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BBEJAEHUE

Meroauueckue yka3aHusi COCTABJIEHBI HA OCHOBE MPAKTUYECKUX 3aHATUM, KOTO-
pbIE€ aBTOPBI MPOBOAMIIM HA MPOTSHKEHUM MHOTHX JIET NPENOJaBaHusl QUCIUIUIMH «Ma-
TeMaTHKa», «Bbicias mareMaTrka» U « Teopust BEpOSITHOCTEN U MAaTEMATUYECKAsl CTaTH-
CTHKa» B BUTEOCKOM roCcy1apcTBEHHOM TEXHOJIOTHYECKOM yHUBepcuTeTe. [IprBeéHHbIHM
MaTepHai IPOBEPEH Ha HECKOJIBKHX MOKOJIECHUSX CTYJIEHTOB U COAEPKUT HEOOXOIUMBIE
cBeZCHUS sl OyaylIMX CIEIMAIMCTOB MEXaHUKO-MH(OPMAIIMOHHBIX U AKOHOMHKO-
MH(QOPMAIIMOHHBIX crienranbHOCTe. Cpeay pacCMOTPEHHBIX B MPAKTHKYME THIIOBBIX
IIPUMEPOB €CTh 33Ja4H, UMEIOIIME MPAKTUYECKYIO HAIPABICHHOCTb U CBSA3aHHBIE C JUC-
LUIUTMHAMH, KOTOpPbIE OYAyT U3y4aTh CTYIEHTHI B CIIEAYIOIINX CEMECTPAX.

JlanHble yueOHO-METOANYECKHEe MaTepualibl MpeIHa3HAuYeHbl U CTYJICHTOB 4e-
TBIPEX cHeUUaIbHOCTEN (haKyIbTeTa MHOOPMALMOHHBIX TEXHOJIOTUH U POOOTOTEXHUKU U
JBYX cllelMaIbHOCTEH (haKysIbTeTa SKOHOMUKU U OM3HEC-yIpaBieHus. B pabote npuse-
JICHBI TEOPETUYECKHUE BOIPOCHI VI CAAYU DK3aMEHA, COJEPKaHUE U TEMaTHKa [IPAKTUYe-
CKUX 3aHATUHM 110 YKa3aHHBIM KypcaM. MeToauueckue yKa3aHWs HaIllMCaHbl B COOTBET-
CTBUM C y4yeOHOH mporpammoit nucuuiuimH «Marematuka», «Bpiciias maTteMaTuka» M
«Teopust BEpOATHOCTE M MaTeMaTU4eCKas CTATUCTUKA» Ul CTYIACHTOB MEXaHWMKO-
TEXHOJIOTHYECKUX U SKOHOMUYECKHX CHELUATbHOCTEN BTOPOTO rojia 00y4eHHUsL.

B mpakTtrKyMe pacCMOTpEHBI /1Ba paszena KypcoB «Marematukay, «Beicias ma-
TeMaThka», «Teoprs BEpOSTHOCTEM M MATEMAaTHYECKas CTAaTUCTHUKA». CTATHCTUYECKAs
00paboTKa JaHHBIX M 3JEMEHTbl PErpecCMOHHOrO aHanuza. Kaxaas Tema mpakThKyma
MpeAcTaBIsieT co00M METOAMYECKUI MaTepya i IPOBEICHHUS IPAKTUYECKOTO 3aHATH,
COAEP>KUT PEILICHUSI TUTIOBBIX MPUMEPOB U MOJI0OPKY PEKOMEHAYEMBIX K PELICHHUIO 331a4
I10 TEME 3AHATUSA, & TAKKE 3aJaHNs IS BBIIIOJIHEHUS! KOHTPOJIMPYEMOM CaMOCTOSITEIBHON
paboThl. B Hauase kKaxmoro passena NpuBeEH KpaTKUM TEOPETUYECKUN MaTepual, Ko-
TOPBIA HEOOXOMMO 3HATH CTYACHTY TPY MOJTOTOBKE K ayJUTOPHON M CaMOCTOSATEIILHON
pabote o 3agaHHOM Teme. [Ipexxae yeM MpucTynaTh K pelieHrIo 3a1a4u MPaKTHYECKOTo
3aHSITUS WM BBIIIOJHEHUIO KOHTPOJIMPYEMON CaMOCTOSITENbHOM paboThl, CTyJIEHTY HEOO-
XO/IMMO M3YyYUTh TEOPETUUECKUN KypC JIEKIIMOHHOTO Marepualia WM 0OpaTUThCS K aKa-
JEMHUYECKUM M3JIaHusM JUIsl Oosiee JETAIbHOTO M3YUYEHUs Pa3lesioB Kypca, KOTOPBIE €ro
nHTepecyroT. HanMeHoBaHHe TeM MPaKkTUKyMa, a TAKXKE UX CTPYKTYpa IOCTPOEHBI B CO-
OTBETCTBUM C y4eOHBIMU MpOrpaMMamu JucLUIUIMH «MaremaTtuka» «Beiciias MaTtema-
THKa» U «Teoprs BEpOATHOCTEW U MAaTEMATUYECKAS CTATUCTUKA» JIJISl CTYJIEHTOB CIICLU-
anmpHOcTel: 1-36 01 01, 1-43 01 07, 1-53 01 01-01, 1-28 01 01, 1-40 05 01-01,
1-40 05 01-10. Crynentsi 3a04HOi (hOpMBbI OOYUEHUS] MOTYT MTPUMEHSTH U3JI0’KEHHBIN B
MPAKTUKyME TEOPETUUECKUI U MPAKTUUECKUN MaTepua Ui CaMOCTOSTEIbHON paboThI
[0 TIPEIMETY WU BBINOJHEHUIO KOHTPOJBHBIX 3adaHuid. [IpemoskeHHas Meromudeckas
pa3paboTKa MOMOXKET CTYAECHTaM MOJTOTOBUTHCA K MPOXOMKICHUIO TECTA MO OTAEIbHBIM
TEMaM M pas3zenaM Kypca, Tak KaK IPOBEICHUE DK3AMEHA MOAPAa3yMEBACT NIEKTPOHHBIN
KOHTPOJIb 3HAHUM.



MNEPEYEHb BOITPOCOB YYEBHOM ITPOI'PAMMBI I1O KYPCAM
«MATEMATHUKA», «BBICIHASI MATEMATHUKA»,
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JIJISI CHEITMAJIBHOCTEN
1-36 01 01, 1-43 01 07, 1-53 01 01-01, 1-28 01 01, 1-40 05 01-01, 1-40 05 01-10
(BTOPOM KYPC)

1. BeposiTHOCTHBIN 3KcIIepuMEHT. [IpenMer u 3a1aum TeOpur BEPOSITHOCTEN.

2. OcHoBHBIE (HOPMYIIBI KOMOUHATOPUKH.

3. [IpocTpaHcTBO ArIeMEHTapHBIX COOBITHI. Anredpa COOBITHIA.

4. Knaccudukamust coObITHIA.

5. AKCMOMAaTHYECKOE, KIACCUYECKOE, TIE€OMETPUYECKOE M CTaTUCTUYECKOE
OTpEeICJICHUE BEPOSITHOCTEN CIIydYalHBIX COOBITHM.

6. CBolCTBa BEpOSITHOCTEH CITy4YaliHBIX COOBITHIA.

7. YcioBHas BEpOATHOCTb. TeopeMa YMHOKEHUS BEPOSITHOCTEM.

8. ®opmyna mOJIHON BEPOSITHOCTH.

9. ®opmyna baiieca.

10. IlocnenoBaTeIbHOCTh HE3aBUCUMBIX UcTIbITaHUNA. Cxema beprymu.

11. HauBeposiTHe111€€ YUCITO.

12. Teopema Ilyaccona.

13. JlokaneHas Teopema MyaBpa — Jlamaca.

14. NurterpansHas TeopeMa Myaspa — Jlamnaca.

15. 3akoH OosbiKx yucen B cxeMe bepHysm.

16. ITonsTHE CITyYyaltHOM BETUYHHBI.

17. ®yHkus pacnpeneiaeHus, e€ CBoMcTBa.

18. TInoTHOCTH BEpOSTHOCTH, €€ CBOMCTBA.

19. JIuckpeTHble CIy4ailHbIC BEJIMYUHBI.

20. HenipepbiBHBIE CTy4aliHbIE BEJTMYUHBI.

21. XapakTepuCTUKH, OMMCHIBAIOIINE LIEHTP pacipeesieHus CIy4ailHOW Beu-
YUHBI (MAaTEMaTHYECKOE O’KUJaHUE, MO/Ia U MEIMaHa), UX CBOMCTBA.

22. XapaKTepUCTUKH, ONUCHIBAIOIINE PACCEHBAHUE CIIYYalHOW BEIMYUHBI
(Iucnepcust U cpeliHee KBapaTHYECKOe OTKIOHEHHUE), UX CBOMCTBA.

23. OMHOTOYEYHOE M IBYXTOUYCUHOE paclpeieiiCHHE.

24. T'eoMeTpUYECKOE U THUIIEPTEOMETPUIECKOE pacTpeiesieHue.

25. buHOMHANIBHBIN 3aKOH pacpe/IeICHNUS.

26. PaBHOMEpHBII 3aKOH pacipe/eeHus.

27. Tloka3zaTenbpHBIN 3aKOH paclpeieICHHUS.

28. HopmauibHbIN 3aKOH pacnpeiesieHusl.

29. [IpaBusno Tpex curM st HOpMaJIbHOTO 3aKOHA paclpeeIeHusI.

30. OnpeneneHre MHOTOMEPHBIX ClydyalHBIX BenuuuH. [loHsTHE O MOzenax
pacnpeneneHuss MHOTOMEPHBIX CIIyYalHbIX BEJIMYUH.

31. Pacnipenenenrie BepOsITHOCTE MHOTOMEPHBIX JTIUCKPETHBIX CIyYalHBIX BE-
JIUYUH.

32. OyHKIUA pacnpenesieHuss MHOTOMEPHOU CITydaifHOW BETUYMHBI.
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33
JIeJICHUS
34
35

JIMYHH.

36.
37.
38.
39.
40,
41.
42.

YU HBI.

43.
44,
45.
46.
47.
48.

. HenpepbIBHBIE MHOTOMEPHBIE CIIy4alHbIE BEIUM4MHBL. [[10THOCTH pacnpe-
BEPOSITHOCTEX MHOTOMEPHOM CIIYYaHOW BEJIMYUHBI.

. Pacnipenenenus coCTaBIIOIIMX MHOTOMEPHOM CIIy4allHOW BEJIUYUHBL.

. YCJIOBHBIE pAaCHPENEICHUS COCTABIISIOIINX MHOTOMEPHBIX CIy4YalHBbIX Be-

3aBUCHMBIE 1 HE3aBUCUMBIE CITyYalHbIC BEJIMUHHBI.

UucnoBble XapaKTEPUCTUKN MHOTOMEPHBIX CIIyYalHBIX BEJIUYHH.

@yHK1MHU (Mpeodpa3oBaHusl) IBYMEPHOM CIIy4ailHOW BEJIMYUHBI.
JIByMepHOE HOPMaJIbHOE PACIPEACIICHUE.

[Ipenmer n 3a7aum MATEMATUYECKON CTATUCTUKH.

['enepanbHas 1 BBIOOPOUYHAS COBOKYITHOCTb.

Cratuctuueckuil paja. CTaTUCTUYECKOE paCTpe/ieNICHUE CIydyalHOW BeJH-

DOmnupudeckas GyHKIUS pacipeacIcHusl.

I'padmueckoe n300pakeHUE CTATUCTUYECKUX PSJIOB.

Kiraccudukanusi ToueyHbIX OLICHOK.

MeToa MOMEHTOB.

Metoa HanOOoBIIETO PaBIONIOA00HUS.

HNuTepBanibHbIC OLICHKM MapaMeTPOB paclnpeAcicHus. TOYHOCTh HaXO0XK/e-

HHA TOYCYUHBIX OLICHOK. HOBepI/ITCHBHaSI BCPOATHOCTb I[OBGpHTGJIBHBIﬁ HHTCPBAJI.

49

. JloBepuTenbHbIE UHTEPBAJIBI AJIsI MATEMATHUYECKOTO OKUJAHUS CITy4alHOU

BCJIIMYUHBI, PIMeIOH_ICI\/’I HOPpMAJIbHOC pacClpecACICHUC 1PN U3BCCTHOM CPCAHCM KBaJIpa-
THYCCKHUM OTKJIIOHCHHU.

50

. JloBepuTenbHbIE UHTEPBAJIBI AJIsI MATEMATHUYECKOTO OKUIAHUS CITy4alHOU

BCJIINMYUHBI, HMGIOHlCﬁ HOpMAJIbHOC PpPacCpeaACICHUC IIPpHU HCEHU3BCCTHOM CPCIAHEM
KBaJApaTHICCKUM OTKIIOHCHHUMH.

51

. HOBepI/ITeHbHBIe HHTCPBAJIbl IJIA CPCAHCTO KBAAPATHYCCKOI'O OTKIIOHCHHA

CJIIy4allHOM BEJIMYMHBI, UMEIOIIEH HOPMAJIbHOE PACIIPEACIICHHUE.

52,
53.
54,

55,
56.
57,
58.
59.
60.

Cratuctuyeckas IpoBepKa MapaMmeTpUIECKUX TUIIOTES.
Cratuctuyeckuili KpuTepuii 3HAYMMOCTH ITPOBEPKU HYJIEBOW TUITOTE3BI.
Cratuctuyeckas IpoBEpPKa HEMAPAMETPUUECKUX THUIIOTES.

Kpurepuii cornacus £ g

Kpurepuii cornacust 4 Konmoroposa.

OCHOBHBIE 337]Ja41 PETPECCUOHHOIO U KOPPEISLUOHHOTO aHAIMN3A.
JIunenHas perpeccusi.

Koaddumment xoppensuu.

JIMHENHBIN KOPPEISILMOHHBINA aHanu3. Moaenu perpeccui.



MNPAKTUKYM 110 PEHIEHUIO 3AJTAY

1 CTATUCTHYECKOE OIIUCAHUE PE3YJIbTATOB HABJIIOJAEHU

Conep:xanue: TeHepaibHas U BBIOOPOYHAS COBOKYIHOCTBH, CTATHUCTUYECKHM
pSiZl, CTAaTUCTUYECKOE PACTIPEICIICHUE CIy4yalHON BEJIMYUHBI, SMIHUpUYECKas (PyHK-
1Us pacrpeneneHus, rpaguueckoe pacupeeieHe CTAaTUCTUUECKUX PSAIOB.

1.1 TeopeaneCKnﬁ MaTepHual 1nmo TeME NMPAKTHYCCKOI0 3aHATHSA

[Ipy WM3yYeHUH TEOPHU BEPOATHOCTEH MPENONAraioch, YTO BEPOSTHOCT
HACTYIUIEHHsS 0a30BbIX COOBITHIT M3BeCTHA. MICXOIs1 U3 ATOTO TPETIONOKEHHSA CTPOHU-
Jlach MAaTeMaTHYECKash MOJIENb BEPOSTHOCTHOIO SKCIIEPUMEHTA M HA €€ OCHOBAHHH
BBIYUCISUTMCH BEPOATHOCTU 00JIee CIOKHBIX COOBITHH. Teopust BEPOATHOCTH HaéT
BO3MOKHOCTb BBIYHCIISATH BEPOATHOCTU HACTYIUIEHUs COOBITHI, KOTOPBIE MOTYT MPO-
M30MTH NPH YCIIOBMU OCYILECTBIEHHUS TaHHOTO KOMILIEKca ycioBuil. Ha camom nerne
IPUNIPOBEICHAN BEPOATHOCTHOTO SKCIIEPUMEHTA MBI MOKEM HE 3HATH, OCYLIECTBHUII-
Cs M B JEWCTBUTENBHOCTH TIPENONAraeMbIi KOMIUIEKC YCJIOBUH. B TOM cMBICTE
3a]1a4M MAaTEMATHYECKON CTATUCTUKK OOPATHBI 331a4aM TEOPHHU BEPOATHOCTEA.

MaremaTudecKkass CTATUCTHKA OLEHMBAET CTPYKTYPY MATEMATHUYECKHX MOJIE-
JIEH, TPEUIOKEHHBIX [T aHallM3a BEPOSTHOCTHOTO dKcrepuMenTa. OCHOBHBIMHU 3a-
Jla4aMi MaTEMaTHYECKOM CTATHCTHKH SBJISAFOTCS: TUTAHUPOBAHKE, ONMCAHKE, aHAIIM3
¥ npeackasanue. OJHUM U3 OCHOBHBIX METOJIOB OTNMCAHMS M aHAIIM3a TaHHbBIX JKCIIE-
pUMEHTa SBJIAETCS BHIOOPOUHBI METOJI. PACCMOTPUM €ro OCHOBHBIE TIOHSTHS.

[TOCTPOMM MATEMATHYECKYHO MOJIENb dKCIIEpUMENTa. JIJist 9TOro mpoayonupy-
€M JKCIIEPMMEHT B OJIMHAKOBBIX YCIIOBHSX HE3aBHCHMBIM 00pa3oM N pas. B pesyiib-
TaTe OMbITA MHOKECTBO MCXOJOB KCIEPUMEHTA, KOTOPOE ONMCHIBAETCS CIYYalHOM
BEJMYHHOM &, GyaeT 00pa3oBbIBATH HEKOTOPOE KOHEYHOE MHOXKECTBO {X, X,, ..., X, }

M3 MHOXKECTBA BO3SMOXHbIX 3HauCHHI ). Ciy4aiiHoiil Bennmauubl &. Habimromaembie
3HAQUCHUs X; CIIy4ailHOW BENMYMHBI & Ha3bIBAIOTCS eapuanmamu. MHOXeCTBO (),
BO3MOJKHBIX 3HAUEHUI CIIy4allHOM BEIMYHMHBI & HA3bIBACTCS 2€HEPAbHOU COBOKYN-
HOCMbIO, & YUCIIO DJIEMEHTOB MHOXECTBA ), — 00bEMOM 2eHEPANbHOU COBOKYNHO-
cmu. MHOXeCTBO {)(1 Xy veey Xn} Ha3bIBACTCS 86100PKOU WU 8b100POYHOU COBOKYNHO-

CMbio, a YUCJIO0 JIEMEHTOB, BXOJSIINX B BBIOOPKY, HA3BIBAETCS 00BEMOM 8bIOOPKU.
Br16opka moimKHaA OBITh penpesermamusHoll WA TPEICTaBUTEIILHON, TO €CTh JOJIK-
Ha XOPOIIO OTOOPAXKATh CBOWCTBA N'€HEPATLHON COBOKYITHOCTH €, .

Hcxonpl dKCliepUMEHTa JTUCKPETHOM CIy4YalHOM BEIWYUHBI MOYKHO MPEACTa-
BUTH B BUIE TAOJMIIBI (UK NPOCHO20 CIAMUCIUYECK020 psadd), KOTOpasi COCTOUT U3
IBYX CTPOK, B IIEPBOM U3 KOTOPOM YKa3bIBAKOTCS HOMEpA dKCIIEPUMEHTA, 4 BO BTOPO
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IIPUBOJATCS 3HAYEHUSI MCXOJ0B dKCIEPUMEHTA. [IpoCcTON cTaTHCTUYECKUN DAL SIBIISA-
€TCsl IepBOHAYaIbHON (POPMOI1 CTATUCTUUECKOIO Psijia.

| — HOMEp PKCIIePUMEHTA 1 2 n

X, — UCXOJ1 DKCIIEpUMEHTA X, X, X

Jns OUEHKM pacnpeneseHus] CIy4YalHOW BEIWYWHBI & TPOU3BOIAT TPYIIIH-
POBKY MCXOAHBIX JaHHBIX. ECIIM MCXONHBIE JAaHHBIC CIy4YallHOW BENWYHMHBI &, KOTO-
pbl€ IPUHUMAIOT 3HAYEHUS X, X,, ..., X,, PAcCIIONararoTcs B MOPSAIKE BO3PACTAHUA, TO
CTaTUCTHUYECKUH Psii Ha3bIBACTCS BapUalMOHHBIM. OnpenenuM 4acToTbl M, WM 4Ya-
CTOCTH @, =M, /N (OTHOCUTEIBHBIC YaCTOThI) MOSIBJICHHS OJIMHAKOBBIX 3HAYCHHUHN CITy-
yallHOM Benu4uHbl &. B pe3ynbTaTe Mmojydaem CrpyniupOBaHHBIE CTATUCTUYECKUE
PAIBI CIEAYIONIETO BUIA:

X, — HCXOJ] IKCIIEpUMEHTA X, X, X,

M, — 9acTOTHI m, m, m,

X, — HCXOJ] IKCIIEpUMEHTA X, X, X,
m,/n — gacTocTu m,/n m,/n m, /n

[Ipu 3anucu BapHALIMOHHBIX PSAOB HEOOXOAMMO YUWUTBHIBATH CIEIYIOLIUE pa-

k K
BeHCTBa: Y M, =N, > m,/n=1.
i=1 i=1

[Ipenmnosioxkum, 4to cilydyalHasi BEJIMYUMHA & SBISIETCS HENPEpPBIBHOU. ['pyr-
IIMPOBKA JIaHHBIX 3aKJIIOYAeTCs B pa3sOMEHMM HMHTEpBajla HAONIOJAEMBIX 3HAYECHUM
cllydaitHON BenuuMHbl & Ha K YaCTUYHBIX MHTEPBAJOB paBHOW MmuHBI h: [X5;X,),

[X%,)s .-y [X1iX] ¥ HaXOXKIZEHMM YaCTOTHI M, HJIM YaCTOCTH M, /N TomMagaHus

HAOJTI0/TAEMBIX 3HAYCHHMI B YaCTHYHbIC MHTEPBabl. KoauuecTBO MHTEPBAIOB BHIOU-
paeTtcst mpoOM3BOJILHO, OOBIYHO HE MEHBIIIE TPEX, HO He OoJiee nBanaru. J{is onpese-
JICHUS 4YHUCJIa WHTEPBAJOB pPa30MEHHS MOXET OBITh HKCIOJB30BaHa (opMyIia
k=1+3,3222-1gN , rne N — KOJIMYECTBO JICMEHTOB COBOKYITHOCTH. B ciyuyae pas-

HBIX HHTCPBAJIOB BCIIMYMHA HHTCPBAJIa MOXKCT OBITh OoIIpcaAciIiCHa I10 (bopMyne

X — X X

h = Zmax min max___ Xmin

K 1+33222-IgN’

B pPE3YIbTATC COCTABIAIOTCA MHTCPBAJIbHBIC CTATUCTUYCCKUE PAABI CICIYIO-

k Kk
mero Buga | » M=n, > m/n=1}:

i=1 i=1




WutepBansl  Habomae- _ _ :
MbIX 3Hadenuii CB & [%%) [%:%,) [ %]
M. — 9acTOTHI m, m, m,
WuTepBanbl  Habi01ae- _ . :
MbIX 3HadeHuit CB & [%:%) [%:%,) [ %]
m./n — gacToctu m,/n m, /n m,/n

Omnpenenenue 1.1.1 Ilepeuenp HaOMIOIa€MBIX 3HAYEHUN CIydyailHOM BEJIUYU-
Hbl £ (WM MHTEPBAJIOB HAONIOAAEMbIX 3HAUEHHUN) U COOTBETCTBYIOLIUE UM YacCTO-

cTeil @, =M, /N Ha3bIBACTCS CTATHCTHYCCKHM 3aKOHOM DACIIPEICIICHUS CITydailHOM
BEJIMYUHEI & .

YacTocTh cOOBITHA B, =[X,_,;X; ) ABIsETCS CIIydailHON BEIMYMHON ¢ MaTeMAaTH-
4eCKMM OKHMIAaHHEM, PABHBIM BEPOSTHOCTH 3TOr0 cOOBITHA, TO ectb M (M /n)=
=P(x_, <& <X)=p,. 3akoH OONBIINX YHCEN B cXeMe bepHy/m yTBEp»KAaeT, 4To
€CJIM DKCIIEPUMEHT IOBTOPSIETCSA N pa3 MPU OJUHAKOBBIX YCIOBHAX, TO YaCTOCTh CO-

m s
OBITHS CXOIUTCA K BCPOATHOCTH 3TOI'O KC coOpITHA: ——> pi . HOBTOMy BO BTO-
n

pOil CTpOKE MHTEPBAIBLHOIO CTATUCTHUYECKOTO psifa CTOST OUEHKHU (MpUOIMKEHHDBIC
3HAa4YEHUs1) BEPOSITHOCTEHN P, .

Omnpenenenue 1.1.2 Sunupuueckoii pyHxkyuel pacnpedenenus CydaiiHON Be-
muuMHEl & HasbiBaeTcs QyHKumsa F(X), ompenensiomas s KaxJIoro 3HAYEHHs X
YaCTHOCTh COOBITHS (& < X):

F*(X)=%, (1.1.1)

rie N, — YUCIIO 3HAYCHUN X, , MEHBIIIUX 3HAYCHHS X; N — 00BbEM BBIOOPKH.

W3 Teopemsl beprysmu ciemyer, uto npu O00JILIIOM 00bEME BEIOOPKH SMIIMPU-
ueckas QyHKIUs pacupeneneHus F (X) u GpyHKIMS paclpenelneHus CIydaiiHON Be-
muubl F(X) = P(& < X) Maio otnuyarorcs Apyr ot apyra. OTIn4ne SMIUPUIECKO
GYHKIUU pactpeeieHuss OT TEOPETHYECKOH COCTOMT B TOM, YTO TEOPETHYCCKas
dyHKIms pacnpeneneHus onpeaensieT BepOsSTHOCTh coObITus (& < X), a IMIUpHUe-

cKas (pyHKLHS onpeaenseT OTHOCUTENbHYIO YaCTOTY 3TOT0 ke coobiTus. Ha pucynke
1.1.1 u3o06paxén rpaduk dMIUPUUECKON (PYHKIIUU paclpeie]IeHUs HEKOTOPOH Ciy-
YalHOU BEJINYMHBI & .




F(x) 4
1,00 [------=-mm e <

0,75 -

<
0,25 |- i

0,50 - -

<~
0' 1 5 9 13 X

Pucynok 1.1.1 — DMmnupuyeckast yHKIus

pacnpeneneHus CIy4yaiHON BeTMUUHbI &

>
>

Jns sMnupudeckoi GyHKIIMH paciipeieIeHUs CIIpaBeIJIiBbl BCe CBOMCTBA HH-
TerpajabHON (QYHKIMH pacrpeseneHus. JIeHCTBUTENBHO, U3 ONPEASICHUS IMITUPUYe-
CKOM (PYHKIIMM pacrpeieNIeHUs CJIeTyeT, YTO:

1) 3HAYCHUS SMIIMPUUECKON (YHKIIMHM pachnpeesieHus] MPUHAIIeKAT OT-
pesky [0;1];

2) €CJIM X, — HAUMEHbIIIee, a X, — HauOoJIblllee HAOII0AaeMO€e 3HaUEHHUE, TO
F"(x) =0 npu 3Hadennn X < X, 1 F'(X) =1 npu 3Ha4YeHUH X > X_.

B oriuune oT MHTErpaibHOW (QyHKIHMH pacrpeneiacHus F(X) smmupryeckas

GyHKUMs pacnpenenenus F (X) ABIsieTCS HECIy4aiHOM — U1 Pa3sHBIX BEIOOPOK OHA

MOJIy4aeTCsl pa3JINnYHOM.

OCHOBHOE 3HAYCHHUE IMIUPUUCCKON (DYHKIIMH pacpeIeICHUSI COCTOUT B TOM,
YTO OHA MCIOJIb3YETCS B KAUECTBE OIICHKU MHTETPATbHON (PYHKITUU pacTIpeeICHUS.

JIst HATTSTHOCTH BapHWAIIMOHHBIEC PSABI MPEACTABISIOT TrpaduKkamMu W JHua-
rpammamu. HambGomnee pacnpocTpan€HHBIME rpaduKaMu SBIISIOTCS TTOJIUTOH, THCTO-
rpamMma U KyMmyssita. [lomuron npuMeHseTcs: Kak I JUCKPETHBIX, TaK U JUIsl HHTEP-
BaJIbHBIX CHACTHYECKUX PSIIOB, a TUCTOTPaMMa — TOJIBKO JJIT U300pakKeHUS WHTEP-
BaJILHBIX PSIOB.

Onpeneaenune 1.1.3 Ilorueonom uacmom Ha3BIBAIOT JIOMAHYIO JIMHUIO, OTPE3-
KA KOTOPOH COeAMHSIOT Touku (X;;m,), (X,;m,), ..., (X.;m,), TAe X, — BapUaHTHI
BBIOOPKH, @ M, — COOTBETCTBYIOIIUE UM YACTOTHI.

Onpenenenue 1.1.4 [lonueconom omHocumenbHvlX 4acmom WIH HOJIUSOHOM
yacmocmell Ha3bIBAIOT JIOMAHYIO JIMHUIO, OTPE3KH KOTOPOW COCIUHSAIOT TOYKHU
Xp@), (X;0,), ..., (X;®,), TAe X, — BapHaHTHI BEIOOPKH, @ @, — COOTBETCTBYIO-
I[1i€ UM OTHOCHTEIbHbIC YaCTOTHI @, = M, /N I YaCTOCTH.

[Ipn HEmpephIBHOM pacIlpeiesiCcHUud CIydyaiHOW BETMYMHBI pa30MBaeM BeECh
WHTEpBaJ, B KOTOPOM 3aKJIIOYEHBI BCe HAOIOaeMbIe 3HAUCHUS CIIyYaitHOM BEINYH-
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Hbl, HAa UHTCPBAJIbI I[HHHOﬁ h u OIpcCaciIsiCM mi — CYMMY 4aCTOT BapHUAHT, KOTOPLIC

TOTNaJy B I-if ”HTEpBaJ.

Onpenenenune 1.1.5 [ucmoepammoii yvacmom Ha3bIBaeTCs cTyneHdyaTas Qu-
rypa, coCTosAIIas U3 MPSIMOYTOJIbHUKOB, OCHOBAHUSMHU KOTOPBIX CIY)KAaT YaCTHUYHBIC
WHTEPBAJIbI ATHHOM N, a BBICOTHI paBHBI OTHOMICHUIO M. /h .

[Tnomans 9acTUYHOTO i-ro MPAMOYroNbHUKA paBHa h-m /h=m — cymme ga-

CTOT BapWaHT, NONMABMUX B I-i mHTepBal. [lnomans rmCTOrpaMMbl YacTOT paBHA
CyMMe BCE€X YacTOT, TO €CTh 00bEMY BBIOOPKH N .

Onpenenenue 1.1.6 [ucmoepammoit omHOCUMENbHBIX YACMOM ULU YACHO-
cmell Ha3bIBAIOT CTYNEHUYATYIO (UTYPY, COCTOSIIYIO M3 MPSIMOYTOJIBHUKOB, OCHOBA-
HUSAMHU KOTOPBIX CIYXKaT YaCTUYHBIC MHTEPBAIBI JUTMHONW N, a BEICOTHI paBHBI OTHO-
wenuo @, /h=m,/nh.

[1omaap 9acTHYHOTO i-rOo MpsAMOyroibHUKAa paBHa h-w,/h=® — oTHOCH-

TEJIBHOW YacTOTEe BapUaHT, MMOMABIIUX B I-ii mHTepBai. [lnomans rucrorpaMMel ya-
CTOCTE paBHa CyMM€ BCEX OTHOCHUTENIbHBIX YaCTOT, TO €CTh enuHuue. Eciau Ha ru-
CTOrpaMMe€ 4acTOCTEH COEIMHHUTH CEPEIUHBl BEPXHUX CTOPOH 3JIEMEHTApHBIX MpS-
MOYT'OJIbHUKOB, TO IMOJIyY€HHasl 3aMKHYTasl JIOMaHas JIMHUS oOpa3yeT MOJIUIOH pac-
Mpe/iesieHrs OTHOCUTENBHBIX yacToT. Ha pucynkax 1.1.2 u 1.1.3 uzobpakeHsl moyiu-
TOHBI U THCTOIPAMMBI YaCTOCTEW HEKOTOPBIX CIyYalHBIX BEJIMYUMH & U 77 COOTBET-
CTBEHHO.

W3 npuHLMIIa MOCTPOEHUS MOJIUTOHA U TUCTOTPAMMbl OTHOCUTENBHBIX YaCTOT
CJIEIyET, YTO IO/l MO/ MOJUTOHOM U THCTOIPaMMOM YaCcTOCTE paBHA €IMHULIE.
B Teopuun BeposATHOCTEN TMCTOrpaMMe U MOJUTOHY OTHOCUTEIBHBIX YaCTOT COOTBET-
CTBYET rpaduK IJIOTHOCTU pacipeieICHUsI BEPOSITHOCTEN.

M A m AF

nh nh |

0,160 0,096[ ]

0,140 ~

0.065 \ 0,048 N

0,025 N <

E \\ > H - >

0 13 X 0] 10 15 20 25 X
Pucynok 1.1.2 — [Tonuron u Pucynok 1.1.3 — [Tonuron u
ructorpamma yacrocteit CB & rucrorpamma yactocreit CB n
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['mcrorpaMMy M MOJIMIOH YacTOT HMHTEPBAJIBHOTO CTAaTUCTUYECKOTO psiaa
yI0OHO MCIOJIb30BaTh JUIsl BU3YaIbHOrO MOJI00pa MOAENU pacnpeneneHus. Tak, ru-
cTorpamma, u3o0pak€HHas Ha pucyHke 1.1.2, HanomuHaeT kpuByto ["aycca, moaTomy
MOKHO BBIJIBUHYTH TUIIOTE3Y O HOPMAJIbHOM PACHpPEACIICHUH CITy4YaiHONW BETUYMHBI
&. Bua rucrorpammsl Ha pucyHke 1.1.3 mo ¢popme HamoOMHUHAET SKCIIOHEHIIMATIBHYTO
KpuBYH0. [103TOMy MOKHO BBIJIBHHYTBH TMIIOTE3Y O MOKA3aTEIbHOM pacIpeaesieHUN
CILy4alHOU BEJIMYUHBI 7).

Jlis mocTpoeHusT KyMyJsSThl Ha OCH abClMCC OTKJIAAbIBAIOT HAOII0aeMbIe
3HAUEHHUS CITy4allHOW BENWYMHBI, 4 HA OCU OPJAMHAT — HAKOIUIEHHbIE OTHOCUTEbHBIC
4acTOThI, TO €CTh HAKOIJICHHbIE YACTOCTH.

Omnpenenenune 1.1.7 Haxonnennou uwacmocmvio B TOUYKE X HA3bIBAETCSA CyM-
MapHasi 4aCTOCTh YJICHOB CTATUCTUYECKOTO Psi/ia, 3HAUCHUS KOTOPBIX MEHBIIE X .

3HAaYEeHUsI HAKOIUIEHHBIX YaCTOCTEH SIBJISIIOTCS 3HAYECHUSIMU HSMIIUPUYECKOU

¢Gyskumu pacnpenenenns F(X). B Teopuu BepoSTHOCTEH KyMyJIATe COOTBETCTBYET
rpaduk Qynkuuu pacnpenenenus F(x)=P(S<X). Ha pucynke 1.1.4 u3o0paxena
KyMYJIATa HHTEPBAJIBHOIO Psifia HEKOTOPOU CIIy4anHOM BEIMYUHBI & CIUIOLIHOM JIM-
Huel. [Ipu moCTpOeHUM KCMOIB3YIOTCS 3HAUYEHUS] AMIIUPUYECKON (DyHKIMU pacrpe-
nenenus F(x).

F*(X) A
1,00
0,75

0,50
0,25

Pucynok 1.1.4 — Kymymnsara CB &

1.2 Tlpumepsl penieHust TUIIOBBIX 3324

1.2.1 Ha nmoToke mpou3BOJIUTCS 3aMep BpeMEHHU (B MUHYTaX) Ha pelieHue mo-
cTaBieHHOW 3anmauu. IIpomsBoautcs BeIOOpKA CpeAM CTYIEHTOB, KOTOpbHIE pEIIaiv
3aJJaHHYIO 3a/1auy. Bpems Ha perieHue 3a1a4 NpeAcTaBIeHO B BUJIE TaOIULIbL:
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t; — Bpems Ha pemenue 3amayn | 1111513 | 15|13 | 15|11 |15 |13 |15

Haiitu pacripenenenue 4acTtoT ¥ OTHOCUTENBHBIX 4acToT. [locTponTs moamron
YacTOT U MOJUTOH OTHOCHUTENBbHBIX 4acTOT. [lo JaHHOMY pacnpenesieHrui0 BBIOOPKH
HAWTH SMIIMPUYECKYIO (YHKIIUIO pacTpeesieHus] U MOCTPOUTH €€ rpaduk.

