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AHHOTaUMS

Pa6oTa nocesilLieHa NpMMEHEHUI0 CTaTUCTUYECKMX METOAOB AN PeLUeHNs 3a4ay aHanunsa
pe3ynbTaToB PasfMyHbIX TUMOB UCMNbITaHWUIA, HAONMIOAEHUA U SKCNEPUMEHTOB Hag, YMHbIMU
maTtepuanamu. B ctatbe npuBoauTCs onncaHne MeTOAMKM U MOMyYeHHble pe3ynbTaTtbl NPsiMbIX
n3mepeHuii, 060CHOBLIBAETCS MPUMEHEHNE K HUM CTaTUCTUYECKMX METOAOB AN NOMyYeHus
HOpManbHbIX pacrnpeaeneHuii, nocne Yero NPUBOAATCSA pe3ynbTaTbl BbINONHEHHbLIX Ppac4YEToB.
AHanuanpyeTcs NPUMEHMMOCTb UCMOMNb30BaHHbIX METOAOB AN pelleHns 3agady o6paboTku
[AaHHbIX 3KCMEPUMEHTOB, AENaeTcs BbIBOA O NEPCMNEKTMBAX MCNONb30BaHUS NpeanaraeMoro
MeToa B 3agayax Takoro Tuna.

BBenenue

AHanna pesynsraToB 3KCNEPUMEHTOB, HABNMIOAEHUIA N UCMbITAHWUIA ABNSETCSA NOCTOAHHON
3agayen BCAKOro NpUKagHoro Hay4yHoro nccnegosaHmsi. OgHaKo B XO4E peLleHns Takmx 3agad
3a4acTyto BO3HUKaeT npobnema gedunumnTta JOCTYNHbIX JaHHbIX HAbnaeHn unm
3KCNEPUMEHTOB AN1s1 NPOBEAEHNSA MOMHOLIEHHOIO aHanm3a ¢ UCMNoNb30BaHNEM OOLLENPUHATBIX
CTaTUCTMYECKMX N MaTEMATUYECKNX NHCTPYMEHTOB (Hanpumep, rapMOHNUYECKOrO NN
dypbe-aHanunsa, BenBrneT-npeodpa3oBaHnin 1 MHbIX). Takaa cuTyaunsa MOXET BO3HUKHYTb
BCIEeACTBME OrpaHMYEHHOCTN HabngaTeNbHOM UK 3KCNepUMeHTanbHoON 6a3bl, 4OPOroBU3HbI
pacxoaHbIX MaTepmnanos, TEXHNYECKOWN NN OpraHn3aLmMoHHON CIIOXHOCTUN NpoBeaEeHNS
nccnegoBaHuin N psaa opyrux NpuymnH.

B pamkax HacTosiLLero nccnegoBaHus npeanaraeTcs MCNonb3oBaTh METoAbl CTaTUCTUYECKOro
MOLENMpPOBaHUS Ansi 00paboTKu pe3ynsTaTtoB MarnbiX CeEpUn HabnNOEHUN U SKCNEPUMEHTOB. B
KayecTBe npegmMmeTa uccnegosaHust Obinn BelOpaHbl IKCNEPUMEHTbI C YMHbBIMW MaTepuanamu:
nonvamuaHon anekTponpoBoaswen moHountn AMPERETEX.

Llenbto nccnenosaHmsa ABNSeTCA NPMMEHEHMe METOIOB CTaTUCTUYECKOro MOAENMPOBaHNSA B
3ajavax uccrnegoBaHusi YMHbIX MaTepuanoB. [Ins eé oCTMKeHUs Obinun peLueHbl creayroLume

3agauu:

1. MNMpoBeaeHne n3amepeHnin PU3nNYeCKUX 1 MexaHMYeCcKnx napameTpoB MOHOHUTEN;



2. NepeBoa pe3ynsratoB N3mepeHun B Lndposor dopmar B COOTBETCTBMM C OBLLENPUHATLIMA
cTaHgapTamu;

3. cnonb3oBaHne cpeacTB CTAaTUCTUYECKOTO MOAENUPOBAHNA ANS NONyYeHUss HOpMasbHOro
pacnpefenenns pesynsraTtoB U3MepeHun;

4. AHanun3 BbINOMTHEHHOMO NccneaoBaHus, oOpMynNUpoBaHMe BbIBOAOB MO ero pesynsraTam.

lNocTaHoBKa 3agauun

B pamkax BbINONMHEHUS HACTOSILLIEN NCcrneaoBaTenbCckon paboThl OblNM NCNONb30BaHbI
HECKONbKO nabopaTtopHbix 06pa3LoB NONMaMNOHON SNEKTPONPOBOAALLENA MOHOHUTH
AMPERETEX. Ob6pa3subl 66111 pasgeneHbl Ha OTpe3kn paBHOW AfWHbLI, B UCCIeaoBaHNn
NCNonb30Banochb AeCATb TakMX OTPE3KOB. [apaMeTpbl KaXKgoro U3 HUX Obinv N3mMepeHbl No
€4MHON METOL0SIOMMM, COOTBETCTBYIOLLEN NHCTPYKLUAM M PYKOBOACTBaM K criegytolemMy
obopyaoBaHuio:

1. ONEeKTPOHHbIN LWTAHrEHUMPKYNb, Hepxxasetowas ctans, 3YBP WLL-I-100-0,01 100mm
34463-100, c npegenom gonyckaemon norpewHoctn 0,01 mm

2. YHunBepcanbHasi paspbiBHast mawumHa Instron 34TM-10, nHeBMaTu4eckne 3axeatbl GOKOBOro
nencTena

3. NWH-10, TepaommeTp E6-13A

HMcnbiTaHus u n3MepeHNA BbINOJTHAINCH B CrieyounX yCrnoBUAX:

1. UamepeHuns anametpa 1 meTpa HUTU 3NEKTPOHHBIM LUTaHreHUupKynem ¢ warom 10 cm;
Temnepatypa Bo3gyxa 24 + 2o C; atmocdepHoe aasneHne 765 mm pt. CT.

2. NamepeHne MmexaHNn4eCcKom CTOMKOCTU HUTU Ha paspbiB YHMBEPCArbHOW pa3pbiBHOM
MalunHon. basosas gnuHa 500 mm; ckopocTb 200 MM/MWH; NpeaBapuTensHas Harpyska — 0,91H
(n3 pacueta 0,5 cH/Tekc), Temnepatypa 24 + 20 C; gaBneHue 776 mm pT. CT.

3. NlamepeHne MexaHn4eckon CTOMKOCTU HUTU Ha pa3pblB YHMBEPCANbHON pa3pbiBHOM
MawunHon. basoBas annHa 200 mMm; ckopocTb 200 MM/MWH; NpeaBapuUTeNbHas Harpyska
paccumTbiBanacb 0.5 cH/Tekc; Temnepatypa 24 + 2o C; naeneHune 765 mm pT. CT.

4. NamepeHne MexaHU4eCKo CTOMKOCTU HUTU Ha UCTMPaHME TepaoMMETPOM. Yron UcTupaHus
90°, ckopocTb 50 06/muH, Harpy3ka 20r, Temnepartypa 24 + 2 °C; atm. gaen. 765 mm pT. CT.,
pacctosiHue mexgy anektpogamum 30 MM (MecTo UCTUpPaHUS)

PesynbTrathl namepeHun

Kaxgbiin TMn namepeHns nposoaunca cepmen n3 10 nasmepeHnin, pesynsratbl KOTOPbIX
3anucbiBanuck B dannsl popmata JSON, KoTopbI iBNSIETCA 0bLLENpUHATLIM AN
COBPEMEHHbIX HayYHbIX UCCNeaoBaHU B pa3nnyHblix obnactsx. Nony4eHHble AaHHble Obinu
MMMOPTUPOBaHLI N3 hansioB B He6onbLLOW 00paboTuMK, HanMCaHHbIA Ha A3bIKe
nporpammMmmpoBaHus Python. Pesynbstatel 1aMepeHuii NpeacraBneHsbl B BUae rpacomkos,



oTpakaroLLmx pacnpegerneHme n3mepseMbiX BENUYUH NO HOMEpaM U3MepeHun B cepum (puc.
1-4):
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PucyHok 1. lnametp HUTU, MM



b ]

100 ~ S

90 °
80 1
9
=

70 1 P

7]

¥
T T T T T
2 4 6 8 10

PucyHok 2. Cuna paspbiBa HUTH, H
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PucyHok 3. dedopmaums HUTH, %
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PucyHok 4. PacTtsrmeatoLlee HanpsbkeHme, MlMa

Mcnonb3oBaHne CTaTUCTUYECKUX METOO0B

MNonyyeHHble B pe3yrnbrate U3MepPeHUn 1 IKCNEPUMEHTOB AaHHbIE O4EBUAHO HEAOCTATOYHbI A4S
NPUMEHEHUS K HAM OOLLENPUHATBIX METOAOB aHanu3a BBUAY HEAOCTaTOMHOCTN U3MEPEHUI B
nmeromnxca Bolbopkax. [na nnnocrtpaunm aToro yTeepxaeHus nonpobyem nocTpouTb
BEPOSATHOCTHOE pacnpeneneHve NofyyYyeHHbIX pe3ynsTaTtoB B HarnsgHOM BUAe C MOMOLLbIO
Anarpamm (puc. 5-8):
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PucyHok 5. PacnpegeneHue pesynstaTtoB U3BMEPEHNa aAnamMeTpa HUTH
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PucyHok 6. PacnpeneneHve pesynbtatoB M3MEPEHUst CUIbl paspbiBa HUTU
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PucyHok 7. PacnpegerneHve pesynstaToB M3MepeHns Aedopmanmm HATK
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PucyHok 8. PacnpegeneHue pesynsratoB N3MEPEHNSA pacTArMBatoLLEro HanpsXKeHust

