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1. KOHCHEKT JEKIHU
1.1 Jlekuus Ne 1 (4 gaca).

Tema: «Ciyuaiinbie co0bITHSI. BeposiTHOCTH cOOBITHS» (MHTEpaKTHBHAS (opma)

1.1.1 Bomnpocsl JeKuM:

1. OCHOBHBIE MTOHITHS TEOPUU BEPOSTHOCTEH
2. Kimaccuueckoe ornpeieseHue BeposITHOCTH

3. DieMeHThl KOMOWHATOPHUKHU

4. 'eoMeTprUUeCcKOe ONPEICIICHHE BEPOITHOCTH
5 CraTuctuyeckoe onpeesieHIue BEpOsSTHOCTH

1.1.2 Kpartkoe cojep:kaHue BONPOCOB:

1. OcHoBHbIE MOHATUS TEOPUH BEPOSITHOCTEI

Teopust  BEpOATHOCTEHM  ABJISETCA  OCHOBOM  MAaTeMaTUYECKOM  CTAaTHCTHKH.
Mamemamuueckaa cmamucmuka — pazoeil MameMamuKky, Uy4arouwui mamemamuieckue
MemoOvl  cbopa, cucmemamuzayuy, 00pabOmMKu U UHMEPNpemayuu - pe3yabmamos
HaON0OeHULL C Yebio 8blAGIeHUS CIMAMUCMUYECKUX 3aKOHOMEPHOCHEN.

Teopusa  eepoammnocmeinr — 5mo  MamemMamuieckas — HAYKA, — U3YHAIOWASL
3AKOHOMEPHOCMU CLYYAUHBIX A6IeHUL (COObIMULL 8eTUYUH, YHKYULL, NPOYeccos u Op.)

Ilpeomemom meopuu  6eposmuocmeti SBJIICTCS W3YYCHHE BEPOSTHOCTHBIX
3aKOHOMEPHOCTEHM MacCOBBIX OJJHOPOJIHBIX CIIy4alHBIX COOBITHUH.

OnHMM W3 OCHOBHBIX MOHSTHUA TEOPUH BEPOSITHOCTEH SIBIISICTCS TIOHATHE CIy4alHOTO
COOBITHS.

Cnyuaiinoe codvimue — 3mo 110001 hakm, KOMopbwlll MoAHcem aUb0 npousoumu, 1ubo
He Npou30tumu npu GbINOIHEHUU HEKOMOPO20 KOMNILEKCA YCLOBU.

OOBbIYHO citydaiiHble cOOBITHSI 0003HAYAIOTCS 3arjJaBHBIMU JaTUHCKUMHU OykBaMu: A,
B, C.

I'eomerpuuecku ciaydaiiHbple COOBITHSI yIOOHO M300pakaTh C MOMOIIBIO JUATPaMM
Oiinepa-BenHa.

Bunsl cobbiTuii: docmoeepusvie (L)); nesosmoxcuvie (D), - A SBISETCS YACTHBIM
ciydaeM B;  pasnocunwvnvle;  necoemecmuvie  (Hecoemecmumvle);,  coemecmHble
(coemecmumple; pasnosozmodichble.

Onepayuu nao coovtmuamu

Cymmon cobbiTuii A 1 B Ha3beiBaroT coObiTue A+B, cocrosiiee B HACTYIUIGHUN XOTS
OBI OTHOTO U3 3TUX cOOBITHI A i B.

IIpouseedenuem cobbiTnii A u B HaspBaioT coObiTue A-B, cocrosmee B
OJTHOBPEMEHHOM HACTYIUICHUH 3TUX cOObITHI A 1 B.

CoObiTHe A Ha3bIBaeTCsl MPOTHBOIOIOKHBIM COOBITHEM (IOMOJIHEHHUEM) COOBITHS A,
€CIIM HEeNOSBJICHUE OJHOTO COOBITHS BieUeT MosiBieHue Apyroro. CymMmma NpOTHBOMOIOKHBIX
COOBITHI €CTh COOBITHE JOCTOBEPHOE, a TPOU3BEJCHUE HEBO3MOXKHOE:

CoOpITHA {H i }n

i=1
€CJIH JIIOOBIE JBa U3 HUX HECCOBMCECTHBI U XOTA OBI OIHO HECTIPEMCHHO IOJI’)KHO HpOHSOfITPI B
PE3yJIbTaTC UCIIBITAHUSA:

00pa3yloT TOJIHYIO TPYIITY IOMapHO HECOBMECTUMBIX COOBITHIA,

n
z H, = Q - nosHoTAa,
i=1
Hi - Hj=0, Vi# ] - nonapHas HeCOBMECTUMOCTb.



2. Kitaccuyeckoe onpeaeseHne BepoOSITHOCTH

Bepoamnocmy cobvimua — 5>TO 4MCIEHHAas Mepa OOBEKTUBHOM BO3MOXKHOCTU €O
HOSIBJICHMUSL.

B cooTBeTcTBUM € KIIACCHYECKUM ONPENEICHUEM:

Bepoamnocms P(A) coobimua A paBHAETCS OTHOLICHHUIO YKCNA OJIaronpUsITCTBYIOMINX
9TOMY  COOBITHMIO HCXOJOB K OOLIEMYy UYHCIy BCEX PaBHOBO3MOXHBIX HECOBMECTHBIX
AJIEMEHTAPHBIX UCXO/I0B, 00Pa3yIOLUX MTOJIHYIO TPYIIITY:

PA)== (%)

n

ITpu 3TOM HONAraroT, 4TO:

B HCIIBITAaHUE COIEPKUT KOHEUHOE YHCIIO UCXO/I0B;

B BCE MCXOJbI HCIIBITaHNS PABHOBO3MOXHBI 1 HECOBMECTHMBI.

Takoro popa ombIT Ha3bIBAIOT «CXEMOW CIIydaeB» (WM «CXEMOM YpH», TaK Kak JIIOO0YIO
HOZ00HYIO BEPOSITHOCTHYIO 3aJady MOXKHO CBECTH K 3a7adye C YpHaMHM C pPa3HOLBETHBIMU
11apamu).

W3 KiacCHMYECKOrO OIpENENEeHUsT BEPOSTHOCTH BBITEKAIOT CIEAYIOIINE OYEBUHBIC
CB0TICMEa 6EPOAMHOCIU COOLIMUA.

3. DiieMeHTbI KOMOMHATOPUKH

Kom0unaropnka — 3710 pasjen MaTeMaTuKy, U3Yy4arollMid METOZbl pelleHHs 3ajad Ha
MOJICYET YMCIIa Pa3IMIHBIX KOMOUHALIUIA.

B xomOuHaTtopuke ecTh [Ba Ba)KHBIX IpPaBUiIa, YacTO NMPUMEHAEMbBIX IPH pEIICHUH
KOMOMHATOPHBIX 33]1a4.

1. IIpaBusio yMHOKeHNsI KOMOUHATOPUKH.

2. IIpaBuJio C/10:KeHNsI KOMOMHATOPUKH.

M-3JeMEHTHBIE OMHOXECTBA (KOMOWHALIMK) MOTYT OTIIMYAThCSL:

B COCTaBOM DIIEMEHTOB;

B TIOPS/IKOM CJI€IOBAHUS JIEMEHTOB,;

B BO3MOXHOCTBIO ITOBTOPA DJIEMEHTOB B TIOJIMHOXECTBE;

B 00BEMOM MTOIMHOXKECTBA.

B cooTBeTCTBHM C 3TUM BBIIEIISIOT CIIETYIONINE BHIIBI IIOIMHOXKECTB.
1. Pazmewenusn

Yucso Beex pasMmeneHnii A 13 N 3eMeHToB 1o m (T1e m < N), onpenensiercs mno hopmyie:
A" = n!
(n—m)!
2. Ilepecmanosku
Yucno BCEX MepecTaHOBOK P, 13 N 2JIEMEHTOB OMpeersieTcs 1Mo (GopmyIie:

P, =n!
3aMeTHM, 4TO MEPECTAHOBKU — 3TO YaCTHBIN BHJI pa3MENIEHUM, Koraa N = m:
Py = A

3. Couemanusn

Yucrno Beex codetannit C.' U3 1 3eMeHTOB 1o m (Tae m < n), oupeaesieTcs mo Gpopmyie:
m n!
" mi(n—m)!

PaccmoTpeHHbIe BBIIIIE KOMOMHAIMU OTHOCSTCS K TaK Ha3bpIBAeMOMY BbIOOpY 0e3
BO3BpaILeHHs] — BXOJAIINE B UX COCTAB 3JIEMEHTHI HE TOBTOPSIOTCSI.

Kpome Toro, xomOMHaTOpuKa paccMaTpuBaeT M CIydad C IOBTOPEHHUEM 3JIEMEHTOB,
BXOJIAILIMX B paccMaTpUBaeMble MOAMHOXKECTBa — TaK HA3bIBacMblii BHLIOOP € BO3BpAllleHHEM
— pa3MelIeHHs], COYETaHUsI U TEPECTAaHOBKH W3 71 3JIEMEHTOB IO /7, B KOTOPBIX HEKOTOpHIE
3IIEMEHTHI (WJIK BCE) MOTYT OBITh OIMHAKOBBIMHU.
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PaccmarpuBasi KOHKpETHYIO 3ajady, HEOOXOAWMO BBISICHUTH, KaKUM TpeOOBAHUSIM
YIIOBJICTBOPSIIOT KOMOWHAIIMY JIEMEHTOB. TOJIBKO TIOCIIE 3TOr0 MOYKHO HMCIIOJIB30BaTh HY)KHBIE
BBIUHMCIIUTENILHBIE (OPMYJIBI, KOMOWHHPYS HX C TIpaBWIAMH CIIOKEHHS € YMHOXKCHUS
KOMOMHATOPHKH.

4. I'eomeTpuyeckoe onpeejieHue BEPOATHOCTH

Knaccuueckoe onpenenenie BEpOSTHOCTH OCHOBBIBAETCSI HA TOM YHUCIIO BCEX
BO3MOJXKHBIX CTy4aeB KOHEYHO.

Ecnu pacnipesenenrne BO3MOKHBIX MCXOJI0B UCIIBITAHUS HEMPEPHIBHO U OECKOHEYHO, TO
[P PEIIeHUH 3a]1a4 HCIIOJIb3yeTCs OHSITHE re0MeTPUYeCcKOoil BEpOATHOCTH — BEPOSITHOCTU
TMIOTIAJIaHUs TOYKH B 0071aCTh (OTPE30K, YaCTh INIOCKOCTH U T. 11.).
4 [Ipu ompeneneHuu reoMETPUYECKON BEPOSATHOCTU
Mojararor, 4yro mmeercsi obmactb G W B HEH MeHbIIast
obmacth § c kBagpupyemoi rpanunei. Ha G Haymauy
Opocaer Touka. CoObiTue A — TOMaJaHWe TOYKH B
obnacte ¢. BeposiTHOCT mOmNaianus B Kakyo-mubo yacts G
MPOTIOPIMOHATIEHA Mepe ITOi yacT (0003HaYMM MES) U He

: —» 3aBHCUT OT €€ PACIOJIOKEHHS U (OPMBI.

S~ I'eomerpuyeckoii  BeposiTHOCTBIO  coObrrust A4
Ha3bIBACTCSl OTHOIIEHHE Mepbl 00JacTH §, ONarompusITCTBYIOIIEH cOObITHIO A K Mepe Bcei
obmactu G:

mes(Q)
P(g)=——.

mes(G)
O0nacTh, Ha KOTOPYIO PACIPOCTPAHSIETCS] TEOMETPUIECKAsi BEPOSATHOCTH MOYKET OBITh:
B OJIHOMEPHOM;
B IBYMEPHOI;
BN TpPeXMepHOu;
B N-MEepHOI.
[Tpu 3TOM BEpOATHOCTh MONAAAHUS CIYyYaiiHO B3STOM TOUYKH B 0071aCTh Pa3MEPHOCTH

MEHbIIIEH, 4eM N, HallpUMep, B TPaHULLy 00JIaCTH, paBHA HYJIIO.

5. CraTucTu4yeckoe onpe/ejieHne BEPOSITHOCTH
ma
—2 | Ha3pIBaeMoe
n

YacToCThIO (OTHOCUTEIHLHOI YaCTOTOI, BHIOOPOUHOI 1071ei) COOBITHS A, TIE 71,4 HA3BIBAIOT
4acTOTOM COOBITHS A.

CraTucTnyeckoii BeposiTHOCTBIO COOBITHS A HAa3bIBACTCS YaCTOCTh (OTHOCHTEIIbHAS
4acTOTa) 7/ TIOSIBIICHUS 3TOTO COOBITUS B N TIPOM3BECHHBIX UCTTBITAHUSX:

P(A) = :%,

Ilo naHHBIM Ha6JIIO):[eHI/II>'I PaCcCUYUTHIBAKOT OTHOIICHUE Wa =

Habntogaemas gactocTh coOBITHST A TOYTH I JTFOOOW OOJNBINON CepuM yKa3aHHBIX
WCIIBITAHUIA MaJIO OTKJIOHSIETCSI OT HEKOTOPOW MOCTOSTHHOWM BEJMYHHBI, T. €. MPOSBISECTCA 3AKOH
yemotyusocmu dactocteil. [1o3ToMy 3a BEpOSTHOCTH CIIYYaHOTO COOBITHS A MPUHUMAIOT Ha
NpaKTUKe OO0 HAOIOJCHHYIO YaCTOCTh, JIMOO YHCIIO, ONM3KOe 3TOMY 3Ha4eHHIo, T.e. P(A) =
Wa.



1.2 Jlekuus Ne 2 (4 yaca).

Tema: «TeopeMbl c/10:KeHHs] 1 YMHOKeHHUsI BEPOSITHOCTei» (MHTepakTuBHAs (hopma)
1.2.1 Bonpocsl JJeKuuu:

1. Teopema cioxeHUS 11 HECOBMECTHBIX COOBITHI
2. Teopema ClIOKEHUS 111 COBMECTHBIX COOBITHI

3. TeopeMbl yMHOKE€HHUSI BEPOSATHOCTEH

4. ®opmyJia MOJHON BEPOATHOCTH

5. ®opmyna baiieca

1.2.2 Kpatkoe coaepxaHie BOIIPOCOB:
1. Teopema ci10keHHs 1JI51 HECOBMECTHBIX COOBITHI
BeposiTHOCTE CyMMBI IBYX HECOBMECTHBIX COOBITHI paBHA CyMMe BepPOSITHOCTeH ITHX

COOLITHIA.
P(A+B) = P(4) + P(B).

T eopema CJi0XCeHUuA 01 N HECOGMECIHBIX CODBIMUIL
Bep0ﬂTHOCTb MOSAABJICHUSI OJHOI'0 M3 HECKOJIbKHUX IIOIApHO HECOBMECTHBLIX COOBITHIA

pPaBHa cyMMe BepOSITHOCTel ITUX COOBITHIA.
P(Ay + Ay + A3+ ... + Ay) = P(A) + P(A;) + P(A43) + ... + P(A,)

wnn PO A) = D P(A).

PaccMoTpuM BayKHBIE CIICICTBHS U3 TEOPEMBI CIIOKCHUS TSI HECOBMECTHBIX CITy4YaitHBIX
COOBITHH.

Cneocmeue 1.
Cymma BepositHOcTeit coObrmuit Hi, Ho, ... , Hy, 00pa3ylonmx MOJIHYIO IPYIILY IOIIAPHO
HECOBMECTHBIX cOObITHIA, paBHa 1.
P(Hy) + P(H,) + ... + P(H,) = 1.

Cneocmeue 2.
Cymma BeposITHOCTel MPOTHBOIOJIOKHBIX COObITHIA paBHa 1.
PA)+P(A)=1

DTO CcleNcTBUE — YaCTHBIN CIydail crlefacTBHsS 1, Tak Kak MPOTHBOIOJIOKHBIE COOBITHS
00pa3yloT TMOJHYI TPYIIY TMOMAPHO HECOBMECTHBIX COOBITUH M CyMMa HX €CTh COOBITHE
JIOCTOBEPHOE.

Briienienne »TOro CBOWCTBA B OTHEIBHOE CIEACTBUE OOBSICHSETCS, TMPEXKIE BCETO,
OOJBIION MPAKTUYECKON 3HAUMMOCTHIO MPUBEIECHHON (DOPMYIIBI.

2. Teopema cJ107keHHUs 17151 IBYX COBMECTHBIX COOBITHIA
BepositTHOCTE CyMMBI IBYX COBMECTHBIX COOBITHI paBHA CyMMe BEpPOATHOCTEH 3THX
co0bITHI1 0€3 BePOSITHOCTH UX COBMECTHOI'O HACTYILJICHHUS.
P(A+B) =P(A4) + P(B) - P(AB).
Paccyx/ast aHaJIOrM4HO, MOYKHO JI0Ka3aTh CHPaBeUTUBOCTh (POPMYJIBI Ul CYMMBI TPeX
COBMECTHBIX COOBITHIA.

Teopema cnosxcenus 011 mpex cO6MECHHBIX COObIMULL
BeposiTHOCTBH CyMMBI TPeX COBMECTHBIX COOBITHII paBHA
P(A+B+C)=P(A)+P(B)+P(C) - P(AB) - P(BC)-P(AC)+P(ABC).
MeToz0oM MOMHON HMHAYKIMA MOXKHO JI0Ka3aTb OOIIyI0 (GOpMyITy Al BEpPOSTHOCTH
CYMMBI JTFOOOTO YMCIIa COBMECTHBIX COOBITHH.



Teopema cnoxcenusn 01 N coemecmubvix cooObtmuil
BeposiTHOCTH CyMMBI N COBMECTHBIX COOBITHI pABHA:

P A =S P(A)- S P(A-A)+ TP(A-A-A) bt (17 P(A-A-A . A)

i,jk

Omun w3 HamOonee SPQPEKTUBHBIX MPHEMOB, HCIOIB3YEMbIX JUIS BBIYHCICHHS
BEPOSTHOCTH CYMMBI HECKOJBKHX COBMECTHBIX COOBITHH, — TeEpexol K COOBITHIO
MPOTUBOIIOIOKHOMY M BBIYHMCIICHHE €r0 BEPOSTHOCTH, a 3aTeM NPHMEHEHHUE CICICTBUS 2 U3
TEOPEMBI CIIOXKEHHS JUIs HECOBMECTHBIX coObITHil: P(4) + P(A)=1.

[lepexonss K MPOTHUBOIOIOKHOMY COOBITHIO, W HCIIONB3ysS CIEIACTBHE U (HopMymy
Moprana, MOXXHO 3aIHcaTh, YTO:

BEPOSITHOCTH CyMMBI N COBMECTHBIX COOBITHIA:

PA1+ Ay + Az + ..+ 4)=1-P(A+A +..+ A)=1- P(/E&Kz R)

3.TeopeMbl YMHOKeHHsI BEPOSATHOCTEH

CoObiTHs A U B Ha3bIBatOTCS 3aBUCHMBIMH, €CIU BEPOSITHOCTD OJTHOTO M3 HUX 3aBUCHUT
OT HACTYIUIEHMsI WJIM HE HACTyIuleHus apyroro. MuHaue ciydaiiHble coOObITHS Ha3bIBalOTCS
HE3aBUCUMBIMH.

HecoBmecTHBIEe  COOBITHS ~ 3aBHCHMBI, TaK KakK  IIOsBJIEHHE  JIIOOOr0 W3
HUX 00pallaeT B HyJlb BEPOSTHOCTH MOSBIEHHS BCEX OCTAJIbHbIX.

B ciyuae 3aBUCHMBIX COOBITHI BBOAUTCS TOHATUE YCIOBHOM BEPOSTHOCTH.

YciaoBHoii BeposiTHOCTBIO P(A|B) coObiTHSI A  Has3bIBaeTCs €ro BEpPOSITHOCTb,
BBIUMCIIEHHAs MpPU YCIOBMM, 4TO coObiThe B mnpousomnuio. Ananoruuyno, udepe3 P(B|A)
0003HayYaeTcs ycIoBHAsE BEPOATHOCTh COOBITHS B mpu yciioBuu, 4to A HaCTYNuIIO.

Jns He3aBUCcUMBIX coObITHI TTO ornpenenennio P(AB) = P(A); P(B|A) = P(B).

Teopema ymuostceHus 014 3a6UCUMBIX COOLIMUIL

BepositHocTh npomM3BeIeHHsi 3aBHCHMbBIX COObITHII PAaBHA TPOU3BEICHUIO BEPOSITHOCTH
O/IHOTO M3 HUX HA YCJIOBHYIO BEPOSITHOCTB IPYIOr0, IIPH YCJIOBHH, YTO IIepBO€ IPOH301ILIO.

P(4-B) = P(A)-P(B|A) win P(A B) = P(B)- P(A|B) *

(B 3aBHCHMOCTH OT TOT0, KAKOE COOBITHE IIPOU30LILIO NIEPBBIM).

Cneocmeue 1.

Teopema ymHoMCEHUSL ONI51 HE3ABUCUMBIX COOBIMUIL.

BeposiTHOCTb NpoM3BeleHUSI HE3ABUCHMMbIX COOBITUH PAaBHA TPOM3BEICHUI0 UX
BEPOATHOCTEH.

P(AB)=P(A) « P(B).
Cneocmeue 2.
Ecim A n B HesaBrcnMbl, To He3aBuckMsI 1 Tiapsl: (A; B ), (A ;B), (A ;B).

Cneocmeue 3.
JInss N HEe3aBUCHMBIX HCTIBITAHUM, B KOKIOM W3 KOTOPBIX CIydailHOe coObITHE A MOXET
TMOSIBUTHCS C BEPOSITHOCTBEO P(A) = p, BeposITHOCTD MOsIBIIEHHsL A XOTs1 Obl O/IMH pa3 paBHa:
P(B)=1-(1-p)"
CrencrBreM OCHOBHBIX TEOPEM TEOPUM BEPOSITHOCTEM — TEOPEM CIOXKEHHUS M YMHOMKECHUS
BEPOSTHOCTEH — SIBJISIETCsI (POpMyIIa OJTHOM BEPOSITHOCTH.



4. ®opMy.Jia MOJIHOH BepOSITHOCTH

Ilycte paccMarpuBaeTcsi TIONHAS TPYIIA TOMAPHO HECOBMECTHBIX COOBITHIA {A }i 4 Te
BBITIOJHSIIOTCS YCIOBUS Ay + Ap + ..+ Ap =Q, Aj- Ay=0, Vi # |, HekoTtopoe codbitre B, kotopoe
MOJKET OCYIIICCTBHTHCS OJJHOBPEMEHHO TOJIBKO C OIHHUM H3 A,

T'oBopsT errie, uTo 00 0OCTAHOBKE TIPOBENICHNUS OMbITA MOKHO CIENATh N UCKITFOYAFOIHX JIPYT
JIpyTa MPeoNIOKeHUN A, HA3bIBACMBIX cUNOME3AMU.

Dopmyna nonnoil 6eposmMHOCIU

Teopema. BepositHocts P(B) coObitust B, KOTOpoe MOMKET MPOM30UTH TOIBKO NPU YCIIOBUM
TIOSIBJICHUST OZIHOTO M3 COOBITHH (THmoTe3) Aj, Ay, ... , An, 0OpasyrolyX IMOJHYIO TPYIITY TOMNapHO
HECOBMECTHBIX COOBITHI, paBHA CyMMe MPOM3BEIICHUIA BEPOSITHOCTEH KKIIOTO M3 COOBITHI Az, Ay, ..
A Ha COOTBETCTBYIOIIME YCIIOBHBIE BEPOSTHOCTH COOBITHS B:

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

*9

5. ®opmy.ia baiieca
Ecrmu y)xe HacTynuiio paccMaTpuBaeMoe HEKOTopoe coOblTue B, mpoucxopsiiee ¢ ogHUM U3

COOBITHI {A }i _, » 00pasyIOIMX TOJIHYFO IPYHITY NONAPHO HECOBMECTUMBIX COOBITHI, IPUYEM U3BECTHBI

BEPOSITHOCTH 3THX THIIOTE3 JI0 UCTbITanusl P(A|), a Takke BepOSTHOCTH, COOOIIAEMbIE MK COOBITHIO B:
P(B/A)), To MOXHO paccuMTaTh BEPOSTHOCTH THIIOTE3 A; TTOCIIE TOro, Kak coObITre B mpomzoruio.

Dopmyna baiieca
BepositHocTs P(A; /B), runotess! Aj , ipy YCIOBUH, YTO cOObITHE B mpousoruio:

oA |B)— PAPEIA)
> P(A)P(BI A)

BepositHocTH THIOTE3 70 MCTbITaHus P(A4j) Ha3bIBAIOT €IIIe anpuopHuiMu (OOONbIMHbIMIL),
a BeposTHOCTH THUnote3 P(B/4j), mocie TOro Kak MPOHM30LLI0 COObITHE B, Ha3bIBAIOT
anocmepuopHuIMU (NOCi1eonbimHuiMu).'

®opmyna baifeca, TakuM 00pazoM, JaeT BO3MOXKHOCTH «II€PECMOTPETHY» BEPOSTHOCTH
THITOTE3 C YIeTOM HaOJIOJICHHOTO Pe3yJIbTaTa OMbITa, TI0 Mepe TOTyICHHS] HOBOM WH(OPMAITUH.
D10 uMeeT OO0IbIII0oe HAYYHO-TIPAKTUYECKOE 3HAYCHHE.

1.3 Jlekuus Ne 3 (2 gaca).

Tema: «[loBTOpHBIE HE3aBUCHMbIe HCTBITAHUS» (MHTepaKTHBHAs Gopma)
1.3.1 Bonpocsl Jekuum:

1. ®opmyna beprymm

2. JlokanwsHas Teopema Myaspa-Jlamnaca

3. UnTerpanbHas Teopema Myaspa-Jlamiaca
4. Teopema Ilyaccona

1.3.2 Kparkoe coaep:xanue BOIPOCOB:

1. ®opmy.aa bepnyiim

Oﬂpeﬂeﬂeﬂl/le: Ecmm IMPOU3BOAATCA MHOI'OKPATHBIC HUCIBITAHWA, B KOTOPBIX
BEPOSITHOCTH TOSIBIEHUSI COOBITHS A B KaXKJIOM HUCIBITAHUM HE MEHSETCS B 3aBUCHMOCTU OT
UCXOJIOB IPYTUX MCIBITAHUM, TO TaKUE UCIBITAaHUS HA3bIBAIOT HE3AGUCUMBIMU NOGMOPHLIMU
UCNLIMAHUAMU.

bynem pamee paccmarpuBarh JIMIIb TaKWE HE3aBHUCHMBIE HCIBITAHHS, B KOTOPBIX
COOBITHE A UMEET OJIHY U TY € BEPOSTHOCTb.
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[TycTh mpOM3BOANTCS N HE3aBUCUMBIX UCIIBITAHUH, B KaXIOM M3 KOTOPBIX cOObITHE A
MOJKET HOSBUTHCS WK HEe NOSBUTHCSL. O003HAYMM BEpOSITHOCTH coObITHS A — P, T.¢. P(A) = p,
TOTJa BEPOATHOCTb HEHACTYIUIEHUS COOBITUS A B KaKOM HCIBITAHUM TaKXe IOCTOSIHHA U
paBHa = 1-p.

ITox cxemol bepHyJIM ITOHUMAIOT NIPOBEACHUE CEPUM B N UCHBITAHUM, B KaXIOM U3
KOTOPBIX BO3MOXKHBI JIBa HCXOJa: JMOO HAcTymuT coOblTue A, MO0 HE HACTYIHUT, T.€.
POU30UJET MPOTHBOIOJIOKHOE €My COOBITHE, U ITPH ITOM:

1) BCE€ N UCIIBITAHUN HE3aBUCHUMBI;

2) BEPOSTHOCTh COOBITHS A B KaXKJIOM OTAEIHHOM HCHBITAHHM TOCTOSHHA M HE
MEHSETCS OT UCTBITAaHUS K UCIIBITAHUIO.

P(A) =p; P(A)=1p=q.

Teopema. B ciiyuae HeGoubInoro yncna ucnsitanuii N sepostHocts B, (K) Toro, uro B

N HE3aBUCHMBIX MCIIBITAHUS COOBITHE A HACTYIUT POBHO K pa3 ompeensercst B COOTBETCTBUH
¢ popmyaou bypuyanu:

P,(k)=Cyp“@—p)™*
uiau
n!

P, (k) = K_K)! pr-p"".

2. JlokaabHas Teopema MyaBpa — Jlaniiaca
Teopema. Ilpu OGonbmiOM 4MCIE HCHBITAHUH N—00 , BEPOATHOCTH HACTYILICHUS
coOnpITHA A B KaXaAO0M HCIIBITAHUU D, OTJIMYHOU OT HYyJId U CAWHHLBI, W IIPU BBIIOJHCHUU

ycnosus Npg > 20, BepositHocTs B, (K) TOro, 4To B N HE3aBUCHMBIX MCIIBITAHUSX COOBITHE A

HACTYIUT POBHO K pa3 ompeaessieTcsi B COOTBETCTBHM C JOKAIbHOU meopemou Myaepa —
Jlannaca:

1 k—np
PK)r— f(t);, t=—=,
Vnpg /npq
r71€ N — 4UCII0 UCTIbITaHUu bepHyiu;
k — 4ucno ucnpiTaHuii, B KOTOPHIX HACTYIUIO COOBITHE A;

p = P(A) — BepOSTHOCTh HACTYIUICHHUS COOBITHS A B KaXIOM HCITBITAHUH;
= 1-p — BepOSTHOCTH IPOTUBOMONOKHOTO cobbrThst (A);

1 £
f(t)=——e 2 - ks [aycca
() T dynkius ay

Oynkius Taycca f(t) nmpeacrasisier co0oi MIOTHOCTh CTaHAAPTHOTO HOPMAJIbHOTO
3aKOoHa pacrpezaenenus (OyneT paccMOTpeHa Janee).

OcHoBHbie _cBoiicTBa f(t), HeoOXoauMmble Ui TPUMEHEHHS paccMaTpUBAEMOM
TEOPEMBI:

1) f(t) — yvernas pynkius, 1.e. f(t) = f(-t);

2) f(t) — moHoTOHHO yOBIBatomas Qyskius, T. €. f(t)—0 mpu t—+oo; npu t>5
MoxHO cuutath f(t) = 0

3. UnaterpanbHas Teopema Myaspa — Jlaniaca
Teopema. Ilpu OonpmioM uKciae HCHBITAHUM N—00, BEPOATHOCTH HACTYIUICHUS
COOBITUS A B Ka)XJJOM HUCIBITAaHUU P, OTIMYHON OT O 1 1, M IpU BBINOJIHEHUH yCIOBUs NPQ >
20, BepositHocTh B, (K) TOro, 4to B N HE3aBUCUMBIX MCHBITAHUSX COOBITHE A HACTYIHT OT &
1o b pas, onpenessieTcss B COOTBETCTBHH C MHTErpalIbHOM Teopemoit Myaspa — Jlamaca:
P (@a<k<h)=d(t,) - d(t,);



a—np _b-np

Jopa” g

re N — 4ucio ucnbiTaHui bepHyiy;
K — umcio ucnbITaHuUiA, B KOTOPBIX HACTYITHIIO COOBITHE A;
p=P(A) - BEpOSTHOCTb HACTYIUICHHSI COOBITUS A B KaXKIOM HCIIBITAHUH:

L, =

0 = 1-p — BEPOATHOCTH MPOTUBOIIOIOKHOTO cOObITHS (A );
18X

—je 2 dx — ¢yukus Jlarmaca.

Jers,

Oynknus Jlammaca O(t) mpeacrapnser co0oil PYHKIHMIO CTAaHIAPTHOTO HOPMAITBHOTO
3aKOHa pacrpesesieHus u Oyaer oosee moapoOHO paccMoTpeHa B TeMe «HopmanbHbIi 3aK0H
pacripeaeeHus».

OtmeruMm ocHOBHBIe cBoiictBa @D(t), HEOOXomMMbIC JUISI TPUMEHEHHS JTaHHON
TEOPEMBI:

1) d(t) — neueTHas QyHKIwHs, T. €. D(-1) = - D(1).

2) ®(t) - MoHOTOHHO Bo3pacraromas GyHkuus, T. €. D(t)—1, npu t—oo;mpu t>5
MOkHO cuutaTh O(1)=1 (wm 0,5).

3aoauu, npueooauwue Kk unmezpanvnoi meopeme Myaspa — Jlannaca

[Tycte mpoBOIUTCS N — HE3aBUCHMBIX HCIBITAHUH, B KaXKIOM H3 KOTOPBIX
BEPOATHOCTb MOSIBJICHUS COOBITUSL A MIOCTOSIHHA U paBHa p, 0<p<l.

1) [TocTaBuM 3ajauy: HAWTH BEPOSATHOCTH TOTO, YTO OTKJIOHEHHE OTHOCUTEIHHON
4acToThl K/N OT MOCTOSIHHOW BEPOSTHOCTH P IO a0COJIIOTHOM BEJIMYMHE HE IMPEBBINIACT
3agaHHoro uymcina € > 0. [lpyrumu cioBamu, HaiiieM BEpOSTHOCTh OCYIIECTBICHUS
HEpaBEHCTBA | k/n-p | <e.

