omMopdHbIe rpadgbl MOKHO OTOXAECTBIAThH, T. €. CUUTAThH
COBMAJAIOIIUMHU (MX MOXHO H300pa3uTh OJHUM puUCyHKOM). OHM Moriau Obl pa3iauyaThCs
KOHKPETHOW TMPHPOJOW CBOMX JJIEMEHTOB, HO HMMEHHO STO WIHOPHPYETCS TpPHU BBEICHUH
HOHATHUS «Tpady.

B HEKOTOpPBIX CUTyalMsIX BCE K€ MPUXOAMUTCS pa3nuyaTh M30MopdHbie rpadsbl, U TOrna
MOJIE3HO TIOHSATHE «IOMeueHHbIH rpady». ['pad nopsaka n Ha3bIBaeTCS nOMEUeHHbIM, €CIH €ro
BEpILIMHAM [TPUCBOEHBI HEKOTOPBIE METKH, Hanpumep, Homepa 1, 2, ..., N. OTOXIECTBUB KaXKIyIO
U3 BeplIMH Tpada ¢ ee HOMEPOM (M, CIEJOBATEIbHO, MHOKECTBO BEPIIMH — C MHOXECTBOM
gqucen {1, 2, ..., N}), onpeaenauM paBeHCTBO nomeueHHbIX rpadoB Gi1=(X,Vi) u G2=(X,V2)
omHOTO M Toro e mopsaka: G1=G; Torma, korma Vi=V,. Ha puc. 6 uzo0pakeHbl TpU pa3HBIX
MMOMEYCHHBIX Tpada.

[Ipn HEOOXOAMMOCTH MOIYEPKHYTh, YTO paccMaTpuBaeMble rpadpl pa3IndaroTCs JUIIb C
TOYHOCTBIO JI0 M30MOp(H3Ma, TOBOPAT: «aOCTpakTHBINH rpad». CTporo roBops, abcmpakmHulii
(unmu Henomeuennwlll) Tpad — 3TO KiIacc U30MOp(hHBIX TpadoB.
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2
’ /\ /5\
2 3 ;|3 1 4
Puc. 6
BapuanTsl 3agaHmii:
1. HNana matpuna A. IloctpoiliTe COOTBETCTBYIOLIMH eil rpad), MMeromuit

Matpuily A cBoed marpuled cmexHoctu. Haitaure maTpuily HHIMACHTHOCTH IS
MOCTPOCHHOTO Trpada.

2 0 0 1
0O 0 2 3
A=
0O 2 0 1
1 3 1 0
1. Hana marpuna A. Iloctpoiite cooTBeTcTByIOUMi el rpad, uMeromuit

Marpully A CBOEd MaTpuueld CMeXHOCTH. Halnure Marpuily MHIMACHTHOCTH IS
MOCTPOCHHOTO Tpada.
0O 2 0 3

W o N

0o 2
2 0
1 0

_ O e

IIpakTuyeckoe 3ansitue Ne 25

Tema: 3anuch MaTpuipl JOCTHKUMOCTH W TIOCTPOEHHE AuarpamMmbl ['epma s
OpPUEHTHPOBAHHOTO Tpada; pemenne 3a1ad Ha OMHAPHBIE EPEBbSI.

Hean: OBnagers MeTOaMM pellIeHHs 3a/1a4 Ha OMHApHBIE I€PEBbs, 3aUChI0 MATPUIIBI
JOCTHKUMOCTHU U TIOCTPOEHUEM uarpaMMel ['epra

CpencrBa 00y4eHusi: TETpagu AJs BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, NPE3EHTAUN
1o teMe, MIHTepHeT-pecypesl.

Coaeprxanue ¥ NOPAJOK BBINOJTHEHHS PadOThI:

1. [ToBTOpEHUE TEOPETHUECKOTO MaTepHala, B BUAEC OTBETOB HAa BOTIPOCHI.

2. 3amaiite rpad G puc.l marpureil CMeKHOCTH M WHITHICHTHOCTH.

3. IMoctpoiite tpaper G1 m G2, cpaBHUTE CTENECHH Ka)XJIOH BEPIITHHBI
JAaHHBIX TpadoB.

4. ITo 3amaHHOM MaTpHUlLle MOCTPOUTH CETEBOM rpaduK, pemuTs 3a1ady 1.

5. Pemnts 3amauy 2.

KoHnTpoJsbHbBIE BONIPOCHI:

. UTo Ha3bIBaeTCsl OpUEHTHPOBAHHBIM Tpadom? [IpuBeanuTe NpUMeEpHI.

. [lepeuncnure OCHOBHBIE MMOHATHS CBSI3aHHBIE C OPUEHTHPOBAHHBIMU TpadaMu.
. [lepeuncnure cnocoObl 3a7jaHNs] OPUEHTUPOBAHHBIX I'Pa(OB.

