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1. Tema: Beenenue. OCHOBBI OMOCTATHCTHKH.
2. Heab: cdopmupoBaTh y CTYAGHTOB OCHOBHOE IIPEIACTABICHME O  JUCLHUIUIMHE
«buocratucTuka», ee mpeaMere, 3aJad4ax U UCTOPUM CTaHOBJIEHUS. O3HAaKOMHTH CTYNEHTOB C
TUIIAMH JAaHHBIX, METOJaMH UX cOopa M rpaduyecKkuM NpPEACTAaBICHHUEM, a TaKKe C BHIAMH
W3MEPUTENIbHBIX LIKaJI, HOHATUAMU HAJEKHOCTU U IOCTOBEPHOCTH U3MEPEHUSI.
3. Te3ucsl JeKUNHU:

Cmamucmuxa - 3T0 OOLIECTBEHHas HayKa, M3Yy4amoollas KOJIUYECTBEHHYIO CTOPOHY
MacCOBBIX OOILECTBEHHBIX SIBJIEHHUI B HEPA3pbIBHOM CBSI3U X C KAYECTBEHHOIN CTOPOHOM.

B cratuctuke cBOCTBO 0OBEKTOB WM SBJICHUN, KOTOPOE MOXKET ObITh HAOJIIOJAaEMO WIIH
U3MEPEHO, Ha3bIBACTCSI NPUSHAKOM.

CrarucTuka, U3ydaroiias BOMPOCH], CBsI3aHHbIE ¢ OMOJOTHMEH, MEAUIIMHON, (apmaluei,
TUTUEHOM U 3IpaBOOXpaHEHUEM, HAa3bIBAETCS OUOCMAMUCTNIUKOU.

Posp GMOCTAaTUCTHKY B IPaKTUYECKOW U Hay4yHOW paboTe Bpada, MeJCEeCTpbl, (hapMalrieBTa
BEJIMKA.

buocraTrcTika IpUMEHSIET pa3UYHbIe METOABI: cOOp MAaHHBIX, X 00O0O0IIEHHE, aHATN3 U
[OJIBEICHUE UTOIOB, OCHOBAHHBIX HA [1OJIyYE€HHBIX HA0IIOICHUAX.

CraTucTHYecKkuii aHaJu3 TOMOTaeT J00bIBaTh MH(GOPMAIMIO M3 JAHHBIX WM OIICHWBAThH
KaueCTBO ATOM MH(POPMAIIHH.

3aoauu buocmamucmuxu:

- KOJMYECTBEHHOE NpEJCTaBJIEHUE OMOJIIOTUYECKUX (PAKTOB (M3MEPEHUE) — 3TO BhIpAXKEHHE
CBOWCTBA OTJEIILHOTO OMOJIOTHYECKOr0 OOBEKTa B BHJIE YHUCIIA, BAPUAHThl WU 3HAYCHHUS
IIEPEMEHHOM;

- 0000IIeHHOe ONHMCAaHNWEe MHOXKECTBA (PaKTOB (CTATUCTMUYECKOE OLEHMBAHHE) — 3TO pacyer
[oKa3arejae M mapaMerpoB, KOTOpPbIE MOJHOLIEHHO XapaKTepU3yIOT CBOIICTBA MHOXKECTBA
OJIHOTHUITHBIX 0OBEKTOB WJIH BBIOOPKH;

- TIOMCK 3aKOHOMepHOcTeil (IpoBepKa CTaTUCTHUYECKUX THIOTe3) — 3TO J0Ka3aTeIbCTBO
HECIIy4aHOCTH ~ OTJIMYMA MEXIy CpPaBHMBAEMbIMM COBOKYIHOCTSMH, OOBEKTaMH,
3aBUCUMOCTH MX XapaKTEPUCTUK OT BHEIIHUX WM BHYTPECHHUX IIPUYUH

- IPUMEHEHHE KJIACCUYECKHUX CTATUCTUYECKUX METOJOB JIUIsl MEIULIMHCKUX aHAJIU30B;

- IPUMEHEHHE COBPEMEHHBIX CTATUCTUYECKUX METOJIOB JIJIsl MEANLIMHCKUX aHAJIN30B;

- TMOJArOTOBKA HOBBIX METOAOB JUISI MEJUIIMHCKUX aHAIHM30B.

OcHoBel 6MoMeTpuH HaunHatoTcs ¢ @parncuca [anbrona (1822—1911 rr.).
[lepBonauansho ['anbToH rorosuics crath BpayoM. OgHako, o0ydasch B KemOpumxckom
YHUBEPCUTETE, OH  YBIEKCAd  €CTeCTBO3HAHHUEM,  METEOpOJIOTHEH, aHTPOTMOJIOTHUEH,
HaCJIEICTBEHHOCTBIO U TEOPUEN IBOIIOLUH.
€ro KHUTe, IMOCBAIIEHHON IPUPOAHON HACIEACTBEHHOCTH, N3aHHOM B 1889 1. um
BIIEpBbIC OBLJIO BBEACHO B yIOTpeOicHHEe CII0BO biometry.
3TO ke BpeMsi OH pa3padoTajl OCHOBBI KOPPEISAIHMOHHOTO aHaiu3a. ['adbTOH 3a10KuiI
OCHOBBI HOBOI Hayku u jan eil ums. OqHako npeBpatuil e€ B HayyHYyI0 JUCHUIUIMHY MaTeMaTHK
Kapn Ilupcon (1857—1936 rr.) (pucynok 1.1, b). B 1884 r. Ilupcon nonyuun kadenpy
IIPUKIIATHON MaTeMaTHKU B JIOHAOHCKOM YHUBEPCUTETE,
B 1889 r. moznakommics ¢ I'anbToHOM U ero paboTamu.
bonburyto ponbp B ku3HM IlupcoHa chirpan aHMIMMCKUIl 300J0T, OMOMETPHUK, MEPBBIN
opranuzarop xypHaia «buomerpuka» B.Yannon. ITomoras Yangony B aHaiu3e 300JI0THYECKUX
naHHbiX, [lupcon BBEn B 1893 r. MOHATHE CpENHETO KBAAPATHYECKOTO OTKIOHEHUS U
Ko puLreHTa BapUaIu.



http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BC%D0%B1%D1%80%D0%B8%D0%B4%D0%B6%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
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http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD
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[IpiTasice Marematuyeck OGOPMHUTH TEOPHIO HacleACTBeHHOCTH [ ambrona, Ilupcon B
1898 r. pazpaboTan OCHOBBI MHOXXECTBEHHOW PETPECCHH.

1903 r. ITupcon pa3zpaboTan OCHOBBI TEOPUU COMPSHKEHHOCTH MPU3HAKOB, a B 1905 r.
0IyOJIMKOBaJ OCHOBBI HEJIMHEHHOHN KOPPEISILIUY M PETPECCUM.

Crnenyrouuii 3Tam pa3BuTHs OMOMETPUU CBSA3aH C UMEHEM BEJIMKOIO aHIJIMICKOTO
craructrka Ponansaa @umepa (1890—1962 rr.) (pucynok 1.1, ¢).

Bo Bpems 00ydenust B KemOpumkckoM ynuBepcutere Ouiiep No3HAKOMUICS C TPyAaMu
I'. Menpnens u K. ITupcona.

1913—1915 rr. @uep padoTan CTATUCTUKOM Ha Npeanpuiartuy, a B 1915 — 1919 rr.
npenojiaBas GU3NKY U MaTEMaTHKY B CpEAHEN IIKOJIE.
1919 no 1933 r. ®umep paboTan CTATUCTUKOM Ha ONBITHOHN CEJIbCKOXO035HCTBEHHON
CTaHLIMH.

3areMm, mo 1943 r., @uimep 3aHuMal JODKHOCTH mpodeccopa B JloHaoHCKOM
yHHBepcuTeTe, a ¢ 1943 1. mo 1957 r. 3aBenoBan kadeapoii renetrku B Kemopumxe.

OH sBHseTCS OCHOBOIOJOXHUKOM TEOPUH BbIOOPOUHBIX paclpesieleHull, METOA0B
JUCIIEPCUOHHOIO U JUCKPUMUHAHTHOTO aHaJIN3a, TEOPUHU IUIAHUPOBAHUS KCIIEPUMEHTOB, METO/1a
MaKCHUMaJbHOTO MPaBIONON00MS M MHOTOTO JPYroro, 4TO COCTaBISIET OCHOBY COBPEMEHHOM
IPUKIAJHON CTATUCTUKU U MaTEMaTUYECKON T€HETUKH.

OCHOBOTIOJIO)KHUK TIOHSATHSI O CPEIHHMX BEJIMYMHAX, Oenbruiickuii ydenoiid A. Kerie
IPUMEHUJI CTATUCTUYECKHE METO/IbI JIIsl pELIeHUs 3a/1a4 OMOIOr MU, MEAULIMHBI U COLMOJIOTHH.

a | - b c
Puc.1.1. a— ®. l'anbron, b — K.ITupcow, ¢ — P.durep

[lepBpIM 3TammoM Mpu MPOBENECHUU IFOOOTO CTATHCTHYECKOTO HCCIECIOBAHUS SIBISETCS
cOOp MaHHBIX 00 aHATM3UPYEMOM OOBEKTE WM TMPOIECCe B BHJAEC KOHKPETHBIX 3HAYCHHI
MEPEMEHHBIX.

Coopom cmamucmuyeckux OaHHbIX HA3BIBACTCS MPOLECC IMOJydyeHHUs HH(popMalMU 00
3JIEeMEHTaX HCCIIEyeMON COBOKYITHOCTH M MX CBOMCTBaxX. ODTH JaHHBIE SIBISIOTCS MPEAMETOM
CTaTHUCTUYECKON 00pabOTKH U aHAIIM3A.

BropbiM 3Tanom sBisieTcst aHaIu3 THUIOB JaHHBIX.

Tumbl TaHHBIX: KOJIMYECTBEHHBIC, KAUECTBEHHBIC U AaThl (pPUCYHOK 1.2).



http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D1%88%D0%B5%D1%80,_%D0%A0%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%B4_%D0%AD%D0%B9%D0%BB%D0%BC%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D1%8C,_%D0%93%D1%80%D0%B5%D0%B3%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%B0%D0%B2%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D0%BE%D0%B1%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%B0%D0%B2%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D0%BE%D0%B1%D0%B8%D1%8F
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Pucynox 1.2. Knaccudukanus THIOB JaHHBIX

OcHOBHBIE  TUNBI  JIaHHBIX  JENATCA Ha  KOJMYECTBEHHbIE M  KAa4eCTBEHHBIE.

Konuuecmsenuvie OanHvle B CBOIO OUepeb MOAPA3ICISIOTCS Ha TUCKPETHBIE
(TIpepbIBHBIE) U HETIPEPHIBHBIE.

Juckpemnvie Oannvie — KOTNYECTBEHHBIE TaHHBIE, KOTOPBIE MPEICTABICHBI TOJBKO B BUJIE
LIEJIOT0 YKcia, T.€. HE MOTYT UMETh JpoOHYyI0 yacTh. Hampumep:

KOJIMYECTBO JETEH.

Henpepuvignuvie Oanmvie — 3TO JlaHHbBIE, KOTOpPbIE IIOJIy4alOT MpPU U3MEPEHUM Ha
HENpPEphIBHOM IIKaJe, T.€. TEOPETUUYECKH OHM MOTYT MMETh JIpoOHYyI0 yacTtb. Hampumep: macca
TeNa, POCT, apTepUaIbHOE AABJICHUE U T.1.

HenpepbiBHbIE JaHHBIE OBIBAIOT UHTEPBAJIBHBIMUA U OTHOCUTEIBHBIMH.

HumepeanvHvle OanHble — BUA HENPEPBIBHBIX TaHHBIX, KOTOpPbIE HU3MEPSIOTCS B
a0COJIOTHBIX BEJTMUMHAX, UMEIOIINX (PU3HMUECKUI CMBICI.

OmmuocumenbHvle 0anHble — BUJl HEMPEPBIBHBIX JAHHBIX, OTPAXKAIOIIKX JOJI0 U3MEHEHUS
(yBenuueHusT WIM yMEHbUICHUS) 3HAYEHWS IPU3HAKa IO OTHOLIEHHWIO K HCXOAHOMY (WK K
KakoMy-JIN0O Jpyromy) 3HAu€HHIO 3TOT0 MpHU3HAKa. DTH JaHHbBIC SBIAIOTCA Oe3pa3zMepHBIMU
BEJIMYMHAMU WJIM BBIPAXKAIOTCS B MPOLEHTAX.

Kauecmeennvle dannvie — moapazieisitoTCss HA HOMUHAJIBHBIE U MTOPSIKOBBIE.

Homunanvnole 0annvie — BUJl KaUECTBEHHBIX JJAHHBIX, KOTOPHIE OTPAXKAIOT
YCIIOBHBIE KOJbI HEM3MEPSIEMbIX KaTETOpUid (KO/bI IUarHo3a).

llopsiokosvie OaHnmble - BHUJ KAuEeCTBEHHBIX JaHHBIX, KOTOPBIE OTPaXalOT YCIOBHYIO
CTETIEeHb BBIPAKEHHOCTH KaKOTr0-Tu00 MpU3HaKa (CTaaul OHKOJIOTHYECKUX 3a00JIeBaHuM, CTETIEHU
Cep/IEYHON HEAOCTATOYHOCTH).

X OCHOBHOE OTIMYHE OT JAMCKPETHBIX KOJUYECTBEHHBIX JAaHHBIX 3aKIIOYaeTcs B
OTCYTCTBHUH NMPOMOPIMOHAIBHOMN IIKAJIbI 1151 U3MEPEHUS BEIPaXEHHOCTHU MPU3HAKA.

bunapnvie (Ouxomomuueckue) oannvie - 0000 BBIACIICMBbIA BUJI KAYECTBEHHBIX JTaHHBIX.
[Ipu3Hak Takoro TWma MMEET JIMIIb J1Ba BO3MOXKHBIX 3HAY€HMs (I0JI, HAIMYME WIH OTCYTCTBHE
KaKoro-ianbo 3ab0seBaHusl).

OcoObIM BUAOM JIaHHBIX ABIAIOTCA Oambl. IlocKONbKy B psijie ciaydaeB ObIBaeT
HEOOXO/MMO TIPOM3BECTH C HHUMHU HEKOTOpble apu(MeTHdyeckue JACUCTBUS (BbIUUCIICHHE
a0COJIIOTHOTO MEPUOJIa BPEMEHH MEXKIY ABYMS COOBITHSMMU IO JJaTaM 3TUX COOBITHH).

Wnorna BbLAENSAIOT TaKkKe HEKOTOPbIE 0COObIE MOATHUIIBI TaHHBIX, SBIISIOMINECS YaCTHBIMU
CIy4yasiMd BBILIENIEPEUNCICHHBIX THUIIOB: pPAaHTU, OYKH, BHU3yaJbHbIE aHAJIOrOBBIE LIKAJIBI,
LEH3YpHUPOBAHHBIE TaHHBIE.

[lepen Tem Kak TPOBOJIWUTH YIiAyOJEHHBIH CTAaTUCTUYECKUN aHAIM3, BAKHO IPOBECTH
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npeBapuUTEIbHBIA aHAM3 JTaHHbIX. Ha 3ToM 3Tame ans ckaTust W CHCTEMaTH3alud Habopa
JAHHBIX WCIIOJNB3YIOT rpaduyeckre METOAbl. DTO TO3BOJISIET OLEHUTH OCOOCHHOCTH Habopa
JAHHBIX W BBIIBUTh aHOMAJMH, T.€. BBIOPaTh I JAIBHCHIIOrNO aHAJIM3a IOAXOJSIINE
CTaTUCTHYECKUE METO/IBI.

Huckpemnvie OanHble MOTYT OBITh NPEACTABICHBI B BHJIC TAOJHUIBL, CTOIOMKOBOM
JarpaMMbl, TMKTOIPAaMMBbI, KpYTOBOH THarpaMMbl, TOUSUHOTO PHCYHKA.

Henpepuvignvie 0antblie MOTYT OBITh MPEICTaBICHBI B BUAC TPYNIUPOBAHHOW BBIOOPKH,
TUCTOTPaMMBI, THArPAMMBI «CTE€OEIb C JIMCThSIMIY WIH «SIIUK ¢ ycaMuy, Kpuoi JIopeHia u T.11.

Cmewannvle OanHbie MOTYT OBITh IPEJCTABIICHBI B BUJIE TUarpaMMBbl paccesHusl.

['padrueckue METO bl PEACTABICHUS TaHHBIX.

['paduk, B KOTOPOM CTaTHCTUYCCKHE JaHHBIC N300PaKAIOTCS PA3IMIHBIMU
TrCOMETPUYCCKUMU (PUTypaMH, HA3bIBACTCS OUASPAMMOU.

Bubr Hanbosee 9acTo UCIOIb3yeMbIX JHarpamMM:

(1 Jumarpammbl, H300pa)<arollie IWHAMHKY SIBJICHHS, BBIPOKEHHOTO B IIOKA3aTENsIX
WHTCHCUBHOCTH, COOTHOIICHHS, HAISIIHOCTH, CPEIHUX WM a0CONMIOTHBIX  BEIUYMHAX,
HA3bIBAIOTCS JiuHelHbiMu (pUCyHOK 1.3).
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Pucynoxk 1.3. JIuneiinsie quarpammsl (rpaduk)
Bun nuHeiiHo#M nuarpamMmbl, PUMEHAEMOW Al U300pa)KeHUsl JAWHAMHKH SBICHHS 32
3aMKHYTBIN IIUKJI BpeMeHH (CYTKH, HEIETIsI, MECSIl, F'O/T), Ha3bIBaeTCs paouaibHot (pucyHok 1.4).

A 104

A V03
Pucynok 1.4. PagnanbpHele quarpaMmmbl

(] JlmarpamMMbl, HU300pa)karolie AWHAMHUKY WM CTAaTUKY SIBICHHS B COOTBETCTBUU C
n30paHHBIM MacIITaboOM, Ha3bIBAIOTCS cmMoIOUK08biMu (PUCYHOK 1.5).

(] JluarpaMMbl, H300paXkaroliue CTPYKTYPY SIBICHUS, BBIPAKEHHOTO HSKCTEHCUBHBIMH
MOKa3aTeIsIMH, W TPEICTABISAIONIHE CO00 MPSMOYTOJBFHUK, B KOTOPOM IIBETOM BBIJICIICHEI
COCTaBISIONIME €ro YacTd B COOTBETCTBUHM C MX YyIOCIBHBIM  BECOM, Ha3bIBAIOTCA
8HYymMpucmonouxkosvimu (pUCyHoK 1.6).
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Pucynoxk 1.5. CtonOukoBbie tuarpamMmel
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Pucynok 1.6. Buyrpucrontukosas auarpamma

I'paduxk, KOTOpHIH MpencTaBiseT coO0M cMech TuarpaMMbl U TaOIUIbl, 3QPEeKTUBEH LI

0TOOpa)KeHUsI TaHHBIX 10 YBEJIMUYEHHUIO MOpsIKa BEJIUYMHBI, HA3bIBACTCH epaguxom «cmebensv u
aucmovsy (pucyHok 1.7).
I'paduk, KOTOpBI TpEACTaBIsIET COOOW NUPSIMOYTOJIBHHUK, T/Ie JBE MapauIeNbHBIX CTOPOHBI
COOTBETCTBYIOT BEpXHEMY M HMIKHEMY KBApTHJISAM JaHHBIX, a JMHUU, HAauMHAIOIIMECS B KOHIE
MPSIMOYTOJIPHUKA, MOKA3bIBAIOT MHUHHMAJIbHBIE M MaKCUMallbHbIC 3HAYCHUS, HA3BIBACTCS 2pa@ux
«Aawuk ¢ ycamuy (pucyHok 1.8).
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Pucynok 1.7. I'pauk «crebens 1 TMCTBA» Pucynok 1.8, I'padmx «amur ¢ yeamuy

H3mepenue — 310 TipoLieIypa CPaBHEHUSI 0OBEKTOB 110 OIPEEICHHBIM TOKA3aTeNIIM WIN
XapakTepUCTUKaM (MIpU3HAKaM, aTpuOyTam).
IIxana — HeOOXOAMMBIH, 00sI3aTETIBHBIN AIEMEHT U3MEPHUTEIbHON npoueaypsl. OCHOBHBIE
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TUIIBI U3MEPUTENILHBIX LKA, IPUMEHSIEMbIE B METUKO-ONOTOTHUECKUX UCCIICTOBAHMSIX

(] HOMUHANbHAA WIN WKAAA HAUMEHOB8AHUL WCTIONb3YyeTs i Kiaccu(UKaIMH CBOWCTB
00BbeKTa, MPUCBOCHHSI UM YUCIIOBBIX, OYKBEHHBIX M HHBIX CHUMBOJBHBIX XapaKTEPUCTHK (IO,
HAI[MOHAJIbHOCTB, 1IBET IJ1a3, LIBET BOJIOC, IMArHO3 U T.1.);

[ mopsoxosas WM paueogas — YNOPANOUMBAET 3HAUCHUSA NpU3HaKa (IIKanxa CTaaul
THIIEPTOHNYECKONW 00JIe3HH MO MSICHMKOBY, IIKaJla CTEIEHEH CepAeYHON HEeI0CTaTOYHOCTH IO
Crpaxecko-Bacunenko-Jlanry, mkana creneHu BhIpaXKEHHOCTH KOPOHAPHOW HEAOCTATOYHOCTH 110
®dorenbCcoHy U ap.);

[ unmepsanvhas — MOKa3bIBAET «pa3Max» OTIEIbHBIX U3MEPEHUN pU3HaKa (BpeMs,
[IKajga TeMIeparyp, TECTOBbIC OalIbI);

) wxana omuowienuti — BBISIBISICT COOTHOIICHNE U3MEPEHHBIX 3HAUCHUH MpU3HaKa (pocT,
BEC, BpEMs PEaKiuu, KOJIMYECTBO BHIIMOJTHEHHBIX 33/JaHUN TecTa).

B npouiecce n3mepeHust BOSHUKAET BOIIPOC €r0 HAOEHCHOCHU U 00CIOBEPHOCIU.

Haoesicnocms n3zmepeHus 3aBUCUT OT:

- NpaBUWIBHOCTU (MPaBUJIBHO JIM BblOpaHa IIKaja, MPAaBHJIBHO JIM 3alUCBIBAIOTCS IMOKA3aHMUS,
YUUTBHIBAIOTCS JIM CUCTEMATUYECKUE OLIUOKH U 1. );

- YCTOWYHUBOCTHU (COBMAJAIOT JIM PE3YJbTAThI IPH MOBTOPHBIX U3MEPEHUSIX);

- 000CHOBaHHOCTH (M3MEPEHO UMEHHO 3aJJaHHOE CBOMCTBO OOBEKTA, a HE APYroe, Ha HEro
oXoxee).

Jocmoeeprocms U3MEPEHUSI XapaKTEPU3YyeT TOUHOCTh U3MEPEHUIN BEIIMUYMHBI 110
OTHOLIEHUIO K TOMY, YTO CYIIECTBYET B PE€aIbHOCTH.

I'maBHOE HallpaBJIeHHE IPOBEPKU JOCTOBEPHOCTH N3MEPEHUH 3aKIII0YAETCS B ITOJIyYEHUN
UHPOPMALIUU U3 Pa3IMYHBIX HCTOYHHUKOB.

4. UnocTpaTUBHBIN MaTepuaJ: Mpe3eHTaIus, CJIalIbl.
5. Jlurepartypa:
e OcHoBHas:
1. Koituybexos b. K. buocratucruka. yu. nocooue/ b.K. Koiiuybekos.- Anmatsl: DBepo, 2016.
2. Koituy6exos b.K. buocratncruka: yueOHoe mocodue: Anmarsl.- IBepo, 2014

e JlonongHUTENbHAS:

1. buocratuctrka B mpuMepax u 3aaadax: yueo.-meroguueckoe mocooue/ b.K. Koituybexon [1
ap.].- Anmarsl: OBepo, 2012.

2. boposukoB B.II. STATISTICA. HckyccTBO aHanmmM3a [aHHBIX Ha KOMITBIOTEpE: JUIs
npodeccuonanos / B. boposukos. - CII6.: [Tutep, 2014. - 688 c.

3. HOnkepo B.M., TI'puropeeB C.I'. MaremaTuKo-cTaTUCTHYECKass 00padOTKa JTaHHBIX
MeaunuHCKuX uccaenosanuii. — CII0.: BMcaA, 2016 - 266 c.

e DJIEKTPOHHBIE PECYPCHI:

1. buocratuctuka [DnextponHsii pecypc]: yuebnmk/ K.OK. KymabaeB [u np.].- DnexTpos.
TekcToBbIie MaH. (85,7M0).- llIsimkenT: FOKI'®DA, 2015.- 187c¢. 1. ont. auck (CD-ROM)
6. KonTpoJibHBIC BONIPOCHI:

1. Yro Takoe «OMOCTATUCTUKA»?

2. Kakoga ponb yuensix @. ['anbrona, K. [Tupcona, P. ®uniepa B pa3BuTHr OMOMETPHUKH?

3. Uro Ha3bIBaeTCS COOPOM CTATUCTHYCCKHUX JTAHHBIX ?

4. Kakue TUIbI CTaTUCTUYECKUX JTaHHBIX BbI 3HaeTe?

5. Kaxue Tunsl n3MepUTEIbHBIX 1K IPUMEHSIOTCS B MEUKO-OHOIOTMYECKUX

HCCIEA0BAHUAX ?

JEKIAS No2
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1. Tema: OnucarenbHasi CTATUCTHKA

2. leab: O3HaAKOMUTDH CTYACHTOB C HOHATUSMH F€HEPATILHON M BHIOOPOYHOM COBOKYITHOCTEMH, a
TaK)Ke C MPOLEIypOil OLIEHKU IapaMETPOB COBOKYITHOCTEH.

3. Te3uceol JeKINT:

Cmamucmuyeckasi CO80KYNHOCMb — COBOKYIHOCTh OJHOPOJHBIX 10 KaKOMY-JIHOO
MPHU3HAKY OOBEKTOB, OrPAaHUYCHHBIX MPOCTPAHCTBOM M BpEeMEHEM (JHCIIO JeTeH, POAMBIIMXCS B
CTpaHe B TEYEHHE ONPEACICHHOTO T0Jla; YUCIIO JKUTENEH OJHOTrO Tropoja; 4YMCiIOo OOJBHBIX
OHK03200JIeBaHUSIMH B JAaHHOW CTPaHE U T.[.).

