JIABOPATOPHBIE PABOTbI

pou. Kownskosa U.T.
JTabopaTtopHas paboTta Ne1
«KOCBEHHbIE UBMEPEHUA ®U3UNYECKUX BEJNTUMUH»

1 Uenb paboTbl: OCBOUTbL METOAMKY BbIMNOMHEHUS KOCBEHHbIX U3MEPEeHUn, MONy4YnTb
HaBblkM B onpeaeneHnn HeobxoanMoro Yncna N3MepeHun.

2 O6opynoBaHue:

2.1 leHepaTtop 4-158

2.2 Ocuunnorpad C1-54

2.3 MarasuHbl conpoTtusneHunin: MM3OC P4834, P33

2.4 CteHa nabopaTopHbIN

2.5 CoegnHuTenbHbIE NpoBOAA

3 O6beKT nsmepeHuun (cMm. npunoxerHue A):

3.1 KoHpgeHcaTop

3.2 KaTyLwka nHayKTMBHOCTHU

4 O6Lwme NonoXeHus

4.1 KocBeHHbIE U3MEPEHUS U NOPSAOK MNOMYyYEHUS UX pe3ynbTaToB

KocBeHHOE namepeHne — aTo n3aMepeHune, Npu KOTOPOM 3HaYeHne PU3n4eckomn BENNYMHbI
A onpegensitoT Ha OCHOBaHUWN pe3ynbTaToB U3MEPEHNN APYrMX (PU3MYECKUX BESTUYMH ai,...am,
PYHKUMOHANMBbHO CBA3aHHbIX C MCKOMoW. [lpy 3aTOM wm3amMepsiemass BennuMHa A cBsidaHa C
n3mMepseMbIMM apryMeHTamMu ai,...am 3aBUCUMOCTbLIO:

A = f(as,...,am), (1)
roe ai...am — 3Ha4YeHUs N3MepsieMbIX aprymMeHTOB.

KocBeHHble n3MepeHusa pasfensaoT Ha [Ba Buaa: nNpu NUHENHOW 3aBUCUMOCTU MexXay
n3MepsemMon BESNIMYMHON U U3MepSieMbiMU aprymeHTamm U Mnpu HenuHemHou 3aBUCUMOCTU
mMexagy Humn. B nabopatopHon paboTe paccmaTpuBalOTCA KOCBEHHbIE M3MEPEHUSI BENUYMH,
onpenensemMblX HENUHENHLIMU OYHKLMSMN.

[ns NOBbIWEHNS TOYHOCTU peaynbTaTta KOCBEHHbIX U3MEPEHUI, N3MEPEHNS apryMEHTOB
NPON3BOAAT MHOMOKpaTHO. TOYHOCTb pesynbTaTta WU3MEPEHU OLEHMBAKOT O0BEPUTENbHBIM
WHTEepBarnom, B KOTOPOM C 3afjaHHOM BEPOATHOCTbLIO P ByaeT HaxoauMTbCsl UICKOMbIN NapameTp:

A-g <A< A+e, (2)

roe A — nckomas BenuuuHa; A — cpefHee apudMeTMyecKkoe 3HavyeHne U3MepsieMoun

BENMUYMHBL. & — [OBEpUTENbHblE [PaHULUbl MNOrPELWHOCTN pesynbTata W3MepeHun, Ans
HOPMaribHOro 3aKoHa pacnpeneneHns onpeaensaTcsa no popmyne: & =tpx oln, (3)

rae N — 4Yncro namepeHunt: ty — koadpduumeHT CtotogeHTa (cM. npunoxeHue b): o— CKO
pesyrnbTarta u3amepeHun.

OKOHOMUYECKM  Lenecoobpa3Ho  npedBapuTenbHO  onpedensaTs  MUHUMAIbHO
HeobxoQMMOe 4MCIIO UM3MEPEHUN AN MNOMyvYeHUsa pesynbTaTta U3MepeHun c Tpebyemon
TOYHOCTbI. TOYHOCTb WM3MEPEHWU 3afaeTca AOBepUTENbHbIMU FPpaHULAMWU:  OTKITOHEHWEM

£ 3HAYEHUS ICKOMOW BENUYMHBI OT CPeAHEro apudmMeTnyeckoro A 1 CpeaHnM KBagpaTu4eCckum
OTKJTOHEHNEM S.

Uncno namepeHuii n onpegensietcs ua opmynbl (4): n>(tpxS/ ¢)? (4)

4.2. OnpegeneHne napamMeTpoB ANIEKTPUYECKMX SNIEMEHTOB C NOMOLLIbIO U3MEPUTENBbHbLIX
MOCTOB

B nabopaTtopHon paboTe paccmaTpuMBalOTCA KOCBEHHbIE W3MEPEHMSI MapameTpoB
KOHZEeHcaTopa: akTUBHOIO CONpoTUBMEHUst Ry, eMkocTu Cy, TaHreHca yrna notepb tgd. TaHreHc
yrna notepb tgd xapaktepusyeT yaenbHble AU3NEKTPUYecKne noTepy aHeprum B KOHAEHCATopE,
T.€. MOLLHOCTb, paccemBaeMyto B eanHunue obbema BeLwecTsa, U onpegenseTca no opmyne:

tgo=wxCxxRy, (5)



rae w — 4actoTa HanpskeHus nuTaHua.Yem OGonbwe tgd, Tem 6Oonblie Harpes
AN3NEKTPpUKa B ANIEKTPUYECKOM Mone.

N3mepeHuss napameTpoB anekTpuyeckux uenen Cyx  Rx npoussBognTcs nNpyv NOMOLLN
MOCTOB NEPEMEHHOro ToKa, TaK Kak OHK obecnevnBatoT BbICOKYH TOYHOCTb U YyBCTBUTENBHOCTb
npu oTHocuTenbHOW npocToTe. Cxema wu3mepeHun (puc.1) npegcraBnsetr  cobon
YyeTbIpexnneymin ypaBHOBELLUEHHbIM MOCT NMepeMeHHOro Toka. VICTOYHUMKOM MuUTaHuA sBnsieTcH
reHepatop G. [1na 6anaHcMpoBaHMst MOCTa HEOBXOOUMO MMETb HE MeHee OBYX perynmpyembix
3r1IEMEHTOB (TakoBbIMU ABNANOTCA MarasuHbl conpoTtusneHun). CoctosiHne 6anaHca pukeupyoTt
no Hyneeomy nokasaHuto uHamkatopa HW. Moct 6anaHcupytoT MeTogoM nocrieaoBaTernbHbIX
NPUBAMXKEHUI: NOOYEPEAHO PErynupyoT Kaxabli U3 35IEMEHTOB 40 NOMyYeHUsS MUHUManbHOro
nokasaHusi uHgukatopHoro npubopa. [Ons nydwen cxogumoctu Mocta B KadvectBe HU
NPUMEHSIOT ocuunnorpad, B KOTOPOM Ha OAHY Mapy OTKIOHSAKLWMX NIacTUH NogarT OnopHoe
HanpsbkeHue, a Ha OPYry — HanpsbkeHne B uU3MeputenbHon guaroHanu. NMpn 3TOM MOXHO
cyauTb 06 n3amMeHeHnn, Kak Mogyns, Tak U drasbl HanNpPsKeHUs!, YTO NO3BONSAET YCKOPUTb NnpoLecc
©anaHcnpoBKU.

M3mepeHne emMKOCTU npou3BOAMTCS MO cxeme ¢ obpasuoBbiM KoHaeHcaTtopom Csz u
nepemMeHHblMn pesuctopamm R2 n Rz (cm.puc.1). Uccnegyemblt koHAEHcaTop npeacTaBneH
(3amelyeH) nocnegoBaTenbHbIM COoeauHEHMEM eMKOCTU Cx U aKTUMBHOIO COMNpPOTUBIIEHUS Ry ,
00yCcnoBneHHOro nNoTepsiMmn B KOHAEHcaTope.

% %\q R,

Puc.1. Cxema mocTa ans namepeHuin eMKOCTU U TaHreHca yrna notepb
3 ycnosus paBHOBeCUKSI MOCTa: Rx= R2xR3/R4 (6)
Cx= C3x R4/R2 (7)
B kayectBe O0AHOrO W©3 MNepeMeHHbIX COMNPOTUBMIEHUA  UCMOMb3yeTcs  MarasviH
conpotusneHmn MMOC P4834, nogknioyarwmnnes K MamepuTenbHOW Lenn B COOTBETCTBUU C
Tabnuuen.
YcTaHoBKa Npenenos namepeHuin marasnHa conpotusneHnn MM3C P4834

Mpegensl navepsemoro 0,01- 0,1- 1,0- 10- 100- 10000-
conpotuenenusi, Om 0,1 1,0 10 100 10000 1000000
3aXnmbl, ncnonb3yemble ans 8-9 7-8 6-7 5-6 34 1-2
NOAKNYEHUs

5 MopaaokK BbINOMIHEHUSA PaboThbl

5.1. OdbopmnTb OTYET No NabopaTopHOM paboTe B COOTBETCTBMM C NpUIoxXeHnem B.

5.2. O3HaKOMUTBLCS C OOLLMMKN NOSNTOXKEHNAMM METOLNYECKNX YKA3aHUN.

5.3. B cooTBeTCTBMM C 3agaHnemM cobpaTtb cxemMy nameputensHoro mocta (puc. 1).

5.4. Paccuntatb Heobxogmmoe 4mcro unamepeHun no gopmyne (4). [laHHble 3aHECTU B
Tabn.1 npunoxeHwus B.

5.5. lNMpousBecTn paccuntaHHOe 4YUCIO U3MepeHwun. Pesynbtatbl 3aHecT B Tabn. 2
npunoxeHuna B.

Heobxoaumoe KonMyecTBO 3KCNEpMMEHTanbHbIX AaHHbIX HabupaloT, 3agaBas BENUYMHY
COMPOTUBIIEHNA HA OAHOM MarasuHe COMPOTMBIEHUW, W YpaBHOBELUMBAA MOCT OpYyruM
MarasvHOM COMPOTUBIIEHUMN.




6 CnUcoK pekoMeHAYEMOW NnUTepaTyphbl

6.1. AptembeB b.I, Tony6es C.M. CnpaBo4yHoe nocobue ana paboOTHUKOB
mMeTpornormdeckux cnyx6. — M.: M3g — Bo ctangapTos,2003.

6.2. AtamansaH 3.I. MNMpnbopbl 1 MeToabl M3MEpPEHUa anekTpu4ecknx sennumH. — M.: Uag
— Bo [poda, 2008.

6.3. OdeopsawunH B.B. OcHoBbl MeTponorum u pagnonsmepeHus. — M.: Pagmo n cBasb,
1993.

6.4. EBTuxees H.H., Kynepwmnar A.A., Nanynosckui B.®., Ckyropos B.H. 3amepeHus
ANEKTPUYECKNX N HEINEKTPUYECKUX BENUYMH. — M.: QHeproatommnagat, 1990.

7 KOHTPOJIbHbIE BONPOCHI

7.1. Kakne namepeHmst OTHOCATCS K KOCBEHHbIM?

7.2. Kak onpegenutb HeobxoaMMoe KONMyYecTBO N3MepeHnin?

7.3. YTO xapakTepusyeT 1 Kak onpeaensieTca TaHreHc yrna notepb?

7.4. lMpnBecTn cxemy N3MepuUTENbLHOO MOCTa N pacdeTHble dopMyIbl ANs onpeaeneHuns
napameTpoB KOHAEHcaTopa.

7.5. Kak opraHmszoBaTb MHOIOKpaTHbleé KOCBEHHblE UW3MEPEHUS NapamMeTpoB
KoHAOeHcaTopa?

MpunoxeHne A
3apaHuve Ha BbInonHeHne nabopaTopHon paboThl

O6beKkT nsmepeHus KoHaeHcaTtop, eMKoCcTbio Cx, MK®

Ne BapunaHTa 1 2 3 4 5
HomuHanbHble. 3HaveHus 005 0,25 05 1 2
[loBepuT. BepoAaTHOCTbL P 0,97 0,96 095 0,98 0,99
['paHuLUbl OOBEPUT. MHTEpPBaNa € 0,01 0,025 0,025 0,1 0,2
CKO o 0,0146 0,046 0,036 0,122 0,233
lMocTosiHHOEe conpoTuBnieHne Om 1 10 20
O6pasuoBbit KOHOeHcaTop, MKD C3=0,05

YacTtota nepemeHHOro HanpsxeHna F, kl'y, 10

MpunoxeHne b
KoacbdpuumeHT CTblogeHTa tp
BepoatHoctb P 0,95 0,96 0,97 0,98 0,99

Koad. 1,960 2,054 2,178 2,326 2,576

CrtblogeHTa tp

[MpunoxeHne B
dopma oTyeTa
1. Uenb paborthbl



Ob6opynoBaHue

OBBEKT U3MEpPEHUN N n3MepsieMble napameTpbl (Mo BapnaHTy Ne )
Cxema M3MepuTenbHOro MocTa

PacueT HeobxoaMmoro Yncna namepeHun

arwn

Tabnuua 1 — OnpeaeneHne yncna n3amepeHuni
BepoaTHocTe P [loBepuTenbHble CKO o KoadppuumeHt  Yucno namepeHumn

rpaHnubl € CTblogeHTa tp n

Tabnuua 2 — Pe3ynbTaTtbl U3MEPEHUN

Ob6bekT Ne Wamepe N3mepsemblii napameTp
USMEpEHI — MSM — H-Hble aKTUBHOE eMKocTb Cy;
v epe  3HateH COMpPOTMBIIEHU
HUs  ns, Om
’ O e RXJ

R2 R4 in:: RzX R3 CXi: C3 x R4

R. R.
(Rs= ) (Cs= )

KoHoeHca

TOpP

gou. Kownsgkosa U.I".
JTabopaTtopHas pabota Ne2
«OBPABOTKA PE3YJ/IbTATOB KOCBEHHbIX U3MEPEHWA»

1 Lenb paboTbl: NONYy4YMTb HaBbLIKM B NpoBeaeHun obpaboTkm pe3ynbTaToOB KOCBEHHbIX
N3MepeHnn.

2 O6wWwme NonoxeHusa

KocBeHHble nU3MepeHusa pasfensaT Ha [Ba Buaa: nNpu NMHEMHOW 3aBUCUMOCTU MexXay
N3MepsieMon BESNIMYMHOWN U N3MEPSEMbIMM aprymMeHTamMu M npu HErIMHENHOM 3aBUCUMOCTU
mMexagy Humn. B naGopatopHon paboTe paccMaTpuBalOTCs KOCBEHHbIE U3MEPEHMUSI BEJTMYUH,
onpeaensieMbiX HeNUHEHbIMK yHKUMAMK. [Ona o6paboTkm pe3ynbTaToB MCMONb3YHT METoa
NUHeapusaunn, npegnonararoLLnn pasnoxeHue B pag Tennopa:

f(as...an)=f(ar,..am )~ §2 1., +R (1)
=l A '

- = y = of
roe f(ai,...am,) — PYHKUMA n3MepsemMon BennymMHbl A B ToYKaxas,...,am: & nepsas
i
npousBogHas oT oyHKuMm f No ai — aprymeHTy, Aa; — OTKIOHEHME OTAENbHOro pesynbTara i-ro
aprymeHTa OT ero cpefiHero apmMeTU4YecKoro;
R — octatoyHbIn uneH psaa Tennopa:



RzlgaZf '(Aai)2 @

23 z
roe gaz f (A )2 — MONHbLIN auddepeHuman BTOPOro nopsiaka ¢OyHKUWOHAaNbHOM
SUP
3aBucMMocT f B YaCTHbIX NPOU3BOAHbIX.
2
m af -
OcTaTo4YHbIM YrIleHOM MOXHO npeHebpeyb, ecnn R<0,8 Z(a— -D(ai) (3)
i-1 \ 08,

rae D(ai) — aucnepcusi oT M3MepsieMblX apryMEHTOB &, .
OTknoHeHus1 Aai OMKHbI BbiTb B3ATbl U3 BO3MOXHbIX 3HAYEHWUIA NOrpeLLIHOCTEN TakuMu,

4TO6bI OHM Makcumuauposanu pyHkumio f(ai+ Aai,..., am+ Aam).

BLIUMCIISIOT pe3ynbTaT namepeHnii A=f(ai....,an) (4)
n cpegHee kBagpatmyeckoe oTknoHeHne (CKO) pesynbTtata usamMepeHuin:

S5 = Z[%J s%(a) 5)

i=1

[na noBbIWEHNA TOYHOCTU pesysibTaTa KOCBEHHbIX M3MepeHMV1, M3MepeHnda aprymeHToB
npon3BogAT MHOIOKpPaTHO. ToYHOCTb pesyrnbTaTa I/13MepeHVIIZ OoueHMBarwT OoBepUTesibHbIM
MHTEPBAJIOM, B KOTOPOM C 3agaHHoMn BEPOATHOCTbLIO P 6y/:|,eT HaxXo4UTbCA UCKOMbIN napamMeTp:

A-g <A<A+s, (6)

roe A — nckomasi BenumumnHa;, A — cpegHee apudMeTMYeckoe 3HauyeHue M3MepsieMOou
BENMUYMHBLI, & — [JOBEPUTESIbHbIE T[PaHULbl MNOrPELHOCTN pe3ynbTata W3MepeHun, ans
HOpPManbHOro 3akoHa pacnpefeneHnst onpeaensaTca no popmyne: g=tp><S/\/Z : (7)

rae N — 4Yncno uaMmepeHun: tp — koadbdumumeHt CtotogeHTa (cm. npunoxeHne A):S — CKO
pesyrnbTarta u3amepeHun.

3 Mopanok BbINOMHEHUA PaboThbl

3.1. OdbopmunTb OTYET No NabopaTopHOM paboTe B COOTBETCTBMM C NpUIioxeHmem b.

3.2. O3HaKOMUTBLCA C OOLMMM MONOXEHUSIMU METOOUYECKNX YKa3aHWIA.

3.3. PaccuuTtaTtb cpegHue apumeTmyeckme 3HavyeHus: a-L13a,; (8)

, (9)

onpeaenvTb HaubonbLUME OTKIIOHEHMS apryMEHTOB OT CpefHero apugmeTuyecKoro
3HaYeHus: Aq,, = ‘aij _ ai‘ (20)

3.4. PaccunTaTb YNCNOBblE XapakKTEPUCTUKN Pe3ynbTaToB U3MEPEHUN CONPOTUBIIEHNSA Ry
n eMkocTn Cx KoHgeHcaTopa no gopmynam (4) un (5).

[aHHble 3aHecTn B Tabn.1 npunoxexus b.

3.5. O6paboTtatb pesynbTaTbl KOCBEHHbIX U3MEPEHUN tgo.

3.5.1. PaccumtaTtb OCTaTtOu4HbI YneH R pasnoXeHna HeNMHENHOM QYHKUMKM B psag
Tennopa no dopmyne (3).

3.5.2. CpaBHWTb nony4YeHHoe 3HadyeHne R ¢ unucnoebiM 3HadeHnem 0,8S5;,

max

onpegensembiM no copmyne (5). Ecnn R<0,8S;, 1o ero 3HaveHuem npeHebperaioT; ecrnm

R>0,85;, To Ha ero 3Ha4eHune yBenM4MBaloT pe3ynbTaT KOCBEHHbLIX M3MEPEHUI.
3.5.3. Bbluncnutb pesynbtart uamepeHun no opmyne (4).
3.5.4. Paccuntate CKO pesynbtatoB uamepeHun S; no copmyne (5) u gucnepcum

D :SAZ. PesynbTatbl pacyetos no n.n. 3.5.1 — 3.5.4. 3aHecTn B Tabn. 2 npunoxeHunsa b.



4 CnNUCOK peKoOMeHAYye MO NUTepaTtyphbl

41. AptembeB b.I'., Tonybee C.M. CnpaBoyHoe nocobue ana paboTHUKOB
mMeTpornormdeckux cnyx6. — M.: M3g — Bo ctangapTos, 2003.

4.2. AtamansH 3.I". Mpnbopbl 1 MeToabl UBMEPEHUS ANEKTPUYECKNX BENUYMH. — M.: N3g
— Bo [poda, 2008.

4.3. OeopswunH B.B. OcHoBbl MeTponormn u paguounsmepeHnsa. — M.: Pagno u cBaA3sb,

1993.

4.4. KownskoBa W.I'., BaraHos B.A., AtoaH T.B. [llpaktukym no wmeTpofsiorum u
ctaHgapTtusauuun. — PoctoB H/[.: N3a. ueHtp A TY, 2013.

