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OObmIue MmeToamviecKne yKa3aHUS

Hayka naumnaercs ¢ Tex 1mop,
KaK HAYMHAIOT U3MEPSATD.
Tounas nayxka.

. U. Mendenees

dusnyeckue BeJINYNHBI U UX n3MepeHnue

dusnka — Hayka SKclepuMeHTa bHasd. [[oj 9KcIepuMeHTOM TOHUMAIOT
HaOJIIOICHIE MCCJIEyeMOr0 siBJICHUsT B KOHTPOJINPYEMbBIX YCJIOBUSAX, KOTOPbIE
MO3BOJIAIOT CJIEJINTH 38 €ro XOJ0M U BOCIPOU3BOUTL KarK/blll pa3 IpH CO-
OJIt0JIeHNN TeX »Ke caMbIX ycjoBuii. [lesibio dKcIepuMeHTa siBJIseTCsl TTOUCK
TaKIX MapaMeTpoB (PU3NICCKIX sABJEHUIT, KOTOPbIe MOYKHO M3MEPUTH COOT-
BETCTBYIOIIIMI METO/IAMU, TIOJIYINB UNCICHHBIC 3HAUCHUS.

CroiicTBa (u3nIecKnX 0OBEKTOB U IIPOIECCOB, KOTOPbIE MOXKHO OXa-
paKTepu30BaTh KOJUIECTBEHHO, MIPSIMbBIM WJIH KOCBEHHBIM 00pa30M, Ha3blBa~
10T dpusndeckuMi BesimarnHaMi. Pu3ndecKue BeJMINHBI MOXKHO Pas3/Ie/UuTh
Ha JIBE KaTeropuu:

® XapaKTepU3yIlue CBONCTBA W COCTOsTHHE Tejl (Macca, 06beM, II0T-
HOCTh, 9JIEKTPUIECKOE COIPOTHUB/IEHIE, JaBIeHNe 1 JIP. );

® XapaKTepU3ylolue sBJICHUA U IMPOIECChl, POTEKAIOIe BO BPEMEHU
(JIMHelHasT CKOPOCTD, CHJIA TOKa, PaboTa U T. JI.).

Y100l uMeTh mpejacTapieHne o (GpU3NIECKONl BeJmYnHe ¢ KOJMYECTBEHHOI
TOYKU 3pCHUA, HeO6XO,ZLI/IMO BbIPpa3UTb €€ Y1UCJIOM, T. €. UI3MEPUTDL.

3mepenne — 3To COBOKYITHOCTD OoNepaliuii 1Jisi onpeaeieHrs OT-
HOIIIeHUs O/HOI (M3MepsieMoil) PU3MIeCKoil BeJIUIUHBI K JIPYToii
OJHOPO/JHON BeJIMYUWHE, IIPUHATON 33 €JIMHUILY U3MEepeHuil, XpaHd-
II[YIOCsl B TEXHUYECKOM CpeJicTBe (CpeJ/ICTBe M3MepeHuii ).

Yucsi0, KOTOpoe ToJTydaeTcs pu U3MEPEHNAX, Ha3bIBAIOT YUCJIOBBIM 3Ha~
yeHneM usndeckoil BejmdnHbl. Taxkum oOpasoM, Jirobast (pusndeckas Besiu-
Y1MHa PaBHa IIPOU3BEJCHNIO YUCJICHHOI'O SHAaYCHWA Ha CANHUILY WU3MCPEHUI.
Yucaennoe 3HaYeHHE COBMECTHO ¢ 0DOO3HAYEHUEM HCIIOJIB3YeMO €IMHUIIBI
HA3bIBAETCs 3HAUYEHNEM (DU3NUECKO BEJTMUINHBI.
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Quszndeckasi BeJIMIMHA U €€ Pa3MEPHOCTb — 9TO He ojHO u TO »ke. Ou-
HAKOBYIO Pa3MEPHOCTH MOTYT MMETHh COBEPIICHHO pa3Hble MO CBOEH MPHUPO-
Jle (busnveckre BeJIMYMHBI, HAlIpUMep paboTa U MOMEHT CHJIbl. Pa3zMepHOCTD
HE COJIEPXKUT MH(MOPMAIUU O TOM, sIBJISETCs JIM JaHHas (pusndeckas BeJn-
YUHA CKAJIAPOM, BEKTOPOM WM TeH30poM. OHAKO BeININHA PAa3MEpPHOCTH
BayKHa JIJIsI TPOBEPKHU MPABUILHOCTH COOTHOIIEHNN MeXK Ty (DPU3NIECKUMU Be-
JIMTIITHAM.

HeobOxommMo HayIUTHCs He TOJIBKO U3MEPSTh Pa3ImIHble (pU3nvecKre Be-
JINYWHBI, HO U HAXOJUTH CBI3b MEK]/Iy HUMU, TPOBEPATH U COMOCTABIATD
pe3yJIbTaThl SKCIEPUMEHTa ¢ BbIBOJIaMU Teopun. Pesysibrarhl j0boro dpusu-
YeCKOTr0 9KCIEPUMENnTa HYKHO YMeThb MPOoaHaIn3upoBaTh.

Oob6paboTka pe3yabTaTOB U3MepPEHMIi

smepenns mpoBOAAT, 9TOOBI MOJYYUThH YKUC/ICHHbIE 3HaYeHUsT (pu3nde-
CKOIT BeJImIuibl. [Ipr mpaMbIX n3MepennsaxX OHn MOy 9aioTCs HeITOCPEICTBEH-
HO, a IIPU KOCBEHHBIX BHaYaJe OIpee/IdioT OJHO WJIX HECKOJILKO 3HadeHuit
HCXOJIHBIX (PU3MIECKIX BEJIMUYNH, & 3aTeM 110 UX 3HAUEHUSIM BbIUNC/IAIOT HY K-
HYTO.

OIBIT OKa3bIBAET, UTO IIPU MHOTOKPATHOM IIOBTOPEHUU OJHOT'O 1 TOIO
JKe U3MepeHus ¢ JJOCTATOYHO BbICOKOI TOYHOCTBIO IOJIyHaIOTCs pa3Hble Yuc-
JIEHHBIE 3HaUeHns. Tak ObIBaeT, gazKe ec/in JieJIaTh BCe Ollepallliil COBEPIIEHHO
OJINHAKOBO.

HecmoTpst Ha BBICOKYIO UyBCTBUTEIbHOCTb HAIIMX OPraHOB UYBCTB, CJIe-
JIyeT CTPOUTH SKCIIEPUMEHT TaKUM 00Pa30M, YTOObI UCKJIFOUUTH BJIMAHIE BOC-
NPUATHAS SKCIIEPUMEHTATOPa Ha TOUYHOCTh Pe3YJIbTaTa NI CBECTH €I0 K MUHHU-
MyMmy. Koneunble 3HaUEHUS JIOJZKHBI ONPEICIATHCA XapaKTePUCTUKAMU HC-
I0JIb3YEMbIX ITPHOOPOB, a HE BPEMEHEM PEaKIMH MCCJIeI0BaTe A, OCTPOTOI
ero 3peHus u T. II.

YT1o06bI pe3ybTaThbl M3MEPEHUil MOoJIyYnJIMCh 0oJjiee TOYHBIMU,
He0o0X0ANMO THIATEJIbHO BBITIOJHSITH CJIeAYIOINe ONepallnn:

1) mpoBepsITh CpejICTBa M3MEPEHNUs 1 TIPABUIHLHO IIPUMEHSITH UX;

2) CHUMATD TTOKA3AHUsI CO CPEJICTB U3MEPEHNUil ¢ MPAKTHIECKU HeOOXO0, Tl
MOH TOYHOCTBIO;

3) BBIYHC/ISITH UCKOMYIO BEJIMYUHY 110 Pe3yJbTaTaM H3MepeHuil ¢ cob,rro-
JIEHUEM ITPaBUJI TPUOJINYKEHHBIX BBIUYNCJICHU 1 C yI€TOM ITOI'PEITHOCTH
U3MEePeHUIA.



JlabopaTopuaga padora Ne 1

CraTtucrtuieckasg obpabdboTKa
pPe3yJbTaTOB NPAMBIX NI3MepeHM’ii

Ileab pabdoThr:

1) u3yIUTH TEOPHUIO CTATUCTUICCKO 0OPabOTKI PE3YIbTATOB MPSIMBIX 13-
MEpEeHNii;

2) OIpeeTUTh JOBEPUTE/bHBIN HHTEPBAI METOJIOM CpPEJIHEr0 apudmeTn-
YECKOTO U CTATUCTHIECKUM CIIOCOOOM 0 3aJIaHHOMY HabOpY 3HAUEHUIT
U3MepsieMoil BEeJIMIUHBI ¢ YIETOM OOYCJIOBJIEHHOI JIOBEPUTE/ILHON Be-
POATHOCTH.

1.1 Kparkas Teopusi

1.1.1 O TouyHOCTH 1 OIINOKaX M3MepPeHUii

JI1oOble pe3y/ibraThbl u3Mepennii (pu3nIecKux BeJIUINH HUKOIIa He sBJIs-
I0TCSI @DCOJIIOTHO TOYHBIME, & TOJIbKO HPUO/IMyKEeHHbIMU. KaK Obl Mbl HU CO-
BEPIIEHCTBOBAJIN METO/IbI U3MEPEHIIT, Mbl MOXKEM TOJILKO IIPUOIM3UTHCS K Ta-
KOBBIM, T. €. HCTUHHBIM, HO HUKOIJA He JOCTUTIHEM abCOJIOTHO TOYHOIO pe-
3yabTaTa. AGCOMIOTHO TOUHOE (MCTUHHOE) 3HAYCHUE (DU3UIECKOT BEJTUIHHBI
Xy siBJisiercs ujeasnsanueii. VlcTuHHoe 3HaYeHNEe BEJIMYUHBI HAJI0 PaccMaT-
pUBATH JINIIb KaK 3HAYEHNE, 1eabHO 0TOOparkaloliee B KAUeCTBEHHOM 1 KO-
JINYECTBEHHOM OTHOIIEHUsIX COOTBETCTBYIOIIEEe CBOICTBO JAHHOI'O (busmde-
ckoro oobekTa. OHO sSIBJIIETCS TPEJIESIOM, K KOTOPOMY HPUOJINKACTCA 3HAUE-
Hue GU3NIECKON BeJIMUNHDBI C [IOBBIIIEHNEM TOYHOCTH u3Mepenus. IloaTomy
CpPaBHUBATH KaKyIO-JIM00 M3MEPEHHYIO0 BEJININHY MbI MOYKEM TOJIBKO ¢ Tab-
JIIHBIM (ODIIENPUHATHIM) 3HAYCHHEM, KOTOPOE MOJIy9IeHO HamboJsee CoBep-
IIIEHHBIM METOJIOM 1 YKa3aHO B CIIPaBOYHOIl JiaTepaType.

Ha npaxTuke npuMeHSIIOT HOHATHE JEHCTBUTEIHLHOIO 3HAYEHUSI BEJIMTN-
HbI X, 110J] KOTOPBHIM IIOHIMAETCs 3HAUYeHIe, OlIpe/Ie/IeHHOe SKCIIePUMEeHTA b
HO — C IIOMOIIBIO CPEJICTB M3MEPEHUsI — U MPUOJINKAIOINIEeCs] K NCTHHHOMY

5



6 JlaboparopHast pabora N 1

3HAYEHUIO B TaKOll Mepe, B KOTOPOH OHO MOYKET OBITh IMPUHSTO JIJIs JIaHHO
KOHKPETHOII I1eJI1 BMECTO UCTUHHOI'O 3HAYCHUA.

[Tox TepMUHOM «TOYHOCTH M3MEPEeHHUil» MOHMMAIOT CTelleHb IIPUOJIIKe-
HUs PE3YJILTATOB U3MEpPEHs K HEKOTOPOMY JIeMCTBUTEILHOMY 3HAYEHUIO U3~
Mepsiemoit Besimamabl. OHa olpejessieTcst Toil HauMeHbIIell 10J1eil e IMHIIIbI
n3MepsAeMoil BeJIMIUHDBI, 10 KOTOPOH MOXKHO BECTH M3MEPEHHS C yBEPEHHO-
CTBHIO B IIPABUJILHOCTHU pe3yJibTaTa, 1 SIBJsSeTcS KaueCTBEHHOM XapaKTepucT-
KOl IpUMEeHSIeMOro MeTo 1a u3Mepernuii. TouHOCTh m3MepeHnil Beeria KOHed-
Ha 1 OI'PaHUYeHa BOZMOXKHOCTSIME IIPUOOpa, TPYJIHOCTBIO yUeTa BCcex 110004Y-
HBbIX (aKTOPOB, BJIUSIONINX Ha PE3yJIbTaT M3MEPeHHsl, a TaK»Ke HelOJHOTO
HAINX 3HAHUI 00 1MccjielyeMoM sBJIEHUH. TOYHOCTD Mpubopa OIpeIessseTcst
HAUMEHBIINM €ro IokasanueMm. Hampumep, HauMeHbIee MOKa3aHUe YUeHH-
yeckoit unHeiikn — 1 mwm, mranreniupkysis — 0,1 mm, mukpometpa — 0,01 mm.
JI1s1 KOJIMYeCTBEHHOM OIIEHKU COBEPIIEHCTBA METOJ1a M3MEPEHMIl MCII0/Ib3Y-
eTcsl TIOHSITHE <«IOrPENTHOCTh (omubKa) m3Mepenuii». Takum obpasom, Jito-
Oble M3MEPEHNUsT TPOU3BOJISITCS ¢ KAKUMU-JINO0 TOTPEITHOCTAME (OTTHOKAMI).
TepMUHBI «TOYHOCTH» U «IIOIPEIIHOCTb> HEPa3pbIBHO CBSI3aHbI JIPYT C JIPY-
IOM: U€M MEHbIIIe [TOI'PEIIHOCThL, TeM Bblle TOYHOCTEL. OIIeHKa OIPEeITHOCTH
— OJlHA 13 BayKHEHINNX 3a/1a4 00pabOTKN pe3y/IbTaTOB U3MEpeHuil, obecreyn-
BaloIas UX JOCTOBEPHOCTD.

B nayke ujet nocrogunas 60pb0a 3a TOUHOCTD, T. K. KaXKJIbIi 3HAK TTOCTIE
3AIIATON MOYKET CKPbIBATH HOBBIN (pusndecknit 3pdpeKT.

K npumepy, Baadasie merp omnpejensics kak 1/40000000 qactb oKpy K-
HOCTHU 3eMHOro Iapa 1o Ilapuzkckomy mepuaunany. B 1889 r. ObL1 n3roTon-
JIEH TOYHBIN MeyK IyHAPO/IHbIN 9TAJI0H MeTpa U3 CILIaBa IJIATUHbI U UPWIUS,
NMEBIINI ToNepevdHoe cevenne B BUje OYKBBI «X». Ero xommm ObLin mepe-
JIaHBI Ha XpaHeHHMe B CTPaHbl, B KOTOPLIX MeTp ObLI IpU3HAH B KadecTBE
CTaHIAPTHOM eUHUIILI JJTUHBI. DTOT 3TAJOH BCE eIé XpanuTced B Mex ryHa-
POJIHOM OIOPO Mep M BECOB KaK MY3eiHbIil 9KCIIOHAT, XOTsI OOJIbIIe 110 CBOE-
My TIepBOHaYaJIbHOMY HazHaueHuio He ucnosb3yercd. C 1960 r. ObL10 perire-
HO OTKA3aThCd OT MCIOJIB30BaHNs M3TOTOBJIEHHOTO JIIOJILMI IIpe/IMeTa B Ka-
yecTBe TajJOHa MEeTpa, U ¢ ITOro BpeMmeHHu 1o 1983 r. meTp onpeensics
Kak gucgo 1 650 763,73, ymMHOXKEHHOEe Ha JJINHY BOJHBI OpaHXKeBOIl JIH-
aun (6056 A) CIIEKTPa, M3JIYIaeMOro M30TOIOM KPUIITOHA S0 K1 B BaKyyMe.
C 1983 1. 3a aTa/I0H MeTpa IIPUHSITA AJINHA OTPe3Ka, KOTOPbI CBET IIPOXOIUT
B BakyyMe 3a 1/299792458 jio/1i0 cexynipl. CKOPOCTH CBeTa B BAKYyMe OUeHb
TOYHO u3MepeHa u paBHa ¢ = 299792458 m/c. Dro onHa u3 dyHIAMEHTATb-
HBIX (PUBNYECKUX KOHCTaHT.
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1.1.2 Twunsr norpemttocreii (OmmMbOOK) n3MepeHumi

[TockonbKy 3HavYeHUs PU3NIECKUX BEJIUUNH HAXOJAT OIBITHBIM ITyTEM,
X pe3y/ILTaThl Beeria cogep:kar nekoropyio ommoky AX . [TosTomy B 3a1a1y
U3MEpEeHNiT BXO/IUT He TOJIbKO HaXO0XKJIeHNE MaKCUMaJbHO TOYHOIO 3HAUYCHUSI
BEJIMYUNHBI, & OIIPeJieIeHIIe MHTePBaJia, IIOI'PEITHOCTE, B KOTOPOM OHO JICXKUT,
a TaKyKe, B psJie CIYyIaeB, BEPOATHOCTH, ¢ KOTOPOIl pe3yabTaThl N3MepeHni
B HEro YKJIaJbIBAIOTCSI.

Cucremarnyeckasi IIOTpemHOCTb

OmnbKu, BeJIMYMHA KOTOPBIX OJIMHAKOBA BO BCEX U3MEPEHUAX, IIPOBOJISI-
IUXCS OJTHUM U T€M »Ke MEeTOJIOM C ITOMOIIbIO OJIHUX U TeX K& U3MePUTe/ib-
HBIX TTPUOOPOB, HA3BIBAIOTCS cucTeMaTudecKumu. OJTHON 13 OCHOBHBIX 3a00T
IIPU TIPOM3BOJICTBE M3MEPEHUIl JOJIXKEeH ObITh YUeT, a TO U UCKJIOYEHHE CH-
CTeMATHYECKUX OMMOOK, KOTOPBIE B PsJie C/IydaeB MOTI'YT ObITh TaK BEJINKH,
YTO COBEPIIEHHO MCKA3AT Pe3yJIbTaThl U3MEPEHUII.

Cucmemamuueckue owubry MOHCHO paddesums Ha MPu 2pyn-
nol:

I'pymma 1 - omunbku, 1pupojga KOTOPhIX M3BECTHA U BEJINUNHA MOYKET OBITh
JIOCTATOTHO TOYHO olipejieieHa. VX MOKHO B JlajibHeIIeM yaecTb U Uc-
KJIIOUNTh, CKOPPEKTUPOBAB KOHEUHBII pe3ysibTar. Takme ommnoKy Ha3bl-
BalOTCsl nopaskaMu. [Ipu ornpeiesieHnn JINHBI K IIOIPABKAM OTHOCSIT-
csl, HAIpUMED, yIJIMHeHne, 00yC/JIOBJIeHHOEe M3MEHEeHneM TeMIIepaTyphbl
U3MEPSIEMOTO TeJIa I U3MEPUTEIbHOMN JuHeiKn. VICTOYHIKN TaKIX OIIIN-
00K HY»KHO TIIATE/IbHO aHAJIU3UPOBATDH, BEJIMUNHbBI IIOIPABOK OIIPee-
JISITH 1 YIUTHIBATH B OKOHYATEILHOM pe3y/ibrare. BejmdnHa 1mompaBox,
KOTOPbI€ €CTh CMbBICJI BBOJIUTD, YCTAHABINBAETCs B 3aBUCUMOCTH OT Be-
JIMYNH APYTHUX OMINOOK, COIIPOBOXKIAIONMINX m3Mepenne. Tak:ke K TaKiIM
OImMOKaM OTHOCSTCsI BeCbMa PACIPOCTPaHEHHDIE CJIydan, KOTla OTCUET
U3MEpPEeHUs] IIPUXOAUTCS BECTH HE OT HYJIEBOI'O 3HAYEHHS ITKAJIbl [IPH-
oopa.

I'pynma 2 - ommbKu n3BeCTHOTO MPOUCXOXKICHNs, HO HEM3BECTHOW BEJTIIH-
HbI, UX eI Ha3bIBAIOT MHCTPYMEHTAJbHBIMU. K MX YnC/Iy OTHOCUTCS
HOTPENTHOCTD M3MEPUTETHLHBIX TPUOOPOB, KOTOpas ONPE/Ie/IAeTCs KIac-
COM TOYHOCTHU WM MHBIM CIIOCOOOM. B oTimdme oT mepBoOii rpymIib,
9TU CUCTEMaTUIeCKHe OMNOKN He MOTYT OBITh UCKJIIOUYEHbBI, HO WX HaW-
OoJIbIIee 3HAUEHUE U3BECTHO. boJlee KOHKPETHO O UX BEJTMINHE HUUIETO
CKa3aTh HEBO3MOXKHO.

I'pynmia 3 - merojosiornyeckue OmmuOKU. IJTO CaMble ONACHBIE OITHOKH,
O CyIECTBOBAHUN KOTOPBIX Mbl HE II0JI03PEBAEM, XOTsI UX BEJIUIMHA
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MO2KeT ObIThb O4YeHb 3HAUYUTE/IbHA. TaKue OMMOKN BO3HUKAIOT, HAIIPHU-
Mep, IIpU U3MEPEeHNN NaJdeHns HallPsIzKeHUsT Ha BbICOKOOMHOM YYacTKe
9JIEKTPUYIECKOI 1eIH, KOT/Ia ero COIPOTUBJIEHNE CPABHUMO C COIIPOTHB-
JIEHEM HCII0JIb3yeMOro BoJibTMeTpa. JlJjist yeTpaHeHus olnboK TpeThei
I'PYIIIBI HY?KHO BCETJla OUYeHb aKKypaTHO MPOJIyMbIBATH METOIUKY M3~
MEepEeHHil, THIATEJIbHO YUUThIBas IapaMeTpbl IpuOOpoB. HeMm cioxKHee
OIIBIT, TeM OOJIbIIIe BEPOSITHOCTH TOI'O, YTO KAaKOI-TO MCTOUYHUK CHCTe-
MaTHYECKUX IIOI'PEITHOCTEN MOYKET OCTAThCS HEYUYTEHHBIM.

Ciy4aiiHasi TIOTPENTHOCThH

[TorpemnocTy, BeJinunHa KOTOPBIX Pa3/IMdHa jlaXKe JIs U3MEPEHU, Bbl-
MOJIHEHHBIX OJIMHAKOBLIM 00pa30M, Ha3bIBAIOT caydaiiHbiMu. Coydaiinbie
oImuOKN 00s3aHBI CBOMM ITPONUCXOXKICHUEM DIy IIPUYUNH, JIeHCTBIE KOTOPBIX
B KasKJIOM OTJIEJIbHOM U3MEPEHUH HEOJIMHAKOBO M HE MOYKET ObITh YUTEHO.
VcrounnkaMn caydaifHbIX ommOOK TPl (PU3MIECKUX M3MEPEHUsIX MOTYT STB-
JITHCS Pa3/IMdHble U3MEHEHHsT B OKPYrKalolieil cpejie (TeMiieparypHbie, Ofi-
TUYECKUe, 3JICeKTPUIECKIe, MAarHUTHBIE BO3/ICHCTBIS, N3MEHEHIE BJIAXKHOCTH,
KoJieOaHMe BO3/IyXa), KOJeOaHUsT MUTAIOIINX HAIIPSIKEeHU, TpeHne, BHOpaIni
OTJICJILHBIX JacTeil Mprdopa U MHOMXKECTBO JPYTUX MPUYNH, KOTOPbIE MpaK-
TUYIECKN HEBO3MOYKHO UCKJIIOUNTD.

Omnpejie/inTh BeJIMYUHY CJIyYalHONW MOIPEIIHOCTH JIJIsi OJIHOI'O H3Mepe-
HUg NPUHIANNAJIbHO HEBO3MOXKHO, IIO3TOMY IIPUXOJAUTCA MHOI'OKPATHO IIO-
BTODPSITH U3MEPEHUsI, & II0JIyIeHHYIO COBOKYIIHOCTDb 9KCII€PUMEHTaJIbHBIX pe-
3yJIbTaTOB 00pabaThIBATDh, IPUMEHssT METOJIbI TEOPUN BEPOSATHOCTEN U MaTe-
MaTUYE€CKOU CTaTUCTUKU.

