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AHHOTAaINA

Pabora mocesiieHa NPUMEHEHUIO CTATUCTHYECKUX METOJIOB IS PEIICHUS 3aa4d aHAIIN3a
pe3ynbTaTOB PA3IMYHBIX TUIIOB UCTIBITAHUN, HAOIIOICHUM U SKCTIEPUMEHTOB Ha/l YMHBIMHU
Marepuanamu. B cTaTbe NpUBOAUTCS ONMUCAHUE METOAUKH U MOJYYEHHBIE PE3YJIbTAThI MPSMbBIX
M3MEepeHUH, 000CHOBBIBAETCS MTPUMEHEHUE K HUM CTATUCTUYECKUX METOJIOB ISl TIOTyUEHUS
HOPMAJIBHBIX PACHPENECIICHUM, ITOCIIE YErO MPUBOIATCS PE3YNIHTAThHI BHIIIOJHEHHBIX PACYETOB.
AHanu3upyeTcss IPUMEHUMOCTh UCIIOJIb30BAHHBIX METOOB ISl PEIICHUS 3a7a4 00paboTKH
JTAHHBIX YKCIIEPUMEHTOB, JI€JIA€TCS BBIBOJI O IEPCIIEKTUBAX MCIIOJIb30BAaHMS IPEAIAraeMOro
METO/Ia B 33/1a4axX TaKoro THIIA.

BBenenue

AHanu3 pe3ybTaToB IKCIIEPUMEHTOB, HAOIIOICHUN W UCTIBITAHUHN SIBIISIETCS MIOCTOSTHHOM
3a/1a4ell BCSIKOTO MPUKIIAJHOTO HAYYHOTO HccienoBanus. OJTHAKO B XO/1€ PEIICHUS TaKUX 3a1a4
3a4acTyI0 BOZHUKAET MpobiieMa aeduinuTa JOCTYIHBIX JaHHBIX HAOMIOACHUN WK
SKCIIEPUMEHTOB ISl TPOBECHHUS MOJIHOLEHHOTO aHAIN3a C UCIOJIb30BAHUEM OOIIETIPUHATHIX
CTaTHUCTUYECKUX U MAaTEMaTHUYECKUX HHCTPYMEHTOB (HAaIIpUMep, TAPMOHUYECKOTO UITU
dypreaHnanusa, BEHBICT-IPeoOpa3oBaHnii U UHBIX). Takas CUTyalusi MOKET BOSHUKHYTh
BCJIE/ICTBHE OTPAHUYEHHOCTH HAOII0IaTeNIbHOM MM SKCIIEPUMEHTAIbHON 0a3bl, JOPOrOBU3HBI
PacXOIHBIX MAaTEPUATIOB, TEXHUYECKOW MU OPraHU3allMOHHOM CII0KHOCTH IPOBEACHUS
HCCIEA0BAaHUM U psiia APYTUX NPUUYMH.

B pamkax HacTOSIIEro UCCIIeI0OBAaHUS IIPETaracTcs UCI0JIb30BATh METOIbI CTATUCTHYECKOTO
MOJICIIUPOBAHUS JIsE 00pabOTKH PEe3yIbTaTOB MaJIbIX CEPHI HAOIOICHUH U SKCIIEpUMEHTOB. B
Ka4yecTBe MpeMeTa UCCIICIOBaHNS ObUIA BRIOPAaHBI SKCIICPUMEHTBI C YMHBIMU MaTEpHAJIaMH:
MOJIMaMUIHOM AeKTponpoBosaiieit Mononutd AMPERETEX.

HCJ'ILIO HUCCIICAOBAHUA ABJIACTCA IPUMCHCHHNC METOAOB CTATUCTUYICCKOIO MOACIIMPOBAHUS B
3alavax UCCICAOBAHUA YMHBIX MAaTCPUATIOB. I[J'ISI e€ TOCTIDKEHUS ObLIH PCLICHBI CICAYIOIIUC
3aJa4u:

1. HpOBCI[CHI/IC I/IBMepeHI/Iﬁ (1)I/I3I/IIIGCKI/IX U MCXaHUYCCKUX IMApaMETPOB MOHOHI/ITCI\/’I;

2. IlepeBoa pe3ynbTaTOB U3MEpPEHU B LU(PPOBOIH GopMar B COOTBETCTBUH C OOIIECTPUHATHIMU
CTaHJapTaMH;

3. Hcnonp30BaHUE CPENCTB CTATUCTUYECKOTO MOJEIMPOBAHUS Ul IOJYyYEHHS HOPMAJIBHOTO
pacnpeneneHus pe3yabTaToB U3MEPEHNI;

4. AHanu3 BBIIOJHEHHOTO HUCCICA0BaHUsI, (bOpMy.l'II/IpOBaHI/IC BBIBOJIOB I1O €0 pC3yJibTaTaM.



IlocTanoBka 3agaun

B paMkax BBITIOJIHEHHS HACTOSIIEH HCCIIEI0BATENbCKON pabOThI OBLITH HCIIOIB30BAHbI
HECKOJIBKO JTaOOPAaTOPHBIX 00PA3LIOB MOJIUAMUIHON IEKTPOIIPOBOIAIIECH MOHOHUTH
AMPERETEX. O6pa3iisl ObutH pa3iesieHbl Ha OTPE3KH PaBHOM JUTMHBI, B HCCIIEIOBAHUT
HCII0JIb30BAJIOCH JIECSTh TaKUX OTPE3KOB. [lapaMeTpbl KaXa0ro U3 HUX ObLIIM U3MEPEHBI 110
€AMHOM METOI0JIOTMH, COOTBETCTBYIOLIEH HHCTPYKIUSAM U PYKOBOJICTBAM K CIEAYIOLIEMY
000pYyIOBaHUIO:

1. DNeKTpOHHBIN MITAHTCHIMPKYJb, HEepkaBeromas craib, 3YBP HIII-1-100-0,01 100MMm
34463-100, c mpexenom nmomyckaemoit morpenraoct 0,01 Mmm

2. YHuBepcanbHas paspbeiBHas MamuHa Instron 34TM-10, mHeBMaTuueckue 3aXBaTbl OOKOBOTO
JEUCTBUSA

3. NIIIH-10, repaommerp E6-13A
WcnpiTanust 1 13MepeHUsI BBITIOTHSIINCH B CICAYIONINX YCIOBHUSIX:

1. U3mepenus nuamerpa | MeTpa HUTH BJIEKTPOHHBIM IITaHT€HUUpPKYyJIeM ¢ marom 10 cwm;
TeMriepatypa Bo3ayxa 24 + 20C; armocdepHoe naBieHue 765 MM pT. CT.

2. N3mepeHne MeXaHWYECKONM CTOMKOCTH HUTH HA Pa3pblB YHUBEPCAIBHOM pa3pbIBHON
MamuHou. bazoBas amuna 500 mMm; ckopocts 200 MM/MuH; TipenBapuTenbHas Harpy3ka — 0,91H
(u3 pacuera 0,5 cH/Tekc), remneparypa 24 + 20C; naBnenue 776 MM pT. CT.

3. M3MepeHHe MEXaHMYECKOW CTOMKOCTM HUTH Ha pPa3pblB YHHUBEPCAIBLHOW pPa3pbIBHOU
MamuHoW. baszoBas mmuna 200 mwm; ckopocte 200 MM/MHH; TpeaBapuTeIbHAas Harpyska
paccuuthiBanach 0.5 cH/Tekc; remneparypa 24 + 20C; naBnenue 765 MM pT. CT.

4. H3mepeHue MEXaHUYECKOW CTOMKOCTM HHUTH Ha HCTHUPAHUE TEPAOMMETPOM. YTOJ
uctupanus 90°, ckopocts 50 06/MuH, Harpy3ka 20r, Temreparypa 24 + 2 °C; atMm. gaBi. 765 mm
PT. CT., pacCTOsTHUE MEX Iy dJekTpoaamMu 30 MM (MECTO UCTHPAHHUS)