5 KOHTpPOJIbHbLIE BONPOCHI

5.1. Kakne namepeHnsa oTHOCATCH K KOCBEHHbIM?

5.2. TpuBectn nopagok o06paboTknm pesynbTaTOB KOCBEHHbIX W3MEpeHun AOns
HENUHENHbIX (PYHKLNNA.

5.3. Kak onpegensieTca TaHreHc yrna notepb?

5.4. BbiBecTn pacyeTHble dopMysibl Ans onpegeneHna octatodHoro yneHa R u CKO
TaHreHca yrna notepb KoHAeHcaTopa.

5.5. Kak BbluMCNUTb pesynbTaTt U3MepPEeHUn TaHreHca yrna notepb?

MpunoxeHne A
KoadppumuymeHT CTtblogeHTa tp
BepoarHoctb P 0,95 0,96 0,97 0,98 0,99

Koad. 1,960 2,054 2,178 2,326 2,576

CtblogeHTa tp

MpunoxeHne b
dopma oTyeTa
Llenb paboThl

PacyeT xapakTepuCTUK pe3ynbTaToB KOCBEHHbLIX N3MEPEHWI

Tabnuua 1 — Pe3ynbTaTbl KOCBEHHbLIX U3BMEPEHMWIA CONPOTUBIIEHNSA N EMKOCTU

O6bektr  No Hsme- N3mepsembiil mapamerp
u3Mepe HU3ME€ pEHHbIE
AKTUBHOE eMKocTh Cx
HUU pe- 3Haye-
COTIPOTHUBJICHHE
Hust | Hust, OM R
X

R2 Rs Ry AR=( Cy ACy’=

Rxj- =(Cy-

- Rx)2 Cx )2



Kon-

JCHCa-

TOp
Cymmer = - = YRy XARk?
OLEHKH CpeHUX R, =
3HA4YCHU I
CKO s [ 3 j =
Hucniepcus D (Ii j =
HauGonbmee otkionenne  ARmax=(Rxj-

é X )max=

ZCX] ZACXIZ

Ameax:(ij'

é X )max=

Tabnuua 2 — Pe3dynbTaTbl MIBMEPEHUI TaHreHca yrna notepb

HanmeHoBaHne pacyeTHON

BEJIMYUHDbI

DyHKUMA onpeaeneHus

(w=27F)

OcTaTo4HbIN YneH psaga

Tennopa R

CKO namepsiemoro napameTtpa

lMpoBepuTb HEPABEHCTBO

BeiBOm o0 BnungHum R Ha

pe3ynbTaT U3MepeHus

Pesynbtat namepeHui

TaHreHc yrna norepb tgo

tgéS:wXCxXRx

W xACxmaxxARxmax=

S(tg8)=wx [R*xp[C)+C, DR )=
R<0,8xS(tgd)

enuaemlHe snusem

190=wxc xR, tR=



pou. Kownsakosa W.I"., gou,., kKaHA.TexH.Hayk XnebyHoB A.O.
JTabopaTopHaa pabota Ne3
«COBOKYMNMHbIE USBMEPEHUA ®USUYECKUX BEJNTMUYUH»

1. LUenb u 3apaum paboTbl: OCBOMTb METOAWUKY MNAHMPOBAHWUS, OpraHuM3auun wu
BbINO/THEHNSI COBOKYMHbIX U3MEPEHWU ANsi NPOBEAEHNS KanMBpOBKN paboymx 3TanoHOB.

2. O6opynoBaHue

2.1. Becbl pbl4aXkHble.

2.2. Pa3HoBec.

3. O6bEeKT namepeHumn: Habop 13 Tpex rmpb.
4, O6wme nonoxeHus
COBOKYMHbIMWA M3MEPEHNSMUN SBNSAIOTCS U3MEPEHUSI HECKONIbKUX OAHOPOAHbLIX BENYMH B

Pa3INYHbIX COYETAHUSX, 3HAUEHMSI KOTOPbIX OMNPeaensitoT NyTEM peELLUEHNS CUCTEMbl YPaBHEHWN.
Mpn 3TOM 3HAYEHUSI U3MEPSIEMbIX BENTMYUMH At,..., Am ONpeaensitoT Ha OCHOBAHMN COBOKYMHOCTYU
N3MepEHUN:

fi(A4,..., Am, a11,...,a1n) =0

f2(A4,..., Am, @21,..., @) =0
................................. (1)

f(A1,..., Am, aki,..., akn) = 0,

rae daii, azi, ..., aki - BEMUYUHBLI, UKSBMEPAEMbIE METOAOM HeI'IOCpe,CI,CTBeHHOf/'I OLEHKWU.

I'lpOBeﬂ,eHme COBOKYTHbIX M3MepeHMl71 O6YCﬂOBﬂeHO HeO6XOﬂV|MOCbe0 MeHbLUero
MCNOoJIb30BaHNA 3TaJ/IOHOB, MaJlbiM AMaNa3oHOM M3MepeHMl71 cpeacTtse M3MepeHV|l7l, noBbilLleHneM
TOYHOCTU PE3YbTATOB M3MepeHMl71. COBOKyngle M3MEPEHNA COCTOAT W3 pdaa MpsAMbIX
M3MepeHMl71 OAHOPOAHbLIX BEJIMYKUH, NpU4EM TMpuU nepexoge OT OoAHOro psdaa M3MepeHMl71 K
APYyroMmy MeHAKTCA COYETaHUA U3IMEPAEMbLIX BEINYUH, NO KOTOPbIM COCTaBAAOTCA YpaBHEHUA.
TouyHOCTb pPE3yJIbTaTOB COBOKYIMHbIX V|3Me|.'JEHMl‘;1 3aBUCUT OT 4UCNa ypaBHeHMVI: yem b6onble
YNCNO He3aBUCUMDbIX ypaBHeHMVI, CBA3bIBalOWNX U3SMEPAEMbIE BEJIMYUHbI, TEM TOYHEE
peE3y/ibTaThl M3MepeHMl71. |-|03TOMy CTpEMATCA WU3MEPEHUA BbINONHATL Tak, ytobbl UMCNO
ypaBHEHMﬁ MpeBbIlaso 4YUCIO0O U3IMEPAEMBLIX BETUYUH. I'IpMMepaMM COBOKYTHbIX M3MepeHV|l7|
MOryT 6biTb OMpEAeNeHNs HOMMHAMbHbIX 3HAYEHUMN M MOrpellHocTeil Mep U3 Habopos U
MarasuHoB, rMpb, YI10B, COMOCTaBMEHME LKA SMHeeK v T.4. Mpu KanubpoBKe rmpb OAHY ruplo
Win CoYeTaHneE TIunpb CpaBHUBAKOT HENOCPEACTBEHHO C 3Taﬂ0HHOI‘;| I'lee17| M HaxogodT ee
AeVICTBMTeanoe 3Ha4YeHue. D,el)’lCTBMTeﬂbHoe 3Ha4Ye€HNE OCTalJIbHbIX T'MPb OMpeaensdaroT nyTeM
CpPaBHEHWUI B Pa3fMYHbIX COYETaHMSX BCEX MMPb, BXOAAWMX B Habop, BKIOYas Te rupu,



KOTOpble CPaBHMBAaNMNCb HEMOCPEACTBEHHO C 3TaSlIOHHOM rupen. Kak npaBwno, nony4vaemble
YCNOBHbIE YpPaBHEHUS SIBNAIOTCS HEPABHOTOYHLIMM M3-3@ Pa3IMuMs  BHEWHMX BAUSIOLWIMX
(haKTOpOB, UMCa U3MEPEHWUIA, MEP, UCMOJMb3YEMBIX A1 CPABHEHMS. ITO YYMTLIBAET BEC KaXA0ro
M3 ypaBHEHWW. [pM WCK/OYEHHBIX CUCTEMATUYECKMX MOMPELIHOCTAX BEC BbIYUC/SOT MO
cdopmyne: p = 1/S? roe S? - aucnepcust ClyyaiHOM MOrPELUHOCTM M3MEPEHMUI YCITOBHOMO
YpaBHEHMS.

YCNOBHbIMW Ha3blBAOTCS YPaBHEHWS B CUCTEME, KOrAa MX YMCIIO MPEBLIWAET YUCIO
HEN3BECTHbIX, YTO MPU U3MEPEHUAX NOJTYYaETCs U3-3a HanMumMs norpewHocTen. B cnyyae, koraa
YC/TOBHbl€ YPaBHEHUS UMEIOT IMHENHbIV BUA:

aix+biy+cz-11=0
ax+by+cz-L=0 (2)
anX + bry + Chz-1h =0,
rae X, Yy, Z — Haunydlime 3HayeHus UCKOMbIX BennuuH X, Y, Z;
ai, bi, ¢, i — koacbpuUMeHTHI.
MoNy4YyeHHy0 CUCTEMY NPUBOAST K CUCTEME HOPMasNbHbIX YPaBHEHMM W  pPELLAOT,
Hanpumep, MeToaoM [[aycca OTHOCUTENTbHO UCKOMbIX BeNUYKH X, Y, Z.
5. Mopsaok BbinosHEHUS paboThl
5.1. OchopMnTb OTUET MO NabopaTopHO paboTe B COOTBETCTBUM C MPUITOXKEHMEM A.
5.2. O3HaKOMUTLCSA C OBLUNUMM NONOXKEHUSMU METOAMYECKUX YKa3aHUN.
5.3. CoCTaBUTb BO3MOXHblE COYETAHWUS MMpb ANS BbINOMHEHUSI COBOKYMHbIX U3MEPEHWUIA,
CTPEMSICb K HaMbONbLUEMY YMCTY YCNTOBHBIX YPaBHEHWUIA, U 3aMnoNHUTL Tabn. 1.
5.4. Tpou3BecT MHOrOKpaTHble W3MEepeHUsl MpU KaXAOM COYeTaHun rupb  (4ncno
M3MepeHUi n 3aaaeTcs npernoaaBaTeneM). Pe3ynbTaThl 3aHECTV B Tabn.2.

5.5. PaccuuTtaTb cpegHue apudMETUUYECKME 3HAYEHUSI KaKAOrO0 W3 MHOrOKpaTHbIX
n

. -2
N3MepeHwii: X = %, (3)

rae X - pesynbTaT i-ro U3MepeHmsi.

5.6. OnpeaennTtb CKO S Ka)kaoro U3 MHOrOKpaTHbIX U3MepeHu: S =

5.7. PaccunTaTb BEC KaXA0ro YC/IOBHOMO ypaBHeHusi: p = 1/S2. [JaHHble no n.n. 5.5 + 5.7
3aHecTn B Tabn.2.
5.8. CocTaBUTb CUCTEMY YCNOBHbIX YPaBHEHNN COBOKYMHbIX N3MEPEHWM.
6 Cnucok pekoMeHAyeMOW nutepaTypbl
6.1. WuwknH N.®.TeopeTtnyeckaa metponormsa. HYactb 1. Obwas Teopust UIsMEpPEHUN.
YuebHuK ans By3oB, 4-e nsgaHue, nepepab. n gon.- Cnb.: MNMutep, 2010.
6.2. Kowngakosa W.I., BaraHos B.A., AtosH T.B. lNpaktnkym no metponorun. PoctoB
H/0.: N3p.uenTtp AITY, 2013.
6.3. Mapkun H.C. "OcHoBbl Teopun obpaboTkm pesynbratoB uamepeHun" M.:3a-so
ctaHgapTtos, 1991.
7. KoHTpO/ibHblE€ BONPOCHI
7.1. Kakne nsmepeHns Ha3blBatOTCA COBOKYMHbIMU?
7.2. Kak coCTaBnsoTCs YCNOBHbIE YPABHEHUSA MPU COBOKYMHbIX N3MEPEHUSX?
7.3. UTO XapaKTepu3ytoT 1 Kak OonpeaenstoTcs Beca YCOBHbIX YPaBHEHWUIA?
MPUNTOXEHUE A

®opmMa oTyeTa
1. lenb paboTbl.
2. O6opyanoBaHue.



3. O6bEKT M3MEPEHUIN, NCXOAHBIE AAHHbIE.

Tabnuua 1

HOMMHanbHbIe 3HAYEHUS rMpb

Bec
3TasoHa

Yucno
N3MepEHUI
n

Beposar
-HOCTb

Koadpdpumum-
€eHT
CTbloaeHTa
t

YcnoBHble
YpaBHEHUS

1. Pe3ynbTaTbl U3MEPEHUI

Tabnuua 2

NO

M3MEPEHWS

B coueTtaHusax

2 3

4

1
2

CpeaHee

ApucpmeTtnyec-
KO€ 3HayeHune

CKO S

Juncnepcnga S?

Bec

P

5. Cuctema yCnoBHbIX YpaBHEHMUN.

KoadhdumumeHT CrotogeHTa tp

BepoaTtHoCTb P

KoadhdumumeHT CrbtogeHTa tp

0,95
0,96
0,97
0,98
0,99

1,960
2,054
2,170
2,326
2,576

NPUNOXXEHWNE b



pou. Kownskosa W.IM., gou,., kKaHA.TeXH.HayK XnebyHoB A.®.
JTabopaTopHasa pabota Ne4
«OBPABOTKA PE3YJIbTATOB COBOKYMHbIX U3MEPEHUIA»

1. Uenb n 3apaum paboTbl: 0CBOMTL MeTOAMKY 0O6paboTKM pe3ynbTaToB COBOKYMHbIX
M3MepEeHU AN NOSTyYeHUs AeUCTBUTENbHBIX 3HAYEHWUN paboymx 3TasIoHOB.

2. O6wue nonoxeHus

COBOKYIMHbIMU U3MEPEHUAMUN SBNSIOTCA U3MEPEHUSI HECKOSTbKUX OAHOPOAHbLIX BENNYMH B
Pa3/IMYHbIX COUETAHMSIX, 3HAYEHUS KOTOPbIX OMPEAENstoT MyTEM peLLeHUs] CUCTEMbI YPaBHEHWMN.
Mpy 3TOM 3HaYeHUa U3MEPSAEMbIX BENUYMH A, ..., Am ONpeaensoT Ha OCHOBAHMN COBOKYMHOCTU
N3MepEHUN:

fi(A4,..., Am, a11,...,a1n) =0
f2(A4,..., Am, @21,..., @) =0

................................. (1)
f(A1,..., Am, aki,..., akn) = 0,

rae aii, azi, .., akl - BEIMYUHBI, U3MEpPSieMble METOAOM HEMOCPEACTBEHHOMN OLIEHKMW.

B pesynbTaTte COBOKYMHbIX WM3MEPEHWMM MOJyYaloT CUCTEMY YCIOBHbIX YPaBHEHWW, B
KOTOPOA 4MC/IO YpPaBHEHWM MpPEBbIWAET YMCIO HEM3BECTHbIX. B cnyyae, Korga ycnoBHble
YpPaBHEHUSI UMEIOT IMHENHBIA BUA:

aiXx+biy+ciz-h=0
ax+by+cz-L=0 (2)

anX + bny + Chz-1h =0,

rae X, Y, Z — Hauayudlne 3Ha4yeHnsl UCKOMbIX BennyuH X, Y, Z;

ai, bi, ¢, li — koappruneHTbI.

MonyyeHHyo CUCTEMY MPUBOAST K CUCTEME HOPMasbHbIX YPABHEHWM, YMCNO KOTOPbIX
pPaBHO YNC/Ty HEM3BECTHbIX. BBeas 0603HauyeHns aycca, NoNyyYeHHY0 CMCTEMY MOXHO 3anucaTb
B BUAe:

[paa]x + [pably + [pac]z = [pal]
[pab]x + [pbb]y + [pbc]z = [pbl] (3)
[pac]x + [pbcly + [pcc]z = [pcl].

B nonyyeHHOM cucTeMe HOpPMasbHbIX YPaBHEHUA KO3MMUUMEHTbI, 3aK/THOYEHHBIE B

CKOBKM, BblpaXkeHbl Yepe3 KO3(PULMEHTbI YCITOBHbLIX YpaBHEHUI (CM. Tabnuuy).



PacyeT K03((PULMEHTOB HOPMAJIbHBIX YPaBHEHWM
ilplalbfc|l]| paa pab pac | pbb pbc | pcc | pal pbl pcl
pi|ai|bi|ci|li|piaiar | piaibs | p1aici | pibib1 | pibici | picici | piaili | pibili | picily
2| p2|az|bafca|la| paazaz | p2azba | p2aaca | pababa | pabaca [ pacaCa | p2aalz | pabalz | pacalz

—

N|pPn|an]|bn|cnlln]| Pnanan| Pnanbn | PranCn | Pnbnbn | PrbnCn | PnCnCn | Pr@nln | Pabnln | PrCaln

2| -|-[-[-[-][paa] | [pab] | [pac] | [pbb] | [pbc] | [pcc] | [pal] | [pbl] | [pcl]
Pellas cucteMy HOpMasbHbIX YPaBHEHMI, MONy4YaloT Havbonee AOCTOBEPHbIE 3HAYEHUS
NUCKOMbIX BeniuvH X, Y, Z: X, Y, Z: X =Da/D; y = Dy/D; z = D¢/D, (4)
rae D - rnaBHbIN onpeaenvTerb: paa [pab]
D=|[pac (5)
pab [pbb]
pbc
pac] [pbc]
pcc

Onpegenutenun Da, Dy, Dc nonyyaloT 13 rnaBHOroO onpeaenuTens NyTem 3ameHbl ctonbua
C KO3(PUUMEHTOM MNPU HEU3BECTHOM X, Y WKW Z COOTBETCTBEHHO CTONOLOM CO CBOOOAHLIMU
yfieHaMu:

[pal] [pab] [pac] [paa] [pal] [pac] [paa] [pab] [pal]
Da= | [pbl] [pbb] [pbc]|, Dv= |[pab] [pbl] [pbc]| , D= [pabf {pbb]] prl] (6)
[pcl] [pbc] [pec] [pac] [pcl] [pec] pac] [pbc] [pcl]

MoAcTaBnas BblUACTEHHBIE 3HAYEHUS X, Y, Z B JIEBble 4YacCTW YC/OBHbIX YpPaBHEHWH,
NOSTY4YMM OCTaTOYHbIE MOrPELHOCTU: Vi = aiX + b1y + iz - |1
Vo=axX + by +cz-h
........................... (7)
Vh = anX + bny + CaZ - |n.
BuluncnstoT cpeaHee kBaapaTuyeckoe oTkIoHeHMe (CKO) oCTaTOYHbIX MOrpeLHocTen no

dopmyne:

(8)

rA€ N - YACNO YCSIOBHbIX YPABHEHWI; M-UNCSIO UCKOMbIX BENNYMH.
CKO BbIYMCNEHHBIX 3HAYEHWUIN UCKOMBIX BEJIMYMH X, Y, Z ONpeaensitoT no popmynam:

o= Bl xo, o(y)= (B2 x0, 0(2) = B x0, ©)

rae D11, D22, D33 - anrebpanuyeckue p[ononHeHuss aneMeHToB [paa], [pbb], [pcc]
onpeaenuTens, noslydaeMble NyTeMm yaaneHus us onpepgenutens D cronbua un CTpPoKu, Ha
nepeceyeHmmn KOTOpbIX HaXOAUTCS AaHHbIA SNIEMEHT:
[pbb] [pbc] [paa] [pac] [paa] [pab] | (10)
D11=| [pbc] [pcc] |+ D22= |[pac] [pcc] | » D33=|[pab] [pbb]
Pe3ynbTaTbl U3MEPEHWI NPEACTaBNAIOT B BUAE AOBEPUTENbHbIX MHTEPBANIOB ANt UCTUHHbIX
3HAYEHUN UCKOMBbIX BennuumH X, Y, Z npu 3aAaHHON A0BEPUTENBHOWN BEPOSITHOCTM P: X-
toxo(X) <X<x+ tpxo(X)
y-tpxo(y)<Y<y+ tpxo(y) (11)
z-tpxo(z)<Z<z+ tpxo(2).

3. MNopanok BbINOJIHEHUA PaboThbl

3.1. OchopMnTb OTYET No NabopaTopHON paboTe B COOTBETCTBUM C NPUITOXKEHUEM A.

3.2. O3HaKOMUTLCA C O6LMMM NONOXKEHNSMU METOAMNYECKUX YKA3aHWN.

3.3. CocTaBUTb CUCTEMY YC/TOBHbIX YPAaBHEHU COBOKYMHbIX M3MEPEHWM.

3.4. MNpuBECTM CUCTEMY YCITOBHbIX YPaBHEHWA K CUCTEME HOPMasibHbIX YPaBHEHWW, ANS
3TOro paccumtatb KO3(ULMEHTbI HOPMasbHBIX YPABHEHWUI 1 3anofIHUTL Tabn.1.