<¢ |=D(e o)

2) HauMenbliee 4YuciO HCOBITAHUM, KOTOPOE HYXXHO TPOBECTH, YTOOBI C
BEPOSITHOCTHIO, PABHOM [3, MOXKHO OBIJIO TapaHTHUPOBATh, YTO YACTOTA HACTYIUIEHUS COOBITHS
A OTKIJIOHUTBCS OT BEPOSATHOCTHU p HE OoJjiee yeM Ha €:

<g|=p— 20 \E):B:m:pq(@f

3) [Tpr naHHOW BEpOSATHOCTHM [3 M YHWCIA MCHBITAHUM N TPaHUIBI BO3MOXKHBIX
M3MEHEHUN OTKJIOHEHMSI YaCTOThI HACTYIIJIEHUS! COOBITUS A OT BEPOSATHOCTH P

<e|=p— D(e E)=B=>£= %*D‘lfﬁ);

4) BepositHocTh  TOro, uro K HacrymiueHuii COOBITHS A OTJIMYAETCS OT
npousBeeHus NP (mo MO}IYJ'IIO) He OoJiee 4yem Ha BenuuHy €0

(| kenp | <e)=d( =)

D(t) =

k
—-p
n

k
—-p
n

k
—-p
n

4. Teopema Ilyaccona
Teopema. [Ipu GonbIIOM YHCIIE UCTIBITAHUNA N—>00, TIOCTOSTHHOW MaJION BEPOSITHOCTH
HACTYIUICHHUsSI COOBITHSI A B KaXJOM WHCHbITaHUU p—0, M TpPH BHINOTHEHHH YCIOBHS

0,1<np<10, Bepostrocts P, (k) Toro, 4o B N HE3aBUCHMBIX HCHBITAHUAX COOBITHE A

HACTYIUT POBHO K pa3 onpe;(enﬂeTcsI B COOTBETCTBUH ¢ Teopemol [lyaccona:
.?l ®@
P (k) ~ ; A=np,

rze N- 4ucio ucnslTanuii beprymm
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K — 4ucno ucneiTaHuii, B KOTOPHIX HACTYIUIIO COOBITHE A,
A=np — mapamerp IlyacCOHOBCKOTrO pacmpe/esieHus, Ha3bIBAEMBIl elle cpeorell
UHMEHCUBHOCMDBIO.

3nauenus Gynxuun [yaccona P, (k) Taxke MoryT GbITh ONpesneieHbl M0 TabiuIle
«3navenue pynkuuu [TyaccoHa» npu 3a1aHHbIX 3HaUCHUAX K 1 A.

1.4 Jlexuus Ne 4 (4 yaca).

Tema: «/Iuckpernas caydaiinas Bexnuuna (JICB)» (uarepaktrBHas hopma)
1.4.1 BonpochI J1eKIUM:

1. Onpenenenue TUCKPETHOMN ClIy4ailHOW BEJIMYUHBI. 3aKOH pacrpeaeieHus
2. @yukuus pacupenenenus JCB

3. OcHoBHble uncioBbie Xapaktepuctuku [[CB

4 OcHoBHbIe 3aK0HBI pactipenencaus [|CB: Ounomuansheiii, [Tyaccona,
reOMEeTPUUYECKUN

1.4.2 KpaTkoe coaep:kaHue BONPOCOB:

1. OnpenesieHue TMCKPETHOM CaIyUdaliHOI BeJJMUMHBI. 3AKOH pacnpeiejeHust

Cnyuatinas eenuuuna — 3TO TEPEMEHHAas, KOTOpas B pe3ylbTaTe WCIbITAaHUS
IPUHUMAET OJHO W3 CBOMX BO3MOXKHBIX 3HAUEHUMH, MPUYEM 3apaHee HEU3BECTHO, KaKoe
MMEHHO, T.K. OHO 3aBUCHUT OT CIyYasl.

Juckpemnas cnyuainas eenuuuna — ciaydailHas BeJIMYMHA, KOTOpas INPUHUMAET
KOHEYHOE HJIM OECKOHEYHOEe, HO CUETHOE YHUCIIO OTACNIbHBIX W30JIMPOBAHHBIX 3HAUCHUH (T.e.
UX MOXXHO IIEpEHYMEpPOBaTh HATYPAJIbHBIMU YHCIIAMU).

Henpepuvignas cnyuatinas eenuyuna — 3TO ciaydaiHas BeIUYMHA, OECKOHEYHOE U
HECUYETHOE MHOXKECTBO 3HAUYEHUH KOTOPOH €CThb HEKOTOPbI MHTEpBajd (KOHEUHBIM WU
0OECKOHEUHBIN) U OHA CIUIOLIb 3aMOJIHAET 3TOT UHTEPBAJl.

Jns  ompeneneHus cilydyailHOM  BEIMUYMHBI HEOOXOAMMO 3aJaThb €€ 3aKOH
pacnpeneseHus.

3axonom pacnpedenenusi CB Ha3pIBalOT COOTHOIIEHHME, YCTaHABIMBAIOIIEE CBS3b
MEXJIYy BO3MOXXHBIMM 3HAQUEHUSIMU CIIy4allHOM BEJMYMHBI M  COOTBETCTBYIOLIMMH
BEPOSATHOCTSIMHU, C KOTOPBIMU CIy4aiiHasi BeJIMYMHA IPUHUMAET 3TH 3HaueHus. ([lp. cioBamu,
3TO COOTBETCTBUE M/Y BO3MOXKHBIMH 3HaueHUAMU CB 1 ux BeposTHOCTAMN).

3axoH pacnpenenenus JICB MOKHO 3a1aTh!

1. TabnuyHo.

2. rpaduyeckoe MpeacTaBIeHUE psifia paclpeIeiICHUs] HAa3bIBACTCS MHO20Y20NbHUKOM
(nonunomom) pacnpeoeneHus

3. TperbuMm criocoboM 3aanus 3akoHa pacnpenenenus JJCB sBnsercs uHTerpanbHas
GyHKIMS pacnpeeneHns Wik QYHKIHS HaKOIIJIEHHBIX BEPOSITHOCTEH.

2. ®ynkuus pacnpenesaenus [1CB

Dynxyust pacnpedenenusi (unmezpanvhas @yukyus)F(X) ompenenser aias KaxIoro
BO3MOYKHOTO 3HAYCHHSI X BEPOSTHOCTH TOTO, UYTO ClydaiHas BelUYrHaA X MPUMET 3HAYCHHMS,
Menblee x: F(X) = X;zpic. P(X = xi),

CroiicTBa nHTErpanbHoi GyHKIMU pacupenencHus JICB

1) ®yHKIUs pacripenercHus MOXKET MPUHUMATh Jr00bIe 3HaueHus ot 0 1o 1, T.K. 1Mo
OTIPEICIICHHUIO SBJISIETCST BEPOSITHOCTHIO,

2) UnTterpanbHas GyHKIUS pacipe/e/icHusl SBJISICTCS HEYObIBAIOIIICH;

3) ®ymknus pacnpenesieHds JIIOOOW IUCKPETHOW CIydalHOW BEJIMYHHBI €CTh
pa3pbiBHas ~ CTyneHuaTas  (YHKIMs, CKAa4kd KOTOPOH  MPOUCXOAAT B  TOYKAX,
COOTBETCTBYIOIIMM BO3MOYKHBIM 3HAUCHHSIM CIyYaiHON BEIMYUHBI U PAaBHBI BEPOSTHOCTSIM
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Tux 3HaueHuid. CyMMa BCeX CKaykoB paBHa 1. DTa (QyHKIUS KyCOYHO IOCTOSHHA Ha
MHTEpBaJiaX, Ha KOTOPBIX HET €€ 3HAUCHU.
4) Unrerpanbhas ¢pynkuus pacupeneneaus ICB HenpepriBHA clieBa
YcnoBus HenpepbIBHOCTU (YHKITUH:
Jim [F(x) — F(xg)] =0
x

11n1:::Ec[F[1) — F(x5)] = P(X = x,).

5) BepostHocTh monananus JICB B unTtepBan [a;b) paBHa mpupamienuto QyHKImu

pacrpeziefieHus: B 3TUX TOYKaX:
P(a<X<h) = F(b) — F(a).

6) Eciin BceBO3MOXKHBIC 3HAUCHHUS CIyYalHON BEJMYMHBI X MPUHAIICIKAT HHTEPBATY

(x.‘r::'r!-: xmc.xja TO
F(X) = Oa HpH XSI!?’::’.*!

7) Ecnu BceBo3moxkHble 3HaueHus JJCB X pacnonoxens! Ha Beelt uncnoBoi ocu OX
TO

F(-00) = lim,_,_.. F(x) = 0 (kak BEpOATHOCTb HEBO3MOKHOTO COOBITHS)

F(+o0) = lim, ... F(x) = 1 (kxak BepoATHOCTb JOCTOBEPHOIO COOLITHUS)

3. OcHoBHBbIC yHCI0BbIe XapakTepucTuku JICB

Mamemamuuyeckoe oxcuoanue M(x) — 3TO 4YHUCIO, XapaKTEpU3YIOIIEe CpeaHee
3HAQUYEHHE CIy4YallHOW BEJIMYUHBI X.

Mamemamuueckum odxcudanuem /[CB Ha3bIBalOT CyMMY IPOU3BEJIEHUN BCEX €€
BO3MO>KHBIX 3HAUEHUH HA UX BEPOSATHOCTH, T. €.

M(X)= L=y % p; = xypy T x50, T T 2,1,
CBolicTBa MAaTEMAaTUYECKOTO 0KHIaHUS
1) MaremaTHyeckoe OXHIAaHUE IMOCTOSIHHOW BenuunmHbl C — CONSt paBHO 3TOM
BEJIMYNHE:!

M(C) =C.
2) IlocTOsSIHHBIM MHOKUTEIh MOXHO BBIHOCUTD 33 3HAK MAaTEMaTUYECKOTO 0XKUJIaHUS:
M(CX) =C M(X)

3) Marematuueckoe OKHAaHNE AIreOpandecko CyMMBI N CIIyYailHBIX BEJTUYUH X1, X2,
...Xn PaBHO CyMM€E MaTeMaTU4YeCKuX Oxuaanui 3tux CB:

M(X1£=Xot. .. £X,) = M(X)EM(X)E. . . =M (Xy).

4) MatemaTnueckoe OXHJaHHE MPOU3BEACHMS N CIydalHBIX BEJIWYMH X1, X2, ...Xn
PaBHO MPOU3BEICHUIO MATEMATUUECKUX OKuAaHul 3Tux CB:

M(X*Xo*...*Xq) = M(X1)*M(X2)*...*M(Xp).

[Iyctp mpoW3BOOMTCA N HE3aBUCHMBIX HCHBITAHMM, B KaXIOM N3 KOTOPBIX
BEPOSTHOCTD MOSIBIEHUS COOBITHSA A MOCTOSIHHA U paBHA p.

5) Teopema: Matemarnueckoe oxxuganue M(X) ducia nosiBIeHU coObITHsA A B N
HE3aBUCHMBIX MHCIIBITAHUS PAaBHO NPOM3BEJIEHUIO YHUCIIa HCIBITAHUH Ha BEPOSTHOCTh
MOSIBJICHUS COOBITHS B KQKJIOM UCIIBITAHUU:

M(x) = np.

3Hasg MaTeMaTUYECKOE OKHIAHUE MBI HE MOKEM CYAHUTh Kak 3HaueHuss CB paccesHbl
Bokpyr M(X). pyrumu cioBamu M(X) NOTHOCTBIO HE XapaKTepU3yeT CIy4yaiHylo
BEIMYUHY. PaccMOTpUM IOKa3aTesb_IUCIIepCHus.

Hucnepcus xapaktepusyeT pazOpoc wuiau paccesHue 3HadeHuit CB  okono ee
MaTE€MaTUYeCKOro OXKUIAHUS.

Hucnepcuss — 3TO MaTreMaTHYECKOe OXKMAAaHHWE KBaapaTa OTkIOHeHHs CB or ee
MaTEeMaTUYECKOr0 OXKUAAHUS:
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D(x) = M[X — M(x)]*.
(DOpMYJ'Ia YIIPOIICHHOI'O BEIYHCIICHUA AUCTICPCUN UMECCT BU!:

D(X) =M(x") - (M(x))"
CBoiicTBa 1UCTIEPCUU CAMOCTOSITEIIBHO

Cpeonee keadpamuueckoe OmMKIOHeHUe CIy4allHOW BEIMYMHBI ONpENeNsieTcs Kak
KOPEHb KBaIpaTHBIN U3 AUCIIEPCHUHU:

o(x) = D(®)

CpenHee KB. OTKIOHEHHE OBUIO BBEIEHO KAaK JOMOJHHUTEIbHAS XapaKTePUCTHKA
paccesaust 3HadeHmiik CB BOKpyr ee MareMaTh4ecKoro OXHUIAHHS M, B OTIHYHE OT
JTUCTIEPCUH, OHA UMEET Pa3MEPHOCTh, COBIAAAIOIIYIO C pa3MepHOcThi0 CB.

Mooa M,(X)pacnpenenenus — 310 3Hauenue CB, umeromee Hauboliee BEpOATHOE
3HAYCHHUE.

Meouana M_(X) - oto 3nauenne CB, koTopoe AeauT TaONUIly paclpenencHus Ha JIBe
YaCTH T.0., 9YTO BEPOSATHOCTH MOIMAIaHUS B OJHY U3 HUX paBHO 0,5

4. OcHoBHBbIe 3aKkOHbI pacnpenejgenuss JACB: OunommauabHblii, Ilyaccona,
reoMeTpuYeCKHu i

a) bunomuanvrnoe pacnpedenerue

[Iycte mpousBoAMTCS N HE3aBUCHUMBIX HCIBITAHUNA, BEPOATHOCTh HACTYIUICHUS
COOBITHS A B KaXIOM HCIbITaHUU TOCTOSIHHA P(A;) = p (HeHACTyIUICHHS, COOTBETCTBEHHO,
q=1-p)

Paccmotpum B kauectBe JJCB X uncno mosBiaeHH cOOBITUS A B 3TUX HCIIBITAHHSIX.
OuyeBuaHO, 4YTO COOBITUE A B OITUX HCIBITAHHUAX MOXKET HE TOSBUTHCS, IOSBUTCS
1,2,3....m,...,n pa3. Tak Kak ciy4aifHoe cOOBITHE MNOAUYMHSIIOTCA cxeme bepHymu, TO
BEPOSITHOCTh HACTYIUJICHUSI COOBITHS A MOXKET OBITh BEIYKCIICHA 10 (hopmysie bepHyiu:

B, (k) = Cip®q™" " (%)
®opmyna (*) — anHanuTHUECKOE BhIpakeHHe bUHOMUaNbHOTO 3aKOHa.

Huckpemnas ciyuaunas eenuduna umeem OUHOMUATbHBIL 3AKOH PACHPEOeneHUs, €CIH
OHAa IPHUHHUMAET LieJoUYuCiIeHHble 3HadeHus 0,1,2,...n ¢ BEpOATHOCTSAMU, BEIYUCICHHBIMU I10
dbopmyne bepuynu.
s JICB, onuceiBaeMoii GMHOMHAIBHBIM 3aKOHOM paclipe/leIeHus:
M(x) = np;
D(x) = npq.

0) pacnpeoenenue Ilyaccona

VYcnoBus, yto M npu buHOMmaneHOM 3akoHe pacnpeneneHuss, HO BepoATHOCTH
nosiBiieHus coobiTust A mana, p<0,1.

[IpousBenenue NP = A — coxpaHseT MOCTOSIHHOE 3HAUYECHUE.

3axon pacnpeodenenus Ilyaccona - 3axoH pacnpenenenust JJCB X, mpencraBistomniei
co00it uncno K HacTyrieHust coObITHSI A B 3aJJaHHOM MPOMEKYTKE WM MPOCTPAHCTBA TIPU
3a/IaHHOW MHTEHCUBHOCTHU NP = A.

JICB umeem 3akon pacnpeodenenus Ilyaccona ¢ mapameTpom A, €CIM OHA MIPUHUMAET

[eNOYHCIIeHHbIe HeoTpuiaTenbuble 3Hauenus: 0,1,2,.m,..,n, ... (OeckoHeYHOe, HO CUETHOE
MHOECTBO 3HAYEHUI) C BEPOATHOCTSAMHU, BEIYHCIsieMbIMU 110 (hopmyme [lyaccona:
L
B, (k) =——

k!
A=np — napameTtp pacnpenenenus [lyaccona.

Ero ere Ha3bIBAIOT 3aKOHOM peoKux codvimull.
M(x) = A, D(X) = A
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8) ['eomempuueckoe pacnpedenenue

[Tyctb mpoBOAMUTCS N HE3aBUCUMBIX UCIIBITAHUN, BEPOSITHOCTh MOSBICHUS COOBITHS A
B KaxJIoM u3 HuX paBHa p(0<p<l). UcnblTaHus 3aKaHYUBAIOTCS KaK TOJIBKO TOSBHUTCS
coobiTre A. Takum 00pa3om, eciii coObITHE A MOSBUIOCH B K-M HcTbITaHHH, TO B K-1 0OHO He
HOSIBJISLIOCH.

O603naunm X — JICB — 4ncio ucnplTaHUd, KOTOPOE HYXKHO MPOBECTH JO MEPBOTO
nosBIeHus coObITUS A, B K HCIIBITAHMU BEpOATHOCTL X paBHa Pg~~?

JICB umeem ceomempuueckuti 3aKoH pacnpedeiieHus, €CId OHa TPUHUMAET
[EOYHCICHHbIC 3HAa4eHHus [,2,... C BEPOSATHOCTSAMH, BBIYHCICHHBIMU 1O Qopmyse

reOMETPHYECKOMN MPOTPECCHH
P(X=k) = g% 1p.

1.5 Jlexkuuss Ne 5 (4 gaca).

Tema: «HenpepbiBHas cay4aiinasi BesimunHa (HCB)» (unrepaktuBHas Gpopma)
1.5.1 BonpochI jJeKkium:

1. dyHKIMA pacnpeeneHns HelpepbIBHOM c1y4aiiHOM BEIMYMHbI

2. ®yHkuus wiotTHocTH BepositHocTeit HCB

3. OcHoBHbIE yKclIOBbIe XapakTepuctuku HCB

4. OcHoBHbI€ 3aK0HbI pacnpenenenns HCB: paBHOMEpHBIH, 3KCIIOHEHIMANIbHBIH,
HOpMalbHBIN

1.5.2 Kpartkoe coaep:kaHue BONPOCOB:

1. dynkuus pacnpeneieHus HellPepPbIBHOM CJIy4YaiHON BeJIMYMHbI

HCB - 310 cnyuaiiHas BenuunHa, 6ECKOHEUHOE U HECUETHOE MHOKECTBO 3HAUCHMIA,
KOTOPOM €CTh HEKOTOPBIN MHTEPBAJ (KOHEUHBIN MIIM OECKOHEUHBIN) U OHA CIUIONIb 3aI0JIHSIET
3TOT UHTEPBA.

@ynxyus pacnpeodenenuss HCB X F(X) HempepbiBHA B 1000# TOYKE U UMEET BCIOLY
(kpome, BO3MOKHO, KOHEYHOT'O YKCJIa TOUEK) HEMPEPBIBHYIO TPOU3BOAHYIO.

Teopema. BepositHoCTh 106010 OT/IENBbHOTO B3siTOoro 3HaueHust HCB paBHoO HyitO.

Ceoiicmea unmezpanvhoii pynkyuu pacnpeoenenus HCB
1. @®yHkuus pacopefeneHuss MOXeT NpuHuUMaTh 3HadeHus ot 0 mo 1, T.K.
OTIPENIeNAETCS BEPOSITHOCTHIO
0<F(x)<I1
2. UnTerpanbHast pyHKIHS pacnpeesieHus SBsSeTcs He yObIBaroei
F( x2 )>F(x1), ecimm x> X3

3. 1nst HCB ( cornacHo Teopeme)
P(x1<X<xp) = P(x1 <X<x2) = P(x1<X< xp) = P(x1 <X< x5)

4. BepositHocTs nonaganus HCB B unTepBai [ X1;X2 ) paBHa NpUpalIeHUIO QYHKIUN

pacnpeaciicHusd B 9TUX TOYKAX:
P(X1 <X< X2) = F( X2 ) - F(Xl)

5. Ecnu Bce Bo3MoxkHBIe 3HaueHus: CB x npunauiexar uarepBainy ( X1;X2 ), TO
F(x) = 0,mpu x <x3
F(X)=1, npu x > X,
6. Eciiu Bce Bo3MoxHble 3HaueHUss HCB x pacnonoskeHsl Ha Bcell uncioBoi ocu OX,
TO
lim F(x)=0

X—>—00
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lim F(x)=1.

X—>+00

2. ®ynknus mjoTHoctu Bepositnocreit HCB

PaccMoTpuM BepOsATHOCTH MOMNAJaHUS CIIydyallHOM TOYKM Ha 3JIEMEHTapHBIM y4acTOK
[X; Ax] mmuabel Ax HCB X, umeromiell HenpepblBHYI U auddepeHuupyemMmyo (QyHKIH0
pacripocTpancHus F(X) Ha 3TOM yJacTke.

ITo 4 cBolicTBY (DyHKITUU pacTpeeICHUS:
P(x< X< x+Ax)=F(x+Ax)-F(X).

OnpenenuM Ternepb OTHOILIEHUE ATON BEPOSITHOCTH K JJIMHE Y4acTKa, T.€ CPEIHIO
BEpPOSITHOCTh, MPUXOMSAIIYIOCA HAa €IUHMIY JUIMHBI paccMaTpUBAEMOI0 ydacTkKa, |
paccMOoTpuM npuaen npu AX—0

lim F(x+AX) — F(x)

AX—0 AX

=F'(x).

Ora (yHKIUSA, XapaKTepU3yollas MI0THOCTb, ¢ KOTOPOH paclpenesstoTcss 3HaYCHUs
HCB B Touke, n ObUta Ha3BaHa (YHKIMEH TIUIOTHOCTH pacHpelesieHus Win (yHKIUEH
IJIOTHOCTU BEPOSATHOCTEH.

Ilnomnocmes  geposmuocmu  (niomuocmvio pacnpedeienusi Ouppepenyuanoro
@ynxyuerr) CB x naspiBaetcs f(X), sBisromasics mNepBOH MPOU3BOJHON HMHTETPATbHON
(GYHKIIUM pacupeeeHus

f(x)= F (x)

[Tox snementom BepositHoctu it CB x monumaercst BennunHa f(X)dx, ¢ TouHOCTHIO
0 OECKOHEYHO MasblX BEJIMYHMH BBICIIETO MOPSIKAa OTPaKarollas BEPOSTHOCTH MOMalaHus
CITy4ailHOW TOYKH X B 3JIEMEHTAPHBIN OTPE30K 00X, MPUMBIKAIOIINN K TOUKE X.

Ceoilicmea pynKkyuu niomuocmeii 6epoAmHoCcmei.

1. ®yHKIMM IUIOTHOCTH BEPOSATHOCTEH IPUHUMAET TOJBKO HEOTPHULIATEIbHBIC

3HaYeHHsI KaK POU3BO/IHAS HEYObIBaOIIeH GYHKIMH pactpocTpaHenus F(X):
f(x)>0

2. Beposarnocts nomnananuss HCB X B mHTEpBan X; 10 X2 paBHA ONpPEICICHHOMY
UHTErpaty OT pYHKIUH MJIOTHOCTH BEPOATHOCTEH B 3TUX Mpeaesax:

3Hasi MJIOTHOCTh PACHpPEENICHUs, MOKHO BBIYMCIUTH BEpOsATHOCTH TOro, uro HCB
IpUMET 3HAYCHHUE, PUHAUICKAIEE HHTePBATY (X1, X2 ).

no gopmyne Horomona—
Jleiionuya

P(x1<X< x2)= F(x2 )- F(x1) = TF'(X)dX = Xf f (x)dx

Takum oOpa3oM, reoMeTpUUYECKU MOJYYEHHBIH pe3yslbTaT MOXHO HCTOJKOBATh TaK:
BepoATHOCTh TOoro, yro HCB mpumer 3HadueHue mpuHamnexammii uaTepBaiy (a,b), paBHa
TIUTOMIA I KPUBOJIMHEHHON Tpareluu, orpaHninueHnoi ocsto OX, kpuBoit pacnpenenenus f(X)
¥ MIPSIMBIMU X=a, X=D.

Onpenenenne: ['papuk  TUIOTHOCTHM  paclpenesieHHs  Ha3blBalOT  KPUBOMU
pacnpeneseHusl.

T.o. 3Has TUIOTHOCTH pacIpee’eH s, MO)KHO HAalTH (PYHKLIHIO pacipeiesieHusl.

3. @ynkuus pacnpoctpanenuss HBC paBHa wuHTerpaimy OT (QYHKIUH IUIOTHOCTH
BEPOATHOCTEH B Ipesiesax oT -o0 J0 X:

4. NHTerpan B OECKOHEUHBIX MpHUAENax OT (YHKIMHU IJIOTHOCTH BEPOSATHOCTEH paBeH
1. ( Kak cyMMa BEpOSATHOCTEH BCEeX BO3ZMOXKHBIX 3HaUeHH CB X):

I'eomeTpuuecku: Bcsl IUIOIIA b KPUBOJIMHEWHOMN Tpanenuu orpaHuueHHas ocbro OX
Y KpUBOM pacrpeeneHus paBHa 1.
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3.0cHoBHBbIe YucJa0BbIe XapakTepucTuku HCB
1. Marematnueckoe oxunanue HCB:
+0c0
M(x)= | x f(x)dx
-0
2. JIucnepcusa HCB:
400

D)= ((x-M(X))?f(x)dx

3. Cpez[Hee KBaaApaTUYHOEC OTKIIOHCHHUC!

ox =+/D(X)

4. OcHoBHBIE 3aKOHBI pacnpeneneHus HCB: PaBHOMEPHBI,
IKCINOHEHIMAJIbLHbIH, HOPMAJbHbIH
[InotHoctu pacnpenenenuss HCB Ha3bIBalOT Takke 3aKoOHaAMU pacnpedeneHui.
1) Pasnomepnolit 3aKon pacnpeoenenus
Omnpenenenne: HCB X nmeer paBHOMEpHBIN 3aKOH paclpeeiacHus Ha oTpeske [a; b],
€CITH ee IUIOTHOCTh BeposaTHOCTH f(X) mocTosiHHA HA 3TOM OTpe3Ke U paBHA HYIIIO BHE €r0, T.C.
0, mpux < a
f(x)=< 1/(s-a), mpu a< x <b C= 1/(atB)
0, mpu x> b

[To ompeneneHuio (GyHKIUU pacrnpenciieHUuss U CBONCTBY IIOTHOCTH BEPOSTHOCTHU
0, npu x<a

F() = [ f@®dt: F(x) = ;‘%: npua<x<b

1, npu x>b

Yucnosvie xapakmepucmuku CB, pacnupeleleHHOM 10 pPaBHOMEPHOMY 3aKOHY
pacrpeneeHus

_as+h
M(x) = 5

_ (b-a)’
D(x)= B

2) IMoka3aTeabHbli (AKCIOHEHIUATbHBII) 3aK0H pacnpenaeaeHust
Onpenenenne: HCB X wumeer mnokasaTenbHbIM (9KCHOHEHIMANbHBIN) 3aKOH
pacripenesieHus ¢ napameTpom A >0, eciiu ee MIOTHOCTh BEPOITHOCTH UMEET BH/I:

—AX >
F(x) = Ae™ ,npu x>0
0, npu x<0

@ynxyua pacnpedenenus CB X, pacnpeneneHHON MO 3KCIOHEHIUAIbHOMY 3aKOHY
pacnpezeneHus

F(x) :{1—e“,npu X > O.
0, npu x<0
Yucnosvie xapaxmepucmuxu HCB X, pacnpeneneHHON MO 3KCIOHEHIHAIbHOMY
3aKOHY pacIpeesieHUs
1 1
M(X)_Z' D(x)—?.
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Takum 00pazom, MareMaTHUECKOE OXHJAHHE M CPEIHEe KBaJAPaTHYHOE OTKIOHEHHE
II0Ka3aTeIbHOI0 Paclpe/IeeHUsl paBHbI MEXY COOOMH .
3ameuanue 1. Ecim Ha mpakThke H3ydaeTcsl IOKaszareiabHO pacnpeneneHHas CB,

1
MpUYeM TapameTp A HEU3BECTeH, TO A< — ( M IPH 3TOM HEW3BeCTHO M(X), TO MPUHUMAIOT
X

M)~ Xx).

3ameuanue 2. Eciaum ectb ocHoBaHus npenanosiokuts, yro HCB X umeer
NoKa3aTeabHOE pachpeieseHne, TO HaXOoMAT X WU G U CpaBHHUBAIOT uMX. Ecnm ouenHku
OKaXyTcs OJMM3KMMHM OIHA K APYroil, TO JaHHBIE HAOIIOAEHHUH IOATBEP)KIAIOT THUIOTE3Y O
II0Ka3aTeIbHOM PaclpeeICHUH.

3) HopMmainbHbIi 3aKOH pacnpeeleHus

I'maBHass 0COOEHHOCTH HOPMAJILHOTO 3aKOHA PACHpEENICeHUs COCTOUT B TOM, YTO OH
SBIISICTCS NpeO0esibHbIM 3aKOHOM, K KOTOPOMY C POCTOM 4HCIAa HAONIONEHUIN CTpeMsTCs
JIpyrue pacrupeaeneHusl.

Ompenenenne. HCB X umeer HopMalibHBIN 3aKOH pactipezesieHus (3akon ['aycca) c
napamerpamu I U 6 (o6o3nauvaroT X < N(W; ©)), ecnu ee IIOTHOCTh BEPOSTHOCTU MMEET
BU]I:

(x-u)’

202

1
f(x) ey e
- MATEMATUYECKOE OXKUIAHUE X;
o’ — qucnepcus X;
G — CpeaHee KBAaIpaTUIHOE OTKIOHEHHUE.

Ceoticmsa (hyHKyUU NIOMHOCMU 8€POSIMHOCIU HOPMATbHO20 3AKOHA PACNPEOeIeHUSL:
1. f(X) >0 cymecTByeT mpu JIFOOBIX AEHCTBUTEIBHBIX X;

X—>*+o0
2. f(X)—222 50
3. KpI/IBaﬂ IIJIOTHOCTH  HOPMAJIBHOI'O 3dKOHa PpacClpeACiCHUA CHUMMCTPUYIHA

OTHOCHUTEIIBHO MPAMOU X=|L;
4. MakcumalbHOE 3HAYEHHUE f(x) NpUHUMAET B T. Xgo =W, NOPU OTOM

f (x) = L
oN2r’
5. KpuBasi mi10THOCTH HOPMAJILHOTO 3aKOHA paclpesieeHHs] UMeeT 2 TOUKHU nepernda
L)
o 27e
Ecnu o = const, u MeHseTcs napaMeTp i, T.€. IEHTP CUMMETPHUH pacIlpeieeHHs], TO
HOpMaﬂLHaH KpI/IBaﬂ 6yI[CT CMCIIAThCs: BAOJb OCH a6cu1/1cc, HC MCHJIA (1)0pMBI.
ECJ'II/I H= const u MCHJICTCA ET, TO MCHICTCA OpI[I/IHaTa MaKCHUMaAJIbHAas KpI/IBOﬁ -

1
=T

Takum o0Opa3zom, mapamerp [ XapaKTepH3yeT IMOJIOKCHHE IIEHTPa, a mapamerp o -
hopMy KpUBOIi TUIOTHOCTH BEPOSTHOCTH.

C KoopJMHaTaMu (u=*o;

DyHKyus pacnpeoeneHuss CIy4auHou BelUYUHbl, PACnpeoeNeHHOl N0 HOPMALbHOMY
3aKOHY.
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Onpenenenue:  Dynkuus pacrnpenenenuss CB X, mmeroniee HOpMaldbHBIM 3aKOH
I e

pacrpesieNieHus ¢ apaMeTpoM /i 1 o, onpesensercs no gopmyine: F(x) = 2id(), t=
@(t)- pynkims Jlamaca

I'eomerpuueckn (QyHKIUS pacmlpeneieHus NpeACTaBiIsieT  COOOM IUIom@anb MoJ
HOPMAaJIbHOW KpUBOM Ha MHTEpBase (—%2;x). Kak BUIuM, OHa COCTOUT U3 2-X YacTei: nepBon
- (—%; 1) paBHOU Y5 1 BTOPOI#i, Ha mHTEpBae ( i;X), paBHoil 1/2D(t).

Onpenenenue: Hopmanbublii 3akoH pacnpeaenenuss CB X ¢ mapamerpom
uw =10, =1 (N (0;1)) Ha3sIBaETCA CMAHOAPMHBIM UIU HOPMALLHBIM.

Ceotvicmea CB, pacnpedenennoii no HOpMarbHOMY 3AKOHY paAcnpedeeHust
1. Ecniu paBHa X < N(u;0), To BepostHocTh nonananus CB X B uHTepBan [Xi; X2]
paBHa

P(Xl SXs Xz) :q)(tz)_q)(tl),

I'.l — .'a.-___—,'..!; I_: :_xz—l'-'!

i

&

2. BeposTHOCTb TOro, 4YTO OTKJIOHEHHUE CIydalHOM BeJWYUMHbI X, OT €€
MaTEMATHYECKOTO OKHJIAaHUS [l HE MPEBBICUT BenuunHy € = 0 ( 110 abCOTIOTHOM BEIIMYUHE),
paBHa

P(IX —ul< s)=2cb<§>.

Ecnu 3amenuts € Ha G, 26, 3G, TO OJIYYUM <«IIPABUIIO TPEX CUTM)
3. IlpaBuiio Tpex curm

Ecnu cnyuaiinas BemmunHa X < N(@;0), TO NpakTHYECKH JOCTOBEPHO, YTO €€
3HAYEHHs 3aKJII0UYEHbI B nHTepBase (i — 3a; i + 30 (BepostHocTh BbIOpoca pasha 0,0027)

1.6 Jlexuusi Ne 6 (4 gaca).

Tema: «3axon 0oabmmx yncen. [lonsitue o merone Mourte-Kapio. llenn Mapkosa»
(naTepakTHBHAs hopMma)
1.6.1 Bonpocs! Jekuum:

1. CyurHocTs 3aKoHa 60mb1IMX Yncesl. OCHOBHBIE TEOPEMBI 3aKOHA OOJIBIINX YHCEI
2. llenTpanpHas npenenbHas Teopema JlamyHosa

3. CymHocts MeTona MonTte-Kapno. Ouenka norpemsocta meroaa Monte-Kapiio
4. TlpaBuna paseirpeiBanus JJCB u HCB

1.6.2 KpaTkoe coaep:xanne BOIPOCOB:

1. CymHocTh 3akoHa GoablIMX 4HceJ. OCHOBHbIE TeopeMbl 3aKOHA 00JIBIIMX
yuce

B wupoxom cmwicne o 3aKOHOM OOJIBIIMX YMCENT TOHUMAETCS] CBOWCTBO YCTONUYMBOCTH
MAaCCOBBIX SIBJICHHI, COCTOSIIIIEE B TOM, YTO CpPEMHHMMA pe3y/ibTar JACHCTBHSI OOJBIIOrO 4Hclia
CITyJalHbIX SIBJICHUH MPAKTUYECKH MepecTaeT ObITh CIIydaHbIM M MOXET OBbITh MPEACKa3aH ¢
JIOCTaTOYHOM OIPEIEeNIEHHOCTBIO.

