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BBepeHue

NMOHATUE MATEMATUYECKOU CTATUCTUKMU

Marematuyeckas CTaTUCTUKA — pasziesl MaTeMaTUKU, ITOCBSLEHHBIN MeToAam coopa, aHaIn3a
11 00pabOTKU CTaTUCTUYECKUX JJAHHBIX /11 HAYYHBIX Y IPAKTUYECKUX Liesieil. MaTemaTndeckas
CTaTUCTUKA UMEET JIeJI0 C MAaCCOBBIMMU sIBJIeHUsIMU. OHa CBsi3aHa C TeOpueil BepoATHOCTEMN
1 6a3upyeTcs Ha ee MaTeMaTU4YeCKOM aIlapare.

[lenpr0 CTaTUCTUYECKOTO MCCIeJOBAHMS SIBJISIETCS OOHAPY>KEeHME U UCCIeZl0BaHUE COOTHO-
HIEHUH MeXJy CTATUCTUYECKUMU JAHHBIMU, Y UX UCIIOJIb30BaHUE 711 U3yYeHUsI, TIPOTHO3U-
POBaHUS U IPUHATUS PElIeHUIA.

CraTucTryeckue JaHHbIe IIPEJICTaBJIAIOT COO0U JaHHbIe, IOJyYeHHbIE B pe3y/ibTaTe 00cie-
JIOBaHMS OOJIBILIOTO YMCJIA 0OBEKTOB MJIU SIBJIEHUIA.

MareMaTHUJeckasi CTATUCTHKA IIO/pa3zeasaeTcd Ha ABe OCHOBHbIE 00JIaCTH:
OMHCATEebHYI0 CTATUCTHUKY,
AHAJIMUTUUYECKYIO CTATUCTHUKY.

OmnucaTebHas CTATUCTUKA OXBAThIBAE€T METO/IbI OITMCAHUS CTATUCTUYECKUX JAHHBIX, ITpe/-
CTaBJIEHUS UX B (popMe TabJIUL], pacripesieIeHUi U T. I1.

AHajMTHYeCcKask CTATUCTHUKA OPHEHTHPOBaHA HAa 00pabOTKy JaHHBIX, ITIOJIyU€HHBIX B X0/Ie
9KCIIEPUMEHTA, U (HOPMYIMPOBAHME BHIBOJ[OB, UMEIOIUX MPUKIQHOE 3HAUEHUE.

rPYMnbl CTATUCTUYHECKUX NMAKETOB

IToTpe6HOCTD B CPEICTBAX CTATUCTUIECKOTI0 aHAIN3A JAHHBIX B PA3JIMYHBIX 00JIACTSX /IS TeIbHO-
CTU, 0COOEHHO B HayKe, BeJIUKA, UTO U MTOCTY)KUJIO TPUINHON pa3BUTUS PhIHKA KOMITBIOTEPHBIX
MpOrpaMM /Il CTATUCTUYECKOM 00pabO0TKH JaHHBIX. 32 oceAHre 30 JIeT aKTUBHOE pa3BUTHE
TIOJTyYMJIN KOMITBIOTEPHBIE IIPOTPAaMMBbI, TIO3BOJISIOIINE ITPOBOJUTH CTATUCTUYECKUI aHaTN3
60BIINX 06'EMOB JIAHHBIX C I[€IBI0 BBISIBJIEHUS] 3aKOHOMEPHOCTEH, ITOCTPOEHUSI ITPOIHO30B
pPa3BUTUSA COOBITUI, OOHAPY>KEHUS CBSI3ei MEXKY Pa3/IMUHBIMU SBJIEHUSMU U ITPOIECCAMU.

Ha cerogHsamHuii ieHb Ha PhIHKE IPeJICTABJICHO 60JIbIIIOe KOJTMYECTBO KOMITHIOTEPHBIX
MPOTPaMM JIJIsl CTATUCTUYECKOU 06pabOTKU TaHHBIX (CTATUCTUYECKHE MTaKeThl). PazHOOOpasue
CTaTUCTUYECKUX ITAaKETOB 00YCJIOBJIEHO MHOT000pa3reM 3a/1a4 00pab0TKH JaHHBIX C IPUMe-
HEHHEM Pa3JINYHbIX TUTIOB CTATUCTUYECKUX ITPOLIEyp aHATH3A.

[Tepen moIb30BaTENAMU PA3TUYHbBIX KATETOPUH BCTAeT BOIIPOC BHIOOPA ONITUMAIBHOTO CTa-
TUCTUYECKOro nmaketa. O4eBU/IHO, YTO ONITHUMAJIbHBIM SIBJISIETCS BApUAHT, COYETAIOIINI B cebe
Heo0XoiMble (PYHKIIMOHAIbHBIE BOSMOXKHOCTH, YA0OCTBO IT0JIb30BAHNEM U YMEPEHHYIO I[eHY.



ITpu BeIGOpE TTaKeTa YINUTHIBAIOTCS CJIEYIOIIHE TTapaMeTpPhI:
COOTBETCTBHE XapaKTepy pelllaeMbIX 3a7a4;
00beM 00pabaThIBaEMBbIX JAHHBIX;
TpebGOBaHUS, ITPEbSIBIsIEMbIe K KBATU(UKAIIUN TT0JTb30BATEIIS;
HMMeEIoIIeecs: B HAJIMUMU KOMIIbIOTEpHOE 000py/I0BaHUE.

CratucTuyecKkue MmakeThl 0 MPU3HAKY (PYHKIIMOHATIbHOCTU MOTYT OBITh pa3jesieHbl
Ha 3 OCHOBHBIE I'PYIIIIbI:

YHUBepcaJibHbIE TTAKETHI, MJIN TTAKeThI 00111er0o Ha3HaueHus (SPSS, Stata, STATISTICA, Stadia,
STATGRAPHICS, Minitab)

OTHU MaKeThl MOTYT MIPUMEHSITHCS JJIs1 aHAJIN3A JAHHBIX U3 Pa3IMYHbIX 00J1acTell JiesiTesb-
HocTU. OHU NpeJIaraoT NIMPOKUN AUATIA30H CTATUCTUYECKUX MeTOI0B. C TAKMUMHU MaKETaMU
peKoMeH/ IyeTcsl paboTaTh HAYUMHAIOUUM ITOJI30BATEIISIM, a TAKYKE OTIBITHBIM IT0JIb30BaTEIAM
Ha HaYJIbHBIX 3Tanax paboThl C JAHHBIMU, KOI/IA ell[e YETKO He OIpe/ie/IeHbl CTATUCTUYECKUE
METO/bl, KOTOPbIe OYAyT IPUMEHSTHCS /ISl PellIeHUs IOCTAaBJIeHHOU 33/1a4yn. BoJIbIIMHCTBO
CYLECTBYIOLINX YHUBEPCAJIbHBIX ITAKETOB UMEIOT MHOTO ITIEPECEUYECHHUI 10 COCTABY BCTPOEHHBIX
CTaTUCTUYECKUX ITPOLIEAYP.

YHUBepCaJIbHBIN CTATUCTUYECKHI ITaKeT J0/DKEH YA0BJIETBOPATh TPeOOBAHUAM:
CofiepXKaTh MTUPOKHUI HAO0p CTAaHIAPTHBIX CTATUCTUYECKUX METO/IOB;
OBITH ITPOCTHIM B OCBOEHUHU U HCIIOJIb30BAHUU HETTPODECCUOHATHHBIM
IT0JIb30BaTEJIEM;
paboTaTh ¢ 60IBIIMMU 6a3aMU IAHHBIX, OTBEYATh BHICOKUM TPEOOBAHUSM K BBOLY,
MpeoO6pa30BAHUIO U OPTaHU3AIUU XpPaHEHUS IaHHbIX;
OCYIIECTBJIATH 0OMEH JAHHBIMU C ITUPOKO PACITPOCTPAHEHHBIMU TTAKETAMU
U 6a3aMU TaHHBIX;
MMeTh OOIINPHBIN HAG0P CPeICTB rpauecKOro MpeICTaBIAeHUS TaHHBIX
U pe3y/IbTaTOB UX aHAJTN3a;
HMMETH TOAPOOHOE JOKYMEHTAIIMOHHOE COTTPOBOKAEHUE U CITIPABOYHYIO CHCTEMY.

ITpodeccroHaTbHBIE MaKeThl (SAS)

ITpodeccroHabHbIe MTAKEThl OTJIMYAIOTCSI OT YHUBEPCATbHBIX TEM, YTO MO3BOJISIIOT pabo-
TaTh CO CBEPX00JIBIINMU 00BEMAMU JJAHHBIX, TPUMEHATh Y3KOCIEI[UAIM3UPOBAHHBIE METO/IbI
aHaJIN3a, CO3/1aBaTh COOCTBEHHYIO CUCTeMY 00pabOTKM JaHHbIX. [10106HbIE TAKEThI CJI0YKHBI
B OCBOEHUU /1151 HermpodecCuoHaIOoB. [T0AroTOBIEHHBIM MOJIB30BATEJISIM paboTa ¢ mpodeccuo-
HaJIBHBIM ITAaKETOM IIPeI0CTaBUT 00JIbliIe BOSMOXXHOCTEH JJ151 INTy6OKOr0 U JIeTaIbHOTO aHATN3a
JAHHBIX, TIOCTPOEHUSI CIOKHBIX MOZIeJIeH 1 a/IaliTalli CUCTEMBI K COOCTBEHHBIM ITIOTPEGHOCTSIM.
[TpodeccroHabHBIE TAKETHI O0JIee JOPOTOCTOSIIU, YeM YHUBEPCAIbHBIE.

Crierrmasm3upoBaHHbIe TTakeThI (BioStat)

B HEKOTOPBIX 06JIACTSIX IeATEILHOCTH aHATM3UPYeMbIe JaHHBIE HACTOIBKO CIIENIU(UYHBI,
YTO K HUM CJIelyeT IPUMEHSITh 0COObIe METO/bI CTATUCTUYECKOTO aHAIN3a, KaK ITPaBUJIO,
HeE TIpeJICTaBJIEHHbIE B YHUBEPCAJIBHBIX ITAKETaX.



CrieiaIM3upoBaHHbIE ITAKETHI IT03BOJIAIOT IIPOBOAUTH AaHAIN3 C UCII0JIb30BAHUEM OIpaHUYEH-
HOTI'0 YMCJIA CTIeIMaIN3UPOBAHHBIX CTATUCTUYECKMX METOI0B MJIW IIPUMEHUMBI K MCIT0JIb30BAHUIO
J/1s1 pellieHus1 BOITPOCOB, OTHOCSILIIUXCS K OT/I€/IbHO B3SITOM ITpeMeTHOI ob1actu. Kak mpasuiio,
C HOI0OHBIMU CTATUCTUUECKUMU [TAKETaMU PA0O0TAIOT CIIEIIUAIMCTHI, XOPOILIO 3HAKOMBIE C METO-
JlaMU aHaJIM3a JAHHBIX B TOM 00J1aCTU, HA KOTOPYI0 OPUEHTHUPOBAH MaKeT. TakK, CTaTUCTUYECKUI
naket BioStat co3zian f1s aHaM3a JaHHBIX B 00J1aCTH OMOJIOTMY U MeAUIIUHBL. Poccuiickuii cra-
tructrndeckuii naker MESOSAUR criennam3upyeTcs Ha aHaIM3€e OHOMEPHBIX U MHOIOMEPHBIX
BPEMEHHBIX PsA/IOB U IIOCTPOEHUY PErPECCUOHHBIX Mozesiel. Ellle OMH pOCCUNCKUIA CTaTUCTUYE-
ckuii nakeT DATASCOPE cnenrannsupyeTcs Ha IIPOBEAEHUM aHaIM3a MHOTOMEPHBIX IaHHBIX.

BOJIBIIMHCTBO Npe/CTaBJIEHHBIX HA PhIHKE CTATUCTUYECKUX ITAKETOB 00J1aJJat0T T'MOKOM
MOZYJABbHOM CTPYKTYPOU, KOTOPAsi MOXKET IOIOJHATHCSA U PACIIUPATHCS 34 CUET I10JIb30Ba-
TEJIbCKUX MOJIYJIEH, IOMTOJTHUTEBHO 3aKyIIaeMbIX MW HAXOASUIUXCS B CBOOOJHOM /IOCTYIIE
B HTepHeTe. [Tofj060Hasi TMOKOCTH MTO3BOJISIET a[JalITUPOBATH OOTBITUHCTBO MTAKETOB K MOTPe6-
HOCTSIM KOHKPETHOT'O I10JIb30BaTEJIs.

CTaTHCTHYEeCKUI MaKeT /0/DKEH YA0BJIeTBOPATH CAeAYIOIeMy MUHUMAaIbHOMY Habopy
TpeGOBaHUI:

MOZAYJIbHOCTb;

ACCHUCTUPOBAHUE IMPU BbIOOpE Crioco6a 00pabOTKU JaHHbIX;

HCII0JIb30BaHUe ITPOCTOr0 TPO6JIEMHO-OPUEHTHUPOBAHHOI'O SI3bIKA

ZU1s1 (QOPMYTUPOBKY 33/IaHUS T10JIb30BATEJIS;

aBTOMaTHYecKasi OpraHu3aIys rnpoiecca 06paboTKU JAHHBIX;

BeZleHre OaHKa JJaHHBIX [10JIb30BaTe IS U COCTaBIEHNE OTYeTa O pe3y/IbTaTax

MPO/IeJIAHHOTO aHAJIN3a;

JIMAJIOTOBBIN pe)XXUM pabOoThI II0JIb30BATEIS C TTAKETOM;

COBMECTHUMOCTb C APYTUM ITPOrPAMMHBIM 0OecTiedeHUEM.

CyliecTByeT MUHUMAJIBbHBII Ha00p CTAaTUCTUYECKUX METO/I0B aHAJIN3a, KOTOPBIN BKJIIOYEH
BO BCE paCCMOTPEHHbIe MaKeThI:

onucaTeJabHasl CTATUCTUKA (6a30Bble CTATUCTUUECKHE METO/Ibl, IPOBEPKA 3aKOHA

pacmpeziesieHus JaHHbIX);

JIMCTIEPCUOHHBIN aHAJIN3;

HerapaMeTpruyecKasi CTAaTUCTUKA (aHaJIN3 TaGJIUI] CONIPSHKEHHOCTH,

HellapaMeTpHUYecKre CpaBHEHUs, AUCTIEPCUOHHBIN aHAIN3);

KOHTPOJIb KaueCTBa;

aHAJIN3 BBDKMBAEMOCTH;

KJIACTEPHBIN aHAJIN3;

(bakTOpHBII aHATU3;

JUCKPUMMHAHTHBIN aHAN3;

pEerpecCOHHBIN aHAIN3;

06paboTKa JAHHBIX (COPTUPOBKA, OTOOP, TpaHCPOopMAIUs TaHHBIX).

ITpoBezem 0630p HarboJiee U3BECTHBIX TPOIPAMMHBIX IPOAYKTOB, pa3pab0TaHHbIX /IJIs CTa-
TUCTUYECKOI 00pabOTKHU JAHHBIX.



STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES

ITaxet SPSS (Statistical Package for the Social Sciences) — yHUBepcaJbHbBII CTATUCTUYECKUI
nakeT komnanuu SPSS. ITepBas Bepcusi makera ObLia BeimylieHa B 1968 r. B 2009 r. koMnaHus
IBM nornotuia SPSS Inc.

SPSS siBsieTcsl OZHUM U3 JTUJUPYIOIIMX IPOrPAMMHBIX IIPOAYKTOB B 00J1aCTH CTaTUCTUYE-
CKOI'0 aHaJIN3a JAaHHBIX JJI PELIeHUs] BOIIPOCOB B TOCYAApPCTBEHHOM, aKaJ[eMUYECKON 1 OU3-
Heccepe. SPSS saBsieTca MogyIbHOM mporpaMMoii. Ee ocHOBY cocTaBsisieT 6a30BbIii MOAYJIb
(SPSS Base), T103BOJISTFOIIMIA OCYIIIECTBJISITH YITPABJI€HNE JAHHBIMU U COZIEPXKAIi Harubosiee
pacripocTpaHeHHbI€ METO/IbI CTATUCTUYECKOI'0 aHAJIN3a JaHHBIX:

IIPOBE/IEHNE ONIUCATEIbHOU CTATUCTUKY;

IIOCTPOEHNE JIMHEUHBIX Y HEJIMHEWHBIX MOJIEJIEH;

OCYIIleCTBJIEHME ITpe00pa30BaHUs JaHHBbIX;

IIpoBeJieHre (PaKTOPHOrO0, KJIACTEPHOTO, AVCIIEPCUOHHOTO AHAJIN30B;
BBIYUCJIEHUE KOPPEJALUIL;

IIOCTPOEHUE rpa(prKOB; HOATOTOBKA OTYETOB U IIP.

J1J1 TpoBe/ileHUsI paCUIMPEHHOr0 U YITTyOJIeHHOI0 aHaIM3a JAHHBIX MOTYT OBITh YCTAHOB-
JIEHBI JIOTIOJTHUTEIbHbIE MO/IY/TU TTaKeTA.

JdocTrouHcTBa SPSS:
YHUBEPCAIBHOCTD;
IIMPOKUI HA60p CTATUCTUYECKUX U I'PadUUeCKUX MPOIielyp aHAIN3a JJaHHBIX,
a TaKXKe IPOoLeyp CO3/JaHUs OTYETOB;
BBICOKAsI CKOPOCTh BBIUMCJIEHU, TPOCTOI U yA00HBII UHTEPDETiC;
JleTaJIbHasi KOHTEKCTHO-OPUEHTHUPOBAaHHAS CIIPABOYHAsA CUCTEMA;
BO3MOYKHOCTb CBOOO/JHOT'O CKaUMBaHMUS I MOHCTPAIIMOHHON Bepcun
MPOAYKTA Ha O(PUIIMATILHOM caliTe KOMITAaHUH, HAJIMYKE BEPCUU MPOAYyKTa
HAa pa3JINYHBbIX A3bIKAX;
COBMECTUMOCTb C OllepalluoHHbIMU cucTteMamu Windows, Mac, Linux;
HIMYYe 3HAUUTEIbHOTO KOJIMYECTBA JIMTEPATYPHI IT0 paboTe C TTAKETOM.
HMMIIOPT AaHHBIX U3 Excel u SAS;
skcnopt pe3ysibratoB B MS Office, PDF; coxpaHeHue pe3y/ibTaToB
B (popmaTe HTML;
OZJHOBpeMeHHasi paboTa ¢ HECKOJIbKUMU HabOpaMHU JJaHHBIX;
IIOCTPOEHUE JarpaMMBI JJIs1 IEPEMEHHBIX C MHOYKECTBEHHBIMM OTBETAMU;
IIOCTPOCHUE JUArpaMMBbI C ABYMS OCSIMU Y.



STATA

[TaxeT STATA — yHUBepCaJbHBIN CTATUCTAYECKU ITaKkeT koMrnaHuu StataCorp. [lepBas Bepcus
naxera ObL1a BblyleHa B 1985 r. ITaker STATA siBjisieTcss MHCTPyMEHTOM aHaJIM3a, IIpe/iHa-
3HAYE€HHOTrO /IS CIIEI[UaIMCTOB, 3aHUMAIOIUXCST HAYYHBIMU UCCIEOBAHUSIMU.

S1ata 16

STATA 1mipeaocraBisieT CAEAYIOIME BO3MOXXHOCTH CTATUCTUYECKOI'0 aHA/IN3a JaHHBIX:

" nuHaMU4Yeckue (haKTOpHbIE MOJIENH, JIMHEHHbIE, 0000IIeHHbIE JTUHETHbIE
MOJIEJIA U HEeJIMHENHbIE MOJ|e€JIM, MHOTOYPOBHEBbIE CMEILIAHHBIE MOJEJIN,
MO/IeJI BBIOBITHS;

= o6o61uieHHbIe orleHKU ypaBHeHU (GEE);

" HerapamMeTpUYeCKUe METO/IbI, METO/IbI TTOBTOPHBIX BHIOOPOK
1 CTAaTUCTUYECKOTO SKCIIEPUMEHTA;

" [IpoBepKa I'MIoTe3 U paboTa C OlleHEHHBIMU MOJIEJISIMU;

"  MaxkcuMmu3auus QyHKIUI ITpaBgonoA00Hs, 3aJaHHBIX I10JIb30BaTe/IEM;

" MaTpU4YHbIE KOMaH/bI.

Cy11eCTBYIOT YeThIpe pa3/IMYHbIX pelleHus npu yctaHoBke STATA:
1. Stata/IC mpeacTaByseT CTaHJAPTHYIO BEPCUIO MTAKETa.
2. Stata/SE mo3BoJisieT paboTarth ¢ 60J1ee OOIIMPHBIMU 6a3aMHU JaHHBIX
I10 CPABHEHUIO CO CTaHAAPTHOU BEPCUEH.
3. Stata/MP o6sasaeT MHOT'OIIPOIIECCOPHBIMHU BO3MOXKHOCTSIMU,
MPOU3BOAUTEIbHAS, paboTaeT ObICTpee, APYTUX BEPCUil TTaKeTa.
4. Small Stata ncriosp3yeTcs B 06pa30BaTeIbHBIX LIEIIX.

HocrouncTBa STATA:
" IIMPOKHI HAOOP CPe/ICTB CTATUCTUYECKOT0 aHAIN3a JAHHbIX;
® MHOroo6pasHble BO3MOXXHOCTH I10 yIIPaBJIE€HUIO JaHHBIMU;
= BO3MOXXHOCTB IIPOIPaMMMPOBAHMS ITOCIE0BATEIbHOCTA KOMAH/T;
" BO3MOXKHOCTb HallMCaHUs COOCTBEHHBIX ITPOIPAMMHBIX MOJYJIEH;
"  MCII0JIb30BaHUE KOOPAUHATHOTO YKa3aTeJIsd;
" co3faHue rpauKy MoaurpaguyecKoro KauecTna,;
= coBMmectuMoOcTb ¢ OC Windows, Macintosh 1 Unix (Bkitouas Linux);
" HMHTEPAKTUBHBIN CIIPABOYHUK;
" II0JIHOE JOKYMEHTAIlMOHHOE COIIPOBOXK/IEHUE ;
= sKcropT pe3yabTaToB B MS Office u SAS;
" 71715 paboThl IPOrpaMMbl TpebyeTcs ulllb 512 MB onepaTuBHO ITamMsTH, caMa
IporpaMma 3aHuMaet 250 MB Ha jXeCTKOM JUCKe KOMITBIoTepa.



MINITAB

[Taket Minitab — yHUBepcaIbHbBII CTATUCTUYECKUI TAKET, pa3paboTaHHbIi ['0cyapcTBEHHBIM
yHuBepcuteToM IleHcuabBanuu B 1972 rogy. Beimyckaercs komnanueid Minitab Inc. ITocnegusas
Bepcus Minitab mpeacraBsisgeT co60ii CTaTUCTUYECKUI MAKeT JIJIsl aHATUTAUYECKOU paGoThI
Ha COBPEMEHHBIX IPEeJIPUATUSIX.
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ITporpamMma npeAocTaBiIseT CAeAyIOIIe BO3MOXKHOCTH CTATUCTUYECKOI0 aHAIN3a JaHHBIX:
" ympaBJieHHe ITPOIeCCOM CTaTUCTUYECKO 00pabOTKY JaHHbBIX;
" OlLleHKa MOII[HOCTU 1 00beMa BbIOOPKHU;
" IUIAaHMPOBAHME IKCIIEPUMEHTOB;
" MaTpu4Hble QYHKIIUY;
" aQHAJIM3 U3MEPUTETbHBIX CHUCTEM, AaHAJIN3 HA/IeXKHOCTH/BbDKUBAEMOCTH, aHATN3
BPEMEHHBIX PSIZIOB U POrHO3UPOBAHNE, MHOIOMEPHBII aHAJIU3.

