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ITosicHuTEeNbHAS 3alIMCKA
I[J'ISI MHOI'uX CTYACHTOB 3HAUUTCIBHYIO TPYAHOCTH NPCACTABIACT PCUHICHUC 3aaad.

[TosTOMY B IaHHBIX METOAMYECKUX YKA3aHUSAX IJIaBHOE BHUMAHUE YJIEJICHO PEIICHUIO THUIOBBIX
MPUMEPOB U 3aja4, MOSICHSIOIIMX TeopeThuueckui martepuan. OJHAKO MPEeXae YeM HayaTh
pemarh 3TH TPUMEPHl HAAO JOOUTHCS TOJHOW SICHOCTM B TIOHMMAaHHH COOTBETCTBYIOIIHUX
MMOHATHH.

B nHavane kaxaol TeMbl KpaTKO U3JIArarOTCs OCHOBHBIE TEOPETUUYECKHE CBEJICHUS
(ompenencuus, GOpMyIbI), HEOOXOIUMBIC HJIsi PEIICHUS IMOCICAYIOMMX 3anad. [IpuBomsTcs
pelieHus] TATIOBBIX MTPUMEPOB | 3a1a4. JlaroTcs ynpakHeHHs Ha 3aKpEeTICHUST TEMBI.

BrIloyIHEHHE CTYIeHTaMU MTPAKTUYECKUX PabOT HAIIPaBJICHHO HA:

- 00001IeHNe, CUCTeMAaTU3alHI0, YIIyOJIeHHWe, 3aKpelyieHHe IMOJYYeHHBIX TEOPETUYECKUX
3HaHUI MO0 KOHKPETHBIM TEMaM;
- (QopMupoBaHuE YMEHHI NPUMEHSATH IOJYyYCHHbIE 3HAHUA Ha TMPAKTUKE M PeaTH3allrio
€IMHCTBA UHTEJUICKTYJIbHON U PAKTHYECKOM JESITEIIbHOCTH;
- pa3BUTHE WHTEJUIGKTYAIbHBIX YMEHHH Yy OyAylmMX CHEHHUAINCTOB: AHAIUTUYECKUX,
MIPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;
- BBIPAOOTKY MpH PEHICHUH IOCTaBJICHHBIX 3a7a4 TaKWUX MPOPECCHOHAIBHBIX KadeCTB, Kak
CaMOCTOSTEIILHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECCKAS MHUIIMATHRA.

B pesynbrate u3yuenus: yueOHON AUCHUILTUHBI « Teopust BEpOSITHOCTEH 1 MaTeMaTHIecKast
CTaTUCTUKA» O0YUYAIOUTUICS TOJDKEH
YMETb:
- BBIYUCJIATH BEPOSITHOCTD COOBITHM C UCIIOIB30BAHUEM JJIEMEHTOB KOMOMHATOPUKH;

- HCIOJb30BaTh METOAbI MAaTEMAaTHUECKON CTaTUCTUKH

B pesynbraTe u3yueHus yueOHON AUCHUIUIMHBI O0YUYaIOLIUIICs T0JKEH 3HATh:
- OCHOBBI TEOPHH BEPOSITHOCTEN U MaTEMaTUYECKON CTATUCTUKH;

- OCHOBHBIC ITOHATUA TCOPHUU Fpa(bOB



IIpakTnyeckas padora Ne 1
Tema: Penenune 3a1a4 Ha pacyeT KOJIMYECTBA BHIOOPOK

Heab: HayunThcst BEIUKCIISTH BEPOSITHOCTH CITy4YalHBIX COOBITUIN

CpencrBa o0y4yeHHMs: TeTpaau Ul BBIIOJHEHUS NPAKTUYECKUX 3aHATUN, HTEepHET-
PECYPCBL.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHHS PadOThI:

1. PaccMoTpuTe TEOPETUYECKUI MaTepHall MO TEME.

2. 3aKOHCIIEKTUPYWTE METOIMKY PELICHHs] TUIIOBBIX 3a7au.

3. PaccmoTpuTe IpUMEpHI PELICHNS TUIIOBBIX 3a/1a4.

4. Pewnte 3aaaumn.

KoHnTpo/ibHBIE BONIPOCHI:

l. [ToHsiTHE BEpOATHOCTH CIyYaHOTO COOBITHSI.

2. [TonsiTusA IEpECTaHOBKH, Pa3MEILECHUS, COUETAHMUS.

BepoATHOCTL  C/Jy4YaWHBIX  COOBITHUM. HenmocpeacTBeHHbIA  MOACYET
BEPOATHOCTH.

[Ton BepoOATHOCTBIO CIy4yalHOrO COOBITHS TOHUMAETCS YHUCIIO, XapaKTepHU3YIollee
CTENeHb BO3MOYKHOCTH MOSBIEHUS COOBITHA. [Ipy 3TOM BEPOSTHOCTh HEBO3MOXKHOTO COOBITHS
NPUHUMAETCSl PaBHOM HYJIIO, a BEPOSATHOCTb JIOCTOBEPHOI'O COOBITUSI PAaBHOW €AMHUIE. DTUM
OrpPaHUYMBACTCS JUANa30H U3MEHEHHs BEPOSITHOCTH CIyYailHOrO COOBITHSA:

0<p< 1'

Knaccuueckoe onpeneneHne BEPOSTHOCTH OCHOBAHO Ha IPEACTABICHUM CIIy4allHOTO
COOBITHSI Kak pe3yjbTara (MCcXoJa) HEKOTOPOro BOOOpakaeMoro MM (akTHYECKOrO OIbITa
(ucmpITaHMs), MOBTOPSIOLIErocs JII000e YUCIIO pa3. ITa TeoOpeTHUECKasi MOJIEIb JIEKUT B OCHOBE
HETOCPECTBEHHOTO MOJICUETa BEPOATHOCTH CIyYaifHOTO COOBITHSI.

BepOﬂTHOCTLIO cnyqaﬁﬁoro COOBITHS A Ha3bIBaCTCsA OTHOIIICHHUEC qucia

m

6J'IaFOHpI/I$ITCTBy1-OIHI/IX 9TOMY COOBITUIO ncxoaoB K 06H16My YHCIYy BCCX pPaBHOBO3MOXXHBIX

HECOBMCCTHBIX 3JICMCHTAPHBIX UCXOJ0B n , 06pa3yIOIJ_[I/IX MOJIHYIO I'pyIILy:
m
P(A) = —
n.(1)
,21.]'[5[ OMpeACIICHUA KOJIMYECTBA HCXOJ0B n n m JaCTO MNPUXOAUTCA HCIOJIb30BaTh

dbopmyitel koMOMHaTopuku. KoMOMHATOpPHKA H3ydaeT KOJUYECTBO KOMOWHAIIMA U3 DJIEMEHTOB
ONpeEIeHHONW MPUPOJIbI 33JAHHOTO KOHEYHOTO MHOKECTBA.
IlepecTaHOBKM - KOMOWHAIIMM U3 OJIHUX U TE€X K€ DJIEMEHTOB, KOTOPBIC Pa3IUYAIOTCS
TOJIBKO MOPSAJIKOM HX PACIOJIOKEeHUA. YHCII0 epecTaHOBOK OMpeensieTcs no Gpopmyie:
P =n!
" ,(2)

n

rac - KOJIMYCCTBO 3JICMCHTOB B KOM6HHaI_[HI/I.

Hanpumep: CkonpkuMu crioco0aMu MOKHO pacripeieinTh 5 00beKTOB pabOThl MEXAY 5
OpuragaMu 3J1eKTPOMOHTAXKHUKOB?
n=5P =5=1.2.3.4.5=120

m

Pazmemienuss - KOM6I/IH3HI/II/I nus3 npaSHI/I‘IHBIX OJICMCHTOB IIO DJICMCHTOB,

n m

OTIMYAIOIIUXCA JIMOO COCTaBOM, JMOO TmOpsAAKOM. YHCIO pasMelmeHuid U3 1o

OIIPCACIIACTCA KaK:



m n!
(n — m)! . (3)
Hanpumep: Mmeercs 10 snexkTpoaBuratenei, u3 KOTOphiX 3 ogHOro tuma. CKOJIbKUMU
croco6aMu UX MOKHO PacCIOJIOKUTh B OJIUH psia?
=—=10-9-8=720
m=3 0= 7 ,

Coveranus - KOM6I/IH8.I_II/II/I, COCTaBJICHHBIC U3 n Pa3JIMYHBIX JJICMCHTOB IIO m

3JIEMEHTOB, KOTOPBIC pa3IMYyalOTCsl XOTsA Obl OgHUM 3ieMeHToM. Yucio coderanuit
orpenensercs 1no Gpopmye:
n!

a m!(n—m)! . (4)

m

Hanpumep: CkonbkuMu crioco0aMH MOKHO COCTaBUTh OpUrajay B COCTaBe 3 UENOBEK,
BBIOMpAst UX U3 8 IIEKTPUKOB?
= 8!
n=8 cs_ =
m=3 315!

n

IpaBuio cymmbr: Ecin 06bexr A Boibpan ! ciocobamu, a 06bexr B - M crocobamu,

1o BEIGOP G0 A, G0 B Moxker6pirs ocymectsnen (7™ crocobamu.

m

Mpasuiao npoussenenusi: Eciu o6bext A Briopan M crocobamu, a mocie Kakaoro

n

Takoro BeIOOpa 00BekT B moxHO BBHIGpaTH crocobamu, TO TMapa (A B) yoxer GbITh

oiopana ("M ciocoGamu.

MeToaMKa pelleHUs TUNIOBBIX 3a4a4

Knaccuueckue 3agaun TB uctopuuecku cBsi3aHbl ¢ Teopued asapTHbeIX Hrp. OnHako,
NPE/ICTaBJICHHbIE MaTEMAaTUYECKHE MOJEIM MOTYT OBITh MCIOJIBb30BaHBl TAaKXKe MPHU PELICHUU
psna TEXHUYECKHX 3azad.

Meroauka peleHus 3aJad Ha HEMOCPEACTBEHHBIM IOACYET BEPOSITHOCTU CIIy4ailHOIO

COOBITHS CBOAMTCS K CIEAYIOIIEMY:

1. OrmpeeneHue oOIIero Yrcia BO3MOKHBIX HCX010B 1 ;

2. AHanu3 W pacueT KOJIMYECTBAa HCXOAOB, OJArONMPUSTCTBYIOIIUX CIy4alHOMY
COOBITHIO, T.€. TAKUX, B KOTOPBIX JJAHHOE COOBITHE 00s3aTeIHFHO MMPOU30UICT;

3. Omnpenenenre UCKOMOW BEPOSITHOCTH COOBITHS TTO BhIpakeHHIO (1).

PaccMoTpuM perieHue psijia THITOBBIX 33124 10 TAHHOMY Pa3ieny:

I Tun 3apa4. Ycnosue 3aoauu: Ilycts umeercs ypHa, B KOTOpOH a _ Gembix IapoB U b.
yepHbIX. 13 ypHbI Hayraj BeiOupaercs 1 map. HaiiTu BeposITHOCTB TOTO, 4TO 3TOT 1Iap OeJblil.

Pemmenue
n=a+b m_a
m=a n a+b

B nanHoMm CJIydac BCC€ HCXObI OIIbITA, CBA3aHHOI'O CO CHy‘l&fIHHM BBI60pOM miapa w3
YPHBI, ABJIAIOTCA PaBHOBO3MOXHBIMHU WM HECOBMECTHBIMHU, T.€, OIIBIT CBOJUTCA K «CXEMC YPH».
H03TOMy BCPOATHOCTL HOCTAThb CquaﬁHBIM 06pa30M OcIIbIi map BTOPbIM WJIM IOCJICOAHUM H3

a

p_
YPHBI TaK)KE paBHA a+b
II Tun 3apau Vcenosue 3adauu: B xopoOke 30 snextponamn, npudeM 12 u3 HHUX

paccunTaHbl Ha HanpsbkeHue 220 B, a octanbHble - Ha HanpsbkeHue 36 B. KakoBa BeposTHOCTD



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

Permenne

BBeneMm 00o3HauEeHNA:

A - cobBITHE, COCTOSIIEE B TOM, UTO U3 4 SIEKTPOIaMII Bee ¢ HampsnkeHneM 220 B;

B - 3 4 snextponam Bce ¢ HanpsikeHHeM 36 B;

C _ nosisnenne cobpituii mbo A nmuco B .

a) OOr1ee YuCI0 MCXOJ0B PAaBHO KOJUYECTBY CIIOCOOOB, KOTOPHIMH MOXHO BHIOpaTh 4
anextposamisl u3 30.

n=Cj,

_ 4
0) Yuncio ucxoaoB, 61aronpusITCTBYIOIUX COOBITHIO A m= Ci ,

4
m, =C
Ywucio ucxo0B, 6JaronpusTCTBYIOIUX COOBITHIO B , 2 18

m, _C! 12141261 11

P(A)=—1="2= _
Ci 4181300 609
c) |
p(By= " - Cu 18141261 _ 68
n  Ci 41141300 609

BeposTHOCTH COOBITHS, COCTOSIIETO B MOSBICHAN 160 coObITH A, 160 cobbitus B |
OTIPEIEIIUM C UCTIOJIh30BAHUEM TPABUIIA CYMMBI
11 68

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

Yenosue 3a0auu: CtyaeHT Kynui KapTouky CHOPTIOTO M OTMETHII B HEH IOCIenoBa-
TEJbHO IIECTh NMEPBBIX HOMEPOB. OnpenenuTh BEPOSTHOCTh TOTO, YTO MIpU THpaxe 6 u3 49 B
qucJie BBIMTPABILNX [IAPOB OKaxkeTcs map mox Ne 1.

Pemienue
_ 6
a) OB1Iee YHCI0 HCXOTOB '+ Cas
B cero mapos ¢ 49 HoMepaMu 6) Hucio MCXONOB,
/ \ ONMaronpusTCTBYIONIMX  COOBITHIO,
, , OTIPEICIISACTCS YHUCIOM BO3MOXHBIX
1 mrap mmog Mel 48 mapce ¢ ApyraMH Mo .
KOMOWHanuMii w3 6  HOMEpOB,
o0s3atennbHO  BKiFOYaBmmx Ne 1.
m, 6 mapos I, Jns onpeieNeHus qpcia
\ KOMOWHAIUKA yIOOHO HMCIOJB30BaTh
1 map mog Mel 5 WapoB rnof gpyruve No CXEMAaTHYECKOE MPE/ICTABIICHHE:

Kak Bummuo, M zasucur or
BO3MOXKHBIX KOMOWHAIMI U3 5 mapoB (¢ ApyrumMu HoMepamu, OTAMUHbIME OT Ne 1) u3 48 Takux
11apoB.

m, =1

m,=C:

m=m, -m, 48



5 1431 6!
p:m:C? :48'43'6':£50,1224
n C, 5'43149! 49

c) .
III Tun 3apau Ycnosue 3adauu: Ha nonke Haxomutcs 10 ammiepmMeTpoB, U3 KOTOPHIX 6
ucnpaBHbIX. HaliTh BEpOSITHOCTH TOTo, YTO cpeau 4, Haynady OTOOpPAaHHBIX aMIIEpPMETPOB, 2
UCIIPaBHBIX.

Pemenne

Ot 3amay Il TMNA naHHBIN TUI 3374 OTIMYAET HEOAHOPOJHOCTh COCTaBa KOMOWHAIUH,
COOTBETCTBYIOIIMX OJIATOMPHUATHBIM HMCXOJlaM cllydyallHOro coObITud. s pemieHust yaoOGHO
IIPEJICTaBUTh YCIOBHE 3a/1a4l CXEMaTHUECKHU:

n=C,
a) OO011ee YnCI0 NCX0I0B .

10 amriepmeTpoB ~
GbLI10
/ n \ 7 Beero

§ MCIIpaBHbB 4 HeMCTIpaBHeIX

m, 4 aMrepMeTpa m,
7  oToGpam

2 MCIpaBHbBIX 2 HeMCIpaBHbIX 6) ™M onpenensiercs Ha
OCHOBC IIpaBHJIa IMPOU3BCIACHUA,
MIOCKOJIBKY BBIOOpP 4 aMIIepMETPOB OCYIIECTBISETCS OJHOBPEMEHHO:

m=m,-m,

m =C:m,= Cf.
_C.-C;  eaea 3

L hIpe =2-0,43
n Ci 24202100 7

Pemure 3aga4u:

3amava 1. bpomena urpanbHas kocTb. HallTh BEpOATHOCTH BBINAJEHUS YETHOIO YHCIA
OYKOB.

3agaua 2. YUaCTHUKHU XKepeObeBKU TAHYT M3 YPHBI XKeTOHbI ¢ HOMepamu oT 1 go 100.
Haiitu BeposSTHOCTH TOr0, 4YTO HOMEp MEPBOro HayJauy BBITALLIEHHOTO JK€TOHA Oy/eT CoAep KaTh
uudpy 5.

3amaua 3. B maTH Memoukax HaxoIsATCs 5 OJMHAKOBBIX KyOumkoB. Ha Bcex rpaHsx
KaX/10ro KyOHMKa HamicaHa OJHa W3 CIeIyouux OykB: o, I, p, ¢, T. HaliTH BepoATHOCTH TOTO,
YTO Ha BBIHYTHIX MO OJJHOMY M3 Ka)KJOI0 MEIIOYKa KyOHWKax M pacloyIOKEHHBIX B OJHY JHMHUIO
MO>KHO OYZET IPOUYECTh CIOBO «CIIOPT.

3anaua 4. Ha kax10i U3 11ecTH OJJMHAKOBBIX KapTOUYEK HamucaHbl ogHa u3 O0yks: A, T, M,
P,C,O0. Haiitu BepOSITHOCTb TOTrO, YTO HA YETHIPEX BBIHYTBHIX IO OJHOM M PAaCHOJIOXKEHHBIX B
OJTHY JINHUIO KapTOYEK MOXKHO OyJIeT MPOYECTh CIIOBO «TPOCH.

3amaga 5. Ky0, Bce rpaHu KOTOpOro OKpalleHbl, PAaCHWIMIM Ha ThICAYY KyOHKOB,
KOTOpBIE 3aTEM TILATEIBHO Iepemeraid. HalTu BEpOATHOCTh TOTO, YTO HayzAady BbITALLCHHBII
KyOHK OyZieT UMEeTh OJJHY OKpAaIlleHHYIO I'paHb, BE U TPH.



3amaua 6. 13 monHoro Habopa 28 kocTeld NTOMHUHO Haynady H3BledeHa KOCTh. Haiith
BEPOSITHOCTh TOTO, YTO BTOPYIO Hay/dady H3BJICEYEHHYIO KOCTh MOKHO NPHUCTaBUTHh K IEPBOMH,
€CJIM TepBasi KOCTh OKa3ajack: a) ayosiem, 0) He ayOnem.

3agaya 7. BoceMb pa3nMYHBIX KHHUI HayJady pacCTaBiisitoTcs Ha mnodke. Haittu
BEPOSITHOCTH TOTO, UTO JIBE ONpPEAETIECHHbIE KHUTH OKAXKYTCS CTOSIIIIUMU PSIIOM.

JlomaliiHee 3aaHue:

Pemmre 3anaun:

1. B nmortepee pasbirpeiBatorcss 150 BemeBbix U 50 JeHEKHBIX BBIMTphIIEH. Yucmo
notepeitHbix 6meToB paBHo 10000 mTyk. Yemy paBHA BEpOSITHOCTh BBIMIpPhIIIA?

2. BeposiTHOCTB TOTO, UTO CTPEJIOK MPHU OJHOM BhICTpene BbiObeT 10 oukoB, paBHa 0.1; 8
0uKOB M MeHblIe - 0.6. HaifTu BeposSTHOCTH TOTO, YTO IPU OJHOM BBICTpEJIE CTPEIOK BHIOBET HE
MEHBIIIE 9 0YKOB.

3. B maptuu u3 10 neraneii — 8 mryk ctanaapTHbix. HaliTu BEpoSATHOCTH TOrO, YTO Cpenn
JBYX HayJlauy M3BJICYCHHBIX JIeTaneil XoTs Obl 07Ha OyAeT CTaHAapTHOM.

4. B maptun u3 10 meraneit okaszanoce 8 crangapTHeix. Haygauy oroOpanu nse. Haiitu
BEPOSTHOCTH TOTO, YTO CPEI OTOOPAHHBIX JETaJe OKaKeTCs:

1. He 0oJiee 0OIHOM CTaHAAPTHOM,

0) xoTs OBl OJIHA CTaHJApTHA,

B) TOJIBKO OJ[HA CTaHAapTHasl.

5. BeposATHOCTH TOro, 4TO CTpENOK IomajaeT B MuileHb, paBHa 0,9. Ilpousseneno 3
BbICTpeIia. HaliTh BEpOSATHOCTH TOrO, YTO BCE 3 BBICTPEIIA ITONAIH B IIEJIb.

6. B cryaun HaxonuTcs TpuU Tenekamepbl. BeposTHOCTh BKIIIOUEHMSI KaXI0H KaMephbl
paBHa 0.6. HaiiTu BEpOSTHOCTH TOTO, YTO B JIaHHBIH MOMEHT XOTs Obl OJHA Kamepa Oyner
BKJIIOUEHA.

IIpakTnueckoe 3ansitue Ne 2

Tema: Briuucienue BeposTHOCTEH COOBITUH MO Kiaccudeckoi (opmyiie onpeaeneHus
BEPOSTHOCTH.

Henab: HayuuThCs BBIYHCIATH BEPOSTHOCTH CIyYaWHBIX COOBITUH TIO KIJIACCHYECKOU
dbopMmyIie onpeaeneHus: BEpOATHOCTEN

CpencrBa o0y4eHUsi: TETPaau [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
pECYPCBI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTE TEOpETUUECKUI MaTepHall IO TEME.

KoHnTpo/ibHBIE BONIPOCHI:

l. [ToHsAATHE BEPOATHOCTH CIYyYalHOTO COOBITHS, MEPECTAHOBKH, pa3MeEIIeHus,
COYETaHHUs.
2. [IpaBuiia cyMMBbI ¥ IPOU3BEACHUS CIyYalHBIX COOBITUH.

HCHOCPGHCTBGHHBIﬁ oACUCT BECPOATHOCTU CJIy‘-I&ﬁHOl“O COOBITHS y,I[O6HO HCIIO0Jb30BAaTh
TOJIBKO IIPpU aHAJIN3C HpOCTCﬁIHHX CﬂyqaﬁHBIX HBHGHHfI, Koraa 1o yCJIOBHUIO 3aJla4y U3BCCTHBI
BCC KOJIMYCCTBCHHBIC IMMOKA3AaTCJIN I10 UCCICAYCMOMY O6’beKTy WM UX JICTKO MOXXHO BBIYMCIINTD.

D10 mo3Bomsier 1Mo (opMynaM KOMOMHATOPUKH IOJCYMTATh KONMYecTBO mcxogos My I

u
OpHako Ha TPAKTHKE MPUXOJUTCS CTAJKUBATBCA CO CIyYallHBIMU COOBITHSIMH, KOTOpBIE
dbopMupyIOTCA 32 CYET COUYETAHMS IEJIOTO psija ciydailHbIX GakTopoB. Hanpumep, BeposTHOCTH
BBIXOJa M3 CTpPOs JIOOOr0 TEXHHUYECKOTO0 YCTPOWCTBA 3aBUCUT OT  BEPOSTHOCTH

pa6OTOCHOCO6HOCTI/I KaXXaoro M3 €ro d5JCEMCHTOB, a4 TAaKXKC OT crocoba ux COCIUHCHUS. I[J'IH



OTIpEICTICHUSI BEPOSTHOCTH TAKUX CIIYYalHHBIX COOBITUH HCIIOIB3YIOTCS KOCBEHHBIE METOJIBI,
MO3BOJISIIOIIME TI0O WM3BECTHBIM BEPOSTHOCTSM OJHUX COOBITHH HAXOJIWUTh BEPOATHOCTH
CBSI3aHHBIX C HUMH COOBITHIH.

[Ipexxne Bcero HEOOXOMMMO MPOAHATU3MPOBATH CIyYalHOE COOBITHE W OIPEAEIUTh
oOpa3zyeTcs JI1 OHO KaK CyMMa 3JIEMEHTapHBIX COOBITHI UM KaK UX MPOU3BEICHHUE.