3.5. CocTaBuTb M BbIYUC/IUTb ONPEAENUTENN CUCTEMbI HOPMasbHbIX YpaBHeHuN (5; 6).

3.6. PaccuntaTtb Hanbonee AOCTOBEPHbIE 3HAYEHMS UCKOMBIX BENTMYMH X, Y, Z (4). [aHHble
no n.n. 3.5, 3.6 3aHectn B Tabn.2.

3.7. PaccuntaTb OCTaTOYHbIE NMOrPELHOCTU YCIOBHbIX YpaBHeHUI (7).

3.8. Bbluncnutb CKO oCTaTOYHbIX NMOrpeELHOCTEN U UCKOMbIX BennyuH (8; 9; 10). JaHHble
no n.n. 3.7, 3.8 3aHectn B Tabn. 3.

3.9. na BepositHocTM P (no 3agaHuio npenogasaTens) onpeaenvTb KoadpduumneHT
CTblogeHTa tp, Npeanonarasl, YTO NOrPELIHOCTA U3MEPEHUIA NOAYMHSIIOTCS HOPMANbHOMY 3aKOHY
(Mpunoxenne b), n NpeacTaBUTb pe3ynbTaTbl U3MEPEHWUI B BUAE AOBEPUTENbHBLIX UHTEPBA/IOB
(11).

4 Cnncok peKoMeHAYye MOW NUTepaTypbl

4.1. Wnwkun .. TeopeTtudeckaa metponornd. Yacte 1. Obwas Teopus MsaMepeHun.
Y4ebHuK ans By3oB, 4-e usgaHue, nepepab. n gon.- Cnb.: MNMutep, 2010.

4.2. Kownskosa W.I., BaraHoB B.A., AtoaH T.B. lNpaktukym no metposiorum. PoctoB
H/O.: N3g.ueHtp A TY, 2013.

4.3. MapkuH H.C. "OcHoBbl Teopun obpaboTkm pesynbtaTtoB nuamepeHun" M.:M3a-so
ctaHgapTtos, 1991.

5. KOHTpO/bHbIE BONPOCHI

5.1. Kakue namepeHns Ha3blBalOTCA COBOKYMHbLIMU?

5.2. YTO Takoe YCNoBHble YpaBHEHUS M 3a4eM MX MNOAyYalT MpU  COBOKYMHbIX
N3MepeHnsx?

5.3. Kak nepenTn oT CUCTEMbI YCITOBHBIX YPAaBHEHUI K CUCTEME HOPMAJIbHbIX YPaBHEHWUIA?

5.4.4T0 XapaKTepuU3yoT U Kak ONpeaenstoTcs Beca YCNOBHbIX YPaBHEHWUIA?

5.4. Yem 0b6ycnoBneHbl OCTaTO4HbIE NOrPELHOCT?

5.5. Kak yuuTbiBalOTCS B pe3ynbTaTaXx COBOKYMHbIX WM3MEPEHWM OCTaTOYHbIE
NMOrpeLIHoOCTN?

5.6. MpuBeanTe nocneaoBaTenbHOCTb 06paboTKM pe3ynbTaTOB COBOKYMHbIX U3MEPEHWIA.

5.7. B kakoM Buae NpeacTaBnsitoTCs pesyfbTaTbl COBOKYMHbIX M3MEPEHMWI?

MNMPUNOXEHNE A
®opmMa oTyeTa
1. Llenb paboTbl.
2. CucTeMa yCnoBHbIX YPaBHEHMWN.
3. Pacuet K03hPUUNEHTOB HOPManbHbIX YPaBHEHWN.
Tabnumua 1

KoapdumumeH
O | Tbl YCNOBHbIX
& | ypasHeHun | paa |pab | pac | pbb | pbc | pcc | pa/| pb/ | pc/

o

N°ypaBH
e-Hus
[

alb|c|/

Cym-Mbl| - | - | - | - | - [[paa]|[pbb]|[pac]|[pbb]|[pbc]|[pcc]|[pa/|[pb/]]|[pc/]
4. CucteMa HopMasbHbIX YPaBHEHW.
5. PacueT Hanbonee AOCTOBEPHbIX 3HAYEHUIN N3MEPSIEMBIX BESTUYMH.

Tabnuua 2

Onpepenutenu |D = Da = Dp = D.=
3Ha4yeHus
NCKOMbIX - |[Xx=Da/D=|y=Dp/D=|z2=D/D =
BENIUYMH

6. PacyeT oCcTaTOYHbIX NMOrPELUHOCTEN U UCKOMBIX BENNYMH.
Tabnuua 3



Homep ypaBHeHUs i 3HayeHNsi OCTaTOYHbIX MOrPELIHOCTEN Vi

CKO ocTaTo4YHbIX NOrpeLiHoCTeN &
Anrebpanyeckme onoHEHUS Di1 = Dy = D33 =
CKO 1CKOMBbIX BENNYMH o(x) = o(y) = o(z) =
7. Pe3ynbTaThl M3MEPEHWUIA NpU AOBEPUTENBHOWN BeposiTHOCTK P: X, Y, Z.

NPUNOXEHNME b
KoadhdmumeHT CrbtogeHTa tp

BepositHoCTb P | KoadbdmumeHT CTblofeHTa tp
0,95 1,960
0,96 2,054
0,97 2,170
0,98 2,326
0,99 2,576

gou. Kownskosa U.I".
JTabopaTopHaa pabota Ne5
«OOQHOPOAHBLIE HEPABHOTOYHbLIE UBMEPEHUA ®PUSUNYECKUX BEJTTUYUH»

1 LUenb paboTbl: 0OCBOUTb METOAWMKY MOMyYeHUsT pe3ynbTaToB  OOHOPOAHbLIX
HEepPaBHOTOYHbIX rPYMNMn U3MEPEHUIN, MOMNYYNUTb HABbLIKM B OpraHu3auumn npoBeAeHUs U3MepeHum
pasfiMyHoOn TOYHOCTMW.

2 ObopynoBaHue:

2.1. lWtaHreHuunpky-nb.

2.2. MukpomeTp rnagkuu.

2.3. Ckoba pblyaxHas.

2.4. lNnockonapansenbHble KOHLEBbIe Mepbl AMNVHbI.

3 O6GBLEKT M3MepeHun

Maptna getanen 50 wt. (cM. npunoxenue A):

4 O6Lwme NonoXeHus

4.1. OcobeHHOCTM HEPABHOTOYHbIX PE3YNbTAaTOB U3MEPEHUI

B npakTuke yacto BCTpeyarTca crnyyau, Korga ogHa U Ta e BennvmHa MaMmepsieTcs npum
pPasnnyHbIX YCIOBUSX BHELWHEW cpeabl, pasHbiMW ornepaTtopamu, CpeacTBaMy M3MEPEHUN,
UMEOLLNMM PasnnYHble 3HAYEHUSsI MOrPELLHOCTU, B peaynbTaTe Yero M3aMepeHust BbIMONHAOTCS
C pPa3HOM TOYHOCTbIO U Ha3bIBAOTCA HEPABHOTOYHbLIMU. TakmMe U3mMepeHust MoryT MUMEeTb MECTO
npu NPoBeAEHNN Pa3fIMYHOro Yncna N3MepPEHUN.

4.2. Cpencrea namepeHui

B kauecTtBe cpeacTB uaMepeHunin B pabote MCNONb3yrTCA WTAHIEHUMPKYIb, MUKPOMETP
rmagkmi n ckoba pbluaxkHasa. MamepeHns npoBogsaTCA Npu pasnMyHOM KONMYEeCTBE AeTarnen B
BblIOOpKaxX U pasHbIMKU onepaTopamu.

M3mepeHunsi, BbLINOMHAEMbIE LUTAHIEHLUUPKYNIEM U MUKPOMETPOM OTHOCATCHA K Knaccy
abcontoTHbIX. ABCOMOTHBIMM Ha3bIBAOTCA U3MEPEHUS, OCHOBAHHbLIE Ha MNPSAMbIX U3MEPEHUNAX
OOHOM WM HECKOSTbKUX (PU3NYECKNX BENNYMH W UCMOSIb30BAHUM 3HAYEHUN (PUINYECKNX
KOHCTaHT. 1pn NpAMbIX NU3BMEPEHUAX UCKOMbIE 3HAYEHUS BENUYMHBI HAXOOAT HENOCPEACTBEHHO
N3 ONbITHbIX AAHHbIX.

M3mepeHnsi, npoBOAMMbIE  pPblYaXHOM  CKOBOW,  SABMSAKTCA  OTHOCUTENbHbLIMMW.
OTHOCUMTENBHBIMX  U3MEPEHUAMM  HA3bIBAOTCS  M3MEPEHUS]  OTHOLUEHUSI  BENUYUHBI K
OAHOMMEHHOWN BENUYUHE, UrparoLemn porb eguHULbI, UM U3MEPEHNA BENUYUHBI MO OTHOLLUEHWUIO
K OQHOMMEHHOW BENNYMHE, NPUHUMaEMON 3a NcxoaHy. OTHOCUTENbHbIE N3MEPEHNSA OCHOBaHDI




Ha CpaBHEHUN U3MePSEMON BENUYNHBI C N3BECTHLIM 3HA4YEeHNEM Mepbl. VICKOMYIO BENUYMHY Npu
3TOM Haxo4AaT anrebpanyeckum CyMMMpOBaHNEM pa3Mepa Mepbl U nokasaHui npmubopa.

4.2.1. YCTPOWCTBO LWITAHrEeHUNPKYNS

LWtaHreHumpkynb (puc.1) cocTouT U3 WwrtaHrm 1, HENOABWXHbIX N3MEPUTENbHbIX rYOoK 2,
N3roTOBMEHHbIX 3a04HO CO LUTAHIMON, paMkM 3 C MOABMXHbIMU U3MePUTENbHbIMU rybkamu 4,
HOHMYyCa 5, BUHTOB KpenneHus HoHuyca 11, aaxuma 6, ranku 7, MMKPOMETPUYECKOro BUHTA 8,
xomyTta 9, 3axuma 10. Pamka 3 n xomyT 9 coeanHeHbl mexay cobon BuHTOM 8. [Mpn nomoLum
BUHTOBOW nepefavn 7—8 ocyllecTBnseTca mManas nogada pamMku 3 npu (UKCMpOBaAHHOM
nosioxeHnn xomyta 9 saxumom 10. LLUTaHreHUMpKYnn cHabXeHbl M3MepuTerbHbIMU rybkamu
AHS HapYXHbIX U BHYTPEHHUX U3MEPEHUN, a Takke creumanbHOW FNMHENKON ANS U3MepeHus
mybuH un yctynoB. [nybuHa u3mepsieTcs OT Topua LWTaHrM A0 KOHUA JIMHEWKKW, oTcyeT
NPOU3BOAMTCA MO LWKane, Kak 1 Npu gpyrnx Bugax U3MepeHun.

/f//

PucyHok 1 — Tunbl WUTaHreHUNpKyneu:
a) ABYCTOPOHHUI C rnybuHomepoM; 6) ABYCTOPOHHUNA.

Y WTaHreHumpKkynsi, u3obpaxeHHoro Ha pwuc.1,6, HWKHME U3MepUTENbHbIE TyOKM
npegHasHa4veHbl ANna N3MepeHnn Kak BHYTPEHHUX, Tak U HapYXHbIX pa3mepos. [pu namepeHunn
BHYTPEHHEro pasmepa K MoKasaHusM LUTaHreHUMpKyns Hago npubaBnsaTb OOy TOMNWMHY
rybok, kotopasi o6o3HavyeHa Ha UX NMUeBon cTopoHe. BepxHue rybkn cnyxat ons namepeHus
HapYXHbIX pa3MepoB, @ WX 3a0CTPEHHble KOHLblI WCMONb3YITCA Takke [ANs HaHeCeHWus
pas3mMeTO4YHOWN NINHUM.

[ns yMeHblLleHMs MOrpeLLUHOCTEN, BO3HMKalOWMX Bcneacrene pedopmaunn rybok, B
npouecce M3MepeHun He criegyeT Nonb3oBaTbCs MuKponogaden, OHa MCnonb3yeTcs TOMbKO
npu ycTaHoBKe Heobxoanmoro pasmepa.

Mepen m3mepeHuMsiMM HEOBXOAMMO MPOBEPUTH LUTAHreHUMpKynb. [loBepxHOCTU ry6ok
AOIMKHbI ObITb POBHbIMU, 6e3 3abovH. Mexay namMepuTernbHbIMU NOBEPXHOCTAMU HE AOSMKHO
OblTb nMpocBeTa MNpyU MUX COMPUKOCHOBEHUW, a HyrieBble LUTPUXU LWKanbl WTaHMM W LWKanbl
HOHWYyCa [OMKHbl coBMadaTb. Takke AOMKEH COBMELLATbCs MOCrefHen LWTPUX HOHWyca C
COOTBETCTBYIOLLMM LUTPUXOM LUKanbl WTaHrM. Ecnu wtpuxm He coBnagatoT, TO HAaJo, OTBEPHYB
BWHT HOHMYyCa 11, COBMHYTb €ro 40 COBMELLEHUS WITPUXOB. 3aTeM criegyeT NpoBepuTb Hanmyune
nepekoca pamku. Ecnu npu 3axnme BUHTOM 6 BO3HMKAET NEpeKOC B pasMepe, N3MEHAETCH Unu
NosIBNSIETCS 3a30p MexXay rydbkamu, TO TakKMM LWITaHreHUMPKYneM Nnofnb30BaTbCsA HENb3S.
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PucyHok 2 — OTYE€THOE YyCTPOWMCTBO LUTAHTEHUMPKYNSA:
a) ucxogHoe rnorsnoxeHue; 6) NOMOXeHWe HOHWYca, COOTBETCTBYIOLLEE W3MEepsSeMOoMy
pa3mepy 52,50 mm

OTCcYeTHOE YCTPOMCTBO (pPUC.2) BKKOYAET LITaAHry C OCHOBHOW LUTPMXOBOW LKaron 1 wm
NMHENHbIW HOHMYC 2, [M03TOMY LWTAHrEHUMPKYNb OTHOCAT K LUTPUXOBLIM WU3MEpPUTENbHbLIM
WHCTPYMEHTaM C NIMHENHbIM HOHMYCcOM. LLikana HOoHWyca 3akpennseTcs Ha NoABWXXHOW pamKke u
CNYXWUT onst otcdeTa ApOOHbIX 4eNeHNU OCHOBHOW LUKarnbl.

Mpn ncxogHOM MOMOXEHUM HOHMYCa (CM. pUC.2,a) HymneBble LUTPUXU OCHOBHOW LUKanbl U
lWKanbl HOHWyca cosnagatoT. [Mpn unamepeHun (cm.puc.2,6) wWKana HOHMYca CMeLlaemMca
OTHOCUTENBbHO OCHOBHOM LWKarnbl U MO MOSIOXKEHUIO HYMEBOro LUTPUXa HOHWyca onpeaenstoT
BENMMYMHY 3TOr0 CMELLEHUs, COOTBETCTBYIOLLYID U3MepsieMomy pasmepy. [Mpn aTtom oTcyeT
uernbiX MUIIMMETPOB ONpeaensoT No OCHOBHOW LUKane, a otcyeT ApobHbIX Jonen — no Lwkane
HOHMyca. HoHuycbl wusrotasnmeawT ¢ uUeHon penedna 0,1 m 0,05 mm. OcCHOBHble
MEeTPOSIorMyeckne napameTpbl paccHYNTLIBAOTCA MO cnegyowmm popmynam:

a) ueHa penenHus:c=a/n, rae a — ANVHa erieHNs OCHOBHOWM LUKasibl; N — YACNO OereHnn
LLKaSbl HOHWYCAa.

0) AnvHa [eneHus: a —a.y—c, o20e p — MOAYNb, NOKasblBaeT CKOMbKO AerneHun

OCHOBHOW LUKasibl COOTBETCTBYET OAHOMY JeNneHut0 HoHMyca. Ha puc.1,a moaynb paBeH 2, T.K. B
OLHOM [eneHun LKanbl HOHWyCa 3akMioYeHO 2 AeNeHWs OCHOBHOW LKanbl. B pasnuuHbix
MOANMUKaALMAX LUTAHIEHUMPKYNSA MOAYIb MOXET ObiTb paBeH 1, 2 unn 5;

B) AnvHa wkanel:l=a,-n=n(a-y—c)=a(n-y-1);

) YUCNO AeNneHun: n = alc.

PaccmoTprm nopsigok oTcyeTa nokasaHwui WTaHFeHUMPKYNa Ansa criyyas, npuBegeHHoro

Ha puc.2,6. LleHa geneHus wkanbl HOHUyca paBHa 0,1 mm. PacctosiHne A, coOTBETCTBYOLLEE
n3mepsieMoMy pasMepy, pPaBHO YUCHy LefnblX WHTEePBarioB OCHOBHOW wWkKanbl A’ NnOC 4actb
nHTepeana X. MicxogHbin pasmep Oyget paBeH A = A’ + X. BennuuHa X onpegensietca Kak
X=m-c, rae m paBHO NOPSOKOBOMY HOMEpY LWTpMXa LWKanbl HOHWYyCa, COBMajaBLUEero Cco
LUTPUXOM OCHOBHOM LLKanbl. Takum o6pasom, A=A+ m-c =52 + 5.0,1= 52,5 mwm.

4.2.2. YCTpPOMCTBO rnagkoro MMKpomMeTpa.

MukpomeTp (prc.3) OTHOCUTCA K rpynne MUKPOMETPUYECKMX WUHCTPYMEHTOB WU CIYXUT

ANS N3MEPEHNA HapyXHbIX padmepoB. OH COCTOUT M3 XECTKOW CKobbl 1 ¢ 3anpeccoBaHHOM B
Hee HenoABMXHOW N3MePUTENbHON MATKOW 2 1 MUKPOMETPUYECKOW rOfloBKOW, 3arnpeccoBaHHOM
A0 Mocago4vyHOM noBepxHOoCcTu ctebna 3. BuHToBYHO napy obpasylT MUKpOMETpuYeckasl ramka
ctebna 3 n mMukpomeTpudeckui BUMHT 5. TopueBasi NOBEPXHOCTb rNagkon UUITMHAPUYECKON
4acTU MUKPOBUHTA 5 06pasyeT BTOPYH M3MEPUTENbHYI MNNOCKOCTb MUKpoMeTpa. BpalweHue
MUKPOMETPUYECKOro BUHTA 5 ocylwectBnseTca nocpeactsom 6apabaHa, CKPennéHHOro ¢ HUM
YCTaHOBOYHbIM KOMMA4koMm 7.



PucyHok 3 — MukpomeTp rnagkuiin

TpewéTtka 8 coeguHseTca ¢ bapabaHoMm 6 nNpu MOMOLLUM OrpaHUYUTENBHOW MPY>KUHHOM
My(pTbl, obecneumBasi TeM camblM MOCTOSIHHOE u3MepuTenbHoe ycunue (5-8) H. Crtonop 4
CNY>XUT ANs UKCaLMm B HYXKHOM MOMNOXEHUN MUKPOBMHTA OTHOCUTENBbHO CKOObI 1.

B koMnnekT WHCTPYMEHTOB C nNpeaenamm W3MEepPeHun cBbie 25 MM BXogaT
YCTAHOBOYHbIE MeEpbl — UMAMHAPbI C HOPMUPOBAHHbLIM OCEBbIM pa3mMepoM. [nagkue
MUKPOMETPbI OS5 HapYXXHbIX U3MEPEHUI BbiNycKaloTCa ¢ npegenamu namepenunn 0-25, 25-50,
50-75 n 1.a4. no 575-600 mm.

MukpoMeTpuyeckne MHCTPYMEHTbl WMEKT [ABa OTCYEeTHbIX ycTpoucTBa. [lepBoe
OTCYETHOE YCTPOMCTBO COCTOUT M3 LIKasbl C LeHon aenexus 0,5 mMm, HaHeceHHOW Ha cTebrne 1
(cM. puc.4,a) ykasaTtens, KOTopbIM aBnsieTcs Topey bapabaHa 2. BTopoe oTCYeTHOE YCTPOMUCTBO
COCTOMT 13 KpyroBon Lwkasbl ¢ ueHoun genexms 0,01 MM, HaHECEHHOW Ha KOHYCHOMW MOBEPXHOCTU
OapabaHa 2, 1 ykasatens B Buae NpoAosibHOro WTpmuxa, HAHECEHHOro Ha cTebrne 1.