IIpomaxmn

[TorpemHocT pe3yJibTaTOB OTIEIbHOINO M3MEPEeHHs WM HaOJIIOIeHNUs,
PE3KO OTJIMIAIONINECS OT OCTAJIbHBIX PE3Y/IbTaTOB, HA3BIBAIOTCS IIPOMaXaMIU.
VX nCTOYHUKOM SIBJISIOTCS HEOPEXKHOCTD IIPH OTCYETE 110 TPUOOPY, HEPas3oop-
qnBasl 3alllCh ITOKA3aHMIi, HEeIIPABIILHOE BKIIIOUYEHIE IPpUdOpa Ul HapyIie-
HUe YCJI0BUI, B KOTOPBIX JOJI2KEH IPOBOAUTLCS OIBIT. Jish yeTpaHeHus: Ipo-
MaxXoB HYKHO COOJIIOJIaTh aKKypPaTHOCTh U TIIATEJIbHOCTb B paboTe U 3alu-
cax pesysbraToB. Takue ommbOUYHbIE JaHHBIE CJIeyeT OTOPOCUTh U CJIe/IaTh
BMECTO HUX MOBTOPHBIE (KOHTPOJIbHBIE) H3MepeHusi. VIHOTa MOXKHO BBISIBUTD
IIpoMax, IIOBTOPUB N3MEPEHUEC B HECKOJIBKO OTJIMYHBIX YCJIOBUAX, HAIIPUMED
nepeiijist Ha Apyroit yaacTok mkKaJjbl mpudopa. Crocobbl 00HAPY KEHUS 1IPO-
MaxoB OY/IyT OINCAHDBI HIKE, B COOTBETCTBYIOIIEM Da3Jelie.
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1.1.3 Croco6bI 1IpejicTaBJIeHns IIOTPENTHOCTA

Korpa rosopsar, Hampumep, 4To '"pasmep u3MeEpeH € IOIPEITHOCTHIO
B 1 MIJLIMMETP BOBHUKAET BOIIPOC: & XOPOIIO 3TO WM TJI0X0? IDTO 3aBUCHT
OT TOTO, YTO, COOCTBEHHO IOBOPSsI, U3MepsieTcs. [lyinHa KOMHATBI — 9TO OTJINY-
HbIIT pe3ysbTar. naMerp kapanjaiia — odeHb rpyooe n3mepenne. [lostomy
IPUMEHSIOT JiBe (POPMBI IIPEICTaBIEHHSI OIIOOK, Ha3bIBaeMble aDCOIIOTHO
1 OTHOCHTEJIbHOI ITOIPEIHOCTSIMHU.

AOGcosroTHAdg MOrPEeInHOCTb

Kaxkmoe nzmepennoe 3Ha9eHNE X sy, ONPEJIe/IgeMOil BeIMINHb X nMeeT
HEKOTOPYIO morperrHocTb A X, BIpayKeHHYIO B TeX YK€ eIMHUIAX, 9TO 1 U3~
MepsieMast BeJTnInHa. Takas MOrpentHocTh XapakKTepu3yeT COBEPIIEHCTBO Me-
TOJa U3MEPEHUIl B KOJTUIECTBEHHOM BbIpayKeHUH, T. €. TOYHOCTh U3MEPEHUSI
Besmauabl X . Besmanny AX HasbiBaioT abCOMIOTHOM MOMPEITHOCTHIO.

Taxum oOpazoMm, JIelicTBUTE/IbHOE 3Hadenne X JIeXKUT B MHTEPBaJe

(XI/ISM - AX) <X < (XI/ISM + AX)a

rjie Xysy — 3HadeHne BeTUInHbl X | MOJYIeHHOe [IPU N3MEPEHHH.
Abcosrornas norperrHoctb A X 1MOKa3bIBAET TOT MHTEPBAJ BOKPYT M3Me-

peHHOro 3HaYeHnst Xy £ AX, B KOTOPOM MOYKeT HAXOJAUThC JIeHCTBUTE b

HOE 3HAUYEHUE U3MEPsieMON BEJIMYMHBI 1 yKa3bIBACTCH B TEX KE €JIMHUIIAX.

OTHOoCuTe/IbHASA IIOI'penrHoCTb

OrHocuTeIbHAS TOIPEITHOCTD — TO MOTPENIHOCTD, BhIpayKeHHasT OTHOIIIE-
HueMm abco 1oTHOM rorperrHocTn AX K n3MEpeHHOMY 3HAYEHNIO (PU3NIECKOi
BeJIMUNHDBI X5, OTHOCUTEIBLHYIO TIOIPEITHOCTD PUHSTO 0003HAYATEH OyKBOil
e. Takasi MOTPENIHOCTb OINUCHIBAECT <«YJEJbHBII BeCc» abCOTIOTHOM OIMMNOKH
B U3MEPEHHOM 3HAUYEHUU BEJUYMHbI, YTO 3HAUYUTEJIbHO IOJIHEE XapaKTepu-
3yeT KadecTBO Pe3yabTaToB m3MmepeHuit. Mcexonsa m3 3Toro, orHOCHTEHHAL
IIOTPENTHOCTD — BeJINUNHa Oe3pasMepHasi, 1 €€ 0ObIYHO BbIparKaloT B IPOIEH-
Tax:

AX 100 %.

E =
U3M

1.1.4 Kuaacchkl TOYHOCTH IIPUOOPOB

JL1st XapaKTepucTUuK OOJIBITNHCTBA M3MEPUTE/ILHBIX ITPUOOPOB YACTO MC-
MOJTB3YIOT TIOHATHE KJIacca TOTHOCTH. Kjtacec TOUHOCTH TPeCcTaBsgeT co0oil
MIPUBEJIEHHYTO TIOIPENTHOCTD £y;.
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[IpuBenennas MOrpentHOCTL €, — 3TO OTHOIIEHNE MaKCUMAaJILHON abco-
JIIOTHO# morperHocTr npudopa AX K mpejebHOMY 3HAUEHUIO BEJTNIHHBI,
n3MepseMOMY JIAHHBIM TPUOOPOM X4z

AX

X 100%.

Taxum o0pa3oM, Kjacc TOUYHOCTU MPUOOPa — 9TO abCOJIFOTHASI TOIPENIHOCTD
pudopa, BBIpasKeHHasi B IPOIEHTAX OT MaKCHUMAJIbLHOI'O 3HAUEHUsl Ha ero
IIKaJie.

[To mpuBe/ieHHON MOTPEITHOCTH IPUOOPHI JEJAITCSI Ha CEeMb KJIACCOB:
0.1; 0.2; 0.5; 1.0; 1.5; 2.5; 4. Ilpubopnr kmacca Tounoctu 0.1; 0.2; 0.5
CYNTAIOTCS TPEIU3NOHHBIMUA U HPUMEHAIOTCS JJIs TOYHBIX JIaDOPATOPHBIX
n3Mepennii. g TexHmdecknx M3MEpeHUil UCHOJIL3YIOT MPUOOPHI KJIACCOB
1.0; 1.5; 2.5; 4. ITpubopskl, y KOTOPBIX 3HAUYEHHE KJacca BhIle 4, CIUTAIOTCsI
MHINKATOPAMU, MOCKOJIbKY 00 M3MEpEeHUsAX UMU ¢ KaKOH-Jub0 IpreMIeMoil
TOYHOCTBIO pedb He HAET. Kiace TouHOCTH yKa3bIBaeTCsI Ha IIKaJjie IIpudopa
I B JIOKYMEHTAIIUN K HEMY.

Ecim y Hac ecth BoJIbTMETD ¢ npeaeom usmepenus: 0 = 150 B, Ha mika-
Jile KOTOpOTO yKaszaH Kjacc ToYHocTu (.5, TO 3TO O3HAYAET, UTO MOKa3aHUs
npubopa MMerT OMMOKY B M3MepeHnn Halpsikenusi e dosiee 0.75 B. Oue-
BUJIHO, UTO HET HIKAKOI'O CMBIC/IA TBITATHCA C TIOMOIIBIO TAKOT'O BOJILTMETPA
n3MepsaTh HalpsizkeHne ¢ TouHoctbio g0 0.1 B. Taxkum obpazom, eciin MbI,
u3Mepss HAIPSPKEHUEe C TTOMOIIBIO BBIIIEYKA3AHHOI'O BOJIBTMETPA, TTOJTY IHIH
U = 67,5 B, To pesyabprar ciemyer 3anucath B Bujie U = 67.50 £ 0.75 B.

[TorpemnocTu 1udpoBLIX TPUOOPOB OOBIYHO YKA3BIBAIOTCA B UX TEXHUIE-
CKoOIl JlokyMeHTaruu. Fcm TakoBast OTCyTCTBYET, TO BEJIMUNHY OIIMOKN MOYK-
HO MPUHATH CJejyomuM obpasoM. Jljist usmMepuTe/ibHbIX (IPern3noHHbIX )
prubOPOB OHAa cocTaBiisteT 1/2 0T eMHUIBI HAUMEHBIIErO PAa3psijia B JAHHOM
Jrana3one (MOCKOJIBKY TaKhe MPUOOPDI, KaK MPABIIIO, sIBJISIOTCST MHOTOITPE-
nebHbIMI). T. €. ec/i Mbl HMeeM BOJIBTMETD, KOTODBI H3MepsieT 3HAUeHuUsT
Hanpszkenns B unrepsajie oT —9.999 B no +9.999 B, To ero nmorpentiocTn
oyner pasaa +0.0005 B. g npubopoB TeXHIYECKOrO KJIaCCa, BEJIMIHHA I10-
I'PENTHOCTH IPUHUMAETCSI B €JIMHUITY HAMMEHbIIIEro pa3psija, /sl BOJIBTMETPa
¢ TaKNM 2Ke juana3zonoMm oHa Oyaer pasua +0.001 B.

s npubopos, KAGCC MOYHOCTU KOMOPHIT HE YKA3AH, NPUHAMO CHU-
Mamov, ¥Mo Ux NoZPewnocms PasHa NOA0BUHE UeHbl deaerus wkavl. (Ecau
K KAKOMY-AUO0 NPubopy nonamue uenv, 0eACHUA HENPUMEHUMO, MO NO2PEl-
HOCTG NPUHUMAIOM. PABHOT NOAOBUHE TOYHOCTU NPUOOPA. )



1. 1. Kparkast Teopust 11

1.1.5 OcHoBHbIE IOHATUSA U METOJIbI
CTATUCTUYIECKOI 00pabOTKMN pe3y/IbTAaTOB M3MEPEeHUit

BepositHOoCTh cityvdaitHOTO cOOBITUS

CitydaifHbIMI HA3BIBAIOTCST TAKHE COOBITHUS, O MOSIBJIEHNI KOTOPBIX HE MO-
JKeT OBITh CJIeIAHO TOTHOTO MPEJICKa3aHnsd. XapaKTePUCTUKON IacTOThI T10-
SBJICHUS CJTy4aifHOTO COOBITHS SIBJISIETCS €0 BEPOATHOCTD. s BO3MOKHO
n GJATONPUATHBIX U 1M HEOJIATONPHUSITHBIX COOBITHIT, TO BEPOSITHOCTD 0J1aro-
pUATHOTO cobbiTust o = P(n) paBHa

a=Pn)=—— (1.1)

a HebIarompusATHOTO

P(m) =1— P(n) = mlﬂ (1.2)

Cpeansaga kBaapaTuvHas U cpeHdAdA apudmMeTndeckKasi OIIInOKNT

it Toro 9ToObI BBIABUTL CAYYAHYIO OIMMNOKY W3MEPEeHUil, HeoOXO -
MO TIOBTOPHUTH U3MEpPEHUE HECKOJIbKO pa3. Ecjm Kaxkjoe usMepeHue jaeT
HECKOJIbKO OTJIMYHBIE OT JIDYTUX U3MEPEHUIl Pe3yJibTaTbl, Mbl UMEEM JIeJIO
¢ cuTyaleii, Korja ciaydaiiHas ommndKa UrpaeT CyIeCTBEHHYIO POJib.

B nojasistionieM 60/IBITUHCTBE ITPOCTHIX NU3MEPEHUil cIydaiiHble OMnOKY
HOTIUHAIOTCST CJIEJTYFOIINM 3aKOHOMEPHOCTSIM:

e Ommbkn 3MepeHunit Ami MOI'YT IPUHUMATL HEIPEPLIBHBII PsJl 3HAYEC-
HUI.

e [Ipu Gosbmiom wuwncsie HaOJIIOJEHUIT OMIMOKN OJIMHAKOBON BEJIMYNHBI,
HO Pa3HOT0 3HaKa BCTPEUYAIOTCA OJMHAKOBO YaCTO.

e Yacrora 1osiBieHus OMNOOK YMEHBIIAETCA C YBeJINIeHNeM BeJINUNHbI
ommbKu. VMuade ropopsi, OoJiblnne OmuOKKN HAOJIIOIAIOTCS pexKke, deM
MaJIble.

3aKoH pacipejesienns ommboK onuckiBaercst (hopmyioii [aycca:

1 T—x 2
Y(ZC) = We_( 202) s (13)

riae Y () — IIOTHOCTD pacrpe/iesieHnst CIyIaiiHoil BeJuanHbl & (IJI0THOCTD

BG]Z)OHTHOCTH)7 T — cpeaHee 3Ha4dcHrue BeJIMYUHDBI T, O'2 — JUCIIEpCUA U3Mepe-

HUIL. C&My 7K€ B€JIMYNHY 0 Ha3bIBalOT I'eHEPAJIbHBIM CPEJIHNUM KBa/JAPaTUYHbIM
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Puc. 1.1. ®opma kpusoii ['aycca

OTKJIOHEHUEM. Cpasy OroBOpHUM, 4YTO IIOZA, TEPMHUHOM <«Cp€JHEC SHAYCHNEC» MbI
OyzeM IIojJipa3yMeBaTh cpejiHee aprudMeTuIecKoe:

. Ttz + ...+, 1 —
7 . % (14

Jpyrue BUJIbl CpeJHUX 3HATEHHI (KOTOPBIX CYIIECTBYET BEJMKOEe MHOZKECTBO)
OYIYT YKa3bIBATbCs OTJCIBHO, 110 Mepe HeOOXOIMMOCTH.

Boobimie ToBOPS, IHCIEpCHs 0> — OueHb BayKHOE MOHATHE, KOTOPOE MC-

MOJIB3YETCs TIPU MaTeMaTu4deckoil obpaboTke dusniueckux uzmepennii. Ona
XapaKTepU3yeT CTEleHb BIUSHIA CJIyUalHbIX OIPEITHOCTEH HA PE3Y/IbTATHI
m3Mepennit. YeM Menble o2, TeM TodHee IPOBEJIEHO W3Mepenne. Ecin eé
BEJIMYUHY OIPeJ/Ie/IsiTh HA KaKJOM Ilare UTepariil U CPABHUBATH TEKYIIee
1 TIPeIbLIYIIee 3HAUCHIA 02, MOYKHO YIIPABJISATH BEIOOPOM PaCUéTHBIX Hapa-
METPOB, € TeM UTOOBI OBICTPO MPUBECTH PE3YIbTAT BHIYUC/ICHUN K 38 JAHHOMY
YPOBHIO TOUHOCTH. bBoJiee 1ojapobHasi nudopmalus o paciupeaesieann Laycca

cojepxkutcd B [Ipunoxenun B. ®opma kpusoit ['aycca nokazana na puc. 1.1.

YHare Bcero ommOKONl m3MepeHus HA3BIBAIOT CPEJHIOI KBaIPATUIHYIO
IOTPEITHOCTh. Pazmyalor cpejiHIon KBaJAPATUIHYIO MOTPEITHOCTh €JIMHIY-
HOTO U3MEPEHUS U CPEJIHIOI KBaAPATUIHYIO MOTPENTHOCTD CPEeIHEro apud-
MeTndeckoro. Cpeaass KBaIpaTuIHas MOTPENTHOCTD € IMHITIHOT0 N3MEPEHNUS
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(cTamgapTHOE OTKJIOHEHNE) UMEeT BUJI:

\/(f— 1)+ (T — 22)2 + ... + (T — 1,)?

Sy =

n—1

i(f— ) (1.5)
i:1n —1

rie T — cpejiHee apuMeTuIecKoe.

IIpumevanue. Muorue nmporpaMMbl 00pabOTKU JTAHHBIX UMEIOT BCTPOEHHYIO (DYHK-
IO JIJIsl BBIYHUCJIEHUST CTAHJIApTHOTO OoTKJoHeHus. K mpumepy B nakere MS Fxcel srta
dyukmus wHazeBaercs CTAHIOTKJIIL, 8 Open Office Calc u Libre Office Calc —
STDDIV, 8 MATLAB wu ero knonax (Octave, Scilab, FreeMat, O-Matriz w . 1m.) —
std(x), rje “X” — MaccuB JaHHBIX.

CpeﬂHHH KBaJpaTU9Had IIOTPEMHOCTL CPEIHETO apI/ICbMeTI/ILIeCKOFOZ

n

> (@ — )

S i: =1
my/n n(n —1)

Ecan uncio Ha6JHO,Z];eHI/H71 O4eHb BEJIMKO, TO BEJIMYNHa Sn CTpeEMUTCA K 0.

(1.6)

o= lim §,.
n—o0

CobcTBEHHO TOBOPS, IMEHHO STOT TIPEJIe/ U Ha3bIBACTCs CpeIHell KBaIpaTnd-
HOI1 ommbKoii. KBajpar 9Toii BeJInIiHbI Ha3bIBAETCs JUCIePCueiil N3MepeHuii.
Unorpa npuMensiercsa cpeneapudMeTndecKas ONMmOKa:
n
> -

Z, == 1.7
. (17

SHadenune cpeiaeit apudMeTnIecKoil OmmOKI p ONPeIesIseTcs: COOTHOIIECHIEM

p= lim Z,. (1.8)

n—oo

[Ipu nocraTodno GosbIIOM Urcse HabMoIeHnii (mpakTuaeckn n > 30) cyie-
cTBYyIOT 3aBucumoctu S, = 1.257, nin Z, = 0.85,.

IlonsiTe noBepuUTEIHLHOI BEPOATHOCTH
U JIOBEPUTEJIBHOI'O MHTEPBAJIA

[Ipeanonoxkmm, 9T0 3HaUYEHIE M3MEpsieMOil BeJIMINHBI PaBHO T . Ee cpen-
Hee apudMeTnIecKoe 3HaUeHne, MoJIyYeHHOE B Pe3yJibTaTe Cepun U3MEpPEHMil,
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paBHO T, a IOIPEIIHOCTb H3MepeHuit 3toit Bennunabl — Ax. BeposiTHOCTD
Q. TOT'O, YTO Pe3yJabTaT U3MEPEeHNil OT/INYaeTCd OT Cpe/IHero 3Ha4eHns Ha Be-
JINYNHY, He 00JIbIIyI0 deM Ax

a=P[(T - Az) <z < (T+ Az)], (1.9)

HOCUT HasBaHue do6epumenvHoti 6epoamHocmu, a NHTepBal 3HAYCHUIT
or T — Ax 10 T + AZ COOTBETCTBEHHO HA3BIBACTCA 008EPUIMEADHBIM UH-
mepaanom. Boipazkenne (1.9) o3Hadaer, 9T0 ¢ BEpOATHOCTHIO, PABHON «
PE3YJILTAT U3MEPEHNI He BLIXOAUT 34 HPEJEJIbl JOBEPUTEILHONO NHTEPBAJIA
(T — Ax) =+ (T + Ax). Pazymeercs, jyist 6osbInedt JoBepUTEIHHON BEPOSTHO-
cTH OOJIBIINM IIOJIYYAETCA U JOBEPUTEJILHBII NHTEPBAIL.

st 1100011 BeJIMYMHBI JIOBEPUTEIbHONO MHTEpBaJa 1o dopmysae [aycca
MOKET OBLITh paccuYuTaHa COOTBETCTBYIOIIAS JOBEPUTE/IbHAS BEPOATHOCTD.
DTU BBIYUCICHNS ObLIM IIPOJEJAHDLI, U UX PE3YJILTATbl CBEICHBI B TAOJUILY
2K.1 (Ilpunoxenne 7K).

[IpuBejiem nipuMeps! moib3oBaHus Tadumein 2K.1.

1. IlycTh J/1st HEKOTOPOIO psijla M3MEPEHUii 10Ty YeHbI

x =1.27; o =0.032.

KakoBa BeposiTHOCTbL (v TOTI'0, YTO PE3YJIbTAT OTIECJIHLHOI0 U3MEPEHUs He BhIil-
JIET 3a IPEJIeJIbl, Opee/sgeMble HePABEHCTBOM

1.26 < x; < 1.287
Hosepuresibable rpanniibl paBubl +0.01, 9T0O cocTaB/sger B 109X O

0.01/0.032 =0.31 = ¢.

3 rabaunbr 2K.1 HAXOAUM, 9TO JOBEPUTEIbHAA BEPOSITHOCTH JJIsl £ =
0.3 pasra 0.24. uade ropopst, Meree 1/4 maMepeHuit yI0KUTCs B HHTEPBAJI
omu6oxk 10.01.

2. Kakoitl joBepuTe/bHbII HHTEPBAJI HY2KHO BbIOPATH JIIsl TeX »Ke M3Me-
penuii, urobnl npuMepHo 98 % pesysbraToB HOLAIM B HEr0?

13 rabmunbt 2K.1 naxogum, 1aro 3Hadennio o = 0.98 coorBercTByeT 3HA-
yerne € = 2.4, cinegoparesnbio, Ar = o = 0.032- 2.4 ~ 0.077 u yka3aHHOii
JIOBEPUTEIBLHON BEPOSITHOCTH COOTBETCTBYET MHTEPBAJI

1.193 < x < 1.347,

WJIn, OKPYIJIdd,

1.19 < x < 1.35.

PGSyﬂbTaT 3allIChIBaIOT B BUJIC

x = 1.27+0.08
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¥-28, ¥+25,

f=S, =068
A28, a=0,95

Ax=35n a=0,997

38, EH+IS,
Puc. 1.2. Tunosble 3HaueHnst JIOBEPUTEILHON BEPOSITHOCTH IIPU JOBEPUTEIh-
Hom unrepsasie Axr = S, Ar =25, u Ax = 35,

¢ yKazaHueM JOBepUTeNLHOI BepogrHocTn o = 0.98.

Takum 00pa3oM, JJIsT HAXOXKJIEHHUs CJIydaifHoil ommbOKy HYzKHO OIpeje-
JIUTH JIBA YUC/IA: JIOBEPUTEIBHDII HHTEPBAJ (BEJUUNHY OIMUOKN) U JIOBEPH-
TEJLHYIO BEPOATHOCTD.

st morpemnoctu Ax = S, JoBepuTe/ibHast BEPOATHOCTL (v OYIET Co-
craByisTh 0.68. g Ax = 2S5, — 0.9 u ga Ax = 35, — 0.997 (cm. puc. 1.2).
[IpuBeennbie 3/1eCh TPU 3HAUEHUSI (v [10JIE3HO IOMHUTD, TAK KaK 00OLITHO, KO-
IJla B KHATaX NN CTaTbAX JaeTcd 3HAaYeHne cpeiHeil KBaApaTudHoll omudKn,
y7Ke He YKa3bIBACTCsl COOTBETCTBYIONIAs €if JJoBepuTe/ibHast BEPOATHOCTD.

3aKOH CJI0XKeHUS CJIY“IELfIHbIX OIIIMOOK

Ecim usmepsiemasi BeimanHa 2 sABIACTCA CYMMOfi (M PA3HOCTHIO) JIBYX
BeJIMYUH T U Y, PE3y/IbTaTbl U3MEPEHUIl KOTOPBIX HE3aBUCUMBIL, TOIJa JUC-
nepcun S, 9TUX BEJNYUH CBS3aHBI COOTHOIIEHHEM

S:=5;+5;

S. = /82 + 52, (1.10)

T. e. CPeJHsid KBaJPATUIHAS ONIMOKAa CyMMbl (WM DPA3HOCTH) JIBYX (MU
HECKOJIbKUX BEJIMYKH ) HE3aBUCUMbIX BEJTMUYMH PABHA KBA[PATHOMY KOPHIO U3

nJjim
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CYMMBI CPEJIHUX KBaIPATHIHBIX ONINOOK OT/IE/NbHBIX caaraeMbix. st cpeji-
HUX apuMMeTHIECKUX OMMO0K 3aKOH CJIOKEHUS OYJIET TOT Ke CaMblil:

Z, = |22+ Z2. (1.11)

U3 3akona cja0KeHus OIMMOOK CJEIYIOT JIBa UPE3BbIYaiiHO BaXKHBIX BHIBOJIA!
a. Bkjaj1 oT/ie/IbHBIX OMMMOOK O4YeHb OLICTPO MaJIaeT M0 Mepe UX yMeHbIIle-
HUsI. DTOT BBIBOJ| BCErJIa HY?KHO UMETH B BUJLY U IIPH MOBBIIIEHIH TOUYHOCTH
U3MEpEeHuil B IEPBYIO 04Yepeib YMEHbIATH OIMNOKY, TMEIOITYIO OOJIBINYIO Be-
JIMYNHY;
6. Cpenssa KBajpaTudHasi TOIPEIIHOCTDb CPEHEro apudMeTHIeCKOTro paB-
Ha cpejHeil KBaJpaTUIHON HOIPEITHOCTA OTAC/ILHOIO pe3ysbTara, 1eJIeHHONI
Ha KBaJ[pATHDLINI KOPEHb U3 YUC/Ia U3MEPEHUT N
S

S, = Jn (1.12)
D10 yHIaMEHTAJILHBI 3aKOH BO3pACTaHUsI TOUHOCTHU IIPU POCTE JHCa Ha-
osmostennit. Pazymeercs, 1anmoe paccykJaeHIe OTHOCUTCS JIUITh K M3MepeH-
M, IIPA KOTOPBIX TOYHOCTD Pe3yJIbTaTa II0JHOCTLIO OIIPe/Ie/IdeTCs CayJaiiHoi
OINOKOIA.

