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BBEJIEHUE

Ba)kHbIM TI0Ka3aTesieM Hay4yHO-UCC/ie[JOBaTe/IbCKOW pabOThl sB/seTCS eé
3¢ deKTUBHOCTb. BbicOKMe 3HaueHusi MOTYT ObITb JOCTUTHYTHI B TeX C/ydasix,
KOT/la pe3y/lbTaTUBHOCTb PabOThl MPUTOAHBI A/1s1 00001jeHHs U CITOCOOCTBYIOT
ToJTyueHn0 HoBor uH(opmaluu. (PpPeKTHBHOCTh TTPOBOJUMbBIX UCC/Ie0BaHUN BO
MHOTOM OITpe/Ie/ITFOTCS KauyeCTBOM IIJIAHUPOBAHUS, ITOCTAHOBKHM M ITPOBEI€HUS
SKCTIepUMEHTa, a Takke TyOMHHOM aHanu3a T[Oy4YeHHBIX pe3y/bTaToB. B
TIPOBeJIeHUU HCC/eIoBaHU HeMa/IOBaXXKHYI0 DPOJb WIPalOT BCe TepeurcieHHbIe
3Tarbl B PABHOM CTEIeHMU.

B HacToslijee BpeMsl ypPOBeHb MaTeMaTHUYeCKOM MOATOTOBKY OMOIora MOXeT
ObITh pa3/MMuHbIM. U a)ke KOMIBIOTEPHBIE MIPOTPaMMBI, CTeI[dabHO HalMCaHHbIe
Ha u3BJleUeHUe OCTOBepHOM MH(OpMaIii, B PyKaX KOHKDETHOTO MCC/ie[joBaTe/is
OyAyT CAy)KuUTh pasHbIM LiesisiM. Takasi CUTyalusi, KOrjia OJHU U Te >Ke MeTObl
MaTeMaTHUUeCKOW CTaTUCTUKH, TIpUMeHsieMble K WCXOJHBIM MaTeprasaM, [aroT
COBEpIIIeHHO  HeOJMHAKOBble  3HAueHWs,  OTJWYAIOIIMecss TI0  YPOBHIO
JIOCTOBEPHOCTA M 3aBUCSIIAsi OT JIMYHOCTA «00paboTunKa», sB/sSeTCs, He
JOITyCTUMa.

[TpyHLMMUAIbHOe 3HaueHWe B KauecTBe aHajM3a MaTepuajioB HMeIOT
OIIMOKY, BBIIBUTH KOTOpPble OUeHb CJI0KHO. K TakoMy Turly OIIMOOK MOXXHO
OTHECTU HeTIPaBWILHOE OTpeiesieHre OCTOBEPHOCTU OT/IeNIbHBIX IOKa3aTesei u3
YKC/Ia TIPe/ICTaB/IsIeMBIX B Tab/vIax, rpaduKax, JOBepUTeIbHBIX HHTEpBajiaxX U T.J.

VHbOpMaTUBHOCTb pe3y/IbTaTOB 3KCTepUMEHTaTbHBIX UCC/Ie[JOBaHUM B
HEMaJIOM CTerneHW ompejensieTcs TayOrHoW cTaToOpabOTKM M KaueCTBOM HX
TIpe/ICTaB/IeHUSI. [TpumeHeHMe CTAaTUCTUYECKUX  TPHEMOB  I103BOJISIET
WCCIe/OBATE/MI0 BBISIBUTb U MPEJOTBPAaTUTh U3ZEP)KKU B TIOCTAaHOBKE OIBITOB U
WMHTepIIpeTaluy pe3yabTaToB elé 0 UX MyOIMKaiuu.

MateMatuueckasi 06paboTKa JAaHHBIX, MOJyUYeHHBIX B X0/je OMOJIOTUUeCKOoro
WCC/Ie/JOBaHUSI — Ba)KHOE YCJIOBHE TIPU BBITIOJTHEHWM KYPCOBBIX W JUIIOMHBIX

pabot. [nsi Toro, 4toOBI CZenaTh AOCTOBEPHOE Mperoo)keHre 00 H3ydyaeMom
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SIBJIEHUH, WCIIO/MB3YIOT TOMBKO YacTWM — BBIOOPKM, TaK KaK BCHO TeHepaibHYIO
COBOKYITHOCTh 00C/e/l0BaTh TPaKTUYeCKd HEBO3MOXKHO (ThICSIUM, COTHU ThICSY,
MUJIJIAOHBI UCTTBITYEMBbIX).

Bbibopka [o/pKHa OTpaXkaTh BCe CBOMWCTBA TeHepalbHOW COBOKYITHOCTH
JO0JDKHA OBITH peIpe3eHTaTUBHOM, I TOro uToObl /H000M HCciefjoBaTelb MOT
TIOHSITh Pe3y/bTaThl BAIlIMX UCC/Ie[OBAaHUM.

OcCHOBHBIE CTIOCOOBI OCTHKEHUS ITOTO YC/IOBUS:

1)  ChnyuaiiHas BIOODKa;

2)  MogenupoBaHue BbIOOPKU 10 CBOMCTBaM reHepaibHON COBOKYITHOCTH.

CyllecTBeHHBIM TIPM  OpraHu3alil  BBIOOPKM  SIBJSIETCSI  BOMPOC O
HeoOXO0[UMOM M JOCTaTOYHOM UMCJIe MCHBITyeMbIXx. Manoe KonuuectBo (n<10)
UCTIBITYeMbIX He 00eCrieunT TOUHOCTH pe3ysbTaToB. bosbioe komruecTBo (n >30)
TIpUBe/ieT K YBeTMUeHHI0 TPYJ0eMKOCTH (BpeMeHU U CTOMMOCTHU) UCC/Ie[JOBaHMUS.

CraTucTHYeCKasi  /IOCTOBEPHOCTb, WM CTAaTUCTUYECKas 3HAuMMOCTh,
pe3y/IbTaTOB MCC/Ie[IOBaHUS OTIPeie/isieTCs TIPU MOMOIIA MeTO/I0B CTaTUCTHUUECKOT0
BBIBO/Ia, KOTOPbIe TIPe/IbSIB/ISIIOT OTpefie/ieHHble TpeOoBaHUsSI K UMCIeHHOCTH, WU
00BbemMy BbIOODKH.

OOb11re peKoMeH/jal[iy TI0 YMCJIEHHOCTH BbIOOPKU:

1. Haubonbmmii o6beM BbIOODKHM HeoOXoAuM Tpu  pa3paboTke
JuarHoctuuyeckon Metoauku - ot 200 go 1000-2500 yenoBek.

2. Ecm HeoOXozuiMo cpaBHMBaTh 2 BBIOOPKH, WX 0OIas 4YKMCA€HHOCTb
no/bKHa ObITb He MeHee 50 ueslOBeK; UMC/IEHHOCTh CpPaBHUBAaeMbIX BbIOODOK
J0JKHA OBITH MPHUOMM3UTE/TLHO OTMHAKOBOM.

3. Ec/ii u3yJaeTcst B3aMOCBSI3b MEXK/Ty KaKUMU-TMO0 CBOMCTBaMH, TO 00beM
BbIOODKU I0/DKeH ObITh He MeHbIle 30-35 ueioBek.

4. Yem Gonbllle U3MEHYMBOCTb M3yuaeMOI'o CBOMCTBa, TeM 0oJiblile [0/DKeH
ObITh 00beM BbIOOPKH. [103TOMY M3MEHUMBOCTH MOXXHO YMEHBIIIUTh, YBeJIUUMBAast

O/THOPO/IHOCTh BLIOOPKH, HAaIIpuMeD, TI0 0Ty, BO3PacTy U T. [i.



I'naBa 1

1.1 buosiornyeckasi CTaTUCTUKA: €é P0/ib U 3HAYeHHe

Heo6xoUMOCTh ~ CTaTUCTUYECKOW  00pabOTKM W TIpe/CTaB/eHHe
9KCTIePUMEHTA/IbHBIX [JaHHBIX BO3HMK/IM Cpa3y, KaK TOJbKO OWOIOTH Tepeliiv OT
ONMCATe/bHOr0  MeTOJa K  aHalu3y  SKCIIepUMEHTalbHbIX  pe3yJIbTaToB.
[lelicTBUTE/IbHO, WCCIeIOBaTe0, UMeoIeMy JieJio C U3MepeHUsiMU U 06paboTKoM
JAHHBIX, TIOCTOSIHHO TIPUXOAMTCS 0OpamiathCsi K 37eMeHTapHbIM OCHOBaM
MaTeMaTUUeCKOM CTaTUCTUKH, UTOObI W3B/IeUb MaKCHMajabHO  TI0JIe3HYIO
MH(OpMaI1IO U3 Pe3y/IbTaTOB U3MepeHUM.

[TepBble OMBITBI HKCIOJb30BAaHUS MaTeMaTHYeCKUX 3HAHUW [/I1 aHa/lIu3a
Ouvosiornueckux sBIeHWM mnpuHagnexxaT ®dpencucy IambroHy (1889), KoTOpBIi
WCIIO/Ib30Ba/l CTAaTUCTAYECKWW aHalvu3 [Jid OLEHKHA CBSI3U MEXAY OTAeIbHbIMU
NpU3HaKaMUu y JIIOJed U CTeleHU CXOJCTBA MeXJy POJCTBEHHHKaMU MO TaKOMY
C/IO)KHOMY TIpHU3HaKy KakK poCT Jtofed. ['anbTOH BIepBble BBeJ TIOHSITUE
OuoMeTpHKAa B HayuHYIO JIUTEpaTypy.

Wccnepoanusi [T'ampToHa ObIM  mpogo/bkeHbl  Kapsiom  TIupcoHoM,
rocjiefijoBaTe/ieM, yUeHUKOM, MOYuTare/ieM U npomnaraHguctoM ['anpToHa. ITupcon
BHeC OoJbIlION BK/Ia[ B pa3pabOTKy TeOpuM U TPAKTUKU HCII0J/Ib30BaHUS
CTaTUCTUYECKUX TIOKa3aTesiell, MPUMEHWTeNbHO K OMMCAaHUI0 OHOoruuecKux
SIBJIEHU.

Hecmotpss Ha TO, uto HU ['anbTOH, HU IIUPCOH He CMOI/IM BbIJEIUTH
reHeTUYeCKre KOMITIOHEHTbI, KOHTPOJIUPYIOL[eé POCT uesioBeKa, CBOMMU paboTamu
9TU aBTOPhI MPUB/IEKIM BHUMaHHe OHOJIOTOB K CTaTHUCTHKe KaK K OAHOMY W3
MeTO/IOB aHa/M3a pa3/WyHbIX TPU3HAKOB. [1o3/Hee O0/bIION BK/IaJ, UMEHHO B
OLIeHKY OT/leJIbHbIX (PAaKTOPOB, BHOCSIIIMX BK/Iaj, B ()OPMUPOBaHWE U pa3BUTHE

TIpU3HaKOB, Ob11 cenaH Pobeprom duitiepom (1918).



C 60-x romoB XX Beka MaTeMaTHuecKass CTaTHUCTHKA CTaja 00s3aTe/IbHLIM
yCJIOBHEM aHa/ir3a SKCIepuMeHTa/IbHbBIX JJaHHbIX B 00/1aCTH OHMOMOTHH, MeIULIMHbI
1 CeJIbCKOI'0 X035IMCTBa.

OpauM 3 (PaKTOPOB, IIOBJHMSBIIMM Ha HEOOXOJWMOCTb WCIIO/Ib30BaHUS
CTaTUCTUUYECKUX pacyeTOB 3KCIIepUMEHTaTbHbIX [IaHHBIX, SIB/ISIETCS TO, YTO BCe
buonoruueckue 06beKThl 06/1aZIaI0T MPOTUBOIMOI0KHBIMU CBOMCTBAMMU.

[IIvpokasi aMIUIMTyZla W3MEHUMBOCTH TPU3HAKOB y pa3/IMUHbIX OOBEKTOB
BBIHY>K/IaeT SKCIIEPHMEHTAaTOPOB IpHOerath Kak K yCpPeAHEeHHWIO JAaHHBIX, TakK U K
OLIeHKe T'PaHuUL] U3MEHUMBOCTU U CUJIbI CBSI3U MeXK/y TIPU3HAKaMM.