Pewennie. B pe3ynbprare onbiTa ciiyyaliHas BEJIMYWHA NMPUHUMAET TPU 3HAYeE-
Hus 11, 13 u 15 munyt. [IBa crynenTa 3atpatwim 11 MUHYT Ha pelieHre OCTaBJICH-
HOM 3a7a4u, Tpu — 13 MHUHYT, a 5 CTYJEHTOB — 15 MUHYT, TO €CTh CIy4aiiHas BeJIH-
yyHa | — BpeMs Ha pelleHue 3ajauyu cTyaeHtamu, paBHo 11, 13 u 15, a yactoTh
ATUX COOBITUH — 2, 3 U 5, cooTBeTcTBEeHHO. ClieI0BaTENbHO, CTATUCTUUYECKUN PsiT
pacrpeneneHus 4acToT UMEET BUJ

t 11 13 15
m 2 3 5

Haiiném o06wpEM BbIOOpKH: N=2+3+5=10. OnpeneauM OTHOCHTEIIbHBIC Ya-
croTel: @ =m /n=2/10=0,2, w,=3/10=0,3, @, =5/10=0,5. 3amucsBacM pac-

MpeACICHUC OTHOCUTCIIbHBIX YaCTOT:

t

11

13

15

m;/n

0,2

0,3

0,5

[Toctpoum monuron vactot (puc. 1.2.1) U MOAUTOH OTHOCUTEITHHBIX YACTOT

(puc. 1.2.2).

A m A
mi 1
________________________ n — e e = = = = === ———
0,5 !
R R R v
2 [ 2 L
0 11 13 15 & 0 11 13 15 &

Pucynok 1.2.2 — ITosnmron

Pucynok 1.2.1 — [Tonuron vacror
OTHOCUTENbHBIX yacTor CB T

CIIy4ailHOM BEJIMYUHBI T

Haiiném smmupryeckyo (GyHKIHMIO pacmpenesieHus Mo 3aJaHHOMY pachpese-
neHuto BeIOOpkH. HanmmensbIias BapuadTa paBHa 11, ciegoBatenbHo,

F'(t)=0 npu t<11.
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3nauenue T <13, a umenHo t, =11, HabmronaI0Ck J1Ba pasa, CIeJ0BaTENbHO,
F*(t)=2/10=0,2 npu 11<t <13.

3nauenue T <15, a mmenHo t, =11 u t, =13, Habmoaanoce 2+3=5 pa3s, cie-
JIOBATEJIbHO,

F’(t)=5/10=0,5 mpu 13 <t <15.
Tak kak t =15 — HauOosbIlast BapuaHTa, TO
F'(t)=1 npu t >15.
3anuiieM HCKOMYIO 3MIUpUYEcKyto QpyHkuto pacupenenenus CB T :

0, t <11,
0,2, 11<t<13,
0,5, 13<t<15,

1, t >15.

F'(t)=

['padux sMnupryeckol GyHKIUU paclpeAesieHHs] 3aJaHHON CIIy4ailHOW BeJu-
yuHbl | M300pak€H Ha pucyHke 1.2.3.

Fo(t) ¢
F :
015 __________________ ':E i
A I —
0 11 13 15 t

Pucynox 1.2.3 — DOMmnupuueckast GyHKIUs
pacrpeieneHus cIy4aiiHol BeTUYuHbI T

1.2.2 Ilycte cnyuaiiHas BenumunHa & — TeMmIeparypa BO3AyXa B Ipagycax
Ilenbcus, n3mepsiemas B peTHOHE B TEUEHUE CYTOK. M3 reHepanbHON COBOKYITHOCTH
u3BJIeKaeTcs BIOOpka 00béMoM N =200. Jlnsg 3a7aHHON BEIOOPKU TOCTPOUTH CTPYTI-
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MMPOBAHHBIA CTaTUCTUYECKUN DPsiji, pa30MBasg pa3Max BapbUPOBAHMS HA LIECTh MH-
TepBajoB. HailTu sMmnupuyueckyro GyHKIMIO paclpeaesieHusl U MOCTPOUTH €€ rpaduk.
[TocTpouTh rucTorpamMmy, MOJUTOH PaCIpeeNIeHUs] YaCTOCTEH MM OTHOCHUTENIbHBIX
4acToT, a TaK K€ KyMYJSITYy MOJY4eHHOTO cTaTucTudeckoro psaa. I[lo rpaduxy ru-
CTOrpaMMBI clielaTh MPOTHO3 O PaCIpPENEICHUN CIIy4alHOW BeIMYuHbl & . 3HAUYCHMUS

BBIOOPKU TeMIlepaTyphl IPUBEICHBI B BUJIEC TAOIUIIBL:

7,1

5,0

9,6

1,2

9,9

4,0

4,5

12,8

8,1

4,8

5,2

8,3

7.6

8,2

8,2

8,8

5,4

5,4

11,6

5,6

8,8

7,8

5,8

4,8

8,1

91

6,1

6,0

3,0

9,4

7,3

8,3

5,1

9,8

6,8

5,2

7,0

5,0

9,5

6,9

11,0

8,9

9,0

9,5

5,4

1,6

10,0

2,8

7,8

8,8

10,2

8,4

3,4

1,9

9,0

4,6

1,7

12,0

9,7

7,4

8,9

5,7

12,6

7,9

8,0

8,1

5,3

6,3

7,1

10,0

50

6,0

6,9

9,7

6,4

7,4

5,4

8,9

2,9

10,9

7,7

12,7

5,1

8,0

11,8

7,0

3,9

2,5

11,4

10,4

8,8

10,7

11,2

4,0

4,1

4,3

4,2

6,3

5,2

4,7

6,0

5,6

8,2

3,7

3,6

7,5

5,3

7,3

6,5

8,4

7,9

12,2

7,4

7,2

8,7

4,2

6,6

7,3

13,0

12,4

8,7

6,0

8,5

5,1

6,9

9,4

5,0

4,8

5,2

3,7

10,0

6,0

8,6

8,6

6,9

7,6

6,7

8,5

6,9

6,0

6,8

8,8

7,7

9,8

7,8

7,8

7,2

4,0

10,4

5,4

8,6

5,2

3,9

7,1

9,2

4,9

8,1

2,6

6,0

6,0

10,6

6,9

7,5

10,5

6,1

7,9

10,9

5,4

6,1

6,2

59

1,3

3,5

8,0

10,8

7,9

3,8

8,3

10,3

13,0

8,5

3,1

7,5

7,9

5,7

6,7

5,5

10,2

8,0

10,5

5,3

7,4

12,9

10,3

5,1

7,6

3,3

3,2

7,6

1,0

MCHTA B IIOPAAKC BO3pAaCTaHM:A.

Pemenne. CocTaBuM BapUallMOHHBIN PsJl, PACIIOIOKHUB PE3YIbTAThl SKCIEPHU-
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6,9
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7,1

7,1
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7,3

7,3

7,3
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7,4

7,4

7,5
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7,6
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7,7
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7,9

7,9
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8,0

8,0

8,0

8,1

8,1

8,1

8,1

8,2

8,2

8,2

8,3

8,3

8,3

8,4

8,4
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8,9

8,9
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8,6

8,6

8,7

8,7
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8,8

8,8

8,8

8,8
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8,9
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9,2

9,4

9,4

9,5

9,5

9,6

9,7

9,7

9,8

9,8
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10,3

10,4
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10,5

10,5

10,6

10,7

10,8

10,9

10,9

11,0

11,2

11,4

11,6

11,8

12,0

12,2

12,4

12,6

12,7

12,8

12,9

13,0

13,0

15




MuHMMaNbHBIN 37IeMeHT BBIOOPKHU paBeH 1,0, a MaKCHMabHBIN 3JIEMEHT paBEeH
13,0, yucno unteppaioB pazouenus K =6. Haxonum anmmHy 4acTHUHOTO MHTEpBAIa:

X —x. 13-1

h: max mn _ :2

K 6

3amaHHbli 0Tpe3ok [1;13] pasbuBaeM Ha IIECTh PABHBIX MHTEPBANIOB, IJIHHA

KOTOPBIX paBHa JIBYM Irpanycam Llenbcus. B kaxxaoMm u3 mHTEpBanoB pa30UEHUs BbI-
YUCJISAEM YHUCJIO BAPHUAHT, KOTOPBIE MONAINA B JAHHBIA MHTEPBAJ, TO €CTh HAXOIUM
gacToTbl M,. COCTaBUM MHTEPBAJIBHBINA CTATUCTHYECKHUI A, IPU 3TOM YKaXXEM ce-

pPEIHUHBI HHTEPBAJIOB, KOTOPhIE HEOOXOIUMBI JUIsl IOCTPOEHUS TUCTOTPAMMBI, a TAKXKE
HAKOIUICHHBIE OTHOCUTEIBHBIE YACTOTHI IS TMOCTPOCHUS IMIHUPUYECKON (PyHKIHUU
pacrpeneneHus U KyMyJIsThlL.

Ho- | Yactnunble | Cepemunbl | Yacrotel | OTHOCHTENBHBIE | HakoruieHHbIE
MEp | MHTEpBajlbl | HHTEPBAJIOB m Y4acTOTHI YacCTOCTH
HHTC m./n s
Tep-I_) / ;mi /n
Baja |
1 [1,3) 2 10 0,05 0,05
2 [3;5) 4 26 0,13 0,18
3 [5,7) 6 56 0,28 0,46
4 [7;9) 8 64 0,32 0,78
5 [9;11) 10 30 0,15 0,93
6 [11;13] 12 14 0,07 1,00

CocrtaBuM smmnupuyeckyo QpyHkuuio pacnpenenenus. [lo onpenenenuto, M-
nupudeckas QyHKIMs pacripeesieHus paBHa HYIIO, eciii X <1.
Ecnu cnydaiiHas BenMuyMHA NPUHUMAECT 3HAYCHUE M3 HHTEpBaja (1;3], TO

F *(x)=0,05. Ilpu pacuérax ucrnonb3yem popmyiy (1.1.1).

Ecnu xe cnydaiiHas BeIM4YrMHA NONANAET B MHTEPBAI (3;5] , TO DMIIUpUYECKast
byHKIMs pacpeneiacHus npumeT 3Hauenue F *(x) =0,05+0,13=0,18.

B cnydae nonanaHus Ciy4alHOW BEJIMYMHBI B MHTEPBAJ (5;7] 3HAYEHUE DM-
UpHYeCKoi pyHKIHMH pactpeaenenus papao F *(x) =0,05+0,13+0,28=0,46.

[l 3HaYeHni ciydalHOW BEJIMYMHBI, KOTOPBIE JIEXKAT B UHTEPBAJIE (7;9] , OM-

nupuueckas (YHKIUS pachpeneieHus] MPUHUMAeT YHCIOBOE 3HAa4YeHHE, KOTOPOe
paBHo F*(x)=0,05+0,13+0,28+0,32=0,78.

B unTepBane (9;11] 3HAYCHHUE IMIUPUUECKON (DYHKIIUU pacIipeieiieHUus paBHO
F*(x)=0,05+0,13+0,28+0,32+0,15=0,93.
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Ha mHTepBane (1 1;13] AMITMpPUYECKas (PYHKIUSA TMPUHUMACT 3HAYCHHE, KOTO-
poe paBHo 3Hauenuto F *(x)=0,05+0,13+0,28+0,32+0,15+0,07 =1.

[To ompenenennro, sMmupudeckas GyHKIUS pacrpenesieHrus paBHA CIUHUIIES,
€CIM CITydaiiHasi BeIMYMHA IPUHUMAET 3HadeHue, Oomnpiree 13.

Taxkum o0pazoM, 3HAYCHHS SMIUPUICCKON (DYHKIIMU pacmpeneseHus 3ammca-
HBI B MOCJIEAHEM CTOJIOIE MHTEPBAIILHOIO CTATUCTUYECKOrO pPsiia. 3aruileM SMITU-
pUYecKyto (QYHKIMIO paclpeeieHs] B aHATUTUUYECKOM BHUJIE:

0, eciu x< 1L
0,05, eciul <x< 3
0,18, eciu 3 <x< 5
0,46,eciu 5 <x< 7T;
0,78,eciu 7 <x< 9;
0,93, eciu 9 <x<11;
1, ecmu 11<x<13;

1, ecau x>13.

F'(x)=

['paduk 3agaHHON SMIUPUYECKON (DYHKIMH pacupeiesieHusl CIIy4ailHOW Beu-
yuHbl £ — TemIepaTypa Bo3ayxa B rpagycax Llenbcus, uamepsiemas B pETHOHE B Te-
YeHHE CYTOK, M300pakéH Ha pucyHke 1.1.1. Ha rpaduke smnupuueckoit QyHKuuU
pacnpeziesieHus 10 OCH a0CIMCC OTKJIAbIBAIOTCS 3HAUEHUS CIy4yailHOW BEIMYUHBL, a
10 OCH OpAWHAT OTMEYAIOTCS HAKOIUIEHHBIE OTHOCUTEIIBHBIC YACTOThI MJIM YaCTOCTH.

IIpy mocTpoeHUU r’MCTOTPAMMBbI YaCTOCTEN UIIM OTHOCUTEIIBHBIX YaCTOT HA OCH
a0CIMCC OTKJIAbIBAEM YAaCTUYHBIE MHTEPBAJIbI HAOJIOAAEMbIX 3HAUECHUU 3aJaHHOU
Cly4alHOW BennuuHbl &. Ha KaXIoM M3 MOJTyYEHHBIX MHTEPBAIOB CTPOUM IIPSAMO-
YTOJNIBHUK C BbICOTOM M. /nh, rme h sBasercs mmmHOM ykazanHoro mHTepBama. C
reOMETPUUYECKON TOYKHM 3pEHHs, IUIOMIAAb MOCTPOEHHOTO MPSIMOYTOJbHHKA Oyner
paBHa 4acTOCTH 3aJaHHOT0 YaCTUYHOIO MHTEpBajia. ['mcrorpamma 4acTocTe 3a1aH-
HOM CITy4ailHOM BeNWYMHBI & — TemmepaTypa BO3[yXa B PETHOHE B TEUEHHUE CYTOK,
n300pakeHa Ha pucyHke 1.1.2 B BU€ NPSMOYTOJIbHUKOB.

Ecnu Ha TMCTOrpaMMe 4acTOCTEW COEAWHUTH CEPEIUHBI BEPXHUX CTOPOH 3JIe-
MEHTapHBIX MPSAMOYTOJIbHUKOB, TO MOJIy4YeHHAas! JUHUS 00pa3yeT MOJUIOH YaCTOCTEM.
Ha pucynke 1.1.2 monmuron gactoctei 3aJaHHON CITy4ailHOW BETMYHMHBI H300paKEH

WTPUXOBOU JINHUEH.
B ciyuyae mocTtpoeHust KyMyJsIThl, HA OCH a0CIIMCC OTKJIAJIbIBAEM YaCTUYHBIC

WHTEpBaJbl HAOIIOIaeMbIX 3HAYEHUHN 3aJJaHHOW CIIy9alHOW BEMYMHBI &, a TIO OCH
OpIMHAT — HAKOIUIEHHbIE YacTOCTU. M300paxkaemM TOUKH, aOCLHUCCHl KOTOPBIX COBIA-
JAKT C MPABBIM KOHIIOM YAaCTUYHOI'O MHTEPBAJIA, HE BXOIALIEIO B HEr0, a OPAUHATHI
PaBHBI HAKOIUIEHHBIM OTHOCHUTEJIBHBIM YacToTaM. COEIHHSS NOJYyYEHHBIE TOYKH
IJIaBHOM JIMHUEHN, CTPOUM rpaduK KyMyJsiThl. ['paduk KyMmyssiThl 3alaHHOM Cllydai-
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HOW BeMMYUHBI & — TeMIEpaTypa BO3IyXa B JaHHOM PETHOHE, N300paxEH Ha PUCYH-
ke 1.1.4 cromuo nuHuen. Ha 3Tom ke pucyHke n300pakéH rpaduk sMmiupuye-
CKOM (hyHKIMM pacnpenesieHus: (JIMHUKM CO CTPEJIKaMu).

Tak kak rucrorpamMma 3aJaHHOM CIyYaulHOM BEIWYMHBI & — TEMIIEPATyphl
BO3JyXa B PErHOHE, KOoTopas n3o0pakeHa Ha pUCyHKe 1.1.2, HAMOMUHAET KPUBYIO
HOPMAaJIbHOTO PacCIpeaeeHus, TO MOXKHO BBIABUHYTH TMIIOTE3y O HOPMAaJIbHOM pac-
IIPEAEICHUN 3aJaHHON CIIy4YallHOM BEJINYWHBI.

1.3 3agaHus 1Jis pelieHusi HA NPAKTUYeCKOM 3aHSATHH

1.3.1 Halitu sMmupuyueckyro (PYHKIIUIO pachpeaesieHusl MO 3aJlaHHOMY pac-

IpCaACICHUIO BBI60pKI/IZ

X 2

4

7

10

12

m; 5

26

44

18

7

1.3.2 Haiitu sMmrnupudeckyro (QYHKIHMIO pacrlpeneieHuss Mo 3aJaHHOMY pac-

IpCaACICHUIO BI)I60pKI/Il

X 5

10

15

20

25

30

m, 72

46

38

24

12

8

1.3.3 Pe3ynbraThl HUCCIEIOBaHMUS HENPEPBIBHOM Cciay4yailHOW BelMUYuHBl &
MIPE/ICTABJICHBI B BUJIE MHTEPBAJIBLHOTO CTATUCTHYECKOTO PsJIa:

Yactuunbiii uareppan | [14) [47) | [7:10) | [10;13) | [13;16]
CymMa gacToT 19 18 30 24 16
BapUaHT WHTEPBAJIA

Haiitu smnupuueckyro QyHKIUIO pacnpeneiaeHuss U kymymsaty. [loctpouts ux

rpaduKu.

1.3.4 Pe3ynbTaThl HCCHEAOBaHUS HENPEPHIBHOW CIyYallHOW BEJIMYUHBI 77
MPE/ICTABJICHBI B BUJIE MHTEPBAIBHOIO CTATUCTUYECKOTO psAJIa:

YactuuHelii natepsan | | 2;3) [3;4) [4;5) [5;6) [6;7]
CyMmMma gactor 15 14 10 5 5
BAPUAHT UHTEPBAIA
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Haiiti smnupuueckyio GyHKIUIO pacrpeneieHust u KymymsaTy. [loctpouTs ux

rpad UK.

1.3.5 [TocTpouTh MOJUTOH YACTOT U MOJUTOH OTHOCUTENBHBIX YaCTOT IO JIaH-
HOMY pacIpeieIeHUIO BBIOOPKU CIy4aiiHON BEIUYUHBI & !

X 1 2

4

m, 25 13

12

IIo BUOY I‘paq)I/IKOB CTAaTUCTHUYCCKOIO pAaa IMPCAIIOJIOKNUTE 3dKOH pacCIIpCacic-

HUSI CIIy4YaliHOM BEJIMYUHBI & .

1.3.6 ITocTponTh TOJUTOH YAaCTOT U MOJIMTOH OTHOCUTEIIBHBIX YaCTOT IO JTaH-
HOMY pacipeiesIEHUI0 BBIOOPKH CIIy4aitHOW BEJIMYUHBI 77

X 23 25

27

28

33

35

m, 18 22

17

23

19

21

[To Buny rpamkoOB CTaTUCTUUECKOTO psAJa MPEANOJIOKUTh 3aKOH pacipenesne-

HUS CIIy4allHON BEJIUYMHBI 7.

1.3.7 [locTpouTh TUCTOrPAMMY YacTOT IO JAHHOMY paclpeeIeHUI0 BEIOOPKU
ciydaiiHou BenimduHbl & (00bEM BbIOOpKH paBeH N=100):

YacTruHbIN UHTEpPBAI

[L4)

[4:7)

[7;10)

[10;13)

[13;16]

CyMMa 4acToT BapHaHT MHTEpBaja

12

18

30

24

16

IIo Buay rucTorpaMmel 4acTOT CTATUCTUYECKOTO PACIPEIEIICHUs BbIIBUHYTH
TUIIOTE3Y O 3aKOHE PACTIPENEIICHHS CIIy4YalHON BEJIMYHHBI & .

1.3.8 [TocTpouTh THCTOTPaMMy OTHOCHTEIBHBIX YacTOT IO JaHHOMY pacmpe-
JCIICHUIO BRIOOPKH CITy4aliHOW BermuuHbl 77 (00BEM BIOOpKH paBer N =100):

YacTruHbIN UHTEpPBAI

[14)

[4,7)

[7;10)

[10;13)

[13;16]

CyMMa 4acToT BapHaHT UHTEpBaja

12

18

30

24

16

ITo BUJY TUCTOI'paMMbl OTHOCHUTCIIBHBIX Y9AaCTOT CTATUCTHYCCKOI'O pacCHpcac-
JICHHU BBIABHUHYTDH THUITOTC3Y O 3aKOHC PACIIPCACICHNA cnyqaﬁHoﬁ BCIIMYUHEI 77 .

1.3.9 U3 renepanbHOil COBOKYIHOCTHU CITy4ailHOM BeIMYUHBI £ — CPEJIHErO po-
CTa 4YeJoBeKa, ITPOU3BEIECHA BBIOOPKA, B KOTOPOM OKa3ajoCh TOJBKO ISATh 3HAUECHUMN
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160, 165, 170, 175 u 180 canTumMeTpoB. JlaHHBIE SKCIIEPUMEHTA NPECTABIEHbI B BU-
Jie TaOJIUIIBL.

160 180 165 175 165 165 170 165 175 165

170 170 160 170 180 170 175 175 165 170

165 175 170 175 170 175 165 170 170 175

175 170 175 165 175 160 180 175 175 175

170 165 180 170 170 170 175 180 160 170

Haiitn 00bEM BBIOOPKH M 3amucaTh CTATUCTUYECKUU psii B BUJE pacipeesne-
HUSL YaCTOT U OTHOCHUTENIbHBIX 4acTOT. [locTpouTh smMnupuueckyro (GyHKIHIO pac-
OpEACIICHUS U KyMYJISATY MO CTATUCTUYECKOMY PACHPEACIICHUIO CIyYailHOW BEIUYHU-
Hbl. [IOCTPOUTH MOJUIOH YAaCTOT U MOJIUTOH OTHOCHUTENIBHBIX YaCTOT CTATUCTUYECKO-
ro pacrnpezaeneHus. Ha ocHoBanuu rpa)MkoB CTaTUCTUYECKOTO Psifia BHIIBUHYTH T'M-
IIOTE3Y O PACIPENEIICHUH 3aJaHHON CITy4allHOM BETUYUHBI & .

1.3.10 B pe3ynbpTaTe ombpiTa IPOU3BEICHO U3YYCHHUE CIIYYailHON BETWYHHBI 7],

N3 renepanbHON COBOKYITHOCTH M3BJIeUEHA BHIOOpPKA, KOTOpas IMPEJCTaBlICHA B BUJC
TaOJALIBL.

40128 |86 |57 |73]24/100[47 |96 ] 32
12,8/140| 24 104|138 |94 | 25| 75| 23 |1372
2,7 187142 136 |44/60[74]62[110] 20
882211843 |65 |55]46 ]34 ]63]381
53140 |6,7 8532|8321 ]82]48]52
/70,6837 ,20|56|45/|114,38 |76 |49
6959|2666 11622 |54 |52|33 |64
3071112, 43 |84 35|89 (124|180 | 25
1364172 |30)28]108|39 (49 |51 |77
26 131589510246 /61|29 |36 |50

Jl1st 3a1aHHOM BBIOOPKH MOCTPOUTH CTPYIIUPOBAHHBIN CTATUCTUUYECKUN PSI,
pa3OuBasi pa3max BapbHUPOBAaHMS Ha IIECTh HMHTEpPBaIoB. HailTu smmupuyueckyro
GyHKIMIO pacripeiesieHus U noctpouts e€ rpaduk. [loctpouts rucrorpamMmmy, mosiu-
TOH YaCTOT, MOJIUTOH PAaCIpPEICIICHUsI YaCTOCTEW WM OTHOCUTENIBHBIX YacTOT, a TaK-
K€ KyMYJISITY TTOJTy4Y€HHOTO CTATUCTUYECKOTO PsAJIa.

1.4 3agaHus I KOHTPOJIHPYEMO caMOCTOSITeILHOI padoThl

1.4.1 U3 reHepaibHON COBOKYITHOCTH CIy4allHON BeJIMYMHBI & HU3BJIEYECHA BbI-
Oopka, KoTopas IpeACTaBlIeHa B BUje TaOIUIIbI. J{1s 3a1aHHOM BRIOOPKH ITOCTPOUTH
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CIPYIIIUPOBAHHBIA CTATUCTUUECKUIN Psijl, pa30MBasl pa3Max BapbUpPOBAHUS Ha IIECTh
uHTEpBaioB. HallTu sMnupuueckyro pyHKIMIO pacnpenesieHus U TIOCTPOUTh e€ rpa-
¢uk. ITocTpouth ruCTOrpaMMmy, MOJUTOH YaCTOT, OJUTOH pacipeiesieHus: 4acToCTen
VI OTHOCHUTENIBHBIX YACTOT U KYMYJISTY MOJY4YEHHOTO CTATUCTUYECKOTO PAIA.

1411 41160256536 26491528/ 41
3314343377048 [62 (35|12 64
2013114614758 |10|44]34]| 1,6
49 193046283042 55|42/ 33
53|35 |45|22(39 4429|3850/ 40

1412 364 | 330 [ 324 [ 341 [ 356 | 347 | 357 | 361 | 328 | 344
325 | 358 | 340 | 372 | 329 | 366 | 337 | 370 | 354 | 360
343 | 348 | 325 | 350 | 362 | 336 | 363 | 345 | 359 | 324
350 | 333 | 352 | 327 [ 335 | 363 | 348 | 356 | 338 | 372
332 | 368 | 369 | 334 | 348 | 347 | 326 | 331 | 341 | 339

1413 12| 1 | 7240|3258 ] 6 | 33|64 | 11
36 | 50 | 14| 3 |16 | 44 | 23 | 54 | 8 | 68
0 | 26 |3 |15 |42 | 5 | 46 | 21 | 40 | 19
48 | 13| 2 [ 30|56 |17 |31 ] 7 | 20 | 52
24 | 10 | 28 | 66 | 4 | 34 | 60 | 45 | 35 | 9

1414 400 | 140 | 215 | 180 | 225 | 110 | 200 | 320 | 290 | 150
245 [ 240 [ 325 | 230 | 270 | 220 | 280 | 210 | 300 | 295
175 | 255 [ 235 [ 130 | 350 | 170 | 215 | 160 | 245 | 200
200 | 310 | 260 | 265 | 220 | 340 | 230 | 285 | 205 | 265
250 | 190 | 210 | 330 | 270 | 275 | 100 | 240 | 325 | 375

1415 38,0(36,5]36,0[36,7(37,2[36,5]37,6(36,1]360] 37,5
36,8 37,7|37,4/38,2/36,2(36,8(36,6|37,1|364| 36,5
37,2138,1(37,0/36,3/36,8(36,3(37,3/36,7|37,8] 38,2
36,4 36,9 |37,8|37,5/36,4(38,3(37,7/36,1|36,6| 36,3
37,6 37,3/36,6|37,1/37,9(36,2(36,3|38,4|36,8] 37,9

14.1.6 10[20[12]01]21/09]60]46] 18] 09
2210112313103 [34|24[04]31] 48
301106405300 16]17]08] 1,9
05[42[39]0214]15[07]57]33] 25
271503128102 [44132[26]01] 1,0

21



1.4.1.7

1.4.1.8

1.4.1.9

1.4.1.10

141.11

1.4.1.12

1.4.1.13

98 | 40 [135[ 92 | 68 | 88 | 86 | 74 | 98 | 140
43 | 95 | 64 | 49 | 106 | 75 | 55 | 82 | 115 | 80
85 | 118 | 46 | 63 | 90 | 20 | 72 | 65 | 76 | 78
60 | 96 | 30 | 66 | 73 | 52 | 82 | 84 | 35 | 120
100 | 62 | 94 | 103 | 80 | 70 | 130 [ 109 | 82 | 58
1,8 [11,5] 49 [ 6,0 [ 26 | 7,8 [109] 6,3 [ 50 | 338
722266867590 118]02 | 96 | 12,0
43 [100] 84 | 24 | 06 [106] 30| 94| 00| 55
20 | 461010356 28043269 98
80|82 |120]52 |88 | 45|92 112] 34 | 16
105 [ 260 | 345 [ 340 | 95 | 368 | 275 | 35 | 455 | 60
690 | 124 | 55 | 80 | 245 | 25 | 169 | 460 | 187 | 570
115 | 10 | 133 [ 205 | 20 | 160 | 70 | 178 | 40 | 196
5 | 391230 | 0 |151| 50 | 520 | 65 | 290 | 45
225 | 110 | 15 | 142 [ 414 | 320 | 30 | 575 | 65 | 310
140[ 64 | 24 | 7568 28] 7096 | 75| 7.8
6,2 |10,0| 6,0 [ 9,8 [110] 70 | 30 | 74 | 54 | 120
20 | 42|65 13046 |94 |72 [115] 76 | 7,0
40 [ 80 [105] 44 | 26 | 48 [130] 52| 92| 58
8338|8666 |65107|50 35| 21 89
225 | 238 | 235 | 251 | 248 | 253 | 241 | 234 [ 256 | 249
250 | 227 | 223 | 236 | 240 | 236 | 221 | 243 | 233 | 220
232 | 234 | 228 | 239 | 221 | 231 | 254 | 225 | 242 | 231
226 | 244 | 247 | 222 | 230 | 247 | 235 | 255 | 223 | 246
238 | 224 | 252 | 229 | 237 | 220 | 244 | 226 | 245 | 232
36| 8 |0 [12]22][44] 4[5 6 | 7
8 | 17 | 54 | 21 |30 | 23 |15 | 5 | 34| 9
27 |10 [ 20 [ 1 |41 | 3 | 50| 16 | 17 | 35
O | 19 | 29 [ 38 |13 | 15 | 24 | 33 | 26 | 18
18 1 |11 32| 2 [14| 3 [25] 8 | 45
175 [ 460 | 490 | 470 | 505 | 400 | 310 | 435 | 150 | 397
455 | 265 | 465 | 230 | 420 | 100 | 420 | 520 | 389 | 450
400 | 475 | 341 | 415 | 357 | 365 | 205 | 381 | 445 | 320
325 | 405 | 125 | 349 | 245 | 425 | 373 | 435 | 535 | 470
250 | 333 | 410 | 280 | 450 | 295 | 430 | 130 | 440 | 190
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1.41.14

1.4.1.15

1.4.1.16

1.4.1.17

1.4.1.18

1.4.1.19

1.4.1.20

65 | 79 | 51 | 60 | 90 | 52 [ 78 | 64 | 53 | 92
72 | 66 | 88 | 62 | 63 | 83 | 55 | 88 | 69 | 54
86 | 73 | 67 | 81 | 76 | 91 | 84 | 72 | 56 | 85
57 | 87 | 80 | 75 | 54 | 71 | 93 | 68 | 79 | 70
86 | 60 | 74 | 89 | 82 | 77 | 55 | 85 | 86 | 58
18[07[24[20[21]05[27[33[29] 22
1205081501 [30[04]07][08] 23
25 [13/01[00/10[17]06[03]05] 11
04[19]02[09 1611041402/ 34
06 03|14 |18[03[2614[35][12] 01
40 [130 ] 94 [ 48 [ 96 [115] 56 | 84 | 125 88
100 | 92 [ 138 76 | 160 [ 152 | 98 | 128 | 86 | 38
90 | 10 [ 104 [142 108 | 80 | 82 |115| 60 | 98
134 | 72 | 44 [ 106 | 78 | 52 | 112 | 70 | 158 | 120
70 [102 | 74 | 64 | 148|110 | 156 | 190 | 118 | 68
2137 [55[39[57[35][50[20[21]52
132246 47344919 [28[20] 25
30 14 123[33[48[18[27[51]60] 29
45311524 1726365941 43
40 [ 573216 | 25]55|49|25]53] 61
200 [ 20 [150 [ 65 [ 160 [ 125 80 [ 170 [ 280 [ 45
25 [210 | 15 [ 250 | 70 | 45 [ 190 | 135 | 40 | 180
100 | 55 | 110 | 10 [ 120 [ 230 | 130 | 35 | 10 | 145
195 | 25 [ 175|220 | 5 | 75 | 30 | 245 | 300 | 240
50 | 105 | 60 | 115 | 165| 0 | 260 | 85 | 95 | 90
70 [20[76[155] 99 [11,0[140][102] 94 [ 118
10,0 | 135 [12,4[10,6| 50 | 85 [11,2]17,0 116 150
55 10,2180 7,9 [108] 1,0 | 88 [114[100] 9,7
1207340 [126]190[128[175] 9,1 [ 45 | 165
145[12,2]10,4[13,0] 82 [16,0/10,0] 6,0 [ 104 | 3,0
196 | 161 [ 151 | 184 [ 193 | 153 [ 166 | 155 | 204 | 177
157 | 197 | 185 | 191 | 183 | 195 | 158 | 203 | 167 | 178
160 | 186 | 198 | 163 [ 172 | 182 [ 202 | 180 [ 179 | 168
169 | 189 | 162 | 199 [ 164 | 201 [ 173 | 187 [ 154 | 175
187 | 159 | 170 | 171 [ 200 | 165 | 181 | 174 [ 191 | 205
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1.41.21

1.4.1.22

1.4.1.23

1.4.1.24

1.4.1.25

1.4.1.26

1.4.1.27

10 [ 55 [ 35 | 11 | 41 | 47 [ 39| 3 | 66 | 5
22 [ 1 |12 /33| 15| 2 [ 50 | 29 | 30 | 20
1 | 13| 8 | 43|26 | 16 | 28 | 7 | 19 | 32
14 2310 | 25| 9 |27 |17 53| 5 | 11
7 |44 [ 24| 6 |60 | 21| 4 | 18| 35 | 6
75 | 128 | 154 | 134 | 104 | 152 | 143 | 154 | 166 | 124
125 | 172 | 120 | 150 | 158 | 199 | 155 | 215 | 149 | 168
170 | 225 | 174 | 100 | 137 | 160 | 179 | 164 | 112 | 164
116 | 152 | 131 | 187 | 155 | 200 | 162 | 195 | 162 | 85
150 | 191 | 95 | 156 | 183 | 140 | 108 | 146 | 175 | 148
51 | 77 | 56 | 75 | 15 | 42 | 23 | 58 | 48 | 31
29 | 53 | 41 | 14 | 47 | 16 | 65 | 22 | 69 | 60
45 | 28 | 13 | 57 | 32 | 24 | 17 | 46 | 21 | 72
70 | 12 | 27 | 40 | 25 | 39 | 37 | 18 | 33 | 20
11 [ 43 |55 | 30 | 59 | 61 | 44 | 35 | 19 | 50
282656 69]39]17]03|41]30] 1.2
52| 74 30|58 | 18|04 45|02 |49 | 43
09 |54 47|19 /05|29|15|50|00 | 16
2408|2010 34|70|38| 14|78 01
65| 22|07 3260366264 13| 51
90 | 54 | 50 | 35 | 74 | 50 | 51 | 78 | 65 | 38
53 | 59 | 85 | 63 | 58 | 48 | 34 | 59 | 52 | 52
32 | 70 | 62 | 56 | 30 | 80 | 58 | 51 | 42 | 66
61 | 55 | 54 | 72 | 57 | 55 | 60 | 36 | 58 | 80
40 | 69 | 59 | 45 | 64 | 53 | 76 | 57 | 75 | 56
4114613862 |51]45]|56]36]58] 61
47 | 426052 |49 55| 44 50|66 | 50
36 | 53 | 43|39 63|40 |54 |43 |49 55
66 | 37 | 54 | 44 | 40 | 57 | 65 |53 | 42 | 36
55 | 55 | 6,1 | 56 | 45| 64 | 48 | 59 | 52 | 4,1
120 | 10 [ 240 [175]180] 30 | 90 | 55 | 330 | 110
50 | 130 | 5 | 140 | 15 | 190 | 170 | 250 | 105 | 200
60 260 | 55 | O | 10 | 20 | 210 | 100 | 270 | 40
25 | 65 | 220 | 75 | 150 | 160 | 35 | 125 | 45 | 290
360 | 210 | 70 | 60 | 80 | 85 | 280 | 30 | 230 | 300
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1.4.1.28 2512915 5 [16 [ 2314 7 [22] o9
10 | 14 |26 |18 |12 | 1 [ 19| 17 | 14 | 17
20 | 15 | 11 |13 |27 [ 16 [ 24| 2 | 24 | 8
18 |21 |15 0 |19 | 12 [ 28| 11 | 16 | 10

1.41.29 810 [ 840 [ 930 [ 819 [ 882 [ 925 [ 852 [ 980 | 958 | 898
960 | 965 | 900 | 934 | 822 | 942 | 890 | 954 | 833 | 945
870 | 813 | 970 | 866 | 938 | 886 | 950 | 831 | 915 | 860
905 | 990 | 844 | 975 | 910 | 825 | 904 | 894 | 990 | 836
839 | 874 | 816 | 878 | 848 | 946 | 828 | 985 | 856 | 920

5 [ 32182411226 7 [287] 9 3
1.4.1.30 40 | 1 [ 34|11 1 133 23] 2 | 30
16 | 17 | 10 | 19 [ 48 | 0 | 14 | 39 | 46 | 10

8 |42 | 6 |27 | 4 |21 |36 | 3 8 44

2 TOYEYHBIE U UHTEPBAJIBHBIE OLHEHKHU
IHAPAMETPOB PACIIPEAEJTEHUSA

Conep:xanue: xinaccu(uKaius TOYEUHbIX OLEHOK, METOJ MOMEHTOB, METO/I-
MaKCUMaJbHOTO MPaB1000/100Ms, MHTEPBAJIbHbBIE OLIEHKH MapamMeTpoB pacipenesne-
HUs, JOBEPUTEIBHBIE HHTEPBAJIBI 111 HOPMAJIBHOTO PACIPEAECICHMUS.