Jlnst aTOTrO BBEAIEM JiBa 0A30BBIX MOHATHS alNreOphl COOBITHH.

CyMMoii HECKOJIBKUX CJIYYAHHBIX COOBITHI Ha3bIBaeTCs COOBITHE, KOTOPOE COCTOUT B

TIOSIBIICHHMH XOTs OB OHOTO M3 3TUX cOoObITHIA. TaK JUIS CyMMBI TpeX CITydaiHbIX coObITHI A,

B C MPOU30HAET OO A m6o B, mbo C, mbo coueranus AB, AC BC ABC,
Hanpumep, aBapuiiHOe TOBpSKJIECHHE OJIOKA  DJIEKTPUYECKOW  CHUCTEMBI  T'€HEepaTop-
TparncGopMaTOp-TUHUS dIEKTPOIepeiad MPeCTaBIsIeT CO00M CyMMY SJIE€MEHTAPHBIX COOBITHIL:
n00 TOBpEXIEHHE TeHeparopa, 00 TMOBpEeXIeHHEe TpaHchopmaropa, JTHUOO JTHHHUU
aNIeKTporepeaay, MO0 BCEBO3MOXKHBIE COBMECTHBIC TIOBPEIKICHUSI.

IIpou3BeaeHueM HECKOJIbKHUX CIYyYaWHBIX COOBITHH HA3BIBAETCS COOBITHE, COCTOSIIEE
B OJHOBPEMEHHOM TMOSBJICHHH J3TUX coObITHi. Hampumep, Oe3oTkasHas pabora Omoka
reHepaTop-TpaHcPOopMATOP-JIMHUS DJIEKTpOIepead BO3MOXKHA TOJIBKO TMPH OJHOBPEMEHHOM
0e30TKa3HOI paboTe BCeX TpeX JIEMEHTOB OJIOKA.

Pacuer BepOATHOCTH CIIOKHOTO COOBITHSI MPOU3BOJUTCS HA OCHOBE TEOPEM O CyMME U
MIPOU3BEICHNUH CITyUYalHBIX COOBITHA.

[Tpu BBIOOpE pacdyeTHBIX (HhOpPMYIT HEOOXOIUMO YUUTHIBATH JIBA CYIIECTBEHHBIX MOMEHTA!

a) OnpezeneHue BEPOATHOCTH CYMMBI CITY9aliHBIX COOBITHI 3aBUCUT OT TOT'O, COBMECTHBI
WJIM HECOBMECTHBI 3T COOBITHS.

HYCTB CJ'Iy‘—IaI\/'IHI)Ie COOBITHS A, B. HCCOBMCCTHBI, TOrJa BEPOATHOCTE CYMMBI IBYX

cobuiTuit A+ B papna
P(A+ B) = P(A)+ P(B)

Ecmn A, B - coBmecTHBIE cOOBITHS, TOT]a BEPOSATHOCT CyMMBI ABYX coObiTHii A+ B

paBHa
P(A+ B) = P(A) + P(B) — P(AB)

s Tpex coBMecTHbIX coObrtmit A, B, C ppumcienne BepoSTHOCTH CyMMbI
MIPOU3BOIUTCS O hopMyJie

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

0) [ns ompeneneHus BEPOATHOCTH TPOU3ZBEIACHUS CIIyYaWHBIX COOBITUH HEOOXOAMMO
MIPOaHAIM3UPOBATh 3aBUCUMBI OHU WJIU HE3aBUCUMBI.

[Ipu BBIUKMCIEHUHW BEPOSTHOCTH TPOU3BEACHHS COOBITHI WCIOIB3YETCS TOHSATHE
YCIIOBHOM BEPOSITHOCTH.

PA (B) HEKOTOPOIro CJ'Iy‘I&fIHOFO COOBITHSA B ,

[log yca0BHOH BepOSITHOCTBHIO
CBSI3aHHOT'O C COOBITHEM A , HIOHUMACTCA BCPOATHOCTH ITOSABJICHUA COOBITHS B Ipu yCJIOBHH,
4TO cObOBITHE A yiKe MPOH3OILIO.

ECJII/I CHy‘IaﬁHLIe C06BITI/I$I A 5 B - HC3aBHUCHUMBI, TO BepOHTHOCTL HpOI/I3Be,Z[CHI/I$I ABYX
CO6BITPII>1 paBHa MMPOU3BCACHUTIO BCPOHTHOCTeﬁ ITUX CO6LITPII>1

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

Ecin CJ'Iy‘-IaI\/'IHLIe CO6BITI/ISI 3aBUCHUMBI, TO BCPOATHOCTb HNPOU3ZBCIACHUA NABYX CO6LITI/II71
BBIYHCIICTCA C YYCTOM YCHOBHOﬁ BCPOATHOCTH



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

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

[lpu pemeHnu 3agay 4yacTO HAXOJUT IMPUMEHEHHE CIIEJCTBHE U3 TEOPEMBI O CyMMe
BEPOSITHOCTEM.

Cymma BeposiTHOCTEH it COOBITHIA, 00pa3yroIMX MOJHYIO TPYIITY Ao A, , paBHa
CIMHHULIC
P(A)+P(A)+...+P(A) :1_

B wacTHOCTH, J)Is1 TPOTUBOMOIOKHBIX COOBITHIA:

P(A)+P(A) =1

Jdomamnee 3aganue:

1. BepossiTHOCTH TOro, YTO CTPEJOK MomaieT B MuIleHb, paBHa 0,9. IlpousBeneno 3
BbICTpEIIa. HaliT BEpOSATHOCTH TOTO, YTO BCE 3 BBICTPEIIA ITONAIH B LIEIIb.

2. BeposATHOCTh MOpa)KeHUsl LENH MPU OJJTHOM BBICTpEJE MEPBbIM CTpesikoM paBHa 0.8, a
BTOpBIM - 0.6. HaliTh BEpOATHOCTH TOTO, UTO I€h OyAET MOpa)ke€Ha TOJHKO OJHHM CTPEIIKOM
(TIepBBIM MJTA BTOPBIM).

IIpakTH4eckoe 3ansaTHE Ne 3

Tema: Pemienue 3amady  Ha BBIUMCICHHE BEPOSTHOCTEH COOBITHI MO KIACCHYECKOMN
¢bopmyIie onpeneneHus: BEpOSITHOCTH.

Heab: Hayuutbcs BBIYMCIATH BEPOSTHOCTU CIYYaWHBIX COOBITHH IO KJIACCHYECKOM
bopmyIe onpeseneHns: BEpOSTHOCTEH

CpencrBa o0y4eHusi: TETpaau JJsl BBINOJHEHUsS MPAKTUYECKUX 3aHATUH, VHTepHeT-
pECYPCBI.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHHS PadoThI:

1. Pemure 3anaqu.

Pemnre 3agaun:

3anaua 1. B notepee paspirpsiBatorces 150 BemeBbix U 50 qeHEXHbIX BHIMTphILIEH. Hucio
notepeitHbix 6mneToB paBHo 10000 mTyk. Yemy paBHa BEpOSITHOCTh BBIMTPhIIIA?

3amaya 2. BeposATHOCTbh TOrO, YTO CTPENOK IpU OJHOM BhICTpesie BbIObeT 10 OYKOB,
paBHa 0.1; 8 oukoB u MmeHbuie - 0.6. HaliTu BEpOSITHOCTH TOro, YTO NHPU OJHOM BBICTpEIIE
CTpEJIOK BHIOBET HE MEHbBIIIE 9 OUYKOB.

3anava 3. B maptum u3 10 neraneil — 8 mTyk craHgapTHeIX. HaliTH BEpOsATHOCTH TOTO,
YTO CpeJH JIByX HayJauy U3BJICUEHHBIX JIeTanel XoTs Obl oJiHa OyAeT CTaHAapTHOM.

3anava 4. B maptun u3 10 neraneii okazanock 8 crannapTHbix. Haynauy orobpanu ase.
Haiit BeposITHOCTH TOTO, YTO CPEN OTOOPAHHBIX JI€TAJIEH OKAXKETC:

2. He 0oJiee OIHOM CTaHAAPTHOM,

0) xoTs1 OBl OJIHA CTaHJAPTHAS,

B) TOJILKO OJ[HA CTaHAAapTHAsl.

3agaua 5. B ypHe HaxoasaTcs 5 OenblIX, 4 yepHbIX U 3 cuHMX wapa. Kaxaoe ucnbitaHue
COCTOUT B W3BJIEUCHHMM HAyraj OJHOrO Iapa, MPUYEM OH HE BO3BpAIlaeTcs OOpaTHO B YpHY.
Haiitu BeposITHOCTH TOTO, YTO NMPHU MEPBOM HCHBITAHUU TMOSIBUTCS O€Nblil I1ap, Mpu BTOPOM -
YEpHBIH, a IPU TPETHEM — CUHHU.

3anaga 6. BeposTHOCTH TOrO, YTO CTPENIOK MONaAeT B MulleHb, paBHa 0,9. [Ipousseneno
3 BeicTpena. Hailtu BeposTHOCTB TOTO, 4TO BCe 3 BhICTpENa MOMAJIH B LEIb.
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3anaya 7. bpouieHbl MOHETa M KOCTh. HallTu BEpOSITHOCTH TOrO, YTO OJHOBPEMEHHO HA
MOHeTe nosiButTcs "open', a Ha koctu "6".

3amaua 8. B cTynum Haxonutcs TpHU TelekaMmepbl. BepoATHOCTh BKIIIOUEHHS KaKIOM
kamepbl paBHa 0.6. HaliTu BEepoOSITHOCTH TOTO, YTO B JAHHBII MOMEHT XOTS OBl OJIHa Kamepa
OyZeT BKJIIOUEHA.

3amaua 9. U3 psaga mudp 1,2,3,4,5 cHavana BeIOMpAETCS OJIHA, a 3aTEM M3 OCTABIIHXCS
4eThIpex - apyras. HallTu BeposiTHOCTH TOTO, 4TO OyJeT BhIOpaHa HeueTHas udpa:

a) TOJIbKO B MEPBBIN pas;

0) TOJBKO BO BTOPOH pas;

B) B TIEPBLIil ¥ BO BTOPOIi.

3agaua 10. BeposTHOCTB TOro, YTO COOBITHE A TOSBUTCS XOTA OBl OAMH pa3 MpH JABYX
HE3aBHCHUMBIX HCTBITaHUIX, paBHa 0.75. HailTu BEepOSATHOCTh MOSBIEHUS COOBITHS A B OJHOM
HUCTILITAHUM.

JdomamiHee 3aaHue:

1. Ocywecmensiemes nposepka uzdeauii Ha cmaHoapmuocme. Beposmuocms moeo, umo
uzoenue Hecmanoapmmuo, pasua 0,1. Haiimu 8epossmuocmes mozo, 4mo:

a) U3 TPeX MPOBEPEHHBIX JIETANIEH TOJBKO OJTHA OKAXKETCS HECTAaHAAPTHOM;

0) HeCTaHIaPTHBIM OKaXXETCSI TOJIBKO YETBEPTOE MO MOPSAKY IPOBEPEHHOE U3/IEIHE.

IIpakTuyeckoe 3ansitue Ne 4

Tema: BerancieHne BEpOSITHOCTEH CIIOKHBIX COOBITHN

Heab: HayunTbcsi BEIYUCTATH BEPOSTHOCTH CIIOKHBIX COOBITHH.

CpencrBa 00y4yeHUsI: TETpPaaH ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATUN, VHTEepHET-
pecypcehl.

Conep:xanue v NOPSII0K BBINOJIHEHUS] padoThI:

1. PaccMoTpuTE TEOPETUYECKUI MaTepHall MO TEME.

2. 3aKOHCIIEKTUPYITE PEIICHNE TUIOBBIX 3a/a4.

3. Pemwmre 3amaun.

KoHTposabHbIE BONPOCHI:

1. [ToHsATHE YCIOBHON BEPOSATHOCTH.

2. ®dopmyJia MOJTHON BEPOATHOCTH.

3. OT 4Yero 3aBUCHUT KOJMYECTBO TMIIOTE3 IMOSABIEHUS HEKOTOPOIO CIIy4aiHOIro
coObITHSA A..

®opMyJia NOJTHOH BEPOSATHOCTH
®opMyIa NOJTHON BEPOATHOCTH MPUMEHSETCS MIPH CIIETYIOLIEH TOCTAHOBKE 33/1a4u.

IIycTh HPOM3BOAMTCA AaHANM3 HEKOTOPOTO CiydaiiHoro coObitms . Ilo moBomy

BO3MOXHOCTH ITOABJICHUA JAHHOI'O COOBITHS MOTYT OBITH BEICKA3aHEI HCKOTOPBIC THIIOTE3bI Hl ,

H2 g e H, , KOTOpPBIC OXBATbIBAKOT BCC BO3MOXXHBLIC YCJIOBUA IOSABJICHUA COOBITHS AI/I

00pa3yIoT MOJIHYIO TPYIITY COOBITHHA.
"3 yCiioBusd 3aaa4yud HU3BCCTHBI HJIUM MOTYT OLITH OMpPEACIICHbI BCPOSATHOCTH BCEX

P(H,) P(H, _ P(H,)

BO3MOJHBIX THIIOTE3 a TaKXC YCJIOBHBLIC BCPOATHOCTHU

P, (A) P, (A)

MHOSBICHUSA Anpn KaXIOM W3 THUIIOTE3 v Py, (A). Onpenenurhb

BEPOATHOCTB MOABJICHHUS CTy4aiiHOro cobbITH A .
BeposTHOCTH COOBITHS NIPU TaKON MOCTAHOBKE 337a4l MOXKET OBbITh HaiijieHa 1o popmyie
IIOJIHOY BEPOSITHOCTH.
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P(A):P(HI)PHl (A)+P(H2)PH2 (A)+"'+P(Hn)PHn (A)

rne Ha Ha o TUIOTE3bI, KOTOPhIE 00pa3yIOT MOJHYIO TPYIITY COOBITHIA;
P(H)+P(H,)+...+P(H,)=1

Penrenne THIOBBIX 32124

I tum 3apau. Vcenosue 3adauu: @OyHKIMOHHUPOBAHME DJIEKTPUUECKOM CHCTEMBI
obecneunBaet 100%-Hoe 3neKTpocHAOKEHUE TOTPEOUTENEH B TpeX PEKHUMAaX, Pa3IHualoOuXCs
M0 KOHPUTYpAUA W TPOMYCKHOW CIIOCOOHOCTH SJCKTPHUYECKON CceTH. B KaXIoOM U3 3TUX
PEXKUMOB CETh MOXKET HAXOAUTHCS ¢ BeposiTHOCThIO 0,3; 0,5; 0,2 cooTBeTcTBEHHO. be3aBapuitHas
paboTa cUCTEeMBI B KaXKJIOM pekuMe Bo3MoxkHa ¢ BepostHocTsmu 0,9; 0,75; 0,8. Ompenenuth
BeposATHOCTH 100% »snexTpocHaOxeHus: noTtpeduteneid. HaiTu BeposATHOCTH HapyIIEHUS
ANEKTPOCHAOKEHUSI.

Pemenue

a) BBenem 0003HaueHNE COOBITHII M TUTIOTES.

Hccnenyemoe coObiTHE:

A - obecrieuenne 100%-HOTO >TEKTPOCHAGKEHHS;

A HapyLIEHHUE AIEKTPOCHAOKEHMUSL.
['nnioTessl

BepostHocTH

TUIIOTE3

VY cnoBHBIE BEPOATHOCTH

H,_ paboTa ceTu B IEpBOM PEKUME;

P(H,)=0,3.
P, (A)=09
P, (A)=1-09=0,1

2

H, _ paboTa ceT BO BTOPOM PEKUME;
P(H,)=0,5.

Py, (A)=0,75

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

Hsy_ paboTa CeTH B TPETbEM PEXUME.
P(H,)=0,2.

Py, (A)=08

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

0) ITo dbopmyne momHOM BepoSTHOCTH HaigeMm BeposTHOCTH 100% snekTpocHaOKeHHUS
notpeduTenei

P(A) = P(Hl)-PHl (A)+P(H2)-PH2 (A)—O—P(H3)-PH3 (A) =

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

OmnpenenuM BEpOSITHOCTh HAPYIIEHUS AJIEKTPOCHAOKEHUS Ao bopmyie

P(A)=1— P(A) =0,195.
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II Tun 3apau. Vcnosue 3a0auu: B rpynme 10 CTyIeHTOB, NPUIIEAIIMX HA 3K3aMEH.
DK3aMeHaIMoOHHbIe OmneThl BKIo4YaroT 20 BompocoB. Tpu cTyAeHTa MOATOTOBIECHBI OMAUYHO -
3HatOT Bce 20 BOMPOCOB OMIIETOB; 4 CTYyJEHTA MOJATOTOBJICHBI X0pouio — 3HAIOT 16 BOIIPOCOB U3
20; 2 cryneHTa MOJATOTOBIEHBI yoosiemeopumenvrho — 3HaoT 10 BompocoB u3 20; 1 cTymeHT
MOJATOTOBJIEH A10X0 — 3HaeT 5 BompocoB u3 20. BbI3BaHHBIN CTyIEHT OTBETWJI Ha BCE TPU
BOIIpoca OuseTa.

Pemenue

a) BBenem 0003HaYCHHS THITOTE3 M COOBITHIA.

A - paBUIIBHEIH OTBET CTYJEHTA HA BCEe TPU BOMpPOCA OUITETa;
I'unoressl
BepostHocTn
TUIIOTE3
VY cn0BHBIE BEPOSATHOCTH

Hl - IIOATOTOBJICH OMJIUYHO,

P(H,)=0,3 :

P, (A=,

H, _ IOATOTOBIICH XOPOULO;
P(H,)= 0,4;

P, (M=,

H

3 - IOATOTOBJIEH Y0061€mE0PUMeNbHO;
P(H,)=0,2,

P Hy (A)= 2

H .- nogroronen nroxo.

P(H,)=0,1

Py, (A) = ?
0) [ns onpenenenust yCIOBHBIX BEPOSTHOCTEN MOXKHO MCIOJIB30BaTh 08d HOOX00d.

Ilooxoo 1. HemnocpencTBeHHBIH TMOACYET BEPOATHOCTEM Ha OCHOBE (OpMyI
KOMOMHATOPUKH 110 aHAJIOTUH C 33Jayamu paszena 1.1.3.

BCETO 20 20 20
EOMPOCOE
16 / \ 4 10 / \lU 5 / \15
3HaeT J7 HeT 3HaeT J7 HeT 3HaeT J7 HeT
m m m
10Ty UM 3 3 3
BOIIPOC  spqgeT 3HaeT 3HaeT

OB

C IMOMOLIbIO MMPUBCACHHBIX CXEM HAXOAUM YCIIOBHBIC BEPOATHOCTHU:
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PH1 A =1

Cy 1613117

4, (A) = 16 ~0,491;
C, 31131 20!
C; 1013117

P, (A)= = =~ 0,105;
S 3720
C. 513117

4, (A) =— ~8,7-107.
C5, 3121201

Ilooxo0 2. IlpuMeHeHne TeopeMbl IPOU3BEICHUSI BEPOSATHOCTEN 3aBUCUMBIX COOBITHIA.
[TockonbKy CTYAEHT [OJDKEH OTBETUTh Ha TpPU BoIpoca Owusera OJHOBPEMEHHO,
HEO0OX0IUMO ONPEEIUTh BEPOSITHOCTh MMPOU3BEACHUS TPEX 3aBUCUMBIX COOBITHIA:

A _orBer Ha NIEPBBII BONpoc OHeTa;

Ay _otBer Ha BTOPOIi BOTIPOC OMIIeTa;

s _ otser Ha TpeTuil Bompoc Ouera.

Ecimm CTYACHT NOATOTOBJICH OmiU4YHO, TO HpaBHJ’ILHBIﬁ OTBCT Ha TpHU BOIIPOCa 6I/IHeTa
C€CThb CO6BITI/IC AOCTOBEPHOC, T.C.
P, (A)=1.

Jlns onpeniesienns: yCIOBHBIX BEPOSTHOCTEN MPAaBUIILHOTO OTBETA Ha TPH BOIIpoca Ouiiera

IIpH THUIIOTE3aX H2 , H3 . H4 HCIIOJIB3YEM BBIPAKECHUC

Pu,- (A) = P(A, - A, 'Az):P(Al)'PAl(Az)'PAlAZ (A3),

P(A/HZ)—E 1518 5401,

EciM CTyIeHT IIOATOTOBJIEH X0POULO, TO 20 19 18

pasH)=20.19.18 4,05

EcnM CTyIEHT IIOATOTOBJIEH HOCPEOCHBEHHO, TO 20 19 18
P(A/H)=— —-—=8,7-10".

Eciu CTy/IeHT TIOATOTOBJIEH M10X0, TO 20 19 18

Kak BumHO, BTOpO# MOAXOM MPEANOYTHTEIbHEE, TaK KaK MO3BOJSET YMEHBITUTH 00bEeM
BBIYHMCJICHUM.

¢) Manee mo dhopmyIie MOTHONW BEPOSITHOCTH HAXOJAUM BEPOSTHOCTH MPABUIILHOTO OTBETA
Ha TPH BOMpoca OuiieTa 0 UCTIBITaHUS:

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

Pemnre 3apaun

3amaga 1. B rpynme 20 nbbDKHMKOB, 6 BenocurneaucroB, 4 OeryHa. BeposiTHOCTB
BBITIOJIHEHHSI KBATM(UKAIMOHHOW HOpMBI cieayromas: 0,9 ans  sgebokauka, 0,8 moas
Benocuniequcra, 0,75 s OeryHa. HallTm BeposSTHOCTH TOro, 4YTO Hayjaady BbIOpaHHBIN
CIIOPTCMEH BBITIOJTHUT HOPMATHB.

3amauya 2. B nepBoMm simuke Haxonutcss 20 neraned (M3 HuX 15 - cTaHmapTHbBIX), BO
BTopoM - 30 geraneii (24 craHmapTHBIX), B TpeTbeM - 10 netaneit (6 cranmapTHbIX). Haiiti
BEpPOSITHOCTh TOTO, YTO HAayAady HW3BJICUEHHAs JETab U3 HayJady BBIOPAHHOTO SIIIMKA OyIeT
CTaHJIapTHOM.

3agava 3. MmeeTcs deTbipe KUHECKOMNA. BEpOATHOCTH TOTO, YTO KUHECKONBI BBIJICPHKAT
rapaHTuiHbIA cpok. paBHbl: 0,8; 0,85; 0,9; 0,95. HaliTu BeposSTHOCTh TOTO, YTO HayJady B3sITHIN
KHUHECKOM BBIJEPKUT TapaHTUHHBINA CPOK.
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3amaua 4. M3 momHOro Habopa KocTel JAOMHMHO HayJaady H3BJIEYeHA KocTb. Haiith
BEPOSITHOCTh TOTO, YTO BTOPYIO BBITAIIEHHYIO HayJady KOCTb MOXHO OYyJeT NPUCTaBUTh K
TEePBO.

3agavya 5. B suuke coaepkKuTCA TpU AeTaid. B Hero moisioeHa emie OJiHa, MpUYEM
cranaaptHasd. OnpenenuTb BEpOSITHOCTh U3BJICUEHUS U3 SILIMKA CTAHJAPTHOM JIETalH, €CIH BCe
paccMaTpuBaeMble BApUAHTBI PABHOBEPOSATHBI.

JlomamHee 3aganue:

Pemmre 3agaun:

1. BepositHOCTh cpabateiBanus curnanuzaropa C1 pasna 0,8, a curnanmzaropa C2 — 0,9.
BepositHocTs npuobperenus C1 pasna 0,6, a C2 — 0,4. [lomyueH curHaia o HEUCHPABHOCTH
curHanu3aTopa. Yto BeposiTHee: Ha 00bekTe crout curHanuzatop Cl wim C2?

