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1. MPEAUCJIOBHUE

[Ipenyaraempie METOIMYECKNE yKa3aHUS MpeIHa3HAUYEHBI Ui ca-
MOCTOSITENIBHOM pabOTHl CTYIEHTOB 3a04YHOTO (PaKkylbTeTa B IMpoOIEcce
BBITIOJTHEHUS] KOHTPOJIBHON paboThl 1o TeMe «Maremaruyeckast CTaTu-
cTHKa». MaTeMaTH4ecKoe co/iep>KaHie JaHHOTO pa3/iela HalpaBiIeHo Ha
¢dbopmupoBaHue y cryeHTa crieaytomux oomekynsTypHbix (OK) u mpo-
beccnonanpabix kKomnereniwii (I1K):

(OK-1): B1ageHue KyJIbTypoil MBIIIJICHHS, CIOCOOHOCTHIO K 0000-
[ICHUIO, aHAIN3Y, BOCIPHUATHIO MH(OPMAIINH, TOCTAHOBKE LIETH M BBI-
Oopy myTei e€ TOCTHKECHUSI.

(OK-6): cTpemiieHHEe K CaMOPa3BUTHIO, MOBBIIICHUIO CBOEH KBa-
TUQHUKAINN U MacTepCTBa.

(OK-9): crocoOHOCTh K IeleHanpaBIeHHOMY TPUMEHEHUIO 0a30-
BbIX 3HAHWUU B 00JacCTH MaTEeMaTHYECKUX, €CTECTBEHHBIX, T'yMaHHTap-
HBIX U SKOHOMHYECKUX HayK B IPO(ECCHOHATBLHOMN e TeTFHOCTH.

(OK-15): BnageHre MeTo1aM1 KOJIMYECTBEHHOTO aHAJIN3a U MOJie-
JUPOBAHUSA, TEOPETHUECKOTO U IKCTIEPUMEHTAILHOTO UCCIICTOBAHUSL.

(ITK-1): crmocoOHOCTB KCIOJIB30BATh 3aKOHBI U METOJIbl MaTEMATH-
K{, €CTECTBEHHBIX, TYMAaHUTAPHBIX M YKOHOMHYECKHX HAyK MpPH pelie-
HUH MPO(PeCcCHOHANBHBIX 3a/1a4.

(ITK-32): cnocoGHOCTh BHIOMpATh MaTeMAaTUYECKUE MOJEIN Opra-
HU3AIMOHHBIX CHCTEM, AHAJM3UPOBATh HMX aJEKBATHOCTH, MPOBOJIUTH
aJlanTalyio MoJieNiel K KOHKPETHBIM 3a/1auaM.

B pesynbraTe 0cBOCHUSI MaTepraia CTYACHT JIOJKEH:

3HaTh: MIOHATHE CIy4aiiHOM BEIWYHHBI, €€ MaTeMaTuye-
CKO€ OTIMCaHue, Crenn(puIecKue CBONCTBA.
YMeTb:  HCIOJIb30BaTh CTATHCTUYECKUE METOJIBI B 00pa-

00TKE IKCIIEPUMEHTATBHBIX JIAHHBIX.
Brnagets: MeTomamMu TEOPUHM BEPOSATHOCTEN U MaTeMaTUye-
CKOU CTaTUCTUKHU.



2. BBEJEHHUE B IPEJIMET

HecmoTpst Ha Gosbioe pasHOOOpa3ne KOHKPETHBIX (OpM WHKe-
HEpHOM NIeATENbHOCTH, LIEHTPAJIbHOE MECTO B HEMl 3aHUMAIOT MPOLIECCHI
00pabOTKM MAaHHBIX, TAKUX KaK CBEJCHUS O XOJE TEXHOJIOTUYECKOTO
IIpoLecca, pe3yJabTaThl KOHTPOJIS BBITYCKAa€MOM MPOIYKIMHM U TaK Ja-
nee. BaxxHelylo posib NMpU 3TOM WUIpaeT YMEHUE MH)KEHEpa BbIOpaTh
COOTBETCTBYIOIIUH 3a/jaue MaTeMaTHUECKUH anmnapat 1 3(p(HEKTUBHO €ro
HCII0JIb30BATh HA MPAKTHKE.

B sT0ii CBSI3M BaXKHO OTMETHUTH, YTO BCE pedaibHO HAOIIOJAEMBbIE
SBJICHUS M UX TOKa3aTeNn SIBJIAIOTCS CIIyd4allHbIMHM IO CBOEHW IpUpPOJE.
DTO 3HAYUT, YTO XOJ| PA3BUTHUS TAKUX SIBJICHUM U UX PE3yNbTaT CYILIECT-
BEHHO 3aBHUCHUT OT MHOXeCTBa (PAaKTOPOB, YaCTh KOTOPBIX HE MOIAETCS
yué€Ty ¥ KoHTpousto. Kak pe3ynbpTar - moutu Bce HaOMIOaeMble IMoKasa-
Tenu OOHAPYKUBAIOT XapaKTEPHBIM Ui CIy4allHBIX BEIHYMH paz0opoc
3HAUEHUH JakKe B HEM3MEHHBIX yCIOBUAX McnbITaHus. [loatomy kop-
PEKTHOE U3yUYCHHE CITYYalHBIX SIBICHUH TpeOyeT MpUBJICUSHHSI METOJIOB
TEOPHUU BEPOSITHOCTEN U MaTEMAaTUYECKOW CTATUCTUKH.

Teopus BepoATHOCTEN U MaTeMaTH4ecKasl CTATUCTUKA TECHO B3au-
MOCBSI3aHbI, TIPU 3TOM KaXk/as U3 3TUX JAUCLHUILIINH PEIIaeT CBOWCTBEH-
HBIE TOJIBKO €M 3a/1a4H.

Teopust BeposTHOCTEH HaleleHa Ha pa3pabOTKy TEOPETUKO-
BEPOSITHOCTHBIX MOJIEJIEH, KOTOPbIE OMKMCHIBAIOT CBOWCTBA cunomemuye-
cko2o (He KOHKPETHOTO) SIBJICHUS ciydaitHOW mpupoasl. OOBEKTOM Mo-
JIeTMPOBaHMsI BHICTYIIAET 3aKOHOMEPHOCTh, OOHApYKEHHAas B XOJIe Mac-
COBBIX HAONIOJCHWI W MMeromiasi o0oOMEHHBIN Xapakrep. Hampumep,
M3Yy4EHHE IPUPOJIbI OMINOOK U3MEpeHus “HaTonkHyno  'aycca Ha dop-
MYJUPOBKY HOPMAaJIbHOIO 3aKOHa pacnpeaencHus. [loiaydyeHHas Takum
o0pa3oM TeopeTHuecKas MOJEIbh OKa3anach MPUTOMHON Uil OMUCAHHS
3aKOHOMEPHOCTEH MOBEJEHMSI LUIMPOKOTO Kpyra MpakTHUYECKH HaOIro-
JaeMbIX CIy4alHbIX BEJIMYMH (Hampumep, BpeMs ‘“KuU3HM~ mpuodopa,
KypC akLMi, KOJIM4ecTBO Opaka B MapTUHU U3EIUN U TaK Jlajee).

MHorounciaeHHbIE TEOPETUUECKUE UCCIEI0BAHMSI, KaK IPUPOIHBIX
SBJICHUH, TaK U TEXHOJOTUYECKUX MPOLIECCOB MPUBENIN K YAUBUTEIbHO-
MY 3aKJIIOYEHHUIO: CYIIECTBYET BEChbMa OTpaHMUYEHHBIH HAOOP MoOdenbHbIX
3aKOHOB pacmpejieieHns (HOpMalbHOE, PaBHOMEPHOE, M0Ka3aTelbHOE),
KOTOpble HanboJiee 4acTO BCTPEYAIOTCS B NPAKTUKE PEAbHBIX CTaTH-
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CTHYECKUX HAONIOJCHUN. DTO Tak Ha3bIBaEMbIC ‘‘peaTuCTUUYECKUE” MO-
JIEU PACIpPENEICHU ¢ 4YETKUM NPAKTHUYECKUM CMbICIoM. Emeé ecthb
BCIIOMOTaTeNbHbIE TEOpeTUUYECKUE MoienHt (pacnpeaeneHus CThloeHTa,
duurepa, x*-pacpeneieHne i psil APYrHX), KOTOPhIE MPHMEHSIOT B Ka-
YeCTBE TEXHUYECKUX MHCTPYMEHTOB B CTaTHCTUYECKHX MeTojax (Ha-
IIpUMep, IpU IPOBEPKE TUIIOTES).

MojenbHbBIe BEpOATHOCTHBIE MPOCTPAHCTBA TIIyOOKO HCCIEI0Ba-
HBbI, a Pe3y/IbTaThl B BUJE YMCIOBBIX XapaKTEPUCTUK O(OPMIICHBI CTaH-
JapTHBIMM TaOJIUIIaMH, KOTOPbIE MOYKHO HAMTHU B MPUJIOKEHUSAX MOUTH
BCeX y4eOHUKOB.

B npoTHBOMONOKHOCTE TEOPUH BEPOSITHOCTEM MaTemMaTHyecKas
CTaTUCTHKA HaleJIeHa Ha U3YYEHUE peaibH020, a HE TUIOTETUYECKOTO
oOwekra. Ero cucremarndeckoe W IeJiCHANPaBICHHOE HAONIOJCHUE —
cTapToBas 3ajada uccienonarens. [lo pesynbrataM Takoil paboTbl CO3-
naércst uHPopMaIMoOHHAas 0a3a B BUJE 6b100PKU, KOTOPAsl CIYXKUT OCHO-
BOM JUISl BBISIBJIEHUSI CTaTUCTHYECKH YCTOWYMBBIX 3aKOHOMEPHOCTEW B
“KM3HK” 00bEKTa HAOIIIOICHUI.

OcHOBHOE NpeHa3HAUYEHUE MAaTEMaTU4YECKONW CTaTUCTUKU — 000cC-
HOBaHHBIH  BBIOOpP CpeOM MHOXKECTBA BO3MOXKHBIX TEOPETUKO-
BEPOSTHOCTHBIX MOJIENIEW TOW MOJIENH, KOTOpas HaWJydlIuM 00pa3om
COOTBETCTBYET peanbHbiM CTAaTUCTUYECKUM JaHHBIM, COOpaHHBIM HC-
cJieIoBaTeNieM Ha KOHKpemHoM (a HE TUMOTETUYECKOM) 0OBEKTE M3yde-
HUSL.

BakHO y4uMTBIBaTh, YTO CTATUCTUYECKHE BBIBOJIbI BCETJa OCHOBA-
HBI Ha OTPaHUYEHHOM, BHIOOPOYHOM YHCIIe HAONIONEHUI U MpH yBeIu-
YeHUM 4Yucia HaOIIOAEHUM 3TH BBIBOJBI MOT'YT OKa3zaTbcs MHbIMU. ITo-
9TOMY JJI1 BBIHECEHUS OoJiee OMPENEIEHHOTO 3aKJIIOUEHHUS O 3aKOHO-
MEPHOCTSAX M3y4aeMoOro SIBJICHUS MaTeMaTHuYecKas CTaTUCTHKA MCIOJIb-
3yeT ammapaT TEOPUH BEpOSITHOCTEN (Halmpumep, MHTEPBAIbHOE OLIEHU-
BaHUE, CTATUCTUYECKAs IPOBEPKA TUIIOTES).

Takum 00pazoM, HayyHbIH MOJAXOA K MCCIEAOBAHUIO MPUPOIHBIX
SBJICHUN TpeAanosaraeT o0ObeUHEHUE TEOPUH (MaTeMaTU4eCKOW Mojie-
JM) U MPAKTUKU (CTATUCTUUECKUX JAHHBIX): Mbl UCIOJB3YEM TEOpPETHU-
YeCKHe MOJIEIH Ui ONMCAaHUS U OObSICHEHUS HAaOII0JaeMbIX POLECCOB
U coOupaeM CTaTHCTUYECKUE JTAaHHBIE C LEIbI0 000CHOBAHUS U Bepu(u-
Kalluu MOJEIIEH.
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2.1. Heo0xoauMble cBe/ieHUsI U3 TEOPUHU BePOSITHOCTEH

Teopust BeposITHOCTENl — 3TO MaTeMaTHuyecKas JUCLUUIUIMHA, U3Y-
YAOWAs 3aKOHOMEPHOCIU MACCO8bIX CayyatHvix Aenenuti. Ilpn sTom
TEOPUsI BEPOSITHOCTEN HE MOKET MPEJICKA3aTh PE3YJIbTAaTOB OTICIBHOTO
OTbITa CO CIIy4allHBIMHU HMCXOJaMH, HO OHA HaJEKHO NpEACKa3bIBaeT pe-
3yNbTaT OOJIBIIOTO YKCIIA TAKUX OTBITOB.

OCHOBHBIE 00beKmbl U3YUeHUsl B TEOPUU BEPOSITHOCTEN — cryuaii-
Hble cobbimusa N cayyatinvle geaudunsvl. ClleayeT MOHMMATh, 4TO CIIy-
YyaiiHOe COOBITHE — 9TO KaUYeCTBEHHAs! KaTeropus: coObITHE MO0 Mpouc-
X0auT, 100 HeT. Hampumep, monydenne npeanpusitueM npuodsuia. [lpu
aHaJIM3€ TOr0 CIY4alHOTO COOBITHSI HAC 3aUHTEPECYET pa3Mep NpUObI-
JIM, TIO3TOMY TIOHATHUE CIIYYaHOTO COOBITUS JOTIOMHSIOT TIOHSATHEM CITy-
YalHOW BEJIUYUHBI.

CayyaitHas BenuynHa, €€ onycaHue

Cny4ailHOW BeIMYMHON HA3bIBAIOT BEJIMUYUHY, KOTOPAs B PeE3yib-
TaTe HaOJIO/IEHUS MPUHUMAET TO WJIM MHOE 3HAYEHUE, 3apaHee HEe U3-
BECTHOE U 3aBUCHIEE OT CIydailHBIX 00cTosITeNbCcTB. [IprMeps! ciryyaii-
HBIX BEJIMYUH: BpeMs ““KM3HU~ 3JIEKTPUUYECKOH JIaMIOYKH, YUCIIO Mola-
JAHWH B 1I€JIb U3 CEPUM BBICTPENIOB, MPOLIEHT Opaka B MapTUU U3JCINN U
TaK Jajee.

Pa3znuyaroT 1ucKpeTHBIE U HEPEPBIBHBIE CIyYaiiHbIe BETUYHHBI.

Jluckpemnoii Ha3bIBaeTCA CilydaiiHas BEIMYMHA, BO3MOXKHBIE 3HA-
YEeHHsI KOTOpOil 00pa3yroT CYETHOE MHOXECTBO (KOHEUHOE WM OecKo-
HEYHOE).

Henpepuignoii Ha3pIBaeTCs cilydaiiHas BEJIMYMHA, BO3MOXKHBIE 3HA-
YEeHHsI KOTOPOI HENPEPhIBHBIM 00pa30oM 3aroIHAIT HEKOTOPbIN KOHEU-
HBIM WM OECKOHEUHBI MHTEpBaJl YUCIOBON ocu. Unciao 3HaUYeHU He-
MIPEPBIBHOM ciydaiiHOW BeNWYMHBI Bceraa OeckoHeuHo. Ha mpakrtuke,
OJIHAaKO, BCTPEYAIOTCSI JUCKPETHbIE CiIydallHble BEIMYMHBI, YUCIIO 3Ha-
YEHUH KOTOPBIX HACTOJBKO BEJIMKO, YTO HX YCIOBHO CUUTAIOT HEIpe-
PBIBHBIMU (KypChI BatoT, goxoa, BBII).

