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Hay4yHbIn pyKkoBoauTeb:

AHHOTaUMA

PaboTa nocesLLeHa NPUMEHEHUIO CTaTUCTUYECKMX METOLOB A/1A pelleHnA 3a4a4 aHaM3a pesynbTaTos
pa3NMYHbIX TUMOB UCMbITaHWUN, HAOAIOAEHUIA U SKCMEPUMEHTOB HaZ YMHbIMWM MaTepuanamm. B ctatbe
NPUBOAMTCA ONUCaHME METOLMKM U NONYYEHHbIE PEe3yabTaTbl NMPAMbIX U3MePEHUI, 060CHOBbIBaETCA
NPUMEHEHME K HUM CTaTUCTUYECKUX METOLOB A5 NOYYEHUA HOPMa/IbHbIX pacnpeaeneHuii, nocae
Yyero NPMBOAATCA PE3YbTaTbl BbINOJIHEHHbIX PACYETOB. AHAN3UPYETCA NPUMEHUMOCTb
MCMNO/Ib30BaHHbIX METOAO0B AN pelleHna 3a4a4 06paboTKM AaHHbIX IKCNEPUMEHTOB, AeNaeTca BbIBOA O
nepcneKkTUBax UCMob30BaHMA Npea/iaraeMoro MeToAa B 3aZ1a4ax Takoro Tmna.

BeBeneHune

AHann3 pesynbTaToB IKCNEPUMEHTOB, HABAOAEHMI U UCTbITAHUIN ABNAETCA NOCTOSHHOM 33434eM
BCAKOrO MPUKNAAHOIo Hay4YHoro nccnegoBaHmn. OHaKo B XOA€E pelleHUs TakMx 3aa4 3a4acTyio
BO3HMKaET Npobnema gepuumTa 4OCTYMNHbIX AaHHbIX HABNOAEHNA NN SKCMEPUMEHTOB AN
npoBeaeHMsA NOJIHOLEHHOTO aHa/IM3a C UCMNOJIb30BaHMEM OBLLENPUHATBLIX CTAaTUCTUYECKUX U
MaTeMaTMUYECKUX MHCTPYMEHTOB (Hanpumep, rapMmoHuyeckoro unu ®ypbellaHanunsa, BeBneT-
npeobpa3oBaHMii U UHbIX). TaKan cUTyaLMA MOXKET BO3HUKHYTb BC/IeCTBUE OrPaHUYEHHOCTHU
Habto4aTeNbHOM UM SKCNEPUMEHTA/IbHOM 6a3bl, OPOTrOBU3HbI PACXOAHbIX MAaTEPMANOB, TEXHUYECKOM
WU OPraHM3aLMOHHOM CNOXKHOCTU NPOBEAEHNS UCCNEA0BaHUI U psaaa APYrUX NPUYKH.

B pamKax HacToAwero nccnenoBaHua npeasaraeTca UCNoJib30BaTb MeTOAbl CTaTUCTUYECKOTO
MOAeNnpoBaHMA AN 06paboTKM pe3ynbTaTOB MasbiX CEPUIA HABNOAEHUA U SKCNEPUMEHTOB. B
KauyecTBe npegmeTa UccaefoBaHUA 6blan BblbpaHbl 3KCNEPUMEHTbI C YMHbIMU MaTepUanamu:
NonMamMuAaHoM anekTponposogALLet MOHOHUTU AMPERETEX.

Llenbto nccnegoBaHua ABAAeTCA NpuMeHeHne MeTo40B CTaTUCTUYECKOro MoaennpoBaHnA B 3aa4ax
nccnenoBaHUA YMHbIX maTepuanos. Ona €€ AOoCTUXEHNA 6b1n peweHbl cheayoumne 3agayvun.

1. MpoBepeHue namepeHuit GU3NYECKUX U MEXAaHMYECKUX MapamMeTPOB MOHOHUTENR;

2. MepeBog, pe3ynbTaToB U3MeEpPEHUI B LMppoBoi GopmaT B COOTBETCTBUMN C OOLLENPUHATLIMM
CTaHZapTamu;

3. Mcnonb3oBaHUe CpeacTB CTAaTUCTUYECKOTO MOAE/IMPOBAHMSA 41 NOJYYEHUA HOPMAJIbHOTO
pacnpeaeneHus pesynbTaTtoB U3MepPeHuis;