B yskom cmvicie mop 3akOHOM OOJBIIMX YMCEN IOHUMAIOT COBOKYIHOCTH TEOPEM,
YCTaHABJIMBAIOUMX (PaKT MPUOMMKEHUS CPETHUX XapaKTEepHCTHK, MOMYYEHHBIX IO pe3yibTaTaM
0O0JIBIIIOr0 YKca HAOMIOICHUH, K HEKOTOPBIM MOCTOSIHHBIM BEJTMINHAM.

Ilycte nmaHa mOCIIENOBATENILHOCTL CIYYalHBIX BEIMYHMH {Xi

b= X0 Xpeoey Xy @

CITyYaiHbIC BEJIMINHBI {Yi }Zl =Y.,Y,,..., Y, ...~ IPEACTABIAIOT COOOH 3a7aHHBIC CHMMETPHICCKHE
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(YHKIMK OT TEPBBIX N WICHOB IMOCIICIOBATEIHBHOCTH {Xi }:il Y, = f (X, X,,..., X)) . Torma ecimu

CYIIECTBYET TIOCIIEZIOBATEIBHOCTD YUCEN  f4, [y,..., 1, ,...,TaKasd, 9TO i Jrodboro & > 0
- o0

BhIONMHsIeTCst [im P{| Y, — i, < 5}=1, TO TOBOPSIT, YTO TIOCIIEIOBATEILHOCTD {Xi }izl TIOTIUHSICTCS
n—o0

3aKOHY OOJIBILINX YMCEIL.

1. Jlewvia Mapkosa

Ecmu cryvaiinas BemumnHa X HE NMPUHUMACT OTPHUIATEIBHBIX 3HAYCHHWM, TO IS JIFOOOTO
TIOJIOYKUTEIBHOT'O YKCIIA T BBITOIHAETCS:

P(X>27)<————= M (X)
Tak kak coObiTust X > T U X< T l'Ip(YI‘I/IBOHOJ'IO}KHBIe, TO 3aMeHss1 BbIpakeHne P(X > 1)
BhIpaxkeHneM 1 - P(X < 1), mpunem k apyroit ¢popme HepaBeHCTBAa MapKoBa.

2. Hepasencmeo Yebviuesa
Jlnst mo0oii cityyaitHOM BEeMMUYMHBI X, IMEIOIIEeH KOHEUHYIO AUCTICPCHUIO, TIPU KaxIoM € > 0
MMEET MECTO HEPABEHCTBO:

PIX —M(X)J< &}>1-2)

VYuureBas, uro codertust | X —M(X) €& u | X =M (X) |[> £ IpOTHUBOIONOKHBIE, TO

HepaBeHCTBO YeObIeBa MOXKHO 3aITCaTh B IPyroM BHIIE
P{X -M(X)]>&}< D(X)
£

Hepagencro YeObliieBa npruMEHUMO /U1 JIFOOBIX CIydaliHbIX BeIW4MH. B mepBoM ciydae
OHO YCTaHAaBIMBACT HUICHION TPAHUIly, BO BTOPOM 6€pXHIOI0 TPAHUIy BEPOSTHOCTU
paccMaTpruBaeMoro CoOBITHSI.

3ameuanue. Ecrm M(X) > © wmn D(X) > €, 10 IpaBble 4acTH HEpPaBEeHCTB Mapkosa U
UYeoOpmea OyayT b0 Oombine 1, nuOO OTpULIATENBFHBIMH. JTO O3HA4YaeT, YTO TPHUMEHEHHE
YKa3aHHBIX HEPABEHCTB B ITUX CIIydasX MNPHUBEIET K TPUBHAIBHOMY DPE3YJIbTaTy: BEpOSTHOCTbH
COOBITHSI MEHBIIIE YHCIIA, TIPEBOCXOSIIETO | MM BEPOSTHOCTH COOBITHS OOJIBIIE OTPULIATEIHLHOTO
yycia. Ho Takoii BBIBO/ OueBHIEH U O€3 HCIIOIb30BaHMs JAHHBIX HEPABEHCTB.

3. Teopema Yebwvruesa (obwuii cnyuaii)
Ecm X, X,,..., X,,...— TIOCIEIOBATEILHOCTb TIOMAPHO HE3aBUCUMBIX CITy4aiHbIX

BEJIMYMH, UMEIOIUX KOHEYHBIE TUCIIEPCHUH, OTpPaHUYEHHbIC OJTHOM M TOM ke mocrostnHoM C, T. €.
DX < C, DX; < C, .., DX, < C, ..., TO Ipi HEOTPAaHUUYEHHOM YBEIMYEHUH YHCIa N CPemHss
apudMeTHIecKasi CITyJalHbIX BEIMYMH CXOUTCS MO BEPOATHOCTH K CpemHel apruMeTHIeCKon nx
MaTeMaTHYECKUX OKUIaHHH:

lim P |1Zx ——Z M(X)|<eb=1

Cwmplcn QOPMYITHPOBKH «CXOOUMOCHb MO 8ePOAMHOCMU» O3HAYAET, YTO C YBEIMUCHUEM

1 1
guciia N BEPOSITHOCTh HEPABEHCTBA —z X, ——ZM (X;)|<e& crpemurbest kK 1, T.e. 31O
n n

HCPABCHCTBO 6y;[er BBIIIOJIHATBHCA B MOAABJIAOIIEM YHCIIC CIIYYacB, XOTA B OTACIIBHOM CJIIy4ac OHO
MOXET 1 HE BBIIOJIHATHCH.
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Cmwicn Teopembl YeObIiieBa: py JOCTATOYHO OOJBIIOM YHCIE N CIyYalHBIX BEJMYUH X

> X

n

NPaKTUYECKH JJOCTOBEPHO, YTO MX CpefHsas X = — BEJIMYMHA CITydaiiHasi, KaK YroIHO Majo

2.MX)
OTIIMYACTCA OT HECITYJYaHOU BECIIMYWHBI —_— , T.C. [IPAKTUYCCKHU NIEPECTACT OBITH CJ'Iy‘l&fIHOfI.
n

4. Teopema Yebvuuesa (vacmuwviii cryuail)
Ecm X, X,,..., X - TIOCIIEIOBATENIFHOCTh HAOMIONCHHUH CIYYaifHOM BEIMYMHBI X,

UMEIOIIAs] KOHEYHYIO TUCIICPCUIO, U OIMHAKOBOE MATEMAaTUUECKOE OXKHIIAHWE TO, KAaKOBO OBl HU
ObLI0 £ > 0:

nitee

lim P |%in—|v|(x>|<g 1
nN—o0 o1

J. Teopema bepryunu

[Tycth M — 4mciI0 HACTYIUICHUS COOBITUSI A B CEpuM N HE3aBUCUMBIX UCIBITAHHUHN, & p —
€CTb BEPOSATHOCTb HACTYIUICHUsI COOBITHS B KXKIOM M3 UCIIBITAaHUH. Toraa yacTocTs COOBITUS MU
HEOTPaHUUEHHOM YBEJIMYEHHUH YMCIIa N CXOJUTCS [0 BEPOSITHOCTU K BEPOSITHOCTH P 3TOTO COOBITHSI B
OT/ZIEJIbHOM HCIIBITaHUH:

limP

nN—o0

<gp=1

m
—=—p
n

Cmpicn Teopemsl bepHyium: nipu GOJBIIOM YHCIie N TOBTOPHBIX HE3aBUCHUMBIX HCITBITAHHI
MPAKTUYECKH JIOCTOBEPHO, YTO YaCTOCTh (CTATUCTHYECKAsK BEPOSTHOCTH) COOBITHS M/N — BeIMYKMHA
ClTydaifHasl, Kak yroJHO MaJlo OTJIMYAeTcsl OT HECIy4aiHON BENWYMHBI P — BEPOSTHOCTU COOBITHS,
T.€. MPAKTUYECKH TIepecTaeT ObITh CITy4aifHOM.

Teopema bepHymm mgaeT TeopeTndeckoe 0OOCHOBaHHE 3aMEHBI HEU3BECTHOM BEPOSTHOCTH
COOBITUSI €r0 YacTOCTBbIO, WJIM CTaTUCTMYECKOW BEPOSTHOCTHIO, TOMYYEHHOW B N TOBTOPHBIX
HE3aBUCUMBIX HUCIIBITAHUAX, ITIPOBOAUMBIX TP OAHOM M TOM K€ KOMILJICKCE YCHOBHﬁ.

HenocpenctennsiM 0600111eHHEe TeopeMbl bepHymmn sBisiercst Teopema [lyaccona, koraa
BCPOATHOCTU COOBITHS B KKI0M HCIIBITAHUN Pa3JIMYHBI.

6. Teopema llyaccona

[Tycte M — umcio HacTyIuieHus: coObITHS A B CepuM N HE3aBUCUMBIX UCTIBITAHUM, a Pj —
€CThb BEPOSITHOCTh HACTYIUICHHSI COOBITHSL B I-M HCIBITaHHH. TOrJa 4YacTocTh COOBITHS TPU
HEOTPaHUUEHHOM YBEJIMUEHUM YMCIIa N CXOAUTCS M0 BEPOSTHOCTU K CpeIHel apudMeruuecKoi
BEPOSITHOCTEH Pj COOBITHS B OT/IEBbHBIX UCTIBITAHUSX:

limP m—%Zpi <gp=1

nN—o0 n i1

2. llenTpanbHas npeneabHas Teopema JIsamyHnosa

Beitie 611 paccMOTpeHb! paziuyHble (POpMbI 3aKOHA OOJIBIINX YHCEN, KOTOpPBIE, IIPU BCEM
CBOEM Pa3HOOOpa3uH, YTBEPKAAIOT OJTHO: CXOAMMOCTH IO BEPOSITHOCTH TE€X WM MHBIX CITy4ailHbIX
BEJIMYUH K OIPEICIICHHBIM ITOCTOSIHHBIM.

Ho stim He orpaHM4MBarOTCs 3aKOHOMEPHOCTH, BO3HHMKAIOLIAE B PE3YJIBTATE CYyMMAPHOIO
JENCTBUA CITy4aliHbIX BeMMYMH. OKa3bIBACTCS, NPU HEKOTOPBIX YCIIOBUSIX COBOKYITHOE JIEWICTBHE
CITy4aliHBIX BEJIMUYMH IIPUBOJUT K HOPMAILHOMY 3aKOHY PacCIIpEeICHHS.

Bce Qopmbl 1eHTparbHOW IpeneibHOW TeopeMbl IOCBAIICHBI JPYroMy acleKkTy —
YCTaHOBJICHUIO YCJIOBUM, MPH KOTOPBIX BO3HMKAET CaMbId paCpOCTPAHEHHBIA B CITyYailHBIX
SBJICHUSIX HOPMAJIbHBIN 3aKOH pacrpenencHus. Baxkneiiee MecTo 3aHuMaeT Teopema JIamyHosa.
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Teopema JIanynoesa
PaccMoTpM N HE3aBUCHMBIX CITyd4alHbIX BETMUMH X, X,,..., X, ,..., Y/JOBJIETBOPSIOLIMX

YCIIOBUSIM:
1) Bce BENMYMHBI MMEIOT OIPENENICHHbIE MAaTeMaTUUeCKUE OKUIAHUs W KOHEUYHbIC
mucriepcun D(X;);
2) HY Of1HA U3 BEJIMYMH HE BBIJIENSAETCSI PE3KO CPEIM OCTAJIbHBIX 110 CBOUM 3HAYEHUSIM.
Torma npu HEOrpaHUYEHHOM BO3PACTaHUM N —> 00 pacIpeesICHUE CITy4aiiHOM BEJIMYMHBI

1 n
— = Z X; , IPHOIMKAETCsl K HOPMAJIbHOMY 3aKOHY.
i=1
Takum 06pazoM, UMeeM CIETYIOLYI0 ACUMITTOTUYECKYIO (hOpMYITY:

n n t x
limP 1in—EZM(xi)a D(X) |__2 je 2dx = d(t),
N5z N5z n Ty

n—»w / 2

e D) =+ 3 D(X,)

i=1

3. Cynmocts Meroga Monte-Kapiio. Ouenka norpemnocru Mmeroga Mounre-Kapiio

B 1949 r. H. Merponomic u C. Yiam cucremMati3upoBaHo u3noxkuwi meton Monte-Kaprio.
HasBanue Merona cBsA3aHo ¢ HazBaHueM ropoaa Mounte-Kapiio, rae MropHbIxX oMax urpa B pyjaeTKy
— OJIHO U3 MPOCTEHIIMX YCTPOMCTB ISl IOMYYEHHSI CITyYalHbIX YKMCEI, HA UCTOJIb30BAHUN KOTOPO
OCHOBAH 3TOT METO/I.

Cnyyavinelmu  yuciamyu Ha3bIBAIOT BO3MOXKHBIE 3HAYEHHs [ HENPEPHIBHOM  CiydaiHON
BeJIMYMHBI R, pacnpezeneHHoit paBHoMepHO B uHTepsaie (0; 1).

Cywgnocmb memoda Monme-Kapio:

TpeOyercss HaiiTu 3HaueHHE a HEKOTOPOM W3ydaeMOW BETMYMHBL [T 3TOro BHIOMpAIOT
takyto CB X, maremarnueckoe oxuaHue koropoi pasHo a: M(X) = a.

Teopus 3TOro MeTosa ykasbIBaeT, kak Hanobosee 1enecoodpazHo BbiOpath CB X, kak HallTh
€€ 3HAYCHUSL.

Ortbickanne Bo3MOKHBIX 3HaueHUI CB X HazbIBatoT «paspirpbiBanreM CBy.

Ha npaktrike HEBO3MOXKHO HATH TOUHYIO OLIEHKY MATEMATUYECKOTO OXKHIAHHA.

Bepxnss rpanuna o JomyckaeMol OHIMOKM € 3a/JaHHON BEPOSTHOCTBIO Y OIpEIeNseTcs

vcxoys m3 paperctea: P(| X —al|<d) =».
BO3MOXXHBI YaCTHBIE CITydau OMPEICIICHHS 0.

4. PazbirpoiBanue ICB u HCB

ITyctb Tpebyetcs pasbirpars JICB X, T.e. HOMy4HTh MOCIEI0BATEBHOCTh €€ BO3MOKHBIX
3HaueHui Xj (I=1,..., N), 3Has 3aKOH pacrpeaencHus X.

IIpaBuno: J{ns Toro, uroOs! paszeirpars JICB, 3a1aHHy 0 3aKOHOM pactpeeNeHys, HaJlo:

1. pas3outs uaTepBa (0; 1) ocu Or Ha N YacTHuHbIX UHTEpBAIOB: A1 — (0;
p1); A2— (P1; prtp2); - -5 An— (prtpzt...+Pn; 1);
2. BBIOpaTh (Harmpumep, W3 TaONUIIBI CIyYailHBIX YMCEll) CIydaiiHoe
YUCIIO [j;
3. Ecim 1} momamo B 4YacTMUHBIA HMHTepBanl Aj, pasbIrpblBacMas
JWICKpETHAsl CITy4aiiHasi BETMYMHA IIPUHAJIA BO3MOXKHOE 3HAYEHHE Xi.
Pasviepvieanue HCB

ITyctb Tpebyetcs pasbirpate HCB X, T.e. MOMYYUTh MOCIEIOBATEIBHOCTh €€ BO3MOMKHBIX
sHaueHuii X (I=1,.. ., N), 3Has GyHKIWIO pacipeneneHus F(X).

Teopema: Ecim Ii — citydaiiHOe uKcIio, TO BO3MOXKHOE 3HaYEHHME X;, pasbirpbiacMoii HCB X ¢
3amaHHoN (yHKIMeH pacrpeneienust F(X), cooTBercTByromiee i, SBISETCS KOPHEM ypaBHCHHS
F(x;)=ri.
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[paBwio: lns Toro, uyro0Obl HalWTH Bo3MOXkHOE 3HaueHue Xj HCB X, 3Has ee (yHKImio
pacnpenenenust F(X), Hamo BIOpaTh CiTy4aiiHOE YKCIIO I, MPUPABHSITH €ro (DYHKIMHU pacipeiesICHuUs
U PEIIUTh OTHOCUTEIILHO X; ypaBHeHUe F(X{)= Ii.

Lpubnusicennoe pasviepvieanue HCB, pacnpedenenmoii no:.

a) PaBHOMEPHOMY 3aKOHY pacipe/ieiicH s B uHTepBaie (a; b):

X, =(b—-a)-r.+a;
0) SKCIIOHEHIMATLHOMY 3aKOHY pacIipeielieHus ¢ mapameTpom A>0:

X, = —lln(l— ) wm X, = 1 Inr;;
A A
B) HOpMaJILHOMY 3aKoHY pacrpeneienus ¢ M(X) = a, D(X) = 0%

12
X =>1-6=5-6.

i=1

1.7 Jlekuus Ne 7 (4 yaca).

Tema: «CTaTucTHYECKOE OLIEHUBAHNE TAPAMETPOB pacnpeiesieHus» (MHTEpaKTUBHAS

topma)
1.7.1 Bonpocs! JieKIum:

1. Maremaruyeckasi CTATUCTUKA U €€ METObI

2. O0uue cBeeHus: 0 BBIOOPOYHOM METO/Ie

3. IloHsTHE OLIEHKH [TapaMETPOB.

4. MeToibl HaX0XJIEHHsI OLICHOK

5.01eHka mapaMeTpoB T'eHEPaTbHOM COBOKYITHOCTH IO COOCTBEHHO-CIIYYaliHOM
BbIpaboOTKE

6. lHTepBabHBIE OIIEHKH MMapaMeTPOB IreHepaIbHOW COBOKYITHOCTH

1.7.2 Kpartkoe coaep:xkaHue BONPOCOB:

1. MaremaTn4yeckasi CTATUCTHKA U ee MeTO/IbI

Matemaruueckasi CTaTUCTHKA 3aHUMaeTcs 00pabOTKOM pe3ynbTaToB IKCIEPUMEHTA.

MeToapl MaTeMaTH4eCKOW CTAaTUCTHKH MOKHO pa3leuTh Ha onucamenvHbvle |
ananumuyecKue

AHanUTUYECKWE METOJbI TO3BOJSIOT HAa OCHOBAaHHHM BBIOOPOUYHBIX HAONIOJACHUN
CleNaTh CTATUCTUYECCKW 3HAYMMBIC BBIBOJIBI O HAJIWUYHHA 3aKOHOMEPHOCTEW I BCei
COBOKYITHOCTH. AHATUTHUYECKHE METOAbl OOBIYHO OCHOBBIBAIOTCS HAa COOTBETCTBYIOIIHUX
BEPOATHOCTHBIX MOJENAX, MPEANONaralouMx HOpMalbHOE (MM JApYyroe H3BECTHOE)
pacmpefieieHue  COBOKYMHOCTM  HW3Y4aeMOro TpH3HAaKa, ©  COCTABISIOT  METOJbI
MapaMeTPUYECKON CTAaTUCTUKH.

JlpyruM KJIaccOM aHAIMTUYECKUX METOJOB SIBISIOTCS METObl HelapaMmeTpU4ecKon
CTAaTUCTUKH, KOTOPHIE HE OMHUPAIOTCS Ha HOPMAJILHOE pacipeesieHne (Win JTr0oe Apyroe) u
HE UCIOJIB3YIOT €r0 CBONCTBA.

MeTopl MaTEMaTUYECKON CTaTUCTHKU MO3BOJISIOT 0OOCHOBAHHO OCYILECTBIATH cOOp
U TPYINIHPOBKY CTATHUCTUYECKUX CBEIACHUW W CTPOUTH ONTHMAIbHBIE MAaTEMaTHKO-
CTaTHCTHYECKUE MOJICIIM MACCOBBIX SIBJICHHMA, N3MEHYHBOCTh KOTOPBIX OOYCIIOBJIICHA PSIIOM
(baxTopoB.

2. O0mme cBeieHUsI 0 BLIDOPOYHOM MeTO/1e

OOBEKTOM H3y4yeHUS MAaTeMaTH4YeCKOW CTaTUCTUKHU SIBJISIOTCS reHepaybHbIe
COBOKYITHOCTH, KOTOpPbIE HCCIEAYIOTCS Ha OCHOBE BBIOOpKM. 3ajaud MaTeMaTHYecKOU
CTATUCTHKH TPAKTUYECKU CBOJATCS K OOOCHOBAHHOMY CYXJAEHUI0 00 OOBEKTHBHBIX
CBOWCTBaX IeHEPATIHLHON COBOKYITHOCTH I10 pe3yabTaTaM CIy4aiiHOH BHIOOPKH.
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Ilon ecenepanvnou co6oKynHocmvio NOHMMAETCS COBOKYIHOCTb BCEX MBICIMMBIX
HaAOJI0/IeHUH, KOTOpbIe MOTJIM Obl OBITH MPOW3BEACHBI MPU JTAHHOM pPEaTbHOM KOMILJIEKCE
YCJIOBUHU.

[lonsiTe TreHepanbHOM COBOKYIIHOCTM B ONPEIEICHHOM CMBICIE aHAJIOTUYHO
HOHSTHIO CIIy4allHOM BEJIMYMHBI (3aKOHY pacIpeieIeHHs] BEPOSTHOCTEN), TaK KaK IOJHOCTBIO
00yCIIOBJIEHBI OIPE/IeJICHHBIM KOMIUIEKCOM YCIOBHIA.

Buibopounoii cosokynnocmuio uiu 66100pKoti Ha3bIBAETCA TA YaCTh 0OBEKTOB, KOTOPAs
0TOOpaHa JJisi HEMOCPEICTBEHHOTO U3yUeHUS U3 TeHepaIbHOI COBOKYITHOCTH.

Yucino oOBEKTOB B BBHIOOPKE WJIM B T€HEPAJIbHOH COBOKYITHOCTH HAa3bIBACTCA HX
00BEeMOM.

I'eHepaibHast COBOKYITHOCTh MOXET UMETh KaK KOHEUHBIN TaK U OECKOHEYHBIH 00BEM.

BbIOOpKY MOXKHO paccMOTpeTb KaK HEKHH ASMIHPUYECKHH aHajior TIeHepaJbHOM
COBOKYITHOCTH.

Jnsa 3ppexTuBHOrO MPUMEHEHHS MaTeMaTHUKO-CTATUCTUYECKHUX METOJOB aHalu3a
HE00X0UMO, 4YTOObI BBHIOOpPOYHAs COBOKYIHOCTH OTpa)kajla CTPYKTYPY M OCOOEHHOCTH
pacnpeziefieHus: MPU3HAKOB TeHepallbHOM COBOKYMHOCTH. Takum 006pazom, BBIOOpKa JTOJDKHA
OBITb penpezeHmamueHou. ITO JOCTUTACTCS CIy4alHOCTHIO OTOOpa, KOorja BCE OOBEKTHI
reHepaTbHONW COBOKYITHOCTH UMEIOT OJIMHAKOBYIO BEPOSTHOCTH OBITH OTOOPAaHHBIMH.

OmmbKy penpe3eHTaTUBHOCTU BCET/Ia UMEIOT MECTO OBITh, OJJHAKO OHU MOTYT OBITh
3apaHee OLICHEHbl W CBEAEHbl K MHHUMYMY IIOCPEACTBOM IIPAaBUJIBHOM  OpraHu3anuu
BBIOOPKH.

PasnuyaroT cregyronue BUIbL BBIOOPOK: COOCTBEHHO-CIIydaiiHas, THUIIMYecKas,
MEXaHUYECKasl, CEpUITHAs.

CrniocoOb1 00pa3oBaHus BEHIOOPKH: IIOBTOPHBIM OTOOP, OECIIOBTOPHBIN OTOOP.

Baxneitmeir 3amadeil  BBIOOPOYHOTO MeETOAA SIBIIIETCA  OLIEHKA I1apaMeTPOB
(XapaKkTepuCTUK) TeHepaIbHON COBOKYITHOCTH 10 JAHHBIM BBIOOPKH.

Teopernueckyro OCHOBY NPUMEHHMOCTH BBIOOPOYHOIO METOJa COCTABIJISIET 3aKOH
OOJBIINX YHCEN, COTTITACHO KOTOPOMY MpPH HEOTPAaHUYEHHOM YBETHYEHUU 00beMa BBIOOPKHU
MPAKTUYECKHU TOCTOBEPHO, YTO CIy4ailHble BHIOOPOYHBIE XapaKTEPUCTUKH KaK YroJJHO OJIM3KO
npuOIIKaTCS (CXOASATCS MO BEPOATHOCTH) K OMPEENIEHHBIM IMapamMeTpaM TeHepallbHOMI
COBOKYITHOCTH.

3. [loHsiTHE OLIEHKH TapaMeTPOB

Ilycts pacnpeneneHne mnpusHaka X — TE€HEPAIbHOM COBOKYNHOCTH OIMCBHIBAETCS
3aKOHOM pactpeneneHus F(X, ©), KOTOpbIii coepKUT N3BECTHBIN mapameTp O. ( Hampumep :
A, B cityuae pacnpeneneHus [TyaccoHa mim 3KCIIOHEHIIMAIBHOM PaclpeieeHuu, UM X U G —
HOpPMAJIBHOIO pacnpenesenus). s BeruuciaeHus napamerpa © HcciaenoBaTh BCE IEMEHTHI
reHepalbHOW COBOKYITHOCTH HE MPEAOCTAaBISIETCS BO3MOXHBIM, MO3TOMY H3BJIEKAaeTCs W3
reHepaibHONH COBOKYITHOCTH BBIOOPKA X1, X2,..., Xn, M 110 €€ pe3yJbTaTaM CYAST O Mapamerpe
o.

Onpenenenune: OneHkoil napamerpa © Ha3bIBAIOT HEKOTOPYIO (QYHKIIMIO pe3ysibTaTa

nabmonennii @,, = 6,, (x1, X2,..., Xy ) C IOMOIIBIO KOTOPOH CYIAT O 3HAYEHUHU IapameTpa O.

ITockonbKy X1, X2 ,..., Xp — CIy4YailHbIE BEJIMYMHBI TO M OIIEHKA Hﬂ ( B or
OLICHMBAEMOI'0 IapaMmeTrpa ©O- BEIMYMHBI HECIy4allHOM, JE€TEPMHHMPOBAHHOMN) SBISAETCS
CIIy4yallHOM BEIWYMHOM, 3aBHUCSIIECH OT 3aKOHA PACIPEICICHUS CIy4YalHOM BEIWYUHBI X U
quciaa HabIoAeHUH N.

OcHoBHasl 3ajaya TEOPUH OLIEHUBAHUS COCTOMT B TOM, YTOOBI MPOHM3BECTH BHIOOD

ouenku 0,  mapamerpa ©, mo3BONAIOMEH MOMYYMTh HAWIydllee NPUOTMKCHAE K
OLICHMBAEMOMY IapaMeTpy.
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Hanpumep: eciu © - marematuueckoe oxxuganue CB X T1.e reHepanbHON cpenHeit

X TO B KauecTBe OLEHKH B, MOXHO B3STh BEIGOPOUHYIO CPETHION, Mo, Me , (Xmin + Xmax )/ 2
U.T.J.
Ha3Bath «Hammydmieil» OLEHKOW TaKylo, KoTopas Haubosiee OnM3Ka K UCTHHHOMY

3HAYEHHIO OLEHMBAEMOTO MapaMeTpa, HEBO3MOXKHO, T.K B, — ciydaiinas Benvu4MHa, HOITOMY
HEBO3MOKHO IIPEJICKa3aTh MHIMBHUIYAJIbHOE 3HAYECHHE OLEHKU B JAHHOM YacCTHOM Cllydae.
Tak 4TO 0 KauecTBe OLICHKU CJIENYET CYAUTh HE 110 MHANBHUIYAJIbHBIM €€ 3HAYCHUSIM, a JIHILIb
[0 pacHpeesiCHHIO €€ 3HAUeHUI B OOJIBIIOM KOJUYECTBE WCIBITAHHM, T.€ TI0 BBIOOPOYHOMY
pacnpenesIeHUIO OLICHKU.

Bribop Tolf mnm mHOW (YyHKIMH B KadecTBE OLIEHKH IMapameTpa © NpPOBOAMTHCS C
Y4€TOM YJIOBJIETBOPEHUS CIEAYIOIINX TPpeOOBaHUH.

Ceoticmea mo4eyHvix OUeHokK -

~—

1. Hecmewennocms. CraTucTudeckas oleHka O, mnapamerpa HasbBaeTcs
HECMEILICHHOM, €ClIM ¢ MaTeMaTHYeCKOe OKUJIaHHE PaBHO OLICHMBAEMOMY Mapamerpy, T.e.

M(f,)=06
Eciii oLieHKa SBISETCS CMEIEHHOM, TO CMelleHre onpejensercs kak  B,=M(8,,)=0
TpeboBaHusi HECMENIEHHOCTH TapaHTUPYET OTCYTCTBHE CHCTEMATHYECKHX OIMIMOOK

IIPU OLICHUBAaHUU (M(gﬂ)>6 WU M(§R)< S}

2. Cocmosimenvrocms. Onenka @, napamerpa © Ha3pIBaeTCs COCTOSATENBHOM, €Ciu
OHa YJOBJICTBOPSET 3aKOHY OOJBIIMX YHCEN, T.€ CXOJUTHCS IO BEPOSTHOCTH K
OIICHUBAaEMOMY MapameTpy O :

lim P(|6,—6|<1)=1
n—o0
VI
B nanHOM citydae ornpaB/bIBaeTCsl yBeIMUeHHE 00beMa BEIOOPKHU.
3.9¢ppexmusnocmsp. Hecmemennas onenka 6, mnapametpa © HasbiBaeTcs
3 QeKTuBHON, ecnM OHAa HMMEeT HAMMEHBINYI0 IMCHEPCHI0 CPEAM BCEX BO3MOXKHBIX
HECMEIICHHBIX OLIEHOK MapamMeTpa O, BHIYMCIEHHBIX M0 BEIOOPKAM OJHOTO M TOTO e 00beMa
n.
B kadecTBe CTAaTUCTHYECKMX OLEHOK MapaMEeTpOB T'€HEPaJbHOW COBOKYIHOCTH
XKEJaTeJIbHO HCIIOIb30BaTh OLIEHKH, YAOBJIECTBOPSIONINE OJHOBPEMEHHO 3 —M TpeOOBaHUSAM.
OpHako 10CTUYb 3TOTO yJaeTcs He Bcerjaa. MoxKeT okas3aTbes, 4TO Ul MPOCTAThl PacyeToB

1eJIeCO00pa3sHO  MCIOJb30BaTh HE3HAYUTEIBHO CMEIIEHHBIE OLEHKM WINM  OLEHKH,
oOnagaromue OOJBIION TUcTIiepcHel TI0 CPaBHEHHIO € 3P PEKTUBHBIMH OLIEHKAMHU.

OcHognbie moyeunvie OYeHKU
Haubosnee yacTo HCIob3yrOMUECs TOUEUHbIE OLICHKH MTPEeI0CTaBIeHbl B Tabnuie 1.
Tabnuia 1. — ToueuHble OlIEHKM OCHOBHBIX TapaMETPOB paclpeiesieHus

OneHuBaemblii OreHka ero BEIOOpOYHAs TOUEUHA
11apaMeTp reHepasbHOM [Ipocras BeIOOpKa CrpynnupoBaHHbIE
COBOKYITHOCTH JTAaHHbIE

I'enepanbHas cpenHss
WM MaTEMaTHYECKOE 1 n k L XM,

— i=
OoXuIaHue MU X =— E X; X = Yn
n i
i=1
I'enepanbHas
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aucniepcusa & z

52 = 52 = 1
. n in
S2 = %2 — (%)? L&
2 _ 2
-1 o
i=1
Hcnpasnennas 5’“ . n g2
aucrepcust  n—1
I'enepanbHOE cpennee S = /52 S —./g2
KBaJPaTHYECKOE

OTKJIOHCHUEC C

HauanbHble MOMEHTBI
I-ro mopsika

[lenTpanbHbie
MOMEHTHI |-ro mopsika =

: -,
(x; — %) By = T

M;ﬁll'M;&

==

4. MeToabl HAXO0KIEHHUS OLIEHOK
1. Memoo momenmos, mnipennoxenuslii K. IlupcoHoM: ompeneireHHOE KOIHYECTBO

BHIOOPOUHEIX MOMEHTOB (HAYaNbHBIX Vj MM LEHTPANbHBIX [y , HIM TeX M JPYruX)
IIPUPABHUBAETCS K COOTBETCTBYIOLIMM TEOPETHUYECKMM MOMEHTaM pacnpenenenus ( Vi win
My ) cnyyaitHOM BeTHMYUHBI X.

OneHky MeToZla MOMEHTOB OOBIYHO COCTOSITENIbHBI, OJJTHAKO 10 3((HEKTUBHOCTH OHU

HEe SBISIOTCA «HAMIYYIIMMH», MX >(QektuBHOcTH € (H,) YacTo 3HAYMTENBHO HUKE
eAVHMLBI. MeTol MOMEHTOB 4YacTO HCIOJB3YIOTCS Ha NPAKTHKE, T.K NPUBOJUT K
CPaBHUTEIBHO MPOCTHIM BHIYUCIICHUSM .

2. Memoo naubonvuieco npasoonodobus ( P. @urep)

[Tycts X1, X2 ,..., Xp - CllydaiiHash BHIOOpPKAa W3 TeHepalibHOW coBOKymHOCTH X, f(X;
01;0,;... ©) — bynkuus Bepostaoctedt (it JICB) nnm miotHocTh(it HCB).
O1;0,;... Ok mapaMmeTpsl 3aKOHa paclpeAeieHUs , MOAJIEKAIUE OLECHUBAHHIO II0

ClIy4aifHOM BBIOOpKE.