. B uem coctout ananutudeckuii cnocoO 3aganus oprpada?

. B uem coctout reomerpuuecku crnoco6 3ananus oprpaga?

. B ueM cocTouT MaTpuuHbIii criocod 3aganus oprpada?

. Kakas marpuia Ha3piBaeTcsi MaTpuleil CMeXHOCTH oprpada?

0 NN Nk W~

. Kakas MaTpula Ha3bIBACTCA ManHLIeﬁ HMHIOUWACHTHOCTH oprpa(ba?
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W3

, Puc. 1
V1

E7

IIpakTnyeckoe 3ansaTue Ne 26
Tema: Pemenue 3a1ay Ha OUHApHBIE 1EPEBbHSI.
Heab: OBnageTs METOAaMH pelIeHHs 3a7ad Ha OMHApPHBIE E€PEBBs, 3alUCHI0 MATPHUIIBI
JOCTHKUMOCTHU U TIOCTPOEHUEM uarpaMmel [ epiia
CpeacrBa o0y4yeHusi: TETpaaM JJisl BBIOJTHEHUS MPAKTUUECKUX 3aHATUH, MIPE3CHTALIUU
1o teme, MHTepHET-peCYpCHI.

Pemmure 3agaun

3agaua 1. [1o 3aganHON MaTpulle TOCTPOUTDH CETEBOM rpaduk ( ajjd>IEMEHT MaTPHIIBI €CTh
JUTUTETTLHOCTH PabOTHI OT 1 J10 j B AHSX). HailTu AMUHY KPUTUYECKOTO MYTH, YKa3aTh SKOHOMUIO
BPEMEHU.

03560000000
00007600000
00000750000
00400036000
00000000450
00000000300
00000000500
000000000C08
00000004067
00000000008
2) 00000000000
6)
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3agaua 2. Haligure Koqu4ecTBO y3/10B JaHHOTO OMHApPHOIO JIEpPEBa, IEPEUUCIUTE JINCTHI
U YK@XHUTE TITyOuHY OMHApHOTO JiepeBa ¢ KOpHEM A.

(¥

I[0Maumee 3aJaHUue: CocTaBuTh AJITOPUTM 3aJavuu 1.
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OcHoBHas JuTepaTypa:

1. Kanman, 1O. f. Teopus BeposaTHOCTEH 1 MaTeMaTH4ecKasl CTATUCTHKA : yueOHOe TTocoOue Jis
CIIO / O. 4. Kannman. — Capartos : [Ipodob6pazoBanue, 2019. — 130 c. — ISBN 978-5-4488-
0031-3. — Tekcr : 2nmeKTpoHHBIHN // DnekTpoHHOo-0nbmmoTeunas cuctema IPR BOOKS : [caiit].
— URL: http://www.iprbookshop.ru/83119.html. — Pexum moctyma: s aBTOPH3HP.
ITonb3oBareneit

2. lllepbakoBa, FO. B. Teopust BeposTHOCTEH ¥ MaTeMaTHYECKasl CTATUCTHKA : Y4eOHOE mocooue
st CITIO / FO. B. lllep6akoBa. — CaparoB : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1898-0. — Tekct : 21eKTpOHHBIN // DieKTpoHHO-O0MOMMoTeuHas cuctema [IPR BOOKS
[caiiT]. — URL: http://www.iprbookshop.ru/87081.html. — Pexxum nocryna: asist aBTOpU3mMp.
ITonb3oBareneit

3. lllepbakona, IO. B. Teopus BeposTHOCTEW N MaTeMaTHYECKasi CTATUCTHKA : yuyeOHOe mocodue
/ YO. B. lllep6akoBa. — 2-e u3a. — Caparos : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1786-0. — Texcr : 3nmeKTpoHHBIH // DnekTponHo-0nbaoTeunas cucrema [IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/81056.html. — Peskum mocryma: mist aBTOpU3HP.
ITonb3oBareneit

JlonoIHUTeIbHAS JJUTepaTypa:

1. Coupuna M.C., Cnupun II.A. Teopuss BepoSTHOCTEHl W MareMaTHYecKas CTaTUCTHUKA.
Coopnuk 3amau 2016 OULL «Akagemus.

HuTepHeT-pecypehl:

1.  Cesepo-3anaanselii 3a04Hblii ['ocynapcTBeHHBIN TeXHUYECKUN Y HUBEPCUTET
[DnexTpoHHbIH pecypc] - Pexxum gocrtyma: http:// www.nwpi.ru.

2. Hurepuer Yuuepcurer UH)OpMaIIMOHHBIX TEXHOJIOTUH [ DIEKTPOHHBIHN pecypc|
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