Paccmotpym  kmHematuyeckyto cxemy. LWar wmukpoBmHta 3 (pnc.4,6) 0,5 wMm,
cnefosaTtenbHO, OOHOMY OOOPOTY MUKPOBMHTA M KECTKO CKpensieHHoOMy ¢ HuMm 6Gapabana
COOTBETCTBYET JIMHENHOE nepeMelleHne Topua bapabaHa Ha ogHo geneHue, pasHoe 0,5 mm.
KpyroBasi wkana 6apabaHa nmeet 50 geneHun, T.e. noBopoT GapabaHa Ha OOHO geneHue
OTHOCUTENBbHO NPOAOSILHOIO WTpMxa ctebns dyget cootBeTcTBOBaTL BENUYnHe 0,01 mm.

PucyHok 4 — OTcyeTHOE YCTPOMUCTBO MUKPOMETPUYECKNX MHCTPYMEHTOB:
a) oTcyeT, cooTBeTCcTBYOWMA 11,765 MM; 6)  KMHEMaTMYeckasi cxema

Ona onpegeneHns pasmepa W3MepseMon [eTanu Npou3BOAAT OTcYeT No  ABYM
OTCYETHbIM YCTPONCTBAM M CyMMUpYOT nx. OTcyeT no mMukpomeTpy (cMm. puc.4) byaet paBeH
11,5 + 0,265 = 11,765 MM (TpeTun OECATUYHbBIN 3HAK B3ST Ha rnaa).

Mepen Havanom M3MepeHun npoBepseTca HyreBas yCTaHOBKA MuKpomeTpa. Ecnu oHa
cbuTa, yCcTaHOBKA Ha Hysb OCYLLECTBNSAETCS B cneayrowem nopsgke (cm.puc.3):

- yCTaHaBnMBalT MUKPOMETP B WUCXOO4HOE MoroxeHue. [na 3Toro y MUKPOMETPOB C
npegenamm nsmepeHnn 0—25 Mm BpawarT MUKPOMETPUYECKUIA BUHT 3a TPELLETKY, NPMBOOAT B
COMPUKOCHOBEHNE W3MEPUTENbHbIE MOBEPXHOCTU TOPUEB MUKPOBMHTA 5 U natkm. Y
MUKPOMETPOB C nNpeaenammu namepeHunn 25-50 mm n 6onee ana aTon onepawlmm UCMNonb3yeTcs
crneuunarnbHasi yCTaHOBOYHasa Mepa;

- 3aKpPennaT MUKPOBUHT 5 cTONopom 4;
- OTBOPAYMBAOT YCTAHOBOYHbIN KOMMAaYyoK 7 Ha non-obopoTa;



- BapabaH 6 noBopauMBalT 4O COBMNAgEHUA HYNEBOro LTpUxa KPyroBoOW LIKasnbl Ha
b6apabaHe ¢ NpoAoSibHbLIM LUTPUXOM Ha cTebne 3;
- 3akpennaoT 6apabaH 6 konnaykom 7;
- 0CBODOOXOAKT MUKPOBWHT;
- NPOBEPSIOT YCTAHOBKY MUKPOMETPA Ha HYIb N B Clly4ae HeCOBMaAeHUs HyneBoro wrpuxa
Ha ©OapabaHe C npPoOoONbHbIM LWTPUXOM Ha cTebrne noBTOPAOT onepauMm B TOW e
nocrnegoBaTenbHOCTH.

[Mocne ycTaHOBKM Ha HyNb NPOBOAAT M3MepeHus. [Ans 3T1oro usaMmepsemyto getasnb
3aXnMalT Mexgy u3MepsemMbiMU NOBEPXHOCTAMM, Bpawas ©OapabaH 3a Tpewé€tky. [lpu
BO3HUKHOBEHUN XOJIOCTOrO MPOKPYYMBAHUA TPELLETKM (MpU 3TOM CIbILUUTCS XapakTepHbIn
TPEeCK) MUKPOBUHT 3aXKMMatoT CTOMOPOM 4 1 NMPOM3BOAAT OTCYET MO OTCYETHOMY YCTPONCTBY.

4.2.3. YCTPONCTBO pbl4aXXHOWN CKOObI.

O6wwnin BNO U NpUHUMNManbHasa cxema ycTpoucTBa pbldaxkHon ckobbl (PC) nokasaHbl Ha
puc.5 . PC coctont mn3 nogBwkHOM NATKUM 1, KOoTopas C pbldarom 2 obpasyeT CUHYCHbIN
MexaHu3Mm, 3ybyaTtoro cektopa 3, 3yb4atoro koneca 4, cTpenkus 5, wkanbl 6, crnvpanbHoOm
NPYyXuHbl (Boriocka) 7, NpYyXuHbl 8, co3gatowen wusmeputenbHoe ycunue, appeTtupa 9,
ycTaHoBOoYHOM nATKM 10, 3axmma 11, npegoxpaHuUTenbHOW Kpblwkn 12, ykasatenen rpaHuy
nons gonycka 13, BuHTa 14, nepemMellarollero YCTaHOBOYHYH MATKY, NpefoXpaHUTeNbHOro
Konnadka 15.

B PC npu namepeHun noasmkHasa natka |, nepemellasch, BO3OENCTBYET Ha ABYNneYnmn
pbldar 2, 3yb4aTbli CEKTOp KOTOpPOro noBopadmBaeT 3ybuyatoe koneco 4 W CTpenky b5,
HenoABMXXHO 3aKpenneHHy Ha ero ocun. CnupanbHasi NpyxuvHa 7 3aMblkaeT KMHEMaTUYeCKyH
uenb, YCTpaHAa Takum obpasom "mMepTBbIn xo4". AppeTtnp 9 CnyXuT Ans oTBoga NOABWKHOWN
NATKM 1 NpyY NU3MEPEHNAX NN HACTPONIKE.

PC HacTpamBaeTcs Ha pa3mep Mo KOHUEBbIM MepaM ANuHbl Unn obpasuoBov AeTanu.
Mpn HacTpoinke ycTaHoBOYHas naTtka 10 nepemeluaeTcs BUHTOM 14 1 3aKpennsaeTcs 3aXMMom
11. BuMHT 14 3akpbiBaeTcda KonnaykoMm 15, KOTOpbIN NpeaoxpaHseT HAcTPOMKY CKoBbl OT cOOs.
lMonoxeHwne ykasaTtenen 13 perynupytoT BZII;ITaMVI, CH’FIEB KpbILKy 12.

PucyHok 5 — PelvaxHas ckoba: a) obmnn Bug;
6) npuHUMNManbHasi cxema yCTponcTBa

5 MNopsaaokK BbINOMIHEHUSA PabOThbI

5.1. O3HakoMUTbCA € ObLLEN YaCTbl0 METOANYECKOrO PyKOBOACTBA (pa3gen 4) u NoAroToBUTb
NpoTOoKON oTyeTa (NpunoxeHue A).

5.2. MonyunTb 3agaHune y npenogasaTensd (npunoxeHue b).

5.3. MNpoBepuTb Npnbopbl 1 NOATOTOBUTL UX K N3MEPEHMUSAM.




5.4. BbinonHUTb 3CKM3 aeTanu.

5.5.0npenenntb OCHOBHblE METPOSNOrMYyeckne XxapakTepuUCTUKU WCMNOSb3yeMblX CpeacTs
N3MEepPEeHUn 1 3anonHUTbL Tabnuuy 1 npunoxeHunsa A.

5.6. lMpomsBectn wuamepeHuss pasmepa [fpeTanerm U 3aHecTn pesynbTaTbl B Tabnuuy 2
npunoxeHuna A.

6 CnucoK peKkoMeHAyeMOU nNuTepaTypbl
6.1. Wnwkun N.®.TeopeTnyeckas metposiorns. Hacts 1. ObLaga Teopusa namepeHun.
Y4yebHuK ans By3oB, 4-e usgaHue, nepepab. n gon.- Cnb.: MNMutep, 2010.

6.2. Kownskosa W.I"., BaraHoB B.A., AtosiH T.B. NpakTtukym no metposiornn. PoctoB H/[.:
N3g.uenTtp A TY, 2013.

6.3. MapkuH H.C. "OcHoBbl Teopumn 06paboTkn pesynbtaTtoB namepeHuin" M.:13a-8o
ctaHgapTtos, 1991.

7 KOHTpOsibHbIE BONPOCHI
7.1. YT0 Takoe HepaBHOTOYHbIE U3MEPEHUAT?
7.2. Kakne haktopbl MOryT BNATb HA TOYHOCTb U3MEPEHUIN?

7.3. I'quemy, namepdaa oamH U TOT XKe pa3mMep pa3fimdHbiMU an60paM|/|, Mbl noJiydaem
HEeOoaMHaKOBbIE BESNTUYNHDI?

74. I'IepeqmchTe OCHOBHbIE€ 3J1EMEHTbI lUTaHFreHUNPKYIA.

7.5. V13 KakMx OCHOBHbIX AeTanen 1 y3noB COCTOAT MUKPOMETP U pblyaxkHas ckoba?
7.6. B yeM oTnnumne abConTHBIX M OTHOCUTENbHbLIX U3MEPEHUIA?

MpunoxeHne A
dopma oTyeTa
1. Uenb paboThl

2. O6opynoBaHue
3. 3cku3 namepaemon getanu.
4. MeTponornyeckne xapakTepuctuku npmbopos.

Tabnuua 1 — MeTponornyeckme xapakrepuctTmkm npmbopos

Jlnanazon LleHA NENCHUS  [{ena nenenms
HaumenoBanue

[Ipume-

U3MEpEHH OCHOBHOM JIOTIONTHUTEIBHO

npuGopa JaHUS

i —  IIKaJIbl
1. IllTaHreHIUPKYITH
2.MukpomeTp TiaaaKui

3.Cxo0a prryakHast

2. [MpoTokon pes3ynbTaToB N3MEPEHUN.

(npnbop , onepaTop ).

Tabnuua 2 — pesynbTaTbl UAMEPEHUI

Ne Pasmep, Ne Pasmep, Ne Pa3smep,

n/n MM n/n MM n/n MM
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Tabnuua NnoBTOpPAETCA B 3aBUCUMOCTU OT YUCIa BbI60pOK.

Ne

n/

Onepart

op

MpunoxeHne b
HauBuayanbHble 3agaHns

O6bvé N3mepuTtenbHble npnbopsl

M lUTaHre MuKpome  ckoba
rpynn  H- P pblYaXxH
bl LMKy rnagkuu asi
b

12 + +

15 + +

20 + +

14 + +

18 + +

10 + +



pou. Kownskosa U.T".
JTabopaTtopHas pabota Ne6

«OBPABOTKA PE3YJIbTATOB OAHOPO/AHbIX HEPABHOTO4HbIX NPy
U3MEPEHUWN>»

1 Uenb_ pabotbli: Onpegenntb Hambornee AOOCTOBEPHOE 3HAYEHWE W3MEPSIEMON
BENUYMHBI U NPON3BECTM OLIEHKY BOCMPOM3BOANMOCTM U3MEPEHWIA.

2 O6wme nonoxeHus

Yacto BO3HMKAET HEOHXO4MMOCTb COBMECTHOWM OLIEHKM HECKOSbKMX pymnn pe3ynbTaTtoB
namepeHun. OueHka UCKOMOro 3Ha4YeHUs U3MEPSIEMON BENUYUHBLI MPOU3BOAMUTCHA NPU NOMOLLM

BECOBOrO CPeaHero apudMeTUHECKOro 3HaYeHNa X .

Ana XapakTepuUCTUKM TOYHOCTU OTAEmNbHbIX PYNn WU3MEPEeHUd U COMOCTaBNeHUs WX
mexay coGoii BBOAAT NOHATME Beca pesynbTata U3MepeHuii p, nof KOTOpbIM MOHUMAIOT YMCO,
XapakTepuayllllee CTeneHb [0Bepuss K MonydeHHOMy pesynbTaTy. Bec aBnsetca
BCroMoraTtenbHbIM YMCIOM, MOKa3blBalOWMUM BKMag AaHHOTO W3MEPEHUs B OOLLYK OLEHKY
COBOKYMHOCTU HEPaBHOTOYHbIX U3MEPEHMUIA.

[lonycTvM, YTO NPOBOAMUIIOCE M CEPUI HE3ABUCUMbIX U3MEPEHUIA MOCTOAHHON BENMUYMNHbI
Q. Mpu aTOM Kaxgas M3 M Cepuit M3MEPEHUI BbINOMHAMACh B Pa3NUYHBLIX YCINOBUAX:
pasnUYHbIMKU NpUBopamMmn, pasnUYHLIMK onepaTopamMun, NpU PasnUYHbIX YCTaHOBKaX U T.4., YTO
[aéT OCHOBaHME CYMTaTb M3MEPEHUS B PasfnUYHbIX CEPUSAX HEPaABHOTOYHbIMU. BO3MOXHO, YTO
Kakgasi cepusi U3MEpPeHUn NoAYMHEHa CBOEMY 3aKOHy pacnpefenieHus co cpegHen Q wu

avcnepcueit ST . CpeaHss Q ocTaéTcs 0ANHAKOBOW [1Ns BCEX CEpUid, Tak Kak Mbl MaMepsiem, BCé
BpeMsl OfHY M Ty Xe BenuuuHy Q, npuyém npegnonaraeTcsi, YTO BCe U3MepeHus cBOOGoaHbI OT

cucTeMaTUyYecKux oLLnMOOoK.
B cuny HepaBHOTOYHOCTM cepuin aucnepcus s2 OyaeT MeHsiTbCA OT Cepuum K Cepun.

Avcnepcus cpefHero apuMeTU4eCcKoro S, Kaxnon cepum pasHa s2 = ST, (1)
n.
J
roe: S% — oucnepcusa cepun j; nj — 06bEM cepun j.
Bec cpefHero apucmMeTM4ECKOro 3Ha4eHnst X, MOXHO NPUHUMATL PaBHbIM: P, = ”712 (2)
J
N - —
Toraa 3a NpUBNMKEHHOE 3HaYeHne N3mMepsaeMon BENUUMHLI Q NpuMem 0~X ;PJ X (3)
=~ =7~
2 Pi

=1

D,OBepVITeJ'IbHaﬂ oueHKka UCTUHHOIro 3Ha4eHusa Q |/|3mepﬂe|v|017| BeJIM4nHbI MeeT BUA.
x-Q|<t,(K)-S, (4)

rae t, (k) — koadpcpuumeHT CThloOeHTa AN AOBEPUTENBHON BEPOATHOCTH P;
k — umncno creneHen ceoboabl; S — IMNMPUYECKOe 3HAYEHNE ANCTIEPCUN:

" Pj(X, — X)?
o ,Z:;‘ J(x; — X) 5)

X

(n —1)2 Pj

3 Mopsaaok BbINOMHEHUSA PabOThbI
3.1. O3HakoMUTbCA € ObLLEN YaCTbl0 METOANYECKOrO PYKOBOACTBA (pasaen 2) n nogrotToBuTb
NpoTOoKON oTyeTa (NpunoxeHue A).

n. <

- _ 1 n
3.2. Hantn cpegHue apupmeTnyeckme 3HadeHms BbIGOPOK: X; = —inj, (6)
j ij=l



rae X; — cpeaHee apudMeTMHecKoe 3HaveHve j-1 BbIGopKM,

n; — 06bEM BbIOOPKM;  X; — pe3yfibTaT U3MepeHus;

j — nHOekc BbIGOPKM; | — NHAEKC 3amepa;
Ny

~ . 2 N2 2

3.3. Hantn gucnepcuto B rpynnax: Sj = Z(xj —X;)"/(n; -1) (7)

j=1
3.4. lpoBepuTb rMNOTe3y O MOCTOSIHCTBE cpefHUX apudmeTndecknx (04HOPOAHOCTU) C
nomMoLLbio KpuTepna duwiepa.

m __
— XX
3.4.1. PaccunTaTh cpefHee apuMeTUIeCkoe 3Ha4YeHe No BCEM rpynnam: X — i= (8)
m )
roe m— 4yucrno rpynm.
m —— =
3.4.2. PaccuuTaTb OLEHKY MeXrpynnoBov ANCnepcun: 82 _ Lt n, (X,- — x)z_ (9)
Moom-—14z
j=1
2
3.4.3. OnpegenuTb pacyeTHoe 3HayYeHue KoadpduumneHTa duwepa: E— Sy (20)
=22,
SB
3.4.4. TlpoBepuTb HEPaBEHCTBO | < F: ., TOrAa pasnuive B OEeNCTBUTENbHbIX
— P ipfae
3HayeHnsxX pasmepoB  HesHauumo. | frfpa TabnMyHoe 3HavyeHne  KBaHTUNU

pacnpegenedna duwepa npu uucne crteneHenm csobogbl fi =m-1, f>=m(n-1) u ypoBHe
3HAYMMOCTM oL ONpPeaennTb No Npunoxexuto b.
3.5. MNpoBepuTb rMNOTE3Y O NOCTOAHCTBE ANCNEPCUM (PABHOTOYHOCTUN) C MOMOLLBbIO KpUTEPUS
baptneTTa.

3.5.1. [ina kaxgow rpynnbl paccyntaTb AUCHEPCUIO: 2 1 < v (12)
Sj_nj _1;(in Xj)
3.5.2.PaccuntaTtb OLEHKY BHYTPUIpynnoBOu ANCNEPCUN: g2 = izmlsz, (12)
B m < i
2 m

3.5.3.PaccumTarh aHadeHmne 12 2o M (-1 (e S oo 13

Xy amn—om 1l ™ nS, énsj. (13)
3.5.4. lNpoBepnTb HepaBEHCTBO 4= 5" » TOTAA pasnu4ns MexAdy oLeHKamu BbI6OPOYHbIX

ancnepcun gonycTuMel. P TabnunyHoe 3Ha4yeHue 2 nNpu Yncne creneHen ceoboabl f=m-1 n

f.P

BepoATHOCTU P onpenenuTb no npunoxexuio B.

_nhon, ni
S S, S;

3.7. Onpegnenntb BecoBoe cpeaHee apupmeTMyeckoe — OLEHKY WMCTMHHOMO 3HaveHust

2P X

N3MEPSIeMON BEMMUNHBI: X,=dl (15)
m

2P

j=1

3.8. Hantu amnupuyeckyto aucnepcuio (S,)° cpeaHux apudpMeTUUecKkmx j -Thbix rpynn:

2 _i N 7 _ WV \?
(S,) —m_ljZ_l:(pj(Xj X)) (16)

3.9. OnpenenuTb cpegHeKBaapaTUYECcKyo NOrpeLHOCTbL BECOBOro CpeaHero

3.6. OnpenennTb 3HaYeHNs "BECOB": P, : P, : ..., (14)

apuMeTUYeCKoro 3Ha4YeHus: S a7)

3.10. Hantn goBeputenbHYyO NOrpeLHOCTbL BECOBOrO CpegHEro apngpmMmeTnyeckoro:



A==t (k)-S; (18)
roe tr — koadppuumeHT CThiogeHTa N5 4OBEPUTENBHON BEPOATHOCTU P (npunoxeHwue I);
k —uncno cteneHent ceobopbl: k=m-(n . —1) (19)

rae Nmin — 06 beM HaMeHbLLEN rPpynnbl.
4 CnNUCOK peKoOMeHAYeMOU NUTepaTtyphbl
4. 1. WnwkuH N.®.TeopeTnyeckas meTtpornorus. Yactb 1. Obwasn Teopus UsMepeHun.
Y4yebHuK ans By3oB, 4-e usgaHue, nepepab. n gon.- Cnb.: MNMutep, 2010.
4.2. MapknH H.C. "OcHoBbl Teopun 06paboTkn pesynbtaTtoB namepeHuin" M.:13a0-80
ctaHgapTtos, 1991.
4.3. Kownskosa W.I"., BaraHos B.A., AtosH T.B. [pakTnkym no meTponormm un
ctaHgapTtusauuun. — PoctoB H/[.: N3a. ueHtp A TY, 2013.
5 KOHTpOsibHbIE BONPOCHI
5.1. Kakne TpeboBaHus OOSMKHbI BbINOMHATLCA A1 o6ecneyeHns BO3MOXHOCTU COBMECTHOM
00paboTku rpynn pesynbTaTtoB U3MepeHnin?
5.2. Kakne pesynbTaTbl UISBMEPEHUN MOXHO paccMaTpmuBaTb Kak OAHOPOAHbIE?
5.3. Kakas xapakTepuctunka oTpakaeT TOYHOCTb pe3ynbTaToB N3MEePEHNN?
5.4. YTo xapaktepusyeT cTaTUCTUYECKUIN BEC?
5.5. Kakumu KputepusiMm MOXHO MpPOBEPUTb: a) OAHOPOAHOCTb rPYMn pes3ynbTaToB
n3mMepeHun; 6) nx paBHOTOYHOCTb?
5.6. YT0 Takoe HepaBHOTOYHbIE U3MEPEHUAT?
5.7. B yem ocobeHHOCTM pacyeTa cpeaHero BeCoBoro?
5.8. TlpuBeante anropuTM pacdeTa pesynbTaTa OAHOPOAHbLIX HEPABHOTOYHLIX rPyMn
N3MEpPEHNN.

