IHOI'PEHIHOCTH

ILi1an Jekuum:
Kiaccupukanus norperHoCcTen.
PacyeéTr morpemHocTed NpsaMbIX H
KOCBCHHBIX M3MEPECHHUMU.

[IpuMepsl pacueéTa NOrpernHoOCTen
N3MepPEeHU MeAUKO-0M0JI0rHYeCKOMN
BeJIMNYHUHBI



OOpaboTKa pe3ynsraTtoB nccnegoBaHuUA,
cocTaBneHne MeToauK AnAa npoBeaeHns
TepaneBTU4YeCKUX, NpodunnakTmyeckux

npoueayp v nx aHanusa, Tpeodyet ot
COBPEMEHHOro MmeguKka BnageHus
3rieMeHTapHbIMU HaBblKaMK
ou3nyeckoro aKkcnepumMmeHTa u

00paboTKM NONYy4YEeHHbIX Pe3ynbLTaToB.



11PdABUJId NSMEPCHUNA aPTePUNAJIbHOTIO AdBJICHUA

Wikana manomerpa Pyxa na crone LieHTp marxeTo! Ha ypoOBHE cepaua

Ha ypOBHe rnas spava

Cnnxa onupaercs
Ha CNWUHKY CTyna

Horu »a nony



Pe3ynbraThbl 3KCnepuMeHTa AaloT
KONnnyecTBeHHYH0 OLeHKY ABNeHUs U no
cTeneHu TOYHOCTU MOXHO CyAUTb O
ONM30CcTU NONy4YeHHbIX 3HAYEeHUU K
MCTUHHOMY 3HAYE€HUIO BEJIUYUHDI.
[lonyyuTb camMo UCTUHHOE 3Ha4YeHue
namepsemMou Besim4nHbl HEBO3MOXXHO,
T. K. BCAKOe U3amMmepeHue
conpoBoOXAaaeTcs onpeneneHHon

owmbkon - NOrpellHOCTbLIO
N3MepeHUM.



=(7,2*0,1)mK

apuTpoumnTa




PasnuyaroT Tpu BUOa
NOorpeLuHoOCTeun:

CUCTemMaTun4yeckue
CcClly4YauHble
npomaxu




CuncremaTnyeckme norpeLlHoCcTy Npu
NOObIX N3MEPEHUAX NNOO
YMEeHbLUAKT, MTIM00 yBeNnnYnBaloT
pe3yrbraT.0Hn MOryT ObITb YYTEHb
NyTeM NONpaBOK Ha BO3OENCTBUE
BHELLHMX 0aKTOPOB U MNMpw
COMNoOCTaBNEHUN Pe3ynbLTaToOB
N3MEPEHNN C NOKa3aHNAMN

3TaroHHOro npmnbopa.



B nacnopTte npnbopa

ykasaHbl MOMPABKMU,

KOTOpble Heobxoanmo
yyecTb Npu 3anucu
pe3ynbraTta U3BMEepPEeHUN,
(nonpaBKu y4UTbIBaloT
BNusHMWe nepenaaa
TemMmnepaTtyp, BNaXXHOCTH,
AaBneHus,
3NeKTPOMarHUTHbIX Noneun

nT.Aa.).



Cucremarunyeckue
NOrpeLwHOCTU BO3HUKAIOT Npw
NPUMEHEHUN NPUONNKEHHbIX

YPaBHEHUU U KOHCTAaHT.

CunctemaTnyeckKkume
MOrpeLLHOCTU BbISABIIAIOTCA U
YCTPAHAIOTCH.



CniyyauHble NOorpeLuHoCTU
OCHOBaHbl HA HETOYHOCTSX,
KOTOPblE HEBOJIbBHO AO0MNYCKadeT
JKCMNepnMeHTaTonp.

(MbIIMHKA HA yvalle aHanuTU4YecKmnx

BecoB;—> TpamMBant—> BUOpaLUS
I—— o 1117 [ ¢: )



CnyyauHble
NOrpeLHoOCTH

NOOAYNHARKTCH 3akoHam

MaTeMaTU4YeCKOU CTaTUCTUKM,
- HOpMalibHOMY 3aKOHY.

BLIYUCNAIOTCA U
YYUTLIBAKOTCA B OTBETE.