2.1 Teoperuyeckuii MaTepuaJ 1Mo TeMe NPAKTUYECKOT0 3aHATHS

MaremaTtuueckas CTaTUCTHUKA IMO3BOJISICT IIOJIy4aTb 000CHOBAHHEIC BBIBOJBI O
mapamMeTpax HJIM BHUAC PACIIPCACICHHA CHy‘Iaf/’IHBIX BCJIMYWH II0 COBOKYIIHOCTH

HaOmoAeHui Hax HUMH. Pacnipenenenue ciydyaiiHOM BETUYHHBI S XapaKkTepUu3yeTcs
psaaoM napameTpoB. K HUM OTHOCSTCS M YUCIIOBBIE XapaKTEPUCTUKH: MaTeMaTH4e-
CKO€ OKMJAHUE, TUCIIepCusi, MOJIa, MEAMAHA U APYTrHe.OTH MapaMeTphl Ha3bIBAKOTCS
napamempamu 2enepanbHou cogokynHocmu. OHU MOTYT OBITh HalJCHBI U3 3aKOHOB
pacnpeziesieHus: ciydyailHbIX BeTuuuH. Mcrnonb3ys BRIOOPKY HAOMIOACHUN ciTyyaitHOM
BEJIMYUHBI, MOXKHO OIPENETUTh NMPUOIMKEHHBIE 3HAUEHUSI KaXKA0T0 U3 MapaMeTpoB,
HAa3bIBAEMbIC B MATEMAaTUYECKON CTATUCTUKE YUCIO8bIMU OYEHKAMU NAPAMEMPO8 NN
pocTo oyenkamu. OUEHKU MApaMETPOB PACIPEICICHUS SBISIOTCS 3HAYEHUAMH He-
KOTOPBIX (PYHKIHMM 3JIEMEHTOB BBIOOPKU — cmamucmuk. PacCMOTpUM CTaTUCTUKH,
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KOTOPBIE UCIOJIB3YIOTCANPU MOJYYEHUN OLIEHOK YUCIIOBBIX XapaKTEPUCTUK paclipe-
JETICHUS.

[IpeanonoxxuM U3 reHepaibHOW COBOKYIMHOCTH C (DYHKIHMEH pacrpeseneHus
F(X’®), rne © — HemsBecTHbI mapaMeTp, H3BICUCHA BHIOOPKA X1 %50+ %0 Banaua
OLICHHBAHHS HEM3BeCTHOro mapamerpa © COCTOMT B MOCTPOCHHH MPUOIMKEHHBIX

hopmy

@zu(xl,xz,...,xn)_ (2.1.1)

Oynkuuio (2.1.1) HA3BIBAIOT 686100POUHOU WU cMaAmMucmu4eckou yHkyuei, a
e€ 3HaueHWe B TNPUONMKEHHOM pPaBEHCTBE — OyeHkou W  0003HAYAIOT

O =Uu(X;,X,,...,X,) . Jltobass BEIOOpKa SBIAETCS KOHEYHON M CIIydaiiHOM, CIemoBa-

TEJIbHO, CTATUCTUYECKHE PYHKIIMU O Takxke SBISAIOTCS CiydailHbiMu. Takum obOpa-
30M, OyJaeM paccMaTpuBaTh OLeHKY © =U(X,X,,...,X,) HEU3BECTHOrO mapamerpa ©

KaK CIIy4ailHyl0 BEJIIMYMHY, a €€ 3HAYeHHUE, BBIYUCICHHOE MO 3aJaHHOW BHIOOpKE
00BEMOM N, KaKk OJHY peau3alfio CIy4yalHOW BEJIIMYUHBI, TO €CTh KaK OJIHO W3
MHOKECTBA €€ BO3MOKHBIX 3HAUCHUI.

B MaremaTn4eckoi CTaTUCTUKE PACCMATPUBAIOTCS TOYEYHBIE U MHTEPBAJIbHBIC
OIICHKH MapaMeTPOB pACHPEICIICHHUS.

Toueunas oyenka mapamerpa ®  ompenensiercds OAHUM — YHCIOM

O=U(X,X,,...,X.) . Aumepsanvroil oyenkoll Ha3bIBAIOT OLECHKY, KOTOpas OIpeess-

ercsd AByMs unciaamMu ®, u ©, — KOHIIaMU UHTEpBaJla, HAKPBIBAIOIIETO OLICHUBAEMBbIN
napameTp ©.

PaccMmoTpum KaccuUKaIMilo TOYEYHBIX OIEHOK. YTOOBI TOueyHas OIeHKa
HEW3BECTHOTO MapameTpa = u(X, X,,...,X,) ObLIa «XOpOIIei» MpexkIe BCEro ¢ To4-
KM 3pEHHUS TOYHOCTH Y HAJIEKHOCTH OIEHOK, JKEJIaTeIbHO, YTOOBI HaMIEHHbIE HA OC-
HOBAaHWUW CTAaTHUCTHUYECKUX (PYHKITUN = U(X,, X,,..., X,) OLIGHKH HEHM3BECTHBIX I1apa-
METPOB OBLIM TECHO CTPYIIIMPOBAHBI OKOJIO 3HAYEHUW OIEHWBAEMBIX IapaMeTPOB

pacrpesiesieHus, TO €CTh YTOObl paCCEMBAHUE CIIy4ailHOM BeIMYMHBI ©® OKOJIO mapa-
MeTpa ® ObLIO MO BO3MOXKHOCTH MUHUMAJIbHBIM.

Onpenenenne 2.1.1 Ouenka ® =U(X;,X,,...,X,) Ha3bIBACTCS COCMOAMENbHOU,

CCJIM IIPpH YBCIIMYCHHUUN YHCJIA HCIIbITAaHUHN OLCHKA CXOIUTCA II0 BCPOATHOCTHU K OLIC-

HHBAaEMOMY MapameTpy, To ecTb ecau limP (‘@ - (:)‘ < 5) =1.

n—o
Omnpenenenne 2.1.2 Onenka O =U(X,X,,...,X.) Ha3bIBACTCS HeCMEWEHHOU
(oLleHKOM 6€3 cucTeMaTH4YeCKO OMMOKH), €ClIM €€ MaTeMaTHYeCKoe OKHUJIaHuEe paB-

HO OLIEHHBAaeMOMY MapameTpy, To ectb M (@) =0.

Ecnu nocnennee paBeHCTBO HE BBITIONHSAETCS, TO OIEHKA HA3bIBACTCS CMEUEH-
Hoti (comeprkalel cucTeMaTnueckyro omuoky). Hapsamy ¢ HecMenEHHbIME OlIeHKa-
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Ma O =U(X;,X,,...,X,) TPUMEHSIOTCS aCUMIITOTHYECKH HECMEIIEHHBIC OLCHKH, I
KOTOpbIX M (@) — ® npu yBennyeHHH 00bEMa BEIOOPKH.

Hucnepcust 11000 HeCMENIEHHON OIEHKH OJHOTO MapameTpa ® yJI0BIETBO-
psaeT HepaBeHCTBY Pao-Kpamepa

1
In f(x,0) )
00?

D(@)Z— (2.1.2)

N-M

rae f(X,®) — mIoTHOCTH pachpeaesieHus] BEPOSTHOCTEH ClydaiiHOM BenuuHbl, N —

YUCJIO MPOU3BEIEHHBIX HUCHBITAHUN. B cilydae NUCKPETHOM CIy4alHOW BEIIMYUHBI
IUIOTHOCTH pacnpenenenus BepositHoctel f (X, ®) 3amensiercs GyHKIMEH pacipee-

JICHUSI BEPOSITHOCTEN.
Omnpenenenune 2.1.3 Ouenka (:):u(xl,xz,...,xn), IUI. KOTOPOU B HEPABEHCTBE
Pao-Kpamepa (2.1.2) nocturaercst 3Hak paBeHCTBa, Ha3bIBACTCS 3 PEeKMUBHOLL.
Ompenenenne 2.1.4 Orenka ©=U(X,X,,...,X,) Ha3bIBaCTCA 0OCMAMOUHOIL,

€CJIM OHAa UCHOJb3YET BCIO MH(OPMALIMIO OTHOCUTEIBHO OLEHUBAEMOTO MapaMeTpa,
COJIEpIKalIyIOCs B BHIOOPKE.

JloctaTouHbIE OLEHKU MOCTPOEHBI TAKUM 00pa30M, YTO HUKAKUE APYTUE OLCH-
KM HE MOTYT JaTh KaKOM-11M0O0 JONMOJHUTENBbHON HHPOpMauu 00 OLIEHUBAEMBIX Ma-
pamerpax.

PaccMoTpuM TOUEUHBIE OIIEHKHA HEU3BECTHBIX MTAPAMETPOB paclpeiesICHuUs.

Hecmewénnoii oyenxoii reHepalibHON cpelHerd (MaTeMaTUYeCKOro 0XKHMIaHUs)
SIBJISIETCS 8b1O0OPOUHASL CPEOHSIA

A= — (2.1.3)

r7ie X, — BapuaHTa BBIOOPKU; M, — 4acTOTa BapUaHTHI X, ; Zmi =n.
i1
Cmewénnoll oyenKkotll TeHEePaIbHON NTUCIEPCUU CIIYKHUT 8bl00POYHAsL OucCnep-
cus

~X2. (2.1.4)
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Breibopounast nucnepcus SBISETCS CMEUIEHHOM OLIEHKON TeHepaabHOW AMcC-
n-1
nepcun D, Tak kak M (Dg)=——-D, # D,
n
[TomokuTenpbHOE 3HAUYCHWE KBAJPaTHOTO KOPHS W3 BHIOOPOYHOHN TUCTICPCHU
HA3BIBAETCS 6bLO0POUHBIM CPEOHUM KEAOPAMUYECKUM OmKIoOHeHueMm oy = /Dy .

Hecmewénnoii oyenxoti TeHEpATBHON AUCTIEPCUU CITYKUT «UCNPABNIEHHAS OUC-
nepcusy», KoTopas onpesensercs o gpopmyie

=N p-_1. im ) (2.1.5)
n—1 De n-1 < ' o

Hecmewénnoii oyenxoti cpeHero KBapaTuieCKoro OTKJIOHEHUS TeHEepaIbHOM
COBOKYITHOCTH SIBJISIETCS «UCIIPABICHHOE» CPEHEE KBAIPATUUECKOE OTKIIOHEHHE

n 1 < -
s=\/s_2:\/n—_1-DB= n—_l-iZ:l:mi(xi—xB)z. (2.1.6)

Ecnu pacCMaTpuBacTCA HHTepBaJIBHBIfI CTAaTUCTUYCCKUHI paAa, TO B KAUCCTBC
BapuaHT 66pYTC5I CCPCANHBI YaCTUYIHBIX HHTCPBAJIOB.
PaCCMOTpI/IM MCTObI ITOJTYUYCHHUS OLICHOK.

1. Memoo momenmos.
IIycte & — HempephIBHAs CllydaiiHas BEJIMYMHA C IUIOTHOCTH PACHPEACICHUS

BeposTtHocTer f(X,0), 3aBUCsAIIas OT OAHOMEPHOIO HEH3BECTHOrO IMapamerpa © .
Torma MmatemaTudeckoe oxunaanne M (&) sBnsercs pyHkiuer O :

M(é)z_[Xf(X,@)dx:;Ll((@).

Bri6opounoe cpemnee X =—Z X, TmpuHHMaeT 3HaveHue, Oomu3koe k. M (<) .
i=1
DTO MO3BOJISCT 3aMKMCaTh ypaBHEHUE IS ONIPEACIICHUS] HEM3BECTHOTO mapameTpa O :

14(©®)=X.
MCTOJI MOMCHTOB AaHAJIOI'MYHBIM 06pa30M IMPUMCHACTCA K OUCKPCTHBIM CIIy-

YaWHBIM BEJIUNYUHAM.

2. Memoo makcumainbhoz2o npagoonooodus.
[TycTh U3 reHepaibHOW COBOKYITHOCTH MPOU3BEICHA BHIOOPKA 33JJaHHOTO 00b-
éma. CocraBmgeM ¢yHkuuio mnpasgonogoous L =L(X,X,,...X ,0,0,,.,0. ). B
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Cilydae AUCKPETHOW CITydalHOW BENWYWHBI (DYHKIUS MPABIOMOMO00MS TPEIACTABIISIET
co0oli TTpon3BeACHNE BEPOSITHOCTEHN, a BCIydae HENPEepPhIBHON CIIydyalHOW BEIUYH-
Hbl — IMPOMU3BEACHUE IUIOTHOCTENW BEPOSITHOCTH. B KaduecTBE OLIEHKH HEU3BECTHBIX

napamMeTpoB BblOMpaeTcs Takas (QyHKIUS O, KOTOpas MaKCUMHU3HPYET (PYHKIUIO
npasaonoaodus. M3 cucremsl

Lo i=Im
00,

BBIOMpAeM TO pellieHre, KOTopoe oOpaimiaeT GyHKIHIO MPaBIONO00Us B MAKCUMYM.
[TockonbKy skcTpeMyM Gyaknuu L u INL mocturaercs npu ogHuX M TeX e 3Hade-

HUAX ©, TO JJIs YOPOIUIEHUs] pacuéTOB HCIOJB3YyeTCs JiorapudMudeckas (QyHKIIHs
npapnonoaoOus. B 3ToM ciydae OlleHKH MaKCUMaIbHOTO MPaBIONOA00Us] HAXOIATCS
olnL
=0.

U3 CUCTEMBI YPABHEHHUM
|
PaccmoTpum MHTEpBaIbHbBIE OLIIEHKU TApaMETPOB PaCIpeACICHUS.
ToueyHast olleHKa HEM3BECTHOTO MapameTpa © , HaiijleHHas M0 BBIOOpPKE 00b-
€Ma N u3 reHepajabHON COBOKYITHOCTH ¢ pyHKIHEH pacnpenenenus F(x,®), He mo3-

BOJISIET HENOCPEJICTBEHHO OTBETHUTh HA BONPOC, KAKYH OIIMOKY MBI COBEpILIAEM,
IPUHMMAsT BMECTO TOYHOTO 3HAYEHHs Hem3BecTHoro mapamerpa © ero npummkén-

HO€ 3HAYCHHE UJIU OLICHKY O =U(X; X5, X;) .

B cBsi3u ¢ 3TUM OoJiee BBITOIHO MOJIB30BAThCSl MHTEPBAILHOM OLIEHKOW, OCHO-
BAaHHOW Ha OINPEIEICHUH HEKOTOPOTO HHTEPBAJIA, BHYTPH KOTOPOI'O C ONPEAECIEHHON
BEPOATHOCTBIO HAXOAWUTCS HEU3BECTHOE 3HaueHWe napamerpa O . Ilpeamnonoxum,
YTO O pPe3ysibTaTaM BBIOOPKM 00BbEMa N HalileHa BbIOOpPOYHAs XapaKTEpUCTUKA

O =u(X,X,,...,X.), KOTOpas SIBISICTCS TOUYCYHOW OL[CHKONH HEH3BECTHOTO MapaMmerpa

, TeM TouHee Oy/eT oreHka. Takum oOpa3om, mo-

® . Uem MeHbLIE pa3HOCTh ‘G) -0

< ¢. Ilpu 3TOM TOU-

JIOKUTENILHOE YHCIIO & XapaKTEePU3yeT TOUHOCTh OLIEHKU ‘@ -0

HOCTh & 3aBUCUT OT 00bEMa BbIOOPKU. [103TOMY MOKHO TOJILKO TOBOPHUTH O BEPOSIT-
HOCTH 1— @, ¢ KOTOPOW 3TO HEPABEHCTBO BHITIOJIHAETCS.
Onpeneaenue 2.1.5 Jlogepumenvrou eeposimnocmvpio OLICHKU HA3bIBAIOT BE-

<¢&.

poATHOCTh P =1— ¢ BBINIOJIHEHUS HEPABEHCTBA ‘@ -0

JloBepuTenpHas BEPOSITHOCTh TOUEYHOM OLIEHKH ITOKAa3bIBAET, UTO MPU U3BJIIEC-
YEHUU BBIOOPKH OJIMHAKOBOTO 00BbEMA M3 OJTHOM U TOMU K€ TEHEpPaJIbHOW COBOKYITHO-

cTH ¢ QyHKIMeH pactipeneincaus F(X,0) B (1-a) 100 % ciyugasx mapamerp © 6y-
JCT HaKPhIBaThCSI TAHHBIM HHTEPBAJIOM.
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Omnpenenenue 2.1.6 /josepumenvhviv unmepsaiom HA3bIBACTCS HHTEPBAI

(@—g;®+ 5), HaKpbIBAIOINN HEU3BECTHBIA NapaMeTp ® ¢ 3aJaHHOW JOBEPUTEIIb-
HOI BEpOATHOCTBIO P =1— ¢, ¢ ypOBHEM 3HAUUMOCTHU X .

Paccmotpum cnyuaiiHyio BenmuuuHy &, KOTOpasl MOAYMHEHa HOpMaJIbHOMY 3a-
KOHY pacipe/esIeHHs..

NHTEepBaIbHON OLIEHKOM MAaTEMATHYECKOTO OKHUIAHUSA & CIy4YalHOU BEJIUYH-
Hbl &, UMEIONIEH HOPMaIbHOE paclpeliesICHUEe npu U38eCMHOM CpeOHeM Keaopamu-

YyeckoM OMKIOHeHUU O W BBIOOPOYHOU cpelHeW X, SIBISETCS JOBEPUTEIbHBIA HH-
TepBajl

2.1.7)

o -
<a<Xz+u
n

— o)
Xy —U_, - —— .
B af? al2
Y, A/n
KBanTumm HOPMAJIBHOT'O paCIIpCaACICHUA ua/Z HaXoZAT IIO0 Ta6HI/IHaM (DYHK]_H/II/I

Jlammaca (mpunoxenue, tadn. A.3) u3 ycnosus 2-®(U,,) =1-« . JloBepUTEIbHBII

WHTEPBAJI MOKPHIBAET MATEMAaTUYECKOE OKHUIAaHUE A C 3aIaHHOM BEPOATHOCTHIO WIIH
HaJI&KHOCThIO 1— . TOYHOCTH OIEHKHM MaTeMaTHYECKOro OXKUJaHus (TpeaesibHast

MOrPeNIHOCTh) paBHa & = U, ,0 / Jn.

NHTEpBAIIBHON OLIEHKOM MAaTEMaTUYECKOTO OXKHUIAHUS a CIy4YalHOW BEIWYU-
Hbl £, UMEIOIIEH HOPMAJIbHOE PACIPENCICHUE NpU HEUIBECHMHOM CpeOHeM Keaopa-
MUYecKomM OmKIOHeHUY & W U3BECTHON BHIOOPOYHOM CpeqHell X, SBISETCS JOBEpU-

TEJIbHBI UHTEPBAJ

S S
Xg — toz/2; n-1° ﬁ a/2;n-1" ﬁ .

KBantnnm t-pacnpenenenus U201 HAXOMAT IIO TabauIaM pacrpeaciacHus

<a<Xg+t (2.1.8)

CrerofenTa (mpuioxenue, Tadn. A.S). JloBepUTenbHbI UHTEpBAJl MOKPHIBAET MaTe-
MaTHUYECKOE 0XKHMJaHUE & C 33JaHHON BEPOSITHOCTBIO MU HaAEKHOCThIO 1— . Tou-
HOCTh OILIGHKM MaTeMaTH4eCKOro OXKuAaHus (mpelenbHas MOrpelHOCTh) paBHA

& :toc/z;n_1 S/\/ﬁ

NHTEpPBAIIBHON OLIEHKOW CPEIHEr0 KBaAPaTUYECKOTO OTKIOHEHUS O Cllydau-
HOM BEJIMYMHBI &, UMEIOIIEH HOPMAJbHOE PACHpEACIICHUE, SBIIAETCA JOBEPUTEIb-
HBI HHTEPBAJI

(2.1.9)




Koaddunuentsl y, U y,, COOTBETCTBYIOUINE JAOBEPUTEILHON BEPOSTHOCTU

P=1—a u uucny cremneneid cBOOOALI v =N—1, HAXOAATCS 1O Tabnuie (IIPHIoKe-
Hue, Tad. A.7).

2
Tak kak N — 00, pacupeneiaeHue y° MpUOIMUKACTCS K HOPMAIbHOMY pacrpe-
JIEJICHUIO, TO TIPHU JIOCTATOYHO OOJBIIIOM 00BEME BHIOOPKHU (n > 50) JIOBEPUTEIBHBIN

HHTCPBAJI IJISI CPCAHCTO KBAAPATHICCKOTO OTKIIOHCHUA MOKHO HAWTHU 110 q)OpMy.He

(2.1.10)

S S
P <o< =1-«,
[1+ U, /~2n 1-u,,/</2n j

rac Ua/z — KBAaHTUJIb CTAHAAPTHU3UPOBAHHOIO HOPMAJIBHOI'O PacCHpCaACICHHA, COOT-

BETCTBYIOIIUNA TOBEPUTEIBHON BEPOSTHOCTH 1—¢r .
2.2 IlpuMepsl pelieHUs: TUMOBBIX 32124

2.2.1 VI3 reHepanbHON COBOKYITHOCTH, HCCIICIOBAHUS CIYy4allHOW BEIUMYWHBI
T — Temmnepatypa Tena 4YejoBeKa, U3MepseMas B TEUCHUE OMNPEACIEHHOTO MPOMe-
KyTKa BpeMEHHU, u3BliedeHa BbiOopka 00béMa N =100. JlanHble npecTaBICHBI B BU-
J1€ CTATUCTUYECKOIO psifa

BapHuaHra t, 36,2 36,4 36,6 36,8 37,0

gacTora m, 6 18 52 20 4

Haiiti BEIOOPOYHYIO CPEAHIOI TEMIIEPATypPy, BHIOOPOUHYIO M UCIPABICHHYIO
JUCTIEPCUU U3MEPEHUSI TEMIIEPaTyPBhl.
Pemenne. Haxonum BIOOpOUHYIO CpeHIO0 no ¢opmyre (2.1.3):

5
T
- ;m' ' _6-36,2+18-36,4+52-36,6+20-36,8+4-37,0

t, = =36,596.
n 100

Haxonum BeiOopounyto auctiepcuto mo dpopmysne (2.1.4):

— \2
(t —1
2.4 5) 6.(36,2-36,596) +18- (36,4-36,596)" _
- 100

, 52-(36,6—36,596)" + 20 - (36,8 — 36,596)" + 4-(37,0 - 36,596)"

=0,031184.
100
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Haxonum ucnipaBnennyro aucnepceuto no popmyne (2.1.5):

¢ .p =19 4 031184-0,0315.
n-1 ° 100-1

2.2.2 VI3 reHepaibHOW COBOKYIMHOCTH HMCCIIEyeMOU CilydailHOW Benu4uHbl &

npousBeneHa Beibopka 00sEMoM N =100, KOoTOpbIe 3anMCaHbl B BUJIE HHTEPBAIHLHOTO
CTaTUCTUYECKOTO psizia

YacTHuHBIIT HHTEPBA [2,4) | [4:6) | [68) | [810) | [10;12]
CyMMma 4acToT BapraHT UHTEpBaja 8 20 42 18 12

HaiiTu BBIOOPOYHYIO CpPENIHIOK, BBIOOPOUYHYIO JIUCIIEPCHUI0O M BBIOOPOYHOE
cpeaHee KBaAPATHUYECKOE OTKIOHEHUE, UCIIPABIICHHYIO TUCIEPCUIO U UCIIPABICHHOE
CpelHee KBaJIpaTUUECKOE OTKJIOHEHHE HAOJI0/1aeMbIX 3HAUCHHUN CIydailHON BeIUYu-
HEI &.

Pemenne. B Hauane HaXxouM cepeMHBI HHTEPBAJIOB M BBIOMpAEM MX B Kade-
CTBE BAPHAHT HAOIIONAEMBIX 3HAYCHUHU CilydailHOH BenmuumHbl & X, =3, X, =5,

X, =7, % =9, x,=11.
Haxoaum Be1OOpoUHYIO cpeHIoro 1o dhopmyne (2.1.3):

5
m. X.
. _21: "I 8.3+20-5+42.7+18-9+12-11
B n 100

=7,12.

Haxoaum BeIOOpouHytO qucnepcuto o dpopmyne (2.1.4):

— \2
2N %) g 3_710) 4 20.(5-7,02) X
n 100

N 42.(7-7,12)* +18-(9-7,12)* +12-(11-7,12)?
100

=4,7056 .

Haxoaum ucrnpaiieHHy0 aucnepcuto no gopmyse (2.1.5):

=" .p =290 4705647531
n-1 ® 100-1
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BEIGOPOYHOE CpEIHEE KBAJIPATHYECKOE OTKJIOHEHHMEM pAaBHO Of =4/ Dy =
=4/4,7056 = 2,169, a «ucnpaBIeHHOE» CPENHEE KBAAPATHIECKOE OTKIOHEHHE PABHO

s=+/s’ =/4,7531=2,18.
2.2.3 CnyuaiiHasi BenmuunHa & MMEET MOKa3aTeNbHOE pacIpeiejieHue ¢ MIoT-
HOCTBIO BeposiTHocTel f (X,®) =@ -e . Ilo pesynpraTaM HaOIIONAEMbIX 3HAYCHUM

X3 Xy X, ATOM BEJIMYHHBI OIOCHUTD IMAapPaMCTp 0.

Pemienne. 3anumeM (yHKIUIO MPaBAONOa00Us L=@-e .06 x

n

—®in n
x@-6” =@"-e = . Jlorapupmupys, umeem InL=nIn® — @Z X. . dubdepen-
i=1
oL g
[MpYs 10 MapameTpy ® , Haxoaum o 6 > . [lpupaBHuBas 4aCTHYIO IPOU3-
i=1

n n

BOJIHYIO K HYJIIIO, IIOJIYy4acM ——in =0. CJIGI[OB&TCJIBHO OLICHKa HCU3BCCTHOI'O
i=1

n

S
i=1

2.2.4 Tlyctp ciydaiiHas BennyuHa & MMEET HOPMAJIbHOE pacIipe/ie]iCHHe C U3-

BECTHBIM CPEJIHUM KBaJpPAaTUYECKUM OTKJIOHEeHUeM o =3. HalTu noBepuTEIbHBIM
MHTEpBaJ JJII MAaTEMAaTHUYECKOTO OXKUJAHUs, €CIIM Cpe/lHee BHIOOPOUYHOE HaOIroae-
MBIX 3HA4eHUH N =36 NpsMbIX PAaBHOTOUHBIX U3MEPEHUN paBHO X; =18, a ypoBeHb

napameTpa uMmeet Bua: O =

x| | =

3HauMMOCTH paBeH a =0,05.

Pemrenue. ITonw3ysick Tabaumen ¢pynkuuu Jlammaca (npunoxkenue, tadm. A.3),
OTpeNeNM KBaHTWUJIb CTAaHIAPTU3UPOBAHHOTO HOPMAJIBHOTO pPACTIPENEICHHS, yIH-
THIBasl, YTO JOBEPHUTENIbHAA BEPOSTHOCTh paBHa P =1—a=1-0,05=0,95:

2-0(u,,)=1-a, 2-®(u,,) =0,95, d(U,,) =0,475, u,,, =1,96.

Jlns ompenenieHus TOBEPHUTEIHPHOTO MHTEPBaJa Il MaTEeMAaTHIECKOTO OXKHa-
HUSI BOCTIOJIb3yeMcs HepaBeHCTBOM (2.1.7):

18—1,96-i<a<18+1,96-i u 17,02 < a <18,98.

/36 \/36

CrenoBarenbHO, HWCKOMBIM  JOBEPUTENBHBIA  HMHTEPBAI  HMEET  BUJ
(17, 02;18,98). PackpoeM cMBICT MOTy4eHHOTO pe3ybTaTa: eciu OyAeT MPOU3BEICHO

J0CTATOYHO OOJIBLIIOE YUCIIO BRIOOPOK 3a/JaHHOTO 00bEMa, TO B 95 % ciydaeB U3 HUX
JOBEpUTENIbHbIE MHTEPBAJIbl HAKPOIOT MAaTeMAaTUYECKOE OKUIaHHE U TOJIBKO B 5 %
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CITy4aeB OIICHMBAEMOE MAaTEeMAaTHUYECKOE OKHJIAHWE MOYKET BBIWTH 3a TIPENeIbl JOBE-
PUTEIBHBIX UHTEPBAJIOB.

2.2.5 HaiiTu MUHUMaIbHBIM 00BbEM BBIOOPKH, HA OCHOBAHUU KOTOPOU MOKHO
ObLJIO OBl OIEHUTHh MATEMAaTUYECKOE OKUJAHUE BPEMEHU HCIOJHEHUS HEKOTOPOU
oTiepaluy ¢ OIIMOKOM, He MpeBbImaroIieit 15 yacos, u HanéxHocThio P=1—a =0,9,
€CJId TPEIIONIOKUTh, YTO BpPEMS BBINOJHEHHUS yKa3aHHOW omepanuu & SBISIETCA
CIIy4allHOM BEJIWYMHOW, UMEIOLIECH HOPMAJIbHOE PACHPENECICHUE C CPETHUM KBaJipa-
TUYECKUM OTKJIOHeHHEM o = 60 .

Pemenwne. ITonp3ysicey Tabauner ¢ynkiuu Jlamiaca (mpunoxkenue, tadm. A.3),
ONpeeINM KBAHTUIIb CTAHJAPTU3UPOBAHHOTO HOPMAIBHOTO PaCIpe/Ie/ICHHUS:

2-®(u,,)=1-a, 2-®(u,,) =09, ®,,)=0,45, u,,=164.

Bocnonb3yemcst  hopmysioi, CBSI3BIBAIOIICH TMPEACIbHYIO TOTPEIIHOCTh &

OLICHKM MaTeMAaTUYECKOr0 OKUAAHMS 10 BBIOOPOUYHON cpenHen: € =U, 120 / Jn. Crue-
2 2
U, 0 1, 642 - 60?

2 152

JIOBaTEIbHO, N > =43,0336. Takum obpazom, N=44,

g
2.2.6 B pesynbrate uccie0BaHUs HEKOTOPOU Ccy4yailHOW BENUYHMHBI £ — JIH-
HEWHBIN pa3Mep HEKOTOPOro 00bEKTa, MOJYMHEHHOTO HOPMAJILHOMY 3aKOHY pacIipe-
JeTIeHNs, NPOM3BEAEHa BBIOOpKa 00BEMOM N=5: X =2,X,=21,X,=2,2,X, =21,
X; =2. OLEHNUTH C MOMOIIBIO TOBEPUTENBHOIO MHTEPBAIa MATEMATHIECKOE OXKH]1a-
HUE JIMHEHHOTO pa3Mepa. [[oBepuTenbHy0 BEpOSATHOCTh P =1—¢ mnpuHATH paBHOU
0,99. HaliTu MUHMMAaJIbHOE YHCJIO M3MEPEHUMH, KOTOPOE HEOOXOIMMO BBITIOJHUT,
9T00BI ¢ HAAEKHOCTBIO 1—ar =0,99 MOXXHO OBLIO YTBEP)KJIATh, YTO MpEIeIIbHAS MO-
IPEIIHOCTh TOYEYHOM OLIEHKH HccieayeMoi BennunHbl He mnpesbimana 0,002. ITo-
CTPOUTH JIOBEPUTEIIbHBIM HMHTEpPBaJ, MOKPHIBAIOIIMNA CpeHEe KBaJIpaTHYECKOE OT-
KJIOHEHHE o ¢ Haa&KHOCThIO P =1—«a =0,99.
Pemenne. Haliiém TOUEUHBIE OLIEHKH HEU3BECTHBIX IMAPAMETPOB: MaTeMaTHYe-
CKOT'O O’KMJIaHHSI & U CPEAHETO KBaIPATUYECKOTO OTKIOHEHHUS O .

g, o 22r2:214122 ) 40

5
A e 1 2 2 2\ _
G=s= ﬂ(2-(2—2,08) +2-(2,1-2,08)* +1-(2,2-2,08) )_0,08.

[To Tabmuue pactipenenenus CTeroeHTa (MIpUIOKeHUe, Tada. A.5) mo goBepu-
TenbHOM BeposTHOocTH P =1—-a=0,99 u uucny cremneneid cBobompl v=n-1=4

HaXOAUM KBaHTWIb t-pactpenencHus:t, , ., =1 g, =4,604. [l onpenenenus no-

BEPUTEIIBHOTO MHTEPBaJa BOCIOIb3yEeMCsl HEpaBEHCTBOM (2.1.8).
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S S
Xg _ta/Z; n-1" ﬁ a/2;n-1" ﬁ .

2,08—4,604-w<a<2,08+4,604-@ win 1,915<a<2,245.

V5 V5

CnenoBarenbHo, MCKOMBIA  JOBEPUTENBHBIA ~ MHTEPBAl  UMEET  BHUJ
(1,915;2,245). Takum o6pasom, eciu OyneT MPOU3BEACHO MOCTATOYHO GONBIIOE

<a<X;+t

YHCIIO BEIOOPOK 3a/laHHOr0 00BEMA, TO B 99 % crmyyaeB U3 HUX JIOBEpPUTEIbHBIC HH-
TepBaJIbl HAKPOIOT MaTEMaTHUECKOe OKUAAHME U TOJIBKO B 1 % ciydaeB oleHHBae-
MO€ MAaTEMaTH4YEeCKOe OKHIaHHE MOKET BBIUTH 3a MpEAeIbl JOBEPUTEIbHBIX HUHTEP-
BaJIOB.

Jlis pacyéra UCTUHHOTO YMCJIa U3MEPEHUI, HEOOXOAUMBIX JJISi ONPECIICHUS
HCTUHHOIO JIMHEHHOro pa3Mepa OOBEKTa € MOTPEIIHOCTbIO, HE IPEBBILIAIOIIECH
&=0,02, Bocrionb3yemest HopMyInoit IpeIebHOM MOrpenHocTr: &€ =1t 5,4 S / Jn.

t2 2

a/2;n-1" S _ (4,604)2 . (0,08)2
g (0,002)?

Takum o0Opa3zoM, aJisi TOro YTOOBI MpeAesibHAsl MOTPEHIHOCTh & HUCTUHHOTO
3HAUCHUS JMHEHHOro pasMmepa HccienyeMoro oobekra He mpesbimana & = 0,002,
CleyeT, IOMHUMO IISITH  MPOJENAHHBIX  W3MEPEHMM,  BBINOJHUTH  €mIé
N—5=34-5=29 uzmepeHuil.

[To 3amanHOl noBepuTenbHOM BeposiTHOCTH P =1—a=0,99 u uuciny cremne-
Hel cBoOonbl V=N—-1=5-1=4, ucnonb3ys TabJUIly IOBEPUTEIIbHBIX UHTEPBAJIOB
IUIS CPETHETO KBAAPATHUECKOTO OTKIOHEHUS o (TIpUioKeHue 7), HaXOJAUM HUKHIOO
rpanuny y, =0,519 u Bepxniowo rpanuny y, =4,390. [na onpenenenus I0BEpU-

CnenoBaTenbHO, N> ~ 33,91 u3mepeHusl.

TETLHOTO WHTEpBaja JJII CPEIHEr0 KBaJIpPaTHUYECKOTO OTKJIOHECHHSI BOCIIOJb3YeMCSI
HepaBeHCTBOM (2.1.9): s-y, <o <S-7,.

