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AHHOTaALUA
I[aHHa}I pa60Ta IMOCBAIICHA UCITOJIB30BAHHUIO CTATUCTUYCCKUX MECTOAOB 1JId aHAJIN3a
PE3YJIbTATOB PA3JIMIHBIX HCHBITaHHﬁ, H&6JIIOI[€HPII>1 " SKCIICPUMCHTOB,
HpOBGI[éHHLIX C YMHBIMH MaTC¢pUuajiaMu. B cTaTthe onuceIBaeTCs pa3pa60TaHHa;1
MCTOOOJIOTHA U PpC3YJIbTATHI IIPAMBIX HBMepeHHﬁ, O6OCHOBI>IBaeTC5I IMPUMCHCHHC
CTAaTUCTHUYCCKHUX MCTOOOB AJIA ITIOJIYYCHHA HOPMAJIbHBIX pacnpeﬂeﬂeHHﬁ, a TaAK¥XKE
MMpCaACTAaBJICHBI pC3YJIbTAThI HpOBe,Z[éHHBIX paCLIéTOB. TaK)Ke AHAJIIU3UPYCTCA
aKTyaJIBHOCTB HUCITIOJIB30BAHHBIX METOO0OB IJIA 06pa6OTKI/I 3KCHepI/IMeHTaJ'IBHBIX
JaHHBIX, ACJIACTCA BbIBO O HepCHeKTI/IBaX nux HpI/IMCHeHI/IH B HOI[O6HBIX 3aga4dax.

BBenenue
AHanu3 pe3yabTaToOB KCIEPUMEHTOB, HAOIIOJICHUN U UCTIBITAHUN MTPEICTABIISET
co0o0li MOCTOSIHHYIO 3aJ1auy JII0OOT0 MPUKJIIAIHOI0 HAYYHOTO HccienoBanus. OqHako
IIPU PEIICHUHU TaKUX 3a7a4 4acTO BOSHUKAET MpoOIeMa HEXBATKU JOCTYHBIX
JIAHHBIX JIJIS TIOJTHOIEHHOTO aHAJIN3a C UCIOJIb30BaHUEM OOIIECTPUHSATHIX
CTATUCTUYECKUX U MATEMATHUYECKUX UHCTPYMEHTOB, TAKUX KaK TAPMOHUYECKUN WIIH
dypbe-aHanu3, BEUBIET-IPeoOpa3oBaHus U IPyTrUe. ITO MOKET MPOUCXOIUTH U3-3a
OTpaHUYCHHON HAOJIOIaTEIbHOM UIIM SKCIIEPUMEHTAILHON 0a3bl, BHICOKOM
CTOMMOCTH PACXOJIHbIX MaTEPUAIOB, TEXHUUYECKUX WU OPTraHU3allMOHHBIX
CJIOHOCTEM, a Takke psifa Apyrux ¢paktopoB. B nanHoM nccnenoBannu
MpeIaraeTcsi UCMOJIb30BaTh METOAbI CTATUCTUYECKOTO MOJICIMPOBAHUS 1JIs
00paboTKH pe3yJIbTaTOB MaJIbIX CepUi HAOIIOICHUI M SKCIIEpUMEHTOB. B kauecTBe
0o0BeKTa ucciae0BaHus ObUITN BRIOPaHbI SKCIIEPUMEHTHI C YMHBIMU MaTepHalaMH, a
MMEHHO KOMITO3UTHOU noauMepHor Hutbio “Huts I1IT 17
[{enb TaHHOTO KCCIIEIOBAHUS 3aKII0UAETCS B UCIIOIb30BAaHUU METOIOB
CTATUCTUYECKOTO MOACITUPOBAHUS ISl U3YUEHUS YMHBIX MaTtepuaioB. JJis ee
JIOCTUKEHUSI OBLIIM TIOCTaBJICHBI M PEIICHBI CIETYIONINE 3a0auH:

1. IIpoBenenue usmepeHuit GU3NIECKUX U MEXaHUIECKHUX IMapaMETPOB HUTEH;
2. IlepeBop pe3yabTaTOB U3MEpEHUi B M(PpoBOIl (opMaT B COOTBETCTBUU C
OOIIETIPUHITBIMU CTaHIAPTaAMU;
3. Hcnonb30oBaHue CPe/ICTB CTATUCTUYECKOTO MOACTUPOBAHUS SISl TIOJTyYEHUS
HOPMAaJILHOTO pacripeieieHus pe3yIbTaTOB U3MEPECHHUIA,
4. AHau3 BHIMIOJTHEHHOTO UCCIIEIOBaHNUsA, (HOPMYIUPOBAHUE BHIBOJIOB IO €TO
pe3yJibTaram.



