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BBEAEHUE

N3ydenne nucuuiuivHbl "MareMatudeckasl CTaTUCTUKA" SIBISIETCS TPO-
noipkeHueM Kypea "Teopust BeposTHOCTER" M CTPOUTCS, UCXOAsl U3 Tpeoye-
MOTr0 YpOBHsI 0a30BOM MOJATOTOBKH CTYAEHTOB, OOy4YarolUXcsl MO OHUOJIOTH-
YECKUM, SKOHOMHUYECKUM U TEXHUYECKUM HAINPaBJICHUSM IOATOTOBKM Oaka-
naBpuata. [Ipu pazpaboTke METOZ0B U (OPMYIT MATEMATUIECKONW CTATHCTHKHU
HEINOCPEICTBEHHO UCIOJB3YIOT PE3YJIbTAaThl U3 TEOPUHU BeposATHOCTEW. B TO
xKe Bpemsi HHpopMalys, MOJTy4eHHas MyTeM CTaTUCTHYECKOrO aHaiIu3a, CIy-
KUT UCXOIHOM 0a30M NIl BEPOATHOCTHBIX PAacyeTOB. OTH JIBa pa3jena MaTe-
MaTHUK{ OYEHb TECHO B3aUMOCBSI3aHbl U MEPEIIETEHbI MEXKAY COOOM, UTO CO-
CTaBJISIOT HEpa3phIBHOE Liesioe. B TO ke BpeMs, MHOTHE pa3/ieibl MaTeMaTu-
YECKOM CTAaTUCTHKH, MCIIOJIb3yEMbIE B MEPBYIO OYEpEb Ha MPAKTHUKE, UCTO-
PUYECKH CO3/1aBAJIMCh MAPAJUIENIBHO, & NHOTIa U HE3aBHCHUMO OT TEOPHUH BeE-
positHOCTEN. [103TOMY CHOKMIIACH CBOSI TEPMHUHOJIOTHSA, KOTOpasi HHOTIA He-
MHOTO OTJINYAETCS OT TOM, KOTOpask UCIOJIb30BAJIACH B TEOPUU BEPOATHOCTEN.

[Ipy n3yyeHnn TeOpur BEPOSTHOCTEN MBI pACCMATPUBAIIM J1BA PA3JIAY-
HBIX THIA CIy4YalHOCTEN: cryualinble codblmus U CayuatiHvle enuduHul. Bol-
SCHWJIN, YTO BO MHOTHX CIIy4asiX MOKHO Meopemudeckum nymem pacCUUThI-
BaTh BEPOATHOCTHU CIYYaHHBIX COOBITUM (KIaccuueckoe onpedeneHue 6eposim-
Hocmu). B TO e Bpems CyHIECTBYIOT CUTyallMH (M TakuX, BOOOIIEe roBOps,
ropaszzio OoJblIe), KOrja KIJIacCHYECKOE OIpeNesieHue MPUMEHUTh HEBO3-
MOHO. Torja eIMHCTBEHHBIM MMYTEM JIJIs1 OTIPEAEIICHHS BEPOATHOCTH CITyYail-
HBIX COOBITHI OCTaeTCsl IKCIIEPUMEHT, HaOmoaeHus. [Ipu uzydenuu cryuaii-
HbIX GelUyUH OKa3aJloCh, YTO Mbl MOTJM MPOTHO3UPOBATH UX IOBEICHUE,
IPEICKa3bIBaTh BEPOSITHOCTH MOMAJaHUi CydyalHbIX BETUYHUH B JIIOObIE HH-
TEpeCyIolIe HaC UHTEPBAJbI, €CIIM TOJIBKO HaM U3BECTEH 3aKOH pacnpedeie-
Hus. IIpy TOM BO MHOTHX CIIy4asiX TEOPHUSI MOXKET MPEACKA3aTh, C KAKUM 3a-
KOHOM pPAcHpeeeHUs] Mbl UMEEM JIEJI0 B JAHHON KOHKPETHOM cuUTyaruu. A

KakK OBITh B TEX ClIy4dadax, Korjga O XapakKTepcC 3aKOHa pacnpcacjCHUuA Mbl HU-



Yero ckazaTh He MOkeM? ENWHCTBEHHBIN BBIXOJ — MPOBEICHUE IKCIIEPUMEH-
Ta, HAOJIOICHUH HaJl CTy4YailHOM BEIMYMHON U MOCTPOEHUE 3aKOHA pacmpeie-
JICHUS TI0 pe3yibTaTaM 3THX HAOJFOCHHM.

Mamemamuueckas cmamucmuka O3BOJIIET 000OCHOBATh OTBET HA BOII-
POCHI: Cy4aliHO WJIM 3aKOHOMEPHO M3ydaeMoe SBJICHHUE, CKOJIBKO HEOOXO -
MO TIPOBECTH HaOJIOJICHUN JIJI1 OOBEKTUBHOTO CYXJICHHS 00 M3ydaeMOM SIB-
JICHUH, KaK 3aBHCHUT PE3yJIbTaTUBHBIN MPU3HAK OT (PAaKTOPHOTO, KaKOH (haKTop
CUJIbHEE BJIMSET Ha pe3yabTar i T.1. OCHOBHAS 11€/Ih MaTEeMaTHICCKON CTaTH-
CTUKU — TIOJIy9CHHE U 00paboTKa JAHHBIX JIJISl MPUHATHS PEIICHUNA B 3a7a4ax
TUTAaHUPOBAHMUS, YIIPABJICHHUS, IIPOTHO3UPOBAHUS H JIP.

Lenvro M3yYeHUS] TUCHUIUIMHBI «MAaTeMaTUYeCKasi CTATUCTHKA» SIBIISI-
eTcsl 00ydeHHe CTYJICHTOB OCHOBAM TEOPHUH MATEMAaTHYCCKON CTATHCTHKU H
ee MeroaaM. 3adayu U3y4eHUs TUCIUIUIUHBI COCTOSAT B pean3aluu TpedoBa-
HUM, YCTaHOBIIEHHbIX B DeiepalabHbIX TOCYJAPCTBEHHBIX 00pa30oBaTEIbHBIX
CTaHJapTax BBICIIETO O0Opa30BaHMs K IOATOTOBKE CIICIIUAIHUCTOB arpormpo-
MBIIIJIEHHOTO KOMITJIEKCA.

B pesynbTaTe n3ydeHust Kypca CTyICHTHI JOKHBI

— 061a0emyb.; 3HAHMSIMU OOIIMX OCHOB MAaTEMaTHYECKON CTAaTUCTUKH,
OOITMMHU HABBIKAMU M YMEHUSMH TMPOBEIACHUS CTATHCTHYECKOrO0 HCCIEA0Ba-
HUS ¥ aHAJIN3a €ro Pe3yJIbTaToB;

— 3Hamb: TPUHIMIBI U METOALI 00paOOTKH pe3yIbTaTOB CTATHCTHYC-
CKOT'0 HaOJIFOJCHUS; CYIITHOCTh 0000IIAOITNX CTATUCTUYSCKUX TMOKa3aTee —
a0COJIIOTHBIX CTAaTUCTUYCCKUX BEJIMYWH, CPEIHUX ITOKa3aTeNed BapHalluH,
JTUHAMHUKH, B3aUMOCBSI31, OCHOBBI aHAJIN3a CTATUCTHYCCKUX JTAHHBIX;

— yMemb. OPTaHU30BaTh U MPOBECTH BBHIOOPOUYHOE HAOIOACHHE; CTPO-
UTh CTAaTHUCTUYECKHEC MOJCIN SIBJICHUH; WCYUCIIATh Pa3IUYHBIC CTATHCTHYC-
CKHE TMoKa3aTeau (a0COMIOTHBIC M OTHOCUTEIBHBIC, CPEAHUE, BapHalluH, TeC-
HOTBI CBSI3U); aHAJTM3UPOBATh CTATUCTUYECKUE JTAHHBIE U (DOPMYITHUPOBATH BbI-

BOJbI, BEITCKAIOIIKWC U3 aHaJl3a JaHHbIX.



1 OCHOBHBLIE TTOHATUS MATEMATHUYECKON
CTATUCTUKHA

1.1 T'EHEPAJIBHASI COBOKYITHOCTH U BHIBOPKA

OnuuM 13 GyHIAMEHTAIBHBIX MOHSATUNA MAaTEeMaTUYECKOW CTaTUCTUKU
ABJISICTCS TIOHATUE T€HEPAIbHOW COBOKYNMHOCTH. [lon eenepanvnou cogoxyn-
HOCMbl0 TIOHUMAIOT MHOKECTBO Kau€CTBEHHO OJHOPOJIHBIX 3JIEMEHTOB (00b-
€KTOB, M3JEJHI) caMOil pa3imyHOW Npupoasl. ['eHepanbHas COBOKYIHOCTb
HA3bIBACTCS KOHEUHOU U OeCKOHeYHOU B 3aBUCUMOCTH OT TOTO KOHEYHA WU
OecKOHEYHAa COBOKYIHOCTh BCEX MBICIMMBIX HaOmoneHui. beckoneunyto re-
HEpaAJIbHYI0 COBOKYIHOCTh MO>KHO MCTOJIKOBBIBATH KAK MPEACIbHBIA CIIydaid
KOHEYHOM, KOT/Ja YUCJIO OOBEKTOB, MOPOKIAAEMBIX JaHHBIM PEATbHBIM KOM-
IJIEKCOM YCJIOBUHM, HEOTPaHWUYEHHO Bo3pacTaeT. OOvem 2eHepanbHOU CO80-
KYRHOCMU — 3TO YUCIIO OOBEKTOB 3TOM COBOKYITHOCTH.

BTOpbIM OCHOBHBIM MOHATHEM MATEMAaTUYECKOW CTATUCTHUKU SIBIISECTCS
MOHATHUE BHLIOOPOUYHOU COBOKYMHOCTH (BBIOOpPKH). BbiOopka W3 TaHHOU TeHe-
paJbHOM COBOKYITHOCTH — 3TO PE3yJIbTaT OrPAHHMYECHHOTO psA/ia HAOIIOeHUMN
CIIy4ailHOM BEJIMYUHBI, T.€. CIIELMAIIBHO OPraHU30BAHHASI YACTh T€HEPAJIbHOM
COBOKYMHOCTU. BBIOOPKY MOYXHO paccMaTrpuBaTh KaK HEKUH 3MIUPUYECKHMA
aHaJIOr T€HEepaJIbHOM COBOKYITHOCTH, MOCKOJBKY OOCJEelI0BaHUE BCEH TeHe-
paIbHON COBOKYMHOCTH JMOO CIMIIKOM TPYAOEMKO, JUOO MPUHIUMHAIBHO
HEBO3MOXKHO. Unciio HaOII0ICHUH, 00pa3yoIuX BEIOOPKY, HAa3bIBAIOT 00be-
MoMm 6b160pKu. BBIOOPKY OCYIIECTBISIIOT 1ByMs ciocobamu. Eciu uccnenye-
MBIl 0OBEKT BO3BPAILAETCS B TEHEPAIbHYIO COBOKYITHOCTh MOCJIE MCCIIEI0BA-
HUS, TO Takas BBIOOpKa Ha3bIBaeTcs nogmopHou. Ecnu uccnenyembiii 00BbEKT
HE BO3BpAIAE€TCs B T€HEPAIbHYIO COBOKYITHOCTh TOCIIE UCCIEA0OBaHUSs, TO Ta-
Kas BIOOpKa Ha3bIBaeTCs OecnosmopHol. [lpocmas 6bloopka — 3T0 3HAYCHUS,
PACIIOJIOKEHHBIE B TIOPSIIKE MTOTYYCHHUS.

CyIIHOCTb 8b100POUHO20 MemoOa MATEeMAaTUYECKON CTaTUCTUKHU COCTO-

UT B TOM, YTO TI0 HEKOTOPOM YacCTU T'€HEPATBHOW COBOKYMHOCTH (T.€. IO BBI-



OOpKe) BBIHOCUTCS CYKJEHUE O €€ CBOMCTBAX B 1esoM. JIJjist Toro, 4To0bI BhI-
BOJIBI, TIOJTy4aeMbIe B pe3yIbTaTe CTATUCTUYECKOW 00OpaOOTKHM JaHHBIX, OBLIH
00CmosepHuIMU, T.€. TIOJTHO U aJ€KBAaTHO MPEJCTABISIIN UHTEPECYIOIIUE HAcC
CBOMCTBA T€HEPATHLHOW COBOKYITHOCTH, BBIOOpKA JOJDKHA OBITH pPEnpe3eHTa-
TUBHON WK npedcmasumenvhoi. BeiOopka OyaeT penpezenmamuehoil, eCiu
KQK/IBIM JIEMEHT BBIOOPKH OTOOpaH M3 reHepaibHOW COBOKYIMHOCTHU CITydai-
HO M BCE DJICMEHTHI 3TOW COBOKYITHOCTH MMEIOT OJMHAKOBYIO BEPOSITHOCTH
MONacTh B BEIOOPKY.

Ilpusnax - CBOWCTBO 3JIEMEHTOB T€HEPAIbHOW COBOKyMHOCTH. [Ipu3Ha-
KM JICTIATCS Ha Ka4EeCTBEHHBIC U KOJUYCCTBEHHBIC. KauecmeenHvle npusHaKu -
ATO T€ TNMPHU3HAKH, KOTOPHIMU OOBEKT b0 obnamaer, mmbo He obnamaer. K
HUM OTHOCSITCS: TIOJI, IIBET BOJIOC WUIM HAITMOHAJIIBHOCTH | T.JA. Takue mpu3Ha-
KU HE SBISIOTCS (U3MUECKH U3MEPUMBIMU, OJTHAKO OHU MOTYT OBITh JIBy3HAU-
HBIMHU WJIM MHOTO3HAaYHBIMU. Konuuecmeaennvie npusHaxy SBISIOTCS U3MEpHU-
MBIMHU U ONPENEIAOTCA yTEM U3MEPEHUN, B3BEIIMBAHUN U ITOACYETOB. B co-
OTBETCTBUU C ATUM DPA3IMYaIOT JMCKPETHBIE U HENPEPHIBHBIC KOJIMYECTBEH-
HbIC TIPU3HAKH. /{uckpemHvle Npu3HaxKy MOTYT TPUHUMATh JHUIIb HU30JHPO-
BaHHbBIC 3HAYCHUS, OTIIMYAIOIIMECS JAPYT OT Apyra Ha HEKOTOPYIO KOHEYHYIO
BenuuuHy. [IpuMepoM Takux MPU3HAKOB SIBIAETCS aKaJeMUYECKas CHCTeMa
YCIIEBAEMOCTH: 5 - OTJIUYHO, 4 - Xopomo U T.1. COBOKYITHOCTh BO3MOMXHBIX
3HAYEHUMN, CPEAN KOTOPBIX M3MEHSETCs (BapbUPYETCs) NTUCKPETHBIN MPU3HAK
Ha3bIBACTCSI CUCTEMOU BapuaHT. Henpepwviuvie npuznaxy MOTYT TPUHUMATH
T00BIC 3HAYCHHS Ha HEKOTOPOM YHCJIOBOM HMHTEpPBAE, OTIUYAIOIINECS IPYT
OT JIpyra Ha CKOJb YTOJHO Majylo BeauunHy. K TakuM mpu3Hakam OTHOCSTCA,
HaIpUMED, BO3PACT, POCT U BEC YCIIOBEKA.

MHOXXECTBO JOMYCTUMBIX 3HAYEHUN MPHU3HAKOB KaK Ka4eCTBEHHOTO,
TaK ¥ KOJUYECTBEHHOTO BHJIA XapPaKTEPHU3YIOTCS THUIIOM INKAaJIbl B KOTOPOM
OHHM M3MCHSIOTCS. Pa3nuuaroT TpU OCHOBHBIX THITA IIKAN: HOMUHANbHAS VITH

IKajia HaHMeHOBaHHﬁ, nOpﬂaKOGQ}Z N KOJu4YeCmeeHHAA.



1.2 CTATUCTUYECKHUE PSJIbl U UX TPAGUUYECKUE IPEJCTABJIEHUSA

Bapuayuonnwuii psao — 310 BbIOOpPKA, B KOTOPOW JaHHBIE PACIIOJIOKEHBI B
nopsiKe Bo3pactaHusa. Kaxaplid 4jieH BapHALlMOHHOTO PsJa Ha3bIBACTCS 8ApUAH-
mou. Cmamucmuyeckuu psi0o — 3TO BBIOOpKA, B KOTOPOH yKa3aHO CKOJIBKO pa3
BCTpeYaeTcsl Kaxkaasi Bapuanta. Cepynnupo8anHulli Cmamucmuideckui psi0 — BbI-
OOpKa U3 HEMPEepPhIBHOW T€HEPaTbHOW COBOKYIMMHOCTH WJIM BBIOOpPKa C OOJBIINM
00beMOM, pa3duTasi Ha HHTEPBAJIbI.

[IycTp X - OTHOMEpHBIN KOJIMYECTBEHHBIA IPU3HAK U B PE3YJIBTATE €r0 U3-

MEpEHUs HaOJI0JaJIoOCh N €ro 3HaueHuil (BapHaHT) X,,....,X,, CPEOU KOTOPBIX
MOTYT OBITH OfMHAKOBBIC. [IycTh cpeau uMeromuxces N BapuaHT umeercs K pas-
JUYHBIX X, ,...,X, ,k <n,npudem X; Bctpeyaetcs Np pas, Xp— Ny pa3 U T.J. X -

Nk pas. KomnuectBo HOBTOpeHI/Iﬁ KaXXa0ro us 3HAYCHUM BBI60pKI/I Ha3bIBACTCsA

yacmomamu. CyMMa BCEX 4acTOT JOJKHA ObITh paBHA 00BEMY BBIOOPKHU

Zni =n. (1.1)

Toueunvim unu Ouckpemuvim apuayuoHusvim psaoom (pacnpedenenuem uac-
mom WIH YACMOMHbIM pacnpeoeieHuem) Ha3bIBaeTCs N pa3IMYHBIX BapHaHT, 3a-

IMHCAaHHBIX B BO3PACTAIOIICM ITOPAAKEC BMCCTC C COOTBCTCTBYIOIIIMMHA 4aCTOTAMMU.

Xi X1 Xo | oo | Xk (1.2)
N; N, N, - Nk

YacTtoTHOE pacinpcacicHuc OOBIYHO 3aITMCHIBACTCS B OJHOM M3 BUOOB: B Ta6n1/1ue C

qacToTamMu n; , (2) N 4YCPE3 omHocumebHble Yacnmonivl, @;, 3alaHHbIX B BHJIC J10-

JIM UJIKX B BUAC IIPOLICHTA!

o =2, =" .100%. (1.3)
n n
Xi X1 Xo - Xk
; o | o, | ... | o (1.4)
Kk
OueBHIHO, YTO > o, =1(100%). (1.5)

i=1



Bapuanmonnsliii pan Buna (4), TOCTPOCHHBINA MO OTHOCUTENIbHBIM YacTOTaM, SIBJISI-
€TCS CTATUCTUYECKOW anIpOKCHUMALMEN PAA PaACHpEeNeieHUus BEPOSITHOCTEN HC-
CJIEIyeMOM JTUCKPETHOW CIIy4alHOU BEJIMYUHBI.

IIpumep 1. IlpuBecTr oLleHKH 45 CTYJEHTOB IO KypCy «MaTeMaTHKa» B IO-
pAllKe clauu 3K3ameHa: 9, 3, 3,4, 2,4,4,3.5,4,4,5,5,4/4,3,3,3,2,5,5, 4,4,
4,3,4,3,4,5,4,4,4,4,3,3,4,3,4,3,2,3, 2,3, 3,3 K TOUCUHOMY BapHaIllMOH-
HOMY psIIy ¥ OLEHUTDH YCIIEBAEMOCTb.

Pewenue. Tlpu Takom mpeacraBieHud UHGOPMAIIUU TPYAHO JeiaTh KaKue-
1100 BeIBOABI 00 ycreBaemocTH. [IpousBeeM rpynnupoBKY AaHHBIX IyTeM IMO-

CUcTa KOJIMYCCTBA PA3JIMYHBIX OLCHOK.

OIICHKH, X; 2 3 4 5

KOJHWYECTBO, N; 4 16 | 18 7

Kak BuguMm, BMecTo 45 yucen ocTaioch 8, Mpu 3TOM MOBbICUIACh UHPOpMa-
TUBHOCTb TaOyuiibl, 601ee 50% CTYIEHTOB CHAJIM MPEAMET Ha «XOPOIIO» U «OT-
TUYHOY». [laHHBIN MPUMEp MOKAa3bIBAET, UTO ITU JAHHBIE JyUllle CTPYNIUPOBATh, TO
€CTh Pa3/IeNIUTh UX Ha OJHOPOIHBIE TPYIIIIBI IO HEKOTOPOMY MPU3HAKY.

B 3aBucuMocTH OT 00beMa UCXOTHBIX TAHHBIX M 00JACTH JOMYCTUMBIX 3HA-
YEHUU OJHOMEPHOr0 KOJHWYECTBEHHOTO MPU3HAKA, YaCTOTHBIE paclpeeleHus
TaK)Ke MOJPA3CISIIOTCS Ha TUCKPETHBIE U MHTepBaibHbIe. Ecin 00beM BHIOOpKH N
BesuK (N > 50) 1 MBI IMEEM JIEJI0 C OTHOMEPHON HENMPEPHIBHOM BETMUMHON (UJTH C
OJJTHOMEPHOW JNHUCKPETHOM, YHWCIIO BO3MOXKHBIX 3HAYEHUW JOCTATOYHO BEJMKO,
6ompiie 10), To 31 BapuaHThl TpynnupyioT. [Ipu 3TOM BeIOUpaeTcs onpeaeieHHoe
YUCJI0O WHTEPBAJIOB TPYNIUPOBKHU U, MOJYYarOT, TAKUM OOpa3oM, UHMEPBAlbHOE
yacmomHoe pacnpeoeierue, T.€. TIEPEXOJAT K TaK HA3bIBAEMBIM «TPYIITHPOBAH-
HbIM» BBIOOPOYHBIM JaHHBIM. biarogapsi rpynmupoBKe JIaHHBIE MPUOOPETAIOT
CUCTEMATU3UPOBAHHBIM BHUJ. AJTOPUTM TPYNIUPOBKM MacCHMBa JIaHHBIX
XipeeersX

,  COCTOHWT U3 CIEAYIOIIMX IaroB:

1) HaXOAST MUHUMATIBHYIO, Xmin ¥ MAKCUMAIIbHYIO, X max BapHAHTHI;
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2) BeCh JAMAIA30H 3HAUCHUH MPU3HAKA [Xmin, Xmax] pa30uBatoT Ha K MHTEpBa-
70B (KOJMYECTBO MHTEPBAIOB HE JIOJDKHO OBITh MeHbIIe 8-10 u Gombiie 20-25).
JI7is mpUMEpHON OpHUEHTAIMK B BBIOOpE K MOYKHO IMOJIB30BaThCS MPHOIMKCHHOM
dbopmymnoit Crepmxecca:

k=1+log, n, k=1+32332Ign, k =/n. (1.6)

[TommydyeHHOE YUCIIO HYKHO OKPYTJIUTH 10 OJMKaWIIero meaoro (Yucio WHTEpBa-
JIOB APOOHBIM OBITH HE MOXKET);
3) ompenensioT AIMHY UHTEpBaIa o popmysie

X o= X
h = Zmax min .
" : (1.7)

4) HaXOMAT TPAHUYHBIC TOUKH KaXKIOTO U3 UHTEPBAJIOB (X;;X;,,)
X, = Xyins Xp = X + Ny MTLL (1.8)
5) NOJCYNTHIBAIOT YUCIIO BAPHAHT N, MOMABIIMX B UHTEPBAN (X;;X; ), MPH-

4yeM BapUaHThl, TOMABIINE HA TPAHUIBI UHTEPBAJIOB, OTHOCAT TOJIBKO K OJTHOMY M3
MHTEPBAJIOB, PE3YyJbTAT 3aHOCST B TaOIMILy, MPEICTABISAIONLYIO0 CO00M unmepsay-

Hbll sapuayuonuslil pso (UunmepsanrbHoe wacmommuoe pacnpeoeienue)

[xi, Xi+1) | [x1,x2) | [x2, X3) [Xk, Xi+1)
n; N n, Ny (1.9)

Ot unTepBaNbHOTrO psAaa (9) MOKHO BHOBb IEPEUTH K TOUEUHOMY PALlY BUIA
(2), ecnu B KauecTBE 3HAYCHHUN CITy4aliHOW BEIMYUHBI, COOTBETCTBYIOIICTO I-OMY

WHTEPBAILy, B3SITh €0 CEPEINHY

=B (1.10)

Hecmotpst Ha BUIUMYIO HECX0KeCThb, psabl (2), (4) u (9) oTpakaroT OAHO U TO Ke

(axTHyecKoe pacrpeeNneHne pr3HaKa.

IIpumep 2. Cnyuaiinyro BeIOOpPKY 00beMa N = 60 npuBecTn K UHTEPBATIBLHO-

MYy BapUallMOHHOMY DSy .
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42,7 | 37,6 | 45,1 | 55,4 | 50,7 | 30,7 | 31,9 | 43,8 | 47,5 42,1 | 57,7 | 21,3
45,5 | 45,3 46,2 | 50,9 | 33,2 | 40,4 | 40,0 | 59,6 | 46,0 | 44,0 | 37,0 | 44,7
64,6 | 58,9 | 31,3 | 59,2 | 45,5|53,3 | 43,6 | 37,5|33,0|42,6 | 39,6 | 51,5
47,4 | 48,6 | 33,8 | 29,2 | 33,7 | 48,5 |44,4 | 37,6 | 45,1 | 36,0 | 26,4 | 38,0
49,7 152,1 42,7 49,0 | 319 |52,2 | 60,6 | 44,6 | 43,9 | 59,4 | 53,7 |45,9.

Pewenue. Onpenenm HaMMEHbIIEE U HANOOJIbILIEE 3HAUYCHNE BAPUAHTBI
Xoin =213
Haiinem uncno unTepBanoB mno ¢Gopmyne Crepaxecca U MUPUHY KaXIOTO UHTEP-

Baja.:

X o = 04,6;

max

64,6-213 433

k =1+3332Ig60~7,h=

7

6,2.

CocTtaBuM Ta0IUILy, OMPEEISIONYI0 UHTEPBAIbHBIA BaApUAIIMOHHBIN PST U COOT-

BETCTBYIOLIUA €My TOUYEUHBIA TJIE: [i;xi+l - MOJYOTKPBIThIE UHTEPBAIbBI JIJIsl pac-

0
npejeeHusl BapuaHT, KOHIIbI KOTOPBIX omnpenenstoTes no ¢popmyne (8); X; - cepe-

AWHA IIOJIYYCHHBIX HHTCPBAJIOB, ni - yacToTra, @W; - OTHOCUTEJIbHAA 4acToTa.

0

i1 X X, n; @

[21,3; 27,5) 24,4 2 0,0333
[27,5; 33,7) 30,6 7 0,1167
[33,7;39,9) | 368 9 0,15
[39,9; 46,1) 43,0 20 0,3333
[46,1; 52,3) 49,2 12 0,2
[52,3;58,5) | 554 4 0,0667
[585;64,7) | 616 6 0,1

7

D (@) 60 1

i=1

OOBIYHO TAOJIMYHOE PACHPEEICHUE YAaCTOT JOMOIHSIOT €ro rpauueckum

npeacraBieHueM. CxeMaTUYeCKd BCE MHOXKECTBO rpadUUYeCKUX MPeCTaBICHUMN

CTAaTUCTUYCCKUX JAaHHBIX Pa3JACiIAI0OT Ha JBa Kjlacca: JhuarpaMmbl U JIMHEWHBIC U30-

Opaxenus. /Juaepamma (ot Tpedeckoro diagramma - u3oOpakeHHe, YepTex, pH-
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CYHOK) - 3T0 rpaduieckoe n300pakeHne, HarasiIHO TTOKa3bIBAIOIIEe COOTHOIICHUE
MEXy CpaBHUBAaEMbIMH BelIMYMHAMU. Jlnarpammbl ObIBAIOT Pa3IMYHBIX BHJIOB:
MOJIOCOBBIE (JICHTOYHBIE), CTOJOMKOBBIE, KBaJpPATHbIE, KPYTOBbIE, CEKTOPHBIE, (HU-
TypHBIE, paAualbHbIe, 3HAaK Bap3apa.

Ilonocosvie ouazcpammsbr OCOOCHHO HArJIsAHBI NMPU CPAaBHEHUU BEITUYHH,
CBSI3aHHBIX MEXAy coOoi B enuHoe 1enoe. [lupuHa nmojsoc nomKkHA OBITH OJUHA-
koBoH. Ilo nnuHe monockl pa3dMBarOTCAd Ha YacTH, MPOMOPIUOHAIBHBIE U300pa-
»aeMbIM BenuurHaM. OCHOBHBIM BUAOM CMOJIOUKOBLIX OUACPAMM SIBIISFOTCS THC-
TorpaMMel. [Ipu nmoctpoeHnn keadpamuuvix u Kpy2ogvlx ouazpamm TIOWAAN KBaJ-
paTOB WJIM KPYIOB BBIPAXKAIOT M300pakaeMmble BeIMUMHbI. KpyroBele cexmopmbie
ouazpammul TPUMEHSIOT AJi TpaduYecKoro n300pa’keHUsl COCTaBHBIX YacTel 1ie-
joro. g uX MOCTPOEHHS] HEOOXOAUMO H300pakaeMble TaHHBIE BBIPA3UTh B Ipa-
nycax, T.K. 1% cocraBuseT 3,6 rpagycoB, TO COOTBETCTBYIOIIME [MOKA3aTEIN AJIs
OIIpe/ieNICHUs LIEHTPAIbHBIX YJIOB HaJJ0 YMHOXKUTh Ha 3.6. YTOORI Jlerue pa3nuyaTh
CEKTOpa UCHOJIb3YIOT Pa3IMYHYI0 PacKpacKy WJIM LITPUXOBKY. PaduanvHuvle oua-
2pammbl CTPOSITCS. B MOJIIPHOM CHCTEME KOOPAMHAT U UCHOJB3YIOTCS ISl U300pa-
KEHHS TPU3HAKOB, MEPHOANYECKH M3MEHSIONUXCS BO BpeMEeHH (B OOJBIIMHCTBE
CBOEM CE30HHBIX KojiebaHuii). Brrumcnsiercst cpennee apudmernyeckoe, 3aTem
CTPOUTCS. OKPY>KHOCTb PaJinyca paBHOTO cpeiHeMy apudmernyeckomy. JlanHas
OKPYXHOCTb JIEJTUTCSI HA HYKHOE YUCJIO CEKTOPOB (00BIYHO 12) M HaA KaXAOM pa-
JMAJIbHOM HaIPaBJIEHUU OTKJIAJBIBAIOTCS TOUYKH B COOTBETCTBHM CO 3HAUEHUSIMU
Xi. QueypHvie ouazpammsl CTPOSITCS IBYMsI OCHOBHBIMHU CIIOCOOAMU: TaHHbBIE U30-
OpaxkaroTcs auM00 (UrypamMu pasiudHbIX pa3MepoB, JIMOO pa3HON UYMCIEHHOCTHIO
buryp oauHaKOBOTO pazMepa. BTopoii crmocob yaire ucnonb3yercs, Kaxaas Gury-
pa COAEPKUT ONPEEICHHOE YMCIO €IUHHUIL MPU3HAKA U CPABHEHHUE OCYIIECTBIIS-
eTcst mo uncay Gurypok. Ilpu atom gomyckaercst ApobiieHne 3HaKa 0 MOJOBUHBI.
Stem & leaf - naHHBIC MOXKHO MPEJCTABUTH B BUJIC JIECSITKOB U €IUHUIL, TJIC JCCAT-
KM - 3TO CTeOJM, eIUHUIIBI - JICIECTKU. Juaspamma “3uax Bapzapa” na3BaHa B
YecTh PyccKoro craructuka. C mMoMOIIbIO JaHHOM JuarpaMMbl MOKHO HU300pa-

JKaTb MHOTOMCPHBIC IIPU3HAKKU HA IINIOCKOCTHU IOCPCACTBOM IIPAMOYTI'OJIBHHUKOB C
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Pa3HBIM COOTHOIIEHHEM MEXIYy OCHOBAaHHEM M BBICOTOW. OIHAa M3 KOMIIOHEHT

NpU3HaKa HM300pa)kaeTcsi OCHOBAHHEM IPSMOYTOJIbHHKA, BTOpas €ro BBICOTOM,

TPEThs - paBHAs MPOM3BEICHUIO ABYX JAPYTHX pPa3MEPOM IOTYUHBIIEHCS TIOIIA/IH.

K xiaccy saunetinbix epaguxoe OTHOCATCS MOJTUTOH, KyMYJISITUBHAS KPUBas

(xkymyiara), orua. [lonuconom uacmom (OmHOCUMENbHBIX YACMOM) HA3bIBAIOT
~r \ =

JIOMaHyl0, OTpe3kH KoTopoil coemunsior toukun €, n, ... €N, wm

~ -
€ o ,..€, o, (puc. 1). TIoJUrOH OTHOCHUTENHHBIX YaCTOT BBITISIAUT TOYHO

TaK)Ke, KaK MOJIMTOH YaCTOT, TOJIbKO MEHSIETCSl MaclITab Ha OCU OpIMHAT.

Kymynamuenas kpueasa wnu kymynama (KpuBas CyMM) - JJOMaHasi, COCTaB-
JIEHHAsI MO MOCIEA0BATEIbHO CYMMUPOBAHHBIM, T.€. HAKOIUICHHBIM YaCTOTaM WJIH
OTHOCHUTEJBHBIM YaCTOTAM.

n;

N W = O O~
1

[}
A

T T T T

0 1 2 3 4 5 B 7 (=] 9 10 11 12 13

Pucynok 1 - [lonuron yacrot

Haxonnennas wvacmoma ni IMoJIy4acTtCsa CYMMHPOBAHUCM YaCTOT 3Ha‘I€HI/II>'I,

MPEALIECTBYIOIMNX JAHHOMY, C YaCTOTOM N;, T.€.

n =n,n,=n+N,N; =N +N,+N,,....,N =N +N, +...+N. (1.11)
OTcroa, HaKOTUICHHAsI YacTOTa KpalHEero MpaBoro 3Ha4YCHUS (WM MaKCUMaJIbHO-
ro 2JIEMEHTA BHIOOPKH) paBHA 00beMy BbIOOpKH N. [lpu mocTpoeHUU KyMymsiTUB-
HOW KpHUBOW JUCKPETHOTO INMPHU3HAKA HAa OCh aOCITUCC HAHOCATCS 3HAYCHUS TMPH-
3HaKa, a OpJMHATAMH CITy)KaT HapacTarolue UTOru 4actor. CoeIMHCHUEM BEPIIIHH

OpAMHAT MPSAMBIMU JTMHUSMU MOJTY4YalOT KyMyJATy, (puc. 2). KymynsaTUBHYIO Kpu-

BYIO HA3bIBAIOT NOJIUCOHOM HAKONJEHHbIX YACMOMm. Ecnu Ha och OpAVHAT HAHCCTHU
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3HAYCHHUC MMPHU3HAKA, a HAKOIIJICHHBIC YaCTOThI - HA OCb a6cu1/1cc, TO IMOJIYYHUM KpH-

BYIO, HA3bIBAEMYIO O2UBOU.

*

n.

40
35
30
25
20 A
15 A
10 A
5

U T T T T T T T T T T T T 1

D123458?891D111213xi

Pucynok 2 - Kymynsra

Jns  HenpeppIBHOM CIy4allHOM BEJIMYMHBI 3aKOH PACHPENCIICHUS 3a1a-
ercss B BHJC IUIOTHOCTH pactpenenenus f(X). BepostHocTh monananus ciuydai-

~

HOW BETWYWHBI B JIOOOW WHTEpBa fi;xm/ - 3TO IUIOMIAAL TOa rpaduKoM

~

IUIOTHOCTH, ONMUPAOIIAsICA Ha MHTEpPBa (ci;x”l/.
Korna mo nanHbIM HAOIIOICHUM HANACHBI OTHOCHUTEIIBHBIC YaCTOTHI @, II0-

MaJIaHUsl B Pa3HbIE MHTEPBAJIbI, MOXKHO U IIOCTPOUTH MPSIMOYTOJIbHUKU COOTBET-
cTBytouleil miomaau. Toraga mnomydeHHass Qurypa, cocrosimas U3 MociieoBa-
TEJIBHOCTU MPUMBIKAIOIINX APYT K APYTY NPSIMOYTOJIBHUKOB, HA3bIBACTCS 2UCHMO-
epammou. 1lluprHa 3TUX TPSIMOYTOJBEHUKOB paBHA IMpHHE h MHTEpBaNOB TPyII-
MUPOBKU M OTKJIAJIBIBAETCA MO OCH abCLMCC, BBICOTA U3MEPSIETCS MO OCH OPJIMHAT

U TPOMOPIHOHATIbHA YaCTOTE N, WJIM OTHOCUTEIILHOHN 4acToTe o,. B mepBom ciry-
gae UMeeM 2ucmozpammy wacmom ¢ BoicoTamu npsMmoyroibaukos f =N; /h (puc. 3)
U 0o0mIel TuIomaabpo, paBHONH 00BeMy BbIOOpkH N . Bo BTOpOM — eucmoepammy

OMHOCUMENbHBIX 4aCMOm C BBICOTAMH TPSAMOYTOJBHUKOB N, /Nh 1 obrmiel momia-

JIb10, paBHOI 1.
CryneHuaras joMmaHasi, OTpaHMYHBAIOIIASl B 3TOM CIIy4ae CBEpPXY MOCTOSH-

HYIO0 (QUrypy, SBISETCS CTATUCTUYECKOW ammpoKcUManuedl (QyHKIUU TUIOTHOCTH
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BEPOSATHOCTH I'€HEPAJIBbHOM COBOKYIHOCTH. ECIM COENMHUTH IIJIABHOW KPUBOU Ce-
pEAVHBI BEPXHUX OCHOBAHHUW MPSIMOYTOJbHUKOB, TO MOJIYYUM TAKKE MPUOIHKEH-
HOE NpezcTaBiieHue rpadrka QyHKIUHU IUIOTHOCTU paclpeiesieHus] UCCielyeMon
HENIPEPBIBHON BEJINYUHBI.

¥ |

G0

A0 1 \\4]?
N / \
i) \3

o .

|
|
|
|

o > | \;
i

3 .-_" T 2
|:| i

T T T -
160 120 oo Iz 40

0260 a0 o0 o 34 G0

Pucynok 3 — ['ucrorpamma yactot

Yem 00JibIlI€ OMBITOB MPOBOAUTCS, TEM OJIMXKE MOCTPOEHHAsI TUCTOrpaMMa K TEO-
PETUYECKOM TUIOTHOCTH PACIIPECICHUS.

WHoraa BHICOTHI IPSAMOYTOJIBHUKOB B TUCTOTpaMMe He JesT Ha h, HO yka3bI-
BaIOT HAJ| CTOJIOMKAMHU 3HAYEHUE BBHICOTHI M HAJl OChIO OPJIMHAT MHUIIIYT, YTO €€ 3Ha-
YeHHUe HaJI0 AeauTh Ha N. Takyro rucrorpaMmy Ha3bIBAIOT MACUMAOUPOBAHHO.

Ilpumep 3. V3 XpymHOTO CTajga KOPOB TMPOMU3BEACHA CIydaifHas BBIOOpPKA.
[Tonyueno 30 Bapuant yaos kopos 3a 300 muei makrauuu (B y): 1,55; 1,57; 2,01;
2,15; 1,55; 1,56; 1,63; 1,71; 1,57; 1,63; 1,55; 1,63; 1,56; 1,71; 1,71; 2,01; 1,56;
1,71;1,63; 1,57; 1,63; 1,55; 1,56; 1,71; 1,72; 1,80; 1,81; 1,57; 2,15; 2,01.
[TocTpouTh AMCKPETHBIN BapUALIMOHHBIN Pl U U300pa3UTh €ro rpaduueck.

Pewenue. 3anecem ucxoaHble JaHHbIC B TaOIUIy (B MEPBYIO CTPOKY xi),

pacrionarasi uX B MOpsIKE BOo3pacTaHusi. Bo BTOpOM CTpOKE yKakeM COOTBETCT-

BYIOIINC UM YaCTOTbI ni . Pacnonoxum BAPHUAHTLI I10 BO3PACTAHHIO

1,55; 1,55; 1,55; 1,55; 1,56; 1,56; 1,56;: 1,56; 1,57; 1,57; 1,57; 1,57; 1,63; 1,63;
163;163;163; 1,71; 1,71; 1,71; 1,71; 1,71; 1,72; 1,80; 1,81; 2,01; 2,01; 2,01;
2,15; 2,15.
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Tabnuua k npumepy 3

X 15515 1570|163 |1,71 172 |180|1,81|201]215
4 4 4 3) 3) 1 1 1 3 2
n* 4 8 12 17 | 22 | 23 | 24 | 25 | 28 | 30

Takum o6pazom, Tabnura 1 sIBASETCS AUCKPETHBIM BapPHAIIMOHHBIM PSIOM,

k
rae nN= Zni =30 - 06Bem BBIOOPKH.

i=1
(V) *
B TPCTbLCHU CTPOKE Ta6J'II/II_IBI 1 YKa3aHbl HAKOIIJICHHBIC YaCTOTbI ni , IIOKa3bI-
Baromuyc, BO CKOJIbBKHX Ha6JHOII€HI/I$IX IMIpU3HAK IIPHUHAI 3HAYCHHA, MCHBIINC 3a-

JaHHOTI'O 3HAYCHU )Ci .

HOCTpOI/IM IMIOJIUI'OH 9aCTOT B CUCTCMC KOOpAHNHAT xi O ni U KYMYJIITUBHYIO

*
KPUBYIO B CUCTEME KOOpJAUHAT xiOni JUISl TIOJIYYEHHOTI'O TUCKPETHOTO BapHUaly-

OHHOTI'O psAaa.

5]

44../"\\

j \ /\.7 —m—Pan2
1 V. /

1,55 1,56 1,57 1,63 1,71 1,72 1.8 1,81 2,01 2,15

Pucynok 4 - Tlonuron wactot (Ilpumep 3)

35
30

20 /

15

10 /

0 T T T T T T T T 1
1,55 1,56 1,57 1,63 1,71 1,72 1,8 1,81 2,01 2,15

Pucynok 5 - Kymynsra (Ilpumep 3)
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IIpumep 4. O6cnenoBanue omatel Tpyaa (y.e.) 100 paboTHUKOB (hrpMBbI J1a-
JI0 CIIEAYIONINE PE3YIbTaThI

338 | 336 | 312 | 322 | 342 | 302 | 296 | 358 | 342 | 334
348 | 304 | 323 | 310 | 340 | 314 | 298 | 312 | 322 | 350
304 1302 | 336 | 334 | 304 | 292 | 324 | 331 | 324 | 334
314 1338 | 324 | 292 | 298 | 342 | 338 | 331 | 325 | 324
326 | 314|312 | 342 | 342 | 321 | 352 | 304 | 302 | 332
314 1304 | 312|340 | 290 | 322 | 326 | 316 | 328 | 340
324 1320 | 358 | 304 | 340 | 290 | 318 | 332 | 354 | 324
304 | 321 | 356 | 358 | 328 | 332 | 304 | 282 | 330 | 314
342 | 322|350 | 298 | 316 | 298 | 332 | 342 | 316 | 326
308 | 321 | 302 | 304 | 322 | 296 | 322 | 338 | 324 | 323

CocTaBUTh MHTEPBAIBHBIM BAPUALMOHHBIN Psfl, TIOCTPOUTH THCTOIPAMMY U TIOJIH-
TOH OTHOCHUTENBHBIX 4acTOT. [IeperTi K COOTBETCTBYIOIIEMY JTUCKPETHOMY POy U
IIOCTPOUTH IOJINTOH OTHOCUTEJIBHBIX YaCTOT.

Pewenue. Onpenenum onTUMAIBHYIO [NIMHY HHTEpBaJa:

Xoax — Xmin 398 —282 76

— = = ~10
1+33Ilgn 1+33Ig100 1+33-2

3anuueM BapUallMOHHBIN PS:

[Xi, Xi,0) N @
[280,290) 1 0,01
[290,300) 10 0,1
[300,310) 14 0,14
[310,320) 14 0,14
[320,330) 25 0,25
[330,340) 16 0,16
[340,350) 12 0,12
[350,360) 8 0,08

8 8
KonTtposb Z n =100 Z o =1
i=1 i=1

HOCTpOI/IM rucrorpaMmMy OTHOCHUTCIIBHBIX YaCTOT B CHCTCMC KOOPIHWHAT

x.Ow. .
| |
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0,3
0,25
0,2
0,15
0,1
0,05

Oy
\.-b‘b

IO SERNN SN

v b % % % % @
qQ‘ QQ‘ \Q‘ {LQ‘ QDQ\ b‘Q’ CDQ‘
N O O A

Pucynok 6 — MacitabupoBaHHasi FTHCTOIpaMMa OTHOCHTEIBHBIX YaCTOT (4acToCTeil)
(IIpumep 4)

Jlns mpeoOpa3zoBaHusl MOTYYEHHOTO MHTEPBAIILHOIO CTAaTUCTHUYECKOTO psiia

B IIPICKpCTHBIfI B Ka4€CTBE 3HAUCHUU Xj IIpU3HAKa X BO3bMEM CCpCANHBI HHTCPBA-

JIOB, @ OTHOCHUTCJIBHBIC 4aCTOTBI OCTABHUM IIPCIKHUC.

X; 285 295 305 315 325 335 345 355
o, 0,01 0,1 0,14 0,14 0,25 0,16 0,12 0,08
[TomMroH OTHOCUTENBHBIX YaCTOT (YaCTOCTEH ) MMEET BUI:
i
0,3
0,25 /\
/ N\
0,15 \
0.1 / <
0,05 /

[280.2000 [290.2000 [300.3100 [310.320 [E320.3300 [330.3400  [E340.53500  [350.3600

Pucynok 7 - [Tomuron oTHOCHTEIbHBIX 9acTOT (dactocteit) (Ilpumep 4)
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1.3 OMIIMPUYECKAS OYHKILHS PACIIPEJIEJIEHUS

Jns 1r000¥  cydaiiHOM BEJIMYMHBI YHHUBEPCAIBHBIM CIIOCOOOM 3aIaHUS
3aKOHA pacIpeaeicHus sBisieTcs ¢gyuxyus pacnpedenenus F(X). Tlo ompene-
JICHUI0, (QYHKIUS paclpe/ielieHus - 3TO BEPOATHOCTh TMOMAJaHus CIIydaitHOU
BEJIMYMHBI B 00J1aCTh, JISKAIIYI0 cjieBa OT aprymenta X. F(X) = P(X<x).

W3 sKkcnepuMEHTa Mbl MOXKEM HAUTH OMHOCUMENbHYIO 4acmony TOIa-
JaHusl B 00J1acTh, JIEKAIIYIO ClieBa OT apryMeHTa, U 3TO OyJeT »sMIUpUYecKas
WIM CTaTUCTHYecKas (yHKIus pacnpenenenus. Cmamucmuueckas (2mnupude-
cxas) pynxyus, F (x) — 970 GyHKIMS, KOTOpast A7l KaKIOTO 3HAYCHUS apryMEeHTa
paBHa OTHOCHUTEIILHOM YacTOTE IMOMNaJaHMs OMNBITHBIX JAHHBIX B 00JIacThb, JIEXKa-
LIYIO CJIEBA OT apryMEHTA!

20 v

F*(X)Z%:%: — (1.12)

I'paduk cratuctuyeckor ¢yHKmu pacnpeneneHus F*(X) npexcrasiser
co0oil CcTymneHyaTyro QUrypy co CKaukamy B TOUKaX, OINpPEAeNieMbIX 3JIeMEHTaMu
BBIOOpKH. TEXHOJOTUsI MOCTPOEHUS! CTATUCTHUYECKOW (YHKIMH pacrpeaeseHus
F*(X) Takas ke, Kak M JUISI TCOPETHUYCCKON (PYHKIIUU pACIpPEICICHHS B CiIydae
JUCKPETHBIX CIIy4allHbIX BEJIUYHMH: CYMMHUPYIOTCSI OTHOCHUTEIBHBIE YACTOTHI JJIS
BCEX OIBITHBIX 3HAYEHMI, JIEKAIMX CJI€Ba OT apryMeHTa (Kak paHblle CyMMUPO-
BaJMCh BeposiTHOCTH). Ha ocHOBaHMM 3akOHa OOJBIIMX YHMCEN CTAaTUCTUYECKas
GYHKIUS pachpeneseHus] CXOAUTCS MO BEPOSTHOCTU K TEOPETUUECKOW (YHKIUU
pacnpeneinenus F(X) renepaibHO COBOKYITHOCTH, KOT/Ia 00bEM BBIOOPKH HEorpa-
HUYCHHO Bo3pacTaeT (puc. 8). Tak Kak ¢ yBEIMYCHHUEM 4YHCJIA OIBITOB OTHOCH-
TEJIbHBIE YACTOTHI MPUOINKAIOTCA K BEPOATHOCTSM, JEJIAEM BBIBOJI, UTO C YBEJH-
YEeHUEM KOJMYEeCTBA HAOMIOACHHUI CTyleHuaras craTuctTuueckas QyHKIMs pacipe-

JIeTICHUS IPUOIMKACTCS K TCOPETUUECKON (YHKIIUH PaCIpeIeTICHU.

20



Fix) ! F*)

Pucynok 8 — I'paduixu TeopeTHuecKor M CTaTHCTUUECKOH (DyHKIMI pacripenenenus

CrnenoBatensHo, F (x) SBISETCS CTATHCTHYECKON ANmpOKCHMAIuer (yHK-
MK paclpe/elicHns, e¢ MPHOIMKCHHBIM 3HAUYCHHEM W O0JIafaeT CIICAYOIUMH
CBOMCTBaMU:

1) 3snauenus gynximu F (x) npunamiexar orpesky [0;1];

2) F (x) — neyObIBaromias GyHKIHS;
3) ecid Xmaxr Xmin - HAUOOJIBITUN U HAUMEHBIITUNA 3JIEMEHTBI BHIOOPKH, TO

. 0, X < X
F ()= 1LX>X. "

4) F’(x) — HenpepbIBHA CIICBa.

Ilpumep 5. Huxxe mpuBOAATCS Pe3ysbTaThl HAOMIOICHUN 3a KOJIMYECTBOM
OOpBIBOB HUTH B ONPE/IEIICHHbIE POMEKYTKH BPEMEHHU:

0,21031101,21010,0,23,1,0, 1.

[TocTpouTh rpaduk SMOUpPUUECKON PYHKIIUU pacTipeaeieHusl.

Pewenue. Dvnupuueckas (QyHKUUS paclpelneseHHsl ONpeesieHa Ha Bcel
YUCIOBOM ocH. YHCIOBYIO OCh pa300beM HE HECKOJbKO MHTEPBAJIOB B KOTOPBIX
(GYHKIMS COXpaHseT MOCTOSIHHOE 3HAaYCHHUE.

« n, 0

IIycts x € (—o0;0] . ITo onpenenenmio: F = FX =0 0,

rae N, - 4MCja0 BapHuaHT, MCHbIINX JI000T0 X U3 JaHHOI'O MHTCpPBAJA.
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o 7
Ecmu xe (0], 0 F =2—;

0
. 15
1,2 Fr=22
eciu x € (1,2], o 20
. 18
23], 10 F ==,
eciu x € (2;3], To 0’
. 20

3,5 F=—=1
ecin x € (3;5], To 20

Hrak, umeem
0, -0 <X<0

7120, O<x<1
F*(x)=415/20, 1<x<2
18/ 20, 2<X<3
1, X>3

['padux smmuprdeckoit PyHKIIMN pacnpenaeneHus n3oopaxen Ha pucynke 10.

F*(x)
A
1 <
<—
4—
<—
o 1L 2 3 4 5 x

Pucynox 9 - I'padux smmupudeckoii ¢pynkiuu pactpeaeienus ([pumep 5)

Ilpumep 6. I3 reHepalIbHOM COBOKYITHOCTH M3BJICUCHA BHIOOPKA!

-0,269; -0,786; 0,585; -1,107; 1,574; 0,341;
-1,309; -0,165; -0,483; 0,525; 1,620; 0,206;
0,346; -0,973; -0,363; 0,660; 1,084; 0,903;
1,387; 1,261, 0,786; 1,107; 0,341, 0,525.

[TocTpouts CrpynnupoBaHHbINA CTATUCTUYECKUN PSAL, TUCTOIPAMMY 4acTOT U

IMIUPUIECKYIO QYHKIIUIO paCTIPECIICHHUS.

22



Pewenue. 3aneceM naHHble B Ta0IMIly [10 BO3PACTaHUIO 3HAYEHUI

ITo BO3- ITo BO3-

pacra- pacra-
Ne Xi HHIO Ne Xi HUIO
1 -0,269 -1,309 11 1,620 0,525
2 0,786 -1,107 12 0,206 0,585
3 0,585 -0,973 13 0,346 0,660
4 -1,107 -0,483 14 -0,973 0,786
5 1,574 -0,363 15 -0,363 0,903
6 0,341 -0,269 16 0,660 1,084
7 -1,309 -0,165 17 1,084 1,261
8 -0,165 0,206 18 0,903 1,387
9 -0,483 0,341 19 1,387 1,574
10 0,525 0,346 20 1,261 1,620

KonnuectBo uHTEpBaoB paccuutaeM 10 (opmyne Crepikecca, IOIYYUM
k =1+3,3-1,301=5,293, okpyrusiem B Gonblryo ctopony, kK = 6. Hanmenbiiee

3HaueHue paBHO —1,309, Hanbonbiiee 3HaueHue paBHo 1,620. J[nmuHa MHTEpBaia

Xinax ~ Xmin
HaxoauTcs 1o ¢opmyie h= K «Ynakyem» BBIOOPKY B HHTEpBaJIC
[-1,311;1,623], KOTOPBIN pazo0bem Ha 6 VHTEPBAJIOB JTJIMHOM
1,623 €131

h

==0,489 . Tloncuntaem gactory N; U1 KaXk7I0ro MHTEpBana U

IOJIy4YUM CTPYIITUPOBAHHBIA CTATUCTUYECKUH P,

Yacro- OTHOCHTEIILHEIC
NuTtepBaisl THI, Bricotrl, | HakomienHsle HaKOIIJICHHBIC

n; h;= nj/h 4acTOTHl, N * | 4acToThl N; * /n
[-1,311; -0,822) 3 0,307 3 0,15
[-0,822; -0,333) 2 0,204 5 0,25
[-0,333; 0,156) 2 0,204 7 0,35
[0,156; 0,645) 4 0,409 11 0,55
[0,645; 1,134) 5 0,511 16 0,80
[1,134; 1,623) 4 0,409 20 1,00

Torz[a rucrtorpaMma 4aCTtoT 6yneT HUMETb BU/.
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0,6

McTorpamma

0,5

0,4

0,1 -~

m[-1,311; -0,822)
0O [-0,822; -0,333)
@ [-0,333; 0,156)
O [0,156; 0,645)
@ [0,645; 1,134)
m[1,134; 1,623)

Pucynok 10 — I'ucrorpamma vactot (/1pumep 6)

OMnupuyeckast PyHKIUS pacipeIeIeHUs] ONPEaETUTCS

['padux smmuprdeckoit PyHKITUU pacnpeiesieHus MPECTaBIeH Ha pUcyHKe 12.