[Ipu  MeauKo-OMOJIOTMYECKUX,  KIMHUYECKHX,  (apMaleBTUYECKUX U JPYTHX
UCCIICIOBAHMSIX B PACIIOPSDKEHUU HUCCIIEOBATeNsl MPAKTUYECKW HUKOTJA HET MOJIHOM TPYIIBI
O00OBEKTOB, T.€. HEBO3MOXKHO IPOBECTH CIUIOUIHOE HAONIOJCHME, MOATOMY JI HCCIEAO0BAHUA
UCIIOJIB3YIOT 8b100POYHBLLL MEMOO.

Buibopouneiii memod — MeTON CTaTUCTUYECKOro OOcCIenoBaHUs, IpPHU KOTOPOM U3
CTATHCTUYECKOW COBOKYITHOCTH BBIOMPAIOT OTPAaHUYCHHOE YUCIO OOBEKTOB W WX IIOJBEPraroT
U3YYCHUIO.

BoibopouHblli  METOA HAXOAUT MIMPOKOE MPUMEHEHHE B MEIUIMHE, OWOoJIOTHH,
3IpaBoOXpaHeHuu U ¢apmanuu. Hampumep: HET BO3MOXKHOCTH 00CieIOBaTh BCEX OOJBHBIX C
OTIpe/IeICHHOM TAaTOJOTHe, MO3TOMY OOCIEeNYyIOT HMX HEKOTOPOE YHCIO; HET BO3MOKHOCTH
POBEPUTH BCE JIEKAPCTBEHHBIE MpENapaThl Ha COOTBETCTBUE CTaHAAPTY, MOATOMY MPOBOISAT UX
BBIOOPOYHBIN KOHTPOJIb U T.1.

I'enepanvnas cmamucmuieckas cO80KYNHOCMb - 3TO COBOKYIHOCTh, KOTOpasi COCTOUT U3
OeCcKOHEYHO OOJBIIOrO YHCla 3JeMEHTOB. Hampumep: Bce OONBbHBIE C JTaHHOM MATOJOTHEH; Bce
YKUTENIN JTAHHOW TePPUTOPHH U T.1I.

Buvibopounas cosoxynnocms (6v100pka) - 3TO COBOKYITHOCTh, KOTOpasi COCTOUT M3 YacTH
BBIOpaHHBIX AJIEMEHTOB HAONIOJCHUS, CIIOCOOHBIX OXapaKTepH30BaTh BCHO T'€HEPAIBHYIO
COBOKYITHOCTb.

Obvem cosokynHocmu - 3TO 00ILee YUCIIO 2JIEMEHTOB HabmoaeHus. O0beM reHepaibHON
COBOKYNMHOCTU 0003HaudaeTcst «N», 00beM BBIOOPOUHOM COBOKYHHOCTH — «n». Ecim n<30, To
BBIOOPKA CUNUTAETCS] MAJIOM.

Onemenm nHabaioO0enus - 3T0 KaX (bl YaCTHBIN CIydail SBICHUS, KOTOPOE N3y4aeTCsl.

BbI0OpOuHBIi METOA HCCIIEOBAaHUS SBISIETCS EIMHCTBEHHO BO3MOXHBIM B clydae
0EeCKOHEYHO! TI'eHEepabHONW COBOKYIHOCTH WJIM B clydae, KOrJa HCCIEeOBaHHUE CBS3aHO C
YHUUTOXKEHHEM HaOJr01aeMbIX OOBEKTOB (HampuMep, MPOBEpKa JIEKAPCTBEHHBIX IpPEnapaToB).
Kpome TOro, oH mO3BOJISET CYIIECTBEHHO KOHOMMTBH 3aTparhl pecypcoB. Hemoctatkom 3Toro
METO/a SIBJSIETCS MOSBJICHUE OMIMOOK MCCIIEAOBAaHUS, KOTOPhIE CBSA3aHBI C TE€M, YTO M3Yy4aeTcs
TOJILKO YacTh OOBEKTA.

['maBHBIM CBOWCTBOM BBIOOPKH SIBIISIETCSL HOKA3AMENbHOCHb (DENPE3SHMAMUBHOCMb), T.€.
€e  CBOICTBO  JOCTaTOYHO  XOPOIIO  BOCIPOMU3BOJUTH  TI'€HEPAIbHYIO  COBOKYITHOCTb.
Penpe3eHTaTHBHOCTD ~ TOCTUTAETCS, €CIH OOBEKTHI T'CHEPATHHOW COBOKYITHOCTH HMEIOT
OJTMHAKOBYIO BEPOSITHOCTBIO TTOTIAZIAHUS B BEIOOPKY.

Bunbl nokasarenbHOCTH:

KayecmeeHHas — 3TO COOTBETCTBUE MTPU3HAKOB JIEMEHTOB HAOJIIOICHHS B BHIOOPOUHOM
Y TEHEPAIBHON COBOKYITHOCTSIX.

KOU4eCcmeen as - 3T0 JOCTATOYHOE YMCII0 HaOII0AeHU .

[lepBbIM IIArOM CHCTEMATH3AIMH MAaTEPUAIOB CTATHCTUYECKOTO HAOIOICHUS SIBIISICTCS
OIIPEIEICHUE CIAMUCMU4ecKo20 pacnpeoeieHus 6blOOpKuU.
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Cmamucmuueckoe pacnpedenenue 6vlooprku (WU 6apuayuoHHblil psid) TPEICTABISIET
c000if TabJIHILy, COCTOSIIYIO U3 IBYX CTONOMOB (Tabmuma 2.1).
B mnepBoM CTOJIONE 3amMMCHIBAIOTCS 3HAYCHUS BapbUPYIONIETO MpPU3HAKA, HA3bIBACMBIC
gapuanmamu ¥ 0003HAYAEMBIE «Xi», a BO BTOPOM CTOJIOLE 3alMCHIBAIOTCS YUCIIA, HA3bIBACMBIC
yacmomamu ¥ 0003HAYAEMBIE «Vi», IOKA3bIBAIOIINE CKOJILKO Pa3 BCTPEYACTCs KaXK/blil BApUAHT.

Tabmura 2.1.

BapuanTsr (Xi) YacToTsl (i)

Bcero: nN=X vj

Bapeupyronye npu3Hakd MOTYT HMMETh JUCKPETHBI M HENPEpPBIBHBIA  XapakTep.
BapuaHnTel NpU3HAKOB, KOTOpHIC SBIIAIOTCSA LEIBIMH YHCIAMHU, HA3BIBAIOT OUCKDEMHbIMU.
Hanpuwmep, uuciio nere B ceMbe, YMCIIO MAMEHTOB, KOJHMYECTBO aMITyJl B YIAaKOBKE H T.JI.,

Eciu BapraHThl BApUALIMOHHOTO Psi/ia BBIPAXKEHBI B BUJIC TUCKPETHBIX BEJIIMYUH, TO TAKOH

BapHUALMOHHBIN DS HA3BIBAIOT OUCKPEMHBIM.

Ilpumep 2.1. B pe3ynbraTe OTIAENbHBIX HCIBITAHANA AKTHBHOCTH TETPALMKIIMHA
THIPOXJIOpHIa ObLIH MOJydeHbl 3HaueHus Xi (B ED/me): 925, 940, 760, 905, 995, 965, 940, 925,
940, 940, 905.

Pacrionaras 3HaueHMsT aKTHBHOCTM W YacTOTHI B TIOPSJAKE BO3pAacTaHMs, MOIYYUM
JIMCKPETHBIN BapHALIMOHHBIH psij (Tabnuia 2.2):

Tabnuma 2.2.
Bapuantsr (Xi) YactoTsl (vi)
760 1
905 2
925 2
940 3
965 1
995 1
Bcero: n=10

JIMCKPETHBIN BapUAllMOHHBIA DS MOKHO MPEACTaBUTh rpaduyeckd B BUAE MHOTOYTOJIbHHKA,
HA3BIBAEMOTO 110.1U20HOM (PUCYHOK 2.1).

BapuaHTbl NMpU3HAKOB, KOTOPbIE MOTYT MPUHUMATH JIFOOBIC 3HAYCHHS B ONPEIACICHHOM
MHTEpBaje, HAa3bIBAIOT HenpepulehbimMu. Hampumep, apTepuaibHOE IaBJIeHHE, pOCT, BeEC,
3apaboTHAas TIaTa u Jip.

JIns HENpEephIBHBIX TPU3HAKOB CTPOSITCA UHMEPBabHble BapUAllMOHHBIE PsAbl. MHUHHUMAIbHOE
3HAYCHHWE TIpU3HAKa B 33JaHHOM HWHTEpBaje HA3bIBAIOT HW)KHEW TpaHWUIICH WHTEpBaja, a
MAaKCUMaJIbHOE — BEPXHEMN.
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o

A

Pucynok 2.1. Iloauron

(=1

Ilpumep 2.2. B Tabnune 2.3 mpuBeieH WHTEPBAJIbHBIM BapHAIMOHHBIA psii pocta (Xi)
MYXKUHH.

Bapuants (Xi), cMm YacTotsr (vi)
150-155 1
155-160 11
160-165 14
165-170 26
170-175 26
175-180 13
180-185 8
185-190 1

Yucno MHTEpBAJIOB AJIsi MHTEPBAIbHBIX BapHAIIMOHHBIX PSAOB OIpeaesseTcs mno Gopmysne
Crepmxeca:
k=1+3,322Ign, (2.2)
rje N — 00beM BBIOOPKH.
JIist BBIYMCTIEHUS BEIMYMHBI MHTEPBalia UCIOIb3yeTcs hopmyrna:

Xiax ™ Xpin
] 1+3322Ign’ (2.2)

71 Xmax, Xmin — HAHOOJIbIIIEE M HAMMEHbIIIEE 3HAUCHUS BApUAHT COOTBETCTBEHHO.

3a Hayaso MepBOro UHTEpBaja OepETC BeIMUNHA:

X, = Xmin0,5h. (2.3)

WuTepBanbHbIl BapUallMOHHBINA DS MpeNCTaBisieTcss rpa@uuecku B BUAE CTYIEHYATOMN

(burypsl, HazbIBaeMOU eucmoepammoul (pUCyHoK 2.2).
WuTepBanbHblil BapHAallMOHHBIA Psil MPEACTABISCTCS rpauuecku B BUIE CTYNEHYATON

burypsl, Ha3pIBaEMOMH eucmocpammori (pUCYHOK 2.2).

(—-
|

|
3 2\ AVE WL 1 oY RSN
Preyrox 22. Tuerorpanmra

[Tpu GonblioM yrciie HaOMIOJEHUI HHTEPBAJIbHBIE BAPUAIIMOHHBIE PSAIBI CTPOST U JUIS
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JUCKPETHBIX ITPU3HAKOB.
BapualluoHHBIM psifi XapaKTEPU3YETCS NOKA3AMeNaMU  YEeHMPAIbHOU MeHOeHyuu u
nOKAa3amensiMu paznooopasusi.
K nokazarensam yenmpanvroul menoenyuyu OTHOCATCS CPETHUE U CTPYKTYPHbIE BEITUUMHBI.
CpenHue BeJIMYUHBL:

"
2%
i=1
b
n
CPeoHsisl apupmemuseckas npocmas re N - o0lIee YKCIIO YWIEHOB PA/a;
n
> xv,
i=l
" *
>
i=l

CpeaH}lﬂ apuqlmemutteCKaﬂ 636€ULICHHAA A€ vi — 4aCTOThI,

=

-—

X =4 XX,
CPeOHsIsL 2e0MempUIeCKas npocmas

CpeOHsIsl K8AOPAMUYECKasi NPOCMAs

CPeOHsisl K8AOPAMUYeCKast 636€UEHHAs

CTpyKTypHBIE BEJIMYUHBI:

Mmooa (Mo) — BapuaHTa ¢ HaMOONbIIIEH YaCTOTOM.

meouana (Me) — BapuaHTa, HaXOIIAsACSA B CEPEIUHE PAA.

3. Kkeawmuau - OTJCNBbHBIE PaBHBIC YACTH, Ha KOTOPBIC Pa30MBACTCS BApUAITMOHHBIN ST
Keéapmuiu — BSIIMIWHBI, ISJISAIIAC BAPUANIMOHHBINA PSI/T HA YeThIPE PABHBIC YaCTH;
K8UHMUIU - BEJTWYWHBI, JCISANINEC BApUAITMOHHBIA Ps HA TATh PaBHBIX YacTel;
Oeyunu - BEIUYUHBI, JETSAIINE BapHAIIMOHHBIA Sl HAa JECSITh PaBHBIX YacTei;
npoyenmuy - BETMYUHBI, TENSIINE BAPUAIMOHHBINA PSIJT HA CTO PaBHBIX YacTeH

(pucynoxk 2.3).

N —

3. Huorcnuui keapmuns (Q1) wiu 25-u npoyenmuns (P2s) - 3T0 3HaYCHUE CIyYallHOM
BEJIMYMKBI, HUKE KOTOPOTO HaxoauTcs 25% BBIOOPKH.

N n+1
N o=
=1 4
5. Homep HuKHEr0 KBapTHUIS ONpeaesercs no hopmysie:
6. Bepxnuti keapmunw (Q3) wnu 75-u npoyenmuns (P75) - 3TO 3HaUeHUE CIy4aliHOM
BEJINYUTBI, BBIIIE KOTOPOTO HaX0aUTCs 25% BBIOOPKH.
n+l)
Jhlrt;).. = — P
4

8. Homep BepxHero kBapTuiis onpeaessiercs no popmye:
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9. Ecnu HOMep KBapTuisl MOMy4UTCS APOOHBIM, TO €r0 MOXKHO OKPYIJIMTH O

OJIMKaMIIEro Lenoro.

DI D1 D! .D:, Ds D D, Dt ]
SRR VY 0 1 Y N TR W AP B SN o
P Py Py Py Py Py Py Py Py Py Py
Pucynok 2.3. CTpyKTypHbI€ XapaKTEpUCTUKHU BAPUALMOHHOTO psAJa

K nokazarensim pasHoobpasus OTHOCATCS:

R zxmcu' \ Xrnin'-
[l pasmax eapuayuonHoco psaoa rA€ Xmax , Xmin — HauOoInblee u
HauMEHbBIIICe 3HAYCHUS BAPUAHT COOTBETCTBCHHO;
oucnepcust - Mepa pa3dopoca cydyaiiHOW BETMYMHEI OT €€ CPETHET0 3HAUCHUS:

CCJIn BI)I60pKa 3alaHa BapyualluOHHBIM PAA0M, TO BBI60pO‘IHa$I JUCTICPCHUA OIIPEACIIACTCA
]

2. - %)
§ == ;
o gopmyre: d

eciu BBIOOpKA 3a7aHa B BUJE TaOIMIBI, TO BBIOOPOYHAs JUCIEPCHs ONpPENENSIETCs IO
Y, - 5F v,
i=1

5= :

Y,
bopmyre: =
cpedHee Keaodpamuyeckoe OMKIOHeHUe - Mepa pa3dpoca CIydailHOW BEIMYUHBI OT e
L8 =487;
CpeIHETO 3HAYCHHUS, BEIpXKSHHAS B TE€X )K€ €IMHMIIAX, YTO U BAPHAHTHI:

K02(hhuyuenm eapuayuu - Mepa pa3dpoca CiIydaHOM BEIWYMHBI, BBIpAKEHHAs B

Vo= i 0%

MPOLICHTAaX: X

Ecmu V <33%, TO BEIOOpKA CUNTAETCS OHOPOTHOM.

CraTtucTuveckre XapakTepUCTHKU YAOOHO MOKa3bIBaTh C MOMOIIBIO TpaduKa <«SIUK C
ycaMmm.

Hampumep, amns BBIOOpOYHBIX JaHHBIX O pocTe 30-IEeTHUX >KEHIIMH OBLIM TOCTPOEHBI
cnenyromiue rpaduku (pucyHok 2.4 a, b).
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195 i

10
EH
1]

185 o Cpefhes = 173 4328 Megmana = 173,33
CpaareetCT.omin - 25%=T3%
160 = (1655847, 181,281) = (167,BB65, 173,84156)
T Cpegsest] 96°CT. omen. \"* T Me-iase

= (1456445, 182, 1858)

=(158.0505, 188,8152)

a b

Pucynok 2.4. OToOpakeHue CTaTUCTUYECKUX XapaKTePUCTUK Ha rpauKe «IIMK C ycaMu»

[Tpn ananmmuze Takux rpauKoB 00s3aTENBHO HYXHO OOpamiaTh BHUMAHHE Ha «ICTCHIY»,
T.€. YCIIOBHBIE 0003HAYEHUS, KOTOPHIE MMPUBOASITCSA B HUKHEH yacTu rpaduka.

Ha mepBom rpaduke (pucyHok 2.4, a) TpHUBEICHBI CpeaHEe, MHUHHUMAIbHOE U
MaKCHMaJbHOE 3HAYCHHMSI, a TAK)Ke CTaHIapTHOE OTKJIOoHeHue. Ha BTopom rpaduke (pucyHok 2.4,
b) npuBeeHbI 3HAYCHUS] MEUAHbI, 25-T0 U 75-TO IPOLECHTHIICH.

XapakTepUCTUKU TE€HEpAIbHOM COBOKYMHOCTH («X» - reHepanbHas cpeasss, «D» -
reHepaibHas JHUCIEpCUsi, «o» - CpedHee KBaJpaTHUUEeCKOe OTKJIOHEHHE) Ha3bIBalOTCA
napamempamu.

[TapameTpbl OOBIYHO HEU3BECTHBI, U MX MOKHO OIICHUTHh HA OCHOBE BHIOOPOYHBIX JTAHHBIX
JUIIb TPUOMDKEHHO. OTH TPHUOIMIKEHHBIC 3HAYEHUS HA3BIBAIOTCS OYEHKAMU Napamempos
2€HepaIbHOU COBOKYNHOCMU.

Onenkoil reHepanbHON cpeHel «X» SBIgeTCs BBIOOPOYHAS] CPEAHSIS « X ».

Jlns Toro 4ToOBI OXapaKTepU30BaTh paccesiHue 3HAYEHUH M3ydaeMoro npu3HaKa BbIOOpKU
BOKPYTI' CBOETr0 CPEIHEro 3HAYEHMsI « ¥ » BBOAST XapaKTEPUCTHUKY, Ha3bIBAEMYIO 8blOOPOUHOU
oucnepcueii «S%».

) OHCHKOﬁ reHepaanoﬁ AUCTICPCUN «Dy sBnseTcs HCIIpAaBJICHHAA BH60pO‘lHaH AUCTICPCUA
«S™».

, noo_,
5= &

Hcnpasnennas évi60pounas oucnepcusi onpenensercs mo hopmye: 7l
OICHKON «0» CPEIHEro KBaJPaTHUECKOTOo OTKJIOHEHHS TI'e€HEepPaIbHOW COBOKYITHOCTH
SIBJSIETCSI «S» - UCTIPABICHHOE BBIOOPOYHOE CPETHEKBAIPATHICCKOE OTKIOHCHHUE.
Hcnpasnennoe 6v100pouHoe cpedHekgaopamuieckoe OmKIOHeHUue OIPENeseTcss o
r | 1
As [ 10\ |
=45 =
V-1

5

dhopmyre: ;
Cpeoreti owubdKol I cpeoHell Keaopamuyeckol ouuoKol, WA CManoapmHou ouuoKol
ol &
.‘}I =— -
Wi

CpeOHe20 Ha3bIBACTCS BEIMUUHA « S , », onpeensemas mo ¢popmyie:
DOTa BeJNMYMHA XapaKTepH3yeT CTaHAapTHOE OTKJIOHEHHE BBIOOPOUYHOTO CPEIHETO,
PacCCUMTAaHHOTO IO BBIOOPKE 00BEMa «71» U3 TeHEPATbHOW COBOKYIHOCTH.
OueHnBaHNe HEKOTOPOTO OTACIBHOTO MapaMeTpa Aa€T MOUYEUHYI0 OYEHKY.
Hnmepsanvroti oyenkoti mapameTpa Te€HEpaJbHOW COBOKYIMHOCTH HAa3bIBAlOT WHTEPBAJ,

KOTOPBIH ¢ 3aJaHHOW BEPOATHOCTBIO «)» HAKPHIBAET NCTUHHOE 3HAYCHHE MapaMeTpa.
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VHTEepBaJIbHYIO OLIEHKY HA3BIBAIOT 008EpUMENbHbIM UHMEPBAIOM, a CBA3aHHYIO C HUM
BEPOSITHOCTD «p» — 008epUMENbHOU 6ePOSAMHOCIbIO W HAOeHCHOCmbIO (B
menuiHe u ouonoruu y=0,95).

HosepumenvHovlii unmepean Onsl 2eHepAlbHOU CpeOHeli MOXET OBITh TONY4YCH U3

¥x—t-85=X =x+1t-5§5,
. \
COOTHOLICHMUS: , TJIe ¥ - BBIOOpOYHAs cpesHss U3 «Ny» HaOMoIeHHH, t

(y; n-1) - TabauuHas BETUYMHA, 3aBUCAIIAS OT «y» U «Ny», S x - CTAHAAPTHAS OIIHOKA CPETHETO.

OnHuM W3 BaXKHEHIINX ATANoB JIIOOOTO MEINKO-OMOIOTHYECKOTO HCCICAOBAHUS 3TO -
orpeJiesieHue oobemMa paccMaTpUBaeMON BBIOOPKH.
Ecnu o6beM BbIOOpKH OyJIeT HeIO0CTaTOYHBIM, TO 3TO NMPHUBEIACT K YBEIUYEHHUIO OLIUOKU
BbIOOPOYHBIX XapaKTEPUCTHK U K HEIPABUIbHBIM BbIBOJAM.
OO0beM BBIOOPKHM 3aBUCUT OT CPEIHEro KBaJApaTHUYECKOrO OTKIOHEHHUS H3yd4aeMoi
BEJIMYMHBI «G», MOIIIHOCTH UCIOJIb3YEeMOI0 KPUTEPHS. U YPOBHS 3HAUUMOCTH «P».
Ha npaktuke nans pacuera ONTHMAlIbHOTO OObeMa BBIOOPDKM MOXKHO HCIOJIb30BaTh
-2)
n=
woE
POCTYI0 (POPMYILy: , TIe N - o0beM BBIOOPKH, ¢ — CpEAHEe KBaJpPaTUUECKOE

OTKJIOHCHHC, t :1,96 — KPUTHUYCCKOC 3HAYCHUC CTAHAAPTHOI'O HOPMAJIBLHOI'O paCIpCACIICHUA IIPU

p=0,05 - Tabnuunas BenuuuHa, ¢ =0,01 — 3aganHas TOUHOCTH oneHKH, coriacHo ['OCTa.
Ecnu  mpoBOASTCS HE3aBUCHUMbBIC HCIBITaHHSA, B KOTOPBIX COOBITHE HACTyMaeT ¢
HeURRECTHOU  REPOATHOCTBHIO  «p», TO 00beM BBIOOPKHM OIpenesseTcss IIo opMmyIe:

=t p-p) G
& , The 1 - OIIEHKA BEPOSATHOCTH «p», «m» - YUCIIO MOSABIECHUIN COOBITUS, «ny -
o0111ee YMCII0 UCTIBITaHU.
UYem Gosbliie 00beM BBIOOPKH «71», TEM TOUHEE PE3YJIbTAT UCCIIET0BAHNUS.
4. AniocTpaTUBHBINA MaTepHaJl: Ipe3eHTalus, CIalIbl.
6. Jluteparypa:
e OcHoBHas:
1. Koituy6ekoB b. K. buoctaructuka. yu. nocooue/ b.K. Koituyoekos.- Anmatsl: OBepo, 2016.
2. KoituyoexoB b.K. buocratucruka: yaeOnoe mocobue: Anmarsl.- IBepo, 2014
e JlomonHUTENbHA:
1. buocratucruka B mpuMepax u 3agavax: yued.-meronuyeckoe nocooue/ b.K. Koituydekos [1
ap.].- Aamarsl: OBepo, 2012.
2. Bbopoukor B.I1. STATISTICA. MHckyccTBO aHalm3a JaHHBIX Ha KOMIIBIOTEpE: IS
npodeccuonanos / B. boposukos. - CII6.: [Tutep, 2014. - 688 c.
3. HOnkepo B.U., Ipuroppe C.I'. Marematuko-craTucTudeckass o00pabOoTKa JaHHBIX
MeauIuHCKuX uccaenoBanmii. — CI16.: BMcaA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocratuctuka [DnextpoHHbii pecypc]: yueOnmk/ K.OK. KymabaeB [u np.].- DaexTpoH.
TekcToBbIie MaH. (85,7M0).- [lIsimkenT: FOKI'®A, 2015.- 187c¢. 1. ont. auck (CD-ROM)
6. KoHTpOJIbHBIE BOIIPOCHI:
1. Yto Takoe reHepaibHas U BBIOOPOUHAs COBOKYITHOCTH?
2. Yto Takoe BapuaIllMOHHBIN psia?
3. Kakue nmokazarenu BapraniioHHOTO psifa Bel 3HaeTe?
4. B uem paznuuue Mexay TOUYEYHON M MHTEPBAIIbHON OLIEHKaMH?
5. Kak onpenensiercs 1oBEpUTEIbHBIA HHTEPBAJ I TeHEPATLHON CPeTHEH?
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6. Kak onpenensiercs HeOOXOIUMBIH 00BEM BEIOOPKU?

