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AHHOTAINA

Pab6ora MOCBAIICHA NPUMCHCHHIO CTATUCTUICCKUX MCTOAOB AJId PCHICHU 3a4a4 aHaJIn3a pe3yJIbTaTOB
Ppa3JIMYHbIX THUIIOB I/ICHI)ITaHI/Iﬁ, Ha6HIOILeHI/II>'I 1 3KCIICPUMCHTOB HaJl YMHBIMH MaTCpUajlaMu. B cratne
MNPUBOAUTCA OMMCAHUEC METOANKHU U IMMOJTYUYCHHBIC PE3YJIbTATHI ITPAMBIX HBMepCHHﬁ, 000CHOBBIBaCTCS
MPUMCHCHHUC K HUM CTATUCTUYICCKUX MCTOA0B UL MMOJTYUYCHUA HOPMAJIbHBIX pacnpeaeﬂeﬂnﬁ, IIOCJIC Y€ro
MIPUBOOATCA PE3YJIbTAaThl BBHIIIOJIHEHHBIX paC‘IéTOB. AHaJ'II/I3I/IpyeTC$[ IIPUMEHHUMOCTD MCITI0JIb30BAHHBIX
MCTOAOB IJIA pCHICHUA 3a1a4 06pa60TKI/I JAaHHBIX 3KCIICPUMCHTOB, ACIACTCS BbIBO/ O IICPCIICKTUBAX
HCIIOJIB30BAHMA IIPEJIaracMoro Meroaa B 3agadyax Takoro Thiia.

BBenenue

AHam3 pe3yabTaToB SKCIIEPUMEHTOB, HAOMIOACHUI 1 UCTIBITAHUN SBJIAETCS MOCTOSHHOM 3a1aueit
BCSIKOr0 IPUKJIAJHOI0 HAy4yHOro HccaenoBanust. OnHaKo B X0[€ PEIICHHs TAKUX 3a4a4 3a4acTyI0
BO3HHKAET MpobsiemMa JedHLuTa JOCTYIHbIX JaHHBIX HAOIIOACHNUI WM SKCIIEPUMEHTOB AJIS IPOBEACHHUS
MTOJTHOILIEHHOTO aHaJIM3a C UCIIONb30BaHNEM OOIICTIPHHATHIX CTATUCTHYECKAX U MATEMAaTHIECKUX
WHCTPYMEHTOB (HarpumMep, rapMmonndeckoro unu Oypbeananusa, BeHBIeT-npeoOpa3oBaHUi U HHBIX).
Takas cuTyarust MOXKeT BOSHUKHYTH BCJIEJICTBHE OTPaHMUYEHHOCTH HAaOII0aTEIbHON UITH
9KCIIEPUMEHTAILHOI 0a3bl, JOPOrOBU3HBI PACXOJHBIX MAaTEPHAJIOB, TEXHUUECKON MIIM OpraHU3alMOHHOM
CJI0)KHOCTH IIPOBEJCHUS HCCIIEIOBAaHUN U psia IPYTUX IMPUUKH.

B paMkax HacTOSIIIIEro UCCIICAOBAHMS IPEIaracTCs UCIOIb30BaTh METOIBI CTATHCTUYECKOTO
MOJIEJIMPOBAHUS JUI 00paOOTKH Pe3yIbTaTOB MaJbIX CEpU HAOIIOACHNH 1 9KCIIEPUMEHTOB. B kadecTBe
nmpeamMeTa UCCICIOBaAHM A ObLIH BI)I6paHI)I OKCIICPUMCHTBI C YMHBIMU MaTCpHUalaMu: HOJIH&MHI[HOIZ
anexTponpoBoxsmei monoHUTH AMPERETEX.

