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1. KOHCHEKT JEKIIUA
1.1 Jleknus Ne 1 (2 yaca).

Tema: «Cayuaiinbie coObITHSI. BepoATHOCTH COOBITHS»

1.1.1 Bomnpocs! Jeknuu:

1. OCHOBHBIE MOHSTHUS TEOPUU BEPOSTHOCTEU
2. Knaccuyeckoe ornpeziesieHre BEpOsSITHOCTH

3. DneMeHThl KOMOMHATOPHUKHU

4. 'eomeTpuuecKoe ONpeeieHIe BEPOITHOCTU
5 CraTucTHYECKOE ONpeIeSIEHUE BEPOATHOCTH

1.1.2 KpaTtkoe conep:kaHue BOIIPOCOB:

1. OcHOBHBIE IOHATHSI TEOPUH BEPOSTHOCTEH

Teopust ~ BEpOSTHOCTEW  SBIAETCS  OCHOBOM  MAaTeMaTUYECKOM  CTATUCTHUKH.
Mamemamuueckaa cmamucmuka — pazoeil MameMamuKkuy, U3yuanwull mamemamudeckue
Memoovl  cbopa, cucmemamuzayuu, 00pabOmMKu U  UHMEPApemayuu  pe3yrbmamos
Haob00eHUll C Yeblo 8blA6NeHUS CMAMUCMUYECKUX 3AKOHOMEPHOCEL.

Teopua eepoammuocmeii — 5mo  MamemMamuyeckas — HAyKa, — U3V4aoujast
3AKOHOMEPHOCU CTLYYAUHBIX SGTeHUL (COObIMULL 8eUYUH, QYHKYULL, npoyeccos u 0p.)

Ilpeomemom meopuu  6eposmuHocmell ABISICTCA M3YyYCHHE BEPOSTHOCTHBIX
3aKOHOMEPHOCTEH MaCCOBBIX OTHOPOIHBIX CITYYaWHBIX COOBITHI.

OnHUM U3 OCHOBHBIX MOHSATHIA TEOPUU BEPOSTHOCTEH SBISIETCS TIOHATHE CITy4aifHOTO
COOBITHS.

Cnyuaiinoe coovimue — 5mo 110001 haxm, KOMopwvill ModAcem 1UdO NPOU3OUmMuU, 1UOO
He npou30tumu npu GbINOJIHEHUU HEKOMOPO20 KOMNILEKCA YCLOBU.

OO0b1uHO cityyaiiHble cOOBITHS 0003HAYAIOTCA 3arJIaBHBIMU JJATUHCKUMU OyKBaMHu: A,
B, C.

I'eomerpuuecku ciaydaiiHble COOBITHS YI00HO H300pakaTh C IOMOLIBIO TUarpaMM
Diinepa-Benna.

Bunpl coOwiThii: docmosepuvie (QQ); neeozmodcnvie (D), - A SBISETCS YACTHBIM
ciyyaeM B;  paenocunwvnwvie;  necoemecmmuvie  (Hecoemecmumvie), COEMeCHIHbIE
(coemecmumule; pasnosozmoiricHbvle.

Onepayuu nao coovimuamu

Cymmoi cobbiTiii A 1 B Ha3pBatoT coObiTHe A+B, cocTosiiee B HACTYINICHHUH XOTs
OBI OHOTO M3 ATUX COOBITHI A mim B.

Ilpouseedenuem cobbitnii A u B HaspBaoT coOeiTue A-B, cocrosimee B
OJTHOBPEMEHHOM HACTYIUICHUH 3TUX COObITHI A 1 B.

CoObiTHe A Ha3BIBAETCS MPOTUBOMOIOKHBIM COOBITHEM (IOTIOTHEHUEM) COOBITHS A,
€CJIM HETIOSIBJIEHUE OJTHOTO COOBITHS BieUYeT nosiBieHue Apyroro. CymMma nmpoTHBOIIOIOKHBIX
COOBITHI €CTh COOBITHE TOCTOBEPHOE, a MPOU3BECHIE HEBO3ZMOKHOE!

CoObITus {H ) }’_”1 00pa3yloT NOJHYIO0 TPYNIY MONapHO HECOBMECTHMBIX COOBITHH,

ecau Io0bIe JABa U3 HUX HCCOBMCCTHBI U XOT4 OBl OOHO HCIIPEMCHHO OOJIZKHO HpOHSOﬁTH B
PE3YIbTATC UCIILITAHUA:

n

H;=Q - monHoOTA,

=

H;-Hi=0, Vi#j -1nonapHas HECOBMECTUMOCTb.



2. Kitaccuueckoe onpe/esieHue BepOITHOCTH

Bepoamnocms cobvimua — >T10 4ucieHHas Mepa OOBEKTUBHONW BO3MOXKHOCTH €TO
IIOABJICHUSA.

B cooTBeTCTBUM € KJIaCCMUECKUM OMPEesIEHUEM:

Bepoamnocms P(A) codbimus A paBHIETCS] OTHOILICHUIO YHUCIIA OJIArONpHsITCTBYIOMINX
3TOMY COOBITHIO KCXOJOB K OOIIEMy YHCIy BCEX pPaBHOBO3MOXHBIX HECOBMECTHBIX
3JIEMEHTAPHBIX HCXOJI0B, 00Pa3yONUX MOJHYIO TPYITY:

P(4) = NG

n
[Ipu 5TOM MONararot, 4To:

B HCIIBITAaHUE COJEPKUT KOHEUHOE YHCIIO UCXO/IOB;

B BCC UCXOAbI UCTIBITAHHUA PAaBHOBO3MOKHBI U HCCOBMCCTUMBEI.

Takoro poja ONbBIT HA3bIBAIOT «CXEMOU CIIydaeB» (MJIM «CXEMOW YpH», TaK Kak JI00yIo
MoJJOOHYI0 BEPOATHOCTHYIO 33/1ady MOKHO CBECTH K 3a/lau€ C ypHaMH C Pa3HOIBETHBIMU
iapamu).

W3 kiaccuueckoro onpeaeneHus: BEpOsSTHOCTU BBITEKAIOT CIEAYIOIINE OUE€BUIHbIE
C60IICMEA 6EPOAMHOCIU COOBIMUA.

3. DJieMeHTbI KOMOMHATOPUKHU

KomOunaTopuka — 370 pa3jes MaTeMaTUKH, U3y4alOIINi METO/IbI pelIeHUs 3a7a4 Ha
MOJICYET YUCJIAa PA3IMYHBIX KOMOUHALIUH.

B xoMOuHaTOpHKE €CTh 1B BAXKHBIX MMPABUIIA, YACTO MPUMEHSEMBIX MIPH PEIICHUN
KOMOWHATOPHBIX 3a71a4.

1. IIpaBnJ10 yMHO/KEHUSIKOMOMHATOPHKH.

2. IIpaBuJI0 CI10KEHUAKOMOMHATOPUKH.

M-3JIEMEHTHBIE MOJAMHOKECTBA (KOMOWHAIINN) MOTYT OTIHYATHCS:

B COCTaBOM 3JIEMEHTOB;

B TIOPSJIKOM CJICZIOBAaHUS JIEMEHTOB;

B BO3MOKHOCTBIO TIOBTOPA 3JIEMEHTOB B [TOJIMHOXKECTBE;

®m 00BEMOM MOJMHOKECTBA.

B cOOTBETCTBUM € ATUM BBLAEISAIOT CIEAYIOIINE BUIbI TOJIMHOXKECTB.
1. Pazmewenusn
Yucno Beex pasMeIeHnii 4™ U3 71 2IIEMEHTOB 110 11 (T m < 1), ONPENEIIETCs 0 (popMyJIe:

= "
" (n—m)!
2. Ilepecmanosku
Yucio Bcex mepecTaHoBOK P, U3 N 3JIEMEHTOB ONpeAessieTcs Mo popmyie:

P,=n!
3aMeTHM, 4TO MEPECTAaHOBKH — 3TO YACTHBINA BUJ Pa3MEUICHUN, KOT/Ia 1 = m.
Py =4

3. Couemanus
Yucno Beex coueranuiit C” U3 1 BIEMEHTOB 10 m (TA€ m < 1), ONPENEAETCs 1Mo GopmyJe:

n!

" ml(n—m)

PaccmoTpenHbie BhIllie KOMOWHAIIMKA OTHOCSITCS K TaK HA3bIBAEMOMY BHIOOPY 0e3
BO3BpPAaIICHUA — BXOAMIUEC B UX COCTAB DJICMCHTEI HE ITOBTOPAIOTCA.

Kpome Toro, komOMHaTOpHKa pacCMaTPUBAET U CIIy4aH C TOBTOPEHUEM 3JIEMEHTOB,
BXOJSIIMX B pacCMaTpUBAEMbIe MOJMHOKECTBA — TaK HAa3bIBAEMbIli BHLIOOP ¢ BO3BpallleHHeM
— pa3MeIlIeHUs], COUeTaHUs U MEPECTAaHOBKH U3 /1 SJIEMEHTOB I10 771, B KOTOPHIX HEKOTOPHIE
3JIEMCHTHI (I/I.HI/I BCG) MOT'YT GBITB OJWUHAKOBBIMHU.



PaccmarpuBas KOHKpPETHYIO 3a/ady, HEOOXOAMMO BBICHUTH, KAaKUM TPEeOOBaHUSIM
YIIOBJIETBOPSIOT KOMOMHALIMYU 3JIEMEHTOB. TOJIBKO MOCIE 3TOr0 MO>KHO UCIIOJIb30BaTh HYKHBIE
BBIYHCIIUTENBHBIE (POPMYNBI, KOMOMHHMPYS HMX C IpaBWIAMH CIOXEHHS W YMHOXKEHHS
KOMOWHATOPHKH.

4. I'eomeTpuyeckoe onpeaeieHne BepoOITHOCTH
Krnaccuueckoe onpeneneHue BEpOSTHOCTH OCHOBBIBAETCS Ha TOM YHUCIIO BCEX

BO3MOXKHBIX CITy4aeB KOHEUHO.

Ecnu pacnipesenenre BO3MOXKHBIX UCXO0B HCTIBITAHUS HETIPEPBIBHO U OECKOHEYHO, TO

MIPH PEUIeHUH 33/1a4 UCTIOIb3YETCsl IOHATHE FreOMeTPUYeCKOH BepPOSITHOCTH — BEPOSITHOCTH

ronajaHus TOYKH B 00J1aCTh (OTPE30K, YacTh TUIOCKOCTH U T. 1I.).

4 IIpu omnpenencHUn reoMETPUYECKON BEPOSTHOCTH
MoJIararoT, 4ro HMMeercs oOnactb G M B HEeW MeHbIIas
obmacte g ¢ kBaapupyemoil rpanuueil. Ha G mnaymauy
Opocaetr Touka. CoObITHE A — TOMAaJaHWE TOYKU B
obnacTb g. BeposTHOCTH monaiaHus B Kakyro-J1n60 4acte G
MPOTOPITMOHATBHA MEPE 3TON YacTH (0003HAYHM mes) U He

—» 3aBUCHT OT €€ PacIoOKEHUS U (POPMBI.

N~ I'eomeTpuyeckoii BepoOSITHOCTHIO COOBITHS A

Ha3bIBAETCSl OTHOIIEHUE MEphl 00JIaCTH g, OJIaronpHusATCTBYIONIIEH COOBITHIO A K Mepe Bcei

obnactu G:

mes (G)

O06nacTp, Ha KOTOPYIO PacIpOCTPaAHAETCS TEOMETPHUUECKAsi BEPOATHOCTh MOXKET OBITh:

B OJHOMEpPHOM;

B BYMEpPHOM;

B TPeXMepHOii;

B n-MEpHOI.

[Tpu 3TOM BEpOSATHOCTH MOTATAHMS CIIYYaHO B3ATON TOYKH B 00JACTh Pa3MEPHOCTH
MEHBIIIEH, YeM N, HalpuMep, B TpaHHIly 00JacTH, paBHa HYIIIO.

5. CraTucTnyeckoe ornpesesieHIe BEPOSITHOCTH

m
(v a
[To naHHBIM HAOIIOCHUH PACCUYUTHIBAIOT OTHOIIICHHE Wy = - Ha3bIBACMOC 11



4acTOCTHIO (0THOCHTEILHOM YaCTOTOM, BRIOOPOYHOIA JI0NIeiT) COOBITUS A, TIIe 74 HAa3bIBAIOT
4aCTOTOM COOBITHS A.
CraTucTHYeCKOii BEPOATHOCTBIO COOBITHS 4 Ha3bIBAETCS YACTOCTh (OTHOCUTEIIBHAS

I‘IaCTOTa) m/n TIOSIBJICHUS 3TOTO COOBITHS B N IMPONU3BCACHHBIX UCIIBITAHUAX

PA)=w=",

n

Habmrogaemast yactoctb cOOBITUS A TOYTH AJs 000 OOJBIION Cepuu yKazaHHBIX
UCIBITAHUN MaJI0 OTKJIOHSIETCSI OT HEKOTOPOU MOCTOSIHHON BEJTMYHHBL, T. €. IPOSBIISAETCS 3adKOH
yemotuiuusocmu 9actoctei. [loaToMy 3a BEpOSITHOCTh CITYYaifHOTO COOBITHS A TPUHUMAIOT HA
MpaKTUKE JUOO0 HAOIIOJACHHYIO YacTOCTh, TUOO YKCIIO, OJIM3KOE 3TOMY 3HAYCHHIO, T.e. P(4) =
wa.

1.2 Jleknus Ne 2 (2 yaca).

Tema: «IloBTOpHBIE HE3aBUCHUMBbIE HCIIBITAHUS)
1.2.1 Bonpocsbl Jeknum:

1. ®opmyna bepuynnu

2. JloxanbHas Teopema Myaspa-Jlannaca

3. UnrerpanbHas Teopema MyaBpa-Jlaruiaca
4. Teopema Ilyaccona

1.2.2 KpaTtkoe conep:kaHue BOIIPOCOB:

1. ®opmyaa bepuyain

Onpenenenne: Ecau npou3BOASATCS MHOTOKPAaTHBIE HCHBITaHUSA, B KOTOPBIX
BEPOATHOCTH MOSBIIEHUSI COOBITUSI A B Ka)JI0M UCIBITAHUU HE MEHSETCS B 3aBUCHMOCTH OT
HCXOJIOB JIPYTUX UCIBITAaHUM, TO TAKUE UCIBITAHUSI HA3BIBAIOT HE3ABUCUMBIMU NOBMOPHLIMU
UCTBIMAHUAMU.

By,Z[CM Aajiec pacCMaTpuBaThb JIMIIb TAKHUC HCE3aBUCHUMBIC HCIBITAHHA, B KOTOPBIX
coObITHE A MEET OJIHY U TY K€ BEPOSITHOCTb.

[TycTh MpOM3BOAUTCS N HE3ABUCUMBIX MCIBITAHHUM, B KQKIOM M3 KOTOPBIX cOObITHE A
MOJKET MOSIBUTHCS WIM HE MOSBUTHCS. OO03HAUUM BEPOSTHOCTH cOObITUSA A — P, T.€. P(A) =p,
TOrZa BEPOSITHOCTh HEHACTYIUICHUS! COOBITUS A B Ka)KOM MCIBITAaHUHM TAK)KE MOCTOSIHHA U
paBHa q= 1-p.

ITox cxemoi bepHyJUIM MOHUMAIOT IPOBEACHUE CEPUM B N UCIIBITAHUN, B KAXKJOM U3
KOTOPBIX BO3MOJKHBI JIBa HCXOj/a: JHOO HACTYNMUT cOObITHE A, Tu0O0 HE HACTYIUT, T.C.
MIPOU30UIET IPOTHBOIIOIOKHOE eMy COOBITHE, U TIPU ATOM:

1) BCE N UCIMIBITAHUN HE3aBUCHMBI;

2) BEPOSITHOCTh COOBITUS A B KaX/IOM OTJCJIBHOM HCIIBITAHUHU IOCTOSIHHA U HE
MEHSETCS OT UCTIBITAHUS K HCIIBITAaHUIO.

P(A)=p; P(A)=1-p=g.
Teopema. B ciyuae HEGOIBIIONO YKMCIa UCTIBITAHUI N BeposaTHOCTH B, (K) Toro, uto B

N HE3aBUCHUMBIX UCIBITAHUS COOBITHE A HACTYIUT POBHO K pa3 ompesensercs B COOTBETCTBUU
¢ popmynou Bypuyinu:

P (ky=Cklprta-p)"™"

uiu !
P (k) — : pk(l_p)mk‘



" R(n—k)!

2. JlokaabHas Teopema Myaspa — Jlanuiaca

Teopema. Ilpu OoOnBIIOM YMCIIE HCMIBITAHUA N—00 , BEPOATHOCTH HACTYIUICHUS
COOBITHS A B Ka)XXJOM HCIBITAHUHU P, OTJIMYHOM OT HYJS W €AMHUIIBI, U TPU BHIOJHEHUU
ycnosus npq > 20, BepostHocTh ), (K) TOro, 4To B N HE3aBUCHMBIX MCIBITAHUSX COOBITHE A
HACTYNUT poBHO k pa3 ompenensercs B COOTBETCTBUU C JOKAIbHOU meopemou Myaspa —
Jlannaca:

— f(1); =2
\Vnpq W
IZIE N — YUCJIO UCIIBITaHUHN bepryiuuy;
k — yncno ncnbITaHU, B KOTOPBIX HACTYITHIIO COOBITHE A
p = P(A) — BepoaTHOCTb HAcCTYIJICHUS COOBITUSL A B KaXK/I0M UCIIBITAaHUH;

P, (k)=

g= 1-p — BEpOATHOCTH TPOTUBOIIOJIOKHOTO COOBITHS (A);

=" e

Oyukuwmst ["aycca f(t) mpencrasiser co0o0i MIOTHOCTH CTAHAAPTHOTO HOPMAIILHOTO
3aKoHa pacripezenenus (OyIeT pacCMOTpEHa Jajee).
OcHoBHble cBoiicTBa f(t), HeoOXoaumble Ui TNPUMEHEHHs paccMaTpUBaeMOM

TEOPEMBI:
1) f(t) — yernas pynkuus, T.e. f(t) = f(-t);
2) f(t) — moHOTOHHO yOBIBatomas GpyHkius, T. €. f(t)—0 npu t—+oo; mpu t>5

MOHO cuutaTh f(t) = 0
3. UurerpannHas teopema Myaspa — Jlanuiaca
Teopema. Ilpu OonbmIOM YHCIE HCHOBITAHHUM N—00, BEPOSTHOCTH HACTYIUICHUS

COOBITHSI A B KaKJIOM HCIIBITAHUHU P, OTAUYHON OoT O ¥ 1, ¥ IpH BBITIOJIHEHUH YCIOBUS Npq >
20, BeposTHOCTb Fyy(K) TOro, 9TO B N HE3ABHCHMBIX MCIIBITAHUSX COOBITHE A HACTYIIMT OT a
10 b pas, onpenensercss B COOTBETCTBUU C HHTETPaJIbHOM TeopeMoii Myaspa — Jlamnaca:
Pi(a<k<b)=D(tr)— D(t1);
Oynknusa Jlammaca d(t) npencrapiser co0oi GyHKIUIO CTaHAAPTHOTO HOPMAIBHOTO
3aKOHa pacripeneneHus u Oyner 6osee moapoOHO paccMoTpeHa B Teme «HopManbHbIi 3aK0H

pacmpeeieHus .
OtmetruM ocCHOBHBIE cBoiicTBa @D(t), HEOOXOAWMBIEC /I TNPUMEHEHHS JTaHHOU
TEOPEMBI:
1) @O(t) — neuetHast pyHKIHA, T. €. D(-t) = - D(t).
2) ®d(t) - MOHOTOHHO BoO3pacTaromias GyHkmus, T. €. O(t)—1, npu t—oo;mpu t>5

MOHO cuutath O(t)=1 (wnm 0,5).
3aoauu, npueooawue K unmezpanvroii meopeme Myaepa — Jlannaca

Ilyctb mpoBOOUTCS N — HE3aBUCUMBIX HCHBITAaHWN, B KaXJIOM M3 KOTOPBIX
BEPOSITHOCTH TIOSIBJICHUS COOBITHS A TIOCTOSIHHA U paBHa p, 0<p<l.
1) ITocTraBuM 3aa4dy: HAUTU BEPOSATHOCTb TOT'O, YTO OTKIOHEHHE OTHOCUTEIBHOU

9acTOThl k/n OT TOCTOSIHHOW BEpPOSTHOCTH P IO aOCOJNIOTHOW BEJIMYMHE HE IPEBBIIIACT
3ajaHHoro uucna € > 0. [Ipyrumu cioBaMM, HaWAEM BEpOSTHOCTb OCYLIECTBICHHUS
HEpaBEHCTBA |k/n-p | <e.

( |k ) n
pll—-pl<e |=D(e [—);
\|n ) pq
2) HavMeHblliee 4uciio UCTIBITAHUM, KOTOPOE HYKHO TTPOBECTH, YTOOHI C

BEPOSITHOCTHIO, PAaBHOH [3, MOKHO OBIJIO TapaHTHPOBATh, YTO YACTOTA HACTYIUICHUS! COOBITHS
A OTKJIOHUTBCS OT BEPOSATHOCTH p HE OoJiee UueM Ha &:

27



k (
— Pl -p

" \
< g\ =p— ZCD‘(S | =p=>n=pq— ("b_l':ﬁ‘-’ 2
) pa

3) [Ipu naHHOI BEPOATHOCTH [3 M YUMCIIAa UCTIBITAHUI N FPAHUIIBI BO3MOXKHBIX
U3MEHEHUH OTKJIOHEHUS YacTOThI HACTYIUIEHUS COOBITHS A OT BEPOSITHOCTHU P

3

k

- Pl -p

n \

4) BepositHocTh  TOrOo, uro k HacTymiieHMH COOBITHS A OTIAMYAeTCs OT

Mpou3BeIeHUs np (110 MOAYII0) He Ooyiee ueM Ha BenuuHy €0
P(| k-np | <e)=®(—)

Vnpq’

4. Teopema Ilyaccona

Teopema. [Ipu 60IBIIOM YUCIIE UCTIBITAHUN N—>00, TIOCTOSIHHONW MaJION BEPOSITHOCTH
HACTYIUIEHHUs] COOBITUS A B KaX[IOM HcHbITaHUM p—0, U NpPU BHIIOJIHEHUU YCIOBHS
0,1<np<10, Beposarnocts F,(K) Toro, uTo B n HE3aBUCHMBIX UCHBLITAHUAX COOBITHE A
HACTYIHT POBHO K pas3, onpezessieTcss B COOTBETCTBHH ¢ Teopemoit Ilyaccona:

K -—
- AT e
Pn (k) :Q: ku ; }\’znpﬂ
TZIE N- YUCJIO UCTIBITaHUM bepHyiun
k — yucno ucnpITaHU, B KOTOPBIX HACTYIHIIO COOBITHE A,

A=np — napameTtp [lyaccoHOBCKOTrO pacrpeaesieHus, Ha3bIBaeMbIi e11e cpedretl
UHMEHCUBHOCTNBIO.