0 npu, X <-1,311,

015 mpu-1,311<x<-0,822;

0,25 npm-0,822<x<-0,333;

F*(X): 0,35 mpu-0,333< x<0,156;
0,55 mpwu 0,156 < x<0,645;

0,80 mpu0,645< x<1134;

1 nmpul, 134 < x<1,623.

AMnupuyeckas pyHKUUA pacnpeneneHus

1,00 - r —
0,90 -
0,80 -
0,70 A
0,60 -
0,50 -
0,40 -
0,30 -

*r—

0,20 -
0,10 A

0-00

-1,500 -1,000

\*LA*A¥

-0,500 0,000 0,500 1,000 1,500

2,000

Pucynox 11 — I'paduk smnupudeckoit hpyHkiuu pacupeaenenus (Ilpumep 6)
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3AIIAUU JIJII CAMOCTOSTEJILHOT'O PELLIEHWS

1. B pe3synbrate omnpoca CTyJICHTOB OJTHOTO TIOTOKA, MX BO3PACT MPEACTaBHII-
ca cenyromumu nanaeivu: 17, 20, 18, 19, 18, 17, 20, 21, 24, 22, 20, 21, 20, 19, 18,

20, 21, 22, 25, 20. CocTtaBUTh BapHAIMOHHBIN Psifl, IOCTPOUTD MOJMIOH YaCTOT.

2. Ilo nanHOMY pacIpene’eHHIO BBIOOPKH HANTH SMIUPUIECKYIO (DYHKIIHIO
pacrpeneneHus ¥ MOCTPOUTH ee rpaduk
X 2 5 7 8
n 1 3 2 4

3. B pe3ynbrare mpoBEepKHU MapTHH JACTAJICH IMOYICHBI PE3YJIbTAThI IO COP-
tam: 1,2,1,1,4,2,1,1,1,2,1,2,1,1,1,3,4,1,1, 2, 2, 3,1, 1. CocraBuTth pac-
MpeJIeNIeHIe YaCTOCTEH, TOCTPOUTH MOJHIOH YacToCTell, HaifTH F (X) M IOCTponTh

e€ rpaduk.

4. CocTaBUTh NUCKPETHBIA BapUALMOHHBINA DS Il CIyYalHON BEJIMYMHBI
- JUIMHBI 3aTOTOBOK, OTOOpPaHHBIX ciaydaiHeIM oOpazom: 39, 41, 40, 40, 43, 41, 44,
42,41, 41, 43,42, 39, 40, 42, 43, 41, 42, 41, 39, 42, 42, 41, 42, 40, 41, 43, 41, 39,

40. [TocTpOUTh MOJIUTOH YACTOT U KYMYJISTY.

5. [locTpouTh MHTEpBAIBHBIN BapUALIMOHHBIN PSAJl U HAYEPTUTh TUCTOrpaM-
MY 4acTOT pacrpezeneHuss 56 abUTypUeHTOB 10 YUCITy OalyioB, MOJYYEHHBIX MU
Ha MpUeMHBIX 3k3amenax: 20, 29, 42, 61, 44, 28, 30, 57, 10, 60, 50, 30, 61, 29, 30,
21, 28, 10, 44, 21, 10, 57, 42, 10, 80, 42, 21, 21, 57, 29, 10, 10, 21, 28, 42, 21, 50,
42,10, 10, 42, 21, 29, 42, 21, 29, 10, 30, 42, 70, 21, 21, 44, 21, 50, 28.

6. JlanHble 00 ypOKaifHOCTH PKHU Ha TOJISIX MPUBEICHBI B CIICIYIONICH Ta0-
JINLIE:

VpoxaiiHocTs | 12-14 14-16 16-18 18-20 20-22 22-24

B II/Ta

Jlons ygacTKa 15 20 30 15 10 10
oT o0I11IEeH
rrormau, %

[TocTpouTh THCTOrpaMMy YacTOT ¥ TpaduK IMIUPUIECKON (PYHKIIMU pacrpeaeseHus.

25



/. Jlna onpeneneHusi TPOYHOCTA HUTH MpoBeneHO 50 McnbITaHUM, AaBIIUX
CHEYIOIINE PE3YIIbTATHI:

[IpodyHOCTh HUTH, B T 180-200 200-220 | 220-240 | 240-260 | 260-280

KonuuecTtBO vCIBITAHUI 2 11 23 13 1

[TocTpouTh TUCTOrpaMMy OTHOCHTEIIBHBIX YACTOT U Ipa@uK dMIUPUIECKOM
bynkun pacnpeaeneHus. [lepeiiTu oT MHTEPBAIBLHOIO BAapUALMOHHOTO pAa K

TOYCYHOMY, ITIOCTPOUTD IMOJTHUI'OH OTHOCHUTCIIBHBIX YaCTOT U KYMYJIATY.

8. HMwmeroTcs crenyromye JaHHbBIE O )KUPHOCTH MOJIOKA y KOPOB (pepMbI

Kupnocts, B % 3,5 3,6 3,7 3,8 3,9 4.0 4.1 4.2
Yuciio KopoB 8 11 28 43 71 52 29 8

[IpeoOpazoBarh AaHHBIM BapUALMOHHBIA Psii B UHTEPBAIbHBIA C pPaBHBIMU

HHTCpBAaJIaMH Tak, YTOOBI IIPUBCACHHBLIC 3HAYCHUS IIPU3HAKA ObLIN HCHTpaMH HH-

TCPBAJIOB U ITOCTPOUTH I'CTOIpaMMy OTHOCHUTCIIbHBIX YaCTOT.

9. Yepes kaxkaplii 4yac U3MEPSIIOCHh HANpPSHKEHUE TOKa B djekTpocetu. [Ipu
ATOM OBLIIM TOJTYUYCHBI CIAeAYIOIMe 3HaYeHus (B BoibTax): 227, 219, 215, 230, 232,
223, 220, 226, 209, 211, 215, 218, 220, 216, 219, 221, 218, 220, 222, 220, 217,
219, 229, 227, 212, 226, 217, 221, 225, 230. HaiiTu uHTEpBaIbHBIN CTaTHCTHYC-
CKUH PSJT C paBHBIMH WHTEpBajaMu. [locTpouTh THCTOrpaMMBbI YaCTOT U OTHOCH-
TEJIbHBIX YaCTOT.

10. /ImmHa BOJIOKOH XJIOTKA (B MM) MIPE/ICTaBICHa HEKOTOPO BHIOOPKOMA:

340 | 26,0 | 141 | 350 | 196 | 259 | 30,8 | 259 | 264 | 37,1
281 | 235 | 390 | 28,7 | 312|205 | 260 | 185 | 253 | 315
27,2 | 285 | 295 | 344 | 152 | 221 | 303 | 30,2 | 283 | 254
225 | 265 | 172 | 343 | 160 | 342 | 30,6 | 341 | 24,7 | 26,2
319 | 340 | 270 | 280 | 128 | 303 | 31,3 | 223 | 306 | 198
28,2 | 257 | 22,7 | 318 | 368 | 284 | 161 | 330 | 31,1 | 2372
26,1 | 2655 | 235 | 252 | 320|278 | 132 | 285 | 31,2 | 248
30,5 191 | 190 | 335 | 280 | 23,0 | 16,8 | 26,1 | 30,2 | 34,0
204 | 211 | 291 | 290 | 240 | 370 | 171 | 275 | 20,7 | 20,5
300 | 361 | 30,9 | 246 | 215 | 245 | 28,7 | 285 | 32,2 | 284

[TocTpouTh MHTEPBaANIbHBIA BapUALMOHHBINA Psijl, IPEACTABUTh €ro rpaduye-
CKHA THUCTOTpaMMOM dYacToT. Haiitu sMmmupuyeckyro (yHKIUIO paclpeneieHus u
MOCTPOUTH €€ TpaduK.
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1.4  YUCJIOBBIE XAPAKTEPUCTUKU CTATUCTUYECKUX PSIJOB

C nenbto obecrieueHrs 0OpabOTKHU YaCTOTHBIX pacIpeiesieHuid U MpeicTaB-
JeHus nHpopMaI, 3aKIFOYCHHON B CTATUCTUYCCKUX JAaHHBIX, HEKOTOPHIMU KO-
JMYECTBEHHBIMHM TIOKA3aTENsIMU BapHAIlMOHHBIE DSl OIMUCHIBAIOT C MOMOIIBIO
OTIPEJICTICHHBIX YUCIIOBBIX XapaKTEPUCTUK. TaKMMU XapaKTEPUCTUKAMU JJI OJTHO-
MEPHBIX CTATHCTUYECKHUX PSJIOB SBISIOTCS Xapakmepucmuku (mepst) nonosicenus,

Xapaxmepucmuku paccesHus U XapaKmepucmuku oopmol.
1.4.1 XAPAKTEPUCTHKHU UJIU MEPBI TTOJIOKEHU S

Jist onucanusa xapakmepa pacnonodicenusi pacnpeoeieHull TPUMEHSIOT TPU
rpynmbsl Mep: BbIOOpoYHas cpeanss (apudpmMeruyeckasi, reoOMeTpuiecKkas, CTerneH-

Has ¥ rapMOHUYECKas ), MeJIMaHa U MOJIa.

Buvibopounoti cpeoneii Xg Ha3bIBaIOT cpefHee apuPMeTHUecKoe 3HAUCHHE
NpU3HaKa BBIOOPOYHON coBokymHOcTH. Popmyna (1.13) ompenenser xegzgeuten-

HY'10 WA NPOCMYIO 8b100POYHYIO CPEOHION0, €CIIA BCE 3HAUCHUS] BapUAHT X, o0bema

N pa3IuYHbI (IUI Hecepynnuposantvlx oannbix), a (1.13") - ezsewennyio evibopou-

HY1O cpec)mom, CCJIM BapHUAHTBI Xl, x2, cees xk HUMCIOT COOTBCTCTBCHHO YaCTOTHI

k

nl, n,.,... nk , IpU4eM Y. ni =N (W1 cepynnupoB8aHHvlx OAHHLIX).

29

in in n
Xeg=1=1 . (1.13) Xg=i=1 . (1.13)
n k
>n,

=1

Bri6opouHast cpefssisi mpeAcTaBisieT coO0i 3HaYeHHE, OTHOCUTEIHLHO KOTO-
POTO MOXKET OBbITh «COAIAHCUPOBAHOY» BCE IMIUPUUYECKOE pacrpesesneHue, GakTu-

YECKU OHA SIBJISIETCS a0CITUCCOM IIEHTPa MACC TUCTOTPAMMBI YaCTOT.
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IIpumep 7. Paccuntarh cpeaHUil BO3pacT CTYJAEHTOB B rpyiire u3 20 yeno-
Bek: 18, 18, 19, 20, 19, 20, 19, 19, 19, 20, 22, 19, 19, 20, 20, 21, 19, 19, 19, 19.
Pewenue: Tlpumennm popmyiy (1.13)

Xeg

- _ 18+18+19+...+21+19+19+19+19

=194

Ecnu crpynnupoBath JaHHBIE, TO MOTYYUM PSiJl paclpeeIeHUs:

Xi

18

19

20

21

22

11

5

1

1

N; 2

CornachHo ¢opmyite (1.13") cpemuuii BO3pacT CTYACHTOB ONPEICIIATCS:

T :18-2+19-1l+ 20-5+21.1+ 22-1:19,4 rona.

20

Buvibopounas cpeonss UMeeT Te e eMHULBI U3MEPEHUS, UTO U BApUAHTBI, U

obnadoaem ceovicmeamu, 60J€€ MOTHO PACKPHIBAIOIIUMHU €€ CYIIHOCTD:

1)  BbIOOpOYHAs CPEIHSSA MOCTOSHHOW BEJIMYMHBI paBHA CAMOM IOCTOSH-
HO C=C,
2) MPOU3BEICHUE BEIOOPOYHOI Cpe/IHEN Ha CyMMY 4acTOT PaBHO CyMME

HpOI/ISBeI[eHI/Iﬁ OTACJIBHBIX BApUAHT HAa COOTBCTCTBYIOINEC UM YaCTOTEI
— [ Kk
i=1 i=1

3) cyMMa B3BEIICHHBIX OTKJIOHCHHMH 3HAYCHUH IpH3HAKa OT BHIOOPOU-
HOW CpEIHEN paBHA HYJIIO
k
> -%) 0, =0;
i-1
4)  ecnM BCe 3HAYCHUS MPHU3HAKA YBEIUYUTH (YMEHBIIHMTH) HA OJHO U TO
xe mocTostHHOe unciio C, TO U BBIOOpOYHAs CPeAHssl YBETUIUTCS (YMEHBIITUTCS)

Ha 710 unciio C
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5)  ecnam Bce 3HAYCHUS MPHU3HAKA YBEIUYHUTH (YMEHBIIUTH) B OAHO U TO
e MOCTOSTHHOE YHCIIO A, TO U BRIOOpOYHAs CPEHssl YBEIUYUTCS (YMEHBIIIUTCS) B

3TO K€ unciio A
1=l =X

6)  ecnm Bce YaCTOTHI BAPHAHT YMHOKUTH (Pa3/ICiHNTh) HA OJHO U TO Ke

IIOCTOAHHOC YHCJIO A, TO BBI60pO‘-IHaH CpCOHAA HC U3MCHUTCA

> (1, -4)

i=1

7)  BBIOOpOYHAs CpenmHss alNreOpanvdecKux CyMM, COOTBETCTBYIOIUIMX
Jpyr Ipyry 3Hau€HUM, NpUHAJUIEkKAIIUM JIBYM IpynrnaM HaOJI0ACHUN, paBHa aj-

reOpanyecKoil CyMMe BBIOOPOYHBIX CPETHUX apU(DMETHUSCKUX ITHX TPYIII
(xxy),=x,ty,;

8)  ecuu psa HAOJIONEHHI COCTOMUT W3 JIBYX HEMEPECEKAIONIMXCS TPYIII

HaOJIOICHUM, TO BBIOOpOYHAsT CpEHss BCEro psifja paBHA BHIOOPOUHOW CpelHen

B3BCILICHHOM TPYMNIOBBIX CPEAHUX X41)V,, IpPUUYEM BeCaMUu SBIISIIOTCS OOBbEMBbI

k P
TPy Zni :nl’zmj =N,
i=1 j=1
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K p
D% MDY,
j=1

(xty), =+

n,+n,

Bvibopounas cpeouss unmepsanbHo20 8apUAyUOHHO20 pPsAOA BBIYUCISAETCS
no gopmyine (1.13'), rae B kauecTBe BapuaHT X; NPHUHUMAIOTCS CEPEAUHBI COOT-
BETCTBYIOIIUX UHTEPBAJIOB.

Cpeonss ceomempuueckas (He36euleHHasn v 636euieHHAsL) TIPUMEHSETCS IPU
OLICHKE TEMIIOB U3MEHEHMS BEJIMYMH (B YACTHOCTH, IPU PACUYETE MHIEKCOB 1IEH) U

Haxoautcs o gopmynam (1.14) u (1.14Y):

— _ n n n
xZQOM =r\‘/X1 ‘X2 "...'Xn. (114) XQQOM :r\l/Xll ')(22 “...'ka . (114l)

B mpaktudeckux pacderax yJA00HEE HCIIOJIb30BaTh Oecsmuunbiil (Hamy-

PANbHbBLIL) 102apu@dm cpeoHell 2e0MempuUyecKol

_ 1.n _ 1o
19x2e0n == 19X.. (15) lg9xzeon == (Igx.)n.. (1.15"
ni=L ' ni=L ' '
Cpeonsisi eapmonuueckas (Heg3euleHas u 636euleHHdst) OTPENEISIETCS TI0
dbopmynam:
- 1 — 1 .
Xaeapm. :n—l' (1.16) Xaapm. :ln—n' (1.16
=y = =y
n i =1xi n i=1 xi

OO6sacTh NPUMEHEHUS TAPMOHMYECKOM cpeHell orpaHndeHa. B skoHoMuke
rapMOHUYECKHE CPEIHUE HCIOJB3YIOT IIPU aHAJIU3€ CPEIHUX HOPM BPEMEHH, a
TaKXKe B TE€X CIy4asx, KOTJIa CyMMHUPYEMbIN MPU3HAK BHIPAKEH OOpPaTHON BEIHYH-
HOU UCCJIEAYEMOI0 IIPU3HAKa.

Mexy BRIOOpOYHOM CpeaHEN, CPETHEN TeOMETPUUECKON U CPEeIHEH TapMo-
HAYECKOU CYILECTBYET COOTHOLIEHUE

J_Ceapjvz. < Xoeon < Xe. (1.17)

30



Cpeonsin cmenennas  (Hes3seuieHHas U 636euleHHAsl) ONPENEISICTCS TI0

bopmynam:
n p k
2N __ I,
xl =it (1.18) xP=i=1 : (1.18)
n k

[Ipu p =2 uMeeM cpedHioro keadpamuunyto, TIPU p = 3 - CpeoHI0I0 KYOUUecKyro u T. 1.
IIpumep 8. VI3BECTHBI JaHHBIE 10 BAJIOBOMY COOpPY U YPOKalHOCTH HEKOTO-

POl CENbCKOXO3IMCTBEHHON KYJIBTYPHI 110 pailoHaM 00JIacTH:

Paiion Banoserit coop, ThIC. T. YposkaliHOCTb 1/Ta
A 52 10
b 40 14
B 31 15
r 67 8

Haittu cpeiHIO0 ypOKalHOCTh 110 YKa3aHHBIM paliOHaM.
Pewenue. Cpennsisi yposkaifHOCTh MOKET OBITH OIpe/elieHa Ha OCHOBE Clie-
JTYIOLIEr0 COOTHOLIEHUS:

o011 BaJIOBBINM cOOP

00111as moceBHas IJIOMIAb

OO6mwmii BanoBbli cOOp (THIC. 1I.) MBI MOJYYUM HPOCTHIM CYMMHPOBAHUEM
BajioBoro coopa no paitonam: 520 + 400 + 310 + 670 = 1900. danusie xe o mo-
CEBHOM IJIOIIAAN OTCYTCTBYIOT, HO UX MOYHO MOJIY4YHUTb, pa3/IeINB BaJOBbIN cOOp
KaXJ0TO paliOHAa HAa ypoXaWHOCTh. C y4eTOM 3TOro HalWJeM CpPEIHIOI YpOrKail-
HOCTh TI0 (popMyJie B3BEIIEHHOW cpeaHei rapmonndeckoi (1.16'), mepeBens as

COMOCTaBUMOCTH TOHHBI B IEHTHEPHI:
— 520+400+310+670

Yeapu. =554 400310670
10 14 15 8

=10,3 (1/ra).
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Taxum o6pa3om, oO11asi moceBHas! MJIOMIAAb JAHHOW KYJIbTYpPbI B IIEJIOM I10
obmactu coctaBmisieT 185,2 ThIC. Ta, a cpenHss ypoxkaiHocTs — 10, 3 11 ¢ ogHOTO
reKTapa.

Hapsiny ¢ mpuBeneHHBIMH CpPeIHUMHU BEIMYMHAMH B KaueCTBE XapakTepH-
CTHK TIOJIOKEHHS HCIIONB3YIOT CMpYKMYpHble CpeoHue: MOy U Menuany. Mooa
(MomanpHOE 3HAYEHUE X,y =M,) - HanboOJIee YacTo BCTpEYaronieecs B CTaTHCTH-
YEeCKOM COBOKYMHOCTH 3HaUEHHUE MpU3HAaKa. [ TUCKPETHOTO BapUAIIMOHHOTO Psi-
Jla MOJIa OTIPEIEIIAETCS M0 YacTOTaM BapUaHT U COOTBETCTBYET BapHaHTE C MAaKCH-
ManbHON YactoToi. [Ipm ompeneneHUn MOIbI OOBIYHO TPUMEHSIOT CIEAYIOINE
COTJIAIICHUS:

1) €CJIM BCE 3HAUEHUSI BAPUALMOHHOTO PsiJia UMEIOT OJIMHAKOBYIO 4acToO-
Ty, TO TOBOPST, YTO ATOT BaPHALIMOHHBIN PSIJT HE UMEET MOJIHI,

2)  eciH JABE COCETHHMX BapUAHTHl HMEIOT OJJMHAKOBYIO JOMHHHPYIOIIYIO
4acTOTY, YTO MOJIa BBIYUCIIAETCS KaK CpeiHEe apu(PMETUUECKOE ITUX BapUaHT,

3)  echu JBE HE COCEIHUX BAPUAHTHI MMCIOT OJMHAKOBYIO JOMUHHPYIO-
IIYIO 9acTOTY, TO TAKOH BapHAIlMOHHBIN PSJT HA3bIBACTCS OUMOOANbHBIM.

4)  eciu TaKWX BapUaHT 00Jiee ABYX, TO PSII - NOAUMOOANbHBLIL.

B cnywyae mHTEpBaNIbHOTO BapHAIIMOHHOTO Psifa C PaBHBIMH MHTEpBaIaMH
MoOanvublll unmepean (MHTEpPBal, COAEpXk AalIUi MOAY) OINpeAenseTcss MO Hau-
OoJbIllel 9acToTe, a MPU HEPABHBIX MHTEpBajaxX - MO HAMOOJNbIIEH TIOTHOCTH.

Boruncienre Moipl MPOU3BOIUTCS O CIEAYIOIIeH GpopMmyiie:

nMO _nMo—l
(N, — Ny, —2) + (N, — Ny, 1)

M, =x,+h (1.19)
TI€ X,- JEBBIA KOHEI[ MOJAIBLHOTO WHTEpBaia; N- mmMpuHa MOIaIbHOTO
UHTEpBaia; Nyo,- YacToTa MOJAIBHOIO MHTEpBaia; Ny,.1 - 4aCTOTAa MHTEpBAA,
IPEIUIECTBYIOLIETO MOJAIBHOMY; Nyo+1 - YaCTOTa MHTEPBANA, CIEAYIOIIEro 3a
MOJAJIBHBIM.
[Tpu BeIunceHnn Moabl B popmyse (1.19) MOXKHO MCIOJIB30BaTh HE TOJIBKO

YacCTOTHI, HO U OTHOCHTEIIbHbIE 4acTOThl. st epagpuueckozo onpedenenus moosi
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UCIIONB3YIOT 3 COCEHUX CTOJIOIA TUCTOrPaMMBbI (CamMblii BBICOKUHN U 2 TpUJIeraro-
X K HEMY). 3aT€M MPABYIO BEPLIMHY MOJAIBHOIO MPSIMOYTOJbHUKA COETUHSIOT
C MpaBbIM BEPXHUM YTJIOM MPEIBIIYIIErO NPSIMOYTOJIbHUKA. A JIEBYIO BEPIIUHY
MOJAJIBHOTO MPAMOYTOJIbHUKA — C JIEBBIM BEPXHUM YIJIOM IOCJIEAYIOLIEr0 IpsIMO-

YI'OJIbHUKA. I[aﬂee N3 TOYKH HUX IICPCCCUCHUA OITYCKAIOT INCPICHAUKYJIAP HA OCb

aocuucc (puc. 13).
n; /h T

[
»

M, X;

Pucynok 12 — I'paduaeckoe onpenesnieHue MOIbI

Meouana (MeTUaHHOE 3HAUCHUE X,,.p =M,) - 3HAUCHHE U3Y4aeMOT0 MPHU3Ha-
Ka, IPUXOJAIICECS HA CEPEANHY PAHKUPOBAHHOW COBOKYIHOCTH. /{151 TUCKpETHO-

ro BapUaIlMOHHOTO psAJia MEUaHy OINPEACIAIOT Mo hopmyre:

XI + XI+1

—* n=2I
Mo=q 2 (1.20)
X N =21 +1.

[Ipu BbIYKCIEHUN MEIMAaHbl MHTEPBAJIHHOTO BapUALIMOHHOIO psjia, CHavasa
HaXOJIAT MeOUAHHBIL UHMEPBAIl [Xpes Xy + D] (uHTEpBaJ, COAEpIKAIIMNA Meaua-
Hy), rae h - amMHa MeIUaHHOTO MHTEpBala, MyTEeM KCIIOJIb30BaHMS HAKOIUICHHBIX
4acToT. Meoduanrnomy unmepsany COOTBETCTBYET TOT, B KOTOPOM COJICPKUTCS Ha-

KOIUJIEHHAsl 4acToTa, npegvluiaouds noiosuny obvema vloopku. Pacuer meaua-

HBI IPY TTOCTOSTHHOM TJIOTHOCTH BHYTPU WHTEpBaa MPOU3BOIUTCSA 110 hopMyJie:

n *
——nN
M -1
M =x +h-2 ¢
e 0 n
M. (1.21)
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IJ€E X , - JIEBbII KOHEI[ MEAUAHHOIO UHTEpBaia; N- MMpUHA MEAMAHHOIO WH-
TepBaJIa, N Me.1 — HAKOILICHHAS YacTOTA WHTEpBaJia, MPEAMIECCTBYIOMEr0 MEIH-
aHHOMY; Ny, — YacTOTa MEIMAaHHOTO MHTEPBAJIA.

Meouana MoxeT OBITh OmpesiesieHa epaguuecku 10 Kymyaame. JIJist 3TOTO
MOCIICHIOI OpJMHATY, PaBHYIO CYMME BCE€X 4acTOT, T.€. 00beMy BBHIOOpKHU N, 1e-
7T mornoJiaM. VM3 momydeHHON TOYKH BOCCTAHABIMBAIOT MEPIICHIUKYIISP 10 Tepe-

CCUCHUI C KYMYHHTOﬁ. A6CHI/ICC& TOYKH IICPCCCUCHUA U JACT 3HAUYCHUC MCIOMAHBI

(puc.14).

v

Pucynok 13 — I'paduieckoe onpeaenieHue MeTUaHBI

3ameuanue. VI3BECTHO, UTO MHOXXECTBO PE3yJIbTATOB HAOIOJEHUM HUMEET
CBOMCTBO TPYNIUPOBATHCS OTHOCUTEIBHO HEKOTOpPOro ueHrpa. LleHTp MoxkeT
OBITH ONHWCAH MEpaMU LEHTPAIbHOW TEHJICHIIMU: MOJOW, MEIUaHOM, CpelHeu
apudmerudeckoil. [lpu BeIOOpe Mephl IEHTPATBHOM TEHICHIIUU CIIEAYET UMETh B
BULY CIeAyloLIee:

1) B Majol rpyIme HaONIOJCHUH MOJa He CTaOWIbHA, TPH HEOOJIBIIUX
M3MEHEHUSIX OHA MOXET CUIIbHO U3MEHUTHCS;

2)  Ha MeIuaHy He BJIMSICT BEJIUYMHA «OOJBIINX» U «MAaJIbIX» 3HAYCHHIA,

3)  MeamaHa — Jydias XapaKTEpPUCTHKA [IEHTPAIbHON TEHACHIIUH, KOTAa
THUCTOrPaMMa UCXOIHBIX JAHHBIX YHUMOOAIbHA (MMEET OHY MOY);

4) Ha BEJINUMHY cpefHel apuMEeTHIECKON BIUSIET KaXK10€ 3HAUCHUE;

5) HEKOTOPbIE MHOKECTBA HE UMEIOT LIEHTPATIbHON TEHACHIINH.
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IIpumep 9. Ha ocHOBE HHTEPBaIbHOTO BapUAIIMOHHOIO psijia paclpeaeaeHus

3arparbl BpeMeHU (MHH.)
KJIMEHTOB Ha 0(OpMIICHHUE 10.8- 14 6- 18.4- 22 2. 26.0-
NOTPEOUTENBCKOTO  Kpe- 1 4’ 6 18’ 4 22’2 26’ 0 29’ 8

JIUTa B KPYIIHBIX CaJOHAX
AIEKTPOHUKHU ropoJia

KonnyecTBO KIMEHTOB B 6 4 5 7 12
OTJICJIBHOM Ipynie

onpenenuTh: 1) cpenHee 3HaUEHUE 3aTpaT BpEMEHU Ha 0POpPMIICHHE TOTPEOUTEIb-
CKOT'O KpeJIuTa B KPYMHBIX CaJIOHAX 3JIEKTPOHUKU FOPOJIa;

2) CTPYKTypHBIC CPEIHUE JIJISI MHTCPBAJIBHOTO U COOTBETCTBYIOIICTO JHC-
KPETHOTO BapUAITMOHHBIX PSIJIOB.

Pewenue. 1) Jlyns omnpeneneHus CpeAHErO 3HAYCHUsS 3aTpaT BPEMEHH Ha
oopMieHrEe MOTPEOUTETHCKOIO KpeauTa ISl KIMEHTa KPYIHOIO CaloHa dJIEK-
TPOHHMKH TOPOJIa HEOOXOAUMO MEPEUTH OT MHTEPBAIBHOTO BApUAIIMOHHOTO PsJia K

JTUCKPETHOMY Psly, ONIPENIEIIUB CEPEINHBI MHTEPBAJIOB.

3atpaThl BpeMEHU (MUH.)
KJIMEHTOB Ha 0(opMIIeHUE 12,7 16,5 20,3 24,1 27,9
NOTPEOUTENBCKOTO  Kpe-
JUTa B KPYIHBIX CAJIOHAX
AIIEKTPOHUKH Topoja

KonnyectBo KIMEHTOB B 6 4 5 7 12
OTJICJIBHOM Ipynne

[Tpumenum dhopmymny (1.137):

o= 12,7-6+16,5-4+203-5+241-7+27,9-12 _ 74:;1,2 — 21976~ 22

6+4+5+7+12

Takum 00pa3oM, cpeaHee 3HAUSHHE 3aTpaT BpEeMEHH Ha o(opMileHHEe TOTpeOu-
TETBCKOTO KPEAWUTA IS KJIMEHTa KPYITHOTO CajlOHA DJICKTPOHUKH TOPOJIa COCTABH-
JI0 OKOJIO 22 MHHYT.

2) OmnpenenuM CTPYKTYpPHBIC CpeIHHE: MOJAY W MeauaHy 1o (opMmyiiaM
(1.19) u (1.21). MonayieHbIM UHTEPBAJIOM siBIIsieTcst mHTepBai (26,0; 29,8) ¢ Hau-
OombImeit yactoToi 12.

12-7
(12— 7)+(12-0)

M, =26,0+38- =2712.
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Yame Bcero 3aTpaTthl BpeMeHU Ha OGOpMIIEHHE TMOTPEOUTETHCKOTO KpeauTa Co-
CTaBJISIOT B KojudecTBe 27,12 MuHyT. /{7151 COOTBETCTBYIOIIETO TUCKPETHOTO Psiaa
M, =279 muH.

MenuaHHBIM HHTEPBAJIOM SBJISIETCS WHTEpBan (22,2; 26,0), Tak Kak ero Ha-
KOILJICHHAs 9acToTa paBHa 6 + 5 + 4 + 7 = 22, 4T0 MPEBOCXOAUT IMOJIOBUHY 00BbeMa
BBIOOpKH 17.

¥ 15

M, = 22,2+3,8'ZT = 23,29 muH.

YV 10J10BUHEI KJIMEHTOB Ha O(bOpMJ'IeHI/IC HOTpG6HTCHBCKOFO KpeauTa yXoauT

23,29 MunyTHI. JIJI1 TUCKPETHOTO BapHAMOHHOTO psiaa coriacHo (opmysie (1.20)

M, =20,3.

1.4.2 XAPAKTEPUCTUKU UJIU MEPBLI PACCESIHUS

Cpennue BENMWYWHBI, XapaKTEPHU3YIOIINE BApUAMOHHBIA P OJTHUM YHC-
JIOM, HE YYUTHIBAIOT Bapualluio pu3HaKa. [[j1s usmMepenus Bapraluy IpuMeHsI0T-
Csl CIIEAYIOUINE XapaKTEPUCTUKU: BapUALIMOHHBINA pa3Max, CpeHee JIMHEHHOE OT-
KJIOHEHHE, BBIOOpOYHAs AMCIIEPCHs, BHIOOPOUYHOE CpelHEee KBaIpaTUIECKOE OT-
KJIOHEHHUE, KO3 (GUIIMESHT Bapualliy U Jp.

Bapuayuonnwiii pazmax (pazmax sapuayuu) R mpeacTaBiser coOoit pas-

HOCTb MCXKIY HAUOOJIBIINM U HAUMEHBIINM 3HAaUYEHUEM H&6J’IIOI[€HI/II>12
R - Xmax = Xmin- (122)

BapuarnmonHnslii pazMax Bapuali MPUMEHSETCS B KadyeCTBE MPUOIM3UTEIbHON
OLICHKM BapHalM{d 3HAYECHUM NpPU3HAKA, IMIMPOKO HUCIIOJIB3YETCS B PANIE OTpacieu
IIPOMBIIUIEHHOCTHU MPU CTATUCTUYECKOM U3YUYEHUU KAYECTBA MPOAYKIIUU.

Cpeonee nunetinoe omkionerue (Heg3geulennoe U 836eulenHoe) Oonpenes-

eTcs o popmysam:
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Xi —X
8

d-=— °

M=

>
(1.23) d=1

—

(1.23)

Buvibopounoti oucnepcueti Dg Ha3bIBAIOT CpeHee apu(METHIECKOE KBaIpa-

TOB OTKJIIOHCHHA Ha6JIIOI[aeMBIX 3HAYCHUM IMpHU3HAKa OT UX CPCIAHCTO 3HAUCHMA

Xe . ®opmynsl (24) u (24') coyxat ans onpeneiaeHus] BHIOOPOYHON AMCTIEPCHH

JJIL HETPYIIIIUPOBAHHBIX M CIPYHNIIMPOBAHHBIX JJAHHBIX:

v
_;(i_X(;/

n

k —
: (i - X@ yh ni
(1.24) D, =+— (1.24")
n.

|
i=1

D

8

Ha npaktuke s Berauciienuss D ynoOHee ucmonp30BaTh Gopmydy:
6

D =x*—(x,)% (1.24°)

[

Buvibopounoe cpeonee keadpamuueckoe OmkIOHeHUe O TIPEJICTABIIALT CO-

Oo¥ KBaJpaTHBIN KOPEHb U3 BEIOOPOUYHOM TUCTIEPCUU:

o = \/ﬁg . (1.25)

Bri0opouHoe cpeiHee KBaApaTUYeCKOe OTKIOHEHHUE BBIPAXKAETCS B TEX K€ €IUHU-
11aX, YTO ¥ 3HAYEHHUS UCCIIEyEMOr0 ITPU3HAKA.

Bri6opounas aucnepcus U cpeiHee KBaIpaTUIECKOEe OTKIOHEHUE 00J1a1at0T
CHEAYIOIINMHU CBOMCTBAMM:

1) BBIOOpOYHAsS AUCTIEPCHS IOCTOSHHOM BeinmurHbl C paBHA HYITIO
D (C)=0;
6
2)  eciH BCE Pe3yJIbTaThl HAOIIOICHUH YBETHMUNTh (YMEHBIIINUTE) HA OJTHO

H TO XK€ ITOCTOSIHHOC YHCIIO C, TO AUCICPCUSA U CPCAHEC KBAAPATHICCKOC OTKIIO-

HCHHEC HC N3MCHATCA

D (X+C)=D (X), o (X+C)=0 (X);
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3) €CJIM BCE PE3YIbTaThl HAOMIOJEHU YMHOXHUTh Ha OJHO U TO K€ IO-

CTOSIHHOC 4YMCJIO, TO UMCIOT MCCTO CJICAYIOINNC PABCHCTBA:
D (CX)=C?D (), o (CX) =|Clo (X):

4) CCJIM BCC 4HAaCTOThI BaApMAHT YMHOXHUTHL Ha OJHO M TOXKC IMOCTOSIHHOC
qHucCJI0, TO BBI6OpOIIHaSI AUCIICPCHUA U CPCAHCC KBAAPATHUICCKOC OTKIIOHCHHUC HC U3-

MCHATCA

=D, (X)=0 2(X)

5)  BBIOOpOYHAs AWCHEPCHUS] MPUHUMAET MUHUMAIBLHOE 3HAUCHUE, KOTIa
BBIOOPOYHAS CPEAHSS MPUHUMAET MOCTOSHHOE 3HaYeHUE (c80Ucmeo MUHUMATbHO-

cmu oucnepcui)

D@()():'=1 » —>min  1pu X6=C;

6)  BBIOOpPOYHOE CpelHee KBaJApaTHYECKOS OTKIOHCHUE PaBHO CPEIHEMY
KBaJpaTy OTKJIOHEHWW 3HAYECHHM HCCIEIyEMOIO NMPU3HAKA OT IMPOU3BOJBHOU IO-
CTOSIHHOW @ MHUHYC KBaJpaT pa3HOCTH MEXIY BHIOOPOYHOU cpeHel apudmeTrye-

CKOM U 3TOM MPOU3BOJILHOW MOCTOSHHOU

2
c?(X)=c?-€ -a’,

rae n X

7)  ecnu OOBEAMHSIOTCS HECKOJBKO pacCrpeieiCHHH B OJHO, TO OOIas
2 .
TUcTiepcusi 0, HOBOTO paclpelesieHUs] paBHa CyMME BHYTPUTPYIIIIOBON U MEXK-

TPYIIOBON AUCTIEPCUHt (npasuio clodceHusi Oucnepcuil)

o2 -02. 82, (1.26)
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VI ’ N N 0~ (1.26")

rae Njj- 4acToTa j-ro BapuaHTa i-ro yacTHOro pacnpenenenus (j = 1,2, ...m; i
=1.2,...,Kk);
Xij- J-# BapHaHT i-r0 YaCTHOTO PacIpeae/ICHH;

Nj— 00BEM I-TO YaCTHOTO pacipe/Ie/ICHHS;

k
N. = Z Njj - 4aCTOTA |-TO BAPHAHTA HOBOTO PACIPCACIICHNUS;

m
N=" n.=7> Nj - 00BEM HOBOTO pacIpesiesieHus,;
1=1 J =1
m
>x -n
i
xi=J=1 - cpennsas apudmMeTHUECKas i-ro 4ACTHOTO PACIIPE/ICIICHNS;
n
1
m
> Xj Ni
x =171 - cpeaHsis apudMeTHIecKasi HOBOro pacipeieNieHus;

in? g
_ P —\2 .
ol=1=t  _ [x_ ) - IUCTIEPCHS i-T0 YaCTHOTO PACIIPEIEIEHNS;
|
",
> o%n
o?- 1= N - BHYTPHIPYIIIOBAs AUCIIEPCHUS;
k — _—\2
> (x_ —X ) n
2 _i=10 "o !
0% =15 N - MEXTPYIIIOBas IUCIIEPCHS.

OOG1mast McTepcHss 02 M3MepseT BapHallfIo IIPH3HAKA [0 BCEH COBOKYITHO-
0 Y

CTH MOJ BIUSIHUEM BceX (haKTOpPOB, OOYCIOBUBILKX 3Ty Bapuanuioo. BHyTpurpyt-

[MoBasA AUCIICPCHUA 062 OoTpa)xacT 4aCTb Bapualinu, HpOI/ICXOI[HIHef/'I 1o, BIUSAHHUCM
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HEYUYTEHHBIX (PAKTOPOB, U HE 3aBUCHUT OT MpHU3HAKA-(PaKTOpa, MOJOKEHHOTO B OC-
HOBY TPYIITMPOBKH. MEKIPYIITIOBas JUCIEpCHs O > XapaKTepU3yeT CHCTeMaTHye-
o

CKYIO BapHallHIo, T.€. pa3iMuvs B BETUYMHE U3y4aeMOro MpU3HaKa, BO3HUKAIOIIHE
MO/ BIMSTHUEM IPU3HAaKa-(haKTopa, MOJI0KEHHOTO B OCHOBY TpynnupoBku. [IpaBu-
JO CIIOKEHHUS JUCTIEPCHI MCTOJB3YeTCS MPH pacueTe OMMUOOK BHIOOPOYHOIO Ha-
OJIIOICHUSI U TIPU U3MEPEHUU TECHOTBHI CBSI3U MEXIY ITPU3HAKAMHU.

Ilpumepl0. [1o naHHBIM pacrpeAcsICHus] CTYJASHTOB 0 pe3yJbTaTaM CIadu

9K3aMCHOB
OueHka YuCIIo CTyJEHTOB, OIYYMBIINX OLEHKY IO IPEAMETaM

Ha ® ® DKOHOMHKA, | MaTemaTuka

SK3AMEHE nunocodus, X1 W3HKAa, X ) s
X3 X4
HeynosieTBopuTensHO,2 2 1 4 3
Y I0BIIETBOPHUTEIBHO, 3 6 10 8 8
Xoporuo, 4 10 8 9 9
OtnnuHo, 5 7 6 4 5

ONpEAENUTh: a) CpelHUH Oall yCHeBaeMOCTH CTYAEHTOB IO KaXAOMY
IPEIMETY U IO BCEM MpeaMeTaM;

0) nucnepcuu Oajia yCeBAa€MOCTH MO KaKJIOMY MPEAMETY U B IIEJIOM 10
BCEM IpEAMETaM;

B) BHYTPUIPYNIOBYIO U MEKTPYIIIOBYIO TUCIIEPCHUH;

) o0IIyI0 JUCHEPCUI0 YCIIEBAEMOCTH, UCIOJIB3YS MPaBUIIO CIOXKEHUS JHC-
MIEPCUM.

Pewenue. a) IlogcunraeM KOJIMYECTBO CTYIEHTOB, CIABABLIMX COOTBETCT-

BEHHO (unocoduro, UMKy, 5KOHOMUKY U MATEMATHUKY:

2+6+10+7=25=Ny; 1+ 10+8+6=25=Njy;
4+8+9+4=25=Ng; 3+ 8+9+5=25=N,.
Torna cpeauuii 6ast Mo 3TUM MPeaIMETaM ONPEICTUTCS .
3 :2-2+3-6+4-1O+5-7:3’88; 5 :2-1+3-10+4-8+5-6:3’76;
1 25 2 25
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)—63 :2-4+3-8+4-9+5-4:3,52; < :2'3+3'8+4'9+5'5:3,64.
25 4 25

HOI[C'-II/ITaeM KOJIMYCCTBO CTYACHTOB, IIOJYYMUBIIUX COOTBCTCTBGHHO((z»,

«3», «d» 1 «5»:
2+1+4+3=10=ng; 6+10+8+8=32=n,,
10+8+9+9=36=n;3; 7T+6+4+5=22=n,.

Cpennuii 61 o BceM MpeaMeTaM COCTaBUT:

_2-10+3-32+4-36+5-22
0 100

6) HI/ICHepCI/II/I Oama YCIICBACMOCTH 110 KAXKIAOMY IIPCAMCETY OIIPCACIIATCA:

=3,7.

X

2 2 2 2
gr=22+3 '6;54 105 ’7—3,883:32957—15,05:15,88—15,05:0,83;

2 2 2 2
532 143710+ 4784570 g96> 372 14141488 1414-074;
25 25
2 2 2 2
52_2"4+3 '8;54 94574 _ @502 323;—12,39:13,28—12,39:0,89;

2 2 2 2
53=2 343 '8;54 9+5 '5—6,643:32553—13,25:14,12—13,25:0,87.

B nienom nmo Bcem npeaMeTam JUCIICPpCHs Oayuta YCIIEBa€MOCTHU COCTABUT:

2 2 2 2
g2 =2 10%3 '321&;‘ 3045722 72 1954 1369-1454-1369-05.

B) OnpenenuM BHYTPUTPYNIOBYIO U MEKTPYIIIOBYIO JUCTIEPCHH

—, 083-10+0,74-32+0,89-36+0,87-22 8316
o 100 100 — 083

»_(388-37) 10+ €76-372 32+ (352-37) 36+ 664-372.22 2009 _;»
100 100

r) [1o mpaBuiy cioxkeHus aucnepcuil oduas AMCIepCHst ONPEAeTIUTC:
=02+ 502 =0,83+0,2=0,85.

Pe3ynbTaT coBmajn co 3Hau€HUEM OOIIEH TUCTIEPCUM, BEIUUCICHHOM B 0).
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Kpome aOcCoNOTHBIX BENWYUH IS XapaKTEPUCTUKU BapUalldy CTaTUCTHYE-
CKOM COBOKYITHOCTH 3HAYEHUU MPU3HAKOB MPHUMEHSIOTCS OTHOCUTEIBHBIE MMOKA3a-
TEJIW: JIMHEWHbIH KOA(GOUIIMEHT Bapualud, Kod3hOUIMEHT Bapualuu, dMIUpHYE-
CKUHM KOOPPUIIMEHT NEeTePMUHAIIIH, SMITUPUUECKOE KOPPEIAMOHHOE OTHOIIICHHUE.

Jlunetinoim kosgppuyuenmom sapuayuu Vg BRIpQKEHHOE B MPOIEHTAX OT-

HOILIEHUE CPEHETO JIMHEHHOTO OTKIOHEeH s d K K BBIOOPOUHOM cpeHel Xg -

d
V §-= -100%
Xe : (1.27)
Koagpguyuenmom eapuayuu V Ha3pIBAIOT BBIPAXKEHHOE B MPOLIEHTaX OTHO-

HI€HUE BEIOOPOYHOTO CPETHETO KBAAPATHUYECKOTO OTKIIOHEHUS O K BBIOOPOYHOI
CpenHen Xg .

V =2.100%. (1.28)
Xe

KoadduimenTsl Bapramm UCMoNb3yOTCA JJI CPaBHEHUS pa3MEpOB BapHallH B
BAPUALIMOHHBIX PAMIaX C PA3JIMYHBIMU CPETHUMH, a TAKXKE JJIs CPABHEHHUS Bapua-
IMI pa3HbIX MMOKa3aTesle B OJTHOM U TOW K€ COBOKYHMHOCTH. B koaddunmenrax
BapuallMi YCTPAHSIOTCS HE TOJIBKO HECONOCTABUMOCTbD, CBSI3aHHAs C PA3JIMYHBIMU
U3MEPEHHUSIMU M3Y4YaeMOT0 IpH3HAKa, HO M HECONOCTaBMMOCTb, BO3HMKAOIIAS
BCJICZICTBUE Pa3/IMUUil B BENMUYMHE cpeHUX apudmernueckux. Kpome toro, noka-
3aTeNIM BapHaLMK AT XapaKTEPUCTUKY OJHOPOJIHOCTH CTATUCTUYECKHUX JAHHBIX.
CratucTtryeckas COBOKYITHOCTb CUMTAETCS OJHOPOJIHOM, eciau KOo3(P(PUIMEHT Ba-
puanuu He npeBbimaeT 33%. CocTosiHuE MEXy Bapuallreil BHIOOPKU U €€ 1IeH-
TPOM MOYKHO TaKX€ OLIEHUTH 10 3HAYEHUIO KOd(PPUIIMEeHTa BapHaIiu:

1) V <30% - BbIOOpKAa UMEEM JOBOJILHO OOJBIIYIO CTENEHb KOHIICH-

Tpalliy OTHOCUTECIBHOTO CPECIOHETO,

2) 30% <V <100% - creneHb KOHIICHTPAIMH JTOITyCTHMAs;

3) V >100% - mgenaeTcs BBIBOJ O HEOAHOPOJAHOCTH BBIOOPKH.
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KoaddunmenTs! Bapuaiuu ciyxat AJis CpaBHEHHUS! BEJIMYUH PACCEsHUs MO OTHO-

HIEHUIO K BBIOOPOYHOM CpPEHEN ABYX BapUallMOHHBIX PAJOB: TOT W3 PAIOB UMEET

OoJbllIee pacCessHUE M0 OTHOLIEHUIO K BBIOOPOUYHOM CpelHEN Xg, y KOTOPOro KO-

s dunmreHT Bapuamu OOJIbIIIe.

Kaxxomy 3akoHy pacrnpeneneHus COOTBETCTBYET ONpeIeTICHHbIN npubiu-

JKCHHBIMN Auaria3oH 3HAYCHUM KOB(b(i)I/IHI/IGHTa BapHaliyuy, IMO3TOMY OH TaKKE MO-

XKET CIY)KUTh B KayeCTBE KpPUTEpHsl NMpU BbIOOpE 3aKoHa pacnpeneneHus. s

HOPMAJIBHOT'O 3aKOHA paCIIpCACICHHA KO3(1)(I)I/IHI/ICHT BapHallUd HAXOIUTCA B IIPC-

nenax 8%-40%.

IIpumep 11. [lo naHHOM BHIOOPKE BBIYUCIUTH XAPAKTEPUCTUKH PACCESTHUS

R,d,D,o V.

18

19

20

21

22

23

Pewenue. Cornacxo dpopmysie (1.22) BapuariioHHbBIN pa3Max ONPeIeIUTCS:

R:Xmax'Xmin:23_17:6.

I[JIH HaXxO0XXACHHUA OCTAJIbHBIX XAaPAaKTCPUCTUK OIIPCACINM BBI60pO‘IHy'IO

CPEITHIOIO

17-7+18-7+19.-3+20-1+22-2+23.2 B

X =
6

25

Torna BeiOOpouHas aucnepcus mo popmye (1.247) papHa:

D

7 (=247 (-1)*+0-3+12-1+2° .3+3 .2+ 4.2

B

25

CpenHee KBaJpaTH4YECKOE OTKJIOHEHUE HaAWJEM KaK KOpPEHb KBaJpaTHBINA U3 BbI-

OOpPOYHOM TUCTIEPCHM:

\Y

_ 1,%8 .100% =10,42%,

o, =392 ~198.

Koaddumment Bapuamuu onpeaenum mno dpopmyse (26):
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YTO CBHJICTEILCTBYET O OOJBINONW KOHIIEHTPAIIMU 3HAYCHUN MPU3HAKA OKOJIO BHI-
OOpOYHOM Cpe/THEM.
Omnupuveckuii Kodpguyuenm Oemepmunayuy 1)° TPENCTABIAET COOOI

JOJIIO MC)KI‘pYHHOBOﬁ AUCIICPCHUU B o6meﬁ AUCIICPCHUU M PACCUHUTBIBACTCA I10

dbopmye:

o N

n? = (1.29)

QQN‘ <,

OT10oT KO3h(DHUIHMEHT MOKa3bIBaeT J0J0 (YyACIbHBIA BeC) 00IIel Bapualuu
U3y4aeMoro Ipu3HaKa, 00yCIOBIEHHOTO Bapualle rpynnmupoBOYHOIO IPU3HAKA.
ImMnupuuecKkum KoOppersyuoHHbIM OmHouleHuemM 1) Ha3bIBaeTCsl KOPEHb
KBaJIpaTHBIN U3 YMIUPUIECKOTO Kod(pHIMenTa feTepMuHAIIH, OTIPEAeIsIeMOe TI0
dbopmyie:
52
n= |- (1.30)
o
o
DOMIIMPUYECKOe KOPPETSUOHHOE OTHOUICHHE XapaKTEepPU3yeT BIUSIHUE MPHU-
3HaKa, IOJIOKEHHOTO B OCHOBY TpYNIHMPOBKH, Ha BapHUaldI0 PEe3yJbTaTUBHOTO
npu3HaKa u n3Mmensercs B npegenax ot 0 no 1. Ecim 77 = 0, npusHak He OKa3bIBa-

€T BIMSAHMUS Ha pe3yJbTaTWBHbIA. Eciau 77 = 1, TO pe3ynbTaTUBHBIA NPU3HAK U3-

MCHACTCA TOJIBKO B 3aBUCHMMOCTH OT IIPHU3HAKA, IMOJIOKCHHOI'O B OCHOBY I'pYIIIHN-

POBKH, a BIUSHUE IPOUYNX (PAKTOPHBIX MPU3HAKOB PABHO HYJIIO.

1.4.3 XAPAKTEPUCTUKU ®OPMbI DMITMPUYECKOI'O PACIIPE/EJIEHUS

[Ipu ananu3e BapHALMOHHBIX PSAOB CMELIEHHUE OT LIEHTPA U KPYTU3HY pac-
MPEJICIICHUS XapaKTEPU3YIOT CIIEHHAIbHBIE TTOKA3ATENN, HA3bIBAEMBIE XapaKmepu-
cmukamu ¢opmsi. IMIUPUYECKHE pacIpeieNieHusl, KaK MPaBUJIO, CMEIIEHbI OT

LIEHTpa paclpeesieHus BIPaBo WIM BIEBO, aCUMMETpUUYHbl. HopmanbHOE pacripe-
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JICIIEHUE CTPOTO0 CUMMETPUYHO OTHOCHUTEIBHO CpEIHEH apu(MEeTHUecKOH, 4TO
00yCIIOBJICHO YETHOCTHIO (DYHKIMHU TUIOTHOCTU BEPOSTHOCTU. Acummempus pac-
npedeneHus BO3HUKAET BCIEJCTBUE TOTO, YTO KaKHe-IMOO GakTopbl ACHCTBYIOT B
OJIHOM HAIIPaBJIEHUU CHJIHEE, YEM B JPYIOM, WIIM MPOLECC PA3BUTHS SBJICHUS Ta-
KOB, UTO JOMHHHUPYET Kakas-To mpuurHa. KpoMe Toro, npupojia HEKOTOPBIX sIBJIE-
HUM TaKOBa, YTO UMEET MECTO ACUMMETPUYHOE pacIpesiesieHHeE.

Momenmom nopsioka p pactupeieseHusl BapUallMOHHOTO psijia HAa3bIBACTCS

BEJIMYMHA, opeaesisieMas 1mo GopmyJie:
1 K
1, =HZ(Xi -a)"-n,. (1.31)
i=1

B 3aBucUMOCTH OT 3HaUECHUS A 06111a;1 CHUCTCMa MOMCHTOB p336I/IBaeTC5I Ha 3 o -

cuctemsl. Eciim a = 0, IIOJIy4aeM cucmemy Ha4ajibHblX MOMEHIMO8.

