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1. Прямое измерение без статистической обработки
[image: image3.jpg]a) Mcxonunbie IaHHBIE

Wsmepsemas peauupHa  MsObiTouHOE JaBiieHHE
YcioBHe NpPOBeeHHS H3-  BHINOMHAIOTCS UeThlpe HaOIIOLEHHs; pe-
MepeHHs JKUM M HaGJ/io/leHds IPHHEMAIOTCA YHOB-

JIeTBOPUTENLHBIME, €CJH OTKJIOHEHHS  He
npesbimaor 0,005 MIla; obpaboTka
NAaHHBIX H BBIUHCJIEHHE IOTPEeIIHOCTeH, KakK
IS OJHOKPAaTHBIX H3MepeHui. Meronuye-
cKas IOrPemHOCTh OTCYTCTBYET
XapakrepucTuka cpefnctBa  Mamnomerp  (BepxXHHi mpexesq H3MepeHHs
H3MEepEeHHs ; 0,25 MIla, xnacc TouHocts 0,6; umesaO
pesenuit  mkaasl 100); moNONHUTENbHEIE
MOrPeIHOCTH U BapHAalMM NOKA3aAHHE Ma-
JIbl ¥ MOTYT He NPHHHMAaThCsd B pacyer

6) PesyabprarTh HabOJdmoOJgeHHHd U H3MepeHHUd

[lonyyensr caefyiomue sHauenusi japienus: 0,045; 0,047; 0,052;
0,061 MIla. Haxomum cpenHee apHdMeTHYeCKOe DE3yJbTATOB HAOIIO-
nenuii Xn==0,048 MIIa M OTKJIOHEHHS pe3yJbT4TOB HAGMIOJEHUH OT
cpefHero  apupMeTHuecKoro: —0,0032; —0,0012; -+40,0038;
40,0028 MIla.

[TosyuenHble  OTKJOHEHHsI  MeHbIle  JTONYyCTHMOH  BEJHYHHR
+0,005 MIla, mosTomMy rpyObIx OLIMOOK HET M 3a pPe3yJabTaT M3MEpEHHs
npuHEMaeM cpeamior BeanumHy 0,048 MIla.

B) Onpejenenne CyMMapHO# NOrpewHOCTH

[ToCKOMLKY KJace TOYHOCTH MaHomerpa 0,6, TO Npexesq AOMyCTH-
Moii OCHOBHOH morpeimrnocts (mpuseseHHo#) cocraBaser =£0,6%, wiu
B abcomotHoi ¢opme ==0,0015 MIIa.

Tak Kak [0 yC/AOBHIO MeTOJHYecKas IMOTPENIHOCTh OTCYTCTBYET, HpH
ompejie/IeHii HEHCKJIOUEHHO CHCTEMATHUECKOH TNOTPEelHOCTH  yuTeM




[image: image4.jpg]{OJIbKO CYyOBEKTHBHYIO MOIPEillHOCTh B padMepe !/, MHHMMaJbHOrO memé-
HHSI MAaHOMETPa, YTO COCTaBiaseT B abcomoTHOH ¢opme =+0,0012 MIla.

Fpanuuy cyMMapHOH HEMCKJIIOYEHHOH CHCTeMaTHYeCKOH IOTpelHo-
CTH HaifeM no gopmyne (I—23a)

Axy = 1,1/ 0,00152 4 0,00122 = 0,0021 MTa.

B orHocurensHoit ¢opme 6p=4Y%.
OKOHUATEJbHBIA PE3YAbTAT 3alHIIeM B BHAE

p = 0,048 + 0,0021 MIla.





2. Косвенное измерение без статистической обработки

[image: image5.jpg]a) HcxogHble TaHHH €

Hsmepsiemass BejHuMHA X0J10/10TIPOH3BOJUTENBHOCTh MAIUHHB MO
¢popmyie Q:mTHCTH(tTHl_tTH2),
Ileé Mqm — MACCOBHIH DPACXOX TEIIOHOCH-
Tedst (Kr/c), MojyuaeMbifi NPAMHIM H3Me-
peHHeM;
Crn — yJeJbHasi TEeIUVIOEMKOCTb TeIJIOHO-
cutens [Jx/(xr-K)], mnomyuaemas wus
COOTBETCTBYIOIHX Ta6JIHI;
truy M fymp— TeMIEPATyPa TENJIOHOCHTE-
JIl COOTBETCTBEHHO Ha BXONe B HCIapH-
TeJb H BhIXoAe H3 Hero (°C), moayyaemas
NPSAMBIME H3MepeHHSI MK

