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IMosicuuTeILHAS 3aNIMCKA
I[JISI MHOT'UX CTy,ZLeHTOB 3Ha‘II/ITeJII>HyIO pr,ZLHOCTB HpeI[CTaBHSICT peH_ICHI/Ie 3a1a4.

[TosTOMYy B TaHHBIX METOJIMUECKUX YKa3aHUSIX IVIABHOE BHUMAaHUE YJICJICHO PEIICHUIO TUIIOBBIX
MPUMEPOB M 3a/lay, MOSCHSIOIIUX TeopeTHYecKuil martepuan. OIHAKO MNpexae YeM HayaTb
peliath 3TH MPUMEPHl HAIO MOOUTHCS TOJHOW SICHOCTH B IMOHUMAHHH COOTBETCTBYIOIIMX
MMOHSTHH.

B Hawane kaxmgoll TeMbl KpaTKO M3JAraloTcsi OCHOBHBIE TEOPETUYECKHE CBEICHUS
(ompenenenus, Gopmysibl), HEOOXOIUMBIE Uil pEUISHUs TOCIeAyrImmMX 3amad. [IpuBomsTcs
pELIECHHS TUIIOBBIX TPUMEPOB U 3aAad. JaroTcs yrnpaKHEHUS Ha 3aKPEIUICHUS TEMBIL.

BrimonHenue cTyieHTaMu IPaKTHYECKUX padOT HANPaBIeHHO Ha!

- 0000I1IeHNEe, CHCTEMATH3allUI0, YIIyOJICHHE, 3aKpEIUICHHE IOJYYECHHBIX TEOPETUUECKUX
3HAHUU MO0 KOHKPETHBIM TEMaM;
- (opMHpOBaHWE YMCHHI TPHUMEHATH MOJYyYCHHBIC 3HAHUS HA MPAKTUKE U PEaTH3AIHI0
€IMHCTBA MHTEIUICKTYyaJIbHON ¥ IPAKTUYECKON JEATEIIbHOCTH;
- pa3BUTHE WHTEIUICKTYaJbHBIX YMEHUH Yy OyIyluX CHEIUAINCTOB: aHATUTHYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIp.;
- BBIPAOOTKY TIPH PEIICHWH ITOCTABJICHHBIX 3aJ1ad TaKUX NPO(ECCHOHATBHBIX KAYeCTB, Kak
CaMOCTOATENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAsI MHUIMATHBA.

B pesynbrarte n3ydenus yueOHON AUCHUILTHHBI « Teopust BEepOsSTHOCTEH U MaTeMaTH4ecKast
CTaTHCTUKA» O0YYaIOIIUICS TOTKEH
YMETh:
- BBIYUCIISITH BEPOSITHOCTh COOBITUM C UCTIOIH30BAHUEM DJIEMEHTOB KOMOMHATOPUKH;

- HCIOJIb30BaTh METOIbl MATEMAaTHUECKON CTATUCTUKHU

B pesynbrare uzydenus yueOHON AUCUUILINHBI 00y4YatoIUNCs JOKEH 3HATh!
- OCHOBBI TEOPUU BEPOSITHOCTEN U MATEMATHYECKOW CTaTUCTUKU;

- OCHOBHBIC ITOHATUSA TCOPHUU l"pa(l)OB



IMpakTnyeckas padora Ne 1
Tema: Pemenue 3a1a4 Ha pacyeT KOJIMUECTBA BEIOOPOK

Hean: HayduThCst BEIYUCIATD BEPOSATHOCTH CIIyYaHBIX COOBITUI

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

Conep:kaHue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCIIEKTUPYITE METOIUKY PELIEHUS TUIIOBBIX 3a/]au.

3. PaccmoTpuTe nmpuMepsl penieHus TUIIOBBIX 3ajau.

4. Pemure 3aauu.

KoHTpoJibHbIE BOIPOCHI:

1. [ToHsITHE BEPOSITHOCTH CIIy4altHOTO COOBITHSI.
2. [ToHsTHS IEpeCTaHOBKH, pa3MEIICHUS, COUCTaHUSI.

BeposaTHOCTP  cay4YaMHbIX  coObITUM. HemocpeAacTBeHHbIM  MOACYET
BEpPOATHOCTH.

[lon BepOATHOCTBIO CIIYy4alHOTO COOBITHUS MOHMMAETCS YHCIO, XapaKTepHU3yIollee
CTENeHb BO3MOXXHOCTH TOSIBICHUS COOBITHUSA. [Ipy 3TOM BEpOSITHOCTH HEBO3MOXKHOT'O COOBITHUS
MPUHUMAETCS PABHOW HYIIO, & BEPOATHOCTH JIOCTOBEPHOI'O COOBITHS PaBHOM €AMHHUIIEC. DTUM
OTPaHUYMBACTCS TUAMTA30H N3MEHEHHUS BEPOSITHOCTH CITy4aifHOTO COOBITHS:

O0=p=1

Krnaccuueckoe omnpeneneHne BEpOSTHOCTH OCHOBAHO Ha MPEACTABIECHUHM CIy4ailHOro
cOOBITHSI Kak pe3yibTara (MCX0Ja) HEKOTOPOro BOOOpakaeMoro Wiu (HaKTHUECKOTO OIIbITa
(McmbITaHusl ), MOBTOPSIOLIETOCS JH000€ YUCIIO pa3. JTa TeopeTudeckas MoJiejb JIEKUT B OCHOBE
HEMOCPEJICTBEHHOTO TIOJICUETa BEPOATHOCTU CITYYaHOTO COOBITHS.

BGPOHTHOCTBIO CHy‘I&ﬁHOFO COOBITHS A Ha3bIBAaCTCA OTHOIICHHEC qucia

m

6J'Ial"0HpI/I}ITCTBy10H_[I/IX OTOMY COOBITHIO ncxoaoB K 06111eMy YHUCIY BCCX PaBHOBO3MOXKHBIX

HCECOBMCCTHBIX 3JICMCHTAPHBIX UCXO10B n , 06p213y}0H_II/IX MMOJIHYIO I'pYIIITY:

m
P(A)=—

n.(1)
Jlns onpenenenus konmuecta ucxogoB 11m Muacto mpuxommTes MCMmoNB30BaTH

dbopmynbl koMOMHATOpHKK. KoMOMHATOpHKA H3yyaeT KOJTUYECTBO KOMOMHAIMI U3 JIEMEHTOB
ONPEAECIIEHHOM TPUPOBI 3aJaAHHOTO KOHEYHOT'O MHOYKECTBA.
IlepecTaHOBKH - KOMOMHAIIMY W3 OJHHUX U TEX K€ DIIEMEHTOB, KOTOPbIC Pa3TUYAIOTCS
TOJIKO TIOPSAJIKOM HX PACIONIOKEeHUS. UHCIIO0 IepecTaHOBOK ompeensiercs mo Ggopmyre:
P =n!
n , (2)

n

rac - KOJIMYECTBO 3JICMCHTOB B KOMGI/IHaL[I/II/I.

Hanpuwmep: CxonbkuMu crnoco0aMu MOKHO pacipeAesnTb 5 00beKTOB paboThl MEXIY 5
Opuragamu 3J1IeKTPOMOHTA)KHUKOB?
n=5P =5=1-2.3.4.5=120

m

Pa3MeHIeHI/lSI - KOM6I/IHaHI/II/I u3 npa?).]'II/I‘—IHBIX JJIECMCHTOB 11O 9JICMCHTOB,

n m

OTJIMYAIOIIUXCSA JIMOO COCTaBOM, JUOO ToOpsAnkoMm. Yuciao pasMenieHuid u3 o

OMPCACIIAACTCS KaK:



_ n!
N (n—m)!. )

Hanpumep: Nmeercs 10 anextpoaBuraresieid, u3 KOTOpbIX 3 oaHOro thmna. CKOJbKUMH

m

cnoco0amMu UX MOKHO PacCIIOJIOKUTDb B OJIUH pHI[?
n=10 ,; 10!
=—=10-9-8=720
m=3 =7 _

Coueranus - KOMGI/IHaL[I/II/I, COCTaBJICHHBIC U3 npaSJII/I‘-IHbIX 9JICMCHTOB II0 m

DJIEMEHTOB, KOTOpPBIE pa3IUYalOTCsl XOTS Obl OJHHUM JJIEMEHTOM. UYwWCIo codeTraHuit
ompeaensercs mo hopmyie:
n!

- m!(n—m)!l (4)

m

Hanpumep: CkonapkuMu crioco6amMyu MOKHO COCTaBUTh Opuraay B COCTaBe 3 4YeNlOBEK,
BBIOMPAs KX U3 8 DIEKTPUKOB?
= 8!
n=8 ca_ % _gg
m=3 3151

n m

Ipasuio cymmbl: Ecmu oGbexkt A BhIOpaH crocobamu, a obwext B -

crioco6amu, To BeIGop 60 A | 6o B moxer6wITh OcymecTBIeH (n+m) cnocobamn.

m

IpaBuio npousBenenus: Ecau o6bekT A BrIOpan croco0amu, a mocjiae Kaxaoro

Takoro BbIOOpa 06bekT B MoxHO BRIOpaTh !!cmocoGamm, To mapa (A" B) yioxer 6bITH

oi6pana (™) criocoGam.

MeToauKa pelieHs TUIOBLIX 3a4a4

Knaccuueckue 3agaun TB uctopuuecku cBs3aHbl ¢ Teopuel asapTHbiXx urp. OmHako,
NPECTaBJICHHbIE MAaTEMATUYECKHE MOJEIH MOTYT OBITh HCIOJB30BAHBI TAKXKE MPU PELICHUU
psiza TEXHUYECKUX 3aad.

Meroavka peleHus 3aJad4 Ha HEIMOCPEACTBEHHBIN IIOACYET BEPOSITHOCTU CIIyYalHOTO

COOBITHSI CBOAUTCS K CIEAYIOLIEMY:

1. OHpe,Z[CJ'ICHI/Ie O6H_ICFO YHrcjia BO3MOXHBIX UCXOJ0B n ,

2. AHammM3 W pacyeT KOJHMYECTBA HCXOAOB, OJIArONPHUATCTBYIOIIHX
CIIy4yalHOMY COOBITHIO, T.€. TaKuUX, B KOTOPBIX JaHHOE COOBITHE O0s3aTEIBHO
MIPOU3OU/IET;

3. Onpenenenre HCKOMOW BEPOSITHOCTH COOBITHUS MO BbIpaxkeHUIo (1).
PaccMmoTpuM perieHue psia TUMOBBIX 33/1a4 [0 JaHHOMY pa3Jielny:

I Tun 3apau. Venosue sadauu: Ilycts umeeTcs ypHa, B KOTOpOH a - Genpix 1apoB U b
yepHbIX. 13 ypHbI Hayraja BeiOupaercs 1 map. Haiftu BeposSTHOCTB TOTO, UTO ATOT 1Iap OesbIi.

Pemenue
n=a+b m_a
m=a n a+b

B nanHOM ciydae Bce MCXOMBI OMBITA, CBSA3AHHOTO CO CIyYalHBIM BBHIOOPOM IIIapa W3

YPHBI, ABJISIOTCS PABHOBO3MOKHBIMU M HECOBMECTHBIMH, T.€, ONBIT CBOJAMUTCSA K «CXEME YPH».

[ToaToMy BEpOSITHOCTH JOCTAaTh CIydalHBIM 00pa3oM OeNblil Iap BTOPHIM WM MOCIEIHUM W3
a

p
YPHBI TaK)Ke paBHA a+b
II tun 3agau Vciosue 3adauu: B xopoOke 30 smekTtponamm, mpuyeM 12 w3 HUX
paccunTanbl Ha HanpsbkeHue 220 B, a ocranbHble - Ha HanpspkeHue 36 B. KakoBa BepoATHOCTB



TOTO, 4TO U3 4 HAyTraJ B3SATHIX OJJHOBPEMEHHO JJIEKTPOJIAMIT BCE OKKYTCS WM C HAMPsHKEHUEM
220 B, wiu ¢ Hanpsikennem 36 B?

Pemienne

Bsenem o0o3HaucHUS:

A - cobbITHE, COCTOSIIEE B TOM, 4TO U3 4 AJIEKTpOJIaMIl Bce ¢ HanpsbkenueM 220 B;

B - u3 4 snextponamn Bee ¢ HanpsbkeHneM 36 B;

C - nosisenne cobbrruit 6o A mco B .

a) OOmee 9MCII0O UCXOJOB PABHO KOJUYECTBY CIIOCOOOB, KOTOPHIMHU MOXKHO BBIOpaTh 4
anexkTpoamiibl u3 30.

n=Cj

4
6) Uncino UcXo10B, 61aronpuaTCTBYIOMMX coObiTHio A, M = Cp

_ 4
Yucno ucxo 0B, 6JIaronpusTCTBYIOMIUX COOBITHIO B, m, =Cu .

4 o :
P(A):ﬂch =12,426: 11
n Cy 4830 609
C) 30 .
P(B):&z C :18!4!26]: 68
n  Ci 4141300 609

BeposTHOCTh COOBITHS, COCTOSIIETO B MOSIBICHUH JINOO COOBITHS A , TNOO COOBITHUS B
OIPENICITMM C MCIIOJIb30BAaHUEM TPABUIIA CYMMBI
11 68

P(C)=P(A)+ P(B)=—+—=0,13
(C)=P(A)+ P(B) = =+ |

Yenosue 3a0auu: CtyaeHT Kynui KapTouky CHOPTIOTO M OTMETWI B HEW IOCIENOBa-
TEJIbHO IIECTh MEPBbIX HOMEPOB. ONpenesnnTh BEpPOATHOCTh TOrO, UYTO IpH TuUpaxe 6 us 49 B
YUCJI€ BBIMTPABUIMX IApPOB OKaxkeTcs map nmox Ne 1.

Pemenne
_ 6
a) OGILee 9ICI0 HCXOTO0B |+ Cao,
B cero mapos ¢ 49 HoMepaMH 6) Hucno HCXON0B,
/ \ OJIarONPHUATCTBYIOIINX  COOBITHIO,
. _ OTIPECIISCTCS YHUCIIOM BO3MOXKHBIX
lmap mog Mel 48 wapoe ¢ ApyTrHMH e .
KOMOMHaIM# W3 6  HOMEpOB,
oOsi3aTenbHO  BKIOUaBmMX No 1.
m, 6 Wwapos I, s onpeseneHus qucia
\ KOMOUHAIMK yIO0OHO MCIOJIBb30BaTh
1 map nog Nal D IIApOoE Mog ApyrumMH Mo CXeMaTHU4eCKOE MPEICTABIICHUE:
Kak Bugno, M 3aBucur ot

BO3MOXHBIX KOMOMHALMI U3 5 mapoB (¢ JpyruMU HOMepaMu, OTIMYHBIME OT Ne 1) u3 48 Takux
I1apOB.



5 14216l
:E:C%B _-48.43.6._&50,1224
n Cy

 5143149! 49
c)

III Tun 3apau Yenosue 3a0ayu: Ha nmonke Haxogutcs 10 ammepMeTpoB, U3 KOTOPBIX 6
ucHpaBHbIX. HaliTW BEpOSTHOCTH TOro, UTO cpeau 4, HayAayy OTOOpaHHBIX aMIIEPMETPOB, 2
UCIIPaBHBIX.

Pemenne

Ot 3amau 11 Tuna naHHBIN TN 3a/1a4 OTJIIMYAeT HEOJAHOPOJHOCTh COCTaBa KOMOMHAIINH,
COOTBETCTBYIOIIUX OJAaromnpHsATHBIM HCXOJaM CIydailHOro coObiTus. s pemeHus yao0HO
IIPEJICTaBUTh YCIOBHE 3a/1a4l CXEMaTHUECKHU:

n=C}
a) O01Iee 9rCIIo UCXOI0B :

10 anvriepmeTpoB _
OBLI0
/ n \l " Beero

§ MCIIpaBHBIX 4 HeH(NIpaBHEIX

my 4 aMmrepMeTpa m,
\ #  OToGpamd

2 UCTIpABHBIX 2 HeHM(CIIp aBHBIX 0) m onpejensercs Ha
OCHOBE IpaBUJia MPOU3BEICHHUS,
MOCKOJIBKY BBIOOp 4 aMIIepMETPOB OCYIIECTBISIETCS OAHOBPEMEHHO:

m=m, -m,

2 2
m, =C; m,=C;

p_mymz_C5Cf_ 6! 41 6! 4!

G =3 043
n Ci a0 7

©)

Pemure 3anayu:

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

3anada 2. YUacTHHMKH XepeObeBKU TAHYT M3 YpHBI jK€TOHBI ¢ HoMepamu oT 1 nmo 100.
Haiitu BeposSTHOCTH TOr0, 4YTO HOMEp MEPBOro HayJauy BBHITALLIEHHOT'O K€TOHA Oy/IeT CoAep)KaTh
udpy 5.

3amaya 3. B nartu Memioukax HaxoAsTcs 5 oJMHAKOBBIX KyOumkoB. Ha Bcex rpansx
KaKJ0ro KyOMKa HamucaHa OJHa U3 cleayrolux OykB: o, I, p, ¢, T. HaliTu BeposiTHOCTB TOTO,
YTO Ha BBIHYTHIX IO OJTHOMY M3 KaXK/I0TO MEIIOYKa KyOMKaX M pacroJOKEHHBIX B OJHY JIMHUIO
MOYKHO OyZ€T IPOYECTh CIOBO «CIIOPT».

3anaua 4. Ha ka)xa0# U3 ecT 0JUHAKOBBIX KapTOUeK HamucaHsl ojHa u3 OykB: A, T, M,
P,C,0. HaiiTu BEpOSTHOCTH TOrO, YTO Ha YETHIPEX BBIHYTBHIX IO OJHOM M PACIOJOKEHHBIX B
OJIHY JIMHUIO KapTOUEK MOXKHO OYAET MPOUYECTh CIOBO «TPOCH.

3amaua 5. Ky0, Bce IrpaHu KOTOpPOrO OKpallleHbl, PaclWIMIN Ha ThICAYy KyOHKOB,
KOTOpBIE 3aTEM TIIATEIBHO NepeMenianu. HaliTh BEpOSATHOCTh TOTO, YTO Hay/Aaudy BBITALEHHBIN
KyOHK OyZeT UMEeTh OJTHY OKpAallleHHYIO IpaHb, 1BE U TPH.



3amada 6. M3 monHoro Habopa 28 KOCTel JOMHHO HayJaudy H3BJe4eHa KocTh. HalTu
BEPOSITHOCTh TOT'0, YTO BTOPYIO HayJady H3BJICUYECHHYIO KOCTb MOYKHO IPHUCTaBUTh K IEPBOW,
€CJIM TIepBasi KOCTh OKasasiach: a) Ay0sem, 0) He ayOsem.

3agaya 7. BoceMmb pa3auyHbIX KHUT HayJladyy pacCTaBIsIOTCA Ha Tnosike. Haitu
BEPOSITHOCTh TOT'0, YTO JIBE€ ONPEIEICHHBIE KHUTH OKaXXYTCS CTOSILIUMU PSIAOM.

JdomaiuHee 3aqaHue:

Pemnre 3anaun:

1. B norepee passirpbiBatorcs 150 BemeBbix M 50 AeHEXHBIX BbIUrphled. Yucio
norepeiinbix 6uneroB paBHo 10000 mTyk. YUemy paBHa BEpOATHOCTb BBIUIPHIILIA?

2. BeposTHOCTB TOTO, YTO CTPEJIOK MPHU OJHOM BhICTpesie BbIObeT 10 oukoB, paBHa 0.1; 8
OUYKOB U MeHblIle - 0.6. HaliTu BEposITHOCTh TOTO, YTO MPHU OJHOM BBICTpEJIE CTPEIOK BHIOBET HE
MEHbIIIE 9 OYKOB.

3. B maptuu u3 10 geraneit — 8§ mTyk cranaapTHBIX. HailTM BEpOSATHOCTH TOTO, YTO CPEIIU
JIBYX Hay/ady M3BJICYCHHBIX JeTaneil XoTs Obl 0JjHa OyJeT CTaHIapTHOM.

4. B maptun u3 10 neraneit okazanock 8 crangaptHbeix. Haynauy oroOpanu ase. Haiitu
BEPOSATHOCTb TOT'O, UTO CPEIU OTOOPAHHBIX JAETaJe OKaKeTCs:

1. He 0oJiee 0JTHOM CTaHIapTHOM,

0) XoTs OBl OJTHA CTaHAPTHAS,

B) TOJIBKO OJIHA CTaHIapTHasl.

5. BeposiTHOCTH TOro, 4TO CTPEJIOK MOnajeT B MulleHb, paBHa 0,9. IIpousBeneno 3
BbICTpesia. HaliTu BEpOSTHOCTH TOr0, YTO BCE 3 BBICTpPEJIA MONAIH B LIEJIb.

6. B cryaum Haxonutcs Tpu TelieKamepbl. BepoATHOCTh BKIIIOUEHHUS KaXJAOW KaMepbl
paBHa 0.6. HaiiTu BeposATHOCTH TOrO, YTO B JAaHHBII MOMEHT XOTs Obl OoJHA Kamepa Oyner
BKJIIOUEHA.

IIpakTuyeckoe 3ansitue Ne 2

Tema: Brruucnenue BeposTHOCTEH COOBITUH MO Kiaccuyeckoi (opmyse omnpeseseHus
BEPOATHOCTH.

Heab: HayuuThCcs BBIYHCIATH BEPOSTHOCTU CIYyYaWHBIX COOBITHI MO KIACCHYECKON
dopmyIie onpeneneHns BepOsITHOCTEN

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

CoaeprxaHue M NOPSAI0K BbINOJTHEHUS PadoThI:

1. PaccmoTpuTe TEOpETUYECKHI MaTeprai 1o TEME.

KoHnTpoJsbHbIE BONIpPOCHI:

1. [lonatne  BEpOATHOCTH  CIyyallHOro  COOBITHS,  NEPECTaHOBKH,
pa3MelIeHUs], COUETaHus.
2. [IpaBuia cyMMbI ¥ IPOM3BEACHUS CIyYaHBIX COOBITHIA.

HGHOCpeHCTBCHHBIﬁ noACYCT BEPOATHOCTU CJ'Iy‘-I&fIHOI’O COOBITHS y,[[06HO HCIIOJB30BaTh
TOJIBKO IIPU aHAJIN3C HpOCTGfIH.IPIX CJIy‘-IElﬁHBIX HBHCHHﬁ, KOoTaa 1o yCJIOBUIO 3aJa4r U3BCCTHBI
BCC€ KOJIMYCCTBCHHBIC ITOKA3aTCIN 110 UCCICAYEMOMY O6’BGKTy NN UX JIETKO MOXXHO BBIYMCIINTD.

D10 mo3Bonser M0 GOpMyJIaM KOMOMHATOPHMKH IOJCUATATh KONMYECTBO mcxomoB My T
OpHako Ha MpakTHUKE NPUXOIUTCS CTAJKUBAThCS CO CIydalHBIMH COOBITHUSIMH, KOTOpBIE
bopMupyIOTCS 32 CYET COUYETAHMSI LIEJIOT0 psja ClIy4aHbIX ¢akTopoB. Hampumep, BepoATHOCTD
BBIXOJa M3 CTpOsd JOOOro TEXHUYECKOr0 YCTpOMCTBAa 3aBUCUT OT  BEPOSITHOCTU
paboTOCTIOCOOHOCTH Ka)KJOT'0 M3 €ro 3JIEMEHTOB, a TaKKe OT crocoba Mx coeauHeHus. J[ns



OTIpeNieNIeHUs] BEPOSITHOCTH TAaKUX CIy4alHBIX COOBITUH MCIIONB3YIOTCSI KOCBEHHBIE METO/IHI,
MO3BOJIAIOMINE IO W3BECTHBIM BEPOSATHOCTSAM OIHHUX COOBITMH HaXOAUTh BEPOSTHOCTH
CBSI3aHHBIX C HUIMHU COOBITHIA.

[Tpexxne Bcero HEOOXOAMMO IPOAHATM3UPOBATH CIy4allHOE COOBITHE W OIPEACIHTH
00pa3zyeTcst 1 OHO KaK CyMMa 3JIEMEHTAPHBIX COOBITUI MM KaK MX IIPOU3BEICHHUE.

Jlist 5TOT0 BBEJIEM [1Ba 0A30BBIX MOHATHS alreOpbl COOBITHIA.