K
_ p
m, _ﬁizzll)(i Ny (1.32)

[Ipu a =X, TOIydYaeM cucmemy YyeHmpaibHbiX MOMEHMOS.
— v \P
My =—2(%—X)"-n. (1.33)

Ecnu a = C = const (00bruHo C 0JIM3KO K CEpeMHE BapUAIMOHHOTO Psijia, MPH-
geM, eciti K — uetHoe, To C = Xy, eciti K — HeueTHoe, TO C = X(k+1)2), TMOIy4aeM

cucmemy yCi08HbIX MOMEHMOE.

k k
My =23 0 =S -0F w3
n i=1 n i=1

BBIYUCJICHHBIX I YCI0GHbIX 6apuanm Uij. ITa cUCTeMa TPUMEHSIETCS ISl yIpo-
IICHUS PACU€TOB.
Mex 1y HeHTpalbHBIMU U Ha4aJIbHBIMH MOMEHTAMH UMEIOT MECTO CIIEIyI0-

e COOTHOIIICHU A

1 =0; luzzmz—(ml)z; y3=m3—3ml-m2+2(m1)3; (1.35)
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Hy =M, —4m m, +6m, (m, ) -3(m, )*. (1.35)

NmeroT MecTto yaoOHBIE JUIsl BBIYMCICHUN (OPMYJIbl, BhIpa)Karollue IeH-

TpaHBHBIe MOMCHTBEBI qepCB YCJ_IOBHBIe:
_ £ 12 | K2, _ * IVE *\3 | K3,
,uz_[l\/lz (M) } h2: u, [M3 MM +2(M)) } h3.

_ * dn gk * *\2 *\4 . 4
i, _[M4 AMIM +6M (M) ~3(M ) } h* (1.36)
HGHTpaJILHBIG MOMEHTHI 3 U 4 IMOPAAKOB HCIIOJB3YIOTCS IJIsA OIIPCACICHUSA
Koacl)(l)I/IL[HeHTOB ACUMMCETPHHU U SKCIECCA DMITUPHUICCKHUX pacnpe):[eneHHﬁ.

Kosgppuyuenm acummempuu onipeneniseT HANpaBlICHUE U BEIMYHUHY CMeE-

1ieHUs (aCUMMETPHIO) paclpeieNIeHUs U pacCUUThIBAETCS 10 (hopMyJie:

K >
< 3
>€-x>n
1

_’US_'=
As_ 3_I 3
6

(1.37)

(02 n-oc
8

Ecnu BepmmHa kpuBOM pacrpenesieHus CABUHYTA BIIPABO W JIEBAS 4acTh
BETBU OKa3bIBACTCS JJIMHHEE IIPABOM, TO TakKas aCUMMETPHUS SBJISIECTCS NpagoCcmo-

poHHell, B TIPOTHBOIIOIOKHOM cliydae Jiegocmoponnet. Ilpu nesocmopounneii (om-

puyamenvroil) acummempuu Kodpduuuent acummerpun A< 0, npu npasocmo-

pouneti (nonoscumenvrot) As > 0. Ecim AS =0, TO pacmpeneIcHHEe UMECT CUM-

METPUYHYI0 (OpMy, T.e. BapUaHThI, PaBHOYJIaJEHHbIE OT BBIOOPOYHOM CpEIHEH,
UMEIOT OJMHAKOBYIO YacCTOTY.
Oxrcyece (MM Kodhuyuenm Kpymocmu) smMRuUpuUvecKo20 pacnpeoeieHust

HAXOJUTCS TIO (popMyJIe:

H .
E =—4-3=1=1 -3. (1.38)
(74
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OKcleCC Y HOPMAJIbHOM KPUBOM paBeH HYI0. KpuBbIE, Y KOTOPBIX Ek <0, mo

CPaBHEHHUIO C HOPMAJIbHOW, MEHEE KpPYyThle U HUMEIOT O00JIEC HMIOCKVIO BEPUIUHY.

KpuBble, y KOTOpBIX Ek >0 Gonee kpyThle, 4eM HOpMalbHas KPUBass ¥ HMEIOT

Oonee ocmpyro gepuiuny.
Koad¢unment acuMMeTpun 1 3Kcliecc MOTYT OBITh MCIIOJIB30BaHbl B Kaye-
CTBE€ IPEIBAPUTEIHLHOTO BhIOOpA 3aKOHA JJIA SMIIMPUYECKOTO pacnpeneneHus. B

4acTHOCTH, ecl |4g| < 30

As

151 ‘Ek‘ <30 , MOXKHO BBIJIBUHYTb 'UIIOTE3Y O HOP-
k

MaJIbHOM 3aKOHC pacCIpCaCIICHUA cnyqaﬁﬂoﬁ BCJIMYUHBI X, 3,I[€CI> O, un GE - OM-

As k
NUPUYECKUE CPETHUE KBAPATHUECKUE OTKIOHEHUS KO3(P(ULIUEHTa ACUMMETPUHU U

9KCIIecca, onpeesieMble o hopmyiam:

= 6(n-1) _ 24n-(n—-2)-(n-3)
GAS_\/(n+1).(n+3)' (1.39) O-Ek_\/(n—l)z-(n+3)-(n+5)' (1.40)

IIpumep 12. Ilo naHHOMY THCKPETHOMY BapUALMOHHOMY PsIly HAUTH KO3 (-
(ULKEHT aCHMMETPUU U IKCLECC:

x |10 15|20 |25 | 30

n 6 | 16 [ 50 | 24 | 4

Pewenue. Hatinem Be16opounyro cpeanroro mo Gopmye (1.137):

— 10-6+15-16+20-50+25-24+30-4 2020
Xg = = =20,2.

6+16+50+24+4 100

I[J'ISI HaXO0XACHUA BBI60pO‘IHOI>i AUCIICPCHUH, a4 3HAYUT U CPCAHCIO KBAAPATHICCKO-

o OTKJIOHCHUA, OIIPCACIINM KBAJIPATUIHYIO CPCAHIOIO!

2 _10°-6+15°16+20°-50+25° - 24+30° 4 _ 42820
6 6+16+50+24+4 100

=428.

D6 =428 (20,2)* = 428—- 408,04 =19,96 o = \19,96 ~ 4,47.

Torna
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Haiinem 1nieHTpanbHble SMIUPUYECKUE MOMEHTHI 3-T0 U 4-Tr0 MOPSIAKOB MO GopMy-

ne (1.36):

1 |(10-20,2)° -6+ (15-20,2)° -16+ (20— 20,2)° - 50 +

= =-2199.
H 100

+(25-20,2)° - 24+ (30-20,2)% - 4

1 [(10-20,2)" -6+ (15-20,2)* -16+ (20— 20,2)* - 50 +

- =12628.
Hy 100

+(25-20,2)" - 24+ (30-20,2)* - 4

Torma ko3¢ uIIEeHT aCUMMETPUHN U SKCLIECC, BRIYUCIICHHBIE 10 (hopMyliaM

(1.37) u (1.38) cOOTBETCTBEHHO, OYAYT PABHBI:

-3=017.

y7i _
4=t 219 _ ooas. g :ﬂi_3_1262,8

= ) _
()'6 ,19,963 o‘g 398,4
Hailinennele 3HaueHust ko3 pUIreHTa aACHMMETPUH U 3KCIIECCa YKa3bIBAIOT

Ha TO, 4TO pacCIpCACIICHUC HC CUMMCTPHUYHO: MMCCT JICBOCTOPOHHIOIO ACHUMMCT-

PUIO U KpUBasl pacipeesieHus 0oyiee KpyTasi, YeM HOpMaibHask KpUBasl.
3AIIAUU JIJII CAMOCTOSTEJIBLHOT'O PELLIEHUSA

11. Jlana HekoTopasi BEIOOpKa

38 | 60 | 41 | 51 | 33 | 42 | 45 | 21 | 53 | 60
68 | 52 | 47 | 46 | 42 | 43 | 57 | 44 | 54 | 59
77 | 47 128 | 27 | 49 | 49 | 14 | 28 | 61 | 30
61 | 35 | 47 | 46 | 58 | 45 | 42 | 21 | 30 | 40
67 | 65 | 39 | 35 |41 | 60 | 54 | 42 | 59 | 60

CocTaBUTh MHTEPBAIBHBIN BapHAIIMOHHBIA DPsiji, U300pa3uTh €ro rpadudie-
cku. OnpenenTh BCE XapaKTEPUCTUKH MTOJOKEHHS.
12. Haiitu BBIOOPOYHYIO CPEAHIOI0, MOAY U MEIUaHy paclpeaeaeHus: Koau-

yecTBa OpaKOBAHHBIX M3JCIIHUNA, UMEIONMUXCS CPEIu CTa U3JEINi, COIICAIINX C

KOHBeEMepa:
KonudecTBo OpakoBaHHBIX U3AETUN 0 1 2 3 4 5
KonuuectBo maptuii mo 100 uzgenuit | 7 15 | 14 | 10 0 4
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13. M3BecTHO pacmpeneneHue paOOTHUKOB HEKOTOPOTO MPEANPHUATHS TIO
CTaXXy paOOTHI:
Crax pa6otsl, et | Jlo1 | 1-5 | 5-10 | 10-20 | 20-40 Bcero
Yucno paboTHukoB | 8 12 16 14 10 60

Haiitu cpennumii ctax paboThl, Cpe/lHEE KBaJAPAaTUYECKOE OTKIIOHEHUE U KO-
3¢ GUIMEHT BapUaluy.

14. CrpynmnupoBaHHbIe 3HaY€HHs BHIOOPKK Ipu3Haka X JaHbl B TA0JIHIE

NuTtepBansl Cepenuna | Yacrora,
MHTEpBaia n,
X’
21,5; 29,5 28,5 3
29,5; 31,5 30,5 9
31,5; 33,5 32,5 23
33,5; 35,5 34,5 33
35,5; 37,5 36,5 38
37,5; 39,5 38,5 34
39,5; 41,5 40,5 21
41,5; 43,5 42,5 8
43,5; 45,5 44,5 1

BeraucnuTh BRIOOPOYHOE CpeliHee 3HAYCHHEe, MOy U MeIuaHy (aHaJIMTHYC-
CKU H TpaduvecKH), cpeHee KBaIpaTHUECKOS OTKIOHECHHE, aCHMMETPHIO M DKC-
11eCC BEIOOPKH.

15. 1o BEIOOpKE TpU3HAKa X , 3aJaHHOM CIIEIYIOIIEH TaOaMIeN:
X; 45 50 55 60 65 70 75

n; 4 6 10 40 20 12 8

HaWTU BCE XapaKTEPUCTUKH pacCesHHs U POPMBI pacripeiesiCHuUs.

16. Umeetcst pacnipeneneHne X03siMCTB Mo KoaudecTBy padounx Ha 100 ra

CEJIbCKOXO03SMCTBEHHBIX YTOJIAMN:

I'pynmel X0341CTB

no wuyucinennocru | 4-5,6 | 5,61- | 7,21- | 8,81- | 10,41- | 12,01- | 13,61-
paboOTHUKOB  Ha 7,2 8,8 104 | 12,0 | 13,6 15,2
100 ra c\x yroaui

Yucino Xo3sicTB| S 17 9 15 10 1 3

B Ipymnmne
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Onpenenutsb: CPEeAHIO YUCIEHHOCTh paboTHHUKOB Ha 100 ra cenbckoxo3sii-
CTBEHHBIX YTOJWU IO UCCIEIYEMON COBOKYITHOCTH XO3SIMCTB, TUCIEPCUIO U CPEa-
HEe KBaJpAaTUYECKOE OTKIOHEHUE, MOJAJIbHOE U MEIMAHHOE 3HAYEHUE YHCa YUC-
na pabotarkoB Ha 100 ra c\x yroauii, K03 UIMEHTHI BApHAIMK U ACHMMETpPUH, a
Takke dkcrecc. Caenarb BEIBOBI IO PE3yJIbTaTaM BBIYMCIICHHUM.

17. Umerotcs caemyronye TaHHbIe O TUIOMIAIN MTOCEBOB OBOIIEH B 7 XO035H-

ctBax 10 paiionoB UpkyTckoit o0nacTu:

Pation Howmep xo3siicTBa

1 2 3 4 ) 6 7
1 8 10 12 6 15 30 21
2 32 16 26 41 44 38 -
3 101 165 230 144 84 76 260
4 22 30 44 18 16 31 -
5 10 7 4 3 12 7 6
6 255 366 384 273 450 510 -
7 121 84 96 110 161 143 -
8 34 16 84 71 36 8 17
9 46 41 48 52 50 58 -
10 15 24 86 144 34 14 24

Onpenenuts JUCIIEPCHUIO MIJIOLIAAH TIOCEBOB OBOILEH M0 KaXKAOMY paliOHy U

B IICJIOM II0 BCCM IIPUBCIACHHBIM paﬁOHaM. ﬂaTB OLCHKY KOJICOJIEMOCTH Iiomaauv

IIOCEBOB OBOIIEH B XO34MCTBAX YKAa3aHHBIX PAallOHOB C IPUMEHEHUEM ITpaBHIIA

CJI0KEHUSI TUCIIEPCHI.

18. Jlana HekoTopasi BLIOOpKa

14 | 16 | 20 | 15 | 18 12 13 | 10 | 17 15 12
17 | 11 | 17 | 13 | 11 17 16 | 12 | 16 13 16
12 1 19 | 18 | 9 7 18 15 | 11 | 11 14 13
10 | 16 | 15 | 17 | 21 13 17 | 16 | 13 15 15
18 | 14 | 16 | 14 | 10 14 8 15 | 16 16 14

Haiitu u moctpouTh SMIuprudeckyro GYHKIMIO paclpeeieH s, HadalbHbIC

U IIEHTpaJIbHbIE MOMEHTHI 1-4 MopsAKOB (IPOBEPUTH CBSA3b MEXKY HUMH 10 Hop-
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mynam (35)), BeraucanTh KodhpuiueHT acummMmeTpun 1 dkcriecc. CrnenaTh BHIBOIBI
0 pe3yJibTaTaM PacyeToB.

19. PaGoTHUKM NpepUsATHS CTPYIITUPOBAHBI IO BO3PACTY:

Kateropumu Bospact paboTHHKOB, €T
0
PADOTHIEOE ™ 7030 [ 30-40 | 4050 | 50-60 | Csbime
60
Paboune 43 141 216 127 118
PykoBoauTesnu 2 4 6 8 4
CrieruanucTs 48 163 252 169 144

Onpenenutsb: cpeHUN BO3pacT pPaOOTHUKOB MPEANPUATHS B IEJIOM M IO
OTMEUYEHHBIM KaTEropusiM; MOJAIbHOE U MEUAHHOE 3HAYEHUs Bo3pacTa pabOTHU-
KOB 10 KaTErOpUAM U NPEAIPUITHIO B IIEJIOM; TUCIIEPCUIO U CPEIHEE KBaApaTH4e-
CKOE€ OTKJIOHEHHE BO3pacTa paOOTHHUKOB IO KAaTErOpUsM U MPEANPUATHIO; MEK-
IPYIIOBYIO JUCIEPCUIO BO3pacTa paOOTHUKOB; SMIIMPUYECKOE KOPPEISLIMOHHOE
OTHOILIEHUE; OOIIYI0 AUCIEPCUIO BO3pacTa pabOTHUKOB, UCIOJb3Ys MPABUIIO CIIO-

YKEHUS TUCTIEPCUN.

20. IlpoBenuTe aHaIU3 JAHHBIX TOJOBBIX YPOBHEHN MpuObLUIH (y.€.) 3-X KOM-

TTaHWI:
I'on “Cherry “Lemon Motors” “Orange
Computers” Electronics”
2002 14,2 -6,2 37,5
2003 12,3 13,3 -10,6
2004 -16,2 -8,4 40,3
2005 15,4 27,3 5,4
2006 17,2 28,2 6,2
2007 10,3 14,5 10,2
2008 -6,3 -2,4 13,8
2009 -7,8 -3,1 11,5
2010 3,4 15,6 -6,2
2011 12,2 18,2 27,5
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Haiitu cpennee 3HaueHUEe U CTaHAAPTHOE OTKJIOHEHHUE MPUOBUIM IS KaX-
noil u3 komnanuil. CpaBHUTE pe3yibTaThl UX JeATeNbHOCTH 3a 10 ner. Jledrensb-

HOCTb KaKOH M3 KOMHaHHﬁ, I10 BallicMy MHCHHUIO, Ooiee YCHCHIHa?

1.4.4 METO/1 ITPOU3BEJIEHUH JIJ151 PACYETA BBIBOPOYHOI CPEJIHEN
U IUCITIEPCUN

JIJist yIpouieHusl BRIYMCICHUN CpEeTHUX XapaKTepUCTUK U MOoKa3aTesnel pac-
CEesIHUS, a TaKKe /11 YMEHBIIEHUS MOTPEIIHOCTH OKPYTJICHUS UCIIONBb3YIOT Memoo
npoussedenuu. Ecnau BbIOOpKa 3a/aHa B BUAE PACHPEACICHUS pABHOOMCMOAUUX
BApUAHT M COOTBETCTBYIOIIMX MM YacTOT, TO YJOOHO HAaxOJUTh BBIOOPOYHYIO

CPEIHION0 M JUCIEPCHIO 110 (POPMYJIIaM:
— * * * 2
Xe=M-h+C. (L41) D, =|M; —[Mlj h2, (142)

rae N — nimea waTepBana rpynmupoBku, C — JOKHBIA HOJb (BapHaHTa, y
(V) * *
KOTOpOH camasi Goubiiast yacrtora), M M M ,— YCIOBHBIC MOMCHTBI TIEPBOTO M

BTOPOTO MOpsijiKa, onpenessieMmble mo Gopmyie (1.34).

Ilpumep 13. Tlo maHHO# BBIOOPKE METOJAOM MPOW3BEACHUN BBIUYHMCIUTH

12 14 16 18 20 22
5 15 50 16 10 4

Pewenue. Jlannoe pacrmpejeneHue MNpeCTaBIseT COO00M pacmpeaesieHue

PAaBHOCTOAIIMX BAPUAHT M COOTBETCTBYIOIIMX WM 4YacTOT. [l BBIYMCIICHHUS
Xe, Dg METOJIOM MPOU3BEACHUI COCTABUM PACUETHYIO TAOIHILY:

1) 3amnwuimeM BapHaHTHI B MIEPBbIi CTOJIOEII;

2) 3amuIieM 4acTOThl BO BTOPO# cTojberl, cymmy yactot (100) momecTrm B
HIDKHIOIO KJIETKY CTOJIONA;

3) B kauectBe joxHOro Hyiass C BeiOepeM BapuaHTy, KOTOpas IpHHAIJIE-

KHT CTPOKE, COJIepKaIei HAanOOJIbITYI0 YacToTy, nuiiem 0;
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4) wHaja HyJIeM TOCIIe0BaTEIbHO 3anuimeM -1, -2;

5) mox Hy;iéM mocCienoBaTeNbHO 3anuimeM 1, 2, 3;

6) B ueTBEPTHI cTONOEL 3amKuchiBaeM mpousseneHue yactor i Ha ycros-

x -C

h

Hble eapuaHnivl u, = y B HIJKHIOKO KJICTKY 3TOI'O CTOJI6IIa 3alIMmeM CyMMY

npoussenenui U; - N,
2
7) mpousBeAeHUE YAacTOT Ha KBaApaThl YCIOBHBIX BAPUAHT, TO €CThb Nj - U;

. 2
3anuiieM B 1AThii ctoji0en. Cymmy yucen Ny -U; (127) 3anuceiBaeM B HUXKHIOIO
KJIETKY CTOJIONA;
8) mpousBeeHHsS YaCTOT HA KBaJpaThl YCIOBHBIX BapHUaHT, YBEIMUCHHBIX
1)2 . .
Ha €AUHUILY, TO ecTh [ '(Ui + ) , 3aMMIIEM B IIECTOM KOHTPOJIbHBIA CTOJIOCII.

CymMmy umcen ctonoma (273) momeliaeM B HIKHIOIO KJIETKY IIECTOTO CTOJIOIIA.
Tabnuna 3anonHeHa. s konmpons eviuucienuti BOCIOIb3YEMCS TOXIECT-

BOM:

ini (ui +1)2 =Zk:niui2 +ZZK:niui +n
i=1 i=1 i=1

6 6 6
2 _ 2 — ) —
2N (u +D)T =273, > nu.+2) nu. +n=127+2-23+100 =273.

=1 =1 =1
Tabnuna x npumepy 11
Xi | i Ly N; - U n -u’ n; - (U; +1)°
12 5 -2 -10 20 5
14| 15 -1 -15 15 -
16| 50 0 0 - 50
18| 16 1 16 16 64
20| 10 2 20 40 90
22 4 3 12 36 64
n=100 nu. =23 | > nu =127 >n(u; +1)* =273

Jlyst BBIYMCIIEHUsT BBIOOPOYHOM CpeTHEH M TUCTIEPCUU BOCIOJIb3yeMcs (op-

myiamu (1.41) u (1.42):




«~ 23 « 127
= =14-12=2 M, =—=0,23 M, =—+=127.
C=16,h=14-12=2, M, 100 M2 =700

¥e =M -h+C=023-2+16=1646;
D, = ;- (m))? -h?=§27-0,23* .22 =487

IIpumep 14. Jlanbl BBIOOPOYHBIE BAPUAHTHI M COOTBETCTBYIOLINE UM YaCTOTHI
KOJIMYECTBEHHOTO Npu3Haka X (nanusie [lpumepa 12):

10 | 15 | 20 | 25 | 30
6 | 16 [ 50 | 24 | 4

Haiiti MeTOI0M IPOU3BENCHUN: a) BBIOOPOYHYIO CPENHIO X, TUCIIEPCHIO
D, u cpenHee KBapaTHUECKOE OTKIIOHEHUE O, ; 0) ACHMMETPHIO M IKCLECC.
Pewenue. CoctaBuM pacyeTHYIO TaOJIUILY, BBITIOJHUB CICAYIONINE CHCTBUS:

1) 3anmmem BapuaHThl Xj B TIEPBBI CTONOEIT;

2) 3amuiieM vactotel j Bo BTopoit cronber; cymmy yactoT (100) momec-

TUM B HUXKHIOIO KJIETKY CTOJIONIA;

3) B kadecTBe J0okHOTO HYJs C BhIOepeM BapuaHTy 20 (OHa pacroyio’KeHa B

x; —C
CepellMHE BapHUallMOHHOTO psAa); B cTosdue U; ='T, HaMpOTUB CTPOKH, CO-

nepxaieit Bapuanty 20, numem 0; HaJ HyJIEM MOCJIEA0BATEIbHO 3alIUCHIBAEM yC-
JIOBHBIE BapuaHTHI —1, -2, a o1 HyJIeM — TocJie1oBaTeNbHO 1, 2;

4) mpou3BeACHUS YaCTOT HA YCIOBHBIC BAPUAHTHI 3alIMCHIBAEM B YETBEPTHIN
croiben — cronbden NjUj; oTAEIbHO HAXOAUM CyMMY OTPHULATENbHBIX (—28) U OT-

JEIBHO CYMMY IMOJIOXKUTEIbHBIX (32) YuCel; CI0XKUB 3TU YUcia, UX cyMMmy (4) no-
MeIllaeM B HUXKHIOIO KJIETKY CTOJIONA;

5) MMPOU3BCACHHA YaCTOT HA KBAJAPAThbl YCIIOBHBIX BAPWAHT 3alIUIICM B IIA-

. 2
Teil crosben — cronben NjUj , cymmy umcen crondua moMeIaeM B HIKHIOK

KJIETKY CTOJIOIA;
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6) npou3BEAEHUS YACTOT HA KBAApPAThl YCIOBHBIX BAPUAHT, YBEIMYEHHBIX

Ha €IUHUILY, 3allUIIeM B IIECTOM (KOHTPOJIBHEIH) cTonden — cronbern N; (U; +1)2,
CYMMY YHCEJI CTOJIOIA IMOMEIaeM B HHKHIOIO KJICTKY CTOJIOIIA.

7) TPOW3BEICHUS YaCcTOT Ha YCIOBHBIC BapUAHTHI B KyOe niui3 ; CYMMY YH-
ceJ cToI0a TTOMEINIaeM B HIDKHIOKO KJIETKY CTOJIONA;

8) mpom3BeAeHHS YaCcTOT Ha YCJIOBHBIC BapHaHTHl B YETBEPTOH CTEIEHHU
n; ui4 ; CYMMY YHCEJI CTOJIOIa TOMEIIaeM B HIDKHIOIO KJIETKY CTOJIONA;

9) mpow3BeCHHS YaCTOT Ha yCIOBHBIC BapHAHTHI, YBEIUICHHBIX Ha €IUHU-
IIy B YETBEPTOH CTEIICHU 3aIUIIEM B JACBATHIN (KOHTPOJIBHBIN) CTOJIOCI] — CTOIOCIT
n; (U; + 1)4 ; CYMMY YHCEJI CTOJIOIAa TOMEIaeM B HIDKHIOIO KJIICTKY CTOJIOIA.

B urtore noayyuM ciaeayromyo pacuieTHyIO TaOIuILy:

Tabnuna k npumepy 14

X| nl UI niui nlulz ni (Ui +1)2 niui3 n|u|4 ni(ui +1)4

10 6 -2 -12 24 6 -48 96 6

15 16 -1 -16 16 0 -16 16 0

20 50 0 0 0 50 0 0 50

25 24 1 24 24 96 24 24 384

30 4 2 8 16 36 32 64 324
n=100 Y | S LI +)? | Enud Stz +)°

- =80 =188 | =8 | =200 | =764
Koumpony:

5 5 5
Zni (u +1)% =188, Zniuiz +22 nu. +n=80+2-4+100 =188
=1 i=1 i=1
CoBrajieHue HAWJEHHBIX CYMM CBHUJIETEIBCTBYET O IPABHIBHOCTH BBIYHC-
ey, BBIYMCIUM YCIIOBHBIE MOMEHTBI IIEPBOIO, BTOPOIO, TPETHETO U YETBEPTO-
ro MopsAKoB 1o Gopmyie (1.34):

5

2.Nn.-u
M; =1
=

_ 4 _ : ~_ =l _ _
n _100_0’04’ M- = n 100
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>on .u’ >on.uf
M- il _=8_ 008 M- il _200_,
= "100 Y% <= n T100

[lar h (pa3HOCTh MEXKITy TBYMS COCETHIMH BapHaHTaMH) PABECH:

h=15-10=5.

Bribopounas cpennsist u qucnepcus coriacHo Gopmynam (1.41) u (1.42) on-
penensTes:

x,=004.5420=202, D = [0,8— (0,04)2} .52 =19,96.
BLI60pO‘{HOG CPCAHCKBAIPATUICCKOC OTKIOHCHHC HAXOAUTCA KaK KOPCHBb KBal-

paTHBINA U3 BEIOOPOYHOM JUCIIEPCHUU:

o = J D =1996 ~4,47.

Haitnem nenTpanbHble SMIMPUYECKUE MOMEHTHI 3-T0 U 4-r0 HOPSIAKOB IO

dopmymnam (1.33):

H, = [— 0,08—3-0,04-0,8+ 2(0,04)3} .53 =-2199
H, = [2 —4.0,04-(=0,08) + 6(0,04)> -0,8—3(0,04)4]54 =12628

Torga ko3 (ULMEHT aCHMMETPUU U HKCILIECC, BHIYMCIEHHBIE TIO (opMylie

(1.37) u (1.38) cOOTBETCTBEHHO, OYAYT PABHBI:

y7i
_219
A =-2= ~—0,246
S 53 4/19,96°
)7
E -4 312628 4 497

o 3984

[TonyueHnHsle pe3ysbTaThl BHIYMCICHUN I BBIOOPOUHOM CpeHEH, BbIOO-
pouHOl mucrnepcuu, KodhuIreHTa aCHMMETPUU U DKCIECCa MOTHOCTHIO COBITA-

JAI0T ¢ peienneM [lpumepa 12, rae He MCTOIB30BaAJICS METO] IPOU3BEICHUI.
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1.4.5 METOJ1 CYMM JIJ151 PACYETA BbIBOPOYHOM CPEJIHEM
U IMUCITIEPCUU

Metoa cymM, Kak U METOJT MPOU3BEACHUN Il pacyeTa BEIOOPOYHOI cpeji-
HEW U JUCIIEPCUU, IPUMEHSETCS JJIsl YIPOILECHUS BRIYUCICHUI U YMEHBIIEHUS MO-
IpeIHOCTH OKpyTyieHus. [Ipu ucnonb30BaHUM Memooa cymm YCIOBHBIE MOMEHTHI

MIEPBOT0, BTOPOT0, TPETHETO U YETBEPTOTO MOPSIAKOB HAXO AT MO (hOpMyIam:

d, +6d, +6d
Ml*:i; M§=81+282; M =2 2 3.
n n
- S1+14S, +36S;+ 248, (1.43)
4 n )
Tac dl = a1 — bl, d2 = a2 — b2, d3 = a3 — bg,

Si=zay+by, S;=a,+by, S;=a,+ by, Sg=a;+ b3, Sy=a, + b, (%)
[IpakTUuecKoe BBIUKMCIIEHHE uKcen Ay, 8y, Az, 8a, D1, Dy, D3, by moxaxkem na
npuMepe.
Ilpumep 15. MetogoM CymMM BBIUYMCITUTH BRIOOPOUYHYIO CPEAHIOI0 apudMe-
TUYECKYIO, JHUCIEPCUI0, KOA(P(OUIIMEHT aCUMMETPUU M BKCLECC MO 3aJaHHOMY

pacripenenenuio Beioopku oobema N=100.

X. 48 | 52 | 56 | 60 | 64 | 68 | 72 | 76 | 80 | 84

n; 2 4 6 8 12 | 30 | 18 8 7 5

Pewenue. Tak kak BBIOOPKA COCTOUT M3 PAaBHOOTCTOSIIIMX BApUAHT C IIIATOM
h, To BEIGOpOUHAs cpennss apudMeTHUECKas U UCIIepCHs ONpeeNnsTes mo Gop-
myiam (1.41) u (1.42), a ycinoBHble MOMeHTHI — 110 hopmyiiam (1.43). Uucna @y, a,,
dsz, dy, bl, bz, b3, b4 HaxXO0JIMM IO ompeieIeHHOMY TpaBiy. COCTaBUM pacuETHYIO
Ta0uIy:

1) B mepBBId CTOJIOCI] 3aMMUCHIBAEM 3HAYCHUS BAPUAHT;
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2)  BO BTOpOHW CTOJIOCIl ITOMEIIaeM YacTOThl M CYUTAEM, CyMMY YacTOT
(100) pazmMecTuM B HIDKHIOIO KJIETKY CTOJIONA;

3) B KayecTBe JIOXKHOTO HYJISl BHIOMpaeM 3HAYCHHE BapUAHThI HAHOOJIb-
et yactotel (C = 68), HA MEpeceYeHUu TPETHEro U YETBEPTOrO CTOJIOIOB U
CTPOKH, COJIepKallleld JIOKHBIM HYJb, CTABUM HYJIHM, B YETBEPTOM CTOJIOIE HaJ
JIO’KHBIM HYJIEM Y TIOJI HUM THILIEM HYIIH;

4) B OCTaBIIMXCS HE3AIMOJIHCHHBIX HaJ HYJIEM KJICTKaX TPEThEero cToyoIa
(MCKJTIOYas caMyr0 BEPXHIOI) 3aIliChlBaéM HAKOIUICHHBIC YacTOTHI: 2; 2 + 4 = 6,
6+6=12; 12 + 8 = 20; 20 + 12 = 32; HaxoaUM MX CYMMBbI, TIOJIYYHM YHCIIO

b, =72, xoTOpoe moMeCcTHM B BEPXHIOK KJIETKY TPETHETO CTONIONA. AHAIOTHYHO

B KJETKAaX TPEThEero cToyil0Ia, paclojioKEHHBIX IMOJ HyJleM (HCKJIoYas caMylo
HUKHIOK0), 3aMMCBHIBAEM ITOCJIEIOBATEIbHO HAKOTUICHHBIC YacTOTHI (CHU3Y BBEPX):
55+7=12;12 + 8 = 20; 20 + 18 = 38; BBIUUCIAEM UX CYMMY, TIOJYIUM YHCIIO
a, = /5, KOTOPOE ITOMECTUM B HUKHIOIO KJIETKY TPETHETO CTOIOIA;

5) AHAJIOTHYHO 3aIlOJIHACTCA t-IGTBGpTI:.II\;I CTOH6€I_I, IIpu4cM CYMMHUPYIOT-

Csl 4acCTOTBI TPETHErO CTOJOIA; CIOXKUB BCE HAKOIJIEHHBIE YACTOTHI, PACIIOIOKEH-
HbIE HaJ HyJeM, Iody4uM uucio D, =70 koTopoe moMecTUM B BEPXHIOK KIIETKY
YETBEPTOro CTOJIONA; CyMMa HAaKOIUIEHHBIX YacTOT, PACMOJOKEHHBIX MOJ HYJEM
paBHa unciy d; = 59, KOTOpOE MOMECTUM B HIDKHIOIO KJIETKY YETBEPTOTO CTOJIONA;

6) I 3aloJIHeHHWs IMATOTO CTOJIOIA 3amMIleM HYJIb B KJIETKE CTPOKH,
coJieprKalllel JOXKHBIN HyJb (68), HaJl TUM HYJIEM U O]l HUM MMOCTaBUM €IIle JBa
HYJIS;

7) B KJIETKax HaJ HYJSMHU 3alMIIEM HAKOIUICHHBIC YaCTOTHI, JJI Yero

IPOCYMMHPYEM YacTOThI Y€TBEPTOro ctojidna (cBepxy BHu3): 2; 2 + 8 = 10; 10 +
20 = 30; cOKHUB HAKOMIEHHBIE YacTOTHI, Momyunm yucio O3 =2+10+30=42,

KOTOPOC NOMECTHM B BCPXHIOKO KIICTKY IIATOIO CTOJ'I6I_[3; B KJICTKax IOJ HYJISIMU
3aIlIMIICM HAKOIINICHHBIC YaCTOThI, JJII 4€TO0 IMPOCYMMHPYEM YaCTOTHI YETBCPTOIO

cToJsiOna (cHU3Y BBepx): 5; 5 + 17 = 22; C0KUB HAKOTUJICHHBIE YaCTOThI, MOJyYHUM

qucio dz= 5 + 22 = 27, KOTOpoe TOMECTHM B HMKHIOIO KJIETKY IISITOTO CTOJIONA;
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8)  aHAJOTrMYHO 3aIOJHAETCS HIECTOM CTONOEL, IPUYEM CYMMHUPYIOT Yac-
TOTBI IIATOTO CTOJIONA; CJOKMB HAKOIUIEHHBIE YAaCTOTHI, PACIIOIOKEHHBIE HA HY-
nsaMu, TodyduM uucio D, =2+12 =14 xotopoe 3amuimieM B BEPXHIOK KIETKY
IIECTOr0 CTOJIONA; CIIOKHB YKCIIA, PACIIOIOKEHHBIE MO HYIAMU (Y HAC TOJBKO
OJIHO CJIaraeMoe), MOJyYMM YHUCIIO 84 = 5, KOTOPOE MOMECTHM B HUKHIOK KIIETKY

mecToro CTOH6Ha.

B urtore nomyyum pacyeTHyIo TabIUILY:

Tabnuna x npumepy 15

Xi n; by=72 | b,=70 | by=42 | b, =42

48 2 2 2 2 2

52 4 6 8 10 12

56 6 12 20 30 0

60 8 20 40 0 0

64 12 32 0 0 0

68 30 0 0 0 0

72 18 38 0 0 0

76 8 20 37 0 0

80 7 12 17 22 0

84 5 5 5 5 5
100 Q=75 | a,=39 | ay3=27 | a3=27

Koumpons: cymma uuces, pacrlojOKEHHBIX HEMOCPEICTBEHHO HaJl HYJIEM
TPEThEro cToJdI1a, CJieBa OT HEro W IMOJ HUM, JI0JKHA ObITh paBHAa 00BEMY BBIOOD-
ku (32 + 30 + 38 = 100). Cymma ABYX yuces, pacloiOKEHHbIX Hal JIBYMS CTY-
MEeHbKaMU CTYNEHYATON JIMHUU (HauYepUeHA KUPHBIMU OTPE3KaMM), JOJKHA OBIThH
paBHa COOTBETCTBEHHO YKCIaM Dj, CTOSAIIUM Hax npedwecmsyioweli CTyEeHbKOM
(IpY IBMDKEHUM 110 «JIECEHKe» BBepX): 32 + 40 = 72 = by; 40 + 30 = 70 = by;
30 + 12 = 42 = b;. Ananornuno npoBepseTCcs COBHAJEHUE CYMM JBYX YHCEIL,

CTOSIIMX IOJT CTYIIEHbKAMH JIECEHKH, Beaylie BHu3: 38 + 37 =75 = ay;
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37+ 22 =59 = ay, 22 + 5 = 27 = az. Ilpu HecoBnageHun x0T Obl OJTHOM U3 yKa-

3aHHBIX CyMM CJICIyeT HCKaTh OIIMOKY pacyera.
W13 3pauennii Tabuunpl Haigem uucna d; (i=1,2,3)u S; (i =1, 2, 3, 4):
di=a;-b;=75-72=3;d,=a,-b,=59-70=-11;
ds=as—b;=27-42=-15; S;=a, + b, =75+ 72 = 147;
S;=a,+b,=59+70=129; S;=a;+b;=27+ 42 =69;
Si=a,+by,=5+14=19.
Torna ycinoBHbIE MOMEHTHI (MOMeEHMbL YCIOBHBIX 6APUAHNT) OTIPEIIEISITCS:

B3 e el TS, 14742129

Uy +6d,+60; 346.(an+6(-15)
S n - 100 I
. O, +14S,+36S,+24S, 147+14-129+36-69+ 24-19
My=- Z - 3 4 _ —480.

100
Tak kak h=4 u C =68, To BEIOOpOUYHAS CPEIAHSA U JUCIIEPCHUS Oy YT paBHbI:
x5 =0,03-4+68=6812. D =07 = [4,05— (0,03)2} 4% = 64,78.

Jlist HaxoxkaeHus: K03 GUIMeHTa aCUMMETPUHM U JKCIecca, HalIeM IIeH-

TpaJIbHbIE AIMIIUPUUECKUE MOMEHTBI TPETHETO M YETBEPTOTO MOPSAKOB MO (Hopmy-

aam (1.36):
1, =[M;‘ -3M "M +2(|v|1*)3]h3 = I1,53—3-o,03-4,05+2-(0,03)3 4% =-121248

% * * % sy 2 #\4 4
ﬂ4:[M4-4M1M3+6M2(M1) -3(M) ]h -

= i8,93—4-o,03- (-153)+6-(0,03)2-4,05-3-(0,03)* -4* = 49135,
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Hatimem rickombie K03(GGUIIMEHT aCUMMETPUHN U IKCIECC, UCTIONB3Yys (op-

myiel (1.37) u (1.38):

g ta 121248 o0 o M o 40134 o 000
s o3 /64,783 kK 54 /64,784

OTBeT : 5:68,12; D =64,78 4 =023 E =001.
S k

Ecnu nepBoHaYanbHbIE BADUAHTBI He ABAAI0OMCSA PAGHOOMCMOAUWUMU, TO UH-
TEpBaJl, B KOTOPOM 3aKJIIOUEHBI BCE BAPUAHTBI BEIOOPKH JIEISAT Ha HECKOJIBKO PaB-
HBIX, JUTMHOKO N, YaCTHYHBIX MHTEPBAIOB (KaKIbI YaCTHYHBIN MHTEPBA JOJKEH
cogepxarb He MeHee 8-10 BapuaHT). 3aTeM HAaXOAAT CEPEAMHBI YACTUYHBIX UHTEP-
BaJIOB, KOTOpbIE U 00pa3yloT MOCIENOBATENIbHOCTh PABHOOTCTOSIIMX BapuaHT. B
Ka4e€CTBE YaCTOTHI KaKJI0W CEPENMHBI MHTEPBAJa IPUHUMAIOT CYMMY YacTOT BapH-
aHT, KOTOPBIE MOMAIN B COOTBETCTBYIOIINI YaCTUYHBI HHTEPBAJL.

[Ipu BbIYMCIIEHUU BBIOOPOYHOMN NMCHEPCHUU JUIS YMEHBIIECHUS OMIMOKU, BbI-
3BaHHOW T'PyNIUPOBKON (OCOOEHHO MPU MAJIOM YHUCJIE WHTEPBAJIOB), ACNAIOT NO-
npaexy [llennapoa, BblUMTas W3 BBIYUCIEHHOM NHCHEPCUU OJHY JABEHAILATYIO
KBaJipaTa JUIMHBl YaCTUYHOTO MHTEpBajia. TakuM oOpa3oM, ¢ y4yeTOM IONpaBKU

[llenmapaa nucnepcust BIYUCIsETCs Mo popMmyie:

* 1,2
De - De _Eh ' (1.44)
IIpumep 16. HaiitTn MeTO0M MPOM3BENCHNN BHIOOPOYHOE CPEAHEE U BHIOO-

POUYHYIO JUCTIEPCHIO TIO 3aJJaHHOMY PAaCTpeICICHUIO BHIOOPKH:

X; 2 3 7 9 11 |125] 16 | 18 | 23 | 25 | 26
n. 3 3) 10 | 6 10 | 4 | 12 | 13 | 8 20 | 9

Pewenue. PazoObem nnTepBai 2-26 Ha 4 4acTUYHBIC HUHTEPBAIA IJTUHOIO

h=6: 2-8;8-14; 14 — 20; 20 - 26 . IIpuHsB cepeUHbLI YACTUYHLIX HHTEPBAJIOB
B KaU€CTBE HOBBIX BapHAHT ))j, HOJyYUM PABHOOTCTOSAILME BAPUAHTHI:

Y1=5;1,=11,y3=17; y, = 23.
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B kadecTBe yacTOThI N BapUaHTHI ); MPUMEM CyMMY 4YacTOT BapUaHT, MO-
HaBIIMX B IEpBbId uHTEepBa: Ny = 3 + 5 + 10 = 18. Haiias aHaloru4Ho 4acrto-

Thl OCTAJIBHBIX BAapUaHT, MOJYYUM PACHPEAECICHUE PABHOOTCTOALIUX BapU-

aHT:
Vi 3) 11 17 23
n; 18 20 25 37
[Tonmp3ysick METOIOM MPOU3BEACHU, HAUJEM
376 =1586, D, =4514.
YuuThIBasi, YTO YUCJIO YACTUYHBIX MHTEPBAJIOB Majo (4), yuTeM MOMpaBKY
[Hlenmappa:

2
Dy =Dy ~75h? =4514- % = 4214

3AIIAUU JIJII CAMOCTOSTEJIBLHOT'O PEILIEHUSA

3amaun 21-25 pemuTh, UCTIONB3YS MemoO Npou3eedeHuUll.
21. Ha momnouHO#l (pepMe KpEeCThIHCKOTO XO3SCTBA HMMEIOTCSI CBEICHHUSA O

BCIIMYUHC Y051 KOPOB 3d HaKTaHHOHHBIﬁ IICPHUOI:

Benuuuna ynos, kr KomunuecTtBo Benuuuna ynos, | KonuuectBo
KOpOB KT KOpOB
400-600 1 1600-1800 14
600-800 3 1800-2000 12
800-1000 6 2000-2200 10
1000-1200 11 2200-2400 6
1200-1400 15 2400 u BbILIE 2
1400-1600 20

HaiiTi BenuuuHy cpeHero yjosi 1 BBIOOPOUYHYIO TUCTIEPCHIO.

22. I1o nanHO# BEIOOPKE pacnpe/IeICHUS:
X, 12 14 16 18 20 22
5 15 50 16 10 4

n;
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Haiitu BBIOOpOYHYIO CpeaHIO apu(PMETHIECKYTO, JUCTIEPCHIO, KOdhduu-
CHT aCHMMETPHHU U IKCIIECC.

23. merotes cneyronue TaHHbIE O )KUPHOCTU MOJIOKa B hepMEPCKOM XO-

3AUCTBE.
Kup- 3,5 3,6 3,7 3,8 3,9 4.0 4.1 4.2
HOCTB, %
Yucno 8 11 28 43 71 52 29 8
KOpPOB

OnpenenuTh BETUIUHY CPEAHEH KUPHOCTH W BEIOOPOYHYIO JUCIICPCHIO.
24. Tlo 3agaHHOMY pacIpeICIICHUIO HEPAaBHOOTCTOSIINX BapHaHT BBHIOOPKH
o0bema n =50

X; 6 8 | 11 | 13 |155|175| 20 |235|245| 26
n. 1 9 6 6 4 6 8 5 4 1

HalTH BBIOOPOYHYIO AUCHEPCHIO C yueToM norpaBku [lennapaa.
25. Ilo 3agaHHOMY pacIpeneleHUI0 HEPABHOOTCTOSIIMX BAPUAHT BBIOOPKU
oobema n =100

x | 1013 |15 |17 |19 | 23 | 24 |26 | 28 | 32 | 34 | 35
n |2 |46 /|8] 9|6 201510 8 | 7 | 5

HAUTH: a) BBIOOPOYHYIO CPEAHION apu(METHUECKYIO;
0) BRIOOPOUYHYIO THCTIEPCHIO ¢ yueToM nonpasku [llemmapa;
r) K03Q(ULUHUEHT aCHMMETPUU U IKCLIECC.
3amaun 26-30 pemmTh, UCIIONB3YS MEmoO CYMM.
26. NMeroTcst maHHbIE TUCKPETHOTO psifia paclpeiesieHus CTYIEHTOB OTHO-

ro U3 (aKyJIbTETOB [0 BO3PACTY:

['pynmsr

CTYJIEHTOB
o  BO3-
pacry, JeT

Yucio 20 80 90 110 130 170 90 60
CTYJICHTOB

17 18 19 20 21 22 23 24

Onpenenuts CpeaHUN BO3PACT CTY/IEHTOB, BBIOOPOYHYIO IUCIEPCHUIO U
CpelHee KBaJApaTUYeCKOe OTKIOHEHNE, KOA(DPUITMEHT BapHAaIIiH.
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27. Onpenenute CpPemHION apu(PMETHUECKYI0, JUCTIEPCHIO, KOIPDUIIUEHT

ACUMMCTPHU 1 SKCHCCC 110 JaHHBIM T36J'H/II_H>II

['pynmel  Marasu-

HOB 11O DasMEpan 50-60 60-70 70-80 80-90
TOBapo0OOpOTa,

MJTH. PYO.

Yucino MarasuHoB 7 15 6 4

28. 1o 3amaHHOMY pacripesieieHnto BeIoopku oobema N = 100

x, 110,2110,4|10,6 10,811 11,2114 116|118 |12

n | 2 3 8 |13 |25, 20 |12 | 10 | 6 |1

HaWTHU: a) BBIOOPOYHYIO CPEHIOI apU(PMETUUECKYIO U JUCTIEPCHIO;
0) K03 PUIMEHT ACUMMETPHUH U KCIIECC.
29. Ilo 3agaHHOMY pacIpe/leIeHUI0 HEPABHOOTCTOSIIMX BAPUAHT BBIOOPKU

o0bema n =20

X 2560 2600 2620 2650 2700
n; 2 3 10 4 1
HAWUTH: a) BBIOOPOYHYIO CPEAHION apu(METHUECKYIO;

0) BEIOOpOUHYIO ucIiepcuto ¢ yuetoM nonpasku lllenmapna;
) KOO PUITUEHT aCUMMETPHUH U IKCIIECC.

30. ITo 3agaHHOMY pacrpeneIeHHI0 HEPABHOOTCTOSIINX BapUAHT BHIOOPKH

o0vema n =150
X; 184 | 189 | 193 | 196 | 20,2 | 20,7 | 30,2
n. 5 10 20 35 15 7 3

HalTU BBIOOPOYHYIO AMcHepcuto ¢ yuetoM nonpasku Llennapna.
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2 CTATUCTUYECKOE OLIEHMBAHUE ITAPAMETPOB

Kak mpaBuio, B MaTeMaTH4eCKON CTaTUCTUKE PEIKO O MPOBOJUMOM IKCIIe-
PUMEHTE COBCEM HHMYETO Hesb3s cka3zaTh. OObIYHO, BO MHOTHX 3ajJadyax, THUII pac-
Npe/iesieHUs] U3BECTEH 3apaHee, HO HEU3BECTHBI MapaMeTphl UM YacTh MapaMeTpOB
3TOrO pacnpezenenus. Hanpumep, ommOKku n3MepeHus: mpeanoiaratoTcsi pacmpe-
JIEJICHHBIMU TI0 HOPMAJIbBHOMY 3aKOHY C MaTeMaTHYECKUM OXKUIAHUEM pPaBHBIM
HYJO (€C/M cucTeMarhyeckasi olmmoKa paBHa HYJII0) M HEU3BECTHOM qucnepcuei;

YHUCJO MOKYIaTeaeld B Mara3uHe B TEUEHUU Yaca umeeT pacnpenenenue Ilyaccona

C HEM3BECTHBIM TapaMeTpoM A u T.1. B pe3yibTaTe MBI HMEEM 3a0ayy Crmami-
CMU4ecKo20 OYeHUBAHUs Napamempos TOro paclpeeICHUs] Ha OCHOBE BHIOOPOU-
HBIX JaHHBIX.

[TycTh MBI pacmosiaraeM UCXOJHBIMU CTATUCTHUYECKUMU JTaHHBIMU - BBIOOD-
KOH (X1, X2, ... , Xy ) oObeMa N W3 HCCIIEIyeMOW T'€HEpPaJIbHOH COBOKYITHOCTH.
IlycTh M3ydaeMasi clyuaifHas BEIMUMHA pacipeneseHa o 3akony P(x; 0 ), rue 0 -

napaMmeTp pacrpeaeaeHus, 3Ha4eHue KOTOPOro HEU3BECTHO [0 MOIYYEHUs BBIOOD-

Ku. 3aoaua oyeHusdarus HCU3BCCTHOI'O IIapaMcTpa 9 COCTOUT B IIOCTPOCHHUHU Ta-

* x*
ko ¢yukmun 6 =6 (x,X,,...,X,) OT MMEIOIIMXCA B HAIIEM PACIOPSIKEHHH
JIAaHHBIX, KOTOpas JaBajia Obl B ONPEIEICHHOM CMBICIIE HauboJIee TOYHOE TIPUBIIHU-

KEHHOE 3HAYCHHE MCTHHHOTO (Hem3BecTHOro Ham) mapamerpa O . JTioGyro (pyHK-

IIMI0 BBIOOPKH HA3BIBAIOT cmamucmukot. CTaTucTuka 9* = (9* (X, X5,...,X,), KC-
noJib3yemasi JiJisl OIEHKH HEM3BECTHOTO TMapameTrpa @, Ha3bIBaeTCs cmamucmue-
ckotl oyenkou napamempa 6. OueHka, MoJydeHHas: B BUAE OJHOTO YKCIIA - TOYKU
Ha YHMCJIOBOM MpsIMOM, Ha3bIBaeTCA moueynou. OIlEHKa, OJyYCHHAs B BUJIC WH-

TCpPBaJla, HA3bIBACTCA uHI’l’lepBaﬂbHOlZ.
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2.1 HECMEILIEHHBIE, SO®EKTUBHBIE I COCTOSTEJIBHBIE OLICHKH

Bce cTaTuCTUKHM M CTaTUCTUYECKHE OICHKH SIBISIFOTCS CIy4YailHBIMU BEJH-
YMHAMM, IPUHUMAIOIIUMU Pa3JInYHbIEC 3HAYEHUS IPU TIEPEXO0JIE OT OJJTHOM BBIOOPKU
K ApyroM (Jaxe B paMKax OJHOM FeHepaJbHOW COBOKYIHOCTH). OqHAKO 3HAUYECHHS
OLIEHKH, MOJCUYNTAHHBIE 110 PA3HbIM BBIOOPKAM U MOATBEPKACHHBIE CIydailHOMY
pa3bpocy, JOJKHBI KOHIEHTPUPOBATHCSA OKOJIO ICTUHHOTO 3HAaYEHUS OLIEHUBAEMO-
ro mapaMerpa. 1o obecriednBaeTcsl TpeOOBAHUSMH, MPEABABISIEMBIMH K TOUCY-
HBIM OILIEHKaM, KOTOpbI€ (DOPMYIHPYIOTCS C MMOMOIIBIO TPEX CBONCTB OLIEHOK: CO-
CTOSITEJIBHOCTH, HECMEIIEHHOCTH U 3 (HEKTUBHOCTH.

CrarucTuka € Ha3bIBAETCA COCMOAMENbHOU OLEHKOM mapamerpa €, ecin
110 Mepe pocTa unciaa Ha0IoAeHUH (Ipu N —> 00), OHAa CTPEMUTCS 110 BEPOATHOCTU
K OI[EHUBAEMOMY 3Ha4eHUI0 @, T.c. mpu & > 0 BBINMOJHACTCS PAaBEHCTBO:

Iim(‘é’*—é"<5j:1. o

n—o
DTO 03HAYaeT, YTO JIsl JIFOOBIX MOJIOKUTEIBHBIX YUCEN £ U ¥ HaWJeTcs Ta-
KO€ 4uCIOo N, , YTO AJIA BCEX YUCENl N, YAOBICTBOPSIOIIMX HEPABEHCTBY N>N .,

BBITIOJTHSIETCSI YCIIOBHE:!
* N
Pp —49H<g/>1—7/_ (2.1)
CratcTnka @ HasbIBaeTCsA HecMeljenHoll OLEHKOM mapa merpa 6, eciu
pu J1I000M 00beMe BHIOOPKH N pe3ynbTaT €€ YCPEeIHEHUs 0 BCEM BO3MOYKHBIM

BBI60pKaM IMPpUBOAUT K TOYHOMY MCTHHHOMY 3HAYCHUIO OLCHUBACMOI'O I1apaMcET-

pa, T.€. BBIIOJIHAETCS YCIOBHE:
*
M@ )=6, VOeO. (2.2)
CBOICTBO HECMENIEHHOCTH O3HAYaeT OTCYTCTBHE OLIMOKH B CPEAHEM, IPU
CUCTEMATUYECKOM UCIOJIb30BAaHUH OLIEHKH.

