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Pabouas Terpanp SBISETCS METOIMYECKHM MOCOOHMEM ISt OCBOE-
HUS CTYICHTaMH1 CTATUCTHIECKHIX XapaKTEPUCTHK KOJIMIECTBEHHOM N3MEH-
YHBOCTH, SMITHPUUECKUX U TEOPETHUECKHX pacTIpe/IeTICHUI pe3y/IbTaTOB
M3MEpEeHHH, TOTy4eHHBIX P N3ydeHUH BBIOOPOYHOM COBOKYITHOCTH, Me-
TOJIOB MTPOBEPKH THITOTE3. B X071 BRIMOTHEHNS 3a/TaHAH TTPEICTaBIICH-
HBIX B paboueil TeTpaan, CTYICHTHI HaydaTCs JeNIaTh YMO3aKII0d HUS O
reHepajbHOM COBOKYTHOCTH Ha OCHOBE HAOMFOJICHUH HaJl BEIOOpKOH. J{iis
Ka)KJIOTO 3aHATHS OTPEICICHHO 33/IaHUE, PEIICHHUE KOTOPOTO MO3BOJIHT
3aKpeTUTh POWICHHBII MaTepHal M MOJYIHTh HABBIKH OLIEHKH KCTICPH-
MEHTAIBHBIX TAHHBIX.

B paboueii TeTpaau TeMaTHKa 3aHATHI PACIIONAracTcs B OTPEIeieH-
HOM TIOPSIAKE, YTO TIO3BOJISIET COOIIIONATH MOCIIEIOBATEIBHOCTD H3yde-
HHSI METOJIOB MaTeMaTHIECKOH CTaTHCTUKH MPUMEHSIEMBIX TIPH 00paboTKe
PEe3yIIBTaTOoB OITbITa. B KOHIIE Ka)10TO pas/erna NPUBOIITCS KOHTPOIbHbIE
BOIIPOCEHI.

Pabouas rerpanas mo nuctuumHe «KMeToInKa ONBITHOTO JIeNIay pas-
paborana Ha ocHoBe OITOIT (OcHoBHas podeccuoHanbHas 00pa3oBa-
TeJbHAsI IPOTPaMMa BBICIIIEr0 00pa30BaHMs) 110 HATPABICHUEO TIOITOTOBKU
35.03.04 «ArpoHomus» «TeXHOIOTUH IPOU3BOICTBA MPOAYKIIUH pacTe-
HHUEBOJICTBa» B COOTBETCTBUU ¢ DenepaabHbIM TOCYIapCTBEHHBIM 00-
pa3oBaresibHBIM CTaHIAPTOM BbicIero oopasosanus (PI'OC BO) no Ha-
npasnenuro noarotoBku 35.03.04 Arponomust (YypoBeHb OakaiaBpHraTa),
YTBEp>KICHHBIH MprkazoM MuHHCTEpCcTBa 00pa3oBaHus 1 Hayku Poccnii-
croit deneparmu ot 26 urons 2017 . Ne 699, ¢ yaerom TpeboBanmii mpodec-
CHOHAJBHOTO CTaHAApTa KATPOHOM», YTBEPKAECHHOTO MPHUKA30M
MuHucTepcTBa Tpyaa ¥ colansHou 3amuTsl Poccuiickoit deneparum ot
09 uronst 2018 . Ne 454H. (3apeructpupoBad MUHHCTEPCTBOM FOCTHIIH
Poccuiickoit @eneparmu 27 uronst 2018 ., peructpanronnsiii Ne 51709).



BBEJEHUE

MeTtoandecky rpaMOTHO CIUTAHUPOBAHHBINA MOJIEBOM DKCIIEPUMEHT -
3aJ10T 3 (PEKTUBHOCTH 1 Ka9€CTBA HAYIHOH paOOTHI B arpOHOMHH, A MO~
TBEPKACHUEM JOCTOBEPHOCTH MOJIYYEHHBIX PE3YIBTATOB CITY)KHUT CTATH-
crryeckas 00paboTka TaHHBIX onbiTa. Paboyas TeTpaas COOEPKUT Oc-
HOBBI CTATUCTHYECKOI 00pabOTKHU PE3yIIbTaTOB UCCIICIOBAHUI 1 TEXHU-
Ky MaTeMaTnieckoil 00paboTKH JTaHHBIX HAOMIONCHNH, OTHO(DAKTOPHBIX
MIOJIEBBIX OTIBITOB - TUCTIEPCUOHHBIH, KOPPEISILIMOHHBIN, PETPECCUOHHBIN
AHAJIM3bI.

B noco6uu s mabopaTopHBIX 3aHATHIA 110 TUCITUTUIHHE «MeTouka
OTBITHOTO A€JIa» JIOTUYHO U3J1aratoTcsl TEOPETUYECKHE TTOJIOKEHUSA Ma-
TEMaTHYECKON CTATUCTHKH. NAaHBI TIOHITHS O BEIOOPOYHOM METOJE, O
pacnpeneneHusix - HopmanbHoM, Cteronenra, @urepa, [lyaccona, [Tup-
COHa, 3aHMMAIOIIIX B TEOPUHU CTATUCTUKH 0CO00€ TIOJI0KEHUE U SABIISIO-
LIMXCSI HCXOHBIMU AJIS1 TOCTPO EHUS LIEJIOT0 PsiAa BaKHEHIIINX KPUTEPH-
€B, 0 lTapaMeTpax PACIPEIEICHUS U UX CTATUCTHYECKHX OLIEHKAX, O J0-
BEPUTENBHOM HHTEpBAJE, O TPOBEPKE THIIOTE3. Bee crarucTnueckne xa-
PaKTEPUCTHKHU PACCMATPUBAIOTCS HA KOHKPETHOM MaTepHalIe MOJIEBBIX
OTIBITOB B 00JIACTH arPOHOMUH.

OCHOBOI CTaTHCTUYECKUX METOZOB 00pabOTKM U aHAIIN3a PE3yIIbTa-
TOB SIBJISICTCS IIPEATIONIOKECHHE O HATMYNH CITyIaliHOM BBIOOPKH, M €CITH
OHO COOTBETCTBYET JCHCTBUTEIBHOCTH, BCE BBIBOJIBI CTATUCTHKH OyIyT
MPaBWJIBHBIMH; B CITy4ae HAPYIICHUS IPUHIINIIA CTy4aiiHOro 0TOOopa 3a-
KOHHOCTB 1 PEAJIbHOCTH IOCIIEAYIOIINX BEIBOIOB CTAHOBSITCS HEONIPEIe-
JICHHBIMHU M HEJTOCTaTOYHO 000CHOBAHHBIMH. [laHHOE MTOJIOKEHUE 3aKpeTT-
JIIE€TCS Y CTYACHTOB B IIPOLIECCE BBIMOIHEHMUS BCEX 33JTaHUN IIPENCTaB-
JICHHBIX B paboueii TeTpaau. CI0KHO 0KUAATh, YTO WACATU3NPOBAHHBIC
B OIPECIICHHOM CTENEeHU U aOCTPaKTHBIE YCIOBUS, HA KOTOPBIX CTPOUT-
Csl MaTeMaTH4ecKasi TEOPHUs, MOTYT OBITh MOJIHOCTHIO OCYILECTBICHBI
Ha MPaKTUKE IPY NPOBEACHUHN MOJIEBBIX SKCIIEPUMEHTOB, OHAKO Oymy-
IIHE CTICIIUATICTHI JOIDKHBI YCBOUTD, YTO PHOIMKEHUE K 3TUM YCIOBH-
SIM HEOOXOIMMO.

CryneHTy Hy)KHO TIOHUMATb, YTO PEHIOMHU3ALUS ABISETCA TEM Cpe-
CTBOM, KOTOPOE B JIOCTYITHOM CTENICHH MPHOIMKAET HAC K a0CTpaKTHON
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CITyqaifHOH BEIOOPKE, TaeT ONPECIICHHBIE TaApaHTHH B IIPABIIIGHOCTH IPAK-
TUYECKUX BBIBOJIOB, MTOJYYEHHBIX B PE3YJIbTaTe CTATUCTHYECKON 00pa-
OOTKM KOHKPETHBIX JaHHBIX HAOIIOICHUIA U OKCIICPUMEHTA.

PennomMm3npoBaHHOE pa3MeIeHHEe BapUaHTOB 1O JCIISTHKaM MOJIeBO-
TO OIIBITA, SBJSETCS CMHCTBEHHBIM CPEJCTBOM yYCTPAaHEHHS CUCTEMa-
THUYECKUX OMIMOOK BOSHUKAIOIINX B PE3Y/IBTaTe TEPPUTOPHATEHOTO 3aKO0-
HOMEPHOTO BapHHPOBAHMS TIOUYBEHHOTO IIOI0OPOAHS OTIBITHBIX YIaCTKOB.
OTH OIMOKY MPUBOJIAT K HCKaKEHHIO d(D(PEKTOB N3ydaeMbIX BAPHAHTOB,
BBOISIT DKCIIEpUMEHTaTopa B 3a0iyxkiaeHne. VckaxkeHne pe3yasTaToB
BO3HHUKAET, B TOM YHCJIE M3-32 HEPABOMEPHOCTH UCTIONIB30BaHHS MaTe-
MaTHYECKHX KPUTEPUEB /ISl OLIEHKH CYIIECTBEHHOCTH PA3JIMUUI MEXKITY
BapUaHTaAMH.

B paboueii TeTpaan yneneHo BHUMaHUE PUHINATIAM TUIAHUPOBAHMUS,
TEXHHKE 3aKJIaIKH 0THO()AKTOPHOTO MOJIEBOTO OTIBITA.

B npuiioskeHun JaHbl CTaTHCTUYECKHE TAOIHIIBI [T MaTeMaTHIeC-
KO 00pabOTKH JaHHBIX, YKa3aTellb CHMBOJIOB M 0003HaYEeHHUH, BCTpedae-
MBIX B TEKCTE, CIUCOK PEKOMEH/IOBAHHOW JTUTEpaTyphl. PazpaboranHoe
nocooue AJIsl MPOBeeHHS JTa0OPATOPHBINA 3aHATHI OyIeT CIoco0CTBO-
BaTh JAIIHEHIIIEMY COBEpPIIICHCTBOBAHUIO METOIMKH ITOJICBOTO OIIBITA,
OoJree MUPOKOMY BHEIPEHUIO B TPAKTHUKY OTBITHON PaOOTHI, 0O BEKTHB-
HBIX CTaTHCTUYECKUX METONOB OICHKH PE3YIbTAaTOB UCCIEIOBAHUIN 1
MOBBIIICHUIO KA9€CTBA MTOITOTOBKH CIICIIHAINCTOB CETHCKOTO XO3SCTBRA.



3AHSATHE 1.
3AJJAUA MATEMATHYECKOM CTATUCTHUKM.
N3IMEHYUBOCTbDb. COBOKYIITHOCTB U BBIBOPKA

MaremaTuueckasi CTaTUCTUKA SIBISIETCSI OTHUM M3 Pa3JesioB Mare-
MAaTHKU U TMO3BOJISIET PELIATh CICAYIOIINE 3a/1a4H1

1. Ilpu nimaHupOBaHHUM HKCTIEPUMEHTA IOMOTAET BEIOPAThH ONITUMAIb-
HbIE YCJIOBHSI POBEACHUS ONBITA: TOUHOCTH ONBITA, IEPHUOJUIHOCTD U
4acTOTY HAOMIONEHUH B yIE€TOB, CToco0 oTOopa mpoo, pasMep U 00beM
BBIOOPKL.

2. TTo3BoJsieT enarh yMO3aKITFOUCHHS O BCEH TeHEPaIbHON COBOKYII-
HOCTH Ha OCHOBE HaOIFO/ICHN 1 Ha/T BHIOOPKOH.

3. JlaeT BO3MOKHOCTB MPOBEPKHU PA3IUIHBIX TUIIOTE3, YCTAHOBICHHS
JOCTOBEPHOCTH ONBITA U OLEHKH CYLIECTBEHHOCTH YaCTHBIX Pa3JINIHH,
Ha OCHOBE KOTOPBIX AaeT OOBEKTHBHYIO KOTMUECTBEHHYIO OIICHKY DKCIIe-
PUMEHTAJILHBIM JAHHBIM.

