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PaboTa nocBsiieHa NPUMEHEHUIO CTATUCTUYECKUX METOAO0B IS
pelIeHU 3a/1a4 aHAJIN3a PE3YJIbTAaTOB PA3JIMYHBIX TUIIOB UCIIBITAHUM,
HaOJII0/ICHUM 1 SKCIIEPUMEHTOB HaJl YMHBIMU MaTtepuaiamu. B ctaTbe
MPUBOAUTCS OMTMCAHUE METOJWKHU U MOJYUYCHHBIE PE3YIbTAThI MPSIMbBIX
U3MEpPEeHUH, 000CHOBBIBACTCS MPUMEHEHNE K HUM CTaTUCTUYECKUX
METOJIOB IS TTOJTYYEHUSI HOPMAJIbHBIX PACIPEAEICHHUM, TTOCIIE YETO
MPUBOASATCS PE3YJIbTATHI BHIMOJIHEHHBIX PACUETOB. AHAIIU3UPYETCS
MPUMEHUMOCTD UCIOJIb30BaHHBIX METOOB I PEIICHUS 3a/1a4
00pabOTKH JAHHBIX KCIIEPUMEHTOB, JIEJIACTCS BHIBOJI O MEPCIIEKTUBAX
VCIIOJIb30BaHMs IIPEIaracMoro MeEToa B 3aja4ax Takoro TUIIA.

BBenenue

AHau3 pe3yJbTaTOB SKCIIEPUMEHTOB, HAOIIOICHUN U UCTIBITAHUI
SBJISICTCS IOCTOSTHHOM 3a7a4eii BCAKOTO MPUKIAJHOTO HAYYHOTO
uccienoBanusa. OJHaKO B XOJI€ PEIICHUS TaKUX 3a/1a4 3a4acTyI0
BO3HUKAET MpodiiemMa AeduiuTa JO0CTYIHbIX JaHHBIX HAOII0ICHUN Un
AKCIEPUMEHTOB JJIs1 TPOBEJCHUS TTOJTHOIIEHHOT'O aHAJIn3a C
WCIIOJIb30BAHUEM OOIICTPUHATHIX CTATUCTUYECKUX U MAaTEeMaTUYECKUX
WHCTPYMEHTOB (Hampumep, rapMOHNYECKOro min OypbeaHanusa,
BEUBJIET-TIPE0Opa30BaHUi U UHBIX). Takasi CUTyaIusi MOKET
BO3HUKHYTH BCJICICTBHE OTPAaHUYCHHOCTH HAOII0IaTeIbHOMN WITH
AKCTIIEPUMEHTAIBLHOM 0a3bl, TOPOTOBU3HBI PACXOIHBIX MaTEpPHAJIOB,
TEXHUYECKOMN WJIM OPraHU3allMOHHOW CIIOKHOCTHU MPOBEACHUS
UCCIICJIOBAHUN U psAJla IPYyTUX MPUYUHH.

B paMkax HacTos1IEro UcCiie0BaHus MPEIaracTcs UCIoab30BaTh
METO/bI CTATUCTHYECKOTO MOACIUPOBAHUS AJIs 00pabOTKHU pe3yIbTaToOB
MaJibIX cepui HaOII0ICHUI U SKCIIEPUMEHTOB. B kauecTBe npeamera
UCCJeA0BaHus ObUIH BBIOPAHbI SKCIIEPUMEHTHI C YMHBIMU MaTepUAIaMH:
MOJIMaMUIHON 3ieKkTponpoBogsiet MoHOHUTH AMPERETEX.



