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Ilepeuens Komnemenyuit U UHOUKAMOPOE OOCMUNCEHUA KOMNEMEHUUTL C YKA3AHUEM IMAN06 hopmuposanus 6 npoyecce 0C60eHUA OUC-
YURITUHDL

Komnereniusi:
OIIK-5 - cnocobeH MPOBOAUTH U3MEPEHUS DIEKTPUUECKUX U HEITCKTPUUECKUX BEIMYMH MPUMEHUTEIHHO K 00bEKTaM MPoQecCHOHATBHON AeITeTbHO-
CTH, 3HAET METOAMKY MPOBEACHUS U3MEPECHHSI IICKTPUUECKUX U HEITICKTPUUECCKUX BEJIMUMH, YMEET BBIOTHATH SKCIIEPUMEHTAILHBIC HCCIICIOBAHUS
IO 33/IaHHON METOAMKE, 00pabaThIBaTh PE3yNIbTaThl SKCIIEPUMEHTOB, BiIa/IeeT HAaBBIKAMHU MPOBEACHHS SKCIIEPUMEHTAIBHBIX UCCIICIOBAHHNA U aHAIA3a
MOJIy4eHHOU MH(popMaluu
Nuaukatopsl JOCTHKEHHSI KOMIIETEHIIUN

OIIK — 5.1 3HaeT METOIUKY MTPOBEACHUS U3MEPCHHSI JIEKTPUUECKUX U HEAICKTPUUCSCKUX BEJIIMUHH;

OIIK — 5.2 YMeeT BBIOTHATH YKCIIEPUMEHTAIbHBIC UCCIICIOBAHUS 110 3aJaHHON METOUKEe, 00padaThIBaTh Pe3yabTaThl IKCIIEPUMEHTOB

OIIK — 5.3 BnajsieeT HaBbIKaMH IIPOBEICHHS SKCIICPUMEHTAIBHBIX UCCIICIOBAaHUI M aHAIM3a ITOTYIeHHON HHpOpMaIim

JJis o4HOrO0 oTIACICHHUS

Huouxamopwt Imanwvl hopmuposanusn é npoyecce 0ce0eHUA OUCUUNTUHDL
oocmudiceHus (ykazams ece memol uz PI1J])
KoMnemeHnyuu Jexyuu Ilpakmuueckue Jlabopamopmnwie 3ans- Kypcoeoit npoexm Haunenosanue oye-
3anamus, naopamopi mus (paboma) HOuHO20 Cpedcmea
NPAKMUKym
OIIK -5.1 Tema 1,Tema | Tema 2, Tema 3, Te- | Tema 1, Tema 2, Tema | He npedycmompenst | JlaGopaTtopHbie paOOTHI,
4, Tema 5, | mad. 3, Tema 4, Tema 5. 9K3aMeHaAIIHOHHBINA Ou-
Tema 6. JIeT, IpaKTHIecKas pabo-
Ta
OIIK -5.2 Tema 1,Tema | Tema 2, Tema 3, Te- | Tema 1, Tema 2, Tema | He npedycmompensvt | JlaGopatopHble paboThl,
6, Tema 7, |Mmad, Tema6, TemaT. |3, Tema 4, Tema S. 9K3aMEHAIIMOHHBIN Ou-
TemaS. JeT, IpakTuieckas padbo-
Ta
OIIK-5.3 Tema 1,Tema | Tema 4, Tema 5, Te- | Tema 1, Tema 2, Tema | He npedycmompensvt | JlaGopaTtopHble pabOTHI,
6. Ma 6. 3, Tema 4, Tema 5. JK3aMEHAIIHOHHEINH Ou-
JIeT, IpaKkTUIeckKas padbo-
Ta




JIis1 3204HOT 0 OT/AeJIeHUs

Huouxamoput Imanwl hopmuposanusa é npouecce 0C60eHUA OUCUUNTUHDL

oocmudceHun (ykazamo ece memvl uz PIIJ])

Komnemenyuu Jexkyuu Ilpakmuueckue Jlabopamopnuvie 3ans- Kypcogoii npoexm Haumenosanue oye-

3anamus, 1abopamopi mus (paboma) HOUH020 cpeocmea
nPAKMUKym

OIIK-5.1 Tema 1 He npeoycmompenvt | He npedycmompenuvt He npedycmompenut He npeoycmompenut
OIIK -5.2 Tema 1 He npeoycmompenvt | He npedycmompenut He npedycmompenui He npedycmompenut
OIIK-5.3 Tema 1 He npedycmompenvt | He npedycmompent He npedycmompenui He npeoycmompenut




Ilepeuens oyenounvix cpeocme no oucuuniune (MooyJo)
JI1s1 04HOTO OTJETICHUS

Ouyenounvie cpeocmea Kon-60 Min, éannos Max, éannos
Jlabopamopnasa paboma 5 18 30
Ilpakmuueckaa paboma 5 18 30
IK3amen 1 24 40
Hmozo: 60 100




Illkana ouenueanusn

Hudposoe
BbIpa:KeHUe

Bobipaskenue B
oaJ1ax:

CioBecHoe
BhIpaKeHHE

KpuTepuu ouleHKH HHIMKATOPOB J0CTHKEeHHUA MPU GopMe KOHTPOJIA:

JK3aMeH / 3a4er ¢ OIleHKOM

3adyeTr

5

87 -100

OtnmyHo (3a-
YTEHO)

OrneHka «OTIIMYHO» BBICTABISIETCS CTYICHTY, €CIIM TEOPETHUECKOE COACp-
JKaHHE Kypca OCBOCHO TOJHOCTBIO, O€3 MPOOEIOB; NCUYEPIBIBAIOIIE, TIOCHe-
JIOBATEIIbHO, Y€TKO W JIOTHYECKH CTPOMHO H3JIaracT MarepHhalr, CBOOOIHO
CIIpaBJIsI€TCS C 3aJadyamMu, BONPOCAMHU U APYTMMH BUJAAMH NPUMEHEHHS
3HAHUM; UCIIOJIB3YET B OTBETE JONOJHUTEIbHBIA MaTEpHal BCE MPEAYCMOT-
PEHHBIE IPOTrPaMMOM 3aJaHUs BBIIIOJIHEHBI, KAYE€CTBO MX BBIIIOJIHEHUS OLiE-
HEHO YHCIIOM 0aJTOB, OJIM3KUM K MaKCUMaIbHOMY; aHATU3UPYET MOTydeH-
HbIE€ PE3yNbTaThl; MPOSBISIET CAMOCTOATEIBHOCTh IIPU  BBIIOJHEHUU
3aJaHu M

74 - 86

Xoporo (3a-
YTEHO)

O1neHka «XOpOUIO» BBICTABISETCS CTYIEHTY, €CIIM TEOPETHUYECKOE Colep-
JKaHHE Kypca OCBOEHO TIOJHOCTHIO, HEOOXOIWMBIE MPAKTHYECKUE KOMIIe-
TEHLIUHU B OCHOBHOM C(POPMHUPOBAHBI, BCE MPELYCMOTPEHHBIE MTPOTPaMMOM
oOydeHms ydeOHBIE 3a/TaHUS BHIITOJHEHBI, KAYECTBO UX BBITIOJHEHHS TOCTA-
TOYHO BbICOKO€. CTYZECHT TBEPJIO 3HAET MaTepHall, TPaMOTHO U 10 CyILIEeCT-
BY M3Jaraer €ro, He JOIycKasl CYLIECTBEHHBIX HETOUYHOCTEH B OTBETE Ha
BOIIPOC.

60-73

Y noBinerBo-
putenbHO (3a-
YTEHO)

OrneHka «yl0BIETBOPUTEIBHO» BBICTABISIETCS CTYAEHTY, €CIM TEOpEeTHYE-
CKO€ COJIep’KaHHe Kypca OCBOCHO YaCTHYHO, HO MPOOEIbl He HOCAT Cylle-
CTBEHHOI'O XapakTepa, OOJBLIIMHCTBO MPEIYyCMOTPEHHBIX NPOrpaMMoi 3a-
JaHWK BBINIOJHEHO, HO B HHX HMEIOTCA OIIMOKM, NpH OTBETE Ha
[IOCTABJICHHBII BOIPOC CTYAEHT [OIyCKaeT HETOYHOCTH, HEJOCTATOYHO
MpaBUIbHBIE (OPMYIUPOBKH, HAOIIONAIOTCS HAPYIICHHS JIOTUYECKOW TO-
CJICZIOBATENBHOCTH B U3JI0KEHUH TPOrPaMMHOTO MaTepHaa.

OHCHKa «3a4TC€HO» BBICTABJIACTCA CTY-
ACHTY, €CJIM OTBEThI HAa BOIIPOCHI IO TC-
MaM AWCHMIUIMHBI ITOCJICA0BAaTCIbHEI, JI0-
THYCCKN H3JI0KCHBI, OOy CKAaroTCA
HCE3HAYUTCIIbHBIC HEAOYETEI B OTBETE CTY-
ACHTA, TaKUC KaK OTCYTCTBHUC CaMOCTOs-
TEJIBHOT'O BBIBOAA, PEYCBBIC OIIMOKHU U 1np

Huoxe 60

Heynosnerso-
pUTENLHO
(HE 3aYTEHO)

OrieHKa «HEYOBIETBOPUTEIHLHO» BBICTABISIETCS CTYACHTY, €CJIM OH He
3HAET 3HAYMTEIHHON YaCTH MPOrPaMMHOTO MaTepHana, OMyCKaeT CyIIecT-
BEHHbIC ONIMOKH, HEYBEPEHHO, C OOJBIIMMH 3aTPYIHECHUSIMH BBIMOJHSICT
MPaKTHYECKUE PaOOTHI, HEOOXOJUMBIC TPAKTUYECCKUE KOMIICTCHIIMU HE
chopMHUpPOBaHbI, OOJBITHHCTBO MPETYCMOTPEHHBIX MPOTPAMMON O0YUICHIS
y4eOHBIX 3a/IaHUH HE BBIMOJIHEHO, KAYECTBO MX BBITIOJHEHUS OI[CHEHO YHC-
JIOM 6aJUT0B, OJIM3KUM K MHHHMAJILHOMY

OneHka «HE 3a4TEHO» BBICTaBISETCA
CTYACHTY, €CIM CTYJEHT HE 3HAeT OCHOB-
HBIX TIOHSATHI T€MbI TUCITUILTAHBI, HE OT-
BEYaAET Ha IOMOJHUTEIbHBIC U HABOASIIKE
BOIIPOCHI TIPETO/IaBaTes.