2. Jlns ydacTus B CTYACHYECKMX OTOOPOUYHBIX COPEBHOBAHUAX W3 MEPBOM IPYMIIBI
BBIJIEJICHO 4 YelloBEeKa, U3 BTOPOM - 6, U3 TpeTbel -5. BeposATHOCTh TOTO, UTO CTYJEHTHI IEPBO,
BTOPOW W TPeTheH TpyIIbl MONMAAYT B COOPHYI0 KOMaHIy MHCTHTYTa, PaBHbI COOTBETCTBEHHO:
0,9; 0,7; 0,8. K kakoif w3 Tpymm BeposTHEEe BCero OyaeT NpPUHAIJICKATh MPOU3BOILHO
BbIOpaHHBINA U3 COOPHOW KOMAH/IbI CTYAEHT?

IIpakTH4eckoe 3ansaTHe Ne 5

Tema: Boruncienue BeposSTHOCTEH cOObITHI B cxeme bepHysuim.

Heab: HayunThCst BHIYUCIATE BEPOSTHOCTU CIIy4alHBIX COOBITUH B cxeme bepHyiu

CpeacrBa o0y4yeHHMs: TeTpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUN, HTEepHET-
peCypCBIL.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHHS PadoThI:

1. PaccmMoTpuTe TEOpETUUECKUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYWTE PELIEHUE TUIIOBOM 3a1a4u.

KoHTpo/ibHBIE BONIPOCHI:

1. B kakux cinyyasx npumennma popmyna bepuymnmu?
2. Korna yno6nee npumenuts popmyiry I[lyaccona?
®opmy.a bepuyiim

[Ipumenenue popmynsl bepHyuM BO3MOXKHO NpH CIIEAYIOIIEH TOCTAHOBKE 3aJ1a4H.

n

HyCTB MMPOBOAATCA HE3aBUCHUMBIX I/ICHBITaHI/If/’I, B KaXJOM H3 KOTOPBIX MOXKCET

TIOSBUTBCA MM HE TIOSABUTHCA HEKOTOpoe coObitue A . M3BeCTHO, YTO BEPOATHOCTh MOSBJICHUS
A B 0JIHOM HCIIBITAHAU PABHA P a BEpOATHOCTH HEMosBJIeHHs 4\ cootBeTcTBeHHO 9 = 1=p,

HCO6XOI[I/IMO OIpe€aAciInuTb BEPOATHOCTH TOI'0, 4YTO COOBITHE AHpOHSOfII[GT POBHO B k

HUCIIbITAHUAX U3 n .

®opmyrna bepHyiu Mo3BoOJsS€T HAUTH BEPOSATHOCTH TOTO, YTO COOBITHE AnpomofmeT
POBHO B K ycnbrranmsx u3 .
_ o~k _k_n—k
P (k)=C,pq ,(0)
X n!

ch=— 7"
K!(n—k)! n

- KOJIMYECTBO COUYCTAHHH U3 10 k .

n

rae
o 2
Ecmu xommuectBo mcmbitanmii ! nocratouno Bemuko (107 u Beime), a BeposTHOCTH

—2
nosBIeHns 4\ B ogHOM Hcnbtanuy Mana (10~ i Himke), To IpuMenerne Gopmynsl BepHym
CBSI3aHO CO CJIOKHOCTSMU BBIUMCIIMTEIBHOTO Xapakrepa. B 3Tom ciyuyae ynoOHee MpUMEHUTH
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dbopmyny Ilyaccona, koTopas JaeT BO3MOXHOCTh Oojiee MPOCTO MOIMYYUTh aHAJIOTUYHBIE
pe3yJIbTaTHhI:

k
Pn(k)z’i—'e*ﬂ
/’t:n-p_

rie
[Tpumenss seipaxenus (0) u (1), MOXKHO HAalTH BEPOSATHOCTH 00JIEE CIIOKHBIX COOBITHIA:

a) nosiBierne coObitist A menee K pas B ! ucnbrrannsx
P O)+P 1)+..... +P (k-1). ©)

6) mosiBIeHKE cobbITH A Gonee k pa3 B N yenprranmsix
P (k+1)+P,(k+2)+...... +Pn(n),(3)

B) MOSIBIICHUE COOBITHS A ne menee K pa3 B N yenprranmsx
P (K)+P (k+D+....+P (n). (4)

r) nosiieHne cobbitist A we 6onee K pas B ' ucnsrranmsix
P (O)+P 1) +..... +P_ (k) (5)

Pemenne THNOBBIX 3a1a4

I Tan 3apayu. Venosue 3adauu: Cuctema 31€KTPOCHAOKEHUS 3aBOJla BKIIIOUAET BOCEMb
OJHOTHUITHBIX arperaTtoB, KaXAbIH M3 KOTOPbIX HAXOAWUTCS B paboyeM COCTOSHUHM C
BepoaTHOCTHIO 0,9. OnpenenuTs BEpOSITHOCT TOTO, UTO:

l. BCE arperatbl HaXOAATCS B pab0YeM COCTOSHUY;

2. BBIIIIJIO U3 CTPOSI MEHEE 3 arperaros;

3. B pabo4eM COCTOSTHUU HaXoAATcs He Oosee 6 arperaTos;
4. BBIIIIJIO U3 CTPOSI HE MEHEE 2 arperaTos.

Pemenne

1) A - BCC arpeFaTLI HaXOoOsATCs Gpa50ll€M CoOCmosHuu
p=09.q=1-09=0,1.
2 2

8 8 o 8 8
P,(8)=C5-09°-01° =—=-0,9° =0,43
AHanOTHYHBIN PE3YJIbTAT MOXKHO IOJIYYUTb, pCllasd 3Ty 3aJady OT 06paTHOFO, T.C. A.
p=1-09=0,1.q=009.

!
P,(0)=CP°-01°-0,9° =2 .0,9° = 0,43
0! 8!

Cnenyer oOpaTuTh BHUMaHHME HAa TO, YTO BEPOATHOCTH MOSBIEHUS COOBITHS B OJHOM
ucnertannn P B opMyse BepHy/IH 3aBHCHT OT TOTo, Kakoe coObITHe aHanusupyercs. Tak, B
nepsom Bapuante pemenns P = 0:9- 510 BeposTHOCTH pabGodYero COCTOSHHS, a BO BTOPOM
P =0.1_ 510 BeposTHOCTS BBIXO/IA H3 CTPOSL.

2) A - guiunu uz cmpos menee 3 azpecamos, T.e. 0, 1, 2 arperara.
JU1st BBIYMCIIEHUS BEPOSTHOCTH UCHIOJIB3yeM (opmydy (2)
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n=8. k=0,1, 2.

p=01. qg=0,9.

P,(0)+ P+ PR (2)=C,-0,1°-09°+C,-0,1'-0,9” + C; -0,1*-0,9° =
8! 8!

=0,9°+-—0,1-0,9” +——0,1>-0,9° = 0,96.
un7l 206!

3) A - B pabouem cocmoanuy HaxoaaTcs re bonee 6 azpecamog (ot 0 110 6).
n=8.k=0,1,2,3,4,5,6.

p=0:9;q=0,1_ ,

J171s1 BBIYMCIICHHST BEPOSTHOCTH MOXKHO MTPUMEHUTD JUIsl BEIUCIeHus hopmyiy (5)
FO)+ B0+ K2+ FEG)+ R4+ FK(5)+ F(6)

B stom ciyuae TpeOyeTcs NMPOM3BECTH JOCTATOYHO CJOXKHBIE BbIYMCIECHUS. OnHaAKO
MO>KHO HCIIOJIB30BaTh 00Jiee MPOCTOM MpUeM i PEeIIeHUs 3a7auu, €ClIU y4ecTh, YTO
PO+P D+P,(2)+.....+P, (n)=1
b

MOCKOJIbKY UMEET MECTO I0JIHAs IPyIIa COOBITHII.
Toraa nckoMyro BEpOSTHOCTh MOXKHO OIPENETUTh CIEAYIOLUUM 00pa3oM:

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

4) A - gorunu uz cmpos ne menee 3 azpeamos.

BeposTHOCTb cOOBITHS 4 MOXET OBITh BBIUHCIIEHA 1O GopMye (4)
B+ B+ B+ B 6)+ B(7)+F(®)

Hcrnonp3yemM pacCMOTPEHHBIN BBITIE PUEM, BRIYUCIUM BEPOSTHOCTH BbIXoa U3 cTpos 0,
1, 2 arperaToB U3 8, a 3aTeM OMPEEIIUM UCKOMYIO BEPOSITHOCTh CIEIYIOIIUM 00pa3oMm:

1-[P,(0)+P,(1) + B,(2)] =1-[C? -0,1° - 0,9° + C! - 0,1' -0,9” + C2 -0,1* - 0,9°| =

=1- {i 0,9 + 8 0,1-0,9” + 8 0,1° - 0,96} =0,038.

0! 8! 7 216!

II Tun 3apau._VYcnosue 3adauu: B 1iexe MeTasypruyeckoro 3aBoJla HCIOIb3YEeTCs
rpynna u3 100 OgHOTHUIHBIX AIEKTpoABUTaTeNied. BeposTHOCTh BBIXOJa M3 CTPOS KaxKJI0TO
anekTpoasuratens paBHa 0,02. Omnpenenuth BEpPOSTHOCTH TOTO, YTO B paboOyeM COCTOSTHUU
HaXOJUTCS HE MeHee 98 3JIeKTpoiBUTaTENeH 1Iexa.

Pemenne

Jlns ompeneneHus BEPOSTHOCTH HaXOXIEHUS B pabodyeM COCTOSHMUM He MeHee 98
AJIEKTPOJIBUTATENICH MOKHO MCIIOJIb30BaTh BhIpakeHue (4)

P (98) + Plyo (99) + B (100)

rae N :100; k =98, 99, 100;
p=0,98. g=0,02
; .
B atom ciydae TpeOyeTcss MPOBECTH CIIOKHBIE BBIYUCIICHUS. 3HAYUTEIBHO YNPOCTUTH
pelieHrue MOXHO, €CIU TMEePEeUTH K OMNPENEICHUI0 BEPOSTHOCTH BbIxona u3 ctpos 0, 1, 2
AJIEKTPOJIBUTATENICH, YTO TOJIHOCTHIO COOTBETCTBYET HAXOXICHUIO B pabO4YeM COCTOSHUM HE

MeHee 98 aneKkTpoaBUTaTenen
P (2) + oo (1) + Piog (0
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p=002.q=098

ITockomnbky ! mocratouno Gomsimoe, a P - marno, ymobree wcrmons3oBath (Gopmyity

ITyaccona (1)
A=n-p=100-0,02=2;
2 1 0
2 2 % o224 241)=0,677.
2! 1 o!

Jdomamnee 3aganue:
1. Haiitu BepositHOCTh TOrO, uTO mpH 400 MCHBITAaHUAX COOBITHE HACTYmHUT poBHO 104
pasa, eCJi BEpOSITHOCTh €r0 MOSIBJIICHUS B KaXJ0M onbITe paBHa (,2.

IIpakTnueckoe 3ansitue Ne 6

Tema: PemieHue THMOBBIX 3a7ad Ha BBIYHCICHHUE BEPOSTHOCTEH COOBITUH B cXeMme
bepnyinu.

Heab: HayunThCst BHIYUCIATH BEPOSTHOCTU CIIy4aifHBIX COOBITHH B cxeme bepHyiu

CpencrBa 00y4eHHsI: TETpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATUU, HTEepHET-
pecypchl.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. Pemure 3amaumn.

Pemure 3agaun

3amaua 1. B nexe umeercs 6 MoTopoB. BeposTHOCTH TOTO, 4YTO MOTOP B JJAHHBII MOMEHT
BKJIIOYEH, paBHa 0,8. HaifTu BEposSTHOCTh, UTO B JaHHBIM MOMEHT:

a) BKJIIIOUYEHO 4 MOTODA;

0) BKJIFOUEHBI BCE MOTOPBI;

B) BBIKJTFOUEHBI BCE MOTOPHI.

3amaua 2. HallTu BEpOSTHOCTH TOTO, YTO COOBITHE A TIOSIBUTCS B TSITH UCIIBITAHUSAX HE
MEHEE JIByX pa3, €CJIU BEPOSITHOCTD IMOSBICHUS €T0 B KaXJ0M HCIbITaHUU paBHa (,3.

3amaya.3. Monety OpocaroT 6 pa3. Haiitu BeposiTHOCTh TOTO, 4TO repO BBIMIAJIET:

a) MEHee JIByX pas;

0) HE MEHEee JIBYX pa3.

3agaya 4. BeposTHOCT, mnomagaHuss B 1€Jb NpPU OJHOM BbicTpene paBHa 0,9.

BeposiTHOCTh mOpaXkeHusl Leau Npu K nonamannsx paBHa 1—a" | Haiirn BEPOATHOCTH TOTO,
4TO 11e1b OyJeT YHUUYTOXKEHA, €CIIH CAETaHO 2 BBICTpeEa.

3agava 5. BeposTHOCTh MOpakeHHs MUILIEHU MPU OJHOM BbicTpene paBHa 0,75. Haiitu
BEPOSATHOCTH TOr0, 4To MuIIeHb Ipu 100 BeicTpenax OyneT nopaxeHa:

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

0) e 6onee 70 pas.

JlomamiHee 3a1aHue:

1. CoOpiTe B mosiBUTCA B TOM cilyyae, €clid COOBITHE A MOSBUTCS HE MEHEE JIByX pPas.
Haiitu BeposiTHOCTB TOTO, UTO HACTYNUT coObiTHE B, ecnu Oyner npousBeneHo 6 HE3aBUCUMBIX
OIIBITOB, B KaX/IOM U3 KOTOPBIX BEPOSTHOCTH MOSIBIECHUS cOObITHA A paBHa 0,4.

IIpakTHyeckoe 3ansitue Ne 7
Tema: Pemenue 3agau Ha 3anuck pacnpenenenus JCB.
Heab: HayunThcst BEIUKCIISATH BEPOSITHOCTH CITyYalHBIX COOBITUIN
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CpencrBa o0y4eHUsi: TETPaau [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
pECypCBHI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTE TEOPETUYECKUI MaTepHall IO TEME.

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

3. Pemure 3amaun.

KonTpoJbHBIC BONIPOCHI:

1. [ToHsiTE JOUCKpPETHOM CiIydyalHOW BEJIIMYMHBI, HENPEPBIBHON  Clly4yalHOMU
BETTMYUHBI, Psiia pacupeenieHus, GyHKIIUH pacpeIeICHNUS.

2. 3aKOHBI pacnpeleIeHUs CTyYailHbIX BEINYHH.

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

3aKoHBI pacnpe/jeeHus JUCKPEeTHbIX C/Iy4YaUHbIX BeJIUYUH

CayuaiiHo¥H Ha3bIBAIOT BEJIMUMHY, KOTOpask B Pe3yJIbTaTe OMbITA CO CIIyYalHbIM UCXO0/I0M
MIPUHUMAET OJHO U TOJIBKO OJTHO BO3MOXXHOE 3HA4YECHHE, 3apaHEe HEU3BECTHOE M 3aBUCAILEE OT
clly4aiiHbIX puuuH. Bee cimyuaiinpie Benmuunnbl (CB) nenstcs Ha JUCKpETHbIE U HENPEPhIBHbIE.

JAuckperHoii Ha3pBalOT caydaiinyr BeaumdyuHy ([JICB), koTtopas mnpuHUMAaeT
OTZIENIBHBIE, H30JIMPOBAaHHBIEC 3HAYEHMSI C OIIPEEIICHHBIMH BEPOSATHOCTAMU. B KauecTBe npumepa
MOHO IIPUBECTH BEIMYHMHY X, PAaBHYIO KOJMUYECTBY arperaroB dHEPrOCUCTEMBI, BBIMIEAIINX U3
CTpos, WM Y, PAaBHYIO BO3MOXHOMY KOJHYECTBY TpaHC(HOPMATOPOB pa3iIMYHONM MOILHOCTH,
KOTOpBIE MOTYT OBbITh YCTAHOBJICHBI B CUCTEME 3JIEKTPOCHAOXKEHUS palioHa.

HenpepsbiBHOIT Ha3biBaoT ciay4daiinyro Beanyuny (HCB), kotopas MoxeT npuHUMAaTh
BCE€ BO3MOXHbBIC 3HAUYEHUS U3 HEKOTOPOr0 KOHEYHOTO WM OECKOHEYHOIo MPOMEXKYTKA.
Hanpumep, 3HaueHHs HaIpsDKEHUH, TOKOB, TOTOKOB MOIIHOCTH IO JIMHUAM 3JIEKTpOIIEpEnad,
KOTOpbIE M3MEHSAIOTCS CilydallHbIM OOpa3oM 3a CYeT CIIy4allHOrOo H3MEHEHHs Harpys3ku B
JHEPIrOCUCTEME.

bunoMuanbHOE pacnpenesieHne

Takoif 3akoH pacnpeneneHus xapakrepen mis JICB X = k rpe K- xommuectso

n

MOSIBJIEHUI COOBITHSA AB HE3aBUCUMBIX HCIIBITAHUSAX. I/ISBGCTHO, 4TO BCPOATHOCTDH

ITOABJICHUA AB OIHOM HUCIBITAHMU OJWHAKOBA W PaBHA p . OTCIOJIa BHUIHO, 4TO X MOXKET

n

npuHUMaTh 3HaueHuss ot 0 70 , @ BEPOATHOCTb KAXKJOIO -/ BEIYHCIAETCS 10 (opMylie

bepnymn.

l\)'—“<3><
I
>~

n

P, (k)
P,(0)
P,
P,(2)

P, (n)
P,(k)y=Ckp“q"™
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B npakTtudeckux pacuerax OMHOMHAIBLHOE pacmpeserncHue 4acto coorBercTByeT JICB
Y = k , TAC k - KOJIMYCCTBO BBIIICAIINX H3 CTpOSI (I/IJII/I HaxXoIAIuxXCcsa B pa60qu COCTOHHHH)
arperaToB HEPrOCHCTEMBI, 11€Xa, OTIEIbHBIX OJIOKOB TEXHHWYECKOTro ycTpoicTBa. Korma n
JIOCTaTOYHO BEJIMKO, a p Mmano, mis onucanus JICB ucnons3yercs 3akon I[lyaccona. [1pu stom
BEPOATHOCTH IOSBIICHUS Xi BRIUMCIIAIOTCS TI0 dbopmye [Tyaccona.
X =k
0

1

2

n

P, (k)

P.(1)
Pn (2)

P, (n)
P k)=t e
k!
TeomeTpuueckoe pacnpeneienne cootBerctByer JICB X | papHoit k. YUCIy
MICTIBITAHNH, KOTOphlE HEOOXOAMMO MPOM3BECTH IO MOABJIEHMS coObITHA 4, T.e. B k=1
MCTIBITaHUH 4 He TIOSABIANOCH. BeposATHOCT MosiBIeHHs A B KaKI0M HCIILITAHAN PaBHA P ue

IIOSABJICHUS - qd

X

W N~

=

P(X =k)= pqg"™
I'mnepreomeTpuyeckoe pacnpeaeaeHne

TIpuMeHsIeTCs K YCIOBHHU 3a1adH, CBOIAIIEMCS K Clieyiomeii mocraHoBke: B ypue I -

6enbix, D - uepnpix mapos, u3 Hee Benymn ! mapos. Haitti BepositHOCTS Toro, uto ! mapos
u3 11 - Genbix. Takum o6pazom, X - JICB, pasHas unciy M Genbix mapos u3 1.

X

0
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n
P
Po
D,
25

D,
Cc/C,™
Cn

a+b

P =P(X =m)=

PenieHue TUNIOBOM 3a4a4u

TeXHUYEeCKOe YCTPOWCTBO COCTOMT W3 TpeX (YHKIMOHAIBHBIX OJOKOB, KaXIBIH W3
KOTOPBIX BBIXOIHT U3 CTPos ¢ BeposTHocThIo 0,3. Jluckpernas CB X - 310 KomimuecTBo 6710KOB,
peimenmux u3 crpos. Ioctpouts mms JJCB X  psan pacnpenenenus, onpenenuts (yHKIHIO
pacnpezeneHus, IoCTpOuTh rpaduk QYHKIUU pacipeielIeHHs.

Pemenue

a) Jluckpernas CB X moxer npurumars 3Havenus 0, 1, 2, 3.

[TockonpKy TIOCTaHOBKAa 3aJa4d COOTBETCTBYET OWHOMHAIBHOMY 3aKOHY, IS
BBIUHCIICHHSI BEpOSTHOCTEH Hcnonb3dyeM popmyny bepuymmm (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 p=1
Jnst npoBepKH MPaBUIILHOCTU BBIYMCIICHUN HAlEeM, 4TO (=1
P,(0)+ P,(1) + P,(2) + P,(3) = 0,343+ 0,441+ 0,189 + 0,027 = 1.

Psin pacnipenenenus JICB X umeer BUI
X

0

1

2

3

p
0,343
0,441

0,189
0,027

0) Ucnonb3ys (1.20), 3anumemM QyHKIHIO pactpeaeneHus F(X) AHATMTHYECKH, a 3aTeM
MOCTPOUM ee Tpaduk
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0 npu x<0
0,343 npu 0O<x<1
F(x)=40,784 npu 1<x<2
0,973 npu 2<x<3

1 npu x>3

I'paduk dpynxruum pacnpenenenns JJCB X :

F
1 _____

0,973~ — — "—_l_

0,784|— —I—I

|

0,343 —1

]

1

|
o
.
L
| i
2 3

X

Jdomamnee 3aaHue:
1.CocTaBuTh 3aKOH pacHpeneNieHusl CIy4ailHOM BeIWYMHBI X, BO3MOXKHBIE 3HAYEHUS

X,=2,X,=5X,

KOTOpOf/'I PaBHBI: :8. H3BecTHBI BCPOATHOCTU IICPBLIX JABYX BO3MOXKHBIX

snavennit; £1 =0-4 P, =0.15
IIpakTnueckoe 3ansitue Ne 8

Tema: I'paduk. CpoiicTBa uncinoBbix xapaktepuctuk JICB Brraucienue xapakTepucTuk
JICB. Brruncnenue (¢ noMolpio cBoicTB) Xapakrepuctuk pynkuii ot JJCB Heas: Hayuntbes
BBIUUCIISATH BEPOSTHOCTHU CIIYYalHBIX COOBITHIA

CpeacrBa 0o0y4yeHHMs: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTEepHET-
pecypcehl.

Coaepsxkanue ¥ NOPAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTpuTe TeOpeTHdyecKuid MaTepua o TeMe.

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

3. Pemute 3anaum.

KoHnTpoJibHBIE BONIPOCHI:

1. IloHsATHE OUCKPETHOH Cily4aliHOM BEIMUYMHBI, HEIPEPHIBHOW CIIy4ailHON BEJIMYMHBI, psJia

pacripenenenusi, pyHKIIUH pacrpeeeHusl.

2. 3aKOHBI pacHpeIeeHNs CIIyYaiHbIX BEINYMH.

3. Ot 4ero 3aBucHT (hopMa NPEICTABICHUS 3aKOHA pacIpeeTICHUS.

3aKOHbI pacnpejejleHus JUCKPEeTHBIX CJIy4alHbIX BeJIUYUH

HawnbGosiee mosHON XapaKTepUCTUKOW JIFOOOW CIIydyalHOW BEJIMYMHBI SIBIISICTCS 3aKOH
pacnpeznenenus. @opma mpeACTaBIEeHUS 3aKOHA pAclpeieseHUs] 3aBUCUT OT BHJA CIy4alHOM
BennuuHbl. s JICB monx 3akoHOM pacmpenenieHuss MOHUMAEeTCs COOTBETCTBHE MEXKIY €€
BO3MOKHBIMU 3HAYEHUSIMH U UX BeposTHOCTAMHU. [Ipu aTom 3akoH pacnpenenenus JJCB moxer
OBITh 331aH CIEAYIOUINM 00pazoM:

mabauyHo — B BUJIE PAa pacnpe/iesieHust

X

X
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Pr

aHanumuyecku — B BUJe ABHON PyHKIUH

P(X =x)=Y(x,)

HaIpUMep, 3T0 MOXKeET ObITh hopMyiia bepHysuum

P,(k)=C,p"q""

C IIOMOHIBIO (l)yHKIII/[I/I pacnpeaecjicHust

Fx), KOTOpasi SBISIETCS YHUBEPCAIbHOU

XapaKTepUCTUKOM 3aKOHA paclpeiesieHHs U He 3aBUCHUT OT Buga CB

F(x)=P(X < x);
F (=) =0;
F(+e0)=1.

