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BeaneHue

[Ipennaraempie METOAWYECKHE YyKa3aHUS JOJKHBI MOMOYb CTYyACHTaM
IIPY BBITIOJTHEHUH JTAOOPATOPHOI pabOThl U aHATN3€ TIOJYUYCHHBIX PE3yJIbTaTOB.
JlaGopatopHass paboTa HamMcaHa C HCIOJB30BAaHUEM HJICKTPOHHON TaOIUIIbI
MS Excel, cogepxxut Matepuai, TpaaulMOHHO BKJIOYAeMbI B TPH Jadoparop-
Hble paboThl: «IlepBuuHas o6paboTka HaHHBIX», «IlocTpoeHHE TOUECUHBIX U UH-
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TEpPBAJbHBIX OIEHOK JUIsi MAaTEMAaTHYECKOTO OXHAaHWUs U aucnepcun», «lIpo-
BEpKa TUIOTe3bl O BUJIE pacupeeiaeHus no kpureputo [lupconay.

CTyneHTBI BBITOJIHSIOT J1A00OpaTOpHYIO paboTy B KOMIIBIOTEPHOM Kilacce
yHUBepcuTeTa 3a 2 yaca. [lociie ee BbINOJIIHEHUS I0OJKEH OBITh COCTaBIIEH OTYET,
3allMIIAEMBbIN Ha JOMOJHUTEILHOM 3aHATHH (CM. IpuMep oTyera). B meTonuue-
CKHMX YKa3aHUAX MPUBEJCHBI BOMPOCHI JIJII CAMOKOHTPOJISI U HEOOXOIUMbIE CBE-
JICHUS U3 TEOPUU BEPOSITHOCTEN U CTATUCTUKH.

JlomycTuMBI Ba crioco0a BBOIA HCXOIHBIX TAHHBIX.

= [To HOMepy BapuaHTa. B 3TOM ciiydae TaHHBIE T€HEPUPYIOTCS IPOTPaAM-
MO, HO OCTaeTCsl BO3MOKHOCTh COKPAaTUTh 00BEM paccMaTprUBaeMOl BHIOOPKH,
YMEHbIIIast YucIio N.

= J[aHHBIE BBOJSATCA HEMOCPEACTBEHHO B Tabmuiyy BapuaHT 0 (He Oolee
160). Ty oniuio UCMONB3YIOT UK MPU aHATU3€ MaJIbIX BEIOOPOK, UM TIPU BbI-
MOJIHEHUU JPYTUX UHKEHEPHBIX PACU€TOB.

1. 3apauu

1.1 dkoHOMuYeckass 3a0aya

[Tpu pa3paboTke TEXHUYECKOTO 3aJJaHusl Ha MOJEpHHU3aLUI0 achanbrode-
TOHHOTO 3aBoja ObUIM COOpaHbI 3aBKM Ha ac(aibTOOETOH, MOCTYNUBIIUE HA
3aBOJI B TeueHHue N cyToK. OObEMBI CYyTOUHBIX 3aIBOK CBEJEHBI B TAOIUILY.

* CuyuTas, 4TO 00bEM CYTOUHOM 3asABKU X SIBJISIETCS CIy4ailHOW BEJIIMYMHOM,
OLICHUTb €€ CpeAHEE, TUCTIEPCHUIO U APYTHE YHUCIOBBIE XapaAKTEPUCTUKHU.

= [IpoBepuTh rumnoTe’y 0 HOPMAIBHOCTH PACTPECICHUS CIy4YaillHOW BEIu-
YUHBI (T€HEPaTbHON COBOKYMMHOCTH) X.

» JlaTb pEKOMEHIAUUM O HOMHUHAJIBHOM CYTOYHOW MOIIHOCTM @ HOBOTO
NPEANPUATHS U OLIEHUTh BO3MOXHBIE OTKJIOHEHUS €r0 CYyTOYHOW Harpys3KH.

1.2 Mamemamuyeckas 3adayda

BriOopka oObema N U3 reHepabHOM COBOKYMHOCTH X 3ajaHa B (opme
TaOIUIIBI (TI0 TAaHHBIM SKOHOMUYECKON 3a/1a9H ).

1. ITpoBecTH COPTUPOBKY U TPYIITUPOBKY BHIOOPKH.

2. Halitu BBIOOpOUYHBIC HaYaJIbHBIC U IICHTPAIHLHBIC MOMEHTHI JI0 YETBEPTO-
'O MOPSAIKA BKIIFOUUTEIBHO.

3. Onenutp Marematuueckoe oxumganne MX = a, aucnepcuto DX = G’ ,
CpPEIHEKBAAPATUYHOE OTKJIOHCHHE G T€HEPAIbHOM COBOKYMHOCTHU X , UCIIOJB3YS
BBIOOPOYHBIC HAYaIbHBIC M [ICHTPAIHbHBIC MOMCHTHI.

4. TTocTpouTh JTIOBEpUTEIbHBIC MHTEPBAIBI JUII MAaTEMATHYECKOTO OXKHa-
HUS & U JUCTICPCUU c° IIPU PA3IMYHBIX 3HAYCHUH JOBEPUTCIHHON BEPOSTHOCTH
v=0,9; 0,95; 0,99.

5. [IpoBepuTh THMOTE3Y O HOPMAJILHOCTH paclpe/ielIeHUs] TeHEPATBLHOM CO-
BOKYIHOCTH X.
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" 10 BEIOOPOYHBIM aCHMMETPHH U IKCIIECCY

" 10 COOTBETCTBHIO THUCTOTPAMMBI YaCTOT TpaduKy IIOTHOCTH HOP-
MaJIBbHOTO paclpeaesieHus

= 110 kputeputo [Iupcona (xu-kBaapar) ¢ ypoBHeM 3HauumocTu o= 0,05.

2. PewweHne matemaTuyeckux sagad

2.1 Copmupoeka u 2pynnupoekKa

[IycTh X1,X5,..., X, — BBIOOpKA U3 T€HEPaIbHON COBOKYMHOCTH X. BbImoii-
HUM COPTHUPOBKY U TPYNITHUPOBKY ITOW BHIOOPKHU
* (O06o03HauuM uepe3 A u B — HauMeHbIMi 1 HAMOOJBIINNA JIEMEHTHI BbI-
OOpkH. 3amuIIeM 3JIEMEHTHI BBIOOPKH B TIOPSIKE BO3PACTAHMS:
A=Xy SXp < <X, =B
» Pa3o0ObeMm otpe3ok [A,B] Ha K paBHBIX uacTeit Toukamu tp=A, ty, ... , {,=B.
Ilar pasouenus: h = (B — A)/k. O603naunm uepes X; =(t_; +1;)/2 cepe-
JTUHY I-r0 0Tpe3Ka, a yepe3 Nj — SMIUPUICCKYIO YacTOTY, T.C. YUCIIO TOYCK
BBIOOPKH TMOIMABIIUX B IIPOMEKYTOK [ti_l,ti) (mms i=n OepeM MPOMEKY-

TOK [tn—litn])
2.2 Bb160pOYHbIEe MOMEHMbI
Tabnuna, B mepBoil CTpOYKEe KOTOPOU CepeIMHbI MPOMEXKYTKOB IPyHIIUPO-

BaHKs, @ BO BTOPOl OTHOCHTEJbHbBIE YaCTOTHI N;j /N, MOXKET PaccMaTpUBATHCS

Kak TabiuIa pacipeeseHus: JUCKPETHOM ClTydyailHON BEJTUYHHBI.

B npenenax gomycTuMoi Ha IPaKTUKE TOUHOCTH BHIOOPOYHBIC HAUATbHBIC
U IICHTPaJIbHbIE MOMEHTHI MOPSAKA ' JUISl 2pYnnupo8anHol blO0OPKY HAXOASATCS
1o cleayronum Ghopmynam

— 1 K =r — 1 = =\
mr:_'zni'xi Hr:_zni'(xi_x) ’
n ‘= n
B KOTOPBIX BBIOOPOYHOE CpEAHEE PABHO
1 ¢ o o
m==->n-%=X.
n o

HamomMuuM, 4TO [IJ1s1 HE rPYNIUPOBAHHON BHIOOPKM BBIOOPOUHOE CpeAHee
HAXOJUTCS KaK cpeliHee apupMeTHYECKOEe BCEX DJIEMEHTOB BEIOOPKH:

-1 @
x_ﬁ-izzl:xi

IlepBble YeThIpE LIEHTPAIBHBIX MOMEHTA Ll CIIy4YaWHOW BEJIIMYMHBI MOTYT
OBITh BBIPAKEHBI Yepe3 HayalbHble MOMEHTBI M, TOM K€ CIIy4ailHOW BEIMYUHBI
1o popMyJiam:



w, =0;

szmz_mlz;

W, =m, —3m, -m, +2m};

u,=m, —4m,-m, +6m,-m’ —3m..

