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IHosicuuTennLHAA 3aHCKA
I[JISI MHOT'UX CTy,Z[CHTOB 3Ha‘-II/ITeJIbHyIO pr,HHOCTL HpGI[CTaBJIHGT pCH_IeHI/IG 3a1a4.

[TosTOMYy B TaHHBIX METOJIMYECKUX YKa3aHUAX TVIABHOE BHUMAaHUE YAEJIICHO PEUICHUIO TUIOBBIX
MPUMEPOB U 3a/lay, MOSICHSIOIIUX TeopeTHdYecKuil martepuan. OIHAKO MNpexae YeM HayaTb
pelaTh 3TH MPUMEPHl HAIO MOOUTHCS TOJHOW SICHOCTH B MOHUMAaHUHM COOTBETCTBYIOIIMX
MMOHSTHH.

B mnawane kaxmaoil TeMbl KpaTKO M3JIaraloTCsi OCHOBHBIE TEOPETUYECKUE CBEICHUS
(ompenenenusi, GopMysbl), HEOOXOIUMBIC Il pEIIeHUs MociaeAyrmmux 3amad. [IpuBomsTcs
pELIEHHS TUIIOBBIX TPUMEPOB U 3a4ad. [[ar0Tcs yrpaKHEHUS Ha 3aKPEIUICHUS] TEMBI.

BrimonHeHue cTyIeHTaMu IPaKTHYECKUX padOT HANpaBIEHHO Ha!

- 00001IeHNEe, CHCTEMATH3allul0, YIAyOJeHHWe, 3aKpeIUICHHE IOJYYSHHBIX TEOPETUUYECKUX
3HAHUU MO0 KOHKPETHBIM TEMaM;
- (opMHpOBaHWE YMCHHI TPHUMCHSATH MOJYyYCHHBIC 3HAHUS HA NPAKTHKE W PEATU3AIUIO
€JIMHCTBA MHTEIUICKTYAJIbHON U IPAKTUYECKON JEATEIbHOCTH;
- pa3BUTHE WHTEIUICKTYalbHBIX YMEHUH Yy OyAylmHMX CHEIHAIKUCTOB: AaHATUTHYECKHUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIp.;
- BBIPAOOTKY TPH PEIICHHH ITOCTABJICHHBIX 3a/Ja4 TaKUX MPO(ECCHOHATBHBIX KAyeCTB, Kak
CaMOCTOATEIIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsi MHUIIMATHBA.

B pe3ynbraTe u3yueHus: yueOHoON AUCHUILTHHBI « Teopust BepOsSTHOCTEH U MaTeMaTH4ecKast
CTaTHCTHKA» O0YyUYaIOLIUICS T0KEH
YMETh:
- BBIYUCIISITH BEPOSITHOCTh COOBITUM C UCTIOIH30BAHUEM DJIEMEHTOB KOMOMHATOPUKH;

- HCIOJIb30BaTh METOIbl MATEMAaTHUECKON CTATUCTUKHU

B pesynbprare uzyueHust yueOHOM AUCIUIUITMHBI 00 YJArOITUICS JOJKEH 3HATh:
- OCHOBBI TEOPUH BEPOSITHOCTEN Y MATEMATUYECKON CTaTUCTHKY,

- OCHOBHBIC ITOHATUSA TCOPHUU l"pa(l)OB



IIpakTnueckas padora Ne 1
Tema: Pemenue 3a1a4 Ha pacyeT KOJMUECTBA BEIOOPOK

Hean: HayduTbcsi BBIYUCIATH BEPOSTHOCTH CIIYYalHBIX COOBITUI

CpencrBa o0yuyeHMsi: TETpaau JUIsl BBIOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypchl.

Conep:kanue U NOPSIIOK BbINOJIHEHHUS PadOThI:

1. PaccMoTpuTe TEOpETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYITE METOIUKY PELIECHUS TUIIOBBIX 3a/1a4.

3. PaccmoTpuTe nnpuMepsl penieHys TUIIOBBIX 3ajau.

4. Pemute 3anauu.

KoHTpoJibHbIE BOIPOCHI:

1. [TonsiTHE BEpOATHOCTH CIIy4aifHOTO COOBITHSL.
2. [TonsTHA IEpecTaHOBKH, Pa3MEIIEHHs, COYCTaHUSI.
BeposATHOCT  cay4aWHbIX  coObITHH. HemocpeacTBeHHBI — moAcYeT
BEPOATHOCTH.

[Ton BepOATHOCTBHIO CIIy4allHOTO COOBITHUS TMOHHMMAETCS YHCIO, XapaKTepH3yollee
CTENeHb BO3MOXKHOCTH MOSIBICHUS COOBITUSA. [Ipu 3TOM BEpOSITHOCTH HEBO3MOXKHOTO COOBITHUS
MPUHUMAETCS PABHOW HYIIO, a BEPOATHOCTH JIOCTOBEPHOI'O COOBITHS paBHOM €AMHHUIIE. DTUM
OrpaHUYMBACTCA JUAINIA30H U3MCHCHUA BCPOATHOCTU cnyqaﬁHoro COOBITHS:

O0=p=1

Knaccuyeckoe ompeneneHne BEpOSTHOCTH OCHOBAHO Ha TPEICTABICHUH CIy4ailHOTO
cOOBITHSI Kak pe3yibTara (MCXO0Ja) HEKOTOPOro BOOOpakaeMoro Wiu (HaKTHUECKOTO OIIbITa
(McTbITaHusl ), MOBTOPSIOLIETOCS JTF000€ YUCIIO pa3. ITa TeopeTudecKass MOJesb JEKUT B OCHOBE
HEMOCPEJICTBEHHOT'O TI0JICUETa BEPOATHOCTU CIIYYAHOTO COOBITHS.

BepOﬂTHOCTbIO CHy‘I&ﬁHOFO COOBITHS A Ha3bIBaCTCA OTHOLICHHUC qucia

m

6Har0HpI/I${TCTBYIOII_[I/IX I9TOMY COOBITHIO Hncxoao0B K O6H.I€My YHUCITY BCCX PaBHOBO3MOXHBIX

HCECOBMCCTHBIX 3JICMCHTAPHBIX UCXOI0B n y 06pa3y'IOH_II/IX MMOJIHYIO I'PYIIITY:

pAy="

n.(1

I[J'Iﬂ OMpeACIICHHUA KOJIMYECTBA HCXOI0B n u m JaCTO HOPpUXOAUTCA HCIOJIb30BATH
dopmynbl komOuHaTOpHKU. KOMOMHATOpHKA M3yYaeT KOJUYECTBO KOMOMHAIIMEN U3 DIIEMEHTOB
OHpeI[eHeHHOﬁ MpUPOALI 3aJaHHOT'O KOHCYHOI'O MHOKECTBA.

HepeCTaHOBKI/I - KOM6I/IH3HI/H/I N3 OAHUX U TCX KC DJIECMCHTOB, KOTOPLIC PA3JIUYAOTCA
TOJIBKO IMOPAAKOM UX PACITIOJIOKCHUS. Yucno MEPECTAaHOBOK OIMPEACTIACTCA 110 Q)opMyHe:

@

rae n. KOJMYECTBO JIEMEHTOB B KOMOMHAIIHH.

Hanpuwmep: CkonpkuMu crioco0aMu MOKHO pacripeienTb 5 00beKTOB paboThl MEXAY 5
6pI/IFaIlaMI/I SHCKTpOMOHTa)KHI/IKOB?

n=5P=5=1-2-3-4.5=120

Pasmemenus - KOM6I/IHaHI/II/I us3 n Pa3IMYHBIX J3JIEMCHTOB 11O m OJICMCHTOB,

OTJIMYAIOIIUXCSA JIMOO COCTaBOM, JUOO ToOpsnkoM. Yuciao pasMenieHuid u3 Mo M
onpeeNseTcs Kak:



[rr— ! (3)
Hanpumep: Nmeercs 10 snexkrpoaBuraresnieid, u3 KOTOpbix 3 oaHoro tuna. CKOJIbKUMU
crocob6aMu UX MOXHO PacIoIOKHUTh B OAUH Psia?
n=10 [
A

m=23 !

4

[ B 7

Coueranus - KOM6I/IHaL[I/II/I, COCTaBJICHHBIC U3 npaSJII/I‘IHbIX 3JIEMCHTOB IIO0 m
AJIEMEHTOB, KOTOpBIE pa3IMYalOTCS XOTA Obl OJHUM 3JeMeHTOM. Yuciao coyeTaHui
ompezaensercs mo hopmyie:

{

et i mh (4)
Hanpumep: CkonabkuMu criocob6amMu MOKHO COCTaBUTh OpUraay B COCTaBe 3 YeNOBEK,
BBIOMPAs KX U3 8 AIEKTPUKOB?
= H!
n==8 - e
m=23

Ipasuiao cymmbl: Ecmu o6bektr ABpiGpan  'lcnocobamn, a obsexr B- 1M
croco6amu, To BbIGop 6o A | 1160 B MoxeTOhITh OCyIecTBIeH (n+m) crocobamu.

Ipasuio npomssenennsi: Ecim oobext A Briopan M criocobamu, a mocie kaxmoro
Takoro BeIOOpa 00BeKT B MoxHO BBIOpaTh !!cmocobGamu, To mapa (A B) yioxker GbiTh

soiopana (™) criocoGamu.

MeToauKa pelieHUs TUNIOBLIX 3a4a4

Knaccuueckue 3agaun TB uctopuuecku cBsizaHbl ¢ Teopuel asapTHbiX urp. OpHako,
IIPEJICTAaBICHHbIE MAaTEMaTUYECKUE MOJEIU MOTYT ObITh MCIOJB30BaHbl TAKXKE MPU PEIICHUU
psiza TEXHUYECKHX 3aad.

Metoauka penieHMs 3ajad Ha HEMOCPEICTBEHHBIM MOJCYET BEPOSTHOCTH CIy4alHOIO
COOBITHUS CBOAUTCS K CIIEAYIOIIEMY:

1. Onpesenenue oOIIEro YKciIa BO3MOKHBIX HCX010B 11

2. AHammM3 W pacyeT KOJHMYECTBA HCXOJOB, OJIATONPHUSATCTBYIOIINX
ClIy4ailHOMYy COOBITHIO, T.€. TaKHX, B KOTOPBIX JaHHOE COOBITHE 00sA3aTEeIbHO
MIPOU3OU/IET;

3. Onpenenenre HCKOMOW BEPOSITHOCTH COOBITHUS IO BbIpaxeHHo (1).
PaccMmoTpuM perieHue psiaa TUIOBBIX 33134 110 JaHHOMY pa3Jieny:

I Tun 3apau. Yenosue 3adauu: Tycts umeercs ypHa, B kotopoit 9 - Genbix mapos u b
yepHbIX. 13 ypHbI Hayraja BeiOupaercs 1 map. HaifTu BeposTHOCTB TOTO, UTO ATOT 1Iap OesbIi.

Pemienue
n=a+b m_ a
m=a n a+b

B nmanHOM ciyuae Bce MCXOMABI OMBITA, CBSA3AHHOTO CO CIyYallHBIM BBHIOOPOM IIIapa W3

YPHBI, SBJISIOTCS PABHOBO3MOKHBIMU M HECOBMECTHBIMH, T.€, ONBIT CBOJMUTCS K «CXEME YPH».

[ToaToMy BEpOSITHOCTH JOCTAaTh CIy4allHBIM 00pa3oM OeMNblid IIap BTOPHIM WM TOCIEIHUM W3
a

p:
YpHBI TaK)K€ paBHA a+b
II tan 3agau Vciosue 3adauu: B xopobke 30 snmektponamm, mpuyeM 12 w3 HUX

paccunTanbl Ha HanpsbkeHue 220 B, a ocranbHble - Ha HanpspkeHue 36 B. KakoBa BepoATHOCTH



TOTO0, 4TO U3 4 HAyTraJ B3SATHIX OJHOBPEMEHHO JICKTPOJIAMIT BCE OKKYTCS WM C HAMPsKEHUEM
220 B, wiu ¢ Hanpsikennem 36 B?

Pemienne

BBenem o0o3HaucHUS:

A - coOBITHE, COCTOSAIIEE B TOM, UTO M3 4 3IEKTpOoNaMIl Bce ¢ HanpshkenueM 220 B;

B - 3 4 anexTponamn Bce ¢ HanpshkeHueM 36 B;

C - nosienenue cobbrtuii mbo A mmbo B .

a) OOmee 9MCII0O UCXOJOB PaBHO KOJUYECTBY CIOCOOOB, KOTOPHIMHU MOXKHO BBIOpaTh 4
anekTpoamiibl u3 30.

n= C:?n ]

4
0) Yuciio ucxo10B, 6JIaronpusTCTBYIOIIUX COOBITHIO A, M= Ci ,

4
m, = .
Yucio UCX0/10B, 6IaronpuATCTBYONMX codsTnio B, M2 Cis .

mo 120 41 20 11
P{A)= = — e = ———me—
5 nooCy Ao Go9
m, G, 1814126 68

no G 4141300 609

P B)=

BeposTHOCTh COOBITHS, COCTOSIIETO B MOSIBICHUH JIMOO COOBITHS A 1u6o cobeitus B |
OTIpEeIeNIUM C MCTIOIb30BAHUEM IIPABUIIA CyMMBbI
11 (164

Py = LAY - PLE)Y i = 313
Lie Rod

Vcnosue 3aoauu: CryaeHt kynwil kapTouky CHOPTIIOTO M OTMETHJI B HEH IoOcIienoBa-

TEJIbHO IIECTh MEPBbIX HOMEpOB. OmNpenennuTs BEpPOATHOCTh TOrO, UYTO IpH TuUpaxe 6 us 49 B
YHCJIe BBIMTPABIINX I1apOB OKaxeTcs map moja Ne 1.

Pemenue
_ 6

a) O6mee wmcio ucxomon "~ Cao
B cero mapoe ¢ 49 HoMepamu 6) Hueo HCXON0B,
/ \ OJarompHSATCTBYIOIIUX  COOBITHIO,
OTIPECIIICTCS YHUCIIOM BO3MOXKHBIX

1l map nog Mel A8 WapoB ¢ Ap¥THMH Ne .
KOoMOMHaIM W3 6  HOMEpOB,
oOsi3aTennbHO  BKIIOUaBmmx No 1.
my 6 mapos I, Jns onpeeIeHns qucia
\ KOMOUHAIMKN yI0OHO MCTOJIb30BaTh
1 map nmog Nel D LIAROB IO AR¥THMH Ne CXEMaTHUYECKOE MPEJICTABIICHUE:

Kak Bugno, M 3aBucur or
BO3MOXHBIX KOMOMHALUI U3 5 mapoB (¢ JpyruMu HOMepaMu, OTJIMYHBIMH OT Ne 1) u3 48 takux
I1apOB.
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., D43 49 49

III Tun 3apau Ycnosue 3a0auu: Ha nonke Haxogutcs 10 ammepMeTpoB, U3 KOTOPBIX 6
ucIpaBHbIX. HaliTH BEpOSITHOCTH TOro, UTO cpedu 4, Haynadyy OTOOpPaHHBIX amIepMEeTpoB, 2
UCIIPaBHBIX.

Pemenune

Ot 3amau 11 Tunma naHHBIN TN 3a/1a4 OTJIIMYAeT HEOJAHOPOJHOCTh COCTaBa KOMOMHAIINH,
COOTBETCTBYIOIMX OJAarompHsATHBIM HCXOJaM cllydailHoro coObitus. Jnst pemeHust ymaoO0HO
IIPEJICTABUTh YCIOBUE 33/1a4 CXEMaTHUECKHU:

n=C/
a) OO011ee YMCII0 UCXO0JI0B 10,

10 amriepmeTpoB
/ \ X BbLI0
11 BCETO

§ H{IIpaBHBLL 4 HeH{TIPABHEIX

my 4 aMIIepMeTpA 1,
7 oTofparmi

2 H{IIPaBHBLX 2 HeH(TIPABHELX 0) m onpezienseTcs Ha
OCHOBE IpaBUJia MPOU3BEICHHUS,
MOCKOJIBKY BBIOOp 4 aMIIepMETPOB OCYIIECTBISIETCS OAHOBPEMEHHO:

m=m, -m,

m =C; m,=C;

oo S C GALE A i

c) | rn ] A40M0 7

Pemure 3axaun:

3anava 1. bpomena urpanbHas KocTb. HaliTH BEpOSITHOCTH BBINAJAECHUS YETHOTO YHCIIa
OYKOB.

3anada 2. YUaCTHHMKH XKepeObeBKU TAHYT M3 YpHBI KETOHBI ¢ HoMepamu oT 1 o 100.
Haiitu BeposSTHOCTb TOT0, YTO HOMEp MEPBOro Hayauy BBITAILIEHHOI'O KETOHA Oy/IeT coaepkarhb
udpy 5.

3amaya 3. B nartu Memioukax HaxoAsTcs 5 ONMHAKOBBIX KyOmKoB. Ha Bcex rpassx
KaKJ0ro KyOHMKa HamucaHa OJHa U3 cilenyromux OykB: o, I, p, ¢, T. HaliTu BepoSITHOCTH TOTO,
YTO Ha BBIHYTHIX IO OJTHOMY M3 KaXXJIOTO MENIOYKa KyOHMKaxX M paclojOXEHHBIX B OJHY JHHUIO
MOYKHO OyZI€T IPOUYECTD CIOBO «CIIOPTH.

3anaua 4. Ha ka)xa0# U3 1eCTH OJMHAKOBBIX KapTOUEK HamucaHbl ojHa u3 OykB: A, T, M,
P,C,0. HaiiTu BEpOSATHOCTh TOrO, YTO HAa YETHIPEX BBIHYTHIX IO OJHOM M PAaCIOJIOKEHHBIX B
OJIHY JINHUIO KapTOUEK MOXHO OY/IE€T MPOUYECThb CIIOBO «TPOCH.

3amaua 5. Ky0, Bce rpaHu KOTOpPOrO OKpAIlEHbl, PaclUIMIM Ha ThICSIUYy KyOHKOB,
KOTOpBIE 3aTEM TIIATEIBHO NepeMeriani. HallTu BEpOATHOCTh TOT0, UTO HayJady BBITAILICHHBIN
KyOuK Oy/eT UMEeTh OJJHY OKpAalllEHHYIO I'PaHb, BE U TPH.



3amada 6. M3 monHoro Habopa 28 KOCTel JOMUHO Hayjaady M3BiIeYeHa KocTb. Haiitu
BEPOSITHOCTh TOT'O, YTO BTOPYIO HayAady HM3BJIICUYEHHYIO KOCTh MOYKHO IPHCTABUThH K IEPBOU,
€CJIM TIepBasi KOCTh OKasaJsiach: a) Ayosem, 0) He ay0iem.

3agaya 7. BoceMmb pa3auyHBIX KHUT HayJady pacCTaBisIlOTCA Ha Tnosike. Haitu
BEPOSITHOCTh TOT'0, YTO JIBE€ ONPEIEICHHBIE KHUTH OKaXXYTCS CTOSIIUMU PSIAOM.

Jomamnee 3axanue:

Pemnre 3anauu:

1. B norepee passirpbiBatorcs 150 BemeBbix U 50 neHexHbIX BbIMTpbIIe. Yucno
notepeinbix 6meroB paBHo 10000 mTyk. Yemy paBHA BEpOSITHOCTD BBIMTPHIIIA?

2. BeposSTHOCTH TOTO, YTO CTPEJIOK MPU OJTHOM BhICTpelie BbIObeT 10 oukoB, paBHa 0.1; 8
OUYKOB U MeHblle - 0.6. HaliTu BepoSITHOCTh TOTO, YTO MPHU OJHOM BBICTpEJIE CTPEJIOK BHIOBET HE
MEHbIIE 9 OYKOB.

3. B maptum u3 10 geraneit — 8§ mTyk craHAapTHBHIX. HaillTh BEpOSATHOCTH TOTO, YTO CPEin
JIBYX HayJlady M3BJICYCHHBIX JeTanel XoTs Obl oHa OyJIeT CTaHJapTHOM.

4. B nmaptuu u3 10 neraneii okasanock 8 cranaaptHeix. Haygauy otoOpanu ase. Haiitu
BEPOATHOCTb TOT'O, UTO CPEIU OTOOPAHHBIX JAETAJEH OKaXKeTCs:

1 He 0oJiee 0JIHOM CTaHIapTHOM,

0) XoTst OBl OJTHA CTaHAPTHAS,

B) TOJIBKO OJ{HA CTaHJapTHAsl.

5. BeposTHOCTH TOro, 4TO CTPEJIOK MomajeT B MulleHb, paBHa 0,9. IIpousBeneno 3
BbICTpesia. HaliTu BEpOSTHOCTH TOr0, YTO BCE 3 BBICTpPEIIA NONANIH B LIEJIb.

6. B cryaum Haxonutcs Tpu TelieKamepbl. BepoATHOCTh BKIIIOUEHHUS KaXJAOW KaMepbl
paBHa 0.6. HaliTi BeposSTHOCTH TOTO, YTO B JAHHBI MOMEHT XOTsA Obl OJHa Kamepa Oyner
BKJIIOUEHA.

IIpakTuyeckoe 3anaTue Ne 2

Tema: Brruucienne BEpOSTHOCTEH COOBITHIA IO KJIACCHUYECKOW (OpPMYIIe OINpeaesIeHuUs
BEPOSITHOCTH.

Heab: HayuyuThCcs BBIYUCIATH BEPOSTHOCTU CIy4YailHBIX COOBITHI MO KIACCHYECKOMN
dopmyIie onpeneneHns BEpOsITHOCTEN

CpencrBa 0o0y4yeHHMs: TETpaau JUIS BBIIOJHEHUS INPAKTUYECKUX 3aHATUH, VHTepHeT-
pecypchl.

CoaepixkaHue M NOPSAI0K BbINOJTHEHUs] pa00ThI:

1. PaccmoTpuTe TEOpETUYECKHI MaTeprai 1o TEMeE.

KoHnTpoJsbHbIE BONpPOCHI:

1 [loHATHE  BEpOATHOCTH  CIyyailHOro  COOBITHS,  MEPEeCTaHOBKH,
pa3MeIIeHUs], COUETaHus.
2. [IpaBuna cyMMbl U IPOM3BEAECHUS CITyYalHbBIX COOBITHIA.

HenocpencTBeHHBINH NOJCUET BEPOATHOCTH CIYy4alHOTO cOOBITHS yJOOHO UCIONb30BaTh
TOJIBKO IIPY aHAJIM3€ MPOCTEHIINX CIY4alHBIX SBICHHUH, KOTAA MO YCIOBUIO 3a7aull U3BECTHBI
BCE KOJIMYECTBEHHBIE IMOKA3aTeNH M0 UCCIEAYyEMOMY OOBEKTY MM UX JIETKO MOYKHO BBIYMCIIUTS.

D10 TMo3BONAET MO (GOpPMyNaM KOMOMHATOPHKH ITIOJCUMTATh KOJNHMYECTBO mcxomoB Mu 11
OpnHako Ha MpakTHUKE NPUXOIUTCS CTAJKUBAThCS CO CIy4allHBIMH COOBITHSIMH, KOTOpBIE
bopMUpPYIOTCS 32 CYET COUYETaHMs LEJNOro psja ciydaiHbIx ¢aktopoB. Hampumep, BEpoSITHOCTD
BBIXOJIa M3 CTpOs JHOOOro TEXHUYECKOTrO0 YCTPOWCTBA 3aBUCHUT OT  BEpPOSITHOCTU
paboTOCTIOCOOHOCTH Ka)KJOT'0 M3 €ro 3JIEMEHTOB, a TaKke OT crocoba Mx coeauHeHus. J[ns



OTIpeNIeNIeHUs] BEPOSITHOCTH TAaKUX CIIy4allHBIX COOBITUH HCIIONB3YIOTCSI KOCBEHHBIE METOJIBI,
NO3BOJISIOIINE IO M3BECTHBIM BEPOATHOCTSAM OJHHMX COOBITMM HaXOAUTh BEPOSITHOCTU
CBSI3aHHBIX C HUMH COOBITH.

IIpexne Bcero HEOOXOIMMO NPOAHAIM3UPOBATH CIyyailHOE COOBITHE M OIPENENIUTh
o0pa3yeTcs 11 OHO KaK CyMMa 3JIEMEHTapHBIX COOBITUN MIINM KaK UX IPOU3BE/ICHUE.

Jliig aTOro BBEiEM /Ba 0a30BbIX MOHATHS alNreOpbl COOBITUI.