Yenopus mposefenns us-  Kaxkjas cocraBisiomas —BeqHuMHA OIpe-

MepeHHs JesieTcss M0 YeTEIpeM HaG/IoLeHHsM; pe-
KHM M HaOMIOAEHHS] CYMTAIOTCS YHOBJET-
BODHTEJbHBIMH, €CJIH OTK/JIOHEHHE OT Cpen-
Hell. BeNHUMHBEI He NIPEeBHIIIAET LOMYyCTHMOMH
OCHOBHOH  NOIDEUIHOCTH CpPEACTBA H3Me-
pEHHS; METONHYECKYI0O H CYGBEeKTHBHYIO
TIOTPEIIHOCTh He YYHTHBaTh. (O6paboTKy
JIaHHBIX M BBIYHC/JEHHEe MOTPelIHOCTeH Mpo-
H3BECTH, KaK JAJs OJHOKDATHEIX H3Mepe-
HHH; IIOTPEUIHOCTb HAaXOXKIEHHs BeJHYH-
HBl Crm anHﬂbeo)S% (6¢=0,005)

XapakTepucTHKa cpeacTs 1. Pacxomomep c BepXHHM MpeNeJOM Ha3-
i13MepeHHH mepenu#l 6,3 /4, Kmacc tounoer: 1,5.
2. Tepmomerphl ¢ ueHOH menenns 0,1 °C u
JONYCTHMOH TorpemHocthio =0,2 °C

6) PesynbraTh HaGAOAeHHE H H3MepeHHS

1. TMonydeHsl crefyiolide 3HAUeHHsT MaccoBoro pacxoia (B t/u):
b 52; 5,1; 5,1. CpenHee apupMeTHuecKoe 3HAUEHHE paBHo 5,1 T/u.
MakcumanbHOe OTK/IOHEHHe OT cpejHell BeqHuuHBI cocTasiser 0,1 T/u.
Kuaccy 1,5 u BepxneMy mpegmeny 6,3 T/4 COOTBETCTBYeT MONyCTHMELA
lipesest abcomoTnoit norpemrHoctd 0,1 1/u.

CiienoBartesbHo, OTKJIOHEHHE OT CPeJHEH BENHUHHHI He MpeBHINAET
/lONYCTHMO} MOrPEIIHOCTH PacXxoa0Mepa, H B PacueT NPHHHMAIOTCS BCe
Habnonerns. Pesyiprar nsmepeHHs pacXofa paBeH cpeiHell apHe-
MOTHYECKOH pesyanbTaToB HaOmiomenui: 5,1 T/u=5100 krju= 141 kr/c.




[image: image6.jpg]9. TMonyuenn caeayioune sHaueHis TeMnepaTypsl fza; (°C): 11,8;
12,3; 12/4; 12,3, Cpeanee snauenwe cocrabiaser 12,2 °C. Ha6umionenne
11,8 °C orGpachiaercs, T4k Kak NPeBOCXOAHT MPEAEa AONYCTHMOM IO-
rpemnoctd remueparyp (0,2 °C). Peayunrar HsMepeHus TeMneparypel
Lonp ONpefeUIsiercss KAk cpejjHee apu(pMeriueckoe ocTaBUIEXCS TPeX 3Ha-
uenuit 1 pasen 12,35 °C,

3. Tlosyuens! cuaeylouue sHaueHus teMneparypel frmp (°C): 5,1;
51; 4,9; 49, Cpenuee apupMernueckoe suayenue 4,95°C. ITockoapky
orkjonenust 6onbme 0,2°C per, Benuuuua 4,95 °C mpuHuMaercs 3a pe-
3yJ/IbTAT H3MEpeHHsI.