HocrouHcTBa Minitab:

" cucTeMa KOHCY/IbTAI[MOHHOI MOAAEPIKKHU M0Ib30BaTe s (MHTEPAaKTUBHOE /IepEBO
IIPUHATHS PELIEHUN ITI03BOJISET OTBICKATh [IPAaBUJIBHBIN ITOAX0/, K aHAIN3Y JAHHBIX
JIUIs1 TIOMCKA OTBETa Ha ITOCTaBJIeHHbIE BOITPOCHI), HACTPOIKA MEHIO U TTaHes el
WHCTPYMEHTOB /11 GBICTPOTO JIOCTYTIA K UCII0JIb3yeMbIM METOZAAM;

"  JHTepIIpeTanus IOJy4eHHBIX Pe3y/IbTaTOB;

"  OCYIIECTBJIEHHE UMIIOPTA JJAHHBIX U3 TEKCTOBBIX U TAOJIUYHBIX ITPOIIECCOPOB,
HTML-aiinoB, coxpaHeHHe pe3ybTaToB aHainu3a B (popmarax TIFF, JPEG, PNG,
BMP, GIF, EMF;

"  ymoOHBIN UHCTPYMEHT /IS pa3Mell[eHUs HECKOJIbKUX rpa)KOB Ha OJJHOM
CTpaHUIle, aBTOMAaTUUeCKOe OOHOBJIEHHE TPA(PUKOB IMPU U3MEHEHNUU UCXOJHBIX
JIAHHBIX, CO3ZJaHUE U BpallleHHEe TPeXMEPHBIX ITpa(prKOB;

"  aBTOMAaTU3alUs 33JAaHUI U CO3aHME HOBBIX (PYHKIUI C IOMOILBIO SI3bIKa
MAaxKpoIporpaMMUPOBAHUS,

" 1715 paboThl IPOrpaMMbl TpebyeTcs Julllb 512 MB onepaTuBHO ITamMsTH, caMa
IporpaMMma 3aHuMaet 160 MB Ha XeCTKOM J1CKe KOMIIBIOTEPA;

= paboTa c ¢aitnamu, cogepkamiuMu 0 4000 TepeMeHHbIX M HeOTPaHUYeHHOe
YHMCJIO HAOJIFOAeHUIA.

OcHOBHOI1 HeJlocTaTOK Minitab — HECOBMECTUMOCTD C OTIEPAITMOHHBIMU CUCTEMAMU, OTJINY-
HBIMU OT Windows.



STATISTICA
ITaketr STATISTICA — yHUBepcajibHbII CTATUCTUYECKUU MakeT komnaHuu StatSoft Inc.
[TepBas Bepcus naketa (11 DOS) 6b11a BbiTyieHa B 1991 1.

StatSoft’ STATISTICA

STATISTICA

st

CranzgapTHyro kKoMmruiekranuio rnakera STATISTICA cocTaBiIdgOT TpU MOAY/IA, KOTOpPBIE
MOTYT IIPHOGpPETaTHCA KaK €AUHBIM IIAaKETOM, TaK U OT/AEJIbHO:
1. Ba3zoseiii makeT STATISTICA Base nipeiocTaBjsieT OOUINPHbIE BO3MOXKHOCTHU
BbIOOpA OCHOBHBIX THUIIOB CTATUCTUYECKOI'0 aHAJIN3A.
2. Mopgynb JIuHeliHble U HeJIMHEHHbIEe MOJEJIU COIEPXKUT O0JIbIION Habop
WHCTPYMEHTOB I/ MOZEJINPOBAHUS U IIPOTHO3MPOBAHU .
3. Mogaynbe MHOromMepHbIe pa3BeJO0YHbIE TEXHOJIOI MM aHAIN3a CIAYIKUT
JLJIs IPUMEHEHN S pa3BeJOYHOr0 aHaJIn3a pa3JIuYHbIX TUIIOB JaHHBIX
B COYETAaHUU C UHTEPAKTUBHBIMU CPEJCTBAMU BU3yaIU3aIUU.

IToMUMO 06IIINX CTATUCTUYECKUX U I'PadUUECKUX CPEZICTB B TTAKETE UMEFOTCS CTIEIUaTU3U-
POBaHHBIE MOJTY/TU: JJIs1 TPOBEJEHUS COLIMOJIOTUYECKUX MJT OMOMEAUIIMHCKUX UCCJIEJOBAHU N,
peleHUsT TEXHUYECKHUX U TTPOMBIIIIEHHBIX 33/1a4, — KapThl KOHTPOJISI KA4eCTBa, MOAY/IU
aHaJIM3a MPOLIECCOB U IUTAHUPOBAHUS IKCIIEPUMEHTA.

B03MO)XHBI pa3IMYHbIe BAPUAHTHI YCTAHOBKH IaKeTa B 3aBUCUMOCTH OT Iiejiei U 3a/1a4
M0JIb30BaTeIA:
"  OZIHOIIOJIb30BAaTeJIbCKasl BEPCHS;
" ceTeBast BepCcHs JIJIsI pabOThI B JIOKAJIbHBIX BEIUMCIUTETbHBIX CETSIX;
" Bepcusd [l IPUMEHEeHHUs B BBIUMCIUTEIbHBIX CUCTEMAaX U KPYITHBIX OpraHU3aI[USIX
= Bepcud JJIs1 UCIOJIb30BaHUS B KPYITHBIX CETAX Yyepe3 BeOOpaysep.

ITakeT npeaoCTaBIsAET MOJIb30BATEIAM CJIEAYIOIIE BO3MOXXHOCTH CTaTUCTUYECKOT0
aHa/IM3a JaHHBIX:

" HCCJIeJOBAHUE KOPPEISALIMU MeXy ITIepeMEeHHbIMU;

" fuarpamMma paccesiHus, MaTpU4YHas JyarpaMma paccessHus;

"  OBICTpPbIE OCHOBHBIE CTATUCTUKU U OJIOKOBBIE CTATUCTUKU;

" KMHTEPAKTUBHBIN KaJbKY/ISTOP BEPOSTHOCTHBIX paclpeie/IeHUI;

" aHaJIU3 MHOIOMEPHBIX OTKJIMKOB, MHOIOMEPHOE IIKAJIMPOBAHUE;

"  aHaJIM3 [IPU [IOMOUIY BpEMEHHBIX PSZI0B U IPOTHO3UPOBAaHNE BPEMEHHBIX

3aBUCUMOCTEH, B TOM UKCJIe aHATU3 Ce30HHBIX KOJIeOaHU.
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HocrounctBa STATISTICA:
peanu3oBaH 06MeH AaHHBIMU MeXXAy STATISTICA u Windows-mpuaoKeHUSIMU;
pe3y/IbTaThl aHAIM3a B BH/ie TPadUKOB, TAOJIUI] U TEKCTA MOT'YT OBITh COXPAHEHbI
B (paiine ¢ popmarom RTF;
paciiMpsAeMOCTb CUCTEMBI IIPU ITIOMOILM IIPOrpaMM, CO3LaHHBIX Ha BCTPOEHHOM
sI3bIKE IIPOIPaMMUPOBAHNS;
3aIIMCh MAaKPOCOB /JIs1 aBTOMATU3alluX BBIIIOJTHEHU 3a/1a4;
BO3MO)XHOCTb 00pabOTKH OOJTBIITUX MAaCCUBBI TAHHBIX.

J1s1 HAYMHAIONIMX TT0JIb30BaTe el CyIIeCTBYeT Bepcus A1 00ydeHHsI OCHOBaM CTaTHU-
ctuueckux metofoB — Student Edition of STATISTICA. 9Ta Bepcus mpeacTaBisieT cO00M
ype3aHHbII BApUaHT IaKeTa M MO3BOJIsIeT AHAJIU3UPOBATh (PalijIbl JAHHBIX, BKIIOUAIOLUX
He 6osiee 400 HaOTIOIEHUIA.

STATISTICAL GRAPHICS SYSTEM
ITaker STATGRAPHICS (STATistical GRAPHICs System) — yHUBepCaIbHbIH CTATUCTUYECKUM
rmakeT komranuu Manugistics. IlepBasi Bepcusd rakeTa Oblia BbIyleHa B cepeinHe 80-X rofoB.

HocrounctBa STATGRAPHICS:
coYeTaHUe MeTO/I0B 00pabOTKU Pa3HOTUIIHBIX JAHHBIX C BO3SMOXXHOCTBIO CO3/JaHUS
BBICOKOKAUeCTBEHHOM MHTEPAKTUBHOU I'padUKU;
LIMPOKKE BO3MOXXHOCTU B3aMMOJIEUCTBUSA C IPyTUMU IPOrPaMMHBIMU
IIPOAYKTAaMH (3JIEKTPOHHBIMU TaOIUIAMU, 6a3aMU JAaHHBIX);
BBICOKOKAUeCTBEHHAs IByMEPHAs U TpexMepHas rpaduka,

B STATGRAPHICS rpaduxka u3 cpeficTBa IpeJCTaBAeHUs pe3yJIbTaTOB aHAINU3a ITpeBpa-
1JaeTCAd B aHAJIUTUYECKUU MHCTPYMEHT: MOXKHO UJEHTU(PUIUPOBATh TOUYKY Ha rpadruuecKom
0TOOpaYKEHUU U OIIPEZIE/IUTh €€ MECTOHAXO0XK/eHNE B (pafijie JaHHBIX; BpalllaTh U pacCMAaTPUBATh
C pPa3HbIX CTOPOH TPeXMepHbIe N300paXKeHMs; OCYLECTBJIATh PA3TOHKY TOUEK Ha JjiarpaMmax
paccessHus U T.II.

B STATGRAPHICS cy1iecTByeT BO3MOXKHOCTb COXPaHEHUSI Pe3y/IbTaTOB PA0O0ThI U CO37,aHUS
COOCTBEHHBIX CTATUCTUYECKUX IIPOEKTOB. [Tocsie 3aBepllIeHNs] aHAIN3a MOXKHO COXPaHUTh
MOCJIeZIOBATEIbHOCTh BHIOPAHHBIX METO/IOB, TTapaMeTPhl CTATUCTUYECKUX ITPOLIEAYD, BUJIbI
rpadgruecKux OTOOpXKEHNH pe3y/IbTaTOB aHAIN3a, TAOJIUUYHbIE (DOPMBbI, KOMMEHTAPUH U ITPO-
yee B OT/Ie/IbHOM (aiiye. CoXpaHEeHHYIO CXeMy aHaJIM3a MOXKHO aBTOMaTUYECKU IPUMEHSITh
K IpyroMy MHOJKECTBY JAaHHBIX.



STATISTICAL DIALOGUE SYSTEM

ITaketr STADIA (Statistical Dialogue System — yHUBepcaJbHBINM CTATUCTUYECKU ITaKeT, pa3pado-
TaHHBIH CllelaarcTaMy MOCKOBCKOTO TOCYZapCTBEHHOT0 yHUBepcuTeTa M. M.B. JIomoHOCOBa
coBMecTHO ¢ HITO «MHpopMaTrKa 1 KOMITbIOTEPHI». [lepBast Bepcusi makeTa Obljia BhIMYI[eHa
B 1989 roxy.

= STADIA-6.0 77| &) Z |ES|cHadculEnl izl -2
Waiin [ papue=F6_Bouwcn=F7 [lpeop=F8 Cratncr=F9 Oxna [Momows=F1
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3-mepuan: 5
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[TakeT OpreHTPOBAH Ha MaCCOBOTO I10JIb30BATEJIs], UMEIOIIEr0 HeOOIBIION OIIBIT, HO HYXK-
JIAIoIIerocst B ObICTPOM U yA0OHOM CpeZicTBe 0pOopMJIeHUSI M 00paGOTKU JJaHHBIX.

[TakeT mpeAOCTaBIISAET MTOJIH30BATEISIM LIUPOKUI HA60p METOJOB CTATUCTUYECKOTO aHATH3a
JlAHHBIX: ONMCaTeIbHAsA CTATUCTUKA, JUCIIEPCUOHHBIN, KOPPEJIALMOHHBIN U CIIEKTPaJIbHbIN
aHa/IN3, CIVIAXKMBAaHMeE, IIPOTHO3MPOBAHME, IIPOCTAsl, HEJIMHEWHAs perpeccusi, KJacTepHbIU
Y (haKTOPHBII aHAJIN3, METOZBI KOHTPOJIS Ka4eCTBA, aHAJIN3 U 3aMeHA IIPOITyL[€HHbIX 3HAaUeHU .
Taxoke BO3MOXKHO ITOCTPOEHUE U PEIAKTUPOBAHUE 2-X, 3-X © MHOTOMEPHOH rpadUKU: 3aBUCH-
MOCTHU, IPOTHO3BI, AMArpaMMBbl paccessHUs, KapThl, TUCTOIPAMMBI, CTOJIOMKOBBIE, OAllIEeHHbIE
Y KpyTrOBble JUarpaMMBbl, YCTAHOBKA pa3MepOB, HAAIIUCEH 110 OCAM U I10J, pPUCYHKOM U IIp.

HocrounctBa STADIA:
HaJTUYUE CUCTEMbI KOHTEKCTHOM SKpaHHOM ITOMOIIY, BKIIOYaK0IIell 00'beMHbBIH
THIIEPTEKCTOBBIN CITPABOYHUK M IKCIIEPTHYIO CUCTEMY 10 BEIOOPY METOA
CTaTUCTUYECKOTO aHAJTH3a;
00paboTKa 60JIBIINX 06'beMOB TAaHHBIX (710 32000 HAGTIOAEHUIA);
HIMYME PEXXUMA BbIJIaYH OIVIABJIEHUS apXHUBA JAHHBIX C KOMMEHTAPUSIMU;
CEeJIEKTUBHBIN MOUCK (haitIoB M0 KOHTEKCTY KOMMEHTapUEB, IIPUCBOEHHbBIX APXUBY
C IaHHBIMU;
9KCITOPT JJAHHBIX U Pe3YJIbTATOB.

Hepocratku STADIA:
HECOBMECTUMOCTb C OTIePAIIMOHHBIMU CUCTEMAMU, OTJIMYHBIMU OT Windows.

STATISTICAL ANALYSIS SYSTEM

ITakeT SAS (Statistical Analysis System) — mpodeccroHaTbHBII CTATUCTUUECKUI MTAKeT, pa3pa-
6oTaHHbIN kKoMmnaHuei SAS Institute Inc. IlepBast Bepcusi makeTta Oblia BbIITyIlleHa B 1976 Toxy.
[TakeT 3(ppeKTUBHO pabOTAET C JAHHBIMU PA3JINYHBIX TUIIOB.



Gsas

Analytics software & solutions
-

BcTpoeHHBIE HHCTPYMEHTBI CTATUCTUYECKOT'0 aHAIN3a MOT'YT OBITh IIPUMEHEHHI /IS pellie-
HUS HIUPOKOT0 KPyTa BOIIPOCOB, OTHOCSIIUXCS K Pa3/IMYHBIM 00JIaCTSAM AeSITETbHOCTU:

IIPOMBIIILJIEHHOE TIPOH3BOZICTBO;

TeJIEKOMMYHUKAIUU;

MIPaBUTEIBCTBO (TPUMEHEHNE CTATUCTUIECKUX BHIOOPOIHBIX METOZIOB

JUUIsI pa3pabOTKU OIPOCOB OOIIECTBEHHOI'O MHEHMS);

HCCrIe/IOBaHNE OKPY)KaIolel cpeibl (IToCTpoeHre Mojiesieli 3arpsI3HeHUS BO3/yXa

C UCTIOJIb30BAaHUEM ITPOCTPAHCTBEHHOU CTATUCTUKMN);

OHOTEXHOJIOTHUU,

PO3HUYHAs TOPTOBJIs (MO/IeIMPOBAaHUE TOBEIEHUS ITOTpeOUTE e ).

ITakeT npegocTaBssieT BO3MOXXHOCTH CTATUCTUUYECKOr0 aHAIN3a JaHHBIX:
CMEILIAHHbIE MOJIEJIN;
aHaJIN3 KaTerOPUNHBIX JAHHBIX;
6alieCOBCKUI aHAIN3;
MHOTI'OMEPHBIN aHAJIN3;
aHaJIN3 BbDKMBAEMOCTH;
IICUXOMETPUYECKUI aHAIU3;
aHaJIN3 MIPOITYIEHHBIX 3HAYEHU .

ITakeT MO3BOJIAET TPOBOAUTH CIAEAYIOIIYIO paboTy C JAHHBIMU:
BBO/], BOCCTAaHOBJIEHHE, MOAU(PHUKALMSA 1 YIIPaBJICHNE JaHHbIMU;
HaIlMCaHUe OTYETOB U MOATOTOBKA IPpad)UKOB;
CTaTHUCTUYECKUU aHAIU3;
O13HecC IUIAaHUPOBaHUE, IIPOTHO3UPOBAHME U MOAAEPIKKA TPUHSATUS pellleHUH;
HCCJIe0BAHUE ONepaIiiii U yIIpaBJIeHUE IIPOEKTaMU;
COBEPILICHCTBOBAHUE KAYeCTBA;
pazpaboTKa MPUI0KEHUT.

JdocTouHcTBa SAS:
ObIcTpasi 06paboTKa 6OJIBIINX 00 BEMOB JIAHHBIX;
BO3MO)XHOCTD MpeoOpa30BaHUsl MaTeMaTUYeCKUX OPMYJI B TPOrPaMMHBIN KOJ;
CO3/IaHUeE TT0JIb30BaTEIbCKUX MOAYJIEH;
MoJTy4eHHe KOHCYJIbTAaTUBHOM MOMOIIY B BbIOOpE METOZI0B aHAIN3a
Y B UHTEPIPETAILUHU €r0 Pe3yJIbTaTOB;
COBMECTUMOCTH C OTIepAIlMOHHBIMU cucTeMaMu Linux u Windows.



BIOSTAT
ITakeT BioStat — crieniMaJIM3UpOBaHHBIN CTATUCTUYECKUH ITakeT komiaHuu AnalystSoft. [lepBas
BepcUsl ITaKkeTa ObLIA BBIITyIIeHA B ceperHe 80-X rofioB.

7N

Biostat

i EAnalymsen
i

[TakeT co3aH 151 CIIEIMATMCTOB, paOOTAIOIIMX B 00J1aCTH METUIIMHBI, OMOJIOTUUN U XUMUU.
OcHoBaH Ha 6a3e u3BecTHOro rnaketa StatPlus 1 BkiirouaeT B ce6si IIOUYTU BeCh €ro PyHKIIMO-
HaJI, B TOM YMCJIe perPeCCOHHBIN aHaIN3, aHAJIN3 BBDKMBAEMOCTH, JUCTIEPCUOHHBIN aHAJTH3.
[TporpaMma MUCHOJIB3YET AIEKTPOHHYIO TaOINILY, COBMecTUMYto ¢ Microsoft Excel kak o popmarty
JAHHBIX, TAK U 10 UHTepdeiicy, YTo Zies1aeT MpoLecc U3yUYeHUs MPOrPaMMbI JIETKUM U ObICTPBIM.

HocronHcTBa BioStat:
" 9KCIIOPT/HUMIIOPT AaHHBIX B MS Excel;
" TpebyeMas IaMsTh Ha YKECTKOM JIUCKe KoMIbloTepa 32 MB;
" IIpOBEepKa IPaBOIVCAHUS;
" COBMECTHMMOCTH C OIlepallMOHHBIMU cucteMaMu Windows u Mac.

MS EXCEL

Janee B yueOHO-MeTOAMYECKOM [T0COOMU onMchIBaeTcs mpuMeHeHue nakera MS EXCEL fisi cta-
TUCTHUYECKOI 00paboTku fJaHHbIX. U xoTs1 EXCEL ycTynaeT crieriaan3upoBaHHbBIM CTAaTUCTU-
YeCKUM IMakeTaM 00pabOTKU JJAaHHBIX, TEM He MeHee, ITOT pa3/ie/l MaTeMaTHUKHU MPe/CTaBIeH
B EXCEL frocTaTO4HO OJIHO. B HEro BKJIXOUEHBI YaCTO UCIIOJIb3YEMbIE CTATUCTUYECKHUE IIPO-
LeZYPBIL: CPEZCTBA ONUCATEIBHOM CTATUCTUKY, KPUTEPUHU PA3INUMs, KOPPEJALMOHHbBIE U ApyTre
METO/Ibl, II03BOJIAIOIIME [IPOBOAUTD CTATUCTUYECKUI aHAIN3 PA3JIMYHBIX TUIIOB JAHHBIX.

MS Excel

BaxxHOo oT™MeTUTB, UTO Hcrioab3oBaHue nakera MS EXCEL u ero nnporpaMMHBIX CPEZCTB
pa3pabOTKU MMO3BOJISIET CTyZEHTaM IIyOyKe OBJIa/IeTh CofieprkaHueM ydeObHoro Kypca «Teopus
BEPOATHOCTEN M MaTeMaTU4eCKast CTATUCTUKA» U TTOJIyYUTb JOIIOJTHUTEJIbHBIE TTIPAKTUYECKHE
HaBBIKU I10 Kypcy «TeXHOJIOrus IIpOrpaMMUPOBaAHUS».
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1 Bbi6bOpoO4YHbIN MeTOo..
J1TabopaTopHasa pa6ota N21

ITo oxBaTy CTaTUCTUYECKOM COBOKYITHOCTU MCCJIeJ0BAHNE MOYKET OBITH CIVIOIIHBIM WJIN BBIOO-
POYHBIM. MHOYKECTBO BCEX eTUHUIL] HAOJIO[IEeHUS1, 0XBAThIBA€MbIX CIJIOIIHBIM HaOIIOIEHHEM,
Ha3bIBAETCs M'eHEPaIbHON COBOKYITHOCTBIO.

BbI60pOYHBII METOZ IIPUMEHSIETCS B TOM CJIydae, eCIy UCCaeZyeMasi COBOKYITHOCTD CTUIIKOM
MHOT'OYHCJIEHHA, JIM0O0 €€ 3JIEMEHTHI MaJIOOCTYITHBI. Toryia mprberarmT K U3y4YeHUIO KaKOH-TO
YaCTU 3TOU COBOKYITHOCTU — BBIOOPKHU.

Bp160pKa — 3TO IpyIina 3J1IeMEeHTOB, BBIOpaHHAS JJIs1 UCCIIe0BAHNS U3 BCe COBOKYITHOCTH
9JIEMEHTOB. 3a/jaua BLIOOPOUHOT'O METO/IA COCTOUT B TOM, UYTOOBI CZI€/IaTh ITPABUJIbHBIE BHIBO/IBI
OTHOCHUTEJIbHO BCEU COBOKYITHOCTU OO'bEKTOB.

Heo6xouMO CTpeMUTBCS CJieJIaTh BBIOOPKY TaK, YTOObI OHA HAMJIy4IlIMM 00pa3oM mpej-
CTaBJIsIJIa BCIO FeHEPaJIbHYI0 COBOKYIIHOCTb, TO €CTh OblJIa OBl pEIIpe3eHTaTUBHOM.

J1J1 TIoJTydeHusl perpe3eHTaTUBHON BIOOPKH HEOOXOAMMO YETKO OIpe/ie/ITh, YTO TOHU-
MaeTcs 110/ FfeHepaJIbHOIM COBOKYITHOCThI0. HarmpuMep, eciiy XOTAT IMOJYyIUTh JJAHHBIE O IOCTY-
MAIOIMX BO BCE BYy3bl TOPO/a, TO aOUTYPHUEHTHI JAHHOTO MHCTUTYTA €CTh BbIOOpKa U3 Oosiee
UIMPOKOI reHepaIbHOI COBOKYITHOCTH — BCeX aOUTYPHUEHTOB By30B rOpO/ia.

B Tex ciryyasx, Korja reHepajbHasi COBOKYITHOCTb HEJOCTATOUHO U3BECTHA, /IS ITOJTy4eHUS
MpeACTaBUTEIbHOU BRIOOPKU MPUMEHSIETCS CTyYaiiHbIi BBIOOD.