CyMMoii HeCKOJIbKHX CJIYy4YalHbIX COOBITHI HA3bIBACTCS COOBITHE, KOTOPOE COCTOUT B

TOSIBIEHUM XOTs ObI OJIHOTO M3 3TUX COOBITHH. Tak I CyMMBI TPEX CIydYaiHbIX cOObITHH A,

B | C npowmsoiiner 6o A, mu6o B, mubo € | nmubo coueranns AB, AC  BC  ABC,
Hampumep, aBapuiiHoe TOBpeXICHHE OJIOKa  DJIEKTPUUECKOW CHCTEMbI TE€HEepaTop-
TpaHchOpMaTOP-JIMHUS AJICKTpoIiepeaad MpeACTaBIseT coOO00l CyMMy 3JIEMEHTAPHBIX COOBITHMA:
aub0 TOBpEXKIEHUE TeHepartopa, JMOO TOBpeXAeHHEe TpaHchopmaropa, JMOO JTHHUH
3JIeKTpornepeay, 1100 BCEBO3MOKHBIE COBMECTHBIC TTOBPEKICHHS.

IIpousBeaeHneM HECKOJbLKHUX CIYyYaiHBIX COOBITHI HA3bIBACTCS COOBITHE, COCTOSIIICE
B OJHOBPEMCHHOM TMOSIBICHUHM JTUX coObITHil. Hampumep, Oe3oTka3zHas pabora Onoka
reHepaTop-TpaHCHOPMATOP-IMHHAS AJICKTpOIepead BO3MOXKHA TOJIBKO TPH OJHOBPEMEHHOU
0e30TKa3HOM paboTe BCEX TPEX JIEMEHTOB OJIOKA.

Pacder BeposATHOCTH CIIOKHOTO COOBITHSI MPOM3BOJUTCS HA OCHOBE TEOPEM O CyMME U
MPOU3BEICHUU CITy4alHBIX COOBITHIA.

[Tpu BeIOOpE pacyeTHbIX (HOPMYIT HEOOXOIMMO YUUTHIBATH JIBa CYIIECTBEHHBIX MOMEHTA:

a) OmnpeneneHue BEPOSTHOCTU CyMMBI CIIy4allHbIX COOBITHIA 3aBUCUT OT TOT'O, COBMECTHBI
HJIM HECOBMECTHBI 3T COOBITHSL.

[ycTs ciyuaitaeie cobbitus A, B - HecoBMeCTHBI, TOr[a BEpOSTHOCTH CYMMbI JBYX
cobbrtuit A+ B papna

A+ By = PiAY PB)

Ecmu A, B - coBmecTHbIE COOBITHS, TOTIA BEPOATHOCTH CyMMBI ABYX coObiTnii A+ B

paBHa
PlA B) - PLAY Y PBY PLAR)

s Tpex coBMecTHBIX cobpitmii A, B, C ppuncienne BEpOSTHOCTH CYMMBI
MIPOU3BOUTCS IO PopMyIie

PlAVEBA O = PLAY s LB MO PlARy P(ACY PBC b PLABC

0) Hns ompeneneHus BEPOATHOCTH TMPOU3BEIEHUS CIyYaWHBIX COOBITUNA HEOOXOIMMO
MIPOAHAIM3UPOBATH 3aBUCUMBI OHH WJIA HE3aBUCHUMBI.

[Ipy BBIYMCIEHUU BEPOSTHOCTH TPOU3BENCHUS COOBITUH HCIONB3YEeTCSd TMOHSITHE
YCIIOBHOW BEPOSITHOCTH.

P,(B) HEKOTOPOTo CIydailHOro cobbitus B,

ITog yci10BHOH BepOATHOCTHIO
CBS3aHHOTO C COOBITHEM A , HIOHUMACTCA BCPOATHOCTDH IMOABJICHHUA COOBITHS B Inpn yCJIOBHH,
4TO COOBITHE A yrKe PON30MIIIO.

ECHI/I CﬂyqaﬁHBIe CO6BITI/I$[ A, B - HC3aBHUCUMBI, TO BepOXTHOCTB HpOI/ISBe}leHI/ISI I[ByX
CO6LITHﬁ paBHa MPOU3BCACHUTIO BepOHTHOCTCI\/'I ATUX CO6BITHﬁ

L | PA P

Ecnu cryvaiinble COOBITHS 3aBHCHMBI, TO BEPOSTHOCTH MPOM3BEACHHS IBYX COOBITHIA
BBIYUCIIACTCA C YUCTOM yCHOBHOﬁ BEPOATHOCTU



PCA-B)= PiAY) P, (H7),

A )~ LAY Py P )

[Ipn pemennn 3agad 4acTo HAaXOAWT NPUMEHEHHE CIEACTBUE W3 TEOPEMBI O CYMME
BEPOSATHOCTEM.

A Ay paBHa

CyMMa BEpOSTHOCTEW IJIsi COOBITHH, O0Pa3yIOIIMX TOJHYIO TPYIILY
eMHHILIE
Pragyr A FPLA ) L
B gactHOCTH, 17151 TPOTHBOIIOJIOKHBIX COOBITHIA:
P(A)+ P(A) =1
Jlomainee 3a1anue:
1. BepoaTHOCTb TOrO, YTO CTPEJIOK MOmnaaeTr B MulleHb, paBHa 0,9. IIpousseneno 3
BeIcTpena. Hailtu BeposSTHOCTB TOT0, 4TO Bce 3 BBICTpENa MONaIU B LIENb.
2. BeposTHOCTD Opa)KeHUs! LENX TPU OJHOM BBICTpEJie IEpBbIM CTpesikoM paBHa 0.8, a
BTOpBIM - 0.6. HaliTH BEpOSTHOCTH TOTO, YTO LEIh OyIeT MOpakeHa TOJBKO OJHUM CTPEIKOM
(TIepBBIM HUJTH BTOPBIM).

IIpakTuyeckoe 3ansitue Ne 3

Tema: Pemenue 3agay  Ha BBIYMCIEHUE BEPOSTHOCTEH COOBITUH IO KJIACCHYECKOil
bopmye ornpeieneHus: BEpOSITHOCTH.

Heab: HayuuThCcs BBIYMCIATH BEPOSTHOCTU CIy4YailHBIX COOBITHI IO KJIACCHYECKOMN
dopMyiie ornpeeneHust BEposTHOCTEN

CpencrBa o0yuyeHMsl: TETpaau JUIsl BBIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHeT-
peCypChl.

Conep:xaHue ¥ NOPSIAOK BBINOJIHEHUS padOThI:

1. Pemnre 3amauu.

Pemure 3amaun:

3anava 1. B norepee paspirpsiBarorcs 150 BemeBsIx U 50 1eHEXHBIX BBIMTPHILIEH. Yucio
norepeiHbix OuneroB paBHo 10000 mTyk. YeMy paBHa BEpOATHOCTH BBIUTPHIIIA?

3anaya 2. BepoATHOCTh TOro, 4TO CTPEJIOK MPH OJHOM BbICTpese BbiObeT 10 O4KOB,
paBHa 0.1; 8 ouxkoB u Menbwe - 0.6. HailTu BepoOATHOCTH TOrO, YTO IPHU OJIHOM BBICTpEIE
CTPEJIOK BHIOBET HE MEHBIIIE 9 OUKOB.

3anava 3. B maptuu u3 10 geraneit — 8 mryk crangapTHeiXx. HaliTu BeposTHOCTB TOTO,
4TO Cpellu IByX HayJauy W3BJICUEHHBIX JeTajei XoTs Obl 0/1Ha OyIeT CTaHAapTHOM.

3anava 4. B maptun u3 10 geraneit okazanoch 8 crangapTHeiX. Haymgady otoOpanu jaBe.
Haiitu BeposTHOCTH TOTO, UTO CPEeIU OTOOPAHHBIX JeTalel OKaKeTCs:

2. He 0oJiee OJTHOM CTaHIapPTHOM,

0) xoTs OBl OJTHA CTaHJAPTHAs,

B) TOJIBKO OJTHA CTaHJapTHAas.

3anava 5. B ypHe Haxozmsatcs 5 Oenbix, 4 yepHbIX U 3 cuHuX mapa. Kaxnoe ucneitanue
COCTOUT B W3BJICUEHUM HAyrajJ OJHOTO Ilapa, NpUYeM OH HE BO3BpallaeTcs OOpaTHO B YpHY.
Haiitu BeposTHOCTH TOrO, 4TO MPU MEPBOM MCIBITAHUHM MOSBUTCS O€Nbli mIap, MpH BTOPOM -
YEPHBIH, a IPU TPETHEM — CUHUIA.

3anava 6. BeposATHOCTH TOrO, YTO CTPEJIOK MOMNAAET B MulleHsb, paBHa 0,9. IIpousseneno
3 BeIcTpena. HaliTu BEpOSATHOCTD TOr0, YTO BCE 3 BBICTpEA IONAJIN B LIENb.

10



3anaya 7. bpouieHsl MOHeTa U KOCTh. HaliTh BEpOATHOCTH TOTO, YTO OJJHOBPEMEHHO Ha
MOHeETe nosiBUTCs "open', a Ha Koctu "6".

3agaya 8. B crynum HaxomuTcs TpHU TelieKaMepbl. BeposSTHOCTh BKIIIOUEHUS Ka)IOu
kamepbl paBHa 0.6. HaiiTu BepoOsSTHOCTH TOTO, YTO B JIAHHBIH MOMEHT XOTs ObI OJHA Kamepa
OyJIeT BKIIFOUCHA.

3amaga 9. U3 psana uudp 1,2,3,4,5 cHagana BeIOUpaeTcst OJlHA, a 3aT€M W3 OCTaBIINXCS
4eThIpex - Apyras. HaliTu BeposTHOCTH TOTO0, 4TO OyAET BEIOpaHa HeueTHas Iudpa:

a) TOJIbKO B IIEPBBIN pa3;

0) TOJILKO BO BTOPOH pa3;

B) B IIEPBBII U BO BTOPOIA.

3amaua 10. BeposTHOCTH TOTO, YTO COOBITHE A TMOSBHUTCS XOTSI ObI OJUH pa3 MPU JIBYX
HE3aBUCHUMBIX HCTbITaHUsX, paBHa 0.75. HailTu BeposATHOCTb MOSABIECHUSI COOBITHS A B OJHOM
WCIIBITAaHU M.

JdomamHee 3a1aHue:

1. Ocywecmensemcs nposepka uzdenuii Ha cmanoapmuocms. Beposmnocms moeo, umo
usdenue necmanoapmuo, pasua 0, 1. Haiimu eepoamuocms moeo, umo.

a) U3 TPEX MPOBEPEHHBIX JIETAJICH TOJIBKO OJTHA OKAKETCSI HECTaHIapTHOM;

0) HECTaHIAPTHBIM OKQXKETCS TOJIBKO YETBEPTOE IO MOPSIKY MPOBEPEHHOE H3CIHE.

IIpakTuyeckoe 3ansaTue Ne 4

Tema: BoruncieHnue BepoOsSTHOCTEH CIIOKHBIX COOBITHI

Henab: HayunThcs BEIUMCIATH BEPOSTHOCTHU CIOKHBIX COOBITHIA.

CpencrBa o0yuyeHHMsi: TETpaau IS BBINOJHEHUS MPAKTUYECKUX 3aHATUH, MHTepHeT-
pecypchl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUsS PadOThI:

1. PaccmoTpuTe TEOpEeTHUECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYHUTE pellIeHNEe TUIIOBbIX 3a]1a4.

3. Pemure 3amaun.

KoHnTpoJsibHbBIE BONIPOCHI:

1 ITonsTHE YCIIOBHON BEPOSATHOCTH.
2. dopMyiia OJIHON BEPOATHOCTH.
3. OT d4ero 3aBUCUT KOJMYECTBO THUIOTE3 TIOSABJIEHUS HEKOTOPOTO

CITy4altHOTO COOBITHS A..
dopmy.Jia NMOJHOI BEPOSITHOCTH
dopMyta MOJTHON BEPOATHOCTH MTPUMEHSETCS TIPH CJICTYIONIEH TOCTAHOBKE 3a/1a4H.

HYCTB MPOU3BOJUTCA aHAJIN3 HEKOTOPOro cnyqaﬁHoro COOBITHS A IIo nmoBoay
H

BO3MOXHOCTH ITOABJICHUA JaHHOTO COOBITHS MOT'YT OBITh BBICKA3aHBI HCKOTOPLIC TUIIOTEC3bI 1

y H2 g eees H" , KOTOPBIC OXBATBIBAIOT BCC BO3MOJKHBLIC YCJIOBHA IOABJIICHHA COOBITHS AI/I

00pa3yIoT MOJHYIO TPYIILY COOBITHH.
W3 ycnoBus 3agayd M3BECTHBI WJIM MOTYT OBITH OINpEAETCHbl BEPOATHOCTU BCEX

P(H'), P(Hz), ceey P(H”), a TaKXC YCIIOBHBIC BCPOATHOCTHU

P, (A , Pu, (A), ey Py, (A) . Onpenenutpb

BO3MOXHBIX THIIOTE3

IIOSABJICHUSA AHpI/I Ka)K)IOI\/'I U3 THUIIOTE3

BEPOATHOCTB MOSBIICHUS CITYJaifHOTO COOBITH A
BeposiTHOCTE COOBITHS TIPH TaKO# MOCTAHOBKE 3a7]a4l MOXKET OBITh HaifieHa 1Mo Ghopmyie
MTOJHOM BEPOSTHOCTH.
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PLA)= P{H, P, {Al+FP(H, P, (A= .+ P{H P, (A)

rne H1 ... Ho - runoress, KOTOpbIE 00pa3yoT MOJHYIO TPYIITY COOBITHH;

Praf b+ PLHS Yo+ P

Pemenue THIOBBIX 32124

I m™an 3apav. Vcnosue 3adauu: @OYHKIMOHUPOBAHUE HIICKTPUUYECKON CHUCTEMBI
obecnieunBaet 100%-Hoe 3IeKTpOoCHAOKEHUE MOTPEOUTENEH B TPeX PeKUMax, pa3Inyaromuxcs
Mo KOHQUTYpAllMH W TPOMYCKHOW CIIOCOOHOCTH SJCKTPHUECKON ceTH. B KakIoM U3 3THUX
PEKUMOB CETh MOXKET HaX0JIUThCs ¢ BepoaTHocThIO 0,3; 0,5; 0,2 cooTBeTcTBeHHO. bezaBapuiinas
paboTa CHUCTEMBI B KKJIOM peXHUMe BO3MOXxHa ¢ BepostHocTsmu 0,9; 0,75; 0,8. Onpenenutsb
BepoaTHOCTh 100% osnekTpocHabxkeHus mnorpeduteneid. HallTu BeposATHOCTH HapylIEeHUS
3EKTPOCHAOKEHUSI.

Pemenue

a) Beenem o603HaueHue cOOBITUI U THIIOTES.

Hccnenyemoe coObiTHE:

A - obecnieuenne 100%-HOTO >1eKTPOCHAGKEHHS;

A- HapyIIEHUE JIEKTPOCHAOKEHHUS.
I'unotessl
BepositHOoCcTH
TUIIOTE3
Y ci10BHBIE BEPOSITHOCTH

H, paboTa ceTu B IEPBOM PEKUME;

P(H,)=0,3.

o (Ar=04

P, (A)=1-09=01

H, . paboTa ceTu BO BTOPOM PEXHME;

P(H,)=0,5.
B, (Ay=10,75

P (AY=1-075=025

Hy paboTa ceTu B TPEThEM PEXKHUME.

P(H,)=0,2.
P =08

P, {A}y=1-08=02

0) [lo dopmyne momHO#M BeposATHOCTH Haijem BeposaTHOCTh 100% siexTpocHabKeHus
norpedureneit
P{A}=P(H, 1P, (AY+PLH P, (A)s P(H 1P, (A
0,509 = 0,5-0, 754+ 1,2 -8 = 1,805
Omnpenenum BepOSITHOCTh HAPYIIEHUS IIEKTPOCHAOKEHUST A 110 popmyTe
0 %] 1 21 % k1505
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II Tam 3apau. Venosue 3adauu: B rpynme 10 cTyneHTOB, NPHUILEANINX HAa SK3aMEH.

DK3aMeHaIMOHHBIC OWJIeThl BKIoUaroT 20 BompocoB. Tpu CTyJeHTa MOATOTOBICHBI OMAUYHO -
3HatOT Bce 20 BOMPOCOB OMJIETOB; 4 CTYJEHTa MOJATOTOBIECHBI X0pouio — 3HAIOT 16 BOIPOCOB W3
20; 2 cryneHTa MOATOTOBJIEHBI yoosiemseopumenvho — 3HatoT 10 BompocoB u3 20; 1 cTymeHT
MOJATrOTOBJIEH M10X0 — 3HaeT 5 BompocoB u3 20. BpI3BaHHBIN CTyAEHT OTBETWJI Ha BCE TpHU

BOIIpoca Ouiera.

Pemenue

a) BBeneM 0003HaYCHMS THIIOTE3 M COOBITHIA.

A - IpaBWIBHBII OTBET CTYJEHTA HA BCE TPU BONPOCa OUIIETa;

['unoressl

BepositHocTn

TUIOTE3

Y coBHBIE BEPOSITHOCTH

H 1 - IOATOTOBJICH OMJIUYHO,

P(H,)=03.
Py (A) =,
H 2 - IIOATOTOBJICH XOPOWO;
P(H,)=0,4.

Py, (A=,

H5 - noarorosnen YO0871emeopumeinsbHo;
P(H,)=0,2.

Py, (A) =,

H 4 - IIOATOTOBIJICH nJ10XO0.

P(H,)=0,1
P, (A) =5

0) st onpenienieHnst yCIOBHBIX BEPOSITHOCTEH MOYKHO MCIIOJIB30BaTh 084 NHOOX00d.

Ilooxoo 1. HemocpencTBeHHBIH TOACYET

BEPOATHOCTEMN

Ha OCHOBC

BCerO 20 20 20
BOMPOCOR
16 N 4 10 N 10 5 N 15
IHaeT J3 Her IHaeT J3 Her IHaeT J3 Her
m m m
TIOSTY UM 3 3 3
BOIPOC  3pgpeT IHART IHART
OB

hopmyn
KOMOMH
aTOPUK
51 110
aHajuor
12474 c
3aja4a
MU
pasmen
al.l3.
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C IMOMOIIBIO IMMPUBCACHHBIX CXCM HAXOAMUM YCJIIOBHBIC BEPOATHOCTHU!
ol AY=1

M [ = v
P, (A = [}, 4% 1;

i ALTAL ALK

[ 37
PooA) s e 0,105

P, [A]-= L= T BT 10

Ilooxo0 2. TlpuMeHeHne TeopeMbl IPOU3BEICHUS BEPOSTHOCTEH 3aBHCUMBIX COOBITHIA.
[TockombKy CTYACHT MJODKEH OTBETUTh HA TPH BOMpOca OwWieTta OJHOBPEMEHHO,
HEOOXOIMMO OTIPENICITUTh BEPOSITHOCTD MTPOM3BEACHUS TPEX 3aBUCHUMBIX COOBITHI:

A - orBer Ha NEepBBIA BOMPOC OUiIeTa;
Az

A

- OTBET Ha BTOPOI BOIPOC OMIIETa;

% - OTBET Ha TPETUH BOMPOC Ouera.
Ecam cTyneHT moAroToBlieH omiuuno, TO TPABWIBHBIA OTBET HA TpU BOIpoca OuieTa
€CTb COOBITHE JIOCTOBEPHOE, T.€.
P, (A)=1.

Jliig onpeniesieHns yCIOBHBIX BEPOSATHOCTEN MPaBUJIBHOTO OTBETA HA TPU BOIpoca Ousera

[PY THITOTE3aX H, H, H, UCIIOJIb3YEM BBIPAKCHHE
Po(A) - PlA A A= (AP, (AP, . (A
. Ny Ay
G 15 1.
MEAYH = 401,
Eciu cTyieHT MOATr0TOBIICH X0pOouio, TO b 19 18

i | I.i .y -
LA H ) ( - (1,105,
L (=]
Ecnu cTyAeHT NOArOTOBIIEH nOCPeOCmBEHHO, TO 20 13 18

R T A — -

ECIH CTY/IEHT TIOArOTOBJIEH 110X0, TO S 20 19 18

Kak BHJIHO, BTOpOI MOJXO0/ MPEANOUYTUTENIbHEE, TaK KaK M03BOJISIET YMEHBIIUTh 00bEM
BBIYKCIICHUM.

c) [Jasee no gopmyie nosHONM BEpOATHOCTH HAXOJUM BEPOSTHOCTH MPABUIBHOTO OTBETA
Ha TpH BOIpoca OUjIeTa A0 UCIIBITaHUS:

PAY = 0.3 T A A9 T 2 VIS + 0B, T e O

Pemnre 3a1aun

3amaya 1. B rpynme 20 nbDKHUKOB, 6 BenmocumneauctoB, 4 OeryHa. BeposTHoCTh
BBIMOJIHEHUS] KBANU(UKAUMOHHOM HOpMBI cienyromas: 0,9 nmns  nepkHuka, 0,8 g
Benocuneaucra, 0,75 s OeryHa. HaliTu BeposTHOCTH TOro, 4To HayAadyy BBIOpaHHBIN
CIIOPTCMEH BBIMIOJIHUT HOPMATHB.
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3amaua 2. B nepBoMm smmke Haxoautcs 20 geranedt (U3 HMX 15 - craHIapTHBIX), BO
BTOpoM - 30 pmeraneii (24 craHmapTHBIX), B TpeThbeM - 10 meraneit (6 cranmapTHbix). Haiitn
BEPOATHOCTh TOTO, YTO HayJgady HM3BJCYEHHas JeTajb M3 HayJauy BBIOPAHHOTO sIKKa OyneT
CTaHJIapTHOM.

3anaya 3. MMeercst yeThipe KUHECKOMNA. BepoATHOCTH TOTrO, YTO KMHECKOIIBI BBLAEPKAT
rapanTuitHelid cpok. paBusl: 0,8; 0,85; 0,9; 0,95. HaiiTu BEpOSATHOCTH TOTO, YTO Hay/lauy B3SIThIH
KMHECKOII BBIICPKUT FapaHTUWHBIN CPOK.

3amaua 4. V3 monHoro Habopa KOCTe AOMHHO Hayjgady H3BIeYeHa KOCThb. Haitu
BEPOATHOCTh TOTO, YTO BTOPYIO BBHITAIICHHYIO HayJady KOCTb MOXXHO OYAET MPUCTaBUTHh K
MIEPBOM.

3agaya 5. B suuke conepkutcs Tpu AeTand. B Hero mosiokeHa emie ojHa, MpuyYeM
ctanaapTHas. OnpeaenuTb BEpPOSTHOCTh U3BICUCHUS U3 SIILIMKA CTAaHAAPTHOW J€Tallu, ecliu BCe
paccMaTpuBaeMble BAPHAHTBI PABHOBEPOSATHBI.

JdomamHee 3a1aHue:

Pemmre 3anaun:

1. BepositHOCTh cpabareiBanus curaanusaropa Cl pasna 0,8, a curnanmzatopa C2 — 0,9.
BepositHocts npuobperenuss Cl1 pasna 0,6, a C2 — 0,4. IlonydyeH curHaiz o HEUCIIPaBHOCTHU
curHanu3aropa. Yto BeposiTHee: Ha 00bekTe cTouT curHanuzatop Cl wimm C2?

2. Jlng ydacTusi B CTYJEHYECKHX OTOOPOYHBIX COpPEBHOBAaHHUSAX M3 TMEPBOIM TPYIIIBI
BbIJIETICHO 4 YelloBeKa, U3 BTOPOM - 6, U3 TpeThel -5. BeposSTHOCTH TOT0, 4TO CTYACHTHI MEPBOIA,
BTOPOIl U TpeTbel TpyHIbl MONaAyT B COOPHYIO KOMaHIy MHCTUTYTA, PaBHBl COOTBETCTBEHHO:
0,9; 0,7; 0,8. K kakoil w3 rpynm BeposiTHEe Bcero OyaeT NpUHAUIekKATh MPOU3BOIBHO
BBIOpaHHBINA U3 COOPHOW KOMAH/IbI CTY/ICHT?

IIpakTnyeckoe 3ansitue Ne 5

Tema: Brruncienue BeposiTHOCTEH coObITHIl B cxeme bepHyu.

Heab: HayunuTbes BEIUMCIATH BEPOSTHOCTHU CIIYHYaiHBIX COOBITHI B cxeme bepHyinu

CpeacrBa 0o0y4eHHs: TETpaau Ui BBIMOJHEHUS MPAKTUUYECKHX 3aHsATHH, WHTEepHeT-
pecypcesl.

CoaepixkaHue M NOPSAI0K BbINOJTHEHUs] pa00ThI:

1. PaccMoTpuTe TEOpETUUECKUIA MaTEpUa Mo TEME.

2. 3aKOHCNIEKTUPYWUTE PEIICHNE TUIIOBOW 3a/1aUu.