F

1l T —
P3|
P
F_

P3

3
Z p =1
P

Hns JUCKPETHBIX CB byHKUMA

pacnpez[eﬂeHmF () 3TO  HeyObIBaromias,

paspbiBHas ~ CcTyneHuatas  (QYHKUMSA,  KOTOpas
rpaduuecKu A psAaa U3 Tpex 3Ha4eHUH UMeeT BU
X

epaghuyecku — B BUIe MHOTOYT0JILHMKA pacnpe/iejieHus, KOTOPBI CTPOUTCS MO TOYKaM

(%> Pi) B nexapToBOii cucTeMe KOOPIAMHAT M [ psjga u3 Tpex 3Hauenuii JICB MOxeT MMeTh

BHJT
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B xadecTtBe Hauboyiee dYacTo HCIIOJIb3YEMbBIX B
xl xz x.?:X MPAKTUYCCKUX pacuYCTax MOKHO BBIACIWUTL CICAYIOIIUC

BUJIbI 3aKOHOB pacnpeaenenus 1 JJCB.

Pemnre 3agaum:

1. BepostHOCTb poxaeHuss B cembe Manpuyuka pasHa 0,515. CocraBuTh 3aKoH
pacnpeziesieHusl Cily4aiiHOM BeJNWYMHbI X — 4YKcia MaJbYMKOB B CEMbSAX, UMEIOIIUX YETHIPEX
nereit. [loctpouts rpaduk pacrpeneneHus

BeposATHOcTel. HallTh  maremarudyeckoe  OXUIaHUE, JUCIEPCUI0 U CpelHEe
KBa/IpaTHUECKOE OTKJIOHEHHUE.

2. BeposITHOCTBH TOTO, UTO MOKyHaTelb COBEPLIUT MOKYNKYy B marasune, 0,4. CocTtaBuTh
3aKOH paclpeiesIeHus CIly4aiHOM BEIMYMHBI X— 4uCia ITOKyIaTelel, COBEPIIUBIINX ITOKYIIKY,
€clIi MarazuH mnocetwsio 3 mokynarens. HaliTu maTemaruyeckoe OXXUAAHHUE, TUCHEPCUIO U
CpeaHee KBapaTUYECKOE OTKIOHEHUE CITyYailHON BEJIMYMHBI X.

3. B rpynne u3 10 cmoprcmenoB 6 MactepoB crnopra. OTOmparoT (mo cxeme 0e3
BO3BpalieHus) 3-x crnoprcMeHoB. COCTaBUTh 3aKOH pacIpesiesieHus] CydyallHOM BETWYMHBI X-
qHcIa MacTepoB CIOpTa M3 OTOOpaHHBIX CHOpTCMEHOB. HaiiTm maremaTHueckoe OXHIaHUE
CIIy4ailHOM BEJTUYUHBI X.

JlomaliiHee 3aaHue:

1. UrpanbHas kocTh OpouieHa Tpu pasa. HamucaTh 3akoH pacnpezeneHus 4ucia
MOSIBICHUH «ILIECTEPKI.

IpakTnueckoe 3ansitue Ne 9
Tema: ®opmyna bepuymm. 3akoH pacnpeneieHus ClydaifHON BETUYNHBI

Heas: HayunThest npuMensaTh popmyny bepuysm.

Cxema bepHymnu - 53TO KOrja MpPOU3BOJUTCS N- MOBTOPHBIE MCHBITAHUS NPU HEU3MEHHBIX
YCIOBUSIX HMX TIpoBeAeHMs. B Xone wucneitanus (UKCUPYETCS TMOSBIEHHE HEKOTOPOTo
CIIy4aifHOTO COOBITHS A, BEPOSTHOCTH MOSIBIEHUS KOTOPOro — P(A) He 3aBUCUT OT pe3yJbTaToB
MpEeABIAYIIUX HCIBITAaHUN W ocTtaeTcss HeusmeHHOM ( P(A)=const ) mMpUIIOBTOPEHHH OTBITA.
Takue uWCHBITaHUS HA3BIBAIOTCS HE3aBHCUMBIMHU, a CXeMa MPOBEJICHHUS HWCIBITAHUNH HOCUT

HasBaHue cxeMbl bepuyiu. BepostHocts M Il Toro, uro cobbiTHe A HaCTYIMT POBHO M pa3
B N HE3aBUCUMBIX UCIBITAHUAX, y,Z[OBJIeTBopHIOIHI/IX I%ICJIOBI/I;IM cxeMbl bepHyiuu paBHa:

By = CaP

rre :p=P(A)-BeposTHOCTb HACTYIUICHUS COOBITUS A; U q—l-p.

ITycTh mpoU3BOAUTCS N HE3aBUCUMBIX UCIBITAHUH, B KAXKAOM M3 KOTOPBIX COOBITHE A MOXET
1100 MOSIBUTCS, TMOO HE MOABUTCS. BepoaTHOCTH p MOsSBIEHHUS COOBITUSI A BO BCEX HCIIBITAHUIX
IIOCTOSIHHA M HE U3MEHSAETCS OT UCIBITaHUs K UCIIBITAaHUIO. PaccMOTpUM B KauecTBe Ci1ydaiHON
BEJIMYMHBI X YHCIIO NOSABICHUN COOBITHS A B 3TUX UCHIBITAaHUAX. DopMyIia, MO3BOJISIOIIAS
HalTH BEpPOSATHOCTD MOSIBIEHHsI COOBITUS A poBHO K pa3 B n UCHBITAHUAX, KAK U3BECTHO,
omnuceiBaeTcs popmyioit bepaynnu
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Pk =C 5 pfig™ .(6.1)
Pacnipenenenne BepostHOCTEH, onpenensiemoe ¢popmyoi bepHysum, Ha3pIBaeTCs
OMHOMUAIILHBIM.
DTOT 3aKOH Ha3BaH "OMHOMHUAIBHBIM" TOTOMY, YTO IIPABYIO YaCTh MOKHO PacCMaTpHUBaTh Kak
001Kt uieH pasnoxxeHus 6mHoma Herorona
n-k _k

(p+q@)" =Cp"+C) 'p"lq+...+Chp" g+ +Clq"
3amnuireM OMHOMHUAILHBINA 3aKOH B BUAE TaOJIUIIBI

X n n—1 k 0

n—1

P p" np"'q Cr phg™k q

Haiigem yucioBbie XapaKTEpUCTHKHU 3TOTO PACIIpeICTICHHS.
[To onpenenennto Mmaremaruyeckoro oxuganus aisa [JCB umeem

n n
MIX1=3 xp; = 3 kCyp*q" "
i=l =0
3anuiieM paBeHCTBO, SBIISIONIEECS OMHOM HLIOTOHa

k=0
u poaudepeHmpyeM ero 1o p. B pesynabrare moxyunm

n
n(p+q)" ' =3 kCyp"lqh

k=0

YMHOXUM JIEBYIO U IIPABYIO YaCTh HA P:

n
np(p+q)"" =3 kCyip“q" " =MIX]
k=0

VYuuteiBas, uro p+q=1, umeem
MIXT=np.(6.2)

Wtak, MaTeMaTH4eCKOe 0XKUJAHHUE YHCIIa IOSABICHUNA COOBITHH B N HE3aBUCUMBIX UCTIBITAHUSAX
PaBHO NMPOU3BEACHUIO YUCIIa UCIIBITAHUHN N HA BEPOATHOCTD P MOSBICHUS COOBITUS B KaXKI0M
UCIIBITaHUU.
Jlucniepcuio BEIYUCIUM 110 (hopmyJie

DIX]=M[X?]- M?[X]
s aToro Haitaem

-k
MIX?1 = Y kCh ptq”
k=0 .
[IpenBaputensro npoauddepenupyem popmyiy Ounoma HeroTona aBa paza 1o p:
n
n-2 _ k k-2 _n-k
n(n- D(p+q)" * =Y k(k- DC, p*~ *q
k=0

Y YMHOXHM 00€ 4acTH paBeHCTBa Ha pz'

n(n- 1)p- Zk Chphg™ k= ZkC

=M[X?]- M[X] =M[X?]- np.
HaxXOIUM
M[X?] =n(n- 1)p2 +np :nzp2 - np2 +np.
CnenoBartensHO,
D[X] =M[X?]- M?[X] =n2p2 - np2 +np - 112p2 =np - np2 =npq.
Wtak, nucniepcusi OMHOMHAILHOTO pacIpe/esieHUs] paBHa
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DIX1=npq_(6.3)
JlaHHBIE PE3yJIbTaThl MOXKHO MOJIYYUTh M U3 YUCTO KAYECTBEHHBIX paccyxaeHuid. OOmiee 4nucio
X NosIBIIEHUH COOBITHS A BO BCEX UCHBITAHUSAX CKJIAJBIBAIOTCS U3 YUCIIA MOSIBICHUN COOBITHS B
OTAENbHBIX UCbITaHUAX. [T03TOMY ecnm X — YMCII0 NOABICHUNA COOBITHS B IEPBOM HCIIBITAHUH,
X, — BO BTOPOM H T.J., TO O0IIEe YUCIIO NOSBIEHUHN COOBITHS A BO BCEX UCHBITAHUSIX PABHO

X=X+Xy+...+X,. [1Io cBOMCTBY MaTEMaTUYECKOTO OKHUAAHUS:
M[X] =M[X;]+M[X, ] +... +M[X,, ]

Kaxnoe n3 cnaraeMbIx IpaBoif 4acTH paBEHCTBA €CTh MaTEMAaTHUECKOE 0XKHUAHHUE YHCIIA
COOBITHIA B OJTHOM UCTIBITAHUH, KOTOPOE PaBHO BEPOATHOCTH cOObITHs. TakuM 00pazom,
M[X]=p+p+...+ p=np
I1o cBoOiCTBY nucniepcuu:
DIX]=D[X;]+D[X,]1+... +D[X,]
_ 21_ M21% . 2
Tak xax PLXi 1 =MIXi]1- M7LX; ], a MaTeMaTU4IeCKOe OXKHUIAHHUE CITydaitHON BeHUHHBL i ,
KOTOPOE MOYKET MPUHUMATH TOJBKO [[BA 3HAUEHHUs, @ UMEHHO 17 ¢ BeposTHOCTBIO p 1 07 ¢

BEPOSTHOCTBIO (, TO MIX?]=p . Takum o6pa30M,D[Xi 1=p- p* =p 9B pesynsrare,
noJy4aem
D[X]=np+np+...+np =npq_
Bocnonp30BaBIIuCy NOHATHEM HavaIbHBIX U LIEHTPATHLHBIX MOMEHTOB, MOXKHO MOTYyUUTh
(hOpMYIIBI TSI ACHMMETPHH | JKCIecca:
A=9-P g_1-6pq
Jnpq’ Pq (6.4

& E,] (j()

04 r
p=03 p=0.7

' | | 1 'y
i} L

0 1 2 3 4 5 ] T

o e

>
k

PucyHok
MHOTOYTOIPHUK OMHOMHUATIBFHOTO PACTIPEICIICHHS UMEET CIIeyIomuii BU (cM. puc. 6.1).
BepositHocT P, (k) cHavana Bo3pacraer npu yBenuueHuu k, 1octuraet HauboIbIIETo 3HAYCHUS U
naniee HauMHaeT yObrIBaTh. buHOMMaNbHOE pacnpe/esieHne aCHMMETPUYHO, 33 UCKITIOUEHUEM
ciryyas p=0,5. OTMeTuM, 4TO IpU OONBIIOM YKCIIE UCTIBITAHUN N OMHOMHATIBHOE paclpeieieHue
BeCchMa OJIM3KO K HOpMalibHOMY. (OG0CHOBaHUE ITOTO MPEJIOKEHHUS CBSI3aHO C JIOKATBHON
TeopeMoit Myaspa-Jlamaca.)
Yucno my HaCTYIUIEHUI COOBITHS Ha3bIBAETCS HAUBEPOATHEHIIINM, €CIIH BEPOSITHOCTh
HACTYTUICHUsI COOBITHS JaHHOE YHCIIO pa3 B ATOM cepuu UCTIBITAaHUHN HanbobIIas (MaKCUMyM B
MHOTOYTOJIbHUKE pactipeneneHus ). [ljis OMHOMUaIbHOTO pacrpeaeacHus

np- q=mg <np+p g s)
3ameuanue. /JJlaHHOE HEPAaBEHCTBO MOKHO JI0OKa3aTh, UCIOIb3Ys pEKYPPEHTHYIO popMyITy 1Uis

OMHOMHUAIIBHBIX BepOHTHOCTCﬁI

P,k +1) =R 1"k

—— P (k
q l+k n (k)

(6.6)
[Tpumep . [Jonst u3aenuii BeICIIEro COpTa Ha JAHHOM Npeanpustuu coctasisieT 31%. Yemy
pPaBHO MaTeMaTHYECKOTO OXKU/IAHUE U JAUCIIEPCHUS, TAK)KE HAUBEPOSTHEHIIIEE YHUCIIO H3/ICTHIA
BBICILIEI'O COpPTA B CIIy4ailHO OTOOpaHHOM napTuu u3 75 uzngenuii?
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Pemenue. [lockonbky p=0,31, g=0,69, n=75, T0
M[X]=np =75-0,31=23,25; D[X] =npq = 75-0,31-0,69 = 16,04.
JInst Hax0KIeHUSI HAMBEPOSTHEMUILIETO YUCIIa My, COCTABUM JIBOMHOE HEPABEHCTBO
0,75-0,31- 0,69 <my <75-0,31+0,31 = 22,56 <m, <23,56

Orcrona ciemyert, 9To mo = 23.

IIpakTyeckoe 3ansaTue Ne 10

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

Hean: HayunTtecs BeuncsaTh xapakrepuctuku ICB.

CpencrBa 00y4yeHHUsi: TETPaIu JUIsl BHITIOJIHEHUS MpakTHUeCKuX 3ausaTHii, MS Excel.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmMoTpuTe TEOpETUUECKHUI MaTepHrall 1o TEME.

2. BcniomHuTe METOAMKY BblunciaeHus xapaktepuctuk JICB.

3. 3aKOHCIIEKTUPYHUTE TIIOCCAPUA.

3. Beruucaure yncioBsle xapakrepuctuku JJCB npeioxeHHoro psna,
MIPOAHAIU3UPYHTE CMBICII ITOJYYEHHBIX YUCIIOBBIX 3HAYEHUHN BEJINYMH.

4. Ucnonw3yiiTe 11 TpoMO3JIKUX pacueToB xapakrtepuctuk JICB Hanctpoliky «Ilaker
aHanu3ay npunoxkenus MS Excel

KoHTposabHbIE BONPOCHI:

1. [TonsiTHE MUCKPETHOM Cily4ailHOWM BEJIMYMHBI.
2. Xapakrepuctuku [[CB.
I'noccapmit
Ne i/
Ha3zBanue

(xapakrtepuctuka JICB)
AJaroputM onpeaesaeHnss Hid GopMyJia BbIYUCICHUSA
Conep:kareJIbHBII CMBICJI
1
MorHoCTh psifia (c4er)
HOIIC‘-IGT KOJIMYECTBA 3JICMCHTOB
KonunuecTBo 351€MEHTOB psijia

MunumMyMm
ITonck MUHUMATBHOTO 3HAUCHHUS
MuHuManbHOE 3HaYEHUE ALl

Makcumym
ITonck MakCUMaAJILHOTO 3HAYCHUS
MaxkcumanbHOE 3HaUEHUE psia

Pazmax (Muatepnai)
BbruncnuTh pazHully MeXIy MaKCUMAaJIbHBIM U MUHUMAJIbHBIM 3HAYE€HUSIMU
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PaSHI/II_Ia MECXKAY MaKCUMaJIbHBIM 1 MUHUMAJIbHBIM 3HAYCHUAMUA

5
Cymma
CymMupoBaTh Bce 3HaUCHUS
CyMMa Bcex 3HaUYE€HUU

6

Moga
[Touck HanboIee YaCTO BCTPEUAIOIICECs 3HAUCHUS
Haubonee yacto BcTpeuaroieecs: 3HaUCHHUE
7
Menuana
[Touck 3HaueHus psiaa, KOTOPOE JEIUT PAHKUPOBAHHBIN P/l HA IBE paBHbIC YACTH
3HadeHue psga, KOTOPOE JACIUT PAaHKUPOBAHHBIN Psi/l HA IBE€ PaBHbIC YaCcTU
8
Cpennee
_ 1
X = ; . ZX‘.
Cpennee apupMeTHIECKOE BApUAITMOHHOTO psiia
9

Hucnepcus
D(X)=M{x ~M(x)]'}
0 = n'zl.D

XapaKTepmyIOT CTCIICHDb p836p0021 BCEX 3HAUCHUU BapHallMOHHOI'O psAlda OTHOCHTCIIBHO

CpCAHCTO 3HAYCHUA

10
CpennekBaapatuueckoe oTkIoHeHue (CTaHAapTHOE OTKIOHEHHUE)

o(X)=.D(X)

Sn = SH

11
CrannmapTtHas ommoOKa
«ITaker ananm3a» npunoxenuss MS Excel
OrneHka cpeTHEKBaAPATUYHOTO OTKIOHEHUS! BBIOOPOYHOTO CPETHETO

12
ACUMMETPUYHOCTD
«ITaxet ananu3zay» npunoxenust MS Excel
Br16opounbiii KO3DPUITUEHT aCUMMETPUHI

13
DKcuecc
«ITaker ananmza» mpmioxenuss MS Excel
Br16opounslii koadduimeHT sKciecca
Yucaosbie xapakrepuctuku JICB psga

pan -1
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pax -2
psax -3
pan -4
psan -5

Brruucnenue xapakrepuctuk J{CB ¢ nucnons3oBanuem Hajactpoiiku «llaker anamuza»

npunoxenuss MS Excel.
1. Ucnionb3yst TEXHOJOTUYECKYIO KapTy BbluMcauTe xapakrepuctuku JCB.
TexHoJI0THYECKASI KAPTA

CepBI/IC - HaﬂCTPOﬁKH — [MaKET aHaJIM3a — aHaJINu3 JaHHBIX — OIIMCATCI/IbHAsA CTaTUCTHKA:

BXOJIHOMU HHTCPBAJI — 11O CTOJ'I6I_Iy — BBIXOJIHOMU HHTCPBAJ — UTOIOBAs CTATUCTHKA — YPOBCHb

HaAgCXKHOCTH

2. CpaBHI/ITe IMMOJIYYCHHBIC 3HAYCHHA C 3TAJIOHOM, clleNalTe BBIBOBI.

DTanoH.

pao - 1
pao -2
pao -3
pao -4
Cpennee
Cpennee
Cpennee
Cpennee
CrannmapTHas omuOKka
CrannmapTHas omuOKka
CrannmapTHas omuoKka
CrannmapTHas omuoKka
Menuana
Menuana
Menuana
Menuana
Mona
Mona
Mona
Mona
CranmapTHOE OTKIIOHEHHUE

CranmapTHOE OTKIIOHEHHUE

3,5
3,5
3,5
3,5
0,269
0,342
0,401
0,619
3,5
3,5
3,5

~ B

0,85
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CranaapTHOE OTKIIOHEHHE
CranaapTHOE OTKIIOHEHHE
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Okcuecc
0,1
Okcuecc
Okcuecc
Okcuecc
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
NHurepBan
NHurepBan
WNHurepBan
WNHurepBan
Munumym
Munumym
Munumym
Munumym
Makcumym
Makcumym
Makcumym
Makcumym
Cymma
Cymma
Cymma
Cymma

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

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

35
35
35
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35

Cuet
10
Cuet
10
Cuet
10
Cuet
10
YpOoBeHb HAJC)KHOCTH
0,608
YpOoBeHb HAJC)KHOCTH
0,773
YpOoBeHb HAJC)KHOCTH
0,908
YpOBeHb HAJC)KHOCTH
1,401

Jdomamnee 3aganme: [Ipoanann3npoBaTh BapuallMOHHBIN PsJT

IIpakTnyeckoe 3ansitue Ne 11

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

Heanb: Hayuntbes BHIYUCIATH BEPOSITHOCTH (JIJ1s1 OTHOMEPHOTO CITydasi, Uil IBYMEPHOTO
ciydas, AJig TpocTeHmuX (QyHKUMA OT JBYX HE3aBUCHUMBIX PAaBHOMEPHO pachpeelIEHHbBIX
BEJINYHH)

CpencrBa 00y4yeHUsI: TETpaau ISl BBIMOJHEHUS NPAKTUYECKUX 3aHATUU, HTEepHET-
pecypcehl.

Coaepikanue ¥ NOPSAI0K BbINOJTHEHHs PadoThI:

1. PaccmoTpuTe pelieHne TUIIOBOM 3aJauu.

2. Pemmre 3ana4u.

KoHnTpoJibHBIE BONIPOCHI:

1.ITonsaTne OmHOMHUANBLHOTO pacnpenencHus, [TonaTne OMHOMHUAIBHOTO pacIpeneCHHs.
ITonstue reOMETPUUYECKOTO pacnpeneneHus, XapaKTePUCTUKHU reOMETPUUYECKOTO
pacnpeeseHusl.

2. Ilonatne  OMHOMMATIBHOTO  pPACHpPEHCNCHHS, XapAKTEPUCTHKH  OMHOMMAIBHOTO
pacnpeeseHusl.

3. [loHsiTHE TEOMETPUUECKOTO paclpeesieHusl, XapaKTepUCTUKU N€OMETPHUUECKOIO
pacnpeseseHusl.

Pemenue TunoBoi 3agaun

Kaxxprit msaTeiii OuseT jgotepen — BRIMTPHIIIHBINA. KakoBa BeposTHOCTH TOTO, uTO M3 10
PUOOPETEHHBIX OUIIETOB J1BA OUJIETa OKAXKYTCS BHIUTPHILIHBIMU?

Pewenue

[Tposepsiercst 10 6uneros, T.e. mpoBoauTcs 10 HE3aBUCUMBIX UCTIBITAHWA. BeposaTHOCTH
BBIMTPHIIIA B KaXA0M ucmbiTanud p =1/ 5= 0,2 , Torna q = 0,8 . Mckomyto BepOsSTHOCTb
HaxoauM 1o ¢hopmyne bepuynmu, mojoras n = 10, m = 2.

P,(2)=C," p*q°=36-0,2°-0,8° =~ 0,242,

Pemnre 3agaun:

1. Tpuauats BoceMb CTYZEHTOB KOJUIEAXKA CIIAJIM SK3aMEH 10 CTaTHCTHKE HA OTIIMYHbIE U
XOopomye OTMeTKH. YeMy paBHa BEpOSATHOCTh TOTO, YTO B cCiy4aiiHoil BbeIOOpKe u3 100
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CTYIEHTOB Mo KkpaiiHedr mepe 30 OKaXyTCs C XOpOIIMMHU U OTIUYHBIMU OLEHKaMHU IO
CTaTUCTHUKE?

2. BeposITHOCTh M3rOTOBIIEHUS MPOAYKIMHU BhICIIEro kayectBa GpupMoii coctasnser 0,9.
Ckonmbko HEoOXomMMO O0CIeNnoBaTh E€AWHHI] TPOMYKIMH, YTOOBI C JOBEPHUTEIbHON
BepoATHOCTBhIO 0,95 MOXHO OBLIO YTBEPk AATh, YTO MOJS MPOIYKIIMH BBHICIIErO KauecTBa IO
BBIOOpKE OYAET OTKIOHATHCS OT MOCTOSIHHOM BEPOSITHOCTH 10 MOy IO He Oosee yem Ha 0,037

3. TpuauaTe BOcEMb CTYACHTOB KOJIJIEKA CIIaIH IK3aMEH 10 CTaTUCTUKE HAa OTJIMYHBIE U
XOpolme OTMETKH. Uemy paBHa BEpOSTHOCTh TOTO, YTO B ClIy4aiiHOW BbIOOpKe u3 100
CTYJIEHTOB 1O KpaiHeld Mepe 30 OKaxyTCs € XOpOIIMMH M OTJIUYHBIMU OLIEHKAMH IO
CTaTUCTHUKE?