BbIBOPOYHAA OYHKUUNA PACIPEOEJTEHUNA

XapaKkTepuCTUKU CAyJaliHON BeJTUUUHBI OTIPE/IeISIIOTCS ee 3aKOHOM pactipeesieHus F(x).
JJ1s1 MpaKTUYeCKUX 3a/1a4 3aKOH pacipeieieHUsI 00bIYHO HEU3BECTEH, UJIH M3BECTEH C TOUHO-
CTBIO /10 HEKOTOPBIX HEU3BECTHBIX [1APAMETPOB. B 4acTHOCTH, 4aCTO HEBO3MOXKHO pacCCYMUTATh
TOYHOE 3HAYEeHUE COOTBETCTBYIOLIVX BEPOATHOCTEN, TAK KAK HEJIb35 OIIPEEIUTh KOJIMYECTBO
KaK 00I1[ero YK1CJIa UCXOJJ0B, TAK U YUCJIO OJIarOMPUSTHBIX UCXO0B. [I03TOMY BBOJIUTCS CTATH-
CTHUYECKOE OIpeZieJIeHre BEPOATHOCTH. [10 3TOMY OIpe/ie/IeHHI0 BEPOSTHOCTh paBHA OTHOILIEHUIO
YHCJIa UCTIBITAHUH (M), B KOTOPBIX COOBITHE MTOSIBUJIOCH, K 001I[eMy KOJTUIEeCTBY ITPOM3BEZCHHBIX
HUcIbITaHUM (n). Takasi BEpOSITHOCTb Ha3bIBAETCSI CTATUCTUYECKOM YaCTOTOIA.

B pesysibraTe Ha IIPaKTHUKE CBEAEHUS O 3aKOHE paclpe/ie/IeHUs CIy4YaiiHOU BEJIMYUHBI
TII0JIy4ar0T He3aBUCUMBIMY MHOTOKPaTHBIMU IIOBTOPEHUSMU OIIBITA, B KOTOPOM U3MEPSAIOTCS
3HAYEHMUSsI CJIydaitHOl BesimurHbl. Ha ocHOBe MH(pOpMaLMy U3 MOJTY4YeHHOU BHIOOPKH MOXKHO
MOCTPOUTDH NPUOIN3UTEIbHbIE 3HAUYCHUS /IS (PYHKI[UM pacIipesiesieHus U IPYTUX XapaKTepu-
CTHK CITy4alfHOU BEJINYWHBI.

CBsA3b MEXy SMIIMPUYIECKOH pyHKIMel paciipesenenus F (X) M TEOPETUIECKOM QyHKIU-
eli pactipesiesieHus F(x) Takas ke, KaK CBSI3b MEXKY YaCTOTOU COOBITHS U €r0 BEPOSITHOCTBIO:
dbynkuus F (x) — F(x) npu n — 0.



J1J11 TOCTpOeHMsI BBIOOPOUHOU (PYHKIIMHU pacipe/ie/ieHus BeCh Mana3oH U3MeHeHUs CIIy-
YaiHOU BeJTMUUHBI X pa30MBAIOT HA PsiJi UHTEPBAJIOB OIMHAKOBOM IIUPUHBI. YMCJI0 UHTEPBAJIOB
0OGBIYHO BBIOMPAIOT HEe MeHee 5 U He 6oJiee 15. 3aTeM oIpefesIsioT YMCI0 3HAYUeHUH cirydaitHoi
BEJIMYMHBI X, TONABIINX B KAX/bII MHTepBaJL. I10/1eIMB 3TU YKca Ha 001jee KOJIMYeCTBO HabJIIo-
JIEHUH N, HAXOAAT OTHOCUTEJIbHYI0 YaCTOTY IOITaaHUs CIyYailHON BeJIMYMHBI X B 33/laHHbIE
UHTepBaIbL. [10 HaliZleHHBIM OTHOCHUTEJIBHBIM YaCTOTaM CTPOSIT TUCTOIPAMMY BbIGOPOUHO
(DyHKIMU pacrpe/iesIeHUsI.

[Tpu yBesruyeHUM A0 6ECKOHEYHOCTU pa3Mepa BbIOOPKHU BhIOOPOUHBIE (PYHKIIMHU pacIipe-
JleJIeHUs TIPeBPalllaloTCd B TEOPETUYECKHe: TUCTOrpaMMa IIpeBpalaercs B rpaduk QyHKIIUN
IUIOTHOCTU pacIIpe/ie/IeHUS.

B Excel g5 mocTpoeHus BBIOOPOUHBIX (DYHKIIMH pacIipeiesIeHUsT UCTIOb3YIOTCS CIIeINaThb-
Has pyHknusa YACTOTA u npouesypa naketa aHajausa ['mcrorpamma.

Oynkiusa YACTOTA BbIYHCIISIET YACTOTHI ITOSIBJICHUS CIyYaHOM BEJIMYUHBI B MUHTEPBAJIAX
3HAYE€HUI U BBIBOJUT UX KaK MACCUB LIU]P.

IMpouenypa ['mcTorpamma UCIOJIb3YeTCs /111 BBIYMCACHUSI BBIOOPOYHBIX U UHTEIPAJIbHBIX
YacTOT ITOI/IaHN JAHHBIX B YKa3aHHbIE MHTEPBAJIbI 3HaYEeHUU. IIporieiypa BBIBOAUT Pe3YJlb-
TaThl B BUIE TAOIHUIIbI Y TUCTOIPAMMBL.

JTIABOPATOPHAA PABOTA N21

NMPUMEP 1

Hcnonb3ys cpeacrBa MS Excel mocTpoiiTe sMIIMprUyecKoe paclipefiesieHre Beca I CAeLyroIeil
BBIOOPKMU: 64, 57, 63, 62, 58, 61, 63, 60, 60, 61, 65, 62, 62, 60, 64, 61, 59, 59, 63, 61, 62, 58, 58, 63,
61, 59, 62, 60, 60, 58, 61, 60, 63, 63, 58, 60, 59, 60, 59, 61, 62, 62, 63, 57, 61, 58, 60, 64, 60, 59, 61,
64, 62, 59, 65.

Peiuenue:
B saueiiky Al BBepuTe cioBo HabustoneHus, B Auana3oH A2:E12 — 3HayeHUs Beca.
Bribepute minpuHy nHTepBasa 1 kr. [losyuure 9 UHTEpBaJIOB.
B aueiiku G1 1 G2 BBeAWTE Ha3BaHUS UHTEPBAJIOB: Bec 1 Kr. B fuanason G4:G12
BBe/IMTe TPAaHUYHbIEe 3HAYEHU S MHTepBaJIoB (57, 58, 59, 60, 61, 62, 63, 64, 65).
BBeauTe 3aroJIOBKU Co3/laBaeMOi TaGIUIbl: AGCOJIIOTHBIE YACTOTHI,
OTHOCUTEJIbHBIC YACTOThI, HaKOIIJIEHHBIE YaCTOTHI.
3arnoiHuTe CTOJIOEI] aGCOMIOTHBIX YaCTOT € MOMOIIbI0 «Macrepa dyHKuui» (f).
B quanoroBoM okHe «MacTep QyHKIUI» BbiOeprUTe KaTeropruio CTaTUCTUYECKHE
u pyakiuo YACTOTA. B pabodee rmosie MaccuB ZJaHHBIX BBEJIUTE AUATIA30H
JlaHHBIX HabJIIoZIeHn. B pabGouee 11osie MaccuB UHTEPBAJIOB BBEJIUTE
Jinara3oH UHTepBaJjoB. [locie[oBaTesibHO HAYKMEM KOMOWHAIIAIO KJTaBUII
Ctrl + Shift + Enter, B cTos1611e H mosiBUTCSI MacCUB aOCOJIIOTHBIX YACTOT.



PNC. 1.1

BBoa MCXOOHbIX AaHHbIX

A|B|C|BDI|E]|F G H | J
1 |Habmodexus h Bec |AbconwoTtHele | OTHoCUTENEHBIE YacToTel [HakonneHHele
2 64 62 53 63 61 Kr YACTOTEl YACTOTE
3| 57 62 B3 58 58
4| B3 60 61 60 GO 57
5| 62 64 59 53 64 58
G| &8 61 B2 60 &0 59
7| 61 59 6O 59 A9 60
5| 63 59 60 61 61 61
9| B0 63 58 62 64 62
10| 60 61 61 62 B2 £3
11 61 62 60 B3 &9 G4
12| 65 58 B3 &7 65 65
13
14

K

PNC. 1.2

Ounanorosoe okHo dyHKUMA YHACTOTA

Apryme HTb1 hyHRUHK
HACTOTA

Maccve_aaHHBIX |.Q2:E12 {64;62;58;63,61:57,62,63;58;58:63...

{57:58:59:60:61:62:63:64:65}+

Macce_WHTEpBanos |G4:G12

= {ZaTlneET2:0r
BLIMMCAAET PACMPEASNEHHE SHAHEHHH N0 HHTEPEANAM H BO3BPALLAET BEPTHKANEHEIA MACCHE, COASPHALLMA HA DAHH
INEMEHT BONBLWE, YEM MACCHE MHTEPEANOE.

Maccve_MHTEpPBAn0E MACCHE HHTEPEANO0E MK CCEINKA HA MHTEPEANE!, B KOTOPELX FPYNMHMEYHTCA
3HIHEHHA M3 MACCHES AAHHELX,

SHaueHHe: 2

CNpSEKa N0 3TOH dyHKIHK [ Ok ] [ OTHEHa ]

B siuetixe H13 HaiiguTe 00I1[ee KOJIUYECTBO HAOGIIOIeHU .
3anoJHUTE CTOI0El] OTHOCUTEbHBIX YacTOT. B Aueliky 14 BBeaguTe hopMysy
JIJIs BBIYMCJIEHU I OTHOCUTEIbHOM yacToThl: = H4/H$13. Ckonupyiite popmyny

Ha BecCh Auaras3oH. [losydrre MacCUB OTHOCUTEIbHBIX YaCTOT.
3anoJHUTE CTOI0el], HAKOIJIEHHBIX YacTOT. B siueiiky J4 ckonupyiiTe 3HaUeHUe
OTHOCHUTEJIbHOI 4aCTOThI U3 sueiiku 14. B aueliky J5 BBegeM popmyy: =J4 +15.
CkonupyliTe BBeIeHHYIO (popMysly Ha BeCh juana3oH. [losyuyuTre MaccuB
HAKOIIJIEHHBIX YaCTOT.

PNC. 1.3

Pe3yanaT Bbl4MCAEHMIN OTHOCUTENBHbBIX M HAKOMIEHHbIX YaCToT

A|lB|lLE&|D|E]|F G H I J
1 |Habmoderus N Bec |AbconwtHee | OTHoCHTENEHEIE YacToTel |HakonnexHble
2 64 B2 &8 63 61 Kr YacToTel YACTOTH!
3 A7 62 B3 5HB 4B
4 | B3 60 61 60 &0 a7 2 0.035 0,036
5 B2 G4 59 59 64 58 6 0.109 0,145
6| 58 B1 62 60 60 59 7 0.127 0.273
7| B1 59 GO 59 49 60 10 0.182 0455
8 | B3 B9 GO BT M1 61 9 0.164 0.618
9 B0 B3 58 62 64 62 8 0.145 0.764
10| 60 61 61 62 A2 63 7 0127 0.891
11| 61 62 60 63 &9 64 4 0.073 0,964
12| 65 63 B3 67 65 G5 2 0.036 1.000
13 55




8. TIlocrpoliTe fruarpaMMy OTHOCUTEJIbHBIX ¥ HAKOIIJIEHHBIX YaCTOT.

PNC. 1.4
JdwvarpamMmma OTHOCUTENTbHbBIX W HAKOTMIEHHbIX YaCTOT

1,2

0,8
0,6
0,4
0,2

B OTHOCUTENbHbIE
4acToTbl

== HaKonneHHble 4acToTbl

n il nma.

57 58 59 60 61 62 63 64 65

HakorieHHbIE YaCTOThI — 3TO €CTh 3HAUEHUSs (PYHKIIUU pacIipe/ie/IeHuUs.
OTHOCUTETBLHBIE YACTOTHI — 3TO €CTh 3HAYEHUS (QPYHKI[UH IUIOTHOCTH
pacmpeziesieHus.

NMPUMEP 2
Jl1s1 JaHHBIX U3 ITpUMepa 1. MOCTPONTE SMIMPUYECKHUE PACIIPE/e/IeHUs], BOCIIOJIb30BABIINCH
npouenypoi I'mcrorpamma.

Pemenue:
1. TIpouemypy I'mcTtorpamma BbiGepuTe U3 MeHIO «/[aHHbBIE» MOAITYHKT « AHAJIN3
JaHHBIX». B r1osie « MTHCTpyMEHTBI aHaIU3a» YKaXKUTe pouenypy I'mcrorpamma.
2. B mosiBuBIIEMcSsl OKHe «['UcTOrpaMMa» 3aMoJHUTE paboune ToJIs:
*  BO «BxopHOI AMana3oH» BBEAUTE JUAIIa30H UCCIELyeMbIX JaHHBIX,
* B «BpIXogHOU fMana3oH» — CCBUIKY Ha JIEBYIO BEPXHIOIO SYEHKY BBIXOJHOTO
Ayara3oHa,
* YCTAaHOBUTE NEPEKI0YATEIIN B IOJIOXKEHME « IHTerpaJbHbII IPOLIEHT»
" «BbIBOZ rpadukar.

PNC. 15
3anofHeHne OManoroBoro OKHa <<[_I/ICTOI—paM Ma»
[MeTorpamma @@
Bx0AHEIE ASHHEE
Bix0AHOH HHTEpEEN: $atZi$ES12 _ |I\
WHTEPEAN KapMaHOE: .$G$4:$G$12
O e

MapameTpbl BEIB0AS -
(%) BiixoaHOM MHTEpBAN: |$G$17 %
() Hoetiii paBiounii gueT:

() Hoean pafiouan KHHra

[] Qapera (orcopTrpoBaHHan rucTorpana)
MHTErpankHeIi NpoueHT

Brieoa cpadmka




3. Haxwmure kHonky OK.
4. B pe3syabrare NosiBUTCA TaOJIUIA U JUarpaMMa:

PUC. 1.6
Tabnuua v guarpamMma nprMepa 2

McTtorpamma
30 4 r 120,00%
25 + - 100,00%
Kapmar Hacmoma 1ezpaneHsid %
57 2 3.64% g 20 - 80,00%
59 71 13 27.2T% E 15 - - 60,00%
——— =
62 3 27 T6,36% T 10 - - 40,00% . YacToTa
ELLI.E 13 100.00% 5 4 F 20,00% == MHTErpaneHbIR %
0 - - 0,00%
57 59,7 62,3 Ewe
HapmaH

[uarpamma Ha puc. 1.6. oTyiM4aeTcs OT JUarpaMmbl Ha puc. 1.4. 9To 00bACHAETCS
TeM, UTO UATa30H KapMaHOB He ObLI BBe/ieH. KosinmuecTBO U rpaHuUIIbl UHTEPBAJIOB
OIIpesesIs/INCh B IIpoueaype ['ncrorpaMMa aBTOMaTUYECKU.

SagaHu:

1. TlocTtpoiiTe samMnuprueckue GyHKIIUU pacnpesiesieHus: (OTHOCUTEbHBIE
Y HaKOTIJIEHHBIE YaCTOTHhI) BIOOpKU 13 20 BesimuwmH; 181, 169, 178, 178, 171, 179,
172,181, 179, 168, 174, 167, 169, 171, 179, 181, 181, 183, 172, 176.

2. Haiigure pacnpezesieHue 0 aOCOJIIOTHBIM YaCTOTaM /IJ1s CJIEAYIOLUX
pe3yJIbTaTOB TeCTUPOBaHUS B 6aiax: 79, 85, 78, 85, 83, 81, 95, 88 u 97
(ucmosib3yiiTe rpaHUIbl UHTEPBAJIOB 70, 79, 89).

3. TlocTtpoiiTe sMnuprueckue GyHKIIUU pacnpezesieHus (AOCOMI0THBIE
Y HaKOIIJIEHHBIE YaCTOTHI) YCIIEBAEMOCTH B rpy1ine u3 20 CTyAeHTOB: 4, 4, 5, 3,4, 5,
4,5,3,5,3,3,5,4,5,4,3,5,3, 5.



2 Bbl6opoOYHbIe XapaKTepPUCTUKMN.
J1TabopaTopHasa pa6ota N22

3ameHa TeopeTu4ecKoi (pyHKumMM pacnpenenenus F(x) Ha ee BBIOOPOYHbI aHasor F (x)
B OIpe/IeJIEHUN MaTeMATUYeCKOTO OXKHUIaHMsI, TUCIIEPCUU, CTAHJAPTHOTO OTKJIOHEHUS U T. I1.
TIPHUBOJST K BBIOOPOYHOMY CpeIHEMY, BLIOOPOUHO TUCIIEPCU Y, BLIGOPOUHOMY CTAHAAPTHOMY
OTKJIOHEHUIO U T/I. BEIGOpOUHBIE XapaKTEPUCTUKU SIBJISTFOTCST OIIEHKAMM COOTBETCTBYIOIIIMX
XapaKTePUCTUK MreHEPATTbHOIN COBOKYITHOCTH. DTU OIEHKU JIOJDKHBI YIOBJIETBOPSITE OITpezie-
JIEHHBIM TpeGoBaHUSIM. OI[€HKH JI0/KHBI OBbITh:

HECMEIEHHBIMU — CTPEMUTHCS K UICTUHHOMY 3HAUEHUIO XapAKTEPUCTUKU

reHepaJIbHOM COBOKYITHOCTH TPY YBEJTMYEHUU KOJTMIECTBA UCITBITAHUI;

COCTOSITETbHBIMU — C POCTOM pa3Mepa BHIOOPKH OI[€HKA JIOJIXKHA CTPEMUTHCS

K 3HAYEHUI0 COOTBETCTBYIOIIETO [TapaMeTpa reHepasTbHO COBOKYITHOCTH

C BEpOSITHOCTBIO, TTPUOJIVDKATOIIENCS K 1;

3 PEKTUBHBIMU — JJIs1 PA3JIMYHBIX BHIOOPOK PABHOTO 00beMa OLIeHKa I0JDKHA

MMeTh MUHUMAJIBHYIO JUCTIEPCUIO.

B pesysibTaTe HaO/IIOeHUI WM SKCIIEpUMEHTA ITOTy4atoTCsl HA00PbI JaHHBIX, Ha3bIBa€Mble
BbIOOpKaMU. [[J1s TpoBeZieHUsI UX aHAJIW3a JJaHHbIe MMOJBEPTal0TCs CTATUCTUYECKOH 06paboT-
ke. [lepBoe, 4TO Bceraa JiesiaeTcsi Ipyu 06paboTKe AAHHBIX, 3TO BbIUMCJIEHUE 3JIEMEHTAPHBIX
CTaTUCTUYECKUX XapaKTEPUCTUK BBIOOPOK (Cpe/iHero, CpeiHeKBaIPaTUYHOTO0 OTKJIOHEHUS,
OLIMOKY CPeTHETO) IO KaXKAOMY IapaMeTpy U o Kak/[0#1 rpytie. [Toj1e3HO TakyKe BBIYUCTUTh
9TU XapaKTePUCTUKHU JIJIsI 06'beJUHEHUST POACTBEHHBIX I'PYTIIT ¥ CYMMAapHO I10 BCEM JIaHHbBIM.

Cpenu BBIOOPOUYHBIX XapaKTEPUCTUK BBIJEJISIOT II0KA3aTeIN, OTHOCSIIIMECS K [IEHTPY pac-
TpesieIeHUs], paccessHUs U (POPMBI pacrpezieieHus.

JTIABOPATOPHA{ PABOTA N22

NMOKA3ATEJTN, XAPAKTEPU3YIOLWWME LLEHTP PACIPEOEJTEHWNH
B macrepe pynkumii Excel umeercd psag pyHKIui, mpeJjHa3HaYeHHBIX JIJI BBIYUCIEHUS
BBIOOPOYHBIX XapaKTEePUCTUK II€HTPa pacIipe/ieIeHUA:
®ynkius CP3HAY BerumcisieT cpeHee aprudMeTUIecKoe 3HaueHUe
CBOMX aprymMeHTOB. Eciiu BbIOOpKa cofiepxuT uncia {10;14;5;6;10;12;13},
to CP3BHAY(10;14;5;6;10;12;13) = 10.
CpefHMM 3HaYeHHeM BBIOOPKH, UJIM BBIOOPOYHBIM aHAJIOTOM MaTeMaTUYeCKOTro
OXKUJJaHUS, SIBJISIETCH BEJIMUMHA!

=|

1
—;lz:l:xi.



Oyuknua CPTAPM 1103BOJIAET IIOJIYYUTh CpeHEE TAPMOHNYECKOE MHOXKECTBA
naaHbix. CPTAPM(10;14;5;6;10;12;13) paBHsieTcs 8,317.

CpezHee rapMOHHUYECKOE — BeJIMUUHA, 00paTHasI K CpeJHEMY apu(PMeTUIeCKOMY
00paTHBIX BEJIUMUMH:

n

1 1 1
T M H
xl x2 xn

H —

n

®ynkiyss CPTEOM BeIUMCIIAET CpefjHEe FeOMEeTPUUECKOe 3HAYCHU
MaccuBa NOJ0KUTENbHBIX yrces. OyHk1oo CPI'EOM M0)XHO UCII0JIb30BaTh
JUISI BBIYMCIIEHUS CPEJHUX TT0Ka3aTeel JUHAMUYECKOTO psAja.
CPTEOM(10;14;5;6;10;12;13) paBHseTcs 9,414.

CpenHss reoMeTpUYeCcKas:

X o = \/xl XX, XXy XX X,

dyuknnsa MEJTAHA no3BoJisieT IToJlydaTh MeJaHy 3a/laHHOM BBIOOPKHU.
MEINAHA(10;14;5;6;10;12;13) paBHsieTcs 10.

MezayaHa — 31eMEeHT BIOOPKH, YMCJIO 3JIEMEHTOB BBIOOPKU CO 3HAUCHUSIMU
60J1bIlIe KOTOPOTO U MEHbIlIe KOTOPOT'O PaBHO.

J1J1s HaXOXKIeHUSI MeINaHbl 0OBIYHO BBIOOPKY PAHXKUPYIOT — PACIIOIATAOT
3JIEMEHTHI B ITOPSI/IKE BO3pacTaHUs. ECIM KOJIMYECTBO YJIEHOB PAH)KHMPOBAHHOIO
psAZla He4eTHOe, MeIMaHOU ABJIAETCS 3HaYeHUe Psifja, KOTOPOE PACIIOIOKEHO
IocepeJHe, TO €CThb 3JIEMEHT C HoMepoM (n + 1)/2. Eciy 4uciio 4WieHoB psafa
YETHOE, TO MEZIMaHa PaBHA CPeAHEMY YWICHOB PsAJla C HoMepamu n/2 u n/2+1.
®ynkusa MOJIA 11o3BosISIeT IToJIy4aTh MOAY 33JaHHOI BEIOOPKHU.
MO/TA(10;14;5;6;10;12;13) paBusietcs 10.

Moga — 3/1eMeHT BBIOOPKHU C HauOo0JIee 4acTO BCTPEYAIOIIMMCS 3HaUCHUEM.

NOKA3ATEJTN PACCEAHUNA BAPUAHT
®dyuknuu Excel, npegHasHaueHHbIe I BBIYMCJIEHUS BeJIMYNUH pacCcesTHUs 3J1€eMEeHTOB
OTHOCHUTEJIBHO IIEHTpPa paclpeeeHUs:
HHTepBas (BapuallMOHHBIN pa3Max) — 3TO Pa3HHUIA MEX/Ty MAaKCUMaJIbHbIM
Y MUHUMQJIbHBIM 3HAYeHUSIMU JIEMEHTOB BEIOOPKU. VIHTepBaJI sIBJIseTCS
MpocTelilieil Mepoil paccesiHUS 3JIEMEHTOB B BBIOOpPKE. BoJsiee TOUHO OTpaXkaroT
paccessHUE MIOKA3aTeJI, YUUTHIBAIOLME He TOJIBKO KpaliHUeE, I10 Y BCe 3HAYECHUS
BJIEMEHTOB BHIOOPKU.
®ynknus JVCII mo3BoJieT OLEHUTD AUCIIEPCUIO 110 BEIOOPOUYHBIM JJAHHBIM.
Hanpumep, IUCII(10; 14;5;6;10;12;13) paBHsieTcs 11,667.
Aucnepcus BBIOOPKM — I1apaMeTp, XapaKTepU3YIOLHii cTereHb pa3opoca

9JICMECHTOB BbI60pKI/I OTHOCUTEJ/IbHO CPEAHETO SHAYCHUA:
2

D=—1"3(x,-%).

n—143




®yukrusi CTAHIOTKI/IOH BIYUCIISIET CTAHIAPTHOE OTKJIOHEHUE (CpeHee
KBaJipaTudeckoe oTkioHeHue). Hanpumep, CTAH/IOTKJIOH(10;14;5;6;10;12;13)
paBHseTcda 3,416.