MHII coctrouT B TOM, YTO 8 Kayecmee OyeHKU HEU3BECTHOro Tapamerpa 0
pactipenenenusi CB X BeIOMpaeTcst TO €ro 3HaueHHe, IPH KOTOPOM NOIVUeHHOe 3HAYeHUe X1,
X2 ,..., Xp 8b100pKU UMeem Hauboabuyio eeposmuocms (B cnydae ACB) wiu niomuocmo (B
ciyqae HCB).

Dynkyus npagoonooodus HabOOeHUll X1, X2, ..., Xn Bpeocmasisiem coootl.

- B cayuyae JICB — BepOsITHOCTH MOJYYUTh B KAa4ECTBE NEPBOTO 3JIEMEHTa BBIOOPKHU
3HAUEHUE X1 ,BTOPOTO — 3HAUCHUE X2, ... N-TO 3HAYECHHUE X|, , T.€

L(Xl, X2,...5 Xn s 91;92;... ek )ZP(X1=X1 X2=X2 ...XnZXn 91;92;... ek)

T.K. HaOIIOEHUS HE3aBHCHMEI, TO L(x1,X2,...,Xn; 01,0,;...6y)
=T, P(xi; ©1;02; ... 6Kk).

- B cnyuae HCB — coBMecTHas N MepHas IJIOTHOCTh BEPOSTHOCTH, OIKCHIBAIOIIAS
3aKOH pacrpeiesieHUs] BEPOSATHOCTH N HAOFOICHHA.

T.xk. oraenbHble HAOMIOACHHMS He3aBHCHMBL, TO L(X1, X2 ,..., Xp ; ©O1;,0... ©6))

n F(xi; 61;082;... 6k )
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3a OIEHKM HaumOONBUIETO  MPAaBIONMOAOOMS  NPUHUMAIOT TAaKHE 3HAYCHUS

8,085, ..., 8 , xoTopble MAKCUMU3UPYIOT (YHKIIMIO TPABIONOIO0HUS U3 YCIIOBHS:
L(Xl, X2,..., Xn Hl! 62, ey H.ﬂ: ) = MmaxXx L(Xl, X2,...5, Xn 5 91;92;... ek)

T.e. ouenku B TakoBbl, YTO HMMEKOIMECS HAONONEHHS X1, X2 ,..., Xp SBISIOTCS
HauboJIee MPaBAONOI00HBIMH .

JIas  yOpolleHWs BbIYMCIeHHH Makcummsupytor 1N L. Jlns oTbicKaHMS OLEHKH

napametpoB ), Hamo pemmTh (ypaBHEHHME) CHCTEMY INPaBIONOAOOHS , MOSy4aeMyHO

[IpUpaBHUBAEM YaCTHBIX IIPOU3BOIHBIX HYIIIO 110 ITapaMeTpaM
dln L

dd

Haiinennyro T. mMakcumyma 6} NpUHHMAIOT B KauyecTBE OLEHKM  HAUOOJIBIIETO
npaBJoIo1o0us napamerpa O .

Meton faer OLEHKH, KOTOpPbIE COCTOSATENbHBI (CMELIEHHBIMHU) pACIpPEAEICHBI
aCUMIITOTUYECKM HOPMAaIbHO (TMpH OONBLIMX 3HAYEHUAX N MPUOIMIKEHHO HOPMAJIbHBI ) U
UMEIOT HAaUMEHBIIYIO AUCIEPCUIO TI0 CPAaBHEHMIO € APYrMMHU olieHKaMu. OCOOEHHO MoJe3eH
METOJ /U1 MaJIbIX BBIOOPOK.

3. Memoo naumenvuux K6aopamos
OrnenHka omnpenensieTcss M3 YCIOBHS MHHHMH3AIMH CYMMBI KBaJIpaToB OTKJIOHCHUH
BBIOOPOYHBIX JaHHBIX OT ONPEICIAEMON OLECHKH.

Hampumep, 11 HaxOoXJICHHsS OIEHKH TEHEPaJbHON cpeaHeit g = Xy no meromy

HaMMEHBIIMX KBaapatoB &, .
[Ipeumyniectsa : 1) He TpeOyeT 3HAHHME 3aKOHA pacIIPEIeICHUsI BBIOOPOYHBIX JaHHBIX;
2) 10CTaTOYHO XOPOIIO pa3paboTaH B MJIaHE BRIYMCIUTEIbHON pealn3aliuy.

5. OneHka napamMeTpoB reHepajbHOIl COBOKYIHOCTH O cOOCTBEHHO-CJIY4YaiiHOI
BbIpadoTKe
Ouenka eenepanbHoll 00U

[lycTh reHepasibHas COBOKYIMHOCTh coAepKUT N 3JeMeHTOB, U3 KOTOpbIX M obnagaer
M
HEKOTOphIM npm3HakoM A. Torja omeHKo# remepambHOil gomn P = Yy BIUieTCs ero

™m
CTaTHUCTUYECKUI aHajor — BbIOOpouHas mons W = —. (Ilns moBTOpHOI U OECHOBTOPHOMN
n

BBIOODPKH).
m (3 (v
Teopema: BwiGopounast mosnss W = — moBTOpHOM M O€CIOBTOPHOW BBIOOPOK €CTh
n

M
HECMEIIeHHAsl, COCTOATENbHAs 1 d((EKTHBHAS OLEHKa reHepanbHoii qom P = o

Ouenka 2enepaibHoll cpeonel

Teopema: Bribopounast cpeanss X IIOBTODHBIH M O€CIOBTOPHBI BBIOOPOK €CTh
HECMEIEHHAs, COCTOATENbHAs ¥ 5P PEKTHBHAS OLIEHKA TeHEPAILHOM cpenHei Xg.

Ouenka 2cenepanbioi oucnepcuu

Teopema: BriGopounas aucrepcus S . MOBTOPHBIA U OECIIOBTOPHOUN BBIOOPOK €CTh

CMEILEHHAs U COCTOSITeNbHAs OLICHKa FeHepalbHON AUCTIEPCHH.
n—1
M(s*) = TJZ, T.e §% — CcMelleHHAad OLeHKA 0 °
n—1
k. — < 1 M(S 2] <0 2, TO BbIOOpOYHas AucHepcus (B CpeiHeM, OTydeHHas
n

10 Pa3HBIM BBIOOPKaM) 3aHIKAET FeHEPATbHYIO JUCIIEPCHUIO.
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HOBTOMy, 3aMCHAA 0'2 Ha S2 MBI OOIIYCKAE€M CHCTCMATHUYCCKYHO IMOIpCIIHOCTHL B

MCHBIIYIO CTOPOHY. YT00BI JJUKBUIUPOBATH 3TOT HEAOCTATOK BBOJAT IIOIIPABKY HAa 3HAYCHHC
n

n—1

o2 n -2
5 = Y S -MCIPaBJICHHAS BEIOOPOYHAs JUCIICPCHS
n—

o~

52' ABIIACTCA HGCMCIHCHHOﬁ 1 COCTOSITEIILHOM OHCHKOﬁ FeHepaﬂbHOﬁ JAUCIICPCHUH.

6. UuTepBaibHbIE OLIEHKH IAPAMETPOB reHepaibHONH COBOKYITHOCTH.

[lycto 8 - ToueuHas OLEHKA HEU3BECTHOTO napamerpa - remepanbHOil
coBokyrnHocTH. OJTHAKO 8 — 510 b npubIMKeHHOE 3HaYeHne & u 1 BEIGOPKH Maoro
00beMa MOXKET CYIIECTBEHHO OTIHYaercs oT .

UTOoOBI MOMYYUTh MPEACTABICHUE O TOYHOCTH M HAJCKHOCTH OIICHKU n napamerpa
& ncrone3yroT MHTEPBANBHYIO OLIEHKY apaMEeTpa.

Onpenenenue: /losepumenbHolM UHMEPBAIOM [§ —A; g + ﬂ] s mapamerpa &
HA3bIBACTCS TAKOW MHTEPBAJI, OTHOCUTEIBHO KOTOPOTO MOXKHO YTBEPKAATh C OMpPEIECICHHOMH,
OJIM3KON K €MHUIIE, BEPOSITHOCTHIO }, UTO OH COJAEPKUT HEM3BECTHOE 3HAUCHUE IMapameTpa
8.

Taxoke JOBEPUTEIIbHBIH HHTEPBAJ HA3bIBAIOT HHTEPBAILHOI OLEHKOI apamerpa &.

Beputs ¥ Ha3blBaeTCs 0ogepumenvHOl 8eposIMHOCMbIO, YPOSHeM 008epus WU
HAOEIHCHOCMbIO OYEHKU.

HaubOonriiee oTkiIoHEHHE A OLICHKHA 9 OT OHOCHHUBACMOI'0O IIapaMCTpa 9, KOTOpOC

BO3MOXKHO C 33/IaHHOH JIOBEPUTEIHHONW BEPOATHOCTHIO ) HA3BIBACTCSA HpedelbHOU OuUOKOU
8b100PKU.

Ommbka A sensercs owwbkoii penpesenmamusnocmu (clydaitHoir).
OGumii MOAXOM K TOCTPOCHMIO MHTEpBANBHON OlEHKM mapamerpa & Ha ocHoBe

CIIy4ailHOH BBIOOpKHU X1,X3..,%X, € X- reHepanbHas COBOKYIHOCTH COCTOUT B
OIIPEIEIICHUY TPAHULl HHTEPBaja yI0BICTBOPAIOLIETO YCIOBUIO:
PO, SO<Oput=7.

1. llocmpoenue 0osepumenvbHo uHmepeaia 0is 2eHepalbHOlU CPEOHell.

a) [1pu n3BecTHON aucnepcuu F Z. reHepaJIbHOM COBOKVYITHOCTH.

Bynem paccmarpuBath X Kak ciaydaiinyro BenuuuHy X (X u3MeHseTcs OT BHIOOPKH K
BBIOOpPKE) ONpeeseTcs Mo BHIOOPKE.
PaccMoTpuM N HE3aBUCHMBIX BBIOOPOK OJIMHAKOBO HOPMAJILHO PAaCHpeAEICHHBIX T. €.

Xq,X2..,X,, C MAaTEMaTUYECKUM OXUIAHUEM M (l’] = Xy M CpeIHMM KBaJIpaTUYECKUM

OTKJIOHEeHHEM I,
BeposiTHOCTH TOTO, 4TO OTKIIOHEHHE BHIOOPOYHOM CpeHEl OT reHepalbHOW cpenHen

ne npessoiizer uncino A= 0 (no abecomoTHoi Benmunie) papHa:

A
PUX-Tl <M =0 (2) =y
a
Ecnu onpenenuts t (¢ 3a1aHHON HAJIEKHOCTBIO OT BEPOSTHOCTH), TO TIOBEPUTEIHHBIN
MHTEPBAJI MOXHO OINPEICIIUTh:
¥r—A=pu=x+A
U3 (*) Bummo, urto: 1) mpu Bospactammu N, Aymenpmaercs, u, ciemoBaTenbHO,
TOYHOCTh OIICHKH YBETUYUBACTCS,

2) pu yBeIHUEHUH HafexKHOCTH ¥, t yBemmuuBaercs u yBenuunpaercs A,
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[Toscaum CMbIC, KOTOPBIM HWMeEeT 3aJaHHas HaJCKHOCTb (BEPOATHOCTB).

Hagexuocts, (BepostHocts) ¥ = 0,95 ykaseiaer, uro ecnm mposemeHo pocratodro
00JIBIII0€ YUCIIO BBIOOPOK, TO 95 % M3 HUX ONpeAeNseT TaKhe TOBEPUTEIbHBIC HHTEPBAJIbI, B
KOTOPBIX IapaMeTp ACWCTBUTENIBHO 3aK/IIOUEH; JUllb B 5% cilyyaeB OH MOXXET BBIWTH 3a
T'paHUILIbl JOBCPUTCIIBHOIO MHTCPBAJia.

6) JIOBEPHTENbHbIH HHTEPBAN JUS 4 IPU HEM3BECTHOMN AMCIIEPCHH O .

Cnyuaiinas BEJTMYMHA, onpeJieseHHas mno JTAHHBIM BBEIOOPKH
X—p
L= T"\." n— 1 wumeer pacnpenenenne Creionenta (t - pacnpenenenme) ¢ V= n-1
CTETICHSIMH CBOOO/IBI M BEPOSITHOCTH .
X—p _ S )
P(—-xm—l :::ta)=P(x—ta— —|=1—u
S Yn—1 Vn—1
L, - 3Hauenue oOparHOil (yHkuuM pacnpenenenus Creromenrta (t-pacrupenesnenue)
COOTBETCTBYMOIIEE V = N — | cTeneHsM cBOOObI H BEPOSTHOCTH 7/

t.=St N a=1—y;V=n—1)

<u<x+t,

S
Vyn—1

Omnpenenenue: Yucno cremneHeid cBOOOABI V ompenensercs Kak ooimee 4ucio N
HaOMIOACHUI (BapuaHTOB) CJIy4alHOW BEAMYMHBI X MHHYC 4YHCIO ypaBHEHHH |
CBSI3BIBAIOIINX ATU HaOMoAeHus, T. €. V = n—1.

Haan/IMep:E=x;—#' n—1 v=n-1

¥x-—A=pu<x+4A , A=t,

Ly

n

Ha6J'II-OI[eHI/I$I CBsA3aHbl OJHUM YPABHCHUCM X =

2) HHm€D6aJlebl€ OYEHKU 00aU UTU 6epoAmrocmu p
HYCTI) B N HE3aBUCHUMBIX MCITBITAHUN HCKOTOPOC coObITHE A, BCPOATHOCTDH ITOSABJICHUA

KOTOPOTO B KQXXJAOM MCIIBITAHWUH PaBHA P, MOCTYIHUIO M pas; 0=m<n
m
ToyeuHas OLIEHKa IeHePaJbHOM 10U UCIIONb3YeTCsd W = — — YaCTHOCTb.
n

a) JloBepuUTENIBHBIM HHTEPBAJ JUIS P IPU JIOCTaTOYHO Gosbmmx N(N=> 30)

p(1—-P) [0,
9 P Wy n A n

0) — 1o Majioi BeIOOpKE.

Ecmu A0JId IPU3HAKa B FeHepaJ'IBHOI\/II COBOKYITHOCTH paBHa p, TO BEPOATHOCTL TOrO,
4TO B TIOBTOPHOM BBIOOpKE o00beMa N M DSIEMEHTOB OO0NAJal0T 3TUM MPU3HAKOM
onpezensercs o hopmyne beprymim:

P,(m)=Crp™q™™, q=1-p

T. K. IIpU pi 0,5 OMHOMUHAIIEHOE pacnpeaciicCHue HECUMMETPUIHO, TO B Ka4CCTBC

JIOBEPUTEIHHOTO MHTEpBaNa sl p OepyT Takoi uatepBan (P1; P2)

iani n— Y Y | n— Y
Y ana-py =1 Y ama-pyrr =2
;?)T;opblﬁ periaercs anGHI/DKeHHO.i -
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Teopema: BepossTHOCTH TOTO, YTO OTKIOHEHHE BHIOOPOYHOM CpefHEl | BBIOOPOYHOM

cpenHell (MM [0NM) OT reHepaibHOM cpemell (noam) me mpomsoiiger umcno A= 0 (mo
a0COJIIOTHOW BEJTMYMHE), pABHO

PIX-X%l=A) =)=y Plw-pl=4)=2() =y
t=— t=—

Ty Cw
Omnpenenenue: CpenHee KBaapaTHUYEeCKOE OTKIOHEHHE BBHIOOpOYHON cpemHed Oz u

BbIOOpOUHON  gomu &, COOCTBEHHO-CIy4YallHOW  BBIOOPDKHM  Ha3bIBaeTCs  CPEIHEH
KBaJPAaTUYECKOM (CTAHIAPTHON ) OMIHOKON BBIOOPKH.

A=t-ag,, A=t-ag,

Ecnu 3agaTh t, TO MHTEpBaIbHBIC OIIEHKH (IOBEPUTEIIBHBIC HHTEPBAJIBI) IO GopMysIamMm
T—AsT,<x+A

w—A<p=w+A

Tabnuna 2 — opmysbsl CpeTHUX KBAJIPATUYECKUX OIMMOOK BEIOOPKU

OrneHrBaeMbIH [ToBTOpHAas BBIOOpKA BecrioBTopHas BbIOOpKa
napaMmerp
g? 52
C Oz = |—®~ [—
peIHss n n
Hons
o rq wi{l—w)
w n n

1.8 Jlexuus Ne 8 (4 yaca).

Tema: «CTaTucTH4YecKasi IPOBePKa CTATUCTHYECKUX THNOTe3» (MHTepaKTHBHAS (popma)
1.8.1 Bonpocsl Jekuum:

1. Cratuctuueckas runores3a. Buael runores

2. OmuOK# MepBOro U BTOPOTO poja

3. CratucTuyeckuii KpuTepuil MpoBEepKU HyJIeBOW rumnore3bl. Kpurnueckas o6iacTb.
OO6nacTh NPUHATHUS PELIEHUI

4. MOIHOCTb KPUTEPUS

5. Kputepuit Bunkokcona u mpoBepka TurnoTe3bl 00 0JHOPOJHOCTH JABYX BBIOOPOK

6. Kpurepuii cornacus xu-kaapat [Iupcona

1.8.2 Kparkoe coaepxanne BOIIPOCOB:
1. CraTucTuyeckas runore3a. Buabl runores
Cmamucmuyeckotl Ha3bIBAIOT TUIOTE3Y O BUJIE€ HEU3BECTHOI'O pACHpEAeNiCHUs WU O
napaMeTpax U3BECTHBIX paclpeaeseH!i reHepaabHbIX WM BEIOOPOUYHBIX COBOKYITHOCTEH.
Hampumep: 1) reHepanibHasi COBOKYITHOCTh pacmpe/iesieHa mo 3akony Ilyaccona;
2) IUcTiepcuy ABYX HOPMAJIbHBIX COBOKYITHOCTEH PaBHBI MEXKY COOOIA.
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Hapsiny ¢ BBIABHHYTOM  TI'MIIOT€30M  pacCcMarpUBalOT M IIPOTUBOPEYALLYIO
(ampTepHaTHBHYIO) ei. Ecnu BBIIBHHYTash rumoTe3a OyAeT OTBEprHyTa, TO HMEET MECTO
IpoTUBOpeyallas (aJlbTepHaTUBHAs!) TUIIOTE3A.

Hynesoii  (0CHOBHOM) Ha3bIBAIOT BBIBMHYTYIO runoresy H, KOTOPYIO HYXHO
NPOBEPUTD.

Konxypupyroweii (anprepHaTuBHONM) Ha3bIBalOT runoredy H;, koTopas mpoTHBOpPEUYUT
HYJIEBOH.

Hamnpumep: ecnu HyneBasi TUIIOTE3a COCTOUT B MPEAMNOI0KEHUH, YTO MaTEMaTUYECKOE
OoXXuJaHue M HOpMaJbHOTO pacmpeaeieHus paBHO 10, TO KOHKypHpyrolas THUIIOTe3a, B
YaCTHOCTU, MOXKET COCTOSITh B npeAnosioxkeruu, uto M # 10. (Hp: M = 10; Hi: M # 10.)

PaznuyaroT THIoOTE3Bl, KOTOpBIE COAEpXkKaT TOJbKO OJHO H Oojee OJHOTO
IIPEATIOIOKEHHHN.

Ilpocmoti Ha3BIBAIOT TUIOTE3Yy, COAEPXKALIYI0 TOJBKO OJHO MPEANOJIOKEHUE.
Hampumep: ecin A - mapameTp NmokasareiabHOro pacrpeaeneHus, To runoresa Ho: A = 5 -
pocTas.

Cnoorcnou Ha3bIBAIOT THIOTE3Y, COCTOAIIYI0 M3 KOHEYHOT'O MJIM OECKOHEYHOrO 4ucia
npocThiX runote3. Hampumep: cnmoxnas rumote3a Hp: A>5 coctouT u3 OECYMCICHHOTO
MHO>KeCTBa MpocThIX Buaa Hi: A = bi, rxe bi - mro6oe uncio, 6oibiiee S.

2. OmmOKM NepBoOro U BTOPOro pojaa
e Quubka nep8o2o pooa COCTOUT B TOM, UTO OyJIeT OTBEpPrHyTa IpaBUIIbHAs THIIOTE3A.
e Quiubka 6mopo2o pooa COCTOUT B TOM, 4TO OyJeT IPUHATA HENIPABUIIbHAS TMIIOTE3A.
ITocnencTBust 3TUX OMIKMOOK MOT'YT OKa3aThCsl BEChbMa Pa3InYHBIMH.
3ameuanue: [IpaBunpHOE perieHne MOKET ObITh IPUHATO TAKXKE B ABYX CIy4asix:
1) runoresa npuHUMAETCS, IPUYEM U B ACUCTBUTEIBLHOCTH OHA IPABUIIbHAS;
2) runoTe3a OTBepraercs, IpruueM U B IEHCTBUTEIBHOCTH OHA HEBEPHA.
Tabnuna 4 — [lpunsaTtue pemenuit o runoreze Hy

I'mmoresa Ho COTJIACHO KPUTEPHUIO
IIPUHUMAETCS OTBEpraercs
Ha BEpHa [IpaBunbHOE pelieHue Ommbka 1-ro pona
caMoM p(Ho/Hp)=1-a p(Hi/Hp)=a
nene He BepHa | Ommbka 2-ro poja [IpaBunbHOE pelieHue
p(Hy/Hp)=B p(Hy/Hy)=1-B

BeposiTHOCTH cOBEpIINTH OMIMOKY MEPBOro pojia (T.€. OIIMOKY, 3aKJIF0YAIOIIYIOCS B TOM,
YTO HyJIeBasl CTaTHUCTUYECKasi TMIIOTE3a OTKJIOHSETCS B TO BpeMs, KaK OHAa BepHa) Ha3bIBAETCS
YPOBHEM 3HAYMMOCTH Q.

Omunbka mepBoro pojaa paBHa BEpOSATHOCTU TOTO, YTO BHIOOPOUYHAS XapaKTEpUCTHKA
(craTucTHKa) KpUTEpHS MOMNaJaeT B KpUTHUECKYIO0 00J1acTh, koraa Ho BepHa.

Haubonee yacto ypoBeHb 3HaYMMOCTH NpuHUMatOT paBHbIM 0.05 nnu 0.01. Hanpuwmep,
€CIIM MPUHSAT YPOBEHb 3HAYUMOCTH, paBHbIA 0,05, TO 3TO O3HAYaeT, YTO B MATHU CIIy4asix W3
CTa MBI PUCKYEM JIOMYCTUTh OLUIMOKY MEPBOT0 pojia (OTBEPrHYTh MPABUILHYIO TUIIOTE3Y).

3. CrarucTHYecKHil KpUTepuil NPOBepPKHM HYJeBoil rumore3nl. Kpurtmueckas
o0Js1acTb. O0J1aCTH NPUHATHSA THIIOTE3bI

OcHOBY  KpUTepHs  MpEICTaBIsSeT  CHEIHAIbHO  COCTAaBIE€HHAas  BBIOOpOYHAS
xapaktepuctuka K (cratuctuka), TOYHOE WM NPUOIMKEHHOE paclpeaeseHrue KOTOpoi
U3BECTHO. DTy BENIMYMHY 0003HayaroT yepe3 U uinu Z , eciiv oHa pacnpesesieHa HOPpMaJbHO,
F nmo 3akony ®umepa - CHenekopa, T - mo 3akony CTbhlOJeHTa, Y2 - MO 3aKOHY 'XH-
kBagpat'u T. A. IlockonmbKy BHI pacrlpenesieHuss BO BHUMaHHE NPHHUMAThCSI HE OYyHerT,
0003HaYMM 3Ty BEIMYHMHY B IIEsX oOmiHOoCcTH yepe3 K .
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Cmamucmuyeckum Kpumepuem Ha3bIBAIOT OJHO3HAYHO OMNpPEAENEHHOE MPABUIIO,
YCTaHABIWBAIOIIEE YCIOBHs, IIPH KOTOPHIX MPOBEPAEMYIO THIOTE3y cileAayeT Jmbo
OTBEPrHYTh, JINOO HE OTBEPTHYTh.

3HavyeHWe ciay4daiiHOM BenuuuHbl K, BBIYMCIEHHOE€ TIO BBIOOPKE HA3bIBAIOT
Ha0I101aeMbIM 3HaueHUEM K6,

Kaxxnpiit kputepuii pa3douBaeT Bc€ MHOXKECTBO BO3MOXKHBIX 3HAYCHHH cTaTUCTUKH K Ha
JIBa HETIEPECEKAIOIINXCSI TOJIMHOXKECTBA (001aCcTH).

- Kpumuueckasi 001acmb — 3TO COBOKYITHOCTh 3HAUCHUH KPHUTEPUS, NMPH KOTOPBIX
HYJIEBYIO TUIIOTE3Y OTBEPTaloT.

- obnacms NpuHAMUS 2Unome3vl — COBOKYITHOCTh 3HAUEHUM KPUTEPHS, IIPH KOTOPBIX
HYJIEBYIO TUIIOTE3Y TPUHUMAIOT.

OCHOBHOU NpuHYUn NpPoBepKU CMAMUCMUYECKUX 2eunomes. €cClIid HaboaaeMoe
3HAYCHHUE CTATUCTUKHU Ky, MPUHAIICKUT KPUTUUECKOM OO0JACTH — TUIIOTE3Y OTBEPraror,
ecny HaOJIfoaeMoe 3HAYCHHE KPUTEPHUS MPUHAIICKUT OOJACTH TPHUHATHUS THUIIOTE3Bl —
TUTIOTE3Y MPUHUMAIOT.

Kpurnueckumn  toukamu  (rpanunamu) Ky, Ha3plBalOT TOYKH, OTAENAIOLINE
KPUTHYECKYIO 001aCTh OT 00JIACTH IPUHSTHUS THITIOTE3bI.

PasznuyaroT crnegyromue BUAbBI KPUTHUECKOM 00acTu:

1. Ilpasocmoponneri Ha3pIBAIOT KPUTHUECKYIO 00JIACTh, OMpEIEIIeMyl0 HepaBeHCTBOM K >
Kyp, T11€ Kip > 0;

0 Kkp

2. JleéocmoponHetl Ha3bIBAIOT KPUTHYECKYIO 00J1aCTh, ONpeesieMyro HepaBeHCTBOM K
< Kip, re Ky, < 0.

Fp 0

-
o

Oonocmopontell Ha3bIBAIOT TMPABOCTOPOHHIOI WIIM JIEBOCTOPOHHIOI KPUTHYECKYIO
00J1aCTb.

/Jleycmoponnell Ha3bIBalOT KPUTUYECKYIO 00JacThb, OINpenesieMyto HepaBeHcTBaMHu K<
K1, K> K2, rne K2 > K1. Ecnu xpuTrdeckre TOUKM CUMMETPHYHEL, TO |K| > K.

JIig Ka’k10ro KpUTEpHUsl UMEIOTCSI COOTBETCTBYIOIIME TAaOIUIbl, IO KOTOPHIM U HaXOJAT
TOYKY Y/IOBJIETBOPSIOLIYIO TPEOOBAHUIO:

P (K> K,p) = o — npaBOCTOpOHHSs

P (K <Kyp) = 0. — 1€BOCTOPOHHSAS

P (K <Kg+ P (K>Ky) = o — IByCTOPOHHAA, €CIM CHMMETPHYHA OOJ. TO
P (K <Kqp)=a/2

T.e. mia naxoxnenus Ky, — KpUTHUECKON TOYKHM UCXOIAT M3 TPeOOBaHMs, YTOOBI IIPU
YCIIOBUU CIIPABEIJIMBOCTH HYJIEBON TMIIOTE3bl, BEPOATHOCTH TOrO, YTO Kputepuil K npumer
3HaueHue, oomnbuee Ky, Obl1a paBHA MPUHATOMY YPOBHIO 3HAUUMOCTH.

3ameyanue 1. Ecnm n3BecTHO Ky, M BBIYMCIEHO 110 TaHHBIM BBIOOPKH .z, M €CIIU
Ky:::> K, TO HylEByIO T'MIIOTE3Y OTBEpraroT, ecim ;< Kkp — To Her ocHoBaHMi
OTBEpPrHYTh HYJIEBYIO TUIIOTE3Y.

3ameyanue 2. f,.;, MoxkeT okaszarbca Oonbie K, HO motomy, yro Ho noxna, a mo
JIPYTUM NpUYMHaM (Majiblii 00bEM BBIOOPKH, HETOCTATKH METOJAMKHU SKCIIEPUMEHTA U T.11.). B
3TOM cllyyae OTBEPrHYB NpPaBWIbHYIO HYJIEBYIO TMIIOTE3Y, COBEpPILIAIOT OIIMOKY IEpPBOro
pona. BeposTHOCTB 3TOM OmMMOKHU paBHA 0.
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ITockonbky BeposTHOCTH coObiTuss K > K Manma ( a— Mamas BEpOSTHOCTB), TaKoe
coOBbITHE TMpPHU CHPABEJIMBOCTA HYJIEBOM THUIOTE3bl, B CHIIy MPUHLUIA TPAKTHUYECKON
HEBO3MOXKHOCTH MaJIOBEPOSTHBIX COOBITUH, B €IUHUYHOM UCTIBITAHUH HE JJOJHKHO HACTYITUTh.
Ecnu Bce ke OHO mpousonuio, T. €. HaOJIoJaeMoe 3HAUeHHE KPUTEepHUs OKa3aloch OOJIbIe
Kip, TO 3TO MOKHO OOBSICHUTB TEM, YTO HyJI€Bas TUIIOTE3a JIOXKHA U, CIEJ0BATENILHO, JOIKHA
OBITH OTBEPrHYTA.

4. MoOIIHOCTH KpUTEPUS

MBI CTPOMJIM KPUTHUYECKYIO O0JIACTh, MCXOAs W3 TpeOoBaHMSA, YTOOBI BEPOSATHOCTH
IIOTIAJIaHNs B HEE€ KpUTEpHs Obl1a paBHA 0. [IPU YCIOBUH, UTO HYJIEBas FMIIOTE3a CIIPABEJINBA.

LlenecooOpa3Ho BBECTH B PAaCCMOTPEHHE BEPOSTHOCTb TIOMAJAHHUS KPUTEpUS B
KPUTUYECKYIO0 00JIaCThb IPU YCIIOBHM, YTO HYyJeBas T'MIIOTE€3a HEBEpHA U, CIIEOBATENIBHO,
CHpaBeTNBa KOHKYPHUPYIOIIAsl.

Mownocmbio kKpumepus Ha3bIBalOT BEPOSITHOCTb MPABMWIBHOTO OTKJIOHEHHs] HEBEpHOU
HyJIeBOU runote3sl Ho, T.€. BEpOSTHOCTH 1-f HE COBEpIINTH OMIMOKY BTOPOTO pOJIa.

JIpyruMH CJIOBaMH, MOULIHOCTb KPUTEpUS — 3TO BEPOSTHOCTb TOrO, YTO HYyJeBas
rumnoTe3a OyJeT OTBEpPrHyTa, €CIM BepHA KOHKYPUPYIOIIasi TUIIOTE3a.

Kputnueckyto Touky (00macTh) 1enecooOpa3HO MOCTPOUTH TakK, YTOObI MOIIHOCTh
KpuTepus ObljIa MAKCUMaJIBHOM.

[TycTh BepOATHOCTH OLIMOKH BTOPOTO poja (IpUHATh HeBepHYIo runote3y Ho) paBHa f,
(T.e. BepHa H1), To MOIIHOCTH KpuTEepus paBHa 1-f.

ITycts MomHOCTh 1-B BO3pacraer, TOrjga yMEHBIIAETCS BEPOSTHOCTb [3 COBEPILUTH
omMOKy BTOPOro pona (MIPUHATH HEBEPHYIO runoTe3y Ho mimm orBeprHyTh BepHyto H1) T.e.
YeM MOIIHOCTh KpUTEpHs OO0JIbIIE, TEM MEHBIIIE BEPOSITHOCTD OITMOKH BTOPOTO POJA.

3ameuyanue. MOITHOCTh KPUTEPUS — BEPOSITHOCTH TOrO, YTO OLIMOKAa BTOPOro poja
OyJzeT He JOIyIIeHa.

3ameuanue. C yMEHBIIEHHEM 0. BO3pacTaeT BEPOSATHOCTh OMIMOKU [3 BTOpOro poja:
npuHATh Hp, Korza oHa He BepHa.

Pucynok 1. YpoBeHb 3HaUUMOCTH 0L 1 MOIIHOCTh KpHuTepus 1-3

5. Kpurepuii BuikokcoHa 1 NpoBepKa runore3bl 00 OTHOPOAHOCTH ABYX BBIOOPOK
Kpurepuit Bunkokcona ( mpemnoxken B 1945 romy, B 1947 romy ManH u YuTHu

0000ImMIAN KpUTEpUH Ha BBHIOOPKH pa3IMYHOTO 00BEMa) CIYXUT [ TPOBEPKU

OJTHOPOJHOCTH JIBYX HE3aBHCHUMBIX BBIOOPOK: X1, X2, ... , Xn1 U Y1, Y2, ... ,Yn2. TOCTOMHCTBO
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9TOTO KPUTEPHSI COCTOUT B TOM, YTO OH MIPHUMEHHUM K CITy4ailHBIM BETTMYMHAM, PACIIPEACTICHUS
KOTOPBIX HEM3BECTHBI; TPEOyeTCs JIHILb, YTOOBI BETMUMHBI ObLITH HETIPEPHIBHBIMH.

Ecnu BBIOOpKHM OJHOPOAHBI, TO CYHUTAIOT, YTO OHHM W3BICYCHBI M3 OJHOU M TOH XKe
reHepaibHOW COBOKYITHOCTH M, CJIEIOBATEeNIbHO, UMEIOT OJMHAKOBBIC, IPUYEM HEU3BECTHBIE,
HenpepbiBHbIe QyHKIHKpacupeneaeHus F (X) u F,(X).

Ho: F(X)=F,(X) - npu Bcex 3HaueHUsIX aprymeHTa X GYHKLIUH PACIIPEACIICHUS PaBHBI
MEXIy COOOM.

Hi: FE(X)=F,(x), FE(X)<F,(x) (X>Y), F(X)>F,(X) (to X<Y).