KpaTkas xapakTepuCTHKA OIl€HOYHBIX CPeCTBA

C HOPMATHUBHBIMM JOKYMEHTaAaMH M HMHCTPYK-
TUBHBIMHA MaTe€puajamM, CIOPAaBOYHUKAMHU,
COCTaBJIATh TEXHUYECKYH) JIOKYMEHTAIUIO;
BBITIOJIHATh YEPTEKU, CXEMbI, TAOJIUIIBI, pe-
1aTh Pa3HOro poja 3ajadM, JejiaTh BBIYHC-
JICHUSI, ONPEACIATh XapaKTECPUCTUKHU Pa3Iny-
HBIX BEIIECTB, OOBEKTOB, sBicHUM. llenn
MPAKTUYECKUX 3aHATHI 3aKIIOYAETCS B BbI-
pabOTKE y CTYACHTOB HABBIKOB IPHMEHCHUS
MOJYYEHHBIX 3HAHWM JJIs PELICHUs MPaKTHU-
YECKHUX 3aJa4 B IMPOIIECCE COBMECTHOM nesi-
TEJILHOCTH C MPENOAABATEIISIMH.

Ne | Haumenoseanue| Kpamkaa xapaxmepucmuka oyenounozo | Ilpeocmaenenue
n/n| oueHouHoz2o cpeocmea OUEHOUHO020 Ccpeo-
cpeocmea cmea 6 ponoe
1 2 3 4
1. |JIaGopatopnass |OTo BuUI yuyeOHOM pabOThI, LEAbI0 KOTOpOii| TeMbl 1abopaTop-
pabora ABJIIETCS M3y4yeHUe (HMccleoBaHue, u3Mepe-|HbIx paboT, KOH-
HUE) XapaKTEPUCTHUK J1Ta00paTOPHOTO OO0BEK-|TPOJIbHBIE BOMPO-
Ta. ChI 110 TEME
Ilens nabGopaTOpPHBIX 3aHATHH:  OCBOEHHUE|I1a0OpaTOPHOM pa-
nU3y4aeMoi y4eOHON MUCIUIUTNHBI; PUOOpe-|00ThI, BOIPOCHI K
TEHHE HaBBIKOB MPAKTUYECKOTO MPUMEHEHHS |KOJTIOKBUYMY
3HAHUW Y4eOHOW AMCIUIUIMHBI (JIUCIUILIAH)
C HCHOJIb30BAHUEM TEXHUYECKUX CPEICTB U
(unn) obopyaoBaHUs
2. |IIpakTnyeckoe |B xome mpakTudecKux pabOT CTYACHTHI OB-|TeMmbl mpakTHde-
3aHSATHE Ja7IeBalOT YMEHUSAMHU TOJIb30BaThCsl pa00TATh|CKUX 3aHATUM;

KOHTPOJIbHBIE BO-
IIPOCHI U 3a7aHus
10 TEME ITPAKTH-
YECKOI'0 3aHATUS




MuHucTepcTBO HAYKH U BhICcIIEro oopasoBanus Poccuiickoit @enepannu
HuxHexkaMCKuit XMMUKO-TEXHOJIOTHYECKUI HHCTUTYT ((umuan)
dbenepanbHOro rocyJapCTBEHHOTO OI0/PKETHOI'0 00Pa30BaTEILHOTO YUPEKACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHckuii HaIMOHATBHBINA UCCIIEIOBATEILCKUN TEXHOIOTHUECKUN YHUBEPCUTETY

Daxynvmem Y1paBiaeHus U1 aBTOMATHU3ALNU
Kageopa ITIO0II

VY4eOHbIM MJIaHOM 110 HamparieHuto moAroToBku 13.03.02 «DnekTpolrHepre-
TUKA W DJCKTPOTEXHUKA» I 00YyUJaOIMUXCsl OYHON (hOPMBI TPETYCMOTPEHO TIPO-
BeJeHUE  JTa0OpaTOpPHBIX  3aHATHH 1Mo  gucuuimimHe  «MHbOpMaMoHHO-
M3MEPUTEIbHAS] TEXHUKA .

JlabopaTopHbie 3aHATHS MO JUCLUIUIMHE MPOBOASTCS B CIELUAIBLHO 000pY-
JIOBaHHBIX JTAOOPATOPHUAX C MPUMEHEHUEM HEOOXOAMMBIX CPEICTB O0yUYeHUs: J1abo-
paTopHOro 000pyI0BaHMUs, 0OpA3IOB Jisi UCCIEAOBAHUM, METOUYECKUX MTOCOOUH.
[lenb npoBeneHus 1a00paTOPHBIX PA0OT - MPAKTUUECKOE OCBOEHUE TEOPETUUECKUX
MIOJIOXKSHUH JICKITMOHHOTO MaTepHalia, a TaKKe BhIpabOTKa CTyJEHTaMU OIpeIeseH-
HBIX YMEHHI U HAaBBIKOB CAMOCTOSITEILHOT'O SKCIIEPUMEHTUPOBAHUSI.

JlaGoparopHasi pabora Ne 1
OmnpeneneHue UEHbI I€IE€HUS MHOTOIIPEAEIbHBIX MPUOOPOB.
[lenb paGotsl: M3yunTh pyKOBOACTBO MO 3KCIUTyaTallUd U MACIOPT MEroM-
meTpa M4100, HayuyuThCs ONPENEnsaTh LEHY JIeJIEeHUSI MHOTOIIPEAEIbHBIX MPUOOPOB.
HopmaruBnas 6aza.l. PMI' 29-2013 «I'CH. Metposorusi. OcCHOBHBbIE Tep-
MWHBI U OTIpe/ieIeHUs»

3. I'OCT 5365-83

Tepmunsl u onpenenenus: 1. BeJmunHa — CBOWCTBO MaTepuaibHOr0 0OOBEKTa
WIH SIBJIEHUS, 00lllee B KaYECTBEHHOM OTHOILEHHUH JJII MHOTMX OOBEKTOB M sIBJE-
HUU, HO B KOJIMYECTBEHHOM B OTHOILLICHUU UHIUBUAYAIBHOE I KaXKI0I0 U3 HUX.

2. Pazmep BeJMYMHBI — KOJIMUYECTBEHHAs ONMPEAENEHHOCTh BETUYHUHBI, TPU-
cyliasi KOHKpETHOMY MaTepUaJIbHOMY OOBEKTY MIIH SIBIICHUIO.

3. 3HayeHHe BeJIMYUHBI — BHIPAXKEHUE pa3Mepa BEIMUUHBI B BUJIE€ HEKOTOPO-
r0 YKciia MPUHATHIX €IWHUL, UK Yicel, OasIOB MO COOTBETCTBYIOIIEH IIIKAJIE.

4. Illkana (3Ha4YeHHUI1) BeJIMYMHBI; [IIKaja U3MEPEHUN — yIOpSAA0YEHHAsI CO-
BOKYIIHOCTb 3HAYE€HUM BEJIIMYMHBI, CIIyKalllas OCHOBOM JUIsI U3BMEPEHUM TaHHOM Be-
JINYMHBI.

S.EnuHuna BeJnM4MHbI - (PUKCUPOBAHHOE 3HAYEHUE BEJIUYMHBI, KOTOPOE
IPUHATO 34 €AWHULY JTAHHOU BEJIMYHMHBI U IPUMEHSETCS I KOJIMYECTBEHHOIO BbI-
paXE€HUs OJHOPOJHBIX C HEU BEIUYUH

6. HudepodiaT - YaCTh OTCUETHOTO YCTPOHCTBA CPEICTB U3MEPEHUH, CoMep-
Karas mKany (IIKaidbl) U yCIOBHbIE 0003HAUEHUS, HEOOXOAUMBIE JIsi OTCUUTHIBA-
HUS 3HAYCHUW U3MEPSIEMON BEJIIMYMHBI.



/.OIHOCTPOYHAA HIKAJIA - [IKAJIA, B KOTOPOM JUANa3oH MOKa3aHWM WU U3-

MEpEeHUI PacIoNoxKeH B OJTHOM CTpPOKE.
8.MHOrocTpoYHasi mKaJja - 1Kajga, B KOTOpOW JHUara3oH MOKa3aHWi Wi u3Mepe-
HUM PacIONOXKEH B IBYX WIn Oonee CTpOKax.

9.MHoroanana3zoHHbIi MpuOOP - MPUOOP C HECKOJIBLKUMHU (IBYMsI U OoJiee) auana-
30HAMH  HW3MEPEHHI WM  HECKOJIBKMMH  HOMHUHAJIBHBIMM  3HAYCHUSIMU.
10.KomOuHupoBaHHbI npudop - npubop, NperHa3HAaYEHHBIH I HU3MEPEHUMN
TpeX U 0oJee IEKTPUYECKUX U HEIJIEKTPUUECKUX BETMYUH Pa3IMYHOr0 pOJa.

[TpuGopsl 1 uHCTpYMEHTHI: 1. Meraommerp M4100

2. Amnepmerp

3. BonpT™meTp

Teopernyeckast 4acThb.

HudepOnaTel ¥ MIKaIbl TPUOOPOB TOJDKHBI OBITH U3TOTOBJIEHBI B COOTBETCT-
BUM ¢ TpeOoBaHussMU HacTosimiero cragaapra 'OCT 5365-83, crannaptoB u (uiun)
TEXHUYECKUX YCJIOBHI HAa MPUOOPHI KOHKPETHOTO BUJA (THMA) U MO pabodnm dep-
TeXaM, YTBEPKIECHHBIM B YCTAHOBJICHHOM TIOPSIJIKE.