CyMMoii HeCKOJIbKHX CJYYailHbIX COOBITHI HA3bIBACTCS COOBITHE, KOTOPOE COCTOMUT B

TIOSBIEHHUH XOTS 6bI OJHOTO M3 ITHX COOBITHIL. TaK M CyMMBI TPEX CTydaifHbIX coObITHE A

B | C npomsoiiner mi6o A, mu6o B, mu6o € |, mu6o coueranns AB, AC BC ABC
Hampumep, aBapuiiHoe TOBpeXICHHE OJIOKa  DJIEKTPUUECKOM CHCTEMBI  T€HEpaTop-
TpaHchOpMaTOP-JIMHUS AJICKTpoIiepeaad MpeACTaBIseT coOO00H CyMMy 3JIEMEHTAPHBIX COOBITHA:
aub0 TMOBpEXKIEHUE TeHeparopa, JMOO TOBpeXIeHHe TpaHchopmaTopa, auOO JIMHUA
3JIeKTporepeay, 1100 BCEBO3MOKHBIE COBMECTHBIC TTOBPEKICHHS.

IIpousBeaeHneM HECKOJbKHUX CIYy4YailHBIX COOBITHH HA3bIBACTCS COOBITHE, COCTOSIICE
B OJHOBPEMCHHOM IOSBJICHUHM J3THX coObITHmil. Hampumep, Oe3oTka3zHas pabora Oioka
reHepaTop-TpaHcHOPMATOP-IMHHAS AJICKTporepead BO3MOXKHA TOJIBKO TIPH OJHOBPEMEHHOMU
0e30TKa3HOM paboTe BCEX TPEX PIEMEHTOB OJIOKA.

Pacder BepoOsATHOCTH CIIOKHOTO COOBITHSI IMPOM3BOJUTCS HA OCHOBE TEOPEM O CyMME U
MPOU3BEICHUU CIIyYalHBIX COOBITHIA.

[Tpu BBIOOpE pacueTHBIX (HOPMYIT HEOOXOIMMO YUUTHIBATH /IBa CYIIECTBEHHBIX MOMEHTA!

a) OmnpeneneHue BEPOSTHOCTU CYMMBI CITy4allHbIX COOBITHI 3aBUCUT OT TOT'O, COBMECTHBI
HJIM HECOBMECTHBI 3T COOBITHSL.

HYCTI) CJIy‘IElfIHBIG COOBITHS A, B. HCCOBMCCTHBI, TOrJa BECPOATHOCTL CyMMBI ABYX

cobpituit A+ B pasna
P(A+ B) = P(A) + P(B)_

Ecm A, B - coBMecTHBIE COOBITHS, TOTIa BEPOATHOCTh CyMMEI IBYX cobbiTHii A+ B

paBHa
P(A+ B) = P(A)+ P(B) - P(AB)

wis tpex coBMecTHbIX cobbitiii A, B, C pprumcnenne BeposSTHOCTH —CyMMBbI
MIPOU3BOUTCS IO popMyIie

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

0) Hns ompeneneHus BEPOATHOCTH TPOU3BEIEHUS CIYYaWHBIX COOBITUNA HEOOXOIMMO
MPOAHAIM3UPOBATH 3aBUCUMBI OHH WJIA HE3aBUCHUMBI.

[Ipy BBIYKMCIEHUU BEPOSTHOCTH TIPOM3BEACHUS COOBITUN HCIONB3YeTCSd TMOHSITHE
YCJIIOBHOW BEPOSITHOCTH.

P, (B) yekoroporo cnywaitnoro cobertus B,

[log yci0BHOM BepOSITHOCTHIO
CBA3aHHOTO C COOBITHEM 4\, OHMMAeTCs BEPOATHOCTH TOSIBIEHHS COOBITHA B mpu ycinosun,
4TO cOOBITHE A yrKe IPOH30IILIO.

Ecimu cnyuaitasie cobbrus A, B - He3aBucnMEI, To BepoATHOCT TIPOM3BENEHNS IBYX
COOBITHII paBHA MPOU3BEICHUIO BEPOSTHOCTEH ITUX COOBITUI

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

Ecnu cimydaiinble cOOBITHS 3aBUCHUMBI, TO BEPOSITHOCTh MPOU3BENEHUS JIBYX COOBITUIN
BBIYHCIIAECTCS C Y4ETOM YCIOBHOU BEPOSTHOCTH



P(A-B) = P(A)-P,(B),
P(A-B-C)=P(A)-P,(B)P,;(C)
[Ipu pemienun 3amad 4acTO HAaXOOUT MPUMEHEHHUE CIIEACTBHE M3 TEOPEMBI O CyMMeE
BEPOSATHOCTEM.

Cymma BeposiTHOCTEH i COOBITHI, 00pa3yIoNMX MOJHYIO TPYIILY Aps - A", paBHa
eMHHULIC

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

B wactHOCTH, JUIS IPOTHBOTIOIOKHBIX COOBITHIA:

P(A)+ P(A) =1

JlomamiHee 3a1anue:

1. BeposiTHOCTH TOro, YTO CTpPEJOK IMomnaaer B muileHb, paBHa 0,9. Ilpousseneno 3
BeIcTpena. Hailtu BeposSiTHOCTB TOT0, 4TO Bce 3 BBICTpENa MONaIU B LIENb.

2. BeposSTHOCTbh MOpa)KeHUs LIEIH MPU OJHOM BBICTpEJie MEPBBIM CTpenkoM paHa 0.8, a
BTOpBIM - 0.6. HaliTu BEpOSTHOCTH TOTO, YTO 11€Jb OyAET MOpakeHa TOJIBKO OJHUM CTPEIKOM
(TIepBBIM HUJTH BTOPBIM).

IpakTuyeckoe 3ansaTue Ne 3

Tema: Pemenue 3agay Ha BBIYMCIEHUE BEPOSTHOCTEH COOBITMH IO KJIacCHYeCKOMH
dopmyIie onpeneneHus BEpOsITHOCTH.

Henab: HayuuThCs BBIYMCIATH BEPOSTHOCTU CIy4YalHBIX COOBITHI IO KJIACCHYECKOMN
(dopMyJie onpeaeneHus: BEposSTHOCTEN

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

Conep:xaHue ¥ NOPSI0K BBINOJHEHUA PadOThI:

1. Pemure 3agauun.

Pemnre 3agaun:

3anava 1. B norepee paspirpsiBarorcs 150 BemeBsIx 1 50 1eHEXHBIX BBIMTPHILIEN. Yucio
norepeiHbix 6uneroB paBHo 10000 mTyk. YUemy paBHa BEpOSATHOCTb BBIUTPHIIIA?

3anaya 2. BepoATHOCTb TOro, 4TO CTPEJIOK NPH OAHOM BBICTpese BbIObeT 10 OYKOB,
paBHa 0.1; 8 ouxkoB u Menbue - 0.6. HailTu BepoATHOCTH TOrO, YTO IPHU OJIHOM BBICTpEJE
CTPEJIOK BHIOBET HE MEHBIIE 9 0UKOB.

3anava 3. B maptuu u3 10 geraneit — 8 mryk crangaptHbeix. HailTu BeposTHOCTH TOTO,
4TO Cpellu IByX HayJlauy M3BJICUEHHBIX JIeTajiei XoTs Obl 0/1Ha OyAeT CTaHAAapPTHOI.

3anava 4. B maptun u3 10 geraneit okazanoch 8 crangapTHeiX. Haygady otoOpanu aBe.
Haiitu BeposTHOCTH TOTO, UTO CpPEeIU OTOOPAHHBIX JeTanel OKaKeTCs:

2. He 0oJiee OJTHOM CTaHIapPTHOM,

0) xoTs1 ObI OJTHA CTaHJAPTHAS,

B) TOJIBKO OJTHA CTaHJapTHAas.

3anava 5. B ypHe Haxogstcs 5 Oenbix, 4 yepHbIX U 3 cuHuX mapa. Kaxnoe ucneitanue
COCTOUT B W3BJICUEHUM HayraJl OJHOTO IIapa, MpUYeM OH HE BO3BpalllaeTcs OOpaTHO B YpHY.
Haiitu BeposiTHOCTH TOrO, 4TO MpPU MEPBOM MCIBITAHUHM MOSBUTCS O€Nbli mIap, MpH BTOPOM -
YEPHBIH, a IPU TPETHEM — CUHUIA.

3anava 6. BeposATHOCTH TOrO, YTO CTPEJIOK MOMNAAET B MulleHb, paBHa 0,9. IIpousseneno
3 BeIcTpena. HaliTu BEpOSTHOCTB TOT0, YTO BCE 3 BHICTPEINA MOMNAJIN B LEIb.
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3anava 7. bpouieHsl MOHeTa U KOCTh. HaliTh BEpOATHOCTH TOTO, YTO OJJHOBPEMEHHO Ha
MOHeTe nosiButcs "open', a Ha koctu "6".

3agaya 8. B cTynum HaxoauTcs TpHU TejleKaMepbl. BeposSTHOCTh BKIIIOUEHUS Ka)OOu
kamepbl paBHa 0.6. HaiiTu BepoOsSTHOCTH TOTO, YTO B JIAHHBIK MOMEHT XOTs ObI OJHA Kamepa
OyzleT BKJIFOYCHA.

3amaga 9. U3 psana uudp 1,2,3,4,5 cHauana BeIOMpaETCs OJIHA, a 3aT€M M3 OCTaBIIUXCS
4eThIpex - Apyras. HaliTu BeposTHOCTH TOT0, 4TO OyeT BeIOpaHa HeueTHas Iudpa:

a) TOJIKO B IIEPBBIN pa3;

0) TOJLKO BO BTOPOH pa3;

B) B IIEPBBI U BO BTOPOIA.

3amaua 10. BeposTHOCTH TOr0, 4TO COOBITHE A TOSBHUTCS XOTS OBl OAMH pa3 MpHU JBYX
HE3aBHCHUMBIX HCTbITaHUsX, paBHa 0.75. HailTu BeposATHOCTH MOSABIIEHUSI COOBITHS A B OJHOM
WCIIBITAaHU M.

JdomaiuHee 3aqaHue:

1. Ocywecmensemca nposepka uzdenuti na cmanoapmuocms. Bepoamuocms mozo, umo
usdenue necmanoapmuo, pasua 0, 1. Haiimu eeposmnocms moeo, umo.

a) U3 TPEX MPOBEPEHHBIX JICTAJICH TOJIBKO OJTHA OKAKETCS] HECTaHapTHOM;

0) HECTaHIaPTHBIM OKaXKETCS TOJIBKO YETBEPTOE 1O MOPSIKY TPOBEPEHHOE U3/IEITHC.

IIpakTuyeckoe 3anaTue Ne 4

Tema: BrruncieHnue BepoOsSTHOCTEH CIIOKHBIX COOBITHI

Henab: HayunTbes BEIUUCTATH BEPOSTHOCTHU CIOKHBIX COOBITHIA.

CpeacrBa 00y4eHusi: TE€Tpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHM, VHTEepHeT-
pecypchl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUS] padoThI:

1. PaccmoTpuTe TEOpEeTHUECKUI MaTepUall 10 TEME.

2. 3aKOHCTIEKTUPYITE pellIeHne TUIIOBbIX 3a/1a4.

3. Pemure 3amaun.

KoHnTpoJsbHbBIE BONIPOCHI:

1. IToHsATHE YCIIOBHON BEPOSTHOCTH.
2. dopMyia OJIHON BEPOATHOCTH.
3. OT d4ero 3aBUCUT KOJIMYECTBO THUIOTE3 TOSABIEHUS HEKOTOPOTro

CITy4aitHOTO COOBITHS A..
dopmy.Jia NoOJHOI BEepOSITHOCTH
dopMyia MOTHON BEPOATHOCTH TPUMEHSETCS TIPH CJICTYIONIEH TOCTAHOBKE 3a/1a4H.

HYCTB MPOU3BOJUTCA aHAJIN3 HEKOTOPOro CHy‘IﬁﬁHOFO COOBITHS A IIo nmoBoay
H

BO3MOXHOCTH ITOABJICHUA JAHHOTO COOBITHS MOT'yT OBITh BBICKA3aHbI HCKOTOPLIC TUIIOTE3bI 1

) H2 s ey H” , KOTOPBIC OXBATBIBAKOT BCC BO3MOJXKHBIC YCJIOBHA IMOABJICHHUA COOBITHS AI/I

00pa3yIoT MOJHYIO TPYIILY COOBITHIA.
W3 ycnoBus 3aauyd M3BECTHBI WJIM MOTYT OBITH ONpEAETCHBl BEPOSTHOCTU BCEX

P(Hl), P(H2), oo P(H"), a TaKXKe YCIOBHBIE BEPOSATHOCTU
Py (A Py, (A) P,

BO3MOJXHBIX THUIIOTE3

MOABJICHUA AHpI/I KaXJ0il W3 TUIoTe3 (A) . OHpCI{CJ’II/ITL

BEPOATHOCTb MOSBICHHS CITYYaifHOro COOBITH 41 .
BeposTHOCTE COOBITHS TIPH TaKOM MOCTAHOBKE 3a]]a4H MOXKET OBITh HaiieHa 1Mo GhopmyJie
MTOJHOM BEPOSTHOCTH.
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P(A)=P(H,)P, (A)+P(H,)P,, (A)+...+ P(H, )Py (A)

rpe Ho Ha o TUIOTE3bI, KOTOPbIe 00pa3yIoT MOJIHYIO TPYIIITY COOBITUH;

P(H,)+P(H,)+...+ P(H,)=1

Pemenue THNOBBIX 32124
I m™an 3apauv. Vcnosue 3adauu: @OYHKUHMOHUPOBAHUE AJICKTPUUYECKOM CHUCTEMBI
obecnieunBaet 100%-Hoe 31eKTpOCHAOKEHUE MOTPEOUTENIEH B TPEX PeKUMAX, Pa3INYarOIIUXCs
Mo KOHPUTYpallMd W TPOMYCKHOW CIIOCOOHOCTH SJCKTPHUECKON CceTH. B KaXIoM U3 3THUX
PEKUMOB CETh MOKET HaXOJUThCs ¢ BepoaTHocThIO 0,3; 0,5; 0,2 cooTBeTcTBeHHO. bezaBapuiinas
paboTa CHUCTEMBI B KaXKJIOM peKHME BO3MOkHa ¢ BepostHocTsmu 0,9; 0,75; 0,8. Onpenenutsb
BepoaTHOCTh 100% osnekTpocHabxenuss mnorpeduteneid. HallTu BepoATHOCTH HapylIeHUs
3EKTPOCHAOKEHUSI.
Pemenue
a) Beenem o603HaueHue cOOBITUI U THIIOTES.
Uccnenyemoe cobbiTue:
A - obecnieuenne 100%-HOro dIeKTPOCHAOKEHHS;
A. HapyIIeHUE JIEKTPOCHAOKEHUS.
I'unotessl
Beposarnoctu
TUIOTE3

Y ca0BHBIE BEPOATHOCTH
H

1 - paboTa CeTH B TICPBOM PEKHUME;
P(H,)=03.
P, (A)=09
P, (A)=1-09=01
H2 - .
pa60Ta CCTU BO BTOPOM PEIKUME;
P(H,)=05.
P, (A)=0,75
P, (A)=1-0,75=0,25
H3
- paboTa ceTu B TPEThEM PEKUME.
P(H,)=0,2.
P, (A) =08

P, (A)=1-0,8=0,2

0) [lo dbopmyne momHO#N BepoATHOCTH HaiaeM BeposTHOCTh 100% smekTpocHaOKEeHHS
norpedureneit

P(A)=P(H,))- PH1 (A)+P(H,)- PHZ (A)+P(H;)- P,ir3 (A=

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

Omnpenenum BepOSITHOCTh HAPYIICHUS DJIEKTPOCHA0KEHUS Ao dbopmye

P(A)=1— P(A) = 0,195.

12



II Tun 3apau. Vcnosue 3a0auu: B rpynme 10 cTyaeHTOB, NPHUINEANINX Ha SK3aMEH.

DK3aMeHaIMOHHBIC OWJIeThl BKIoUaroT 20 BompocoB. Tpu CTyaeHTa MOATOTOBICHBI OMAUUHO -
3HatOT Bce 20 BONPOCOB OMJIETOB; 4 CTYyJEHTA MOJATOTOBIEHBI X0pouio — 3HAIOT 16 BOIPOCOB M3
20; 2 cryaeHTa MOATOTOBJIEHBI yoosiemsopumenvho — 3HatoT 10 BompocoB u3 20; 1 cTymeHT
MOJATrOTOBJIEH M/10X0 — 3HaeT 5 BompocoB u3 2(0. BeI3BaHHBIA CTYJE€HT OTBETWJI Ha BCE TPHU

BOIIpoca Ouiera.

Pemenue

a) Beenem 0003HaYCHUS TUTIOTE3 U COOBITHIA.

A - IpaBUITBHBII OTBET CTY/IEHTA HA BCE TPH BOIPOCA OHIIETa;

['unoressl
BepositHocTn

TUIOTE3

Y coBHBIE BEPOSITHOCTH

Hl - IOATOTOBJICH OMJIUYHO,

P(H,)=0,3.

PH]_ (A) = t)

H,. [IOATOTOBIIEH XOPOULO;
P(H,)=04.

Py, (A)=,

H3 - IIOATrOTOBJICH y()oeﬂemeopumeﬂbﬂo;

P(H,)=0,2.
PH3 (A) = 2
H,. HOATOTOBJICH HI0OXO.

P(H,)=01
PH4 (A) = f)

0) st onpenenieHust yCIOBHBIX BEPOSITHOCTEN MOKHO UCIIOJIB30BATh 08d N0OX00d.

Ilooxoo 1. HemocpencTBeHHBIH TOACYET

BCErO 20 20
BOMPOCOE
16 N 4 10 N 10
3HaeT J1 HeT 3HaeT J1 HeT
m m
IOy UH 3 3
BOTIPOC  spqgeT 3HAeT
0B

BEPOSITHOCTEM Ha OCHOBE

20
5 / \‘15
3 eT n HeT
m
3
3 «
3HaeT

dhopmyn
KOMOUH
aTOPUK
51 110
aHajuor
12474 c
3ajada
MU
pasmen
al.l3.
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C IMOMOIIBIO MPUBCACHHBIX CXEM HAXOAWM YCJIIOBHBIC BEPOATHOCTHU:

P, (A)=1
c2  16!13117!

Py, (A)=—= ~0,4971;
Cc3, 3113120
c) 10!3!117!

P, (A)= = = = 0,105;
cs 317120
c2 s513117!

P, (A)=—= ~8,7-107°,
c3 312120

11o0x00 2. IlpuMeHeHne TeopeMbl IPOU3BEICHUS BEPOATHOCTEN 3aBUCUMBIX COOBITHIA.
[TockonbKy CTyZIEHT JOJDKEH OTBETUTh Ha TpPU BOIpoca Owuiera OJXHOBPEMEHHO,
HEOOXOAMMO OIIPEICITUTh BEPOSTHOCTD IPOU3BECHUS TPEX 3aBUCHMBIX COOBITHI:

A - orBer Ha HIEPBBI BOIPOC OMIIETa;

A; - otBer Ha BTOpOI Bompoc Omiiera;

% _ orser Ha TpeTHuit BOIpoc Ouiiera.

Ecim CTYACHT NOATOTOBJICH OmMIUYHO, TO HpaBI/IHI)HI)II\/JI OTBCT Ha TPH BOIIpPOCa 6I/IJIeTa
CCThb CO6I)ITI/I€ AOCTOBCPHOC, T.C.
P, (A)=1.

Jliist oripeiesieHus YCIOBHBIX BEPOATHOCTEH MPaBHIILHOTO OTBETA HA TPU BOIIpoca Ouiera
IIPY TUIOTE3axX H, H; H, HCIIOJIb3YEM BBIpa)KEHHE

Py, (A =PA -A,-A)= P(Al)-PA1 (Az)-PAlﬂ\2 (A,),

P(A/H,)=—.2.2% 0,491.
Ecnu CTyIeHT IIOATOTOBJIEH X0POULO, TO 20 19 18

P(A/H)=— —.-—= 0,105.
Ecnu cTyieHT noaroToBiieH nocpedcmeento, To 20 19 18

P(A/H,)=— —-—=8,7-107".

Ecnu CTyIeHT IIOATOTOBJIEH 10X0, TO 20 19 18

Kak BHJHO, BTOpOH MOJAXO0/ MPEANOYTUTENIbHEE, TaK KaK M03BOJIIET YMEHBIIUTh 00beM
BBIYKCIICHUM.

c¢) Jasee mo gopmyiie noyiHOM BEpOATHOCTH HAXOJIUM BEPOSTHOCTH MPABUIBHOTO OTBETA
Ha TPH BOMpoca OUjIeTa 10 UCIIBITaHUS:

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

Pemnre 3a1aun

3amaua 1. B rpynme 20 nbDKHUKOB, 6 BenmocumneaucToB, 4 OeryHa. BeposTHoCTh
BBIMOJIHEHUS] KBAIM(UKAIMOHHOW HOpMBI cienyromas: 0,9 s mepkHHKa, 0,8 s
Benocuneaucra, 0,75 s Oeryna. HallTu BeposATHOCTH TOro, 4To HayJady BBIOpaHHBIN
CIIOPTCMEH BBIMIOJIHUT HOPMATHB.
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3amaua 2. B nepBoMm smmke Haxoautcs 20 aeranedt (u3 HMX 15 - craHIapTHBIX), BO
BTOpoM - 30 pmeraneii (24 cranmapTHbBIX), B TpeTbeM - 10 meraneit (6 cranmapTHbix). Haiitn
BEPOATHOCTh TOTO, YTO HayJady HM3BJICUYEHHas AETalb M3 HayJady BBIOPAaHHOTO siiuka Oyner
CTaHJIapTHOM.

3anaya 3. MMmeercs yeThipe KUHECKOMNA. BepoATHOCTH TOTrO, YTO KMHECKOIIBI BhIAEPKAT
rapanTuitHeiid cpok. paBusl: 0,8; 0,85; 0,9; 0,95. HaiiTu BeposiTHOCTH TOTO, YTO HayJlady B3SITHIN
KMHECKOII BBIICPKUT FapaHTUUHBIN CPOK.

3amaua 4. V3 momHoro Habopa KOCTeW JOMHHO Haynady H3BIedeHa KocTh. Haiitu
BEPOSITHOCTh TOr'0, YTO BTOPYIO BBITAIICHHYIO HayJayy KOCTh MOXHO OyJIeT MPUCTaBUTh K
MIEPBOM.

3agaya 5. B smuke colepkuTcs Tpu AeTand. B Hero mosiokeHa eue oJ/iHa, NMpuyYeM
ctanaapTHasi. OnpeaenuTb BEpOSTHOCTh U3BJICUCHUS U3 SIIMKA CTAaHAAPTHOU JETaiu, €Clu Bce
paccMaTpuBaeMble BAPUAHTBI PABHOBEPOSATHBI.

JdomaiuHee 3aqaHue:

Pemmre 3anaun:

1. BepositHOCTh cpabareiBanus curnanusatopa Cl pasna 0,8, a curnanmsaropa C2 — 0,9.
Bepostaocts npuobperenus C1 paBua 0,6, a C2 — 0,4. IlomydyeH CUTHaJ O HEHCHPABHOCTU
curHanm3aropa. Yro BepositHee: Ha 0o0bekTe cTouT curHanuzatop Cl wmm C2?

2. Jlng ydactusi B CTYJEHYECKHMX OTOOPOYHBIX COpPEBHOBAHHUSAX W3 IMEPBOM TPYIIIBI
BBIJIETICHO 4 YelloBeKa, U3 BTOPOM - 6, U3 TpeTheil -5. BeposTHOCTH TOT0, 4TO CTYJIEHTHI MEPBOIA,
BTOPOIl U TpeTbel IpyIIbl MONAAYT B COOPHYIO KOMaHIy HHCTUTYTA, PABHBI COOTBETCTBEHHO:
0,9; 0,7; 0,8. K kakoil w3 rpynn BeposiTHEe Bcero OyAeT NpHUHAJJIeKATh MPOU3BOJIBHO
BBIOpaHHBINA U3 COOPHOW KOMaH/IbI CTYACHT?

IpakTnyeckoe 3ansitue Ne 5

Tema: Boruncnenue BepostHocTel coObITH B cxeme bepHyu.

Iesab: HayunThcs BBIYUCIATH BEPOATHOCTH CIy4alHBIX COOBITHI B cxeme bepHym

CpencrBa o0y4yeHMs: TETpaau JUIsl BBINOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-
peCypCBlL.

CoaepixaHue M NOPSAI0K BbINOJTHEHUS PadoThI:

1. PaccMoTpuTe TEOpETUUECKUIA MaTepUa Mo TEME.

2. 3aKOHCIIEKTUPYITE PEIICHNE TUIIOBOM 3a4a4u.