[IpyriM Ba)KHBIM OOCTOSITE/IbCTBOM, ITOBJMSIBIIIMM Ha MPOIIECC BHE/PEHMS
CTATUCTUYECKUX METO/IOB /Il aHa/M3a OMOJIOrMUYecKUX SIBJIEHUM, SIBUIOCH TO, UTO
MPAaKTAYeCKH Bce Ouonordueckre sBA€HWST W CBOWCTBA  TOJUHHSIOTCS
CTaTUCTUUYECKUM 3aKOHOMEDHOCTSIM, XapaKTepHbIM He OTAelbHBbIM 0OBeKTaMm, a
1[e/IbIM COBOKYTHOCTSIM 00beKTOB. OKa3aloch, UTO eC/M CrpyIIHUPOBaTh JaHHEIe,
TOJlyUYeHHbIe TIYTeM HW3MepeHHsl JF0O0bIX OMOJOrHYecKHWX NPU3HAKOB, B eAUHYIO
COBOKYMHOCTh, TO 3Ta COBOKYITHOCTb Oy/leT MMeThb BHJ, UHWCTO CTaTHUCTHUUECKOM
COBOKYIMHOCTU. [lo3TOMy MaTeMaTM4eCcKyH) CTaTUCTUKY, WCIOJ/b3yeMyI0 B
MIPU/IOKEHWH K OMOJIOTHH, CTa/lld Ha3biBaTh OHMOJIOTMUECKON CTAaTHCTHKOM WU
OuomMeTpHe.

Takum obpa3om, OHoIOrMUecKol CTaTUCTUKON UK OMoMeTpreli Ha3biBaeTcCs
00/1acTh HAyUHOTO 3HAHMS, OXBaThIBaloOI[asi KIacCU(PUKAI[HIO, CUCTEMAaTHU3aLUI0 U
00pabOTKy 3KCIIepUMEHTAaNbHBIX JAaHHBIX B OHOJIOTHH, MeAWIMHE W CeJIbCKOM

X035I1ICTBe MeTOZlaMH MaTeMaTU4eCKOM CTaTUCTHUKU.



1.2 Bb100opouHbIe COBOKYITHOCTH.

Llenb OGOMBIIMHCTBA MCC/I@[JIOBAaHUM COCTOMT B cOOpe JaHHBIX, KOTOpbIe
BIIOCJ/IE[ICTBUY TIOMOTAIOT TOMyYuTh HH(OpPMaIMI0 B KakKoh-bo obaacTu.
OOBIYHO [JaHHBIE MCCI/Ie[OBATEISIM TI0/TyUal0TCsl U3 BIOOPKU MHANBUAYYMOB. Llenb
nroboi ucciefioBaTe/IbCKOM paboThbl COCTOMT B TOM, UTOOBI CrpYIIITUPOBaTh 3TU
JaHHbIe U U3BJIeUb U3 HUX I0CTOBEPHYI0 HH(MOPMaIIHIO.

Bcsikoe MHOKeCTBO UAeHTUDHUIMPYEMbIX 00HEKTOB, OTIMYAIOIIUXCS APYT OT
Apyra He3HauuTebHO 10 KOHKPEeTHOMY MPU3HAKY, HO COXPaHSIIOIINX CXOJCTBO MO
HEKOTOPbIM CYIIIeCTBeHHbIM XapaKTePUCTHUKAM, Ha3bIBaeTCs COBOKYNHOCTBHIO.
COBOKYITHOCTBIO MO>KHO Ha3bIBaTh CTaJ|0 >KUBOTHBIX, /Ie/ITHKY WU 110Jie pacTeHUH,
TIOPO/ly ’KUBOTHBIX WKW COPT KYJbTYPHBIX pacTeHHWM, KJIOHbI OaKTepui, IITaMMbI
BUpycoB U [ip. COBOKYMHOCTM TMpeJCTaB/ieHbl OTAe/JbHbIMA UYIeHaMH WId
equHuiaMu. COBOKYITHOCTb W/I€HOB W/IM eJUHUI] Ha3biBaeTCsa 00beMoM
coBoKynmHocTd. CaMO H3MepeHHOe 3HaueHWe KaXK[O0W eJWHUIIbI COBOKYITHOCTH
Ha3biBaeTCsi BApPUMAHTOM COBOKYIHOCTH. Pa3nuuvs MexXAy BapuaHTaMu
COBOKYITHOCTU Ha3bIBalOTCS BapUal{Uuel Wil JUCTepCcHen.

Ecm 6beM COBOKYITHOCTH JIF000M BBIOOPKH 0003HAUWThH Uepe3 N, a KaXKAYHo
BapHaHTy COBOKYITHOCTH Yepe3 X, TO B TAKOM CJ/lyyae Psifi BADUAHT B COBOKYITHOCTH
MO>XHO 3ammcaTh, KakK Xi, X2, X3 ... Xn. CJ/IeIoBaTe/IbHO, eC/IU UCC/Ie[JOBAaHO BUSIHYE,
KakKoro /0o BelljeCcTBa Ha [|eATe/IbHOCTb Cep/iila, TO KOJIMYeCTBO UCIO/Ib30BaHHBIX
JKUBOTHBIX MO>KHO Ha3BaTh COBOKYITHOCTbIO, 00BEM KOTOpOM, HallpuMep, paBeH N
=20. [elicTBUe BellleCTBa Ha [eSTeJIbHOCTb Ka)/0r0 >KMBOTHOTO - 3TO BapuvaHTa
COBOKYTHOCTH.

Eci n3MepeHHbIM MaTepHasl TIpe/ICTaB/IsieT CO00M TO/IbKO YacTh OT KaKOTro-
TO 006Iero 6Go/BIIOr0 MaTepHana, TO Takasi COBOKYITHOCTb OyJeT Ha3bIBaTbCs
BBIOOPOYHON COBOKYMHOCTBI), a BeCb OTPOMHBIN Marepuas, U3 KOTOPOro B3siTa
BbIOODOUYHAsi  COBOKYITHOCTb, HAa3bIBaeTCsi TreHepa/ibHOH COBOKYNHOCTBHIO.
Harpuimep, ecnu wu3smepeHHble 100 3epeH KakOro-tT0 CopTa MIIE€HULIbI

Tpe/ICTaB/sAl0T c060l BHIOOPOUHYIO COBOKYITHOCTH € 0o0bemoM n =100, To Bec
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3epHa 1[e/IOT0 COPTAa MILEeHUI[bI MOYKHO CUMTaTh reHepaJbHOM COBOKYITHOCTBIO C
06beMoM, paBHBIM N — 0o,

O6paboTKa [aHHBIX W WHTEPIIPeTAlds TIOYYeHHbIX PacyeToB 3aBUCHUT OT
TOTO, KakKhe TIpU3HaKU ObUIM UW3MepeHbl B  3KcrepuMeHTe. [Ipu3Haku
buonoruueckux 06 beKTOB B OCHOBHOM TIPe/ICTaB/IeHbI TPEMS KaTerOPUSIMH.

1. [Tpy3HaKX  COBOKYMHOCTH,  pa3/IMyaloOIINecss  OIpe/e/ieHHbIM
KauecTBOM. Takue TIpU3HAKW HOCST Ha3BaHHE KaueCTBEHHbIE WU
a/ibTepHaTUBHBbIe.  Haripumep,  COBOKYMHOCTb  Tpe/cCTaB/ieHa
KpaCHBIMU U Oe/IbIMU 1IBETKaMU TOpoxa, Kak B onbiTax ['. MeHgensl.

2. IlpusHaku, wuMelOl[He KOJMYECTBEHHYI0 Mepy, HO pa3uuus MeXay
OTJeNMbHBIMA BapWaHTaMW COBOKYITHOCTH BBLIP@KAlOTCS  1[e/IbIMA  UHC/IAMH.
Hampumep, UYHCMIO OT/JOXKEHHBIX SMI y TTHL. Takasg KOJMuUeCTBeHHas
M3MEHUYMBOCTh U TaKHe KOJTMUeCTBeHHbIE TTPU3HAKHU Ha3bIBAIOTCS AUCKPETHBIMHU.

3.  IlpusHaku, uMelOIIde KOJUUYECTBEHHYIO Mepy, HO MeXKIy OT/e/JIbHbIMU
BapyMaHTaMM COBOKYITHOCTH HeT UeTKO BbIPAKEHHBbIX (JAMCKPETHBbIX) T'paHMI].
Hanpumep, >kuBasi Macca >XMBOTHBIX, BbIpaKeHHasi KWJIOTPAaMMaX, HO He B
rpaMMax. Takasi ©3MeHUMBOCTh 1 TaKWe MPU3HAKK Ha3bIBAIOTCS KOJIMUYECTBEHHBIMU
NMpu3HaKaMU  C  HeNpephiBHOW  W3MEHUMBOCTbIO  (MepHble  TIPHU3HAKH,

KOHTUHBIOA/IBHBIE).



1.3 I'pynnupoBKa JaHHBIX BHIOOPOUYHOM COBOKYIHOCTH MO MPU3HAKaM C
AUCKPeTHOU M3MEeHUMBOCTBIO.

Eciv u3MepeHusi KaKOro-To TIpU3HAaKa Yy M3ydyaeMoro OMOOrH4yecKoro
o0bekTa TpOU3BeZieHbl, OHM 3aMuCaHbl B JKypHajaX B TIOpsiiKe HW3MepeHUs
00BEKTOB, T.e. MaTepuas Tpe/cTaB/isieT coboli Habop IMdpP YacTo B XaOTUUYHOM
nopsifke. [1Ipu paccMoTpeHnu 3TUX 1UGPOBLIX 3HaUeHU HEBO3MOXKHO 0OHAPY>KUTh
Kakue-mmbo 3akoHoMepHOCTU. CyllleCTBYIOT HEKOTOpble TIPOCThie TpaBuUJIa
yIOpSiZI0OUeHbsI MaTepyaia.

1. Mo)XHO Tepernvcarh MOJIyYEHHbIE [JAHHbIE B TMOPSAAKe HapaCTaHUs WX
Be/IMUMHBI WIM B TIOPSIZIKE YMEHbIIIeHHsI BeMuuH. Takoi criocol yropsiZioueHbs
JJAHHBIX HAa3bIBaeTCsl PpaH)XUPOBaHUeM. PaHXuWpoBaHWe [aHHBIX [aeT YKe
HEKOTOpOe TIpeJCTaBJeHre O XapakKTepe SKCIePUMEHTa/JbHOr0 Marepuana. Tak,
ctporo o603HaueHbl MUHHMMA/bHOE Y MaKCUMaslbHOe 3HaueHHUs BapUaHT, KOTOPbie
HOCSIT Ha3BaHVe JIMMUTOB U3MeHUYUBOCTU. CaMoe MajleHbKOe 3HaueHHe BapUaHThI
Ha3bIBaeTCsi MUHUMAJIbHBIM 3HaueHreM (min), a camoe 60/bllIOe - MaKCUMaTbHbIM
3HayeHWeM (max). B 1leHTpe Takoro yrops/loueHHOro (paH)XUPOBAHHOI'0) psiJia
1[M(Pp coCpeOTOUEHO OCHOBHOE KOJIMUeCTBO BapUaHT CO 'CpeJHHWM 3HauyeHueM"
TIpU3HaKa.

[Ipumep. B yHuBepcuTeTe TMNPOBOJWIMA HCC/IENOBAHUSI TI0 UW3YUYEHUIO
byHKIMOHUpOBaHUsI pabOThI cep/ilia Cpe/id CTY/IeHTOB MepBOr0 Kypca Ha 3aHATUU
(dur3nueckas KyJbTypa. V3ydasnach yacToTa cep/ieuHbix cokpaleHuid 30 CTyeHTOB.
[TonyueHsl cefyoLIve TaHHbIE:

65, 64, 63, 62, 68, 77, 68, 64, 73, 78, 65, 68, 62, 78, 62, 67, 69, 65, 71, 72, 68,
62, 63, 71, 68, 73, 67, 69, 68, 65.

Pawxvpyem BapuaHTBl COBOKYITHOCTM B TIOpsJKEe HapacTaHUs YaCTOThI
CepAeyYHbIX COKpALLeHU! y CTYeHTOB IEPBOT0 KypCa;

62, 62, 62, 62, 63, 63, 64, 64, 65, 65, 65, 65, 67, 67, 68, 68, 68, 68, 68, 68, 69,
69, 71,71, 72,73, 73,77, 78, 78.
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TakoW paHKMPDOBaHHBIUA psi[ [aeT TIpeJCTaB/JeHWe O TOM, UTO JIUMUTHI
M3MEHUYMBOCTH TAaKOr'0 MPU3HAKA, KaK YaCTOTa CepeuHbIX COKpall[eHUH, HaXOAUTCS
B rIpaHuljax min =62; max =78. CpegHee 3HaueHWe YaCTOTbl CepAEYHBIX
COKpaII[eHHI MOKHO TPUO/IM3UTE/TLHO OL[€eHUTh paBHbIM, 70.