[Tocnennue GopMyITbl MOKHO MCTIONB30BAaTh U MPU BEIYUCICHUHA BHIOOPOU-
HBIX IEHTPAJIbHBIX MOMEHTOB [, TIO BRIOOPOYHBIM HaYaJIbHBIM MOMEHTaM M, .

2.3 AcumMmempus U aKcuyecc 2eHepasibHOU CO8OKYyNnHocmu

[leHTpanbHBIE MOMEHT TPETHETO MOPSIKA CIYYaHOW BEIMYUHBI XapaKTe-
pU3yeT HECHUMMETPUYHOCTh PACHPEACICHUS OTHOCUTEIBHO MAaTeMaTUYECKOTO
oxkupanus. [loaToMy 3a XapakTEpUCTHKY HECUMMETPUYHOCTH PaCIpENCIeHUs
MPUHUMAIOT O€3pa3MEpHYI0 BEIIMYUHY — OTHOIIEHUE TPETHEro IEHTPAIHLHOTO

MOMEHTA K Ky0y CpeIHEKBaIPaTUUHOTO OTKIOHECHUS

01 =H3/03 =M3/M%/2 :

OTa BEeJIMYMHA HA3BIBACTCS acummempuel WIA CKOLIEHHOCTBIO paclpese-
JICHUs CIIy4YalHOM BEJINYUHBI.

L{eHTpabHBIE MOMEHT YETBEPTOTO MOPAJIKA MPU JAHHOM IHCHEPCUU MO-
KET CIYKUTh XapaKTEPUCTUKOW YyAEIBHOro Beca OONBIIMX OTKIOHEHHHA OT Ma-
TEMATUYECKOTO O0KMJAHUSA, 4 3TO B CBOIO OYEPEAb OIPEAEISAET XapaKTeEp MaK-
CUMyMa B TOUKE d CHMMETPHUYHOIO PaCIpeleNICHNs — "OCTPOBEPIIMHHOCTD' WM
"IMJIOCKOBEPIIMHHOCTB" TJIOTHOCTHU pacnpeaeneHus. [loatomy 3a xapakrepuctu-
Ky MOBEJICHUSI KPUBOU pacnpeienieHusi BOIU31 TOUKU & MPUHUMAIOT Oe3pa3mep-
HYIO BEJINYUHY

g2 =4/n3 -3.
DTa BEJIMYMHA HA3BIBACTCSl IKCYeCcoM PACHPEACIICHUs CIy4allHOW BEIH-
YU HBI.
HanmoMHuM, 4TO y HOpPMAaJbHO pPAaCIpPENCIICHHOW CIy4YalHOW BEJIMYHUHBI
ACUMMETPHUS U IKCIIECC PABHBI HYIIIO.

2.4 To4ye4yHbIe OUEHKU MameMamu4eCcKo20 O)XUOaHuUs u
ducnepcuu

CocTOoSTENbHON Y MPAKTUYECKH HECMEILIEHHON OLICHKOW MAaTe€MaTHYECKOTO
oxkunanus MX=a reHepaibHOil COBOKYTHOCTH X Oy/IeT BLIOOPOUHOE CpeiHee:

_ 1 X _
X==->n-Xi,
n o

TO €CTb, BCPHBI CICAYIOIMINE PABCHCTBA

im x=a; Mx=a
n—o



CocTosiTeNnbHOM M TMPAKTHUYECKHM HECMEIIEHHOM OLIEHKOW JUCIepCcuu
DX=0° reHepalbHON COBOKYITHOCTH X OYIeT BHIOOPOUHAS JUCTICPCHS:
1 &
2=t (0P
n-1:
=1

TO €CTh, BEPHBI CJICTYIOIITNE PABCHCTBA

lim 32262; Ms? ~ g2

N— o0

KBaaparHblil KOpeHb U3 BBIOOPOYHOW AMCHEPCHH, TO €CTh S, HA3bIBAIOT
BBIOOPOYHBIM CPEIHEKBAAPATUYHBIM OTKIOHEHUEM.

2.5 [loeepumersbHbie UHMepeasibi O/is1 MameMamu4ecKo20
O)XudaHusi

['paHuIBl TOBEPUTENBHOTO UHTEPBANIA [81,d,] 11 MATEMATUUYECKOTO OXKH-
JTaHUs 8 TeHEepaIbHOW COBOKYIMTHOCTH X HaXOJATCS IO CeAyonuM hopmyiam

S S
"Jn "Jn’
B KOTOPBIX X — BBIOOPOYHOE CpelHEe, S — BBIOOPOYHOE CPEAHEKBAAPATUYHOE
OTKJIOHEHHE, N — 00beM BBIOOPKH, Y — IOBEpUTEIbHAs BEPOATHOCTD. [Ipu 6011b-
I0M 00BbEME BBIOOPKH YHCIIO , HAXOJAT U3 PEIIEeHHs CIEAYIOIEro YpaBHEHHs

@, (t,) =712,
rae, @ (t) — uaTerpanbHas @ynkius Jlannaca:

a; =X —t a, =X+t

J2n

Takum o0pa3zoM, OlleHMBaeMOE€ 3HAUE€HHWE MATEMaTU4YECKOro OXKUAAHUS a,
OK)KETCs BHYTPHU OTpE3Ka [81,a2] C BEPOSITHOCTBIO Y.

Ecan 00beM BBIOOpKM HEOOIBIION, TO 1, HAXOAMUTCA W3 PEIICHHS ypaBHE-
uus F(t,) = (1-y)/2, roe y xak u paHee, TOBEpHUTEIIbHAS BEPOIATHOCTH, a F(X) —
¢bynkuus pacnpeneneHust CteroneHTta Benmuuabl t(N-1) ¢ (N—1)-if cTeneHkto
cB000 B! (cM. Ta01. CThION.).

2.6 [JoeepumernbHbie uHmMepeasbi 05s ducrepcuu.

t
2
o (t) == [ 12z
0

[Toctpoum noBepUTENBHBIM UHTEPBAI s nucnepcur. [Ipenmnosaras, 4ro
reHepaibHasi COBOKYMHOCTh X MMEET HOPMaJIbHOE pacIpeiielieHue C MmapameT-
paMH & U G, MOKHO J0Ka3aTh, UYTO CTATUCTUKA

1 & o\
;Zni ‘(Xi —X)
i=1

2
umeet pacrpenenenue o6muskoe K (1) ¢ | = n—1 crenensmu cBo6oab1. Crenosa-
TEIBHO,



2 x/2
|/22” Bj K e

r7ie Y, KaKk U paHee, JOBEpUTeIbHAs BEpOsATHOCTh. UYncna P u [, OymyT pere-
HUSMH YpaBHEHUS

P(Bﬁl—_zl-sz<B2J=P(l31<x2(l)<l32)

;”2 IXZZ e ¥ 2dx=¢

rtr2)"c 4
s €=(1-y)/2 u e=(1+y)/2 cooTBeTcTBeHHO. J[)IsI pelicHUs 3TUX ypaBHEHHI
MOJKHO BOCIIOJIB30BAThCS TaOIMIAME KBAHTHICH pacipeneneHus x> (cM. Ta6iw

XH). ['paHAUIIBI JOBEPUTEILHOTO HHTEPBAIIA IS G- OYAYT PABHBI
2 2

blzﬁ—-(n—l) b, —B (n-1)

2 1

P20 <p)=

2
Wrak, oueHnBaeMasi TUCIEPCHUS G- C BEPOSITHOCTBIO Y JIEKHUT B ITPOMEXKYT-

K€ [bl,bz].

2.7 [lpoeepka aunomesbl 0 sude pacnpedesieHUs!

2.7.1 dopmynumpoBKa rmnoTessbl.

[Ipennonoxkum, 4TO TeHepajdbHas COBOKYMHOCTh X HMMEET HOPMAaJIbHOE
pacrpeaeaeHue N()_(,S) C MareMaTU4YECKUM OXUIAaHUEM X W CpeIHEKBaapa-
TUYHBIM OTKJIOHCHHEM S.