CrnenmoBaTelIbHO, HCKOMBINM JIOBEPUTEIIBHBIM HHTEPBAJ PABEH:
0,08-0,519<0<0,08-4,390 unu 0,04152 <o <0,3512.

Takum  00pa3oM, MCKOMBIA JIOBEPUTENbHBbIA HWHTEpPBAI UMEET  BUJ
(0,04152;0,3512). To ecth, eciu OyAeT MPOU3BEACHO JOCTATOYHO OOJBIIOE YHCIIO
BBIOOPOK 3a7aHHOTO 00BEMA, TO B 99 % ciydaeB U3 HUX JOBEPUTEIbHBIE HHTEPBAJIBI
HAKpOIOT CpeJIHEE KBAIPATUUECKOE OTKIOHEHHUE U TOJBKO B 1 % cilydyaeB oleHuBae-
MO€E CpEeJHEE KBaJPAaTUYECKOE OTKJIOHEHHE MOXKET BBIMTH 32 MPEIEibl TOBEPUTENb-
HBIX UHTEPBAJIOB.
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2.3 3agaHus 11 pellleHUs] HA MPAKTHYeCKOM 3aHATHH

2.3.1 3 renepanbHOM COBOKYMHOCTH, uccienaoBanuss CB &£, u3BieueHa BbI-
6opka 00bpéma N =100. J/laaHBIC TPEACTABICHBI B BUJIE CTATUCTUICCKOTO PsI/Ia:

BApHaHTA X, 7,2 7,6 8,4 8,0 7,4

gacToTa m, 8 20 45 15 12

Haiiti BBIOOpOUHYIO CpEIHIOI0, BEIOOPOUYHYIO W HUCHPABICHHYIO TUCIEPCUU U
COOTBETCTBYIOIINE CPEAHUE KBAIPATUUECKUE OTKIOHECHHUS.

2.3.2 B utore nATH U3MEPEHUN JIJTMHBI CTEPXKHS OJTHUM MpUOopom (6e3 cucte-
MaTUYECKUX OMIMOOK) TOIyYeHBI CICIYIONIHEe pe3yabTathl (B mm): X, =70, X, =72,
X, =81, X, =83, X, =81. HaiiTu: a) BBIOOPOUYHYIO CPEIHIOIO JJINHY CTEPXKHS; O) BbI-
OOpPOUHYIO U UCHPABJICHHYIO JUCIIEPCUIO0 OMMOOK Mpudopa; B) BHIOOPOYHOE U HC-
IIPABJIEHHOE CPE/IHEE KBAIPATUUECKOE OTKIOHEHUE.

2.3.3 B utore miectd M3MepeHUN HEKOTOPOW (DU3UYECKON BEIMYHUHBI OJHUM
npubopoMm (06€3 CUCTEMATHYECKUX OMIMOOK) TOJIYYEHBI CIEAYIOIINE Pe3yJIbTaThl:
X\ =2, X,=5, X;=8, X, =7, X, =5, X; =3. Haiitu: a) BEIOOPOYHYIO CPEAHIOIO HC-
CJIelyeMOil BeIMUYMHBI; 0) BBIOOPOUYHYIO M UCIPABICHHYIO AMCIEPCHIO; B) BHIOOPOY-
HOE€ U UCIPABIICHHOE Cpe/IHEe KBaPATUUECKOE OTKIOHEHHE.

2.3.4 Cpenu cTyneHTOB (haKyJbTeTa MPOU3BOIUTCS U3MepeHue pocta. M3 00-
IIEr0 YHCJia CTYACHTOB, KOTOPBIE MPOU3BEIN HU3MEPEHHS POCTa, MPOU3BEACHA BbI-
6opka B koiuuectBe 100 cTymeHnToB. B pesynbprare mongydeH WHTEpPBaJIbHBIN CTaTH-
CTHUYECKHUU PSJI.

Poct Yucno CTyAeHTOB
[160;164) 9
[164 168) 15
[168;172) 20
[172,176) 29
[176;180) 17
[180;184) 7
[184;188] 3

Haiitu: a) BRIOOPOUHYIO CpPEHIOI pOocTa OOCIEIOBAHHBIX CTYICHTOB; 0) BbI-
OOpOYHYIO M MCTPABICHHYIO IUCIEPCHIO POCTa OOCIEIOBAaHHBIX CTYACHTOB; B) BbI-
O00poYHOE W HUCTPABICHHOE CpelHee KBaapaTHUYeCKOe OTKIOHEHHE pocTa o0cieno-
BaHHBIX CTYJCHTOB.
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2.3.5 B pe3ynbpTaTe ombiTa MPOU3BEACHO HM3YUCHHE CIy4ailiHON BETUYMHBI 7).
W3 renepasibHOM COBOKYIHOCTH M3BJIeU€Ha BHIOOpPKA, KOTOpas MpeCTaBieHa B BUJIE
Tabnuibl, npencrapieHHol B 3agade Ne 1.3.10. Haiitu: a) BIOOpOUYHYIO CpPEIHIONO
UCCIIelyeMOM BEJIMUMHBI, onpenenénnyto B 3agade Ne 1.3.10; 6) BEIOOpOUHYIO U HC-
MPABJICHHYIO JUCIEPCUIO TAHHOW CIIydyallHOM BEJIMYMHBI; B) BEIOOPOUYHOE U MCIPaB-
JIEHHOE CpeHEE KBAIPATUUECKOE OTKIIOHEHUE ITOW BETMUNHBI.

2.3.6 Haiitu moBepuUTeNnbHBIN WHTEpBA AJI OICHKU ¢ Haa&xHOCThIO 0,98 He-
M3BECTHOTO MAaT€MAaTUYECKOr0 OKMIAHUSA HOPMAJIBHO PACIpPEACIEHHON CIy4anlHON
BEJIMYUHBI £ TEHEPAIbHON COBOKYITHOCTH, €CJIM 3aJaHbl T€HEPAIIbHOE CPEIHEE KBa/I-

paTHuecKoe OTKIOHEHUE o =4, a BBIOOpouYHas cpenHsad paBHa X; = 20 1 00bEM BbI-

6opku paBern N=80.

2.3.7 Beibopka u3 00ubiIoi maptuu daekrpoiiamil coaepxkut 200 mamm. Cpen-
HSS MPOJOJKUTENIBHOCTh TOPEHUS JIaMIbl BBIOOPKHM OKa3anach paBHo 800 yacos.
Haittn ¢ nanéxnocteio 0,90 mOBEpUTENBHBIM MHTEpPBaN A CPEIHEH MPOJOJIKH-
TEIBHOCTU TOPEHUS JIAMITBI BCEH MapTHH, €CIIM U3BECTHO, YTO CpEIHEE KBaJpaTude-
CKO€ OTKJIOHEHHE, MPOIOJDKUTEIILHOCTH TOPEHUS JIaMIThl paBHO 50 4acos.

2.3.8 Cranok-aBromar mrammyer Aetand. [lo Beibopke oO0béMa N =200 BbI-
YHICJICHA BHIOOPOYHAS CPEIHSA JUIMHBI U3TOTOBJICHHBIX jAeTaneld. Halitu ¢ HanéxHo-
cteio 0,99 TOYHOCTH &£, ¢ KOTOPOU BBIOOpOYHAS CpeHssA OICHMBAET MaTeMaThye-
CKO€ OXHJIaHWE JIMHEWHOTO pa3Mepa JIeTalH, €CIM CpelHee KBaJIpaTUYeCKOe OTKJIIO-
HeHue paBHO 10 mm.

2.3.9 HailTn MuHUMAaIbHBIA 00BEM BBIOOPKH, TIPU KOTOPOM C HAAEKHOCTBHIO
0,95, TOYHOCTh OLIEHKH MAaTE€MAaTHYECKOIO OXHAAHUS TEHEPAIBHOW COBOKYITHOCTH
HOPMAJIBHO pacrlpeAesi€HHON CIIy4ailHOW BEJIMYMHBI M0 BEIOOPOUYHOU cpefHeil Oyaer
paBHa & =0,4, eciii cpe/ilHEee KBaIpaTUUECKOE OTKIOHCHUE PaBHO O =5.

2.3.10 I'lo maHHBIM HE3aBUCHMBIX PAaBHOTOYHBIX U3MEPEHHI HEKOTOPOU (U3H-
YeCKOW BEJIMUYMHBI HailieHa cpefHss BIOOpouHas X; =55 M ucnpaBieHHOE CpeaHee

KBaJIpaTHuecKkoe OTKIOHeHHe S=4. OneHNTh UCTHHHOE 3HaYeHUE MU3MEepseMOil Be-
JUYUHBI TPU TOMOUIHU T0BEPUTENBHOTO MHTEpPBaJIa ¢ HaAEKHOCThI0O P =1—a =0, 95.

2.3.11 [lo mamaBIM BBIOOpKH 00BEMa N =50 W3 TeHEpaIbHOW COBOKYITHOCTH
HAWJICHO HWCIPaBJIICHHOE CpeIHEe KBAJpaTHUECKOE OTKJIOHEHHE S=2 HOPMAaJbHO
pacnpenen€éHHON CIIy4YaHOM BeJWYHUHBbL. HaliTu TOBEpPUTENBHBIM MHTEPBAI, IOKPHI-
BAIOIIHMI reHepaibHOE CPEIHEE KBAPATHUECKOE OTKIIOHEHHE O C HalEKHOCTHIO 0,9.

2.3.12 Haiitu MuUHUMAaIbHBIN 00bEM BBIOOPKH, HA OCHOBAHHHM KOTOPON MOYKHO
OBLJIO0 OBl OIEHUTh MATEMATHUYECKOE OXKUJAaHUE BPEMEHU MCTIONHEHUS HEKOTOPOU pa-
00Thl ¢ ommOKOM, He mpeBbimaromieii 10 gacos, m HaaéxHOCThIO P =1—=0,99,
€CJIA TIPEATNOJIOKHUTh, YTO BpEMs BBITIOJHEHUS YKA3aHHON paboThl £ SIBISETCS CIIy-
YaWHOW BEJIMYMHOM, UMEIOLEW HOPMAJIbHOE PACIPENECICHUE CO CPEAHUM KBaJIpaTH-
4ecKuM OoTkIoHeHueM o = 80.

2.3.13 B pe3ynbrare rcciie1oBaHus HEKOTOPOU CITy4ailHOW BeTUYHHBI &, TIOJI-
YUHEHHOW HOPMAJIbHOMY 3aKOHY pachpelnefieHus, TMPOU3BEIACHA BBIOOPKA:
X =35 X,=41X%,=57,X,=41 X =35 OueHurs ¢ nNoMOLIbIO JOBEPUTEILHOIO
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MHTEpBaJIa MaTeMaTU4YECKOE OKUJIaHHE U3MEPEHUM. J[OBEpUTENbHYIO BEPOATHOCTD
P =1—-«a npunsate pasHoit 0,95. HaliTu MUHHMAaIbHOE YKCIO U3MEPEHUN, KOTOPOE
HEOOXOIUMO BBIMIOJIHUTH, YTOOBI ¢ HAEKHOCTHIO 0,95 MOXKHO OBUIO YTBEp)KIaTh,
YTO MpEAEIbHAs MOTPEIIHOCTh TOUEUHOW OIIEHKH HCCIIEIYEMOW BEJIMYUHBI HE Mpe-
Beimana 0,005. IloctpouTh AOBEpPUTENBHBIA HMHTEPBAJ, IMOKPBIBAIOIIUN CpEIHEE
KBAJIPAaTUUECKOE OTKIIOHEHUE O C HAAEKHOCThIO P =1—a =0,95.

2.3.14 OnpenenuTh YUCIEHHOCTh BBIOOPKHM MpPU OOCIEIOBAHUM OCTATKOB Ha
pacuéTHBIX CYeTax y KIMEHTOB OaHKa, 4yToObl ¢ BeposTHOcThIO 0,9 mpenenbHas
omuOKa paBHsIach 15 AEHEKHBIM €MHUIIAM, & CPEHEE KBAJAPATHUYECKOE OTKIIOHE-
HHE — 350 NEeHE)KHBIM €UHHIAM.

2.3.15 Ilpu nmoacuére 0ObEMOB €KEAHEBHBIX MPOJAX JKEMIIEPOB MPEAIPUHU-
MareyieM B TEUCHHE MECsIa MOJTYUYeHbI cleayromue pe3yaprarsl: 1; 8; 7; 10; 13; 4; 9;
9;10; 14, 8; 7; 9; 6; 8; 11, 3; 15; 5; 5; 11, 6; 5; 12; 6; 7, 8; 14; 11; 9. Haittu: a) BbI-
OOPOUHYIO CPEIHIOI0 €XKEIHEBHBIX MPOJAXK JHKEMIIEPOB MPEAIPUHUMATENEM; O) BbI-
OOpPOUYHYIO U UCIIPABICHHYIO JAUCIEPCHIO; B) BEIOOPOUYHOE M MCIPABICHHOE CPElIHEE
KBaJPaTUYECKOE OTKIOHEHHE 00BbEMOB MPOJAK HKEMIIEPOB.

2.3.16 Cnyuaitnas BennunHa & uMmeet pacnpenenenue [lyaccona

im
P(=m)= We_i C HEM3BECTHBIM NapameTpoM A . Mcrmonb3ys METo1 MOMEHTOB I10-
JTy4€HUs TOYEUHBIX OLIEHOK, HAWTH MO Pealn3aluy BEIOOPKHU (X, X,,..., X ) 3HAUCHHE

OILICHKU A HEeW3BECTHOTO napamerpa A . Mcxonnele nannele: X, =16, X, =33,
X, =18, x, =36, x, =12, X, =34, X, =25, X, =17, n=50.

2.3.17 Cnyyaitnast BenuurHa & UMeeT OMHOMHAIIbHOE pacTpe/IeieHne
P(&=m)=Cp"q" " c Hem3BecTHBIM mapameTpoM A . Vcronb3ysi METO1 MOMEHTOB
NOTy4€HHs TOYEUHBIX OLIEHOK, HAUTH MO Pean3aliy BBIOOPKH (X, X, ..., X, ) 3Hade-

HHE OLICHKH A HEM3BECTHOIO mapamerpa A . FICXOHbIe TaHHbIE: x, =14, X, =9,
X, =12, X, =15, X, =8, X, =7, X, =8, X, =11, n=30.

2.4 3ananus 1J1sl KOHTPOJMPYEMOH CaMOCTOATEIbHOH padoThI

2.4.1 VI3 reHepalIbHOI COBOKYITHOCTH CITydyallHOUM BeMMUuHBl £ W3BJIEYEHA BbI-
O0opka, KoTopas mpejAcTaBjieHa B Buje Tabuuilbl B 3aj1aue 1.4.1. Haiftu BBIOOpOUHYIO
CPEIIHIOI0, BHIOOPOYHYIO JIUCIIEPCHUI0 M BBIOOPOUHOE CpEIHEE KBAJIPaTUUYECKOE OT-
KJIOHEHHE, WCIIPABJICHHYIO NHMCIEPCUIO U UCIPABICHHOE CPEIHEE KBAIPATUUECKOE
OTKJIOHEHHME Ha0JII01aeMbIX 3HaYEHUH CITydyaliHOW BETUYMHBI & .

2.4.2 VI3 reHepalIbHON COBOKYITHOCTH HOPMAJIBHO PaCIpeeIEHHON CITydaitHOM
BENTMYUHBI £ — MECSIYHOU 3apa00THOM MIIAThl PAOOUYNX MPEANPUATHS, PACCUUTAHHOM
B YCIJIOBHBIX JICHEKHBIX €IMHULAX, U3BJICYEHA BBIOOPKA: X, X,, X3, X,, X5, Xg, X;.
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Tpebyercs:
1) ¢ IOMOIIIBIO TOBEPUTEIHLHOIO MHTEPBAJIa OIICHUTh MAaTEMAaTHYECKOE OXKHUIa-
HUE CIIy4ailHOM BeMYuHbI £ — MECSIUHOM 3apa0O0THOM TUIaThl pab0YMX MPEApUSITHS,

NPHU M3BECTHOM CPEJHEM KBaJpPaTUYECKOM OTKIIOHEHHHM O =0, U YPOBHE 3HaYMMO-
CTH @ =,
2) HalTH MUHUMAJbHBIA 00bEM BBIOOPKH, HA OCHOBAHHH KOTOPOH MOKHO ObI-

70 OBl OLICHUTh MAaTEMAaTUYECKOE 0KHIaHUE MECSTYHOM 3apab0OTHOM IJIaThl pabouux ¢
OIIMOKOM, HE MPEBBIMIAIONIEH &, YCIOBHBIX JEHEXHBIX €IWHUL MECSIYHOM 3apaldoT-

HOM OILIAThI IIpu U3BCCTHOM CPCIHCM KBaJApPAaTU4YCCKOM OTKIOHCHUM O =0, H
YPOBHC 3HAYUMOCTH & = &, :

3) ¢ MOMOIIBIO JTOBEPUTEIEHOTO UHTEPBAJIA OIICHUTh MaTEMATUIECKOE 0XKHIa-
HHAE HOPMAJIBHO PacCHpeienEéHHON ClIy4YalHOW BEIUYUHBI & IIPU HEU3BECTHOM CpEJI-

HEM KBaJApaTU4CCKOM OTKIIOHCHHH U YPOBHE 3HAYUMOCTH & = A,

4) HaliTh MUHUMAJIBHBIH 00bEM BBIOOPKH, HA OCHOBAHUU KOTOPOW MOYKHO OBI-
J0 OBl OLEHUTh MATEMAaTUYECKOE OKUIAHHME CIIy4alHON BEJNYMHBI £ — MECSIYHOM

3apa6OTHOﬁ IJIaThI pa60‘lI/IX C OIHI/I6KOf;1, HC HpeBBIIHaI-OIHeﬁ &, YCJIOBHBIX ICHECK-

HBIX CAUHUNI] MECSUHOM 3apa60TH0171 OILIATHI ITPXU HCU3BCCTHOM CpCAHEM KBaApaTHU4C-
CKOM OTKJIOHCHHH N YPOBHC 3HAYUMOCTH & = al;

5) C IOMOIIBIO JOBCPUTCIIbHOI'O MHTCPBAJIAa OLCHUTD IIPpHU YPOBHC 3HAYNMOCTH
o =0, CPCAHCC KBAAPATHICCKOC OTKIIOHCHHUEC HOPMAJIBHO pacnpez[eﬂéHHoﬁ Cﬂy‘{aﬁ-

HOM BEJIIWYUHEI & .

Xp | X | Xg | X | X5 | Xg | X; | Oy | Q@ | & 25 & &1

2421 132(35(3,7140 [3,7/35/3,2{05/0,05|0,010,40|0,164 | 0,023
2422 138(42|46| 50 [464,2/38|0,6|0,10|0,02 0,010,154 | 0,038
2423 |45|50(55| 6,0 |55/50(45/1,0/0,20|0,05|0,02|0,125| 0,047
2424 |52(58(6,4| 70 (6,4(/58|5,2/1,2/0,01,0,10|0,05|0,105] 0,015
2425 (5966|7380 (73/6,6(59(1,4/0,02,0,01/0,20|0,172 0,059
2426 |66(74/8,2| 90 (82,74/66/|1,6|0,40|0,020,10|0,147 | 0,065
2427 173/82(91(100(9,1,82/7,3/1,8(0,20{0,05|0,40|0,115|0,077
2428 |7,7/88(99(110/99,88|7,7(2,0/0,02|0,100,01|0,136 | 0,083
2429 |(54(/76(98(120(98|76|5,4/4,0/0,05/0,01 0,020,183 | 0,009
24.2.10(3,1(6,4(9,7(130(9,7/6,4(3,1/5,0/0,01|0,02|0,05|0,199 | 0,092
24.2.11/07/08(09}10(09(08(0,7/0,2|0,10|0,05|0,20|0,167 | 0,024
2421214161820 (18(16(14/05/|0,400,100,10|0,152 | 0,039
2421312112427 30 1(2,7(24|2,10,7[0,05|0,01{0,40|0,124 |0,043
2421413172125 (211713 /0,90,10|0,02|0,01|0,106 | 0,012
24.2.15(20(25(30(35(30(25(20/1,2/0,20/0,05/0,02|0,173| 0,051
24.2.16(33(3,7(41| 45 (41/3,7/3,3/0,8/0,01/0,10|0,05|0,148 | 0,068
24.2.17(40(45|/50( 55 |50(45(40/1,1/0,02|0,01|0,20|0,113|0,072
24.2.18(4,7/53/59| 65 (59(53(4,7/1,2|0,40/0,02 0,100,138 | 0,084
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24219/54/6,1/68| 75 68/61/54/14/0,10]/0,05|0,40 0,185 0,007
2422061697785 |7,7/69|6,1/16/0,05/0,10|0,01 /0,196 | 0,098
2422168,|7,7/86|95 86,|7,7/68|16/0,20/0,01|0,02 0,163 | 0,028
24222175/85|95/105|95/85|75(2,0/0,010,02|0,05|0,155 | 0,035
24.2.2316,7/83|99/115/99/83|6,7|3,2/0,02]|0,05|0,10 | 0,127 | 0,044
24224144/71/98(125/98|7,1/4,4/3,0/0,40]0,10|0,20 0,107 0,017
242251215997 ]135/9,7/59|21(41,005/0,01|0,40|0,179 | 0,056
24226/09/11/13/15/13/11,09/0,4/0,10]/0,02 0,010,143 | 0,062
24227117/20/23|26 123/20/1,7/0,6]0,20/0,05|0,02|0,117 | 0,075
242.28124/128|32| 36 32/28/24/09/0,01)0,10|0,05|0,132 | 0,081
24229110/16|22|28 |22/16/10/0,8/0,02|0,01|0,20 0,187 | 0,005
24230116/23|30]| 3,7 30/23|16|1,4/0,400,02|0,10 | 0,193 | 0,096

3 IPOBEPKA CTATUCTUYECKUX I'NITOTE3

Conepmaﬂne: CTaTUCTHUYCCKasA T'HIIOTC3a, CTaTUCTUYCCKUU KpHTCpHI?I 3Ha4YH-
MOCTH IIPOBCPKHU HYHCBOﬁ THUITIOTC3bI, IIPOBCPKA I'MITIOTC3bl O HOPMAJIbHOM pPaCIIpCac-
JICHUH, CTATUCTHYCCKAsd ITPOBCPKA HCIAPAMCTPUUCCKUX THIIOTC3 IO KPHUTCPHIO CO-

2
mracus y° Ilupcona.

3.1 Teoperuyeckuii MaTepua Mo TeMe NPAKTHYECKOT0 3aHATHS

B npenplymmx paszzaenax ObUIHM pacCMOTPEHBI METOJbI TIOJYYCHHUS OICHOK He-
M3BECTHBIX MapaMeTpoB pacmpeaesieHus. HaxoxkaeHue TOUYEUHbIX U MHTEPBAIbHBIX
OLICHOK SABJISIETCS MPEABAPUTEILHON CTagueil BEPOSITHOCTHOrO 3KcrepumeHTta. Ko-
HEYHas 1eJIb UCCIICAOBAHUS 3aKII0UAETCs] B CPABHUTEIBLHOM OIIEHKE PA3JIMUHBIX TEX-
HOJIOTUYECKHUX MPOIECCOB MO WX MPOU3BOJUTEIBHOCTH, TYHOCTH U YKOHOMUYHOCTH.
3a7a4u TaKOTro poja HOCAT Ha3BaHUE 3A0aY CPABHEHUSL.

[Ipu pelleHMM SKOHOMMUYECKHUX W WHKEHEPHBIX 3a/lady MPUXOIUTCS JeNaTh
MIPENOJIOKEHUSI O BUJIC 3aKOHOB pACTpE/IeNICHUs CIIy4YalHbIX BEJIMYMH WA O COOT-
HOIIEHUU MEXY UX YUCJIOBBIMHU XapaKTepUCTHKaMH. Takue mpennojaoKeHus B Ma-
TEMaTUYECKOU CTAaTUCTUKE HA3BIBAIOT 2UNOme3amu.

Onpenenenue 3.1.1 Cratuctuyeckas TurnoTe3a Ha3bIBACTCS Henapamempuye-
CKOll, €clii B Hel chopMyIMpOBaHBI MPEAMOIOKEHUS OTHOCUTEIFHO (DYHKIIMH pac-
TpeIeJICHUS.

Onpenenenue 3.1.2 Cratuctuyeckas THIIOTe3a Ha3bIBACTCS napamempuye-
CKOli, €ClId B Hel cHOpMyIUpPOBaHbI MPEANONIO0KEHUSI OTHOCUTENIHO 3HAUYCHHH Ma-
paMeTpoB (PYHKIIUM pacnpeiesICHUs] UCCIeNyeMON ClIydaliHON BEJTUYHHBI.
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OAHOBPEMEHHO C BBIABUIAEMOW TMIIOTE30M 3aKOHOB pacIpeiesieHus Ciydai-
HOM BEJIMYMHBI MOXHO BBIJIBUHYTh U JIPYTHE albTEPHATUBHBIE TMIIOTE3bl. ECiiN BHI-
JIBHUHYTAasl TUIIOTE3a OTBEPraeTcs, TO MPUHUMAETCA ApYyTas ajJbTepHATUBHAsI TUIIOTE-
3a. Mcxons W3 3TOrO MNPEANno0oKEHUs, TUMOTE3bl MOAPA3NEISAIOTCS HAa HYJIEBBIE U
albTEPHATUBHBIE.

Omnpenenenue 3.1.3 Hynesou runore3od H, Ha3pIBalOT OCHOBHYIO WJIM BBI-

JBUHYTYIO MIEPBOHAYAIBHO THUIIOTE3Y.

[Ipu BBIABUHYTOI HYJIEBOW TMIOTE3€ PA3IMUNE MEXKY CPAaBHUBAEMBIMU BEJIHU-
YUHAMU OTCYTCTBYIOT, a Ha0Jt01aeMbl€ OTKJIOHEHUSI OOBSICHSAIOTCS UL CIy4alHbI-
MU U3MEHEHHUSIMU BBIOOPKHU.

Omnpenenenue 3.1.4 Arnomeprnamusrnotn Ha3pIBaeTcs runore3a H, , kotopas co-

CTaBJSICT KOHKYPCHIIUIO HYHCBOﬁ runote3e H o B TOM CMBICJIC, YTO €CJIM HYJICBAA I'-

IOTEe3a OTBEPraeTcsi, TO 32 OCHOBY NPUHUMAETCA AJIbTEPHATHBHAS TUIIOTE3A.
Omnpenenenune 3.1.5 [TapameTpudeckas TUnoTe3a Ha3bIBAETCS HPOCMOU, €CIU
OHa COJIEPKUT TOJBKO OAHO MPEAINOJI0KEHUE OTHOCUTEIBHO MapaMeTpOB pacipese-
JICHUS.
Hamnpuwmep, eciin 8 — MaTeMaTHYECKOE 0KUAAHUE CITyYatHON BETUYUHBI &, TO

runore3a H,:a=0 sBasgercs npocToil TUMOTE30M.

Omnpenenenune 3.1.6 [lapamerpruueckasi runoTe3a HA3BIBAECTCS CIOHNCHOU, €CIU
OHA COCTOMUT U3 KOHEYHOT'O UM OECKOHEYHOTO YMCIIa MPOCTHIX TUIIOTE3.

Hanpumep, ecnu a — MareMaTUYECKOE 0XKUJAAHUE HOPMAJIbHO pacIpeneicH-
HOM CIy4alHOM BEJIMYMHBEI, TO ajlbTE€PHATHBHAA runore3a H,:a>1 asugercs ciox-

HOW, TaK KaK OHA COCTOUT U3 OECKOHEUYHOI0 MHOKECTBA MIPOCTBIX runore3 Hy:a=c,

rje C — J1r000€e YUCio OOJIbIIee SAMHUIIBL.

Omnpenenenune 3.1.7 Cmamucmuyeckum Kpumepuem Ha3bIBAIOT CIyYalHYIO
BenmnuuHy K, ¢ OMOIIBIO KOTOPO# NMPUHUMAIOTCS PEHICHUS O MPUHATHH WA OT-
BEPKEHUU HYJIEBOW THIIOTE3HI.

JI1st IpOBEpKH HYJIEBBIX THIIOTE3 1O BHIOOPOYHBIM JTAHHBIM PACCUUTHIBAFOTCS
YaCTHBIC 3HAYCHUS BXOAAIIMX B KPUTEPHH BETUYMH W TaKKUM 00pa3oM IOTydaroT
JaCTHOE MJIM HaOJII01aeMOe 3HAUCHNE KPUTEPHS

Onpenenenue 3.1.8 Owubkoii nepsoco pooa Ha3bIBACTCS OMIMOKA OTKJIOHECHUS
BEPHOM HYJIEBOM TUIIOTE3BI H ;.

Omnpenenenue 3.1.9 Vposnem snauumocmuy CTaTUCTUYECKOTO KPUTEPUS HA3bI-
BAETCsl BEPOSATHOCTh ¢ COBEPILIEHUS OLUIMOKH IEPBOTO poja.

Onpenenenue 3.1.10 Owubdkoii 6mopoeo pooa Ha3bIBAETCS OLIMOKA IPUHATHS
JIO’KHOW HYJIEBOM THIIOTE3BI H ;.

Omnpenenenue 3.1.11 HyneBoii HemapamMeTpHUUECKON THUIOTE30M Ha3bIBACTCS
TUIOTE3a OTHOCUTEIBHOTO 00IIEro Buia (PyHKIUN pacipeeieHus ClTydyaiiHOM Belu-
yrHbBI &, TO ecTh Tunore3a Buga H, : F(X) = F,(x).

[IpoBepka THUMOTE3bl O MPEANOIAra€MOM paclpe/leIEHUU MPOU3BOAUTCS Ha
OCHOBAHHMH BBIYMCIIEHHUS] HEKOTOPOW BBIOOPOYHOM CTATUCTUKH (KpUTEpHsi), pacHlpe-
JIEJIEHHE KOTOPOM MOJYYEHO M3 MPEANOJIOKEHUSI UCTUHHOCTH HYJIEBOW THUIIOTE3bl U
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CpaBHEHHUs HAOII0aeMOr0 3HAYEHHsI HTON BHIOOPOUHOM CTAaTUCTHKU C KPUTHUYECKUM
3HauYeHHUEM. [IpHUHAB Ty WM MHYIO THIIOTE3Y, U3 HEE BBIBOLAT ONPEACIIEHHOE CIEN-
CTBHE M PacCMATPUBAIOT, HACKOJIBKO OHO OIPABJABIBACTCS HA OMNBITE, TO €CTh IPOBE-
pseTCs COTIacue MPUHATON TMIIOTE3BI C OIIBITOM.

JI1st pOBEpPKH HYJIEBOM THUIIOTE3Bl O BUJAE 3aKOHA PACIpPENENICHUs CIy4aliHON
BEJIMUMHBI PACCMOTPHUM OJIMH U3 HanboJiee paclpoCTpaHEHHBIX KPUTEPUEB COIJIACHS,
a MMeHHO KpuTepuii y> Ilupcona. JJaHHBIH KPUTEPHil HO3BOMAET IPOBEPHTH TUIIOTE-
3y O COIVIACHU JAHHBIX BBIOOPKHM C KOHKPETHBIM PACIpPEAEICHUEM AJIs JII000H Ciry-
YalHOM BEJINYMHBI, KK HEIIPEPBIBHOM, TaK U JUCKPETHOM.

Kpurepuii y> — oauH u3 HauboIee MCHIOb3yeMbIX KPHTEPUEB IS HPOBEPKH
TMIIOTE3Bl O BUJE 3aKOHA PACHIPEICICHUS CIy4YalHbIX BEIUYMH. YKa3aHHBIA KpUTeE-
pUH TO3BOJSET NMPOBOJAUTH NPOBEPKY THIIOTE3bI COOTBETCTBUS ONBITHOIO 3aKOHA
pacupeneneHuss TEOPETUIECKOMY 3aKOHY PACIIPENENICHHs] HE TOJIBKO B CIy4asix, KO-
I/1a MOCJIEHANM U3BECTEH NOJHOCTBIO, HO M TOTJA, KOr/la MapaMeTPbl TEOPETUYECKOTO
3aKOHa pacHpesiesIiCHUs] ONMPEIENSIOTCS Ha OCHOBE ONBITHBIX JAaHHBIX. TakuMm oOpa-
30M, y° TlupcoHa HaéT BO3MOXKHOCTH MPOU3BECTH MPOBEPKY COIVIACHS SMIIHPUUE-
CKOW (DYHKIIMH pacrlpesieieHusl ¢ runorerndeckoil dynkmnumeit F(X), mpunHammexa-
el K HEKOTOPOMY MHOKECTBY (DYHKIIMI onpeeaeéHHOro Bujaa (HOpMajbHbIX, MOKa-
3aTeNIbHbIX, ONHOMHUAIBHBIX U TAK JAJIEE).

[Ipennonokum, 4TO NPOBEAEHO N HE3aBUCUMBIX OIBITOB, B KAXJAOM M3 KOTO-
PBIX Clly4alHasi BeIMYMHA & NPUHSIIA ONPEAECIEHHOE 3HAUEHUE. Pe3yIbTaTsl ONBITOB
o(opMIISIOTCS B BUIE CTATHCTUYECKOTO MHTEPBAIBHOTO Psiia, KOTOPBINA COMEPKUT K
MHTEPBAJIOB, ¢ YKa3aHUEM YacTOT M., MONAJaHMs CIIy4YalHON BEIWYUHbI & B 3aJaH-

k
HbI uHTEepBal, rae =1k, a Zmi =n. [Ipu 3TOM B KaXXJI0OM U3 UHTEPBAJIOB XKeja-

i=1
TeIbHO UMeTh 5—10 HaOII0AaeMbIX 3HAUEHUH CITydyailHOM BeTUYHMHBI & .
PaccMOTpUM cxeMy TIpHIMeHeHHns Kputepus y° Ilupcoxa.
1. Ucxond 13 TEOPETHUECKOTO WM MPENoIaraéMoro 3aKoHa pacnpeiesieHus,
HAXOJAT BEPOSTHOCTH P, TOMAJaHUs CIy4ailHON BeMW4MHBI & B KaxnIblid u3 K mo-

JyYEeHHBIX HHTCPBAJIOB.
2
2. BeiuncnsieM 3HaueHue Kputepusi y° (BBIOOPOYHYIO CTATHUCTHKY), KOTOPOE
COOTBETCTBYET OMBITHBIM JaHHBIM 110 (hOpMYyIIe

Zzzzﬁmggﬁﬁﬂ (3.1.1)

i=1
3. OnpexernsieM 4uciao v creneHei cBoOOo bl pacnpeenaeHus mno Gopmye

v=k-r-1. (3.1.2)
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rae I — 9umcjio napaMeTpoB IpeAnoaaracMoro 3aKkoOHa pacrpeiCaeHusl, BBIMMCICHHbBIX
OIIBITHBIM HYTéM, a kK — ynciio yacTHYHBIX HHTCPBAJIOB.

4. Kputepuii y° HMOCTpOEH TAKHM 06pa30M, 4TO deM OImsKe K HyIlIo HaOI0aa-
eMoe 3Ha4eHHE y°, TeM BEpOSATHEE, YTO HyJeBas THIOTe3a CIpaBemiuBa. Iloatomy
JUTSL TIPOBEPKH HYJIEBOI THIIOTE3bI TPHMEHSETCS KPHUTEpHi y° C TPaBOCTOPOHHEH
KPUTHUYECKOH 005acThio. [[s1 Toro 4To0BI MPOBEPHUTH HYJIEBYIO THIIOTE3Y, HEOOXO-
MO HAfTH Mo TabIuIaM KBaHTHIEH y°-pacripeenenns (IpUIokKenue, Taom. A.4)
10 33JJaHHOMY YPOBHIO 3HAUMMOCTH X W YHCIIy CTENEHEW CBOOOBI V KPUTHYECKOE
3HaYCHUE ;(j;v, yIIOBJICTBOPSIONIEE yCIOBHUIO P( V= Zj;v) = «. CpaBHuBas Ha0xI10-

o 2
Ja€MO€ 3HaYEHUE BBIOOPOYHOM CTAaTUCTUKU ) °, BhIUMCIeHHOE 110 Gpopmyie (3.1.1), ¢

2 o
KPUTHYCCKUM 3HAYCHUCM Y . , IPHHAMACM OJHO U3 IBYX PCIICHUM:

a) ecnu g’

Haon

2
2 Xow» TO HyllCBas runotesa H, oTBepraercst B 1M0Jb3y aibTep-
HaTUBHOW H_, TO ecTh cumrTaercs, yTo runoTeTH4ecKas QyHkuus F(X)He cormacy-
eTCs C pe3ybTaTaMH dKCIIEPUMEHTA;
2

2 o
0) eci ¥, < Xoy» TO CIUTAETCSA, YTO HET OCHOBAHMMU JUIS OTKJIOHEHHS HYyJI€-
Boii Tumnore3sl H, To ecth rumorernueckas Gynkuus F(X) xopoimo cornacyercs ¢

pe3ylbTaTaMu dKCIIEPUMEHTA.
3.2 Ilpumepsl peuieHusi TUNMOBBIX 32124

3.2.1 Pesynbrarsl uccnenoBanusi 200 npeanpusTHl 0 CTOUMOCTH OCHOBHBIX
MIPOU3BOJICTBEHHBIX (DOHIOB (CiyuyaliHas BelWuuHA &) B YCIOBHBIX JICHEKHBIX €IU-
HUIIaX TPEJCTaBICHBI B BUAC CTPYMITMPOBAHHOTO WHTEPBAIBLHOTO CTATHCTHUECKOTO
psna:

HNHTepBansl cTouMo-

CTH [IPOU3BOJICTBEH- _ _ _ _ _ |
HEIX hOHJIOB, [19,20) [20,21) [21,22) [22,23) [23,24) [24,25]

y. €.