2. [Ipyroii 6osiee Har/siAHBINA CIIOCOO YTIOpsIO0UeHbsT BADUAHT COBOKYITHOCTH
COCTOUT B creaytoieM. HeobxoauMo BeIMMCATh B CTOJOMK BCe THUITBI BapHaHTOB,
KOTOpble BCTPeTWU/MCh B COBOKYMHOCTU. LIndpbl MOryT ObITh 3amMcaHbl Kak B
TopsiJKe HapacTaHWs OT MEeHbIIero 3HaueHus K Oosibiliemy, T.e. oT 1 10 8, Tak U B
ropsiike yMeHbllleHUs, T.e. oT 8 Ao 1. 3amnuiueM 1{udpbI B MOPsijKe HapacTaHusl, U
orpeJenuM CKOJIbKO pa3 Kakjas Ludpa, BCTpeyaeTcsi B pacripefesneHud. Torga
pa3vuHble TWUIBI BapuaHT, KOTOPble BCTPETWIMCh B pacripefiesieHuH, OyayT
Ha3bIBaThCsl KJaccaMH M 0003HauaThCs X, @ UMC/ia, COOTBETCTBYIOIHE KaXKIOMY

K/IaCCy - YMC/IEHHOCTSIMHU W/ YaCTOTAaMH U 0003HauaThCsa OyayT OykBoii f.

KonuuecTtBo nopocsrt ( X;, CKOJIbKO pa3 BCTpeYaeTcs JaHHOe

3HaueHue B pacrpezaeneHud (f)

62 4

63

64

65

67

68

69

71

72

73

77

N[N ]N NN IN|IN

78

W
(@)

cyMMa
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Takor psi uucesd, COCTOSAIIMKA W3 K/IAaCCOB W YaCTOT, Ha3bIBaeTCs
BapHAIMOHHBIM PAAOM. BapuallMoHHBIM psif AaeT 0Oosiee YETKYH KapTHHY
3aKOHOMEPHOCTeU pacrpe/ie/ieHusi TI0 CPABHEHUIO C TTPOCTHIM PAaHXHMPOBaHUEM.

Nns dhbopMmupoBaHusi BLIDOPKM MOYKHO HCIIO/Ib30BaTh C/IeAYIoliIye TIPUeMbl:

IIpocTasi BepoSAITHOCTHAsi BbIOOPKA:

Ilpoctasn mnoBTOpPHasi BbIOOpKA. lcmosb30BaHWe TakoW  BBIOOPKM
OCHOBBIBAeTCSl Ha TIPe/INOJIO)KeHUH, UTO KaK[bI PECIIOHJIeHT C paBHOU JoJeu
BEPOSITHOCTM MOJKeT TomnacTb B BbIOOpPKY. Ha ocHoBe crnmcka reHepanbHOMU
COBOKYITHOCTU COCTAaBJ/ISIFOTCSI KAapTOYKW C HOMepaMU pecrioH/eHTOB. OHH
MOMEILIat0TCS B KOJIOAY, TlepeMellMBal0TCsl M U3 HUX HayraJ, BBIHUMaeTCsl KapTOUKa,
3aMyChIBaeTCs HOMep, TII0TOM BoO3BpalllaeTcs obOpatHo. [lasee ripoiiegypa
TIOBTOPSIETCSI CTOJILKO pa3, Kakoii 00bEM BBIOOpKM HaM HeoOXoaum. MUHYC:
TIOBTOPEHHEe eIMHUI] 0TOOpa.

[Tpouieypa mOCTpOeHUsI MPOCTOM C/Iy4arHOW BBIOOPKM BK/IOUaeT B cebs

C/ielyroLLye 1Iaru:
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1. HeoOXOAMMO TMOMYYUTh TIOMHBIA CIKUCOK UIEHOB TeHepa/ibHOU
COBOKYMTHOCTM U TPOHYMEpPOBaTh 3TOT CIMCOK. TakOW CIUCOK, HallOMHUM,
Ha3bIBaeTCsl OCHOBOU BbIOOPKY;

2. oripe/ie/IUTh TIpe/iroJiaraeMblii 00beM BbIOOPKH, TO eCTh 0XKHaeMoe YKC/I0
OTPOLLEHHBIX;

3. U3Bjeub W3 TaOMULIbI C/IyYaiHbIX YMCeJ CTOJIbKO YMCes, CKOJIbKO HaM
TpeOyeTcst BbLIOOPOUHBIX eiuHuL]. Ecu B BbIOOpKe 10/KHO OKa3aThesi 100 yesioBek,
nu3 Tabmuipl G6epyr 100 cayyaliHBIX uuMcesn. OTH CoydyaliHble 4YKMC/la MOTYT
reHepUpPOBaTbCSl KOMITbFOTEPHOW MPOrPaMMOM.

4. BBIOpaTH W3 CIKWCKA-OCHOBBI Te HaO/MIOfeHHs, HOMepa KOTOPbIX
COOTBETCTBYIOT BBIMUCAHHBIM CJIyYaliHbIM UKC/IaM

IIpocTas ciaydaiiHas BbIOOpPKA MMeeT OueBH/HbIE TPEUMYIIeCTBA. ITOT
MeTOJ, KpaviHe TIpOCT /Jid TOHUMaHUs. Pe3ynbTaTbl MCCAEAOBAaHUSI MOJKHO
pacrpoCTpaHsiTh HAa M3y4YaeMyl COBOKYITHOCTb. bBO/BIIMHCTBO TMOAXOAOB K
MOJyUeHUI0 CTaTUCTUUeCKUX BBIBOZOB TpeAycMaTpuBaloT cb6op uHbopManuu c
TIOMOII[bIO TTPOCTOM ciyuaiiHoW BbIOOpPKH. O/HAKO MeTOJ, TPOCTOM CaydaiiHOM
BbIOODKY MMeeT KaK MUHHUMYM UeThIpe CYl[eCTBeHHbIX OrpaHUYeHUs:

1. 3a4acTyro CJIO)KHO CO3/aTh OCHOBY BbIOOpOUHOTO HabJItOJeHUs], KOTopas
103B0oJIW/Ia ObI MPOBECTH MPOCTYIO C/TyUaliHyi0 BEIOODKY.

2. pe3ynbTaTOM TIPUMEHEeHUs] MPOCTON C/iydallHON BBHIOODKM MOXKEeT CTaThb
Gosblliasi COBOKYMHOCTh, JIMOO COBOKYITHOCTh, pacripe/iesieHHasi 10 OOJIbIIOowH
reorpaMueckor TeEPPUTOPUM, UTO 3HAUUTE/ILHO YBEJUUMBAET BPeMsI U CTOMMOCTh
cbopa JJaHHBIX.

3. pe3y/nbTaThl TpPUMEHEHUs TPOCTOM CJiyualiHOW BBIOODKM YacTo
XapaKTepU3ylTCs HU3KOM TOUHOCTBbIO U Ooblliell cTaHAApTHOW OIIMOKOW, uem
pe3yJ/ibTaThl IPUMEHEHHs IPYTUX BePOSITHOCTHBIX METO/IOB.

4. B pe3yabrare npumMeHeHusi SRS  mMoxeT  chopMHUpOBaThCS
Heperipe3eHTaTHUBHas BbIOOpKA. X0Tsl BLIOOPKH, MO/TyUYeHHbIe TTPOCTBIM CTyYaiHbIM

OT6OPOM, B CpeJgHeM aJAeKBATHO IIpeACTaB/IAIOT TI'e€HepPa/IbHYH0 COBOKYIIHOCTD,
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HEKOTOpble M3 HUX KpallHe HEKOPPEKTHO TMpeJCTaB/ISIOT  U3y4yaeMylo
COBOKYMHOCTh. BeposiTHOCTb 3TOro ocobeHHO BejiMKa MpuU HebOO/bIIOM 00beme
BBIOOPKH.

IIpocTas 6ecioBTOpHasi BeIOOpKA. [Iporieiypa mocTpoeHusi BLIDOPKHY TaKast
)Ke, TOJbKO KapTOUKW C HOMEepPaMM peCIiOH/IEHTOB He BO3BpalljafoTCsi 0OpaTHO B
KOJI071y.

Cucremarudeckasi BepOATHOCTHasi BbIOOpPKA. SIB/sieTCs YIIpPOILleHHBIM
BapUaHTOM IIPOCTON BepOSTHOCTHOM BbIOOPDKH. Ha OCHOBe crmcka reHepanbHOU
COBOKYITHOCTH 4epe3 oripefiesiéHHbIM uHTepBan (K) oTbuparoTcs pecrioH/IeHTHI.
Bemnunna K ompegensiercs ciyuaiiHo. Hawmbosiee /10CTOBepHBIM  pe3y/bTar
JOCTUTAeTCs MPU OJHOPOJHOW TreHepa/ibHOU COBOKYITHOCTU, HWHAaue BO3MO’KHbI
COBMaZieHWe BeIMYMHbl 1Iara W  KAKWUX-TO BHYTPEHHUX  LIUKIMYECKUX
3aKOHOMepHOCTeli BbIOOPKHU (CMellleHWe BbIOOpKM). MUHYCHI: TakKuhe ke KaK U B
TIPOCTOM BEepOSITHOCTHOM BBIOOPKe.

CepuiiHas (rHe3soBasi) BbIOOpKaA. EnvHMIEI 0TOOpA MpeICTaB/IsSIOT COOO0M
CTaTUCTUYEeCKWe cepuu (cembsi, 1IKOJa, bpurazia u T. 1m.). OToOpaHHbIe 3/1€eMEHThI
TO/IBEPraloTCsl  CIVIOMIHOMY 00ciefoBaHuto. OTOOp CTaTUCTUUECKUX —eUHMUI]
MO>KeT ObITh OpPraHW30BaH T0 TUITy C/IyYalHOW WM CHUCTeMaTUueCKoil BbIOODKH.
Munyc: Bo3mo)kHOCTh  Oosibllieli  OJHOPOAHOCTH, UeM B TeHepaTbHOU
COBOKYITHOCTH.

PaiioHnpoBaHHasi BbIOOpKA. B ciyuae HeoJHOPOAHOW TeHepabHOM
COBOKYITHOCTH, TIPEXKJe, UeM UCII0b30BaTh BEPOSITHOCTHYIO BLIOOPKY C /r060M
TeXHUKOU OTOOpa, peKOMeHAyeTCs pa3fie/iuTh TeHepalbHYH COBOKYITHOCTh Ha
OJTHOPO/IHbIE YaCTH, TakKas BbIOOPKA Ha3bIBAaeTCs PAMOHHMPOBAHHOW. I'pyrimmamu
pallOHUPOBaHUSI MOT'YT BBICTYIIAaTh KaK ecTeCTBeHHble 0Opa3oBaHUs (Harpumep,
palioHbl TOpPOZA), TakK M JiI0OOI TPH3HAK, 3a/I0)KeHHBIM B OCHOBY HCCJIe[OBaHUSI.
[Ipy3Hak, Ha OCHOBE KOTOPOTO OCYILIECTB/SIeTCS pa3feseHue, Ha3bIBaeTCs

MPpHU3HAKOM PdCC/IO€HUSA U paﬁOHHpOBaHHH.
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«YnooHasi» BbIOOpPKa. [Iponienypa «ymoOHOW» BLIOODKHM COCTOUT B
YCTAHOB/IEHUH KOHTAaKTOB C «YAOOHBIMH» €QUHMIIAMU BLIOODKM — C TPYIIOH
CTYJ€HTOB, CIIOPTUBHOM KOMAaH/IOM, C ApPY3bsMU U coceasmu. Ecmu HeoOXoaumo
TOJTYYUTh UH(POPMAILIMIO O peakliH JIF0Zie Ha HOBYIO KOHIIETIIIMIO, TaKasi BLIOOpKa
BIIO/IHE  000CHOBaHAa. «YJ0OHYHO»  BBIOOPDKY  UaCTO  MCHOB3YHOT IS

npeaBapuUTE/JIbHOI'O TECTUPOBAHHSA dHKET.
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I'naBa 2
2.1 Cpepnsis apuMeTUdecKas Be/IMUMHA M €€ CBOMCTBA.