MpunoxeHne A
dopma oTyeTa
1. Uenb paboThl
2. Pac4éT cpeaHunx apmmeTUdeckux, ANCnepcun B rpynnax u BeCcos.
Tabnuua 3 — PesynbTaTthl cTatucTMyeckon obpaboTku rpynn nsmepeHuin

Ne ObObém CpeaHee HOucnepcus  «Bec»
BblOOpKM  BbIGOPKM  apudmeTmnyeckoe 2 o
, N _
J J Xj

3. MNMpoBepka rmnoTesbl 0 NOCTOAHCTBE CPeAHNX apudMeTUYeCKnX sHadeHun rpynn. BoiBoa.
4. MNpoBepka rmnoTesbl 0 MOCTOAHCTBE AMcnepcun no rpynnam. BeiBos.
5. Pac4éTt obuimx napaMeTpoB 1 OLEHKA TOYHOCTU onpeaeneHus pasmepa: ¢ _ (s,)?, A

6. BoiBOAObI:
6.1. O ToM, Kakas Bbibopka Hanbonee ToYHa.
6.2. O BENMYNHE NOrPELLUHOCTN N3MEPEHWUN.
6.3. O npegnonaraeMom KBanuteTe pasMmepa getanu.
MpunoxeHne b

3HauyeHus BepxHux 5%-Hblx Touek pacnpegenexHms duwepa Foos
f1 Yucno cteneHen cesobonbl, f>

10 1520 [ 2530 [ 35 [40 [ 4550 [
3,71(3,29(3,10(2,99(2,92( 287284 281(279] 260
3,48 (3,06 | 2,87 |2,76|2,69 | 2,64 261|258 256|237
3,22(2,79|2,60|2,49| 242|237 234231229209
3,07|2,64|245|234|227|222|218|215|2,13]|1,94
2,91|2,482,28|2,16|2,09 | 2,04 2,00 |1,97|1,95]|1,75
2,83]2,38(2,18]2,07]|1,99|1,94|1,90|1,87]1,85]1,64

=
SRoo s w




50

2,64
2,54

2,18
2,07

1,97 (1,84
1,84 (1,71

1,76 | 1,70 | 1,66
162|157 1,51

1,63

1,48

1,60 | 1,35
1,441 1,00

3HayeHus, yooBneTeopsitoLume ycrnoBuo P(y?>y %)= 1-P

JoBepuTensHas BeposiTHocTs P
k 0,800 | 0,900 | 0,950 | 0,985 | 0,990 | 0,995
1 1,64 2,71 3,84 5,02 6,63 7,88
2 3,22 4,61 5,98 7,38 9,21 10,60
3 4,64 6,25 7,81 9,35 11,30 | 12,80
4 5,99 7,78 9,49 11,10 | 13,30 | 14,90
5 7,29 9,24 11,10 | 12,80 | 15,10 | 16,70
6 8,56 10,60 | 12,60 | 14,40 | 16,80 | 18,50
7 9,80 12,00 | 14,10 | 16,00 | 18,50 | 20,30
8 11,00 | 13,40 | 15,50 | 17,50 | 20,10 | 22,00
9 12,20 | 14,70 | 16,90 | 19,00 | 21,70 | 23,60
10 13,40 | 16,00 | 18,30 | 20,50 | 23,20 | 25,20
11 14,60 | 17,30 | 19,70 | 21,90 | 24,70 | 26,80
12 15,80 | 18,50 | 21,00 | 23,30 | 26,20 | 28,30
13 17,00 | 19,80 | 22,40 | 24,70 | 27,70 | 29,80
14 18,20 | 21,10 | 23,70 | 26,10 | 29,10 | 31,30
15 19,30 | 22,30 | 25,00 [ 27,50 [ 30,60 | 32,80

MpunoxeHne B

MpunoxeHwne

3HauYeHus NPOLEHTHbIX Npeaernos t B 3aBUCMMOCTH OT k cTeneHelt cBo6oabl 1 BEPOATHOCTU AN
pacnpegeneHus CTblogeHTa

p

“ 0,9 0,95 0,975 0,98 0,99 | 0,995
5 2,015 2,571 3,163 3,365 | 4,032 | 4,773
6 1,943 2,447 2,969 3,143 | 3,707 | 4,317
7 1,895 2,365 2,841 2,998 | 3,499 | 4,029
8 1,86 2,306 2,752 2,896 | 3,355 | 3,833
9 1,833 2,262 2,685 2,821 3,25 3,69
10 1,812 2,228 2,634 2,764 | 3,169 | 3,581
12 1,782 2,179 2,56 2,681 | 3,055 | 3,428
14 1,761 2,145 2,51 2,624 | 2,977 | 3,326
16 1,746 2,12 2,473 2,583 | 2,921 | 3,252
18 1,734 2,101 2,445 2,552 | 2,878 | 3,193
20 1,725 2,086 2,423 2,528 | 2,845 | 3,153
22 1,717 2,074 2,405 2,508 | 2,819 | 3,119
24 1,711 2,064 2,391 2,492 | 2,797 | 3,092
26 1,706 2,056 2,379 2,479 | 2,779 | 3,067
28 1,701 2,048 2,369 2,467 | 2,763 | 3,047
30 1,697 2,042 2,36 2,457 2,75 3,03
© 1,645 1,96 2,241 2,326 | 2,576 | 2,807




pou. Kownskosa W.I"., gou,., kaHa.TexH.Hayk CtenaHos M.C.

JTabopatopHas pabota Ne7
«NCCNEQOBAHUE METPOJIOTMYECKUX XAPAKTEPUCTUK 3JIEKTPOUHAYKTUBHOMN
U3MEPUTEJ/IbHOW CUCTEMbI>»

1. lenb paboTbl: N3y4nTb NPUHLMN AENCTBUSA, KOHCTPYKLMIO U CXEMbI
BKITFOUYEHNANHAYKTMBHOMO AaTYMKa NIMHENHbIX NEepeEMELLEHNA, 03HAKOMUTBCHA C TEXHUYECKMMMU
XapakTepucTukamm 1 NPOBECTN METPOSIOTMYECKNE UCCNeaoBaHNA SNEKTPOMHAYKTUBHON
N3MepUTENbHON CUCTEMBI.

2. ObopynoBaHue

2.1. ONeKTpONHOYKTUBHAs naMmeputenbHas cuctema mogenu 6B-4100.

2.2. Habop nnockonapasnsenbHbIX KOHLEBbIX Mep AMVHbI.

2.3. Cromnka C-1.

3. O6bume nonoxeHusi

3.1. MNpuHUMN gencTBms 1 BUAbI MHOYKTUBHbIX NpeobpasoBaTenen.

K npubopam C WHAOYKTMBHBIMW JdaTyMkamMy OTHOCAT U3MepuTeNibHble CcpeactBa C
ANEKTpNYeckMM npeobpasoBaHneEM, B KOTOPLIX JIMHEVHbIE UK YITIOBblE NepeMeLLEHUS BbI3bIBatOT
N3MeHeHMe NHOYKTUBHOCTW 3NeKTpu4eckon uenun. VIHOyKTMBHBbIM JaTYMKOM Ha3biBalOT YCTPOMCTBO
ansa  npeobpasoBaHUs  MEXaHUYeCKUX  MNepemMelleHun B OfeKTPUYEeCKUrM  curHan,
npeacraesnsowiee cobon ogHy UMM HECKOSbKO KaTyleK WHOYKTUBHOCTM C MarHUTONPOBOAOM W
NOABWXHBLIM SIKOPEM, KOTOPbLIN NMPY USMEHEHUN NIMHENHOIO MUITN YIIIOBOrO pasMepa nepemMeLlaeTcs un
N3MEHSAET MHOYKTUBHOCTb KaTyLLKW.

Cxema MHOYKTUMBHONO faTyuMka — MepBUYHOro npeobpasoBaTens — COCTOUT U3 KaTyLlek
WHOYKTUBHOCTW, T.€. MPOBOAHUKA, CBEPHYTOrO B CNMparnb, MarHUTONPOBOAA, COCTOSLIEro W3
cepaeyHunka (MOCTOAHHOW Y4acTu) U SKOPSA, KOTOPbIM MPU M3MEHeHUM pasmepa CMeLLaeTcs
OTHOCUTENbHO KaTYLLKM U TeM CaMblM WU3MEHSET MarHUTHYIO NPOHULAEMOCTb (CONPOTUBIEHNE)
cepAaeyHuka, u, cnegoBatenbHO, USMEHAET UHOYKTUBHOCTb KaTyLLKW.

CyluecTtByeT age rpynnbl npeobpasoBaTeniei: ¢ U3MEHSIIOLLENCS MHOYKTUBHOCTLIO (puc. 1,a, 6)
N C N3MEHSIOLLMMCS aKTUBHBLIM CONpoTuBneHmem (puc. 1,8). MHOYKTUBHbIM NpeobpasoBaTenb (CM.
puc. 1,a) coctout 13 N-o6pasHoro marHmMtonposoaa 1, Ha KOTOPOM pa3MeLLeHa KaTyLuka 2, n
nogswxkHoro akopsa 3. lNpu nepemeLLeHnn AKops M3MEHSIeTCS ONMHa BO3AYyLUHOro 3asopa MU,
cnefoBaTefnibHO, MarHUTHOE COMPOTMBIIEHWE, YTO BbI3bIBA€T MW3MEHEeHME WHOYKTMBHOCTU
apoccens. Ha puc. 1,6 nokasaH nnyHxepHbin npeobpasoBaTesib, NpeacTaBnsiowmn cobon
KaTywKky 1, 13 KOTOPON MOXET BblOBUraTbCa PepPPOMarHUTHbIN cepaeyHuk 2 (nnyHxep). Mpwu
cpeAHeM NONOXEeHUU NIyHXepa MHOYKTUBHOCTb MakcumMaribHa.

B nHaykTmBHOM nNpeobpasoBartene BTOpon rpynnbl (CM. puc. 1,8) B 3a30p MarHUTHOW Lienu
1 BBOAUTCS NSIaCTUHKA 2 C BbICOKOW 3N1EKTPONPOBOLAHOCTLIO, B KOTOPOW HaxXOASATCS BUXPEBbIE
TOKW, NPUBOASLUME K YBEMUYEHUIO NMOTEPb aKTUBHOW MOLLHOCTWU KaTyLKW 3, YTO 9KBUBASIEHTHO
YBENNYEHMNIO aKTUBHOIO CONPOTUBMNEHNSA KaTyLLKN 3.

NHOyKTMBHbIE npeobpasoBaTenu ObiBalOT HeanddepeHLmansHbIMK n
anddepeHumnansHeiMn. OuddepeHumanbHble npeobpasoBaTen COCTOAT U3 ABYX OAMHAKOBbLIX
OAMHapHbIX NpeobpasoBaTenen, nmeowmx obwmn skopb (puc. 2). MNpu nepemelleHnmn sKkops
OofHa WHAOYKTMBHOCTb L, BO3pacTaeT, Apyraa L2 — ymeHbwaetcs [lpu avddepeHumanbHbIX
CxemMax W3MepeHUsi MHOrMe BIUsiioWMe (akTopbl, Hanpuvep, NUTaHue ceTu, OOHOBPEMEHHO
BO3OEWNCTBYIOT Ha [ABE KaTyLUKW M MOITOMY MPaKTUYECKU HE BIUSIOT Ha 3HAYEHWUs U3MEepsieMoro
napameTpa. K Tomy e yBenmumBaeTcs JIuHelHbIU y4acTOK XapakTepucTukm npeobpasoBartens, 4to
pacwmpsieT npedenbl M3MepeHuni. B npakTuke uHOYKTMBHble npeobpasoBaTtenun Bcerga
BbINONHATCA AnddepeHuUmansHbIMA.
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NHOYKTUBHOCTb 3aBUCUT OT M3MEHEHUS NMapaMETPOB 3a30pa:
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PucyHok 5 — MHgykTueHbIM NnpeobpasoBatens 6B — 4100

rae W — 4ncno BUTKOB KaTyLLKMK;
lon, Son — ANMHA ¥ Nnowagb N-ro PeppoMarHMTHOro yvyactka marHutHom uenw; | lk, Sk —
ANnHa n nnowaab k-ro heppomMarHMTHOro y4acTka MarHMTHOM Lenu,

Mo, Mk — MarHUTHasi NMPOHULLAEMOCTbL COOTBETCTBEHHO BO34yXa U MmaTtepuana k-ro yyacTka
MarHUTHOWM Lenu;

N - YUCNO BO34YLUHbIX Y4aCTKOB MarHUTHOW LieNu;

K - yncno peppomMarHUTHbIX y4aCTKOB MarHUTHON LEenu.

MHoyktneHble  npeobpasosaTenn, paboTalowme no  NpuHUMNY  U3MEHEHUs  3a30pa,
NCNoNb3yTCA ANd ManbiX nepemMelleHnn (ot gonen mukpometpa go 50 — 100 mkm), a
paboTaroLime No NPUHLMNY n3MeHeHna nnowaaun — ana nepemetdteHun ot 0,5 go 100 mm.

3.2.0CHOBHbIE METPOSIOrMYECKNE XapaKTEPUCTUKM UHAOYKTUBHbIX npeobpasoBatenen u
CXEeMbl BKITHOYEHUS.

UyBCTBMTENLHOCTb — 3TO OTHOLUEHNE U3MEHEHUS BbIXOLHOW BENUYMHBI U3MEPUTENBHOrO
npeobpasoBaTteniss K BbI3BaBLLUEMY €ro M3MEHEHMIO BXOOHOW BeNWYMHbL. NS UHAYKTUBHOMO
npeobpasoBatena C  MOABWKHbIM  PEPPOMArHUTHbIM  CEPAEYHUKOM  OTHOCUTENbHas
YYBCTBUTENBHOCTb, T.€. OTHOCUTENbHOE N3MEHEHNE MHAYKTUBHOCTH:

AL AL 1 )
-l H 2 1
1+ — |x X
Ic rcz (mm_l)

roe lc — anvHa cepaeynuka (puc. 3);

| — ANVMHa KaTyLWKK;

I — paguyc KaTyLKu;

Ic — pagnyc heppOMarHMTHOro NNyHXepa;

mMm — "odpdekTMBHaa" OTHOCUTENbHAA MarHUTHas MNPOHMLAEMOCTb MNOABUXHOIMO
cepaeyHuka.

Hanbonee pacnpoCTpaHEHHOW W3MEPUTENBHON LENbl  SABMSIETCA  HEPaBHOBECHLIN
M3MepuTenbHbIn MOCT, B [Ba MNfeya KOTOPOro BKMOYEHbl [OBe MOMOBUHbI
anddepeHumansHoro npeobpasosarens (puc. 4). [1Be noeHTUYHbIE NO NapamMeTpam KaTyLIKn C
yucnom BuTkoB W1 1 W2 nmetoT obLumin ctanbHOM cepaeyHuk 1, CUMMETPUYHO PacrOfOXKEHHbIV
BHYTPU KaTywek. VHAyKTMBHbIE conpoTmBneHua katywek Wi, n Wz paBHbl, U paBHbl MX
KOMMIIEKCHbIE COMNPOTUBIEHUSA Zi1, U Zo. [lpyn BKNIOYEHUMM ITUX KaTylleK B KayecTBe mnned
MOCTOBOW CXEMbI, B KOTOPOW Z3 = Z4 —MOCTOSIHHbIE KOMMIIEKCHbIE COMPOTUBIIEHUS, HaNpsikeHe
mMexay Todkamm "a" n "6" nameputensHOM AuaroHanm Mocta 6yaeT paBHO HyrHo.

Mpn cmelweHnn cepgevHvka 1 Ha BeNUMYUMHY M3MEPSEMOro nepemelleHuss X BMpaBoO
WHOYKTUBHOE conpoTuBrieHne kaTywku Wi, ymeHblaeTcs, a kaTywkun W» - Bo3pacTaeT, 4To




npuBoanT K pasbanaHcy MOCTOBOW W3MEPUTENIbHOM CXEMbl W MOSABMAEHUIO ToKa | B
n3MepuTenbHON AMaroHanu mocta "ab". Tok ykazaTtens onpeaensieTcs BblpaXXeHUeM:

I "o kl x (Zl B Zz) (3)
roe Zi, Z> — KOMMMEKCHble conpotuBreHus katywek Wi=W. auddepeHumanbHoro
WHAYKTMBHOIO npeobpasoBatens;

K1 — KO3 PULMEHT, 3aBUCALLNA OT BESIMYUHBLI KOMMEKCHBIX CONPOTUBNEHUN Z3 N Z4 OBYX
APYrnx nied MOCTOBOW CXEMbl U OT BHYTPEHHErO CONPOTUBIEHNS YKa3aTens.

B andpdepeHumansHom nHaykTmBHoM npeobpasosatene (puc. 4) katywka |l npuobpeTtaet
npupaLlieHme, MAEHTUYHOE NPUpPAaLLEHNIO KaTyLKKN |, HO NPOTUBOMOSOXHOIO 3HaKa.

MocToBas cxema BKIOYeHMs No3BonsieT npeobpasoBaTtb M3MEHEHNE UHOYKTUBHOCTEN ! 1
Il kaTywek I3 — [ = 2AL B anekTpudeckoe HanpsbkeHne. COOTBETCTBYHOLLEE KOHCTPYKTUBHOE
NCMONMHEHWE MO3BOSISIET NOSYYNTb FIMHENHYIO 3aBUCMMOCTb HanpshKeHUst OT NepeMeLLeHns SKops
B npeaenax 0o 80% oT anuHbl katywkn. bnarogaps ToMmy, YTo OT BENMYMHbBI NIMHEVHOIO y4YacTka
3aBMCUT AManasoH U3MepeHu npeobpasoBaTenemM, MOXHO pacLUMpUTL ero npeaesbl U3MepeHni.

ToyHoCTb NpeobpasoBaTtensa unu npubopa B NepByld ovepenb, onpenenseTcs abConoTHOW,
norpeLuHoCTLI0. AGCONOTHAst NOrPELLHOCTb B AAHHON TOYKE AManas3oHa M3MEpPEHUn paBHa:

AX =X, — X, (3)
roe Xn — nokasaHus npmbopa;

Xs — UCTUHHOE 3Ha4YeHne U3MepsaeMon BENNYMHDI, B KAYECTBE KOTOPOro NMPUHMMAIOT 3HaYeHue,
nony4eHHoe namepeHnem dornee To4HbIM — 3TarIOHHBbIM NPUOOPOM.

3.3. YCTponcTBO MHAYKTUBHOrO npeobpasoBatens 3NeKTPONHAYKTUBHON U3MEepPUTENbHOM
cuctembl mogenun bB-4100 npegctaBneHo Ha puc. 5.

lNMpeobpasoBaTenb BkMOYaeT B CebA MarHATONPOBOA M MexaHusM noaseckn (puc. 5).
MarHuTonpoBog COCTOUT U3 ABYX KaTyweKk 8 n 9, noMeLlleHHbIX B 3kpaH 14 n 16, KoTopbIn
BbIMNOSIHEH B BUAE OBYX MMI1b3 U3 3NIEKTPOTEXHUYECKON CTanu.

MexaHn3Mm noaBecku npeactaBnsieT cobon sikopb 6 ¢ M3MepuUTerbHbIM HAaKOHEYHUKOM 1,
NoABELLUEHHbIM K KOpnycy 5 Ha ABYX AUCKOBbIX NpyXuWHax 4 n 7. Akopb 6 BbINOMHEH B BUAeE
CTEPXHS, K TOpuy KoToporo obommon 15 kpenutcs cepaevHuk 13. NameputenbHoe ycunue
co3faétca npyxuHon 17. Kpendarca yanbl M geTann BHyTpu kopnyca ramkamu 2 n 18. Co
CTOPOHbl W3MEPUTENBHOrO HAKOHEYHWKa KOopryc YNMoTHEH komnbuoM 19, rodpupoBaHHOM
mMembpaHon 20 u3 anactuyHom pesuHbl. FepmeTnsaums kabenbHoro Beoga obecneymBaeTcs
pe3nHoBbIMM npobkamn 12. K anekTpoHHOW cucteme npeobpasoBaTesib NPUCOEaMHSETCA
KabenbHOW BUMKOW 3, YCTAHOBMEHHOW Ha KOHLE 3KpaHMpoBaHHOro kabens 11. Bo nsbexaHue
MeXaHMYeCcKoro nospexaeHns kabenb 3aknoyYéH B NONMBMHUNIXNOpUAHY Tpybky 10.