CpenHee KBajpaTUYHOE OTKJIOHEHUE:

o=A/D.

9TO MapaMeTp XapaKTepU3YyeT CTelleHb pa3dpoca 3JIeMeHTOB BEIOOPKU
OTHOCUTEJIbHO CpeAHET0 3HaueHHs. [TapamMeTp MCIIOIb3yeTCs B TeX CIy4asix, KOria
HeoOX0MO, YTOOBI ITOKa3aTesib pa3dpoca CAy4aliHOM BEJTUUNHbBI BhIPAXKAJICSA

B TeX YK€ eIMHUIIAX, UTO U Cpe/iHee 3HAUYEeHME ITON CAydaliHOU BeTMYUHBI. YacTo
BBIOOPOYHOE CTaH/IApPTHOE OTKJIOHEHHEe 0003HauaroT OyKBOii 0 (curma).
CraHjapTHas ounoKa:

m=—.
Jn

CraHzapTHas OIIMOKa — MapameTp, XapaKTeprU3yIOU[Uii CTelleHb BO3MOYKHOTO
OTKJIOHEHMU S CPEeJHET0 3HaYeHUs1, [I0JyYeHHOT0 Ha UCCJIelyeMOl BbIOOpKe,
OT UCTUHHOI'O CPEeIHEr0 3HAaYEHUs BCE COBOKYITHOCTU 3JIEMEHTOB.
C NOMOIIbI0 CTAHAAPTHOM OUINOKY 33/]aeTCsl JOBEPUTEIbHbBI MHTEPBAJL.
95 %-HbIii JOBEPUTEIbHBI NHTEPBAJI, paBHBIN X = £2m, 0603Ha4YaeT AUAIa30H,
B KOTOPBII C BEPOATHOCTBIO p = 0,95 MPU JOCTATOYHO OOJIBIIIOM YHCJIE
HabropeHui (n > 30) nomajaet cpejHee reHepaIbHOM COBOKYITHOCTUA MX.
®yukuusa [IEPCEHTUJ/Ib n03BOJISET IIOJIyYUTh KBAHTU/IN 3aJaHHOU
BbIOOpKU. KBaHTWIIBIO cO 3HaueHMeM 0,1 yucen {10;14;5;6;10;12;13), ABseTcs
I[MEPCEHTWJIB(10;14;5;6;10;12;13;0,1) = 5,6.
BbI6G0POYHOM KBAHTUJIBIO HA3bIBAETCS pellleHre ypaBHeHUs [1]:

MOKA3ATEJIN, XAPAKTEPU3YIOLLWE ©OPMY PACIIPEOETEHNA

AcUMMeTpUsi — BeJIMUMHA, XapaKTepU3yIollas HeCUMMETPUYHOCTD pacIipe/ie/ieHrs 3IEMEHTOB
BBIOOPKM OTHOCUTEJIBHO CpejiHero 3HadyeHus. [IpyHuMaer 3HadeHus oT —1 g0 1. B ciydae
CUMMETPHUYHOTIO pacpeziesieHus acuMMeTpusi paBHa. Popmysa:

n 3

;(xi—)_c)
S=F——



OKCIeCC — 3TO CTeNeHb BEIPAXKEHHOCTU «XBOCTOB» pacIpe/ie/IeHUs], TO €CTh YaCTOThI ITOSIB-
JIeHU sl yZlaJIeHHBIX OT Cpe/iHero 3HaueHuil. Popmyria:

n 4

> (x —X)

E:lilT—S.

dopMy SMOUPUIYECKOTO pacipe/iesieHUs MT03BOJISIOT OIlEeHUTH Cliel[uajlbHble (PYHKIIUU
CKOC u DKCIHECC:
®yukiuss CKOC no3BosisieT OLleHUTh aCHMMETPUI0 BBIOOPOUHOTO pacIipe/ie/ieHus.
Hampumep, CKOC(10;14; 5;6;10;12;13) paBusieTcs —0,527.
®ynkiusa SKCIIECC BpIUMCIIAET OLIEHKY 9KCIiecca 0 BHIOOPOYHBIM JJaHHBIM.
Hampumep, 9KCIIECC(10;14;5;6;10;12;13) paBHsieTcst —1,169.

3HayeHUs aCUMMETPUHU U 3KCIeCCa UCIIOIb3YIOT 11 [IPOBEPKU I'MIIOTE3BI O TOM, YTO JJaH-
Hble (BbIOOPKA) MMPUHA/JIEIKAT K OIPe/ieJIeHHOMY TEOPETUUECKOMY pacIipeZie/IeHUIO0, B 4acT-
HOCTU, HOPMaJILHOMY pacrpezieieHUI0. /Iyt HopMaJIbHOTr'0 pacnpezesieHrus acummeTpus = 0,
a BKcIecc = 3.

3agaHuA:
HaiiguTe cpeHee 3HaueHHE U CTAaHAAPTHOE OTKJIOHEHUE JIJIsT BRIOOPKU:
12,8;13,2;13,0;12,9;13,5;13,1.
HaiiguTe BBIOOpOUHBIE CpefiHEe, MeIUAHY, MOAY, AUCIIEPCUI0 U CTAHAAPTHOE
OTKJIOHEHHUE JIJIsI BBIOOpKU: 26, 35,29, 27, 33, 35, 30, 33, 31, 29.
Omnpenenute BepxHIow (0,75) u HUKHIO0 (0,25) KBAPTUJIIU 171 BBIOOPKU:
164,160,157,166,162,160,161,159,160,163,170,171.
OmpeniesiiTe BHIOOPOYHBIE aCUMMETPHUIO U 3KCIECC JJIs1 JAaHHBIX U3 3alaHUS 3.

Hcrionp30BaHre MTHCTPYMEHTOB «IlakeTa aHaiu3a»

B makete MS Excel numeetcs Ha60p MHCTPYMEHTOB JJIsI aHAIU3a JaHHBIX, Ha3bIBAE€MbIi
[TakeT aHa/IM3a, KOTOPHIH MOXKET ObITh UCITOJIb30BAH JJIs PElIeHUs 33/1a4 CTATUCTUYECKOMN
00pabOTKU BEIOOPOYHBIX IAHHBIX.

Haxox/teHrie 0OCHOBHBIX BEIOOPOYHBIX XapaKTEPUCTUK

J1J1s1 oTipeZiesieHrs XapaKTepUCTHUK BRIOOPKU UCIIOIB3YeTCs Ipolieaypa OnurcaresibHast cTa-
THUCTHKA. [Ipoliezrypa mo3BoJIseT MOTyYUTh CTATUCTUYECKUI OTYET, COAep KAl HHOOPMAIHIO
0 LIEHTPaJIbHON TEH/IEHIIUU U U3MEHYUBOCTH BXOAHBIX JaHHBIX.

B pe3sysnbpTaTe aHaIM3a B BBIXOJHOM JIMaNa30He JJIsl KaKJ0T0 CTOI01a JAHHbBIX BIBOJSTCS
CJIeYIONUE CTATUCTUYECKUE XapaKTepUCTUKHU: CpeiHee, CTaHAapTHas OIIMOKa (CpefHero),
MeJIaHa, MoJia, CTAHAAPTHOE OTKJIOHEHUE, IUCTIEPCUS BRIOOPKH, IKCIIECC, ACUMMETPUST, UHTEP-
BaJI, MUHMMYM, MaKCUMYyM, CYMMa, CueT, HauOoJiblliee, HAMMeHbIIIee, yPOBEHb HA/IEXKHOCTH.



NMPUMEP
PaccMaTpuBaeTcst CTUTIEHAMS Pa3IMIHBIX CIIEIIUATIBHOCTEHN CTYIEeHTOB. BTN TIOJTyYeHBI CJie-
ZyIolyve TaHHbIe:
CnenuansHocTh 1 = {4500, 4000, 3700, 3000, 2500),
CnenuaabHOCTh 2 = {2100, 2100, 2000, 2000, 2000, 1900, 1800, 1800},
CrnenuaabHOCTh 3 = {3200, 3000, 2500, 2000, 1900, 1800}.

Heo6xoa1Mo orpeie/TuTh OCHOBHbBIE CTATUCTAYECKNE XapaKTEePUCTUKU B IPYIIaX JaHHBIX.
Pemenue:

J1s UCTI0JIb30BaHUSI MHCTPYMEHTOB aHAJIN3a UCCIe/lyeMble JaHHbIE TTPEACTaBbTe
B BU/ie TabauLbl (puc. 2.1), rje cToab1aMu SIBJISIOTCSI COOTBETCTBYIOLIME

IIOKa3aTeJIn.
Tabnvua gaHHbIX
A B C

1 CneumaneHocTs 1 CneuynaneHocTs 2 CneyuansHocTb 3
2 4500 2100 3200

3 4000 2100 3000

4 3700 2000 2500

5 3000 2000 2000

8 2500 2000 1900

7 1900 1800

8 1800

9 1800

10

ITpoBeguTE CTATUCTUUYECKYIO 00pabOTKYy. [[J1 3TOT0 B IYHKTE MEHIO «/[aHHbBIE»,
BBIOEPUTE KOMaHAY «AHAJINU3 JaHHBIX». B crrcke « THCTPYMEHTBI aHATTN3a»
BbIOEpUTE CTPOKY «OIucaTesIbHas CTAaTUCTUKAY.

3anonHeHMa OManoroBoro okHa «OnucatenbHag CTaTUCTUKE»

OnucarebHaA CTATHCTHHA. ; &|

BxoaHEE AaHHEIE o
Bx0AHOM HHTEpBAaN: $af1$CE9

[ pyNNHpoBaHHe: (%) no cTanfiuam
@ s

METKH B NEpBOH CTPOKE

MapameTpel BEIE0AE

(%) BlIx0AHOH HHTEREEN: $EF1 R
() Hoewii pafioumii nueT:

() Hogam pafionas kHHra

MTOroEaA CTATHCTHES

[ ¥poseHk HaaemHocTH: %

[ K-biii HavmeHswiE:

[ K-bi#i HaBonswmii:




B auasioroBoM okHe (puc. 2.2) B pabodeMm 1oJie « BXoHOH NHTEPBAT» YKAKUTE
BXO/IHOU TMama30H JaHHBIX. AKTUBUPYITE pabouee moJie « BBIXOAHO# MHTepBaI».
YKa)K{Te BBIXOZHON UAIIa30H — a/Ipec BEpXHEU JIEBOU STUEeUKMU.

B pazzeine «['pynnupoBkax» rnepexsrodaTesb yCTAHOBUTE B ITOJIOXKEHUE
IO CTOJIGIaM. YCTaHOBUTE (hJIaXKOK B TIosie «ToroBasi cTaTucTuka». Haxxmem

kHOIIKy OK.

B pe3ysnbTaTe aHasm3a (puc. 2.3) B yKa3aHHOM BBIXOJTHOM JaTia30He JJIs1 KOKIOTO
cToI01a JaHHBIX OYAYT IOJIy4€Hbl COOTBETCTBYIOLINE Pe3y/IbTaThI.

Pe3ynbtaT paboThbl MHCTPyMeHTa «OnuvcaTenbHaa CTaTUCTMKay

E F G H I ad
CreyuansHocms 1 CreyuansHocme 2 CreyuansHocme 3

CpenHes 3540 CpepHes 1962,5 CpenHes 2400
CranpaptHaA ownbka 355,8089375 CranpapTtHan ownbka 41,99277149 CrannaptHan ownbka 243.,5843
Menwana 3700 Mepwana 2000 Mepwana 2250
Mopa #H/0 Mopa 2000 Mopa #H/0
CrangaptHoe oTknoHeHne 795 6129712 CrangaprtHoe otknoHenne 1187734939 CranpaprHoe otknoHedne 596 6574
Aucnepcua Beibopkn 633000 Odwucnepcuna eeiBopku 14107 14286 Qucnepcua BuiBopku 356000
Jkcuecc -1,29384635 3kcuecc -1,229290178 3kcuecc -2,06887
ACHMMETPUYHOCTE -0,245024547 AcWMMETPHYHOCTE -0,394325716 ACMMMETEMYHOCTE 0457606
WHTepean 2000 MHTepean 300 MHTepean 1400
MRy 2500 MuHnmym 1800 Murwunrym 1500
Makcunym 4500 Makcwunrym 2100 Makcwunryma 3200
Cymma 17700 Cynma 16700 Cymma 14400
Cuyer 5 Cuer 8 Cuer 6
3agaHuA:

HaliguTe HanboJiee MONYJISIPHBIN TyPUCTUUYECKUI MapIIPYyT U3 YEThIPeX:

1,3,3,2,1,1,4,4,2,4,1,3,2,4,1,4,4,3,1,2,3,4,1, 1, 3.

ITo mosiyueHHo# BbIGOpKe: 12, 16, 15, 14, 10, 20, 16, 14, 18, 14, 15, 17, 23, 16.

Heo6xoa1mMo onpe/ieTUTh OCHOBHbBIE BHIOOPOUHbIE XaPAKTEPUCTUKU.



3 MpoBepKa CTaTUCTUYECKUX rnMnoTes.
J1labopaTtopHasa pa6ota N23

ITpoBepKa COOTBETCTBYIOIUX CTATUCTUUECKUX I'MITOTE3 BBITIOJIHSAETCS C ITIOMOIIBI0 aHAIUTHYe-
CKOI CTaTUCTUKH, KOTOpasi OpUeHTHPOBaHA HA 00paOOTKY JAHHBIX, TIOJYYeHHbBIX B XO/I€ 9KC-
MepUMEHTA, C 11eJ1bI0 OPMYJIMPOBKHU BbIBO/IOB, UMEIOLIUX ITPUKJIAJHOE 3HAYEHUE: OTPAXKAIOT
JI1 HaOJIro/laeMble JJaHHbIe 0O'bEKTHUBHO CYLIECTBYIOLYI0 PEaTbHOCTb.

NMPUHATUE CTATUCTUYECKUX PELLEHNI

CraTucTruyeckas TMIIOTe3a — 3TO IPEANOJIOKEHNE O BU/E UM OTAE/IbHBIX ITapaMeTpax pac-
TIpeieJIeHNsT BEPOATHOCTEN, KOTOPOE MOZJIEXKUT IIPOBEPKE HA UMEIOLIUXCS JaHHBIX. MeTO/bl
MIPOBEPKU TUIIOTE3 HA3bIBAKOTCS KPUTEPUIMMU.

B GOJIBIIMHCTBE C/Iy4aeB PACCMAaTPUBAIOT HYJIEBYIO TUIIOTE3Y H , COCTOSAIIYIO B TOM, YTO BCE
COOBITHS ITPOU3OLLIN Cy4aiiHO. AJIBTEpPHATUBHAs TUIIOTE3a H, COCTOMT B TOM, YTO COOBITUS
CIy4aliHbIM 00pa30M MPOU30UTH HE MOIJIH, UMEJIO MECTO BO3/IeiiCTBHE HEKOTO (haKTopa.

OG6BIYHO Hy/IeBasi 'UIIOTe3a (GOPMYIUPYETCS TAKUM 00pa30M, YTOObI Ha OCHOBAHUU SKCIIEpU-
MEHTa ee MO)XHO ObLJIO OTBEPTHYTH C 3apaHee 3aJaHHOH BEpOSITHOCTBIO OIINOKU o, Ha3bIBAEMOM
YPOBHEM 3HAYMMOCTH.

YpoBeHb 3HAUMMOCTH — MaKCHMaJIbHOE 3Ha4eHHEe BEPOSITHOCTH MOSIBJICHUS COOBITUS,
IIpYU KOTOPOM COOBITHE CYUTAETCS MMPAKTUYECKU HEBO3MOXKHBIM.

B cTaTuctuke Hanboblllee pacpoCTpaHEeHUE TTOJTyYJl ypOBEHb 3HAYUMOCTU, PAaBHBIN
a=0,05. B Haubos1ee OTBETCTBEHHBIX CIIy4yasix, ypOBeHb 3HAUMMOCTH MPUHNUMAIOT PaBHBIM
a=0,01 nau gaxxe a=0,001.

BesmnuuHy P, paBHY!O 1 - o, Ha3bIBalOT JOBEPUTENBHON BEPOATHOCTBIO, TO €CTh BEPOSATHOCTBIO,
MPU3HAHHOM ZI0CTaTOYHOM JIJISl TOT'O, YTOObI YBEPEHHO CYIUTh O IPUHSTOM CTaTUCTAYECKOM
pemieHHH. COOTBETCTBEHHO, B KAU€CTBE I0BEPUTEIbHBIX BEPOATHOCTEN BBIOUPAIOT 3HAYEHUS
0,95, 0,99 1 0,999.

95%-Hbl1 4OBEPUTENDBHbBIN MHTEPBAN 0149 CPeOHEro 3Ha4YeH s

| H 0B e pTeIEHETH | |

HHTEPE AN IMpamenre:

Pacrpegenese
Tped HHTEREATa

—| L

1-o

;{/ 0,475 | 0,475 \““m__
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WHTepBas, B KOTOPOM C 33JJaHHOI JI0BEpUTEIbHONM BEPOATHOCTBIO P =1 — ¢ HaXOAUTCS
OLIeHMBAaeMbIii MTapaMeTp, Ha3bIBAETCS J0BEPUTEIbHBIM HHTEPBAJIOM. [ paHUYHBIE TOUKH JIOBE-
pUTEJIbHOTO MHTEPBaJla Ha3bIBAIOT JOBEPUTEIbHBIMU IIpesiesiaMu (puc. 3.1).

AHAJTIM3 OOHOW BbIEOPKU

Ba)XHBIM BOITPOCOM, BO3HUKAIOLUM ITPU aHATM3€ BEIOOPKU, SBJISIETCS BOIIPOC: OTHOCUTCS Ta
WJIM WHas BBIOOPKA K JAHHOM CTaTUCTUYECKON COBOKYITHOCTU? PellleHre Bompoca He Ipef-
CTaBJISIET CJI0XKHOCTH, €CJIU pacCIIpe/ie/IeHe B 3TOU COBOKYITHOCTH SBJISIETCSI HOPMAJIBHBIM.
J1J1s1 3TOr0 UCIOJIB3YIOT IIPAaBUJIO TpeX cUrM. CoriacHO 3TOMY IIpaBuUiLy, B Iipefeaax M + 3o
HaxoauTcs 99,7 % Bcex BbIOOPOK. [ToaToMy, ecyiv BRIOOpKA MTOMAZaeT B 3TOT MHTEPBaJI, TO OHA
CUUTAETCA NPUHAJIEKAIIEH K TAHHOM COBOKYITHOCTH.

Jpyroii BayKHOM 3a/1ayeii, BOSHUKAIOIEU ITPU aHaIM3€e OHOU BBIOOPKY, SIBJISIETCS CPABHEHUE
BBIOOPOYHOT'O CPEeJHET0 aprU(PMETHUECKOI'0 CO CPeIHUM 3HaUeHeM IreHepaIbHON COBOKYITHO-
CTH. OTa 33/la4ya PelIAeTCs C IIOMOILBIO0 CTATUCTUYECKUX KpUTepUeB. IIpu 3TOM BBISICHAETCS,
3HAYMMO JIM OTJINYHE BBIOOPOUHOTO CpeZHEro 3HAUeHHS OT CpeZHEro 3HaUYeHUs TeHepaIbHOM
COBOKYITHOCTH, U3 KOTOPOI ITPEJIIIOJI0KUTEIBHO B3STa BIOOPKA, MJIU HAOII0/IaeMoe pa3indure
SIBJISIETCSL CJTydaHbBIM.

CpenHue 3Ha4eHUs, M0Ty4aeMble 10 BHIOOPOUYHBIM JJAHHBIM, OOBIYHO HE COBITQ/IAI0T C F'eHe-
pPaJIbHBIM CpeIHUM. B CBSI3U C 3TUM BO3HUKAET BOIIPOC: MOYKHO JIU 10 Pe3yJIbTaTaM BhIOOPOUHOM
OIIEHKH CyJJUTh O CBOMCTBAX BCEU reHEePaJbHON COBOKYITHOCTU?

ITOCKOJIBKY KK/IYIO OLIEHKY, IIOJIyY€HHYIO B OT/IeJIbHOM BHIOOPKE, MOXKHO pacCMaTpUBaTh
KaK CIy4alHYyI0 BeJIMYHHY, TO IPU YBEJIUUYEHHUU YHCJIa BBIOOPOK pacupe/iesieHre OTeIbHbIX
OLIEHOK OyZieT IPUHUMATh BUJi HOPMAJIbHOTO pacIpesie/IeHus.

OTcrofia ciiefyeT, uTo 68,3 % BcexX BBIOOPOUHBIX CPETHUX HAXOATCS B Ipeesiax A = M +m,
rae A — rpeziesibHas OIINMOKa BIOOPKHU, M — cpejiHee BBIOOPOYHOE, M —CTaH/IapTHOE OTKJIO-
HEHME CPEHETO 3HAYEHUs.

3pech 0,683 — moBepUTeEIbHASA BEPOATHOCTD, 1-0,683 = 0,317 — ypOBEeHb 3HAYUMOCTHU Q,
A =M=*m — 68% 10BepUTEIbHBI UHTEPBAJL.

J1J1s1 MpUHSATOM B OOJIBIIMHCTBE UCCIEI0BAHUU JOBEPUTEIbHOM BepoaTHOCTH 0,95, 1oBepU-
TeJIbHBIN MHTEPBAJI JIJIsl CPEHUX TIPU JOCTATOUHO OOJIBIIIOM YMCsIe HabawoaeHuit (n > 30)
IIPUMEPHO paBeH =+ 2m. [Ipu foBepUTesbHON BepoaTHOCTU 0,99, T0BEpUTEIbHBII NHTEPBA
COCTaBUT IIPUMEPHO =+ 3m. [1y1s1 60J1ee TOYHOTO OIIpe/ie/IeHUsI TPAaHUI] JOBEPUTEILHOIO UHTEP-
BaJIa MOYXHO BOCII0JIb30BaThCsA (POPMYJIONA:

M—tn,p%; M+tn,p% ,

rne M — cpefHee 3HAYCHUE;

S — CTaH/apTHOE OTKJIOHEHUE;

by — TabIMYHOE 3HaUeHUe pactipesiesieHnst CThIOIEHTa C YMCJIOM CTeTleHe i CBOOO/IbI 1 1 JTI0Be-
PUTEIBHOM BEPOATHOCTBIO p;

n — KOJIMYECTBO 3JIEMEHTOB B BBIOOPKE.



JTIABOPATOPHA{ PABOTA N23

B MS Excel 1151 6071€€ TOUHOTO BBIUUCJICHUS TPAHUI] JOBEPUTEIHHOTO MHTEPBAJIA U ITPU YUCJIE
9JIEMEHTOB B BBIOOPKE N < 30 MOXXHO BOCIIO/Ib30BaThes pyHkmel JJOBEPUT miu nporeaypoi
«OnycareysbHas CTaTUCTHAKA».

dyuxuusa JOBEPUT (anbkda; ctaHA_OTKJI; pa3Mep) orpezeaseT IMoJTyIIHPHUHY JOBepPHU-
TEJIbHOI'0O MHTEPBAJIa U COAEPIKUT CIEAYIOLIHe IIapaMeTphI:
AJibha — ypoBeHb 3HAUMMOCTH, UCIIOJIb3YEMBbIH JIJIs1 BBIYMCJICHUS JOBEPUTEIbHON
BEpPOSTHOCTH, ayibda, paBHoe 0,05, 03Ha4aeT 95%-Hblil ypOBEHb JJOBEPUTEIBHOMN
BEPOSAATHOCTH;
CraH/i_OTKJI — CTaHZapTHOE OTKJIOHEHWE r'eHepaJIbHON COBOKYITHOCTH
JUIsL UHTEpBaJla JAaHHBIX, IIPEAIoIaraeTcs N3BECTHEIM;
Pazmep — 3T0 pazmMep BIOOPKU.