I[OMaIHHee 3aJaHME: COCTaBbTE aJlrOPUTM 000 13 3aJa4 I10 TCMC.

IIpakTyeckoe 3ansaTue Ne 12

Tema: BrrunciieHue BEpOATHOCTEN U HaxoxJieHue xapakrepuctuk 1 HCB ¢ moMorisio
(GYHKIMU TUIOTHOCTH M MHTETPAJIBHON (DYHKUIUH pacrpeiereHus

Heanb: HayunTbcs BEIUMCISATH BEPOSTHOCTH U Xapakrepuctruku HCB.

CpeacrBa o0y4yeHMsi: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, HTEepHET-
pecypcehl.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTtpuTe TeOpeTHUECKHN MaTepUal MO TEME.

2. Pemmre 3anaum.

KoHTpoabHbIE BONPOCHI:

1. [Tousitue HCB.

2. Ilonsitue paBHOMEepHO pacnpenenéaHot HCB.

HenpepbIBHOM Ha3bIBAIOT CJOYYalHYH) BeJHWYHHY, KOTOpas MOXET NPHUHHMATh BCE
3HAYEHHUS U3 HEKOTOPOTO MTPOMEKYTKA.

3akoHoM pacnpeaejeHusi (WM WHTETPadbHON  (QYHKIMEH  pacrpeeeHHs )
HenpepbIBHOI ciay4yaiiHoil BequunmHbl X HazbiBaeTcsa (yHKuus F(X), paBHas BepoATHOCTH
TOrO, 4TO X MPHUHsIA 3HAYEeHUE MeHbIIE X:

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

IInoTHOCTHIO pacnpeneienus (Wi auddepeHnmnanbHON (yHKIMEH pacnpeaeieHus)
HenpepbIBHON ciy4yaiiHoii BeamunHbl X Ha3bpiBaeTcs (yHKmms f(X), paBHas MPOU3BOIHOMN
MHTErpalbHOM (PYHKIMM pacripeiesIeHus

f(x)=F'(x).

B wacTHOCTH, BEPOATHOCTH TOTIATAHMS CIIyJaifHOM BEJIMUMHBI B UHTEpBa ( a ; b ) paBHa:
b
Pla< X <b)= j f (x)dx = F(b) — F(a).

Marematuueckoe oxuaanue M(X) u aucnepcusi D(X) HempepbIBHOM cityuyaiiHOM
BEJTMYMHBI ONIPEEISIFOTCS Yepe3 HECOOCTBEHHBIE MHTETPAIIBI:

M(X) = [xf(dx, D(X)= [[x=M@GO]* f(x)dx.

Bce cBoiicTBa aucnepcud M MaTeMaTUYeCKOro OKMJaHus, ycraHoBieHHble st JICB,
coxpawnsitorest st HCB.
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3ameuanue: Ecmm pacapeaciceaue CHUMMETPUYHO, TO €ro moJga, Me€JuaHa ¢
MAaTEMATHYCCKOEC OXXKHNIAHUC COBITIaJaroT.

Pemure 3an1aun
1. Cnyuaiinas BenuurHa X 3aJjaHa HHTETPAIbHOM QyHKIIMEH:

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

Haiiti BeposITHOCTB TOTO, 4TO B PE3yJIbTATE UCIIBITAHUS CIIydaiHasl BeJIU4uHa X [PUMET
3HaueHue: a) MeHsbIne 0; 6) mensine 1; B) He MeHbIne 1; r) 3akmrouennoe B uatepsaie (0;2).
2. CnyuaiiHas BeIMUYMHA 331aHa HHTETPAIbHON (PYHKIIMEH:
02 1 npux<1
F(x) = X_—g npul< x <3

1 npux >3

Haiitu: a) nuddepennmanbayto GyHKIUIO coy4yaiiHOM BennyuHbl X; 0) MaremaTudeckoe
OKMJIaHWE, TUCIEPCHUIO, CPEIHEE KBAJPaTUUYECKOE OTKIOHEHHE CIydyalHOW BEeTUYUHBI X, B)
BEPOSATHOCTb [TONIA/IaHUs CIy4YaiiHON BEIMUYUHBI B HHTEpBai (1;2).

3. CnyuyaitHas BenuunHa X 3a/laHa MHTETPaJbHON (PyHKIMEH:

0 npux< A

F(x)=4X npuA<x<B

1 npux> B

Haiitu 3nauenuss 4 wu B, MareMaTuyeckoe OXKHUJAHUE, AUCIEPCUI0 U CpeaHee
KBaJPaTUYECKOE OTKJIOHEHHE CIIy4alHOW BEJIMYUHBI X.
4. CnyyaiiHasi Beln4rHa X 3aJjaHa HHTETPAIbHON (PyHKIHEH:

03 npux=<1
F(x)=+%X ~ X npul<x<?2
> P
% npux > 2

Haiitu: a) muddepennnanpayo QyHKINIO CIy4aiHOH BenWuuHBI X; 0) BEpOSTHOCTH
TOTO, YTO B pe3yJibTaTe YeThIpeX HE3aBUCUMBIX HCIBITAHUN clyyaifHas BelnyuHa X XOTs OBl
OIVH pa3 MpUMET 3HAaueHHue, NMpHuHamexamiee uHTepBany (1;1,5); B) HauepTuTh Tpaduku
(byHKUIHH.

JloMaliHee 3aJaHHe: COCTaBbTE AITOPUTM PELICHUS 3a1a4 U PEILIUTE ee.
Crnyuaiinas BenuuuHa X 3aJlaHa UHTErpajJbHOU (pyHKLMEH:

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

1

Haiitu: a) muddepenumansuyro ¢yHKuuio; 0) BEpOATHOCTh MOMAJAHUS CIydailHOMN

BEJIMYMHBI B HUHTepBan (2,5; 3); B) MareMaTHYecKoe OXKUAAHHUE, IUCIIEPCUI0 U CpeaHee

KBaJPaTUYECKOE OTKJIIOHEHHE CIIy4ailHOM BENWYMHBI X; T') MOAY M MEJHMaHy BEJIMYMHBI X.
[Toctpouts rpadpuku QyHKIMMA.

IIpakTyeckoe 3ansaTue Ne 13
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Tema: Brruucienue BeposTHOCTEN U HaXoxIeHUe xapakTepucTuk 1ist HCB ¢ momonisio
MHTETpaJIbHON (YHKIMH pacipeesIeHus.

Henb: HayunTbcst BBIUUCIATH BEPOSITHOCTH 1711 HOPMAJIBHO PACTIPEAEICHHON BEJIMUNHBI

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

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTpuTe TEOpETUUECKHUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYHITE peIIeHne TUTIOBOM 3a1auHu.

3. Pemute 3amaum.

KoHnTpo/ibHBIE BONPOCHI:

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

2. PackpoiiTe TOHSATHE MHTErpaJibHOW (YHKIMM paclpeseeHus HOPMAJIbHO
pacnpenenennoit HCB

3. BO3MOXHO 1M HaxoXJAEHHE CYMMBbI HECKOJIbKMX HE3aBUCHUMBIX HOPMaJIbHO
pacnpenenenHsix HCB.

HopmanbHblii 3ak0H pacnpeaesneHus (puc. 1) urpaet UCKIIOYUTEIbHYIO POJIb B TEOPUU
BEpPOATHOCTEW. OJTO Haubojee YacTO BCTPEHAIOIIMMICSA 3aKOH pACIpENeeHUs, TJIaBHON
O0COOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJISIETCA IpPEAEIbHBIM 3aKOHOM, K KOTOpOMY, IIpH
OTIpE/IETICHHBIX YCIOBUAX, IPUOIMKAIOTCS APYTUE 3aKOHBI paclpeaeIeHusl.

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

1 _(x—a)’
f(x)= ——-e 29
ON27T

YucaoBbie XAPaKTEPUCTUKH HOPMAJIBHOI'O 3aKOHA:

1. MaTeMaTHYeCKOe OKUJAAHNE XapaKTepPU3yeT LIEHTP pacrpeeseHus:

M (X) = [x- f (x)dx = X=0) ) e a re e = exp (%)
e 20

]@L - exp(-
~O~N27T

2. JUCTIepCcHs XapakTepusyeT GopMy pactpeeIeHUs:

D(X) = Ixz - F(x)dx — (M(X))” = o2.

CaoiicTBa 1udepeHnaNbHON PYHKIMH HOPMAJILHOIO 3AKOHA:

D, =R;
1. o0nacTe ompeneneHus: ’
2. ocb 0X — ropu30oHTAJIbHASL ACUMIITOTA;
3. X=aX 0 _ e roukn nepernta;

1
(a5 —F—=);

4. MAaKCUMYM B TOUKE C KOOPJAMHATAMM: ov2xw
5. rpad¥K CHMMETPHUYEH OTHOCUTEIBHO MPSIMON X=a;
6. MOMEHTBI:
My =y == oy = .. =0,

2 4
My, =07, =307,
3

sk=* —0Bx=%4_3=0;
o o,
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7. BEPOATHOCTb IONAJAaHUSI HOPMAJIBLHOTO PACIPENEICHHON CIIy4allHOW BEJIMYUHBI B
3aJJaHHBIA WHTEPBAJI ONPEAEIAETCS, 10 CBOWCTBY UHTErpajIbHONU (PyHKINU:

P(a<x<f) :@*[Hj-qn*(“—a]: @[ﬁ_a]-qn[o’_aj
o c o o
1 7 (t—a)’
—— | exp(— dt —
— = j P )
WHTErpajgbHas PyHKIUS HOpMaJIbHOTO 3aKoHa (puc.14); d(x) — dynkmus Jlamnaca.

A PDx) A

rae @ *(x) =

Hudbdepennmansras Gynkius MHTEerpanbHas GyHKIUsS

Puc. 1. HopmanbHbIii 3aK0H pacnpeaeneHus

HopmaabHblii 3akoH pacnpeneaenus (3akoH [aycca):

f(x)= . a
ov2r ’

rae M(x) = a, D(x) = 6.

B uactHOCTH, AJI1 HOPMAaIbHOTO 3aKOHA pAaCHpeleleHHs] CIyd4alHOW BEIUYUHBI X,
BEPOSITHOCTD MONAIaHUs B 3a/IaHHBIA UHTEpBaJ BbIpaxkaeTcs uepe3 QpyHkiuio Jlammaca:
oa-a

c )

Pla< X < B) == o
(o2

Kpusas 'aycca umeer Bun:

&

¥
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ato
a-o

Pelnenne THnoBoji 3a1a4n
[lycth cnydaitHas BenmnunHa X paclpesiesieHa o HOpMaJIbHOMY 3aKOHY C IapaMmeTpamu,
a=30u 6 = 10. 3anucarh MWIOTHOCTb PACMpPEACIICHHS BEPOSITHOCTEN U HAUTU BEPOSTHOCTH TOTO,
yT0 X MPUMET 3HaueHus U3 ¢ - uarepsaia ( 20 ; 40 ).
Pemenue. IlnoTtHOCTH pacnpeneneHus BEPOATHOCTEW HOPMAJIbHO pacClpelelIEHHON
CIIy4allHOM BeMYMHBI X C 33JJaHHBIMH MapaMeTpaMy UMEET BUJIL:
1 (x=30)°

f(x)zlox/ﬂ'e

Haitném  BeposITHOCTP TOro, 4TO CllydyallHass BeJIMYMHA X  OTKJIOHHUTCSA  OT

MAaTEMAaTUYCCKOro OXXHUJaHUA a Ha BEJIMYMHY MCHBIIC YEM O.

Pla—o<X<a+o)=d@ 29 _o@=279 _ 1. (1)~ 0,683
O (o2

Pemiure 3apaun
1. CiyuaiiHas BenuunHa X paBHOMEpHO pacrpeneneHa B uHrepsaie (-2;N). Haiitu: a)
muddepeHnnanbHyl0 (QyHKIHUIO coydyallHOW BeMWMYUHBI X, 0) WHTErpalbHyl0 (GYHKIHIO; B)

L)
BEpPOATHOCTh IONAJAaHUs CIIy4allHOM BEJIWYMHBI B HWHTEpBaJ 2~ MareMaTHYeCKOe
OKHMJaHUE, TUCIIEPCUIO U CPEIHEE KBAIPATUUECKOE OTKJIOHEHUE CITyYalHON BEJIMYMHBI X.
2. HaiiTn MareMaTH4ecKOe OXKHUIaHUE U TUCIEPCUIO CIIy4aliHON BEJIMYMHbBI, PABHOMEPHO
pacnpezeneHHoi B unrepsaie: a) (5; 11); 6) (-3; 5). HauepTuts rpaguku 3Tux QyHKIHIMA.
3. PaBHOMepHO pacmpezelieHHass ciydaiiHas BenuuMHa X 3aJjaHa  IUIOTHOCTBIO

pacnipenenenus f(x)= 0,125 B untepBane (a-4; a+4), Bae Hero f(x) = 0. Haittu M(X), /{(X), o
X).

I[OMaumee 3aJJaHMe: COCTAaBbTC aJITOPUTM PECIICHUSA JII000H n3 3aJ1a4 110 TCMC.

IIpakTnyeckoe 3ansaTue Ne 14
Tema: BpruncieHne BepOSITHOCTEH JUIsl HOPMAaJbHO PacHpeeleHHON BEJWYUHBI (MM CYMMBbI
HECKOJIbKMX HOPMaJIbHO-PACIIPENEICHHBIX BEINYHH).
Heanb: HayunThcs BEIYUCHATH BEPOSTHOCTH 711 HOPMAJIBHO PaCHpeIeICHHON BETUYUHbBI
CpencrBa 00y4yeHHsi: TETpaau Ui BHIIOJHEHMS PAKTUYECKUX 3aHATUN, IHTEpHET-pecypcehl.
CopaeprxaHue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:
1. PaccMoTpuTe TEOpETUUECKHUI MaTepHall IO TEME.
2. 3aKOHCIIEKTUPYHTE PEIICHUE TUIIOBOM 3a/1auu.
3. Pemmre 3agaun.
3agaya 1. ABTOMaTHYECKHIl TOKapHBIM CTAaHOK HACTPOEH Ha BBINYCK JETale cO CpeaHUM
muametpoMm 2.00 cM u co cpeaHuM KBajapatuueckuM oTkioHeHHeM 0.005 cwm. [leiictByeT
HOpMaJIbHBI 3aKOH pacmpeneneHus. KommaHus TEXHHUYECKOTO CepBHUCA PEKOMEHIYeT
OCTAaHOBUTh CTAHOK Ul TEXHHYECKOTo OOCIY>XKMBaHUS M KOPPEKTUPOBKHM B ClIydae, €Cld
00pasmpl JeTanei, KoTopble OH MPOU3BOANT, UMEIOT cpenHuil nuametp Oomee 2.01 cm, nmubo
MEHee 1.99 CM.
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1) Haiitn BepOsITHOCTb OCTAaHOBKM CTaHKa, €CJIM OH HACTPOCH MO MHCTpyKuuu Ha 2.00 cM.
2) Eciu cTaHOK HauHET NPOU3BOAUTD JETANIU, KOTOPBIE B CPETHEM UMEIOT CIMIIKOM OO0JIBIION
nuametp, a uMeHHo, 2.02 cM, KakoBa BEpOSITHOCTb TOTO, YTO CTAHOK OyJeT MpOoJ0JIKaTh
paborats?

3amaya 2. PocT ManbuMKOB BO3pacTHOM rpynmbl 15 jIeT €CTh HOPMaJbHO pachpeneaéHHas
cilyJaiiHas BenuunHa XX C napaMmerpamu a=161a=161 cm u 6=40=4 cm.
1) Haittn (yHKOHIO IUIOTHOCTH BEPOATHOCTH CIyYalHOW BEIMYMHBI XX U TOCTPOHUTH €&
rpaduk.

2) Kakyro 7010 KOCTIOMOB I MaJbUYMKOB, MMEIOIIUX pocT OT 152 go 158 cm, HyxkHO
NpeIycMOTPeTh B 00bEME  MPOW3BOJACTBA M JAHHOW  BO3PACTHOM  TPYIIIEL.
3) ChopmynupoBaTh MPaBUIIO TPEX CUTM IS CITyYaitHOW BEIMUMHBI X X.

3agauya 3. KopoOku ¢ MOKOIaI0M yITaKOBBIBAIOTCS aBTOMAaTHUeCKU. X cpemHsist Macca paBHa
1,06 xr. U3BecTHO, uTO 5% KOpOOOK UMEIOT Maccy, MeHblyto 1 kr. KakoB mporeHT KopoOok,
Macca KOTopbIxX npessimaet 940 r?

3agaua 4. B HopMasibHO pacnpeieeHHOM coBOKynHOCTH 15% 3Hadenumii X Menbie 12 u 40%
3HayeHui X Oozpmie 16.2. Haiitu cpenHee 3HaYeHHME M CTAHAAPTHOE OTKJIOHEHUE JAHHOTO
pacnpezeneHusl.

3agauya 5. JlueBHas noObIYa yriis B HEKOTOPOHM IMIaXTe pachpeieiieHa MO HOPMAIbHOMY
3aKOHY C MaTeMaTH4eCKuM oOxkujaanueMm 870 TOHH M CTaHAAPTHBIM OTKJIIOHEHHWEeM 90 TOHH.
a) Haiimute BEepOSTHOCTH TOTO, YTO B ONPECIICHHBIN JeHh OyAyT MOOBITHI IO KpaitHEel Mepe
900 TOHH YIJISL.
0) Onpenenute 00 pabodux AHEH, B KOTOpbIe OyaeT m00biTo oT 860 10 940 TOHH yTIIs.
B) HalimuTe BeposITHOCTh TOTO, YTO B JJAHHBIN JIEHb 0OBIYA YISl OKaXkeTcst Hrbke 750 TOHH.
3agaya 6. CTaHOK M3TrOTOBJISET WAPUKH IS MOAMINUITHUKOB. [Ilapuk cunTaeTcst roHbIM, €CIIU
oTKJIOHeHHe XX quamMeTrpa IIapuka OT MPOEKTHOTO pa3Mepa IO aOCONIOTHOW BEJIUYUHE
Menbiie 0,5 mm. Cuwuras, 4yto ciy4ailHas BequuuHa XX pacmpesesieHa HOPMaJIbHO CO
CPEIHUM KBaJIpaTHYECKUM OTKIOHeHHEeM 6=0,256=0,25 MM, HaliTH, CKOJILKO B CpEAHEM OyIeT
TOJIHBIX IIAPUKOB CPEAM CTa U3TOTOBJICHHBIX.

IIpakTnyeckoe 3ansaTue Ne 15
Tema: BelunciieHHe BEpOSTHOCTEM M HAXOXKIEHUE XapaKTePUCTUK i1 IOKa3aTeJIbHO
pacrnpeieIEeHHOW BETUYUHBI.
Heab: HayunTbcst BBIYUCIATH BEPOSATHOCTH 1711 HOPMAJIBHO PACTIPEEIEHHON BEJIMUNHBI
CpencrBa 00y4yeHMsi: TETpaau Ui BHIIOJHEHUS IPAKTUYECKUX 3aHATUH, IHTEpHET-pecypcehl.
Conep:kanue U NOPSIAOK BHINOJHEHUS PA0OTHI:
1. PaccMoTpuTe TEOpETUUECKUI MaTeprall IO TEME.
2. 3aKOHCIIEKTUPYITE pelIeHrnEe TUIIOBOM 3a/1auHu.
3. Pemure 3agaun.

ITokazaTenbHBIM MM SKCIIOHEHIIMAJIBHBIM Ha3bIBAIOT PACIPEACICHUE, KOTOPOE
XapaKTepu3yeTcs clieAyronen (yHKIHeH INIOTHOCTH:

700 0 ecnu x <0
rl=
Ae™™  ecom xz 0 FILGA a5 (]

Y6enuMmcs B TOM, 4TO Iiepe]] HAMU He «rojajenka». [lockonpky f (I :' 2 () Y HECOOCTBEHHBIH
I/IHTerpaJ'IZ

o ] +o

[ 7Gx = [odx+ 2 [e dx=0-
- - i

w
, TO QyHKIHSA f (I :I JENCTBUTENBHO 3a/1a€T 3aKoH pacnpeneneHus HCB.

e d(-Ax) = lim (7"

B

b= lim (¢ a0-2")=—(0-1)=1

d=r 4

-:n'l—lé'
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BonpimM 0CTOMHCTBOM MOKa3aTeNIbHOTO pacipeieieHus SIBIAeTCs TOT (PaKT, YTO OHO
OTpeJIesieTCsl BCETo JIMIIb OHUM mapaMmeTpoM. Beero numib oguum, Kapa! ...Her, nyuire,
KOHEYHO, BOOOIIIe OTCYTCTBHE MapaMeTPOB, HO Jajbllle UX KOJUYECTBO OyAeT TOJIBKO
BO3pacCTaTh =)

Kak-Tto Tak MMOJIY4YHJIOChH, YTO BO BCEX IPUMCPAX CTATbHU O PABHOMCPHOM PACIIPCACIICHUN Mbl

HaYuHAIM C QYHKIIUN (I , ¥ TIOOTOMY JUTsl pa3HOOOpa3usl 3aiIéM B JIeC C APYTroi CTOPOHBI:
3agaua

HenpeprsiBHas ciyuaiinasi BeTuynHa A 3a7iaHa CBoer (DyHKIHMEH pacTpeieTICHHs:

0 x<0
Fix) =

1+ 47, x20
Tpebyercs:

1) ompenenuth K03 HUITHEHT .a‘i;
2) HalTH IJIOTHOCTb PAacCIpPEEIICHNs BEPOSITHOCTEN f (I :I;

3) cxeMaTu4HO MOCTPOUTH Tpauku QyHKIHIA F [I:I u f (I :';
4) BBIYMCIUTH MAaTEMaTHYECKOE OKUJAHUE U JUCTIEPCHUIO X ;

5) onpenenuTb BEpPOSITHOCTH TOTO, YTO i IIPUMET 3HAYEHUE U3 UHTEpBAJIa 1:2, GD:'.

OnauM citoBoM, 00bIuHad 3anada Ha HCB 6ecembietcHtast i-OccHOMAAHAST.
Permraem:

1) B cuny HCH}Tl)]epI)IBHOCTI/I GyHKIMM pacripeneneHus
F)=1+4-¢ =1+ 4=0 = -’q:_l—npnaTOMHToano TIPH 3TOM

3HaYEHUH NMpeAsIoKeHHass QYyHKIUS 3a7a€T 3aKOH paclpe/IesieHus] HEMpPepbIBHOMN CIydaiiHOM
BEJINYUHBI:

0 x<0
Fix=
1-&™ x=20

[Toka, kcTaTH, MBI HE 3Ha€M, YTO JTO 32 3aKOH, BE/Ib BBEPXY 51 IPUBEN APYTOE ONpe/eicHHE.

2) Haiiném QyHKIHIO MIIOTHOCTH pactpeeieHus:

A 0, x<0
fix)=Fx)= PR,

-kt -t f_ -k
Ha/IeI0Ch, BCE B JIaJjaX C IPOU3BOAHOM CIOKHON PyHKIMH: (1 g :I =0-¢" ( I) =€
Hy Bor, Teneps n30yiika noBepHyJiach K HaM IepesioM, a K jiecy 3a10M. [lockonbKy nanHas

0, ecnu x <0
Jix)=

=A%
= .
(yHKIHSA UMeeT BUJL Ae™", eemn x20 4 CoTyuaiiHas BeMUMHA £ pacnpenenena

IIOKa3aTCJIbHO. I[a>1<e O6pa3L[OB0-HOK83€lTCJ'ILHO, T.K. 3HAYCHHC A = 1 HanOoJee NIPpUATHO.

3) YcioBue nomyckaeT cXeMaTu4ecKoe MOCTpOeHHe rpauKoB, HO 3a4eM 3aHKATh TUIaHKY ?
Jlaxke npu UX pydHOM MOCTPOCHUH HE COCTABIISIET HUKAKOTO TpyJa HAlUTH napy
JIOTIOJTHUTENBHBIX TOUEK U MPOSBUTh MAJIOMAJIbCKYIO aKKyPaTHOCTb.