[IpoBepuM 3TO MPEAIOTOKEHHUE MO CIEAYIONIUM TPEM KPUTEPHUSIM.

2.7.2 IlpoBepKka BU3yaribHOro COOTBETCTBUA

['mcTorpamma BBIOOPOYHBIX YACTOT W KpHBas IUIOTHOCTH HOPMAILHOTO
pacripeiesieHusl CTpOsITCS B OJIMHAKOBOM MaciiTade. Eciu ot rpaduxu "cuib-
HO" OTJIMYAIOTCS APYT OT IPYyra, TO TUIOTE3a OTBEPraeTCs.

2.7.3 CpaBHeHne BbI6GOPOYHBbIX MOMEHTOB C TEOPETUYECKUMMU

[To BHIOOPOYHBIM LIEHTPAJILHBIM MOMEHTaM HaiJieM: BBIOOPOUYHBIE ACHM-
METPHIO U dKclecc. Ecnu HaliieHHbIE 3HAaY€HUs "'3HAYUTENIBHO" OTINYAIOTCA OT
HYJIS, TO Hallla TUIIOTE3a HEBEPHA.

2.7.4 Kputepwii cornacus z*

JIaHHBIN KpUTEPUIN NTO3BOJISAET KOJIMYECTBEHHO OLICHUTH CTEIIEHb COIIACHs
BBIOOPOYHBIX JAHHBIX [POBEpsie-

AVAREER. VAR VA VANV MO# THIIOTE3E.
BbImosHMM  HOBYIO — TpyIIIHU-
Zy Z I3 . Zpg POBKY I1€PBOHAYAILHON BBIOOPKH.




J171s1 5TOr0 BCIO YHCIIOBYIO OCh pa300beM Ha I BO3MOXKHO HEPABHBIX YacTeil, Tak,
YTO BHYTPHU KaXKJIOM YaCTH OKaXETCs HE MEHee 5 3JIeMEeHTOB BbIOOpkH. O003Ha-
quM gepe3 —© < 73< Z,< ...< Z,.1<00 HOBBIC€ TOYKU Pa3OMEHMS YHMCIIOBOH OCH.
[Tpu 3TOM MBI OyJIeM paccMaTpUBATh U JIBa HEOTPAHUYECHHBIX POMEKYTKA: (-00,
1), [2r1, ). Ecnu paccmarpuBaemasi BRIOOpKa ObUIAa YK€ TPYINIIHMPOBAHA, TO
cieayer OOBEAUMHUTH COCEIHUE MPOMEKYTKH TaK, 4TOObl B OOBEIUHEHHBIC
MIPOMEKYTKH TIOMAJI0 HE MEHEE 5 AJIIEMEHTOB BHIOOPKH, a TPAHUIIBI MIEPBOTO H
MOCJICTHETO MMPOMEKYTKA 3aMEHUTh Ha —00 H 0.

Hcxons U3 HAIIETO MPEIIOIOKEHUSI 0 HOPMATLHOCTH TeHEPAIbHOU COBO-
KYITHOCTH, BBIYUCIIM BEPOSTHOCTH MOMAJaHUs CIIyYaiiHOW BETUIUHBI X B TPO-
MEXYTOK [Zj.1, Zj).

z, - X Z,,—X
p, =Pz, <X<z,)=d,| |- | T =
S S

CpaBHUM BBIYHCIIEHHYIO BEPOSTHOCTBH Pj C OTHOCHUTEIBHON BBIOOPOYHOM
gacToToil NN, rae depe3 Nj 0003HAYECHO YKMCIIO TOYECK BHIOOPKH, MOMABIINX B
MIPOMEKYTOK [ZJ 1, Zj). Ecnu Hama rumotesa BepHa, To BenuumHa (NN — pj)
JOJDKHA OBITh HEOOJNBIION. A cJeI0BaTeNbHO, HEOOJBIION JO0HKHA OBITH U
CyMMa I' TAKHX BEJIMYHUH B3ATHIX ¢ Ko duienTamu n/p; :

2
2505, g uonen)
=1 P; n = n-p;

[Tpu Gonpux N cratucThka Z UMEET pachpesereHrue 0JM3Koe K pacrpe-
nenernio (1) ¢ | = r—3 creneHsMu cBOGOIEL.

Wtak, eciiu runoTe3a BEpHA, TO BEPOATHOCTh, C KOTOPOW cTaTUCTHKA Z OY-
JIET MEHBIIIE Z MOYKHO HAWTH T10 (bopMyJIe

1=2
2

P(Z <2)=P(x*(I) < z) x? e 2dx=y

Z
g|
/2 2|/2 :
Ecnmu mocnenHee ypaBHEHHE peH_II/ITB OTHOCUTEIBHO Z, TO €r0 PEIICHHE
Z(y)=x2Kpm HaspiBaeTcst KBaHTWIbI0 pactpenernenus x>(1) ¢ | cremensvu cBoGo-
Il U CYMTAIOT KPUTHUUECKUM 3HAYE€HUEM BBIOOPOYHON CTATUCTUKU Z, COOTBET-
CTBYIOIIIUM YPOBHIO 3HAYUMOCTH 0.=1—y. 3HAUCHUS] KBAaHTUJICH paclpeeiiCHUs
XHU-KBaJIpaT JJIs Pa3jIMIHOTO YHCIIA CTEIIEHEeH CBOOOJBI MOYKHO HAWTH B TaOJIH-
ax.
OKoHYATENBHO, €CIIM TOCJC MPOBEACHUS JOMOJHUTEIBHOTO TPYIITUPOBa-
HUS BBIOOPKH 3HAYEHUE CTAaTUCTUKU Z OyAeT OoJibliie XzKpm’ TO THUIIOTE3a OTBEP-
raetcs. [Ipuyem BEpOATHOCTH OTBEPTHYTH MPABUILHYIO TUIIOTE3Y OyIeT He 00-
nee yeM o. Ecnm ke 3HaueHue BBIOOPOYHON CTATUCTUKH Z OyJeT He OOoJbIie
szpm, TO y HAC Hem OCHOBAHUS OMEepeHymb THIIOTE3y W OHA, KakK MPaBUIIo,
MIPUHUMAETCSI.



3. JononHuTenbHble CBeAEHUSA N0 TeOPpUMN BEPOATHOCTEU U
CTaTUCTUKEe

Cayuatinou éenudunou Ha3bIBAETCS BEIIMYMHA, 3HAYEHUSI KOTOPOU 3aBHUCST
OT CiIyd4asi, TO €CTh (PYHKITHS, OTOOpa)karomas MHOXKECTBO AJIEMEHTAPHBIX CO-
OBITHI OIMBITa BO MHOYKECTBO BEIIECTBEHHBIX YUCET.

Dyukyuell pacnpedenenuss CIyuyauHol eequyunbl X Ha3bIBACTCS QYHKIIHS:

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

3HayeHre (QPYHKIHUHM PACHpPEJCIICHUS B TOUKE X PaBHO BEPOSITHOCTU TOTO,
YTO 3HAYEHHUE CIyYailHOM BETWYMHBI X MEHBIIIE yncia X.

CnydaitHas BeaudyuMHa X Ha3bIBACTCS OUCKPEMHOU, €CIIM MHOXXECTBO €€
3HAQYEHUN COCTOUT W3 M30JIUMPOBAHHBIX TOYEK, €CIIM MHOYKECTBO 3HAYEHUU 3a-
MOJIHSET HEKOTOPBIM MPOMEKYTOK, TO CliydaiiHasi BeimunHa X Ha3bIBACTCS He-
Nnpepvl8HO.

Ecim ynkums pacnpenencuus F(X) auddepeHmupyeMa, To ee Mpou3-
BogHas f(X)=F'(X) HasbiBacTCs (hynkyueli niomuocmu pacnpeoenenus ciy-

yauHou eenudunsbl X .

Ecnu cnydaitHas BenMuMHa AUCKPETHA, TO mabauyel pacnpeoeieHus Ciy-
yaHoU eequduHbl X Ha3bIBaeTCsl TabJMIla, B MEPBOMl CTPOUKE KOTOPOW mepe-
YHCJICHBl 3HAYEHHUS CIIyYalHOW BEJIMYUHBI, 4 BO BTOPOM BEPOSATHOCTH, C KOTO-
PBIMU ATH 3HAYCHUS] TPUHUMAIOTCA.