Lenpio uccaeoBaHuS SBISICTCS MPUMEHEHHE METOIOB CTATUCTHYECKOTO MOJCITMPOBAHMS B 3a7jadax
HCCIIEOBaHMS YMHBIX MaTepraioB. s e€ JoCcTuKeHUs ObUTH PEIICHBI CIICIYIONINE 3aauHn:

1. IIpoBenerne n3mMepeHUt PU3NICCKUX ¥ MEXaHUICCKUX ITApaMETPOB MOHOHHTEH;

2. IlepeBon pe3ymbTaTOB U3MEPEHHH B I(PPOBOI (hOpMAT B COOTBETCTBUU C OOIICTIPHHITHIMHU
CTaHJapTaMU;

3. Ucnonk30BaHue CPesICTB CTATUCTHYECKOTO MOJICITMPOBAHHMSI JIJIsI TOTYYIEHUSI HOPMAJILHOTO
pacmpeneneHus pe3yIbTaToOB U3MEpeHHit; 4. AHANN3 BHIIOJTHEHHOTO HCCIIEIOBaHNA, (POPMYIHPOBAHIE
BBIBOJIOB T10 €T0 pe3yIbTaTaM.



IlocranoBka 3agauu

B pamMkax BBITIOIHEHUS HACTOSIIIECH NCCIIEA0BATEIHCKON paOOThl OBLIN UCTIOIH30BAaHBI HECKOIBKO
71a00paTOPHBIX 00Pa3LOB MOIMaMUIHOH 3nekTponpoBoisimei MoHoHUTH AMPERETEX. O6pa3up! Obin
pa3ze’cHbl Ha OTPE3KU PABHOM JUIMHBI, B UCCIIEJOBAHUH UCIIOIb30BAIOCH AECATh TAKUX OTPE3KOB.
[TapameTpbl KaKIOT0 U3 HUX OBUIM U3MEPEHBI 110 €IMHON METOAOJIOTHH, COOTBETCTBYIOLIEH
WHCTPYKLHUSAM U PYKOBOJCTBAM K CJIEAYIOIEMY 000pyI0BaHHUIO:

1. DneKTpOHHBIH MTaHreHIUPKYIb, HepikaBetomas craib, 3YBP HIII-1-100-0,01 100mm 34463-100, c
npeaenoMm aonyckaeMoi norpemnocta 0,01 Mmm

2. YHuBepcanbHas paspbiBHas Mamuaa Instron 34TM-10, mHeBMaTHUECKUE 3aXBaThl OOKOBOTO JEHCTBUS
3. NIIH-10, repaommetp E6-13A
HcnpiTanus 1 u3MepeHus! BHIIOIHSITICH B CIEAYIOIINX YCIOBHUSAX:

1. M3mepenust qruaMeTpa 1 MeTpa HUTH 3JIEKTPOHHBIM IITaHTEHITUPKYJeM ¢ marom 10 cM; TemmepaTypa
Bo3ayxa 24 + 20C; atMochepHoe naBiieHue 765 MM PT. CT.

2. 3mepeHne MexaHW4IeCKON CTOMKOCTH HUTH Ha Pa3pblB YHUBEPCAIbHONW Pa3phIBHON MAIIMHOM.
bazoBas mmna 500 mm; ckopocts 200 MmM/MuH; ipenBaputenbHas Harpyska — 0,91H (u3 pacuera 0,5
cH/rekc), remnepatypa 24 + 20C; naByienue 776 MM pT. CT.

3. U3Mepenne MexaHN9IeCKOM CTOMKOCTH HUTH Ha Pa3pblB YHUBEPCAILHON Pa3phIBHONW MAIIMHOM.
bazoBas mymaa 200 MM; ckopocth 200 MM/MUH; TIpeIBapuUTEIbHAS Harpy3ka paccuuThiBantach 0.5
cH/rekc; Temnepatypa 24 + 20C; naBiieHue 765 MM PT. CT.

4. N3aMepenne MeXaHUIECKON CTOWKOCTH HUTH Ha UCTHPAaHUE TEPAOMMETPOM. YToI uctupanus 90°,
ckopocTh 50 00/MuH, Harpy3ka 20r, Temmeparypa 24 + 2 °C; aTM. 1aBil. 765 MM PT. CT., pacCTOSHUE
Mexny anekTpogamMu 30 MM (MECTO HCTHPaHUA)