JIEKIIUAS Ne3

1. Tema: OcHOBBI TeOpHUHM MNPOBEPKH cTaTUcTHYeckux rumnore3. IlpoBepka rumnoresnl 0

HOPMAJILHOCTH pacnpeaeieHus CJIy4aiiHOH BeJIUYUHBI.
2. Heab: O3HAKOMHUTH CTYJCHTOB C OCHOBAMU TCOPHH IMPOBEPKH CTATUCTHUECKUX THITOTES.
3. Te3uchl JeKIUH:

B mnpuknmagHplx 3amadax dYacTto TpeOyercs 1o HaOMIOJEHUSM BBIOOPKH BBICKA3aTh
HEKOTOPOE  CyXIeHHe (eunome3y) OTHOCHUTEIBHO  HMHTEPECYIOIIMX  SKCIIEPUMEHTATOpa
XapaKTePUCTUK I'eHEPaTbHOM COBOKYITHOCTH, U3 KOTOPOU 3Ta BbIOOpKa m3BieyeHa. To ecTh, peub
UIET O NposepKe CIMAMUCMUYECKUX SUNOme3.

lunomesza — 3TO HEKOTOPOE MPEAIOIOKECHUE O IMapaMeTpax H3BECTHBIX pPACIpPEICICHUI
(mapamerpuueckas) Wid O BUAC HEM3BECTHOTO 3aKOHA PACTIPEICICHUS

(HenmapameTpuyeckas) ClIydaiHbIX BEJIMYHMH, BBIBUTAEMOE B Kau€CTBE MPEIBAPUTEIHHOTO,
YCIIOBHOTO OOBSICHCHUS.

Teopusi nposepku cmamucmudeckux eunome3 SBISETCA OCHOBHBIM HWHCTPYMEHTOM
JI0KA3aTeJIbHOM, 4 HE UHTYUTUBHOM MEAULIUHBI.

3agaud  MEOUIMHCKUX U OWUOJOTMYECKUX WCCICIOBAHUM, JMJIA PEIICHUS KOTOPBIX
HE00X0UMO C(HOPMYIIHPOBATH CTATUCTHYECKHUE THITOTE3bI:

aHAJIN3 COOTBETCTBHS pACIpE/ICNICHUs 3HAYCHUM MPU3HAKA B M3y4aeMOM TpyIine Kakomy-
ar60 ornpeneIeHHOMY 3aKOHY (aHalIu3 COOTBETCTBUS pacIlpeeleHIs] HOPMAIbHOMY 3aKOHY);

CpaBHEHHE TPYIII MO IMapameTpaM paclpeneieHuil Mpu3Haka (M0 CpeTHUM 3HAUYCHUSIM,
JUCTIEPCUSIM).

Hanmpumep, mnpu mnpoBepke CTAaTUCTUYECKUX THUIOTE3 MOKHO IMOJYYUTh OTBET Ha
CIenyIuld BOmpoc. B ABYyX OJHOPOAHBIX Tpymnmax OOJBHBIX TPHUINOM Obla MpOBEACHA
BAaKIMHALMA: OJHOW JIEKAPCTBEHHBIM CpPEICTBOM «A», a Jpyrou - «B», cpenHee BpeMms
BBI3JIOPOBIICHUSI B TPYIIAX HEOJWHAKOBO. YKa3bIBAaeT JIM 3TO OOCTOSTENBCTBO HA TO, YTO OJHO
MPOTUBOTPUNIIO3HOE CPEACTBO MO I(PGPEKTUBHOCTH MPEBOCXOIUT JIPYroe HIIM K€ BBISBICHHOE
pasnuuue ciy4aitHo?

Jlist petnieHus 10004 MOI0OHOM 3a/1a4u BBIABUTAIOTCS JIBE CTATUCTUYECKHUE TUITOTE3bI:

Hynesas eunomesa Ho - Tumoreza 00 OTCYTCTBUM pa3luyHil MEXAY Tpymnmamu, ITudo 00
OTIPENICTICHHBIX 3HAYCHUSX MapamMeTpoB, JMOO O COOTBETCTBHH pPaCHpeleICHUs HOPMaIbHOMY
3aKOHY;

anbmepHamusHas eunomesa Hi - rumoTe3a o CyIeCTBOBAHUH PA3IUYHil MEXKITy TPyHIaMu,
60 00 OTIMYAIONIUXCS OT 3aJaHHBIX 3HAYCHHSIX [MapaMeTpoB, JHOO O HECOOTBETCTBUU
pacnpezieNieHUss HOPMaJIbHOMY 3aKOHY.

HymneBas runote3a popmymupyercs Takum o0pa3oM, yToObl 0OHa ObLJIa TPOTUBOTMIOIOKHON
TOM HCCIEeNOBATENbCKON (MEIUIIMHCKON, OMONOTHYECKOi) THUIOTe3e, KOTopas MOCTYyKUIa
MOBOJIOM JUJIsl IPOBEJICHUS UCCIIEOBAHUS.

JImsi TIpOBEpKH  HYJIEBOM THIOTE3bl MPUMEHSIOT CTaTUCTHYECKHE METOIbI (TECTHI,
KpUTEPHUN).

Cmamucmuxa — 3T0 (QYHKIUS OT BBIOOPOYHBIX HAOIOEHWN, HA OCHOBE KOTOPOM
MPUHUMACTCS WIH OTBEPraeTCsl HyJieBasi TUTIOTE3a.

Cmamucmuyeckumu Kpumepusmy HA3bIBAIOTCS MPABUIIA, COTIACHO KOTOPBIM BBISCHSIETCS,
COOTBETCTBYET WM HET HWHTEPECYIolllas Hac TUIOTe3a ONBITHBIM JaHHBIM. (CTaTUCTUYECKUE
KPUTEPHUH - 3TO HauboJIee MMPOKO MPUMEHIEMbIE CTATUCTUICCKHE CPE/ICTBA.
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3HaueHue  KpUTepHs, KOTOPOE  PAaCCYUTAHO IO  BBIOOPOYHOM  COBOKYITHOCTH,
HOJUHHSIOLICHCS ONPEeIEHHOMY 3aKOHY PAacIpeIesICHIs, Ha3bIBACTCS HA0II0JaeMbIM.

MHO0XeCTBO BO3MOXKHBIX 3HAYEHHI CTaTUCTHUYECKOTO KPUTEpPHUs, IPU KOTOPHIX OCHOBHAs
THIIOTE3a IPUHUMAETCS, Ha3bIBACTCA 001aCThIO IPUHSATHSL.

MHO0€eCTBO BO3MOXKHBIX 3HAYEHHH CTATUCTHUYECKOrO KPUTEpHUs, IPU KOTOPHIX OCHOBHAs
THITOTE3a OTBEPraeTcsi, HA3bIBACTCS KPUMU4eckol oo1acmoio.

Touku, pasrpaHMYMBAIONIME KPUTHYECKYIO O00JacTh M 00JIaCTh MNPHUHSTHUS TUIOTE3bI,
HA3bIBAIOTCS KPUMUYECKUMU MOYKAMU.

[Ipu nmpoBepKe CTATUCTHUECKUX TMIIOTE3 BOZHUKAIOT CJIEAYIOIINE BUIbI OINOOK:

- owubKa nepgo2o pooa — 3TO BEPOSTHOCTh OTBEPTHYTH MPABUIHHYIO HYJIEBYIO THIIOTE3Y;
- owubKa 6mopo2o pooa — 3TO BEPOSITHOCTh MPUHATh HENPABUIIbHYIO HYJIEBYIO TUIIOTE3Y.

Vposeuv 3nauumocmu - 3T0 MaKCUMAIIbHO MpUeMIIeMasi sl UCCIe0oBaTelNsl BEPOSTHOCTh
OmMO0YHO OTKIOHUTH HYJIEBYIO THUIIOTE3Y, KOTJa Ha CaMOM JieJie OHA BEpHa, T.€. JOIycKaeMas
UCCJIEIOBATENIEM BEIMYMHA OLIMOKH EPBOTO PO/a.

[Ipu wucccrmenoBanusx B (apManuy, MEIUIIMHE W OWOJIOTMH WCIIONB3YEeTCsS BEIHMYMHA
ypoBHsL 3Hauumoctd, paBHas 0,05. Ilpu pa3paboTke cTaHIApTOB HCIONB3YIOT YPOBEHb
3HaunMocTu paBHbli 0,01.

YpoBeHb 3HAUMMOCTH WJIM BEPOSTHOCTH OMIMOKH MEPBOroO pojia 0003HAYaETCs Yepes «p», a
BEPOATHOCTH OIIMOKH BTOPOTO POAA - UEPE3 «)».

Hosepumenvras eeposmuocmo () - 3T0 BEPOSTHOCTh HE COBEPIIMTH OLIMOKY MEPBOTO Pojia
U NIPUHSATH BepHYIo Tunoresy Ho (y=1-p).

Baxuelield XapakTepUCTUKOM JII0OOOr0 CTAaTMCTUYECKOTO KPHUTEpHs SIBISETCS  €ro
MowHocmb. MowHocmblo  Kpumepus Ha3bIBa€TCS €ro CHOCOOHOCTh MPAaBUIBHO MCKIIIOYATh
JOXHYIO THUMOTE3y. MOIIHOCTh OLIEHMBAETCS BEPOSITHOCTHIO 1-p, Te y - BEPOSTHOCTb OIIMOKHU
BTOPOTO pOJa.

Cxema npogepku cmamucmuieckux cunomes.

1.BeigBuratorcs B THUIOTE3bl: OCHOBHas (HyneBas) «Ho» U  ambTepHATUBHAA
(xoHKYpUpYIOIIasn) «H1».

2.3amaercsi ypoBeHb 3HAUUMOCTH «p». CTaTHCTUYECKUH BBIBOJ HUKOTJA HE MOXET OBITH
C/IeJIaH CO CTOIPOLIEHTHOW YBEPEHHOCTBIO. Beerga momyckaercs pucK NPUHATHS HENPABUIBHOIO
pemenus. Ilpu mpoBepke CTaTUCTUYECKMX THUIOTE3 MEPOW TaKOro pHCKa SBISETCS YPOBEHb
3HAYUMOCTHU «p».

3.Tlo MCXOAHBIM JTaHHBIM, T.€. TIO BBIOOPKE, BBIYHCISACTCS HAOII01aeMoe (IMITMPUIECKOE,
pacueTHOe) 3HaUeHNE KPUTEPHUS.

4.Tlo cienyaibHBIM CTAaTHCTHYECKUM TaOJIUIAM OIpeAeseTcss TabinuHoe (KpUTUIECKOe)
3HAUEHUE KPUTEPHSL.

5.Ilyrem cpaBHeHHsI HaOJIOJaeMbIX M TaOJIMYHBIX 3HAYEHHWM JlelaeTcs BBIBOA O
MPaBUIILHOCTH TOW UM UHOM TMIOTE3bI.

B Ouocrarnctrike 4YacTo MPOBEPSIOTCS THUIMOTE3bl O BHUJAE PACTIPENCTCHUS CIIyJaitHOM
BEJINYUHBI.

MHOXECTBO OMOJOTMYECKAX M MEIMIIMHCKUAX TMoKa3areneidl (mokasarenu (Gu3ndeckoro
Pa3BHUTHUS, COCTABIISIONINE IUIA3MbI KPOBH H JIp.), @ TaK)Ke OLIMOKM WX M3MEPEHHs TOAYHHSIOTCS
HOPMaJIbHOMY pacHpe/IeNICHHUIO.

[IoaTOMy BaXXHO YMETh NPOBEPATH TMIOTE3BI O MapamMeTpax HOPMAIBHO paclpeiesICeHHBIX
CITy4aillHBIX BEJIMYHH.

Bce npenmonoxeHus o XxapakTepe TOro WM HHOTO paclpeesIeHus - ABISIOTCA TMIIOTE3aMU.
[ToaTOMy OHM JOJKHBI TOABEPraThCsl CTATUCTUYECKON MPOBEPKE C IOMOIIBIO KpUumepues co2nacusl.
OTU KpPUTEPUH JAIOT BO3MOXHOCTH OINPEAEIUTh, KOIZIa PACXOXKACHUSI MEXIY TEOPETHUYECKUMH U
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SMIUPUYECKUMHU YAaCTOTAMHU CIEAYeT MPU3HATh HECYIIECTBEHHBIMU, T.€. CIy4yalHBIMU, a KOTJa —
CYILIECTBEHHBIMHU, T.€. HECITyYallHBIMH.

Takum oOpa3oMm, KpUTEpUH COTJacHsl MO3BOJSIOT OTBEPrHYTh WM MOATBEPIUTH
MIPaBUJILHOCTh BBIIBUHYTOM NP BBIPABHUBAHUM PAJia THUIIOTE3bl O XapaKTepe paclpeiesieHHs] B
SMIUPUYECKOM PSIY.

Haubonee pacnpocTpaHeHHBIMH KPUTEPUAMHU COTTIACHS SIBNISIOTCS KpUTepHH y>-IlupcoHa n
Konmoroposa-CmupHoBa.

OTU KPUTEPUU IPUMEHSIOTCS B IBYX CIIy4asX:

e U1 COIIOCTABJIEHUS pACUETHOIO pACIpEAETIeHUs IMpPU3HAKA C TEOPETUYECKUM
pacnpezenenrueM (HOpMalbHbIM, TOKa3aTeIbHbIM, PABHOMEPHBIM U T.1.) (pUCYHOK 6.1);

® JJIsl COTIOCTABIICHUS JIBYX PACUETHBIX pacipeiesIeHud OJJHOTO U TOTO e MpU3HaKa.

y 2 957
0’9“%11 \ \ ]
8 / / \

/ \ N \
6 / \ 6,38 \ﬁ_ ‘—0— 3Mnupuyeckue YacToTsl

9,/ \ {
/ —— TeopeTnyeckune YacToTbl

DN

0 1 2 3 4
ComocraBiieHHE OMITMPUYCCKUX U TCOPETHICCKUX HAaCTOT

5. Cxema npumenenus kpumepus coanacust y>-ITupcona:

1) Ho: cnydaitHas BenuuuHa «X» uMeeT GyHKIUI0 pacnpenencHus F(X).
Hi: ciyuaiinas Benu4mnHa «X» He uMeeT QyHKIUIO pactpeneienus F(x).

2) p=0,05 - ypoBeHb 3HAUUMOCTH.

i=1

3) Zzpacv N i(‘/l‘_/—*‘/l) ) (61)

rae K - 4mcio rpymi, Ha KOTOpoe pa30UTO SMIUPUYECKOE pacmpeiesieHue, V; - Halogaemast

4acTOTa IPU3HAKA B I-U TPyNIe, v, - TEOpeTUYeCKast YacTOTa.

4) ){zmaﬁﬂ (p, f )

rne f =k—1-r -uwucio creneHeit cBoOObI (TabIMUHOE 3HAUCHUE), K - YKCII0 TPy BEIOOPKH, I -
YKCJI0 TTApaMeTPOB MPE/IOoIaracMoro pactpeaeicHus (s HOpMaJIbHOTO pacipenesieHus =2).
5) Eemu x°pace< y°mass, TO «Ho» mpuHEMaeTCs.
Eciu y° pace™ y°mass, T0 «Ho» oTBepraeres.

Kputepnii cornacus Ilupcona npumensiercs npu 6osbioM uncie Hadmoaenuit (n>30), npu
3TOM HacTOTa KaXKA0H IPyMIbI J0JKHA ObITh HE MEHEE IIATH.
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6. Cxema npumenenus kpumepus coenacus Koamozoposa - Cmuprosa:

1) Ho: ciyyaiinas Benmu4ymuHa «X» uMeeT QpyHKIHI0 pactupenenerus F(X).
Hi: cioygaiinas BenmuunHa «X» He umeeT QYHKIMIO pacnpenenenus F(X).

2) p=0,05 - ypoBeHb 3HAYUMOCTH.

3) Apuee=0pue VN, (6.2)

roe d.., =max|F, (x)— F(X)| - MaKCHUMaJbHOE 3Ha4eHHE a0COIIOTHOM BEIMYMHBI PA3HOCTU MEXKIY

acd

HaOmromaeMoii pyHKIMeH pacnpenenenus Fn(X) ¥ COOTBETCTBYIOIICH TEOPETHUCCKON (DYHKIIHEH
pacnpenenenus F(x), N - uucino HaOMIOCHUI B CTATHCTUYECKOM PSiLY.

4) Amasn=1,36 (tabnnunoe 3Haucuue mpu p=0,05).

5) Ecaum Apaca <A 10 «Ho» mpuHUMaeTcs.

acu—""mabn>

Ecmu lpm> A

Kpurepuit Kosmoropoa-CMupHOBa HpHUMEHSIETCA NpU  OOJIBILIOM 4YHUCIEe HAOIIOACHUM
(n>30).
4. NaniocTpaTUBHBIN MaTepHUAaJI: PE3CHTAIUS, CIIaIbI.
7. Jluteparypa:
e OcHoBHas:
1. Koiiuy6ekoB b. K. buocraructuka. yua. mocooue/ b.K. Koituyoekos.- Anmmatsr: OBepo, 2016.
2. Koituy6ekos b.K. buocratucruka: yueOHoe nocodue: Anmarsl.- OBepo, 2014
e JlonomaHUTEIbHAS:
1. buocratucruka B mpuMepax U 3agadax: yued.-meronundeckoe nocooue/ b.K. Koituydekos [u
ap.].- Anmarsl: OBepo, 2012.
2. boposukoB B.II. STATISTICA. HckyccTBO aHammM3a [aHHBIX Ha KOMITBIOTEpE: LIS
npodeccuonanos / B. boposukos. - CII6.: ITutep, 2014. - 688 c.
3. HOmkepo B.M., TI'puropeeB C.I'. Maremaruko-cTaTUCTHYECKass 00pabOTKa JIaHHBIX
MeauIuHCKuX uccaeaoBanmii. — CI16.: BMcaA, 2016 - 266 c.
e DJEKTPOHHBIE PECYPCHI:
1. buocratuctuka [DnextponHsiii pecypc]: yuebnnk/ K.OK. KymabaeB [u np.].- DnexTpoH.
TeKCTOBBIE faH. (85,7M0).- IllsiMkenT: FOKI'®A, 2015.- 187c. 1. ont. auck (CD-ROM)
6. KoHTpoJibHBIE BONIPOCHI:
1. Yro Ha3bIBaETCA CTATUCTUYECKOU THTIOTE301?
2. Kakue BUJIBI CTaTUCTUYECKHUX THITOTE3 BhI 3HAeTE?
3. Uto Ha3bIBaeTCs OMIUOKOM MEepBOro U BTOPOro poaa?
4. Yrto Ha3pIBaeTCS JOBEPUTEIHHON BEPOSATHOCTHIO U YPOBHEM 3HAUMMOCTH?
5. KakoBa o0miast cxema IpoOBEPKH CTATUCTUUECKUX THITOTE3?

To «Ho» oTBEpraercs.

‘mabn?

JEKIAS Nod

1. Tema: CpaBHeHMe CpeAHUX 3HAYEHUI NMPU3HAKA ABYX I'PYIIL.
2. leab: O3HaKOMUTH CTYACHTOB ¢ t-kputeprem CThIOJCHTA.
3. Te3uchl JeKUMM:

B mpouecce Menuko-OMOJOTHYECKHX ~HCCIEOBAaHMM YacTO BO3HUKaeT mpobiema
CpaBHEHHUs pe3yabTaToB 0O0CienoBaHUs (HalpUMep, B KOHTPOJBHOW U SKCIEPUMEHTAIBHOM
rpynnax Wid 70 U MOoCJ€ dKCIIEPUMEHTA).

Jns  pemieHuss 3TOHM MpPOOIEMbl  CYIIECTBYET OOJIBIIOE KOJUYECTBO
CTaTUCTHUYECKUX KpuTepueB. Kax/iplii U3 HUX UMEeT CBOIO crenu(UKy, OTINYasCh APYT OT Apyra
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(HampuMmep, TUMAMH JIaHHBIX, OO0bEMaMU BBIOOPOK, KOJMYECTBOM CPABHHUBACMBIX BBIOOPOK,
KaueCTBOM CPaBHHMBAEMBIX BHIOOPOK (3aBUCUMAs M HE3aBUCUMAs) U JP.).

Hawnbosnee momyysipHbIM U3 TaKUX KpUTEpUEB siBiisieTcsl -kputepuii CThIOJICHTa, KOTOPBIN
npuMensieTcs mpumepHo B 30-40% HaydHBIX MEIUIIMHCKHX paboT (prcyHOK 4.1).

t-HpuTepuil CTelgeHTa

B ApYTe MeTo ORI

Pucynok 4.1. CooTHoII€HNE CTATUCTUYECKUX METO/I0B,
WCTIOJIB3yEeMBbIX B MEAMIIMHCKUX HAYYHBIX paboTax

t-kpumepuii Cmviooenma - METOJI POBEPKH OJTHOPOTHOCTH BBIOOPOK, MO3BOJISICT MPUHSTH
WU OTBEPrHYTH TMIIOTE3Y O PABEHCTBE CPEIHUX IBYX BBIOOPOK ( H, 1 X, = X,).

JlanHbIi KpuTepHil ObLT pazpaboTaH aHTIUHCKUM XUMUKOM YuibiMoM ['occerTom (1876-
1936 rr.) U1 OLIEHKW KayecTBa MKBa B KOMIAaHUU «[ MHHECY.

Cratbs ['occera Boinuia B 1908 r. B s)xypHaie «bruomerpuka» mnoa ncesroHuMoM «Studenty
(CryneHT).

t-kputepuit CThIOJIEHTA UCTIONB3YETCS:

® TpU TPOBEPKE THUNOTE3bl O PaBEHCTBE CPEAHHUX JIBYX He3A8UCUMbIX BBIOOPOK
(0syxsvibopounviii - t-kpumepuit). B 3TOM  choydae  aHaIM3HPYIOTCS ~ KOHTPOJbHAsS U
JKCIIEPUMEHTaIbHas BBIOOPKU pa3HbIX 00BeMoB. Hampumep, rpynma OOJBHBIX CaxapHBIM
TUa0ETOM U TPYIITA 3I0POBBIX JIFOJCH;
® TIpU TPOBEPKE TUIMOTE3bl O PABEHCTBE CPEAHMX JIBYX 3aBHCHMBIX BBIOOPOK (TapHBIA t-

KpuTepuii). B aToMm ciaydae aHanu3upyeTcs oJHA U Ta K€ BBIOOPKA, HO JI0 U MOCIIE SKCIIEPUMEHTA.
Hampumep, cpenHsiss yactora myiabca y OAHMX M TEX € IMAalUMEHTOB /10 WU TMOCIe MpuemMa
AHTUAPUTMHUYECKOTO TIpernapara.

[Ipumenenne xpurepusi CThIOJIEHTa BO3MOXHO, €CJIM BBITIOJHSIOTCS CIEAYIOIINE JBa
YCIOBHUSL:

® paccMaTpUBaeMbI€ BBIOOPKH UMEIOT HOPMaTbHOE pacIipe/ieicHIE;
® JMCIEPCHH PaCCMAaTPUBAEMBIX BEIOOPOK PaBHBI.

HccnenoBaTenssMu yCTaHOBJICHO, UTO 00a YCIIOBHSI OJTHOBPEMEHHO BBITIOJHSIOTCS JUIIH B
4-5% cmydaeB MeAUKO-OMOIOTUUECKHUX IKCTICPUMEHTOB.

B To xe Bpems aHanmu3 auccepTanuii, Hay4HbIX paboT, craTeidl, OMyOIHMKOBAHHBIX
MEIUIIMHCKUX OJKypHAJIaX, IIOKa3bIBaeT, uTo t-kputepuid CThIOJIGHTA WCIONB3YETCS TMPHU
MPOBEJICHUH CTaTUCTHIECKHUX pacyeToB B 50% pabdoT.

Cxema npuMeHeHus ABYXBbIOOpOUHOTo t-kputepust CTbloIeHTa

1) Ho: X, =X,.
Hi: X #X,.
2) p=0,05- ypoBeHb 3HAYUMOCTH.
3) tpacq: Xl_xz .\/nl.nz -(nl+n2—2)!
J(, —1)s? +(n, —1)2 VN +n,
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2 2
rae N1, N2 - 00bEMBI PacCMATPUBAEMBIX BBIOOPOK, S,, S, - IHUCIEPCHH PAaCCMaTPHBAEMBbIX
BBIOOPOK, X, X,- CpPaBHHBaeMbIe CPEIHUE 3HAUCHHS BHIOOPOK.
4t ...(p;T), toe f= ni+ny-2- uncio creneneii cBOGOIBI.

5)Ecmm t <t TO «Ho» mpuHUMaeTCsI.

pacu— mabad

Ecomm t >t

pacu maoa®

To «Ho» OTBECPracTcs.

Kputepuii CTbioieHTa IPUMEHSIETCS B ClTydae MasbiX BEIOOPOK (N1,2<30).

Ipumep 4.1. Ecaum mnpu pojax IIedka MaTKW JOJr0 HE PacKpbIBaeTcs, TO
IPOAOIDKUTEIBHOCTh POJOB YBEIMYUBACTCA M MOXXET BO3HHUKHYTh HEOOXOAMMOCTh KecapeBa
CEUEHUs. YUEHbIE PEIINIIN BbISICHUTD, YCKOPSET JIU T'ellb ¢ IpocTariananHoM E2 packpbiTue meinku
MaTku. B uccnenoBanue Bouuio 2 rpynnbl poxkeHul. PokeHunam mnepBoil Ipynmbl BBOAMIU B
HIeMKy MaTKU redib ¢ npocrarjiianauHoM Ez, poskeHuiaMm BTOpoil rpymsl BBOAWIN relb-raneto. B
obeux rpynmnax Obu1o mo 21 poKeHulle BO3pacT, pOCT U CPOKU OEPEeMEHHOCTH ObUIM NMPUMEPHO
0JIMHAKOBbI. Pojpl B rpyre, nojyyaBiiei reib ¢ npocTtariananHoMm Ez, muinuce B cpeaneM 8,5
4acoB (CcTaHAapTHOE OTKJIOHeHHe 4,7 yaca), B KOHTPOJbHOH rpymne - 13,9 yaca (cranmapTHOe
oTrkioHeHue 4,1 waca). MoXXHO 1M yTBEp)KIaThb, YTO Ieib ¢ IpocrariianguHoM E2 coxpaian
HPOAOIKUTEIBLHOCT POJIOB?

Pewenue.
1) Ho: X, =X,.
Hi: X #X,.
2) p=0,05.
3) t = 189-85 \/ ZASE (21+21-2) ~ 4.
J@1-1)-41% + (21-1)-47> V21+21
4) t . (0,0540)=2,02.

5 Tx. t >t . 10 «Ho» oTBepraercs, T.e. reiib ¢ mpocrarjaHauHOM Ez cokpamiai

pacu

MMPOAOJDKUTCIIBHOCTh POAOB.