Cratuctuka 0 HaspIBaeTcs >¢(hghekmuenoti OLEHKON mapamerpa 6, ecinu

OHa CPpCaHu BCCX IIPOYHX OLCHOK TOI'0 KC CaMOIo IIapaMcTpa 06J1az[aeT HanMCHb-
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el Mepou cirydaitHOTO pazOpoca (HaMMEHBIIEeH TUCTIEPCHE) OTHOCHUTEIHLHO HC-

THUHHOTI'O 3HAYCHHA OICHUBACMOI0 ITapaMeTpa, T.€. UMECT MCCTO PaBCHCTBO:

D(0") =minD(4)), (2.3)

rje Qi* - HECMEIIEHHBIE OIIEHKH napameTpa 6 .

D¢} PeKTUBHOCTD SABIISETCSA PELIAIOLIMM CBOWCTBOM, ONPEICISIONIMM Kaude-
CTBO OLICHKH, U COCTOSAIIUM B TOM, YTO M3 BCEX BO3MOXKHBIX HECMEILIEHHBIX OlLle-
HOK mapaMeTpa €, BRIYUCICHHBIX 10 BEIOOPKaM OJTHOTO M TOTO k€ 00beMa, BHIOH-
paercs Ta, KOTopasi UMEeT HAaUMEHBIIYIO TUCIIEPCHUIO.

Ha npakTuke npu olleHKE mapaMeTpOB HE BCErJa OKa3bIBAETCS BO3MOKHBIM
OJIHOBPEMEHHO BBIIIOJIHEHHE TPEOOBAHUI HECMEIEHHOCTH, 3()P(PEKTUBHOCTU U CO-
CTOATEIBHOCTU OLEHKH. ONpenesnsatoT OUEHKN acUMnmomu4ecku, T.e. mpu N —» o,

YAOBJICTBOPAIOMINC YKAa3aHHBIM Tpe60BaHI/IHM.

2.2 TOYEYHOE OLIEHMBAHUE [TAPAMETPOB BbIEOPKU 1 TEHEPAJIHOI
COBOKVYIIHOCTHU

Ecnu no BeIOOpKE (X1, X2, ... , Xy ) TpeOyeTCs OICHUTh MATEeMAaTHYECKOES
oxunanne M(X) = a u guctepento D(X) = ¢ ciy4aifHOi BeIHYHHBI X, TO €CTECT-

BC€HHO B Ka4C€CTBC OLICHKHN MAaTCMAaTHYCCKOI'O OXXUIAaHU B3ATb BBI6OpOIIHYIO cpea-

HIOI0 apudmeTnyeckyro, onpenensemyro 1o ¢opmynam (1.13) wmm (1.13"), T.e.

n k
a*:_)_CGZi:]' y a*zigzizl—, (2.4)
n k
>n

i=1
a B KQUECTBE OLICHKHU JHCIIEPCUU — BHIOOPOUHYIO JUCIEPCHUIO, ONPEACISIEMYIO 1O

dopmyiam (1.24) u (1.24):

D*=D, =12 , D"=D, == (2.5)

67



Bri6opounas cpemnsisi apudMeTryeckasi SBISETCA COCTOSITEIBHOM, HECMe-
meHHOW W d()PPEKTUBHON OIEHKOW MaTeMaTHYeCKOTO OXKHIAHWS, a BBIOOpOYHAS
JUcTiepcus 001aaeT 3TUMU CBOMCTBAMHU JIUIIIh aCHMITTOTUYECKH.

JIJig mokaszarenbCcTBa HECMENMIEHHOCTH HEKOTOPBIX TOYEUHBIX OIEHOK OyIemM
paccMarpuBaTh BEIOOPKY 00beMa N Kak CHCTEMY N HE3aBHCHUMBIX CIIy4allHBIX Be-
amauH X1, X 5,.. , X, KaXaas U3 KOTOPBIX UMEET TOT K€ 3aKOH Paclpe/eNiCHUs ¢
TEMH e TTapaMeTpaMH, 4TO M CIydaifHas BeJMYMHA X, MPEACTABIISIONAs TeHEPah-

HYIO COBOKYIIHOCTbD. HpI/I TAKOM IIOAXOAC CTAHOBATCA OUCBUIAHBIMU PABCHCTBA!

M(xi ) = M(Xi ) =M(X);
D(x; ) = D(X; ) = D(X) nns Beex i =1,n.

Tenepb MOJKHO IIOKa3aTb, 4YTO BBI6OpOLIHaH CpCaHsia Xg - €CTb HCCMCIICH-

Hasl OLICHKA CPEJIHEN T'eHEPaTbHOM COBOKYITHOCTH WJIM, YTO TO € CaMOe€, MaTeMa-
THUYECKOTO OKUJIAHUSA UHTEPECYIONIEH HAC CIIyYalnHOW BEJIMYUHBI X

M(X,)=M X1+X2:“'+X“ =%(/I(X1)+M(X2)+...+M(X Timx) =M.

n s n

BriBenem opmyiy miis qucniepcuu BBIOOPOYHOM CpeTHEN:

D(x,)=p| 2 T =n—12 pb(x,)+D(X), +..+ D(Xn)}inD(X) _DbW)

n n? n

Haiizem MareMaTudeckoe OKHJaHHE BHIOOpOUHON aucrepcuu o°. CHavyana

npeoOpasyeM o’ CIeayIonUM 00pa3oMm:

=}

0 =1 €% 2= 1Y €M) M ()%, 2
=%Z «-MD2-2¢-MD) K -M)F € -M)* -

:%Zn:((i—M(X)j—Q—M(X)j-

3/1eCh UCTIOIB30BAHO MTPEOOpa3OBAHME:
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326, -M(N) ¥, ~M(X) Z2€,-M(1) Y € -M () >
=2€, —M(X)ézn:xi —iM(X)]:Z(g ~M(X) %X, —nM (X) =2n€ - M (X)>

TCHCpB, HCIIOJIB3Ys ITOJIYYCHHOC BBIIIC BBIPAXKCHUC IJIS1 BCIIMYMHBI o’ ) Hau-

€M €€ MATCMATHYCCKOC OXKXKHNAAHNC.
1 2
M(0?) = MLHZ & -M(X) -€ -M(X)" |=
i=1

:%i'\" ¢« -MX)2-ME, —M(X)f=%nD(X)—D(>‘<g):

D(X) _ n-1

— D(X) - D(X)..

Tak xak M(?) # D(X), To 6blO0pounas oucnepcus ne A6715€mcs HeCMeweH-
HOU OYEHKOU OUCNePCUU 2EHEPATIbHOU COBOKYNHOCHIU.

UtoOBl MOJYyYUTh HECMEIIEHHYIO OLIEHKY AMCIEPCHUU TeHEPaJIbHON COBO-

n
KYITHOCTH, HY’)KHO YMHOXUTbh BEIOOPOUYHYIO THCIIEPCUIO Ha 1 Torna nomyuur-

Cs BCJIMYHHA

S?’=——0°=—-D, (2.6)

Ha3bIBa€Masl UCNPABIEHHOU 8blOOPOUHOL OUCNEePCUelL.
COOTBETCTBEHHO, CMENICHHOW M HECMEIICHHOW OLIEHKAMHU CPEIHEr0 KBal-

paTHYCCKOro OTKJIOHCHUA CIIY>KAaT BCIIMYNHLI:
6 8 6 6 " .

Ilpumep 17. Tlo panHbiM MuKponiepenucu 1999 r. mosiydeHo criepyroiiee
pacrpeiejieHie HaceJIeHus, MPOKUBAIOLIETO B MECTE TOCTOSHHOTO KUTEJIBCTBA HE

C POXKJICHUS:
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HpOI[OH)KI/ITeHBHOCTB IIpo-
KUBaHUSA B MeECT€ IIOCTO- | MeHee | 2-5 6-9 10-14 | 15-24 | 25mn
SSHHOI'O XKUTCJIbCTBA, JICT 2 60.]166

Ions nHacenenus B % x| 7,5 11,0 10,5 12,3 21,1 37,6

UTOTY

Haittn HecmeleHHble OLICHKM MAaTeMaTUYECKOTO OXUJIAHUS, AUCIIEPCUU U
CpPEIHET0 KBAJPAaTUUECKOrO0 OTKJIOHEHMS MPOAOJLDKUTEILHOCTH MNPOKUBAHUS B
MECTE MOCTOSIHHOTO KUTEIbCTBA.

Pewenue. Tak Kak HECMEIIECHHON OILICHKOM MAaTEMaTHYCCKOro OXKHJaHUS
SBJISIETCS BEIOOpOYHAsS CpeliHsIs apudmeTnyeckas, a s JUCIIEPCUU - HCTPaBJICH-

Has BRIOOpOYHAs AUCHEPCHs, TO JAJIA UX pacyeTa MOCTPOUM TabJIUILy:

Tabnuua k npumepy 17

[Iponomxurens- | Honsa | Cepe-
HOCTH TIPOKMBa- | Hace- | JMHA _ — —
HHS B MECTE IO- | J€HHs | UHTEp- X (xi- X6) | (xi- X6)™ | (xi- Xg) ™My
CTOSHHOTO  H- |B % K |Bama, X
TENbCTBA,  JIET | UTOTY,
(Xiy; Xi1) n;
1 2 3 4 5 6 7
MeHee 2 7,5 0,5 3,8 -17,4 302,8 2271
2-5 11,0 3,5 38,5 14,4 207,4 2281,4
6-9 10,5 7,5 78,8 -10,4 108,2 1136,1
10-14 12,3 12,0 147.,6 -5,9 34,8 428,0
15-24 21,1 19,5 4115 1,6 2,6 54,6
25 u Gosee 37,6 29,5 1109,2 11,6 134,6 5060,9
Htoro 100,0 1789,4 11232

OnpenenuM BBIOOPOYHYIO CPEHIOI apuPMETHIECKYIO B3BEIICHHYTO (Tpada

3) cornacHo (2.4):

Xg = 17894 =179 (rona).
100

Bri6opounas nucnepcus onpenenutcs mo Gopmyne (2.5):

70




k
Z((i_xe/ni _ 11232

=112,3.

HecMmemeHHbIe OIEHKH AUCTIEPCUHA U CPETHETO KBAIPATHIECKOTO OTKIIOHE-
HUS onipeneauM 1o dhopmynam (2.6) u (2.7):

% =L1 D, :%412,3:113,45; S = /113,45 =10,65.
n_

2.3 METO/Ibl CTATUCTUYECKOI'O OLIEHMBAHM S HEM3BECTHBIX
ITAPAMETPOB

ToueuyHble OLICHKH, YAOBJIETBOPSIOIIME CBOMCTBAM HECMEIIEHHOCTH, (-
(EKTUBHOCTH U COCTOATEIBHOCTH, MOIYYAIOT C IOMOIIIBIO METOAa MAKCUMAJIBHOTO

HpaBI[OHOI[O6I/I$I n ME€TO0aa MOMCHTOB.

2.3.1 METOJI MAKCUMAJIBHOT'O ITPABIOIIOJOBU S

[Mycts (x1, X2, ... , Xy ) — HE3aBUCUMas BRIOOpPKA M3 PACIIPEICIICHUS C IJIOT-
HOCTRIO p(X, O, Hk) , 3ABUCAILICH OT HSM3BECTHBIX MAPaMETPOB 6,0),,..., 6, .

DOyHKIUSA BUIA

n
L(x,0) = i}]lp(xi,ﬁl, <92,..., 6’k) = p(X1,<91,..., Hk) -p(XZ, 6’1,..., Hk)-...-p(xn,ﬁl,..., 6’k) =

(2.8)
= L(¢91, 92, : 6’k).
Ha3bIBACTCS yHKYUel npasoonododbus, a GyHKIHS
n n
InL(x,0) = Ingp(xi ,6’1,92,..., Hk) = .Zlnp(xi ,91,92,..., Hk) (2.9)

i=1

Ha3BIBACTCS J102apuhmuieckol hyHKyuer npagoonoooous.
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[Ipu cocraBnenun Qynkiuu npasaononodus (2.8) ciexyer UMEeTh B BULY,

9TO X1, X2, ... , Xn — (PUKCHPOBAHBI, a TApaMETPhI 91,492,..., 49k SABJISIIOTCS. TIEPEMEH-

HBIMH BCIIMYHNHAMU.

MeTOI[ MaKCHUMaJIbHOTI'O HpaBI[OHOI[O6I/I$I COCTOUT B TOM, 4YTO B Ka4YC€CTBC

* * *
OLICHOK 91 ’92""’9k HEU3BECTHBIX MMapaMeTPOB 91,92,...,¢9k OepyTcsi Takue 3Ha-

YEHUSI apryMEHTOB (YHKIIUU TPaBIOMOA00Ms, KOTOphIe 0OpariarT e B MaKCH-
MyM. Oyenkoul napamempa 6 no memooy MaKCumMaibHo20 NPpasoonodoobus Has3bl-
BaeTCs 3HaueHHe 6 pu  KOTOPOM (DYHKIHS MaKCHMAJIBHOTO IMPaBIOTION00MS
JOCTHTAaeT HAWOOJBIIET0 3HAYCHMs, KaK (YHKIUS MHOTHUX IEPEMEHHBIX

6’1,6’2,..., Qk, B obiactu @. Tak kak ¢yukius INL(X,6) MOHOTOHHA, TO MaKCHUMY-

mbl QyHKIu L(X,6) coBmanmaror ¢ makcumymamu ¢ynknuu INL(X,80), kotopas
OoJiee pocTa ISl KCCIICIOBAHUS HA SKCTPEMYMBI.

JInst HaXOXKJIEHHsI OLIEHOK MaKCHUMAJIbHOTO IMPaBAONOJ00MS HEOO0X0IUMO
PELIUTh YPaBHeHUs NPABOON000OUSL.

oL(0,.0,...6,)
20,

=0, i=12,...k (2.10)

401041

ainL(@.,é.,....6)
1 2 kZ 2.11
50 0, (2.11)

Tak kak 4acTHbIE TPOU3BOAHBIE OT Jorapupuieckol (GyHKIMH MPaBAONOA00uUs
onpenenarcs no Gopmysam:

ANL(G,.0,6,) 1 (0.8,

aei gi aei ’

TO paBeHCTBO (2.11) 3anumercs:

8InL(61,6?2,...,6?k) :i_al‘(gl’gz""’gk)

o0, Hi o6,

- 0. (2.11)
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Ipumep 18. Tlyctb (x1, X2, ... , Xy ) - BBIOOpKA U3 pacupenencaus [lyaccona
C HEU3BECTHBIM NapameTpoM A. HailTu oueHky mapamerpa A MO METOJY MaKCH-
MaJbHOTO MPABAONOA00US .

Pewenue. JIna ciiydaliHOW BEIWYWHBI, PACIPENCICHHON 10 3akony [lyacco-

Ha, (QYHKIUS IUIOTHOCTH UMEET BUJI:

ma—A
P(X =m) =%. (2.12)

Torna norapuduueckast GyHKIMS MPaBIONOI00MS 3aIUIIETCS:

InL(x, 1) =Zn:|n{’ﬁeﬂ]:icilni—ﬂ.—ln(xi)!} 23 x - An-YIn(x,).

i1 (x;)! =
HailinemM makcumMyM (yHKUIHH, UCHOJB3Ysl METOMbI TU(PPEpeHIMAIBHOIO UCUHCIIe-
HUs. BpluucnuM nmpou3BOJHYIO OT MOJIYYEHHOM jorapuduyeckorl GpyHKuuu npas-

JOTIOI00USI U IPUPABHSAEM €€ K HYJIIO:

Tornma oneHka mpaBaono00us mapaMmerpa A ONpENeTuTCs B BHJAE BHIOOPOUHOM

cpemHeit apudMeTHIeCKON
A= lzn:xi =X .
ni= ¢
Ilpumep 19. HailiTu olleHKM MaKCHMAJbHOTO TPABAOIOAO00HUS MapaMeTpoOB
HOPMAJIBHOTO paclpeIeIcHuUsI.
Pewenue. 1lyctp n3zyyaemas BenuurmHa X pacrpenesieHa 10 HOPMAlbHOMY
3aKOHy ¢ MaTEeMaTHYECCKUM OXHUIAHUEM d W CPEIHUM KBaJIpPaTHYECKUM OTKIIOHE-

HUEM O, TNIOTHOCTh pacipeiesieHnst KOTopou 3amaercs Gpynkiuei ["aycca:

_€-a’ _g-a’
1 e 207 1 2D

= 2 “ b C

(2.13)

OyHKIMSA MPABAONOI00US B 3TOM Cilyuyae sIBJIeTCS (PyHKIMEH IBYX IMapa-

meTpoB a v 0 (unu a u D), xoTopas onpeneiauTces Kak
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1 2D 1 2D 1 2D _—
L(a.D)= € 1 e 1 . _
(@.D)=7 J2D J2D
1 n
1 __.-Z (i_az
— .e 2D i=1
eﬂD\n/z

A

Bocnonezyemcst morapudmudeckoit GyHKIIUEH MpaBaonoa00us:

_ 1 . .
_ —a
1 2D ?" -
InL(a,D)=In|—— = .e h=1 =
emD >

_n Mp- 1 S g—a?
2In(27z) 2InD 55 Iz:l((, a“.

Tenepb cocTaBUM cUCTEMY YPAaBHEHH MPaBIONOI00US:

onL(a,0) 1 N
— = —a =0,
da D .Z(' -

i=1

2
olnL(a,o) n 1 7 N
=——+ ( —-a =0

do 2D op?% [C,

N3 nepBoro ypaBHeHUsl CUCTEMBI HAUJEM OLIEHKY MAaKCUMAJIbHOTO MPABIO-

noAoOust @ Jj1sl mapaMeTpa a:

HOI[CT&BH?[?I 9TO 3HAYCHUC BO BTOPOC YPABHCHUC CUCTCMBI U, pCHIas €ro OTHOCH-

TenabHOo D, momyuum:

Takum o6pa30M, OOCHKAaMH MATCMAaTH4YCCKOI'0 OXHIAAHHUA WU AUCIICPCHU

HOPMAJIBHO pacIpeesieHHON CIIy4ailHOM BETMYUHBI ABJISIIOTCS BEIOOpOYHAsk Cpe-
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Hsl apudmeTnyeckas U BbIOOpOYHAsI TUCHIEPCHsl COOTBETCTBEHHO. OIHAKO BBHIOO-
pouHas nucnepcus OyAeT CMEIICHHON ONEHKOM ISl TeOPEeTUYEeCKOW IUCIIEPCHH.

VYcerpansisi cMeleHue, Nojy4aoT HECMEIICHHYIO OLEHKY Aucnepcuu Buaa (2.6).

3AIIAUN JIJII CAMOCTOSTEJIBLHOT'O PEILIEHUSA

31. IlpoBeaeno 150 He3aBUCUMBIX HAOIIOACHUN CIy4YailHONW BETHYUHBI X —
CpOKa CIIyObl HEKOTOPOI'0 00OPYOBAHUS:

Xi|2] 3] 5] 7 ]38 ]10
n | 711934 |57 ]24] 9

C‘-II/ITaH, qTo cnyqaﬁHa;I BeIMunHa X pacipcaciicaa 1o 3aKOHY C INNIOTHO-
CTbIO

—ax
px,a)=a-e " ,x=0
Haiitu onieHKy mapamerpa d 1o METOJy MaKCUMaJIbHOIO MPaBA0NOa00Us.
32. Ilposeneno 100 He3aBUCUMBIX HAOMIOJECHUM ClTydyalHOW BEIMYMHBI X —

JI0X0/1a Ha Y1y HAaceJIeHUs (B JCHEKHBIX €IMHUIAX ):

Xi|2] 4] 6 | 8|10
n | 8|13 | 42 | 25 | 12

Cuwuras, 4ro ciydailHag BelnunHa X pacrpejnesieHa 1o 3akony Ilapero ¢

IINTOTHOCTBIO

6+1
p(x,0) = %Gj X2 ,(0>0),

0 X < 2.

Haiitu mo MeTory MakCMMalibHOTO TIPaBAOIIOA00MS OIIEHKY TTapameTpa 4.
33. KonTposupyemslil pazMep AeTalld €CTh CllydaiiHas BeJIMunHa X , pac-

MNpCACICHHAs 110 3aKOHY C IIJIOTHOCTBIO

2_ )2
2 a8

— , x=0.
15-2x

p(x,a) =

Haiitn mo meTomy MakCMMalIbHOTO TPABAONOAO00MS OLIEHKY TapameTrpa a,

eciu pe3ynbTaThl 30 u3MepeHui NpeACTaBICHbI B BUIE pAJla:
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Xi 2 / 12 | 17 | 22 | 27 | 40
Ni 4 110 | 7 3 2 2 2

34. IIpoBeneno 50 He3aBUCUMBIX HAOJIOJCHUHN CIIydyalHOW BEJIMYUHBI X -
ko3 duLMeHTa UCTOIb30BaHUs Mpodera sl aBTOTPAHCIOpTa HEKOTOPOM obac-
TU. Pe3ynbTaThl HAOMIOACHUN TTPEACTABICHBI B BUJIE PAJIa:

Xi 2 4 5 6 8 |10 | 11
n; 3 /7 130 | 4 3 2 1

Cuuras, 4To ciiydailHas BeJMyuMHA X paclpesiesieHa Mo 3aKOHY € IUIOTHO-

2.2
a X

—ax o
creio P, a) = € ™, x20. Haiitu OLICHKY MapaMeTpa a, UCHOJIb3ys Me-

TOJ, MAaKCUMaJILHOTO MPaBA0NO00Us.
35. [IpousBeneno 50 HE3aBUCUMBIX HAOMIOACHUN ClIy4ailHON BenmuyuHbl X -
YpOBHSI 3apaOOTHOM IUIaThl OAHOTO PAOOTAIOIIErO0 Ha JAHHOM MPEANPUSTUU

(ThIC.pY0.) Pe3ynbrarel HAOMIOIEHUI IPECTaBICHBI B BUJIE psija:

Xi 20| 30 | 60 | 80 | 90
n; 6 |12 | 16 | 10 | 6

Cuuras, 4yTo ciyyaiiHas Beln4rHa X - pacrpenesieHa mo 3aKOHY C IIOTHO-

CTBIO

p(x,a):ie 8 | x>0
2w

Haiitu mo MeToly MakCUMaJIbHOTO MPaBAONOI00MS OIIEHKY MMapaMeTpa d .
36. Pesynbrarsl 50 He3aBUCUMBIX HAOMIOICHUN CIIy4ailHOW BeIM4WHBI X -
dboHA00TAAUN TIPEANPUITHI TaHHOW OTpaciu (MIH.pyO.) TIPEACTABICHBI B BUJC

pana:

X 1 2 4 6 7 8
n; 5 | 24 | 8 7 4 2

[Tonaras, yto BenmnuuHa X - pacnpeesieHa o 3aKOHY C IMIIOTHOCTBIO

p(x,a)= 1 a’x%e™® x>0.

2

76



Haiitu mo MeTory MakCHMMalibHOTO TIPAaBAONIOA00MS OTICHKY TapaMeTpa da .
37. Haiiti 1o MeToy MaKCHMAaJIbHOTO MPAaBIOIOI00MS OIICHKY HapameTpa
@ PacIpeleNICHUs C INIOTHOCTBIO

p(x, a) = 3X2a_3e(aj , X=0,
0, X <0.

eciu pe3ysbTaThl 60 HE3aBUCUMBIX UCCIIEIOBAHUM MPEICTABICHBI B BUJIC PAA:

Xi |100|120|140|160 170|200
n | 8 114128 6 | 3|1

38. Haiiti mo mMeTomy MakKCHMaJIbHOTO MPAaBIOIOA00HS OIICHKY IapaMeTpa

6 >0, ecnm pacrnpeesieHne BEIOOPKH UMEET ITIOTHOCTD:

Ox% xe l), 1,

x,0) =
p(x,0) 0. xe bl

39. Haiitu o mMeToly MaKCUMaJIbHOTO MPaBIONOJA00us OIICHKY MapameTpa

6 >0 , eciiu pactpenenieHue BEIOOPKHA UMEET TIJIOTHOCTb:

2x -
—, Xep g,
p(x,0) =16 . _
0, xe o,
40. Iycte (x1, X2, ... , Xn ) - BBIOOpPKa M3 JBYXIapaMETPUYECKOIO MOKa3a-
TEILHOTO PaCMpe/Ie/iCHHs C MIIOTHOCTHIO
_ (x=b
1
p(x,a,b)=a € 2 ,x>b,
0, X <D,

rae a>0,b¢ R. Haiitn orneHky MakcHMMaiabHOTO MPaBIONOa00Ms ABYX HapamMeT-

pos &, Db.
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2.3.2 METOJI MOMEHTOB

MCTOI[ MOMEHTOB OBIII MMPpCIJIOKCH HM3BCCTHBIM QHTJIMHMCKUM CTAaTUCTHUKOM

K.IIupcoHOM M OoTiAMYaeTcss NPOCTOTOW MOJNYyYEHHsI OLEHOK. Memoo momenmos

COCTOHUT B TOM, YTO OIICHKM HEH3BECTHBIX MMapaMeTpPOB 91*,49;,_,,,0;2, OTIPEICIISIIO-
UX 3aJaHHOE pacIpeesieHue C TUIOTHOCTBIO pacipeaeiacHus p(x,Hl,Hz,...,Hk),

HaxoasATCA KaK pCIICHUC CUCTCMBI ypaBHeHHﬁ, HOHy‘lGHHOﬁ M3 PaBCHCTBA HAYaJIb-
HBIX MOMCHTOB FGHGp&HBHOﬁ COBOKYIIHOCTH (TeOpeTI/ILIeCKI/IX Ha4daJIbHbBIX MOMCH-
TOB) u BBI60pO‘IHBIX WM OMIIMPUYCCKUX HAYaJIbHBIX MOMCHTOB, HaﬁﬂeHHBIX I10

3aIaHHOU BBIOOpPKE:

-

m (6,,0,...6,)=m

*

1 1

{0 O O =My (2.14)

9IS mr(Hl,Qz,...,Qk), r=1,2,..., k - reopernueckre HadaIbHbIE MOMEHTEI,

onpenesnseMsbie 1o Gpopmynam:

m (6,6,.-.8)=M(X")= [ X"-p(x,6.6,..6)d,  (2.15)

— 00
*
am (6’1,6?2 yeres Hk) - SMIIMPUYECKUE HAYAIbHBIE MOMEHTHI, BEIYUCIIIEMBIE TIO

dbopmynam (1.32). Ucnonb3oBaHrue HadalbHBIX MOMEHTOB HE00s3aTE€JIbHO, MOTYT
WCITOJI30BATHCS IIEHTPAIBHBIC TEOPETUUECKUE MOMEHTHI i COOTBETCTBYIOIITUE UM
OMIUPUIECKUE MOMEHTHI.

Ilpumep 20. Ilpu TecTHpOBaHUU TPYIIBI CTYJCHTOB €CTh OCHOBAHHE CUHU-
TaTh, YTO CpeaHUi 0aur X - paBHOMEpHO pacrpejeicHHas Ha oTpeske [a;b] ciy-
yaiiHas BEJIMYMHA. Pe3yabTaThl UCCIEI0BAHNUM TTPEICTABIIEHBI B BUE PAA:

Xp | 1] 2 3 4 | 5
n 112110 | 9 9 110
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Ha¥iTn MeTooM MOMEHTOB OIICHKH ITapamMeTpoB a u b.

st pasnomepnozo Ha otpeske [a;b] pacnpeoenenuss mnoTHOCTH BEPOSTHO-

CTU UMEET BUJ:
., a<x<b,

p(x;a,b)=<b-a (2.16)
0,x <a,x)b.

Teopernyeckue HayanbHbIE MOMEHTHI corsiacHO opmyre (2.15) paBHbI:

b b
m, (a,b) =M (X) = [x- p(x,a,b)dx = - [xdx =
—a
2‘ a2=b+a_
“b-a 2\ b-a 2
L 2dx =
a b_ a
3P 33 2 2
_ 1 X =b —a =b +ab+a
b—a 3a 3(b-a) 3

9MHI/IpI/I‘l€CKI/IC Ha4dYaJIbHbIC MOMCHTHBI BBIYHCJIIAIOTCA 110 SaI[aHHOfI BbI60pK€

o0wema N = 50:

k
e :lzxi n :i(-12+2-10+3-9+4-9+5-1o} 20:

Kk
:ﬁ X2 .1, = (12 12+2°-10+3°-9+47-9+5 10)=1054

[To MeTOy MOMEHTOB OIIEHKH JIBYX HEHM3BECTHBIX MapaMeTpoB a U b Haxo-

JSITCS U3 CUCTEMbl ypaBHeHUH (2.14):

b+a _29
2
2 2
b +ab+a 1054,
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Orcrona

b+a=58
b? +ab+a® =3162.
N3 pemienns 3TOM CUCTEMBI YPAaBHEHUH IOJIYy4aeM OLICHKH MapaMeTpoOB a U

b:a" ~0,37: b ~5,43.

3AIIAUU JIJII CAMOCTOSTEJILHOT'O PEILIEHUSA

41. IIpu oOcnenoBaHuU MPOJOJKUTEILHOCTH CTOSIHKM aBTOOyca Ha Mpome-

KYTOYHOM CTAHIIMM MOTYYEHBI JaHHbIE (MUH. ):

X; 4 S 6 7 8 9
n; 12| 15 | 10 | 12 | 11 | 12

C‘-II/ITa}I, 4TO IIPOAOIKHUTCIBHOCTL CTOSAHKH X IMOJYUHACTCA 3aKOHY pac-

npeaACICHHUA C IINIOTHOCTBIO

p(x;a,b):i, a<x<bh.
b-a

Haiitu ¢ momompo MeTo/1a MOMEHTOB OIIEHKH TTapaMeTpoB au b.
42. Ilpu oOGcnenoBanuu paboOThl OMJIETHOTO KacCUpa MOJIyYEHbI CIEIyIOINe

JIAHHBIC TT0 BPEMEHH 00CTYKMBAaHUSI MTACCAXKUPOB (MHUH.):

Xi 2 3 4 5 6 / 8
n; 1 2 1 3 8 4 1

Cuuras, yTo ciiy4aiitHas BenmuuruHa X - BpeMs 0OCITyKUBaHUS pacipesesieHa

10 TaK Ha3bIBAEMOMY «JIBOMHOMY» 3akoHy llyaccona, TO ecTh

_ _1a™ _, 1b" _y B
p(m,a,b)—Eﬁ +Eﬁe . .m=12,....

Haiityt o MeTOy MOMEHTOB OILIEHKH ITapaMeTpoB a u D.

43. meroTcs caeayromue JaHHbIe O pa3Mepax OCHOBHBIX (DOHIOB MPEIIPH-

atuid (MJIH.pyo0.):

Xi 220 | 221 | 224 | 225 | 233
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Cuurtas, 9To ciiydaifHas Benu4rHa X - pa3Mep OCHOBHBIX (DOHJIOB pacripe-

JIeJIEHA T10 «IBOMHOMY» 3aKoHy Ilyaccona, To ecTpb

_ _la™ , 1b" B
p(m,a,b)—zﬁe +§ﬁe -m=01 2,....

Haiitu ¢ moMoIIp0 METO/1a MOMEHTOB OIIEHKH IapaMeTpoB a u b.
44. Pe3ynbTaThl TECTUPOBAHMS PYKOBOJIUTENEH psAlla MPEIIPUSTUN NpUBeE-
JICHBI B CIIETyIOIIeN Tabaune:

X, |220] 221 | 224 | 225 | 233
n | 4| 3|5 4] 4

Cuuras, yTo cilydaifHas BenmuyuHa X - CyMMapHbIA 0ajul MOJYUHSIETCS 3a-
KOHY pacIpeieseHUsl C MIOTHOCTHIO

p(x;a,b):i, a<x<h.
b-a

Haiitu o MCTOY MOMCHTOB OILICHKHU ITIapaMCTPOB ad U b.

45. Vcmonb3ys METOJ MOMEHTOB ¢ TIpOOHOH (GyHKIMEeH J( X )= X,OIlCHUTD

napamMeTp CABUIA b € R mokazarensHOro pacupeaciiCHus € IJIIOTHOCTBIO

P x>p

X, b)=
P( ) 0, X <b.

46. Ilyctp mana BEIOOpKA M3 JBYXMapaMETPUUIECKOTO TMOKA3aTeIbHOTO pac-
IIPENEIEHUs C IUIOTHOCTHIO
x—b
p(x,a,b) = ale 2  x>b,
0, X <h.

Hcronp3ys MeTo MOMEHTOB, OLICHUTH IMapaMeTphl MaciiTtadba a >0 u ciaBu-
rabeR.

47. CnydaitHas BenuyuHa X (YMCIIO CeMsIH COPHSIKOB B MpoOe 3epHa) pac-
npeneneHa no 3akony Ilyaccona. Huke mpuBeneHo pacnpesenieHne CeMsiH COpH -

koB B N =1000 npobax 3epHa (B MepBOi CTPOKE YKa3aHO KOJIMYECTBO X; COPHSAKOB
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B OZIHOW mpoOe; BO BTOPOM CTPOKE yKa3aHa 4acToTa N - YUCIO HpoO, comepika-

IIUX X CEMSIH COPHSIKOB):

x | 0 | 1] 2 | 3 | 4 56

n; 405 | 366 175 40 8 4 2

Haittu meTroqoM MOMEHTOB TOYEYHYIO OILIEHKY HEHW3BECTHOIO ITapaMmeTrpa
pacnpenenenus [lyaccona.

48. Cnydaiinas BenuuuHa X (BpeMsi pabOThl 3J€MEHTa) MMEET IMOoKa3a-
TeJbHOE pactpeneneHue. Huke npuBeneHo SMIUPUYECKOE PACIIPENICTICHUE CPE-
Hero BpeMeHu paboTel N =200 seMeHTOB (B MEPBOIl CTPOKE MPUBEICHO CpEeaHEE

BpeMs X; pabOTBI 3JIEMEHTA B Yacax; BO BTOPOM CTPOKE yKa3aHa 4acToTa N - KO-

JMYECTBO JIEMEHTOBY MPOPAOOTABUIMX B CPEJHEM X YACOB):

X, 2,5 7,5 12,5 17,5 22,5 27,5

n; 133 45 15 4 2 1

HaiitTu  MeTogoM  MOMEHTOB  TOYEYHYIO  OIIEHKY  HEH3BECTHOIO
napaMeTpa Mmoka3aTeIbHOTO Pacpe/IeICHNS.

49. Haiith METOJOM MOMEHTOB MO BBIOOpPKE (X1, X2, ... , Xpn )
TOYEUYHBIE OIICHKM HEW3BECTHBIX TMapaMeTpOB dad HW O HOPMAJIbHOTO
pacripeiesieHus, II0THOCTh KOTOpOro 3anaetcst popmysion (2.13).

50. Cnyuaiinas BenmuumHa X pacrpesiesieHa Mo «IBoHHOMY» 3akoHy Ilyac-
coHa. Hmwxke mpuBeeHO SIMIUPUUECKOE PACTIPEICICHUE YHCIa TOSIBICHUN COOBI-

U B N =327 ucnbITaHusAX (B NEPBOM CTPOKE yKa3aHO YHUCIO X;- MOSBICHUHN CO-
OBITHA; BO BTOPOH CTPOKE IMPHUBEJAECHA YacTOTa N; — KOJUYECTBO HCIIBITAHUM, B

KOTOPBIX MOSBUIIOCH X; COOBITH):

X; | O 1 2 3 4 5 6 7 8 9 10

n | 28 47 81 67 53 24 13 8 3 2 1

Haittu MCTOAOM MOMCHTOB TOYCYHBIC OLICHKHM HCH3BCCTHBLIX IIapaMCTPOB

«aBOWHOTO pacnpeneneuus» [lyaccona.
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2.4 VHTEPBAJIbHBIE OI[EHKU

B mpaktuueckux 3amadax Hapsly ¢ TOUYEYHBIMU OLICHKAMH HEOOXOAUMO
yKa3bIBaThb MHTEPBAJIbI, KOTOPbIE OBl C MPAKTUYECKON JOCTOBEPHOCTBIO, T.€. C Be-
POSITHOCTBIO, OIM3KOM K €ANHMUIIE, TIOKPHIBAJIM Obl HICTUHHOE HEM3BECTHOE 3HaYe-
HUe napamerpa. Takue MHTEpBaJbl Ha3bIBAIOTCS 008EPUMENbHLIMU, WIN UHMeED-
8ATbHLIMU OYEHKAaMU, 3 BEPOATHOCTb, ¢ KOTOPOW JOBEPUTEIIbHBII MHTEPBA IO-
KpBIBAa€T HEU3BECTHOE 3HAUCHUE MTapaMeTpa, Ha3bIBAETCS 008EPUMENbHOU GEPOSINI-
HOCMbI0 WIN HAOEHCHOCMbIO.

B maremaTnyeckoil CTaTUCTHKE AOBCPUTCIIBHBIC HHTCPBAJIbI MCITIOJIb3YIOTCA

*
JUISL OTIPENEICHHUs] TOYHOCTH OLICHKM ¢ HEW3BECTHOro mnapamerpa ¢, a JOBEpH-

TEJIbHBIC BEPOSITHOCTH — JIJISl OTIPE/ICIICHUS HaIeKHOCTH. VIHTepBaibHOE OlICHUBA-
HUE 0COOCHHO HE0OX0IuMO MpH MajioM uucie HadmoaeHuit (N < 30), korma To-

YCUYHasi OLICHKAa MaJIO HAACXKHA.

*
[lycTh 1o pe3ynbraraMm BbIOOPKM HaiJleHAa TOYE€4YHas OLUEHKa ¢ HEHU3BeCT-

HOoro napamerpa ¢. O4eBHUIIHO, UTO YEM MEHBIIE BEIMYUHA ‘9—9* , TEM TOYHEE

omenka. Yucmo 6 , 1 KOTOPOro ‘6’—6’ ‘< O , XapaKTepU3yeT MOYHOCb OYEHKU.

OuyeBuiHO, YeM OoubIe N- 00beM BBIOOPKH, TEM TOoUHee OyaeT oreHka. OaHaKo,
HEJb3S TOYHO OINPEICIIUTh, MPU KaKOM 3HAYCHUH N OyIeT JOCTHTHYTa 3aJlaHHas
TOYHOCTh. MOYKHO TOBOPHUTH TOJIBKO O BEPOSITHOCTH, C KOTOPOW JaHHOE HEPaBCH-
CTBO OYJIET BBIITOJHATHCS.

BepostHOCTB
- ~N
P-0'|<5 =y (2.17)
Ha3bIBACTCA doeepumeﬂbHod BEPOAMHOCNIbIO NIIN HAOENHCHOCMBIO OUECHKU.

Hcnonb3ys onpenenenre Moy, Gopmyna (2.17) MoxeT ObITh 3arncaHa:
PO -0<0<6 +0)=vy.

[lonyyennass  ¢opmyna  yuTaeTcsi:  BEPOSATHOCTH  TOTO, UYTO  HMHTEp-
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pan (0 -0;0" +0), nasbiBaembiii 006epumenbHblM UHMEePEaloM, 3aKIYAET B Ce-
Oe (MOKphIBacT) HEU3BECTHBIN MapameTp ¢, paBHa ». OOBIYHO HAAECKHOCTH ),
3a/1aeTcs Harepen YHUCIIOM, OJIN3KUM K EAUHULIE (Hanpumep
7 =0,9; 0,95, 0,99; 0,999). CoObiTHE C BEPOSTHOCTBIO ¥ CUUTACTCA MPAKTHYECKH

AOCTOBCPHBIM. YUeMm MeHbIIIE AJIMHa AJOBCPHUTCIIBHOIO HHTCPBAJId, TCM TOYHCC

OLIEHKA.

2.4.1 JIOBEPUTEJIbHBIII MHTEPBAJI IJ151 OLIEHKH MATEMATUYECKOI'O
OXUJIAHUSI HOPMAJIBHOI'O PACIIPEJIEJIEHU S
[IPU U3BECTHOM JIUCITEPCUH

IlycTp cnydaiiHas BenumuuHa X paclpenereHa 10 HOPMaJbHOMY 3aKOHY
(2.13), npuuem nucnepcus, a, CIeI0BaTENIbHO, U CPEAHEE KBaIpaTUUECKOE OTKIIO-
HEHHUE U3BECTHO. TpedyeTcss OEHUTh HEM3BECTHOE MAaTEMATUYECKOE OKUJaHUE d
C MOMOILBI0 UHTEPBAJIBLHON OLICHKH, T.€. HAUTU UHTEPBAJ, [IOKPBIBAIOIINN @ C Ha-
JEXKHOCTBIO ¥ . byneM cumrars, 4TO CilydaiiHas BEJIMYMHA IPUHUMAET 3HAYCHUS
X1, X2, ... , Xp. Ecim X momumHseTCs HOPMaJbHOMY 3aKOHY PacHpeleseHus, TO U
cpenHss apudMeThyecKas ee 3HaUeHHI pacrpeseneHa HopManbHo. Haiinem mate-

mMaTtHueckoe oxxumanue M(X,) u nucnepcuto cpenneit apupmernyeckoit D(X,):

~ X +XxX_ +..X 1 N n-a
S 1 2 n|_ = _ _
M€ =M - _n(/l(xl)+l\/|(x2+...+M(xn)/_ ==a,
X, + X, +..X N n.
D, =D L 2 n =i2()(xl)+D(x2+...+D(xn)/:n D(X) _ D(X).

n n2 n

Tak kak D(X) =02, T0 U3 MOCITETHEr0 PABEHCTBA NMEEM:

~ [D(X) o
o, = L (2.18)

Bocnons3yemcst popmyiiol, onpenensitomneid BEpOITHOCT MONagaHusl HOP-

MaJIbHO PaCIpEAECICHHON CIIyYalHOW BEJIWYMHBI B UHTEPBAJI, CAMMETPUYHBIA OT-
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HOCHUTCIBbHO MaTCMATHYCCKOI'O OXKMAaHUA:

Py —a<5 z@[éj. (2.19)

o

3amenum B popmyite (2.19) X ua x, , o Ha o €, :1/13 dbopmyisl (2.18):

Pk, —a|<0 > 2@(‘5‘/_] (2.20)

o)

O0o3HaYNM
t =——, (2.21)

Bripazum napamerp O , XapaKTepU3YIOIIUNA TOYHOCTh OIICHKH:

5=ty%. (2.22)

N3 dopmynsr (2.21) MOXKHO MOTYYUTh MUHUMAIBHBIA OO0BEM, KOTOPBIN
oOecrieunBaeT 3aJaHHYI0 TOYHOCTh O U 3a/IaHHYIO HaJeKHOCTD J
t2c2
o

Tak xak HaJIe)KHOCTD 3a7aeTcs, TO paBeHCTBO (2.20) ¢ yueroM (2.22) MOXKHO

(2.23)

3aI1ucarTh.

PUX_g—a‘([}/%j:}/,

Plx, -t L ca<x,+t L |= Y
W -, —= —— |=7.
6 7/ n 6 7/ n
Takum 00pa3zom, MosydeH JOBEPUTENbHBIN MHTEPBAN Ul OLIEHKH MaTeMa-

TUYECKOTO OKUJAHHUS a HOPMAJIbHO PACIIPEICIICHHON CIy4alHOW BEJIUYMHBI IIPU

HN3BCCTHOM CPCAHCM KBaAPATHICCKOM OTKIIOHCHHHA O:

x, —t

- i<a<x_+'[ 9 (2.24)
6 ?/’\/ﬁ 6 7/—\/ﬁ’ .

85



rae X, - BBIOOpOYHast cpenusis, N - 00beM BoIOOpKH. Unciio t}/ - YHCJIO OIpeaeis-

CTCA U3 PABCHCTBA.
_ _7
20(t )=y, Ot )= > (2.25)

no Ttabnune Qynkuuu Jlammaca D(x).

Ilpumep 21. Cnyuaiinble OMIMOKH, JaBa€Mble U3MEPUTEIBHBIM IPHOOPOM,

pacmpeneneHbl HopMallbHO ¢ mapametpoM o = 30 m. 3mepenus, mpoBeneHHbIe 9
pas, Jau BEIOOPOUHYIO CPeNHION apupmeTndeckyro X, =1580 m.

1. Toctpouts 95 % -HBIA NOBEPUTEIBHBIM UHTEPBAI JJII U3MEPSAEMON Be-
JUYUHBI.

2. C kakoil BEpOSITHOCTHIO MOJYYEHHBIN pe3yJbTaT OylIeT OTIMYAThCA OT
WMCTUHHOTO 3HAYEHUS BEJIUYUHBI HE OoJiee, yeM Ha 10 M B Ty WJIM UHYIO CTOPOHY?

Pewenue.

1) MctunHOE 3HAYCHHE U3MEPSEMOM BEIMYMHBI PABHO €€ MATEMAaTHYECKOMY
oxkuganuto a. M3sectHo, uro ' = 0,95; n = 9; G = 30 m. Cormacao opmyie
(2.25) umeem:

20(t) =y=0,95; @&(t)=0,475.

ITo Tabmuue 2 3Havennii pynkuuu Jlannaca D(t) naiinem t y =196

[To hopmye (2.24) onpenenuM TOBEPUTEIBHBIA WHTEPBAL:

1580—1,96-£ <a <1580 +1,96-§,

J9 NE)
1560,4 < a <1599,6.

2) 3ajaHa TOYHOCTD OLIEHKH O =10 M, TOra KICKOMasi BEpOSITHOCTh OIPE/Ie-

mutcst o gopmyiie (2.20). Haiinem yucio ty coriacHo Gopmyie (2.21):
Yy o 30 ’
no Tabmune @ (1) =0,3413 torpa y =2d(t) =0,6826.

t
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2.4.2 JIOBEPUTEJIbHBII MHTEPBAJI JIJI1 OLIEHKH MATEMATHUYECKOI'O
OXUJAHNS HOPMAJIBHOI'O PACIIPEJIEJIEHUS
[IPY HEU3BECTHOM JIUCITEPCUU

[Iycts cnydaitHasg BenuumHa X pachpenesieHa MO0 HOPMaJIbHOMY 3aKOHY
(2.13), mpuyem cpenHee KBaJApaTUUYECKOE OTKIOHEHHE Heu3BecTHO. Tpebyercs

OLICHUTHh HCU3BECCTHOC MATEMATHUYCCKOC OKUAAHHUE d C IIOMOIIBIO JOBECPUTECIIBHO-

ro uatepBaia. [1o TaHHBIM BBIOOPKH X1, Xy, ... , Xy IOCTPOUM CIIy4alHYIO BETUYH-
HY:
X —a
T= SG/—\/ﬁ (2.26)

rae X, - BBIOOpOUHast cpeusist, N - 00beM BBIOOPKH, S - HCIPABICHHOE BHIOOPOY-
HOE CpellHEeEe KBaJpaTHYECKOE OTKJIOHEHHuE, ompeaensiemoe no (opmyne (2.6).
Cnyuaiinas BenuunHa T uMmeeT pacnpedenenue Cmvrooenma ¢ K CTETIEHAMHU CBO-
0O0/bI ¥ IUIOTHOCTBIO pacIpe/ieICH s, BRIpakaeMyro depe3 ramma-yakmuto / (x),
KOTOpast TA0yJIUpOBaHa:

n n
13) 2
2 J14 2 . (2.27)

z(n-1) F(nz_lj n-1

plx,n) =

Pacnpenenenne CThio/ieHTa ONpeeIsieTCS OJHUM MpaMeTpoM N - 00bEMOM
BBIOOPKH WJIH, YTO TO YK€ CAMO€ YUCIOM Cmenenell c80000bl.
k=n-1, (2.28)
Y HE 3aBHUCUT OT MapaMeTPoOB d U .
[Tonw3ysck pacupenenenreM CTbIOJIEHTA, OTYYHUM:

Plx, t > <ca<x 4t |-y
7 \n Y \/n
nimn I[OBepI/ITeJ'IBHHﬁ I/IHTepBaJ'I JJId HCU3BCCTHOI'O MATCMATHUYCCKOI'O OKUAAHUA d

IIpu HEU3BECTHOM JUCIICPCHUU O 3aIlIMIICTCA B BUAC!
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X, —t, —<a<x +t, (2.29)

"Jn f

CpaBHHBasi TOJyYEHHBIH JTOBEPUTEIbHBIA MHTEpBaa (2.29), KOTOpBIA MO-
KpBIBA€T HEM3BECTHOE MATEMATUYECKOE OKMJIAHUE d C HAJIEKHOCTBIO ), C JOBe-

pUTEIBHBIM UHTEpBAIOM (2.24), JIeTKO YyOeAUThCS, YTO JIOBEPUTEIIbHBIC TPAHUIIBI
JUIs HEM3BECTHOT'O TMapameTpa d ONPEeNeNsioTCS aHaJOTUYHBIM 00pa3oM, 3a HcC-

KIFOYCHHUCM TOI'0, YTO BMCCTO O HIIOJB3YCTCA HCCMCIICHHAA OLCHKA CPCIOHCIO
KBaAPaTHYICCKOTI'0 OTKJIIOHCHUA S6 - HCIIPABJICHHOC BI>I60pOLIHOC CpcaHcC KBaapa-

Thueckoe otkiaoHeHue (2.6). Koaddunuent t}/ B (popomyie (2.29) Haxoautcs u3

Tabmumpl pactpenenceHus CThIOJCHTA MO 3aJaHHOW JOBEPUTEITHHOU BEPOSTHOCTH
U 4Yucly creneHeidl cBoOoawl K cormacHo dopmyne (2.28) wim 00beMy BBIOOPKH.

Bemuunna

S
s=t & ,
7 Jn (2:30)

TaK)Ke OMpeAeIsAeT TOYHOCTh OICHKH, HHOT/Ia €€ HA3bIBAIOT npedesibHOU nocpeul-
HOCMbI0 OYEHKU.

N3 dopmyn (2.24) n (2.29) BumHO, 4yTO yBEIHMYECHHE O0ObEMa BBHIOOPKH N
IPUBOJUT K YMEHBIICHHUIO JUIMHBI JOBEPUTENBHOTO HMHTepBasia. O4YeBUAHO, UYTO
yBEJIIMYEHUE HA/IEKHOCTU UHTEPBAIbHOM OIICHKM BJIEYET 3a COOO0M yBenUUEeHUE €€
TouHOCTH. Ecm 3a1aTh TOUHOCTD & U TOBEPUTETHHYIO BEPOATHOCTH ) , TO U3 CO-
orHomenus (2.30), MOKHO HAWTH MHHUMAJIBHBIA 00BEM BBIOOPKH N, KOTOPBIHA

00ecCIeyuT 3aJJaHHyI0 TOYHOCTb:

2.g2
n= Va—z‘* . (2.31)
Ilpumep 22. T1lo nanHbIM 16 HEM3BECTHBIX PABHOTOYHBIX U3MEPEHHUN HEKO-

TOpOM (pM3MYECKON BEJIMYMHBI HAWACHBI CpelHee aprudMETHUYECKOe PEe3YyIbTaTOB

u3MepeHuil X = 42,8 u wucnpaBiIeHHOE CpelHee KBaJpaTU4ECKOE OTKIOHEHHE

Sez 8. OLIGHI/ITB HCTHUHHOC 3HA4YCHHC I/ISMepSIeMOﬁ BCINYHUHBI C HAaACKHOCTBIO
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7 =0,999.

Pewenue. I3 Tabnutiel 7 Haiinem t}/ = 4,07 u noacraBum B popmyny (2.29):

42.8-407-3_ <a<428+407-5_

J16 J16'
34,66 < a <50,94.

CMbICIT TIOJy4YEHHOTO pe3yjbTaTa: €ciad OylIeT MNpPOBEACHO JOCTATOYHO
OO0JBITIOE YKCIIO BRIOOPOK 10 16 m3MepeHuit 3Toi BeMunHbI, TO B 99,9% u3 aTux
BBIOOPOK JOBepUTENLHBIN nHTepBan 34,66 <a <50,94 nokpoer mMaremaTnueckoe
OKUJAHUE & U3MEPSIEMON BEIUUYUHBI.

IIpumep 23. PesynwvraTsl 10 HaOIIOACHMIA HAJl CTyYaifHONH BETMYUHOM 3a7a-

HEBI TaOJIULIEH:

%) © %) — N N — e} o Te)
o s, o N~ ™ < o — © N
< ™ N < < < < < < <
N N N N N N N N N N
1 2 3 4 5 6 7 8 9 10

HaiiTu nHTEpBaIbHBIE OLICHKA MAaT€MaTHYECKOTO OXUIAHUS C HaJEKHO-
cteto 0,95 w 0,99, npennomnaras, 4To ciaydaiiHas BEJIMYMHA PACIpPECII€HA HOP-
MaibHO. OnpenenuTh MUHUMAJIBHOE YKCIIO U3MEPEHUH, KOTOPhIE HA/I0 BBHITIOJIHUTD
¢ HaASKHOCTHIO 0,95, 4TOOBI TIpeeNbHAs MOTPEIIHOCTh TOUEUHOM OIICHKH HE Tpe-

Beimaia 0,01.

Pewenue. Haxomum xapakTepucTuku X , S, 1o GopMynam:

oo 1
X ==S'X == .24427 =2 4427,
¢ nZ ' 10

v \2
S, =.]-"_D, = M:opggg_
n-1 n-1

N3 tabnuusl 7 HaxonuMm 3HaYeHHUA KodddunueHra t}/ Mpu pa3Hou

JIOBEPUTEIBHONU BEPOSITHOCTH:

n=10,t =226, y=095 n=10,t"=325, y=0,99.
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CrnenoBatenbHO, cornacHo Gopmyiie (2.30), OyeM UMeTh:

0,0338 0,0338
V10 V10

[ToncraBisis 3HaYCHUST MOMYYSHHBIX TOYHOCTEH B dopmyny (2.29) mosepu-

0, = 2,26 =0,0253, 4, =325 = 0,0364.

TCJIBHOI'O MHTEpBAJIa JJIs1 MAaTCMATUYCCKOI'O OXXKHUJIAaHU a H&ﬁI{GM:

1) 2,417 <a< 2,468,
2) 2,406<a<2,479.

Jliist pacueTa MUHUMAIBHOTO YUCIIA H3MEPEHHA, HEOOXOIUMBIX TSI OTIpeJIe-
JICHUSI UCTUHHOTO 3HAYCHUS CIIy4YalfHON BEJIMYMHBI (MATEMATUIECKOTO OXKHJIAHHS)
C MOTPEIIHOCTRIO, He npeBbimaromielt & = 0,01, npumenum hopmyiy (2.31):

_ (2,26)2-(0,0338)2 _

56.
(0,01)2

n

Takum obpazom, npu N >56 mpenensHas MOrPEMHOCTD OLEHKH HE MPEBBI-
cut 0,01. CnemoBaTenbHO, IS TOTO, YTOOBI IpE/CIIbHAS TOYHOCTh HE TPEBHIIIajia
6 =0,01, cnexyer momumo mipoenaHHbix 10 U3MepeHni BBITIOIHATH e1ie 46 u3-

MEpPECHUM.