CBOWCTBO YCIIOBHBIX SMHUIL (PACTCHHIA, YPOIXKAEB Ha MapalIeIbHBIX
JEJSIHKAX ¥ T.I1.) OTIIMYAThCs IPYT OT JAPYra Jake B OJHOPOIHBIX COBO-
KYIMHOCTSIX Ha3bIBACTCSI H3MEHYUBOCTHIO (WM BapbHpoBaHueM). 13-
MEHYHBOCTb — 3TO CBOMCTBO IPUCYILEE BCEM MpPEeAMETaM IPUPOAbI U
Hocsee aOCONIOTHBIN XapakTep.

Paznuuaror qBa THAa H3MEHYUBOCTHU: KOJTMUECTBEHHYIO, KOTOPasi MO-
XKeT ObITh U3MEPEHA, U KAY€CTBEHHYIO, KOTOpasi HE MOAJACTCs U3Mepe-
HHIO.

[Ton koMYecTBEHHOH M3MEHYUBOCTHI0 TOHUMAIOT TAKYIO, B KO-
TOPOH paznuyuns MEX/ly BApUAHTaMH BbIPaXKaeTCs KOJIMYECTBOM, Hallpu-
M€p Maccoil, BEICOTOMH, YPOKA€M, YUCIIOM 3€PEH H T.1.

KauyecTBeHHOIi H3MEeHYNBOCTBIO Ha3bIBACTCS TAKOE BAPbUPOBAHUE,
KOT/Ia pa3In4us MEX/ly BADHAHTAMH BBIPAXKAIOTCS KAU€CTBEHHBIMHU I10-
KazatessiMu (LBET, BKYC, popMa H T.11.).

B onbITHOI paboTe HEe BCeraa BO3MOKHO MCCIIEIOBATh MO KaKOMY-
7100 MPU3HAKY BCe 0CO0H, BCIO COBOKYIHOCTB. [ToaTOMY 3agacTtyro nmpu-
0eraroT K H3y4eHHIO €€ YaCTH, IT0 KOTOPOH JeNaroT 001IIee 3aKITI0ueHHE.

Bcest rpynma 00BEKTOB, MOATISKAIIAs U3YYCHHIO, HA3bIBACTCS COBO-
KYINHOCTBIO WM TeHepaJbHOll COBOKYNHOCTBIO, a Ta YacThb OOBEK-
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TOB, KOTOpasi Nornasa Ha IPOBEPKY, UCCIIeIOBaHNE — BIOOPOYHOM COBO-
KYIHOCTBIO WY BHIOOPKOM.

Bo3MoyxHBIE 3HAUEHNS BAPBUPYIOIIETO IPU3HAKA X HA3bIBAIOT BApH-
anTamu u 0603HaqaroT X, X, ... X . YIOpAI04YeHHE psijia BAPBUPYIO-
LIMX BEJIMYMH, T.€. PACIOJI0KEHIE BAPUAHT B MOPAIKE BO3PACTAHUS WIH
yOBIBaHUs, HA3bIBAETCS €TO PAHXUPOBaHUEM. P JaHHBIX, B KOTOPOM
YKa3aHbl BO3MOKHBIE 3HAUEHUS BAPBUPYIOIIETO MIPU3HAKa B IOPSIKE BO3-
pacTaHus uin yObIBaHUS U COOTBETCTBYIOILINE UM YaCTOThI, HA3bIBAIOT-
Csl BADUALIMOHHBIM PSIAOM.

Bomnpocsl 111 CaMOKOHTPOJISA
UYTo MOHMMAIOT MOJT MATEMAaTHIECKOM CTAaTUCTHKOM?
Kakue 3amaum pemraer MmaremMarndeckasi CTaTHCTUKA?
Yro Takoe M3MEHINBOCTb, BApHAIIHS?
Kakwe Tumsl m3MeHuYnBOCTH BbI 3HaeTe? [IprmMepshr.
Uto Ha3bIBaETCS COBOKYITHOCTHIO? BHIBI COBOKYITHOCTEH.
Yro Takoe BapraHTa?
B yeM cymHoCTh paHKHpOBaHUS BAPHUPYIOIIMX BEJTMYIH ?
Maiite onpeneneHre BapuaOHHOT O psfa.

©ONo A~ WNE



3AHATHE 2-3.
CTATUCTUYECKUE XAPAKTEPUCTHUKH
KOJIMYECTBEHHOM U3MEHYUBOCTH

OCHOBHBIMH CTATHCTUYCCKUMU XapaKTEPHUCTUKAMHU KOJINYE CTBEHHOM

W3MECHYUBOCTH SIBIISIFOTCSL CpeHsis apupmerndeckas (X ), AUCHEPCHs
(S?), cranmaprHoe oTKIOHEHHE (S), OMmKOKa cpeaHeit apupMETHIECKOM

(S;), koo duument Bapuawmn (V) 1 0OTHOCHTENbHAS OIIMOKA BHIOOPOY-
Holi cpenueii (S, %).

1. Cpennsisi apudmeTuueckas (X ) sBisiercss 0000IIEHHOM, adCT-
PAKTHOM XapaKTEpUCTHKOM BCEl COBOKYITHOCTH B 1ies1oM. IIpocTyro cpen-
HIOIO apu(METHIECKYIO BRIYUCIIIIOT 1O (hopMmyrie:

)?:X1+X2+...+Xn :ZX
n n

Ecnm nicxoHbIe TaHHBIE CTPYIITAPOBAHBI M YaCTOTHI TPYITH 0003HAYEHBI

yepe3 f, HaxoIAT B3BELICHHYIO CPEAHIOI0 apH(PMETHUECKYIO 1O PopMyIie:

7o X+ X+ 4+ £ X, :fo
f+f,+..+f n '’

rae: X, X,,...X —3Hadyenus npusHakxa, Bapuantel, T, f,...f —BcTpe-
YaeMOCTb KaXI0¥ BApUAHTHI, IPU3HAKA; N — 00IIIee YUCII0 HAOTIOCHHH,
cymma Beex dactoT (N = Xf); £ — 3HaK cyMMBI.

OCHOBHOE CBOWMCTBO CcpenHEeH apu(hMETHIECKON 3aKIII0UaeTCs B pa-

BCHCTBC CYMMBI BCEX IMOJIOKHUTEIIBHBIX U BCEX OTPHUIATEIIbHBIX OTKJIOHE-

HUH OT Hee, T.€. CyMMa OTKJIOHEHUH BCEX OT/EIBHBIX BAPUAHT OT X PaB-
Ha HYJIIO:

T(X-X)=(X,- %)+ (X,= ¥) +...+ (X - ¥)=0.

2. ucnepcus (S?) u crangapTHoe oTKJIoHeHHe (S) ciayxar oc-
HOBHBIMHU MEPaMH BapHalliH, PACCESHUS U3ydaeMoro npusHaka. Jlucrep-
CHSL ITPEACTABIISIET CO00it OTHOILICHHE CYMMBbI KBaIPATOB OTKJIIOHEHHH K
YHCITy BCEX U3MEPCHUIA 0€3 CAMHHUIIBL:
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—=\2
= Z f(X -X) |
n-1

PasmepHOCTh THCHIepCcHU paBHA KBAPATy Pa3MEPHOCTH U3y4aeMOro
IIpU3HaKa, 4To Hey,Z[O6HO 1 3aCTaBJIACT BBECTU IAJIA USMEPCHUA pacCea-
HUS CTAHAAPTHOE WJTU CPEIHEKBAIPATHYECKOE OTKIIOHCHHE, UMEIOIICE
pa3MepHOCTh BapbUpyIolieH BennunHbl. CTaHAaPTHOE OTKIIOHEHHE T10-
JIy4aroT U3BJICYCHHUEM KBAaJIPATHOT'O KOPHA U3 JUCIIEPCUHN

Ecnu ncxoaHabie HaOMIOACHNS CTPYNITUPOBAHbI M YaCTOTHI TPYIIT 000-
3Ha4YeHbI yepes T, To qucnepeuio U CTaHJapTHBIC OTKIIOHCHHSI BBIYUCIISI-
0T 110 (hopMyram:

—\2
2 Z F(X-x)
S=%=—
n-1
I/ISBGCTHO, YTO IIPU BBIYUCJIICHUA J'IIO6BIX CpE€OHMX BEJIMYWH CYMMY BCEX

MoKasaTeseil HEOOXOAMMO JICJIUTh Ha YHCIIO HE3aBUCHMBIX JIPYT OT JIpyra
Benm4uH. B popmynax s pacyera AUCTIEPCUH M CTAHIAPTHOTO OTKIIO-

S=+/S% =

o —=\2
HECHUA CYMMY KBaApaTOB OTKIIOHCHHUHU Z(X - )C) JCIIAT Ha 9YUCJIO Ha-

OsroeHuii 0e3 e qUHUIIBI, TaK KaK OJHO JIF000€ OTKIIOHEHHE 3aBUCUMOE 1

y —\2
MOYKET OBITh Hal{JIEHO U3 PABEHCTBA z (X —Xx)° =0.

Yucno cB000IHO BapbUPYIOIINX BETHYNH HA3bIBACTCS YUCJIOM CTe-
neHeii cBo06oabI Bapuanuu (v). B mpocreiiem ciaygae v =n — 1.

3. Koappuuuent Bapuanuu (V) — craHgapTHOE OTKIIOHCHHUE, BBIPa-
’KEHHOE B IIPOIICHTAaX K CPEeAHEN apr(hMETHIECKOM JAHHOM COBOKYITHOCTH:
V= 2 x 100,

X
KoaddumenT Bapuarym sBIsieTcs OTHOCUTEIBHBIM MTOKa3aTeJIeM U3-
MeH4YHBOCTH. ETo NCIonp30BaHne IMEET CMBICT IIPH N3y9IEeHUN BapHAIIN
NpU3HAKa, PUHUAMAIOIIETO TOJIBKO TTOJIOKUTETBHBIC 3HAYCHHUSI.
W3MeHYnBOCTH IPUHATO CUUTATH!
- He3HaunTenbHOH, eciau V menee 10%;
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- cpenneit, eciim V ot 10 10 20%;
- 3HauyMTeNIbHOU, eciu V 6osee 20%.

4. Omubka BLIOOPOYHOI cpenneil unu omudKa BLIOOPKH Sy

SBISIETCSI MEPOH OTKIIOHEHUSI BRIOOPOYHOM CpeTHel X OT CpeHei Beei
(renepaibHOIT) COBOKYIMHOCTH L. OrinOKa BEIOOPOUHOM CpeHEl IPSIMO
MPOMOPLUOHATIbHA CTAHJAPTHOMY OTKJIOHEHHUIO BEIOOPKH S 1 00paTHO
IPONOPIMOHATbHA KOPHIO KB IPATHOMY U3 YHCIIAa U3MEPCHHIA N, T.¢.:

S |s?

A/n n
OmmmoOKy BHIOOPKH BRIPAXKAIOT B TEX )K€ SUHUIIAX U3MEPEHUS, UTO U
BapbUPYIOIIUHI IPU3HAK, U IPUIUCHIBAIOT K COOTBETCTBYIOLIECH CpeaHen

SX

CO 3HaKaMu *, T.e. x + SX.

5. OTHOCHTE/IbHOM OMHMOKOI BbIGOpPOUYHOIT cpexneii (S; %)

Ha3bIBACTCS OMIMOKA BBIOOPKH, BRIPAXKEHHAS B IPOIICHTAX OT COOTBET-
cTByIONICH cpenHeit. OHa XapaKTepHu3yeT TOYHOCTh OTIBITa M HAXOAUTCS
1o popmyrie:

- SX
SX% = —=x100.

X
To4HOCTE OIIBITA CYNTACTCH

- BBICOKOH, ecin Sy % menee 1%;

- xopoureit, eci Sg % ot 1 10 3%;

- YIOBJIETBOPHUTEIIBHOH, €CITH Sx% ot 3 10 5-7%;

- HEyZIOBJICTBOPUTEIBHOM, eciu Sq % Goiee 5-7%.