[Ipenmnonoxum, 4to N1< Ny.

1. Ecau o6vem 0beux 6b100poK He npegocxooum 235.

IpaButo 1. i yposus 3Haunmoctu 0=2Q u Hy: F (X)=F,(X) Hano:

1) pacrmonoxuTh BapuaHThl 00EUX BHIOOPOK B BO3PACTAIOIIEM IMOPSIKE B BHJIE OJHOTO
BapHAIIMOHHOTO PSAa U BBIYUCIUTH AJs 3TOTO psfga Wi, — cyMMa MOPSIAKOBBIX HOMEPOB
BapHaHT [1€PBOI BHIOOPKU;

2) HaiiTu mo TaOIMUIEe KPUTUYECKUX 3HAUCHUU BHIKOKCOHA HIKHIOIO KPUTHYECKYIO
TOUKY Winnianip.(Q; N1, N2), THe Q=01/2;

3) HalTH BEPXHIOIO KPUTHY. TOUKY IO GOPMYIE Wyepx xp.=(N1F+N2+1)N1~ Wippser xp-

Eci Wiia61< Winnicp. BT Wia6:> Wiepx «p — HYJIEBYIO THIIOTE3Y OTBEPraroT.

Eci Wi xp. <Wiia6a< Waepx.xp — HET OCHOBAHUI OTBEPrHYTH HYJIEBYIO FMIIOTE3Y.

Mpasuio 2. Ilpu Hi: Fi(X)>F2(X) Hamo HaiiTé mo TaOIMIE KPUTHYECKMX 3HAYEHUI
BHIKOKCOHA HUKHIOK KPUTHIECKYIO TOUKY Wi ip.(Q; N1, N2), THE Q=01

Ecmnt Wagn > Wiy xp. — HET OCHOBAHHUM OTBEPTHYTb HYJICBYIO THIIOTE3Y.

Ecm Wiia61 < Wiiixp. — HYJIEBYIO THIIOTE3Y OTBEPraroT.

MpaBuao 3. Tlpu H;: Fi(X)<Fy(X) Hamo HaiiTu mo Taliuile KPUTHUSCKHX 3HAYCHUUN
BuiikoKkCOHA BEPXHIOI0 KPHTHYECKYIO TOUKY Wiepx ip.=(N1+N2+ 1) N1~ Wi ip-» TIE Q=01

Ecm Wia61 < Wepx.p. — HET OCHOBAHUI OTBEPIHYTH HYJIEBYIO THIIOTE3Y.

Ecimn Wagn < Wyepxxp. — HYJEBYIO THIIOTE3Y OTBEPIalOT.

2. Ecniu 006vem xoms 0bl 00HOU 8b100PKU npesocxooum 25,
1) TIpu xoukypupyromei rumnorese F (X)#=F,(X) HmkHsIs KpuTHueckas TOYKa

(N +n, +Dn, -1 \/nlnz(n1+n2 +1) *
2 v 12 ’

rae Q=0/2; z,, HaxoaAaT 1o Tabnuue ¢pynknun Jlamraca mo paBeHCTBY D(Z,p)=(1-01)/2. B
OCTaJIbHOM MipaBuyio 1) m.1 coxpaunsercs.

2) Tlpm xoukypupyrommx runoresax F (X)<F,(X), F(X)>F,(x) #mkHIO©0
KPUTHYECKYI0 TOUKY HaxomaT mo ¢dopmyne (*), momoxuB Q=o; Z, HaXOAAT 1Mo TabIHLe
¢ynkiuu Jlannaca no paBeHCTBY P(Z,)=(1-201)/2. B ocTanbHOM NpaBHIO COXPAHIETCS.

WHI/I)KHKP(Q ; Ny, nz):

6. Kpurepnii cornacus xu-kpaapar Ilupcona

OnHoOM M3 BaXKHEHIIUX 337a4 MATEMATUYECKON CTAaTUCTUKH SIBJIIETCSI YCTAHOBJIEHUE 1O
AMIMPUUYECKUM JAHHBIM TEOPETUYECKOT0 3aKOHa pacnpeneneHus CB.

Kak Op1 xopomio He ObUIO MOAOOpPaH TEOPETUUYECKUN 3aKOH paclpeiesieHusi, Mexay
HMIIUPUUECKUM M TEOPETHUECKUM paclpeAeseHUIMUA HEeM30eKHblI pacxoxaeHus. Bo3Hukaer
BONpPOC: OOBSCHAIOTCA JIM 3TH DPACXOXKIEHHS TOJBKO CIy4alHBIMU OOCTOSTENbCTBAMH,
CBSI3aHHBIMHU C OTPAHWYECHHBIM YHCJIOM HAOJIOJICHUN WM CIIOCOOOM TPYIIUPOBKU, UK OHH
CYIIECTBEHHBI U CBSI3aHbl C TEM, YTO TEOPETUYECKOE 3HAYECHUE paclpelieleHus Moao0opaHo
HeyJIa4Ho. [[71s1 oTBeTa Ha 3TOT BOIIPOC U CIIYKAT KpUmepuu co21acus.

33



Kpumepuit coznacus — CTaTUCTUYECKUN KPUTEPUH, NIPEAHA3HAYEHHBIN U IIPOBEPKU
TUIIOTE3BI O IPEANOIaraeMOM 3aKOHE HEU3BECTHOTO PACHIPEEICHMSL.
Kpurepuii cormacust OCHOBaH Ha MCIOJIb30BAaHUU PA3JIMYHBIX MEpP PACCTOSHHUU MEXAY

aHanM3MpyeMoil sMmupudeckoi QyHkumenr I (X) pacrpenencHus, ONpeneNeHHON 110
BBIOOpKE 1 PyHKIMEH F(X) pacnpeneneHus reHepaJbHONW COBOKYITHOCTH X.
BriiBuraercs HyneBas runoresa:
Hol Wy =Py W, = Ppi ooy Wy =Py W, =y
o ToM, uTo uccieayemas CB X moquuHseTcs onpeieICHHOMY 3aKOHY pacipeIeICHHUS.
P, - BEPOSITHOCTD IPHHATHS CITy4alHON BEITMYNHOM I-T0 3HAYECHUS.

Kpurepuii cornmacusi COCTOMT B TOM, YTO BBIOMPAETCSI HEKOTOpas CiydaliHas BEIMYMHA
(cratuctuka) Tp, sABIAIOLIAsCS MEPOM pacxXxoKJIeHUs (paccoryiacoBaHHUs) MEXAY pAIoM
HaOJIOJICHUH U TIPEIIOoIaraéMbIM TEOPETUYECKUM PACIIPEACIICHHEM.

[Ipy npoBepke HyJIEBOW THUIOTE3bl 3apaHee 3adaeTCi YPOBEHb 3HAYMMOCTHU
a(a = 0,1;0,05;0,01).

Ha ocHoBanuu BBIOOPKH BBIYUCISETCS HaOMOgaeMasi BEIMUYMHA Tya5,, KOTOpAs 3aTeM
cpaBHUBAETCA € Tragn( wpur). ECIM Tyasn > Tip, TO HylleBag rumoresa orsepraercsa. Eciam xe
Tuaon < T — Ho He oTBepraercs, B 5TOM Cjy4ae OTKJIOHEHHS OT IIPEAIO0JIaraéMoro
TEOPETUUYECKOTO 3aKOHA pacHpeeeHUus CUMTAIOTCS HE3HAYUTENbHBIMH, T. €. JaHHbIC
HaOJIOZICHUSI HE TPOTUBOPEYAT TUIIOTE3€ O BUE PACIIPEICIICHHUS.

3ameuanue: MOKHO OCYHIECTBUT MPOBEPKY THUIOTE3bl O BUJE pACHPEICICHUS C
HIOMOIIBIO KPUTEpHUs coryacusi B Apyrom mopsake. [1o Habmogaemomy 3Ha4eHHIO  (Tyapy)
ONIENeINTh, MOJIB3YSICh COOTBETCTBYIOIIEH Tabiuuei, BepostHocTs ., = P(T > T, )

Eciu Olyagn -~ O, TO OTKJIOHEHHUS 3HAYMMBI, T. €. TUIIOTE3a OTBEPracTCs, €CIN KC Olyagn <da, TO
THUIIOTE3a HE OTBEPracTCs.
Olga6n onu3kue K 1 YKa3bIBalOT HECPCIIPE3CHTATUBHOCTDb BBI60pKI/I.

2 -
x - kpumepuit Ilupcona (vMeer HauOonblliee NpUMeHeHHe). B kauecTBe Mepbl

2 N .
pacxoxneHus Ty,s, OepeTcs BeauurHa )~ , paBHas CyMMe KBaJpaToOB OTKJIOHEHUH YaCTHOCTEH
My
(cTaTUCTHYECKUX. BEPOATHOCTEH)(Y; = —— OT THUNOTETHYECKUX pj , PACCUUTAHHBIX TIO
Ty
[PEAIIOIAraeMOMY paCIpPeACICHUIO.
m.
i 2
, (T -pi)
— *
y = z— -n, ( )
P
miT = NP, — «TeopeTHYECKas 4acTOTa»
M; - oMOUpuYecKue 4acToTel 1M; = W; * 1

Jlokazano, yro npu 11 —* =2 CB (*) crpeMHTCs K 3aKOHY pacIpeesieHus ¢ V CTENeHIMU
cBoOomabl, V=I-r-1, r- uucmo mapamMeTpoB MPEANOIaraéMoro TEOPETHUYECKOro 3aKOHa
pacripenenenust (HopMmanbHOe pacnpenenenune =2 (M, d), ITyaccona r=1 (A)). |- gucmo
HMHTEPBAJIOB SMIIUPUYECKOT0 pacrpeieeHns (BapuallioHHOTO psi/a)

Cxema npumenenusn Kpumepusa y° o1 nposepku zunomesuvt Hy

1. PaccunThIBaIOT TEOpETHUECKUE (HaCTOThI) BEPOSITHOCTH;

2. OnpenensieTcss Mepa pacx0XkICHHS SMIMPUIECKUX U TEOPETUUECKUX YaCTOT xz;

3. Jlns BHIGDAHHOTO YPOBHS 3HAYMMOCTH L MO TAGNHMIE KPHTHYECKHX 3HAYCHHH
pacnpeziefieHusl HaXOAAT KPUTUYECKOe 3HaUYECHUE ;(;v IpU YKCIIe cTerneneit ceodoapr V=I-r-
1;

4.Ecm 2, > ;(2’\, , To Hp — oTBepraercs;
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2 2
Xiwon < Xoy - THIIOTE3a Ho mprHUMaeTcs (He IPOTUBOPEYUT OIBITHBIM JaHHBIM. )

3amevanue: HeoOxoaumMo, 94TOOBI B KaXIOM HHTEpBaJie ObUIO HE MEHee 5 HaOII0ICHHH,
WHAYE UMEET CMBICI O0BEIMHUTH COCETHUE UHTCPBAJIBL.
(Kpamep ctp. 377 npumep)

Pacuem meopemuueckux yacmom
1. I[TpousBoaAT TPyNIHPOBKY HaOM0AaeMbIX 3HaueHUil X (BbIOOpOpKH oObema n) Ha |
rpynn (MHTEPBaJIOB) OAMHAKOBOW JJIMHBI.
X +

i Xi+l

HaxomsT cepenvHbl HMHTEPBAJIOB X = Yacrora MHTEpBaJa OIPEHCIACTCS

IIyTEM MOJCYETa KOJINYECTBA €AUHHUILL, ITOMABIINX B HETO.
B urtore IIoJIydyac€M IOCI€A0BAaTCIbHOCTE PABHOCTOAIIUMX BapUaHT U COOTBETCTBYIOIIUX
UM 49aCTOT.
X1’ ‘ Xy’ ‘ ‘ Xs
nq ’ No ‘ ... ‘ N3

i=1
2. Berancnsor X, o .

=r
Xi—k

s
l_,T.f

3. Hopmupyror ciaydaitHyl0 BenuuuHy X, T. €. [ = BBIYUCIISIFOT KOHLIBI

uaTepBanoB (L) f;.11)

4. BBIYHMCISIIOT TEOPETHYCCKHE BEPOSTHOCTH ToNajaHus X B MHTEpBambl (X} X .1 )
o pyskiun Jlammaca P; = P(x; << x < x;,,) = ©(t,.,) — (1)

5. TeopeTrueckne 4acTOTHI rr‘?‘i',I = Nnp;

1.9 Jlekuus Ne 9 (2 gaca).

Tema: «/lucniepcuoHHbBIH aHAIM3» (MHTEpaKTHBHAS (opma)

1.9.1. Bonpocsl JIeKIUH:

1. IloHsATHE O TUCIEPCHOHHOM aHAJIN3e
2. OnHO(aKTOPHBIN JUCTIEPCUOHHBIN aHAIN3
3. CpaBHEHHUE HECKOIBKUX CPEAHUX METOJOM JUCIIEPCHOHHOTO aHAJIN3a

1.9.2 Kpartkoe coaep:kaHne BOMPOCOB:

1. [TonsiTHE O IMCIIEPCHOHHOM aHAJIM3e

JIMCIepCUOHHBIN aHalNW3 MpeIHa3HAueH JUIsi NPOBEPKHU 3aBUCUMOCTH HOPMAJILHO
pacrpefieleHHOM CcllydallHOM BeJNWYMHBI Y -pe3yJIbTaTUBHOIO TpPHU3HAKa, OT (aKTOPHBIX
MIPU3HAKOB WIH (DAKTOPOB.

Mogenu AMCIIEPCHOHHOTO aHaiM3a KIACCU(PHUIMPYIOTCS B 3aBHCUMOCTH OT 4YHCIA
(bakTopoB Ha OJHO(AKTOPHBIE, IBYX(PAKTOPHBIE, U. T. J KOMILJIEKCHI.

IIpu sToM cpenu (akTOpoB MOXKET OBITh Kak CiydaiiHble, TaKk M HeclydailHble
BEJIMYMHBI.

2. OnHo(aKTOPHBIN TUCTIEPCUOHHBIA aHAIN3
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[Iycte TpeOyercs mHpOBEpPUTHh BIMAHHE HA pE3yIbTATUBHBIA KOJIMYECTBEHHBIH,
HOpPMaJIbHO paclpejeJIeHHbI NpU3HAaK ofHOro (akropa F, KOTOpbIA MMEET p MOCTOSHHBIX
yposrei : Fj, j=1, ... ,p.

Habmrofaemble 3HaueHUs pe3ylbTaTHMBHOIO NpH3HaKa Y Ha KakaoM YypoBHe Fj
00o03HaunM uepes yij, rae i = 1,2, ..., Nj—uucno HabmoaeHuit Y Ha ypoBHe Fj.

Habmonaemble 3HaYeHHs Pe3yNbTaTUBHOIO MPU3HAKA OOBIYHO MPEJCTABIAIOTCSA B BUJIE
Ta0JIUIIbI HAOIIOAeHUI

yll y12 ylp
y21 y22 y2p
y3l y32 e y3p [ i=]; cee y n]; J=1, ceey p

yn11 yn22 ynpp

OpnodakTtopHas TucepcruoOHHas MOJENIb UMEET BUI:
Yij= Woj + &jj jzl,p ,1=1,2 ... , 1
yij—HaOJfoJaeMble 3HAYEHUS Pe3yIbTaTUBHOTO NIPU3HAKA, IIOJ[y4€HHOTO Ha j-M YPOBHE

dakropa Fjc mopsKoOBEIM HOMEPOM I.

I- TeHepabHas CPEIHSS KOMILUIEKCa

0 — 3G deKT, 00yCIOBICHHBII BIUSHUEM j-TO YPOBHS (akrTopa, T.e. Fj,

daxtop Fj mMoxker npuHuMarh GukcupoBaHHble 3HaueHus (Hampumep : Homep cTaHKa,
BUJl YIOOpEHUs) U MMEThb CllydallHble YPOBHH, T. €. U3MepsAeTcs KOJIMYECTBEHHO, rae Fj—
CIIy4ailHbIE BEJTUYUHBI.

€ij - ClyyailHple BeNMMYWHBI ( OCTaTKH), OTpaKAIOUIMe BIMSHHE Ha Y BCeX
HEKOHTPOJIUPYEMBIX(DaKTOPOB, T.€. BBI3BAHHOE Bapualueil IepeMEeHHOM BHYTPU OTAEIBHOTO
YPOBHH.

00H06Hble npe()nOCleZKu ()ucnepCUOHHOZO aHaiusa.
1. Maremarnueckoe 0xHIaHie BO3MYIIEHUs &j=0 1us Mo0bIX i, T.e. p(gj)=0
2.Bo3MyIIIeHHS &jj B3aMMHO HE3aBUCHMBI
3.Jlucniepeust BO3MYILIEHUS &jj (MK nezpeMeHHoﬁ Yij) mocTosHHA 1A V i,j , T.e.
D(Sij)ZG
4 Bosmymienue gjj (WK mepeMeHHast Yij) UMeeT HOpPMallbHbIN 3akoH pacnpenesienus N

0; 6%)
BBenem o00o03HaueHU:

V.= 2 3Y
V= _21:1 Y - TPYIIIOBbIE CpeaHue (CpefHue Ans yposHs F).

?—iz_f--n-—i z Zﬂj 5+ - obmIas was, rie N= 25 n

=y &Y Ty &j=1 4 j=q Vij - O0WRA CPERHAS, THE N= 2,54 1 -

Q=3 51 (5 - 9) =22, (75~ 7)°

F=dij=1&uj=1 Y, =) —Zizl(yj—y) Nj — QakTopHas cymMMa KBaJpaToOB

OTKJIOHEHUH (CyMMa KBaJpaTOB OTKJIOHEHHUH IPYIMIIOBBIX CPETHUX OT OOIIEH cpeHeit).

B nj w2
Qocr= i=1 Zi=1(yi i y) - ocTarouHas (BHYTPHUTPYIIOBasi) cymMMa KBaJpaToB
OTKJIOHEHHH (CyMMa KBaJpaTOB OTKJIOHEHUN HAOIIOEHUI OT TPYIOBBIX CPEIHHX ).

o iy _ 2 .
Qoow= i=1 Z l.i 5 (yl- i }f) — o0mrast cymMmma KBaJpaToB OTKIOHCHUH.
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[Tocrne psina mpeoOpazoBaHuii (CaMOCTOATEIHHO)

i = 7)== 7) + (v; = 7,)

OO0e vacTH TOKAECTBAa BO3BOJAT B KBAJpaT M MPOU3BOIAT CYMMUPOBAHUE MO WHIEKCAM
iuj.

P I n-9) = L -0) R -T) 2

JE1&=i=10"1] JE1&=i=1\"] JE1&=i=10"1] J
=M EL 1(}’1';' - }’j) H.T.L.

MOJTYYHM CJIEYIOIee OCHOBHOE TOX/IECTBO AUCIIEPCHOHHOTO aHAIIN3A:

Qoﬁm = QF + roT

B KOTOPOM 3aKJIIOYeHAa OCHOBHAs WJjes JWCHEPCHOHHOTO aHajiu3a; oOmias BapHalus
pE3YJIbTATUBHOTO IMPHU3HAKA CKJIAJBIBACTCS M3 2X KOMIIOHEHT : (ypOBHS (pakTopa M Bcex
HEY4YTeHHBIX (akTtopoB) : QF ,XapakTepu3yromeidl HW3MEHUYMBOCTh, OOYCIOBICHHYIO
Pa3MUUUAMH MEXIy YpoBHSIMHU (pakropa M Qocr, XapaKTepU3yOLIeH OAMHAKOBYIO ISl BCEX
ypoBHel F Bapumanmro, o Bo31eiiCTBHEM HEY4YTEHHBIX (DaKTOPOB.

B nucniepcroHHOM aHanu3e aHATM3HPYIOTCS HE CaMU CYMMBI KBaIpaToB OTKJIOHECHUH, a
CpeIHME KBAJIPATHI, SIBJISIONINECS HECMEIIEHHBIMU OIIEHKAMHU COOTBETCTBYIOIIUX JUCIIEPCHA,
KOTOpBIE TOJTy4atOTCs JEICHHEM CyMM KBaJIpaTOB OTKJIOHEHUH Ha COOTBETCTBYIOIEE YHCIIO
CTEeHeW CBOOO/IbI.

Hamomuum, 4dro wumcno cremeHeld CBOOOABI ompenensercss Kak oOmiee YHcio
HAOIIIOICHHH MUHYC YHCIIO CBS3BIBAIOLIMX MX YPABHCHUIA.

[Tosromy miist S,:;? — OILICHKH MEXTPYNIOBOM TUCIIEPCHUHU, YUCIO CTENEHEW CBOOOIbI
Ki=p-1, T.K. TIpU €ro pacyere MUCIOJIB3YIOT P TPYIIOBBIX CPEIHHX, CBA3AHHBIX MEXKIY COOOM
— 1l
OJTHUM ypaBHCHUEM ¥ = ;Z V.1,

-~

Jns .S',:‘,?,:T - OILIGHKH BHYTPHIPYIIOBOH aucriepcuu (HeCMelleHHoH), Ko =pn — p, T.k.

_ Xyiy
ucnonb3yroT Bce N HaOIr0AeHHH, CBA3aHHBIX My cOOO0MH p ypaBHEHUAMU Y, = ==
n
j
CxeMy ITUCIEpCHOHHOIO aHAJIM3a MPEICTaBUM B TaOJIHIIe:
Tabnuua 1- OqHo(akTOpHBIN AUCIEPCUOHHBINA aHATIHN3
Buas! nucnepcuit Yucno CymMma KBaJpatoB Cpennuii
cTerneHen KBaJpar
cBobobI df
Mesxrpymnmosas p-1 _vPi (7 _ )2 — Qr
(paxropnas) Or Zi=1(} ;) ) Sg = m
Buyrpurpynnosas N-p R njor =) § = Qocr
(ocTatounas) Qocr j=1 Z i= l(J i) 1) 0T N—p
O6mas N-1 _yr el 2
Qocr= j=1 Zi: 1(_}1'1-_:- — }1) S.:.Eu; = %

OcHOBHasl TUIIOTE3a JUCIIEPCUOHHOIO aHalM3a COCTOMT B YTBEPXKACHHMM, YTO YPOBHH
dakTopa F He BIUAIOT Ha U3MEHEHNE PE3YIbTaTUBHOTO TIPU3HAKa Y.
Jlnst mpoBepku HyneBo runoressl Hg Beraucisercs

=2
RF.-'F{“P—l:] EF
FHaGH:-RDﬂJ'FI::N—‘p:I = E,“uzﬂ

Ecin FHM;H‘*_C'-FKp (o, p-1, N — p) , rne F, Haxoautcs Ha Tabauue F pacnpenenenus Ha
YPOBHE 3HAUMMOCTH W 4YHCIA CcTemeHed cBoboabl Vi=p-1,Vo=N-p , TO rumore3a He
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otBepraercsa. M3 storo ciexyer, uro BiusHue ¢axtopa F Ha pe3ynbTUpYIOUIMA IPU3HAK HE
JTIOKa3aHo.
Ecmn, Fuasn >Fip TO rumoresa orBepraercsi ¢ BEpOSITHOCTbIO OLIMOKH, paBHOI a; (pakTop

CYIIECTBEHHO (3HAYMMO) BIMSIET HA PE3yIbTAaTUBHBIN PU3HAK.

3.CpaBHeHHE HECKOJIBKHUX CPeTHUX METOIOM TUCIIEPCHOHHOT0 AHAIH3a

WNHorna AWCHEpCUOHHBIA aHAW3 MPUMEHSETCS, YTOOBI YCTaHOBUTH OJIHOPOTHOCTH
HECKOJIBKUX COBOKYITHOCTEH, (IMCIIEPCHH 3THX COBOKYITHOCTEH OJUHAKOBBI, TO B 3TOM
CMBICTIE COBOKYITHOCTH OJTHOPOAHBI). OTHOPOJIHBIC K€ COBOKYITHOCTH MOKHO OOBEICHUTH B
OJIHY U TEM CaMbIM IIOJy4UTh O HEH OoJjiee MOJIHYI0 MH(OpMAIMIO, CIeI0BaTeIIbHO, Oojiee
HAaJIE€KHBIE BEIBOIEL.

Ho :pa=po=...=u,

i Toro, 4Tto OBl MPOBEPUTH HYJICBYIO THIIOTE3y O PABEHCTBE TPYIIIOBBIX CPEIHHUX
HOPMAJIbHBIX COBOKYITHOCTEH C OJIMHAKOBBIMHU JIHMCIEPCUSMH, TOCTATOYHO MPOBEPUTH II0
KpUTEpUI0 F HyIeByrO THIIOTE3y O paBeHCTBE (DaKTOPHON M OCTATOYHOMN JUCIICPCHH:

paccuuTaTh

{E_E:] ']'11 ' ']'12

tHa6ﬂ:*.,-"l Roer/(N—p) - ny Ny

[lpu BemMONHEHWW TUNOTE3bl Hp paccMarpuBaeMasi CTaTUCTHKA MMeeT t- pacmpereiieHue
Crelozenta: tg, (0, N-p).

ECJ‘IZI/I [twasal™ tep (0, N-p), TO TUmOTE3a Ho OTBEpraercs.

F=t

3ameuanue. OTKIOHEHHE OT OCHOBHBIX IPEANOCBUIOK JUCIEPCHOHHOIO aHalu3a —
HOPMAJIbHOCTH DAcIpeAeieHUsl MOCIEAyeMOM IEPEMEHHOM UM pPaBEHCTBA JUCIEPCUM B
A4eKkax (eclIM OHO HE YPEe3MEPHO) HE CKa3bIBACTCSA CYIIECTBEHHO Ha pe3yibTaTax
JUCTIEPCUOHHOTO aHaIN3a IPU PAaBHOM YK CIIe HAOMIOJeHUH B siueiikax.

1.10 Jlexuust Ne 10 (2 yaca).

Tema: «KoppeasiuuoHHbIH aHATU3» (MHTEpaKTUBHAS (opMa)
1.10.1. Bonpochl jieKIuu:

1. @yHKUMOHANbHASL, CTATUCTUYECKAS U KOPPEJIALIMOHHAs 3aBUCUMOCTH

2. Koagdunuent xoppensuuu

3. IlpoBepka CTaTUCTMYECKOH 3HAUMMOCTH KOI(D(UIMEHTAa KOPPETSLUH U ero
MHTEpBaJIbHAs OLIEHKA

4. KoppemnsioHHOE OTHOIIEHNE U WHAEKC KOPPEsSIUH

1.10.2 KpaTkoe conep:kaHue BOIPOCOB:

1. ®yHKUMOHATBHASL, CTATUCTHYECKAS Y KOPPEJISIIUOHHAS 3aBUCHMOCTH.

Bo MHoOrmx 3amadax TpeOyeTcsl YCTaHOBHTH M OLIEHUTBH 3aBHCHMOCTb M3Y4aeMOM CITydaifHON
BEJIMUMHBI Y OT OJTHOM WJIM HECKOJBKHX JPYI'MX BEIMYMH. PaccMOTpuM 3aBUCMMOCTB Y OT OJHOU
CITyJaliHOM (MM HECITy4YaiiHOM ) BEIMUMHBI X.

JIBe cydaifHbIe BETMYMHBI MOT'YT OBITh CBSI3aHBI JIMOO (hYHKIIMOHATIBHOW 3aBUCUMOCTHIO, JTHOO
3aBUCHUMOCTBIO JIPYTOT0 POJIa, HA3bIBAEMON CTATUCTUUYECKOM, JTMOO OBITh HE3aBUCHMBIMHL.

Cmamucmuyeckoii (W CHIOXACMUYECKOU, 6POAMHOCHINOI) Ha3bIBAIOT 3aBUCHMOCTb, TIPU
KOTOpPOM M3MEHEHUE OTHOM U3 BEJIMUMH BIICUET U3MEHEHUE PacpEACIICHUs IPYTOM.
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Craructiueckas 3aBUCMMOCTb MEXKITY JIByMsI IIEPEMEHHBIMU IPU KOTOPOH KaXJIOMY 3HAYEHUIO
OJIHOM IEpeMEHHON COOTBETCTBYET OIPEAECNICHHOE (CpelHee 3HAYEHUE) YCIOBHOE MareMaTH4ecKoe
OKMJIAHUE JIPYrOM HA3bIBACTCS KOPPETAUUOHHOMU.

Bo3HUKHOBEHME NOHATHS CTaTUCTUYECKOM CBS3M OOBSCHACTCS TEM, YTO 3aBHCHMAs
IIepEMEHHas! TIO/IBEPYKEHA BIIMSTHUIO Psifia HEKOHTPOIIMPYEMBIX WIM HEYYTEHHBIX (paKTOpOB, a TAKKE
TEM, YTO U3MEPEHUE 3HAYCHUI ITEPEMEHHBIX HEM30€KHO COMPOBOMKIACTCS CITyYaHHbIMU OIIMOKAMH.

CTaTuCcTU4ecKUe CBI3U MCXKIY NEPEMCHHBIMH MOKHO U3Y4aThb MECTOAAMH KOPPCIIIUOHHOTIO U
PErpECCHOHHOIO aHa/IM3a.

Koppermsumonnsii aHanmM3  SBISIETCd  OJHMM M3 METOOB  CTaTUCTMYECKOIO — aHAIM3a
B3aMIMO3aBCUMOCTH HECKOJIbKUX IPU3HAKOB. B HacTosiiee Bpemsi OH ONpENeNsieTcss Kak METo[,
MPUMEHSIEMBII TOT/Ia, KOT/IA IAHHBIC HAOIFOICHII MOYKHO CUHMTATh CITy4alHBIMH M BHIOPAHHBIME W3
TeHEPAIbHON COBOKYITHOCTH, PACHPENETICHHON 10 MHOTOMEPHOMY HOPMAJIbHOMY 3aKOHY.

OcHosnasi 3a0a4a KOPpensayuoHHO20 aHAMU3ad — BBIIBICHUE CBS3U MEXKIY CIy4ailHbIMU
MIEPEMEHHBIMU U OLICHKA €€ TECHOTBL.

2. KoagpummenT koppesiiuu.

PaccmoTpyM reHepanbHYI0 COBOKYIMHOCTH C JBYyMSl Mpu3HakamMu X U Y, COBMECTHOE
pacrpeneneHie KOTOpbIX 3a1aH0 IIOTHOCTBIO IBYMEPHOIO HOPMAIBHOTO 3aKOHA PACTIPEICTICHHS:

2 2
F(X,Y)= ! exp| | [ XTI | g Xt | YT YT A

272'(7X0'y 1—p2 2 1—,02 Oy Oy Gy Jy

ONpeJIeNsieMOoro nAThIo napamerpamu: MX = i, MY =, DX = c2,DY = 0-5 , P-

Tlapnout ko3ghpuyuenm kKoppenayuu p — TOKa3aTENb, KOTOPBI XapaKTEPU3YeT TECHOTY
JIMHEHHOMN CBSI3U MEKITy CITyJalHbIMU BelIMUMHAMU X U Y U ONpeJiessieTcs] Kak:

X_:ux 'Y—,Lly
(o2

p=M
X O-y

Ceoticmea naprozo koagghuyuernma Koppersyuu p.
1) - 1<p<1-— p npuHMMaeT 3Ha4YeHMs Ha oTpe3ke [-1; 1], mpu 3TOM, YeM OIKe [p| K SAMHHIIE, TEM
TECHEe CBSA3b MEXKITy pH3HAKaMKu X U Y
2) npu |p| = 1 KOppessIOHHAs CBSI3b MeX Ty Mpu3HaKaMu X 1 Y MpeJICTaBiIseT cOO0M JTMHENHYIO
(bYHKIMOHATIBHYIO 3aBECHMOCTS (Y = f(X));
3) pu p = 0 MHElHAs KOppesIMOHHAs CBs3b MeX Ty X 1 ['oTCyTCTBYET (HO 3TO HE O3HaYaeT
HEBO3MOKHOCTh HATMYMS My HUMHU HEJTMHEHHOM CBSI3N);
4) p < 0 yka3plBaeT Ha HaIMYMEe OOPATHOM 3aBUCHMOCTH MEXAy mepeMeHHbIMA X U Y (Ipu
YBEJTMYEHUH OTHOM MEPEMEHHOM JIpyrast yMEHbIIAETCsl);
5) p > 0 yka3plBacT Ha HaIMYME MPSAMOM 3aBHCHUMOCTM MEXHy rnepeMeHHbiMH X U Y (Ipu
yBeNM4YeHUH (YMEHBIIICHUH) OTHOM MIePEMEHHOM Ipyrasi TOXKe BO3pacTacT (YMEHbIIaeTcs);
6) ecn BCce 3HAUCHUS TMPU3HAKOB YBEJIMUYUTH (YMEHBIIIUTH) HA OJTHO M TO YK€ YMCIIO FJIM B OIHO U TO
K€ YMCIIO0 Pa3, TO BEJIMYMHA KO3(P(HUILIEHTa KOPPEISLIN HE N3MEHHTCS.

Koappuyuenm oemepmunayuu p2 (paBHBI KBazpary KOdPQUIMEHTa KOPPEISIIIN)
YKa3bIBaeT JIOMO TUCTIEPCHUH OJTHOM CITyJaliHOM BEJTMUHMHBI, 00YCIIOBIICHHYIO BapHaIMEH JIPYTOH.

CoorsercrBenHo, (1 — p?), IOKA3BIBACT OO UCIICPCHH CITyYaARHOM BEIIUHHBL, OOBICHIEMOR
HE BKJIFOUEHHBIMHU B PACCMaTpHBAEMYIO IBYMEPHYIO MOJIENb (PAKTOPAMHU.
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[Tycth u3 reHepaibHOI coBOKyIHOCTH (X, Y) B3siTa CiydaiiHasi BBIOOpKa 00beMoM N: (X1, Y1),

(XZ; YZ), L] (Xb yi)a'"5 (XI'b Yn)
1. Ecm o0beM BBIOOPKM N HEBENHK, TO CTAaTUCTHYECKHE XAPAKTEPUCTUKH TEHEPATBHON
COBOKYITHOCTH BBIUHCIIFOTCS HETIOCPEICTBEHHO TI0 PSILY HAOIFOICHHH (Xy, V).

