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AHHOTaUWMA

PaboTa nocesiueHa NMPpUMEHEHU CTAaTUCTUYECKUX MeTO40B ONa peweHud
3ajay aHanin3a pe3ynbTaToB Pa3/itdHbIX TUMOB MCI'IbITaHMl‘:L Haﬁl'IPOJJ,eHMﬁ
M 3KCnepuMeHTOB Ha4 YMHbIMU MaTepualamu. B craTtbe npuBogunUTCA
onucaHune MeTogouUKUM U NoNny4vYeHHble pe3ynbTaTbl MPAMbIX M3MepeHMl‘;1,
obocHoBbIBaeTCH npyumeHeHnme K HUM CTaAaTUCTUYECKMX MeTOAOB [Ansd
nojiyvyeHnMa HOpPMaJibHbIX pacnpep,eneHMi/'l, nocne 4yero npuBoaATCd
pe3ynbTaTtbl BbIMOJIHEHHbIX paCHéTOB. AHaﬂM3MpyeTCﬂ nPpUMEHNUMOCTb
MCcnoJsib3oBaHHbIX MeTOoOOB 4O/id peweHnd 3apav 06p860TKVI OaHHbIX
3KCNepnMeHTOB, nAeJjlaeTcd BbiBOO O nMepcrnekKtnBax wUCMNonb3oBaHUd
npenpnaraeMoro Metona B 3aga4vax Takoro tuna.

BeeaeHune

AHanus pe3ynbTaToB 3KCNEPUMEHTOB, HabNwOEeHUW U  UCNbITAHUU
ABNAETCA MOCTOSHHOM 3ajayvel BCSAKOro MPUKNAQHOrO  HayyHoro
nccneposaHusa. OgHaKo B Xo,e peleHnUs TakK1Mx 3afay 3a4acTyro BO3HUKaeT
npobnemMa  peduuMTa  OOCTYMHbIX  [AHHbIX  HabnwgeHUn  unu
3KCNepuMeHToB AN npoBefeHUss  MOJIHOUEHHOro  aHanuMsa ¢
MCNONb30BaHMEM OOLLENPUHATBIX CTAaTUCTUYECKUMX M MaTeMaTU4ecKux
MHCTPYMeHTOB (Hanpumep, rapMoHunyeckoro unu OypbeaHanusa, BeMBneT-
npeobpasoBaHUM U UHbIX). Takaa cUTyaLUs MOXXeT BO3HUKHYTb BCNlefCcTBUe
OrpaHUMYeHHOCTM HabnwpaTeNbHOM WAM 3KCNepuMeHTanbHoOW 6asbl,
LOPOroBU3HbI pacxopgHbIX MaTepunanos, TeXHUYecKomn Unu
OpraHu3aLLMOHHON CNIOXKHOCTU NpoBefeHUs UCCNef0BaHUMN U papa APYrux
npuumMH. B  paMKax HacTodwero WUccnepoBaHuUs  npepnaraeTcs
MCcnonb3oBaTb MeTOAbl CTaTUCTUYECKOro MOAENNPOBaHUA ansa o6paboTku
pesynbTaToOB MasbiX Cepui HabnwpeHUM U aKcnepuMeHToB. B kauecTBe
npepgMeTa wuccnepoBaHus ObinM BblbpaHbl 3KCNEPUMEHTbl C  YMHbIMU
MaTepuanamu: HeTKaHoe nonoTHo. Llenbio wuccnepoBaHua sBnseTcs
NnpMMeHeHMe MeTo[0B CTAaTUCTMUYECKOro MOgenupoBaHus B 3apgavax
nccnepoBaHUa YMHbIX MaTtepuanoB. [na e€ OJOCTUXeHUS Bbinu pelueHbl
cnepyrouwme 3apavu:



MpoBegeHne U3MepeHUM  (PUINYECKUX U MeXaHMUEeCKUX
napaMeTpoB MOJIOTHA;

MepeBon pes3ynbTaToB W3MepeHUM B LUUdpoBoU GopMaT B
COOTBETCTBMM C 06LLENPUHATLIMU CTaHOApPTaMu;
Mcnonb3oBaHue cpefCcTB CTaTUCTUYECKOrO MOOEeNUpPoOBaHUS ans
NoslyyYeHUss  HOPManNbHOro  pacnpepefieHMss  pe3ynbTaToB
U3MepeHuu;

AHanuMs BbINOJSIHEHHOrO  WUCCNepoBaHUsA, (OpPMYyNMpoOBaHUe
BbIBOO,0B MO €ro pesynbTaTam.