[{udepOmaTel B 3aBHCHMOCTH OT YHUCJIA MK TOAPA3SISIOT Ha OHOIIKATh-
HBIE " MHOT OIIIKAJTbHBIE.
[Ixanpl, HaHOCHUMBIC Ha g epOaaThI, OApa3aeIIsIoT:
- 1o popMe - Ha MPSAMOIMHEHHBIE (TOPU3OHTATBHBIC U BEPTUKAIBHBIE), CEKTOPHBIC
(pasmax mkanel g0 180° BKIO4Y.) M KpyroBblie (pa3max mmiKajabl Oonee 180°);
- 10 COOTHOUIICHUIO JJIUH JieieHui B npeaenax ogHou mkaibl mo 'OCT 8.401 - Ha
pPaBHOMEPHBIC u HEpPaBHOMEPHEIC;
- M0 KOJHMYECTBY CTPOK B OJHOW INKaJE€ - Ha OJHOCTPOYHBIE U MHOTOCTPOYHBIC,
- TI0 CBETOTEXHUYECKUM XapaKTEPUCTHUKAM - HA CBETOOTPAXKAIOIINE W CBETOU3IY-
Yarolue.

Jlormyckaercss B 3aBHCHUMOCTH OT (hYHKIIMOHATHHOTO HAa3HAYCHHS MpUOOpa u
yclloBU pabOThI OMepaTropa M3TOTaBIMBATH JIUIIEBYIO MOBEPXHOCTH HHdepOIaTa
WHOTO IIBETO(GAKTYPHOTO PEIICHHUS, a TAKKE CO CBETOM3IIYYAIONIEH MOBEPXHOCTHIO
(BpPEMEHHOT'O0 WJIM TOCTOSTHHOTO nedcTBUA). [Ipr 3TOM KOHTpAcT MEXIY IBETOM
nudepodaTa ¥ MBETOM 3JIEMEHTOB, OIMMCHIBAIOIINX IIKATY (M.9), JODKEH OBITH HE

MEHEE 0,6.
Otmetku, udpel, YCIOBHBIE O0O3HAUEHHMS U APYTHE SJIEMEHTHI, OIHMCHIBAIOIINE
IKany, JTIOJDKHBI MMETh:

- YEPHYI0 MAaTOBYIO MOBEPXHOCTh IPU CBETJIOM LBETE JIMLIEBOW MOBEPXHOCTU ILIU-
depbnaTa WIM COOTBETCTBOBAaTh KOJOBBIM IIBE€TaM, TMPUHITBIM B OTPACIIH;
- 0ellyl0 MaTOBYIO MOBEPXHOCTh MPU TEMHOM LIBETE JIMIIEBOI MOBEPXHOCTU LUdep-
OlaTa WIM COOTBETCTBOBATh KOJOBBIM I[B€TaM, TNPHHSITBIM B  OTPACIH.
Jlomyckaercsi B 3aBUCHUMOCTH OT (PYHKIIMOHAJILHOI'O HAa3HA4Y€HMsI Mpubopa WM
BHELIHUX YCJIOBUM JEATEIBHOCTH OIEPAaTOPa BBIAEIATH OTAEIbHBIE JJIEMEHTHI, OMU-
CBIBAIOIIUE KAy, SPKUM IIBETOM (3€JEHBIM, JKEITHIM, KPaCHBIM U T.11.). [Ipu sTOM,
KaK MMPaBUJIO, HKEJITHIM I[BETOM BBIICISIOT BBIXOA MU3MEPSIEMOro rmapaMerpa U3 HOp-
MBI, @ KPACHBIM LIBETOM - €0 aBapUHHOE 3HAUYCHUE.

OnHuM U3 pacnpoCTpaHEHHBIX BUJIOM U3MEPEHHI Ha 3JIEKTPOYCTAHOBKAX SIB-
JSIeTCSl U3MEPEHNE BETMYMHBI CONPOTUBIICHUS U30JISLUH.

N3mepeHne BeTMYUHBI COMPOTUBIICHUS M3OJISIIIUM BCEX AJIEMEHTOB 3JIEKTPO-
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000pyIOBaHUS IEKTPUUECKUX CETEH BCEX HAMPSHKEHUM OCYIIECTBISIETCS METraoM-
METpOM. MeraomMMmeTp — 3TO reHepaTop, B KOTOPOM MOJYNPOBOAHUKOBAs CXema
peBpalaeT HanpsHKEHUe akKyMyJsiTopa uiu 6arapen 9 BB BbICOKO€ HanpsKeHUE:
100, 250, 500, 1000, 2500 B mOoCTOSIHHOTO TOKa, a TP U3MEPEHUSIX I10 IITKaJe IPHU-
0opa OTCUUTHIBAIOT CONMPOTHUBIIEHUE M3OJISIIMK B Meraomax (MOM) wim kuiioomax
(kOm). B cTtapeix MeroMmeTpax Takve HampsDKEHHUS MOJydalid OT TeHepaTopa Mo-
CTOSIHHOTO TOKa C PY4YHBIM mpuBOojoM. [ns BeIOOpa MeraomMmeTrpa HEOOXOAMMO
OPUEHTUPOBATHCSA B COMPOTUBICHUM U3OJSLUMU OOBEKTOB, BEIMUYMHBI KOTOPHIX Ya-
€ BCEro YKJIaAbIBAIOTCS B MpeAensbl: cuiioBbie kadenn — 1 000 Mom, komMyTanu-
onHas anmapatypa — 1000...5000 Mowm, cunoBsie Tpancdopmatopsl 10...20 000
Mowm, dapdoporsie mzomsatopst — 100 ... 10 000 MOwm.

Jlist u3MepeHus CONPOTUBJICHUS H3OJALMH O0OPYJIOBAaHUS C HOMHU-
HanbHbIM HanpsbkenueM 10 1000 B ucnons3yroress meraommerpsl Ha 100, 250, 500
u 1000 B. Jlns snexkrpoyctanoBok cBbaiiie 1000 B ucnonb3yrorcsi MeraoMmMeTpsl Ha
1000 u 2500 B.

[Ipu npoBeneHNM M3MEPEHUN PEKOMEHIYETCSl TAKOM IMOPSI0K olepa-
IUH.

1. I[IpoBepuTh NPUTOAHOCTH UCIIBITATENBHON YCTAHOBKH IO JaTe CIEAYIOLIEH
MOBEPKH.

2. VI3Meputh CONPOTUBIICHUE U3OJISIIIUM COCAMHUTEIBHBIX MPOBOJIOB C U30-
JUPOBAHHBIMU PYYKaMH, 3HAYECHUE KOTOPOT'O JOJKHO OBITh HE MEHBIIEC BEPXHETO
npezesa u3MepEeHui MeraoMMeTpa.

3. YcraHoBuTh mpeaen uaMepeHus. Eciu 3HaueHue CONMPOTUBICHUS H30JIs-
MU OPEIbIAYIINX U3MEPEHUN HEU3BECTHO, HY>)KHO HAUMHATh C BEPXHEro IMpeaena
U3MEPEHUM.

4. YOenuThcsi B OTCYTCTBHH HAIPSDKEHUS HA TTPOBEPSIEMOM OOBEKTE.

5. OtknounTh JTHOO0 3aKOPOTUTH BCE JIETAU C TMOHWKEHHOM W30JISIUEH.
(KOHJIEHCATOPBI, MOJYIIPOBOIHUKOBBIE IPUOOPHI)

6. Ha Bpems moaxiroueHust mpuOop 3a3eMITUTh.

7. 3aduKCcUpOBaTh COMPOTUBIICHNE U3OJISAIIMH I10 IITKajIe Ipuoopa.

Jlist Tpexda3HBIX JBUTATENICH COMPOTHUBIICHUE M3OJISIITUU TTPOBEPSCTCS
noda3Ho, Mpu 3TOM JIBE JApyrue (pasbl COETUHSAIOTCS ¢ KoprmycoMm. Toraa ogHoBpe-
MEHHO U3MEPSETCS COMPOTUBIICHUE MEXTY (Da30i U KOPIyCOM U MeXIy (azamu.

Xona pabotel. 1. M3yuuTh macnopT U pyKOBOJCTBO IO AKCIUTyaTallMd Mera-
OMMETpA.

2. BeimucaTte TabnMIly AMANa3oHOB M3MEPEHHUM, KJIacC TOYHOCTHU W TpaBuia
HCII0JIb30BaHUS

3. HauepTuTh cXeMy DJICKTPUUECKYIO IPUHIMIIHAIBHYI0O MEraoMMeTpa
M4100/4.

4. BblunCIUTh LIEHY JIEJI€HUSI METOMMETpPA B PEKUME METaOMMETpPA U B pe-
KM€ KWIIOMMETpA.

dopmyna 1 pacuéra mKanbl npudopa (uensl aenexus - L)1)

LA = (Xmax'Xmin)/n, rae

Xmax — MAKCUMAaJIbHBIN TTPEIET U3MEPECHUMN

Xmin = MUHUMAaJIbHBIN TIPEJIET U3MEPEHUM

N — KOJIMYECTBO NEIEHUN MEXAY Xmax U Xmin



5. 3anoaHUTH TAOIHITY.

Pexum paboThl Makcumans- Munumaib- Ilena
npudopa HBIA TIpEIeN W3ME- | HbIM MpEeNes u3Me- | JeJICHUs
peHH (Xmax) peHMIA
(Xmin)

Kunommerp

Meraommerp

AmnepMerp

BonbsT™meTp

KoHTpOsbHBIE BOTIPOCHI.