3nauenus ¢pyukimu [yaccona P, (K) rtaxke moryt 6bITh onpenenens o Tadmue
«3nauenue ¢pynkuun [lyaccoHna» mpu 3ajaHHBIX 3HAUYCHUSX K 1 A.

1.3 Jlexkmus Ne 3 (1 yac).

Tema: «/Iluckpernas ciay4dailHasi BeJIMYMHA))
1.3.1 Bonpocsl Jexkuum:

1. Onpenenenue UCKPETHOM CIIy4alHOW BEJIMYMHBI. 3aKOH paclpeeIeHUs
2. @ynknus pacupenenenus JICB

3. OcHoBHBIE YUCIIOBBIE XapakTepuctuku JCB

4 OcHoBHbIe 3akoHBI pacnpenenenus JICB: ounomuansuslii, [lyaccona,
reOMETPUYECKUI

1.3.2 KpaTkoe conep:kaHue BOIIPOCOB:

1. Onpenesienne TMCKPETHOM CIy4ailHON BeJIMYMHBI. 3AKOH pacnpe/ieseHust

Cryuaunasa eenuyuna — 3TO TIEPEMEHHas, KOTOpas B pe3yibTare MCIbITAaHUS
MPUHUMAET OJHO M3 CBOMX BO3MOXHBIX 3HAYEHUH, MpUYEM 3apaHee HEM3BECTHO, KaKoe
HUMCHHO, T.K. OHO 3aBUCUT OT CJiy4as.

Juckpemnas cayuaunas eenuuuna — cilydaiiHas BeNWYHMHA, KOTOpash NPUHUMAET
KOHCYHOC HUJIN 6CCKOH€‘-IHO€, HO CUYCTHOC YHMCJIO OTACIBbHBIX U30JIMPOBAHHBIX 3HAa4YCHUU (T.e.
UX MOXHO NMEPEHYMEPOBATh HATYPabHBIMHU YHCIAMU).

Henpepuvignasa cnyuatinas eenuuuna — 3TO CllydaiiHas BeIMYMHA, OECKOHEUHOE H
HECUYETHOE MHOXXECTBO 3HAUYCHMH KOTOPOH €CTh HEKOTOpPHI HWHTEpBal (KOHEYHBIN WIIH
0ECKOHEUYHBIN) U OHA CIIOUIb 3aMOJIHAET STOT HHTEPBAJ.

Jlnst  ompeneneHus  CIydailHOM  BEIWMYMHBI HEOOXOAUMO 3ajaTh €€  3aKOH
pacrnpeeneHus.

3axonom pacnpeoenenus CB Ha3bIBAlOT COOTHOIIEHHE, YCTAHABIMBAIOIIEE CBS3b



MEXIy BO3MOXHBIMH 3HAUEHUSIMH CIYyJallHOM BEJIWYMHBI M  COOTBETCTBYIOIIUMH
BEPOSTHOCTSIMH, C KOTOPBIMHU CITy4aiiHasi BeTHUMHA IPUHUMAET 3TH 3HaueHus. ([p. cmoBamu,
3TO COOTBETCTBHUE M/Y BO3MOXHBIMH 3HaueHUsIMU CB 1 UX BEpOSTHOCTSIMU).

3akoH pacnpeaencaus JICB MOXHO 33/1aTh:

1. Tabmu4HoO.

2. TpadudecKkoe MpeICTaBICHHE PsAa paclpeelieHUs] Ha3bIBACTCS MHO20Y 20 IbHUKOM
(nonunomom) pacnpeoeneruis

3. TperbuM ciocoboM 3amaHus 3akoHa pacnpenenenus [ICB sBrnsercs nHTerpanbHas
dbyHKIMS pactipefesieHus Wi (PYHKITUS HAaKOIIJICHHBIX BEPOSTHOCTEH.

2. ®ynkuus pacnpenesaenus 1CB

@ynkyus pacnpeoeneHus (unmecpanvhHas @ynxyus)F(x) ompenenser s KakIoro
BO3MO>XHOT'O 3HAYEHHS X BEPOSTHOCTh TOTO, YTO CiIydaiiHas BeTUYMHA X MPHUMET 3HAYCHUS,
MenbIIee x: F(X) = 2z P(X = xi).

CaotiicTBa MHTErpanbHOM GyHKIMH pacnpenenenus JICB

1) ®ynknus pacnpeneneHus: MOKeT MPUHUMATh JTr00bie 3HaYeHus ot 0 1o 1, T.k. 1o
OMPEICTICHUIO ABIISIETCS] BEPOSATHOCTHIO;

2) UnTerpanbHas GyHKIUS pacpeieiIeHUs IBISETCS HEYOBIBAIOIIICH;

3) OyHKmus pacrnpeneneHus TOO00H TUCKPETHON CIy4allHON BENHYMHBI €CTh
paspbiBHasg  cTymneHuyaTas  (QYHKIUS, CKAauKd KOTOPOW  MPOUCXOASAT B  TOYKax,
COOTBETCTBYIOIIMM BO3MO>KHBIM 3HAUEHUSM CIy4alHOW BEJIMYMHBI U PABHBI BEPOSTHOCTSIM




5THX 3HaueHui. CymMMa BceX CKaukoB paBHa 1. DTa QpyHKIIUS KyCOUHO MOCTOSIHHA HA
MHTEpBaJIax, Ha KOTOPBIX HET €€ 3HAaYCHUH.
4) Unrterpanbhas Gpyukius pacnpeaenenus [ICB HenpepriBHa cieBa

VYciioBHsI HEMPEPBHIBHOCTH (PYHKIIUU:
lim [F(x) — F(x 9] =0

x—x0
x>x0

lim [F(x) — F(x 9] = PX=x)
x—x0
x<x0
5) Bepostaocth nonananus JICB B unTepBai [a;b) paBHa npupamieHuto GyHKIIUN
pacrmpeiesieHus B 3TUX TOYKAX:
P(a<X<b) = F(b) — F(a).
6) Ecnu BCeBO3MOKHBIE 3HAUEHUS CIIy4aliHON BENMUYMHBI X IPUHAJJIEKAT UHTEPBAILY
('t .“'.;.".: X max .)’ TO
F(X) =0, mpu X<
F(X) = 1, npu XZY)*'.:..‘;
7) Ecnu BceBo3moxubie 3HaueHus JJCB X pacnonoxxens! Ha Beel uncinoBoit ocu OX
TO
F(-00) = limx- F(x) = 0 (kak BEpOSATHOCTb HEBO3MOKHOTO COOBITHS)
F(+o0) = limx- F(x) = (kxak BepOSATHOCTH JOCTOBEPHOTO COOBITHSI)

3. OcHoBHBIE YncI0BbIe XapakTepucTuku {CB
Mamemamuueckoe odxcuoanue M(x) — 3TO YUCIO, XapaKTEPHUIYIOIIEE CpeIHEe
3HAQ4YCHUE CIIy4allHOU BEJIUYMHBI X.
Mamemamuyeckum odxcudanuem /{CB Ha3bIBaIOT CyMMY NPOU3BEICHUI BCEX €€
BO3MOYKHBIX 3HAYCHHUI Ha UX BEPOSTHOCTH, T. €.
M(x)= D%, Xi pi = x1p1 + x2p2 + -+ + Xnpn

CBoOMCTBa MATEMATUUECKOTO OXHNIAaHUA
1) MareMmarnueckoe 0KHIaHHE MMOCTOSTHHOM BeuarHbl C — const paBHO 3TOM
BCIIMYHNHCE:

M(C)=C.
2) ITocTOSIHHBIN MHOXKHUTETh MOKHO BBIHOCHUTD 33 3HAK MAaTEMaTUYECKOTO OXKHIaHUS:
M(CX) =C M(X)

3) Marematnueckoe 0XKHJIaHHE alTreOpandecKoi CyMMBI N CIIYYailHBIX BEJTMYUH X1, X2,
...Xn PAaBHO CyMME MaTeMaTH4YeCKUX OkujaHui »Tux CB:

M(Xi1£Xo=E. .. £X5) = M(X1)EM(X2)+£. .. =M(Xh).

4) MarteMaTuyeckoe OXHUJAaHUE MPOU3BEACHHUS N CIy4YalHBIX BEJIMYUH Xi, X2, ...Xn
PaBHO MPOU3BEICHUIO MATEMATHUYECKUX OxuaHuil 3Tux CB:

M(X1*¥Xo*.. . *X,) = M(X1)*M(X2)*... *M(Xn).

[IycTb mpOM3BOIMTCS N HE3aBUCHUMBIX HCHBITAHUH, B KaXIOM U3 KOTOPBIX
BEPOSTHOCTb MOSIBIICHUS COOBITUSI A MOCTOSIHHA U paBHA P.

5) Teopema: MaTtemaTnueckoe oxuganue M(X) dncia MmosiBICHUH COOBITHS A B n
HE3aBUCHUMBIX HCIIBITAHUS PAaBHO MPOU3BEACHHUIO YHCIA HWCTBITAHUA Ha BEPOSTHOCTD
MOSIBJICHUSI COOBITHS B KQXKJIOM UCIIBITAHUH:

M(x) = np.

3Has MaTEMaTUYECKOE OKHUJIAHWE MBI HE MOXKEM CyJIUTh Kak 3HaueHuss CB paccesHsl
Bokpyr M(X). Jpyrumu cinoBamu M(X) MONHOCTBIO HE XapaKTEpU3yeT CIydalHYyIO
BennurHy. PaccMoTpuM mokasarenb AucIepcHust.

Jlucnepcus xapaxktepusyer pazOpoc unm paccesHue 3HaueHudd CB  okomno ee
MaTEMaTHYeCKOT0 OKUJaHUSI.

Jucnepcusi — 3TO MaTeMaTUYeCKOe OXXKHMJaHHWe KBajpaTa oTkiIoHeHus CB ot ee



MaTEMAaTHYECKOTO OKUTAHMNS:
D(x) = M[X — M(x)]2.
dopMyia yIpoOIIEHHOIO BBIYUCICHUS JUCIIEPCUM UMEET BUL:
D(x) =M(?) — (M( ))?
CgoiicTBa TUCIIEPCUU CAMOCTOATEIIHBHO

Cpeonee keadpamuueckoe OmMKIOHeHUe CIy4YalHON BETUYUHBI ONPEACIISIeTCS Kak
KOpEHb KBaApaTHBINA U3 AUCTIEPCHUHU:

a(x) = VD(x)

CpenHee KB. OTKJIIOHEHHE OBLJIO BBEICHO KaK OMOJHHUTEIbHAS XapaKTepHUCTUKa
paccessnus 3HaueHuid CB BOKpyr ee MaremMaTH4ecKOro OKHUJIAHUS M, B OTJIWYHUE OT
JUCTIIEPCUH, OHA UMEET Pa3MEPHOCTh, COBIIA/IAIOIIYIO ¢ pazMepHOCThI0 CB.

Mooa M, (X)pacnpenenenus — sto 3Hauenne CB, umeromee Haubosee BEpOSATHOE
3HauYEHUE.

Meouana M.(X) - 310 3HaueHNe CB, KOTOpOE NENNT TAOIMILy pacIpesieIeH s Ha JBE
YacCTH T.O., YTO BCPOATHOCTL IOMNAaJaHud B OAHY U3 HUX pAaBHO 0,5

4. OcHoBHBI¢ 3ak0HbI pacnpeneneHusi /ICB: Omnommanbubiii, Ilyaccona,
reoMeTpuYeCKHUi

a) Bunomuanvnoe pacnpeoenenue

[Iyctp mnpom3BOAWMTCA N HE3aBUCUMBIX MCIBITAHUM, BEPOATHOCTh HACTYILICHUS
COOBITHSL A B KaXJOM HCIbITaHUM TocTostHHA P( 4;) = p (HeHACTYIUICHUS, COOTBETCTBEHHO,
q=1-p)

Paccmotpum B kauectBe JICB X uucio nosiBieHu# COOBITHS A B 3TUX HCIIBITAHUSIX.
OueBHIHO, UYTO COOBITHE A B ITHUX HCHBITAHUSIX MOXKET HE TMOSBUTHCS, MOABUTCA
1,2,3....m,...,n pa3. Tak kak ciy4ailHOe COOBITHE NOTYHHSIOTCS CXeme bepHymiu, To
BEPOATHOCTH HACTYILJIEHUSI COOBITHUS A MOKET ObITh BhIUMCIieHa 110 ¢popmyiie bepryu:

Prn(k) = Gfpkqn=* (*)
®opmyna (*) — aHanmuTHUECKOE BhIpaykeHHe bBUHOMUAIBHOTO 3aKOHA.

Juckpemnas cnyyaiinas enuuuna umeem OUHOMUANbHBIN 3AKOH pAcnpeoeleHusl, eCln
OHa MPUHUMAET LenouncieHubie 3Hauenus 0,1,2,...n ¢ BEpOSTHOCTSIMU, BHIYMCICHHBIMU 110

dbopmyne bepuymn.
st JICB, onrcpeiBaeMoii OMHOMHUATIBLHBIM 3aKOHOM pacIipeIeIICHHS:
M(x) = np;
D(x) = npq.

0) pacnpeoenenue Ilyaccona

VYcnoBus, yto U npu buHoMuanbHOM 3akoHe pacnpeaeneHus, HO BeposTHOCTH
nosiBieHust coobITs A mana, p<0,1.

[TpousBenenue np = A — COXpaHsSeT NOCTOSTHHOE 3HAYCHHUE.

3axon pacnpedenenus Ilyaccona - 3akon pacnpenenenus JJCB X, npencrapistonieit
coboit uncno k HacTymieHus: coOBITUS A B 3aJaHHOM TPOMEKYTKE WJIM TTPOCTPAHCTBA TPU
3aJJaHHOW MHTEHCUBHOCTHU Np = A.

JICB umeem 3akon pacnpedenenus Ilyaccona ¢ mapameTpoM A, €CId OHA TPUHUMAET

[[eTOYHCIIEHHBIE HeoTpullaTenbuble 3HadeHus: 0,1,2,..m,...n, ... (OeckoHEYHOE, HO CUETHOE
MHOYKECTBO 3HAUCHHMIA) C BEPOSATHOCTSIMH, BBIYUCIAEMBIME 110 popmyme [Tyaccona:
k —
e
Pk)= ",
n k!

A=np — mapametp pacnpenenenus [lyaccona.
Ero enie Ha3bIBAIOT 3aKOHOM peOKux coobimuil.
M(x) =A, D(x) = A.



8) ['eomempuyeckoe pacnpedenenue

[TycTh TPOBOAMTCS N HE3aBUCHMBIX HCIBITAHUN, BEPOSITHOCTh MOSBICHUS COOBITHS A
B KaxaoM u3 Hux paBHa p(0<p<l). HMcmbiTaHus 3aKaHYMBAIOTCS KaK TOJBKO TOSBUTCS
coowiTre A. Takum 0Opa3oM, ecii coObITHE A TOSBUIOCH B k-M ucnbITaHuu, TO B k-1 0HO He
MOSIBJISLIIOCH.

O603naunm X — JICB — 4mcio ucnbeITaHuii, KOTOPOE HYKHO MPOBECTH 10 TIEPBOTO
nosiBJieHust cOObITHsE A, B k HCTIBITAHMN BEPOATHOCTH X paBHA pg*~*

JICB umeem eceomempuueckuii 3aKOH pacnpeoeienusi, €CIu OHa TPHUHUMAECT
[[eOYNCIIeHHbIe 3HadeHus 1,2,... ¢ BEpPOATHOCTSIMH, BBIUMUCICHHBIMH 10 Qopmyre
reOMEeTPUUYECKOI Mporpeccuu

P(X=k)=¢""*p.

1.4 Jlexnus Ne 4 (1 yac).

Tema: «HenpepbiBHas cjiydyaiiHAs BeJMYNHA)
1.4.1 Bonpocsl Jekuum:

1. ®dyHKUMS pacnpenesieHus] HEMPEPhIBHOM CIIy4YailHON BETUYUHBI

2. @yHkuus mWIoTHOCTH BepositHocTelt HCB

3. OcHoBHbIE ynCIOBBIE XapakTepuctuku HCB

4. OcHoBHbIE 3aK0HBI pactipeneneHus HCB: paBHOMEpPHBIH, SKCIIOHEHIIMAJIBHBIH,
HOPMAaJIbHBIN

1.4.2 KpaTkoe conep:kaHue BOIIPOCOB:

1. ®yHkuus pacnpeaejieHus HeNpepbIBHON CJIy4ailHON BeJTUYHHbI

HCB - 310 cnyuaiinas BenmnunHa, OECKOHEUYHOE W HECYETHOE MHOYKECTBO 3HAYCHHM,
KOTOPOU €CTh HEKOTOPBIN MHTEPBAI (KOHEUHBIH MM OECKOHEUHBIN) M OHA CTUIOINIb 3alOTHSIET
3TOT UHTEPBAJL.

@ynxyus pacnpeoerenus HCB X F(X) HenpepbiBHA B 000 TOYKE M MMEET BCIOAY
(xpoMe, BO3MOKHO, KOHEYHOT'O YHCIIa TOUYEK) HEMPEPhIBHYIO MMPOU3BOIHYIO.

Teopema. BeposiTHOCTB 11000T0 0TIEIbHOTO B3siTOro 3HaYyeHus HCB paBHo Hy:10.

Ceonicmea unmezpanvnou goynkyuu pacnpeoenenus HCB
1. ®ynkuus pacnpeneneHuss MOXET IPUHUMATh 3HaueHud ot 0 1o 1, T.k.
OTIpEeIEIISETCS BEPOSTHOCTHIO
0<F(x)<1
2. UHTerpanbHas GyHKLUS paclpeieeHus SIBISETCS He YObIBAIOIIEeH
F( x2 )>F(x1), ecnu X2 > x1

3. s HCB ( cornacHo Teopeme)
P(x1 <X<x2 ) =P(x1 <X<x2 ) =P(x1 <X<x2 ) =P(x1 <X<x2)

4. Beposraoctb nonaganus HCB B uHTEpBan [ X1;X2 ) paBHA IPHUPAIIECHUIO GYHKIIUN
pacnpeaciiCHUA B 9TUX TOUYKAX:

P(x1 <X<x2)=F(x2)-F(x1)

5. Ecnu Bce Bo3MoskHbIe 3HaueHUs1 CB X mpuHaniexat uHTepBaity ( X1;X2 ), TO
F(x) = 0,mpu x <xi
F(x)=1, mpu x > x>
Ecnu Bce Bo3moxuble 3HaueHuss HCB x pacnosnoxeHns! Ha Beell unciioBoit ocu OX,

TO
lim F(x)=0

X—>—00



lim F(x)=1.

X—>+0

2. ®ynkuusa niaotHocTu BeposstHocteii HCB

PaccMoTpuM BepOSITHOCTH TMOMAJIaHUs CIIy4allHOM TOYKM Ha AJEMEHTApHBIM y4acTOK
[x; Ax] mmuabel Ax HCB X, umeromieil HempepbIBHYI0 M AU(QepeHIUpyeMyo (YHKIHIO
pacmpoctpanenus F(x) Ha 3TOM ydacTke.

[To 4 cBOMCTBY PYHKITUU pacTIpeICICHUS:
P(x< X< x+AXx)=F(x+Ax)-F(x).
OnpenenuM Tenepb OTHOLIEHUE ITOW BEPOSATHOCTU K JUIMHE Y4acTKa, T.€ CPEIHIO0
BEPOATHOCTb, MPUXOASIIYIOCS Ha €IUHHUIYy JJIMHBI paccMaTpUBAaEMOro ydacTkKa, U
paccmoTpuM npuaen npu Ax—0

lim EQEAD=F @) _ oy

Ax—0

Ota QyHKUUSA, XapaKTepU3yIolas MIOTHOCTh, C KOTOPOM pachpeaessitoTcs 3HaUYCHHS
HCB B Touke, u ObUia Ha3zBaHa (YHKIMEH IUIOTHOCTH pacupeieNeHus Win (yHKIueH
TJIOTHOCTH BEPOATHOCTEM.

IInomnocme  eepoamnocmu  (MIOMHOCMbIO  pacnpedeneHus  OuggpepenyuanrbHou
¢ynrkyueti) CB x HaszpiBaeTcs f(x), SBIAIOMIAsICS TIEPBOM MPOW3BOIHON HHTETPATbHOU
GbyHKIMU pacnpeaeaeHus

f(x)=F'(x)

[Tox snemenTom BepositHOocTH aiisi CB x monumaercst Benuunaa f(x)dx, ¢ TOYHOCTHIO
10 OECKOHEYHO MajbIX BEJIMYMH BBICIIETO IMOPSIKA OTpa)karollas BEPOSITHOCTh MOMaJaHUs
CITy4ailHOM TOYKH X B 3JIEMEHTAPHBIN OTpe30K dx, MPUMBIKAIOIIUI K TOUKE X.

Ceoiicmea pynkyuu naiomuocmeil 6epoaAmHocment:

. ®yHKUMM IUIOTHOCTH BEPOSTHOCTEH INPUHUMAET TOJBKO HEOTPULIATENbHBIE

3HAYCHMS KaK MPOM3BOIHAS HEyObIBaromen pyHKIuy pacupoctpaneHus F(x):
f(x)=>0

2. BepostHocth momamanuss HCB X B mHTEpBan Xi 0 X2 paBHA ONPEACICHHOMY
MHTETpaTy OT (PYHKIIUH IUIOTHOCTH BEPOSATHOCTEH B ATHUX Ipeeiax:

3Has IJIOTHOCTh PAaCHpEeNICHUs,, MOYKHO BBIYUCINUTh BEPOSTHOCTH TOTrO, yTo HCB
pUMET 3HaYCHHE, IPUHAJIekKAaIee HHTepBaly (X1 , X2 ).

no ¢hopmyne Hetomona — —
Jletibnuya

P(x1 <X<x2)=F(x2 )- F(x1) = IF’(x)dx :J' f(x)dx

Takum 00pa3oM, TeOMETPUUYECKH TOJYUYEHHBIH pe3ylbTaT MOKHO HCTOJKOBATh Tak:
BEpOSATHOCTH Toro, uro HCB mpumer 3HadeHue mpuHAIIexKaluii uHtepBany (a,b), paBHa
TJIOIIAI KPUBOJIMHEHHOM Tpamnenuu, orpannueHHon ockio OX, KpuBOU pacnpeneneHus f(x)
U TIPSAMBIMU X=a, X=D.