KoHnTpoJsbHbBIE BONIPOCHI:

1. B kakux cinyyasx npumenuma ¢popmyina beprynnu?
2. Korna yno6nee npumenuts ¢popmyiy Ilyaccona?
®opmyaa bepuyaian

[Ipumenenue hopmysl bepHyin BO3MOXKHO IIPU CIIETYIOIIEH TOCTAHOBKE 3a/1a4H.

[ycts mpoBomsTcs 1

HE3aBHCHUMBIX HCIBITAHUM, B KaXJOM H3 KOTOPBIX MOKET
TIOSIBUTBCS I HE TIOSBUTHCA HEKOTOpoe coOrTHe A . MI3BECTHO, UTO BEPOATHOCTD TOSBICHUS
A oziHOM HcnbITaHuy paBHa P | a BepostHOCT HenosBienns A coorBerctBenno 9 =17 P
HeoGXO0MMO  ONpeeuTh BEpOSTHOCTh TOT0, uTo cobbtme A mpomsoiizer posro B K
MCTIBITAHHAX U3 11

dopmyna BepHyM MO3BONSET HANTH BEPOATHOCTH TOTO, UTO COOBITHE A MPOM30MIET

POBHO B k HUCIBITAHUAX U3 n .
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_ k k _n—k
P, (k)=C,p"q . (0)
n!

k _
" kl(n—k)!

rac - KOJIMYECTBO COUCTAaHUU U3 n 1o k .

o 2
Ecnu xonmmyecTBO MCHBITAHUM n JOCTAaTOYHO BCJIMKO (10 u BBIIHC), a BCPOATHOCTH

TOSBIEHNS 4\ B OJHOM HCIIBITAHUM Maja ( 10" y HIDKE), TO IpuMeHeHune Gpopmyiisl bepHymu
CBS3aHO CO CJIO’)KHOCTSIMM BBIYMCIIMTENIBHOTO XapakTepa. B aTom ciydae ynoOHee NpUMEHUTh
dopmyny Ilyaccona, koropas AaeT BO3MOKHOCTH 0oJjiee HPOCTO MOJYYUTHh aAHAJOTHYHBIC
pE3yJIbTaThI:

A
Pn(k)zﬁeﬂ

(1)
roe A=n"P.

[Tpumenss Beipaxenus (0) u (1), MOKHO HAHTH BEPOSTHOCTH 0OJIE€ CIOKHBIX COOBITHIA:
a) nosBienne cobbitus A menee K pass ! ucnsrranmsx

Pn(o)_'—Pn(l)_'_ """ +Pn(k_1)(2)

6) mosiBenue coobrrnst A Gonee K pas B ! nenbrrammsix
P (k+1)+P, (k+2)+.... +Pn(n).(3)

B) HOSABIICHUE cOOBITHS A He MeHee k pa3 B M yenprranmsx
P (k)+P (k+1)+....+ P, (n). (4)

r) mosiBierme cobertus A me Gonee K paz B 1 ucnprranmsx
P.(O)+P,1)+...... + P, (k) (5)

Penrenne THIOBLBIX 3a7a4

I Tun 3apau. Ycrosue 3a()aqu; Cucrema BHGKTpOCHa6)KeHI/I$I 3aBOJia BKJIFOYAa€T BOCCMb
OIHOTHUIIHBIX arperaTros, KaXObIH U3 KOTOPBIX HAXOOUTCA B pa6oqu COCTOSAHHH C
BCPOATHOCTBIO 0,9 OHpeHCHI/ITL BEPOATHOCTH TOT'O, YTO:

1. BCE arperarbl HaXoIATCsl B paboueM COCTOSIHUM;
2. BBIIIIJIO U3 CTPOSI MEHEE 3 arperaros;
3. B pabo4eM COCTOSTHUU HaxoJATcs He Oosiee 6 arperaTos;
4. BBIIIIJIO U3 CTPOSI HE MEHEe 2 arperaros.
Pemenue

1) A- Bce arperatbl HAXOIATCS 6 pabouem COCMOAHUU

n:8, k=8
p=09. g=1-09=0,1.

_ 8 8 0o _ 8! ) 8 _
P,(8)=Cj-0,9" 01" =" 09" =043

AHaJIOTUYHBIN PE3yJIbTaT MOXHO TIOJMYYHTh, peIias 3Ty 3ajJady OT 0OpaTHOro, T.e. A-
HU OJIMH arperar He @bluiesl U3 Cmpos

n:8’ k=0
p=1-0,9=01. g=0,9.

_ 0 0 8 _ 8! 8 __
R(0)=Cy-01°-0,9" = = -0,9° = 0,43
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Crnenyer oOpaTuTh BHUMAaHHE Ha TO, YTO BEPOSTHOCTH TOSBIICHUS COOBITHS B OJHOM
ucrbitannn P B hopMyste BepHyIUIH 3aBHCHT OT TOTO, Kakoe coObiTHe aHammsupyercs. Tak, B
nepsom Bapuante pemermns P = 99 510 BeposTHOCTH PabGodYero COCTOSHMA, a BO BTOPOM
P =0.1_ 510 BeposTHOCTD BBIXO/A H3 CTPOSL.

2) A - vy uz cmpos menee 3 acpecamos, 1.¢. 0, 1, 2 arperara.
JU1st BBIYHMCIICHUS BEPOSITHOCTH UCHIOIB3yeM dopmyity (2)
n=8. k=0,12.
p=01. g=0,9.
P,(0)+P,(1)+ P,(2)=C’-0,1°-0,9® +C!-0,1'- 0,9’ + C2- 0,1 - 0,9° =
8! 8!

=09°+—/0,1-0,9" + —0,1*>- 0,9° = 0,96.
17! 216!

3) A- B pabouem cocmosnuu HaxonaTcs ne 6onee 6 azpecamos (o1 0 110 6).
n:B; k=0,1, 2,3,4,5,6;

p:O,9; q=01
J11s BBIYMCTICHUS BEPOSITHOCTH MOKHO MPUMEHUTH JIJIs BIYUCIeHus hopmyny (5)
KO+ RM+ F(2)+ KB+ B4+ F(5)+ F(6)

B »ToM ciywae TpeOyercs MpOM3BECTH OOCTATOYHO CIIOXHBIE BbluucieHus. OmaHako
MO>KHO HCIIOJIb30BaTh 00JIee MPOCTON MIPUEM JJIS PEIICHUS 3a/1a4H, €CJIU y4eCTh, YTO
P (O)+P,(D+P,(2)+..... +Pn(n)=1’

IMOCKOJIBKY UMCCT MECTO IIOJIHAA I'pyIiria COOBITHH.
Torna HCKOMYIO BCPOATHOCTb MOXKHO OIIPCACIIUTD CICAYIOIUM 06p8.30MZ

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 - gouunu uz cmpos ne menee 3 azpe2amos.

p=01.q=09

BepoaTHOCTH coOBITHA A MOXeT GBITh BBIUKCIIEHA 10 GopMye (4)
FG)+ KA+ FEG)+E(6)+ E(7)+ F(@®)

Hcnonb3yeM paccMOTPEHHBIH BBILIE PUEM, BEIYUCIMM BEPOSITHOCTh BbIXo/a U3 cTpost 0,
1, 2 arperaToB u3 8, a 3aTe€M ONpPEIETUM HCKOMYIO BEPOSTHOCTh CIEIYIOIUM 00pa3oM:

1-[P,(0)+ B,() + B,(2)| =1-[C? - 01° - 0,9° + C' - 0,1' -0,97 + C? - 0,12 - 0,9°] =

=1- [% -0,9° + %0,1- 0,9” + % 0,1°- 0,9"1 = 0,038.

II Tun 3apau._Vcenosue 3a0auu: B 1iexe MeTasTypruyeckoro 3aBOjAa MCIOJb3yeTCs
rpynna u3 100 ogHOTMIHBIX 3JIEKTpoJBUTraTeNell. BeposATHOCTh BbIXOAA M3 CTPOSI Ka)JI0TO
anektpoasuratens pasHa 0,02. OmpenenuTs BEPOSTHOCTb TOTO, YTO B PabO4YeM COCTOSIHUU
HaXOAUTCs HE MeHee 98 aIeKTpoABUTaTeNeH Lexa.

Pemenne

Jlis ompeneneHus BEPOSITHOCTH HAXOXKJIEHUS B paboyeM COCTOSSHMM He MeHee 98
AJIEKTPOIBUTATENIEH MOYKHO HCIIOIH30BaTh BEIpaKEHUE (4)

Py (98) + B (99) + By (100) ,
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p=098. g=0,02

B srom ciydae TpeOyeTcsl MpOBECTH CIIOKHbBIE BBIYUCIICHHSA. 3HAUYUTENBHO YNPOCTUTH
pEelIEHHEe MOJKHO, €CIM TEpPEeUTH K OMNPENENICHUI0 BEPOATHOCTH Bbixoga w3 ctpos 0, 1, 2
AJIEKTPOABUTATENCH, UYTO TMOJHOCTHIO COOTBETCTBYET HAXOXKICHHIO B pabOyeM COCTOSHUU HE
MeHee 98 aeKkTpoBUTaTeneit

13100(2) + PIOD (1) + ‘F)IDD (0) ,

p=0,02. q=0,98

; .

Hockomnbky 1 ocrarouno Gombmoe, a P - mano, yaoOHee HCIOIb30BaTh (OpMYyITy
ITyaccona (1)
A=n-p=100-0,02=2;
2 1 0
2—e*2 + "Z—e*2 + 2—e*2 =e?(2+2+1)=0,677.
2! 1 0!

Jomaminee 3a1anue:
1. Haiitu BeposiTHOCTH TOTO, 4TO Npu 400 McnbITaHUAX cOObITHE HACTynuT poBHO 104
pasa, eclii BEpOSITHOCTD €ro MOSIBJIICHUS B KaXKIOM ombITe paBHa (,2.

IIpakTnyeckoe 3ansiTue Ne 6

Tema: PemieHue TUNOBBIX 3aJady Ha BBIYUCIEHHWE BEPOSTHOCTEH COOBITUH B cXeMe
bepnyinu.

Heab: HayunThes BEIUUCIATH BEPOSTHOCTHU CIIyYaiHBIX COOBITHI B cxeme bepHynu

CpencrBa o0yuyeHMsI: TETpaau JUIs BBIOJHEHUS MPAKTUYECKUX 3aHATUH, VHTepHeT-
pecypchl.

Conep:xaHue ¥ NOPSI0K BBINOJHEHUs padoThI:

1. Pemure 3agaun.

Pemure 3apaun

3amaua 1. B niexe umeercst 6 MOTOpoB. BeposiTHOCTH TOTO, YTO MOTOP B TAHHBIA MOMEHT
BKJIIOYEH, paBHa 0,8. HaliTu BEposSITHOCTh, UTO B JAHHBI MOMEHT:

a) BKJIFOUYEHO 4 MOTODa;

0) BKIJIFOUEHBI BCE MOTOPBI;

B) BBIKJIFOUYEHBI BCE MOTOPBI.

3anava 2. HaliTu BepoOATHOCTh TOTO, YTO COOBITHE A TMOSBUTCA B MSATH HCIBITAHHUIX HE
MEHee JIBYyX pa3, €CJIU BEPOSITHOCTD MOSBJICHUSI €70 B KaXKJIOM HCTIbITaHuM paBHa 0,3.

3amaua.3. Monery 6pocarot 6 pa3. HailTu BepoSITHOCTb TOTO, YTO TepO BHITAICT:

a) MEHee JIBYX pas;

0) He MEHee JIBYX pa3.

3amaua 4. BeposTHOCTH momajgaHuss B ILedb 0OpU OJHOM BbicTpesne paBHa 0,9.

BeposTHOCTh MOpa)keHus 1enu npu K nonamannsx paBHa 1-9" | Hajiru BEPOATHOCTH TOTO,
YTO 1eNb Oy/IeT YHUUYTOXKEHA, €CIIH CJEeJIaHo 2 BhICTpena.

3ana4ya 5. BeposTHOCTh MOpa)X€HUsI MUILIEHU 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.

JdomamHee 3aganue:
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1. CobbiTHe B mosiBUTCS B TOM Cily4ae, €Clii COOBITHE A TOSBUTCS HE MEHEE JBYX pPas.
Haiiti BeposITHOCTh TOTO, YTO HACTynuUT coObITHE B, ecu OyaeT mpou3BeneHo 6 HE3aBHCHUMBIX
OTIBITOB, B K&KJIOM U3 KOTOPBIX BEPOSITHOCTD MOsIBIICHUS cOObITHUsI A paBHa 0,4.

IIpakTu4yeckoe 3ansaTue Ne 7

Tema: Pemenuie 3agau Ha 3anuck pacnpenenenus ICB.

Hean: HayduThbCsi BBIYUCIATD BEPOSTHOCTH CIIyYaHBIX COOBITHI

CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJIHEHUS MPAKTUYECKUX 3aHATUH, MHTEpHET-
pecypchl.

Conep:kaHue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall 110 TEME.

2. 3aKOHCTIEKTUPYUTE PEIICHUE TUIIOBOU 3a/1a4U.

3. Pemure 3anaqu.

KoHTpoJsibHbIE BONIPOCHI:

1. [lonsATHE AMCKPETHOUN CiaydyallHOM BEJIMYMHBI, HEMPEPBIBHOM CIydallHON
BEJIMUMHBI, Psia pacupeeneHus, GyHKIUN pacipeIeIeHuUs.

2. 3aKOHBI pacHpeeNiCHUs CIy4YaliHbIX BEJIMYHH.

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

3aKOHBI pacnpe/jeeHUs AUCKPETHbIX C/Iy4YaWHbIX BeJIMYUH

Cay4aifHo# Ha3bIBAIOT BEJIMUYMHY, KOTOpPas B PE3yJIbTaTe ONbITA CO CIIyYallHBIM UCXOJ0M
IIPUHUMAET OJHO U TOJIBKO OJHO BO3MOKHOE 3HA4YECHME, 3apaHee HEU3BECTHOE U 3aBUCAILEE OT
ciydaiiHbIX IpuuuH. Bee cinyyaiinbie Benmnunnsl (CB) nensTcst Ha AUCKpPETHbIE U HEITPEPhIBHBIE.

JluckpeTrHoil Ha3piBalOT cayvaiiHywo BeauunHy ([CB), xkoropas mnpuHumaer
OTJIE/IbHBIE, N30JMPOBAHHBIE 3HAUYEHUS C ONPENEICHHBIMU BEPOATHOCTIMU. B KauecTBe npumepa
MO’KHO IIPUBECTH BEJIUYHMHY X, PaBHYIO KOJIMYECTBY arperaroB SHEPrOCUCTEMBI, BBILIECAIINX U3
CTposi, WM Y, PaBHYIO BO3MOXXHOMY KOJHMYECTBY TPaHC(HOPMATOPOB pPa3IMYHOW MOIIHOCTH,
KOTOpBIE MOTYT OBbITh YCTAaHOBJIEHBI B CUCTEME JIEKTPOCHAOKEHUS palioHa.

HenpepsiBHO# Ha3biBaioT cay4daiiHyo BeanuuHy (HCB), koTopas MokeT nmpuHUMATh
BCE BO3MOXHBIE 3HAUYE€HHUS M3 HEKOTOPOTO KOHEYHOIO WM OECKOHEYHOTOo IPOMEXKYTKA.
Hanpumep, 3HaueHHs HaNpsDKEHUMH, TOKOB, MOTOKOB MOIIHOCTH IO JIMHUSAM JJIEKTpOIIEpeaad,
KOTOpbIE M3MEHSAIOTCS CiydyallHbIM 00pa3oM 3a CYeT CJIy4allHOro W3MEHEHMs Harpys3kud B
OHEPrOCHUCTEME.

bunomuajbHOE pacnpeaejieHue

Takoii 3akoH pacmpenenenns xapakrtepen mis JCB X =k, rne K- xomnuecrso
MOSIBJIEHUH COOBITHS AB n HE3aBUCHUMbIX HUCIIBITAHUAX. I/ISBCCTHO, 4YTO BCPOATHOCTH

IIOABJICHUSA AB OAHOM HCHBITAHHMU OJWHAKOBA W pPaBHA p . OTCIO}Ia BUJHO, 4TO X MOXET

n , 4@ BCPOATHOCTHb KaKIAO0TO Xi BBIYUCIIACTCA I10 q)OpMYJ'IC

IpUHUMATh 3HaueHus or 0 1o
bepnymn.

X =k

0

1

2

n
P, (k)
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Pn (0)
P,
P.(2)

P, (n)
P, (k)=C,p“q"™

B mpaktuyeckux pacuerax OMHOMMAaNIbHOE pacrpezeneHue yacto coorserctByeT JJCB

Y=k , TIe k - xonuuectso BBIIICIINX U3 CTPOs (MJIM HAXOISAIINXCS B pabOYeM COCTOSIHHIH )

arperaroB 5HEProCUCTEMbI, LI€Xa, OTACIbHBIX 0JI0KOB TEXHHYCSCKOTO YCTpOfICTBa. KOFI[a

n

J0CTATOYHO BeNnKo, a P mano, s onucanns J{CB ucnons3yercs 3akoH Ilyaccona. IIpu aTom

BEPOATHOCTHU IMOABJICHHUA Xi BBIYMCIIAOTCA 110 (bOpMy.He HyaCCOHa.
X =k
0
1
2

n

B, (k)
F,(0)
P,
P,(2)

B, (n)
k
P (k)= —’i' e’

TeomeTpuueckoe pacnpenenenne coorserctsyer JCB X | papHoit

k.

YHUCITy

I/ICHBITaHI/Iﬁ, KOTOpPBbIC HGO6XOILI/IMO MMPONU3BECTU OO0 IOSABICHUSA COOBITHS A, T.C. B k-1

HUCIIBITaHUI AHG IOABJIAIOCH. BCI)OHTHOCTB ITOABJICHUA AB KaKZIOM HCIIBITAHUW paBHa P )

He osBIeHHs -
X
1
2
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P(X =k)= pq""

I'unepreomerpuyeckoe pacnpeneieHue
TIpuMeHseTcs Iy yCIOBHH 3a[aul, CBOAAIIEMCS K ClIeAylomeii mocranoske: B ypue < -
m

6enbix, D - YepHBIX MAPOB, U3 Hee BhIHYIM ! mapos. Haitti BeposTHOCTH Toro, uto M mapos

u3 T - Genpix. Takum o6pazom, X - JICB, paBHas unciy M Genbix mapos u3 1.
X

0

1

2
n
P
Po

P
D>

P
m e~ n—m
Ca Cb
n
Cu+b
PelneHue TUIIOBOM 3a4a9u
Texunueckoe YCTpOﬁCTBO COCTOUT H3 TpEX Q)YHKHHOHaHLHBIX 6.]'IOKOB, Ka)KI[BIﬁ n3

P, =P(X =m)=

KOTOPBIX BBIXOMHT M3 CTPos ¢ BepoaTHocThIo 0,3. Jluckpernas CB X - 310 KonM4ecTBO 6II0KOB,
BeImequuX U3 crpos. Iloctpouts mns JICB X psap pacnpenenenus, ompenenuTs (QyHKIHMIO
pacnpezienieHusi, MOCTPOUTh Tpaduk QYHKIUU pacipeleIeHHUs.
Pemenue
a) uckpernas CB X moxer npuHuUMaTth 3Hauenus 0, 1, 2, 3.
[Tockonpky TmOCTaHOBKA 3aJa4ll COOTBETCTBYET OWHOMHUAIILHOMY 3aKOHY, JUIS
BBIYHCIICHUS BEPOATHOCTEN UcTonb3yem dopmyny bepuymm (1.21):
P,(0)=C]-0,3°-0,7° =0,343;
P,(1)=C;-0,3"-0,7% =0,441;
P,(2)=C; -0,3*-0,7' =0,189;
P,(3)=C;-0,3*-0,7° =0,027.
n
YL P=1
JI1st npoBepKH MPaBUIIBHOCTH BBIYHMCIICHUN HAWIEM, UTO =1
P,(0)+ P,(1) + P,(2) + P,(3) = 0,343+ 0,441+ 0,189 + 0,027 = 1.

Psn pacnpenenenus ICB X umeer BHU]T
X

w NN - O
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0,343
0,441
0,189
0,027

0) Ucnonbiys (1.20), 3anuinem GyHKIUIO pacpeaeacHus F(X) AQHAJIMTUYECKH, a 3aTeM
MOCTPOUM €€ Tpaduk
0 npu x<0
0,343 npu O0<x<1
F(x)=40,784 npu 1<x=<2
0,973 npu 2<x<3
1 npu x>3

I'padux pynkimu pacnpenencuns JICB X :

9,9?3::_—32'_
0,784|— — ==

0,343—1
|
1

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

X, =2,X,=5X,

KOTOpOfI PaBHBI: :8. H3BecTHBI BCPOATHOCTU IMEPBLIX JBYX BO3MOKHBIX

snavennii: £1 = 0-4 P =0.15
IIpakTnyeckoe 3ansiTue Ne 8
Tema: I'padux. CBoiicTBa uncnoBsix xapakTepucTuk JICB Brruncienne xapakTepucTik
JICB. Brruucnenue (c nomonibto cBoiicTB) xapaktepuctuk Gynkiuii ot ICB Heaws: Hayuntbes
BBIUHCIISATH BEPOSTHOCTHU CIIy4alHbBIX COOBITHM
CpencrBa o0y4yeHMs: TETpaau JUIsl BBINOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-
peCypCBlL.
Coaeprxanue ¥ NOPAIOK BBINOJTHEHUS PadOThI:
1. PaccMoTpuTE TEOpETUYECKUI MaTepUall IO TEME.
2. 3aKOHCIIEKTUPYITE pEIICHNE TUIIOBOH 3a1a4u.
3. Pemure 3anaqu.
KoHTpoJibHBIE BONIPOCHI:
1. TlonsTHE AMCKpPETHON CilydyalfHOM BEIWYUHBI, HEMPEPHIBHON CITy4ailHON BETMYMHBI, pslia
pacnpezeneHus, PyHKIMH pacipeesieHusl.
2. 3aKOHBI pacHpeieNICHNs CIIy4YaliHbIX BEJIMYHH.
3. OT yero 3aBUCUT (OpMa PEACTABICHUS 3aKOHA PACIIPEICIICHHS.
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3aKOHbI pacnpejejeHusa JUCKPETHBIX C/Iy4YallHbIX BeJIMYMH

Hawnbonee mosHON XapaKTEpUCTHKOW 000N CIydalHOW BETWYHHBI SIBIISCTCS 3aKOH
pacnpenenenus. Gopma MPeEACTaBICHUS 3aKOHA pacHpeiesieHus 3aBUCUT OT BUIA CIy4ailHOMN
BenuuuHbl. s JICB moa 3akoHOM pacrpeselieHHus] TMOHMMAETCs COOTBETCTBUE MEXAY €€
BO3MO>KHBIMH 3HaUEHUSIMU U UX BeposTHOCTAMMU. IIpu 3TOM 3akoH pacnpenenenus ICB moxer
OBITh 33J1aH CIEAYIONUM 00pa30M:

mabauuno — B BUZC Psiia pacnpeneaeHust

X

1

N

x
X3

X

n

n

ZP:ZI

i=1
P
y 251
P>
Ps

b,

ananumuyecku — B BUJE ABHOH QyHKIHH P(X =x)=Y(x) ,

HaImpuMep, 3T0 MOXeET ObITh popmya bepHymm
P,(k)=C,p"q""

F(x) KOTOpasi SIBJISIETCSl YHUBEPCAIBHOU

C IOMOUIbI0 (YHKUUM pacnpelereHus
XapaKTEePUCTUKON 3aKOHA pacIpeiesieHus U He 3aBUcuT oT Buaa CB

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

F (=) =0;
F(+4e) =1.
y = s JCKPETHBIX CB byHKIUSA
pacrnpeneneHus F(x) 3TO  HeyObIBaroIas,
T e —— paspeiBHass  cTyneHudatas  QyHKUOUS,  KOTopas
P= : rpaguYecKu JUIsl psasia U3 TpeX 3HaYCHUN UMEEeT BU/T
P X
[r—— X
o2 X,
X, 0| X5, X *
P
2%
P>
Ps
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3
Z p; =1
i-1

epaguuecku — B BUJIe MHOTOYT0JIbHUKA pacnpeaeaeHusi, KOTOPbI CTPOUTCS IO TOUKaM

(%> Pi) B nexapToBoii cucTeMe KOOPIMHAT ¥ JJisl pAaa u3 Tpex 3Hauenuit JICB MoxeT uMeTh
BUJ{

xl XE XB—X MNPAKTHICCKUX PACYCTAX MOXKHO BBIACINTHL CICAYIOIINC

B kauyectBe Hambosiee YacTO HCIONB3YEMBIX B

BU/IbI 3aKOHOB pacnpeaenenus s ICB.