OT npuBBIYHON 711 HAC JETEPMUHUPOBAHHOMN BEJIMYMHBI CITydaii-
Hasl OTJINYAETCSI TEM, YTO KaXKIOMYy €€ 3HAUE€HUIO COOTBETCTBYET OIpe-
NeNEHHAs BEPOSITHOCTh peau3aliyH.

Takum 00Opazom, IJis OMUCaHUS CIIy4allHOW BETMYMHBI HEOOXOIH-
MO YCT@HOBUTb COOTBETCTBME MEXJy BCEMH BO3MOXHBIMU €€ 3Hade-
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HUSMH U UX BEPOSITHOCTAMH. Takoe COOTBETCTBUE HA3bIBACTCS 3AKOHOM
pacnpedenenus CiydyaiHOW BenuduHbl. ETO MOXHO 3a/1aBath B J100OH
(dopme: TaOIUIHOM, aHATTUTUYECKOH, rpaduIecKoii.

[TycTh BO3MOXHBIMU 3HAYECHHUSIMH CIyYalHOW BENWYMHBI X SIBJISI-
IOTCS X1, X2, ..., Xy, BEPOSITHOCTH PEATU3AINH KaXKIOTO U3 HUX 0003HaUe-
Ha KakK py, pa, ..., Pn. TOT/1a 3aKOH pacnpeiesieHus] JUCKPETHOM Ciydai-
HOM BeNUYMHBI X MOJKET OBITH 3allMcaH B BHAE TAOIWIILI, Ha3bIBAEMOM
pA0oM pacnpedeneHuss TUCKPETHON CITydyallHOW BETMYMHBI:

X| x1 | x20 | ... | Xa
Pl pi | pp| ... | pn
OO0b14HO X; < X2 < ...<Xx,. Ob6s3arenvHO p; + p2+ ...+ p,= 1.

YHuBepcanbHON (HOpMOI 3aKOHA pacIpeeNieHus], TPUTOJHON Kak
JUIsL TUCKPETHOM, TaK M HEIPEPBIBHON CIIy4allHOW BEJIMYMHBI, SIBIIACTCS
(byHKIUS pacTpeaeIeHHs:

F(x)=P(X<x),
TO ecTh F(X) ecThb BEpOSITHOCTh TOTO, YTO CliyyaliHas BeIM4MHA X MpHU-
MeT 3Ha4yeHHe, MeHbIee, YeM x. VHorna F(x) Ha3BIBAIOT (hyHKyuel Ha-
KonnenHou eeposmuocmu (puc. 1).

1 RO

oz

05

04

0z

o -

Puc. 1 ®ynkuus pacnpeneneHus HepepbIBHON ClIydyaifHONW BETHYUHBI

[Mpuknamnoe Ha3zHaueHHWE (QYHKIUU pacTlpeesieHUus CBSI3aHO C
TE€M, YTO OHA ONPEACISIET BEPOATHOCTh MOMAAAHUS CIy4ailHON BEJIUYH-
HbI B 33JJaHHBI HHTEPBAJ 3HAUCHUM:
Pla<X<p)=F(p)-F(a).



J1y1st HenmpephIBHBIX CIIYYallHBIX BEJIMUMH HApAY ¢ (PyHKIUEH pac-
npeJeNieHHst UCTIONIb3yeTcs enle onHa popMma 3aJaHus 3aKOHa pacrpese-
JICHUS — IUIOTHOCTD PacIpeeIeHHUsL.

ITnomunocmoio pacnpedenenus f(x) ciaydailHOW BenMWIMHBI X Ha3bI-
BaeTCs MPOM3BOIHAS PYHKIIUU pacupeneiaeHus F(x):

f(x)=F'(x).

[TnoTHOCTH pactpeneneHus f{x) XapakTepu3yeT BEpOSTHOCTH IO-
najlaHus CIy4aiiHON BENIMYMHBI B OKPECTHOCTH TOUKH X. ['paduk mmot-
HOCTH pactpeziesieHus f{x) Ha3bIBAIOT KPUBOU pacnpedeneHusl.

YucnoBble XapaKTEPUCTUKHU CIIYYAWHOW BEINYNHbI

3aKkoH pacmpeneneHuss B BuAe (QYHKIHUU pacTpeAesieHUs HIu
(GYHKIMY TUIOTHOCTH Ja€T TOJTHOE OMHMCAaHKUE CIyJaifHON BEIMYHUHEL. 3a-
4acTylo, OJHAaKO, JOCTAaTOYHO 3HATh JIMIIb HEKOTOPbIE XapaKTEpHBIE
YepTHI 3aKOHA pacIpeieNieH s, a He ero NojHyo ¢Gopmy. C 3TOH Henbo
B TEOPUHU BEPOSTHOCTEH HCIOJB3YIOT YUCIIOBBIE XAPAKTEPUCTHKH CIY-
YalHOM BEJIMYMHBI, BBIPAKAIOIINE PA3JIMYHbIC CBOMCTBA 3aKOHA pacIpe-
neneHusi. OCHOBHBIMU YHCJIOBBIMU XapaKTEPUCTUKAMU SBIISIOTCS MaTe-
MaTU4ECKOE OXHUAAHUE, TUCIEPCUsl U CpelHEe KBaJpaTUYECKOE OTKIIO-
HEHHUE.

Mamemamuueckoe oxcuoanue M(X) (Mnm npocto () — 3TO HEKO-
TOPOE CpeHEE 3HAUYCHUE CIIy4allHOM BEIMYMHBI, OKOJIO KOTOPOTO IpyI-
MIUPYIOTCS BCE €€ BO3MOKHBIE 3HAUEHUSI.

MaremMarnueckoe OXUIAHUE I JUCKPETHOM W HEIPEPBIBHOU
CIIy4aifHOM BEIMYUHBI, COOTBETCTBEHHO, BBIUMCIISIETCS KaK

n +00
M(X) =) xp,, M(X)= [xf(x)dx.
i=1 ,w
3n1ech x; — OTHENIbHbIE 3HAYeHUs (BapMaHThI) AUCKPETHOM CiydyaiiHOM
BEJIMYUHBI X, p; — BEPOSATHOCTH, COOTBETCTBYIOIINE 3HAUCHHSIM X; , f(X) —
(GYHKIHS TUIOTHOCTH PACIIPE/ICIICHHs] HENPEPhIBHOW CITydaifHOW Beiu-
YuHBI X.

Jucnepcusa D(X) u cpeonee keadpamuueckoe omkionenue a(X) —
YHCJIOBBIE XapaKTEPUCTUKHU CIIy4alHOW BEJIMYMHBI, KOTOPHIE OTPAXKarT
pa3dpoc €€ BO3MOXKHBIX 3HAYEHHUH OTHOCHUTEIIFHO MaTeMaTHYEeCKOTO
OKHJIaHUSI.

JU1st AMCKPETHOM M HENPEPBIBHOM CIIydallHOM BEJIMYUHBI, COOTBET-
CTBEHHO, JUCIIEPCHUS BBIUUCIISIETCS KaK
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DO = Y, = ) pis DO = [ (=) £ ().

3n1ech 4 - MaTeMaTUYECKOE OKMJAHUE Ui aHAJIU3UPYEMOM CiydaiiHOM
BEJIMYHUHBI

Jucnepcus UMeeT pa3MEpHOCTh KBajJpaTa CIy4ailHOM BEJIWYUHBI,
3TO He Bcerja yao0Ho. [loaToMy B kauecTBe XapakTEpUCTUKH paccerBa-
HUs Yallle UCIOJIB3YIOT CpPEeAHEe KBAJpPaTUYECKOE OTKIOHEHHUE, COBIIA-
JAIOILIEN IO Pa3MEPHOCTH CO CIIYYaiiHOW BEJIMYUHOM:

o(X) =+/D(X).

B 3axiroueHue OTMETHM, YTO MOJABJSIONIEE OOJBIIMHCTBO HC-
MOJIb3YEMBIX B CTAaTHUCTUYECKUX TPUIOKEHHUSIX MOJEIbHBIX 3aKOHOB
pacnpeznenenus: (OMHOMHUANIbHBIN, HOpMabHBIN, TOKA3aTEIbHBIN. ..) MO-
r'yT OBITh OJIHO3HAYHO BOCCTAHOBJICHBI IO OJHOM-IBYM CBOMM YHCJIO-
BBIM XapaKTEpUCTHKAM, Yalle BCEro - MO CPEeIHEMY 3HAYEHUIO0 U 110
JUCIIEPCUH.

3aKOHbI paclpeieICHUN CayYaiHbIX BEJUYHH.

3HaHUE 3aKOHA pacIpeesieHUs CIYy4alHOW BETWYHHBI TIO3BOJISIET
IIpe/icKa3aTh BEPOSATHOCTh €€ MONaJaHus B MHTEPECYIOUIMI HacC MHTEp-
BaJ 3HaueHM. Hampumep, npu aHanmse SKOHOMHUYECKHX IOKazaTese
TakMe NpPEJICKa3aHHUs BECbMa JKEJIATENIbHBI, TAaK KaK IO3BOJISIIOT BbI-
CTpauBaTh NOJUTHKY C YYETOM BEPOATHOCTH BO3HUKHOBEHMSI TOW WM
WHOW CUTYallNH.

[Ipexe Bcero Hac MHTEPECYIOT “‘peaTUCTUUYECKUE” 3aKOHBI pac-
MIpeNIeTIeHNs] BEPOATHOCTEN (HOpMalbHbBIN, paBHOMEPHBIH, MOKa3aTelb-
HBII), KOTOpBbIE UMEIOT YETKUI MPAaKTUYECKUI CMBICH (0XO0] CEMbH, BEC
eIMHUIIBI ()aCOBAHHOTO TOBapa M TaK Jaliee).

Hopmanvnoe pacnpeoenenue (pacnpedenenue I'aycca) ObIIO OT-
KpbITO B Havane 19 Beka ['ayccom u JlarumacoM npu u3ydyeHUH MOTPEI-
HOCTH U3MEPEHUN.

MexaHu3M MOPOXKIACHUS CIIy4allHOW BEJIUYMHBI B 3TOM CIIy4ae Ta-
KOB: HEMpephIBHAS CilydaiiHas BenuyuHa X (GOpMHUpPYETCs O] BO3ACH-
CTBHEM OYEHb OOJIBIIOTO YHMCIIa HE3aBUCHUMBIX CIy4alHBIX (PaKTOpOB,
pUYeM Cujla BO3JEHCTBHUA KaXIOTO OTIAENHHOTO (hakTopa Mayia U He
MOXKET JOMMHHMPOBATh CpeAM OCTalbHbIX. [Ipu 3TOM B pe3yinbTare BO3-
JEeUCTBUS CllydaifHOTO (hakTopa F Ha BeMW4YHHY X MMOJIydaeTcsl BeIHIuHa
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X + A(F), rne cnydaiiHas “noGaBka” A(F) mana u paBHOBEPOSITHA IO
3HaKy.
CnydaiiHas BEIMYMHA HA3BIBACTCA HOPMANLHO PACNpPeoeneHHol
WJIM HOPMAJIBHOM, €CJIH
~(-p)’ =)’

f)=—e >, F(x)Zﬁrwe 2 gy

@OyHKIMS MIIOTHOCTH f{X) 17151 HOPMAJIBHOTO pacrpeesiCHHsI UMeeT
TaK Ha3bIBAEMYIO ‘“‘KOJIOKOJI000pa3Hyo” popmy (puc. 2).

A f(X)

2no

X

»

Puc. 2. @yHKIMH TUIOTHOCTH f{X) A7l HOPMAJILHOTO pactpe/iesHHs

HopmaneHoe pacnpenenenue umeer asa napamerpa: yu = M(X) u
o =4,/D(X). B vactHoctu, npu 4 = 0 u ¢ = 1 umeeM cmanoapmuoe

HOpManbHOe pacnpeoenexue.

[TonHOTa TEOpETHUYECKUX MCCIENOBAHUMN, MPOCTOTa MaTeMaTH4e-
CKUX CBOICTB M HCKJIIOYMTEIbHAs MPaKTHYECKas 3HAYUMOCTh JENAIOT
HOpPMaJIbHBIN 3aKOH HanOoJiee MPUBJIEKATEIbHBIM U yIOOHBIM B IIpUMe-
HeHuu. Jlaxke B cilyyae OTKIOHEHUS UCCIIEyEMbIX JaHHBIX OT HOpMajb-
HOT'O 3aKOHA €ro MOKHO MCIOJIb30BaTh B KA4e€CTBE MEPBOT0O MpUOIMKe-
HUS — [IPAKTUKA [TOKa3aja pa3yMHOCTb TaKOTO IMOAX0a.

Kpome Toro, 3akoH HOpMaJILHOTO paclpeaeseHNsl UMEET 00JIbIIoe
TEOPETUYECKOE 3HAYEHHE: C €r0 OMOIIBIO BBIBECH LIEJIbIM Psii IPYrux
BAJKHBIX PACIpECIICHUN, TAKUX KaK Xz, CreronienTa, @umiepa.

Paenomepnoe pacnpedenenue ONNCBIBAET HENPEPHIBHBIE Clydaii-
HBbI€ BEJIMYUHBI, 3HAYEHUSA KOTODPBIX pPAGHOGEPOAMHbl BHYTPH OIpElE-
neHHbIX rpanul (a, ). Hanpumep, ommbOka OKpyriIeHUs Yyucia paBHO-
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MEpHO pacCIIpe/ielIeHa Ha MHTEpBaJIe OT -5 10 +5 e€IuHUIl MOCIEIHETOo
(oKpyrIIIeMOro) paspsa.

@opmynbl U MIIOTHOCTH PaBHOMEPHOTO pacrpeieneHus f(x) u
COOTBETCTBYIOMIEH €l QYHKIIMU pacrpenencHus F(x) UMEIOT BU/I:

1 0, x<a,
—, a<x< xX—a
S9)=1B-a PP =152 a<a<p.
< > -
0, x<a, x=2p L x>

@OyHKIMS TUIOTHOCTH f{X) I pABHOMEPHOTO paclpeieieHus! n30-
OpakeHa Ha puc. 3.

p X

L X

a B

Puc. 3. OyHKIMS TUIOTHOCTH f{X) AJIs1 pABHOMEPHOTO pactpe/esHHsI

OCHOBHBIE YHCIIOBBIE XapaKTEPUCTUKU PABHOMEPHOTO pacrpesie-
JIEHUS TaKOBBI:

a+pf p—-a
U= , 0= .
2 243
PaBHOMEpHOE pacnpenencHue UMEET JBa MapaMmeTpa — JieBas o U
npaBasi [ TpaHUIIBI IPOMEXKYTKA paclpe/ieeHus CIIydailHONW BETMYHHBI.
Teoperndeckoe 3HaYeHNE PAaBHOMEPHOI'O PACIPEEIICHUS CBA3aHO
C UCIOJIb30BAHUEM €T0 B KaUeCTBE “‘HYJIEBOI'O MPUOIMKEHUS HPH OINU-
CaHUM HEKOTOpPOro0 HOBOTO paclpeieseHUs] B OTCYTCTBUM allpHOpPHON
UH(POpPMAIIUU O HEM.
OKcnonenyuanbHoe pacnpedenerue MOJEIUPYET IPOLEecC 0KUIa-
HUS 00BEKTA, CTOSIIETO B 04EPEId Ha Pa3IMYHOIO poJa 00CIyKUBAHHUE.
B uvactHOCTH, 3TO pacnpeesneHue MOJAeIupyeT “BpeMs KU3HU HEKOTO-
12




poro mMexaHu3Ma: 4yeM MeHble (OIMKe K HyJI0) BpeMs ero sKCIulyaTa-
IIUH, TeM OOJIbIIIE B CPEIHEM OKUAAEMOE BPEMs ero paboThI 10 MOJIOM-
ku. JleicTBUTENbHO, HAAEKHEE MMOKYaTh HOBBIH (x = 0) aBTOMOOMIIb, OH
II03K€ CIIOMAETCsl, YEM IOJCPKAHHBIN.