CpeaHee apudmMeTrnuecKoe, KOTOPOe OUeHb YacTO Ha3bIBalOT MPOCTO
«Cpe/iHee 3HaUeHHe», TTOTYYalOT IyTeM CJIO’KeHHsI BCeX 3HaueHUH U JieJieHusT 3TON
CyMMbl Ha UMCJIO 3HaueHWW B BbIOOpKe. DTO MOXXHO II0Ka3aTh C TIOMOIIbIO
anrebpanveckoit (opmynbl. Habop n HabmaofeHui TlepeMeHHOM X MOJKHO
n300pa3uTh, Kak X; X2 X3 ..., Xn.. QDPOpPMyNIy A oOmpezesieHUs CpeHe
aprdmMeTrUeCKol BeTMUMHBI 0003HAUaIOT C/eyIOMM 00pa3oMm:

X1 +HXo+Xs+..., X,
X = n

Cpepansisi apudMeTHUecKasi BeJlnurHa 00/1a7jaeT psifioM CBOMCTB:

1.  Ecmu K KaX[oMy 3HaueHUI0 BbIOOPKU MPUOABUTh WM OTHSATH OJHY U TY >Ke
BeJINUMHY, WIU YMHOXXWTb U pasfie/IMTh Ha OJHY U Ty K€ Be/IMYMHY, TO CpeHss

apu(pMeTHUecKasi yBeJIMUUTCS WM YMEHBIIUTCS Ha 3TY Ke BeJTMUUHY.

2. Asrebpanueckasi CyMMa OTK/IOHEHWU OT/e/IbHbIX BapUAHT COBOKYITHOCTU OT

cpeZiHel apu(MeTUUeCKOU 3TOM COBOKYITHOCTH paBHA HY/JIIO.

3. Cymma KBajpaToB OTK/JOHEHMM BapuaHT COBOKYIIHOCTHM OT CpeJHel
apr(dMeTHUeCKOl X MeHbIlle CyMMbI KBa/I[paTOB OTK/IOHEHHWM OT 060l Apyroit
BeJINUMHBI.

CpenHss apupMeTHUecKasl BeJIMUMHA SB/ISIETCS OYeHb BaXKHBIM ITapaMeTpoM,
XapaKTepU3yIoLMM BbIOOPDOUHYI0 COBOKYMHOCTb. OHa UCHOJb3yeTcss  [Jjis
XapaKTepUCTUKHU JTFOObIX COBOKYITHOCTEH B TeXHUKe, MeJULIMHEe U OHMOJIOTUHU.

CpenHss apudmeTrueckas Be/IMUMHA SIBJISIETCS 0600111eHHO
XapaKTePUCTUKOM COBOKYITHOCTHM. YacTo 3HaueHve cpefHerl apu(pMeTHyecKou
Be/IMUMHBI peaslbHO He CyLleCTBYeT, HarpuMmep, 4,5 1jeHKa U Jp. B sTom cmeice

cpefHsisi apudmeTrUeckas SBsieTcsl abCTPaKTHOW BeJTMUMHOM, HO B, TO, >Ke BpeMs
16



OHA Y KOHKDEeTHasl BeJIMUMHA, XapaKTepu3yHolasi TUITMYHOEe COCTOSIHUE MPU3HAaKa B
COBOKYTHOCTH.

[Tpu mpefocTaB/ieHWH pe3y/abTaTOB B OMOMOTUMU CpefiHss apyudmMeTruecKas
Be/MunHa 0603Havaercsi, Kak M. Ocobo BaXHO 3HaTh CpefiHee apudMeTUuecKoe

3Ha4YeHue BbI60pKaX C HeUEeTKHMMHU I'DaHHULlaMH U OO/BIINM pa36pocaM B 3HAUEeHUAX.

ITpumep.

V3mepsinach uyacTOTa Cep/euHbIX CoKpaijeHuit y 10 CTyZeHTOB IiepBOro
Kypca Ha 3aHATUU (hr3rueckasi Ky/ibTypa. [TosyueHbl ciiefyroiiye JaHHbIe:

62, 65, 72, 68, 69, 71, 63, 67, 64, 62

Cpenusis  apudmeTnueckass B 3TOM Ciaydae OyZeT TOZCUMTHIBATHCS
CJ/ieIyIOIIUM 00pa3oM.

62+65+72+68+69+71+63+67+64+62 / 10=66,3

CpenHsisi aprdMeTUUeCcKasi BeJIMUMHA YaCTOThI Cep/leuHbIX COKpaileHul y 10
CTY[IeHTOB TIepBOT0 Kypca Ha 3aHATUMU (Pu3nueckas KyjJabTypa cocTaBisieT 66,3.

CootBetcTBeHHO M=66,3.
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2.2 CpepHee KBa/jpaTUUeCKOe 3HaUEHHE

bonee TouHBIM TIOKa3aTesieM, XapaKTepH3YHOI[MM BapHal[di0 WX paccesiHue
BapUaHT BOKPYTI CpeAHero apuMeTUUecKoro 3HaueHusl, SBJ/SIETCS CpefiHee
KBa/ipaTuyeckoe 3HaueHue. OHO OCHOBaHO Ha paCCMOTPEHUM OTKJIOHEHUU
3HaUeHUM TpU3HAaKa OT/[e/bHbIX eJUHMUI] COBOKYITHOCTU OT CpejHei
apudmMeTtrueckoi. IIpu 3TOM uCIoOnb3yeTcss Criocod ycpeaHeHUs OTK/IOHEHUU
BapHaHTOB OT cpefiHeM apudMeTHUYeCKOM, IT03BOJISIONIMNA 000UTU TPYJHOCTD,
00yCJ/IOB/IEHHYIO PABEHCTBOM HYJIIO UX anreOpanyueckoit CyMMbl. JJaHHBIM CrIoco0
CBOJUTCS K pacueTy KBaJpaTOB OTKJOHEHWW BapHaHTOB OT CpeJHeM C uX
ToC/eIyIOI[MM yCpeJHeHUEM.

CpenHee KBaJpaTHUeCKOe OTK/IOHEHHWE (0) TMpeJcTaB/isgeT co00il KopeHb

KBaJIpaTHbIN U3 JUCIIePCUU:

= ||E?=1 (;"f _ ;‘ﬂjf
Lf;

CpeziHee KBa/lpaTHUeCKOe OTK/IOHEHHe TOKa3bIBaeT, HaCKOMbKO eé cpejHee

KonebeTcss B MCC/ieZlyeMOl COBOKYITHOCTH, W BBIPAXKAETCS B TeX Ke eJUHMIIAX

V3MepeHUsl, UTO U BapUAHTHI.
[Tpumep
62-66,3=-4,3
65-66,3=-1,3
72-66,3=5,7
68-66,3=1,7
69-66,3=2,7
71-66,3=4,7
63-66,3=-3,3
67-66,3=0,7
64-66,3=-2,3
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62-66,3=-4,3

Bo3BoauM B KBa/ipaT KakJj0e OTKJIOHEHHE.
-4,3*-4,3=18,49

-1,3*-1,3=1,69

5,7*5,7=32,49

1,7*%1,7=2,89

2,7%2,7=7,29

4,7*4,7=22,09

-3,3*-3,3=10,89

0,7*0,7=0,49

-2,3*-2,3=5,29

-4,3*-4,3=18,49

Haxoaum cymMMy KBaZipaTa KaXk10ro OTK/IOHEHUS
18,49+1,69+32,49+2,89+7,29+22,09+10,89+0,49+5,29+18,49=120,1

M3Bnekaem Kopenb u3 120,1. Takum obpa3oM, Mbl Beruncumm 0=10,96.



2.3 OmmbKka cpegHeii apudmMeTHuIecKoi
[lnsi TIpeficTaBieHWs] CBOMX Pe3y/IbTaTOB BapHAHTOB BBIOOPKHM YKa3bIBAIOT
3HaueHue cpefHel apubMernueckout (M) u oimbku cpefHeii B Buze (M) M+M, a Ha
rpadMKax yCTaHAB/IMBAIOTCS COOTBETCTBYIOLIYIO OLIMOKY B BHJE - T

OTa ommmbka oripeziesnisieTcsi o popmy.ie:

I"'me m- ommbka cpesHelt aprMeTHUECKOH,

rfle O - cpe/iHee KBajipaTUyeCckoe OTK/IOHeHHe BIDOPOUHOUM COBOKYITHOCTH;
n - 00beM BbIOOPKU (UMCJI0 U3MEPEHUM UK UCTTBITYeMBbIX).

13 dhopmynbl BUAHO, UTO ueM Oofbille pa3HOoOoOpa3ue IMpH3Haka (BeJuuyrHa
0), TeM OoJibilie OIIMOKa, ¥ YeM OOJbIlle UMCIEHHOCTh BBIOOPKH, TEM MEHbIIIe
olIribKa

Ecim Obl Bce 00BEKTHI ObLIM OJJUHAKOBBLI, TO €CTh pa3HoOoOpa3ue ObUIO ObI
paBHO Hy/IO0, TO M omMOKa Obuta 6b1 paBHa HymMo (m = 0). B aTom cnyuae gaxe
O/TMH 9K3eMILISIP TOYHO XapaKTepr30Baj Obl BCIO TeHepabHYI0 COBOKYITHOCTb.

Hanpuwmep:

MpbI BBIUMC/TAIM 3HAaUeHNe O B MpeAbiaylieli TyiaBe (M. Bbilie). 1 BBIOOPKU
MeHee 30 ucnosib3yeTcs 2 (opMysa rojcueta cpegHed apubmMerndecko. Eciy n
6omee 30 ucmosb3yercs nepeasi bopmyia. [ToacrapiasieMm 3HauUeHUS:

m=10,96/3=3,65

Mgl nostyyaeM 3HaueHue m=3,65.
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I'naBa 3
Kpurepuii CTblojieHTa.

OOblyHa cuTyalusi WCCIe[IOBaHUsSI, KOTZia WHTepecyrolljee HWCCie0BaTess
CBOMCTBO HW3y4YaeTcsi Ha [ABYyX uiu Gosiee BbIOOpDKAx C LiefbI0 UX JajbHEMNIero
CcpaBHeHUsi. OJTU BbIOODKM MOTYT HAaXOAWUTHCSI B Pa3/WUHbIX COOTHOIIEHUSX.
He3aBucumMbie BLIOOPKU XapakKTepU3YyHOTCS TeM, UTO BEPOSITHOCTh 0TOopa r00ro
UCTIBITYeMOT0 O/IHOM BBIOODKM He 3aBUCUT OT OTOOpa /H000r0 M3 UCIBITYeMbIX
npyroii BeiOOpkH. KonmmMuecTBO MCMBITyeMbIX MOXXET He COBIIaJlaTh B IEepPBOM U
BTOpPO# BbIOOpKax. 3aBHUCHMble BLIOODKH XapaKTepU3YIOTCS TeM, UTO KaXKIOMY
WCTIBITYEMOMY OJJHOW BBIOODKM TIOCTaB/ieH B COOTBETCTBHE TI0 OTpefie/ieHHOMY
KPUTEPHIO UCTILITYeMbIN U3 APYTOM BLIOODKHU.

Pe3ysibTarhl /1a00paTOPHBIX HCC/Ie[OBAaHUN - M3MF00MEHHBIM OOBEKT s
CTaTUCTUYECKOM 00pabOTKM B HAyuHbIX TpyJax TI0 CaMbIM pa3/idYHbIM
cnieliuasibHOCTSIM. CrieLiMaIucThbl OYeHb YaCTO He MOTYT U3 OTPOMHOI0 KOJIMUeCTBa
MaTepuajsia BbIWIeHUTh Haubosiee Ba)KHble pe3y/bTaThl. OUeHb YaCTO Takas
KapTHMHA CBsI3aHHAa C He >KeJaHWeM HCII0/b30BaTh CTAaTUCTUYECKUM aHaIu3 U He
MpaBWIbHOE WCII0/Ib30BaHWe Pa3/IMuHbIX KputepueB. [Ipexzie Bcero, Heobxoauma
TOJBKO HZes: UTo U C yeM OyjeM cCpaBHMBaThb. 3aTeM TMpaBU/IbHO BbLIOpaTh
KpUTepUl [ OrpefieieHUs JOCTOBEPHOCTA M TOJIbKO 3aTeM TIpPaMOTHOe
MCII0/Ib30BaHe MaTeMaTuueckux ¢opmys. Haubosee yacTo B HacTosiijee BpeMs B
Hay4YHOW JIMTEpaType MOXKHO YBUZETb t-kputepuid CTbIOJeHTa W KpUTepui
Bunkakcona (MaHu-YuWTHR).

t-kpurepuii CTtblojleHTa — 00lljee Ha3BaHWe /i1 KjJacca MeTOZOB
CTaTUCTAYECKOM MPOBEPKU TUINOTe3 (CTaTUCTUUYECKUX KPUTEPUEB), OCHOBAHHBIX Ha
pacripesienienny CtblofileHTa. Haubosee uacTbie ciydyaud TpUMeHEHUs t-KPUTepUs
CBsI3aHbI C IPOBEPKOU paBeHCTBA CPeHUX 3HAUeHUM B [IByX BbIOOPKaX.