Pemnre 3agaun:

1. BeposatHocTh poxzaeHus B ceMbe Manbuuka paBHa 0,515. CocraBuTh 3aKOH
pacripesiesieHus] Cay4aiHOM BeMMYuHBl X — 4YHCiIa MaJbYMKOB B CEMbSX, UMEIOIIUX YEThIpex
nereit. [Toctpouts rpaduk pacnpeneneHus

BeposiTHOocTe. Halitm  maremaTtuuyeckoe  OXHUJaHUE, JHUCIEPCHI0O U CpelHee
KBaJIpaTUUECKOE OTKJIOHEHHUE.

2. BeposTHOCTH TOTrO, YTO MOKYIATENb COBEPLIUT MOKYNKY B Marazune, 0,4. CocTtaBuTh
3aKOH PACIpe/ieIeHHs] CIly4aiiHON BEITMYMHbBI X— YKclla TOKyIaTeel, COBEPIIMBIINX MTOKYIIKY,
ecii MarasuH noceTwio 3 mokymnarens. Hailtu maremMaTudeckoe OXHJaHUE, AUCIEPCUIO0 U
Cpe/Hee KBapaTHIeCKOe OTKIIOHEHUE CITy4yaiHOM BeTMYUHbI X.

3. B rpynne u3z 10 cmoprcmenoB 6 mactepoB cropta. OtOuparor (mo cxeme 06e3
BO3BpalleHus) 3-x cnoprcMeHoB. COCTaBUTh 3aKOH paclpeieseHus ClydyailHOH BeTW4MHBI X-
YucIa MacTepoB CIOpTa M3 OTOOpaHHBIX cHOpTcMeHoB. HaifiTm MaTemaTmueckoe oXuJaHHE
cilydaifHON Benn4uHbI X.

Jomaminee 3a1anue:

1. UrpanbHas kocTh OpomieHa Tpu pas3a. HamucaTh 3akoH pacnpeneneHus uucia
MOSIBJICHUN «ILIECTEPKUY.

IpakTuyeckoe 3ansitue Ne 9
Tema: ®opmyna bepuysmmm. 3akoH pacnpeneneHus ClydaifHON BETUUINHBI
Heas: HayunThes npuMensaTs popmyity beprym.

Cxema bepHymnu - 3TO Korza NpoOM3BOAMTCA N- MOBTOPHBIE WCIBITAHHSA IPU HEM3MEHHBIX
YCIOBUSIX HX TMpoBeAeHUA. B Xxoze wucnbeiTaHus (UKCUpPYeTCs TMOSIBIEHHE HEKOTOPOro
CIIy4aifHOrO cOOBITHS A, BEPOSITHOCTb MOSBICHUS KOTOPOro — P(A) He 3aBHCUT OT pe3ysbTaToB
NpeIbIIyIIUX UCHBITAHUN U ocTaercsi Hem3MeHHOM ( P(A)=const ) HpUIIOBTOPEHHH OIBITA.
Takue HCIBITaHWS Ha3bIBAIOTCS HE3aBUCHUMBIMH, a CX€Ma IIPOBEJIEHUS HCIBITAHUW HOCUT

Ha3BaHUEC CXEMBI BepHleJII/I. BCpOHTHOCTL . TOT0, 4YTO coObITHE A HaCTyHnuT pOBHO M pa3

B N HE3aBUCHUMBIX UCIBITAHUIX, YAOBJICTBOPAIOIINX YCIOBUAM CXEMbI BepHymm paBHaA:
m.- m_ 1n—1Im
E = C

m, np dq

rie :p=P(A)-BeposTHOCTh HACTYIUICHUS COOBITHS A; U (=1-p.
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[TycTh MpOU3BOIUTCS N HE3aBHCUMBIX UCIIBITAHUMN, B KAXKJIOM M3 KOTOPBIX COOBITHE A MOXKET
00 MOSBUTCS, TUOO HE MOSBUTCS. BeposSTHOCTD P mosiBiIeHUS COOBITHS A BO BCEX HCTIBITAHUSIX
MOCTOSTHHA ¥ HE U3MEHSETCS OT UCIBITAHUS K UCIIBITAHUIO. PaccMOTpUM B KauecTBe CITydaitHON
BEITMYMHBI X YHCJIO MOSBICHUM COOBITUS A B 3THX UCTIBITaHUAX. DOpMyIia, TO3BOJISIONIAS
HAWTH BEPOSTHOCTD MOSIBIICHHsI COOBITHS A poBHO K pa3 B N UCTIBITAHUSAX, KaK U3BECTHO,
onuckiBaeTcs dhopmyrioi beprymm

_k k_n-k
P,(k)=Chp a™ " (6.1)
Pacnpenenenue BepossTHOCTEH, onpenensemoe popmysoi beprym, Ha3pIBaeTCS
OMHOMUAJIBHBIM.

OTOT 3aKOH Ha3BaH "OMHOMHUAIBHBIM" IIOTOMY, UTO IIPaBYIO YAaCTh MOYKHO pacCMaTpUBaTh Kak
o0mmuii uieH pasnoxxenus 6uHoMma HproToHa

(p+@" =Cip" +C 'p" g+ +Cyp" gt +. +Cq"
3anumeM OMHOMUAIBHBIN 3aKOH B BUJIE TAOJIALBI
X n n-1 k 0
P p" np™q ckpkqnk q"

HaiieM uncioBbsle XapaKTEPUCTUKU ITOTO PACIIPEICIICHMUS.
ITo onpenenennto mareMatudeckoro oxxunanus 1 JICB nmeem

n n
MIX1=3 x;p; = 3 kCKp*q" ¥
i=1 k=0

3anumem PAaBCHCTBO, ABJIAIOIICCCS o6unoMm HreroTona
n

(p+q)" =3 Ciptq™*
k=0

1 npouddepeHipyem ero 1o p. B pesynbrare momyunm
n
n(p+q)" ' =3 kCyp*lq" "
k=0
YMHOXHM JICBYIO U MPABYIO YacTh Ha P:

n
np(p+q)" ' =Y kCkp*q" ¥ =M[X]
k=0

VYuuTteiBas, uro p+g=1, umeem
MIX]=np-(g.2)

I/ITaK, MaTeMaTH4dYCCKOC OXKHNJaHUC YHClia HOSIBJ'IGHI/IfI CO6I>ITI/II71 B N HE3AaBUCHUMBIX UCIIBITAHUAX
paBHO IIPOU3BCACHUIO YUCIIA UCHOBITAHUU N Ha BEPOATHOCTDH P MMOABJICHUA CO6BITI/I$I B KaXXI0M
NUCIIBITAHUU.
Jlucriepcurio BEIYUCIUM 110 (opMyIie

D[X]=M[X*]- M*[X]
Jlitst aTOTO HalIEM

n
M[Xz] :Zkzcrl](pkqn— k
k=0 )
[TpenBaputensuo npoauddepeniupyem dhopmyny ounoma HeroToHa aBa paza mo p:
n
n(n- D(p+q)" ? =3 k(k- DCyx p* 2q" K
k=0

U YMHOKHUM 066 YaCTH paBCHCTBA Ha p2:
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n n
n(n- )p* =X k’Cipq" k- Y kCiphq"k =
k=0 k=0
=M[X?]- M[X] =M[X?]- np.
HaxoauM
M[X?] =n(n- l)p2 +np =.‘r12p2 - np2 +np.
CrnenoBaTeabHO,
DIX] =M[X?]1- M?[X] =n2p2 - np2 +np - n2p2 =np - an =npq.
Wrak, nucriepcusi OMHOMHAIILHOTO PaCIpe/ICIICHUs PaBHA
DIX1=npq (6.3)
JlaHHbIE pe3yJbTaThl MOYKHO TOJYYHTh M U3 YHCTO KAYECTBEHHBIX paccyxacHuil. Obiee 4rciio
X mosiBIICHUN COOBITHSI A BO BCEX UCTIBITAHUSAX CKJIAJIBIBAIOTCS M3 YHCIIA MOSBICHUI COOBITHS B
OTJICNIbHBIX HCTIBITaHUAX. [103TOMY ecii X1 — YHCIIO MOSBJICHUH COOBITHSI B TIEPBOM HUCIIBITAHUH,
X2 — BO BTOPOM H T.J., TO 00IIIee YHCIIO NOABICHHUIA COOBITUS A BO BCEX MCIIBITAHUSIX PABHO

X=X1+Xo+...+Xn. [Io cBOKCTBY MaTeMaTHYECKOTO OXKHUIAHUSI:
M[X] =M[X;]1+M[X, ]+... +M[X, ]

Kax(z[oe N3 cj1aracMbIix HpaBOﬁ qacTHu paBeHCTBa C€CTh MAaTEMATUYCCKOC OXKHUAAaHNUEC YHClIa
COOBITHI B O/THOM HCIBITAHUU, KOTOPOE PABHO BEPOATHOCTHU COOBITHS. Takum oOpa3om,
MIX]=p+p+...+ p=np

Ilo CBoﬁCTBy JUCIIEPCUN:
D[X]1=D[X;1+D[X;]1+... +D[X,1

_ 29_ M21w . 2
Tak kax DIX; 1=MIX{1- M7[X;] , @ MaTEMATHUYECKOE 0KUJAHUE CITyYaHHOW BEJIMYUHBI Xi ,

KOTOPOC MOXCT IIPUMHHUMATD TOJIBKO JBa 3HAYCHUA, @ UMCHHO 12 C BEpPOATHOCTBIO P U 02 C

24 _ _ 2 _
gepostTHOCTBIO G, To VILXi 1 =P Taxum o6pazom, PIXil =P~ P* =PA-B pesynprare,

MoJry4aeM
D[X]=np +np+...+np =npq

Bocnonp30BaBIINCH MOHATHEM HAYATbHBIX U IEHTPAIbHBIX MOMEHTOB, MOKHO TIOJTYYUTh

(GOpMyIIBI 1711 aCHMMETPHUH U DKCIecca:

A=d-P g_1-6pq

npa’ Pa(6.4)
Jhlc;q(k)

04
p=03 p=0.7

03

0ar

a 4
0 1 2 3 4 5 § 7

==

>
k

PucyHnok
MHOTOYTOIPHUK OMHOMHUATIBFHOTO pacpeIe]ICHUs] UMEET CIIeyIomuid BuI (cM. puc. 6.1).
BepostHocTsPn(K) cHauana Bo3pacraer npu yBenumuenuu K, rocturaetr HanOoIbIIero 3HaYeHUsI
U J1ajiee HaunHaeT yobIBaTh. buHOMMaNbHOE pacnpeieieHue aCUMMETPUYHO, 32 UCKIIIOUEHUEM
ciydast p=0,5. OTmeTnM, 4To MpH OOJBIIOM YHCIIE UCIBITAHUH N GMHOMHAIILHOE pacipeaeieHue
BecbMa OJTM3KO0 K HOpMalibHOMY. (OG0CHOBaHUE ITOTO MPEIIOKEHUS CBSI3aHO C JIOKATBHON
Teopemoit Myaspa-Jlamuaca.)
Yucno mo HacTyIJIEeHUH COOBITUSI HA3bIBAETCSI HAUBEPOSITHEUIITUM, €CITH BEPOSITHOCTh
HACTYTUJIEHUs COOBITHS JAaHHOE YMCIIO pa3 B TOM cepuu UCTIbITaHUI HanbobIas (MaKCUMyM B
MHOTOYTOJIbHUKE pacripeaeneHus). i OMHOMHUaIbHOTO pactpeaeeHus
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np-q=<=mg=np+ P (6.5)
3ameuanue. /[laHHOE HEPABEHCTBO MOXKHO J10KA3aTh, UCTIOJIb3YS PEKYPPEHTHYIO GOpMYITy JUIs
OMHOMHUATBHBIX BEPOSITHOCTEH:

P,(k+1) =21 Kp o).
qgl+k (6.6)

[Tpumep . [Joisg u3aenuii BeICUIErO COpTa Ha JAHHOM Ipeanpusatuu coctasiseT 31%. Yemy
PaBHO MaTEMATUYECKOTO 0KUIAHHUE U IUCIIEPCHsl, TAK)KE HAUBEPOSITHEHIIIEE YUCITIO U3EITHI
BBICIIIETO COpPTa B CIIy4YallHO OTOOPAHHOW MapTHU U3 75 u3aenuii?
Pemenwue. [Tockoneky p=0,31, g=0,69, n=75, To

M[X] = np = 75.0,31 = 23,25; D[X] = npqg = 75:0,31-0,69 = 16,04.
Jl1s Hax0XAeHUSI HAUBEPOATHENIIIETO YuCia Mo, COCTaBUM JIBOITHOE HEPABEHCTBO

0,75-0,31- 0,69 <my <75 -0,31+0,31 = 22,56 <m, <2356

Ortcrona ciaeayer, 94To Mo = 23.

IIpakTnyeckoe 3ausaTue Ne 10
Tema: Brruucnenne xapakrepuctuk JICB. Beruncienue (¢ moMOIIbi0 CBOKWCTB)
xapaktepucTtuk ¢pynkuuit ot J[CB
Heanb: HayunTthes Bbruncasats xapaktepuctuku CB.
CpeacrBa 00y4eHHs: TETPAIH JJI BBITIOJHEHUS MpakTUYecKux 3auatuii, MS Excel.
CoaepixaHue M NOPSAIOK BbINOJHEHUS PadoThI:
1. PaccmoTpuTe TEOpEeTHUECKUI MaTepUall 10 TEME.
2. BcmomuuTe MeTOAMKY BhIuucIeHUs XapakTepuctuk JICB.
3. 3aKOHCIIEKTUPYITE TJIOCCApHil.
3. Beruucaure uncnoBelie Xapakrepuctuku J{CB npeasioxkeHHoro psaa,
IIPOAHAIU3UPYITE CMBICII IIOJYYEHHBIX YACIOBBIX 3HAYEHUIN BEIIMYMUH.
4. Ucnionp3yiiTe A1 TpOMO3JIKHMX pacueToB xapakTepucTtuk JICB Haactpoiiky «llaker
ananmza» npuwioxenuss MS Excel
KoHTpoJibHBIE BONIPOCHI:
1. [TonsATHE TUCKPETHOM CIIy4aiiHOW BEJIMYUHBI.
2. Xapaxtepuctuku JICB.
I'moccapuit

Ne m/m
HazBanue
(xapaktepuctuka JICB)
AJITOpUTM onpeneseHnsi Hid GopMyJia BbIYUCIEHUS
Conep:karesbHBIN CMBICII

1
MortHoCTh psifa (cuer)
[Toxcuer komuUecTBa HIIEMEHTOB
KomnmnaecTBo 31eMeHTOB psia

2

MunumMyM
[Tonck MMHMMAIBHOTO 3HAYEHUS
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MuHuManbHOE 3HaYEHHE psAA

3
Makcumym
[Tonck MakCUMaNbHOTO 3HAYECHHUS
MaxkcuManbHOE 3HaYEHHE psaa

4

Pa3max (MurtepBan)
BoruncnuTh pa3HuIly MEXy MaKCUMaJIbHBIM U MUHUMAJIbHBIM 3HAYEHUSIMU
Pa3znuna Mexny MakCuManbHbIM 1 MUHUMAaJIbHBIM 3HAYEHUSIMU

5
Cymma
CymMmupoBaTh BCe 3HAUCHHUS
Cymma Bcex 3HaYeHHI

6

Mopa
[Touck HamboIee YacTO BCTPEUAOIICECs 3HAYCHUS
Haubonee yacTo BcTpeuaromeecs 3HaYCHHUE
7
Menuana
[Touck 3HaYeHU pssia, KOTOPOE ACTUT PaHKUPOBAHHBIN PsAJl HA JIBE paBHBIC YaCTH
3HayeHue pssla, KOTOPOE ACIUT paH >KUPOBAHHBIN PsJl HA JIBE PABHBIC YaCTH
8
Cpennee
_ 1
X = ; - Z X[.
Cpennee apudmeTnueckoe BapuallmOHHOTO psijia
9

Jucnepcus
D(x) = M{[x -M(X)]}
s2=-"1_.p
n-—1
XapakTepHu3yIoT CTeTeHb pa30poca BCceX 3HAYCHNH BaApHAIOHHOTO Psiia OTHOCUTEIBHO
CpEeIHEeTO 3HAUYEHHS

10
CpennexBaapatuieckoe oTkioHeHHe (CTaHIapTHOE OTKIOHEHUE)

o(X) =D(X)

CrannmapTtHas ommoOKa

«ITaker ananuza» npuioxenuss MS Excel

OreHka CpeJHeKBaIPaTUYHOTIO OTKJIOHEHHS BHIOOPOUYHOTO CPEHETO
12

ACHMMETPUYHOCTD

«ITaker ananuza» npunoxenus MS Excel

Br160pounblii K03hGUIIUEHT aCHMMETPUH
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13
DKcuecc
«ITaker ananuza» npmioxerauss MS Excel
Bri6opounsrii ko3 duiimeHT sKciecca
Yucaosbie xapakrepuctuku JICB psga

pan-1
psan - 2
psan -3
pan -4
psan -5
Brruncnenune xapakrepuctuk JJCB ¢ ucnonbzoBanueM Hajactpoiku «llakeT anamuzan
npunoxenuss MS Excel.
1. Mcnonb3ys TEXHOIOTMYECKYIO KapTy BblunciauTe xapakrepuctuku J(CB.
TexHosornyeckas Kapra

CepBI/IC - HaHCTpOﬁKH — I[MaKCT aHaJIu3a — aHaJIn3 JaHHBIX — OIIMCATCJ/IbHAsA CTaTUCTHKA:

BXOI[HOi/Jl HHTEPpBAJI — 110 CTOJI6IIy — BBIXOIIHOﬁ HHTCPBAJI — UTOroBasd CTaATUCTHUKA — YPOBCHDb

HaJEKHOCTH
2. CpaBHuUTE MOTYYCHHBIC 3HAYECHUS C ATAIOHOM, CJIeTaiTe BHIBOIBI.
OTaloH.
pao-1
pao - 2
pao -3
pao -4
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
CranpapTtHas ommoOka
0,269
CrannapTtHas ommoOka
0,342
CranpmaptHas ommbOKa
0,401
CranpmaptHas ommbOKa
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 OTKIOHEHUE
CraHgapTHOE OTKIOHEHHUE
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Hucniepcust BBIOOPKU
Okcuece
0,1
Okcuece
Okcuece
Okcuece
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
ACHMMETPUYHOCTD
HNHuTrepBan
HNHuTrepBan
HNHuTrepBan
HNHuTrepBan
MunuMyM
MunuMyM
MunuMyM
MunuMyM
Makcumym

Makcumym

(32 NS IR U

0,85

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

-1,0

-1,7
-2,1

-0,56

(S 2 B & 2 B e S I A R\ I N ¢ N S B b
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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 HAJIEKHOCTH
0,608
YpoBeHb HAEKHOCTH
0,773
YpoBeHb HAEKHOCTH
0,908
YpoBeHb HAEKHOCTH
1,401

Jdomamnee 3aganune: [IpoananuznpoBats BapralldOHHBIN PsiJl

IIpakTnyeckoe 3ansaTue Ne 11

Tema: Pemienue 3a1a4 Ha GoOpMyITy F€OMETPUYECKOTO ONPEIEIICHUS] BEPOSITHOCTH.

Henab: Hayuntbcest BBIMUCIATD BEPOSTHOCTH (/111 OZTHOMEPHOTO CiIydast, sl ABYMEPHOIO
ciydasi, JUld NpocTeHmMX (QYHKIUI OT JBYX HE3aBHCHUMBIX PaBHOMEPHO paclpeaeEHHBIX
BEJIMYMH)

CpencrBa o0y4yeHMs: TETpaau JUIsl BBIOJHEHUS NMPAKTUUYECKUX 3aHATUH, HTepHeT-
PECYPCHI.

Coaeprxanue ¥ NOPAIOK BbINOJTHEHUS PadOThI:

1. PaccmoTpuTe perieHre TUIIOBOU 3aJauH.

2. Pemnte 3amaun.

KoHTpoJibHBIE BONIPOCHI:

1.ITonsiTne OMHOMMANBHOTO pacupeneneHus, [lonsTrne OMHOMMAIBHOTO pacHpeeIeHHUs.
[TonsTne F€OMETPHUYECKOTO pacrpeneienus, XapaKTEPUCTUKH T€OMETPHUYECKOTO
pacnpeneieHusl.

2.IlonsiTue OUMHOMMAIBLHOTO  pPACHpENETCHUS, XapaKTePUCTUKH  OHMHOMHAIBHOIO
pacpeneneHus.

3. ITonsaTne T€OMETPUUYECKOTO pacrpeneineHus, XapaKTEPUCTUKU

TEOMETPUYECKOTO PaCIIpECIICHHUS .

Pemenune 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. mpoBoauTcs 10 HE3aBUCUMBIX UCTIBITAHUNA. BeposTHOCTH
BBIUTPHIIIA B KaXA0M ucnbiTanud p =1/ 5 = 0,2 , Torma q = 0,8 . MickoMyto BepOsSITHOCTh
HaxouM 1o ¢hopmyie bepuyinu, momoras n = 10, m = 2.

P,(2)= sz -p*-q°=36-02%-08" = 0,242.

Pemure 3apaun:

1. Tpuauats BoceMb CTYJIEHTOB KOJUIEXa CIaJIM SK3aMEH 110 CTaTUCTUKE HAa OTJINYHBIE U
Xopouue OTMETKH. Yemy paBHa BEpPOSTHOCTh TOTO, 4TO B ciydailHOM BbiOOpke u3 100
CTYIEHTOB MO KpaiHeii Mepe 30 oOKaxyTcs C XOpPOUIMMH U OTJIMYHBIMU OLIEHKAMH IIO
CTaTUCTUKE?

2. BeposITHOCTh M3rOTOBIIEHUS MPOAYKIIMH BBICIIET0 KauecTBa ¢pupmoit cocrasiser 0,9.
Ckonpko HEoOXOauMO 00CNIefoBaTh EOUHUI] NPOAYKIHMH, 4YTOOBI C JIOBEpUTEIHHOU
BepOATHOCTBIO 0,95 MOXKHO OBLIO yTBEp)KAaTh, YTO JOJS MPOIYKIMM BBICIIETO KadyecTBa IO
BBIOOpKE Oy/I€T OTKIIOHATHCS OT MMOCTOSIHHOM BEPOSTHOCTH 110 MOAYII0 He Oonee yem Ha 0,037

3. Tpuanate BoceMb CTyIEHTOB KOJIJIEKa CAATM K3aMEH M0 CTATUCTUKE Ha OTIMYHBIEC U
Xopoluue OTMETKH. YemMy paBHa BEpOSTHOCTh TOTO, 4TO B ciiydailHOM BbiOOpke u3 100
CTYJEHTOB MO KpailHeli Mepe 30 oOkaxyTcsd € XOpPOUIMMH M OTJIMYHBIMU OIIEHKaMHU IO
CTaTUCTUKE?

I[OMaI[IHee 3aJJaHue: COCTAaBbTE aJITOPHUTM JII000H 3 3aJa4 110 TEMC.

IIpakTnyeckoe 3ansaTue Ne 12

Tema: Brruncienue BepoATHOCTEH U HaxoxkieHue xapakrepuctuk 1t HCB ¢ momorsio
(GYHKIUH IJIOTHOCTH U UHTETPAIbHON (DYHKIIMM pacpeesIeHus

Henab: HayunThes BEIUMCIATH BEpOSTHOCTU U XapakTepuctuku HCB.

CpencrBa o0y4yeHMs: TeTpaau JUIsl BBINOJHEHUS NPAKTUYECKUX 3aHATUH, VHTepHeT-
pECYpCHI.

Coaeprxanue ¥ NOPAIOK BBINOJTHEHUS PadOThI:

1. PaccMoTpuTE TEOpETUYECKUI MaTepUall IO TEME.

2. Pemme 3amaumn.

KoHTpoJibHBIE BONIPOCHI:

1. [Tonstue HCB.

2. [lonstue paBHomepHo pacnpenenénnoit HCB.

HenpepbiBHOM Ha3bIBalOT CJHYYalHYH BeJIHYHHY, KOTOpas MOXET NPUHHUMATh BCE
3HAYECHUS U3 HEKOTOPOIO MIPOMEXKYTKA.