X1 ‘ Xo ‘ ‘ Xi ‘ ‘ Xn

Vi ‘ Vo ‘ ‘ Vi ‘ ‘ Vi

N- 00beM BBIOOPKH.

2. Ecim BbIOOpKa M3 TEHEPATBHOM COBOKYIMHOCTH BENHMKA, TO psia  HaOMOaeHUN
peoOpa30OBbIBACTCS K JIBYMEPHOMY BapHUAIMOHHOMY DsiTy, IPENCTABIISIEMOMY B BUJIC TAOJHITbI,
Ha3bIBAEMOW KOPPEIISLIMOHHOM.

B niepBoii cTpoke B BO3pacTaroIeM MOPSIKE PaCIIOI0KEHBI BAPUAHTHI X; , @ B TIEPBOM CTOJIOLE
— BapuaHThI ;. Ha nepecedennu cTonbIia Xi- ¥ CTPOKH Y; HAXOAUTCS YacToTa Mij, 0003Havaromast
YHCIIO TOYEK BHIOOPKH, 3HAUCHHS! TIPU3HAKOB Y KOTOPBIX paBHbI (X Yj), rae i =1, 2, .., K, j=1,2, ...,

Hroromo y
(my)

Hroro no x

(my)

B crpoke my nomenieHs! 4acToThl OTHOMEPHOT'O BAPUALIMOHHOTO PsIJa X, MOIYYEHHBIE ITyTEM
!
CYMMHpPOBaHHS 3HAUEHUI Mjj BX;-M CTOJIOLE: M, = Z m;,
j=1

K
B cTon6rie My noMeIeHbI 4acToThl pana y: M. = Z m;
i=1
Hakomner, N~ 06BbeM BEIOOPKH.

OcHoBHbIE (OPMYJIBI JUISl BBIUMCIECHHUS OLEHOK CTaTUCTHMYECKHX XapaKTEPUCTHK TI'eHepabHON
COBOKYITHOCTH JUTSl pa3IMYHBIX 00EMOB BEIOOPOK IPUBEIEHBI B TA0M. 2.
TaOmia 2. ToyeuHble OIEHKH MTapaMeTPOB IBYMEPHON KOPPEIISIIIMOHHON MOJIEIN

OuennBaeMblii TapaMeTp reHepaibHoi | Ero BeIOOpoYHast TOueuHast OlleHKa
COBOKYITHOCTH ITo mpocThiM BEIOOpKaM Ilo crpynmupoBaHHBIM
(n masto, MaHHbIC HE JTAHHBIM (N BEJIMKO, TaHHbIE
TPYIITMPOBAHbI) CTpYIITUPOBAHBI)
['enepanbHas cpemsist X, Lix 1 o1&
X==>x X == xm.
N+ N5z
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['enepanbHas cpeauss VY, py 1@ 14
Y=*Zyi y:_zyim*l
n i n j=1
[enepanbhas cpemmsis X°, M(X* — 1 1&
P P ) x?==>"x X == XM
N5 N
TenepanbHas cpemsist Y-, M(Y?) - 1&, = 14,
I'enepaphas cpenusist XY, M(XY) 19 — 1 & d
Xy:7 lej Xy:72 le]mlj
Nz N =
2 2 N
['enepanbHble cnepenu o, , o, 5? = Z_ %2 §2=y?
['enepanbHbIii KOIQGHULIEHT Br16opounblii KodHIEHT Koppersin
KOPPEJISILIAH P r_@_)_(._
SHERH

Bb160pounblii KO3(D(UIMEHT AeTepMUHAITN r (paBeH kBazgpaty Kod(h(hHUIIMEHTa KOPPEISLIIN)
Y YKa3bIBACT JIOJIFO TUCTIEPCHUH OJJHOW CITy4allHOM BEJTMUMHBL, O0YCIIOBJICHHYIO Bapyallien Ipyrom.

CootBercTBeHHO, (1 — rz), TOKAa3bIBAET JIOJIE0 OCTATOYHOM AWCIIEPCUU CITy4aliHOM BEIUYMHBI,
OOBSICHSEMOI HE BKITIOUSHHBIMH B PACCMATPUBAEMYIO IBYMEPHYIO MOJIENb (DaKTOPaMH.

Takum 00pa3oM, TUCIEPCHIO KOKIOM X U3y4aeMbIX MepeMEHHBIX MOXKHO MPEJICTABUTH B BUJIE
CYMMBI JIBYX COCTaBJISIFOIIIMX — PETPECCHOHHOM (00YCIIOBICHHOM BIMSHUEM JIPYrOil IEpEeMEHHON) 1
OCTaTo4yHOUM (OmpesensieMoil He BKIIOYEHHBIMH B pacCMaTpUBAacMyIO JIBYMEPHYIO MOJIENb
octatouHbIMA  (pakTopamu). OCTaTOUHYIO JMCIEPCHIO HA3bIBAIOT €IIE€ YCJIOBHOM — T. €.
BBIUMCIICHHON TpU YCJIOBUM (DUKCAIMU JIPYroil MepeMEeHHOM Moaenu M 0003HAYaroT MOJ00HO
YCIIOBHOM BEPOSTHOCTH.

HWrak, octatounas (ycioBHas1) AUCHEPCHs IEpeMEHHOM Y

SZ, =S2(L-r?);

y/x
octatouHas (YCJIOBHAsI) TUCTIEPCHst TIepeMeHHON X:
2 =S21-r?).

yIx

3. IIpoBepka 3HAYMMOCTH I'eHEPAJBHOI0 KOI((PUIMEHTA KOPPEJISIIUU M €r0 WHTEePBAJIbHASA
OLICHKA.

B nBymepHo# Mozieny mapamerpamu CBSI3H SBJISFOTCS. KO3((UIMEHT KOPPENSLUH P WU €r0
KBazIpaT — KOA((UIMEHT JIeTepMUHALIIN p2.

Ha npakTrke 0 TECHOTE 3aBHCHMOCTH MEXTY CITyJaiHBIMU ITEPEMEHHBIMHI TIPUXOANTCS CYIUTh
HE Ha OCHOBE HCTUHHBIX MApaMeTPOB CBs3U (T€HEPATHHBIX XapaKTEPUCTHK), a MX BBIOOPOYHBIX
AQHAIOTOB, KOTOpBIE SIBJSIFOTCS  CIydalHbIMM  BelMuuMHamu. [losToMy BO3HMKaeT BOHpOC,
JICCTBUTENBHO, JIM TONYYEHHbIE 3HAUCHHs OOBSCHAETCS HAJIMYMEM CYIIECTBYIOIIECH JIMHEHHON
KOPPEJSIIMOHHON 3aBUCHMOCTBIO MEKIy TepeMeHHbIMH X ¥ Y, WIH SBISIFOTCS CIEICTBUEM
CITy4aifHOCTH 0TOOpA MEPEMEHHBIX B BHIOOPKY.

B nByMepHOIT MOZIENH JTOCTaTOYHO MPOBEPUTH 3HAYMMOCTH KO (PHIIMEHTa KOPPEISIHY, T. €.
Ha ypOBHE 3HAYMMOCTH a MPOBEPUTH rumore3y Hy: p =0.

Ilposepka 3nauumocmu 2eHepanbHozo KoIhghuuuenma Koppenayuu

| cnoco6. C rcnons3oBanreM Tabmmipl Ouinepa—INleiitca .

[To Tabmie dummepa—IWeiitca 1yst ypoBHS 3HAYMMOCTH 0L M YHCTIA CTENIeHeH CBOOOIbI N- 2
HAXOZIUTCS KPUTHYECKOE 3HAUCHHE Iy = I'ryg (05 N- 2).
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3areM CpaBHUBAIOTCS HaAOJIOaeMOe 3HaYeHHe Ko (uIMeHTa KOPPEsIIU — BHIOOPOYHBIH
KOA((PULIEHT KOPPEISALUHN I — C TTOTyYCHHBIM KPUTHIECKHM [,

['mriore3a oTBepraercss W TeHEPATBHBIA KOI(P(UIIMEHT KOPPEIAMH CUUTACTCS 3HAYMMBIM,
ecr HaOJTFOIaEMOE 3HAYCHUE lya6; = I TIO @0COMIOTHON BENIMYMHE OKKETCS OOJIbIIIE KPHTHYECKOTO,
T. €. €CIH |Iya65] > Fip-

B nporuBHOM ciydae rumore3a Ho: p = 0 He oTBepraercs M reHepaabHbI KO3(QUIEHT
KOPPEJISIIMU CUUTACTCSI HE3HAYNMBIM.

1l cnoco6. C ucnons3oBanueM pactpeenenust CTbroJIeHTa.
r

V1-r?

runote3bl Hy: p = 0 umeer t-pactipenernierue ¢ N - 2 CTeneHsIMHA CBOOO/TBI.

['mmoreza Hp: p = 0 ortBepraercs u TeHEpaIbHBIA KOIPQUIIMEHT KOPPEISIN CUHTACTCS
3HAYUMBIM, €CIH [tiags| > Loy, THIE by = (s N- 2) ompenensiercs no Tadnwre t-pactpenenetus CTbrOAHTA
TP YPOBHE 3HAYMMOCTH 0L M YHCIIC CTETICHEH CBOOO/IBI N - 2.

JInst 3HAUMMBIX TApaMETPOB CBSI3M HAXOMAT MHTEPBAIBHBIC OLICHKH, KOTOPbIC C 3aJIaHHOM
HaJIOKHOCTBIO COJICPYKAT HCTUHHBIC 3HAYCHUSI TAPAMETPOB.

OcHoBbIBaeICA Ha pacuyere CTaTUCTUKH t . = vN—2, KoTopas NpH HUCTUHHOCTU

Humepeanvhas oyenka 2eHepaibHO20 KoIhpuyuenma Koppenayuu

Toyeunast oOlLEHKa TIEHEPATBHOIO KO3(pQUIMEHTa KOppeslMd p — BbIOOPOUHBII
KO3(DUIMEHT KOppessIMU I — SBISIETCS JIMIIb NPUOIMKEHHBIM €10 3HAUYCHUEM U IIPU MaJIbIX
0o0beMax BBIOOPKM MOXKET JlaBaTh CYIIECTBEHHbIE OIIMOKU. [IpencraBisier MHTEpEC MOCTpOEHUE
UHTEPBAIBHON OLEHKH TeHEpaJbHOro KO3(pdUIMEeHTa KOppeauu p, Kyaa OH Oyzer mnomaiath ¢
33JAHHOM HAJICKHOCTBIO .

P(Prin P < Pre) =7

[Tpu onpezeneHny ¢ HAJIEXHOCTHIO Y JOBEPUTENIBHOTO MHTEpBaia s p CHayasa MCTONb3YIOT
Z-npeoOpazoBanne Puiiepa M ONPENESIIOT 3HAUCHUE CTAaTUCTUKM Z, 1o Tadmiam «Z —
npeoOpazoBanust Purtiepay» wim 1o Gopmyie:

zrzlmliﬁ.
2 1-r
3areM yCTaHaBIIMBAIOT MHTEPBATBHYIO OLEHKY JUIS Z;

t t
Z, ———=<7<7 +—-—,
n-3 n-3
rje t, BBIYMCILIIOT 110 Tabsuiie uHTerpaibHol ¢yHkimu Jlammaca u3 yenosus O(t,) =1y.
OOpaTtHbIii Tiepexoy] 0T Zy K p OCYIIECTBILSIIOT Takke Mo Tadmuile Z-mpeo0-pa3oBaHus, TOCTe

HCIIOJIB30BaHUA KOTOpOfI TMOJTYYatOT UHTCPBAJIbHYIO OLICHKY UIA P C HAACKHOCTBIO !

212z < p<z7Z™)
min < P < Prrax
ITpu BBIOOPE Prmin ¥ Prmax CACTYET YUUTBIBATE, UTO Z-(DYHKIMS — HedeTHas, T. . Z(-r) = - Z(r).

[TocTpoeHne MHTEpBATILHON OLEHKH MeHEepaTbHOro KO3(UIMEHTa KOPPETSLUU P ABYMEPHOM
MOJIENH C 331aHHON HAaIe)KHOCTBEO Y MOYKHO IIPE/ICTAaBUTB B BUJIE AJITOPUTMA.

4. Koppe/sinHOHHOE OTHOLIICHHE U MH/ICKC KOPPeJIsSILiH.
PaccmoTpeHHsbIit Bbliie KOA()OUIMEHT KOPPESLUM SBIISETCS TIOJIHOLEHHBIM [IOKa3aTeNneM
TCCHOTHI CBS3U JIMIIb B CIIy4dac JIMHEMHON 3aBHUCHUMOCTHU MCKIY NCPECMCHHBIMU. OI[HaKO qacTo
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BO3HUKAET HEOOXOAMMOCTh B JIOCTOBEPHOM IIOKa3arTesie TECHOTHI CBS3UM NpH Jr000H (opme
3aBUCUMOCTH.

Jnist mosy4deHus Takoro rmoka3aressi BCHOMHHUM MPaBUIIO clIoKeHus aquctepceuit: Qosm = QF

+ QOCT

e Qoo — 0OIIas qUCIIepCHs IEPEMEHHOM;
Qocr— CpenmHSss TPYIIOBBIX AUCTIEPCUI HITH OCTATOYHAS IUCTICPCHS
QF — MeXTpynmoBas AUCTIEPCHs

OcrarouHoii ucniepcrueil U3MepAIOT Ty Y4acTh KojaeOieMocTH Y, KOTopas BO3HUKAET 13-3a
MU3MEHYMBOCTH HEYYTEHHBIX (DaKTOPOB HE 3aBUCAIIMX OT X. MEXIpynmoBas IUCTICPCHS
BBIpXAeT Ty YaCTh Bapualuy Y, KOTopas 00ycloBlIeHa H3MEHYUBOCThIO X. Benmunna

o
Q06u4

Ha3bIBACTCS IMHUPUUECKUM KOPPENAUUOHHBIM OmHouwenuem Y 1o X.
UeM TecHee CBs3b, T€M OoJiblliee BIMSHUE HAa BapUalMIO IEPEMEHHON Y OKa3bIBaeT

Ty

My =

M3MEHYMBOCTH X 110 CPAaBHEHHIO C HEYUTCHHBIMH ()aKTOPaMH, TEM BBIIIIE
2

Bermmunna , Ha3bIBACTCSl IMHUPUUECKUM KoIhuyuenmom Oemepmunayuu,

MOKAa3bIBAET, Kakasi yacTh 0OIIel Bapraluu Y o0yclioBleHa Bapranuei X.

OcHosHvie colicmea KOppenayuoHHo2o omuouwenus (Ipyu A0CTaTOYHO OOJIBILIOM 00beMe
BBIOOPKH N):

1) KoppensunoHHoe OTHOILIEHHE €CTh HEOTpUIIaTeIbHAs BEJIMUMHA, HE MpeBocxoasmas 1:
0<n<l.

2) Ecmi n = 0, TO KOppeJsiOHHAasI CBSI3b OTCYTCTBYET.

3) Eciu n = 1, TOo MeXly IepeMEHHBIMH CYLIECTBYET (DYHKIIMOHAIbHAS 3aBUCUMOCTb.

4) Nyx # Nxy, T-€. B OTINYKE OT KOIPPUIIEHTA KOPPEISILUHM T (JUIE KOTOPOTO Tyx= Iy =T) IPU
BBIUKMCIICHUN KOPPEJSILIMOHHOTO OTHOILEHUS CYIIECTBEHHO, KAaKyl0 IE€pPEMEHHYI0 CUUTaTh
HE3aBUCHMOM, a KaKyl0 — 3aBHUCHMOM.

3MHI/IpI/I‘I€CKOG KOPPEIIAIMOHHOC OTHOUICHUC ¥ SABJBICTCA TOKA3aTCJIEM PaCCCAHUA
TOYCK KOPPCIEIMUOHHOI'O ITOJIA OTHOCUTCIIBHO BMHHqueCKOﬁ JIMHUU PErpeCcCuu, BBIpa)I(aeMOﬁ

HOM&HOP’I, COGI[I/IH}II-OH_ICI‘/JI 3HA4YCHUA yi OI[HaKO B CBA3U C TCM, YTO 3aKOHOMEPHOC NU3MCHCHUC yi
HapymacTcs CHy‘l&fIHBIMPI 3Ur3araMmu HOMaHOﬁ, BO3HHUKAOIMMWMHK BCJICACTBUE OCTAaTOYHOI'O

JEWCTBHS HEYUTEHHBIX (DaKTOPOB, Ty IIPEYBEIMYNBAET TECHOTY CBs3U. [lo3TOMYy Hapsny ¢ Ty
paccMaTpuBaeTcsl IOKa3aTeldb TECHOTHI CBS3U Ryx, XapakTepH3YIOIIMil paccesHHe TOueK
KOPPEJSILIUOHHOTO TOJISI OTHOCUTEIILHO JIMHUMU PETPECCUU YX.

Ilokazarens Ryy, IOIy4nsl Ha3BaHUE MEOPEMUUECKO20 KOPPEIAYUOHHO20 OMHOWEHUA
unu uHoeKca Koppenayuu Y o X.
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Ryx: QF = [1— rom
ng;u,; Qoﬁm

rie gucnepcud Qo U Qoer OMIPEAEISIIOTCS 110 (POpMyIIaM, B KOTOPBIX TPYIIIIOBBIE CPEIHUE Yi
3aMEHEHBI YCIIOBHBIMU CPEAHUMH Yyi, BRIYMCIEHHBIMU 110 YPABHEHUIO PETPECCUU.
JIOCTOMHCTBOM pacCMOTPEHHBIX IOKa3areneil M u R sABisieTcss TO, 4TO OHU MOTYT OBITH
BBIYMCIICHBI IPH JIFO00H (popMe CBSI3H MEXTy IepEeMEHHBIMH. XOTS 1] ¥ 3aBBIIIACT TECHOTY CBSI3H IO
CPaBHEHUIO C R, HO J171s1 €ro BBIUMCIIEHUS HE HY)KHO 3HaTh ypaBHEHHE perpeccuu. KoppemsaunonHusie

OTHOIICHUS 1 ¥ R CBsI3aHBI ¢ KOAPPHUIMEHTOM KOPPEIISILIUY T CISTYIOIIHM 00pa3oM:

0<|rj<R<p<1

B ciywae nuHeitHON MoJienn HHIIEKC Koppersiiun Ryx paBeH koadduueHTy Koppemsuu 1 (1o
a0COIIFOTHOM BEMUYUHE).

Koagpdpuyuenm oemepmunayuu R, paBHBIN KBaJpaTy MHJICKCA KOPPENAUU (Ui MapHOM
JUHEWHOW MoJend — [°), TIOKa3bIBaeT MO0 OOINeH Bapualyii 3aBUCUMON TIEPEMEHHOM,
00YCIIOBIICHHOM perpeccreil WM H3MEHIUBOCTBIO OOBSCHSIONICH TIEPEeMEHHOM.

Yem Gmmke R? K equHuLe, TeM Jy4llle perpeccus armpoKCUMUPYET SMIUPUUECKUE JaHHbIE,
TEM TecHee HaOJIOJCHUS MPUMBIKAIOT K JIUHUM perpeccur. Ecmu R*=1, 10 SMIUPUIECKUE TOUKH
(X, y) Jexar Ha JIMHHUM PErpeccuu U MeXIy rnepeMeHHbIMH Y W X CYIIeCTBYET JIMHEWHas
¢yHKIMOHaNBHAA 3aBucuMocTb. Eciu R® = 0, To Bapuanus 3aBUCHMON MEPEMEHHOM MOIHOCTBIO
00yCIIOBIIEHa BO3/ICHCTBUEM HEYUTEHHBIX B MO MIEPEMEHHBIX, U JIMHUS PErPECCUH MapailjiesbHa
ocu abcuucce .

Pacxoxnenue Mexay n2 u R? (v r2) MOXET OBbITh UCMOJIL30BAHO IS IPOBEPKHU JIMHEHHOCTH
KOPPEJSILIMOHHON 3aBUCUMOCTH.

[IpoBepka 3HAYMMOCTH KOPPEJIAIIMOHHOTO OTHOIICHHUS 1] OCHOBaHA HA TOM, YTO CTAaTUCTHKA
2
__n(n—m)
@-7%)(m-1)
(rme m — yuncno nepemMeHHbIX) umeeT F-pacnpenenenne @umepa—CHenexopa ¢ ky =m - 1,
ko= n - m crenensamu cBoOOBL. [ToaTOMy 1 3HaUMMO oTiMuaeTcst ot HyJs, eciau F > F(o,k1, K»), roe

F(o,ky, k2)— tabmuunoe 3Havenne F-kpurepus Ha ypoBHE 3HAYMMOCTH O TIPH YHCJIE CTETEHEH
cBoOoael k1 =m-1, ke=n—-m.

1.11 Jlexkuust Ne 11 (2 gyaca).

Tema: «PerpeccnoHHbIi aHAIU3» (MHTEPAKTUBHAS Gopma)
1.11.1. Bonpochl JieKIHU:

1. IloHsATHE M IPEANIOCBUIKH PETPECCUOHHOTO aHAIN3a

2. Bunel perpeccMOHHBIX Mozenei. OLeHKa mapaMeTpoB MapHOW JMHEWHON perpeccuu

3. IlpoBepka cTaTHCTHYECKONW 3HAYMMOCTH YPaBHEHHs PErpecCHM B LEJIOM M €ro
[1apaMeTpoB

1.11.2 KpaTkoe coaep:kaHue BONPOCOB:

1. IlonsiTHe ¥ NPEANOCHIIKH PErpecCHOHHOI0 AHAIH3A
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Pezpeccuonnuiii ananu3 — METOJ, NCCIIEIOBAHUS 3aBUCUMOCTH PE3YyJIbTaTUBHOIO IPU3HAKA
Y (ciay4aiiHOW BEIMYHHBI) OT HECKOJNBKHX CiydaiiHbix BeawmuuH X1, X2,...,XK, Ha3pIBaeMbIX
Gaxkmopamu Ui pezpeccopami.

Baxxno pa3nnuare KOppesiliMOHHBIE U PErPECCUOHHBIE CBSI3U.

OcHOBHasi 3ajjaya pErpecCHOHHOTO aHallM3a — YCTaHOBJIEHHUE (OPMBI M H3yUEHHE
3aBHCHUMOCTH MEXIY EPEMEHHBIMH.

YpaBHEHHE PETPECcCHUH MOXKET OBITh MPECTABIICHO:

Yi=f(xj)+ei, Tme & - choydaiiHas niepeMeHHas (BO3MYILEHHE), XapaKTepH3YIoIiast
OTKJIOHEHUE (HAKTUUECKUX 3HAYCHHUN PE3yJIbTaTHBHOMN MEPEMEHHON OT ()YHKIIUU PErPECCHU.

JluneiiHas nmapHasi perpecCOHHas MOJIeb UMEET BUJI:

Vi =By + X t& *)

OcHognbie npednocvlIKU pecpeccUoOHH020 aHanu3d
1.3aBucumas mepeMeHHas Yi (BO3MYIIEHHE &) SBISICTCS CIy4alHOW BEIMYMHOW, a
00BsCHSIONIAs TIEpEMEHHAs Xj- HECIy4alHO;
2.MaremaTHuecKoe 0KUIaHne BO3MYIIEHHS & PaBHO HYI0: M(&;)=0;
3. JucriepCHst 3aBHCHMOIT IIEPEMEHHO# Y OCTOSHHA (JUIst Beex i) 1 paBHa D(g)=0;
4 IlepemeHHbIE Vi U Yj (BO3MYILEHHUE & U €j) HE KoppenupoBaHHbl M(ei; €)=0, s mo6oro

IZ].
5.3aBucumasi mepeMeHHast Yi (BO3MYIICHHE &) SIBISETCS HOPMAIIbHO pacHpeeeHHOMN
CIIy4ailHON BEJIMYMHOM.

2. Buabl perpeccuOHHBIX Mojiesieil. OneHKa UX NapaMeTpoB

|. PaznuuaroT oiHOGMaKTOpHBIE (C OAHOM HE3aBUCUMOM MEPEMEHHOMN) M MHOTO(haKTOPHBIE
(c HECKOJIBKUMH HE3aBUCUMBIMU ITEPEMEHHBIMHU ) MOJICIIH.

[IpennonoxumM, 4To A OLIEHKM IAapaMeTpoB JIMHEHHON (YHKLIHMU DPErpeccHH B3siTa
BBIOOpPKA N map nepeMeHHsIx (Xi,Yi) iI=1, ..., n.

Ouenkoii Mozenu (*) o BIOOPKE SBJIAETCS ypaBHEHHE perpeccun y=bo+biX.

[Ipu oonopakmopHbix MOAENAX CBA3b YaCTO HA3bIBAIOT IMAPHOH, a KOI(PQUIHEHT
perpeccun  Di- noanbiv. OH TOKa3bIBAET HA CKOJBKO CAMHHI[ H3MEHSCTCS 3aBUCHMAs
NepeMeHHast Y IPH U3MEHEHUH HEe3aBUCUMON MIEPEMEHHOM X Ha €MHUILY CBOETO U3MEPEHUSI.

[MTapamerpsl by, b; onpenensirorcst Ha ochoBe MHK corimacHo KOTOpOMY HEHW3BECTHbBIC
napameTpel Dy u D;, BeIOMparoTcs TakuM 00pa3oM, YTOOBI CyMMa KBaJpaToB OTKJIOHCHUIl
HMIUPHYUECKUX JIAaHHBIX PE3yJIbTaTUBHOIO MPHU3HAKA OT 3HAYEHUH ¥, HalJICHHbIE IO YPaBHEHUIO
perpeccuu Oblla MUHUMAJILHOM:

b,, .
S=¥ (y1-§)*=3(yi-bo-bpxi)? —22—> min

Jubdepenuupys S mo by u by u npupaBHHBasS K HyIIO €€ YacTHbIC MPOU3BOHEIC,
HOJTyYUM:

ds
—=2 (yi_bo_blxi):O
db, 2

d_SZZZ(Yi —by —bX;)-x; =0
db,

ITocne mpeoOpa3oBaHus MOTYYUM CHCTEMY HOPMAJIbHBIX YpaBHEHHIA:

bon+b, D % =Dy,
bozxi +blzxi2 :ZYiXi

peuasa KOTOPYrO OTHOCUTECIBHO bo u bl noJryqacm:
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_ inyi _izxiz%

1 1 5 b :M
ZX?—H(ZXi) WIn ' 2
b, =y—-bX

1 1
bo :Ezyi _blﬁzxi

MHorodakTopHas MOAENb C JIMHEHHOW CBS3BIO MPU3HAKOB UMEET BH/I:
y=Db, +bXx +b,X, +...+bX,.
Koaddunuentsr perpeccuu bj npu pakTOpHBIX MPH3HAKAX HA3bIBACTCS YHUCTHIMU.
Koagpgpuyuenmor uucmoii pezpeccuu mOKa3pIBacT, HAa CKOJBKO EIUHUI] H3MEHHTCS
pe3yJIbTaTUBHBIA TPH3HAK MPH H3MEHEHHH COOTBETCTBYIOIIETO (DaKTOpPHOrO NpH3HAKa Ha
€IMHHILy CBOETO M3MEPEHHS, PU YCIOBHH, YTO Jpyrue (GpakTopsl, BKIIOUCHHBIC B YpaBHEHHE,
3a(MKCUPOBAHEI HA OJTHOM YPOBHE.
PerpeccronHbIii aHAIM3 JOMOIHAIOT PaCYeTOM MOKA3aTels CUIIbI KOPPESIIUMOHHON CBSI3H —
KO3 (UITMEHTA TTAaCTHIHOCTH.
Kos¢pgpuyuenm rnacmuunocmu 1moxaspiBaeT Ha CKOJNBKO % W3MEHUTCS B CpEIHEM
3HAaYCHHE PE3yJIbTAaTUBHOTO MPU3HAKa MPH U3MEHEHUU (aKTOPHOTO mpu3Haka Ha 1 % .
_ X.
5, =b, -
y
Bennunna ykaspiBaeT Ha CHIy PEakLMHU PE3YJIbTATUBHOTO NMPH3HAKAa HAa OTHOCHTEIBHBIN
npupocT (hakTopa.
Ecmu |5j | <1 —»snactu4HOCTH citabas;

|9,/ =1 - snactuunocts cpennsis;
|9;[=1 - 3macTHIHOCTD BBICOKASL.

Bo MHOXecTBeHHOI koppemsuuu 1o Ko3duuueHTaMm 3JIaCTUYHOCTH IMPOBOAUTCS
CPAaBHUTEJIbHBIM aHAIU3 CUJIBI BIUSHUSA (PAKTOPOB Ha pe3yJIbTaTUBHBIN MPU3HAK.

I1. Paznuyaror AMHEHHYIO U HETMHEHHYIO (JOpMY CBS3H.
Henuneitnas ¢opma mnapHOH Mojenn MoOXeT ObITh BbIpaK€Ha JIHOOBIM — BHJIOM
KpUBOJIMHENHON (pyHKIIMU:

-¥ =b, +b, In X — nonynorapudmimaeckas pyrxms

A

X v
- ¥ =D, +b,” - nokazarensroii

Y= boxb1 — CTENeHHON

-y=b, +b, ; - THUIIepOOINIECKOM U T. ]|

MHorogakTopHasi MOJIeIb ¢ HETMHEWHOW (OPMON CBSI3U MOXKET BBINJISJIETh PA3IMYHBIM
00pa3om, HarpuMep:

N 2

y=b, +bx, +b,X;.

Jlns  mpaBWIBHOTO — BBIOOpPA GbopMBI  CBSI3U  HEOOXOJAWMO TIPOBECTH  TIIyOOKHit

TeopeTI/I‘IeCKI/Iﬁ aHaJIN3, a 3aTEM MOAKPCIUTL CBOU JIOTHYCCKUC MPEAIIOIIOKCHUA l"pa(bI/IquKI/IM
METOAO0M, MCTOAOM CTATUCTUYCCKUX T'PYIIIUPOBOK, COIIOCTABJICHUCM ITapaJlJICJIbHBIX PAI0B.

3. IlpoBepka CTAaTHCTHYECKOM 3HAYMMOCTH YPABHEHHMS perpeccMd B LEJIOM H ero
napaMeTpos
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Tak kak

MHOKECTBEHHOUM perpeccun  Ho:

CTaTUCTHUKCE:

BBIOOPOYHBIE XAPAKTEPUCTHKHU SIBISIFOTCS CIyYalHBIMH BEJIWYHMHAMH, TO
IIPOBEPUM 3HAUUMOCTh YPABHEHUS PETPECCUU U €r0 apaMeTpOB.
3HAUMMOCTb YpaBHEHMsI PEFPECCUU B LIEJIOM OLIEHMBaeTcs ¢ nouupto F kpurepus duiepa
Y Ha OCHOBE JUCIIEPCUU aHAIN3a.
1. JIns mpoBepKM 3HAUYMMOCTH YpaBHEHHs perpeccuu, T.e rumorte3sl Ho: P1=0 (Hdus

Qu /k

_ Sk

Habn

ror /(n - 2) - S(fCT

B1=PBo=...=Pk), HMCHOIB3YIOT KPUTEPUH OCHOBAHHBIM Ha

HpI/I UCTHUHHOCTHU THUIIOTE3bI Ho IMPpUBCACHHAsA CTAaTUCTHKAa HMMECCT F pacipeacii€cHuc ¢

YUCJIOM CTeleHel ¢cBoooab! V1=K, V,=n-2.
Qr- cyMMa KBaJIpaToOB OTKJIOHEHHH, 00YCIOBICHHBIX PErpecCcHei,

Q=0 -7)".

52 -
Rk

- mucnepcus, o0ycIOBIICHHAs perpeccrei.

Qoct = cymMMa KBaJapaTOB OTKJIOHEHUH 00YCIIOBICHH(DS OCTaTOYHBIMHU, HE BKIIOYEHHBIMU
B MOJIeJTb (haKTOPaMH.

QOCT :_Zn:(yi - 9i)2 :

S 2 _ rom

oct
n-—

k-1

- OCTaTO4YHas AUCIICPCHUs.

PGSYHBTaTbI pacd€ToOB, KaK IIPpaBUJIO, OQ)OpMHHIOT B BHUJAC Ta6J'II/II_[LI

Tabnuma 1- JlucrepcuoHHbIN aHAIN3

Hucio . F xpurepuii
KoMIIOHeHTH! | cTeneHen
JUCIIEPCUN cBobojsl df | Cymma kBagpatoB | Jlucnepcuu (bakTHuecKui | TaOJIMYHBIN
n S 2
Q=30 -%) |si="= won = oh .
Perpeccust k " .Zl: ' Rk Sfm Fo, (@vi;v,)
n
QOCT =Z(yl _S\/i)2 SOZCT :M
Ocraroynast | n-k-1 i1 n-k-1
n
Qo = (Yi - y)z
Oobmas n-1 o .2:1:

Tabnuunoe 3HaueHne HaxoauM Mo Tabnuue « F —pacnpenenenus dumiepa» mpu ypoBHE
3HaYUMOCTH (L ¥ YUCIIe CTeneHer cBobonsl V1=K, Vo=n-k-1, F, (a, V1=K, vo=n-k-1).

Ecmn Fuasn > Fipur, TO ypaBHEHHE PErpecCMM 3HAUYMMO (IOCTOBEPHO) C BEPOSATHOCTBIO
omn6Oku o. ['umore3za Hy — oTBepraercs. B mpoTUBHOM ciy4yae runores3a He OTBepraeTcs.

2. ]I OUEHKM 3HAYUMOCTH KO3(PQPHUIHUEHTOB (MapaMeTpoB) PErPEecCHU HCIOIb3YETCs
Kputepuil t- HopmanpHOro pacmnpenenenus (6onbiine BblIOOpkH) wiau - CrbloseHTa (Majble

BBIOOPKN).
HoI B1=0
H11 Bl #0

l)PaccuntbiBaeTcss cpenHss (cTaHmapTHasl) omMOKa BBIOOPKHM i Kod(dduuneHta

perpeccuun
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Sz ;(yi_yi)z

mbl = ZOCT 501041 mb1 =
o’ N . \2
X D (X -%x)*-(n-2)
i=1
by
2)PaccunteiBaercs t = ——
My,

3) CpaBHUBACTCS a5, € tipur (0L, V=N-2)

Ecmut [tyasal > tpur, TO oTBepraror Hp W ¢ BepOATHOCTBIO Y=I1-0. NPUHUMAIOT
QJIbTEPHATUBHYIO TUIIOTE3Y O 3HAYMMOCTH KO3 (duIMeHTa perpeccuu by;

|tass| < tipur — rHIIOTE3a Ho IPUHUMACTCSI, C BEPOSITHOCTHIO OIIMOKH 0.

