Cratuctnyeckoe MmoaennposaHue B 3aga4ax nccnenoBaHmMAa YMHbIX
MaTepmnanos

MNotanosa, Kosanesa, LUymKkosa, Kptouko, MNeTpos, Mep3nakos, MeHoK

AHHOTaUMA

PaboTa nocsALeHa NPUMEHEHWNIO CTaTUCTUYECKMX METOA0B ANA PeLleHUs 3a4a4 aHannsa
pe3ynbTaToOB Pa3/INYHbIX TUMOB UCNbITAHWUIA, HABNIOAEHWUIA U SKCNEPUMEHTOB Hag, YMHbIMM
maTepuanamu. B ctaTbe NPpUBOAUTCA ONUCAHME METOAMKMU U MNONYYEHHbIE Pe3yabTaTbl MPAMbIX
N3MepeHnn, 060CHOBbIBAETCA MPUMEHEHME K HUM CTaTUCTUUYECKMX METOA0B A5 NONYyYEHUN
HOPMa/IbHbIX pacnpeaeneHuin, Nocae Yero NPUBOAATCA Pe3y/IbTaTbl BbINMOAHEHHbIX PAcYETOB.
AHanusmnpyetca NPUMEHUMOCTb UCMO/Ib30BaHHbIX METOA0B A/1A PeLleHns 3a4a4 06paboTKm
AAHHbIX 3KCNEPUMEHTOB, Ae/1aeTcA BbIBOA, O NEPCNEKTUBAX UCNO/Ib30BaHMA Npeanaraemoro
MeToAa B 3aZ.a4ax TaKoro Tmna.

BeepgeHune

AHanus pe3yibTaTOB 3KCNEPMMEHTOB, HabNOAEHUN U UCMbITAHUIA ABNAETCA NOCTOSHHOM
3a4a4el BCAKOro NPpMKNaAHOro Hay4yHoro nccnegosaHuns. OAHaKo B Xo4e peleHns Takmux 3a4ad
3a4acTylo BO3HUKaeT npobaema geduumta AOCTYMNHbIX 4AaHHbIX HAbAOAEHUI UK
3KCMEepMMEHTOB A/1A NpoBeAeHMA NOJIHOLEHHOro aHaIn3a C UCNOb30BaHMEM ODOLLENPUHATbIX
CTAaTUCTUYECKUX MU MATEMATUYECKMX MHCTPYMEHTOB (Hanpumep, rapMOHUYECKOro Uau
®ypbellaHannsa, BeBNeT-Npeobpa3oBaHMii U MHbIX). TaKas CUTyaUUa MOXKET BO3HUKHYTb
BC/IEAICTBME OrPaHMYEHHOCTM HabtloaaTeIbHON UK SKCNePUMEHTaIbHOM 6a3bl, 40POroBU3HbI
PacXoHbIX MaTepPUanoB, TEXHUYECKON MW OPraHU3aLMOHHOMN C/IOKHOCTM NPOBeAeHUSA
nccnefoBaHuii U paaa Apyrux NPUYMH.

B pamKkax HacTosLWero uccienoBaHmA npegaaraeTca MCnoab3oBaTb METOAbl CTAaTUCTUYECKOTO
MOZENNPOBaHUA ANA 06paboTKM pe3ynbTaTOB MasibiX CEPUI HAabNOAEHMNIN N SKCEPUMEHTOB. B
KayecTBe npegmeTa uccnenoBaHus 6bi/1M BbiIbpaHbl 3KCMEPUMEHTbI C YMHbIMM MaTepuaiamu:
NnonMammaHom anekTponposogAei MOHOHUTM AMPERETEX.

Llenbto nccnefoBaHus ABNAETCA MPUMEHEHWE METOA0B CTaTUCTMYECKOTO MOAEIMPOBaHMUSA B
3aZa4ax UCCAeA0BaHNA YMHbIX MaTePManoB. na eé 4oCTUKeHUs Bblan peleHbl cieaytolme
3ajauu:

1. MNposeaeHue n3MmepeHuUit PU3NYECKUX U MEXAHNYECKUX NapaMeTPOB MOHOHUTEN;

2. MMepeBop pesynbTaToB 3mepeHuit B Lmdposol popmaT B COOTBETCTBUM C
06LWENPMHATBIMK CTAHAAPTAMMU;

3. Wcnonb3oBaHue CpeacTB CTaTUCTUHECKOTO MOAENMPOBAHMA ANA NOYyYEHUS
HOPMaNbHOrO pacnpeaeneHuns pesynbTaToB U3MEPEHU;

4. AHanu3 BbINONIHEHHOrO UccnefoBaHUs, GOpMyIMPOBaHME BbIBOAOB MO €ro
pesynbTaTam.

NocTaHOBKa 3aaa4un



B pamKax BbINONHEHWA HAaCTOALWEM UcCeaoBaTeIbCKoM paboTbl bl NCNOb30BaHbI
HeCcKo/IbKo nabopaTopHbix 06pa3LLOB NOANAMUAHOM SNEKTPONPOBOAALLENA MOHOHUTH
AMPERETEX. O6pa3supl 6bi/11 pa3aenieHbl Ha OTPE3KU PaBHOM AJINHbI, B UCCNeA0BaHMM
MCNONb30BaNOCh AECATb TAaKUX OTPE3KOoB. [lapameTpbl KaxKa0ro us HMx bbinm nsmepeHol No
e4MHON MEeToA0N0rMN, COOTBETCTBYIOLLEN MHCTPYKLMAM M PYKOBOACTBAM K Caeayowemy
obopypnoBaHuio:

1. DNEeKTPOHHbIN WTaHreHUMPKYAb, HepyKasetowana ctanb, 3YBP LWLL-I-100-0,01 100mm
34463-100, c npeaenom gonyckaemou norpewHoctn 0,01 mm \

2. YHuBepcanbHaA pa3pbiBHAA mawwuHa Instron 34TM-10, nHeBMaTUYeCKMe 3axBaThbl
60KOBOrO AencTBus

3. WWH-10, Tepaommetp E6-13A

UcnbiTaHmAa n n3mepeHnAa BbINONHANIUCD B Chedyrowmnx ycnoBumax:

1. M3mepeHna gnametpa 1 meTpa HUTU INEKTPOHHbLIM LWUTAaHreHUMpPKynem ¢ warom 10 cm;
TemnepaTtypa Bo3ayxa 24 + 20 C; atmocdepHoe gaBaeHue 765 mm pr. CT.

2. W3mepeHune mexaHU4yeCKom CTOMKOCTM HUTU Ha pa3pblB YHUBEPCA/IbHOM Pa3pbliBHOM
MaluMHoW. basosas anmHa 500 mm; ckopocTb 200 MM/MUH; NpeaBapUTenbHan Harpyska
—0,91H (13 pacueta 0,5 cH/TeKc), TemnepaTypa 24 + 20 C; gasneHue 776 mm pT. CT.

3. M3mepeHne mexaHN4YeCKoM CTOMKOCTM HUTU Ha Pa3pblB YHUBEPCA/IbHOM Pa3pbiBHOM
MalumHoW. basosasa anmHa 200 mm; ckopocTb 200 MM/MUH; NpeaBapuTenbHan Harpyska
paccumnTbiBanack 0.5 cH/Tekc; Temnepatypa 24 + 20 C; aaBneHue 765 mm pT. CT.

4. N3mepeHne MexaHMYeCKON CTOMKOCTM HUTU HA UCTUPAHWE TEPAOMMETPOM. Yron
nctupanma 90°, ckopocTb 50 06/MuH, HarpysKa 20r, Temnepatypa 24 + 2 °C; atMm. Aasn.
765 MM pPT. CT., paccTosiHne mexay anektpogamm 30 Mm (MecTo uctmpaHmn)

Pe3ynbTaTbl U3MepeHunin

Kaxagblit TN n3amepeHua nposoauaca cepuen n3 10 usmepeHnin, pesynbTatbl KOTOPbIX
3anucbiBanunck B paiabl popmata JSON, KoTopbIi ABASETCA 0OWENPUHATLIM ANA
COBPEMEHHbIX HAy4YHbIX UCCIeA0BaHUIM B pPa3MyHbIX obnactax. MonyyeHHble AaHHble Oblnu
MMNOPTMPOBaHbI U3 daiinoB B He6oAbLOM 06paboTUnK, HaNMCaHHbIN Ha A3bIKE
nporpammupoBaHusa Python. Pe3aynbTaTbl UamepeHuit npeacTaBieHbl B BuAe rpaduKos,
OTpaKaloLnx pacnpegeneHne namepsemMblx BeIMYMH N0 HOMepPam U3MeEPEHUI B cepum
(puc. 1-4Force_at_Destruction_N):
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PucyHok 4

Mcnonb3oBaHUe CTaTUCTUYECKUX METOA0B

MonyyeHHble B pe3ynbTaTe U3MEPEHUIM U IKCMEPUMEHTOB AaHHbIE 0YEBUAHO HEAOCTATOUHbI
ONA NPUMEHEHUA K HAM OBLLLENPUHATBIX METO0B aHa/In3a BBMAY HEeA0CTaTOYHOCTHU
N3MEpPEHN B UMeIOLLLMXCA BbiIBOpKax. N8 MANOCTPALMKN 3TOTO YTBEPKAEHUA nonpobyem
NOCTPOWUTb BEPOATHOCTHOE pacnpeaeneHme NoNyYeHHbIX Pe3yAbTaToB B HariA4HOM BUAe C
NOMOLLbIO gMarpamm (puc. 5-8):
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PucyHok 8