3aganue 1. Paccunrarh CTaTUCTHUECKUE XapaKTEPUCTUKU KOJINUE-
CTBEHHOM N3MEHUYMBOCTH U CIIEJIaTh HEOOXOAMMBIEC BBIBOBI HA OCHOBE

JTAHHBIX MAJIOW BEIOOPKH.
YcaoBue. Beicora pacTenuit o3umoi mmeHutsl, cM: 75; 83; 77; 84; 80.
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Bomnpocsl A1 caMOKOHTPOJIsI
Kaxwue crarncTrdeckne noka3areinm KOIMIeCTBEHHON N3MEHINBO-
CTH BHI 3HaeTe?
Bunet cpeniaeii apudmernueckoii. MeTo bl MX BEIUMCIICHUS ?
B gem ocHOBHOE CBOICTBO CpenHei apudmeTnaeckoi?
UYro Takoe nucnepcusi? Ee cBoiicTa?
3adeM U KaKuM CrIOcOOOM BBIYHUCIISIFOT CTAHJAPTHOE OTKIIOHEHUE?
UYro BbI 3HaETE 0 K03 (hUIIMEHTE BapHALIAH?
Yro xapakTepusyeT ommoKa BBIOOPOTHOM cpeTHe?
Kak paccuutars 0OTHOCHTENBHYIO OIIMOKY BEIOOPOYHOM cpenHeil 1
KaK OHa XapaKTepU3yeT TOYHOCTH OTIbITa?
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3AHSATHE 4.
OMIIMPUYECKHUE U TEOPETUYECKHUE
PACHTPEJAEJIEHUA

OMIHUpHUYecKHe pacnpeaeeHnsi — dTO PaclpeeiCHUe pe3yibra-
TOB U3MEPCHUIA, TIOJTyYEHHBIX [IPU H3Y4CHUH BBIOOPKH. B ero ocHoge Je-
KaT ONPEICIICHHBIE MATEMAaTHYECKIE 3aKOHOMEPHOCTH, KOTOPBIC B Te-
HEpaJIbHOW COBOKYITHOCTH (IPH N—>00) XapaKTEePU3YIOTCsI HEKOTOPBIMH Te-
OPETHYCCKUMU PACTIPEICTICHUSIMH.

Ha ocHOBe TeopeTHYecKx pachpe/Ie/eH i ITOCTPOCHBI CTATUCTUYEC-
KUE KPUTEPHH, HCIIOJIB3YeMbIE TS TPOBEPKU HEKOTOPHIX rumnote3. Hau-
0oJiee 4acTo B HCCIIEIOBATEIHCKON pabOTe OMUPAKOTCS HA HOPMAJIBHOE
pacrpeaeneHue U psiJi CIeHaIbHBIX PACIIPEICICHNUI, MOTy4aeMbIX H3
HOPMAJIBHOTO.

1. HopmaabHoe pacnpeneJsieHue. 11 HEero XxapaKTepHBI CIIEIyIO-
II1€ 3aKOHOMEPHOCTH:

- BoOOmactu o nexut 68:26% (okoso AByX TpeTei) Bcex HabImo-
JICHHUI,

- BHYTpH npezena | *+ 2o Haxogurcs 95,46% Bcex 3HaYCHUH CITy-
JalHON BEJIMINHEI,

- wuHTepBan | * 3o oxsBarbiBaeT 99,73% (nmpakTuvecku Bce) 3HaUC-
HUIL

[Lnomaae moa KpUBOM, OTTpaHUYCHHAS OT CpeAHEro Ha t cranaapt-
HBIX OTKJIOHCHHH, BRIPKCHHAS B IIPOLICHTAX OT BCEH IUIOIIA/IN, HAa3bIBa-
eTCsl CTATHCTHYECKO HAJeKHOCTHIO, W YPOBHEM BEPOSITHOCTH
(P), T.e. BEpOSITHOCTH MOSIBIICHHS 3HAYCHUS IPU3HAKA, JIEKAIIETO B 00-
JacTy | * te. BeposSTHOCTB TOTO, 4TO 3HAYCHUE BAPBUPYIOLIETO MPH3HA-
Ka HAaXO/IUTCS BHE YKa3aHHBIX MPE/ICTIOB, HA3bIBACTCS YPOBHEM 3HAMM-
moctu (P): P =1-P.

VYpOBHHU BEPOSTHOCTH M 3HAYMMOCTH BBIPAXKAIOTCS B IIPOLICHTAX UIIH
JOJISIX €AMHUIBL. B pakTHKe arpOHOMHYECKHX UCCIIEIOBAHUI CUUTACTCSI
BO3MOXHBIM 110J1630BaThest BepositHocTsimu 0,05 (5%-biit) 1 0,01 (1%-Hbrit)
YPOBHH 3HAYUMO CTH. ITH BEPOSITHOCTH MOIYIHIIN HA3BAHUE 10BEPUTEJIb-
HbIX BEpPOSITHOCTEIA.

12

2. AcuMMeTpHYHbIe U IKCIeCCHBHBbIe pacnpenenenus. Hepen-
KO HEKOTOPBIE PU3HAKH PACTEHUN 1 )KUBOTHBIX JAIOT PACIIPEACIICHHS,
3HAYUTENEHO OTIMYAIOIIMECS OT HOPMAJIBHOTO.

IMonoxurenpHast (IIPaBOCTOPOHHSIS) OrpunarenbHast (JISBOCTOPOHHSS)
ACHMMETPHS ACUMMETPHS

[TprurHBI BO3HUKHOBEHUS aCHMMETPUYHBIX PACIPECTICHHUA:
1.

2.

IMonoxurenbHast (IPaBOCTOPOHHSIS) OrpunaresnbHast (JICBOCTOPOHHSIS)
ACHMMETPHS ACHMMETPHS

13



[IprurHBI BOBHUKHOBEHHUS aCHMMETPUYHBIX PACIPECICHHUA:
1.

2.

3. t— pacnpenenenne Creronenra. Yaiie BCero npuMeHsIeTCs IPU
pabote ¢ ManbiMu Beibopkamu (ripu N<30-50), mo3BosieT onpeaeanTh
JIOBEPUTEIbHBII HHTEPBAJI, HAKPHIBAIOIIHI CPESAHIOI COBOKYITHOCTH L, H
MPOBEPUTH Ty WM HHYIO THIIOTE3Y OTHOCUTEIBLHOM I'eHEepaIbHOI COBO-
KYITHOCTH.

Pacnpenenenne CTbroneHTa 1715l BRIOOPOYHBIX CPEIAHUX OMPEIEIISICT-
Csl PABEHCTBOM:

t— X—H X—pu

S SX

Jn

Pacnipenenenue t-xkpurepusi CrproeHTa IPEACTABICHO B TabIMIe
TIPIJIOXKEHS 1 ¥ 3aBUCUT OT YHCIIa CTEeHei CBOOO,IbI M IPUHSATOTO YPOBHS
3HAYUMOCTH.

4. F — pacnpenenenne @umepa. Ciy>KuT A71s1 OLEHKH CYIIECTBEH-
HOCTH Pa3HUIBI MEXIY CPETHIMH JIBYX HE3aBUCHMBIX BHIOOPOK.

3nauenne F-kputepust Puinepa HaXoAAT MO OTHOIICHHUIO JUCTIEPCUI!

_S
S

[Mpuyem oTHOIIEHNE AUCTIEPCHH OEPYT TaKUM, YTOOBI B YUCIUTEIE
ObL1a OoJbILIAs qucepcus, u mo3romy F > 1.

Teopernueckue 3HaueHus F nansl B Tadbmuie npuinoxenus 2. Kpure-
pwuii F 3aBucHT OT uncia crenenelt cB000IbI CpPaBHUBAEMBIX BHIOOPOK H
OT IPUHSTOTO YPOBHSI 3HAYUMOCTH.

I'enepanbHple TapaMeTpbl CPAaBHUBAEMBIX TPYII PA3JIMYHBI, €CIIH
F o Fmp. MpuF e FTeop pa3HHIa MEKTY BRIOOPKaMHU HECYIIIECTBECHHA.

5. [Ipu pacueTe CTaTUCTHYECKUX XapaKTEPUCTHK 00s13aTENIFHO yCTa-
HAaBJIMBAIOT I0BEPUTEIbHbIIl HHTEPBaJ, 110l KOTOPHIM IOHUMAIOT Ta-
KOM MHTEpBAJI, KOTOPBIN € 3aJaHHON BEPOSITHO CTHIO IMTOKPBIBAET OLICHNBA-
eMblIii mapameTp (B HAIlIEM Cllydae FreHepasibHyI0 cpeiHioro ). LieHTpoM
TaKOTr0 MHTEPBAJIa SBJISETCS BELIOOPOYHAsI OLIEHKA TOYKH (B HAIIIEM CITy-
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F

yae BBIOOPOYHAsS CPEJIHSAS X ), & Mpe/elibl (JIOBepUTEIbHBIC TPAHHUIIBI)
HMHTEpBaJia ONPEAEIIIOTCA CpeaHEN OIIMOKOM OIICHKU U YPOBHEM BEPOSIT-
HOCTH.

B o0miem Buzie OBEpHUTENBHBII HHTEPBAI IS TeHEPAITEHON CpeaHei
3aMMChIBaeTCs TaK:

X —tSX < u < X +18X,
WM B 0oJiee KOMIIAKTHOM hopme:
X 18X,
3amanme 2. Paccuurars noBeputensHbIii nHTEpBat IpH 95 1 99%-Horo
YPOBHSI BEPOSITHOCTH TIO YCIIOBHSM 33JaHUS 3aHATHA 1.

Bomnpocsl A1 caMOKOHTPOJIsI
Kakwue TeopeTrueckue pactpeeneHus BbI 3HaeTe?
HazoBute 3ak0HOMEPHOCTH HOPMAJILHOTO PACIIPEICICHHs ?
3. Uro mMOHMMAIOT 1101 ypOBHEM BEPOSTHOCTH 1 3HAYMMOCTH? Kakue
BEPOSTHOCTH CUUTAIOTCS TIOBEPUTEIBHBIMA U TIOYEMY?
4. Buipl ¥ IPUYMHBI BOSHUKHOBEHUS aCHMMETPHYHBIX pacIpeiere-
HHIA?
Bute! 1 mpryrHBI BO3HUKHOBEHHS SKCIIECCUBHBIX PACIIPEICIICHUI ?
Yro BB 3HaeTe 0 pacnpenenenun Creronenta? Kak Haiita Teope-
THUYECKOe 3HaueHue {- Kpurepus?
7. Uro Bam u3BecTHO 0 pactpeneneany Oumepa? Kak Haiftu Teope-
TUYeCcKoe 3HadeHne F-kpurepus?
8. UTo NOHMMAIOT MO IOBEPUTEIHHBIM HHTEPBAJIOM ?

N

o Ul

15



3AHSITHUE 5-6.

I'PYHIIMPOBKA U OBPABOTKA OIIBITHBIX JJAHHBIX
P KOJIMYECTBEHHOMW U3MEHYMBOCTH
N3YUYAEMOI'O ITIPU3HAKA
(unauBHAYadbHOE 3a1aHHe Nel)

3aganue

B Takom Bue MONTydeHHbIC JJAHHBIC HE JAIOT MPEACTABICHUS O Xa-
pakTepe U CTeTeHA U3MEHYMBOCTH U3y4aeMoro npusHaka. Kpome toro,
TPYIOEMKO U IPSIMOE BBIYKMCIICHUE CTATUCTHYECKUX XapakTepucTrk. [To-
5TOMY CHayajla HeOOXOJAMMO CrpyNIUpOBaTh 3HAYEHUs BapHaHT X,
X,,...X B IPYNIBI C ONPEIENCHHBIM HHTEPBaIOM (i) MeK Ty rpynmamMu u
MPOM3BECTH BCIIOMOTATEIIbHBIC BEIYHUCIICHHS (CM. Tabm. 1 1 2).

Yucio rpym (k) ormpeaensieTcsi B 3aBUCHMOCTH OT 00beMa BBIOOPKH
(n). Ipu n=30-60 BapuanT k =6 —7; npu n=60-100 k=7 -8; npu

n>100 k = 8 — 15. OpueHTUPOBOYHO K = Jn.