HHTepBanbHbIC OIIGHKH NaPAMETPOB PErPECCHU

Ecim rumoresa Hp: B=0 oTBepraercs, TO NpEACTABISET HMHTEPEC OIPEACICHHUE C
HAaJIOKHOCTHIO Y HHTEPBAIBHBIX OIICHOK ITapaMeTPOB PErpecCu.

-JUTst KO3 UIHEHTa perpeccuu Py

b —t,m, <f <b +t.m,;

-JJIs1 HHTEpBaJia IPEACKA3aHUA B TOUKE X= Xp+1

1 (x,—%)°
BEDICEEk

t, - onpenenstores 1o Tabnuie pacnpeneneHus CThIOJICHTA.
[Tpu n > 30 MOXHO MOJIB30BaThCs - «HOpMallbHBIN 3aKOH pacrpeIeICHUs.

yn+l € yn+l ita §

2. METOAUYECKHUE YKA3AHUSA
IO MPOBEJIEHUIO TIPAKTUYECKHWX 3AHSTUI
3.1 IpakTuuyeckoe 3ausitue Nel (4 yaca).

Tema: «Cayuaiinbie coObITHS. BeposiTHOCTH COOBITHSD)

1 3apanue ns paGoThI:
Bomnpocs! k 3aHATHIO:

Teopus BeposiTHOCTeH Kak Hayka. KpaTkas ucropuueckas crpaBka
CrnyqaifHbie COOBITHS U UX BUJIBI

Onepanuu Haa COOBITUIMU

Knaccuueckoe ornpeneneHue BeposSTHOCTU

KombOunaropuka. [IpaBuna cioxeHUs 1 YMHOKEHUSI KOMOMHATOPUKH
Pa3menenus, nepecTaHOBKM codeTaHusi 6e3 MOBTOPEHUN
['eomeTprueckoe onpeaeneHne BEpOATHOCTH

Craructudeckoe onpeefeHue BeposiTHOCTH

NN E

Tunosble TecThl (11 KOHTPOJIS YCBOSHUS 3HAHUI):
1. MaTtematuueckasi Hayka, U3yJarolias 3aKOHOMEPHOCTH CITy4alHBIX SIBJICHUIA:
+a) Teopus BEpOSITHOCTEN;
0) KOMOMHATOPHKA;
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B) MaTeMaTUYeCKasi CTATUCTUKA;
') BBLIOOPOYHOE HAOIO/ICHNUE;
1) TUCTICPCUOHHBIN aHaHU3.

2. JIto00ii (hakT, KOTOPBIA MOXKET JIMOO IPOU3OUTH, THMOO HE MPOU3OUTH MIPU BITIOIHEHUH
HEKOTOPOr0 KOMIUIEKCA YCIIOBHIA:

+a) ciryqaifHOe COOBITHE;

0) ciydaiiHasi IepeMEHHas;

B) BEPOSATHOCThH COOBITHS;

I') HE3aBUCHMbIE UCIIBITAaHMS;

1) 2JIEMEHT KOMOWHATOPHUKH

3. U3 konoibl KapT U3BIEKASTCS KapTa CIIy4aitHbIM 00pa3oM. Bo3MOXKHEI clieayrolme
Ciy4alHbIe COOBITHS: A — U3BJICUCHUE TMKOBOM AaMbl; B — n3Biedenne kapTol YepHoi mactu; C
— U3BJICYCHUE KapThl KpacHOU MacTH; D — u3Bnedenue kopossi. COBMeCTHBIE COOBITHS:

a) BuC;

+0) A, B;

B) A, D;

r) C, D;

n) A, C.

4. IlpousBenenueM coObiTuii A u B siBiIsseTcst 001acTh:

4

OTBET: 2

5. OrtHollleHHe YKcla ONarompusATCTBYIOIIMX COOBITHIO A HCXOJOB K OOIIEMYy 4YHCIYy BCEX
PaBHOBO3MOXKHBIX HECOBMECTHBIX JJIEMEHTApHBIX HCXOJI0B, OOpa3ymOIIMX MOJHYIO TPyHmy - ...
ONpeIeJIEHUE BEPOSITHOCTH

OTBET: knaccuueckoe

6. CooTBEeTCTBHE MEXITY TEPMHUHOM H BUIOM BEPOSITHOCTHU: 1) OTHOILIEHHE YHCIIa
0J1aroNpusTCTBYIOIIMX UCXO/I0B K O0IIEMY YHCITY BCEX PABHOBO3MOKHBIX HECOBMECTHBIX
ANIEMEHTAPHBIX UCXOJI0B, 00Pa3yIOLUX MMOJIHYIO TPYIIY; 2) 4aCTOCTh (OTHOCUTENbHAS YacToOTa) m/n
HOSIBJIIEHHSI COOBITUS B N IPON3BE/IEHHBIX UCTIBITAHUSX; 3) OTHOLLIEHHE Mephl 00J1acTH ¢,
OnaronpusATCTBYIOIICH cOOBITHIO A K Mepe Beel oomactu G

1 a) kmaccuyeckas;

2 0) cTaTUCTUYECKAs;

3 B) reomeTpuyeCKasl.

7. CKOTBKUMH CIIOCOOAMH MOKHO 0TOOpaTh 3 cTyaeHTOB U3 10 st MPOXOKISHUS MPAKTUKH B
TpeX pPa3IMYHbIX [PEANPUATUAX:

a) 3;

0) 10;
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B) 120;
+1) 720.

8. JIroObIe yropsiioYeHHbIE MHOKECTBA, COCTOSIIIUE U3 OJJHUX U TEX JKe N Pa3IMYHBIX JIEMEHTOB U
OTJIMYAIOIINECS TOIBKO MOPSAKOM UX PACTIONOKEHHS HA3bIBAIOTCS:

OTBeT: nepecTaHOBKU

OtBeT: nepecTaHOBKaMu

9. Ilpu ucnibITaHUK TAPTUX TPUOOPOB OTHOCHTEIIHHAS YaCTOTA TOHBIX IPUOOPOB OKa3aIach
paBHoii 0,8. Eciiu Bcero 6p110 npoBepero 100 mpuOOpoB, TO YKCIIO TOIHBIX TPHOOPOB
COCTaBUJIO:

Otger: 80

Tunossle 3agaun:

1. PaccMmoTpuM citydaiiHble COOBITHS — BBINIAICHUE ONPEACICHHOTO YUCIIa Ha BEPXHEH
IpaHd, KOTOpPbIE MOT'YT IMPOU30UTH NPU OPOCAHUU MPOCTOrO 6-rPaHHOIO UTPATILHOIO KyOHUKa.

O603HaueHus cilydailHbIX COOBITHMA:

A — BeInazieHue yucna 2, B — Beinazgenue uucina 3, C — BelnajieHne HeyeTHoro yucina, D —
BBINAJEHHE JT000r0 U3 uncen 1, 3 uinn 5.

Kakue coObITHS SIBIISIOTCS I0CTOBEPHBIMHU, HEBO3MOXKHBIMHU, HECOBMECTHBIMH,
COBMECTHBIMH, PABHOCWJIbHBIMH U PAaBHOBO3MOXHBIMU?

2. bpouiensl 1Be urpajibHble KOCcTH. HaliTM BepoATHOCTB, UTO a) Ha IpaHsAX KyOHKOB
BbINAyT OJJMHAKOBBIE IU(PBI; O) CyMMa BBINABIINX OYKOB Y€THAsl, P 3TOM HA TPAHU XOTsI ObI
OJTHOW M3 KOCTEH MOSIBUTCS TPOMKa; B) CyMMa BBINABIIMX OYKOB PaBHA BOCBMH, a Pa3HOCTh
YEeThIPEM; I') CyMMa BBIIABUIMX OYKOB paBHA IIECTH, €CJIU M3BECTHO, YTO UX PAa3HOCTh paBHA
YETHIPEM.

3. Ky0, Bce rpaHu KOTOPOTO OKpaIlleHbl, PACIIHJICH Ha THICSYY KYOUKOB OJTMHAKOBOTO
pa3Mepa, KOTOpBIE 3aTe€M TIIATEIbHO NepeMelanbl. HallTh BEposSTHOCTB TOrO, 4TO HayAady
M3BJICUCHHBIA KYOMK UMEET OKpAIICHHBIX IPaHeH a) 0JIHYy; 0) JIBE; B) TPH; ') XOTS OBl OJIHY.

4. CKOJBbKUMU CIIOCOOAMU MOXKHO CITy4aiiHbIM 00pa3oM U3 25 JTydIliX CTYAEHTOB Kypca
BBIOpATh 2-X IS OE3/IKU B AHIJIHIO 1 AMEpUKY?

5. 13 50 corpynuukoB ¢upmbl 30 yeaoBeK BIaCIOT aHIIMHCKUM s3bIKOM. [l yyacTus
B MEXJIYHapOJAHON KOH(pEPEHLINHU CIydailHbIM 00pa3oM otOupaercs 5 yenoBek. Kakosa
BEPOSTHOCTH TOTO, UTO a) BCE€ BBIOPAHHBIE COTPYAHUKHU BIAJCIOT aHTTIMICKUM S3BIKOM; 0) 3
YeJIOBEKa U3 5 BEIOPAHHBIX 3HAIOT aHTJIMICKUN S3BIK; B) XOTs ObI OJIMH BJIa/I€€T aHTJIMHCKUM
A3BIKOM.

6. J1st M3ydeHust KauecTBa MPOU3BEICHHBIX JAeTaleld TEXHUIECKUM OT/IEIOM OBLIO
oOcnegoBano 200 neraneii, u3 kotopsix 10 okazanuce OpakoBaHHbIMU. HaiiTi BepOsSTHOCTH
M3TOTOBJICHHS OpaKOBaHHBIX JI€TaJIEH.

2 KpaTkoe onucanue mnpoBOAUMOro 3aHITHS:

1. BxoaHOI KOHTPOIb

2. Pemrenue 3a1a4d o teme 3aHsATUA. [Ipu pemennu 3a1a4 HE0OXOUMO aKIIEHTHPOBATh
BHHUMaHUE TIPABUIILHOM NMMPUMEHEHUH POPMYJIBI pacueTa BEpOSTHOCTH.

3. CamocrosTenbHas paboTa 10 PEHICHHUIO 3a1a4

4. TIpoBepka MOATOTOBIEHHOCTH CTYIEHTOB K 3aHSATHIO

3 Pe3yabTaThl U BHIBO/BI:

YcBoeHne CTYACHTaMU 3HAHUH H 3aKpPCIUICHUE HABBIKOB IO TEME MNPAKTHYECKOTO
3aHATUA.
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3.2 llpakTuueckoe 3ansitue Ne2 (4 yaca).

Tema: «TeopeMbl cJ105KeHHSI U YMHOKEHUSI BEPOSITHOCTEI»

1 3apanue aJs1 padoThbI:
Bormpocs! k 3aHATHIO:

Teopema cnoxeHust AJi1 HECOBMECTHBIX COOBITHIA
Teopema CroKeHHsI I COBMECTHBIX COOBITHI
Teopema yMHOKEHUSI HE3aBUCUMBIX COOBITHIA
Teopema yMHOXEHHS 3aBUCUMBIX COOBITHI
dopmyiia MOJHON BEPOATHOCTH

®opmyna baiieca

I

Tunosble TeCThI (11 KOHTPOJIS YCBOSHMSI 3HAHUI):
1. Ecu A u B HecoBmecTHbIe coObITHS, TO P(A+B) paBHO:
+a) P(A)+P(B);
0) P(A)+P(B) — P(AB);
8) P(A)+P(B) - PA(B);
r) P(A)+PA(B);
1) P(A)+PA(B) — Pa(A).

2. BeposITHOCTD TPOU3BEACHUS IBYX ... COOBITHII A 1 B paBHa mpou3BeneHUI0 UX
BEPOSITHOCTEM:

a) COBMECTHBIX;

0) HECOBMECTHBIX;

B) 3aBUCUMBIX;

+T) HE3aBUCUMBIX;

1) YCIIOBHBIX.

3. BeposTHOCTB cOOBITHSI A, BEIYMCIIEHHAS TIPH YCIIOBHH, 4TO coObITHE B mpoun3zomnuio,
Ha3bIBACTCS:

OtBerT: ycinoBHas

OtBeT: ycnoBHON

4. Ecnii cobbITis A 1 B He3aBUCUMBI, TO BEPOATHOCTH NPOM3BEIEHHs COObITHIT A 1 B
BBIYHCIIICTCS 110 hopmyIie:

a) P(A)P(B);

0) P(A)-P(B) — P(AB);

+8) P(A)-P(B);

r) P(A)-PA(B);

1) P(A) Pg(A).

5. B ypHe 2 6enbix u 3 4epHbIX 1apa. M3 ypHbI Hayqady u3BIeKaroT 2 mapa 6e3 BO3BpallleHusl.
BepositHOoCTh TOTO, 9TO 00a MIapa Oernbie paBHA:

a) 0,4;

0) 1,0;

+B) 0,1,

r)0,2;

n) 0,3.
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6. @opmyna, MO3BOJISIONIAS «TIEPECMOTPETHY» BEPOSITHOCTH TUIIOTE3 C YUETOM HAOIIOICHHOTO
pe3ynbTaTa OIbITa, 0 Mepe MOJyUYeHHs] HOBOM MH(OpMaIIUHN:

OTBET: batieca

OrTsert: baiiec

7. BepositHocTth P(B) coOpitrst B, K0oTOpOEe MOXKET MPOU30MTH TOJIBKO MPH YCJIOBUH MOSIBIICHUS OJTHOTO U3

coObITHid (Throre3) Az, Ay, ... , Ap, 00pa3yIOIMX TIOJHYIO TPYIITY TOMAPHO HECOBMECTHBIX COOBITHIA,
BbIUHCIIieTcs 1o hopmyite ... - P(B) = Z P(A)-P(B|A).
i=1
a) baiieca;
+0) NoIHON BEPOATHOCTH;
B) Jlamnaca;

r) bepaymm;
n) Ilyaccona.

8. BeposATHOCTh HACTYIUIEHUSI COOBITUN, 00Pa3yIOMIUX MONHYIO Tpyminy, P(A1+As+...+Ay) paBHa:
+a) 1;

0) 0;

B) ot 0 10 1;

r) oo;

1) —oo.

9. Eciu coObITHS A ¥ B 3aBHCHMBI, TO BEPOATHOCTH IPOM3BEICHNS coObITHI A 1 B
BBIUHCIISIETCS 110 opMyIIe:

a) P(A)P(B);

+6) P(A)P(B)-P(A B);

8) P(A)-P(B);

r) P(A)PA(B);

m) P(B ) P(A).

10. B smuke 21 gerans, u3 KOTopbix 11 okparrensr B cuuauii 1iBeT. [Ipu mepeBo3ke Oblia yTepeHa
oaHa neraisb. [locne aToro Haynauy u3BjieKaeTcs OAHa JI€Tajlb. Y CIOBHAsI BEPOATHOCTh TOTO, UTO
W3BJICUCHA CHHSS JI€Tallb, €CJIM ObllIa yTepsiHA JIeTallb CHHETO 1IBETa paBHA:

Ortser: 0,5

Tunossle 3a1a4n:

1. PaGounii 0O6CimyXKuBaeT TpU CTaHKa, pabOTAIONINX HE3aBUCUMO JIPYT OT JIpyTa.
BeposTHOCTB TOro, 4TO B T€UEHHUE Yaca NEPBbI CTAHOK HE MOTpedyeT BHUMaHMs paboyero
paBHna 0,9; BTopoii — 0,8; Tpetuit — 0,85. KakoBa BeposITHOCTb TOTO, YTO B TEUCHHUE Yaca :

a) HU OIMH CTaHOK He MoTpe0yeT BHUMAaHUs paboyvero;

0) Bce Tpu CTaHKa NOTPeOyIOT BHUMaHUs paboyero;

B) KaKOW-HUOY/Ib OJJUH CTAaHOK TOTpeOyeT BHUMaHUs pabouero;

I') XOTs OBl OJIMH CTAaHOK MOTpe0yeT BHUMaHUS paboyero.

2. B nexe paboTaroT ceMb MY)XYHH U TpH KeHUIUHBI. [lo TabenbHBIM HOMEpaM Hayjauy
oTOOpaHbl Tpu uyenoBeka. HallTu BEpOSITHOCTH TOro, YTO BCE OTOOpaHHBIE JHIA OKaXKYTCS
MYXYHHAMH.

3. Caxenery s10JIOHH MIPIKUBACTCS € BeposATHOCTHIO 0,6; rpymm — 0,5; BuHorpana — 0,4. B
cany ObUIO MOCAXEHO MO OJHOMY JepeBy Kaxaoro Buzaa. [Ipmwxuiocs apa caxenmna. Kakoe
coObITHE TP 3TOM O0Jiee BEPOATHO: Ca’KeHEI| BUHOTpa/ia MPHKUIICS UK Ca’keHel| BUHOTpaJia He
TPUKHIICS.
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2 KpaTkoe onucaHue NpoBOJIMMOI0 3aHATHUS:
1. VcTHBIM onpoc U / UM TECTHPOBAHUE
2. TluceMeHHO pelieHue 3a1a4

3 Pe3yJILTaTLI U BBIBOAbI:
YcBoenune CTyACHTaMU 3HAHUH | 3aKpCIVICHUE HAaBBIKOB II0 TEMC IIPAaKTHUYCCKOI'O
3aHATHUA.

3.3 lIpakTuuyeckoe 3ansitue Ne3 (2 yaca).

Tema: «HOBTOPHLIC He3aBUCUMBbIC UCIIBITAHUN

1 3apanue aJs1 padoThbI:
Bonpocsr k 3aHATHIO:

1. ®opmyna bepnymu

2. JlokanbHas Teopema MyaBpa-Jlamraca

3. Hnrerpanshas Teopema Myaspa-Jlannaca

4. BeposiTHOCTh OTKJIIOHEHUSI OTHOCHUTEIHHOM YacCTOTHI OT MOCTOSTHHOM BEPOSITHOCTH B
HE3aBUCUMBIX UCTIBITAHUAX

5. Teopema Ilyaccona

Tunosble TeCThI (11 KOHTPOJIS YCBOSHUSI 3HAHUI):
1. Ilpu HEGOIBIIOM YKCIIe N UCIIBITAHUI BEPOATHOCTh TOTO, YTO B N HE3aBUCHUMBIX MCIIBITAHUIX
coObITHe A HacTynuT poBHO K pa3 onpexnensercs:
+a) o hopmyne bepuynny;
0) o sokanbHOU Teopeme MyaBpa-Jlaruiaca;
B) 110 MHTETpaJibHON TeopeMe Myaspa-Jlamnaca;
r) o reopeme Ilyaccona;
n) o opmyie baiieca.

2. TeopeMa HyaCCOHa MMPUMCHACTCA OJId BBIYUCICHUA BEPOATHOCTU TOTO, UTO B N HE3aBHUCHUMBIX
UCIIBITAaHUSX COOBITHE A HACTYIUT POBHO K pa3, eciiu BBIMOJIHSIETCS yCIOBHUE:

a) npq > 20;

0) p—1;

+B) p—0;

r) k<10;

n) 0< p<1.

3. dunst Beraucnenus Py(K) mo ngokanbHoit Teopeme Myaspa-Jlamiaca ucrnomnb3yercst QyHKIHS:
a) CTAaHJAPTHOTO HOPMAJILHOTO 3aKOHA PacIIpe/IeIICHUS;

+0) MIIOTHOCTH CTaHIAPTHOTO HOPMAJILHOTO 3aKOHA pacIpeesIeHus;

B) Z — pacnupenenenust Ouriepa;

') OMHOMHAJILHOTO pacipeaeIeHNs;

1) t — pacnpenenenus CThIOJICHTA.

4. Inst Berumicienus Py(a <k <b) nmo unTerpansHoii Teopeme MyaBpa-Jlamiaca UCHONb3yeTcst
byHKIS:

+a) CTaHZAPTHOTO HOPMAJIBHOTO 3aKOHA PacIpeaeIeHus;

0) IUIOTHOCTH CTaHJAPTHOI'O HOPMAJIBHOI'O 3aKOHA PaCIpeeTICHHS;

B) Z — pacnupenenenust Ouiiepa;
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') OMHOMHAJILHOTO pacHpeAeICHHUS;
1) t — pacnpenenenus CThIOJICHTA.

5. HekoTopslii cTpeNok momajaaeT B 1eilb ¢ BepoATHOCThIO 0,6, OH cobupaercs mpou3BecT 6
BBICTPEJIOB. BeposTHOCTH TOr0, YTO OH MOMAJIET B 11eJb 3 pa3a, paBHa:

a) 0,002;

+0) 0,276;

B) 0,5;

r) 0,216;

1) 0,996.

Tumnosle 3aJa4u:

BeposiTHOCTB TOTO, UTO MOCETUTEND IPOAYKTOBOIO Mara3uHa KynuT MoJioko paBHa 0,7.

Ornpeaenurte BEpOsSTHOCTh TOTO, 4TO a) U3 10 mokymareneir poBHO 4 KymsT MOJIOKO; 0) u3 80
nokynaresne poBHo 50 KynsiT Mosioko; B) U3 100 nmokymnareneit ot 65 1o 80 yenoBek KymnsiT
MOJIOKO.

2 KpaTkoe onucanue npoBOAMMOroO 3aHATHS

1. TluceMeHHBIN ONPOC ¥ / MIIK TECTUPOBAHHE

2. TlpoBepka BOIPOCOB AJIsi CAMOCTOSITENILHOTO U3yUeHUs
3. TIpoBepka MUCHMEHHOH MOJATOTOBKH K 3aHSTHIO

4, Pemrenue 3agad.

Pe3yJIbTaTbI H BBIBO/JBI:

YcBoeHne CTYACHTaMU 3HAHUH U 3aKpPCIUICHUC HABBIKOB I10 TEMC IMPAKTHUYCCKOI'O

3aHATHA.

3.4 llpakTuueckoe 3ansitue Ne 4 (4 yaca).

Tema: «/luckperHas cjiyyailHasi BeJUYNHA)

1 3apanue s padoThbI:
Bompocsr k 3aHsaTHIO!

Omnpenenenue [ICB. 3akoH pacrpeaeneHus CIydaitHOM BEITMYUHBI

CrniocoOsl 3a1anust 3akoHa pacnpenenenus J[CB

CaoiicTBa nHTErpabHOM pyHKuMK pacnpeaenenus JJCB

OcHoBHbl€ uncioBbie Xapakrepuctuku [[CB

OpauHaKoBO pacrpeieeHHbIE B3aUMHO HE3aBUCUMBIE CITyYaiiHbIe BEJIMYMHBI
bunomuansHeli 3akoH pacnpenenenus JICB

Pacnpenenenue Ilyaccona

I'eomeTprueckoe pacnpenenesme

Nk~ wWNE

TumoBsle TeCcThI (JUIs1 KOHTPOJISE YCBOCHUS 3HAHUM):
1. Kakas u3 cienyronux ciydaiHbIX BEJIUYHH SIBJISETCS UCKPETHOM:
+a) YUCII0 BKJIQAYUKOB OaHKa;
0) peHTa0eNbHOCTh NPEANPUATHUS;
B) CpelHss 3apIuiata pabOTHUKOB;
+T) KOJTMYECTBO CTAHKOB II€Xa;
1) Temn pocta BBIL.

2. CrmocoObl 3alaHUA 3aKOHa paclpCACIICHUA ,Z[HCI(pCTHOfI cnyqaﬁHoﬁ BCJIIMYHHBI:
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+a) psn pacrpenencHus;

+0) hyHKIMS HAKOTUICHHBIX BEPOSITHOCTEH;
B) HOPMAJIbHBIM 3aKOH paclpeieieHus;

') KOppensiuoHHas (yHKIIHS;

1) GYHKIHS IIOTHOCTH BEPOSTHOCTEH.

3. Uemy paBHO 3HaueHue GyHKIUU pacnpenencnus F(X<I) misa caydaitHoW BeYuHbI X,
MPUHUMAIOIIEH 3HaYeHHe MeHblIee 1, IS TaHHOTO psilia pacupeaeIeHUs

X; ‘::. ‘1 |2 |3 |4
Di ‘::},1 ‘{}_.2 |0:4 |::}:2 |::}:1

Ortser: 0,1

4. JInst uHTErpalibHON (DYHKIIMK pacripeesIeHUs TMCKPETHON CydaifHON BETMYUHBI X
CIIPaBEUIMBO CBOMCTBO:

+a) GbyHKIUS pacnpeeneHusi MOXKeT MPUHUMATD Jto0ble 3HadeHus ot 0 1o 1;

0) byHKUMA pacnpeeneHus HenpephIBHA B 000 TOUKe;

B) GYHKIIUS pactpeeieHUs SBIIIETCS HEBO3PACTAIOIIEH;

r) GyHKLMS pacnpeaeneHus npu X < X paBHa 1, npu X > X, paBHa 0;

+1) ecau 3HaUeHHs X pacIIONOKEHbI HA BCEH YHCIIOBOM OCH, TO F(+00)=1.

5. Pactipenenenue, onuceiBaroiiee pacupeneieHrue BepOsITHOCTEHN CIy4aifHONW BEIMYUHBI X,
MIPEJICTaBIISIIONICH OO0 YMCI0 UCTIBITAHUHN, KOTOPOE HYKHO IMTPOBECTH /10 TIEPBOTO MOSIBICHUS
COOBITHS A, KOTOPOE UMEET OJIHY U TY K€ BEPOSITHOCTD P:

a) OMHOMHAJIBHOE;

0) Ilyaccona;

+B) FEOMETPHUUYECKOE;

I') paBHOMEPHOE;

n) bepuymmu.

6. 3aKOH peKUX COOBITUI — ATO pacHpeseIeHue:
a) OMHOMMAJILHOE;

+6) [lyaccona;

B) T€OMETPUYECKOE;

I') pABHOMEPHOE;

1) bepaymm.

7. 3aKOHBI pacnpeeeHns JUCKPETHOM CllydaliHOM BETNYMHBIL:
+a) OMHOMUANIBHOE;

+0) MyacCOHOBCKOE;

+B) TEOMETPHUUECKOE;

') HOPMaJIbHOE;

1) PABHOMEPHOE;

€) SKCMOHEHIMAIbHOE.

Tunossle 3agaun:
1. Cnyqaitnas BenumunHa X 3a7aHa 3aKOHOM PACTIpeIeTICHUS:
X |1 |2 [3 |4
p [02]04]03]01
Haiitu pyHkuuio pacnpenenenus ciaydailHOW BETUYUHBI X U TOCTPOUTH ee TpadukK.
Paccunrars MaTemaTHuECKOE OKUAAHNUE, AUCTIEPCHUIO, CPEAHEE KBAIPpaTUUECKOE OTKIIOHEHHE.
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2. BeposiTHOCTD OMoO3aHus CTYACHTA Ha IepByIo napy pasHa 0,4. Hanucats

OMHOMUATBHBIA 3aKOH PACTIPECIICHHS YU CIIa OTIO3IaHUI CTYJEHTA U3 YEThIpEX JTHEH 3aHATHM.
[Toctpouts rpaduk pacupenencHus BeposiTHocTel. Haiitu ¢pyHKIMIO pacnpeaeneHus qucia
OTIO3/IaBIINX ITOE3/I0B U MOCTPOUTH €€ Tpaduk. Paccuntarh MaTeMaTH4YECKOE OXKUIAHUE,
JUCIIEPCHUIO U CPEHEKBAIPATUYECKOE OTKJIOHEHUE.

3. B mpuemnoe Bpemst Bpaya-rieuaTpa noceuiaeT B cpeiHeM 7 yenoBek B yac. CocTaBUTh

3aKOH pacupCACJICHUA YrCJia MTAUCHTOB, ITIOCCTUBIIMUX IMEANATPA B TCUCHUC Yaca.

2 KpaTkoe onucaHue NnpoBOJIMMOI0 3aHATHUS:

1. IluceMeHHO peleHue 3aaa4y

2. TIpoBepka caMOCTOATEIBHOTO U3Y4YEHUS BOIIPOCOB
3. IIpoBepka MOArOTOBKH K 3aHATUAM

4. YcTHBIN ONpOC U / UK TECTUPOBAHUE

Pe3y.111>TaT1>1 U BBIBOABI:
YcBoenune CTyACHTaMU 3HaHUH H 3aKpCIUICHUE HABBIKOB IO TEME IMPAKTHYECKOI'O

3aHATUA.

3.5 IlpakTuuyeckoe 3ansitue Ne5 (4 yaca).

Tema: «HenpepbiBHas CJIy4ailHAA BeJIMYHHA»

1 3apanue aJis1 padoThI:
Bormpocs! k 3ansATHIO:

1. ®ynkuus pacnpenenenus HCB u ee cBoiicTBa

2. Onpenenenne GyHKIUU ITIOTHOCTH BEPOSITHOCTEH M €€ CBOIMCTBA

3.BeposITHOCTHBIN CMBICT TIIOTHOCTH pacipeeIeHUs

4.0OcHoBHbI€ unciioBble xapakrepuctuku HCB

5.PaBHOMEpHBII 3aKOH pacnpeaeaeHus

6. DKCTIOHEHITMAILHBIN 3aKOH pacIpeieeHus

7.HopmanbHblit 3aKOH paciipeesIeHus

8. BnusiHre mapamMeTpoB HOPMAILHOTO 3aKOHA pacrpeiesieHust Ha (JopMy HOPpMaTbHOU
KpHUBOU

9.CRoiicTBa CITy9aifHON BEIMUUHBI, PAcIIpeIeICHHON IO HOPMAJTLHOMY 3aKOHY
pacrpeneneHus

TumoBkle TECTHI (I[J'I}I KOHTPOJIA YCBOCHUA 3HaHPII>i)Z

1. 3akoHBI pacnpe/ieNeHNs HEMPEPhIBHOW CITy4aiiHON BEJINYUHBI:

a) OMHOMHAIILHOE;

0) MyacCOHOBCKOE;

B) T€OMETPUYECKOE;

+T) HOPMaJILHOE;

+11) paBHOMEPHOE;

+€) SKCTIOHEHIIHAIIBHOE.

2. KpuBoii pacripeiesieHtsi Ha3bIBarOT:
+a) rpaduK MIOTHOCTH paclpeieeHus;
0) rpaduk QyHKIIMU pacpeieTeHNs,;

B) MHOT'OYTOJIbHHUK PacIpe/leIeHHUs;

T') JUHUIO PETPECCUN;

1) KOPPEJISILIUOHHOE TTOJIE.
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3. Inomaas KpUBOJIMHEWHOW Tparneluu, OorpaHuYeHHON ocbio OX, KpUBOU pacnpenesieHus u
MNpSAMBIMH X = 4, X = b, €CTb rCOMCTpHUYCCKad UHTCPIIPETAI WAL

+a) i f(x)dx;

+6) E(b) ~F(a);
+B) P(a <x <h);
r) M(X*)-(M(X))’;

1) Tc”)f(x)dx.

4. YTBepkIeHue BepHOe 0 QYHKIIUU pacIpe/IeICHUs HeIIPEPhIBHOW CITYYaifHON BEJIMUUHBI:
+a) BCIOJly HEIpephIBHA U UMEET HEeNPEPHIBHYIO MPOU3BOAHYIO, KPOME, BO3MOKHO, HEKOTOPBIX
TOYEK;
0) pa3pbIBHas cTyneH4arasi pyHKIHs, CKaYKd KOTOPOU MPOUCXOAT B TOUKAX IKCPEMYMa;
B) (QyHKLUSA pacrpefeneHus npu X < X, paBHa 1, mpu X > X, paBHa 0;
r) GYHKIHS pacrpenesieHus €CTh MPOU3BOIHAS IEPBOTO MOPAAKA (PYHKIIUH IJIOTHOCTH
pacnpeneneHus;
+11) MOXKET puHUMaeT Jo0ble 3HaueHus ot 0 1o 1.

TunoBble TeCThI (11 KOHTPOJIS YCBOCHHS 3HAHUI):

0, mpu x<0,

5. ®@yHKIMsA pacnpenelicHus crydaiiHoi Benmnuunsn: F (X) = { , TOrIa

1-e, npu x>0
BEPOATHOCTH TOTO, UTO CiIy4aiiHasi BeIMYMHA IPUMET 3HaueHue, paBHoe 1, T.e. P(x=1) paBHo:
+a) 0;

6)1-e”;

B) €7°;

r) 1;

n) 5.

6. BeposiTHOCTP TOTIaiaHust HETPEPHIBHOM CIy4aliHOW BETMYMHBI B OTPe30K [-1; 2] paBna 0,25,
T.e. P(-1 £x <2)=0,25. Onpenenuts P(-1 <x <2):

a) 0;

+06) 0,25;

B) I;

r)2;

n) 0,75.

7. J17s1 5KCIIOHEHIIMAIILHOTO 3aKOHA PACIPECIICHUS CIIPABEUINBO CBOMCTBO:
a) M(X) = D(X);

+6) M(X) = o(X);

B) M(X) =14;

r) D(X) = o(X);

1) M(X) = Ao(X).

8. Kakum uuciom napaMeTpoB 3a1aeTcsi HOpPMaTbHBIN 3aKOH pacrpeeieHus:
a) 0;

0) 1;

+B) 2;

r) 3;
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n) 4.

9. HopMmanbHBIH 3aKOH paclpeieCHHs ¢ MATEMAaTHYEeCKUM 0KHJIaHUEM, PAaBHBIM HYIIIO, U
CPEIHUM KBaJIPAaTUYECKUM OTKIIOHEHHEM, PABHBIM €MHHUIIC, HA3bIBACTCS:

a) HaYaJIbHBIM;

0) SJIeMEHTapHBIM;

+B) CTaHAAPTHBIM;

') €IUHUYHBIM;

1) HYJIEBBIM.