Onpenesienne J0BepUTEIbHOTO MHTEPBAJIA
1 JIOBEPUTEJILHOI BEPOSITHOCTU

O4eBUIHO, BaXKHO 3HATH, HACKOJIBLKO MOXKET YKJIOHATHCS OT MCTUHHOIO
3HAYEHUsI o cpejiHee apudMeTnIeckoe X u3Mepenuit. it 9Toro MoKHO BOC-
10/1B30BaThCs Tabsmieil 7K.1, B3sgB BMECTO BEJIMUNHbBI 0y, BEIHYHHY O
T. €. o

Opey = \/% (1.13)

Torpa st aprymeHTa €, KOTOpBIil ncro/ib3yercs B Tabsmie 2K.1, ciupaBe-

JIMBA 3aBUCHMOCTD
Axr  Axy/n

(2

£ = (1.14)
[Ipu npumenennn dbopmyn (1.13) u (1.14) cumraercs u3BecTHO cpeiHsis
KBaJIPATUIHAs [MOIPEIIHOCTL 0. 1 TOro 9robbl ONpeienTh MOCIEAHION,
HY?KHO CAeJaTh OUeHb MHOIO U3MEPEHUii, 4TO He BCEerja BO3MOXKHO 1 yI00-
HO. B Tex ciydasix, Korja BBIITOJHSIOTCS U3MEPEHHs ¢ IMOMOIIBIO Y2Ke XOpPO-
1110 UCCJIEOBAHHOTNO METOJIa, OIMIMOKK KOTOPOI'O M3BECTHBI, 3apaHee N3BeCT-
Ha 1 BesndnHa o. OJHAKO, KaK [MPaBUJIO, HOIPEIIHOCTE METO/A IIPUXOIUTCS
OLPEJIEIATD B Ipolecce naMepennit. OObIMHO MOXKHO OIPEJICJINTL TOJILKO Be-
JIMYUHY S, COOTBETCTBYIONLYIO CPABHUTEILHO HEOOJILIIOMY YUCIY U3Mepe-
auit (em. opmysy 1.5). Ecim jyist oneHKN JIOBEPUTEIbHOI BEPOATHOCTH (¢
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CYUTATh, 9TO S, COBIAJIAET C 0, U M0JIb30BaThcs Tadsmieit 2.1, To mosyda-
I0TCS HEBEpHbBIE 3HAYCHUS (.

Yr1obb! yuecTh 9T0 00CTOATEILCTBO, HHTEPBAI AL MOXKHO NPEICTABUTD
B BHJIE
ta,nsn

\/ﬁ Y
_Awvn (1.16)

tOéTL -
) Sn

3 dopmya (1.14) u (1.16) Buamo, 4T0 4, — BEINUNHA, AHAJOTHYHAS €.
Omna urpaer Ty ke poJib, HO B CIy4ae KOIJa YNUCI0 U3MEPEHUil, U3 KOTOPLIX
onpe/jie/ieHa omnoKa Sy, He OYeHb BEJNKO. SHAUEHUS BEJTUIHHBI tq p,, HOCS-
meit Haszpanune Koddpdunnenta CThbIOJEHTa, BBIYNCICHHBIE IS PA3JIMIHBIX
sHaveHuit n u «, npusejensl B Tabsmie 2K.2 (Ipunoxkenne 2K).

CpaBHuBasi 1puBejeHHble B Heil JaHHble ¢ Ta0a. 2.1, jierko yoeauTbes,
9TO HPH OOJIBIINX N BEJUINHDI Ty, CTPEMSTCS K COOTBETCTBYIOMINM 3HAte-
nugM €. C yBenumdenuem n S, crpemurcs K o. Vcnoabsyst KoaduimeHTol
CreiosierTa, paBeHcTBO (1.9) MOXKHO TepernmcaTh B BUjE

Az = (1.15)

OTKY/1a

P||Z— Sn <x< f%—t(wi = a. (1.17)

t
V) NG

[Tonb3ysich 3TUM cooTHOIIEHNEM 1 TaduIeit 2K.2, jJerko onpeenTs 10Bepu-
TeJIbHbIE UHTEPBAJIBbI U JIOBEPUTEJILHBIE BEPOATHOCTH TIPHU JIIOOOM HEOOJIBIIOM
qUCIe U3MEPEHUIA.

Ipumep. Cpejnee apudmerundeckoe x 13 H uzmepennii pasuo 31.2. CpeJi-
Hsisl KBaApaTU4dHas OIMOKa, olpejieseHHas U3 9TUX D u3Mepenuii, pasaa (0.24.
Haiitu joBepuTe/IbHYIO0 BEPOATHOCTD TOTO, YTO & OTJNYAETCS OT UCTUHHOIO
3HadeHus X He O6osee yeM Ha 0.2, T. €. OYJET BLIMOJIHATHCS HEPABEHCTBO

3l <x <314

3uadenne t, , HaiijeM, MOJCTABUB HAIK BeJIuibl B ¢hopmysty (1.16):

~02x+5

lan = = 1.86.
’ 0.24 56

[To Tabmune 2K.2 naxoqum jyman = Suput,, = 1.5, a = 0.8; uput,, = 2.1
a = 0,9. Boobiie roBopsi, MOXKHO YJIOBJIETBOPUTHCS OTBETOM, UTO JOBEPU-
TeJIbHask BEpOATHOCTH /I 9Toro ciaydad jexkut Mmexay 0.8 mw 0.9. Ojna-
KO, €CJI He0OXO/IMMO TIOJIYUYUTh 00Jiee TOYHOE 3HaYeHUe, MOXKHO TTPUOETHY Th

K MeTOﬂy I/IHTepHOJIHLH/H/I. TOFrZLa B paCCManI/IBaeMOM HpI/IMepe HOJIy‘{I/ITCH
a =0, 86.
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Heobxonumoe umco n3amepeHuin

JL1st yMeHbITIeHUsT CIydaifHoi OmMOKN pe3ysbTaTa MOTYT OBITh HCIOJIb-
30BaHbl JBa IIyTU: yAy4dllleHrne TOYHOCTU U3MEpeHUil, T. €. YMeHbIIeHUe o,
1 yBeJMYCHUE YUCJIa U3MEPEeHUil, T. €. UCIOJIb30BaHue COOTHOIICHNS, aHaJIO-

ruanoro (1.13):
o

O-.Tcp = %

[Ipeimo1oxKmM, 9TO Bce BO3MOXKHOCTH COBEPIIEHCTBOBAHNS TEXHUKHU U3MEpe-
Huil (T. e. epBLI My Th) y:Ke ucuepranbl. [lycrs cucremarnaeckast ommbKa
u3Mepenuii pasHa 0. V3BecTHO, 9TO yMeHbBIIATH CJIYUIAHYIO ONINOKY IieJie-
cO0OPA3HO JI0 TeX I0P, IOKa 00Ias MOrPEIIHOCTh U3MEPEHnt He OyIeT 1oJ1-
HOCTBIO OIPEJIEISAThCA CUCTEMATHYECKON omunoOKoil. IIpakTrudaecKu J10J7KHO
BBITIOJIHATHCA TpeboBaHne

(1.18)

Az < g i jazxe Ax < g, (1.19)
rje Az — HOJIyHIIPUHA JIOBEPUTEILHOIO MHTEepBaa Jjis Beandndbl o. Ha-
JIEZKHOCTH (v, C KOTOPOiT TpebyeTcss YCTaHOBUTH JOBEPUTE/ILHBIN MHTEPBaJI,
B OOJIBINIMHCTBE CJIydaeB He JIoJ/xKHa mpeBbimnarh 0,95. s onenku weob-
XO/MOro dncsia n3mMepennit npusejena tabsuma 2K.5 (Ilpuroxkenne 2K),

B KOTOpO#t Ax JIJaHO B JIOJISIX CpejIHell KBaIpATHIHON OMNOKM.

Ax
€= —.
Sh
Ipumep. V3mepsieTcs HaLIpsiZKEHHE ¢ IIOMOIIBIO BOJILTMETPA, UMEIOIIEro TOU-
Hocrb 0 = 1 B. Cpejngas KpaJpaTudHas [IOIPEIIHOCTL U3MEPEeHNil paBHa

2.3 B. CkoJIbKO m3MepeHuit Hy»KHO IIpojie/iaTh, ITOOBI MOJYyIUTH OIINOKY
me 6osiee 1.5 B ¢ nanexxnocroio 0.957

[Tostoxkmm
) Ax 0.5
Ar=-=05B =23 B, = — =—=0.22.
x 5 0.5B, S 3 € S 23 0
N3 Tabmuier 2K.5 B komonke o = 0.95 maxomum juist € = (0.3 3HaueHue

n =46, a 11g € = 0.2 — n = 99. MeTojgoM UHTEPHOJAINN ONIpeIeaIeM, ITO
st € = 0.22 noJsiydaercs n = 88.

1.1.6 OOHapyKeHue IIPOMaX0OB

Ecin ocyiectBiisiercs: psiji OJIMHAKOBBIX U3MEPEHNUI, IT0BEPIKEHHBIX CJIY-
YJaliHBbIM OIIMOKAM, TO B 3TOM Psijly MOTYT BCTPETUTHCSI M3MEPEHUsI ¢ OUYEHb
OoJbIIIMU cirydaiinbiMu omOkamu. OpHako OoJibline OMIMOKU MMEIT Ma-
JIYIO BEPOSITHOCTD, W €CJIM CPEJIN Pe3Y/IbTaTOB U3MEPEeHHil BCTPETUTCSA OJTHO,
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HMeIoIee PE3KO OTJIMIHOE OT JIPYTUX 3HAUEHUE, TO MbI Oy/ieM CKJIOHHBI I1PU-
MUCATh TaKOi pe3ysIbTaT MpoMaxy 1 OTOPOCUTH €ro KaK 3aBeJIOMO HEBEPHBII.
EcrecrBenno, cieayer 0ObeKTUBHO ONEHUTD, SIBJISIETCS JIM JIAHHOE N3MEPEeHHe
ITPOMAXOM WJIU K€ PE3YJILTATOM CJIYUAIHOTO, HO COBEPIIEHHO 3aKOHOMEPHOI'O
OTKJIOHEHUS.

it OlleHKM BEpPOSITHOCTU 3 CJIyUYAHOIO TOSIBJIEHUST BBICKAKUBAIOIIIX
3HAUEHU{T B psify m usMepenuit (g n < 25) Ha OCHOBAHUU DE3YJIbTATOB,
JTaBaeMbIX Teopueil BeposiTHOCTell, Oblta cocrasiiena Tabdsmia 2K.4 (Ilpummo-
xkenne 2K). [Ipu mosp3oBatnnm 9Toit Tab el BBIUUCISETCST cpejiHee apud-
METHYECKOe T ¥ CPEJIHAs] KBaJIpaTUdHasl IOIPEITHOCTL S, BCEX N3MEPEeHHil,
BKJIIOUAs M10JI03PEBAEMOe Xf, KOTOPOe, Ha HAlll B3IJIS, HEJOIYCTIMO BEJINKO
U MaJIo.

Bbrunciisiercss OTHOCUTEIbHOE YKJIOHEHNE 9TOT0 U3MEPEHUst OT CPEeIHero
apnupMeTHIecKOro, BbIpayKeHHoe B JIOJISAX cpe/iHeil KBapaTuIHON OMMOKN:

T — T}

@max -
Sn

(1.20)

[To Tabsuie 2K.4 HaxomuTcesi, Kakoit BeposiTHOCTH 3 COOTBETCTBYET IOJIYY€H-
Hoe 3HaueHune ©,,,.. Pazymeercs, cieayer g0roBOPUTHCH, IPU KaKUX 3HAUE-
Husix [ Oyzer orbpachlBaThCs (CUNTATHCST IPOMAxoM) m3Mepenue. Tabuia
2K .4 cocrapiena Tak, uTo HauMenbiiee 3adenne S = 0.01. OcTaBjsiTh n3Me-
peHusi, BEPOSITHOCTD ITOSIBJICHUS KOTOPBIX MEHbIIE 3TON BeJIMINHBI, OOBIYHO
HeIe1ecoodpas3Ho.

IIpumep. Cpennee apudmMeTndeckoe 3HaYEHHE HU3MEPSIEMOIl BeJIUYNHBI,
noJiydentnoe u3 15 usmepenuit, pasuo 257.1, cpejinss KBaipaTuvdnast morper-
HOCTDb S, = 2.6. Oupeue/nTb, SBJIAETCs JIM IIPOMAXOM OJIHO U3 U3MEpPEHMIl,
pasHOe 266.0.

Haxomum:
266 — 257.1

Omar = —— = 3.42. (1.21)
2.6
Haubosbiree suauenne O,,,, it n = 15, npusBemennoe B Tabsune 2.4,
paBHo 2.8, dyemy coorBercTByeT 3 = 0.01. Tak Kak ¢ pocTomM O, COOT-
BETCTBYIOIIEE 3HAYCHIE 3 YMEHBIIAeTCsI, TO IPH O,0r = 3.42 J102KHO OBITH
s3naunTe/bHo Menbie 0.01. V3 Toro, uro f < 0.01, ciieryer, 9T0 pe3yabTaT
266 Ha/10 OTOPOCUTD, CUNTAsT €TI0 TTPOMAXOM.

Ecn BepoATHOCTD MOSBIEHUS JTAHHOTO M3MEPEHUS B Py JIEXKUT B TIPO-
mexxkytke 0.1 > 8 > 0.01, To npejcrapisieTcss OJIMHAKOBO IPaBUIbBHBIM KaK
OCTaBUTDL 3TO U3MepeHne, Tak 1 oTOpocuTh. Peras Bomrpoc 06 0TOpachbiBAaHIH
BBICKAKIBAIOIIEI0 N3MEPEHNs, TI0JIE3HO ITOCMOTPETh, KaK CHJIbHO OHO MEHSET
OKOHYATEJIbHBIN PE3yJIbTaT.

B rmex ciyuasx, Korjga (3 BBIXOIUT 3a yKa3aHHBIE IIPEJIeJIbl, BOIPOC 00
oTOpachIBaHUN PEIIAETCs MTPOCTO.
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[Tpu n, 6osibiiem 25, oreHKY [ MOYKHO HPOU3BOUTH C TOMOIIHIO COOTHO-
IICHISA

fr(1—a)
3/ech « — JOBepUTe/bHAs BEPOATHOCTD, Olpejie/isieMasl JIJisi HOPMaJIbHOI'O
pacipejenenns (« Gepercst w3 tabuunbl 2K. 1, mojgarast S, = o).

1.1.7 VY4ér cucreMarndeckoii M caydailHOil ommoOKMT

3mepenus ciieryeT MpoBOJNTE TaK, YTOOBI TIOIPEITHOCTD Pe3yibTaTa Iie-
JINKOM OIIpe/Ie/IsljIach CUCTEMaTIHIECKO OMMOKOI m3MepeHunil, KoTopast 00bIv-
HO 3a/1aeTCsl MOTPENTHOCTHIO M3MEPUTEILHOTO Mpudopa. st sroro ciemyer
oIpejieIeHHBIM 00Pa30M BhIOMPATH HEOOXOINMOe YuCI0 u3Mepennii. OTHAKO
9TO He BCerjia yjaeTcs cjiesiaTh. B pe3yabrare 4acTo MPUXOAUTCHS MUPUTh-
sl C TOJIOYKEHNEM, KOTJIa CUCTEMATHIeCcKas W caydaiiHas ommOKN n3MepeHuil
COU3MEPUMBI JIPYT € JIPYTOM U OHHW 00e B OJIMHAKOBOI CTENEHU OMpPeIessioT
TOYHOCTH pe3y/bTara. [Ipm 3ToM B KavdecTBe BepxHell TPAHUIBI CyMMapHOiT
OIMMOKN MOXKHO TTPUHSATH

5 + 20, (1.22)

rjie 0 — cucreMarTndeckas ommoKa, o — cpeJiHeKBajpaTudHas ommnoka. JlaH-
Has OIleHKa BepHa ¢ BepodTHOCTHIO He MeHee (.95.

1.1.8 IIpaBusia o6paboTKMN U MOPSA0K MPe/ICTABJICHUS
pe3yabTaToB (PU3MIECKUX N3MeEPEeHIIt

YKazaHble MpaBuia MOXKHO MPUMEHATD JIJI CIydaeB, KOrJia pacipeese-
HIe Pe3yJIbTATOB MO InHsIeTCst HopMasibHoMY ([ayccoBoMy) 3aKoHy Ml MaJio
OTJIMYAETCs OT HEro.

1. Onpenesisitor cpejinee apudmMeTnieckoe 3HaUYeHne U3MepsieMoil BeJin-

YUHBbI:
n
_ 1
r=— E Lis
n <
=1

rJe &; — Pe3yJbTaT OTJIeJbHOIO 1-T'0 U3MepPEHNUs.

2. HaxozmsT abcosroTHBIE TIOTPEIHOCTH OTAEIbHBIX N3MEpPEHMIl:

3. Boramensior cpeinioro abcoOTHYIO TTOTPENTHOCTD OTAEbHBIX H3Mepe-

HUI:
n

AT = lZ|Aazi|.

n <
=1
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10.

BbIuc/igioT cpeHIon KBaJIpaTUIHYIO MOTPEITHOCTh OT/Ie/IbHBIX N3Me-
peHumit:

Ecim s ornenbHbIx o; Buinosnsiercss Ax; > 35, TO Taknue 3HAYEHU
0TOPACHIBAIOT KaK MIPOMaxX’ U TMOBTOPSIIOT MyHKTHI (1-5) 6e3 Hux.

[To uncsy namepenunii n JiJis 3aJaHHOI BEPOSITHOCTH (v 110 Tabsimiie 2KK.2
onpegesaioT koabdumuent CrbiogenTa iy .

SalncoBaloT BCJIMYMHY IIOJYINUPUHBI JOBEPUTE/ILHOI'O NHTEPBaJia:

3alnceIBAOT Pe3yJbTaT N3MEPEHUil B BIIE
r =717+ Ax.

KosnuecTBo 3Haganux 1udp B OKOHYATEIbHON 3aIIICH OIIPEe/Ie/IsieTCst
B cooTBeTcTBUA C IIpmnoxkennem /1.

OnpeesIsiioT OTHOCUTEIBHYIO MOTPEITHOCTh:

Ax

T

€= 100%.

[L71s1 onpeiesieHnst cyMMapHOIL o0Ieit oKy n3MepeHuii HeoOX0 MO
CPaBHUTD CJOYJAlHYIO U CUCTEMATHIECKYIO OMNOKU. Ecin moaymmupuHa
JOBEpUTEIbHOTO nHTepBaia Ax yiosaeTBopsier HepaseHcTsy (1.19), To
o01as ommbKa OyJIeT paBHa cHCTeMaTHYecKoil ommnodke ¢§; ecjin Tpedo-
panue (1.19) He BBIMOIHSIETCsT, TO BEPXHSTIOI0 TAHUITY CYMMAapHOi 001Iei
omubKu ompejeisieM 1o gopmyiie 1.22).

[Ipumep mporpaMMbl CTATUCTHYECKON 00pabOTKM JTaHHBIX, HaIlMCAHHOIM

B cpese Octave, mpuBoguTCs B puioxkennn E.1.

IIpumeuarue. I[Ipu magom dncse HaOIIOJEHUI HYKHO 110JIb30BATHCA CPeJIHEeil KBaI-
PATUYHON TOTPENTHOCTHIO, JIJIsi KOTOPOIl B 9TOM CJIydae JIEI'KO OIPE/IE/IUTD JIOBEPUTETHHY IO
BEPOSITHOCTD, TOJIB3ysICh Tabaunamu Kodddurmentor Crbiogenta. [Ipu Gosbimom anciie
U3MePEeHNi MOXKHO TI0JIb30BaThCs COOTHOIIEHTEM

AT = 0.89,.
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Ipumep. OtpesienTh 0BEPUTEILHBII HHTEPBAJ ¢ COOTBETCTBYIONIEH 10~
BEPUTEJILHON BEPOATHOCTBIO I/ JIAJTLHOCTH TIOJIeTa CHAPSIA IO CJIE Ty FOIIIM
pesyabraTam onbiTa: 101.5; 105.0; 95.0; 98.5; 100.0 cm.

1.7 = &% 7 =100 cw.

2. Tabauna abCcoOIOTHBIX MTOI'PEITHOCTE.

AJTZ' =T — X AIZQ
+1.5 2.25
+5.0 25.00
-5.0 25.00
-1.5 2.25
0.0 0.0
S Az =13 > (Az)2 =545
> 1 13
AT = — Az;| = — = 2.6.
T Sl =
4.
D (Ax;)? [54.5
Sn — Z(—x) — - =37
n—1 4
D.

! i~3.7:1.7.

vn G
6. st n = 5, npu goBepurebHoil BeposTHOCTH o« = 98%), KoaddurmenT

CrplozienTa Oy/IeT paBet tqy, = 3.75.
7.

S

Az = Spta, = 1.7 x 3.75 = 6.

CuenoBarenbno, Ha 98 % MOXKHO pPydarTbcs, YTO paccenBaHue CHAP:AI0B
oyier He Oosbie +6 cm oT gasbHOocTH 1oseta B 100.0 oM.

x = 100 £ 6 cwm.

1.2 Ilopsaok BBIIIOJHEHNsS PADOTHI

3agaHue: u3MepeHne 3a/JlaHHoil IIperogaBaTe/ieM BeJIMINHbI.

1. BepmoaHuTh n u3MepeHuil 3aJaHHON BEJMYUHBI W 3alucaThb HUX Pe-
3yjbTaThl B Tabsmiy. (Merojka TpoBejieHnusT U3MepeHuii 0CcTaéTest
Ha YCMOTpPEHUe MPerojaBaTeris. )
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X
A.Q?Z'
Ax?

?

T = AT = r=1T+ Ax

2. IIpousBecTn 06pabOTKY PE3yIbTATOB M3MEPEHU, BBITIOJIHAA ITyHKTHI
1 — 9 naparpada 1.1.8 mpu jgoepurebHoil BeposaTHocTH @ = (0.95.
Bamnucars OKOHYATEJbLHBIA OTBET B Bujie © = T £+ Ax.

3. OnpeneauTb HEOOXOJANMOE YHUCJI0 U3MEPEHUil JJisl JOBEPUTEJLHBIX Be-
posaTHOCTell arp = 0.95 u as = 0.9 u nosyvyenHoit cpegneil KBajpa-
Tuuanoit ommbku S, upn Az = Az (dbopmyna (1.7)) 1 Azy = Aerar
(dopmyta (1.15))mo tabmuie 2K.5 puioxkenns 7K.

4. OnupenennThb JOBEPUTEIbHBIN MHTEpBaJ i S, 110 dopmyae 1.16
npu o = 0.95.

5. OnpesenThb T0BEPUTEIBHYIO BEPOSITHOCTD (v /15T nHTepBaia Ax = AT
o gpopmyie 1.16.

6. (Tononuurensro) IlocTponTh TUCTOrpaMMy pe3yJIbTATOB W3MEPEHHi
JUIMHBI TeJia, UCIIOJIb3Y4 JIaHHbIE KOMIILIOTEPHOI 00pabOTKU.

KonTpoJjabHable BOIPOCHI

1. Yro Takoe usmepenue?
2. HazoBure ocHOBHBIE THUIIBI OIMMNOOK.
3. Onummure 3 TPYNIBl CACTEMATHIECKITX ONNOOK.

4. B kakmx ciaydasix M3MepeHue IIPOM3BOJIUTCA OJUH pa3, a B KaKUX —
HECKOJIbKO pas’

5. Hem oripejiesisieTcss HOOXOUMOE UNCI0 NU3MepeHuit?

6. Kakue npesro/ioxKenus IpuBoOAAT K ['ayccoBy 3aKoHY paclpejie/IeHus
omunboK”?

7. Kak BBIUHC/ISIOTCS CpeHsisl KBaJpaTudHasi U cpejHsis apudmermde-
cKag omuoOKu?

8. B 4uém cMbIcs cpejiHeil KBaIpaTuIHONl ONNOKN !

9. Kaxkme nBa napamerpa XapaKTepusyoT BeJIHINHY CJIyIaiiHON OmnoKm?
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10

11.
12.

13.

14.

15.

16.
17.

18.

[IpaBuira nosbzoBanus tabsuieit 2K.1 (Ilpmioxenne 2K).
ChopmymupyiiTe 3aKOH CJIOKEHUS CJIYIANHBIX OMTIO0K.

Yemy paBHa cpejiHsisl KBaJpaTUdHas [TOIPEITHOCTh CPeHero apudme-
TUYECKOr0?

KakoB mopsiiok omnpeaeeHns J0BEPUTE/IbHBIX MHTEPBAJIOB U JIOBEPH-
TeJIbHBIX BEPOSITHOCTEN TIPH JIF0OOM HEOOJIBIIOM YNC/Ie M3MEPEHN?

Kaxk ompezensiercst J0BepUTEILHBIN HHTEPBAJ I 3aJaHHOTO 3HAYe-
HUA O !

Hasnauenne n npasusa nosb3oanus tabuieit 2K.4 (Ilpuioxkenne

7K).
[IpaBuio oOHAPYIKEHUS TPOMAXOB.

Kak o1eHuTh pe3ybTUPYIONIYIO OIIMOKY, KOIJa CHCTeMaTUIeCKasl
1 ciIydaiiHast OIIUOKYM U3MePEeHHil COn3MepUMbI JIPYT € APYTOM.

[IpaBujio ompejeseHust ducjaa 3HaYaINX IUAP IPU 3alUCh OKOHYa-
TEJILHOI'O OTBETA.
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Ob6paboTka pe3yabTaToOB

KOCBEHHBIX M3MEepPeHMIii.

Onenka TOYHOCTU M3MeEpPeHmit
yIeJbHOI'O COMPOTHUBJIEHNS HPOBOJHUKA

Ileab paboThr:

1) 03HAKOMUTBCSI C METOIAMU OIEHKI PE3Y/IBTATOB KOCBEHHBIX H3MepeHHi
I pacyeTa IIOIPEIIHOCTEel;

2) OIpEeJETUTh YJIeJbHOE COMPOTHBICHNE TPOBO/IA U HHTEPBAJ MOIPEITHO-
CTU U3MEPEHUS.