Criemyetr UMeTh B BHIY, YTO [IPU MaJioM uucie rpymn (MeHbiie 5-6)
HEJIb3sl BBUSICHUTH XapaKTEPHYI0 OCOOCHHOCTh PacIpe Ie/ICHus H3ydae-
MOT0 ITpU3HaKa B COBOKYITHOCTH.

Benuunny nHTEpBaia pacCUUTHIBAIOT 110 GOpMYIIe:

i = X max___ Xmin ’
k

rae: Xmin — HanOoJbIIIas BApUAHTA, Xmax— HaWMECHbIIIAsl BADUAHTA.
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Pexomennyercst BenmnunHy MHTEpBajia OpaTh LENbIM, JKEIaTeIbHO
YETHBIM YHCJIOM. 3aTeM OIPEeIISIOT HA4allo M KOHEI] KayKAO0H IPYIIIbI, 1
IPYIIIOBbBIC BapUAHTHI (CpeHEe 3HAUCHUE TPYIIIT).

3a Havano 1-i rpynmsl Hesnecoodpa3Ho OpaTb MUHUMAJIBHYIO BapUaH-
Ty, @ €¢ KOHEIl OMpPeACInTh. Hayao rpymmsl +i—1. Hagano 2-i rpymmbt
JOJDKHO OTJIMYATCS OT KOHIIA 1-1 IpyIIbl HAa BEJIMYMHY TOYHOCTH U3MeEpe-
HUs. AHAaJIOTMYHO ONPENENSIETCsl HAuaIo U KOHEII 110 CIIEAYIOLIIX TPYIIIL.

I'pynnoBeie BapuaHTsl (X) onpeaessiFoTest MyTeM NprOaBICHUS K Ha-
YajTy COOTBETCTBYIOILCH IPYIIIIBI TOJOBUHBI HHTEpBaa (+1:2).

Jlanee npoBOASAT pa3HOCKY BapUaHT IO IPYIIaM, ONPEAesIOT YacTo-
Ty (f) BcTpeyaemocTu BapuaHTa B mpeesiax KaxJ0i IPyIbl, BBIYACIIS-
10T CyMMY KBaJIpaTOB U CTATUCTUUECKUE XapaKTEPUCTUKH, CTPOSIT TUC-
TOTPaMMYy U MOJIUTOH PACIpeIeIeHUs YaCTOT.

[Tox rucTorpamMmoii MOHUMAIOT CTYIIEHYATHIN rpaduK B BUIE CTOII-
OMKOB, UMEIOIIUX BBICOTY ITPOMOPIIMOHAIBHO YacToTaM f, a mupuny pas-
Hyto nHTepBaiaM rpyni. [loauroH - rpaduk B BUIE JIOMaHHON JIMHUH,
coeauHSIOmMi Touky. OpIuHaTOH Ha TpaduKax SBISIOTCS COOTBETCTBY-
IOILME YaCTOTHI, 8 A0CIIUCCON — CPEeITHNE 3HAYCHUS TPYIIIL

B 3akiouenun paboThl BRITUCHIBAIOT 3Ha4eHus x, S,V , SX, SX% u

JIOBEPUTEIBHOIO HHTEPBAIIA, OLIEHUBAIOT CTETIEHb N3MEHYNBOCTH U3yJa-
€MOTO ITPU3HAKA, U JIENAIOT BBIBOJ UCXO/S U3 XapaKTepa pacpeaesIeHNs
4acTOT [0 FPYIIIIaM.

3ananue, B 3aBUCUMOCTH OT YACIOBOTO 3HAYEHUS BAPUAHT, BHITIOTHS -
eTcsi OHUM U3 2-X cioco00B: 1). [To nCXOMHBIM 3HAUCHHUSIM BAPHUAHT, €CIH
OHH IPE/ICTABIICHBI OTHO3HAYHBIMH HJIH HEOOJIBILIUMHU JBy3HAYHBIMH YK C-
namu; 2). [To npeoOpa3oBaHHBIM 3HAYCHHSIM BapUAHT, €CIIU OHU TIPEJI-
CTaBJICHBI IBy3HAYHBIMH YN CIIAMH.

Cnoco0 BBITIONHEHHMS 3aJaHUS HE BIIMSCT HA YMCIIOBBIC 3HAYCHHUS CTa-
TUCTHYECKHUX XapaKTEPHUCTHK, HO MpeoOpa3oBaHue 3HAYUTEIBHO 00J1er-
YaeT UX BHIYMCIICHUS.

1. Xox pa6oThl M0 HCXOAHBIM 3HAYEHHSIM BAPHAHT
1. OnpenenuTsb pa3max BapbupoBanus BapuanT (R), T.e. pa3HULLy MEX-
Ty MAaKCHUMaJIbHOW 1 MUHUMAaJIbHON BapiaHTaMM:

R=X_ -X_ =

2. YCTaHOBUTB YHCIIO TPYITI ¥ pa3Mep HHTEpBaIa IPYIITUPOBKH:
i-R _
 IPH K=

17



3. OmnpenenuTh HAYaI0 ¥ KOHETI Ka)KJI0# TPYIIBI ¥ TPYIIOBBIC BAPHAH-

TBI.

1
2
3.
4

4. CocraButh pabouyro Tabnuiy 1. PasHecTn ncXo/HbIe 3HAYCHUS

5
6.
7
8

BapHUaHT II0 rpyrmiaM 1 Mporu3BECTH BCIIOMOTaTCJIbHBIC BBIYMCIICHUA.

Ta6nnua 1- prHHI/IpOBKa JAaHHBIX U BCIIOMOI'aTCJIbHbBIC BBIYHMCIICHU S

Brruucnenue CYMMBI

- 0 %
< ~ 2 KBaJIpaTOB
= = 3 =
z 5 : S
E = e E g 2 2
> E = Q =y fX X fX
o S < S (oM
~ SV =N —~ m
1.
2.
3.
4.
5.
6.
7.
8.
Cymma - - -

5. OnpenenuTb CTaTUCTUUECKUE XapAKTEPUCTUKHU U JOBEPUTEIBHBIN

HHTEpBAI

f:fo:

S

n
2_Zf(x-x)?_

n-1
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CyMMy KBaIpaToOB OTKIIOHEHUH HAXOIAT 1O popmyre:

DX -x)2=D X?2-(D_fX)*+n=
Ss=+/s%=

V=100 =

S0 = X 100
X

X+t xSX =

Teoperuueckoe 3HaUCHHIE KpUTEpHs t HAXOAT 1o Tabumie (CM. IpHJIo-
*eHue 1) ¢ ydeToM ypoBHsI 3HAUMMOCTH M YHCJIA CTETNIeHer CBOOOIBI (V).

Yposens 3HaunMocTy npuHEMaroT paBasiM 0,05. Yucro cremneneii cBo-
60161 v =N —1; rme N — 00beM BHIOOPKH.

2. Xoa padoThl 0 NPeodpa3oBaHHBLIM 3HAYEHUSIM BAPHAHT

1, 2 1 3 yHKTBI BEITIOJIHSAIOTCS aHATIOTMYHO MTEPBOMY CIIOCO0Y.

4. Onpenenutb YCIOBHYIO CPEAHIO0 BETHIHHY.

[Tpu BEIYHCIICHNT TUCTICPCUH U CTAaHIAPTHOTO OTKJIOHEHHUS 10 OCHOB-
HBIM (hOpMYIIaM HepeIKo BO3HUKAET TEXHHIECKHEe HeynoOocTBa. CpemaHsis
apuMeTHIeCcKasi 0OBITHO MOTyYaeTCs B BUE YUCIIA C IPOOBIO, IOITO-

My LICHTPAJIBHBIC OTKJIOHSHHUS (X — X) M OCOOCHHO MX KBajpaTsl (X — X)*
MOJTY4alOTCsl MHOTO3HAUYHBIMU, UTO 3aTPYIHSET CUETHYIO pabOTy U Be-
net K omurOkaM. B memsix o0merdeHus pacyeToB IS MOTyISHUS CyMMBI

o =\2
KBaApaTOB HCHTPAJIbHBIX OTKIIOHCHHUHU Z(X - X) JOCTAaTO4YHO B3ATh

OTKJIOHCHHUSI OT JTF00OTO POU3BOJILHOTO YHCIIA.

[IpeoGpasoBanue MCXOAHBIX 3HaYeHuH BapuanT (X, X,,... X ) mpous-
BOJISIT TI0 COOTHOIIEHHUIO (X—A), T7ie A — YCJIOBHAS CPeIHSSI WU MPO-
U3BOJIbHOE HAYAJIO.

VCIIOBHYIO CPEIHIO MOXKHO PacCuuTarh o Gopmyse:
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AZ Xmax +Xmin
2 1

WJIH B3ATh CPETHIOI apu(METHICCKYIO BRIOOPKH, €CIIM OHA N3BECTHA. B
000UX CTydasx YCIOBHYIO CPETHIOI0 OKPYIIISIOT JIO IIEJIOTO YHCia
X max+ X min

2

5. CocraButh pabouyro TaOMUILy 2, pa3HECTH 3HAYCHUS BAPHAHT TIO
rpyIaM 1 MPOU3BECTH BCIIOMOTATEIbHBIE BEIYNCICHUS.

A=

Ta6nnua 2- prHHI/IpOBKa JAaHHBIX U BCIIOMOI'aTCJIbHBIC BBIYHMCIICHU A

o X [To mpeobpazoBaHHBIM JaTaM,
“— 22 v
B 25 3 25 X1 | X | X | X
1.
2.
3.
4.
5.
6.
7.
8.
Cymma - - -

6. OnpeennTh CTATUCTHYECKUE XapaKTEPUCTUKHU 1 IOBEPUTEIHHBIH
HHTEpBAI

XxX=A+ =
n
SZZZf(X—)—c)2 _
n-1
20

CyMMy KBaIpaTOB OTKJIIOHEHUH HAXOMAT 1O popmyre:
DX =% =D XI - X)) +n=
S=+S%=

SX06 = =X 100
X
X+t xSX =
Teopernyeckoe 3HaUeHUE KpUTEPHs t HAXOIAT aHATTOTMYHO IIEPBOMY
crocoOy (CM. BBIIIE).

3akiaroueHune
1. Beimcars 3Ha9€HUSI OCHOBHBIX CTATHCTUYECKIX XapAaKTEPUCTHK U
JIaTh OTICHKY CTETICHU N3MEHUYHNBOCTH

X = V =

S= SX% =

SX = X+t SX =
N3meHunBOCTH T.K.

2. [TocTpouTs rpaduueckoe H300paKeHNE PaCIIPEICIICHUS YaCTOT B
BHUJIC THCTOTPAaMMBI H ITOJIUTOHA

I'ncrorpamma [Tonuron
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3. YcTaHOBHTH 3aKOHOMEPHOCTH PACTIPENIEIICHNS YaCTOT, IPH HE0O0X0-
JTMMOCTH J1aTh Pa3bICHEHHUS.

KoHTpoJsibHbIE BONPOCHI K HHAUBHAYAJIBLHOMY 3a1aHuI0 Ne 1

1. B 4eM npuunHbEI HEOOXOIUMOCTH I'PYHITUPOBKH OTIBITHBIX JTaHHBIX ?

2. Kak ycTaHOBHTB YHCIIO TPYIIT P TPYIMTIIHPOBKE COBOKYITHOCTH?

3. Kak paccunrats pazmax BapsrpoBanus (R) v BennunHy HHTEpBa-

na (i).

Kaxk ycranaBnmuBaror Hagyaio M1 OKOHYaHUE TPYIT?

Kak onpeienuTs rpyImoBbie BapuaHThI?

Kakwne MeTo1pI pa3HOCKH BapuaHT 110 TPYITIaM BBl 3HAETE?

Yro Takoe NOJIUTOH B TUCTOTpaMma?

3a4eM UCTIONB3YIOT CrIoco0 pacyera Mo mpeodpa3oBaHHBIM 3HAYE-

HUSM BapHaHT? B yem ero cymHocTs?