Tunosele 3ana4n:
1. 3amana muddepernuanbHas GyHKIUS paclpeaesICHHs CIIy9aitHOW BEIMYUHBI X:

0, mpux<3
f(x)= % npu 3<X<5

0, mpu x > 5

Paccuurars: 1) MmaremaTthyeckoe OXUJAHUE, IUCIEPCUI0O M CpPEAHEE KBaJIpaTUUECKOe
OTKJIOHEHHE CIy4yailHOW BelMMuuHBl X; 2) BEpOSATHOCTb TOr0, YTO B PE3YJIbTAaT€ HCIBITAHUI
CllydaifHas BeJMYMHA TpUMET 3HaueHue Ooinbiiee 3 u MeHbinee 5. 3) Iloctpouts rpadux
byakuun F(x).

2. CnyuaitHas BenuuumHa X paBHOMEpHO pacmpereneHa Ha otpeske [0; 2]. Iloctpouts
GyHKIMIO pacnpeneneHus ciaydaiiHoW BenuuuHbl X. Paccumrare: 1) Maremaruueckoe
OXKHJaHUE, TUCIEPCUI0 U CpeHee KBaJApPaTUYECKOE OTKIOHEHHUE CIydalHON BelIUYUHBI X; 0)
BEPOATHOCTb TOTO, YTO B PE3yJbTAaTE HCIBITAHUW CilydaliHas BeJIMYMHA INPUMET 3HAYEHHUE
6oubiiree 0,5 u menbiiee 1,5. [Toctpouts rpaduk Gynkuuu F(X).

3. Ilpu copTupoBKe cirydaiiHble 3HAUSHHSI Beca 3€pHa pacrpeieIeHbl HOPMAIBHO CO
cpeanum 3HaueHueM 0,15 1. u cpenHuM kBagpaTuyeckuM oTkiioHenreM 0,03 r. HopmaiibHbie
BCXOJIbI JAIOT 3€pHa, Bec KoTopbix 6omee 0,10 r.

OmnpenenuTs: a) MPOLEHT CEMSIH, OT KOTOPBIX CIIEAYeT 0’KUAATh HOPMAJIbHBIE BCXOIBI;

0) BEIMUMHY, KOTOPYIO HE MPEB30MAET BEC OTJEIBHOIO 3€pHa C BEpOSITHOCTHIO 0,99.

2 KpaTkoe onucaHue NnpoBOIMMOTI0 3aHATHS:

1. TIpoBepka MOArOTOBKH K 3aHATHIO CAMOCTOSITEIILHO N3YYEHHBIX BOIIPOCOB
2. YCTHBIN OnpoC U / MM TECTHPOBAHUE

3. CamocrosTenbHas paboTa IO PELIeHHUIo 3aa4

4. Pemenue 3anau

Pe3y.]'ll)TaTbl M BBIBOAbI:
YcBoeHue CTYACHTaMU 3HAaHUN H 3aKpPCIUICHUC HABBIKOB II0 TEMC IIPAKTHYCCKOI'O
3aHATUA.

3.6 MIpakTuueckoe 3ansitue Ne 6 (4 yaca).

Tema: «3akon Oouabmmx yucea. Ilonarue o merome Monte-Kapino m nensix
MapxkoBa»

1 3apanue aJs1 padoThbi:
Bormpocs! k 3ansTHIO:

1. CymHocTH 3aKk0Ha OOJIBIIUX YUCEeN
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2. OCHOBHBIE TEOPEMBI 3aKOHA OOJBIINX YUCET

3. llenTpanbHas npenenbHas Teopema JIsmyHoBa

4. Cymnocts MeToaa Mounre-Kapio

5. Onenka norpemHocta Mmetoaa Monte-Kapio

6. IIpaBuina passirpeiBanus JJCB u HCB

7. IlpaBuna pa3sirpbIBaHuUs MTOJHOW TPYIIIBI COOBITHIA

8. [IpubmmkeHHOE pa3bIrphlBaHNE HOPMAIBHOMN CITy4aifHOM BETUYHHBI

9. llen» MapkoBa

10. Onnopoanas uens Mapkosa. Ilepexonnbie BeposTHOCTH. MaTpulia nepexoa
11. PaBenctBo MapkoBa

Tunosble TeCThI (11 KOHTPOJIS YCBOCHHUS 3HAHUI):
1. Teopema, ycTaHaBiMBaroIiasi TEOPETUYECKOE 0OOCHOBAHUE 3aMEHbBI HEM3BECTHON
BEPOATHOCTH COOBITHS €T0 YACTOCTHIO MJIM CTATUCTHUECKON BEPOSTHOCTHIO:
+a) bepnymiu;
0) UeObImieBa;
+B) Ilyaccona;
r) JIsnyHoBa;
1) Konmoropoga.

2. Teopema, ycTaHaBIMBAOMIAS IIPH ONPEACTICHHBIX YCIOBUSIX, yCTOWYMBOCTD CPETHEH
apu(HMETHUECKOM:

a) bepnymnu;

+0) YeOnIieBa;

B) I[lyaccona;

r) JIsnyHoBa;

1) Konmoropoga.

3. Teopema, ycraHaBIMBaromas yciaoOBUs, IPH KOTOPBIX CIy4aiiHas BETUYHMHA pacrpeiesieHa 1o
HOPMaJIbHOMY 3aKOHY PacIpe/e/ICHUs:

a) bepnymnu;

0) UeObImeBa;

B) I[lyaccona,;

+r) JIsamyHoBa;

1) Konmoropoga.

TunoBwle 3agaumn:

1. Pa3bIrparh 1iecTh OIMBITOB 110 cXeMe bepHyIIM: OMBIT COCTOUT U3 YEThIpeX
UCIBITaHUH, B KQXKJIOM U3 KOTOPBIX BEPOSITHOCTh MOsABJIEHUS cOObITHSA A paBHa 0,5.
2. Pa3pIrpaTh NaTh BO3MOXKHBIX 3HAaUEHUI HOPMAJIbHOM CiTydaifHOW BEIUYHHBI B
napamerpamu a=10, 6=2.

2 KpaTkoe onucanue npoBOAUMOro 3aHSITHS:

1. TIpoBepka MOATOTOBICHHOCTH CTYACHTOB K 3aHITHIO
2. YCTHBIH onpoc

3. TluceMmeHHsbIH ompoc

4. TlucebMeHHO perieHue 3a1ad.

Pe?.yJIl)TaTbl " BbIBOJAbI:

YcBoeHue CTYACHTaMU 3HaHUN U 3aKpPCIUICHUE HABBIKOB IO TEMC MPAKTHYCCKOTO
3aHATHA.
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3.7 lIpakTuuyeckoe 3ausitue Ne 7 (4 gaca).

Tema: «CTaTHCcTHYECKOE OLIEHMBaHNE MIAPAMETPOB pacnpeaeseHus»

1 3apanue aJs1 padoThbI:
Bormpocs! k 3aHATHIO:

1. MaTtemaruveckasi CTATUCTHKA U €€ METOIbI
2. O6mume cBefeHHs O BLIOOPOYHOM METOJIE

3. Craructuueckoe paclpeleieHle  BBIOOPKU

pacrpeeneHus
4. IlonsATHE OLICHKH MapamMeTpPOB
5. CBoiiCTBa TOUECUHBIX OILIEHOK

6. HexoTopble XapakTepuCTUKH BapUAIMOHHOTO psa

7. MeToabl HaX0XKJIEHUS OLIEHOK

8. OueHka mnapaMeTpoB T€HEPaJIbHOM COBOKYITHOCTU

BEIOOpPKE

smMoupuueckas  QyHKUus

0 COOCTBEHHO-CIIYYaHOM

9. I/IHTepBaJ'ILHLIe OLCHKHU ITapaMCTpPOB reHepanLHoﬁ COBOKYITHOCTH

TunoBble TeCThI (11 KOHTPOJIS YCBOCHHSI 3HAHUI):

1. st 06paboTKH pe3yabTaTOB IKCIIEPUMEHTA UCIIOIB3YIOT METOIbI MATEMATHICCKON

CTaTUCTHKU:

+a) onucaTenbHble U aHATUTHYECKUE;

+0) mapameTpu4ecKue 1 HemapaMeTpuIecKue;
B) BEPOSITHOCTHBIE U KIIACCUUECKHUE;

I') AMCKPETHbIE U UHTEPBAJIbHBIE;

1) BApUALIMOHHbIE U aTpUOYTHUBHBIE.

2. 1y n300pakeHUs HETIPEPHIBHOTO BAPUAIIMOHHOTO PsiJIa UCTIOIb3YIOT:

+a) rucrorpamMmy;

0) MOJUTOH;

B) CEKTOpPHBIE IUarpaMMbl;
') KapTorpamMMmy;

1) KyMYJIATY.

3. 3HaueHus MpU3HAKA BAPUAIMOHHOTO PsiJia HA3bIBAIOTCS:
+a) BapuaHTaMu;

0) yacToTamu;

B) YaCTOCTSMHU;

T') MOMEHTaMH;

1) BECAMHU.

4. CoOTBETCTBHE MCKIY Ha6J'IIOI[aCMI)IMI/I BapvaHTaMU U UX 4YaCTOTaMH WJIN YaCTOCTAMHN HA3bIBACTCA:

+a) CTAaTUCTHYECKUM pPacIIpe/ie/ICHUEM;
+0) BapUaITMOHHBIM PSTIOM;

B) GYHKLIMEH pacnpe/ieNieHus;

T') OLIEHKOM TTapamMeTpa;

JT) COTJIACOBAaHHOCTBIO pactpe/ieNIeHUH.

5. Cratucruueckas oneHka ® mapamerpa ® Ha3bIBaeTcs ..., €CIIM €€ MaTEMaTHUECKOE

OXXKHJIaHUE PAaBHO OIEHUBAEMOMY mapameTpy O .
+a) HeCMEILEHHOM;
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0) COCTOSITCIIBHOM;
B) 3¢ (DEKTUBHOM;
I') HE3aBUCUMOM;
1) TOCTaTOYHON

6. HayasibHBIIT MOMEHT MEPBOro MOPSIAKA PABEH:
a) IUCTIePCHUU;

0) cpenHeMy KBaJpaTUYECKOMY OTKJIOHEHHUIO;
+B) cpenHell apuMeTHUIECcKoi;

T') CpeaHel TEOMETPUIECKOM;

1) CpeTHEMY JINHEMHOMY OTKJIOHEHHIO.

7. MeTo1 HAXOKACHUS OLEHOK, 3aKJIFOYAOLIHIICA B IPUPABHUBAHUH OTPEICICHHOTO
KOJIMYECTBA BRIOOPOUYHBIX MOMEHTOB K COOTBETCTBYIOIIMM TEOPETUUECKIM MOMEHTaM
pacrpeeneHus CIIy4ailHOW BETUYUHBI:

+a) MOMEHTOB;

0) HanOOJBIIETO TPABONIOI00HS;

B) HAMMEHBILIUX KBAJPAaTOB;

T') B3BEIICHHBII METO]] HANMEHBIIINX KBaPATOB;

1) BBIOOPOYHBII.

8. Meton ompeznenenus napamerpa © , 3aKIIOYAIONIMNACS B MUHUMHU3AIUU CYMMBI KBaIpaToB
OTKJIOHEHUI BHIOOPOYHBIX TaHHBIX OT ONPEAesIieMOi olleHKH O :

a) MOMCHTOB;

0) HanOOJBIIETO TPABONOI00HS;

+B) HaUMEHBIINX KBA/IPATOB;

T') B3BEIICHHBII METO]] HANMEHBIIINX KBaPATOB;

1) TJIaBHBIX KOMIIOHEHT.

9. UuTepBan [(:) —A; O+ A]HapaMeTpa ® , KOTOPEIH ¢ ONIPEICIICHHON OJTM3KOM K SIMHULIC
BEPOSITHOCTHIO, COJICPXKHUT 3HaYCHUE TTapameTpa © , Ha3bIBACTCS:

a) TPYMITUPOBOYHBIM;

+0) JOBEpUTETHHBIM;

B) POTHO3HBIM;

T') OITMOOYHBIM;

1) IpeicKa3aHusl.

10. Ha KOHTpPOJIHBIX MCIBITAHUSAX N=25 3JEeKTpojiaMIl HalJEHO, YTO CPEIHUN CPOK CIYKOBI
namn paBeH 950 uwacoB. [lpeamonoxuB, 4TO CPOK CIYKOBI SJEKTPOJIAMIT pachpeiesieH 1o
HOPMaJIbHOMY 3aKOHY C Grep=15 4 M HaaexHocThio y=0,8664 mnpenenbHas ommbKa BbIOOPKU
COCTaBHUT:

+a) 4,5;

0) 1,5;

B) 0,9;

r) 6,19;

n) 2,6.

Tunossle 3agaun:
1. Ha mpenmpusTuu Afs aHanu3a MPOU3BOJUTEIBLHOCTH TpyJa CIy4alHBIM 00pazoM
6610 0TOOpaHo 40 yenosek. [lomydeHsl cieayronye JaHHbIE:

[TpousBeneno usaenuit B uac 10-14 14-18 18-22 22-26 26-30
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KonndecTBo pabOTHHKOB

15

10

Haiitu: a) cpenHee 4YuciIO M3IEIHM,
KBaJ[PaTUYECKOE OTKIIOHEHUE ¥ KOA(PPHUIIMESHT BapHAIIHH;

0) MOy U MEJIMaHy;

B) KO3 (PHUITMEHT aCUMMETPHUH | IKCIIecca.

MMpOU3BCACHHBIX B 4Yac,

AUCIICPCHUIO, CPCIHEC

2. [IpoBeneHo ucciaeq0BaHKe KOMMEpUECKHX (DUPM IO 3aTparam Ha peknamy B rof. Jlis
ATOTO CITyYalHBIM 00pa3oM 0ToOpano 50 ¢upM. Pe3ynbraTel mpeacTaBiIeHbl B TAOIUIIE:

Pacxonet Ha pekiiamy, ThIC. pyoO.

Mewnee 20

20-40

40-60

60-80

80-100

100 u Gosee

Yucno pupm

3

5

9

16

13

4

Haiitu: a) rpaHuiisl, B KOTOPBIX ¢ BepOSITHOCTHIO 0,95 3aKiIroueH cpeaHuil pa3Mep pacxoloB Ha

pekiamy;

0) BEpOSATHOCTb, C KOTOPOH CPEeJHUI Pacxo] Ha peKiiamy OyIeT OTIMYaThCs OT BBIOOPOUYHOI
cpeaHel He Oojee yeM Ha 5 ThIC. pyo.

2 KpaTKOC OIMUCAHUEC MPOBOAUMOIO 3aHATHUSA:
1. HpOBepKa YPOBHA OCBOCHUA CTYACHTAMH BOIIPOCOB HJISI CAMOCTOATCIIBHOT'O

W3yYCHUS

2. YCTHBIHI ONpOC ¥ TECTUPOBAHUE

3. Pemenue 3amau

3.8 lIpakTnueckoe 3ansitue Ne 8 (4 yaca).

Tema: «CtaTucTudeckas MNPOBEPKaA CTATUCTUYCCKUX FHITOTE3»

1 3apanue aJs padoThbI:

Bormpocs! k 3ansTHIO:

1. Cratuctuueckas runore3a. Buasl runores
2. OmmOKu MepBOro M BTOPOTO poja
3. CraTtuctTuyeckuil KpuTepuil IpoOBEpPKU HyJIeBOM runoresbl. Kpurtnyeckas o6macts.

OO6nacTh NPUHATHS pEILICHU
4. MOIIHOCTb KPUTEPHS

5. CpaBHeHI/Ie ABYX CpCAHUX HOPMAJIbHBIX I'CHCPAJIbHBIX COBOKYHHOCTGI‘/’I C

HEU3BECTHBIMH JTUCIIEPCUIMU
6. Kpurepuii baptnerra
7. Kpurepuit Koupena

8. Kpurepuit BunkokcoHa 1 npoBepka runote3bl 00 0JJHOPOAHOCTH ABYX BHIOOPOK
9. Kputepuii cornacus xu-kBaapart [lupcona.

Tunosble TecThI (U1 KOHTPOJIS YCBOCHHUSI 3HAHUI):

1. CTaTUCTUYECKUMHU SIBJISIFOTCS] TUTIOTE3bI:
+a) cpenHss BhIpaboTKa pabounx 1iexa 3a mecsi pasHa 121%;
+0) 4KCIIO BEI30BOB CKOPOM MOMOIITH pacmpeieneHo mo 3akony I[lyaccona;
B) CTYJIEHT Ha 3K3aMEHE MOJIYYHUT MOJIO0KHUTEIbHYIO OLICHKY;
T') CTPEJIOK MPHU BBICTpEIIE MOMaIeT B 1IeJIb;

1) 3aBTpa Temreparypa Bo3ayxa coctaBut 20°C.
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2. Ilpu npoBepke CTaTUCTHUECKOM TUIIOTE3bl YPOBHEM 3HAUUMOCTH O HA3bIBAETCSI BEPOSITHOCTD:

+a) coBepIINTH OMIMOKY TIEPBOTO POJIA;

0) coBepIIMTh OMIMOKY BTOPOTO POJIa;

B) IIPUHATH IPABUIILHOE PEIICHUE;

T') CIIPaBENTUBOCTH HYJIEBOM TMITIOTE3BL;

1) CIIPaBEITUBOCTH KOHKYPHPYIOIICH TUITOTE3HI.

3. CootBercTBHE MCXKAY MNOHATUAMU M HX PASHOBUIHOCTAMU:

KpUTHYECKast 00J1aCTh; 4) 3HaYCHHE KPUTEPUS
1 a) mpocThIE U CIOKHBIE;

2 0) mepBOTO M BTOPOTO POJIA;

3 B) OAHOCTOPOHHHE U IBYXCTOPOHHHUE;

4 1) HaOMIOJaeMbI€ U KPUTHYCCKHE.

4. Kpurtepuii, OCHOBaHHBIM Ha UCMOJIb30BAHUM PA3JTUYHBIX MEP PACCTOSHUN MEXKY
AHATM3UPYEMOH IMIHPUICCKON (PYHKIIMEH pacrpeIeICHH s, OTIPEICIICHHOM 10 BEIOOPKE H

dbynkuueit F(x) pacnpenenenus reHepalbHON COBOKYITHOCTH X.
+a) cornacus [Iupcona;

0) Bunkokcona;

B) Koupena;

r) CTBIO/ICHTA;

1) Gumepa.

5.01HOPOIHOCTH ABYX BBIOOPOK MPOBEPSIFOT C TIOMOIIBIO KPUTEP
a) [Tupcona;

+0) Bunkokcona;

B) KoupeHa,

r) CTbIOJEHTA;

1) Gumepa.

TunoBelie 3a1a4n:

s

1) rumores3a; 2) ommbOka; 3)

JUis u3ydeHHsl CpeJHEero Bo3pacTa pabOTHUKOB Mpennpustvs Obuio otodpano 100
pabOTHUKOB ciTy4aifHbIM 00pa3oM. Pe3ysbTaTel uccineoBaHus MpeICTaBIeHbI B TA0IUIIE:

Bospacr, ner Memnee 25 | 25-30 | 30-35 | 35-40

40-45

45-50

50-55

boiee 55

Yucno pabOTHUKOB 6 8 12 18

19

17

14

6

Hcnone3ys xputepuii Ilupcona, npu yposre 3Haunmoctu 0,05 mpoBepuTh, COTaacyercs
JIM TUIOTE3a O HOPMAJIbHOM pacHpeesIeHUn CiaydailHOW BeNM4YMHBI X — BO3pacT pabOTHHKA C

SMIUPUYECKUM PACIIPEETICHIEM BBIOOPKHU.
2 KpaTkoe onucanue npoBogUMOro 3aHIITHS:
1. TluceMeHHBIN oOIpOC

2. Pemrenue 3agau

Pe3y.m>TaT1,1 M BbBIBOJbI:

YcBoeHue CTYACHTaMH 3HaHUN U 3aKpPCIUICHUE HABBIKOB IO TEMCE MPAKTHYCCKOTO

3aHATHS.

3.9 lIpakruueckoe 3ansitue Ne 9 (2 yaca).

Tema: «/luCIEPCHOHHBIA aHATU3»
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1 3apanue s padoThbI:
Bormpocs! k 3aHATHIO:

1. [ToHsiTHE O TUCTIEPCHOHHOM aHAJIU3E

2.Mopenbs 0JHO(PAKTOPHOTO TUCHIEPCUOHHOTO aHAIHN3a

3. OcHOBHBIE IPEANOCHUIKU AUCTIEPCUOHHOTO aHAIN3a

4. OCHOBHOE TOKJIECTBO JTUCIEPCUOHHOIO aHAIN3a

5. Tabnuma qucnepCUOHHOTO aHATH3a

6. CpaBHEHUE HECKOJIBKUX CPEIHUX METOJIOM JUCIEPCUOHHOIO aHAIN3a

Tunosble TeCThI (11 KOHTPOJIS YCBOCHHUSI 3HAHUI):
1. Bux craTUCTHYeCKOro aHann3a, KOTOPBIA PacKIabIBacT OOIIYIO BapHAIUIO PE3yIbTaTHBHOTO
MOKa3aTelsi Ha COCTaBISIONIME: BapUaIlUI0 OOYCJIOBIEHHYIO BIMSHUEM BapHaluu (akropa H
BapHaIHi0 00yCIOBICHHYIO BIUSHUEM HEYYTCHHBIX (PAKTOPOB:
+a) AMCTIePCUOHHBII;
0) perpecCUOHHBIN;
B) KOPPENALIUOHHBIN;
') BApUAIIMOHHBIN;
1) BBIOOPOYHBII.

2. Jlucnepcusi, XapaKTepu3ylolllas BapUallii0 pe3yJbTaTHBHOTO IpH3HAKA, OOYCIOBICHHYIO
Bapuamuei (HakTopHOro NpU3HaKa:

a) oOmas;

0) ocraTouHas;

+B) akTOpHasi;

') BHYTPUTPYIIIOBas;
J1) TIOJTHASI.

3. OcHOBHOE TOXIACCTBO AJUCIICPCUOHHOTO aHAJIN3a:

+2) Q5 = Quem + Qi
0) Quen = Qs + Qpason
B) Quaen = Qoen = Qg
1) Qusuy = Qoem ! Qe
1) Quen = Quuon  Qugy

4. Bapuanus ceGecTOMMOCTH HpPOAYKIMHM cocTaBiseT 220 pyOuns, Bapuanus ce0ecTOMMOCTH
IPOAYKIMH, O0YCTIOBJIEHHAs BIMSHUEM Bapualliu NMPOU3BOAUTENBHOCTH TpyAa, cocraiseT 170
py6. Torma Bapuanusi ceOECTOMMOCTH NPOIYKIMH, CHOPMHUPOBABIIAsICS IO BIUSHUEM
HEYUYTEHHBIX (PAKTOPOB, COCTABIISET:

a) 390;

+0) 50;

B) 1,29;

r) 0,23

n) 4.4.

5. IIpoBepka OCHOBHOM rMIIOTE3bI AUCIIEPCUOHHOTO aHAJIN3a IIPOBOAUTCS C IIOMOILBIO KPUTEPUSL:
a) CTero/IcHTA;

+6) ®umepa;

B) HOPMAJILHOT'O pacIipe/ieeHHs;
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r) Konmoroposga;
1) [Tupcona.

Tunosele 3agauu:
B miporiecce n3yueHus BIMSHUS THITA CTAaHKA HA CMEHHYIO BBIPAOOTKY pabouero
IIOJIyYEHBI CICAYIOLINE TaHHbIE:

Twun cranka
Ty 1 Tum 2 Tum 3
54 58 64
58 62 62
57 64 63

[Ipennonaras, 94To GakTOp TUIA CTAaHKA UMEET (PUKCUPOBAHHBIC YPOBHU, & CMEHHAs
BbIpaOOTKa pabouero ecThb CllydaifHas BeIMYMHA, UMCIOIAsi HOPMaJIbHBII 3aKOH pacIpeeiICHHS,
TpeOyercs:

a) IPOBEPUTH HA ypoBHE 3HAaUUMOCTH 0.=0,05 CyIECTBEHHOCTh BIIMSHUS MITa CTAHKA HA
CMEHHYIO BBIPa0OTKY pabouero;

0) mpoBepuTh Ha ypoBHe 3HauUMOCTH 0=0,01 runotely 06 obuieit cpeaneii Hy: p=60.

2 Kpatkoe onucaHue nNpoBOJAMMOI0 3aHATHSA:

1. TIpoBepka ypoBHS OCBOCHHS CTY/IEHTAMU BOIIPOCOB JIJIsi CAMOCTOSITEIIBHOTO
W3Y4YCHUS

2. YCTHBII onpoc

3. CamocrosTeNnbHOE pelIeHne 3a/1a4

4. Pemenue 3amau

Pe3yJ1bTaTbI U BBIBO/JBI:
YcBoeHue CTYACHTaMU 3HaHUH H 3aKpPCIICHUC HABBIKOB II0 TEMC IIPAKTHYCCKOI'O
3aHATHA.

3.10 IMpakTuyeckoe 3ansaTue Ne 10 (2 yaca).

Tema: «KoppeJsinuoOHHBIN aHAIHN3»

1 3apanue ns paGoThI:
Bormpocs! k 3ansATHIO:

1. dyHkuMOHANBHAS, CTATUCTHYECKAS U KOPPENALIUOHHAs 3aBUCUMOCTH

2. Pacuer ko3¢ dunrenTa Koppeasiuuy 1 1eTepMUHALINN, UX HHTEPIIPETALIHs

3. KoppensaunoHHOE OTHOLIEHUE U MHAEKC KOPPEIUU

4. TlpoBepka CTaTUCTHYECKOM 3HAYUMOCTH KOIP(DUIMEHTa  KOPPEISLIHUH: C
ucnonb3oBanueM Tabaun Oumepa-Heiitca, pacrpenenenus CTbioieHTa

5. aTepBanbpHas olleHKa reHepanbHOro Ko uueHTa Koppeasiun

Tunosble TecThl (11 KOHTPOJIS YCBOCHUS 3HAHUI):
1. OcHoBHas 3a/1a4a ... aHaJIM3a — BBISBJICHUE CBSI3U MEXAY CIy4alHbIMU EPEMEHHBIMH U
OIICHKA €€ TeCHOTHI:
+a) KOppeNALHOHHOTO;
0) perpeccuoHHOTO;
B) IUCIIEPCUOHHOIO;
') BApUAL[MOHHOTI'O;
1) BBIOOPOYHOTO.
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2. OtHomuieHue GaKTOPHOU TUCTIEPCHUU K OCTATOYHOM HA3BIBACTCS:
a) SMIIMPUYECKUM KOPPESAIIMOHHBIM OTHOLLICHHEM;

0) TEOpETUUECKUM KOPPEISLUOHHBIM OTHOILIEHUEM;

+B) KO3 HUIIMEHTOM JeTEPMHUHAIUH;

') UHJAEKCOM KOpPEJsLUU;

1) IMHEWHBIM KO PHUITUEHTOM KOPPEIAIIUH.

3. JIunenHbIi KO3PGUIIMESHT KOPPEISIINN, KOTOPBIA YKa3bIBAET HA HAMOOJBIITYIO TECHOTY CBSI3U?
a) r =0,80;

0) r =-0,45;
+B) r = -0,85;
rr=0;
n)r=0,5.

4. Tlpm u3yYeHUHM 3aBUCUMOCTH MPOHM3BOJUTEIBHOCTH Tpyda OT KBamu(uKauuu padoumx
NOJYYMIH Kod(hPUIMEHT AeTepMUHALMK paBHBIN 45,5%, 3TO 3HAYUT, YTO:

+a) axTop KBamHpuKaKu padbounx o0bsIcHAET 45,5% BapHalnuy MPOU3BOJUTEIHLHOCTH TPY/IA;
0) 3aBUCHUMOCTh MEX]y MTOKa3aTeIsIMU YMEpPEHHAsl U Mpsimasi;

B) IIpW yBEJIHUYEHUH KBaIU(UKauK padounx Ha 1 % Mpou3BOAUTENLHOCTD TPY/Ia IOBBICUTCS Ha
45,5%;

') HaOJIIO1aeTCsl CUITbHASL BapHaIUs MIOKa3aTeIeH;

1) paxTop kBanudukanuu padbounx oobiacHaeT 54,5% Bapualuy NpoU3BOAUTEIHLHOCTH TPY/Ia.

5. IlpoBepka HyIEBOM rUNOTE3bI O 3HAYUMOCTU KodddumenTa koppensuuu Ho: r =0,
IPOBOJUTCS C TIOMOIIBIO:

+a) kputepusi CThIOJCHTA;

0) kputepus Puriepa;

+B) Tabauiel Gumepa-Meiirca;

r) Z — npeobpazoBanus Ouiepa;

1) kputepus Konmoroposa.

Tunosele 3agaun:

Ha ocHOBe BBIOOPOYHBIX AAHHBIX O MPOU3BOJUTEIBHOCTH Tpya (X), U3MepsieMOoil B MIIH.
pyO. Ha yenoBeka, u cebecroumMocTu npoaykuuu (Y), u3mepsieMoi B ThIC. py0. Ha €IUHUILY
IPOAYKIIMH, IOJYYEHHBIX C OJHOTUIIHBIX IPEANPUITHN 32 MECSLL:

X 5 4 3 20 10 15

v 7 10 12 2 5) 4

Haiitu: a) Bb1OOpouHbIit K03 PULIneHT Koppensiuun Mexty X 1 Y;

0) MpOBEPUTH 3HAUMMOCTb FeHepaabHOro ko3 dunrenta koppenauuu npu 0=0,05;

B) C HaIEXHOCTbHIO Y=0,95 HaliTH IrpaHUIIBI TOBEPUTEIHHOIO MHTEPBaJla T€HEPAIIbLHOTO
Kod(puimenTa KOppesinum.

2 KpaTkoe onucanue mpoBOAMMOro0 3aHATHS

1. TIpoBepka ypoBHsI OCBOCHHUS CTyJAEHTaMH BOIIPOCOB JJISi CAMOCTOSITEILHOTO
W3YYICHHUS

2. YcTHBII onpoc

3. CamocTosTelIbHOE PEIICHHE 3a/1a9

4, Pemenune 3amau

Pe3yJ’ILTaTbI U BBIBO/JBbI:
YcBoeHne CTYACHTaMU 3HAHUM U 3aKpCIVICHUE HAaBBIKOB II0O TEMC IPAKTUYCCKOTO
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3aHATUA.

3.11 IlpakTuyeckoe 3ausaTue Ne 11 (2 gaca).

Tema: «PerpecCUOHHbBIN aHAIU3)

1 3apanue aJis1 padoThbI:
Bormpocs! k 3aHATHIO:

1.TlonsiTHe ¥ IPEANOCHUIKH PErPECCHOHHOTO aHaln3a

2.Bunbl perpeccMoHHBIX Mojiesiel. OleHKa mapaMeTpoB MapHOM JTMHEHHON perpeccuun

3. [IpoBepka CTaTHUCTUYECKOM 3HAUMMOCTH YpaBHEHUS DPETpeccHd B IIEJIOM H €ro
I1apameTpoB

4. TIpocreiiue cirydan KpUBOJTMHEHHOW KOPPEIAIUT

Tumnosble TeCThI (U1 KOHTPOJIS YCBOCHUS 3HAHUI):
1. PerpeccronHast MOJeb BUA Y, = B, + B X, + B,XZ + & Ha3bIBaeTCs:

a) JINHEWHOU 0AHO(aKTOPHOM;

0) TMHEMHON MHOrO(aKTOPHOM;

B) HEJIMHEHHOM 0THO(PAKTOPHOM;

') KPUBOJIMHENHON MHOTO()aKTOPHOM;
1) TApHOMW JTMHEHHOM.

2. [IpoBepka 3HaYNMOCTH YpaBHEHHS PErPECCUU OCYIIECTBIISIETCS HA OCHOBE:
a) t - kpurepust CTbIO/IEHTA;

0) MHOYKECTBEHHOT'0 KO3(PPHUIIMEHTa KOPPEIIALINH;

B) F - xputepusa ®uiepa;

T') cpeliHel OIMOKe anmpoKCUMAIINH;

1) Tabsmn Ounrepa-Heiirca.

3. MeTon onpeienieHus TapaMeTPOB JINHEHHOTO YPAaBHEHHS PETPECCHH:
a) MOMEHTOB;

0) HaMMEHBIINX KBAJIPATOB;

B) CHCTEM HOPMAJIbHBIX YPaBHEHHIA;

') HAanOOJIBIIETO TTPABAONO00MUS;

1) HAMMEHBIIETO MPaBIONOA00HS.

Tunoseie 3ana4un:

Ha ocHOBe BBIOOPOYHBIX AAHHBIX O MPOU3BOJUTEIBHOCTH Tpya (X), U3MepsieMOoil B MIIH.
pyO. Ha yenoBeka, u cebecroumMocTu npoaykuuu (Y), u3mepsieMoi B ThIC. py0. Ha €IUHUILY
IPOAYKIIMH, OJYYEHHBIX C OJHOTUIIHBIX NPEANPUATHIN 32 MECHLL:

X 5 4 3 20 10 15

v 7 10 12 2 5 4

HaiiTu: a) napaMeTpsl TMHEHHOTO YpaBHEHUS perpeccu Mexxay X u Y,
0) IpOBEpUTH 3HAYMMOCTb YPAaBHEHHSI PETPECCHH B LIEJIOM U €r0 NapaMeTpoB MpU
0=0,05;

2 Kparkoe onucaHne npoBOMMOTIO 3aHATHUS:

1. TIpoBepka ypoBHSI OCBOCHHUS CTyJAEHTaMH BOIIPOCOB JJISi CAMOCTOSITEILHOTO
W3yYCHUS
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2. TectupoBaHue
3. Pemenue 3amau

Pe3yJILTaTI>I U BBIBO/JBI:

YcBoeHue CTyACHTaMH 3HAHUN H 3aKpPCIUICHUEC HABBIKOB IO TEMC MNPAKTHYCCKOIO
3aHATHA.
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