Onpenenenne: ['paduk  TUIOTHOCTH  pacmpeleieHUs  Ha3bIBAIOT  KPUBOH
pacpeneeHus.

T.0. 3Has IIOTHOCTH pacHpeeeHUs], MOKHO HaWTH (QYHKIIUIO pacIpeieIeHHs.

3. ®ynkuus pacnpocrpanenus HBC paBHa uHTErpany oT pyHKINHU IIIOTHOCTH
BEpPOSITHOCTEN B Ipesienax OT -0 10 X:

4. NuTterpan B 6€CKOHEYHBIX MpHUAeTax OT (PYHKIMH IJIOTHOCTH BEPOATHOCTEH paBeH 1.

( KaK cymMMa BepOATHOCTEH BceX BO3MOXKHBIX 3HaueHni CB x):

['eomeTpuyecku: BCs MIIOMIAb KPUBOJIMHEHHON Tpaneuu orpaHndeHHas ocbto OX

Y KpUBOM pacripeneneHus paBHa 1.



3.0cHoBHBIe yncja0BbIe xapakTepuctuku HCB
1. Maremaruueckoe oxkunanre HCB:
400

Mx)=x f(x)dx

2. Hucnepcust HCB:
400

D(x)= [ ((x-M(x))* fix)dx

3. CpenHee KBaipaTUYHOE OTKJIOHEHUE:!

&=/ D(x)

4. OcHoOBHBbIE 3aKOHBI pacnpeneieHust HCB: PaBHOMEPHBDIIA,
JIKCIOHECHUMAJIbHbIN, HOPMAJIbHBIN
[TnotrocTu pacnpenenenus HCB Ha3pIBaIOT TaKKe 3aKOHAMU pAChpedeleHUl.
1) Pasnomepnbslii 3aKon pacnpeodesieHus
Omnpenenenue: HCB X nmeeT paBHOMEpHBII 3aKOH pacipenesieHus Ha OTpe3ke [a; b],
€CIIU €€ IJIOTHOCTh BEPOSTHOCTH f(X) MOCTOSTHHA HAa 3TOM OTPE3KE U paBHA HYJIIO BHE €TO0, T.C.
0, mpu x <a
f(x)= 1/(-a), npu a<x<h C= l/(atB)
0, mpu x > b

[To onpenenenuto GyHKIMU pacipeieIeHHs U CBOMCTBY IJIOTHOCTH BEPOSITHOCTH

0, npu x < a

X —da

F(x) = _[f(t)dt! F(x)=43=5, npu a<x<bh

[1, npu x> b

Yucnosvie xapakmepucmuxky CB, pacupefeleHHOH IO pPaBHOMEPHOMY 3aKOHY
pacnpeeneHus

_a+b
M(x) = 5

_ (b —a)*
PO T

2) Iloka3aTeJbHbIA (AKCIOHEHIUAIbHBII) 3aKOH pacnpeaeJeHust
Ompenenenune: HCB X wuMmeer mnoka3zaTelbHbId (IKCIOHEHIMANIBHBIN) 3aKOH
pacnpezenenus ¢ mapameTpom A >0, eciu ee IIOTHOCTh BEPOATHOCTH UMEET BU/I:
(A, npux >0
f@) =1
10, npux <0
@ynxyus pacnpeodenenuss CB X, pacnpeneleHHON 10 SKCIIOHCHIIMATLHOMY 3aKOHY
pacnpezeneHus
(1—e*, npux>0
F (x)=1
10, npu x <0

Yucnoswvie xapaxmepucmuxku HCB X, pacnpeneneHHO# M0 3KCIOHEHIIMAIbBHOMY
3aKOHY paclpeaeIeHus:



M) =13 D)=
A

Takum o0pa3zom, MaTeMaTHUECKOE OKUIAHKUE U CpelHEe KBaPAaTUYHOE OTKIOHEHUE
MOKAa3aTeIbHOrO paclpeaesieHusl paBHbI MEKIy co00i1 .
3ameuanue 1. Ecnu Ha nmpakTuke M3ydaercs nmokaszaTesbHo pacnpeneneHHas CB,

MpUYeM TapaMeTp A HEHW3BECTEH, TO A= _ ( U MpU ITOM HEW3BECTHO M(X), TO MPUHUMAIOT

*
M(x) = x).

3ameuanne 2. Eciu ectb oOcHOBaHus npennoioxuts, uyro HCB X wumeer
MOKa3aTeIbHOE pacmpeiesieHne, To HaxomsaT x ¥ ( W cpaBHMBawT ux. Eciam oneHku
OKaXyTcsl OJU3KMMU OJHA K JAPYrod, TO JaHHBIE HAOIIOJCHHH MOATBEP)KIAIOT TUIIOTE3Y O
MOKa3aTeIbHOM pacIpeie/ICHUH.

3) HopmasbHbIi 3aK0H pacrpeacsieHust

I'maBHass 0cOOEHHOCTh HOPMAJIBHOTO 3aKOHA PACIPENCTICHUS COCTOMT B TOM, YTO OH
SBIICTCS NpeoelbHbIM 3AKOHOM, K KOTOPOMY C POCTOM 4YHClIa HaOJIOJAEHHH CcTpemsTcs
JIpYTHUE pacrpeaesiCHHus.

Ompenenenne. HCB X mMeer HOpMaibHBIN 3aKOH pacmpenenieHus (3akoH ['aycca) c
napamerpamu | u { (o6o3nadaroT X < N(u; ()), ecnu ee MIOTHOCTh BEPOATHOCTH MMEET
BHU:

f(x)= —==e 7
oN2rm

[- MaTeMaTHYecKoe OKuAaHue X;

¢* — nucnepens X;

{ — cpenHee KBaaApaTUYHOE OTKIOHEHUE.

Ceoticmeéa (ynKyuu niomHoCmu 6epOSMHOCIU HOPMATLHO2O 3AKOHA PACHPeOeNeHUL:
1. f(x) >0 cymecTByeT npu J0OBIX JHCTBUTENBHBIX X;
X—>to0 .
2. f(x)—==>0;
3. KpuBasgs mnnoTHOCTH HOPMAJIBHOTO 3aKOHA pACHpeNesieHHs CHMMETpUYHA

OTHOCHUTEIIBHO MPAMOM X=;
4. MakcumanbHOE 3Ha4YeHHE f(x) IPpUHUMAET B T. Xo =W, IPU ITOM
1

f(x)=—F—,
* oN2rm ’

5. KpuBast IIIOTHOCTH HOPMAJIBHOTO 3aKOHA PACIIPECIICHHS UMEET 2 TOUKH Tiepernda

)

1
¢ KoopauHaTamu (uto, ———
o~N2re
Ecnu ¢ = const, u MeHseTcs mapameTp i, T.e. IIGHTP CHMMETPHUH pacIipeiesieHus, TO
HOpMaJlbHasi KpuBas OylIeT CMEIIaThCs: BA0JIb OCH abciucce, He MEHss (POPMBI.
Ecin i = const u MeHsiercss ¢, TO MEHSAETCS OpAMHATA MAKCHMaJIbHAs KPUBOH -

1
f(x)=—F—
) o~N2rm

Takum 00pazom, mapameTp i XapaKTepu3yeT IOJOKECHHE ILEHTpa, a MmapaMeTp o -
(bopMy KpHBO# TNIOTHOCTH BEPOSTHOCTH.

DyHKYUs pacnpeoenenuss CIy4aiHol 8eIUdUHbl, PACNPeO0eseHHOU N0 HOPMATbHOMY
3GKOH).



Onpenenenue: Oynkuus pacnpenenenns CB X, umeroniee HopMaabHbII 3aKOH
pacrpeeeHus ¢ mapaMmeTpom # ¥ @ onpenensiercst mo gopmyne: F(x) = -21 +(t) t =x1H—r0
g

@(t)- pynkuus Jlamnaca

I'eomeTrpuueckn (yHKIUS pacrpeneneHus] MPeAcTaBiIseT  coOO0H IUIOMaab o
HOPMaJIbHOM KpUBOW Ha UHTEpBaJie (—=;x). Kak BuaMM, OHA COCTOUT U3 2-X YacTeil: MmepBoOr
- ( —%: ) paBHOIi Y2 1 BTOpOH, Ha uHTEpBae (4X), paBHoii 1/2D(t).

Onpenenenne: HopmaneHblli 3akoH pacnpeneneHuss CB X ¢ mapamerpom
#=0,0=1(N (0;1)) Ha3pIBaCTCS CIMAHOAPMHBIM ULU HOPMATIbHBIM.

Cesoticmsa CB, pacnpedeneHnoll N0 HOPMATLHOMY 3AKOHY pACnpeoeieHs.

1. Ecnu paBHa X < N(44,0) , To BeposiTHOCTB nonafganust CB X B uHTepBain [x1; X2]
paBHa

Pxi£x<x)=>0(t2) - D(t1),

x1— xX2—
t; = _l_li,. t, = X2—l

2. BeposTHOCTb TOro, 4YTO OTKJIOHCHHE CIIy4yailHOW BenmuuumHBl X, OT e¢
MaTEeMaTHYECKOr0 OKUIAHUS £ HE IPEBBICUT BeMUUUHY £ = O (110 aOCOMIOTHON BEITUYUHE),
paBHa

&
PlX —~HISe)=20(—).
o



Ecnu 3amenuts € Ha (, 2C, 3, TO MONYYUM «IIpaBUIIO TPEX CUTM»
3. IIpaBuiio Tpex curm

Ecnu cnyuaiinas BenmuuuHa X < N(4;0 ) , TO IPAKTUYECKU JOCTOBEPHO, UTO €€
3Ha4YCHUs 3aKIt0ueHbl B uHTEepBasie ( — o + o) (BepostHocTh BEIOpOCca paBHa 0,0027)

1.5 Jleknus Ne 5 (2 yaca).

Tema: «CTaTucTHYECKOE OLIECHNBAHHE NAPAMETPOB pacipeaeieHus
1.5.1 Bonpocsl Jekuum:

1. Marematruueckasi CTaTUCTHKA U €€ METO/IbI

2. Obmue cBeaeHus 0 BBIOOPOYHOM METOIE

3. IloHsTHE OLICHKHU TAPAMETPOB.

4. MeToanl HaxX0KICHUS OLIEHOK

5.01eHKa MapaMeTpoB reHePaTbHON COBOKYITHOCTH 110 COOCTBEHHO-CITYYaitHON
BBIPaOOTKE

6. UaTepBasibHBIC OLIEHKH MTApaMETPOB FeHEPaIbHONW COBOKYITHOCTH

1.5.2 KpaTtkoe cogep:kaHue BONPOCOB:

1. MaTemaTH4ecKasi CTATUCTHKA U €€ MEeTObI

Marematuueckasi CTAaTUCTHKA 3aHUMaeTCsl 00pabOTKOM pe3ynbTaToOB SKCIIEPUMEHTA.

MeTo1p1 MaTEMaTUYECKOM CTAaTUCTUKU MOKHO Pa3eliuTh Ha onucamesnvhblie U
ananumuyeckue

AHanUTHYECKHEe METObl IO3BOJSIOT HAa OCHOBAHMHM BBIOOPOYHBIX HAOIIOICHUIA
clenaTh CTATUCTUYECKH 3HAUYMMBbIE BBIBOJIBI O HAJIWYUM 3aKOHOMEPHOCTEH [Isl Bcei
COBOKYITHOCTU. AHAIUTHYECKHE METOJbl OOBIYHO OCHOBBIBAIOTCS Ha COOTBETCTBYIOIINX
BEPOATHOCTHBIX MOJENAX, NPEANOoJaraloluX HOpMallbHOE (WM JIPYroe H3BECTHOE)
pacmpenieieHne  COBOKYITHOCTH  HM3y4aeMOro TpU3HAKA, ©  COCTABJSIIOT  METObI
MapaMeTprUuecKoi CTaTUCTUKH.

JlpyruM KJ1accoM aHAIUTUYECKUX METOJIOB SIBJISIOTCS METOJNbI HemapaMeTpHYecKOi
CTaTUCTUKH, KOTOPHIE HE OMUPAIOTCS HA HOPMAJIBHOE pacnpeseneHue (Wi Jo0oe Ipyroe) u
HE HUCMOJIb3YIOT €r0 CBOKCTBA.

MeTtopl MaTeMaTH4ECKONH CTATUCTUKH MO3BOJISIIOT 0OOCHOBAHHO OCYIIECTBISATH COOP
U TPYNIUPOBKY CTATUCTUYECKHX CBEICHUH U CTPOHUTH ONTUMAIbHBIE MaTEMaTHKO-
CTaTHUCTUYECKUE MOJIENIM MAaCCOBBIX SBJIEHUH, U3MEHUHMBOCTh KOTOPHIX OOYCIIOBJIEHA PSAOM
(bakxTopoB.

2. O0mue cBeieHUs1 0 BLIDOPOYHOM MeTO/1e

OObeKTOM M3y4yeHHMs MaTeMaTHYECKOM CTATUCTHKH  SBISIOTCS  I'€HEpalbHbIE
COBOKYIIHOCTH, KOTOpbIE HCCIEAYIOTCS Ha OCHOBE BBIOODKH. 3afauyd MaTeMaTH4YecKOn
CTAaTUCTHKH IPAKTUYECKU CBOAATCA K OOOCHOBAHHOMY CYXAEHUIO 00 OOBEKTHBHBIX
CBOMCTBaX IeHepaIbHON COBOKYITHOCTH IO pe3yIbTaTaM CIy4ailHOH BHIOOPKH.

Ilon cemepanvHou C060KYNHOCMbIO TIOHUMAETCSI COBOKYIHOCTH BCEX MBICIUMBIX
HAOIIOACHNH, KOTOphle MOTJIH Obl OBITH MPOW3BEICHBI MPU JAHHOM PEATbHOM KOMIUIEKCE
YCIIOBHU.

IloHsTHE TEHEpalbHON COBOKYIIHOCTH B OIPEACIECHHOM CMBICIE aHAJIOTM4YHO



MOHATHIO CIIYYalHON BEIMUYUHBI (3aKOHY pacIipe/iesIeHUs] BEPOATHOCTEH), TaK KaK MOJIHOCTHIO
00yCIIOBJIEHBI OIPEIETICHHBIM KOMIIEKCOM YCIOBHIA.

Buibopounoii cosokynnocmuio unu bl00pKoU HA3bIBAETCS Ta YacTh 00BEKTOB, KOTOPast
0TOOpaHa JJIsl HEIOCPEICTBEHHOTO U3YYEHHS U3 T€HEPATbHON COBOKYITHOCTH.

Uucno 0oOBEKTOB B BBHIOOPKE WJIM B TE€HEPATbHOM COBOKYIMHOCTH HA3bIBACTCS HX
00BEMOM.

['eHepanbHas COBOKYITHOCTh MOKET UMETh KaK KOHEYHBIA TaK U OECKOHEUHBIN 00HEM.

BbI0OpKY MOKHO pPaccMOTPETh KaK HEKHH SMIHMPUYECKUN aHaIOT TIeHepalbHOM
COBOKYITHOCTH.

Jnisa >p¢heKTHBHOrO NPUMEHEHHs] MaTEeMaTHKO-CTaTUCTHUYECKUX METO/J0B aHalu3a
HE00X0AMMO, YTOOBI BBIOOPOYHAST COBOKYITHOCTH OTpaxaja CTPYKTYPY U OCOOCHHOCTH
pacnpeziesieHus: IPU3HAKOB FeHepalbHOW COBOKYMHOCTH. Takum o0pa3oM, BbIOOpKa JOJKHA
OBITh penpe3zeHmamueHol. ITO TOCTUTACTCS CIy4aHOCTBIO 0TOOpa, KOrjJa BCE OOBEKTHI
reHepalbHON COBOKYMHOCTH UMEIOT OJUHAKOBYIO BEPOSITHOCTH OBITH OTOOpaHHBIMHU.

OmmoOKu pernpe3eHTAaTUBHOCTH BCET/Ia UMEIOT MECTO OBbITh, OJJHAKO OHU MOTYT OBITh
3apaHee OILIGHEHbl U CBEACHbl K MHUHUMYMY I[IOCPEACTBOM MpaBUIBHOW OpraHU3aluu
BEIOOPKH.

PaznuyatoT cnenyiomue BHIBI  BBIOOPOK: COOCTBEHHO-CIy4aiiHas, THUIHMYECKas,
MEXAHUYECKAs], CEpUITHAs.

Cnioco6s1 00pa3oBaHus BELIOOPKHU: TOBTOPHBINA 0TOOP, OECIIOBTOPHEII 0TOOP.

Baxueiiield 3amadeil  BBIOOpDOYHOTO METOAA SIBISETCS OICHKA IapaMeTpoB
(XapakTepuCTUK) TeHepaThbHOM COBOKYITHOCTH IO JJAHHBIM BBIOOPKH.

TeopeTnyeckyio OCHOBY HPUMEHUMOCTH BBIOOPOYHOTO METO/a COCTABIISET 3aKOH
OO0JIBIINUX YHUCEI, COrJIACHO KOTOPOMY NPU HEOTPAaHUYEHHOM YBEIMUYEHUU 00beMa BBIOOPKHU
MIPAKTUYECKH JIOCTOBEPHO, UTO CIIy4aliHbIe BBIOOPOYHBIE XaPAKTEPUCTUKH KaK YTOIHO OJIU3KO
MPUOMIKAIOTCS (CXOIATCSA MO BEPOSTHOCTH) K OMpPEACICHHBIM IapaMeTpaM T'eHepalbHOU
COBOKYITHOCTH.

3. IloHsiTHE OLIEHKH MapaMeTPOB
[Iycte pacnpeneneHue mnpu3Haka X — TE€HEPATbHOM COBOKYMHOCTH OIKCHIBAETCS
3aKOHOM pacmpenenenus F(x, ©), KOTopslii COOEpKUT U3BECTHBIN mapametp O. ( Hampumep :
A, B cimyuae pacnpenenenust [lyaccoHa uam SKCIIOHEHIMAIbHOM pacipeesieHuu, Ui x U § —
HOPMaJIbHOTO pacnpeneneHust). st Berunciienust napameTpa © ucciaeaoBaTh BCE 3JIEMEHTHI
reHepalbHONW COBOKYIMHOCTH HE MPEJOCTaBISETCS BO3MOXKHBIM, TOSTOMY H3BJIEKAeTCS W3
TeHEepPAITbHON COBOKYITHOCTH BBIOOPKA X1, X2 ,..., Xn , ¥ TIO €€ pe3yJbTaTaM CYJIST O ImapameTpe
O.
Onpenenenue: OueHkol mapaMerpa O HA3BIBAIOT HEKOTOPYIO (PYHKIIMIO pe3ynbpTara

nabmonennit @,, = 6, (x1,X2,..., Xn ) C IOMOIIBLIO KOTOPOH CY/IAT O 3HAYEHHH MapameTpa O.

[TOCKONBKY Xi, X2 ,..., Xn — CIydailHble BEIMUYMHBI TO M omenka &, (Bor
OLICHMBAEMOI'0 IapameTrpa ©O- BEIWYMHBI HECIy4YallHOH, NETEPMUHUPOBAHHOM) SIBISETCS
CIIy4ailHOM BEJIMYMHOM, 3aBUCAILECH OT 3aKOHA PACMIPENESICHHUS CIy4alHOW BEIUYUHBI X U
yyciia HaOJIOIEHUHA .

OcHoBHasl 3a/1a4a TEOPUU OLIEHUBAHUS COCTOUT B TOM, YTOOBI IIPOU3BECTH BBIOOD

OLIEHKHU 6, napamerpa O, Mo3BOJIAIONICH NOTYyYUTh HaWTydlllee MPUOINKEHHE K
OLICHHBAEMOMY IapameTpy.

Hanpumep: ecnu O - matematndeckoe oxuganue CB X T.e reHepanbHOM cpeHei

X T0 B KadecTBe OIEHKH &, MOKHO B3STH BHIGOPOUHYIO CPEAHION0, Mo , Me , (Xmin + Xmax )/ 2
U.T.J.
Ha3Batp «Hammyu4Iei» oneHKoN TaKkyro, KoTopas Hanbosee 01r3Kka K MCTHHHOMY

S3HAYCHUIO OLICHUBACMOTI'0 IMTapamMeTpa, HECBO3MOXKHO, T.K 9,1 - cnyqaﬁHa;I BCJIMYHHA, TO3TOMY
HCBO3MOXXHO IPEACKa3aTb MHAWBHUAYAJIbHOC 3HAYCHUC OLCHKKW B JAHHOM YaCTHOM Cliy4dac.



Tak 4TO 0 KayecTBe OLIEHKH CJIEYeT CYAUTh HE MO MHAMBUIYaJbHBIM €€ 3HAYEHUSM, a JIHIIb
[0 pacHpeesIeHUI0 ee 3HauYeHU B OOJIBIIOM KOJIWYECTBE UCIBITAHHUM, T.€ 110 BEIOOPOUHOMY
pacnpeesIeHUI0 OLIEHKH.

Bri6op To¥ mnm vHOW (PYHKIIMM B KadeCTBE OIEHKH MapameTpa © TpPOBOIUTHCS C
Y4€TOM YJIOBJIETBOPEHHUS CIEIYIOIMINX TPEOOBaHMUIA.

Ceoticmsea mo4eunvlx OYeHox

. Hecmewennocms. CraTucTHUecKas oOleHKa O,  mapameTpa Ha3bIBaeTcs
HECMEIICHHOM, €CJI €e MaTeMaTU4YeCKOe OXKHJIaHUE PaBHO OICHHMBAEMOMY IMapaMeTpy, T.e.