ITocTanoBKa 3agauun
B Xo0/1e BBITIOTHEHUS JaHHOW HCCIIeI0BATEIbCKOM paboThl OBLIIO UCIIOJIH30BAHO
HECKOJIBKO JJaOOpaTOPHBIX 00pa3I[0B MOJTMAMUTHON JIEKTPOIIPOBOISIIICH MOHOHUTH
AMPERETEX. O6pa31ipl ObU11 Hape3aHbl Ha OTPE3KH OJIMHAKOBOM JJIMHBI, U B
MCCJICIOBAaHUM 33]I€MCTBOBAJIMCH IECATh TAKUX OTPE3KOB. [lapamMeTphl Kaka0ro u3
HUX U3MEPSUIIUCH 10 €IMHON METOJIUKE, COOTBETCTBYIOLIECH MHCTPYKIUAM U
PEKOMEHAAIUSAM K CICAYIOIIEMY 000PYI0BaHHIO:
1. Becsl maboparopusie anaamutndeckue METTLER TOLEDO ME303/A.
2. YHuBepcanabHas pa3pbiBHas MammuHa Instron 34TM-10, mHeBMaTHYSCKHE 3aXBaThI
OOKOBOT0 JEHCTBUS, YIUTOUYHBIC 32KUMBI.
3. LCR-metp MEI'EOH 14470, snekTpudeckue mpoBoaa, 3aKHUMbI
HcnpiTaHust 1 U3MEPEHUS BBIOJHSUIUCH B CIEAYIOMINX YCIOBUSX:

1. Pacuer nuHEHOMN MJIOTHOCTH HUTH (B TEKC) Yepe3 dTajJoHHYI0 JIHHY (1 MeTp) u
Maccy, usmepennyro Becamu ananutuaeckumu METTLER TOLEDO ME303/A;
TeMriiepatypa Bosnyxa 23.7 = 20C; atmocepHoe JaBiaeHue 752 MM pT. CT.;
OTHOCHUTEJIbHAs BJIAXXHOCTh Bo3ayxa 52+ 2%

2. Usmepenue pa3peiBHOM Harpy3ku (B H) yHuBepcanbHOIM pa3phIBHOM MAIIMHOM.
bazosas gyimna 200 mMm; ckopocth 200 mm/mMuH; Temneparypa 23.7 + 20C; naBneHue
752 MM pT. CT.

3. PacueTt ynenbHOM pa3pbiBHOM Harpy3ku (B cH/Tekc).

4. IamepeHue OTHOCUTENBHOTO yIJIMHEHUS TIpU pa3phiBe (B %) yHUBEpCaIbHOU
pa3pbiBHOM MatHOM. bazoBas qiuHa 200 MM; ckopocTh 200 MM/MUH;,
temriepatypa 23.7 £ 20C; naBnenue 752 MM pT. CT.

5. I3MepeHne KOHTAaKTHOTO JIEKTPUUYECKOTO COMPOTUBIICHUSI HUTHU C TTIOMOIIBIO
naboparopHoro LCR-metpa MET'EOH14470. PaccTostnue Mex 1y KiieMMamMu —
noyHas JyiHa HUTU 1 metp, remnepatypa 24 + 20C, oTHOCHUTENbHAS BIAXKHOCTh
BO3ayXxa 52 + 2%.

6. Pacu€T y1enbHOr0 IMHEMHOTO 3JIEKTPUUYECKOT0 COPOTUBIICHUS YEPE3
M3MEPEHHOE 3HAUYCHHE SJIEKTPUUECKOrO COMPOTUBIICHUS U STAJIOHHOE 3HAUCHUE
JuHbl HUTH (1 MeTp).