MPUMEP 1
I[TycTh nMeeTcst BBIOOPKA, COfiepIKalljasi YucaoBble 3HaueHus: 13, 15,17, 19, 22, 25, 19. Heo6xoamumo
OIIPEAEIUTh I'PAHULIBI 95 %-HOT0 JOBEPUTEILHOIO MHTEPBAJIA /i1 CPELHEr0 3HAYECHU .

Peiuenue:
B nuamna3oH A1:A7 BBeZileM UCXOIHBIN psJ| YHUCEJI.
[ajee BbI30BeM IpoueAypy «OmnucareabHas CTATUCTUKAY»: «/JaHHbBIE» —
«AHaJIu3 JaHHBIX» — «HCTPYMEHTHI aHaIu3a» — «OnucarebHast
CTaTUCTUKA».
B nosiBuBIIEMCS UAJIOTOBOM OKHE B paboueM mnoJie « BXoHOI MHTepBaI»:
YKaXKeM BXOZHOH auamna3oH — Al:A7, [lepexiroyaTeseM aKTUBU3UPYEM
«BBIXOJHOI MHTEPBAJI» U YKAXKEM BBIXOJJHOU Mara3oH. B pa3zese
«'pynmnupoBKa» NepeKJIrdaTe/ b YCTAHOBUM B ITOJIOKEHME T10 CTOI0IaM.
YcTaHOBUM (PJIaXKOK B JIEBOE TT0JIE€ «YPOBEHD HAJIEXKHOCTU»: U B IPABOM
rioJie (%) — 95. OK.

3anonHeHne gManoroBoro okHa «OnucaTefibHaa CTaTUCTUMKa»

OnHcateAbHaA CTaTHCTHKA. E]@

Bx0AHEIE A3HHEIE
o =" QK
Bx0AHOR MHTEpBAN:

T pyMNHpOEaHHE! (& no cTonBuan
Oro pora

[ MeTkm & nepeoi cTpoke

MapaMET okl BEIEDA

() Boixoanoii HHTEpEan: 831
() HoBwlf paBioumi oHeT:

() HoBas pafiotan kHAra

[] virorosaa cratnerica

¥POBEHE HAAEKHOCTH! 95 k3

[ K-t pammenswmi:

[ K-t HamBonewesi:




B pe3ynbrare aHaM3a B yKa3aHHOM BBIXOZHOM JHATIa30HE JJIs1 IOBEPUTETHHOM
BeposiTHOCTU 0,95 Oy/IeT MOJTyYeHO 3HAUYEeHHE I0BEPUTEIHHOTO MHTEpBajia
(puc 3.3).

VicxogHaa BblbopKa U pe3ynbTaT Bhl4McieH i

Cuer 7
YpoeeHs HapexHocTH(35.0%)  3.770269

A B E
1 13 Cmonbeiy!
2 15
3 17 CpegHee 18.67143
4 19 CraHaapTtHan ownbka 1,540828
] 22 MegnaHa 19
6 26 Moga 19
7 19 CraHAapTHOE OTKNOHEHWE 4 076647
8 Oucnepcna eelbopkn 16.61905
9 3Kcuecc -0,36748
10 ACUMMETPHYHOCTE 0,288456
1 WHTepean 12
12 MIH UMY 13
13 Makcumym 25
14 Cymma 130
15
16

ITpoBepKa COOTBETCTBUSA TEOPETUYECKOMY pacCIpeeIeHUI0

B GoJ1bIIMHCTBE CTydaeB IPU PELIEHUH PeasIbHBIX 3371a4 3aKOH paclpesie/IeHUs U €r0 IapaMeTphbl
HEU3BECTHBI. B TO ke BpeMs IIpUMeHsIeMble CTATUCTUYECKUE METO/IbI B KAUeCTBE IIPEAIIOCHLIIIOK
4acTo TpeOyIoT ONpe/ieJIEHHOTO 3aKOHA pacipeesieHus. Hanbosee yacTo mpoBepsieTcs mpej-
MOJIOXKEHNE O HOPMAJIBHOM paclpe/ie/IeHUH reHepaJIbHOU COBOKYITHOCTH.

J1J1s1 OLIEHKH COOTBETCTBYS UMEIOIINXCS FKCIIEPUMEHTAIbHBIX JJAHHBIX HOPMaJIbHOMY 3aKOHY
pacrpefiesieHUst 0ObIYHO UCTI0JIB3YIOT rpaduuecKuii MeTo/l, BBIOOpOUYHbIE ITapaMeTpbl (hOPMBbI
pacrpe/iesieHUs: 1 KpUTEpUU COIIacHsl.

I'pacpuyeckuii MeTOZ IMO3BOJISIET JaBaTh OPUEHTHUPOBOUHYIO OLICHKY PACXOXKAEHUS NN COBIIA-
JIEHUI pacrnpeiesIeHUN.

ITpu 6osbiIoM umcie HabmroeHu (n > 100) JoCcTOBepHBIE pe3yJIbTaThl 1aeT BHIYUCIEHNE
BBIOOPOUHBIX TAPaMETPOB (POPMBI paclpeziesieH s : FKCIecca U acuMMeTpuu. [peanosnokeHue
0 HOpPMaJIbHOM 33aKOHE pacIIpe/ieJIeHUs He IIPOTUBOPEYUT UMEIOLIUMCS JAHHBIM, €CJIU ACUM-
MeTpusi 6JIM3Ka K HYJTIO0, TO €CTh JIEXKUT B Anana3zoHe ot —0,2 710 0,2, a 3Kciece —oT 2 7o 4.

JlocTOBEpHBIE pe3y/IbTaThl JA€T UCIIOJIb30BaHNE KPUTEPUEB corviacusl. Tak Ha3bIBAIOT CTa-
TUCTUYECKHE KPUTEPUH, IIPEeJHA3ZHAYEHHBIE /Il IPOBEPKU COIJIACHS OIIBITHBIX JJAHHBIX U TEO-
peTr4ecKoi Mofenu. 31ech Hy/leBasi TUIoTe3a H mpefcraBiser co00i yTBEpXKIEHHE O TOM,
YTO paclpefie/ieHre reHepajbHOM COBOKYITHOCTU, U3 KOTOPOii IoJTydeHa BbIOOpKa, He OTIH-
yaeTcs OT HopMasibHOTro. Cpeil KpUTepHeB CoIiachsi O0JIbIIOe PacIIpOCTpaHEeHUe MOTYYnI
HelapamMeTpUIecKUuil KpuTepui y 2.

YBepeHHO 0 HOPMaJIbHOM 3aKOHE pacIipe/ieIeHUs JAHHBIX MOXXHO CY[IUTh, €CJIU UMEeT-
cs1 He MeHee 50 HabJro/leHnii. B ciydasix MeHblIero yrcia HabJIjeHUi MOXKHO TOBOPUTb,
4YTO JJaHHbIE HEe IPOTUBOPEYAT HOPMAJIbHOMY 3aKOHY, B 3TOM CJIy4ae OObIYHO MCHOIb3YIOT
rpapuyeckre MeTO/ibl OLEHKU COOTBETCTBUS.



Hcnosib30BaHME KpUTEPHUA COIJIACUA XU-KBAaApaT

[l MpuMeHeHU sl KpUTEPHs JKeJIaTeIbHO, YTOObI 06beM BBIOOPKU 1 > 50, BHIOOPOUHBIE JAHHBIE
ObLIIN CTPYHITMPOBAHbBI B MHTEPBAJIBHBIN PsiJ| C YMCJIOM PaBHOMEPHBIX MHTEPBAJIOB He MeHee 7,
a B KQXKJJOM MHTepBaJIe HAXOAMJIOCh He MeHee 5 HaOJII0/|eHU .

Kaxk u 1106011 Apyroii CTaTUCTUYECKUI KPUTEPUl, KpUTEPU y* He JOKa3bIBAeT CIpa-
BEJIJIMBOCTh HYJIEBOI TUITOTE3BI, a JIUIIb MOXKET ITI03BOJIUTh €€ OTBEPTHYTh C ONPeAeIeHHOU
BEPOSITHOCTBIO.

B MS Excel kpurepuii y? peanmzoBaH B pyHKUMU XV2TECT. Oynkuusa XU2TECT Bbrumc-
JISIET BEPOSITHOCTh COBIAJIeHUsI (DAKTUUECKUX 3HAYEHUU U TeOpeTUYeCKUX 3HaueHuil. Ecau
BBIUMCJIEHHAsI BEPOSITHOCTD HIKE YPOBHS 3HaUnMocTH (0,05), TO HyJieBasi TUIIOTe3a OTBepra-
eTCsl M YTBEPIK/IaeTCsl, UTO HabJII0/jJaeMble 3HaUeHUsI HE COOTBETCTBYIOT HOPMaJIbHOMY 3aKOHY
pacmpesiesieHUs1. ECiv BbIYMCIeHHAsI BEPOSITHOCTD OJIM3Ka K 1, TO MOYKHO TOBOPUTD O BBICOKO#
CTEIIEH! COOTBETCTBUS SKCIIEPUMEHTAIbHBIX IAHHBIX HOPMaJIbHOMY 3aKOHY pacIIpe/ie/IeHUS.

MPUMEP 2
[TpoBepUTh COOTBETCTBHE SMIIMPUYECKUX JAHHBIX 13 JJA00paTOPHOI paboThl Ne 1 HOpMaJIbBHOMY
3aKOHY pacIipesieJieHus.

Pemenmue:
[ToBTOpUTE MYHKTHI 1-7 perieHus nmpumMepa 1 sa6opaTopHoii paboThl No 1.
B pesysabrare noay4yuTcs tabauia (puc. 1.3).
HaiifnTe 4acTOTHI HOPMAJIBHOI'O pacipezeseHus. [l 3Toro npejBapruTebHO
HalifuTe cpefiHee 3HaueHue (sg4eiika E13) u cTaHzapTHOE OTKJIOHEHUE
(ssueiika E14) BbIGOPKM.
Cron6uy K gatite HazBaHUe — «OTHOCUTETbHBIE YACTOTHI (TEOPETUIECKUE)».
C nomompro pyHku HOPMPACII HalijuTe 3Ha4eHUSI BEPOSATHOCTH
HOpPMaJIbHOU (PYHKLIMU pacipeiesieHus B uana3oHe sueek K4:K12

MpuMep 3anonHeHua paboumx nonen eyHkUmMm HOPMPACT]

Apryme HTh1 ryHRIHM a ’ J
HOPMPACTT

1

b

CpepHee |$I$13

57

fri
it
I

il

frr)
it
I

60,55454545

il

i)
it
It

CraHpapTHOE_oTkn |$1$13 2,04955444

1

WHTerpansHaa |0 Noh

fri
laal
It

= 0,033205525
BosEPALLEET HOPMANEHYHD thyHELM PECMPEAENEHHS.

X 3HauYeHWe, ANA KOTOPOro CTPOMTCA PACMPEAENEHHE,

IHaqeHHe: 0,033205828

CNpaesa No 3ToA diyHELAK Ok l I CTHEHA I

Cron6iy L maiiTe Ha3BaHME — «AOGCOIOTHBIE YaCTOTHI (TEOPETHUIECKHE)».
YcraHOBUTE Kypcop B ssueiiky L4 u BBegute opmyny = H$13*K4. [lasee konupyiite



coZiep)xumoe sTueiku L4 B 1ruanas3oH s4eek L5:L12. Pe3ysbTaThl BBIYMCICHUN
IIpe/iCTaBJIEHBI Ha pUc. 3.5.

De3yanaTb| BblYMCNEHMNIN OTHOCUTENBHbBIX M HAKOMMEHHbIX YaCTOT
HOPMalTbHOIo 3aKOHa pacripegeeHnd

1
2
3
4
5
G
7
8
9

10
11
12

A|B|C|D E G H | J K L
Habnwoderus AbBcontTHele OTHoCHTENEHEIE Hakonnennele | OTHocHTENEHEIE AbcontoTHele
64 62 58 B3 61 Bec (kr) 4acToThl 4acToThl YyacToTkl YacToTkl 4acToThl
57 62 B3 58 58 (amnupuyeckne) | (smnupuueckne) | (amnupuyeckue) iteopetnueckne)] (Teopetiyecuke)
63 60 B1 60 60 a7 2 0.036 0,036 0.033 1,826
62 64 53 459 64 58 6 0,109 0,145 0,074 4,059
58 61 62 60 60 59 7 0,127 0,273 0,129 7,109
61 59 B0 &9 89 60 10 0.182 0.455 0.178 9.614
63 59 60 &1 61 61 9 0.164 0,615 0.194 10,679
60 63 58 62 64 62 8 0.145 0,764 0.167 9.158
60 61 B1 62 62 63 7 0,127 0,891 0,113 6,190
61 62 B0 63 89 64 4 0.073 0.964 0.060 3.297
B5 53 B3 &7 65 G5 2 0.036 1,000 0.025 1,384
13 | CpepHee 3HaueHne 60,855 55 0,984
14  CraHpapt otknoHen 2,05

C nomomsro pyHkiuu XN2TECT, nomenieHHOI B s4eliky L13, onpegenure
COOTBETCTBUE JaHHBIX HOPMaJIbHOMY 3aKOHY pacCIIpeJe/IeHH .

B stuefixe L13 11osiBUTCS 3HaU€HME BEPOSITHOCTU TOT'O, YTO BIOOPOUYHBIE JaHHbIE
COOTBETCTBYIOT HOpMaJIbHOMY 3aKOHY pacrpezesieHus —0,9842.

MpuMep 3anonHeHna padoumx nonen eyHkUmMm XM2TECT

AMZTECT

Sl = 4zeTA0®ET 4
3] = 11,82632054961457

MaKTHYECKHWA_WHTEpBan |H4:H12

OMMAaEMLIA_MHTEPEAan |L4:L12

IToCKOJIBKY ITOJIy4YeHHas1 BEpOATHOCTH COOTBETCTBUSA IKCIIEPUMEHTAJIBHBIX
JAHHBIX p = 0,98 MHOTO 60JIblIIE, YeM YPOBEHB 3HAUMMOCTHU & = 0,05, TO MOXKHO
YTBEPXKZaTh, UTO HyJIeBasl TUIIOTe3a He MOXKET ObITh OTBEPIHYTA, CJIe/I0BATEJILHO,
JaHHBbIE HE [IPOTUBOPEYAT HOPMAJILHOMY 3aKOHY pacupezesieHus. II0CKoIbKy
MoJIy4eHHast BEposITHOCTD p = 0,98 6s1M3Ka K 1, MOXKHO T'OBOPUTH O BBICOKOM
CTEIEHU BEPOSITHOCTHU TOI'0, YTO SKCIIEPUMEHTAJIbHBIE JaHHBIE COOTBETCTBYIOT
HOPMaJIbHOMY 3aKOHY.

SagaHug:

Omnpepnesnure, IEXKUT JIX 3Ha4eHUE 19 BHYTpU IrpaHuUl] 95 %-HOI0 JOBEPUTEIHLHOI'O
WHTEpBaJa BIOOPKU 2, 3, 5,7, 4,9, 6,4, 9, 10, 4, 7, 19.

OnpepennTe ¢ ypoBHEM 3HAYUMOCTHU & = 0,05 MaKCUMaJIbHOE OTKJIOHEHUE
CpeHero 3HaYeHU s reHepaJibHOM COBOKYITHOCTH OT Cpe/iHero BbI6OpKU 3, 4 ,4, 2,
53,4,3,5,4,3,5,6.

Haiure COOTBETCTBHE SKCIEPUMEHTAJIBHBIX JAHHBIX HOPMAJIBHOMY 3aKOHY
pacripeiesieHUsI AJ1s CJeIyIoleil BhIOOPKU BecoB (KT): 21, 21, 22, 22, 22, 22, 22, 22.



22,22,22,23,23,23, 23,23, 23, 24, 24, 24, 24, 24, 24, 24, 24, 24, 24, 24, 25, 25, 25, 25.
25, 25, 25, 25, 25, 25, 25, 25, 25, 25, 25, 25, 25, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26,
26, 26, 26, 27, 27.



4 JlabopaTtopHadqa pab6oTta N2 4

ITesxp paGoThl: 06pabOTKA JAHHBIX, MOJYYEHHBIX B X0/ YHCJAEHHOTO MOJIeJTUPOBAHMS.
OmpeziesieHNe COOTBETCTBUSI SMITUPUUECKOTO pacIipe/ie/ieHus 3aJaHHOMY TeOPeTUIYeCKOMY
pacripe/ieIeHUIO.

3AO0AYA N21. OTJTAOKA NMPOIrPAMMDI
YNCJTEHHOIo MOAEJTMPOBAHUA
PACMPEAENEHUNA CITYHAUHOU BEJTUMUHDI

Jl1st MOZieJTMPOBAaHUS pacIipeiesIeHUs CIy4aliHOM BEJIMUUHbBI HAIIUCATh Y OTJIaJJUTh IIPOIPAMMY
Ha VBA, B KOTOpOI1 cydaiiHasi BeJIMYMHA 33/1a€TCsI CyMMOI [IBYX CJIy4alHBIX 1I€JIbIX BEJIMUYMH,
HaXOASIIMXCS B AUaria3oHe ot 1 710 6.

Ha pa6ouem aucte MS Excel «DkcniepuMeHTaIbHOE pacIpesesieHre» co31aTh Tabauiy
(puc 4.1), B KOTOPYIO U3 IPOrpaMMBbl OYIyT ITOCTYIIaTh JJAHHbIE 00 00IleM KOJIMYEeCTBE UCIIbI-
TaHUH, KOJTU4YeCTBEe AOCOTIOTHBIX U OTHOCUTEJIBHBIX YACTOT HACTYIJIEHUS COOBITUS —CyMMBbI
JIBYX CITyJalHBIX LIeJTbIX BEJIMYHMH.

De3yﬂ bTaTbl YNCITEeHHOIro MogenMMpoBaHA

A, B o E & H

- DEwes won-20 MCNSTEHWY 1000
Uneno :-C:nuema:: Oons, 3%|ssmzne 10 Bpocute 1 pas
3 ERINEIEHMA
4 2 21 2%
= z =0 5% Epocure 1000
g 4 ) 9% T
7 5 121 12%
z B 131 13%
: 7 187 7%
- 5 142 e CumMcTHTE
» ] 107 11%
LF3 10 85 9%
13 11 e 8% Hducnoswe
14 12 28 3% XAPAKTEPHCTHEN

Ha sTom ke pa6ouem siicte MS Excel co3aars:
KHOINKY «Bpocuts 1 pa3» ¥ IpuUBA3aTh K HEl MIPOLieAypy
Sub Bpocuts2Ky6uka_1_pa3_Click(), uMuTHpyIOI1yI0 6pocaHue JByX KYOUKOB,
HaXOKZeHUe CYMMbI BbIIIABIINX 3HAYEHUU U BHECEHUE B TaO/IMIy 0OHOBJIEHHOM
nHdopmaruu (puc. 4.2).
KHOIIKY «Bbpocutb 1000 pa3», BEI3bIBAIOLIYIO HA UCIIOJITHEHWE IIPOLEAYPY
Sub Bpocurs2_1000_pa3_Click(), umurupyoluyo 6pocaHue JByxX KyOHUKOB
1000 pas3 (puc. 4.2).



" KHONKY «OYHCTUTD» BBI3BIBAIOIIYIO Ha UCIIOJTHEHUE TIPOLIEAYPY
Sub Ounctuth_Click(), ounIaroIyio coaepKUMoe sTueeK TabIUIIbl B AUAra3oHe
C4: C14 (puc.4.2).

PUC. 4.2
OkHO penakTopa VBA MS EXCEL ¢ KogoM nporpamMmmbl

-

< Microsoft Visual Basic - 3anonwmPacnpe aBepoar_03.xls - [/Inct? (Code)]

m File Edit View Insert Format Debug PRun Tools Add-Ins Window Help BEeauTe BONpOC -3
EE-E L BRIy na b BEY @3 =
e A e m |(General} ﬂ |E|)ocmb2l(y\3mm_1J)a)_click

>\|L

=) i Private Sub BpocuTe2KyBuma 1 pas_Click()
+ @ YBAProject (FUNCRES.XLAM) Dim BmnmamoMTor is Integer
] @ ¥BAProject {3akoHwiPacnpe aBepoar Randomize
=I5 Microsoft Excel Objects BunanolTor = Int (Rnd{l) * 6) + 1 + Int{EBnd(l) * &) + 1
MCTE (PABHOMEPHEI 3aK0H) Range ("F3") .3elect
B MMcT? {HopmankHe 3aKoH) ActiveCell.Value = BunanoMTon
@ STakHira Zelect Case BumamoMTorn
#-[77 Modules Case Z: Range ("C4™) .3elect
Caze 3: Range ("C5™) . Select
Case 4: Range ("CE™) . Select
Case 5: Range ("C7™) . Select
< | > Case & Range ("C3") .Select
B o etor, e
Case 8: Range ("210") . Select
|""“:T7 Warksheet j Case 9: Range ("C11") .Select
alphabetic ] Categorized I Case 10; Range ("C1&") .Select
Case 11: Range ("C13") .Select
(Mame) M7 case 12: Range ("C14") .Select
DisplayPageBreaks False End Select
DisplayRichtToleft | False kotiveCell.Value = hetiveCell.Value + 1
EnableAutoFiler False End Sub
EnableCalculation True

EnableFormatConditionsC True Private Sub Bpocwrs2 1000 pas Click()

EnableCutlining False Dim i A= Integer

EnabIePlvotT.abIe False - For i = 1 To 1000

EnableSelection 0- xINoRestzlctlnns BpocuTe2KyBuma 1 pas Click
ame e Next i - -
scrollarea Fnd Sub

Standardiwidth 8,43

Visible -1 - xISheetvisible

Private Sub CumcTHTel Click()
Range (MC4:C014") . Clear
End Sub

ITo pe3yapTaTaM YMCIAEHHOTO MOJIETMPOBAHUS IOCTPOUTD IUATPAMMY pacIipeie/IeHUsI
9KCIIEPUMEHTATBHBIX aGCOFOTHBIX YACTOT MOSIBJIEHUS CITYIaifHOI BEJTMYUHBI, PACTIOTIOXKUB
ee HIKe TabJIUIbI pe3y/IbTaToB (puc. 4.3).

PUC. 4.3
OdunarpamMmma pacnpegeneHmna cnyvYamHom BenmymHbl

Konw4ecTeo ERINGOE HHEH

SHERMTIERE

z k-3 4 5 g T g 9 10 11 1z

Cymma 4ucen Ha kybukax

Hwke ruarpamMMel (CTPOKU 26-29) pacmoioKUTh Tabaully (puc. 4.4), B KOTOPYIO IPU HaXKa-
TUU KHOTIKU «YHCII0BbIE XapaKTEePUCTUKI» BBIBOASTCS XapaKTEPUCTUKU pacIpe/ie/IeHUs CJIy-
YaitHOU BeJIMUMHBI, BBIYHUCJIEHHbBIE C TOMOIIIBI0 BCTPOeHHBIX pyHKIUI MS Excel u pyHKUIMA,
HarnmcaHHbIX Ha VBA (ExpVal, Variance, Skewness, Kurtosis):
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BblumcneHHble YMCNOoBble XapaKTepUCTUKK pacnpeneneHmna ciayd4amHom BENMYMHDI

= Excel VBA

MaTeumsTHisckKos oRMIIHHE 7,005 | 7,008 MX Z Xl

Oucnepcua 5667|5667 DX = MY - (MY

M{X -MxYy
ACHMMETDHAR 0,018 0,018 ——
= (Faky|

M(X - Mx)
(DX

Jkcyeco 2,333 | 2,333

MaremaTHh4ecKoe OXKMAaHHE I[HCerTHOfI CJIy‘-IElfIHOfI BEJIMYHHBI X, HpHHHMaIOIHEfI KOHEY-
HOE YMCJIO 3HaYeHU I X C BEPOATHOCTAMMU p;

MX:Zxkpk.
k

Aucniepcus caydaiiHOM BEJIMYMHBI X — YHCJI0, XapaKTepU3YyIOollee pacCesiHUs 3HAYeHU N
CJIy4aiiHOM BeJIMYMHBI X:

DX = MX? — (MX)’.