@OyHKIMUS TUIOTHOCTH M (YHKIHUS paclpesieieHus B 3TOM cliydae
UMEIOT BUI:

) 0, x<0 Fx) 0, x<0
X) = ! X) = o
A-e™, x>0, l—e™
OyHKIUS TUIOTHOCTH f{X) JUIS 3KCTIOHEHIIMATBHOTO pacmpeserie-

HUS U300paxkeHa Ha puc. 4.

JEZ

Y

, x>0

L T

Puc. 4. ©yHKIM TUIOTHOCTH f{X) 1151 9KCIIOHEHIIMAJIBHOT'O pacipenerne-
HHUA

DKCMOHEHIIMATIBHOE PACIPEICIICHNEe UMEET OJIMH Mmapamerp A, a
OCHOBHBIC UM CJIOBBIC XapaKTCPUCTHUKU ONPCACTIAIOTCA COOTHOIICHUAMMN

R
=0 2

B MPAKTUYCCKUX CUTyallUAX, I'IC HUCIIOJIB3YCTCA SKCIIOHCHIHAIb-
HBII 3aKOH pacrpeielieHus, 3HaYeHUue napamerpa A 1100 U3BECTHO, JIH-
00 yKa3aH Croco0 ero BEIYHCIICHHUS.

[TpuBencHHBIC BBIIE MOJICILHBIC 3aKOHBI PACTIPEICIICHUST HEIpe-
PBIBHBIX CJIy‘-IafIHI:IX BCJIMYHH HCIOJB3YIOTCA B MPAKTUKEC CTATUCTHUYC-
CKHMX HAOJNIOJICHUH ISl OTIMCAHUS PeaibHO20 XapaKTepa H3MECHEHHS Kak
CONUAJIBHO — 3KOHOMHYCCKHX, TaK U TEXHOJOTHICCKHUX ITPOLICCCOB.
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2.2. Heo0xoauMble cBeACHUS U3 CTATHCTHKH

AHanuThyeckas CTaTUCTUKA MPEAIoaraeT UCIoIb30BaHUE BbIOO-
POYHOTO METO/Ia, COTJIACHO KOTOPOMY peajbHbIi 00BEKT MCCIeAOBaAHUS
X (eenepanvhasn cosoxynHocmy) OyneT MPEACTABICH MPU U3YYCHUU Ha-
00poM ero HabOIIOAAEMBIX 3HAYCHUH X1, X2 , ..., X, (6b100pKOLL). [leiicTBU-
TEJIbHO, ONEPaTUBHOE 00CIIEI0BaHNE T€HEPATIbHOM COBOKYITHOCTH, YU C-
JICHHOCTb KOTOpOW OBIBa€T OTPOMHOM, TpeOyeT HETMOMEpHBIX 3aTpaT
(roAcKMX, MarepHanbHBIX, (UHAHCOBBIX). [losToMy st HW3ydeHHs
CBOWCTB T€HEPAJIHHON COBOKYITHOCTH OOCIIEAYIOT €€ 4acTh — BBIOOPKY,
U3BJICUEHHYIO CAYYAUHbIM 00pA30M W3 TEHEPAIbHOM COBOKYITHOCTH.
CrnyvaitHblii 0TOOpP IpeanoaaraeT paBHble BO3MOXHOCTH Ul 3JIEMEHTOB
reHepalbHON COBOKYIMHOCTH OBITh BKIIIOUEHHBIMU B BbIOOpKY. Torna (B
CHJTy 3aKOHA OOJIBIITNX YKCeN) BHIOOpPKA a/IeKBaTHO OTOOpakaeT CTPYK-
TYpY ¥ CBOMCTBA F€HEPAIIbHONW COBOKYITHOCTH.

B npaktuyeckom BapuaHTe 0] BEIOOPKOH X1, X2 , ..., X, HOHUMAIOT
(aKTHUYECKH MOJIyYCHHBIE B JAHHOM KOHKPETHOM JKCIIEPUMEHTE 3Have-
HUS U3y4aeMOU CllydyaliHOH BeJM4YuHBIL. YUCIIO 3JIEMEHTOB 7 B BBIOOPKE
Ha3bIBACTCS €€ 00BbEMOM.

BsIBOZ 0 CBOMCTBAaX reHEPAIIBHOW COBOKYITHOCTH, ITOJY4EHHBIN Ha
OCHOBAaHUU HCCJIEI0BAaHUS BBIOOPKH, HA3BIBAECTCS CMAMUCMUYECKUM 3a-
KIHOYEHUEM.

Takum 00pa3zom, BEIOOPOYHBIN METOJI MpEAIoJIaraeT CTaTUCTHYE-
CKYI0 00pabOTKy MOJy4EHHBIX B IKCIIEPUMEHTE BHIOOPOUYHBIX JIAHHBIX C
L[EJIbI0 TEOPETUYECKOTO ONMCAHUS CBOMCTB 0OBEKTA U3YyUEHUS.

CriocoObl npecTaBaeHUs CTaTUCTUYECKUX JIAHHBIX

HavanpHbiM 3TanmoM o0paOOTKM BHIOOPOYHBIX JAHHBIX JIOJKHA
OBITh CUCTEMAaTH3aIUs OECTIOPSI0YHON MACCHI YHCET C IIETBI0 IPeIaHus
eil y1oOHOM I MoC/IeqyoIero aHainus3a Gopmsl.

[Tpu HeboBIIOM 00BbeMe BEIOOPKH (7 < 20) TPUMEHSIOT JOBOJIHHO
MIPOCTOM MOJAX0J K CUCTEMATU3alMHU JTAaHHBIX — UX YIOPSI0YUBAIOT, Ha-
IpUMep, 0 HeyOBIBaHUIO: X; < X <,...,<x, . B pe3ynpTare Takoii npoue-
OYpbl MONYYAIOT PAHICUPOBAHHBIU PO, AHAIU3 KOTOPOrO IO3BOJIIET
c/enaTh Co/Aep)KaTeIbHble CTATUCTUYECKHE 3aKItoueHus. Tak, B paHXKu-
POBAaHHOM pPSAY CPEIHUIN WIEH ONPENENIUT LIEHTP IPYNIUPOBAHUS JaH-
HbIX. KpailHue B paH)XKUPOBaHHOM PSAY JIEMEHTHI (X7 = Xpmin U Xn = Xmax)
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JAIOT CBEJEHHUS O JIMANa30HE BO3MOKHBIX 3HAYEHUW CIIy4ailHOW BeEJIH-
YUHBI, PA3HOCTb (Xpax - Xmin ) — O CTEIIEHH €€ cilydaitHoro pa3dpoca. Pa3-
HOCTh MEXIy MaKCUMAaJbHBIM U MHHUMAJIBHBIM 3HAUYCHUSAMH (Xpmax = Xmin
) Ha3BIBAETCA PA3MAXOM BbLOOPKU.

[Tpu GonbiioM 00BEME BBIOOPKH (77 > 50 mpU U3y4EHUH OJHOMEp-
HOM HENpepbhIBHON BENUYMHBI UM 1 > 20 17151 OTHOMEPHON TUCKPETHOMN
BEJIMYUHBI) PAH)KUPOBAHHBIN PSAJl CTAHOBUTCS TPOMO3AKHM M HEyH00-
HeIM. [lo3TOMYy Ha HayaJlbHOM 23Tare BBIOOPKY MPEeoOpa3yroT K KOM-
nakTHOMy Buay. HambGoisiee 3¢p¢exTHBHBIM crocoOoM 0000IIeHus |
CKaTusl BHIOOPOYHBIX JAHHBIX SIBISETCA MOCTPOEHUE psida pacnpeoelie-
Hus (6apuayuonnozo psoa). PopMarbHONW OCHOBOW A3TOM MPOLIETYPHI
CIIY’)KUT OOBEIMHEHUE B IpyHNbl OIM3KUX (MM PaBHBIX) MO BEJIUYHMHE
3HAYEeHUH cpear BEIOOPOYHBIX JAHHBIX.

I'pynnupoBKy BBIOOPKHM B BHJAE YACMOMHO20 CMAMUCMUYECKO20
psaa BBINOJHSIOT A JUCKPETHOM CilydallHOM BEJIMYUHBI, HaOlonae-
MBbIE€ 3HAYEHUSI KOTOPOH COJIEp)KAT MHOXKECTBEHHBIE TIOBTOPHL. A MMEH-
HO, U3 1 HaOIMIOAAEMBIX X|, X2 ,..., X, PA3IMYHBIX 3HAUCHUH (8apuanm)
oynet Bcero m (m < n). Toraa paBHbIE M0 BETUYHHE 3HAYCHUS Pa3yMHO
O0OBETMHUTD B TPYIIIBI: ISl KQXKI0HW k-01 BapHAHTBI X TIOJIYyYUM TPYIITY
YHUCIEHHOCTBIO Ny, tae k=1, 2,..., m.

[Ipu >TOM BaXHO MOHMMATh, YTO YWUCIEHHOCTh OJHOM TPYIIIIBI
MOJKET 3aMETHO OTIMYATHCS OT APYroil, TO €CTh BAPUAHTHI X IPU TPYII-
IIMPOBKE UMEIOT pa3HbIi “Bec”.

Ecnu 3HaueHue x; BCTPETUIIOCH B BBIOOPKE 71 pa3, TO LEJI0E YHUCIIO
N Ha3bIBACTCS aOCONOMHOU YACMOMOU 3HAYEHUsL Xy, & BETUUUHA W) = N
/ n omnocumenvHOU wacmomoti 3navenus x. Torma “Bec” Kaxaoil Bapu-
aHTBl MOXHO TIPEICTaBUTH IOCPEACTBOM COOTBETCTBYIOIIEH YaCTOTHI
(a0COTIOTHOM MJIM OTHOCHUTEIIBHOM).

B pesynbrate TpynnmupoBKHA BEIOOPOUYHBIX JAHHBIX MO COBIIAIAI0-
[IMM 3HAYECHUSM TOJTYYUM YaCTOTHBIA CTATUCTUYECKHH PSII;

X X7 X2 Xm
ni nj n; N Xn;=n
wr = ny/n w; w> eee O Yw; =1

Craructuueckuil psi u3o0paxkaercs rpapuuecku B BUJIE NOAUOHA
yacmom: MO OCH a0CIMCC OTKIAbIBAIOT 3HAYCHUSI BAPUAHT X, @ TI0 OCH
15



OpAMHAT — YacTOThI (aOCOJIOTHBIE 11; UJIM OTHOCUTENbHBIE )). [lonuron
9acTOT JAaeT MPEJACTaBICHUE O GblOOPOUHOU (IMRUPUYECKOU) (DYHKYUSL
NJIOMHOCMU paAcChpedeeHUs f (x) Uit ©3ydaeMoM ClIy4ailHOM BETUYMHBL

Taxke 1Mo CTaTUCTUYECKOMY Psly MOXHO HMOCTPOUTH dMAUpUUeE-
cKyr0 hynxyuro pacnpedenenusi F *(x) =n, / n, e n, — obo03HAYCHHE
CYMMapHOTO KOJIMYECTBAa BHIOOPOYHBIX 3HAYEHUH MEHBIINX, YeM X; 1 —
00BeM BBIOOPKH.

B cnydae oHOMEpHOW HENPEpPHIBHOW CIYyYalHOW BEJIMYMUHBI, KO-
TOpasi MpEeACTaBIeHA I U3y4YeHHUsI BBIOOPKOi OoJbpiioro oobéma (n >
50), peKOMeHIyeTCsl MOCTPOEHUE PABHOUHMEPBATLHO20 CMAmMUcmuye-
cko2o psioa. PopMalbHOW OCHOBOM ATOH MpOIEIyphl CIYXHUT 00Benu-
HEHHE B TPYIIbI OJIM3KHUX MO BEJTMYUHE BHIOOPOUHBIX AaHHBIX. Kaxmoii
IpyIIe COOTBETCTBYET CBOM AMAINA30H 3HAUEHUH (unmepsan epynnupos-
KY) U CBOSl YUCIEHHOCTb (uacmoma). Tak Kak MHTEpBaJl TPYNIIUPOBKU
BKJTIOYAET 3HAYEHUS C HE3HAYUTEIbHBIM OTJIMYHEM JAPYT OT APYra, TO UX
MOXXHO ycpenHuTh. Torna cpegHee 1o MHTEpBANy 3HAYEHUE BBICTYIAET
B KaueCTBE TUIUYHOTO DJIEMEHTa BCEH TPYIIIBI, YUCIEHHOCTh KOTOPOi
0TOOpa)xkaeT yacToTa.

Crnemyer OTMETHTD, YTO KOMIIAKTHOE TPEJICTaBIICHHE BHIOOPOYHBIX
JaHHBIX B BHJIE PAaBHOMHTEPBAJIBLHOTO psifia OyAeT aleKkBaTHO OTOOpa-
’KaThb MOBEJICHUE U3y4aeMOM CIy4allHOM BEJIIMYMHBI X TOJIBKO NPHU Cld-
b0t unu ymepenHou eapuayuu 3HAYCHUH X, X2,..., X, , HAOITIOJAEMBIX
Juisi X B peajibHOCTH.

[TocTpoeHue CTaTUCTUYECKOTO Psiia HAUMHAKOT C pacHpelesIeHUs
BBIOOPOYHBIX 3HAYEHUM X/, X2,..., X, 11O M HENEPECEKAIOUIUMCS UHTEp-
BaJlaM paBHOM JUTUHBI & (h — wae pazouenus). [lpeanonaraercs, 4To BbI-
0opKa MpenBapuTeIbHO ObLIA YIIOPSI0UEHA 10 BO3PACTAHUIO, TO €CTh X/
= Xmin U Xn = Xmay. 1OT/Ia 1IAT pa3OUeHUs /s TOJyYUM TIOCTE JIeNEeHUs
pazmaxa BBIOOPKH, TO €CTh (Xpayx - Xmin ) HA M YaCTEH.

Uucno uHTEpBAIOB M U3MEHseTcs B npenenax 7 — 20 u cymect-
BEHHO 3aBUCHT OT 00BbEMa BEIOOpKH 7. Ha mpakTuke mpu BeIOOpE m py-
KOBOJICTBYIOTCS OLIEHKOM: m ~ logon + 1.

Jlanee MOJACUUTHIBAIOT #j — KOJIMYECTBO BBIOOPOYHBIX 3HAYEHM,
MONAIA0IIUX B KaXIAbIN k-bIii HHTEpBaJ. Torga OTHOCUTEIbHAS 4acToTa
JUTS k-TO MHTEpBaNa: wy = i / n.