Hauanvnvim momenmom cayuavinou eenuuunst X nopsoka I' Ha3bIBACTCS
CJIEAYIOIIEE YUCIIO:

e MX'= Ixrf(x)dx, rne f(X) mIoTHOCTH pacmpeneseHus Hempe-

PBIBHOM CIIy4ailHOM BEJIMYUHBI.

m
e MX"=>xp;, rme X i=Lm — Bce BOMOXKHBIC 3HAYCHHS JIHC-
i1 o
KPETHOM CIy4ailHOM BEMWYMHBL, a P, | =1,M — BEpOATHOCTH, C KO-
TOPBIMH ITH 3HAYCHUS] TPUHUMAIOTCH.
Mamemamuueckum odxcuoanuem ciy4auHou éerudursl X HA3bIBACTCS Ha-
YaJIbHbI MOMEHT 3TOM BEJTMYHHBI IEPBOTO MOPSAIKA, TO ecTh MX .
Llenmpanvrovim Mmomenmom cayyaunou eeaudunsvl X nopsoxka I' Ha3bIBaeT-
csl:

u =M(X - MX)".
[{leHTpanbHBIE MOMEHT BTOPOT'O MOPSIKA HA3bIBACTCS Oducnepcueti ciy4ati-
HOU euYUHbl X ©

DX =M(X — MX)?.



CnyuaiiHas BenMuuHa X pacnpeoesieHa no HOPMAlbHOMY 3aKOHY C Tapa-
metpamu a, ¢ (N(@,0)) eciu ee TUIOTHOCTH pacpeieIeHUs] IMEET BHI:

f (X) _ ﬁ . e—(x—a)2/252 — (X) — % ] (P(X%‘aj’
rae ¢(t) — mokanpHas Gyukuus Jlammaca.

JIJ1ss HopMaJIbHO pacrpeaesieHHoN cinydaiHor Benmaunel: X ~ N(a,6) ma-

TeMaTU4eckoe oxkuganue u aucrepcus paBael: MX =a, DX = 2.

[TocnenoBaTenbHOCTh CIyYalHbIX BEMHMUUH X, X,,..., X cX00umcs no

nre--

8eposAmMHOCMU K YUCITy &, X, —>a eciu
P( X, —al<e) >1 npu n—>o0 ms Beex € >0.

([mst mro6oro ymncna € >0 BepOSTHOCTH TOTO YTO 3HAYCHHUE CIIyYaliHOUN BEIHYU-
Hbl OTKJIOHUTCS OT YMCJIa MEHbIIE YEM Ha CTPEMHUTCA K €IUHMIIE, WU, IOYTH
HaBepHOE, aOCOIIOTHasl OIMIMOKa OT 3aMEHbl YMCia @ 3HAYEHUEM CIIydalHON
BEJIMYMHBI X , MCHBIIC YeM € MU OOJBINNX 3HAUYCHUSX N.)

[Tycte X — ciydyaitHas BenwunHa, a F(X) ee QyHkums pacrpeneiacHHs.
Kseaumunvio pacnpedenenus X ypoeusi [ Ha3bIBACTCA DPEIICHUE YPaBHCHHSI

F(xp): p.

Buwibopkoti ob6vema N uz cenepanvroii cogokynHocmu X ¢ @yHKyuel pac-
npeodenenusi F(X) Ha3bIBaeTCS MOCIEIOBATEIBHOCTD Xy, X, ,..., X, HAOJIIOIaEMbIX

3HAYEHHUN CITy4alHOW BEJIWYHUHBI X , COOTBETCTBYIOIIMX N HE3aBUCHUMBIM I10-
BTOPEHUSM OIbITa. BBIOOPKY Takke MOHMMAIOT Kak N HE3aBUCUMBIX pealu3a-
UM CITydyaiiHON BEJIMYMHBI X .

I pynnuposanroii évib0pkroii 06vema N U3 reHepaTbHONM COBOKYITHOCTH X
Ha3bIBaeTCs TaOJHIA, B TIEPBOH CTPOKE KOTOPOM B3aMMHO HETEPECEKAIOITUECS
IPOMEKYTKHU, @ BO BTOPON — YKCJIO JIEMEHTOB 3HAUYCHUM CIIy4YalHOU BEJIMYUHBI
X', TOMaBMIMX B COOTBETCTBYIOIIUM MPOMEKYTOK (ITPOMEKYTKH BBIOpaHBI, TaK
9TO UX O0OBEIMHEHUE A €CTh MPOMEKYTOK, B KOTOPBIM MOMAAal0T BCE 3HAUCHUS
X).

HpOMe)KyTKI/II| Aq | Ay | Az | | Am

YacTOTHI. | ny | No | Ns | | Nm

l'ucmoepammori yacmom TPYNIUPOBAHHON BHIOOPKM HA3bIBAETCA Tpaduk
KYCOYHO-TIOCTOSSHHON (DYHKITUH, 3HAYECHUS KOTOPOH Ha MPOMEXKYTKAaX TPYIITH-
pOBaHUSI PaBHBI COOTBETCTBYIOIIMM YacTOTaM, a B OCTAJIBHBIX TOYKAX PaBHBI
HYJTIO.

T'ucmozpammori omnocumenvHvix yacmom TPYNIUPOBAHHON BBIOOPKH Ha-
3bIBAETCS TpaduK KyCOUHO-IIOCTOSTHHON (DYHKITHH, 3HAUYCHUS KOTOPOU Ha |-0M
MIPOMEKYTKE TPYIITUPOBAHUS PaBHBI COOTBETCTBYIOIICH OTHOCHTEIILHON 4acTo-
Te: N; /N, a BHE IIPOMEKYTKOB IPYNIIMPOBAHUS PABHBI HYJIIO.



IlpousBonbHy0 QyHKIMIO O =0(X,X,,...,X,) DJIEMEHTOB BBIOOPKU

X11Xyy..., X, HA3bIBAKOT cmamucmuxou. Ecim cratucruka 0 HUCIIOJIB3YCTCA LA

OLICHKM TMapamMeTpa O TreHepaJibHOW COBOKYITHOCTH X, TO OHa Ha3bIBAETCS
OYeHKOU 5M020 napamempa Wil IpoCTO OYEHKOU.

Ouenka 0 napamerpa 0 HasbIBaeTcs HecMeWeHHOll, €CIIA €€ MaTeMaThuye-
CKO€ 0’KHJIaHHE PaBHO OlleHuBaeMoMy napametrpy MO =0.
Onenka =0, (mocirenoBarenbHOCTh OLEHOK) napamerpa O HasbIBaeTcs

A

COCMOoAmMEeNbHOU, €CIU NIPU YBEIMYEHUH 00beMa BBIOODKM N oleHka 0, cxo-

IUTCS N0 BEPOSATHOCTH K OLIEHMBaecMoMy napamerpy 0: 6, — 0 mo BeposTHO-
CTH.

ITycts 0, 1 6, — nBe pa3nUYHBIE HECMEIIEHHBIE OLEHKU napamerpa 0. Ec-

m DO,<D0,, To roBopAr, uTo onieHka 0, 6onee agpghexmusna, uem oneHka 0,

Hoeepumenvnvim unmepeanom s mapamerpa 6 Ha3pIBaeTCS MHTEPBA
A =(0,,0,), cogepxamuii ICTHHHOE 3HAYCHHE MapameTpa O ¢ BEpOSTHOCTHIO

Y=1-o0o. Uucio y Ha3bIBAETCS 008EpUMENbHOU BEPOIMHOCTbIO, & YACIO O —
yposrem snauumocmu. Takum obpazom, P(0 e A=(0,,0,)) =v.
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4. UHTerpanbHasa pyHKUunA
Jlannaca

Dn(t) = 1 t —22/2d
O()_E.j‘e Z
0

o(2)

Dy(t)

0

1

2

3

4

5

7

8

9

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0,0000
0,0398
0,0793
0,1179
0,1554
0,1915
0,2257
0,2580
0,2881
0,3159

