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AHHOTaUMUA:

PaboTa noceALLEHA NPUMEHEHMIO CTAaTUCTUYECKMX METOA0B 415 pelleHMA 33434 aHaAun3a
PEe3yNbTaTOB Pa3/INYHbIX TUMOB UCMbITaHWUM, HABNOAEHUIM U SKCMEPUMEHTOB Ha, YMHbIMU
MaTepuanamu. B ctaTbe NpMBOAMUTCA ONMCAHNE METOAMKN U NONYYEHHble pe3ynbTaTbl NPAMbIX
n3mepeHnin, 060CHOBbLIBAETCA NPUMEHEHME K HUM CTAaTUCTUUYECKUX METOA0B A1 NOoyYeHuA
HOPMa bHbIX pacnpeseneHnin, Nocae Yero NPUBOAATCA Pe3yNbTaTbl BbIMONHEHHbIX PACYETOB.
AHanusunpyeTca NPUMEHMMOCTb MCNO/Ib30BaHHbIX METOA0B A/15 pelleHna 33434 06paboTkm
AaHHbIX 9KCNEePUMEHTOB, Ae/1aeTCA BbIBOA, O MEPCNEeKTUBaX UCMNOIb30BaHMA Npeasaraemoro
MeToZa B 3aZa4ax Takoro Tmna.

BeBeneHue:

AHanu3 pe3ynbTaToB SKCNEPUMEHTOB, HABNOAEHUI N UCNBITAHUIA ABNAETCA NOCTOAHHOM
3a3a4en BCAKOro NPUKAAAHOro Hay4yHoro nccnegosaHma. O4HAKO B Xo4e pelueHmA Takux 3agay
3a4acTyto BO3HMKaeT npobaema aedmunta A0CTYNHbIX AHHbIX HAbAOAEHUIA UK
3KCNEPUMEHTOB AN1A NPOBEeAEHMA NONHOLEHHOMO aHaIn3a C UCNO/Ib30BaHMEM OBLLLENPUHATDLIX
CTAaTUCTMYECKMX U MATEMATUYECKMUX UHCTPYMEHTOB (Hanpumep, rapMOHMUYECKOro Uan
®ypbeaHanusa, BeriBneT-npeobpasoBaHnNin U UHbIX). TaKaa CUTYaLMA MOXKET BOSHUKHYTb
BC/I€ACTBME OrPAHNYEHHOCTN HabatoAaTeNbHOM UK SKCNepPUMEHTaIbHOM 6a3bl, ,O0POroBM3HbI
pPacxofHbIX MaTePUANOB, TEXHUYECKOM UNU OPraHM3aLMOHHON CNOXKHOCTU NpoBeaeHUA
nccnefoBaHUM 1M paga Apyrux NpuyYnH. B pamkax HacToawero nccnenoBaHua npegnaraerca
MCNONb30BaTb METOAbI CTAaTUCTUUYECKOTO MOAENMPOBAHMUA A1A 06paboTKM pe3ynbTaToB MasibIX
cepuii HabaogeHUI N SKCNEPUMEHTOB. B KayecTBe npegmeTa nccnenoBaHuA 6b11m BbiGpaHbI
3KCMEepMMEHTbI C YMHbIMU MaTepuanamm: NOIMaMUAHON 3NEKTPONpPoBOAALLEA MOHOHUTH
AMPERETEX. Llenbto nccnegoBaHmA aasaeTca npumMeHeHne meTo40B CTaTUCTUYECKOro
MOAENNPOBaHMA B 3a[1a4aX UCCIeA0BAHUA YMHbIX MaTepuanos. Ana eé aoctuxeHma boinm
peweHbl cneayowme 3agaum: 1. NposeaeHne namepeHnin GUanYecknx n MexaHm4ecKmx
napameTpoB MOHOHUTEN; 2. MNepeBog Pe3ynbTaToB U3MEpPEHU B Lndposoi dopmart B
COOTBETCTBMM C 0OLLENPUMHATBIMU CTaHAAPTaMu; 3. Micnonb3oBaHWe CpeacT8 CTaTUCTUYECKOrO
MOA4ENNPOBaHNA ANA NONYYEHUA HOPMAJIBHOTO pacnpeseneHuma pesybTaToB U3MepeHuis; 4.
AHanu3s BbINOJIHEHHOTO UcCNef0BaHUA, GOPMYAMPOBaAHNE BbIBOAOB NO €ro pe3y/ibTaTaM.