B pesynbprare u3 BHIOOPOUYHBIX AAHHBIX COPMHUPOBAHO M TPYII
(MHTEpBaJOB), KaX1asl U3 KOTOPBIX COJEPKUT MPUOIU3UTEIBLHO paBHbIE
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0 BEJIMUMHE AJIeMEHTHI. “Bec” kax ot rpymmbl (MHTepBaa) 3a1aét ad-
COJIFOTHAsl YacTOTa 7y (MJIM OTHOCUTENIbHAS YacTOTa y). ITO U €CTh UH-
TEPBAJIBHBINA CTATUCTUYECKUN PSIJI, TAOIUYHBINA BUI KOTOPOTO:

Xk, Xk+1) | [X1 = Xomin, X17Hh)  [x1th, x+2h). . [x1+ (m-1)h, X0 = Ximax]

1475 nj np 1

wr = ny/n ni/n nn ... ny/n

WHTEepBaNbHBIN CTAaTUCTHYECKUH psia n300pakaeTcs rpadudecku B
BH/JIE TUCTOTPAMMBI: 110 OCH aOCLUCC OTKJIAJbIBAIOT UHTEPBAJIbI, Ha KaX-
JIOM U3 KOTOPBIX CTPOUTCS MPSIMOYTOJIBHUK C BBICOTOM, paBHOU . I'mc-
TOTpaMMa — 3TO T€OMETPUYECKOe M300pakeHHE SMIUPUIECKON (YyHK-
LIUH IJIOTHOCTHU f (x). MeTo10710rnuecKnuii CMbICII THCTOTPaMMBbl COCTOUT
B TOM, 4TO IO €€ ()opMe BBIIBUTAIOT TMIIOTE3Y O BUJE PACIIPENEICHHUS
CIIy4aiiHOM BeIW4MHBI X, PYKOBOJCTBYSCH IIPHM 3TOM pacIpeaeiieHuEM
e€ HaOJII01aeMbIX 3HAYEHUH X/, X2,..., X, (BBIOOPKH).

Omnupudeckas (YHKIUS paclpeleNieHus MpH WHTEPBAIBHOM
MPEACTABICHUN BBIOOPOUYHBIX JTAaHHBIX WMEET BUI: F *(x) = (n; + n
+...+ ng)/n, TIe k — MOPSIAKOBBI HOMEP MHTEPBaJa, MpaBas rpaHUIla KO-
Toporo HakpbiBaeT x. [IpuBenéHHas ¢opMyna OOBICHIET, IOUEMY IM-
IHPHYECKYI0 (YHKIIHIO pacipeecHust F (X) HA3BIBAIOT HAKONIEHHOI
omnocumenvrol wacmomot. I'papuk F *(x) Ha3BIBAIOT KYMYAAmMOU WIn
KYMYJISIMUGHOU KPUBOU.

Ntak, paBHOMHTEPBAIBHBIN P PACIPEICICHUS CIYKUT I KOM-
MAKTHOTO IPEJCTaBICHUs BBIOOPOUHBIX JAHHBIX M Haubojiee 4acTo Hc-
MOJIB3YETCSl B MPAKTHUKE CTaTUCTHYECKUX HccaenoBaHuid. CxaTue uc-
XOJIHOM BBIOOPKU JOCTUTAETCS 33 CUET MPEACTABICHUS €€ MOCPEICTBOM
COBOKYITHOCTH IIEHTPOB MHTEPBAJIOB I'PYNIIUPOBKU U COOTBETCTBYIOIIMX
uM yactoT. Kaxias yactora oTpaxxaer “Bec” CBOEro MHTEpBajia OTHOCH-
TEJIbHO IIPOYUX UHTEPBAJIOB.

B HekoTOphIX ciyyasX, a UMEHHO, IPU 3HAYUTEIbHOW BapHaluu
M3y4aeMOI0 IPHU3HAKA, PEKOMEHIYETCs TPYNIMUPOBKA JAHHBIX 10 WH-
TEepBaJIaM C uUsMeHsAowelcs MUpUHON. TUIIHYHBIM TPUMEPOM CIYXKHUT
aHaJIM3 YPOBHs 3apa0OOTHOM IIaThl B IeHTpasibHOM Poccuu, korma Mo-
ckBa 1 KocTpoma mpucyTCTBYIOT B IIpe/iesiaX O JHOH BIOOPKH.
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['pynmupoBka BBIOOPOYHBIX JAaHHBIX 3HAYUTENHHO COKpAIIaeT
BpEMsI U CPEJICTBA HA UX CTATUCTHYECKYIO0 00paboTky. IMeHHO mosTOMY
OHa IIMPOKO MPUMEHSETC Ha pakTuke. Hampumep, B mpotiexype roJo-
COBAHUS METOJIOM JIEJIETUPOBAHUS MTOJTHOMOYUH Ka) bl 00BEKT CTaTH-
CTUYECKON COBOKYMHOCTH (TOPOJ, IITaT, CTpaHa) TOJIOCYeT MOCPEICT-
BOM CBOMX IPEJCTABUTEINICH, YHCIO KOTOPHIX MPOMOPIIMOHAIBEHO pa3Me-
pam oObekTa. B aToM mpuMepe KakIplii 00bEKT (TOpo, MITaT, CTpaHa) —
3TO MHTEPBAJ TPYNIHPOBKH, JIEJIEraT — CpelHee 3HaYCHNE TI0 MHTEPBAILY
TPYNIUPOBKUA. YHCIEHHOCTh JAEJErallii — 3TO 4acTOTa OTHOCHTEIHHO
WHTEpBaJa TPYNIHUPOBKU. B UTOre OrpaHnveHHasl YMCICHHOCTD JIejera-
TOB “TpaHCIUPYET” HIMPOKOE OOIIECTBEHHOE MHEHHE.

3aMeTUM B 3aKJIIOUEHHE, YTO B PE3YJIbTATe TPYIITHPOBKU UMEIOTCS
HEKOTOpbIe MOTepH WHGOPMAIMH: WHAWBHIYAIBHOCTh BBIOOPOUYHBIX
TAaHHBIX TepsieTcs mocie ycpeaHneHus. [Ipu uccineqoBaHUN COMATBHBIX
SBJICHUH — 3TO TUIOXO, TaK KaK MHEHHE Ka)KJJOTO OTJIEIILHOTO YeJOBeKa
3aMEHSIOT HEKOTOPBIM OCPEIHEHHBIM MO TPYIIE MHEHUEM (TUITUYHOTO
npencraButens». Hampotus, npu 06paboTKe JaHHBIX (PU3UIECKOTO IKC-
MEepUMEHTa YCPEIHEHNE U3MEPEHHU 110 MHTEPBAJy Ka)KeTCsl BIIOJIHE IIe-
7ecoo0pa3HbIM, TaK KaK OHO B HEKOTOPOW CTETEHH CIIa)KWBAeT HEU3-
OeXHbIE OIIMOKU OTACTHHBIX U3MEPEHUH.

O1eHMBaHUE MTaPaMETPOB TeHEPATHHON COBOKYITHOCTH

CraTtucTideckoe 3aKIII0YeHNEe O TeHePaTbHOW COBOKYITHOCTH TO/I-
pa3yMeBaeT CBEICHUS O 3aKOHE pacIpelesieHUs] UCCIeayeMOr Ciydaii-
HOW BETTMUMHBI U €ro napamerpax. PeabHble CBEJCHUS TAaKOTO XapakKTe-
pa moJrydaror Ha 6a3e BRIOOPKH OTpaHHYEHHOTO 00BhEMa, TO €CTh B BHJIE
OIICHOK ]IS TApaMeTPOB FeHEepaIbHONH COBOKYITHOCTH.

[Iporiecc HaxOXJEHHsSI OICHOK IO ONPEACICHHOMY IPaBHILY
(popmyrne) Ha3BIBAOT oyeHusanuem. Pa3nmuyaioT 1Ba OCHOBHBIX THIIA
OILICHUBAHWMSL: ISl BHJIA paclpe/iesieHus U IS TapaMeTpoB pacrpesene-
HUSL.

B kadecTBe OLICHKM BHJA paclpeseleHuss (COrIacHO 3aKOHY
OOJIBIINX YHCENT) MOYKHO B3ATh BBIOOPOUYHOE pacIipeesieHHe, paccuu-
TaHHOE, HalpuMep, M0 MHTEPBAJIbHOMY CTaTHUCTUUYECKOMY psany. Jloka-
3aHO, YTO BBIOOpOUYHAs (AMIHpHUEcKas) QyHKIUS pacnpeneneHus F *(x)
U BBIOOpOYHAs (AMIMpHUEcKas) QYHKIUS TIOTHOCTH f (X) SBISIETCS HE-
CMEIIEHHBIMU U COCTOSITEJIbHBIMU OLIEHKAMH CBOMX TEOPETHUYECKUX
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MPOTOTHIOB: (QYHKIHUU pacnpenencaus F(X) u QyHKIHH TUIOTHOCTH
pacnpeneneHus f(X).

[Tpu u3yyenun 000 cirydaitHOW BENMWYMHBI X KpOMe OIpesiene-
HUS e€ 3aKOHA paclpeieNIeH s )KeIaTeIbHO yKa3aTh YHCIOBbIE XapaKTe-
PUCTUKH: MaTeMaTU4eCKOe OXKHUJaHUEe, TUCIIEPCHIO, CPEeTHEe KBaJApaTH-
4eCKOe OTKJIOHEHHE. B peaqbHOCTH I HAaXO0XACHUS YTHX BEIIMYUH HC-
CJIeJIOBATEIlb PACIIOIATaeT TOJBKO BBEIOOPKOW 00BEMa n W3 HabIOac-
MBIX JUIS X 3HAQUEeHUM: X7, X2,..., Xn.

XapakTepuCTUKH, BBIYMCICHHBIC 10 BEIOOPKE, YCIOBHIIUCH HA3bI-
BaTh CMAMUCMUKAMU, 9TOOBI OTIMYATh UX OT AHAJOTHYHBIX BEIUYHH
IUTSl TEHEPATbHON COBOKYITHOCTH - NApAMEmpos.

Buibopounoe cpeonee (cpemnee apupMeTHUIECKOe MO BBIOOPKE),
8b100pOUHAsL OUCNEPCUs, 8bIOOPOYHOE CpedHee K8aopamuieckoe Omiio-
HeHue OTIPEIEIISIIOTCS CIIEAYIOINUM 00pa3oM:

X :lZn:xl_, D, :lznl(xl. —x1)’, o, :\/D_n.
n o n o

IIpu 3amanuyu BHIOOPKU B BUJIE CTATUCTHUECKOTO psifa Uil YUCIIO-
BBIX XapaKTEPUCTUK UMEEM CIIEAYIONHE (HOpMYIIbL:

- 1 L 1 2 - 2
x":_znk'xkv Dn:_znk'(xk —Xn), o-n:'\/Dn .
s s

31ech m — 9MCII0 BApUAHT B CTATHCTUYECKOM pAJE, 1 — 00bEM BBI-
OopKH.

[Tpu 3aganuu BEIOOPKH B BUJIE MHTEPBAJIBHOTO Psijia MIPUBEICHHBIE
(bopmynbl OynyT comepikaTh BMECTO X CpPeJHEe 3Ha4eHUE MO0 k-My WH-
TepBaly: xe = (opes T xi)/2, k=1,..,m-1, m — 9UCIO UHTEPBAJIOB TPYIIIH-
POBKH.

Hcnonp3oBanue B MPUBEAEHHBIX (OpMyliaX HIDKHETO MHJEKCA 7
YKa3bIBaeT HAa UX 3aBHCHMOCThH OT 00bEMa BBEIOOPKH — pa3HbIE MO0 00BE-
MY BBIOOPKH JalOT pa3Hble 3HAUYEHUS JUIsl YUCIIOBBIX XapaKTepUCTHK. B
YaCTHOCTH, JUISI MAJIBIX 110 00BEMY BEIOOPOK (hOpMYITY ISt BHIOOPOUHOM
JUCIIEPCUM YTOYHSIOT, 3aMEHUB 3HAMEHaTeNnb n Ha n-1. B pesynbrare
MOJTy4al0T TaK Ha3bIBAEMYIO ucnpasienHyto nucnepcuro. OTMETHM, 4TO
npu n > 30 paznuuue MeXIy BHIOOPOYHON M UCIPABIECHHOW BBHIOOPOU-
HOW JMCTIEPCUSMU MPAKTHUECKH HE3HAYHMO.

[Tocne ¢GopManbHBIX BBHIYUCICHUH TMOTpeOyeTcs, OYEBUAHO, H3Y-
YEeHHE CBOWCTB BRIOOPOYHBIX CTATUCTHK, HEOOXOMMOE JIJIsl 3aKITIOUCHHS
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O CTENEHM MX COOTBETCTBUS IapaMeTpaM I'€HEpaIbHON COBOKYIHOCTH.
COOTBETCTBYIOIINE TEOPETUUYCCKUE HCCIIEAOBAHUSI OBUIH MPOBEIEHBI U
UX Pe3yJbTaThl JOKA3bIBAIOT CTATUCTHUECKYIO0 YCTONYMBOCTh OCHOBHBIX
BBIOOPOYHBIX CTATUCTUK, TO €CTh UX CXOJAMMOCTh K COOTBETCTBYIOIIUM
reHepalbHBIM ITapaMeTpam.
KoHkpeTHO, epeuncinum OCHOBHBIE CTATUCTUKH, KOTOPBIE CITY’KaT
OLICHKaMH MCTHHHBIX TapaMeTPOB I'€HEPAIbHON COBOKYITHOCTH:
e oMmIupuueckas (pyHKUHS pacnpeneneHus F*(x) — BbIOOpOYHAs
onenka F(X) = P(X < x) TeopeTrdeckoil PyHKIIMHU pacrpeserie-
HUS;
e sSMmIupuueckas (QpyHKUIHUS MJIOTHOCTH f (x) - BbIOOpOUYHAs OLIEHKA
f{x) TeopeTrueckoi PyHKITUU TUIOTHOCTH pacIpeeICHIS;
® DHMIMPHYECKAss OTHOCUTENbHAS YacTOTa Wy = My / N - BBIOOPOU-
Has OllIeHKa BeposiTHOCTH P(X = Xi), TO €CTh BEPOSITHOCTH pealn-
3allUU A-TO 3HAYEHHUS X CIy4allHON BEIMYUHBI X

e cpeaHee apupMeTHYECKOe 1O BBIOOPKE X, - BHIOOpOYHAS OICH-
Ka MaTeMaTH4ecKoro oxkuaanus M(X) reHepaabHOW COBOKYITHO-
CTH;

e ucnpaBieHHas aucrepcus D, — BEIOOpOYHAs OIEHKA reHepallb-
HOH nucnepeun D(X).

Mertoj10s10rHYeCcKas CBA3b TEOPUN BEPOATHOCTEN U CTATUCTUKU

Haiinennsle mo BBIOOpPKE CTATHCTUKU UCTIONB3YIOT U (hOpMYIH-
POBKH 3aKJIIOYEHHS O TEHEPAbHOW COBOKYIHOCTH, TO €CThb O 3aKOHE
pacnpezieieHusl UCCIEyeMOro Mpu3Haka u ero napaMerpax. IIpu atom
BCErJla CYHIECTBYET PHCK OIIMOKH BBHIY HEMOJHOTHI WH(MOpPMAIHH.
JlecTBUTENBHO, PE3YyNbTaThl 0OCIEIOBaHMS YaCTU I'€HEpaJbHOW COBO-
KYHHOCTH (TO €CTh BBIOOPKM) MBI IIbITaeMcsi 00OOLIUTh Ha BCIO I'€He-
pabHYIO0 COBOKYITHOCTB (pEabHbIi 00BEKT).