M(B,)-0

Ecnu olleHKa SBIAETCS CMEIIEHHOI, TO CMelleHne ompefensgerca kak B,=M( 6,,)=0
TpeboBaHMs HECMEIICHHOCTH T'apaHTUPYET OTCYTCTBUE CUCTEMATHYECKUX OIINOOK

npu onenuBannu (M(6,)>0 nmm M(6,,)< ©

2. Cocmosmenvrocmy. Ouenka 6,, mapamerpa © Ha3bIBaeTCS COCTOSATENBHOM, €CIn
OHa YZOBJICTBOPSACT 3aKOHY 6OJII>H_II/IX quceili, T.© CXOOUTBHCA 110 BCPOATHOCTU K
OIIEHUBAaEMOMY NapameTpy O :
lim P(|6, - 0| <1)=1
n—>oo
WIH
6 —0
n n—oo

B nanHom ciyudae onpaBibiBaeTCsl yBeJIndeHHE 00beMa BEIOOPKH.

3. Dpgpexmusnocmv. Hecmelmiennas onenka 0, nmapamerpa ©  HasblBaeTcs
3¢ PEKTUBHOH, €CIIM OHA UMEET HAUMEHBIIYIO IUCIEPCHIO CPEIN BCEX BO3MOMKHBIX
HCCMCIICHHBIX OLICHOK HapaMeTpa 6, BBIYHUCJIICHHBIX I10 BI:I60pKaM OJHOT'O U TOI'O XK€ OG’bGMa
n.

B kadecTBe CTAaTUCTHYECKHX OIICHOK IapaMEeTPOB TE€HEPAIbHONH COBOKYITHOCTHU
KCIaTClIbHO HCIIOJIB30BAaTh OIICHKH, y,Z[OBJIeTBOp}IIOH_II/IG O,Z[HOBpeMGHHO 3 —M TpGGOBaHI/IHM.
OpmHako JOCTHYB 3TOTO yAaeTcs He Bceraa. MoKeT oKa3aTbes, U4TO JJIS MPOCTaThl pacyeTOB
1[enecoo0pa3Ho  MCIMOJIb30BaTh  HE3HAYUTENLHO CMEIICHHBIE OIEHKH WM  OICHKH,
obmnamaronue OOIBIION TUCTIEpCUEl IO CPaBHEHHIO C 3(P(GEKTUBHBIMH OLICHKAMHU.

OcHogHble moyeunvie oyeHKU
HaI/IGOHGG YacCTO UCIIOJIB3YIOIMHUCCA TOYCUYHBIC OLICHKHU IMPEAOCTAaBJICHLI B Ta6JII/II_[e 1.
Ta6muma 1. — ToyeuHble OIIEHKH OCHOBHBIX MApaMETPOB pactpeIecHuUs

OneHnBaeMbId OreHka ero BBIOOpOYHAst TOUueUHAas
napameTp TEHEPAIbHOM [Ipocras BeIOOpKa CrpynnupoBaHHbIE
COBOKYITHOCTH JaHHBIE

I'enepanbHas cpensss
UJIA MaTEMaTUYECKOE 1 - - iy Xy
oxuanne 1 *= ﬁz Xi *= rn,

i=1
I'enepanbHas




2 _ 712 — 7
Jacnepcust g g2 — g —x) ¢z _ E?:;(xi x) T
—_ n ¥,
52 =X — {f]z 1 k
5?2 = EZ xin, — X
i=1
Ucnpasnennas [ n .
JUCTICPCHS fn—1
M an [y
I'enepanbHOE cpenHee S=./S 2 S=y 5
KBaJ[PaTUYECKOE
OTKJIOHEHUE (
HauansHbie MOMEHTBI 1w 1< :
[-ro nopsika e = —Z o Ve = ;Z X'y
n . i=1
i=1
LleHTpanbHble 1 1 . X —®)'n,
MOMEHTHI /-T0 MopsiaKa fy = T—lZ(x{ —X) M T,
i=1

4. MeTo/bl HAXO0K/AEHUS OLIEHOK
I Memoo momenmos, npemnoxennsiii K. IInpcoHom: ompezeneHHOE KOIMYECTBO
BHIGOPOYHBIX MOMEHTOB (HAYalbHBIX Vi  WIM LEHTPAambHBIX [l , HIIK TeX W APYTrHX)
NPUPAaBHUBAETCS K COOTBETCTBYIOUIMM TEOPETHUECKMM MOMEHTaM pactpeneneHust ( Vi Hiu
My ) crmydaifHON BETUYUHBI X.
O1eHKH MeTo/Ja MOMEHTOB OOBIYHO COCTOSITEIbHBI, OHAKO 10 3()(PEeKTUBHOCTH OHU
HE SBISIOTCS «HAWIY4YIIUMU», HUX 3pdexktuBHOCTH € ( gn) 4acTO 3HAYUTENBHO HUXKE

CANHUIBI. MCTOIL MOMCHTOB 4YaCTO HCIIOJB3YIOTCA Ha IMPAaKTHUKE, T.K MNOPHUBOAHUT K
CPaBHUTCJIILHO MMPOCTBIM BBIYHCIICHUAM .

2 Memoo naubonvuieco npasdonodoous ( P. duriep)

ITycth X1, X2 ,..., Xn - CIydYailHas BBIOOpKa W3 TeHEpanbHOH coBokymHocTH X, f(X;
01;02;... Ok) — dynkmus BepostHocTen (st JICB) wim mmotHOCTH(171s1 HCB).
01;02;... Ok mapameTpbl 3aKOHa paclpeleNieHus , MOJUIeKAIIUe OLEHUBAHUIO 10

CIy4aifHO#M BBIOOpKE.

MHII coctour B TOM, 4YTO 6 Kauecmee OyeHKU HEU3BECTHOro Tmapamerpa 0
pacupenenenus CB X BbiOupaetcst To ero 3HadeHue, Ipu KOTOPOM HOAYUEeHHOe 3HAYeHUe X1,
X2 ,..., Xn 8bI0OpKU uMeem Hauboavuyto eeposmuocms (B cnydae JICB) uiu nromumocms (B
ciydae HCB).

Dyukyus npasoono0odous HabarOeHUll X1, X2 , ..., Xn npeocmasisem cooou:

- B cayuae JICB — BepOsATHOCTh MOJYYHUTh B KAayecTBE IMEPBOTO 3JIEMEHTa BHIOOPKU
3HAYEHUE X| ,BTOPOTrO — 3HAUEHUE X2, ... N-TO 3HAUEHUE Xy , T.€

L(x1, X2 ,..., Xn ; ©1;02;... Ok )=P(X1=x1 X2=X2 ... Xu=Xn O1;02;... Ok)

T.K. HaOJIIOIeHUS HE3aBUCHUMEI, TO L(x1,X2,...,Xn; 01;02;...6x)
=[I%, P(xi; 61;02; ... k).

i=

- B cinyyae HCB — coBMecTHass n MepHasi TJIOTHOCTh BEPOSITHOCTH, OMHUCHIBAIOIIAS
3aKOH pacrpeieNieH!s] BEpOSTHOCTU N HAOIOCHUH.
T.x. oTaenbHBIe HAOMIOAEHUS He3aBUCHMMBL, TO L(Xi, X2 ,..., Xa ; ©O1;02... ©x)
=[I,F(xi; 61;62;... 6k )




3a OIEHKM HauOOJBIIEr0  MPABIONOAOOMS TPHHAMAIOT TAaKWE  3HAYCHUS
8,,0,, ..., 0 , KoTOpble MAKCUMU3UPYIOT (QYHKIIHIO PABIOIOI00HS U3 YCIOBHS:

L(x1, X2,..., Xn; 6, 0, Oy ) =max L(x1, X2,..., Xn; ©1;02;... Ok)

T.e. ouenku 6) TakoBBI, YTO HMMEIOIMECS HAOTIOAEHUS X1, X2 ..., Xn ABJIAFOTCS
HaunboJee MpaBIONOA0OHBIMH .

JUis  ynpolieHusi BBIYUCIEHUNW MaKCUMM3UPYIOT In L. JIsis OTbICKaHUSI OLIEHKH

napameTpoB 6 Hamo pemuTh (ypaBHEHHE) CHCTEMY MPABIONOA00MS, TTOTYdaEMYIO
MPUPAaBHUBAEM YACTHBIX MIPOU3BOIHBIX HYJIIO IO apamMeTpam
dinL 0

ae

Haiizennyro T. Makcumyma ) NPUMHMMAIOT B KauyeCTBE OIEHKH HAMOOJBIIETrO
paBaomo00us mapameTrpa O.

Meroax nmaeT OLEHKH, KOTOpPHIE COCTOATENbHBI (CMEIIEHHBIMH) paclpeesieHbl
ACUMIITOTUYECKH HOPMaJbHO (Tpu OOJBIIMX 3HAYCHHUSX N MPUOJIMKEHHO HOPMAJbHBI ) U
UMEIOT HauMEHBIIYIO AUCIIEPCHIO TI0 CPABHEHUIO C APYrUMH orleHKamu. OCOOCHHO MoJie3eH
METO/I AJIsI MAJIBIX BEIOOPOK.

3 Memoo HaumeHbUUX K8AOPAMO8
OrieHKa OTpeeNsIeTcs U3 YCIOBUS MUHUMH3AIUU CYMMbI KBaIpaTOB OTKJIOHCHUI
BBIOOPOYHBIX TAHHBIX OT ONPEIEIIIEMON OIICHKH.

Hanpumep, mid HaXOXKIEHUSI OLIEHKH T€HEPAIbHOW CpeIHEeu 8 =X, no METOAY

HaMMEHbIINX KBaapatos &,,.

[Ipeumymectna : 1) He TpeOyeT 3HaAHUE 3aKOHA pacTpe/ieJIeHUsT BHIOOPOYHBIX TaHHBIX;
1) mocTatouHO XOPOIIO pa3padoTaH B IIaHE BHIYUCIUTEIBHON peaTn3alyy.

5. OueHka nmapamMeTpoB reHepajbHOH COBOKYNHOCTH MO COOCTBEHHO-CIYYAHHOMI
BbIpaldoTKe
Ouyenka cenepanvbHou 00U

[TycTh reHepanbHas COBOKYIMHOCTh COACPKUT N 3JIEMEHTOB, U3 KOTOPhIX M obOmagaet
M

HEKOTOphIM Ipu3HakoM A. Torga oneHkoll reHepanpHOM nomm P =— SIBIIIETCS €ro

. m o .
CTATUCTUYCCKUM aHAJOr — BBIOOPOYHAS OIS W = - (It moBTOpHOM M OECTIOBTOPHO#
BBIOOPKH).

-

m o v
Teopema: Bribopounass m0ass W = — TMOBTOPHOW M OECITOBTOPHON BHIOOPOK €CTh
n

. M
HECMEIICHHAs!, COCTOSTENIbHAs 1 9 (PEKTHBHAS OLCHKA TeHepabHOI 1o P = N

Ouenxa 2eHepaibHoU cpeorell

Teopema: BriGopounast cpemdsis X TOBTOPHBIN U GECIIOBTOPHBIN BHIOOPOK ECTH
HECMEILeHHAs, COCTOATENbHAs U 2((EKTHBHAS OLIEHKA FreHepasbHOM cpeaneii Xo.

Ouyenka 2eHepaibHol QUchepcuu

Teopema: Bribopounas mucnepcust S TOBTOPHBINA U OECHOBTOPHOM BBEIGOPOK €CThH
CMCIHICHHAaA U COCTOATCIIbHAA OLICHKA FeHepaﬂbHOﬁ AUCTICPCHUMU.

n—1

M (s?2) = g?,T.e5? cMelleHHaa OlleHKA T
n

n—1 . .
T.K. —— < 1uM(S5%) < 07, To BIGOpOUHAS TUCIIEPCHST B CPEJIHEM, TIOTyUeHHAS

10 pa3HBIM BBIOOPKAM) 3aHMIKAET TeHEPATBHYIO JUCTIEPCHIO.



HO3TOMy, 3aMCHAA (72 Ha s 2 MBI IOIMYCKACM CUCTCMATUUCCKYIO TOTPCUIHOCTL B

MEHBIIYIO0 CTOPOHY. UTOOBI TUKBUANPOBATH 3TOT HEAOCTATOK BBOJIAT MOMPABKY HA 3HAYCHHE
n

n-1
p) )
5 - HCIIpaBJICHHAs BLI60p0qHa${ JUCIIEPCUS

- SBJISIETCS HECMEUIEHHOW U COCTOSATEIbHOM OLIEHKOW Te€HEPaIbHON JUCIIEPCHH.

6. UHTepBaibHBbIE OLIEHKH NMAPAMETPOB IeHePaIbHOIl COBOKYITHOCTH.

Ilycts g — TOUYEYHasl OLIEHKa HEM3BECTHOro mapamMeTpa — 6 reHepaabHOU
COBOKYMHOCTH. OHAKO 8 - 510 B MpUOIIKEHHOE 3HAaUYE€HUE U JUIsl BHIOOPKU MaJIoro
00beMa MOXKET CYIIECTBEHHO OTJIMYAETCS OT 6.

UToOB!I MONYYUTh MPEACTABICHUE O TOUHOCTU U HAJEKHOCTH OIICHKU on napamMerpa
0 UCHONB3YIOT UHTEPBAILHYIO OIICHKY MapaMeTpa.

Onpenenenne: Josepumenvhviv unmepearom 8§ — 6 + 11a mapamerpa 6 HasbIBaeTcs

TaKOW WHTEPBaJ, OTHOCHUTEIHHO KOTOPOTO MOXKHO YTBEPXKIATh C OINPEACICHHOM, OJM3KOU K
€IMHULIE, BEPOSITHOCTBIO , YTO OH COJIEPKUT HEM3BECTHOE 3HAUEHUE napameTpa 6.

Taxke 1OBEpUTENbHBIA UHTEPBaAI Ha3bIBAIOT NHTEPBAJILHOM OLIEHKOH napameTpa 6.

Beputb ¥ HazbIBaeTCs 0ogepumenvHol 8eposmHoOCmbIO, YPOSHeM 008epus WIN
HAOEeIHCHOCMbIO OYEHKU.

Haubonbiee oTkioHeHne A oneHkd &  oT oleHMBaeMOro mapamerpa @, KoTopoe

BO3MOXKHO C 33JJaHHOW JIOBEPUTEILHON BEPOSTHOCTHIO } HA3BIBACTCS NpeoeibHOl OWUOKOU
8b100pKU.

Ommbka A sBnsercs owubkoii penpesenmamugrocmu (CIydainHOM ).

OO0l MoAX0a K MOCTPOCHHIO MHTEPBAIBHOM OIICHKHM TapameTrpa € Ha OCHOBE

CIydaliHOM  BBIOOPKM X1 X2 Xn X - TeHepalbHass COBOKYIIHOCTh COCTOUT B
oTpeieNIeHUH TPaHMI] MHTEPBaJa yIOBIETBOPSIOIIETO YCIOBUIO:

P66 <0<0 }t=y.
1. llocmpoenue 0osepumenvHo unmepsaia 0isl 2eHepailbioll cpeonell.

a) [Ipu u3BecTHOU mucnepcuu 0 < - reHepajJIbHON COBOKYITHOCTH.

Bynem paccmatpuBath § Kak ciydaiiHyio BennunHy X (i M3MEHSETCS OT BEIOOPKH K
BBIOOPKE) ONPEIEIISACTCS 1O BEIOOPKE.

PaccmoTpuM n HE3aBUCHUMBIX BEIOOPOK OIMHAKOBO HOPMAJIbHO PacHpe/IesIeHHBIX T. €.

X1,X5..,X,, C MATEMAaTHYCCKUM OXuaanueM M(Xx) = X, U CpeHUM KBaJPaTHUCCKUM
OTKJIOHCHUEM O
BeposiTHOCTB TOTO, UTO OTKJIOHEHHE BRIOOPOUHOH CpeIHEN OT TeHEpATbHON CpeaHEeH
He npeB3oiigeT yucino 0 (1o abCoMIOTHOM BETUYHUHE) paBHA!

P(IX — %5 <A)=¢(§) —y

Ecnm onpenenuts t (¢ 3a1aHHON HAZIGKHOCTHIO OT BEPOSITHOCTH ), TO JIOBEPUTEIBHBIN
WHTEPBAJ MOKHO ONPEEIUTH:
X—Asu=sx+A
W3 (*) BuaHo, uyto: 1) mpu Bo3pacTaHuu n, AyMeHBI_HaeTCH, U, CJIEJIOBATEIbHO,
TOYHOCTh OLIEHKH yBEJIMYHUBAETCS;

2) npu yBeTHMYEHUH HAJEKHOCTH ¥, t yBenuuuBaercs 1 ysenuuupaercs A.



IlosicauM  cmbicn, KOTOpBIH HMMEET 3aJaHHas  HAJAEKHOCTb  (BEPOSITHOCTB).
HanexHocts, (BepositHocTh) ¥ = 0,95  ykaseiBaeT, 4TO €CIM MPOBEICHO TOCTATOYHO
00JIBIIIOE YUCIIO BBIOOPOK, TO 95 % M3 HUX ONpenensieT Takue JOBEpUTENbHbIE HHTEPBAIbI, B
KOTOpBIX NapaMeTp IAEHCTBUTENBHO 3aKJIIOUEH; JHUIIb B 5% CIIy4aeB OH MOXET BBIMNTH 3a
IPAaHMIIBI JOBEPUTEIBHOIO HHTEPBAJa.

2

0) JloBepuTenbHbIN MHTEpBAT /Ul UIPY HEU3BECTHON JIUCIEPCUU

~ Cnyuaiinas BEJIMYMHA, olpeieIeHHas o JAHHBIM BBIOOPKH
t= A;” -vn—1 umeer pacupenenenue CThrofeHTa (t - pacupeaeneHue) ¢ v= n-1 creneHsMu

CBOOO/IbI 1 BEPOSTHOCTH .

X—u — _ S _ S '
P(| 5 -vn—l|<t“>=P<x—ta,—<,u<x+ta,—)=l—a

VYn—1 Yn—1
[, - 3Hauenue oOparHoil Qynkumu pacnpenenenus CToionenTa (t-pacrpeneneHue)
COOTBETCTBYIOIIEE V =1 — | CTETeHsIM CBOOOIbI U BEPOSTHOCTH Y/

a=St—1(a=1—y;V=n—51)
F—A<u<x+A , A=t

ayn—1
Onpenenenue: Yucno cremneHel cBoOOABI Vv OIpenessercss Kak ooliee 4ucio n
HaOmMroJieHUH (BapuMaHTOB) CIyYallHOM BENMYMHBI X MHHYC YHCJIO ypaBHEHUH [
CBSI3BIBAIOIINX 3TH HAOIIOAEHU, T. €. V =n — /.
. — f;}l_ ," R = —
Hampumep: t = s Vn 1 V=n-1
Yx

- . i
{

HaGmoienus cBsi3aHbl OTHUM YpaBHEHHEM X =

n

2) HHmeDG(lJZbele OUEHKU 00U U eepoimHocmu p
HyCTB B N HE3aBUCHUMBIX HCHBITAHUMN HCKOTOPOC coOBITHE A, BCPOATHOCTD ITOSABJICHUA

KOTOPOT'0 B KaX/IOM HCIIBITAHUU PaBHA P, TOCTYIIMIIO M Pas; 0<m<n

ToueyHas OLleHKA FeHEePAJIbHOU JJOJIA UCIIONIB3YETCS W = L — YACTHOCTb.
n

a) JloBepuTEIbHBIM MHTEPBAJ JUIS P MPU J0CTaTOYHO Oosbimux n(n  30)
\/p(l - P) \/_G-n
=1- Aw= tyV——= {HV—
q p w= ly n W

0) — 10 MaJIOK BBIOODKE.

Ecnu nonsa nmpusHaka B reHEpabHONM COBOKYIIHOCTH paBHA p, TO BEPOSATHOCTH TOTO,
YTO B TIOBTOPHOH BBIOOpKE OO0OBEMa N M DJJIEMEHTOB O0JaJal0T d3THM MPU3HAKOM
omnpenensercs 1no Gopmyne bepnymmm:

Pn(m) = Gmpmqn—m, q=1-p
T.K. Ipd P 0,5 OuHOMHMHAIBHOE pacHpelelieHHe HECHMMETPUYHO, TO B KadecTBe
JIOBEPHUTEIILHOTO MHTEpBAJIa 1 p OepyT TaKj;ﬁ MHTEpBal (p1; p2)
Y Cpi(1—p )t o
n1 1 =3 2. Cap2(1 — p2)
i=m i=1
KOTOPBIN pelraeTcs MpruOIMKEHHO.

n—1

N



Teopema: BeposSTHOCTH TOT0, YTO OTKJIOHEHHE BBHIOOPOYHOM cpenHeil u BHIOOpOUHON
cpenHel (MM JIONMM) OT reHepanbHON cpemHedl (momm) me mpowmsoiizer uncao A= 0 (mo
aOCOJTIOTHON BEJIMYMHE), PABHO

P(lx k< D) =o(@) =v P(lw—pl<p) =) =y

t=4 t=24
Ox Ow



Omnpenenenue: CpenHee KBaJIpaTHYECKOE OTKIOHEHWE BBIOOPOUYHOU cpemaHedt Oz u

BBIOOPOYHON  JIOJH
KBaJpAaTHYCCKON (CTAaHAAPTHOW ) OMIMOKOW BEIOOPKH.

Oy COOCTBEHHO-CITy4aifHO# BRIOOPKH HA3BIBACTCS CPEIIHEH

A=t'0-x7A=t‘0-w
Ecnu 3aath t, TO HHTEpBaIbHBIC OLCHKHU (JOBEPUTEIbHBIC HHTEPBAIIBI) IO (hopMyIam
X—A<<x+A

w—A<p<w+A

Tabmuua 2 — ®opMyibl CpeHUX KBAAPATUYECKUX OMIMOOK BHIOOPKH

OueHuBaeMbli [ToBTOpHAs BEIOOpKA becnioBropHas BeIOOpKa
napamerp
s [ 5
o= |Tn [Z > a-5
x= T O; ~X —(1L ——
Cpenusis L R * | n N
Homst pq . [w(1-w)

g, = |— &
o~ n n

1.6 Jlexkmus Ne 6 (1 gac).

Tema: «KoppeasinmOHHbIA aHATU3)»
1.6.1. Bonipochl JJekuuu:

1. ®yHKIIMOHATBHAS, CTATUCTUYECKASI M KOPPEIALMOHHAS 3aBUCUMOCTH
2. Koagdpuuuent koppensuuu
3. TlpoBepka cTaTUCTUUECKOM 3HAYMMOCTH KO3 PUITUEHTA KOPPEIISIHH B €TO

MHTEpBaJIbHAS OLIEHKA

4. KoppensiuOHHOE OTHOIIEHUE U UHIIEKC KOPPEJSIIIUU

1.6.2 KpaTkoe conep:kaHne BONPOCOB:

1. ®yHKIMOHATBHAS, CTATHCTHYECKAS H KOPPeJISILIMOHHAS 3aBUCHMOCTH.