Bbrurcium napy 3HaueHHi F(l)=1- ¢ wl- 0,37=0063, F(2)=1- elnl- 0,14=0,86
fin F(x)= lm (1-¢"0)=1

IIPOCTEHBbKUU MPEIECII ¥—++o Y=o . Takum oOpaszom, npsimast Y= 1
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SIBJISICTCS. TOPU3OHTATIBLHONM AaCUMITOTOM JIJIs rpaduka F I:I:' npu X — HD.
A
F(x)

e o o - -
. v

L J

0 1 x

[TokazaTenbHOE pacmpeaeseHne Halulo HIMPOKOe MPUMEHEHNE B MPUKIIAHBIX 3a/1ayax, U
MOKa YePTEK «HE yeXas BBEpX» s MpHUBEAY KOHKPETHbIHN npumep. [1ycTh nepeMeHHast «UKC»

0003HaYaeT BpeMsi B B MOMEHT BpeMeHH & = |/ HaunHaeT SKCIUTyaTHpOBaThCS HEKUi IPHOOp,
Hanpumep, oObr4Has Jamnouka. CiyyaiiHas BeIMYMHA <L — BpeMs paOOThl JIAMIOUKH J10

neperopanus. Torna GyHKIus F (I:' =F (X “ I) ONMCBIBAET BEPOATHOCTD TOTO, YTO
nammouka npopaboraer MEHBIIIE, uem nporemiee Bpems A Y 1o nossitHBM [IpUYUHAM
IIPU YBEJIMYEHUH 41 3TA BEPOSATHOCTb CTPEMUTCS K €IMHULIE, YTO XOPOILIO UILUTFOCTPUPYET
BBIIICTTPUBENIEHHBIN rpaduK.

IIpakTHyeckoe 3ansaTue Ne 16

Tema: LlenTpanpHas mpeaenbHas Teopema. 3aKOH OONBIIMX Yuceln. BeposTHOCTh u
4acTora.

Henab: Hayuutbest pemaTh 3a7addl Ha TOHATHE YacCTOTHI COOBITHS, CTAaTHCTHYECKOE
MMOHMMAaHNE BEPOATHOCTH

Llenmpanvras npedenvuas meopema. Ecnu ciydaitHast BenmuanHa X MpeACTaBiseT, co00i
CyMMY OY€Hb OOJIBIIIOTO YUCJIA B3aMMHO HE3aBHCUMBIX CITYYaiHBIX BEJTMYHH, BIUSHIE KaKI0M
13 KOTOPBIX Ha BCIO CYMMY HMUYTOXKHO Majio, TO X UMEET paclpe/eseHne, 0Ju3Koe K
HOPMAaJIbHOMY PacHpe/eIeHUIO.

Ipumep. TlycTb MPOU3BOIUTCS U3MEPEHHE HEKOTOPOU (pU3MUECKON BeTMUuHBEI. JItoboe
M3MEpEHHE JIaeT JIUIIh MPUOIMKECHHOE 3HAYCHUE U3MEPSIEMOI BEIMYMHBI, TAK KaK HA pe3ysIbTar
M3MEpEHUS BIUAIOT OYEHb MHOTHE HE3aBUCUMBIE cydaiiHble (hakToOphl (TeMIeparypa,
KosiebaHust Ipudopa, BIAKHOCTH U Ap.). Kakapiid 13 3TuX (hakTopoB MOPOKIAET HUYTOKHYIO
"gacTHyr0 ommoOKy". OHAKO, MTOCKOJIBKY YHCIIO 3THX (DAKTOPOB OYEHH BEIMKO, X COBOKYITHOE
JEHCTBHE MOPOXKIALT YXKE 3aMETHYIO «CYMMAapHYIO OIIHOKYY.

PaccmatpuBas cymmapHyto olMOKy Kak CyMMY O4Y€Hb OOJIBIIIOTO YUCIIa B3aUMHO
HE3aBHCHUMBIX YaCTHBIX OIIHUOOK, MBI BIIPABE 3aKJIIOYUTh, YTO CyMMapHas OIUOKa UMEET
pacnpezenenue, 0JM3Koe K HopMalbHOMY pacnpezeneHuto. OnbIT MOATBEPKIAET
CIPaBEJIMBOCTh TAKOTO 3aKJIFOUCHHUSI.

PaccmoTpum ycioBus, py KOTOPBIX BBIMOJIHIETCS "IEHTpadbHas npeaeiabHas Teopema’

Ilycrs:

X1, X2, ...,Xn — nociaeqoBaTeIbHOCTh HE3ABUCUMBIX CITyYalHbIX BEJIUYUH,

M(X1), M(X2), ...,M(Xn) - KOHEUHbIE MATEeMAaTUICCKUE OKUJTAHUS ITUX BEITUUMH,
COOTBETCTBEHHO paBHbIe M(Xk)= ak

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

Bsenem 0003HaueHUS: S: X1+X2 + ... +Xn; .

2
p " p .5
Ak=XI+X2 + .. +Xn=#a ; B2=D(XI)+ D(X2)+ ..+ D(Xn) = 1
3anuiieM (YHKLIHUIO pacipeeneHisi HOpPMUPOBAHHOM CyMMBI:
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e
Fn(x) = B,
l'oBopst, uTO K MocnenoBarensHOCTH X1, X2, ..., Xn npuMeHnMa ieHTpaibHas

npeJenpHast TeopeMa, ey MpH JIF000M X (PyHKIHS pacrpeieleHuss HOPMUPOBAHHON CyMMBI IpU
n ® ¥ cTpeMUTCst K HOpMaJIbHOW (DYHKITMH PaCIIpe/IeTICHHS:

I
Lim % x| — fo

A3 = B_ = “\-'II'E_I —m

3ameuanue. llonyueHHast GyHKIHS OTIIMYAETCS OT UHTETPATBLHOM MPUOIMKEHHOMN
¢bynkun Jlamnaca ToapKO JIMIIbL MpeesiaMyu HHTETPUPOBaHUsL, i€ HaxoaaTcs ot 0 10 x

B wacTHOCTH ecnu Bce citydaiiHbie BeMUIuHbI X1, X2, ..., Xn odunaxoso
pacnpeoeneHbl U OUCNepCUL 8cex dMux eudUH KOHeuHble U He pasHble HYl0, TO K 3TOI
MOCJIEI0BATEIbHOCTH IPUMEHNMA IIEHTpaJbHAs MpeJeibHasi TeopeMa.

2. 3akoH 00JbIINX YHCET, BEPOATHOCTH U 4aCTOTA.

Kaxk u3BecTHO, HENb3s1 3apaHee YBEPEHHO MPEABUIETh, KAKOE U3 BO3MOXKHBIX 3HAYEHUN
MPUMET CITy4yaiiHasi BeIMYMHA B UTOTE UCIIBITAHUS; 3TO 3aBUCUT OT MHOTHX CIIyYalHBIX MTPUYHH,
y4ecTh KOTOpbIe HEBO3MOKHO. Kazanock Obl, MOCKOJIBKY O K10 cIy4ailHOW BETHYHUHE MBI
pacrojaraeM B ’TOM CMBICJIE BECbMa CKPOMHBIMU CBEJCHUSIMH, TO BPS[ JIU MOKHO YCTaHOBUTD
3aKOHOMEPHOCTH MOBEACHUS U CyMMBI JOCTATOYHO OOJBIIOTO YKcia CydalHbIX BennuuH. Ha
camoM Jielie 3To He Tak. OKa3bIBaeTCsl, 4YTO MPU HEKOTOPBIX CPABHUTENIBHO IIUPOKUX YCIOBUSIX
CyMMapHOE MOBEICHNE JOCTATOYHO OOJBIIOTO YKCa CIyYalHbIX BEIMYUH MOYTH YTPAYUBACT
CIIy4YailHbIM XapaKTEP U CTAHOBHUTCS 3aKOHOMEPHBIM.

J1st npakTUKK OYeHb BAXKHO 3HAHUE YCIIOBUM, TP BBIMIOJHEHUN KOTOPBIX COBOKYITHOE
JEHCTBYE OYCHh MHOTHX CIIyYallHBIX MIPUYHUH MPUBOJIUT K PE3YJIbTATY, TOYTH HE 3aBUCSIIEMY OT
Cilyyasi, TaK KaK MO3BOJISIET NPEIBUAETh X0/ ABJICHUI. DTH YCIOBUS U YKa3bIBAIOTCS B TEOpEMaX,
HOCSIIUX 00Illee Ha3BaHUE 3aKoHa O0bIKX yucen. K HuM otHocsTCs TeopeMbl UeOblieBa u
bepHynnu (uMeroTcs U Ipyrue TeopeMbl, KOTOpPbIE 3/1eCh HE PACCMATPUBAIOTCS).

Teopema UeOsblieBa sBiseTcss HarOoiee OOLUIMM 3aKOHOM OOJIBIINX YHCEN, TeopeMa
bepHymu - npocredmum.

IMpakTnyeckoe 3ansitue Ne 17

Tema: Pemenue 3a7a4 Ha TOHSATHE YACTOTHI COOBITHS, CTATUCTHYECKOE IMOHUMAHUE
BEPOSITHOCTH

Hens: HayuuThcs pemarh 3amadd Ha TOHATHE YaCTOTHI COOBITUS, CTaTUCTHUECKOE
MMOHMMAaHNE BEPOATHOCTH

CpencrBa o0y4eHUsi: TETPaau [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
pECYPCBI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTtpuTe TeopeTuuecKuii MaTepua o TeMe.

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

3. Pemute 3amaum.

Ommnocumensnoii wacmomoii coGBITHs +1 HA3BIBAIOT OTHOIIEHME YHCIIA HCTIBITAHM .
B KOTOPBIX JJAHHOE COOBITUE MOSBUIOCH, K 00IIIEMY YUCITY M (bakTUYecKu MPOBEAEHHBIX

UCIBITAHUH:
b M
wig =2 @=
! , M Kopoue: b

Omuocumenvnas uacmoma HapAaay € eeposimHocmbio SABJIICTCA OJHHUM U3 KITFOUCBBIX
MMOHATHH TEPBEPA, HO €CJIN KJIACCUIECKOE 100 reoMeTpuYecKoe onpeaeaeHne BepoITHOCTH
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He TpeOYIOT MPOBEICHUS UCTIBITAHHUM, TO OTHOCUTENIbHAS YaCTOTa PAaCCUUTHIBACTCS
uckitountenbHo [IOCJIE onbIToB Ha OCHOBE (PaKTUUECKH MOTYUYEHHBIX TAHHBIX.

B Tom ciyuae, eciiv cepuu UCHIBITAHUI MPOBOASATCS B HEU3MEHHBIX YCIOBHSX, TO
OTHOCHTEJIbHAs 4acTOTa 0OHAPYKUBAET CBOWCTBO YCMOIYUBOCHU, TO €CTh KOJIEOIETCs OKOJIO
onpeaenEéHHOro 3HaYeHUsl.

[TycThb Hekuii mpodeccnoHaNbHBINA cTpeoK Mpou3BEN 100 BEICTPEIIOB 110 MUIIICHH U

m=ﬁ=ﬂ,83

nonan 83 pasza. Tora OTHOCUTENIbHAS YaCTOTA HOPAKEHHS LIETH COCTABUT: 100
[Tpenmonoxum, 4To TOT K€ CaMBblil CTPENIOK B TOYHO TaKoi ke «popme» u B
MPUOJIM3UTENIPHO TAaKMX e YCIOBUAX CHOBA NpoBEN ceputo u3 100 BeicTpenos. BepositHo nu,
4TO OH cHOBa nonaaét 83 paza? He ouens. Ho konmuecTBo nmonaganuii Bpsija au OyAeT CUIBHO
OTJIMYATHCS OT MpeAbIayHIero pe3yabTaTa. [lycTs, Hanpumep, crpenok nonan 79 pa3. Torma

79
@=—-=1079
OTHOCHTEJIbHAs 4aCTOTa MOPAXKEHUSI LIETIM COCTaBUT: 100 .
B tpetneii cepun u3 100 BBICTpEoOB, TPOBEAEHHON TP TIOXO0KHUX 00CTOSATEIHCTBAX,
81
@ =— =031
JaHHBIN cTpenok nonai 81 pas, 100 U T.O.

WNHuorna moryT ciydartbes Onectsimue cepun 6osiee 90 monaganuii, ”HOTAA «IIPOBAJIBD»,
HO CpeJlHee KOJIMYECTBO MomnagaHuii 0ynet BappupoBaThesi okosio 80. M korma KoJIn4ecTBo
(haKTUYECKU TPOBEAEHHBIX UCIIBITAHUN CTAHET JJOCTATOYHO OOJIBIIMM, TO PEYb 3alIET O
cmamucmuyeckoil geposasmnocmu. Eciiv B 0IMHAKOBBIX (IPUMEPHO OJIMHAKOBBIX) YCIOBHSIX
IIPOBEJICHO JOCTaTOYHO MHOT'O MCIIBITAHUM, TO 38 CIMAMUCMUYECKYIO 6EPOANHOCHb COObIMUS
MIPUHUMAIOT OTHOCUTENIBHYIO YaCTOTY JAHHOTO COOBITHS JTMO0 OJIM3KOE YHCIIO.

[Ipeanonoxxum, 4To Ha MPOTSHKECHUH HECKOJIBKUX JIET HAIll CHIOPTCMEH, COXPaHss
CcTaOMIIbHBIN ypOBEHb MoAroToBkH, coBepini 10000 BricTpenoB u nmonan 8037 pas.

2037

OTHOCHUTENIbHASI 9YaCTOTa TIOPAKEHUS 1IETTH COCTABUT: 10000 8037 1 33 CTaTUCTUYECKYIO
BEPOSITHOCTb €r0 Pe3yJIbTATHBHOCTH LIENEeCOOOPa3HO IIPUHATE & — [:],8’ KOTOpasi CTAHOBHUTCS
TEOPETHUECKOM OIEHKOU, HAIPUMED, Mepe] TPATYIIUMHA COPEBHOBAHUSIMH.

[IpencraBbTe, 4TO BO BpeMsl JIEKLIUU 3TOT NPOPECCHOHAI 3allIEN ¢ BAHTOBKOM ayJUTOPHIO
u npuuenuics. Terneps BaM T0JKEH CTaTh OKOHYATENIBHO OHATEH CMbICT Qpa3bl « Cmpenok
nonaoaem 6 muulersb ¢ geposimuocmoio 0,8» =) =)

NmenHo Tak cooupaercs Oorarasi CIOPTUBHAS CTaTUCTHKA B PA3IMYHBIX BUAAX CIIOPTA.

AHaJOrM4Hasi UCTOPHS C YTBEPKIACHUEM « BeposimHocmb u320mosieHus OpaKko8anHou
Odemanu Ha dannom cmawnke paeua 0,05». 3Ty OLIEHKY HEBO3MOXXHO TOJTYYUTh C TIOMOIIBIO
KJIACCUYECKOT0 onpe/iesieHUsi BEPOATHOCTH — OHA CJIeAyeT TOJNbKO U3 npaktuku! Ecnu Ha
CTaHKE MPOU3BEJCHBI ACCITKH THICSY JeTaliel M Ha KaXKIYl0, CKa)KeM, ThICSUY BBIITYIIIEHHBIX
neranei, npuxoauTcs B cpeaHeM 50 OpakoBaHHBIX, TO B KAYECTBE CTATUCTHUECKON BEPOSTHOCTH

6paxa npuHEMaeTcst sHaueHus F = D=D5
B 3anaue 2 ypoka JlokanbHAsA ¥ MHTerpaibHas Teopembl Jlamiaca ¢purypuposana

BEPOSATHOCTH POXKACHUS MaJlbuHKa P= D=52 OTtKyna B3sU10Ch JaHHOE 4ucilo? 113 MHOrOJIETHETO
nojcuéra (pakTUIeCKn POXKAEHHBIX JIeTEH B ONPEeNEHHOM peruone. B yka3aHHoi cTaTbe Mbl
BBISICHWJIM, YTO 3TO BOBCE HE 3HAYMT, 4TO cpeau 100 HOBOPOKACHHBIX OyeT poBHO 52
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MajiburKa. B ciaenytomieit coTHe posKIEHHBIX UX MOXKET OKa3aThCsl, HapuMep, 45, u

&:r:i:[],dlﬁ

OTHOCHTEJIbHAS YacTOTa 100 OyneT naneka oT uctuHsl. Ho ecitu paccMoTpeTs

BBIOOPKY B THICSTYM M IECATKH THICSY MJIAJCHIICB, TO &Y orknonures ot F = U=52 COBCEM-COBCEM
He3HauuTenbHO. U 3T0 yike He ciiydailHOCTh. Kak u3BECTHO, TAKOE COOTHOLIEHUE
HOBOPOXICHHBIX CJIIOKUIIOCH SBOJIOIMOHHO — 10 TpuurHe 0OJIbIIe CMEPTHOCTH MY>KUHH.

B yueOnom nocobuu B.E. I’'mypmana ecTh BeCbMa yAauHbIi IpUMep, B KOTOPOM
MIPOJIEMOHCTPUPOBAHO, KaK IPH MOA0PACHIBAHUNA MOHETHI OTHOCUTEIIbHASI 4YaCTOTa MOSIBICHUS

1

2 (I’lOle'ieHHOIJ no KiaaccuuecKkomy

opJ1a npuOIMKaeTcss K CBOEH BEpPOSTHOCTH

onpeoenenun):

CMMHOCTITETEHAA

KommecTeo OpOCKOB
MOHETEL 71

Uiremo moARIeHInT
opIa.

i
HAcCToTa, = —
H

40040 2048 0.5069
12000 6019 0.5016
24000 12012 0.5005

Kakoit MoxxHO cnienaTh BbIBOJ? C yBeIMYEHHNEM KOJMUYECTBA HE3aBUCHUMBbIX UCTIBITAHUIN
CJIy4alHOCTh NpeBpaIlaeTcs B 3aKOHOMePHOCTh. OTHAKO clielyeT IOMHUTb, YTO MOPSI0K
BBINAJICHUSI OPJIOB HETIPEICKazyeM, 0 4€M s MoApoOHO pacckasbiBasl Ha ypoke HezaBucumble
ucnopiTanug v ¢popmy.aa bepuy/iu.

Bepnémcs k eBpornelickoil pynerke ¢ 18 kpacHbiMu, 18 uépHbiMu cektopamu 1 1 3epo. B
CaMOM NPUMHUTUBHOM BapUaHTE UIPhl: CTABUM Ha «KPAaCHOE» WIIN «4EPHOE», U €CIIH LIapUK

19
g=—rn[,5135
OCTAHOBHJICS Ha CEKTOPE APYTOro 1BeTa (BEpOSATHOCTh ) — cTaBKa
18
p=— 4865
npourpeiBaercs. B cioyuae ycnexa — yaBauBaemcs (BEpOsITHOCTh 37 ).

B OTACIIBHO B3ATOM CCAHCE UTPBI OTACIBHO B3SATBII YEJIOBEK MOXKET BbBIUT'PATh, HpI/I‘IéM
BBIUTPATh MO-KPYITHOMY. ITO cydaiiHocTh. Ho, coBepIasi MIJUTHOHBI 000POTOB, pyJIeTKa Ha
MPOTSKEHUH BEKOB MMPUHOCUT HEM3MEHHYIO MPUOBLIb BiIaenbliaM kazuHo. 1 3to —
3aKoHOMepHOCThb. CylecTByeT Oaifka 0 TOM, YTO KPYITHBIM BHIUTPHILI HE OTAALYT, a €CIIU U
OTIAAyT, TO «BBI C HUM He J0iaéTe 10 AoMay. Yncrtas «xkuHouHas» (panrazus. Komy-to
MOBE3JI0, HO CKOJIbKO Tiporrpaetcs?! K Tomy ke 4elioBeK, Mocemaromuii moJo0HbIe 3aBEICHNUS,
¢ OOJIBIIION BEPOSITHOCTHIO MPUIET CHOBA U «COJIBET eIié 0obIe» =) A 4TOOBI OH BEpHYJICH,
Ka3WHO, CKOpee Ha00OpOT — CO37aCT MaKCUMAJIbHBIN KOM(MOPT 1 0€301MacHOCTh ISt
«CUYACTIIMBYUKAY.

Jpyroii, BO MHOTOM YCJIOBHBIH, IpUMep: MyCTh B HEKOH JIOTepee MPUHSIIO yUacTHe

M= 62991 1 OWIIETOB, U3 KOTOPBIX #} = 192833 BBIMTPAJIA XOTh KaKoH-TO npu3. TakuM oOpazom,

@ = wﬁﬂ 0,306127

OTHOCHUTEJIbHAS YaCTOTA BBIUIPHIIIA COCTaBUIIA: 629911 . Ilockonbky OneToB
MPO/IaHO OY€Hb MHOTO, TO C OOJIBIIOI BEPOATHOCTHIO MOXKHO YTBEPXKAATh, YTO B OyaAyIeM Mpu
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COITIOCTaBHMBIX 00beMax MMpOoJaax J0JIs1 BBIMTPpAaBIIMUX OuIeToB 6y/:[eT IIPUMEPHO TaKou KC, 1 3a

CTaTUCTUYECKYIO BEPOSTHOCTh BBIMTPHIIIA YAOOHO MPUHSTH 3HAUCHUE P= Dj

Opranu3zartop J10Teper 3HaeT, YTO U3 MIJUTHOHA MPOJAAHHBIX OMIIETOB BBIUTPAIOT OKOJIO
300 Teicsiu ¢ HeOonbmUM oTKIIOHeHHEM. U 3T0 3akoHOMepHocTh. HO BceMm ydacTHHKaM
JIOTepen J0CTaETCs. ... — MPABUIILHO, ciay4daiinoctb! To ecTh, eciu Bbl kynure 10 OuneToB, TO
3TO elé He 3HAYUT, YTO BeIUTrpatoT 3 Ouiera. Tak, HarpumMep, 1o ¢opmyJie BepHyiu

Hepr,Z[HO nmoacyurarTrh, 4YToO BBII/IrprIH TOJIBKO IIO OI[HOMy 6I/IJ‘IeTy N3 JCCATU — €CTh CO6HTI/I€
BIIOJIHC BepOSITHer
B =Cy- (035077 =10-03- (07 =0,12

A ecnu y4ecThb TOT (DaKT, UTO OLIEIIOMHUTENbHAS J0JIS BEIUTPHIIIECH — HETIPUATHAS
MCJI04b, TO I(apTI/IHa BprI/ICOBBIBaeTCﬂ JOBOJIBHO yHBIJ'IaH, I/I6O MaAJIOBO3MOXKHBIC CO6bITI/I$I HC
H[!OI/ICXOQ!?IT. CI/ITyaLII/IIO CIiacarrT KpaCOquIe TCIICBU3HNOHHBIC pO3bIprIH_II/I H pa3HI/IIIHBIe
TIICUXOJIOTHYCCKUC TpIOKI/I.

)KeﬂanmHe MOFyT CaMOCTOSTCIIBHO UCCJICOI0BATH BGpOHTHOCTb BI)II/IprIIIIa B pa3HHHHbIe
JIOTepeI/I — BCiA CTAaTUCTHKA €CThH B CBOGOI{HOM IIOCTyHG

Peurnre 3agaun

enfn

Fll—=plze|=2®
3aoaua 1: Pewenue: ucnonvzyem gpopmyiny " *_-'p 4
B dannoii 3adaue: * = aul; P= 0.6, = 1- P= 1-06=04

a) Ecnu £= [:]:[:]5, mo:

0,05 /300

Pl — 06| 20,05 | m 20 e D28 w 2. 04981 =0 9961
800 A A — 8EPOAAMHOCMY,

moeo, umo npu 800 ucnvimanusax omHoCUmMenbHaAs Yacmoma NoAeIeHuUs. COObIMus
OMKIOHUMCS OM 8EPOAMHOCIU 0AHHO20 cobbimus He bonee uem Ha 0,05.

Omo cobvimue s61aemcs npakmu4ecku 000m06€prlM.

0) Ecnu £ = [:]:[:]3, mo:

0.03. /300
0.4

e
Pll—-06=0,03]= 2 s 201,73 % 2. 0,4582= 09164
200 ;5'13',6- ; — 6eposimHoCb,

moeo, umo npu 800 ucnvimanusax omHoCUmMenbHaAs Yacmoma noAeieHuUs. COoObImusl A
OMKIOHUMCS OM 8EPOAMHOCIU 0AHHO20 cobbimus He bonee uem Ha 0,03.