3akoHoM pacnpenejeHusi (WM UHTErpajJbHOM  (QYyHKUMEH  pacrpeaeseHus)
HeNnpepbIBHON cJiy4yaiiHoil BeauunHbl X HasbpiBaeTcsi QyHKuus F(X), paBHas BepoOATHOCTH
TOTO, 4TO X NPHUHsIA 3HAYEHUE MeHbIIE X:

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

IlnoTHOCTHIO pacnpenenenus (wm nuddepeHnanpbHON (QYHKIMEH pachpeaeneHus)
HeNnpepbIBHON ciy4yaiiHoil BeqmunHbl X HasbpiBaeTcs ¢GyHKuus f(X), paBHas MpoOU3BOIHOMN
MHTETPAIbHON (PYHKIMH pacrpeaeeHus:

f(x) =F(x).

B gactHOCTH, BEPOATHOCTD MONAAaHus CITy4aiiHOM BETMYUHBI B UHTEpBai (a ; b ) paBHa:
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P(a< X <b)= [ f(x)dx = F(b)— F(a).

Marematuueckoe oxuganue M(X) u aucnepcusi D(X) HenmpepbIBHOW cityuyaiiHOM
BEJIMYMHBI OMIPEICISIFOTCS Yepe3 HECOOCTBEHHBIE MHTETPAJIBI:

co oo

M(X)= _[xf(x)dx, D(X) = _[[x—M(x)]Q f (x)dx.

Bce cBoiicTBa nucnepcuu M MareMaTHUUeCKOro oOkujaHus, ycraHoiieHHble st [ICB,
coxpamnsitorcs aiis HCB.

3ameuanue: Ecnu pacnpeneneHne CHUMMETPUYHO, TO €ro MoOJAa, MeAuaHa |
MaTeMaTU4YeCcKOe 0’KUIAHUE COBIA/IAOT.

Pemure 3agaun
1. Cnyuaiinast BenuuuHa X 3aaHa HHTETPAIbHON (yHKIIUEH:

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

Haiit BEpoSITHOCTH TOTO, YTO B PE3yJIbTATE MCIBITAHUS ClIydaiiHas BEIMYMHA X IPHUMET
3HaueHue: a) Menbie 0; 6) MmeHbie 1; B) He MeHbIIIE 1; T) 3aKmoueHHoOe B uHTepBaie (0;2).
2. Cnyvaiinasi BeJIMYMHA 3a/I1aHa MHTETPATbHON (YHKIIUEH:
0

5 npux=<1
F(x)=-%X _1 npul<x=<3
8 P
Eli npux >3

Haiitu: a) nuddepennmanpuyio QyHKIMO caydyailHoW BenuuuHbl X; 0) MaTeMaTUYECcKOe
OXKHJIAaHHE, IUCIICPCHIO, CPEIHEe KBAJPATHUYECKOE OTKIOHEHHE CIIyYalHOM BENWYHHBI X; B)
BEPOSITHOCTH MOIA/IaHUs CITy4aliHOW BeTMYUHBI B HHTEpBa (1;2).

3. Cnyyaitnas BenmuunHa X 3aJjaHa UHTETPATbHON (QYHKIIUCH:

0 npux< A

F(x)=%X_ npuA<x<B

1 npux > B

Haittu 3Hauenuss 4 wu B, MareMaTH4ecKOe OXHUJAHHWE, MHUCHEPCUI0 M CpEIHee
KBaJIpAaTHUECKOE OTKIOHEHUE CITyYaiiHON BEMMUYUHBI X.
4. Cnydaiinas BerurHa X 3a/1aHa UHTETPAIbHON (PYHKITHEH:

03 npux =<1
F(x)=4X" —gnpu1<x52
1 npux > 2

Haiitu: a) nuddepenumanbayto GyHKUIMIO ciydyaiiHOH BenuuuHbl X; 0) BEpOSTHOCTD
TOTO, YTO B pe3yJIbTaTe YEThIPEX HE3aBUCHUMBIX HCIBITAaHUN cilydyaiiHas BenuyuHa X XOTs OBl
OJIMH pa3 NpUMET 3Ha4YeHue, NpHuHaIexamee uutepsainy (1;1,5); B) HauepTuTh TpaduKu
(byHKUIHH.

JlomalHee 3alaHHe: COCTaBbTE AITOPUTM PELICHUS 3a7jau U PELINTE €€.
Crnyuaiinas BennunHa X 3aJlaHa HHTETPAJIbHON (pyHKUIMEH:
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npux=<?2

F(x)=4X"—8 npu2<x<3
19
1

npux >3

Haiitu: a) nuddepenumansuyo QyHKUIUO; 0) BEpOATHOCTh MOMAJAHUS CIydailHON
BEIMYMHBI B MHTepBal (2,5; 3); B) MaTeMaTHYeCKOE OXKHUJAaHUE, IUCIEPCUI0 M CpeaHee
KBaJPaTUYECKOE OTKJIOHEHHE ClIy4yalHOH BennuuHbl X; T) MOJAY U MeJuaHy BelIUYUHbI X.

[TocTpouTh rpaduku GyHKITUH.

IIpakTuyeckoe 3ansiTue Ne 13

Tema: Boruncienue BeposITHOCTEN U HaXOkIeHUE XapakTepucTuk 1jisi HCB ¢ momonisio
MHTETPAIbHON (PYHKIIMH pacIpeIeICHuUS.

Ieab: HayunTbCst BBIUKUCIATD BEPOSATHOCTH JJII HOPMAJIBHO PacpeieICHHON BETMYHHBI

CpeacrBa 00y4yeHusi: TE€Tpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHM, VHTEepHeT-
peCypceBl.

CoaeprxaHue M NOPSAI0K BbINOJTHEHUS PadoThI:

1. PaccmoTpuTe TEOpETHUECKUI MaTepUall [0 TEME.

2. 3aKOHCTIEKTUPYUTE PEIICHUE TUIIOBOW 3a/1a4H.

3. Pemure 3amaun.

KoHTpoJibHbIE BOIPOCHI:

1. Packpoiite moHsTHE (QYHKIHMH IJIOTHOCTH HOPMAaJbHO pacmlpeieseHHOM

HCB, cMbIci1 mapaMeTpoB a U G HOPMAJIBHOT'O PaCIpeIesICHHUS.

2. Packpoiite noHsTHE MHTErpalbHON (YHKIMHU pacipeerneHus] HOpMalbHO
pactipenenennoit HCB

3. B03M0XHO 711 HaX0XAE€HUE CYyMMbI HECKOJIbKUX HE3aBUCUMbBIX HOPMAJIbHO
pacupeneneHHbix HCB.

HopMmaJsbHblii 3aK0H pacnpenejenus (puc. 1) Urpaet UCKIIOYUTEIbHYIO POJIb B TEOPUU
BEPOSATHOCTEH. OTO Hambojee YacTO BCTpPEYAIOLIMICd 3aKOH paclpelesieHus, TJIaBHOM
OCOOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJISIETCS NPEIEIbHBIM 3aKOHOM, K KOTOpPOMY, MpHU
OTIpEENIEHHBIX YCIOBUX, IPUOIMKAIOTCS APYTHUE 3aKOHBI pacpeIesICHNUS.

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

_(x—a)’
f(X)=—1 e 20

o~N27T

YucaoBbie XapaKTePHCTHKH HOPMAJIBHOI0 3AKOHA!

1. M
= < x (x—a)’ ) aTeMaTUYECKOE
M(X)= |x- f(X)dx= | —— exp(-——)dx =a,rae e’ =exp (x);
(X) L f (x)d _[,am P 5) A PO e
XapaKTepU3yeT
HEHTP pacIpeIeICHUS:
2. TUCTIepcust  Xapakrepusyer  Gopmy

D(X) = sz - [ (x)dx — (M(X))? = 2. PACTIPE/IENCHH:

—oo
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CroiicTBa nuddepeHnuaabHOil GyHKIUN HOPMAJIBHOI0 3AK0HA !

D, =R;
1. obmacTth onpeneneHus: ! ’
2. ock 0X — ropu30HTaJIbHAS ACUMIITOTA,
3. X=a%0 . 1ge toukn nepernta;
1
(a; ?),
4. MaKCHMYM B TOYKE C KOOpPJMHATaAMU: o~N2w
5. rpadMK CHMMETPUYECH OTHOCUTENBHO MPSIMOM X=a;
6. MOMEHTHI:
lul = ﬂd R :u21<+1 == 0’
U, =0’ u,=30",
3
sk=*_=0Ex=H1_3=q;
o o,
1. BEPOATHOCTh IOMAJAHUS HOPMAJIBHOTO PACIPEICICHHON CIy4aiHON

BCJIMYMHBI B 33/IaHHBII HHTEPBAJI OMPEICIISETCS, TI0 CBOMCTBY HHTETPAILHON (DYHKITHH:
—-a a—a —-a o—a

Pla<x<f)=0* f-a Nk =D g -
o o o o

1 (t—a)?
. Sl A dt—
— Lexp( )

raed *(x) =

o

UHTErpaiibHast GYHKIMsS HOPMaIbHOTO 3aKoHa (puc.14); d(x) — dpyukiws Jlamaca.

axy & ®(x) A

avin | TN
'
¥
: S
a

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

_(x-a)’

207
. e ,

1
f(x)=
o227
rae M(x) = a, D(x) = 6°.
B uactHOCTH, IS HOpPMAaTbHOTO 3aKOHA pACIpeNeleHHs] CIy4alHON BENUYUHBI X,
BEPOSATHOCTH MOMAJaHUS B 33/IaHHBIM HHTEPBAJ BhIpaxaercs yepe3 Qpynkmuro Jlammaca:
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a—a

P(a<X </3):c1>(ﬁ;“)—cp(

Kpusas I'aycca numeer Bun:

).

E

¥

ato
a-o

Pemienue TUNIOBOI 3a1aun
IIycTe ciydaiinas BeqiMdrHA X paclpezesieHa 10 HOPMAJIBHOMY 3aKOHY C ITapaMeTpaMH,
a=30u o = 10. 3anucaTe IOTHOCTh pacHpeieICHUsI BEPOSATHOCTEN U HAUTH BEPOSITHOCTH TOTO,
410 X MPUMET 3HaUCHHUs U3 © - uHTepBaia ( 20 ; 40 ).
Pemienue. IInoTHOCTH pacmpeneneHuss BEPOSITHOCTEW HOPMAIIBHO pachpeneléHHON
CIy4yallHOUM BeIMYMHBI X C 3aJJaHHBIMU ITapaMeTpaMH UMEET BU:
1 ~(x-30)°

f(X)Zlo\/ﬂ-e

Haitném  BeposTHOCTP TOro, 4YTO Ciy4daWHas BenuuuHa X  OTKIIOHUTCS — OT

MaTEeMaTHYECKOTO OKUIAHMS a HA BEIMUYUHY MEHBIIIE YeM G.

Pla—o<X <a+0)=0o(P 24 _ @ =979 _ 5. o)~ 0,683

o o) _

Pemure 3apaun

1. CnyuvaitHas BennunHa X paBHOMEpHO pacripezeiieHa B uHTepBaie (-2;N). Haiitu: a)
nuddepeHIHabHYI0 (QYHKIIMIO CIy4aiHOW BEMWYUHBI X; 0) WHTErpajgbHyl (DYHKIHIO; B)

1)

BEPOSITHOCTh TIOMAJIAHUS CIyYallHOW BEJIIMYMHBI B HWHTEPBAI " 27 \atemaTnueckoe
OXKHJaHUE, TUCTIEPCUIO U CpeHee KBaApaTHUIeCKOe OTKIOHEHHE CITy4YailHOW BETUYHUHBI X.

2. HaiiTu MatemMaTH4eCKOE OKHUJIaHUE U JUCTIEPCHUIO CIyYalHOW BEJIMYMHBI, PABHOMEPHO
pacnpezeneHHoi B untepnaie: a) (5; 11); 6) (-3; 5). Haueptuth rpaduku 3Tux GyHKIUH.

3. PaBHOMEpHO pacnpeneneHHas clydaiiHas BeMWYMHA X 3a/laHa  TJIOTHOCTBIO
pacnipenernenns f(x)= 0,125 B unrepsane (a-4; a+4), ue mero f(x) = 0. Haittu M(X), (X), €
(X).

Il()MamHee 3aJaHuEe: COCTAaBbTE aJITOPUTM PCIICHUA 000 U3 3aJa4 110 TEMC.
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IIpakTnyeckoe 3ansaTue Ne 14

Tema: Bpruncienrue BepOsSTHOCTEH T HOPMAJIBHO paclpelesieHHON BEIUYHHBI (MM CYMMBI

HECKOJBKUX HOPMaJIbHO-pAcpe/IeJICHHBIX BETUYUH ).

Heab: HayunThcst BEIYUCIATH BEPOSTHOCTH AJI1 HOPMAJIBHO pacIipe/ie]IeHHON BEeTMUNHBI

CpeacrBa 00y4eHUs: TETPAIU JJIs BHITIOJTHEHUS IPAKTUYECKUX 3aHATHH, UHTepHET-pecypChl.

Conep:kanue U NOPSIIOK BbINOJHEHUS PadOThI:

1. PaccmoTpuTe TeOpeTHUECKUI MaTeprall 0 TEME.

2. 3aKOHCIEKTUPYHUTE pelIeHUE TUTIOBOM 3a/1auu.

3. Pemure 3amauu.
3amaya 1. ABTOMaTM4eCKHil TOKAPHBIA CTAaHOK HACTPOEH Ha BBIMYCK JI€Talled CO CPEIHUM
muamerpom 2.00 cM u co cpeaHuMm KBaapaTuueckum oTkiaoHeHueM 0.005 cm. [lelicTByer
HOPMaJbHBIA 3aKOH pacmpeneneHus. KommaHus TEXHHYECKOrOo CepBHUCA PEKOMEHIYET
OCTaHOBUTH CTAHOK I TEXHUYECKOTO OOCIy)KMBaHWsI U KOPPEKTUPOBKM B cCllydae, €ClU
00pasIpl JeTaneil, KOTopble OH MPOU3BOAMUT, UMEIOT cpenHuii nuamerp Oosee 2.01 cMm, mmubo
MeHee 1.99 CM.
1) HaiiTiu BepOSITHOCTh OCTAaHOBKHM CTaHKa, €CJIM OH HACTPOCH IO MHCTpyKIuu Ha 2.00 cMm.
2) Ecnu cTraHOK HaYHET MPOU3BOIUTH JETAHM, KOTOPHIE B CPEIHEM UMEIOT CIUIIKOM OOIBIION
nuameTp, a uMeHHo, 2.02 cM, KakoBa BEPOSITHOCTh TOTO, YTO CTAHOK OyJeT MpOIOoKaTh
paborartnb?
3agaua 2. PocT ManbuMKOB BO3pAaCTHOW Tpynmbl 15 jeT ecTh HOpMalbHO pacrpeaenéHHas
cilydaifHast BennurnHa XX ¢ napameTpamu a=161a=161 cm u 6=40=4 cm.
1) Haiitu (yHKIMIO TJIOTHOCTH BEPOSTHOCTU CIy4yailHOW BenW4YuHBI XX U MOCTPOUTH €&
rpaduk.
2) Kakyro 1010 KOCTIOMOB JJIi MaJIb4YMKOB, MMEIOMUX pocT OT 152 mo 158 cM, Hy»KHO
NpeayCMOTPETh B 00BEME  MPOM3BOJACTBA  JUII  JAHHOW  BO3PACTHOM  TPYMIIHL.
3) ChopmynupoBaTh MpaBUiIo TPEX CUTM AJIs CIIy4aiiHON BennuuHbl XX.
3anaua 3. KopoOku ¢ mOKOIaJ0M yIIaKOBBIBAIOTCSI aBTOMATHUECKH. VX cpeiHss macca paBHa
1,06 xr. U3BecTHO, 4TO 5% KOpPOOOK MMEIOT Maccy, MeHbIIyto 1 kr. KakoB mporeHT kopoOok,
Macca KOTopbIx npessimaet 940 r?
3agaya 4. B HopManbHO pacnpeneneHHon cOBOKYHOCTH 15% 3Hauenuii X menbuie 12 u 40%
3HaueHu X Oospuie 16.2. Haiitu cpenHee 3HaueHWE M CTaHAAPTHOE OTKJIOHEHHUE JAHHOTO
pacupeneneHus.
3agaua 5. /lneBHass noOblua yIyis B HEKOTOPOM IAXTE paclpejaeseHa M0 HOPMaJIbHOMY
3aKOHY C MaTeMaTU4yeckuMm oxugaHueM 870 TOHH M CTaHJIApPTHBIM OTKJIOHEHHuEM 90 TOHH.
a) Haitngute BEepOSTHOCTH TOTO, UTO B ONpPEACIICHHBIA JE€Hb OYIyT OOBITHI 1O KpalHel Mepe
900 TOHH YIJIA.
6) Onpenenure n0yt0 paboyux AHEH, B KOTOpble OyaeT A00biTo oT 860 m0o 940 TOHH yTIs.
B) Haiiaure BeposITHOCTH TOTO, UTO B AAHHBIN JA€Hb J0ObIYA YT OKaXKkeTcs Huxe 750 TOHH.
3apaua 6. CTaHOK U3rOTOBJISIET MAPUKU ISl moAmUHUKOB. [llapuk cuntaercst roaHbIM, €CITi
oTkioHeHHe XX quamerpa Iapuka OT MPOEKTHOTO pa3Mepa Mo aOCONMIOTHOW BEIUYUHE
Menbiie 0,5 mm. Cumras, 4ro ciyuyaiiHas BenuumHa XX pacmpesesieHa HOPMaJIbHO CO
CpeIHUM KBagpaTudeckuM oTkioHeHHeM 6=0,256=0,25 MM, HaliTH, CKOJBKO B CpefHeM OyieT
TOJTHBIX IIAPUKOB CPEN CTa N3TOTOBJICHHBIX.

IIpakTuyeckoe 3ansaTue Ne 15
Tema: BplunciieHue BepOATHOCTEH M HAXOXKICHHE XapaKTEPUCTUK JUIsl IOKAa3aTEIbHO
pacrpeeIeHHON BETMYNHBI.
Iennb: HayunTecs BEIUUCIATH BEPOSTHOCTH AJI1 HOPMAJIBHO PACIIPENEIEHHON BETMYNHBI
CpencrBa 00yuyeHMsI: TETpaau Ui BHIIOJHEHUS MMPAKTUYECKUX 3aHATHH, THTepHeT-pecypchl.
CopneprxaHue M NOPSAI0K BbINOJTHEHUS Pa0OThI:
1. PaccmoTpuTe TEOpETHYECKHIA MaTepUa MO TEME.
2. 3aKOHCTIEKTUPYWUTE PELICHUE TUIIOBOM 3a1auu.
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3. Pemmnre 3amayn.

[TokazareabHBIM MIIM SKCTIOHEHIIMATBHBIM Ha3bIBAIOT paclpeesieHue, KoTopoe
XapaKTEPHU3yeTCs cienyromen pyHKIuen mI0THOCTH:

j— [:I,
F@=3.

ecnH x =)

>
., ECIH X_D,FILC A=10

(x) =0

YO6eaumcst B TOM, 4TO TMEpe]l HAMU He «Io1eaKkay. [lockombKy S 1 HeCOOCTBEHHBIN

HHTErpa.
+Ho +o

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

i

: =~ lim (g s0—e ) =—(0-11=1

—0
, TO QYHKIIHS Fx) JIEUCTBUTENIBHO 3aa€T 3aK0oH pactipenenenus HCB.

BonbimmM J0CTOMHCTBOM MOKA3aTEILHOTO PACIIPEICIICHUS SIBIIETCS TOT (DaKT, 9YTO OHO
OIIPEIeNISIETCS BCETO JIMIIb OJHUM TapameTpoM. Beero numis ogauM, Kapa! ... Her, sydrie,
KOHEYHO, BOOOIIE OTCYTCTBHE MTApaMETPOB, HO JAJIbIIE UX KOJMIECTBO OYAET TOIBKO
BO3pAacCTaTh =)

Kak-to Tak IMMOJIYUHJIOCh, UTO BO BCEX MPUMEPAX CTATHU O PABHOMEPHOM PACIIPCACICHUU MBI

HAYMHAIY ¢ QyHKIUH J i , U TIOATOMY JUIsl pa3HOOOpa3usi 3aiI€M B JIeC C IPYTrOi CTOPOHBI:

3amaua

HenpepsiBHas citydaiiHas BeIu4uHa A 3anana cBoeit (byHKIMEH pacpeaeneHus

0, x <0
Fizxy=

1+ A7, =0
Tpebyercs:

1) onpenenuts KOAPHUITUEHT A ;
2) HalTH MIIOTHOCTh PaCIpeIeTIeHNUs BEPOSITHOCTEH Jix) :

3) cxeMaTU4HO MOCTPOUTH Tpaduku PpyHKIUN F(x) u J(x) :

4) BBIYUCIUTH MATEMATHYCCKOC OXKUAAHUC U TUCIICPCUIO 4 ;
5) OIPEACIIUTL BEPOATHOCTH TOI'O, YTO A NIPpUMET 3HAUCHUC U3 UHTCPBAJIA (2’ :I .

OpgunM citoBoM, o0bIuHas 3agadya Ha HCB 6ecembicaerasH-0ecHomaAiat.

Pemaewm:

1) B cuny HenpepbIBHOCTH (PYHKIIMH pacripe/leeHus:

— o_ = = —
Fl=l+d.e =1+ A4=0 = A= 1—HpH3TOMI/ITOJ'II>KOHpI/I3TOM

SHAYCHUHU ITPEIIIOKCHHAs (bYHKHHH 3aJ1a€T 3aKOH pacrnpeaciCcHus HerepBIBHOﬁ cnyqaﬁHoﬁ
BCJIIMYHUHBI:

0,

1-™, x=10

E

x<l
Fix)=

[Toka, kcTaTH, MBI HE 3HaE€M, YTO 3TO 32 3aKOH, BE/Ib BBEPXY 51 MPUBEN APYTOE ONpEeICHHE.
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2) Haiiném QyHKIHIO MIIOTHOCTH pacIpeIeIICHUS:
x <0

=0

0,
Flxy=Flix)=q
e,

. N L= =0T = =T
HAJICIOCh, BCE B JIaJlaX C MPOU3BOIHOMN CI0KHOU ()YHKIMH: ( ) =x) )

Hy BoT, Tenepp n30yIika moBepHyJiach K HaM IEPEIOM, a K Jiecy 3a10M. [TockonbKy naHHas
0, ecom x <0
Jix)=

A~ ecnmu x=0

?

, TO CIlyYaiiHasi BENMYMHA L pacrpeseleHa
A=1

(GYHKIUS UMEET BH]T

IIOKa3aTCJIbHO. I[a>1<e 06pa3u0130-n01<a3aTeano, T.K. 3HAUYCHUC HaubOoee IIPUATHO.

3) YcnoBue 10mycKaeT CXeMaTHIeCKoe MOCTPOSHHE IpaMKOB, HO 3a4eM 3aHUKATh TUIAHKY?
Jlaske Ipy UX pyYHOM MOCTPOCHUH HE COCTABIISET HUKAKOTO TPYy/Aa HAalTH Mapy
JOTIOJTHUTEIBHBIX TOUYEK U MPOSBUTH MAIIOMAJIBCKYIO aKKYPaTHOCTbD.

_1_ .1 _ _ .2 _ _
Biramcn napy snasermii £(0 =177 ®1-037=063, F(Z)=1-27=1-014=086 ,

. lim Fixi=lm (1-¢ w01=1
MPOCTEHbKUI Mpeest *—+= Fo . Takum
oOpa3om, mpsmas y=1 SIBJSICTCS] TOPU30HTAIBHON aCUMITOTOM JIJIS

rpaduxa F(z) npu * —>109;

0 1 x
IMokazarensHOE pacrpeeeHre HallIo NIMPOKOE MPUMEHEHUE B IPUKIIAIHBIX 33/1a4ax, U

IIOKA YEPTEK «HE yexXal BBEPX» 5 IPUBELYy KOHKPETHBIN npuMep. IlycTs nepeMeHHas «uKcy

0

0003HAYaeT BpeMsi ¥ B MOMEHT BPEMEHH * = ' HAYMHAET HKCIUTYyaTHPOBATHCS HEKHil MPUOOD,

Hanpumep, oobuHas Jamnouka. CiryyaiiHas BeIMuruHa A BpeMsi paboThI JIAMIIOYKH J10
neperopanusi. Torna GpyHkus F(x) = PX <x) OIIUCBIBAET BEPOATHOCTH TOT'O, YTO
mammouka npopaboraer MEHBIIIE, uem mpomiesmiee Bpemst * . U 110 MOHSTHBIM MPUYHHAM

[P YBEIMYECHUU * 3Ta BEPOATHOCTH CTPEMUTCS K €IUHHUIIE, YTO XOPOIIO HILTFOCTPUPYET
BBILICTIPUBEAEHHBIN TpaduK.