9. Yro moHMMarOT 1o ycioBHOH cpeneit (A)? Kak ee Haxoas1?

10. Kakue mokazaresn KOIMYeCTBEHHON N3MEHYMBOCTH BBl PACCUHTHI-
Bayn? CriocoOs! ux BeraucieHus. CBoiicTaa.

11. Kak ompeniemuTh TeOpeTHIecKOe 3HaYCHUE I-KpUTEPHS?

12. Kakvie 3aKOHOMEPHOCTH MPUCYITA SMITUPHUYECKOMY PaCTIPEICIICHUTO

© N oA~
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3AHSATHE 7.
CTATUCTHYECKHME METOJbI IPOBEPKHU I'MIIOTE3

Bomnpoc o crarucTrudeckoi MpoBEpKe THIIOTE3 — OJAWH U3 OCHOBHBIX
[IPY UCIIOJIb30BAHUH MATEMATHYECKON CTATHCTUKH B HAYYHBIX UCCIEN0-
BaHMAX. BooOmie craTucTMyeckoil rumoTe30i Ha3bIBAIOT HAy4YHOE
MIPENTIONOKEHNE O TEX WIIN MHBIX CTATUCTUYECKUX 3aKOHAX paclpenene-
HUS pacCMaTpPUBAEMBIX CITy4allHBIX BEJIMUKH, KOTOPOE MOKET OBITH IPO-
BEPEHO Ha OCHOBE BHIOOPKH. B O0ONBIIMHCTBE cydaeB 3ajaqa CBOAUTCS
K IpoBepke HyJeBoii rumoresbl (H ), T.e. runoressl 00 OTCYTCTBUH
peaNrbHBIX pa3IHIri MeXIy (PaKTHIECKHUMHU U TEOPETUICCKH OXKHJIae-
MBIMH HaOTIOIEHUSIMH.

Ecnu B pe3ynsTaTe npoBepKH pa3Tnaus MExXIy (PakTHIECKUMH U T€O-
pPETHYECKUMH TTOKa3aTeIIMU OTM3KH K HYJTIO, HITH HAXOJSTCS B O0JIACTH
JOIYCTUMBIX 3HaueHHH, T0 H  He ompoBepraercs. B npoTusHOM citydae
OMIMPHIECKHE TAaHHbIE HECOBMECTUMBI C H |, a BepHa npyrasi, anbrepHa-
THBHAsI TUTIOTE3A.

Cnenyet yuecTs, YTO IPUHITHE HYJICBOM THIIOTE3bI 03HAYAECT, UTO IaH-
HbIe HAOMIOICHNH HE IIPOTHBOPEYAT MPEATIOIIOKEHHIIO 00 OTCYTCTBUH pa3-
T MeKY (PaKTHYECKHUMHU M TEOPETHIECKUMHE PACTIPEISIICHUSIMHE, HO
1 HE TOKa3bIBAIOT OTCYTCTBUE TAKOTO PA3ITUUMS.

OreHka pa3HOCTH CPEIHUX HE3aBUCHMBIX BHIOOPOK YaIlle BCEro mpo-
Boautcs no t-kpureputo u HCP.

Haunmenbmas cymecrsenHasi pazHoctb i HCP — 310 Bennuu-
HA, yKa3bIBAIOIIAs PAHULLY IPEACIbHBIM CITy4aiiHbIM OTKJIOHEHHsIM. Ee
OTIPEACISIOT 10 COOTHOILIEHHUIO:

HCP=1txS,

rae: t — kputepuii Creionenta (cM. 3ansaTHe 3); S, — OMMOKa pa3HO-
CTH WJIA CYMMBI.

Ecinu paxruueckas pasHocts Mexay cpeaaumu d> HCP, To Hy ot-
Bepraercs, a ecin A<HCP, To H) npunumaercs.

3aganne. OLEHUTH CYILIECTBEHHOCTh PA3HOCTH CPEAHUX ABYX HE3a-
BHUCHUMBIX BEIOOPOK.

YciaoBue
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Xoa pa6otbl. HeoOxo 1Mo 3armomHuTh Tabnuity 1 1 mpou3BecTH BCIIo-
MOTaTEIIbHBIE PACUETHI.

Ta6nm{a 1- IlocnenoBaTenbHOCTh BEIYMCIICHU M Ipu CpaBHECHUHA
CPCAHUX HECOIPAKCHHBIX BBI60pOK

SX, =

SX, =

3. PaccumTarh OTHOCHTEIBHYIO OIIMOKY cpeHel SX% = % x100
SX, % =

SX, % =

4. BeIyucnuTh JOBEPUTEIbHBIN HHTEPBAJ AJIs1 TeHEPAJIbHOW CpeTHEe

X £t xSX
s p, X, £t xSX; = mpuv,=n-1=

ans p, X, £t xSX, = mpuv,=n,-1=

BriBox o HO:

BapuanT 1 BapuanT 2

Ne MK |y A | oxz | TOREA |y oy a | x2
TEIb Tellb

1

2

3

4

5

6

7

8

9

10

11

12

Cymmer| >X= >Xi= X2 = >X= >Xi= X =

X, = A= X, = A=

W3-3a HECOTPsHKEHHOCTH BEIOOPOK, pacyeTh 1O IyHKTaM 1-4 ji1st Kax-
JIOTO BapUaHTa MPOBOJST OTAEIIBHO.
1. Onpenenuts cyMMy KBaAPaTOB OTKJIIOHEHUN

S(X-X) =X - &x)

D (X -x)i=
D (X -%);=

2. Haiiti abCcomOTHYIO OIHOKY CpeiHei SX =
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5. Haiitu kpuTepuii CymecTBEHHOCTH

d x-X

t = = =
haxm — —
Sd . /sx? + Sx2
[Tomy4deHHBII KpUTEpUi CPABHUBAIOT C TEOPETUUECKUM, KOTOPBII HAXO0-

AaT 1o Tabnue (mpui. 1) npu yuciie crenexei ceo6oap N=n +n,—2=
BrBog o HO:

6. Paccunrars HCP:

HCP =1,.x S;=

[Monyuennoe 3Hauernne HCP cpaBHHBarOT ¢ o1moKoii paznoctu d.
BrBog o HO:

Bonpocs! a5 caMOKOHTPOJISA
UTo NOHMMAIOT MO/l CTATUCTHYECKOM runoTe30i? [Tpumep.
B yem HE0OX0IMMOCTB CTAaTUCTHYECKOI IPOBEPKHU TUTIOTE3BI?
Yro noHuMaroT noj Hynesoi runoresoit (H)?
Kak noHsTh, 4TO NpUHATHE HYICBOU T'MITOTE3HI, €I11e HE JJOKa3bIBa-
€T OTCYTCTBHS PEANIbHBIX Pa3TMINi MEXKTy CpeTHIMHU BEIOOPOK?

SN =
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Yro Takoe HaMMEHbIIIas cyiiecTBeHHas pasHocTs (HCP)?

Kak nnposeputs H 110 10BepUTEIHBIM HHTEPBATIAM J1J15l TeHEPaTb-
HBIX CPEIHUX?

Kax nposepurs H 110 t-kpurepuro Crbromenra?

Kaxk nmposeputs H o HCP?
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3AHSATHE 8.
MHPOBEPKA I'MIIOTE3bI O NTIPUHAJJIEXKHOCTH
«COMHHUTEJIbHOM» BAPUAHTBI
K COBOKYIIHOCTHA

B mpaxTuke rccienoBaHIi HEpeIKU CITydan, KOTia BBIOOpOYHas Co-
BOKYITHOCTb COJCPKHUT 3HAUEHUS, CUIIBHO OTIIMYAIOLINECS OT OCHOBHOU
Maccel HabmoneHui. O HUX TPYJHO CKa3aTh ONPEACICHHO: Ipydo OmIn-
OOYHBI OHH, UJIH IPOCTO UMEIOT OOJIBILIYIO, HO BEPOSTHYIO CIIy4alHYIO
omnOKy. [loaTromy OpakoBKa «COMHHUTENBHBIX» JaT HA Tia3 ObIBacT
CYOBEKTUBHOMW 1 COBEPLICHHO HE IOMYCTUMA.

OTtOpaceIBaTh JaThl MOYKHO TOJIBKO TOT/A, KOT/Ia €CTh MPSIMBbIE TOKa-
3aTeNbCTBA TOTO, YTO YCIOBHS UX MOIYYEHUS IPOTUBOPEYAT CYIIHOCTH
IKCIEPUMEHTA, ABIISIOTCA PE3yIBTaTOM Ipydoit ommoOku. Bo Beex npy-
THX CITydasX, €I0J03pUTEIbHAL» JaTa MOXKET ObITh 3a0paKoBaHa TOIBKO
ITyTeM CTaTUCTHUYECKOH MPOBEPKH.

CoMHUTENBHBIMU OOBIYHO OBIBAIOT OJIMH WM 00a KpaifHUX YJIeHa Ba-
PHALMOHHOTO psijia, TO ecTh X, u X . [UIoTe3y 0 MPHHATIEKHOCTH «CO-
MHHTEJIBHON BapUAHTHD» JAHHOU COBOKYITHOCTH IPOBEPSIIOT [0 KPUTEPHIO
t, IpeaCTaBIIONIETO OTHOIIEHUE PAa3HOCTH MEXKIY COMHUTENLHOM U CO-
CEJIHEH C Hell aToM K pa3Maxy BapbupoBanus. Kpurepuii T, —BbIYUCIIS-

da
0T 110 (hopMyram:

Xz _Xl
s X T =,
Xn—l_ 1
X —-X
I Xn: r=—0n "~
Xn _XZ

[TomydeHHBIN KpUTEPHN T s CPABHUBAIOT € TEOPETHYECKUM 3HAIEHH-
€M, KOTOpoe OepyT U3 TaOJIUIIBI PUIOKEHUS 3 B COOTBETCTBHU C TIPHHS-
TBIM YPOBHEM 3HaYNMOCTH H 00EMOM BBIOOPKH.
Ecmut, >t | To BapmaHTa OTOpachIBaeTcCs, €CM ke T, <T , TO
dakr Teop . baxr  “Teop
BapMaHTy OCTABIISIOT U H) 0 IPMHA/UIEXHOCTH €€ K TaHHOH COBOKYITHOC-

THU HC OTBECPracTcCs.
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3ananue. [IpoBepuTh MPUHAIEKHOCTH “COMHUTEIIBHBIX» BAPUAHT K
COBOKYITHOCTH.
YcnoBue

1. Paccumrarh T, IS COMHHTEIBHBIX» 1aT

I X1 Ty

I Xn Ty

2. Hatitn Ty IPUN = JU1A 5 1 1%-Horo ypoBHS 3HAYNMOCTH:

Tos ~ T~

BrmBo:

Bomnpochl 111 cCaMOKOHTPOJISA

1. Yro moHMMAIOT MO/ KCOMHUTEIBHON» BapuaHTON? [ [puauHbI nx
BO3HHKHOBCHHSI.

2. B xaxux cirydasx MO>KHO OTOpachIBaTh «COMHHUTEIBHBIC» BapHUaH-
THI?

3. Buem cymHOCTh MeTO/1a TPOBEPKU TUTIOTE3BI O TIPUHAIIIC)KHOCTH
«COMHHUTEIHHO» BapUAHTHI K COBOKYITHOCTH ?

4. Kakue nokazarenu OKa3blBalOT BIMSHUE HA BEIMYUHY TE€OPETHYEC-
KOTO KpHutepus t?
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3AHSATHE 9.
JJACNNEPCUOHHBIN AHAJIN3 ONBITHBIX JIAHHBIX

CyIIHOCTBIO TUCTIEPCHOHHOTO aHAJIM3A SBIISIETCS pacyJICHEHHE 001Ieit
CYMMBI KBaJJpaTOB OTKJIOHEHUI 1 0OLIETO YnCIIa CTeTIeHel CBOOO b HA
KOMITOHEHTBI, COOTBETCTBYIOIINE CTPYKTYpE DKCIIEPUMEHTA, M OLICHKA
3HAUMMOCTH JICHCTBUS U B3aMMOACHUCTBHS N3ydaeMbIX (pakropos 1o F-
KPUTEPUIO.