Omeem: a:' = 9961, 6) w0, 9164
£ln

Pll——pl=e|nd
3aoaua 2: Pewenue: ucnonvzyem gopmyny " ‘-'p .
B dannoti 3adaue: * = 600000, P= 03, f = I- P= 0.7, £=0001

Taxum obpazom:
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| 03] 0001 | 2] 201 V600000 w 2B(1,69) s 20,4545 = 0,909
600000 J03.07 _

8EPOAMHOCHb, MO20, YMO OMHOCUMENbHAS. YACMOMA 8bIUSPbIULA OMKIOHUMCS OM
meopemuyeckol sepossmuocmu e 6onee wem Ha 0,001.

Omeem: ™ 0:909

PU‘—;’ 55J=2¢[E"‘ﬂ= y
3aoaua 3: Pewenue: ucnonv3yem gopmyny % Up_g .
B dannom ciyuae: F = 04, i = I- P= 06, £=005 V= 0.9

Taxum obpazom:

of 005+ o
L0406

s —D’DS'"E = (145
0,24
0.05-/%
0,24
2
0.05+/ = (1,647
024

1,64

000252 5 g6
5 > 2.6896. 220

00025
n = 2582

Omeem: Heo6x00uMo npoussecmu He menee 259 onvimos.

I[OMaIlIHee 3aIaHUE: COCTABbTC aAJITOPUTM PCIICHUSA JIF000I M3 3a7a4 110 TEME.

IpakTnyeckoe 3ansitue Ne 18

Tema: Pacuér ko3 unmenta koppensum.

Heab: Hayuutbcss BBIUMCIATH KOA(PPUUUEHT KOPpPEISLUMU, MPOBOJUTH AHAIU3
3HAYUMOCTHU K03 (ppuimeHTa KOppensium.

CpeacrBa 0o0y4yeHMs: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTEepHET-
peCypCBI.

Coaepsxkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTpuTe TeOpeTHUECKHil MaTepHral o TeMe.

2. 3aKOHCIIEKTUPYWTE BUIBI KOppemsaiuy, mkary [leqoka.

3. MHcnonb3yss TabnuuHble JaHHbIE M TAKeT aHaiu3a, HaWAuTe BO3MOXKHYIO
KOPPEJSIIMOHHYIO CBSI3b.

KoHTpoJibHbIE BONIPOCHI:

l. [TonsiTHE KOppPEIALMH.
2. [IpuBenuTe KIacCUPUKAIUIO CTETIEHU KOPPEISAIIMOHHOM CBSI3H.
Koppeassuus
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B mareMaTuke 3aBUCUMOCTb MEXAY JBYMs BEIMUMHAMU X U Y BBIPAKAETCS C NOMOLIBIO
¢bynknun y=f(X), rie KaxxaoMy BO3MOKHOMY 3HAu€HHUIO0 X CTaBUTCS B COOTBETCTBUE HE Oosee
OJHOro 3HaueHus Y (moaoOHas 3aBUCUMOCTb Ha3bIBaeTCsl (yHKIMOHAIBHOM).

Ba)KHBIM 4acTHBIM CIIy4aeM CTOXACTUYECKOM 3aBHCHMOCTH SIBJISIETCS KOPPENSALMOHHAS.
KoppensnuonHast 3aBUCUMOCTb MEX]y NEPEMEHHBIMH BEIMYMHAMH — 3TO Ta (PyHKIIMOHAJIbHAS
3aBHCHUMOCTb, KOTOPas CYLIECTBYET MEXKIy 3HAYCHHUSIMH OJHOM W3 HHUX M TIPYNIOBBIMH
cpenaumu apyroi. (Koppensunonnsie 3aBucumoctd Y Ha X 1 X Ha Y OOBIYHO HE COBMAJAIOT).
KoppensuuonHast cBA3b 4Yallle BCErO XapaKTepU3YyeTcsl BBIOOPOYHBIM KO3 PHUIHEHTOM
KOpPeNsiUH I, KOTOPBIH XapaKTepu3yeT CTENeHb JMHEHHON (YHKUMOHAIBHON 3aBHCHMOCTH
Mexay CB X u Y. g nsyx CB X un Y ko3¢p(duIMEeHT KOoppensuu HMeeT clenyrolue

CBOIICTBA:
1. — 1<r<1;

2. ecnn r=*1, 10 Mexmy CB X u Y cymecTByeT (yHKIHOHATbHAS JHHEHHAS
3aBHCHMOCTB;

3. ecmu =0, To CB X u Y HeKOoppelupOBaHHBI, YTO HE O3HAYACT HE3aBUCUMOCTH
BOOOIIIE;

4. ecnru X u Y oOpa3yloT cuctemMy HOpMaibHO 3aBUcHUMBIX CB, To M3 mux
HEKOPPEIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTD;

5. koapurmenTsr koppersiuu Y Ha X 1 X Ha Y COBMAaroT.

CTaTUCTHUYECKYI0 3aBHCHUMOCTb Ha3bIBAlOT KOPPEJSILIMOHHOW, €CIIM TIpU H3MEHEHUU
3HAYEHU OJJHOM BEJIMYMHBI MEHSETCA CPEIHEE 3HAUCHUE APYTOil.

Buasl koppeJsiumii:

1. OTHOCHUTEJIBHO XapakTepa KOppesauun:

- IOJIOXKUTENbHAS (paBHOHANPABJICHHAs, [IpsiMast);

- oTpuIaTeNnbHas (oOpaTHas),

2. OTHOCHUTEJIFHO YHUCJIa IEPEMEHHBIX:

- IpocTas Wi NapHasd;

- MHOXECTBEHHas, C €€ IOMOIIBI0 MOXHO OXBATUTh BECh NPHYMHHO-CIIEICTBEHHBIN
KOMILIIEKC;

- YacTHasl KOpPeJsLus, KOpPesalus Mexay ABYMs MEPEMEHHBIMH NMPU (GUKCUPOBAHHOM
BIUSHUM JAPYTUX (BCKPBIBAE€TCS BHYTPEHHAS CTPYKTypa COOTHOIIEHHH, T.€. IUMHUHHUPYETCA
BIIMSIHUE JIPYTUX (PaKTOPOB);

3. OTHOCUTENBHO (YOPMBI CBS3HU:

- INHENHAS;

- HeJIMHEHHas;

4. OTHOCHUTEJILHO THUIIA CBS3U SIBJICHUM:

- HETIOCPEJICTBEHHAS] KOPPEIIALIUS;

- KOCBEHHas1 KOPPEJSALUS;

- JIO’)KHAsl KOPPEJSILMSL.

Paznuuator Koppemsinio, 00yCIOBICHHYIO:

- IPAYUHHOM 3aBUCUMOCTBIO X OT Y

- 3aBUCUMOCTBIO X U Y OT TPEThEH BEIUYMHBIL;

- HEOJAHOPOJHOCTBIO BBIOOPKU;

- opMaNbHO (YUCTOBBIMU JIAHHBIMU).
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OOBIYHO CTENEeHb TECHOTHI CBA3M MEXAY Pe3yJbTaTUBHBIM M (PaKTOPHBIM MPHU3HAKOM
ompenenseTcs mo BennunHe koddduimenta koppensaiuu (mmkana [llegoxa):

ecnu r <0,2 — cBSA3M HET;

ecin 0,2 = 1<0,5 — ciabast CBA3b;

ecmm 0,5 < r<0,75 — cBs3b CpenHss;

eciu 0,75 < 1<0,95 — cBA3b TECHAS;

eciu 0,95 < <1 — CBSI3b OUEHb TECHASL.

IIpakTyeckoe 3ansaTue Ne 19

Tema: AHanu3 3HaYMMOCTH KO3(PPHULIMEHTA KOPPEIIALIUH.

ean:

Hayuurscs

BBIYUCIATH

3HAYUMOCTHU K03 (ppULImeHTa KOPPEALHH.

K0d(ppuLMeHT KOppemsIuy,

MIPOBOJUTH

aHaJIn3

CpencrBa 00y4eHUsI: TETpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATUU, WHTEepHET-

pecypcehl.
Conep:xkanue W MOPSIOK BHINOJHEHUST PadoThI:

1. PaccmMoTpuTe TEOpETUUECKHUI MaTepHrall 1o TEME.

2. 3aKOHCIIEKTUPYHTE BUIBI KOppemsiuy, mkaty [legoka.

3. Hcnonp3yss TaOnu4HbIE JaHHBIE M TIAKET aHaIW3a, HAWAWTE BO3MOXKHYIO
KOPPEISIHOHHYIO CBSI3b.
Ne .
dusznueckue ynpaxuenus; [lyiabc, yiapoB/MunyTy
IMoa, 0-m; 1-:k.
Bospacr, ger
0 1 0 0 0 0 0 0 0 0 0 0
10 32 17 16 20 48 17 27 24 35 17 16
20 68 2 6 7 10 11 15 16 17 18 19
30 70 73 67 87 54 75 62 65 60 84 94
40 79 100 108 | 99 60 90 98 67 62 94 98
50 80 101 125 | 102 | 120 | 100 | 105 70 65 120 | 110
60 105 | 106 130 | 112 | 140 | 105 | 125 75 67 156 | 125
70 105 115 | 148 | 120 | 136 78 70 176 | 138
80 104 123 | 200 | 140 | 147
100 148 150
103 143 165
81 145 180
0 0 0
18 20 37
3 9 14
86 90 98
94 92 108
98 125 128
99 190 148
101 198
105 220
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107
111
117

20

84
88
110
120
134

Jomamnee 3aganue: CocTaBUTh aJITOPUTM BBIUUCIIEHUS KOPPEISALMOHHON CBSI3U.

IIpakTyeckoe 3ansaTue Ne 20

Tema: MeTon HaMMEHBIINX KBAIPATOB

Henab: HayuuTbcs  BBIACHATh  KOPPENSIIMOHHYIO  CBSI3b  BEJIMYMH, [POBOJUTH
KOPPEJALIMOHHBIN U perPECCUOHHBIN aHAIN3, COCTABIIATH JIMHEUHYIO MOJIENb PETPECCUM.

CpencrBa 00y4yeHUsI: TETpaau ISl BBIMOJHEHUS NMPAKTUYECKUX 3aHATUN, HTEepHET-
pecypchl.

Conep:xanue v NOPSII0K BBINOJHEHUS] padoThI:

1. PaccmoTtpuTe TeopeTuyecKuii MaTepua o TeMe.

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

3. Pemmte 3agaun.

KoHnTposibHbIE BONIPOCHI:

l. [ToHsiTHE KOPPEIALIMOHHON U PETPECCUOHHON CBS3H.

2. [IpuBenute KIacCUPUKALUIO CTEIEHU KOPPESLMOHHOM CBSI3H.

3. [ToHATHS PYHKIIMOHATBHOM CBSA3H, CTATUCTUYECKON 3aBUCHMOCTH.

4. B yem 3akar09aroTcs 3a1a4u KOPPEISIAOHHOIO U PETPECCUOHHOTO aHAJINA3A.

BbiOopouHOe ypaBHeHHe NPSAMON JMHHMHM perpeccu Y Ha X IIOJyYEHHOE II0

pe3ynbTaTaM BEIOOPKH MMEET BHJI IMHEHHOro NpuOMmKeHus > ¥ OT X

Yy~ Y =13 (x—Xz),
(o2

X

TJ€ T g — BEBIOOPOUHBIN KOA((UIIMEHT KOPPEIISINK, PAaBHBIN
_ anyxy —NXpYg

no.o, )
|rB| n—-1=3
OcTaTo4HO# AUCHIepCcHel Ha3bIBAIOT BEINYUHY

O,m = (1—r23)

s

Ecan , TO CBA3b MCXKIY CJ'Iy‘—I&fIHBIMH BCJIMYMHAMU JOCTAaTOYHO BEPOSATHA.

Pelienue THNOBOI 32124
JlaHHbI€ K 3a/1a4e cM. nmpakThdeckoe 3anstue Nel2
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Haiitn peanuzanuio ypaBHeHus JuHerHOU perpeccun Y Ha X. Eciu cBA3b mpu3HakoB Y
1 X IOCTAaTOYHO BEPOSITHA, TO OIEHUTh, Ha CKOJIBKO B CPETHEM POXKACHHE PeOEHKA CKa3bIBACTCS
Ha BEJIMYUHE JI0X0/1a B pacuére Ha OJHOTO YJIEHA CEMbH.

BEIUnCIINM cpeiHee KBaJpaTHIecKoe OTKIOeHHe BEIGOpKH X: O = Dy ~0,88.

Borancnum k03 puiimeHT Koppensuu:

_0+2:746:15+1013+14-5+18+2-2:7+2.6-11+2-10-8+2.14:6+3-2.4+3.6:5+3-10-2-100-138-816 _
100-0,88- 4,32 T

B

IToncrasisieM HaliIeHHBIE BEJIMYMHBI B yPaBHEHUE JIMHUK perpeccuy Y Ha X

4’32 (x —1,38),

y.—816=-0,37

>

HNJIN OKOHYATCJIIBHO: Yo = —1.83x+10,7.

Tk [rs|-vn—-1=37>3,

TO CBA3b MCXKAY pacCMAaTpUBACMbIMHU IMPU3HAKAMH JOCTATOYHO
BEpOSITHA.

B cpennem poxneHue peOEHKa yMEHbIIA€T JAOXOJ HAa OJHOTO 4WIEHAa CEMbU HAa CyMMY
okoJo 1,83 TeIC. pyoO.

N300pa3um cxematnuecku B KoopauHatax XY BBIOOPOYHOE pacmpenesieHue 1o
IIPU3HAKaM M IIOCTPOMUM JIMHHUIO perpeccuu. PazMepsl MapkepoB Ha pUCYHKE ITPOIOPLIUOHAIBHBI
COOTBETCTBYIOIIUM BapHaHTaM BBIOOPKH.

=
n
|

IMpakTnueckoe 3ansitue Ne 21
Tema: CocTtaBieHHe ypaBHEHUs JIMHEHHOMN perpeccuu. [IpoBepka aaekBaTHOCTH MOJIETH.
Henb: HayuuTbcst BbIAEHATH  KOPPEISAIHMOHHYIO  CBSI3b  BENUYMH, TPOBOJIUTH
KOPPEISLMOHHBIA U pETPECCUOHHBINA aHAJIN3, COCTABIISITh TUMHEWHYIO MOJENb PETPECCHH.
CpeacrBa 00y4eHUsI: TETpaaM sl BBINOJHEHUS NPAKTUYECKUX 3aHATUN, VIHTEepHET-

PECYPCBHL.

Pemure 3agaumn

1. JlaHHBIE OMBITA PUBEECHBI B TAONIUIIE:
Xi

2

48



4
6

8
10
12
14
Yi
4.5
7,0
8,0
7,5
9,0
8,5
9,5

IMomnaras, uro X u Y cBA3aHbI 3aBUCUMOCTbIO Bujga ¥ — 91 bx

, HAUTH K09()(HUITUEHTHI a U
b crmocoO0M HaUMEHBIINX KBaIPaTOB.

2. lana tabiuiiia pe3yabTaToB HAOIIOICHUI:

Xi

2

4

6

8

10

12

14

Yi

3,5

6,0

7,0

6,0

7,5

8,5

10

Haiitu BEI00pOUHBIH KO3(DOUIIUEHT KOPPEISIMH U ONPEICIUTh €r0 3HAYMMOCTb.

I[OMaIHHee 3aJaHHe: CocTaBUTh AJITOPUTM PCUHICHU A TUIIOBOH 3aJa4H.

IpakTuyeckoe 3ansiTue Ne 22
Tema: Pacno3HaBaHwe MOCTOB U pa3leiSIIONIMX BEpIIMH B rpade, HaXOXKICHUE
pacCTOSHUS MKy BEpITUHAMHU B rpade.
eab: MOTYYUTHh HABBIKU IO PACIIO3HABAHUIO MOCTOB M Pa3/CISIONINX BEPIIUH B rpade,
HaxXOXXJICHUIO PACCTOSTHUSI MEXAYy BepIiMHamMu B Tpade; mpoBepke rpada Ha ABYAOIBHOCTH;
MIpoBepKe mapbl rpadoB Ha U30MOP(HHOCTH
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CpencrBa o0y4eHUsi: TETPaau [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
pECypCBHI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTE TEOPETUYECKUI MaTepHall IO TEME.

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

3. Pemure 3amaun.

OcHoBy Teopun rpadoB COCTAaBIISET COBOKYIHOCTb METOJIOB M NPEACTaBJICHUH,
c(hOpMHUPOBABIINXCS TIPU PEIICHUH KOHKPETHBIX 3a/1a4.

TepmuH «rpad» BrepBble MOSIBUIICS B KHUTE BBIIAIOLIETOCS BEHIEPCKOro MareMaTuka /1.
Kénura B 1936 r., X0TsI HauaJIbHbIE 3a]1aul TeOpUH TpadoB Bocxoadr eule k Ditnepy (XVIII B.).
OpnHa W3 3a7a4, MOJOXKUBIIMX HAyalo TEOPUH TpadoB, — 3a/a4a O KEHUIcOeprckux mocrax (
pacckazams, noKazams 2pag).

I'pad ecTb COBOKYNMHOCTHL TOYeK W JIMHUH, COCJUHAIIMX 3TH TOYKH. OTU
COEJMHEHHs] MOTYT 00JIaZaTh Pa3IMYHBIMU XapaKTEPUCTHUKAMM, U TeopHs IrpadoB 3aHHUMAETCS
U3yYeHHEM JTUX XapakTepucTHK. ['pad XapakrepusyeT OTHOLICHHS MEXAY MHOXKECTBAMHU
00BEKTOB.

Bonbiioe 3HaueHwe B Teopuu TpadoB HMeEeT MpodiieMa pa3pelIMMOCTH: HaWTH
3¢ EKTUBHBIN WM XOTsI Obl TOCTaTOYHO MPOCTOM B MPAKTUYECKH BAKHBIX CIydasX aarOpUTM
pelIeHus 3aJauH.

B mocnennee Bpemsi Teopust rpadoB NpUHHMAET Bce 0Oojee MPUKIATHON XapakTep,
aBiAiAch 3(Q(EKTUBHBIM amnmapaToM JUis (opMmaiu3allid MHOKECTBA 3ajjad, CBSA3aHHBIX C
JUCKPETHBIM pa3MelleHneM 00beKkToB. K HHMM, B 4aCTHOCTH, OTHOCSTCA: IPOEKTUPOBAHUE U
UCCIIeIOBaHUE CeTel CBSA3M, aHAJIU3 ANIEKTPUUYECKUX Ienei, rpadbl MOTOKAa CUTHAIOB U TEOPUS
oOpaTHON CBSI3U, OJIOK-CXEMBbI MIPOrpaMMbl, HCCJIEIOBAaHHE AaBTOMATOB, aHAlU3 M CUHTE3
JIOTUYECKHUX IIeTel, 3aJayd KaJleHJAApHOro IUIAHWPOBAHMS, IUIAHUPOBAaHUWE U oOecreueHue
MaTepuaIbHO-TEXHUYECKOT0 CHAOKEHUs, TOUCK MH(POpPMAIIK, CTpaTeruss MHBECTULIUH, aHAIIN3
KauecTBa, MCCIIEIOBAHUE JIBM)KEHMSI TPAHCIOPTA, pa3MEUICHUE MNPEANPUITHII KOMMYHaJIbHOTO
oOCITyKMBaHUS, MOJEIMPOBAHNE, HKOHOMUYECKHE 3aJaud, TEOpHUs WIrp, TOJOBOJIOMKH,
JI0KA3aTeIbCTBO TEOPEM.

2. OcHOBHBIE IOHATHS U ONpe/eseHusi Teopuu rpagos

Onpeoenenue: 1lyctb 3a1aHO HEKOTOPOE KOHEYHOE MHOXKECTBO X, 2JIEMEHTBI KOTOPOIO
OyZeM Ha3bIBaTh BEPIIMHAMH, K MHOXECTBO V), cocTosIee U3 map 3JIEMEHTOB (X;, X;) MHOXKECTBa
X. Ynopsnouennas napa MHoxectB G=(X,V) Ha3biBaercs rpadom. Bepuimnbsl n3obpaxarorcs
TOYKaMH, a TMapbl 3JIEMEHTOB — JIMHUSIMH, COCOUHSIOIIMMHU TOYKH, COOTBETCTBYIOILIUE
00pa3yIoIUM Napbl BEPIIMHAM.

Ecnu B onpenenenuu rpada CyniecTBEHHO B KAKOM MOPSIKE BHIOUPAIOTCS BEPIIUHBI (TO
ecTh mapa (x;, X;) OTJIMYHA OT mapsl (X;,X;)), TO TaKOW rpad HA3BIBAIOT OPHUEHTUPOBAHHBIM WIIH
oprpadowm, a mapy (x;, X;) — Iyrod, IpH 3TOM CUMTAETCS, YTO X; —HadaJbHas BEpIIMHA, A X; —
KOHEe4Hasd. B reomerpuueckoil MHTepHpeTanuu Iyre COOTBETCTBYET HAIpPaBJIECHHBIH OTPE3OK.
Yacto oprpad 3anator mapod G=(X,I), rae X — MHOXeCcTBO BeplIuH, a I — HeoIHO3HaYHOE
0TOOpakeHHEe, CTaBfAlllee B COOTBETCTBUE KaKIOW BeplIMHe mnoaMHoxkecTtBo B X. I'(x;) —

—1
MHOKECTBO BEpINUH X;€X, st KOTOpeIx B rpade G cymiectByer ayra (x, x;). L~ (x) —
MHOECTBO BEPIIUH X;€X, IJIT KOTOPBIX B rpade G cymecTByeT ayra (x;, X;).

Ecnu B onpenenenun rpada He CyIIECTBEHEH MOPSIOK BEPIIUH MpH 00pa30BaHUM MaphI
(xi, x;), TO Tpad HA3BIBAIOT HEOPHUEHTHUPOBAHHBIM WJIM Heoprpadom, a mapy (x;, x;) — peOopom.
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Yuco BepimH rpada Ha3bIBACTCS €0 MOPSIKOM.
IIpumep. Ha puc.l uzobpaxken opueHTupoBaHHbI Tpad G=({xi, X2, X3, X4}, {(x1, X2), (x1,
X4), (X2, X4), (X3, X1), (X3, X2), (X4, X3)}), @ HA pHC.2 — HECOPUECHTUPOBAHHBIN Tpad.

X | X:
XE XS
X

Puc. 1 Puc. 2

Onpeoenenue: ITlyrem B rpade G HaspiBaeTcs Takas TIOCIEIOBATEIBHOCTh IYT, B
KOTOPOW KOHEI[ KaKJI0W MPEeIbIAYIIeH TyTu COBNAJAAaeT ¢ HaJyajuoM cieayromiei. s neoprpada
Takas TMOCJIEIOBAaTENIbHOCTh pedep HasbiBaeTcs membl. Eciu myTh (1Ielb) MPOXOIUT uepes
BEPIIUHBI X1, ..., Xx TO OyJ1eM 0003HaYaTh €ro (€e) CUMBOJIOM [X1, ..., Xi].

s rpada Ha puc. 1 mocneaoBaTenbHOCTh OYT (X, X2), (X2, X4), (X4, X3) SABISETCS MyTEM H
MOXET OBITh 0003HAuUEHA CIICAYIONIUM 00pa3oM [x;, X, Xy X3]. g rpada Ha puc.2 nemnbro
SIBIIICTCS, HAIIPUMeEP, CIEIyIOMIasi MOCIeA0BaTENbHOCTL pedep (X2, X3), (X3, Xs), (X5 X4), KOTOPYIO
0003HAYUM Yepe3 [X2, X3, Xs, X4].

Onpeodenenue: Ilyth (uenb), y KOTOpOro(-oi) HavalibHasi M KOHEUYHAas BEpILIKHA
COBMAJIAIOT, HA3bIBACTCS KOHTYPOM (I[HKJIOM).

st rpada Ha prc. 2 TUKIOM SIBIISICTCS, HAPUMED, CICIYIOMIAst LeTb [X2, X3, Xs, X/, X2].