IpakTuyeckoe 3ansiTue Ne 16
Tema: IlenTpanbHas mpeenbHas Teopema. 3aKOH OONBIIMX 4YHcel. BeposTHOCTh u
4acToTa.
Hean: Hayuuthcs pemarh 3ajauyd Ha TOHSTHE YacCTOThI COOBITHSI, CTaTUCTHUYECKOE
IIOHMMAHHE BEPOATHOCTH

Llenmpanvras npedenvras meopema. Ecnu cydaitHas BenuanHa X MpeaCTaBiseT, cOO0iH
CYMMY OuY€Hb OOJIBIIOTO YUCIIa B3aUMHO HE3aBUCUMBIX CIyYaiHbIX BEIMYHH, BIMSIHUE KX 0N
U3 KOTOPBIX Ha BCIO CYMMY HMUYTOKHO Majio, TO X UMEET pacnpezesienue, OJIu3Kkoe K
HOPMaJIbHOMY PaclpeesICHNUIO.

IIpumep. IlycTb TpOU3BOIUTCS U3MEPEHNE HEKOTOPOH (u3nyecKoil BennuuHbl. JIroboe
U3MEpPEHUEe JIaeT JHIIb NPUOIMKEHHOE 3HaUeHHE U3MEPSIEMOM BEJTMUUHBI, TAaK KaK HA pe3yJIbTaT
M3MEpEHUS BIUSIOT OYEHb MHOTHE HE3aBUCHUMBIE CiIy4ailHble (GaKkTophl (TeMIeparypa,
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KoJieOaHusl IpuOOpPa, BIAKHOCTH U Ap.). Kaxplii u3 3TuX (pakTOpoB MOPOKIaeT HUUTOKHYIO
"gacTHy10 omuOKy". OHAKO, MOCKOJIBKY YMCIIO 3THX (PAKTOPOB OYEHB BEIMKO, X COBOKYITHOE
JIEHCTBHUE MOPOKAACT yiKE 3aMETHYIO «CyMMApHYIO OIIHUOKY».

PaccmaTpuBasi cymmapHyo OmMOKY Kak CyMMY OY€Hb OOJIBIIIOTO YKCia B3aUMHO
HE3aBHCHUMBIX YaCTHBIX OIIMOOK, MBI BIIPABE 3aKJIFOYUTh, YTO CYMMapHasl OIuOKa uMeeT
pacnpezeneHue, 0JI13Koe K HOpMalIlbHOMY pacnpezeneHuto. OnbIT HOATBEPKIACT
CIIPaBEUIMBOCTh TAKOTO 3aKITFOYCHUSI.

PaccmoTpuM ycioBus, pyu KOTOPHIX BHIMIOJIHAETCS "LIEHTpaJIbHAs MpeiebHas Teopema’

IlycTs:

X1, X2, ...,Xn — nocnenoBaTelbHOCTh HE3aBUCUMBIX CITyYailHbIX BEJIUYHUH,

M(X1), M(X2), ...,M(Xn) - koHEUHbIE MAaTEMATUYECKUE OKUIAHUS ITUX BEJIUUYMH,
COOTBETCTBEHHO paBHbIe M(Xk)= ak

D(X1), D(X2), ..., D(Xn) - KOHEUHbIE IUCIIEPCUN UX, COOTBETCTBEHHO
pasubic D(X k)=bk2

BaeaeMm ob6o3nauenus: S= X1+X2 + ...+Xn;

Z iy thz
Ak=XI1+X2 + . +Xn=¥1 ; B2=DXI)+ D(X2)+ ..+ D(Xn) = ¥
3anunieM GyHKIHUIO pacTpeIeICHIs] HOPMUPOBAHHON CYMMBI:

Fn(x) :P[%{ I]

I'oBopsT, 4TO K ocnenoBarenbHOCTH X1, X2, ..., Xn npuMeHuMa 1eHTpaibHast
npeenbHas TeopeMa, eClId IPH JTF000M X QYHKIUS paclpeIeiICHIs] HOPMHPOBAHHOW CYMMBI TIPH

n ® ¥ cTpeMUTCS K HOPMAJIbHON (QYHKIIUH pacrpeieeHus:
F

5, -4, 1 ¢ =
- L 4 =
m “\73 ] mi

A3 = ]

3ameuanue. IlomyuyeHHas QyHKIUSA OTIMYAETCS OT UHTETPAIbHOM NMPUOIMKEHHON
¢byHkuuu Jlamiaca ToJIbKO JUILIb IpeeaMi HHTErpUPOBaHus, rjae Haxoaatcst ot 0 10 X

B wactHoCcTH ecnu Bce ciy4daitHbie BenuuuHbl X1, X2, ..., Xn oounakoso
pacnpeoenensvl U OUChePCUU 8CeX IMUX GelTUYUH KOHEeUHble U He pagHble HYI0, TO K ITON
MOCJIEI0BATENbHOCTH IPUMEHNMA LIEHTpalIbHAs Mpe/ieIbHas TeopeMa.

2. 3aK0H 00JIbIINX YK CeJl, BePOSITHOCTH U YaCTOTA.

Kak u3BecTHO, HENb3s 3apaHee YBEPEHHO MPEABUACTh, KAKOE U3 BO3MOXKHBIX 3HAUEHUIN
IIPUMET CiTy4aiiHasi BEIMYMHA B UTOTE UCIIBITAHUS; 3TO 3aBUCUT OT MHOTUX CIIy4YalHBIX IPUYMH,
y4ecTb KOTOpble HeBO3MOKHO. Ka3anock Obl, MOCKOIBKY O KaXA0M CIIy4aliHON BEJIMYMHE MbI
pacrosaraeM B 3TOM CMBICJIE BECbMa CKPOMHBIMU CBEACHUSMM, TO BPSJ JIX MOYKHO YCTAaHOBUTH
3aKOHOMEPHOCTH MOBEJCHHS U CyMMBI JJOCTaTOYHO OOJIBIIOIO YKCiia CIydyalHbIX BennunH. Ha
camMoM Jielie 3To He Tak. OKa3bIBaeTCsl, YTO IPU HEKOTOPBIX CPABHUTEIBHO IIMPOKUX YCIOBHAX
CYMMAapHOE€ MTOBEIEHUE JOCTATOYHO OOJIBIIOrO YKMCIIa CIyYalHbIX BEJIMYMH OYTH YTpaunuBaeT
CIIy4alHbIN XapakTep U CTAHOBUTCS 3aKOHOMEPHBIM.

JIJ1s IpakTHUKK OY€Hb BaKHO 3HAHUE YCIOBUMA, IPU BHIIIOJHEHUN KOTOPHIX COBOKYITHOE
JENCTBUE OYEHb MHOTHX CITyYallHbIX IPUUYMH MPUBOAUT K PE3YINIBTATY, IOUYTH HE 3aBUCSLIEMY OT
cilydasi, TaKk KaK MO3BOJISIET MPEABUAETh X0/ SIBJICHUH. DTH yCIOBUS U YKa3bIBAIOTCS B TEOpeMax,
HOCSIIMX 00Illee Ha3BaHUe 3aKOHa OonbIMX unces. K HuM oTHOCATCS Teopembl UebblmeBa 1
bepHyu (MMerOTCS U Ipyrue TEOpPEMbI, KOTOPBIE 3/1ECh HE PaCCMaTPUBAIOTCS).

Teopema UeOrieBa sBnsieTcs Hanboee 0OLIMM 3aKOHOM OOJIBIINX YHCEI, TeopeMa
bepHymn - npocTedmmm.

IIpakTnuyeckoe 3ansitue Ne 17
Tema: Pemenue 3amau Ha MOHATHE YaCTOTHI COOBITHSA, CTATUCTHYECKOE MOHMMAaHUE
BEPOSITHOCTH
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Heab: HayuuThes pemaTh 3aauyu Ha MOHSATHE YAacTOTHI COOBITHS, CTAaTHCTUYECKOE
MOHMMAaHNE BEPOATHOCTH

CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, MHTEpHET-
pecypchl.

Conep:kaHue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpETUYECKUI MaTEpUall 110 TEME.

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

3. Pemure 3anaqu.

Omuocumensvnoii yacmomoti co6bITHs <1 HA3BIBAIOT OTHOLIGHME YHCIIA UCTIBITAHMI 7
, B KOTOPBIX JaHHOE COOBITHE MOSBUIIOCH, K 00IIeMy Yicay # (akTHuecKu MpoBeIEHHbBIX
WCTIBITAHUM:

wid =2 @ =

F#H
% WM Kopode: 2

Omnocumenvhas uacmoma HapsAany € 6eposamnrocmbio ABJIICTCA OJHUM U3 KIIFOUYCBBIX
MMOHSATUH TEPBEPpa, HO €CJIN KJIACCUYECKOE 00 reoMeTpHYecKoe onpeaeaeHne BePOITHOCTH

He TpeOyIOT MPOBEACHUS HCIIBITAHUI, TO OTHOCUTENIbHAS YAaCTOTa PACCUUTHIBACTCS
uckmountensHo [TOCJIIE onbiToB Ha 0cHOBE (DaKTUYECKH MOTYUYCHHBIX JaHHBIX.
B ToM ciydae, eciu cepun HCIIBITAHUN IPOBOJSATCA B HEU3MEHHBIX YCIOBUAX, TO

OTHOCHUTEIIbHAs YacTOTa OOHAPYKUBAET CBOMCTBO yCmouyugocmu, T0 €CTb KOjaeOaeTcst OKOJIO
onpeAenéHHOr0 3HAYCHHUS.
[Tyctb Hekwit npodeccroHanbHbIN cTpenok mpou3Bén 100 BEICTPENIOB M0 MUILIEHU U

m:E: 0,83

nonan 83 pasa. Toraa OTHOCUTENbHASI YACTOTA MOPAKEHUS [IEIH COCTABUT: 100
[Ipenmonoxum, 94To TOT K€ CaMBIil CTPENIOK B TOYHO TaKOH ke «popme» U B
npUOIM3UTENBHO TAKUX e YCIOBUAX CHOBaA MpoBEN ceputo u3 100 BeicTpenoB. BepositHo 1w,
4TO OH cHOBa nonaaét 83 paza? He ouens. Ho konmuecTBO nmonaaanuii Bpsija jau OyAeT CUIIBHO
OTJIMYATHCA OT MpeabAyIero pedynbrata. [lycts, Hampumep, cTpenok nomain 79 pa3. Torna

75
@=—=1079
OTHOCUTEIIbHAS 9aCcTOTa MOPAKEHUS TSI COCTABHT: 0o
B tpetbeit cepun u3 100 BeICTpenoB, MPOBEAEHHON MPU MOXOKUX 00CTOSATENBCTBAX,
81
@=—=031
JaHHBIN cTpenok monan 81 pas, 100 U T.1.

WHorna MoryT ciyyarbes Onectsie cepun 6onee 90 nmonagaHuii, THOTJa «IPOBAJIbD»,
HO CpeJIHee KOJIMYECTBO MoNagaHuii OyaeT BapbupoBaThest okoio 80. M korna KoJu4ecTBo
(dakTHyeCKU MPOBEAEHHBIX UCIIBITAHUN CTaHET JOCTATOYHO OOJIBIINM, TO PeUb 3alJIET O
cmamucmuyueckoii gepoamuocmu. ECv B OTMHAKOBBIX (TPUMEPHO OJJMHAKOBBIX) YCIOBHUIX
IPOBEJICHO JJOCTATOYHO MHOTO MCIIBITAHUH, TO 32 CHAMUCHUYECKYIO 6€POAMHOCHbL COObIMUSA
MPUHUMAIOT OTHOCUTENIBHYIO YaCTOTY JAHHOTO COOBITHA 100 OJIM3KOE YUCIIO.

[Tpenmnonoxum, 9To Ha MPOTSHKEHUN HECKOIBKHX JIET HAIll CIOPTCMEH, COXPaHSIS
CTaOMIIbHBIN ypOBEeHb NOATOTOBKH, coBepiii 10000 BricTpenoB u nomnan 8037 pas.

8037
=———=0s0%7
OTtHocHTENBbHAS YACTOTA IOPAKEHUS LIETH COCTABUT: 10000 Y 33 CTATUCTUYECKYIO

BCPOATHOCTH €ro PE3yJIbTATUBHOCTH uenecooGpa3Ho IMPUHATDH 2= 0’8 , KOTOpas CTAHOBUTCA
TCOpCTH‘ICCKOfI OI.ICHKOfI, Harmpumep, nepea rpaaymmuMn COpCBHOBAHUSAMUA.
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[IpencraBbTe, YTO BO BpeMsl JIEKIMH STOT MpodeccuoHan 3amén ¢ BUHTOBKOH ayAUTOPHUIO
U npuuennics. Terneps BaM T0JKEH CTaTh OKOHYATEIBHO MOHATEH CMBICT Ppa3bl « Cmpenok
nonadaem 6 muwiens ¢ seposmuocmoio 0,8» =) =)

Nmenno tak cobupaetcst Ooratasi CHOPTHUBHAS CTAaTUCTUKA B PA3IMYHBIX BUAAX CIIOPTA.

AHanorudHas UCTOpHS C YTBEPKICHUEM « BeposimHocmy u320moseieHus 6paKko8aHHou
demanu Ha danHom cmanke pagua (,05». DTy OLIEHKY HEBO3MOKHO MOJIYYHTH C TTIOMOIIIBIO
KJIACCMYEeCKOr0 onpe/iesieHUsl BEPOATHOCTH — OHA CJIeyeT TOIbKo u3 npaktuku! Ecnu Ha

CTAaHKC NPOU3BCACHBI ACCATKH ThICAY HeTaHGﬁ M Ha KAKAYH, CKaAXKXEM, ThICAYY BBITYIICHHBIX

JeTanei, mpuxoauTcs B cpeaaeM 50 OpakoBaHHBIX, TO B KAYECTBE CTATUCTHYCCKON BEPOSTHOCTU

6paka NPUHIMAETCS 3HAUCHHUS © 0.05

B 3anaue 2 ypoka JlokajabHasi M MHTerpajbHas TeopeMbl Jlanjaca ¢puryprupoBana

BEPOSTHOCTb POYXKJICHHS MAbUHKa + 0,52 OTtkyaa B3s10Ch 1aHHOe yucio? 13 MHOTONIeTHETrO
noscyéra (pakTUUECKU POXKAEHHBIX JETel B onpeei€HHOM peruone. B yka3zanHoi ctaTbe Mbl
BBISICHHUIIM, YTO 3TO BOBCE HE 3HAYHT, 4TO cpeau 100 HOBOPOKACHHBIX OyIeT pOBHO 52
ManbuuKa. B cienytomieit coTHe posKIEHHBIX UX MOXKET OKa3aThCsl, HApuUMep, 45, u

45
@=—"=045

OTHOCUTCJIbHAA 4aCcTOTa 100 6yz[eT JaJICKa OT UCTHUHBI. Ho eciin pacCMOTPECTH

BI)I60pKy B ThICAYHN U JCECATKHU ThICAY MIAaACHIICB, TO & OTKJIOHUTCA OT F= 0’52 COBCEM-

coBceM He3HauuTenbHO. M 3T0 yike He ciaydaiiHOcTh. Kak H3BECTHO, TAKOE COOTHOILLIEHUE
HOBOPOXKICHHBIX CIIOKUIIOCH IBOJIIOIMOHHO — 110 MpudrHe 0OIbIeil CMEPTHOCTH MY>KUHUH.
B yue6HOM 1ocobuu B.E. I mypmarna eCTh BECbMa YAAuHBIA IPUMEP, B KOTOPOM

MpOoACMOHCTPHUPOBAHO, KaK IIPHU HOII6paCI)IBaHI/II/I MOHECTBI OTHOCUTCIIbHAA 4aCTOTa IOABJICHUA
1
r=

opJa NpuoOINKAeTCa K CBOSH BEPOSTHOCTU 2 (nonyuenHotl no K1accu4eckomy

onpeodenenun).

OTHOCHTEMEHAA

Komrmuectro Gpockor
MOHETEL, 71

Yrrcmo nmoApmeHInt
opna. m

m
qacTtora, @ = —
"

4040

2048

0.5069

12000

6019

0.5016

24000

12012

0.5005

Kaxoit moxxHo caenatb BbiBOJI? C yBEIMYEHHEM KOJIMUECTBA HE3aBUCUMBIX UCTIBITAHHUMA
CJYYaHOCTH MPeBpalaeTcs B 3aKOHOMEPHOCTh. OTHAKO ClieyeT MOMHHUTh, YTO TOPSIOK
BBIMA/ICHUS OPJIOB HEMpeIcKa3yeM, 0 4€M s MoAPOOHO pacckas3biBal Ha ypoke He3aBucumbie
ucnbiTanusa U dopmysaa bepHyJinm.

Bepnémcs k eBponeiickoil pynerke ¢ 18 kpacHbiMu, 18 u€pHbiMu cexTopamu 1 1 3epo. B

CaMOM MMPUMUTUBHOM BAPUAHTEC UTPBI: CTABUM Ha «KPAaCHOC» WUJIN ((‘-IépHOC», " CCJIM IIapUuK

19
g =—=m=:[,5135
OCTaHOBWJICSI HA CEKTOPE APYTOro 1BeTa (BEPOATHOCTh ) — craBKa
18
p=—r 04865
npourpeiBaeTcs. B cnyuae ycnexa — yaBauBaeMcs (BEpOSTHOCTD 37 ).

B OTACJIBHO B3ATOM CC€AaHCE UT'PBI OTACIBHO B3STBIM YEJIOBEK MOXKET BBIUTPATh, HpI/ILIéM
BBIMT'PATh MMO-KPYIIHOMY. 910 CJIy‘[ﬂﬁHOCTb. HO, COBCpIIAsT MUJIJIMOHBI O60pOTOB, pPYJCTKa Ha
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IPOTSDKEHUH BEKOB IIPUHOCUT HEM3MEHHYIO IPUOBLIH BiaesibliaM Ka3uHo. M 310 —
3aKk0HOMepHOCTh. CyiecTByeT Oaiika 0 TOM, YTO KPYIHBIN BBIUTPBILI HE OTAAIYT, a €CIIU U
OTIanyT, TO «BBI C HUM He 10iETe 10 foma». Uncras «kuHomHas» ¢aHrazus. Komy-to
II0BE3J10, HO CKOJIbKO npourpaerca?! K tomy ke yenoBek, nocemaronmi noJo0HbIe 3aBe1eHus,
¢ 00JIBIION BEPOATHOCTBIO NPUIET CHOBA M «COJIBET elié 0oblie» =) A uToObl OH BEpHYJICH,
Ka3MHO, CKOpee Ha000pOT — CO3acT MaKCUMAJIbHBIH KOM(OPT 1 6€30MacCHOCTh IS
«CYACTIIMBYUKAY.

Jpyroii, BO MHOIOM yCJIOBHBIW, IIPUMED: IIyCTh B HEKOU JIOTEPEE MPUHSIIO YUACTHE

# = 623911 Guperos, u3 KOTOpBIX %= 192533 BBIMT'PAJIM XOTh Kakoi-To npu3. Takum oOpazom,

= 192835 s (0,306127
OTHOCHTEJIbHAS YaCTOTA BBIMIPBIILIA COCTABUIIA: 629311 . Ilockonbky O6uIeToB

MPOJAHO OYEHb MHOTO, TO C OOJIBINOI BEPOSTHOCTHIO MOKHO YTBEPKIaTh, YTO B Oy IyIIeM MpH
COIMOCTaBUMBIX 00BhEMax MPOAAXK J0JS BRIUTPABIINX OUIETOB OYyIEeT MPUMEPHO TaKOU XKe, U 3a

CTATHCTHYECKYIO BEPOSATHOCTh BBIMIPHIIIA YI00HO MPUHATH 3HAUCHHE & 0.3 .

Opranu3zarop J0Tepeu 3HaeT, YTO U3 MUJUTMOHA MPOJIaHHBIX OMIIETOB BBIUTPAIOT OKOJIO
300 Teicsiu ¢ HeOonpUM OTKIOHeHHEeM. U 3T0 3akoHOMepHOCTh. Ho BceM yyacTHUKam
J0Tepen NOCTaéTCs. ... — IPaBUWIbHO, ciay4aiHocTh! To ecTh, ecnu Bol KynuTe 10 OusieTos, TO
9TO eIIé He 3HAYUT, YTO BHIUTPAIOT 3 Omiera. Tak, Hanpumep, 1o hopmyJie bepHyJIn

HETPYAHO IMMOACUUTATD, YTO BBIMI'PBIII TOJBKO IO OAHOMY 6I/IJI€Ty U3 JCCATH — €CTh coObITHE
BIIOJIHE BEPOSITHOE:
Ry =C (03 (0,7 =10.0,3-(0,7)° = 0,12

A eciu Y4ECThb TOT Q)aKT, 4YTO OLICIIOMUTECIbHAA O0JIA BI)II/IFpI)IIHeﬁ — HeNpuiATHaA
MCJIOYb, TO KaPTHHA BEIPUCOBBIBACTCA NJOBOJIbBHO YHbLIAA, 100 MaAJIOBO3MOKHBIC COOBITHS HE

npoucxoasaT. CUTyalio cracarT KpacOYHbIC TEJIEBU3UOHHBIC PO3BITPHIIIN U PA3IUYHbIC
[ICUXOJIOTUYECKUE TPIOKHU.

Kenaroiye MOTYT CaMOCTOSTENIBHO UCCIIEI0BATh BEPOSTHOCTH BBHIUTPHIIIA B Pa3INUHbIE
JIOTEepeH — BCSl CTATUCTUKA €CTh B CBOOOIHOM JIOCTYIIE

Pemnre 3agaun

sln
Jra

=5 |m 2D

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

B oannoii 3adaue: * = 800, p=06;, ¢g=1-p=1-06=04

a) Ecnu E:D’Dﬁ,mo:
F ‘%‘UMD:“ “ 20| 2 ‘BT = 20(2,89) = 20,4981 = 0,996
W M

— 8€POANTHOCMY,
moczco, ¥mo npu 800 ucnvimarnusx omHoCcUMenbHas Yacmoma noseleHUsi Cooblmus
A OMKJIOHUMCA Oon 6€poAmMHocCnmu 0aHH020 cobvimusi He boee ywem Ha 0, 05.

Omo cobvimue sa6nsemcs npakmudeckKu 000m06€prlM.
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6) Ecuu £ = 0,03 , mo:
005 /800
04

PUE — 0,6 0,03} » 2@-[
800 Jos — 6eposmHOCb,

moceo, ¥mo npu 800 ucnvimanusix omHocumenbHask Yacmoma NosSGIeHUsi COObIMUS

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

2)es 09961, 6) = 0,9164

A omrnonumes om 8eposimHoOCmuU OaHH020 cobbimusi He boee wem Ha (),03.
Omeem:
enln
= E‘J £ 2@'[ J

m
3aoaua 2: Pewenue: ucnonv3yem gopmyny ;p .
p=600000, p=03 g=1-p=07, £=0001

B oannoii 3a0aue:
Taxum obpazom:

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

8EPOSIMHOCMb, MO20, YMO OMHOCUMENbHAS YACTOMA 8bIUSPLIULA OMKIOHUMCS OM
meopemuueckou geposmuocmu He 6onee yem Ha 0,001.

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

=1-p=0.6 £=0,05 y=09

Omeem:

B oannom ciyuae: ¥ 7 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: nHeobxo00umo npouzgecmu He meHee 259 onvimoa.

I[()Maumee 3aJaHuEe: COCTAaBbTE aJITOPUTM PCIICHUA 000 U3 3aJa4 I10 TCMC.

IIpakTuyeckoe 3ansitue Ne 18
Tema: Pacuér koadunmenTa Koppeasum.
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Henab: HayuuTbcs BBMYHCIATH KOAI(DPUIIMEHT KOPPENSIUU, NPOBOAUTH AaHAIU3
3HAYUMOCTH KOd(PUIIeHTa KOpPEAIUH.

CpencrBa 0o0y4eHusi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, MHTEpHET-
pecypchl.

Conep:kaHue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTe TEOpETUYECKUI MaTepUall [0 TEME.

2. 3aKOHCIEKTUPYITEe BUIbI KOppensuuy, mkany [enoka.