MlaHHbIM KpuTepuid ObIn pa3paboTaH YuabsMoM ['occeToM [/l OLIEHKH
KauecTBa MuBa B KommaHuu ['vHHecc. B cBs3u c o00si3aTesibCTBaMU Tiepef

KOMIIaHMel 10 HepasrjallleHUI0 KOMMepueCKOW TauHbl (PYKOBOJCTBO I'MHHecca
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CUMTa/I0 TAaKOBOW HCIIO/b30BaHUe CTaTUCTUYECKOTrO afrapaTa B CBoeil pabore),
cratbs ['occera Boiia B 1908 roay B )XypHasie «buoMeTpuka» 1o/ rCeBIOHUMOM
«Student» (CTymeHT).

MaHHBINA KpUTepuii HauboJjiee YacTo WUCIIO/b3YeTCs /IS IPOBEPKHU TUTIOTe3bI:
«CpeaHue ABYX BBIOOPOK OTHOCSTCS K OJHOW M TOW >Ke COBOKYITHOCTU». B 3TOM
cyyae MOXXHO TpHUMeHUTb Kputepuid CThrofieHTa (MPA YCJIOBUM [JIOCTaTOYHO
6o/b11MX 00bEMOB BbIOOPOK (N>30), Wi ybeAUBIINCh, UTO CTaTUCTUUECKHE PsI/bl
6/1M3KM K HOpMaIbHOMY 3aKOHY pacripe/iesieHus)).

[Ipy WCMoMb30BaHUM KPUTEPUS MOXKHO BBIJIeJITH [1Ba Ciyuyasd. B mepBom
C/lyyae ero MNPUMEHSIOT i TIPOBEPKU THUIIOTe3bl O PaBEHCTBe TeHepabHbIX
CpeHUX [IByX HEe3aBHUCHUMbBIX, HECBSI3aHHbIX BBIOOPOK (TaKk Ha3bIBaeMbId
NBYXBBIOODOUHBIM t-KpUTepuii). B 3TOM ciayuae ecTh KOHTPO/bHasi Tpymma H
SKCIepUMeHTa/ibHast (OIbITHAsA) TPYIIa, KOJAYeCTBO WCIBITYeMbIX B TpyMIax
MO>KeT OBITb PA3/TMUHO.

Bo BTOpOoM ciyyae, KOrjla OfiHA W Ta >Ke Tpymrna OOBEKTOB TMOPOKIaeT
YMC/IOBOM MaTepuan [Jjsl MPOBEPKHA TUIOTe3 O CpPeJHUX, MCIIOIb3yeTCsl TakK
Ha3bIBaeMbIM TapHbIN t-KpuTeprii. BbIOOPKU MpU 3TOM Ha3bIBalOT 3aBUCHUMBIMH,
CBSI3aHHBIMM.

PaccMoTpuM TipuMep TIpUMeHeHMs IBYXBbIOOPOYHOTO t-KPUTePHSI.

WccnenoBaniv 4acTOTy CepAieuHbIX COKpAIlleHWH y CTyAeHTOB 1 Kypca Ha
3aHATUU (u3nueckas KysbTypa. [lepBas rpyrmna cocTtaBuia CTY[IeHTbl, BXOASIIUE
10 MeJULIMHCKOMY OCMOTPY B OCHOBHYO rpynny. Ko BTOpoU rpymnmne OTHOCWUIUCH
CTYZeHTbl, 0 MeJULIMHCKOMY OCMOTDPY B JOMOJIHUTEbHYIO TPYIly (CTyJeHTaMm
VMMeJiId OTKJIOHeHUsI B 3/10poBbe). Ko/iMuecTBO CTy/eHTOB B MEPBOM TPYIIe PABHO
10, Bo BTOpOM 9.

AJIrOpUTM pacyeTa nmapaMeTpOB paclipe/ie/IeHuUs:

1. Pa3melriaeM monyueHHble JlaHHble B Tabuile B TepBOM BepTHUKAJbHOU
KOJIOHKE;

No YCC No YCC
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1 62 1 65
2 65 2 64
3 72 3 63
4 68 4 62
5) 69 5) 68
6 71 6 77
7 63 7 68
8 67 8 64
9 64 9 73
10 62

2. PaccunThiBaeM cpejiHee apupMeTUUeCKOe UMEROIUXCS JaHHbIX:

1 66,3 2 67,2

3. BTopyro KOMOHKY 3arojiHsieM OTK/JOHeHWsIMHA [IaHHbIX OT CpejiHero 3HaueHus: X - M (u3
Ka&K/I0ro 3HaUeHUs BBIUMTAETCS Cpe/iHee apUPMeTUUeCKOe);

66,3+3,6 67,245,01
Takum o6pa3oM, B pe3y/bTaTe HEC/IOKHBIX pacueToB TIOAy4YaeM /iBa

OCHOBHBIX T[apaMeTpa — CpeJHee 3HaueHuWe U CTaHJapTHOe OTKJ/IOHeHHe,
XapaKTepU3yIoLMX pacripefiejieHre NMpuU3Haka B COBOKYITHOCTH JJaHHBIX (B HalleM
CJlyyae — 3HaueHUs1 4YaCTOThI CepJeUYHbIX COKPAILleHU y CTYyZeHTOB MepBOro Kypca
OCHOBHOM Y JJOTIOJIHUTEIbHOM TPYTIIIbI).

HOJ’[Y‘-IEHHBIE pe3yJ/IbTAThl Mbl MOXXE€M 3dlThCaTh B Q)opMaTe M+wm.

Haubonee nmpoctas popmysia pacueta Kputepusi CTbIOIeHTa BITJIJUT TaK:

£=M1_M2

5 5
it

(B unciUTeNIe — pa3sHOCTh CPeHUX 3HAUEHWM ABYX DY, B 3HaMeHaresie —
KBa/IpaTHbIA KOPeHb U3 CYMMbI KBaJJpaTOB CTaHAAPTHBIX OLIMOOK 3TUX CPeJHUX).
t=66,3-67,2\ 3,6* +5,01° =-0,9/6,17=0,15

CpaBHMBaeM TIOJiyueHHOe B SKCTepUMeHTe 3HaueHue t C TaOJIUYHBIM

3HaueHHeM C yUeTOM CTerieHei CBOOO/IbI.
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YpoBEHb 3HEHYMMOCTH

' 0,05 0,01 0,001
15 213 2947 4073
16 2120 2921 4015
17 2,110 2,898 3,965
18 2,101 2,878 3922
19 2,003 2,861 3,883
20 2,086 2,845 3,850
21 2,080 2,831 3,819
22 2074 2819 3,792
23 2,069 2,807 3,768
24 2,064 2,797 3,745
25 2060 2787 3.725
26 2056 2779 3,707
27 2052 2771 3,600
28 2,048 27863 3,674
29 2,045 2,756 3,659
a0 2,042 2,750 3,645
31 2,040 2744 3,633
32 2,037 2738 3,622
33 2035 2733 36N
34 2032 2728 3,601
35 2,030 2724 3,991

TabsmuHoe 3HaueHue t KpUT paBHsieTcs 2,093 npu J0MyiiieHU BO3MOYKHOCTH
pHCKa CZie/laTb OIMOOYHOEe CYXKJeHHe B TMATH C/ydasXx Hu3 cTta (ypoBeHb
3HaunumocTru=>5 % wmu 0,05).

Ecnu monyueHHOe B 5KCIIEPUMEHTe SMITMPUYECKOe 3HaueHue { MpeBbIllaeT
TaO/IMYHOe, TO €CTb OCHOBaHUs TIPUHATH anbTepHaTHBHYIO Turotesy (H1). B
skcriepuMenTe t=0,15, TabmuuHoe t=2,093, 2,093>0,15, oTKyZa cjaeAyeT BBIBOJ| O
TOM, YTO YaCTOTa CepJEeYHbIX COKpAIeHWW y CTYyZEeHTOB 1 Kypca He 3aBHUCUT OT
MeIULIUHCKOU TPYTIIIBI.

[aHHBIA METO/, UCMOJIb3yeTCs TOJBKO B CAydasix, KOrja umMeeTcs 2 CpYyNibl.
OpHa KOHTpOJbHAs (MHTaKTHasi), a BTOpas 3KcrepuMeHTanbHast. KosmuecTBo
WHAWBU/IyalbHBIX TI0Ka3aTesleii B TepBOM U BTOPOW TpyIllle MOKeT OBbITh He

O/ITMHAKOBO.
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[Ipumep 2.

PaccMoTpuM mipyMep, KoOrjia OfiHA W Ta »Ke TIpyra OO0BeKTOB MOPOKZaeT
YMC/IOBOM MaTepuan Jjisi TPOBePKU THUIOTe3 O CpPeJHUX, MCIIONb3yeTCsl TakK
Ha3bIBaeMbIM TIAapHBIN t-KpuTeprii. BHIOOPKM MpU 3TOM Ha3bIBAlOT 3aBHUCHUMBIMH,

CBA3aHHBIMM.

B ciyyae cBsi3aHHBIX BBIOOPOK C paBHbIM UHCIOM H3MepeHHM B KaXK[ou

MO>KHO MCTI0/Tb30BaTh Oosiee nmpocTyio popmyy t-kputepusi CTbOJeHTa.

BblunciieHue 3HaueHus1 t OCy1LeCTB/IsIeTCs M0 (popmyyiie:

d
i: = —_—
3xm SCL'?

['me —d pa3HOCTH MeXX[ly COOTBETCTBYIOLLIMMU 3HaUEHUSIMU IlepeMeHHOU M;

Y TlepeMeHHOUM M, a d - cpe/iHee 3TUX pa3HOCTew;

Sd BeIUKC/IAETCS TI0 C/ieAyrolelr hopmye:

. (24, )
= Zd& i

nfn-r)

WY,

Ecmm Conn<txpur, TO HyJ/ieBad T'HUIIOTe3a IPHUHHUMAETCA, B IIPOTUBHOM Cj1y4dde

MNpUHHUMAaETCAd dJIbTEPHATHBHAS.

[Tpumep. W3yuasncsi ypoBeHb OpUEHTAl[MM Y4YalllUXCS Ha XY/ 0XKeCTBEHHO-
3cTeTUYecKre 1ieHHOCTU. C 1ie/ibl0 akKTUBM3aLlUuKU ()OPMUPOBAaHUS 3TOM OpUEHTaLu1
B OKCIIEPUMEHTA/IbHOW TpYyIlie TIPOBOJWINCH Oecefibl, BBICTAaBKH JIETCKUX
PDUCYHKOB, OBLIM OpraHW30BaHbl IIOCEIIeHUs My3eeB W KapTHUHHBIX Tajiepew,
MpOBe/leHbl BCTPeUM C MY3bIKaHTaMU, XYJO0XXKHUKAMU U [Ip. 3aKOHOMEDHO BCTaeT

BOMpOC: KakoBa 3¢ (heKTUBHOCTb TIpoBe/leHHOM paboThl? C 1jefbl0 TIPOBEPKU
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3¢ peKTUBHOCTHU 3TOM pabOThI 10 Hayasa SKCIiepUMeHTa U Toc/ie JaBajcs TecT. U3
MeTOANYeCKHUX CoobpakeHH! B Tab/Hile MPUBOAATCS pe3yabTaThl HeOOJIBIIIOT0

UKCJid UCITbITYEMBIX.