[locTaHOBKa 3a4aum:



B pamKax BbINO/IHEHUA HACTosALEeN uccneaoBaTe/ibCKon paboTbl ObiI MCNOBL30BaAHbI
HeCKo/IbKo nNabopaTopHbIx 06pa3L,oB NONAMUAHOM INEKTPONPOBOAALLEA MOHOHUTH
AMPERETEX. O6pa3subl 66111 pasaesieHbl Ha OTPE3KU PaBHOW A/IMHbI, B UCCAe0BaHUN
NCNONb30BaNIOCh AECATb TAKMX OTPE3KOB. [NapameTpbl KaxKaoro U3 HUX 6blInM N3MepeHbl No
eaMHON MeToA010rMU, COOTBETCTBYHOLWEN NMHCTPYKLMAM M PYKOBOACTBAM K Caeaytowemy
obopyaoBaHuio: 1. INEKTPOHHLIN WTAHTEHUMPKYb, HEpXKaBetowwas ctanb, 3YBP WL -I-100-
0,01 100mm 34463-100, c npegenom gonyckaemon norpetiHoctv 0,01 mm 2. YHMBepcasbHasn
pa3pbiBHaA malumHa Instron 34TM-10, nHeBMaTHyecKme 3axBaTbl 6bokoBoro gericrtauna 3. ULLH-
10, repaommeTp E6-13A

Pe3ynbTaTbl U3AMEPEHUN:

Kaxablih TN nsmepeHua nposoannca cepmeit us 10 usmepeHuit, pesynbtaTbl KOTOPbIX
3anucbiBanmcb B dpalinbl dopmata JSON, KOTOPbIN ABAAETCA 0BWENPUHATLIM AN COBPEMEHHbIX
Hay4HbIX UCCNeO0BaHUI B Pa3INUHbIX 061acTAX. MoNyyeHHble faHHble BblIM MMNOPTUPOBAHDI
13 ¢ainoB B HeH6ONbLLOK 06PabOTUMK, HANUCAHHbIN Ha A3bIKE NPOorpammupoBaHmua Python.
Pe3ynbTaTbl U3MEpPEeHUI NpeacTaB/eHbl B BUAE rpaduKoB, OTPaXKaloLWMX pacnpeaeneHme
N3mepsaeMblx BEIMYNH MO HOMEpPam U3MepeHuii B cepum (1-4 puc.)
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PucyHok 1. lnameTtp HUTKU, MM
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PucyHoK 2. Cuna paspbiBa HUTHU, H
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PucyHok 3. ledopmauyma HUTH, %
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PucyHoK 4. Pactarmsatowme Hanpaxenue, Mlla

Mcnonb3oBaHMe CTaTUCTUYECKMX MEeTOA0B:

Pe3ynbTaTbl M3MepeHui Kaxablii TN n3amepeHuns nposoauaca cepueit n3 10 usmepeHuit,

pe3ynbTaTbl KOTOPbIX 3aNUCbIBaNUCb B dpalinbl dopmata JSON, KoTopbIn ABNAETCA
06LLENPUHATLIM A1 COBPEMEHHbIX HAaYUYHbIX NCCNEeA0BAHUI B Pa3INYHbIX 061aCTAX.
Mony4yeHHble gaHHble 6bINM UMNOPTUPOBaHbI U3 PaininoB B HeboNbLLOK 06pPaboTUMK,

HanWCcaHHbIM Ha A3blKe NporpammupoBaHua Python. Pe3ynbTaTbl M3mepeHuii NpeacTaBieHbl B
BUAE rpadnKoB, OTPAXKaOLWMX pacnpeseneHme U3smepsemMbix BEJIMYMH MO HOMEPAM U3MeEPEHUI

B cepuu




2.00

1.75 +

1.50 +

1.25 +

1.00 +

0.75 +

KONWYecTBo N3MepeHuin

0.50

0.25 +

0.00 -

10 12 14 16

PucyHoK 5. PacnpeseneHve pesynbTaToB U3MepPeHUs AUameTpa HUTU
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PVICVHOK 6. Pacnpe,a,eneHMe PE3YyNbTAaTOB N3IMEPEHNA CU/Ibl Pa3pbiBa HATU
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PucyHok 7. PacnpeseneHue pesynbTaToB M3mepeHus gepopmarmm HUTU
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PucyHok 8. PacnpeaeneHue pe3ynbTaToB U3MEPEHUA PaCTATMBAIOLLETO HANPAXKEHUA



MpuBeaéHHbIE AMarpaMmbl HarNA4HO UNNOCTPUPYIOT HECOOTBETCTBME NMONYYEHHbIX
pe3ynbTaToB TPeboBaHMAM CTAaTUCTUYECKOTO aHanmsa. [11a ucnpasaeHua sTon cutyaummn 6bia1o
MCMONb30BAHO CTaTUCTUYECKOE MOAE/IMPOBAHME C Lie/Ibio MONYyYeHMUA HOPMAJIbHOTO
pacnpegeneHns n3mepsieMon BeNMYMHbI, KOTOPOE MOXKHO ByaeT Ncnonb3oBaTh A/1A
AanbHenwero aHannsa. Ha oCHoBaHMM NOyYEHHbIX AAHHbIX U3MepPeHN Bbln onpeaeneHsbl
cneaylowme napameTpbl A8 Kaxkaoh U3 cepuin usmepeHui:

1. MatemaTtun4yeckoe oxkuaaHuve y;
2. CpegHeKkBagpaTUYHOE OTKJOHEHUE J;
3. lucnepcua pacnpeaeneHua g2;

BbllwenepeyncieHHble NapaMeTpbl NO3BOIMAN ONPeAe/MTb HOPMAbHOE pacnpeseneHme ANs Kaxaon
13 cepuii UsMepeHnin c NoMoLLpbto cheaytowein popmybi:

1 1 /x —py2
0= (152

C nomolubto cpeacTB A3blka NporpammupoBaHma Python, Bkatoyas 6Mbanotekn numpy u matplotlib,
3HayeHuA pacnpegeneHus f(x) moryT 6biTb NOAyYEHbI C 334aHHOM YacTOTOM AUCKPETU3aL MK, 3aBeOMO
O0CTAaTOYHOM A5 NpoBeAeHMA Aa/ibHEeNLWero ux aHannsa. Tak, B paMmkax HactosLen paboTbl 6bian
noslydeHbl cneaytouime rpadpurKku HOPManbHOro pacnpenesieHnsa U3MepeHHbIX NapamMmeTPOB MOHOHUTH.
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PucyHok 9. HopmanbHoe pacnpeaeneHme pe3ynbTaToB U3MepeHua AnameTpa HUTKU
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PucyHok 10. HopmanbHoe pacnpegenieHne pesynbTaToB U3SMEPEHUSA CUJIbl Pa3pbliBa HUTU
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PucyHok 11. HopmanbHoe pacnpeseneHve pesynbTaToB UsmepeHus aedopmaummn HATU
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PucyHok 12. HopmanbHoe pacnpeseneHue pesynbTaToB U3MEPEHUA PacTATMBatOLLErO

HanpAaxXeHunA

3aK/iloyeHue:

MonyyeHHble pe3ynbTaTbl 04HO3HAYHO AEMOHCTPUPYIOT BO3MOXKHOCTb 3QPEKTUBHOrO MCNOIb30BAHMSA
METO/0B CTaTUCTMYECKOrO MOAENNPOBAHUSA AN NONYYEHUA HOPMAIbHOTO pacnpeaeneHus
NPOM3BO/IbHOM U3MEPSAEMOI BENNUYMHBI HAa OCHOBAHWM OFPAHUYEHHOTO KOJIMYECTBA Pe3y/1bTaToB
NPAMbIX UM KOCBEHHbIX U3MEPEHUIA. [olyYeHHble pe3ynbTaTbl MOTYT B Aa/IbHEMLWEM UCNONb30BaTLCA
AN NPUMEHEHMA K HUM CYLLLECTBYIOLLMX METOA0B CTaTUCTMYECKOro aHa/M3a, a TaKKe NpeaCcTaBeHus
pe3ynbTaToB UCCAeA0BaHNA B 06LWENPUHATOM PpopmaTe.

B xoA4e BbINOAHEHMA UCCNeA0BaHMA BblI0 MOKAa3aHO, YTO METOAbI CTAaTUCTUYECKOTO MOAENMPOBAHUSA
MOTYT NPUMEHATLCA K pe3yibTataM U3mepeHna GU3nN4ecKmMx 1 MexaHU4eCcKMxX NapameTpoB
noanamumaHom anekTponposogaAleit MoHoHUTM AMPERETEX. MonyyeHbl HOpMasibHble pacnpeneneHums
pes3ynbTaToB M3MEPEHUA ANaMeTPa HUTU, CU/Ibl Pa3pbiBa HUTU, AedopMaLLlMm HATU U PaCTATMBAIOLLETO
HanpsaXKeHus. B ganbHenWwem 3Tn e MeToabl MOTyT ObITb MPUMEHEHDBI K M3MEPEHUIO UHbIX NapamMeTPOB
MOHOHWTEWN, a TAK*Ke MCMONb30BATLCS AJ/1A aHA/IM3a Pe3y1bTaTOB U3MEPEHWUIN APYrUX TUMOB YMHbIX
maTepuanos.

BO3MOXXHbIM pacliMpeHnem HaCcToALLEro nccaesoBaHme ABNAETCA ero 0606U.I,eHMG Ha Cﬂy‘-laﬁ
MHOIromepHOro HopmasZibHOro pacnpegeneHuna, KoTopoe MOXXeT UMCNOJ1Ib30BaTbCA A21A NOCTPOEHUA
pacnpep,eneHMﬁ napameTpos, OI'Ipe,Cl,el'IéHHbIX Ha NA0CKOCTM UK B 06bEME.