Bo MHOTHX 33mauax TpeOyeTcsi yCTAaHOBUTH U OLIEHUTH 3aBUCUMOCTD U3y4aeMOM CITyJaitHON
BEJIMYUHBI Y OT OJHOM MIIM HECKOJIBKUX JPYTHX BeIU4rH. PaccMOTpUM 3aBUCHMOCTB Y OT OZHOMN
CITy4aitHOM (MJTM HeCTTy4YaHOM ) BEJTUYHHBI X.

JIBe cimydaitHble BETMUYMHBI MOTYT OBITh CBSI3aHBI JIMOO (PYHKIIMOHATBHOM 3aBUCIMOCTBIO, JTHOO
3aBUCHUMOCTBIO IPYrOTr0 POJia, HAa3bIBAEMOMN CTATUCTHYECKOM, TMOO ObITh HE3aBUCHMBIMHU.

Cmamucmuueckoii (W1 CoXacmu4ecKoil, 6epoamHOCHHOIL) Ha3bIBAIOT 3aBUCUMOCTb, TIPU
KOTOPOY U3MEHEHUE OTHOM U3 BEJIMYMH BJICUYET U3MEHEHNE PACIIPEAEIICHHS IPYTOil.




Craructuyeckast 3aBUCUMOCTb MEXITY IByMsl IEPEMEHHBIMU MPH KOTOPOH KKAOMY 3HAUEHUIO
OJTHOH MEePEMEHHOM COOTBETCTBYET OMpPEIENICHHOE (Cpe/IHEE 3HAYECHUE) YCIOBHOE MATEMaTUYECKOE
OKUJIaHHE IPYTOM HA3bIBACTCS KOPPEIAAUUOHHOI.

Bo3HuKHOBEHNE TOHATUS CTAaTUCTHYECKOM CBSI3U OOBSCHSETCS TEM, YTO 3aBUCHUMas
MiepeMeHHast TIO/IBEP)KEHA BIIMSIHUIO Psifia HEKOHTPOJIMPYEMBIX MITM HEYYTEHHBIX ()aKTOPOB, a TAKKe
TEM, 4TO U3MEpEHUEe 3HAYEHNH ITepeMEHHBIX HEM30€KHO COMPOBOXKIAETCS CITyYaltHBIMHU OLIMOKAMH.

Cratuctiyeckue CBsI3H MKy EpeMEHHBIMA MOXKHO M3y4aTh METOIAMU KOPPEIISLIMOHHOTO U
PErpecCUOHHOI0 aHAJN3A.

Koppensiiimonnsiii aHanu3 sBISETCS OJHUM M3 METOJOB CTaTUCTHYECKOTO aHalIn3a
B3aMMO3aBUCUMOCTH HECKOJIbKUX MPU3HAKOB. B HacTosIee BpeMsi OH OIMpEeeNsIeTcs: KaKk METO/I,
MIPUMEHSIEMBIIN TOT/Ia, KOT/Ia TAHHBIC HAOIIOACHUI MOYKHO CUMTaTh CITy4ailHBIMH U BHIOPaHHBIMHU W3
reHEepaITbHON COBOKYTHOCTH, paclpe/IeNIEeHHOM 10 MHOTOMEPHOMY HOPMAJIbHOMY 3aKOHY.

OcHogHas 3a0aya KOppersyuoHHO20 AHAIU3A — BBISIBICHUE CBSI3U MEXKIY CIydalHBIMU
MEPEMEHHBIMU U OLICHKA €€ TECHOTHI.

2. KoappuumenTt koppesisiumn.

PaccMoTpuM reHepansbHYyl0 COBOKYMHOCTH C JBYMsI Ipu3HakamMu X U Y, COBMECTHOE
pacrpenenieHre KOTOPbIX 33aH0 IIOTHOCTBIO IByMEPHOTO HOPMAJILHOTO 3aKOHA PACTIPEICIICHUS:

|— 1 ((x—y \2 ( Yy-pu \ (y-p 2)
| e F Ay 1

:
|

|

= | | I | |

'qu/l—p Lo ) N N T A J)J

S(X,Y) = eXp

1
270 o A1- ,o2

OTIpeJIeNAeMOTo MATHI0 mapamerpamu: MX = iy, MY = py, DX = o>, DY = 672, p.
x y
Iapnwui korhpunyuenm Koppenayuu p — NoOKazaTelb, KOTOPbIA XapaKTePU3yeT TECHOTY

JIMHEMHOM CBSI3U MEXy CIIy4aiiHbIMU BEJIMUMHAMU X U Y U ONPEICIAECTCS KaK:

(X -u v-u
p=M| = — |
 °. o,
Cesouicmsa napnozo ko3¢ guyuenma Kopperayuu p:

1) -1<p<1— pnpuHHUMaeT 3HaYeHHs Ha OTpe3Ke [-1; 1], mpr 3TOM, UeM OJIvKe |p| K eaMHHIIE, TEM
TECHEE CBA3b MEXKAYIIPU3HAKaMU X U Y ;
2) mpu [p|= 1 KOppeIAIMOHHAS CBSI3b MEXKAYIPH3HAKAMK X U Y TIPEICTABIISIET COOOH TMHEHHYIO
(G YHKIIMOHATBHYIO 3aBUCUMOCTH (Y = f(X));
3) nipu p = 0 MHEHHAS KOPPEISIMOHHAS CBSI3b MKy X M [ 0OTCYTCTBYeT (HO 3TO HE O3HAYaeT
HEBO3MOYKHOCTb HATMUMSI MEKTyHUMU HEJTMHEHHOM CBA3M);
4) p < 0 ykaspIBaeT Ha HAIMYKE OOPATHOM 3aBUCUIMOCTH MEXTy TIepeMeHHbIMU X U Y (TIpu
YBEJIMUEHUH O/THOM IIEPEMEHHON APYTassyMEHBIIIAETCSA);
5) p > 0 ykasbBaeT Ha HAIMYKE TPSIMOK 3aBUCUMOCTH MEX Ty TTlepeMeHHbIMU X 1 Y (TIpH
yBENMYEHUH (YMEHBILICHUH ) OZIHOM TIEpEMEHHOM IpyTasi TOKe Bo3pacTaeT (YMEHbILAeTCsl);
6) eciu Bce 3HAUCHMS IIPU3HAKOB YBEIMUHTH (YMEHBIIUTE) Ha OTHO M TO YK€ YHCIIO HJIU B OJTHO U TO
7K€ YHCII0 a3, TO BeNMUMHA KO3 (PUIMEeHTa KOPPEIIALIIHA HE U3MEHUTCSL.

Kosppuyuenm oemepmunayuu p? (pasHslii kBagpary kod(QQUIMEHTa KOPPETISIIN)
YKa3bIBAET JIOJTIO IUCTIEPCHU OJTHOM CITy4aifHOM BEJIMUYMHBI, 00YCIIOBICHHYIO BapHaIUen IpyToi.

CooTBeTcTBenHO, (1 — p?), HOKa3bIBAET OO AUCIIEPCHH CITY4aiHOM BEMUMHBI, OOBACHAEMOM
HE BKJIIOYEHHBIMHU B PACCMATPHBAEMYIO IIByMEPHYIO MOJEIb (DAKTOPaMHU.



[Tycts u3 renepanbHOI coBoKyHOCTH (X, Y) B3siTa CiiydaiiHas BHIOOpKa 00beMOM n: (X1, V1),
(X2; ¥2), +e (Xiy Vi)se-v5 (Xnp Yi)-

1. Ecim 00bem BBIOOPKH N HEBEITUK, TO CTATUCTHUECKUE XapaKTEPUCTUKH TeHEPATTHHOM
COBOKYITHOCTH BBIYMCIISIFOTCSI HEIIOCPEICTBEHHO IO PSITYyHAOIOICHUH (Xy, Yv).

X1 ‘ X2 ‘ ‘ Xi ‘ ‘ Xn

yi ‘ 2 ‘ ‘ yi ‘ ‘ Yo
n- 00beM BBIOOPKH.

2. Ecnm BbIOOpKa M3 TeHEpaJIbHOM COBOKYIHOCTH BEIIMKA, TO Psiji HaOIIONEHUIMA
peoOpa3OBBIBACTCS K AIBYMEPHOMY BapHallMOHHOMY PsiTy, MPEICTABIAEMOMY B BUZIE TaOJIULIBL,
Ha3bIBAEMOU KOPPEISALIUOHHOM.

B niepBoii cTpoke B BO3pacTarOILEM MOPSIKE PACTIONOKEHB] BAPUAHTHI X; , & B [IEPBOM CTOJIOLE
— BapuaHThl yi. Ha nepeceueHnu ctondra Xi- U CTPOKH yi HAXOAUTCS YacToTa mij, 0003HAYAIOIIAS
YHCITO TOYEK BEIOOPKH, 3HAYCHHS TIPU3HAKOB Y KOTOPBIX PaBHBI (X ° iyz, rrei=1,2,..,k,j=1,2,..,
1.

X1 Xj Xk Hroro no y
(my)
V1 my mj My Mg
Yi my;j myj; Mmy;j My
Y1 myj mj My M
Hroro no x myx m;« My n
(M)

B CTPOKEC Mx MOMCIICHBI YaCTOTHI OJHOMCPHOI'O BAPUALITMOHHOI'O psAaa X, MOJTYYCHHBIC ITyTCM
i

CYMMUPOBAHHS 3HAYCHUHA My BX-M CTONOLE: Mx = E mij
7=l
k

B cronbiie my moMeneHsl 4acToOThI pAAa y: ms; = Zmlj
=

Hakoner, n — 06beM BBIOOPKH.

OcHoOBHbIE (POPMYIIBI 17151 BBIYMCIIEHHS OLIEHOK CTaTUCTUUECKHMX XapaKTEPUCTHK N'eHepaTbHON
COBOKYITHOCTH /IS PA3JIMYHBIX 00BEMOB BBIOOPOK PUBEICHBI B TAOI. 2.
Tabnuua 2. ToueuHble OLIEHKU TAPAMETPOB ABYMEPHOU KOPPEIAIIUOHHONW MOJETH
OrieHnBaeMbIi apameTp renepaibioii | Ero BeIO0OpoYHas ToueuHast OLleHKa

COBOKYITHOCTH ITo mpocThIM BEIOOpKaM Ilo crpymmpoBaHHBIM
(n Maso, JaHHBIC HE JTAaHHBIM (N BEJTUKO, TAHHBIE
TPYIITAPOBAHBI) CTPYIITTUPOBAHBI)

I'enepanbHas cpensss X, Lx

_ 1=
SR
n

1&
XZ_Z)CI’}’[
it

n =1




I'enepanbHas cpennssa VY, Ly

Vi . .
n . n i J J
[enepanphas cpennsist X2, M(X? _ n 14
p p (X9) ERE ¥=")xm
n . n -
i=1 l
I'enepanbHas cpenss Y2 , M(Y?) = )2 — 1+ 5
-3 yi= 2w
i=1 J=1
['enepanbHas cpenusisa XY, M(XYVY) 1! 1 &
xy:n;xi)’ =" Xy my

i=1 j=1

['eHepabHbIE TUCIIEPCUN T~ , O
X

S1= x50 P2

['enepabHbIi KO dUIIEHT

KOPPEJISALHHU P

Bri6opounsii k03 puiiueHT koppensun

po WXy

Br160pounbIii kKod(duIeHT neTepMuHaIiy r° (paBeH KBapaTy Kod(h(hHIMEeHTa KOppesLiH)

1 YKa3bIBACT JOJTFO JMCIIEPCHH OHOM CITyJaifHON BEJIUYMHBI, 00YCIIOBICHHYIO BapUalllel Ipyroi.

CooterctBeHHO, (1 — 17), MOKA3BIBAET JOMIO OCTATOYHON JMCIIEPCHH CITYJAIHOMN BETIMUHHBI,

OOBSCHSIEMON HE BKITFOYEHHBIMH B PACCMaTPHBAEMYIO IBYMEPHYIO MOJIETH (PaKTOPAMH.

TakuM 00pazoM, TUCTIEPCHIO KAXKIO0H UX N3yJaeMbIX TIEPEMEHHBIX MOYKHO IPE/ICTABUTH B BUJIE
CYMMBI JIBYyX COCTABIISIFOIIINX — PErPECCUOHHOM (00YCIIOBICHHOH BIUSHUAEM APYTOi ePEMEHHOMN ) 1
OCTaTOYHOU (ompezensieMoil He BKIIOYEHHBIMH B pPAacCMaTPUBAEMYIO JABYMEPHYIO MOJEIb
ocTaTOYHbIMU (pakTopamu). OCTaTOUHYIO JIUCHEPCHIO HA3bIBAIOT €IIe YCIOBHOM — T. e.
BBIYHCIICHHOW MPHU YCIOBUHU (DUKCAIIMM JPYrod MEPEMEHHOW MO U 0003HAYAIOT MOJA00HO

YCJIIOBHOU BEPOSITHOCTH.

Urak, octaTouHas (yciioBHas1) qucriepcusi nepeMeHHoi Y:
2 _ Q2 2y .
S, =8 1-r7);

yix

octatouyHas (yCIOBHAs) AUCTIEPCHSI TIEPEMEHHON X:

Sy, =82(1-r?).

y/x




3. IIpoBepka 3HAYMMOCTH I'eHEPAJIHLHOI0 KOI(PPUITHEHTA KOPPeISIUMU U ere MHTePBaJIbHAs
OlleHKA.

B nBymepHoIt Mosienu mapameTpamMu CBSI3U SBISIIOTCS KOAPPUIMEHT KOPPETISILIUK P UIH €TO
KBajipaT — K02 (QHUIIMENT eTepPMUHALIIH p>.

Ha npakTurke 0 TeCHOTe 3aBUCUMOCTH MEXTY CITy4aiiHBIMH TIEPEMEHHBIMHU IPUXOIUTCS CYIUTh
HE HA OCHOBE MCTHHHBIX MApaMETPOB CBS3H (T€HEpafbHBIX XapAKTEPHUCTHUK), a HX BHIOOPOUHBIX
AHAJIOTOB, KOTOPBLIC ABJIAKOTCA CJIy‘-I&fIHBIMH BCIIMYNHaAMMU. HOBTOMY BO3HHUKACT BOIIPOC,
JCUCTBUTENILHO, JIM TIOJTYYCHHBIC 3HAUCHUS OOBSACHSICTCS HAIMYHEM CYIIEETBYIOIICH JTHHEHHON
KOppCHHHHOHHOﬁ 3aBUCUMOCTBIO MCKIY MNCPEMCHHBIMHA Xu Y, W SABIIAKOTCA CICACTBHUEM
CITy4aifHOCTH 0TOOpa IMePEMEHHBIX B BHIOOPKY.

B nBymMepHOi1 Mozienu 10CTaTOUuHO MPOBEPUTH 3HAUMMOCTD KO3 PUIIMEHTA KOPPEISLHY, T. €.
Ha YPOBHE 3HAYMMOCTH a TipoBepuTh runote3y Ho: p = 0.

Ilposepka 3nauumocmu 2enepanvhozo Kolhguyuenmarxoppenayuu

1 cnoco6. Crucnions3oBanviem Tadmuibr Ournepa—Ieiitca .

[o Tabme Gumepa—IetiTca 11 ypoBHS 3HAUMMOCTH 0L M1 YMCTIa CTETIEHEeH CBOOOIBI - 2
HAXOUTCS KPUTUIECKOE 3HAYCHHE Tip = Tragn (0O 11- 2).

3aTeM CpaBHUBAIOTCS HAOJIOIaeMoe 3HaueHne Ko3(h(uImeHTa Koppesiu — BIOOPOYHBIHA
K03 (HULIMEHT KOPPETIALIMH I — C TIOTy4EHHBIM KPUTUUECKHM Iip.

['mnoTe3a oTBepraercs U reHepaltbHbI KOAPMUIIMEHT KOPPETALUN CUUTACTCS 3HAUUMBIM,
€cir HaOJII0JTaeMO€e 3HAYCHHUE Tyaen = I' IO AOCOITFOTHOM BETMUMHE OKaXKETCsl OOJIbIIe KPUTHIECKOTO,
T. €. €CITH |[ua6a| > Tip-

B npotuBaOM cimydae runote3a Ho: p = 0 He oTBepraercs u reHepalibHbIi KO3 OUIMEHT
KOPPESAINY CYUTACTCS HE3HAYUMBIM.

I enocob. C ucrionb3oBaHueM pactpeaencHust CTbIOJIeHTa.

OCHOBBIBAETCA Ha pactieTe CTATHCTHRY. = ——
p Haon m
runotes3sl Ho: p = 0 umeer t-pacripenenenue ¢ n - 2 CTENEHIMU CBOOOIBI.
l'unore3a Ho: p = 0 oTBepraercs u reHepaibHblii KOOPPUIUEHT KOPPEIALUN CYUTACTCS
3HAYUMBIM, €CIH [tiacn| > tip, THE tip = t(0; n- 2) onpenensercs no Tabmnuue t-pactpenenenusi CTbioHTa
TP yPOBHE 3HAYMMOCTH 0L M YMCJIe CTereHel cBoOoabIn - 2.
JUI 3HaYMMBIX ApaMETPOB CBSA3U HAXOAAT MHTEPBAJIBHBIC OLCHKH, KOTOPBIE C 3aJJaHHOMN
HaJIe)KHOCTBIO COZEPKAT UCTUHHBIE 3HAUEHUS] [TapaMETPOB.

\/n —2 , KoTopasi Ip1 UCTUHHOCTH

Humepesanvhas oyenka 2enepanbHozo Koduyuenma Koppenayuu

ToueuHast oleHKa TreHEepaTbHOrO KOXG(OUIIMEHTa KOPPEISIIUU P — BBIOOPOUYHBII
K03(h(PUITEHT KOPPESANH I — SBJISAETCS JIUIIb TPUOIMKEHHBIM €r0 3HaU€HUEM U MPU MaIbIX
o0beMax BBIOOPKHM MOXET J1aBaTh CyIIecTBeHHbIe omMOKu. [IpeacraBnser uHTEpec mocTpoeHue
MHTEPBAJIbHON OLIEHKH T€HEPATBbHOT0 KO PHIIMEHTa KOPPEISILUH P, Ky/1a OH OyZeT Monaaarh ¢
3aJaHHOM HAJIE)KHOCTBIO Y.

P(pminspspmax): 7/
[Ipu onpeneneHnu ¢ HAAESKHOCTBIO Y JOBEPUTEIBHOIO MHTEPBAIA JUIS P CHaYasIa UCIIONb3YIOT
Z-tipeobpazoBanue dumiepa U ONpeAeNAOT 3HAYCHHE CTATUCTUKHM Zr MO Tabmunam «Z —
npeoOpazoBanus Ouriepa» uiu 1o Gopmyie:

1 1+r
Z, =—h
2 1-r

3areM yCTaHaBJIMBAIOT UHTEPBATLHYIO OUEHKYIS Zs :




t t
/4 /4

Z, ~-———=<7<7 +———
' \Vn -3 r \n -3
rze ty BBIUUCIIOT Mo Tabnaune uurerpaibHoi ¢pyukuuu Jlamnaca uz ycnosus O(ty) =v.
OO0patHbIii Tepexo/1 0T Z; K p OCYIIECTBIIIOT TAKXKE IO Ta0JHIIe Z-TpeoOpazoBaHus, TOCTIe
UCIIOJIb30BaHMS KOTOPOM MOTYYar0T HHTEPBATLHYIO OIIEHKY JUIS P C HAJIKHOCTHIO V:

min

z7'(z,

IA

) pSZ—l(Zrmax)

< <
pmiu _p _pmmx

[Tpu BEIOOPE Pmin ¥ Pmax CIAEAYET YUUTHIBATH, YTO Z-PyHKIMUS — HEUYETHas, T. €. Z(-1) = - Z(1).
INocTpoeHre MHTEpBAEHOM OLIEHKH T'eHEPATEHOTO KO3 (PHUIMEHTA KOPPEISLIIHU P IBYMEPHON
MOJIENH C 33JaHHOW HaJIGKHOCTBIO Y MOYKHO IIPEACTABUTH B BUJIE AJITOPUTMA.

4. KoppeJsiiinOHHOCOTHOLLICHHEeH HH/IEKC KOpPpeJIsIuu.

PaccmoTpenHbIit BbIle KOAQQUITMEHT KOPPEISILUH SBISETCS MOTHOLEHHBIM ITOKa3aTeleM
TECHOTHI CBSI3H JIUIIb B CITy4ae JTMHEWHOMH 3aBUCUMOCTH MEXIY MepeMeHHbIMU. OTHaKO 4acTo
BO3HHKAET HEOOXOMMOCTh B JOCTOBEPHOM TTOKa3aTesie TECHOTHI CBSI3U TPH JIF000# (hopme
3aBHCHUMOCTH.

JI14 mosrydeHust TaKoro 1MoKas3aresst BCIOMHUM IPAaBHIIO CIIOXKCHUS TUCIIEPCHN:
Qo6m = QF + QOCT

rre Qoo — 00IIAsT qUCTIEpCHs TIEPEMEHHOI;

Qocr— CpeHss TPYNIOBBIX JUCIIEPCUM WIIM OCTaTOYHAs AUCIIEPCHS;

QF — MeXTpyInIoBas J1ucnepcus

OcTtaroyHo# Aucnepcrel U3MEPSIIOT Ty 4acTh KoJebaeMocTu Y, KOTOpasi BO3HUKAET U3-3a
WU3MEHYMBOCTH HEYUYTEHHBIX (DAKTOPOB He 3aBHCAIMX OT X. MexXrpynmnoBas IUCIEpPCHs
BBIPXKAET Ty YacCTh Bapualyu Y, KOTopasi 00yCIIOBJIeHa N3MEHYMBOCThIO X. Bennunna

O
Q obwy

n X =

Ha3bIBACTCS IMRUPUYLECKUM KOPPENAUUOHHBIM OmHOueHuem Y 110 X.
YeMm TecHee CBsI3b, TEM OOJIbINIEE BIMSHUE HA BAPUAIMIO IIEPEMEHHON Y OKa3bIBACT

M3MEHUYUBOCTD X 110 CPAaBHEHUIO C HEYYTEHHBIMU (PAaKTOPaMu, TEM BbIILIE T
77 2
Bemnunna 7* | Ha3bIBaeTCA IMRUpuUecKum Kolghuuyuenmom oemepmunayuu,

MOKa3bIBAET, KaKas 4acTh 001Iel Bapuanuu Y o0yciIoBiIeHa Bapualuen X.