PEByanaTbI 3KCIIepUMeEHTa

banibl BcnomMmorarte/sibHbIe
pacyeTsl

Yuennk /10 HayasIa B KOHIIe d d’

n 3Kcrepumenra (X)

skcniepumenTa (Y)
(n=10)
MBaHOB 14 18 4 16
HoBukoB 20 19 -1 1
CugoposB 15 22 7 49
IIuporos 11 17 6 36
ArarioB 16 24 8 64
CyBOpOB 13 21 8 64
PBDKHUKOB 16 25 9 81
Cepos 19 26 7 49
Tonopos 15 24 9 81
beicTpoB 9 15 6 36
> 148 211 63 477
CpesiHee 14,8 21,1
BHauase npou3Be/ieM pacuet 1o (opmy.ie:
M
2% &3
d=2L - _"-§3
7 i
3aTeM ripuMeHUM (hopMyy, TTOTYUUM:
sogr (24

ad = = 0,890 =0, 943

w |477—(63.63)/10 4773969
nfn-1I) 10.(10-1) 'Y

W, HakoHel], ciefyeT MpUMeHUTb GpopmyJy. [Tomyurm:

26



d 63

b, =—=—"_=6,678
sd 0943

Yucno creneneii cBobogel: k=10-1=9 u 1o Tabsuije HAXOOUM typr =2.262,

KCIiepuMeHTasibHOe  t=6,678, OTKyza cjiefyeT BO3MOXHOCTb  [IPUHSTHUS

anbTepHaTvBHOM runore3bl (Hi) 0  [JOCTOBepHBIX  pa3MMUUsIX  CpPeJHUX

apu(dmMeTUUECKUX, T. €. JiefaeTcs BbiBOZ 00 3(h(eKTUBHOCTU KCIIepUMEHTaTbHOTO

BO3/eHCTBUSI.

B TepMuHax CTaTUCTUYECKUX TUIIOTe3 TIOAyUeHHBbIM pe3yabTaT OyzeT
3ByuYaTh Tak: Ha 5% ypoBHe runote3a Hy OTK/IOHAeTCd U TipuHUMaeTcs rurnoresa Hi.
u o0o3Hauatbcd Kak p<0,05 ¥ COOTBETCTBYWOIIUM CHUMBOOM (*), AByMs
cuMmBosiaMu (**) obo3Hauaetcsi p<0,01. Takoe obo3HaueHWe B Tab/iuIjaX U Ha
rpacduvkax MpUHSTO, KaK TUTIOBOe U He TpeOyeT JOMOTHUTE/TbHOM pacIIu(poBKH.

B HacTosiiiiee BpeMsi TIpUMeHSIFOTCSI 006a MOAX0Za K CpaBHEHHUIO [IBYX TPYMI
10 KOJIMYECTBEHHOMY TIPMU3HAKY: MyTeM MPOBEPKU CTaTUCTUYECKUX TUIIOTe3 U C
VICII0J/Ib30BaHKeM [JOBEPUTEe/IbHOT0 WHTepBasia. JTU [Ba MoAX0/a AAr0T OTBeThbl Ha
pa3nMyHbie BOIPOCHI: B TIePBOM cCiyuae, — «B KakoW cTemeHH MOXXHO OBbITh
YBEPEHHBbIM, YTO  pa3/Muvdsgd  MeXJy  TeHepajbHbIMM  COBOKYIHOCTSMU
JIeUCTBUTE/ILHO CYIIECTBYIOT?», BO BTOPOM — «HAaCKOJ/IbKO BeWMKH pa3nnudusi
reHepasibHbIX COBOKYITHOCTEU?»

O0a moxo/ja OCHOBAHbI HA OZJHUX M TeX K€ JIOMYIIeHUSX U CTaTUCTHUECKHUX
TPUHLIUIAX, TI03TOMY CKOpee He KOHKYPHUPYIOT, a AOIOJIHAT APYr Apyra. Tem He
MeHee, 3HaUeHUe T0/X0/la C TIOCTPOeHHEM OBEpPUTEILHOTO WHTepBasa Bce 0Oosiee
BO3pacTaeT. 3HaKOMsCb C pabOTOM, cojepskalljell JuIllb CpeJHHe 3HaueHUs,
CTaHJapTHble OMMOKW CpeAHUX MW UYWCJI0 HaOMIoZeHWM, Mbl MOXKeM
CaMOCTOSITE/IbHO PacCUUTaTh [OBEPUTE/bHBIM WHTEepBas, UTOObI TOHATb, WMEeT

ucciejoBaHue Cyry0o akafieMUuecKyto 0o ellle ¥ TPaKTUUYeCKYH0 [IeHHOCTb.
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I'naBa 4
4.1. Kpurepuii BuikakcoHa-MaHHHU-Y UTHH.

U-kputepuri ManHa — YwutHu (aHrn. Mann — Whitney U-test) —
CTaTUCTUUECKUU KPUTEPUM, UCTIO/Ib3yeMbIA /ISl OLIEHKU Pa3Iudvil MeXAY ABYMSI
He3aBUCUMbIMH BBIOODKaMU TI0 YPOBHIO KaKOro-M00 TIpU3HaKa, W3MepPeHHOIo
KOJINYeCTBeHHO. [103BosisieT BBIAB/IATH pa3/vuvsg B 3HAUEHWM MapaMeTpa MeXIy
MasbIMU BbIOOpKaMu (n<3).

[pyrre Ha3BaHUs: KpuTepud MaHHa — YUTHU — YWIKOKCOHa (aHrj. Mann
— Whitney — Wilcoxon, MWW), KpuTepuii CyMMbl PaHIOB YWJIKOKCOHa (@HII.
Wilcoxon rank-sum test) win Kputepuii YMIKOKCOHa — MaHHa — YUTHU (aHTIJI.
Wilcoxon — Mann — Whitney test). Pexxe: KpuTepuii 4ncia UIHBEPCUM.

IlaHHBIN MeTO/, BbIsIB/IEHUS pPa3/Inuuii MeXXay BbIOOpKaMu ObLT Tpe/ioxeH B
1945 rony ®Ppsukom YunkokcoHoMm (F. Wilcoxon). B 1947 rogmy oH 6bLn
CylecTBeHHO TiepepaboraH W pacimvped X. b. Mandom (H. B. Mann) u [I. P.
Yutau (D. R. Whitney), 1o umMeHaM, KOTOPBIX CETOZAHS 00bIUHO Y Ha3bIBAETCS.

Kpurepuii npyHMMaeT BO BHUMaHWe He TOJIbKO 3HAaKM Pa3sHOCTeH, HO U UX
BeJIMUMHY, U TI03TOMY siB/sieTcsi Gosiee MOIIHBIM KpuTepueM. VHIWBUIYanbHYIO
Pa3HOCTh pPACCUUTHIBAIOT [Ji KaKJOM Tapbl pe3ynbTaToB. HyseBble pa3HOCTH
K/IaCCU(PUIIMPYIOT KakK T[OJIOKUTe/IbHble WM OTpuljaTenbHble. Pa3sHocCTH
pacriojiaratoT B TIOpsiZike MX MOJy/s 0e3 yueTa MX 3HAKOB M COOTBETCTBEHHO
PaHKUPYIOT.

U-kputepuii MaHHa-YUTHU WCIIONB3YeTCA [/ OLEHKU pa3Iuuudid MexXay
ABYMsT MasbiIMHA BbIOOpKaMU (N;,N>3 WM N1=2, Nx>5) M0 YPOBHIO KOJIMYECTBEHHO
M3MepsieMOro Tpu3HaKa. [Ipyd 3ToM TepBoM BBIOOPKOW TMPUHATO CUWTATh TY, Te
3HaueHue TIpU3HaKa OoJIbIlle.

CylllecTByeT HeCKOJbKO CMOCOOOB MCIOJb30BaHUsI KPUTEpHsI U HEeCKOJIbKO
BapUaHTOB TabJ/Ml] KPUTHUYECKWX 3HAueHWM, COOTBETCTBYIOIIMX 3TUM cIriocobam
(T'ybnep E. B., 1978; Pynuon P., 1982; 3axapos B. II., 1985; McCall R., 1970;
Krauth J., 1988).
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OTOT MeTOJ, OrpejessieT, JOCTaTOUHO JId Maja 30Ha MepeKpelvBarolUXCs
3HaUeHUW MeXAy [JByMs psgaMu. MblI TOMHUM, uTO 1-M psgoM (BbIOOPKOM,
IPYNINOM) Mbl Ha3blBaeM TOT Ppsiji 3HAYEHWW, B KOTOPOM 3HauyeHusl, TI0
Tpe/iBapUTE/IbHOU OL[eHKe, BbIIIe, a 2-M PSOM - TOT, TJje OHU TMPeJII0N0XKUTETbHO
HIDKE.

Yem MeHbIIe 00/1aCTh TIePEKPeIMBaOIINXCs 3HaUeHu, TeM 60/iee BePOSITHO,
YTO Ppa3/iiuvs JOCTOBepHbl. VHOrZa 3TH pa3nuuusi Ha3bIBAalOT pa3/IMuMUsIMU B
PacCIIoI0KeHUH IBYX BbIOOPOK.

Paccmotpum anroputm nipyumeHenus U-kputepuss MaHHa-YUTHU:

1.IlepeHecTn Bce JaHHbIe WCIBITYeMbIX Ha WHJVWBUAYa/ibHble KapTOUYKH,
TIOMETHUB KapTOUKH 1-ii BLIDOPKYU OJJHUM IIBETOM, a 2-i — APYTUM.

2.Pa3fiokuTh BCe KapTOYKWA B €[WHBIA DSiJi MO CTeNeHW BO3pPaCTaHUS
TIpM3HAaKa U NPOPaHKUPOBATh B TAKOM MOPSIKE.

3.BHOBB pa3/ioKUTh KAPTOYKH M0 LIBETY Ha /IBe TPYIIIIbIL.

4.IloacudTaTh CyMMY paHIOB OTHAE/JbHO IO TPyIaM W TMPOBEPUTH,

COBMa/laeT /i1 0011jasi CyMMa paHT'OB C PACUeTHOM.

5. OripesieUTh OOMBIIYIO U3 IBYX PAHTOBBIX CYMM

6.BbIunCc/IivTh 3MIMpuyeckoe 3Hauyenue U:

U=ﬂ1-ﬂ2+ﬂj‘.{ﬂ“+1}—ﬁ’

2 A

rje - KOJIWYeCTBO UCTIBITYeMbIX B - Bbibopke (i = 1, 2), - KOJIMYECTBO
UCTIBITYEMBIX B TPYTIIe C O0/IbIIIe CYMMOM paHTOB.

7. 3ajaTb ypOBeHb 3HAUMMOCTH O U, WCIIOJ/b3ysl CrelyanbHyl Tabauily,

onpefenuTb KpuTndeckoe 3Hauenne U(a). Eciu , To Hy Ha BeIOpaHHOM
YPOBHE 3HAUMMOCTH TIPUHUMAETCS.

Paccmotpum ucnionib3oBanve U Kputepuss MaHHa-YUTHU Ha TipuMepe.
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ITpoBeeHre KOHTPOJILHOM PabOThI MO0 MaTeMaTHKe (airebpa ¥ reoMeTpusi) B
cpefHeli o6ileoOpa3oBaTe/ibHOM 1IIKOJe Jla7io C/iefyoiue pesyabratbl mo 10-
OanbHOM 1lIKase [/s1 Kjacca, obyudarolerocss mo mnporpamme «Pa3BuBaroiijero

oOyuenus» (7 «b»), 1 Knacca, 0b6yyarorierocsi o TpaguiMoHHON cucteme (7 «A»):

YueHukK \ 7 «A» (6anmnbi) 7 «Bb» (6anbl)
Krnacc

1 9 5
2 7 10
3 7 7
4 8 8
5 6 8
6 4 4
7 4 6
8 8 8
9 6 8
10 6 9
11 5 7
12 - 10

Onpepenute, NPeBOCXOAAT /M yualuecs: 7 «b» ydamuxcst 7 «A» 10 YPOBHIO
3HaHWM 10 MaTeMaTHKe.