B nHaykTnBHOM npeobpaszoBartene naMepuTenbsHOM CUCTEMbI NPUMEHEHBI AnddepeHumnansHas
CxemMa BKIMHOYEHUS KaTylleK WHOYKTMBHOCTU W MOABWXHbBIA - (DEPPOMAarHUTHbIN - CepaeYHUK
nnyHxepHoro Ttuna. [lpyM HEWTpanbHOM MONMOXEHUM AOUCKOBLIX MNPYXUH 4 u 7 (puc. 5)
obecneynBaeTca CUMMETPUYHOCTb cepaeydHmKka 6 OTHOCUTENbHO N3MepPUTENbHBIX OOMOTOK 8 1
9. CmelLeHne cepaeyHmnKka oT HeMTpanbHOro
(banaHCHOro)  MOMOXEeHUsl, BbI3BAHHOE  W3MEHEHWEM  KOHTPONMPYEMOro  napameTpa,
nepepacnpenensieT akTuBHble MNMoWaan MarHUTHOM CUCTEMbl U U3MEHSIET CTeneHb CBS3N MeXay
obmoTkamu. B pesynbTate 9TOr0 M3MEHSATCA WHOYKTUBHOCTb  KaTylleK, WHOYKTUBHOE
CONPOTMBIIEHNE U, CrieAoBaTENbHO, NapaMeTpbl BbIXOOQHOIO curHana npeobpasoBarensi.

4. NMopanok BbINONHEHUs1 paboThbl

4.1. O3HaKOMUTBLCS C OBLLUMIM NOSIOXKEHMAMU METOONYECKUX YKa3aHUN.

4.2. OopMUTb TUTYNbHbIN NIUCT OTYETA.

4.3. OopMuTb OTHET (NpuUnoxeHue A).

4.4 lNpoBeCcTn MeTponorMyeckne uccnenoBaHus dNEKTPOUHOYKTUBHOW U3MeEPUTENbHOWN
CUCTEMbI C LENblo onpeaerieHns norpelHoCTeENn CUCTEMbI MPU Pa3fNnUYHbIX 3HAYEHUAX LiEHbI
Aenexuns.

44.1. OnpeoenuTb 3agaBaeMble U3MEPUTENbHOMY CTEPXHK npeobpasoBartens
nepemelleHnsa Yepes Kaxable 5 geneHvn wWkKanbl nokasbiBawowero npubopa. 3anonHuTb
ctonbey 2 Tabn. 1 (npunoxexune A).



4.4.2. NMopobpatb napbl ONOKOB nnockonapannenbHbiX KOHUEBbIX Mep ANMHbI Tak, YTOObI
pPa3HOCTM MX HOMMHAambHbLIX Pa3MepPoB COOTBETCTBOBANN MNEPEMELLEHUNIO U3MEPUTESIBHOMO
CTEPXXHA npeobpasoBaTtensd B MNoBepsieMble TOYkM LWiKanbl A. 3anonHutb ctonbeu 3 Tabn. 1
(mpunoxeHwne A).

4.4.3.YcTtaHaBnuBasl nocrnegoBartenibHO OMnoOKM  KOHUEBbIX Mep Mod  U3MepUTEnbHbIN
HaKOHEeYHUK npeobpasoBaTensl, CHATb NoKasaHUs X; N0 OTYETHOMY YCTPOWCTBY U 3aHECTU UX
B cTonbel 4 tabn. 1 (npunoxeHus A).

4.4.4.PaccunTtaTb MNOrpewHoCTb nokasaHum A X = Xi - Ai, B KaXOoW NOBEPSIEMON TOYKe
lWKanbl Aj, Kak pa3HOCTb 3Ha4YeHun ctonbuoB 4 1 2 Tadbn. 1. 3anonHnTb ctonbey 5 Tabn. 1
(mpunoxeHue A).

4.5. ObpaboTaTb pe3ynbTaTbl 3KCNEPUMEHTA.
4.5.1. Paccuutatb cpegHee apumMeTndyeckoe 3HavyeHue MnOrpeLlHoCT M3MEPEHUN Mo

copmyne: AX = — Z: AX; (4)

rae N - YUCNo KOHTPONMPYEMbIX TOYEK LLKarbI.
4.5.2. PaccuutaTtb cpeaHeKBaapaTnieckoe OTKIOHEHME NOPELLHOCTN N3MEPEHUIA Mo dhopmyre:

(5)

4.5.3. OI'Ipe,D,eJ'II/ITb rpaHnubl OOBEPUTENBHOINO MHTEpPBaAna and cpeuHeVl KBaﬂpaTquCKOVI

2
NorpeLwHoOCTn, NCNonb3yAa pacnpenerneHme Z .

HVKHIOH N -1 (6)
— < O,
Xu
BEPXHIOHO VN -1 (7
——*O
2 X
X
306Ch 7 — 3HAYEHMe KpUTEPUS ¥ LS BEepOSTHOCTM @-P).
ZH Z PH = 2 !
2 2 1+P)
J, — 3Haderne kputepus y Ans seposthocTn p — L+ P)
B B 2 .
. 2
BeposTHocTe P 3apjaérca nperopaBateriem. 3HaueHMe ' onpedenseTcs Mo

npunoxeHuwo b.
[MonyyeHHble AaHHbIe 3aHeCTM B Tabn. 2 ( npunoxeHne A) oT4éTa.
MpunoxeHune A
dopma otyeTa
1. Uenb paborthbl
2. ObopynoBaHune
3.0npenenexHune NorpeLHoOCT NoKkasaHum
Tabnuua 1 — PesynbTaTtbl UI3MepeHui

LleHa [KoHTponup| Pasmepsbl | NMokasaHusa | [lorpeluHocTb
OeneHns | yemble | KOHUEBbIX | OTYETHOrO |MOKa3aHun A X =

HivanLl TOLIVIA AAOQN NARA \lf‘Tnﬁl‘Zf‘TDQ A4l A RAV/RNA

0.001
0,005




4. Pac4eT NnorpeLlHoCcTn N3MepuUTeibHOM CUCTEMbI
Llena CpenHee CpenHee

aeneHnsa apvlcbmeTw-lecme KBagpatmn4deckoe

LwKasbl, 3HayYeHne A)_(’ OTKITOHEHNne
MM MKM O« » MKM

0,001

0,005

"paHunubI

OJoBEPUTESIbHOIO

wHTEpBana ansd «, ,

HWXHAA

MKM

BepXHAA

3Ha4yeHns g-NPOLEHTHbIX TOYeK AN X2-pacnpeneneHus

MpunoxeHne b

Yuncn YpoBeHb 3Ha4YMMOCTH g, %
(0]
cTtene
Hew 99 08 95 90 5 2 1 0,5
cBo0OO
Abl
k=n-1
1 | 0,00016 | 0,00063 | 0,00393 | 0,01579 | 3,841 |5412 |6,635 | 7,879
2 10,0201 |0,0404 |0,1026 |0,2107 |5991 |7,824 |921 10,6
3 101148 |0,185 |0,3518 |05844 |7.815 |9,837 |11,34 |12.84
4 |02971 |0429 |0,7107 |1,064 |9488 |11,668 |1328 |14,86
5 |05543 |0,752 |1,145 |1,61 11,07 |13,388 |1509 |16,75
6 08721 |1,134 |1,635 |2,024 |12,59 |15033 |16,81 |18,55
7 11239 |1564 |2167 |2,833 |1407 |16622 |1848 |20.28
8 |1646 |2032 |2733 |3,49 1551 |18,168 | 20,09 |21,96
9 |2088 |2532 [3325 |4168 16,92 |19,679 |21,67 |2359
10 |2558 |3,059 |3,94 4,865 |18,31 |21,161 |2321 |2519
11 |3053 |[3,609 |4575 |5578 19,68 |22,618 |2472 |26,76
12 |3571 |4,178 |5226 |6304 |21,03 |24054 |2622 |283
13 |4107 |4,765 |5892 |7,041 |2236 |25472 |27,69 |29.82
14 | 466 5368 |6571 |7,79 2368 |26,873 |29,14 |31,32
15 |5229 |5085 |7261 |8547 |24,996 |28259 |3058 |328
16 |5812 |6,614 |7,962 |9312 |26296 |29633 |32,00 |34.27
17 |6408 |7.255 |8672 |10,09 |27,587 |30995 |3341 |3572
18 |7,015 |7,906 |939 10,86 | 28,869 |32,346 | 34,81 |37.16
19 |7633 |[8567 |1012 |11,65 |30,144 |33,687 |3619 |3858
20 |8.26 9237 |1085 |1244 |3141 |35020 |3757 |40




pou. Kownsakosa W.I"., gou,., kaHa.TexH.Hayk CtenaHos M.C.
JTabopaTopHaa pabota Ne8

«OMNPEAENTIEHUE KJIACCA TOYHOCTU CPEAICTBA U3MEPEHUW»

1. lenb paboTbl: NOMYy4nTb HaBbIKM ONpeaerieHNss OCHOBHOW MOrpeLLHOCTU 1 Knacca

TOYHOCTM CpeacTBa U3MEpPEHU.
2. O6Lwme nNonoxeHus

ToYHOCTb CpeacTBa N3MEPEHUI MOXET onpeaensTbcsa abCcontoTHON, OTHOCUTENBHOW NN
npuBeLEHHOM MOrpeLHOCTbI0. ADCOMITHAs MOrpewHoCTb B JaHHOM TOYKEe [guanasoHa
n3mepeHui paBHa AX = Xn — X =% a, (1)

roe Xn — NoKasaHusi CpeacTBa U3MEpPEHUN;
X3 — UCTUHHOE 3HaYeHne N3MepSeEMON BENMMNYMHBI (B KAYECTBE UCTUHHOIO 3HAYEHMST MPUHUMAIOT
3Ha4yeHue, Nony4vYeHHoe n3aMmepeHnemM dosiee TOUHbIM, 3TanoHHBLIM NPUBOPOM).
OTHOCUTENbHas MOrPELUHOCTL paBHa OTHOLUEHMIO abCOSOTHOM MOrPELLHOCTU K UCTUHHOMY
3HAYEHWIO N3MePAEMON BENNYNHBI 1 OObIYHO BbIpaXXaeTCs B NPOLEHTaXx:
- M nmnm d = X -100% =% q,, (2)
X X

roe X — 4eNCTBUTENbHOE UIM M3MEPEHHOE 3HaYeHNe BENUYUHDI.

MpuBeaéHHas NorpeLHoCTb NpMbopa y Takke BblpaXaeTcs B MPOLEHTaxX U paBHa OTHOLLEHUIO
abConNtOTHON MOrPELLHOCTM K HOPMUPYIOLLEMY 3HayYeHuto XN, KOTOpPOe MNPUHMMAETCH pPaBHbIM
BEpPXHEMY npeaeny usMepeHun (ecnu Hynesast OTMETKa HaXoOMTCA Ha Kparo UNW BHE LUKarbl) vUnm
AvianasoHy U3MepeHun (ecnu Hyreeasi OTMETKa HaxoaUTCS BHYTPW AnMana3oHa N3sMepeHui):

AX
= —-100% =% p, %, (3)
XN

Mo ponyckaeMomy 3HaYeHU0 OCHOBHOW MOrpeLLUHOCTM YCTaHaBMBaETCA Kracc cpeacraa
namepeHuin. Knacc To4HOCTM CpeacTB U3MEPEHNN — 3TO 060BOLEHHAsS xapakTepucTuka aHHOro
TMNa CpeacTB M3MEpPEeHUN, Kak npaBumno, oTpaxarwllas YpOBEHb WX TOYHOCTW, Bblpakaemas
npegenaMm [OMNyckaeMblX OCHOBHOW M OOMOMHUTESNbHbLIX MOrpeLuHoOCTen, a Takke ApyrMMu
XapakTepuctMkamu, BrUSIOWMMU Ha TOYHOCTb. Knacc TOYHOCTM MOXeT ObiTb npeacTaBfeH B
dopme:

- abConTHOM NOrpPeLIHOCTH, eCnivm B AaHHOM 06nacTn U3MEPEHUN NPUHATO BblpaXkaTb
MOrpeLlHOCTb B eQUHULAX M3MepSieMOM BENWYUHbI UNW B AeneHuax wkanel. Hanpumep, ons
Mep Macchbl UNU ONVHbI;

- OTHOCUTENTbHOW MOrPELUHOCTM, €CNN NOrPeLHOCTU Henb3s nonaratb NOCTOSHHBIMU B
npegenax gnanasoHa U3MepeHui;

- MPUBEOEHHOM MNOrpPeLHOCTU, €eCnv rpaHuubl MNOrPELUHOCTEN MOXHO nonaraTb
NpaKTUYECKN HEM3MEHHBIMW B Npeaenax guanasoHa namepeHui.

Ecnu knacc ToyHOCTM npeacTtaBneH B Buae abCOMOTHOW MOrpeLlHOCTU C NPaKTUYeCcKu
HensMeHHbIMX rpaHuuamm Buga + a (1), rae a=const, To OH 0BO3Ha4yaeTCcA 3arnaBHbIMU
OykBaMu NaTtMHCKOro andasuta unm pumckumu umdpamun. Npu aTom gormkHa ObiTb NpMBeaeHa
Tabnuua cooTBETCTBUA 0003HAYeHWUss 3HadYeHuio norpewHocTn. Yem 6Gonble undpa wnu
Aanblue oT Hadvana andasuta bykea, TeMm 6ornbluee 3Ha4YeHne NOrpeLHOCTN OHY 0603HavaloT.



\
[ 1,5)
Knacc ToyHOCTM 0603Ha4yaeTcs YMcnom B KPyXKe, Hanpumep,__~,ecrnm oH yCTaHOBJ1EH

MO OTHOCUTENBHOW MOrPELUHOCTU C NOCTOAHHBIMW rpaHuammn £q,%, (2).
Knacc TouyHoCcTn 0603HavaeTcs AByMS Yncnamm Yyepes Kocyto 4epTty, Hanpumep 0,03/0,02
, €CNM OH YCTaHOBIEH MO OTHOCUTENbHOW MNOrPELHOCTN, ONpPedenéHHOW Mo  NUMHEWNHO
n3meHsLenca abcontoTHOM norpeLwHocTn. ABCONTHaA NOrpPeLHOCTb UMEET BUA;:
Ax =+ (a + b-x), (4)
roe a, b — nocTosiHHbIE KO3 PUUNEHTDI.
Torga oTHOCUTENbHAA NOrPeLIHOCTb:
b+ a |, 2 IX”|—1 =
X)X %

AX .
&, = -4 a+tb-x _ by 2| =%|(p, 2| a  ajl=
X X X ‘XK ‘XK X

I+

roec=b+d;d=_a ;
X,
Xk — BonbLwnin (N0 MOAYI0) U3 NPpeaenoB N3MepPEHNIA.
Knacc ToyHOCTM o06O03HayaeTca uucnom 6e3 CUMBOMOB, €Cnu onpedenéd no
npuBeaEHHON NOrpeLLIHOCTH £p, %, (3).

15

Knacc ToyHOCTM 0BO3Ha4yaeTcda C CMMBOSIOM v, HanpumepV, ecnu LWkKana cpeactsa
N3MepeHnn HenuHernHasa (rmnepbonunyeckasa, norapugmMmmyeckaa un T.4.), U 3a HopmupyloLee
3HayeHne Xn NpUHMMaeTcs AfiMHa WwKanbl.

C uenbl oOrpaHMYeHUs HOMEHKNATypbl CPEeACTB M3MEPEHUrM MO TOYHOCTU YUCHO
yCTaHaBNUBaEeMbIX KMacCoB TOYHOCTM [N KOHKPETHbIX T[pynn  CpeacTB  U3MepeHun
OrpaHN4MBaEeTCs, a pacyY€THble BEeNUYMHbI g, C, d, p OKPYrNsalTCA OO 3Ha4veHus, bnwxanwero
6onbwero no psagy: 1-10"; 1,5-10"; (1,6-10M); 2-10"; 2,5-10™; (3-10M); 4-10"; 5-10™; 6-10", roe
n=1; 0; -1; -2 n T.4. lOorpewHoCcTb OKPYrneHna He [OorkHa npeBbiwaTtb 5%. 3HayeHus
CTaHOapTHOro psida, 3akf4veHHble B CKOOKM, He peKkOMeHOOoBaHbl ANA nepBooYepeHOoro
NPUMEHeHUs.

3. MMopaaok BbINOMHEHUA PaboThbl

3.1. O3HaKOMUTLCA C OOLLMMM NOSIOXKEHNAMN METOANHECKNX YKa3aHUMN.
3.2. OhopMUTb TUTYIbHbIN JIUCT OTHETA.
3.3. OdbopMuTb OTYET ( NpunoxeHune A).

3.4. [lo pesynbTatam METPOSIOTMYECKUX  WUCCHEOBaHUN  3NEKTPOUHOYKTUBHOW
N3MepUTENBLHON CUCTEMbI ONPedennTb HOpMUpPyeMble MOrpeLHOCTM CUCTEMbl B abBCOMOTHON,
OTHOCUTENbLHOW U NPUBESEHHOM (hopMax BblpaXKeHUSI.

3.4.1. OnpegenuTb 3Ha4YeHNs NapamMeTpPoB a U b B maTemMaTnyeckon Moaenu
3aBMCUMOCTW abCONTHOM NOrPELLHOCTU OT U3MEPSIEMOW BENMUYUNHBI X. [1r1s 3TOro:

- 3anonHUTL Tabnuuy 1 npunoxeHus A,

- paccumTaTh napameTpbl a u b no popmynam:

%“Axi -%“XF _gxig“(Axi 'Xi)
Ngxf—(gxij
Nil:(xi .xiAxi)—i“xi .%“Axi

6=—1 ! ! , (7)

rae Axi — MOrpelHoCTb MoKasaHWi X; OTCYETHOro YCTPOMCTBA cpeacTBa U3MEpeHul B
KOHTPOMNMPYEMbIX TOYKaX LLKarbI.