KoHnTpoJsibHbBIE BONIPOCHI:

1 B kakux cinyqasx npumeHuMa ¢popmynia beprymau?
2. Korna yno6nee npumenuts ¢popmyny Ilyaccona?
®opmyaa bepuyiim

[Ipumenenue hopmynbl bepHyin BO3MOKHO MpH CIIEAYIOMIENH TOCTAHOBKE 3a/1a4H.
HyCTI) IMPOBOAATCHA n HE3aBUCHUMBIX HCHI:IT&HI/I?I, B KaXJIOM H3 KOTOPBIX MOXKCT
MOABUTHCA UKW HC IMOABUTHCA HCKOTOPOC coOBITHE A . I/ISBCCTHO, 4TO BEPOATHOCTH IOSABJICHUS
A B OTHOM UCIBITAHHWU paBHA p , @ BEPOATHOCTDb HETIOSABJICHUA A COOTBETCTBEHHO q= 1- P .
HeoGX0MMO ONpeenTh BEPOSTHOCTh TOTro, uto cobbiTHe A mpomsoiizer poBHo B K
VCIIBITAHMAX U3 11,
dopmyna BepHyM H03BOJAET HANTH BEPOATHOCTH TOTO, YTO COObITHE A mpou3oiizeT

POBHO B k HUCIBITAHUAX U3 n .
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Ll I qf o
rue rHo - KD kommuectso coueranmii uz Mo K.
o 2
Eciu KonmuecTBO uchbiTanuii 1! 70CTaTOYHO BEIUKO (10” y Bpime), a BepOATHOCTD
A 107

MOSIBJICHUS B OJIHOM HCIIBITAaHMH MaJa ( U HIDKE), TO IpuMeHeHre hopmysisl beprymiu
CBSI3aHO CO CJIOYKHOCTSIMHM BBIYHCIUTEIBLHOIO Xapakrepa. B 3ToM ciydae ynoOHee NpUMEHHTH
dopmyny Ilyaccona, koropas JaeT BO3MOXXKHOCTb 0oJiee MPOCTO MOJYYHTh AaHAJIOTHYHBIC
pe3yJIbTaThI:

|”|'||'\.:I' i i

roe A=1"P
[Tpumenss Beipaxenus (0) u (1), MOKHO HAHTH BEPOSTHOCTH 0OJIE€ CIOKHBIX COOBITHIA:

a) noseienue cobbiTus A menee K paz s ! pcnrranmax
Py P (1) 4ot Pk '--"(2)
6) mosiBienne coobtus A Gomee K pass M ucnbrrammix

Pk Ly Pk 2) el b Pim).
1 ! i Rl : (3)
B) mosiBneHne coobrtnss A ue menee K pas s 11 ucnbrranmsx
Pk Pk Ly -."-:-r|.(4)
r) nosiBnenue cobbtust A He Gonee K pas B 11 ucmbrranmsix

PP (L) PRY (5

Penrenne TMNoBLIX 3aa4

I ™an 3apav. Ycnosue 3adauu. CucreMa 3JeKTPOCHAOKEHHS 3aBOJA BKIIFOYAET BOCEMb
OJIHOTUITHBIX ~arperaTtoB, KaXJbld M3 KOTOPHIX HAXOJIUTCA B pabodyeM COCTOSHHH C
BeposTHOCTHIO 0,9. OnpenenuTs BEpOSTHOCTh TOTO, YTO:

1 BCE arperarbl HaxXo4Tcs B padoueM COCTOSHUY;
2. BBIIIIJIO U3 CTPOSI MEHEE 3 arperaros;
3. B paboueM COCTOSIHMHM HaXOJsATCs He OoJiee 6 arperaros;
4. BBIIIIJIO U3 CTPOSI HE MEHEe 2 arperaros.
Pemenue

1) A- Bce arperarbl HAXOATCS 6 paboUeM COCMOAHUL
n= 8’ k=8
p=09. q=1-09=0,1.

Py =) 0,89 0l —. 1,8 R

AHAJOTHYHBIHA Pe3y/IbTaT MOXKHO TIONYYHTh, PElIas 3Ty 3aj1ady oT oOpaTHoro, T.e. A -
HU OJIMH arperar He @bluiesl U3 Cmpos
n= 8’ k=0
p=1-09=01. q=09.
q

FPogoy o oo o1t st ) RN (1,47
v
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Crnemyer oOpaTuTh BHHUMAaHHE Ha TO, YTO BEPOSTHOCTH TOSBIICHUS COOBITHS B OJHOM
ucbirannn P B Gopmyne BepHyIuIH 3aBHCHT OT TOro, kKakoe coObITHe aHanu3upyercs. Tak, B
nepsoM Bapuante pemenns P = 9. 510 BeposTHOCTH paGodyero COCTOSHHSA, a BO BTOPOM
P = 0.1 _ 310 BepoATHOCTb BBHIXOA U3 CTPOS.

2) A - g uz cmpos menee 3 acpezamos, T.¢. 0, 1, 2 arperata.
JU1st BBIYHMCIICHUS BEPOSITHOCTH UCHIOIB3yeM Gopmyiy (2)
n=8. k=0,1,2.
p =0, : qu,Q;
FDy+ F(ly+ B{2) =~y 047 08 + G 0,109 O 017 09
A A

08" 4 Of-09 -+ il n.w [ 5]
' I

3) A- B pabouem cocmoanuu Haxonarcs ne 6onee 6 azpecamos (01 0 110 6).
n=8: k=0,1,2,3,4,5,6.
p:0,9; q=0,1
J1J1s BBIYMCTICHUS BEPOSITHOCTH MOKHO MPUMEHUTH JIJIs BBIUUCIIeHUs hopmyiy (5)
FL(0) + Byl -+ B(2) + i3] + B(4) + B(5) + F(6)

B srom ciydae TpeOyeTcss MPOU3BECTH JIOCTATOYHO CIJIOKHBIE BblunciaeHUs. OnHaKo
MO’KHO MCII0JIb30BaTh 00Jiee MPOCTOM IPUEM Ui PELLIEHUS 3a]]auH, €CJIU YUECTh, YTO

P+« P Ly P A2+ P nk=1

ITOCKOJIBKY UMCCT MECTO IIOJIHAs I'pyIIia COOBITHH.
Torna HCKOMYIO BECPOATHOCTb MOKHO OIIPEACIIUTD CIICAYHOIIUM O6p&30MZ

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

4) A- gbiunu uz cmpos e Menee 3 azpe2amos.

p=01. g=09

BeposaTHOCTb coObITHA A MOKET ObITh BHIUKCIIEHA 1O GopMye (4)
PO+ Py + B P6) + T ¢ P8
k)
Hcnonp3yeM pacCMOTPEHHBIH BBIIIE TIPHEM, BBIYUCIUM BEPOSTHOCTh BbIX0/a U3 cTpos 0,
1, 2 arperaroB u3 8, a 3aTeM ONPEEINM UCKOMYIO BEPOATHOCTD CIEAYIOIUM 00pa3oM:
B+ B+ B2 =1-|C. -01"-08 +¢, 0109 +C -0,1°-0,9 |

fr A "
]| — 09" + —0,1-09 +—0D
¥ & 1t 7 :

II Tun 3apad._Vcnosue 3a0auu: B 1exe MeTasTyprH4eckoro 3aBojia HCIHOJIb3YETCs

.4 (RRVIEE: B

rpynna u3 100 OgHOTMIHBIX 3JIEKTpOJBHUraTesell. BeposTHOCTH BBIXOAA M3 CTPOSI KaXJIOTO
anektpoasuratenss paHa 0,02. OmpenenuTs BEpOSTHOCTb TOTO, YTO B pabO4YeM COCTOSIHUU
HaXOJUTCs HE MeHee 98 aIeKTpoABUTaTene! exa.

Pemenne

Jlis ompeneneHus BEPOSITHOCTH HAXOXJAEHHS B paboyeM COCTOSIHUM HE MeHee 98
JJEKTPOABUTATEIeH MOXKHO HCIOIb30BaTh BhIpaskeHue (4)

P (98 B (99 v B (100)

rﬂe n:100- k :98, 99,100.
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p=098. q=0,02

B srom cnydae TpeOyeTcs MpOBECTH CIIOKHBIE BBIYUCIICHUSA. 3HAYUTENBHO YIPOCTUTH
pEelIeHHEe MOKHO, €CIM TEpPEeUTH K OMPENEJICHUI0 BEPOATHOCTH BbIxojga u3 ctpos 0, 1, 2
JJIEKTPOABUTATENCH, YTO TMOJHOCTHIO COOTBETCTBYET HAXOXKICHHIO B pabOyeM COCTOSHUU HE
MeHee 98 aekTpoBUraTeneit

e n=100: k=0,1,2.
p=002. q=098

Hockonsky ' ocratouno Gombinoe, a P - mano, ynobHee HCIons30BaTh (GOpMyIy
ITyaccona (1)
A=nep = 100002

JdomamHee 3a1aHue:
1. Haiitu BepositHOCTH TOTO, 4TO Npu 400 McHbITaHUAX COObITHE HACTYHmUT poBHO 104
pasa, eciiu BEpOSITHOCTD €ro MOSIBJIICHUS B KaXKIOM ombITe paBHa (,2.

IIpakTnyeckoe 3ansiTue Ne 6

Tema: PemieHue TUNOBBIX 3aJa4 Ha BBIYMCIEHHUE BEPOSTHOCTEH COOBITUH B cXeMe
bepnyinmu.

Henab: HayunThes BEIUKMCIATH BEPOSTHOCTHU CIIYHYaiHBIX COOBITHI B cxeme bepHyinun

CpeacrBa 00y4eHHs: TE€TpaAu ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHM, WHTEepHeT-
pecypcehl.

Conep:xaHue ¥ NOPSIAOK BBINOJIHEHUS] padOThI:

1. Pemure 3a1aun.

Pemnre 3a1aun

3amaua 1. B nexe umeercst 6 MoTopoB. BeposiTHOCTh TOTO, YTO MOTOpP B JJaHHBIA MOMEHT
BKJIIOYEH, paBHa 0,8. HaiiTu BEposSITHOCTh, UTO B JaHHBIM MOMEHT:

a) BKIIIOYEHO 4 MOTOPa;

0) BKIJIFOUEHBI BCE MOTOPBI;

B) BBIKJIFOUYEHBI BCE MOTOPBI.

3anaua 2. HaliTu BepoSTHOCTh TOTO, YTO COOBITHE A MOSBHUTCS B MATH MCIBITAHUSIX HE
MeHee JIByX pa3, €ClIi BEPOSATHOCTD MOSBICHUSI €r0 B Ka)KJOM UcIbITaHuU paBHa (,3.

3amaua.3. Monery Opocatot 6 pa3. HailTu BepOATHOCTH TOTO, UTO TepO BBHIMAJIET:

a) MEHee JIByX pas;

0) He MEHee JIBYX pa3.

3amaua 4. BepoATHOCTH mnOmagaHus B LENb INpU OJHOM BelcTpesne paBHa 0,9.
BeposiTHOCTE mOpaXkeHus 1enu npu K nonamanmsx paBHa | — 9" Haitrn BEPOATHOCTH TOTO,
YTO 1eNb OyJIeT YHUUTOXKEHA, €CIIU CAENIaHO 2 BBICTpEa.

3anaya 5. BeposTHOCTh MOpa)X€HUsI MUIIEHU NpU OJHOM BeIcTpeine paBHa 0,75. Haiitu
BEPOSTHOCTH TOT0, 4TO MulieHb pu 100 BeicTpenax OyneT nopaxeHa:

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

0) ue 6onee 70 pas.

JdomamiHee 3aganue:
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1. CoObiTHe B mosBUTCS B TOM CiIy4ae, eciii COOBITHE A TMOSBUTCS HE MEHEEe JBYX pas.
Haiiti BeposITHOCTh TOTO, YTO HAaCTYHnUT coObITHE B, ecnu Oyaer mpou3BeneHo 6 HE3aBHCHUMBIX
OTIBITOB, B K&KJIOM U3 KOTOPBIX BEPOSITHOCTD MOsIBIICHUS cOObITUsI A paBHa 0,4.

IIpakTu4yeckoe 3ansaTue Ne 7

Tema: Pemenue 3aaau Ha 3anuck pacnpenenenus JCB.

Hean: HayduTbcsi BBIYUCIATD BEPOSTHOCTH CIIYYaHHBIX COOBITUI

CpeacrBa 00y4eHHs: TETpaAu ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHM, VHTEepHeT-
pecypcehl.

Conep:kanue U NOPSIIOK BbINOJIHEHHUS PadOThI:

1. PaccMoTpuTE TEOPETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYHUTE pellIeHNE TUIIOBOH 3a1auu.

3. Pemure 3anaqu.

KoHTpoJsibHbIE BONIPOCHI:

1 [ToHsiTHE AUCKPETHOM CIy4ailHOM BEJIWYWHBI, HENPEPBHIBHON CIIy4yalHOM
BEJIMUMHBI, Psiia pacrupeeneHus, GyHKIUNU pacipeIesIeHus.

2. 3aKOHBI pacupeieNiCHUs CIy4YalHbIX BEIUYHH.

3. Ot uero 3aBucUT (hopMa MPEICTABICHUS 3aKOHA paclpeeIeHusI.

3aKOHBI pacupe/jeeHUus AUCKPETHbBIX C/Iy4YauHbIX BeJIMYUH

Cay4aifHo# Ha3bIBAIOT BEIMUYMHY, KOTOpas B pe3yJIbTaTe ONbITA CO CIIyYalHBIM UCXOA0M
IIPUHUMAET OJHO U TOJIBKO OJHO BO3MO)KHOE 3HA4YEHHE, 3apaHee HEU3BECTHOE U 3aBUCAILIEE OT
ciyyaiiHbIX puuuH. Bee cinyvaiinbie Benmnunnsl (CB) gensTcs Ha TUCKpEeTHbIE U HEIIPEPBIBHBIE.

JluckpeTrHoil Ha3piBalOT cayvaiiHywo BeauunHy ([ICB), xoropas mnpuHuMaer
OTJIE/IbHBIE, U30JIMPOBAHHBIE 3HAUYEHUS C ONIPEAEICHHBIMU BEPOATHOCTAMU. B KadecTBe mpumepa
MO’KHO IIPUBECTH BEJIUYHMHY X, PAaBHYIO KOJMNYECTBY arperaToB 3HEPrOCUCTEMBI, BBIILIECIINX U3
CTposi, WM Y, PaBHYIO BO3MOXXHOMY KOJHMYECTBY TPaHCPOPMATOPOB Pa3IMUYHON MOILHOCTH,
KOTOpBIE MOT'YT OBITh YCTAHOBJIEHBI B CUCTEME JIEKTPOCHAOKEHUS palioHa.

HenpepsiBHO# Ha3bpiBaioT cay4daiiHyo BeanuuHy (HCB), koTopas MoxeT nmpuHUMATh
BCE BO3MOXHBIE 3HAUYE€HHUS M3 HEKOTOPOTO KOHEYHOIO WM OECKOHEYHOro MpPOMEXYTKA.
Hampumep, 3HaueHuUs1 HaAINpsOHKEHUN, TOKOB, ITOTOKOB MOILHOCTH IO JIMHHUAM JJIEKTpOIepeaad,
KOTOpbIE M3MEHSIOTCSA CiydyallHbIM O00pa3oM 3a CuYeT CIIy4allHOro H3MEHEHMs Harpy3ku B
OHEPrOCHUCTEME.

bunomuajbHOe pacnpeaejieHue

Taxoii 3akoH pacmpenenenns xapakrepen mms JCB X =K rne K- xommuectso
MOSIBJIEHUN COOBITHS AB n HE3aBUCHUMbIX MUCIIBITAHUAX. I/ISBCCTHO, 4YTO BCPOATHOCTH

IIOABJICHUA AB OAHOM HCHIBITAHHMU OJWHAKOBA W paBHA p . OTCIOI[a BUJHO, 4TO X MOXET

npuHAMaTh 3HaueHns ot 0 no 1, a BeposTHoCTH Kaxkmoro i BerUMCHSETCA TO (opMyIe

bepnymn.
X =k
0
1
2
n
P, (k)
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F,(0)
B,
P, (2)

P, (n)

B mpaktuyeckux pacuerax OMHOMMANbHOE pacrpezeneHue dacto coorserctByeT JJCB
Y =k rge K- konmuectBo BbIMICAIIEX U3 CTPOs (WIH HAXOMSIIUXCSA B PabOYEM COCTOSIHUN)
arperaTtoB >HEPrOCHCTEMBI, 11€Xa, OT/CIbHBIX OJOKOB TEXHHUYECKOro ycrpoiictea. Korma 71

JOCTATOUHO BeMnKo, a P mano, s onucanus JJCB ucnons3yercs 3akon ITyaccona. IIpu sTom

BEPOATHOCTH HOSBIEHHS ~/ BBIYUCIAIOTCS 110 popmyie Ilyaccona.

X =k
0

1

2

n

B, (k)
F,(0)

B,
P, (2)

F, ()

A
+1

k) i

k!
Teomerpuueckoe pacnpenenenne cootserctsyer JCB X | papHoit k- YUCITY
VCTIBITAHHI1, KOTOpble HEOOXOIMMO NPOM3BECTH 10 MOsBIeHHs cobbiths A, Te. B K—1
vcrbiTaHuil A He TOABNANOCh. BeposTHOCTh MosBIeHHs 4B KaXJIOM HCIBITAHAM paBHA P |

He nosByeHus - 9
X

w N -

>
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0K L (R
T'unepreoMeTpu4eckoe pacnpeeieHne
T[IpuMeHsieTcs TIPH YCIOBUHM 3aa4H, CBOIAIIEMCS K CIIeIyIONIel ocTaHoBKe: B ypHe o -
6ensix, D - uepubix mapos, u3 nee Boinymu 1 urapos. Haitti BepositrOCTs TOTo, uro /M mapos
u3 - Genpix. Takum o6paszom, X - JICB, pasnas uncny M Genpix mapos n3 1.
X

0
1
2

n
P
Po
25
P

Pemenve TUIIOBOM 3aJa4u
TexHuyeckoe yCTpOWCTBO COCTOMT W3 TpeX (GYHKIIMOHAIBHBIX OJOKOB, KaAbId W3

KOTOPBIX BBIXOAHUT U3 CTposi ¢ BeposTHocThIo 0,3. Juckpernas CB X - 510 KonuuecTBo 6I10KOB,
BhIIEeNAIMX M3 cTpos. Iloctpouts s JICB X psan pacnpenenenus, onpeneiuth (yHKIHIO

pacnpezeneHusi, ToCTpOuTh rpaduk QYHKIIUU pacpeleIeHHUS.
Pemenue

a) Jluckpernas CB X wmosxer npunmumars 3Hauenus 0, 1, 2, 3.
[Tockonpky TMOCTAaHOBKA 3aJa4dl COOTBETCTBYeT OWHOMHUAILHOMY 3aKOHY, JUISI
BBIYHCIICHUS BEPOATHOCTEN uctonb3dyem dopmyny beprymm (1.21):
Py =47, 0.3 -} (1343
Pl = 03 0,7 = 0441
P{2y=0, .03 .07 =080

P = O 087 007 = 0027

Jlnist IpoBepKY MPaBUIIBHOCTU BBIYMCICHUN Hailem, 4yTo i=!
Paay o B0y« P2y o P - 0,342t a4 0185 e 0,027 1

LR

Psn pacnpenenenus ICB X wumeer Bug
X

0
1
2
3
P
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0,343
0,441
0,189
0,027

0) Ucnonw3ys (1.20), 3anumeM GyHKIUIO pactpeaeneHus F(X) aganutiuecky, a 3atem
MOCTPOUM ee Tpauk
N PR L |
0,443 mpr 0=«
F{x}=+0784 npv l<x=2
e mpe 2ox=d

| (el ¥ =1

I'paduk dysakuuu pacnpenenesus JJICB X :

t19;,3::—_}:_
0,784|— — =1

ﬂ,343—1
|
1

Jomamnee 3a1anue:
1.CocTaBuTh 3aKOH pacIpeAesieHUus] CIy4ailHOW BeIWYMHBI X, BO3MOXHBIC 3HAYCHUS

X,=2,X,=5X,

KOTOPOH paBHBI: =8 Useectnsr BEPOSITHOCTH IIEPBBIX JBYX BO3MOXKHBIX

suavennii: £1 = 0-4 P, =0.15
IIpakTHyeckoe 3ansiTue Ne 8
Tema: I'padux. CBoiicTBa uncnoBsix xapaktepuctuk JICB Boruncienne xapakTepucTHK
JICB. Briuucnenue (c nomonibio cBoiicTB) xapaktepuctuk ynkuuii ot ICB Heaws: Hayuntbes
BBIUHCIISATH BEPOSITHOCTHU CIIy4alHBIX COOBITHIA
CpencrBa o0yuyeHMsl: TETpaau JUIsl BBINOJHEHUS NMPAKTUYECKUX 3aHATUH, HTepHeT-
pecypeBlL.
Coaepsxkanue H NOPSAIOK BbINOJTHEHUSI pa00ThI:
1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall IO TEME.
2. 3aKOHCIIEKTUPYWUTE PEIICHUE TUIIOBOH 3a1a4u.
3. Pemure 3amaqm.
KoHTpoJbHBIE BONIPOCHI:
1. [lonsTHE AMCKPETHON CiyyailHOW BENTMYHHBI, HEMPEPHIBHOM CIIy4aiiHON BEIMYMHBI, psaa
pacrpeeseHus, QyHKIUY pacrpeesIeHusl.
2. 3aKOHBI paclpeAesICHNs] CIIy4alHbIX BEJTUYMH.
3. Ot yero 3aBUCUT (OpMa IPEACTABICHUS 3aKOHA PACIIPEICIICHHS.
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3aKOHBI pacipejesieHus AUCKPETHbIX C/Iy4YaWuHbIX BeJIMYUH

Hawnbonee mosHON XapaKTepUCTUKOW OO0 CiaydyalHOW BEIMYMHBI SIBJISETCS 3aKOH
pacnpenenenus. Gopma MPEACTABICHUS 3aKOHA pacHpeiesieHus 3aBUCUT OT BUIA CIyYallHOMN
BenuuuHbl. s JICB moa 3akoHOM pacrpesielieHHus] TMOHHMMAETCS COOTBETCTBUE MEXAY €€
BO3MO>KHBIMH 3HaUEHUSIMU U UX BeposATHOCTAMHU. [Ipu aTom 3akoH pacnpenenenus JACB moxer
OBITh 33J1aH CIEAYIOUIIM 00pa3oM:

mabauuno — B BUJC Psiia pacnpeneaeHust

=1

P,

ananumuyecku — B BUJIE IBHOM (PyHKIMM P(X =x)=Y(x)

HanpuMep, 3T0 MOXeET ObITh hopmyna bepHyim
(& [:'-.]: i P '

¢ noMouplo (GYyHKUUM pacnpeaeeHust F (X), KOTOpasi SIBJSIETCS YHUBEPCAIbHOMN
XapaKTEePUCTUKON 3aKOHA pacIipeiesieHus U He 3aBucut oT Buaa CB
Fiw) = PUN <= xh;

i k] i

[ 4 = 1.

F s JCKPETHBIX CB byHKIUSA
pacrpeneneHust F(x) 3TO  HeyObIBaromias,
1] b — — — paspeiBHasi ~ CTyneHuyatas  (QyHKIUS,  KOTopas
Pa : rpaduYecKu JUIsl psasia U3 TpeX 3HaYCHUN UMEEeT BU/T
Py X
X
X, 0 XXy X >
P
P
P,
Ps
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3
Z p =1
im1

epaguuecku — B BUJIe MHOTOYT0JIbHUKA pacnpeaeaeHusi, KOTOPbIM CTPOUTCS MO TOUKaM

(*i> Pi) B nekapToBO#i cucTeMe KOOPJAMHAT M Jlsl paaa u3 Tpex 3Hauenuii JJICB MokeT MMeTh
BH/T

xl xz XBX NPAKTUYCCKUX pPaCUYCTax MOXXHO BBIACIUTH CICAYIOIIMEC

B kawyectBe Hambosiee YacTO HCIONB3YEMBIX B

BU/IbI 3aKOHOB pacnpeaenenus s ICB.

Pemnre 3agaum:

1. BepostHOCTh poxaeHus B ceMbe Manbuuka paBHa 0,515. CocraBuUTh 3aKOH
pacrpeiefieHusl cllydailHOi BenWYMHBI X — 4YKCIa MaJbYMKOB B CEMbSX, UMEIOIIUX YEThIPEX
neteit. [loctpouts rpaduk pacnpeneneHus

BeposiTHOCTe. HaliTu Maremarudeckoe  OKHMJAHHUE, JIUCIIEPCUI0 U CpelHee
KBaJIpaTUUECKOE OTKJIOHEHHUE.