MpuBenéHHble amMarpaMmbl HarnNSAHO UNITIOCTPUPYIOT HECOOTBETCTBUE MOMYyYEHHbIX
pesynbratoB TpeboBaHMsM CTaTUCTUYECKOrO aHanmsa. [ns ucnpaeneHus aTon cutyauumn 6oino
NCnosb30BaHO CTaTUCTUYECKOE MOAENNPOBaHME C LIENbIO NOMyYeHUs HOPMarnbHOro
pacnpegeneHus naMepseMon BENNYMHbI, KOTOPOE MOXHO ByaeT ncnonb3oBaTb Ans
JanbHenwero aHanusa. Ha ocHOBaHUKU NOMYyYEeHHbIX aHHbIX M3MepeHui Bblnn onpeaeneHsbl
cnegytouime napaMmeTpbl A58 KaXaon N3 cepuin namepeHuit:

1. MaTtematunyeckoe oxugaHue u;
2. CpegHekBagpaTUYHOE OTKITOHEHWE o;
3. ucnepcus pacnpegenenuns o2;

BblwenepeyncneHHblie napameTpbl NO3BONUAN ONpeaennuTb HOpMarnbHOE pacnpegeneHne aons
KaXKgon U3 cepuin U3MEePEHUN ¢ NOMOLLIbIO crneaytolen hopMynbl:
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C nomoupbto CpeacTB A3blika NporpaMmMmmpoBaHus Python, Bkntodas 6ubnmnotekn numpy u
matplotlib, 3HaueHunsa pacnpegenenus f(x) moryT ObiTb NOAy4YEHbI C 3a4aHHON YaCTOTON
ANCKpeTn3aumm, 3aBeqoMOo LOCTAaTOMHOM ANst NPOBeAeHNs AanbHENLWero ux aHanuaa. Tak, B
pamkax HacTosiLen paboTbl ObIM NoNyYeHbl cneayowme rpadmkn HopmManbHOro
pacnpeneneHns UAMepeHHbIX NapaMeTpoB MOHOHUTU (puc. 9-12):
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PucyHok 9. HopmansHoe pacnpegeneHue pesynstatoB USMepeHus anamerpa HUTu
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PucyHok 10. HopmanbHoe pacnpegeneHne pesynstaTtoB N3MepPeHNs Cunbl pa3pbiBa HATK



0.25

0.20 +

0.15 ~

0.10

0.05 A

0 2 4 6 8 10 12
PucyHok 11. HopmanbHoe pacnpegeneHune pesynsratoB nsmepeHus gedopmMaumm HATU
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PucyHok 12. HopmanbHoe pacnpegeneHne pesynsraTtoB M3MepeHns pacTarnBatoLLero

HanpsXKeHns

3aknioyeHue

MonyyeHHble pe3ynbTaTbl OAHO3HAYHO EMOHCTPUPYIOT BO3MOXHOCTb 3W(PEKTUBHOIO
NCnonb3oBaHMa METOA0B CTaTUCTUYECKOrO MoAeNnpoBaHus Ang nNonyvyeHus HopManbHOro
pacnpegeneHnst NPon3BoSIbHON N3MePSEMOMN BENNYNHBI HA OCHOBaHUM OrpaHNYeHHOro
KonuyecTBa pe3ynbraToB NPSAMbIX UM KOCBEHHbIX M3MepeHui. MonyyeHHble pesynsraTbl MOryT
B JarnbHenLleM Ucnonb3oBaTbCa A5 NPUMEHEHUS K HUM CYLLECTBYIOLLNMX METOO0B
CTaTUCTUYECKOrO aHanu3a, a Takke npeacTaBneHns pesynbTaTtoB UccnegoBaHns B
obwenpuHaTom chopmarTe.

B xoge BbinonHeHusa ncecnegoBaHus 6bino nokasaHo, YTO METOAbI CTAaTUCTUYECKOTO
MoOeNMpPOBaHUs MOTYT NPUMEHSTLCA K pesyrnbrataM U3sMepeHus Ou3n4ecknx 1 MexaHn4ecknx
napameTpoB nonvamMmmaHon anektponposogdilent MoHoHnT AMPERETEX. MNony4yeHsb!
HOpMarnbHble pacnpegeneHvs pesynsratoB NU3MepeHnsa AnameTpa HUTU, CUrbl pas3pbiBa HUTH,
aedopmaLmm HATK U pacTarMBaloLLero HanpskeHus. B ganbHenwem atn xxe MeToabl MOryT
ObITb NPUMEHEHBI K UIBMEPEHUIO MHBIX NAapPaMETPOB MOHOHUTEN, a Takke UCMNOoNb30BaTbCA ANN
aHanusa pesynsTaToB U3MepeHU ApYrMx TUNOB YMHbIX MaTtepnanos. BO3MOXHbIM
pacLIMpeHneM HacTosILLEro nccneaoBaHue siBnsetca ero obobLueHne Ha criydah MHOrOMEpPHOro
HOpManbHOro pacnpegeneHuns, KOTOpoe MOXET UCMONb30BaTbCA 4S5 NOCTPOEHUSA
pacnpefeneHni napameTpos, onpeaenéHHbIX Ha MNNOCKOCTU U B o6béme.