0,0040
0,0438
0,0832
0,1217
0,1591
0,1950
0,2291
0,2611
0,2910
0,3186

0,0080
0,0478
0,0871
0,1255
0,1628
0,1985
0,2324
0,2642
0,2939
0,3212

0,0120
0,0517
0,0910
0,1293
0,1664
0,2019
0,2357
0,2673
0,2967
0,3238

0,0160
0,0557
0,0948
0,1331
0,1700
0,2054
0,2389
0,2704
0,2995
0,3264

0,0199
0,0596
0,0987
0,1368
0,1736
0,2088
0,2422
0,2734
0,3023
0,3289

0,0239
0,0636
0,1026
0,1406
0,1772
0,2123
0,2454
0,2764
0,3051
0,3315

0,0279
0,0675
0,1064
0,1443
0,1808
0,2157
0,2486
0,2794
0,3078
0,3340

0,0319
0,0714
0,1103
0,1480
0,1844
0,2190
0,2517
0,2823
0,3106
0,3365

0,0359
0,0753
0,1141
0,1517
0,1879
0,2224
0,2549
0,2852
0,3133
0,3389

1,0

1,1

1,2

1,3

1,4

1,5

1,6

1,7

1,8

1,9

0,3413
0,3643
0,3849
0,4032
0,4192
0,4332
0,4452
0,4554
0,4641
0,4713

0,3438
0,3665
0,3869
0,4049
0,4207
0,4345
0,4463
0,4564
0,4649
0,4719

0,3461
0,3686
0,3888
0,4066
0,4222
0,4357
0,4474
0,4573
0,4656
0,4726

0,3485
0,3708
0,3907
0,4082
0,4236
0,4370
0,4484
0,4582
0,4664
0,4732

0,3508
0,3729
0,3925
0,4099
0,4251
0,4382
0,4495
0,4591
0,4671
0,4738

0,3531
0,3749
0,3944
0,4115
0,4265
0,4394
0,4505
0,4599
0,4678
0,4744

0,3554
0,3770
0,3962
0,4131
0,4279
0,4406
0,4515
0,4608
0,4686
0,4750

0,3577
0,3790
0,3980
0,4147
0,4292
0,4418
0,4525
0,4616
0,4693
0,4756

0,3599
0,3810
0,3997
0,4162
0,4306
0,4429
0,4535
0,4625
0,4699
0,4761

0,3621
0,3830
0,4015
0,4177
0,4319
0,4441
0,4545
0,4633
0,4706
0,4767

2,0

2,1

2,2

2,3

2,4

2,5

2,6

2,7

2,8

2,9

3,0

3,2

3,4

3,6

3,8

0,4772
0,4821
0,4861
0,4893
0,4918
0,4938
0,4953
0,4965
0,4974
0,4981
0,4987
0,4993
0,4997
0,4998
0,4999

0,4778
0,4826
0,4864
0,4896
0,4920
0,4940
0,4955
0,4966
0,4975
0,4982
0,4987
0,4993
0,4997
0,4998
0,4999

0,4783
0,4830
0,4868
0,4898
0,4922
0,4941
0,4956
0,4967
0,4976
0,4982
0,4987
0,4994
0,4997
0,4999
0,4999

0,4788
0,4834
0,4871
0,4901
0,4925
0,4943
0,4957
0,4968
0,4977
0,4983
0,4988
0,4994
0,4997
0,4999
0,4999

0,4793
0,4838
0,4875
0,4904
0,4927
0,4945
0,4959
0,4969
0,4977
0,4984
0,4988
0,4994
0,4997
0,4999
0,4999

0,4798
0,4842
0,4878
0,4906
0,4929
0,4946
0,4960
0,4970
0,4978
0,4984
0,4989
0,4994
0,4997
0,4999
0,4999

0,4803
0,4846
0,4881
0,4909
0,4931
0,4948
0,4961
0,4971
0,4979
0,4985
0,4989
0,4994
0,4997
0,4999
0,4999

0,4808
0,4850
0,4884
0,4911
0,4932
0,4949
0,4962
0,4972
0,4979
0,4985
0,4989
0,4995
0,4997
0,4999
0,4999

0,4812
0,4854
0,4887
0,4913
0,4934
0,4951
0,4963
0,4973
0,4980
0,4986
0,4990
0,4995
0,4997
0,4999
0,4999

0,4817
0,4857
0,4890
0,4916
0,4936
0,4952
0,4964
0,4974
0,4981
0,4986
0,4990
0,4995
0,4998
0,4999
0,4999

4,0

0,4999683

| 45 |

0,4999966

| 50 |

0,4999997
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5. JlokanbHaa ¢pyHKUMA

NMannaca

3 4

6

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0,3989 0,3989
0,3970 0,3965
0,3910 0,3902
0,3814 0,3802
0,3683 0,3668
0,3521 0,3503
0,3332 0,3312
0,3123 0,3101
0,2897 0,2874
0,2661 0,2637

0,3988 0,3986
0,3956 0,3951
0,3885 0,3876
0,3778 0,3765
0,3637 0,3621
0,3467 0,3448
0,3271 0,3251
0,3056 0,3034
0,2827 0,2803
0,2589 0,2565

0,3984
0,3945
0,3867
0,3752
0,3605
0,3429
0,3230
0,3011
0,2780
0,2541

0,3982
0,3939
0,3857
0,3739
0,3589
0,3410
0,3209
0,2989
0,2756
0,2516

0,3980
0,3932
0,3847
0,3725
0,3572
0,3391
0,3187
0,2966
0,2732
0,2492

0,3977
0,3925
0,3836
0,3712
0,3555
0,3372
0,3166
0,2943
0,2709
0,2468

1,0

1,1

1,2

1,3

1,4

1,5

1,6

1,7

1,8

1,9

0,2420 0,2396
0,2179 0,2155
0,1942 0,1919
0,1714 0,1691
0,1497 0,1476
0,1295 0,1276
0,1109 0,1092
0,0940 0,0925
0,0790 0,0775
0,0656 0,0644

0,2347 0,2323
0,2107 0,2083
0,1872 0,1849
0,1647 0,1626
0,1435 0,1415
0,1238 0,1219
0,1057 0,1040
0,0893 0,0878
0,0748 0,0734
0,0620 0,0608

0,2299
0,2059
0,1826
0,1604
0,1394
0,1200
0,1023
0,0863
0,0721
0,0596

0,2275
0,2036
0,1804
0,1582
0,1374
0,1182
0,1006
0,0848
0,0707
0,0584

0,2251
0,2012
0,1781
0,1561
0,1354
0,1163
0,0989
0,0833
0,0694
0,0573

0,2227
0,1989
0,1758
0,1539
0,1334
0,1145
0,0973
0,0818
0,0681
0,0562

2,0

2,1

2,2

2,3

2,4

2,5

2,6

2,7

2,8

2,9

0,0540 0,0529
0,0440 0,0431
0,0355 0,0347
0,0283 0,0277
0,0224 0,0219
0,0175 0,0171
0,0136 0,0132
0,0104 0,0101
0,0079 0,0077
0,0060 0,0058

0,0508 0,0498
0,0413 0,0404
0,0332 0,0325
0,0264 0,0258
0,0208 0,0203
0,0163 0,0158
0,0126 0,0122
0,0096 0,0093
0,0073 0,0071
0,0055 0,0053

0,0488
0,0396
0,0317
0,0252
0,0198
0,0154
0,0119
0,0091
0,0069
0,0051

0,0478
0,0387
0,0310
0,0246
0,0194
0,0151
0,0116
0,0088
0,0067
0,0050

0,0468
0,0379
0,0303
0,0241
0,0189
0,0147
0,0113
0,0086
0,0065
0,0048

0,0459
0,0371
0,0297
0,0235
0,0184
0,0143
0,0110
0,0084
0,0063
0,0047

3,0

3,1

3,2

3,3

3,4

0,0044 0,0043
0,0033 0,0032
0,0024 0,0023
0,0017 0,0017
0,0012 0,0012

0,0040 0,0039
0,0030 0,0029
0,0022 0,0021
0,0016 0,0015
0,0011 0,0011

0,0038
0,0028
0,0020
0,0015
0,0010

0,0037
0,0027
0,0020
0,0014
0,0010

0,0036
0,0026
0,0019
0,0014
0,0010

0,0035
0,0025
0,0018
0,0013
0,0009

3,5

3,8

0,000872683
0,000291947

0,000611902
0,000198655

3,7 | 0,000424780

4,0 | 0,000133830
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6. KBaHTUnu pacnpegeneHus