Cxema npuMeHeHus napHoro kpurepusi CTbIOJEHTA:

Hrf'. '?I = I

1) H!.' X, +=.

(]

et

2) p=0,05 - ypoBeHb 3HAYMMOCTH.
nin—1)
r.'ur'n = |d| ’ | " *
'\ll Z f."_,: —nd"’

3) - rae  d=Xi—Yi - pa3HOCTH MEXIYy COOTBETCTBYIOIIMMHU

3HAYCHHMSAMH Map [epeMeHHbIX, ¢ - cpejiHee 3HAUCHHUE ITHX PA3HOCTEH, N - 00beM BBICOPKH.
4) twasn (p; ), rae f= n-1- uncno creneHei cBOOOABI (TAOIMYHOE 3HAYCHUE).
5) Eciu t pacy < tmaen , TO «Ho» mpuHUMaeTCS.
Ecnu t pacy > tmasn , To «Ho» oTBepraercs.
WNnorma cpaBHeHHE BBIOOPOYHBIX — CPETHHUX MPOBOJUTCS MO  ciedyromed  Qopmyie:
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X, -X
I_.'.ll.':".' ATV - ..

j 1 2
VI, rne X;,X, - CpaBHHBaeMble CpEIHHE BEIUYMHBI, M1 W M2 - OLIMOKH
CPaBHUBAEMbIX CPETHUX BEIINYHH.

Ecnut tpaes = 2, TO «Ho» oTBepraercs.

[Ipumep 4.2. JInst orieHKH 3G(HEKTUBHOCTH HOBOTO THITOTVIMKEMHUYECKOTO Mpernaparta ObutH
NPOBENCHBI HW3MEPEHUS YPOBHS TIIIOKO3bI B KpPOBH MAIlUCHTOB, CTPAJAIOIINX CaXapHBIM

nuabeToMm, 110 U MocIie IpreMa Iperapara:
YpoBEHB TIIFOKO3bI B KPOBH, MOJIb/JT
Ne nmanuenra
JI0 TIpUEMa IpernapaTa | IMocie npyueMa rpenapara
1 9,6 57
2 8,1 4,2
3 8,8 6.4
4 7,9 5,5
5 9,2 53
6 8,0 5,2
7 8,4 51
8 10,1 59
9 7,8 7,5
10 8,1 5,0
CpenHee 3HaYCHHE 8,6 5,6

MO)KHO JIX1 CHUTaTh, UTO IIOCJIC aneMa HpenapaTa ypOBeHB TJIFOKO3hbI B KpOBI/I ITaguCHTOB
cHM)aercsa?

Pewenue.

2) p=0,05- ypoBeHb 3HAUUMOCTH

ypOBeHB TJIFOKO3bI B KPOBH, MOJIB/JI PassocTn
X 710 TIprueMa nocJye npueMa 3HAUYCHUI d?
rmareHTa
npernapara npenapara d=Xi-Yi
1 9,6 57 39 15,21
2 8,1 42 39 15,21
3 8,8 6,4 2,4 5,76
4 7,9 55 2,4 5,76
5 9,2 53 39 15,21
6 8,0 52 2,8 7,84
7 8,4 51 33 10,89
8 10,1 5,9 4,2 17,64
9 7,8 7,5 0,3 0,09
10 8,1 5,0 3,1 9,61
Cymma 30,2 103,22
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- 30,2
d=—-=302
10

10(10-1)
3) tuc :3,02-\/ > ~83
103,22 -10- 3,02
(0,05;9) = 2,26
T.k. t pacu > tmaor , TO «Ho» oTBepraercs, T.e. ypOBEHb IIFOKO3bI B KPOBH TOCJE MIpHEMa

nperapara CHU3MIICSA, 3HAYUT HOBOE CPEJCTBO (D PEKTUBHO.

[Tpumep 4.3. V CTYAGHTOB - MEIHMKOB MPOBOJUIOCH UCCIICIOBAHHME ITYJIbCA O M ITOCIIEC
cmaum 3k3aMeHa. Yacrora mynbca 0 9k3ameHa coctaBmia 98,8+4,0, a mocne sx3amena 84,0+5,0.

MOXHO JIM CYUTATh, YTO MOCIE FK3aMECHA YaCTOTa IYJIbCA CHIIKACTCS M MPHUOIIKACTCS K
HopMme?

4) t

mabn

Pewenue.
1) Ho: X =X,.
Hi: X #X,.
2) p=0,05.
-84
3) t _98,8 8 £

T.k. thacy > 2, TO «Ho» OoTBepraercs, T.e. Mocje 3K3aMeHa YacTOTa IyJbCa CHUXKAETCS U
MpUOIMKACTCS K HOPME.
4. AnocTpaTUBHBINH MaTepHAaJI: IPE3eHTaLUs, CIali bl
8. Jlurteparypa:
e OcHoBHas:
1. Koituy6exoB b. K. buocraructuka. yu. nocooue/ b.K. Koituyoekos.- Anmatsr: OBepo, 2016.
2. KoituyoekoB b.K. buocratucruka: yaeOHoe mocodue: Anmarsl.- IBepo, 2014
e JlomonHUTENbHA:
1. buocTtarucTika B IpuMepax | 3ajadax: yued.-metoauueckoe nocodue/ b.K. Koituybekos [u
ap.].- Anmatel: OBepo, 2012.
2. boposukoB B.II. STATISTICA. HckyccTBo aHanmuM3a [JaHHBIX Ha KOMIIbIOTEpe: [UIs
npodeccuonanos / B. boposukos. - CIIO.: [Tutep, 2014. - 688 c.
3. HOnkepo B.U., TIpuroppe C.I'. Marematuko-craTuctuyeckass o0paOoTka JaHHBIX
MeaunuHCKuX uccnegosannii. — CI16.: BMcnA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocraructuka [DnekTpoHHbli pecypc]: yueOnuk/ K.OK. KymabGaeB [u nap.].- DnekTpows.
TekcToBbIe MaH. (85,7M0).- IllpiMkenT: FOKT'®A, 2015.- 187c. a1. ont. auck (CD-ROM)
6. KonTpoJibHBIC BONIPOCHI:
1. TTouemy t-xpurepuii CThIOJICHTA ITOTB3YETCS OOJBIION MOMYISIPHOCTHIO ITPH CTATHCTHIECKOM
aHaJIN3€e MEINKO-OMOJIOrMYECKHUX JTaHHBIX?
2. Kakue ycroBwsi TOJDKHBI BEITIOTHATHCS TIPU HCITONB30BaHuH t-kpurepus CThioeHTa?
3. B ueM pazHuia Mexay IByXBbIOOPOUHBIM U MapHbIM KpuTepusiMu CtbroieHTa?

2,3.

JEKIAS NoS

1. Tema: Henapamerpuueckasi albTepHaTHBA.
2. Heab: O3HaKOMUTB CTYJEHTOB ¢ HEKOTOPBIMU HENIAPAMETPUUECKUMU KPUTEPUAMH,
HCIOJIb3YCMBIMU JISI IIPOBCPKU I'MITIOTC3bI 00 OTHOPOAHOCTHU CPCAHUX.
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3. Te3ucel JeKINHU:

CratucTuyeckue KpUuTepuy JeNATCs Ha HapaMeTpUUecKUe U HemapaMeTpUUYeCcKue.

Ilapamempuueckue xkpumepuu NPENNONATaIOT HAJIWYUE HOPMAJIBHOIO PACHpPEIEICHHS B
CpPaBHUBAEMbIX BBIOOPKAaX M HCHOJB3YIOT B IPOLIECCE pacyera MapamMeTpbl paclpeneieHus
(cpenHue, aucHepcuM, CpeAHee KBajaparhyeckoe oTkiIoHeHue). Hampumep: t-kpurepuit
Crbronenta, F-kputepuit @uiepa u ap.

Henapamempuueckue xpumepuu He TPEINOJAral0T HOPMAaJIbHOIO PpACIpPEIENICHUs B
CpPaBHUBAEMbIX BBIOOpPKaxX M MCIOJB3YIOT B IIpOllecce pacyera paueu 3HAYEHUM IpPU3HAKA.
Hamnpumep, kpurepuit Manna-YuTHH, KpuTepuil Y MIKOKCOHA, KPUTEPUI 3HAKOB U JP.).

Pane - nopsaKoBbIii HOMEP 3HaYCHUS IPU3HAKA.

JInist  KaXaoro IapaMeTpU4ecKOro KpUTEpHs HMEETCs, 110 KpauHed Mepe, OAUH
HenapaMeTpUYECKUN aHaJIOT.

AmnanoroM nByxBbelOOpouHoro t-kpurtepust Creroznenta ssisgercs U-kpurepuii Manha-
VYutHu. AHanorom napHoro t-kputepust CtbronenTa apiserca W-kpurepuid Y MIIKOKCOHa.

U-kpumepuii  Manna-Yumnu -  HenmapaMeTpU4ECKHMl  CTATUCTUYECKUN  KpUTEPHid,
UCHOJIb3YEeMbIH AJISi CPAaBHEHUS JIBYX He3a8UCUMbIX BBIOOPOK 10 YPOBHIO KAaKOro-au0o MpHu3HakKa,
HU3MEPEHHOT'0 KOJIMYECTBEHHO.

JlaHHBI METOJl BBISBICHHS pAa3IM4YMil MeXIy BbIOOpkamu Obul mpeaniokeH B 1945 1.
aMEPUKAHCKUM XUMHUKOM M CTaTUCTUKOM D. YHIKOKCOHOM.

B 1947 r. meTon Obut mepepaboTan M pacmiupeH Maremarukamu X.b. Mannom u JI.P.
Yurhu.

U-kpuTepHii MOAXOJUT Ul CPAaBHEHUS MaJIbIX BBIOOPOK. B Kaxm10il 13 BBIOOPOK JOIKHO
ObITh HE MeHee 3 3HaueHul npusHaka. Jlomyckaercs, 4ToObl B OIHOM BBIOOpKE ObUIO 2 3HAYEHUS,
HO BO BTOPOI1 TOr1a AOJKHO OBITh HE MeHee msITh (N1, N2>3 wiu N1=2, N2>5).

VYcnoBueM juis  npumeHeHuss U-kputepuss MaHHa-YUTHH SBISIETCS OTCYTCTBHE B
CpaBHUBAaEeMbIX I'PYMIaX COBNAJIAIOIINX 3HAUEHUH MpU3HaKa (Bce YKcia pa3Hble) WIK OYEHb Majloe
YHUCJIO TAKUX COBITAJICHUMN.

W-kpumeputi ~ Yunkoxkcona - ~ HemapaMeTpPUYECKHMM  CTaTUCTUYECKHM  KpUTEpHUH,
UCIOJIb3YEMBIN UIsl CPaBHEHUSI JIBYX 3d6UCUMbIX BBIOOPOK IO YPOBHIO KaKOro-nu0o MHpu3HaKa,
HU3MEPEHHOT'0 KOJIMYECTBEHHO.

Kputepuii YuikokcoHa npuMeHsieTcs B ciiydae, eciii 00beM BBIOOPKHU «71» YJOBIIETBOPSET
HepaBeHCTBY 5<N<50.

Cxema npumenenusi kpumepus Manna-Yummuu:

1) Ho: X, =X,.

Hi: X #X,.

2) p=0,05 - ypoBEeHb 3HAUUMOCTH.

3) U3 naByX CcpaBHUBaeMbIX BBIOOPOK COCTABJISCTCS €IMHBIA PAaH)KUPOBAHHBIA PSIII,
KOTOPBIH 3aTeM OIATH pa3zeisieTcs Ha JIBa, COCTOSAIIMX U3 €IMHHUL IEPBOIl U BTOPOH BEIOOPOK, MPHU
3TOM OTMEYAIOTCS 3HAYCHUS PAHTOB JUISl KaXKIOW €MHUIIBI.

[ToxcunThIBalOTCA OTIEABLHO CYMMBI PAHTOB ISl TIEPBOI U BTOPOI BHIOOPOK.

U :nl-n2+—nx'(nX 71

pacu

T,, (5.1)

rae Tx - Oojblas U3 IBYX PaHTOBBIX CYMM, Ny - 00beM BBIOOPKH, COOTBETCTBYIOIIUM Tx, N1, N2 -
00BEMBI pacCMaTPUBAEMBIX BEIOOPOK.

4) Unaaa (pi003N; )
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5 EcmU, >U

pacu maboa®

T0 «Ho» IIPUHHUMACTCA.

Ecm U <U, . 1o «Ho» oTBepraercs.

pacu

[Mpumep 5.1. Hccnenyercss 3hdeKTHBHOCTH Mpemapara, IO3BOJISIONIET0 COPOCUTH
JUIIHIOK Maccy OOJIBHBIM, CTpaJaloiuM oxupeHuem. llpu 3ToM rpymnme A00pOBOJIBIIEB
npenrcaHa onpesesieHHas auera. Yepe3 Mecsl, ¢ IeNbI0 MPOBEPKH COOIOACHUS IHETHI U
peryispHoOTO mpuema mpernapara, (UKCUPYETCs BeIMYMHA NOTEpsAHHOW Macchl (kr). Jlns
NPOBE/ICHUS] PKCIIEPUMEHTa 0TOOpaHa rpymma U3 § 4eloBeK. 3 M3 HUX IMOJydalld MUCCIICTyeMbIi
npemnapar (dKCIepuMeHTallbHAs TPYIIA), a 5 moxyJanu miamnedo (KoHTpoiabHas rpymma). Otéop 3
UCTIBITYEMBIX M3 8 B JKCIEPUMEHTAIBHYIO TPYIIY OCYHIECTBISUICS CIy4allHbIM oOpa3om. Bce
YYaCTHHUKHU SKCHCPUMCHTA CUUTAJIN, YTO IIPUHHUMAIOT IIPLCIiapar.

DKCIepUMEHTaIbHAas Ipyna KonTponbHas rpynna
IToTepsiHHas Macca, KT [ToTepsiHHas macca, Kr
6,2 4,0
3,0 -0,5
3,9 3,3
15
3,0
Pewenue.
1) Ho: X, =X,.
Hi: X #X,.

2) p=0,05 - ypoBeHb 3HAUUMOCTH.
3) CocraBuM €UHBIN Pl

4)

[Totepsinnas macca, kr [6,2 3,0 |39 [40 (05 |33 (1,5 (3,0
Paur 8 35 |6 7 1 5 2 3,5

Paznenum eauHpli paH)XKUPOBAHHBIN Psil HA JBA, COCTOAIINX W3 €AVMHUL IEPBOM U BTOPOU
BBIOOPOK.

OKcnepuMeHTalbHas Ipymnmna KoHTtposnbHas rpymnmna
[ToTepsiHHas Macca, KT Panr [Torepsnnas macca, Kr Panr
6,2 8 4,0 7
3,0 3% -0,5 1
3,9 6 3,3 5
15 2
3,0 3,5
11=17,5 1>=18,5

T1u T2 — cymmbl padroB; 71< Tz, 3Ha4uT 12= T) , Nx=N2=5.
505

L 55+1)
2

U =35

pacu

—-185=1L5.
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5) Upasx (0,05; 3; 5)=L.

6) U pacq>U maca» TO «Ho» mpuHHMMaeTtcs, 1.e. npenapat Hedp(HEeKTHUBEH.
Cxema nmpUMeHEHHs KpUTEPHs Y MIIKOKCOHA:
1) Ho: X, =X,.
Hit X, #X,.

2) p=0,05 - ypoBeHb 3HAYNMOCTH.
3) Borumcisiercss pa3HOCTh MEXY WHAWBHIYaTbHBIMH 3HAYCHHUSMHU BO BTOPOM H IEPBOM
3aMepax.
AOCOTIOTHBIC BEIMYMHBI PA3HOCTEH YMOPSIOYMBAIOTCS IO PaHTy (MEHBIIEMY 3HAUCHUIO
MIPUCBANBACTCS MEHBIINI PaHT).
KaxxnoMy paHry CTaBUTCS 3HAK «+» WIH «—» B 3aBUCUMOCTH OT 3HaKa COOTBETCTBYIOIICH
€My Pa3HOCTH, MOJIYYaIOTCs 3HAKOBBIE PaHTH.
Pacuernoe 3nauenue kpurepusi Wyqe, onpeaensieTcss u3 CyMMbl 3HAKOBBIX PAHTOB.
DWyae: (p; N), TIE N - 00bEM BBIOOPKH.

(RS

5) Eciu ', 10 «Ho» mpuHUMaeTCs.

W =W

e M

Ecmun , To «Ho» oTBepraercs.

[Tpumep 5.2. [IpoBepuTh €CTh U pa3HHUIIA B COJAEPKAHUU caxapa B KPOBHU HATOINAK [0
paboTHI U Yepe3 TpH Yaca mocie padoTsl y 12 paboTaromux Ha yiIbTPa3BYKOBBIX YCTAHOBKAX.

No Coneprxanue caxapa Copneprxanue caxapa
B 110 paboThI rociie paboThbl
1 112 54
2 82 67
3 101 96
4 72 59
5 79 79
6 82 76
7 64 66
8 70 66
9 88 48
10 81 50
11 66 61
12 88 61
Pewenue.
1) Ho: )_(l = )_(2.
Hi: X #X,.

2) p=0,05 - ypoBeHb 3HAUUMOCTH.
3)
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No « ) oo |x 1 _1'| Mo 3HaKOBBIE
paHru
1 112 54 58 58 12 12
2 82 67 15 15 8 8
3 101 96 5 5 4,5 4,5
4 72 59 13 13 7 7
5 79 79 0 0 1 1
6 82 76 6 6 6 6
7 64 66 -2 2 2 -2
8 70 66 4 4 3 3
9 88 48 40 40 11 11
10 81 50 31 31 10 10
11 66 61 5 5 4,5 4,5
12 88 61 27 27 9 9
CyMMa 3HaKOBBIX PaHIOB Whaca =74
4) Wiasn (0,052; 12 )=50.
W > W
5) ' , TO «HO)) OTBCPracTcsd, 3HAYUT CCTb pa3HUllda B COACPIKAHUHU Caxapa B

KpPOBH y paOOTHUKOB JI0 U TIOCJE PabOTHI.

4. UnocTpaTUBHBINA MaTepHaJI: IPE3CHTALUs, CIaNIbL.
5. Jluteparypa:
e OcHoBHas:
1. Koituy6ekoB b. K. buoctaructuka. yu. nocooue/ b.K. Koituyoekos.- Anmatsl: OBepo, 2016.
2. KoituyoexoB b.K. buocraructuka: yaeoHoe mocodme: Anmartsl.- OBepo, 2014
e JlomonHUTeNbHA:
1. BuocTrarucTika B IpuMepax M 3ajadax: yuebd.-meroauueckoe nocodue/ b.K. Koituybexos [n
ap.].- Anmarsr: OBepo, 2012.
2. boposukoB B.II. STATISTICA. HckyccTBO aHamuM3a [JaHHBIX Ha KOMIIbIOTEpE: [UIs
npodeccuonanos / B. boposukos. - CII0.: ITutep, 2014. - 688 c.
3. HOmnkepo B.U., TI'puroppe C.I'. Marematuko-craTucTuyeckas o0paboTka JaHHBIX
MeIUIUHCKUX uccnegoBannii. — CI16.: BMcnA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocraructuka [DnexTpoHHbli pecypc]: yueOHuk/ K.OK. KymabGaeB [u nap.].- DnekTpow.
TekcToBbIe MaH. (85,7M0).- llleivkenT: FOKT'®A, 2015.- 187¢. 31. ont. auck (CD-ROM)
6. KonTpoJibHbBIC BONIPOCHI:
1. B uem 3axirouaercst pa3sHUIIA MEX/Ty TapaMeTPUIECKIMH U HETTapaMeTPUIeCKUMHU
CTaTUCTHUYECKUMU KPUTEPHUSIMU?
2. Tlouemy kputepuii ManHa-YUTHH Ha3bIBAlOT aHAJIOTOM JIBYXBBIOOPOYHOTO t-KPUTEPHS
Croronenra?
3. Tlouemy kpuTepuii YUIKOKCOHA HA3bIBAIOT aHAJIOTOM NapHOTo t-Kputepust CThroeHTa?

JIEKITHU S Ne6
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1. Tema: Oano¢aKkTOPHBIH IUCTIEPCHOHHBIN aHATIH3.
2. Heab: O3HAKOMHTH CTYEHTOB C OCHOBAMU JAMCIIEPCUOHHOTO aHAIIN3A.
3. Te3ucel JeKmuu:

Jucnepcuonnvim ananuzom Ha3BIBAIOT TPYINTY CTATUCTHYECKHX METOJOB, pa3paboTaHHBIX
AHIJIMACKUM MaTeMAaTUKOM W TreHeTukoMm P. @umepom B 20-x romax XX-ro Beka i psanaa
AKCIEPUMEHTAIIBHBIX 3a7a4 OMOJIOTHH U CEJIbCKOTO XO35ICTRA.

Ilocmanoexa 3a0auu. I1ycTh 1aHbl reHepaTbHbBIE COBOKYITHOCTH X1, X2, ..., Xk, T€:

- Bce «k» TeHEepaIbHBIX COBOKYITHOCTEH pacnpeiesieHbl HOpMajbHO;
- JMCHEPCHUH BCEX T€HEPaIbHBIX COBOKYIHOCTEN OJIMHAKOBBI.
[Ipu 3TUX ycnoBUsX U 33JaHHOM YPOBHE 3HAYMMOCTH «p» TpeOyeTcs MPOBEPUTH HYIIEBYIO

THIIOTE3Y O PABEHCTBE BHIOOPOYHBIX CPEITHUX, T.C. Ho: % :
Kaxxnast u3 reHepajibHBIX COBOKYITHOCTEH ITO/IBEP)KEHA BIUSHHUIO OJTHOTO MJIM HECKOJIBKUX
¢axmopog, KOTOpbIe MOTYT U3MEHSATh UX CPETHIE 3HAYCHUS.

daxkmopom Ha3pIBaeTCAd TI0Ka3aTeldb, KOTOPBI OKAa3bIBAe€T BIHMSHUEC HAa KOHEYHBIN
pe3yibTar.

Konkpetnyto peanu3zanuio (hakTopa Ha3bIBaIOT YpOGHEM (pakmopa.

3Ha4YeHne U3MEPSEMOr0 MPHU3HAKA HA3bIBAIOT OMKIUKOM Ha (PaKTop.

Hanpumep, HEKOTOpoe KOJIUYECTBO OOJBHBIX TMIEPTOHUEH Pa3OUTHI ciaydaiiHBIM 00pazom
Ha «K» TPYII, KaX[A0il M3 KOTOPHIX Ha3HAYCH MPUEM OMPEACICHHOro JiekapcTtBa. B pesynbrate
KOHTPOJIUPYETCSI CpeHee 3HAYCHUE MTOKa3aTelsl M3MEHEHHS apTepUaIbHOTO JaBICHUS.

B nannom nipumepe:

- 3HAYEHUS IOKa3aTelsl B «i»-OM rpyImme, cocTosmel u3 «ni» OOMbHBIX — 3TO «i» - BBIOOpKA
o0BeMa «Niy;

- JIEKapCTBO - 3TO paxmop, BIUSIOMINN Ha BETMYNHY KOHTPOJIMPYEMOIO TIOKa3aTess;

- TIOKa3aTenb W3MEHEHHS apTepHalbHOTO JABJICHUS - OTO OMKIUK Ha BO3JACUCTBHE
¢axTopa.

[Tpenmonaraercsi, 9T0 MO TPyNIaM MPUHUMAEMBbIC JICKAPCTBA PA3IMYAIOTCSA MO0 BUIOM,
an0o 1030H, b0 emre kKakuM-mudo odpazom. Torzna Bo3aelcTBYIOLIMHA (akTop moapasnensercs
Ha HEKOTOPHIE COCTABIISIOIINE, HA3BIBAEMBIE YPOSHAMU (hakmopa.

Ecnu ¢dakrop okasbiBaeT BO3/EHCTBHE HAa BEIUYMHY OTKIMKA, TO HyJIEeBas TUIOTE3a O
Hyp: x, =X, =..=1X,
PaBEHCTBE CPEIHUX ' 2 koTBepraercs.

B 3aBHCHMOCTH OT KOJTMYECTBA H3y4aeMbIX (PaKTOPOB JMCIIEPCUOHHBIN aHAIN3 JIEIUTCS Ha
00HOGAKMOPHBIN U MHO20GAKMOPHDILL.

B npumepe ¢ n3MEHEHNEM apTepHaIbHOTO JIaBICHHUS MOYKHO UCCIIEIOBATh:

- (¢akTop BpeMeHHM rojia (ypoBHU: 3UMa, BECHa, JIETO, OCEHb);

- (¢akTop MecTa dKcriepuMeHTa (YPOBHU: JICYSHUE B CTAIIOHAPE HITH JIOMA);

- (¢akTop pexxuMa (ypOBHH: ITOCTENbHbIN, OOBIYHBII UM PETYJISIPHBIC MEIINe NPOTYIIKH

Ha CBEXEM BO3JlyXe) U T.II.

Bri6opounsle qaHHbIe U OAHO(GAKTOPHOTO JUCIIEPCHOHHOTO aHaiIM3a 0(OpMIIIOT B BHJIE

Ta0auIe! (Tabmmia 6.1).
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Homep Ypoeeus akropa A
MCIBITAHHA 4, A, A,
1 | Xig | Xz { | X
2 Xy X2z X
R .'l'__ | X, 2 Lea X4
[pynnosas X X e Xt
Cpe/HAA

OcHoBHas oejb AMCIICPCUOHHOI0 aHajin3a COCTOUT B paS6HCHHI/I BBI60pO‘IHOI>'I JUCIICPCHUU
Ha IBC KOMIIOHCHTHI:

[} mepBasi — 3T0 hakmopHas oucnepcus, OHa COOTBETCTBYET BIUSHUIO (DakTOpa Ha
M3MEHYMBOCTH CPEIHUX 3HAYCHUH;

] BTOpad — 9TO ocmamovHa: ducnepcuﬂ, OHa 06YCJ'IOBJ'ICHa CﬂyqaﬁHbIMH IMpUYNHAMU 1 HE
BJIMACT HA UBMCHUYUBOCTL CPCAHUX 3HAYCHUI.