[{enpro HccenoBaHus SIBJASETCS IPUMEHEHHNE METO/IOB
CTaTUCTUYECKOTO MOJICIMPOBAHMS B 3a/1a4aX UCCIEIOBAHUS YMHBIX
MatepuayioB. JJis €€ 1oCTHXeHUsI OB PELICHBI CIAETYIONINE 3a/1auu:

1. IIpoBenenue usmepeHn GU3NUECKUX U MEXAaHUUYECKUX TTapaMeTPOB
MOHOHUTEH;

2. IlepeBoj pe3ysbTaTOB U3MEpPEHU B upoBoit hopMmar B
COOTBETCTBUU C OOIICTPUHSITHIMU CTAHIAPTAMU;

3. Ucnonb3oBaHue CpesiCTB CTATUCTUYECKOTO MOJAEIUPOBAHUS JJISI
MOJYYEHUS] HOPMAJIBHOTO PACIIPEIEIICHUS PE3YIbTATOB N3MEPEHHUM;

4. AHanu3 BBITIOJIHEHHOTO UCCIEA0BaHuUsA, (HOPMYIHPOBAHUE BHIBOJOB
IO €r0 PE3yJIbTaTaM.

IlocTanoBKa 3aga4un

B pamMkax BBIMOJHEHMS HACTOSIICH MCCIIEI0BATEIbCKON PabOThI OBLITH
MCIIOJIb30BaHbl HECKOJIBKO JIA0OPATOPHBIX 00Pa3IOB MOJTUAMUIHOM
anekTponpoBosmieii MOoHOHUTH AMPERETEX. O6pa3iib Obl1n
pas3zesieHbl Ha OTPE3KU PaBHOU JJIMHBI, B UCCIIEIOBAHUA
VICIIOJIb30BaIOCh IECATh TAKUX OTPE3KOB. IlapaMeTpsl KaX10ro u3 HUX
OBLIA U3MEPEHBI 110 €IMHOW METO0JIOTHH, COOTBETCTBYIOIICH
WHCTPYKITUSAM M PYKOBOJICTBaM K CJICAYIOIIIEMY 000pPYI0BAHUIO:

1. DNEeKTpOHHBIN ITAHTE€HIUPKYJIb, HEPKABEIOLIAasA CTalb, 3Y bP
[IIII-1-100-0,01 100mMm 34463-100, ¢ mpemenoM aomycKaeMon
norpemHoct 0,01 MM

2. YHuBepcanbHas pa3pbeiBHas mamuHa Instron 34TM-10,
MHEeBMaTH4eCKue 3axBaThl 00koBoro naevicteus 3. UIITH-10, TepaommeTp
E6-13A

HcnbiTaHus u U3MEPCHUA BBINMOJHAINUCH B CJICAYIOIIUX YCIOBUSAX:

1. U3mepenust nuamerpa | MmeTpa HUTH 3JIEKTPOHHBIM
TaHreHIUpKysaeM ¢ marom 10 cM; Temnepatypa Bo3ayxa 24 + 20 C;
aTMocdepHoe aaBiieHue 765 MM pT. CT.

2. I3MepeHne MEXaHMYECKON CTOMKOCTA HUTH Ha Pa3pbIB
YHHUBEPCAIIbHOW pa3pbIBHOM MamnHOM. bazoBas nimuHa 500 mwM;



ckopocTbh 200 mM/MuH; ipeaBapuTeabHas Harpy3ka — 0,91H (u3 pacuera
0,5 cH/tekc), remneparypa 24 + 20 C; naBienue 776 MM pT. CT.

3. 3mepeHne MexaHn4eCKOW CTOMKOCTA HUTH HA Pa3pbIB
YHUBEPCAIBHOM pa3pbIBHON MamnHOM. bazoBas anuna 200 mMwm;
ckopocTbh 200 MM/MUH; peiBapUTEIbHAS HArpy3Ka paccuuThiBasiach 0.5
cH/texc; Temmneparypa 24 + 20 C; naBierue 765 MM pT. CT.

4. I3aMepeHne MEXaHNYECKON CTOMKOCTH HUTH Ha UCTUPAHUE
TepaoMMeTpoM. Yroia uctupanus 90°, ckopocts 50 006/MuH, Harpy3ka
20r, remneparypa 24 + 2 °C; atMm. gaBia. 765 MM PT. CT., pacCCTOSIHUE
MeXTy aekTpogaMu 30 MM (MECTO UCTUPAHMS)