[Mpwn Haym9¥M OOIIMX MPUHIIUIIOB BO3MOYKHBI PA3IMYHBIE MOJICIH, KOH-
KPETHBIE CXEMBI TUCIIEPCUOHHOTO aHAIHM3a. DTO 3aBHCHT OT YCIOBHH H
METOAMKH ITPOBEICHUS UCCIENOBAHNN. B 4acTHOCTH OT:

- BUJIa OTIbITA (BEreTallMOHHBIN, Ta00PaTOPHBIA, TOJICBON);

- METO/1a 3aKJIaJIKH OIbIiTa (OPraHH30BaHHBIC U HEOPTaHU30BaHHBIC
TIOBTOPEHUS, IATHHCKHUI KBapaT U MPsIMOYTrOJILHHK, METOI OJIOKOB U pac-
IICTUICHHBIX JACJSTHOK U T.11.);

- KOJINYECTBA U3y4aeMbIX (pakTopoB (0HO-, IBYX-, U MHOTO(AKTOP-
HBIC OTIBITHI);

- OMOJIOTUYECKIX 0COOCHHOCTEH U3y4aeMbIX pacTeHuid (01HO-, IBYX-, U
MHOTOJICTHUE KYJIBTYPBI).

B o1HO(aKTOPHBIX MOJIEBBIX OMBITAX 00IIasi U3MEHYUBOCTH PE3YiIb-
TATUBHOTO MPU3HAKA, H3MepseMast 00Iel CyMMOW KBapaToB Cy, pac-
YJICHSETCS TPY KOMITOHEHTA: BADbUPOBAHHE MEX Ty BapyuanTamu C , MEKITy
MMOBTOPEHUSIMHU Cp ¥ BHYTpH BBIOOPOK C T.€. B 00miel Gpopme u3meHIn-
BOCTB ITPU3HAKA MOXKET OBITh IPEACTaBICHA BEIPAKCHUEM:

C=C+C+C,.

O6mee uucno creneHeir cBo6oabl (N-1) Takxke pacuieHseTcs: Ha
YaCTH — CTETIeHH CBOOO B! [y1s BapraHTOB (I-1) u 17151 cmyqaiiHoro Bapb-
uposanwus (n-1)(1-1):

(N-1)=(1-2)+(n-1)+(n-1) x (I-1).

JlMcriepCHOHHBIN aHATTN3 AaeT BO3MOYKHOCTb ITOJTyIUTh IPECTaBIIe-
HHE O CTETICHH, WITU JIOJIE BIMSTHUS KaXKI0TO (hakTopa B OOIIEH JUCTIEPCUH
MpU3HaKa, KOTOPYIO IMPHHUMAIOT 3a eauHuy wiu 100%, a mMeHHo:

Cv
77v = C_ — BIIWSIHUC BapI/IaHTOB;
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n, = =P _ BJIUSIHUE TTOBTOPEHU;
p Cy

z o
n,= oy BIIMSTHHE CITy9aliHBIX (DAaKTOPOB;
y

ny =n, +n,+n, =1.0 nm 100% — Bmusaue Bcex GakTOpOB.

JucriepCHOHHBIN aHAIN3 UMEET 3HAYUTENBHOE NPEUMYIIECTBO Mepes
METOJIOM TIOTIAPHBIX CpaBHEHUH 10 KpuTeputo CThI0eHTa!

1) BMeCTO MHAMBHIYaJIbHBIX OMIMOOK, B TUCIICPCHOHHOM aHATHM3E UC-
MOJTB3yeTCst 0000IIEHHAS OIMOKA CPETHUX, OTIMPAIOIIAsCS Ha O0JTh-
IIIee YK CII0 HAOIIONESHUNH U COOTBETCTBEHHO, SIBIAIOMIAsICS 0oJiee
HageKHOU 02301 OIIEHOK;

2) MeTOJI0OM JUCIEPCHOHHOIO aHAIN3a MOXHO 00pabaThIBaTh JaH-
HBIC MIPOCTHIX U CJIOKHBIX, OJTHOJICTHUX U MHOTOJICTHUX, OJTHO(aK-
TOPHBIX © MHOTO(AKTOPHBIX OIBITOB;

3) IUCIICpCHOHHBIN aHAIM3 ITO3BOJIIET H30€XKaTh IPOMO3/IKHX BBIUHC-
JIEHUH TTPpH OOJIBIIIOM YMCIIC BAPUAHTOB U ITO3BOJISIET KOMITAKTHO B
BHJIE CYIIECTBEHHBIX Pa3HOCTEH MPEICTaBUTh UTOTH CTATUCTUIEC-
Ko 00pabOoTKH.

Bompocsl A1 caMOKOHTPOJIsI

B gem cymHOCTB IUCIEPCHOHHOTO aHaIH3a?

Kakwie pakTophI BIUSIOT HA MOJIENb TUCTICPCUOHHOTO aHATH3a?

3. Ha kakue KOMIOHEHTHI pacuyieHsIeTcs 00IIas cyMMa KBaJpaToB
OTKJIOHEHHH B OTHO(DAKTOPHBIX ITOJIEBBIX OTIBITAX?

4. Kaxk pacCuuTarth JOJIO BIMSHUS OTIEIBHBIX (PAaKTOPOB B 00IIEH
JACTIEPCUH IPU3HAKA?

5. B uem npenmyInecTBa TUCTIEPCHOHHOTO aHAN3a ITepel METOJ0M
TIOTIAPHBIX CPABHEHMIA?

N -
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3AHSITHE 10-11.
JIMCIIEPCUOHHBIN AHAJIN3 JAHHBIX
OJHODPAKTOPHOTI'O ITOJIEBOI'O OIIBITA
C OJHOJETHUMMU KYJIBTYPAMMU, INPOBEJAEHHOI'O
METOJIOM PEHJIOMMUW3UPOBAHHBIX ITOBTOPEHUM
(uHaUBHUAYabHOE 3a7aHue Ne2)

3aganue
Tabnuna 1 — BcmoMorareabHble€ BBIYKCICHUS
IToBrOpenus
Bapi - sapraran, | apier-
I 3l v 2V 4eCKoe, X
1.
2.
3.
4,
5.
6.
7.
8.
ggg?é;:Hol/IﬂM, >P XX= X =

Xox padoTsl

1. ToacuuTate 1 BrmcaTh B Tabnuily 1 cymmbl 1o BapuaHtam (XV)
Y TIOBTOPEHUSM (XP), BBIYUCIIUTE CpEeTHHE.

2. IlpoBepHTh MPABUILHOCTH BHIYMCIICHUH 110 PABEHCTBY.

YP=2V=3XxX.

3. TIpeoOpa3oBaTh HCXOTHBIC NAThI (3HAUCHHU ST BAPUAHT) 10 COOTHO-
menuio X, = X — A, IpUHAB 32 YCIOBHYIO Cpe/iHIoN (A) apudmeTnyec-
KyI0 110 omibITy ( X' ), OKPYIJIUB €€ 70 IIeJIOT0 Yyhcia. A =
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[IpeoOpazoBaHHbIC TAThI BITUCATH B TAOJIHILY 2.

Ta6nuna 2 — [IpeoOpa3zoBaHHBIE TATHI

BapuanTsl Xi=X-4 Cymmsr, V
I I I v
1.
2.
3.
4.
5.
6.
7.
8.
Cymmbr P >Xq=

4. Bpruucnuth CyMMBI 1o Bapuantam (XV), no nosropenusm (XP) u
0o011yt0 cymMy OTKIIOHEHui (ZX).
[IpaBUIBHOCTE BBIYUCIIEHNI ITPOBEPUTH IO PABEHCTBY:.
P =2V =ZX,.
5. BbIUMCINTE CyMMBI KBaAPATOB OTKJIOHEHUH
- obmiee yncio Habmrogenuit N = Ixn =
rae | yrcino BapuaHTOB, a N — YUCIIO TOBTOPEHHUH;
- xoppekTupyrommii paxrop C=(XX,)* + N =
- CYMMBI KBaJJpaTOB OTKIOHEHUI

Cy: IX-C=
Cp: YP?+1-C=
C,= >V?+n-C=
C,= Cy— Cp— C,

6. Pesynmbrarhbl BEIUMCICHUH BIUCAT B TAOIHITY 3, ONPEICITUTD YHC-
JIO CTEIleHEN CBOOOIBI.

CpenHuii kBazipaT BapuanToB Sy’ = % =
. ) Cz
Cpennuii KBagpat ommoku Sz° = =
(n=1Dx(l-121)
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. Sv?
Kpurepuii @uiepa Fouer = —— =
Sz
Tabmuia 3 — Pe3ynbTaThl AUCIIEPCHOHHOTO aHATH3a
cparon | Wm0 | R
Hucnepcust Ap CTEIeHEN Fgacr | Fos
OTKIIOHE- KBaJI-
o CBOOOIBI
HUi par

Oo6mwas Cy N-1= - - -
IMosropenwuii C, n-1 - - -
Bapuanros Cy -1
Ocrarok (onmbku) C, (n-1)x(I-1)= - -

Teopernueckoe 3HaueHne F HaxomsT mo Tabuiie (CM. MpUIIoKeHHUE 2)
C Y4E€TOM MPHHSITOrO YPOBHSI 3HAYMMOCTH (BEPOSTHOCTHU) U YHCIIA CTETIE-
HH cBOOO/IbI OCTaTKa (OMINOKM).

I[Tpu yposue 3naunmoctu 0,05 (BepositHOCTh 0,95) 1 4ncna creneHei
CBOOOIBI PABHOMY ...

Fos= - }

8. [Iposeputs HyseByro runoresy (H ) o cymecTBenHOCTH eHCTBHSA

N3y9aeMbIX (PaKTOPOB.

B cnyuae F per < F 5 BBIYMCIISIOT TOJNBKO OMIMOKY CPETHUX apu(hMeTH-
YECKHUX Sy U PHBOJST HTOTOBYIO TabuILy 4.
B cnywae F | >F . mpou3BOAAT OLCHKY YAaCTHBIX Pa3IIM{Mi MEKILY

KT

BapHaHTaMH OTIBITA ¥ TPYIITUPOBKY BAPHAHT, JJIsI Y€T0 BBIYHCIISFOT OIIHOKY
oneiTa (S ), oumbky pasHocts (S,) 1 HCP B aGCONIOTHBIX M OTHOCH-

TCJIbHBIX BEIMYHNHAX

2
sx=,[> =
n
2
Sd:‘/z’<S =
n
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HCP, =t xSd =

HCP, %= fos X XlOO—
X

Tabnuua 4 — Mrorosas Tabnuia pe3ynbTaToB ONbITA

2.

st BHEIpEeHUS B IPOU3BOACTBO

OTKIIOHEeHHUE
Bapuants! onsita Vpoxaii, w/ra OT CTaHaapTa I'pynna
u/ra %
1.
2.
3.
4.
5.
6.
7.
8.
HCPys - -

Teopernueckue 3HaYCHUS t-KPUTEPHSI HAXOLIT 10 Tadnue (CM. Tpu-
noxenue 1) ¢ yaeToM MPUHATOrO YPOBHS 3HAUUMOCTH (BEPOSTHOCTH) U
YHCIIa CTeNeHel CBOOO bl T ocTaTKa (OIHOKN).

B 3akit04eHUE COCTABISIFOT UTOTOBYIO TAONIHUITY 4 ¥ ICNAIOT BHIBOJ O
CYLIECTBEHHOCTH YaCTHBIX PA3JIHUMi MEK1y BAPUAHTAMH OTIBITA.

IIpu ycTaHOBIEHNM HOMEPA FPYIIBI AEUCTBYIOT CIIEIYIOLIUE TPAaBUIIA:

- KOHTPOJIbHOMY BaPHAHTY MPHCBAMBAIOT CUMBOJ St, 4TO O3HAYaeT
«CTaHIApPT;

- K 1-i TpymiIe OTHOCSAT BapUAHThI MPEBBILIAIOIINE KOHTPOJIb HA BEJIU-
ynny Oonbiryio, yem HCP;

- KO 2-i1 rpyIie OTHOCSAT BAPHAHTbI, OTJIHMYHSI KOTOPBIX OT CTaHAapTa
He npessimaetT HCP;

- K 3-ii rpyIine OTHOCSAT BAPUAHThI, CYIIIECTBEHHO YCTYIAOIINE KOHT-
poItto.

