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AHHOTAIIUA

Pabota nocBsiiieHa NpUMEHEHUIO CTATUCTUYECKUX METO/IOB ISl PEILICHUS 3aa4 aHaIu3a
PE3yNIbTaTOB PA3TUYHBIX TUIIOB UCTIBITAHUM, HAOIIOIEHUI 1 SKCIIEPUMEHTOB HaJl YMHBIMU
MarepuaiaMmu. B cTatbe MPUBOAUTCS OMUCAHUE METOJMKH U MOJYYEHHBIE PE3YIIBTATHI ITPSIMBIX
MU3MEPEHHH, 000CHOBBIBAETCS MPUMEHEHHE K HUM CTAaTUCTUYECKUX METOJIOB IS TIOTyYESHUS
HOPMAaJIbHBIX PACIPEACICHUM, TTOCIIE YETr0 MPUBOIATCS PE3YIbTATHI BHITOTHEHHBIX PACUETOB.
AHanm3upyercs NPUMEHUMOCTh UCIIOJIb30BAaHHBIX METOOB JIJIsl PEIICHHS 3a71a4 00paboTKU
JTAHHBIX YKCIIEPUMEHTOB, JI€JIa€TCs BBIBOJ O IEPCIIEKTUBAX UCIOJIb30BAHUSA IIPEIaracMoro
METO/Ia B 3aJja4ax TaKOro TUIA.

Bsenenue

AHanu3 pe3yJbTaTOB YKCIIEPUMEHTOB, HAOIIOACHUHN U UCTIBITAHUN SIBJISIETCS] TIOCTOSIHHOM
3a/1aued BCSIKOTO MPHUKIIAIHOTO HAYYHOTO uccienoBanus. OJTHAKO B XOJ€ pEIICHUs TaKUX 3a/1a4
3a4acTy0 BO3HHKaET mpobiema neduiuTa JOCTYMHBIX JAHHBIX HAOII0ICHUHN HIN
HKCIIEPUMEHTOB JJIsl TPOBECHHSI MTOJTHOIEHHOTO aHAIK3a C UCIIOJIb30BAHUEM OOIIETPUHSATHIX
CTAaTHUCTUYECKUX U MAaTEMaTHUYECKUX HHCTPYMEHTOB (HalpuMep, TapMOHUUYECKOTO Hin Dyphe-
aHayM3a, BeWBIeT-MpeoOpa3oBaHuil U MHBIX). Takas CUTyalust MOKET BOBHUKHYTh BCJIEJICTBUE
OTPAaHUYEHHOCTH HAOJI0IaTEIFHOM HIIH SKCTIEPUMEHTAILHON 0a3bl, IOPOTOBU3HBI PACXOIHBIX
MaTEepHAIIOB, TEXHUYECKOW WJI OPTaHU3AIMOHHOMN CI0KHOCTH IPOBEACHUS UCCIEA0BAHUN 1
pana Ipyrux OpUYMH.

B pamkax HacTOSIIETo UCCIIEAOBAHUS MPEATIAracTcs NCTIOIh30BATh METO/IBI CTATHCTHIECKOTO
MOJIEIUPOBAHUS [ 00pabOTKU Pe3yIbTaTOB MAJIBIX CEpHil HAOMIOEHUI 1 SKCIIEpUMEHTOB. B
Ka4yecTBe MpeMeTa UCCIIeJ0BaHUs ObUTH BBIOPAaHbl SKCIIEPUMEHTHI C YMHBIMU MaTepHUaTaMu:
NOJIMaMUTHOM 3JeKTponpoBoaseit MoHonutn AMPERETEX.