YacToTer m, 10 26 56 64 30 14

[TpoBepuTh HYJIEBYIO THUIOTE3y O HOPMAIbHOM pACHpPEEICHHH CTOMMOCTH
MPOU3BOJCTBEHHBIX (POHOB NPEANPUATHI pU ypoBHE 3HaunMoctu o =0,05.

Pemenne. M3 ycinoBus ciieyer, YTO TOYHbBIE MapameTphbl MpPearosiaraeMoro
HOPMAaJIBLHOTO paclpeeleHuss HEM3BECTHBI, IOATOMY HYJIEBasi TUTIOTE3a MOXKET OBIThH
3anucana B Buzae: H,:F(X) sBusercs ¢yHKuMel HOPMaJBHOTO paclpeiesieHHus C
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ABYyMsI TIapaMeTpamu, MaTeMaTHuecKuM oxuganuem M (X)=48 =X, u aucrnepcuei
D(x)=6%=5s°.
J7ist IpOBEPKU TIPEUIOKEHHOW HYJIEBOW THUIIOTE3bI ONpeNeisieM 3HAUYeHUS X!

CEpeyH MHTEPBAJIOB U HAXOJUM TOYCUHBIC OLIEHKH MAaTEMaTH4YECKOrO OXKHMIAaHUSA U
CPEIHET0 KBaIPATUYECKOIO OTKIOHEHUS HOPMAJIbHO PACIPEACIEHHOW CIy4alHON
BEIIMYUHEI & .

Q»
Il
x|

w
[l
E
[l

- 10-19,5+26-20,5+56-21,5+64-22,5+30-23,5+14-24,5
200

=221 (y.e.);

6
Zmi (Xu, - YB)2
~2 2 =1 —

6 =s"=1
n-1

10-(~2,6)% + 26-(~1,6)> +56 - (~0,6)? + 64-0,4% + 301,42 +14-2,47
199

6=5=+/152 (y.e.).

JIns mpoBepKH TUNoOTE3bl O HOPMAJIBHOM PACIpPENEIECHUN CIyYaiiHOW BEIUYHU-

=1,52 (y.e.);

HBl & C MOMOIIBIO KPUTEpHS y° B Hauyale MHTEPBAIbl HAONIONAEMBIX 3HAYCHMI
HOPMUPYIOT, TO €CTh BBIPAKAIOT UX B €AMHHUIAX CPEIHETO KBAAPATUYECKOIO OTKIIO-
HeHus S: U =(X —Xg)/S, IpH4éM HauMeHbIee 3HA4YCHHE U; IOJIAraloT PaBHBIM
(—o0) , HanbomBIIEE — (+00) .

BeruncinM TeopeTUd4ECKUE BEPOSTHOCTU [, ITONAJAHUS CIy4YalHOW BEJIMYUHBI
& € MaTeMaTHYeCKUM OKHJaHWeM 22,1 U CpeaHUM KBAaJPAaTUYECKUM OTKIOHEHUEM

1,52 ycnOBHBIX JICHEKHBIX SAHHHIL B YaCTHYHbIC HHTEPBAIIBI [ X, ;X ) 110 (popmyIie

P, = P(Xi_1£§< Xi):(b(ui)_q)(ui—l); (I :ﬁ),

u o t2

rae ®(u,)= F _[ e 2dt, 3HauUCHMS KOTOPOH HAXOIAT MO TAGIHLE 3HAYCHHIT (YHK-
7T o

uu Jlamiaca (npuioxxenue,tadm. A.3).
Hampumep, BEPOSATHOCTH TOrO, YTO CiydyarWHas BEJIWYMHA TMONAAET B NEPBBIN
YaCTUYHBIN UHTEPBAJ (—oo; 20) , paBHa:
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= P(-o0<é< 20):®(20—20,1j_®(—oo—22,1

1,233 1,233 j = PELT0) = D(0) =

= @ (+0) — D(L,70) = 0,5 0,45543 = 0,04457 .
D, = P(20§§<21):CD(

21— 20,1} ~ CI)(20 -22,1

=0 (-0,89) - d(-1,70) =
1,233 1,233 j ( )= )

=®d(1,70) - d(0,89) =0,45543-0,31327 =0,14216

¥ Tax gajee. [10cse 5TOro BEIYUCIISIOTCS TEOPETHYECKHAE YACTOTHI HOPMAJILHOTO pac-
< (m; —np,)’

Z i — NP,

i1 np;

Belunciienys, HeoOXOqUMBbIE IS ONPEeIeHUs HAOII0IaEMOr0 3HAYEHUS BEIOOPOY-

2
IpEeaAcICHUuA N =np, u Ha6J'HOIIaCMOG 3HA4YCHUC KPUTCPUA )Y, - =

meop

o 2 .
HOU CTAaTUCTHKU J , IPUBCICM B Ta6JII/III€:

NHurepna-
JIbI
M3MEHe- Hopmuposan-
Ya- 2
HUS HbIE 0 m —np )’ (m. —np,)
Ha0Jr0/1a- CT;TH MHTEPBAJIbI Pi Pi | (M —np, —npi
EMBIX ‘ [u_;u,)
3HAauYCHUM
CB &
[19;20) 10 (—0;—1,70) | 0,04457 | 9 1 0,11
[20;21) 26 | [-170;-0,89) | 0,14216 | 28,4 5,76 0,20
[21;22) 56 | [-0,89;—0,08) | 0,28918 | 56,2 0,04 0,0007
[22;23) 64 | [-0,08;+0,73) | 0,29918 | 59,8 17,64 0,29
[23;24) 30 | [+0,73;+154) | 0,17092 | 34,2 17,64 0,52
[24;25] 14 [+1,54;+) | 0,06178 | 12,4 2,56 0,23
> 200 1,00000 |200,0 225 =135

B pesynprare BBIYMCICHHH MOJYyYWJIM HaOJIOJaeMOE€ 3HAUYEHUE KPUTEPHs
72 =1,35. Haiiném mo Tabnuie KBaHTHIEH y°-pacupeleleHHs MO 3aJaHHOMY
ypoBHIO 3HauMMOoCcTH «=0,05 wu uuciay cremeHed cBoOoapl v=K-—r—1=

=6-2-1=3 KPUTHYECKOE 3HAUCHUE Xoosa = 1,815. Tak KaK

2 2 < v
Koo =135 < ¥ 053 = 7,815, TO HET OCHOBaHMI AT OTKIOHEHUsI HyJIEBOH TMIOTE3bI
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0 HOPMAaJILHOM pacCIpeleICeHN CTOUMOCTH MPOU3BOJICTBEHHBIX (DOHIOB MPEATPHUSI-
THM ¢ mapameTpamu a=22,1 n o =1,233.

3.2.2 B iexe ¢ 5 cTaHKaMH €XEAHEBHO PErUCTPUPYETCS] YUCIIO BBIIICAINX U3
CTpOsi cTaHKOB (ciydaitHas BenuunHa & ). Beero nposeaeHo 100 nabmionenuit. Ilo-

6
JTyYEHBI CIETYIONINE YACIOBBIC JaHHbIE (n = Z m, = 100} :
i=1

Yucno BRIIIENIINX U3 0 1 2 3 4 5
CTpOSI CTAHKOB
YacToTer M, 8 28 31 18 9 6

[IpoBepuTh TUIIOTE3Y O TOM, YTO paCHpeCICHUE YKCIIa BBIMIEANINX U3 CTPOS
CTaHKOB (Ciyd4aifHas BenmuumHa &) mMmeeT pacmpexaeneHue [lyaccona mpu ypoBHe
3HagumoctH o =0,05.

Pemenne. CoriacHo ycCIOBHIO 3aJi1aud, HEOOXOAMMO IPOBEPUTH HYJIEBYIO T'H-
noredy H,: F(X) — ¢yHkums pacnpeneneHus yucia BBIMICAIINX U3 CTPOSI CTAHKOB

u e . _ 8-0+28-1+31-2+18-3
Y C mapaMeTpoM U =X = 100 +

umeer Bun F (X, u) = Z
i=1

9-4+6-5

+—
100

CTaHKOB B TeueHHe N HaOmoneHuit mo Gopmyne [Tyaccona (mpumoxenue A):

= 2,1 Breraucioum TCOPETUYCCKHUC BEPOATHOCTH P; BbIXOJA U3 CTPOA X;

5 ah % a2l S
pi:Pn(Xi):lu : :(2’1) : ; % =0;5,
X; ! X; !

Breraucnenns, HCOOXOIUMBIE IS ONIPEACIICHHs] HaOJI01aeMOT0 3HAUCHUS BbI-
o 2 .
OOpOYHOM CTATUCTUKU ), IPUBEIAEM B TaOJIHUIIE:

Yo BILIEAIINX qacr:]OTLI 0 np. (m —np.)? (m, — npi)2
H3 CTPOA CTAHKOB i npi
0 8 0,122 12,2 17.64 1,45
1 28 0,257 25,7 5,29 0,21
2 31 0,270 27,0 16,00 0,59
3 18 0,189 18,9 0,81 0,04
4 9 0,099 9,9 0,81 0,08
5 6 0,063 6,3 0,03 0,01
> 100 1,000 | 100,0 Xl =2,38
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B pesynprare BBIYMCICHHUH MOJYyYWJIM HaOJIOJaeMOE€ 3HAUEHUE KPUTEpHs
2. =2,38. Haiiném no Tabmuue KBaHTWIEH y°-pacrpejelNeHus MO 3aJaHHOMY
ypoBHIO 3HaumMocTH «=0,05 w® 4guciay crenmeHed cBoOoapl v=K-—r—-1=

=6-1-1=4 KPUTHYECKOE 3HaYEHUE Xoosa =9,488. Tak KaK

- =2,38< ;(505;3 =9,488, To HEeT OCHOBAaHUH IS OTKIIOHEHUS HYJIEBOW TUIIOTE3bI
O TOM, 4TO paclpee/iCHHe YKMCIa BBIMIEANINX U3 CTPOSi CTAHKOB SIBJISICTCS pacipe/e-
nenuem llyaccona ¢ mapamerpom p=2,1.

[IpoBepHUTh TUIIOTE3Y O TOM, YTO PACIPEICICHUE YKMCIIA BBIMICIIIAX U3 CTPOS
CTaHKOB (ciydvaiiHas BenmuuumHa &) MMeeT pacmpenereHue [lyaccoHa mpu ypoBHE
3HaunMocty « =0,05.

Pemenue. CornacHo yclOBHIO 3a7a4d, HEOOXOAUMO IPOBEPUTH HYJIEBYIO T'H-
notedy H,: F(X) — ¢yHkums pacnpeneneHus yucia BBIICAMNX U3 CTPOS CTAHKOB

TN X .0+28-1+31-2+18-
UMECT BU] F(X,,u)=2'u . C nmapaMeTpoM ,u=78=8 0+28 1-53 +18 3+
i=1 .

9-4+6-5
+—
100

CTaHKOB B TeueHHe N HaOmojaeHuit no ¢opmyne Ilyaccona (mpuiokeHue, TadI.
A.l):

= 2,1 Breraucioum TCOPETUYCCKHUC BEPOATHOCTH [; BbIXOJA U3 CTPOSA X;

pet @yt oo
R ] ; X =0;5.

Pi = Pn(Xi):

Boruncnenus, HeoOX0oAUMBIE AJIsi ONPEENICHNs] HA0I01aeéMOr0 3HAaYeHUsI BbI-
o 2 .
OOpPOYHOM CTATUCTUKU ), MIPUBEAEM B TAONIHULIE:

Yucno Belmeamux | 4acToTsl 0 D m - npi)z (m, — npi)z
W3 CTPOSI CTAaHKOB m np.
0 8 0,122 12,2 17.64 1,45
1 28 0,257 25,7 5,29 0,21
2 31 0,270 27,0 16,00 0,59
3 18 0,189 18,9 0,81 0,04
4 9 0,099 9,9 0,81 0,08
5 6 0,063 6,3 0,03 0,01
>, 100 1,000 | 100,0 72 =2,38

B pe3ynbrare BBIUMCIIEHHUH MOJY4YMJIM HAOIONaeMO€ 3HAYEHHE KPUTEpHUs
72 =2,38. Haiiném no Tabnuue KBaHTHIeEH y°-pachpeleseHds 1O 3aJaHHOMY
ypoBHIO 3HauMMocTH «=0,05 wu uuciay cremeHed cBoOoapl Vv=K-—r—1=
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=6-1-1=4 KPUTHYECKOE 3HAYECHHUE Xoosa =9,488. Tax KaK

2 2 y .
Ko = 2138 < 20053 = 9,488, To HEeT ocHOBaHMH A7 OTKIOHEHMS HYJIEBOH TUIOTE3bI

0 TOM, YTO PacHpe/IeICHUE YUCIa BBILIEIIINX U3 CTPOSI CTAHKOB SIBIISIETCS pacipeie-
nenuem llyaccona ¢ mapamerpom p=2,1.

3.3 3aIlaHl/Iﬂ AJIA PEHICHUSA Ha IIPAKTHYECKOM 3aHATUH

3.3.1 Ucnonb3yst KpuTepuit )(2 ITupcona, npu ypoBHe 3Haunmoctu 0,05 ycra-

HOBHTb, COTJIACYETCS JIM THIOTE3a O HOPMAJILHOM pacIpe/eieHUH TeHepaIbHON CO-
BOKYITHOCTH C JaHHBIMU BbIOOpKH 00béMa N =100.

YacTtuyHbIn _ _ _ _ _ . |
— [4,9) | [9:14) | [14:19) | [19;24) | [24;29) | [29;34) | [34;39]

YacToTer m, 5 9 14 41 15 10 6

3.3.2 VmeroTcs paHHbBIE pacnpesesenust ToBapoobopora 50 MarasuHoB ropoja
3a roj. /lanHble TOBapoOOOPOTA MPUBEACHBI B TaOJIUIIE, T/I€ B IEPBOM CTOJIOIE YKa-
3aH TOBAapPOOOOPOT B YCIOBHBIX JCHEKHBIX €IUHUIIAX, & BO BTOPOM — YHUCJIO Marasu-
HOB, TOBaPOOOOPOT KOTOPHIX OKA3aJICs B JAHHOM MHTEPBAJIE.

YacTuuHbIN YacToTe M. YacTu4aHbIN YacToTe M. YacTuaHbIN YacToTe M.
WHTEpPBAI ' | uHTEepBan ' | uHTepBan '
[70;100) 1 [190;220) 8 [310;340) 2
[100;130) 2 [220; 250) 8 [340; 370) 2
[130;160) 5 [250; 280) 6 [370; 400) 1
[160;190) 8 [280;310) 5 [400;430) 2

Hcrnons3ys kputepuii x> Tlmpcona, npu ypoBHe 3HaunmmocTtd 0,10 ycraHO-
BUTb, COTJIACYETCS JIM TUIOTE3a O HOPMAJIBHOM pachpe/efieHuy TeHepalbHON COBO-
KYITHOCTH C JIaHHBIMU BBIOOpKH 00bEéMa N =50.

3.3.3 U3 Gonpmioit mapTum aetaieid 0bu10 oToOpaHo S00 mMTYK ¢ 1EIbI0 HCCle-
JIOBAHUS 3aKOHA PaCIpPEICIICHUS JETAIEN MO JIMHEWHOW JJIMHE. Pe3ynbTaThl OMBITOB
MIPUBEICHBI B TAOJIUIIE:

Yactuuneiit narepBan | 4acToTel M, | YacTuunblii uHTEpBaa | dacToThl M
[19,85;19,95) 160 [20,35;20,45) 15
[19,95;20,05) 125 [20,45,20,55) 13
[20,05;20,15) 80 [20,55;20,65) 12
[20,15;20,25) 50 [20,65;20,75) 8
[20,25;20,35) 35 [20,75;20,85] 2
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Wcnons3ys kputepuii y° Ilupcona, npu yposHe 3HaummoctH 0,02, ycTaHO-
BUTb, COTJIACYETCs JIU TUIIOTE3a O MOKA3aTEIbHOM pacIpe/ielieHul FeHepabHON CO-
BOKYITHOCTH C JJaHHBIMU BbIOOpKH 00BEMa N =500.

3.3.4 Ha TtenedoHHOI CTaHIMM MPOU3BOIMINCH HAONIONCHUS 332 YHCIOM He-
MpaBUJILHBIX COSMMHECHNH B MUHYTY. Beero nposeneno 200 vabmonenuid. [TomydaeHs

6
CJIEAYIOLIME YHCIIOBBIC JaHHBIE | N = z m, =100
i=1

Yucno HeBEPHBIX
COETUHEHUI 0 1 2 3 4 5 6 7 8 9
(cmyuvaiinas BenmarHa &)
YacToTer m, 8 |12 |20 |29 |31 |33 |27 |24 10| 6

[IpoBepuTh rUoOTE3y O TOM, YTO PACHPEAEIICHUE YHUCIA BBIIEANINX U3 CTPOS
CTaHKOB (ciydaitHas BennuumHa &) mmeeT pacnpeneneHue Ilyaccona mpu ypoBHe
3HaunMocTH o =0,1.

3.3.5 lannpie 00 ypoX)ailHOCTH P>KM Ha PA3MUYHBIX Y4acTKaX CEIbCKOXO3sii-
CTBEHHOT'O MIPEANPUATHS MPUBEJICHBI B CIIEyIOLIei Tabauue:

VPO’KL?/I“;‘;OCTB’ [8:11) | [11;14) | [14:17) | [17:20) | [20:23) | [23;26) | [26;29]

Jlons yyactka,
% oOueit 3 10 24 30 20 8 5
IJI0IAU

CocTaBuTh MHTEPBAJIBHBIA CTATUCTUYECKUMN PSAI PACIPEIEICHUsST OTHOCUTENb-
HBIX YacTOT HaOJIIOAaeMbIX 3HAUYEHHM HENpepbhIBHON Ciay4yallHON BenuuyuHbl & —
YPOKaHOCTH PKHU HA PA3JIMYHBIX y4acTKax cenbxo3yroaui. [loctpouts rucrorpam-
MY M MOJIATOH OTHOCHUTEJIBHBIX YACTOT YpoKauHOCTH pxku. [Io Bumam rucrorpammel
Y TIOJIMIOHA OTHOCUTEJBHBIX YacCTOT CIYyYaWHOW BEIWYUHBI & CrenaTh NpeaBapHU-
TeJbHBIA BBHIOOP BHJA 3aKOHA PACHpPEICNICHUs YPOXKAHOCTH P)KU, B IIEHTHEpax C
reKTapa, Ha pa3jM4HbIX Y4acTKax celbxo3yroauil. Haittu smmupudeckyro GyHKIIHIO
pacnpeziesieHuss U MOCTPOUTh €€ rpapuk. BrUUMCINTH YMCIOBBIE XapaKTEPUCTUKU
BBIOOPKH: CPEJIHIOI0 BHIOOPOUHYIO, BHIOOPOUHYIO TUCIIEPCUIO, BHIOOPOUYHOE CpEeaHe-
KBaJpaTUYECKOE OTKIIOHEHHE.

HaiiTn uHTEepBaNIbHBIE OIIEHKU MapaMeTPOB HOPMAJIBHOIO pacnpeesieHus (Ma-
TEMAaTUYECKOI0 OXXHJIAHMUSI U CPEAHEro KBAJPAaTUUYECKOTO OTKIIOHEHHUS) C JIOBEpHU-
TeJIbHOU BeposTHOCThI0O P =1—a =0,98.

[TocTpouTh NOBEPUTEIBHBIN MHTEPBAI 11 MATEMATHYECKOTO OXKUIAHUS ypPO-
KAMHOCTU PXKH, €CIM U3BECTHO CpeIHEe KBaJpaTUYecKoe OTKJIOHEHHEe o =6 1/ra.
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[IpoBeputh cornacue >MnUpUUYeckord (PyHKUIUU paclpeaeseHus] ¢ MOIEIbHON HOp-
ManbHOH (GyHKIMeil pacnipeieneHus Ipy oMoy kpuTepus y° Ilupcona.

CocTaBUTh MHTEPBAJIBHBINA CTATUCTUYECKUU PSII pacCIpenesIeHUs] OTHOCUTEIb-
HBIX YacTOT HaOIIOAAeMbIX 3HAYEHU HENpPEphIBHOM Cly4yallHOM BenW4YuHbl & —
YPOKaHOCTH PKU HA PA3JIMYHBIX y4acTKax cenbxo3yroaui. [loctpouts rucrorpam-
MY Y MOJIATOH OTHOCHUTEJIBHBIX 4aCTOT YPOKAMHOCTH pKU. [0 BUIaM rucrorpamMmel
U IIOJINTOHA OTHOCUTEJBHBIX YacTOT CIy4YalHOW BEIWYMHBI & CHENaTh IpEBapH-
TeNbHBIA BBHIOOP BHJA 3aKOHA PACHPEICIICHUS YPOXKAHOCTU P)KU, B IIEHTHEpaX C
reKTapa, Ha pa3jIMuHbIX ydyacTKax cenbxo3yroauil. Haitu smnupudeckyro GyHKINIO
pacnpeziesieHuss U MOCTPOUTh €€ rpaguk. BrUMCINTD YHMCIOBBIE XapaKTEPUCTUKU
BBIOOPKH: CPEIHIOI0 BEIOOPOUYHYIO, BEIOOPOYHYIO TUCIIEPCHIO, BHIOOPOYHOE CpEeaHEe-
KBaJpaTHYECKOE OTKIIOHECHHE.

HailiTn nHTEpBaJIbHBIE OIIEHKU MapaMeTPOB HOPMAJIBHOIO pacnpeeneHus (Ma-
TEMAaTUYECKOrO0 OXXHUIAHHUSI U CPEJAHEro KBaJPaTHUYECKOTO OTKIIOHEHHUS) C JI0BEpHU-
TeJbHOU BeposaTHOCThI0O P =1—a =0,98.

[TocTpouTh NOBEPUTENBHBIA UHTEPBANI I MaTEMATHYECKOIO0 OXUAAHUS ypO-
KAMHOCTU PXKH, €CIM U3BECTHO CpEJHEEe KBaJpaTUYeCKOe OTKJIOHEHHE o =6 1/ra.
[IpoBeputh coryacue >MnUpuUYeckod (GyHKUHUU pacHpeiesieHuss ¢ MOJEIbHOM HOp-

MaJbHOM (DyHKIMEH pactpeene s Ipy IIOMOIIHM KpuTepus y° Ilupcoma.

3.4 3aganus 1y KOHTPOJMPYEMOii caMOCTOSITeIbHOI PadoThI

3.4.1 Tlpu uccrnenoBaHWy HEMPEPHIBHOW CiIydailHOW Benu4MHBI &, DKCIEpHU-
MEHT TIpoyOIupoBalii N pa3 MpU OJHHUX U TEX Ke YCIOBHSIX. B pesynbrare skcme-
pPUMEHTA BCE MOJIyUYeHHBIC 3HAUCHUS CIIyIaiiHON BEIUYUHBI & TIOMAIU B IPOMEXKYTOK
[xo;xk]. ITocne o6pabOTKM MaHHBIX WHTEPBAJ HAOIIOJAEMBIX 3HAUCHUW CITydyalHOU
BEJMYHHBI PA3OUT HAa HHTEPBANIBI PABHON JUTHHBI [X);%, ), [XiX,), «.us [Xii X, ]. Pe-
3yJBTAThl UCCIICIOBAHUS CITy4YaHOW BEIMYUHBI & TPEACTABIICHBI B BUJE MHTEPBAIIb-

HOT'O CTaTUCTHYECKOTO psifa. B mepBoi CTpOKe MHTEPBAIBHOIO PSAla YKa3bIBAKOTCS
MHTEpBaJIbl HAOIIOJaEMbIX 3HAUEHUH CiTy4ailHO BeInuuHbl &, a BO BTOPOM — 4acTo-

Thl M, osiBJIeHNA 3Ha4eHMi 310l CB £ B yKa3aHHOM MHTEpBaje Z m =n
i

1. Onucath ciny4aiiHyio BenMUUuHY &, KOTOpas Morja Obl COOTBETCTBOBATh MH-
TEPBAJILHOMY CTaTUCTUYECKOMY DSy BAllleTO BAPUAHTA, YKA3aB IIPU 3TOM €IUHULIBI
M3MEpPEHUsI 3HAYCHUI BRIOPAHHOW CIydaiiHOW Benu4uHBL. [Ipy perneHnn ocTaabHbBIX
MyHKTOB 3aJaHusl HEOOXOAMMO yKa3blBaTh HAUMEHOBAHME BaMU BHIOPAHHOMW Cllydail-
HOW BEJIMYUHBI.

2. CocTaBUTh HMHTEPBAIbHBIA CTATUCTUYECKUN PS PACIpPENECICHUS OTHOCH-
TEJIBHBIX YAaCTOT HAOII0Ja€MbIX 3HAUYEHUW HENPEpPbIBHOW Ciy4yailHOW Benu4yuHbl &.
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[TocTpouTk rucTorpaMmy M MOJMIOH OTHOCUTENBHBIX yacToT CB &. Ilo Bugam ru-
CTOTPaMMbl U MOJIMTOHA OTHOCUTENBHBIX YACTOT CIIy4YalHON BEIWYUHbI & CHEnaTh
MpeBApUTENbHBIN BHIOOP BU/IA 3aKOHA pacTpeAesieHUs 3TON CIlydailHOM BETUYHHBI.

3. Haittu smMnupuueckyio GyHKIIUIO paclpeaesieHus U IOCTPOUTH € rpaduk.

4. BBIYUCIUTH YUCJIOBBIE XaPAKTEPUCTUKHU BHIOOPKH: CPEIHIOI0 BHIOOPOUYHYIO,
BBIOOPOYHYIO JTUCHEPCUI0 (CMEMIEHHYI0O U HECMEIIEHHBIE OIICHKH), BBIOOPOYHOE
CPEIHEKBaPATHYECKOE OTKIOHEHHE.

5. B 3aBHCMMOCTH OT TOro Kakoe mpeAmnoyiokeHue Bbul caenanm Hacuér BUIA
3aKOHA JUIS CIIy4aliHOW BENWYMHBI &, 3alKcaTh €€ IUIOTHOCTh PACIpPENCIICHUs BEpPO-
ATHOCTEN U (QYHKILHUIO paclpeiesICHHUs.

6. Vcxoas u3 mpearnosioxkeHus, KOTopoe ObUIO BBIIBUHYTO OTHOCUTEIBHO 3a-
KOHA paclpeleeHus CIy4ailHON BEIWYUHbBl £, HAUTU MHTEPBAJIBHBIE OLICHKU Iapa-
METPOB pacnpeeraeHus: (MaTeMaTHYeCcKoe 0KUIAHUE U CPEHEE KBAIPATUUECKOE OT-
KJIOHEHHE) C JIOBEpUTENIbHOU BeposiTHOCThIO P =1—«, rne a=0,01, ecnu HOMEp
BapuaHTta paBeH 4K; a =0,02, ecnmu HOMep BapuaHTa paBeH 4K +1; o =0,05, eciu
HOoMep BapuaHTa paBeH 4K +2; a=0,1, ecniu Homep BapuaHTa paBeH 4k +3. Ilo
YCIIOBHIO 3aJ]a4Ml CpeHEe KBaJpPAaTUYECKOE OTKJIOHEHHWE HEU3BECTHO, MOATOMY IS
3aMKUCH JTOBEPUTEIBHOIO MHTEpBaia JJIsl MAaTEMaTHYECKOTO OXUAAHUS MPU U3BECT-
X — %

>
7. IIpoBepuTh corjiacue 3MOUPUUECKON (DYHKIMHM pactpenesieHuss ¢ MOJEIb-

HOM CPCJIHEM KBaJI[PATUYCCKOM OTKIIOHCHHUM IIPUHATH €TO PaABHBIM O =

o v v 2
HOHU HOPMAJIbHOH (1)YHKI_[I/I€I/I pacupeaciICHUA Ipu MOMOIIHU KPUTCPUA COTTIACHUA ) .

3411 | 18- | 20— | 22— | 24— | 26— | 28— | 30— | 32— | 34— | 36—
20 22 24 26 28 30 32 34 36 38
14 36 130 | 210 | 102 82 61 45 15 S

3412 | 31— | 34— | 37— | 40— | 43— | 46— | 49— | 52— | 55— | 58—
34 37 40 43 46 49 52 55 58 61
3 16 32 45 86 175 | 135 56 32 20

3.4.1.3 1- | 5- | 9- | 13- | 17— | 21— | 25— | 29— | 33— | 37—
5 9 13 17 21 25 29 33 37 41
9 13 27 /8 167 86 54 47 12 7

3414 | 37— | 42— | 47— | 52— | 57— | 62— | 67— | 12— | 17—
42 47 52 o7 62 67 72 77 82
12 16 46 76 133 87 45 21 14

3415 | 12— | 18- | 24— | 30— | 36— | 42— | 48— | 54— | 60—
18 24 30 36 42 48 54 60 66
12 24 43 65 97 64 32 13 10
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3.4.1.6

3.4.1.7

3.4.1.8

34.19

3.4.1.10

34.1.11

3.4.1.12

3.4.1.13

34.1.14

3.4.1.15

3.4.1.16

13- |20-|27—-|34-|41- | 48— | 55-| 62— | 69—
2,0 2,7 3,4 4,1 4,8 5,9 6,2 6,9 7,6
14 30 o4 80 42 21 17 8 4

46— | 54-1|62-|70-| 78— | 86— | 94— 102-|110-
5,4 6,2 7,0 7,8 8,6 9,4 10,2 | 110 | 118

8 10 14 28 64 25 16 9 6
36,5-(36,/—-|369-|371-|373-|375-|37,7/—-|379—-|379-

3,7 | 369 | 371 | 3/3 | 375 | 37,7 | 379 | 379 | 381
4 8 16 21 61 27 16 / 2

168—- | 171- | 174— | 177— | 180—- | 183— | 186— | 189-—
171 174 177 180 183 186 189 192

2 5 11 22 48 18 8 6

34- | 38— | 42— | 46— | 50— | 54— | 58— | 62—

3,8 4,2 4,6 5,0 5,4 5,8 6,2 6,6
3 S 8 12 16 36 20 4

65— | 66— | 67— | 68— | 69— | 70— | 71— | 72— | 73— | 75—
66 67 68 69 70 71 72 73 74 76
10 24 63 158 | 121 78 56 23 12 5

471-1473—-|475—-|47,7—|479—-|48,1—-|48,3—-|485—|48,7—-

473 | 475 | 477 | 479 | 481 | 48,3 | 485 | 48,7 | 489

6 18 38 87 126 96 26 12 5
123-112,7-1131-|135-|139-|143—-|14,7—-|151—-|155—-

12,7 | 131 | 135 | 139 | 143 | 14,7 | 151 | 155 | 159
4 17 35 87 129 91 27 12 3

189— | 194— | 199—- | 204 - | 209— | 214 — | 219 | 224 — | 229 —
194 199 204 209 214 219 224 229 234
4 6 13 34 75 98 /0 12 3

101-|111-|121-|131-|141—-|151—-|161—-|171—-|181—

111 | 121 | 131 | 141 | 151 | 16,1 | 17,1 | 18,1 | 191
S 14 44 73 41 18 12 6 2

162- | 166- | 1/0—- | 174— | 1/8— | 182—- | 186- | 190-
166 170 174 178 182 186 190 194

6 11 15 32 56 29 14 5

52




3.4.1.17

3.4.1.18

3.4.1.19

3.4.1.20

34.1.21

3.4.1.22

3.4.1.23

3.4.1.24

3.4.1.25

3.4.1.26

3.4.1.27

20— | 23— | 26- | 29- | 32— | 35— | 38— | 41-
2,3 2,6 2,9 3,2 3,5 3,8 4,1 4,4
4 6 18 26 64 21 9 4
8,15 — 8,18 — 8,21 — 8,24 — 8,27 — 8,30 — 8,33 —
8,18 8,21 8,24 8,27 8,30 8,33 8,36
4 8 18 38 21 10 6
2304 — | 2314- | 2324 | 2334 | 2344 | 2354 | 2364 -
2314 2324 2334 2344 2354 2364 2374
3 6 20 37 18 9 5
158,2—- | 158,4— | 158,6 - | 158,8— | 160,0— | 160,2— | 160,4 -
158,4 158,6 158,8 160,0 160,2 160,4 160,6
3 10 24 68 29 15 5
0,12- | 0,125- | 0,13- | 0,135- | 0,14- | 0,145- | 0,15-
0,125 0,13 0,135 0,14 0,145 0,15 0,155
2 8 12 38 16 10 4
350 — 351 — 352 — 353 — 354 — 355 —
351 352 353 354 355 356
4 10 14 32 19 11
48 — 92 — 56 — 60 — 64 — 68 —
52 56 60 64 68 72
3 12 32 17 12 4
15,1 - 15,3 - 15,5 - 15,7 - 15,9 - 16,1 -
15,3 15,5 15,7 15,9 16,1 16,3
2 5 16 35 18 4
170- | 176- | 182—- | 194—- | 206—- | 21,8— | 23,0— | 23,6 —
17,6 18,2 18,8 20,0 21,2 22,4 23,6 24,2
3 5 16 41 56 39 18 6
045- | 08— | 125—- | 165—- | 2,05— | 245— | 2,85— | 3,25—
0,85 1,25 1,65 2,05 2,45 2,85 3,25 3,65
3 8 18 39 17 13 9 S
20— | 25— | 30— | 35— | 40— | 45— | 50— | 55— | 60—
25 30 35 40 45 50 55 60 65
3 9 36 93 158 86 39 5 3
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34128| 14— | 17— | 20— | 23— | 26— | 29— | 32— | 35— | 38— | 41—
17 20 23 26 29 32 35 38 41 44
3 S 37 127 | 413 | 148 | 43 13 / 4
34129 5,15- 5,35 - 5,55 — 5,715 — 5,95 - 6,15 —
5,35 9,95 5,75 5,95 6,15 6,35
2 9 32 47 38 10
34130 1700 - 1720 — 1740 — 1760 — 1780 — 1800 —
1720 1740 1760 1780 1800 1820
34 45 98 142 86 39

4 MATEMATHYECKHUE MOJIEJIX ®YHKIIUUHA
B PETPECCHOHHOM AHAJIU3E

Coaep:xanue: anmpokcumaius (QyHKIUN, MIOUpPUYECKUE (DOPMYIIbI, METO
HAaMMEHBIIIMX KBAJPATOB, MapaMeTPhl JUHEHHONW anmpoKCUMUpYIoleld GyHKIUH, 1a-
paMeTpbl KBaJpaTUYHON allpOKCUMUPYIONIEH (GYyHKIIMH, TapaMeTphbl TUIepOonye-
CKOHM amnmpoKCUMUPYIONIEeH (PYHKIUHU, TapaMeTphl TTOKA3aTeIbHON anmpOKCUMUPYIO-
et GQyHKIMY, TapaMeTphl JIorapuPpMUIecKoi anmpoKkCUMHUpYIoend QyHKIIUH.

4.1 TeopeTnuecKkuii MaTepuaJ 1o TeMe MPAKTUYECKOr0 3aHATUS

OnHo¥ U3 BaXXKHBIX 3a7a4 MaTeMaTHYECKOM CTAaTUCTHUKH SABIIECTCSA HAXOXKICHUE
CBSI3U MEXAY CIIy4YallHbIMHU BeMuMHaMu ¢ U 7). Bo MHOTUX ciiydasx oJHa U3 Iepe-

MEHHBIX MOKET OBbITh HECITy4yaiiHOM, B TO BPEeMs Kak JIpyras MepeMeHHasi UMeeT CIy-
YailHble OTKJIOHEHMUsI, 00YCIOBIICHHBICOMUOKAMU H3MEPEHUN WU APYTHUMH MPUYH-
HAMU.