2.4.3 JIOBEPUTEJIbHBI MHTEPBAJI /I OLLEHKU CPEJHEIO
KBAJPATUUECKOI'O OTKJIOHEHUSI HOPMAJIBHOI'O PACITPEJIEJIEHUST

JloBepuTEIbHBIA MHTEPBAT JUIsl OLIGHKH CPEIHEr0 KBAaJApPaTUUECKOTO OT-
KJIOHEHUSI 0 HOPMAJIbHO PACHPEACICHHOW CIIy4YaliHOM BENUYUHBI X C HAIEXKHO-
CTBIO ) HaXOJUTCS U3 IBOMHBIX HEPABEHCTB:

S,1-9)<o<S,1+q)mpu q <1, (2.32)
O<o< Sg(l-I-Q)HpH q>1
rje ( HaXOJIUTCS U3 TaOIUIlkI 6 10 3aJaHHOM HAI)KHOCTH ) .

Ilpumep 24. IlpousBeneHo 12 uzmepeHuid onHUM Mpudbopom (6e3 cucrema-

TUYECKUX OIMUOOK) HEKOTOPOW (M3MUECKOW BETUYHHBI, MPUYEM HCIPABICHHOE
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Cp€aHeC KBAAPATUICCKOC OTKIOHCHHC Sg CﬂyllaﬁHI)IX [0)1115(810) 3 HU3MCPECHHUA OKa3a-

jock paBHbIM 0,6. Halitu TouHOCTh mpubopa ¢ HagexxkHocThio 0,99. [Ipennonara-
€TCsl, UTO Pe3yJIbTaThl H3MEPEHUH PACIIPEEICHBI HOPMAJIBHO.

Pewenue. Tounocts mpubopa xapakTepu3yeTcs: CPeAHUM KBaIpaTH4ECKUM
OTKJIOHEHHEM CITy4alHbIX oIMOoK u3mepenuid. [1oaToMy 3amaua cBOIUTCS K OTBI-
CKaHHUIO JOBEPHUTEIIbHOIO HHTEpPBAJIA, MOKPBHIBAIOIIEIO 0 C 33JaHHOM HAJEKHO-

cteio ) = 0,99. Ilo ganueiM ¥ =0,99 u n=12 no tabauue 6 Haiinem (=0,9. [Tox-

craBuM B popmyiy (2.32) mpu <1, monyuum: 0,06 <o <114,

3AIIAUU JIJII CAMOCTOSTEJILHOT'O PELLIEHHSA

51. Boibopka u3 OoiblION TapTUH dJeKTposiamil coaepkuT 100 mam.
Cpennsisi IpOJOJDKUTENBFHOCTh TOPEHUS JIaMITbl BBIOOPKHM OKaszanach paBHou 100
yacam. Haiitu ¢ HagexHoCcThI0 0,95 MOBEpPUTENBbHBIN UHTEPBANI 11 CPEIHEN MPO-
JOJDKUTEIBHOCTH @ TOPEHHUS JaMIbl BCeW MapTHH, €CIM U3BECTHO, YTO CPE/IHEe
KBaJIpaTHUECKOE OTKIOHEHHE MPOJOJKUTEILHOCTH TopeHus gamibl ¢ = 40 gacos.
[Ipeanonaraercsi, 4To MPOAOKUTEILHOCTh TOPEHHUS JIAMII pachlpenereHa Hop-
MaJbHO.

52. Ha ocHoBanuu onbsiTHOM HOCKH 100 map o0yBHM MOIY4YEHO, UTO CPEIHUMN
CPOK CITy>KObI UCTIBIThIBaeMOM 00yBU paBeH 180 mHsIM, a uCIpaBiieHHAs TUCTIEPCHUS
S2 =196 gu°. Haittu 90%-ii [OBEPHTENBHBIA HHTEpBAN IS CPEIHEro CPOKa
CI1yk0bI 00YBHU.

53. Jlnst u3yueHust ciy4alHbIX OIIMOOK, TABAEMBIX U3MEPUTEILHBIM MPUOO-
poM, ObLIO TTPOM3BEACHO 15 M3MepeHuit 0 JHOM U TOM e BeIuYrHbI. BeiOopouHas

o o 2 9
IMCIIEPCHs pe3yJIbTaTOB U3MEpeHni okazanack pasHoi D =20mwm°. Haiitu nose-

PUTEIBHBIA UHTEPBAJ JJI1 CPEIHEr0 KBAJAPATUYECKOTO OTKIOHEHMS OLIMOOK Mpu-

0opa ¢ qoBepuTeILHOM BepossTHOCTHIO 0,98.
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54. TlpousBeneno 10 HabmromeHU ciydailHOM BeMYUHBI X , Pe3yJbTaThl

3aHECCHBI B TAOHILY:

No
Ha0III0-
eHHi 1 2 3 4 5 6 7 8 9 10
X N © oo <t ™ N~ © N~ o ©
N ™ o)) o) — o < ™ o)) =)
™ ™ N N < ™ ™ ™ N <
N~ ~ N~ N~ N~ N~ N~ N~ N~ N~

Haiitn nmoBepuTenbHBIC WHTEPBAIBI ISl HEM3BECTHOTO MAaTEMAaTHYECKOTO
OKUJIAaHUS U CPETHETO KBAJIPATHYECCKOTO OTKJIOHEHUs (MPEnoiaracTcs, 4To CIIy-
yaifHasi BEJIMYMHA pacIipesielieHa HOPMAaJIbHO), MOKPBIBAIOIINE 3THU MapaMeTphl C
BeposTHOCTHIO 0,95 1 0,99.

55. 'mybuHa gopor U MOIIMITHUKA U3MEPSIETCS ONTHYECKUM TIyOMHOMET-
pOM, cHUCTeMaThyecKas OIIMOKa KOTOPOTO paBHA HYIIO, a CIydalHbIE OLIMOKU
pacnpeneneHbl HOpMaJabHO CO CPETHUM KBaJIPAaTUIECKUM OTKIOHEHHEM o = 20MK.
CKOJIBKO HaJI0 c/ieiaTh HE3aBUCUMBIX U3MEPEHUN, YTOOBI ONPEEIUTh MTyOUHY C
omuOKoil He OoJiee 15 MK, TIpU TOBEPUTEIBHOUM BeposiTHOCTH 90%?

56. CiydaitHas BeJIMYMHA MMEET HOPMAJbHOE pACIpECeICHUE C U3BECT-
HBIM CPEJIHUM KBaJpaTHUYECKUM OTKJIOHEHHEeM o =4. HailTu noBepuTenbHbIC WH-
TEepBaJbl I OICHKA MAaTeMAaTHYECKOTO OXHUIAHUS d, €CIH O00BEM BBIOOPKHU
n=64, X,=20,38 u nanexxnocts y =0,95.

S7. 13 reHepasibHOi COBOKYITHOCTH M3BIIEYCHA BHIOOPKA 00beMa N =13(), o

KOTOPOM OMPEEIICH MYIICBOW TIOXOJ HA OJHOTO YJIeHAa CEMbH, IIPEJICTABIICHHBIN B

BHUJC HHTCPBAJIbHOI'O BaApHallMUOHHOI'O psJa.

['pynmer cemelr mo

MECSIYHOMY HOXOAY TTo 500 500- 1000- | 1500- CsBprllre
Ha OJHOro H4jiCHa 1000 1500 2000 2000
ceMbH, pyo

Yucno ceMei 23 36 44 17 101

C nosepurensHoil BeposTHOCTRIO ¥ = 0,95 omnpenenurts rpaHuipl, B KOTO-

PBIX OyJIeT HAXOUTHCS CPEIHUIM MECSUHBIN JT0X0]T Ha OJTHOTO YICHA CEMbH.

58. Cucrematuueckue OIMOKM H3MEPUTEIBLHOTO NpHOOpa MpPaKTUYECKU

paBHBI HYJIIO, a CIy4alHble OIMMOKH PaCIpeAesICHbl HOPMAJIBHO CO CPEIHUM
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KBaJpaTHYecKuM oTKIIoHeHHeM o =20M. Heobxoaumo, 4ToObl aOCOIIOTHOE 3HA-
YEHUE PA3HOCTU MEXKTY OIICHKOW M3MEpSIeMOW BETWYMHBI W MUCTUHHBIM €€ 3HaYe-
HUeM He npeBocxoauio 10 M. OnpenenuTtb, ¢ KaKOH BEPOSITHOCTBIO OY/I€T BBITIOJI-
HATBHCS 3TO YCIOBHE, €CIIU MPOU3BEICHO 25 N3MEPEHUM.

59. 3agana BhIOOpKA 3HAYEHUN MpHU3HAKA X, UMEIOIIEr0 HOpMaJIbHOE pac-

MNpCaciICcHuc:

X, -2 1 2 3 4
2 1 2 2 2 1

TpeOyerca: a) HaliTH BBIOOPOYHYIO CPEIHIOI0 X U HCIIPABICHHOE CPEIHEE
KBa/IpaTHYECKOE OTKJIOHEHHE S, ; 0) yKa3aTh JOBEPUTEIbHBIC HHTEPBAIIBI, TOKPHI-

Balomiyue ¢ HaaeKHOCTBhIO 0,95 HeusBecTHBIE MaTeMaTHYeCKOe OKHMIAHHE a U
cpeaHee KBaApaTUiecKoe OTKIIOHeHne O mpu3Haka X.

60. s onpeneneHusl BIUSHUS MUKPO3JIEMEHTOB Ha pe3yiabTaThl OTKOpMa
CBUHEN MPOU3BEJCH OMBIT Ha 8 TpyInax KUBOTHBIX. PallMOHBI OTIMYAIOTCS Ha-
OOpOM U J103aMH MUKPOIJIEMEHTOB. Pe3ynbTaThl OTKOpMa CBUHEH B OIBITE IIPEI-

CTaBJICHBI TAOIUIIEH:

Pammon ITorosioBse Cpennecyrounslii | CpenHee KBajpaTu-
CBUHEM, TOJI. MIPUPOCT KUBOU YECKOE OTKJIOHEHHE,
Macchl, T r
1 90 500 40
2 75 575 45
3 100 610 54
4 50 450 52
5 70 590 65
6 60 650 70
7 110 490 48
8 80 540 62

C noseputenbHON BepOSATHOCTHIO 0,95 ompenenuTs rpaHulbl, B KOTOPBIX

OyJIeT HaxOAWThCS CPEAHECYTOUHBIA MPUPOCT CBUHEU MO KaXIOMY PaIMOHY H

OIIBITY B ILICJIOM.
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3. [IPOBEPKA CTATUCTUYECKUX I'MITIOTE3
3.1. IOCTAHOBKA 3AJTAYU 1 OBILA CXEMA ITPOBEPKU I'MIIOTE3

[Ipu penieHne MHOTHUX NMPAKTUYECKUX 3a7ad pe3yibTaTbl HAOIIOJECHUN HC-
IIOJIB3YFOTCS Il ITPOBEPKHU MPEIIIOJIOKEHUN WINM TUIIOTE3 OTHOCUTENBHO TEX WIIN
WHBIX CBOWCTB PACHpPENEIICHHUs] T'€HEepPaJbHOM COBOKYNHOCTH. B wacTtHOCTH, npn
CpPaBHEHUHU CIOCOOOB YIPABIIEHUSI IPOU3BOACTBOM, BBIIIOJIHEHUN PA3JIUYHbBIX TEX-
HOJIOTMYECKUX TPOLIECCOB, UCIOJIb30BAHUU METOZ0B 0OpabOTKU IO ONpeaesieH-

HBIM U3MCPACMBIM IIPHU3HAKAM U T.I.

Ilycth X, X ,..., X - cioydaiiHas BbIOOpKa 00BEMA N K3 HEKOTOPOM TeHe-
1 2 n

panbHON COBOKYIHOCTH (KOHEUHOM MM OeckoHe4HOM). Kaxnoe 3HaueHme X B
|

ATON BBIOOPKE CaMO SIBJISIETCS CITyYalHOW BEJIMYMHOM, Ja’Ke €ClIM TeHepayibHas CO-
BOKYITHOCTh COCTOMUT M3 KOHEUHOT'O Yucia 3JieMeHTOB. Heo0Xxo1mMo Tak:ke UMETh B
BUJTY, UTO CiIydaiiHasi BRIOOpKa U3 KaKOW-IMOO reHepaIbHOM COBOKYITHOCTH JODKHA
COOTBETCTBOBAaTh HEKOTOPOM CXEME HCIIBITAHUM, TTPU pean3allii KOTOPOW BBISBIIS-
eTCcsl UICKoMas ciayuyaiiHasg BenuuuHa X. [Ipu 5TOM mosiydeHHBIE B BBIIICYTIOMSIHY-
TOW CepUM MCIBITAHWN 3HAYCHHS CIIy4allHOW BETWYMHBI X JOJDKHBI OBITH He3asu-
CUMBIMU U pacnpeoeienbl no MOoMY dce 3aKOHY, YTO U caMa IeHepajibHasi COBOKYII-
HOCTh X (XOT4 Obl ¥ IPUOIMKEHHO). MBI Oy/1eM paccMaTpuBaTh TMIIOTE3bI O BUAE U
napamMeTpax PpaclpelesieHUs HEKOTOPOM Te€HEPAIbHOM COBOKYIHOCTH, a TaKXkKe O
CpPaBHEHUH BHIOOPOK U3 Pa3IUYHBIX T€HEPATbHBIX COBOKYITHOCTEH.
Cmamucmuueckou eunome3otl Ha3bIBAETCS TO00E TPEANOI0KEHNE OTHO-
CUTEJBbHO BUJA WIIM MapaMeTpPOB I€HEpaIbHOTO pacnpeneneHus. ['umnore3a Ha3bl-
Ba€TCS NMpOCMOll, €CI OHA OJTHO3HAYHO ONpEeNeNsieT paclpelesieHre CaydyaiHon
BEJIMYMHBI, B IPOTUBHOM CJIyyae THUIOTe3a crodcHas. CTaTUCTUYECKas TMIoTe3a
HA3bIBACTCS napamMempuyecKkoll, €clii OHa COJEPKUT YTBEPXKIECHHUE O 3HAYEHUU
KOHEUHOI'0 YHCJIa MAPAMETPOB PACTIPE/ICTCHUSI, KOTOPOE CUUTAETCS HEU3BECTHBIM.
Henapamempuueckas runoresa - 3T0 YTBEp)KIEHUE O BUAE pacupeneneHus. Ha-

IIPUMEDP, NMPOCTOU MMAPAMETPUUECKON THUIIOTE30M SABIISIETCS MPEANIOIOKEHUE O TOM,
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4yTO HaOJIFOMaeMasi ciaydaiiHas BEJIMYMHA UMEET HOPMAIBHOE PaCIIpeIeIICHHE C Ta-
pamerpamu O u 1.

Ta runore3a, OTHOCUTENBHO KOTOPOUM BEJETCS MPOBEPKA, HA3BIBACTCS OC-
HOGHOU WIIH Hynegoli N o0o3Havaerca H, . Hapsnay ¢ runore3oit H, paccmarpuBa-
€TCSl KOHKYpUpyroujas Wi aibmepHamusHas Tunore3a Hi, kotopas 10JKHA ObITh
NpUHSATA B Cily4yae OTKJIOHeHus H, , T.e. H, u H; - 1Be B3aMMHO UCKIIIOUYAIOIINE
runotesbl. B xadectBe 6asucnoco npeononodicenuss MPUHUMACTCST YTBEPHKIICHUE O
CIIPaBEIJIMBOCTH OJIHOM UX ATHUX rumnore3. OTMETHM, 4TO JJIs1 OQHONM OCHOBHOM T'Hi-
MOTE3bl MOXKET OBITh BBIJIBUHYTHI HECKOJIBKO aJIbTEPHATUBHBIX

Tak, Hanpumep, ycTh cllydailHas BeIMYMHAa X UMEET HOpPMaJbHOE paclpe-

JICTICHHE CO CPETHIM a ¥ AUCTIepCHell 02 . PacCMOTPHM OCHOBHYIO THITOTE3Y:

H,:a =0, o0?=1. B kauecTBe aNbTEPHATHBHBIX MOTYT OBITh BBIABUHYTHI TAKHE

runotessl: 1). Hi:a=0, o2=2; 2) H;: a+#0, 0->=1. PaccMoTpuM ux moapobHee.
1. AnprepHaTuBHas runore3a 1, Mo CTPYKType Takas K€, KaK U OCHOBHASI.

baszucnoe IIPCAIIOJOKCHUC B 3TOM CIydac COCTOUT B TOM, 4YTO cnyqaﬁHaﬂ BCIINYH-

. 2
HAa UMCCT HOpMaJ'ILHLII/I 3dKOH pacnpeneﬂeHm{ N 6, o HpI/I‘{eM 3HAYCHHUEC OUC-

-

nepcuu mbo 1, mbo 2.

2. AnprepHaTuBHasA runote3a H; Oonee cioxHasd, T.K. & MOXET NPUHUMATh
pasnuyHble 3HaueHHs. ba3ucHOE MPennojaoKeHne COCTOUT B TOM, YTO T'€HEpalb-
Hoe pacnpenenenue umeer Bua N(a,1), npudem 3HaueHHe & HeM3BeCcTHO. [ mnore3a
TaKOT'0 BU/Ia Ha3bIBAETCS JIBYCTOPOHHEU.

Mo3xHo ObUIO OBl BBIIBUHYTH aJIbT€pHATUBHBIC THUIOTE3bI - H1: & < 0 (1eBo-
CTOPOHHSIS THTOTE3a); Win H;: a > 0 (IpaBOCTOPOHHSISI TUIIOTE3A).

Kpumepuem npoeepku cunomes Wi cmamucmudeckum Kpumepuem Hasbl-
BaeTCsd MPABUIIO, IO KOTOPOMY PELIAIOT, IPUHATh WM OTKJIOHUTH HYJIEBYIO I'H-
note3y H, (COOTBETCTBEHHO, OTKJIOHUTh WA MPUHATHh AJIbTEPHATUBHYIO TUIIOTE3Y
H;). Peuienuie 3/1ech BBIHOCUTCS B 3aBUCUMOCTH OT 3HAYCHHS CIICIMAIbHBIM 00pa-

30M CIIy4yallHOW BEJIMYMHBI, HA3bIBAEMON Ccmamucmukou Kpumepusi Wi MPOCTO
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Kpumepuem, pacrpeneieHie KOTOpOl H3BECTHO M 3araldynupoBaHo. Kpurtepun
3HAYMMOCTH NOJIPA3JIEISAI0TCS Ha TPU TUHA:

1.  Kpurepuun 3HaUNMOCTH, KOTOPBIE CIYXkAaT JJIs1 IPOBEPKU TMIIOTE3 O Ta-
paMeTpax pacrpeeieHuid reHepalbHOW COBOKYITHOCTH (YaIe BCEro HOPMalbHOTO
pacnpenenexus). Otn Kpumepuu HA3bIBAIOTCS  napamempuyeckumu.

2. Kpurepuu, KoTOpble A1 NPOBEPKU T'MIIOTE3 HE UCHOJIB3YIOT MPEIo-
JIO)KEHUW O paclpesiesIEHUU T€HEPATbHON COBOKYIHOCTH. DTH Kpumepuu HE Tpe-
OyIOT 3HaHUU NAapaMeTPOB PACHpPEEIICHUs, TO3TOMY HA3bIBAIOTCS Henapamempu-
YeCKUMU.

3. Oco0yto Tpymity KpUTEPUEB COCTABIISIOT Kpumepuu co2nacus, Ciayxa-
1I1€E JJI1 IPOBEPKU TUIIOTE3 O COIIACHU PACIPEACIICHHS TEHEPATIbHON COBOKYITHO-
CTH, U3 KOTOPOH MOJTy4eHa BbIOOpPKA, C paHee MPUHITON TEOPETUUYECKON MOJAEIIBIO
(yarie Bcero HOpMaJbHBIM PACTIPEACICHUEM).

MHoecTBO 3Hau€HUN KpUTEpHUsl pa3OMBaeTCA Ha JIBE HENEepeceKaroluecs
00JacTu: ob.1acmes npuHAmMUs HYJ1e80U 2unomessl, IPU TOMATaHUNA B KOTOPYIO HY-
JeBasi TUIIOTE3a IPUHUMAETCS, U Kpumuueckyro obaacmeo, pu MONAJaHUN B KOTO-

pyIO HyJIeBas runoresa orBepraercs (puc. 14).

Oo0mnacth

[IPUHATHS
Oo0macTb p

OTKJIOHCHHA

O0nacth
OTKJIOHCHUIA

l-«o

v

K K.
Pucynox 14 - O651acTh OTKJIOHEHUS W MPUHITHS THIIOTE3bI
Kpumuueckoii moukou K, W K6anmuiem HA3bIBAIOT 3HAYCHUE KPUTEPHH,
OTIEJNAIONIEee KPUTUYECKYIO 00JIaCTh OT 00JIacTU MPUHATHUS TUnoTe3bl. [ Haxo-
KICHUS KPUTUYECKOW TOYKH 3aTAI0TCS YPOGHEM 3HAUUMOCHU O, - BEPOSTHOCTHIO
NOMAJaHUs CIy4ailHON BEMYMHBI B KPUTUYECKYIO 00sacTh. Pasnuyaor oorocmo-

ponnue (npasocmopontsis i 1e60CMOPOHHSAN) N 08YXCMOPOHHSISL KPUTHUECKUE 00-
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Jactu. Bua kputudeckoi o0sactu onpenensercs no BUAy aJlbTepHATUBHON TUIIO-

Te3bl: €CJIM aNbTEPHATHBHAA TUNoTe3a umeeT Bua H; 10 >0, o obnacts npaso-
cmoponnsa (puc. 15); ecom H,:0<6, — nesocmopounss (puc. 16); eciam

H, :0 =0, — osycmoponnsa (puc. 17).

A DL

I g

K2Kp k

Pucynoxk 15 — [IpaBocTOpoHHS KpUTHYECKast 001aCTh

/\ Pk <Kyp) =a

v

K K

1xkp

Pucynok 16 — JIeBocTOpOHHSI KpUTHYECKast 001acTh

P(K < Kipu k> Kag) = @

K K

k

1xp 2kp

Pucynok 17 — JIByXcTOpOHHSI KpUTHYECKasi 00JIacTh

HOCHCI[HCC PaBC€HCTBO B IIPAKTUYCCKUX 3agadax pasAaciIAOT Ha JiBa, CHUTAsA

BEPOSITHOCTU TOMAJaHUs B MPABYIO U JIEBYIO KPUTHUYECKHUE TI0/100JIaCTH PAaBHBIMU

al2. B sToM ciydae

P(K < Kiy) = P(K > Ka) = al2. (3.1)

B mporecce mpoBepku TUMOTE3bI MOKHO MPUATH MO0 K TMPABUIHLHOMY pe-
HIEHUIO0, TM00 COBEPIINUTH OJHY U3 ABYX OMIMOOK: OTBEPrHYTh Tunoresy H,, Kornaa
oHa BepHa (owubka nepgo2o pooa) Vv MPUHSTH TUTIOTE3y H,, , KOT/Ia OHA HEBEpHA

(owubra emopozo pooa), Tabmn. 3.1 .
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Tabnuna 3.1 — OmubKu epBOro U BTOPOro pojia

BepHas runoresa

H, H,
Pesymbrar | [ Ho BepHO mpunsTa H; HeBepHO OTBepruyTa
PUMCHCHHUS (owubKra emopoeco pooa)
runoTessl | H, Ho HeBepHO OTBEprayTa H; BepHO mpunsTa
(owubKa nepsoeo pooa)

BeposiTHOCTB OLIMOKK MEPBOTO pojia MPU MPOBEPKE CTATUCTUUECKUX THUIIO-
T€3 Ha3bIBAIOT YPOGHEM 3HAYUMOCMU U OOBIYHO 0003HAYAIOT o (OTCIOJ]a Ha3BAHUE
0-errors). YpoBeHb 3HAUUMOCTH 0, OIPEICIIIET «pa3Mep» KPUTHUECKOM 00IacTH.
UeM MEHbIIE & , TEM MEHBIIIE BEPOATHOCTh OTKJIOHEHHS] BEPHOM rUnoressl H,, T.e.
MEHbIIIE BEPOSITHOCTh COBEPIIUTH OMIMOKY MEPBOrO POJa — OTBEPIHYTh BEPHYIO
runote3y. BepostHOCTh ommOku BTOporo pojaa obozHawaercs f (orcroga p-
errors). Bennuuna (1 — f)— mownocmo kpumepusi. Takum o0pa3oM, 4eM BBIIIIE
MOIIIHOCTb, TEM MEHBIIIE BEPOSITHOCTh COBEPUIUTH OMIMOKY BTOPOTO pojaa. ITo Mo-
3BOJISIET CENATh CIEAYIOLIECE YmEepHcOeHUe : Npu 8blOPAHHOM YPOBHE 3HAYUMOCTU
O O paccmampueaemo20 Kpumepusi KpUmudecKkyro obaacmos ciedyem onpeoe-
JISIMb MaKkum o6pazom, ymoobsvl MOWHOCMb KpUumepust Obl1a MaKCUMAIbHOU.

KenatenbHO TPOBECTU MPOBEPKY TaKUM 00Opa3oM, UTOOBI CBECTH K MHUHHU-
MyMy BEPOSITHOCTH 000MX THUTIOB OMMOOK. OaHako npu GUKCHPOBAHHOM O0BEME
BBIOOPKHM OJTHOBPEMEHHO YMEHBIIUTh O U f HEBO3MOXKHO. ENIMHCTBEHHBIN MyTh
YMEHBIIEHUS OIMOOK MEPBOT0 U BTOPOTO poja — YBEJIMYUTh 00beM BbIOOpKH. [To-
CJIEJICTBHSI COBEPIIIEHUS OIMOOK MEPBOTO U BTOPOTO POJIA, KaK MPABUIIO, PA3JINy-
HBI 1 MOT'YT IIPUBECTH K JAJICKO HEPABHOIIEHHBIM TIOCIICICTBHSIM.

B craructrueckux Tectax OOBIYHO MPHXOAUTCS MITH HAa KOMIPOMHUCC MEXK-
Ny TIPUEMJIEMBIM YPOBHEM OIMUOOK MEPBOTO M BTOPOTO Poja. 3a4acTyro s MpH-
HATHUS PEIICHUS HUCIIOIb3YETCsl MOPOrOBOE 3HAYEHUE, KOTOPOE MOXKET BapbUPO-
BaThCS C IIENIbIO, CJENIaTh TECT 0o0Jiee CTPOTHM HIIM, HA00OpOT, 0oJiee MITKHM.
DTHUM MOPOTOBLIM 3HAYEHUEM H SIBJISIETCS YPOBEHb 3HAUMMOCTH. Hampumep, B ciry-

yae METAJJIOJIETEKTOpa MOBBIIIEHNE YYBCTBUTEIBHOCTH MPUOOpa NPUBEAET K yBe-
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JUYEHUIO PUCKA OwUOKU nep8o2o poda (JI0KHAsl TPEBOTa), a MOHMKEHNUE YyBCTBU-
TEIBHOCTH - K YBEJIMUEHUIO PUCKA OuUOKU 6MOpo20 poda (TIPOITYCK 3alpeIiéHHOTO
npeaMeTa).

[lo cBoeMy Ha3HAYEHUIO, U XapaKTepy peEIIaeMbIX 3a7ad CTAaTUCTHUYECKUE
KpUTEPHUH Ype3BbIUaiHO pa3zHooOpa3Hbl. OJIHaKO UX 00bEIUHAET OOIIHOCTD JIOTH-
YECKOM CXEeMbI, IO KOTOpOH OHU cTposiTcs. KOpoTko 3Ty cXeMmy MOXKHO ONHUCATh
CJIETYIOITUM 00pa3oM:

1)  dopmynupyroTcs ocHOBHas H, 1 KOHKypUpYyloIias H; TUIOTe3bl;

2)  3amaeTcsd ypoBeHb 3HAUMMOCTH o (00bruHO mpuHHMamT o = 0,1;
0,01;0,05;0,001;

3)  BbIOWpaeTcs KPUTEpUN MPOBEPKH THUIOTE3BI H,, KOTOPBIH SIBISACH

(GyHKUMEH BBIOOPKH X , X ..., X , OyeT CIy4ailHOW BETMYMHOM C HU3BECTHBIM
1 2 n

3aKOHOM paclpeieNICHUsl BEpOsITHOCTEH (0OBIYHO OAMH U3 IEPEUNCICHHBIX HUXKE!
HOpMaJIbHOE pactipesiesienne; pacnpenenenue [lupcona — xu-kBaapar; t - pacnpe-
nenenue CteroieHTa; F pacnpenenenne ®Ouimiepa-CHenekopa);

4) w3 TaOauIl pacupeeicHUs] KPUTEPHs M0 33JaHHOMY YPOBHIO 3HA4H-
MOCTH O HaXOIUTCS KpPUTUYECKAsl TOYKA, KOTOpas JEIUT MHOMXKECTBO JOIYCTHU-
MBIX 3HAYCHUN KpUTEPHUS Ha 00JACTh NMPHHATHS KPUTEPUS U KPUTHYECKYIO 00-
JaCTh;

5) 1o JaHHBIM BBIOOPKH IMOJICYMTHIBACTCS IKCICPUMEHTAIBHOE 3HAYCHHS
KPUTEPHS; €CIIM OKAXKETCsI, YTO BBIUMCICHHOE 3HAUCHUE KPUTEPUS MPUHAJICKUT
00JIaCTH MPUHATUS HYJIEBOU TMNOTE3bl, TO H, CleayeT MpUHSTH, T.€. CUUTATH €€
HEMTPOTUBOPEYMBON BHIOOPOYHBIM JTAHHBIM; TPOTUBHOM Ciiydae Tumnortesy H, cie-

IyeT OTBEPTHYTh.
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3.2 TIPOBEPKA TUIIOTE3 O IIAPAMETPAX HOPMAJIbHOI'O PACIIPEEJIEHUSA

HYCTL X,X,.., X — HE3aBUCHMAs BBI60pKa 00BbEMa N U3BJICUEHA U3 HEKO-
1 2 n

TOpON TeHEpaAIbHON COBOKYITHOCTH, PACIPEICIEHHON 10 HOPMAJILHOMY 3aKOHY C

napamMeTpaMH: MaTEMaTUYECKUM OXKUJAHUEM & U JTUCIIEPCUEH 3aKOHY o 3nech
BO3MO>KHBI CIICAYIOIIUE TPENOI0KEHUS O 3HAUYEHUSIX HEU3BECTHBIX MTapaMeTPOB:

- TUMOTE3bl O MATEMATUYECKOM OXKHJIAHUH HOPMAJIbHOM reHepalbHOW COBO-
KYITHOCTH MPU ) 0 —U3BECTHOM; 0) 0 — HEU3BECTHOM;

- TUIIOTE3bl O HEU3BECTHOU AUCIIEPCUN HOPMAJIBHOW F€HEPAIbHOM COBOKYII-
HOCTH TIPU @) U3BECTHOM MaTEeMaTHUYECKUM OXHJlaHuEeM; 0) HEM3BECTHBIM MaTeMa-
TUYECKUM OXKHIaHUEM.

B tabnune 3.2 mpuBeneHa cBOKa MPOIEAYp MPOBEPKH TUIIOTE3 O CPEIHUX U
JUCTIEPCUsiX Il HOPMaJIbHOIO paclpeesieHus Ciy4yailHol Benu4yuHbl. B kauecTBe
KPUTHYECKHUX TOYEK B3SITHl KBAHTUJIM COOTBETCTBYIOIINX PAaCTIPEACTICHUIA.

PaccMoTpuM Hambosiee 4acTo BCTpeUaromuecs 3a1a4i 0 IPOBEPKE COTaco-
BAaHHOCTHU CTAaTUCTHUUYECKHUX OILICHOK U MapaMeTpoOB T'€HEPaJbHON COBOKYIHOCTHU

HOPMAJIbBHOTO 3aKOHA PaCIIpCACICHU.

3.2.1 CPABHEHUE BbIBOPOUYHOI CPEJHEN C MATEMATHUYECKUM OXUJIAHUEM
HOPMAJIbHOI 'EHEPAJIBHOM COBOKYITHOCTMU IIPU U3BECTHOM JUCITIEPCUU

[lycth X ,X ,.., X - ciayuyaiiHasg BbIOOpKa 00bEMa N U3 HEKOTOPOWU TeHe-
1 2 n

paJbHOM COBOKYITHOCTH, PACIIPEICIEHHON 110 HOPMAJIbHOMY 3aKOHY C U3BECTHOU
Heobxoaumo cpaBHUTH BEHIOOPOYHYIO CPEAHIO C T€HEPATbHON CPETHEH.

HyneBas rumoreza H,: X =M :z a.
6

[TocTpoum kpuTepuil MPOBEPKU ATOM rHNOTE3bL. PaccMOTprM BENTMUUHY:

X +X +...+X
1 2 n

X =
¢ n
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Tabnuua 3. 2 — Kpurepun 3Ha4MMOCTH ISl IPOBEPKU TUTIOTE3 O CPEIHUX U AUCIIEPCUSX
HOPMAJILHO pacIpeeiI€eHHON reHepaabHOU COBOKYITHOCTH

3anaga Crarucrtuka Kputepus Teopetuueckoe
Ne pacrpe/ieneHue
n/m
1 |CpaBHeHME BBHIOOPOYHOUN CpeaHElH X—a N(0;1)
C MaTeMaTUYCCKHM OKHIaHHEM K poen = o n Ho mpunumaetcs, ec-
HopMmanpHOW I'C  (reHepanbHOM m K, €(-K,,K,)
COBOKYITHOCTH)
2 |CpaBHeHHE JBYX BBIOOPOUYHBIX X—y W
cpenaux u3 HopMmaiabHbIX ['C ¢ K e _—O_ \/E n ===
paBHBEIMU N U O
CpaBHeHHE BBIOOPOYHBIX CPETHUX X—y
3 |(nBe BBIOOPKH) K3 HOPMAIbHBIX K pew = > >
9%, %y == 0= 0
I'C ¢ pa3HbiMH, HO 3aaHHBIMU Oy +
m n
nu O-y
CpaBHeHHE BBIOOPOYHBIX CPETHUX X—y [TpubnuxeHHBIH
(1Be BBIOOPKHM) C OONBIINMH U HE- K e = N(0;1)
4 |l3aBucuMBIME BHIGO 0 \/ D,(X)  B.%) H
pKamu J11000ro + o IPUHUMAETCSI, €C-
pacnpeeneHus m n mK,,., € (—KKP,KKP)
CpaBHeHHE BBIOOPOYHOM HCIPaB- » (n _1)52 «XHM-KBaJIpaT»
5 |nenHoit cTepcHn ¢ 3a1aHHOH 07 - o2 k=n-1
HopMasbHOU ['C
CpaBHeHHE BBIOOPOYHOrO pac- | 6 —np 2 «XU-KBaJpaT»
6 |mpeneneHUs mOJEH NPH3HAKOB C ZZ = Z I - k=1-1
TEOPETUUYCCKUM PACIIpe/Ie/ICHUEM =1 np;
CpaBHEHHE BBIOOPOYHON THCTO- L ¢ - np 2 «XHM-KBaJIpaT»
7 |rpaMMBbI C TUIOTHOCTBIO HOpMallb- ;{2 = Z ! | - k=r-3
HOT'O 3aKOHa =1 np;
CpaBHeHUe CpefHHX (JBE Majbie
8 HE3aBUCHUMBIE BBIOOPKH W3 HOP- B (x-Y) /mn(m +n-2) Pacnpenenenue
ManbHBIX ['C) ¢ HeusBecTHbIMHU,| | = - - CTplOzIEHTA
HO PaBHBIMH JHCIEPCHIMHU \/(m +n)[(Mm-s; +(n-Ds;]| k=m+n-2
SZ Pacnipenenenue
CpaBHeHue  JABYX  JAMCIIEpCHil F= —’; (Sx > Sy) @umiepa-
g [HOpManbHBIX I'C Sy Crenexopa
ky=n, -1
k2 = ny —1

<
cenoBatensao o § =

2
, A N O
Eé maremarmnueckoe oxunanne M € Fa, aucrepcus D& F (cTp.8)),

o)

Jn

(popmymna (2.18)).

n
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BBenem cratuctuky

K- (3.2)

pacu. N O

PaCCMOTpI/IM AJIbTCPHATUBHBIC TUIIOTC3bI:
1) Hl:x_g;tMQ(}ta ; 2) Hl:x_6>a:M(X); 3) Hl:x_g<a=M(X).
B nepBom ciydae mMeeM JIBYCTOPOHHIOI KPUTHUYECKYHO 00JacTh (JABYCTO-

POHHMI KpUTEpUId) U Tumnore3a H, NpUHUMAETCS, €CIU

<K |, (3.3)

‘K
Kp.

pacu.

rac KKp. OoIIpCACIICTCA COITIACHO 3aJaHHOMY YPOBHIO 3HAYMMOCTH H3 pa-
BCHCTBA.

D(K,,) = (1 - a)l2. (3.4)

C UCTIOJIb30BaHUEM CTATHCTHUYCSCKOM TaOIHIIBI 2 3HaYeHNH nHTerpaia Jlamaca, @(x).
Bo BTOpoM ciyyac mMeeM MPaBOCTOPOHHIOI KPUTHUECKYIO 00yacTh (Ipa-

BOCTOPOHHUM KpUTEpHil) U runore3a H, NpUHUMAETCS, €CITU
Kpaea <K, (3.5)

rae Ky, ompeznensercs COINIaCHO 3aJaHHOMY YPOBHIO 3HaYMMOCTH U3 pa-
BEHCTBA!

D)= (L-20)2=1/2 - a (3.6)

B TpetheMm ciyuae nMeeM JIEBOCTOPOHHIOW KPUTHUUYECKYHO 00JIacTh (JIeBO-

CTOPOHHHI KpUTEepui) U runore3a H, NpUHUMAETCS, €CIIH
Kpacq.> - RKp.! (37)

rae Ky, ompenensercs o paBeHCTBY (3.6).

Ilpumep 25. Poct aOUTypuEHTOB cpeau noctynaromux B MpkyTckuii ar-
papHBIl YHUBEPCUTET paclpeesi€éH M0 HOPMAIbHOMY 3aKOHY C MaTeMaTHYeCKUM
oxkupanueM a = 181 cM u cpeaHEKBaAPATUUYECKUM OTKJIOHEHHEM G = 3 cM. [l

BbIJa4y MCIUIMHCKUX CIIPABOK 00 OCHOBHBIX (I)I/IBI/IOJ'IOFI/I‘-ICCKI/IX ITOKAa3aTCIAX
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ObUTH clTydyailHO 0TOOpaHbl 9 aOUTYpHUEHTOB, MOJYyYEHHBIE JaHHBIE 00 MX pOCTe

IIPUBEAECHBI B CIEAYIONIECH Ta0IuIIE:

Ne n/m 1 2 3 4 3) 6 7 8 9
X (pocr, cm)|185,5|180,3|182,7(177,7{178,8(181,9|174,2|180,7|180,7

[IpoBepuTh TUTIOTE3y O PABEHCTBE CPEAHEH IO BHIOOPKE M MAaTEMaTUYECKO-
ro OXHUIAHUS TI0 3TOMY TOKa3aTelto y 00CIeJ0BaHHBIX AOUTYPUEHTOB MPU YPOBHE
3Hauumoctd o = 0,1.

Pewenue. Berauciaum cpeHee 3Ha4€HUE 110 BBIOOPKE !

X1+X2 +...+Xn

)_( = =
8 n

_1855+180,3+182,7+177,/+17/88+1819+174,2+180,7+180,7
9

[Tpumensist popmyay (3.2), BEIMUCIUM pacueTHOE 3HAUCHNUE KPUTEPUSL:

=1825.

_1825-181 ;o ..

pacu. 3

ITycTh anpTepHATHBHOM rumoTe3oi oymzer H . x_e =M & #181.

Hcnone3ys ypaBuenue (3.4), Haiinem 3Hadenune GyHknuu Jlamaca:

O(K,)=(1-01)/2=045,

u 1o Tabnuue 2 3HadyeHuit ¢pyHkiuu Jlamnaca onpeaenuM KpUTHYECKOE 3HAYCHUE
K. = 1,65. IlockonbKy BemonHsercss HepaBeHcTBO (3.3) 1,5 < 1,65, To HyneBas

rurnore3a f, MpruHUMAETCH.

Ilpumep 26. Texuudeckas HopMa npeaycMmarpuBaet B cpeaHem 40 c. Ha BbI-
MOJIHEHUE OMPECIICHHOW TEXHOJOTMYECKOW Omepalud Ha KOHBEHEpE MO MPOu3-
BOJICTBY 4acoB. OT paGOTHUIL MOCTYIHUIH KaJIOObI, YTO OHU B JEUCTBUTEIHLHOCTH
3aTpaymBalOT Ha ATy Oomneparuio 0ombIine BpeMeHu. J[Jis mpoBepku KaioObl IpOBe-

JIEHBl XPOHOMETPUYECKHE M3MEPEHHSI BPEMEHHU BBINIOIHEHUS omnepaunu y 36 pa-

OOTHHII, U MOJYYCHO CpPeIHEe BPeMsl BBIMTOJHEHHS 3TOH omnepanuu X =42 ¢. Mox-
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HO JI¥ 110 MMEIOIIUMCSI TAHHBIM Ha ypoBHE 3HaunmMoctu « = 0,01 oTKIIOHHUTH THIIO-
T€3y O TOM, YTO CpPEIHEE BPEeMs BBIMOJIHEHUS 3TON OMEPallii COOTBETCTBYET HOP-
M€, €CJIM U3BECTHO, YTO CPEIHEE KBAAPATUUECKOE OTKIOHEHUE TeHEPAIbHOM COBO-
KYITHOCTH O = 3,5¢?

Pewenue. Chopmynnpyem OCHOBHYIO U aTbTEPHATUBHYIO TUTIOTE3bI.

H,:a=40 — nmeusBecTHOEe reHepaibHOE CpeHEE PABHO 33JaHHOMY 3HaUe-
HUIO (BpEeMs BBITIOJTHEHUS TEXHOJIOTUYECKOM OTIepaIllii COOTBETCTBYET HOPME).

H,:a>40 — BpeMms BBINOJHCHUS TEXHOJOTMYECKOM omeparu OoJbile
Hopmsl. ITo yenosuio 3amaun @ = 0,01, n =36 >30, o =35, snauur, Bocnon3y-

emcs cratuctukoit (3.2). Ee pacueTHOe 3HaYCHHE PaBHO:

x-a _
K pacu RN (I SO T VLY
o)

3,5 35
Tak kak anbTepHaTUBHASA TMIIOTE3a MPABOCTOPOHHSSA, TO M KpUTHYECKas 00-
JacTh TOKE€ MPaBOCTOPOHHsAA. 13 paBeHctBa (3.6) onpenenum 3HaueHUuEe QPyHKIUU

Jlamuraca:

®(K,,) =Y -a=05-001=049.

ITo Tabmuue 2 3nayenuit Gynknun Jlamnaca K, = 2,33. Ilomy4yninn, 4To Ha-
OJIr01aeMoe 3HaUeHHUE Kpacq, >K,,, T.e. omaaeT B KpUTHUECKYIO 06IACTh (PHC.

15). CnepoBaTenbHO, HA JAHHOM YPOBHE 3HaYMMOCTH OCHOBHAsI TUIIOTE3a OTBEP-
raeTcs B IOJIb3Y albTEPHATUBHOM.

YpoBeHb 3HAUMMOCTU XapaKTEPU3YEeT HAJECKHOCTh HAIIETO YTBEPKICHUS:
oosiee yeM ¢ 99% HaEKHOCTHIO MOXKHO YTBEPKAaTh, UTO CPEIHEE BPEMS BBITOJI-
HEHUS TEXHOJOTUYECKOW orepaluu npesbimaer HopMmy. CienoBareiabHO, Kaao0bl
paboTHUIl 000CHOBaHBI. TakuM 00pa3zoM, MOXKHO YTBEPXKAAaTh, UTO CpEeHEE BpEMs

BBITTOJIHEHUS TEXHOJIOTUUECKOM Oorcpanuu MmpeBbIIACT HOPMY.
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3.2.2 CPABHEHME BbIBOPOYHOM CPEJIHEM C MATEMATHUYECKHAM OXUJTAHUEM
HOPMAJIbHOM TEHEPAJIbHOM COBOKYITHOCTH ITPU HEM3BECTHOM
JIMCITEPCUN

[Iycts cnydaitHasg BenuumHa X pachpenesieHa N0 HOPMaJIbHOMY 3aKOHY

(2.13), mpuuem cpelHee KBaapaTHUYECKOE OTKIOHEHWE Hens3BecTHO. IIpomsBeneHa

ciyyaiiHasi BbIOOpKaX , X ..., X 00bEMa N W3 reHepaabHOW 3HAYCHUM CIydailHOU
1 2 n

BEJIMYUHBI. TpeOyeTcsi CpaBHUTH BEHIOOPOUHYIO CPEAHIOIO C TEHEPAIbHOM CpeliHen

PaccmoTpum HyIleBy10 (OCHOBHYIO) W aJbTE€PHATHUBHBIC TUIIOTE3bI:

= ~
Hynesas runoresa H X =M &« =a. AnbTepHaTUBHbIE THIIOTE3bI:
8

1) Hlix_g;tMQ(}ta ; 2) Hl:)c_6>a:M(X); 3) Hl:x_6<a=M(X).

Craructuka (KpUTepuii), o KOTOPOi OyZeM OCYIIECTBISATh IPOBEPKY TUIIO-

TC3, UMCCT BU/.

t =X g (3.8)

pacu.  pacu. S

r7e S — ucmpaBiieHHas BRIOOPOYHAs AUCTIEPCHs], BRIYHCIIsIEMas 0 GpopMmyiie
(2.6). K= t, Tpu 3aJaHHOM YpPOBHE 3HAUUMOCTH & (WM HAAEKHOCTH
y=1-a ) u obbeme BbIOOpKK N OymeM uckath u3 Tabsuiel 4 — Kputnueckue
TOUKM pactipenenaeHust CTbIoJIeHTa, ONPEAEIUB YUCIIO cTeneHeil cBoboabl o Ghop-
myie (2. 28). Hynesas rumote3a OyaeT MpUHATA B Cilydae JABYCTOPOHHEH KpUTH-

YeCcKOM O6J]21CTI/I, CCJIM BBINIOJIHACTCA HCPABCHCTBO!

t

<t ] NI _th. < tpva .< th. (39)

pacu. Kp

B ciyyae omHOCTOpOHHUX KpUTHYECKUX ObOsacTed (MpaBOCTOPOHHEH U Jie-
BOCTOPOHHEH) OCHOBHAsI THIIOTE3a MPUHUMAETCS TMPU BBIMOJHEHUH COOTBETCT-
BYIOIIIMX HEPABEHCTB:
< tep. (3.10)

tpacq .

> - th. (311)

tpacq .
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Ilpumep 27. VI3 HOpMaIbHOUM reHEepaIbHOW COBOKYITHOCTH CEITLCKOXO03SUCT-
BEHHBIX NPEINPUATUN, paCCMaTPUBAEMBIX 10 MOKA3aTENI0 YPOKAHOCTH MILIECHH-
1Ibl, C HEM3BECTHOM IUCIEPCHEN U IreHepanbHOU cpenHeit a = 38,1, u3BnedyeHa Bbl-
oopka oosemMa N = 50. Ilo Heli HalifeHa BBIOOpOUYHAs CpeHsAs apudmeTnyeckas

X =42 u ucnpaBlieHHOE CpefHee KBajpaTuueckoe oTknoHenue S = 9,4. TpebyeT-
68

cd IOpH oBHe 3HaunMoctud = 0,05 mposeputh HyJIEByr0 Tunoresy H :
0

X =a=381 npuKoHKypHpyIIeH runoresze H M (X)>38,1.

68
[To ycnoBUIO KOHKYpUPYIOIIash TUIOTE3a C MPABOCTOPOJHHEN KPUTHUECKOM

obnactio. HalineM kpuTH4eckyto TOUKy U3 paBeHcTBa (3.8):

_t =427381 i _oa3
pacu. pacuy. 9,4

ITo Tabauue 7 ompenenum KpuTudeckyro Todky g, (0,05; 49) = 2,009. Ha
OCHOBaHMH HEBBIIOJNHEHUSA HepaBeHcTBa (3.10) y Hac Ly > L, T.€. 2,93>2,009.

I[enaeM BBIBO/] 00 OTKJIOHEHUH HYHCBOﬁ THUIIOTC3kI, T.C. BI)I6OpOLIHa}I U THUIIOTCTH-

YCCKadA reHepajibHasd CpCAHAA CTATUCTUUCCKU pa3JIN4arOTCsA 3HAYUMO.

3.2.3 CPABHEHUE HOPMAJIbHbIX TEHEPAJIbHBIX CPEJIHUX ITO PA3HBIM BbIBOPKAM
[MPU U3BECTHBIX IUCIIEPCUAX

[Iycth X ,X ,.., X U Y Yy Y~ BBIOOPKH OJTHOTO 00BEMOB N; U N, U3
1 2 n n

HOpMasTbHBIX pacnpenenennii N(a, o) n N(ay,az) COOTBETCTBEHHO, TPUYEM

3HAa4YCHHUC O HU3BCCTHO.

Hanee OyaeM cuuTaTh, YTO CiydaiiHbie BenmuuuHbl X U Y He3aBUCHMBI. B

OTUX NPEANOJIOKEHUAX IPOBEPUM HYJIEBYIO runoresy fH, : ay :ay. IToctpoum
KPUTEPHUH TPOBEPKH Koy, ITOM TUIIOTE3BI:
x-y
K =
pacu (3.12)
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PaccmoTpum HyJIEBYIO M albTEPHATUBHBIE THIIOTE3BI:

Hynesas runoresa H,: M & =M (V). AnbTepHaTUBHBIE THIIOTE3BI:
1 H M« FMY); 2) Hl:M(X) >M®Y); 3 Hl:M(X) <M().

ITpy 3a1aHHOM YPOBHIO 3HAYUMOCTH K, B Cllydae JBYCTOPOHHEH KpUTHYE-
CKOHM 001acTH TIpH MEePBOM AIbTEPHATUBHON THIIOTE3€ OMPEICISICTCS W3 PAaBEHCT-
Ba (3.4); B cmyyae OJIHOCTPOHHUX KPUTHUECKUX 00sacTel (MpaBOCTOPOHHEH, allb-
TEpHAaTUBHAs THUIIOTE3a —BTOpas M JIEBOCTOPOHHEH, albTEpHATHBHAs TUIIOTE3a -
TpeThsi) K, HaxoauTcs corsacHo popmyie (3.6) ¢ HCHOJIB30BaHMEM TaONIUIBI 2
3HaueHui pynkiuu Jlammaca.

Ecnu HyneBas runore3a BepHa, TO  BBINIOJHSIOTCA COOTBETCTBEHHO HEpa-
BenctBa (3.3), (3.5) u (3.7). A BHOBb moiydeHHas ciayd4aiiHas BenuunHa (3.12)
UMeeT CTaHaapTHOe HopMmaiibHOe pacnpezaencHue N(0,1).

Ilpumep 28. DKOHOMHUYECKHA aHAIN3 MPOU3BOIUTEILHOCTH TpyAa IPe-
MPUATAN OTPACIIA MO3BOJUI BBIIBUHYTh THIOTE3Y O HAJIIMYMU JABYX THUIOB NpEH-
NPUATAN C PAa3IMYHONM CpPEJHEH BEJIMYMHOW I10KAa3aTellsl IMPOU3BOAUTEIBLHOCTH

Tpyna. Beibopounoe obcnenoBanue 42 npeanpusTUid NEpBON TPYMIbI MOKA3aJIo:
CpeaHssl NPOU3BOAUTEIBHOCTD TPY/1a x=119 neraneii. Ha 35 MPEANPUATHSX BTO-
poii IPyIIBI CpeiHss MPOU3BOAUTENLHOCTh OKasanach y =107 neraneil. ['eHepalib-
HBIe JUCTIEPCHU M3BeCTHH: o € =126,9; o274 '=1361. Cunras, 4to BBHIOOPKH
IPOM3BENIEHBI U3 HOPMAJIbHO PacCIpe/leIeHHbIX COBOKYNMHOCTEN X u Y, Ha ypOBHE
sgaunmoctu & = 0,05 nposeputs, cirydaliHO JIM TONYYEHHOE Pa3jinyue CPEIHHUX
noKasaresieid MPOU3BOJUTEILHOCTH TPyAa B IPYIIAaxX WM K€ UMEITCS JiBa TUIA
MPEANPUITUN C PA3JIUYHOM CPETHEN BEIIMUMHOM ITPOU3BOUTEIBHOCTH TPYIA.
Pewenue. CdopMynupyeM OCHOBHYIO U albTEPHATUBHYIO THIIOTE3BI.
Ho:a = a, wm Hy: X =Y — reHepalibHbIe CPEeIHKUE ABYX HOPMAJIbHO pacrpese-
JICHHBIX COBOKYMHOCTEH paBHbI (MIPEANpUATHS IBYX 00CIEA0BaHHBIX Py OTHO-
CATCSA K OJIHOMY THUITy MPEANPHUSATUH; BHIOOPOUYHBIE CPEAHUE OTIMYAIOTCS HE3Ha-

YUMO; CPCOAHAA IMTPOU3BOAUTCIIBHOCTL B ABYX I'PYIIIIAX OIII/IHaKOBa).
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H, 1@, #a, — renepanbHbie cpeanue pasiudnbl (MPEINPUATUS JBYX TPYII OTHO-
CATCS K pa3HOMY THITY NPEANPUITHI; CPEIHSS IPOU3BOIUTEIBLHOCTD TPY/la B ABYX
rpynnax pasinyHa). Tak Kak reHepajbHble IUCIIEPCUM U3BECTHBI, TO AJIs MPOBEP-
KM TMIIOTE3bl UCIIOJIB3YEM CTAaTUCTUKY, UMEIOLIYI0 HOPMaJIbHOE CTaHIApPTHOE pac-

npenenenue (3.12). Ee pacueTHoe 3Ha4YeHHE pPaBHO:

P x—y _  119-107 4
R e g2 \/126,9 1361
— 4= +
n n, 42 35

AHBTepHaTHBHaﬂ TUI1oTe3a ABYCTOPOHHMAA, IIOTOMY KPUTHYCCKOC 3HAYCHHC pr

HaxoJuM 1o Tabnauue 3HadyeHui pyHkunu Jlamnaca u3 COOTHOIICHMS:
Ko =196n —K, =—1,96.