MpuBeaEHHbIe AMarpammbl HarNAAHO UANOCTPUPYIOT HECOOTBETCTBUE MOJYYEHHbIX
pe3ynbTaToB TPeboBaHMAM CTaTUCTUUYECKOro aHanu3a. [na ncnpasneHuma 3To cutyaumm 6110
MCMNO/Ib30BaHO CTaTUCTMYECKOE MOAENNPOBAHME C LIe/Ibo NOJyYEHUA HOPMAJIbHOTO
pacnpeaeneHns N3mepsemMon BEIMYMNHbI, KOTOPOEe MOXKHO byaeT ncnonb3oBaTb ANA
AanbHeuwwero aHanm3a. Ha 0oCHOBaHMM NONYYEHHbIX AAHHbIX U3MEPEHUI BbiNM onpeaeneHsl
cneayroume napameTpbl A8 KarKA0M U3 CEPU U3MepPEHUt:

1. MaTemaTunyeckoe oxxungaHuve Uu;
2. CpefHeKkBagpaTMyHOE OTK/IOHEHUe 00;
3. Aucnepcua pacnpepenennsa ao2;

BbiwenepeyncieHHble NapameTpbl NO3BOAUAN ONpeaennTb HopMaabHOE pacnpeaeneHune gns
KaXK40M U3 cepuii USMEPEHNI C MOMOLLbIO caeaytowen Gopmynbl:

C nomoLLbIO CPeAaCTB A3blKa NporpammunposaHma Python, Bkntouas 6ubanotekm numpy u
matplotlib, 3HaueHua pacnpegenerma f(x) moryT BbITb NOAYYEHbI C 334aHHON YaCTOTOM
OVCKpeTU3aLmm, 3aBeL0OMO A0CTaTOYHON AN NPOBeAEHUA AanbHENLWeEro Ux aHanmsa. Tak, B
pamMKax HacTosLen paboTbl 6bIIM NOAYYEHbI ceaytolme rpadpuKkn HOpMaabHOroO
pacnpeaeneHns U3MepeHHbIX MapameTpoB MOHOHUTK (puc. 9-12):
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PucyHok 11
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PucyHok 12

3aKka4yeHue

MonyyeHHble pe3ynbTaTbl 0AHO3HAYHO AEMOHCTPUPYIOT BO3MOXKHOCTb 3GHEKTUBHOTO
NCMNO/Ib30BaHMA METOA0B CTAaTUCTUYECKOTO MOAENIMPOBAHMA 411 NONYYEHUA HOPMaNbHOTo
pacnpeaeneHuns NpounsBo/IbHON N3MepPAEeMOn BEIMYMHbBI HA OCHOBAHUW OFrPaHNYEHHOrO
KOZIMYEeCTBa Pe3ybTaToB NPSAMbIX UM KOCBEHHbIX U3MepeHUIA. NonydeHHble pe3yabTaTbl MOTyT
B 4a/IbHELWEM UCMONb30BaTbCA A/1A MPUMEHEHMA K HUM CYLLECTBYIOLMNX METOA0B
CTaTUCTMYECKOro aHaNM3a, a TaKXkKe NpeacTaBieHna pe3ynbTaToB UCCAeA0BaHUA B
obuwenpuHaTom dopmare.

B xo4e BbINONHEHMA UCCNeA0BaHNS OblN0 NOKa3aHO, YTO METOAbl CTAaTUCTUYECKOIO
MOZAENNPOBAHUA MOTYT MPUMEHATLCA K Pe3yNbTaTaM U3mepeHUa PU3NYECKNX N MEXAHNYECKNX
napameTpoB NOJIMaMUIHOMN 3/1eKTponpoBoasLleit MOHOHNUT AMPERETEX. MonyyeHbl
HOpPMa/ibHble pacnpeaeneHna pes3ynbTaToB U3MEpPeHUA AnameTpa HUTU, CUbl Pa3pbliBa HUTK,
AedopmaLnmn HUTU N PACTATMBAIOLLETO HAaNPAXKeHUA. B AanbHeNLWweM 3TU Ke MeToabl MOryT
ObITb NPUMEHEHbI K U3MEPEHUIO NHbIX NapamMeTPoOB MOHOHUTEN, a TaK}Ke MCNOo1b30BaTbCs ANA
aHan3a pe3yibTaTOB U3MEPEHUI APYINX TUMOB YMHbIX MaTepUasos.

BO3MOKHbIM paclUMpeHnem HacToALWEero uccnegoBaHue ABNAeTCA ero O606LLI,EHM€ Ha cnyqaﬁ
MHOIOMEPHOIro HOpPMasZIbHOro pacnpegeneHna, KoOTopoe MOXKET UMCNOJZIb30BaTbCA ANA
NnoCTpoEeHUA pacnpe,a,eneHMﬁ napameTpos, onpeaenéHHbIX Ha NIOCKOCTU UK B 0bbéme