4.1.1 Dmnupuyeckue GpopmyJibl
4.1.1.1 llocTaHoBKA 32244 anNPpoOKCUMAINH PYHKIM A

IIpn >MIIMPUYECKOM HM3Yy4YEHUU 3aBUCUMOCTU NEPEMEHHOM Y OT MEPEMEHHOMN
X TPOU3BOAATCS U3MEPEHUS IIEPEMEHHON Y TP PA3JIUYHBIX 3HAYEHUSAX BEJIMYMHBI
X. IlpencraBum pes3ysbTaThl SKCIIEPUMEHTA 3aBUCUMOCTH Y OT IIEPEMEHHOU X B BU-
ne tadmuipl 4.1.1 v Touedno quarpammer (puc. 4.1.1).
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Tabsmua 4.1.1 — Pe3ynbraThl 3KCiepuMeHTa

Xi X1 Xz X3 Xi Xn
Yi | Yo | Yo Ya| .| Yil i Yn
»4 .

o ° (Xi;yi)
0...

Pucynok 4.1.1 — Todyeunas auarpamma

Baxxnoe IMPAKTHYCCKOC IIPUMCHCHNC UMCCT CICAYIOIIAd 3aavda: HAWTU aHaJIU-
THYCCKOC BBIPAKCHNUC 3aBUCHUMOCTHU (bYHKI_[I/II/I y oT HepeMeHHOﬁ X, TO €CTh Heo0xo-

JIMMO TOJ00paTh HENpepbiBHYIO (GYHKIHMIO Y =@(X), Takyto, 4ToObl Y, =@(X).
Oynkiun Y = @(X), TOIy4YeHHBIC B pe3yJbTaTe PelIeHHUs] TAKOTO poja 3a/1ad, Ha3bl-

BAIOTCS IMAUPUHECKUMU WIU ANNPOKCUMUDYIOUWUMU.
[Togbop anmpokcumupyrome (QyHKIUA 1O SKCHEPUMEHTAIbHBIM JTaHHBIM

(%,Y;), 1=1n, MOXHO OCYHIECTBUTH PA3IUYHBIMH METOAAMH HCXOAS U3 Pa3HBIX
MoJieNiell IKcTiepuMenTa. PaccMoTpuM JBe Hanbosee pacpoCcTpaHEHHBIE MOJICIIH.

1. Humepnonayuonnas mooens.

[Tpenmonoxxum, uto HeKoTopas Gynkmnus Y = f (X) 3amana Tabmuieit 3HaYCHUN
(%, ¥:), =1n, (trabmuua 4.1.1). ITycts 3HaueHus GyHKUMHA Y TIPU BHIOPAHHBIX 3HA-
YCHUSX X, TOYHO M3BECTHHI, a e aHanuTUieckoe BeipakeHue Y= f(X) B oOmem
cly4yae cuuTaeTcs Heu3BecTHOM (yHkimen. HeobOxomuMo mo Tabnuiie 3HaYSHUM
¢yakmun Y = f (X) momoOpats smmupudeckyro GyHKmmo Y = @(X), YIOBICTBOPSIO-
YO YCIOBUSAM @(X.) =Y., | =1n.

['eomerpuuecku 3amada moxdopa GpyHKuu @(X) MO 33JaHHBIM YacTHBIM 3HA-
yerusiM QyHkmuu Y = f(X) o3HagaeT moctpoeHuWe KpuBOW Y = @(X), MPOXOIAIICH

Yepe3 TOYKU IUIOCKOCTH ¢ KoopaumHatamu (X, Y;), i =1,n. Yepe3 3amaHHbIC TOUKH
(X.,¥:) MOXXHO IPOBECTU OECKOHEYHOE MHOXKECTBO PA3IMYHBIX KPUBBIX. Takum 00-
pa3om, 3ajada mojaoopa IMIUPUICCKON (YHKIUMH Y =@(X) MO TOYHBIM 3HAYCHHSIM

win y3nam (X, Y,), 1 =1,n, neusBectHoit pynkmu y = f(X) He onpexnenexa.
[MpeamnonoxumM Tenepb, uto GyHKIUS Y =@(X) He MPOHU3BOJIbHAS, & SBISCTCS

MHOTOWIeHOM cTeneHu N—1 mpu n y3max. Torma 3agava moadopa AMIUPUIECKOM
95



byHknun @(X) mpuodpeTaer GoJiee ONMpeaeIEHHBIA XapaKTep: 1Mo Tabuie 3HAYCHHI
(%, Y;), 1=Ln, HensecTHOI QyHKIMU Y= f(X) MOCTPOUTH aNMPOKCUMUPYIONIHIA

mHorowieH P, ,(X), ymosuerBopstomuid ycmosusm P (), i=1n. IToctpoeHHsIH

MHOTOWJIEH Ha3bIBACTCS UHMEPNONAYUOHHBIM MHO204NeHoM. CylIeCTBYIOT pa3iiny-
HBI€ BUJIbI HHTEPIOISAIMOHHBIX MHOTOWIEHOB: Jlarpanxa, HetoToHa u npyrue.
B npakTudeckux pacu€rax 4acTo UCIHOIBb3YETCS KVCOUHO-TUHEUHAs] UHMEPHO-

aayus (GyHKIMIO Ha OTpe3ke [X, ;X ], k =1,n, 3amenstor MHOrowieHoM Jlarpamxa

NEePBOM CTENEHU), KYCOUHO-Kéaopamuunas unmepnoaayus (o J00bBIM TPEM y3JiaMm
Xe1r X¢» X4 CTpPOST MHOrowieH JlarpaH)ka BTOpOWM CTENEHHW) WIH CHIALH-

UHMepPnoJAyUsL.

2. Annpokcumauusn yHKuuii no Memooy HaUMeHbUIUX K8AOPAMmog.

[Iycth pe3ynbTathl u3mepeHuit (X,Y.),i=1N mnpuBeaeHbl B Bujae TaOIHII
WM TOYCYHOW JrarpamMMbl. AHAIMTHYECKOE BhIpakeHue s pyHkuu Y = f (X) Ham
Hewn3BecTHO. 3HayeHus: pyHkimu Y = f(X) mpu 3HaUCHHAX X = X. ONpeIeICHbI pU-
OJIM>KEHHO C HEKOTOPOM CITydyaliHON MOTPEIIHOCTHIO.

Hanuuue ciaydallHBIX MOTPENIHOCTEN AeaeT Helelaecoo0pa3HbIM MOJ00p Ta-
KO SMIUpHYECKON QyHKIMH Y = @(X), KoTopas Obl TOYHO OIUCHIBAJIA BCE IKCIICPH-
MEHTAJIBHBIC JTaHHBIE, TO €CTh rpaduk e€ mpoxoaui Okl uepe3 Touku (X,Y,), i=1n.

B 3TOM cnyyae mpeAamnoyTUTENhHO MOA00paTh TaKylO almpOKCUMHPYIOIYIO (DyHK-
o @(X), KOTopast Obl «CIIaXKUBaJIay CIydailHbIE MOTPEITHOCTH H3MEPEHHIA.

3aaya oCcTpOeHUS anmpoKCUMHpPYoIIeld QyHkmun Y = @(X) 1Mo dKCIIepruMeH-

TAJIbHBIM JAHHBIM B MOJICJIM METOJa HAMMEHBIINX KBAJIpPaTOB COCTOUT U3 JIBYX 3Ta-
TOB:
1) onpenenenue BUaa anmpokcuMupyomen GyHKuu Y = @(X) , To ecTh BHIOOp

Kiacca (QyHKIHNA, K KOTOPOMY MPUHAJICKUT amnmpokcuMmupyromas ¢yHkuus (1u-
HelHasi, KBaJpaTU4Hasl, CTENIEHHAasl, IMHEeWHAs U Ipyras);
2) ompeneneHue NapameTpoB 8y, &, &,,..., &, ANNPOKCUMUPYIOIEH (QYyHKIUHA

y=¢(X, 8,,a,a,,..., &) BHIOPaHHOTrO BHJA.
4.1.1.2 Onpenesnenne BUAA aNNPOKCUMHUPYIOLIE (PyHKINH

B o6miem ciyuae, He CyIIeCTBYET CTaHIAPTHBIX METOJIOB, KOTOPhIE 00pa30BHI-
BaJii OBl CTPOTYIO TEOPETUUYECKYIO 0a3y Jisl BHIOOpA anmpOKCUMUPYIOMIEH HyHKIIHHA
Yy = @(x). OgHako BBIOpATh aNMPOKCHMHUPYIOIIYIO (PYHKIIHIO, €CIIH MPUACPKUBATHCS

CIEAYIOIINX NPUBEAEHHBIX TYHKTOB.
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1. ITpu mondope ammpokcumupytomieid pyHkun Y = @(X) ciemyer yauThIBaTh

XapaKTep PacIONOKEHHsI HKCIEPUMEHTAIBHBIX Todek (X,Y,), I=1Nn, Ha TOoYeuHOI
auarpaMmme.
[Ipenmnonoxum, 4To Ha TOYEYHOH auarpamme Touku (X,Y.), i=1Ln, pacrnona-

raloTCs BJOJb HEKOTOPOW JIMHUH, HAIIPUMEP, BJOJb mpsiMol. Torma B kavyecTBe am-
NPOKCUMHPYIONIEH (YHKIMH pPEKOMCHIYETCS BBIOMpATh JIMHCHHYIO (DYHKIUIO
@(X) =a-X+b, 3aBucsnryro ot IByX mapaMeTpoB au b.

Ecnu pacnionoxxenue Touek (X, Y.), 1 =1,N, Ha ToyeyHol qUarpamMme HarOMH-
HaeT napaboiy, TO B KaueCTBE anmpoOKCUMUPYIOLIeH (QyHKIMH JIy4llle BBIOpaTh KBa-
paruunyio GpyHKIHI0 @(X) =ax® +bx + ¢, 3aBucaIIyI0 OT TpéX mapameTpos a, b u C.

OOBIYHO TIPU «3PUTEIBHOMY aHAIM3€ SKCIEPUMEHTAIBHBIX TOYEK, Ha TOYEY-
HOU JMarpamMme MCHOJB3YIOT Ipauku W3BeCTHBIX GyHKUU. Eciu xapakTep pacmno-
JI0’)KEHUSI TOYEK HA TOUYEYHOW AMArpamMMe HallOMUHAET OJHY U3 KPUBBIX HEKOTOPOIO
ceMelcTBa (CTETEHHBIX, TOKA3aTeNbHBIX, TOTapU(OMUUECKUX U APYTUX PYHKIUN), TO
anmpokcuMupytromas GyHKIus ¢(X) BRIOMpaeTcs U3 ATOTO ceMeicTBa QyHKITHIA.

Takum oOpa3oM, Ha OCHOBAHUM TOYEYHOM JuarpamMMbl, MOXKHO MOJ00paTh J10-
CTaTOYHO MHOI'O0 KPUBBIX, MPOXOASIIMX BOJU3M SKCIEPUMEHTAIBHBIX TOUYEK

(X, y),1 =1n, MO3TOMY BOIIPOC, KaKyl0 MMEHHO M3 HHMX CJIeyeT BbIOpaTh B Kaye-
CTBE€ aNIPOKCUMHUPYIOLIEH, PEIIAETCs HEOJHO3HAYHO.

2. [Ipu moxdope anmpokcuMupyromed GyHKIun Y = @(X) peKOMEHIyeTCs, ec-
JIA 3TO BO3MOKHO, IIPOBECTHU €€ «IMHEAPU3ALUIO», TO €CTh CHAEIATh TaKyl0 3aMEHY
NepEMEHHBIX, KOTOpasi CBOJAWIA Obl HEMMHEHHYI0 (QyHKIUIO Y =@(X) K JMHCHHOI

GyHKLIMH.
[TpenmoyioskumM, uTo 3aMeHa mepeMeHHbIX t=1(X), z=1z(y) npUBOIUT HEJIH-

HeitHyto QyHKIMI0 Y = @(X) K auHerHo# GyHkimun Z=at +b. Eciau Tenepsb B cucre-

Me koopauHar Otz moctpouts ToweuHyro aumarpammy (t.,z), i=1n, To TOUKH

JOJDKHBI PACIIoNIaraTthCsl B0 MPSMOM JIMHUK. B MPOTUBHOM Citydae HE peKOMEHTY-
eTcs BEIOMpaTh QyHKIHI0 @(X) M3 paccMaTpUBAEMOTro Kitacca PyHKIUH.

Kak mpaBuio, «imHeapu3aius» JOCTUTraeTcs JorapuMUpOBaHHUEM HUCXOIHOM
GyHKIHH.

3. [Ipu moabope ammpokcuMupyroiied ¢GyHkuuu Y =@(X) cieayeT Mo BO3-
MOKHOCTH COYETaTh XapaKTep PaCHOJOXKCHHUS TOYCK Ha TOYCUHOU JMarpamme C Jio-
THYECKU-TIPO(HECCHOHAIBHBIM aHAJIM30M YCIIOBHS 3a1a4H.

4. JInst mpoCTOTHl JAbHEUIIMX HSTAroB IOCTPOCHUS AaNIPOKCUMUPYIOIICH
dynxuuun @(X) =e(X, 8y, &, &,,..., 8,) JKEIATEIbHO, YTOOBI OHU OBLIM JMHEHHBIMU
OTHOCHUTEIIEHO MapaMeTpoB &, .

5. Ilpu nonbope annpokcumupyromeid GyHKIUN AJi1 ONMUCAHUS «KPUBOJIUHEMN-
HBIX» 3aBHCHMOCTEH MPEIIOYTHTEIBHO MCIIOIBb30BaTh Mapadoibl HE BBIIIE TPEThEH
CTETICHHU.
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[Ipennonokum, 4TO MCIOJB3Ysl BBILIENPUBEAEHHBIE ITYHKTHI 1-5, HaMu orpe-
JEJIEH KJIACC CTENEHHBIX, T0KA3aTEIbHbIX, IOTApUPMUUECKUX U ApYTuX (PyHKUUH, U3
KOTOPBIX HEOOXOJMMO BBIOpATh ammpokcumupyromyro ¢gyskmuto. [locie BbiOopa
BHJIa alIPOKCUMHUPYIOMEH QYHKIMU HalUAEM NapamMeTpel a,,d,, 8,,..., 8, I Ipej-

nonaraeMoil QyHkuun (X, 8, &, 8,,..., &, ) -

4.1.1.3 Onpenesenne napaMeTpoB AaNNPOKCUMHPYIOIIeH (YHKIUH 1O
MeTO/y HAMMEHBIIUX KBaJPaToOB

[IycTp mpu SMIMPUYECKOM H3YYEHUM 3aBHCUMOCTH NEPEMEHHOM Y OT Iepe-
MEHHOU X IMPOU3BOAATCA U3MEPEHHUs NIEPEMEHHON Y TP Pa3JIMYHBIX 3HAYCHUSX Be-
JUYUHBI X. Pe3ynbpTaThl SKCIEPUMEHTA 3aBUCUMOCTH Y OT IIEPEMEHHON X MPEACTaB-

JIeHBbI B BUuae ta0auner 4.1.1.
[Ipenmonoxum, 4TO N3BECTHA aNmpoOKCUMUPYIOIIAs byHKIUSA

o(X) =p(X, a,, &, &,,..., 8, ) . CocTaBisieM pa3HOCTH € = @(X;) —Y;, TAe | =1,n, KOTO-
pble Ha3bIBAIOTCS OMKIOHEHUAMU WIA nozpewHocmamuy. Yucna y, 3TO 4yucCla CTOs-
mue BO BTOpOil crpoke Tabmmubl 4.1.1, ¢(X) — 3HAYCHHS aNIPOKCUMHPYIOMIEH
¢byHKIMU @(X) TPU COOTBETCTBYIONIMX 3HAYCHHUSAX apTyMEHTa X;, YUCEN M3 TEePBOU
crpokn Tabimunsl 4.1.1. TpeOyercss monoOpaTh nmapaMerTpsl &, 8, a,,..., &, AallpoK-
cumupyromer GyHkuu @(X) Tak, 4TOOBI OTKJIOHEHUS €, 0Ka3aJIMCh HAUMECHBITHMH.

HaubGonee pacnpocTpaHEHHBIM KPUTEPUEM MAJOCTH OTKJIOHEHHM SIBIISIECTCS
KpUTEpHH, JISKaluii B OCHOBE METOJa HAaMMEHBIITUX KBAJIPaTOB: MapameTpbl (QyHK-
muu @(X) BBIOpATh Tak, 4TOOBI OKa3ajgach MUHHMAJIBLHOW CyMMa KBaJpaTOB OTKJIO-

n
HEHUI: S =Zei2 > 0. ITonbop mapameTpoB a,, a,, a,,..., &, B ANNPOKCUMUPYIOLICH
i=1
dynkuun (X)) =@(X, 8, &, a,,..., 8,) IO METOLYy HAUMEHBLIMX KBaJIpaTOB IPOU3BO-
IUTCSI TAKUM 00pa3oM, 9TO CyMMa KBaJapaTOB OTKJIOHEHUH opauHAT ¢(X.)amnmpoKCH-

MUpYIOLIEeH GYHKIIMHU OT HAOII0AaeMbIX 3HaU€HUH Y, Obllla MUHMMAaJIbHOM, TO €CTh

n

Szief:Z(go(xi,ao,al,...,ak)—yi)z—>min. (4.1.1)

i=1

3ajayda onpeAeiacHNs TeX 3HAYE€HUM apaMeTpoB &, &, &,,..., &, , IPH KOTOPBIX
¢ynxuus S=S(a,, a,a,,..., a ), UIMEIOIAas HENPEpbIBHBIE YACTHBIE IPOU3BOJHEIE,

JOCTUTAeT MUHUMYMAa, TO, HA OCHOBAHMH HEOOXOJIUMOTO YCIIOBHSI JIOKAJILHOTO JKC-
TpeMyMa (PYHKITUU HECKOJIBKUX MEPEMEHHBIX, CBOJUTCS K PEIICHUIO CUCTEMBI ypaB-
HEHUI;
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B g8 8 8
0a,

=0, —= 0. (4.1.2)
oa, o0, oa,

JlJis IpoBepKHU aJIeKBAaTHOCTHU MPEANOIaraeMoi SMIUPUIECKON HOpMyIIbI dKC-
NIEPUMEHTAIbHBIM JAHHBIM YJOOHO HCIIOJIB30BATh Pa3AeiIEHHBIE PA3HOCTH.

Tak, Hanpumep, smmupuueckas Gopmyna Yy =ax+b okaspiBaercs mpuro HOH,

TO €CTb HCIIIIOXO 6y,Z[CT OTpaXXaTb BHJ 3aBHCHUMOCTH MCXKIY IICPEMCHHBIMH X U VY,

ecIy repBbie paznenénnbie pasHoctu f (X ., X )=

Yin—V¥i MaJIO OTJINYAIOTCA APYT OT
X.

i1 N
apyra.
B ClIydasax, Korga Ta6JII/IHa PE3YJIbTAaTOB I/ISMepeHI/Iﬁ HMEET MOCTOSHHBIN IIar ,
TO €CTb Ka)KI[BIﬁ N3 IMOCJICAYIOIINX 3HAYCHUU X OTJIMYACTCS OT MpCaAbIAYIICTO HA I10-

CTOAHHOC 4YHUCJIIO, TO JOCTATOYHO CPABHUTDH Hepa?;,Z[eJIéHHBIG pPa3sHOCTH Ayl =Yia— Y

Y 110 UX NpUOIMKEHHOMY PaBEHCTBY MOKHO CJI€TIaTh BBIBOJI 00 SKCIIEPUMEHTAIBHOM
JIMHEUHOU 3aBUCUMOCTH.

DMmnupHUeckas (yHKIMS pacrpesielenus Y =ax’ +bX+C okasbBaeTCs MpH-
TOJIHOW B Ciy4yae, KOrja Majo OTJIMYAITCA APYTr OT Apyra pa3fci€HHbIE pa3HOCTH

f(X 0% )— (X ,iX
BTOporo mopsinka f (X, X..1%)= (Kp %) = Ty '), IJ€ B YHCIUTENE CTOST

pa3I[eJIéHHBIC PasHOCTHU IICPBOI'O IIOPAAKA. Ecnu KaXXa0€ IMOoCICaYyIoIee 3HAYCHUE X
OTIIMYACTCs OT IIPCAbIAYIICTO HAa OJHO U TO JKC YHCJIO, TO CPABHUBAIOT Hepazz[enéH-

) i
HBbIC Pa3HOCTH BTOpOro mopsaka A%y, = Ay, —Ay,, tne Ay, =Y., —V, (I :1,n) U, B
ciiyyae MpUOIMKEHHOTO PABEHCTBA, JieJlaéM BBIBOJ O KBaJpaTUYHON 3aBUCUMOCTU
AKCIIEPUMEHTAIIBHBIX TAHHBIX.

B nanbHelemM pacCMOTPUM METOJMKY ONPEACIICHUS MapaMeTPOB HEKOTOPBIX
anMPOKCUMUPYIONIUX (PYHKIIUI IO METOIY HAUMEHBIITUX KBaJpPaTOB.

4.1.2 OnpenejieHue NMapaMeTPOB HEKOTOPBLIX SMIMPHYECKUX (PYyHKIIUIA,
BbIYHCJISIEMbIX 110 METOYy HAMMEHbIINX KBA/IPaTOB

4.1.2.1 Onpenenenne napaMeTpoB JUHEHHON annpokcumMupyomei GpyHk-
MU, BBIYHCISIEMbIX 110 METOAY HAMMEHbIINX KBA/IPaTOB

[Ipeanonoxum HEOOXOAUMO YCTAHOBUTH 3aBUCUMOCTDh MEXIY JBYMsI BEJIUYU-
HaMU X U Y, pe3yibTaTbl U3MEPEHUN KOTOPBIX 3aHECEHbI B Tabiuiy 4.1.1.

PaccmorpuM B gekaproBoi cucteme koopauHaT OXy Touku M, (X;VY,),
M, (X,;¥,)5 --.s M, (X,;Y,) , KOTOpBIE N300pa’keHbI HA pUCyHKe 4.1.2.
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PucyHnok 4.1.2 — DxcriepuMeHTaIbHbIE TOUKU U JIUHUS
SMITUPUUECKON (HYHKITUH, opeieIEHHON B MyHKTe 4.1.2.1

N3 ToueuyHOM nuarpaMMbl BUIUM, YTO SKCIIEPUMEHTAIBHBIC TOUYKH pacroJara-
FOTCSI BIOJIb HEKOTOPOU MpsIMOM. HO €Ciiv 3TH TOYKM TTOYTH JIEKAT HA OJTHOU IIPAMOH,
TO €CTECTBEHHO MPEAIOJI0KUTH, UYTO MEKIY JIBYMs BEJIUUMHAMU X U Y CYIIECTBYET

JIMHEWHAas 3aBUCUMOCTb, KOTOpasi BeIpaxkaeTcst (opMyion
y=ax+b, (4.1.3)

rae a u b — mapameTpsl, KOTOpPbIE HEOOXOIUMO ONPEICIIHTh.
[IpencraBum paBeHCTBO (4.1.3) B Buze

ax+b-y=0. (4.1.4)

Touku M, (X;,y,) npuHannexaT UCKOMO npsimMoii (4.1.3) ¢ onpenenéHHoi mo-

rpemHoCThIO. [loacTaBIIsIs SKCIEPUMEHTANIBHBIE 3HAYEHU X, U Y, (i :1,n) B Qop-

Mmyiy (4.1.4), momydaeM cUCTeMY OTKJIOHEHUM

e =ax,+b-y,

e, =ax, +b—y,, (4.15)

[To MeToy HaMMEHBILIUX KBAJPATOB MOJ0OEPEM HEU3BECTHBIC MapaMeTpbl a U

n

2 9

b Takum 0Opa3om, YTOOBI ITOJTyYEHHAs BEJIMUMHA S = Zei >0 Obl1a HAUMEHBITICH.
i=1
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VYuuteiBas cuctemy (4.1.5) npeobpazyem ¢pyHKIUIO S :

n

S :Zn:ef:Z(axi +b-vy,)". (4.1.6)

i=1

®dynkIus AByX mepeMeHHbIx S =S(a,b) sBnsercs QyHKIueH nByX mepeMeH-

HbIX OTHOCHTCJIBHO NEPEMCHHBIX a H b. UroOwl >Ta q)YHKHI/ISI IMpyuHUMajla MHUHU-
MaJIbHOC 3HAYCHHUC H€O6XOI[I/IMO YAaCTHBIC IIPOU3BOJIHBIC (bYHKHI/II/I 10 IaHHBIM IICPC-
MCHHBIM IIPUPABHATH K HYJIIO:

§20, D 2(ax; +b—y,)x =0,
oa i=1

S niInm A N

— =0, > 2(ax, +b-y,)=0.
cb =

[IpeoOpazyem 3Ty cucteMy ypaBHEHU

a-zn“xi2+b-ixi :Zn:xiyi,
i=1 i=1 i=1
a-zn:xi +b-n:Zn:yi.
i=1 i=1

(4.1.7)

"

Pemast cucremy (4.1.7), onpenensieM ONTUMaJIbHbIE 3HAUYCHUSI HEWU3BECTHBIX
napaMeTpoB a u b B ammupuueckoi popmyie (4.1.3). Ha pucynke 4.1.2 mtpuxoBoit
JTvHAEH N300pakE€H TpaduK anmpoKCHMUPOBaHHOW QyHKIMH Y = aX + b, koaddumu-

CHTBI KOTOPOM OMpeieeHbI U3 cucTemsl (4.1.7).

4.1.2.2 OnpeneieHne mapaMeTpoB KBAJAPATHYHOWH aNMpoOKCUMHUPYIOIIEi
(GYHKIUM 0 MeTOy HAUMEHBIIUX KBAJAPATOB

[IpennonokumM HEOOXOAUMO YCTAHOBUTH 3aBUCUMOCTb MEXKIY JIByMs BEIUYH-
HaMU X U Y, pe3yibTaThl U3MEPEHUN KOTOPHIX 3aHECEHHI B Tabmuity 4.1.1.

PaccmoTpuM B dekaproBoil cucteme koopauHar OXy Touku M, (X;Y,),
M, (X5;¥,)5 --.s M, (X,;Y,) , KOTOpBIE N300pa’keHbI HA pUCyHKe 4.1.3.
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PucyHnok 4.1.3 — DxcriepuMeHTaIbHbIE TOUKU U JIUHUS
SMITUPUYECKON (HYHKIMH, ONpeieIEHHON B MyHKTe 4.1.2.2

W3 ToueuHo#l quarpaMMbl BUIUM, YTO SKCIIEPUMEHTAIbHBIE TOUKH pacroJiara-
I0TCSI BJIOJIb HEKOTOPOU JIMHUHU, KOTOpasi HAIOMUHAET y4acTok mapadosnbl. CienoBa-
TEJIbHO, B KaUYeCTBE alPOKCUMUPYIOIIeH (YHKIIMA MOKHO BbIOpaTh mapaboiy Buaa

y =ax® +bx +c. [oxbepém mapamerpsl a, b u C TakuMm oOpa3oM, YTOOHI CymMMa

KBa/[PaTOB OTKJIOHEHHH anmpokcumupymomeii GyHkmum Yy =ax’ +bx+C or akcre-
PUMEHTAJIBHBIX 3HAYCHUN OBbLIT HAMMEHBIITUM.
IIpencTaBuM paBeHCTBO Y = ax” +bx +C B Buze

ax’ +bx+c-y=0, (4.1.8)

Touku M. (X;,Y;) mpuHaAIEKaT UICKOMON mapabose ¢ onpeaeaéHHOl morpeni-
HoCTh1O. [lofcTaBiss sKCliepUMEHTANIbHBIE 3HAYEHUSI X, U Y, (i :1,n) B dopmyry

(4.1.8), monyyaem cUCTEMY OTKJIOHEHUMN

e, =ax’ +bx +c-y,,
e, =ax; +bx, +c—y,, (4.1.9)

a2
e, =ax, +bx, +c—y..

ITo MeToy HaMMEHBIINX KBaIPaTOB MMOI0EPEM HEM3BECTHBIC TTapaMeTpsl a, b
n
U C TakuM 00pa3oM, 4TOOBI MOTy4YEeHHAs BEIUYNHA S = Zei2 >0 ObLTa HAMMEHBIICH.
i-1
VYuutsiBas cuctemy (4.1.9), mpeodpazyem GpyHKUIHIO S :
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n

S :Zn:ef =" (ax} +bx, +c—yi)2. (4.1.10)
i=1

i=1

dynknusa Tpéx nepeMeHHbIx S = S(a,b,C) sBmsercsa GpyHknuen TpEX mepeMeH-

HBIX OTHOCHUTCJIBHO IICPEMEHHBIX A, b u c. UroOsl 3Ta (bYHKHI/ISI IIpyuHUMajla MUHU-
MaJIbHOC 3HAUYCHHC H€O6XOI[I/IMO YAaCTHBIC IIPOU3BOJIHBIC (l)YHKHI/II/I 10 IaHHBIM IICPC-
MCHHBIM IIPUPABHATH K HYJIIO:

ﬁzo, D 2(axt +bx; +c—y;)-x =0,
oa i1
oS o
5 -0 wm > 2(ax? +bx, +c—y;)-x =0,
i=1
0S n
% > 2(axt +bx; +c—y;)-1=0,
N i=1

[Ipeobpazyem 3Ty cUCTEMY ypaBHEHU

a-zn:xi“ +b-zn:xi3 +C-Zn:xi2 =zn:xi2yi,
i=1 i=1 i=1 i=1
a-ixf+b-zn:xi2+c-zn:xi =Zn:xi Y., (4.1.11)
i=1 i=1 i=1 i=1

a-zn:xi2+b-zn:xi +c-n:Zn:yi.
i=1 i=1 i=1

Pemiast cucremy (4.1.11) onpenensemM onTUMalbHbIE 3HAYEHUS HEU3BECTHBIX
napameTpoB a, b u ¢ B smmupuyeckoii Gpopmyne Yy =ax’ +bx +c. Ha pucynxe 4.1.3
MTPUXOBOM  JMHUEH U300pakEéH TpaduKk  anmpOKCUMUPOBAHHOW  (QYHKIIUH
y = ax’ +bX + ¢, ko3 HHUIMEHTH KOTOPOii OIpeieeHbl 13 cucTeMsl (4.1.11).

4.1.2.3 OnpenesieHue mnapaMeTpoB TUNEpPOOJIHMUYECKOH ANMPOKCUMUPYIO-
el (PpyHKUUHM 110 MeTOAY HauMEHbIIUX KBAJAPaToB

[Ipeanonoxxum HEOOXOAMMO YCTAHOBHUTH 3aBUCUMOCTH MEXKTY JBYMSI BEJIUMYU-
HaMU X U Y, pe3yibTaThl U3MEPEHUN KOTOPHIX 3aHECEHHI B Tabmuity 4.1.1.

PaccmoTpuM B dekaproBoil cucteme koopauHar OXy Touku M, (X;Y,),
M, (X,; ¥,), -..s M, (X,;Y,), KOTOpBIE N300pa>keHbI HA pUCYHKE 4.1.4.
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Pucynok 4.1.4 — DxcnepruMeHTaIbHbIE TOYKH U JIUHUS
IMIOUPUYECKON PyHKLINHU, OnIpeienéHHON B yHKTe 4.1.2.3

W3 ToueuHo#l quarpaMMbl BUIUM, YTO SKCIIEPUMEHTAIbHbBIE TOUYKH pacroJiara-
I0TCSI BJIOJIb HEKOTOPOU JIMHUU, KOTOpast HAIOMUHAET y4acTok runepoosbl. CrnegoBa-
TEJIBHO, B KAUE€CTBE ANMPOKCUMUPYIONIEH (PYHKIIMU MOKHO BbIOpaTh TUNEpOOITy BU-

a ..
na y= " +Db. TTonbepém mapamerpsr @, b u ¢ Takum oOpa3zom, YTOOBI CymMMa KBajl-

. . a
paToB OTKJIOHEHHWH anmpOKCUMHpPYOMEH (QyHKIuH Y =—+bD 0T dKCIepuMeHTab-
X
HBIX 3Ha‘{eHI/Iﬁ 6BIJI HAUMCHBIIIUM.
. 1 a
BBenéM HOBYIO MEepeMEHHYIO Z=—, TOIJIa ypaBHEHUE Y =—+D npuHHUMaeT
X X

BUI Y=4a-z+Db, To ecTh mepeMeHHbIE Y U Z OyAyT CBSI3aHbI JTUHCHHOW 3aBUCHUMO-

CTBhIO ¢ MmapameTpaMu a u b. B 3ToM ciiydae mo Merojay HauMEHBIIHMX KBaJpPaTOB,
HEU3BECTHBIC TIapaMeTphbl ONMpPEAeISItoTCs U3 cuctemsl (4.1.7), rae BMeCcTo dKCnepu-

MEHTAJIBHBIX TOUCK X; BBIOMpaeM Touku Z, =1/x., a i =1,n. B pe3ynbrare nomysaem
CUCTEMY JIMHEWHBIX alreOpanyecKux ypaBHEHHM

(4.1.12)

peleHre KOTOpOii, OnpenesieT HeUM3BECTHBIC TapaMeTpbl & U D 3MIUPHYECKON TH-
MepOO0JIMYECKON 3aBUCHMOCTH.
Boei6op runepOoninueckoi (GyHKIUM MEXKAY NEPEMEHHBIMHM X H Y, MOXKET

OBITb OOBSCHEH TEOMETPUYECKH: €CIIM H300paKEHUE IKCIEPUMEHTATBHBIX TOYEK
M, (X;,Y;) TpymmupyroTcsi BIOJIb HEKOTOpOW rurepOoisl (puc. 4.1.4), To BEIOUpArOT

runepOoIMYECKyI0 3aBUCUMOCTb.
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4.1.2.4 OnpenesieHue NapaMeTpoB IKCINOHEHIHAJBLHOH ANMPOKCUMHUPYIO-
med GyHKUUM 0 MeTOAY HAUMEHbIIMX KBA/JPaToOB

[Ipeanonoxxum HEOOXOAUMO YCTAHOBUTH 3aBUCUMOCTh MEXY JIBYMSI BEJIUYU-
HaMU X U Y, pe3yJIbTaThl U3BMEPEHUN KOTOPBIX 3aHECEHBI B Ta0IuIy 4.1.1.

PaccmoTpuM B nekaproBoil cucteme koopauHar OXy Touku M, (X;Y,),

M, (X,; ¥,) 5 --.s M, (X,;Y,) , KOTOpBIE N300pa’keHbI HA pUCYHKe 4.1.5.
y M, ¢/
’
’
ve
o/
’
A
M1 ’.’// MI
2 —d -
.MZ
O X

Pucynok 4.1.5 — DxcniepuMeHTaIbHbIE TOUYKU U JIMHUS
AMIIUPUUYECKON QYHKIINH, onpeieIEHHON B myHKTe 4.1.2.4

N3 ToueuHoi nuarpamMMbl BUIMM, YTO SKCIEPUMEHTAIBHBIE TOUKHU pacrojara-
IOTCA BJOJIb HEKOTOPOM JIMHHUM, KOTOpas HAIlOMUHAET YYacTOK ITOKa3aTeIbHOU
¢bynkuun. CrnegoBaTellbHO, B KQUECTBE aNMPOKCUMHPYIONIEH (PYHKIIMH MOKHO BBI-

OpaTh dKCIOHEHIIHAIbHY0 QyHKIHIO Buaa Y =b-e*” . [logbepém mapamerpsr a u b
TakuM 00pa3oM, 4TOOBl CyMMa KBaJpaTOB OTKJIOHEHUH annmpOKCUMUpYIOIEH PyHK-
un Y =b-e** oT sKcreprMEeHTAIBHBIX 3HAYECHHUI OBLT HAMMEHBIIUM.