(6)

a




3.4.2. PaccunTtatb HanbonbLyo abConoTHYH NOrpeLLHOCTb MO 3aBUCUMOCTH (4) Npu
3HAYEHUN X=Xmax=Xk:,
AXmax: + (a + b'Xmax) (8)
3.4.3. CpaBHuTb abCONOTHYH NOrpeLHOCTb Npubopa C NOrPELLHOCTSMU, NPUBEAEHHBIMM
B TEXHNYECKNX XapaKTepuCTukax npmbopa:
no wkane c ueHou genexnns 0,001 mm — 0,008 mm; no wkane ¢ ueHon
aenenunsa 0,005 mm — 0,030 mm.
3.4.4 PaccuntaTb NpyMBEAEHHYIO NOrpeLlHOCTb (3) No HambonbLue abcontoTHOM
NOrpeLLHOCTU:

y = A)’é—ffﬁX-loo%, (9)

N

roe Xn, — AvanasoH U3MepeHuin no Likane.
3.4.5.MpeacTaBnTb OTHOCUTENBHYHO NOrPeLLHOCTL B BuAe (5). [ins yero onpedenvtb

3Ha4YeHus napameTpos C n d: d=_a ; (20)
X,
c=b+d. (12)

3.5. Onpefenntb Knacc TOYHOCTU U3MEPUTESTbHON CUCTEMBI.
3.5.1.Knacc TO4YHOCTM paBeH MaKCcUManbHO [OMyCKaeMOMYy 3HAYeHUH OCHOBHOM
npuMBeLEHHON NOrpelwHocTn. Ee 3HadYeHne okpyrnuTb 4O Onukanwero 6onbLero 3HavyeHus
no craHgaptHomy psay 1-10™ 1,5-10 (1,6-10M); 2-10™; 2,5-10"; (3-10™); 4-10™; 5-10"; 6-10", raoe
n=1;0; -1;-2nT.4.
3.5.2.Knacc TO4HOCTU MO OTHOCUTENBHOW NOrPELLUHOCTU Bbipa3nTb KO3hduuneHTamm c
n d B Buge: c/d. MNpn aTOM 3HaAYEHUsT KOIPMPUUMEHTOB OKPYrNUTb A0 Grvkanwmnx 60nbmx
3Ha4yeHun No psay, npmeegeHHomy B n. 3.5.1.
lMonyyeHHble 3Ha4YeHus 3aHecTn B Tabn. 2 ( npunoxeHue A).
4 CnucoK pekomMeHayeMon nureparypbl
4.1. WuwkuH N.®.TeopeTtudeckas metponorus. Yactb 1. Obwasa Teopmsa namepeHunin.
Y4ebHuK ans By3oB, 4-e nsgaHue, nepepab. n gon.- Cnb.: MNMutep, 2010.
4.2. MapknH H.C. "OcHoBbl Teopum 06paboTkun pesynbtatoB nameperHnin" M.:U3g-so
ctaHgapTtos, 1991.
4.3.dnmutpos B.MM., Kownskosa W.I"., XnebyHos A.®. MeTpornorus. Bonpockl n 0TBETHI.
Poctos H/[.: N3g.ueHtp O TY, 2003.
4.4. Kownsakosa W.I"., BaraHos B.A., ATosH T.B. [Npaktukym no metponorum n
ctaHgapTtmsaumn. — PoctoB H/[.: N3a. uenTtp A TY, 2013.
5. Bonpochb! Ans caMmonpoBepKu
5.1. Tllepeyncnute HOPMUPOBAHHbLIE METPONOrMyeckne XxapakTePUCTUKN CPeacTB
N3MepeEHUN.
5.2. Kak onpegenstotcsa abcontoTHasa, OTHOCUTENbHAA U NpMBEeAEHHAA MOrPELLHOCTA U
Knacc TOYHOCTU M3MEpPUTENbHbLIX NPpUbopoB?
5.3. YUTo xapakTepuayeT Krnacc TOYHOCTU CpeacTBa U3MEPEHNIN?
5.4. lpun Kaknx ycrnoBmsX Kracc TOYHOCTU ONpeaensieTcsa no NorpeLHocTu: a)
abcontoTHON; 6) OTHOCUTENBHOW; B) NPUBEAEHHON?
5.5. Kak o60o3HavaeTcs Knacc TOYHOCTU, YCTAaHOBIIEHHbIN MO NOrPEeLIHOCTU: a)
abcontoTHON; 6) OTHOCUTENBHOW; B) NPUBEAEHHON?
5.6. Kak yctaHaBnnBaeTCcs YNCNOBOE 3HA4YEHME Knacca TOYHOCTM?
5.7 .Kak yctaHaBnuBaeTcsa 1 0603Ha4yaeTcs Knacc TOYHOCTM NPy NIMHENHO
n3mMeHsLencs abcontoTHOM NOrpeLlHOCTN?

MpunoxeHne A

dopma oTyeTa

1. Lenb paboTsbl.

2. OnpegenexHune knacca TOMHOCTU N3MEPUTENBHOM CUCTEMBI

Tabnuua 1 — PacyeT napameTpoB mMaTeMaTU4eCKon Moaenu abCcontoTHON NOrpeLLIHOCTH



Llena
aeneHns

LKanbl, MM

0,001
CymMmbl
0,005

CymMMmbl

Homepa

KOHTponupye

MbIX TOYEK i

N

N

MNMokasaHug

OTCHEeTHOro

ycTpouncTBa

Xi, MKM

MKM?2

MNorpelHocTb  AX; - X;

rnokasaHun

AX; , MKM

Tabnuua 2 — MeTpornormyeckne xapakTepucTUKA U3MepPUTENbHON CUCTEMBI

LleHa neneHus wkansl, MM

0,001

0,005

-peHnn No wkKane Xmax, MKM

Mpepen nsme

ABcontoTHas NOrpeLwHoOCTb AXmax, MKM

IipedelibHO 4OIyClInMdA 1101 pellHOCI b,

MKM

[vanasoH namepeHui no wkane Xn, MKM

MpuBeaeHHas NorpeLlHocTb Y, %

Knacc

TOYHOCTHU MO

norpeLwHocCT

n

NpMB  OTHO

efeH cute

HOW  NbHO

MapameTpbl

mMoaenn



pou. Kownskosa W.I"., gou., KaH4. TexH. Hayk ATosiH T.B.
JTabopaTtopHas pabota Ne9
«BblBOP CPEACTB U3MEPEHWUN U OLLEHKA KAYECTBA METO[A
U3MEPEHWUN»

1 Uenb pa6otbl: OcBouTb MeTOAWKY BblbOpa CpeactB M METOAOB U3MEPEHUN
reomeTpu4ecKnx NnapameTpoB AeTanen.

2 O6bLeKkT mamepeHun: [letanb, 3CKM3 KOTOPOW nokasaH Ha puc. 1 npunoxeHusa b,
ABNSETCA TENOM BpalleHWs, Hapy>KHas U BHYTPEHHSAS NOBEPXHOCTN KOTOPOro CKOMOMHMPOBAHDI
UUITMHAPUYECKUMU N KOHMYECKUMU dpopMaMn. KOHTpONb pasmepoB 3TUX MOBEPXHOCTEN U UX
B3aMMHOIO pacrnonoXxeHus He TpebyeT cneumanbHbix cpeacts namepenun (CU) n moxet ObiTb
BbIMOSTHEH YHMBepcanbHbiMu CU.

3 O6opyaoBaHue: CU, Heobxoanmble aAns KOHTPONS yKasaHHbIX pa3MepoB, BbibMpatoTcs
13 npunoxenus [ nocne pacyéTta 4oNyCTMMOWN MOrPeLHOCTUN USMEPEHMSI.

4 O6LwmMe NonoXeHus

4.1 Boibop CU

KauyecTtBO M3MepeHun 3aBuCUT OT npaBunbHoro Bbibopa CW. lNpu 3TOM yuuTbiBalOT
n3MepsieMyto BENWYMHY, MeTod, YCMOoBMS NpOBEeAEeHUss U [OMYyCKaeMylo MNOrpeLlHoCTb
N3MEepeHun, ananasoH U3MEepPeHUn, XxapakTepucTuku norpewHocTen, crommoctb CU, npocTtoTy
nX 3KCnyataunn, Npuyém nepBooyepeHoe BHUMaHue yaenaetca TodHoctn CU, kak chakTopy,
Hanbornee CyLeCTBEHHO BNUAIOLEMY Ha pe3ynbTaT U3MepeHus.

Mpun BbIGOPEe CN NO TOYHOCTM HEOBXOAMMO YYUTbIBaTb A0S0 OOMNYCTMMOW NOrpeLlHOCTH
N3MepEeHnn, NPUXoOALLYHCS Ha NorpeLHoCTb ucnonbdyemblix CA.




CocTtasnsowmmum norpewHoOCTn pedyribtTarta, nNoMmMmMo I'IOFpGLLIHOCTGI7I CH, MoryT ObITb
norpewHocTn, BHOCUMblE METOOM, ONepaTopomM, OENCTBMEM BNSAIOLLNX BENUYMH:

A=At A * At A, <A &)

rge Az - CyMMapHasd norpeHoCTb UAMEPEHNA,

Am - NpegenbHasa NorpeLHoCTb MeToaa U3MepeHni,

Acu - npefesibHas NorpeLHoOCTb UCNONb3yeMbIX CPeACTB U3MEPEHUHN,

Aycn - npegenbHasa NorpeLHoCcTb, 06ycrnoBneHHasa BIANAHNEM BHELLHUX
dakTopoB,

Ao - npefenbHas NorpeLLuHocTb onepaTopa,

Ao - fonyckaemas nNorpeLHoOCTb N3MEpPEHUSI.

MeToa wn3amepeHuMn — 3TO CNOCOO pelleHust u3MepuTenbHOM 3agaudun. [lorpelHocTb
MeToda usMmepeHuss Aw 0BycroBreHa HeCOBEpLUEHCTBOM BblIOpaHHOro mMetofa, Hanpumep,
HenpaBuNbHO BblIOpaHHOM cxeMon 6asnpoBaHMsA U3OENUda, HenpaBuibHO BblOpaHHOM
nocneaoBaTenbHOCTbIO U3MEPEHUI, NOrPELLUHOCTLI0 MPUMEHSIEMON CXEMbI UIBMEPEHUS U T.4.

Mog norpewwHoCcTbld  CpPeacTB  M3MEpPEeHUn  Acu  nogpasymeBaloT  COOCTBEHHYHO
NOrpeLLIHOCTb 3TOr0 TEXHNYECKOro cpeacTea.

M3mepeHnio Bcerga CconyTCTBYHOT BHELWHME {akTopbl, KOTOpble MOryT OKa3sblBaTb
BMMSAHWE Ha HaWAEHHoe nNpu  U3MepeHun 3HadeHne duandeckon BennymHbl.  OHKM
obycnaBnuBatloT NOsIBIIEHNE COCTaBNAOWEN Aycr .

MorpewHocTb Ao 0OycrnoBneHa uHAMBUAYanbHbIMM CMOCOBHOCTAMM onepaTopa, €ero
Ka4yecTBOM paboThbl NPU OKPYrNEHUN N CHATUN OTCYETOB.

3Has, kakasi onst JonyCTMMOW MOrpeLHoCTU M3MEPEHUI NPUXOLAUTCS Ha MOrpeLlHoCTb
CW, moxHO onpeaennTb ero HeobxoaumMyk TOYHOCTL. B cnyyae, ecnv norpelHocTaMn MeTona
N onepartopa MOXHO npeHebpeyb, TO MakcMmarnbHO gonyctumMas norpewwHocts CU 6yaet paBHa
npenenbHON NOrpeLLlHOCTU N3MEPEHNUN.

OpHako, yuuTbiBas, 4TO MOA4 BO3OEWUCTBMEM BIIMSIOWMX BEMIMMUH B HOPMAarbHbIX
ycnoBuax norpewHocte CA moxeT nameHsateca Ha 35%, uenecoobpasHo CU BbibupaTtb C
NOrpeLIHOCTbHO:

Acu = Ao—0,35A0 =0,65A0 (2)

4.2 OueHKka kayecTBa MeToaa U3MepPEHUI

[MorpelwHoCTb M3MEPEHUN HENnocpeaCcTBEHHO OKa3blBaeT BIWAHWME Ha pes3ynbTaTbl
pa3bpakoBkM B napTum getanen. Ecnm Obl KOHTPOMb OCyLLECTBNANCA abCOMOTHO TOYHLIMU
cpencTBamMu U3MEPEHUN, BCE U3Lenus, Haxogswmecsa B norne gonycka, 6o 6bl npusHaHbl
rogHbIMW, a Te U3genus, y KOTOpbIX M3MepsieMbli napameTp MNpeBbllaeT onyck, 6buimn 6ol
NPU3HaHbl HErOgHbIMU. M3-3a CyLecTBOBaHWUS NOrPELUHOCTU U3MEPEHUN, NPU KOHTPOSE YacTb
HerogHbIX M3genun 6ygeT npmsHaHa rogHbiMmn (Gpak KOHTponsa 2-ro poga m), a 4yacTb rogHbIX
n3genun — HerogHoiMmn (6pak KoHTpons 1-ro poga-n). MiccnegoBaHMs MKW YCTAHOBIEHO, YTO Ha
Opak KOHTpONSA BNUSIET paccesiHUe AENCTBUTENbHbIX 3HAYEHUN KOHTPONMpPyeMOro napametpa
N3roTOBMSIEMbIX M3OENUA  (TEXHONOIMYECKOE paccesiHne), YCTaHOBIEHHbIA OOMYCK Ha
KOHTPONMPYEMbIA napamMeTp, BMA 3aKOHOB pacnpedeneHust Kak MorpelHocTen, Tak WU
TEXHOSIOrM4Yeckoro paccesHus (puc. 1).



/ N X

Jisichs

Ad=20 AR=20

Puc. 1 — BepositTHocTb 6paka koHTpons 1-ro (P1) n 2-ro (P2) poaa:
Auz0 - HOPMUPYEMbIN JONYCK HA KOHTPONMPYEMbIN NapaMeTp N3roTOBMASIEMOro U3aenus,
Ao - npegenbHas NOrpeLHoOCTb N3MePEHNS,
o - cpefHee KBaapaTU4YHOE OTKIOHEHME MOrPEeLLIHOCTN N3MEPEHNS,
¢ - BEPOATHOCTHbIN BbIXOA4 pa3Mepa KOHTPONMpyemMoro napameTpa 3a rpaHuuy nons
Aonycka y HenpaBunbHO NPUHATLIX N3AENUNA,
o, - CpegHee KBagpaTU4ecKoe OTKIOHEHWEe pacCesiHUs OEeWCTBUTENbHbIX 3HAYeHU

KOHTpONMpyeMoro napameTpa.

Bbibop CU nuHenHbIXx pasmepoB MO TOYHOCTHbIM MapamMeTpam [Afsi OCyL,eCTBIEHUS
NPUEMOYHOro KOHTpons MoxeT ObiTb BbinoniHeH no [OCT 8.051-81 «[lorpewHocTty,
Jornyckaemble Mpu  U3MEepeHUn JIuHeWHbIx pasmepoB o 500 mm» wn PO 50-98-86,
MEeToAMYECKMMM  YKa3aHuAMM «Bblbop yHMBepcanbHbIX CpeacTB U3MEPEHUN  NMHEWMHbIX
pasmepoB o 500 wmm». Wcnomnb3oBaHMe MeTOOMYECKMX yKa3aHuMh usbaBnser oT
HeobX0AMMOCTU pacCYUTbIBaTb CAMOCTOSATENBHO CYMMapPHYH NOrPELLHOCTb MO BbISIBNIEHHbIM eé
COCTaBNALWMM NS CnyyYyaeB u3aMepeHus yHusepcarnbHbiMM CU HapyXHbIX U BHYTPEHHUX
NMHENHbIX pa3mepoB Aetanen, rmyobuH, GneHnn.

5. MMopaaokK BbINOMHEHUA PaboThbl
5.1 O3HaKOMUTLCS C OBLLMMK NOSTOXKEHNAMM NO BbIGOPY yHMBEpPCcanbHbIX CU.
5.2 Onpepenntb 3HayeHust npenenbHbiX OTKINOHEeHuW pasmepoB /7.5/, /7.6/ n 3aHecTn ux B
Tabnuuy 1 npunoxeHus A.
5.3 Paccuntatb JONYCKN Ha KOHTPONMpPyeMbIE pa3Mepbl N 3aHECTM NX B Tabnuuy 1 npunoxeHuns
A.
5.4 TlpoaHanu3anpoBatb TpeboBaHMA K TOYHOCTM NapamMeTpoB pneTannm U YCTaHOBUTb
AOMYCTUMblEe MOrPELLUHOCTM U3MEPEeHUsa Kaxaoro napameTpa (npunoxeHue B), 3aHecTn ux B
Tabnuuy 1 npunoxenus A.
5.5 OueHunTb npeagenbHO OOMNYCTUMYIO MOrPELUHOCTb KaXK4oro M3mepuTenbHOro cpeacrsa Ang
KOHTPONsi npoBepsieMblx padmepoB getann Acu =0,65A0 1 3aHecTn B Tabnvuy 1 npunoxeHus

A.
5.6 BbibpaTtb KOMNMeKc n3aMepuTenbHbIX CPEeACTB AS1 KOHTPONSA 3aaHHbIX NapamMeTpoB AeTanu
B COOTBETCTBUM C NpuUnoxeHnem I,
5.7 OnpeoennTb KONMYECTBO HEMPABUMBbHO MPUHATLIX (M) N HENpPaBUbHO 3abpakoBaHHbIX (N)
nNpu KOHTpONe AeTanen no Kaxgomy napameTpy npwu yCroBun mM3amepeHuin BblibpaHHbiM CUL.
3anonHuTb Tabnuuy 2 NnpunoxeHunsa A.

6 NMpumep

TpebyeTca NPOKOHTPONMPOBATL HAPYXHbIN AnameTp aetanu J30h5.
6.1 Onpenensem 3HaueHNs NpeaernbHbIX OTKIOHeHWN /7.5/, /7.6/: @30h5(.0.009).
6.2 PaccunTbiBaeM JOMNYyCK Ha KOHTPOSIMpyeMbIN pa3mep:

Auzo = es —ei =0—(0,009) = 0,009 mm,

roe es v ei - COOTBETCTBEHHO BEPXHEE U HWXKHEE NpefenbHble OTKIOHEHUS.




6.3 YcTtaHaBsnmBaem rno npurioxeHunto B gonyctumMyto NOrpeLwHoCTb U3MePEHUn: s nHTepsana
HOMUHarnbHbIX padmepos ¢B.18 go 30 n ITS gonycTumasa NorpeLHoCTb U3MepeHnin Ao = 30 MKM.
6.4 Onpenensem npeaensHO A0MyCTUMYIO norpelwHocTs CU @30h5:

Acu =0,65-A0 =0,65-3=1,95 MKM.
6.5 Bblbupaem yHuBepcanbHOe u3MepUTENbHOE CPeacTBO MO npunoxeHuto [, umetrowee
NOrpeLHoOCTb U3MEPEHNSA B JAaHHOM MHTepBase pasMepoB, He npeBbiwaroLyto 1,95 Mkm.
B uHTepBane cebiwe 18 o 30 MM AaHHbLIM YCMNOBUAM YAOBETBOPSET MUKPOKATOP C LIEHOW
aenexns 0,002 MM, UMeOLWNA NOrPELUHOCTb N3MepeHnsa Acu =1,5MKM.

M3mepeHunst oTHoCUTENbHbIE.

6.6 OnpegensemM KoOnMYeCTBO HeNPaBUIIbHO MPUHATLIX (M) N HeNpaBUIIbHO 3abpakoBaHHbIX MO
KOHTponupyemMomMy napameTpy getaneu (n).

MpepenbHas norpewHocTs CU (MukpokaTopa) ¢ ueHoun genexus 0,002 mm pasmepa ¢ 4OMyCcKOM
Auzo =9MKM, A'cu=15Mkm. lNpn 3TOM NOrpewwHoOCcTb mnamepeHuss 6e3 y4dyéta MorpeLHoCTu

mMeToada 1 ornepartopa 6y/:leT paBHa:
Al — A'cu 15

=——=2,3 (MKMm).
0,65 0,65
CpepHee kBagpaTnyecKkoe OTKIOHEHWE NOrpeLHOCTU U3MEPEHUI PABHO:
Ao 2,3

0 =—=—=115 (MKMm).
2 2

OnpepnensieM COOTHOLUEHNE CpeaHero KBaapaTUYeCcKOro OTKIOHEHUS MOrPELLHOCTU N3MEePEHUI
1 aonycka Ha KOHTPONMPYEMBIN pasmep:

o = g-lOO% =12,8%.
Auzo 9

Mo npunoxeHuto [1 4ns cooTHOWEHNA =12,8% onpegensaem, YTO HENPAaBUITbHO NPUHATLIX

Auz

petanen m=3,75 — 4,10%,a HenpaBunbHO 3abpakoBaHHbIX aeTanen n=5,40 — 5,80% o1 obwero
yucna B napTuu geTtanemn.

7 PekoMeHayemas nurepartypa
7.1 Knnmenkos, C.C. HopmupoBaHue TOYHOCTU U TEXHUYECKME N3MEPEHMUS B MALLMHOCTPOEHUN:
YyebHuk / C.C. KnumeHkos. - M.: HALL MH®PA-M, Hos. 3HaHue, 2013.
7.2 Wwnwmapes, B.KO. TexHuyeckme wusmepeHuss M npubopbl: YYebHUK aOna CTyAeHTOoB
yuypexaeHun BbiCclero npodeccmnoHanbHoro obpasosanus / B.HO. Wwuwmapes. - M.: UL
Akagemus, 2012.
7.3 TOCT 8.051-81 «[NorpelwwHocTn, gonyckaemMble Npy U3MEpPEHUN NMMHENHbIX pa3mepoB o 500
MMD.
7.4 P 50-98-86. Metoguyeckme ykasaHus «Bblbop yHMBepcanbHbIX CPeacTB M3MEPEHUN
NMHENHbIX pa3mepoB go 500 mmy» (no npumeHeHuto TOCT 8.051-81).
7.5 KownskoBa W.I., CopoukuHa O. 0., 3akannH E. H. Teopus 1 npaktmka HOpMMpPOBaHUS
TOYHOCTU B MaLUMHOCTPOEHUN: y4ebHoe nocobue/; [IOHCKOM roc. TEXHNUYECKUIN YH-T. - POCTOB-Ha
Hony: AITY, 2013.
7.6 Jonyckn n nocagkn. CnpasoyHuk/Iog pea. B.O. Msarkosa. - J1.: MawwuHocTpoeHune, 1982,
y.1.