AcrMMeTpUs — IeHTPaJIbHbI MOMEHT TPEThEro MOPSZIKA CIY>KUT JIJIsL OLEHKH aCUMMETPUU

pacripesiesieHusi. Ecaiu pacripeziesieHre CHMMETPUYIHO OTHOCUTETLHO TOYKHU X = MX, TO acCUM-
MeTpUs paBHA HYJIIO:

As— M —MXY
(DX

IKCIECC — I[EHTPAJIbHBIA MOMEHT YETBEPTOI'0 MOPSAKA CIYXKHUT /AJI OL[EHKU CTeTIeHU

KPyTU3HBI KPUBOH pacripefiesieHUst BOJIU3U I[EHTpa paciipezieIeHUs 10 OTHOIIEHUTO K KPUBOM
HOPMaJIBHOTO pacIIpele/IeHUs:

5 _ MO -MX)*
X (DX)Z

Function ExpVal(Values, Prob)
ExpVal =0
Fori= 1 To UBound(Values)
ExpVal = ExpVal + Values(i) * Prob(i)
Next i
End Function

Function Variance(Values, Prob)



Dim tmpVal()
ReDim tmpVal(UBound(Values))
Fori = 1 To UBound(Values)
tmpVal(i) = Values(i) " 2
Next i
Variance = ExpVal(tmpVal, Prob) - ExpVal(Values, Prob) " 2
End Function

Function Skewness(Values, Prob)
Dim tmpVal()
ReDim tmpVal(UBound(Values))
Fori= 1 To UBound(Values)
tmpVal(i) = (Values(i) - ExpVal(Values, Prob)) " 3
Next i
If Variance(Values, Prob) <> 0 Then
Skewness = ExpVal(tmpVal, Prob) / (Variance(Values, Prob) " 2)
End If
End Function

Function Kurtosis(Values, Prob)
Dim tmpVal()
ReDim tmpVal(UBound(Values))
Fori =1 To UBound(Values)
tmpVal(i) = (Values(i) - ExpVal(Values, Prob)) " 4
Next i
If Variance(Values, Prob) <> 0 Then
Kurtosis = ExpVal(tmpVal, Prob) / (Variance(Values, Prob) " 2)
End If
End Function

Sub Yuca_Xap()
Dim Vals(11)
Dim Prob(11)
Fori=1To1l
Vals(i) = Cells(i + 3, 2): Prob(i) = Cells(i + 3, 4)
Next i
Cells(26, 6) = ExpVal(Vals, Prob)
Cells(27, 6) = Variance(Vals, Prob)
Cells(28, 6) = Skewness(Vals, Prob)
Cells(29, 6) = Kurtosis(Vals, Prob)
End Sub
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3AO0AYHA N22. MTPOBEPKA COOTBETCTBUYA
AKCNEPUMEHTAJIbHOIO PACIMNPEOENTEHUYA
HOPMAJIbHOMY 3AKOHY PACIPEAOETEHUA

ITpu pelieHUN peasIbHBIX 3aja4 KOHKPETHBIN 3aKOH paclpeziesIeHUs CIydaliHOU BEJIMYUHBI
Y ero IapameTrpsl 3apaHee HeU3BeCTHBI. [Ipu 3TOM IpUMeHseMble CTATUCTUYECKUE METO-
Zibl pa3paboTaHBbl JJ11 KOHKPETHBIX BH/IOB 3aKOHA paclpezie/ieHus, UYTO TpeOyeT OTHEeCeHHe
9KCIIEpUMEHTAJIbHO ITOJy4YeHHOI'0 3aKOHA paclipefiesieHrs K KaKOMY-JIM00 BULy M3BECTHBIX
pacrpe/iesIeHUA.

Cpenu HelpepbIBHBIX pacIpe/ie/IeHNi CaydyaiiHON BeJIMYMHBI HanboJiee BaXKHBIM SIBJIS-
eTcsl HOpMaJibHOe pacripeziesieHre. Cpeiu AUCKPETHBIX paclipefiesieHnii — OMHOMUAIbHOE
pacripeieJieHue.

Haw6osee gacTo rmpoBepsieTcs IpeIoaokKeHrne 0 HOpMaJIbHOM pacnpezeieHny. HopmaabHOe
pacripeieieHre HeIIPePbIBHBIX CIy4aliHbIX BEJIMYUH B OJHOMEPHOM CJIydae 3aaéTcs GyHKIUe,
coBnazaroneii ¢ pynkuueli laycca:

(x=u)
207

fx)=—1—e ,
o2

I7ie 4 — MaTeMaTU4ecKoe OXKUJJaHUE;

0 — CpeIHEeKBaIPaTUYeCKOe OTKJIOHEHHUE.

J1J11 IPOBEPKU COOTBETCTBUS MOJyY€HHOI 3KCIIePUMEHTAIbHOU MOJIe/IA pacIipezieIeHUs
CJIy4aifHOI BeJIMUMHBI HOPMAJIbHOMY 3aKOHY pacipezieieHus MOKHO IPUMEHUTh I'papruyecKuii
METO/] Y BBIYMCIIUTH BBIOOPOUHBIE ITapaMeTpbl (DOPMBI pacIipezieIeHuUsI.

B MS Excel Ha pab6oueM JsincTe «TeopeTHUUECKOe pacIipeieJieHre» Co3/1aTh TaOIuIly (puc. 4.5)
JJ1s1 CPABHEHUST SKCTIEPUMEHTAIbHBIX OTHOCUTEIBHBIX YACTOT PE3Y/IbTATOB YUCJIEHHOTO MO/Ie-
JINPOBAHUS U TEOPETUYECKUX OTHOCUTEIBHBIX YaCTOT. JlaHHbIe /17151 cTOJIO0B A, B 1 C TaGiuIbI
B3SITh U3 TaOJIUIIBI PE3Y/IBTATOB YUCJIEHHOTO MozieTupoBanus (puc. 4.1). Cronber D TaGauIbl
3aIlOJTHUTh HAKOTJIEHHBIMU YaCTOTAMU.

BblumMcneHHble YNCNOBbIEe XapaKTePUCTUKK pacnpeaeneHma cny4amHom BeIndmHbl

A B [ D E F
PacnpegeneHue gQUCKPETHbIX CNYYalnHbIX BEMNUYMH
ONMUCbIBaeMoOe HOPpManbHbIM 3AKOHOM pacnpegeneHua

W oo |~ oy ||k |

Yucno

ABconwoTHelE
YacToTl
(3KCNEPUMEHTANEHEIE

OTHOCUTENEHEIE
YacToTel
(3KCNEPUMEHTANEHEIE)

HakonneHHele
YacTaTEl

OTHOCUTENEHBIE
YacToTkl
(TEOpETUHECKNE)

AGconwTHelE
YacTaTsl
(TEOpETUYECKNE)

=R e RN R SR T

w

21

50

94

121
131
167
142
107
B85

56

26

0.021
0.050

0.021
0.071
0.165
0.286
0.417
0.584
0.726
0.833
0.918
0.974
1.000

0.018
0.041
0.076
0.118
0.153
0.168
0.154
0.118
0.076
0.041
0.019

18.381
40,702
75,548
117.643
153.297
167.684
153.667
117.958
75,949
40,990
15,644

1000

CpeaHes
CTEH,‘J,E[CTHDE OTENOHEH

7.005
2.381

0.980

960.062




TeopeTUyecKre OTHOCUTEIbHBIE YaCTOTHI (CTOJIGET] E) ITOTyInTh C ITOMOIIIBI0 BCTPOEHHOH
dynxiuu MS Excel HOPMPACTI (puc.4.6), BBIMUCISIONIEH BEpOsSTHOCTh HOPMaJIbHOM (DYHKITUU
pacopezeeHus:

PUC. 4.6
3anonHeHma OnanoroBoro okHa eyHKUMm HOPMPACTT

Apryme HTb! (PYHRLMH @g
HOPMPACT

X A =

Cpepnee D17

CranpapThHoe_oTkn D13

MHTerpanbHas IJ|

7,005
2, 360540005
NOME

= 0,0158580916
Bo3BpawaeT HOPMANsHYHD dYHKUHIO patnpeAeneHHs.

VHTerpanbHas nOorHYeckoe 3HAYEHHE, ONPeAEnARWLEE BHA yHIKLHA!

MHTEMpanbHas dyHELKA pacnpedensHia (MCTIHA) MK Becosan
DyHEUHA pacnpeaeneHia (NOWE],

SHaverme: 0,018

CnpaeKa N 3T0H dyHKLH I OK H OTreHa ]

TeopeTuyeckue a6COTIOTHBIE YacTOTHI (cTos6er] F) mopcuurtath 1o popmysie = E6*$B$17.
ITo mosty4eHHBIM JAHHBIM ITOCTPOUTDH I'padUKU PYHKIUHI IUIOTHOCTH pacIipefieIeHUs SKC-
MepPUMEHTAJIbHBIX U TEOPETUYECKUX a0COTIOTHBIX YACTOT:

PUC. 4.7

MaduKM GYyHKLMIM MIOTHOCTU pacnpeneneHnsa sKkCrnepuMeHTanbHbiX
M TEOPETUUECKMX abCOMOTHbBIX YacToT

160
140
—— JKLMEPHMEHTE
120 NbHble
100 i' abconTHbIE

HacToThl

—il— TeopeTH4eckue
aGconoTHEE
4acTaThl

2345678 9101112

I'padudeckuii MeTo/| TOKa3ayI GJIU3KOe COBITa/IEHUE pacipeiesieHU .

ITpu GosbIIIOM Urcie HabII0ieHU (B 9KCIIepruMeHTe uX 66110 1000) 10CTOBEPHBIE PE3YITh-
TaThl JJa€T BEIYKCJIEHHE TapaMeTPoB GOPMbI pacIipeie/IeHUs: IKCIlecca U aCUMMETPHUH.

IIpenmosioxxeHre 0 HOpPMaJIbHOCTU pACIIpefe/IEHUs HE [IPOTUBOPEYUT I1I0JIy4YEHHBIM PE3yJIb-
tataM (puc. 4.4): acummeTpus 6J1U3Ka K HYJIIO, U JIEXKUT B irarna3oHe ot —0,2 1o 0,2, 3KcIecc
HaXOOUTCH B iaria3oHe oT 2 10 4.

IIpe10)keHHBIN AJITOPUTM MOZEJIUPOBAHUS paclpeie/IeHUs JUCKPETHBIX CIyYaiiHbIX BeJIU-
YHH MTOKA3aJI, YTO €T0 Pe3y/IbTaThl MOTYT OBITh OITMCAHbl HOPMAJIbHBIM 3aKOHOM pacIipefie/IeHUs.
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3AO0AYA N23. MPOBEPKA COOTBETCTBUYA
AKCNEPUMEHTAJIbHOIO PACIMNPEOENTEHUYA
BUHOMUATIbHOMY 3AKOHY PACMPEAOENEHUA

BrHOMMaIbHOE pacIipefieIeHNe — OZHO U3 CaMbIX paCIPOCTPAHEHHBIX JUCKPETHBIX pacIipe-
ZesieHnii. OHO BO3HUMKAET B TeX CJIy4asiX, KOIZia UILYT, CKOJIBKO pa3 IPOUCXOJUI0 HEKOTOPOe
COOBITHE B CEpUH M3 U3BECTHOTO YMCJIa HE3aBUCHMBbIX HAOJII0/IeHUH, BBITIOJHSIEMbIX B OJIHA-
KOBBIX YCJIOBUSIX.

JIJ1s1 IPOBEPKU COOTBETCTBUS IOJyY€HHOU 9KCIIEPUMEHTAILHON MOZEIN pacpe/ieIeHUs
CJIy4aiiHOU BeJTMUYMHBI OMHOMHAJIbHOMY 3aKOHY paclipe/ieJIeHUsI TIOBTOPUTh IIPUMeHEeHUe
rpau4YecKoro MeToza.

B MS Excel Ha pab6oyem Jincte «TeopeTrudeckoe pacipeziesieHre» Co3jaTh BTOPYIO TaOIUILY,
pacroIoKUB ee HIbke (puc 4.8) 77151 CpaBHEHUS SKCIIEPUMEHTAIbHBIX OTHOCUTEIbHBIX YaCTOT
PEe3y/IbTaTOB UM CJIEHHOT'O MOZEIUPOBAHUS Y TEOPETUUECKUX OTHOCUTEJIbHBIX YaCTOT. /laHHbIE
cTo1610B A, B, C u D Tabnuibl yOIupyroTcs U3 Tabaullbl (puc. 4.5) 3agauu Ne 2.

Pe3ynbTaTbl BbIYNCIEHWA SKCMEPUMMEHTAlTbHbBIX N TEOPETNYECKMX OTHOCUTENbHbIX YaCTOT

A B C D E F
22 PaCI'IPEAEJ'IEHHE OUCEPeTHRBIX Cﬂy‘-lar’lel)( BenNHYHH
23 onucbiBaemoe GMHOMHANBHbBIM 3aKOHOM pacnpegeneHna
24 ADCONKOTHEE OTHoCUTENEHBIE ABConHTHEIE
25 | Hucno YACTOThI YacTaTkl Hakonnenkeie BBFDHTHPCW YACTOTHI

; ; 4acToTkl yCrnexa ;
26 {3KCMEPUMEHTANEHEIE | {3KCNEPUMEHTANEHEIE ) {TEOpeTHYECKiE]
27 2 21 0.021 0.021 0.028 21
28 3 50 0.050 0.071 0.056 49
29 4 94 0.094 0.165 0,083 78
30 5 121 0.121 0,286 0111 108
Ey G 131 0.131 0417 0,139 138
32 7 167 0.167 0,584 0,167 168
33 a8 142 0.142 0.726 0,139 143
34 9 107 0.107 0,833 0111 17
s 10 85 0.085 0.918 0.083 91
kB M 56 0.056 0.974 0.056 65
| 12 26 0.026 1.000 0.028 21
38 1000 1.000 1,000 999000
39
I_Ioucqu BEPOATHOCTWM yCreXa
Yucao 2 3 4 5 6 7

BeposiTHOCTB (1/6x1/6) (1/6x1/6)x2 | (1/6x1/6)x3 | (1/6x1/6)x4 | (1/6Xx1/6)x5 | (1/6x1/6)x6
Yucio 8 9 10 11 12
BeposiTHOCTB (1/6x1/6)x5 | (1/6x1/6)x4 | (1/6Xx1/6)x3 | (1/6x1/6)x2 (1/6x1/6)

B MS Excel gJ151 BBIUKCI€HUS 3HAYCHUS CIy4aliHOM BEJIMYMHBI 10 33JTaHHOU BEPOATHOCTH
ucnoJsib3yercs pyHkiuss KPUTEMTHOM.



Oyukuysa KPUTEMMHOM BbelunciisieT HAMMEHbIIIee 3HAYEHUE YMCJIa YCIIEIIHbIX UCXO0B
CJIy4aifHOU BEJIMUMHBI, IJIs1 KOTOPOT'O MHTErpajibHOe OMHOMUAILHOE pacIipeiesieHre 60JIblie
WJIU PAaBHO 33JaHHOU BeJTMYHHE (KPUTEPHIO).

I[Mpumenuts pyHkuuo KPUTEMHOM a5 nojcueTa TeOpeTUIECKUX aOCOMIOTHBIX YaCTOT
pacripesiesieHust (puc. 4.9):

3amoNHeHMA AManoroBoro okHa ¢yHKumm KPUTBEMHOM

Apryme HTbl (hyHRUMH @E|
HKPHATEAHOM

Y4Cno_MCnbITanWd | 635 ERz| = 1000

= 0,027777775

BepoATHOCTL_YCNexa |E27
Ansda |(a27-13j11] = 0,09090909

= 21
E03BpALLEET HAHMEHELUEE SHAHEHHE, ANA KOTOPOra GHHOMHANEHEA ltlYHKLlHﬂ PacApeAgneqHHA GONBLWE MK
PABHA 38A3HHOMD 3HAYEHHA.

Anbtha SHAHEHHE KPHTEPHA, YHCAD B AWanasoHe oT 0 4o 1,

SHaueHme: 21

CNpaetka no 37oH HELHH JTHEHA

ITo roJTyYeHHBIM JAHHBIM TTOCTPOUTH TPadUKU (PYHKIIHIT JIOTHOCTH pacipeie/IeHUsT IKC-
MePUMEHTAIBHBIX U TEOPETUYECKUX aOCOMIOTHBIX YacToT (puc. 4.10):

Moad®ukM GYHKUMW MAIOTHOCTM pacnpeneneHmna aKCnepmMeHTanbHbIX
M TEOPETNYECKIMX aBCOMIOTHbLIX YacToT

180
160
140

—4— SKCnepUmenTa
120 NbHble
abconoTHble

100
80 - YECTOTHI
60 - —— TeopeTHYECKHE
abconoTHble

40 HACTOThI
a

2345678510111z

I'pacprueckuii MmeToz 1oKa3as 6IM3K0e COBIAZIeHUe pacipe/ie/IeHUH SKCITepUMeHTaIbHBIX
JlAHHBIX U TEOPETUYECKOM MOJIEIH.

BoiBoabI

JI151 OLIEHKU COOTBETCTBHSI UMEIOIIUXCS SKCIIEPUMEHTAIBbHBIX JAHHBIX TEOPETUYECKOU
MO/1eJIN OOBIYHO MCIIOIB3YIOT I'papruecKuii MeTo/l, BBIOOPOUYHbBIe ITapaMeTpbl (pOpMBbI paclipe-
JleJIEHUsI ¥ KPUTEPUU COIIaCHs.

I'padrueckurii METOA ITO3BOJIET AATh OPUEHTUPOBOYHYIO OLIEHKY PACXOXKAEHUS UJIU COBIIa-
JIEHUU pacupesieJleHU.

JlocToBepHBIE pe3y/IbTaThl JA€T UCIIOIb30BAHNE KPUTEPUEB COIIacus. Tak Ha3bIBaIOT CTA-
TUCTUYECKHE KPUTEPUU, IpeJHA3HAUCHHBIE IS IPOBEPKU COIVIACUS SKCIIEPUMEHTATbHBIX



JlAaHHBIX U TeopeTUUecKoi Mojiesin. Cpeil KpUTEpUEB COIVIacus O0JIbIIIOE PACIIPOCTPaHEHUE
MOJTyYUJI HEelTapaMeTPUYeCKU KpUTepuii 2.

B MS EXCEL kputepuii xu-kBagpat peann3oBaH B pyHknu XM2TECT. Oynkuusa XU2TECT
BBIUMCJISIET BEPOSITHOCTh COBIT/IeHUS (DAKTUYECKUX 3HAUEHU I U TEOPeTUUeCKUX 3HaYeHui. Ecimn
BBIYMCJIEHHAS] BEPOSITHOCTD HIKE YPOBHS 3HAaYMMOCTH (0,05), TO yTBEp)KAaeTcst, YTO HabIIIofa-
eMble 3Ha4eHMsI He COOTBETCTBYIOT TEOPETUUECKOI Moieii. ECJIN BIUMCIEHHAs! BEPOATHOCTD
6113Ka K 1, TO MOYKHO TOBOPUTH O BBICOKOU CTEIIEHN COOTBETCTBUS SKCIEPUMEHTATbHbBIX
JIAaHHBIX TEOPETUYECKON MOZEIIN.

C nomompio ¢pyHkiuu XN2TECT, nomenieHHoU B sueliky F19 (puc. 4.13), onnpesieiuTh
COOTBETCTBHUE (PAKTUUECKHUX JAHHBIX HOPMaJIbHOMY 3aKOHY pacIipefie/IeHUs:

MpuMep 3anonHeHna paboumx nonen eyHkUMmM XM2TECT

Apryme nibl hyHRUMH E]El
HMZTECT
DAKTHIECKWA_HHTEpBan |B&:Bl6 = {21:50:94:121:131:167:142:107:8..,
nAaeMbIA_HHTEpBan |FA:F16 = {18,3809159361611:40,701693218..,

= 0,016083941

B03EPAWAET TECT HA HE3ABHCHMOCTE: SHAYEHHE PACMIPEAENEHHA XH-KEAADAT ANA CTATHCTHYECKOrD PACNPEAENEHHA
M COOTBETCTEYHILERD YHENG CTENEHER cBOG0ALI.

D3MAAEMBIA_HHTEPBAN  AWAMNA30H, COAENM¥AUNA DTHOWEHHE NPOMSEEAEHHA MTOMOB N0 CTROKAM W
cTondua Kk obwemMy HTory,

3navenme: 0,016083941

CNDAEKE N0 3TOA tyHiui OTrEHS

[TockobKY IToJIy4YeHHast BEPOATHOCTH COOTBETCTBUSA SKCIIEPUMEHTAIBHBIX JaHHBIX p = 0,02
MEHbIIIE YPOBHs 3HaYUMOoCTH p = 0,05, c1e0BaTeJIbHO, SKCIIEPUMEHTAIbHBIE JAHHbIE [IPOTU-
BOpeYaT HOPMaJIbHOMY 3aKOHY pacIpe/e/IeHUs.

C nmomompto ¢pyHkimu XNM2TECT, nomenieHHOU B stueliky F40 (puc. 4.13), onpeeiuTh
COOTBETCTBHE (DAKTUUECKHUX JAHHBIX OMHOMHUAJIbHOMY 3aKOHY pPaclpee/IeHUsL:

MNMpuMep 3anonHeHna padoumx nonen dyHkumMm XM2TECT

Apryme HTbl iyHRIMUH @E|

KHZTECT

DaKTHYECKWA_WHTEpBan |B27:B37 = {Z1:50:94:121:131:167:142:107:8...
DA AEMEIM_MHTEpPBan F2?:F3?| = {21:4%:78:108:138: 165143111729,

= 0,539500103

BD3BD6LLLGBT TECT H3 HE3ABHMCHMOCTE: 3H3YEHHE PAcnpedeneHHA XH'KBaﬂDaT ANA CTATHCTHHECKOro pacnpe AEnNEHKA
H COOTEETCTEYHILWErO YKMCNa CTEMEHEN CBDSD,ﬂbI.

D3MAAEMBIA_MHTEPBAN AWENI50H, COASPHAELWNA OTHOWEHNE NPOHSEEASHHA MTOMOE N0 CTPOIKEM H
cTonBuaM K obWemy HTOry,

JHaqeHHe: 0,539500103

CNpagka No 3ToA dyHEuHA I Lol I ’ CTMeHa ]

ITockoabKy TToJTlydeHHasl BEPOSITHOCTh COOTBETCTBUS SKCIIEPUMEHTAJIBHBIX IAaHHBIX p = 0,54
60J1b111IE, YEM YPOBEHb 3HAUMMOCTH p = 0,05, TO MO>XHO yTBEPXKJATh, YTO JAHHBIE HE IIPOTUBO-
peuyaT 6MHOMUAJIbHOMY 3aKOHY pacIipefie/IeHUsI.