CpaBHEHHE pe3y/lbTaTOB T[IOKa3bIBaeT, YTO Oa/ibl, TIOJyUEHHBIM 3a
KOHTPOJIbHYIO paboTy, B 7 «b» Kjlacce HeCKOJIBKO BbIIlle, TIO3TOMY TIepBOI CUHMTaem
BbIOODKY pe3y/bTaToB 7 «b» Kiacca. Takum oOpa3oM, HaM TpeOyeTcsi oTipe/ieNTUTh,
MO>KHO /M CUUTATh UMEIOIYIOCS PasHUIy Mexay Oasiamu CyilecTBeHHOU. Ecin
MOXKHO, TO 3TO Oyz;eT o03HauaTh, YTO K/acc, OOydYalIUNCA T0 CHUCTeMe
«pa3BuBatolliero ooyuenus» uMeeT OoJiee KaueCTBeHHbIe 3HAaHUS TI0 MaTeMaTrKe. B
MIPOTUBHOM Cjlyyae, Ha BbIOpaHHOM YPOBHE 3HAUMMOCTU pa3/ikduve OKaXKeTCs
HeCyL|eCTBeHHbIM.

i1 OLIeHKM Ppa3Iuuuii MeXKAy [ByMsI Ma/ibIMM BbIOOpDKaMu (B [JaHHOM
npuMepe X o0BEMBI paBHBL: N;=12, n,=11) Ucnonb3yem Kputepuii MaHHa-YUTHH.

[Tpopawxupyem MpecTaB/AeHHY0 TabauLly:

7 «b» (6ansbI) paHr 7 «A» (6anmnb) paHT
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10 22,5

10 22,5 9 20.5
9 20.5 8 16.5
8 16.5 8 16.5
8 16.5 7 11.5
8 16.5 7 11.5
8 16.5 6 7.5
7 11.5 6 7.5
7 11.5 6 7.5
6 7.5 5 4.5
5 4.5 4 2

4 2 4 2
Cymma: 168.5 Cymma: 107.5

[Ipy pawKupoBaHUM 00bequHSIeM JiBe BbIOOpDKM B OfHYy. PaHru
TIPUCBAMBalOTCA B TOPSIJKEe BO3pAaCTaHWs 3HAaueHUs W3MepsieMOM BeJIMUYMHBI, T.e.
HaUMEHbBIIIEMY PaHT'y COOTBETCTBYET HaUMEHBIIMM Oasisi. 3aMeTuM, UTO B C/lydae
coBrnaZieHuss 0asioB [Ji1 HECKONbKMX YUYeHWKOB paHr TakKoro Oasia creayerT
CUMTaTh, Kak cpe/lHee apyudmeTHUeCcKoe TeX MO3ULUNA, KOTOPhble 3aHUMAlOT JaHHbIe
Oa/iibl TpM MX PACMOJIOKeHUWM B TIOpsiike Bo3pacTaHus. Hampumep, 4 6asna
Mo/Tyun/u 3 yueHuKa (cM. Tabiuily). 3HauuT, TiepBbie 3 MO3ULIMK B PacTioI0KeHUN

3aiimét Oasui, paBHbIM 4. Iloaromy padHr pansa 4 06alloB — 3TO CpejHee

apudmeTudeckoe s mo3uLuu 1, 2 u 3, Unu:

AHaNOrMYHO pacCy’k/laéM TpY BBIUMC/IEHWUM paHra Ajis Oajsia, paBHOTO 5.
Takoii Oannm ToNyuywId [BOE Yuall[MXcCsl. 3HAUMT, TPU pacrpejie/ieHud I10
BO3paCTaHUIO TlepBble TPHU TO3UIMM 3aHUMaeT 0asil, paBHBIM 4, a YeTBEPTYIO U
MATYI0 TIO3ULMMA 3aMMET Oasmn, paBHbBIM 5. [lo3TOMy ero paHr OyzeT paBeH
cpefiHeMy apudMeTUUeCKOMY MeXX/ly uniciaMu 4 u 5, T.e. 4.5.

Vicrionib3yst TIpe/iJIOKeHHbINM TIPUHLIAIT PAH)KUPOBAHMS, TOTYUYHUM TabJIHILY
paHroB. 3aMeTHM, UTO BBIOOp CpeaHero apudMeTHUYecKOro B KauecTBe paHra

NIpUMeHsieTCsl TPy I000M paH)KUpPOBaHWM, B TOM uMc/ie He0OXoAWMOTo U AJis

31



BBIUMC/IEHUS [IDYTUX KPUTEPUEB [JOCTOBEPDHOCTU W/IXW e Ko3(dduureHTa
Koppessitiuy CrimpMeHa.

Yrto6nl MCMO/b30BaTh KpUTepHii MaHHa-YUTHH, pacCUMTaeM CyMMbI PaHI'OB
paccMaTpuBaeMbiX BblOOpoK. Cymma /il TiepBoi BbIOOPKM paBHa 168,5, g
BTOpoii — 107,5. O603HauMM HamOOJBIITyI0 U3 3TUX cyMM depe3 Ty (Tx=168.5).
Cpeau 00bEMOB N; M N2 BBIOOPOK HaAWOOJBINNN 0003HAUMM Ny. OTUX JaHHBIX
JOCTaTOYHO, YTOOBI BOCIIO/Ib30BaThCs (OPMYJION pacuéra IMITUPUUYECKOTO

3HaueHUsI KpUTepUs:

n(n_+1) T
2

uamrz — "1H2+

Tx=168,5, n,=12>11=n,. Torga:

", =11-12+¥—168.5=41.5

KpuTtnueckoe 3HaueHHe KpUTepUs HAaXOAWM TI0 CrelMajbHOM Tabnuiie.
[Iyctb ypoBeHb 3HauuMOCTH paseH 0.05.

['uriote3a Hy 0 He3HAUUTeTLHOCTHU pa3/iMuuil Mexxay OasiaMu IByX K/1aCCOB
TIPUHUMAETCS, €C/IU U<l B MpoTUBHOM ciyuae Hy, oTBepraercss U pasiuuue

orpejensieTcs: Kak CyllleCTBeHHOe.

CrieoBaTesibHO, pa3Ivuusi B YpOBHE 3HAaHUM TI0 MaTeMaTWKe CpeJu
yyalluXxcs MOXKHO CUMTaTh HeCyll[eCTBeHHbIMU.

CxeMa wuCI0/b30BaHUd KpuTepusi MaHHa-YUTHU BBITJIAAUT CJIeAYHOLIUM
obpa3zom

1. TlomeTuTh AaHHBIE ABYX BBIOOPOK X W Y W TpeACTaBUTb WX B BHUJE
eJMHOT0 YIIOPSAZI0UeHHOr 0 psja.
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2. ITocunutath CYMMY PdHI'OB OTZ€J/IbHO ABYX BI)I6OPOK.

3. O1ipeie/sIuTh Uk, ¥ €CITU Usyn™>Uxp, TO Ho TIpUHHMMaeTcs.

4. OnpesienuTh OOJBIIYIO U3 IBYX PAHTOBBIX CYMM Tx 1 €6 00BEM Ny,

5. BbIUMC/IUTE SMITMpUYECKOe 3HaueHue.

6. [IpopalyKUpOBaTh TTOTYUEHHBIHM Psi/i U BHOBL Pa30MTh €r0 Ha JBe 3a/laHHbIE

BbIOOPKY 00BeMaMU Ny U Ny

[ThopamEHpoEaTE
IIOJTVHEHHELH AT H EHOEE
pasbHTE €0 Ha Ope JafAHHEE
BRIDORED ODEEMAM 0y H 1l

.

[loMETHTE DAHHEIE NEVE
ErtDopor X H ¥ M IPeNCTREHTE
X E BHJIE EIHMHOTO
YIIOPATOHNEHHOT 0 PATA

/\

IlocunTaTe CYMMY paHTOR
OTOEIEHO OEVE BHbOp oK

kL

ONpEnenHTE Uy, H ECIH COIpemelHTE 5 0MbIIVE 3
Usp® e, TO Hiy .\ IEVHE PAHTOBELE CYMM Ty H eg
OpHHEMasTCA 0OBEM 1y
Brmaucnute
SMOHPHYECKOR SHAYEHHE
mln +1
KPI/ITepI/Iﬁ BunkokcoHa - O4VH M3 CaMbIX MH3BECTHBIX I/IHCTPYMEHTOB

HEHapaMETpHHECKOﬁ CTaTUCTHUKHU (Hapﬂ,qy CO CTAaTHUCTHKdAMH THIIA KOJ'IMOl"OpOBa-

CmupHOBa ¥ Ko3(pduriieHTaMU paHT OBOW KOPPeJISILIUM).
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4.2 Kputepuu BuikoKcoHa /ijisi CONPsDKeHHbIX pacnpeje/ieHnu

B 3KcrepuMeHTanbHBIX MCC/Ie[0OBAHUSX BO3HUKaeT HeoOXOAUMOCTb Jjis
Ka)XJJ0r0 BapuaHTa OIbITa UMeTb M BapUaHT KOHTPOJs. HacTo OMbIT U KOHTPOJIb
OCYILIeCTB/ISIeTCS Ha OJHUX U TexX ke 0cobsx. Harpumep, usmepsieTcsi KPOBSIHOE
[laBjIeHUe y HeCKOJIbKUX UejlIOBeK B IOKOe, a 3aTeM UCIIbITYeMbIM IipejjlaraeTcs
orpejeneHHasi OAuHaKoBasi (pr3nyeckass Harpyska, rocjie 4ero BHOBb M3MepSeTCs
KpOBsiHOe fiaBjieHre. [I0CKOMbKy [iBa moKasaTe/sisi KPOBSIHOTO JaBjieHusl U3MepeHbl Y
OJHOTO ¥ TOIO ’Ke uejioBeKa, TO TaKyhe BapuaHTbl C/ieflyeT CUMUTAThb I10MAapHO
COMPSDKEHHBIMA M B TAaKOM CJiy4yae JJisl BbIABJIEHUS CXOJCTBAa WM pa3/Inunu
XapakTepa pacripefiejieHdss 2-X COBOKYITHOCTeHM MCIOJIb3YeTCsl  KpUTepuu
BU/IKOKCOHa /17151 COTIPS’KeHHBIX Tap.

[Tpumep

Bocnone3syemcsi  T-kputepuem [ijid  TIPOBEPKU TIOJIyueHHbIX yepe3 T-
KpUTepur pacyeTtoB. PaccmoTrpyM mnpuMep, Tosiarasi, 4TO JlaHHbIEe IIOMAapHO

COIIpsKeHkbI, TOr'dd

(n=10) [Toka3aTeny CUCTOIMYECKOTO KPOBSHOTO JIAaB/IEHUSI

Io Hauasa B KoHIje Pa3sHOCTL d?

3KCIepUMeHTa | SKCliepuMeHTa d
X) &2)

BaHOB 120 130 10 100
HoBukoB 118 125 7 49
CupiopoB 115 127 12 144
ITuporos 123 130 7 49
ArarioB 130 131 1 1
CyBOpOB 127 136 9 81
PBDKUKOB 124 134 10 100
CepoB 127 136 9 81
Toropos 126 131 5 25
bricTpoB 127 131 4 16
> >x=1237 >y=1311 >d=74 > d°=646
CpeniHee x=123,7 y=131,1 d=7,4

17151 BBIUKC/IEHHS t UCTIO/b3yeM CreAyroLIye GopMyib:

te=d/Sq

-
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Sa=\ S/n(n-1)
S=yd*>d/n
Bcrapnsiem B (hopmyJibl o/lydeHHbIE Pe3Y/IbTaThl:
S=646-74°/10= 646-5476/10=646-547,6=98,4
Sd:\| 98,4/10*9= 1,0455
t<=7,4/1,0455=7,078
CpaBHMBaeM T0/lyueHHble 3HaueHUusi tq C TaOMIMUHBIMU 3HaueHUssMU di (CM.
TIPUJIOXKEHUE).

s ds=n - 1=10-1=9 W13 Tabsuiipl 1 (CM. IPUIO>KEHHS)

vMeeM:

te  2,3- P =0,95 1515 P =0,05
3,3 - P= 0,997 P =0,003
4,8 P =0,999 P=0,001

[Tockoneky tq > ty mpu p = 0,05 HyneBas ruroresa NpUHUMAaeTCsd, T.e. IOC/e

Harpy3kKu CUCTOJ/IMYECKOE OaBJ/IeHHE CYIECTBEHHO YBE/JIMUMBAETCH.
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I'naBa 5. KoppensiiuoHHbIN aHA/U3

KoppensaumoHHbIN aHa/IM3— O/IMH M3 MeTO/|0B MCC/e0BaHUs B3aUMOCBSI3U
MeXay JAByMs unu 0Oosee TmepeMeHHbIMU. MHOTWe MHOTOMepHble MO/en
OCHOBaHbI Ha aHa/IM3e KOPPEeJISILIUOHHBIX UM CBSI3aHHBIX C HUMH KOBapUAL[MOHHBIX
Ta0JIML], TOCTPOEHHBIX /IJisi MHO>XKeCTBA ITepeMeHHbIX.