4. AHanu3 BbIMNOJHEHHOIO NCcCAea0BaHuA, d)opmynMpOBaHme BbIBOAOB MO €ro pe3y/sibtatam.



MocTaHOBKaA 33434K

B pamKax BbINOSHEHMA HACTOALLEN MCCNef0BATENLCKON PaboTbl 6blIM UCNOb30BaHbI
HeCKONbKO nabopaTopHbIX 06pa3LL0B NOANAMUAHON SNEKTPONPOBOAALLEN MOHOHUTU
AMPERETEX. O6pa3subl 6bin1 pasaeneHbl Ha OTPE3KN PaBHOW AJINHbI, B UCCNeA0BaHUMU
NCNO/Ib30BaNOCh AECATb TAKMX OTPE3KOB. [lapameTpbl KaxKaoro U3 HUx bblv U3MepeHbl No
e4MHOMN MeTOA0/10TNN, COOTBETCTBYIOLLEN MHCTPYKLUMAM M PYKOBOACTBAM K CeaytoLiemy

obopyaoBaHuio:

1. DNeKTPOHHbIN WTaHFEeHLMPKY b, HeprKaBetowasa ctanb, 3YBP LULL-I-100-0,01 100mm 34463-
100, c npegenom gonyckaemoit norpewHoctv 0,01 mm

2. YHuMBepcanbHasa pa3pbiBHasa MalwuHa Instron 34TM-10, nHeBMaTMYeCcKune 3axBaTbl BOKOBOro
Aencrens

3. WWH-10, tepmomeTp E6-13A

McnbiTaHWA U U3MepPEeHUA BbIMONHANUCL B CAeAyOLWNX YCN0BUAX:
1. U3amepeHna anameTtpa 1 meTpa HUTU SNEKTPOHHbLIM LWITaHreHUMpKyaem c warom 10 cm;
Temnepatypa Bo3gyxa 24 + 2o C; atmocdepHoe gasneHmne 765 mm pTt. CT.
2. M3amepeHne MexaHUYeCKOW CTOMKOCTM HWUTM Ha pPaspbiB YHUBEPCASIbHON pPaspbiBHOM
MaluMHOW. basoBasa annHa 500 mm; ckopocTb 200 MM/MWH; NpeaBapuTenbHaa Harpyska —
0,91H (43 pacyeta 0,5 cH/TeKc), TemnepaTypa 24 + 20 C; aasneHue 776 Mm pT. CT.
3. M3amepeHne MexaHUYeCcKOW CTOMKOCTM HWUTM Ha pPaspbiB YHUBEPCASIbHON pPa3pbiBHOM
MalumMHoW. Bbasosas anvHa 200 mm; ckopocTb 200 MM/MUH; npeaBapuTenbHaa Harpyska
paccuutbiBanack 0.5 cH/tekc; Temnepatypa 24 + 20 C; aasneHue 765 mm pr. cT.
4. N3mepeHue MexXaHMUYECKOM CTOMKOCTM HUTU Ha WUCTUPaHWE TepaommeTpom. Yron
nctupaHuma 90°, ckopocTb 50 06/muH, HarpysKa 20r, TemnepaTypa 24 + 2 °C; aTm. gasn. 765
MM PT. CT., PaccTosiHMe MexKay anekTpogamm 30 Mm (MecTo UCTUPaHUS)

Pe3ynbTaTbl U3MepeHunmn

Kaxapblii TN M3mepeHua nposoguaca cepueit n3 10 MamepeHuin, pesynbTaTbl KOTOPbIX
3anucbiBanucb B daiinbl popmata JSON, KoTOpbi ABAAETCA OOLWENPUHATBIM - AAA
COBPEMEHHbIX Hay4YHbIX UCCNEeA0BaHUI B Pa3NNYHbIX ob6aacTax. MoayyeHHble gaHHble 6bian
MMNOpPTUPOBaHbl M3 ¢ainos B Hebonblio 06paboTuMK, HaANUCaHHbLIM Ha A3blKe
nporpammupoBaHua Python. PesynbTaTbl M3MepeHUIt npeactaBneHbl B BUAE TPaPUKOB,
oTpakaloLmMx pacnpegeneHme U3MepsemblX BEIMUYUH MO HOMepaM U3MEPEHUI B cepum (pwc.
1):
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MpuBeAEHHaa Auarpamma HarnsgHoO  MANKOCTPUPYET HECOOTBETCTBUE  MOJYYEHHbIX
pes3ynbTaToB TPeboBaHWAM CTAaTUCTMUYECKOrO aHanusa. s UCnpaBaeHus 3TOM CUTyauum
6b1710 MCNONB30BAHO CTATUCTUYECKOE MOAEANPOBAHME C LEe/blo NMOAYYEHUA HOPMASIbHOMO
pacnpegeneHns WM3MepsemMoli BENNYMHBbI, KOTOpPOe MOXKHO OyaeT ucnonb3oBaTb AN
OanbHenwero aHanAn3a. Ha 0oCHOBaHMM NOMYYEHHbIX AaHHbIX U3MepPeHUI bbln onpeaeneHbl
cneayowme napameTpbl 418 KaxKaon U3 cepuin UsmepeHui:

1. MaTemaTunyecKkoe oxXugaHue uy;
2. CpegHeKBaApATUYHOE OTK/IOHEHUE T;
3. Aucnepcua pacnpeaeneHma g2;

BbllWwenepeyncneHHble NapamMeTpbl NO3BOUAM ONpeaenuTb HOpMmasbHOe pacnpeaeneHue
ONA KaXKAolh U3 cepuii USMepeHnin C NoMOLLbIO cieaytolen Gopmy/ibl:

1 1,x — 2
F0 = e (-3(5) )

C nomolLblo CpeacTB A3blka NporpammupoBaHua Python, Bkaloyaa 6MGAMOTEKM numpy M
matplotlib, 3HaueHua pacnpegenenus f(x) moryt 6GbITb NosyyYeHbl C 3a4aHHOM YacToToM
ANCKpPeTU3aLmm, 3aBe40MO A0CTaTOYHOW ANA NPoBedeHMA AaNbHENLWEero ux aHaamnsa. Tak, B
pamKax Hactoswein paboTbl OblAKM  MOAydYeHbl cnegyowme rpadrMKkn  HOPMaNbHOMO
pacnpegeneHna U3MepeHHbIX NapameTpPoB MOHOHUTH (puc.2)
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HopmanbHOoe pacnpegeneHune pesynbTaToB U3MepeHna gnameTpa HUTU



3akn4yeHue

MonyyeHHble pe3y/ibTaTbl 04HO3HAYHO AEMOHCTPUPYIOT BO3MOMKHOCTb 3GHEKTUBHOIO UCMO/Ib30BaHMA
MEeTOA0B CTaTUCTMYECKOro MOAENNPOBaHNA AN NOAYYEeHUA HOPMANbHOTO pacrnpeaeneHus
NPOM3BO/IbHOI N3MEPAEMOI BEIMUYNHBI Ha OCHOBaHWUM OFPaHUYEHHOTO KO/IMYeCcTBa pesy/1bTaToB
NPAMbIX UM KOCBEHHbIX M3MepPeHUit. MoslyyeHHble pe3yibTaTbl MOTYT B Aa/IbHEMLWEM UCMNOb30BaTbCA
ONA NPUMEHEHMA K HUM CYLLLECTBYHOLLMX METOA0B CTaTUCTMUYECKOro aHain3a, a TakKe npeacTaBieHus
pe3ynbTaToB UCCNeA0BaHMA B 06WEeNPUHATOM PpopmarTe.

B xoAe BbINO/IHEHMA NUCCAeA0BaHUA Obl/I0 NOKa3aHO, YTO MeTOAbl CTaTUCTUYECKOTO MOAENMPOBAHMUA
MOTYT NPUMEHATLCA K pe3ynbTaTaM naMmepeHua GUanyecknx 1 MexaHMYeCKNX NapameTpoB
nonvamuaHom anekTponposogaLLeit MOHoHUTU AMPERETEX. Mony4yeHbl HOpMasibHble pacnpeaeneHus
pe3ynbTaToOB U3MEPEHUA ANAMETPA HUTK, CU/bl pa3pbiBa HUTKU, AedopMaLLUN HUTU U PacTArMBatoLWEro
HanpaXeHus. B ganbHenWem 3Tn e MeTodbl MOTyT BbITb MPUMEHEHbI K UBMEPEHMIO MHBIX NapamMeTpoB
MOHOHMWTEN, a TaKKe NUCMO/Ib30BaTbCA AJ18 aHa/IM3a Pe3yIbTaToB U3MEPEHUIN APYTUX TUMOB YMHbIX
MaTepuanos.

BO3MOMKHbIM paclUMPEHUEM HACTOSALLLErO UCC/Iel0BaHME ABAAETCA ero 06obLieHne Ha caydai
MHOTOMEPHOro HOPMasibHOrO pacnpeseneHna, KOTOpPoe MOXKET UCMO/b30BaThCA A4 NOCTPOEHUA
pacnpefeneHuii napameTpos, onpeae/iEHHbIX Ha NIOCKOCTM UK B 06bEMe.



Cnacubo 3a
eHumaHue!