Jjist yMCIIeHHOM OLEHKHU BIHMSHUS HCCIeayeMoro (pakTopa HCIoNb3yI0T CPaBHEHHE ITUX
KOMIIOHEHT ¢ momotbio F-kpurepus dumepa.

Daxmopnas oucnepcus ( Spam® ) — TO TUCTIEPCHs, KOTOPAs COOTBETCTBYET BIMAHUIO
(dakTopa Ha H3MEHEHUE CPETHUX 3HAYCHUH BBIOOPKH:

k
— -\2
r}i&@j—x)
2 SSzj)amK _j=

S(])mcm >3 !
k-1 k-1

rae SS,,,, - hakropHas cymMMa KBAJIpaToB OTKJIOHEHHMH, K - Konm4ecTBO ypoBHeii dakropa, I -

KOJMYECTBO 3HAUYEHHUH B KaXKIOM rpymme, X - 06]]_[3.5{ CpCaAHAA, X.p- IPYyHIIOBasA CPpCAHS.

Ocmamounas oucnepcus ( Seew® ) — DTO JWMCHEPCHS, BOZHMKAIOMIAS IO CITyYailHBIMH
NPUYMHAMU U HE BIUSIONIAsl HA U3MEHEHNE CPEeIHUX 3HAU€HUN BHIOOPKH:

sS. Z{xl - ;_..,_. J_ - Z [1_ - ? }_I +.. + Z[H - : }

=1 i=1

kir—=1) k(r—1
rae SSoem - OCTATOYHAS CyMMa KBaJIpaToOB OTKJIOHEHHI.
O6was oucnepcust (S o6’ ) — 9T0 cymMmMa (GaKTOPHON U OCTATOUHOMN JUCTIEPCHHA:
: 'fx —?J"
L 88 & ZW Y

, _ A 8§8,. =588, +88
n—1 n—1 re - oo

il

1 )

Cxema nmpuMeHeHHUs1 0 JHO(HAKTOPHOTO AUCIIEPCHOHHOTO aHAIIN3a!
1) Ho: X, =X,=..=X.
Hi: X, #X, #... #X,.
2) p=0,05- ypoBeHb 3HAYUMOCTH.
qu)m(m
3) Fpacw = 2 s
S ocm
4) F, .. fi, f2), tne fi=k-1, fo=k(r-1) — wumcno creneneii cBOOOIBI (TAOIUYHBIC

3HAYEHHs), K - KOTMUECTBO ypOBHEH (hakTOpa, I' - KOMUYECTBO 3HAYCHUH B KXKIOH IpyIIe.
5) Ecmu Fpacy < Fuasn , To «Ho» mpuHEMaeTCs.
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Ecnu Fpacy > Fraen , To «Ho» oTBepraercs.

IIpumep 6.1. Cpeam B3pOCIOro HACEICHHUS ONPEACICHHON BO3PACTHOM KaTEropuu
(GUKCHPOBATIOCH YMCIIO 3a00JIEBaHUM ABIXaTeNbHBIX MyTed 3a nBa roxa. llenms uccienoBanusi —
CTaTHCTUYECKOE JI0KA3aTEIbCTBO BIUSHUSA KYpeHHUS Ha 3a00JIeBa€MOCTb JIbIXaTEIbHBIX ITyTeH.
CrnyvaiineiM 00pa3oM ObuM O0TOOpaHbl 3 TpymIbl 10 4 yelnoBeKa Kaxkias, W3 HUX: | rpymma -
HEeKypsllue, 2 Tpynna - CTaK KypHIbLIUKa - 10 5 JeT, 3 rpymmna - cTax Kypuibliuka 0osee 5 JeT.
Takum o0pazom, ucciaeayembiii GakTop «A4» - KypeHue, ypoBHH (aktopa, A1, A2, A3 - crax
Kypwibliuka. OTKIMK Ha (DakTop KypeHus - 4ucio 3a00JieBaHUIl ABIXaTENbHBIX MyTeH. Bpuan
nosydeHsl 12 3HadeHuil yrcia 3a00neBaHuii — Xij , 1€ j - HoMep ypoBHs ¢akropa (j=1, 2, 3), i -
HOMeEp 3JIeMEHTa B COOTBETCTBYIOIIEH BbIOOpKe (rpymme), | =1, 2, 3, 4:

ISP 13 3]
Xy Xz Xay 024

Xy Xy Ay X 1250
X, X, Xy, 21 3]

[
I[Ipennonaraem, uto /- BEIOOpKA M3 HOPMAIILHOMN IeHepaTbHOM COBOKYIHOCTH.
Bce nannbie HE00X0IMMO 3aHECTH B TAOIHILY:

Howmep VYposeHb daxTopa «A»
HCIIBITAHUS Al Ar Az
1 1 3 3
2 0 2 4
3 {: 2 5
4 2 1 3
I'pymmosas 4l4=1 8/4=2 15/4=3,75
CpeIHSISI
Pewenue.
Hy:x =x =X

| "1 3°
1 Hi: x #x,#x, .
Zg p=0,05 - ypoBeHb 3HAYMMOCTH.
3) Boruuncnsieres:
X +x,+x; 1+2+375

3.1) O0mias cpeaHsis: x = 3 = 3 =225.

3.2) ®akTopHas cyMMa KBaJpaTOB OTKIOHECHUIA

53 .02 ri(izp LS >‘<)2 =4. [(1— 2,25)* +(2-2,25)* +(3,75-2,25)° ]: 15,5.
j=1

3.3) OcraTroyHasi cyMMa KBaIpaToB OTKJIOHCHHI:
4 -

SS,, = Z:(xi1 A szl)z +Z4:(xi2 —;(epz)z +24:(xik —)_<zpe,)2 =
i=1 i=1

“la-12+(0-12+ -1 +@2-12]+[3-22+(2-2)* + (2-2)% + 1-2)*]+

+[(3-3,75)% + (4-3,75)% + (5-3,75)? + (3—3,75) ] = 6,75.
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SS 15,5

3.4) ®daxropHas JUCIIEPCUS: €2 A\ depi, X

) 9 R pom k-1 3-1

3.5) OcrarouHas qucnepcust: S2 = SSyem _. 67 _
" k(r=1) 3(4-1

=775.

2
3.6) Fha67=s’z‘iﬂzﬂ=1o,3.
" S%m 075

4) Fma6ﬂ(0’05; 2’ 9):4a26
5) F

3200J1eBa€MOCTb JBIXATEIbHBIX ITYTEH.

H-kpumepuii  Kpyckana—Yonnuca  sBisercss ~ HemapaMeTPUUECKUM  aHAJIOTOM
0JTHO()aKTOPHOTO NHUCIEPCHOHHOTO aHAIM3a JUIsl CPaBHEHHS TpeX M OoJjiee HE3aBUCHMBIX TPYIIIL.
JlaHHBIN KpUTEpU pacCUUTHIBACTCS C UCHOIb30BAHMEM HE (DAKTUUYECKMX 3HAYEHUH JaHHBIX, a UX
paHroB. H-KpUTepHil UCIIOJIb3YETCs, €CIIU PaCIpe/ieIeHUE B IPyIIaxX He SIBISETCS HOPMAJIbHBIM.

IIpu comocraBieHnU TpeX BEIOOPOK JIOIYCKaeTCsl, YTOOBI B KaX/I0M U3 HUX ObUIO HE MEHEe
3 HaOnroeHNUH, WK B OJTHOM U3 HUX 4 HAOJIOJIEHUS, a B IBYX JIPYI'HX — IO 2; IPH ITOM HEBAXHO,
B KaKOIl KIMEHHO BBIOOPKE CKOJIBKO UCTBITYEMBIX, @ BA)KHO COOTHOIIEHUE 4:2:2.

Tabnuia KpUTHUECKUX 3HaYEHUI H-KpuTepus NpeaycMOTpeHa TOJAbKO Ui cllydas, Korjaa
9UCIIO0 BBIOOPOK K<5, a 4ucio UCHBITYeMbIX B Kaxaod rpymie Ni<8. IIpu OOJBIIOM KOIHYECTBE
BBIOOPOK U UCIHBITYEMBIX B Ka)KJ10M BHIOOpPKE HEOOXOIMMO IMOJIb30BATHCA TaOIUIEH KPUTHUECKUX
3HAYEHUH )°-KpUTepHs, T.K. KpuTepuii Kpyckana-Yomnmca acMMNTOTHYECKHM MpUOMMKAETCA K
PACTIPEICTIEHUIO <.

Cxema npumenenua H-kpumepus Kpyckana — Yonnuca:
Hy: X=X, =.=X,-

vacn > Foacss TO «Ho» oTBepraercs, 3Hauut (DaKTOp KypeHWs 3HAYMMO BIMAET HA

1) Hy: X, #%, # . #X,.

=]
]

2) p=0,05 - ypoBeHb 3HAYUMOCTH.

& 2 k
o =.[—2 R—"—E'[.I'!+|}1 HZZHI
3 nln+1) 5 n, e i<l - ofmee 4ucI0 HAGMIOAEHHI MO BCeM TpPYIHaM,
Ri - cymma paHros i-oif BBIOOpPKH.
4) B cayvae, korga 4ucio BbIOOPOK K<5 Hmgx (p;ni;nz;...;ns), tae ni, N2, ..., N5 — 00BEMBI

paccMaTpuBaeMbIX BBIOOPOK.

5 Hoss = Xoaa (P2 ) + e f=k-1 — uncio creneneit cB0OOIbI

4) B ciyuae, Koryia 4ucio BeIOOpOK k>
(TabnuuHOE 3HAUEHUE).
5) Ecmn H paca < Hragr , TO «Ho» npuHMMaeTcs.

Ecin H paca > Hraon , TO «Ho» oTBepraercs.

[pumep 6.2. 7151 OIIEHKH T030BOM HArpy3KW XUMHUYECKHUMH BEIECTBAMH, 3arPsS3HSIOIIIMH
OUTHEBYIO BOJY, M3y4aJlOCh KOJMUYECTBO MOTPEOIsIeMOil A MUThsI BOJOIPOBOIHOM BOJBI Cpead
Pa3HBIX BO3PACTHBIX IPYIII HAceIeHUs. B pe3ynbraTte moaydeHsl ClIeyronue JaHHbIe:
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Heru (n,=8) [ogpoctrn (n:=7) Bapocnete (n:=9) '
Bona, n/neun Bona, n/aeus Boaa, n/nenn |
1,22 1,47 1,56 |
1,24 1,52 1,58
LT S NTAAN ¥ /RO M ¥ T U
4 0L I [ R I N
145 193 2,00 |
1,52 2,00 2,00 |
1,84 3,00 2,55
2,52 2,58
4,00
o x=Lss o | o % =188 L %n=222 |

HpOBCpI/ITL TUIIOTE3Yy O PAaBCHCTBEC CPCAHUX 3HAYEHHH KOJHYECTBA HOTpCGJISIeMOI;'I JUI
IMUTbA BOABI B IMOITYJIALUAX IleTef/'I, MMOAPOCTKOB U B3POCIIOro HACCICHUA.

Pewenue:

I/ICCJIelIyeMI)IC Ipymiibl  ABJIAKOTCA HE3aBUCUMBIMHU, a OAHHBIC HMCIOT HCHOPMAJIIbHOC
pacnpeaciieHue, TO I HOPOBEPKU HyneBoﬁ THUIIOTE3bl HCIIOJIB3YEM KpI/ITCpI/Iﬁ Kp}ICKaJ'Ia'

Yomuca.
Hy x, =X, ==X
) He Bi2x =225,
23 p=0,05 - ypoBeHb 3HAYMMOCTH.
3) f
Heru (n,=8) Moapocten (n,=7) Bapocnue (n;=9)
_!3_0,'1;, JI_}r,!.Z;,ﬂ.::I-;!:_ PdHI A\l Eﬁﬁ‘(}_,_i_l.:’:ieglﬁ_.; ) -: _Pzg.l-u' I ‘_B{g,_ue_]; j[:"J_l:&E_H'I_:— “ ) _pEl—HI'JI
o222 O L XF |9 \(d7," dV6\ 2 128 10 |
__; 1,24 A 2\ 1,52 . 7.5 ( 1,58 11
B 1,31 3,5 1,55 9 | 1,81 [ 13 1
1,31 3,5 1,70 112 1,89 15
1,45 5 1,93 16 2,00 18 |
1,52 7.5 2,00 | 18 2,00 18 |
1,84 | 14 3,00 23 2,55 21 |
2,52 20 2,58 22|
4.00 24
CymMma paHros 56.5 | 91,5 152
E I
pae = = R—'—J{HH}:
nln+1) n,
=— 7 -(:jﬁj -+ 91__5"‘4_ 152 J—J-{24+1} =002-(3994+11964+25671)-T75=824
242441y | B 7 9
4) Hue = xo (0,05; 2)=5,99.
5; Hpace>Hren, TO Ho oOTBepraercs, T.€. B pa3HBIX BO3PACTHBIX TIPYNIIAX €KETHEBHO

noTpebIIIeTcs: pa3HOe KOJIUYECTBO MUTHEBOM BOIBI.

Jlsyxgpakmopmwiti  OucnepcuoHHbll

aHamus3

CUCTEMA

CTaTUCTHYCCKHUX

METOJIOB
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WCCIICIOBAHMSI ICHCTBUS Ha MPU3HAK JIBYX OPraHM30BaHHBIX (aKTOPOB.

JIByx(haKTOpHBIN TUCTICPCUOHHBIN aHATH3 [TO3BOJISIET OLEHUTh HE TOJIBKO BIIMSHHE KaXIO0TO
u3 ()aKTOPOB B OTJCIILHOCTH, HO U MX B3aUMOJICHCTBHE.

T.K. BEIYHCIICHUS TIPU TIPOBEACHUN ABYX(AKTOPHOTO JUCIIEPCHOHHOTO aHAIH3a TOCTATOYHO
IPOMO3/IKH, PEKOMEHIYETCS MOJIb30BaThCs CIEIMATBHBIM IPOrpaMMHBIM oOecriedeHreM (Statistica
10, SPSS u ap.).

[Ipumep 6.3. B xumMuueckon J1abopaTopuu MPOBEPSETCS BIUSHUE Temmeparypbl (hakTop
«A») n karanuzaropa (pakTop «B») Ha BBIXOJ MPOIYKTa XUMHUECKOTO cuHTe3a «Y». [loimydeHHbIe
pe3yNbTaThl IPUBEACHBI B Tabiuie. TpedyeTcs MpoBEepUTh TUIOTE3Y O BIHSIHUHA (DAKTOPOB «A» U
«B» 1 UX KOMOMHAIIMY HA YKa3aHHBIN MPU3HAK.

B, B- i B
A 16; 19:17; 16 18;16; 17; 14 16; 16; 18; 13
A, 22;22:19;23 18;19; 23; 24 18; 16; 19; 20
Al 20; 16; 18; 19 18;17; 19; 19 20:20; 16; 16
Ay 23;20;22;23 19; 18; 19; 22 20;19; 20; 22
1) DopMyIMpOBKA THIIOTE3.

I'unotess! 1 pakropa «A»:
Ho: Jlns Bcex pexXUMOB TeMmmepaTypbl «Ap» HET pPasHHUIBI MEXIy CpeIHUM
pe3yabTaTOM MPOAYKTAa XUMHUUECKOro CUHTE3a «Y».
Hi: JIns Bcex TUTIOB «Aj» CYIIIECTBYET pa3HUIIA MKy CPETHUM PE3YJIbTATOM « 1.
I'unotess! 1 pakropa «By:
Ho: JIns Bcex TUIOB Katanu3atopa «Bj» HeT pasHHIIBI MeXKTy CPETHUM PE3YIbTaTOM «Y .
Hi: JTns Bcex TunoB «Bj» cymiecTByeT pa3HuIa MeX1y CpeTHUM pe3yabTaToM «Y .
['unoTess! 17151 B3auMOIEUCTBUS (DAaKTOPOB «A» U «By»:
Ho: ®akrop «4» (Temmeparypa) u ¢aktop «B» (Karaaus3arop) He OKa3bIBalOT YPdexTa
B3aMMOJICHCTBHS Ha pe3yNbTaT «Y» (MPOAYKT XMMUYECKOTO CHHTE3A).
Hi: ®aktop «4» u dakTop «B» oka3bBalOT 3P (PeKT B3anMOoIeHCTBHS Ha pe3yabTaT «Y».

2) Peanm3amust 1ByX(aKTOPHOrO AMCIEPCHOHHOTO aHAIM3a C MOMOIIBI HPOrPaMMbI
«Statistica 10» (pucyHok 6.1).

e (e

Home Edik LI Inzeit Fanmat Statistics Dita bdiming Graphs Teals Diata wearkbook Sco

.'_.-:.'/ e S |f>\‘\'\. k. |=® Advanced Modek = 53 Weursl Mets | = OC Charts = [ 5] Process &4
a& 4 74" - ory L Ml Exploratory = (1 ALS, PCA, ... || ES Multiverate fip DOE
Bazc Muliple AMDNE Monperametncs Diztnbution Mare - = q
Stafickics Regression Fifing Disbribations I Power Anabysis Variance 7 Predictive B0 S Sigma
Bme Advanced/Multicanate Industrial Statistics

= Workbookd™ . -
— ! Unrariate Tasta of Significanca for Mpogykr xeMuwsackoro cHHTaIE (Spradahy

53 (e ANV, Gipyradshest Sigma-rastricted paramaterization
B ,:;.r.-qgl,r,a, Rl 1; Effectre hypothesis decompasition
§ "l Tamin<p arypa; 55 | Degr.ol | MS F I
sl Kararuatap: | §Fifact Fragdom
i’ Temneparypa’ [ Intarcep DR | 1] 1702533 | 5172253 | 000000
1 Tesneperepa® | Tamneparypa 144 17 2595 0,000003
7] Univaniats Tes || Katanuaatop 21,29

10,66 3,234 0051032

Temneparypa’Karanuaarop 19.7 ] 3,28 0,993 0441704
Errar 11860 36 520

Pucynoxk 6.1. ItoroBast Tabnuia pe3yibTaToB ABYX(AaKTOPHOIO AUCHEPCHOHHOTO aHANU3a,
BBITIOJIHEHHOTO B Iporpamme «Statistica 10»
3) BeiBojibI:
Pexxum Temmeparypbl OKa3blBaeT BIMSHUE HA CPEIHUN pE3yJbTaT XMMHUYECKOI'O CHHTE3a
(BBIIETIEHO KPACHBIM IIBETOM).
Tun xaTann3aropa He OKa3bIBACT BIUSHUSA Ha CPEAHUN PEe3yabTaT XUMUYECKOTO CUHTE3A.
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Coueranue TemmepaTypbl M KaTalu3aTopa HE OKAa3blBACT CYIIECTBEHHOTO BIMSHHS Ha
OPOIYKT XUMHUYECKOTO CHHTE3A.
4, MIII0CTPATUBHBINA MaTepuaJI: Pe3CHTAIUS, CIIal IbI.
5. JIuteparypa:
e OcHOBHas:
1. Kotiuy6ekoB b. K. buocrarucruka. y4. mocooue/ b.K. Koituybekos.- Anmarsl: OBepo, 2016.
2. Koituy6ekoB b.K. buocraructuka: yuebHoe nocooue: Anmartsl.- IBepo, 2014
e JIOMOJNHUTENIbHAS:
1. buocratucrrka B mpuMepax u 3agadax: ydueo.-merogudeckoe mocooue/ b.K. Koituybexon [u
ap.].- Anmarsl: OBepo, 2012.
2. boposukoB B.II. STATISTICA. MHckyccTBO aHanm3a JaHHBIX Ha KOMIbIOTEpE: s
npodeccuonanos / B. boposukos. - CII6.: [Tutep, 2014. - 688 c.
3. HOnxepo B.M., TI'puropreB C.I. Marematuko-craTuCTHUeCKass 00paboTKa JIaHHBIX
MeIuIHCKUX uccinegosanuii. — CI16.: BMcnA, 2016 - 266 c.
® DJEKTPOHHBIE PECYPCHI:
1. buocratuctuka [DnexTpoHHbli pecypc]: yueOHuk/ K.OK. KymabGae [u ap.].- DnekTpol.
TekcToBbIe AaH. (85,7M0).- IllpiMkenT: FOKI'®A, 2015.- 187c. 1. ont. quck (CD-ROM)
2. http://www .statsoft.ru/
6. KoHTpo/ibHbIE BONPOCHI:
1. Kakass HyneBas THMIIOTe3a MPOBEPSETCS C MOMOIIBI0 AUCIEPCUOHHOTO aHanu3a?
2. Kakue yclioBus JOKHBI BBIIOJHSTHCS ITPH HCIIOJIB30BAHIH JTUCTICPCHOHHOTO aHaIH3a?
3. KakoBa ocHOBHas ujesi IUCIIEPCUOHHOTO aHaIu3a?
4. Korna ucrnionb3yercs H-xputepuit Kpyckana—Y ommmca?

JIEKIIUS Ne 7

[

. Tema: KoppeasiuMOHHBIN aHAIU3.
. Heab: O3HaKOMUTB CTYIEHTOB C OCHOBAMH KOPPEJSALMOHHOTO aHAJIN3A.
3. Te3uCHl JeKINHU:

OnHOM U3 BaXKHBIX 3aJa4 SMUIEMUOJIOTHH SIBJISETCS aHaIu3 3a00JeBaeMOCTH M0 GaKkTopam
pHCKa.

@daxmop pucka B MeAMLUHE - 3TO (DaKTOp, CHOCOOCTBYIOIIMHA BO3HUKHOBEHHUIO
3a0osieBaHus (Hampumep, KypeHue - ¢pakTop pHucka M0 OTHOLICHUIO K MH(ApKTy MUOKapaa WId
paKy, YMCIIO aBapHil B CETH BOAOIPOBO/A - (PaKTOP PUCKA 10 OTHOIICHHUIO K IU3EHTEPUN ).

JUis KONMYeCcTBEHHOW OLIEHKH (aKTOPOB pHUCKAa PA3BUTHUS 3a00JI€BaHHUS MCIIONb3YeTCS
KOPPESLMOHHBIN aHaIN3.

Kopennsayuonnwviti ananuz - 3TO KOJIWYECTBEHHBIH METOJ| OIpPENEICHHUs] TECHOTHI H
HAIpPaBIICHUS CBS3H MEXKAY ABYMS U OoJiee caydyailHbIMU BETUYMHAMU.

BriepBbie B Hay4HbII 000pOT TEPMUH «KOppesiusy BBea ¢paHiy3ckuil nageonrtosor XK.
Krobe (XVIII B.), a B cTaTUCTHKE €T0 MEPBHIM cTal ucnonb3oBath O. ['anpron (XIX B.).

Jlis Toro 4ToOBI OXapaKTepU30BATH CBSI3b MEXIY MEPEMEHHBIMHU YHCIEHHO, BBOJUTCS
MOHATHE KO3 UIIMEHTA KOPPEIALIUH.

Koagpduyuenm koppensayuu - T10Ka3aTenb, XapaKTepU3YIOIUNA CHIIy CBS3M M €€
HarpaBJICHUE, IPUHUMACT 3HAYCHUS B IpoMexyTke [-1, 1].

JUis OLIEHKM CHJIBI CBS3M B TEOPUHM KOPPENSIMM TPUMEHSETCS IIKajda aHTJIUHCKOTo
craructuka Yennoka (tabmuma 7.1).

N

Ta0muma 7.1.
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KonnuecTBeHHas Mepa TECHOTHI CBSI3U KauecTBeHHast XapaKTEPUCTUKA CUITBI CBS3H
0,1-0,3 Cnabas
0,3-0,5 YMepenHas
0,5-0,7 3amerHas
0,7-0,9 Bricokas
09-1 CuipHas

[lo HampaBlIEHUIO PA3INYAOT NPAMYIO U 0OpAMHYIO KOPPerayuoHuyro ceéasw. llpavas
KOppenayuoHHas cesA3b - CBsI3b, NpPU KOTOPOM yBEIMUYEHHE OJHON IEPEeMEHHOW CBs3aHO ¢
YBEJIMUEHUEM JIPYTOoi NepeMeHHOHN (pOocT 3a001€BAEMOCTH JIU3EHTEPHUEN MPU YBEIMUYEHUU B BOJE
BOJIONPOBO/A J0JIM HECTaHAAPTHBIX IPOO BO).

Obpamnas KoppersiyuoHHas cés3b - CBSA3b, IPU KOTOPOI YBEIIMYECHNE OJHON TEPEMEHHOM
CBSI3aHO C YMEHbILEHUEM JpPYroi NnepeMeHHON (CHM)XKeHue 3a005ieBaeMOCTH rematutoM «B» mo
Mepe YBEJTHUCHHsI 0XBaTa HACEIICHHS BaKIIMHALIUECH MTPOTHB 3TOW MH(EKINN).

ITpu npsamoii cBA31 KO3PPULUHUEHT KOppesALud NIPUHUMAET 3HaYeHUs 0T «0» 10 «+1».

[Tpu 0OpatHOIi cBsA3M KO3(DPULIMEHT KOPPETAUH TPUHUMAET 3HAYCHHUS OT «-1» 10 «O».

Ecnu ko3¢ dunuent koppensiuu paseH «0», TO CBSI3b MEXKAY SABJICHUSIMU OTCYTCTBYET.

Ecimn koaddunuent xoppensuuu paBeH «+1» MU «—1», TO CB3b MEKIYy SBICHUSIMU
(byHKIIMOHAIbHASL.

[Ipn aHanmu3e 3aBUCHUMOCTH MEXIY JIBYMS II€PEMEHHBIMHM IPUMEHSIOT JUarpammbl
paccesiHusL.

Juacpamma  paccesnua - HaraAAHBIA  CIIOCOO  MpEACTaBICHUS
3aBHUCHUMOCTH MEKIY ABYMsI IEPEMEHHBIMU (PUCYHOK 7.1).

