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AHHOTaIMA

PaGota nmocesiieHa NpUMEHEHUIO CTATUCTUYECKUX METO0B ISl PeIlIeHHs 3a/1ayu aHaIn3a
PE3YIBTATOB Pa3IMYHBIX TUIIOB MCIBITAHUN, HAOMIOACHHUA U SKCIIEPUMEHTOB HaJl yMHBIMH MaTepHaaMu.
B cratbe npuBOANTCS ONUCAaHUE METOAUKU U IIOJyUYEHHBIE PE3YJIbTATHI IIPSMBIX U3MEPEHUN,
000CHOBBIBAa€TCA MPUMEHEHUE K HUM CTATUCTHYECKAX METOAOB /ISl TOMYYCHUS] HOPMaJIBHBIX
pacnpeneneHtii, mocie Yero MPUBOIATCS Pe3yJIbTaThl BHITTIOTHEHHBIX pacy€éTOB. AHATU3UPYETCS
MPUMEHHMOCTh MCIIOJIb30BAHHBIX METOJIOB ISl PEIICHUS 3a/1a4 00pabOTKU JaHHBIX SKCIIEPUMEHTOB,
JeJIAeTCsl BBIBOJ O MEPCIEKTUBAX MCIIOJIB30BAaHUS IIPENIaraéMoro METoAa B 3a7a4ax TAKOrO THIIA.

BBenenue

AnHanu3 pe3yabTaToB SKCIEPUMEHTOB, HAOJIOJCHNN U MCIIBITAHUN — 3TO TOCTOSTHHAs 3aj1ada
BCAKOT'0 PUKIIAHOTO HAYYHOr 0 nccieqoBanus. OHAKO B XO/I€ PElIeHNs MOI00HBIX 3a/1a4 YacTo
BO3HHUKACT HpOGHeMa Jle(i)I/IHI/ITa JOOCTYITHBIX Ha6JI}OJIaTeHI)HI)IX HJIN SKCIICPUMECHTAJIBHBIX JaHHBIX JJIsA
MIPOBEICHUS MTOTHOLIEHHOT'O aHAIN3a C UCTIONb30BAHNEM OOIIENPHUHSATHIX CTATUCTHYECKUX U
MaTeMaTHYeCKNX WHCTPYMEHTOB (HalpUMep, FTapMOHUYECKOro min Oypbe-aHajn3a, BEHBIET-
npeodpa3zoBaHuil u qpyrux). Takas cUTyalus MOXKET BO3HUKHYTh BCJICACTBHUE OIPaHUYCHUS
HAOII0IaTENFHOM MM SKCIIEPUMEHTAIBHOM 0a3bl, OOJNBIION CTOMMOCTH PACXOJHBIX MaTEPUAIOB,
TEXHUYECKUX WJIN OPraHU3allMOHHBIX CIIOXKHOCTEH NPH IPOBEAECHUH UCCIIEIOBAHUHN U psilia ApyTUX
[IPUYHH.

B pamMkax ncciienoBaHus NpeiaraeTcsi UCIoNb30BaTh METOJIbI CTATHCTUYECKOTO MOJICIUPOBAHUS
TUTsI 00pabOTKHU Pe3yaIbTATOB HEOONBITUX CEPpU HAOIIOACHII B SKCIICPUMEHTOB.

B kavecTBe mpeamMeTa HCCIIeI0OBaHMsI BEIOPaHbI DKCIIEPUMEHTBI C YMHBIME MaTepHaaMu:
MTOJIMaMUAHOM 2J1eKTporpoBoasieii Mmononntn AMPERETEX.

]_IGJ'IBIO HCCICA0BaHUA SABIACTCA IPUMEHCHNEC METOJOB CTATUCTHYECKOTO MOACINPOBAaHNUS B
3aaa4ax MCCICAOBAaHU YMHBIX MaTCpUajloB.