1. JlaTb onpeaeneHne TEPMUHY «BEITUUNHA

2. Jlatb onpeneneHue TEPMUHY «3HAYCHUE BETUIUHBI»

3. [laTh ompeneneHne TePMUHY «EIUHUIIA BETUIHMHBI)

4. Yto Takoe MEraOMMETP U KaKOB MPUHLIUI €0 AEHCTBUS?

5. Kak mpou3BOauTCS M3MEPEHUE COMPOTUBICHUE HU3OJSIIUU Tpex(da3zHOro
JBUTATENA?

6. Jlate kmaccudukamuio mkaiabl Mmeraommerpa M4100 1Mo u3ydeHHBIM HpU-
3HaKaM.

JlabopaTopHas padora Ne2
O1ueHKa MOrpelHOCTH MPSAMBIX U3MEPEHUN

Lens paboOThI: MPOU3BECTH 3aMEPhl HANIPSKEHUS B OJIHO(A3HON CETH, aHau3
AKCIIEPUMEHTAIBHBIX JAaHHBIX U OIMPEICIICHUE MPEACIIOB BOIU3M CPEAHETO 3HaYe-
HUS, B KOTOPBIX HAXOJUTCS MCTUHHOE 3HAYCHUE M3MEPAEMOM BEJIMYUHBI MPU 3a-
JAHHOW TOBEPUTEIBbHOU BEPOSTHOCTH 0.

HopmaruBHas 6a3a.

1. TepMunHbl U ompenesieHUs B JaHHON Ja0OpaTOpHON pPabOThI B3STHI U3
PMI 29-2013 «I'CH. MetpoJiorusi. OCHOBHbIE TEPMUHBI M ONPeAeJIeHUD)

TepmMuHbI U onpeieNeHUs

1. IorpemHocTh (pe3yJjbTaTa U3MepeHusi): PasHOCTh MEXy U3MEPEHHBIM
3HAYEHUEM BEJIMYMHBI U ONTOPHBIM 3HAYEHUEM BEIUYUHBI.

2. Cayuaiinasi morpemHoctb (u3Mepenusi): CocTapisIronas NOrpenrHOCTH
U3MEPEHU s, U3MEHSIONIASCS CIIy4alHbIM 00pa3oM (10 3HAKY M 3HAYCHUIO) MPHU TO-
BTOPHBIX U3MEPEHUSX, TPOBEICHHBIX B ONPEICTCHHBIX YCIOBUSIX.

3. CpeaHee KBaJpaTH4yeckoe OTKJIOHEHHE; CTAHIAPTHOE OTKJIOHEHHE:
[TapameTrp QyHKIIMU pacmpenerneHus] U3MEPEHHbIX 3HAYCHUN WIM TMOKa3aHWUM, Xa-
PAKTEPU3YIOIIHNA UX PACCEMBAHUE W PABHBIM MOJIOKUTEIBHOMY KOPHIO KBaJApaTHO-
MY U3 JUCIIEPCHH 3TOI'0 PACIPEIEICHHUS.

4, CucremaTnyeckas NMOTPeIIHOCTD (u3mepe-
Hus): COCTaBIISIONMAs MOTPEMTHOCTH U3MEPEHHUSI, OCTAOIIASICSA TTOCTOSTHHON HIIN Ke
3aKOHOMEPHO M3MEHSIOLIAACS NPU MOBTOPHBIX M3MEPEHUAX OIAHOM UM TOU
K€ BEJIMYUHBI.

Xona paboThI.

1. Mynsrumerpom DT mpousBectu 3amepsl HanpsikeHus: B 01HO(Da3HOI ce-



TH.
2. 3aHeCTH pe3yJbTaThl B TAOJIHUILY.

Ho-
Mep 3amepa 0
Io-
kazanue CU
3. Beruuciuth cpegHeapudpmMeTndecKoe 3HaUYCHNE
1 n
Ucp = H;Ui
4. BeryrcauTh a0COMOTHYIO IOMPEIIHOCTD I-TOTr0 BHIYMCIICHUS.
AU, =U,, -U||
5. 3aHecTu pe3yabTaThl B TAOIUILY
No
0
AG-
COJIFOTHAs
IOrp€rHOCTb
(AU)

6. Paccunrath CPCAHIOIO ITOTIPpCHIHOCTD BBIYMCIICHUA.
1 n
AU T Zui
n i

WctrHHOE 3HaUYE€HHE U3MEPSIEMON BETMYMHBI X Oy/1eT HaXOIUThCSI B UHTEPBA-
e ot (Ug, - AUgp) o (U, + AU,) .

7. OnpenenuTh CPEAHIO KBAJAPATUUHYIO OIIMOKY (Ha3blBaeMasi TaKKe Cpel-
HUM

KBaJpaTUYHBIM OTKJIOHECHUEM) CPEAHETO apu(PMETHIECKOTO

3amaercs 3HaUCHHE JIOBEPUTEIILHON BepOsSTHOCTH . CiiydaifHble OIIMOKH BbI-
3BIBAIOTCSl CIYYalHBIMUA TPUYMHAMH, TO TOYHO yKa3aTh MHTEPBaJ, B KOTOPOM 3a-
KJIIOUeHa HM3MepsieMas BEJIMYMHA, MPUHIUIIMAIBHO HEBO3MOXKHO. JTOT HHTEpBal
MOKHO YyKa3aTh JIMIIb C OMNPENEICHHOW BEPOATHOCTHIO O , Ha3bIBAEMOU J1OBEpH-
TEIbHOW BEPOSTHOCTHIO. B mpakTuke ydeOHOM paboThl 3HAUEHHE a BBIOMpaeTCs
paBabiM 0,90+0,95, a B oTBeTcTBeHHBIX ciydasx — 0,99u Gonee.

/.I1o BeIOpaHHOU JOBEPUTENHHON BEPOATHOCTH O U YUCTY MPOBEACHHBIX U3-
MEpPEHHUI N ¢ MOMOIIIBIO Ta0HIIBI onpeaeisercs kodddunuent CteronenTa t, (N)

Koadpdunmenter CThrofeHTa

N\a 0,9 0,95 0,98 0,99
2 6,3 12,7 31,8 63,7
3 2,9 4,3 7,0 9,9
4 2,4 3,2 4,5 5,8
5 2,1 2,8 3,7 4,6
6 2,0 2,6 3,4 4,0
7 19 2,4 3,1 3,7
8 19 24 3,0 3,5
9 19 2,3 2,9 3,4
10 6,3 2,3 2,8 3,3




8. Beruncauts noBeputenbHbii nHTEpBai AU :
AU=t, (n)xS,
9. 3anucartb pe3ynabTar B BUJE.

U=U_,t AUc 0=...

cp—
=
p
rae E- oTHocuTenbHas ommoKka u3MepeHui
10. Cnenatp BBIBOJ 1O padoTe.
KoHTponbHBIE BOIIPOCHL.

1. [JaTp onpenesieHne «IOrpeHOCTA U3MEPEHUS
2. JlaTp onpezerneHne «Ciy4aiHOM MOrpEeIHOCTH U3MEPEHUS»
3. JlaTb onpenenenue «CTaHgapTHOMY OTKJIOHEHMIO)

4. Yto 03Ha4YaeT AOBEPUTENIbHASL BEPOATHOCTD?

JlabopaTopHnasi padora Ne 3
OueHnBaHNE HEONIPEAETEHHOCTH U3MEPEHUS CONTPOTUBIICHUS U30JISIUN
TpaHchopMaTopa U ACHHXPOHHOTO JIBUTATENs

[ens paOOThI: HAYYUTHCS OIIECHUBATH HEONPEIETEHHOCTH U3MEPEHUH 10 TUITY
A, tuny B u cranpapTHyio HeomnpenaenéHHocTh. CpaBHUTh HEONPENENEHHOCTH, 110-
JIy4EHHBIE TIPU U3MEPEHUAX COnpoTuBIeHNN n3omsiunu AJl u TP Mmynetumerpom u
MPI u caenaTts BBIBOI.

HopmaruBHas 6asza. 1. MeToguka OUEHKH HEONpPEneNEHHOCTH OCHOBaHA Ha
Meroauke, onucanHoil B PMI' 115-2019 «I'ocynapcrBenHas cucrema odecneye-
Hus eauHcTBa u3dmepenuii (I'CH). KaauOpoBka cpeacTtB u3MepeHHUil. AJro-
PUTMBI 00padOTKH pe3ybTATOB M3MEPEHHIl M OLECHUBAHHUSA HeOIpeeTeHHO-
CTH

2. TepmuHBl U omnpeneneHus B JaHHOW jabopaTopHOil padotsl u3 PMI' 29-
2013 «I'CH. MetpoJorusi. OCHOBHbIC TEPMHHBI M OIIpeIeJIeHU»

OCHOBHBIE TEPMUHBI U ONIPEIETICHUSA:

1. HeonpenesieHHOCTH (M3MepeHuii): HeoTpunarenbHsblil mapameTp, Xxapak-
TEPU3YIOLIUN pacCeIHUE 3HAUYCHUN BEIUYMHBI, IPUITUCHIBAEMBIX U3MEPSEMOMN Be-
JUYMHE HA OCHOBAHUH M3MEPUTEILHON MH(pOpMATIHH.

2. CranjgaprHasi HeompeaeJeHHOCTb (M3MepeHwuii): HeonpeneneHHOCTh
U3MEpPEHU, BbIPAXKEHHAS B BUJI€ CTAHJAPTHOI'O OTKIJIOHEHHS.

3. OuenuBaHue  (HeONpeaeJeHHOCTH  HW3MEPEeHHUiI) MO  THUMY
A: OueHHBaHHE COCTABJISIIONIECH HEOMPEIECICeHHOCTH U3MEPEHUN MMyTEeM CTaTHCTH-
YECKOTO aHajii3a M3MEPEHHBIX 3HAYEHUM BEJIWYUHBI, MOJy4aeMbIX MpPHU OIpee-
JICHHBIX YCIOBUSIX U3MEPEHUMN.

4.01eHUBaHHE (HeompeaeJeHHOCTH U3MepPEeHUM) no THILY
B: OncHuBaHue COCTaBIISAIONICH HEONPEICIICHHOCTH H3MEpPEHUM crocodaMu, OT-
JIMYHBIMU OT OLICHUBAHUS HEONPEICICHHOCTH U3MEPEHUI 110 TUTTY A.

[TpubGops! u uacTpymeHtsl: 1. Mynbtumerp DT
2. smepurens conporunenus MPI



3. Tpancdopmarop
4. ACUHXPOHHBIN IBUTATEIb.

Teopernueckas 4acTb. T€PMUHBI — «IIOTPEIIHOCTY» U «HEOMPEAEIEHHOCTD) -
9TO BBIPAXKEHHUE B PA3HBIX TEPMHUHAX, OJJHOT'O U TOTO XK€ MOHATUS — «TOYHOCTh M3-
MEpPEHUI.