Lenbro uccnenoBaHus ABISAETCS MPUMEHEHHE METOJI0OB CTATUCTUYECKOTO MOICIMPOBAHUS B
3a/1auax UCCIEOBAHUS YMHBIX MaTepuanoB. /[ e€ nocTukeHns ObUIA PEIICHBI CISIYIOIINE
3aJa4H:

1. HpOBC,Z[CHI/IC PI3MCpCHPII>i (bHSPI‘-ICCKI/IX U MCXAaHUYCCKHUX MMapaMETPOB MOHOHHTCﬁ;

2. TlepeBon pe3ynbpTaToB M3MepeHui B mU(poBoil popMaT B COOTBETCTBUU C
OOLIENPUHATHIMY CTaHAAPTaAMU;

3. Hcnonb3oBaHKe CPEAICTB CTATUCTHYECKOTO MOJICTTUPOBAHHUS [T TIOTYYCHUS
HOPMAaJILHOTO PacIpeesiCHHsI pe3yIbTaTOB H3MEPCHHIA;

4. AHanu3 BBIIIOJIHEHHOTO HCCIIE0BaHuUs, ((OpMYJIMpOBaHIE BBIBOJIOB IO €r0 pe3yIbTaTaM.



IlocTanoBka 3amaun

B paMkax BBITTOJTHCHUS HACTOSIIECH UCCIEA0BATEIIBCKON paOOThI OBLIN UCITOJIB30BAHBI
HECKOJIBKO J1a00paTOPHBIX 00pa3I[0B MOJIHAMHIHON ICKTPOIPOBOISINEH MOHOHUTH
AMPERETEX. O6pa3iisl ObLTH pa3ieicHbl Ha OTPE3KH PABHOM JUTUHBI, B UCCIICIOBAHHUH
HCIIOJIb30BAJIOCH JACCATh TAKUX OTPE3KOB. [lapaMeTphl KaxI0ro U3 HUX ObLIH H3MEPEHBI 110
€IMHON METOJI0JIOTHH, COOTBETCTBYIONIEH HHCTPYKIIUSAM U PYKOBOJICTBAM K CIICAYIOIIEMY
000pyI0BaHUIO:

1. DnexTpoHHBIN MTAaHTCHIIMPKYJIb, HEpkaBerorias ctaib, 3YBP IIII-1-100-0,01 100mm
34463-100, ¢ npenenom gomyckaemoit morpemrHocty 0,01 mm

2. YHuBepcaibHas pa3pbiBHas MarmmHa Instron 34TM-10, mHeBMaTHYECKUE 3aXBATHI
OOKOBOTO JICUCTBUS

3. MUIIIH-10, repaommetp E6-13A

Hcnerranus u HN3MCPCHUS BBIITOJIHAINCE B CIICAYIOINX YCIOBUAX!

1. Usmepenus nuamerpa 1 MeTpa HUTH 3JEKTPOHHBIM IITAHTEHIUPKYJIEM ¢ marom 10 cMm;
Temmneparypa Bo3ayxa 24 + 2°C; atmocdepHoe naBienue 765 MM pT. CT.

2. H3mepeHne MexaHWYECKOW CTOMKOCTH HUTH HA Pa3phIB YHUBEPCAILHON pa3phIBHOM
MammHOH. ba3zosas amuHa 500 MM; ckopocTh 200 MM/MUH; TIpeIBapUTEIbHAS HATPy3Ka —
0,91H (u3 pacuera 0,5 cH/Tekc), remmeparypa 24 + 2°C; naBnenue 776 MM pT. CT.

3. H3mepeHne MexaHWYECKOH CTOWKOCTH HHTH Ha pa3pblB YHHBEPCAIHLHOW pa3pbIBHOU
mammHo#. bazoBas qunHa 200 mM; ckopocTh 200 MM/MHH; TipeABapuUTeIbHas HarpysKa
paccuuthiBaniack 0.5 cH/tekc; remneparypa 24 + 2°C; naBnenue 765 MM pT. CT.