OcHognbie ceoticmea KoppenayuoHHo2o omuouieHus: (IpH T0CTAaTOYHO OOJIBIIOM 00beMe
BBIOOPKH n):

1) KoppensiiimoHHOE OTHOIIIEHUE €CTh HEOTpUIIaTeIbHAs BEIMUNHA, HE TIPEBOCXO0asIIas 1:
O<n<l.

2) Eciu n = 0, TO KOppemsILMOHHAs CBSI3b OTCYTCTBYET.

3) Eciu n = 1, To MeX1y IEpeMEHHBIMH CYILLIECTBYET (PyHKIMOHATbHASI 3aBUCMOCTb.

4) Nyx # Nxy, T-€. B OTIINYKE OT KOAPPHULIHEHTA KOPPEALUH T (U1 KOTOPOTO Iyx= I'xy =T) IPU
BBIUUCIICHUH KOPPENSIIMOHHOTO OTHOILICHUSI CYIIECTBEHHO, KaKyl0 IEpPEeMEHHYIO CUHTATh
HE3aBUCUMOM, a KaKyI0 — 3aBUCHMOII.

T yx
9MHI/IpI/I‘-I€CKO€ KOppCIAIUMOHHOC OTHOLICHUC 7 ABJISICTCA TMOKAa3aTCJIEM pPaCCCAHUA

TOYEK KOPPEISALUOHHOTO I10JI1 OTHOCUTEIILHO SMIIMPUYECKON JIMHUY PErPECCUHU, BBIPAKAEMOU



JIOMaHOM, COSIUHSIOIICH 3HAUCHMS Vi

O,I[HaKO B CBA3U C TEM, YTO 3aKOHOMCPHOC NU3MCHCHUE Vi
HapymacTcsd C.]'IyLIaI\/'IHI)IMI/I 3Ur3araMu HOMaHOﬁ, BO3HHKAIOIIMWMH BCJICACTBUE OCTATOYHOI'O

JEHCTBHS HEYUYTEHHBIX ()aKTOPOB, T MpEyBEIIMUUBACT TECHOTY CBsI3U. [loaTOMY Hapsny ¢
paccMmatpuBaeTcs oKa3aTeslb TECHOTHI CBSI3U Ryx, XapaKTepU3YIOIIUi paccessHue TOUeK
KOPPESAIMOHHOTO TOJISl OTHOCUTEIBHO JIMHUU PETPECCUU YX.

[Tokazarens Ryx, momyunin Ha3BaHUE meopemuuecKo20 KOppenauuoHH020 OMHOUIEeH U
unuunoexkca koppeaayuu Y 1o X.

77yx

R = Q_F: I_Q‘$

. Q Q i

rie aucnepcud Qosm U Qocr OMIPENEISAIOTCS 1O GOpMYTIaM, B KOTOPBIX IPYIIIOBBIE CPETHUE i
3aMEHEHbBI YCIIOBHBIMU CPETHUMH Yxi, BRIYMCICHHBIMU [0 YPABHEHHIO PErPECCUU.

JIOCTOMHCTBOM pacCMOTPEHHBIX TOKa3zaTeled n U R sBisieTcs To, 4TO OHU MOTYT OBITh
BBIUHCIICHBI TIPH JIF000H (popMe CBS3M MEXTy MepeMEHHBIME. XOTS 1 ¥ 3aBBIIIAET TECHOTY CBS3H 10
CpaBHEHHIO ¢ R, HO /17151 ero BeIYMCIICHHUS HE HYKHO 3HATh ypaBHEHHe perpeccuu. KoppensimoHHble
oTHoIIeHUs 1 ¥ R cBs3aHbI ¢ K03 PUITMEHTOM KOPPETISIIHK T CIISAYIOIINM 00pa3oM:

0<lr|<R<p<1

B ciyuae nuHelHON MoAenH UHEKC Koppersiiuu Ry, paBeH K03hUIHEHTY Koppemsiuuu r(1o
a0COJIIOTHOM BEJIMYHHE).

Kosppuyuenm demepmunayuu R?, papHblii KBagpaTy HHAEKCA KOPPEIAIUHU (11 HapHOM
JIUHEHHON MOJeIn — rz), MOKAa3bIBAaeT JIONIO OOIel Bapwaluii 3aBUCUMON IEPEeMEHHOM,
00YCIJIOBIIGHHON pErpecCcuei Wi N3MEHUYNBOCTBIO OO BCHSIONIEH ITepEMEHHOM.

Yem 6mxe R? k eunmIIe, TEM JTydIlle perpeccHs alnnpoKCUMUPYET SMIUPUUYECKHE TaHHbBIE,
TeM TecHee HaOMII0eHUs IPUMBIKAIOT K JTUHUH perpeccuu. Ecau R? = 1, To sMmupudecKye TOUKK
(X, y) Jexar Ha JMHMM PETPECCUU U MEXIy NEepeMEHHbIMH Y M X CYLIECTBYET JMHEHHas
¢yHKIMOHANBHAS 3aBUCcHMOCTh. Ec R? = 0, To Bapuarus 3aBUCHMOi IEPEMEHHO MOTHOCTBIO
00ycIIOBIIEHa BO3ZICHCTBUEM HEYUTEHHBIX B MOJIEN TIEPEMEHHBIX, ¥ JIMHUS PETPECCUH NTapauieIbHa
ocu adcrucce .

Pacxoxenne Mexay n° 1 R? (uau r2) MoKeT ObITh HCIOJB30BAHO ISl IPOBEPKU JTHHEHHOCTH
KOPPEJALIMOHHON 3aBUCUMOCTH.

HpOBepKa SHAYUMOCTHU KOPPCIAIUOHHOIO OTHOMICHUA 1) OCHOBAaHAa HA TOM, YTO CTaTUCTHUKA

n*(n—m)
Fz=—g—
(1-n")(m -1)

(rme m — ymcio nepeMeHHbIX ) uMeeT F-pacnipenenenne @umepa-Chenexopa ¢ ki =m - 1, ko=
n - m creneHsMu cBoOoabl. [ToaTomy 1 3HAaUMMO otiuuaetcs ot HyJs, ecnu F > F(aki, ko), roe
F(a.k1, ko) — Tabnuunoe 3Hauenue F-kputepust Ha ypoBHE 3HAUUMOCTH O TIPH YUCIIE CTETICHEH
cBobonpr ki =m - 1, ko=n —m.

1.7 Jlexuusi Ne 7 (1 yac).

Tema: «PerpeccHOHHBIN aHATH3»
1.7.1. Bonpocsl JieKUHuU:

1. TloHsTHE U PEANOCHUIKH PETPECCHOHHOTO aHau3a
2. Buapl perpeccMoHHBIX Mojieniel. OlieHKa mapaMeTpoB NapHOM JIMHEHHON perpeccuu
43



3. IlpoBepka cTaTHCTUYECKOM 3HAUMMOCTH YPAaBHEHMsSI PETPECCUU B LIEJIOM U €TI0
apaMeTpoB

1.7.2 KpaTkoe conep:kaHue BOIPOCOB:

L ITonsiTHE M MPEANOCHIJIKH PErPeCCHOHHOI0 aHAJIM3a

Pezpeccuonnulii ananu3 — METOJ UCCIEAOBAHUS 3aBUCUMOCTHU PE3YJIbTATUBHOIO NPU3HAKA

Y (cmyuaiiHOW BENWYMHBI) OT HECKONBKHX Ciy4aiiHbix BenwumH X1, X2,...,Xk,

HA3BIBAEMBIX hakmopamu Ui pecpeccopamu.

BaxxHo pa3innuaTh KOppeIALUMOHHBIE U PETPECCUOHHBIE CBSA3H.

OcHoBHasl 33j1a4a PErpecCUOHHOTO aHaIN3a — yCTaHOBJIeHUE (OPMBI U U3yUeHUE
3aBHCHUMOCTH MEKIYy IEPEMEHHBIMH.

YpaBHEHHE PErPECCHH MOXKET OBITh MPEJICTABICHO:

Yi=f(x;))+e;, tTme & - cnydaliHas TiepeMeHHas (BO3MYIIIEHHE), XapaKTepHU3yrolas
OTKJIOHEHHE (PaKTUUECKUX 3HAYCHUN Pe3yJIbTATUBHOM IepeMEeHHON OT (YHKIIUHU PETPECCHH.

Jluneitnasg mapHasi perpecCuOHHasi MOJEJb UMEET BHUI:

yl=ﬁ0+ﬁ1x[+€,

OcHognble npednochbLIKU pecpecCUOHH020 AHAIU3A
1. 3aBUcHMas IEpeMEHHAas yi (BO3MYILEHHUE &;) SIBIISETCA CIIy4aliHON BEJIMUMHOMN, a
OOBSCHSIONIAs TIEPEMEHHAs Xi- HECITYJIaiHOM;
2. MaTtemaTH4ecKoe OKHJIaHUE BO3MYIICHHS & paBHO HYI0: M(g;)=0;
3.Jlucrepcus 3aBUCHMOI TepeMeHHOM yi HocTosHHa (1151 Beex i) u paBHa D(g)=(;
4.TlepeMeHHBIC ¥i U yj (BO3MYIIIEHUE &; U &) HE KOppenupoBaHHEI M(g;; &)=0, mist m060ro

i#.
5.3aBucuMas nepeMeHHas yi (BO3MYILIEHHUE &;) ABIIAETCS HOPMAIBHO pacipeeIeHHON
CIIy4allHOM BEJIMYUHOM.

2. Buabl perpeccuoHHbIX Mojesieil. OueHka X mnapamMeTpoB

I. Paznmuuaror omHOdaKTOpHBIE (C OJHON HE3aBUCUMOW MEPEMEHHOW) U MHOTO(AKTOPHBIC
(C HECKOJIbKUMU HE3aBUCUMBIMH [TEPEMEHHBIMU ) MOJCIIH.

[Ipenmonoxum, 9TO Ui OLEHKH IapaMeTpoB JHHEHHOW (YHKIMHM perpeccuu B3sTa
BBIOOpKA 71 TIap MEPEMEHHBIX (X;,);) i=1, ..., n.

Ouenkoit Mmoaenu (*) o BEIOOpKE SIBIISIETCS] ypaBHEHUE perpeccuut y=bo+bx.

[Ipu oorogaxkmopHbix MOIENSAX CBSA3b YACTO HA3BIBAIOT HApHOW, a Kod(dHuIMeHT
perpeccunt b;- noanviv. OH TIOKa3bIBaeT HA CKOJIBKO €OUHMII H3MEHSETCS 3aBHUCHMAast
MepeMeHHas y NP1 U3MEHEHNU He3aBUCUMON IEPEMEHHOM X Ha eIMHUILY CBOET0 U3MEPEHHUSI.

[Tapametper by, b; ompenensitorcsi Ha ocHoBe MHK coryiacHO KOTOpoMy HEH3BECTHBIE
napameTpsl bp W b;, BHIOMPAIOTCS TaKUM O0Opa3oM, YTOOBI CyMMa KBaJpaToB OTKIOHEHUH
SMIIMPUYECKUX JAHHBIX PE3YyIbTaTUBHOIO MPU3HAKA OT 3HAUYECHUH ¥, HalJCHHbIE TI0 YPaBHEHUIO
perpeccuu Obljla MUHUMAaJIbHOM:

b ,b

2 2
S=2(yi-9) =X (yirbo-1Xi) oty in

Huddepennmpys S o bo 1 b1 1 mpupaBHUBAs K HYITIO €€ YaCTHBIC TPOU3BOIHEIC,
MOy IHM:
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MHorogakTopHast MOJIENb C TUHEHHOM CBA3BIO MIPU3HAKOB IMEET BH/I:

yA =bo+ b1 x1+ baxa+...+ brxk.

Koaddunuments! perpeccuu b; npu pakTOpHBIX MPU3HAKAX HA3BIBAETCS YHCTHIMHU.

Koaghdpuyuenmor uwucmoii pecpeccuu mOKa3bIBACT, HA CKOJBKO E€IUHUL H3MEHUTCA
pEe3yNbTaTUBHBIN MPU3HAK MPU W3MEHEHHWU COOTBETCTBYIOLIEro (aKTOPHOrO TpH3HAKA Ha

€IMHUILYy CBOETO M3MEPEHHs, IIPH YCIOBHHM, YTO APYrue (pakTopbl, BKIIOUECHHBIE B YpaBHEHHE,
3a(hUKCHPOBaHBI HA OTHOM YPOBHE.

Perpeccruonnslii aHaIN3 AOMOIHAIOT PACYETOM I10KA3aTENs CUIIbI KOPPEIALMOHHOMN CBA3HU —
Kod(ppuImenTa 3J1acCTUIHOCTH.

Koaghdpuyuenm 3rnacmuunocmu moka3piBaeT Ha CKOJBKO % W3MEHUTCS B CpeaHEM
3HAUEHUE PE3yJIbTATUBHOTO MPU3HAKA MPU H3MEHEHUH (pakTopHOTO Mpu3Haka Ha 1 % .

3 —b
li

j

‘<||3"

Bennuunna yka3pIBaeT Ha CHIIy pEakIiy pe3yIbTaTUBHOTO MIPU3HAKA HA OTHOCUTEIbHBIN
IPUPOCT PaKTopa.

Ecmua |3 | <1 - snacTudnocTs cnabas;
|5,|=1 —>nacTHYHOCTH CpeaHs;
|2 ,|=1 —57aCTHYHOCTB BBICOKAS.
Bo MHOXecTBeHHOH Koppemsiuuu 1o  Ko3(duuueHTaM 3IaCTUYHOCTH MPOBOAUTCS

CPaBHUTEJIbHBINA aHAINU3 CUJIBI BIUSHUS (PAKTOPOB HA pe3yIbTaTUBHBIN MPU3HAK.

II. Pa3znuyarot IMHEHHYIO M HETUHEHHYIO (hOpMY CBSI3H.

Henuneitnas ¢opma mnapHOW Mojend MOXKET OBITh BbIpaKE€Ha JIIOOBIM — BHIOM
KPUBOJIMHEWHON ()YHKIIHH:

-y =b, + b In x —nomynorapupmuueckas QyHKIUsA
A x (V)

-y =b, + b —1NOKa3zaTeIbHOU
n hl ()

-y =b,x ' —creneHHoil

1

-y =b,+ b, — -TUNEPOOTNIECKON U T.1
X

MHorogakTopHast MOJIENb ¢ HEMUHEHHOM (OPMOIi CBSA3M MOXKET BBITJISIIETh Pa3IMYHBIM
o0OpasoM, HarpuMmep:

A 2
y —b0 +b1x1+b2x2

Jlnst  mpaBwIBHOTO  BBIOOpa (OPMBI  CBSI3M  HEOOXOAMMO  TPOBECTH  TITyOOKHIA
TEOPETHUYECKHUI aHAIN3, & 3aTeM IMOAKPENUTh CBOHM JIOTHYECKHE MPEIIIOI0KECHUsS TpadUIecKuM
MCTOAOM, MCTOAOM CTATUCTUUCCKUX I'PYHIIUPOBOK, COMMOCTABJICHUCM MAapaJIJICJIbHBIX PAJ0B.
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3. TIpoBepka cTAaTHCTHYECKOH 3HAYMMOCTH YPABHEHHUSI perpeccHy B 1eJIOM H ero
napaMeTpoB

Tak kak BBIOOPOYHBIC XapAaKTEPUCTUKU SBIAIOTCA CIyYallHBIMH  BEJTMYMHAMH, TO
IIPOBEPUM 3HAYUMOCTh YPaBHEHUS PEIPECCUU U €T0 TapaMeTPOB.

3HAYMMOCTh YPABHEHHMS PETPECCUHU B IIEJIOM OLEHUBAETCA C Moullbio F kputepus @umiepa
1 Ha OCHOBE JUCIEPCUU aHATIN3A.

1. Jlnsg mpoBepKH 3HAYMMOCTH ypaBHEHHMsS perpeccuu, T.e runore3sl Ho: Bi1=0 (Hns

MHOXeCTBeHHON perpeccunn Ho: Bi1=P2=...=Px), HCHOIB3YIOT KpUTEpUH OCHOBAHHBI Ha
CTAaTHUCTHUKCEC:

R

Q. (n-2) ) S

0 Ik S?
R

Habn 2

ocT

[Ipu uctuaHoCcTH runore3sl Ho npuBenenHas cratuctuka umeet F pacnpenenenue ¢
YHCIIOM CTeIeHeNH cBoOoabI Vi=k, vo=n-2.
Qr- cyMMa KBaJIpaToOB OTKJIOHEHHH, 00YCIOBICHHBIX PETPECCUEH,

" 0 .
2 R
AT = - nucriepcus, 00yCIOBIIEHHAs perpeccuei
QR=§(y,—y)2’ Sk k A p > perp

i=1

Qocr = CyMMa KBaIpaToOB OTKJIOHEHUH 00YCIIOBICHH(S OCTaTOYHBIMHU, HE BKJIIIOYEHHBIMH B
MoJIeIb (haKTOPaMH.

ro'r = Z (yr - yAi)2
i=1

S 2 rom

ocT = - OCTaTOYHAad JUCIICPCUS.

n—k-1
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Pe3ynbraThl pacueToB, Kak MpaBUiIo, OHOPMIISIIOT B BUAE TaOIHIIBI

Tabmuma 1- JlucriepcnoHHBIN aHATN3

Hucno F xpurepuit
KoMmoHeHTH! | cTeneHen
TUCTIEPCUU ceoboapl df | Cymma kBagparoB | Jucnepcun dakTuueckuil | TaOTUYHBII
2
S 2 _ F =
0 =20 -y’ ST="" 52
Perpeccust k i=t Rk Fip(avi5v2)
" 2 Q ocm
Q ocT = (y l_ y,\ ) ? S ocT =
Ocrarounast | n-k-1 Zl n—rk-1
— 2
O6m1as n-1 Qo= 2 ¥1=7)

TabmmuHoe 3HaYeHWEe HaxoauM mo Tabmuie « F —pacnpenenenus dumepay npu ypoBHE
3HAYUMOCTH 0O, I YUCIIE CTeTIeHel CBOOOABI v, =k, vo=n-k-1, Fip (0, vi=k, vo=n-k-1).

Ecnu Fragn > Fipur, TO ypaBHEHHE perpeccuu 3HaUUMO (JJOCTOBEPHO) C BEPOSTHOCTHIO
om0k o. ['mnore3a Ho — orBepraercs. B mpoTuBHOM cilydae TUmores3a He OTBEpPraeTcsl.

2.]Ins oueHKH 3HAYUMOCTH KOI(h(UIMEHTOB (IIapaMeTpOB) PETPECCHH HCIIONb3yeTCs
KpUTepuil t- HOpMaJIbHOTO pacmpeaeneHus (Oospimne BBIOOpKH) wWiH t- CThlOJEHTa (Majbie

BBIOOPKN).
Ho: B1=0
Hi: Bi1 20

1) PaccumteiBaeTcsi cpenHsis (craHmapTHasi) ommOKa BbIOOpKH st KodddummeHTa

perpeccun

n

> (yi=y)?

i=1

3 (xi-x)? - (n-2)

i=1

1) PaccuurtniBaercs ¢ o=

2) CpaBHUBAETCH tua6n C tipur (AL, V=N-2)

U C BEpPOSTHOCTBIO Y=1-0 TMPUHUMAIOT
ATbTEPHATUBHYIO TUIIOTE3Y O 3HAYMMOCTH Kod(ppuiimenTa perpeccuu bi;
|tuaca| < tepur — THIIOTE32 Ho IpHIHMMAETCS, C BEPOSITHOCTHIO OIIUOKH (L.

HHTEepBalIbHBIC OLICHKHU ITAPAMETPOB PErPeCcCUn

Ecnu runoresa Ho: f=0 oTBepraercs, To npeacTaBiIseT HHTEPEC ONMPEACIICHHE C

HaACKHOCTBIO Y HUHTCPBAJIbHBIX OLCHOK IMapaMCTPOB PECrpCCCum.

-Ju1st KoapunreHTa perpeccu i
b1— taﬂ’l}{ﬁ ﬂl <bi+ ta’ﬂb%
-JUTs HKHTEPBAJIa MPEICKA3aHUs B TOUKE X= Xy +/
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|
|
: |
L - ]
to - OnpenesnsatoTes o Tabnuie pacnpenenenuss CTbIOAEHTA.
ITpu n > 30 MoxHO MOIB30BaTHCS - «HOpMaNbHBIN 3aKOH pacpeeIeHUus».
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2. METOINYECKUE YKA3AHUASA
IO MPOBEJIEHUIO NPAKTUYECKHUX 3AHATUM
2.1 llpakTtuueckoe 3anaTue Nel (1 gac).

Tema: «Cayuaiinbie coObITHS. BepoATHOCTD COOBITHS»

2.1.1 3aganue nis padoThI:
Bompocs! k 3aHATHIO:

Teopus BeposiTHOCTEH Kak Hayka. KpaTkast nctopuueckas crpaBka
CrnyqaifHbie COOBITHS U UX BUIBI

Onepanuu Haa COOBITHIIMH

Knaccuueckoe onpezneneHue BEpOSITHOCTH

Kombunatopuka. [IpaBuna crnoxeHust 1 YMHOXKEHUS KOMOUHATOPHUKH
Pa3merenusi, nmepecTaHOBKH coyeTaHus 0€3 TOBTOPEHHIA
['eomeTpudeckoe onpeeneHne BEposITHOCTH

CraTtucTrueckoe ornpeesieHiue BepOSITHOCTH

PN RPN

Tunosble TeCTHI (A1 KOHTPOJISL YCBOCHUS 3HAHUMN):
1. MaTemaTtuueckas Hayka, U3y4arollias 3aKOHOMEPHOCTH CITy4aiHbIX SIBICHUN:
+a) Teopust BEpOSITHOCTEN;
0) KOMOMHATOPHKA;
B) MaTeMaTuuyeckas
CTaTUCTHUKA; T)
BBIOOpOYHOE
HaOJII0IeHNE;
1) TACTIEPCUOHHBIN aHATU3.