B paMKax BbiMONIHEHUSA HacToAWEW MuccnepoBaTenbckoM paboTbl 6binu
MCnonb30BaHbl HECKONBbKO nabopaTopHbIX 06pasuyoB

1.

INeKTPOHHbIN WTAHreHUWUPKY b, HepXaBetow,as ctanb, 3YBP LWLLLL -
1-100-0,01 100MM 34463-100, c npepenoM AonNycKaeMow NOrpeLwHoCcTH
0,01 MM

YHuBepcanbHasa paspbiBHas MawwuHa Instron 34TM-10,
nHeBMaTHUYecKue 3axBaTbl 6OKOBOro gerucTeums

UcnbiTaHusa u n3MepeHunqa BbiNnoJIHAJIMCb B HOPMAJibHbIX YCNOBUAX

Pe3ynbTaTbl U3MEPEHUIN

Kaxpbl TN namepeHus nposogunca cepment us 10 usmepeHuu,

pesynbTaTbl KOTOPbIX 3anucbiBanuch B hannsl opmMata JSON, KoTopbIN
ABNAETCA 06LLEeNPUHATLIM 019 COBPEMEHHbIX HayYHbIX UCCIef0BaHUN B
pa3nuyHbIX obnactax. [onyyeHHble paHHble BbIIM UMMOPTUPOBAHDbI U3
thannoB B HebonbwoW 06paboTUNK, HaNUCAHHbIN Ha A3bIKe
nporpamMmupoBaHus Python. Pe3ynbTaTbl U3MepeHUU NpenCcTaBieHbl B
BUAe rpacuKoB, OTPaXarLWmx pacrnpepeneHme nsmepseMbix BeIMYUH
no HoMepaM usMepeHun B cepuu (puc. 1-4):
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PucyHok 2. Cuna paspbiBa HUTH, H
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PucyHok 3. edopMaums HUTK, %

?- // N

HanpsaxeHue npwu paznome(Mna)

PucyHok 4. Pactaruearouwee HanpsixxeHune, Mna

Mcnonb3oBaHMe CTaTUCTUHYECKNUX MEeTO40B

[MonyyeHHble B pe3ynbTaTe MU3MEPEHUM U IKCMEPUMEHTOB AaHHble
OYeBUOHO HEeJ0CTAaTOYHbI AN NPUMEHEHUS K HUM 06LW,enpUHSATbIX
MeTO[,0B aHaNM3a BBMAY HEeA0CTaTOMHOCTM U3MEPEHUNA B UMetoLLUXCS
Bblbopkax. [lna unnocTpaumum aToro yTeepxaeHus nonpobyem noctpouTb
BEPOSATHOCTHOE pacnpefeneHune noslyuyeHHbIX pe3ynbTaToB B HarnsigHo
BUAeE C NoMolbio auarpamm (puc. 5-8):



3.0

™
Ln
1

!\*‘
=)
1

KONWYecTBo N3MEepeHWin
- -
=] wn
i i

0.5 4

0.0 - | |
70 80 90 100 110 120

TomumHa(mm)

PMCYHOK 5. Pacnpe.u,eneHMe pe3ynbTaTtoB U3MepeHUd TOJIWUHbI MOJTIOTHA
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PMCYHOK 6. Pacnpep,eneHMe pe3ynbTtaToB U3MepeHUa CUibl pa3pbiBa
MOJIOTHA
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PucyHok 7. PacnpepeneHue pe3ynbTaToB U3MepeHuUsa pedopMaLmm
NosIoTHa
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PucyHok 8. PacnpepeneHue pe3ynbTaToB U3MepPeHUs pacTArnBatoLLero
Hanps)XeHus