BEIBOIEL:

1.
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KOHTpOJIbeIe BOIIPOCHI K MHAUBUAYAJIBbHOMY 3aJaHU IO Ne 2

1.
2.

3.

9.

UYro Bel 3HaeTe 0 TUCTIEpCHOHHOM aHaIH3e?

3ageM mpuOeraroT K mpeoOdpa30BaHUIO UCXOTHBIX 3HAUCHHUH BapH-
aHT?

Kaxk onpenensioT ycinoBHyro cpenHiowo (A)?

[To xakum Gopmyriam HaxoAAT o0IIee YUCIIO HAOIIONEHHH, KOp-
peKTupyromIHii HakTop U CyMMbI KBaIPaTOB OTKIOHEHHUH (001IyIO,
MOBTOPCHHUI1, BAPUAHTOB, OIIMOKH)?

Kak ycTaHOBUTH YMCIIO CcTeTIeHEeH cBOOOIBI sl AUCTIEpCUU 00-
11eii, TOBTOPEHMIA, BAPUAHTOB, OIIIHOKH?

3a4eM pacCUMTHIBAIOT CPEJAHUHN KBAApaT?

Kaxk onpenenuts (akTraeckoe 3HaueHne F-xpurepus?

Kak Haxomsr reoperndeckoe 3HadeHHe F-kputepus? OT 4ero oHO
3aBUCHT?

Kaxk nmpoBepuTh HylIEBYIO TUTIOTE3Y?

10. JTst uero paccuuthiBator HCP? Metoab! pacuera.
11. Kakue npaBuiia JeiCTBYIOT IIPH YCTAHOBICHUH HOMEpA TPYITIHI?

C KaKoii IeJTbI0 BapHAHTHI OTIBITA ACTIST HA TPYIIITHI?
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3AHSATHE 12.
KOPPEJIAALIUA U PET'PECCUA

B arpoHOMI4eCKNX UCCIIENOBAHUAX PEAKO MPUXOIUTCS HMETH JIENO C
TOYHBIMH H OIIPENCIICHHBIMA ()Y HKIIMOHAJILHBIMH CBSI3SIMH, KOTIA KaXK-
JTOMY 3HAUYEHHIO OJTHOM BEJIMIMHBI COOTBETCTBYET CTPOTO ONIPENETIEHHOE
3HAYCHHE JPYroi BeIMYMHBI. 31eCh Yalle BCTPEUAIOTCS TAKUE COOTHO-
HICHHS] MEKTy IEPEMEHHBIMH, KOT/Ia KQKIOMY 3HAYEHHIO PHU3HAKa X CO-
OTBETCTBYET HE OJJTHO, @ MHO’KECTBO BO3MOKHBIX 3HAUCHHUN MPHU3HAKA Y.
Taxue cBsI31 00OHAPYKUBAIOTCS JIMIIH IIPH MACCOBOM U3y9IEeHUH TPH3HA-
KOB M Ha3bIBAIOTCSA KOPPEJALMOHHBIMH.

IIpn n3ydeHnn KOpPEIANMOHHBIX CBA3EH OCHOBHBIM SIBJISIETCS yCTa-
HOBJICHUE HAMPABIICHHs1, JOPMBI U TECHOTBI (CHIIBI) CBSI3H.

[To HanpapneHuio koppensys ObIBaeT

- MPAMOM WK NOJIOKUTEJIBHOM — KOT/IA C YBETMIEHUEM apTyMEHTa
X 3HaueHne PyHKIUHN Y B CPETHEM YBEITUUNBACTCS;

- o0paTHOM, UM OTPULATEJBHOM — KOT/Ia C POCTOM X 3HAUCHHE
VY ymeHb1Iaercs.

ITo hopme BBIIENSIOT:

- JIMHEHHYIO CBS3b — KOTZIa ITPH OJMHAKOBBIX MIPUPAIIECHHSIX apry-
MeHTa X, QyHKIUS Y UMEET OJIMHAKOBBIC U3MCHCHUS; OHA HOCUT JIMHEH-
HBII XapakTep U BBIpaXKaeTcsl ypaBHEHHEM IpsiMoil Y = a + ¢X, Ha3bIBa-
€MBIM YpaBHEHHMEM perpeccuu Y Ha X

- KPHMBOJIMHEHHYIO0 — KOT/Ia TPY OMHAKOBBIX PUpAIIEHUIX X (yH-
KIMs Y UMEET HEOIMHAKOBBIE N3MEHEHMS.

ITox cumoil HOHMMAIOT TECHOTY, CTETIEHb CBA3M MEKY IPU3HAKAMH.
OTOT MmOKa3aTenpb Xapakrepusyercs Ko3(¢GHUUHEeHTOM KOppeJsiiuy,
KOTOPBIN paCCUUTHIBAIOT 11O (hopMmyre:

o 2(X-®)x(Y-y)
VX =52 x D (Y =)
o DXY (D X xDY)+n
JEX2-(EX)F+mx (Y2 -2 Y)? +n)
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Koaddumment koppemnsiiuu (r) uamensiercs B npenenax ot —1 go +1.
CBs3b MEX/y BEIMIMHAMHI CIUTACTCS:

- cuutbHOH Tipu I 6onee 0,7

- cpenneiipu r ot 0,3 10 0,7;

- cimaboii ipu I menee 0,3

[Mpu r = 0 tuHEIHAS CBA3b OTCYTCTBYET, a IpH I' = 1 KoppensonHas
CBSI3b IIEPEXONT B DYHKIIMOHATBHYIO. 3HAK KOA(PPHUIHEHTA KOPPEISIHN
YKa3bIBaeT Ha HAIIPaBIICHHUE CBS3U:

- 3HAK «+» 03HAYAET MPSAMYIO CBS3b;

- 3HaK «—» yKa3bIBaeT Ha 0OPaTHYIO CBS3b.

CranmapTHyIO OIIMOKY KOA(PPUIIUEHTA KOPPEISIIUN BHIYUCIISIIOT TIO

opmyae:

a KpUTEPHI CYIIIECTBEHHOCTH 110 OTHOIIICHHUIO!
I
Sr’

rae: Sr— ommoka ko3¢ pUIMeHTa KOpPesiuy; I — Kod(QUIeHT kop-
PENSAIMy; N — 9UCIIO TIap 3HAYEHUH B BBIOOPKE; t — KpUTEPHIA CyIECTBEH-
HOCTH KO3 (hpHUIIEeHTa KOPPEIISIIIN.

Henocrarox koaddunreHTa KOppesiiui COCTOUT B TOM, YTO OH HE
MO3BOJISIET CYTUTh O KOJIMYECTBEHHON N3MEHUYHBOCTH PE3YIBTaTHBHOTO
npusHaka (Y) npu uamenenusx paxropuaibHoro (X). 3aech HeoOXo UM
perpecCHOHHBIN aHATN3, OCHOBHAS 3a/1a4a KOTOPOTO COCTOUT B OTIpeIe-
JieHnH (GOPMYITHI KOPPEISIIMOHHOM 3aBUCHMOCTH, T.€. YpaBHEHUSI IPSIMOI
JIHUH.

YpaBHEHHE INHENHON perpeccu Y 1Mo X UMEET BU!

Y=Y-6,(X-X),

tr

rae: X u Y —cpennue apudmernueckue 1 paga X u'Y; 6 —koo¢-
¢unment perpeccun Y mo X.

[Mox xoddureHTOM IMHEHHOH perpeccny HOHUMAIOT YUCIIO, TIOKa-
3BIBAOIIEE, B KAKOM HAIIPABJICHUH U HA KaKYIO BEIMUUHY U3MECHSIETCS B
cpeneM npusHak Y (QyHKIHs) Mpu n3MeHeH!H pu3HaKa X (aprymeHra)
Ha equHUIY m3Mepenus. KoaddumenT perpeccun umeet 3Hak ko3hhu-
IMEHTa KOPPEISLIAN H HAXOIATCA 10 (hopMye:
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2 -D)x(-7)

6vx —\2
' z (X =X)
O ) . o ) 3AHSTHE 13.
HIMDKY KOO QUUHCHTA PErPECCHH BHITHCILIOT MO QOPMYIIC. KOPPEJUISINMOHHBIN ¥ PETPECCHOHHBIN AHAJIN3
ONBITHBIX JAHHBIX
(unauBUAYabHOE 3anaHue Ne3)
3aganue
Bompocsl 115 caMOKOHTPOJIsI
1. Kakwe BU/IbI CBSI3U MEXK/IY SIBJICHUSMH BbI 3HaeTe? UTO Takoe Kop-
PENAIMOHHAS CBSI3b?
2. Yro Takoe HanparieHue koppessiimn? Kakue BUIbI KOppeNsiiiy 110
HaIpaBIICHUIO BB 3HaeTe?
3. Kakue ¢popMbI KOppETSIMOHHOH CBSI3H BBI 3HaETE? BcnomoraresbHas TabiHLa /U BBIYHCICHAS
4. Yrto MOHUMAIOT IO/ TECHOTOM KOPPENSAIIMOHHOMN CBI3N? o 3HadYeHUs NPHU3HAKA ) )
5. Uro Taxoe kodurreHT npocToii mHeitHOM Koppemsiuuu? Kakue nap X v X Y Xy
3HAYCHUSI OH MOXKET IIPUHUMATD? 1
6. B d4eM cocTouT CyTh M OCHOBHAS 3a/1a4a PETPECCHOHHOTO aHAJH- :
3a? 2.
7. Uro moxa3pIBaeT KO PUIMEHT peTrpeccun? 3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
Cymma Y X= Yy= yX%= YVi= | ¥XVy=

Xox padoTsl
1. BrrancnuTh HEOOXOAMMBIE 3HAYCHHMS U 3AITOJTHATH BCTIOMOT aTelTh-

HYFO TaOJIHILY.
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2. PaccunTarh BCIOMOTATEIbHEIE BEIMYNHBI

n=

__ X
n

SN
n

D(X=x)P=>Xx2-O X)*+n=
D= =Y (XY 0=
DX=X)Y =7) =D XY =D XD Y)+n=
3. Haiiti Ko3(h(hHITHEHT KOppeIISInK, pETPECCHU U YPaBHEHVIE PErPECCHA
20X -y
U2 (X =5 x D (Y - 5)?

, 22X DY -3)

yx D (X =x)?
Y =)_/+6yx(X—)_C) =

4. Ompenenuts OMMOKH, KPUTEPUI 3HAUNMOCTH U JOBEPHUTEIHHEIC
HUHTEPBAIBI

n-2

o |2
Sg = Sr W—
Syx =Sry/> (Y - 3)? =

r

tr = S = Torzaa t =
v=n-2=
r+t, xSr=

8y Tlps x S =
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5. JlaTh O1IeHKY CYIIECTBEHHOCTH MO -KpUTEPHIO U JOBEPUTEIHHBIM
HWHTEPBAIIOM JUTSI KOPPEISLUN U pETPECCUN.

6. [To ypaBHEHUIO perpeccuy pacCUUTATh yCPEAHEHHbBIE TEOPETHYEC-
KM€ 3HaYCHUsI Y I SKCTPEMAJIBHBIX BEJIMYUH X!

Vx

meax

7. I1o mosy4eHHBIM TOYKAM CTPOSIT rpad K MPSIMOH, T.€. TeOpeTHYEC-
KYIO JINHHIO perpeccuu Y mno X.

Ha rpadwuke yka3piBaroT ypaBHEHHE perpeccud, koddummenT perpec-
CHU ¥ KOPPEJISILUHL.

BBepx ¥ BHH3 OT TEOPETUYECKON JINHUU PETPECCUU OTKIIAIBIBAOT BE-
mmauHy t xS = . Halinenusple TOUKN COENUHAIOT TyHKTUPHBIMU
TMHASMH. OBNacTh MEXy STUMH JIUHUSIMU HAa3bIBACTCS JOBEPUTEb-
HOH 30HOW perpeccuu.

HazBanmue

min
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BriBo1BI
1.