Otcro/la BO3HHMKAET MpodiieMa KOJWYECTBEHHON OILICHKU CTECHHU
pUCKa B CUTYyallUd C HEONPEACIIEHHOCTHIO. M CMOb3yeMblil MpU 3TOM
MHCTPYMEHT XOPOIIO M3BECTEH — ATO METOJ MPOBEPKH THUIIOTE3 M3 00-
JIACTH TEOPUU BEPOSATHOCTEM.

PaccmoTpuM KOHKpeTHyI0 cuTyanuio. IlycTh BbICKa3bIBaeTCs
MIPENIIOJIOKEHUE O 3aKOHE paclpeiesieHUs] UCCIEYyEMOIo CIy4aiHOro
nokaszatens X (reHepaJbHONW COBOKYMHOCTH). Ha ocHOBE BBIOOPOUYHBIX
JAHHBIX CTPOMUTCS YacCTOTHOE pacHpeesieHue 3HAueHUM I0Ka3aTems
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(HampuMmep, B BHJIE€ MHTEPBAJIBHOTO psja pacupenesneHus). BosHukaer
3aJla4ya MPOBEPKHU TMIIOTE3bI O TOM, YTO PACXOKICHHE MEXy Mpearoa-
racMbIM (TEOPETUUYECKUM) pacipe/ieicHneM U HaOIrogaeMbIM (IMITHPH-
YeCKUM) pacrpesesieHneM HezHaunumo. Kpurepuii, ¢ TOMOIIbIO KOTOPO-
T IPOBEPSETCS 3T THIIOTE3a, HA3BIBACTCS KPUTEPUEM COTIIACHS Y HIIM
kpurepueM Ilupcona:
SR - (n, _lk)z
=yl
P

3nech n; —HaOJrOaeMas 9acToTa Uik K —TO HHTEpBaja TPYIITUPOBKH, [
— OTBEYAIOILAs € 0KUAaeMasl, TeOpeTuYecKas 4acTora.

CraTHCTHKA Y’ CPABHMBAET HA COTNIACHE HAOMIONAEMbIE M OXKH-
JlaeéMbl€ 4acTOTHI, OLIEHHWBAsg B UTOT€ UX CYMMAapHOE PACXOXKICHHE IO
BCEM m MHTEpBAJlIaM I'PyNIUPOBKU. Eciu 3TO pacxokaeHue OKa3bIBaeT-
Cs1 HE3HAYUMBIM, TO €0 MOXHO CUUTATh CIIy4allHbIM U FHIIOTE3a O BUJEC
pacupenenenus X npuHumMaercs. [Ipn 3Ha4MMOM, CyHIECTBEHHOM pac-
XO0XICHUH OKUAAEMBIX U BBIOOPOYHBIX YAaCTOT 3aKJIOYaeM, 4TO HaOJIto-
JaeMO€ pacIipe/ieJIeHHe BHIOOPOUHBIX JaHHBIX HE COIJIacyeTcsl ¢ Teope-
TUYECKUM paclpeieIeHUEM I'€HepalbHOM COBOKYIHOCTH, OTKy/Ja Oblia
B35Ta BEIOOpKA.

OTMeTHM, YTO KPUTEpHil COriiacus x> HanboJee JacTo MCIOTIb3y-
eTcs Ha MPaKTHKE JUIS MPOBEPKH HAa COTJIACOBAHHOCTH HaOI0IaeMOTO
pacnpeienieHuss ¢ KaKuM-JI1M00 KOHKPETHBIM paclpezesieHueM (paBHO-
MEpPHBIM, HOPMaJIbHBIM, [T0Ka3aTEIbHBIM).

PesromMe 1o BBOJIHOM YacTH

PaccmoTpenHbie BbIlIe 6a30BbIe TIOHATHS TEOPUU BEPOSITHOCTEH U
MaTeMaTHYeCKON CTaTUCTHKH CIIYy’KaT TOJIBKO “BEXaMM ~, CMBICH KOTO-
PBIX — 320CTPUTh BHUMaHHUE CTY/AEHTOB Ha KJIIOYEBBIX MOMEHTAX B X0JI€
M3yUYeHHsI MaTepHaia 1Mo CepbE3HbIM U 00BEMHBIM yueOHHKaM. [IpuBe-
NEHHBIA B KOHIIE YKa3aHUI OMONMorpaguuecKuil ClIMCOK JaeT MUPOKUe
BO3MOYHOCTH JUIsl BBIOOpA MOJAXO/SIIET0 HCTOUYHUKA IIPU U3YUYEHUU OC-
HOBHOT'O KypCca MaréMaTU4eCKOW CTaTUCTUKU B MIOJTHOM O0OBEME.

3. BOITPOCHI AJI1 CAMOITPOBEPKH

1. Yto Takoe ciyyaitHas BennuuHa? [IpuBeaure npumepsl.
2. Tunsl ciyyaliHBIX BeIMUYUH. B uéM pa3zHuia Mexry HUMu?
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W

10.

11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

Urto Takoe QpyHKIMS pacripeaesieHus?

UYro Takoe PyHKIUS IUIOTHOCTU paclpeieIeHUs?

YT0 Takoe 3aKOH paclpeleeHus] JUCKPETHOM CIlydalHOM BEIIH-
YUHBI?

Maremarnueckoe oxuaanue. Ero cBoOWCTBa, BEPOATHOCTHBIN
CMBICJI ¥ BBIYUCIICHUE.

Jucnepcus, €€ CBOMCTBA, BEPOSITHOCTHBIN CMBICII U BBIYUCIICHHE.
CpenHee KBaJpaTUYECKOE OTKIOHEHUE, €ro BEPOSITHOCTHBIN
CMBICIL.

IloueMy B KadecTBEe XapaKTEpUCTHKU pa3dpoca 3HAUEHUU CiIy-
YalHOW BEJIMYMHBI HAPSAAYy C AUCIEPCUEH UCTIOJIB3YIOT U CPEAHEE
KBaJIpaTMUECKOE OTKJIIOHEHHE?

Kak BbIYMCIISIETCS BEPOSTHOCTH MONAJAaHUS HENPEPBIBHOM CIly-
YaifHOW BEJIMYMHBI B 3a/IaHHBIM HHTEpBaJl 3HAYEHUI?

. PaBHOMepHOE pacnpezienieHne: MIOTHOCTh M (YHKIUS pacripesie-

JIEHUS], UX TpaUKHU, YUCIIOBbIE XapaKTEPUCTUKH.

[ToxazaTenpHOE pacmnpeaeseHre: TNIOTHOCTh M (DYHKIHS pacipe-
JieNIeHus], UX rpadyKy, YUCIOBbIE XapaKTEPUCTUKH.

HopmanbHoe pacrnipeneneHue: miIOTHOCTh M (PYHKIMS pacrpese-
JIEHUS], UX TpaUKHU, YUCIIOBbIE XapaKTEPUCTUKH.

ITouemy HOpPMaNIbHOMY 3aKOHY PACHPEICICHUS YIEIAETCS TaK
MHOTO BHUMaHUs?

MareMarnuyeckasi CTATUCTHKA KaK HayKa.

[IpenMer maTeMaTHYECKOW CTATUCTUKM.

Merognosornueckas B3aMMOCBSI3b MaTEMaTUYECKON CTAaTHUCTHKHU
U TEOPHUH BEPOSTHOCTEN.

[TonsiTHE reHepaIbHON U BBIOOPOYHOI COBOKYITHOCTH.
CymHocTh BBIOOPOYHOTO METO/1A.

TpeboBanusi, mpeabaBIsieMbIe K BHIOOPKE.

YT0o Takoe MpOCTOW CTATUCTHYECKHUM psAJl, BAPUALMOHHBIN P,
BapuaHrTa?

C xako#i 11enbl0 U KOTJa MPOU3BOJIUTCS TPYNIIUPOBKA BBIOOPOU-
HBIX JJAHHBIX?

[Tponienypa paBHOMHTEPBAIBHON TI'PYNIUPOBKH BBIOOPOYHBIX
JTAHHBIX.

I'paduueckoe mpeacTaBiIeHNE CTPYINIUPOBAHHONW BBIOOPKH (T10O-
JIUTOH, TUCTOTPaMMa).



25.
26.
27.

28.
29.

30.
31.
32.
33.

34.
35.
36.
37.
38.

39.
40.

BeposATHOCTHBIE aHAJIOTH ITOJIMTOHA U THCTOIPAMMBI.

C kakoii LIeIbI0 CTPOUTCS TUCTOIPaMMa, IOJIUTOH?

Kak MO»HO BBIIBUHYTH MPENOJI0KEHNE (THIIOTE3Y) O BUJE pac-
npeaeneHus ?

[TocTpoenue sMnupuuecKoil GyHKINU pacipeaeaeHHs.

B uém cocTouT «0IM30CTh» IMIUPUIECKON U TEOPETUUECKOMN
GbyHKIUH pacpeeneHusl.

Yro Takoe napameTpsl pacnpeneneHus? Ilpumepsl.

ITocraHoBKa 3a1a4M OLEHKH [TAPaMETPOB PACIIPEIACIICHHUS.

UYTo BBICTYNAET B KAUECTBE TOUEUHBIX OIIEHOK [TapaMeTpoOB?
Bb100poUHBIE YHUCIIOBBIE XapaKTEPUCTUKH, (OPMYIBI Ui HX
IOACYETA.

OneHky napaMeTpoB JUlsl paBHOMEPHOTO, NTOKa3aTelbHOI0, HOP-
MaJIBHOTO PaclpeaeIeHUMn.

UYrto Takoe MCIPaBIIEHHOE BHIOOPOYHOE CpEeHEE KBAAPATUIECKOE
OTKJIOHEHUE?

Kak MO»HO BBIIBUHYTh TUIIOTE3Y O BUJE paclpeeneHus?
Hasnauenue kpurepus [Iupcona.

Ha xakoif BEIOOpOYHON CTaTHCTHKE OCHOBaH Kputepuil [lupco-
Ha?

Cwmbicn cratuctuku [Iupcona.

ITocnenoBarenbHOCTE PAcCYETOB IIPU INPOBEPKE T'HIIOTE3BI IO
kpureputo [Inpcona.

4. TIOCTAHOBKA 3AJTAYX U UJAESA PEIIEHUSA

BeIsiBIeHME 3aKOHA paCIpPENEIICHNs] CIy4alHOW BEJIMYUHBI — OJTHA
U3 LEHTPaJIbHBIX 3aJja4 TEOPUHM BEPOATHOCTEH M MaTeMaTUYECKOHl cTa-
TUCTHKH.

Bo-nepBbix, 3aa4a BakHa caMa 10 cebe, Tak Kak 3aKOH pacIpe-
nenenus 1a€t Hanbosee Moy WH(popMaluio 00 u3ydaemMol cirydaii-
HOW BEJIMYMHE.

Bo-BTOPBIX, HCKIIFOUUTEIILHO BAKEH YACTHBIM CIy4yal 9TOM 3a/1a4u
— IIpOBEpKa pacmpesesieHuss Ha ONM30CTh K HOpMaJbHOMY 3akoHy. [lo-
JIy4€HHE OTBETA Ha 3TOT BOIIPOC SIBISAETCS COCTAaBHOW YAaCTBIO B peIle-
HUU psAJla TPAKTUYECKU BAXHBIX 337a4 (HarpuMmep, Ipu U3Y4eHHUH CTa-
TUCTUYECKHUX 3aBUCUMOCTEN MEXy ClydyalHbIMU NepeMeHHbIMU). Kpo-
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M€ TOro, MOJaBJIsItOIIEe OOJBUIMHCTBO MPAKTUUYECKH BAXKHBIX CIydail-
HBIX MOKa3areseil (MpuObUTh MPEANPUSATHS, TTIOTPEITHOCTh U3MEPEHHS. . .)
MOJAYMHSIOTCS UMEHHO HOPMAJIbHOMY 3aKOHY paclpeaeaeHusl.

B o6meMm Buze 3aaga GopmMyIupyeTcs CAeayoIuM 00pa3oM.

Jano: BeIOOpKA X], X2 , ..., X, U3 HENPEPHIBHON r'eHEPATIbHOM COBO-
KYIHOCTH.

Tpebyercsi: MOCPENCTBOM CTAaTHCTUYECKON 0OpabOTKH BBIOOPKH
BBIJIBUHYTh THMIIOTE3Y O 3aKOHE PACIpPEIEICHUS U3y4aeMOW CIy4alHON
BeIM4MHBI. OLIEHUTH 3Ty TUIIOTE3Yy Ha 33JaHHOM YPOBHE 3HAUUMOCTH.

Unes peuienus

1. M3Bneub u3 BBIOOPOYHBIX AAHHBIX X, X2 , ..., X, KaKylO-HUOYIb
XapaKTEPUCTUKY, KOTOPAasi MO3BOJUT BBIIBUHYTH TMIIOTE3y O BUJAE pac-
IIpe/IeIeHNs U3y4aeMoro rnokasaresns X.

Yarie BCero UCMONB3YIOT BEIOOPOUHYIO (DYHKIHIO TUIOTHOCTH, TaK
Kak e€ rpaduueckoe n300paxeHue (eucmospamma) 3aMeTHO OTITHYASTCS
JUIS pa3HbIX PacHpeieIeHU 1 TOTOMY MOJKET ONPEAEIUTh BBIOOP COOT-
BETCTBYIOIIEH TUIIOTE3BI.

2. HailTu TeopeTH4eCKUd 3TaJOH JUIsl CPAaBHEHMSI ¢ HUM BbIOOPOY-
HOH, TO €CTh ITPAaKTUYECKON XapAaKTEPUCTUKH U3 ITyHKTA 1.

OueBHIHO, YTO B KaueCTBE 3TAJOHA CJIEIYEeT pacCMaTpuBaTh TEO-
peTndeckyto GYHKIUIO MIIOTHOCTH ISl TUIIOTETUYECKOTO (M3 MyHKTa 1)
BUJA pacripeaeneHus. s obecriedeHnsi BO3SMOKHOCTH MOCIETYIOIIErO
CpaBHEHHs TEOPETUYECKON M BBHIOOPOYHON (YHKIMH MIOTHOCTH HEOO-
XOJUMO “‘CBECTH” HX B OJHY M Ty K€ 00JIacTh U3MEHEHHSA. A MMEHHO,
€CTi B KauyecTBE IapaMeTPOB TEOPETUYECKOW (YHKUIUHU TUIOTHOCTH
B35ITh UX BbIOOPOYHBIE OLIEHKH, TO B PE3YJIbTaTe MOJIYYUM “TIPUBS3KY’
TEOPETHUYECKON (PYHKIIMH TUIOTHOCTH K HAOIIOaeMbIM B pEalbHOCTH
JTAHHBIM.