2. BeposITHOCTH TOTO, UTO MOKYHATENIb COBEPLIUT MOKYNKY B Marazune, 0,4. CocTtaBuTh
3aKOH PACIpeeIeHHs] CIIy4aiiHON BETMYMHBI X— 4HcClia MOKyNaTeed, COBEPUIMBIINX MTOKYIIKY,
ecJii MarasuH mnoceTwio 3 mnokynatens. HaliTu maremaTHueckoe OXKHMJAaHUE, AUCIEPCUI0 U
CpeHee KBapaTHIeCKOe OTKJIOHEHUE CITy4YalHON BETHYUHBI X.

3. B rpynne u3 10 cmoprcmenoB 6 mactepoB cmopra. Otbupator (mo cxeme 06e3
BO3BpalleHus) 3-X crnoprcMeHoB. COCTaBUTh 3aKOH paclpesiefieHus ClydyailHOH BeTW4MHBI X-
YucIa MacTepoB CIOpTa M3 OTOOpaHHBIX cHopTcMeHoB. HaifTw MaTemaTmueckoe oXuIaHHE
cilyyaifHON BEJIMYMHBI X.

Jomamnee 3axanue:

1. UrpanpHas kocTh OpomieHa Tpu pas3a. Hamucarh 3akoH pacnpeneneHus uucia
MOSIBJICHUH ILIECTEPKU.

IIpakTnueckoe 3ansitue Ne 9
Tema: ®opmyna bepuymmm. 3akoH pacnpeneneHus ClydaifHON BETUYNHBI
Heanb: Hayunthcs npumenats Gopmyny beprymnu.

Cxema bepHymnn - 3To Korza HpoM3BOAMTCS N- MOBTOPHBIE MCIBITAHUS MPU HEU3MEHHBIX
yCIOBHUAX HX TMpoBeaeHus. B xoxe wucnbiTaHus (QukcupyeTcs TNOSBICHHE HEKOTOPOIro
CIIy4aifHOTO cOOBITUSL A, BEPOATHOCTH MOSIBIEHUS KOTOpOro — P(A) He 3aBUCHUT OT pe3y/ibTaToB
OpeIbIAYIINX HCIBITaHUN M octaercss HensMmeHHoW ( P(A)=const ) mpuUNOBTOpEHHH ONBITA.
Takue wucnbITaHUS Ha3bIBAIOTCS HE3aBUCHUMBIMH, a CX€Ma IPOBEJEHUS MCIBITAHUH HOCUT

Ha3BaHUEC CXCMBI BepHy.IIJ'II/I. BCpOHTHOCTB i, 1 TOT0, 4YTO coObITHE A HaCTyIUT pOBHO M pa3

B N HE3aBUCHUMBIX HUCIIBITAHUAX, YIOBJICTBOPSAIOIIMX YCIIOBHUAM CXEMbI EepHy'J'IJ'II/I paBHa:
m.- m_ 1n—1Im
E = C

m, np dq

rie :p=P(A)-BeposiTHOCTh HACTYIICHUS COOBITHS A; 1 (=1-p.
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[TycTs mpon3BOAUTCSA N HE3aBUCUMBIX UCIBITAHUHN, B K&JKIOM M3 KOTOPBIX cOObITHE A MOXET
1100 MOSIBUTCS, MO0 HE MoABUTCS. BeposaTHOCTh P nosiBieHust cOObITHsI A BO BCEX MCIIBITAHUSIX
IIOCTOSIHHA M HE U3MEHSETCS OT UCIIBITaHUs K UCIIBITaHUIO. PaccMOTpUM B KadecTBe CydaiiHOM
BEJIMYMHBI X YHCIIO TMOSABICHUN COOBITUS A B 3TUX HcHbITaHUIX. DopMyria, MO3BOJISAIOIIAs
HaWTH BEPOSTHOCTH MOSBICHUS COOBITUSI A poBHO K pa3 B N MCIBITAHUSX, KAK H3BECTHO,
onuceiBaercs Gpopmynoit bepaynu

ok ko _n-k
R =Cip a™ " (6.1)
Pacnipenenenue BepoaTHOCTEH, onpezensseMoe Gpopmysoi bepHyiun, Ha3pIBaeTCS
OMHOMHUAILHBIM.
DTOT 3aKOH Ha3BaH "OMHOMHUAIBHBIM" [IOTOMY, YTO MPABYIO YaCTh MOXKHO pacCMaTPUBATh KaK
o0muii uieH pasnoxeHus ounoma HeroToHa
A —_=n =l _mol L _po=h K 1
(A+qy =G p + O p QG pt Ty w0
3anuiieM OUHOMUAIBHBIN 3aKOH B BUIE TAOIULbI
X n n-1 k 0

P p" np"'q .. o .. q

Haﬁz[eM YUCJIOBBIC XAPAKTCPUCTHKH 3TOI'0 PACIIPCACICHUA.

[To onpenenennto mateMaruueckoro oxuaanus 1 [ICB umeem
il It
MIXI =X x5 =3 kCEphgnt
i= 5 =)

3anuiuemM paBeHCTBO, ABIAoIIeecs OuHoM Hprotona
Ll

fpem)" = X Chphgmt
k=)
u ipoauddepeHmpyem ero mo p. B pe3ynpraTe momydnm

rl
A + q}ﬂ'l = Enc: I_.rﬁ:- lqn- &
k=l
VMHOXHM JICBYIO U ITPABYIO 4acTh Ha .

rplp + g™t = M hch phg™ ¥ =MIX]
R =) .

VYuuteiBas, uro p+0=1, nmeem

MIX]=np.(62)
Wtak, MaTeMaTH4eCKOE 0KMJaHHE YHCIIA MOSBICHUH COOBITHI B N HE3aBUCUMBIX MCIIBITAHUIX
PaBHO MPOU3BEACHHIO YMCIIA UCIIBITAHUN N HAa BEPOSTHOCTD P MOSBICHUS COOBITUS B KaX10M
VCIIBITaHUHU.
Hucniepcuto BeIYUCINM 10 (popmyiie

DIX]1=M[X"]1- M*[X]
Jliist aTOTO HaliIeM

fl
MLXZ]= 3 k3Cq phgh®
=) .
[Ipeasaputensro npoauddeperiupyem hopmyny ouaoma HeroToHa 1Ba pasa mo p:

14
- ip+gr" 1 = 3 kil - 1Ch pf 2™t
k =
¥ YMHOXXUM 00€ 4acTH paBeHCTBA Ha p2:
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nin= Hp? =£'HCE pram .i'k[:rrjﬂlqn-n _

k=) b =)

=ML%% - MLX] =MIX7]- mp.
HaX0JIUM
ML Y =nla- bp” +ap =0 p’ - np’” +opn
CrnenoBaTeiabHO,
DIx]=ML[5"]- M (5= - i’ +op- o’ 7 S0 p” =g
Wrak, nucniepcusi OMHOMHANILHOTO paclpe/IesIieHUs paBHa
DIXx] =npq (6.3)

JlanHble pe3yapTaThl MOXKHO MOJYYUTh U U3 YUCTO KAYE€CTBEHHBIX paccyxaeHuil. Ooiiee 4rciio
X nosiBleHUN COOBITHSI A BO BCEX UCIBITAHUSAX CKJIAJIBIBAIOTCS U3 YKCIIa MOSBICHUI COOBITUS B
OTJICNBHBIX HCTIBITAaHUSX. [[03TOMY ecnu X1 — YHCII0 TOSIBICHUA COOBITHSI B IEPBOM UCITBITAHUH,
X2 — BO BTOPOM U T.[I., TO 00IlI€e YUCIIO MOSBICHHUM COOBITHS A BO BCEX UCIIBITAHUAX PAaBHO

X=X1+Xo+...+Xp. Ilo cBOMCTBY MaTeMaTUYECKOTO OXKUIAHUS:
RIX]=MIX T+ M[Xo ]+, + MY, ]

Kaxnoe u3 cnaraeMbIx IpaBoOM 4YaCcTH PABEHCTBA €CTh MAaTEMAaTUYECKOE OKHUIAHUE YUCIa
COOBITUI B OJHOM HCIIBITAHUHU, KOTOPOE PaBHO BEPOSATHOCTH COOBITHS. TakuM oOpazom,
MX]=p+p+.. +tp=np
ITo cBoliCTBY AuCTIEpCUH:
DIXI=DIX 1+D[X;]1+... +DI¥,1
_ > r 2
Tak kax =1& 1=MILA; - M7 [X, ], a MaTeMaTU4YECKOE OKUJIAaHUE CITy4YaiHOU BETUYMHBI Xj ,
KOTOPOE MOKET NPUHUMATh TOJIBKO J1BA 3HAYEHHUSI, @ UMEHHO 1%¢ BEPOSATHOCTHIO P U 0% ¢

29 _ 12—
sepostiocTbio @, o MIXI 1=P  Taxum o6pasom, PIXil =P~ P° =P4-B pesynprare,
ToJIy4aeM
D[X]=rp+np +_. +np =npg
BoCHO/Ib30BABIIKCH MOHATHEM HAYAIbHBIX U IIEHTPAILHBIX MOMEHTOB, MOKHO IIOJTyYHTh
(OpMyJIBI U1 ACHMMETPHH M SKCLECCa:
- 1- 6
A=3"F g _1-6pq
Sarg FEY(6.4)

L&)

1} 1 2 3 4 5 fi T a8 k

Pucynok
MHOroyroiabHUK OMHOMHAIIBHOTO pacIpeesieH!sI UMeeT CIIeAYIoUMi BU (cM. puc. 6.1).
BepostHocTsPr(K) cHauana Bo3pacraet npu yBenudeHun K, 1ocTuraet HanOOBIIEro 3HAYCHUS
U Jlajiee HaunHaeT yobIBaTh. BUHOMMAIbHOE pacnpeieieHne aCHMMETPUYHO, 32 UCKITIOUEHHEM
ciaydas p=0,5. OTMeTrM, 4TO MpH OOJIBIIOM YHCIIE UCTIBITAHUN N OWHOMUATBHOE pacIpeiesieHue
BechbMa OJIM3KO K HOpMalibHOMY. (OG0CHOBaHUE 3TOTO MPEUIOKEHUS CBSI3aHO C JIOKAJIbHOM
teopemoit MyaBpa-Jlamaca.)
Yucno mo HaCTYIUIEHUH cOOBITHS Ha3bIBAETCS] HAUBEPOSATHEUIIINM, €CITU BEPOSITHOCTh
HACTYIUIEHHSI COOBITHUS JAaHHOE YUCIIO pa3 B 3TOM cepry UCTIBITAaHUIA HanbobInas (MaKCUMyM B
MHOT'OYTOJIbHUKE pactpenenenus). it OMHOMHANbHOTO pactpeieneHus
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RE- q Sy Zrptp (6.5)
3ameuanue. /laHHOE HEPABEHCTBO MOYKHO J0Ka3aTh, HCIIOJIB3YS PEKYPPEHTHYIO (OpMYITy IS
OMHOMMATILHBIX BEPOSTHOCTEMH:

n=-k
i+ =E e, 00 ©6)

[Tpumep . o u3aenuii BHICIIETO COpTa HA JaHHOM Npeanpusituu coctaisieT 31%. Uemy
PAaBHO MaTEMAaTUYECKOIO 0KUIAHUE U TUCIIEPCUsl, TAKKE HAUBEPOSTHENIIEE YUCIIO U3AETUI
BBICIIETO COPTA B CIIy4aifHO OTOOpPaHHOM mapTuu u3 75 nzaenuii?
Pemenue. [Tockonpky p=0,31, g=0,69, n=75, To

M[X] = np =75-0,31 = 23,25; D[X] = npg = 75:0,31-0,69 = 16,04.
JInst Hax 0K AeHUs HAauBEPOSATHEMIIETO YMCIIa Mg, COCTABUM JIBOMHOE HEPABEHCTBO

5,75 -0,31- 00 =mp, 275 0.31+031 = 2256 =m, 223,56

Orcrona cnemyet, 4To My = 23.

IIpakTnyeckoe 3ansaTue Ne 10
Tema: Brruncnenne xapakrepuctuk JICB. Beruncienue (¢ moMoImis0 cBOWCTB)
xapaktepuctuk ¢pyukiuii ot JJCB
Henab: Hayuntbes Bruncasath xapakrepuctuku JCB.
CpeacrBa o0y4eHusi: TCTPaJIH JUIS BRITIOJHEHUS MpaKTHYECKUX 3aHsaTuii, MS Excel.
CoaepixkaHue u NOPSAI0K BbINOJTHEHUs] pa00ThI:
1. PaccmoTpuTe TEOpEeTHUYECKUI MaTepUall 10 TEME.
2. BcnomauTe MeTOIUKY BhIuuCIeHUS XapakTepuctuk J{CB.
3. 3aKOHCIEKTUPYHITE TIIOCCapHil.
3. Beiuucnute uncnoBelie xapakrepuctuku J{CB npepioxenHoro psaa,
MIPOAHAIU3UPYHUTE CMBICII ITOJTYYEHHBIX YUCIOBBIX 3HAYECHUN BEJTUYMH.
4. Vcnonw3yiite 1uisi TpoMO3AKUX pacueToB xapakTepuctuk JICB naacrpoiiky «Ilaker
ananmza» npuioxenuss MS Excel
KoHTpoJibHBIE BONIPOCHI:
1 [TonsiTHE MUCKPETHOM CIIy4allHOW BEJIMYUHBI.
2. Xapaxtepuctuku JICB.
I'moccapuit

Ne n/m
HazBanue
(xapaktepuctuka JICB)
AJIropuT™M onpeneennst uiu GopmMyJia BbIYMCIEHUSA
ConepxareJbHbIA CMbBICJI

1
MortHOCTh psifia (c4er)
[Toacuer konuyecTBa JIEMEHTOB
KonunuecTBo 351eMeHTOB psija

2

MunumMym
[Tonck MMHMMANBHOTO 3HAYEHUS
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MuHuManbHOE 3HaYECHHE psAa

3
Makcumym
[Tonck MakCUMaNbHOTO 3HAYECHHUS
MaxkcuManbHOe 3HaYEHHE psaa

4

Pa3max (MutepBan)
BoruncnuTh pa3HUIly MKy MaKCUMAJIbHBIM U MUHUMAJIbHBIM 3HAYEHUSIMU
Pa3Huna Mexny MakCUManbHbIM 1 MUHUMAaJIbHBIM 3HAYEHUSIMU

5
Cymma
CymMupoBaTh BCE 3HAUCHHUS
CymMmma Bcex 3HauYCHHI

6

Mopga
[Touck HamboIIee YacTo BCTPEUArOIICeCs 3HAYCHHS
Haubonee yacTo BcTpeuaromeecs 3HaYCHHUE
7
Menuana
[Touck 3HaYeHUd pssla, KOTOPOE AEIUT PaHKUPOBAHHBIN Al HA JIBE paBHbIC YaCTH
3HayeHue pssla, KOTOPOE ACIUT paH)>KUPOBAHHBIN PsiJl HA JIBE PABHBIC YaCTH
8
Cpennee
_ 1
X = ; . Z X‘.
Cpennee apudpMeTHYECKOE BApUAITMOHHOTO Psijia
9

Jucnepcus
e It .
(X ) =M X -M(X)
n
st = -D
n—1
XapakTepusyloT CTeNeHb pa30dpoca BCEX 3HAUEHUI BapUALIMOHHOTO PsiZia OTHOCUTEIBHO
CPEIHEro 3Ha4eHUs

10
CpennexBaapatuieckoe oTkioHeHHe (CTaHIapTHOE OTKIOHEHUE)

o(X)=D(X)

CrannmapTtHas ommoOKa

«ITaker ananuza» npmioxenuss MS Excel

OreHka CpeJHeKBaIPaTUYHOTIO OTKJIOHEHHSI BHIOOPOUYHOTO CPEHETO
12

ACHMMETPUYHOCTD

«ITaker ananuza» npunoxxenust MS Excel

Br160opounbiit KO3 GUIIUEHT aCHMMETPUH
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13
OKcuecc
«ITaker ananuza» npuioxenuss MS Excel
Bri6opounsii ko duiimeHT sKciecca
Yucaosbie xapakrepuctuku JICB psjga

pan-1
psan - 2
psan -3
psan -4
psn -5
Brruucnenune xapakrepuctuk JICB ¢ ucnonb3oBanueM Hajactpoiku «llakeT ananuza»
npunoxenuss MS Excel.
1. Mcnonb3ysl TEXHOJIOTMUYECKYIO KapTy BbIUMCINTE XapakTepucTuku JJCB.
TexHosornyeckas Kapra
CepBuC — HAACTPONKH — MAKET aHAJIM3a — aHAJIU3 JJAHHBIX — OMKCATeNIbHASI CTATUCTHUKA!
BXOJTHOW MHTEPBAJI — 10 CTOJIOIY — BBIXOIHOM MHTEPBAJI — HTOTOBAasI CTATHCTUKA — YPOBCHb

HaJEKHOCTH
2. CpaBHUTE MOTYYCHHBIE 3HAYCHHUS C ITAJIOHOM, CJIEIaiTe BBIBOIBI.
OTaloH.
pao-1
pao -2
pao -3
pao -4
Cpennee
3,5
Cpennee
35
Cpennee
35
Cpennee
35
CranpapTtHas ommoOka
0,269
CrannapTtHas ommoOka
0,342
CrannapTtHas ommoOka
0,401
CrannmaptHas ommoOka
0,619
Menmana
3,5
Menmana
3,5
Menmana
3,5
Menmana
5
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Mona
Mona
Mona
Mona
CraHgapTHOE OTKIOHEHHUE
CraHgapTHOE OTKIOHEHHUE
CraHgapTHOE OTKIOHEHHUE
CraHgapTHOE OTKIOHEHHUE
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Okcuece
0,1
Okcuece
Okcuece
Okcuece
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
WNHuTtepBan
WNHuTtepBan
WNHuTtepBan
WNHuTtepBan
MunumMyM
MunumMyM
MunuMyM
MunuMyM
Makcumym

Makcumym

aa a0 »~ b

0,85

1,08
1,269
1,958
0,722
1,167
1,611
3,833

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

1
o

O
o1
&

o 0oL N N N A O W W
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Makcumym

5
Makcumym
5
Cymma
35
Cymma
35
Cymma
35
Cymma
35
Cuer
10
Cuer
10
Cuer
10
Cuer
10
YpoBeHb HAEKHOCTH
0,608
YpoBeHb HAEKHOCTH
0,773
YpoBeHb HAEKHOCTH
0,908
YpoBeHb HAEKHOCTH
1,401

Jdomammnee 3amanne: [IpoananuznpoBats BapualldOHHBIN PsiJl

IIpakTnueckoe 3ansaTue Ne 11

Tema: Pemienue 3a1a4 Ha popMyIly F€OMETPUUYECKOTO OIPEAEIICHUS BEPOSATHOCTH.

Henab: Hayuntbcst BBIMUCIATH BEPOSITHOCTH (111 OJTHOMEPHOTO Cilydasi, /Ul IBYMEPHOIO
ciydasl, JUid MpOCTEHIIMX (QYHKIMM OT JBYX HE3aBHCHMBIX PaBHOMEPHO paclpeaenEéHHBIX
BEJIMYMH)

CpencrBa o0yuyeHMsl: TETpaau JUIsl BBIOJHEHUS NMPAKTUYECKUX 3aHATUH, HTepHeT-
PECYPCHI.

Coaepsxkanue H NOPAIOK BbINOJTHEHUSI pa00ThI:

1. PaccMoTpuTe perieHre TUIIOBOU 3aJauH.

2. Pemnre 3amaun.

KoHnTpoJsbHbIE BONpPOCHI:

1.IlonsiTne OMHOMHMANIBHOTO pacupeneneHus, [lonsTre OMHOMMATBLHOTO paclpeesieHusl.
[Tonstue reOMEeTPUYECKOT0 pacnpeneneHus, XapaKTePUCTUKU reOMEeTPUUECKOTO
pacrpeneneHusl.

2.IlonsiTue  OMHOMMAIBHOTO  pPACHpPENETCHHS, XApAaKTEPUCTUKH  OMHOMHUAIBHOIO
pacnpeneseHusl.

3. IlonsTue TEOMETPUUYECKOTO pacnpeneneHus, XapaKTepUCTUKU

TEOMETPUUYECKOT0 PACIIPENETICHUS.

Pemenue TunoBoii 3agaun

Kaxxnpiit nsaTelil Ouser jgorepen — BBIMTPHIIIHBINA. KakoBa BeposTHOCTH TOro, 4To U3 10
MpUOOPETEHHBIX OUIIETOB J1BA OUJIETa OKAXKYTCS BHIUTPHIIIHBIMU?
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Pemenue

[Tposepsiercst 10 Gunetos, T.e. mpoBoaAUTCs 10 HE3aBUCUMBIX HCTBITAHUNA. BeposTHOCTH
BBIUTPHIIIA B KaXJA0M ucnbiTanud p = 1/ 5 = 0,2 , Torna q = 0,8 . MickoMyio BepOsSITHOCTh
HaxoauM 1o ¢popmyse beprymnm, mojoras n =10, m = 2.

P.(2) pt gt =36-0,27 08" = 0,242,

V=1,

Pemnre 3agaum:

1. TpunuaTe BoceMb CTYJCHTOB KOJUIE/PKA CIAIM SK3aMEH 110 CTATUCTHKE HA OTIMYHBIC U
Xopoluue OTMETKH. Yemy paBHa BEpPOSTHOCTh TOTO, 4TO B ciydaiiHOM BbiOOpke u3 100
CTYAECHTOB IO KpaiiHe Mepe 30 oOKaxyrcd € XOpPOLIMMHM M OTIMYHBIMHM OLIEHKAMHU I10
CTaTUCTHKE?

2. BeposTHOCTb U3rOTOBIEHUS MPOAYKLUH BhICIIEro KayecTBa (pupmMoil cocraiser 0,9.
Ckonbko HeoO0XxoauMo  00cCieNoBaTh €IWMHUILl NPOAYKLIMH, UTOOBl C JIOBEpUTEIILHOU
BepOATHOCTBIO 0,95 MOXKHO OBLIO yTBEp)KIaTh, YTO JOJS MPOIYKIIMU BBICIIETO KadyecTBa IO
BBIOOpKE Oy/IEeT OTKIIOHATHCS OT MMOCTOSIHHOM BEPOATHOCTH 110 MOAYII0 He Oosnee yem Ha 0,037

3. Tpuanats BoceMb CTYIEHTOB KOJIJIEKa CAAN SK3aMEH 0 CTATUCTUKE HAa OTIUYHBIC U
Xopoue OTMETKH. Yemy paBHa BEpOSTHOCTh TOTO, 4TO B ciydailHOM BbiOOpke u3 100
CTYACHTOB MO KpaiHeid mepe 30 OKaXyrcs ¢ XOpPOIIMMH W OTJIMYHBIMH OIICHKAMHU TI0
CTaTUCTHUKE?

I[OMaIHHee 3aJJaHue: COCTAaBbTEC aJITOPUTM JII000H H3 3aJa4 110 TEMC.

IMpakTuyeckoe 3ansaTue Ne 12

Tema: Brruncienue BepOATHOCTEN U HaxoxieHue xapakrepuctuk aias HCB ¢ momoribio
(GYHKINY TIIOTHOCTH M UHTETPATBHON (PYHKIIUH pacripeieeHus

Heab: HayunTthes BbIUMCIATH BEpOATHOCTU U XapakTepuctuku HCB.

CpencrBa 00y4yeHHMs: TETpaau Ul BBIIIOJHEHUS INPAKTUYECKUX 3aHATUH, MHTepHeT-
PECYPCHI.

Coaepsxkanue H NOPSAIOK BbINOJTHEHUSI pa00ThI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall IO TEME.

2. Pemute 3aaum.

KoHTpoJibHBIE BONIPOCHI:

1. [lonsitue HCB.

2. [lonstue paBHomepHo pacnpenenénnoit HCB.

HenpepbiBHON Ha3bIBalOT CJAYYaHHYH BeJIHYHHY, KOTOpas MOXET IPHUHHUMATh BCE
3HAYECHUS U3 HEKOTOPOIO MIPOMEKYTKA.