PesynbraTel n3mepenuii

Kaxpiit TN M3MepeHust IPOBOIUIICS cepueii u3 10 u3MepeHui, pe3yabTaThl KOTOPBIX
3anuchIBaICh B (paiiibl popmara JSON, KOTOPHIi SBISETCS OOMIETIPUHATHIM I COBPEMEHHBIX
HAYYHBIX UCCIICJIOBAHUI B PA3IMYHBIX 00sacTsX. [lorydeHHbIC TaHHbBIE OBLIIM UMIIOPTHPOBAHBI
u3 (aiinoB B HEOOJIBIION 00pabOTUHK, HAMMCAHHBINA HA S3bIKE MporpammupoBanus Python.
Pe3ynbTarel u3MepeHuii mpecTaBiIeHbl B BUE rpaduKoB, OTPaXKAIOIINX paclpeieieHne
M3MEPAEMbIX BETUYHH [0 HOMepaM u3MepeHuit B cepuu (puc. 1-4):
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Hcnonp30BaHNE CTAaTUCTUUECKUX METOJ0B

ITony4yeHHsble B pe3yabTaTe U3MEPEHUM U DKCIIEPUMEHTOB JIaHHBIE OYEBHUIHO HEJNOCTATOYHBI IS
MPUMEHEHHS K HUM OOIIEHPUHSATHIX METOA0B aHaJIM3a BBUy HEIOCTATOUHOCTH NU3MEPEHUI B
UMEIOIHUXCS BEIOOpKax. sl MILTFOCTPAIMY 3TOTO YTBEPKICHHS MOPOOyeM MOCTPOUTH
BEPOSATHOCTHOE PACIIPEACICHUE MTOIYYEHHBIX PE3YJIBTATOB B HATJIAIHOM BU/JIE C [IOMOIIBIO

auarpamum (puc. 5-8):
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Pucynok 5. Pacnipenenenue pe3yabTaToB U3MEPEHUS TUAMETPA HUTH
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PI/ICYHOK 6. PacnpeneHeHI/Ie PE3YIbTAaTOB UBMEPCHUA CUJIBI pa3pbiBa HUTHU
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Pucynok 7. Pactipenenenue pe3ylibTaToB U3MEPEHUS ehOpMaIlii HUTH
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Pucynok 8. Pacnipenenenue pe3yapTaToB U3MEPEHHS PACTATUBAOLIETO HAIPSKEHUS

[IpuBenEHHbBIE TUarpaMMBbl HAaIJISIIHO HIUTFOCTPUPYIOT HECOOTBETCTBUE MOIYYEHHBIX
pe3yabTaTOB TPEOOBAHUAM CTATUCTHUYECKOTIO aHanu3a. [ ucnpasieHus 3Toi cuTyauuu ObL10
HCI0JI30BAHO CTATUCTUYECKOE MOJIEIIMPOBAHUE C LENBIO MOIYYEHHUS] HOPMAJIBHOTO
pacripesielieHUs] U3MepseMON BEJIMYMHBI, KOTOPOE MOXKHO OYyAET UCIOIb30BATh IS
JanbpHelero ananuza. Ha ocHoBaHMM MOJTY4YEeHHBIX JaHHBIX U3MEPEHUH ObLIH ONpeeIeHbI
CIIELYIOINE apaMeTpsl Ul KaKIOW U3 CEpUM N3MEPEHUI:

1. Marematuueckoe OXUAAHUE UU;
2. CpelHEKBapaTUUHOE OTKIOHEHUE 0T,
3. lucniepcusi pacupeesieHus go2,

Brienepeuncnensbie napaMeTpsl O3BOJIMIINA ONPEAETUTE HOPMAIIBHOE PACIIPEIETIEHUE IS
KKJ0M U3 cepuil U3MEpEeHUH C MOMOIIBIO CIEAYIOIIeH GOpMYIIbI:

f(x)= 1 oo\2nmexp@—1 2@xx—uu oo P2



C moMomIpio cpesCTB sI3bIKa MporpaMmupoBanus Python, Bkitodas 6ubnmorekn numpy u
matplotlib, 3Hauenus pacnpenencHus f{X) MOTyT OBITH MOJYYEHBI C 3aJAHHOM YaCTOTOM
JUCKPETU3AIMH, 3aBEIOMO JOCTATOUYHOW /IS MPOBEICHUS JAIbHEUIIIEr0 UX aHainu3a. Tak, B
paMKax HacTosei paboThl OBLTH MOJIYYSHBI CIEAYIOIUE TPa@UKH HOPMAIBHOTO
pacrpezeneHus U3MEepPEeHHbBIX TapaMeTpOB MOHOHUTH (puc. 9-12):
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Pucynok 9. HopmanbHoe pacnpesenenue pe3yibTaToB U3MEPEHHS InaMeTpa HUTH
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PI/IC}’HOK 10. HOpMaJ'IBHOC pacnpeaciacHuc pe3yiabTaTOB USMCPCHUA CUJIbI pa3pbiBa HUTHU
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Pucynoxk 11. HopmansHOe pactipeneneHne pe3yibTaTtoB u3MepeHus aedopMalud HUTH
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Pucynok 12. HopmanbsHOe pacnipeneneHue pe3ysibTaToB U3MEPEHHs PaCTATUBAIOILETO
HanpsHKeHUs



3aKIIroueHuE

[Tomy4deHHbIe pe3ynbTaThl 0AHO3HAYHO AEMOHCTPHUPYIOT BO3MOXHOCTH 3 (HEKTHBHOTO
HCIIOJIb30BAHUS METOJIOB CTATUCTUYECKOTO MOICIMPOBAHUS VIS IIOJIy4eHUsT HOPMAJILHOTO
pacrpeneneHus Mporu3BOJbHON U3MEPAEMON BEIMYMHBI HA OCHOBAHUN OTPAaHUYEHHOTO
KOJINYECTBA PE3YJIBTATOB NPSMBIX WJIM KOCBEHHBIX U3MEPEHUN. [losrydeHHbIE pe3ysIbTaThl MOT'YT
B JIaJIbHEHIIEM HCIIOJIb30BAThCA Ul IPUMEHEHMS K HUM CYIIECTBYIOIIUX METOJOB
CTATHCTUYECKOTO AHAIN3a, a TAKXKE IIPEICTABICHUS PE3YIbTATOB UCCICIOBAaHUS B
oOmenpunsaToM popmare. B XoJ1e BRINOTHEHUS UCCIEI0BAHUS OBUIO MMOKA3aHO, YTO METOIBI
CTaTUCTUYECKOTO MOJIEIMPOBAHUSI MOTYT IPUMEHSTHCS K PE3YJIbTaTaM U3MEpeHUs! PU3NYECKUX
1 MEXaHWYECKUX MapaMeTpOB MOJIMAMUIHON dnekTponpoBogsaiieit MoHonntn AMPERETEX.
[Tonmy4yeHsl HOpMaJIBHBIE PACIIPEACIICHHS] PE3YIbTATOB U3MEPEHHUS JUaMeTpa HUTH, CHIIbI
pa3pbiBa HUTH, 1ehopMallii HUTH U PACTATUBAIOLIET0 HanpshkeHus. B nanbHeliem 31u xe
METO/IbI MOT'YT OBbITh IPUMEHEHBI K N3MEPEHUIO UHBIX TapaMETPOB MOHOHHUTEH, a TAaKkKe
HCIIOJIb30BATHCS IS AHAIM3a PE3YJIbTaTOB U3MEPEHUHN APYTUX TUIIOB YMHBIX MATEPUAJIOB.
B03MOKHBIM pacHIMpeHHEM HACTOSIIETO UCCIIEIOBAHUE SBIISETCS €ro 0000IeHne Ha ciIydai
MHOTOMEPHOTO HOPMAJIBHOTO PACHPENEICHHS], KOTOPOE MOKET UCIIOJIB30BaThCS AJIS IOCTPOCHMS
pacripeielIeHuil mapaMeTpoB, ONPENeIEHHbIX Ha IFIOCKOCTH WK B 00bEME.

Hawm nonpasunmcs kypesl 3D monenuposanus. Exatepuna CkyparoBuy No3HaKOMMIIA HAcC ©
OCHOBOI s13bIKa TIpOrpaMMHpoBaHus Python, a Taxke Hayunia cTpouth rpaduku. Bee 3to
JNeMOHCTpHUpYeT 3G (EKT cTaTUCTHUECKOTo MoienupoBanus. Haneemcs, uto Ha Kypcax B
banTtuiickom ®@enepanbHOM YHHUBEPCUTETE Mbl HE B IOCIEAHUM Pa3.