3.CpaBHUTH BBIOOPOYHYIO (M3 MyHKTa 1) M OTBEHarolylo €il Teo-
pernyeckyio (U3 myHKTa 2) pyHKIuH. ECi OHE COOTBETCTBYIOT APYT
JpYyry B Ipenenax YCTaHOBJIEHHOM MOTPEIIHOCTH (TO €CTh Ha 3aJJaHHOM
YpOBHE 3HAUUMOCTH), TO BBIJIBUHYTas B yHKTe | ruUmoresa o BUAE pac-
NIpeNeNeHNsl CllydallHOTO Moka3zarenss X NpUHUMAETCs, B MPOTUBHOM
cllydae TMIoTe3a He IPUHUMAETCS.

W3noxxeHHas BbILIE UIESI COCTABISET OCHOBY JITOPUTMA PEILICHUs
IIOCTABJICHHOM 3a1a4H.
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5. AVI'OPUTM PEHIEHUA

1. I'pynnupoBKa BIOOPOYHBIX JAHHBIX.

JU1sl TOCTPOEHMST MHTEPBAIBHOIO CTATUCTHUYECKOrO pslia pacipe-
JeIUM BbIOOPOYHBIE JAHHBIE X7, X2,..., X, IO 71 HENEPECEKAIOIUMCS UH-
TepBaJlaM PaBHOM JJINHBI.

1.1.
1.2.
1.3.
1.4.

L.5.

1.6.

1.7.

1.8.

Ilo

Haiiném x,,:, 1 Ximax.,

Boruucnum pazmax BeIOOPKU: d = (Xpax - Xmin )-

[Momyynm mar pazouenus h =d / m.

Haiiném rpanuiel uaTepBanoB. [lepBbiit HHTEPBAT: [Xmin, Xmin
+ h = x;], BTOpO#1 MHTEepBan Oynet: (xi, x; + /] U Tak ganee.
3/1ech MBI Y4JIU, YTO KaXKJlas BHYTPEHHSSI TPaHHIA BXOJUT B
7Ba coceIHUX HHTepBaia. [losToMy ans ompenenéHHOCTH
CUMTAeM, YTO KaXJbIii HMHTEpPBaJ COJEPKUT CBOIO MPABYIO
TpaHyIly, TO €CTh 3aMKHYT crpaBa. B 0co0OM IMOJI0XKEeHUU
OKa3bIBAECTCs EPBBIA MHTEPBAJI, TAK KaK OH 3aMKHYT U CJIEBa,
U cupaBa. JTa 0COOEHHOCTh OYy/ET yuyTeHa HUXKE, B IYHKTE 4.
3aMeTUM, YTO 3aMbIKaThb MHTEPBAJIbl MOXHO ObUIO U ClieBa —
MPUHIMIHAIBHO HUYEr0 HE MEHSETCS, TOJIBKO 0COOBIM (3aMK-
HYTBIM C JIBYX CTOPOH) NPHU 3TOM CTAHET MOCJIETHUN UHTEP-
BaJl.

OrnpenenuM LEHTPbl HHTEPBAJIOB: xe= (o T x )/2, TAC Xj1
— JIeBasl, a X — [IpaBasi TPaHULIbI k-0ro MHTEpBaa.

JInst KaXJI0T0 MHTEpBaIa MOJICUYUTHIBAEM aOCONIOMHblE YaCTOThI
Ny —KOJIMYECTBO BBHIOOPOUYHBIX 3HAYCHUH, TIOMAAIONINX B K-bIii
UHTEPBAJL.

Haxomum omnocumensvheie yactotel W, =n, /n, 31ech 00bEM

BBIOOPKH 7.
Beraucnsem nopmuposannwie yactotst H, =W, / h, 3necs h —

JUIMHA UHTEPBAJIA TPYIITUPOBKH.
pe3yJIbTaTaM BBINIOJHEHUs IIEPEYUCIICHHBIX JIEHCTBUM PEKO-

MeHyeTcs: 0popMUTH TaOIUITy C COOTBETCTBYIOIIMMHU TpadaMu.
CxaThe UCXOJHOW BBHIOOPKHU JIOCTHTaeTCs 3a CUET MPEACTaBICHUS

e€ uepes

COBOKYITHOCTb 3HAYCHUU HECHTPOB HMHTCPBAJIOB U COOTBETCT-

ByIOIIUX UM yacToT. Kaxkias gactora oTpaxkaer “Bec” CBOEro MHTEpBa-
J1a IO CPABHEHHUIO C JHOOBIM JIPYTUM.
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2. Hocrpoenne rucrorpammbl. @opmMyTUpoOBKAa T'MIOTE3bI O
BU/IE pacnpefe/eHus CJy4YaiHON BeJHYUHBI.

I'ucrorpaMmma — 3T0 Tpaduueckoe H300paKEHUE HHTEPBAIIOB
IPYNIUPOBKUA U COOTBETCTBYIOLIUX UM 4acTOT. BeposITHOCTHBIN CMBICIT
TUCTOIPaMMBbl COCTOUT B TOM, YTO IO €€ BUAY MOXKHO “IPUKHHYTH Xa-
pakTep H3MEHEHMs] (PYHKUMU IUIOTHOCTU pactpeneneHus. Ilostomy
MMEHHO THCTOTpaMMa CIY)KUT OCHOBAaHHEM ISl (POPMYITHPOBKHU TUIIOTE-
3Bl O BUJIE pacCIpeeICHUs] UCCIEAYEMON CIydailHON BeanuuHbl. Kpome
TOTO, TUCTOTPaMMa TIO3BOJISIET BBIMOJHUTH OBICTPBIA BH3YyaJIbHBINA aHa-
TU3 BaXKHBIX XapaKTEPUCTHK pacmpenesieHus:: HauOOJbIIEro M Hau-
MEHBUIET0 3HAYEHUH, 30H KOHLEHTPALIUU JaHHBIX U TaK Jajee.

3. UncnoBble XapaKTepPUCTHKH CIy4YaiHON BeJINYMHBI.

B nepByro ouepenp 3T0 BEIOOPOUYHOE cpesiHee M BRIOOpOYHAs AMC-
nepcusi, KOTOpble HEOOXOAUMBI JJIsl ONpeAeeHUs] apaMeTpoB 3aKOHa
pacnpezeneHuss A OOJBIIMHCTBA NMPAKTUYECKH Ba)KHBIX CIYYalHBIX
BEJIMYMH.

OTMeTHM, 4TO YHCIIOBBIE XapaKTEPUCTUKHU CIIY4YailHONW BEIMYUHBI
MOTYT OBITh BBIUMCIIEHBI 110 BBIOOPKE B JIByX BapHMaHTax: JI0 U Mocie eé
rpynnupoBkU. IIoHATHO, 4TO OoOJiee TOUHBIE 3HAYEHHS NAET UCXOJHas,
nosiHas BeIOOpKka. E€ 00bEM, 07jHaKO, MOXKET OKa3aThCs BECbMa 3HA4M-
TEIBHBIM (B peaThbHOCTH MOPSIKA THICSYH U 0OJiee), TOITOMY MOTpedy-
eTcst komnetorep. HanpoTus, B “nosieBbIX” ycIOBUAX JINOO B MPUKUA0Y-
HBIX pacyerax MO>KHO OIHUPATHCS Ha CrPYINIIMPOBAHHBIN aHaloOr BbIOO-
pouHBIX NaHHBIX. KcTaTu, cpaBHEHHE MeXy cOO0M BEIMUYNH, MTOJTy4YEH-
HBIX B JIByX 0003Ha4€HHBIX NOJIX0JaX, AAET MPeICTaBICHUE O MOrpell-
HOCTH BCJICAICTBHE TPYIIUPOBKH BHIOOPOYHBIX TAHHBIX.

4. IlocTpoeHUEe TEOPETHYECKOI0 3AKOHA paclpe/ieIeHHsl COrJIACHO
BBIIBUHYTOMH B IyHKTe 2 rUmnorese.

[TocTpoenne TeopeTUUecKO (HYHKIIMU TUIOTHOCTH OOBIYHO HE
BBI3BIBAET 3aTPYJHEHUN: HYXKHO B35Th U3 y4eOHUKA COOTBETCTBYIO-
my GopmMyiy Al THIOTETHYECKOTO 3aKOHA pacrpeneneHus (moka-
3aTeIbHOT0, PABHOMEPHOI'0, HOPMAJIBHOI'0) U MOJCTaBUTh B HEE UH-
CJIOBBIE 3HAYEHMS MAPpaMETPOB pacClpeeIICHUS.

B kauecTBe mapaMeTpOB TEOPETUUECKOTO 3aKOHA paclpenene-
HUSI CJEeJyeT HCIO0JIb30BaTh HX BBIOOPOYHBIE YHUCIOBBIE OLEHKH,
HallJIeHHBbIE HA MpeabIayIIeM dTane. TeM caMbiM JOCTHUTaeTCs “pH-
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Bsi3Ka” TEOPETHUECKOTO 3aKOHA pacmpeneseHus K o0yiacTu BbIOO-
POYHBIX, TO €CTh pPeajbHO HAOIIOAEHHBIX 3HAUCHUHN CilydailHOU Be-
JUYUHBI.

5. ®opMyJIHpPOBKA CTATHCTHYECKOT0 3aAKJII0YCHUS.

IIpoBepka runoTe3sl 0 BUJE pacHpeieeHUs CIydalHON BeEJIU-
YUHBI MOXET OBITh BBINIOJIHEHA, HAIPUMEP, C MOMOLIbIO KPUTEPHUS
Iupcona . Cratuctuka [TupcoHa paKTHYECKH COMOCTABISET BHIOO-
POUYHYIO M TEOPETUUECKYI0 (YHKIHMH MIOTHOCTH pacmpeneneHus. Ec-
JU OTIWYUE MEXJYy HUMH HE NpPEBBIIIAET 33aJaHHOW Hamepén Morperi-
HOCTH, TO BBIJBUHYTas B IYHKTE€ 2 TUIOTE3a O BUAE PaCHpPECIICHUS
CIIydaifHOTO nokazareist X MPUHUMAETCsl, B IPOTUBHOM CJy4ae rUIoTes3a
HE IPUHUMAETCS.

6. BAPUAHTHI UHIUBUY AJTbHBIX 3A TAHUI

B xozme ocBoeHMs TUCHUIUIMHBI CTYAEHTAMU BBIIOJIHAETCS KOH-
TposibHas paborta. MHmuBuayanbHble 3aaanus (Tabn. 1) mpencTaBisiroT
coOoii BeIOOpKY u3 80-TH HaOMIOAAEMBIX 3HAUCHHH JIi HETPEPHIBHOM
ciydaiiHOM BenuuuHbL. Kaxkaast BbIOOpKa 3aHMMaeT OTAEIbHBIA CTOJ-
Oe11, HOMEp KOTOPOTo €CTh HOMEp BapUaHTa.

Bribop BapmaHTa KOHTPOJIBHOW pabOThl MPOU3BOIMTCSA IO TO-
cienHel nudpe HoMepa 3a4eTHOM KHMKKH. Tak, ec’u HOMEp 3a4eTHOM
KHWKKH 3aKaH4YMBaeTcsi 1udpoil Bocemb, To Bam Bapuant Ne 8, u Tax
nainee. Ecim HOMep 3a4eTHOM KHIKKM 3aKaHYMBAaeTCs HyJnEM, TO Bai
BapuaHT Ne 10.

Tabnuya 1
1 2 3 4 5
7,705 10,515 6,693 11,604 6,339
8,947 7,971 8,038 9,018 5,407
9,14 10,315 7,424 11,013 7,61
9,923 8,484 9,322 10,573 6,266
5,703 7,245 11,056 10,283 8,13
9,166 5,751 6,311 8,944 6,505
9,551 7,026 9,082 7,605 5,802
4,600 8,334 9,629 8,762 6,763
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1 2 3 4 5
6,946 6,753 10,799 8,057 6,474
8,882 9,924 8,858 7,980 6,57
7,921 6,137 9,168 0,444 7,614
5,533 5,822 9,861 12,557 5,925
9,097 7,754 10,855 7,322 7,276
5,770 9,422 10,565 12,886 7,22
5,704 6,117 6,795 12,006 7,586
4,532 5217 10,234 12,915 5,452
4,998 9,002 6,875 8,754 7,648
6,064 8,193 10,282 12,501 5,327
4,255 10,468 7,846 8,447 6,686
7,482 10,602 8,072 8,876 7,104
6,389 10,995 10,394 11,322 6,106
5,425 10,624 6,903 7,274 7,868
6,044 10,919 7,313 12,281 5,323
6,415 10,804 11,983 8,756 8,067
4,065 8,406 8,433 7,491 7,955
6,376 7,822 9,958 10,334 6,413
4,428 5,757 6,979 12,200 6,332
7,757 8,176 7,245 9,008 7,152
4,821 10,325 10,92 11,517 6,12
9,619 7,061 11,008 9,370 6,32
9,795 5,894 11,508 7,860 6,034
9,757 6,373 10,047 8,737 6,184
7,633 5,493 8,801 11,454 7.12
6,774 6,955 10,404 11,106 7,575
7,159 6,841 11,931 10,308 6,373
4,135 5,448 9,941 11,259 5,766
8,614 6,520 6,354 8,536 7,004
4,657 5,940 11,882 8,999 7,379
6,936 6,675 6,152 7,883 7,099
6,574 5,969 10,219 8,870 6,16
7,726 5,027 9,985 10,693 5,857
4,585 8,042 11,992 12,396 6,309
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1 2 3 4 5
9,710 6,064 7,185 10,602 7,55
6,931 7,514 7,992 11,271 6,887
6,388 8,414 10,139 11,909 5,642
4,312 7,880 6,432 7,964 5,214
6,690 9,276 7,495 8,645 6,319
7,004 8,150 7,588 10,152 5,36
4,419 9,371 7,106 12,839 7,306
6,937 5,586 10,386 11,819 7,808
5,736 8,034 11,031 7,941 6,482
9,343 6,219 10,447 9,399 6,578
6,415 8,815 7,893 11,313 6,843
5,721 5,292 6,618 10,903 7,257
9,59 5,800 9,614 8,920 6,852
4,372 7,140 7,317 11,275 4,716
6,574 10,832 11,677 8,139 7,332
9,003 8,460 6,808 11,915 7,087
7,460 5,111 6,873 8,440 6,84
7,415 7,305 8,100 7,561 7,467
9,985 6,103 6,128 8,269 7,179
8,001 9,766 9,711 9,899 5,469
9,142 10,183 8,723 11,937 5,685
9,244 10,796 11,791 10,908 6,957
5,412 10,407 6,491 12,195 7,942
7,849 10,188 10,981 8,855 7,618
9,801 8,388 10,277 10,995 6,841
8,728 5,772 8,698 8,997 6,424
9,593 5,195 7,819 9,331 7,983
9,344 10,456 8,330 12,837 7,993
7,388 6,761 7,502 11,502 6,233
5,299 9,962 7,084 12,433 6,163
6,735 6,935 11,473 11,127 6,604
7,289 6,285 11,444 7,303 5,307
9,735 6,765 10,679 11,489 7,327
6,113 9,075 9,127 11,385 6,512
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1 2 3 4 5
6,782 5,996 8,672 11,300 6,751
9,322 9,395 8,915 8,412 7,511
5,453 10,330 7,081 9,983 8,73
4,164 6,250 10,593 10,795 5,665