[pyOble norpewHoOCTHU, Unu
npomMaxu BO3HUKAOT NO BUHE
JKCrnepmumMmeHTaropa:
HeaKKypaTHOCTU U
HEBHUMATESIbHOCTU. ITU
OLLMOKN BbISIBASAIOTCS MPWU
MOBTOPHbIX N3MEPEHUAX U
YCTPAHAKTCA.



MCNoNb3ya TEOPUID
BEPOATHOCTEWN, NO3BONSAET
YMEHbLLUUTb BNUAHNE BENMUYUNHDI
Clly4YanHbIX NOrpeLlHOCTEN Ha
OKOHYaTenbHbIX pe3ynbTaT
N3MepeHun.



N3mepeHusn

4

/.

(no npubopy). "

KocBeHHble n3MepeHus
(no popmyrne)

y=f(X);p=%



HEMOCPEACTBEHHbLIX -

NPAMbIX U3MEPEHUMN.




[lycTb X1 ,X2 : X3, ........ X
- pe3ynbraTtbl NPAMbIX
N3MepeHnn

Pe3ynbraTt KaXxagoro
N3mMepeHnst 0003HAUNM X. -
roe 1 MeHaeTcda oT 1 40 n,
roe n -ooLlee Yncno
N3MepeHun.



Kaxxgoe namepeHHoe 3Ha4yeHue
OoTNn4yaeTca OT UICTUHHOIO
3HAa4YeHUsA Ha BENUNYUHY,
npeacTaBnAaoLLYIO
NOrpewHoOCTb OTAENIbHOro
U3MepeHus.



[1TnaH oO0paboOTKU AaHHbIX
onbITa:



1. Onpeaenutb cpegHee
apudpmMmeTuvyeckoe 3Ha4yeHue

X

n

Xt X, X
X =

n



2. Hantu abcontoTHylO
NOrpeLlHoOCTb KaXxaoro

N3MepeHuns: A x
I

Ax; =Ix- x|



3. Bbluncnutb KBagparthl

a0COJIIOTHBLIX MNOrpeLlHoCTeEN =

A X;



4. OnpenennTb
cpeaHeKBaapaTU4YECKYIo
NOrpeLIHOCTb S .

S, = 2

) n—1



5.Hantmn abcontoTHyto
NOrpeLlHOCTb BCex
N3MepeHunin

A X




Sy
AX = (x,n\/El

0 noBepuTesribHasi BEPOSATHOCTDb

t - Ko3ppuLMNeHT
%N CrblopeHTa,

- A€ N - YUNCII0O USMEPEHUMN.

o = 0,95 ana na6opatopHbIix paboT



t(x r|)<030bCPWLIMeHT CTbloaeHTa

a =095 mnn o =95%

95 %, T.e. 95% pe3ynbTaToB
OT OoOLlero Yyncrna yuTteHo
B NpeAcTaBfieHHOM OTBETe —
AoBepuTenbHOM UHTepBane.



KOOOPULMEHTBI CTBHOOEHTA

M:ntggzw [NoBepuTenbHasa BepOATHOCTb
0.1 ... 0.9 0.95 0.99
1 6.314 12.706 63.619
3 2.353 3.182 5.841
S 2.015 2.571 4.032
10 1.812 2.228 3.169




KoadhdbuumeHT CTbloaeHTa Heobxoaum
Ansa onpeaerneHns abcorioTHOM
NOrpeLHoOCTN BCeX U3MEepPEeHUMN:

S,
AX = toc,n ’

Jn

NoO3BONAET HAUTU AoBepUTeNibHbIN

MHTepBan ( X + A )¢




6.

3anuncartb pesynbraThl
N3MepeHns B BUAE:

) P |)_(iAX,| a = 0,95
|

IFI,OBepI/ITeﬂbeII:;I UHTEepBars




/. BbIYUCIINTb OTHOCUTEJIbHYHIO
NOrpewHoCTb U3MepeHun

AX
g = 100%

X




Ona nabopaTopHbIX
nccrnenooBaHUU

£<5%



H=(200 % 10) cm H=(200% 1) c™m

190 200 210 BbiCcOTa

>
| | |

199 200 201 BbIiCOTa




=(200£10)cm  H=(200% 1) cm

l . AH
= N o = —100%
e | et

H

e = (10/200)%x100% = 5%

e = (1/200)%x100% = 0,5%



Yem ToYHee BbINOSNTHEHbI
N3MepeHuns, TeM MeHblle
abCOosIOTHasA NOrpeLHoOCTDb,
TeM MeHbLUe pa3bpoc
3Ha4YeHum (S,), Tem ocTpee

BepLwinHa KpuBowu Naycca.