4., HaxoluM HCKOMYIO XOJOZONDOH3BOJAMUTENLHOCTD

Q = 1,41:4,2 (12,35+4,95) = 43,8 kBt
[Bemunna crn mpumsTa paBmoi 4,2 kIx/(xr- °C)].
B) OnmpeneneHHe CcyMMapHOH NOTPEMHOCTH

1. Haxonum rpanuuy a6CoJIOTHOH NOTPEIHOCTH H3MepeHHs pasHo-
ctu Temneparyp (I—31):

A(AY) = 1,1/ 2(0,2)2 = 0,31°C,
HJH B OTHOCHTEJbHOH (opMe
4 = 0,31/(12,35—4,95) = 0,042 (4,2%).
2. HaxonuM rpaHHIy OTHOCHTENbHOH INOTPENIHOCTH  H3MepeHHs
pacxoza : :
%, = (6,3/5,1) 0,015 = ~ 0,018.

3. Haxonmm rpaHuny OTHOCHTEJbHOH NOTPEMIHOCTH H3MEPEeHHs XO-
JI0AONpoKU3BOAHTENbHOCTH (I—29):

dmQ = 1,1 ]/ B2t at = L] ]/ 0,0182 - 0,0422 4- 0,0052 =
= 1,1.0,046 = 0,051 (5,1%).
4. I'panuna aOCOMIOTHOH IOTPEINHOCTH H3MEPEHHA XOI0JONPOH3BO-
JHUTETLHOCTH:
AQ = 43,8.0,051 = 2,23 xBr.

5. OKOHUaTeJbHEIl Pe3yJsbTaT:
Q = 43,842,23 kBr.




3. Прямое измерение при многократных наблюдениях со статистической обработкой

[image: image7.jpg]a) McxoaHBHEe NaHHHEE

Hamepsiemast Benuunua
YCJI0BHSI TPOBEJEHHA H3-
MepeHHs

XapakTepHCTHKA CpejcTBa
H3MepeHHs

H36erTouHOe [aBieHue
Bemonnsaerca 10 nabaioneHudi; o6paborka
CTATHCTHYECKAsl C JOBEPHTEJbHOH BEpOST-
Hocteio 0,95; B KauecTBe HEHCK/IIOUEHHON
CHCTEMATHUECKOH MOTPEeLIHOCTH HpHHHMA-
eTcsl IpejeJ JOMyCTHMON OCHOBHOH IIO-
PPEIIHOCTH CPeJCTBA H3MEepEeHHs
Manomerp, BepXHHHA TIpefes H3MepeHHS
1,0 MIla, knacc Tounoctn 0,4




[image: image8.jpg]6) PesyabTaThH HaGAIONEHHA H H3MEPEHHUd
1. TMomyuyeHBl CciefyloOliHe pe3yJbTaThl HaGJIIOJeHHH:

N maGuroeHns 1 2 3 4

3unauenne mabaenus, MIla 0,710 0,705 0,670 0,700 0,705
No HabuaroneHus 6 7 8 9 10
3unauvenne nasaenus, MIla 0,705 0,710 0,700 0,700 0,690

2. Haxomum cpenHee apHpMeTHYeCKOe 3HAYEHHE pe3y/bTaTOB Ha-
Guionennit (I—15): X,=0,698 MIla (n=10). 0,69%

3. Haxogum u orGpackiBaeM rpyOnle OmMOKH B HabuaiomeHusax. s
9TOrO BBIUHC/ISIEM OTKJIOHEHHS 3HAUeHHH  HaOJIOJEHHH OT CpPeRHEro
apu(pMeTHUECKOr0 3HAUYEHHSA:

Ne Habuaronenus 1 2 3 4 5
OTKIOHEHHsI OT CpeJHEero -

apudMeTHIecKoro

Xn—2x;, MIla —0,012 —0,007 —0,028 —0,002 —0,002
Ne nHabaroneHns 6 7 8 9 10
OTK/JIOHEHHA OT CPEXHEro

apuhMeTHIECKOTO ;

Xn—x;, MIla —0,007 —0,0 12 —0,002 —0,002 —0,008

ITo ¢opmyne (I—16) ompenensieM cpelHee KBajpaTHUECKOE OTKJIO-
HeHHe pe3yJbTaToB HaGJII0NeHH

o(Xn) = ‘/—_1— T (X, — x,)? =0.009 MlTa.

n-1i-1

ITo ycnoBuio pesyJjbraT, AJS KOTOPOTO BHIIOJHSETCS HePaBEHCTBO
(I—17), saBngerca rpy6oi oun6GKoii:

X, — x; > 30(X,) = 0,027 MIla.