6 7 8 9 10
0,132 -0,271 6,973 9,143 9,295
-0,825 0,551 9,994 6,838 9,012
0,055 -1,475 6,519 8,726 7,162
-1,009 -0,172 9,614 8,194 8,417
-1,914 1,444 7,292 9,887 4,108
-1,574 1,022 7,068 10,605 9,454
-0,068 2,647 9,121 8,796 3,305
1,238 -0,26 8,279 9,576 9,176
-0,474 -1,36 6,32 8,288 8,372
-1,734 2,48 8,035 7,181 7,525
0,238 -0,396 9,345 7,391 6,802
0,504 0,149 8,989 10,87 5,003
0,901 0,914 8,027 10,303 7,516
-0,475 0,144 9,521 7,249 4,910
1,522 -0,11 8,035 7,704 9,497
-0,424 0,954 8,919 7,91 6,532
-2,896 -1,087 8,008 10,538 6,268
1,773 2,613 8,876 9,694 9,494
1,563 -0,286 7,385 9,024 4,042
-0,48 -0,434 7,273 8,733 7,936
-2,021 1,005 7,656 9,791 5,721
-1,788 1,618 8,654 7,779 4,902
1,833 -1,945 8,236 6,607 8,750
1,145 0,724 6,189 9,742 7,444

1,43 -0,736 7,677 10,206 3,017
-1,516 1,301 8,387 8,451 6,567
-1,577 2,241 9,193 8,76 5,070

-0,36 -1,83 7,271 9,479 8,940

1,257 0,654 6,688 8,212 8,638
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6 7 8 9 10

-3 0,003 8,316 9,529 8,557
1,3 -0,168 8,82 9,607 3,289
-2,005 1,967 8,738 8,609 9,738
1,622 2,58 9,488 8,897 6,133
1,817 -0,543 6,685 9,654 5,160
-1,3 1,612 8,771 9,797 9,702
0,808 -1,157 8,564 6,688 5,388
-0,129 2,603 8,296 9,497 6,209
-2,042 2,726 8,977 9,94 5,728
0,734 -0,687 8,856 9,225 9,664
0,871 2,346 7,106 7,939 5,482
-1,117 2,713 8,931 8,821 8,395
0,199 0,152 9,384 8,011 5,945
0,156 -0,03 8,579 9,607 3,071
1,918 0,683 6,312 9,299 6,398
0,674 2,166 9,315 9,38 5,528
1,107 1,38 6,635 8,429 8,073
1,343 -1,323 7,65 10,411 5,658
0,059 0,886 6,255 9,367 3,981
-1,732 -1,411 8,353 7,243 7,605
0,679 0,154 7,682 9,15 3,521
0,535 1,483 6,787 9,823 7,434
0,196 2,501 6,744 8,347 9,818
-1,567 -1,351 8,455 8,418 7,384
-0,134 1,73 11,177 10,454 6,379
-1,233 0,87 10,787 8,938 6,739
0,207 1,922 7,071 6,785 9,284
-1,61 -1,326 8,678 8,29 7,318
-0,723 -1,487 8,253 9,744 7,360
-2,08 0,598 7,223 8,539 9,923
1,257 -0,644 6,845 8,604 9,048
-1,339 -0,679 9,396 11,459 7,682
-1,31 1,987 7,744 7,266 8,801
-2,75 1,757 8,913 9,721 3,598
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6 7 8 9 10
-2,711 -0,003 8,553 9,018 9,571
-0,312 -0,232 7,653 9,985 6,103
-0,473 0,479 7,61 9,816 3,133
-0,591 1,888 8,248 8,166 7,208
-0,226 -0,824 8,904 9,457 6,351
0,268 -0,984 6,92 9,084 7,265
1,555 -1,23 8,559 8,705 8,047
-1,777 0,35 8,616 7,469 8,432
-1,36 0,712 9,408 7,813 5,783
-0,772 0,554 8,005 9,366 7,924
0,986 2,695 7,097 8,391 9,407
0,474 1,559 6,885 8,563 5,438
1,108 1,779 8,059 9,343 4,975
-2,525 1,458 7,023 7,742 7,069
-2,945 -1,248 7,848 8,247 5,136
1,077 -1,85 7,514 9,744 5,213
-2,882 1,165 7,664 9,814 5,106

7. MIPUMEP BBIIIOJIHEHHUSA PABOTbBI

ITonoOpath 3aKk0H pacnpeneseHust sl HEMPEPhIBHOM clydaiiHON
BEJIMUMHBI, KOTOpas TpejcTaBlieHa BbIOOpKOW u3 50 HabOmogaemMbIx
3HaYeHu# (Tabdi. 2).

Tabnuya 2
0,248 —1,487 —0,059 —0,078 0,194
1,701 0,072 0,318 0,899 —1,302
0,415 0,129 —1,088 0,318 —0,992
1,531 1,409 —0,267 —0,292 —0,056
—1,754 —0,934 0,512 0,085 —0,323
1,382 —2,364 —1,085 0,367 0,529
—0,443 1,73 0,349 —0,882 0,757
—0,29 —0,449 —0,329 0,13 —0,882
—0,957 —0,095 —0,361 —0,54 0,229
—1,255 0,634 0,49 —1,088 1,028
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Pemaem 3anauy, cienys npuBeAEHHOMY paHee ajarOpUTMY.

1. BeInoaHUM TpynnupoBKYy BEIOOPOYHBIX JAaHHBIX. /st 3TOTO Op-
raHu3yeM TaOJUILy CO CIIeAYoNUMU Tpadamu (Tadi. 3):

B niepBoii rpade Oynaem pa3meriath Homep uHTepBaia k = 1, 2,..., m.
3nece m — o0llee YuCIo MHTEPBATIOB TPYIMIHUPOBKU. [ mpumepa peko-
MEHJyeM BBIOpaTh m = 7.

Hanee, 11 TOro, 4To0bl HAWTH TPaHULIBI UHTEPBAJIOB TPYIIIUPOB-
KU, BBITIOJTHUM CJIETyIOIINE TeHCTBUS:

— HaxomuM Xpmin = —2,364; Xmax = 1,730. /Ilnanazon nu3aMeHeHUsI BbI-
OOpOYHBIX JaHHBIX (pazmax 6v100pKu): d = Xmax — Xmin = 4,094. Torma
JUTMHA Ka)KI0TO MHTEpBajia rpynmnupoBku /1 = d/m = 0,585.

— Beruncisiem rpanuibl HHTEpBaoB. [lepBblil MHTEPBAI: [Xmin, Xmin
+ h = x;] = [-2,364; —1,779]; BrOopoi#t unTepBan Oyxaer: (xi, x; + h] = (—
1,779; —1,194] u Tak nanee. 3aHOCUM MOJyYEHHBIE 3HAUEHUS] BO BTOPYIO
U TPETHIO Irpadbl TaOIUIBL.

Yernéprast rpada - [T EHTPOB MHTEPBATOB: x; = (xi + xi )/2.
37ech x| — JIeBasl, a X; — [IpaBasi TpaHUIIbl HHTEpBaa.

3aTeM TOJICUUTHIBAEM aOCOMOMHble YACTOTHI /j — YUCIO BBIOOPOY-
HBIX JJAHHBIX, MTOTIA/IAFOIIHX B k-bIif HHTEPBAJL.

Haxomum ommnocumenvhnvie yactotel W, =n, /n, n —00béM BBHI-
OopKH.

Hakoneny BbluuciseM Hopmuposauuvie dactotel H, =W, /h, h —
JUTMHA WHTEpBaJia TPYIIUPOBKH.

BrInoHMB niepednciIeHHble eWCTBUS s HAIIeTo IpUMepa, 1o-

JYYUM CIEAYIONIYI0 TaOIUIly pe3yabTaToB (Taoi. 3).
Tabnuya 3

No pur. Xi1 Xk Xk Ny Wi H,

-2,364 | —1,779 | -2,072 1 0,02 0,034
—1,779 | 1,194 | —1,487 5 0,1 0,171
—1,194 | 0,609 | —0,902 8 0,16 0,274

40
1
2
3
4 —0,609 | -0,025 | 0,317 13 0,26 0,445
5
6
7

—0,025 | 0,56 0,268 15 0,3 0,513
0,56 1,145 0,853 4 0,08 0,137
1,145 1,73 1,438 4 0,08 0,137
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Takum o0Opa3om, BBIOOpKAa TpHUBEIEHA B KOMIIAKTHYIO (opMmy:
MATHAECAT UCXOJHBIX 3HAYEHUHU Xi, X2,..., Xs50 MPEJCTaBIEHBI Bcero 14
qHCliaMH, a IMEHHO, JUIS KaXI0T0 k-ro uHTepBana (k= 1,..., 7) aTo ero
LIEHTD Xe W HOPMHUpPOBaHHas 4yacTtoTa /) (eciu Bce MHTEpBaIbl PaBHOU
JUTMHBI, TO BMECTO Hj MOKHO MCTIOIB30BaTh Wy).

B pesynbrare rpynmnupoBKM JAaHHBIX YIPOLIAIOTCA JAJIbHEHUIINE
BBIUMCIIEHUS, 0COOCHHO MPH OOJIBIINX 00beMax BEIOOPKH.

2. Wcnonws3ys naHHele TaOn. 3, mocTpouM TucTorpammy. Jlms
3TOro Ha oc OX OTJIOKUM BCE 7 MHTEPBAJIOB U Ha KaXX/1I0M U3 HUX IO-
CTPOMM TIPSIMOYTOJIBHUK C BBICOTOMU 7. (PHC. 5).

I'mcrorpamma

Yacrora
[e)]

-2,364 -1,779 -1,194 -0,609 -0,025 0,560 1,145 1,730

3Hauenus X
Puc. 5. 'ncrorpamma 1o ganHbiM Tabi1. 3
CpaBHUM Hally THCTOTpamMMy (pHUC. 5) C TUMOBBIMH BapHaHTAMU

JUISL TIOKA3aTeJIbHOTO, PABHOMEPHOTO W HOPMAaJbHOTO 3aKOHOB pacrpe-
nenenus (puc. 6).

Puc. 6. TunoBslie BapraHTBl THCTOTPAMM
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I'mcrorpamma Ha puc. 5 UMEET TUINUYHYIO KOJIOKOA00OPA3HYIO
(bopmy, CBONCTBEHHYIO HOPMAIBHOMY 3aKOHY pacIpeleIeHHs.

Wtak, mo pe3yinbTaTaM CpaBHUTEIHLHOTO aHAlW3a BBIABHTAeM T'H-
MOTE3Y: NPeOCmagieHHan blOOPKOU CAYUAUHAA GETUYUHA NOOYUHA-
emcsa HOPMAalbHOMY 3AKOHY PACHPeOeleHUs.

3aMeTHM, 4TO MOJYYEHHbIII HaMH BBIBOJ MOJKET OBITh HE CTOJIb
OuYeBHUJIHBIM. B 3TOM ciiyyae pexomeHIyeM JelcTBOBaTbL METOJIOM HC-
KITFOUeHUs: 1) mpoBepsieM Haau4vue sIBHOTO “‘BCILIecKa” HAOIIOIaeMBIX
4acTOT B HayaJjle THCTOIpaMMBbI (IIEpBbIM BapHaHT Ha pHUC. 6, OTBEYal0-
IMH MMOKa3aTeIbHOMY paclpe/ieNIeHuI0), eCiau OTBET “HeTr”, Toraa 2)
“IpuKuIBIBaeM” KOJOKOJI000pa3sHylo (opMmy (TO ecTh HOpMaJbHBIN
3aKOH), €CJIM OMNATh OTBET OTPULATEIbHBIA, TO 3) MpearnojaracM pas-
HOMEPHBII 3aKOH pacCIpeICIICHU.

3. HaiinéMm umncioBble XapaKTEPUCTHKHU CIy4alHOW BEIMYUHBI IO
BBIOOPKE U 110 CTPYNIIUPOBAHHBIM JITaHHBIM.
Brei6opounoe cpezIHee'

=X= Z =—Zx——0139

Cpennee 3HaueHue MO CprnHHpOBaHHBIM JTaHHBIM:
= _Z'xk "Ny :_zxk N =
n =
=(-2,072 - 1,4875-0,9028 - 0,31713 + 0,26815 +
+0,8534 + 1,4384)/50 = —0,153.
OTHOCHUTENbHAS MOTPEUTHOCTh B BBIYMCICHUHM CPEIIHEr0 3a CYET
3aMeHbI BBIOOPKHU BapUAIMOHHBIM PSJIOM:

xgr
X
HI/ICHepCI/IH 110 BI)I60pK€ " IO CIPpYHNIIUPOBAHHBIM OAaHHBIM, COOT-
BCTCTBCHHO:

1 50 B
D=_—>(x,-%=0778, D, z—Z(xk ~%)*n, =0,685 .
504 50 &=
OTHOCI/ITCHBHaﬂ MOrp€IIHOCTL B BBIYMCICHUU OJUCICPCUHU IIPU 3a-

MeHe BbIOOPKH BapUallMOHHBIM PsJIOM COCTaBIISET OKoJIo 12 %.
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I/ICHpaBJICHHOC CpCAHEC KBAAPATUICCKOC OTKIIOHCHHUC!

T _D=089L; 5, = |—
n-1 “ Nn-1

OtHOCHUTENbHO OOJiee TOUHBIE BapUAHTHI pacueTa BHIOOPOYHO-
ro cpeanero i =-0,139 u cpenHero KBaJpaTuyecKOro OTKIOHEHUS O =
0,891 ucnonp3yem pasee A OLEHKU MapaMeTPOB TEOPETHUYECKOTO
3aKOHA pacrpeeeHusl.

JlelicTBUTENBbHO, OOJIBIIMHCTBO TEOPETHYECKUX 3aKOHOB pac-
MpeAesieHns] MOTYT OBITh OJHO3HAYHO BOCCTAHOBIICHBI 1O OJHOMY
WM JIByM CBOUM MapamerpaM. A MMEHHO, MOKa3aTeJbHOE pacrpe-
JeJICHNE XapaKTEePU3yeTCsl OJTHUM MapamMeTpOM:

A=1/u.

PaBHOMepHOE pacnipesieieHne UMEeT JBa MapaMeTpa:

a:u—x/g-c, b=M+\/§'G

B namem mpumepe mpeznoiaraeTcs HOpMalbHOE pacupeiaere-
HUE, KOTOPOE OJHO3HAYHO OIpEeNesieTcs IBYyMsS HapamMeTpaMH [ |
c. VX BEIOOpOYHBIE OLIEHKH OBLIW HAWJACHBI BBIIIE U COCTABISAIOT U =
-0,139 1 0=0,891.

4. TlocTpoeHHE TEOPETUIECKOTO 3aKOHA PACTIPE/IEICHUSI COTJIACHO
BBIIBUHYTOH B MyHKTE 2 THIIOTE3E.

[TpuBenéM QGopmMymnsl s BBIYUCICHUS TEOPETHYECKOU (yHK-
WU pactpezeneHus F(x) s u3ydyaeMbpIX B 3TOM 3aJaHUU 3aKOHOB.

Jlyist moKa3aTeIbHOTO paclpeielieHus ¢ mapaMmeTpom A=1/u:

0, x<0

O =

D, =0836.