2. JI1000ii (hakT, KOTOPBIA MOXKET JTUOO MPOU3OUTH, THMOO0 HE MPOU30HTH MTPH BHIOIHEHUH
HEKOTOPOT0 KOMIUIEKCA YCIOBHIA:

+a) ciyqaitHoe coObITHE;

0) cyuaiiHas nepeMeHHas;

B) BEPOSITHOCTh COOBITHS,

I') He3aBUCHMbIE UCIIBITAaHHS;

1) 5JIEMEHT KOMOWHATOPUKHN

3. U3 xomopl KapT M3BIEKAETCS KapTa CIydaitHbIM 00pa3oM. Bo3MOXKHBI cieayromue
cilydaiiHble COOBITUS: A — U3BIICUCHUE TTMKOBOW Jambl; B — n3Bieuenue kaptel uepHoi mactu; C
— U3BJICUEHHE KapThl KpacHOU MacTh; D — n3Bnedenne kopoisi. CoBMECTHBIE COOBITHS:

a) BuC;

+0) A, B;

B) A, D;

r) C, D;

n) A, C.
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4. TIpousBeneHnem coObITHII A U B siBisieTcst 001acTh:

A

OTBET: 2

5. OtHomeHue yucia OJAronmpUATCTBYIOIIMX COOBITHIO A HMCXOJIOB K OOLIEMY YHCIY BCEX
PaBHOBO3MOYKHBIX HECOBMECTHBIX 3JIEMEHTAPHBIX MCXO/0B, 00Pa3yIONINX MOJHYIO TPYHIY - ...
OIpeJIeIeHUE BEPOSTHOCTH:

OTBET: xiaccudeckoe

6. COOTBETCTBHE MEXKTy TEPMHUHOM U BHJIOM BEPOSITHOCTH: 1) OTHOIIIEHUE YHCIIa
OIaronpHUATCTBYIOIIUX UCXOI0B K OOIIIEMY YUCITY BCEX PABHOBO3MOKHBIX HECOBMECTHBIX
AJIEMEHTAPHBIX UCXO/I0B, 00PA3yIOIIKX MOJHYIO TPYIITY; 2) 4acTOCTh (OTHOCUTEbHAS 4YacTOTa) m/h
TIOSIBJICHUSI COOBITHS B N TIPOU3BEICHHBIX UCTIBITAHUSX; 3) OTHOIIICHUE MEPhI 00JIACTH g,
0JIarompUSITCTBYIOIICH COOBITHIO A K Mepe Bcelt obnactu G

1 a) knmaccuyeckasi;

2 0) craTUCTHYECKAS;

3 B) reOMETpUYECKasl.

7. CKONBKUMH CTIOCOOaMH MOYKHO OTOOPATh 3 CTyeHTOB U3 10 11 MPOXO0XKACHHS PAKTUKH B
TPEX pa3IUYHBIX IPEANPUATHIX:

a) 3;

0) 10;

B) 120;

+r) 720.

8. JIroOble yropsgoueHHbIE MHOXKECTBA, COCTOSIIIIME U3 OHUX U TEX JKE N Pa3IMYHBIX SJIEMEHTOB 1
OTJIMYAIOIIMECS TOJILKO MOPSIKOM UX PacHOIOKEHUSIHA3BIBAIOTCS:

OTBeT: nepecTaHOBKH

OTBeT: nepecTaHOBKaMu

9. Ilpu ucnbITaHUY TAPTUN TPUOOPOB OTHOCUTENBHAS YACTOTA TOAHBIX IPUOOPOB OKa3aIach
paBHnoii 0,8. Eciii Bcero 0b110 mpoBepeHo 100 nmpuOopoB, TO YKCIIO TOIHBIX MPUOOPOB
COCTaBHUJIO:

Otser: 80

Tunosele 3a1aun:

1. PaccmoTpuM citydaiinbie COOBITHSI — BBITIaICHUE OTPEAETICHHOTO YUCia Ha BEpXHeH
IpaHu, KOTOPBIE MOTYT MTPOU30MUTH MTPU OPOCAHUHU TIPOCTOTO H6-TPAHHOTO UTPATHHOTO KyOHKa.

O0603HaueHus CITy4alHBIX COOBITHI:

A — BrImagenue yncna 2, B — Beimagenue uncaa 3, C — BeITaJeHUEe HeueTHoro yucna, D —
BBINAJICHUE T1000r0 U3 yncen 1, 3 uium 5.

Kakue coObITHS SBISIOTCS TOCTOBEPHBIMU, HEBO3MOKHBIMH, HECOBMECTHBIMH,
COBMECTHBIMH, PABHOCHJIbHBIMU U PABHOBO3MOXHBIMU?
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2. bpormieHbl 1Be WrpanbHbie KOCTH. HallTW BEpOATHOCTH, YTO a) HA TPaHIX KyOHKOB
BBITIAYT OJIMHAKOBBIC MU(PHI; 0) CyMMa BBITIABIINX OYKOB YETHAS, IPH ATOM Ha TPAHU XOTS ObI
OJIHOM M3 KOCTEHl MOABUTCA TPOMKA; B) CyMMa BBIIABUIMX OYKOB PaBHA BOCBMH, a Pa3HOCTb
YeThIpeM; I') CyMMa BBINABIIMX OYKOB PaBHA LIECTH, €CIIM M3BECTHO, YTO MX PAa3HOCTh paBHA
YETHIPEM.

3. Ky0, Bce rpaHu KOTOPOTO OKPAIICHBI, PACIHJICH Ha THICSYY KYOUKOB OJMHAKOBOTO
pa3Mepa, KOTOpbIE 3aTeM TIIATEIbHO NepeMelianbl. HailTu BepoITHOCTh TOTO, UTO HayAaudy
M3BJICUCHHBIN KyOUK MMEET OKpAIlICHHBIX TpaHel a) OfHYy; 0) ABE; B) TPH; T') XOTS OBbI OJHY.

4. CKOJBKUMH CLIOCOOAMH MOYKHO CITy4aiHBIM 00pa30oM M3 25 ydIInX CTYIEHTOB Kypca
BBIOPATH 2-X JIJIs1 TOE3/IKK B AHIIINIO U AMEpPHUKY?

5. U3 50 corpyaaukoB ¢pupmbl 30 4eI0BEK BIAJACIOT aHTIIMUCKUM sI3bIKOM. st ygacTust
B MEXIYHApOAHON KOH(GEPEHIIUN CITy9aiiHBIM 00pa3oM oTOupaercs 5 uenoBek. Kakosa
BEpPOSITHOCTH TOTO, YTO a) BCE BHIOPAHHBIC COTPYAHUKH BJIAJICIOT AaHTJIUHCKHUM SI3bIKOM; 0) 3
YeNoBEeKa U3 5 BRIOPAHHBIX 3HAIOT aHTJIMHCKUI S3BIK; B) XOTs OBl OJIMH BIIJICET aHTJIMIUCKIM
SI3BIKOM.

6. /{51 m3ydeHus KauecTBa MPOU3BEICHHBIX JIeTallel TEXHHYECKUM OTJIeJIOM OBLIO
ob6cnenoano 200 netaneit, u3 kKotopbix 10 oka3anucs OpakoBaHHBIMH. HailTi BEpOATHOCTH
W3TOTOBJICHHS OPaKOBaHHBIX JIETAJICH.

2.1.2. Kparkoe onucaHue nNpoBOAUMOIO 3aHATHS:

1. BxonaHOW KOHTPOJb

2. Pemenue 3ama4 o TeMe 3aHatus. [Ipu pemennu 3a1a4 He0OX0UMO aKIICHTUPOBATH
BHHUMaHUE MPaBUILHOM IPUMEHEHUHU (OPMYJIIbI pacueTa BEpOsITHOCTH.

3. CamocrosTenbHas paboTa 10 peleHuIo 3a1a4

4. TIpoBepka MOArOTOBJICHHOCTH CTYACHTOB K 3aHATHIO

2.1.3. Pe3yabTaThl U BHIBOABI:
YcBOCHHE CTyIEHTaMHU 3HAHUH M 3aKPETUICHNE HABBIKOB 110 TEME MTPAKTHIECKOTO
3aHATHS.

2.2. [IpakTnyeckoe 3ansaTue Ne2 (1 gac).
Tema: «IloBTOpHBIEC HE3aBUCUMbIE HCIIBITAHUS»

2.2.1. 3ananue 11 padoThI:

Bormpocs! k 3aHATHIO:

®opmyna beprymm
JlokanbHas Teopema MyaBpa-Jlannaca
NurerpanbHas reopema Myaspa-Jlamiaca

L=

BeposTHOCTh OTKJIIOHEHUS! OTHOCUTEIBHOM YaCTOThI OT MOCTOSIHHON BEPOSTHOCTH B
HCE3aBHUCHUMBIX UCIIBITAHUAX
5. Teopewma Ilyaccona

Tunosble TecThI (1151 KOHTPOJIA YCBOECHUS 3HAHUN):
1. ITpu HeOOMBIIOM YHUCIIE N UCTIBITAHUH BEPOATHOCTD TOTO, YTO B N HE3aBUCHMBIX UCIIBITAHUSAX
coObITe A HacTynuT poBHO k pa3 onpenensiercs:
+a) no popmyne bepuysmu;
0) no nokaneHOU Teopeme MyaBpa-Jlamnaca;
B) IO MHTETpaIbHOM Teopeme Myaspa-Jlamnaca;
r) no teopeme Ilyaccona;
n) o ¢hopmyse baiieca.
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2. Ins Beraucnenus Pn(k) mo nokanpHOM Teopeme MyaBpa-Jlamiaca ucronbszyercs QyHKITUS:
a) CTaHJAPTHOTO HOPMAJIFHOTO 3aKOHA PaCIpe/IeIICHUS;

+0) MIIOTHOCTH CTaHJAPTHOTO HOPMAIILHOTO 3aKOHA PaCIpe/IeIICHNUS;

B) Z — pacnpeneneHus duriepa;

r) OMHOMMAJILHOTO paclpeieICHHUS;

n) t — pacnpeneneHust CTbIOJCHTA.

3. s Beruncnenus Po(a < k < b) mo unterpaibHON Teopeme MyaBpa-Jlamiaca ncronb3yercst
byHKIHS:

+a) cTaHJapTHOTO HOPMAJILHOTO 3aKOHA paclpeeliCHuUs;

0) TUIOTHOCTH CTAaHIAPTHOTO HOPMATBHOTO 3aKOHA PACIIPEICTICHHUS;

B) Z — pacnpeneneHus duriepa;

r) OMHOMMAJILHOTO paclpeeICHHUS;

n) t — pacnpeneneHust CTbIOJCHTA.

4. HexoTOpBIii CTPENIOK MOMAAaeT B LIEib ¢ BEpOsITHOCTHIO 0,6, OH cobupaercst mpousBecTu 6
BBICTPEJIOB. BEposATHOCTH TOT0, 4TO OH MOMAJET B 1ieNb 3 pa3a, paBHa:

a) 0,002;

+6) 0,276;

B) 0,5;

r)0,216;

1) 0,996.

Turnossle 3a0a4u:

BepoaTHOCTB TOTO, 4TO MOCETUTEIHh MPOYKTOBOIO Mara3uHa KynuT MOJIoKo paBHa 0,7.
Omnpenenure BEPOSTHOCTH TOTO, 4TO a) U3 10 mokynareseil poBHO 4 KynsaT MoJioko; 0) u3 80
nokynatenei poBHo 50 kynat Mosioko; B) u3 100 mokymareneit ot 65 no 80 4enoBek KymsT
MOJIOKO.

2.2.2. Kparkoe onucanue nNpoBOAUMOIr0 3aHATHS:

1. TluceMeHHBIH onpoc U / UM TECTUPOBAHUE

2. IlpoBepka BOIIPOCOB JJIsl CAMOCTOSITEILHOTO U3yUEHUS
3. IIpoBepka NMCbMEHHOMN MOATOTOBKH K 3aHATHIO

4. Penrenue 3amay.

2.2.3. Pe3yabTaThbl U BHIBOABI:
YcBOCHHE CTYACHTAMH 3HAHWUH W 3aKPEIUICHUE HABBIKOB IO TEME MPAKTHYECKOTO
3aHATHS.

2.3. IIpakTnueckoe 3ansitue Ne 3
Tema: «/luckperHas cayqyaiiHas BeJIHYMHA» (2 yaca).

2.3.1. 3ananue 1yt padoThI:
Bormpocs! k 3aHATHIO:

Omnpenenenne JICB. 3akoH pacnpeneneHus ciay4ailHOW BEITUUUHBI

Crnioco0sl 3a1anust 3aKoHa pacrnpezaenenus J[CB

CgoiicTBa uHTETrpabHOM hyHKIMH pactpenenenus JICB

OcHoBHbI€ uncioBble Xxapakrepuctuku JJCB

OpanHaKoBO pacrpe/ieIeHHbIE B3AUMHO HE3aBUCHUMBIE Cy4ailHble BETUYMHBI
bunomuaneHsliii 3akoH pactipenenenus JJCB

S
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7. Pacnpenenenue [lyaccona
8. I'eomeTpuueckoe pacrpeneacHue

Tunosble TeCThI (A1 KOHTPOJIA YCBOECHHUS 3HAHUN):
1. Kakas u3 ciienyrommx ciliyqailHbIX BEJTUYUH SBISIETCS JUCKPETHOM:
+a) 4MCII0 BKJIATYMKOB OaHKa,
0) peHTa0CIBbHOCTD MPEIIPHUITHS;
B) CpedHsis 3apIuiaTa pabOTHUKOB;
+T) KOJIMYECTBO CTAaHKOB II€Xa;
n) temn pocta BBIL

2. CriocoObI 3a1aHus 3aKOHA pacTpeieTICHUs JUCKPETHOMN CIIy9ailHOW BEJTHYUHBI:
+a) psia pacrpeaeseHus;

+0) (hyHKIIHS HAKOTUICHHBIX BEPOSTHOCTEIH;

B) HOPMaJIbHBIM 3aKOH pacrpeeNieHus;

I') KOppeIsIMOHHAas (QYHKIINS;

1) GYHKIUS TUIOTHOCTH BEPOSITHOCTEH.

3. YUemy paBHO 3HaueHUe QYHKIMM pacripenenenus F(X<I) mis ciydaitHOW BEJIMUMUHBI X,

MPUHUMAIOIIECH 3HAaUeHUE MEHbIIee 1, A JTaHHOTO psiia pacipeieneHus

X ‘ 0 ‘ 1 ‘ 2 | 3 ‘ 4
D ‘ 0.1 ‘ 0.2 ‘ 0.4 | 0,2 ‘ 0.1
OtserT: 0,1

4. JIns uHTETpajgbHOM (PYHKIMU pacpeeneHus TUCKPETHON clIy4aiiHOM BeTMYUHBI X
CITPaBEIJIUBO CBOMCTBO:

+a) QyHKIMS pacrpeneneHns MOXeT NPUHUMATH JII00bie 3HadeHus ot 0 10 1;

0) pyHKIMS pacnpenereHus HEMpepbIBHA B TI000H TOUKE;

B) (DYHKIIMS pacripesieieHus sIBISIETCS] HEBO3PACTAIOIEH;

r) GYHKIMA pacrpeesIeHus IPU X < Xmin PaBHA 1, TIPH X > Xmax paBHA 0;
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+1) eciu 3Ha4ueHUs X PacHOIOKEHBI HAa BCEH YHCI0BOM ocH, TO F(+00)=1.

5. Pacnipenenenue, ONUCHIBAOIIECE PACIIPEACIICHUE BEPOSATHOCTEN CIIy4allHOM BEJIMYUHBI X,
MPEACTABIISIONIEH OO0 YHCIIO UCTIBITAHUM, KOTOPOE HYKHO IMPOBECTH 0 MEPBOTO MOSBICHUS
COOBITHS A, KOTOPOE UMEET OJHY H TY K€ BEPOSTHOCTD P:

a) OMHOMHAJILHOE;

6) Ilyaccona;

+B) r€OMETPHYECKOE;

I') PABHOMEPHOE;

n) beprymm.

6. 3aKOH pPEeIKUX COOBITUI — 3TO paCIpe/IeICHHE:
a) OMHOMHUAIBHOE;

+6) I1yaccona;

B) TCOMETPUUYECKOE;

I') PABHOMEPHOE;

n) beprymm.

7. 3aKOHBI pacnpeieICeHUs JUCKPETHOM CITy4ailHOM BEJTUYMHBI:
+a) OMHOMHUAJIBHOE;

+0) MyacCcOHOBCKOE;

+B) r€OMETPUUECKOE;

') HOPMAJIBHOE;

1) pABHOMEPHOE;

€) SKCTIOHECHITHAIBHOE.

Tunosele 3a1aun:

1. Cnyuaiinas BennunHa X 3aJaHa 3aKOHOM PaclpeieIeHUs:
X |1 |2 [3 |4
p [02]04]03]0,1

Haiitu ¢pyHkumio pacrpeneneHus cirydailHol BeITUYHHBI X U TOCTPOUTH €€ rpauk.
Paccuurare MaTeMaTHYECKOE 0KMIAHUE, TUCIIEPCUIO, CPEHEE KBAAPATUIECKOE OTKIIOHCHHUE.

2. BeposTHOCTh omno3gaHMs CTyAe€HTa Ha nepByo mnapy pasHa 0,4. Hanwucars
OMHOMHUATBHBIA 3aKOH PACTIPEICIICHUS YKCIIa OMO3JaHUN CTYJICHTa W3 YeThIpeX THEH 3aHATHH.
IMoctpouts rpaduk pacmnpeneneHuss BeposiTHocTei. Haiftm ¢yHkumio pacmpenenenus dmcia
ONO3/ABIIMX TIOE€37I0B M TOCTpOUTh ee rpaduk. PaccuuraTh MaTeMaTHUeCKOE OXHJAHHE,
JUCIIEPCUIO U CPETHEKBAPATUYECKOE OTKJIOHEHHE.

3. B nmpuemHoe Bpemsi Bpaya-nieuaTpa moceniaeT B cpeiHeM 7 desioBek B yac. COCTaBUTh
3aKOH paclpeesIeHus Yncia MalueHTOB, IOCETUBILINX MI€JUaTpa B TEUEHHUE Yaca.

2.3.2. KpaTrkoe onucaHue nNpoBOAUMOIO 3aHATHSA:
1. TIuceMeHHO pelieHue 3aaa4y

2. IlpoBepka caMOCTOATEIBHOTO U3Y4YEHHS BOIIPOCOB
3. IIpoBepka mOATOTOBKH K 3aHATHSIM

4. YcTHBIN ONPOC U / UM TECTUPOBAHUE

2.3.3. Pe3yabTarhbl U BHIBOABI:
VYcBoeHHE CTyJIeHTaMHU 3HAHWKM W 3aKpeIJICHUE HaBBIKOB IO TEME MPAKTUYECKOTO
3aHATHA.

2.4. lIpakTuyeckoe 3anaTue Ne4
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Tema: «HenpepbiBHas ciiydyaiiHasi BeJJUYHHA» (2 yaca).

2.5.1 3apanue nos padoThI:
Bornpocs! k 3aHATHIO:

1. ®ynknus pacupenenenns HCB u ee cBolicTBa

2. Onpenenenue GyHKIIUU TIIOTHOCTH BEPOSITHOCTEH 1 €€ CBOMCTBA

3.BeposATHOCTHBIN CMBICI IJIOTHOCTH PaclpeneIeHUst

4.0OcHoBHBIE uKcnoBbIe XapakTepuctuku HCB

5.PaBHOMEpPHBIN 3aKOH pacnpenesIeHUs

6. OKCIIOHEHIIMAIbHBIN 3aKOH pacIpeaeICHUs

7.HopmanbHBIN 3aKOH pacnpeacieHus

8. BiusiHue mapamMeTpoB HOPMAJILHOTO 3aKOHA paciipe/iesieHus: Ha (opMy HOpMalIbHOU
KpUBOH

9.CaoiicTBa ciy4yailHOW BETMYMHBI, PACIPEAEIIEHHON 110 HOPMAJIILHOMY 3aKOHY
pacnpeneneHus

TumnoBkle TeCTHI (7151 KOHTPOJIST YCBOCHHS 3HAHUN):
1. 3akoHbI pacnipeieNeHNs HENPEPBIBHOM CIIy4aiiHOM BETNYUHBIL:
a) OWMHOMHAIBHOE;
0) MyacCOHOBCKOE;
B) FTEOMETPHUUECKOE;
+T) HOpMaJIBHOE;
+11) paBHOMEpHOE;
+€) SKCIIOHEHIINAIbHOE.

2. KpuBoi pacnipesiesieHns Ha3bIBalOT:

+a) rpaduK MIIOTHOCTH paclpeIesiCHNS,

0) rpaduk QyHKIIMM pacripeneeHus;

B) MHOTOYTOJIBHUK pacIpe/lesIeHus;

I') IMHUIO PErPeCcCui;

1) KOPPEJSIITHOHHOE TTOJIE.

3. I1nomaae KpUBOJIMHENHOMN Tpaneunu, orpaHu4eHHON ochio OX, KpUBOH paclpeeeHus U IPSIMbIMU X
= a, x = b, eCTb reoMeTpuUeCcKas HHTEPIPETALU:

+a) | £

+0) F(b) — F(a);
+B) P(a <x <b),
r) M(X*)-(M(X))*;

) [5f (x)dx .

4.YTBepxKaeHue BepHOe 0 PYHKIIUH paclpeesieHUs] HEPEPBIBHOW CITy4ailHON BETMUMHBIL:

+a) BCIOy HENIpEphIBHA U NMEET HENPEPHIBHYIO IPOU3BOJHYIO, KDOME, BO3MOXKHO, HEKOTOPBIX
TOYEK;

0) pa3pbiBHas cTyrneH4aras GyHKIHS, CKAUKH KOTOPOH MPOUCXOAAT B TOUKAX IKCPEMYMa;

B) QYHKIIHS pACTIPEICTICHUS MPHU X < Xmin PaBHA 1, TIPH X > Xmax paBHa 0;
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r) QyHKIHUS pacrpeaeNeHus €CTh MPOU3BOIHAS TIEPBOTO NMOPsAIKa (YHKIIUHU TUIOTHOCTH
pacrpeneneHus;
+11) MOKET IpUHUMAET JTF00bIe 3HaueHus ot 0 1o 1.