B Poccun ucTopuyeckd CIOXKWIOCH TakK, YTO MPU OLIEHKE JTOCTOBEPHOCTHU
MIPOU3BEICHHOTO U3MEPEHUS UCTIOIB30BaIN MOTPEITHOCTD.

3a pyOexoM HCXOTHO CYIIECTBOBajO MOHATHE «error Of measurementy -
«ommubka m3MmepeHus». OgHol 13 1enel npu pazpadoTke cramapTa kadecta ISO
9000 OpuTO ObOecmieueHre OE30MMOOYHOTO BBITONHEHHUS BCEX IMPOU3BOACTBEHHBIX
dbyukuii. B pamkax ISO 9000 Op110 pa3zpadboraHo «PyKOBOACTBO MO BBIYHMCICHUIO
HeolpeneacHHOCTH B u3Mepenun» - «Guide to the expression of uncertaintyin
measurement», B KOTOPOM ONUCAHO MOHATHE HEONPEAESICHHOCTH U3BMEPEHUN U CIIO-
coOBbI €€ BHIYMCIICHUSI.

Cetiuac Bce 4vare TpeOyeTcss OIEHWBATh TOYHOCTH MPOBENCHHS H3MEPEHUN
(HampuMep, Takoe TpeOOBaHUE MPEABIBISETCS MPU AKKPEIUTAIIMU J1Ta00opaTopHil) B
TEPMHUHAX «HEoNpeAeneHHOCTH». B ¢Bs3u ¢ BeTymienueMm Poccun B BTO, npunsito
pelIeHre MepeBecTy MpaBuiia MPOBEACHUS M OIEHKH KauyecTBa paboT (B TOM 4uCIe
U METPOJIOTUYECKHUX) B COOTBETCTBUE C MeKayHapoaHbiMU cTaHaapTtamu MCO. Bee
U3MEpUTENbHBIE JabopaTopuu crpaH-uwieHOB BTO nomkHBI OIleHMBAaTh TOYHOCTH
pe3yNnbTaTOB M3MEPEHUN B TepMUHAX HeompeaesieHHocTu. B Poccun o HeoOxonu-
MOCTH pacyeTa HeompeaeneHHOCTH u3MepeHnit B coorBerctBun ¢ ['OCT P MCO
10576-1-2006 roBopuTcs B mmchMe Pocmorpebnamzopa 01/6620-12-32 ot
13.06.2012. «HeomnpeneneHHOCTh U3MEPEHUN CTOWIIO BbIAYMaTh XOTs OBl JJIsl TOTO,
YyTOOBI TENEPh PAZBACHITH, YEM MOTPEIIHOCTh OTIUYAETCA OT HEONPEIeTICHHOCTH.
[Tonsitue «uncertainty» BO3HUKIIO U3 JOCIOBHOTO IepeBoaa AokymeHTa «Guide to
the expression of uncertainty in measurementy», [ISO-1993

Hoxyment PMI' 91-2009 «CoBMecTHOE MCHOIB30BAHUE MOHATHI «I1OTPEll-
HOCTbh U3MEPEHUS» U «HEOMPEICTCHHOCTh U3MEPEHUS JIETAIbHO Pa3bsACHIET COOT-
BETCTBUE TEPMHUHOB «IIOTPEIIHOCTH) U «HEOMPEICTICHHOCTh .

TepMHUH «IOTPEIIHOCTHY» MPUBS3aH K HCTUHHOMY 3HAUYEHHUIO U3MEPSIEMON Be-
auyrHbl. OJIHAKO, ITO UCXOJAHOE «MCTUHHOE 3HaUYC€HHE» Hen3BecTHO. W mpu mpose-
JNEHUW U3MEPEHUI YKa3bIBalOT UHTEPBAJ, B KOTOPOM 3TO «MUCTUHHOE 3HAYECHHUE)» Ha-
XOJIUTCS C OINpPENeNIEHHbIM YpOBHEM BeposATHOCTH — X = A+ A, P =0,95 (rne P —
JIOBEPUTEIbHAS BEPOATHOCTD ).

To ectb, uaTepBai ot (A — A) 10 (A + A) ¢ BepoSITHOCTBIO P cofepKuT B ce-
oe:

1) «MCTUHHOEY» 3HAYCHUE U3MEPSIEMON BEITUYMHBI.

2) NOrpenIHOCTbh U3MEPEHUIN BEITMUYUHbI

B 3TOM H[—HEPB-E..-‘IE c BEPDHTHDL‘.[HO P
HAMOIHTCA HCTHHHOE JHAYEHHE HUTH MOTPEITHOCTE HaMEIJEHHfI
[ |

A-A A A+ A




Puc.1. Jlnana3oH BO3MOXHBIX 3HAYEHUH IIPU MTOIPEMIHOCTH

TepMuH «HEONIPEACICHHOCTh) MPHUBSI3aH K U3MEPEHHOMY 3HAUCHUIO BEITMYH-
HBI A, a HE K €¢ aOCTPaKTHOMY «MCTUHHOMY» 3Ha4YeHHIO. Takxke, KaK JJIsl «IOorpel-
HOCTH», PE3YJIbTaT U3MEPCHUS 3alKChIBACTCS B BHJIC MHTepBaTa X = A £ A, P =
0,95 (P — BeposITHOCTH OXBaTa).

To ectb, untepBan ot (A — U) no (A + U) conepxkut 60aburyto gomto (P )
3HAYCHWH, KOTOPHIE MOTJIM ObI OBITH IPUMHCAHBI K H3MEPSIEMON BEITHUNHE.

mons P 3EaueHHi, CEA3AHHBIX
€ HIMEPHEMOH BETHUHHOH

A-U A A+U

Puc.2. JInana3oH BO3MOKHBIX 3HAYEHUN NPU HEOMPEAECTCHHOCTH

[Ipu olileHKE TOYHOCTH MU3MEPEHUI B TEpMHHAX "HEONPEAENIeHHOCTU" cuMTa-
€TCsl, YTO U3MEPEHHAs BEIMUMHA TPUHAJICKUT K YKa3aHHOMY MHTEpBaly 3HAUCHU I
(HampuMep, IUana3oH ONTUMAJIbHBIX WM JTOMYCTHUMBIX YPOBHEH), €ClIU OHA C y4e-
TOM YKa3aHHOUW HEOMNpPEeeIeHHOCTU («BEIUYMHA — HEOMPEAEIECHHOCTh) U «BEJINYU-
Ha + HEOIPEAEIECHHOCTh)) HE BBIXOJIUT 32 MIPEEIIbl TOr0 AUaIa3oHa.

Xon pabotel. 1. Heobxoaumo 5 pa3 mpoM3BECTH U3MEPEHHE COMPOTHUBIICHUS
U30JIIUKM TpaHcopmaropa oOMOTKa-KopIyc MyJabTuMeTpoBDT, a 3atem MoOBTO-
pUTH onepaluio u3Mepuresem conpotusienus MPI.

Pe3ynbpTaThl 3aHeCTH B TAOJIHUILY.

[Toxazanuss mynbTumerpa DT, Iloka3anusa wu3MepuTeENns CO-
MOwm npotusiienus MP1.MOwm
Ripr Rimpi

2. ITpousBecTH OLIEHKY HEOMPEAEIEHHOCTH 0 TUITY A JUIsl KaXA0r0 CPEeACTBa
U3MEPEHUM.
- BBIUHCIIIEM CpeIHEE aprU(PMETHUECKOE 3HAUCHHUE COMPOTUBIICHUI

1 n
R_H%:Ri

- JUIl MCTOYHUKOB HEONPENEIEHHOCTH CIY4YalHOIO0 XapakTepa BBIYUCISEM
HEONPEAEIEHHOCTD 10 TUIY A

UA(R) =

- OJYYUTh MPOLIECHTHOE BBIPAKEHUE HEOMPEACIEHHOCTH 0 TUITY A

“A—F(f) «100%



3. ITpou3BecTH OLEHKY HEONPEAEIEHHOCTH IO TUILY B 11 Ka)xaoro cpencr-
BAa U3MEPECHUN.

UB(R)Z\A/—_Zr

rae AR- mpowusBeneHue cpeaHeapu(PpMeTHdecKoro 3HaueHUsl COMPOTUBIICHUS
Y KJIacCa TOYHOCTHU CPEJICTBA U3MEPECHUS.
- IOJTYYHTh TIPOLICHTHOE BhIPAXKEHUE HEONPEACIEHHOCTH 10 TUlty B

LF(QR) «100%

4. BBIYMCIUTh CyMMapHYIO CTaHJIApPTHYIO HEONPEIENEHHOCTbD.

U (R) = U2 (R)+ U2 (R)

- IOJIYYUTh CYMMAapHOM CTaHJAPTHON HEONPENEIEHHOCTH.

UeR) 1009
R
5. [lonyyeHHbI€ pe3yabTaThl 3aHECTH B TAOIUILY.
Tun  Heom- Cpennee Tun | Tun | CymmaphHas cras-
pEneNnEHHOCTH apudmMeruueckoe | A B JapTHas Heolpe-
3HAYCHHE co- | (ua)% | (ug)% | nen€nHoCcTh
IPOTUBJICHUI (uc)%
(R)
MynbsTHMETD
DT
N3mepurens
CONPOTHUBIICHUS
| MPI

6. [loBTOpUTH MYHKTHI 1-5, 3amMephl N30JISIUHU IPOU3BECTH HA ACUHXPOHHOM
JIBUTATEIIE.

7. CnenaTh BEIBOJI.

KoHnTponbHbIE BOIPOCHI.

1. Jath onpeaesicHUEe HEONPEASAEHHOCTH U3MEPEHUI

2. Jlatb onpeneneHue HEONpeAeIEHHOCTH TUIa A

3. Jlats onpeneneHrue HeonpeAeaEHHOCTH Tuma B

4. JlaTh onpeaesieHue CyMMAapHOU CTaHIApTHOM HEONPEAETIEHHOCTH

5. Kakon nokymeHt B PO naér geranbHOE ONpeaeaeHne TEPMUHAM «IIOTpell-
HOCTb»U «HEOTPEAEIEHHOCTbY?

6. 13 nepeBogia KAakoro JOKyYMEHTA MOABUJICS TEPMUH «HEONPEAECTEHHOCThY?