Jliis nocTrKEeHUs OCTaBICHHOM 11eJId ObLIH PEIIEHBI CIEAYIOIINE 3a/1a4H:
1. [IpoBenenmne u3mMepeHnit PU3NIECKUX U MEXAaHUIECKHUX ITapaMeTPOB MOHOHUTEN;

2. IlepeBox pe3ynbTaTOB U3MEpEHUH B IIU(PPOBOI (hopMaT B COOTBETCTBUHU C OOIIEHPUHATHIMHA
CTaH/IapTaMH;

3. Mcnons30BaHne METOOB CTATUCTUYECKOT'0 MOZIEIMPOBAHUS VIS IIOIYy4EHHUS HOPMAJIbHOTO
pacnpeneneHus pe3yabTaToB U3MEPEHU;

4. Anamu3 MMPOBECACHHOI'O UCCICAOBAHUA U (bOpMyJ'II/IpOBaHI/Ie BBIBOJOB I10 €r0 pC3yJjibTaTaM.

IlocTanoBka 3agaun

B pamMkax BBIMOIHEHUS HACTOSAIICH HCCIIEA0BATENBCKON paObOThI OBLITH UCTOB30BAHBI HECKOJIBKO
00pa3IoB MOTMaMHUIHOM AnekTporpoBoasmeid MoHoHNTH AMPERETEX. O6pa3iisl ObutH pa3ieneHbl Ha
OTPE3KH PaBHOM JITUHBI, B UCCIIEIOBAHUH UCIIOIB30BANIOCH 15 Takux oTpe3koB. [lapamerpsl kaxaoro u3
HUX OBLITH U3MEPEHBI 110 €IMHONW METOOJIOTHH, COOTBETCTBYIOIIEH HHCTPYKIHSIM U PYKOBOJICTBAM K
cleayronemMy 000pyI0BaHHIO:

1. DNeKTPOHHBIN I TAaHTEHITUPKYIIb, HepkaBeromas ctanb, 3YBP HIII-1-100-0,01 100mM 34463-100, ¢
npenenaoM nonyckaemoit norpemnocty 0,01 mm



2. YHuBepcanbHas pa3pbiBHas MammHa Instron 34TM-10, mHeBMaTHUECKHE 3aXBaThl OOKOBOTO ACHCTBUS

3. UIIH-10, repaommerp E6-13A

HcnbiTanus u HN3MCPCHUA:

1. U3mepenus nuamerpa | MeTpa HUTH 3JIEKTPOHHBIM ITAHTEHIIMPKYJeM ¢ marom 10 cM; TemiiepaTypa
Bo3ayxa 24 + 20 C; atMocdepHoe faBieHue 765 MM pT. CT.

2. 3mepeHne MexaHW4ecKOi CTOMKOCTH HUTH Ha pa3pblB YHUBEPCAIBLHONW pa3pbIBHONW MaIIWHOM.
Bbazosas muna 500 mm; ckopocth 200 MM/MUH; ipenBapuTenbHas Harpyska — 0,91H (u3 pacuera 0,5
cH/Tekc), Temnepatypa 24 &+ 20 C; naBienue 776 MM pT. CT.

3. U3mepeHne MexaHU4ecKOi CTOMKOCTH HUTH Ha pa3pblB YHUBEPCAILHON pa3pbIBHONW MAIIWHOM.
Bazosas muna 200 mm; ckopocTh 200 MM/MUH; IpeiBapuTeIbHas Harpy3ka paccuuTbiBaiack 0.5
cH/Tekc; Temmneparypa 24 + 20 C; naBiaeHue 765 MM pT. CT.