KoHnTpoJbHble BONPochl K HHAUBHAYAJIBHOMY 3a1aHiI0 Ne3

1. Kakwue 3a7a4¥ CTOST Hiepe] KOPPEISIIMOHHBIM aHATH30M ?

2. Kakoe 3HaueHne npuHIMaET KO3 (QUIIMEHT KOPPEISIIUH B BallleM
ciryqae? O 9em 3TO TOBOPHT?

3. Tlo KakuM KpUTEpHIM U KaK OIEHUBACTCS CyIIECTBEHHOCTH KOP-

PEISIUH B PETPECCUU?

Kax 1 ¢ KaKoif 11eJIbI0 pacCUNTHIBAIOT YPaBHEHUE PETPECCUu’?

Kakum crtoco0oM CTposT TEOpETHIECKYIO JIMHUTO perpeccu Y Mo

X?

6. Uro BBI MOHMMAETE MO TOBEPUTEIBLHON 30HOM perpeccun?

o~
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3AHSATHUE 14.
IJIAHUPOBAHUE OJJHO®AKTOPHOI'O ITOJIEBOI'O
IKCIHHEPUMEHTA
(unauBHUAYaJbHOE 3anaHue Ned)

[TmanrpoBaHue — 3TO OMpeneNeHHE 3a1a49 1 0OBEKTOB HCCIICTOBAHMS,
pa3paboTKa CXeMBbI KCIIEPUMEHTA, BRIOOP 3€MENIFHOTO y9acTKa U ONTH-
MaJIbHOU CTPYKTYPHI ITOJIEBOTO OMBbITA. [Ipy muraHupoBaHUM CXEM OJTHO-
(aKTOPHBIX OMBITOB SKCIIEPUMEHTATOP UMEET JeJIO C JAByMS THIIAMU
OTIBITOB:

- OMIBITHI C KAYECTBEHHBIMHU PA3IMYMSIMUA MEXKTy BapUaHTaMH;

- OTIBITHI, KOT/Ia BAPHAHTH UMEIOT KOMMYECTBEHHBIE Tpaaliiil H3yda-
eMBIX (DaKTOPOB.

B onpITax ¢ Ka4eCTBEHHBIMHU Pa3IMIUSIMHI MOTYT U3y9aThCs: CIIOCO-
ObI ceBa, 00PaOOTKH ITOYBKI, BIUSHHE MPE/IIICCTBEHHUKOB, pa3Hbie (hop-
MBI yIOOPEHUH, TECTHIINIOB, CPABHUBATHCS PA3IMUHBIC COPTA U KYIIBTY-
pBI H T.1I.

OTIBITHI C KOTMYECTBEHHBIMH T'paIAlisIMUA H3yJaloT 0361 YIOOpEHHH,
HOPMBI TTOJIMBA, TITyOMHA 00Pa0OTKY ITOYBHI, HOpMa IOCEBa CEMSTH U T.]I.

[MpuHIMTNHaIbHOE pa3IYUe MEXKIY OJHO(DAKTOPHBIMU OIIBITAMH C
Ka4eCTBEHHBIMH (JIMCKPETHBIMH) U KOJIMYECTBCHHBIMHU (HETIPEPHIBHBIMMU)
(bakTopaMu IpH IUTAHUPOBAHUH SKCTIEPHUMEHTA TAaKOBBI: B TIEPBOM CITydae
Ba)KHO TOYHO OTIPEJICIIUTh MPHOABKY YpOXKasi B CPAaBHEHUH C KOHTPOJIEM,
T.¢. 9pdeKkT BapuaHTa, a A ITOro HeoOxoaMMa 4—6-KpaTHast ITOBTOP-
HOCTBh. Bo BTOpOM citydae BayKHO onpeaenuTh GopMy KPUBOM OT3BIBUH-
BOCTH, JIJIsl 3TOTO HAJ0 UMETh JOCTATOYHOE YHCIIO rpaaanuu (103), u
CIIEZIOBATEJIFHO BHITOJHEE IMETh OOJIbIIIC BAPHAHTOB, HE MOBBIIIAS TIO-
BTOPHOCTB (3-4).

3aganue

1. PazpaboTaTh cXeMy MOJIEBOTO OIBITA C 4-5 BapraHTaMu 1O TEME.

2. OnperenuTh OOIIIYIO U YUETHYIO IIOMIA b IENISTHOK, €€ (hopMYy, BBI-
JICIIUTh 3alIUTHBIC OJIOCH (3aIIUTKH), YKa3aTh BCE pa3Mephl DJIEMCHTOB
TCTISTHKHL.

3. 306paTh 9uCI0 MOBTOPEHUH OTIBITA.
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MeTton pa3MeIeHus NIOBTOPEHUH.

Meron pa3menieHus BApUaHTOB.

4. HauepTuTh CXeMaTHUECKUH TIaH pa3MeEIeHUs TOBTOPEHUH U Ba-
PHaHTOB C yKa3aHUEM BCEX Pa3MEPOB.

Tema omrlTa:

OOGocHOBaHKE BHIOOPA BApUAHTOB OTIBITA

Cxema orbITa;

arowpdpE

Cxema ACJIAHKHU ONbITa ¢ YKa3aHUEeM BCEX pasMepoB

Meron pa3MerieHus TOBTOPEHUHN —

Merto pa3menieHusl BApUAHTOB B TIOBTOPEHUSIX —

CxemMaTHYeCKHIi IUIaH pa3MelleHUus MOBTOPEHUil 1 BAPUAHTOB
(c ykasaHueM BCex pa3MepOB)
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IJIOCCAPUM
(ocHOBHOIT TEPMHHOJIOTHYECKHI CJI0BAPb)

1. N(n) — 0ObeM BBIOOPKH, WK YKCIIO HAOTIOACHHH (TOBTOPHOCTB B OIIBI-
Te).
2. X —cpenHsis BBIOOpOYHAs: CpeTHeapuPMeTHIECKast HITH CPETHEB3BE-
IICHHASI.
. P(p) — dons npusHaka B BEIOOpKE (COBOKYITHOCTH).
4. — nosst OOBEKTOB C OTCYTCTBHEM IMpH3HAKa (aJbTepHATUBHAS H3-
MEHYHBOCTH).
5. R - pa3max Bapuanuu (MaKCHMAaJIbHOE OTKJIOHCHHE IPH KOJIMYECTBEH-
HOIl U3MEHYUBOCTH).
6. CK — cymma KBaJpaTOB OTKJIOHEHUH.
7. v —4ucIo creneHei cBo6o bl (B 00mieM ciaydae v =N — 1).
8. C — koppeKTupyromuii (BBIYMTACMBbIii) YICH, WU MOTIPABKa.
9. $? (umu CK) — mricniepeust (CpeiHuil KBaApaT OTKIIOHCHHIA).
10. S — cpenHeKBaApaTHUECKOE HITH CTAHAAPTHOE, OTKIOHEHHE (IT0Ka3a-
TEJIb K3MEHUYUBOCTH).
11. V (KB) — ko3 durment Bapuanuu (%), Wiix OTHOCHTEIBHOE CTaHap-
THOe oTKiIoHeHUE 0 — cpeHee a0COIIOTHOE OTKIIOHEHHE.

w

12. S, —abcomoTHas omKrOKa BLIOOPKH, MIIH CpeHEN BHIOOPOYHOM.

13. S, % — otHocuTeNbHAS OIKOKA BEIOOPKH (TOYHOCTB OMBITA).

14. Ho — nyneBast, HA — anprepHaTiBHAs TUIIOTE3HI.

15.t — daxrudeckoe 3HaueHne KpuTepusi CTHIOCHTA.

16. t, — TeopeTHUECKOE 3HAUCHHE.

17. F(Fa) u x*(%2a) — pacueTHble (TabINYHBIC) KPUTEPUH CYLIECTBEH-
HOCTH, COOTBETCTBEHHO: DHIIepa 1 X1-KBaIpar.

18. HCP — HaviMeHbI11as1 CYIIECTBEHHAS Pa3HOCTh, KPUTEPUH CYIIECTBEH-
HOCTH IIPU CPAaBHEHHH CPE/THHX.

19. x — YUCITO KITACCOB WJTH TPAJIAIHi.

20. i — MHIEKC CPEHEro 3HAYCHUS TIPH3HAKA HJTH KJIACCOBBIN HHTEPBAL.

21. f —yacrora BCTPEYaeMOCTH OT/CIIbHBIX 3HAYCHUH.

22. M — rpymnmoBasi CpeiHss.

23.T — KO3(p(HHULHEHT KOppEALMH (paHr).
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24. MIIP — MeTO/1 MOTHOM peHIoMU3anuH (IUIaH SKCIICPHUMEHTA). Mpuaoxenue 1
25. MOII (MB) — meTo1 OpraHu30BaHHBIX MOBTOPEHHI (METO/T OJIOKOB).

26. MJIK (IT) — MeTo/ TaTUHCKOTO KBaipaTa (psMOYyroJbHHUKA). Crannaprusie snaqenus t (kpurepuii CTbronenTa)
27. MH)I[ (PB) — MeTox nepeKpecTHBIX JeNSHOK (pacleIUICHHBIX 0110~ R TRR—— VpoBeHb BEPOSTHOCTH (3HATMMOCTH)
KOB).
CBOOOIEI, V
28. [1OD (HIIDD) — nonHOopakTOpHbIii (HEMOITHO(DAKTOPHBIIN) IKCTIEPH- 0.95(0,0) 0,99 (0.01) 0,999 (0,001)
MEHT. 1 12,7 63,7 637,0
2 4,3 9,9 31,6
3 3,2 5,8 12,9
6 6 O 4 2,8 4,6 8,6
5 2,6 4,0 6,9
6 2,4 3,7 6,0
Pexomenayemasi qurepaTtypa l 2,4 3,5 53
8 2,3 3.4 5,0
1. Amunbses, O.J]. YueOHO-METOMUECKOE PYKOBOJICTBO O MPOBEIC- 9 23 33 48
HUIO MCCIIEIOBaHui B arpoHoMun [Tekct]: yae6HO€ mocobme ist By- : : :
30B/D./1. Anunbsies, A.A. Abaes, H.JI. Anaes. - I'po3nbiii: Yeuen- 10 2,2 3,2 46
CKuil rocynapcTBeHHbli yauBepeuret, 2012, - 344 c. - ISBN 978-5- 11 2,2 31 4,4
91127_040'7. 12 2,2 3,1 4,3
2. JloctiexoB b.A. MeTonuka mosieBoro omnbita (C OCHOBAMHU CTaTHCTH-
4yeckoil 00pabOTKH pe3ynbraToB uccienoBanuii) [Tekct]: yueOHuk u 13 2,2 3,0 41
yaebHoe nmocodue st By30B / b.A. Jlocniexos. - M.: ArponpomMusar, 14-15 2,1 3,0 4,1
1985.-351c. } 16-17 2.1 2,9 4,0
3. OCHOBBI HayYHBIX UCCIICAOBaHUIT B arpoHOoMuUH [ TekcT]: yaeOHUK [ist
By30B /| M.®. Tpudonosa [u ap.]. - M.: Anbsuc, 2016. - 328 c. - 18-20 2.1 2.9 3.9
ISBN 978-5-91872-123-0 21-24 2,1 2,8 3,8
25-28 2,1 2,8 3,7
29-30 2,0 2,8 3,7
31-34 2,0 2,7 3,7
35-42 2,0 2,7 3,6
43-62 2,0 2,7 3,5
63-175 2,0 2,6 3,4
175 u Goibiie 2,0 2,6 3,3
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Mpuioxenue 3

Kputnueckue 3navenus kpurepus t 1ist 5%-ro
1 1%-10 YpOBHSI 3HAUUMOCTH

YpoBEeHb 3HAUUMOCTH
O6bem BBIOOPKH, N
0,01 wiu 1% 0,05 wiu 5%
4 0,991 0,955
5 0,916 0,807
6 0,805 0,689
7 0,740 0,610
8 0,683 0,554
9 0,635 0,512
10 0,597 0,477
11 0,566 0,450
12 0,541 0,428
14 0,502 0,395
16 0,472 0,369
18 0,449 0,349
20 0,430 0,334
22 0,414 0,320
24 0,400 0,309
26 0,389 0,299
28 0,378 0,291
30 0,369 0,283
Kgpc  rpynma
®.1.0.

Paboty cman
IOoAIKUCH MpEnoaaBaTeIsd
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