UtoOBI cBecTH HCCEAOBaHHE TMpeArnoaraeMoil GyHKIMKU K JTUHEHHOMY CIy-
qaio, mposiorapuMupyem Beipakenne Y =h-e*” mo ocHOBaHMIO € W BOCIIOIB3yeMCs
CBOMCTBaMu Jiorapudma:

Iny=(Inb-e**)=Inb+Ine** =Inb+a-x-Ine=a-x+Inb,
Nnin

Iny=a-x+Inb. (4.1.13)

CpaBauB ¢dopmyiny (4.1.13) ¢ ypaBHEHHEM JIMHEMHON 3aBUCUMOCTHIO (4.1.3),
JieJIaeM BBIBOJI O TOM, YTO MepeMeHHbIe INY B X CBsA3aHBI JUHCHHON 3aBUCUMOCTBIO
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c mapamerpamu @ u Inb. [y onpeneneHns HEM3BECTHBIX MapaMETPOB BOCIOIB3Y-
eMcsi cuctemoii (4.1.7), 3ameHuB B Hell Y, Ha BenuuuHy Iny,, a mapameTp b Ha ma-

pametp Inb. B pesyibrare moiydaeM cucTeMy JIMHEHHBIX alreOpanuecKux ypaBHeE-
HUI OTHOCUTEIHbHO HEU3BECTHBIX IMapaMeTpoB a u Inb:

a-ixfﬂnb-ixi :Zn:xi ‘Iny,,
i=1 i=1 i=1

: n (4.1.14)
a-> x+n-Inb=>"Iny,
i=1 i=1

pelleHe KOTOPOi OIpeaesieT HEN3BECTHBIE mapaMeTphl a U INb umm b smmmpuye-
CKOM DKCIOHEHIMAILHOM 3aBUCUMOCTH Y =b-e*™,
BBIGOp SKCHOHEHIUATBHON (PYHKIMH MEXIY MEPEMEHHBIMH X U Y, MOMKET

OBITb OOBSCHEH TEOMETPUYECKHU: €CIIM H300paKEHUE IKCIEPUMEHTATBHBIX TOYEK
M, (X:,Y;) TPYIIUPYIOTCA BAOJIb HEKOTOPOM IKCIIOHEHTHI (pUCYHOK 4.1.5), TO BBIOU-

paroT 5KCIIOHCHIUAJIBbHYIO 3aBUCHUMOCTb.

4.1.2.5 Onpenenenne mapaMeTpoB JOrapupMu4eckoi anmpoKCHUMHPYIO-
el (PpyHKUMHM 110 MeTOAY HAaMMEHbIIUX KBaJAPaToB

[Tpenmnonoxum HEOOXOAMMO YCTAHOBUTH 3aBUCUMOCTh MEXIY ABYMsSI BETUYH-
HaMU X U Y, pe3yibTaTbl U3MEPEHUI KOTOPBIX 3aHECEHbI B Tabauny 4.1.1.

PaccMorpuM B nekaproBoit cucrteme koopauHaT OXy Touku M, (X;Y;),

M, (X,; ¥,) 5 --.s M, (X,;Y,), KOTOpBIE N300pa’keHbI Ha pUCyHKe 4.1.6.
1
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Pucynok 4.1.6 — DxcriepuMeHTaIbHbIE TOUYKU U JIUHUS
AMIUPUYECKON PYHKIMH, onpeaenéHHON B yHKTe 4.1.2.5
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N3 ToueyHoil nuarpaMMbl BUJIUM, YTO SKCHEPUMEHTANIbHbIE TOUKHU pacroJjiara-
I0TCA BJOJIb HEKOTOPOW JIMHHM, KOTOpas HAlOMHMHAET YYacTOK JIOTapu(MHUUECKOn
¢bynkuun. CrnegoBaTelibHO, B KaUeCTBE ANMMPOKCUMUPYIOUIEH (PYHKIIMHM MOKHO BbI-
OpaTh SKCHOHEHIMAIBHYIO (yHKIHIO Buaa Yy =a-Inx+b. [Tonbepém mapamerpsl a

51 b TakuM  o0Opazom, yTOOBl ~ CyMMa  KBAaJpaTOB  OTKJIOHEHUH
n
2 o
S(a;b)=> (a-Inx, +b—y,) annpokcumupyiomeii ¢pyukuun y=a-Inx+b or sxc-
i=1
HEPUMEHTAIbHBIX 3HAUEHUI ObLI HAUMEHBIINM.
CpaBuuB ¢opmyny y=a-Inx+b c ypaBHeHHeM IHMHEHHON 3aBUCHMOCTBHIO

(4.1.3), nemaeM BBIBOJI O TOM, YTO IEepeMeHHBIE Y H INX CBsA3aHbI JTUHEHHOW 3aBH-

CHUMOCTBIO ¢ TTapameTpamu a u b. [l onpeneneHusi HEM3BECTHBIX MapaMeTpPOB BOC-
nojb3yeMcsi cuctemoit (4.1.7), 3amenuB B Hel X, Ha BennmuuHy Inx . B pesynbrare

MOJy4aeM CHCTEMY JIMHCHHBIX alreOpanuecKuX ypPaBHEHUH OTHOCHTEIBHO HEHU3-
BECTHBIX NTapaMeTpoB a u Inb:

a-Z::Inzxi +b-Zl:Inxi =an:(yi -Inx),

a-Zl:Inxi+b-n:Zn1:yi,

(4.1.15)

peleHre KOTopoii, onpeeNsieT HeM3BeCTHbIC MapaMeTpbl a U D sMmupudeckoit J1o-
rapudmuueckoii 3apucumocty Y =a-Inx+Db.

Brei6op norapudmuydeckoit GyHKIMU MEXIY TMEPEMEHHBIMH X U Y, MOXKET

ObITb OOBSCHEH TEOMETPUYECKHU: €CIH H300pAKEHHE HKCIEPUMEHTAIBHBIX TOYEK
M.(X;, ;) TpynmupyrooTcs BAOJb Tpaduka HEKOTOPOU JorapupMudeckoi (HyHKIIUU

(puc. 4.1.6), To BEIOMPAIOT JIOTApUPMUIECKYIO 3aBUCUMOCTb.

4.2 IlpuMepbl pelieHUs1 TUMOBBIX 32124

4.2.1 B pe3ynprate paboThl PUPMBI B TEUEHHUE 5 JET MOIYUYEHBI CIICAYIONINE
JAaHHBIE

X112 (3]4]|5

yv. | 1| 41366

rae X, — AHBCCTHUILIMOHHBIC BIIOXKCHUSA, Y, — HpI/I6LIJ'H:, KOTOPYIO OHA IMOJYy4acT 3a I'O/.
3HaueHus HNHBCCTUIIMOHHBIX BJIOKCHUH U HpI/I6BIJ'H/I B Ta6JII/II_I€ 3aar0TCA B YCIIOBHBIX

ennunnax. Manekc | =l;_5 yKa3bIBaeT Toj] uccienaoBanusi pabotel ¢upmsl. [Ipemmno-
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jarasi, YTo MEXAYy NPUOBUIBI0O U MHBECTUIUSMU B MPOU3BOJACTBO CYIIECTBYET HEKO-
TOpasi 3aBUCHUMOCTb HAWTH anmpOKCUMHUPYIOILYIO (DYHKIUIO, HCHONb3YyS METOJ
HAaUMEHBIIUX KBaApaToB. Onpenenutb Haubojee MpaBaoNoJ00HYI0 BETUYUHY MpPH-
ObLTM Ha 6 TOJ ACSATENBHOCTU (PUPMBI, €CIIM OHA B 3TOT I'0Ji HHBECTUPYET B MPOU3-
BOACTBO 7 y. €. Cunurarb ycioBusi pabOThl PUPMbI HEU3MEHHBIMH U HE3aBUCUMBIMU
OT BHEIIHUX (DaKTOPOB.

Pemenwne. [Toctpoum B nekapToBoi cucteMe KoopauHaT Touku M. (X;;V:), rae

i=15, to ects Toukn M, (L1), I\/P/2(2;4), M,(3;3), M,(4;6), M(5;6). Dxcnepu-
MEHTaJbHble TOUKU M. n3o0pakeHsl Ha pucyHke 4.2.1.

O B N W B~ U1 O
Il

T T T T >

0 1 2 3 4 5 6

Pucynok 4.2.1 — DkcniepuMeHTaIbHbIE TOUKH U
JMHUS SMIUPUYECKON pyHKIMU, pumep 4.2.1

3aBUCHMOCTh TOTy4YeHUS MPUOBLTH (Y) GUPMBI OT MHBECTHIIMOHHBIX BIIOXKE-
Hul (X), BeIpakaercs QyHkmueir Y= f(X). 3amanHble TOYKH MPUOIU3UTEIHHO pac-

MOJIaratoTCsA BAOJIb HEKOTOPOM NMPSAMOM, TO3TOMY MOYKHO IPEAMNOJIONKUTH JINHENHYIO
3aBUCUMOCTD MPUOBLTH (PUPMBI OT €€ HHBECTUIIMOHHBIX BJIOKCHH.

Hcnonb3yst METOI HAMMEHBIITUX KBAJPATOB, ONPEICIUM JIMHEHHYIO ()yHKIIHIO
y =ax+b, koropas anmpokcumupyet ucxonnyo Yy = f (X).

Haiinem mapametpsl K u b smmmpudeckoit hopmynbr Yy =Kkx+b u3 cucremsr

JUHENHBIX ypaBHeHU# (4.1.7).

B ycioBun naHHOM 3a71aun 3aBUCUMOCTb MOTY4YEHUs! TpUObUIH (PUPMBI OT UH-
BECTULIMOHHBIX BIIO)KEHUH MPOBOAWIACH B TE€UEHUE MATU JIET, a, CJIEI0BATEIBHO,
n=>5. [locTpoum BcioMOraTeabHYIO TaOIHUILY.

i X Yi X; X" Y;
1 1 1 1 1
2 2 4 4 8
3 3 3 9 9
4 4 6 16 24
5 5 6 25 30
> 15 20 55 72

68



B pesynbrare nosiyqaeM CUCTEMY JIMHEWHBIX YPABHEHUM:

55-a+15-b=72,
15-a+5-b=20.

Pemenuem naHHoOM cucTeMsl saBisrores uncina a=12 u b=0,4.
CrnenoBaTenbHO, 3aBUCUMOCTD TOMyYE€HHOU MPUOBLTH (GUPMON OT MHBECTUIIH-
OHHBIX BJIOKEHUI, MOKET ObITh BhIpakeHa ¢yHkimeit: Y =1,2-X+0,4. Ha pucynke

4.2.1 smmupudeckas GpyHKIUS M300pakeHa MTPUXOBOM JmHUEH. Vcrmonb3ys momy-
YEHHYIO 3aBUCHMOCTh, MOYKHO MPEAMOJIOKUATh, YTO HA CICAYIONMUN TO, TIPH BIIOXKE-
HUU B MIPOU3BOJCTBO 7 y. €., hupMa MoydyuT HauboJiee MpaBaonog00Hy0 IPUOBLITH
paBHy10 8,8 y. €.
4.2.2 B pe3ynpTaTe M3MEPEHUN 3aBUCHMBIX BEIMUYMH X W Y TIOJNYYEHBI Clie-

AYIOIIHUC TaHHBIC, KOTOPBIC IIPCACTABJIICHBI B BUIC Ta6JII/ILIBI

X

-1

0 1 2 3 4

5

y

11,0

1,6 -1,4 0,5 4,8

16,0

28,0

OnpenenuTs BUI 3aBUCUMOCTH MEXAY YKa3aHHBIMHU BEJIMYMHAMU M HAWUTH Ta-
paMeTpbl IMIIUPUUYECKOU POPMYIIBI.
Pemenue. [Toctpoum B mpsIMOYTOJIbHOM AEKAPTOBOM CUCTEME KOOPAWHAT TOY-

ki M,(x;y,), rme i=17, To ect Toukn M,(-1;11), M,(0;16), M, (L —-14),
M,(2;0,5), M,(3;4,8), M.(416), M,(5;28). DxcnepumeHTanpHble TOYkH M,
M300pakeHbl HA pUCyHKe 4.2.2.

35 -

y
o
25 - K
/
/
15 - Yy
/
Q\ .
5 o
Ll .’ X
i_— T T T 1

-2 -1 IJ) 1 2 3 4 5 6

PucyHok 4.2.2 — DkcriepuMeHTaIbHbIE TOUKU U
JUHUS SMIIUPUIECKO PyHKIUU, mpumep 4.2.2
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N3 pucyHKa BUAMM, YTO SKCHEPUMEHTAJIbHbIE TOYKU HE3HAYUTEIBHO OTKJIO-
HSIFOTCSI OT HEKOTOPOU mapadosibl, KOTopas Ha pucyHke 4.2.2 uzolOpaxeHa MTPUXO-
BOM nuHMEH. [loaToMy, MBI MOXEM MPEANOIOKUTh, YTO 3aBUCUMOCTh MEXY Mepe-
MEHHBIMU X U Y OyJeT BbIpaxkatbcs popmyioin

y=ax’+bx+c.

JlaHHBIN BBIBOJ MOJATBEPKAACTCS U MPUOIU3UTEIBLHBIM PAaBEHCTBOM HeEpasjie-
NEHHBIX pa3HOCTell BTOPOro mopsjka, mpM IOCTOSHHOM mmare: A’y =Ay. . —Ay,.
Haiiném HepasnenéHHble pPasHOCTH IEpBOro mopsuaka: Ay, =Y, -y, =-9,4,
AY,=Y,-Y,=-3, Ay, =19, Ay, =4,3, Ay, =11,2, Ay, =12. Beruucnsaem Hepase-
JNEHHBIEC PA3HOCTH BTOPOTO MOPSIKA: Azyl =6,4, Azy2 =49, Azy3 =2,4, A2y4 =6,9,
A’y =0,8. TlepBble HepasaeNEHHbIE PA3HOCTH MOHOTOHHO BO3PACTAIOT, a BTOPHIE

KOJICOJIIOTCS, B IPUHIIUIIE, B CPABHUTEIHLHO HEOOIBIIIOM ITPOMEKYTKE.
[TocTpouM BCTIOMOTATENBbHYIO TAOJIHILY.

i X Yi X; X; X; XY XY,

1 -1 11 1 -1 1 -11 11

2 0 1,6 0 0 0 0 0

3 1 -1,4 1 1 1 -1,4 -1,4

4 2 0,5 4 8 16 1 2

S 3 4,8 9 27 81 14,4 43,2

6 4 16 16 64 256 64 256

/ 5 28 25 125 625 140 700
Z 14 60,5 56 224 980 207 1010,8

[ToncraBinsist moaydeHHbIe 3HaUeHUs B cuctemy (4.1.11), mpuxoaum K cucteme
JMHENHBIX anreOpandyecKkux ypaBHEHUN

980-a+-224-b+56-¢=1010,8,
224 -a+56-b+14-c =207,
56-a+14-b+7-c=60,5.

PemaeM cuctemy JMHEHHBIX anreOpanyeckux ypaBHEHHM IIOObIM METOJ0M
WJIA C WUCTOJIb30BAaHUEM IPUKIAAHBIX POrpaMm. PelieHueM JaHHOU CUCTEMBI SIBIIS-

roTes yucia a=2,1762, b=-5,6333 u c=2,5.
Takum 006pazom, smrupudeckas GyHKIUS UMEET BUJT

y=2,1762-x* —5,6333- X+ 2,5.

['paduk >TOM pyHKIMM M300paxEH HA pUCyHKE 4.2.2 ITPUXOBOU JTUHUEH.
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4.2.3 B pe3ynpTaTe M3MEpPEHUN 3aBUCUMBIX BEJIMYUH X W Y TIOJNYYEHBI Clie-
JYIOITUE JaHHbIE, KOTOPBIC MPEICTABICHBI B BUJIE TAOTHIIBI

X 1 2 3 6 12
y 9,5 4,5 3,8 1,6 14

OnpenenuTs BUJl 3aBUCUMOCTH MEXK/Ty YKa3aHHBIMU BETUYMHAMH M HAUTH Ta-
paMeTpbl AMIIUPUIECKON POPMYIIBI.
Pemenue. IToctpouM B IpsIMOYTOJILHOM JIEKapTOBOM CUCTEME KOOpPJIMHAT TOY-

ku M,(X;Yy,), rIe i=15, TO ecTh TOYKH M, 9,5), M,(2;4,5), M,(3;3,8),
M,(6;1,6), M (12;1,4) . ODxciepuMeHTaNbHble TOUKHM M, M300pa)keHbl Ha PUCYHKE
4.2.3.

11 -
y
94 ¢
\
741
\
5 1 a
(]
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1 - == LD'¢
210 2 4 6 8 10 12 14

Pucynok 4.2.3 — DkcriepuMeHTaIbHbIE TOUYKH U
JMHUS SMIUPUYEcKor GyHKIUH, npumep 4.2.3

N3 pucyHka BUAMM, YTO SKCHEPUMEHTAJIbHbIE TOYKU HE3HAYUTEIBHO OTKJIO-
HSAIOTCS OT HEKOTOPOM TunepOo0JIbl, KOTopas Ha pucyHke 4.2.3 uzo0paxeHa MTPpUxo-
BOU nuHUEN. [103TOMY, MBI MOXEM MPEIINOI0KUTh, UYTO 3aBUCUMOCTh MEXIY Tepe-
MEHHBIMU X U Y OyJeT BhIpaxkaTbCsi GOpMyIIon

y=a/x+b.

[TocTpouM BcIOMOTaTENbHYIO TA0JIUILY.

i X; Yi 1/ Xi 1/ Xi2 Yi / X;

1 1 9,5 1 1 9,5

2 2 4,5 0,5 0,25 2,25

3 3 38 | 0,3333 | 0,1111 | 1,26667

4 6 16 | 01667 | 0,0278 | 0,26667

5 12 1,4 | 0,833 | 0,0069 | 0,11667
> 24 20,8 | 2,0833 | 1,3958 | 134
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[Moncrapisist morydeHHbIe 3HaYeHHs B cuctemy (4.1.12), mpuxoaum K cucreme
JMHEWHBIX anreOpanyeckux ypaBHEHUN

1,3958-a+-2,0833-b =13,4,
2,0833-a+5-b=20,8.

Pemmaem cuctemy JMHEHHBIX anreOpandyecKux YpaBHEHHM JIOOBIM METOAOM
WJIM C UCIOJIb30BAHUEM IPHUKIIAIHBIX POrpamMM. PemenrneM TaHHOW CHCTEMBI SBJIS-

rorcs ynciia a=38,9684, b=0,4232 u c=2,5.
Takum oOpa3om, sMIupHUecKas QYHKINS HMEET BHU]I

8,9684
y=""—
X

+0,4232.

['padux >ToM pyHKIIMN M300paxEH HA pUCyHKE 4.2.3 ITPUXOBOU JIMHUEH.
4.2.4 B pe3ynpTaTe U3MEPEHUN 3aBUCUMBIX BEIIMYMH X U Y TIOJIYYEHBI Clie-

AYIOIME JaHHBIC, KOTOPBIC IMIPCACTABJICHBI B BUJIC Ta6J'H/ILIBI

X -1 -0,5 0 0,5 1
y 0,6 2 2,2 4,3 9,8

OnpenenuTs BUJA 3aBUCUMOCTH MEXAY YKa3aHHBIMU BEJIMYMHAMU U HAWTH Ta-
paMeTpbl IMIIUPUUYECKONU POPMYIIBI.
Pemenue. [Toctpoum B mpsIMOYTOJIbHOM AEKAPTOBOM CUCTEME KOOPAWHAT TOY-

ki M;(x;y,), rme i=15, To ects Touku M,(-1;0,6), M,(-0,5;2,0), M,(0;2,2),
M,(0,5; 4,3), M, (L, 9,8) . DxcrieprmeHTabHBIE TOUKA M, M300paskeHb! Ha prcyHKe 4.2.4.
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-1,5 -1 -0,5 0 0,5 1 1,5

Pucynok 4.2.4 — DxcnepruMeHTaIbHbIE TOUYKH U
JUHUS SMIIMPUYECKON pyHKIMU, npumep 4.2.4

N3 pucyHka BUIUMM, UTO SKCIEPUMEHTAIBHBIE TOYKU HE3HAYUTEIIBHO OTKJIO-
HSIOTCSI OT HEKOTOPOW AKCIOHEHUIUATBHOMN JIMHUM, KOTOpast Ha pucyHke 4.2.4 u300-
paXeHa ITPUXOBOM JUHHUEW. [103TOMYy, MBI MOXEM IPEANOJIOXKUTh, YTO 3aBUCH-
MOCTb MEXIYy IEPEMEHHBIMH X U Y OyAeT BeIpaxaThcs HopMyioit

y=b-e**.
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Jli1s1 oripeieieHust HEM3BECTHBIX MTApaMEeTPOB & M D MOCTpOMM BCIIOMOTATEINb-

HYIO TaOIHILy.

i X; Yi X; Iny, X -Iny,

1 -1 0,6 1 -0,511 | 0,51083

2 -0,5 2 0,25 | 0,6931 | -0,3466

3 0 2,2 0 0,7885 0

4 0,5 43 0,25 | 1,4586 | 0,72931

5 1 9,8 1 2,2824 | 2,28238
> 0 18,9 25 | 47118 | 3,17594

[ToxcraBnsis nmoayyeHHble 3HaUeHUs B cuctemy (4.1.14), npuxoaum k cucteme
JMHEHHBIX anreOpandyecKkux ypaBHEHUN

25-a+0-Inb=3,17594,
a-0+5-Inb=4,7118,

PemaeM cuctemy JIMHEHHBIX aireOpanyeckuxX ypaBHEHHH IJIOOBIM METOJ0M
WJIU C UCIOJIb30BAHUEM MPUKIIAIHBIX MpOrpamMM. PerieHreM TaHHOW CUCTEMBI SIBJISI-

rores yucna a=1,2704, Inb=0,9424 wiu b=2,566.
Takum 00pazom, sMIuprudecKas PyHKIUS UMEET BUL

y = 2,566 €7,

['padux >ToM pyHKIIMN M300paxEH HA pUcyHKE 4.2.4 ITPUXOBOU JIMHUEH.
4.2.5 B pe3ynpTaTe M3MEpPEHUN 3aBUCUMBIX BEJIMYUH X U Y TIOJYYEHBI Clie-

AYIOIIME JaHHBIC, KOTOPBIC MMPCACTABJICHBI B BUJIC Ta6J'H/ILIBI

X 1 2 3 4 5
y -3,6 1,1 1,9 4,4 4,6

OnpenenuTs BUJ 3aBUCUMOCTH MEK/y YKa3aHHBIMHU BEJIMYMHAMM U HAWTH Ia-
paMeTpbl AMIUPUIECKON POPMYIIBI.

Pemenue. IToctpouM B mpsAMOYTOJIbHOW JE€KAPTOBOM CUCTEME KOOPJAUHAT TOY-
ku M,(x;y;), rme i=15, to ectp Toukm M, (L —3,6), M,(2;11), M,(3;19),
M,(4;4,4), M(5; 4,6). DxcniepuMeHTalbHBIE TOYKH M, M300pakeHbI Ha PUCYHKE
4.2.5.
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Pucynok 4.2.5 — DkcriepuMeHTaIbHbIE TOUKH U
JUHUS SMIIUPUYECKOr (QyHKIUH, npumep 4.2.5

W3 pucyHka BHJIUM, YTO 3KCIIEPUMEHTAIbHbBIE TOYKA HE3HAYUTEIBHO OTKJIO-
HSAIOTCS OT HEKOTOPOU JiorapuMUUecKor KpUBOil, KoTopasi Ha pucyHke 4.2.5 nu300-
pa)k€Ha IITPUXOBOM JIMHUEN. [0ATOMY, MBI MOXEM MPEIIONOKUTh, YTO 3ABUCH-
MOCTb MEXIYy IEPEMEHHBIMU X U Y OyAeT BeIpaxaThcs (HopMyioil

y=a-Inx+Db.

J1J1s ompeieNieHrsT HEM3BECTHBIX MTapaMeTpoB a U b mocTporM BcrioMorareib-
HYIO TaOJuIly.

| X Yi In; In® X; y;-Inx

1 1 -3,6 0 0 0

2 2 1,1 0,6931 | 0,4805 | 0,76246

3 3 1,9 1,0986 | 1,2069 | 2,08736

4 4 4,4 1,3863 | 1,9218 | 6,0997

5 5 4,6 1,6094 | 2,5903 | 7,40341
Z 15 8,4 47875 | 6,1995 | 16,3529

[ToncraBiiss moaydyeHHbIE 3HaUeHUsI B cucteMy (2.2.13), npuxoauMm K cucteme
JUHENHBIX alreOpandyecKux ypaBHEHUN

6,1995-a+-4,7875-b =16,3529,
4,7875-a+5-b=8,4.

Pemaem cuctemy JIMHEHWHBIX anreOpanuyecKux YpaBHEHHM JHOOBIM METOAOM
WJIM C UCIIOJIb30BAHUEM IIPUKIIAIHBIX NMPOrpamMM. PemenrneM TaHHOW CHCTEMBI SBJIS-

rores yuciia a=>5,1439 u b =-3,2453.
Takum 00pazom, sMnupudeckas QyHKIUS UMEET BU

y=Yy=51439-Inx-3,2453.

['padux >To¥ pyHKIIM M300paxkEH HA pUCYHKE 4.2.5 MITPUXOBON JTUHHUEH.
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4.3 3agaHus 175 pelieHUsl HA NPAKTUYECKOM 3aHATHHU

4.3.1 Ilpu ucciaenoBaHUM 3aBUCUMOCTH JUTMHBL S (B Mempax) TOPMO3HOTO IMMy-
TH OT CKOPOCTH ABIKCHHUS V (KM/4) aBTOMOOWJIS TIONyYEHBI CIICAYIONINE dKCIICPH-
MEHTAJIbHBIC JaHHbIC:

S 10 15 20 25 30 35 40

Vv 7,5 8,8 9,8 12,5 15 20 27

OnpenenuTs BUJT alllTPOKCUMUPYIOIIEH PYHKIUU.

4.3.2 PaBHOTOYHbIE U3MEPEHUS] HEKOTOPOU BEIMYUHBI S — TOProBas IIOMIAIh
MarasuHa, OTBEYAlOIIUe Psy 3HAUCHUHM apryMeHTa | — roJ0BOH TOBapoOOOPOT B
MUJUTHOHAX pyOJiei. DKCIepuMEeHTaIbHbIE JIaHHBIE 3aBUCUMOCTH TOBapOOOOpOTa OT
TJIOIIAN TIPEJICTABIICHBI B BUE TaOIUIIBI:

S, 1 2 3 4 5
T, 2,2 3.1 45 5,5 6,2

OnpenenuTth HauboJiee MPaBIONOJOOHBIN BUJl 3aBUCUMOCTH MEXIY NEepeMeH-
HBIMHU ¥ HAUTH SMIIUPUYECKYIO (DYHKIINIO 3aBUCUMOCTH JIJISl ITUX MTEPEMEHHBIX.

4.3.3 NzmepeHue TeMriepaTyphl Kopiryca paOoTarolero arperara, mpou3BO/I1-
MOT'0 C HHTEPBAJIOM 5 MUHYT, JAJ0 CIEIYIOLIUE PE3yIbTaThI:

t 5 10 15 20 25
T 59,3 59,8 60,1 64,9 70,2

CuyuTasi, 4YTO 3aBUCMMOCTb MEXKIY BPEMCHEM H3MEPCHHS TEMIICpaTyphl U ca-
MO# TeMmmepaTypoii Kopryca paboTaroliero arperara mMeerT Bux 1 =at’+bt+c,
HAWTH OIEHKY TTapaMeTpoB a, b U C mo MeToy HanMEHBIINX KBaJIPaToB.

4.3.4 Cebectonmocth C (y. €.) OHOTO SK3EMIUISIpa KHUTH B 3aBUCHMOCTU OT
TUpaka N (THIC. 9K3.) XapaKTepU3yeTcs JaHHBIMHU, PUBEAEHHBIMU B TaOIHUIIE:

n 1 2 3 4 5 | 10 | 20 | 30 | 50 | 100

¢, | 125|115 | 1,00 | 0,80 | 0,65 | 0,41 | 0,36 | 0,20 | 0,15 | O]1

[Tpumensis crioco® HaMMEHBIIIUX KBAJIPATOB, OMPEACIUTh KOIDPUITUEHTHI IS
rUnepOOIMUecKOl 3aBUCUMOCTH Byjia Y =a/X+b.

4.3.5 Konnencarop 3apsbkeH 10 HanpsbkeHuss U, OTBEYaroEro MOMEHTY

HayaJla OTCUYETA BPEMEHH, MOCIJIE YETO OH Pa3psKACTCA Yepe3 HEKOTOPOE COIPOTUB-
nenue. Hanpsokenue U u3MepsieTcss ¢ OKPYTJIEHHEM JO MSITH BOJLT B Pa3IMYHbIC
MOMEHTHI BpeMeHH. Pe3ynbTarel n3MepeHuii mpuBeACHBI B TAOJIHIIE:
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M3BecTHO, 4TO 3aBUCUMOCTh HampsbkeHus U oT BpemeHu t wuMeeT BUA:
U=U,-e . IIpuMeHsas METOJ HAMMEHBUIMX KBAIPATOB, ONPEIEINTH KOIQPUIIHEH-

el U, ¥ @.

4.3.6 CTaHOK-aBTOMAT BBITyCKACT CTEPKHU Pa3TUIHON AMUHBI | . OTKIOHEHUS
Al 0T cTaHIapTHON UTMHBI CTEPIKHSI MPUBEACHBI B TaOJIHIIC:

1

2

3

4

5

Al

-0,5

0,1

0,9

1,6

1,8

M3BeCTHO, YTO 3aBHCUMOCTh OTKJIOHEHUSI Al OT anuHbI cTepxHs | uMeeT BU:
Al=a-Inl +b. Ilpumenss MeTon HAMMEHBIINX KBaJPATOB, ONMPENEITUTh KO3 duiim-
eHThl a u b.

4.3.7 PaBHOTOUYHBIEC M3MEPEHUsI HEKOTOPOH BEJIMYHMHBI Y, OTBEUAIOIIUE PSITY

3HAYCHUM aprymeHTa X, IPHUBEJIHM K PE3yJIbTaTaM, KOTOPBIC IIPUBEC/ICHEI B Ta6J'II/II_[€I

X

0

1

2

3

4

y

2.4

-5,8

-10,8

-14,3

-19

YcTaHOBUTH BUJ 3aBHUCHUMOCTH MCXKAY BCIMYUHAMH X U Y (F@OMeTpI/ILIGCKH u

C TIOMOLIBIO pa3ieNEHHbIX pazHocTeil). Haiitu mapaMerpsl SMIUpUYecKod GyHKIUN

3aBUCUMOCTH JJISI OTUX NEPEMCHHBIX X U Y.

4.3.8 PaBHOTOUYHbIE M3MEPEHUSI HEKOTOPOW BEJIMYMHBI Y, OTBEYAIOIIUE PSIIY

3HAUYEHUN apryMeHTa X, IPUBENH K pe3yJbTaTaM, KOTOpbIE MPUBEICHBI B TAOJIULIE:

X

-3

-2

-1

0

1

2

3

y

-7

1,8

6,9

10

8,1

1,1

54

VYcTaHOBUTH BUJ] 3aBUCUMOCTH MEXKY BETMYMHAMU X U Y (T€OMETPUYECKH U

C TIOMOLIBIO pa3ieNEHHbIX pazHocTeil). Haiitu mapaMerpsl SMIUpUYEcKOr QyHKUIUU
3aBUCHUMOCTH JUJIS OTUX ITIEPEMEHHBIX X U Y .

4.3.9 TlycTh 3aBUCHUMOCTD MPU3HAKA Y OT MPU3HAKA X XapaKTEePU3YEeTCs HUKE
MpUBEIEHHON TabIUIICH

X

2

10

y

5,9

N

1,2

0,9

0,2
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N300pa3uth 3KcrepuMeHTaIbHbIE TOUKH Ha KOOPAMHATHOM miockoctu. [Ipen-
MOJIOKUTh BUJI alllIPOKCUMUPYIOIIEH (PYHKIIUU U, UCXOJS U3 MPEATION0XKEHHS, OTpe-
JENUTH €€ MapaMeTphl.

4.3.10 ITycTh 3aBUCHMOCTD NIPU3HAKA Y OT MpHU3HAKA X XapaKTepU3yeTcs HU-

e MPUBEACHHON TaOIHIICH:

X -2 -1 0 1 2
y 0,5 0,3 1,3 2,3 9,9

N300pa3uth 3KCEpUMEHTaIbHbIE TOUKU Ha KOOPAMHATHOM miockoctu. [Ipen-
HOJIOKUTH BUJI allPOKCUMUPYIOIIEH QYHKIUHU U, UCXOJS U3 IPEAOI0KEHNUs, Olpe-
JEJIUTh €€ MmapaMeTphbl.

4.3.11 IlycTh 3aBUCMMOCTH IIPU3HAKA Y OT MPU3HAKA X XapakTepu3yeTcs HH-

e MPUBEAEHHON TAOJIUIICH:

X 1 2 3 4 5
y -0,9 1 1,7 2,1 2,4

N300pa3uTh 3KCIIEpUMEHTAIbHBIE TOUKM Ha KOOPJIUHATHOM miiockocTu. Ilpen-
MOJIOKUTH BUJI allIPOKCUMUPYIOIIEH QYHKIHUU U, UCXOJI U3 MPEIIOIOKEHUS, OIpe-
NEIINATH €€ NTapaMeTphl.

4.3.12 IlycTh 3aBUCMMOCTH IIPU3HAKa Y OT MPU3HAKA X XapakTepu3yeTcs HH-

e TMPUBEAEHHON TaOJIUIICH:

X -1 0 1 2 3
y -9,8 -3,1 0,5 -1,4 -6,5

N300pa3uTh 3KCIIEpUMEHTATIbHBIE TOUKM Ha KOOPJAUHATHOM miiockocTu. Ilpen-
MOJIOKUTh BUJI alllIPOKCUMUPYIOIIEH (GYHKIUU U, UCXOJS U3 MPEATONI0KEHHUS, OIpe-
JEJIUTH €€ apameTphl.

4.3.13 IlycTh 3aBUCHUMOCTh TIPU3HAKa Y OT MpPH3HAKA X XapaKTepu3yercs HU-

e MIPUBEIEHHON TaOIUIICH:

X 1 3 5 7 9
y 0,9 -1,1 -3,1 -4,8 -6,9

N300pa3uTh 3KCIIepUMEHTAIbHBIE TOYKH Ha KOOPJUHATHOM muiocKkocTu. [Ipen-
MOJIOKUTH BUJI allIPOKCUMUPYIOMIeH GyHKIIUUA U, UCXOJI U3 TPEIIOIOKEHUS, OIpe-
JEJIUTh €€ apameTphl.
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4.4 3ananus 1J151 KOHTPOJIMPYEMOil CAMOCTOATEIbHOM PadoThl

4.4.1 Tlpu uccrneqoBaHUU 3aBUCUMOCTH MPU3HAKA Y OT MPU3HAaKa X MOJyYEHbI

ClIeayromue SKCIICPpUMCHTAJIbHBIC TaAHHBIC!

X

X

X5

X3

Xy

X5

X

y

Y1

Y

¥s

Ya

Ys

Y

Onpeaenmb BUI 3aBUCUMOCTHU MCKAY IICPCMCHHBIMHA H HaWTH OMITMPHUYICCKYIO
CI)YHKLII/IIO 3aBUCUMOCTHU IJIA 3TUX IICPCMCHHBIX.