O6opyaoBaHue:

e ycranoBka FPM-01 mra onpenenenus yaegabHOT0 COMPOTUBIIEHUS TTPO-
BOJIOKH,

® IIITAHIE€HIUPKYJIb,

® MUKDPOMETD.

2.1 Kparkaga Teopus

B GosbminHCTBE cilydaeB M3MepsieTCsl He HeIoCPEe/ICTBEHHO MHTEePeCcyro-
nas BeJIMYNHA 2, & OJIHA UJIN HECKOJIBKO JIDYTUX T, Y, U U T. JI., OT KOTOPbIX
OHa 3aBUCHUT TeM WU UHBIM oOpa3oM. [Ipu Taknx m3amepeHunsx, Ha3bBaeMbIX
KOCBEHHBIMHU, HEOOXO/IMMO TaKKe YMETb BBIYUC/ISTH OIMINOKY U3MEpPEHMIl.

25
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2.1.1 Metoapl onpeaeeHNs ONIUOKNT
KOCBEHHBIX M3MepeHmit

[IycTh BenmnmamHa z 3aBUCUT OT HECKOJBKUX BEJMYUH T, ¥, ..., 3HAUCHUS
KOTOPBIX HaflJIeHbl MPsIMBIMU U3MepeHustMu. Tormga (pyHKINOHAbHAS 3aBU-
CUMOCTb MeXK/Iy U3MepsieMoii BeJIMYMHONI 1 BeJIMYuHaAMU T, 1, ...:

z = f(x,y,..). (2.1)

[Tosryunm BeIpazkenue Jijisi norperraoctn Az. MpicieHHO 3aduKcupyeM
3HAYEHUS BCEX apr'yMeHTOB? KpoMe ojiHoro, HanpuMmep x. Torja npuparienne
gyHKIINN TpN M3MEeHeHnn JAHHOTO apryMenTa OyaeT UMeTh BU/I:

Azx:f($+Ax7y7)_f(x7y7) (22>

Eciu smagenne Ax wmamo, To dynkuumio z = f(zr) B uHTEepBase
[x — Az, z + Ax] MmoxkHO cuurarh juHeitHoit. Torma npupariienue GyHKIUI
Az, MBI MOXKEM PACCMATPUBATL KaK YaCTHYIO NPOU3BOJIHYIO 3TOi (PyHKIMK
110 IIePEMEHHO ', YMHOXKEHHYIO Ha npupaiienune A,

Az, = ﬂAm. (2.3)
ox

[Tpu onpesesiennn OmMuOKN KOCBEHHBIX U3MEPEHUIl MOYKHO CIUTATh, UTO
BesmunHa Az, — HOrpenrHocTb Az, BHOCHMAas MOTrpeniHocThio Ax. AHajo-
ITUYHBIM 00Pa30M OIIPEJIE/IAIOTCS TIONPEITHOCTH, 00YC/IOBJIEHHBIE JIPDYTUMU ap-
rymeHTamu. PesyibTupyioniasi morpeniHocTb KOCBEHHBIX u3MepeHuit Az BbI-
YUCJISIETCS € MTOMOIIBIO KBaAPATHIHOIO CYMMHUPOBAHUSI €€ COCTABJIAIONINX,
BHOCHMBIX KaKJ[bIM apryMEHTOM:

Az=/(Az)2+ (Az) + ..
af < \* [of . \°

—A —A
ox v Jy v)

(2.4)
Az =

[Ipumenenne coorHorenne (2.4) 00yCIOBINBACTCS IBYMST YCIOBHSIMU:

1) pesyJbTHPYIOast MOIPEIHOCTh 00YCIOBICHA, BINSHHEM OITHOOK MHO-
I'UX apryMeHTOB, CPeIl KOTOPBIX HET Mpeod/Ia1atonero hakropa;

2) IMIOTPEIIHOCTU apr'yYMEHTOB CTaTUCTUYIECKU HE CBA3aHBbI.

JelicTBUTEILHO, €C/IM HAIlla BeJIMYMHA 3aBUCAT OT JIBYX JAPYTUX BEJUYNH,
OJIHA U3 KOTOPBIX u3Mepena ¢ rounocthbio 20 %, a apyras 0.5 %, To pesyibrar
OyIeT OLpeIeIAThCS IIePBOi OIPEHTHOCTBIO.



2. 1. Kpatkast Teopust 27

Ecan xors 6b1 OZIHO U3 9TUX YCJIOBI/Iﬁ HE€ BBIIIOJIHACTCA, ITOJIHAA ITOI'PEII-
HOCTH KOCBCHHDBIX I/ISMepeHI/Iﬁ AZ BBIIHCJIACTCA C IIOMOIIBIO CYMMUPOBaHNMA
II0 MOIYJIO €€ COCTAaBJIAIONINX, BHOCUMBIX KazKJIbIM apr'yMEeHTOM:

Az = |Azy| + |Azy| + ...

nJjain

(2.5)

of of

Az = |=—Ax| + |=—

Ox oy

Onuako coorHorenne (2.5) 9acTo AaéT 3aBbIIIEHHOE 3HAYEHUE MOTPeIll-
HOCTH KOCBEHHBIX H3MEpPEHMUIL.

Takum obpazoM, aaropuT™M 00PAOOTKI KOCBEHHBIX M3MEPEHUI BbIL/IsSIIAT

TaK:

Ayl + ...

1. Onupese/nTh NOTPEITHOCTH BEJINYINH, U3MEPSIeMbIX MPSIMbBIM CITOCOOOM.
B ciydae oqHOKpPATHOIO U3MEPEHUs UCIIOJIb3YeTCd NHCTPYMEHTAIbHAS
(cucTeMaTHUECKast) MOTPENTHOCTh. B cjlydae MHOTOKPATHBIX H3Mepe-
HUIT HaXOIATCA CTaTUCTUYECKUE ITOIPENTHOCTH BCeX BEJIMUNH, JIJIS BCeX
HUX IIPUHUMAETCs OJMHAKOBas JOBEpUTEIbHAS BEPOSITHOCTD;

2. Ilo m3BecTHOI 3aBUCUMOCTI U3MepIeMOil BETMUNHBI OT €€ apryMeHTOB
BBIUHUCJIUTD 3HadeHue pyHknun z. [Ipu 3ToM mcmosib3yroTes 3HaueHnst
apryMeHTOB, HaiiJleHHbIe C OMOIIBIO TPAMBIX u3Meperuii (2.1);

3. BprumcsnThb cocTaBlisiolnine OIPEHIHOCTH 110 KazK/IOMY apryMeHTY, JJ1sd
4yero HafiTu 4acTHBIE IPOU3BOJHBIC 110 BCEM apryMeHTaM U YMHOXKUTb
MX Ha MOTPEITHOCTH COOTBETCTBEHHBIX apryMeHTOB (2.3);

4. BBIYUCIUTE MOJHYIO MOTPENHOCTh (DYHKIWN (2.4);
5. Pesynbrar oO6paboTku m3Mmepennii 3anucarsh B popme 2z = Z £ Az,

B ciydae Korjia BeJIMYUHA 2 3aBUCHT TOJBKO OT OJIHOI M3MepsieMOil Be-
JUYIUHBI T,

z = f(x). (2.6)
Tora MOXKHO 3anucaTh

df
Az = —Aux. 2.7
0 (2.7)
Pasnesus Beipazkenue (2.6) ma (2.7), MOTydnM BeJUTHHY OTHOCUTEILHOMN 110~

IPENTHOCTH:

Ar f(a)

2 flx)

Az. (2.8)
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2.1.2 HekoTopble YacTHbIE CJay4dan
onpeJieJieHNsl OMNOKN KOCBEHHBIX M3MeEpPeHUIA

PaCCMOTpI/IM HEKOTOPbIE YaCTHBIC CJIYyYal.

1. Beaunuuna z gBJs€TCa CyMMOM T U y:

z=x+y. (2.9)

Torma morpenrHocTh KOCBEHHBIX M3MepeHnit Az OnpeIessiioTcs Kak

Az =/ (Az)? + (Ay)2. (2.10)

OTHocuTeabHAd IIOI'PEHIHOCTb

Az \/(AJJ)2 + (Ay)z.

e=—" = (2.11)
z r+y
2. Beauunna 2z sBisieTcsi pa3HOCTBIO T U Y
z=x—y. (2.12)

Tora mOrpemnrHocTh KOCBEHHBIX U3MepeHnit Az onpejiessieTcs Kak

Az = /(Az)? + (Ay). (2.13)

OrHocuresnbHasd IIOI'peIIHOCTb:

Az /(Ax)?2 + (Ay)Q.

2.14
. p— (2.14)

3. Beaunuuna 2 siBasieTcst mpou3Be/ieHneM (MM YaCTHBIM ) BEJIUYINH
1 Tk
z=2x. (2.15)
Torna, nuddepeHupys, Moy InM:
dz =y-dx + x- dy. (2.16)

[TorpemnocTh KOCBEHHBIX n3Mepennit Az:

Az = /2 (Az)? + 22(Ay)2. (2.17)
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OrHocuresbHas IIOI'PEIIHOCTb!:

-2 f(20Y (&)’ 219

— (2.19)

CTYJIEHTAM [PEJIJIATAeTCsT BBIBECTH CAMOCTOSITEIbHO U YOEUThCsI, ITO OHO
cosrasiaer ¢ (2.18).

Tak>ke CTydeHTaM IIpedjiaraercd CaMOCTOATEeJIbHO PaCcCMOTpPeTb
CJIy4dau.

z=a,/—, (2.20)

OTHOCHUTEJIbHasd IIOI'PEHIHOCTb:

Aa\?> 1/Az\> 1 Ay 2
_ (2o Jifaz\ 1Ay 2.91
S ) S e
u
2z =a" (2.22)
OTHOCUTEJIbHASI [IOMPEITHOCTb:
A
e=y—. (2.23)
T

2.1.3 DBpluucjeHue mMorpentHocTu
YJ€JIbHOT'O COIIPOTUBJIEHNSI NIPOBOJHUKA
P KOCBEHHBIX U3MEPEHUAX

DJIEKTPUYECKOE COINPOTHUB/IEHNE Yy4YacTKa OJHOPOJHOIO JIMHEITHOrO IIPO-
BOJIHUKA

L
= p§7
rie R — conporuBiienne oTpeska MpoBOjAHNKa, L — ero jaauna, S — IIoIaib
[OIIEPETHOTO CeYEeHNUsI, p — YAeJbHOEe COPOTUBIICHIE ITPOBOJIOKH.

Orcrona

R (2.24)

p:R%. (2.25)
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JlJist u3Mepenusi COpOTUBJIEHUST ¢ UCIIOJIb30BaHneM 3akoHa Oma cobupa-
0T 9JIEKTPUYIECKYTO 11erlb (eM. puc. 2.1). Yuaactok e AB — oTpe3ok mpoBo-
nokn, B — ucrounnk Toka, A — ammepmerp, V' — BosbrMeTp. YT0oOBI OJIYINTH
P, HEOOXOIMMO OIPEe/INTh 3JIEKTPUUECKOe CONPOTUBJIeHNe [ oTpe3Ka mpo-
Bosiok AB u 1iorma b cedeHust mMpoBOJIOKK S, a TakKe U3MEPUTh JITHHY
9TOro oTpe3ka L. 3nadyenue cornporusienne R onpenesnsercs n3 3akona Oma
(I = U/R), nns qero uamepstiorest nanpsizkenne U n cusa Toxa [. [lnomas
cedeHust MPOBOJIOKN S ompejiesisieTcs 1o (popmylie

d2
S =m? = %. (2.26)

Hanpsikenne U, cuity Toka [ usmMepsitoT pudopaMu ¢ U3BECTHBIM KJI1ac-
coMm TouHoCTH. JITuny npoBosioku L u ee juamMerp d U3MepsioT COOTBETCTBY-
IOLIUME IIPUOOpaMU, TOYHOCTh KOTOPBIX TakKxKe m3BecTHa. C ydeToM BbIle-
CKAa3aHHOTO [l YJIEIBHOTO COMPOTHBICHU (2.25) MOy dnM:

U nd?
=_"" 2.27
OTHOCI/ITGJIbHaH IIOI'pEIHOCTDL OIIpEaeJICHI A P 6y,ILeT BbIYUCJ/IATHCA TaK:
Ap AUN® (AN Ad\® [AL\’
?: = — _— _— 2 p— — 9 2.28
ST o) T\7 ) T\T) T\T (2:28)

e AU, Al, Ad u AL — oTHOCUTE/IbHBIE TIOIPEITHOCTH IPSIMBIX NU3MEPEHUI.
CryeHTamM MpeJiiaraeTcst BbIBECTH 9Ty (DOPMYJTY CAMOCTOSITEIHLHO.

2.2 Omnwucanme jJabopaTOPHOIl YCTAHOBKH

DyHKIMOHAJIBHAsS CXeMa YCTAHOBKM IpeJicTaBicHa Ha puc. 2.1a. B Heii
UCIIOJTB3YIOTCS JIBE CXEMbl U3MEPEHUsT COPOTUB/ICHUSI.

[lepBblii METOJ| UCIIOJIB3YET JIEKTPUIECKYIO Telb(puc. 2.16), B KOTOPOIi
BOJIBTMETP BKJIIOUEH TaK, UYTO U3MepseT najienne Hanpsizkeans U na ydacTke
IIPOBOJIOKH, 8 MUJIIHAMIIEPMETP IPU 9TOM H3MepsieT CUJIy ToKa [, KOTOPBIil
3aTeM Pa3BETBJIAETC B y3Jie Ha CUJIY TOKA, IIPOTEKAIONIEro Mo odbpa3iry Mpo-
BOJIHMKA, U CHJIy TOKA, IIPOTEKaomnero depe3 BoJbTMeTp. ConmpoTuB/IeHne
BOJIbTMeTpa [y MHOro O0JibIe, YeM y mpoBoJioKu. CoNpoTHuBIeHIE N3MEPsi-
eMOr'0 OTpe3Ka B 9TOM CJIydae ONPEJIe/IAeTCsI BbIpaXKeHIeM

U U
R=—14+—]). (2.29)
1 Ryl
Bropoit MeTos ucrosib3yer 3jekTpudecKyo menb (puc. 2.18), B KOTOpOii
MUJIJIMAMIIEPMETP BKJIIOUEH MOC/IeJI0BATE/ILHO C UCC/IeyeMoil IPOBOJIOKONM 1

n3MepseT cuiy Toka I B Heil.
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Puc. 2.1. ®ynknuonajabHas cxema
amriepMeTpa u BoJbT™MeTpa (0, B)

3\ ]
- 1 5
-_/2
6 7
\ /
/ —
=d
~9
o O O
e} 8

Puc. 2.2. Obmuii Bug
J1ab0pPaTOPHON yCTaHOBKU

A R B

]

| |

(v
5)

(4

&

+ e
4 R E

® s}

(V)

o,
+ —

VCTAHOBKH (&) U CIOCOOBI TTOAKIIOUEHNS

BoabrMmerp n3mepser Halpsizkenne U
He TOJIbKO Ha U3MEPSIEeMOM yYacTKe ITPO-
BOJIOKU, HO U Ha amIiiepMerpe (COmpoTuB-
serne Kotroporo Ry ). Conporusienue us3-
MEPSIEMOT0 OTpe3Ka 00pasiia B 9TOM CJIy-
Jae ompeIessieTcss BhIpaXKeHneM

R= %(1 - %) (2.30)

O6muit  BuJ  IKCIEPUMEHTAJILHOI
YCTAHOBKM TIpejicTaByien Ha puc. 2.2. Ha
ocuoBannu (1) ycTaHOBKE 3aKperjieHa
croiika (2) ¢ HaHECEHHOW MILJIIUMeT-
poBoil mkaJoit. Ha Heit kpemnsTca aBa
kpomrrnreiina (4) u (5), MeXKLy KOTOPBIMH
HATSHYTa [POBOJIOKa. [mmHa mcciemrye-
MOI'O OTpE3Ka, IMPOBOJIOKH DPEryJIupYyeTcs
KPOHIITEIHOM C TIOJ[BUZKHBIM KOHTAKTOM
(5).

[IpoBoJsioka moIKII0u€eHa PH ITOMOIIHI
IIPOBO/IOB HU3KOI'O COIPOTUBJICHUS K 13-
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MepHUTETLHOMY BJIOKY TPHOOPA, COCTOsAIIEMY U3 BoJbTMeTPa (6), amMiepmerpa
(7) u ucrounuka nuTaHUs. PeryaimpoBka ToKa OCyIeCTBIsIeTCsT MOTEHIMOMeT-
poMm (8), BKJIIOUEHNE 1 BBIK/IIOUYeHIe mpubopa — kHonkoit (9). [lepensukenn-
eM TOJIBUZKHOT'O KPOHIITeTHA yCTaHaBIMBAETCS HEOOX0IUMas JIJIMHA TTPOBO-
JIOKT.

[TocKOJIbKY CONpPOTUBJIEHNE aMIIepMeTpa HeBEJIUKO U MOXKET ObITb CPaB-
HUMO C COITPOTUBJICHUEM TTPOBOJIOKH, M3MEPEHUS CJIeIYeT ITPOBONTH TIEPBBIM
MeToioM. Tak Kak cOmpoTuBJEHNE BOJbTMETPa Ry MHOTO OOJBINE, YeM CO-
IIPOTUBJIEHHE TIPOBOJIOKH, TO CJAaraeMbIM RLVI B dopmyiie 2.29 MOXKHO IIpe-
HeOpeub. Buibop perknma mpom3BOAUTCs CHEIUAIbHON KHOIKOM Ha U3MepH-

TEJILHOM OJIOKe YCTaHOBKH.

2.3 Ilopsigok BBITIOJTHEHUSI PAOOThHI

1. C noMoIipio MTaHMeHIUPKYJ/IS U MHUKPOMeTpa U3MEpPUTh JuamMerp d;
IIPOBOJIOKH 110 Beeil ee JinHe B 4-5 Toukax. Paccuurarh juameTp 1po-
BOJIOKH 110 (pOpMYyJIe

d=d=+Ad (2.31)

1 OIPEJE/INTh OTHOCUTEJIbHYIO MOTPEINTHOCTD €4 = %. st MuKpomer-

pa npunuMaercs sejuunia Ad = 0.005 MM, JUIs IITAHMEHIUPKYJIA —
Ad = 0.05 MM (OJIOBHHA TOYHOCTH COOTBETCTBYIONIEro prdopa). Pe-

3YJIbTAT M3MEPEeHnii 3alicaTh B TAOJIHUILY.

ul

d di | dy | dg|dy] ds Ad

[IranreHupKyIb
MukpomeTp

2. BeiOpars  cienyromme — 3Hadenume  JumH  L;  ydactka  AB:
0.1 »; 02 v 03 v 04 M 0.5 M (B ciydae ecinm ycra-
HOBKa He II103BOJIsIeT ycTaHOBUTH 3Hadenue L = 0.5 M, BbiOepure
B KaueCTBE HAMOOJIBINEro 3HadeHns JnHbl L = 0.45 M), MOrpermHocTsb
u3Mepenns UinHbl AL onpeaenTh Kak IIOJOBUHY IIeHbI JI€JIeHUSI
mmuefik (0.5 Mm):

AL

L:ZiALHgI:77 (2.32)

3. Omupegenurs norpernoctb AU BosibTMmerpa u Al aMmiiepmeTpa, HCXost
13 ux Kjaacca Tognoctu (1.5):
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— AU
I=T+Al u sfzg. (2.34)

4. Hna yuactka L; = 0.1 M npoussectu usmepenue U; u [;, 1aTh pas Me-
HsIs X 3HadeHns. PekoMenIyeTcst yeTaHOBUTD C MIOMOIIBIO PETYIATOPA,
kpaitaue 3uadennsd Uy, 1 Upqr, COBIAJIAIONINE C JIETIEHUSIMA TITKAJIbI
BOJIBTMETPA W BHIOPATH MEYKJIy HUMH 3 MPOMEYKYTOTHBIX.

5. BerauesnTs 3HavMEHNs YIEIBHOTO COMPOTHBIIEHNs f; 10 hopmyte (2.26)
pu 3aJJaHHOil Jymne L; juis Kazkjioil napel sHadenuit U; u 1;.

6. OnpenesuTsd 1m0 Gopmyie (2.28) OTHOCHTENIBHYIO TOTPEITHOCTh Ep, I
KazKJIoit mapsl 3Hadennit U; u I; n 3nadenne norpemuocta Ap;:

7. Haitti morpemtocTs yJaeJbHOTO COMPOTUBJICHUSA JId JJIUHLI L; Kak
cpejiHee 3HaYeHue IIOrPEeHIHOCTei, oIy YeHHbIX Ipu pasublx U; u I;:

Ap; = A—PJ (2.36)

8. 3amucarh UTOrOBBIl pe3ysibTaT B BHJIE

pi = pi £ Ap;. (2.37)

9. TloBroputh 11.11. 4-8 J1719 YIaCTKOB
L; =0.2wm, 0.3 M, 0.4 M, 0.5(0.45) m. Pe3yibrarsl nusmepenuii u Bbi-
YUCACHUN 3aHEeCTU B TAOJINILY.
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L(wm) U(B) I(A) R(Om) p(Om * M) | p(Om * M) Ap

0.2

0.3

0.4

0.5
(0.45)

10. ITocTtponth rpacduk 3aBucuMoctTu R oT L B NpsAMOYTroJILHOM cucTe-
me koopjmHat. Ha rpaduke orobpasnth nnreppajbl AR; 1 KaxK1oit
Touku R;.

11. AnmpoxkcuMupoBaTh IOJIyUeHHBIH rpaduk JUHEHHON 3aBUCHMOCTDIO.
OnpenennTs €€ yriaoBoit KoadduiumenT k Kak TAHMEeHC YIJIa HAKJIOHA
IPAMOI, UCXO/IA U3 TOTO, YTO

_pL

R(L) =2

kL,
rie k = p/S, naiitu p = kS rpaduaeckiM METOIOM.
[Tpumep nporpammbl 00PabOTKU MU3MEPEHUH yIeJIbHOTO CONPOTUB/ICHUS
IIPOBOJIHUKA, HAIMCAHHON B cpejie Octave, TPUBOAUTCA B pUJIoyKeHnn F.2.
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KOHTpOJII)HbIe BOIIPOCHI

10.

11.

12.

13.

14.

15.
16.

Kakne m3mepeHnsi Ha3blBalOT KOCBEHHBIMU M3MEPEHUSIMI !
Kaxk paccanTarh MOIpemHocTb KOCBEHHOTO M3MepPeHUsi?

Kak ompeessiercst abCoII0OTHAS IOIPEITHOCTD JJINHBI IPHU IPSIMbBIX 13-
MepeHUsIX !

Kak omnpejenserca abcotoTHas MOIPEITHOCTE JUaMeTpa MPU MPAMbIX
U3MEPEHUAX MITAHTCHITUPKY/JIEM 1 MIKPOMETPOM !

Kak onpejiessiercsi abCoJIFOTHAST TOI'PEITHOCTD IIPU U3MEPEHNN (PU3K-
YECKUX BEJIUYUH CTPEJOUYHBIME IIPHOOpamMu’?

Kaxk Bbramc/siercs morpernHocTb KOCBEHHBIX M3MepeHnii?
Kaxkue jiBa ycioBust HCOOXOANMBI, YTOOBI BBITOJTHsLTACH (hopmyiia (2.4)7

Kaxk Bbrumciisiercs I[IOT'PEMIHOCTL KOCBEHHBIX I/ISMepeHI/II!/JI7 €CJI BBbIIIIe-
YIIOMAHYTBIC YCJIOBUA HE BBIIIOJTHAIOTCA.

Yro Takoe 3JIEKTPUIECKOe COIPOTUBJIEHNE IPOBOJIHNUKA U OT YEro OHO
sapucuT?! HazoBuTe equHUIBI COMPOTUBIECHUS U YIEILHOTO COMPOTUB-
jgenust B cucreme equnnt CIU7

Sanummre u nosicHuTe (GOopMyJy JIIsi CONPOTUBJICHUS OJJHOPOJIHOTO
TPOBOHUKA, TIITHHIPIIECKON (POPMBI.

BeiBejure opmysy, 1Mo KOTOpOHl B JaHHON paboTe olpejiesieTcst
y/IeJIbHOE COIPOTHUBJIEHNE TTPOBOJIOKH.

C 1OMOIIIBIO 9JEKTPUIECKIX CXeM Ha puc. 2.1 oObsICHUTE JIBa METO/IA
9KCIIEPUMEHTAILHOTO OIPeJiesIeHNsT COITPOTURIIEHUST ¢ NCIIOIH30BAHNEM
BOJIbTMETpa 1 amiepmerpa. Kakast 3 HUX sijisieTcs 60j1ee KOPPEeKTHOI
u rnovyemy?’

Beerna mm MOXKHO ONpeIeINTH COMTPOTUBJIEHNE TTPOBOTHUKA, PA3IEINB
IOKa3aHUsI BOJBTMETPa Ha IoKa3aHus amiepmMerpa’

Kakopa cucremaTniecKkasi IOTPEITHOCTL U3MEPEHHs YIeJILHOI'O COIIPO-
TUBJIEHUS JJIsT KayKI0i 13 cxeMm?

KakoBbl BO3MOXKHBIE HCTOYHUKH [TOI'PEITHOCTEl B JIaHHON ycTaHOBKE?

Kakoii dbusnuecknii cMbIcs UMeeT TAHTEHC yIyla HAKJIOHA Tpaduka
R(L) x ocu abcrmcc?