O6nacTh JONMYCTUMBIX 3HaueHU ocHoBHOM rumortessl € 1,96; 196 . HaGmonae-
Moe (pacuetHoe) 3uayenue K, ,;, =457 nexwur 3a npeaenamu 3TOr0 HHTEpPBaia U

HE SIBJISICTCS JOIMYCTUMBIM (MIPUHAIJICKUT KPUTHUUECKOW 00JacTH) Ha 3aJlaHHOM
ypOBHE 3HAUYMMOCTH. OCHOBHAsI THIIOTE3a OTBEPraeTCs B MOJIb3y AIIbTEPHATUBHOM:
MOJIyYEHHOE PA3JIMUMe CPEAHUX MOKA3aTENIeN MPOU3BOIUTENBHOCTH TPy Aa B IPyI-
Iax HEeCIy4anHO, UMEETCs JIBa TUIA MPEANPUATAN C Pa3IUYHOU CPEAHEU IPOU3-

BOAUTEIBHOCTBIO TPYyAQ.

Ilpumep 29. KonmduecTBO MpoJak MOJIOKA MO HEACHSIM (B THIC. JITPOB),
peanuzyemoro B cynepmapkerax "lIpocto npoaykrst" (I1I1) u «Kpecrockuit» (K),

3a/1aHbl B CJICAYIOIITUX Ta6J'II/II_IaX:

1 2 3 1415 6 7|8 9

[T | 15,5 10,3 | 12,7 7,718,8|11,94,2|4,2|10,7

K| 108| 111 | 13,6 | 125 | 13.7| 13.7 | 124 | 13.7 | 85
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[IpoBeputh runoresy H, 0 paBEHCTBE MATEMAaTUYECKUX OKUIAHUN NPU AJTb-

TepHATUBHOM rumnotese, uro Hy :M(X) <M (V). Ilpenmnonaraercs, 4To g dTUX

CYIICPMApPKCTOB CTAHAAPTHBIC OTKJIIOHCHUA IMPOJaK MOJIOKa H3BCCTHBI M PABHBI

o=2 . 3aganum yposensb 3Haunmoctu o =01,

Pewenue. IlpumenuB cmenieHue 00EUX CIy4alHbBIX BEJIMYMH Ha X, =10,

T.€. BBeas nepemennbie U=X—-10, v=Yy—-10, coctaBum pacuyeTHbIC TAOJIUIIBI IS

HOBBIX IICPCMCHHBIX:

Ne | 112 |3 |4 3) 6 7 8| 9 X
u p503 | 2723 1,2 | 1958 -580,7 | -4

v (0,8]1,1/3,6/2,5|3,7(3,7|2,4|3,7|-1,5|20,0

HOCJ’IGILOB&TGJ’IBHO IMOJIy4YHUM:

- 4 _ 86 - 20 — 110
U=—— = Xx=—=9556 , V=—"-=2222 = y="""2=12,222.
9 g 9 Y=g

Bbrunciaum cTtaTucTHKy Kpgeq., IpUMEHHUB Gopmyny (3.12). VuutsiBas, uTo

00BbeMbI BEIOOPOK OJJUHAKOBBI U PABHBI 9, MOTYUNM:

K _ X—y.\/ﬁ:9,556—12,222

— .9 =—-2.86.
pact 52 22

W3 ypaBHeHUs 1151 IGBOCTPOHHEW KPUTUUECKON 00JIACTH UMEEM:
D(Kp)=(1-20)2=1/12 -2=0,5-0,1=0,4.
[To Tabnune 2 3Hauenmii pyHkimu Jlammaca HaxoAUM KPUTHYECKOE 3HAUE-
nue K, = 0,16. Hepasencrso (3.11) 1 1€BOCTPOHHEN KPUTHYECKON 00JIaCTH HE

BBINOIHSAETCS Lpaeq > - 1, y Hac -2,86 < -0,16 u runotesa Hy orBepraercsa. Takum

06p&30M OTIIMYUC CPCAHUX MMPOJaK MOJIOKA B 3THUX CYIICPMAPKETAX 3HAYUMO.

109



3.2.4 CPABHEHUE HOPMAJIbHbIX TEHEPAJIbHBIX CPEJIHUX ITO PA3HBIM BbIBOPKAM
ITPU HEM3BECTHBIX JUCIIEPCUAX

HYCTB 10 IBYM HC3aBUCHMbIM BBI60pKaM o0beMa N W M U3BJICUEHHBIM U3
HOPMAaJIbHBIX F€HEPaIbHBIX COBOKYIHOCTER X ~N€,0, U Y~N&,, 0, Tpebyercs
CpaBHUTD I'CHCPAJIBHBIC CPCAHUC, T.C. OCHOBHAA T'HIIOTC3a UMCCT BU:

Ho:a;=a, (‘lO:X =Y‘.
Ecimu 00e I'CHCPAJIbHBIC AOUCIICPCHUM HCU3BCCTHBI, TO IPUMCHACTCA CTATHCTHKA,

HMCromias pacipeaciCHuc CTBIOI[CHTa:

pacu. pacu. \/(]_1: S)% 4 (n_]_: S)Z/

X—Y m-n-(m+n-2)
\/ m-+n ’ (3.13)

rac S)% )54 532/ — HCIIPABJICHHBIC HTUCIICPCHH K&)K,I[Oﬁ BI>I60pKI/I, OIIPCACIIACMBIC I10

dopmysie (2.6). s npoBepkr MPUEMIIEMOCTH TUIIOTE3bI Hy 1Mo 3a1aHHOMY ypOB-

HIO 3HAYUMOCTH ¢ (WK HagekHOCTH Y =1—a ) u uncny creneneii cBOOOIBI
k=n +m-2 (3.14)

u3 Tabnuiel 4 — Kpurndeckue Touku pacnpezaeneHuss CTboJieHTa HaX0IUM 3Haue-
nue K= t. Jlanee mposepka aHajmoruyHa U3J0KEHHOW METOJIMKE B pasjelie
3.2.2. BoiBoj 0 mpuemieMocT uin 00 OTBEPKEHHUH TUIOTE3bI Hy ocyIecTBisieTcs
Ha ocHoBaHuM Gopmyn (3.9) — (3.11).

Ilpumep 30. JIns AByX HOPMAJIbHBIX CIyYalHBIX BeIMUYUH X U Y TMOdY-
YEHBbI BBIOOPKU
X 3,7 4,9 5,6 6,1 Yi 34 | 42 | 51
n; 2 4 2 3 n; 4 3 2

[IpoBepuTh THUNOTE3y O PABEHCTBE MaTEMATHYCCKUX OXHUIAHUN MPU YPOBHE
sHaunmoctu oo = 0,05 .

Pewenue. O6beMbl BEIOOPOK COOTBETCTBEHHO paBHBI N =11, m =9,
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Hdns kaxnaou BBEIOOPKH MOJICYUTHIBAEM  BBIOOPOYHBIE CpEIHHUE:

x=5,1363; 9=4,0444- dopMyIpyeM OCHOBHYIO THUIIOT€3Y O pPaBCHCTBE
MaTeMaTHUeCKUX Okujanuii Ho: a; = a, mmm M(X) = M(V). AnbrepHaTHBHAS TH-
noteza Hi: M(X) # M(Y). Jlna ucnonb3oBanusi cratucTuku (3.13) moacuuraem

UCHPaBIICHHbIC JUCIIEPCHH Ji1 00€UX BBIOOPOK :
X* =27,0700; y? =16,7978 D, =06884; D, =04403,
sy =0,7572, s} =0,4953.

[ToacunThiBaeM pacueTHoe (HaOJtojaeMoe) 3HAYCHUE KPUTCPUS:

-9,4393 = 3,0348.

_ 51363-4,0444 \/9 11-(9+11-2)  1,0919
pact. [10.0,7572 +8-0,4953 9+11 3,3962

[To Tabnuie 4 kpuTHUYECKUX Touek pacupeaesieHus CTbhIOJIGHTa HaXOAUM:

th. € ,ntm-2 = th‘ ©,05,18 =2]10.

CpaBHI/IBaCM PaCUCTHOC 3HAUYCHUC C KPUTHUYCCKHUM ! t th' . OTO 3HAYUT, YTO

>
pacu.

BBIOOPOYHBIE CPENHUE paA3INYaAIOTCS 3HA4MMO. [MMoTe3y O paBeHCTBE Mate-

MaTHYCCKUX O)KI/II[EIHI/Iﬁ reHCpPaJIbHBIX COBOKYHHOCTCfI CJlIeayeT OTBCPIrHYTh.

3.2.5 TIPOBEPKA I'MITOTE3bI O PABEHCTBE MATEMATUYECKUX OXXUIAHUIA
[1PU PABHBIX HEM3BECTHbBIX JUCITEPCUSIX

[TycTh Teneps AJig TeX e BHIOOPOK 00€ TeHepaIbHbIC IUCIIEPCUU HEU3BECT-

2 2

2
HBI, HO O/INHAKOBBI, T.€. O, =0, =0".

PaccMoTpum uX BRIOOPOYHBIE CPETHUE U UCTIPABICHHBIC JUCTICPCHH:

Zn:((i_)_(j

X +Xp b tXy o
n ] X n—]_ ]

X =
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XA
N D Pt 2_;;’ -
y_ ISY_ .

m m-1

= o _ o
N3BecTtHO, UTO X ~ N(ax , ﬁj’ y~ N(aY , ﬁ) - HOPMAaJIBHO pacmpenie-

o 2 2
JICHHBIC CJIYYaWHBbIC BCIIMYHHBI. Benuuunbl SX ) SY IMOAYHUHCHBI ¥ z—pacnpe):[ene—

HUIO COOTBETCTBEHHO ¢ ( N — 1) u (M — 1) crenensimu cBoOObI. [lockonbky ciy-
yalinble BeIMUrHbl X U Y HE3aBUCUMBI, TO BEJIMUUHA

_6-15 | €15

O o2

U

uMeeT y’—pacmpeneneHne ¢ (M+N—2) cTENeHAMH CBOOOJBI, a BEIMYMHA X — Y

pacipcacicia HOpMaJIbHO:

o o’ o 1 1
X—V~N|a —Qy 4 —F+— =N|a, —a ,O.[—+—|.
X Y X Y

m n m n

HOBTOMY HOpMAJIN30BaHHAA CJIY‘-I&I?IH&SI BCJINYHHA

€-v €, -a

1 1
o=+
m n

uMeeT ctanaapTHoe HopManbsHoe pactpeaenenue N(0, 1), a oTHoeHHE

V =

(3.15)

v _ €y € -a _
W/ €+n-2_ 1 1 [ -133 (1—133] 1
o, —+— =+ 5
m n o o m+n-2

uMmeet pacnpeneneHue Cteronenta ¢ (M+n-2) crenedssmMu cBoOobl. Takum oOpa-

30M, ecim runoresa Hy: a, = a, BepHa, To BeJIM4uHa

X—Yy
K =t =1 =
pacd. ~ “pacu. 1+1j(n—1§>2(+(|—1§$ (3.16)
m n m+n-2

umeet pacnpenenenue CtprofenTa ¢ (M+nN—2) cteneHs My cBOOOIbI. JTa BEIMYUHA

UCIIOJIb3YETCS B KAYECTBE KPUTEPHS JIs TPOBEPKHU TUIIOTE3BI Hy.
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B kauecTtBe AJIbTCPHATUBHBIX I'MIIOTC3 MOTI'YT BBICTYIIATh!:

DH:a #a ; 2)H:a >a ;
1 x y 1 x y

3yH:a <a .
1 x y

3a,Z[aILI/IM YPOBCHL 3HAYUMOCTH & W OINPECACIUM YHCIIO CTCIICHEH CBO6OI[I>I

o gopmyie (3.14). Boconszyemcs tabnurneit 4 — Kputndeckue Touku pacmpe-

neneHns CThroJIeHTa 171 HaX0KACHUS K = 1y,

HyneBas runore3a OyneT MpuHSATA B Clydae JBYCTOPOHHEW KPUTHUECKOU

00JIacTH, eCli  BBIMTONHSETCS HepaBeHCTBO (3.9). B cirydae oqHOCTOPOHHUX KpH-

TUYECKUX oOyacTed (IPaBOCTOPOHHEW M JIEBOCTOPOHHEH) OCHOBHAS THUIIOTE3a

NPUHUMACTCS TIPY BBIITOJHEHHH COOTBETCTBYIOMUX HepaBeHCTB (3.10) u (3.11).

Ilpumep 31. JI51s1 TOTO YTOOBI MPOBEPUTH TEXHOJIOTHIO U3TOTOBJICHHSI HOBOTO

KBaca, MEePUOJMYECKH OTOMPAIOT cilydyailHbIM oOpa3zoM 10 OyTBUIOK W HaXOHIST

KOHIICHTpAIIUIO caxapa. B cienyroieil Tabauie npuBeAeHbl JaHHBIE 110 CTaHAAPT-

HoW naptuu (X) U mo odepeaHoi mposepsiemoit (Y).

Ne 1 2 3 4 5 6 7 8 9 10
X | 11,93| 9,43 | 10,43| 8,93 | 9,93 | 9,43| 7,43| 8,93 | 8,43| 9,93
Y | 10,24| 9,74 | 10,74| 8,24 | 11,24 | 9,74| 8,74| 11,24 | 9,74| 9,24

IIpu yposHe 3Haunmoctu « = 0,1 mpoBeputs HyneByro runoresy Hg: a, = a,

IpU KOHKypUpyomen runorese Hi: a, # a,.

Pewenue. Beeném HoBbie mepeMennbie U = X — 9,43; v =y - 9,24, CoctaBuM

paCUYCTHBIC Ta6J'II/II_II>I JJIsI HOBBIX IICPCMCHHBIX !

N | 1] 213|456 7] 8] 9]10]¢
u [25] 0] 1]-05[/05|] 0] -2[-05] -1]05]05
u®> |65 0| 1 /025/025 0| 4 [025] 1 [0,25/135
N | 1|2 3]4]5][6] 7] 8] 9]10

v 1 /05[15]-1] 2] 0]-05] 0 ]05[] 0] 4
v | 1 ]025[225] 1 | 4 | 0 [025| 0 |0,25] 0 |95
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Briuncnenne cpeqHMX 3HAYEHWU U CTAHAAPTHBIX OTKJIOHEHUW JAKOT Clie-
JIYIOIINE  PEe3yJIbTaThl u=005=x=948; v=04-=y=964, S, =122
Sy =0,89. YyursiBas, yTo B JaHHOM npuMepe N = M = 10, MbI MO)XEM BBIYUCIIUTD

KpuTepui Kpacq.. = ... 0 hopmyme (3.16):

Koo 9,48 - 9,64
perre T 1 )9.1,22+9.0,89 =-0,335.
10 10) 10+10-2

[To naHHOMY 3HAYCHHUIO 0, ¥ TI0 YHUCITY CTereHei cBooo bl (N+m-2) = 18 Ha-
X0IUM Mo Tabmuue Kputudeckoe 3HadeHue ty, (0,1;18) = 1,73. CnenoBarensHo,

obnacte npuHatus umeetr Bun (—1,73; 1,73). IlockoiabKy HalJCHHOE 3HAYCHHUE

t).co. TONATAET B 00JACTH MIPUHATHUS, TO TUNOTE3a Ho IpHHMMaeTCs.

3.2.6 CPABHEHUE JUCIIEPCUI IBYX HOPMAJIbHBIX PACITPEJIEJIEHUI

[Tycth crydaiinble BennunHbl X U Y pacnpeeseHbl 0 HOPMAIbHOMY 3aKO-
Hy. [lo BeIOOpKam 3HaueHuit X oobeMa N u Y o6bema M TpedyeTcsi MPOBEPUTH HY-
JeByl0 rumnotredy Hy o0 paBeHCTBe aAucHepCcHil 3TUX CIIyYalWHBIX BEJIIMYUH:
a3(X) = o A(Y).

Kak 00bIYHO MpeaIoNnoKuM BHavYaje, YT0 MaTeMaTHueckue oxxuaanus X u Y
W3BECTHBI U PACCMOTPUM CIy4alHYIO BETUYUHY:

o
Koo =F =S & g 5g (3.17)

pacd. — T2
pacu. § (/

Yka3zaHHas ciyyaiiHas BEJIMYMHA pacnpeneiieHa 1o 3akoHy Oumepa-

CHenmekopa co CTeNeHSIMHA CBOOO/IBI:
ki =n-1 u k,=m-1. (3.18)

AJIBTepHATHBHBIME rumotesamu sisores:  Hy: 0 2(X) # o(Y) (mBycro-

poHHsst kputrdeckast oonacts) u Hy: 0*(X) > o4(Y) (mpaBOCTOPOHHSISI KPUTHYE-
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ckasg 00JacTh. 3aJaM YPOBEHb 3HAUMMOCTU ¢¢ U OINPEIEIUM YHUCIO CTeNeHel
cBoOozsl o popmyie (3.18). dnsa onpenenenus Ky, = Fy, Bocmomb3yemcs Tabau-
uet 8 — Kpurnueckue touku pacnpenenenus Oumepa-Craenekopa. Hynesas ru-
noTe3a OyJeT NMPUHATA B Cllydae JBYCTOPOHHEH KPUTHYECKON 00JacTH, €CIU  BbI-
MIOJIHSETCSI HEPABEHCTBO:

Fpacq. < FKp.(kl! k2; 05/2) (319)

B cily4dac Hp&BOCTOpOHHCﬁ OCHOBHAaA THUIIOTE3a IPUHUMACTCA IIPH BBIITOJIHCHHUN

HEPABEHCTBA:

Fpacq. < FKp.(kll k2; Ol)- (320)

Ilpumep 32. JIByMs: METOJJaMU MPOBEJICHBI U3MEPEHUSI OTHOU U TOM ke (u-

3MYECKOW BEJIMYMHBIL. B mepBoM ciyyae mo BeIOOpKEe o0bemMa N = 7/ mosydyeHa He-

2
CMEIIEHHas olleHKa aucnepcur S, =156, Jlns Broporo Meroma COOTBETCTBEHHO

m=6wu 522 =14,2 . M0HO JM CUUTATh, 4TO 00a METOAA 00ECIIEUNBAIOT OAUHAKO-
BYIO TOYHOCTb U3MepeHH Ha ypoBHe 3HaunMoctu « = 0,05. [Ipeamnonaraercs, 4ro
pe3yJIbTaThl U3MEPEHUN pacipeiesicHbl HOPMaIbHO M BBIOOPKH HE3aBHCHUMBI.
Pewenue. Hynesas runotesa nmeer sun H, i o) = o}
CornachHo dopmyite (3.17) pacuetHoe (HabI0aEMOE) 3HAYCHUE CTATUCTUKI

paBHO:

15,6
K =——=1,099,
paci. = 345

['panuily KPUTHYECKON 0OJACTH OMPEaeTuM MO Tabyuile 8 pacrnpeneacHus
®dumepa Ha yposHe 3Haunmoctu & = 0,05 u crenensam cBoGo b1
k,=n-1=7-1=6, k,=m-1=6-1=5: K, =439.
HabnromaeMoe 3HaUeHHE CTATHCTHKU HE TIOMAaeT B KPUTHYECKYIO 00J1acTh,
3HAYMT HET OCHOBAHHIA OTBEPraTh HYJIEBYIO THIIOTE3y. TakuM 06pa3oM, BEIOOPOY-

HBIC OLCHKU Imcnepcnﬁ OT/IM4YAar0TCA HC3HAYHNMO, U 00a MECTOOda 00ecreynBaroT

OIMHAKOBYIO TOUHOCTDb H3M6p€HPII>i.
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3.2.7 PACIPEJEJEHUE JIOJIEM [TIPUSHAKOB

[TycTh reHepanbHas COBOKYITHOCTH pa3duTa Ha | Hemepecekarommxcs Kiac-
coB Ay, Ay, ..., IOJIM KOTOPBIX B T€HEPATBHOU COBOKYITHOCTH COCTABJISIIOT P1, P2, - ..

Nmeetcs BpIOOpKa 00beMa N, U BBIOIHSIOTCS YCIOBUSA:
np;=5,np,>5, ... (3.21)

O003HaYNM

m; = np; , (3.22)

rae M; — 49KCiao MPEACTABUTEICH BBHIOOPKH, IMOMAJAIOIIMX B KAaTETOPHUIO |
(meopemuueckue uacmomst);

N; — OKUJaeMOE€ YHCIIO B KaXIOM Kjacce (omnupuueckue uacmomol), BbI-
YHUCJICHHOE COTJIACHO HYJICBOW THITOTE3E.

BeigBuraercs HyaeBas rumoresa H,: M; = N (TEOPETHUECKUE M IMITUPHUC-
CKHE YaCTOThI JOCTATOYHO MAJIO OTJIUYAIOTCS IPYT OT JIpyra). AJNbTepHATUBHBIMU
THIIOTe3aMu ABsioTes: 1) Hy: my # ng; 2) Hi: my >ng; 3) Hy: mi<n;.

OTKIIOHEHHE BHIOOPOYHBIX 3HAYCHHN OT OKHUAAEMBIX BBIYHCIISETCS MO (Hop-

MyJI€:

> >
2 _$ G-l L Gi-m S

JAEDY =y —=, (3.23)

=1 Np; =1 m;
/e CyMMHPOBaHHUE MMPOU3BOIUTCS 110 BceM Kiaccam |.
DTa CTATHCTUKA TOJUUHSIETCS PACIIPENCTICHUIO «XH-KBAAPaTay y° ¢ (
q=1-1 (3.24)
cTeneHsMu cBoOobI, Te | — umcimo kimaccoB. 3agaBasi ypoBeHb 3HAYMMOCTH ¢,

HYJICBaA TUIIOTC3a IMPUHUMACTCA, CCIIN

2 2 -
zpacq.< Xx (1_a/2)1q _ (325)
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2
B ClIy4yae JByCTOPOHHEW KPHUTHYECKOH 00JaCTH, TAE X, HAXOIUTCsS IO Tabnuie

5 - KpuTHuecKkue TOUKH pacupeeieHus x>, u

2 2 -
Xpaes< X €0 (3.26)

B CJIy4yae MpaBOCTOPOHHEH KPUTHUECKOM 00J1acTh, U

2 2 ~
;(pacm> - pr. (Z’q — (327)

B CJIy4ae JIEeBOCTOPOHHEH KPUTHUECKOU 00JIacTH.
Ilpumep 33. JlanHble O pa3aUUHBIX 3200JI€BAHUSIX, OTIPEACIICHHBIC HA OCHO-
BE€ CBOJIHBIX JaHHBIX 3a T'OJ 10 BCEM MOJUKIMHMKAM WpKyTcka, mpeacTaBieHbl B

cieayroieit Tabnuiie:

Buasl |I'punm |Cepaeuno- |Kumeu- |OHkonorunye- TpaBmarono- |MmMmys-
3a0011. COCyIU- HbIE CKHE TUYECKUE HbIE
CTBIC
Hons | 34% 18% 12% 10% 15% 11%

B HexoTopol pallOHHOM MOJMKIMHUKE MpKyTCka aHalOrM4yHble NaHHBIE O

yacToTe 3a00JIeBaHUH 3a TOT K€ MIEPHUO/] IPEICTABICHBI HIXKE.

Bunpl | I'punn | Cepaeuno- | Kumeu- Onkounoru- TpaBmarono- | UMMyH-
3a00171. COCYIUCTBIE|  HBIE YECKUE TUYECKUE HbIE
n; 1116 502 341 313 415 413
m; 1054 558 372 310 465 341

[IpoBepuTh, COOTBETCTBYET JIM pacipejesieHne 3a00JeBaHnid B TaHHOW I10-
JUKIIMHUKE 00IIeH CTpyKType 3aboneBanuii ¢ ypoBHeM 3Haunmoct o = 0,017

Pewenue. Beruncium o011iee KoanuecTBo 3a00JI€BaHUM 3a TO/;

n=1116 + 502 + 341 + 313 + 415 + 413 = 3100.
Hannem npennonaraeMmbie 3HaYCHUS TEOPETUUECKUX YACTOT MO KAXKIAOM Ka-

Teropuu coraacHo gopmye (3.22):

m; =3100 , =1054; m,=3100 , =558;m;=3100 =372 uT.1.
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¥ BHECEM HX 3-10 CTPOKY Tabmuupbl. J[J1s mpoBepKH HyJIEBOM TUIIOTE3b BHIUNCIHM

kputepuit y°mo dopmyie (3.23):

s (116-1054 > N €02-558" , €41~ 3722 . €13-310° N
T 1116 558 372 313

2 2
, €15-465°  €13-341°
465

[To cratucTuueckoil TabIUUE S5 COMIACHO 3aJaHHOTO YPOBHS 3HAYUMOCTH

=32,25.

o = 0,01 u yncny creneneit ceobobl = 6—1 =5 onpenearmM KPUTHUECKOE 3HA-

2 2 2 2 -
4CHHUE Yxpur. - LIOCKOIBKY %, = 15,1 U Xpuca™> X, €. g , o Hama runoresa He

npuHuMaercs. bonee noapoOHbIN aHaIM3 claraéMblX, U3 KOTOPBIX COCTOMT CyMMa
HA0JII0JaeMBbIX 3HAUEHUN KPUTEPHs, MOKA3bIBAET, YTO OCHOBHOW BKJaA AAET IO-
cienHee ciaraeMoe. PallOHHBIM BJAacTsM clieyeT oOpaTuTh BHUMaHUE Ha HebJia-
TOIOJIYYHYIO HKOJIOTUYECKYI0 00CTaHOBKY, MPUBOJSILYIO K POCTY UMMYHHBIX 3a-
00JIeBaHU.

[Ipu mpoBepke runore3 0 reHepaibHOM J10J1€ MPEANoiaralT, 4YTO HCIbITa-
HUS MPOBOJATCS MO cXxeMe bepHyiuM (He3aBHCHMBI, BEPOSTHOCTb p IOSBICHUS
COOBITHS A B KaXJIOM OmbITe OCTOsIHHA). [10 BBIOOpKE 00bEMa N OMpPENENIOT OT-

HOCHUTEJIbHYIO YaCTOTY p* MOSIBIICHUS COOBITUS A:

pr=—, (3.28)

rie M — KOJMYECTBO MOsBJIEHUS cOObITUSA A B cepuu u3 N ucnbitanuil. [Ipu npo-
BEpPKE TMIIOTE3 O T'eHEpaJbHOM [0JIe MCIOJIBb3YETCs CTATHCTHKA, UMEIoIIasl Ipu
JIOCTAaTOYHO OO0JIbIIOM 00bEeMe BBIOOPKH CTaHAAPTHOE HOPMAJIbHOE paclpezelie-
aue (tadma. 3.3), KpUTHUECKOE 3HAUYCHUE ONPEACISIETCS U3 CTATUCTUYECKON Ta0Iu-

16l 2 3HaYeHu QpyHkuuu Jlanaca u npumensirorest Gopmyisr (3.3) — (3.7).
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Tab6muma 3.3 — [IpoBepka rumore3 o reHepabHOM 1071

I'unoresa H,:p=1p, Ho:p,=p,
[Ipeanonoxenne Cxema ucnbiTanui bepuymim
OneHku 1Mo BBIOOpKE LM P L' 11 P
pT=— P =—"5 P =
n n, n,
b= m, +m,
n,+n,
Crarucruka Ky, P*-p, n p.*-p,* [ nn,
~
VP =P, _ VPL=p_ \n +n,
Pacnpenenenue CrannaptHoE CrannaptHoe
CTaTUCTUKU Kiucy HOpPMaJIbHOE HOPMaJIbHOE
N (0;1) N (0;1)

Ilpumep 34. TlapTusa u3nenuii TPUHUMAETCS, €CIIM BEPOSTHOCTh TOTO, YTO
W3JICIINE OKAXETCS CTaHAApPTHBIM, cocTaBisieT He MeHee 0,97. Cpeau ciydailHO
otoOpannbix 200 u3nenuii mpoBepsieMo MapTHUM OKazanoch 193 craHmapTHBIX.
MoxHo 11 Ha ypoBHE 3HAUMMOCTH 0L = 0,02 MpUHSTH NApTUIO?

Pewenue. ChopMynupyeM OCHOBHYIO U aJTbTEPHATUBHYIO TUIIOTE3HI.

H,:p=p, =097 — HeusBecTHast reHepaibHas IO p paBHA 33JaHHOMY
3Ha4ueHUI0 po = 0,97. BeposITHOCTH TOTO, YTO AE€Talb OKAXETCS CTaHAAPTHOU, paB-
Ha 0,97, T.e. mapTUIO U3AEINI MOKHO MPUHSTh.

H,:p <097 — BeposTHOCTH TOro, 4TO J€Talb OKAXETCS CTAHIAPTHOM,

Menble 0,97, T.e. napTUIO U3IEIUN HEJIb3 IPUHSATD.

m 193
ITo ycnosuro 3agaun: po= 0,97, n =200, m = 193, p*= =200 0,965.
* _
K _ p Po \/ﬁ _ 0,965 0,97 M _

P T €—p, o A0,97-€-0,97

=-0,005-10- 2 =—0,05-8,290 = —0,4145.
0,97-0,03

Tak kak kpuTHyeckas 007acTh JIEBOCTOPOHHSS, KPUTUYECKOE 3HAYCHUE
HalJIeM MO0 CTaTUCTHUYEeCKOM Tabnuie 2 3HaueHu GpyHkumii Jlamnaca u3 paBeHCT-

Ba:
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(D((Kp/———a 05-0,02=048, orcrona K,, =2,05.

KpuTnueckas obnacts asnsercs untepsaiom € oo; —2,05 . PacuerHoe 3Ha-

yeHue K =-0,4145 He NPUHAIIEKUT KPUTHIECKOH 00JIaCTH, 3HAYUT, HA JIaH-
pacu.

HOM yYpOBHE 3HaYMMOCTH HET OCHOBAaHUI OTBEpraTh OCHOBHYIO TMIIOTE3y W Hap-
THIO U3AEIIUA MOXKHO MPUHSTB.

IIpumep 35. MeHemxep TOProBoi GUPMbI JOJKEH 3aKJIIOUNTh KOHTPAKT HA
MOCTaBKY W3JEJIUNA C 3aBOJIOM, IPOU3BOJASAIIMM JAaHHbIE U3AeNnd. Takux 3aBOJIOB
nBa. OTHUM U3 KPUTEPUEB BbIOOPA CIYKUT KaueCTBO, MPOU3BOAUMOMN MPOIYKIIUH.
Jlis OLIEHKM KayecTBa C/eJlaHbl BBIOOPKU U3 MPOIYKIMH 3THX 3aBOJOB U IMOJIyde-
HBI crenyomue pesyibTaTel. Cpenu otoOpansbix 200 m3aenuii mepBoro 3aBoja
okazanoch 20 OpakoBaHHbIX, cpenu 300 uzgenuii BToporo 3aBojia — 15 OpakoBaH-
HbIX. Ha ypoBHe 3Haunmmoctn o = 0,025 BBIACHUTBH, UMEETCSA JIM CYLIECTBEHHAS
pa3HMIIA B KaYeCTBE M3TOTOBIBIEMBIX TUMU 3aBOJaMU u3nenui. T.e. MOXeT Jm
MEHEJKEpP OT/IaTh NPEINOYTEHHE OJHOMY U3 3aBOJIOB, B BUAY TOT'O, YTO KaYECTBO
W3JIETIUI Y 3TOT0 3aBOJA JIydie?

Pewenue. 3anadya Ha cpaBHEHUE reHepalbHBIX foJied. Chopmynupyem oc-
HOBHYIO U QJIbTEPHATUBHYIO TUIIOTE3bI.

. P, = P, — TEHEepaIbHBIE JI0JIM PABHBI (KAYECTBO MPOAYKIIMH OJJUHAKOBO).
H, @ p; # P, — 3aBOJbI U3rOTaBIUBAIOT U3/ICJIMSI PA3HOTO KAYECTBA.

I[To ycnosuro 3amaun N, =200; m, =20; n, =300; m, =15,

« M 2 « 1
o _m 0 _0%L p) = 5 005 p-= m, +m, 20+15 35 0,07
n, 200 300 n,+n, 200 +300 500

[mn, _ 01-005  [200-300 _
Foen = \/p( p, n+n, J0,07-€-0,07 >\ 200+300

=0,05-100- 0 =5- _6 =5.0,429 =2147.
0,07-0,93-500 0,35-93
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Tak kak kpuTHUeckas 00JaCTh TBYCTOPOHHSSA, TO KPUTHUYECKOE 3HAUCHUE
crtatuctuku K ~ N (0;1) Haitgem mo cratuctuueckoit Tabnuie 2 ¢pyukiuu Jlammaca

N3 COOTHOLICHUA:

o€ ~Nl-o 1 0025 0,975

KP/ 2

= 0,4875; K,, = 2,24.

[Ipu nBycTOpOHHEN KPUTHUYECKON 001acTH 00J1acTh JOIMYCTUMBIX 3HAUCHUN

OCHOBHOMU THUIIOTE3bI UMEET BUJI (Kkp, o T (— 2,24; 2, 24 . HaGmromaemoe 3Haue-
Hue Ky =2,147 monanaer B 5TOT HHTEPBAJ, T.€. HA JAHHOM yPOBHE 3HAYMMOCTH

HET OCHOBAaHMM OTBEPraTb OCHOBHYIO TMIOTE3Y. 3aBOJBI M3TOTABIMBAIOT MPOIYK-
IIUI0 OJMHAKOBOIO KadyecTBa. MeHemKep OTAaTh NMPEAIIOYTEHHE OJHOMY M3 3aBO-

A0B, B BUY TOI'O, UYTO Ka4CCTBO I/I3I[€J'IHI>1 Y 93TOr'0 3aBOAa JIYYIIC HC MOIKCT.

3.2.8 CPABHEHUE BIBOPOYHOI UCITPABJIEHHOM JUCIIEPCHUN
C 3AJIAHHOM JJUCIIEPCUEN HOPMAJIbLHOIM 'EHEPAJIbHOM COBOKYITHOCTHU

PaccmoTpum emé oauH Ki1ace 3ajad, CBA3aHHBIM C MapaMETPUUECKON MPO-
. o 2
BEPKOM CTATUCTUYECKUX TUIIOTE3. B KOTOPBIX IPUMEHSETCSI KPUTEPUN ¥

PaccmarpuBaercst BbIOOpKa, MPEANONOKUTEILHO H3BICUEHHAS U3 HOP-
MaJIBHO PacCIpeIeIEHHON T'€HEPaJbHOW COBOKYIIHOCTH C 3aJaHHOM JUCIIEPCUEH
05. Opnako ciiy4aiiHas BeJIMYMHA, KOTOPOW B JAHHOM Ciy4ae SBISETCA IUCIEp-
CHs, HE MOJIUMHIETCS HOPMaJIbHOMY 3aKOHY pacrnpenaeneHud. B atom cinydae npu-

MEHSETCS] KPUTEPUI ;(2

: 2 _ 2
Ha npaktuke HyneBas runotesa Hy: M(S°) = o) npoBepseTcs, €Cliu HY»KHO

IPOBEPUTH TOYHOCTH MPUOOPOB, METOJIMKHA KOHTPOJISI PUTMHUYHOCTUA PAaOOTHI U T.1.
B kauecTBe KpuTepHsi IPOBEPKU HYJIEBOW T'MIOTE3bI IPUHUMACTCS CllyyarWHas Be-

JJMYHNHAa
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2
K _.,2 _(-Ds

pacy. — Zpacq. -

, (3.29)

o

rae S° - BHIOOPOYHAS HCIIPABICHHAs JUCIIEPCHs. DTO CiydaifHasi BeIMYMHa
MMeeT TeopeTudeckoe pacmpesenenue y° ¢ (N - 1)-if crenensio cBoGombr. Cxema
IPUHSITHS WK OTBEPIKEHHSI HYJICBOM TMITIOTE3bI aHATIOTHYHA TOM, KOTOpast OHrcaHa
B riase 3.2.8 (popmyist (3.24) — (3.27)). o craructuueckoii Tabmuue 5 y2 mo
3aJJaHHOMY YPOBHIO 3HAYMMOCTH M YHCIIy CTEICHEH CBOOO/BI OMPEACIICTCS KPH-

2 2 2
THYECKOE 3HAYCHUE Yyp- ECIH Ypacy. > Xxp., TO HYJIEBYIO THUIIOTE3Y OTBEPraroT,

. o2 2
T.€. MPUHUMAIOT JBYCTOPOHHIOIO aJbTEPHATHBHYIO THUTOTE3y Hi: S° # O wm

. o2 2 . 2
OJHOCTOPOHHHE allbTePHATUBHBIC TUIIOTE3bI Hi: S°> 09 u Hy: S° < o . B mpo-
THBHOM CJIy4a€ MOXHO CUHUTATh pa3jIndnuc HCHpaBHeHHOﬁ BI)I6OpOLIHOI>'I AUCIICPCHHA
2 o 2
S U TUIIOTCTUYCCKOHN JUCIICPCUHU O-O HC3HAUYUMBIM.

Ipumep 36. PurmMuuHOCTH pabOTHI Kaccupa coepOaHKa 1Mo nmpuéMy KoMMy-

HAJIBHBIX TJIATEXKEH ompeaensieTcs Aucrepcueil BpeMeHH OOCTYKHBaHHUS KIHCH-
2

TOB, KOTOpasi HE JIOJDKHA MpeBbImaTh BenuunHel D = 1 Mun®. Pesynprarer 30 Ha-

OsrofieHuH 3a pabOTO HOBOTO Kaccupa MPUBEICHbBI B Ta0IHUIIE:

Bpewms obcnyxuBanus kimenrat; | 5,5 6,5 75| 85| 95| 10,5| 11,5
Yucno HaOIIOaeHUH N 210 11 3 2 1 1

Tpebyercs nmpoBepUTh HYJNEBYIO TUIIOTE3y O JOMYCTUMON PUTMUYHOCTH pa-
00Tl HOBHYKA Mpu ypoBHE 3Haunmoctu 0,05.

Pewenue. BBegeMm HOBYIO IEPEMEHHYIO U COCTaBUM BCIIOMOTaTEIbHYIO Ta0-

Jmny:
n; 2 10 11 | 3 | 2 | 1 1 |CymmMma |Cpennee
x=t-75| 2 | -1 ] 0 |1]2]3] 4 0 0
Xi° 4 | 1] 0 |1|4]|]9)|16 | 54 1,8

- 2
D, (=18 Si= 3—8-1,8 = 1,86.
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2
Brruuciaum cratucTuky 1o gopmyne (3.29) u npumenum kputepuii £

— . 2 .
, _(n=1)-s; :2911,86:53’94-

acd. — 2
p o

Yp. 00529 =42,6 , yiicu. > Xip.-

HyneBas runote3a o paBeHCTBE IUCIEPCUN JOJKHA ObITh OTBEPrHYTa, Cle-
JIOBATEJIbHO, HOBBIM KacCUp MOKa €€ HE BOIIEN B TPEOyEMbIil pUTM padOTHI.
IIpumep 37. TouHOCTH pabOTHI CTaHKa-aBTOMAaTa IpPOBEPsIETCA MO AUCIIEpP-

CUU KOHTpPOJIMPYEMOrO pa3Mepa JAeTajieid, KoTopas He JOJDKHA IPEBBIIIATH

2 o o
o =0,1. ITo BeIGOpKE U3 25 cirydaifHO OTOOPAHHKIX J€Tajleil PACCUUTAHbI OLICHKH

TFE€HEPAIbHOTO CPEIHET0 W TE€HEPaJIbHOU ITUCIEPCHH, TPU STOM s*=0,2. Ha
ypoBHe 3HauuMoctu 0,05 mpoBepuTh, 00ECIEUUBAET JIM CTAHOK TpeOyeMylo TOU-
HOCTb.

Pewenue. Chopmynupyem OCHOBHYIO U aJTbTEPHATUBHYIO THIIOTE3bI:

H,: o® =01 — cTaHoK obecriednBacT TPeOyEeMYIO TOUHOCTb.

H,: 6% >0l — TounocTs He 0GeCTICUMBAETCA.

ITo ycnoButo 3amaun n = 25 < 30, & = 0,05. Tak kak reHepajibHOE CpeiHee
HEU3BECTHO (OLICHMBAETCS MO BBIOOPKE), TO Oy/JeM HaXOJIUTh CTATUCTUKY 1O Gop-
myie (3.29). Ee pacuetHoe 3HaueHUE paBHO:

_€5-1302 _

Kpacq. = 01

48,

Kpuruueckas 001acTh IMpaBOCTOPOHHSSA, €€ IpaHuly K, ompenenum o

TabMuIEe pacipeieNeH s «XH-KBaJpaT»:
Ky 7 €L 77 €4:005 364,
Honyunmn Kpacy, > K-, T.€. pacuerHoe (Habnromaemoe) 3HaueHHe Nomnanaet B

KPUTHYECKYIO 001acTh. 3HAUUT, OCHOBHYIO THIIOTE3y HYKHO OTBEPIHYTh B MOJIb-
3y anbTepHaTuBHOW. CTaHOK HE oOecredyrBaeT TpeOyeMyl TOYHOCTh U TpeOyeT

HaJIAIKU.
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PaccMmoTpenHbie TpUMeEphl TPUMEHEHHUSI OCHOBHBIX TMPAaBUJI MPOBEPKU CTa-
TUCTUYECKUX TUIIOTE3 HE MCUCPIBIBAIOT BCeX cdep MPUMEHEHHS yKa3aHHOU Teo-
puH, SBISIONICHCS 9acThio Oosiee oOIIe Teopuu TUTAHUPOBAHHS SKCIIEPUMEHTA.
JlomoHUM BBINICTIEPEYMCIICHHBIC TIpaBia Tadimmamu 3.4 — 3.8, MOo3BOJISIOMUMA
Jer4e OPUEHTHPOBATHCS B MHOTOOOPA3HBIX 3aJlayax MPOBEPKU MapaMeTPUICCKUX
U HEeTIapaMeTPUISCKUX THUIIOTE3.

Ta6muma 3.4 - CpaBHeHHE BRIOOPOYHOM CpeiHEN ¢ TeHEepaIbHOM cpeHen
(TUIIOTETUYECKOI) TPU U3BECTHON AUCIIEPCUU

Bboabiioi 06beM BEIOOPKH, N
«-X -Un
K pace. = 0~
pacu. —
5 - o)
= H, X=X,; H, IpUHUMAaETCs €CIIH:
Q
O
3
i JIBycTopoHHUI OnHOCTOPOHHMI KPpUTEPUI
S KpUTEPUH
e,
= - — —
o . . .
2 H: X=X, H: X >X, H: X <X,
¢
S K paca. < K K K
< >—
E ‘Kpac'i.‘ < KKp.,a/Z pacuy. Kp.,& pacu. Kp.,&
=
&,
o Nl-«o N 1-2a
T | O (( ¢ ) 4 e
) Lal2 2 Kp.,&ox 3
© P 2 2
Kyp. ONPENENseTCs o Tadiuie 3HaueHuii narerpana Jlamnaca, ®© ¢
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Tabmuna 3.5 - CpaBHEeHHE BEIOOPOYHON CpeqHEl ¢ reHepanbHOU cpenHei
(TUTIOTETHYECKOM ) TIPU HEU3BECTHOMN AUCTICPCUN

reHepaﬂbHaﬂ AUCIICPCHA HC U3BCCTHA

Maunblit 06beM BBIOOPKH, N

&-X_.n

Kpacq. = tpacq. = '
2
X.n.
2 _E i _~
ngzxjnj n :Z(C_ -
n-1 n-1

H, X=X,; H, IpUHUMAETCs €CIH:

JIBycTOpOHHUI OnHOCTOPOHHUI
KpUTEPUN KpUTEPUH
H: X=X, H:X>X, H: X <X,
a pacH. < th" Vi pacu. > _th v.a
pacy. Kp, V,E
F(t) f(t)
A A
//// @ ///,
/ J /| w
a >t > / >
t t
- KD <tpacq. <+l pacu. < +th _th <tpacq.

typ. OTIpezensieTest no Tadnuie pacnpeneneuus CThlogeHTa
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Tabnuua 3.6 - CpaBHEHHE ABYX CPETHHUX 2-X TeHEPATbHBIX COBOKYITHOCTEH
IPY U3BECTHBIX JAUCTIEPCUAX

2 BBIOOPKH OOJIBIIIOT0 00beMa

HezaBrucumbie 00beMbI BBIOOPOK N1 M

FeHepaJILHI)IC JAUCIICPCHUN HU3BCCTHBI

X =X
Kpacq. = l\ 2 =
n m
H, M€ =M &,
H, mnpuHmmaercs ecnu:
JIBycTopoHHUI OnHOCTOPOHHMI
KpUTEpUN KPUTEPUI
Hy M€ *M &, H: MK >MEK, | H: M& XME,
‘Kpacq.‘ < KKp.,a/Z Kpacq. < Kyp..a Kpacq. >—Kp.a
Nl-« N 1-2¢
CD(<KP.,0{/2 g 2 q)((Kp-,a a 2

Kyp. OTIPEEINIACTCS 1O TabiuIe 3HaYeHUH nHTerpana Jlamrmaca, ® (c’
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Tabnuua 3.7 - CpaBHEHHE ABYX CPEIHHUX 2-X TeHEPaTbHBIX COBOKYITHOCTEH

P HECU3BCCTHBIX JUCIICPCUAX

2 BBIOOPKH Majioro oobema

HeszaBucumMbie 00beMbI BLIOOPOK N ¥ M

D«l}D«z:

K =t = L2

pacu pacuy

X =X .me¢+m—2/
™2 ™2 n+m
€S+ €L

v=n+m-2,

H, MK, =M &, , H, upunumaercs ecnu:

JIByCTOpOHHUI OnHOCTOPOHHUI
KpUTEPUH KpUTEpUU

H,: M«1}M«2: H: M«l:>M«2: Hl:M«1:<M«2:

FeHepaﬂbHHe AUCIICPCHUU HC N3BCCTHLBI

pacuy.

t t t
o pacH. Kp., V. pacu. Kp., V.
Kp., V, &

t

Kp

- onpenensiercs o Tabnuue pacnpeneneHus CTeroaeHTa
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[Ipopomxenue Tadnuibl 3.7

2 BBIOOPKH Majioro ooreMa

3aBuCHUMBIE 00BEMBI BHIOOPOK N =M

d- - d.
K =t :M, Fﬂed=z J;dj:X._X.;
pacy pacy S n 1j 2j
d
2
ng_gdj/
J
S - n .
‘ n-1 ’
v=n-1;

< .
H,: MK, =M, , H, npunumaercs eciu:

FeHepaJ]I)HI)Ie JAUCIICPCHUHU HC N3BCCTHBI

JIByCTOpOHHUI
KpUTEPUH

OnHOCTOPOHHUI
KpUTEpUU

Hl: M «1}M «2:

H.: M«l}M«Z:

Hl:M «1:<M «2:

pacu.

<t

>

pac. _th., vV,

pacu. th., v,

[24
Kpuvi 2

t

Kp

_ompezaensercs 1o Tabnuie pacnpenenaeHuss CTbrogeHTa
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Ta6muma 3.8 — CpaBHEeHHE TUCTIEpCUit

1-BrIOOpKa

_ 2
H, o® =0 (0, reHepanbHas aucrepcus)

. 2 2
H:o® <o,

Nano: N, S%, op

(]_—:LEZ, v=n-1.

K -
0

— 42 —
pacu. Zpacq. -

a) N<30, Zép npu o, q - no Tabnuue pacnpeneneHuu [lupcona;

3
6) n>30, Zﬁp. npu &, q xg, :V(l_g_z\/+u“\/9_7v] ’

u Xi —X B
i , U,= ®(U;) ompenensercs o Tadbiauie pacnpeneicHus Jlammaca
JIByCTOpOHHUI OnHOCTOPOHHUI
KPUTEPHI KpUTEpUN
. 2 2 . 2 2 . 2 2
H:o®+0o; H:o® >0, H:o" <o,

2 2 2 2 2 2 2
Zxp. nes. < Zpacq. < ZKp. Tpas. Zpacq. < ZKp npas.,,q X pacu. > ZKp. nes.(1-a),q

Torma H , npunumaercs

2
ZKP- nes. HPH (l_%ji q CD(I \: 1- 2
o A 2
2 (04
lkp.npae HpH R q
2
5 2
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[Tponomkenne Tadauiel 3.8— CpaBHEHHE TUCTIEPCUIA

2-BBIOOPKH

.22
H,o, =0,

.2 2
H.:.o, >o,

Hano: n,m, S7, S?

82

Fpva. = S_lz , ipu V;, V,

K

pacu. —
2

S/>SZ, v,=n-1 v,=m-1

JIByCTOpOHHUI OnHOCTOPOHHUI
KPUTEPHI KpUTEPU
. 2 2 . 2 2
H.o, #0, H.:.o, >o,
Fpacq. < FKp. I:pacq. < FKp.l'[paB.
a npu v, v,, o
npu V,, V,, —
2

Fyp. ompenensiercs no tabnuue pacnpenenenus Ouniepa-Crenexopa
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[Tponomxkenne Tadauiel 3.8— CpaBHEHHE NUCTIEPCUIA

k — BEIOOpOK

.2 _ 2 _ 2
Hyo =0,=..=0,

. 2 2 2
Hio >0, >..>0,

< 2
2. S
i=1

S 2max = maX{Sz}

OnHOCTOPOHHUI
KpUTEpU

Hano: N, =N, =...=N, Hano: N, #N, #...# N,
n >4
s v
Kpacq. == T ' pacu. - pacu. :E '

k
V= 2,303.[|gsz -Yv g sf}

i=1

k
1 1 1
Z q

C=1+ —
3¢-1[iz1q,

k
,rie ; =n; -1, Q=_leqi,
1=

K

> a8

H, - npuanmaercs, ec-

m Kooy, < pr,a,v,k .

Ecmu H, mpunsTa T0 B

KaueCTBE OLIEHKH JIHC-
IIEPCHUU TE€HEPATILHOU CO-

BOKYITHOCTH IPUHUMAIOT
. 2
2.5,

2 =l
Sy =

SZ _ 1=

==
q

I[To xpurepuro Koupena OnHOCTOPpOHHUH

K, a,Vv, K. KpUTEpUi

2
Axp.mpas. TIpH
a , ( o tabnuie pacupeneiacaus [Tupcona

H , npuruMaercs, ecim Bpacq,<

K
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3AIIAUU JIJII CAMOCTOSTEJILHOT'O PELLIEHWS

61. IlpousBeneno BeIOOpouHOE oOcnemoBanue 10% mpuycameOHBIX ydacT-
KOB BOCHMH PallOHOB CIydallHBIM OECTOBOTOpPHBIM criocoOoM. [lomyuensr cie-

IYIOLIME PE3YIbTaThl 00 YPOKaTHOCTH OBOILIEH:

Ne | VpoxaitnocTs, | Cpennee kBaapa- | Jlomns oBomert | Yucmo obGcaemo-

1/ /ra TUYECKOE OTKIIO- B IUIOMIAIU BaHHBIX y4YacT-
HEHHE, I1I/Ta y4acTKOB, % KOB
1 215 30 30 100
2 246 35 35 80
3 305 32 40 150
4 220 24 50 120
5 164 20 36 60
6 280 23 65 70
7 340 40 45 90
8 316 36 53 100

IIpn ypoBHe 3Haunmmoctu 0,05 mo ABym palioHaM MPOBEPUTH THIIOTE3BI O
PaBEHCTBE CPEIHHMX BBIOOPOUYHBIX YpOKAWHOCTEW, AMCIEPCUiA, JOJEH IMOCEBOB
OBOUIEH B MJIOLIAAH MPUYCaAeOHbIX yYaCTKOB.

62. W3 nmopmanbHOU ['C u3BieueHa ciydaiiHas BeIOOpka o0bEma N = 20, mo

~ ~ 2 —
ATOM BBHIOOpPKE HalJeHa HCHpaBJICHHAs BbIOOpouHasi muctiepcust S° = 16,3. Ilpu

ypoBHe 3HaunmocTtu 0,01 mpoBeputh HyJeByt0 runote3dy Hy o paBeHcTBe nucnep-

2 . 2
cuu 0 = 14, npuHsB B KaueCTBE KOHKYpHUPYIOIIeH runote3sl Hy: 0° > 14,
63. [To AByM He3aBUCHMBIM BbIOOpKamM 00BEMOB M =9 u N = 15, u3BieueH-

HbIX 13 HOpMaibHBIX ['C cooTBeTcTBeHHO X M Y, HAIEHBI UCTIPABICHHBIC BBHIOO-

POYHBIE TUCTIEPCUA S)% =261 n S§= 0,77. Ilpu ypoBHe 3HauumMoctu 0,1 mpose-

PUTH HYJIEBYIO THIIOTE3y Hg O paBeHCTBE T'eHEepabHBIX AUCIICPCUI MPU KOHKYPH-
pytomieit rumotese Hy: D(X) = D(Y).
64. V3 nByX HOpMaJbHBIX I'€HEPAIbHBIX COBOKYITHOCTEH C HEHU3BECTHBIMH

(MpeanoNoKUTENbHO PABHBIMU) JTUCIEPCUSIMU W3BJIEUEHBI BHIOOPKH, OOBEMBI KO-
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Topbix M = 11 u n = 17, BEIOOpOYHBIE CpETHUE x=1312u ; = 127,2; ucnpas-

JICHHBIE JTUCTIEPCUU S)% =087 mu S§= 0,65. Tpebyetcs mpu ypoBHE 3HAYMMOCTHU

0,05 nmpoBepuTh HysEBYIO Hy O paBEHCTBE MaTEMaTHUECKUX OKUIAHUM.

65. U3 1Byx mapTuii TOPTOB, M3TOTOBICHHBIX HAa OJHOM XJieb603aBoje, B Oy-
Jo4yHyto 3aBe3nu 10 TopToB mepBod maptuu U 12 TOPTOB BTOpOM maptuu. buin
IIPOU3BE/IEH 3aMep BeCa KAKI0T0 U3 TOPTOB U IOJIYYEHBI CIEAYIOINE PE3YIIbTAThI:

Bec topToB 1-it 1,34 1,35 1,37 1,39
MapTUH Xj KT
Ywucno TopToB mnep- 2 3 4 1

BOW MapTuu

Bec TopToB 2-i 1,32 1,34 1,36
MapTUH Y KT
Ywucno TopToB BTO- 2 2 2
pOM mapTUu

Tpebdyercs npu yposHe 3HaunuMmoctu 0,02 mpoBepuTh runore3y Hy o paBeH-
CTBE MaTeMaTH4YeCKuX oxujaHui. [Ipeamonaraercs, 4ro ciaydaliHble BEJIMUMHBI X
u Y pacrupeeraeHbl HOPMaJIbHO.