Pe3ynbrarsl uamepenuit

Kaxxnp1il Tvn usmepenust npopoauics cepueid u3 10 usmepeHuid, pe3yapTaThl KOTOPBIX 3alIHUCHIBAINCH B
¢atinbr popmara JSON, KOTOPBIN SABISETCS OOIMETPUHATHIM IS COBPEMEHHBIX HAYYHBIX HCCIIEIOBAHHIA
B pasMMYHBIX o0macTsx. [lomydeHHbie JaHHbIe OB IMITOPTHPOBAHBI U3 (DAMIIOB B HEOOIBIIIOMN
00paboTUMK, HAITMCAaHHBINA Ha S3BIKE TporpaMMupoBans Python. Pe3ymsTaTsl n3mepeHuil nmpeacTaBieHbl
B BUJIe TPAQHKOB, OTPAKAIOIIUX pacIpeieieHue N3MEPSIEMbIX BEIMYHMH 110 HOMEpaM U3MEPEHHH B CEPHU
(puc. 1-4):
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HMcnonp30BaHME CTaTUCTUYECKUX MCTOAOB

[lonmyueHHBIE B pe3ysbTaTe H3MEPEHUH U SKCIIEPUMEHTOB JAHHBIE OYE€BHUTHO HEJOCTATOUHBI JIS
MPUMEHEHUS K HUM OOIIEIPUHATBHIX METOJIOB aHAJIM3a BBUIY HEJIOCTATOYHOCTU U3MEPCHHUI B
MMEIONUXCS BRIOOpKaX. JlJIsi MIUTFOCTpaIiii 3TOTr0 YTBEPKACHHUS TOMPOOYyeM IMOCTPOUTH BEPOSTHOCTHOE
pacripe/ie/icHie OTydeHHBIX PE3yJIbTATOB B HATJISTHOM BH/IE C IOMOIIBIO qrarpamm (puc. 5-8):
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PucyHok 5 PacrnipedenieHue pe3ynbmamoe UusmepeHus Humu, Mm
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PucyHoK 6 PacripedesieHue pe3ysbmamoe usmepeHus paspsiea Humu
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PucyHoK 7 PacrnipedeneHue pe3ynbmamos usmepeHus degpopmayuu Humu
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PucyHok 8 PacripedesieHue pe3yansmamos u3mepeHus pacmsaaueaioue2o HamnpsaxeHus

[IpruBenénHbIe qUarpaMMbl HaTJIAAHO MILTIOCTPUPYIOT HECOOTBETCTBHUE MONTYyUYEHHBIX Pe3yJIbTaTOB
TpeOOBaHUSIM CTATUCTHYECKOTO aHanu3a. [y ucrpaBiaeHus 3Tol CUTyaly OBUIO UCTIONB30BAHO
CTaTUCTHYECKOE MOJEINPOBAHKE C LIENIBIO MIOIy4EHHs HOPMAaJIbHOIO PAaCIpEAEICHUS U3MEPIeMOn
BEJIMYHUHBI, KOTOPOE MOXKHO OyZET MCIIONb30BaTh ISl AajbHeHIIero ananusa. Ha ocHoBanun
MOJTYYEHHBIX JaHHBIX U3MEPEHUH ObUIN ONpEeAeICHBI CICAYIOINE TapaMeTphl ISl KaXKIOW U3 CepHit
WU3MEPECHUN:



1. Marematudeckoe OXXuJaHue UU;
2. CpeHEKBaIpaTUIHOE OTKIOHEHUE 00
3. ucnepcus pacrnpeneneHus o2,

BrlenepeuncieHHbIC TapaMeTPhl TO3BOJIMIIN OIIPEAEIIUTh HOPMAJIbHOE pacIipeeieHne Al KXo U3
cepuil I3MEPEHUH ¢ TTOMOIIBIO CIEAYIOIEeH (OpMYJIbL:

1 1 x — py2
fo0 = —=ew(-3(")

C moMoIpio cpeICTB s3bIKa nMporpaMMupoBanus Python, Brmodast 6ubamorexn numpy u matplotlib,
3Ha4YeHUs pacnpeeneHus f(X) MOryT OBITh MOMYYEHBI € 3aJaHHOM YacTOTON AMCKPETU3alNHY, 3aBEIOMO
JIOCTATOYHOM I IPOBEACHUS AaJIbHEHIIIEro ux aHanu3a. Tak, B paMKax HacTOsIIeH paboThl ObLIH
MOJIy4EeHBI CIEAYIoIne rpad)uKi HOPMAJILHOTO paclpeaesieH sl H3MEPEHHBIX IapaMeTPOB MOHOHUTH
(puc. 9-12):
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PucyHok 9 HopmasnbHoe pacnipedeneHue pe3ysbmamos UsmepeHus pe3yansmamos duamempa Humu
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PucyHok 10 HopmasnbHoe pacripedesieHUE pe3ysemamos UsMepeHUs Cusbl pa3psiea HUMuU
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PucyHok 11 HopmasneHoe pacnipedesneHue pe3ysnbmamos usmepeHus degopmayuu HUmu
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PucyHok 12 HopmasnbHoe pacripedeseHue pe3ynbmamos UsMepeHUs pacmsa2uearouye2o HanpameHus