IIpunoxenne A

IlorpeninocTs onpejeeHns IIOrPENIHOCTHA

Ecnu cpennss KBajpaTudHas OlInOKa S, OIpeessieTcss n3 oYeHb 00JIb-
IIOr0 91CJIa U3MEPEeHHi, TO MOJydaeTcsl BeJIMUNHA, KaK YIOJHO MaJiO OTJIN-
Jalolasics OT CBOEro IpeJie/ibHoro 3Hadenus o. Ho korja n HeBesmko, To S,
OTATYEHA CJIYYailHbIME MOTPENTHOCTAME. [Ij1sT onrpejiesieHnst JJoBepuTe/IbHOTO
HHTepBaJja, B KOTOPOM HaXOIUTCsS O IIPU 3aJaHHON JOBEPHUTE/ILHOI Bepo-
sarHOCTH (v, osb3ytorest Tabuureit 2K.3 (Ilpmnoxkenne 2K) B coorBercrBum
C aJIrOPUTMOM

P(fylSn <0< ’ygSn) = a. (A1)

[IpuBejiem JiBa nipuMepa 1oJib3oBanus Tadsuieit 21K.3.

1. CpeniHsisi KBaJ[paTU4IHas MOTPEINIHOCTD, ONpeje/ieHHass U3 5 U3MepeHuil,
pasHa 2. Hy»KHO BBIYUCIUTDH JOBEPUTEIbHBIN WHTEPBAI I 0 C HaJIE¥KHO-
criio 0,95.

13 rabmuip 2K.3 umeem st n = 5 u a = 0.95, v = 0,599 u v = 2, 87.
st o MOXKHO 3aIcaTh HEPaBEHCTBO, BBITIOJIHAEMOE ¢ BepoaTHOCTHIO 0.95:

099 %x2<0<287Tx2nml2 <o <b.7.
2. IIpn 40 msmepennax vy, = 0.821, vy = 1.28:
1.6 <o < 2.6.

[To cpaBHEHMIO C IIEPBBIM CJIydaeM 3/1eCh HHTePBaJI 3HAUNTE/ILHO YrKe 1 IOUTH
CUMMETPUYHDIIA.

36



IIpnaoxkenune b

I'pacdpuyeckoe npeacraBiaeHne
Pe3yJIbTaTOB M3MeEpPEHU

OcCHOBHOE JIOCTOMHCTBO I'PpaPUKOB — X HAIJIAJIHOCTD. ' paduK HaIrJISIHO
oTobpazkaeT (OYHKITMOHAJIBHYIO 3aBUCUMOCTD, €T BO3MOXKHOCTD IOJIYIUTh
0 Hell KaueCTBEeHHOE MTPeJICTaB/IeHNEe I OTMETHTD HAJIMINE PA3TNIHBIX 0COOCH-
HOCTEl: MAKCUMYyMOB, MUHUMYMOB, TOYEK Iieperuba, obJiacTeil HanOoJIbIIet
U HauMEHbIIEHl CKOPOCTH M3MEHEHUsl, TePUOAUIHOCTH U T. 1. ['paduk mos-
BOJISIET TaKKe UeTKO CYJIUTH O COOTBETCTBUU SKCIEPUMEHTAJILHBIX JAHHBIX
TeM WU UHBIM TEOPETUIECKNM TIOJIOXKEHUSAM U BOOOIIE 001erdaeT 00padoTKy
u3Mepenuit. ['padudecknit MeTo1, KpoMe TOTrO, MO3BOJIAET OTPA3UTDh ITOI'PETI-
HOCTH JIAHHBIX, MOJIYUEHHBIX [IPU U3MEPEHIH.

Oyuknus y = f(r) MokeT U300pazkaThCs MPSMOIl WM KPUBOM JINHUEH,
[I09TOMY IIPHU ITOCTPOEHNN rpadrKa HeOOXOAUMO YSICHUTD BUJL 3TOM (PYyHKIIIH
u xapakrep e¢ rpaduka.

[Tpu noctpoernu rpaduka pyKOBOJICTBYIOTCS CJACTYIOIIUME MTPABUIAMU:

e OOIIEIPUHATO 110 OCH a0CIUCC OTKJIAIbIBATE Ty BEJIUYNHY, N3MEHEHNS
KOTOPO ABJIAIOTCA HPUINHON U3MEHEHUS JIPYToil (T. e. 110 ocu abCIHCC
— apryMeHT, 110 ocu opauHatr — GyHknuo). He cieyer Hapymars 3moro
paBmia 0e3 cepbe3HBIX OCHOBAHUIA.

e MacmTab rpaduka ornpejesgeTcs MorpenrHoCThIO N3MEPEHs BeJININH,
OTJIO?KEHHBIX TI0 OCSIM: TTOTI'PEIHOCTD JIOJI?KHA OBITH BUJIHA Ha I'PadUKe,
T. €. JIOJKHA TTPEJICTABIATHCA B BBIOpAHHOM MAaCIHITaOe OTPE3KOM JTOCTa-
TOYHOI JIINHBI, HHAUE T'PadUK He OTPA3UT BCEX JleTajell SKCIIepUMEeHTa
1 HEe MOXKeT OBbITh UCIIOJIL30BaH JJIsi IpaduiecKkoil 00pabOTK JaHHBIX
6e3 norepu Tounoctu. [Ikasra 102KHA 9€TKO YNTATHCS, I09TOMY OJIHA
KJIETKa MACIITaOHON CeTKN JOJIZKHA COOTBETCTBOBATDH YJ00HOMY YUC/TY
—1; 2; 5; 10 equnui n3odparkaeMoit Ha rpaduke BEJIUINHBI.

MacmmTadbl 1o 0benM ocaM BBLIOMPAIOTCS HE3aBUCUMO JPYT OT JpyTa.
OJ1HaKoO cJie/lyeT MOMHUTD, YTO IpaduK MoJIydaeTcs 0oJiee HarIsTHbIM,
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eCcJI OCHOBHAsI 4acTh KPUBOH MMeeT HAaKJIOH, HE CJIMIIKOM OTJIHYalo-
muiics ot 45°. B sTom cirydae nanbosiee y100HO aHAJU3UPOBATH (hOPMY
KPUBOIi.

MacmrabHble pUCKH HaHOCATCS Ha ocu rpaduka B BHIAE PABHOOTCTO-
AINX 110 3HAUEHWIO <«KPYIVIbIX» 4ducesi, Hanpumep: 2; 4; 6; ... win
2,62; 2,64; 2,66 ... Vigo0Hee Bcero BbIOMpPATH CJIEIYIONINE MacCIITaObL:
10", 2 - 10" uan 5 - 10", rue n — Jyiroboe 1es10e Ynuc/Io, MOJ0KUTEeILHOe
Wil oTpurnarejabHoe. B ciydae JIUHEHHON MIKAJJIbI PUCKU TPOCTaBJISA-
I0OTCS 110 OCAM Ha OJIMHAKOBOM PACCTOAHUU JPYT OT Jpyra BHOJIb BCeil
ocu. ITo ocn abernmece uncsta 9uc/gI0BOro MaciiTada Uiy T 101 PUCKaMU,
110 OCH OpJIMHAT — CJieBa OT PUCOK. He ciieryeT paccTaBidTh 9TH YUCTA
CJIMIIIKOM TI'yCTO, JOCTATOYHO HAHECTHU UX depes3 2 U jlazke depes b je-
nennit. Ha ocsix obsizaTesibHO yKa3bIBalOTCs 00O3HAYEHUSA U €JIMHHUIIBI
U3MepeHsl COOTBETCTBYIONIEH BeJTNIMHBI.

Bribupast maciTad rpaduka, cjeyeT CTPEMHUTbCS K TOMY, YTOOBI 9KC-
IepruMeHTaJIbHbIe TOUKN 3aHUMAJIN BCIO ILI0Ma1b rpaduka. Ha rpadu-
Ke IIPUBOINTCS TOJBKO Ta 00JIACTh M3MEHEHUs] N3MEPEHHBIX BEJININH,
KOTOpasi ObLiIa UccjeioBana Ha onbiTe. [losToMy He ciejyeT CTpeMUThb-
csl IOMECTUTh Ha 0CsiX Hadaso koopaumuar (touka 0,0), eciam 910 He
TpebyeTcst 1Mo yeaoBuio 3ajaqn. [lepecedenne ocn abcriuee n ocu op-
JINHAT MOXKET HAUMHATBHCS ¢ JII0O0ro 3Hadenus. Kpaiine nexkenare/bHO
nonaJiaHie Ha och (1 TeM Oojiee Ha UX IepecedeHne) JIIoObIX IKCIepH-
MeHTAJbHBIX TOYEK.

Bce noydennble B n3MepeHnAX 3HAUYEHNS JTOJIZKHBI HAHOCUTBHCS Ha Tpa-
pUK 0YeHb TIATEJILHO U AKKYPATHO, YTOOBI OH TOJIYUMJICSH BO3ZMOXKHO
bostee TounbIM. Ecim na oguH m TOT ke rpaduK HAHOCATCI Pa3/Ind-
Hble TPYIIIBI JIAHHBIX (Pe3y/IbTaThl H3MEPEHHsl, MOy YeHHbIE B PDA3HBIX
VCJIOBUSIX WM DA3HBIMU aBTOPAMU U T. II.), TO TOYKH, OTHOCSIINECs
K Pa3HbIM I'PYIIITaM, JOJKHBI OBITH TOMeYeHbl pa3TMIHBIMI CHMBOJIAME
(Kpy2KKaMi1, TPeyroJbHIKAMI, 3Be3I09KAMHI U T. II.), 4TOObI UX HEJIb3sT
ObLI0 cryTaTh. JlomyckaeTcs BBIICIATH Pa3JndHble rpaduKu IBETOM
UJIN TUTIOM JIMHWI, COSUHSIONINX SKCIIEPUMEHTAIbHbIE TOUKU.

['pacdbuku cTposT b0 Ha MUJIJIUMUTPOBOI Gymare co crenuajabHbIME
KOOD/IMHATHBIMI CeTKAMHU (IIPSIMOYTOJTBHOI, JIOrapudMUIecKoil, moTy-
JorapiuMIIecKoii n j1p.), JInO0 Ha KOMITBIOTEPE C TIOMOIIBIO CIIeINA b
HBbIX IIporpaMm. Menee yino00Ha Oymara ¢ Takoil CeTKoii, rje He Bblje-
JIEHBI IIOJIOBUHBI CAHTUMETPOB. IIpu mco/ib30BaHIN MUILINMETPOBKI
He Oe3pa3/inyen ee IIBET: HAMMeHee YTOMUTEEH JIJIA TUIa3 YKeJIThI, Xy-
YKe — KpacHBI, oueHb Heyjo0eH cunuii. Ilpu sTom pasmep rpaduka
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olpe/ieJideTcsl He Pa3MepoM MMeEIOIerocs y Bac Kycouka «MUJIJIUMET-
POBKI», a MAacHITaboM, KOTOPbBIil BBIOMPAIOT TPEXKJIE BCETO C yICTOM
MHTEPBAJIOB U3MEHEHUsT BEJIMUUH 110 KaxKJ0il OcH.

DKcIIepUMEHTaIbHbIE TOYKN HE CTOUT COEJIMHATH MEXKTy co00il 0Tpes-
KaMW TTPAMOIT MJIU TPOM3BOJIBHON KpUBOil. BMeCTo 3TOT0 JIOI2KEH CTPO-
UThCA rpaduk Toil QYHKIUN (HMHeﬁHoﬁ, KBa/IPATUYIHON, IKCITOHCHI[U-
AJIBHOM, TPUTOHOMETPHIECKOI U T. JI.), KOTOPasi, MCXOJIsI U3 TEOPeTHHIe-
CKHUX COODparKeHUii, OTparkaeT MPOSIBJIAIONLYIOCS B JJAHHOM OIIbITE (-
3UYECKYI0 3aKOHOMEPHOCTH, BBIPAKEHHYIO B BUJIE COOTBETCTBYIOIIE
dopmybl. Kpubast j1o/KHA TPOXOIUTH HACKOJIBKO BO3MOXKHO OJIMZKE
KO BCEM HAHECEHHBIM TOYKaM, HO HM B KOEM CJydae He CJIeJlyeT CTpe-
MUTBCsI TPOBECTH €€ Yepe3 KayKJIylo TOUKY (TOUKH MOIYT PAClo/IaraThb-
cst 10 0be cTopoHbl 0T Heé). Kpusyio Ha rpaduke MpoBOJSIT ITABHO,
uzberast U3J0MOB U IEPEruOOB, 3a HCK/IIOUYEHHEM TeX yUIaACTKOB, TJIe
UMEIOTCS HeKne O0COOEHHOCTH, TaKKe KaK pe3Koe M3MeHEeHHe KPUBHU3-
HbI, MAKCUMYM , MUHUMYM U T. 1I. V3/10M Ha KpUBOil MOXKHO PHCOBATH
TOJIbKO B TOM CJlydae, eCJIi OH He MOXKeT ObITh 00bsICHEH IIOIDEIIHO-
CTbIO M3MepeHnii. KpoMe Toro, Hy»kKHO OBITh YBEPEHHBIM B OTCYyTCTBUE
CHCTEMATUIECKUX OMMOOK (M3/I0MBI YACTO HOSIBJISIFOTCS, HAIIPUMED, KO-
rJla cHavaJja padoTaloT Ha OJHOM Juala30oHe Ipudopa, a IIOTOM IIepe-
XOJIAT Ha Jipyroii). Ha Takux yaacrkax cTouT yBeJHIUTH IYCTOTY IKC-
HepuMeHTaIbHbIX Touek. Cjie/lyeT IMOMHHUTH, UTO BCsIKas OCOOEHHOCTh
Ha KPUBOIl TpedyeT JMOO cliennaJbHOr0 J0Ka3aTe/IbCTBa, JIMOO Teope-
THYIECKOI0 0OOCHOBaHUSI.

[Ipsimyto Ha rpaduke IMPOBOJIAT KapaHIAIIoM 10 JnHeiKe (y100Ha mpo-
3padHasi JIMHeKa, MO3BOJIAIONIAs BUJETh Bce TOYKN ). KpUBYIO MPOBO-
JISIT 110 AKCHEePUMEHTAJBLHBIM TOYKaM OT PYKH. Jlekasa MCIoJib3yioTcst
JUIS TIOCJIe Iy ToIeil 0OBOJIKN KPUBOIA.

Bo Becex ciyudastx Kpupas JI0JZKHa ObITh NPOBEJEHA Tak, YTOOBI OHA
HE 3aKPbIBaJIa SKCIEPUMEHTAIBHBIX TOUeK. Pesysibrar sKcrepuMenTa —
39TO TOUKH, & KPUBast — TOJBKO TOJIKOBaHUE pe3ysibrara (BoobIie roBops,
HE BCEr/a OJJHOZHATHOE).

st mocrpoennsi rpauKoB Ha KOMIIBIOTEPE MOXKHO I10JIb30BaThCH
ciaenaytomumu nporpammamu: Grapher, Grapher for Windows,
MATLAB (u ero 6ecriarabie kjonbl Octave, Scilab, FreeMat),
MS Office Excel, SciDAVis, Open/Libre Office Calc, GNU
Plot. Ilociennune Tpu naxkera siBJsiioTCsI OeCIIATHBIME M PACIIPOCTPa-
HAIOTCA CBOOOJIHO.

['oToBblil TpacduKk obsg3aTeIbHO HoamuchiBaeTcsd. [loanuces goKHa CcO-
JiepzKaTh TOYHOE OIICAHLE TOrO, YTO IIoKa3kiBaeT rpaduk. M300parken-
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HbIe Ha T'paduKe JUHUN CJIe/IyeT 00bsACHUTD B MTOIUCH JITOO OCHOBHOM
TEKCTe.

Pasmbie rpytibl Touek (pasHble CHMBOJIBI) UM Pa3Hble KPUBbIE Ha I'Da-
JuKe TaKkyKe JIOJIZKHBI ObITh 00bsCHEHBI. TaKoe MosiCHeHIe Ha3bIBaeTC st
nerenoii. Jleremna pacrosaraercs mbo B HOAMECH K Tpaduky (o
rpaduKOM HJIM CIIpaBa OT HEro), JIMOO HA CBODOHOM, HE 3aHITOM KpPHU-
BOIl MecTe Ha caMOM Ipaduke.



IIpnnoxenune B

IlocTpoenne rucrorpamm

YT0OBI BBIABUTL pacCIpe/lesIcHIe BepPOATHOCTEH I0JydaeMbIX 3HAUCHUl
U3MEPSIeMO BEeJIMYNUHBL, TOCTPOUM CTOJIOUATYIO JUAIPAMMY, KOTOPasd HOCUT
Ha3BaHUe ‘TucrorpaMma’.

Hanpunmep, BOCHOIL3YeMCsl JJId 9TOrO JAHHBIMU, HOJIYYCeHHBIMU P U3-
MEpeHUH JUINHLL Tes1a. Pa3obbeM 3T JaHHble Ha TPYIIILI ¢ MOCTOSHHBIM Ia-
rom Ax 1 oupese M Jjid KazKJ0ro nHTepsaia Ax; 4iucjo pe3yibTaTos, Ho-
nmajaomyux B Hero. Hau KaxkapIM U3 HUX HOCTPOMM IIPSIMOYTOJIBHUK C Bbl-
COTOI1, paBHOI YMCJIy IIONAJAIONINX B 9TOT KHTEPBAJ PE3yJIbTraroB. Jacrora
LOSIBJICHUST PE3YJILTATOB, COOTBETCTBYIONIMX STOMY HHTEPBaJy, Oyger HIpo-
HOPIUOHAILHA, [LIOIAJN IIPSIMOYTOJILHUKA.

Ecin Kosm4ecTBo mn3MepeHuil yBeJUYMBATD, a4 BEJNYUHY HHTEPBAJIA
YMEHBIIATL, TO FUCTOrPaMMa, Oy1eT HpUOINzKATLC K IJIaBHON KPUBOIl, nMe-
forrieit popmy Kpuoit ayca (puc. 1.1) B Jlaboparoproit pabore Ne 1.

uTepBajibl He MOIYT PABHATLCS HYJIIO, HO MOT'YT OLITH OECKOHEYHO Ma-
abivu (Ax — 0).

BeposgTHOCTh HOSIBJICHHs TeX WM WHBIX 3HAYCHUI CIydaiiHol BeJuunHbl
(min ee TOTPEITHOCTH) OIPEJIEJISIETCsT 3JIeMEeHTapHOIl I0AaIKOi ydx, Ha3bi-
BAEMOI 3JIEMEHTOM BEPOSITHOCTH.

COBOKYIIHOCTD BCEX TUX ILIOIIAI0K, PACIOJIOKEHHBIX 110/ KpuBoiil [ayca,
SIBJISIETCsI BEPOSITHOCTBIO TOTO, YTO CJIydaiiHas BeJuduHa (UM ee HOrpeli-
HOCTB) MPUHUMAET JIF0Oble 3HAUEHUsT OT —00 JI0 +00, T. €. 9TO BePOSATHOCTD
JIOCTOBEPHOIO COOBLITHA, paBHAast 1:

+o0o

/yd:z:: 1.

—0o0

(Cnemyer oOpaTuTh BHUMaHIE Ha GECKOHEUHBIE TIPEJIEJIbl ITOIO MHTErpaJia. )
[Ipu yBenmuennn nuamnasona Ax HOBasl ILIONAIL IO KpuBoil [ayca, co-
cTaBJIeHHAS 13 9JIeMEHTAPHBIX ILIOMIAJI0K, JaeT OOJIbIIYI0 BEPOSITHOCTD, TaK
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Y
Hucno cnyyaeB

4 32 -1 01 2 3 4 Ax
Puc. B.1. 'mctorpamMmma pe3ybTaToB U3MepeHuit

KaK COOTBETCTBYET OOJIbIIIEHl YacTh BO3MOYKHBIX 3HAUEHU CIydailHOl Besu-
YUHBI UK €€ TIOTPENTHOCTH OT BCEX BO3MOXKHBIX 3HAUEHU, KOTOpbIE MOTa,/1a-
10T BHYTPb JAHHOTO MHTEPBAJIA.

[Toctpoum rpacduk pactpesenenus omubok (puc. B.1). Tlo ocu abenucc
OyJieM OTKJIaJIbIBATH BEJIUINHY OIIMOOK, JOMYIEHHBIX B PA3HLIX OIBITAX.
PazobbeM 3Ty ochb Ha psji MHTEPBAJTOB T; + Tj+1, KaK 3TO CJ/ieJIaHO Ha PU-
cyake. [lo ocu opJinHAT OTJIOKUM YHCJIO CJAyYaeB, KOTJa OIMUOKa TolaJja B
JAHHBII nHTepBaJl.

[Tonydennbie B pe3yabraTe ONbITA JaHHbIE U3MEPEHNN TPEICTAHYT IO-
cJie 9TOTO B BHJE CTOA0YATOl jguarpaMMbl (Takue rpaduki Ha3bIBAIOT TH-
cTOrpaMMaMi) ¢ MAKCHMYMOM B 00JIACTH HEOOJIBIIUX OIMIOOK (UeM ONMOKY
0O0JIBbIIE, TeM OHU OOBIYHO BCTPEUAIOTCS PEerKe; 0YeHb OOJIBbIINE OIINOKHU IIPH
pPa3syMHOI TIOCTAHOBKE ONBITA IPOUCXOJAT KpaiiHe PeaKo W HUKOIIa He
BCTpedatoTes ). Beicota KpUBOit, a cjiefloBaTe/IbHO, 1 MIOMIA/Ib, PACIOIOKEH-
Hasl T10JT KPUBOIL, JI/Isi KayKJI0r0 NHTEepBaJia ONMOOK MPONOPIMOHAIbHA TUCTY
caydaeB, B KOTOPBLIX JlaHHad ommnbKa Hab/monanach. ['necrorpamma puc. B.1
MOYKET CJIy?KUTDL JIJIT BBIICHEHUS U OoJiee CJIOKHBIX BOMPOocoB. MoyKHO, Ha-
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i

- X i =

Puc. B.2. BaBucumocts dhopmbl Kpupoit [aycca or KadecTBa uU3MepeHHil.
1 — TouHble U3MepeHus; 2 — rpyoble U3Mepenusd; 3 — HeJI00pOKadeCTBEHHBIE
usMepenus. [Lmomaab mom KpuBoit ocTaéTcst MOCTOSTHHOI

IIPUMeED, BBIICHUTD YUCJIO CIydaeB, KOrja olmmnoKa JiexKuT B 1 1 —1 nnTepna-
Jlax. JIerko BUETH, 9YTO 9TO YUCJIO OMPEICIsAeTCsd ILIOMA/IbIo, 3aKII0ICHHOI
110J1 KpuBOil Ha y4yactkax 1 m —1. Yucso ciydaen, Korja OmMOKa BBIXOIUT
3a 1pejiesibl 1 1 —1 uHTepBasia, paBHa ILJI0IA/ U BCell TUCTOIPAMMbI 38 BbI-
YeToM ILIOIa e, TpuHa iekalux yqyactkam 1 u —1 u 1. 1.

Bynem Tenepb yBesmauBaTh YMCI0 U3MEPEHNN U COOTBETCTBEHHO YMEHb-
aTh MUPUHY UHTEPBAJIOB pasdueHusi ocu adciucc. ['mcrorpamma puc. B.1
OyJeT NP 3TOM CTPEMHUTLCA K IJIaBHOI KpuBoil. PopMy rmcTorpamMmbl, MMo-
JlydaeMoii npu HeOOJIbIIIOM YHC/Ie OIBITOB, HeJIb3s IIpeJicKasaTh 3apaHee. Ho
TEOPUsi BEPOSITHOCTEl II03BOJISIET BBIUYUCIUTHL (POPMY IPEJICIBLHOM TIaIKoil
KPUBOIil, K KOTOPOI CTpeMSATCS T’UCTOIPAMMBI [IPU HEOI'DAHUYEHHOM yBeJInde-
HUM YHUC/Ia OIBITOB U CJIYYailHOM, HE3aBUCUMOM BbBIIIAJIeHUN PE3YIbTATOB U3-
MepeHuii. Dra npejie/ibHast KpuBasi HOCUT HasBanue kpusoit Layca (puc. 1.1).
Kpupas ['ayca mmeeT BHJ KOJOKOJA C MAKCUMYMOM IIpU OIINOKe, PaBHOI
aystio. [Ipn 106poKadecTBEHHBIX U3MEpEeHnsX (T. €. KOIyia OTHOCHTE/IbHAST
ommnOKa W3MepeHnii Majia) KpuBas [ayca 3aMeTHO OTJIMIACTCS OT HYJIS JIUIID
B obOjiacTu MaJjibix ommbok. [lpn mroxux m3mepeHusix (ormmbKa BeJnKa) —
CILIOIIHAS KPUBas — KOJIOKOJI PacIIUpIeTcs, a ero MaKCUMyM CTaHOBUTCS
COOTBETCTBEHHO HUZKe (ILJIOIMIAJIb 10/l KPUBOI He 3aBUCUT OT KAIeCTBA M3Me-
pennit)(cum. puc. B.2).

Kak mpn mmoxmx, Tak W IIPU XOPOIINX U3MEPEHUX, OJHaKO, BO3MOYKHO
B pe3y/ibTaTe CJAyYailHOCTH MOJIyYUTh O4YeHb XOpolllee 3HadeHne. B 3aBucu-
MOCTHU OT KaueCcTBa U3MEepPeHnii TaKue 3HaYeHusI OyIyT HOIydaThes dallle Nin
pexe.