7. OOBSACHUTH PA3HUILY MEX]Y TIOTPEIIHOCTHIO U HEOTIPEIETIEHHOCTHIO.

JlaGopaTopHasi padora Ne4.
[ToBepka TEXHMYECKOI'O BOJLTMETPA.

[lens pabOTHI: M3yYUTh HOPMATUBHO-TIPABOBYIO 0a3y, METOAMKY MOBEPKHU
TEXHUYECKOr0 BOJBTMETPA, MPOU3BECTH TMOBEPKY, CAENIAaTh BBHIBOJ O COOTBETCTBUU
npubopa ykazaHHOMY KJ1acCy TOYHOCTH.

HopmatuBnas 6aza: 1. PMI' 29-2013 «I'CU. MetpoJorusi. OcHOBHBbIE



TEePMHUHBbI U ONpPeAeICHUSI»

2. ®enepanbhblii 3axkoH o1 26.06.2008 N 102-d®3 (pen. ot 13.07.2015) "O6
o0ecnevyeHNH eIMHCTBA U3MepeHnii"

3. lIpuka3 MuHHCTEpCTBA NPOMBILIJIEHHOCTH U TOProB/ju P® ot 2 urus
2015 r. N 1815 " OO0 yrBep:xkaenuu Ilopsiaka npoBeeHUs1 NOBEPKHU CPEACTB M3-
MepeHuii, TpeOOBaHUA K 3HAKY NMOBEPKHU M COJAEP:KAHUIO CBUAETEIbCTBA O MO-
Bepke'

4. TOCT 8.497-83 TI'ocynapcTBeHHasi cucrteMa olecneveHHsl €IMHCTBA
usmepenunii (I'CHU). Amnepmerpsbl, BOJIbTMETPbI, BATTMETPbI, BapMeTpbl. Me-
TOAMKA MOBEPKHU

TepMuHBbI U onpeeneHus:

1 . IloBepka cpeacTB U3MepeHMi (JaJjiee TaK:Ke - MOBEPKAa) - COBOKYII-
HOCTh OIlepaliii, BBIMOJIHAEMBIX B LENSAX NOATBEPKIACHUS COOTBETCTBHUS CPEICTB
U3MepeHui MeTposiorudeckum TpedoBanusim (D3)

2. IloBepka (cpeacTB u3MepeHmii): YcTaHOBICHHE OPUITUATHHO YITOTHOMO-
YEHHBIM OPraHOM MPUTOJHOCTH CPEICTBA U3MEPEHUN K MPUMEHEHUIO Ha

OCHOBAHWHN JIKCHEPUMEHTAJIBHO OIPEAEIAEMBIX METPOJOTMUECKUX XapaKTe-
PUCTHK U MOATBEPIKICHUS UX COOTBETCTBUS YCTAHOBJICHHBIM 0053aTEIbHBIM

TpedboBanusm. (PMI')

3. IlepeuyHas noBepka (cpeacTB u3Mmepenuii) - IloBepka, BbImonHsIEMast
IIPU BBIIIYCKE CPEACTBA U3MEPEHUIN U3 MTPOU3BOJICTBA WM IOCIE PEMOHTA, a TaKkKe
IIPY BBO3€E CPENCTBA U3MEPEHUN M3-3a TPAHULIBI.

4. Ilepuoguveckasi moBepka (cpeacTs usmepenuii) - [loBepka cpencts

M3MEpPEHU, HAXOASAIIMXCSA B OKCIUTyaTallud WA HAa XpaHEHUH, BBITIOJIHIEMAast
4yepe3 YCTaHOBJIEHHbIE MHTEPBAJbl BPEMEHH MEXKIY IOBEPKAMH (MEXKIIOBEPOYHbIE
WHTEPBAJIbI).

5. BHeouepennas nmoBepka (cpeactB m3mepenmii): [loBepka cpeacrtBa us-
MEPEHM, TPOBOANMAs O HACTYIUIEHHUs CPOKA €ro OYEpEeIHON MEpUoIUIECKOM I10-
BEPKHU.

[Ipubops! 1 HHCTpYMEHTHI: 1. BonbTMeTp noBepseMblid

2. BonbT™MeTp 00pa3IoBbIil.

3. Kommuiekt npoBogoB

Teopernueckas gacth: Ctathsa 13 ®3Ne 102 "O6 obecniedyeHUH €AUHCTBA H3-
mepenuit" (pen. ot 13.07.2015) rnacur:

«a.1. CpencTBa u3MepeHui, npeJHa3HauYeHHbIE I IPUMEHEHUs B cdepe ro-
CYJIapCTBEHHOT'O PEryJIHPOBaHUA OOECIeUeHHs] €AMHCTBA U3MEPEHUM, O BBOJA B
JKCIULYaTalMIO, a TAKKE IOCJIE PEMOHTA IMOJIEKAT NIEPBUYHON MOBEPKE, a B MPO-
11eCCe HKCIUTyaTalluy - IEpUoANYECKON noBepke. IIpumensaronme cpencraa usmepe-
HUl B cepe rocyapCTBEHHOIO0 PEryiMpoBaHUs OOECIEUYeHHs] eIMHCTBA M3Mepe-
HUI IOpUAMYECKUE JIMIA W HWHAUMBHUAyAJIbHbIE NPEANPUHUMATENN OOS3aHBI
CBOEBPEMEHHO MPEICTABIATh 3TU CPEACTBA U3MEPEHUI HA TIOBEPKY.

1.2. [IoBepKy cpencTB u3MEpPEHNN OCYLIECTBIIIOT AKKPEAUTOBAHHBIE B COOT-
BETCTBHU C 3aKOHOJIATEILCTBOM Poccuiickoit denepanuu 006 akKpenuTanuu B Ha-
[IUOHAJILHOM CUCTEME aKKpeIUTallud Ha MPOBEACHHE MOBEPKHU CPEICTB MU3MEPEHUI
IOPUANYECKUE JINLA U NHAWBUyaJIbHbIE IPEANPUHUMATEIH.

1.4. Pe3ynbpTarsl MOBEPKU CPEACTB U3MEPEHUIN YyAOCTOBEPSIIOTCS 3HAKOM I10-
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BEPKH, U (UJIM) CBUIETENLCTBOM O MOBEPKE, U (WIK) 3aMKChio B macnopte (hopmy-
JSIpe) CpeliCTBa UBMEPEHUM, 3aBEPSIEMOM MOAIUCHIO TOBEPUTENSL U 3HAKOM IOBEPKHU.
KoHcTpyknust cpenctsa u3aMepeHuil AokKHa oOecrieurBaTh BO3MOXKHOCTh HaHECe-
HUS 3HaKa MOBEPKHM B MECTE, IOCTYITHOM Ui IpocMoTpa. Eciu oco0eHHOCTH KOH-
CTPYKLIMH WM YCIIOBUS IKCIUTyaTallMM CPEACTBA U3MEPEHUN HE MO3BOJISIIOT HaHEC-
TH 3HaK I[OBEPKH HENOCPEJICTBEHHO Ha CPEACTBO HM3MEPEHMI, OH HAHOCHUTCSA Ha
CBUJIETENHCTBO O TOBEPKE WIH B mactopT (popMyisp).

1.5 [lopsaok nmpoBeeHus: MOBEPKH CPEICTB U3MEPEHUM, TPEOOBAHUS K 3HAKY
MOBEPKU U COJIEP’KAHUIO CBUJETENIHCTBA O TMOBEPKE yCTaHABIUBAIOTCA (herepaib-
HBIM OPTaHOM HCIIOJIHUTENIbHON BJIACTH, OCYHIECTBISIONMM (QYHKIMU 1O BhIPaOOT-
K€ TOCYAapCTBEHHOW MOJUTHUKMA M HOPMATHBHO-TIPABOBOMY PETYIUPOBAHHIO B 00-
JacTH 00ECTIeYeHHs €IMHCTBA U3MEPEHUIL. »

TakuM HOPMAaTUBHO-IIPABOBBIM akToOM sBisgerca [Ipukaz MuHucTepcrBa
IPOMBIIIIEHHOCTH U TOproBiu P® ot 2 uronsg 2015 r. N 1815 "OO6 yTBepxneHuu
[Topsinka nmpoBeaeHUs: TOBEPKU CPEACTB U3MEPEHUH, TPEOOBaHUS K 3HAKY MOBEPKU
U COJIEp’KaHUIO CBHUJIETENIHLCTBA O OBEPKE" U MPUIIOKEHUS K HEMY.

1.6. CBeleHHs 0 pe3yibTaTrax MOBEPKHU CPENICTB U3MEPEHMUI, MPEIHa3HAYCH-
HBIX JJI1 NPUMEHEHHS B c(epe rocyJapCTBEHHOIO PEryJupOBAHMS OOECeUeHHUs
€IMHCTBA M3MEpEeHui, nepenatorca B DenepanbHblii MHGOOPMAIMOHHBIA (DOHT 1O
00€eCIeYeHUI0 eIMHCTBA U3MEPEHUN MPOBOIAIIMMU MOBEPKY CPEICTB M3MEPEHUI
IOPUIMYECKUMU JTULIAMH U UHAUBUIYAIbHBIMU TIPEANPUHUMATEIIAMHU.

n.7. CpeacTBa U3MEpEeHU, HE MpeAHa3HAYEHHbIE JJI1 NMPUMEHEHUs B cdepe
rOCY/IapCTBEHHOI'O PEryJIUPOBaHUS 00ECIeUeHUs €IMHCTBA U3MEPEHU, MOT'YT IO/I-
BEpraThCsi HOBEPKE B TOOPOBOJIBHOM MOPSAKE.