4411

4412

4.4.1.3

4414

4415

4.4.1.6

4.4.1.7

44138

4419

4.4.1.10

X -1 0 1 2 3 4
y 1,2 2,8 51 6,9 8,8 111
X -2 -1 0 1 2 3
y 19,6 8,8 1,6 -0,6 -0,1 5,2
X 1 3 5 7 9 11
y 10,8 5,2 3,6 3,1 2,8 2,6
X -1,5 -1 -0,5 0 0,5 1
y 0,1 0,5 1,1 3,2 8,5 22
X 1 2 3 4 5 6
y 3,2 4.4 51 5,6 6,2 6,8
X 0 1 2 3 4 5
y 2,1 4,7 8,3 10,8 141 16,8
X -3 -2 -1 0 1 2
y 51 0,2 -0,8 1,9 8,8 19,6
X 2 3 4 5 6 7
y 5,2 3,5 3,1 2,5 2,3 2
X -2 -15 -1 -0,5 0 0,5
y 0,1 0,2 0,5 2,1 8,8 40,1
X 2 3 4 5 6 7
y -1,6 -8 0,2 0,3 0,6 0,9




44111

44112

4.4.1.13

4.4.1.14

4.4.1.15

4.4.1.16

4.4.1.17

4.4.1.18

4.4.1.19

4.4.1.20

44121

4.4.1.22

4.4.1.23

4.4.1.24

X -2 -1 0 1 2 3
y -1,9 0,3 19 4.2 5,8 79
X 0 1 2 3 4 5
y 3,3 -4.2 5,1 0,3 10,6 27,3
X 1 2 3 4 5 6
y 51 3,4 2,9 2,8 2,6 2,4
X -0,5 0 0,5 1 15 2
y 0,9 1,8 3,2 5,4 9 14,5
X 1 3 5 7 9 11
y 2,1 5,2 6,8 7,8 8,5 9,2
X 1 2 3 4 5 6
y -11 2,2 49 8,1 10,8 14,1
X -2 -1 0 1 2 3
y 0,3 -6,8 -8,2 -2.9 7,8 245
X 2 4 6 8 10 12
y 0,1 -1,1 -1,4 -1,5 -1,7 -1,8
X 1 2 3 4 5 6
y 2,4 3 3,8 4.6 5,5 6,8
X 2 4 6 8 10 12
y 0,1 2,2 3,4 4.2 49 55
X -3 -2 -1 0 1 2
y -10,8 -8,1 -4.9 -1,4 0,7 4.2
X 0 1 2 3 4 5
y -3,1 -7.9 -9,1 -5,8 1,2 11,6
X 1 3 5 7 9 11
y 4 -0,8 -1,4 -1,9 -2.3 -25
X -2 -1 0 1 2 3
y 1 19 2,9 5 8,2 13,2
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4.4.1.25

4.4.1.26

4.4.1.27

4.4.1.28

4.4.1.29

4.4.1.30

X 3 4 5 6 / 8
y -0,6 0,5 1,4 2,1 2,7 3,3
X 2 3 4 S 6 /
y -6,2 -2,8 0,1 3,4 5,8 9,2
X -1 0 1 2 3 4
y 9,7 -4,9 -13,6 -16,8 -13,8 -5,1
X 2 S 8 11 14 17
y 4,2 0,5 -0,5 -1 -1,2 -1,3
X -1 -0,5 0 0,5 1 1,5
y 1,6 2,7 3,9 6 8,6 13,1
X 0,5 1 1,5 2 2,5 3
y 2,2 4,8 6,6 7,8 8,6 9,4
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HNPUJIOKEHHUE A

Tabnuua A.1 — 3nauenus pyHkuuu pacnpeneneHus [lyaccona

P(X

Y7,

m

:m):_.e’”

m!
IIpn u, pasaom 0,1;0,2; ...; 1,0

=
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0,2

0,3

0,4

0,5

0,6

0,7

0,8
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0,44933
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0,36788
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0,00212
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0,01276
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H 2 3 4 5 6 7 8 9 10 11
18 0,00000(0,00004{0,00023|0,00094|0,00289| 0,00709 | 0,01450
19 0,00001/0,00009 |0,00040(0,00137| 0,00373 | 0,00840
20 0,00000/0,00003|0,00016{0,00062| 0,00187 | 0,00462
21 0,00001 |0,00006|0,00026| 0,00089 | 0,00242
22 0,00000 |0,00002|0,00011| 0,00040 | 0,00121
23 0,00001|0,00004| 0,00018 | 0,00058
24 0,00000(0,00002| 0,00007 | 0,00027
25 0,00001| 0,00003 | 0,00012
26 0,00000/ 0,00001 | 0,00005
27 0,00000 | 0,00002
Tabnuna A.2 — 3HaueHust GQyHKITUU
Lt
@(X) me

0 1 2 3 4 5 6 7 8 9
0,0 10,39894(0,39892|0,39886|0,39876|0,39862(0,39844|0,39822(0,39797|0,39767 0,39733
0,1 0,39695/|0,39654(0,396080,39559|0,39505|0,39448 |0,39387|0,39322(0,39253|0,39181
0,2 0,39104|0,39024{0,38940|0,38853|0,38762|0,38667 |0,38568|0,38466 {0,38361|0,38251
0,3 10,38139(0,38023|0,37903|0,37780|0,37654(0,37524|0,37391{0,37255|0,37115(0,36973
0,4 0,36827|0,36678(0,365260,36371|0,36213|0,360530,35889|0,35723{0,355530,35381
0,5 10,35207(0,35029|0,348490,34667|0,34482(0,34294|0,34105{0,33912{0,33718(0,33521
0,6 10,33322(0,33121|0,329180,32713|0,32506(0,32297|0,32086{0,31874|0,31659(0,31443
0,7 1(0,31225(0,31006|0,307850,30563|0,30339(0,30114|0,29887 |0,29659|0,29431{0,29200
0,8 10,289690,28737|0,28504 |0,28269|0,28034(0,27798|0,27562(0,27324|0,27086 |0,26848
0,9 10,266090,26369|0,261290,25888|0,25647|0,25406|0,25164 {0,24923|0,24681 |0,24439
1,0 10,24197|0,23955|0,23713|0,23471|0,23230|0,22988|0,22747|0,22506 |0,22265|0,22025
1,1 10,21785|0,21546(0,21307|0,21069|0,20831|0,20594 0,20357|0,20121{0,19886|0,19652
1,2 10,19419|0,19186|0,18954|0,18724|0,184940,18265|0,180370,17810{0,17585|0,17360
1,3 10,17137|0,16915/0,16694|0,1647410,16256|0,16038|0,15822|0,15608 |0,15395|0,15183
1,4 10,14973|0,14764|0,14556|0,14350(0,14146|0,13943|0,13742|0,13542(0,13344|0,13147
1,5 10,12952|0,12758|0,12566|0,12376|0,12188|0,12001|0,118160,11632{0,11450|0,11270
1,6 10,11092|0,10915(0,10741|0,10567 |0,10396|0,10226 |0,10059|0,09893|0,09728|0,09566
1,7 ]0,09405|0,09246|0,09089|0,08933|0,08780(0,08628|0,08478|0,08329(0,081830,08038
1,8 10,07895|0,07754(0,07614|0,07477|0,07341|0,07206 |0,07074|0,06943|0,06814 |0,06687
1,9 10,06562|0,06438(0,06316|0,06195|0,06077|0,05959|0,05844|0,05730{0,05618|0,05508
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0 1 2 3 4 5 6 7 8 9
2,0 10,05399|0,05292|0,05186|0,05082|0,049800,04879|0,04780|0,04682|0,04586 |0,04491
2,1 10,04398|0,04307|0,04217|0,04128|0,040410,03955|0,03871|0,03788|0,03706 |0,03626
2,2 10,03547]0,03470/0,033940,03319|0,03246|0,03174|0,03103]0,03034 |0,02965 | 0,02898
2,3 10,02833]0,02768|0,02705]0,02643]0,02582|0,02522 |0,02463 |0,02406 |0,02349 |0,02294
2,4 10,02239|0,02186|0,02134|0,02083|0,02033|0,01984|0,01936|0,01888|0,01842|0,01797
2,5 10,01753]0,01709|0,01667]0,01625]0,01585|0,01545|0,01506|0,01468 |0,01431|0,01394
2,6 10,01358|0,01323/0,01289|0,01256|0,01223|0,01191|0,01160|0,01130/0,01100|0,01071
2,7 10,01042|0,01014|0,00987|0,00961|0,00935|0,00909|0,00885|0,00861|0,00837|0,00814
2,8 10,00792|0,00770/0,00748|0,00727|0,00707|0,00687|0,00668 |0,00649|0,00631|0,00613
2,9 10,00595|0,00578|0,00562]0,00545|0,00530|0,00514 |0,00499|0,00485|0,00470|0,00457
3,0 10,00443|0,00430/0,00417|0,00405|0,00393|0,00381|0,00370|0,00358|0,00348|0,00337
3,1 10,00327|0,00317|0,00307|0,00298|0,00288|0,00279|0,00271]0,00262 |0,00254 |0,00246
3,2 10,00238|0,002310,0022410,00216|0,00210|0,00203|0,00196|0,00190|0,00184 |0,00178
3,3 10,00172|0,00167|0,00161|0,00156|0,001510,00146|0,00141|0,00136|0,00132|0,00127
3,4 10,00123|0,00119/0,00115]0,00111|0,00107|0,00104|0,00100|0,000970,00094 |0,00090
3,5 ]0,00087]0,00084|0,00081|0,00079|0,00076|0,00073|0,00071]0,00068 |0,00066 |0,00063
3,6 0,00061|0,00059|0,00057|0,00055|0,00053|0,00051|0,00049|0,000470,00046|0,00044
3,7 0,00042|0,00041|0,00039|0,00038|0,00037|0,00035|0,00034 0,00033|0,00031|0,00030
3,8 10,00029|0,00028|0,00027|0,00026|0,00025 |0,00024 |0,00023]0,00022 |0,00021 |0,00021
3,9 10,00020/0,00019/0,00018|0,00018|0,00017|0,00016|0,000160,00015|0,00014|0,00014
4,0 10,00013|0,00013/0,00012/0,00012|0,00011/0,000110,00011{0,00010/0,00010|0,00009
4,1 10,000090,00009|0,00008|0,00008|0,00008|0,00007|0,00007|0,00007 |0,00006|0,00006
4,2 10,000060,00006|0,00005|0,00005|0,00005|0,00005 |0,00005|0,00004 {0,00004 | 0,00004
4,3 ]0,00004|0,00004|0,00004 0,00003|0,00003|0,000030,00003|0,00003|0,00003|0,00003
4,4 10,000020,00002|0,00002|0,00002|0,00002|0,00002|0,00002 |0,00002|0,00002|0,00002
4,5 10,000020,00002|0,00001|0,00001/0,000010,00001|0,00001|0,00001|0,00001|0,00001
4,6 0,00001|0,00001{0,000010,00001{0,00001{0,000010,00001|0,00001|0,00001]0,00001
4,7 10,000010,00001{0,00001|0,000010,00001|0,00001{0,000000,00000 |0,00000|0,00000
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Tabnuna A.3 — 3nauenus ¢pynkiuu Jlamnaca

t2

(X) :Lje_Zdt
T %

ﬁ

2

X ®(x) X d(X) X d(X) X ®(x)

0,00 0,00000 0,37 0,14431 0,73 0,26730 1,10 0,36433

0,01 0,00399 0,38 0,14803 0,74 0,27035 111 0,36650

0,02 0,00798 0,39 0,15173 0,75 0,27337 1,12 0,36864

0,03 0,01197 0,40 0,15542 0,76 0,27637 1,13 0,37076

0,04 0,01595 0,41 0,15910 0,77 0,27935 1,14 0,37286

0,05 0,01994 0,42 0,16276 0,78 0,28230 1,15 0,37493

0,06 0,02392 0,43 0,16640 0,79 0,28524 1,16 0,37698

0,07 0,02790 0,44 0,17003 0,80 0,28814 1,17 0,37900

0,08 0,03188 0,45 0,17364 0,81 0,29103 1,18 0,38100

0,09 0,03586 0,46 0,17724 0,82 0,29389 1,19 0,38298

0,10 0,03983 0,47 0,18082 0,83 0,29673 1,20 0,38493

0,11 0,04380 0,48 0,18439 0,84 0,29955 121 0,38686

0,12 0,04776 0,49 0,18793 0,85 0,30234 1,22 0,38877

0,13 0,05172 0,50 0,19146 0,86 0,30511 1,23 0,39065

0,14 0,05567 0,51 0,19497 0,87 0,30785 1,24 0,39251

0,15 0,05962 0,52 0,19847 0,88 0,31057 1,25 0,39435

0,16 0,06356 0,53 0,20194 0,89 0,31327 1,26 0,39617

0,17 0,06749 0,54 0,20540 0,90 0,31594 1,27 0,39796

0,18 0,07142 0,55 0,20884 0,91 0,31859 1,28 0,39973

0,19 0,07535 0,56 0,21226 0,92 0,32121 1,29 0,40147

0,20 0,07926 0,57 0,21566 0,93 0,32381 1,30 0,40320

0,21 0,08317 0,58 0,21904 0,94 0,32639 131 0,40490

0,22 0,08706 0,59 0,22240 0,95 0,32894 1,32 0,40658

0,23 0,09095 0,60 0,22575 0,96 0,33147 1,33 0,40824

0,24 0,09483 0,61 0,22907 0,97 0,33398 1,34 0,40988

0,25 0,09871 0,62 0,23237 0,98 0,33646 1,35 0,41149

0,26 0,10257 0,63 0,23565 0,99 0,33891 1,36 0,41308

0,27 0,10642 0,64 0,23891 1,00 0,34134 1,37 0,41466

0,28 0,11026 0,65 0,24215 1,01 0,34375 1,38 0,41621

0,29 0,11409 0,66 0,24537 1,02 0,34614 1,39 0,41774

0,30 0,11791 0,67 0,24857 1,03 0,34849 1,40 0,41924

0,31 0,12172 0,675 0,25016 1,04 0,35083 1,41 0,42073

0,32 0,12552 0,68 0,25175 1,05 0,35314 1,42 0,42220

0,33 0,12930 0,69 0,25490 1,06 0,35543 1,43 0,42364

0,34 0,13307 0,70 0,25804 1,07 0,35769 1,44 0,42507

0,35 0,13683 0,71 0,26115 1,08 0,35993 1,45 0,42647

0,36 0,14058 0,72 0,26424 1,09 0,36214 1,46 0,42785
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X d(x) X D(x) X D(x) X ®(x)
1,47 0,42922 1,87 0,46926 2,27 0,48840 2,67 0,49621
1,48 0,43056 1,88 0,46995 2,28 0,48870 2,68 0,49632
1,49 0,43189 1,89 0,47062 2,29 0,48899 2,69 0,49643
1,50 0,43319 1,90 0,47128 2,30 0,48928 2,70 0,49653
1,51 0,43448 1,91 0,47193 2,31 0,48956 2,71 0,49664
1,52 0,43574 1,92 0,47257 2,32 0,48983 2,72 0,49674
1,53 0,43699 1,93 0,47320 2,33 0,49010 2,73 0,49683
1,54 0,43822 1,94 0,47381 2,34 0,49036 2,74 0,49693
1,55 0,43943 1,95 0,47441 2,35 0,49061 2,75 0,49702
1,56 0,44062 1,96 0,47500 2,36 0,49086 2,76 0,49711
1,57 0,44179 1,97 0,47558 2,37 0,49111 2,77 0,49720
1,58 0,44295 1,98 0,47615 2,38 0,49134 2,78 0,49728
1,59 0,44408 1,99 0,47670 2,39 0,49158 2,79 0,49736
1,60 0,44520 2,00 0,47725 2,40 0,49180 2,80 0,49744
1,61 0,44630 2,01 0,47778 2,41 0,49202 2,81 0,49752
1,62 0,44738 2,02 0,47831 2,42 0,49224 2,82 0,49760
1,63 0,44845 2,03 0,47882 2,43 0,49245 2,83 0,49767
1,64 0,44950 2,04 0,47932 2,44 0,49266 2,84 0,49774
1,65 0,45053 2,05 0,47982 2,45 0,49286 2,85 0,49781
1,66 0,45154 2,06 0,48030 2,46 0,49305 2,86 0,49788
1,67 0,45254 2,07 0,48077 2,47 0,49324 2,87 0,49795
1,68 0,45352 2,08 0,48124 2,48 0,49343 2,88 0,49801
1,69 0,45449 2,09 0,48169 2,49 0,49361 2,89 0,49807
1,70 0,45543 2,10 0,48214 2,50 0,49379 2,90 0,49813
1,71 0,45637 2,11 0,48257 2,51 0,49396 2,91 0,49819
1,72 0,45728 2,12 0,48300 2,52 0,49413 2,92 0,49825
1,73 0,45818 2,13 0,48341 2,53 0,49430 2,93 0,49831
1,74 0,45907 2,14 0,48382 2,54 0,49446 2,94 0,49836
1,75 0,45994 2,15 0,48422 2,55 0,49461 2,95 0,49841
1,76 0,46080 2,16 0,48461 2,56 0,49477 2,96 0,49846
1,77 0,46164 2,17 0,48500 2,57 0,49492 2,97 0,49851
1,78 0,46246 2,18 0,48537 2,58 0,49506 2,98 0,49856
1,79 0,46327 2,19 0,48574 2,59 0,49520 2,99 0,49891
1,80 0,46407 2,20 0,48610 2,60 0,49534 3,00 0,49865
1,81 0,46485 2,21 0,48645 2,61 0,49547 3,01 0,49869
1,82 0,46562 2,22 0,48679 2,62 0,49560 3,02 0,49874
1,83 0,46638 2,23 0,48713 2,63 0,49573 3,03 0,49878
1,84 0,46712 2,24 0,48745 2,64 0,49585 3,04 0,49882
1,85 0,46784 2,25 0,48778 2,65 0,49598 3,05 0,49886
1,86 0,46856 2,26 0,48809 2,66 0,49609 3,06 0,49889
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X d(x) X D(x) X D(x) X ®(x)
3,07 0,49893 3,13 0,49913 3,19 0,49929 3,70 0,49989
3,08 0,49896 3,14 0,49916 3,20 0,49931 3,80 0,49993
3,09 0,49900 3,15 0,49918 3,30 0,49952 3,90 0,49995
3,10 0,49903 3,16 0,49921 3,40 0,49966 4,00 0,499968
3,11 0,49906 3,17 0,49924 3,50 0,49977 4,50 0,499997
3,12 0,49910 3,18 0,49926 3,60 0,49984 5,00 0,499999

Ta6numa A.4 — 3HadeHne y° pacrpeneacHus

2 o
B Ta6J'II/IHC IPEACTABIICHbI 3HAYCHUA 4 , B 3dBUCHMMOCTH OT YHCJIa CTCIICHCU

CBOOOJIBI V U BEPOATHOCTH

14 0,2 0,1 0,05 0,02 0,01 0,001
a

1 1,642 2,706 3,841 5,412 6,635 10,827
2 3,219 4,605 5,991 7,824 9,210 13,815
3 4,642 6,251 7,815 9,837 11,345 16,266
4 5,989 7,779 9,488 11,668 13,277 18,467
5 7,289 9,236 11,070 13,388 15,086 20,515
6 8,558 10,645 12,592 15,033 16,812 22,457
7 9,803 12,017 14,067 16,622 18,475 24,322
8 11,030 13,362 15,507 18,168 20,090 26,125
9 12,242 14,684 16,919 19,669 21,666 217,877
10 13,442 15,987 18,307 21,161 23,209 29,588
11 14,631 17,275 19,675 22,618 24,725 31,264
12 15,812 18,549 21,026 24,054 26,217 32,909
13 16,985 19,812 22,362 25,472 27,688 34,528
14 18,151 21,064 23,685 26,783 29,141 36,123
15 19,311 22,307 24,996 28,259 30,578 37,697
16 20,465 23,542 26,296 29,633 32,000 39,252
17 21,615 24,769 27,587 30,995 33,409 40,790
18 22,760 25,989 28,869 32,346 34,805 42,312
19 23,900 27,204 30,144 33,687 36,191 43,820
20 25,038 28,412 31,410 35,020 37,556 45,315
21 26,171 29,615 32,671 36,343 38,932 46,797
22 27,301 30,813 33,924 37,659 40,289 48,268
23 28,429 32,007 35,172 38,968 41,638 49,728
24 29,553 33,196 36,415 40,270 42,980 51,179
25 30,675 34,382 37,652 41,556 44,314 52,620
26 31,795 35,563 38,885 42,856 45,642 54,052
27 32,912 36,741 40,113 44,140 46,963 55,476
28 34,027 37,916 41,337 45,419 48,278 56,893
29 35,139 38,087 42,557 46,693 49,588 58,302
30 36,250 40,256 43,773 47,962 50,892 59,703
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3HayeHus t, , yIOBJIETBOPSIOT YCIOBHIO P(t > ta'v) = j S(t,v)dt=«.

Tabmuma A.5 — Pacnipenenenne CteroeHTa

t

e}

o,V

B Tabnuue npeacTaBiacHbl 3Ha4E€HUS KBAHTHIICH t, B 3aBUCUMOCTH OT YHUCIIaA

CTeneHel CBOOOBI V U BEPOSTHOCTH X .

(04 0,40 0,30 0,20 0,10 | 0,050 | 0,025 | 0,010 | 0,005 | 0,001 | 0,0005
| 4
1 0,325 | 0,727 | 1,376 | 3,078 | 6,314 | 12,71 | 31,82 | 63,66 | 3813 | 636,6
2 0,289 | 0,617 | 1,061 | 1,886 | 2,920 | 4,303 | 6,965 | 9,925 | 22,33 | 31,60
3 0,277 | 0584 | 0978 | 1638 | 2,353 | 3,182 | 4,541 | 5841 | 10,22 | 12,94
4 0,271 | 0,569 | 0,941 | 1,533 | 2,132 | 2,776 | 3,747 | 4604 | 7,173 | 8,610
5 0,267 | 0,559 | 0,920 | 1476 | 2,015 | 2,571 | 3,365 | 5032 | 5,893 | 6,859
6 0,265 | 0,553 | 0,906 | 1,440 | 1,943 | 2,447 | 3,143 | 3,707 | 5,208 | 5,959
7 0,263 | 0549 | 0,896 | 1415 | 1,895 | 2,365 | 2,998 | 3,499 | 4,765 | 5,405
8 0,262 | 0,546 | 0,889 | 1,397 | 1,860 | 2,306 | 2,896 | 3,355 | 4,501 | 6,041
9 0,261 | 0,543 | 0,883 | 1,383 | 1,833 | 2,262 | 2,821 | 3,250 | 4,297 | 4,781
10 | 0,260 | 0,542 | 0,879 | 1,372 | 1,812 | 2,228 | 2,764 | 3,169 | 4,144 | 4,587
11 | 0,260 | 0,540 | 0,876 | 1,363 | 1,796 | 2,201 | 2,718 | 3,106 | 4,025 | 4,437
12 | 0,259 | 0,539 | 0,873 | 1,356 | 1,782 | 2,179 | 2,681 | 3,055 | 3,930 | 4,318
13 | 0,259 | 0,538 | 0,870 | 1,350 | 1,771 | 2,160 | 2,650 | 3,012 | 3,852 | 4,221
14 | 0,258 | 0,537 | 0,868 | 1,345 | 1,761 | 2,145 | 2,624 | 3,977 | 3,787 | 4,140
15 | 0,258 | 0,536 | 0,866 | 1,341 | 1,753 | 2,131 | 2,602 | 2,947 | 3,733 | 4,073
16 | 0,258 | 0,535 | 0,865 | 1,337 | 1,746 | 2,120 | 2,583 | 2,921 | 3,686 | 4,015
17 | 0,257 | 0,534 | 0,863 | 1,333 | 1,740 | 2,110 | 2,567 | 2,898 | 3,646 | 3,965
18 | 0,257 | 0,534 | 0,862 | 1,330 | 1,734 | 2,101 | 2,552 | 2,878 | 3,611 | 3,922
19 | 0,257 | 0,533 | 0,861 | 1,328 | 1,729 | 2,093 | 2,539 | 2,861 | 3,579 | 3,883
20 | 0,257 | 0,533 | 0,860 | 1,325 | 1,725 | 2,086 | 2,528 | 2,845 | 3,562 | 3,850
21 | 0,257 | 0,532 | 0,859 | 1,323 | 1,721 | 2,080 | 2,518 | 2,831 | 3,527 | 3,819
22 | 0,256 | 0,532 | 0,858 | 1,321 | 1,717 | 2,074 | 2,508 | 2,819 | 3,505 | 3,792
23 | 0,256 | 0,532 | 0,858 | 1,319 | 1,714 | 2,069 | 2,500 | 2,807 | 3,485 | 3,767
24 | 0,256 | 0,531 | 0,857 | 1,318 | 1,711 | 2,064 | 2,492 | 2,797 | 3,467 | 3,745
25 | 0,256 | 0,531 | 0,856 | 1,316 | 1,708 | 2,060 | 2,485 | 2,787 | 3,450 | 3,725
26 | 0,256 | 0,531 | 0,856 | 1,315 | 1,706 | 2,056 | 2,479 | 2,779 | 3,435 | 3,707
27 | 0,256 | 0,531 | 0,855 | 1,314 | 1,703 | 2,052 | 2473 | 2,771 | 3,421 | 3,690
28 | 0,256 | 0,530 | 0,855 | 1,313 | 1,701 | 2,048 | 2,467 | 2,763 | 3,408 | 3,674
29 | 0,256 | 0,530 | 0,854 | 1,311 | 1,699 | 2,045 | 2,462 | 2,756 | 3,396 | 3,659
30 | 0,256 | 0,530 | 0,854 | 1,310 | 1,697 | 2,042 | 2,457 | 2,750 | 3,385 | 3,646
40 | 0,255 | 0,529 | 0,851 | 1,303 | 1,684 | 2,021 | 2,423 | 2,704 | 3,307 | 3,551
50 | 0,255 | 0,528 | 0,849 | 1,298 | 1,676 | 2,009 | 2,403 | 2,678 | 3,262 | 3,495
60 | 0,254 | 0,527 | 0,848 | 1,293 | 1,671 | 2,000 | 2,390 | 2,660 | 3,232 | 3,460
80 | 0,254 | 0,527 | 0,846 | 1,292 | 1,664 | 1990 | 2374 | 2,639 | 3,195 | 3,415
100 | 0,254 | 0,526 | 0,845 | 1,290 | 1,660 | 1,984 | 2,365 | 2,626 | 3,174 | 3,389
200 | 0,254 | 0,525 | 0,843 | 1,286 | 1,653 | 1,972 | 2,345 | 2,601 | 3,131 | 3,339
500 | 0,253 | 0,525 | 0,842 | 1,283 | 1,648 | 1,965 | 2,334 | 2,586 | 3,106 | 3,310
oo | 0,253 | 0,524 | 0,842 | 1,282 | 1,645 | 1,960 | 2,326 | 2,576 | 3,090 | 3,291
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Tabmuma A.6 — Pacipenenenne dumepa
B rabnuue npuBeeHbl KpUTHYECKNE 3HaYeHust (kBaHTHiM) F, | B 3aBuCH-

V2

MOCTH OT YHUCJIa CTeneHel cBoboabl v, u v, uid 3HadeHus o =0,05:
P(F>F,, ,)=0,05.

v, 1 2 3 4 5 6 8 12 24 o0

161,45 | 199,50 | 215,72 | 224,57 | 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 254,32

18,512 | 18,999 | 19,163 | 19,248 | 19,298 | 19,329 | 19,371 | 19,414 | 19,453 | 19,496

7,710 | 6945 | 6,591 | 6,388 | 6,257 | 6,164 | 6,041 | 5912 | 5774 | 5,628

2
1
2
3 10,129 | 9,552 | 9,276 | 9,118 | 9,014 | 8,941 | 8,844 | 8,774 | 8,638 | 8,527
4
5

6,607 | 5785 | 5410 | 5,192 | 5050 | 4,950 | 4,818 | 4,6/8 | 4,527 | 4,365

5,987 | 5143 | 4,756 | 4,534 | 4,388 | 4,284 | 4,147 | 4,000 | 3,841 | 3,669

5,991 | 4,737 | 4,347 | 4121 | 3,972 | 3,866 | 3,725 | 3,574 | 3,410 | 3,230

6
;
8 5,317 | 4,459 | 4,067 | 3,838 | 3,688 | 3,580 | 3,438 | 3,284 | 3,116 | 2,928
9 5,117 | 4,256 | 3,863 | 3,633 | 3,482 | 3,374 | 3,230 | 3,073 | 2,900 | 2,707

10 | 4965 | 4,103 | 3,708 | 3,478 | 3,326 | 3,217 | 3,072 | 2,913 | 2,737 | 2,538

11 | 4,844 | 3982 | 3,587 | 3,357 | 3,204 | 3,094 | 2,948 | 2,788 | 2,609 | 2,405

12 | 4,747 | 3,885 | 3,490 | 3,259 | 3,106 | 2,999 | 2,848 | 2,686 | 2,505 | 2,296

13 | 4,667 | 3,805 | 3,410 | 3,179 | 3,025 | 2,915 | 2,767 | 2,604 | 2,420 | 2,207

14 | 4600 | 3,739 | 3,344 | 3,112 | 2,958 | 2,848 | 2,699 | 2,534 | 2,349 | 2,131

15 | 4543 | 3,683 | 3,287 | 3,056 | 2901 | 2,790 | 2,641 | 2,475 | 2,288 | 2,066

16 | 4,494 | 3,634 | 3,239 | 3,007 | 2,853 | 2,741 | 2591 | 2,424 | 2,235 | 2,010

17 | 4,451 | 3592 | 3,197 | 2,965 | 2,810 | 2,699 | 2,548 | 2,381 | 2,190 | 1,961

18 | 4,414 | 3,555 | 3,160 | 2,928 | 2,773 | 2,661 | 2510 | 2,342 | 2,150 | 1,917

19 | 4381 | 3,522 | 3,127 | 2,895 | 2,740 | 2,629 | 2,477 | 2,308 | 2,114 | 1,878

20 | 4351 | 3,493 | 3,098 | 2,866 | 2,711 | 2,599 | 2,447 | 2,278 | 2,083 | 1,843

21 | 4,325 | 3,467 | 3,072 | 2,840 | 2,685 | 2,573 | 2421 | 2,250 | 2,064 | 1,812

22 | 4301 | 3,443 | 3,049 | 2,817 | 2,661 | 2,549 | 2,397 | 2,226 | 2,028 | 1,783

23 | 4,279 | 3,422 | 3,028 | 2,795 | 2,640 | 2,528 | 2,375 | 2,203 | 2,005 | 1,757

24 | 4,260 | 3,403 | 3,009 | 2,777 | 2,621 | 2,508 | 2,355 | 2,183 | 1,984 | 1,733

25 | 4,242 | 3,385 | 2,991 | 2,759 | 2,603 | 2,490 | 2,337 | 2,165 | 1,965 | 1,711

26 | 4,225 | 3,369 | 2,975 | 2,743 | 2,587 | 2,474 | 2,321 | 2,148 | 1,947 | 1,691

27 | 4,210 | 3,354 | 2,961 | 2,728 | 2,572 | 2,459 | 2,305 | 2,132 | 1930 | 1,672

28 | 4,196 | 3,340 | 2947 | 2,714 | 2,558 | 2,445 | 2,992 | 2,118 | 1,915 | 1,654

29 | 4,183 | 3,328 | 2,934 | 2,702 | 2545 | 2,432 | 2,278 | 2,104 | 1901 | 1,638

30 | 4171 | 3,316 | 2,922 | 2,690 | 2534 | 2,421 | 2,266 | 2,092 | 1,887 | 1,622

40 | 4,085 | 3,232 | 2,839 | 2,605 | 2,449 | 2,336 | 2,180 | 2,004 | 1,793 | 1,509

60 | 4,001 | 3,151 | 2,758 | 2,525 | 2,368 | 2,254 | 2,097 | 1918 | 1,700 | 1,389

120 | 3,920 | 3,072 | 2,680 | 2,447 | 2,290 | 2,175 | 2,106 | 1,834 | 1,608 | 1,254

oo | 3,841 | 2996 | 2,605 | 2,372 | 2,214 | 2,098 | 1,938 | 1,752 | 1,517 | 1,000
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Tabnuna A.7 — JloBepuTenbHbIe HHTEPBAIIBI ISl O

P 0,99 0,98 0,95 0,90
4 71 72 71 72 71 7> 71 72

1 0,356 15,9 0,388 9,98 0,446 9,31 0,510 5,19
2 0,434 14,1 0,466 9,97 0,521 6,28 0,578 4,40
3 0,483 6,47 0,514 5,11 0,566 3,73 0,620 2,32
4 0,519 4,39 0,549 3,67 0,599 2,87 0,649 2,37
5 0,546 3,48 0,576 3,00 0,624 2,45 0,672 2,09
6 0,569 2,98 0,587 2,62 0,644 | 2,202 | 0,690 | 1,916
/ 0,588 2,66 0,616 | 2,377 | 0661 | 2,035 | 0,705 | 1,797
8 0,604 2,44 0,631 | 2,205 | 0,675 | 1916 | 0,718 | 1,711
9 0,618 | 2,277 | 0,644 | 2,076 | 0,688 | 1,826 | 0,729 | 1,645
10 0,630 | 2,154 | 0,656 | 1,977 | 0,699 | 1,755 | 0,739 | 1,593
11 0,641 | 2,056 | 0,667 | 1,898 | 0,708 | 1,698 | 0,748 | 1,550
12 0,651 | 1976 | 0,677 | 1833 | 0,717 | 1651 | 0,755 | 1,515
13 0,660 | 1,910 | 0,685 | 1,779 | 0,725 | 1,611 | 0,762 | 1,485
14 0,669 | 1,854 | 0,693 | 1,733 | 0,732 | 1,577 | 0,769 | 1,460
15 0,676 | 1,806 | 0,700 | 1,694 | 0,739 | 1,548 | 0,775 | 1,437
16 0,683 | 1,764 | 0,707 | 1,659 | 0,745 | 1522 | 0,780 | 1,418
17 0,690 | 1,727 | 0,713 | 1629 | 0,750 | 1,499 | 0,785 | 1,400
18 0,696 | 1,69 | 0,719 | 1,602 | 0,756 | 1,479 | 0,790 | 1,385
19 0,702 | 1666 | 0,725 | 1578 | 0,760 | 1,460 | 0,794 | 1,370
20 0,707 | 1,640 | 0,730 | 1556 | 0,765 | 1,444 | 0,798 | 1,358
21 0,712 | 1617 | 0,734 | 1536 | 0,769 | 1,429 | 0,802 | 1,346
22 0,717 | 159 | 0,739 | 1519 | 0,773 | 1,416 | 0,805 | 1,335
23 0,722 | 1,576 | 0,743 | 1,502 | 0,777 | 1,402 | 0,809 | 1,326
24 0,726 | 1,558 | 0,747 | 1,487 | 0,781 | 1,391 | 0,812 | 1,316
25 0,730 | 1,541 | 0,751 | 1473 | 0,784 | 1,380 | 0,815 | 1,308
26 0,734 | 1526 | 0,755 | 1,460 | 0,788 | 1,371 | 0,818 | 1,300
27 0,737 | 1512 | 0,758 | 1,448 | 0,791 | 1,361 | 0,820 | 1,293
28 0,741 | 1,499 | 0,762 | 1,436 | 0,794 | 1,352 | 0,823 | 1,286
29 0,744 | 1,487 | 0,765 | 1,426 | 0,796 | 1,344 | 0,825 | 1,279
30 0,748 | 1,475 | 0,768 | 1,417 | 0,799 | 1337 | 0,828 | 1,274
40 0,774 | 1,390 | 0,792 | 1,344 | 0,821 | 1,279 | 0,847 | 1,228
50 0,793 | 1,336 | 0,810 | 1,297 | 0,837 | 1,243 | 0,861 | 1,199
60 0,808 | 1,299 | 0,824 | 1,265 | 0,849 | 1,217 | 0,871 | 1,179
70 0820 | 1,272 | 0,835 | 1,241 | 0,858 | 1,198 | 0,879 | 1,163
80 0,829 | 1,250 | 0,844 | 1222 | 0,866 | 1,183 | 0,886 | 1,151
90 0,838 | 1,233 | 0,852 | 1,207 | 0,873 | 1,171 | 0,892 | 1,141
100 0,845 | 1,219 | 0,858 | 1,195 | 0,878 | 1,161 | 0,897 | 1,133
200 0,877 1,15 0,897 1,13 0,912 1,11 0,925 1,09
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Tabnuma A.8 — Tabauia mpon3BOIHBIX OCHOBHBIX AJIEMEHTApHBIX (PyHKINN

1) | C'=0,rne C =Const; 2) | (x")=n-x"*
3) | (@) =a‘lna,rnea>0,a=l; 4) | (e*) =¢*
log, x)' = : 1
5) (log. x) X-lna 6) | (Inx)'=—,rme x>0;
rrea>0,a=1,x>0; X
7) | (sinx)’=cosx; 8) | (cosx)' =-sinx;
1
t X = ’ Ct X '=— - )
9) (tgx) coS® X 10) (ctgx) sin® x
rz[ex¢g+7zk,kez; raex#zk,k € Z;
11) | (arcsinx)' = ! ,rae x| <1; 12) | (arccosx)’ = —;, rae x| <1;
V1-x2 V1-x*
1 1
13) | (arctgx)' = = 14) | (arcctgx)' =— =
1+X + X
15) | (shx) =chx; 16) | (chx) =shx;
1 1
17 thx)' = ; 18) | (cthx) =— ,rae X # 0.
) | thxy'=— ) | (' =———m
Tabnuma A.9 — Tabnuia OCHOBHBIX HEONPEIEIEHHBIX HHTETPAJIOB
. n+1 'dX
1) X"dx = +C, n=-1; 2) —=In|x|+C;
- n+1 "X
3) 'axdx:la +C,a>0, a#Lx>0; |4) |[e'dx=e"+C;
o na o
5) [sinxdx =—cosx+C : 6) 'cosxdx:sinx+C;
dx ¢ dx
7 =tgx+C; 8 - =—ctgx+C;
) J COSZX g ) S|n2X 9
e dx X e dx X
9 ——=Injtg=|+C ; 10 ——=Injtg| =+ |+C;
) sin X g2 ) COS X ‘9(2 4)
dx 1 X e dx . X
11 =—arctg-+C a=0; 12 ———==arcsin—+C, |x|<|a];
)| ] ol gorcigs ) | ] N 3 | <[a]
dx 1, |x+a ¢ dx [2 . 2
1 =—In—+C; —=In‘x+ x“+a“|+C;
V"2 xa AT
15) [shxdx =chx +C; 16) [ chxdx =shx +C;
« dx ¢ dx
17 =thx+C; 18 =—cthx + C,rme X # 0.
) J Ch2X ) ’ ShZX 8
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