Pe3yabTarsl usmepeHui
Kaxxnplii THIT ©13MEPEHHUS BBITIOJIHSUIICS B cepuu 10 20 U3MEpEHU, pe3yIbTaThl
KOTOPBIX COXpaHsIUCh B (paitnax ¢popmara JSON. DT0T hopmar mupoko
UCITIOJIb3YETCs] B COBPEMEHHBIX HAYYHBIX UCCIIEOBAHUSIX B PA3JIMYHBIX 00JIACTSX.
[ToyyeHHbIe JaHHBIE OBUTH UMIIOPTUPOBAHBI U3 (HAIIIOB B HEOOJBIION 00paOOTIHK,
pa3paboTaHHBIN Ha S3bIKE MporpamMmMupoBanust Python. PesynbpTaTsl nusmepennia
0TOOpakeHbI B TpaduKax, MOKa3bIBAIOIINX PACIPEICICHUE U3MEPSEMBIX BETHUNH
110 HOMEpaM u3MepeHuit B cepuu (puc. 1-6):
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Pucynok 3. Jlebopmanus vutH, %
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PucyHok 4. yaenbHas pa3pbIiBHasl HarpysKa,
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PucyHok 5. DnekTpruyeckoe CONMpOTUBIICHNUE,
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Pucynoxk 6. Y nenbHoe JMHENRHOE
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Hcnonbp30BaHuE CTATUCTUUCCKUX MCTOI0OB

[TosyyeHHbIe B pe3yibTaTe H3MEPEHHIA M SKCIIEPUMEHTOB JaHHbBIE OUYEBHM/IHO HEOCTATOYHBI JUIS
MMPUMCHCHUA K HUM O6IlIerI/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
nuarpamum (puc. 7-12):
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Pucynoxk 8. Pactipenenenue pe3yabTaToB U3MEPEHHSI CUITBI Pa3phIiBa HUTH
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Pucynok 9. Pacnipenenenue pe3ynbpraToB pacdyera qedopMaui HUTH
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Pucynok 10. Pacnipesenenue pe3ysibTaToOB U3MEPEHUs YAETbHON pa3pbIBHON
Harpysku
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Pucynoxk 11. Pacnpenenenue pe3yibTaToOB U3MEPEHUS JIEKTPHUECKOTO
COINPOTHUBIICHUS
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Pucynok 12. PacnipenienieHue pe3ysibTaToB paciéra yIeabHOro THHEHHOTO
ANEKTPUYECKOTO CONIPOTUBIICHHUS

[IpuBenénnble AuarpaMMbl HarJIsAIHO WILTFOCTPUPYIOT HECOOTBETCTBUE MOTYUYEHHBIX
pe3yNbTaToOB TPEOOBAHUSM CTATUCTHUECKOTO aHanu3a. J{Jis ucrpaBieHus 3TON CUTyaluu ObLIO0
HCIOJIb30BAHO CTaTUCTHUUECKOE MOJIEIUPOBAHHE C IIEJIBIO MOTYYEHHS] HOPMaJIbHOTO
pacnpeneneHns n3MepseMoi BETUYUHbI, KOTOPOE MOXKHO OYJIET UCIIONIb30BATh IS
JanbHeniero ananusa. Ha ocHOBaHMM MOJTy4EHHBIX JaHHBIX U3MEPEHUH ObUIN ONpeiesieHbl
CIEAYIOIINE MapaMETPhI I KaXI0M U3 CEpUl N3MEPEHUM:



1. MaremaTu4ecKoe OKUIaHUC |U;
2. CpenHEKBapaTHYHOE OTKIOHCHUE T,
3. Jlucnepcus pacnpeneneHus o2

BrlmenepeuncieHHble napaMeTphl MO3BOJIWIA ONPEAESIINTE HOPMAIbHOE PACIIPENEICHHUE IS
KaXJI0M U3 cepuil H3MEPEHHI € TIOMOIIBIO CIEAYIOIIEH (GOPMYIIbI:

1 1 /x — U2
f(x) B O'\/ZTL'(_E( o ) )
C nmoMoI1bI0 CpeACTB sA3bIKa MporpammupoBanus Python, Bkimtouas OubIoTeKH numpy u

matplotlib, 3nHauenus pacnpenenenus f(x) MOryT ObITh MMOJYYEHBI C 3aIaHHOM YaCTOTOM
JTUCKPETHU3AINH, 3aBEIOMO JOCTATOUHOM JIJIsl MPOBEACHUS JAIbHEUIIETro UX aHanu3a. Tak, B

pamMKax HacTosIIel padboThl OBLIH IMOTYYCHBI CIISAYOINE TpaduKi HOPMAaJIHLHOTO
pacrpeeseHus] U3MEPEHHBIX TapaMeTpoB MOHOHUTH (puc. 13-18):
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Pucynox 13. HopmanbsHoe pacnpeaeneHne pe3yibTaToB pacyera JIMHEHHOHN MII0THOCTH
HUTH
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Pucynox 14. HopmanbeHoe pacnpeseneHue pe3yibTaToB U3MEPEHUs CUJIbl pa3pblBa HUTH
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Pucynok 15. HopmanbsHoe pacnpesienenne pe3yibTaToB u3MepeHus [edopMaliu HUTH
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Pucynok 16. HopmanbeHoe pacnpezeneHue pe3yibTaToB pacyeTa y1eIbHOM
pa3pbIBHOM HArpy3Ku
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Pucynoxk 17. HopmanbsHOe pactpenenieHne pe3yabTaTOB H3MEPEHUS IIEKTPUIECKOTO
COTIPOTUBIICHUS
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Pucynoxk 18. HopmanbsHOe pacripeneneHue pe3ysbTaToB pacu€ra yaeabHOro
JIMHEHHOI0 AJIEKTPUYECKOTO COIPOTUBIICHUS



3aKIIroueHne

[Tony4yeHHBIE Pe3yIbTAThI OJTHO3HAYHO JAEMOHCTPUPYIOT BO3MOXKHOCTD A3(PPEKTUBHOTO
UCIIOJIb30BaHUSI METOJIOB CTATUCTHYECKOTO MOICTTHPOBAHUS JIJIsl TIOTYUYEHHUSI HOPMAIILHOTO
pacrpeeneHus: IPOU3BOIBHON U3MEPSEMON BEJTMUYMHBI HA OCHOBAHUH OTPAHHYEHHOTO
KOJIMYECTBA PE3yIbTATOB MPSIMBIX MM KOCBEHHBIX M3MepeHui. [lomyueHHbIe pe3yabTaThl MOTYT
B JJAJIbHEHIIIEM HCIIOJIb30BAThCS IS IPUMEHEHHSI K HUM CYIIIECTBYIOIINX METOJIOB
CTaTUCTHYECKOTO aHAIIN3a, a TAK)KE NPEJICTABICHHS PE3YJIbTaTOB UCCIICIOBAHUS B
obmenpuHAToM dopmare.

B xoje BeInonHeHUs uccienoBanus ObUIO MOKAa3aHO, YTO METO/Abl CTATUCTUYECKOTO
MOJIETTUPOBAHUS MOTYT MIPUMEHSITHCS K pe3yibTaTaM U3MepeHHs PU3NIECKIX U MEXaHUYECKUX
napameTpoB noiauaMuaHou snexkrponpoBosaei MoHoHuTH AMPERETEX. [lonyuyensl
HOpMAaJIbHBIE pacIpe/ielIeH s TMHEHHON TUIOTHOCTH HUTH, CUJIBI Pa3pbiBa HUTH, JedopMauu
HUTH, YJEIbHOW Pa3pbIBHOM HArpy3KH, SJIEKTPUUYECKOTO COITPOTUBIICHUS U YAECIBHOTO
JUHEHWHOTO AJIEKTPUUECKOTO CONPOTUBIICHUS. B nanpHelem 31 ke MeToAbl MOTYT OBITh
MIPUMEHEHBI K U3MEPEHHIO MHBIX TAPaMETPOB MOHOHUTEM, a TAK)KE UCIIOJIb30BATHCS JJIs
aHaJln3a Pe3yJabTaTOB U3MEPEHUM APYTUX TUIIOB YMHBIX MAaT€pUAIIOB.

Bo03MOXHBIM pacIMpeHreM HACTOSIIETO UCCIICIOBAHUE SIBIISICTCS €ro 0000IIeHNe Ha CITyJaii
MHOTOMEPHOTO HOPMAJIbHOTO pacIpeieleHts], KOTOPOEe MOXKET UCIOJIb30BATHCS AJIsl TOCTPOCHUS
pacnpezieieHui mapaMeTpoB, ONpeIeIEHHBIX Ha MIIOCKOCTH WK B 00BEME.