[ToBepka cpencTB M3MEpPEHUN NPOU3BOAUTCS COTJIACHO METOAMKE MOBEPKHU
JUIsl JaHHOTO Tipubopa. {15 MaccoBBIX CPEACTB U3MEPEHUN (aMIIEPMETPhI IIUTOBLIE,
MaHOMETPbI KUCIOPOJHBIE, ITAHTCHIUPKYJIN) B MACHIOPTE WU B PYKOBOJICTBE IO
AKCIUTyaTallii OCTaBJIAIOT CChUIKY Ha METOJAMKY M3MEpPEeHHH (Ha3BaHMe, JaTa Mpu-
HATUS U T.1.). J71a 6oJiee CIIOXKHBIX WM MEIKOCEPUINHBIX TPHOOPOB (J1ehEeKTOCKOTI,
TEIUIOBU30p) METOJMKA TTOBEPKH MPUIIAraeTCsi BMECTE C OCHOBHOM JOKyMEHTAIUEH.
Opranuzanus-noBepUTeNb BIpaBe TPeOOBaTh METOAMKY MOBEPKH IpPH IMOBEPKE
CpencTBa U3MEPEHMS, UTO YKa3aHo B «lIpuka3 MuHHCTEPCTBA TPOMBILLIEHHOCTA U
toprosiu P® ot 2 urons 2015 r. N 1815»

Xon paboTHI:

B yueOHbIX nensx nosepka Oyner mpousBoautbes corsnacHo 'OCT 8.497-83
«l"ocynapcTBeHHas cucteMa obOecrnedeHus eauHcTtBa usmepenuit (I'CH). Awmmep-
METPBI, BOJIbTMETPBI, BATTMETPHI, BApMETPbl. METOAMKA OBEPKHU.»

ITopsnok noBepku

Bremnnit OCMOTP:
I[Ipu  BHemHEeM  ocMoTpe  mpubopa  JOKHBI  OBITh  YCTAHOBJIEHBI:
- OTCYTCTBU€ BHEIIHUX TOBPEKJICHUN M TOBPEKICHUM TOKPHITHUS IIKAJbL;
- yerkocTh Bcex Hammucer mno TOCT 8711 wm T OCT 8476;
- YKOMIUIEKTOBaHHOCTh PUOOpa 3aMaCHBIMU YaCTSIMU, HPHUHAJIEKHOCTSIMH, HEOO-
XOJIUMBIMHU JIJISI IPOBEJICHUS TTIOBEPKH.

OnpoboBaHue:

[Ipu onpoOoBaHUMU AOJIKHBI OBITH YCTAHOBJIEHBI HAJIEAKHOE 3aKPEIUIEHUE 3aKUMOB
npuOOpPOB, MJIABHBIN X0/ U YeTKast PUKcalUs MMepeKIoyaTencii.
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IToBepka Ha TOCTOSIHHOM TOKE'!
BoasT™merpsl kitaccoB TouHocTH 0,1-0,5 MOBEpsIIOT METOOM MPAMBIX H3MEPEHUIN
IPY TTOMOIIH KaauOpaTopa Wi KOCBEHHBIX U3MEPEHUI MIPHU MOMOIIY MOTEHIHO-
METPUYECKOW YCTaHOBKHU. BonmbTMeTphl kinaccoB TouHocTu 1,0-5,0 moBepsitoT meTo-
JIOM HEMOCPEICTBEHHOI'0 CIIMUCHHUSI TIPYU MTOMOIIA 00Pa31l0BbIX BOJIBTMETPOB U YC-
TAHOBKH JIJI51 TIOBEPKH M TPATYUPOBKH IJICKTPOUIMEPUTEILHBIX MPUOOPOB TIO
cxemawm, npuBesieHHbIM B TJ[ Ha 00pa3iioBbie cpecTBa U3MEPEHUM.

JIATP R
~0-50 B 30 OMm

Puc.1. Cxema ycTaHOBKH.

Vupasnsiga JIATPom u3MeHsATh BeuuuHy HanpsbkeHus B nenu ot 0 mgo 50 ¢
maroM 10 B, 3ammceiBaTh MOKa3aHUs BOJBTMETPOB IPHU XOAE BBEPX, a 3aTEM IIPU
oOpaTHOM XOjI€.

Ne Xox BBEpX Xox BHU3
Vn (B) VoB)|AV |[dl | v [ Von®B) | Vo®B) | AV | dl Y |AVmax
B) | B) | (%) B | B) [ (%)

[Tociie 3aMepOB HAXOMST MOTPEITHOCTH
- abcomotHele AV = V, -V,
- otHOcuTenbHbIe ¥ =(AV [V, ) * 100%
N3 abCOMIOTHBIX MOrPENIHOCTEH BHIOUPAIOT MAKCUMAIbHYIO MO MOIYJII0 H
paccuuThIBarOT Ki1ace TOYHOCTH YA = (AVmax | Viow ) * 100%
I'ne Vyon — BEpXHUU MIpeeN U3MepAeMOn IPUOOPOM BEITHMYMHBI.
CraenaTh BBIBOJI O PE3yJIbTaTaX MOBEPKHU CPEICTBA U3MEPEHHUSL.

KoHTpOnbHBIE BOIIPOCHL.
JlaTh omnpezenieHne MOBEPKU CpeAcTBa u3Mepenus cornacuo ©3-102
JlaTh omnpezenieHne MOBEPKU CpeACcTBa U3MepeHus cornacHo PMI'-29-2013
B kakux ciaydasx mpou3BOJUTCS MEpBUYHAS TOBEPKa?
KakuM HOpMaTHUBHO-TIPAaBOBBIM aKTOM PETYJIHPYETCS MOPSAIOK MOBEPKHU MPH-
o60poB?
UeM yn0cTOBEpsIIOTCS pe3yabTaThl MOBEpKH coriiacHo ©3-1027
Kak mpousBoauTCst IOBEpKa CpeicTBAa U3MEPEHHUSI ?

el oY

o O

JlaGoparopHasi pabora Ne §
N3Mepenre HHIYKTUBHOCTH KOCBEHHBIM METOJIOM
[ens pabotei: OCBOUTH METOIUKY M3MEPEHUS WHIAYKTUBHOCTH KOCBEHHBIM



MCTOAOM.

Hopmarushas 6a3a:
1. PMI' 29-2013 «I'CHU. MetpoJorusi. OcHOBHble TEPMHUHBI M OINpe/eae-
HUS»
2. MenepanbHblii 3akoH oT 26.06.2008 N 102-®3 (pea. ot 13.07.2015) "OO6
odecreyeHMH eIMHCTBA U3MepeHuni"
TepMuHBI U ONpeeNeHNUs
1. MeTtoanka (MeTOA) U3MEPEHU - COBOKYITHOCTh KOHKPETHO ONKUCAHHBIX
orepaluid, BEITOJHEHUE KOTOPhIX 00ECIeUrBAET MOJMyYeHHUE PE3yIbTaTOB U3MeEpe-
HUU C YCTAHOBJIEHHBIMHU IMOKA3aTEISIMU TOYHOCTH

2. IIpsimoe n3mepenue - Mizmepenue, npu KOTOPOM HUCKOMOE 3HAUYEHUE BEJIH-
YUHBI [TOJIy4a0T HEMTOCPEICTBEHHO OT CPEACTBA U3MEPEHUI.
3. KocBennoe usamepenue - lizmepenue, npy KOTOPOM UCKOMOE 3HAUYEHUE

BEJINYMHBI ONPENEIIAIOT HA OCHOBAHUM PE3YJIBTATOB NPSIMBIX U3MEPEHUI
APYTUX BENWYHH, (PYHKIHOHAIBHO CBSI3aHHBIX C HICKOMOM BEJIMYMHOM.
[Ipu6ops! u unctpymentsl: 1. Crena JICI-2

2. BonbT™merp

3. Ammnepmerp

Teoperndeckast 4acCThb.

JIto6oe n3Mepenne AOHKHO MPOUCXOUTH COMIACHO METOJIUKE M3MepeHuil. B
cilyvae, €ClIi U3MEpEHUEe BXOAUT B cepy rocyJapCTBEHHOI O pEryanpoBaHus odec-
NEYECHUs] €IMHCTBA U3MEPEHUI, TO METOJUKA JOJI’)KHA ObITh aTTECTOBAHHOW B aK-
KPEAUTOBAHHOW B COOTBETCTBUM C JAEHCTBYIOIIUM 3aKOHOAATEIBLCTBOM PETHMOHAIIb-
HOM 1IeHTpe MeTposiorun, UIT wnu rop.muue. B nHOM cityyae MeToMKa U3MEpEeHUN
JOJKHA OBITH pa3paboTaHa METPOJIOTUUYECKOMN CIY>KOOH MPEANpUITHS U YTBEPK/Ie-
Ha TJIABHBIM MHKEHEPOM.

TepMmuH npsAmMoe M3MepeHrne BO3ZHUK KAK IMPOTHUBOIOIOXKHBIM TEPMHUHY KOC-
BEHHOE u3MepeHue. CTporo ropops, U3MEPEHUE BCEraa MpsIMOe U pacCMaTpUBAETCS
KAK CpPaBHEHUE BEIIMYMHBI C €€ €AMHULIECH WIH IIKaJoi. B aToM cinydae mydme npu-
MEHSTh TEPMUH MPSIMON METOJI U3MEPEHUN.

He Bcerna ynma€rcs m3MepuTh BEIWYMHY NPSAMBIM METOJIOM IO CaMbIM pa3-
HBIM MPUYMHAM: HET HEOOXOJUMOTro CPEACTBA U3MEPEHUS B HAJIMYHUH, MPSMOE H3-
MEpPEHNE HEBO3MOYKHO IO TEXHOJIOTMYECKUM IPUYMHAM WA CBS3aHO C ONACHO-
CTBIO JUIS )KM3HU U 3[J0POBBS, WIN UHBIE TPUYHHBI.

Torma u MCHoONB3yIOT KOCBEHHOE HM3MepeHue. Hampumep, B LensxX QuarHo-
CTUKU OOMOTOK JBUTaTelield, TpaHc(popMaTOpOB, KaTyHIEK BO3MOXXHO NPUMEHHUTD
U3MEPEHUE UHAYKTUBHOCTH KOCBEHHBIM METOIOM.

Xom paboTHI.