TepMuH «Koppesisilivsi», OyKBajJbHO O3HAYAIOIIUM «COOTHOILLIEHWEe» WU
«B3aWIMOCBSI3b», UM€eeT C/IeAYIOIIUNA CMbIC/I: KOPPeJSLys eCTh Ha/lnurie B3auMHOU
COTJIaCOBAHHOCTH B W3MEHUMBOCTH [IBYX WIM HECKOJBKUX MPU3HAKOB, SIBJIEHUM.
Koppe/siLiMOHHBIY  aHa/iM3 U3yYaeT COMPSUKEHHYIH) W3MEHUMBOCTh [IBYX WJ/IU
HECKO/IbKUX Tpu3HakoB. PaboTa Mo TmpoBe/ieHHIO KOPPEeJSLIMOHHOTO aHasr3a
HAaUMHAeTCs C TIOCTPOEHUsI KOPPeJISILIMOHHBIX peleToK. [IycTh nMeeTcss BbIOOPKa
HaOmozenuit (x, y) u3 nonynsmuu W. IlpuueM X U y— ciaydaiiHble BeTHUMHEL
KoppensitinoHHasi peleTka [jis JABYX MepeMeHHbIX (TIPU3HAKOB) Ipe/iCTaBIseT
coboii Tabnuiy M3 mXK K/eTOK, Tje M U K — YUCJIO 3HaueHWl MPU3HAKOB X U .
3HaueHUs] TIPU3HAKOB y/A00HO pacriosiaraTh B BO3pacTalolljeM TMopsiike cJieBa
HaTpaBo Il X U CBepXy BHHU3 /i y. B KjeTkax TaOnMIlbl MPOU3BOAST Pa3HOCKY
COTIPSDKEHHBIX YacToT f,, (urc/io Hab/toieHnii Co 3HaueHUsIMUA TIPU3HAKOB X U Y) B

3aBHCUMOCTHU OT 3HaUeHHUU ABYX IIPU3HAKOB OJHOBPEMEHHO.

Cxema KOppeJISILHUOHHOU peleTKH

X X1 Xo X3 Xk ﬁ/

Y

Y: Fu Fi> Fi3 Fix F,

YZ F21 F22 F23 F2k Fy2

Y3 F31 FS’Z FS’S F3k Fy3
le Fm2 Fm3 ka Fym

Ym

f;( Fxl FXZ Fx3 e ka n

f« , [— YacTOTbl BapuUallMOHHBIX PSZIOB, fi— COMpPsDKEHHbIe YacTOThbl, n— 00beM

BbI60pKI/I, X, Y— 3HdUY€HUS MMTPHU3HAKOB:

36



f:;zz.fgu j=l=k
du]
[

ffézzféu i=1+m
=l

M= Zf;; = if,.e
41 1

s pacueta Ko3dduieHTa Koppessliud HeoOXOAMMO TpeaBapUTe/IbHO
pacCuMTaTh  HEKOTOpble  CTAaTUCTHKH  (CpeJHMe  3HAUeHWs,  [JUCTIEPCHIO,

CcpefiHEKBaJpaTUYHOEe OTK/IOHEHWe, KOppe/sMOHHbIA MOMEHT) I0 CaeAYyHOIUM

dbopmynam:
L] m
_ Z-’f‘x}'x! _ Zf,a'.}?e
_ =l — =l
FrE—, y==
" " — CcpefiHME
[ ’ k - 1 * . .
Py ;(Zf;,u x5
Dz - = =1
) ‘ n-1
m 1 m !
(o fu ¥ (S B )
ol =t H ol
L7 n-l — IMCTIepcuu
a, =./DF
a =D,
4 ’ — CpejHeKBaJpaTUYHbIe OTK/IOHEHUS

1 m 1 & m
m,, = __(Zng TR __(Z.f:,l T, 'Z.f,a Pl
n-l"g°3 ol =1 ,

m,, — KOPPeJISILIMOHHbIN MOMEHT.

st ynobcTBa pacueToB peKOMeH/[yeTcsl 3arl0IHUTh TabJ1.
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Tabmmiia 1151 pacuera Ko3pduijeHTa TMHEHHON KOPpeIsiun

X X1 X2 XK ﬂ/i ﬂ’lyl ¥ Y2i*ﬁ’ }’aifg";
J.Z'Jfél.x’li il

y

1 |2 |3 5 |6 |7 |8 9 10

Y; f11 f12 flk

Y, f21 f22 f2k

Vm fml fm2 fmk

fu

fi

Xj

1 |2 |3 5 |6 |7 |8 9 10

f;

ij

KoadduimeHT nuHelHONW KOppeJIsliuM PaCCUMThIBAeTCs M0 (hopMyJiaMm:

% ynm

i

- 00,

-7

e

DI -
=1

Bbrunciienusi mo BTopoul ¢opmysie 6ojiee TPOMO3ZKH, T.K. OTKJIOHEHUS OT

cpeJHer HaXOASATCS AJ1s1 KaKI0M COTPSPKEeHHOW YaCTOThI.

3HaueHre Kod(pduilieHTa KOpPpeIsiUy 3akKIioueHo B mpezenax oT -1 go 1.

[TonoxxutenbHOe 3HaueHWe KO3(uiMeHTa yKa3bIBaeT, UTO Y WMeeT TeH[eHLUIO

BO3pacTaTb COBMECTHO C X, OTpulijaTeslbHOe HAao0OpOoT— Y yMeHbIIaeTcsi C

BO3pacTaHveM X. JKcTpeMasibHOe 3HaueHWe (-1 wir +1) COOTBETCTBYET MOJTHOM

NMUHeNHOM 3aBUCUMOCTUA MexXay X u Y. Uem Ommke Ko3dduULeHT KOppessiuu K 1,

TeM O/IMyKe 3aBUCUMOCTD K JIMHEMHOM.
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3AK/TOUEHUE

B 3akmouyeHuMr  HeoOXOAMMO — BBbICKa3aThb  C/eflylolljee  3aMeuaHHe.
Wcrnonb30BaHWe TOrO WM MHOTO MeTO/la MaTeMaTUueCKOW CTaTHUCTUKU
oripeJie/nsieTcsl, BO-MEPBbIX, TéM, UTO KaXkK/blii U3 METOJO0B MMeeT Ompejie/ieHHbIe
rpaHULIbl TPUMEHUMOCTU. Vcrosib30BaHHWE JKe MeTO/I0B BHe TpaHul] HUX
BO3MOYKHOCTEH TIPUBOAUT K OIMMOOUYHBIM BbIBOZAM. [103TOMYy Ba)KHBIM MOMEHTOM
npu 00paboTKe >KCIepvMeHTa/IbHOI'O MaTrepuasa sIB/sSeTCs BbIOOD ajleKBaTHOMN
MaTeMaTHUeCKOW MOZie/id, a [/si 3TOr0 SKCIIePUMEHTaTopy HeobX0AWMO SICHO
TIpe/ICTaB/sATh, C OJHOM CTOPOHBI, LIeJId W 3a/lauM MCC/Ie[JOBaHUs, a, C JPyrou
CTOPOHBI, CMBIC/T IPUMEHSIEMBIX METO/IOB MaTeMaTHUeCKO 06pabOTKH.

B HacTosiiieMm yueOGHO-MeTOZMUeCKOM TTOCOOWY M3/10’KeHbI 06a30Bble METO/IbI
CTaTUCTUYECKOTO aHaju3a OMOJOruyeckoro SKCTepUMeHTaJbHOTrO MaTepuarna.
KoHeuHo, TIpUBeieHHble  METO/bl  aHa/uW3a He  MCUepIbIBAalOT  BCEro
MaTeMaTHUeCKOr0 apCeHasa, KOTOPbld MOXeT ObITh  HCIIO/Ib30BaH  TIpU
CTAaTUCTUYECKOM aHa/u3e AaHHbIX. Tak, B OMOOrMM YacTO MCTIO/Ib3YIOTCS YaCTHbIe
KO3(phULIMeHThI KOppeJIsliuM U perpeccyy, paHroBble KO3(PhULIMEeHThI KOppeJisiiun
U 7apyrue. B HerapameTprueckoidl CTaTHCTUKe, KpOMe MeToJa X2, MeTojia
KonmoropoBa-CMupHOBa M MeToZa BU/IKOKCOHa TakKe CYIECTBYHOT WU Jpyrue
MeTO/IbI.

OpHako oOBJaJleHde OCHOBHBIMM, HauOosiee WCIIOMIb3yeMbIMH MeTOoJaMU
CTAaTUCTUYECKON  00pabOTKM  SKCIIepUMEHTAZbHOIO  MaTepuasia,  SIBJISeTCS
00si3aTe/IbHBIM yC/IOBHEM [IIi OCBOEHMsI JPYruxX MeHee oOIux MeToznoB. Hipke
TIPUBOJIUTCSI CITUCOK KHUT TI0 MaTeMaTU4yeCcKOW M OMONOrudyeckoil CTaTHUCTHKe, B
KOTOpbIX 0osiee TIOJMHO TIpe/iCTaB/eHbl MeTOZbl CTaTUCTHUYeCcKoW 06paboTKu

3KCIIEPUMEHTA/IBHOI'O MdTepHadJld.

39



CnmcoK ucno/ib30BaHHOU JIUTepaTyphbl:

. BacunbeBa, JI.A. CraTucTUuecKue MeTO/bl B OuonOruM, MeAuUlIMHE U
CelbCKOM X03sicTBe: yueb. mocobue / JI.A. BacunbeBa. — HoBocubupcCK.:
Wucturyt nuronoruu v redetvku CO PAH, 2007.-124 c.

. KpacunbHukoB, B.B. Beiciiasg MaremMaTtuka. BeposTHOCTb. (CTaTUCTHKA.
Wccnepnoanue orepanuii: yueb. mocobue / B.B. KpacunbHUKOB. -
HabGepesxHbie Yesnnbl.: [TeuaTHsili ABop, 1996. - 225 c.

. Iletpn, A. HarnsaHas cratuctvka B meguiiuae / A. Iletpu, K. C36un - M. :
N3patensckuut gom ['sotap-men, 2003. - 143 c.

. TykuanToB, P.X. OCHOBbI ONTUMAaJ/ILHOIO TpeACTaB/JeHUs CTaTUCTUUEeCKUX
roka3saresiel Ha rpadukax, AuarpamMmax u B Tabsuiax. / P.X. TykiauTos. -
K.: Tunorpadus KI'9Y, 2006. - 227 c.

. Bukurniegus — YHUBepCajibHas SHI[UKJIOIIe IUS / URL.:

http://ru.wikipedia.org/wiki/T-kputepuii CTblofleHTa (gaTa  obparieHus:
20.02.13)

. Bukunenusi — yHuBepcasibHasi 3HIMKONeaus / http://ru.wikipedia.org/wiki/

KpUTepUi_YWIKOKCOHa (s1aTa obpaiijeHus: 20.02.13)

40


http://ru.wikipedia.org/wiki/%20%D0%BA%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A3%D0%B8%D0%BB%D0%BA%D0%BE%D0%BA%D1%81%D0%BE%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%20%D0%BA%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A3%D0%B8%D0%BB%D0%BA%D0%BE%D0%BA%D1%81%D0%BE%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/T-%D0%BA%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9

[Ipunoxxenue

Tabmuiia 1 CraHgapTHbIe 3HaueHUs1 Kputepusi CThIO/[eHTa

t

t1

t

t1

5]

t1

0,95 0,99 0,999 0,95 0,99 0,999
1 12.7 63.7 636.6 13 2.2 3.0 4.2
2 4.3 9.9 31.6 14-15 2.1 3.0 4.1
3 3.2 5.8 12.9 16-17 2.1 2.9 4.0
4 2.8 4.6 8.6 18-20 2.1 2.9 3.9
5 2.6 4.0 6.9 21-24 2.1 2.8 3.8
6 24 3.7 6.0 25-28 2.1 2.8 3.7
7 2.4 3.5 5.4 29-30 2.0 2.8 3.7
8 2.3 3.4 5.0 31-34 2.0 2.7 3.7
9 2.3 3.3 4.8 35-42 2.0 2.7 3.6
10 2.2 3.2 4.6 43-62 2.0 2.7 3.5
11 2.2 3.1 4.4 63-175 2.0 2.6 3.4
12 2.2 3.1 4.3 176 n 2.0 2.6 3.3

boJiee
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