Jluacpamma paccesnusi - 3TO TOUEUHAsl [UarpaMMa B BHJIe Tpaduka, MOIy4aeMoro MmyTem
HAaHECEHUS] B OINpPENIEICHHOM MacIITabe SKCIIepUMEHTANbHBIX, TIOJIyYeHHbIX B pe3yJbTare
HaOmoneHud  touek. KoopauHatel Touek Ha rpaduke  COOTBETCTBYIOT — 3HAUEHUSIM
paccMaTpuBaeMOi BEIMUMHBI U BIMSIOLIETO Ha HEro Qaxtopa. PacmosoxeHue Touek MOKa3bIBaeT
HaJIMYue U XapaKTep CBA3M MEXKIY ABYMsI IEPEMEHHBIMHU.

KOpPEJALIMOHHON

¥| ¥ ¥

v
v
h

a b C

Puc 7.1. luarpammbl paccesiHUsI: a - IpsiMasi CBsA3b; b - oOpaTHas CBS3b; C - CBS3b OTCYTCTBYET
Jluneunvii  (napuwiit) xodppuyuenm roppensayuu (Ilupcona) XapakTepU3YIOMUNA CUTY

Z[x —xy—¥)

|' —. 4 —2

I [x—x)" ¥ (v—¥)
CBsI3U U €€ HallpaBJICHUE: v E z
KOppEeNupyeMBIE paabl; X, Y - CpeIHUE 3HAYCHUS.

L]

rze My — KO3QOUIMEHT KOPPENSALUU; X U Y —
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[Tapubiit K03QPUIHEHT KOppeNsauun SBISETCS MapaMeTpuuecKuM Kod3hPUIreHTom.
[Ipumenenne mapHOro KodddumueHta Koppemsuuu [lupcoHa BO3MOXKHO, €CIH
BBITIOJHSIOTCS CIIEAYIONINE YCIOBHS:
- CpaBHUBAaEMBIC MEPEMEHHBIE JIOJDKHBI OBITh MOMyYEHBI B MHTEPBAIBLHON IIKAJTIE HUIU
IIKaJIe OTHOIIICHMIA;
- pacmpeeneHUs MePEeMEHHBIX TOJKHBI OBITh OJU3KH K HOPMAIEHOMY;
- YHUCJIO 3HaYCHHUH paccCMaTpUBaEMbIX EPEMEHHBIX JOHKHO ObITh OJMHAKOBBIM.
JlocTtoBepHOCTh KO3 UIIMEHTa KOPPEJSIIMU  ONpPEAEseTCs CpaBHEHHEM €ro ¢
BBIUUCIISIEMON CpeIHEN OLIMOKOM.
I—rl':
--.,-'rn
Cpennsist ommOka KOdPPUIMEHTa KOPPETSILIIH: ' toe tae ry — KodhdhuIueHT
KOPPEJSAIUH; N - YUCIIO HAOTIOICHHH.
KoadduimeHT koppemsiuy CUYUTaeTcss 00Cmo8epHbiM, €CI B 3 pasa MPEBHIIIAET CBOIO
cpeaHor omuoKy. MTHaue HeoOX0MMO YBEITHYUTD YHCII0 HAOIIOICHUIA.
JlocToBepHOCTH KO3(pPUIIHEHTA KOPPEISILHH OTPEEIIIETCS O CIICHUATBHBIM Ta0IHIIAM.
Opumep 7.1. s crueayromux JaHHBIX pPaCcCUYUTATh JIMHEWHBIM Kod((HUIHEHT
koppessiiun [Tupcona:

m, ==t

3aboneBaemocts Haceiaenus OP3 #al000
HAaCEJIECHU, X

352 | 228 340 300 | 196 | 258 | 237

3aboneBaeMocTh nHEBMOHKENR HA 1000

64 60 52 48 46 41 32
HACEJICHUS, Y

Pewenue:
1) CocTaBUTh pacyeTHYIO TaOIHUILY:

No x ¥ x—x | ¥=F | (x=%)(y-7) (x—x) (v—7)
1 | 352 | o4 79| 15 1185 6241 | 225 |
2 228 | 60 -45 11 495 | 2025 121
3 340 | 52 67 3 201 4489 9
4 300 | 48 27 -1 -27 729 1
5 196 | 46 -77 -3 231 5929 9
6 258 | 41 -15 -8 120 225 64
7 237 | 32 -36 | -17 612 1296 289

Cymma | 1911 | 343 0 0 1827 20934 718 |

Cpennee | 273 | 49 |

Yilr-n-y 1827

) [ =3 oy V20934718
2) Beruucnuth K03 GUIMEHT KOPPEISALMH: B\ T
3) IlpoaHanu3upoBaTh MOTYYECHHBIH PE3yJabTAT: CBSI3b MEXKIY pacCMaTpPUBAEMBIMH IPH3HAKAMH
npsiMasi yMepeHHasl.

r

=047,

I-ry _ 1-047°

n 7
4) Bbl4MCITUTH CPENHIO OIIMOKY Ko3(HUIMEeHTa KOPPEISIUn: v A
KOO(PPHUIMUEHT KOpPPESLHUHA HE SBISETCS JTOCTOBEPHBIM, T.K. HE IPEBBIIIACT CBOIO CPEIHIOIO

m, ==t =13,
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oLIMOKY B TPH pa3a.

[Ipn ananmuse KIMHUYECKUX ¢ (apMaleBTUYECKUX SBJICHUNW YacTO HCIOJb3YIOTCS
clieylomue Henapamempuyeckue K03(h(OUIUCHTHI CBS3H:
- paHroBo# koppesiuuu CnupMeHa;
- «w» (tay) Kennamna;
- acconmanuu FOna;
- koHTuHreHuuu [lupcona;
- comnpsbkeHHocTH Yynposa;
- «y» (ramma) u nip.

Paccmotpum  koagpuyuenm paneosoii  koppensyuu, KOTOpPHIA ObLT pa3paboTaH U
MPEAJIOKEH ISl IPOBEICHUS KoppesauuoHHoro aHanu3a B 1904 r. U.0. CnupmMeHOM, aHTIIMICKUM
ncuxoiiorom, npogeccopom Jlonmorckoro u Yectephuiickoro yHuBepcuTeTa.

Koagppuyuenm paneoeoti xoppensiyuu - 310 KOIPOUIMEHT, KOTOPBIH H3MEPSET CBA3b
MEXy paHTaMH JJAHHOW BapUaHTHI IO PA3HBIM ITPU3HAKAM.

Koagpguyuenm panzosoii koppensyuu Cnupmena UCTIONb3YeTCs sl OMPEEIICHUs TECHOThI
CBA3EH MEXIY KOJTMYECTBEHHBIMH, TaK M MEX]y KaUYeCTBEHHBIMU MPHU3HAKAMH MPU YCIOBUH, €CITU
WX 3HAYEHUS YIOPSIOYUTD MO CTENIEHU YOBIBAHUS UM BO3PACTaHUS MPU3HAKA.

Koadduruent panrosoit koppemsiun CrimpMeHa: rae N - oobeM
COBOKYITHOCTH, Ixi — Iyi - pa3HOCTb MEK/Y paHT'aMH I-T0 00BEKTA.

KauecTBeHHYI0 XapaKTEpHUCTUKY TECHOTHI CBSI3M KOd(D(HIIMEHTa PaHTOBOW KOPPEISINH,
KaK ¥ Ipyrux KodpUIIUEHTOB KOPPESAINH, MOKHO OLIEHUTH MO MiKane Yeanoka.

Koad¢uuent panrosoil xoppensuuun CrupmeHa TpUMEHSETCS B Cilydae, €clid 00beM
BBIOOPKU «71» YIOBIETBOPSET HEPABEHCTBY S<N<40.

[Mpumep 7.2. B oHOM HACEICHHOM ITYHKTE 3apeTrHCTPUPOBAHO HATUYHE XPOHUYECKOU
snuaemun auszentepun druexcHepa. [IpenBaputenbHbIl aHamu3 U 71a0OPATOPHBIE HCCIETOBAHUS
MOKa3ajy, YTO B THMTHEBOW BOJIE BOJOINPOBOJHON CETH HAOIIOMAIOTCS YAaCThIe «IPOCKOKH
HECTaHJApPTHBIX Tpo0 Mo OakTepuolornyeckuMm TmokazatensMm (Qaxtop pucka). Heobxommmo
MPOBEPUTH TUIIOTE3Y O HATHMYNU CBS3H MEXKIY dTUMH JBYMsI IPU3HAKAMH.

Mecsn | Yncno 60nbHbIX an3eHTepueit (x) | Jlosst HecTaHaapTHBIX po0 BoabI ()
SHBapp 10 0
deBpaib 9 0,5
Maprt 2 1,1
Arnpenb 7 2,0
Mait 6 1,8
Hronn 11 2,9
Hroms 26 6,7
ABTYyCT 32 45
CeHTs10pb 46 8,7
OKTs10pb 38 7,1
Hosi0pb 8 3,2
JlexaOpb 5 0

Pewenue:

CocTaBuTh pacyeTHYIO TaOIUILY:
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No X y rx ry Mx - Ty Mx - ryD2
1 2 0 7 1,5 5,5 30,25
2 9 0,5 6 3 3 9
3 2 1,1 1 4 -3 9
4 7 2,0 4 6 -2 4
5 6 1,8 3 5 -2 4
6 11 2,9 8 7 1 1
7 26 6,7 9 10 -1 1
8 32 4,5 10 9 1 1
9 46 8,7 11 12 -1 1
10 38 7,1 12 11 1 1
11 8 3,2 5 8 -3 9
12 ) 0 2 1,5 0,5 0,25
Cymma 70,5
p=1- ;f’ i{rl —r F=1- _\b 705 = 0,75,
no—H o 127 —-12

Berauciuts K03 GUIMEHT KOppeIsaIuu:
[Ipoanas3upoBaTh IIOJIYYEHHBIA pE3yJbTaT: CBSA3b MEXKIY pacCMAaTPUBACMBIMH IIPU3HAKaAMHU
ImpsMasi BbICOKas.
I-r,  1-075°
m =t " =+

. = 0,12,
LT

—
)
Breruncnuts cpegHioro ommbky koddduimenta Koppemsiuu: V12

KOO(QQHUIHUEHT KOPPEJSIIUU SBISIETCS JOCTOBEPHBIM, T.K. TPEBBIIIACT CBOIO CPEIHIOK OMIMOKY
OoJiee ueM B TpH pasa.
4. AnocTaTUBHBIE MATePUAJIBI: TIPE3EHTALINS, CIIAHTBI.
5. JIuteparypa:
e OcHoBHas:
1. Koituyoexos b. K. buocratucruka. yu. nocooue/ b.K. Koiiuy6ekos.- Anmatsl: OBepo, 2016.
2. Koituy6exos b.K. buocratuctuka: yuebHoe nocodue: Anmarsl.- IBepo, 2014
e JlonmomHUTENbHAS:
1. BrocTtarucTiKa B IpUMepax | 3aj1adax: yued.-meroanueckoe nocodue/ b.K. Koituybekon [n
ap.].- Aamarsl: OBepo, 2012.
2. bopoukor B.I. STATISTICA. MHckyccTBO aHaiM3a JaHHBIX Ha KOMIIBIOTEpE: IS
npodeccuonanos / B. boposukos. - CII6.: [Tutep, 2014. - 688 c.
3. HOnkepoB B.M., I'puropeeB C.I'. MaremaTuko-cTaTUCTHYECKass 00padOTKa JIAHHBIX
MegunuHCKUX ucciaenosanuid. — CI10.: BMcaA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocrartuctuka [DnexTpoHHbI pecypc]: yueOHuk/ K.OK. KymabaeB [ ap.].- DnekTpoH.
TekcToBbIe MaH. (85,7M0).- [lleiMkenT: FOKT'®A, 2015.- 187c. 1. ont. quck (CD-ROM)
2. http://matstats.ru/
6. KoHTpOJIbHBIE BONIPOCHI:
3aueM B 3MUAEMUOJIOTUYECKOM aHAJIN3€ HCHOJIB3YETCS KOPPENISALUOHHBIA aHAIN3?
B kakux npenenax usmensercs K03 GUIUEHT KOppesun?
3aueM HYKHBI JUarpaMMbl pacCcestHUs?
[To xakoit popmyiie paccunThiBaeTCs mapHblid KoddduiueHT koppensaiuu [Tupcona?

HPwnh e
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o

Kak onpenensiercst 1ocToBepHOCTh KOAPIUIIMEHTa KOPPESIUN?
B kakux ciydasix UCIOJIb3YeTCsl paHTOBbIN K03 duiuerT koppensaiuu Crupmena?
I[To xakoit popMyiie pacCUUTHIBACTCS PaHTOBBIN K03 dunueHT koppemsnuu Crimpmena?

~No

JIEKITH S Ne8

. Tema: PerpeccuoHHBIIl aHAJINU3.
. Iesab: O3HaKOMUTH CTYIEHTOB C OCHOBaMU PErPECCUOHHOrO aHAJIA3a.
. Te3ucsl Jekuuu:
BrniepBrie TepMuH «perpeccus» Obl1 BBeACH ocHOBateneM onomerpuu @. ['anmpronoM (XIX
B.), HJI€M KOTOPOro ObLIM pa3BUTHI ero nociuenosateneM K. [lupconom.

Pecpeccuonnviii ananuz - METOJ CTaTUCTUYECKOW OOpaOOTKU MaHHBIX, MMO3BOJISIOIHIA
U3MEPUTH CBSI3b MEXKIY OJHOW WM HECKOJIbKUMH HpUYMHAMHU ((HaKTOPHBIMHU IMPH3HAKAMH) H
CJIeICTBUEM (PE3yJIbTaATUBHBIM IPU3HAKOM).

IIpusnak - 3T0 OCHOBHAs OTJIMUUTENbHAS YEPTa, OCOOEHHOCTh U3y4aeMOro SBJICHUS WIH
mpoiiecca.

Peszynomamuenviii npuznax - uccieyeMblil OKa3aTelb.

DaxkmopHhwiii npu3HAax - OKA3aTeNb, BIUSIIOIUN HAa 3HAYEHUE PE3YJIbTATUBHOTO IIPU3HAKA.

Llenbl0 pEerpecCHOHHOTO aHAJIM3a SIBJISCTCS OIEHKAa (PYHKIMOHAIHHOM 3aBUCHUMOCTH
CpeHEero 3HaueHHs Pe3yJIbTaTHBHOIO MpHu3HaKa (1) oT GaKTOPHBIX (X1, X2,..., Xn), BEIpOKAEMO B
BUJIC ypasHeHus peepeccuu’ y = T (X1, x2, ..., Xn).

Pa3znuyaroT 11Ba BUJa perpeccuu: NapHy0 1 MHOXKECTBEHHYIO.

Iapnas (npocmas) peepeccust - ypasuenue suna: y = f (x).

Pe3ynbratuBHBIA NpU3HAK TpPU NMApPHONW PETPECCHU paccMaTpUBAEeTCs Kak (DYHKLIHS OT
OJIHOTO apryMeHTa, T.€. OJHOr0 (haKTOPHOI'O MpHU3HAKA.

Perpeccrnonnslii aHaIN3 BKIIIOYAET B €0 CIIEIYIOLINE dTaIbl:

1.ompenenenue Tuna GyHKIUY;

2.ompeaeneHue K03PPUINCHTOB Perpeccuu;

3.pacyeT TeoOpeTUUECKUX 3HAYEHHUI pe3ybTaTUBHOIO NPU3HAKA;

4.poBepKy CTaTUCTHYECKON 3HAYUMOCTU KOI(PPUIIMEHTOB PErPECCUH;

5.MpOBEPKY CTATUCTUYECKON 3HAUUMOCTH YPaBHEHHSI PETPECCHUH.

Mnooicecmeennas pecpeccus - ypasaenue suaa: y = f (X4, x2, ..., xn).

Pe3ynpTaTUBHBIN NMPHU3HAK pacCMaTpUBAETCs Kak (PYHKIHS OT HECKOJbKUX apryMEHTOB,
T.€. MHOTO ()aKTOPHBIX IPU3HAKOB.

Jns Toro 4ToOBl MNPaBUIBHO ONPENEIUTh TUN (YHKUUHM HYKHO Ha OCHOBaHHUHU
TEOPETUYECKUX JaHHBIX HAaWTU HAIpaBJIEHHUE CBS3H.

I[To HampaBIEHHIO CBSI3U pErpeccusi AEINUTCS Ha:

- mpAMYIO pecpecculo, BOSHUKAIOUIYIO MPU YCIOBUH, YTO C YBEJIIMYCHUEM WJIM YMEHbIIEHUEM
HE3aBHCHMOM BEJIMUYMHBl «X» 3HAUEHUs 3aBHCHUMOM BEJIMYMHBI «y» TaK)KE COOTBETCTBEHHO
YBEJIMUUBAIOTCA WIN YMEHBIIAIOTCS,;

- obpammuylo pecpeccuio, BO3HUKAIOUIYIO TIPH YCIOBHUH, YTO C YBEJIMYEHUEM WIU
YMEHBIIEHUEM HE3aBUCHUMOW BEJIIMYMHBI «X» 3aBHCHMas BEJIUYMHA «)» COOTBETCTBEHHO
YMEHBILAETCS WM yBEIUINBACTCS.

JInst  XapakTEepUCTUKHM CBA3€H MCHOJB3YIOT CIEAYIOIIME BHJBl YPaBHEHHM IapHOU

perpeccun:

1. y=a+bx — nuneiinoe,

2. y=e¥* _ sxcnonenyuanvroe;

3. y=a+b/x — cunepbonuueckoe;

W N
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4, y=a+bix+bx? — napabonuueckoe;

5. y=ab* — nokazamenvnoe u np.
rae @, b1, b2 - xo3d¢unmentsr (mapamerpsl) ypaBHEHHS;, ) - pe3yJbTaTHUBHBIH MPHU3HAK; X -
(bakTOpHBIN IPU3HAK.

[loctpoenue ypaBHEHHSI pErpeccMd CBOJIUTCS K OLEHKe ero kodhduumueHton
(mapameTpoB), ISl 3TOTO HCTIONB3YIOT Memoo Haumenvuiux keaopamos (MHK).

MeToa HaMMEHBIIUX KBaJIpaToOB MO3BOJISET IMOJYYUTh TaKWe OLEHKU MapaMETpOB, MPHU
KOTOPBIX CyMMa KBaJpaToB OTKJIOHEHUN (PAKTUYECKHX 3HAUEHUN PE3yJbTATUBHOTO MPHU3HAKA «)»
OT TEOPETHUECKUX «x» MUHUMAJIBHA, TO €CTh (Y — Yx )> —> min.

[lapameTpsl ypaBHeHUs perpeccuu y=a+bx TO METOJy HAMMEHbBIIUX KBaJIPaToB
OILIEHUBAIOTCSI C TIOMOIIBIO (POPMYIT:

a=y—bh¥, p=Z YT,

rne @ — CBOOOAHBIA KOd(pdHUUEHT, D - kodduIMEeHT perpeccuu, MOKa3bIBaeT Ha CKOJIBKO
U3MEHUTCS pE3yIbTaTHBHBIA MpPU3HAK «Y» NPH H3MEHEHUH (AKTOPHOrO NpU3HAKa «X» Ha
€IMHUILY U3MEPEHHUSL.
JInsl OLEHKHM CTaTHMCTHYECKOH 3HAYMMOCTH KO3()(UIMEHTOB perpeccuy Mcroib3yercs t-
kputepuil CTbIO/IEHTA.
Cxema nposepku 3nauumocmu Kodgpuyuenmos pecpeccuu.
1. Ho: a=0, b=0 - k03¢ durmeHTs perpeccuy He3HAYUMO OTIIMYAIOTCS OT HYJISL.
Hi: a#0, b#0 - k03¢ HUIMEeHTHI perpeccuy 3HaYMMO OTJINYAIOTCS OT HyJISL.
2. p=0,05 - ypoBeHb 3HAUUMOCTH.

h a
by paee = 3 by Do s
n, m.

re Mp, Ma - cay4yaitHble OUOKU:

IS -y ,
! n—2 I'Zf."'—.l‘ﬁl" ZI-
|~ -3 m, = : 5 -
\ Zi-‘f—.ﬂ' 1t| n—2 .rrZ[_r—x]'
4. tron(p;f), rme f=n-k—1-uucno creneneit cBoOGOABI (TaONMMYHOE 3HAYEHHME), N — YHUCIO
HaOJr0IeHNH, K - 41CII0 MTapaMeTpoB B YPaBHEHUHU TPHU MIEPEMEHHBIX «X).

5. Ecmu t pacy > tuasn , TO H 0 OTKIIOHSIETCS, T.€. KOOPDUIIUSHT 3HAUUMBIHA.
Ecnu t pacy < tmasn , T0 H o mprHUMaeTcs, T.€. KOOQHUIUEHT HE3HAYUMBIA.

m, =

Jlnsi TpOBEpKH TMPAaBHIBHOCTH IMOCTPOEHHOTO YPaBHEHUS PETPECCHH  MPHMEHSETCS
Kkputepui Quiepa.
Cxema nposepku 3HAUUMOCMU YPABHEHUSL Pe2PecCUll:
1) Ho: ypaBHEHHE perpeccHy HE3HAYUMO.
Hi: ypaBHEHHE perpeccuy 3HaYHMO.
2) p=0,05 - ypoBeHb 3HAUUMOCTH.

Y-y

2 !
oy = k —={n—2) =\
' Z[_!'—_rj' 1-r;
3) n—k-1 r7e N - 4yucio HabmoaeHui; k - yucimo mapameTpoB B
YpaBHEHUH TIPU MEPEMEHHBIX «X»; Y - (aKTHYeCKOe 3HAUCHHE PE3yJIbTaTHBHOTO NPH3HAKA; Yx -
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TEOPETHYECKOE 3HAUCHUE PE3YIbTATUBHOTO MTPU3HAKA; I'xy - KOOPPHUIIMESHT MTAPHON KOPEIISAIUH.
4) Fraon(p; f1; f2), toe fi=k, fo=n-k-1- uncno creneueir cB0001bI (TAOINYHBIC 3HAYCHHUS).
5) Ecmu Fpaci™Fracn, TO ypaBHEHHE perpeccuu mojo0paHo BEPHO M MOXKET NMPUMEHATHCS Ha
MIPAKTHKE.
Ecimu Fpaca<Frags, TO ypaBHEHHE perpeccuu mogo0paHo HEBEPHO.
OCHOBHBIM TIOKa3aTelieM, OTPAKAIOIMIMM MEpy KadecTBa pPErpecCHOHHOIO aHan3a,
apisercst koddumuent nerepmunanuu (R?).
Koadduument nerepMuHANMK TMOKA3bIBACT, Kakas JOJII 3aBHCUMOW TEPEMEHHOH «y»
yUYTEHA B aHAJIM3€ M BBI3BaHA BIMSHUEM Ha Hee ()aKTOPOB, BKIFOUEHHBIX B aHAIIU3.
Koaddumment nerepmunanuy (R?) npurumaer 3Hadenus B npomexytke [0, 1].
VYpaBHEHHE Perpeccry BIseTcs KadecTBEHHbIM, ecii R? >0,8.

i .
Koaddunment nerepmunanuy paBeH KBaapaTy KodduimueHTa Koppeasiuu o
[Ipumep 8.1. Ilo cregyrommM JaHHBIM TOCTPOMTH W MPOAHATU3UPOBATH YpaBHEHUE
perpeccuu:

JabonesaeMoOCTs  IPUIIOM  HA 352 | 228 | 340 | 300 | 196 | 258 | 237
1000 naceneuus, x

JabonepaeMOCTE NHEBMOHHEH HA

64 | 60 | 52 | 48 | 46 | 41 32

1000 waceneuns, v

Pewenue.
1) Boluncnute kodhduUUEHT Koppemsiiuu: rxy=0,47. CBs3b MeXIy NpU3HAKaMH TpsMas U
yMepeHHasl.
2) IlocTpouTs ypaBHEHUE MApHOM JIMHEHHOMN perpeccum.
2.1) CocraBUTh pacyeTHYIO TaOIHUILY.

No X v xy X o v, =7 | v’ | (x—%)
1 352 | 64 22528 123904 | 55,89 | 4754 65.70| 6241
2 228 | 60 [13680| 51984 | 4507 | 154222283 | 2025
3 340 | 52 | 17680 | 115600 | 54.85 | 34,19 8.11| 4489
4 300 | 48 | 14400 | 90000 | 51.36 555 11,27 729
5 196 | 46 | 9016 | 38416 | 4228 | 45,16 13.84| 5929
6 258 | 41 | 10578 | 66564 | 47.69 1,71 4477 225
7 237 | 32 | 7584 | 56169 | 45.86 9.87 [192,05| 1296
Cymma | 1911 | 343 | 95466 | 542637 | 343 | 159,45 | 558,55 | 20934
Cpennee | 273 | 49 | 13638  77519,6 | 49 22,78 | 79.79 | 2990.6

2.2) Paccuntath K03 (PUIIHEHTHI PETPECCHUH:

yvi—7-%  13638-49.273

g 775196-27%
a=yv—br=49—-0087-273=2517.

YpaBHeHHe mapHOU JIMHEMHON perpeccuu: yx=25,17+0,087x.

3) Haiitu TeopeTHMYecKHe 3HAUEHUS «Yx» MyTeM TOJCTAHOBKH B YpaBHEHHE pPETrpecCHH
(haKTUIECKUX 3HAYCHUHN «X».

4) TToctpouTth rpaduku (GaKTUIECKUX «y» H TEOPETHUECKUX 3HAUCHHM «yx» PE3yJIbTaTHBHOTO
npusHaka (pucyHok 8.1):

b= =0,087,
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EL)

a0 . . . . . . " &y
o 1 2 3 4 5 g 7 LR ]

Puc. 8.1. I'paduxu GaxTHUeCKUX «)» U TEOPETUUECKUX 3HAUCHUH «Vx» Pe3yIbTaTUBHOIO MIPU3HAKA

5) IIpoBepuTh CTaTUCTUYECKYIO 3HAUUMOCTh K03(h(PpULIMEHTOB perpeccuu:
5.1) BeraucnuTh ciaydaiiHbIe OIIUOKH:

|2 (v-»)"  [55855 , , .
\ (Y i(r—w) X (798 542637
m, = | ”_2_ — = ]UI -2 . 0,073; m, = |E 7 . Z v =] 5 - = 2034,
\] z“.__,_.],- 934 '||i n—2 nE{.r—.r} h?—._ 729906
5.2)
‘_ _ b 0087 _ L e 2517
PR, 00730 CEE w2034 T

b
5.3) tra64(0,05; 5)=2,57
5.4) 1ty pacu < traon , 3HAUUT KO3PPuIEHT b - HE3HAUNM,
ta pacu < traon , 3HAUUT KOAPDUIIUEHT & - HE3HAYUM.
6) IIpoBepuTh CTATUCTHYCCKYIO 3HAYUMOCTh YPABHEHUS PETPECCHH:

Sy, -7 15945

S k 1AV
P = Sy~ oS
6_1) n—k—1 3

6.2) Fonuas P/ k; n-k-1)=(0,05; 1; 5)=6.61.