H=(200 % 10) c™m H=(200%* 1) c™m

—————————————> | | | >

190 200 210 BbicoTa 199 200201
BbICOTAa




bornee To4yHoOe

“A3MepeHme

MeHee TO4YHOe
fusmepeﬂue

190 199 200 201 210




OBPAEOTKA PE3Y/ILTATOB
KOCBEHHbIX U3MEPEHUW

y = f(x)




ot y = f (X, %, .....)

- pyHKUMOHanNbLHasn
3aBUCUMOCTbD.

¥ = f(x) p—%

5




1. [1na oueHKn norpeLHocTen HeobxoanMo:
Onpepenutb cpenr=2 apudmMmeTnyeckoe

3TON PYHKLUMMN )_/

ncnonbiysda cpeaHmne 3Ha4eHus

X, X, ...






2. Bblumncnutb

cpegHeKBagpaTU4vecKkyto
NOorpewHoOCTb KOCBEHHOW
BelMMYUHbI Sy:

4 N 2

2
S, = o_f S? —l—[a f) S +
Yy N 5X—| X1

\. J



/5’ f\
rae \ éx;

- YHAaCTHbI€e NPON3BOAHDbIE
PYHKLMW,

S cpeaHeKkBagpaTuyeckue
X:
" NOrpeLwHOCTU NpPAMbIX
N3MepeHun.



3. Hantn abconoTHyHo
norpeLwHoOCTb KOCBEHHO

onpegendaemMmoun BeENNYNHbDLI
Sy
Ay — ta,n \/E

{ —

a,n ko3adhduumeHT CTbloaeHTa.
OnpepensioT no Tabnuue.

Ay



4. 3anucaTtb pe3ynbraTt
KOCBEHHbIX U3MEepPEeHNN B
BuAe:

Y = y+A y;, a=0,95

goBepuTten beIVI UMHTEepBan




YKa3aTb OTHOCUTESIbHYIO
NOrpeLwHoOCTb

A
€ = y100%

y




NOMPEWHOCTMA MOMEPEHMS




NMPUBOPHAA NOIMPEWLHOCTD
[ 1oy ogHOKpAaTHbLIX N3MEPEHUAX
MO 3ANeKTponsMepuTernbHoOMy
npnbdopy Heobxoanmo
YUYNTbIBATb KflacC TOYHOCTW

npunobopa.

amnepmMeTpbl, BONIbTMETPbI,
TebMoMeTDhbl. MaHOMETpPbI U Ap.

cb5




JrNeKTponsmepuTternbHble
NNnpubopbI NO cTeneHw
2. ~BTOYHOCTU OENSATCH Ha
8 KNnaccos:




. N \?.\.,.&'..},\u'.llgl.!.h;.-j?.,

A
X

" W\ N

| \% e ﬁ.‘ ¢
*\ R




Yuncno, ykasbiBarwlLee Kracc
TOYHOCTU Npudopa,
obo3HayvaerT ero
OTHOCUTESILHYIO
NOrpeLlHoOCTb, BbIPpaXXeHHYI0 B
npoueHTax.

Knacc ToyHocTu npubopa

OoOO3HayaeTcH: Y



NMoka3zaHue
- Npuodopa

A ‘ 4
- \\m\\lml f
. sV
o
.0\\\\? ¢
V
H906 7 G
1997, 27 @ @

A

f/,f/‘ i
/ 0

.' /‘

-nel 48

NBepxXHUM npegen
LWKanbl Npudopa

!

Knacc TouyHoCcTn




3Haf Knacc TOMHOCTW
npubopa Y n BepxXHUU npeaen
LWKanbl npubopa

(HOMMHaNbLHOE 3Ha4YeHue) XH

Mnn (X )MO)KHO HanTW
npea

aOCONMIOTHYIO NOrpeLlHoCTb
npunobopa.