8_Bonpochbl Ans camonpoBepku
8.1 Kakne daktopbl BMNAIOT HA KAYECTBO U3MEPEHNN?
8.2 Yto aBnseTCsi OCHOBHOW XapakTEPUCTUKON N3MEPUTENBHOIO cpeacTea?
8.3 UTto HasbiBaeTCsa NOrpeLlHOCTbO pe3yrnbTaTa M3MepeHnn?
8.4 HasoBuTe cocTaBngowme norpeLHoCT U3MepeHus.
8.5 Kakumu gpaktopamm MoryT ObiTb Bbi3BaHbl CrieaytoLne norpeLHoCcTu:
MeToAa U3MePEHUIA; CpeacTBa N3MePEHN; BNMSIOLWMNX DaKTOpPOB; onepaTopa?
8.6 Vicxoas 13 Kakux ycrnoBui BbibupaeTcs cpeacTBO N3MEPEHNIA?

MpunoxeHne A
dopma oTyeTa



1. Llenb paboTbl.

2. Bbibop namepuTenbHbIX CPeacTB U pe3yrbTaTbl KOHTPOSS NapamMeTpoB AeTanu.
2.1. Boibop CU ansa koHTponsa pa3smepoB Aetanu.

Tabnuua 1. Beibop CU.
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2.2. OnpepgeneHve oxnaaemblx pesyrnbTaToB NPUEMKU.
Tabnuua 2. OnpegeneHve HenpasuIbHO MPUHATLIX (M) U HenpaBuNbHO 3abpakoBaHHbLIX (N)
pertanen.

% petanen

MorpewHocT CpeaHee

b KBaApaTU4ecko
—2_*100%
Auzo

namepeHunn € OTKITIOHEHUue HenpasuliibH HenNnpaBWUIibHO

MKM
11Ul PSLLUAUL I D LPSHUL I Ba

- New 5 A9 O NPUHATBIX  3abpakoBaHH
7065 2

namepeHun A’'cm, MKm

m bIX N

O603HavyeHne pa3vepos
HUlI bel\ PGJIVICPG Lviswi,

3. BoiBOAbI.
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MpunoxeHne b

Puc.1. Ockua KoHTponmpyemon getanm




Pa3Mepr KOHTPOJINPYEMbIX aetaneun

E;“;ipw B r i} E X K n M H n P C T y
39,2 | 49,5js10 | 49,5H10 | 70,55H12 | 75h7 | 39,4 | 21,15 | 26,5 | 44,6 | 40.16js10 | 142 | 14° 57° | 151°
2 39,3 | 49,6d9 | 49,7G11 | 70,05H14 | 74.3s7 | 39,1 | 20,4 | 27 | 44,8 | 40.45js9 | 142,8 | 13°20' | 50°40' | 146°
3 40 | 49,5p11 | 49,9F10 | 70,65H13 | 74.3p8 | 395 | 20 | 26,9 | 445 | 40js9 | 1423 | 12°40' | s4° | 144°
4 38,8 | 50js11 | 49,6H10 | 70,55H14 | 74.68h8 | 39,7 | 205 | 25 | 39,7 | 40.4js9 | 142 | 14° | 43°20' | 151°
5 39,1 | 49,6h10 | 49,8€E11 | 70,1H14 | 74.5t6 | 40,3 | 20,5 | 24,4 | 40,3 | 30.88js10 | 141,5 | 13°40' | 55°20" | 148°
6 39,1 | 49,6k9 | 49,7G10 | 69,9H12 | 74.64h6 | 39,2 | 21,2 | 26,2 | 39,2 | 40.24js12 | 142,3 | 12°40' | 55°20" | 152°
7 39,5 | 50m10 | 49,9F11 | 70,65H14 | 74.6is7 | 40,2 | 195 | 25,7 | 40,3 | 40.12js9 | 140 | 16° 47° | 152°
8 40 | 496f9 | 49,5E10 | 70,3H12 | 74.8n8 | 39,7 | 20,7 | 24,4 | 39,7 | 40.48js10 | 141 | 13°20' | 53° | 152°
MpumMeyaHue. 1. BbIGOp U3MepUTernbHbIX CPEACTB NPOBOAAT ANA PA3MepPOoB C yKa3aHHbIMM

nonsMn SONyCKOB.
2. HeykasaHHble NpefernbHble pa3psaabl HasHaunTb no hl4.




MpunoxeHne B
nOFpeLLIHOCTI/I, aonyckaewmble npun namepeHmnn TNMMHENHbIX pa3mepoB OO0 500 MM, B COOTBETCTBUNA
c NOCT 8.051-81, Mkm

[Onsa ksanuteToB
HomuHanbHble

pasmepsbl, MM

AV IT Ao 1T Ao T Ao T Ao IT AO IT AO IT AO

Ho3 1.2 0.4 2,0 0,8 3 1,0 4 14 6 18 10 3,0 14 3,0 25 6
Cs3p06 15 0,6 2,5 1,0 4 14 5 16 8 2,0 12 3,0 18 4,0 30 8
6+10 15 0,6 2,5 1,0 4 14 6 2,0 9 2,0 15 4,0 22 50 36 9
10+18 2,0 0,8 3,0 1,2 5 1,6 8 2,8 11 3,0 18 4,0 27 7,0 43 10
18+30 2,5 10 4,0 14 6 2,0 9 3,0 13 4,0 21 6,0 33 8,0 52 12
30+50 2,5 10 4,0 14 7 2,4 11 4,0 16 50 25 7,0 39 10,0 62 16

50+80 3,0 12 5,0 18 8 2,8 13 4,0 19 50 30 9,0 46 12,0 74 18



80+120 4,0 1,6 6,0 2,0 10 1,0 15 5,0 22 6,0 35 10,0 54 12,0 87 20

120+180 5,0 20 80 2,8 12 4,0 18 6,0 25 7,0 40 120 63 16,0 100 30
180+250 7,0 28 100 40 14 5,0 20 7,0 29 8,0 46 120 72 180 115 30
250+315 8,0 30 120 40 16 5,0 23 8,0 32 10,0 52 140 81 20,0 130 30
315+400 9,0 30 130 50 18 6,0 25 9,0 36 10,0 57 16,0 89 24,0 140 40
400+500 10,0 40 150 50 20 6,0 27 9,0 40 12,0 63 180 97 26,0 155 40

OkoH4yaHue Tabnuubl

[ns kBanuteToB
HomuHanbHble
10 11 12 13 14 15 16 17
pasmepbl, MM

T Ao IT Ao 1T Ao 1T Ao IT Ao IT Ao IT Ao IT Ao
Jo3 40 8 60 12 100 20 140 30 250 50 400 80 600 120 1000 200

Cs3p06 48 10 75 16 120 30 180 40 300 60 480 100 750 160 1200 240



6+10

10+18

18+30

30+50

50+80

80+120

120+180

180+250

250+315

315+400

400+500

58

70

84

100

120

140

160

185

210

230

250

12

14

18

20

30

30

40

40

50

50

50

90

110

130

160

190

220

250

290

320

360

400

18

30

30

40

40

50

50

60

70

80

90

150

180

210

250

300

350

400

460

520

570

630

30

40

50

50

60

70

80

100

120

120

140

220

270

330

390

460

540

630

720

810

890

970

50

60

70

80

100

120

140

160

180

180

200

360

430

520

620

740

870

1000

1150

1300

1400

1550

80

90

120

140

160

180

200

240

260

280

320

580

700

840

1000

1200

1400

1600

1850

2100

2300

2500

120

140

180

200

240

280

320

380

440

460

500

Tabn. M. 'amepeHne HapyXHbIX NIMHENHbLIX pa3mMepoB, OMeHnn n rmyouH

900

1100

1300

1600

1900

2200

2500

2900

3200

3600

4000

200

240

280

320

400

440

500

600

700

800

800

1500

1800

2100

2500

3000

3500

4000

4600

5200

5700

6300

300

380

440

500

600

700

800

1000

1100

1200

1400

MpunoxeHwne I



I'Ipep,eanble norpewHoOCTn namepeHuna (MKM) Ona anana3oHa

CpeacTtBa nsmepeHus
pa3MepoB, MM

HavmeHoBaHue n cny4vau cB 250 go
no 10 ce 100050 c¢B 50 go 250
npUMeHeHns 500

1. WTaHreHuupkynu

150 150 200 250
(LULll-1! LL'|T-1, LLIL||-”1
LLI-I1T) c oTcyeTOM
no HoHuycy 0,1 Mm 100 100 100

2. WTaHreHuupkynm

(LLILL-11, L) ©



OTCHETOM HOHMYCa

0,05 mm

MpeaenbHble NOrPELLIHOCTM U3MEPEHMSA (MKM) ANns
CpeacTtBa namepeHus
AnanasoHa pasmepoB, MM

BapunaHTbl cB CB CB CB CB CB CB
HaumeHoBaHue n cnyyan  WCMOMNbL30OBaHWA o 25 ce75 100 150 200 250 300 400
NPUMEHEHNS 25 po po100 po po po po pgo Ao

75 150 200 250 300 400 500

3. MukpomeTpsl a 5 10 15 15 20 25 30 40 50

rnagkme (MK) c



BENMYMHOM oTcYeTa 6" 5 5 5 10 10 10 10 10 10
0,01 mm npu

HaCTPOWKe Ha HoJlb

Nno yCTaHOBOYHOM

mepe

* - npu paboTe NpUbopbl HAXOAATCS B pyKax
** - npn pabote Npnbopbl HAXOOATCA B CTOMKE UNM obecneymBaeTcsl HageXHass u3onaumst oT
Tenna pyk onepartopa
MpeaenbHble NOrpPELHOCTM U3MEPEHMS
Cpefcrea namepeHus
BapuaHTbl (MKM) onsa gnanasoHa pasmepos, MM

HanmeHoBaHue n cnyyamn WCNOMb3OBaHUA no 5 g cB ©B CB CB CB CB

npUMeHeHns 10 10 30 50 80 180 200 300 400



4. Ckobbl
nHavkatopHbole(CWU) ¢

ueHon genenmna 0,01 mm

Cpenctea n3Mepenust  BapuaHTbi

MCrnosnb30-

HanmeHoBaHue u
BaHU4A

cryyYav npUMeHeHus

Ao 0o aOo nao o  ao o o

30 50 80 180 200 300 400 500

10 12 15 15 20 25 40 50 60

10 10 10 12 12 15 18 20 25

MpenenbHble NOrpeLlHoCTU N3MepeHns (MKM) Ans ananasoHa

[0

25

pa3MepoB, MM

CB CB CB CB CB CB CB CB CB CB CI

25 50 75 100 125 150 175 200 250 300 40



5. MukpomeTpbl
pblyaxHble (MP
n MPW) ¢ ueHomn
genenua 0,002

MM "

0,01 MM nipmn

o o o ao o Ao  ao o oo

50 75 100 125 150 175 200 250 300

4 5 6 7 8 9 10 11 12

Jalo I
400 5C
13 1
40 50
13 1«
10 1(




YCTaHOBKE Ha HOfb
Nno yCTaHOBOYHOWN
Mepe 1 cKobbl
pblyaxHble (CP) ¢
LleHon geneHus
0,002 mm nipwn
HaCTPOMKE Ha HOIb
no Mepam AfNUHbI
NP KOHLEBbLIM
NCrNonNb30BaHUKN Ha

BCEM npegerne




n3MepeHnd

CpeacTtea namepeHust

HanmeHoBaHue un

cnyydyaun npuMmeHeHund

6. NHgukaTopsbl
4acoBOro

mna(4 m NT) c

MNepemeweHne
N3MepUTENbLHOro

CTEPXHS, MM

10

MorpelwHocTn namepeHus (MKM) ansa amanasoHa pasMmepoe

CB CB cB

1 3 18
JO OO0 [Jo
3 18 50
15 15 16

cB

50

[0

80

18

CB CB CB CcB CcB CB

80 120 180 250 315 400

o OO OO go Jo jo

120 180 250 315 400 500

20 22 25 33 40 45



LeHon geneHnsa
0,01 Mm un
npegenom
Nn3MepeHuns oT 2
no 10 mm, knacc

TOYHOCTU 1

TO Xe npwu

n3amMepeHun dreHnm

0,1

12 13 14 15 18 20 25 35 40

10 10 10 12 12 12 14 18 20

13

11

45

22



MorpeLHoOCTN n3MmepeHns (MKM) ans guanasoHa
CpepacTtBa nsmepeHus

MepemelleHne pasmepos
N3MEepuTeNbLHO CcB CcB cB cB cB cB
cB 6
HaumeHoBaHue v cnyyau o CTepXHs, c83 10 18 30 50 80 80
oo 3 0o
NpUMeHeHus MM [o6 jgo oo p[go [go  go oo
10

18 30 50 80 120 120

7. lonoskn

namepuTtenbHblie 1
+ 0,060 15 15 15 15 15 2 2 25 25
NPY>XUHHbIE

(MuKpokaTopbl)



(2UIT,2UIrnr) c
LleHOW geneHust
0,002 n npegenom

n3m. = 0,060mm

1 2 3 4
"onoBku
n3MepuTEnbHbIE
NPY>KNHHbIE(MUKPOK +0,030 07 07
aTopbl)

(AUIMANrmn) c

0,8

0,9

1,0 09

1,0

10

1,2

11

1,2



LleHOW genexHust
0,001 MM, n
npegenom
n3MepeHus

+ 0,030mm

onoBku
n3MepuTenbHble
MPYXUHHbIE
(MUKpOKaTOpbI) +0,015 0,50
(O5UIT) ¢ ueHon

agenenunsa 0,0005 mm

1 npeaenom

0,50

0,60

06 06 06

0

0

0

0,7

0

0,9

0

0,8

0



10.

namepenus + 0,015

MM

"onoBku
n3mepuTenbHble
NPY>XUHHO-
onTuyeckue(onTmka

0,05
Topsbl) (05I1) ¢

+ 0,050
LileHon AeneHns
0,0005MM 1n

npeaenom

N3MepeHus.

0,05

005 06 06 0,6

0 0 0 0

0,7

0

0,9

0

0,8

0



11. MonoBsku
n3mepuTenbHble
NPY>XMHHO-
onTuyeckue
(onTukaTopsl) (0211) + 0,020
C LileHoW genexHus
0,0002 MM 1n
npegenom

namep.0,050 mm

12. onoBku
n3mMepuTenbHble £0,10

MPY>XMHHO-

0,30

0,25

0,30

0,25

0,30

0,25

03 03 03 03

0 5 5 5

03 03 03 0,3

0 0 5 5

04 04
5 5
04 04
0 0



13.

onTuyeckune
(onTukatopst) (0111)
C LileHoW genexHus
0,0001MM 1
npegenom
namepenus 0,024

MM

OntumeTp

BepTUKamnbHbIN,

ONTUMETP FOPU3OHT. 0,1
(OBO,0I0) c

LleHOW geneHusi



0,001 MM 1
npegenom namep.
no wekane 0,1 Mm
npu namep.
MeToa0M

CpaBHEHWSsI C Mepou

Cpencrea namepeHus

HanmeHoBaHue 1 cryyau

npuMeHeHnA

MNepemelieHne
N3MEPUTENBHOIO

CTEPXHS, MM

[0

3

MorpeLluHocTn namepeHus (MKM) ans

AnanasoHa pasmepoB

ce3 ©B18 g50 ¢80 cB120

no 18 1o 50

Jile}

10

Ao 150



80 120

14. Mukpockonbl

WHCTPYMEHTanbHbIE
- 4 4 5 6 9 11
(bonbwaga n managa
mozaens) (BMU,MMIN)
MepemelleHne MorpeLluHocTn namepeHus (MkM) ans
Cpencrea namepeHus
N3mMepuTenbHOro Anana3oHa pa3mepoB

CTEPXHS, MM

HaumeHoBaHue v cnyyau no ce8 c8 c8 cs ¢8O0 g



npuMeHeHnsA

15. AnvHHOMEpSI:
rOPU3OHTanNbHbIN K
BEPTUKANbHLIA NpU
abCconoTHbIX

N3MepeHnaX

CpencrBa namepeHus

Jo  Oo 0o 1o 80 1o
6 10 48 50 100
100 1,2 13 1,3 1,6 2 2,5 3

MorpeLluHocTn namepeHus (MKM) ans
YBenunyeHve
AnanasoHa pa3mMepos



HaunmeHoBaHue n cnyyau cB 6 oo ce 18

no 6
NPUMEHeHMs 18 no 100
10* 15 15 16
16.TpoekTopsbl
20~ 8 10 10
n3mepuTernbHble
50%, 100*, 200* 6 6 7

MorpeLluHocTn namepeHus (MKM) ans
Cpencrea namepeHus

BapuaHTbl AvanasoHa pasmepos

HaumeHoBaHuWe 1 cnyyan MCnonbL30BaHNs cB 10 cB 50
no 10
npUMeHeHus po 50 1o 400



17.WraHreHrnybuHomep

oTcyeT no HoHuycy 0,05mMm

CpeacTtBa namepeHus

BapuaHTbl

HaumeHoBaHue un cnyyam NCnoneL3oBaHnA

npuMeHeHunA

18.mybuHomepsl npwn abCoNTHOM

100 100 150

MorpelwHoCcTn n3mepeHuns (MKM) ans

Anana3oHa pa3MepoB

CB CB cB

1o 3 50 75 ¢8100

25 po [0 o  po125

50 75 100

7 20 20 20 20

CB

125

o

150

25



MukpomeTpudeckue (FM)  metoge
N3MepeH.c 6 6
HaCTPOMKOW No
YCTaHOBOYHbIM

mMepam

Tabn. 2. 'amepeHne BHYTPEHHUX NIMHENHbLIX pa3mMepoB

BapunaHThl
Cpepfcrea namepeHusi
MCNONb30BaHUS

MpepenbHble
NOrpeLlHOCT N3MEPEHUS

(MKM)

ANA AvanasoHa pa3mepos



HanmeHoBaHue v cnydaun npmMeHeHus

1. WraHreHumpkynm(LWILU-1, WLT-1, WL-
[I,LLILI-11T) ¢ oTcyeTOM no HoHumycy 0,1

MM

2. WraHreHumpkynu(LL-11, WL-11)c

oTcyeToM no HoHuycy 0,05 mm

3. Hytpomepbl mukpomeTpuyeckmne (HM)

CB ¢cB B
3 18 50
no 4o 4o
16 50 120
200 200 250
150 150 200

15

cB

120

Jile)

250

300

200

20

cB

250

Jile)

500

300

250

30



¢ Benu4duHon otcyeTa 0,01 Mmm

4. Hytpomepsbl nngukatopHble (HU) ¢
LEeHOW aeneHnst OTCHETHOrO

yctponctea 0,01mMm

CpeacTtea namepeHust

HanmeHoBaHue v crnyyan npyMeHeHus

BCS WIKana
15 20 25 25 30
0,1 mm
[MpenenbHble NOrpeLwHOCT
N3MepeHns (MKm)
BapunaHThl
ANs oManasoHa pa3MepoB
MCnonb30BaHUSA

cB 13 ce50p00 cB

£o50 120 120



5. ONTUMETpPbI U ANMHHOMEPbLI TOPU3OHT.

¢ ueHon genenusa 0,001 mm

Cpefcrea namepeHusi

Jilo)

250

MpepenbHble
NOrpeLLHOCTH
BapuaHThl
N3MepEeHNs (MKM)
MCNONb30BaHUS

ANA AvanasoHa

pa3mepoB



cB 18 o

HanmeHoBaHue 1 crniydan npumeHeHns no 18
150
6. MwuKpocKonbl MHCTPYMEHTanbHbIE
(bornbwasa n manas moaenu) - 7 10

(EMW,MMM)



Mpunoxexne [

3aBucumocTb 6paka koHTpons 1-ro poga(n) n 2-ro (m) poga OT OTHOLLEHUS ol npwu
Uus
HOopMaribHOM pacrnpegeneHnn pasmepoB U3MepsiEMbIX NapaMmeTpoB
J % n% m%
Auso
1,6 0,70-0,75 0,37-0,39
3 1,20-1,30 0,87-0,90
5 2,00-2,25 1,60-1,70
8 3,40-3,70 2,00-2,80
10 4,50-4,75 3,10-3,50
12 5,40-5,80 3,75-4,40
16 7,80-8,25 5,00-5,40
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