3akoHoM pacnpenejeHusi (WM UHTErpajdbHOM  (GyHKUMEH  pacmpeseneHus)
HeNnpepbIBHON cJy4yaiiHoil BeaumunHbl X HaspiBaeTcs (QyHKUus F(X), paBHas BEepOSTHOCTH
TOTO, 4TO X IPUH:IA 3HAYEHUE MeHblIE X:

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

IlnoTHOCTHIO pacnpenenenus (wm nuddepeHnruanbHON (DYHKIIUEH pacpeneneHus)
HeNnpepbIBHOM ciay4yaiiHoil BequmumHbl X HasbiBaeTcs ¢GyHkuus f(x), paBHas NMpoU3BOAHOMN
MHTETPAIbHON (PYHKIIMH pacrpeeNeHus:

f(x)=F'(x).

B wactHOCTH, BEpOATHOCTD MONAAaHUs CITyJaiiHOW BEIMUMHBI B HHTEpBa ( a ; b ) paBHa:
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o == X =) | Fishds = FBY - Fla).

Marematudeckoe oxuganue M(X) u aucnepcusi D(X) HenpepbIBHOU citydaiiHOM
BCJIIMYHHBI OIIPCACTIAIOTCA UCPE3 HGCO6CTB€HHBIC HHTCIpaJibl:

APT N | wf [adedn, WX |:-. SE w1l

Bce cBoiicTBa nucnepcur M MaTeMaTHMYeCKOTO OXKHMAaHWs, ycTaHoBlieHHble s JICB,
coxpaustorcs 1yt HCB.

3ameuanue: Ecinu pacnpeneneHne CHUMMETPUYHO, TO €ro MoOJAa, MeAHaHa |
MaTEeMaTUYeCKOe 0’KUIAHUE COBMA/IAIOT.

Pemure 3agaun
1. Cnyyaiinas BenmuurHa X 3aJjaHa MHTETPaIbHON (YHKITUEH:
) FATE T i,
IR t rpu— & < = -
FpE &
HaiiTi BepoSITHOCTB TOTO, UTO B pE3yNIbTAaTe UCIBITAHUSA CllydaiiHas BeluYrHa X MPUMET
3HaueHue: a) Menbie 0; 6) MmeHbie 1; B) He MeHbIIE 1; T) 3aKkmoueHHoe B uHTepBaie (0;2).
2. CnydaiiHasi BeIMUMHA 33J]aHa UHTErPaIbHON (YHKIIHEH:

i

Haiitu: a) nuddepennmansuyro pyHkuuoo ciydaitHol BenuyuHbl X; 0) MaTeMaTU4yecKoe
OXMJIAHME, JUCIIEPCUIO, CPelHee KBaJpaTHUecKOoe OTKIOHEHME CIydaiiHol BenuuuHbl X B)
BEPOSATHOCTb MMONAAAHU CIIy4aliHON BeIMUYUHBI B nHTEpBa (1;2).

3. Cnyuaiinas BenmunHa X 3a7jaHa MHTETPAITBHON (QyHKIIMEH:

u e KA

=i x) o A s v B
]
i

Haittu 3Hauenuss 4 wu B, MareMaTH4ecKOe OXHUJAHHWE, MHUCIEPCUI0 M CpEIHee

TRR R ik

KBaJJpaTHUECKOE OTKJIIOHEHHUE CIy4aiHOM BearnuuHbl X.
4. Cnyyaiinas BenuuuHa X 3aJjaHa HHTETPAIbHON QyHKIMEH:

i
ey x =1
"
el L S
}

e oy =

Haittu: a) muddepenumanbayro QyHKIu0 ciaydaiiHoil BenuuuHbl X; 0) BEpOSTHOCTD
TOTO, YTO B pe3yJIbTaTe YeThIpeX HE3aBHCHUMBIX UCIBITAaHUH cilydaiiHas BenuuuMHa X XOTs OBl
OJIMH pa3 NpUMET 3Ha4YeHue, NpHuHauIexamee uutepsany (1;1,5); B) HauepTuTh TpaduKu

(byHKIUH.

JlomalHee 3aJaHHe: COCTaBbTE AITOPUTM PELICHUS 3a7ja4 U PELINTE €€.
CrnyuyaitHas BennunHa X 3a/laHa MHTETpaJIbHOM (pyHKIMEH:
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Fifnd
[l WA

Fepids u]

1

Haiitu: a) nuddepenumansuyo QyHKIu0; 0) BEpOATHOCTh MOMAJAHUS CIy4aiHOH

BEJIMYMHBI B HMHTepBal (2,5; 3); B) MareMaTHYECKOe OKUAAHHWE, IHCICPCHIO U CpeiHee

KBaIpaTU4YeCKOE OTKIOHEHHE CIIy4ailHOW BeIMYMHBI X; T) MOAY M MEIWaHy BEIHYHHBI X.
[TocTpouTs rpadguku GyHKIUIA.

IIpakTuyeckoe 3ansitue Ne 13

Tema: Boruncienue BeposITHOCTEN U HaX0xkIeHUE XapakTepucTuk 1isi HCB ¢ momoribio
MHTETPAIIbHON (PYHKIIMH pacrpeaeseHusI.

Ieab: HayuuTbCst BBIUKUCIATD BEPOSATHOCTH JJII HOPMAJIBHO PAcpeieICHHON BETMYHHbI

CpeacrBa 00y4eHHs: TE€TpaAu ISl BBINOJHEHUs NPAKTUYECKUX 3aHATHM, VHTEepHeT-
peCypCeBl.

CoaeprxkaHue u NOPSAI0K BbINOJTHEHUs] pa0oThI:

1. PaccmoTpuTe TEOpEeTHUECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYHUTE pellieHne TUIIOBOH 3a1a4u.

3. Pemure 3amaun.

KoHTpoJibHbIE BOPOCHI:

1 Packpoiite moHsTHE (QYHKIMH IUIOTHOCTH HOPMAJIbHO pacHpeeseHHOM

HCB, cMmbic mapaMeTpoB a 1 G HOPMAJIBHOTO PaCIpEICIICHUS.

2. PackpoiiTe moHsTHE MHTETPATbHON (YHKINU pacHpeneseHHsT HOPMAIbHO
pactpenenennoit HCB

3. Bo03MO0XHO 11 HaX0XAEHUE CYMMbl HECKOJIbKMX HE3aBUCUMbBIX HOPMAJIbHO
pacupeneneHHbix HCB.

HopmanbHbliii 3aKkoH pacnipenesienus (puc. 1) urpaet UCKIIOUYUTENBHYIO POJIb B TEOPUH
BEpPOATHOCTEH. IJTO Hauboliee YaCTO BCTPEYAIONMIMHCSA 3aKOH pacIpeleieHus], TJIaBHON
OCOOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJISIETCSl MPEICJIbHBIM 3aKOHOM, K KOTOPOMY, IpHU
OTpeIeNIEHHBIX YCIOBUSX, IPUOIMKAIOTCS APYTUe 3aKOHBI pacrpeesieHusl.

HuddepenunanbHas GyHKIMS HOPMAJIBHOTO 3aKOHA UMeeT BuA (puc. 1):

[(x})= -
) 2T

YucaoBbie XapaKTePHCTHKH HOPMAJIBHOI'0 3AKOHA!

1. M
r A | ap . aTEMAaTHUYCCKOC

MUXS i.'-: [ [ - e - jolx — a, raee’ - expix);
. il v RV RO 2T OXKHUJTaHUE
XapakTepusyer

HEHTP pacIpeIeICHUS:
2. JMCTIepcus  Xapakrtepusyer — (opmy
3 X o fabede — iRAE R4y — er PACTIPETICNICHUS:
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CroiicTBa nuddepeHnuaabHON GyHKINN HOPMAJIBHOI0 3aKOHA!

1. 06acTh onpeaenenus: O~ &
2. ocb 0X — ropu3oHTaIbHAs ACUMIITOTA;
3. X=a*0 . pe TouKH nEpernba;
Lél] : 1
4, MaKCUMYM B TOYKE C KOOpAUHATAMU: F 2T
5. rpadMK CHMMETPUYECH OTHOCUTENBHO MPSIMOM X=a;
6. MOMEHTHI:
o=l ==l e =10,
T T T
sk= —n =St -3=0;
T L
1. BEPOATHOCTh IONAJAHUS HOPMAJIBHOTO PACIPEICICHHON CIy4aiHON

BEJIMYMHBI B 33/IaHHBII HHTEPBAJI OTPECIIICTCS, TI0 CBOMCTBY HHTETPAIBHON (DYHKITHH:

fF-a far - f fA—-al fr—ah
Pler<x < = i *| i i

da | Lo ] | a | | o

e G x) I J.I"'\. il a4 kit
(Fy 2 2
UHTErpaiibHast GYHKIHs HOPMaIbHOTO 3aKoHa (puc.14); d(x) — dpyukius Jlamiaca.
4 (%
%) P (X)) A

]

— 1
ayln ;/f

S

0!

HuddepenunansHas pyHkuus MHTerpaabHas QyHKIMS
Puc. 1. HopManbHBIi 3aKOH pacnpeneneHus
HopmanbHblii 3ak0H pacnpenenenus (3axoH ['aycca):

2
rae M(x) = a, D(x) = o".
B uactHOCTH, ANIE HOPMAIbHOTO 3aKOHA pacCIpeleleHHs] CIy4alHOW BENIUYUHBI X,
BEPOSATHOCTH MOMNAIaHUS B 33JJaHHBII WHTEPBAJ BeIpaxkaeTcs yepes pyHkuuro Jlammaca:
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7 U o T
Pler= X = &)~ (" R I
e} e}

Kpusas I'aycca numeer Bua:

¥

Pemrenue TunoBoii 3agaun

IIycTp ciydaiiHas BesMurHA X paclpeesieHa 10 HOPMAJIBHOMY 3aKOHY € IIapaMeTpaMHy,
a=30u o = 10. 3anucaTe IIOTHOCTh pacHpeieICHUsI BEPOSATHOCTEN U HAUTH BEPOSITHOCTD TOTO,
410 X MPUMET 3HaUCHUs U3 ¢ - uHTepBaua ( 20 ; 40 ).

Pemienue. IInoTHOCTH pacmpeneneHuss BEPOSITHOCTEM HOPMAIBHO pacHpeaeIEHHON
CIy4allHOUM BeIMYMHBI X C 3aJJaHHBIMU [TapaMeTpaMHu UMEET BU:

|I':"'| - C
Ll

Haiiném BeposATHOCTH TOro, 4TO cCiy4yailHasg BeJMYMHAa X  OTKJIOHUTCA  OT
MaTEMAaTUYECKOTO OKUAAHMS @ HA BEJIMUYMHY MEHBIIE YEM G.

Pig-g«< X <a+ o) :]:ll-:l + ||'I '-".:'I'I" i -..'I 1. (1) = 0,683

{F T

Pemnre 3a1aun

1. CnyyaitHas BenmunHa X paBHOMEpHO pacripesaeneHa B uHTeppaie (-2;N). Haiitu: a)
mubdepeHIMaNbHYI0 (QYHKIMIO clydyallHOM BenuuuHbl X; 0) HMHTErpanbHyl (YHKLHUIO; B)

1Y

BEPOATHOCTb IIONAJAHUS CIIy4allHOM BEJIMYMHBI B HWHTEPBAJ " 27 vatemaTnueckoe
O’KUJIaHuE, TUCTIEPCHIO U Cpe/IHee KBaIpaTHYeCcKoe OTKIOHEHHE CIydaifHON BeIMYUHBI X.

2. HaiiTu MaTemMaTH4eCKOE OKMJIaHUE U JUCTIEPCHUIO CIyYalHOW BEJIMYUHBI, PABHOMEPHO
pacnpenenenHoil B uurepBaie: a) (5; 11); 6) (-3; 5). Haueptuts rpaduku 3Tux GyHKIUH.

3. PaBHOMepHO pacmpeneneHHas ciydaiiHas BenumunMHAa X 3a7aHa  [JIOTHOCTBIO
pacnipenenenus f(X)= 0,125 B nnrepsaie (a-4; a+4), Bue nero f(X) = 0. Haitru M(X), 1(X), ©

(X).

Il()MamHee 3aaHuEe: COCTAaBbTE aJITOPUTM PCIICHUSA 000 13 3aJa4 110 TEMC.
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IIpakTuyeckoe 3ansaTue Ne 14

Tema: BrruncieHue BepOSTHOCTEN s HOPMAJIBHO PACIpPENEICHHON BEIMYMHBI (MM CyMMBbI

HECKOJIbKUX HOPMaJbHO-paCIpeeICHHBIX BEJIUYUH).

Iennb: HayunThcs BEIUUCIATH BEPOSTHOCTH AJI1 HOPMAJIBHO PaclpeielICeHHON BETMUNHBI

CpenctBa 00yuyeHHsi: TETPaAU I BHIIOJHEHUS MPAKTUYECKUX 3aHATHI, THTepHeT-pecypchl.

Copaeprxanue U IOPSII0K BbINOJTHEHUS Pa0OThI:

1. PaccMoTpuTe TEOPETUUECKUIA MaTepHal 1Mo TEME.

2. 3aKOHCIIEKTUPYWUTE PELlICHUE TUIIOBOM 3a1a4u.

3. Pemure 3amaun.
3agaya 1. ABTOMaTH4eCcKUil TOKApHBIM CTAaHOK HAaCTPOEH Ha BBIIYCK JAETaJel CO CpeIHUM
nuametpoMm 2.00 cM U co cpenHUM KBaapatuueckuM oTkioHeHweM (0.005 cm. JleiicTByer
HOPMaJIbHBIA 3aKOH pacipeneineHus. KommaHMsT TEXHHYECKOTO CEpBHCAa PEKOMEHAYET
OCTaHOBUTH CTAHOK I TEXHUYECKOTO OOCIY:KMBaHHMSI U KOPPEKTUPOBKH B Cilydae, €cliu
o0pa3iibl IeTaield, KOTOpble OH MPOU3BOJUT, UMEIOT cpeanmii quamerp 6omee 2.01 cm, mubdo
MeHee 1.99 CM.
1) HaiiTu BepOSITHOCTh OCTAaHOBKHM CTaHKa, €CJIM OH HACTPOEH 1Mo MHCTpyKuuu Ha 2.00 cM.
2) Ecnu ctaHOK HauHET MPOU3BOJUTD JIETANIN, KOTOPBIE B CPEITHEM UMEIOT CIUIIKOM OOJBIION
IuaMeTp, a umMeHHo, 2.02 cM, KakoBa BEPOATHOCTb TOTO, YTO CTAHOK OYJET MpOAOKaTh
paborarp?
3agaua 2. PocT ManbuuMKOB BO3pacTHOW Ipynmbl 15 €T ecTh HOpMalbHO pacrpeaeaéHHas
CITyJaifHast BenuunHa XX ¢ napameTpamu a=161a=161 cm U 6=46=4 cm.
1) Haiftu (yHKIHMIO TUIOTHOCTH BEPOSTHOCTH CIY4allHOW BETHMYMHBI XX M TOCTPOUTH €&
rpaduk.
2) Kakyo 10110 KOCTIOMOB AJii MaJIbYMKOB, MUMEMOIUX pocT oT 152 no 158 cm, HyxkHO
IpelycMOTpeTb B 00bE€Me  MPOM3BOACTBA  MAJIA  JAaHHOM  BO3PAcTHOM  IPYMIIbL
3) ChopmynupoBaTh MpaBUIO TPEX CUTM TSI CITyYaHOW BETHIUHBI X X.
3agauya 3. KopoOku ¢ mI0K0Ja/10M YIIaKOBBIBAIOTCS aBToMaTuuecku. Mx cpennsst macca paBHa
1,06 kr. 3BecTHO, 9TO 5% KOPOOOK MMEIOT Maccy, MeHbInyko 1 kr. KakoB mporeHT KopoOoK,
Macca KOTopbIxX Mpesbimaet 940 r?
3agaua 4. B HopManbHO pacripeieieHHOW cOBOKYMHOCTH 15% 3Hauenuii x mensbiie 12 u 40%
3HaueHuil x Oombiie 16.2. HaiiTu cpenHee 3HadeHHE U CTAaHAAPTHOE OTKJIOHEHUE JaHHOTO
pacnpeneneHusl.
3agauya 5. JlueBHas 100blya yriisi B HEKOTOPOM IIaxXTe paclpenesieHa MO0 HOPMaJbHOMY
3aKOHY C MaTeMaTH4YecKuM oxupaHuemM 870 TOHH M CTaHIAPTHBIM OTKJIOHEHHuEM 90 TOHH.
a) Haiinute BeposATHOCTH TOTO, YTO B ONpPENENIECHHBINA JAeHb OyIyT AOOBITHI 1O KpaifHel Mepe
900 TOHH YIS,
6) Onpenenute 10110 paboyux THEH, B KoTopble OyzaeT A00bITOo oT 860 10 940 TOHH yris.
B) Haiinnre BEposATHOCTH TOTO, YTO B JAaHHBIN JA€Hb JOOBIYA YIJI OKaxeTcst Huxke 750 TOHH.
3agaya 6. CTaHOK M3rOTOBIISAET MAPUKY JJI NOMIMIHUAKOB. [[lapuk cunraercs ToaHbIM, €ciu
oTkJoHeHHe XX IMaMeTpa IIapuka OT MPOEKTHOrOo pa3Mepa Mo aOCOMIOTHOW BETUYHHE
menbiie 0,5 mm. Cumras, uyto ciydaiiHas BeiauuuHa XX pacnpeziesieHa HOPMalbHO CO
CPeIHUM KBapaTUdecKuM oTKIIOHeHHeM 6=0,256=0,25 MM, HaliTH, CKOJILKO B CpeaHEeM OyieT
TOJIHBIX IIAPUKOB CPEIH CTAa U3TOTOBJICHHBIX.

IIpakTnyeckoe 3ansitue Ne 15
Tema: BpluucieHHe BEpOATHOCTEM M HAaXOXKACHUE XapaKTEPUCTHK JIA IOKAa3aTeIbHO
pacrpeIeneHHON BETUYUHBI.
Heanb: Hayunthbest BBIYUCIATH BEPOSATHOCTH 111 HOPMAJIBHO PaCHpeIeIEHHON BETMYMHBI
CpeacrBa 00y4eHHs: TETPAIU JJIs BHIITIOJTHEHUS IPAKTUYECKUX 3aHATHH, IHTepHET-pecypcChl.
Coaep:xaHnue ¥ NOPSIAOK BbITIOJIHEHNsI PadOThI:
1. PaccmoTpuTe TeopeTuyecKuii MaTepuai no TeMe.
2. 3aKOHCTIEKTUPYWUTE pellieHue TUIIOBOM 3a1a4u.
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3. Pemure 3amaun.

IToka3zaTeapbHBIM MM SKCIIOHEHIIMAIBHBIM Ha3bIBAIOT PACIPENCICHUE, KOTOPOE
XapakTepu3yerTcs cieayronel (yHKIuen mIoOTHOCTH:

j— [:I,
F@=3.

ecnH x =)

>
., ECIH I_D,rﬂe A=10

(x) =0

Y6enuMmcs B TOM, 4TO Nepes] HAMU He «a1oaaenka». Ilockonpky J 1 HECOOCTBEHHBIN

HHTETpal.
+uo o

T F(xidx = dexm_.[g‘*‘*dx: 0~ [ d(-ax) =— lim (™)

i

: =~ lim (g s0—e ) =—(0-11=1

, TO (QDYHKIIHS J(x) JEeNCTBUTENBHO 3a1a€T 3aKkoH pactpeaeneHus HCB.

BonbiM 0CTOMHCTBOM MOKA3aTENBHOTO pacipe/ieieHus SIBISIETCs TOT (DaKT, YTO OHO
OMpeJIeseTCsl BCEro JIMIIb OJHUM MmapaMmeTpoM. Beero numib oguum, Kapn! ...Her, nyuine,
KOHEYHO, BOOOIIIe OTCYTCTBHE [TapaMeTPOB, HO JIAJIbIIE X KOJIUYECTBO OYAET TOJIBKO
BO3pAaCTaTh =)

Kaxk-to Tak MOJIYYHJIOCH, UYTO BO BCEX IIPUMCEPAX CTATbU O PABHOMCPHOM PACHPCACICHNU MbI

HAaYMHAIYU ¢ PyHKUIUU 7 (x) , 1 TI0O3TOMY JJIsl pa3HOOOpasusi 3aiiiéM B Jiec C IPYroil CTOPOHBI:

3amgauga

HenpepsiBHas cirydaiiHas BeIu4uHa A 3ayana cBoeii (byHKIMEH pacpeeTeHHs

0, x <0
Fimy=

1+ A7, =0
Tpebyercs:

1) onpenenuts kodbdurment < ;
2) HalTH IJIOTHOCTh PaclpeleleHNs BEPOSITHOCTEN Jix) ;

o .
3) cxeMaTH4YHO MOCTPOUTH rpaduKu PyHKIUH (x) y S ;
4) BHIYMCITHTH MATEMATHYECKOE OKIIAHHE M TUCTICPCHIO 4 ;

OIIPECACIINTG BEPOSITHOCTH TOT'O, UTO IIPUMET 3HAUYCHUEC U3 NHTCPBAJIA g .

OnHuM cioBoM, o0bruHasg 3agadya Ha HCB 6ecembicaenasit-becnomaniadt.

Pemaem:

1) B cuny HenpepbIBHOCTH (PYHKIIMH pacipe/iesieHus

— 0_ — -
Fl=l+d.e =1+ A4=0 = A= l—HpI/IBTOMI/ITOJ'IBKOHpI/IBTOM

3HAYEHUH MpeJIoKeHHas QYHKIUS 3aa€T 3aKOH paclpe/ieNieHns HeNpepbIBHOM cllydaiiHOM
BEJIMYUHBI:

0,

1-™, x=10

E

x<l
Fix)=

[Toxka, kcTaTH, MBI HE 3HAaEM, UTO 3TO 3a 3aKOH, BeJlb BBEPXY s MPUBEN JIPYroe onpeesieHue.
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2) Haitném QyHKITHIO TNIOTHOCTH pacpeiesICHUS
x <0

=0

0,
Flxy=Flix)=q
5

E

AL RPN SN |
HAJIeI0Ch, BCE B JIAAX C IPOH3BOJHON ciiovkuoi dynkmpm: W~ ¢ 1 =0-e " =x)f=e7

Hy BoT, Teneps n30yIIka MOBEpHYIACh K HaM MEPEAOM, a K jiecy 3a10M. IlockonbKy naHHas

— D’
SE=q 0

ecmH x <)

gcnH x= 0

?

(GYHKIUST ©UMEET BH/T , TO CITydaifHasi BeIMUMHA 5 pacIpese/ieHa

nokaszarenbHo. Jaxke 00pa3oBo-moka3aTeabHo, T.K. 3HaUCHUE A =1 yaubonee MPUATHO.
3) YcioBue nonyckaeT cxeMaTuuecKoe MocTpoeHue rpauKoB, HO 3a4eM 3aHUKATh TUIAHKY?

Jlaxe 1pu X pydHOM IOCTPOEHHUH HE COCTABIISIET HUKAKOIO TPyAa HAUTHU Mapy
JOIIOJIHUTEIBHBIX TOYEK U IIPOSIBUTh MAJIOMaIbCKYI0 aKKYPaTHOCTb.

_1_ .1 _ _ .2 _ _
Birsmcy mapy smaseri £(0 =177 91-0.37=0,63, F(2=1-27=1-0,14=086 ,

lim F(x)=lim (1—e " s0) =1

IIPOCTEHBKUN MPEEIT ¥+ . Takum

obpazom, psiMas < 1 SIBJISICTCS] TOPU30HTAIBHON aCUMITOTOM JIJIS
rpaguka F(x) npu X —> 0

0 1 X
[TokaszaTenbHOE pacnpeneseHne Halulo NIMPOKOE IPUMEHEHHNE B IPUKIIAIHBIX 3a/1a4ax, U
[IOKA YEPTEK «HE yexall BBEPX» S IPUBELY KOHKPETHBIN IpuMep. IIycTs nepeMeHHas «uKc»
0003HaYaeT BpeMs U B MOMEHT BpeMeHH + = 0 Haumnaer AKCILTYyaTUPOBAThCS HEKUW TpuOop,
Hanpumep, oobruHas Jammnouka. CiyyaifHas BelIUYMHA A - BpeMsi paboThI JIAMIIOYKH J10
neperopanus. Torna pyHkus Flx)=PX <1 gnycpmaer BEPOSITHOCTB TOTO, YTO
nammoyka npopadoraer MEHBIIE, yem npoieamiee Bpemst + . M o MOHATHBIM MPUYHHAM

MIPH YBEIMYEHUH + 3Ta BEPOSITHOCTb CTPEMHUTCS K €IMHUIIE, YTO XOPOIIO WILTFOCTPUPYET
BBIIIIEIPUBEAEHHBIN rpad K.