IIpnnoxkenune I

Anmnpokcumanus 3KCIepuMeHTaJIbHbIX
JIAaHHBIX METO/I0M

HAaUMEHBIINX KBAJIPaTOB
(perpeccuoHHbIll aHAJIN3)

Ha npaxTuke 4acTo BO3HUKAET HEOOXOAMMOCTDL HAUTH PYHKIINOHAIBHYIO
3aBUCUMOCTb MEXKJY BEJIMIUHAMU T U Y, KOTOPbIE MOJYUYEHbI B PE3yJIbTaTe
9KcIepuMeHTa. JacTo XapaKTep SMIIMPUIECKOl 3aBUCUMOCTU U3BECTEH, a €€
YUCJIOBBIE TTapaMeTPhl HeT.

MeTtoa HamMeHbINTNX KBAIPATOB — OJUH 13 METOJOB TCOPUN OINNOOK
JIJISl OIEHKHM HEM3BECTHDLIX BEJIMYUH II0 pesdy/bTaTaM W3MepeHuil, cojieprka-
UM CJIydaiiibie ook, MeTo | HauMeHbIINX KBa/IpaToOB IIPUMEHIETCA TaK-
JKe JIJIsT TIPUOJINKEHHOTO TIPEJICTABICHNsT 33/IaHHOl yHKIUN apyrumu (6o-
Jiee MpOCThIMI) (DYHKIUSME U 9aCTO OKA3BIBACTCs TIOJIE3HBIM 1TpU 06paboTKe
Haburrofennii. Korjga nckoMasi BeJIMUNHA MOYXKET OBbITh HM3MepeHa HeIoCcpe/l-
CTBEHHO, KaK, HallpuMep, JJINHA IIPAMON UM YyIoJI, TO JJIs YBeJInIeHnd TOY-
HOCTHU U3MepeHUe IIPOU3BOANTCA MHOI'O pa3 U 3a OKOHYATEJILHBIN pe3y/bTaT
OepyT cpejiHee apudMeTHIecKoe U3 BCEX OTIEIbHBIX M3MEPEHUi. DTO Ipa-
BIJIO aprPMeTUIECKON cepeIMHbl OCHOBBIBAETCSl Ha COOOPAYKEHUSIX TEOPUH
BEPOSITHOCTHU; JICTKO II0KA3aThb, YTO CyMMa KBaJpaTOB OTKJIOHCHUIl OT/IeJIb-
HBIX U3MEpPEHUil 0T cpejiHero apudMeTudeckoro OyaeT MeHbIe, YeM CyMMa
KBa/IpaTOB OTKJOHEHHUI OTJEJbHBIX U3MEpPEeHMil OT Kakoil Obl TO HU OBLIO
Jipyroit BesmunHbl. CaMo IpaBujio apudMeTniecKkoil cepeinHbl IpeIcTaB/Isi-
€T, CJIeJI0BATEJILHO, IPOCTENINNNI cayvail MeTo/ia HanMEeHbIIINX KBa/[PAaTOB.

MpuI paccMOTpUM B KadecTBe IMPUMEPa allllPOKCUMAITIIO SKCIIEPUMEHTa b=
HOM 3aBUCHMOCTH MOJTMHOMAMHI TI€PBOrO (JIMHEHHYI0) u 60jiee BBICOKOTO 10~
psijiKa. ATIPOKCHMAINsS ¢ TPUMEHEHNEeM WHBIX (DYHKIHH (IKCIIOHEHIINA/ b
HOI1, JJorapruMIIecKoil, CTeIIeHHON U T. IL-) OyJeT m3ydaeTbCs B Kypce UMC-
JICHHBIX METO/[0B MaTeMaTUYeCKOI0 MOIEJINPOBAHUI.
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I 1. JIuneiinast annmpoKkcuMaIist 45

Il  JIuneiiHasg annpoKcuMaliisd

JInHeliHas anmpoKCcUMAIs ABJIseTCs Hanboee yI0OHBIM U YacTO MpUMe-
HeMBIM NHCTPYMEHTOM aHaJin3a SKCIePUMEHTAJbHBIX JIaHHbIX. B cydasax,
KOI'JIa SKCIIepUMeHTa/IbHAad 3aBUCUMOCTDL UMeeT XapaKTep, OTJIMYHBII OT I10-
JITHOMA, IIEPBOT'O MOPAJIKA, €€ MOKHO IOIBITAThCA JITHEAPU30BATh IIyTEM I1e-
pexosa K JIpyroil cucremMe KOOpJAWHAT, T. €. IIPeJACTaBUTh B BHJE JUHEHHON
dyuknun. Hampumep, ecim sKcrepuMeHTabHbIE JAHHBIE JIOJYKHBI MTO/IUN-
HSTHCA 3aKOHY Y = ax?, To mocJie JUHeapU3allid, Iepefiid K CHCTeMe KOop-
JMHAT /Y = ax, MBI Oy IUM JIMHEHHYIO 3aBUCHMOCTD. Braromapst Takomy
[IO/IXO/Y, OTKJIOHCHHUs OT 3a/laHHOIl KPUBOIl Ha OT/JICJLHLIX yYacTKaX dKCIIe-
PUMEHTAIBLHOM KPUBOI Oy/IyT YETKO BUJIHBI, TOTJIA KaK B UCXOHBIX KOOP/IU-
HaTaX OKaKyTCsA TPY/THO OOHAPYKUMBIMI.

Paccmorpum cHavasa npocreiimnii ciaydail uHeiiHoit (hyHKINN 0HOTO
apryMenTa. [lycTh 13 ombITa MOJTydeHBI TOUKH:

T1, Y15 X2, Y2, ... Tn, Yn-

Mpr 3HaeM Wian npejroJsaracM, 9TO 3aBUCUMOCTbL Y OT & IMOJIUYNHSAETCS
JmHeitHoMy 3akony. Vcmob3yst MeTo HaMeHbBIITNX KBaApPaToB, HAJI0 HAfTH
napaMeTp a u b annpokcumupyiomieit mpgamoit y = ax + b.

3a/1aua 3aK/II09aeTCI B HAXO0XK IeHIN KO QMUINEHTOB JIUHEHONI 3aBUCH-
MOCTH, IIPU KOTOPBIX (PYHKIMSA JIBYX ITIEPEMEHHBIX @ U b

n
Fa,b) =" (yi — (az; + b)) (1)
i=1
IIpUHIMAaET HauMeHbIllee 3HadeHIe, TO eCTh IIPU JAaHHbIX a 1 b cyMMa KBa/pa-
TOB OTKJIOHEHUI SKCIEPUMEHTAIBHBIX JIAHHBIX OT HailJIeHHO MpAMOiil Oy1eT
HanMeHbIeil. B 9ToM 1 cOCTOUT cyTh MeTO/Ia HAMMEHBITIX KBaIPATOB.

Taxkum oOpazoMm, peleHue MpuMepa CBOJIMTCs K HAXO0ZKIEHUIO SKCTPEMyMa

pyHKINN IBYX MMepeMEHHbIX.

BruiBoa dopmys a1t HaxoxKaeHnd K03 uiimeHToB

CocraByisieTcss U pelaercs CUcTeMa W3 JIBYX YPaBHEHUI ¢ JByMs HEH3-
BecTHBIMU. Haxonm yacTHble npon3Bojabie pyHKIm [.1 110 mepeMeHHbIM a
u b, IpupaBHUBaEM STU MPOU3BOHBIE K HYJIIO.

OF (a,b) O0F(a,b)
—= =, =0, (I.2)

CieoBaTesIbHO,

) Z (yi — (az; +b))x; =0, =2 Z (yi — (az; + b)) =0.  ([.3)
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Orkyna

n n n n n n
aZx?—l—bei:inyi, ain—l—bZ:Zyi (I'4)
i=1 i=1 i=1 i=1 i=1  i=1
i

aZx?#—bei:inyi, ain—l—nb:Z;yi. (I.5)
i=1 i=1 i=1 i=1 i=1

Pertaem mojiydeHnyto cucremMy ypaBHeHUit JIFOObIM MeTOJIOM (HAIpuUMep,
METOJIOM TOJICTAHOBKN) 1 MOJTydaeM (hOopMYJIbl JJist HAXOXK IeHusT Ko3bdurm-
€HTOB 110 MEeTOJIy HAMMEHBIINX KBaIPaTOB.

n n n n
anzyz—ZazzZyZ Zyz‘—azﬂii
aq = z:ln z:ln 2:12 : b _ =1 =1 . (F6)
n
1=

Ilpn nanubix a n b dynknuga .1 npunnMaeT HamMeHblee 3HadeHne. Jlo-
Ka3aTe/JIbCTBO TOro (rakTa Mbl He TpUBOANM. zKesaronie 03HAKOMHUTHCS
C HIM MOTYT O0OPaTUTLCs K COOTBETCTBYIOIIEH JUTEpaType.

Bor u Bech METO/, HaI/IMeHbIHI/IX KB&,ZLpaTOB CDOpMyJIa HJI HaXOXKACHI A
n

mapamMeTpa a COJIEPIKHUT CyMMBbI Z T, Y Yi, Z T, Z x? u napamerp n —
1=1 1=1 1=1 =1

KOJIMYIECTBO 9KCIIEPUMEHTAIbHBIX JAHHBIX. SHAYEHHS ITUX CYMM PEKOMEHTY-
€M BBIYUC/IATH 0TI bHO. KosdduiimenT b HaxXoauTcs 1Mocjie BRIYUC/ICHHIS a.

I'1.1 Ilpumep 3ama4u HA JUHEUHYIO aIITPOKCUMAIIAIO

HyCTb 3aJladHa HEKOTOpPad COBOKYIIHOCTD 3KCIIEPUMEHTAJIbHBIX TaHHDBIX:

i=1]i=2[i=3]i=4[i=5
x| 0 [ 2 [ 4 | 8 [10
yi| 32 | 35 | 37 [ 39 [ 41

B nameMm npumepe n = 5. 1 ynobcTBa BBIUNCAECHUS CYMM, KOTOPBIE
BXOJIAT B (DOPMYJIbI NCKOMBIX KOI(MDPUITUEHTOB, 3aII0IHAEM TabJIHILY.

5
i=1]i=2i=3|i=4]|i=5|Y
=1
z | 0 2 1 8 | 10 | 24
yi | 32 | 35 | 37 | 39 | 41 | 184
2y | 0 7 | 148 | 312 [ 410 | 94

2 0 4 16 64 100 | 184




I 2. Annpokcumarust moimHOMaMu 060J1ee BBICOKOIO IIOPSIIKA A7

(¥}

YMHOXKasT 3HAYEHUs 2-ii CTPOKHM Ha 3HAYEHUs] 3-i CTPOKH JIJIsl KarK0-
ro HOMepa %, IoJIydaeM 3HauYeHHsI B 4eTBEPTONl CTpoKe Tabymilbl. Bo3BOIs
B KBa/IpaT 3HAUEHUST 2-i1 CTPOKH [IJIsT KaKJI0r0 HOMEPA ¢ MOJIYINM 3HATEHUSI
B 5-ii cTpoke Tabymibl. B mociegneM cTosdie Tadbauibl — CyMMbl 3HAUCHMIT
10 CTPOKAM.

Hcnonabsyem gpopmysisl 1.6 MeToma HAMMEHBINNX KBAJIPATOB JIJIs HAXOZK-
Jenns Ko dunnenTon a u b. [lojacrapiisieM B HUX COOTBETCTBYIOIIIIE 3HATE-
HIS U3 MTOCJIE/IHETO CTOJIONA TaOJINIILL:

594 —24-18.4 18.4 — a-24
a = =
5- 184 — 242 5
Taxum obpasom, y = 0.08 x 4+ 3.284 ecTb MCKOMasI alllPOKCHMUPYIOIIAST
IIPSIMAsT.

~0.083, b ~ 3.284. (I.7)

I.2 Amnmpokcumarus IoJIMHOMAaMU
0oJiee BHICOKOI'O IOPSIIKA

[Iycrs dyukims y = f(x) 3agana tabauneii ceonx 3uadennii: y; = f(x;),
rae v = 1,2,...n. Tpebyercs HaiflTi 1OJIMHOM 3a/aHHOI cTereHn m < n — 1,
JIJIST KOTOPOT'O CPeTHEKBa/IpATUYIHOE OTKJIOHEHUE O

7=\ 1 Y (Pa) — 12) ()

MUHIMAJILHO.

Tax kax nomunoM B, (z) = ag + a1 + asx® + -+ + a,,2™ onpeens-
ercs cBomMH KoddduimeHnTamMu, 70 GpaKTUIECKH HYKHO I10J00parTh HabOP
KO3 PUIIEHTOB, ag, A1, G2, . . . Ay, MUHIMI3UPYIONIUN (YHKITITIO

n n 2

D(ag, ay, as, . ..ap) = Z (P (zi) — yf) = Z Zajx‘g —y; | . (I9)

Mcnonb3ysd HeobxomMoe yeaoBue SKCTpeMyMa,

0P

8_% =
Imojgay4dacM TaK Ha3blBacMYIO HOPMaJIbHYIO CHCTEMY METOAa HaMMEHbIINX
KBaJIpaTOB:

0, k=0,1,...m,

m n ) n
Z Zajfrk aj:Zyixf, k=0,1,...m.
i=1

j=0 \ i=1
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[Tonyaunachk cucrema ajareOpamdeckux ypaBHEHUN OTHOCUTE/IHLHO HEW3-
BECTHBIX Qg, (1, A2, . . . Gyy,. MOXKHO IOKA3aTh, YTO OIPEILINTE/b 3TOM cucTe-
MBI OTJIMYEH OT HyJIsl, TO €CTh PellleHne CyIecTByeT n eaunacrBeHHo. O 1HaKo
IIPU BBICOKHIX CTEICHSIX 1M CUCTEMAa, ABJISIeTCA IJIOX0 00ycIoBaeHHOI. [ToaTomy
METOJI HAUMEHBIITNX KBaJIpaTOB IPUMEHSIOT JIJIsT HAXO0XKI€HNUs] MHOTOUJIEHOB,
CTeleHb KOTOPBIX He BhIlIe 5. Pemrenne HopMa/ibHO# cCTEeMbl MOXKHO HAMTH,
Hampumep, MeTojioM ['aycca.

BanuieM HOPMaJIbHYIO CHCTEMY HAUMEHBIINX KBAaJAPATOB JIJI JIBYX IIPO-
crbix caydaes: m = 0 um = 2. [lpu m = 0 mosmnom npumet Buj Py(x) = ay.
JL1st HaXOoXKJIeHNsT HEN3BECTHOrO KO3 UIneHTa ayg MeeM ypaBHEHUE

n
nag = E Yi
i=1

T. €. KO3 DUIUEHT a(y eCTh He 4TO NHOe, KaK cpejiHee apudMeTHIecKoe 3Ha-
YeHnit pyHKIMI B 3aJaHHBIX TOYKAX.

Ec/n ke ncnosb3yeTcs H0JMHOM BTopoii crenenu Py(z) = ag+a1x+asr?,
TO HOPMAaJIbHas CUCTEMa yPaBHEHUIT OyIeT MMeTb BI/I

;

n
nag+ | Doz lar+ | Do a? Jaa = v
: ' i=1

8

)

S

+
=

8
=N

=

+

zjle’ a9 = zjlyzx@ (I'.10)

n n n

n
doai Jao+ | Yoo a4+ | Xoai Jar =3 yixf.
i=1 i=1 i=1 i=1

I3 IlIpumepsnl nporpaMm Jjisi allIPOKCUMAIIUNI
METO/IOM HAaMMEHBINNX KBaJPaTOB

Huzke mpuBoasgTCs 1Ba IpuMepa porpaMM JIId pelieHns 3a/1a91 alpoK-
CUMAIIK METOJIOM HAaUMEHbINNX KBaipaToB. OHU HAIUCAHDBI C TPUMEHEHIEM
JIBYX HPUHIUINAJIBHO Pa3JMIHbIX CPeJI MPOrpaMMUPOBAHUsST U MOTYT OBIThH
B JlaJIbHENIIeM UCIIOJIb30BaHbI CTY/IeHTaMI TIPU BBITIOJIHEHNH JIADOPATOPHBIX
1 [IPAKTUIECKUX 3aJaHNil KaK OCHOBA JIJI CO3JIaHUsI COOCTBEHHBIX MHCTPY-
MEHTOB PErpeCcCUOHHOTO aHAJIN3A.

I.3.1 IIpumep mmporpamMMbl JUHEWHON AINTPOKCUMAITUN

Huzke mnpuBenén mnpumep nporpaMMbl Ha sa3bike (QBasic. Unrtep-
nperatop (mporpammuasi cpejia) @QBasic B HacTosiliee  BpeMsi  Pac-
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[IPOCTPAHSETCS CBOOOJHO U JIOCTYIEH JII CKAuYUBaHWUA 110  aJ[Pecy:
https://www.microsoft.com/ru-ru/p/gbasic/9ntmcqwn2sqm?activetab=pivot:overviewtab.

DIM n, i, z AS INTEGER
DIM sumx, b, bsumy, a, sumxy, sumxkv, x(100), y(100) AS SINGLE
CLEAR
PRINT "Jlunelinaa perpeccusa"
INPUT "BBemure N ", n
PRINT "BeemuTe X(i), Y(i)"
FOR i =1T0 n
PRINT "SmemenTt B "; i
INPUT "X(i) ", x(i)
INPUT "Y(i) ", y(i)
sumx = sumx + x(i)
sumy = sumy + y(i)
sumxkv = sumxkv + x(i) ~ 2
sumxy = sumxy + x(i) * y(i)
NEXT i
a = (n * sumxy - sumx * sumy) / (n * sumxkv - sumx ~ 2)
b = (sumy - a * sumx) / n
PRINT "Y(X)="; a; "X+"; b
END

B nmanHOil miporpaMme OTCYTCTBYET BBIBOJ, I'PaduKa, >KEeJIAOIIIe MOIYT
JIOTIOJIHUTH €€ CaMOCTOSITEJIbHO, & TaKKe IepernucaTb €€ Ha JPYrOM sI3bIKe
IPOrpaMMUPOBAHUS.

I.3.2 Ilpumep nporpamMmbl aIIIIPOKCUMaIIANA
MOJIMHOMOM ITPOM3BOJILHOI'O ITOPSJIKA.

Kenatormue  MOryT — HMOYNpaXKHATHLCS B [POTPAMMUPOBAHUHE — Ha
BASIC-e wmym Jpyrux s3blKax BBICOKOI'O YPOBHdA, HO 9TO JAJEKO He
OCHOBHAasdA 3aJlada  (PU3NIECKOro NpakTukyma. [losTomy MBI mpejara-
€M  BOCIIOJIb30BATHCS CPEJICTBAMU  SA3BIKOB  «CBEPXBBICOKOTO  YPOBHS»,
Taknx Kak MATLAB. Haubonee pacrnpocTpaHEHHBIM CBOOOJHBIM aHa-
aoroM MATLAB-a ssnserca naker OCTAVE, noctynnblii 1o ajpecy:
https://www.gnu.org/software/octave/download.html.

B manmoii cpejie coJiepKUTCA YA0OHBI MHCTPYMEHT JIJIsT HAXOYK/IEHUS all-
MTPOKCUMUPYIOIIETO MTOJINHOMA ITPON3BOILHOI CTENenn 1Mo 3a/JaHHoMy HAO0PY
9KCIIEPUMEHTATBHBIX TOUYEK, 38/ JAHHBIX KOOPAMHATAMI X 1 Y. DTO JBe PYHK-
iun — POLYFIT u POLY VAL. Ilepsas u3 Hux Berauc/isieT KoM UImeHTobl
MOJIMHOMA 33/IAHHON CTeNeHn, BTopasi BBIUHIC/IAeT ero 3HaUeHus /s yKa3aH-
Horo Habopa Touek. CuHTakcuc (PYHKINI IMOHSITEH U3 IPUBEIEHHON HIUXKE
porpaMMbl ¥ KOMMEHTapueB K Heil. B mporpamme UCIOJIBb3YIOTCS JTaHHbIC
u3 npumepa K pasgueny [.1.

% 3amaéM MaccuB maHHEX X ¥ y. OueBumHO, 4TOo oba Maccusa
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A OOJIXHBl COLEpXaThb OUMHAKOBOE HYHCJIO JJIEMEHTOB

% BoumcnsieM mMaccuB KO3(pduIMeHTOB moiauHOMa. l[locienHuil mapameTp
% B crobrax y ¢pyHrumm polyfit ompezeinseT NOPSLOK IOJIMHOMA

% (B mamHoM ciyuae "1"). 06paTuTe BHUMaHME, CTpPOKa,

% B oTiamMuKMe OT OCTAaJbHHX HE 3aKaHYMBaeTCs CUMBoOJoM ";".
% 9TO O3HaYaeT, YTO Pe3yNbTAT ONepaluyu O6yIeT BHBOILUTHCH

/s Ha TEKCTOBOM SKpaHe.
a=polyfit(x,y,1)

% Cnerka "paszeuraeM" HHTepBaJl II0 X, YTOOH Ham rpadux
% He OTrpaHWYMBAJICSH SKCIEPUMEHTAJBHBHIMUA TOUYKAMU

7% ¥ OHM He IIOIaIaly Ha ero OCH.

% Insi TOro HAXOLUM MUHMMAJIBHOE XS M MAaKCHMaJlbHOE Xe
/o 3HAYEHWS X, 3aTeM BeJWYWHy HHTEpBajia MeXAy HuMz d.
% CmBuraeM Hawasmo Ha 0.2d B MeHpmyo cTopory (xsl),

% a KoHell - Ha Takylb Xe BeJuduHy B 6ombmyb (xel).

xs=min(x) ;
xe=max(x) ;
d=(xe-xs)/5;
xsl=xs-d;
xel=xe+d;

o BeumCIfeM 3HaYeHWd IOJNMHOMA Ha MHTepBase oT xsl zmo xel.

% Tocmenuuit mapamMeTp B ckKobkax y oyHrumm linspace

/ 3amaéT YuCIO TOYEeK, KOTOphHe OyAyT paBHOMEPHO paCIpelelleHs
/» Ha IDAHHOM HHTEepBAale.

x1=linspace(xsl, xel, 100);
yl=polyval(a,x1);

% TocTpomM rpaduk NONMHOMA M SKCIEPUMEHTAJBHHX TOYEK B OIHOMH

% Tpadpmuecko obnactu. Tperui#l mapameTp ¢yHkumm plot ’-k’

% osHavaeT, uyTo rpadur yl(xl) cTpouTcs HempepmBHO ("-") UépHOU
% muuue#r ("k" oT blacK). locmemuuit mapamMeTp O3HA4YaeT, 4UTO

/» TOYKM 3>KCIEpHMEHTaNbHON 3aBHCHMOCTH X(y) CTpPOATCH KPYXKOUKAMU
% ("o") uépmoro msera ("k").

plot(x1l,yl,’-k’,x,y,’0k’)
% [ns HarmgmHOCTM Ha rpaduk HaKIAAHBAETCH CETKA.
grid

Ha puc. I'.1 nokazan pe3yabraT pabOThI 3TOI MTPOTPAMMBI, BLITIOJTHEHHON
B cpege Octave 3.4.0 ¢ obonouroit QtOctave noj linux. B xkadecTBe 3amaqn
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©

- Octave Terminal
“REdU TLLP: 7 7 WWW, UC TaVeE, UTg7 o
For information about change

»»»warning: functien /fusrs/sh
built-in function

warning: mark_as_command is

|of octave

warning: dispatch is obsolet
ve; please use classes inste
=== ¢d " /home /dingo ‘octave’
source (“mnkz2.m")

B==a =

‘ @.882558 3.283721 ’

EEE

-\

| |
A

View Fle Edit Run Toels Config

Pl EE 30O E M«

Al... ¢ =

(of d line sert your comm

X @

Figure 1

mnk2.m

Editor

|mnk2.m |

l% 3alaEM MAcCHE JaHHbIX X Wy
2| % KoMKHEl COLERMATE OANHAKD
3

4|x=[0 248 10]:
5|

gfy=[3.2 35373941]
|
5!% Briuncnaem maccue Koadduy
3| % ckobkax y dhyHKLn polyfit on
101 % (& ganHom caydas "1"). Ofpad
11 % oT.MYMN OT OCT ANbHEIX HE 33
1219 370 o3HauaeT, 4To pesynLTa
13! % TexkcToBOM 3IKpaHE.

14
15| a=polyfitixy.1)
16
17| 9% Cnerka "pa3fBuraem® WHTEpE
18| % He orpaHMYMBANCA IKCNEPUME
8 o Ona 3Toro Haxo UM MUHWUMAEN
20| % 3HEYEHWA X, IATEM BEJUHMHY

21 % Cpeuraem Havano Ha 0.1d s ¢

4,2

22 % a KOHEL, HA TaKyl ¥e Benuuk 7.23133,

23

_t_ine: 1col1

3.47016

Puc. I''1. Pesysibrar paboThl nporpamMMmbl, IpuBeJeHHO B maparpade 1.3.2

yKazaHbl JlaHabie 13 mpumepa [.1.1 ¢ simneiinoit annpokcenmarueit. Obparure
BHUMAaHUE Ha BLIYUCICHHBIE KOI(MDMUIMEHTH MOJMHOMA B OKHE TepMUHAJIA
(06BesieHbI TOJICTOI JUHIEiH ).
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IIpaBunia
TPUOINKEHHBIX BbIYUNCIEHUIT

CTyeHTbl 9aCTO BBIYUC/ISIOT UCKOMYIO BEJIUUMHY B 3ajiaue, BBIIOJIHIS
pacydeThl ¢ YIeTOM IISITH, IIIeCTH, & WHOrAa 1 OoJiee 3Hadamux 1udp. Ciaemayer
UMeThb B BHJY, 9YTO 9Ta TOYHOCTH UJLIIO30PHA.