4. N3mepeHne MeXaHW4YeCKO CTOMKOCTH HUTH Ha UCTHPAaHKE TEPAaOMMETPOM. YToi uctupanus 90°,
ckopocth 50 06/MuH, Harpy3ka 20r, Temreparypa 24 =2 °C; atM. 1aBji. 765 MM PT. CT., paCCTOSTHUE
MeXy 3ekTponamMu 30 MM (MeCTO HCTUPaHUS)

Pe3ynbTarsl nsmepenui

Kaxxprit Tvim n3mMepeHust mpoBouiics cepueil u3 15 u3MepeHnii, pe3ybTaThl KOTOPBIX
3armuchIBAINCH B (aitnel popmara JSON, KOTOpEI SBIsiETCs: OOMENPHUHSTHIM JIJIsi COBPEMEHHBIX
Hay4YHBIX HCCIEOBAHMN B pa3nuyHbIX obnacTsx. [lomydeHHsle JanHbIe ObLTH UMITOPTHPOBAHBI U3
¢aiisoB B HEOOIIBIIONH 00paOOTYKK, HATMCAHHBIN Ha sA3bIKe porpamMmupoBanusi Python. Pesynbrarsr
U3MEpEeHUH IIPEACTaBIICHbI B BUJIE IpaMKOB, OTPAXKAOIIUX PACHIPEAEIECHUE U3MEPSEMBIX BEIUYMH 110
HOMepaM u3MepeHuii B cepun (puc. 1-4):
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Hcnonp30BaHue CTaTUCTHUECKUX METOAOB

[TomryueHnHBIe B pe3yinbTaTe 3KCIEPUMEHTOB JaHHbIC, SIBHO HEJJOCTATOYHBI JUIS IIPHMEHEHHS K HUM
OOLIETTPUHATHIX METOJIOB aHAJIN3a BBUAY HEJOCTATOYHOCTH M3MEPEHUH B MMEIOIINXCSI BEIOOpKax. J{ims
WILTIOCTPAIMH 3TOTO YTBEPIKACHHS TOMPOOYEM ITOCTPOUTH BEPOSITHOCTHOE PACHpe/IeNIeHNe MOTydeHHBIX
PEe3yabTaTOB B HATJISIIHOM BHJIE C TIOMOIIBIO Auarpamm (puc. 5-8):



KONWYecTBo N3MEepeHWin

|||l

0.270 0.275 0.280 0.285 0.290 0.295 0.300
OWamMeTp HATH, MM

Pucynoxk 5.

4.0

w W
=) Ln
1 1

™
Ln
1

KonwyecTeo HBMEPEHHFI
= Pa
Ln =]
1 1

=
=]
L

0.5 A

0.0

L

15.0 15.5 16.0 16.5 17.0

YCuUnve npu paspylueHnm

Pucynok 6.



4.0

KonW4ecTBo N3MepeHni
- = g ™ w &
=] L =] Ln = Ln
I I I I I I

o
Ln
1

0.0

I : I :
17 18 19 20 21 22

LedopMauns Npu pacTsxeHun, %

Pucynok 7.

2.00

1.75 +

1.50 +

1.25 +

1.00 +

0.75 +

KONWYecTBo N3MEepeHWin

0.50

0.25 +

0.00 -

220 230 240 250 260 270 280
PacTarmealwllee Hanps»XeHne npu paspeise, MMa

Pucynok 8.



HpI/IBeZLéHHBIe AvuarpaMMbl WJTIOCTPUPYIOT HECOOTBETCTBUC NTOJTYUYCHHBIX PE3YJILTATOB
Tpe6OBaHI/I$IM aHaJIn3a. I[J'ISI HCIIPaBJICHUA ITOH CUTyallun OBLIO MCIOJIBE30BAHO CTATUCTHUECKOE
MOACINPOBAHUEC C LICIIBIO MOJTYUYCHUS HOPMAJILHOI'O pacpeaACICHUS H3MepﬂeMOI71 BCJIIMYUHBI, KOTOPOC
MOXXHO 6y)1€T HCIIOJIB30BATh AJIA I[aJ'ILHeﬁHICF O aHaJiM3a.