F(x)= ) .
) l—e™, x>0
JJiss paBHOMEPHOTO pactpe/eNIeHUs ¢ TapaMeTpaMu a | b:
0, x<a,
F(x)= x—d a<x<bh.
—-a
I, x>b

B Hamem npumepe npeanoiaraeTcs HOpMallbHOE paclpesieieHuE,
KOTOpO€ OJHO3HAYHO OIpeaelsieTcs AByMs napaMmerpamu u u o. Tornaa,
WCIOJIb3YS JJI1 HUX HallIeHHbIE paHee (IIyHKT 3) OLIEHKH, TEOpEeTHYecKast
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GyHKIMS pactpeieNicHrs] B 00JIacTH HaOMI0MaeMbIX 3HAYCHHUH CITyJaiftHOM
BEJIMIUHBI OYJIET UMETh CIIC YOI BUI:

F(x)=05+ d)[u] .
(o2

®d(z) — ¢ynkuusa Jlammaca. M3BecTHO, uTO OHa Heu€THas (TO €cCThb
®O(—z) =—D(z)), a qa 3Hauenuit z > 4 umeeM DP(z) = 0,5. Crangapt-
HyI0 Tabnmuiy 3HauyeHnid ®(z) MOKHO HAWTH B JI000# KHUTE MO TEOPUHU
BEPOSITHOCTEN U B MPWIOKEHNUHN | TaHHBIX YKa3aHUM.

OOparuTe BHHMaHHe, 37echb JJIs yA00CTBa BBEJCHA HOBas mepe-
MEHHas z, KOTOpasi JIETKO BBIYMCIISETCS 110 UMEIOIIUMCS JaHHBIM:
X—H

g

Takum 00pa3zom, neped WCHOJIB30BAHUEM TaOMUIBI 3HAYCHUN

®(z) HYXKHO TNpeABApUTENBHO ‘3arOTOBUTH” €€ apryMeHT z BO BCEX

zZ =

TOYKaX X U3 00JIacTU U3MEHEHUS CIIy4alHOW BEJIMYMHBI, TO €CTh OT Xmin
Z[O xmax-

IIpu BeIuMCIEHMHU F(X) MO CrpyNIHUPOBAHHBIM JAHHBIM (CMOTpPH
Taby. 3) B KauecTBE 3HAYECHUH apryMeHTa X ClIelyeT OpaTh MpaByIO UIIH
JIeBYIO0 TPaHUIly KaKJOro HMHTEpBaja. BwiGepem misi ompenenéHHOCTH
MPaByI0, TO €CTh MEPBBIA MHTEpBAJI OyJET MPEACTaBIATH €ro IpaBas
TPAHUIA X| = Xmin + /4, BTOPOM MHTEPBAN — X2 = Xmin + 2h U Tax janee
BIUIOTh JI0 X7 = Xmax - B pe3yjbTaTe 0OHApYKMUBAEM, YTO MUHUMAJIbHOE
3HAYEHHUE Xmin BBINAZAET U3 paccMOTpeHHud. [l BOCIOJIHEHUS NOTEPH
BBEJEM JIOTIOJHUTENbHBIA ((DUKTUBHBINA) HYJIEBOH WHTEpBAJI, KOTOPHIH
oOecreynT BeIYUCICHHE F(X) B TOUKE Xmin. (3aMEHA TPaBOIl TPaHUIIBI Ha
JIEBYIO HE pellaeT npodiemMy, Tak Kak B ATOM CIy4ae U3 pacCMOTPEHHUS
BBITTAJIET Xmax)-

C yuéroMm cpaenaHHBIX 3aMEYaHMH pacdeT TEOPETUYECKOU (PyHK-
WU U1 HOPMAaJBHOTO pacrpeneneHuss oQpopMiIeH B BHUIEC TaOIHIIBI
(Tabn. 4): KaxAplii MHTEpBAI (€ro HOMEpP COAEPKUT mepBas rpada)
MIPEJICTaBJICH CBOCH mpaBoi rpanwmiel (BTopas rpaga), COOTBETCTBYIO-
muit et aprymenT ¢yHkuuu Jlamnaca z Beruncnes (npu y = -0,139 u o
= 0,891) u nmpuBeném B TpeTheil rpade. [Janee mo Tabmure u3 mpuio-
xeHus | Beimucanbl 3HaueHuss P(z) u, HaAKOHEN, B TocienHed rpade
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MIPUBE/ICHBI 3HAUEHUS TEOPETUYECKOW (YHKIIMU pacIpe/ecHus, Hail-
neHHsie o popmyne F(x) = 0,5 + O(z).

Tabnuya 4
Ne pHT. [IpaBas rpanwuiia z D(z) F(x)
0 -2,364 -2,496 -0,494 0,007
1 -1,779 -1,840 -0,467 0,033
2 -1,194 -1,184 -0,381 0,119
3 —-0,609 -0,528 -0,200 0,300
4 —-0,025 0,129 0,052 0,552
5 0,56 0,785 0,282 0,782
6 1,145 1,441 0,425 0,925
7 1,73 2,097 0,482 0,982

Hanmomuuwm, uro HaliieHHas 3/ech TeopeTudeckas (GpyHKus pac-
npenenenuss F(x) OyaeT MCHONb30BaHA Jlajiee MPH OLIEHKE THIOTE3BI O
HOPMAJIbHOM pPACHPEICIICHUH CITy4YalHOW BEJTUYUHBI.

5. IIpoBepKy TMIOTE3bI O BUJIE PAaCIPEACIICHUS CIIy4YallHOW BEIU-
YHHBI MOKHO BBITIOJIHATE C MOMOLIBIO Y -KpuTepus [Tupcona:

SR - (n, _lk)z
=2 :
P
3nech ny — BBIOOpOYHAs YacTOTa A k —TO MHTEpBaia, /x — TeopeThye-
CKasl yacToTa ajsi k —TO WHTepBayia, m — OOIIee YHUCIO MHTEPBAJIOB
IPYNIUPOBKY (B Halem npumepe m = 7).

Takum ob6pazom, popmansHO KputTepuii [Iupcona comocraBisier
HaOJoAaeMble U IpeanoaaraeMble (FTMIOTETUYECKHE) YaCTOTHI [0 BCEM
WHTEpBajaM TPYNIUPOBKU. Ecnu cymMMapHOE OTIMYHE STHUX BEIHMYUH
HE TPEBBIIIAET 3aJaHHON MOTPEITHOCTH, TO BBIABUHYTAs B IIyHKTE 2 T'HU-
[I0Te3a O BUJE PACIpENeICHUs CIy4alHOM BEIWYMHBI IPUHUMACTCS, B
IIPOTUBHOM CJIy4ae TuIoTe3a He IPUHUMAETCSL.

IIpecTynas K BBHIYHCIEHHIO HAOMIOJAEMOTO 3HAYEHHS y , OTMe-

THUM, YTO BBIOOPOYHBIE YACTOTHI (7;) YK€ €CTh, UX MOXKHO B3STh W3
Tabi. 3. A BOT UX TEOpeTHUECKUM aHANOT (/) TOJIEKUT ONPEIETICHUIO.
C 37Ol LIeNBI0, OUYEBUJIHO, CIEAYET UCIOJIb30BATh TEOPETUUYECKUM 3a-
KOH pacnpeieeHusl.
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JlefCcTBUTENBHO, NPUKIAAHON CMBICT (YHKLIUHU paclpeeeHus
F(x) coctouTr B TOM, 4TO OHa OINpPEAENSIECT BEPOATHOCTb IOIMAJAHUS
Clly4ailHOM BEJIMUYMHBI B 3aJJaHHBIA UHTEpBaJ 3HaUeHU: P(a <X <D) =
F(b) — F(a). CnenoBarenbHO, T€OpETHYECKasi BEPOSITHOCTh P momajaa-
HUS 3HaYEHUN CITy4yalHOW BEJIMYMHBI B KXKJIbIHN k-blii UHTEpBaAN: P = Fj
— Fj.; . OTcroga HyHasi HaM TEOpEeTHYECKask 4acToTa Julsl Kk —TO UHTEep-
Bana: ly = Py'n (n — 00bEM BBIOOPKH).

CootBeTcTBYIOMIHE pacueTsl odopMieHb! B Bujae Tabn. 1.5. B mo-
cleHel rpade npuBeeHbl claraéMble CTaTUCTUKU [IupcoHa mis kax-
JIOTO U3 7 UHTEPBAJIOB.

Tabnuya 5
Teopernueckas Teopernueckas Crartucrtuka
No uHT.
BEPOSITHOCTH 4acTora IInpcona
1 0,027 1,325 0,080
2 0,086 4,300 0,114
3 0,181 9,050 0,122
7 0,252 12,600 0,013
5 0,230 11,500 1,065
6 0,143 7,150 1,388
7 0,057 2,850 0,464
CymmapHas BennunHa ctaTucTuku [lupcona 3,245
Kputnueckoe 3Hauenue cratuctuku [lupcona 9,488

JIBe mocneaHue CTPOKHU CoJIepkKaT MmoKa3aTesin, HE0OX0IUMbIE TTPH
(hOpPMYITUPOBKE CTATHCTHUYECKOTO 3aKIIIOUEHUs. A UMEHHO, cyMMa 3Ha-
YeHUH W3 IOCIEOHEr0 CTOJIONA MAéT Habaiodaemoe 3HayeHue cmamu-

cmuku ITupcona: y* =3,245.
C npyroit cTOpoHbI, O TaOJIUIE KPUTHUECKUX 3HAUCHUH AJis )(2 -

pacrpeneneHus HaiaéM mpenenbHyIo BenuuuHy y.(o,v). 31ech o -
3a/IaHHBII 1O YCJIOBHUIO 33Ja4M YPOBEHb 3HAYMMOCTH, OOBIYHO OepyT
a = 0,05 (To ectb mpu 00001IEHNH CBONCTB BHIOOPKU HA T€HEPATbHYIO
COBOKYITHOCTh BEPOSITHOCTH OIIMOKHK He BhIIe 5%). Bropas mepeMen-
Hasi v =m—r—1 — 4nucno creneHeil cBo0OAbI, 371€Ch M — KOJHMYECTBO
WHTEPBAJIOB T'PYNIHUPOBKU (B HalleM mpumMepe m = 7), BEIUYHHA 7
MPEJICTaBIIET YMCIIO MapaMeTpOB B MPEAINOIaracMoM 3aKOHE pacripe-
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nenenus. Tak, s TOKaszaTelbHOTO 3akoHa r =1, torma [1 - 3]:
12(a,v) = x?(0,05;5) =11,071.

JIy1si paBHOMEPHOTO M HOPMAJbHOTO 3aKOHOB (TO €CTh B HAIlleM

npumepe) umeeM r = 2, toraa . (a,v) = x>(0,05;4) = 9,488 .

Cmamucmuyeckoe 3aKknioueHue: TaKk Kak HaOIomacMoe 3Hade-

HHUE CTaTUCTUKH [IMpCOHA MEHbIlIE KPUTHYECKOr0, TO THUIIOTE3a O HOP-
MaJIbHOM PACHpPENCIICHUHN CIIyYailHOM BEIWYHHBI, IPEACTABICHHON BbI-
00pKoi 13 HAOIFOTaeMbIX 3HAYCHHH, PUHUMACTCS Ha 3a/IaHHOM YPOBHE
3HAYUMOCTH.
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I[MPMJIOXEHUE 1

X
J.e 2 dz

0

Tabamnua 3Havennii pynkuun Jannaca O(x) =
T

X 0 1 2 3 4 5 6 7 8 9

0,0 | 0,00000 | 00399 | 00798 | 01197 | 01595 | 01994 | 02392 | 02790 | 03188 | 03586
0,1 | 03983 | 04380 | 04776 | 05172 | 05567 | 05962 | 06356 | 06749 | 07142 | 07535
0,2 | 07926 | 08317 | 08706 | 09095 | 09483 | 09871 | 10257 | 10642 | 11026 | 11409
0,3 11791 12172 | 12552 | 12930 | 13307 | 13683 | 14058 | 14431 | 14803 | 15173
0,4 | 15542 15910 | 16276 | 16640 | 17003 | 17364 | 17724 | 18082 | 18439 | 18793
0,5 19146 19497 | 19847 | 20194 | 20540 | 20884 | 21226 | 21566 | 21904 | 22240
0,6 | 22575 | 22907 | 23237 | 23565 | 23891 | 24215 | 24537 | 24857 | 25175 | 25490
0,7 | 25804 | 26115 | 26424 | 26730 | 27035 | 27337 | 27637 | 27935 | 28230 | 28524
0,8 | 28814 | 29103 | 29389 | 29673 | 29955 | 30234 | 30511 | 30785 | 31057 | 31327
0,9 | 31594 | 31859 | 32121 | 32381 | 32639 | 32894 | 33147 | 33398 | 33646 | 33891

1,0 | 34134 | 34375 | 34614 | 34850 | 35083 | 35314 | 35543 | 35769 | 35993 | 36214
1,1 | 36433 | 36650 | 36864 | 37076 | 37286 | 37493 | 37698 | 37900 | 38100 | 38298
1,2 | 38493 | 38686 | 38877 | 39065 | 39251 | 39435 | 39617 | 39796 | 39973 | 40147
1,3 | 40320 | 40490 | 40658 | 40824 | 40988 | 41149 | 41309 | 41466 | 41621 | 41774
1,4 | 41924 | 42073 | 42220 | 42364 | 42507 | 42647 | 42786 | 42922 | 43056 | 43189
1,5 | 43319 | 43448 | 43574 | 43699 | 43822 | 43943 | 44062 | 44179 | 44295 | 44408
1,6 | 44520 | 44630 | 44738 | 44845 | 44950 | 45053 | 45154 | 45254 | 45352 | 45449
1,7 | 45543 | 45637 | 45728 | 45818 | 45907 | 45994 | 46080 | 46164 | 46246 | 46327
1,8 | 46407 | 46485 | 46562 | 46638 | 46712 | 46784 | 46856 | 46926 | 46995 | 47062
1,9 | 47128 | 47193 | 47257 | 47320 | 47381 | 47441 | 47500 | 47558 | 47615 | 47670

2,0 | 47725 | 47778 | 47831 | 47882 | 47932 | 47982 | 48030 | 48077 | 48124 | 48169
2,1 | 48214 | 48257 | 48300 | 48341 | 48382 | 48422 | 48461 | 48500 | 48537 | 48574
2,2 | 48610 | 48645 | 48679 | 48713 | 48745 | 48778 | 48809 | 48840 | 48870 | 48899
2,3 | 48928 | 48956 | 48983 | 49010 | 49036 | 49061 | 49086 | 49111 | 49134 | 49158
2,4 | 49180 | 49202 | 49224 | 49245 | 49266 | 49286 | 49305 | 49324 | 49343 | 49361
2,5 | 49379 | 49396 | 49413 | 49430 | 49446 | 49461 | 49477 | 49492 | 49506 | 49520
2,6 | 49534 | 49547 | 49560 | 49573 | 49585 | 49598 | 49609 | 49621 | 49632 | 49643
2,7 | 49653 | 49664 | 49674 | 49683 | 49693 | 49702 | 49711 | 49720 | 49728 | 49736
2,8 | 49744 | 49752 | 49760 | 49767 | 49774 | 49781 | 49788 | 49795 | 49801 | 49807
2,9 | 49813 | 49819 | 49825 | 49831 | 49836 | 49841 | 49846 | 49851 | 49856 | 49861

3,0 0,49865 31 | 49903 | 3,2 | 49931 | 3,3 | 49952 | 3.4 | 49966
3,5 49977 3,6 | 49984 | 3,7 | 49989 | 3.8 | 49993 | 3,9 | 49995
4,0 499968

45 499997 ~ ~ ~ ~ ~ ~ ~ ~
5,0 49999997
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