IIpakTuyeckoe 3ansitue Ne 16
Tema: IlenTpanpHas mpenenbHas Teopema. 3aKOH OONBIIMX 4YHcesl. BeposTHoCTh U
4acToTa.
Heanb: Hayuuthcs pemath 3ajaud Ha TMOHSATHE YacTOThI COOBITHSI, CTaTUCTHUYECKOE
IIOHMMAHHE BEPOATHOCTH

Llenmpanvnas npedenvrnas meopema. Ecnu cinydaiinas BenuunHa X MpeacTaBiseT, co00H
CyMMY OY€HB OOJIBIIIOTO YHCIIAa B3aMMHO HE3aBHUCHUMBIX CITYYailHBIX BEJTMYWH, BIUSHUE KKI0N
U3 KOTOPBIX Ha BCIO CYMMY HUYTOKHO Majio, TO X UMEET paclpeesieHrue, 6Ju3Kkoe K
HOPMAJIBHOMY pacIpeesICHHIO.

Ipumep. IlycTh TPOU3BOIUTCS U3MEPEHUE HEKOTOPOH (HU3NUYECKON BenMUIHHEI. JIto0oe
M3MEPEHHE JIaeT JIUIIH MPUOIMKEHHOE 3HAUCHUE U3MEPSEMOI BETMYMHBI, TAK KaK Ha PEe3yJbTatT
W3MEPEHUS BIUSIOT OYeHb MHOTHE HE3aBUCHUMBIE clydaiiHbie (haKTOpHI (TeMIieparypa,
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KoJeOaHust mpubdopa, BIAKHOCTE U Ap.). Kaxkaplid u3 3TuX (HakToOpoB MOPOKIAET HUUTOXKHYIO
"qacTHyI0 omMOKy". OIHAaKO, MOCKOJIBKY YHCIIO 3TUX (PAKTOPOB OYEHD BEIHMKO, X COBOKYITHOE
JEICTBHUE MOPOKAAET yiKEe 3aMETHYI0 «CYMMAapHYIO OLIHOKY.

PaccmaTpuBasi cymmapHyto OmMOKY Kak CyMMY OY€Hb OOJIBIIIOTO YKCIa B3aUMHO
HE3aBHCHUMBIX YaCTHBIX OIIMOOK, MBI BIPABE 3aKJIIOUNTh, YTO CyMMapHas OINOKa UMEET
pacripenenenue, 6Ju3Koe K HOpMalbHOMY pacnpeaeneHuo. OnbIT MOATBEPKAaeT
CIPaBEJIMBOCTh TAKOTO 3aKIIOUYCHHUSI.

Paccmotpum ycioBusi, TpU KOTOPBIX BBITIONMHSETCS "IIEHTpaIbHas Ipe/elibHas Teopema

[Tyctsb:

X1, X2, ..., Xn — nocnenoBaTeIbHOCTh HE3aBUCUMBIX CIIYYailHBIX BETUYMH,

MX1), M(X2), ...,M(Xn) - KOHEUHbIE MATEMATUICCKUE OKUIAHMS ITHX BEJIUUYMH,
COOTBETCTBEHHO paBHbIe M(Xk)= ak

D(X1), D(X2), ..., D(Xn) - KOHEUHBIE TUCTIEPCUN UX, COOTBETCTBEHHO
pasubie D(X K)=bk2

Beenem o0o3HaueHus: S= X1+X2 + ...+Xn;

Z iy thz
Ak=XI1+X2 + . +Xn=81 ;B2=DXI)+ D(X2)+ ..+ D(Xn) = 2
3anuinemM QYHKIHIO pacipeieleHs HOPMUPOBAHHON CYMMBI:

Fn(x) = P[¥ ‘ I]

['oBopsT, uTO K MOCHeaOBaTenbHOCTH X1, X2, ..., Xn npuMeHrnMa LIeHTpaIbHas
npeenbHas TeopeMa, eclid Ipu Jr00M X QYHKIIUS pacipeieieHnss HOPMUPOBAHHON CYMMBI TIPU

n ® ¥ cTpeMUTCS] K HOPMaJIbHON (QYHKIIUH pacrpeieeHus:
F

5, -4, 1 ¢ =
- L 4 =
Im 13 J =)

A3 = a

3ameuanue. IlonmyueHHass GyHKIHS OTIIMYAETCS OT HHTETPATLHOM NMPUOIMHKEHHON
¢ynkunm Jlamnaca ToIpKO TUIIB TpeAeIaMi HHTETPUPOBaHUs, rie HaxoaaTes ot 0 1o X

B yactHOCTH ecnu Bce cimyuaiinbie BenuuHbl X1, X2, ..., Xn oounaxoso
pacnpeoeneHvl 1 OUCHePCUl 8CeX IMUX BeIUYUH KOHEYHble U He PAGHble HYI0, TO K ATOU
MIOCJIEI0BATENBHOCTH IPUMEHNMA LIEHTpaJIbHAS NIPEieIbHAs TEOPEMA.

2. 3aK0H 00JBIIMX YHCEJI, BEPOSTHOCTH U YaCTOTA.

Kak u3BecTHO, HENb3s 3apaHee yBEPEHHO NPEABUACTD, KAKOE U3 BO3MOXKHBIX 3HAUCHUI
IPUMET CiTy4aiiHas BETMYMHA B UTOTE UCIBITAHUS; 3TO 3aBUCUT OT MHOTUX CIIy4YallHbIX IPUYHH,
y4ecThb KOTOpbIEe HEBO3MOKHO. Ka3anock Obl, MOCKOJIBKY O KQXI0U CIlydyalfHON BEIMYUHE MbI
pacrojiaraeM B ’TOM CMBICJIE BECbMa CKPOMHBIMU CBEJCHUSIMH, TO BPSJl I MOKHO YCTAaHOBUTD
3aKOHOMEPHOCTH MOBEJCHHS U CYMMBI I0CTaTOYHO OOJIBIIOTO YHCIA CIydyaiHbIX BeanuuH. Ha
camoM Jienie 3To He Tak. OKa3bIBaeTcsl, YTO PU HEKOTOPBIX CPABHUTEIBHO ITUPOKUX YCIOBUSAX
CyMMapHO€ MOBEJEHUE JOCTATOUYHO OOJIBIIOrO YKCia CIyYalHbIX BEIMYMH MOYTH yTPauMBaeT
CIIyYaiHBIN XapaKTep U CTAaHOBUTCS 3aKOHOMEPHBIM.

JUI IpakTUKN OYEHb BAKHO 3HAHUE YCIOBHUM, IIPH BBIITOJIHEHUU KOTOPBIX COBOKYITHOE
JIefiCTBHE OYEHb MHOTHX CITy4allHbIX IPUYUH MPUBOAUT K PE3yJbTaTy, IOUTH HE 3aBUCAIIEMY OT
ClIy4asl, TaK KaK IMO3BOJISET NIPEABUAETD X0 SIBJICHUHU. DTU yCIOBHSI U YKa3bIBAIOTCS B TEOpEMaAX,
HOCSIIUX 00Illee Ha3BaHKeE 3aKoHa O0bIIKX yncen. K HuM otHocsTcs TeopeMbl UeObliieBa u
Bepraynnu (umeroTcs u Ipyrue TeopeMbl, KOTOPbIE 3/1eCh HE PAaCCMaTPUBAIOTCS).

Teopema YeOsimieBa siBnsieTcss HanOosiee OOIIMM 3aKOHOM OOJIBIINX YHCEN, TeopemMa
bepuymn - npocredmmm.

IIpakTuuyeckoe 3ansitue Ne 17

Tema: Pemenue 3amad Ha TOHATHE YacTOTHI COOBITHS, CTATHCTUYECKOE TMOHUMAaHUE
BEPOSITHOCTH
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Heasb: Hayuuthcst pemarh 3ajauyd Ha TOHSATHE YaCTOTHI COOBITHS, CTaTUCTHYECKOE
MOHMMAaHNE BEPOATHOCTH

CpencrBa 00y4yeHUsi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, IHTEpHeET-
pecypchl.

Conep:xanue U NOPSIIOK BbINOJIHEHUS PadOTHI:

1. PaccMoTpuTe TEOpETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYHUTE pellIeHnEe TUIIOBOM 3ajauu.

3. Pemure 3anaqu.

Omuocumenvnoii yacmomoii codbITus +1 HA3BIBAIOT OTHOIIEHHE YHCIIA UCTILITAHUI 2
, B KOTOPBIX JJAHHOE COOBITHE MOSBUIIOCH, K 00IIEMy YHCTy # (paKkTHUECKH MPOBEIEHHBIX
WCTIBITAHUM:

wid =2 @ =

#
% WU Kopoue: g

Omnocumenvhas uacmoma HapsAny € 6eposimnrocmbvio ABJISICTCA OHUM U3 KIIFOUYCBBIX
MMOHATUM TEPBEPpA, HO €CJIN KJIACCUYECKOE 00 reoMeTPHYECKOoe onpeieeHne BEPOSITHOCTH

He TpeOyIOT MPOBEICHUS HCIIBITAHUI, TO OTHOCUTEIIbHAS YaCTOTa PACCUUTHIBACTCS
uckmounTensHo [TOCJIIE onbiToB Ha 0cHOBE (DAaKTUYECKH MOTYYCHHBIX JTaHHBIX.
B ToM ciyuae, ecim cepun HCIIBITAHUM IPOBOJSATCSA B HEU3MEHHBIX YCIOBUSAX, TO

OTHOCHUTEIIbHAs 4YacTOTa OOHAPYKUBAET CBOMCTBO ycmouuugocmu, T0 €CTb KOJaeOJIeTCsi OKOJIO
onpeAeNEHHOr0 3HAYCHUS.
[Tyctb Hekwmii npodeccroHanbHbIi cTpenok mpou3sén 100 BEICTPENIOB M0 MUILIEHU U

m:E: 0,83

nomnan 83 pasa. Toraa oTHOCUTENbHASI YACTOTA MOPAYKEHUS LIEIU COCTABUT: 100
[Ipenmonoxum, 94To TOT K€ CaMBbIif CTPEJIOK B TOYHO TaKoH ke «popme» u B
npUOIM3UTENIBHO TAKUX e YCIOBUAX CHOBA MPoBEN ceputo u3 100 BeicTpenoB. BepostHo 1w,
4TO OH cHOBa nonaaét 83 paza? He ouens. Ho konuuecTBO nonaganuii Bpsija jau OyIeT CHIIbHO
OTJIMYATHCA OT MpeabIAymero pesynbrara. [lycts, Hanmpumep, ctpenok nomain 79 pas. Torna

79
$=—=07%
OTHOCHUTEJIbHAS YaCTOTa MOPAKEHUS LIEIN COCTABUT: 100
B tpetbeii cepun u3 100 BeICTpenioB, MPOBEAEHHON MPU MTOXOKUX 00CTOSATENbCTBAX,
21
=— =031
JIaHHBIN cTpenok nmonan §1 pas, 100 U T.J.

WHorna MoryT cinydarbes Onectsiye cepun 6osee 90 monagaHuii, MHOTa «IIPOBAJIBI»,
HO CpeJiHee KOJIMYECTBO MoNagaHui OyeT BappupoBaThes okoio 80. M korja KoianuecTBo
(dakTHyeCcKu MPOBEAEHHBIX UCIIBITAHUN CTaHET JOCTATOYHO OOJIBIINM, TO PeUb 3alJIET O
cmamucmuyieckou éepoamuocmu. Ecii B OIMHAKOBBIX (IPUMEPHO OJIMHAKOBBIX) YCIOBUSAX
IPOBE/ICHO JOCTATOYHO MHOT'O UCIIBITAHUMN, TO 3a CHIAMUCIMUYECKYIO 6EPOAMHOCHYb COObIMUA
MPUHUMAIOT OTHOCUTENIBHYIO YaCTOTY JAHHOTO COOBITHA 100 OJIM3KOE YUCIIO.

[Tpenmnonoxum, 9To HA MPOTSHKEHUN HECKOIBKHX JIET HAIll CIOPTCMEH, COXPaHSIS
CTaOMIIbHBIN ypoBEeHb NOATOTOBKHU, coBepiI 10000 BricTpenoB u nomnan 8037 pas.

_ 8037 0,2037
OTHOCHTEIbHAS YACTOTA TTOPAKCHHUS [IETH COCTABUT: 10000 7 1 332 CTAaTHCTHYECKYIO
p =03

BEPOATHOCTH €I0 PE3YJIbTAaTUBHOCTH I_IGJ'IGCOO6p33HO IMPUHATDH , KOTOpas CTAHOBUTCA

TCOpCTH‘ICCKOfI OHCHKOﬁ, Harmpumep, nepea rpaaymumMn COpCBHOBAHUSMMU.
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[IpencraBbTe, YTO BO BpeMsl JICKIMH STOT MpodeccuoHan 3amén ¢ BUHTOBKOH ayAUTOPHUIO
u npuuenuics. Terneps BaM T0JKEH CTaTh OKOHYATEIBHO MOHATEH CMBbICT Ppasbl « Cmpenok
nonadaem 6 muwiens ¢ geposmuocmoio 0,8» =) =)

Nmenno tak cobupaetcst Ooratasi CHOPTHUBHAS CTATUCTUKA B PA3IMYHBIX BUAAX CHOPTA.

AHanoruyHas UCTOpHS C YTBEPKACHUEM « BeposimHocmb u32o0mosieHus Opako8anHou
demanu Ha danHom cmanke pagua (,05». DTy OLEHKY HEBO3MOXKHO MOJIYYHTH C TIOMOIIIBIO
KJIACCMYEeCKOr0 onpe/iesieHUsl BEPOATHOCTH — OHA CJIeyeT TOIbKo U3 npaktuku! Eciu Ha

CTaHKE MPOU3BEICHBI JECATKU THICAY JETaJEH U HAa KAXKIYH0, CKaXKEM, ThICSYY BBINYILIEHHBIX
JeTanei, mpuxoauTcs B cpeneM 50 OpakoBaHHBIX, TO B KAUECTBE CTATUCTUYECKON BEPOSATHOCTH

Opaka NPUHUMAETCS 3HAYCHUS © — 0,05
B 3anaue 2 ypoka JlokajabHasi M MHTerpajabHas Teopembl Jlanaca ¢urypupoBana

BEPOATHOCTD POXKIEHHS MaTbuuKa + ~ 0.52 OTkyna B3su10Ch JaHHOE uucio? V13 MHOroJeTHero
noscyéra hakTUUECKU POXKAEHHBIX JETEH B ONpeIeIEHHOM peruoHe. B ykazaHHOM cTaThe Mbl
BBISICHUJIH, YTO 3TO BOBCE HE 3HAYMT, 4TO cpeau 100 HOBOPOKIEHHBIX Oy1eT pOBHO 52
ManbuuKa. B cienyromieil coTHe poKAEHHBIX UX MOXKET OKa3aThCsl, HApuUMep, 45, u

o=22 _ 045

OTHOCHTEJIbHAS 4acTOTa 100 Oyzer naneka ot uctunsl. Ho ecim paccmoTpeTs
BBIOOPKY B THICAYM U JECATKH ThICAY MiIajeHIeB, To & oTkinonutcs or £ = 0.52 copcem-
coBceM He3HauuTenabHO. M 3T0 yike He cirydaiiHOCTh. Kak U3BECTHO, TaKOE€ COOTHOILIEHUE
HOBOPOXKJICHHBIX CIIOKUIIOCH SBOJIIOLIMOHHO — 110 TprunHe 0OIbIIel CMEPTHOCTH MY»KYHH.
B yuebnom nmocobuu B.E. I mypmana eCTb BeCbMa yIaqHbIil IPUMEDP, B KOTOPOM
POIEMOHCTPUPOBAHO, KaK IPU NMOJ0paChIBAHMHA MOHETHI OTHOCUTEIIbHAS YacTOTA MOSBIICHHS

1
F==
opJta IPUOIIMKACTCST K CBOCH BEPOSITHOCTH 2 (nonyuennoti no Kiaccuueckomy
onpedeneHuio).
_ OTHOCITE TEHAS
Komriectso dpockor | Ustermo mosemeHrdi »
MOHETEL N opna. # YacToTa, (0= —
"
4040 2048 0.5069
12¢00 6019 0.5016
24000 12012 0,5005

Kaxoit moxxHo caenatb BbIBOJI? C yBEIMYEHHEM KOJIMUECTBA HE3aBUCUMBIX UCTIBITAHUMA
CJAYYAHOCTH MpeBpamaeTcs B 3aKOHOMEPHOCTh. OTHAKO ClIe1yeT MOMHHUTh, YTO TOPSIOK
BBIMA/ICHUS OPJIOB HEMpeIcKa3yeM, 0 4€M s MOAPOOHO pacckas3biBal Ha ypoke HezaBucumbie
HCnbITAHUSA M (hopMmyJia bepHyJiu.

Bepnémcs k eBponeiickoil pynerke ¢ 18 kpacHbmu, 18 u€pHbiME cekTopamu u 1 3epo. B
CaMOM ITPUMHUTHBHOM BapHaHTE UIPbI: CTABUM Ha «KPAaCHOE» WIN «UEPHOE», U ECIIN IIAPUK

g = E s 0,0135
OCTAHOBUIJICA Ha CeKTOpe ,Z[pyFOFO IIBE€Ta (BepOHTHOCTB 3? ) — CTaBKa
5= 18 04865
npourpeiBaeTcs. B ciyuae ycrexa — ynsausaemcs (BEpOSITHOCTE 37 ).

B oTnenbHO B34TOM ceaHce UTPbl OTAEIBHO B3ATHIN YEJIOBEK MOYKET BBIMTPATh, TPUIEM
BBIUIPATh MO-KPYMHOMY. DTO ciay4aitHocTh. Ho, coBepiast MUIITMOHBI 000POTOB, pyJIeTKa Ha
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NPOTSDKEHUH BEKOB IIPUHOCUT HEM3MEHHYIO IPUOBUTb BiaesblaM Ka3uHo. 1 aTo —
3aKoHOMepHOCTh. CylecTByeT Oaifka 0 TOM, YTO KPYITHBIN BBIMTPHIII HE OTAAIYT, & €CITU U
OTIAAYT, TO «BBI C HUM He A0iAETe 10 JoMay. Yncras «kuHouHas» (anrtaszus. Komy-to
MOBE3J10, HO CKOJIbKO mpourpaercs?! K ToMy ke denoBek, nocemaronuii noJo0Hble 3aBeIeHNUs,
¢ 00JIBII0M BEPOSTHOCTHIO MPHUAET CHOBA U «COJBET emi€ 6ombie» =) A yToObl OH BEpHYJICA,
Ka3MHO, CKOpee Ha000pOT — CO34aCT MAKCUMANIbHBIH KOM(POPT U 6€30MacCHOCTD IS
«CYACTJINBUUKAY.

Jpyroii, BO MHOTOM YCJIOBHBII, IPUMED: IIYCTh B HEKOU JIOTEPEE IIPUHSAIIO YU4aCTHE

n= 625911 Guneros, us kotopsix # = 192833 ppmrpanu xots Kakoii-To mpu3. Takum oGpasoM,

= 192835 s (0,306127
OTHOCHUTEJIbHAS 4aCTOTA BBIUIPHIIIA COCTABUJIA: 629311 . ITockonbky Ouneros

MIPOJIAHO OYEHb MHOTO, TO C OOJIBIION BEPOSTHOCTHIO MOKHO YTBEPK/IaTh, UTO B OyIyILIEM IIpH
COIMOCTaBUMBIX 00BhEMaxX MPOAAXK J0JS BRIUTPABIINX OMUIIETOB OYAET MPUMEPHO TaKOU XKe, U 3a

CTATHUCTHYECKYIO BEPOATHOCTh BBIUTPHIIIA YI0OHO IPHHATE 3HaUeHHe & — 0.3,

Opranu3zarop JOTEpeu 3HaeT, YTO U3 MUJUTMOHA MPOJIaHHBIX OMIIETOB BBIUTPAIOT OKOJIO
300 Teicsiu ¢ HeOonbIUM OTKIOHeHHEeM. U 3T0 3akoHOMepHOcTh. Ho Bcem yyacTHHKaM
J0Tepen NOCTa&TCs. ... — IPaBUWIbHO, ciay4aiHocTh! To ecTh, ecnu Bl Kynute 10 OuseTos, TO
9TO eIé He 3HAYUT, YTO BHIUTPAOT 3 Omnera. Tak, Hanpumep, o ¢gopmy.ie bepHyiin

HETPYAHO MMOACUUTATD, YTO BBIMI'PBIII TOJBKO IO OAHOMY 6I/IJIeTy n3 JCCATHU — €CTh coObITHE
BIIOJIHE BEPOSITHOE:
Ry =C (03 (0,7 =10.0,3-(0,7)° = 0,12

A eciu YUYCCTh TOT (baKT, 4YTO OIICIIOMUTECIIbHAA O0JIA BI)II/IFpI)IIHeﬁ — HeNpuiATHaA
MCJIOYb, TO KaPTHHA BEIPUCOBBIBACTCA NOBOJIBHO YHbLIAA, 100 MaJIOBO3MOIKHBIC COOBITHS HE

npoucxoasaT. CUTyaluio CracarT KPaCOYHbIC TEJIEBU3MOHHBIC PO3BITPHIIIN U PA3INYHbIC
MICUXOJIOTUYECKHE TPIOKHU.

Kenaroiye MOTYT CaMOCTOSITENIBHO UCCIIEI0BATh BEPOSTHOCTh BBIUTPHIIIA B PAa3IMUHbIE
JIOTEepeH — BCSl CTATUCTUKA €CTh B CBOOOTHOM JIOCTYIIE

Pemnre 3agaun

sln
Jra

=5 |m 2D

F ‘E -7
3aoaua 1: Pewenue: ucnonvzyem opmyny "

B dannoii sadaue: * =500 p=006, g=1-p=1-06=04

a) Eciu £= 0.05 no:

F ‘%‘UMD:“ #20| 2 ‘BT = 2(2,89) = 20,4981 = 0,996
W M

— 6€POANTHOCDb,
moeco, ¥mo npu 800 ucnvimanusx omuocumenbHas Yacmoma NosGLeHUs. COObIMUSL

A OMKJIOHUMCA Ont 6€pOAmMHROCmu 0aHHO20 cObbIMUs He boJlee yem Ha 0, 05.

Omo cobbimue s6151emcsi npakmuiecxKu 000m08€prlM.


http://www.mathprofi.ru/nezavisimye_ispytanija_i_formula_bernulli.html
http://www.mathprofi.ru/teorija_verojatnostei.html
http://www.mathprofi.ru/teorija_verojatnostei.html

6) Ecu £~ 0,03 o
003800
04

PUE ~0,6/= 0,03} . 2@[7_
800 0.6 — 6€pOSIMHOCMb,

moeo, ¥mo npu 800 ucnvimanusx omHoCUMENbHASA YACMOMA NOABNEHUS COObIMUA

]m 201,73 = 2. 04582=0,9164

A omrnonumes om 8epoAMHOCMU OaHHO020 coObimus He bonee uem Ha (,03.

Omeem: &% 09961, 6] =0,3164

PUE ~ o= E‘J s 2®[§£]
3aoaua 2: Pewenue: ucnonvzyem opmyny " ey

B Oannoii 3adaue: = GOO000, p =03 g=1-p=07, £=0,001

Taxum obpazom:

o —0,3‘50,001 s 2| 201 EDO000 a 2@(1,69) = 20,4545 = 0,909
600000 J03.07 B

8EPOSIMHOCMb, MO0, YMO OMHOCUMENbHASL YACMOMA 8bIUSPLIULA OMKIIOHUMCS OM
meopemuueckou eeposimrocmu He 6onee yem Ha 0,001.

= (0,909
fﬂﬁ—p < E‘J = 2@[?&} =y
3adaua 3: Pewenue: ucnonv3yem gopmyny " Pd

=1-p=06 £=0,05% y=09

Omeem.

B oaunom cnyuae: ¥~ 0.4 ¢
Taxum obpazom:

of 0054 o,
L0406

5| 005 Jn
024
0.05/%
0,24
2
0.05:/2 > (1,647
J0.24

]::- 0,45

1,64

000257 5 596
0,24
0> 26896 4
00025
5= 2580

Omeem. HeoOX00UMO npoussecmu He menee 259 onvimos.

IlOMﬂIHHee 3aaHuEe: COCTAaBbTE aJITOPUTM PCIICHUSA 000 13 3aJa4 110 TEMC.

IIpakruyeckoe 3ansitue Ne 18
Tema: Pacuér koadunmenTa KOppesum.



Heas: Hayuntbcs BBUUCHATE KOI(POHUIMEHT KOPPENSLUH, TPOBOAUTH aAHAIIU3
3HAYUMOCTH KOd(PUIIeHTa KOPPEAIUH.

CpencrBa 00y4yeHUsi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, IHTEpHeET-
pecypchl.