66. B nByx mexax B Te€YeHHE HECKOJBKHUX JHEH MPOBOJUIICS BBIOOPOUYHBII
KOHTPOJIb TIPOU3BOAUTEIILHOCTH TpyAa. Pe3ynbTaTel oTpakeHbl B TaOIUIIAX.

ITex Ne 1 1 2 3 4 5
ITpowsBoauTenbHOCTL TpyHa | 22,6 | 230 | 22,8 | 23,2 23,6

Ilex No 2 1 2 3 4
[Tpou3BOIUTENBHOCTD TPy 23,4 22,7| 23,0 23,3

IIpn ypoBHe 3HaunmocTtH 0,1 TTPOBEPUTH HYJIEBYIO THIIOTE3Y O PAaBEHCTBE
CpeIHEN MPOU3BOAUTEIBHOCTH TPYAA B 3TUX LIEXaX B MPEAIOJOXKEHUN PABEHCTBA
UX JIUCIIEPCUM.

67. BeposTHOCTH TPHUOOPECTH BHIMTPHIIIHBINA OUJIET B HEKOTOPOM JloTepee
p = 0,2, IIpeaqnpustue npuodpeno 100 oTepelHbIX OMICTOB, U3 KOTOPBIX B pe-
3yJbTaTe OYEPETHOTO PO3BITPHIIIA JOTEPEH 0Ka3aJI0Ch 14 BBIUTPHIIIHBIX OUIIETOB.
[Tpu yposue 3naunmoctu 0,05 TpeOyeTcss mpoBEpUTHh MPABWILHOCTH CIy4YalHOU

BBIOOPKH.

133



68. PuTMu4HOCTH pabOTHI TOPOJICKOTO aBTOOYyCa OMPEIEsETCs TUCTIepCrei
BPEMEHU OXKUAHUS MMaCCAKUPOB, KOTOPAst HE JTOJDKHA MPEBHIIATh BETHIUHBI D =
9 muH. PesynbpraTel 30 HaOMIOACHNI 32 paOOTON HOBOTO MapIIpyTa MPUBEICHBI B

Ta0IUILE:

Bpemst oxugaHus KIMEHTa, {; 1 2 3 4

[IpousBoautenbHOCTh Tpyna | 23,4 | 22,7 | 23,0 | 23,3

Bpewms oxuganus knuenra, t; | 3 3) 7 9 11 | 13 | 15

[IpousBoAUTENBHOCTD TpyJAa | 2 3 11 10 2 1 1

[IpoBepuTh HYJIEBYIO TUIIOTE3Y O PUTMHUYHOCTH PA0OTHI HOBOTO aBTOOYCHO-
ro MapuipyTa o CpaBHEHHUIO CO CPEIHEW HOpMOU ITpH ypoBHE 3HauuMocTH 0,05.

69. PexiiaMHOE areHCTCTBO pacChlJIaeT CBOMM KIIMEHTaM KaTaioru. Bepost-
HOCTH TOTO, YTO KIUEHT MPHOOPETET OJHO U3 peKiIamMupyembix uinenuii p = 0,07.
AreHTcTBO pazociano ceputo u3 1000 katanoros ynydiieHHOU ¢popmMbl. B pe3yiib-
TaTe KIMEHTaMH ObLIO MpruodpereHo 97 uzaenuii no HoBoMy karanory. IIpu ypos-
He 3Hauumoctu 0,05 Tpebyercss mpoBepuThb, 3PPEKTUBHOCTH HOBOH CEpUU IO
CPaBHEHHMIO C ITPEKHEN.

70. KpymHblii komMmMepueckuid 0aHK 3akas3all MApKETUHTOBOE HCCIIEIOBAaHHUE
10 BBISIBJICHUIO 3¢ (eKTa «IIpeMUpOBaHUsD» (KAIBKYISATOP, HAOOP pydeK H Ap.) KaK
CTUMYyJIa JIJIsl OTKPBITUSI cueTa B OaHke. J[Jist mpoBepKu ciiydaliHbIM 00pa3oM ObLIO
otobpano 200 «mpeMHUpoBaHHBIX» Tocetutese u 200 «HempeMHpoBaHHBIX». B
pe3ynbTaTe BBIACHWIOCH, 4TO 79% moceTuTenel, KOTOPhIM HE Ipejuiaraiach npe-
Mmus 1 89% nocerurenei, KOTOPbIM NMPEeMUs Npejaraiach, OTKPbUIM CUET B OaHKe
B TeueHHe 6 MmecsueB. Vcnonb3ysl 3TU aHHbIE, TPOBEPHTE TUIIOTE3Y O TOM, UTO
JI0JIL «IIPEMUPOBAHHBIX» MOCETUTENEH, OTKPBIBIIUX CUET B OaHKE, CYIECTBEHHO
OTIIMYAETCS OT yAEIBbHOIO BECA «HETPEMUPOBAHHBIX», OTKPBIBILIUX CUYET. Y POBEHb

3HaunmMoct o = 0,05.
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3.3 IIPOBEPKA I'MIIOTE3bI O BUJIE 3BAKOHA PACIIPE/IEJIEHS

Ecnmu 3akoH pacnpeneneHus reHepajbHOW COBOKYITHOCTH HEW3BECTEH, HO
MMEIOTCSI OCHOBAHUS MPEIOIOKUTh, YTO OH UMEET ONpEEICHHBIA BUJ (Ha30BEM
ero A), To MpOBEPSIIOT HYJIEBYIO TUmoTe3y H,: reHepajibHasi COBOKYIIHOCTh pac-
npezeneHa mo 3akony 4. [I[poBepka TUmoTe3bl 0 MPEANONIaraéMoM 3aKOHE HEU3-
BECTHOT'O pACHpEACIICHUS] TPOU3BOINUTCS C IIOMOIIBIO KPUTEPHUS COTTIACHSL.

Kpumepuem coenacus Ha3pIBalOT KPUTEPUN MPOBEPKHU TUIIOTE3bI O MPEIO-
Jara€MoOM 3aKOHE HEM3BECTHOTO pacrpenesneHus. Mmeercss HECKOJIBKO KPUTEPUEB
cornacus: Ilupcona K., Cterogenra, ®@umepa, Koimoroposa - CmupHOBa U Ap.
JInst Kaxa0ro KpUTEPUSI UMEIOTCS COOTBETCTBYIOIIME TAOIMIIbI, IO KOTOPHIM U Ha-
XOJIAT KPUTUYECKYIO TOYKY, YAOBJIETBOPSIONIYIO 3TOMY TpeboBanuto. Korna kpu-
TUYECKasl TOYKA y>K€ HaiJIeHa, BBIYHMCIISIOT MO JaHHBIM BBIOOPOK HaOIIOAaeMoe
3HAYCHUE KPUTEPUS U CPABHUBAIOT CO cTaTUCTUKOU. [lo pe3ynbratam cpaBHEHUs
JIETAI0T COOTBETCTBYIOIIUM BBIBOI.

3ameuanue 1. CTaTUCTUYECKUM BBIBOJI HEGEPHO (opMYIuposams TaK: TeHe-
payibHas COBOKYIMMHOCTh MMEET HOPMaJbHBIA (ITOKa3aTeNIbHBINA, PAaBHOMEPHBIA U
JIp.) 3aKOH pactpeeneHus. MOKHO JIUIIb YTBEPKIAATh, YTO OAHHASL 8b1OOPKA CO-

enacyemes. ¢ eunomesou 0 HopmaabHom (TOKa3aTebHOM, PAaBHOMEPHOM U JIp.)

pacnpedenenuu 2eHepanbHoli COBOKYNHOCHY C TIApaMeTpaMi a@ = X, , 62 = C> Ha

YPOBHE 3HAYUMOCTH 0.

OFpaHI/I‘H/IMCH OIMMCAHUCM HEKOTOPBIX KPUTCPUCB COI'JIaCHsl.

3.3.1 Kputepruui ITMPCOHA

2 .
Kpumepuem Ilupcona y° («xu-xeadpamy») Ha3bIBAIOT KPUTEPUM, CTATUCTHU-

KOM KOTOPOTO SIBJISIETCS Cly4alHasi BEJIMYMHA

k ‘2'
zéacqezﬁ ”p" Z , (3.30)

1=1 m;
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rne K — uncio uaTepBasioB pa3OueHHs BEIOOPKH (UHCIIO CTETIEHEH CBOOOIbI);
Nj — YacToTa | — ro MHTEpBajia; M; - TCOPECTHUYCCKUE YACTOTHI, ONPEACISICMBIC T10
dbopmyie (3.22); N — 00beM BBIOOPKH; pj — TeOpeTHUECKass BEPOSTHOCTh TOIa 1a-
HUS 3HAYCHUSI CITYYaliHOW BeTMYUHBI X B I—if HHTEPBAL.

Kputepuii cornacust [Iupcona Ciy>kut ajisi MPOBEPKH THIOTE3bI H,: 3aKOH
pacripesieieHusi BRIOOPKH COTJIACYETCSl ¢ TUIIOTE30i O HOPMAJILHOM pacIpeselie-
HHH TeHEPAIbHON COBOKYIHOCTH ¢ mapamerpamu M(X) = a u D(X) = o (kputepuii
aHAJIOTUYHO TIPUMEHSETCS U JJIsl IPYTHX paclpelelCeHHid, B TOM COCTOHT €Tro
NPEUMYIIECTBO TEePel APYTUMH KPUTECPHSIMH).

[Tycts sMmmpuueckoe pacrnpeneneHue (BbIOOpka oObema N) 3aJaHO B BHUIE

PAaBHOOTCTOAIMMUX BaAPHAHT K COOTBCTCTBYIOIIIUX UM YaCTOT:

xi Xl X2 xm
ni nl n2 nm

Jlist TOro, 4TOOBI MPOBEPUTH COIJIACYIOTCS JIM JaHHBIE BHIOOPKH C HYJIEBOM
TUITOTE30M — TMIIOTE30M O HOPMAJIbHOM PaCIIPEEIEHNN T'eHEPAIbHONM COBOKYITHO-
CTH, MIOCTYNAIOT IO CIAEAYIOIIEMY ITPABUITY:

1) BBLABUTAIOT HYJICBYIO THITOTE3y O HOPMAILHOM 3aKOHE PACTIPEIICIICHUS CITy-

4aifHO! BENMYMHBI X U HAXOJAT HECMELIECHHBIE OLIEHKH €r0 MapaMeTpoB X, U S;

2) ompenesstoT TEOPETUUECKHUE YacTOThI Mj, COOTBETCTBYIOIIUE OIMBITHBIM
yactotaM, 1o Gopmyne (3.22) (ecnu cpeau ONMBITHBIX YAaCTOT UMEIOTCS MaJIOUHC-
JICHHBIE, TO MX HEOOXOAUMO O0BEIUHUTH C COCEIHUMM):

m =n-p;=n- @ 3 s || (3.31)

rae - crangaptHas Qynkius Jlamnaca, 3HaueHusT KO-

TOPOM HAXOJAT MO CTATUCTUUYECKOM Tabuiie 2;
3) mo popmyie (3.30) BBIUMCIISIOT CTATUCTUKY KPUTEPHS;

4) ompeaensaoT YKCIO CTEIEHEH CBOOOIBI:
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q=k-r-1, (3.32)

rae K — 9uciio WHTepBaJoB pa30MEeHMs BHIOOPKH; I — YHCIIO OIEHUBAEMBIX
HE3aBUCUMBIX MapaMETPOB BHIOPAHHOIO 3aKOHA pacipeaesieHus (Iisi HOpMalbHO-
0 3aKOHA I' = 2, mapaMeTphl d | 0);

5) 3a7al0T YpOBEHb 3HAYMMOCTH (@ U KPUTUYECKYIO TOUKY KpUTEpHUs OIpe-
JEJISIIOT TI0 CTATUCTUYECKOU Tabuuile S IpU 3aaHHbIX 0. U (;

6) eciu

Lhacn. < Xop. (3.33)

TO HYJIEBYIO THIIOTE3y MPUHUMAIOT, B IPOTUBHOM CITy4ae HYJIEBYIO THIIOTE3Y OT-
BepraroT. Ho 3To BOBce HE O3HA4aAET, uTO Hy ABISETCS €AUHCTBEHHO MOJIXOISAIICH
TUIOTE30M: MPOCTO PACXOXKICHUE MEXKIYy BBHIOOPOYHBIMU JIaHHBIMU M THIIOTE-
30 Hy HeBeNuKO, Win uHaue Hy He npomugopeuum pezynvmamam HAOIOO0eHUl,
OJIHAKO TaKUM K€ CBOMCTBOM Hapsany ¢ Hy moryT o0janath U Jpyrue rurnoTe3sbl.
3ameuanue 2. OO0beM BBIOOPKH JIOJDKEH OBITH JOCTATOYHO BEIUK, T.C.
N> 50 1 Bce TEOPETHUUECKUE YACTOTHl YJOBIETBOPSIOT HEepaBeHCTBY (3.21), T.e.
m; = NpP; > 5 1JIs KaXxa0ro uHTepBaia. MHTepBaibl, 111 KOTOPHIX 3TO YCIOBUE HE
BBITIOJIHAETCSI, CIIEAYET 00ObEIUHUTD C COCETHUMH, CYMMUPYSI YaCTOTHI.

3ameuanue 3. JIns koHTpOIst Beraucnenuit popmyiy (3.30) mpuBOAAT K BHIY:

2 K, n’ 0
zpacq.—lzlnpi : (3.30)

Ilpumep 38. Ilpu ypoBue 3Haunmoctu ¢ = 0,05 mpoBEpUTH TUIOTE3Y O
HOPMAJIbHOM PacTpe/IeiICHUN TeHEepaTbHOW COBOKYITHOCTH, €CITH U3BECTHBI AMITH-

PHUYCCKHUC U TCOPCTUYCCKUC YaCTOThI

m; 4 27 /3 135 | 128 | 78 50 5
n; S 27 70 125 | 137 | 82 48 6

Pewenue. Berancium 3nauenne kputepus [lupcona no gpopmyne (3.30):
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5, €4 j+ €7-27 j+ (0—73j+ (25—135j+
4

2
Apacu. = 27 73 135

1=1

2 2 2 2
LQ7-1287 €@-78° €8-50° €51 , .
128 78 50 5

Uucno creneneii cB000bI B JaHHOM ciydae = 8 — 2 — 1 = 5. Ilo craTuctu-

. 2
YeCcKOM TabmuIe 5 KpUTHUECKUX TOUYEK pacHpeesieHuss Y~ MpH ypOBHE 3HAUUMO-

cru @ = 0,05 u uucrne crenened cBoboapl J = 5 Haxomum Y, = 11,1. Urak,

2 2
Xpacu. < Xkp.» IOITOMY MOXKHO YTBEPIK/IATh, YTO JIAHHAS BHIOOPKA COTJIACYETCS €

THIIOTE30H 0 HOPMAJIBHOM PacIpe/IeJICHIUH IeHEPaTbHOW COBOKYITHOCTH.
Ilpumep 39.3anana BBIOOpKA, MOJIy4YEHHAs IS HEPEPBIBHOW CITydallHON
BermunHbl X. OOpaboTaB ee, 3amucarh THIIOTE3y O BHJIEC 3aKOHA pacrpesesie-

Hus. [IpoBepuTh runoresy, ucnonb3ys kpurepuii [Tupcona (oo = 0.05).

(Xi ; Xi+1) (0;5) (5;10) | (10;15) | (15;20) | (25;30) | (30;35) | (35;40)
n; 67 49 24 17 9 3 2

Pewenue. B npumepe NpuBENEHBI CTPYIIIMPOBAHHBIC OIIBITHBIE JTaHHBIC |,
MOJIyYEHHBIE JIJIs1 HETIPEPBIBHOW CcllydyailHOM BennuyuHbl. s Hee ymoOHee Bcero
3aJ1aBaTh NIOMHOCMb pachnpeodenenus . Jis TOro, 4ToObl MONYYHUTH MPEACTAB-
JIEHHE O IUIOTHOCTU paclpeleseHus HaAao CTPOUTb T'HCTOIPaMMy OTHOCH-

TCJIBbHBIX YacCTOT . HOI[C‘H/ITBIBaCM OTHOCUTCIIbHBIC YaCTOTHI HOHaI[aHI/Iﬁ B
Ka)KI[BII‘/JI HHTCPBAJI MW BBICOTBI IIPAMOYI'OJIBHHKOB, H3 KOTOPLIX COCTOHUT TIHMC-

torpamma . OOBbemM BBIOOpKHM paBeH N =67 +49+24+17+9+3+2=171.

(i ;%) | (05) | (5:10) [(10;15) [(15;20) [(25;30) | (30;35) [ (35;40)
n; 67 49 24 17 9 3 2
w; |0,3918 [0,2865 |0,1404 |0,1994 [0,0526 |0,0175 |0,0117
wi/h; [0,0784 |0,0583 |0,0281 |0,0199 [0,0105 |0,0035 |0,0023
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[ToctpoM rucCTOrpaMMy OTHOCHUTENIBHBIX uacToT. [lomydeHHblil rpadux
(puc. 18) mo3BodsieT MPEANONOKUTh, UYTO CIydailHasi BEJIIMYMHA TOJYUHSACTCS

NOKA3amenbHOMY 3aKOHY pacnpeodeieHus C TUIOTHOCTBIO pacrpenerieHus

Ae >0

f(x)= .
) 0, t<0

0,0784

0,0105

0,0035 0,0023

Pucynox 18 — I'mctorpaMMa OTHOCHTENIbHBIX 4acTOT (K mpumepy 39)

OnpeenuM TOYCYHYIO OIICHKY MapameTpa A 1o BEIOOPKE, KOTOPHIi CBS3aH C

BBIOOPOYHOM Cpe/THEN apu(PMETUUECKON COOTHOILICHUEM:
1
A=_. (3.31)
x@

J{ns1 aTOTO MepenieM OT HHTEPBAJIBHOTO PsAa K AUCKPETHOMY U ONPEAETIUM

BBIOOPOUYHYIO CPEIHIONO:

x° 2,5 7,5 12,5 17,5 22,5 275| 32,5

ni 67 49 24 17 9 3 2

BriObopouHast cpenHsisi paBHa:

0

k
. YT _25-67+75-49+125-24+175-17+225-9+275-3+325-2

X, == =8,6696
n 171

TOTJIa OIlEHKA /U TlapaMeTpa A OIpeeIUTCS:

A= _L - 0,1153.
8,6696

HyneBas rumote3a o Buae 3akoHa pacrpeaesieHus cHopMyIupyercs Cleayro-

M oOpazom: H,: cirydaifHasi BeTUYHHA pacIipe/iesieHa 0 MOKa3aTeIbHOMY 3aKOHY
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¢ mapametrpom A = 0,1153. IIpoBepsiem runore3y 1o kpureputo I[Tupcona . s atoro
HY)KHO TOJICUUTATh BEPOSITHOCTH TIOMAJaHUN B KaXKIbI W3 WHTEPBAIOB C UC-
noJib30BaHueM (opMysl mpeamnoiaraeMoro pacmpeaeneHus. [ns noxazamenvrozo
pacnpeoeieHus CANTaeM WX 10 U3BECTHOHN GopMmyIie:

—AXi4q

P = PO < X<Xi,) = e_/l.Xi —€ (3.32)

Haiinem 3HauyeHus mokasatenbHOM (YHKIIMM ¢ 3aHECEM B TaOJIHILy

X 0 5
0SS 1 10,5617

10
0,3155

15
0,1773

20
0,0996

25
0,0559

30
0,0314

35
0,0176

€

Tenepp HaXOIUM BEPOATHOCTH [j TMOIAJAHUKM 3HAYEHUN B MHTEPBAIBI CO-

racHo ¢dopmynie (3.32), a Mo HUM ONpeaeisieM TEOPETUYCCKUE  YaCTOTHI
m; = N-p;. Pe3yapratel 3aHOoCHM B TaOJIHILy:
(Xi; Xir) | (0;5) | (5;10) |(10;15) | (15;20) | (20; 25)| (25;30) | (30;35)
n; 67 49 24 17 9 3 2
Pi 0,4383 | 0,2462 | 0,1382 | 0,0777 | 0,0437 | 0,0245( 0,0138
m; 79,95 42,10 | 23,63 13,29 7,47 4,19 2,36

[Ipu ucnons3zoBanuu kputepus [lupcoHa manouuciieHHbIE TpynIbl (C Teo-
pPETUYECKUMHU YacTOTaMH, MEHbIIUMHU, JINOO PaBHBIMH, 5) Hag0 OOBEIUHSTH C CO-
CeHUMH. 3]1eChb Hal0 OOBEIMHHUTH JIBE MOCIEAHUE TPYMNIbl B OJUH UHTEPBAI U

CJIOXKHUTDb COOTBCTCTBYIOIIHUC YaCTOTHI, ITIOJTYyYUM:

(Xi; Xir) | (055) | (5:10) | (10;15)| (15;20) | (20; 25)| (25;35)
ni 67 49 24 17 9 5
m; 79,95 | 4210 2363 1329 747 6,55

[ToacTaBisieM TEOpETUYECKHE U AMIUPUUYECKUE YAaCTOThl B (POpMYITYy KpH-

tepust [Tupcona (3.30) ¥ HaxoaMM pacueTHOE 3HAYCHUE KPUTCPHS:
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,  (67-7995)° . €9-4210° , €4 23,632 .
Apaes =779 05 4210 2363

2 2 2
L €7-1329° €-747° €-655°

=4,9501
13,29 7.47 6,55

[lo Tabmmme KPUTHYCCKHX TOYEK KPHTEPHS > HAXOIHM XZKp(a, q), Toe
o= 0,05 - ypoBeHb 3HAUMMOCTH; (] - YHCIO CTEMEHEHl CBOOOBI, OIpEeIse-
moe 1o dopmye (3.32) g =5-1-1=3: x%,(0,05 ; 3) = 7,8. Tax kaK y° poeq = 4,9501
MEHbIIIE szpz 7,8, T0 Hy HE MPOTUBOPEUUT pe3yJibTaTaM HaOIIOJECHUN U TUIIOTE3Y
O NOKAa3aTeJIbHOM PACMpPENECICHUH TE€HEpPaIbHOM COBOKYMHOCTH CIEAYET HMPHUHH-
Marthb.

Ilpumep 40. 3anana BBIOOpKA , TOJyYEHHAs HJisl JUCKPETHOU CIIydailHOM
BEJIMYUHBI X:
X 0 1 2 3 4 5
nj 355 186 59 22 8 3

Wcnonp3ys kputepuii IlupcoHa, MpPOBEpUTH THUIIOTE3Y O TOM, YTO CIy-
yaiiHas BEJMYWHA MOJUUHSCTCS pacnpedenenuto Ilyaccona (YpoBeHb 3HAYM-
moctu o =0.05) .

Pewenue. B myacCOHOBCKOM pacCTpe/ieIiCHHH BEPOSITHOCTH KaXIOrO W3

BO3MOXXHBIX 3HAYeHHWH mojacuuThiBaroTcs 1o popmyne Ilyaccona:

k

_a
F’(k)—ﬁ-e . (3.33)
Bxomsmmit B popmyiny (3.33) napamemp a cosnadaem c mamemamuyeckKum

oorcuoaruem. 11o03TOMy €ro MOXKHO OIICHHTHh IO BBIOOPKE Kak BBIOOPOYHYIO

CPEIHION0:

k
&N 0.35541.18642-50+3-22+4-8+5-3

X =
¢ n 633

~0,6588..
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Chopmynupyem HyneByto runotesy: H,: ciydaiiHas BeIMUrMHA pacipe/ere-
Ha 1o 3akony [lyaccona ¢ mapamerpom a = 0,6588.

Haxogum mo ¢opmyne Ilyaccona (3.33) BeposATHOCTH P KaKIOro H3
3HAYEHUH Xj, M0 HUM TEOPETUYECKHUE YacTOTBI M; =N - P;. Pe3ynbrarel 3aHo-

CUM B TaOJuILy:

Xi 0 1 2 3 4 5
ni 355 186 59 22 8 3
Pi 0,5175 | 0,3409 | 0,1123 | 0,0247 | 0,0041 | 0,0005
m; 327,58 | 215,79 71,09 15,64 2,60 0,32

O6T>€III/IH}I€M MAJIOYMCJICHHBIC TpHU HNOCICAHHUX TI'PYIIBI B OIHY.

ni 355 186 59 33
m; 327,58 215,79 71,09 18,56

[ToncraBisem wyactoTel B Gopmyny kputepus Ilupcona (3.30) ' Haxo-

UM pPACUETHOE 3HAYEHUE KPUTEpHs:

2 (355-327,58)° . (86-215,79 . €3-18,56

— =17,64.
pact. 327,58 215,79 18,56

[lo TaGIHIAM KPUTHYECKUX TOYCK KPUTEPUS )° HAXOIUM:

Zo( Q) = (0,05 ; 4-1-1) = #°,(0,05;2) = 6,0.

Tax Kak }° pace. = 17,64  OoIIbILIE 7 «p. = 0,0, To rumoTesy o pacnpenencHun

IlyaccoHa cnenyer OTBEpPrHYTb.
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3AIIAUN JUII CAMOCTOSTEJIBHOI'O PEILIEHU A

71. IIpu ypoBue 3Hauumoct & = 0,05 IpoBEpUTH, COTIIACYETCS JIU TUIIOTE-
32 0 HOPMAQJIbHOM paCIpEAEIICHUH TN'€HEpPaIbHOW COBOKYITHOCTH, €CJIIM H3BECTHBI
AMIIUPUYECKUE U TEOPETUUECKHE YacTOThI BEIOOPKK 00bEMa 1000 Habmo1eHui 1o

BKJIajaM cOepOaHKa.

m; 57 99 150 195 | 191 147 93 68

ni 66,8 | 91,9 | 1498 | 1915 [ 1915| 1498 | 919 | 66,8

72. Ucnonb3ys xpurepuii I[lupcona, nmpu yposHe 3maummoctu o = 0,05,

IIPOBCPUTH, COIIACYCTCA JIM, THIIOTE3a O HOPMAJIBHOM PACIIPCACICHUU I'CHCPAJIb-

HOM COBOKYMHOCTH X C SMIMPHUYECKUM paclpee’IeHueM BBIOOPKH O0BEMa

n=200.

Xi |9 |7 (9 |11113]15/17|19 |21

ni |15]126]25|30|26|21|24|2013

73. U3 TeHepanbHOM COBOKYITHOCTH X HU3BI€YEHA BBIOOpKa 06beMoM 50.

WHTepBabl [ 206,-146_ l1’46;_ 086_ [0’86; —0,26_ [ 0,26; 034
Yacrotsr N 2 6 11 15
NuTepBanbl D,34; 0,94: l),94;1,54: l’54; 2 14:

Yacrotsr N; 11 3 2

TpeOyetcs, ucnonb3yst kpurepuii [lupcona, mpoBepUTh, COTIIACYETCS JTU THUIIO-
T€3a 0 HOPMAJILHOM PACHpPEICICHUH TeHePaTbHON COBOKYIMTHOCTH X C AMIIMPUUYECKUM

pacrmpezelieHueM BRIOOpKH MpH ypoBHE 3HaunMoctu « = 0,05

74. B pesynbrate ucnbiTanus 200 31eMEHTOB Ha ITUTEILHOCTh PaOOTHI MO-

JIYYCHO OSMITMPHUYICCKOC paCIIpCaAcICHUC!
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Bpewms pa- . . . . . .
OOTBI, JIET (0;5) | (5;10) |(10;15) | (15;20) | (20;25) (20;25)
Yucno mami,
n. 133 45 15 4 2 1
i

IIpu yposne 3naunmoctu & = 0,05 nposeputs, cornacyercs i rumores’a o

IMIOKAa3aTCJIbHOM PpPacCIIpCaACIICHUN FCHepaHBHOﬁ COBOKYITHOCTH X - BpEMCHH pa60-

TBI 3JIEMEHTOB C SMIIUPUYECKUM PACIpE/ICIEHHEM BEIOOPKH.

75. B utore peructparuu BpemeHu npuxoja 800 moceturenel BHICTaBKH (B
KaueCTBE Hayajga OTCUeTa BPEMEHU MPUHSIT MOMEHT OTKPBITHUSI BBICTABKH) MOJTy4e-
HO OMIIMPUYECKOE PACIIPEIETICHUE:

(i Xivr) | (02) [ (1;2) | (23) | (3:4) | (4:5) | (5:6) | (6;7) | (7:8)
n; 259 | 167 | 109 74 70 47 40 34

B mepBoii cTpoke yka3aHbl MHTEPBAJIBI BPEMEHU, BO BTOPOU — KOJIMYECTBO
IIOCETUTEIICH, NPUIICAIINX B TCYECHUE COOTBETCTBYIOLIETO MHTEPBaja BPEMEHM.
[Ipu ypoBHe 3HaunmocTH o = 0,01 mpoBepUTsh, COrIacyeTcs JiM ruIoTe3a o noxkasa-
TEJIbHOM pPAacCHpeeNIieHUH T'e€HEPaJIbHON COBOKYMHOCTH X C SMIIMPUYECKUM pac-

npcacjiICHucM BI>I60pKI/I BpPCMCHHU IIpHUXO0aa MOCETUTEJICH BHICTABKH.

76. B wutore ucnbitannii 1000 351eMEHTOB TEXHUYECKOM CUCTEMBI Ha BPEMS

0€30TKa3HON pabOThI MOTYYEHO IMITUPUUECKOE pacpeieTICHHUE:

(xi; Xir1) | (0:10) | (20:20) [ (20;30) | (30:40) | (40:50) | (50:60) | (60:70)
n 365 | 245 150 100 70 45 25

B niepBoi1 cTpoKe yka3zaHbl HHTEpBaJbl BPEMEHHU 4acax, BO BTOPOU - KOJIMYE-
CTBO 3JIEMEHTOB, OTKa3aBIIMX B | —OM HHTepBaie. [IpM ypoBHE 3HAYMMOCTH
o.= 0,01 nmpoBepuTh, coriaacyercs i TUIIOTE3a O MOKA3aTEILHOM pPacCHpeAeICHUN
reHepaTbHON COBOKYITHOCTH X C SMITMPUYECKUM paclpenesiecHueM BpeMeHu 0e3-

OTKa3HOU paOOThI 2JIEMEHTOB.
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77. Jlma ompenesieHHs: 3aCOPEHHOCTH IAPTHM CEMsSH KJIEBEpa CEMEHAMM
copHsikoB mpoBepeHo 1000 ciydaiiHO 0TOOpaHHBIX MPOO M MOJIYYEHO SMIIMPHUE-
CKO€ pacrpe/eseHue:

Xi | O 1| 2 3 4 1 5 |6

nj 1405|366 175 |40 | 8 | 4 | 2

IIpn ypoBHe 3Haunmoct o = 0,01 nmpoBepuTs, cornacyercs au TuIoTesa o
ITyaccoHOBCKOM pacnpeesieHuu TeHepaIbHOM COBOKYITHOCTH X C SMIUPUUYECKUM

PaCclpCaACICHUCM YHNCila CCMAAH.

78. B utore npoBepku Ha HecTaHAAPTHOCTH 200 SMIMKOB KOHCEPBOB MOTyYe-
HO CJIEAYIOUIEE AIMIIMPUUECKOE paclpesieeHre (B IepBOil CTPOKE yKa3aHO KoJdye-
CTBO HECTAHJIAPTHBIX KOPOOOK KOHCEPBOB B OJHOM SIIMKE, BO BTOPOM — YHCIIO

AIMMUKOB, COACPKAIINX YUCIIO KOpO6OK, CoACPIKaINX HCCTAHAaPTHBIC KOHCGpBBI)I

Xi| O 1] 2 3 4

n (13243 | 20 | 3 2

IIpu ypoBHe 3HaunMoct a = 0,05 mpoBepHUTH COriaacyercs Ju THUIIOTE3a O
[TyacCOHOBCKOM pacrpeiesieHuy TeHEPaTbHOM COBOKYITHOCTH X C AMIIUPUYECKUM

pacnpeesIeHueM 4uCIia HECTaHAAPTHBIX KOPOOOK.

79. Wcnonwsys kputepuii [lupcona, mpu ypoBue 3naunmoctH o = 0,05 mpo-
BEPUTD, COTIIACYETCS JIM THIIOTE3a O HOPMATBHOM PACIPENIEICHHH TeHEePaTbHOM CO-

BOKYITHOCTH X C OIMIIMPUUYECKUM pacripesiesiecHueM Beioopku oobema N = 200:

xi1031(05/07109/11/13|15(1,7/19(21|23

nj|6 |9 | 26|25 |30 |26 21 |24 | 208 |5

80. MHWzBectHo smnupuueckoe pacrnpeneiacHue 1000 3K3eMIIIsipoB CeBEPHOI

COCHBI IO JMAaMETPY CTBOJIA.
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JlnameTp cTBOJIA, CM KonuyectBo cocen
14-18 16
18-22 35
22-26 109
26-30 183
30-34 214
34-38 197
38-42 115
42-46 71
46-50 36
50-54 19
54-58 5

Ucnons3ys kputepuii [lupcona, npu yposre 3Haunmoctd o = 0,05 mpose-
PHUTBH COTIIACYETCsl JIU TUTIOTE3a O HOPMAJIBHOM PACHpPE/ICICHUH TeHEPATbHONW COBO-
KyImHOCTH X - JJMaMeTpa CEBEPHOU COCHBI C SMIUPUYECKUM PaCIpEe/ICHUEM BbI-

OOpKH.

3.3.2 KpuTEPUM KOJIMOIOPOBA

Kpumepuii Koamozoposa aBnsieTcsi Hau0oJiee POCThIM KPUTEPUEM TPOBEPKH
TUIOTE3bI O BUJC 3aKOHA PacCTpeeCHUs, OJHAKO €r0 MOXKHO MPUMEHSATH TOJHKO B
TOM CJIy4ae, KOT/la THIIOTEeTHYECKOE pacipeiesieHre MOJTHOCThIO U3BECTHO 3apaHee U3
KaKUX-TMOO TEOPETUYECKUX COOOpaKEHUMU, T.e. KOTNAa U3BeCMeH He MOJbKO 6UO
@yuxyuu pacnpeodenenus F(x), o u 6ce exoosiumue 6 nee napamempuoi.

B otnmuuue ot xputepusi [lupcona, rae cpaBHUBAIOTCS TEOPETUYECKHE M
OMITUPUYECKUE YaCTOTHI, KpuTepuii KonMoroposa MCoib3yeT CpaBHEHHE TEOpe-
taeckoii  F(X) u smnmpuueckoii (craructuueckoi) F'(X) dyHkiwmii pacnpenene-
Hus. OO1asi cxema npuMeHeHust Kpurepus KojiMoropoa COCTOUT B CJIEAYIOIIEM:

1. [To umerometics BoIOOpKE ( X1, X, X3, ..., Xy ) CTPOUTCS SMITMPH-

yeckas (QyHKUMs pacnpenenenus F (X).
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2. B 3THX Xe 3KCHEpUMEHTAIbHBIX TOUKAX Xj MOJCUYUTHIBACTCS 3HA-
YeHHE TEOpeTHUYeCKor (yHKumM pacnpeneneHus F(X;) mo mpeamomaraemoit
dbopmyire.

3. Omnpenensiercs 3HadeHne A - kputepus KonmoropoBa kak HauboIb-

mrass 13 paSHOCTCfI:
A =max | F*(x) - F(x) | . (3.34)

UeM MeHbIIIE 3HAYEHWE ATOM Pa3HOCTH, TEM JIydllle COIJIacyeTcsi BHIOpaH-

HBIN TCOpeTI/IIIGCKI/Iﬁ 3aKOH C JaHHBIMH BI)I60pKI/I. I[JIH TOYHOU OLCHKH BBIYUCJIAIOT

APAMETP Apucs
s =A AN (3.35)

4, 3a7a0T TOT WIM UHOU YPOBEHb 3HAYUMOCTH (.
5. [To craructuueckoii Tabnuue 9 — Kpurnyeckue 3Hauenus: A, pacrpe-

JCICHUA KOHMOFOpOBa HaXO0JAT COOTBCTCTBYIOIICC 3HAYCHUC la. Ecau

Apace. < A (3.36)

TO TUIIOTE3a O MPEATNOIaraéMOM 3aKOHE pacIpe/iesieHus] MPUHUMAETCS, B TIPOTHB-
HOM CJTy4yae — TUIOTe3a OTBEpPraeTcsl.

3ameuanue 4. Buo meopemuueckoeo 3aKOHA pacnpeoeieHuss 8bloupaemcs
WJIM Ha OCHOBAHUU JAHHBIX O MEXaHU3Me 00pa30BaHUS CIIyYaliHOW BETUYMHBI, UITH
nymem KawecmeeHH020 aHAIu3d SUcmozpammvl pacnpedenenus. Ecnm 3akoH pac-
MpenesieHns HEe yAaeTCsl YCTAHOBHUTH M3 OOIIMX COOOPaKEHUM, TO MPUMEHSETCS
€ro anmpoKCHUMAIUsl TaKUM 3aKOHOM pachpeeleHusi, COOTBETCTBYIOIIEE YHCIIO
MIEPBBIX MOMEHTOB KOTOPOTO PAaBHO MX OIICHKAM, MOJIYYCHHBIM W3 paccMaTpuBac-
MOI BBIOOPKH.

Ilpumep 41. 3anana BBIOOpKA:

045 251 |164 |335 |05 (39 |[136 |265 132 |[3,06

Ucnonw3ys kpurepuit Kosmoroposa, mpOBEPUTH TMIIOTE3Y O TOM, YTO 3TO
BBIOOpPKA COTIJIACYeTCsl C TUIOTE30M O PAaBHOMEPHOM PACIPEACICHUH T'eHepaib-

HOU coBOKynHocTU Ha uHTepBaie (0; 4).
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Pewenue. Halinem smnupuueckyro (QyHKnuio pacrpenenenus F (X) . dns
ATOTO CHAayaJla 3alMIIEeM BapHAIlMOHHBIN PsJ, PACIOJIOKNUB 3HAYECHUS BAPUAHT B

BO3PACTAIOIIEM TOPSIIIKE:

045 | 054 | 132 | 1,36 | 164 | 251 | 265 | 3,06 | 3,35 | 3,90

JlaHHBIE HE MOBTOPSAIOTCS, MO3TOMY OTHOCHUTENbHASI 4acTOTa KaXKIAOrO M3
HuX paBHa 1/n.O6beM BeIOOpKHU paBeH N = 10, 3xHauut W;=0,1 . Tak kak M-
nupuyeckas (QYHKIUS paclpesieseHus] HaKallIMBaeT OTHOCUTEIbHBIE YaCTOTHI,
TO KaXIBIA pa3 NpU TMEepexoJe Yepe3 OYEPETHYIO HKCIEPUMEHTAIbHYIO TOUKY
oHa Oyxaer yBenumuuBatbes Ha O0,1. Ilpu 3ToM B caMoOif 3KCIEpUMEHTAIBLHON
TOYKE OHa pa3pblBHA, MPOUCXOIUT ckayok Ha 0,1. 3HaueHue pyHKUUU B TOU-
Ke paspblBa COBNAJAET C MPEETIOM CieBa. 3aHeceM B Tabnuiyy 3HaueHus F (X;)
npudeM OyJeM 3aluCchiBaTh 3HAYCHHUs CIIpaBa M CJIeBa OT HKCIEPHUMEHTAIbHON
toukn, T.€. F (X-0)u F'(x+0) .

OyHKIMS pacHpelieieHHs] PABHOMEPHOIO DPACIpEeAcsIEHUsT XOpOLIo W3-

BCECTHaA.
0, X <0,
F(x)=<x/4, 0<x<4,
1, X>4,

Ecnu 3amana miotHocTh pacnpeneieHus f(X), TO Hy)XHO HaWTH (YHKIHFO

pacnpeneneHus o U3BECTHOM (opMmyiie:
F(x)= [f)at, (3.37)

[ToacuntaeM QyHKIUIO pacrpeaesieHus B IKCIIEPUMEHTAIbHBIX TOUKaX, T.€.,

F(X). Pe3ayabprarel 3aHeceM B TaOuuILy.

X; 045|105 | 132 | 1,36 | 164 | 251 | 265 | 3,06 | 3,35 | 3,90

F(x) (011|024 | 0,33 | 0,34 | 041 | 063 | 066 | 0,77 | 0,84 | 0,98

F*(x;-0) 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

F(x+0) | 0,1 | 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

A 0,11 | 0,06 | 0,13 | 0,06 | 0,09 | 0,13 | 0,06 | 0,0/ | 0,06 | 0,08
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JIJIst KaKI0To 3HAYCHHsI BADUAHT Xj TOJICYUTHIBAEM PA3HOCTh MEXKIy 3Ha-
YCHHEM TEOPETHUYECKON (yHKIUH pactipeneiacHus F(Xj) u 3HaAYCHHUSIMH SMITHPH-
4YecKoM (DYHKIMH pacIipeiesIeHHsI CIpaBa U CjieBa OT SKCIEPUMEHTAIBHOU TOYKH,
T.e. F(X-0)m F'(xi+0). U3 sTHX pasHOCTEl BBIOMpaeM OOJBIIYIO IO MOIYIIIO
Aj W 3anmucbiBaeM €€ B MOCHEAHUN psii TaOauubl. 3areM BbIOMpaeM HanOOJb-
mee U3 4yucen Aj B TOCHEIHEH CTpoke, T.e., HaxomuM A = max A; = 0,13.

OTHUM YHCIIOM " U3MCPACTCA OTKJIOHEHHE.4

F(x) - 1

—
- x

0 o5 1 15 2 25 3 35 4

L

Pucynok 19 — CpaBHeHHE TEOPETUYECKON M SMIMPUIECKOIN (PYHKIMI pactipeieneHus
(x mpumepy 41)

ITo Tabnume 9 xputepus Kommoropora Haxoaum npu o = 0,05 3HaueHue
A, = 1,358. BplunciauM pacueTHoe 3HaUE€HHE Apyeq 110 opMmyiie (3.35), ucnonssys

o0Bem BeIOOpKHU N = 10:

ﬂ“pacq. = 0;13 \/E = 0,411

Tak kak Ayueq = 0,411 MeHbIIe KpuTHUECKOTO 3HaueHus A, = 1,358, To rumno-
T€3y O TOM, YTO ATO BBIOOpPKA COTJIACYETCsl C TUIIOTE30M O PaBHOMEPHOM pacrpe-
JIEJICHUY T€HEepaIbHOM COBOKYIHOCTU HA uHTepBaie (0; 4).

Ilpumep 42. PesynwbraThl u3mepenust 1000 neraneld mpencTaBlieHbl B BUIE
IPYIIUPOBAHHON BBEIOOPKHU:

Xi 198,0]98,5|99,0|99,5100,0|100,5|101,0|101,5|102,0|102,5

n | 21 | 47 | 87 | 158 | 181 | 201 | 142 97 41 25
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[IpoBeputh, mosb3ysich Kpurepuem KoamMoroposa, corjacue MOJyYEHHBIX
HAOIOJICHUI ¢ TUIIOTE30M O TOM, YTO Te€HEpajdbHas COBOKYMHOCTh X — JJIMHA
quaMmerpa JeTaled MOJYUHACTCS 3aKOHY HOPMAJIBHOTO paclpelesieHus ¢ Mate-
MaTthudeckuM oxuganueM a = 100,25 Mm 1 cpegHUM KBapaTUYECKUM OTKIOHEHU-
eM G = 1 MM, nipu ypoBHe 3Haunumoctu o = 0,1.

Pewenue. Teopernueckas (QyHKUUS paclpeneieHnss HOPMaJbHOTO 3aKOHa
omnpenaensercs: GopMyJIIoi:

F(x) = 0,5 [1+ ®(x—a)]. (3.38)

Crarucruueckas GyHKuus pacnpenenetus F (X), cormacao gopmyre (1.12), 6y-

JIET BBIYUCIIATHCS 110 hopMmyJIe:

F*(x) = ﬁ{j n +0,5nk} | (3.39)

CocTaBuM I KaKJI0ro 3Ha4YeHHs X; pasHoctd F (X;) - F(X)) u BeIOepeM U3 HUX

HaI/I6OJ'II>IHYIO 110 a0COJIIOTHOM BenuuuHe. Bee PE3YJIbTAaThI BBIYHCJICHUM 3aHECEM B

Ta0UILy.
i | xi-a [ 05@(i-a) [ Fx) Fi) | [F o) - Fx) |
1 -2,25 -0,4877 0,0123 0,0105 0,0018
2 -1,75 -0,4599 0,0401 0,0445 0,0044
3 -1,25 -0,3944 0,1056 0,1115 0,0059
4 -0,75 -0,2734 0,2266 0,2340 0,0074
5 -0,25 -0,0987 0,4013 0,4035 0,0022
6 0,25 0,0987 0,5987 0,5945 0,0042
7 0,75 0,2734 0,7734 0,7660 0,0074
8 1,25 0,3944 0,8944 0,8855 0,0089
9 1,75 0,4599 0,9599 0,9545 0,0054
10 2,25 0,4877 0,9877 0,9875 0,0002

HauGonbmee n3 pasnocreir A; = 0,0089. Beruucinm pacueTHoe 3HAUYCHHE
Apace. IO popmyite (3.35), ucnonssys o6sem Beidopku N = 1000:
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/’Lpva. = 0;0089 V]-OOO =0,281

Haxoaum u3 Tabmuier 9 - Kpurtnyeckue 3HaueHus A, pacnpenenenus Kommoro-

poBa 3HadeHue A, = 1,224. Bunum, uto Ay < A, CienoBarenbHO, OTKIOHEHHS

HC3HAYUMBbI 1 MOKHO CHHUTATh, YTO I'MIIOTE3a O COIJIaCHU SMITMPUICCKHUX JAHHBIX C

3dKOHOM HOPMAJIBHOI'O PpacCIIpCaCIICHHA FCHCp&HBHOﬁ COBOKYIIHOCTH X — JJIINHBI

nuametpa neranei ¢ napamerpamu a = 100,25 mm u 6 = 1 MM, He onpoBepraercs.

3AIIAUN JUIA CAMOCTOSTEJILHOI'O PEIIEHU A

81. Jlano pacmpeneneHue THICSUHM KEHIIMH 10 pocTy. [lonp3ysich Kputepu-

eMm Koamor OpoOBa, YCTAHOBUTL COIVIACYIOTCA JIM OIIBITHBIC JAHHBIC C I UIOTE30M O

pacIpeneneHun CIIy4YalHOM BEJIWYMHBI 110 HOPMAJIbHOMY 3aKOHY C IapaMeTpaMu

a=x, 06°= 0'62 npu ypoBHe 3Haunmoctu o = 0,05.

Pocr, cm. Hucio xeHIH
134-137 1
137-140 4
140-143 16
143-146 53
146-149 121
149-152 193
152-155 229
155-158 186
158-161 121
161-164 53
164-167 17
167-170 5
170-173 1

82. Otnen TexHU4YECKOTO KOHTPOJIs ipoBepwut 200 mapTuil 0IMHAKOBBIX U3-

JEJIUNA Y TIOJYYHIT CIeIyIolIee SMIIMPUIECKOE paclpeiesiCHuUE:

Xj 0

1

2

3 4

n; | 116

56

22

4 2
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B nepBoyi cTpOKe yKa3aHO KOJIMYECTBO X;  HECTAaHIAPTHBIX H3ACIUUA B OA-
HOM NapTHH, BO BTOPOM CTPOKE N — KOJUYECTBO NAPTUM, CONECPKAIINX X;j  HE-
CTaHIapTHBIX u3nenui. [Ipumenus kpurepuit Koamoroposa, npu ypoBHE 3HaUYUMO-
ctu oo = 0,02 mpoBepuTh, COTTACYIOTCS JIM IMIIUPUUECKUE JaHHBIE C TUIOTE30H O
TOM, YTO I'€HEpajbHasi COBOKYIHOCTb - YHMCJIO HECTAHIAPTHBIX M3JEIHMN pacmpene-

neHo 1o 3akony IyaccoHa ¢ mapameTpoM a = x, (cMm. popmyay (3.33).

83. Pacnpenenenne 500 paboumx mpeanpusaTHsS MO BPEMEHH, 3aTpavynBac-

MOMY Ha 00paboTKy JeTau, MPUBEIACHO B TAOIUIIE:

Bpewms, mun Yucno padounx
4,0-4,5 4
4,5-5,0 14
5,0-5,5 55
5,5-6,0 92
6,0-6,5 160
6,5-7,0 96
7,0-7,5 66
7,5-8,0 11
8,0-8,5 2

TpeOyercs nmo kputeputo KonmoropoBa mpoBEpUTh TMIIOTE3Y O TOM, YTO
BpeMsl, 3aTpauyrBaeMoe Ha OOpabOTKy JAETald, COrjacyercs ¢ THUIIOTE€30H O HOp-
MaJbHOM pACHpeieieHHH TeHepalbHON COBOKYITHOCTH C HMapaMeTpaMu d = X, ,

2 _

c°= 0'62 npu ypoBHe 3Haunmoctu o = 0,1.

84. B Hekotopoit mecTHOCTH B TeueHue 300 CyTOK perucTpupoBaiach Cpe/i-
HECyTOYHas TeMreparypa Bo3ayxa. B utore HaOmtoieHHui ObUIO MOTYYEHO YMITUPU-

YCCKOC pacCIpCaciICHUC:

Temneparypa B rpaaycax KosmmuectBo nHeM
-40 — (-30) 25
-30 — (-20) 40
-20 — (-10) 30
-10 - 0 45
0-10 40
10 - 20 46
20-30 48
30-40 26
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[Tpu ypoBue 3HaunmmocTtu o = 0,1 mpoBepuTh, coryIacyercs JIM THIOTE3a O
PaBHOMEPHOM pacIpeIe]IieHUH TeHePAIbHOM COBOKYITHOCTH X - CpPEAHECYTOYHOM
TEMIIepaTypbl BO3AyXa C AMIUPUYCCKUM pPaCIpe/ieIeHUEM, TPAMEHUB KPUTECPHIA
Konmoroposa.

85. B teuenne 10 4acoB perucTpupoBav MPUOBITHE aBTOMAIIIMH K O€H30KO-

JIOHKC U ITOJIYYHJIN SMITHPUICCKOC PACIIPCACIICHUC!

Bpewms, yac. KommuecTBo mammx
8-9 12
9-10 40

10-11 22
11-12 16
12 - 13 28
13 -14 6
14 - 15 11
15-16 33
16 - 17 18
17 -18 14

TpeOyertcs, ucnonb3ysa kpurepuid Kommoroposa, npu ypoBHE 3HAUMMOCTH
a = 0,01 npoBepuTh, cornacyercs Jid TUIOTe3a O PAaBHOMEPHOM paclpeeIeHUH re-
HEPAJTbHOW COBOKYIMHOCTU X - BPEMEHH NPUOBITHS MAIlIMH C SMIIUPUYECKUMU JaH-

HBIMMU.

86. M3BecTHO pacrpeeieHrue IBYXCOT PaioIaMII IO CPOKY CITYKOBI

Cpok ciryx0bI, 4 KonuyecTBo namn
300-400 1
400-500 9
500-600 18
600-700 33
700-800 40
800-900 52

900-1000 29
1000-1100 14
1100-1200 4

HOJ’ILS}UICB KPUTCPUCM KOHMOFOpOBa, YCTAaHOBUTL COTJIACYIOTCA JIM OIIbIT-

HBIC JIaHHBIC C THUIIOTE€30M O PACIPEICIICHUN CIIyYalHOW BEIMYMHBI IO HOPMAJIb-
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HOMY 3aKOHY C TapaMeTpaMH a = X, , G2 = 0> IpH ypOBHE 3HAYMMOCTH o =
6

0,025.

87. PacrtipesienieHre HUTEN TIPSHKU 110 KPEMOCTH MPUBEICHO B TAOJIHIIE

Kpenocte Hu- KonnuecTBo HUTEN

TH, T

170-180 159
180-190 152
190-200 184
200-210 128
210-220 187
220-230 225
230-240 174
240-250 207
250-260 234

[Tpu ypoBHe 3Hauumocté o = 0,2 TpoBepUTH, COTIACYEeTCs JH TUIOTE3a O

PABHOMEPHOM PACHPENCIICHUN TeHEPAITbHOM COBOKYIHOCTH X - 4YHCIIa HATEW Mps-

KU 110 KPCIIOCTH € SMITMPHUYCCKUM PACIIPEACICHUCM, IIPUMCHNB KpI/ITepI/Iﬁ Koamo-

ropoBa.

88 . M3BecTHO pacnpeneneHue ThICIYM BOJIOKOH XJIOMKA T10 JJIUHE:

JlmrHa BOJIOKHa, KonnuecTBo BOIOKOH

MM

4,5-7,5 2
7,5-10,5 28
10,5-13,5 51
13,5-16,5 66
16,5-19,5 86
19,5-22,5 128
22,5-25,5 140
25,5-28,5 170
28,5-31,5 136
31,5-34,5 100
34,5-37,5 72
37,5-40,5 21
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ITonp3ysace kpurepueM KosiMOroposa, yCTaHOBUTH COTJIACYIOTCS JIM OIBIT-

HBIE JAHHBIE C TUIIOTE30M O HOPMAJIBHOM PACIpPEACICHUN CIIy4aiiHON BEINYNHBI X

2 2

- YpcIIa BOJIOKOH XJIOIIKA TI0 JUIMHE C IIapaMeTpaMid  d = X, , G2= ¢'° TpH YPOB-
6

He 3Haunmocta o = 0,01.

89. B rtabnuiie npuBeaeHa rpynnyupoBaHHasi BHIOOpKA 3HAYCHUN CITydaitHON

BeanunHbl X 00bema N = 300:

['parniel Yacrora I'panue: Yacrora
UHTEpBaia UHTEpBaia

50 - 60 2 110 - 120 61

60 -70 3 120 - 130 49
70 - 80 9 130 - 140 25
80-90 23 140 - 150 19
90 - 100 33 150 - 160 16
100 - 110 56 160 - 170 4

IIpoBeputsb, ucnosb3yst kpurepuii Kosmoroposa, npu ypoBHE 3HaYMMOCTH
a = 0,05, cornacyooTrcs I SMIMPHUYECKUE TaHHBIE C HOPMAIBHBIM pacrpeaeeHHeM
I€HENabHOM COBOKYIHOCTH, OLIEHKU MapaMeTpoOB KOTOPOro Mmoao0parh Ha OCHOBa-

HHWH OIIBITHBIX JaHHBIX.