B okoHuaTe/IbHOM OTBETE NPUHATO YKa3blBaTh HE OTHOCUTEIbHYIO, a ab-
COJIIOTHYI0 omnOKY. Ecymm XoTst ObI 01HA U3 BEJIMYUH B KAKOM-JIN00 CJI0ZKHOM
BBbIPazKeHNHN 3a/[aHa C TOTHOCTBIO JI0 JIBYX 3HAYANMX 1udp (He canrast HyJteit
BIIEPE/IN ), TO HET CMBICJIa BECTH BBIYUC/IEHIE PE3YJIbTaTa ¢ TOUHOCTHIO Ooree
geM JI0 JIBYX 3Hadalmx mudp.

SuavammuMu 1udpamMn Ha3bIBAIOT Bee IMUdPhI, KpoMe HyJIeil, CTodIIme
JIeBee IepPBOii, OTJIMIHOI OT HyJIsd HUMPHL.

Ipumep: B ancie 0.0707 Tpu 3HaUAIINX HUPPHI,

B uncjie 0.408 — Tpu,

B unciie 0.38 — jBe,

B uncje 12.7 — tpm,

B unciie 23.94 — deTbIpe,
B uncje 23.940 — naTh,
B uncje 5700 — geTnipe.

Hade roBopsi, 9uCAeHHOE 3HAUEHUE Pe3ysbTaTa He JIOJZKHO COJIEepPyKaTh
OOJIBIIIEr0 KOJIMYECTBA IUdP, UeM B UKCIIe, 33 JaHHOM ¢ HaUMEeHbIIeil TOUHO-
cTbio. g yTouHeHUs 3HAUYEeHMs IOC/eHell 3Haualeil nudpbl pe3y/abrara
HY?KHO BBIYNCJIUTD CJIEYIONIYIO 3a Heil mudpy; eciin oHa OKaXKeTCsl MEHBIIE
5, ee cjeayeT MPOCTO OTOPOCUTDH, a €CJHM O WM OoJbIle, TO, OTOPOCHUB ee,
caelyeT MpeabLIyINyo NUMpPy YBEJIUNINTh HA €IMHUILY.

Ipumep: 0.764 =~ 0.76; 0.275 ~ 0.28.

D10 ob111ee paBuIo oKpyryieHnsd. OJIHAKO, IIPU 3allCH PE3Y/IbTaTOB, UMe-
IOIUX IIOIPEIIHOCTD, €CTh CBOM TOHKOCTI.

Beejiém mnonsiTue JgocToBepHOil nudpbl NpHOINZKEHHOro 4ducjia. ocTo-
BEPHOI HA3BIBAETCs TakKasl [udpa IPUOIMKEHHOINO THCIa, JJIsi KOTOPOil BbI-
quc/IeHHasT aDCOJIIOTHAS IIOIPEIIHOCTD Pe3y/IbTaTa He IPEeBOCXOINUT IIOJOBIHY
eJIMHUIIBI TOI'0 pa3psjia, B KOTOPOM 3alliicaHa 3Ta, Iudpa.

52
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Ipumep: Ilycrs Hamu nosyden pesyiabrar 2,547 £ 0,005. Ilockosbky
0,001 < 0,005, To «7» — comuuTenbHad 1Mudpa. JIasd mpeablIyInero pa3ps-
na: 0,01 > 0,005, cienoBarenbHo «4» — nocroBepras 1udpa. CoOMHUTE -
Hble UG PBI TPU TPUOJINZKEHHBIX BBIYUC/IEHUN CJIE/IyeT OKPYTJIATh.

TpeboBaHue 3TO COBEPINEHHO €CTECTBEHHO M O4YeBHIHO. B camowm jete,
€CJIU MBI TOJIyIN/IN OIMMUOKY M3MePeHUs TMOpSIKa JeCATHIX, TO HET CMbIC/Ia
B pe3yJbTaTe YKa3bIBaTh COTbIE U THICAUHBIE.

[Ipu 5T0M HEOOXOAUMO YUUTBIBATH, UTO JII0O0E OKPYTJICHIE THCET (B TOM
qUCJie U KOHCTAHT) TPEJICTAB/ISET CO00i CHCTEMATHIECKYIO OIMINOKY.

Hanpumep, 1npu onpejiejieHn yCKOPEeHUsl CBOOOJIHOTO TaJIEHUS C 1TOMO-
MIHI0O MATEMATUIECKOTO MAsTHUKA ObLJIO BBIUNUC/IEHO, ITO

Ag =0.019v/c* g = 9.823m/c%

OKOanTeJIbHBIﬁ peSyﬂbTaT CJIG,D;}/'GT Hpe,HCTaBI/ITb TaK.
2 Ag
g = (9.82 + O.OQ)M/C X E=—100% ~ 0.2%.
g

JIroboe dYmcI0 MOXKHO 3amlucaTh KakK IIpPouM3BejieHue creneHn dncia 10
Ha JICCATUYHYIO Apo0b, cojepzKamiyio oT 1 10 9 1eblxX eJInHMIIL.

Ipumep: 273 = 2.73-10%;  0.00455 = 4.55-1073.

[Tokazarennb crerenn uncia 10 B 9TOM ciydae Ha3bIBAETCs OPSJIKOM Be-
JIMINHBI.

Banuch 5.7-10% o3nadaer, uro 3HAYAIMX D TOILKO JIBE.

Jecsitmanblii pa3psii (MOpsifioK ) mocsieiHeit 3uadaimei mudpbl pesyibrara
JIOJIZKEH COOTBETCTBOBATH TOPSJIKY MEPBOil 3HaUaIel nudpbl OMNOKY.

Ipumep: 231.74 £+ 0.06; 970 03HAYAET, YTO MOCECIHNI 3HAK pe3y/bTara
HEBEPEH, ero oImbKa cocTapjsieT +6 eJIMHNI] 9TOr0 pa3psijia.

.1 eiicTBus Haa NpubINKeHHBIMIA YUCJIaMU

Pesynbrar jeficTBuil Ha 1 TpUOJINZKEHHBIMI JUCIaMU €CTh TaKKe TpuoIIn-
ZKEHHOE YUCJIO.

[Ipu cnokenunm u BBIYUTAHUU B KOHEYHOM pPe3YJbTaTe CJIeIyeT Y9ecTb
CTOJIBKO JICCATUYHBIX 3HAKOB, CKOJIBKO UX B TOM MCXOAHOM JTAHHOM, KOTOPOE
COJIEPKUT HaUMeEHbIIIee KOJIMYECTBO JIeCATUYHBIX 3HAKOB:

1.832+5.1+14.367 ~ 1.83 +5.1 +14.37 = 16.29 ~ +16.3.

[Ipn yMHOXKeHUHN U JeJIeHHH B pe3yJbTaTe CJIEIyeT COXPAHUTH CTOJILKO
3HAYAIINX UQP, CKOJIBKO X UMeEeT HPHUOJINKEHHOe JaHHOe ¢ HAMMEHbIIIM
YUCJIOM 3HAYAINX udp:

16.3-3.417 ~ 16.3- 3.42 = 55.712 = 55.7;
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55.7 _ 55.7
2158  2.16
HpI/I BOSBG,B;GHI/II/I B CTeIleHb

= 25.787 =~ 25.8.

(12.3%) = 151.29 ~ 151; /363 ~ 2.938 ~ 2.94; 1g25.6 = 1.3082 ~ 1.31.

Ecymm nipu 00paboTKe pe3y/bTaToB UCIOJIL3YIOTCA TabJIMYHbIE BEJIMIIHbBI
I BeJIMYNHBI, N3MEpPEHHbIe 3apaHee, TO X aDCOTIOTHASI OMMOKA, ITPIHIMA-
eTCsI paBHOI ee IpeJIeIbHO BeJINUNHE, T. €. IOJIOBUHE e IIMHIITHI HAIMEHbBIIIEro
paspsizia, IpeacTaBJIeHHOIO B YHCIIE.

Ipumep: mnornocts p = 7.9 r/em?, Torna Ap = 0.05 r/em?.

1.2 IIpumeneHme MeToaa OIEeHKN pPe3yJbTaTOB
n3MepeHuii JJid IpeaBapuTeIbHOTO
aHaJIN3a TOYHOCTU U3MEPEHUM

Ornpe/iesisist yjieibHOe COIPOTUBJIEHUE p MTPOBOJHUKA W UMesl JijIsl 3TOrO
PEOXOP/I, aMIIEPMETD, BOJIBTMETD, PYJIETKY, MUKPOMETD U HCTOYHUK [THTAHMUSI,
MBI TIOJTY IHJIN Cliefytorie pe3ysabrarsl (em. JI/p Ne 2):

U=30B+0,1B, I[=0,50A%+0,05A,

L =100,0cm+0,5¢cm, D =0,3vmm=0,01 mmM.

Kaxkast TOUHOCTb U3MepeHus yAeIbHOTO COIPOTUB/IEHUS P IIPU 9TOM HAMU
JIOCTUTHYTa?

Hutst BoraucsieHust p u Apory CHada A HAXOAUM HPHOINKEHHOE 3HATEHNE
YJIeTbHOTO COMTPOTUBJIEHNST TTPOBOTHITKA!

_ pL U _7TD2
R_S’ R_I’ 5= 47’
OTKY/1a
_U7rD2
P= 40

a 3aTeM I'paHUIy OTHOCUTEJIbHOI IIOI'pelIHOCTH I10 Cl)OpMYJIeZ

s [(80)7 (1Y (30Y7, (30

AU 0.1 Al  0.05
T 3 %; 7 0 %;

31ech
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2AD  2-0.01 AL 0.5
= =7T% —=—=05%.

D 03 L 100
AH&HI/ISI/IpyH HOJIy‘{eHHbIe oTIe/JIbHbIEe OTHOCUTEJ/ILHDbIC HOI‘peHIHOCTI/I,
ompejiesisieM, 9TO ¢ HAumOOJIbIIEHl THIATEJILHOCTHIO JIOJIZKHBI ObITh U3MEpPEHbI
CHJIa TOKa, HaHpH}KeHI/Ie n ﬂI/IaMeTp HpOBOHOKI/I. ECJII/I I/ISMepeHI/Ie JJIMHDBI HpO—
BOJIOKH ITPOU3BOJIUTH C ITOIPEINTHOCTBIO OTcyeTa B 1 €M, TO YIIPOCTITCS MaTe-
MaTHU4YeCKUue BI)I‘{I/ICJIGHI/IH7 a TOYHOCTDb pe3yﬂbTaTa I/ISMepeHI/IH HpaKTI/I‘{eCKI/I
He yMeHleI/ITCH, TaK KaK

1
—=1"%.
100 %

[TorpembocT KOCBEHHBIX M3MEPEHUI 3aBUCIT OT BUJIa (DYHKIUMHU, OIIpE-
JeJIAIONIeI NCKOMYIO BeJIMYNHY, U OT IIOI'PENTHOCTE HPAMbBIX U3MEPEHUIl Tex
BEJIMUNH, KOTOPbIE BXOAST B 3Ty (PYHKIIUIO.

CoryiacHO Teopuy MOT'PEIIHOCTel, BKJIa l KayKI0M IIOrPEITHOCTH B ODIILYIO
[IOI'PEIITHOCTD PEe3YJIbTaTa U3MEPEHUsl 0YeHb OBICTPO I1aJIaeT ¢ YMEHbIIEeHUEM
BEJIMYUHBI OTJICJIBHON TTOTPEITHOCTH.

CiiegoBaTeIbHO, €CJIM HY?KHO ITOBBICUTH TOYHOCTb U3MEpPEHN KOHEYHOI'O
pesyJsibTraTa, TO HeOOXOJAUMO YMEHBIIUTEL TY HOI'PEITHOCTbh U3MEPEHUsI, KOTO-
past gBJIIeTCsT HanOOIbIIIEI .

Jl71s1 9TOr0 HEOOXOIMMO IPUMEHUTD IIPU U3MEpPEHUN (PUBUIECKON BeIMI-
HBI, JIafoleil HanOOoJIbIIYIO OTPEITHOCTh, MePY W U3MEePHUTE/IbHBII Tprdop
O0JIbIIIell TOYHOCTU WJIM UCIOJIB30BATh 00JIee COBEPINEHHbI MeTO]I U3Mepe-
HUA.



IIpunoxenune E

IIpumepnl mporpaMmM o0pabOTKI Pe3yJabTaToB

E.1 IIpumep nporpaMmbl CTaTUCTHIYIECKOII 0OpaboOTKM’

[Ipumep mporpaMMbl CTATUCTHIECKON 00pabOTKM JIAHHBIX I Jrabopa-
TopHOii paboTer N¢ 1, Hammcanuoii B cpejie Octave (31K TPOrPAMMIPOBAHNUST
anasiornyer s36iky MATLAB).

% 3amaeM Habop uMcXOnHHX 3HadeHui. 06paTuTe BHUMAHWE, OTIEJIbHEHE 3HAYEHUS
% pasmendoTcsa npobesoM, LeCATUYHHM pas3felIUTeNleM SBIAEeTCS TOYKA.

% 06bpaTuTe BHUMaHWE, TOYKA C 3aNATOX B KOHIE CTPOKU

% 6IOKEpyeT BHBOZL B OKHO TEpMUHAJA.

x=[141.52 145.49 143.56 143.61 143.78 146.55 144.39 143.02 144.1 143.36 149.81];
% Bamaém xosbdunumeHT CThOIAEHTA IJIA NAHHOTO KOJMYECTBA 3HAYEHUHR

% ucxoms u3 moBepuTenbHON BeposTHOCTH 0.95.

t_an=2.2;

% OmpernenseM KOIUYECTBO MCXONHEIX 3HAYEHUI.

n=length(x);

% Haxomum cpernnee 3Hauenuwe X. Touku C 3ansaTod B KOHIle HET,

%o LaHHbE BHBOIATCS Ha SKPaH.

x_sred=mean(x)

% Haxomum cperHl KBaIpaTUHYD IOTPENHOCTH

sn=std(x)

% BhYHCISEeM NOTPEemHOCTH

delta_x=(t_an*sn)/sqrt(n)

E.2 Ilpumep mporpaMmbl
00paboOTKM KOCBEHHBIX M3MeEpPEeHUit

[Ipumep mporpamMmbl 00pabOTKH KOCBEHHBIX M3MEPEHHUil yIeJIbHOTO COIMPOTUBIICHUS
IPOBOJIHUKA /It JlabopaTopHoit paborer No 2, manucanuoii B cpeme Octave (sI3bIK IPO-
rpaMMupOBaHust aHasgoruder si3biky MATLAB).

% OuumaeM BCe IepMeHHSHE.
clear all

o6
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% Omna L=10 cM.

% 3amaéM nuuHy mpoBoioKu (B MeTpax)

% (mo3umnuo TOOBUXHOTO KOHTAKTA) .

% 06bpaTuTe BHUMAaHWE, TOYKA C 3aNATOX B KOHIE CTPOKU
% 6IOKEpyeT BHBOZ B OKHO TepMUHAJA.
L(1)=.1;

% 3amaéM 3HaYeHWe TOKA U HAIPSIKEHUS .
U=[.1 .2 .3 .4 .45];

I=[.07 .115 .175 .23 .25];

% Bamaém muameTp nmpoBosioku (B MeTpax) .
% llpu m3MepeHUM NTAHTeHIUPKYJIEM.
d_shtl=[.3e-3 .3e-3 .3e-3 .3e-3 .3e-3];
% U mHaxommM cperHee

d_sht=mean(d_shtl);

% U mpm u3MepeHWH MUKPOMETPOM.
d_mkri=[.33e-3 .32e-3 .31e-3 .32e-3 .33e-3];
% U HaxomumM cpernHee

d_mkr=mean(d_mkr1) ;

% BolumcisieM compoTuBieHHEe. TOYKM C 3amsaTol B KOHIE HET,
/o LaHHbHE BHBOIATCH Ha SKpaH.

R=U./I;

R(1)=mean(R);

% BbumcisfieM momanb CEYEHUsS IPOBOJIOKH.
S_sht=pix*d_sht~2/4;

S_mkr=pi*xd_mkr~2/4;

% BolumcisieM ymenbHOE COIPOTUBIICHUE

) s CIAydas CO WTAHTeHIUPKYJIEM.
a=S_sht./L(1);

rho_sht=a.*R(1)

% W pma cimydas CO WTAHTEHIUPKYIEM.
a=S_mkr./L(1);

rho_mkr=a.*R(1)

% BbumcisieM OTHOCUTEILHYO NOTPEMHOCTD.
% TorpemHOCTL HAUpPAKEHUS .
DeltalU=0.0225;

% TorpemHOCTH CHIE TOKA.
DeltaI=0.00375;

% IorpemHOCTH WTAHTEHUUPKYIIS .
Deltad_sht=.05e-3;

% IorpemHocTh MHKpOMETpa.
Deltad_mkr=.005e-3;

% IorpemHOCTH AJIUHE IPOBOJIOKH .
Deltal=.5e-3;

% BBYECISIEM OTHOCHTENbHYK IOTPEmHOCTD
% YIOeNbHOTO COIPOTUBIIEHUS

% OIS ciydas CO WTAHTEeHIUPKYJIEM.
E_sht=DeltaU./U+Deltal./I+2*Deltad_sht/d_sht+Deltal./L(1);
Deltarho_sht=E_sht.*rho_sht

% W pms cimydas ¢ MUKPOMETPOM.
E_mkr=DeltaU./U+Deltal./I+2*Deltad_mkr/d_mkr+Deltal./L(1);
Deltarho_mkr=E_mkr.*rho_mkr
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% HaxomuM cpezHee 3HA4YEHWE YOENbHOTO CONPOTUBIICHUS
% Insl WTAHTeHUUPKYJIS.
rho_sr_sht(1)=mean(rho_sht)

% sl WTAHTeHIUPKYJIS.

rho_sr_mkr (1)=mean (rho_mkr)

%» HaxomuM cpezHee 3HAYeHHE IOTPEWHOCTH
%y YEEenBHOTO COIPOTUBIIEHUS .

% LU ciydas CO WTAHTEHIUPKYJIEM.
Deltarho_sht_sr=mean(Deltarho_sht)

% U mua ciydas C MUKPOMETPOM.
Deltarho_mkr_sr=mean(Deltarho_mkr)

% W 3arumnBaeM UX B OTIeJbHHE MaCCHBH.
D_rho_sht(1)=Deltarho_sht_sr;
D_rho_mkr (1)=Deltarho_mkr_sr;

% Oma L=20 cM.

% 3amaéM nnuHy mpoBoNoKE (B MeTpax)

% (mo3uiuo IOOBUXHOTO KOHTAKTA) .

% 0bpaTuTe BHUMaHME, TOYKA C 3aNATON B KOHIIE CTPOKHU
% 6JOKMpyeT BHBOJL B OKHO TepMUHAJA.
L(2)=.2;

% 3amaéM 3HaveHWe TOKA ¥ HAIPSIKEHUS.
U=[.2 .4 .6 .7 .9];

I=[.07 .115 .175 .23 .25];

% BoumcnsieM compoTuBieHMe. TOYKM C 3amsaTod B KOHIE HET,
/o LaHHbHE BHBOLATCS HA SKPAaH.

R=U./I;

R(2)=mean(R);

% BhumcisgeM momanb CEYEHUsS NIPOBOJIOKH.
S_sht=pi*d_sht~2/4;
S_mkr=pi*d_mkr~2/4;

% BolumcnsieM ymenbHOE COIPOTUBIIEHUE

% LU ciydas CO WTAHTEHIUPKYJIEM.
a=S_sht./L(2);

rho_sht=a.*R(2)

% W pma cimydasd CO WTAHTEHIUPKYJEM.
a=S_mkr./L(2);

rho_mkr=a.*R(2)

% BbUMCIfEeM OTHOCUTEILHYWO IOTPENHOCTD.
% IorpemHOCTH HAUPAKEHUS .
DeltaU=0.0225;

% TorpemHoOCTH CHIE TOKA.
DeltaI=0.00375;

% TorpemHOCTb WTAHTEHIUPKYIIS.
Deltad_sht=.05e-3;

% IorpemHOCTH MHKpOMETpA.
Deltad_mkr=.005e-3;

% IorpemHOCTb AJIUHE IPOBOJIOKH.
Deltal.=.5e-3;

% BbumcIsieM OTHOCUTEILHYH IOTPEMHOCTH
% YIOEIbHOTO COIPOTUBIIEHUS
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) A COydas CO WTAHTeHIUPKYJIEM.
E_sht=DeltaU./U+Deltal./I+2*Deltad_sht/d_sht+Deltal./L(2);
Deltarho_sht=E_sht.*rho_sht

% W pma ciydas ¢ MUKpPOMETPOM.
E_mkr=DeltaU./U+Deltal./I+2*Deltad_mkr/d_mkr+Deltal./L(2);
Deltarho_mkr=E_mkr.*rho_mkr

% Haxomum cpeznHee 3HAUeHWE YAEIBHOTO COIPOTUBIIEHUS

% [ns WTaHTeHIUPKYIIS.

rho_sr_sht(2)=mean(rho_sht)

% [7n8 WTaHTEeHIUPKYIS.

rho_sr_mkr (2)=mean (rho_mkr)

% Haxomum cpenHee 3HaueHWe IOTPEMHOCTH

% YIOenbHOTO CONPOTUBIIEHU.

% LIS ciydas CO WTAHTEHIUPKYIIEM.
Deltarho_sht_sr=mean(Deltarho_sht)

% W pns ciydas ¢ MEUKPOMETPOM.
Deltarho_mkr_sr=mean(Deltarho_mkr)

% U 3arkumnBaeM WX B OTHEJIbHHE MAaCCHUBH.
D_rho_sht(2)=Deltarho_sht_sr;

D_rho_mkr (2)=Deltarho_mkr_sr;

% IOns L=30 cuM.

% BamaéM nuuHy npoBoioku (B MeTpax)

% (mos3uIupo IOIBUXHOILO KOHTAKTAa) .

% ObpaTuTe BHUMaHWEe, TOYKA C 3ANATOM B KOHIE CTPOKU
% 6IOKUpyeT BHBOZ B OKHO TEpMUHAJA.
L(3)=.3;

% 3amaéM 3HAYEHWE TOKA ¥ HAIPSIKEHUS.
U=[.3 .5 .8 1.2 1.4];

I=[.07 .115 .175 .23 .25];

% BeumcisieM compoTuBieHWe. TOYKK C 3amsATON B KOHIE HET,
» maHHNE BHBOZATCS HA SKpaH.

R=U./I;

R(3)=mean(R);

% BolumcisieM momanb CEYeHWs] NPOBOJIOKH.
S_sht=pi*d_sht~2/4;
S_mkr=pi*d_mkr~2/4;

o BBYECISIEM yIenbHOE CONPOTHUBIIEHUE

% oS ciaydas CO WTAHTEeHIUPKYJIEM.
a=S_sht./L(3);

rho_sht=a.*R(3)

% W mms ciydas CO WTAHT@HIUPKYIIEM.
a=S_mkr./L(3);

rho_mkr=a.*R(3)

% BBYECISIEM OTHOCHUTENbHYH IOTPENHOCTD.
% ToTpemHOCTb HANPAKEHU .
DeltaU=0.0225;

% TorpemHOCTb CHIBL TOKA.
DeltaI=0.00375;

% ToTrpemHOCTb WTAHTEHIUPKYJIIS .
Deltad_sht=.05e-3;
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% TorpemHOCTH MHKpOMETpA.

Deltad_mkr=.005e-3;

% TorpemHOCTH AJIUHH IPOBOJIOKH.

Deltal.=.5e-3;

% BbumCIseM OTHOCUTENbHYWH IOTPEmHOCTH

% YIOEIbHOTO CONPOTUBIIEHUS

% LU ciydas CO WTAHTEHIUPKYJIEM.
E_sht=DeltaU./U+Deltal./I+2*Deltad_sht/d_sht+Deltal./L(3);
Deltarho_sht=E_sht.*rho_sht

% U mua ciydas C MUKPOMETPOM.
E_mkr=DeltaU./U+Deltal./I+2xDeltad_mkr/d_mkr+Deltal./L(3);
Deltarho_mkr=E_mkr.*rho_mkr

% Haxomum cpenHee 3HaueHWe YIEIbHOTO COIPOTUBIIEHUS
% [7ns WTaHTeHIUPKYIIS.

rho_sr_sht (3)=mean(rho_sht)

% L8 WTaHTeHIUPKYIIS.

rho_sr_mkr (3)=mean (rho_mkr)

% Haxomum cpeznHee 3HadYeHWE IOTPEMHOCTH

% YIoenbHOTO CONPOTUBJICHUS .

% OIS ciydasd CO WTAHTEeHIWPKYJIEM.
Deltarho_sht_sr=mean(Deltarho_sht)

% W pma cmydas ¢ MUKpPOMETPOM.
Deltarho_mkr_sr=mean(Deltarho_mkr)

% W 3arkumnBaeM UX B OTHEJIbHbE MAaCCHUBH.
D_rho_sht(3)=Deltarho_sht_sr;

D_rho_mkr (3)=Deltarho_mkr_sr;

% IOnsa L=40 cu.

% 3amaéM nnuHy mnpoBoioku (B MeTpax)

% (mo3uiup IOIBUXHOTLO KOHTAKTa) .

% 06bpaTuTe BHUMaHWE, TOYKA C 3aNATOX B KOHIE CTPOKU
% 6IOKEpyeT BHBOZL B OKHO TepMUHAJA.