Conep:xanue U NOPSIIOK BbINOJIHEHUS PadOTHI:

1. PaccMoTpuTe TEOpETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCHIEKTUPYITE BUbI Koppensauuy, mkany [lenoxa.

3. MUcnonwp3ys TabiuyHble JaHHBIE W TAKET AaHaAIW3a, HAWIUTE BO3MOXKHYIO
KOPPEJSILIMOHHYIO CBSI3b.

KoHTpoJibHbIE BOIPOCHI:

1 [TonsiTre koppensuu.
2. [IpuBeaute KnaccUpUKALUIO CTENEHH KOPPEISIIUOHHOMN CBSI3H.
Koppeasinus

B MaremaTuke 3aBUCUMOCTb MEXAY ABYMsS BEIUYMHAMHU X U Y BBIPAXKAETCS C TOMOIIBIO
byakun y=f(X), r1e KaKaoMy BO3MOKHOMY 3HAUEHUIO X CTAaBUTCS B COOTBETCTBHE HE OoJee
oaHOro 3HaUeHHs Y (1m0 100HAast 3aBUCUMOCTD Ha3bIBACTCS ()YHKIIMOHATIBLHOM ).

BaXHbIM YaCTHBIM ClIydaeM CTOXACTHYECKOM 3aBHCUMOCTHU SIBIISIETCS KOPPEISLMOHHAS.
KoppensiironHas 3aBUCHMOCTh MEXK]Ty MEPEMEHHBIMHA BETMYMHAMH — 3TO Ta (QYHKIMOHAIBHAS
3aBUCUMOCTb, KOTOpAasl CYIIECTBYET MEXKIYy 3HAYEHUSAMH OJHOM W3 HUX U TPYNIIOBBIMHU
cpennumu apyroit. (Koppensunonusie 3aBucumoctd Y Ha X v X Ha Y OOBIYHO HE COBMAJIAIOT).
KoppensinionHass CcBs3b  Halle BCEro XapaKTepus3yeTcsi BBIOOPOYHBIM  KOIPHHUIIUEHTOM
KOPpEJSIIUK T, KOTOPBI XapakTepHu3yeT CTENEeHb JTUHEHHOW (YHKIMOHAJIBLHOW 3aBHCHUMOCTH
mexny CB X u Y. st nByx CB X u Y ko3QQUIHEHT KOPPENsSIUuu MUMEET CIESAYIONTNe
CBOMCTBA:

1. —1<r<1;

]

2. ecmu =1, 10 Mexny CB X um Y cymecTByeT (YyHKIMOHAJbHAS IMHEHHAS
3aBUCUMOCTD;

3. eciu =0, To CB X u Y HeKoppenupoBaHHbI, YTO HE O3HAYAET HE3aBUCUMOCTH
BOOOIIIE;

4. eeciu X um Y oOpa3yloT cucteMy HopMmanbHO 3aBUcHMbIX CB, TO mn3 Hx
HEKOPPEJIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTb;

5. ko3¢ punuenTs! koppensuuu Y Ha X 1 X Ha Y COBIAAAIOT.

CTaTHCTUYECKYIO 3aBHCHMOCTh HAa3bIBAIOT KOPPEISIIMOHHOW, €CIH TPU H3MEHEHHUH
3HAYEHUW OJIHOM BEJIMYMHBI MEHSETCS CPEIHEE 3HAUCHUE APYTOil.

Buabl koppeasumii:

1 OTHOCHUTEJIBHO XapaKTepa KOPPesLuu:
- IOJIO’KUTENbHAs! (pPaBHOHAIIPABIICHHA, TIPsMas);
- oTpulaTenbHas (oOpaTHas);
2. OTHOCHUTEJIBHO YHCIIa IEPEMEHHBIX

- IPOCTast WK TIapHasi;

- MHOXXECTBEHHAs, C €€ TIOMOIIBI0 MOYKHO OXBaTHTh BECh NPHYUHHO-CIICACTBEHHBIN
KOMILJIEKC;

- YacTHasl KOPPEJSIIHS, KOPPEISIHS MEXITy ABYMsI TIEPEMEHHBIMH TTPH (UKCHPOBAHHOM
BIMSIHUU JPYrUX (BCKPBIBACTCS BHYTPEHHSISI CTPYKTypa COOTHOILEHHH, T.e. SNMUMUHUPYETCS
BJIIMSIHUE IPYTUX (PaKTOPOB);
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3. OTHOCHUTENILHO (hOPMBI CBSI3U:
- JIMHEHHAa,
- HeIMHEHHa,,
4, OTHOCHUTEJILHO THUIIA CBSI3U SBJICHUM:
- HETIOCPEJICTBEHHAs] KOPPEISALUS;
- KOCBEHHasl KOpPEJISIIus,
- JIO)KHAsT KOPPEeTSALUs.
PaznuuaroT koppensiuio, 00yCI0BICHHYIO:
- IPUYUHHOM 3aBUCUMOCTBIO X OT Y
- 3aBUCUMOCTBIO X U Y OT TPEThEil BEJIUUMHBI;
- HEOJTHOPOJHOCTBIO BHIOOPKU;
- popMaIbHO (YMCITOBBIMH JIAHHBIMH).
OOBIYHO CTENeHb TECHOTHI CBA3M MEXAY Pe3yJbTaTUBHBIM M (DaKTOPHBIM IMPU3HAKOM

oTpeeNsIeTcs o BennanHe kKoddduiuenTa koppensiuu (mkana [llemoka):

eciu r <(0,2 — CBSI3H HET;

ecin 0,2 =r<0,5 — ciiabast CBA3b,;
eciu 0,5 =r<0,75 — cBsI3b CpeIHSIS;
eciu 0,75 =r<0,95 — cBsI3b TeCHA,

ecint 0,95 =<1 — CBsI3b OUYCHB TECHAS.

IIpakTuyeckoe 3anaTue Ne 19
Tema: AHayn3 3HAYUMOCTH KOIPPHUIIMEHTA KOPPEIISAIUH.
Heas: Hayuntbcs BBUUCHATE KOIPPHUIMEHT KOPPENSAIHMH, MPOBOIUTH aHAIHU3

3HAYMMOCTH KOA(PPHUIIHEHTA KOPPEIISAIIUH.

CpeacrBa 00y4eHHs: TETpaau I BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, WHTepHeT-

peCypcehl.

Coaeprxkanue H NOPAIOK BBINOJTHEHUS PA0OThI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall IO TEME.

2. 3aKOHCIIEKTUPYWTE BUIBI KOppensauuy, mwkany [lenoka.

3. Hcnonw3ys TabinyHble JaHHBIE W TMAKeT AaHalW3a, HAWJIUTE BO3MOXKHYIO

KOPPCIINUOHHYIO CBA3b.

Ne .

dusnueckue ynpaxxuenus; [lyabe, yiapoB/MunyTy
Mo, 0-m; 1-3k.

Bo3spacr, Jer

10
20
30
40
50
60
70
80

1 0 0 0 0 0 0 0 0 0 0
32 | 17 16 20 48 17 27 24 35 17 16
68 | 2 6 7 10 11 15 16 17 18 19

70 | 73 67 87 54 75 62 65 60 84 94
79 | 100 108 | 99 60 90 98 67 62 94 98
80 | 101 125 102 (120 |100 |[105 | 70 65 120 | 110
105 | 106 130 | 112 | 140 | 105 |125 | 75 67 156 | 125
105 115 | 148 | 120 (136 | 78 70 176 | 138
104 123 | 200 | 140 | 147
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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

I[OMaIHHee 3aJgaHue: CocTaBUTh AJIT'OPUTM BBIYUCIICHUS KOppGJ’IHHHOHHOﬁ CBA3H.

IpakTuyeckoe 3ansiTue Ne 20

Tema: MeTo1 HAUMEHBIINX KBAJIPATOB

Henb: HayuuTbcst BBLAEHATH KOPPEISLUUOHHYIO  CBSI3b  BEJIMYMH, IPOBOJUTH
KOPPEJSILIMOHHBIA U PETPECCUOHHBIN aHAJIN3, COCTABIIATD JIMHEUHYIO MOJENb PETPECCHUM.

CpencrBa 0o0y4yeHHMs: TETpaau JUIS BBIIOJHEHUS INPAKTUYECKUX 3aHATUH, VHTepHeT-
pECYpCHI.

Coaepsxkanue H NOPSAIOK BbINOJTHEHUSI pa00ThI:

1. PaccMoTpuTe TEOpETUUECKUIA MaTEpUa Mo TEME.

2. 3aKOHCTIEKTUPYHUTE pellieHne TUIIOBOH 3a1a4u.

3. Pemure 3anaqu.

KoHnTpoJsbHbIe BONpPOCHI:

1 [ToHsTHE KOPPETAUUOHHON U PETPECCUOHHON CBSI3H.

2. [TpuBenuTe KIaccu(UKALUIO CTETIEHH KOPPEJISILUOHHON CBS3H.

3. [ToHATHS GYHKUIMOHATBHOM CBA3H, CTATUCTHYECKON 3aBUCUMOCTH.

4, B uem 3akmrouaroTcss 3ajaud  KOPPEJSIMMOHHOTO M PETPECCHOHHOIO
aHau3a.

Bbi0opouyHoe ypaBHeHHMe NPAMOHM JHMHHMH perpeccud Y Ha X TIOJIYyYEHHOE II0

pe3ynbTaTaM BEIOOPKH MMEET BUJI IMHEHHOTO IIPUOIMKEHUS ~ * OT X
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IJie T g — BBIOOPOYHBINA KOI(PPHUIIMESHT KOPPEISAIUHA, PAaBHBIN

L"' AN R YL

e,
Ecmqy [Tsl"¥Vn—123

OcTaroyHoOi qucnepcuel HA3bIBAIOT BEIMYUHY

, TO CBA3b MCIKIY CJIy‘-IElﬁHbIMPI BCJIMYMHAMU JOCTATOYHO BCPOATHA.

(7 =(l=ry)

Penrenune TumoBoii 3agaun
JlaHHbIE K 3aJ1aue CM. NpakTuueckoe 3anstue Nel2

Haiitn peanusanuio ypaBHeHMs JTUHENHHON perpeccun Y Ha X. Eciu cBA3b NPU3HAKOB Y
1 X I0CTaTOYHO BEPOSTHA, TO OIICHUTh, Ha CKOJIBKO B CPEHEM POXKICHHE peOEHKA CKa3bIBACTCS
Ha BEJIMYUHE 10X0/a B pacu€Te Ha OAHOIO WICHA CEMBH.

BbIMuCIIMM CpeHee KBaJpaTHIECKOe OTKIOEHHE BBIOOpKH X: 7+ v
Boruncnum k03QUImeHT Koppemnsium:

. ~0+2-7+6-15+10-13+14-5+18+2-2-7+2-6-11+2-10-8+2-14-6+3-2-4+3-6-5+3-10-2-100-1,38-8,16

) —0,37.
100-0,88- 4,32
[MoacranseM HaliJeHHbIE BEIUYMHBI B YPaBHEHUE IMHUU perpeccun Y Ha X
432 _
¥ B15G 37 — | X I.H"\':l.
0,74
YJTH OKOHUaTenpHo: Yx — —L83x+10,7.
¥ T L} L7 Y
T.x. ol ™ ' 'TO CBSI3b MEX/y PACCMATPHBAEMBIMH IIPU3HAKAMHU JOCTATOYHO

BEPOSITHA.

B cpemHem poxieHune peOEHKa yMEHbBIIACT JIOXOJ HA OJHOTO WICHa CEMbH HAa CyMMY
okono 1,83 Teic. pyo.

N300pa3um cxemaTudecku B KOOpAuHATaX XY BBIOOPOYHOE pacHpeesieHHue 110
NPU3HAKaM M IIOCTPOUM JIMHUIO perpeccuu. PasmMepbl MapKepoB Ha PUCYHKE MPOMOPIIHOHATBHBI
COOTBETCTBYIOIIIUM BapUaHTaM BBIOOPKH.
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IIpakTuyeckoe 3ansaTue Ne 21
Tema: CoctaBiieHue ypaBHeHUs JIMHEHHOU perpeccun. [IpoBepka agekBaTHOCTH MOJIETH.
Hean: Hayuutbcss BBICATh KOPPENSLMOHHYIO — CBSI3b  BEJIMYHH, IPOBOJUTH
KOPPEJSIIIMOHHBIA U PETPECCUOHHBIN aHAIIN3, COCTABIISTE JIMHEHHYIO MOJICIIb PETPECCHH.
CpeacrBa 0o0y4eHHs: TETpaAu Ui BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, WHTepHeT-

peCypcChl.

Pemmure 3apaun
1. JlanHBIC OTIBITA IPUBE/ICHBI B TAOIHUIIE:
Xi

2

4

6

8

10

12

14

Yi

45

7,0

8,0

7,5

9,0

8,5

9,5

IMonarast, yto X u Y cBA3aHbBI 3aBUCUMOCTEIO Buja ¥ — ¢ +bx

, HAUTH KOO(PPUITUEHTHI a U
b crtocoboM HaMMEHBIIMX KBaPaTOB.

2. Jlana Tabnuua pe3ynbTaToB HAOIIOACHUI:

Xi

2
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14

Yi

3,5

6,0

7,0

6,0

7,5

8,5

10

Haiitu Be100pouHBIi K03()(DUIUEHT KOPPESIUH U ONPEACIUTh €0 3HAYMMOCTb.

JomaniHee 3aqanue: COCTaBUTh aJlTOPUTM PEIICHHS THIIOBOH 3aa4H.

IIpakTnueckoe 3ansaTue Ne 22

Tema: Pacmo3HaBaHue MOCTOB U pasleiSIIOINIMX BEpIIMH B rpade, HAXOXKICHUE
paccTosHUSL MEX]y BepIIMHAMHU B rpade.

Heab: noayyuTh HaBBIKU 110 PACIO3HABAHUIO MOCTOB U Pa3JIEJSIIOIIMX BEPIIMH B rpade,
HAXO0XJICHUIO PAcCTOSTHUS MEXIy BepliMHaMu B rpade; mposepke rpada Ha ABYIOJIBHOCTB;
poBepKe mapbl rpagoB Ha U30MOP(HHOCTH

CpencrBa o0yuyeHMsl: TETpaau JUIsl BBIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTEepHeT-
peCypchl.

Copep:xaHue U NOPSAI0K BBINOJHEHUS PadOThI:

1. PaccMoTpuTe TEOpeTUYECKUI MaTepHall 1o TeMe.

2. 3aKOHCIIEKTUPYWUTE PEIICHUE TUIIOBOM 3a1a4u.

3. Pemure 3anauu.

OcHoBy Teopun TrpadoB COCTaBIAECT COBOKYMHOCTh METOJOB M TMPEACTABICHUM,
c(OpMHUPOBABILIKXCS MPU PEIICHUN KOHKPETHBIX 3a7au.

TepMun «rpad» BrepBble MOSIBUICS B KHUTE BBIJIAIOLIETOCsS BEHIepCKOro mMaremMaruka /.
Kénura B 1936 1., XOTs HauasbHbIE 3a/1a4M Teopuu rpadoB Bocxo T eme kK Ditnepy (XVIII B.).
OpnHa M3 3ajad, MOJIOKUBIIMX HAyajo TeOpuH rpadoB, — 3ajadya 0 KEHUICOEprcKux MocTax (
pacckazams, nokazamo pag).

I'pad ecThb COBOKYNHOCTH TOYEK W JIMHMI, COCJHHSIIOIIMX 3TH TOYKH. OTHU
COEMHEHUS] MOTyT O0JIaZiaTh Pa3IMYHBIMU XapaKTePUCTUKAMH, U TeopHs IpadoB 3aHMMAETCS
U3YYEHHEM 3TUX XapakTepUCTHK. ['pad XapaKTepuzyeT OTHOIICHHUS MEXJIY MHOXKEeCTBaMU
00BEKTOB.

bonbmioe 3HaueHne B Teopuu TpadoB UMEET mpodiieMa pa3peliuMOCTH: HAWTH
3¢ (deKTUBHBINA WM XOTS OBl TOCTAaTOYHO MPOCTONW B MPAKTHUYECKHU BAXKHBIX CIIydasix aJlrOpUTM
pelIeHus 3a1a4H.

B mocneanee Bpemsi Teopus rpadoB NpUHMMaeT Bce Oosiee MPHUKIATHOM Xapakrtep,
ABISSICH A((EKTUBHBIM anmaparoM i (GopMaau3alii MHOXECTBa 3aJay, CBA3aHHBIX C
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JTUCKPETHBIM pa3MelieHrneM o0beKTOB. K HUM, B YacTHOCTH, OTHOCATCS: MPOEKTUPOBAHUE U
HCCIIEIOBaHHE CEeTEl CBS3M, aHAJU3 SJEKTPUUECKUX Iernel, rpadbl MOTOKAa CUTHAJIIOB U TEOPUS
oOpaTHON CBfA3HM, OJOK-CXEMbl MPOrPaMMBI, HCCIEIOBAHHE aBTOMAaTOB, aHAJIM3 U CHUHTE3
JIOTMYECKHUX IIeTel, 3aJayd KaJleHAApHOro IUIAHMPOBAHMs, IUIAHUPOBAaHHE M oOecredeHue
MaTepuaIbHO-TEXHUYECKOTO CHAOKeHUs, MOUCK MHGOpPMaIlUK, CTpAaTeruss NHBECTUIIUMA, aHaTU3
KauecTBa, MCCIEAOBAHUE JBIKEHUS TPAHCIIOPTA, Pa3MENICHUE MPEANPHUITHI KOMMYHAIBHOTO
OOCITy’)KMBaHUs, MOJICIUPOBAHUE, HKOHOMHYECKHE 3a/aud, TEOpUs Wrp, TOJOBOJIOMKH,
JI0Ka3aTeIbCTBO TEOPEM.
2. OcHOBHbIE MOHATHS U ONIpeeieHns Teopuu rpados

Onpeodenenue: Ilycth 3a1aHO0 HEKOTOPOE KOHEYHOE MHOKECTBO X, 3JIEMEHTHI KOTOPOIO
OyzeM Ha3bIBaTh BEPIIMHAMHU, 1 MHOXKECTBO V, COCTOSIIEE U3 Iap AIEMEHTOB (X, X)) MHOXKECTBA
X. Ynopsgouennas mapa mHoxectB G=(X,V) HaspiBacTcs rpadom. Bepuimasl u300paxaroTcs
TOYKAMHM, a TMapbl DJIEMEHTOB — JIMHUSAMH, COCIUHSIONIMMU TOYKH, COOTBETCTBYIOIIKE
00pa3yroIyM apsl BEPIIMHAM.

Ecnu B onpenenenun rpada CylmecTBEeHHO B KAKOM TOPSIKE BRIOMPAIOTCS BEPIIUHBI (TO
ectb mapa (X, X) oTIM4Ha OT mapsl (Xj,X)), TO Takoi rpad Ha3BIBAIOT OPHEHTUPOBAHHBIM HIIH
oprpadom, a mapy (X, X)) — AYroi, Ipu 3TOM CUUTAETCA, YTO X; —HAYaIbHAs BEPIINHA, & X —
KOHeuHas. B reomerpuyeckoil MHTEpPHpETaluu Jyre COOTBETCTBYET HAINPABICHHBIH OTPE3OK.
Yacro oprpad 3amator mapoir G=(X,I"), rme X — MHOXECTBO BepIluH, a I’ — HEOJHO3HAYHOE
oTOOpakeHHe, CTaBsllee B COOTBETCTBHE KaXIoW BepiumHe moaMHOkectBo B X. I'(xj) —

MHOXECTBO BEpIIMH Xj€X, i1t KoTopsix B rpade G cymectByer ayra (xi, xj). I ) -
MHOXECTBO BEpIIUH Xj € X, 1U1st KOTOpBIX B rpade G cymectByer ayra (X, Xi).

Ecnu B onpenenenun rpada He CyIIECTBEHEH MOPSIOK BEPIIMH IPU 00pa30BaHUU Maphl
(xi, %), TO Tpad Ha3BIBAIOT HEOPUECHTUPOBAHHBIM WK Heoprpadom, a mapy (X, X)) — peopom.

Yucino BepiinH rpada Ha3bIBACTCS €0 MOPSIKOM.

IMpumep. Ha puc.1 uzodpaxen opuentrpoBanublii rpad G=({x1, X2, X3, Xa} , { (X1, X2), (X1,
Xa), (X2, Xa), (X3, X1), (X3, X2), (X4, X3)}), @ HA pHC.2 — HECOPUCHTUPOBAHHBIH rpad.

X2 X ){2

|

4 X
Puc. 1 Puc. 2

Onpeoenenue. ITlyrem B rpade G HaspiBaeTcs Takas MOCIEIOBATEIBHOCTh YT, B
KOTOPOHM KOHEIl KaKJIOW MPebIIyIIeH yTH COBMANacT ¢ HauauoM cieaytomei. s neoprpada
Takas TOCJIEIOBATEIBHOCTh pedep HaszpIBaeTCs memblo. Eciu myTh (Ilemb) MPOXOAUT depes
BEPIINHBI X1, ..., Xk TO OyIeM 0003Ha4aTh €ro (ee) CUMBOJIOM [Xi, ..., Xy].

Jlns rpada Ha puc. 1 mocieaoBaTeabHOCTh AYT (X1, X2), (X2, Xa), (X4, X3) SIBISETCS MyTEM U
MOXXET OBITh O0O3HaueHa CIEAYIOIMHUM 00pa3oM [Xi, Xo, Xa, X3]. s rpada Ha puC.2 membio
SIBJISICTCS, HAIIPUMED, CIIEAYIOIIAs MOCIEA0BATEILHOCTE pedep (X2, X3), (X3, Xs), (X5, X4), KOTOPYIO
0003HauUM uepes [Xo, X3, X5, X4].

Onpeodenenue: Ilyth (uemb), y KoOTOporo(-od) HayanbHas W KOHEUHas BeEpIIMHA
COBIIAJIAIOT, HA3BIBACTCSI KOHTYPOM (I[HKJIOM).
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Jlns rpada Ha puc. 2 MUKIIOM SBJISIETCS, HAIPUMED, CISAYIOIAs IeTb [ X2, X3, X5, X1, X2] .

Onpeodenenue. IIpocTbIM HUKJIOM Tpada Ha3bIBACTCS LUKI, B KOTOPOM BCE BEPIIUHBI
pa3IMYHbI 32 UCKJIIOUEHUEM HaYalbHON M KOHEYHOM BEPIIMHBI, KOTOPHIE COBIAAIOT.

Hamnpumep, s rpada Ha puc.2 UK [Xo, X3, X5, X1, X2] SIBIASETCS MIPOCTHIM, a ITUKII [ X2, X3,
X4, X5, X3, X1, X2| HE SIBISIETCSA MPOCTHIM.

Onpeoenenue. Ilersied Ha3pIBaeTCs Ayra, HadalbHas M KOHEYHAas BEPUIMHBI KOTOPOM
COBIIA/IAIOT.

Onpeodenenue: T'pad, nomydeHHBIM U3 oprpada 3aMeHON Kaxmaod Ayrd Ha pedpo,
HA3bIBACTCSI OCHOBaHUEM oprpada.

IIpumep. Ha puc.3.06 wu3obpaxken rpad, KOTOpHIH SBISETCA OCHOBaHHME rpada,
M300paXeHHOT0 Ha puc.3.a.

Onpedenenue: JlBe BepLIMHBl X; M Xj Ha3bIBAIOTCS CMEKHBIMH, €CIH CYLIECTBYET
coefuHsAmOIIEe UX pedpo (ayra) (xi, Xj), IpU 3TOM BEPIUMHBI HA3BIBAIOTCS HMHIUIACHTHBIMH
aTOMYy pebpy (ayre), a pedpo (ayra) — WHIMAESHTHBIM(-0I) 3TUM BepIIMHAM. AHAJIOTUYHO, /IBa
pa3au4YHbBIX pedpa (Ayru) HA3bIBAIOTCS CMEKHBIMH, €CIIM OHH UMEIOT 10 KpaiHel Mepe OJHY
0O0IIyIO BEpIIUHY.

% &

% X
Puc.3 a6

Bepmunbr x1 u x4 cmexusl (puc. 1), myra (x1, xX4) UHIMAECHTHA BEPIIMHAM X1 U X4, a
BEPIINHBI X1 U X4 MHIIUACHTHBI IyTe (X1, X4). PeOpa (x1, x3) 1 (x3, X4) CMEXHBI (puc.2).

3ameuanue. CMEXHOCTh €CTh OTHOIICHHWE MEXKIY OJHOPOTHBIMHU dJ€MEHTaMu Tpada,
TOT'/1a KaK MHIUJCHTHOCTD SBJISETCS OTHOLUIEHUEM MEXI1Y Pa3HOPOTHBIMH dJIEMEHTaMHU.