6.3) Fpacu<Fmas:, 3HaUUT ypaBHEHHE PETPECCHU TOAOOPAHO HEBEPHO. JTOT PE3yJbTAT
MOKHO OOBSCHUTH HEBBICOKOM TECHOTOM 3aBUCUMOCTH (Ixy=0,47) u HeOONbLIMM YHCIOM
HaOJIr01eHU.

7) Borumciuts kodbduument aerepmuHamun: R?=(0,47)?=0,22. TlocTpoeHHOE ypaBHeHHE
HEKAaYECTBEHHOE.

T.K. BbIYMCICHHS TPU IPOBEIEHUU PErPECCHOHHOTO aHajiu3a JIOCTATOYHO OOBEMHBIE,
PEKOMEH/1yeTCsl OJIb30BaThCS ClenaIbHBIMU IporpamMmami («Statistica 10», SPSS u np.).

Ha pucynke 8.2 mpuBeaeHa Tabiuiia ¢ pe3ysibTaTaMi perpeCCHOHHOTO aHaln3a,
MPOBEIEHHOI0 C MTOMOIIBIO ITporpamMmsl «Statistica 10».
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v STATISTICA - [Workbook?* - Regression Summary for Dependent Vanable: aafonesaemocte nueauoHseld, y (Spreadshest)]

Vismay nsert Frormnak Statistics Date Mining Graphs Tools Daka ‘iVarkbook Scorecard Hep

i& % (4 | % Advanced Models » 355 Mewral Mets | =] 0C Chars » G| Process Analysis || [ STATISTICA WE |_i |
s S Mult/Exploratory = 51 PLS, PCA, . || = Multivariate £ DOE 3] Batch By Growp ===
pLais Dres, Eu;'li'::;:gun Di:trn\'lllhuu:nrl’: !ﬂ Power Analyss _ Wariance 7 Predictive Et.l'il Six Sigma ~ 1 Calculators - ﬂlz;kul:lftu
Bas= Advancedy ultrariats gl Industral Seatistics Toals

Ragrassion Summary for Dependent Variable: 330onaeaamocs NHEBMOKUER, ¥
R= 47124875 R?= 22207539 Adpusted R7= 06645047
F{1.5)=1,4274 p=, 28577 Std.Error of astimate; 10,509

Ko HUMEHT  CTaHJapT. owubea goadipHLEHT= CTEHAAET. SLUMEEH PECUBTHEE 3HEUSKHA | pevalus
EOpPenALHH rozdfugneHTa DETPECCUN roafprLneHTOE L-EpUTEpHA CTeHgHTE
M=7 FOPE=MALIH pRrpeccHl
| B0 MUHEHT & 2517412 o0 33661 127G 0270763
Iun:¢¢uqueur b 0471249 0.394443 0,08T27 0.07305 1,194721 0285772

Puc.8.2. Pe3ynbTarhl perpeCCHOHHOIO aHau3a,
MIPOBEJICHHOTO C TTIOMOIMIBIO TIporpamMMmeI «Statistica 10y.

4. NnnocTpaTUBHBIH MaTepHaJi: Ipe3eHTalNs, CIAIbI.
5. Jlureparypa:
e OcHOBHas:
1. KoiiuyoekoB b. K. buocrarucruka. yd. mocooue/ b.K. Koituyoekos.- Anmater: OBepo, 2016.
2. Koituy6exos b.K. buocratucruka: yueOHoe nocodue: Anmarsl.- 9Bepo, 2014
e JlonomHUTEIbHAS:
1. buocrarucTika B IpuMepax | 3ajadax: yued.-meroauueckoe nocodue/ b.K. Koituybekos [u
ap.].- Anmarsr: 9Bepo, 2012.
2. boposuko B.II. STATISTICA. HckyccTBo aHamM3a [JaHHBIX Ha KOMIIBIOTEpe: JUIs
npodeccuonanos / B. boposukos. - CII0.: [Tutep, 2014. - 688 c.
3. HOnkepo B.U., TIpuropeeB C.I'. Marematuko-craTucTuyeckas o0pabOTKa JaHHBIX
MeIuIUHCKUX uccnegoBaunii. — CI16.: BMcnA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocratuctuka [DnexTpoHHbli pecypc]: yueOHuk/ K.OK. KymabGaeB [u ap.].- DnekTpoH.
TeKcToBbIe aH. (85,7M0).- IleiMkenT: FOKT'®A, 2015.- 187c. a1. ont. auck (CD-ROM)
6. KoHTpoJIbHBIE BONIPOCHI
1. U3 xakux 3TaroB COCTOUT PErPECCUOHHBIN aHAIH3?
2. Kaxue Bunsl perpeccun Brl 3Haete?
3. Kak onpenensitorcst K03((GUIMEHTHI TMHEHHOTO TAPHOTO YPaBHEHUS perpeccun’?
4. Kaxk npoBepsieTcst 3HaYMMOCTb KO3 (PHUIIMEHTOB perpeccuu?
5. Kak mpoBepsieTcst 3Ha4MMOCTh YPaBHEHUSI PETPECCHU?

JIEKIIVIST Ne9

1. Tema: AHaIu3 Ka4eCTBEHHBbIX IPU3HAKOB.
2. Hesab: O3HAKOMUTH CTYJICHTOB C METOJIaMU aHAJIN3a KaUeCTBEHHbBIX PU3HAKOB.
3. Te3ucsl JeKuMuU:

Ilpusnax — W3MEpPEeHHOE CBOICTBO OO0BEKTa HaOMOJeHHSA. Pa3nuyaroT KoJIWdecTBEHHBIE
(poct, Bec, CAJI, BOo3pacT u Jp.) U KadeCTBEHHbIE (I0JI, HAIMOHAIBHOCTh, JUATHO3, CEMEHHOE
I0JIOKEHUE U JIp.) IPU3HAKU CONPSAINCEHHOCTU.

[Ipenmonoxum, 4To UMEETCS €CTh JBa KAU€CTBEHHBIX MpHU3HaKa A U B, mpu3Hak A umeer I
rpajanuii, a npusHak B - S rpagaumii.

[TycTs umeeTcs BEIOOpKa o0Bbema N.
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Kaxnpiii  00beKT BBIOOPKM MOKET 00JaJaTh OJHHUM W3 YpOBHEW TIpu3Haka A U
OJTHOBPEMEHHO KaKMM-TH00 ypoBHEM mpu3Haka B. 1o 3Toii BEIOOPKE MOMXKHO OMPEACTUTh YaCTOTHI
COOBITUH Aj U Bj 10 OTAEIBHOCTHU U B JIFOOBIX KOMOMHALIUSAX.

O6o3HauuM 4epe3 vij 9acToTy coObiTusi AiBj. Ynucno mosnenmii mpusHaka Aj (4actoTta

S
npusHaka A4i) paBHO: v, = Zvij =V +Vi, otV
-1
\
AHaJIOTHYHO, YaCTOTa MOABJICHUs COObITUs Bj paBHa: v | = Zvij =V Vet vy
i=1

r S r S
OG1ee uncao HaOMIOJEHUM, T.€. 00bEM BBIOOPKH: V = Z"i. = Zv. i szij
i=1 j=1 i=1 j=1
3aMeHa MHAEKca TOYKOM (V.1 , V.j , V..) O3HA4aeT pe3yJbTal CYMMHPOBAHUS IO 3TOMY
uHekcy. I[lonydeHHbIE YacTOTHI TPEACTABISIFOT B BUAE TAOJHIIBI CONMpPsHKeHHOCTH (Tabdm. 9.1).

Tabmwua 9.1.
B1 B2 . Bj . Bs
Aa il V12 2\ vy /.. Vis Vi,
Ao V21 V22 e V2j & V2s V2,
Ai Vi Vi2 \Y Vij .. Vis Vi,
Ar Vr1 Vr2 NS . Vij . Vrs Vr.
Vi V2 O\ Vj .. Vs v.=n

ITpu ananusze TabaMI CONMPSHKEHHOCTH HyNeBas TUHOTe3a (OPMYIHUPYETCs CIEAYIOUIMM
00pa3oM: CBSI3U MEX1y Npu3HaKamMu 4 1 B HeT.

JIns KaxIoW KIETKH TaOJHUIBI COMPSDKEHHOCTH (T.e. JUIS KakIod KomOuHanuu AiBj)
paccYUTBHIBAIOTCA TEOPETUYECKHE YacTOThI (Tabnuua 9.2) no gpopmyse:

* VJ
Vij =3 V.i « — L
V..
Bl B2 Bj Bs
Al Vi, Vi, Vij Vi Vi—yl
A2 Vo Vi, V2j Vs Vz,:\,z.
AI Vil Vi2 cee VIJ cee ViS V| :Vi.
Ar Vi Vs Vi Vi Ve =vr,
V* V* V* ) V*
1=yl | "2=v2| - |Td=vyj| - |'s=vs Y-

HpI/I BBIITOJTHEHUH THIIOTE36I Ho Ha6J'IIO,I[aeMI>Ie YaCTOTHI Vij HC JOJIKHBI CUJIBHO OTJIMYAaThCA
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OT TCOPCTHYICCKUX YaCTOT V; i

UYroObl COMOCTABUTh TEOPETHYECKHE M HAONIOJAeMble YacTOTHI MPUMEHSIOT -
kpurepuii [lupcona.

JlaHHBIN KpATEPUM IPUMEHSETCS [UIsl aHAIN3a KAYECTBEHHBIX ITPU3HAKOB B HE3aBUCHMBIX
BBIOOPKAX, €CJIN B KJIETKAX TAOJIHUIIBI CONPSHYKEHHOCTH YaCTOThI OOJIBILE MM PaBHBI 5.

Ecnu uncno HabmroeHUH HEBEIMKO U B KJIETKaX TaOJIMIBl BCTPEYAETCS YaCcTOTa MEHbIIIE
5, KpuTepuii y* HenpumeHum, BMECTO HErO UCTIONb3YeTCs TOYHbIH KpuTtepuii duimepa.

Cxema npumenenus y>-kpumepus ITupcona:
1) Ho: cBs13u MEXKy TIPU3HAKAMH HET.
Hi: cBA3b MEXIy IPU3HAKAMH €CTh.
2) p=0,05 - ypoBEHb 3HAYMMOCTH.
: LA (T
sl
3) AT (Y TJie Vij — HaOJII0JaeMble YaCTOTHI, V' ijj — TEOPETHIECKHE YaCTOTHL.
8) maen (p, 1), e f=(r-1)(s-1) - uncno creneneii cBO605I
5) Ecrut ¢ 2 pacu < A% macn , T0 «Hoy» mpuamMaeTcs.
Ecmut 1 2 pacy > % 2ma6n , TO «Ho» oTBEpraercs.

[Tpumep 9.1. meroTes naHHBIE O KOJUMYECTBE HAOIIOACHUN U CIIyyaeB JICTAIbHOCTH IS
geThipeX (HOPM OCTPBHIX THOMHBIX AeCTpyKimii jerkux. C momompio y°-kputepus Ilupcona
TpeOyeTcsi OLEHUTh 3HAUYMMOCTh Pa3IMuMs MEXJy TpyNIaMu MO YHMCIYy CIy4aeB JeTaJbHbBIX
HCXOJ0B.

Homep Hucno ciryyaes Yuciio
dopma 3aboseBaHUS
IrpyHniibl JIETAJIBHBIX UCXO0B BEI3IOPOBJICHUS OOJIBHBIX
1 I'HoMHEBIIi abcuecc 5 136 141
2 ["aHrpeHo3HEIH abcrecce 11 37 48
3 larrpena momu 7 8 15
4 TotanbHas ranrpeHa 6 5 11
Pewenue.

1) Ho: cBsi3u MEK/1y IPU3HAKAMH HET.
Hi: cBS3b MEXy TPU3HAKAMH €CTh.
2) p=0,05 — ypoBeHb 3HAYNMOCTH.

3)
- Vi
3.1)Paccuntaem TEOPETHYECKHME YACTOTHI, HCHIONB3Ysl GOPMyYITY Vi =V V—J
B, | B, | Bcero . B, B, éteru
A; 5 | 136 141 A; | 29%141/215=19 | 186*141/215=122 | 141
A 1| 37 48 A 29*48/215=6,5 | 186™%48/215=41,5 | 48
A; 7 8 15 A; 29*15/215=2 186*%15/215=13 15
A, 6 5 11 Ay 20%11/214=1.5 | 186%11/214=9,5 11
Beero | 29 | 186 215 Beero 29 186 215
(Vij Vi )2
3.2) BprunciauM BeIUYUHBl —————
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B, B,
A, (5-19)7/19=10.3 (136-122)"/122=1,6
A, (11-6,5)/6.5=3,1 (37-41,5)%/41,5=0,5
A; (7-2)%12=12,5 (8-13)%/13=1,9
Ay (6-1,5)"/1,5=13,5 (5-9.5)°/9,5=2,1

3.3)BbpryrciuM pacueTHOE 3HAYCHHUE KPUTEPHSL:

I;.. _ Ez {V..- V}—
=l =l L
8) Pouasi( p, 1), tie f =(r-1)(s-1) =(4-1)(2-1)=3 - uncio cremneneii cBo6OIbI, ¥ mas:(0,05;3)=7,8
5) Eciu y 2 pacu > y ? ma6n , 10 «Ho» oTBepraercs, 3HAYUT PA3INUMS MEXKTY FPYIIAMH IO
YHCITy CIIyYaeB JETaIbHBIX HCXOI0B CTATHCTHYECKH 3HAUNMBIE.
T.x. npouecc BBYUCIEHUS KPUTEPUS OBOJLHO TPYIOEMKHIA,
IIPOU3BOJIMTH AHAJIN3 C OMOIIBIO CHENUATBHBIX CTATHCTHYECKHX ITPOTPAMM.
B MeauimHe 0O4eHb 4acTO MCIOJB3YIOTCS Ta0IMIBI COPSHKEHHOCTH pa3Mepa 2x2.
ITpeanonokuM, 4To UMEETCS JIBAa Ka4eCTBEHHBIX NPU3HAKa (KasKIbIi M3 KOTOPBIX UMEET JIBE
rpajaliim), XapakTepu3yomme 00cae10BanHbIX Il (Tadsuma 9.3).

=103+31+125+135+16+05+2+21=455,

TO IeJIecoodpa3Ho

Tabmwuia 9.3.
IlepBbIil mpU3HaK [IepBb1il npU3HaK Beero
(mepBas rpagarus) (BTOpas rpamamus)
Bropoii npusnak Yacrora Yacrora a+b
(mepBas rpaganusi) BCTPEYAEMOCTH a BCTpeuaeMocTu b
Bropoii npusHak Yacrora Yacrorta ot+d
(BTOpas rpananus) BCTPEYAEMOCTH C BcTpeuaemoctu d
Bceero ni=a+c nz=b+d n=a+b+c+d

Cxema npumenenus y>-xpumepus Hupcona (2x2):
1) Ho: cBsi3u My IPH3HAKAMH HET.
Hi1: cBA3b MEXAY IPU3HAKAMU €CTb.

2) p=0,05 - ypoBeHb 3HAYMMOCTH.
2 (ad —bc)' n
3) pe poct (a+bWe+dia+cib+d)

,TIe a, b, ¢, d - 9acToTh! U3 TAOIHIIBI COMPSIKEHHOCTH.
8) Pwacr (p, 1), Tne f =(r-1)(s-1) - uncno creneneii cBOGOIBI
5) Ecnut %2 pacu < Ymaén » TO «Ho» mpuHHMAaeTCS.

Eciy %2 pace > Jma6a , TO «Ho» oTBepraercs.

Ipumep 9.2. Mccnenyercss B3aMMOCBSI3b MEXJy MPUEMOM KOHTPALENTHUBHBIX TaOJIETOK
MaTepsAMU, U OHKEATYXOW Yy JeTeil, MolydarolmMX TIpyaHOE BCKapMmiuBaHue. JlaHHbIE IS
UCCIIEIOBaHMsI ITPEICTABICHBI B TA0JIHUIIE.

ITpuem martepbto Tabnetok| Ectb xkentyxa | Her sxentyxu Bcero
[Tpunnmana TabneTku 33 24 57
He mpunnmana Tabnetku 14 45 59
Bcero 47 69 116

Pewenue.
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1) Ho: cBsi3u MeX Iy IPU3HAKAMU HET.
H1: cBsI3b MEXKIy IPU3HAKAMHU €CTb.
2) p=0,05 — ypoBeHb 3HAYMMOCTH.

(ad —bc)’n _ (33:45-24-14)*-116
(a+b)(c+d)(@+c)(b+d) 57 -59-47 - 69
4) 2..(0051) =38

2 2 o
5) Tx. xpac« > X masn TO THIIOTE3a O HE3ABUCUMOCTH MEXKIY KEITYXOM U INPUEMOM

=14,04

3) Z;acu )

KOHTPpalUCIITUBHBIX Ta0JIETOK OTBEPracTcs, T.€. 3aBUCUMOCTD CYIICCTBYCT.
Ionpaska Herca
(ad—bc)'n
(a+he+dya+edb+d)

I:.n u
dopmyna IS % B cTydae TaOuIbl 2X2 AT 3aBbIICHHBIE
3HaueHus. Ha mpakTuke 3TO MPHUBOIUT K TOMY, YTO HYyJieBasg THUIoOTe3a OydeT OTBeprarbcs
CJIMIITKOM 4acTo. YT0OBI KOMIIEHCHPOBATH TOT 3P deKT, B GopMyITy BBOAST MOMNpaBky Merca:
¢ ) e
ad —he— |
\ 2 )

(a+be+dWa+edb+d)

n

I

JUis  pacCMOTpPEHHOTO BBIIe mpuMmepa 9.2 pacdyeTHOC 3HAYCHHE KPUTEPHS C

Ky 2
|1e{33-45—24-‘]4—”ﬂ

1 LA 2

Ir.'i'l'l = ; . .. = - Ny — L= I E.f‘rﬁ
) . . S50, .
nompaekoii Herca; (a+b)c+dNa+c)b+d) 57-59-47-69 .

Kpurepuii x2 IlupcoHa mnpumensiercs Al He3aBUCUMbBIX BbIOOpok. Ecnu BbIOOpKH
3aBHCHMBIE, TO IPUMEHETCS KpuTepuil x2 MakHemapa.

Bb160pKHY Ha3bIBAIOTCS 3aBUCHUMBIMU, €CJIM HaJl OTHUMU U TEMH K€ 00BEKTaMU MPOBOJATCS
7IBa HAOJIOJICHUSA: «I0» U «IIOCIIEe.

Kpurepuii y2 MakHemapa npuUMEHSETCS TOJBKO sl TaONMIl CONPSYKEHHOCTH pazMepa

i .
n
il ad —be—

1

2x2.

IIpu3Hak «ocne»

IIpusHak «ao»
P a1 Bropast rpaganus «mocne» (-) \ [TepBas rpamanus«mocue» (+)

[Meprast rpamanust «ao» (+)| Yucimo usmenenuii ot () k(-) a b Yucino coxpaHuBmux (+)

Bropas rpaganus «1o» (-) | Yucno coxpanuBmux (-) c|d  Ywucno usmeHenwuii ot (-) k (+)

Cxema npumenenus y*-kpumepus Maxnemapa (2x2)
1) Ho: wacrora BCTpe4aeMOCTH Tpajalldii TpH3HAKA TIOC]e BO3JCHCTBUS (akTopa He
WN3MEHMJIIACH.
Hi: gacTora BcTpeuaeMocTu rpajaluii mpu3Haka mnocie Bo3aecTBus pakTopa U3MEHHIIACK.

2) p=0,05 — ypoBeHb 3HAYUMOCTH.
(a—d|-1f
(a+d)
4) 2 _(p, f), tne f—uncno creneneit ceoGobL. st Tabmip! cripsukerHocTd 2x2 f=1.

3) Zﬁacu =

5) Ecma y°pace > y % masn, To «Ho» mpuHEMaeTCS.

Ecrn y % pace > % macs, T0 «Ho» oTBEpraercs.
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[pumep 9.3. Uccneayercs >ddexkTuBHOCTh NMPOOMOTHKA METaOOJIMTHOTO THIIA B
KOMIUICKCHOW Tepanuu MpH OCJIOXKHEHHOW CMELIaHHOM pecrupaTopHOi BUPYCHOW MH(EKIUU U
€ro BIUSHUE HA MUKPOOUOIIEHO3 KUIIeUHHKa. B mccnenoBanuu npuHsiu ydactue 32 OOJbHBIX.
JlaHHBIC 7151 KCCIIEIOBAHNUS IPEACTABICHBI B TAaOJIHIIE.

[Tocne neuenust MPOOHMOTHKOM

Jlo nevyenuns npoOUOTUKOM
Het nucbakrepuosa | Ectb aucOakrepuos

Ectp nucbakrepunos 9 5
Her nucbakrepuosa 18 0
Pewenue.

1) Ho: wyacrora 3a0ojeBaHMil JAMCOAKTEPUO30M IOCJIE TPUMEHEHHs TNPeOUOTHKA HE
U3MEHUIIACh.
Hi: vactoTa 3a0051eBaHM qUCOAKTEPHO30M MOCIIE TPUMEHEHHS TPEOMOTHKA H3MEHUIIACK.
2) p=0,05 — ypoBeHb 3HAYUMOCTH
2 2

a—-dl-1 9-0-1

SO R o
(a+d) (9+0)

4) Z}ia6.7(0705;1) = 3’8

2 2
5) TK}[ pacu > ) ma6a, TO THUIOTE3A O TOM, YTO YUCIIO ITAIIEHTOB CI[I/IC63.KTCpI/I030M II0CJIC
MMPUMCHCHUSA Hpe6I/IOTI/IKa HC U3MCHUJIIACH OTBECPracTCs.

4. NiumiocTpaTUBHBINA MAaTepHAaJI: IPE3EHTALUs, CIalIbl.
5. Jluteparypa:
e OcHoBHaf:
1. Koituy6ekoB b. K. buoctaructuka. yu. nocooue/ b.K. Koituybekos.- Anmatsr: OBepo, 2016.
2. KoituyoexoB b.K. buocratucruka: yaebHoe nmocodue: Anmartsl.- IBepo, 2014
e JlomonHUTENbHAS:
1. BuocTrarucTika B mpuMepax u 3aj1adax: yued.-meroguueckoe nocodue/ b.K. Koituybekos [n
ap.].- Anmartsl: OBepo, 2012.
2. boposuko B.II. STATISTICA. HckyccTBo aHamM3a [JaHHBIX Ha KOMIIbIOTEpe: JUis
npodeccuonanos / B. boposukos. - CII0.: [Tutep, 2014. - 688 c.
3. HOmnkepo B.U., TIpuropee C.I'. Marematuko-craTucTuyeckas o00paOoTka JaHHBIX
MeIuIUHCKUX ucenegoBauuii. — CI16.: BMcnA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. buocratuctuka [DnexTpoHHbli pecypc]: yueOnuxk/ K.OK. Kymabae [u ap.].- DnekTpoH.
TekcToBbIe MaH. (85,7M0).- IllemvkenT: FOKT'®A, 2015.- 187c. 51. ont. auck (CD-ROM)
6. KonTpoJibHBIe BONIPOCHI:
1. B yeM 0COOEHHOCTh aHaIN3a Ka4eCTBEHHBIX MTPU3HAKOB?
2. Yto u3 cebs npeacTaBiseT TabIULa CONPSKEHHOCTH 2X27
3. Kakue ycnoBus JOMKHBEI BHITIONHSTHECA TPH TIPHMEHEHHH KpuTepus x> [Tupcona?
4. JIns dero ucmonk3yercs nomnpaska Herca?
5. B Kakux cydasx OpuMeHsieTcs KpuTepuii x> Makaemapa?
JIEKLIUS Ne10

1. Tema: AHaIu3 IUHAMHYECKHX PS/I0B.
2. Heab: O3HAaKOMUTH CTYACHTOB C MOHSATHEM AMHAMMYECKHE PSAbl, HAYYUThb BBIPAaBHUBATH
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OUHAMHYECKUH P C IMOMOIIBIO YpaBHEHHUS TPEHIA, CTPOUTHh KPATKOCPOYHBIE HPOTHO3BI U
BBIUUCIIATH MIOKA3aTENN JUHAMUYECKOTO psijia.
3. Te3uceol JeKINK:

Junamuueckuii (6pemennoil) psi0 — COBOKYITHOCTh 3HAYEHUHN KaKOTO-JIMOO MOKa3aTes 3a
HECKOJIBKO IMOCJIEJOBATEIbHBIX MOMEHTOB HJIM IEPUOOB.

Kaxx 111 BpeMEHHOM psAJl COCTOUT U3 IBYX JJIEMEHTOB:

1) MOMEHTBI UITU TIEPUOIbI BpEMEHH, K KOTOPBIM OTHOCSITCSI IPUBOJIMMBIE CTATUCTHYECKHE
JaHHbBIE;

2) CcTaTHCTUYECKHE TIOKa3aTelM, KOTOphIE XapaKTepU3YIOT H3ydaeMblii OOBEKT Ha
OTpe/ieIeHHBI MOMEHT WJIH 32 YKa3aHHbBIN TIEpUOJ BpEMEHHU.

CratucTUYecKre TIIOKA3aTeNd, XapaKTepU3YIOIIUWEe H3ydaeMblii OOBEKT, Ha3bIBAIOT
VPOBHAMU psOa.

JluHamMuueckue psabl KiiacCu(GUIMPYIOTCS IO BPEMEHH, 10 MOJIHOTe 00XBaTa BO BPEMEHH,
no opme npeacraBiaeHus ypoueu psiaa (puc. 10.1).