0,12
XU-KBagpat 0.08
2 )_ 1
P2 () <B B 0044 [ psi s
O T T
:;.IX .e_X/ZdX:S
r(r2)-2"% 4
BeposTHOCTM ¢
| 0,005 | 0,025 0,05 0,95 0,975 | 0,995
1 0,00 0,00 0,00 3,84 5,02 7,88
2 0,01 0,05 0,10 5,99 7,38 10,60
3 0,07 0,22 0,35 7,81 9,35 12,84
4 0,21 0,48 0,71 9,49 11,14 14,86
5 0,41 0,83 1,15 11,07 12,83 16,75
6 0,68 1,24 1,64 12,59 14,45 18,55
7 0,99 1,69 2,17 14,07 16,01 20,28
8 1,34 2,18 2,73 15,51 17,53 21,96
9 1,73 2,70 3,33 16,92 19,02 23,59
10 2,16 3,25 3,94 18,31 20,48 25,19
11 2,60 3,82 4,57 19,68 21,92 26,76
12 3,07 4,40 5,23 21,03 23,34 28,30
13 3,57 5,01 5,89 22,36 24,74 29,82
14 4,07 5,63 6,57 23,68 26,12 31,32
15 4,60 6,26 7,26 25,00 27,49 32,80
16 5,14 6,91 7,96 26,30 28,85 34,27
17 5,70 7,56 8,67 27,59 30,19 35,72
18 6,26 8,23 9,39 28,87 31,53 37,16
19 6,84 8,91 10,12 30,14 32,85 38,58
20 7,43 9,59 10,85 31,41 34,17 40,00
21 8,03 10,28 11,59 32,67 35,48 41,40
22 8,64 10,98 12,34 33,92 36,78 42,80
24 9,89 12,40 13,85 36,42 39,36 45,56
25 10,52 13,12 14,61 37,65 40,65 46,93
49 27,25 31,55 33,93 66,34 70,22 78,23
50 27,99 32,36 34,76 67,50 71,42 79,49
99 66,51 73,36 77,05 | 123,23 | 128,42 | 138,99
100 | 67,33 74,22 77,93 | 124,34 | 129,56 | 140,17
149 | 108,29 | 117,10 | 121,79 | 178,49 | 184,69 | 197,21
150 | 109,14 | 117,98 | 122,69 | 179,58 | 185,80 | 198,36
199 | 151,37 | 161,83 | 167,36 | 232,91 | 239,96 | 254,14
200 | 152,24 | 162,73 | 168,28 | 233,99 | 241,06 | 255,26
249 | 195,28 | 207,19 | 213,47 | 286,81 | 294,60 | 310,23
250 | 196,16 | 208,10 | 214,39 | 287,88 | 295,69 | 311,35
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7. Mpumep BbINONHEeHUs1 paboTbl

7.1 3adaHue Ha nabopamopHyro pabomy

1. Beeaute ucxoaHble JaHHbIE B COOTBETCTBUU C HOMEpoM Barero Bapu-
aHTa.

2. [lonGepute mar rpynmnyupoBaHUs U BBIMOJIHUTE TPYNIUPOBKY BHIOOPKH.
3anuinuTe pe3ynbTaT IPyNInUpOBaHHUSL.

3. Iloctpoiite rucrorpaMmmy 4acTtoT. CpaBHUTE MOCTPOEHHYIO TMCTOrpaM-
My ¢ Tpa)MKOM MPHUBEACHHOM MIIOTHOCTH HOPMAJILHOTO PaCIPEICICHHUS.

4. HaiimuTe BIOOpOYHBIC HAYATbHBIEC U IICHTPATbHBIE MOMEHTHI.

5. YkaxuTe Toue4Hble OIIEHKU HAYaJIbHBIX U LIEHTPAJIbHBIX MOMEHTOB, Ma-
TEMaTUYECKOI0 O’KUJaHUs, TUCIIEPCUU, aCHMMETPHUH U JKCIIECca.

6. BoruncnuTe noBepUTEIbHBIE HHTEPBAJIBI 111 MATEMATUYECKOTO OXKHUa-
HUS U TUCTICPCHH JIJIS IOBEPUTEIBbHBIX BepositHocTel vy = 0,9; 0,95; 0,99.

7. IlpoBepbTe COOTBETCTBHUE BHIOOPKM HOPMAIBHOMY 3aKOHY IO KPUTEPHUIO
XHU-KBaJpaT npu ypoBHe 3HaunMocT o = 0,05.

8. Otuer 0 1a00paTOpHOIl pabOTE NOJIKEH COAEPKATh:

— HAWJTy4lIyI0 FPyIIHUPOBAaHHYIO BBIOOPKY;

— TOYEUHbIE OLIEHKM MOMEHTOB U JIPYTHX XapaKTEPUCTUK;

— JTIOBEPUTENbHBIE HHTEPBAIIBI JJI1 MATEMAaTHIECKOTO OKUAAHUS U JUCTIEP-
CHH,

— THECTOTpAaMMYy 4YacTOT M TpaduK MPUBEIACHHON MIOTHOCTH HOPMAJIBLHOTO
pacmpeziesieHus: C COOTBETCTBYIONTUMH 3HAYCHUSMH MTapaMeTPOB;

— BBIBOJIBI O COTJIACHH BBIOOPOUYHBIX JAHHBIX C TUTIOTE30M O HOPMAIBHOCTH
pacrmpeziesieHus: TeHepaIbHON COBOKYITHOCTH;

PEKOMEH/IAIMU O HOMHHAJIBFHOW CYTOYHOW MOIIHOCTH @ HOBOTO MPEATNpH-
ATUS U OLIEHKY BO3MOKHBIX OTKJIOHEHHH €r0 CyTOYHON Harpy3Ku.
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7.2 Be00O ucxo0HbIx OaHHbIX U COPMUPOBKA

Ecnmu ucxonnpie nanasie Bam gansl B popme TabiuIbl, TO BBEAUTE UX B TaOnuiy 1. B mpoTHBHOM ciiydae BBEAWTE HOMEP
BallleTO BapuaHTa Ha Jucte: "Botnonnenue".

NucerT " Boinonanenue"
Beenure Homep Barmero BapuanTa wiu 0, eciii HCXOJHBIC JaHHBIE BBl yoke BBEnH.
Bapuanm Ne 0 . B paboTe MOXHO M3MEHATH TOJBKO YHMCIIa TOMEYCHHBIE KPACHBIM I[BETOM (B JAHHOM TEKCTE OHH TTOMEUYEHBI
KypCUBOM). DJIEMEHTHI BBIOOPKHU 3amucanbl B Tabiuie. Y3 Hux Oyner oOpaborano toibko nepseie N= 150 snemenTtoB. Ecnu
BBl XOTUTE 00pabaThIBaTh IPYroe YMCIIO SJIEMEHTOB BRIOOPKH, TO U3MEHUTE 3HaueHHEe N.

Copmupoeka (panxcuposanue)
CocTaBUM BapHalMOHHBIN PSIT, TO €CTh 3aMHIIEM 3JIEMEHTBI BRIOOPKH B TIOPSIKE BO3PACTAHMS:

X< Xe) < ... <X(qn)-
Xn)= A =42,22; Xm=B=49,82 Bribopounoe cpeanee = 46,1077
Ha cnenyromeil fuarpaMMe JaHO BU3yallbHOE MPEACTABICHUE PAHKUPOBAHHOU BHIOOPKHU:

¢ & @

o1 52 53 o4 95 56 o7 58 59 60 61

3nech cuMBoJIaMU: QO 0003HaYEHBI 3JIEMEHTHI BBIOOPKU. J{J1s1 BBIOJIHEHUSI TPYNITUPOBKY neperauTe Ha Juct I pynnupoeka
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Bapuant Ne O Taoauna 1
Homep | On-t [Homep | On-1 |Homep | Dn-1 |[Homep | On-t |Homep | On-1 [Homep | On-t [Homep | On-1 |Homep | Da-1
ane- | Bbl- | 3me- | BbI- | 3je- | BbI- | ame- | BBI- | 2;me- | BBI- | 2ye- | BBI- | 2ye- | BbI- | 371e- | BHI-
MEeHTa |0opku | MeHTa | 6opku |MeHTa |OOopku |MeHTa |Oopku |MeHTa |0opku |MeHTa |OOpkH | MeHTa |Oopku | MeHTa | OOpKU
1 5462 | 21 55,7 41 15641 61 55,5 81 |56,11] 101 | 57,25 ] 121 | 56,33 | 141 | 55,43
2 54541 22 | 57,03 42 |5509]| 62 56,7 82 156,29 | 102 | 58,97 | 122 | 57,38 | 142 | 55,69
3 55 23 56,2 43 54,82 63 |59,73| 83 |5746| 103 | 54,18 | 123 | 56,98 | 143 | 56,48
4 56,61 | 24 |5353| 44 |5382| 64 |5865| 84 |5838| 104 | 56,06 | 124 | 58,81 | 144 | 56,47
9) 55,4 25 | 5749 45 |5561| 65 |56,67/7| 85 |56,18| 105 | 57,15 | 125 | 53,62 | 145 | 56,99
6 59,06 | 26 |5712] 46 |5531] 66 |5515] 86 |56,85| 106 | 56,86 | 126 | 54,41 | 146 | 56,61
7 56,39 | 27 |5596| 47 |5591| 67 |5518| 87 |54,28| 107 | 5531 | 127 | 59,01 | 147 | 57,54
8 56,86 | 28 |5225| 48 |5756| 68 |5522]| 88 |5568| 108 | 5544 | 128 | 56,15 | 148 | 55,47
9 55,11 | 29 56,2 49 |5567] 69 57,5 89 |56,06]| 109 |57,33| 129 | 53,24 | 149 | 57,83
10 [ 57,29 30 |[5547| 50 [5539f 70 [5496| 90 |5359| 110 |5582| 130 | 54,72 150 | 55,11
11 5568 31 [5494| 51 |5693| 71 |5762| 91 56,5 | 111 | 5559 | 131 | 56,94 | 151
12 | 5534 32 |[5583| 52 |[5597| 72 |[5525| 92 |56,34| 112 56 132 | 57,68 | 152
13 | 56,39 | 33 |54,04| 53 |5583| 73 |5445] 93 |5195]| 113 | 553 | 133 | 54,94 | 153
14 54,2 34 | 5752] 54 |5565| 74 |5445]| 94 |5592| 114 | 57,03 | 134 | 56,48 | 154
15 |5517| 35 [5654| 55 |5642( 75 |5557| 95 |56,04| 115 |57,83| 135 | 5551 155
16 | 5484 36 |[5807| 56 |[5528| 76 |57,18| 96 |56,01| 116 |5587| 136 | 5583 | 156
17 56,43 | 37 |56,78| 57 |56,33| 77 |5767| 97 |57,61| 117 |56,01 | 137 | 56,2 | 157
18 |56,38| 38 |5467| 58 |56,46| 78 |5655]| 98 |5697| 118 |56,55| 138 | 54,68 | 158
19 [5558| 39 |[57,15| 59 |[5262| 79 |56,7/8| 99 56,4 | 119 | 55,72 | 139 | 53,17 | 159
20 | 5765] 40 |[5645] 60 |58,14] 80 |5566]| 100 | 5518 | 120 | 57,12 | 140 | 58,48 | 160
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7.3 pynnupoeka

JIst mpoBefieHus TpyNIUPOBKU BIOOpKH BbIOepeM unciio K. Pazo6beM oTpes3ok [X() Xn)] Ha K paBHbIX wacTeit. Uncmo

JJICMCHTOB BBI60pKI/I, IIOIIaBIIIHX B Ka)I(I[BII;'I DJICMCHT p336I/ICHI/I$I, Ha3bIBACTCS YaCTOTOM n;.

n=150;k=18; Xq=A=51,95; x»=B = 59,73 . lllar pa3ouenus h = 0,4322, pa3max Be160pku B—A = 7,78.

7.3.1 PesynbTat rpynnmpoBaHus

Howmepa un-

TepBaoB 1 2 3 4 5 6 7 8 9 10 ( 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18
Tpanmner | 51,95 | 52,38 | 52,81 | 53,25 | 53,68 | 54,11 | 54,54 | 54,98 | 55,41 | 55,84 | 56,27 | 56,70 | 57,14 | 57,57 | 58,00 | 58,43 | 58,87 | 59,30
nnrepsaos | 52,38 | 52,81 | 53,25 | 53,68 | 54,11 | 54,54 | 54,98 | 55,41 | 55,84 | 56,27 | 56,70 | 57,14 | 57,57 | 58,00 | 58,43 | 58,87 | 59,30 | 59,73
C;ﬁ’f_iﬁ;“’l 52,17 | 52,60 | 53,03 | 53,46 | 53,90 | 54,33 | 54,76 | 55,19 | 55,62 | 56,06 | 56,49 | 56,92 | 57,35 | 57,79 | 58,22 | 58,65 | 59,08 | 59,51
Yacrote Nj | 2 1 2 3 2 7 9 17 | 22 | 17 | 24 | 14 | 13 7 3 3 3 1

I'mcrorpamMma 4acToT U rpaduk NpuBeIeHHON MJIOTHOCTH HOPMAJIBLHOTO pacnpeaeJeHus

Tf(x)dx =nh

52,17 52,60 53,03 53,46 53,90 54,33 54,76 55,19 55,62 56,06 56,49 56,92 57,35 57,79 58,22 58,65 59,08 59,51

B Dmmmpryeckas 9acToTa;

—e— [IpuBeIeHHAS TNIOTHOCTH HOPMAJIBHOTO paclpe/eicHns ¢ lapameTpaMu (ml,s)
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JI1st qaHHOM TPyNNUPOBAHHON BHIOOPKH MBI TIOJIYYMM: BHIOOPOUYHOE MaTeMaTuieckoe oxuganue x =56,06; BLIOOPOUHYIO
nucrepcuro S° = 1,840; BeIOOpOUHOE cpeaHekBaapaTuyHoe OoTKIoHeHWe S = 1,36. Ha rpaduxe nzobpakeHa mpuBeaeHHAs
(GYHKITUS TUIOTHOCTH HOPMAIIBHOTO pacIpe/IeiICHNs, OTIUYAIOIIAscS OT UCTUHHON (pyHKIMU B Nh pa3s.

7.3.2 BbIbOpOYHble HaYanbHble U LieHTpanbHbleE MOMEHTbI:
m; = 56,06187407; m, = 3144,761998; m3; = 176505,7257; m; =9912404,708,
w, =1,828273192;  uz=0,518238519; u, =11,67477566.
Acummerpusa: —0,207544184; Oxkcuecc: 0,44632619.

m= 0;

7.3.3 ﬂ,OBepI/ITeJ'IbeIe MHTEepBarlbl ANnd MmatemMaTn4eckKoro oxxmgaHmda n gucrnepcuin.

KBaHTHIIN HOPMAIILHOTO pacmpenencHus Haxoaarcs mo Tadn. @0(t); kBanTuimu By, B, pacupenencHus Xu-KBaapar s
(n —1) crenenu cBoOOIBI HaxoaATCs 0 Tadbn XU

S 2 2
Y t, 6= Ly E a;=m;—o a,=M;+6 B1 B2 by = s, (n _ 1) by = S (n - 1)
BZ Bl
0,9 1,645 0,18 55,88 56,24 122 178 1,536 2,252
0,95 1,95 0,22 55,85 56,28 117 185 1,485 2,342
0,99 2,575 0,29 55,78 56,35 108 197 1,391 2,532

7.4 Mpoeepka 2unome3bi 0 HOPMasibHOM pacrnpedesieHuUU 2eHepasibHOU CO80KYNMHOCMU Mo

Kpumepuro xu-keadpam.

BrlmotHATE HOBYIO TPYIIIUPOBKY BHIOOpPKU. BCeTaBhTe mpaBbie rpaHu-

116, HAUMHAA C Z;. [Iprdem 3a mocienHio npaByo rpaHUIly Halo B3sTh HaW-
OoJiblliee 3HAYCHHE BRIOOPKH MM OOJIbIIee ero yncio. [loMmHuTe, 4T0 Zg = —00

u Z; = . [Ipu HOBOI TPYNITUPOBKE CTPEMUTECH K TOMY, YTOOBI BO BCE UHTEP-
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BaJIbI IIOIIAJIO ITPUMCPHO PAaBHOC YHUCJIO 3JICMCHTOB BLI60pKH, HO He MeHee maTu. Ha PHUCYHKC BCPTUKAJIBHBIC OTMCTKHU YKa3bI-
BalOT I'PAHUIIBI BI)I6paHHI>IX HHTCPBAJIOB.