Ha ocHoBaHMYM MOTy4eHHBIX JaHHBIX U3MEPEHUH OBbLIH ONpeeNeHbl cIeyIoUINe TapaMeTphl Ui
Ka)KJIOM U3 cepuil U3MEPEHUA:

1.MaTtemaTn4eckoe OXXHIaHUE U

2. CpenHeKBaIpaTHYHOE OTKJIOHCHUE O
2

3. lucniepcus pacupeelieHus o

BrrenepeunicienHbie mapaMeTpsl MO3BOIMIN ONPENETUTh HOPMaJIbHOE pacipeneneHne s Kaxao0i u3
CepHil M3MEPEHHH C TIOMOIIBIO CIeMyomel GOpMyIIb:

1 1 x — uy?
r= e (-7 ()

ITpu oMoty si3bika nporpammupoBanus Python, Bxitouas oubanorekn numpy u matplotlib, snavenns
pacrnpenenenus f(X) MOryt ObITh MOyYEHBI € 3aJaHHON YaCTOTOM THUCKPETH3AIIUH, H3HAYAILHO
JOCTATOYHOM JIJIsl IIPOBEICHUS NadbHEHUIIIEr0 X aHaau3a. Tak, B paMKax HacTOsIIeH paOdoThl ObLIN
MOJTYyYEHBI CIIEAYIONINe rpaduKi HOPMAJIBHOTO PACHIPEIC/ICHNsT H3MEPEHHBIX TapaMETPOB MOHOHUTH
(puc. 9-12):
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Pucynok 11.
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3aKJIr0OUEHUE

[TorydeHHbIe pe3ynbTaThl HATIISAHO AEMOHCTPUPYIOT BO3MOXKHOCTB 3P ()EKTHBHOTO
UCIIOJIb30BaHUS METOJIOB CTATUCTUYECKOTO MOJICITUPOBAHMS JUISl ITOJYYCHHUS HATJISITHOTO
pacrpe/eseH s IPOU3BOJIbHON U3MEPSeMON BEJIMYNHBI HA OCHOBAaHUU OTPAaHHYCHHOTO
KOJIMYECTBA PE3yJIbTATOB HPSMBIX WJIM KOCBEHHBIX N3MepeHuid. [lomydeHHbIe pe3yIbTaThl MOTYT
B JIAJIbHEHILIEM HCIIOJIb30BATHCS LISl IPUMEHEHHUS K HUM CYLIECTBYIOLIMX METOJIOB
CTATHCTUYECKOT0 aHaJIN3a, & TAKXKE MCII0JIb30BaHHs PE3YJIbTaTOB MCCIICIOBAHHS B
oOmienpuHATOM opmare.

B xoze BbINONIHEHUS HcCIeI0BaHus ObIIO TOKa3aHO, YTO METO/Ibl CTATUCTUYECKOTO
MO/IEIUPOBAHUS MOTYT IPUMEHSATHCS K pe3yJibTaTaM U3MEpeHUs (PU3NUECKUX U MEXaHMUYECKHX
napaMeTpoB MoJmaMuAHON snekTponpoBoasaieil MoHoHuTH AMPERETEX. ITonyuenst
pacripeielieHus pe3yJbTaTOB U3MEPEHUs THaMeTpa HUTH, CHJIbI pa3pblBa HUTH, AedopMariu
HUTH U PACTATUBAIOLIETO HANPSHKEHUS. DTH METOIbl MOT'YT OBITh IPUMEHEHBI K H3MEPEHUIO
napaMeTpoB MOHOHUTEMH, a TaKXKe UCIOIb30BATHCS JUISl aHAIN3a Pe3yAbTaTOB U3MEPEHUN JPYruxX
TUIIOB YMHBIX MaTE€pPHUAJIOB.

Pacmmpennem HacTosIIEro UCCIENOBAHUS SIBIISIETCS, €r0 0000IIeHNE Ha ClTydail MHOTOMEPHOTO
HOPMAaJIbHOT'O paclpeAeneHmsl, KOTOpOe MOYXKHO UCIIOIb30BaTh AJIS CO3JaHUs paclpeacIcHuH
[apaMeTpOB, ONPEAESIEHHBIX HA MIJIOCKOCTH WIIM B TPEXMEPHOM MIPOCTPAHCTBE.