B]I,‘_'[l:rl JAUMHAMITMECKIX Psi/10B

|
| l |

o dpopme
Y _ — Ilo noaRoTe oixeaTa

IIo BpeMeRR e IpeICTABTCANA

"HEHBI pn,qa
. MomeHTHEIE — | Pajikt a0 coIHTHBIX

Tloumxse BeTHTHE
Paam

HATepBaTHALIE L. Henoaame L, OTHOCHTEILHBIX IR

CpelHiX BeIHAH
Pucynok 10.1. Buapl tuHaMu4eckux psaoB

1) Bubl [uHaMHUYECKHUX PsIOB (TI0 BPEMEHH):

- MOMeHMmHble PAObL OUHAMUKYU OTOOPAXKAIOT COCTOSHUE M3Y4aeMbIX SIBICHUH Ha

orpesiesIeHHbIe AaThl (MOMEHTBI) BPEMEHH;
Jara 1.01.2019 | 1.04.2019 | 1.07.2019 | 1.10.2019 | 1.01.2020

KonnuecTBo coTpyTHUKOB 192 190 195 198 200
TIOJIMKIIMHUKHU (YEJIOBEK).

- UHmMepeaIbHble psaobl OUHAMUKY OTPAKAIOT UTOTH PA3BUTHS U3y4aeMbIX SBJICHUM 3a
OT/eJIbHbIE MePHO/Ibl (MHTEPBAJIbI) BPEMEHHU.

T'ox 2016 2017 2018 2019 2020
KonuuectBo aerei,
BaKIIMHAPOBAHHBIX MPOTHUB KopH | 88,5 93,2 98,0 102,8 108,8
(TBIC. YeNoBeK)

2) Bupl tuHaMuuecKux psjioB (0 MOJHOTE 00XBaTa BO BPEMEHH):
- nojaHvle psAdbl OUHAMUKY UMEIOT PaBHbIC HHTEPBAJIbI;
- Henonmvle psobl OUHAMUKU HE UMEIOT PaBHBIX HHTEPBAJIOB.
3) Bunpl nuHamMuveckux psaoB (1o popme IpeICTaBICHUS YPOBHEH psijia):
- pAO0bl AOCONIOMHBIX 8eUYUH — YPOBHU Psiia BEIPAXKEHBI B COOTBETCTBYIOIINX €TMHAIIAX
U3MeEpeHus (Kr, 11, KM, 4, TT 1 JIp.);
- pAO0bI OMHOCUMENbHBIX 6EIUYUH — YPOBHHU PsJIa BBIPAXKEHbI B TPOLEHTAX, JOJISAX, IPOMUILIIE
u Jip.;
- pAObl CPeOHUX 6eIuyUH - YPOBHHU PsJIa BBIPAXKECHBI UUCIIAMU, KOTOPBIE SIBIISIOTCS
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YCPEIHEHHBIM IIOKA3aTEeISIMH.

Tpeno - 3T0 PyHKIUSA OT BPEMEHH, OIIPEIEIISAIONIasi OCHOBHYIO TEHACHIUIO Pa3BUTHUS
IIOKa3aTesi BO BpEMEHH.

Jinst  ycraHOBIEHUs TpeHJAa JMHAMMYECKHMH DsJ BBIpAaBHMBAIOT. BbeIpaBHHBaHHE
OCYILLECTBIISCTCSA CIEAYIOIUMHE COCO0aMH: YKPYIHEHHE IEpUOJ0B, pacdyeT IPyHIoBOi cpelrHeil,
pacyeT CKOJIb3ALIEH CPEeIHEN, METO] HAMMEHBIINX KBAPATOB.

Meron HauMEHBLIIMX KBaApaTOB HpHUMeEHseTcs i 0osee TOYHOM KOJMYECTBEHHOM OLCHKH

2 .
JUHAMUKH H3y4aeMOI'O SIBJICHUS: Z(y_yt) —min, rae y - ¢akTuueckue (IMIUPUIECKUE)

YPOBHH Dpsla, Yt - TEOPETHYECKUE 3HAYCHHS YPOBHEH psia, T.e. BBIYMCICHHBIC II0
COOTBETCTBYIOIIEMY aHATUTHICCKOMY YPABHCHHUIO HA MOMCHT BPEMECHH «1).
OOBIYHO CTPOSIT JIUHElHbINI MpeHO — STO YypaBHEHHWE NPSIMOW JIMHUHU, BBIpaXKarollee
TCHJICHIIMIO W3MCHEHHsI BPEMEHHOTO psga, KOTOpoe wuMeeT Bui: Y, =a+bt, rme a, b -
DAY yt—yt
KO3 PHUIMEHTHI, pacCUUThIBacMbIe 1o popmynam: a=Yy—bt, b==——"

2 <2

Pacuer mapamerpoB ypaBHeHus (& W D) MOXHO ympocTHTB, €CiM OTCYET BpPEMEHHU
HpOI/I3BOI[I/ITI) TaK, I-ITO6I)I CYMMa HOKa3aTCJICI\/JI BpeMeHI/I I/I3yqaeMOFO pslz[a JTUHAMUKHU 6I)IJIa paBHa
Hymo: 2t =0 . IIpu 5TOM HCHOIB3YIOT CIEAYIOIINE (HOPMYITbL:

n+1
- €CJIU PsJl COEPKUT HEYETHOE YUCIIO wieHoB t , =K ———

2

- €CIIH PSII COJICPKMUT YeTHOE YHCIiIo wieHoB t, = 2K —(n+1)

rzae k — nopsaKoBslii HOMEp rojia, N — YKCIO JIET B IEPUOJIE.
Torna, Gopmynbl uis  HaXOoXICHHS KOX(PQPHUIMEHTOB ypaBHEHHUs JMHEHHOIO TpeHJa

& bzzyi’ti
n ' >t

IIo paCCUUTAHHBIM ITapaMeTpaM 3allHuCbIBAOT YPABHCHHC HpHMOﬁ JIMHUW JIsL pAda

IPUMYT BUA: @ =

JAWHAMUKH, MPEACTABISIONIEH co0ol mpendogyro modeny HCKoMoW GyHKImuU: Y, =a+Dbt.

Iloacrasisss mocienoBaTENbHO B ypaBHEHHUE 3HAa4YeHUS «i», HAXONAT meopemuuecKue 3HaA4eHus
YPOBHEM psJa.

Jnis  ompeneneHuss OPOTHO3HBIX 3HAUCHWH YpOBHEW psija JUHAMUKHA Ha Oyayliee
HCIOJIB3YIOT METOJ SKCTPAIIOJIALIHH.

ITox skcTpanossnuen MOHUMAKOT HAaXOXKIACHUE YPOBHEHN 3a IIpeleslaMUd M3y4aeMoro psaa,
T.€. IPOAJICHHUE B Oyaylllee TeHACHIIUH, HAOI0AAaBIIEHCS B IPOILLIOM.

Ha mpaktuke pe3yibTaT 3KCTPANOISILUKA IPOTHO3UPYEMBIX SBJICHUNA OOBIYHO IMOJIy4aroT B
BUJIC UHTCPBAJIIBHBIX OLCHOK — JOBCPUTCIIbHBIX NHTCPBAJIOB IIPOTrHO34a.

Jlnst onpenenenus TpaHuIl MHTEPBANIOB UCMIONB3YIOT hopmyny: Y, £1,S, rae Y, - Toueunas

OIICHKAa IMPOTHO3HOTO 3HAYCHHWs YpPOBHS psja B MOMEHT BpeMeHH t, S — ocraTtouHoe cpemHee
KBaJpaTUUECKOE OTKJIOHEHHUE OT TPEH/A.

re N — 9UCI0 YpOBHEH psAa AMHAMUKH, M —4YKCIO0 TapaMeTpPOB MOJAETU TpeHAa (Iisi TUHEHHOTro
m=2), t, - ko3ddurment moBepus no pacnpeaeneHuo CTbIOJCHTA, MPH YPOBHE 3HAYUMOCTH
p=0,05 u uucine creneHeit cBodoabI f=n-m.
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[Ipumep 10.1. Ha ocHOBaHMM AaHHOTO TMHAMUYECKOTO psija:
1. moctpowTh  ypaBHEHHE  JIMHEWHOTO  TPEHIA,  OTPAXKAIOIIETO  TEHICHIIHIO
3a00JIEBAEMOCTH;
2.  TOCTPOUTH Ha TpaduKe TEOPETUYECKYIO KPHUBYIO MO BBEIPOBHEHHBIM YPOBHSM psiaa
JTMHAMUKH U CJIeJIaTh BBIBOJ O XapaKTepe 0O0IIeH TCHICHIINH 3a00J1€BaeMOCTH;
3. ompenenuTh MPOTHO3UPYEMYIO 3a00J1eBaeMOCTh BeTpstHOM ocnioit B 2018 romy
4. noBepuUTENbHON BEPOATHOCTHIO 95%.

I'on 2008|2009 (2010|2011 2012|2013 |2014|2015|2016 | 2017

3a0071€BaeMOCTh BETPSHOMN OCIION 35 |49 |36 |57 |65|55/|81]72]|50]73
Ha 10 000 TbIC. HAceIEeHUA

Pewenue.
CocTaBuM pacyeTHyIO TabJIuIy:

Tox Iepuon (K) | IMoka3zarean (yi) | Hepuon (1) yiti t2
2008 1 3,5 -9 -31,5 81
2009 2 4,9 -7 -34,3 49
2010 3 3,6 -5 -18 25
2011 4 5,7 -3 -17,1 9
2012 5 6,5 -1 -6,5 1
2013 6 55 1 55 1
2014 7 8,1 3 24,3 9
2015 8 7,2 5 36 25
2016 9 5,0 7 35 49
2017 10 7,3 9 65,7 81

Cymma 57,3 0 59,1 330

1) Onpenenum K03 OHUIHMEHTH YpaBHEHHUS TMHEWHOTO TPEHIA:
. .t
a2V 573 _573 po 20t N1 _ 518

n 10 2 330
VYpaBHEHUE TUHEWHOTO TPEHIA: yt* =a+bt= yt* =573+018-t
2) ToscTaBnss B MONYYEHHOE ypaBHEHNE 3HAUCHNS {, HaieM sbiposHennbie ypoeHu (Vi ).

T'on Iepuon (k) | Mokazarens (yi) | Hepuon (1) yiti t? v
2008 1 3,5 -9 -31,5 81 4,11
2009 2 4,9 -7 -34,3 49 4,47
2010 3 3,6 -5 -18 25 4,83
2011 4 57 -3 -17,1 9 5,19
2012 5 6,5 -1 -6,5 1 5,55
2013 6 5,5 1 55 1 5,91
2014 7 8,1 3 24,3 9 6,27
2015 8 7,2 5 36 25 6,63
2016 9 5,0 7 35 49 6,99
2017 10 7,3 9 65,7 81 7,35
Cymma 57,3 0 59,1 330 57,3

[ToctpoMm Ha TpaduKe TEOPETHUECKYI0 KpPUBYIO IO BBIDOBHEHHBIM YPOBHSM psiia
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nuHaMukH (puc. 10.2).

™

4 —mm—yi
3
2
1
o

1 2 3 a 5 '3 7 a2 k' 10

Pucynok 10.2. Teoperudeckas u pakTudeckasi KpUBbIe A JUHAMHUYECKOTO pAa

Ha ocHOBaHMM MONYYEHHBIX MAaHHBIX 3a mepuoa 10 JeT MOXKHO clenarb BBIBOJ O
TEHJEHIIMU K pOCTy 3a00J1€Ba€MOCTH BETPSHOMN OCION B TaHHOM PETHUOHE.
3) IMoctpoum nporuo3 Ha 2018 rox ¢ JOBEPUTETHHOM BEPOSITHOCTHIO 95%.

3.1) Onpenenum BeMUUUHY: S =

n—m
Ton | Iepuox (K) | Toxasatens (yi) | Iepuon (i) |  yiti t? oY=y (yi —y; )2
2008 1 3,5 -9 315 81 | 411 |-0,61 0,37
2009 2 49 -7 -34,3 | 49 | 4,47 | 0,43 0,18
2010 3 3,6 -5 -18 25 | 4,83 |-1,23 1,51
2011 4 57 -3 1710 9 519 |0,51 0,26
2012 5 6,5 -1 -6,5 1 555 | 0,95 0,90
2013 6 55 1 55 1 591 |-041 0,17
2014 7 8,1 3 24,3 9 6,27 | 1,83 3,35
2015 8 7,2 5 36 25 | 6,63 | 0,57 0,32
2016 9 50 7 35 49 | 6,99 |-1,99 3,96
2017 10 7,3 9 65,7 | 81 | 7,35 |-0,05 (0,00

Cymma | 573 0 59,1 | 330 | 57,3 11,04

S =1{ﬂ =117
10-2

PaccunTaeM TOUYeYHYIO OIICHKY TMPOTHO3HOTO 3HAYCHHS YPOBHS IWHAMHUKA B MOMEHT
Bpemenn t=11: vy, =5,73+018%11=7,71
ITo Tabmnwuie naitnem 3nauenue t(0,05; 8)= 2,31.
OmnpenenyM rpaHUIbI IPOTHO3HOTO HHTEpBAa:
y, £t,8 = 771£231-117 = 501<y, . <1041
BeBog: C BeposTHOCTBIO 95% MOXHO ckazath, uro B 2018 romy 3aboneBaeMoOCTh

BETPSIHOW OCHON B JaHHOM peruoHe Oyner He MeHee ueM 5,01 u He Gonee yem 10,41 yven. Ha 10
000 ThIC. HaceNneHusl.

npocHo3

[Toka3aTenu TUHAMHYECKOTO psiia
AHanu3 CKOPOCTH W HMHTEHCHBHOCTH DPa3BHTHS SBICHHH BO BPEMEHH OCYIIECTBISETCS
C TOMOIIBI0 CTATHCTHYECKHX IIOKa3aTelield, KOTOpBIC IIOMYYarOTCsl B PE3YNIbTaTe CPaBHECHUSI
YPOBHEH MEXTy COOO.
K TakuM mokazatensiM OTHOCSTCS: aOCONIOTHBIA MPUPOCT, TEMIT MPHPOCTA, a0COIOTHOE
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3HA4YCHUE OJHOTO MPOLIEHTA MIPUPOCTA.

[Tpu 3TOM IPHUHSATO CPAaBHUBACMBIN YPOBEHb HA3bIBATh OMYEMHbIM, & YPOBEHD, C KOTOPBIM
MIPOU3BOJIUTCSI CPABHEHUE - OU3UCHBIM.

[Tokaszatenu AMHAMUKU C nocmosuHou 0a30ii (6asucuvie nokazamenu) XapaKTepU3YIOT
OKOHYATEJIBHBIA pe3yJIbTaT BCEX M3MECHEHUI B YPOBHAX psla OT MEPUOJa, K KOTOPOMY OTHOCHUTCS
0a30BbIil YPOBEHb, JI0 JaHHOTO (i-r0) meproa.

[Tokazatenn AMHAMHUKU C nepemenHou 0a30i (yenHvle noxazamenu) XapaKTEPU3YIOT
WHTCHCUBHOCTh M3MECHEHUS YPOBHS OT MEPUOJa K MEPHOAY B MpEesiaX U3ydaeMoro MpOMEXyTKa
BPEMCHH.

1. A6conromnurii npupocm (Ai) - mokazaTesb, ONpeIeIIeMbl KaK Pa3HOCTh MEXY BYMS
YPOBHSMHU JUHAMUYECKOTO psiaa. OH MOKa3bIBaeT, HAa CKOJBKO JaHHBIM YPOBCHH Psia MPEBHIIIACT

YDOBEHb, PUHATHII 3a 6a3y cpaBHenus: Al =y, — Y, , rae 4’ - aGcomoTHbIi 6a3ucHBI NPUPOCT;

Vi - YPOBEHb CPaBHUBAEMOI0 [IEPUO/A; )0 - YPOBEHb 0a3UCHOIrO MEPUOA.

o - 4 A —
ITpu cpaBHeHuu ¢ nepeMeHHOM 0a30i aOCONOTHBIM IpupocT Oyner paseH: Al =y, -V, ,,

IJI€ )i-1 - YPOBEHb HEMOCPEICTBEHHO NMPEAIIECTBYONIETO EPHOJIA.

Ton Mokasarean (¥i) | A° (Ba3a 2008 roxa) | A’

2008 35 - -

2009 4,9 4,9-35=1,4 4,9-3,5=1,4
2010 3,6 3,6-3,5=0,1 3,6-4,9=-1,3
2011 5,7 5,7-3,5=2,2 5,7-3,6=2,1
2012 6,5 6,5-3,5=3 6,5-5,7=0,8
2013 55 5,5-3,5=2 5,5-6,5=-1
2014 8,1 8,1-3,5=4.,6 8,1-5,5=2,6
2015 7,2 7,2-3,5=3,7 7,2-8,1=-0,9
2016 5,0 5,0-3,5=1,5 5,0-7,2=-2,2
2017 7,3 7,3-3,5=3,8 7,3-5,0=2,3

AOGCOIOTHBIN IPUPOCT € IEPEMEHHOM 0a30ii Ha3bIBAIOT CKOPOCMbIO POCMA.

2. Kosgpguyuenm pocma omnpenensiercst Kak OTHOLIEHHE JBYX CPaBHHBAEMBIX YPOBHEH U
[I0Ka3bIBAET, BO CKOJBKO Pa3 JaHHbIN ypOBEHb MIPEBBIIACT YPOBEHb Oa3UCHOTO NMEPHOAA:

Gasucupiit k! = Y , memHoW K= Yo
Yo Yia

Tox Moxkasarens (i) | k’ (Basa 2008 roga) | k'
2008 3,5 - -
2009 49 4,9/3,5=1,40 4,9/3,5=1,40
2010 3,6 3,6/3,5=1,03 3,6/4,9=0,73
2011 5,7 5,7/3,5=1,62 5,7/3,6=1,58
2012 6,5 6,5/3,5=1,86 6,5/5,7=1,14
2013 5,5 5,5/3,5=1,57 5,5/6,5=0,85
2014 8,1 8,1/3,5=2,31 8,1/5,5=1,47
2015 7,2 7,2/3,5=2,06 7,2/8,1=0,89
2016 5,0 5/3,5=1,43 5/7,2=0,69
2017 7,3 7,3/3,5=2,09 7,3/5=1,46

3. Ecnu xo3dduurentsl pocta BbIpakaloT B MPOLEHTAaX, TO WX HAa3bIBAIOT memnamu
pocma, T.. OHU XapaKTepU3ylT CKOPOCTh HM3MEHEHHS IIOKa3aTeisi B E€IUWHUILY BPEMEHH,
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BBIP@KCHHYIO B mipouieHTax: 7', =k -100%

Tox Iokas. (i) k’ Tf) % k" T ; %

2008 3,5 - - - -

2009 49 4,9/3,5=1,40 140 4,9/3,5=1,40 140
2010 3,6 3,6/3,5=1,03 103 3,6/4,9=0,73 73
2011 5,7 5,7/3,5=1,62 162 5,7/3,6=1,58 158
2012 6,5 6,5/3,5=1,86 186 6,5/5,7=1,14 114
2013 55 5,56/3,5=1,57 157 5,5/6,5=0,85 85
2014 8,1 8,1/3,5=2,31 231 8,1/5,5=1,47 147
2015 7,2 7,2/3,5=2,06 206 7,2/8,1=0,89 89
2016 5,0 5/3,5=1,43 143 5/7,2=0,69 69
2017 7,3 7,3/3,5=2,09 209 7,3/5=1,46 146

4. Temn npupocma TIOKa3bIBacT, Ha CKOJIBKO IIPOLICHTOB YPOBEHb JAHHOIO MEpHOAa
Ooutblie (WJIM MEHBIIE) Oa3MCHOTO YPOBHS. JTOT MOKA3aTEIb MOKET OBITh PACCUUTAH JIBOSIKO:
- KAk OTHOIIICHHE aOCOIFOTHOTO TIPHPOCTA K 0A3UCHOMY YPOBHIO:

6asucuplit 77 = Lyo-lOO% ; uenHoi T, = Yim Vi -100%
Yo Yia

- Kak pa3HOCTb Mexy TemnoM pocta (B %) u 100% : T',, =7, —100%

5. UTo0bl mNpaBWIBHO OIEHUTh 3HAYEHHE MOJYYEHHOro TeMMa IpPHpOCTa, €ro
paccMaTpuBalOT B COMOCTABICHUH C MTOKa3aTeleM abCOIIOTHOTO MIPUPOCTA.
PesynpTat BhIpaXkaoT Moka3aTeneM, KOTOPbIH Ha3bIBAIOT AOCONOMHbIM 3HAYEHUEM OOHO20
Y
npoyenma npupocma (Ai): A :% =¢—i.
s n
6. Ilpu comocTaBlICHWM JAWHAMHUKH Pa3BUTHS JIBYX SIBICHHH MOXHO HCIIOIB30BATh
MOKa3aTesy, MPeACTaBIAIONIMe COOOW OTHOIIEHHS TEMIIOB INPHPOCTA 3a OIMHAKOBBIE OTPE3KU
BPEMEHHU TI0 IBYM TUHAMHYECKHM PsiiaM.

I, ¥
k =-- wumu k  =—,
N T P

g

g

OTH TOKa3aTeny Ha3bIBalOT KOA(Q(UIMEHTAaMH ONEpPeKEeHUs: !

rne T°, T”,, T'm, T’nm - COOTBETCTBEHHO TEMIIBI POCTAa M TEMIIBI IPUPOCTA.CPABHUBAEMBIX
TAHAMUYECKUX PSJIOB.

C moMOIIBIO 3TUX KOAPPHUIIMEHTOB MOTYT CPAaBHUBATbHCS:

- pAIbl OJIMHAKOBOI'O COJEP’KAaHUS HO OTHOCALIMECS K Pa3sHBIM TEPPUTOPHUSAM (CTpaHam,
peruoHam, paifoHaMm U T.I1.) WIHM Pa3JIMYHbIM OPTaHU3ALUM;

- pAABI PA3HOTO COJIEPIKAHUS, XapaKTEPU3YIOIINE OJIUH U TOT k€ OOBEKT.

st o6o6maromneid XxapakTepUCTUKHA JMHAMUKN MCCIIEyEeMOTo SIBJICHUS 32 PAJl EPHOIO0B
OIIPENIENIAIOT PA3IMYHOrO POJA CPEJHHUE OKA3ATEIH .

1. Cpeonuii abcomomnulii npupocm - CpelHss BEIMYUMHA W3MEHEHMs IOKas3aTens 3a
MHTEpBaJl BpEMEHH.

PaccunThiBaeTCs Kak cpeiHss apupMeTndecKas BeMUMHA U3 TIOKa3aTeNs CKOPOCTH pocTa

n
2N gy
3a OT/IebHbIE IPOMEKYTKH BpeMEHU: A = 1= F= o 11 ;
n-— n—
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rae N - uuWeiao ypoBHeW psaga; AY% - aOCONIOTHBIE HM3MEHEHHS 110 CPAaBHEHHIO C

MIPE/IIECTBYIOUINM YPOBHEM.

Cpenuuii aOCOMIOTHBIN MPUPOCT AaET BO3MOXKHOCTh PACCYUTATh, HA CKOJIBKO B CPETHEM 32
SIMHUILY BPEMEHH JTOJDKCH YBEIHMYUBATHCS YPOBEHD Psilia.

2. Cpeonuii memn pocma — 3TO XapaKTEPUCTUKA WHTCHCHUBHOCTH W3MEHCHUS YpPOBHEH
psana nuHamMukd. OH TIOKa3bIBAaCT BO CKOJBKO Pa3 B CPEIHEM 3a €IUHHIY BPEMEHH H3MECHUIICS

ypOBeHb AMHaMIUecKoro psiga: 1 =K -100%, rae k =n In cpenHuil K03 GUIMEHT pocTa; N-
1
YHUCJIO YPOBHEH psija.

3. Cpednuii memn npupocma BHMUCIAETCS 1O ciieaytomeil popmyne: T = T, —100%.

4. AnocTpaTUBHBIH MAaTepHAaJI: IPe3eHTaLus, CIalIbl.
5. Jluteparypa:
e OcHoBHas:
1. Koituy6ekoB b. K. buocraructuka. yu. nocooue/ b.K. Koituyoekos.- Anmatsl: OBepo, 2016.
2. Koituy6exoB b.K. buocrarucruka: yuebnoe mocobue: Anmarsl.- Isepo, 2014
e JlomonHUTENbHAS:
1. buocratuctuka B mpuMepax u 3ajgavax: yued.-meroaudeckoe nocooue/ b.K. Koituybekos [u
ap.].- Anmarsl: OBepo, 2012.
2. boposukoB B.I1. STATISTICA. MHckyccTBO aHanu3a JaHHBIX Ha KOMIbIOTEpe: IS
npodeccuonanos / B. boposukos. - CII6.: [Tutep, 2014. - 688 c.
3. IOnkepo B.U., TI'puropee C.I'. Marematuko-craTucTuyeckass o00pa0oTka JaHHBIX
MeIuIUHCKUX uccnegoBaunii. — C116.: BMcnA, 2016 - 266 c.
e DJIEKTPOHHBIE PECYPCHI:
1. Bbuocraructuka [DnekTpoHHbIi pecypc]: yuebnux/ K.JOK. KynmaGae [u ap.].- DaexTpos.
TekcToBbIe MaH. (85,7M0).- IllemvkenT: FOKT'®A, 2015.- 187¢. 351. ont. auck (CD-ROM)
6. KoHTpoJIbHBIE BONIPOCHI
Uto takoe nuHamuueckuit psan? M3 kakux 371eMeHTOB OH COCTOUT?
Kakue Buabl TuHaMu4yeckux paaoB Bel 3Haere?
UYrto Ttakoe TpeHa?
Kakumu cioco6amu ocyIecTBiisieTcsl BoIpaBHUBAaHUE TUHAMUYECKOTo psifa?
Kak onpenensitorcss KoaQpPUIMEHTbI JIMHEHHOTO TpeHaa?
B ueMm pa3zHuia Mexay 0a3MCHBIMU M LEITHBIMH MTOKa3aTensIMu?
Kakne oTHOCHUTENBHBIE, CPEAHUE TTOKA3aTEIN TMHAMUKHN Bbl 3HaeTe?

NoabkowheE
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