Pe3yabTaThl H3MepeHHH

Kaxaplii Tun usmepenust npoBoawics cepuent u3 10 uamepenui,
pe3yJIbTaThl KOTOPHIX 3alUCHIBAINCH B (aiiibl opmara JSON, KoTOpHBIi
ABJISIETCS OOLIECIPUHSATHIM ISl COBPEMEHHBIX HAYYHBIX UCCIICIOBAHUI B
paznuuHbIX o0nacTax. [lomydeHHbIe 1aHHBIC OBUTM UMIIOPTUPOBAHBI U3
¢aiinoB B HEOONIBIIONW 00paOOTUNK, HAIMCAHHBIN Ha SI3bIKE
nporpammupoBanus Python. Pe3ynbrarsl uamMepeHuii mpeacTaBieHbI B
BUJIE TPAPUKOB, OTPAKAIOIINUX PACTIPEACIICHUE U3MEPSIEMBIX BEIMUNH
110 HOMepaM U3MepeHwid B cepun (puc. 1-4):
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Pucynok 4. Pactarusaromiee Hanpsikenue, Ma

Hcnosib30BaHue CTATHCTHYECKHUX METOA0B

[Tomy4yeHHBIE B PE3yNbTATE U3MEPEHUN U SKCIIEPUMEHTOB T1AHHBIC
OYEBHUIHO HEJIOCTATOYHBI JJIs1 IPUMEHEHHUS K HUM OOIIECTPUHSATHIX
METOJIOB aHAJIN3a BBUY HEJIOCTATOYHOCTH U3MEPEHUN B UMEIOIINXCS
BbIOOpPKaX. JIJ1s1 MIUTIOCTpALIMK ATOTO YTBEPKACHUS MOMPOOyeM
MTOCTPOUTH BEPOSITHOCTHOE PACIIPEIECIEHNUE TTOTYUYEHHBIX PE3YJIHTATOB B
HATJISTHOM BHUJE C IIOMOIIBIO Auarpamm (puc. 5-8)
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PucyHnok 5. Pacipenenenue pe3ynbTaToB U3BMEPEHUS JUAMETPA HUTH
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Pucynok 6. Pacnpenenenne pe3yJibTaTOB U3BMEPEHUS CHIIBI pa3pbIBa
HUTH
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Pucynok 7. Pacnipenenenue pe3yabTaToB U3MEpPEHUs aedhopMalui HUTH
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Pucynok 8. Pacnipenenenue pe3yiabTaToB U3MEPEHUS PACTATUBAIOIIETO
HaIPSKEHUS

[IpuBen€HHbBIE UarpaMMbl HATJISAHO WILTFOCTPUPYIOT HECOOTBETCTBUE
MOJIYYEHHBIX PE3YyJIbTaTOB TPEOOBAHUSIM CTAaTUCTUUYECKOTO aHanu3a. Jljis
UCITPABJICHUS 3TOM CUTyalMy OBUIO UCIIOIb30BAHO CTATHCTUYECKOE
MOJIEJIMPOBAHUE C LIEJIBIO MOJIYYEHHUSI HOPMAJIBLHOI'O pacupeaeIeHus
U3MEPSIEMOI BETUYUHBI, KOTOPOE MOXKHO OyAET UCIO0JIb30BaTh st
JNaJIbHENIIIETO aHanu3a. Ha OCHOBaHMHU MOJIy4YE€HHBIX JaHHBIX U3MEPEHUIN
OBLIIM OMPENIETICHBI CIEAYIOIINE MapaMeTPbl IS KaKI01 U3 cepuid
U3MEpPEHUN:



1. MaTematuueckoe OXuaaHue U,
2. CpenHEKBaIpaTUYHOE OTKJIOHEHUE 0T,
3. HQucniepcus pacrpeneneHus 6o2;

BrimenepeuncieHHble TapaMeTphl TO3BOJIWIIN ONPEACTUTh HOPMAIBHOE
pacnpeneneHue s Kax 01U U3 CEpUN N3MEPEHUN C TTOMOIIBIO
cieayroei popmybl:

C nmoMomnibIo CpeaCcTB s3bIka nporpammupoBanus Python, Bkitouas
oubnrorexku numpy u matplotlib, 3Hauenus pacnpenenenus f(x) moryr
OBITh ITOTYYCHBI C 33JITAaHHOW YaCTOTOM JTUCKPETU3AINH, 3aBEIOMO
JIOCTAaTOYHOM JJIsl MPOBEICHUS JAIBHEHIIIETO UX aHanu3a. Tak, B paMKax
HACTOSIIEH PabOTHI OBLIIN MOJIYUEHBI CIIeTYIOMne rpaduKu
HOPMAaJIBHOTO pacmpeiesieHuss H3MEPESHHBIX TTapaMeTPOB MOHOHHUTH