Onpeodenenue: 1IpocThIM IUKJIOM Tpada HAZBIBAETCS UK, B KOTOPOM BCE BEPIIHHBI
Pa3IMYHBI 32 HCKIIFOUEHUEM HadaIhbHOW U KOHCUHOU BEPIIIMHBI, KOTOPHIE COBIAAIOT.

Hanpumep, ans rpada Ha puc.2 MK [X,, X3, X5, X;, X2| ABISETCSA MPOCTHIM, a LUK [X2, X3,
X4, X5, X3, X1, X2] HE SIBIIIETCSI IPOCTBHIM.

Onpeoenenue: Ileryiell Ha3pIBaeTCs Ayra, HadalbHAas M KOHEYHas BEPIUMHBI KOTOPOM
COBITIA/IAIOT.

Onpeodenenue: I'pad, nomyueHHBIH W3 oprpada 3aMEHOW KaXIOoW ayrm Ha pedpo,
Ha3bIBAC€TCSI OCHOBaHMEM oprpadga.

Ipumep. Ha puc.3.0 u3oOpaxkeH Tpad, KOTOpBIA SBISETCS OCHOBaHWE Tpada,
M300paKEHHOTO Ha puC.3.a.

Onpeodenenue: ]J|Be BepIIMHBI X; W X; HA3bIBAIOTCS CMEKHBIMH, €CJIH CYIIECTBYET
coeMHsIoNIee UX pedpo (myra) (x;, X;), IPH STOM BEPIIMHBI HA3bIBAIOTCS HHIHAEHTHBIMHU 3TOMY
pedpy (myre), a pebpo (nyra) — HHIMIECHTHBIM(-OM) ATHM BepIIMHAM. AHAJIOTHYHO, JBa
pasMYHbIX pedpa (AyrH) Ha3bIBAIOTCS CMEXKHBIMU, €CIIH OHHM MMEIOT 10 KpaliHel Mepe OJHYy
001y 0 BEpIITUHY.

Puc3 a0
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Bepmuner x; 1 xs cMexHbsl (puc. 1), myra (xi, xs) MHIMICHTHA BEPIIMHAM X; U X4, A
BEPIIUHBI X1 U X4 HHITUACHTHBI yTe (X1, X1). PeOpa (x1, x3) U (X3, X4) CMEXKHBI (pHUC.2).

3ameuanue. CMEXHOCTh €CTh OTHOIIEHHE MEXIY OJHOPOAHBIMHU 3JeMEHTaMH Ipada,
TOTJ]a KaK MHIUJACHTHOCTD SIBJIIETCS OTHOIICHHUEM MEXy Pa3HOPOAHBIMHU AIIEMEHTAMH.

Onpeoenenue: MHOXECTBO Beex BepiinH rpada G, CMEXHBIX ¢ HEKOTOPOUW BEPIIMHOM X,
Ha3bIBAETCS OKPYKeHHeM BepLIMHBI X U 0003HavyaeTcs uyepe3 Ng(x) mim npocto N(x).

Onpeodenenue: B HeopueHTUpOBaHHOM rpade uucio pedep, MHIMICHTHBIX JTaHHOMN
BEpIIMHE X;, Ha3bIBACTCS CTeNeHbI0 (BaJIGHTHOCTHIO) BepIIMHbI X;u oOo3Hayaercs d(x;).
Bepmmna rpada, umeromnias crenens 0, Ha3pIBaeTCS M30JIMPOBAHHONM, a BEpIIMHA, MUMEIOIIAsS
creneHb 1 — Bucsiueit. [lyis Heoprpada Ha puc.2 d(x,)=3, d(x;)=4.

Ymeepowcoenue (nemma o pykonoxkarusx). Cymma creneneit Bepiius rpada G pasHa 2m,
rae m — 9ucio pedep rpada G.

JoxkazarenbcTBo. Ilockonbky Kaxaoe peOpo HMHIMIEHTHO JBYM BEpILIMHAM, TO OHO
n00aBIseT NBOMKY K cymMe crerieneil rpada G. CienoBarenbHO, Bce pedpa Jar0T BMECTE CyMMY
CTENeHen 2m.

Onpeoenenue: lloarpadom rpada G=(X,V) nazsiBaercs rpap G'=(X', V'), mist KOTOpOro
X'cX, V'cV, npudaem pedpo (x; X;) cComepxutrcs B V' TONBKO B TOM CiIy4ae, €ClIH X; H X;
conepxatcs B X'. Oquum u3 noarpados rpada Ha puc.] sBisercs ciaeayomuid (puc..4)

Onpeoenenue: Ecnu Bce BepummHbl rpada G=(X,V) mnpucyTcTByloT B mnoarpade
G'=(X" V'), rorna G' Ha3pIBaeTCs OCTOBHBLIM noAarpadom, 1. e. X'=X, V'cV.

Onpeoenenue: Ilyctb X' — noamuoxkectBo BepmnH X rpada G=(X,V). Torma rpad
G'=(X"V') na3piBaeTcs MOPOXkKAeHHbIM moarpagom rpada G Ha MHOXKECTBE BepIIMH X'
(BepIIMHHO-TIOPOXKIEHHBIN ToArpad), ecnu V' aBiaseTcsa TakuM MOJIMHOXKECTBOM V, uTo pedpo
(x:,x;) BXOAUT B V' TOT/Ia ¥ TOJBKO TOTa, KOTJA X; U X;BXOAAT B X'

IIpumep. Ha puc.5 npejicrariieH NopoxaeHHbIN OArpad Ha MHOXKECTBE BEPIIUH {X1, X3,
X5} HEOPUEHTHPOBAHHOTO rpada, n300paKeHHOTO HA pUC2.

X, %)
X
1 X,
.-X_; XE XS
Puc. 4 Puc.5
3. Hexoropsle Tunsl rpagos

Onpeodenenue: I'pad G Ha3pIBAETCS MOJHBIM, €CIIM JIFOOBIE JIBE €r0 BEPITUHBI CMEKHEI.
n(n—1)
[Tonusrit rpad nopsaka n o603HaYaeTcs cuMBOJIOM K, uncio pedep B HEM paBHO 2 . Ha
puc.6 uzobpaxensl rpadsl K, , n<5.

1TAA S
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Puc.6

Onpeodenenue: I'pad Ha3bIBaeTCS MyCTHIM, €CIM B HEM HeT pedep. Ilycroii rpad mopsinka
n obo3nauaetcs yepes O,.

Onpeodenenue: I'pad, He colepkallvii BEepUIMH U, CIIeJOBATEIbHO, pedep, Ha3bIBAETCs
HoJib-Tpadom. ['pad, cocTosmmii U3 0THON BEPIIMHBI, HA3BIBACTCS TPHBUHAJIBHBIM.

KpacuBbiMu npumepaMu SBISIFOTCS epaghel namu naamonogvix men (T. €. MPaBUIbHBIX
MHOTOTPAHHHUKOB): mempal’opa, Kyoa, okmas’opa, 000eka’opa, ukocasopa

IIpakTyeckoe 3ansaTue Ne 23
Tema: [IpoBepka rpada Ha ©30MOP(PHOCTD.

Iesb: MOTYYUTh HABBIKU O PACcIIO3HABAHUIO MOCTOB U pa3feisAIoIIMX BEPUIMH B rpade,
HAXOXKJCHUIO PACCTOSHHUS MEXKIy BEpIIMHaMU B rpade; mpoBepke rpada Ha JIBYIOJIBHOCTH;
IpoBepKe napsl rpadoB Ha U3OMOP(HHOCTE.

CpencrBa o0y4yeHUsi: TETpaau [JIs1 BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHeET-
peCypCBhl.

MeTpuuecKue XapaKTepuCcTUKHU rpados

B Teopuu rpadoB npumeHsIOTCS:

1. MaTpuna MHUMHAEHIUA. DTO MaTpuiia A ¢ n CTPOKaMH, COOTBETCTBYIOIIMMU
BEpIIMHAM, M M CTOJOIlaMH, COOTBETCTBYIOIMUMH p&Opam. sl opueHTHpOBaHHOTO Tpada
cToJ0€1l, COOTBETCTBYIOIIMIA Ayre (X,Y) COIEPKHUT -1 B CTPOKE, COOTBETCTBYIOIICH BEPIIMHE X U
1 B cTpoke, cooTBeTCTBYIOMIEH BepimmHe y. Bo Bcex ocrampubix — 0. Iletmo, T. €. ayry (X,X)
MOXKHO TMPEACTaBIATh HHBIM 3HAYE€HHEM B CTpoke X, Hampumep, 2. Eciu rtpad
HEOPUEHTHPOBAHHBIA, TO CTOJNOElL, COOTBETCTBYIOUU pebpy (X,y) comepxkut |1,
COOTBETCTBYIOIIME X U Yy — HYJIU BO BCEX OCTAJIbHBIX CTPOKAX.

2. Martpuna cMeXKHOCTH. DTO MaTpHIla n*n rje h — YUCIO BEpIIUH, rae b = 1,
€CJIU CYIIECTBYET peOpo, UAyIee U3 BEPIINHBI X B BEpIIMHY Y U bj = 0 B IPOTUBHOM cllydae.

) X X ;
3. [Tycte G=(X,U) - cBsi3HbBIN Tpad, a 1 J- nBE ero HeCOBIAIAIOIINE BEPIIUHBI.

9] X: M X ; X 11 X
JnuHa kpaT4amiero MapuipyTa, COEIHMHSIOIIETO BEPILIMHBI ! i(mytn 3 ! i)

X; M X d(x;,X;)
HA3BIBAETCH PACCHMOAHUEM MEXKIY BepIIMHAMU iu 06o3HauaeTCs . Honoxum

d(xi,Xj)=°° X; U X
, €CIIH BEPUIMHbI JHe coenuHeHBl MapuipyToMm (myrtem). PaccrosiHue

d(xj,xj) :
YAOBJICTBOPACT CICAYIOIIUM aKCHOMAM:
1) d( X, X } =0;
R
2 d(xl,}{J )=0
TOorga M TOJbKO TOI'1a, KOorJga .

4 d(x;, ;) =d(x;,%;)

3 d(x,x;) =0 X| =X

JUI CAMMETPUYECKHX TpadoB;

5 906, %) +alx), 300 ) 2 d(X;, Xic)

(HEpaBEHCTBO TPEYIOJIbHUKA).
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4. Paccrosinue nnsa rpada G ynoOHO 3amaBath MaTpullel pacctossHuii. Mampuueit
paccmoanui Tpada c n BepIIMHAMU Ha3bIBaeTCs KBajJpaTHas Matpuiia D mopsika n, 371eMEHTHI
KOTOPOM ONPEENIOTCS CASAYIOUIM 00pa3oM:

_ 0,ecmux, =X;

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

Martpuily pacCTOSHUN MOKHO ONPEIEIUTh

o X
5. Jlnst GUKCHUPOBAHHOW BEPIIMHBI ~ | BEIMUMHA
e(x;) = max d(x;,x )
xje X

Ha3bIBACTCS IKCUeHmpucumemom (OTKIOHEHHOCTBIO) BEPIIMHBI X

6. MakcumanbHbli Cpel DKCLEHTPUCUTETOB BEPIIMH HA3BIBACTCS OUAMEMPOM
rpada G u o6o3navaetcs diam (G):

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

xje X x;eX x;€X

7. MUHHUMANBHBIA U3 KCIEHTPUCUTETOB BEPIIMH CBA3HOTO Tpada Ha3bIBAETCS €ro

paouycom v obo3nauaercs yepes 1(G):

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

xje X x;€X x;€X

8. Beme/IHa, nMerouias MHUHUMAaIbLHBIN SKCHCHTPUCUTCT, HA3LIBACTCA UEHmpOMm
rpada.
P(Xi ) = Zd(Xi,Xj)
9. Jlnst  BepIIMHBI Xi qucio x;€X HA3bIBACTCS HEPeOamoyHbIM
UUCTIOM.
10. Bepmuna rpaga, KoTopoi COOTBETCTBYET MHHUMAIIBHOE TIEPEAATOYHOE YHCIIO

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

Ha3EIBACTCS MEOUAHOI rpa(pa. L[eHTpOB n MCIHaH B rpa(be MOKET OBITh HECKOJIBKO.

% %5

e

X X3

Puc. 1
Ilpumep. Jlns rpada, wn300pakeHHOro Ha puc.l MeTpUyYeCKHe XapaKTEpPUCTUKH
OIIPEIEIIAIOTCS CIEAYIOINUM 00pa3oM:
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X1 Xy X3 X4 X5
x{0 1 2 1 2 e(x;)=2 P(x;)=6
x,|1 0 1 1 1| e(xy)=1 P(x,)=4
D=x3|2 1 0 2 1 e(x3)=2 P(x3)=6
x4/1 1 2 0 1 e(xg4)=2 P(x4)=5
Xx5(2 1 1 1 0] e(x5)=2 P(x5)=5

Panuyc rpada pasen 1, nuametp pasen 2. Llentp rpada - BepmmnHa }{2; Menuana rpada -

BEpIIMHA X2,

JABynosabHbie rpagul

Onpeodenenue: I'pad HaA3BIBACTCS 08Y00JbHBIM, €CITU CYIIECTBYET TaKoe pa3OueHue
MHOYECTBa €ro BEPIIMH Ha JBE YacTH (00Ju), YTO KOHIIBI KaXKI0T0 pedpa MpHHAIeKAT Pa3HbIM
YaCTAM.

Ecnu npu aToMm nro0ble BE BEPILMHBI, BXOJAALIUNE B pa3HblE JOJIH, CMEXHBI, TO rpad
Ha3bIBACTCS HOJIHHIM 08YOOIbHBIM.

[TonHbIi ABYIOJBHBIN Tpad, A0IH KOTOPOTO COCTOAT U3 p U U3 ¢ BEPILIUH, 0003HAYAETCs
cumBonioM K, , . IIpu p=1 nmomydaem 36e30y K;, Ha puc.l uzobpaxens! 3Be3aa K;s U MOJHBIHA
nByA0IBHBIN rpad Ks ;.

AHaJOTUYHO [BYAOJBHBIM TpadaM ONpenensitoTcsl k-0onbHbili U NOJHBIN k-001bHbIL
rpadsr s k=3, 4, ... Ha puc.2 npuBeneH Tpex101bHbIN rpad.

Puc. 1 Puc. 2

Jlns perieHust npuMepoB yA0OHO MPUMEHSTh TEOpEMY

Teopema: ['pad sBisercs OBYyNONBHBIM T. U T.T., K. BCE €r0 MPOCThI€ LUKIbI UMEIOT
YETHYIO JUINHY.

Jlerko noacuuTaTh 4UCIO BCeX rpadoB ¢ PUKCUPOBAHHBIM MHOXKECTBOM BEPIIUH X. OTH
rpadsl pa3IMyaroTcs CBOUMHU pedpaMu, U MOTOMY HUX YHCIIO PABHO KOJIMYECTBY NOJMHOXKECTB B

n

X? re. 2 (5) , tne n=[X|. Ommako »Tm Tpadsl He Bcerma cieayer pasnuyarth. Kak B
NPUMEHEHUSAX TEOpUH TpadoB, TaK U B CAMOM 3TOH TEOPHH Hallle CYIIECTBEHHO JHIIb TO, YTO
ecTb 00BEKTHI (BepUIMHBI Tpada) U CBA3M MexAy oObekTamu (pedpa). C aTux mo3uuuil rpadsl,
KOTOpBIE MOJYy4YaroTCsl OJWH M3 JIPYroro M3MEHEHHEM HAaWMEHOBAaHWH BEPIIMH, PasyMHO He
paznmugarb. OPopMHuM 3T COOOPaKEHHS B BUJE CICTYIOMIETO ONPEACTICHHUS.

HN3omoppubIe rpagdul

Onpeodenenue: JIa rpada G, u G HA3BIBAIOTCS UIOMOPPHBIMU, SCITU CYIIECTBYET
B3aMMHO-OJTHO3HAYHOE OTOOpaXCHHWE MEXAy MHOKECTBAMH WX BEPIINH, COXpaHSIoOIIee
CMEXHOCTh. Takoe 0ToOpakeHHe Ha3bIBAETCsI H30MOPGU3MOM.

JIBa oprpada u30oMOpQHBI, €CIU CYIIECTBYET M30MOP(PHU3M MEXKIYy HUX OCHOBAHUSIMH,
COXPAHSAIOIINN TOPSAIOK BEPUINH HA KaXKAOU AyTe.

Hanpumep, Tpu rpada, npeacraBieHHbie Ha puc. 4, n30MOpQHBI, a rpadbl Ha pHC. 5 HE
nzomophHsl. Bonpoc o Tom, n3oMopdHBI 11 1Ba AJaHHBIX Tpada, B 00IIeM CiIydae OKa3bIBaeTCs
CJIOKHBIM.
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Pl

Puc. 4.

Puc. 5
O4eBUIHO, YTO OTHOLIEHHE H30MOp(Hu3Ma rpadoB SBISETCS SKBUBAICHTHOCTHIO, T. €.

OHO CHMMETPUYHO, TPAH3UTHUBHO M peduiekcuBHO. Clie0oBaTeIbHO, MHOXECTBO BCeX rpadoB
pa3dmBaeTCsl Ha KJIACCHI TakK, 4TO rpadbl U3 OAHOTO Kiacca MOMapHO M30MOpQHBI, a Tpadsl U3
pasHbIX KiIaccoB He M30oMOp(hHBL. M3oMopdHbIe Tpadbl MOXKHO OTOXICCTBISATH, T. €. CYHTAThH
COBMAJAIONIUMHU (MX MOXHO H300pa3uTh OAHUM pUCYHKOM). OHU Moriau OBl pa3InyaThCs
KOHKPETHOW MPHPOJOW CBOMX JJIEMEHTOB, HO HMEHHO 3TO HWTHOPHPYETCS TPU BBEICHHU
TOHATHUS «Tpady.

B HEKOTOpBIX cUTyalUsX BCe ke MPUXOIUTCS pa3nudarh u3oMopdHbie Tpadbl, U TOTAa
TIOJIC3HO TOHSITHE «IOMEUEHHBIN Tpady». ['pad mopsiaka n Ha3bIBACTCS NOMEUEeHHbIM, €CIIH €Tro
BEpIIMHAM MPUCBOCHBI HEKOTOPHIE METKH, HampuMep, Homepa 1, 2, ..., n. OTOXKAECTBUB KaXKIAYIO
U3 BepiiuH rpada ¢ ee HOMEPOM (M, CIIEOBATEIILHO, MHOXKECTBO BEPIIMH — C MHOXKECTBOM
gucen {1, 2, ..., n}), onpeaenuM paBeHCTBO momMeueHHbIX TpadoB G,=(X,V;) u G.=(X,V;) ogHoro
u Toro ke mopsanka: G,=G. Torma, korma V;=V,. Ha puc. 6 u300pakeHbl TpU pa3HBIX
MMOMEUEHHBIX Tpada.

[Ipu HEOOXOAMMOCTH MOAYEPKHYTH, YTO pacCMaTpUBAEMBbIe Tpadbl pa3TUYAIOTCS JIUIIH C
TOYHOCTBIO JI0 H30MOp(H3Ma, TOBOPIT: «a0CTpakTHBIN Tpad». CTporo roBops, abcmpaxmuulii
(wu Henomeuennwiil) Tpad — 370 Ki1acc U30MOpGhHBIX TpadoB.

2
! /\ /\
2/\5 ! 3 1 4

Puc. 6
BapuanTsl 3agaHuii:
l. Jana matpuia A. [ToctpoiiTe cooTBETCTBYIONIMH €if Tpad, IMEIOLIHA MaTpuIly A
CBOEH MaTpHIlel cMexxHOCTU. HalimuTe MaTpuIly MHIIMIEHTHOCTH JJISI IOCTPOCHHOTO rpada.
2 0 0 1
Al 0O 0 2 3
0 2 0 1
1 3 1 0
1. Jlana matpunia A. [TocTpoiiTe COOTBETCTBYIOIMMUM i Tpad, HMeronui MaTpuiry A

CBOEH ManHLleﬁ cMmexHoctu. Haligure MaTpuny THIOIUACHTHOCTH JISI TIOCTPOCHHOTO T pa(ba.
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IIpakTnyeckoe 3ansiTue Ne 24

Tema: 3anuch MaTpulbl JTOCTHKHMMOCTH UM TMOCTpoeHHe auarpammel [epma s
OpUEHTHPOBAHHOTO Ipada; pemieHue 3a1ad Ha OUHAPHBIE I1EPEBBS.

Heanb: OBnageTs METOAaMH pelIeHUs 337a4 HAa OMHApPHBIEC JIEPEBbs, 3aIUCHI0 MATPHIIBI
JOCTHKUMOCTHU U IOCTPOEHUEM auarpaMmmsl [ 'epra

CpeacrBa o0y4yeHHMsI: TETpaaU JJIsl BBIIIOJTHEHUS MPAKTUYECKUX 3aHATUM, MPE3EHTALUU
1o reme, IHTepHeT-peCypesl.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. [ToBTOpEHME TEOPETUUECKOTO MaTEpHalia, B BUI€ OTBETOB HA BOIPOCHI.

2. 3anaiite rpad G puc.l marpureit CMeKHOCTH U UHITUIEHTHOCTH.

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

4. ITo 3agaHHO# MaTpUIlE TOCTPOUTH CETEBOM Ipad UK, pemuTh 3a1ady 1.

5. Pemmts 3anauy 2.

KoHTpoJibHBIE BOPOCHI:

. UTto Ha3bIBaeTCsl OpUeHTHPOBAaHHBIM Ipadom? IlpuBeaure mpumepsl.

. [lepeuncinure OCHOBHBIEC MTOHATHUS CBSI3aHHBIE C OPUEHTUPOBAHHBIMH rpadamu.
. [lepeuncnure ciocoOb! 3aaHKsI OPHEHTUPOBAHHBIX I'padoB.

. B uem cocTout ananutuyeckuii coco6 3amaanus oprpada?

. B uem cocrout reomeTrpruyecku criocod 3amanus oprpacga’?

. B uem cocTout marpuuHsIii cioco6 3aganus oprpada?

. Kakas marpuna Ha3sIBaeTCs MaTpUIlel CMEKHOCTH oprpada?

. Kakas marpuiia Ha3pIBaeTCsl MaTpUIICH MHIIMICHTHOCTH oprpada?

03 N L B W N —

op)

Puc. 1
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IIpakTyeckoe 3ansaTue Ne 25

Tema: Pemienue 3a1au Ha OMHAPHBIE JIEPEBbSL.

Heas: OBnagers METOAaMU pELICHUS 3a]a4y HAa OMHApHBIE JI€PEBbs, 3aIMCHhI0O MATPHILIBI
JOCTUKUMOCTH M IOCTpOeHHEM Juarpammsl ['epra

CpencrBa o0y4eHusi: TETpagu AJIs BBIIOJHEHMS NPAKTUYECKUX 3aHATHH, MPE3eHTAalUuU
o reme, MIHTepHeT-pecypceel. Pemmnre 3amaun

3anaua 1. ITo 3a1aHHOM MaTpHIle HOCTPOUTDH CETEBOM rpaduk ( a;3JIEMEHT MATPULIBI €CTh
JUITENBHOCTh PaboTHI OT 1 710 j B JHAX). HallTh AuHy KpUTUYECKOTO MyTH, YKa3aTh 3KOHOMUIO
BpPEMEHH.

03560000000
00007600000
00000750000
00400036000
00000000450
00000000300
00000000500
00000000008
00000004067
000000000°C0°¢8
2) 00000000000
0)
04560000000
00007600000
00000550000
00400036000
00000000470
00000000600
00000000400
00000000007
00000005066
000000000009
00000000000

3amaua 2. HaiimuTe KOJIMUYECTBO y3JIOB JJAaHHOTO OMHAPHOTO JEpeBa, MEPEUHCIUTE JTUCTHI
1 YKaQXUTE TIyONHY OMHAPHOTO JIepeBa ¢ KOpHEM A.
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I[0Mamﬂee 3aJaHHe: CocTaBUTh AJITOPUTM 3aJavuu 1.
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