MpuBeAEHHbIE AMarpaMMbl HarnssgHO WANKCTPUPYOT HECOOTBETCTBUE
NosyYeHHbIX pe3ynbTaToB TpeboBaHMAM cTaTUCTMUYeCKOro aHanusa. [Ons
MCnpaBneHusa 3TOM cuTyauum 6bIN0 MCNONb30BAaHO CTaTUCTUYeCKoe
MOOeNMpoBaHWe C LeNnbl MOJlyYyeHUss HOPMasibHOro pacnpepenieHus
M3MepseMon BeJsIMUMHbI, KOoTopoe MOXHo 6ygeT ucrnonb3oBaTb Ans
panbHeuwero aHanusa. Ha ocHoOBaHMM MONAyYeHHbIX OaHHbIX U3MepeHUK
6binM onpepeneHbl cnepywlMe MnapaMeTpbl ONS KaX[ou U3 cepui
N3MepeHUN:

1. MaTeMaTuyeckoe oXXngaHue Uy,
2. CpepHekBagpaTUYHOE OTKJIOHEHUE 0T,
3. lucnepcusa pacnpepeneHus oo,

C noMouwibio cpefcTB si3blka nporpammupoBaHus Python, Bknrouas
6ubnuotekn numpy u matplotlib, sHaueHns pacnpepenenusa f(x)
MOryT 6biTb MONy4YeHbl C 3afaHHOM YacTOTOM [UCKpeTU3aLuUM,
3aBefoMo A0CTaTOYHOM ONS NpoBefeHus panbHeuwero ux aHanumsa.
Tak, B paMKax HacTosiwen paboTbl 6biM nony4veHbl crnegykouime



rpacMKu HOpManbHOro pacnpepeneHus U3MepeHHbIX MapaMeTpoB
nonotHa (puc. 9-12):
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PucyHok 9. HopManbHoe pacnpepeneHue pesynbTaToB U3MepeHus
OoMaMeTpa NonoTHa



0.14

0.12

0.10

0.08

0.06 -

0.04

MaTemaTU4eCKoe OXnIaHue

0.02 +

0.00 -
3 10 15 20 25

Cuna paspyweHunal(H)

PucyHok 10. HopManbHoe pacnpepeneHue pesynbTaToOB U3MepeHUs
CUNbl pa3pbiBa MNONOTHA
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PucyHok 11. HopManbHoe pacnpepeneHuve pesynbTaTOB U3MepeHUS
nedopMauuum NnoNoTHa
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PucyHok 12. HopMmanbHoe pacnpepeneHue pe3ynbTaToOB U3MepeHUs
pacTArnBaroLero HanpsXXeHus

3aKkar4YeHue
ﬂonyquHble pe3yanaTb| OOHO3HA4HO JJ,EMOHCTpMpYI-OT
BO3MO)XHOCTb Bde)eKTVIBHOFO UCNoNNb30BaHUA MeTOoO0B

CTaTUCTUYECKOro MopenupoBaHUA [Nd MoJyYyeHUs HOPMasibHOro
pacrnipepeneHuss  MNpou3BOSIbHOM  U3MepsaeMOM  BeJSIMUMHbI  Ha
OCHOBAHWMU OrpaHUYEHHOro KoJsiMyecTBa pPe3yNbTaTOB MPSAMbIX UNU
KOCBEHHbIX UW3MepeHUW. [lonyyeHHble pesynbTaTbl MOryT B
LaNbHEeUWeM  UCMONb30BaTbCA  ANA  MPUMEHEHUS K  HUM
CyLW,ecTBYHOLWMUX MeTOAOB CTAaTUCTUYECKOro aHanusa, a TakKxe
npepcrtaBneHUs pesynbTaToB MUCCNeAoOBaHUS B OOLWLENpUHATOM
opMarTe.

B xope BbinoNHeHUs uccnepoBaHUs BbINO MOKas3aHoO, YTO MeToAbl
CTaTUCTUYECKOro MopeniMpoBaHUA MOryT NPUMEHATbCS K
pesynbTaTtaM U3MepeHUs U3UYECKUX U MeXaHUYeCKUX napaMeTpoB
HEeTKaHOro NosIoTHa.



B03MOXXHbIM pacluMpeHneM HacTOALWEero uccnepoBaHue ABNAETCS ero
0606LLeHNe Ha cnyya MHOroMepHOro HOpManbHOro pacnpepeneHus,
KOTOpOEe MOXeT MCMoSib30BaTbCsA O/ MOCTPOEHUSA pacnpepesieHun
napaMeTpoB, onpefesieHHbIX Ha NTOCKOCTU UK B 06bEMe.