TumnoBkle TeCTHI (7151 KOHTPOJIST YCBOCHHS 3HAHUN):

(0, npu x <0,

5. dyHKIMA pacupeeIeHus clydaitHoi BeTnaunbL: F(x) = , TOrAa

-5x
[I-e , npux>0
BEpPOSITHOCTH TOTO, YTO CIy4yaiiHas BeJIMUYMHA IPUMET 3HaYeHHUe, paBHoe 1, T.e. P(x=1) paBHO:
+a) 0;
6)1—e;
B)e;
r) 1;
n) 5.

6. BeposTHOCTbH NONIalaHNs HENPEPHIBHOM CIIy4aliHOM BEJIMYMHBI B OTpe30K [-1; 2] paBHa 0,25,
1.€. P(-1 £x <2)=0,25. Onpenenuts P(-1 <x <2):

a) 0;

+6) 0,25;

B) 1;

r)2;

) 0,75.

7. J714 SKCIOHEHIMATILHOTO 3aKOHA paclpeeeHus ClpaBeJIMBO CBOMCTBO:
a) M(X) = D(X);
+6) M(X) = {(X);
B) M(X) = A;
r) D(X) = {(X);
1) M(X) = AL(X).

8. Kakum yuciaom napaMeTpoB 3aa€TCd HOPMAJIbHBIN 3aKOH pacipeaeieHus:
a) 0;

0) ;

+B) 2;

r) 3;

n) 4.

9. HopmasbHbIH 3aKOH pacnpeie]iCHus ¢ MATEMAaTHYECKUM OKHUJAaHUEM, PaBHBIM HYIIIO, U
CPEIHUM KBaJpaTUYECKUM OTKJIOHEHHEM, PABHBIM €IMHUILIE, HA3bIBACTCS:

a) HAa4aJIbHBIM;

0) DIIEeMEHTapHBIM;

+B) CTaHJIapTHBIM;

T') €IMHUYHBIM;

1) HyJIE€BBIM.

Tunosele 3a1aun:
* 3angana nuddepenunanbHas GyHKIUS pacpeieieHUs CIydyailHON BeTUUuHbl X:
(0, npu x <3

1
f(x)=|{5,npn3<xs5

LO, npu x > 5
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Paccuurars: 1) MaremaTHueckoe OXHMJIAaHUE, IUCIEPCUI0O M CpPEOHEE  KBaJpaTUYECKOE
OTKJIOHCHHE CITydalHOW BENWYWHBI X; 2) BEPOSTHOCTh TOTO, YTO B PE3YyJibTaTe HCIBITAHHI
cllyyaiiHasg BeNMYMHA NpPUMET 3HaueHue Oonbmiee 3 u Menbiiee 5. 3) Iloctpouts rpaduk
byakuun F(x).

» CnyuaitHas BennunHa X paBHOMEpPHO pacnpeneneHa Ha orpeske [0; 2]. Iloctpouts
GyHKIHMIO pacnpeneieHus ciydaiiHoW BenmuuuHbl X. Paccumrath: 1) MaremaTtmdeckoe
OXKHUJIaHUE, TUCIIEPCUI0 U CpEe/Hee KBAJAPAaTHMYECKOE OTKIOHEHHUE CIy4aiHOW BennuuHbl X; O)
BEPOATHOCTh TOTO, YTO B PE3Yy/NbTATEC HUCIBITAHWUN CllydaliHas BEJIIMYMHA IPUMET 3HAYEHUE
6onbmee 0,5 u menbiee 1,5. [Tocrpouts rpaduk pynkmmuu F(X).

* IIpu copTupoBKe cirydaliHble 3HAYEHUS BECa 3€pPHA PACIPENEIECHBI HOPMAIbHO CO
cpennum 3Hauenuem 0,15 r. u cpeqaum kBaapatuieckum otkiaoHeHueM 0,03 r. HopmanbHbie
BCXOJBI JAIOT 3€pHA, Bec KoTophix 6oiee 0,10 T.

OnpenenuTs: a) MIPOLEHT CEMSIH, OT KOTOPBIX CIEAYET 0KUIATh HOPMAJIbHbIE BCXO/IBI;

0) BEeIMUMHY, KOTOPYIO HE IPEB30MAET BEC OTACIBLHOTO 3epHa ¢ BeposTHOCTHIO 0,99.

2.5.2. KpaTrkoe onucaHue nNpoBOAUMOIO 3aHATHSA:

1. IIpoBepka MOATOTOBKH K 3aHATHIO CAMOCTOSITENIBHO U3YUYEHHBIX BOIIPOCOB
2. YcTHBIN onpocC U / WM TECTUPOBAHHE

3. CamocrosTenbHas padoTa 10 peIeHuIo 3a1a4

4. Pemrenne 3amau

2.5.3. Pe3yabTaThl U BHIBO/ABI:
YcBOCHHE CTYIEHTaMHU 3HAHUH M 3aKPETUICHHUE HABBIKOB 110 TEME MTPAKTHIECKOTO
3aHATHS.

2.5. [IpakTuyeckoe 3ansaTue Ne 5

Tema: «CTaTncTHYECKOE OLlEHHBAHHE TAPAMETPOB pacnpeneaeHus» (2 uaca).

2.5.1. 3apanue nus padboThI:
Bonpocs! k 3aHATHIO:

1. MaTemaTtnueckas CTaTUCTHKA U €€ METO/IbI

2. O0mmwme cBeAeHHs O BBIOOPOYHOM METOJIe

3. CrarucTuueckoe pacmpesieieHHe BBIOOPKM U IMIUPHYECKas  (PyHKIHA
pacnpeeieHus

4. IloHaTHEe OLICHKH MapaMeTPOB

5. CBoOMCTBa TOYEYHEBIX OIIEHOK

6. HexoTopele XapakTepUCTUKHU BApUALMOHHOTO psifa

7. MeToabl HaxX0KIEHUS OLICHOK

8. OreHka mapaMeTpoB reHepaTbHOW COBOKYITHOCTHU IO COOCTBEHHO-CITy4aitHON
BBIOOpKE

9. HTepBanbHbIE OLIEHKH NTapaMEeTPOB FeHEPaIbHOW COBOKYITHOCTH

Tunosble TeCThI (1151 KOHTPOJIA YCBOECHHUS 3HAHUN):

1. Inst 06paboTKH pe3yabTaTOB IKCIEPUMEHTA UCTIOIB3YIOT METOAbl MATEMATHUECKOM
CTaTUCTUKH:

+a) onucaTeNbHbIE U aHATUTUYECKUE;

+0) mapameTpuyYeCcKue 1 HelmapaMeTPpUIECKUE;

B) BEPOSITHOCTHBIE U KJIACCUUYECKHUE;

I') AMCKPETHBIE U NHTEPBAJIbHBIE;

1) BApUAIIMOHHBIE ¥ aTPUOYTHUBHBIC.
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2. 1s u300paxeHus HeMPEPHIBHOTO BAPHAIIMOHHOTO Psiia UCTIOIB3YIOT:
+a) TucTOorpamMmy;

0) IOJIUTOH;

B) CEKTOPHBIC AHATPAMMBI;

') KapTOrpaMMmy;

1) KyMYJIATY.

3. 3HaueHus NpU3HaKa BAPUALMOHHOTO psi/ia Ha3bIBAIOTCA:
+a) BapuaHTaMu,

0) yacToTaMH;

B) YaCTOCTSIMU,

I') MOMEHTaMU;

1) BECaMH.

4. CoOoTBETCTBHUE MCXIY Ha6J'IIOI[aeMI)IMI/I BapHaHTaMM1 MUX YaCTOTaMH WJIM YaCTOCTAMMN HA3bIBACTCA:

+a) CTaTUCTUYECKUM paclpe/ie]ICHUEM;
+0) BapHallMOHHBIM PSJIOM;

B) pyHKITEH pacnpeeICHUS;

I') OLICHKOW ITapaMeTpa;

1) COIJIaCOBaHHOCTBIO pPacpeaeICHUHN.

~

5. Craructudeckas orieHka ® mapamerpa ® Ha3bIBaeTCA ... , €CIH €€ MATEMAaTHUYECKOE
OKUJIaHHE PaBHO OLICHHMBaeMOMY MapameTpy 0.

+a) HeCMEILEHHOH;

0) COCTOSITCIIBHOM,

B) 3¢ pexTuBHOIA;

I') HE3aBUCUMOM;

1) TOCTaTOYHOM

6. HauanbHbIM MOMEHT MEpBOTO MOPSI/IKA PABEH:
a) TUCTIEPCHUH;

0) cpeHEMY KBaJpaTHUECKOMY OTKJIOHEHHUIO;
+B) cpenHelt apupMeTUIeCKOH;

T') CpPEAHEH TreOMETPUIECKOM;

1) CPEIHEMY JIMHEHHOMY OTKJIOHEHHUIO.

7. Meron HaX0XACHUS OLICHOK, 3aKJIIOYAOIIHICS B IPUPABHUBAHUU OIPEIEICHHOTO
KOJIM4YECTBa BEIOOPOUYHBIX MOMEHTOB K COOTBETCTBYIOLINM T€OPETUYECKUM MOMEHTaM
pacrpeeneHus Cly4ailHOW BEJIUYUHBL:

+a) MOMEHTOB;

0) HauOOoJIBIIIETO MPABAONIOI00NUS;

B) HAMMEHBIIINX KBAJPaTOB;

I') B3BEIICHHBII METO/] HAMMEHBIINX KBaJpaToB;

1) BBIOOPOYHBIH.

8. Merton onpenenenus napamerpa © , 3aKI0YAIOIINICT B MUHUMH3ALMM CYMMBbI KBaJpaToB
OTKJIOHEHHI BRIOOPOYHBIX JAHHBIX OT OMpPEIEIsIeMO OLIEHKH O :

a) MOMEHTOB;

0) HanOOoJIBIIIEr0 MPABIOTOO0US;

+B) HAMEHBIIINUX KBAJPATOB;

I') B3BELLICHHBIN METO/I HAUMEHBIINX KBAJPATOB;

1) TJIaBHBIX KOMITOHEHT.

9. UnTtepBan [@— A; ©+ A]napaMeTpa ©® , KOTOPBIH ¢ ONpeaeIeHHON OIU3KOM K eINHUIE
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BCPOATHOCTBIO, COACPKUT 3HAUCHUC ITapaMCTpa C] , Ha3bIBACTCA:

a) TPYIITUPOBOYHBIM;
+0) JOBEpPUTEIIBLHBIM;
B) IPOTHO3HBIM;

T') OITMOOYHBIM;

1) IpeACKa3aHusl.

10. Ha KOHTpPOJBHBIX HCIBITAHUAX N=25 3JIEKTPOJaMI HAWIEHO, YTO CPEIHHH CPOK CITYXKOBbI
mamn paBeH 950 wacoB. [IpenmoyiokuB, 4TO CPOK CIYKOBI SJEKTPOJIAMI pacmlpeseNieH IO
HOPMaJIBHOMY 3aKOHY € (ren=15 4 W HagexHocThio y=0,8664 mpenenpHas oOmmoOKa BBIOOPKH

COCTABHT:
+a) 4,5;
0) 1,5;

B) 0,9;
r)6,19;
n) 2,6.

Tunosele 3a1aun:

1. Ha npennpustin Ui aHaIU3a MPOU3BOJUTEIBHOCTH TPY/la CydailHBIM 00pa3zom
Ob110 0TOOpano 40 venosek. [lomydeHsl creayrone JTaHHbIC:

[IpousBeneHo u3aenuii B yac

10-14

14-18

18-22

22-26 26-30

KomnnyectBo paboTHUKOB

5

8

15

10 2

Haiitu: a) cpemHee 4dHCIIO W3ACIHN,

IMPOMU3BCACHHBIX B 4ac,

KBaJ[paTUUYECKOE OTKJIOHEHUE U KO PUIIMEHT BapHalluu;

0) MOy U Me/IhaHy;
B) KO3 UIIMEHT ACUMMETPHUH U IKCII

€Cca.

JTUCTICPCUIO,  CpeTHEee

2. [TpoBeneHoO uccieqoBaHNEe KOMMEPYECKUX (hUPM IO 3aTpaTaM Ha pekiiamy B roj. Jlmis
ATOTO CIIy4atHBIM 00pa3om oTobpano S0 ¢hupm. Pe3ynbpTaThl IpeACcTaBICHBI B TAOIHUIIE:

Pacxoppl Ha pekiamy, ThIC. pyoO.

Memnee 20

20-40 | 40-60

60-80

80-100 | 100 u 601ee

Yucno pupm

3

5 9

16

13 4

HaiiTu: a) rpaHulipl, B KOTOPBIX € BEPOSATHOCTHIO 0,95 3aKiIt0dueH cpeiHui pasMep pacxo10B Ha

peKiamy;

0) BEpOSITHOCTh, C KOTOPOU CPpEHUIN pacxo] Ha peKyiaMmy OyJeT OTINYaThCS OT BEIOOPOUHOM

cpenHei He 6oJiee yeM Ha S5 ThIC. pyO.

2.5.2. KpaTrkoe onucaHue nNpoBOAUMOIO 3aHATHS:
1. TIpoBepka ypOBHSI OCBOCHHMSI CTYI€HTaMHU BOIIPOCOB ISl CAMOCTOSTEIHHOTO

U3y4YeHUs

2. YCTHBII ONpPOC U TECTUPOBAHKE

3. Pemenue 3agaq

2.5.3. Pe3ysabTarhl U BHIBOJBI:
YcBoeHue CTYJIEHTaMU 3HAaHUW U 3aKPETVICHUE HAaBBIKOB 10 TEME MPAKTUYECKOTO

3aHATUA.

2.6. IlpakTuyeckoe 3aHATH
Tema: «Koppeasinuonnsblii anaans» (1

eNe 6
qgac).
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2.6.1. 3ananue nJs padoThI:
Bomnpock! k 3aHATHIO:

1. ®yHKIMOHANIbHASL, CTATUCTUYECKAS U KOPPESLUOHHAS 3aBUCUMOCTH

2. Pacuet ko3 uirenTa Koppensiuuu 1 JeTepMUHAIIMN, UX HHTEPIPETAIUs

3. KoppensiimoHHOE OTHOIIEHUE U UHAEKC KOPPEIALU

4. TlpoBepka CTaTHCTHYECKON 3HAYUMOCTH KOd(h(HIIMEHTa KOppEISAIUu: C
ucrnonb3oBanueM tadbnui dumepa-Heiitca, pactipeaenennst CTeloieHTa

5. MHTepBanbHas OIleHKa TeHEpaIbHOTr0 KO3 UIIMEHTa KOPPEISLUT

Tunosble TeCThI (A1 KOHTPOJIA YCBOECHUS 3HAHUN):
1. OcHoBHas 33/1a4a ... aHAJU3a — BBISBJICHUE CBSI3U MEX]Y CIy4yalHBIMU MTEPEMEHHBIMU U
OLIEHKA €€ TECHOTBHI:
+a) KOpPENIAIMOHHOTO;
0) perpeccuoHHOrO;
B) IMCIIEPCUOHHOIO;
') BApUAIIMOHHOTO;
1) BEIOOPOYHOTO.
2. OtHomeHnre GakTOPHOM TUCTIEPCUN K OCTATOYHOM HAa3bIBACTCS:
a) SMIUPHUECKUM KOPPEISIIMOHHBIM OTHOIIICHUEM;
0) TEOPETUYECKUM KOPPEISIITUOHHBIM OTHOIIIEHUEM;
+B) K03 OUIIMEHTOM JeTEPMHUHAIUH;
T') UHJIEKCOM KOPPEISIIUY;
1) TUHEWHBIM KO3 OUITMEHTOM KOPPEIISAIIHH.

3.JIunelinpiii KO3 PUITMEHT KOPPEAINN, KOTOPBIN YKa3bIBaeT Ha HAUOOJIBIITYIO TECHOTY CBSI3U?

a) r=0,80;
0)r=-045;
+B) r =-0,85;
rr=0;
n)r=0,5.

4. Tlpu U3y4eHUHU 3aBUCUMOCTH MTPOU3BOIUTEILHOCTH TPY/a OT KBATU(UKAIIMH pabouux

HOJNYy4MIN K03 PUIMEHT AeTepMUHALMU paBHBIN 45,5%, 3TO 3HAYUT, YTO:

+a) pakrop kBamuuKamu padbounx oobscHAET 45,5% BapHaluy NPOU3BOIUTEILHOCTH TPYAA;

0) 3aBUCHMOCTb MEX]ly TIOKa3aTeIsIMI YMEPEHHAs U Mpsimas;

B) NP yBEJIMYEHNHU KBanu(ukanuu padounx Ha 1 % npou3BOIUTEIBLHOCT TPY/AA HOBBICUTCS HA

45,5%;

T') HaOII0JaeTCsl CUIThHAS BapHaIlvs MTOKa3aTeleH;

1) daxTop KBamupUKau pabounx oobsacHsaeT 54,5% Bapuauy MpOU3BOAUTEIEHOCTH TPY/AA.

5.IIpoBepka HyJIEBOM TUIIOTE3BI O 3HAYMMOCTH K03 durmenta koppensuun Ho: r= 0,

MPOBOAMTCS C TIOMOIIIBIO:
+a) kputepusi CThIOJICHTA;
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0) xpurepus Ouiepa;

+B) Tabnub Oumepa-Ueiitca;
r) Z — npeobpazoBanus duriepa;
1) kputepust Koamoroposa.

Tunosele 3a1a4n:

Ha ocHOBe BBIOOPOUYHBIX JaHHBIX O MIPOU3BOANUTEIBHOCTH TpyAa (X), H3MEpsAeMOM B MITH.
pyO. Ha yesnoBeKa, u cebecTonMocTd npoaykuuu (Y), u3MepsieMoil B ThIC. py0. Ha eIUHUILY
HPOYKINH, TOTYYECHHBIX C OJHOTHITHBIX MPEATIPUATHIA 32 MECSIIL:

X

5 4 3 20 10 15

4

7 10 12 2 5 4

Haiitu: a) Be1OopouHbIil K03 punmeHT koppensun Mexay X u Y,

0) MPOBEPHUTH 3HAYMMOCTH T'eHEepaTbHOTO K03 duiinenTa koppensuuu mpu o=0,05;

B) C HaJI&XKHOCTBIO Y=0,95 HallTH IrpaHuUIbl JOBEPUTEIBHOIO HHTEPBajla T€HEPAIBLHOTO
Kod(ppurmenTa Koppesium.

2.6.2. Kparkoe onucanue NpoBOANMOIO 3aHATHSA:

1.

2.
3.
4.

[TpoBepka ypoBHSI OCBOEHHSI CTYAAEGHTAMH BOIIPOCOB ISl CAMOCTOSITEIILHOTO
U3y4CHUS

YcrHbIN onpoc

CaMocTosATenbHOE pEeLIEHUE 3a/1a4

Penrenue 3amau

2.6.3. Pe3yabTarbl 4 BHIBOJBI:
VYcBoeHue CTyieHTaMH 3HaHUH U 3aKPEIJICHNE HaBBIKOB 10 TEME MPAKTUYECKOTO 3aHATHS.

2.7. llpakTuyeckoe 3ansitue Ne 7

Tema: «Perpeccuonnblii anaaus» (1 gac).

2.7.1. 3apanme nJst padoThI:

Bormpocs! k 3aHATHIO:

1.1ToHsATHE U PENNOCHUIKA PErPECCUOHHOIO aHATN3a

2.Buapl perpeccMoHHbIX Mojenel. OleHka mapaMmeTpoB NapHOH JIMHEHHON perpeccuun
3. ITpoBepka cTaTUCTUUECKON 3HAYMMOCTH YPABHEHUSI PETPECCUU B LIEJIOM U €70

apaMeTpoB

4.TIpocreiimme cnydan KpUBOJIMHEHHON KOPPEISALUI

TumnoBbIie TECTHI (7151 KOHTPOJIS YCBOCHUS 3HAHHM ):

1. IIpoBepka 3HAUMMOCTH YpaBHEHUS PErPECCHH OCYLIECTBIIETCS HA OCHOBE:
a) t - kpurepus CTbIOJCHTA;

0) MHOXXECTBEHHOTO KOd(pPHUIIMEeHTa KOPPEIALINH;

B) F - xputepusa ®uepa;

T') CpeHel OMMOKe ammpOKCUMAITIH;

1) Tabnun Oumepa-Ueiitca.

2. Merop onpenesieHus mapaMeTpoB JJUHEHHOTO YpaBHEHUSI PETPECCUU:
a) MOMEHTOB;

0) HaMMEHBIIINX KBAAPATOB;

B) CHCTEM HOPMAJIbHBIX YPABHECHHIA;
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I') HauOOJIBIIETO MPABAONOI00HS;
1) HAUMEHBIIIETO TIPABIOTIOI00MSI.

Turnossle 3a1a4n:
Ha ocHoBe BBIOOPOUYHBIX JaHHBIX O MIPOU3BOAUTEIHLHOCTU TpyAa (X), U3MepsSeMOil B MITH.
py0. Ha YenmoBeka, u cebecTonMOoCcTH poayKiuu (Y), u3MepseMoil B ThIC. py0. HA STMHUITY

MIPOAYKLIMH, ITOJTYYEHHBIX ¢ OMHOTHUIIHBIX MPEAIPUATUN 32 MECHLL:

X 5 4 3 20 10 15
v 7 10 12 2 5 4

Haiitu: a) mapameTpbl IMHEWHOTO YpaBHEHUS PETPECCUU MEXAY X U Y

0) MpOBEPUTH 3HAYUMOCTH YPABHEHHSI PETPECCUU B IIEJIOM U €r0 apaMeTPOB MPHU
0=0,05;

2.7.2. Kparkoe onncanue MpoBOJAUMOIO 3aHATHUSA:

1. TIIpoBepka ypoBHsI OCBOEHUS CTYJICHTAMH BOMPOCOB JJISI CAMOCTOSITEILHOTO

U3YYEHUS

2. TecrupoBanue

3. Pemenue 3agaq

Pe3yabTaThl U BHIBO/BI:

VYcBoeHUe CTyIeHTaMU 3HAaHUM U 3aKPEIJICHUE HABBIKOB 10 TEME MPAKTUYECKOTO
3aHSTHSL.

Pazpaboran:

T.H.JIapuna
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