3. MUcnonw3ys TabiuyHble JaHHBIE W TAKeT AaHalu3a, HaWIUTe BO3MOXKHYIO
KOPPEJSILIMOHHYIO CBSI3b.

KoHTpoJibHbIE BOIPOCHI:

1. [TonsiTHe Koppensuu.
2. [IpuBeaute kaccUpUKAUIO CTENEHH KOPPEISIIUOHHOMN CBSI3H.
Koppeasinus

B MaremaTuke 3aBUCUMOCTb MEXAY ABYMS BEIUYMHAMHU X U Y BBIPAKAECTCS C IOMOILBIO
¢ysxun y=f(X), e KaxxaoMy BO3MOKHOMY 3HAu€HHUIO X CTaBUTCS B COOTBETCTBUE HE Oolee
oaHOro 3HaUeHHs Y (1Mo 100Hast 3aBUCUMOCTD Ha3bIBACTCS ()yHKIIMOHATIBHOM ).

BakxHpIM 4acTHBIM CIIy4aeM CTOXACTHYECKOW 3aBUCHMOCTH SIBJISIETCS KOPPEISIMOHHAS.
KoppensiiroHnHas 3aBUCHMOCTh MEX]Ty TIEPEMEHHBIMHA BEJTMYMHAMH — 3TO Ta (YHKIHOHATbHAS
3aBUCUMOCTb, KOTOpPAasl CYIIECTBYET MEXKJy 3HAUCHUSIMH OJHOW M3 HUX U TPYNIOBBIMU
cpenuumu apyroi. (Koppensunonusie 3aBucumoctd Y Ha X 1 X Ha Y OOBIYHO HE COBMAAIOT).
KoppensiiimonHnass cBs3b  Halle BCEro XapaKTepusyercss BbIOOPOUYHBIM KOI(PHUITUEHTOM
KOPPEJSILUK T, KOTOPBI XapakTepu3yeT CTEeNeHb JIUHEHHOW (YHKIMOHATBHOW 3aBHCHMOCTH
mexny CB X u Y. st nByx CB X m Y ko3puUIHCHT KOpPENmsSIuu UMEET CIeAyIoNue

CBOMCTBA:
1. — 1<r=<1;

2. ecnn r=+1 10 Mexmy CB X m Y cymectByer (yHKIMOHANBHAS NHHEHHAsS
3aBUCUMOCTB;

3. ectu =0, To CB X u Y HekoppenupoBaHHBI, YTO HE O3HA4YaeT HE3aBHCHUMOCTH
BOOOIIIE;

4. eeciu X m Y oOpa3yloT cucteMy HopMmanbHO 3aBUcHMbIX CB, TO M3 ux
HEKOPPEIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTb;

5. koa(punmentsr koppensaiuu Y Ha X U X Ha Y COBMAJIA0T.

CTaTUCTHYECKYI0 3aBHCHUMOCTb Ha3bIBAIOT KOPPENSIIIMOHHOM, €Clii TpU H3MEHEHUU
3HAYEHUM OJIHOW BEJIMYMHBI MEHSETCS CPEIHEE 3HAUCHUE APYTOM.

Buabl koppeasumii:

1. OTHOCHUTEIIBHO XapaKTepa KOPPEALHHN:
- IOJIOKUTENbHAs! (pPaBHOHAIIPABIICHHAA, TIPsAIMast);
- oTpulaTenbHas (oOpaTHas);
2. OTHOCHUTEIIBHO YUCIIA IEPEMEHHBIX:

- IpocTas WK MapHasi;

- MHOJKECTBEHHasi, C €€ IOMOIIbI0 MOXXHO OXBaTUTh BECh MPUUYHMHHO-CIIEJICTBEHHBIN
KOMILJIEKC;

- YyacTHasl KOpPEeJsLus, KOppessalus Mexay ABYMs MEePeMEHHbIMU NpU (PUKCUPOBAHHOM
BIMSIHUU JAPYTUX (BCKPBIBACTCS BHYTPEHHSSI CTPYKTypa COOTHOIIEHUH, T.e. IUMUHHUPYETCS
BJIIMSIHUE IPYTHX (PaKTOPOB);
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3. OTHOCHUTENILHO (DOPMBI CBSI3U:
- JIMHEHHAa,
- HeIMHEHHa,,
4. OTHOCHUTEJILHO THUIIA CBS3H SABJICHUN:
- HETIOCPECTBEHHASI KOPPETSALUS;
- KOCBEHHAasl KOPPEJISALIHS;
- JIO)KHAsT KOPPEeTSALUs.
PaznuuaroT koppensiuio, 00yCIoBICHHYIO:
- IPUYUHHOM 3aBUCUMOCTBIO X OT Y
- 3aBUCUMOCTBIO X U Y OT TPEThEil BEJIUUMHBI;
- HEOJTHOPOJHOCTHIO BHIOOPKU;
- popMaIbHO (YUCITOBBIMH JIAHHBIMH).
OOBIYHO cTENeHb TECHOTHI CBA3M MEXAY PE3yJIbTaTUBHBIM M (DaKTOPHBIM MPHU3HAKOM

oTpeeIsIeTcs o BenudnHe KodddunuenTa koppensiuu (mkana [llemoka):

ecin r <(0,2 — CBSI3H HET;

ecim 0,2 =r<0,5 — craGast CBA3b;
ecim 0,5 =r<0,75 — cBA3b CpeITHSIS;
ecim 0,75 =r<0,95 — cBA3b TECHASL;

ecim 0,95 < r<1 — CBS3b OYEHD TECHAS.

IIpakTnyeckoe 3ansaTue Ne 19
Tema: AHayin3 3HAYUMOCTH KOIPPHUIIMEHTA KOPPEIISAIUH.
Heas: Hayuntbcs BBUUCIATE KOIPPHUIMEHT KOPPENSIHUH, MPOBOIUTH aHAIHU3

3HAYMMOCTH KOA(PPHUIIHEHTA KOPPEIAIIUH.

CpeacrBa 0o0yueHusi: TETpaau IS BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, WHTEpHET-

pecypchl.

Coaepsxanue ¥ NOPAIOK BBINOJTHEHHS PadOThI:

1. PaccMoTpuTe TEOpPETUYECKUI MaTepUall IO TEME.

2. 3aKOHCIIEKTUPYITE BUbI KOppensauuy, mwkany [lenoka.

3. Hcnonw3ys TabiuyHble JaHHbIE W TAKeT aHalu3a, HaWIUTe BO3MOXKHYIO

KOPPCIINUOHHYO CBA3b.

Ne .

dusnueckue ynpaxxknenusi; [lyabc, yrapoB/MunyTty
Mo, 0-m;5 1-x.

Bo3spacr, Jjer

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
103
81

18

86
94
98
99
101
105
107
111
117

20

84
88
110
120
134

148 150

143 165
145 180
0 0
20 37
9 14
90 98
92 108
125 128
190 148
198

220

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

IpakTuuyeckoe 3ansitue Ne 20

Tema: MeTo HaMMEHBIINX KBAJIPATOB

Hean:

HayLH/ITI)CSI BBIACIATH KOppCIIONOHHYTO CBA3b BCJINYHMH, IMPOBOAUTH

KOppGJ’IfIHHOHHHI’I u perpeCCHOHHBIﬁ aHaJIn3, COCTABJIATH HHHeﬁHym MOZCIIb pETpeCCUU.

CpeI[CTBa oﬁyqe}mﬂ: TETpaau JIA BBIIOJHCHUSA MPAKTUYCCKUX SaHHTHﬁ, I/IHTepHeT-

pecypchl.

Coaeprxanue ¥ NOPAIOK BBINOJTHEHUS PadOThI:

1. PaccmoTpuTe TEOpETUYECKHI MaTeprai 1o TEME.

2. 3aKOHCTIEKTUPYITE pellieHne TUIIOBOH 3a1a4u.

3. Pemnre 3amaun.

KoHTpoJibHBIE BONIPOCHI:

1.
2.
3.
4.
aHau3a.

IToHsATHE KOPPEIALIMOHHON U PETPECCUOHHON CBS3U.

[IpuBenuTe KIaccu(UKALUIO CTETIEHH KOPPEIALMOHHOM CBS3H.

[TonaTust GyHKINOHATBHON CBS3H, CTATUCTHYECKONW 3aBUCUMOCTH.

B d4em 3akiodaroTCs 3aJayd  KOPPEISLMOHHOIO U PErpecCUOHHOrO

Bbi0opouyHoe ypaBHeHHMe NPAMOHM JHMHHMH perpeccud Y Ha X TIOJIY4YEHHOE IO

pe3yjibTaTaM BLI60pKI/I HMEET BUJ JIMHEHHOTO HpI/I6J'II/I)KCHI/I$I Yx OT X
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Gy( Xg)
—y.=r,—(x—X.),
Y= Vs B o B

X

I7ie T 8 — BBIOOPOYHBIN KOI(PPHUIIMEHT KOPPEISAINHA, PAaBHBIN

— anyxy_ n)?BJ_/B

Iy
no,o,
Eenn sl V=123 10 cpaop MEKTy CydaifHBIMU BEIMUYMHAMH J0CTaTOYHO BEPOSTHA
, )

OcTaTrouyHoli qUcnepcHell HA3bIBAIOT BEIMUUHY
_ 2
o-ocm - (1_ r B)

Pemienune THIoBOI 3a1a4M
JlaHHbI€ K 3a/1aue CM. MpakTuueckoe 3anstue Nel2

Haiitn peanmsanuio ypaBHeHUs JMHEHHOHN perpeccuu Y Ha X. Ecim cBA3b NpU3HAKoB Y
1 X I0CTaTOYHO BEPOSTHA, TO OLIEHUTh, Ha CKOJIBKO B CPETHEM POXKICHHE PeOEHKA CKa3bIBACTCS

Ha BCJIMYKUHE 10XO0A4a B pacqéTe Ha OJAHOI0 4JICHA CCMbH.

BEIUKCIINM cpeiHee KBaapaTHIecKoe OTKIOeH e BEIGOpkH X: Zx = Dy = 0.88.

Borurcnum k03QGUIEeHT KOppemsaIum:

-0,37.

. _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+3-10-2-100-1,38-816 _
’ 100-0,88- 4,32

Iloncrasnsiem Haﬁ,[[eHHBIe BCJIMYMHBI B YPAaBHCHUC JINHUU PETPECCUU Y na X

_ 4,32
—8,16 =—-0,37 — x —1,38),
Y 0.88 ( )
Wi oKoHYaTeNbHo: Vx — LB3X+10,7.
Tx. Irs|-n—1=37>3, TO CBSI3b MEXJIy PacCMaTPUBACMBIMHU MPHU3HAKAMH JIOCTATOYHO
BEPOSITHA.

B cpenneMm poxieHue peOEHKa yMEHbIIAeT JOXOJ Ha OJHOIO 4YjeHa CEMbU Ha CyMMY

okono 1,83 TrIc. pyoO.
N300pa3um cxemaTudecku B KoopAauHaTaX XY BBIOOPOYHOE pachpelesiecHue 110

IIPU3HAKaM U MOCTPOUM JIMHUIO PErpeccur. PazMepsl MapkepoB Ha pPUCYHKE MPONOPLIMOHAIBHbI
COOTBETCTBYIOIIMM BapHaHTaM BBIOOPKH.

48



IIpakTnyeckoe 3ansTue Ne 21
Tema: CocTaBrieHue ypaBHEHUs JTMHEWHOH perpeccun. [IpoBepka agekBaTHOCTH MOJETH.
Hean: Hayuutbcs BBLICNATh KOPPENSLMOHHYH) CBSI3b  BEJIMYUH, IPOBOJUTH
KOPPEJSIIIMOHHBIA U PErPECCUOHHBIN aHAIIN3, COCTABIISITh JIMHEHHYIO MOJIENIb PETPECCHH.
CpeacrBa 0o0yueHUsi: TETpaau ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATHH, MHTEpHET-

pecypcehl.

Pemure 3agaun
1. JlanHbIC ONBITA MPUBEICHBI B TAOJIHIIC:
Xi

2

4

6

8

10

12

14

Yi

4,5

7,0

8,0

7,5

9,0

8,5

9,5

IMonaras, uto X u Y cBA3aHbI 3aBUCUMOCTBIO BUja ¥ — ¢ +bx

, HAalTH KOA(PPUITUEHTHI a U
b crtocoOoM HaUMEHBIINX KBaAPaTOB.

2. Jlana Tabnuna pe3yabTaToB HAOJIIOICHHINA:

Xi

2
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Yi
3,5
6,0
7,0
6,0
7,5
8,5
10
Haiitu Be100pOYHBIH K03 (HUIIUEHT KOPPETSIUH U ONPEISIUTh €0 3HAYMMOCTb.

JomamnrHee 3anqanne: COCTaBUTh aJITOPUTM PEIICHHS THIIOBOH 3a1a4H.

IIpakTnyeckoe 3ansaTue Ne 22

Tema: Pacrmo3HaBaHuMe MOCTOB U pa3feisIOIIMX BEpIIMH B Tpade, HaXOXKIECHUE
pacCTOsHUS MEXIY BEpLUIMHAMU B rpade.

Llesib: MOTYyYUTHh HABBIKU IO PACIIO3HABAHUIO MOCTOB M Pa3JIENAIONINX BEPIINH B rpade,
HAXOXXJCHUIO PACCTOSHHUS MEXIy BEpIIMHAMHU B Tpade; mpoBepke rpada Ha JIBYIOIBHOCTH;
poBepKe mapbl rpagoB Ha N30MOP(PHOCTH

CpencrBa o0y4yeHMs: TETpaau JUIsl BBINOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-
pECYpCHI.

Coaeprxanue ¥ NOPAIOK BBINOJTHEHHS Pa0OThI:

1. PaccMoTpuTE TEOpPETUYECKUI MaTepUall IO TEME.

2. 3aKOHCIIEKTUPYITE PELICHNE TUIIOBOM 3a1a4u.

3. Pemure 3anaqu.

OcHoBy Teopun T1padoB COCTABISET COBOKYHMHOCTh METOAOB M IPEJICTaBICHUH,
c(OpMHUPOBABILKXCS NPU PELICHUH KOHKPETHBIX 3aau.

TepMun «rpad» BrepBble MOSIBUIICS B KHUTE BBIIAIOLIETOCsS BEHI€pCKOro MaremMaruka /.
Kénura B 1936 1., XOTs HauasbHbIE 3a/1a4M Teopuu rpadoB BocxoiT eue k Ditnepy (XVIII B.).
OpnHa M3 3aja4, MOJIOKUBIIMX Hayajo TeopuH rpados, — 3ajjadya 0 KEHUICOEPrcKUX MOCTax (
pacckazamo, nokazams pag).

I'pad ecTb COBOKYNHOCTH TOYEK M JIMHHI, COCJHMHSIIOIIMX 3TH TOYKH. OTHU
COEIMHEHUS] MOTYT 00JIafiaTh Pa3IUYHBIMU XapaKTEPUCTUKAMH, U TEOpHs IpadoB 3aHUMAETCS
U3YYEHHEM JTHUX XapakTepucTHK. ['pad XapakTepusyeT OTHOUIECHHS MEXIy MHOKEeCTBaMU
00BEKTOB.

bonbmioe 3HaveHnne B Teopuu TpadoB UMEET mpobdiieMa pa3peliuMOCTH: HAaWTH
3¢ (deKTUBHBINA WM XOTS OBl JOCTaTOUYHO MPOCTONW B MPAKTHUECKHU BA)KHBIX CIydyasX aJrOPUTM
peleHus 3a1a4H.

B mnocnennee Bpemsi Teopust rpadoB NpUHMMAaeT Bce Oojee NMPUKIATHOW Xapakrep,
ABISASACH A((EKTUBHBIM ammaparoM i (GopMaau3alii MHOXECTBa 3a7ay, CBA3aHHBIX C
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JTUCKPETHBIM pa3MelieHHeM 00bekToB. K HUM, B 4aCTHOCTH, OTHOCATCS: NMPOEKTUPOBAHHE U
UCCIICIOBAaHUE CETEH CBA3M, aHAIN3 JJIEKTPUYECKUX Lienei, rpadbl MOTOKAa CUTHAJIOB U TEOPHS
oOpaTHOW CBs3M, OJOK-CXEMBbI IPOrpaMMbl, MCCIEIOBaHME aBTOMAaTOB, aHAJIM3 M CHUHTE3
JOTMYECKUX LeNeH, 3ajaud KaJeHJAApHOI'o IUIAHWPOBAHMS, I[UIAHUPOBaHUE U oOecreyeHue
MaTepHaIbHO-TEXHUUECKOr0 CHAOKEHMs, MMOMCK MH(POPMAaLMK, CTpaTerus UHBECTHLIMN, aHATIU3
Ka4yecTBa, MCCIEOBAHME IBIKEHUS TPAHCIIOPTA, pa3MeIlleHHE MPEeInpUiATH KOMMYHAJIbHOTO
00CIyKUBaHUS, MOJEIUPOBAHUE, HSKOHOMMYECKHE 3aJauyd, TEOpUS UIP, TOJIOBOJIOMKH,
JI0Ka3aTeJIbCTBO TEOPEM.
2. OcHOBHbIE MOHATHS U OIIpe/ieJIeHNs Teopuu rpagos

Onpeoenenue: 1lycTb 3a1aHO HEKOTOPOE KOHEYHOE MHOXKECTBO X, JIEMEHTBI KOTOPOI'O
OyzZeM Ha3bIBaTh BEpPIIMHAMM, U MHOXKECTBO V, cocTosIee U3 Iap 1EMEHTOB (Xi, Xj) MHOXKECTBa
X. Ynopspodennas mapa mHoxectB G=(X,V) HaswiBacTcs rpadom. Bepuuasl n300pakaroTcs
TOYKaMH, a IHapbl 3JEMEHTOB — JIMHUAMH, COEJUHSIOIIMMHU TOYKH, COOTBETCTBYIOLIHUE
00pa3yromyM napbl BEpIINHAM.

Ecnu B onpenenennn rpaga CynecTBeHHO B KAKOM IMOPSIKE BEIOMPAIOTCST BEPIIUHBI (TO
ecTh mapa (Xi, Xj) OTJaM4YHa OT mapsl (Xj,Xi)), TO TaKkoW rpad Ha3bIBAIOT OPUCHTUPOBAHHBIM HIIH
oprpadom, a napy (Xi, Xj) — AYroi, MpH 3TOM CUYMTACTCS, YTO Xi —HA4YalbHAs BEPIIMHA, a Xj —
KOHEe4Has. B reomerpuueckoil MHTEpIpETALUU Iyre COOTBETCTBYET HAIIPAaBJIEHHBIM OTpE3OK.
Yacro oprpad 3amator mapoit G=(X,I"), rme X — MHOXXECTBO BepuIMH, a I — HEOJHO3HAYHOE
OTOOpaXKeHHUEe, CTaBsliee B COOTBETCTBHE KaXA0W BepinuHe moamuHoxkecTBo B X. I'(xi) —

MHOXKECTBO BepuIMH XxjeX, g KoTopeix B rpade G cymiectByer ayra (xi, xj). L -t (xi) —
MHOYECTBO BEpIIHUH Xj€ X, st KOTOPBIX B rpade G cymiectByer ayra (Xj, Xi).

Ecnu B onpenenenun rpada He CYNIECTBEHEH MOPSIOK BEPIIMH IPU 00pa30BAHUU TaPhI
(xi, Xj), TO rpad Ha3BIBAIOT HEOPUCHTUPOBAHHBIM WK Heoprpadom, a mapy (Xi, Xj) — pedpom.

Yucino BepuinH rpada Ha3bIBACTCS €0 MOPSIKOM.

IMpumep. Ha puc.1 uzodpaxken opuentupoBannbiii rpad G=({X1, X2, X3, Xa}, {(X1, X2), (X1,
Xa), (X2, X4), (X3, X1), (X3, X2), (X4, X3)}), @ Ha puc.2 — HECOPUESHTUPOBAHHBIN Tpad.

X 1 ){:
XE XB
X

Puc. 1 Puc. 2

Onpeoenenue. Ilyrem B rpade G HaspiBaeTcss Takas IOCJIEJOBATEIBHOCTh YT, B
KOTOpPOW KOHEIl KaXXIOW MpebIAYIIeH Tyrd COBNaIaeT ¢ HadainoM cienyromei. [[ns Heoprpada
Takasl IMOCJEJOBaTeIbHOCT, pedep HasbiBaeTcs menbl. Eciu myTh (Llenb) MPOXOAUT yepes
BEPIIUHBI X1, ..., Xk TO OyieM 0003Ha4aTh ero (ee) CHMBOJIOM [X1, ..., Xk].

Jlnst rpada Ha puc. 1 mocnenoBaTebHOCTh IYT (X1, X2), (X2, X4), (X4, X3) ABJISETCS MyTEM U
MOXXET OBITh O0O3HaueHa CIEAYIOMMM 00pazoM [Xi1, Xz, Xs4, X3]. g rpada Ha puc.2 membio
SIBJISIETCSI, HATIPUMEP, CIEAYIOIIAs TOCIeI0BaTeIbHOCTh pedep (X2, X3), (X3, Xs), (X5, X4), KOTOPYIO
0003HauuM yepes [X2, X3, Xs, X4].

Onpeodenenue: Ilyth (uemnb), y KOTOporo(-oil) HayanbHas W KOHEUHas BepIIMHA
COBIIAJIAIOT, HA3bIBACTCS KOHTYPOM (I[UKJIOM).
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Jlns rpada Ha puc. 2 MUKIOM SIBJISIETCS, HAIPUMED, CIEAYIOIIas eTb [X2, X3, X5, X1, X2].

Onpeodenenue. IIpocTbIM HUKJIOM rpada Ha3bIBACTCS LUKI, B KOTOPOM BCE BEPIIUHBI
pa3IMYHbI 32 UCKIIIOUEHUEM HaYalbHOW U KOHEUYHOM BEPIIMHBI, KOTOPHIE COBIAAIOT.

Hanpumep, mist rpada Ha puc.2 mHKI [X2, X3, X5, X1, X2] ABASETCSA MPOCTHIM, a LMK [X2, X3,
X4, X5, X3, X1, X2| HE SBJISAETCS MPOCTHIM.

Onpeodenenue. Ilersiell Ha3pIBaeTCs Ayra, HadalbHas M KOHEYHAas BEPUIMHBI KOTOPOM
COBIIA/IAIOT.

Onpeodenenue: I'pad, nomydeHHBId u3 oprpada 3aMeHON Kaxaod Iyrd Ha pedpo,
HA3bIBACTCSI OCHOBaHUEM oprpada.

IIpumep. Ha puc.3.06 wu3obpaxxken rpad, KOTOpPBIH SBISETCS OCHOBaHHME rpada,
M300paXeHHOT0 Ha puc.3.a.

Onpedenenue: JIBe BEpIIMHBI Xj W Xj HA3bIBAIOTCS CMEKHBIMHU, €CJIH CYIIECTBYET
coenuHsONIEE UX pedpo (xyra) (xi, Xj), MPU 3TOM BEPUIMHBI HA3BIBAIOTCS MHUMIEHTHBIMHU
aTOMy pedpy (xyre), a pedpo (ayra) — UHIMAECHTHBIM(-0I) 3TUM BepIIMHAM. AHAJIOTUYHO, /IBa
paznu4HBIX pedpa (Ayrv) HA3BIBAIOTCS CMEKHBIMH, €CIM OHM MMEIOT 0 KpalHel mepe onHy
0O0IIyIO BEPIITUHY.

Puc.3a6
Bepmmsbl x1 1 x4 cMexHbl (puc. 1), ayra (x1, x4) MHIMJEHTHA BEpUIMHAM X1 U X4, @
BEPIINHBI X1 U X4 MHITUACHTHBI IyTe (X1, X4). PeOpa (x1, x3) 1 (X3, X4) CMEXHBHI (puc.2).

3ameuanue. CMEXHOCTh €CTh OTHOIICHHWE MEXKIy OJHOPOIHBIMHU dJEMEHTaMH Tpada,
TOT'/Ia KaK MHIUCHTHOCTD SBJISIETCS OTHOLUIEHUEM MEX/ITy Pa3HOPOIHBIMH dJIEMEHTaMH.

Onpeoenenue: MHOXeCTBO Bcex BeplIMH rpada G, CMEXHBIX ¢ HEKOTOPOH BEPIIMHOH X,
Ha3bIBACTCS OKPYKEHHEM BepIIMHBI X U 0003Ha4yaeTcst yepe3 Na(X) mmm mpocto N(X).