DTOMy YCJIOBHIO YAOBJETBOpsieT HaGmomenue Ne 3, kKoropoe, Kak
rpy6ast ommubka, oTépacblBaeTcs.

4. OmpegnenseM pesyJbTaT H3MEpeHHS Kak cpeiHee apubMmeTHue-
CKOe OCTaBIIUXCS pesynbraTroB Habmogenui (I—18) npu m=9:

Z

L
Xm__wh;z x; = 0,701 MIla.
=l

B) OnpeneneHnue NOBEePHTENbHON TPaHUI B
CAIy4ya¥HOH MOTDEWMHOCTH

1. HaxomuM OTKJIOHEHHsS OCTaBINUXCA HAOJIONEHHH OT BeJIHUH-
bl Xm:

Ne wabGmioneHus 1 2 4 5 6
(OTKJIOHEHHST OT cpe;mero —0,009 —0,004 40,001 —0,004 —0,004
snayenuss Xm—x, MIla i

No HaGuroneHus 7 8 9 10
(OTKJIOHEHHA OT CpeIHero !
jnaveHuss Xm—x, MIla —0,009 0,001 --0,001 40,011




[image: image9.jpg]9. HaxomuM cpeaHee KBaJpPaTHUECKOE OTKJIOHEHHE De3yJbTaTOB-
HaBIIOleHHRI, FIDH m=9 (1—20):

> 1 e
c‘(Xm) e l/——_—_ p (Xm “‘Xj)z o 0,0022 MITa.

m(m —1) i=1

3. VuureiBad, yTO unca0 HaGmojeHud Menbiie 20, MpuMeHseMm pac-
npenenenye Croiofenta. [as m=9 1o NpUBEJEHHBIM BHILIe TAHHHIM
(cM. Ta6n. I—1) naxomum t=231, Ilo dopmyse (I—I13) onpenensiem
JIOBEPHTENbHYIO IPAHULY aGCOMOTHOH CAyYaHHOH IOrPEINHOCTH: AXcn=
= 10(Xm) =2,31-0,0022=0,0051 MIIa, nix B OTHOCHTEIBHON (opMe

Ax
oo iS00k g s aae)
Ny 0,701

r) OnpefeJenHe TPAHHLB CYMMapHOH{ MOTPEMHOCTH

1. HeunckitouenHass aGCoMOTHAsi CHCTeMaTHUeCKasl NOTPelHOCTh Ma-
HOMeTpa (MHCTPyMeHTaJbHAs NOTPELIHOCTb) IO YCIOBHIO paBHA mpere-
JIy JOTMYyCTUMO} OCHOBHOH MOTPELIHOCTH:

Axty = 1-0,004 = 0,004 MITa.

2. OmpenensieM TPAHHNY CYyMMapHOH TOPPEIIHOCTH, A/ 4Yero Mo
dopmysam (I—33) n (I—34) ompenensieM BeJHYHHHL:

A2 v 0,004y2 e
oo ‘/ Fun | o ‘/ A 3_) + 0,00222 = 0,0032 MITa;
3 X

Aten|-Aduw  _ 0,005140004 _ o

k
0,004
i 2 (e
(%) ‘/Axlm 0,0022 + -
3

B 3t ¢opMyasl MOACTaBIEHO AXo=AXun,
['paHHna CyMMapHOH morpeinoctd mo gopmyne (1—32):

Axs = kcz = 0,0032-2 = 0,0064;
Axy

0,0064
by = —— = (——) = 0,0091(0,91%).
b 0,701

3. OkoHyarteJbHas BeJHYHHA H3MEepEeHHOro JIaBJ/JIEHHS

p = 0,701 + 0,0064 MITa.




Задания к самостоятельной работе

Задание 1

Определить суммарную погрешность при прямых измерениях 

а) без статистической обработки;

б) со статистической обработкой
[image: image10.emf]
Задание 2

Определить суммарную погрешность при косвенных измерениях

[image: image11.emf]
[image: image12.emf]
Задание 3

Определить границы суммарной погрешности  при 

многократных  измерениях со статистической обработкой
[image: image13.emf]
б) Результаты наблюдений и измерения
Получены следующие результаты наблюдений:

	Номер наблюдения
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Значение давления, МПа
	0,710
	0,705
	0,607
	0,700
	0,705
	0,705
	0,710
	0,700
	0,700
	0.690
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