X
A)C _ }/ npeo
100%

AOcCornTHasA NorpeLHoCcTb Npudopa




OTHOCUTEeNnbHasA NOrpeLlHoOCTb

OTOEeNIbHOro U3MepeHusa paBHa
npou3BeneHno Knacca
TOYHOCTU Npuodopa Ha
OTHOLUeHNe HOMUHalNIbHOWN
BeNU4YUHbI X (X_ n) K

N3MepeHHOW X. xnpe 3
E=Y

X



no npndopy Ha
PUCYHKE Mbl

. ]MOXeMm

4 |3anucars:

v =1,5%

U =10B,

npea.

U=5,6B



T - T 5 -

.2 ,.\m»inulm;/n, N — x

: W Virl,, 8 T

o A, np eo

: NG —
J o 100%
Hsds ﬁﬁﬂn —~ 5 : O
Liss Simn Commad -0 L 75

AL — 1,5% 10 B
100%

U =(56+0,2)B

n3amep.

0.2 B
56 B

~0158=02 B

g 100% = 3.6%



pe3ynbraT COOTBETCTBYET
npegeny AonycTuMou
NOrpeLuHOCTM:
<5%



[TOYEMY npunbop c knaccom
TouyHOCTU 1,5% naer
norpewHocTb 3,6 %~




| | lJ | | | | | ] J J 1

X—X
npen

Y _ T 4 , 3
8_) _ 2\\\\\\\‘m I _Ir_HI/_rm/O 8

T.€. OTHOCUz i o nar 5
MOrpeLLHOCTb N3MEPEHNN
YMEHbLLAETCA.

MunHnmanbHoe 3Ha4vyeHne € =Y



D TeX crniydasXx, Korga HeT Krnacca
TOYHOCTU, abconTHas
norpewwHoCcTbL NpUHUMaeTcs
pPaBHOMU LieHe aeneHus npubopa
WU NOJIOBUHE LeHbl
HauMeHbLUero
AereHus.




1 (POBAHEIE [UTPHXH _ g™ \\

=y __ : o Henesud — 310
\ \ \ _ > \ TP OMEKYTEH MEK Y
e MBYMA JIH OBIMH

OJHAAHIIIMHE 1T PHZAMH




- Hanpumep, npwu

- ™ 13MepeHnU
TemnepaTypbl TEPMOMETPOM,
HauMeHbLLEee AerneHne KoToporo
0,1°C, gonyckaeTtcsa onbka

0,05 °C, npu nameperun
J

NTMHENKOW, HaMeHbLLee %
neneHmne Kotopom 1 M, v

OonyckaeTtcs ownbka 0 5 MM.




Lugbpoebie npubopsbi
ABCOJTIOTHAA norpelHocTb

PpaBHA HaMMEHbLUEMY Pa3pAaay

At =0.01°C




LindppoBon amnepmeTp




B aBTOMaTH4YecKHuX Npudopax
U3MepeHure MOrPeIHOCTH
00BIYHO NMPOU3BOAUTCS
CpaBHEHHEM IMOKa3areJen
ABTOMATHYECKOI0 TOHOMETpAa ¢
pe3yjbTaraMM NPOCJayIMBAHUS
TOHOB KopoTKkoBa.
OnHOBpEeMEHHO U3MepPSAeTCH
BepXHee U HHKHee KpoBsiHoe
NaBJICHUE MEeXaHUYEeCKUM
Croco00M M aBTOMATHYECKHM.
IHoay4deHHBIC Pe3yJabTaThI
cpaBHMBaTCA. CpaBHeHUsA
NMPOU3BOASITCA MHOTOKPATHO.




mrokomeTp Richtest GM-300
NPUMEHSAIOT AN N3MepPEHne

FEaENY

MHOFO(bYHKLIMOHaﬂbeIﬂ N3MepuTesib NIEKTPNYEeCKUX
napameTpoB METREL MI 3102



Kakasa nHdopmauuma
npeacrtaBrneHa B 4aHHOM
AoBepuTenbHOM UHTepBane?

leI = 25,6Kr + 0,4%



X =25,6Kr+0,4%
UM
Ax =0,1 Kr

€=0,1/25,6 - 100% = 0,4%