(puc. 9-12)
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Pucynok 9. HopmanbHoe pacnpeneneHue pe3yjabTaToB H3MEPEHUS
JIamMeTpa HUTU
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Pucynoxk 10. HopmanbHoe pacnpesesieHre pe3yJibTaTOB U3MEPEHUS
CHUJIBI pa3pbiBa HUTH



3500 ~

3000 ~

2500 ~

KONWYecTBo N3MEepeHWin

= = )
=] un o
= = o
o o =)
I I I

500 -

8.5 9.0 9.5 10.0 10.5 11.0
OWaMeTp HUTH, MM

Pucynok 11. HopmaneHoe pacripesiesieHue pe3yabTaTOB U3MEPEHHUS
nedopmaruy HUTH
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Pucynok 12. HopmanbHoe pacnpejieiieHue pe3yibTaTOB U3MEPECHUS
PACTITUBAIOIIETO HAIIPSKESHUS

3akJII04YeHue

[Tomy4yeHHbIe pe3yJIbTaThl OJHO3HAYHO JEMOHCTPUPYIOT BO3MOKHOCTD
3¢ (PEKTUBHOrO UCIIONIB30BAHUS METOJOB CTATUCTUYECKOTO
MOJICIIMPOBAHHUS IS IOJIYYEHUSI HOPMAJIbHOTOPACIPEACICHUS
MTPOU3BOJIBHON U3MEPSIEMON BEIMYUHBI HA OCHOBAHUY OTPAHUYEHHOTO
KOJINYECTBA PE3YJILTATOB MPSAMBIX WJIM KOCBEHHBIX U3MEPEHUMN.
[lomydeHHble pe3yapTaThl MOTYT B JAJIbHEMIIIEM UCTIOJIB30BATHCA JUIS
IIPUMEHEHNUS K HUM CYIIECTBYIOIIUX METOJOB CTATUCTUYECKOTO
aHaJIn3a, a TAKXKE MPEICTABICHUS PE3YJIbTATOB UCCIEA0BAHNUS B
obmenpuHsATOM popmate. B X071 BRIMOTHEHUS HCCIIeT0BaHUS OBLIO
II0Ka3aHO, YTO METO/Ibl CTATUCTUYECKOI0O MOJIEIUPOBAHNUS MOT'YT
IPUMEHATHCS K PE3yJIbTaTaM U3MEPEHUS (PUBHMUECKUX U MEXaHUYECKHUX
I1apaMeTPOB MOJIUAMUIHOM AIEKTPOIPOBOASIIEN MOHOHUTH
AMPERETEX. ITony4eHbl HOpMJIbHBIE paCOpPEACICHUS PE3YIHTATOB



U3MEPCHUS JUaMeTpa HUTH, CHUJIBI pa3pbliBa HATH, Je(opManviv HUTH U
PACTITHBAOIIETO HANIPSDKECHHS. B manpHEHIIIeM 3TH K€ METOIbI MOTYT
OBITh IPUMEHEHBI K N3MEPEHHIO HHBIX ITApaMETPOB MOHOHHUTEH, a TaKKe
WCITOJIB30BAThCS IS aHAIN3a PE3YJIbTaTOB U3MEPEHHUM APYTUX TUIIOB
YMHBIX MaTepHUaioB. BO3MOXXHBIM pacIIipeHreM HACTOSIIETO
WCCIIeIOBAaHUE SBIISIETCS €ro 0000IIeHNe Ha clTydail MHOTOMEPHOTO
HOPMAaJbHOI'O pacIpeACICHUS, KOTOPOE MOXKET MCIIOIb30BaThCS IS
MIOCTPOCHUS pacpeaeIICHUI ITapaMeTPOB, OIPEACIEHHBIX Ha IIJIOCKOCTH
WK B 00BEME.