L(4)=.4;

% 3amaéM 3HaYeHWe TOKA U HAIPSIKEHUS .

U=[.4 .9 .13 1.5 1.9];

I=[.07 .115 .175 .23 .25];

% 3amaéM muaveTp npoBoJoKK (B MeTpax) .

% Ilpu W3MepeHWH WNTaHTEHIUPKYJIIEM.
d_sht1=[.3e-3 .3e-3 .3e-3 .3e-3 .3e-3];

% U maxomuM cperHee

d_sht=mean(d_shtl);

% U mpum u3MepeHWH MEUKPOMETPOM.
d_mkri=[.33e-3 .32e-3 .31e-3 .32e-3 .33e-3];
% U HaxomumM cpernHee

d_mkr=mean(d_mkrl) ;

% BeumcisieM compoTuBieHwe. TOYKK C 3amsaTOd B KOHIE HET,
%o IaHHbE BHBOIATCS Ha SKpaH.

R=U./I;

R(4)=mean(R);

% BolumcrisieM mIomanb CEYEHUs] IPOBOJIOKH.
S_sht=pi*d_sht~2/4;
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S_mkr=pi*d_mkr~2/4;

% BeYECISieM yAenbHOE CONPOTHUBIIEHUE

% OIS ciydas CO WTAHTEeHIWPKYJIEM.
a=S_sht./L(4);

rho_sht=a.*R(4)

% W pms ciydas Co WTAHT@HIUPKYIEM.
a=S_mkr./L(4);

rho_mkr=a.*R(4)

% BBYECISIEM OTHOCHUTENbHYH IOTPEMHOCTD.
% TOTpemHOCTH HANPAKCHUS .
DeltaU=0.0225;

% IorpemHOCTH CHIE TOKa.
DeltaI=0.00375;

% IorpemHOCTH WTAHTEHIUPKYIIS .
Deltad_sht=.05e-3;

% IorpemHocTh MHKpOMETpa.
Deltad_mkr=.005e-3;

% TOrpemHOCTH AJIUHE IPOBOJIOKH.
Deltal=.5e-3;

% BbuMCIfeM OTHOCUTEILHYWO IOTPENHOCTH
% YIOEeNbHOTO COIPOTUBIIEHUS

% LIS ciydas CO WTAHTEHIUPKYIIEM.
E_sht=DeltaU./U+Deltal./I+2*Deltad_sht/d_sht+Deltal./L(4);
Deltarho_sht=E_sht.*rho_sht

% W mns ciydas ¢ MUKPOMETPOM.
E_mkr=DeltaU./U+Deltal./I+2*Deltad_mkr/d_mkr+Deltal./L(4);
Deltarho_mkr=E_mkr.*rho_mkr

% HaxomumM cpezHee 3HA4YEHHE YOENbHOTO COIPOTUBIICHUS
% [7n8 WTaHTEeHIUPKYIS.
rho_sr_sht(4)=mean(rho_sht)

% [ WTaHTeHIUPKYIS.

rho_sr_mkr (4)=mean (rho_mkr)

% Haxomum cpenHee 3HadeHWE IOTPEMHOCTH
% YOEIbHOTO CONPOTUBIIEHU.

) s Caydas CO WTAHTeHIUPKYJIEM.
Deltarho_sht_sr=mean(Deltarho_sht)

% W pma cmydas C MUKpPOMETPOM.
Deltarho_mkr_sr=mean(Deltarho_mkr)

% W 3arkuOnBaeM UX B OTIeJbHHE MaCCHUBH.
D_rho_sht(4)=Deltarho_sht_sr;
D_rho_mkr (4)=Deltarho_mkr_sr;

% IOms L=50 cm.

% 3amaéM niuHy mpoBoJNOKE (B MeTpax)

% (mo3unuio DOOBUXHOTO KOHTAKTA) .

% 06bpaTuTe BHUMaHWE, TOYKA C 3aNATOX B KOHIE€ CTPOKU
% 6JOKMpyeT BHBOJL B OKHO TepMHUHAJA.

L(5)=.5;

% 3amaéM 3HaYeHWe TOKA U HAIPSIXKEHUS .

U=[.45 1.1 1.5 2.1 2.4];

I=[.07 .115 .175 .23 .25];
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% Bamaém muameTp npoBosioku (B MeTpax) .
% llpn “3MepeHWH WNTAHTEHIUPKYJIEM.
d_sht1=[.3e-3 .3e-3 .3e-3 .3e-3 .3e-3];
% W maxommM cpenHee

d_sht=mean(d_shtl);

% U mpm u3MepeHWH MUKPOMETPOM.
d_mkri=[.33e-3 .32e-3 .31e-3 .32e-3 .33e-3];
% U HaxommM cpernHee

d_mkr=mean(d_mkr1) ;

/o BolumcisieM compoTuBiEeHWEe. TOYKM C 3ansaTod B KOHIEe HET,
/o IaHHbE BHBOIATCH Ha DKpaH.

R=U./I;

R(5)=mean(R) ;

% BhumciseM momanb CEYEHUsS NPOBOJIOKH.
S_sht=pi*d_sht~2/4;

S_mkr=pi*d_mkr~2/4;

% BolumcisieM yIeibHOE COIPOTUBIICHUE

) A CIydas CO WTAHTeHIUPKYJIEM.
a=S_sht./L(5);

rho_sht=a.*R(5)

% W pma cmydas coO WTAHTEHIUPKYJEM.
a=S_mkr./L(5);

rho_mkr=a.*R(5)

% BbumcCIseM OTHOCUTEILHYO IOTPEMHOCTD.
% TorpemHOCTL HAIPAKEHUH .
DeltaU=0.0225;

% TorpemHOCTH CHIE TOKA.
DeltaI=0.00375;

% IorpemHOCTH WTAHTeHUVUPKYIIS .
Deltad_sht=.05e-3;

% IorpemHocTh MHKpOMETpA.
Deltad_mkr=.005e-3;

% IorpemHOCTH AJIUHE IPOBOJIOKH.
Deltal=.5e-3;

% BBYECISEM OTHOCHTENbHYH IOTPENHOCTH
/» YIOEeNbHOTO CONPOTUBIEHUS

% OIS ciydasd CO WTAHTEeHIUPKYJIEM.
E_sht=DeltaU./U+Deltal./I+2xDeltad_sht/d_sht+Deltal./L(5);
Deltarho_sht=E_sht.*rho_sht

% W pms cmydas ¢ MUKpPOMETPOM.
E_mkr=DeltaU./U+Deltal./I+2*Deltad_mkr/d_mkr+Deltal./L(5);
Deltarho_mkr=E_mkr.*rho_mkr

% Haxomum cpernHee 3HAYeHWE YIEIBHOTO COIPOTUBJICHUS
% [7n8 WTaHTeHIUPKYIS.
rho_sr_sht(5)=mean(rho_sht)

% [7n8 WTaHTeHIUPKYIS.

rho_sr_mkr (5)=mean (rho_mkr)

% Haxomum cpeznHee 3HaueHWe IOTPEMHOCTH
% YIOEIbHOTO CONPOTUBIIEHU.

% LU ciydas CO WTAHTEHIUPKYJIEM.
Deltarho_sht_sr=mean(Deltarho_sht)
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% U mna ciydas C MUKPOMETPOM.
Deltarho_mkr_sr=mean(Deltarho_mkr)
% W 3akuppiBaeM uX B OTZLEJbHbHE MAaCCHUBH.
D_rho_sht(5)=Deltarho_sht_sr;
D_rho_mkr(5)=Deltarho_mkr_sr;

% BhBOZmUM maHHEHE

R

D_rho_sht

D_rho_mkr

% Crpoum rpadpux R(L)

% JluHeiiHas aNIpPOKCHUMALNS
a=polyfit(L,R,1);

disp(’YrnoBoBo#l kKoadpdunumeHT’) ;
a(1)

R1=polyval(a,L);

% CobcTBeHHO BHBOZ Tpadpura
plot(L,R,’x’,L,R1,°-);



IIpnnoxkenne 2K

CrpaBo4Hble MaTepPUAaJIbI
1 TaOJINIBI

2K.1 Tabanna 1.
JloBepuTeJbHBIE BEPOATHOCTHI

e | o [ e [ o | e [ o ]

0 0 1.2 0.77 2.6 0.990
0.05 0.04 1.3 0.80 2.7 0.993
0.1 0.08 1.4 0.84 2.8 0.995
0.15 0.12 1.5 0.87 2.9 0.996
0.2 0.16 1.6 0.89 3.0 0.997
0.3 0.24 1.7 0.91 3.1 0.9981
0.4 0.31 1.8 0.93 3.2 0.9986
0.5 0.38 1.9 0.94 3.3 0.9990
0.6 0.45 2.0 0.95 3.4 0.9993
0.7 0.51 2.1 0.964 3.5 0.9995
0.8 0.57 2.2 0.972 3.6 0.9997
0.9 0.63 2.3 0.978 3.7 0.9998
1.0 0.68 24 0.984 3.8 0.9998
1.1 0.73 2.5 0.988 3.9 0.9999
4.0 0.9999

JloBepuTeibHBIE BEPOATHOCTH (v JIJIsl JIOBEPUTEIHHOIO MHTEPBAJIA, BHIPAXKEHHOTO B JIOJIAX
CPETHEKBAIPATUYHON OIMMOKHU € = %. Oynknuga Jlamraca:
n

20(e) = \/g/efde = .
m
0
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2K.2 Tabanmna 2.
Kosdburnuentsr CthiozieHTa

(0%
n 02 | 04 | 06 0.8 0.9 [ 095 | 099
1 033 | 073 | 138 | 31 631 | 1271 | 63.7
2 029 | 0.63 | 1.06 1.9 2.92 43 9.9
3 028 | 058 | 0.8 1.6 2.35 3.18 5.8
4 027 | 057 | 0.4 L5 2.13 2.77 4.6
5 027 | 056 | 0.92 L5 2.02 2.57 4.0
6 027 | 055 | 09 1.4 1.94 2.45 3.7
7 026 | 054 | 09 1.4 1.89 2.36 3.5
8 026 | 054 | 09 1.4 1.86 2.31 3.4
9 026 | 054 | 0.88 1.4 1.83 2.26 3.3
10 || 026 | 054 | 0.88 1.4 1.81 2.23 3.2
11 | 026 | 054 | 087 | 14 1.8 2.2 3.1
12 | 026 | 054 | 087 | 14 1.78 2.18 3.1
13 | 026 | 054 | 087 | 14 177 2.16 3.0
14 | 026 | 054 | 087 | 13 1.76 2.14 3.0
15 || 026 | 054 | 087 | 1.3 175 2.13 2.9
16 || 026 | 054 | 0.86 1.3 1.75 2.12 2.9
17 || 026 | 053 | 0.86 1.3 1.74 2.11 2.9
18 || 026 | 053 | 0.86 1.3 1.73 2.1 2.9
19 || 026 | 053 | 0.86 1.3 1.73 2.1 2.9
20 | 026 | 053 | 0.86 1.3 1.72 2.1 2.8
22 | 026 | 053 | 0.86 1.3 1.72 2.1 2.8
24 | 026 | 053 | 0.86 1.3 171 2.1 2.8
26 | 026 | 053 | 0.86 1.3 1.7 2.0 2.8
28 || 026 | 053 | 085 1.3 1.7 2.0 2.8
30 | 026 | 053 | 0.85 1.3 1.7 2.0 2.7
0 | 025 | 053 | 08 1.3 1.68 2.0 2.7
60 | 025 | 053 | 0.85 1.3 1.67 2.0 2.6
120 | 025 | 053 | 0.85 1.3 1.66 2.0 2.6
| 025 | 052 | 084 1.3 1.64 1.96 2.6
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2K.3 Tabauma 3.
JloBepuTeJjbHbIE MHTEPBAJIbI JJIs O

a 0.99 0.93 0.95 0.991

n no n | n | n |
2 0.36 160 0.39 80 0.45 32 0.51 16
3 | 043 14 0.47 10 052 | 63 058 | 44
1 [ 048 | 65 051 | 5.1 057 | 3.7 0.62 | 2.9
5 | 052 | 44 055 | 3.7 060 | 29 065 | 24
6 || 055 | 35 058 | 3.0 0.62 | 25 0.67 | 2.1
7 | 057 | 30 0.60 | 2.6 064 | 22 060 | 1.9
8 0.59 2.7 0.62 2.4 0.66 2.0 0.70 1.8
9 [ 0.60 | 24 0.63 | 2.2 068 | 1.9 072 | 17
10 | 062 | 23 064 | 21 0690 | 18 0.73 | 1.6
11 | 063 | 22 066 | 20 070 | 18 074 | 16
12 064 | 21 067 | 19 0.71 1.7 0.75 | 15
13 | 065 | 20 0.68 | 1.8 0.72 | 1.6 076 | 15
14 0.66 1.9 0.69 1.8 0.73 1.6 0.77 1.5
15 | 067 | 18 0.69 | 1.7 0.73 | 1.6 0.77 | 15
16 | 068 | 1.3 0.70 | 1.7 0.74 | 15 078 | 14
17 | 068 | 18 0.71 1.7 075 | 15 079 | 14
18 | 069 | L7 0.71 1.6 075 | 15 079 | 14
19 | 070 | L7 0.72 | 1.6 0.76 | 15 079 | 14
20 0.70 1.7 0.73 1.6 0.76 1.5 0.81 1.4
25 0.73 1.6 0.75 1.5 0.78 14 0.83 1.3
30 || 0.74 | 15 0.77 | 14 080 | 1.3 085 | 1.3
0 || 077 | 14 079 | 13 082 | 13 086 | 1.2
50 || 0.79 | 1.3 0.81 1.3 084 | 1.2 086 | 1.2
70 | 082 | 13 084 | 1.2 086 | 1.2 088 | 1.2
100 [ 0.85 | 1.2 086 | 1.2 088 | 1.2 090 | L1
200 || 0.89 | 1.1 090 | 1.1 0.91 1 093 | 1.1




2K. 4. Tabymna 4. Onenka BbICKAKHBAIOIIIX H3MEPEHHIT

2K.4 Tabauma 4.
OneHka BBICKAKUBAIOIINX N3MePEeHU

B
n 01 | 005 | 0025 | 001
3 141 141 1.41 1.41
4 1.65 1.69 1.71 1.72
5 1.79 1.87 1.92 1.96
6 1.89 2.00 2.07 2.13
7 1.97 2.09 2.18 2.27
8 2.04 2.17 2.27 2.37
9 2.10 2.24 2.35 2.46
10 2.15 2.29 2.41 2.54
11 2.19 2.34 2.47 2.61
12 2.23 2.39 2.52 2.66
13 2.26 2.43 2.56 2.71
14 2.30 2.46 2.60 2.76
15 2.33 2.49 2.64 2.80
16 2.35 2.56 2.67 2.84
17 2.38 2.55 2.70 2.87
18 2.40 2.58 2.73 2.90
19 2.43 2.60 2.75 2.93
20 2.45 2.62 2.78 2.96
21 2.47 2.64 2.80 2.98
22 2.49 2.66 2.82 3.01
23 2.50 2.68 2.84 3.03
24 2.52 2.70 2.86 3.05
25 2.54 2.72 2.83 3.07

T—T}
Sn Roman

BepositHOCTE [ TIOSIBJIEHUS Uy = 3HAYEeHUU B PsiJIy U3 7. U3MEPEHUIA.
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2K.5 Tabmauma 5.
Heobxoaumoe uncjio namepeHuin
JJI MOJIyYeHUus CcJIy4daiiHOil OoNImOKM &
C HAJAE>KHOCTBIO

o)

€= % 0.5 0.7 0.9 0.95 0.99 0.999
1.0 2 0.73 1.38 3.1 12.71 63.7
0.5 3 0.63 1.06 1.9 4.3 9.9
0.4 4 0.58 0.98 1.6 3.18 0.8
0.3 6 0.57 0.94 1.5 2.77 4.6
0.2 13 0.56 0.92 1.5 2.57 4.0
0.1 47 0.55 0.9 1.4 2.45 3.7
0.05 183 0.54 0.9 1.4 2.36 3.5
0.01 4543 0.54 0.9 1.4 2.31 3.4
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2K.6 Tabiauma 6.

AbcosroTHast 1 OTHOCUTEJILHAA IIOrpeniHoCTum

KOCBEHHBbIX I/I3MepeHI/Iﬁ AJId TUITIOBbBIX Bblpa}KeHI/Iﬁ

o Boeipaxkenne | Abcomornast  1o- | OTHOCHTEIbHAS TOTPENTHOCTD dT
/1 JUTST [IPU- | TPEIHOCTh dX
OJIMKEHHOTO
3HAYTEHUST
BEJIMIWHBI T
1 r=a+b Az = Aa+ Ab Az _ Lathb
T a+b
2 r=a-b Az = Aa+ Ab Az — Lathb
3 r=ab - Ax Az _ Aa | Ob
T a b
_a __ aAb+bAa Az _— Aa Ab
4 =5 Ar = 255, : — a T o
5 r=a" Az =na" tAa 8z — pfa
6 r="4/a Ax = 22 Sz _ 12a
na n a
7 T =sina Ax = cos aAa % = ctg aAa
8 T = COoS Azxr = sin aAa % = tg aAx
9 r=tga Ar = B Sz — 280
cos? T cos 2a
10 T =ctga Ar = 22 Az _ 2ha
sin“ T sin 2c




IIpunoxenne 3

Eannnie TpeboBanng
K 0pOPMJIEHUIO OTYETA
110 JIabopaTOpHbLIM paboTaM

OTYET
HO;LaéTCH Ka}K;[‘bIM CTy;[eHTOM I/IHZLI/IBI/I,Hya.HbHO
1 JTOJI2KEH COIEepKaTh:

1. IlopsakoBbIit HOMED U HAMMEHOBAHUE JIADOPATOPHOI pabOTHI.
2. Ilenb paboThl.

3. Ilepeuens ucrosib3yemMoro o0OpyI0BaHNS ¢ YKAa3aHIEM OCHOBHBIX [IAPAMETPOB yCTa~
HOBOK W ITPUOOPOB.

4. OcHOBHBIE TEOPETUYECKHE CBEJICHUS U PacIeTHBIE (DOPMYJIBI.
5. OYHKIHMOHAJIBHYIO U TPUHIUIUAILHYIO CXeMY JaDOPATOPHON YCTAHOBKU.

6. IlpeasapuTesnbHble pacdeTsl, BLIIOIHEHHBIC IIPH IIOIMOTOBKE K BBIIOJIHEHUIO pabo-
TBI (I/1e 9TO TPeOyeTcs MO OMUCANHIIO PabOThI).

7. Copepzxkanue paboThl (IIOPSAIOK BBIIOJHEHU ).

8. Xoj1 BBITIOJTHEHUST PAOOTHI:

(a) TabauIBl ¢ pe3yibraTaMu BbIUUC/ICHUI;

(b) Fpa(bI/IKI/I IKCIIEpUMEHTAJIbHBIX 1 PaCYCTHBIX 3aBHUCUMOCTEN.

IIpumevyanue: rpadukn BbIYEPUUBAIOTCA HA MUJJIMMETPOBOI Oymare mim ¢
MIOMOIIBIO KOMITBIOTEPa U BKJIeUBaloTcd B oT4eT. Ha Kakj1oM rpaduke cTpo-
ATCS TOJTBKO T€ 3aBUCUMOCTHU, KOTOPbIE TPEIYCMOTPEHBI COOTBETCTBYIOITIM
myHKTOM ornmcanusi. Ocoboe BHUMAHUE CJie/lyeT OOpATUTh Ha PAIMOHAJIBHBIN
BBIOOD MacmITaboB 110 ocsiM KoopauHaT. ['padukn sKcriepuMenTaabHbIX 3aBU-
CUMOCTeIll CJIe/IyeT BBINOJHATE TaK, YTOOBI OBLIN SICHO BUJIHBI TOYKH CHATHIX
orcueToB. [lockobKy moJiyuaeMble TOUKM UMEIOT HEKOTOPBIH pasdbpoc, To
KPUBBIE CJIe/IyeT IMPOBOJUTH MEXKTy HUMU, cCOOOpa3ysach ¢ (DPU3UIECKUMU 3a-
KOHOMEPHOCTSIMH.

9. Orenky ommuOOK U3MEPEHU U BBIYUCICHUI.
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10.

11.

KpaTkue BbIBOJIbI: KDUTHIECKHE COTIOCTAB/IEHHSI PE3Y/IBTATOB IKCIIEPUMEHTA U T€O-
PETHYECKUX TI0JIOKEHNUH, O0bACHEHUsI PACXOXKICHUIT MeXK/ly HUMU (B Cydae WX
HAJIIIHS ).

CIHHCOK HCIIOIb3yeMOil JTUTEPATYPHI.



JImreparypa

10.

11.

12.

13.

. Anekcees, B. Il Mexannka. @usndeckuii npakTukyMm. V3sMepuresbHbIN UK : yaed-

Hoe nocobue syt By3os / B. I1. Anekcees [u jap.| — Apocaasis : dpl'y, 2012, — 111 c.

. Kacanmposa, O. H. O6paborka pesynbraros wadmomenunii / O. H. Kacanmposa,

B. B. Jlebenes. — M. : Hayka, 1970. — 104 c.

Baitgenns, A. H. Diemenrapusie ornenku omubok n3mepenwii /| A. H. Baiigens. — M. :
Hayxka, 1967. — 88 c.

[Muroses, b. H. Maremarndeckast o6paborka nabmojgennit / B. H. [llurones. — M. :
Quzmarrus, 1962. — 344 c.

Cusyxun, /1. B. O6muit kypc ¢pusuku. T. 1 : Mexanuka / JI. B. Cuyxun. — M. :
Quzmarimut, 2014. — 544 c.

Casesbes, U. B. Kypc obmieit dusukn (T. 1. Mexanuka) / 1. B. Casesnbes. — CII6. :
Jlamb, 2021. — 340 c.

Xaiikun, C. 9. Ousnueckue ocHobl Mexaruku / C. D. Xaiikun. — M. : Hayka, 1971
- 752 c.

Kanenkos, C. I. [Ipaktukym o dusuke. Mexanuka / C. I'. Kamenkos. — M. : Beicias
mKoJia, 1990. — 110c.

Maiicoa, H. H. Ilpaktukym no kypey obmeir dusuku / H. H. Maiicopa. — M. :
Beicmras mikosia, 1970. — 448 c.

Useponosa, B. N. ®usuyeckuit npakrukym: Mexanuka u MoJieKy/IsipHas (busmka /
B. U. Useponosa. — M. : Hayka, 1967. — 352 c.

Hpsxkonos, B. II. CipaBouHuK 10 aJIropuT™MaM U IPOrpaMMaM Ha SI3bIKe OefiCHK JIyIst
nepconanbabix 9BM / B. I1. [Ipakonos. — M. : Hayka, 1989. — 240 c.

Hbsikonos, B. I1. MATLAB: yue6nniii kype / B. I1. Ibsikonos. — M. : Coson-IIpecc.
2020. — 453 c.

[Topmres, C. B. MATLAB 7: ocHOBBI pabOThI U HpPOrpaMMUPOBAHUS : YIEOHUK /
C. B. Ilopmues. — M. : Bunowm-IIpecc, 2011. — 320 c.

72



OryiaBjieHne

OO61mme MeToanYecKne yKa3aHUS

1 Crarucrudeckasi oopaborka...

2 OO6paboTka pe3y/IbTATOB KOCBEHHBIX...

A TlorpeniHocTs onpeaejaeHns MOrPEeITHOCTH

I'padpuyaeckoe npeacraBiaeHne
pe3yabTaToOB U3MepeHnit

HOCTpOG‘HI/Ie rmcrorpamMmm

= -

ITpaBniia npubIN>KEHHBIX BbIYNCJICHUI
E IIpumepsr nporpaMmm o6paboOTKH...
2K CnpaBo4yHble MaTepUaJbl U TaOJJIUIILI

3 Eaunbie TpeboBaHusi K 0pOpMJIIEHHUIO...

73

AHHpOKCI/IMaI_[I/IEI AKCIIEpMMEHTAJIbHBIX JaHHDbIX...

25

36

37

41

44

52

56

64

70



Y4yebHOe n3JiaHne

AnekceeB Bajium I[lerpoBuu
Kysuemnos [laBen AnekcanapoButd
MockoBckuii Cepreit Bopucosua

Hemenko Esrennit OsteroBuu
ITanmopkoB Biajumup ApkajibeBud

Pynas Hukomait AyrekceeBua

PovionukoBa Esena Biragnmuposna

Mexanuka
Pu3ndecKnii IPaKTUKYM.

Obpabomxa pe3yavbmamos
NPAMDBIT U KOCBEHHBLT U3MePEHUT

Ipaxmuxym

PenaxTop, koppektop JI. H. CeuBanosa
Kowmmbiorepusiit Habop, Bepctka E. O. Hemenko

[Mopmucano B neuars 14.07.2021. @opmar 60x84/16.
Yeu. med. 1. 4,4, Ya.-uza. 1. 4,0. Tupax 5 9x3. 3akas

OpuruHa-MakeT OATOTOBJIEH B PeIaKIMOHHO-M31aTeIbCKOM OT/Ie e
fpocmaBckoro rocytapcTBEHHOTO YHUBEPCUTETA
nm. I1. I'. Jlemumosa.

Ornevarano na pusorpade.
Apociaseknit rocynapcrsernbiit yausepcureT uM. 11 I [lemuiosa
150003, r. fApocnasnb, yia. Coserckast, 14.