Onpeoenenue: B HeopueHTHpOBaHHOM rpade uucio pedep, MHIUAECHTHBIX JaHHOM
BEpIIMHE Xj, HA3bIBACTCS CTENEeHbI0 (BAJIEHTHOCTHI)) BEepPIIMHBI Xiu oOo3Hadaercs d(x;).
Bepmna rpada, mmeromas crenenp 0, Ha3bIBaeTCs M30JMPOBAHHOM, a BEpIIMHA, MMEIOIIAs
crerenb 1 — Bucsueit. st neoprpada na puc.2 d(x1)=3, d(x3)=4.

Ymeeporcoenue (nemma o pykonoxatusx). Cymma creneneit Bepmus rpada G paBaa 2m,
rze m — uucio pedep rpaga G.

JHokazarenbcTBo. IlockonbKy Kakaoe peOpo MHIUAEGHTHO JBYM BEpIIMHAM, TO OHO
no0baBiisieT IBOIKY K cymme creneHelt rpaga G. CnenoBaTenbHo, Bce pedpa J1aloT BMECTE CYMMY
CTETeHen 2m.

Onpeoenenue:. Moarpagom rpapa G=(X,V) naszsBaercs rpadp G'=(X"\V'), mis xoroporo
X'cX, V'cV, npuuem pebpo (Xi, Xj) comepxkurcsa B V' TOIBKO B TOM cllydae, €ClU Xj U X
cogepxarcs B X'. OgauMm u3 noarpados rpada Ha puc.l sBisercs ciaenyromuit (puc..4)

Onpedenenue: Ecnu Bce Bepmmsbl Tpada G=(X,V) mnpucyrctByror B moarpade
G'=(X"V"), Torna G' Ha3pIBaeTCs OCTOBHBIM moarpagom, 1. ¢. X'=X, V'cV.
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Onpeoenenue: Ilyctp X' — nmoamuoxxectBo BepmmH X rpada G=(X,V). Torma rpad
G'=(X"V') naspiBaeTcs mopoxkaeHHbIM moarpagom rpada G Ha MHOXKecTBe BepumH X'
(BepIIMHHO-TIOPOXKACHHBIA Toarpad), ecnu V' sBIsSETCS TaKUM MOAMHOXKECTBOM V, 4TO pedpo
(Xi,Xj) BXOauT B V' TOT1a ¥ TOJIBKO TOT/Ia, KOTraa Xj ¥ Xj BXO1AT B X'

Ipumep. Ha puc.5 npeacrasien nopoxaeHHbIN MoArpad Ha MHOKECTBE BEPIUIMH {X1, X3,
X5} HEOPUEHTHUPOBAHHOTO rpada, n300paKECHHOTO Ha pUC2.

X, Xj

-X.;! XE XS

Puc. 4 Puc.5
3. HexoTtopsbie TunbI rpagos
Onpeodenenue: I'pad G Ha3pIBaeTCS MOJHBIM, €CIIH JIOObIE IBE €r0 BEPIIMHBI CMEXKHBI.
n(n—1)
[Tonusiit rpad nopsiaka N o6o3HavYaeTcss CUMBOJIOM Ky, YHCIIO pedep B HEM paBHO 2 . Ha

puc.6 n3odpaxenst rpadsl Ky , N<5.

1 AA S

Puc.6

Onpeodenenue: I'pad Ha3bIBaeTCs MYCTHIM, €CIHM B HEM HeT pebep. Ilycroit rpad nopsaka

n o6o3Hayaercs uepe3 On.
Onpeodenenue: I'pad, He colepkalvii BEpIIMH U, CIEIOBATEIbHO, pedep, Ha3bIBACTCS
HOJIb-Tpadom. ['pad, cocTosimuii U3 0THOM BEpPIINHBI, HA3bIBACTCS TPUBHAJIBHBIM.
KpacuBbiMu mpumepaMu SBISIIOTCS epaghel namu niaamonogvlx men (T. €. MPaBUIBHBIX
MHOTOTPAaHHUKOB): mempal’opa, Kyoa, okmal’opa, 000eKa’opa, uKkoca’aopa

IIpakTnuyeckoe 3ansitue Ne 23

Tema: [IpoBepka rpada Ha ©30MOPPHOCTD.

Ilesb: MOMYyYUTHh HABBIKU IO PACIO3HABAaHUIO MOCTOB M Pa3JIENAIONINX BEPILIUH B rpade,
HaXOXXJCHHUIO PACCTOSHHUS MEXIy BepLIIMHaMU B rpade; mpoBepke rpada Ha JIBYJIOJIbHOCTH;
poBepKe napsl rpadoB Ha H30MOP(HOCTE.

CpencrBa o0y4eHusi: TETpaad JJIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, HTEpHET-

PECYPCHI.
MeTpuuyecKkue XapaKTepuCTHKH rpados

B Teopuu rpadoB nmpuMeHsIOTCS:
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1. Marpuna uWHOMHAeHOMHA. OTo Matpuma A € N CTpOKaMu,
COOTBETCTBYIOIIMMHU BEpIIMHAM, W M CTOJOLAaMHU, COOTBETCTBYIOIIMMHU pEOpam. Jlms
OPUEHTHPOBAHHOTO Trpada CcToaOer, COOTBETCTBYIOIIMN Ayre (X,y) coaepxutr -1B
CTpOKE, COOTBETCTBYIOLICH BeplInHE X U | B CTpOKe, COOTBETCTBYIOLIEH BepiinHe y. Bo
Bcex ocTtanbHbIX — 0. [letmio, T. €. Ayry (X,X) MOKHO MPEACTABIATH UHBIM 3HAYECHUEM B
cTpoke X, Hampumep, 2.Ecmm rpad HeopueHTHpOBaHHBIM, TO  cTojOel,
COOTBETCTBYIOIIUI pedpy (X,y) COAEPKUT 1, COOTBETCTBYIOLINE X U y — HYJIHU BO BCEX
OCTaJIbHBIX CTPOKAX.

2. MaTpuua cMeKHOCTH. DTO MaTpuIa n*n rJe n — YUciIo BEpUIMH, Tae bij =
1, ecnu cymiecTByeT peOpo, Uylliee U3 BEpPIIMHbBI X B BepUIMHY y U bij = 0 B IpOTUBHOM

ciydJae.

HuXx

3. Hycrte G=(X,U) - cBs3ublil rpad, a i i- nmBe ero HecoBMaJaIoIIUe

o X: M X;
BepILKHBI. J[TMHA KpaTyailliero MapupyTa, COeAMHSIIONIET0 BEPIIUHBl ~ ! J(myTHn u3

Xi M Xy X; U X
1) Ha3bIBaeTCs paccmosHuem MEXIy BEpIIMHAMU im ob6o3HauaeTcs
d(Xi.XJ‘) 8l d(xi.Xj)=°° X; U X
. Ilonmoxum , €CJI BEPIINHBI JHE coeIMHEHBI MapIIPyTOM
d(x, xj)

(mytem). PaccTosinue

1) d{ }{i,}(i } =0;
2) d{}{i,}{j }EO;

YIOBJIETBOPSIET CIAEAYIOLIUM aKCUOMAM:

d(x;,%;) =0 X =X
3) TOrJA ¥ TOJIBKO TOT'1a, KOraa :
d(x;, ;) =d(x,x;)
4) JUIsL CHMMETPHUUYECKUX rpados;

d(x,% ) +d(x, . )=2d % ,x
5) (%, J]'i ( ] i) = d(xg, |<}(HepaBeHCTBO TPEyrOIbHHKA).

4. Paccrosane ans rpapa G ymoOHO 3amaBaThb MaTpUIEH pacCTOSHUM.
Mampuuyeii paccmoanuii Tpada ¢ n BeplIMHAMHM Ha3bIBaeTCs KBajpaTHas marpuia D
nopsajakKa n, 3JICMCHTEBL KOTOpOfI OMpCACIIAOTCA CICAYIOIIUM O6p330MZ

0,ecmux; =X ;

Uoold(x;,x)), ecma x; #x .

Marpuily pacCTOSHUN MOXKHO ONPENCIIUTh

o X
S. Jnst GUKCUpPOBaHHOM BEpIIMHBI | BeIMYUHA
e(x;) =max d(x;,x;)
x;e€X

}{.

Ha3bIBACTCS IKCUeHmpucumemom (OTKJIOHCHHOCTBIO) BEPIIUHBI = | |

6. MakcumanbHBI ~ CpeAW  OKCIICHTPUCHTETOB  BEPIIMH  HA3bIBACTCS
ouamempom rpada G u o6o3naugaercs diam (G):
diam(G) = max e(x;) =max max d(x;, xj)

xjeX x;€X x;€X

7. MuHUMaNbHBIE U3  OKCIEHTPUCHUTETOB BEPIIMH CBSI3HOTO Tpada
Ha3bIBACTCS €T0 paouycom u obozHavaercs uepes r(G):
r(G) =mine(x;) =min maxd(x;,x;)

x;e X xje X x;eX
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8. Bepmmaa, wuMeromass MUHUMAIBHBIA  OKCIICHTPUCUTET, HAa3bIBACTCS
uenmpom rpada.

P(x;)= Zd(xi,xj)

b4 .
9. s BEPILHUHbI I qucino X €X Ha3bIBACTCS
nepeoamouHvIM YUCIOM.
10. Bepmmna rpacda, KOTOpOH COOTBETCTBYET MHHHMMAJIBLHOE IEpelaTOuYHOe

YHCIIO
max P(x;) =max ) d(x;,X;)
x;€e X x;€Xx;eX

HasbIBaeTCs mMeduanoiu rpada. LleHTpoB 1 MenuaH B rpade MOXKET ObITh HECKOJIBKO.

%, %

e

X, X5

Puc. 1

leuMelZ Hﬂﬂ Fpa(ba, I/1306pa)KeHHOFO Ha puc. 1 MCTPHUUCCKUEC XaPAKTCPUCTUKU
OMPECACIIAOTCA CICAYOIUM 06paBOMZ
X 1 X 2 X 3 X 4 X5

xq (0 1 2 1 2 e(x;)=2 P(x;)=6
X1 0 1 1 1 e(x,)=1 P(x,)=4
D=x3|2 1 0 2 1 e(x3)=2 P(x3)=6
X411 1 2 0 1 e(x4)=2 P(x4)=5
xg|12 1 1 1 0 e(xg)=2 P(x5)=5

Panuyc rpada pasen 1, nuamerp pasen 2. Llentp rpacda - BepuinHa }{2; Menauana rpaga
- BEpIIMHA X2,

JABynouasHbie rpadol

Onpeodenenue: T'pad Ha3bIBACTCS 08Y00JbHBIM, €CIU CYLIECTBYET TaKoe pa3OueHHe
MHO’KECTBA €ro BEpIIMH Ha JIBE YacTH (00./114), YTO KOHIIBI KaX10ro pedpa npHuHauIekaT pa3HbIM
YaCTSM.

Ecnu npu 3TOM J100bIe J1BE€ BEpIIMHBI, BXOJSIINE B Pa3Hble JOJH, CMEXHBI, TO rpad
Ha3bIBACTCS HOJIHLIM 08YOOIbHBIM.

[onHbIi ABYOTBHBIN Tpad, 10JU KOTOPOrO COCTOST U3 p U U3 ( BEpIIMH, 0003HaYaeTCs
cuMBogioM Kpq . [Ipu p=1 momygaem 36e30y Ki14. Ha puc.1 uzobpaxens 3Be31a K15 ¥ MOTHBIHA
IBYR0JbHBIN Tpad Ks .

AHaJOrMYHO JABYAOJBHBIM Tpadam omnpenenstorces K-oonvwubiti ¥ nonnvii k-0onbHbL
rpadsr s k=3, 4, ... Ha puc.2 npuBeneH Tpex10bHbIH rpad.
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Puc. 1 Puc. 2

Jis petieHust IpuMepoB YIA00HO MIPUMEHSITh TEOpEMY

Teopema: ['pad siBisieTcss TBYNONBHBIM T. M T.T., K. BCE €r0 MPOCTHIC IMHUKJIBI UMEIOT
YETHYIO JUIUHY.

Jlerko mojcuuTaTh 4nciao BceX rpadoB ¢ GUKCHPOBAHHBIM MHOXKECTBOM BEPIIMH X. ITH
rpadsl pa3IUvarOTCs CBOMMHU pedpaMu, U MOTOMY X YHCJIO PAaBHO KOJUYECTBY MOJAMHOXKECTB B

n

X 1e. 2 (3) , tne n=|X|. OgHako 3TH Tpadsl HE Bcerma cieayer paszimuyath. Kak B
MPUMEHEHUAX TeOopuH rpadoB, TaK U B caMOil 3TON TEOPUU Yallle CYIECTBEHHO JIUIIb TO, YTO
€CTh 00BEKTHI (BEpIIMHBI rpada) v CBA3M MKy oObekTamu (pedpa). C 3Tux mo3uiuid rpadsl,
KOTOpBIC TMOJIYYAIOTCS OAWH W3 JPYroro M3MEHCHHEM HAaWMEHOBAHWM BEPIIMH, Pa3yMHO HE
pasznuuath. OGopMuM 3TH COOOpaKEHUS B BUAE CICTYIOIIETO ONpPeIeICHUSI.

HN3omopdubIe rpagdul

Onpeoenenue: Jla rpadha Gi1 u Gz Ha3BIBAIOTCS U3OMOP@HBIMU, €CITH CYIIECTBYET
B3aMMHO-OJTHO3HAYHOE OTOOpakeHHWE MEXKIy MHOXECTBAMH WX BEpPIIUH, COXPaHSAIOIIee
CMEXHOCTh. Takoe oToOpakeHrne Ha3bIBaeTCsI H30MOPGU3MOM.

JlBa oprpada n30MOp(HBI, €CIU CYIIECTBYET M30MOP(PHU3M MEXKIYy WX OCHOBAHUSIMU,
COXPAHSIIOIINIA MOPAIOK BEPUINH HA KKJIOU JTyTe.

Hanpumep, tpu rpada, npeacrapieHHbie Ha puc. 4, n30MOpdHBI, a Tpadbl HA pUC. 5 HE
nzomopdHEL. Bonpoc 0 Tom, n3oMopdHBI JiH JBa JaHHBIX Tpada, B 00IIeM ciIydae OKa3bIBACTCS
CJIO’KHBIM.

Puc. 5
OueBHIHO, YTO OTHOIIEHUE H30MOpdHU3Ma rpadoB SBISETCS SKBUBAICHTHOCTHIO, T. €.
OHO CHMMETPHYHO, TPAH3UTUBHO U peduekcuBHO. CreaoBareabHO, MHOXKECTBO BceX TpadoB

pa30uBaeTCs Ha KJacchl Tak, YTO rpadbl U3 OJHOrO Kiiacca MOmapHO W30MOPQHBI, a rpadsl u3
pa3HbBIX KiaccoB He m3oMopdHbl. M3oMopdHbIe rpadbl MOKHO OTOXKAECCTBIATH, T. €. CUATATH

COBMAJAIOIIUMHU (UX MOXHO H300pa3uTh OJHUM puUCyHKOM). OHM MoOriau Obl pa3iauyaThes
KOHKPETHOW TPHUPOAONH CBOUX DJJIEMEHTOB, HO HMMEHHO 3TO WMTHOPHUPYETCS IpU BBEACHUU
MOHSATHUS «Tpad».

B HEKOTOpPBIX CUTyalHsIX BCe K€ MPUXOIUTCS pa3nudaTh M30Mop(dHbIe rpadbl, U TOraa
MIOJIE3HO TIOHSATHE «IIOMeueHHbIN rpady». ['pad nopsaka n Ha3BIBACTCS NOMEUEHHbIM, €CIH €ro
BEpILMHAM [IPUCBOEHBI HEKOTOPHIE METKH, HAIpUMep, HoMmepa 1, 2, ..., N. OTOXAECTBUB KaXAYIO
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U3 BepiiuH rpada ¢ ee HOMEpPOM (M, CIEOBATEIBHO, MHOXECTBO BEPIIMH — C MHOXXECTBOM
gucen {1, 2, .., N}), ompeaenum paBeHCTBO mHomedeHHBIX rpadoB Gi1=(X,Vi) u G2=(X,V2)
oaHOTO M TOro *)e mopsinka: G1=G; Torma, koraa Vi=Vz. Ha puc. 6 n300pakeHbl TpH pa3HbIX
MOMEYEHHBIX rpada.

[Tpu HEOOXOAMMOCTH MOTYCPKHYTh, YTO paccMaTpUBaeMble Tpadbl pa3IMIarOTCs JUIIb C
TOYHOCTBIO JI0O M30MOP(HU3Ma, TOBOPIT: «a0CTpakTHBIN rpad». CTporo roBops, abcmpaxmHulii
(wmu Henomeuennwill) Tpad — 3TO Ki1acc n30Mop(HBIX TpadoB.

Z
, J
2 3 / 3 7 Z
Puc. 6
BapuaunTsl 3agaHmii:
1. Hana marpuna A. Iloctpoiite coorBeTrcTByIOUi el rpad, HMeErOIul

MaTpully A cBoeill marpuiedl cMexXHOCTH. Haiinure MaTpuily WHIUACHTHOCTH JUIS
MOCTPOEHHOTO Tpada.

2 0 0 1
o 0 2 3
A=
0 2 0 1
1 3 1 0O
1. Hana marpuna A. Iloctpoiite coorBeTcTBYIOUMI €l rpad, HMMerouil

MaTpully A cBoeill marpuiell cMexXHOCTH. Haiinure MaTpuily WHIUACHTHOCTH JUIS
MOCTPOEHHOTO Tpada.
o 2 0 3

A=

= N O

2
0
0

_ O =

2
0
3

IIpakTnuyeckoe 3ansitue Ne 24

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

Heawb: OBrnageTs METOAAaMH peLICHUs 3a7ady Ha OMHApPHBIE JI€PEBBS, 3alIUChI0 MATPHUIIBI
JOCTH>KMMOCTH M ITIOCTPOEHUEM auarpammsl ['epra

CpencrBa 00y4eHusi: TETpagu AJs BBIIIOJHEHUS MPAKTUYECKUX 3aHATUH, NPE3EHTAUN
1o teMe, HTepHET-peCYpCHI.

Coaeprxanue ¥ NOPSAIOK BbINOJTHEHUS Pa0OThI:

1. [ToBTOpEHUE TEOPETUUECKOTO MaTepHaa, B BU€ OTBETOB Ha BOIIPOCHI.

2. 3anaiite rpad G puc.l Matpureit CMeKHOCTU U MHITHIEHTHOCTH.

3. IMoctpoiite tpaper G1 m G2, cpaBHUTE CTENCHH Ka)JOH BEPIITHHBI
JAHHBIX TpadoB.

4, [To 3amanHO¥ MaTpHIlE MOCTPOUTH CETEBOU rpaduK, PEIIUTh 3a1a9y 1.

5. Pemnts 3anauy 2.

KoHnTpoJsbHbBIE BONIPOCHI:
1. Yto Ha3bIBaeTCsl OpUEHTHPOBAHHBIM Tpadom? [IpuBeanTe NpuMephl.
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2. [lepeuncnutTe OCHOBHBIC MOHSATHUS CBS3aHHBIC C OPUEHTUPOBAHHBIMHU T'padamMu.
3. [lepeuncnure crmocoObl 3a1aHUsI OPUEHTUPOBAHHBIX TpadoB.

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

5. B uem cocTouT reomeTpudecku crnocod 3agaHus oprpada?

6. B uem cocTouT MaTpuuHBIi crioco6 3agaHus oprpada?

7. Kakas maTpuiia Ha3pIBaeTCsl MaTpUIIeH CMEXKHOCTH oprpada?

8. Kakast MaTpuiia Ha3pIBaeTCsl MaTpUIIeH MHIIMICHTHOCTH oprpada?

Puc. 1

E7

IIpakTnuyeckoe 3ansitue Ne 25

Tema: Pemenue 3aau Ha OMHApHBIE JEPEBbSL.

Hean: OBnagers MeTOAaMM pelICHUs 3a/la4 Ha OMHApHbBIE 1E€PEBbs, 3aMUChI0 MATPHIIBI
JOCTHKUMOCTHU U TIOCTPOEHUEM inarpaMmel ['epiia

CpencrBa 00y4eHusi: TETpagu AJs BBIIOJHEHUS MPAKTHUUECKUX 3aHATUHN, IPE3CHTALNN
o reme, IHTepHeT-pecypceel. Pemnre 3agaun

3apaua 1. [To 3a1aHHOMN MaTpuIle OCTPOUTH CETEBON TpaduK ( aij3IeMEHT MaTPHUIIbI €CTh
JUIUTEILHOCTh pabOTHI OT 1 /10 j B AHSIX). HallTu AnuHy KpUTHYECKOTO MyTH, YKa3aThb IKOHOMUIO
BpPEMEHH.
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03560000000
00007600000
00000750000
00400036000
00000000450
00000000300
00000000500
00000000008
00000004067
00000000008
2) 00000000000
6)
04560000000
00007600000
00000550000
00400036000
00000000470
00000000600
00000000400
00000000007
00000005066
00000000009
00000000000

3apaua 2. Haiinute Kommu4ecTBO y3/10B JaHHOTO OMHAPHOTO JIEpeBa, MEPEUNCINUTE JIHUCTHI
U YKakuTe TiyOnHy OMHApHOTO JiepeBa ¢ KOpHEM A.

(%

Jomamnee 3aganue: CoCcTaBUTh ITOPUTM 3a1a4H 1.
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Pexomenayemas iureparypa

OcHoBHas JuTepaTypa:

1. Kanman, 1O. 4. Teopus BeposiTHOCTEN W MaTeMaTHYeCKas CTaTUCTUKA [DJIEKTPOHHBIN
pecype] : yuebnoe nocodue mns CIIO / 1O. 5. Kanman. — DieKkTpoH. TEKCTOBBIC JTaHHBIC. —
CapatoB : IIpodobOpazoBanue, 2019. — 130 c. — 978-5-4488-0031-3. — Pexkum nmocrtyma:
http://www.iprbookshop.ru/83119.html.

2. llep6akoBa, 0. B. Teopus BeposATHOCTEH W MaTeMaTH4YecKash CTAaTHCTUKA
[DnekTponHbIi pecypc] : yueOHoe mocobue mius CIIO / 1O. B. IlepbakoBa. — DIEKTpPOH.
TekcToBble naHHble. — CaparoB : Hayunas kuawura, 2019. — 159 ¢. — 978-5-9758-1898-0. —
Pexxum moctyna: http://www.iprbookshop.ru/87081.html.

3. bonpmakosa, JI. B. Teopust BeposiTHOCTEH [DIEeKTPOHHBIN pecypc] : yaeOHoe mocodue
ms CIIO / JI. B. bBombmakoBa. — DJIEKTpOH. TEKCTOBbIe mAaHHbie. — CapaToB
[IpodobpazoBanue, 2019. — 196 c. — 978-5-4488-0523-3. — Pexum npocryma:
http://www.iprbookshop.ru/86941.html.

JlonoJiHUTeILHAS JINTEpPaTypa:

1. I'puaneBa U.B. Teopusi BeposSTHOCTEM M MaTeMaTHYeCKas CTaTUCTUKA [DIEKTPOHHbBIN
pecypc]: yuebnoe mocodue / U.B. I'punnera, JI.U. denynosa, B.I1. lllankuii. — 3nekTpoH.
TEKCTOBBIE JaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHblii Y HUBEPCUTET
um. Wwmnepartopa Ilerpa IlepBoro, 2017. — 165 c. — 2227-8397. — Pexum npocrymna:
http://www.iprbookshop.ru/72762.html

2. KonemaeB B.A. Teopusi BeposITHOCTEM M MaTeMaTU4yeCKasl CTATUCTUKA [DIEKTPOHHBIN
pecypc] : yuebnuk ans By3oB / B.A. Konemaes, B.H. Kanununa. — 2-e u3za. — DIeKTpoOH.
tekcToBble AanHbie. — M.: JOHUTU-JAHA, 2017. — 352 ¢. — 5-238-00560-1. — Pexum
nocryna: http://www.iprbookshop.ru/71075.html

3. Mankesu4, U. FO. Teopusi BeposSsTHOCTEW W MaTeMaTHYeCKasi CTATUCTHKA. [IpakTHKym
[DnexTpoHHBIH pecypc] : yuebHoe mocodue / U. FO. Mankesuy, Ilerposa H. I1., JI. U. Tapycuna.
—  DIIeKTpOH. TEKCTOBbIE JaHHble. — MuHCK : PecrnyOnMKaHCKMA  HHCTHUTYT
npodeccuonanbHoro oopazosanus (PUII0O), 2017. — 200 ¢. — 978-985-503-711-9. — Pexum
nocryna: http://mwww.iprbookshop.ru/84894.html.
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