PUC. 4.13

BblumcneHme Kpntepmen cornacusa

A B 8 1] E F J K
1 Pacnpeneneuue AWUCKPeTHBIX cnyuaﬁuhlx Benu4YuH
2 ONMUCEIBAEMOE HOPMankHeIM 3aKOHOM pacnpegeneéHva
3 ABCONOTHbIE OTHOCHTENLHbIE OTHOCHTENBHE | AGCONKTHbIE
4 | Yucno YACTOThl 4acTOoThl HaronnenHel € 4acToThl YACcTOoThl
= £ 4aCTOThI .
= EKCHEEHMBHTEJ'H:HH BKCI'IEEHMEHTﬁﬂhHhIE (TeUpE'TIIHECKHE (TEU[J&'THHECM
] 2 21 0,021 0,021 0,018 18,281 —4— IuCnEpumenTa
T 3 50 0,050 0,071 0,041 40,702 foHnE
8 4 94 0,094 0,185 0,076 75,548 2Beamemniz
89| s 121 0,121 0,286 0,118 117,543 Ee
10 6 131 0,131 0,417 0,153 153,287 —f— TeopeTiMECkME
11 7 187 0,187 0,584 0,168 167,584 aficonkTHbE
12 8 142 0,142 0,726 0,134 153,567 HaCToTEl
13 9 107 0,107 0,833 0,118 117,858
14| 10 85 0,085 0,918 0,076 75,845
15 1 56 0,056 0,974 0,041 40,390 5 9101112
16 12 26 0,026 1,000 0,019 18,544
ir 1000 1,000 0,980 980,062
18
k) Cpegtee 7,005 0,016083941
20 CTangapTHOE OTKNOHE! 2,381
21
22 Pacnpeneneuue AWCKPETHEIX cnyqaﬁuhlx EenW4H
23 OMHUCbIEaeMOe GMHOMMANEHEIM 3aKOHOM pacnpegeneHna
24 AfGconuTHele OTHOCHTENbHbIE AGCONKTHbIE
25 | Yucno YACTOTHI YACTOThI Haronnenrel | BeposTHocTe YaCTOThI

€ YacToThl ycnexa N
26 (3KCNEPUMEHTANEHbI | (3KCNEPUMEHT ANbHbIE (TeDpeTHuEckIE) |
27| 2 21 0,021 0,021 0,028 21 e SuchepmenTs
28 3 50 0,050 0,071 0,056 45 ABHIE
29 4 g4 0,094 0,165 0,083 78 afcomorHoie
30 5 121 0121 0,286 0111 108 4acroTsl
M| 6 121 0,121 0,417 0,139 138 S
32 7 187 0,167 0,584 0,167 188 I
33 3 142 0,142 0,726 0,138 143 wacToTsl
34 9 107 0,107 0,833 0,111 "7
35| 10 85 0,085 0,918 0,083 91
36| N1 56 0,055 0,574 0,036 65
3T 12 26 0,025 1,000 0,028 21
38 1000 1,000 1,000 959,000
39
40 0,535500103
41
SagaHue:

BeimosiHuTe 3aga4n Ne1-3 i 100 + 20 X N ucnislTaHui, rje N — HOMep 110 XKypHaJLy.
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5 KoppenaumnoHHbIV aHanNums.
J1TabopaTtopHasa pa6ota N25

OpHa 13 HanboJiee paclpOCTPaHEHHBIX 33/1a4 CTATUCTUYECKOT0 aHAIM3a COCTOUT B U3Yy4eHUH
CBSI3U MEXKY OT/e/IbHBIMU HAOTIOJaeMbIMU CITyJaifHBIMU BeJTMIMHAMU. OOBIYHO B3aMOCBSI3b
MeX/ly BBIOOpKaMU HOCUT He (DYHKI[MOHAIbHBIH, a BEpOSATHOCTHBIH (CTOXaCTUUECKUI) XapakKTep.
B 3TOM Cilyyae HeT CTporoi 3aBUCUMOCTU MEXY BeJIMYMHAMU. [Ipy U3ydeHNH CTOXaCTUYECKUX
3aBUCUMOCTEN pa3IndaloT KOPPEIALUI0 U PETPECCUIO.

Koppeia1inoHHbBII aHaJIU3 COCTOUT B OIIPEJIEJICHUM CTEIIEHU CBA3U MEXY ABYMS CIy4aii-
HBIMU BeJIMUMHAMU X U Y. B kauecTBe Mephl TAKOH CBSI3U UCIIOIb3YyeTCs KOI(GUIIMEHT KOP-
pesnsinuu. KoadduiipmeHT Koppessiiuu OLleHUBAETCs 110 BhIOOPKE 00'beMOM II CBSI3aHHBIX Map
HaOJIFOZIeHMIA (X, y,) U3 COBMECTHOM reHepaIbHOM COBOKYITHOCTH X 1 Y. CyIl[eCTBYET HECKOJIBKO
BU/IOB KO3 (PHUIIMEHTOB KOPPEsSAIUY, IPUMEHEHNEe KOTOPBIX 3aBUCUT OT MPeATI0JI0KEHUMN
0 COBMECTHOM pacIIpeZieJIeHUU BeJTUYUH X U Y.

J1J151 OLIeHKU CTeTIeH! B3aUMOCBSI31 HanuOoJIblllee pacpocTpaHeHe MOIyYuI KO3(PGUIeHT
JIMHEWHOM KOppessaIuH, ITPeATIoIaralouii HOpMaabHbIN 3aKOH pacrpe/ie/ieHUs1 BbIOOPOK.

Ko dunmeHT Koppeasiuu — MapaMeTp, XapaKTeprU3yrluii CTeleHb JIMHEHHON B3au-
MOCBSI3U MeX/1y IByMs1 BbiOOopKamu. KoadduiipeHT Koppeasinuu u3MeHsieTcs ot — 1 (ctporas
obGpaTHast TUHEHAsI 3aBUCUMOCTB) /10 1 (cTporasi mpstMasi IpOTIOPIIMOHATbHAS 3ABUCUMOCTD ).
[Tpu 3HayeHNM 0 IMHEHHOI 3aBUCUMOCTUA MEXAY ABYMS BBIOOpKaMu HeT. [1o mpsiMoii 3aBuU-
CHMOCTBIO IIOHMMAOT 3aBUCUMOCTD, IIPU KOTOPOU yYBeJIMYEHHE UJIU YMEHbIIEHUE 3HAYEeHUS
OZJTHOT'O IIPU3HaKa BEIOOPKHU BEZIET K yBEJIMYEHUIO NI YMEHBIIEHHUIO 3Ha4eHWsI BTOPOTO IPU-
3HaKa BBIOOPKH.

Bb160poyHbIN KO3 PUIIMEHT IMHENHOI KOPPEIIIUN MKy IByMSI CJTy4YaliHBIMU BeJTUYU-
HaMu X U Y paccuuThIBaeTcs 1o gopmysie:

B Z;(xx _Mx)(yk _MY)
\/;(xk _Mx)z (yk _My)z

KoagdpuiimeHT Koppessaiuu aBisieTcs: 6e3pa3MepHoii BeTMYUHON U ero 3HaueHNe He 3aBUCUT
OT €JVHUL] U3MEPEHUSI CIyYaiiHbIX BEJIMUUH X U Y.

Ha nmpaxTuke k03(ppUIreHT Koppesaliiy IPUHUMAaeT HEKOTOPbIe IIPOMEXKYTOUHbIe 3HAYeHUS
Mexy —1 u 1 (puc. 5.1). IJis OI[eHKU CTeTIEHU B3aMMOCBSI3U PYKOBO/ICTBYIOTCSI CJIEAYIOLUUMU
SMIIUPUYECKUMU ITpaBwiIamMu. Eciiu k03 HUIieHT Koppesasiiuu (1) o abCOMI0THOM BeIMUnHe
6osb1e 0,95, TO IPUHATO CUUTATD, YTO MEXKY [TapaMeTpaMU CYILIeCTBYeT IPAKTUYECKU JINHEN-
Has 3aBUCUMOCTb. Eciii K03 GUILIMEeHT KOPPeJISILIMU T JISKUT B Anamna3oHe ot 0,8 10 0,95, roBo-
PAT O CUJIBHOM CTEeTIeHU JIMHEHHOM CBA3U MexAy napamerpaMu. Eciu 0,6 < | r| < 0,8, roBOpsAT
0 HaJIN4YMU JIMHEHHOU CBA3U Mex [y napaMmerpamu. [Ipu |r| < 0,4 cUMTaIOT, 4YTO JIMHENHYIO
B3aMMOCBS3b MEX/y IIapaMeTPpaMU BbISIBUTH HE yJaJIOCh.



Mounmepbl NpaMom (a) n obpaTHoM (6) KoppenauUMoHHOM 3aBUCUMOCTEN

r=07 10 r=0g
10 24
8 L * * * & . .
[ * .
49 » o o’ 4 . s
21 * 2 .
04 04
0 z 4 B 2 10 0 2 4 ) 2 10
a 6

JTIABOPATOPHA{ PABOTA N25

MPUMEP 1
VmeroTcs pe3yabTaThl PeHTAa0eJIbHOCTH NPeAIpUATHI U KO3(PDUIIIEeHTOB CMEHHOCTHU
0060pyAOBAHUS.

Heob6xoamo onpeieiuTh, UMEETCS JIM B3aUMOCBSA3b MEXK/y PEHTa0eIbHOCTBIO U KO3 hu-
IIUIEHTOM CMEHHOCTH 000pyZ0BaHUS.

Pemienue:
BBeziem 1aHHbIe B pab0odyro TabIUITy. 3aTeM BBIYHUCIIUM 3HaYeHUe K03 puiieHTa Koppe-

JISITUU MEXY BbI60pKaMI/I.

BbluvcneHmna koadduumeHTa koppenaumm

A B c

e . Koadpduumenr
npeanpusTHa PentabenbHocTtb, %0 CMEHHOCTH

1 obopynoeanusa

2 1 13,28 1,14

3 2 22,31 1,85

4 3 15,27 1,14

5 4 12,99 1,33

6 5 25,78 1,74

7 6 28,47 1,9

8 7 12,97 1,16

9 8 23,47 1,86

10 9 10,47 1,17

11 10 13,58 1,23

12

13 0,935 |

B stueiiky A13 momectum pyHkiuio KOPPEJI (maccuB 1; MaccuB 2). BBeiem mmapameTphl:
MaccuB 1 = 3HaYeHUs1 peHTa0eJTbHOCTU ¥ MAaCCUB 2 = KO3(P(OUIIMEHT CMEHHOCTH 000PYIOBAaHUS.

[MosiBuTCA 3HA4eHUe Koa(ppunmeHTa koppeasuuu — 0,935. 3HaueHue ko3 uieHTa Kop-
pesIsIliU HaXOAUTCS B Aivana3oHe ot 0,8 10 0,95. 3HaUUT, UMeeTCs CUJIbHas CTelleHb JJUHEHHON
CBSI3U MEX/y mapameTrpamu (r = 0,935).



KoppeasanmonHasa marpuna
[Tpu GosbIIOM YHCIIe HAOMIOIEHNH, Kora K03 PUIIMEeHTh KOPPeIIUH He0OX0JUMO TTOCIIe-
JI0OBATEJIbHO BBIYUCJIATDH U3 HECKOJIBKUX PSIZIOB YMCJIOBBIX JAHHBIX, 7151 y/I00CTBA MOJTy4yaeMble
KO3(pUIIMEHTHI CBOAAT B TAOIMIIbI, HA3bIBA€Mble€ KOPPEJIAIIMOHHBIMU MaTPUIIAMU.
KoppesnsinimoHHas MaTpUlia — 3TO KBajipaTHas (WU NPSIMOYToJIbHasA) TaGIUIA, B KOTOPOU
Ha IlepeceyeHU COOTBETCTBYIOLUX CTPOK U CTOJIOLI0B HAXOAUTCS KO3 PUILIMEHT KOPPeIsIiun
MEXy COOTBETCTBYIOIIMMU ITapaMeTpPaMU.
B MS Excel g1 BIYUC/IEHUS KOPPEIALMOHHBIX MAaTPHUI] MCIIOJb3yeTCsl IIpolieaypa
Koppensanus. Iporeaypa mo3BoJIsIET MOJIYYUTH KOPPEJIALMOHHY MAaTPUILY, COAEPIKALILY IO
KO3(pHUIIMEHTHI KOPPEsSIIIUU MeX/Y pa3INndHbIMU ITapaMeTPaMHu.

MPUMEP 2
VIMeroTCs JaHHbIE HAOJIIOZIEHUH 32 COCTOSTHUEM TTOTO/IBI U TTOCEIAEMOCTBIO My3€€B U ITapKOB:
YHUCJIO SICHBIX JIHeH {8, 14, 20, 25, 20, 15}, KoIU4ecTBO roceTuTesnei My3sees {495, 503, 380, 305,
348, 465}, KOJTMYECTBO MOCETUTEIEN TTapKoB {132, 348, 643, 865, 743, 541}.

Heo06x0IuMO OITpeZIeIUTD, CYIIECTBYET JIU B3AUMOCBSI3b MEXK/TY COCTOSTHUEM ITOTO/IbI U TI0CE-
[I[A€MOCTBIO My3€€eB U TTAPKOB.

Pemenue:
JI14 BBITIOJTHEHU S KOPPEJIALIMOHHOr0 aHaJIn3a BBeZeM B irara3oH B1:G3 ncxoaHble JaHHbIE
(puc. 5.3).

NcxooHble OaHHble

A"B'C'D'E'F'G
1 HcHele gHu g 14 20 25 20 15

MocewaemocTe
2 \myseA 495 503 380 305 348 465

MocewaemocTe
3 |napka 132 348 643 865 743 541

3aTeM B MeHIO «/[aHHbIe» BbIOEpEeM MYHKT «AHAIN3 JAHHBIX» U YKaKeM «Koppeasius».
B nosiBuBIIEMCS IMAJIOTOBOM OKHE YKa)keM «BxogHoU nHTepBai» Al:G3. YKakem, 4TO JaHHBIE
paccMaTpUBAKOTCA T10 CTPOKaM. 3aJ1aiM BBIXOAHOM auamna3oH. OK.

YCTaHOBKa NapaMeTpoB KOPPENALMOHHOIO aHanmsa

Koppensuna X
Bx0aHEIE AaHHEE
o = Ok
BixoAHOA MHTEpBaN: FAF1:$GE3 _
T pyNNHpoBaHe: ) o cTonfuan
& e

MeTkH B NepsoM cTonbwe

MapameTpe! EEEDAS

(%) BixoaHOA MHTEpEan: A6 53
() HoBwiid pafioumid oueT:

(O Hoean pafiodan KHHra




PesynbraThl aHaIM3a:

B BBIXOZHOU iaIia30H BBIBOAUTCS KOPPEIALMOHHAA MaTPHULia, B KOTOPOU Ha IlepeceyeHn
KQK/IIX CTPOKHU U CTOJIOLIa HAXOAUTCS KOA(PULIMEHT KOPPesIsILIU MEX/Ty COOTBETCTBYIOIIUMU
rapaMeTpamu. S4efKy BBIXOJHOI0 JUaIla30Ha, UMEOIMe COBIIAAIoIe KOOPAUHATBI CTPOK
Y CTOJIOLIOB, COAEPXKAT 3HaYeHUe 1, TaK KaK KaXKplii CTos16€e1] BO BXOJHOM Auaria3oHe II0JTHO-
CTBI0 KOpPpEeJIUPYeT C CAMUM COOOM.

Pe3ynbraTbl BblYNCIEHNA KOpp@ﬂQLLI/IOHHOI;I MaTpuMLUbl

||

Acheie iy Mocewaemocme Mysen  [MocellgeMoctis Napka
HAcHele gHW 1
MocelaemocTe My3en -0,921854339 1
MNocellaeMocTs Napka 0,974575588 -0,919375244 1

w00~

—
=

HNHTepriperaniys pe3yabTaToB:

U3 Tab1u11bl BUZHO, YTO KOPPEJIALMS MEXKAY COCTOSIHHUEM MOTO/Ibl U ITOCEIIAeMOCThIO My3est
paBHa -0,92, a MEXy COCTOSTHHMEM IIOI'0ZbI U ITOCEIAEMOCTRIO Tapka 0,97, Mexay rocenjae-
MOCTBIO ITapKa 1 my3esd — r = —0,92.

TakyM 00pa3om, B pe3y/IbTaTe aHAIM3a BBISIBJICHO:

CUJIbHASI CTENIeHb 0OPATHOU JIMHEHHOM B3aMMOCBSI3U MEX/TY MTOCEIaeMOCThIO
My3esl U KOJIMYeCTBOM COJIHEUHBIX JiHeH (r = -0,92),

MPAaKTUYECKU JINHEHas (04YeHb CUJIbHAS IPSIMasi) CBSI3b MEX/1Y IOCEIaeMOCThI0
rapKa M COCTOsTHHuEM Toroasl (r = 0,97),

MEX/Ty TTOCeIllaeMOCTbI0 My3esl U ITapKa UMEeTCs] CUIbHAsl 0OOpaTHast B3aMMOCBS3b
(r=-0,92).

SagaHuAg:
OmpenennTe, UMEETCS JIU B3aUMOCBSI3b MEeXAY TemIiepaTypoii (° C), ouryiieHreM
temrtepatypsl (° C), ;aBjaeHueM (MM PT.CT.), BJIAXXHOCTHIO Bo3ayxa (%),
BeTpOM (M/C) ¥ HAJTUUHMEM OCAJIKOB TI0 IPOTHO3Y MOT'0/IbI Ha CEPEUHY JTHS
Ha cienytouiue 10 qHeit mopraia SIHaekc.IToroza.

Temmneparypa 2 -2 -2 -3 0 -3 -6
OmyieHre TeMIepaTypsl -3 -9 -5 -9 -4 -7 -10
JaBiaeHue 737 741 749 751 748 751 756
Biia>xHocTh 90 80 91 82 90 88 87
Berep 4,1 6,1 2,3 4,6 2,3 2 1,4
Ocaaku 1 1 1 1 1 1 0

OmnpeenuTe, UMEETCs JIU B3aUMOCBSI3b MEX/Ty KOJTUUYECTBOM 0CaAKOB {5, 12, 11,
7, 3, 16}, ypoxkatiHocTsio {138, 224, 205, 154, 110, 254} u 1ieHO# {754, 523, 544, 612,
876, 489}



OnpepennTe, UMEETCS JIM B3AaMOCBA3b MEX/y KOJIMYECTBOM IIPOBEIEHHBIX
MHUPOBBIX TYPHUPOB IO KUOEPCIIOPTY, KOJTUYECTBY ITPU30BBIX MECT POCCUHCKUX
KoMaH/, 1o rogam. Fozer {2016,2017,2018,2019,2020,2021}; KOJTUYECTBO TYPHUPOB
{220, 201, 217, 176, 53, 47}; konudecTBO nodex {147,142,168,153,48,42}.



6 PerpeccuMoHHbIX aHanNus.
J1labopaTtopHaa pa6ota N6

ITpu MccieJoBaHUU B3aMMOCBs3el MeX/ly BbIOOpKaMy IOMMMO HPOLeAypPbl KOPPessIun
IIPUMEHSIOT TaKKe U IPOLEAYPY perpeccuu. Perpeccrs ucmnosib3yercs A1 aHalIu3a BO3Jen-
CTBUS Ha OT/IEJIbHYIO 3aBUCHMYIO IIepEMEeHHYI0 3HaUeHU I 0lHOM 1in 6oJiee He3aBUCHUMBIX
TIePEMEHHBIX.

PerpeccroHHBII aHAIN3 yCTaHABIUBAET (DOPMbI 3aBUCUMOCTH MEXY CIy4YaliHOU BEJTMIMHOMN
Y (3aBUCMMOI1) ¥ 3HAYEHUSIMU OFJHOU MJTH HECKOJIbKUX ITepEMEHHBIX BeJIMYMH (He3aBUCUMBIX).
3HayeHUs HE3aBUCUMBIX BEJIMYNH CYUTAOTCS 33ZJaHHBIMU. Takasi 3aBUCUMOCTD OIIPEJIEJIeTCS
MaTeMaTUYECKOU MOJIEJIbI0, HA3bIBAEMOI YPaBHEHHUEM PErPECCUU, COAEpIKALEeH HECKOIBKO
HEU3BECTHBIX ITapaMeTpoB. B Xofie perpecCHOHHOTr0 aHaIM3a HA OCHOBAHWU BHIOOPOYHBIX JAaH-
HBIX HaXOZAT OLIEHKH 3THX [1apaMeTPOB, OIIPEAEJISIOTCS CTATUCTUYECKHE OLIMOKH OLIEHOK U IIPO-
BEPSIETCS COOTBETCTBUE IIPUHATON MaTeMaTUYECKON MOJEJIN SKCIIEPUMEHTAIbHBIM JJaHHBIM.

B 1MHEHOM perpecCCMOHHOM aHAJIM3€e CBA3b MEX/y CJIyYaliHBIMU BEJIMYMHAMM IIPEZI10/1a-
raeTcs JMHEUHOU. B caMOM IMPOCTOM Ciy4yae B IMHEMHON PerpeCCUOHHOU MOZEIN UMEIOTCS 1B
nepeMenHble X u Y. M TpeGyercs 1o n mapam Habmogenuii (X, Y,), (X, Y), ..., (X , Y ) mogo-
OpaTh NpIMYI0 JMHHUIO, HA3bIBAEMYI0 JIMHUEN perpeccuu. YpaBHEeHUE 3T0i IUHUM Y = aX + b.

C OMOIIBI0 PETPECCHOHHOT0 YPaBHEHM MOXKHO IIPE/ICKa3aTh 0KMJaeMOe 3HaYeHUE 3aBU-
CHMOM BEJIMYUHBI Y|, COOTBETCTBYIOIIE€ 3HAUEHUIO HE3AaBUCUMOW IIEpEMEHHOM X .

Korpia paccMarpuBaeTcs 3aBUCUMOCTD MEXK/Ty OZHOM 3aBUCHMOM IIepEMEHHOU Y 1 HECKOJIb-
KUMHU HE3aBUCUMbBIMU Xl, Xl, e Xn, MMeeT MECTO MHOXXECTBEHHAas JINHEWHAsl PErpeccuH,
ypaBHEHHE KOTOPO UMEET BUJ:

Y= a,+ ale + a2X2 + ...+ aan,

riea,,a,, ..., @, — UCKOMbIE KO3()(DUIIMEHTHI PErPECCUM TIPH HE3aBUCUMBbIX IIEPEMEHHBIX X,
XZ, cees Xn; @, — KOHCTaHTA.

Mepoii 3aBUCUMOCTH CJIy4YaifHbIX BEJIMUUH PErPECCUOHHON MOZEIH ABSETCS KOA(PHUIUEHT
JerepMuHanuu R%. KosdpuireHT geTepMUHAILIUN OIIPEZesIsieT, C KAKOM CTEIeHbI0 TOYHOCTH
II0JIy4EHHOE PErPECCUOHHOE YPaBHEHUE OIMCBIBAET UCXOAHbIE JaHHBIE.

HccnepyeTcst TakKe perpecCUOHHAst MOJiesb ¢ ToMolnbio F-kputepus (Ouiepa). Ecau Besiu-
ynHa F-kpurtepusd 3HaunmMa (p < 0,05), To perpecCCuOHHAsI MOJIeJIb SIBJISIETCS] 3HAYMMOM.

Jl0CTOBEPHOCTD OT/INYUsSE KOIPDUIMEHTOB @, A, A, ..., A OT HYJIS TIPOBEPSAETCS C TOMOLIBIO
kputepusi CTbrofieHTa. B ciydasx, korga p > 0,05, Koo PUIIUEHT MOXKET CYUTATHCS HYJIEBBIM,
3TO 03HAYAET, YTO BJIMSIHHE COOTBETCTBYIOIIEU HE3aBUCUMOM ITIEpEMEHHOM Ha 3aBUCUMYIO
IIepeMEeHHYI0 HeIOCTOBEPHO, U 3Ta IlepeMeHHasi MOYKeT ObITh MCKJIIOUE€HA U3 ypaBHEHMUS.

B MS Excel skcnieprMeHTaIbHbIE JaHHbIE alllIPOKCUMUPYIOT JUHEHHBIM YPaBHEHUEM

¢ 16 mepeMeHHbIMU:

Y= a,+ ale + azX2 + ...+ ame.



J7151 mosryyeHrs K03(ppUIIMEHTOB perpeccuu UCII0Ib3yeTcs Mpolieypa «Perpeccus» U3 nmake-
Ta aHasu3a. Kpome TOro, MOryT GbITh UCIOIB30BaHbl GyHKMs JIMHEVH 15 mosrydeHus
IapaMeTpoOB perpecCMoHHOro ypasHeHus 1 ¢pyHkuusa TEHEHIIVSA aisa nosyyeHUs npea-
CKa3aHHBIX 3HAU€HUH Y B TpeOyeMbIX TOUKaX.