3aKJIrouycHue

[Nomy4eHHbIC pe3yabTAaTHl OMHO3HAYHO AEMOHCTPUPYIOT BO3MOXKHOCTE () (HEKTUBHOTO UCIIOIb30BAHHMS
METOAOB CTATHCTHUECKOT'0 MOAEIUPOBAHUS ISl IIOJIyYEHHUSI HOPMaJIbHOTO pacipeaeIeHus
MPOU3BOJILHON M3MEPSeMOi BEJIMYMHBI HA OCHOBAHUH OTPAaHMYEHHOTO KOJIMYECTBA PE3yJIbTaTOB MPSIMBIX
WM KOCBEHHBIX M3MepeHuid. [lomydyeHHbIe pe3yabTaThl MOTYT B JaJIbHEHILIEM MCIIOIb30BATHCS IS
MPUMEHEHHUS K HUM CYIIECTBYIOIIUX METOJIOB CTATUCTHYECKOTO aHANIN3a, a TAK)KE IPEACTaBICHUS
pe3yIbTaTOB UCCIIEIOBAHS B OOIIETIPHHATOM (opmarTe.

B xoze BBIITOMHEHUS HCCIEIOBAaHMSI ObUIO IIOKA3aHO, YTO METOMBI CTATUCTUYECKOTO MOJEIIUPOBAHUS
MOTYT IPUMEHSATHCS K Pe3yJibTaTaM U3MEPEeHUS PU3MUESCKUX U MEXaHUYECKUX MTapaMeTPOB
nonraMuaHoH snektpornposogiameil MoHoHuTH AMPERETEX. [loydyeHbl HOpMallbHBIE paclpeaesICHUS
PE3yIbTAaTOB U3MEPEHHS JUaMeTpa HUTH, CHJIBI pa3pbiBa HUTHU, 1e(OpMALli HUTH U PacTATUBAIOIIEIO
HanpspkeHus. B nanbHeleM 3TH e METOAbI MOI'YT ObITh IPUMEHEHBI K U3MEPEHHUIO HHBIX IapaMeTPOB
MOHOHHUTEH, a TAKXKE MCIIOJIb30BATHCS U aHAJIM3a PE3YIbTaTOB U3MEPEHUH APYTUX TUIIOB YMHBIX
MaTepHUaoB.

B03MOXHBIM pacHIMPEeHUEM HACTOSILETO UCCIIEI0BAHUE SIBJIIETCS €ro 0000IIeHHE Ha CiTyJail
MHOT'OMEPHOTI'0 HOPMAJILHOT'O PacIipeesiCHHsI, KOTOPOE MOXKET MCIIOIb30BATHCS ISl IIOCTPOCHHUS
pacIpeneseHli napaMeTpoB, ONpeIeIEHHBIX Ha TNIOCKOCTU UJIHM B 00BEME.

MpI ¢ peOsTaMU U3Y4YMIIM YMHBIE HUTH, IO3HAKOMUJIMCH C HOBBIMHU YBJIEKAaTEJIbHBIMH U II0JIE3HBIMU
npodeccusmMu, pasy3Haii OCHOBBI pabotsl ¢ Python. Ham npuBuim HHTEpeC K H3y4EHHIO KOMITBIOTEPHBIX
TEXHOJIOTUH W U3yYEHHIO SI3bIKa MPOrpaMMHUpOBaHus. MBI ¢ pedsTaMu pajbl, YTO TO3HAKOMHUIIKCH C
pasIMYHBIMU HayKaMH U 0JarofapuM CBOMX PyKOBOIUTENEH.