Onpeoenenue: MHOXeCTBO Bcex BeplIMH rpada G, CMEXHBIX C HEKOTOPOU BEPIIMHOM X,
Ha3bIBACTCS OKPYKEHUEM BepIIMHbI X 1 0003Ha4yaeTcs yepe3 Ng(X) mmm mpocto N(X).

Onpeodenenue: B HeopueHTHMpOBaHHOM rpade 4ucio pedep, MHIUACHTHBIX JaHHOM
BEpIIMHE Xj, HA3bIBACTCS CTENMEeHbK (BAJIEHTHOCTHI)) BepIIMHBI XU oOo3Hauaercs d(x).
BepmmnHa rpada, mmeromas crenenp 0, Ha3bIBaeTCsS M30JMPOBAHHOM, a BEpIIMHA, MMEIOIIAs
crerenb 1 — Bucsiueit. J{ns neoprpada ua puc.2 d(x1)=3, d(xz)=4.

Ymeeporcoenue (nemma o pyxonoxarusix). Cymma creneneit Bepmus rpada G paBaa 2m,
rzie M- uucio pedep rpaga G.

JHokazarenbcTBo. IlockonbKy Kaxaoe peOpo HMHIUAEHTHO JIBYyM BEpUIMHAM, TO OHO
no0baBiisieT IBOIKY k cymme creneHneit rpadga G. CnenoBarenbHO, Bce pedpa JaloT BMECTE CyMMY
CTENeHe 2m.

Onpeoenenue:. Moarpagom rpada G=(X,V) naszsiBaercs rpadp G'=(X',V'), mis koroporo
XX, V&V, npuuem pebpo (X, Xj) comepxkurcs B V' TONBKO B TOM cllydae, €ClIU X U X
cogepxarcs B X'. Oqaum u3 noarpados rpada Ha puc.l sBisercs ciaenyromuit (puc..4)

Onpedenenue: Eciu Bce Bepmmubl Tpada G=(XV) mnpucyrctByror B moarpade
G'=(X,V), torma G' Ha3pIBacTCsS 0CTOBHBIM moarpagom, 1. ¢. X'=X, V'cV.
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Onpeoenenue: Ilyctp X' — monmuoxectBo BepmuH X rpada G=(X,V). Torma rpad
G'=(X',V') naspiBaeTcs mNOpoxkIAeHHBLIM moarpagom rpada G Ha MHOXKecTBe BepimH X
(BEepIIMHHO-TIOPOXKACHHBIM Toarpad), eciu V' sBISETCS TaKUM MOAMHOXKECTBOM V, 4TO pedpo
(Xi,%j) BXOmUT B V' TOT/Ia M TOJIBKO TOTAA, KOTJIa X; ¥ X BXOIAT B X'.

Ipumep. Ha puc.5 npeacrasien nopoxaeHHbINH ToArpad Ha MHOXKECTBE BEPUIMH {X1, X3,
X5} HEOpPMEHTUPOBAHHOTO Tpada, n300pakeHHOTo Ha puc2.

X, Xj

., X X3
Puc. 4 Puc.5
3. HexoTopsble TunbI rpagos
Onpeodenenue: I'pap G Ha3pIBaeTCS MOJHBIM, €CIIH JIOOBIE JIBE €r0 BEPIIMHBI CMEXKHBI.
n(n—1)
[Tonusiit rpad nopsiaka N o6o3HavYaeTcss CUMBOJIOM K, 9HCIIO pedep B HEM paBHO 2 . Ha
puc.6 uzobpaxensl rpadu Ky , N<5.

1 AA S

Puc.6

Onpeoenenue: I'pad Ha3pIBacTCA MYyCTHIM, €CIM B HeM HeT pedep. [lycroit rpad mopsiaka
N o6o3Hayaercs uepes On.

Onpeoenenue: I'pad, He copepkaliMii BEpLIMH U, CJel0BaTelIbHO, pedep, Ha3bIBaeTCs
HOJIb-Tpadom. ['pad, cocTosiuii U3 0THOM BEPIINHBI, HA3bIBAECTCS TPUBHAJBHBIM.

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

IpakTuyeckoe 3ansiTue Ne 23
Tema: IIpoBepka rpada Ha H30MOPPHOCTD.

Iesb: MOMYyYNTh HABBIKK O PACMO3HABAaHUIO MOCTOB M PA3JIENAIONINX BEPIIUH B rpade,
HaXOXXJCHUIO PACCTOSHUS MEX]y BepLUIMHaMU B rpade; mpoBepke rpada Ha JIBYIOJIbHOCTH;
IIpOBEpKe mapbl rpagoB Ha U30MOP(PHOCTB.

CpencrBa o0y4eHUsi: TETpaad JJIsl BBINIOJHEHUS MPAKTUYECKUX 3aHATUH, MHTEepHeET-

pPECYPCHI.
MeTpuuyeckue XapaKTepuCTHKH rpagos

B Teopuu rpadoB npuMeHsSOTCS:
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1. Martpuua uWHOMHAeHOMHA. OTo Matpuma A € N CTPOKaMu,
COOTBETCTBYIOIIMMHU BEpIIMHAM, W M CTOJOLIAMH, COOTBETCTBYIOIIMMHU pEOpam. [lis
OPUEHTHPOBAHHOTO Trpada CcToIOer, COOTBETCTBYIOIIHMK ayre (X,y) comaepxutr -1B
CTpOKE, COOTBETCTBYIOIICH BepiinHEe X U 1 B CTPOKE, COOTBETCTBYIOLIEH BepiinHe y. Bo
Bcex ocTtanbHbIX — 0. Iletmio, T. €. AYTY (X,X) MOKHO MPEACTABIATH UHBIM 3HAUYECHUEM B
cTpoke X, Hampumep, 2.Ecmm rpad HeopueHTHpOBaHHBIH, TO  cTojOer,
COOTBETCTBYIOLINH pedpy (X,y) COAEPKUT 1, COOTBETCTBYIOIIME X U Yy — HYJIU BO BCEX
OCTaJIbHBIX CTPOKAX.

2. Martpuna cMeKHOCTH. DTO MaTpHLia n*n Ie N — YUCIIO BEPILUH, rae bjj =
1, eciu cymecTByeT peOpo, uayliee U3 BEPIIUHBI X B BepUIMHY Yy U bjj = O B IpOTHBHOM
ciIydae.

3. Iycts G=(X,U) - cBs3usbIii rpad, a 1 ' *i- 1Be ero HecoBmamaromye

X MU X

BepUIMHBL. JUIMHA KpaT4yailero Mapuipyra, COeJUHSIOIEr0 BEPIINHbI J(myTH u3

X: M X X;i 1 X
i i) HaswpIBacTCA paccmosHuem MEXAy BepUIMHAMH in obo3HauaeTcs
d(Xi.Xj) d(xi.Xj)=°° X; U X
. [onoxum , €CJIA BEPLIMHEI J HE COeMHEHBI MapIIPyTOM
d(xi,x;)

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

YAOBJICTBOPACT CJICAYIOIIUM aKCHUOMAaM:

g d0xi,%;) =0 X =X
) TOI'JIa ¥ TOJIBKO TOT/IA, KOT1a ;

d(x;, ;) =d(x,x;)
4) JUISL CHMMETPUYECKUX TPpadoB;

dx, % ) +d(x;, % ) =d(x,x
5) (%, %)) +d(x], 3 ) 2 d(x, k}(HepaBeHCTBO TPEYTOJILHUKA).

4, Paccrosuue s rpada G yI[o6H0 3a/laBaTb MaTPHULIEH pPaCCTOSTHUM.
Mampuuyeii paccmoanuii Tpada ¢ n BeplIMHAMHM Ha3bIBaeTCsA KBajapaTHas marpuia D
nopsaakKa n, 3JICMCHTEBL KOTOpOP'I OIPCACIIAOTCA CICAYIHOIIUM O6p830MZ

| 0, ecaH X, = 3

i

bellx % heomx # %
Marpuily pacCTOSHUI MOXKHO ONPENCIIUTh

5. Jlia puKcUpoBaHHOW BEPIIUHBI Xi penmunna
eix 1= max dix, %, ]

oS A

Ha3bIBACTCS IKCUeHmpucumemom (OTKIOHEHHOCTHIO) BEPIITHHBI X
6. MakcuMadbHBIA ~ CpeM  JKCIECHTPUCHUTETOB  BEPIIUH  HA3BIBACTCS
ouamempom rpada G u o6o3nayaercs diam (G):
diam(lL) = max (%, | — max max d{x;, %}
%A KiE XA H, EM
7. MuHUMaNbHBI U3  OKCIEHTPUCHTETOB BEPIIMH CBSI3HOTO Tpada
Ha3bIBACTCSI €T0 paouycom u obozHavaercs uepes r(G):

sl min eix, ) i |'|'.|'-_-I|-.I S|

% M X, E M X E A



8. BepminHa, wumeromas MHHUMAIBHBIA — OKCICHTPUCUTET, HA3bIBACTCS
uenmpom rpada.
Pixj)= ¥ dix.x)
0. st BEPIIHHBI Xi qucro X EX HA3BIBACTCS
nepeoamoyHvIM YUCIOM.

10. BepmmHa rpada, KOTOPOH COOTBETCTBYET MHUHHMAJIbHOE IEPEIATOYHOC

YHCJI0
max (%, )= max }_:xl;.x,,x i
N, E X 0 K ox oo X

HasbIBaeTCs Meduanoiu rpada. LleHTpoB 1 MenuaH B rpad)e MOXKET ObITh HECKOBKO.

%, %

X %

Puc. 1
Ilpumep. Jlnsa rpada, H300paKEHHOrO Ha puc.l METpPHUECKHE XapaKTCPUCTHKH

OIIPEEISAIOTCS CIETYIOUIUM 00pa3oM:
X X2 X3 Xy X

x (0 1 2 1 2% elx)=2 Plx;)=6
x| 1 01 1] exs]=1 Plxz)=4
D=x:(2 1 0 2 1| eix3}=2 Pix3)=6
xg|1 1 2 0 1 eixgl=2 Pixgh=5
X | 2 L1 0, e{xg)=2 Plxg)=5

Paguyc rpada pasen 1, quametp pasen 2. Llentp rpada - BepinHa }{2; Menunana rpada

- BepIIMHA X2

JABynouabHbie rpadbl

Onpeodenenue: I'pad Ha3bIBACTCS 08Y00JbHBIM, €CIU CYIIECTBYET Takoe pa3OueHHe
MHO’KECTBA €ro BEpIIMH Ha JIBE YacTU (00./114), YTO KOHIIBI KaXJ10ro pedpa mpHuHaIekaT pa3HbIM
YaCTSM.

Ecnu npu 3ToM m100ble J1B€ BEpPUIMHBI, BXOJSIINE B pa3Hble JOJHM, CMEXHBI, TO rpad
Ha3bIBACTCS HOJIHBIM 08YOO0TbHbBIM.

[TonHbIi ABYIOABHBIN Tpad, 10IU KOTOPOrO COCTOAT U3 p U U3 (] BepIINH, 0003HaYaeTcs
cuMBosioM Ky g . IIpu p=1 momydaem 36e30y Ki1q. Ha puc.l nzobpaxensl 38e31a K15 U TONHBIN
JBYNOJIbHBIN rpad Kg .

AHaJOrMYHO ABYIOJBHBIM Tpadam ompenenstorces K-oonvmuwiti v nonnvli k-0onvhulil
rpadsl it k=3, 4, ... Ha puc.2 npuBeneH Tpex10bHbIN rpad.
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ol =

Puc. 1 Puc. 2

JJis petieHust IpUMepoB YI00HO TPUMEHSTH TEOpEMY

Teopema: ['pad siBisieTcss TBYIOJBHBIM T. M T.T., K. BCE €r0 MPOCTHIC IHUKJIBI UMEIOT
YETHYIO JIJTUHY.

Jlerko mojacuuTaTh YMCI0 BCeX IrpadoB ¢ PUKCHPOBAHHBIM MHOKECTBOM BEPIIHH X. ITH
rpadsl pa3IuvarOTCs CBOMMHU pedpaMu, U MOTOMY HUX YHCJIO PAaBHO KOJUYECTBY ITOJMHOMKECTB B

n

X® re. 2 (3) , tne n=|X|. Ognako »Tu Tpadsl He Bcerma ciaeayer pasznuyath. Kak B
NPUMEHEHHSX TEOpUHU TpadoB, TaK U B CaMOH ITOH TEOPUH 4alle CYIIECTBEHHO JIMIIbL TO, YTO
€CTh 00BEKTHI (BepIIMHBI rpada) U CBA3H MKy oObekTamu (pedpa). C aTux mo3unuid rpadsl,
KOTOpBIE MOJIy4aroTCsl OJAMH M3 JAPYroro M3MEHEHHWEM HaWMEHOBAaHWH BEpIIWH, Pa3yMHO HeE
paznuuath. OhopMuM 3TH COOOpaKEHUS B BUE CIEAYIOIIETO ONPEICICHHUS.

HN3omopdubIe rpadnl

Onpeoenenue: JIa rpadha Gi; u Gy Ha3BIBAIOTCS U3OMOPPHBIMU, €CIHA CYHIECTBYET
B3aMMHO-OJTHO3HAYHOE OTOOpPaKEHHUE MEXIy MHOXECTBAMU WX BEPIUIMH, COXpaHSIIOIIee
CMEKHOCTh. Takoe 0ToOpakeHue Ha3bIBaeTCsl H30MOP(pu3MoM.

JlBa oprpada HU30MOP(QHBI, €CIIU CYIIESCTBYET M30MOP(GU3M MEKAY HX OCHOBAHHSIMH,
COXPaHSIONIMNA TOPSIOK BEPIIMH Ha KaXKIOH JIyre.

Hanpumep, tpu rpada, npencraBieHHble Ha puc. 4, n3oMopdHbI, a rpadsl Ha puc. 5 He
nzomopdHEL. Bonipoc 0 Tom, n3oMopdHBI i ABa JaHHBIX Tpada, B 00IIEeM ciIydae OKa3bIBACTCS
CJIO’KHBIM.

P

Puc. 4.

Puc. 5

OueBuAHO, YTO OTHOLIEHHE M30MOpPU3Ma rpadoB SBISETCS HKBUBAJIEHTHOCTHIO, T. €.
OHO CHUMMETPUYHO, TPAaH3UTHBHO U pediekcuBHO. CienoBaTeNbHO, MHOXKECTBO BceX rpadoB
pa3buBaeTCsl Ha KJIAcChl Tak, 4TO rpadbl U3 OJHOrO Kjacca MOMapHO M30MOP(HBEL, a rpadsl U3
pa3HBIX KJaccoB He m3oMopdHbl. M3oMopdHBIE rpadpl MOKHO OTOXKIECTBIATH, T. €. CUATATH
COBMAJAIOIIUMHU (MX MOXHO H300pa3uTh OJHUM puUCyHKOM). OHM MoOriau Obl pa3iauyaThCs
KOHKPETHOW TPHUPOAONH CBOMX D3JIEMEHTOB, HO HMMEHHO 3TO WMTHOPUPYETCS MPHU BBEIECHUU
MOHATHUS «Tpad».

B HEKOTOpBIX CUTyalMsIX BCE K€ MPUXOIUTCS pa3NuyaTh M30Mop(dHbIe rpadsl, U TOrna

MIOJIE3HO IOHATHUE «IIOMEYEHHBIN rpa(b». Fpa(b nopsiKka »n Ha3bIBACTCA nomMedeHHrviM, €CIIN €Tro
BCpIIHNHAM MPUCBOCHBI HCKOTOPBLIC MCTKHU, HAIIPUMECP, HOMEpA 1, 2, R | OTO)KI[GCTBI/IB KaKAYHrO
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U3 BepuminH Tpada ¢ ee HOMEepoM (M, CIeAOBaTeIbHO, MHOXKECTBO BEPIIMH — C MHOXECTBOM
gucen {1, 2, .., N}), ompeaenum paBeHCTBO mHoMedeHHBIX rpadoB G;=(X,Vi) u G=(XVo)
oaHOrO M TOro *e mopsnka: Gi1=G; Torma, korma V1=V, Ha puc. 6 n300pakeHbl TpH pa3HbIX
MIOMEYEHHBIX Tpada.

[Tpu HEOOXOAMMOCTH MOTYEPKHYTh, YTO PacCMATPUBACMBIC TPadbl Pa3INYAIOTCS JIHIIb C
TOYHOCTBIO JI0O M30MOP(H3Ma, TOBOPIT: «a0OCTpakTHBIN rpad». CTporo roBops, abcmpaxmHulii
(wmu Henomeuennwill) Tpad — 3TO Ki1acc n30Mop(hHBIX TpadoB.

Z
, J
2 3 / 3 7 Z
Puc. 6
BapuanTsl 3agaHmii:
1 Jlana marpunia A. IloctpoiiTe cOOTBETCTBYIOIIUK €l Tpad, uMeromun

MaTpully A CcBoeil Marpulell CMEeXHOCTH. HaiiniuTe MaTpuily HHIMAEHTHOCTU IS

MOCTPOCHHOTO Tpada.
f A (N [

1 Jana matpuna A. IlocTpoiliTe COOTBETCTBYIOUIMH el rpad), UMEroImuit
maTtpully A cBoed Marpuieid cmexxHoctu. Halipure MaTpuily MHIUAEHTHOCTH JUIs
HOCTPOEHHOTO rpada.

1 S £

IIpakTnuyeckoe 3ansitue Ne 24

Tema: 3anuch MaTpuipl JOCTHKUMOCTH W TIOCTPOEHHE AuarpamMmbl ['eprma s
OpPUEHTUPOBAHHOTO rpada; peleHre 3aa4 Ha OUHapHbIE AEPEBbS.

Heawb: OBrnagets METOAaMH peLIeHMs 3a7auy Ha OMHApHBIE J1€PEBBS, 3alIMChI0 MATPUIIBI
JOCTH>KMMOCTH M ITIOCTPOEHUEM auarpammsl ['epra

CpencrBa 00y4eHusi: TETpagu AJs BBIIOJHEHUS MPAKTUYECKUX 3aHATHUH, NPE3EHTAUN
1o reMe, HTepHET-peCypCHI.

Coaepsxkanue H NOPSAIOK BbINOJTHEHUSI pa00ThI:

1 [ToBTOpEHNE TEOPETUIECKOTO MaTepHala, B BII€ OTBETOB Ha BOMPOCHI.

2. 3anaiite rpad G puc.l maTpuliieit CMEKHOCTH U UHITUJACHTHOCTH.

3. [Toctpoiite tpapsr Gl m G2, cpaBHUTE CTENCHH Ka)JIOH BEPIITHHBI
JAHHBIX TpadoB.

4. [To 3amanHO¥ MaTpHIlE MOCTPOUTH CETEBOM rpaduK, perIuTh 3a1aqy 1.

5. Pemts 3amauy 2.

KoHnTpoJsbHbBIE BONIPOCHI:
1. Yro Ha3bIBaeTCsl OpUEeHTHPOBAHHBIM IpadoM? IIpuBeanTe npumepsl.
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2. [lepeuncnute OCHOBHBIC MOHSTHUS CBSI3aHHBIE C OPUEHTUPOBAHHBIMHU T'padamMu.
3. [lepeuncnure crmocoObl 3a1aHUsI OPUEHTUPOBAHHBIX TpadoB.

4. B 4eM cOCTOUT aHAIMTHYECKUH crioco0 3amanus oprpada?

5. B uem coctouT reomerpudecku cnocod 3aganus oprpada?

6. B uem cocTouT MaTpuuHBIi crioco6 3agaHus oprpada?

7. Kakas maTpuiia Ha3pIBaeTCsl MaTpUIIeH CMEXKHOCTH oprpada?

8. Kakast MaTpwuiia Ha3bpIBaeTCsl MaTPUIICH MHITMICHTHOCTH oprpada’?

Puc. 1
W1

E7

IIpakTnueckoe 3ansaTue Ne 25

Tema: Pemienue 3a1a4u Ha OMHApHBIE AEPEBbSL.

Heawb: OBrnagets MeTOAaMH pelIeHMs 3a7ady Ha OMHApHBIE J1€PEBBS, 3alIUChI0 MATPUIIBI
JOCTHKUMOCTHU U TIOCTPOEHUEM uarpaMMel ['epra

CpeacrBa o0y4yeHHsi: TETPaaU JJIsi BBITOJTHEHUS MPAKTUUECKUX 3aHSATUH, MPE3CHTAIINH
1o teMe, MHTepHeT-pecypcesl. Pemmre 3anaun

3anaya 1. Ilo 3a1aHHON MaTpHIe TOCTPOUTH CETEBOM rpaduk ( ajjdIEMEHT MaTPHIIBI €CTh
JUIUTENILHOCTh PabOThI OT 1 710 j B AHAX). HaliTh AMHY KpUTHYECKOTO MyTH, yKa3aTh SKOHOMUIO
BpPEMEHH.
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6)

3apaua 2. Haiinute Komu4ecTBO y3/10B JAHHOTO OMHAPHOTO JIEpeBa, MEPEUNCINUTE JIUCTHI
U YKaKUTE TIIyOMHY OMHApHOTO JiepeBa ¢ KOpHEM A.

€

Jomammuee 3aganue: CocTaBUTh aITOPUTM 3a1auH 1.
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PexoMennyemas jiureparypa:
OcHoBHas JuTepaTypa:

1. Kamvan, 1O. . Teopust BeposTHOCTEH M MaTeMaTHYECKas CTATHCTHKA [ DJIEKTPOHHBIN
pecypc] : yae6noe mocobue mis CIIO / FO. 5. Kanman. — DIEKTpOH. TEKCTOBBIE JaHHBIC. —
Caparos : I[Ipodobpazoanue, 2019. — 130 c. — 978-5-4488-0031-3. — Pexum mocryma:
http://www.iprbookshop.ru/83119.html

2. Hlepbakoa, 0. B. Teopuss BeposSTHOCTEW W MaTeMaTH4yecKas CTaTUCTUKA
[DnexTpoHHbIi pecype] : yueOnoe mocobue mist CIIO / 1O. B. IlepbakoBa. — DIeKTpoOH.
TekcToBble MaHHble. — CaparoB : Hayunas xuwura, 2019. — 159 c. — 978-5-9758-1898-0. —
Pexwum noctyna: http://www.iprbookshop.ru/87081.html

3. bonsmaxkosa, JI. B. Teopust BeposiTHOCTEH [DIIeKTpOHHBIN pecypc] : yueOHOoe mocodue
mis CIIO / JI. B. bBonpmakoBa. — DIeKTpoH. TEKCTOBbIe JaHHble. — CapaToB
[IpodobpazoBanme, 2019. — 196 c. — 978-5-4488-0523-3. — Pexum jgocryna:
http://www.iprbookshop.ru/86941.html

JlonmoJIHNTeIbHAS JIUTEpaTypa:

1. I'punneBa M.B. Teopust BeposTHOCTEH W MaTeMaTHYeCKash CTATUCTHKA [DIEKTPOHHBIN
pecypc]: yueOHoe mocobue / U.B. I'puanena, JI.U. ®enynosa, B.II. [ankuii. — 3nekTpoH.
TEKCTOBBIE JaHHble. — BopoHnex: BopoHexckuil 1'ocytapcTBEHHBIN ATpapHbIii Y HUBEPCUTET
uM. Hmmneparopa Ilerpa IlepBoro, 2017. — 165 c. — 2227-8397. — Pexum poctyma:
http://www.iprbookshop.ru/72762.html

2. KonemaeB B.A. Teopusi BeposITHOCTEM M MaTeMaTUYeCKasi CTaTUCTUKA [DIEKTPOHHBIN
pecypc] : yaeOnuk s By30B / B.A. Komemaes, B.H. Kanuanna. — 2-¢ uzn. — DJICKTPOH.
tekctoBble manHele. — M.: FOHUTHU-JJAHA, 2017. — 352 c. — 5-238-00560-1. — Pexum
noctyna: http://www.iprbookshop.ru/71075.html

3. I'yppsinoBa N.D. Teopust BepoOATHOCTEW W MaTeMaTUYecKas CTaTUCTUKA. Teopus
BeposiTHOCTEW. KpaTkuii kypc ¢ mpumepamu [DIeKTpoHHBINA pecypc] : yaedHoe mocodue / 1.0.
I'ypesinoBa, E.B. JleBamkuna. — DJEKTPOH. TEKCTOBbIE AaHHble. — M. : M3natenbckuii Jlom
MUCuC, 2016. — 106 c¢. — 978-5-87623-915-0. — Pexumm jgocryma:
http://www.iprbookshop.ru/64202.html
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