[l peanu3zanuu npoueaypsl Perpeccust Heo6xoauMo:
BBITIOJTHUTE KOMaHAY «/laHHbIE» — « AHAJIN3 JaHHBIX»;
B [IOSIBUBIIEMCS JAJIOTOBOM OKHE «AHAJIU3 JAaHHBIX» B CIIUCKe « IHCTpYMEHTHI
aHaIM3a» BbIOPATh CTPOKY «Perpeccus» — OK;
B INOSIBUBLIEMCS IUAJIOTOBOM OKHE 3a/1aTh BXOZHOU MHTEpPBaJl Y — BBECTU CCHUIKY
Ha ara30H aHaJIM3UPYEMBIX 3aBUCUMBIX JAHHBIX;
yKa3aTh BxogHOI MHTEpBaI X — BBECTU CCHUIKY Ha AMANa30H HE3aBUCUMBbIX
JIAaHHBIX, COZiePXKaIUi 710 16 CTONOI0B AHATM3UPYEMBbIX JAHHBIX;
YKa3aTh BBIXOJJHOU TMAIIa30H — BBECTHU CChUIKY Ha TYEUKH, B KOTOpbIE OyayT
BBIBE/IEHbI Pe3y/IbTaThl aHAJIN3A. Pa3Mep BhIXOJHOTO AMana3oHa OyeT orpesiesieH
aBTOMATUYECKHU;

3anofiHeHMe AManoroBoro okHa Perpeccmg

Perpeccua ? X

BX0[HbIE AaHHbIE

BxogHoli MHTepBan Y: [5B$2: $B$9| 5.5

OTMeHa
BX0OAHOI MHTepBan X: $A52:5A50 5.5
Cnpaska
D MeTkn D KOHCTaHTa - Hob S

[] ¥posent nagexnocTu: 95 %

MapaMeTpel BsiE0aa
(@) Buixoawoii nrTepean: LSt 3
(") HoBwiit pabiouuii nueT:
() Hogan patouan kHra
Ocratkm

D OcTaTkH D Tpaduk ocTatkos
[[] crangapTuzosaHHbie ocTaTku pacduk nonbopa

HopMansHan BEPOATHOCTL
[] rpadui HopmansHoii BeposTHOCTH

€CJTM He0OX0JUMO BU3YaIbHO ITPOBEPUTH OTJIMYHE IKCIIEPUMEHTAIHHBIX TOUEK
OT IIpe/ICKa3aHHbIX 10 PerpecCCUOHHOM MOJIeJId, CJIeyeT YCTAHOBUTD (hJIaXKOK
B niosie «I'papux mopbopa;

Ha)xaTb KHOIIKY OK.

PesynbraThl aHaM3a:

BoIxopHOM iriania3oH OyZieT BKJIIOYATh B Ce0s1 pe3yJIbTaThl AUCIIEPCHOHHOTO aHAIN3a, KO3d-
(ULMEeHTHI perpeccuu, CTaHAAPTHYIO MOTPEUTHOCTb BBIUMCICHUS Y, Cpe/JHEKBAJpaTUYHbIe
OTKJIOHEHUSI, YMCJI0 HAOIIOAEHU N, CTaHIapTHBIE TOTPELTHOCTU JJ11 KO3 (GUIIUEHTOB.



JTIABOPATOPHA{ PABOTA N26

NMPNMEP 1
3a71aHbI 3HAYE€HUS 3aBUCUMOM repeMeHHou Y {5, 7, 9, 12, 15, 16, 20, 25}, COMOCTaBJIsISI UX CO
3HAYEHUSIMU HEe3aBUCHUMOM nepemMeHHoM X {6,3; 9; 12; 15; 19; 21; 25; 29,3}, MOCTPOUTH perpec-
CHOHHO€E ypaBHEHME, ITI03BOJIAIOIIEE I10 33JaHHOMY 3HAaUeHUIO X OIIpellesIATh [IpeIioiaraemMoe
3HayeHue Y.

Pemenmue:
BBezieM faHHbIE B pabouyro TaOJUILY:

X Y
6 5
9 7
12 9
15 12
19 15
21 16
25 20
29 25

B nyHkTe MeHI0 «/[aHHbIe» BhIOEpEM «AHAINU3 JAHHBIX», YKaXKeM Ha CTPOKY
«Perpeccusi».

B mosiBuBIIIEMCS 1A I0TOBOM OKHE (puc. 6.1) 3a1aaum BxogHo nHTEepBa Y

1 BxogHo! nHTEepBaI X.

3aza UM BBIXOZHOU Ua1a3oH. /[ 3TOr0 yCTAaHOBUM IEPEKJII0YaTeb

B [I0JIO’KEHUE « BBIXOAHOU MHTEPBAJI», MBIIIBIO B IIPABOM I10JI€ BBOJIA « BEIXOZHOM
MHTEpPBaJI» AKTUBUPYEM JIEBYI0 BEPXHIOIO TYEMKY BBIXOJHOI'O MAIIa30Ha.
YcraHoBuM (ps1arkok B moJie «I'paduk mogdopa» — OK.



B BBIXOJHOM AHUAITa30HE ITIOABATCA CICAYIOIIE PE3Y/IbTATHI:

I’pad>l/|+< COOTBETCTBUNA SKCMNepMeHTal/IbHbIX TOHEK M MpeJCKa3aHHbIX
no pel—peCCI/IOHHOIPI Mogenn

pa¢dmk nogbopa
30
25 - &
20 - ]

> 15 | v
- .Y
10 ~ [ ] M MpeackasaHHoe Y
L

51 [ ]
0 . . . . . . )

0 El 10 15 20 25 30 35

VIHTepnpeTauma pesynsraTtos

Peepeccuonraga cmamucmuka
MHOecTBEHHbIA R 0,994650071
R-ksagpat 0,989328764
HopmupoBsaHHbIi R-kBagpat 0,987550225
CraHgaptHas ownbka 0,754261398
HabnogeHus 8

JMcnepcioHHbIid aHanus

df 55 MS F 3Hayumocme F
Perpeccua 1 316,4615385 316,4615385 556,259155 3,81276E-07
OcTaTok 6 3,413461538 0,568910256
Wtoro 7 319,875

Koahpuyuenmoi  Cmandapmeaa owubra  t-cmamucmuka  P-3navenue  Huxcnue 95%  Bepxnue 95%  Huicnue 95,0%  Bepxwue 95,0%
Y-nepeceueHue -0,759615385 0,665652736 -1,14115866 0,29729464 -2,383408953 0,869178184  -2,388408953 0,869178184
MNepemexHas X 1 0,846153846 0,035876556 23,58514691 3,8128E-07 0,758367076 0,933940616 0,758367076 0,933940616

O1eHKa Ka4YeCTBa MOJTyYeHHOM MO/eJIH:
I10 YPOBHIO 3HAYMMOCTH KpuTepus Ouiepa u3 Tabauibl JUCepCHOHHbIN
aHam3 (cTpoka Perpeccus, cton6er] 3HaunMocTh) F = 1.58E-07 << 0,05, T.e.
MO/IeJTb 3HAYMMa,
I10 CTeTIeH! TOUHOCTH OIKCaHUs MOJIesIbIo TTporiecca (PerpeccoHHas CTaTUCTHKA)
R*=0,989. ITockonbKy R* > 0,95, MOXXHO TOBOPUTH O BBICOKOI TOYHOCTHU
aTmpoKCUMAany. Mogiesib XOPOIIIO OIUCHIBAET SIBJIEHUE.

3HaueHUsT KO3DDUIITMEHTOB MOJIETU OTIPEESIOTCS U3 TaGaUIIbI B cTO1011e «Koaddu-
IIMEHTbI» — B CTPOKe «Y-miepecedeHre» MPUBOJUTCS CBOOOAHBIN YjIeH, B CTPOKAX COOTBET-
CTBYIOIIMX IT€PeMEHHbIX MPUBOAATCS 3HaUeHUs KO3 PUIIUEHTOB MPU ITUX ITepeMEHHbIX.

B crosbiie «p-3HaueHUEe» MPUBOAUTCS IOCTOBEPHOCTb OTJIMYHS COOTBETCTBYIOIIMX KO3(]-
(puLeHTOB OT HyJd. B cay4dasx, korga p > 0,05, K03 PULIHEHT MOXKET CYUTATHCA HYJIEBBIM.
9TO 03HayvaeT, YTO COOTBETCTBYIOIAS HE3aBUCUMAas lepeMeHHasi MPAaKTUYeCKU He BJIUSIET
Ha 3aBUCHMYIO TIEpeMEHHYI0 U KO3(PPUIIUEHT MOXKET ObITh YOpaH U3 ypaBHEHMUS.



OrTcrofia BeIpa)keHUe JJ1s1 ope/iesieHust Y OyZieT UMeThb CJIely oI BUJ,;
Y =0,85xX-0,76.

Ecnu R? nexxut B uanaszoHe ot 0,8 10 0,95, roBOpsT 06 y/10BJI€TBOPUTEIHbHOMN allITPOKCUMALII
(Mopesb afieKBaTHA OMTUChIBAEMOMY siBjieHUI0). Ecin R? < 0,6, TPUHSATO CYUTATh, YTO TOYHOCTh
aTIIIPOKCUMAIIUU HEJIOCTATOYHA U MO/IeJIb Tpe6yeT yiIydllieHus (BBeAeHHUS HOBBIX HE3aBUCUMBIX
IepeMeHHbIX, yueTa HeJIMHEHHOCTe! U T. 1.).

MPUMEP 2
ITOCTPOUTH PETPECCUOHHYIO MOJE/Ib JJIsI ITPECKA3aHUsl 3HAYE€HUSA Y B 3aBUCUMOCTH OT X |, X .
B Ttabuiie mpuBeieHbI JaHHbIEe HAOJI/IeHU.

X, X, Y
1 13 1160
1 13 1155
1,1 1,4 1158
1,1 14 1157
1,1 1,5 1160
1.1 15 1161

1 14 1157

1 15 1159
1,2 1,6 1256
1,2 1,7 1260

0,6 1 1040

0,6 1 1039

0,7 1,1 1039

0,7 1,15 1040

0,75 1.2 1040

0,7 1.2 1039

0,7 13 1040

0,7 13 1039

0,8 14 1040

0,8 14 1138

0,78 1,5 1240
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0,8 1,5 1239
0,78 1,5 1241
0,78 1,6 1240

0,8 1,7 1239

0,8 1,8 1239
0,75 1,8 1240
0,78 1,9 1238
0,75 1,9 1238

Peiuenue:
BBejsiem anHbie B Juana3oH A1:C30 paboueit Tabiuibl Excel.
Haiee «/laHHbBIE» — «AHAJIU3 JaHHBIX» — «Perpeccusa» — OK.
B nuasoroBom okHe 3azaaum BxogHOU nHTEpBaJ Y.
YkaxxeM BxogHoi nHTEepBa X, U X, HEIIPEPHIBHON 00J1aCThIO.
YcraHoBUM (ps1axkok B 1iosie I'paduk mogodopa.
YKa)keM BbIXOJIHOU AMAIla30H: [IOCTABUM MEPEKI0UaTelb B MOJI0KEeHUE BhIXOAHOM
MHTEpBaJI, 3aT€M yKa3aTeJIb MBIIIN HABEZEM Ha JIEBYIO BEPXHIOIO TUYEHKY
BBIXOJHOTO Aramna3oHa (E1) - OK.

B BBIXOTHOM JIIaITa30HE MOSIBATCS pe3y/IbTaThl PErPECCHOHHOTO aHAIM3a U IpaUKHU Mpej-
CKa3aHHBIX TOUEK (puc. 6.5).

BbiBoO TOros

PezpeccuorHas cmamucmuka
MHOXeCTBEHHbI R 0,890
R-kBappaT 0,792
HopmuposaHHeli R-kBagpat 0,775
CTanpapTHas owmnbka 39,293
Habniogenna 29,000

[UCNepCUOHHLIR aHanua

df 55 MS F 3rayumocms F
Perpeccua 2 152412899 76206,450 49,35846261 1,40483E-09
OcTaTok 26 40142 411 1543,939
Wtoro 28 192555310

Koaghgpuyuenmel  Cmandapminas owubka  f-cmamucmuka  P-Snadenue  Huxnue 95%  Bepxxue 95% Huxrnue 95,0% BepxHue 95,0%
Y-nepeceueHue 6819 50,293 13,559 2,67E-13 578,528 785,287 578,528 785,287
MNepemennan X 1 90,9 43,893 2,071 4,84E-02 0,684 181,132 0,684 181,132
Mepemennan X 2 2747 31,834 8,628 4,16E-09 209,231 340,101 209,231 340,101

HNHTeprpeTarius pe3yJabTaToB:
T10 YPOBHIO 3HAYUMOCTH KpuTepusi Ouiiepa [[UCTIepCUOHHBIN aHAIN3
(ctpoxka «Perpeccusi», cronber; «3HaUMMOCThb») F, 1,4 X 10 - 9 << 0,05, T. €.
MOJIeJTb 3HAUYMMa;
T10 CTeTIEHU TOYHOCTU OIMMCAaHUS MO/JIe b0 TIpolfecca (PerpeccoHHasi CTAaTUCTHUKA)
R*=0,79. TTockosbKy R? 6;1130K K inana3oHy ot 0,8 10 0,95 MOYKHO TOBOPUTH
0 ZIOBOJIbHO BBICOKOI TOUHOCTH aIlTPOKCHUMAIIHH.



3HayeHUs KO3PDUIIMEHTOB MOJIeIU OTIPeieITI0TCA U3 TaGaUllbl B cTo101e «Koaddu-
[UEHTBI» — B CTPOKE «Y-TepeceyeHne» IIPUBOJUTCS CBOOOAHBIN YIeH a, = 682, B CTPOKax
COOTBETCTBYIOLIMX [IEPEMEHHBIX ITPUBOAATCS 3HaU€HUS KO3(P(PUIMEHTOB ITPY 3TUX IIEPEMEHHBIX
a, =91 ua,=275. B cronbue p-3Ha4eHHe IPUBOJUTCS JOCTOBEPHOCTD OTJIMYMSI COOTBETCTBY-

OIIMX KO3 PUILeHToB oT Hy/id. Tak kak p < 0,05, 3HaAUUT Bce KOA(P(HULIMEHThI 3HAUNMBI.
[TosTOMy BBIpaXKeHUE JIJI ONpefe/IeHNs] 3HaUYeHUsA Y B 3aBUCUMOCTU OT 3HAYEHUN

X, 1 X, UMeeT BULL:

1400

Y =682 + 91X, +275xX,.

MoadUKKM PacnonoykeHMa GakTMYecKmx 1 NpeackasaHHbiX ToUek

MepemeHHan X 1 Mpacduk nogdopa

1300 -
1200 -
1100 -
> 1000 A
900 -
800 -

700

0,2 04 0,6 0,8 1 1,2

14

MepemeHHan X 1 ‘ +Y MmMpeackasaHHoe Y

MepemeHHan X 2 Npacduk nogdopa

1400
1300 +
1200 +
1100 +
> 1000 +
900 +
800 +

700

.lll
g §
.ll’o

0,5 1 15 2

MepemeHHas X 2 ¢Y mMpeackasanHoe Y




3amaHus:

1. IToctpoiiTe 3aBUCUMOCTB 3apILyIaThl (py6.) OT BO3pacTa COTpyJHHKA
10 CJAEAYIOLIVM JaHHBIM:
Bo3spacr 3apruiaTta
20 8000
50 25000
45 25000
40 20000
25 12000
30 18000
2. Tlocrpotite 3aBUCUMOCTD Y 0T X, 11 X
X, X, Y
1,85 18 5,4
1,8 25 5,7
1,75 20 4,8
1,7 24 51
1,68 21 4,5
1,73 19 4,8
1,77 22 5,1
1,81 23 5,6
1,76 18 4,7
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7 OUNcnepcUoOHHbIXA aHanNus.
J1TabopaTtopHasa pa6ota N27

ITpy HEOOXOAMMOCTU OLIEHUTH JOCTOBEPHOCTD Pa3INYMs MEX/1y 3HaYeHUSIMH HECKOJIbKUX
rpymn HabroieHUs (BhIOOPKAMU) UCTIOIB3YIOT METO/bI IUCIIEPCUOHHOTO aHAIN3a.

JlMicIepCHUOHHBIN aHAIU3 IIpeHAa3HA4YeH JIJIs1 UCCIIeJOBAHUS BO3ZEUCTBUS Ha HCCIeaye-
MYIO CIIy4aiiHyI0 BeJIMUMHY OJJHOI'0 I HEeCKOJIbKUX He3aBUCUMBIX (DaKTOPOB. Biustoniye
Ha pe3y/IbTaT PaKTOPbl CYUTAIOTCS U3BECTHBIMU, U PeUb UZET 00 OLIEHKE 3TOr0 BJAUSHUS.

[IpriMeHeHHne JUCIIEPCUOHHOTO aHAJIN3a BO3MOXKHO, €CJIM MOXKHO ITPEZII0I0KUTh COOTBET-
CTBHE BbIOOPOYHBIX IPYIII T'eHEePaJIbHBIM COBOKYITHOCTSIM C HOPMaJIbHBIM pacIipesieieHrueM
Y HE3aBUCHMOCTb paclpe/ie/ieHii HabJII0IeH! B IpyIiax.

3a/aua 3aKJII09aeTCsl B TOM, YTOOBI CPAaBHUTH AUCIIEPCHIO, 00YCIOBIEHHYIO Cy4YalHbBIMU
NIPUYMHAMU, C IUCIIEpCUEl, BBI3bIBAEMOI HaIMUMeEM Hccieayemoro dakropa. Ecay onu 3Ha-
YUMO Pa3JIMYaIOTCs, TO CYUTAIOT, YTO (PAKTOP OKA3BIBAET CTATUCTUYECKU 3HAYMMOE BIUSIHUE
Ha MCCJIeyeMylo IlepeMeHHYy10. [IpoBepka pa3inumii BBIIOJIHAETCS 110 KpuTeputo duinepa.

BiysiHuMe CcirydaiiHOU COCTaBIIAIOIIEl XapaKTepu3yeT BHYTPUTPYIIIIOBAs AUCIIEPCUS, A BJIU-
sSHME U3y4aeMoro (akTopa — MEXIPYIIIOBasi.

BHyTpurpymmnosas JUCIepCHsl paCCUUTHIBAETCS 110 (hopMyJIe:

1 n m
= x. —M. 2,
2 m(n—l);;( v )

MEXTPYIIIIOBasi:
st = Lzm:(M —-M)
1 m—1 — i ’

e M — ob1iee cpeiHeE;

M — KOJIMYECTBO I'PYIIIT;
n — KOJIMYECTBO 3JIEMEHTOB B TpYIIIIe.

B MS Excel i1 npoBeseHns 0HOGAKTOPHOT'O JUCIIEPCUOHHOIO aHAIM3a UCIIOJIb3yeTCs
npouenypa OgHO(paKTOpHBIN AUCIIEPCUOHHBINA aHAINU3.

JTIABOPATOPHA{ PABOTA N27

MPUMEP 1

Heo6x011iM0 BBISIBUTD, BJIUSIET JIU PACCTOSTHHE OT I[EHTPA TOPO/ia Ha CTETEHD 3aII0THIEMOCTH
TOCTHUHUII. BBe/IeHbI 3 YPOBHS PacCTOSTHU OT IIeHTpa ropofa: 1) o 3 kM, 2) oT 3 10 5 KM u 3)
CBBIIIIE 5 KM. J[aHHBIE 3aII0JTHIEMOCTH ITPEICTABJIEHBI B TAOJIHIIE:



Paccrosinue
0 3 KM
oT 3 710 5 Km

CBBIIIIE 5 KM

Pemienue:

3amnosIHAEeMOCTh, %

92 98 89 97 90 94
90 86 84 91 83 82
87 79 74 85 73 77

[anHbIe BBeJleM B pabouyto Tabauily Excel o cTosibriam:
3aITOJTHSIEMOCTD B I[EHTPE TOPO/Ia;
3aITOJTHSIEMOCTD Ha PACCTOSTHUHM OT 3 710 5 KM OT LIEHTPa;
3aITOJTHSIEMOCTh Ha PACCTOSTHUM CBBIIIIE 5KM OT IIEHTpA.
BBIMTOJTHUM KOMaHy «JIaHHBIE» — «AHAJIU3 JAHHBIX». B TOSIBUBLIEMCST
ZIaJIOTOBOM OKHE « AHAJIU3 IAHHBIX» B CIIUCKe « MHCTPYMEHTHI aHAJTN3a»
BbIOGepeM Tporieiypy «OHO(DaKTOPHBIN JUCIIEpCUOHHBIHM aHaIn3» —OK.
B mosiBUBIIIEMCST IMAJIOTOBOM OKHE «OHO(PaKTOPHBIN JUCTIEPCUOHHBIN aHATNA3»
B I1oJie «BxogHo! nHTepBas» 3azanrte Al:C7.
B pazzesie «['pynmupoBKax» IMepeKaodaTesb YCTAHOBUM B IOJIOKEHUE
I10 CTOJIOIIAM.
VkajkeM BBIXOJHOM Mamna30H. [[JIsl 3TOro IoCTaBUM IEPEKITI0YATEb
B MOJIOXKEHUE «BBIXOTHON MHTEPBaJI», 3aTEM IIEJTKHEM yKa3aTeJIeM
MBIIIIY B TIPABOM T10JI€ BBO/]a « BBIXOTHO# MHTEPBAII», U IETUKOM MBI
Ha g4yefike E1 ykajkeM pacriosiokeHUue BhIXOHOTro AuarnasoHa (puc. 7.1) —»OK.

3anonHeHure gmanoroBoro okHa «OaHoMGaKTOPHbIM AMCMEPCUOHHbIM aHaNM3»

OaHODAKTOPHBIA AMCNEPCUOHHLIA aHanus ? X

BX0AHGIE JaHHEIE
BX0AHOH WHTEpBaN: [5451:5C57 =5

OrMeHa

T pynnApoBaHme: @) no cronbuam
O o CTpokaM CnpaBka
MeTkw B NepBoii cTpoke

Anba: | 0,05

MNapamMeTpLl BLlB0Aa
(@) BuixogHoii nHTepBan: $E$1 2.7
O Hoeblit pabounil ancT:

() Hozan pabouas ghira

Pe3synbtaT paboThl MHCTPYMeHTa «OOHOMaKTOPHbBIN ANCMNEPCUOHHbBIN aHanms»

HUTorn

Ipynisi Cuem Cymma Cpednee  Hucnepcus
o 3 km 6 560 93,33 13,47
OT3 g0 5 M 8 516 86,00 14,00
CBblLlE 5 KM 6 475 79,17 32,97

JWcnepcHoHHBIA aHanma

Hcmoyruk eapuayuu SS df MS F P-3Hauerue F Kpumuyeckoe
Mesxay rpynnamu 602,33 2 301,17 14,95 0,000268401 3,68
BuyTpu rpynn 302,17 15 20,14

Toro 904,50 17




PesynbraThl aHaIM3a:
BrIXOAHOI JUalla30H BKJIIOYAET B CeOsl pe3ysIbTaThl JUCIIEPCUOHHOIO aHAJIM3a: CPEeHUE,
JUcriepcuu, Kpurepuid duiiepa u pyrye MoKa3aTesu.

HNHuTepnperanusa pe3yabTaToB:

BiiusaHue ucciegyemMoro (paktopa oIpesiessieTcs 10 BeJIMYMHE 3HAYUMOCTH KPUTEPUS
duiepa, KOTopast HAXOAWUTCA B Tabsuiie /IMciepCUOHHbBIN aHaIU3 Ha IlepecedYeHUN CTPOKU
Me>xay rpynramu u crosbia P-3HayeHue. B cioyyasx, korga P-3HaveHue < 0,05, KpUTepuii
duirepa 3HaAYUM, U BJIUSHUE UCCIEAYEMOrO (paKTOpa MOXKHO CUMUTATh JJOKA3aHHBIM.

B manHOM npuMepe 3Ta BesimunHA paBHa 0,0002684 < 0,05, ciaeoBaTeJIbHO, KPUTEPUM
duuiepa 3HaAYMM, U BAUAHKE (PAKTOpPA PacCTOSHUS OT LIEHTpa ropoza Ha 3(pPeKTUBHOCTh
3aI10JITHEHUS TOCTUHULL JOKa3aHO CTATUCTUYECKU.

SagaHu:
OmnpezenuTte, BAUSET JIU PAaKTOP 00pa30BaHMS HA YPOBEHD 3apIlIaThl
Ha OCHOBAaHUH CJIEYIOLUX TaHHBIX:

Oo6pa3oBaHue 3apIuiaTta COTpySHUKA
BBICIIIEE 32000 30000 26000 20000 19000 19000
cpeHee crienaabHOe 26000 20000 20000 19000 18000 17000

cpenHee 20000 20000 19000 18000 17000 17000
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