4. W3MmepeHHe MEXaHMUYECKOW CTOMKOCTH HUTH Ha UCTHPAHHE TEPAOMMETPOM. YTOII
uctupanus 90°, ckopocts 50 06/MuH, Harpy3ka 20r, Temnepatypa 24 + 2 °C; aTM. AaBil.
765 MM PT. CT., pacCTOsTHUE MEX Ty dekTpoaaMu 30 MM (MECTO MCTHPAHHS)

Pe3ynprarel usmMmepeHun

Kaxzip1ii THI n3MepeHus npoBouiics ceprel u3 10 u3mepeHuid, pe3ynbTaTbl KOTOPBIX
3anuchIBaIMCh B (paitel popmara JSON, KOTOpHIi ABIIsSE€TCS OOIIETPUHATHIM ISl COBPEMEHHBIX
HAYYHBIX UCCIIEIOBAaHUN B PA3TUYHBIX 00nacTsx. [lomydeHHble TaHHBIE OB UMIIOPTHPOBAHBI
u3 (aitnoB B HeOOBIIION 00PaOOTUHK, HAMCAHHBII Ha A3bIKE IPOrpamMmmupoBanus Python.
Pe3ynbraThl U3MEepeHHi MpeCTaBIeHbI B BUJIE IPa(UKOB, OTpAXKAIOIUX pacipeaesieHIe
U3MepseMbIX BEJIMYMH 10 HOMepaM u3MepeHuil B cepun (puc. 1-4):
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Pucynok 2. OTHOCHTENIbHOE YAJTMHEHUE TIPU Pa3pbIBE
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Pucynok 3. IIpounocts
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Pucynok 4. Pactsarusaromee Hanpspkenue, MIla



Hcnonb30BaHuE CTaTUCTUUCCKUX MCTOI0OB

[TosyyeHHbIe B pe3yibTaTe H3MEPEHHIA M SKCIIEPUMEHTOB JaHHbBIE OUYEBHM/IHO HEOCTATOYHBI JUIS
MMPUMCHCHUA K HUM O6Il[erI/IH$[TLIX MCTOJ OB aHa/in3a BBUAY HEAOCTATOYHOCTH I/ISMepeHI/Iﬁ B
UMEIUXcs BEIOOpKax. JlJIs MIUTIOCTpaliiy 3TOTO YTBEPXKACHUS MONPOOYEM IMMOCTPOUTH
BCPOATHOCTHOC paCHPCACIICHUC ITOJTYUYCHHBIX PE3YJILTATOB B HAIIAATHOM BHUJIC C IOMOIIBIO
nuarpamm (puc. 5-8):
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Pucynoxk 5. [IpodHoCTb NpH pa3pbiBe HUTH.
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Pucynok 6. JInuneitHas IIIOTHOCTh HUTH



PacTArvBaoLlan Harpy3ska nNpy paspyLieHnm
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Pucynoxk 7. PactaruBatoiias Harpys3ka npu pa3pyLieHUH
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PI/ICYHOK 8. OTHOCHTEIBHOE YAJIMHCHUEC HUTHU



[IpuBenéHHbIE AMarpaMMBbl HarJIsgIHO WLTIOCTPUPYIOT HECOOTBETCTBUE IOJIYyUYEHHBIX
pe3yNbTaTOB TPEOOBAHUSM CTATUCTHUECKOTO aHamu3a. JlJis ucrpaBieHus 3TOM CUTyaIiu ObLIO
MCIIOJIb30BAHO CTATHCTUYECKOE MOJICIIMPOBAHUE C LEJIBIO MOTYUYEHUS HOPMAIBHOTO
pacnpeneseHus n3MepseMoi BETUYUHBI, KOTOPOE MOXKHO OYJIE€T UCIIONIb30BATh JUIS
JanbHenIero ananusa. Ha ocHOBaHMM MOJIyYeHHBIX JaHHBIX U3MEPEHUN ObUTH OIPEIEICHbI
CJEYIOIINE MTapaMeTpbl IS KaXKI0W U3 CEpUl U3MEPEHUM:

1. MaremaTu4ecKkoe OKUJIaHUE UU;
2. CpenHEKBapaTHYHOE OTKIOHCHUE T,
3. Jlucnepcus pacnpeneneHus o2

BrienepeurciieHHbIE TapaMEeTPhl TO3BOIWIIH OIIPEAEIUTh HOPMAIbHOE paclpeesieHue it
KOKIOW U3 CepPHil U3MEPEHUH C MIOMOIIBIO CIIeyIOIIe (hopMyIIbl:
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fi(x) =