90. Otcuer mo mIKajge U3MEPUTEIHHOTO MPUOOpa OIEHUBAETCSA MPUOIIU3U-
TEJIbHO B AOJISIX AeneHus mkaibl. [IpuBeneno 200 pe3ysnbTaTOB OTCUYETA MOCIE-

Hel udpbl MEXy COCETHUMU JEICHUSIMU IIKabL:

Xi | O 1 2 3 4 5 6 7 8 9

np | 35|16 | 15 | 17 | 17 | 19 | 11 | 16 | 30 | 24

YcranoBuTh, UCNONB3Ysl Kputepuit Konmoroposa, COTNIacyroTcsl U SMIIU-
PUYECKHE JAHHBIE C 3aKOHOM PABHOMEPHOTO PACHPENECICHUS] T€HEPAIBHOM COBO-
KYIMHOCTH X - oTcueTa mocieaHe mudpbl MEXAY COCEIHUMU JEICHUSIMU IIKaJIbI,
IPU KOTOPOM BEPOSITHOCTH MOsIBICHUS J1t000# mudpsl paBHa 0,1 mpu ypoBHE 3Ha-

gumoctu a = 0,05.
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TUIIOBOM PACYET

[IpuBenena Beioopka 120 pe3ynbTaToB U3MEpPEHUN CITy9aiiHON BETUYUHBI X,

1. [TocTpouTh MHTEPBaNbHBIA BapuallMOHHBIA psa (psaa 1) mo yacroram,
OTHOCUTEJIBHBIM YACTOTaM M HAKOTJICHHBIM YaCTOTaM.

2. Ot psana 1 nepelTy K TOYEUHOMY BapHALlMOHHOMY pAny (psn 2).

3. HauepTuTh MOJUTOHBI YaCTOT U OTHOCHUTENBHBIX YaCTOT, KyMYJSATY
(o psimy 2) ¥ TUCTOTPAMMBbI YaCTOT U OTHOCUTEINIbHBIX 4acToT (10 psaxy 1).

4. 3anucath aHAIMTUYECKH U MOCTPOUTH IPaQUuUecKd CTATHCTUYECKYIO
byHKIHIO pactipeaeneHus (1o pauny 2).

5. HaiiTn BBIOOpOYHBIE CpEIHHE: CPENHIO apU(PMETHUECKYIO, CpEel-
HIOI0 TEOMETPUYECKYI0, CPEIHIOI0 TapMOHUYECKYIO;CPEIHIOI KBaIpaTUYHYIO U

CPEIHIOI KyOHMYeCKYIO.

6. OnpenenuTs MOy U MeauaHy rpaduueckd U aHaAJTUTUYECKH (10 ps-
nam 1 u 2).
1. Onpenenuth MoKa3aTelld Bapyalliy: BapUallMOHHBIA pa3Max, CpeIHee

JMHEHHOE OTKIOHEHHE, BHIOOPOUHYIO JTUCTIEPCHIO, BRBIOOPOYHOE CpeTHEKBaIpaTHye-
CKO€ OTKJIOHEHHE, JIMHEHHBIN KOA(PUIIMEHT Bapualu U KOd(PPHUIIMEHT BapHAaIlHH.
[Tpu BeIUMCIIEHUN BHIOOPOYHOM ucniepcuu caenarh nonpasky Lllenmapaa.

8. Hcnone3ysi MeTOABI MPOU3BEACHUS M CYMMBI HaWTH BBIOOPOUYHYIO
CPEIHIOI0 U BEIOOPOYHYIO AUCIEPCHIO.

9. Haiitn kosdduiment acummerpun u 3xcuecc (mo psaay 2), Aath xa-
pakTepuctuky (opmbl KpuBOM pacrpeaeneHus. Mcnonb3oBath K03 GdUIIMEHT
ACUMMETPHUH U IKCLECC B KAUECTBE BBIIBMKEHHS TMIIOTE3bl O HOPMAJILHOM 3aKOHE
pacnpeeneHus TeHepaTbHON COBOKYITHOCTH TI0 BEIOOPKE.

10. Ha ocHoBe aHayiM3a TUCTOTPAMMBI U CTaTUCTUYECKOW (PYHKIIUU pac-
NpEeIeJICHUs OLIEHUTh OJM30CTh SMIIMPUYECKOTO PACIPEEICHUS K HOPMaITbHOMY

3aKOHY (K JTH000MY JpYroMy M3BECTHOMY 3aKOHY pacIpeesieHus ).
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11. B npeamnonoxeHuH, 4YTO BHIOOPKA M3BICYEHA W3 T'€HEPAIbHON COBO-

KYITHOCTH, TOJYMHEHHOW HOPMAJIbHOMY 3aKOHY, NpPH 3aJaHHOM HaJEKHOCTH
y = 0,95 mocTpouTh N1OBEPUTEIBHBIE HHTEPBANBI U1 HEU3BECTHOIO MaTEMaTHYe-
CKOTO OXXHMJAaHHS @ TPU W3BECTHOM M HEU3BECTHON JHMCIIEPCUU, HEU3BECTHOTO

CPEOHETO KBAIPATUUYECKOTO OTKIIOHEHUS G CIIy4YalHOU BEJIMYHMHBI X .

12. B mpeanonokeHuH, 4YTO BHIOOPKA M3BJICUEHA U3 T'€HEPabHON COBO-
KYITHOCTH, NOJAYMHEHHOW HOPMAJIbBHOMY 3aKOHY, TPOBEPUTH TMIIOTE3Y MPU YPOBHE
3HaunMocTH o = 0,01 o paBeHCTBE BHIOOPOYHOU CpeHEN ¢ TUITOTETUYECKOM TeHe-
paJibHOM CcpefHel (MaTeMaTHYSCKUM OXKHIAHWEM) MPHU U3BECTHON M HEM3BECTHOM

JUCTIEPCHUSIX.

13. TIlo kpurepusm ITupcona ( ¥ 2) n KonMoroposa npu ypoBHE 3HAUYMMO-

ct o = 0,05 mpoBeputh, corigacyeTcs I TUMOTE3a O HOPMAJIbLHOM pacmpeserne-
HUM (WM KaKOM-TO JPYrOM) I€HepajbHOW COBOKYMHOCTH X C SMIHUPUYECKUMHU

JaHHBIMU.

No 3ama-
HUS 3HaYCHHS CIIy4ailHOM BeTMUUHBI X

1551791164 172|176 |182] 190 | 156 | 160 | 162 | 184 | 1,68
1,7511,78 /1180|168 |178|192| 159 |175| 177|180 | 178|165
166 |15 | 1,77 |1,74]166 1,71 | 167 | 1,70 | 1,54 | 1,69 | 1,82 | 1,64
181 1,73 1154|163 |175]168| 15 |188 |184 |177 | 160 | 1,72
1 163169 166 |175]169|154| 15 |179|152 166 | 170|181
1691721168 |15 [158|165| 1,73 | 155|164 | 156 | 155 | 157
156180174181 |164|167| 162 | 160 | 155|172 | 166 | 1,82
164168 170162159173 170 | 165|163 |165]| 158 | 171
1,71 1159 1167 | 158|171 |166| 159 |162 | 173|169 | 168 | 152
1,48 | 1,71 | 193 | 167|173 |1,74| 169 | 190 | 1,70 | 1,73 | 1,47 | 1,88

1121210133 |215|206| 80 | 19,7 | 134 | 145 | 183 | 251 | 53
142|120 17,7 1159|111 |185| 200 | 19,1 | 96 | 20,5 | 13,8 | 21,3
209 | 7,7 120,1|131|148]180| 26,1 | 59 | 146 | 11,7 | 181 | 156
2 116 | 20,2 | 188 | 82 |120|135| 220 | 144 | 15,2 | 151 | 11,0 | 11,8
18,1 140125208 |134[212| 209 | 85 | 17,7 | 142 | 218 | 79
195|136 143 /196|254 (123 | 199 | 19,7 | 20,2 | 178 | 6,9 | 258
82 | 11,7184 1188 |113|220| 144 [ 10,2 | 91 | 218 | 13,7 | 65
179165169 173|158 | 146 | 168 | 88 | 125 | 22,3 | 15,7 | 16,9
158 | 146 | 62 104 | 75 | 94 | 179 | 16,7 | 189 | 215 | 246 | 19,9
150|139 | 154 | 6,0 | 157|149 | 156 |16,1 | 148 | 157 | 59 | 153
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13,6
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12,8

12,3

13,3

13,0

13,1

14,9

13,8

12,7

11,9
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1,44 1096 | 1,61 | 254 (3,13 (151 | 1,11 | 2,39 | 437 | 2,12 | 0,72 | 1,24
152 1,82 (292083098 |1,76| 4,19 | 430 | 2,62 | 0,91 | 0,74 | 1,19
18 260 | 0,96 | 0,82 | 1,20 | 2,54 | 3,24 | 2,92 | 1,17 | 3,20 | 453 | 2,17 | 3,13
505 (1,12 | 1,97 | 0,96 | 3,68 [ 0,99 | 3,38 | 2,85 | 2,59 | 4,06 | 4,30 | 1,15
2,09 (381|464 384|234(370| 2,68 | 4,31 | 3,88 | 2,62 | 461 | 4,98
0,97 | 2,68 | 387 162|359 (273 1,19 | 1,65 | 1,93 | 3,50 | 2,58 | 2,71
331 (229|165 1,98 |261 1,42 | 1,27 | 1,62 | 504 | 4,80 | 3,27 | 3,42
0,08 | 2,45 | 2,39 | 2,50 | 5,02 [ 2,51 | 2,48 | 5,11 | 5,10 | 2,53 | 2,49 | 2,52
702 | 471 | 715 | 721 | 724 | 482 | 491 | 740 | 493 | 508 | 702 | 410
611 | 529 | 685 | 552 | 791 | 726 | 810 | 731 | 614 | 667 | 719 | 738
608 | 705 | 519 | 630 | 743 | 611 | 702 | 793 | 701 | 656 | 713 | 800
479 | 483 | 614 | 773 | 569 | 705 | 615 | 602 | 786 | 774 | 736 | 615
19 535 | 651 | 538 | 793 | 442 | 540 | 800 | 684 | 753 | 731 | 695 | 649
613 | 789 | 846 | 687 | 724 | 758 | 613 | 610 | 454 | 558 | 532 | 763
786 | 424 | 498 | 519 | 468 | 626 | 621 | 615 | 654 | 767 | 781 | 776
665 | 810 | 447 | 541 | 666 | 742 | 629 | 568 | 463 | 499 | 614 | 423
539 | 652 | 478 | 617 | 449 | 535 | 758 | 715 | 616 | 558 | 469 | 643
550 | 553 | 499 | 548 | 782 | 770 | 551 | 498 | 544 | 560 | 548 | 551
17,7 | 21,2 | 18,4 | 186 | 20,3 (19,9 | 21,2 | 18,0 | 17,8 | 17,5 | 18,3 | 22,3
15,3 | 20,4 | 225|184 |18,1|145| 19,8 | 143 | 16,7 | 20,9 | 21,9 | 19,1
16,6 | 17,7 | 19,6 | 18,7 | 20,4 | 21,7 | 19,2 | 19,8 | 21,1 | 14,7 | 20,5 | 15,9
20,2 [ 21,8 | 22,0 | 13,9 | 14,7 [ 224 | 216 | 14,9 | 19,0 | 22,8 | 27,6 | 30,2
20 214 (179 | 12,7 | 20,2 | 21,0 [ 148 | 18,1 | 19,8 | 21,5 | 14,9 | 21,7 | 17,7
20,9 | 20,2 | 22,3 (18,1185 | 16,1 | 20,3 | 22,7 | 11,9 | 150 | 14,8 | 15,3
20,3216 | 18,1 | 155|202 (206 | 14,9 | 185 | 144 | 21,2 | 20,1 | 18,4
16,9 | 15,1 | 22,4 | 17,4 | 18,8 | 20,3 | 17,8 | 20,4 | 16,8 | 20,6 | 18,4 | 21,9
148 | 16,0 | 20,0 | 21,3 22,0 | 16,2 | 18,7 | 145 | 20,2 | 14,7 | 22,2 | 21,6
219 (2201|198 |18,6 | 18,7 | 18,4 | 185 | 14,0 | 14,1 | 185 | 18,6 | 18,7
0,27 | 0,72 | 0,58 | 078 | 0,21 [ 199 | 21,2 | 18,0 | 17,8 | 17,5 | 18,3 | 22,3
15,3 | 20,4 | 22,5 | 18,4 | 18,1 | 145 | 19,8 | 14,3 | 16,7 | 20,9 | 21,9 | 19,1
16,6 | 17,7 | 19,6 | 18,7 | 20,4 | 21,7 | 19,2 | 19,8 | 21,1 | 14,7 | 20,5 | 15,9
20,2 | 21,8 | 22,0 [ 13,9 | 14,7 | 22,4 | 21,6 | 14,9 | 19,0 | 22,8 | 27,6 | 30,2
21 21,4 (17,9 | 12,7 [ 20,2 | 21,0 | 14,8 | 18,1 | 198 | 21,5 | 14,9 | 21,7 | 17,7
20,9 | 20,2 | 22,3 | 18,1 | 185 | 16,1 | 20,3 | 22,7 | 11,9 | 15,0 | 14,8 | 15,3
20,3 (21,6 | 18,1 [ 155(20,2 | 20,6 | 14,9 | 185 | 14,4 | 21,2 | 20,1 | 18,4
16,9 | 15,1 | 22,4 | 17,4 18,8 |20,3 | 17,8 | 20,4 | 16,8 | 20,6 | 18,4 | 21,9
14,8 | 16,0 | 20,0 | 21,3 | 22,0 | 16,2 | 18,7 | 14,5 | 20,2 | 14,7 | 22,2 | 21,6
0,22 | 10,4 | 109 | 11,2 | 11,0 [ 21,8 | 10,8 | 11,0 | 11,3 | 0,25 | 10,6 | 11,1
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108 | 76 73 1100 | 117 | 91 92 88 | 107 | 84 | 108 | 85
102 | 94 91 | 96 | 82 | 86 95 89 69 | 100 | 83 | 114
73 86 92 1102 | 9 | 114 | 82 91 | 110 | 92 85 95
22 96 94 | 112 | 78 | 77 | 81 93 96 | 105 | 85 94 | 113
72 90 91 | 94 | 117 | 85 99 116 | 111 | 78 9 | 101
99 95 | 101 | 114 | 109 | 97 95 94 | 115 | 74 97 | 115
74 96 | 115 | 86 | 104 | 94 | 110 98 96 88 89 93
72 | 112 | 108 | 94 | 99 | 96 | 118 97 93 | 116 | 109 | 95
97 1100 | 96 [ 118 | 95 | 97 | 116 72 76 93 94 96
95 93 | 115 | 110 | 98 | 96 | 102 75 97 94 98 94
27,9 | 357|259 368335416 | 282 | 243 | 21,0 | 36,1 | 22,7 | 24,8
284|278 320[262[321/329| 304 | 279 | 30,3 | 159 | 19,8 | 16,6
331278 | 245 354212323 | 284 | 240 | 36,1 | 235 | 246 | 357
36,1343 (390(208|301)277| 306 | 334 | 342 | 27,3 | 33,6 | 27,7
32,0278 266 (294308271 | 228 | 414 | 325|348 | 21,1 | 356
23 35,2 1350|301 |338|297|268| 294 | 309 | 284 | 276 | 289 | 23,4
29,8 |1 264 30,2 (324|272 ]284| 315 | 340 | 236 | 285 | 41,3 | 281
243 1210 | 36,2 | 22,7248 1293 | 276 | 320 | 328 | 30,4 | 27,7 | 30,3
21,3 | 26,7 | 331[420|31,2|31,4| 419 | 309 314|320 ] 211|212
30,8 {310 (212 325|309 418 31,1 | 30,8 | 31,2 | 21,2 | 31,0 | 41,8
178 | 185 | 152 | 153 | 162 | 156 | 168 | 198 | 194 | 184 | 157 | 168
164 | 161 | 153 | 189 | 166 | 162 | 157 | 135 | 173 | 188 | 167 | 185
154 | 183 | 171 | 153 | 199 | 167 | 158 | 143 | 1/5 | 139 | 186 | 172
165 | 159 | 164 | 158 | 176 | 154 | 170 | 175 | 130 | 145 | 167 | 160
180 | 154 | 183 | 151 | 146 | 163 | 174 | 145 | 173 | 152 | 183 | 179
24 179 | 146 | 149 | 163 | 196 | 163 | 161 | 182 | 154 | 170 | 181 | 147
164 | 175 | 178 | 159 | 177 | 168 | 167 | 160 | 170 | 153 | 172 | 169
151 | 168 | 165 | 164 | 172 | 172 | 145 | 169 | 167 | 176 | 173 | 198
154 | 166 | 182 | 164 | 170 | 188 | 161 | 163 | 177 | 142 | 162 | 168
164 | 166 | 180 | 171 | 154 | 198 | 167 | 142 | 151 | 170 | 172 | 171
40 25 40 | 35 | 40 | 45 40 35 39 40 40 40
42 40 37 | 49 | 35 | 44 35 30 40 31 34 33
40 | 41 30 | 38 | 40 | 30 34 31 33 28 29 42
31 33 36 | 30 | 29 | 36 40 41 37 34 40 40
25 28 27 41 | 38 | 42 | 31 41 38 39 32 42 43
44 | 40 32 | 33 | 31 | 30 45 34 35 34 32 45
40 29 36 | 40 | 25 | 29 32 30 26 40 40 40
32 38 36 | 35 | 40 | 40 33 48 51 52 46 43
26 38 40 | 50 | 37 | 35 32 40 40 43 32 31
40 | 40 34 | 32 | 38 | 50 52 44 30 26 35 30
425|435 |4/45 143514391440 442 | 437 | 435 | 4,44 | 435 | 4,30
4,30 | 5,10 | 5,32 | 4,15 |14,86 | 4,32 | 455 | 480 | 5,22 | 521 | 2,89 | 2,92
4,12 | 2,84 | 3,12 13,26 | 407 | 511 | 513 | 528 | 506 | 4,29 | 3,07 | 3,12
2,65 287|305 |344|415|432| 403 | 515 | 423 | 408 | 3,11 | 3,33
26 3,34 1345428 429205213 | 298 | 3,15 | 3,18 | 3,86 | 2,28 | 2,45
3,06 | 2,55 | 4,87 | 398525431 | 2,88 | 3,08 | 426 | 526 | 542 | 2,61
4,26 | 4,02 | 3,87 | 3,03 |2,26|229 | 527 | 513|211 | 2,65 | 2,45 | 514
516532209 |563]565]308| 356 | 324 | 3,26 | 3,67 | 403 | 5,20
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26

4,02

4,32

3,15

3,96

3,69

5,15

2,11

4,39

5,64

3,46

5,60

4,02

2,33

2,06

5,26

5,31

3,38

3,67

3,71

3,69

3,80

3,68

3,56

3,66

27

702

739

760

699

688

713

700

719

706

696

697

703

714

755

838

748

715

831

709

734

736

700

722

715

730

712

716

700

798

787

695

713

730

697

799

689

729

785

77

711

780

784

755

706

756

678

880

755

683

696

741

705

741

696

706

719

751

682

655

739

718

707

737

702

752

706

710

721

717

779

793

695

697

681

709

831

838

742

804

818

809

680

725

729

765

836

847

822

653

660

752

824

837

661

781

714

852

861

837

700

719

708

787

737

695

775

697

694

751

744

818

683

704

711

654

729

709

800

814

644
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20,7

17,1

24,6

19,1

17,2

25,5

21,3

26,1

20,3

24,2

24,8

22,1

19,5

17,2

18,6

19,7

18,2

22,6

20,7

20,1

24,1

21,9

18,3

23,9

20,9

20,1

20,8

15,9

18,3

19,7

17,6

19,2

20,4

19,5

22,0

20,5

20,7

20,1

21,5

19,7

20,6

24,1

19,7

19,6

21,6

18,0

21,4

18,5

19,6

20,8

22,0

23,1

23,4

22,5

19,8

21,7

22,5

22,4

23,7

23,6

154

18,9

22,2

21,4

16,0

27,0

26,1

25,9

21,2

25,3

26,4

21,6

27,6

24,8

25,3

26,6

25,2

15,4

24,3

17,3

17,8

19,2

17,1

15,6

21,4

21,9

20,2

23,5

26,7

20,0

26,8

27,0

21,3

23,7

22,2

21,8

18,1

17,4

21,7

21,0

23,5

255

24,1

24,3

24,5

25,2

21,9

16,3

16,5

16,8

20,9

19,9

21,0

27,0

15,2

15,9

26,8

17,5

16,8

26,8

29

S77

548

575

573

519

530

443

555

502

506

554

535

478

495

635

564

583

534

518

o574

454

566

522

599

554

542

588

537

550

559

479

446

565

538

520

478

554

542

566

558

480

486

500

560

517

558

559

496

580

542

462

504

627

607

618

521

497

546

582

538

495

554

552

511

555

496

495

530

534

437

446

460

551

465

543

550

497

558

520

435

564

941

424

516

413

505

514

479

490

483

S77

569

493

461

486

492

630

456

601

567

475

450

516

468

602

623

472

538

454

471

527

516

564

445

518

460

436

504

498

506
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2,91

2,70

2,79

2,82

2,54

2,64

2,16

2,76

2,48

2,53

2,76

2,48

3,13

2,92

2,19

2,81

2,62

2,52

3,00

2,41

2,97

3,20

2,64

2,05

2,44

2,77

2,79

2,53

2,75

2,45

2,48

2,43

2,64

2,67

2,13

2,18

2,23

2,78

2,36

2,63

2,68

2,43

2,71

2,41

2,43

2,45

2,82

2,53

2,76

2,75

2,46

2,84

2,71

2,27

2,56

3,09

3,00

3,10

2,55

2,52

2,74

2,91

2,19

2,81

2,62

3,02

2,75

2,67

2,90

2,66

2,70

2,83

2,37

2,22

2,81

2,76

2,82

2,77

2,91

2,56

2,71

2,92

2,78

3,13

2,99

2,09

2,69

2,57

2,35

2,76

2,07

2,46

2,13

2,61

2,03

2,42

2,48

2,21

2,25

2,07

2,01

2,41

2,19

2,39

2,09

2,02

2,20

2,08

2,37

2,51

2,34

2,25

2,17

2,29

2,24

2,37

2,22

2,17

2,50

2,49
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CTATUCTUYECKUE TABJIMILIbI

2

Ta6mima 1 - 3aadenus pynkmun @ (X) = %9_2
X 0 1 2 3 4 5 6 7 8 9
0,0 /10,3989 | 3989 | 3989 | 3988 |3986 |3984 |3982 |3980 |3977 3973
0,1 3970 |3965 |3961 |3956 |3951 | 3945 |3939 |3932 |3925|3918
0,2 3910 |3902 | 3894 | 3885 |3876 |3867 |3857 |3847 |3836 3825
0,3|3814 |3802 |3790 | 3778 |3765 |3752 |3739 |3726 |3712|3697
0,4 3683 |3668 | 3653 | 3637 |3621 |3605 |3589 |3572 |3555|3538
0,5|3521 | 3503 | 3485 | 3467 |3448 | 3429 |3410 |3391 |3372|3352
0,6 | 3332 |3312 | 3292 | 3271 |3251 |3230 |3209 |3187 |3166 | 3144
0,7 3123 |3101 | 3079 | 3056 |3034 |3011 |2989 |2966 |2943 2920
0,8 2897 | 2874 | 2850 | 2827 |2803 | 2780 |2756 |2732 |2709 2685
0,9 2661 |2637 |2613 [2589 |2565 | 2541 |2516 |2492 | 2468|2444
1 2420 |2396 |2371 |2347 |2323 |22989 |2275 |2251 |2227|2203
1,1|2179 |2155 | 2331 | 2107 |2083 | 2059 |2036 |2012 |1989 |1965
1,2 11942 | 1919 | 1895 | 1872 |1849 |1826 |1804 |1781 |1758|1736
1,311714 |1691 | 1669 | 1647 |1626 |1604 |1582 |1561 |1539|1518
1,4 1497 | 1476 | 1456 | 1435 |1415 |1394 |1374 |1354 |1334|1315
1,511295 |1276 | 1257 |1238 |1219 | 1200 1182 |1163 |1145|1127
1,6 1109 |1092 | 1074 | 1057 |1040 | 1023 |1006 |0989 |0973 | 0957
1,710940 |0925 | 0909 | 0893 |0878 |0863 |0848 |0833 |0818 | 0804
1,8 0790 |0775 |0761 (0748 |0734 (0721 |0707 |0694 | 0681|0669
1,9 0656 |0644 | 0632 |0620 |0608 |0596 |0584 |0573 |0562 | 0551
2 | 0540 |0529 | 0519 |0508 |0498 | 0488 |0478 |0468 | 0459 | 0449
2,1|0440 |0431 | 0422 | 0413 |0404 | 0396 |0387 |0379 |0371|0363
2,2 0355 | 0347 | 0339 [0332 |0325 |0317 |0310 |0303 | 0297|0290

164




[Iponomxkenue Tabauupl 1

2,310283 | 0277 | 0270 | 0264 |0258 | 0252 |0246 |0241 |0235 |0229
2,410224 |0219 | 0213 | 0208 |0203 |0198 |[0194 0189 |0184 |0180
2,5(0175 |0171 |0167 |0163 |0158 | 0154 |0151 |0147 |0143 0139
2,6 0136 |0132 | 0129 | 0126 |0122 |0119 |0116 |O0113 |0110 0107
2,710104 |0101 | 0099 |0096 |0093 |0091 |0088 |0086 |0084 0081
2,8|0079 |0077 |[0075 |00/3 |0071 |0069 |0067 |0065 |0063 |0061
2,9 10060 |0058 | 0056 |0055 |0053 |0051 |0050 |0048 |0047 |0046
3 10044 0043 | 0042 | 0040 |0039 |0038 |0037 |0036 |0035|0034
3,1{0033 |0032 |0031 |0030 |[0029 | 0028 |0027 |0026 |0025 |0025
3,2(0024 |0023 |0022 |0022 |0021 |0020 |0020 |0019 |0018 |0018
3,3/0017 |0017 | 0016 | 0016 |0015 |0015 |0014 |0014 |0013|0013
3,4(0012 |0012 |0012 |0011 |0O011 |0010 |0010 |0010 |0009 | 0009
3,5(0009 |0008 |0008 |0008 |0008 |0007 |00O7 |0007 |0007 |0006
3,6 | 0006 | 0006 | 0006 | 0005 |0005 |0005 |0005 |0005 |0005 |0004
3,7 10004 |0004 | 0004 | 0004 |0004 | 0004 |0003 |0003 |0003 |0003
3,8 0003 |0003 |0003 |0003 |0003 |0002 |0002 |0002 |0002 | 0002
3,910002 |0002 | 0002 |0002 |0002 |0002 |0002 |0002 |0001 0001
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~
Tabnuna 2 - 3HayeHus QyHKIUH D€ =

t2

! Xje_2dt

Vo g
X 0 1 2 3 4
0,0 0,00000 0,00399 0,00798 0,01197 0,01595
0,1 0,03983 0,04338 0,04776 0,05172 0,05567
0,2 0,07926 0,08317 0,08706 0,09095 0,09483
0,3 0,11791 0,12172 0,12552 0,12930 0,13307
0,4 0,15542 0,15910 0,16276 0,16640 0,17003
0,5 0,19146 0,19497 0,19847 0,20194 0,20540
0,6 0,22575 0,22907 0,23237 0,23565 0,23891
0,7 0,25804 0,26115 0,26424 0,26730 0,27035
0,8 0,28814 0,29103 0,29389 0,29673 0,29955
0,9 0,31594 0,31859 0,32121 0,32381 0,32639
1,0 0,34134 0,34375 0,34614 0,34850 0,35083
1,1 0,36433 0,36650 0,36864 0,37076 0,37286
1,2 0,38493 0,38686 0,38877 0,39065 0,39251
1,3 0,40320 0,40490 0,40658 0,40824 0,40988
1,4 0,41924 0,42073 0,42220 0,42364 0,42507
1,5 0,43319 0,43448 0,43574 0,43699 0,43822
1,6 0,44520 0,44630 0,44738 0,44845 0,44950
1,7 0,45543 0,45637 0,45728 0,45818 0,45907
1,8 0,46407 0,46485 0,46582 0,46638 0,46712
1,9 0,47128 0,47193 0,47257 0,47320 0,47381
2,0 0,47725 0,47778 0,47831 0,47882 0,47932
2,1 0,48214 0,48257 0,48300 0,48341 0,48382
2,2 0,48610 0,48645 0,48679 0,48713 0,48745
2,3 0,48928 0,48956 0,48983 0,49010 0,49036
2,4 0,49180 0,49202 0,48224 0,49245 0,49266
2,5 0,49379 0,49396 0,49413 0,49430 0,49446
2,6 0,49534 0,49547 0,49560 0,49573 0,49585
2,7 0,49653 0,49664 0,49674 0,49683 0,49693
2,8 0,49744 0,49752 0,49760 0,49767 0,49774
2,9 0,49813 0,49819 0,49825 0,49831 0,49836
3,0 0,49865 0,49869 0,49874 0,49878 0,49882
3,1 0,49903 0,49906 0,49910 0,49913 0,49916
3,2 0,49931 0,49934 0,49936 0,49938 0,49940
3,3 0,49952 0,49953 0,49955 0,49957 0,49958
3,4 0,49966 0,49968 0,49969 0,49970 0,49971
3,5 0,49977 0,49978 0,49979 0,49980 0,49981
3,6 0,49984 0,49985 0,49985 0,49986 0,49987
3,7 0,49989 0,49990 0,49990 0,49991 0,49991
3,8 0,49993 0,49993 0,49993 0,49994 0,49994
3,9 0,49995 0,49995 0,49996 0,49996 0,49996
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[Iponomkenne Tabnuibr 2

X 5 6 7 8 9
0,0 0,01994 0,02392 0,02790 0,03188 0,03586
0,1 0,05962 0,06356 0,06749 0,07142 0,07535
0,2 0,09871 0,10257 0,10642 0,11026 0,11409
0,3 0,13683 0,14058 0,14431 0,14803 0,15173
0,4 0,17364 0,17724 0,18082 0,18439 0,18793
0,5 0,20884 0,21226 0,21566 0,21904 0,22240
0,6 0,24215 0,24537 0,24857 0,25175 0,25490
0,7 0,27337 0,27637 0,27935 0,28230 0,28524
0,8 0,30234 0,30511 0,30785 0,31057 0,31327
0,9 0,32894 0,33147 0,33398 0,33646 0,33891
1,0 0,35314 0,35543 0,35769 0,35993 0,36214
1,1 0,37493 0,37698 0,37900 0,38100 0,38298
1,2 0,39435 0,39617 0,39796 0,39973 0,40147
1,3 0,41149 0,41309 0,41466 0,41621 0,41774
1,4 0,42647 0,42786 0,42922 0,43056 0,43189
1,5 0,43943 0,44062 0,441 79 0,44295 0,44408
1,6 0,45053 0,45154 0,45254 0,45352 0,45449
1,7 0,45994 0,46080 0,46164 0,46246 0,46327
1,8 0,46784 0,46856 0,46926 0,46995 0,47062
1,9 0,47441 0,47500 0,47558 0,47615 0,47670
2,0 0,47982 0,48030 0,48077 0,48124 0,48169
2,1 0,48422 0,48461 0,48500 0,48537 0,48574
2,2 0,48778 0,48809 0,48840 0,48870 0,48899
2,3 0,49061 0,49086 0,49111 0,49134 0,49158
2,4 0,49286 0,49305 0,49324 0,49343 0,49361
2,5 0,49461 0,49477 0,49492 0,49506 0,49520
2,6 0,495098 0,49609 0,49621 0,49632 0,49643
2,7 0,49702 0,49711 0,49720 0,49728 0,49736
2,8 0,49781 0,49788 0,49795 0,49801 0,49807
2,9 0,49841 0,49846 0,49851 0,49856 0,49861
3,0 0,49931 3,30000 0,49952 3,40000 0,49986
3,1 0,49989 3,80000 0,49993 3,90000 0,49995
3,2 0,49942 0,49944 0,49946 0,49948 0,49950
3,3 0,49960 0,49961 0,49962 0,49964 0,49965
3,4 0,49972 0,49973 0,49974 0,49975 0,49976
3,9 0,49977 0,49978 0,49979 0,49980 0,49981
3,6 0,49987 0,49987 0,49988 0,49988 0,49989
3,7 0,49991 0,49992 0,49992 0,49992 0,49992
3,8 0,49994 0,49994 0,49995 0,49995 0,49995
3,9 0,49996 0,49996 0,49996 0,49997 0,49997
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Tabnuna 3 — 3HaueHuss pyHKUMH ) = e

X

—-X

e

X

—-X

e

0,00 1,000 0,40 0,670 0,80 0,449 3,00 0,050
0,01 0,990 0,41 0,664 0,81 0,445 3,10 0,040
0,02 0,980 0,42 0,657 0,82 0,440 3,20 0,041
0,03 0,970 0,43 0,650 0,83 0,436 3,30 0,037
0,04 0,961 0,44 0,644 0,84 0,432 3,40 0,033
0,05 0,951 0,45 0,638 0,85 0,427 3,50 0,030
0,06 0,942 0,46 0,631 0,86 0,423 3,60 0,027
0,07 0,932 0,47 0,625 0,87 0,419 3,70 0,025
0,08 0,923 0,48 0,619 0,88 0,415 3,80 0,022
0,09 0,914 0,49 0,613 0,89 0,411 3,90 0,020
0,10 0,905 0,50 0,606 0,90 0,407 4,00 0,0183
0,11 0,896 0,51 0,600 0,91 0,403 4,10 0,0166
0,12 0,887 0,52 0,595 0,92 0,399 4,20 0,0150
0,13 0,878 0,53 0,589 0,93 0,395 4,30 0,0136
0,14 0,869 0,54 0,583 0,94 0,391 4,40 0,0123
0,15 0,861 0,55 0,577 0,95 0,387 4,50 0,0111
0,16 0,852 0,56 0,571 0,96 0,383 4,60 0,0101
0,17 0,844 0,57 0,565 0,97 0,379 4,70 0,0091
0,18 0,835 0,58 0,560 0,98 0,375 4,80 0,0082
0,19 0,827 0,99 0,554 0,99 0,372 4,90 0,0074
0,22 0,819 0,60 0,549 1,00 0,368 5,00 0,0067
0,21 0,811 0,61 0,543 1,10 0,333 5,10 0,0061
0,22 0,803 0,62 0,538 1,20 0,302 5,20 0,0055
0,23 0,795 0,63 0,533 1,30 0,273 5,30 0,0050
0,24 0,787 0,64 0,527 1,40 0,247 5,40 0,0045
0,25 0,779 0,65 0,522 1,50 0,223 5,50 0,0041
0,26 0,771 0,66 0,517 1,60 0,202 5,60 0,0037
0,27 0,763 0,67 0,512 1,70 0,183 5,70 0,0033
0,28 0,756 0,68 0,507 1,80 0,165 5,80 0,0030
0,29 0,748 0,69 0,502 1,90 0,150 5,90 0,0027
0,30 0,741 0,70 0,497 2,00 0,135 6,00 0,0025
0,31 0,733 0,71 0,492 2,10 0,122 6,10 0,0022
0,32 0,726 0,72 0,487 2,20 0,111 6,20 0,0020
0,33 0,719 0,73 0,482 2,30 0,100 6,30 0,0018
0,34 0,712 0,74 0,477 2,40 0,091 6,40 0,0017
0,35 0,705 0,75 0,472 2,50 0,082 6,50 0,0015
0,36 0,698 0,76 0,468 2,60 0,074 6,60 0,0014
0,37 0,691 0,77 0,463 2,70 0,067 6,70 0,0012
0,38 0,684 0,78 0,458 2,80 0,061 6,80 0,0011
0,39 0,677 0,79 0,454 2,90 0,055 7,00 0,0009
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Tabmuua 4 - Kpurnueckue Touku pacnpenenenus CreroaenTa (t-kpurepus)

Yucno cre- YpoBeHb 3HAUMMOCTH O
IIEHEN (IBYCTOPOHHSSI KpUTHYECKasi 00JIaCTh)
cBoOOaBI K
0,10 0,056 | 0,02 0,01 0,002 0,001
1 6,313 | 12,706 | 31,82 | 63,656 | 318,31 | 636,62
2 2,920 | 4,303 | 6,964 | 9,924 22,327 | 31,599
3 2,353 | 3,182 | 4,540 | 5,840 10,214 | 12,924
4 2,132 | 2,776 | 3,746 | 4,604 7,173 8,610
) 2,015 | 2,571 | 3,649 | 4,032 5,893 6,863
6 1,943 | 2,447 | 3,142 | 3,707 5,207 5,958
7 1,895 | 2,365 | 2,998 | 3,499 4,785 5,408
8 1,860 | 2,306 | 2,896 | 3,355 4,501 5,041
9 1,833 | 2,262 | 2,821 | 3,249 4,297 4,780
10 1,812 | 2,228 | 2,764 | 3,169 4,144 4,587
11 1,796 | 2,201 | 2,718 | 3,105 4,024 4,437
12 1,782 | 2,179 | 2,680 | 3,085 3,929 4,321
13 1,771 | 2,160 | 2,650 | 3,112 3,852 4,220
14 1,761 | 2,145 | 2,625 2,976 3,787 4,140
15 1,753 | 2,131 | 2,603 2,947 3,732 4,072
16 1,746 | 2,120 | 2,583 2,920 3,686 4,015
17 1,740 | 2,110 | 2,567 2,898 3,646 3,965
18 1,734 | 2,101 | 2,551 2,878 3,611 3,922
19 1,729 | 2,093 | 2,539 2,861 3,579 3,883
20 1,725 | 2,086 | 2,528 2,845 3,552 3,849
21 1,721 | 2,080 | 2,521 2,837 3,534 3,824
22 1,717 | 2,074 | 2514 | 2,824 3,513 3,790
23 1,714 | 2,069 | 2,506 2,815 3,501 3,775
24 1,711 | 2,064 | 2,498 2,802 3,475 3,742
25 1,708 | 2,060 | 2,490 | 2,792 3,452 3,723
26 1,706 | 2,056 | 2,485 2,184 3,446 3,718
27 1,703 | 2,052 | 2,471 2,771 3,422 3,697
28 1,701 | 2,048 | 2,469 2,769 3,407 3,669
29 1,699 | 2,045 | 2,467 2,758 3,401 3,658
30 1,697 | 2,042 | 2,462 2,754 3,395 3,645
40 1,684 | 2,021 | 2,427 2,708 3,312 3,975
60 1,671 | 2,000 | 2,395 2,665 3,234 3,460
120 1,658 | 1,980 | 2,362 2,627 3,172 3,378
o0 1,645 | 1,960 | 2,338 2,580 3,091 3,290
0,056 | 0,025 | 0,01 0,005 0,001 | 0,0005

YpoBeHb 3HaunMocTH X
(OJTHOCTOPOHHSISI KPUTHYECKAs 00J1aCTh)
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Ta6muua 5 - Kpuruyeckure TOYKU pacrpeneenus y°

Hucio YpOBEHb 3HAUNMOCTH
cTerie-
Hel
cpogo- | 0,01 | 0,025 0,05 0,95 0,975 0,99
IIbl, Q
1 6,63 5,02 3,84 0,039 0,0982 0,0157
2 9,21 7,38 5,99 0,103 0,0506 0,0201
3 11,3 9,35 7,81 0,352 0,216 0,115
4 13,3 11,1 9,49 0,711 0,484 0,297
5 15,1 12,8 11,1 1,15 0,831 0,554
6 16,8 14,4 12,6 1,64 1,24 0,872
7 18,5 16,0 14,1 2,17 1,69 1,24
8 20,1 17,5 15,5 2,73 2,18 1,65
9 21,7 19,0 16,9 3,33 2,70 2,09
10 23,2 20,5 18,3 3,94 3,25 2,56
11 24,7 21,9 19,7 4,57 3,82 3,05
12 26,2 23,3 21,0 5,23 4,40 3,57
13 27,7 24,7 22,4 5,89 5,01 4,11
14 29,1 26,1 23,7 6,57 5,63 4,66
15 30,6 27,5 25,0 7,26 6,26 5,23
16 32,0 28,8 26,3 7,96 6,91 5,81
17 33,4 30,2 27,6 8,67 7,56 6,41
18 34,8 31,5 28,9 9,39 8,23 7,01
19 36,2 32,9 30,1 10,1 8,91 7,63
20 37,6 34,2 31,4 10,9 9,59 8,26
21 38,9 35,5 32,7 11,6 10,3 8,90
22 40,3 36,8 33,9 12,3 11,0 9,54
23 41,6 38,1 35,2 13,1 11,7 10,2
24 43,0 39,4 36,4 13,8 12,4 10,9
25 44,3 40,6 37,7 14,6 13,1 11,5
26 45,6 41,9 38,9 154 13,8 12,2
27 47,0 43,2 40,1 16,2 14,6 12,9
28 48,3 44,5 41,3 16,9 15,3 13,6
29 49,6 45,7 42,6 17,7 16,0 14,3
30 50,9 47,0 43,8 18,5 16,8 15,0
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Tabnuna 6 — 3HaueHus yucen ( AJis onpeAeaeHus: JOBEPUTEILHOIO HHTEpBaia
CPEIHEro KBaJpaTU4eCKOro OTKJIOHEHHUS

O6nem Hanexunocrs, 7V O6nem Hanexnocrs, Y
BBIOOPKH, BBIOOPKH,
n 0,95 0,99 0,999 n 0,95 0,99 0,999
7 0,92 - - 25 0,32 0,49 0,73
8 0,80 - - 30 0,28 0,43 0,63
9 0,71 - - 35 0,26 0,38 0,56
10 0,65 - - 40 0,24 0,35 0,50
11 0,59 0,98 - 45 0,22 0,32 0,46
12 0,55 0,90 - 50 0,21 0,30 0,43
13 0,52 0,83 - 60 0,188 0,269 0,38
14 0,48 0,78 - 70 0,174 0,245 0,34
15 0,46 0,73 - 80 0,161 0,227 0,31
16 0,44 0,70 - 90 0,151 0,211 0,29
17 0,42 0,66 - 100 0,143 0,198 0,27
18 0,39 0,60 0,92 150 0,115 0,160 0,211
19 0,39 0,60 0,92 200 0,099 0,136 0,185
20 0,37 0,58 0,88 250 0,089 0,120 0,161
Tabnuua 7 — 3nauenus ty = t (), n)
O6nem Hanexunocts, 7V O6nem Hanexnocts, Y
BBIOOPKH, BBIOOPKH,

n 0,95 0,99 0,999 n 0,95 0,99 0,999
5 2,78 4,60 8,61 20 2,093 2,861 3,883
6 2,57 4,03 6,86 25 2,064 2,797 3,745
7 2,45 3,71 5,96 30 2,045 2,756 3,659
8 2,37 3,50 5,41 35 2,032 2,720 3,600
9 2,31 3,36 5,04 40 2,023 2,708 3,558
10 2,26 3,25 4,78 45 2,016 2,692 3,527
11 2,23 3,17 4,59 50 2,009 2,679 3,502
12 2,20 3,11 4,44 60 2,001 2,662 3,464
13 2,18 3,06 4,32 70 1,996 2,649 3,439
14 2,16 3,01 4,22 80 1,991 2,640 3,418
15 2,15 2,98 4,14 90 1,987 2,633 3,403
16 2,13 2,95 4,07 100 1,984 2,627 3,392
17 2,12 2,92 4,02 120 1,980 2,617 3,374
18 2,11 2,90 3,97 o0 1,960 2,576 3,291
19 2,10 2,88 3,92
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Tabnuna 8 — Kputunueckue Touku pacnpenenenus Oumepa-CrHeaexopa

Yposenb 3HaunmMoctu o = 0,01

ko ka
1 2 3 4 5 6 7 8 9 10 11 12
1 | 4052 | 4999 | 5403 | 5625 | 5764 | 5989 | 5928 | 5981 | 6022 | 6056 | 6082 | 6106
2 198,49 199,01 90,17 | 99,25 | 99,33 | 99,30 | 99,34 | 99,36 | 99,36 | 99,40 | 99,41 | 99,42
3 |34,12 | 30,81 | 29,46 | 28,71 | 28,24 | 27,91 | 27,67 | 27,49 | 27,34 | 27,23 | 27,13 | 27,05
4 121,20 | 18,00 | 16,69 | 15,98 | 15,52 | 15,21 | 14,98 | 14,80 | 14,66 | 14,54 | 14,45 | 14,37
5 |16,26 | 13,27 | 12,06 | 11,39 | 10,97 | 10,67 | 10,45 | 10,27 | 10,15 | 10,05 | 9,96 | 9,89
6 |13,74]1092| 9,78 | 9,15 | 875 | 847 | 8,26 | 810 | 798 | 7,87 | 7,79 | 7,72
7 11225] 955 | 845 | 785 | 746 | 7,19 | 7,00 | 6,84 | 6,71 | 6,62 | 6,54 | 6,47
8 |1126| 865 | 759 | 701 | 663 | 637 | 619 | 6,03 | 591 | 582 | 574 | 567
9 11056 802 | 699 | 642 | 6,06 | 580 | 562 | 547 | 535 | 526 | 518 | 511
10 | 10,04 | 7,56 | 6,55 | 599 | 564 | 539 | 521 | 506 | 495 | 485 | 478 | 471
11 | 9,86 | 7,20 | 6,22 | 567 | 532 | 507 | 488 | 474 | 463 | 454 | 446 | 4,40
12 1 933 | 693 | 595 | 541 | 506 | 482 | 465 | 450 | 439 | 430 | 422 | 4,16
13 | 907 | 6,70 | 574 | 520 | 486 | 462 | 444 | 430 | 419 | 410 | 4,02 | 3,96
14 | 886 | 6,51 | 556 | 503 | 469 | 446 | 428 | 414 | 403 | 3,94 | 3,86 | 3,80
15 | 868 | 6,36 | 542 | 487 | 456 | 432 | 414 | 400 | 3,89 | 3,80 | 3,73 | 3,67
16 | 853 | 6,23 | 529 | 4,77 | 444 | 420 | 403 | 3,89 | 3,78 | 3,69 | 3,61 | 3,55
17 | 8,40 | 6,11 | 5,18 | 467 | 444 | 410 | 393 | 3,79 | 3,68 | 3,59 | 3,52 | 3,45
YpoBeHb 3HauumMocTu o = 0,05
k2 kg
1 2 3 4 5 6 7 8 9 10 11 12
1 161 200 216 | 225 230 | 234 | 237 239 241 242 243 244
2 |18,551 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,36 | 19,37 | 19,38 | 19,39 | 19,40 | 19,41
3 110,13 | 955 | 9,28 | 9,12 | 901 | 894 | 888 | 884 | 881 | 8,78 | 8,76 | 8,74
4 7,71 | 694 | 6559 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 596 | 593 | 591
5 6,61 | 579 | 541 | 519 | 505 | 495 | 488 | 482 | 4,78 | 474 | 470 | 4,68
6 599 | 514 | 476 | 453 | 439 | 428 | 421 | 415 | 410 | 406 | 403 | 4,00
7 559 | 474 | 435 | 412 | 397 | 387 | 3,79 | 3,73 | 368 | 3,63 | 3,60 | 3,57
8 532 | 446 | 407 | 484 | 369 | 358 | 350 | 344 | 339 | 3,34 | 3,31 | 3,28
9 512 | 4,26 | 386 | 363 | 348 | 337 | 3,39 | 3,23 | 3,18 | 3,13 | 3,10 | 3,07
10 | 496 | 4,10 | 3,71 | 348 | 3,33 | 3,22 | 3,14 | 3,07 | 3,02 | 297 | 294 | 291
11 | 484 | 398 | 359 | 3,36 | 3,20 | 3,09 | 3,01 | 295 | 290 | 2,86 | 2,82 | 2,79
12 | 4,75 | 388 | 349 | 326 | 3,11 | 300 | 292 | 285 | 2,80 | 2,76 | 2,72 | 2,69
13 | 467 | 380 | 341 | 3,18 | 302 | 292 | 284 | 2,77 | 2,72 | 2,67 | 2,63 | 2,60
14 | 460 | 3,74 | 334 | 311 | 296 | 285 | 2,77 | 2,70 | 265 | 2,60 | 2,56 | 2,53
15 | 454 | 368 | 3,29 | 306 | 290 | 2,79 | 2,70 | 264 | 259 | 255 | 251 | 2,48
16 | 449 | 3,63 | 324 | 301 | 285 | 2,74 | 266 | 259 | 254 | 249 | 245 | 2,42
17 | 445 | 359 | 320 | 296 | 281 | 2,70 | 262 | 255 | 250 | 245 | 241 | 2,38
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Tabnuma 9 — Kputndeckue 3Hauenus A, pacnpenenenus Koamoroposa

0,0 | 040 | 0,30 | 0,20 | 0,20 | 0,05 | 0,02 | 0,01 | 0,001
A, 0828 | 0,895 | 0,974 | 1,073 | 1,224 | 1,358 | 1,520 | 1,627 | 1,950
Tabmuna 10 — Kputnueckue Touku pacnpeaenenus: Koupena
(v — aucio crenenei ¢cBo00IbI, K — KOIMYECTBO BEIOOPOK)
|14 Yposens 3Haunmoct o = 0,01

K 1 2 3 4 5 6 7
2 0,9999 | 0,9950 | 0,9794 | 0,9586 0,9373 0,9172 0,8988
3 9933 9423 8831 8335 7933 7606 7335
4 9676 8643 7814 7212 6761 6410 6129
5 9279 7885 6957 6329 5875 5531 5259
6 8828 7218 6258 5635 5195 4866 4608
7 8376 6644 5685 5080 4659 4347 4105
8 0,7945 | 0,6152 | 0,5209 | 0,4627 0,4226 0,3932 0,3704
9 7544 5727 4810 4251 3870 3592 3378
10 7175 5358 4469 3934 3572 3308 3106
12 6528 4751 3919 3428 3099 2861 2680
15 5747 4069 3317 2882 2593 2386 2228
20 4799 3297 2654 2288 2048 1877 1748
24 | 0,4247 | 0,2871 | 0,2295 | 0,1970 0,1759 0,1608 0,1495
30 3632 | 2412 1913 1635 1454 1327 1232
40 2940 | 1915 1508 1281 1135 1033 0957
60 2151 1371 1069 0902 0796 0722 0668

120 1225 0759 0585 0489 0429 0387 0357
o0 0000 0000 0000 0000 0000 0000 0000

4 Yposens 3Haunmoct o = 0,01

K 8 9 10 16 36 144 o0
2 0,8823 | 0,8674 | 0,8539 | 0,7949 0,7067 0,6062 0,5000
3 7107 6912 6743 6059 5153 4230 3333
4 5897 5702 5536 4884 4057 3251 2500
5 5037 4854 4697 4094 3351 2644 2000
6 4401 4229 4084 3529 2858 2229 1667
7 3911 3751 3616 3105 2494 1929 1429
8 0,3522 | 0,3373 | 0,3248 | 0,2779 0,2214 0,1700 0,1250
9 3207 3067 2950 2514 1992 1521 1111
10 2945 2813 2704 2297 1811 1376 1000
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[Iponomxkenue Tabaunpr 10

v Yposens 3naunmoct o = 0,01
k 8 9 10 16 36 144 o0
12 | 0,2535 | 0,2419 | 0,2320 | 0,1961 0,1535 0,1157 0,0833
15 2104 2002 1918 1612 1251 0934 0667
20 1646 1567 1501 1248 0960 0709 0500
24 1406 1338 1283 1060 0810 0595 0417
30 |(0,1157 |0,1100 |0,1054 0,0867 | 0,0658 0,0480 0,0333
40 0898 0853 0816 0668 0503 0363 0250
60 0625 0594 0567 0461 0344 0245 0167
120 0334 0316 0302 0242 0178 0125 0083
o0 0000 0000 0000 0000 0000 0000 0000
1% Yposens 3HaunmocT o = 0,05
k 1 2 3 4 5 6 7
2 0,9985 | 0,9750 | 0,9392 | 0,9057 0,8772 0,8534 0,8332
3 9669 8709 7977 7457 7071 6771 6530
4 9065 7679 6841 6287 5895 5598 5363
5 8412 6338 5981 5440 5063 4783 4564
6 7808 6161 5321 4803 4447 4184 3980
7 7271 5157 4800 4307 3974 3726 3535
8 0,6798 | 0,4775 | 0,4337 | 0,3910 0,3595 0,3362 0,3185
9 6385 4450 4027 3584 3286 3067 2901
10 6020 3924 3733 3311 3029 2823 2666
12 5410 3346 3624 2880 2624 2439 2299
15 4709 2705 2758 2419 2195 2034 1911
20 3894 2354 2205 1921 1735 1602 1501
24 | 0,3434 | 0,2295 | 0,1907 | 0,1656 0,1493 0,1374 0,1286
30 2929 1980 1593 1377 1237 1137 1061
40 2370 1576 1259 1082 0968 0887 0827
60 1737 1131 0895 0765 0682 0663 0583
120 0998 0632 0495 0419 0371 0337 0312
0 0000 0000 0000 0000 0000 0000 0000
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[Tponomxenne Tadmuier 10

VYposens 3Haunmoctu o = 0,05

8 9 10 16 36 144 o0
2 0,8159 | 0,8110 | 0,7880 | 0,7341 | 0,6602 0,5813 | 0,5000
3 6333 6167 6025 5466 4748 4031 3333
4 5175 5017 4884 4366 3720 3093 2500
5 4387 4241 4118 3645 3066 2013 2000
6 3817 3682 3568 3135 2612 2119 1667
7 3384 3259 3154 2756 2278 1833 1429
8 0,3043 | 0,2926 | 0,2829 | 0,2462 | 0,2022 0,1616 0,1250
9 2768 2659 2558 2226 1820 1446 1111
10 2541 2439 2353 2032 1655 1308 1000
12 2187 2098 2020 1737 1403 1100 0833
15 1815 1736 1671 1429 1144 0889 0667
20 1422 1357 1303 1108 0879 0675 0500
24 | 0,1216 | 0,1160 | 0,1113 | 0,0942 | 0,0743 0,0567 | 0,0417
30 1002 | 0958 0921 0771 0604 0457 0333
40 0780 0745 0713 0595 0462 0347 0250
60 0552 0520 0497 0411 0316 0234 0167
120 0292 0279 0266 0218 0165 0120 0083
o0 0000 0000 0000 0000 0000 0000 0000
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