52

53

59

60

61

2

3

4

5

6

10

11

12

13

14

15

16

17

18

54,00

54,50

55,00

55,20

55,40

55,60

55,80

56,00

56,20

56,40

56,50

56,70

57,00

57,40

57,80

60,00

0,00

94,5

55,0

55,2

55,4

55,6

55,8

56,0

56,2

56,4

56,5

56,7

57,0

57,4

57,8

60,0

qaCTOThI

N;

7

11

7

9

9

9

10

11

8

9

7

10

11

11

12

0

0

Boruncium r—1 3nauenunii ¢pynxunu Po(U;) Ha mpaBbIX KoHIAX HHTEepBanoB. 3HaueHHe Do(Ur)=Pg(+o0) momaraem pas-

HeIM 0,5.

Uj =
(Zj—ml)/S

—00

-1,52

-1,15

-0,78

-0,64

-0,49

-0,34

-0,19

-0,05

0,10

0,25

0,32

0,47

0,69

0,99

1,28

0,00

0,00

Do(Uj+1)

-0,436

-0,375

-0,282

-0,239

-0,188

-0,133

-0,075

-0,020

0,040

0,099

0,126

0,181

0,255

0,339

0,400

0,500

Pj

0,064

0,061

0,093

0,043

0,051

0,055

0,058

0,055

0,06

0,059

0,027

0,055

0,074

0,084

0,061

0,1

np;

9,638

9,122

13,89

6,509

7,647

8,229

8,659

8,311

8,965

8,832

4,021

8,296

11,11

12,6

9,122

15,04

Ta6nuna 3Hauenuit pynkiuu Pg(t) pacnosngoxxkeHa Ha NUCTe Tadn Do
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Paznoctun MCIKIAY Ha6J'HOI[a€MI>IM nj Hn OKNAAaCMbIM 3HA4YCHUAMUA npj (nj — YHCJIO TOYCK IIOIIaBIIUX B j-ﬁ HHTCPBAJI, pj — BC-

POSITHOCTB TOTO, YTO 3HAYEHUS CIy4aHON BEIUYUHBI N ()?, s) NOTIAAYT B |-i MHTEPBA):

ni-np; | -0,64|-2,12| -2,89| 0,49| 1,35 0,77 0,34] 1,69 2,03| -0,83| 4,98| -1,30| -1,11| -1,60| 1,88| -3,04| 0,00

r n . — n . -
Z- ¥ ( j pj)z

j=t N Pj
[TonmyyeHHOE 3HAUEHHUE CPABHUBAEM C KBAHTHIIKO PACIpPEICICHUS Xz(r—S) no Tadn XU. CooTBeTcTBYyIOIIEE 3HAUYCHUE IS J10-
BepHUTeIbHON BepositHocTH € = 0,95 pasro x*(16-3) = y*(13)= 22,36.

=10,07

7.5 Mamemamu4eckue 8bIe00bl

1. Jns Bei6Opku 06bema N=150 HalieHbl 3HaYEHUST BBIOOPOUYHBIX HAYaIbHBIX U IIEHTPATBHBIX MOMEHTOB (CM. BBIIIIE).
2. HaiizeHsl ToueUHbIC OLEHKH MaTeMaTHdeckoro oxunanns MX = a, aucrepenn DX = 6%, cpeiHeKBaapaTHIHOTO OTKIIO-
HEHUS G TeHEePaJIbHON COBOKYMHOCTH X (CM. BBILIE).
3. TIoCTpOCHBI JOBEPUTEIBHBIC HHTEPBAIBI I MATEMATHYECKOTO OJKIIAHHS & W AUCIICPCHH G- JUIS PA3/IMYHbIX 3HAYCHHUIA
noBeputTenbHol BeposTHocTH ¥ = 0,9; 0,95; 0,99 (cm. Tabnuiry)
4. Her ocHOBaHMS OTBEPTHYTh TMIIOTE3Y O HOPMAIBHOCTH paclpe/eieHUs] TeHepaIbHOM COBOKYITHOCTH X, TaK Kak
— THCTOTpaMMma 4acToT U rpaduK IIIOTHOCTA HOPMAJIBHOTO pacnpeneneHus "0au3ku" apyr K Ipyry;
— BBIOOPOYHBIE ACUMMETPHSI M IKCIIECC UMEIOT 3HaUeHus "0n3Kue" K HyIIIO;

— 1o kputeputo [Iupcona (xu-kBagpar) KpUTHUECKOE 3HAUECHUE x,%pum = xg,% (13)=22,36 > Xiacqem =7 =10,07

7.6 PeweHue 3ada4u ninaHupoesaHusi

[Ipu pa3paboTke TEXHUYECKOTO 3aJlaHHs Ha CTPOUTENHCTBO HOBOTO ac(panbTOOETOHHOIO 3aBOJia HEOOXOJIMMO YYECTh
clIeyIoniee.

1. CpexmHe DHEBHON 00beM CyTOYHOMN 3asBKH COCTABHT HpHMepHO X =56,062 mpu BeIGOpOUHOIT auciepenn S° = 1,8405; u
BBEIOOPOYHOM CPEIHEKBAIPATHUHOM OTKJIOHeHHH S = 1,357.
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2. Her ocHOBaHMSA I OTBEP’KEHUS TUIIOTE3bl O HOPMAJIBHOCTH paclpeesieHusl TeHepalbHON COBOKYNIHOCTH X (00BeMa
CYTOYHOH 3asBKM) HU 110 TUCTOrpaMME YacTOT, HU IO BBIOOPOYHBIM aCUMMETPUHU M JKclieccy, HU 1o Kputeputo [lupcona c
ypoBHeM 3HauuMocTH o = 0,05 (moBepuTenbpHas BeposTHOCTh (€ =1 — o = 0,95).

3. Ha ocnoBanue 150 HabmoeHuil 3a MOCTYMAIOIMIKUMU 3asBKAMH CPEHUI 00BEM 3asiBOK 3a JICHb OY/ET JiexkKaTh B MPOMe-
xyTke [55,88 ; 56,24]c BeposTHOCcThIO 0,9; B mpomexyTke [55,85 ; 56,28]c BepostHocThiO 0,95, B mpomexyTtke [55,78 ; 56,35]c
BeposTHOCTBIO 0,99. (CpenHuii 00beM 3asBKM OKaXETCS B COOTBETCTBYIOLIUX MPOMEKYTKAX C COOTBETCTBYIOUIMMHU BEPOSTHO-

7.7 Bonpochbl 05151 CaMOKOHMPOJIs1
CKoJIbKO pa3 Bbl MPOBOAWIN TPYIIIUPOBKY BBIOOPKU? YKAXKUTE PE3yJbTaThl IPYIIUPOBAHUSI.
Yemy pasubl f(X), f(X+hs) mis npueneHHbIx GyHKIMIA pactpenenernus (cM. m. 7.3.1)?
[Touemy BBIOOpOYHOE CpeliHEe M. 7.2 OTIWYAETCs OT IIEPBOI0 HAYaJIbHOTO MOMeHTa I1. 7.3.2.7
Yro 3nauat 3anuck x> (5) =7, u X(Z),95 (5) =11,07?
MoskHo nu onpeaenuth 3HaueHust MX u DX abCoatoTHO TOYHO U YTO JIJISl TOTO0 HEOOXOAMMO.
KakoBbI BeposATHOCTH Toro, uto MX =X u DX =s?
CTaTUCTUKH [I, U S° SIBISIOTCS OLIEHKAMH OJHON M TOH ke XapaKTepHCTHKH CIydaifHO# BenuuuHbl. [ToueMy uX 3Ha-

YEHUSI pa3IUYHbI?

Haittu AJOBCPHUTCIBbHBIC HHTCPBAJIBI JJII MATCMATHYCCKOI'O OKUAaHUA 1 AUCIICPCHUU ITPH HOBepHTeHBHOﬁ BCPOATHOCTH

CTSIMH. )
1.
2.
3.
4,
5.
6.
7.
8.
v=0,92.
Q.

BepHo 51, 4TO reHepaibHas COBOKYIMHOCTh uMeeT pactpeaencaue N (X,S)? KakoBa BepOSITHOCTb 3TOTO COOBITHS?

10. OnenuTe MaTeMaTHYEeCKOE OKHMIaHHME IS BBIOOpKH 1, 3, 5, 7, 9. Ykaxure ee o0bem. Haiinure nqoBepuTeIbHBIN WH-

TEPBAJI U1l MATEMATUYECKOTO OXKUJAHHUS, €CIIA U3BECTHA AUCIIEPCUS TEHEPATBHON COBOKYITHOCTH c? =081.

21