C nmoMoIIbI0 CpeACTB sA3bIKa MporpammupoBanus Python, Bkimrouas OnOIMOTEKH numpy u
matplotlib, 3Havenus pacnpeneneHus f(x) MOTyT OBITh ITOJIYYCHBI C 33IaHHON YaCTOTOM
JIUCKPETU3AalMH, 3aBEIOMO JOCTATOYHOM JIJIs POBEICHUS JaJIbHEUILEro X aHainusa. Tak, B
paMKax HacTosled paboThl ObLIM MMOJTyUeHBI CleAYIOIINE TpapUKH HOPMAIBHOTO
pacnpe/eseH st U3MEPEHHBIX [TapaMeTPOB MOHOHUTH (puc. 9-12):
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Pucynox 9. Pa3zpeiBHas Harpyska, H
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Pucynok 10. HopmansHOe pacripeiesieHue pe3yibTaToB U3MEPESHHUSI CHIIBI Pa3phiBa
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Pucynok 12. JIunelinas IoTHOCTb, TEKC

3aKIrYEHNE

[TomyueHHbIe pe3yabTaThl OIHO3HAUYHO JEMOHCTPUPYIOT BO3MOKHOCTh 3(h(heKTHBHOTO
WCITOJIb30BAaHUs METOJOB CTATUCTUYECKOTO MOJIEIMPOBAHUS JJIs ITOIYyYEHUS HOPMAIBHOIO
pacrpeaeseHus MpOu3BOJIbHON U3MEPAEMON BEIMYMHBI HA OCHOBAaHUN OTPaHUYEHHOTO
KOJIMYECTBA PE3yJIbTATOB MPSIMBIX MM KOCBEHHBIX U3MepeHUi. [1omyyeHHbIe pe3yabTaThl MOTYT
B JJAJIbHENIIIEM HCII0JIb30BAThCA JUIsl IPUMEHEHMS K HUM CYIIECTBYIOLINX METOI0B
CTaTUCTUYECKOIO aHAIN3a, a TAKXKE IIPEICTABIICHHS PE3YyJIbTaTOB UCCIEIOBAHNS B
oOmienpuHaToM (opmare.

B xoze BbIMOHEHUS Hccie0BaHus ObLUTO MOKa3aHO, YTO METO/bI CTATHCTUYECKOTO
MOJICIIUPOBAHMS MOTYT IIPUMEHATHCS K pe3yJIbTaTaM U3MepeHUs (PU3NIECKUX U MEXaHUYECKUX
napaMeTpoB nosmaMugHou anekTponpoBoadmeii MoHoHUTH AMPERETEX. [Tony4enst
HOpPMAaJIbHBIE PACIIPENEICHMS PE3yIbTaTOB U3MEPEHHS JUaMETpa HUTH, CUIIBI pa3pbiBa HUTH,
JneGopMaluy HUTU U PACTATUBAIOLIETO HAPsKeHUs. B nanpHeleM 3T ke MeToAbl MOTYT
OBITh IPUMEHEHBI K U3MEPEHHUIO UHBIX ITapaMETPOB MOHOHUTEH, a TAK)KE UCIIOJIb30BaThCS IS
aHaJIN3a Pe3yJIbTaTOB U3MEPEHNUN JPYTUX TUIIOB YMHBIX MaTEPHAIIOB.

Bo3moxHBIM PaCIIMPCHUECM HACTOALICTO UCCIICAOBAHUC ABJIACTCA CTO O606H.ICHI/IC Ha cnyqal”d
MHOT'OMEPHOT'0O HOPMAJIBHOT'O paClipCACICHUA, KOTOPOC MOKET UCIIOJIB30BATHCA AJId IMOCTPOCHUA
pacnpeneneHI/Iﬁ mapaMeTpoB, OHpCI[CJIéHHBIX Ha IUTIOCKOCTH HJIH B 00BEME.