1. O3HaKOMUTBCS CO CXEMOM YCTAaHOBKHU
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Puc.1. Cxema 3kcnieprMeHTaIbHON YCTaHOBKH.
2. CoOpaTh KCIEPUMEHTAIBHYIO CXEMY.
3. CHATh MOKa3aHUs HANPSKEHUSI, TOKA U 3aHECTH UX B TaOmiry Nel.
4. OnpenenuTth MOJIHOE COMMPOTUBJICHUE LIETH U 3aHECTH X B TaOuIy Nel:

U

Z==

5. PaccuuThiBaeM MHAYKTUBHOCTh KATYIIKU U 3aHOCUM B Tabnuiry Nel:

L=£><\/ZZ—R2

(0]

ragc O - 1aHO B MACIIOPTC WUJIN Ha IIUJIBbIAUKE U3MCPACMOTO o0BbeKTa

Tabmuma Ne 1.

Hano N3mepenns Pacuérnrle nanunie
® Ul R1 Z L
1300 90,00

KoHTponbHBIE BONIPOCHL:

agbrbwpnE

JlaTh onpenenieHue TEPMUHY «METOJIUKA U3MEPEHUI
JlaTh onpeneseHnue TEPMUHY «IIPSIMOE U3MEPEHUE

JlaTh onpeneneHue TEpMUHY «KOCBEHHOE U3MEPEHUE
B kakux ciydasix HeoOXoauMa aTTecTalus METOUK U3MEPECHU?
KTo nmeer npaBo arrecToBaTh METOJIMKY U3MEPECHUM ?

Kpurtepuu oneHkn J1a60paTopHbIX padoT

[Ipu noaroroBke k aboparopHoii padore no aucuuminae «Mudopmanuon-
HO-U3MEpUTENbHAs TEXHUKa» B _3_ CEMECTpe CTYACHT JOJDKEH BBIIIOJHUTH Clie-

JYIOIITME BUJIBI PabOT:

MunuMaabHbIil | MakCHMAJIbHBIN
Buasbi pador
0aJsn oayn
CamocTosTenbHass MpopadOTKa TEOpPETH-
YECKOro MaTepuajia K J1abopaTopHOH pa- 3 5
6ote
O3HaKOMIIEHHE C YCTAaHOBKOM, MpHOOpOM,
METOJIUKOW BBITIOTHEHUS J1a00OpaTOpPHOU 3 3)
paboThl
Boimonnenne HE0OXOIMMOro  3KCHEpH- 4 6
MEHTa




OOpaboTka pe3yapTaTOB MCCIENOBaHUS, 4 7
OCTpOEHUE rpauKoB
AHanu3 pe3yJIbTaToB UCCIIEI0BAHUS U BbI- 4 5
BOJI 110 paboTe

HUTOI'O: 18 30

Takum oOpa3om, Kakas JlabopatopHasi paboTa OLICHHBACTCS MHUHMUMYM B 15
6amos, makcumyMm B 30 GamnoB. [locne BbImomHEHUsT Bcex pabOT pacCUUTHIBACTCS
UTOTOBBIN OAJIJT 10 JAHHOMY OIIEHOYHOMY CPEJICTBY, KaK cpelHee apudmernueckoe
10 BCEM J1Ta00OpaTOpPHBIM paboTam.



MuHucTepcTBO HayKH M Bbiciero oopasosanus Poccuiickoit denepanumn

HwxHekaMCKUi XUMUKO-TEXHOJIOTUISCKUN WHCTUTYT ((umuan)
benepanbHOro rocy1apCTBEHHOr0 OI0/I)KETHOT0 00pa30BaTEIbLHOIO YUPEKICHUS
BBICIIIET0 00Opa30BaHUs
«Ka3zaHCcKkuil HallMOHAJIbHBIN UCCIIEN0BATENbCKUN TEXHOJIOTHYECKUI YHUBEPCUTET

Daxkynrvmem Y1paBiieHus U aBTOMAaTU3AIUU
Kageopa IOTIOO0II

Y4eOHBIM MIIaHOM 10 HampaiieHuto noarotoBku_13.03.02 «DnekTposHepreTu-
Ka ¥ 3JCKTPOTEXHUKa» JJi1 00y4aromuXcsi OUYHON (OPMBI MPETYyCMOTPEHO MPOBEIe-
HUE TPAKTHUYECKHX 3aHiATHiA 1o auctuiuimHe «MHDopManmoHHO-u3MepuTenpHas
TEXHHUKa» B 3 CEMECTpe.

OOyuaromuMcsl MpeiaraloTcsl pa3Ho YpOBHEBBIE 3a7laud U 3aJaHUsl PEKOHCT-
PYKTHBHOTO YPOBHS, MO3BOJISIFOININE OIEHUBATh U AMATHOCTUPOBATH YMEHHUSI CHUHTeE-
3UpOBaTh, AHAJIU3UPOBATH, 0000MIATh (HAKTUUECKUN W TEOPETHUECKHN MaTepHall ¢
dopMyTUpOBaHNEM  KOHKPETHBIX  BBIBOJIOB,  YCTaHOBJICHHEM  IPHYUHHO-
CJIEICTBEHHBIX CBA3EH.

1 Bapunanr.
1. M300pa3uth ycioBHO-TpauyecKoe CaeayroIuX JIEMEHTOB:
a. AMIepMmeTp perucTpupyromui
b. YacroTromep MOKa3bIBAIOIINI
c. TpanchopmaTop TOKa HYJIEBOH MOCIECIOBATEIIBHOCTH.
d. BoJbTMETp perucTpUpyIOIIHii
2. JlaTe ompejenieHue TepMUHAM:
a. Hsmepenue —310 ...
b. CpenctBo usmepenus — 310 ...
C. OTaJIOH €IMHULBI BETUYHUHBI — 3TO ...
3. Ompenenurs:

a. pacxo[ 3JIEKTPOIHEPTUH i TpeX(Pa3HOro CUETUNKA IIEKTPUUECKON SHEPT U MO I-
KJIFOYEHHOT 0 K ceTH Hanpsmyro 0,4 kB, ecnu Texymee nokazanue cuérunka 983,1, a mpensi-
nyiee rnokasanue 851,5.

b. pacxon 3nekTposHepruu st TpeX(HazHOro CYSTYHKA DIICKTPUUSCKON IHEPTUH 101~
KJIFOUEHHOT0 K ceTH 6,3 kB uepe3 TpanchopmaTopsl Toka ¢ K03 puureHToM TpaHchopMaiuu
60 u yepe3 TpanchopMaTopbl HANPsHKEHUS ¢ K03 durrerTom Tpanchopmaruu 80, ecim Te-
Kylllee oka3zanue cuérunka 1521, a npenpinymee nokazanue 1455.

C. Ipeaplayliee NoKa3aHue 0JHO(A3HOr0 CYETYMKA HIEKTPUUECKON SHEPIUU MO~
KJroueHHoro k cetu 0,4 uepes TpanchopmaTopsl Toka ¢ K03 duureHToM Tpanchopmaiu
50, ecnu TekyIee mokasanue 6545, a pacxo 3a pacu€THbIN neproj paBeH 65 650 kB1*y.

4. WM30o6pa3uth cxemy:
a. MOJKIIYEHHUS ILIYHTa K BOJIBTMETPY
b. moxakmrodeHHe amrepMeTpa yepes3 TpaHcPopMaTop ToKa K ogHO(a3HOM ceTn
5. Tpebosanne k CU B cepe rocynapcreHHoro perynupoanus mo O@3Nel(02
6. Pacmmdposars CU no mabaony: Tun npudopa, 1uana3oH U3MEpeHHi, Ki1acc TOYHO-
CTH, paboyee MOJI0KEHHUE, PO IPUMEHSIEMOTO TOKA, TUIl CUCTEMBI, KJIacC U3OJISALHH.



2 BapuaHnr.
1. M3o6pa3uth ycaoBHO-TpaUueCKOe CASAYIOMHNX HIEMEHTOB:

a. BousbT™METp OKa3bIBAKOIIUN

b. CueTunk aKTHBHOI 3JEKTPOIHEPTUH

c. Tpauchopmarop HanpspKeHUS TpeXhas3HbIA

d. AmmepMmeTp peruCTpHpYOIIHiA

2. JlaTe ompejeneHue TePMUHAM:

a. HeonpeneneHHOCTH — 3TO ...

b. Illkana BeTUYUHBI — 3TO ...

€. Texuuueckue cUCTEMBI U YCTPOHCTBA C U3MEPUTETBHBIMU (QYHKIIUSIMHU— 3TO ...

3. Ompenenuts:

a. pacxo dIEKTPOIHEPTUH [ OJHO(PAZHOrO CUETUMKA IEKTPUUECKOM SHEPTrUU
HOJIKJIFOUEHHOTO0 K ceTu Hanpsamyto 0,4 kB, eciu Tekyiee nokazanue cuérunka 1123, a mpe-
Jplayniee nokazanue 978.

b. pacxon 3nekTposHepruu st TpeX(HazHOro cYeTYHKA IICKTPUUSCKON SHEPIHHU TIO/1-
kIroueHHoro k cetu 10 kB yepes TpancdopmaTopsl Toka ¢ koahduiineHToM TpaHchopMaIiu
40 u uepe3 TpanchopmaTopsl HanpspKeHUs ¢ kodddummentom Tpancopmarnuu 30, eciu Te-
Kyliee rnokazanue cuéruuka 8961, a npenpiayiiee nokasanue 8827.

C. mpeasIayIIee NOKa3aHue 0JHO(A3HOTO CYETYHKA IIEKTPUIECKON SHEPTHH MO~
KkIroueHHoro k cetu 0,4 uepes TpanchopMaTopsl ToKa ¢ K03 PuirenTom Tpanchopmanun
60, ecnu Tekyuiee nokasanue 1241, a pacxon 3a pacu€THbli iepruoa paseH 13 740 kBr*u.

4. WM306pa3uth cxemy:
a. TOJKJIIOYEHMs LIYHTa K aMIIepMEeTpy
b. moakmrOYeHHe BOIBTMETPA Yepe3 TpaHCHOpMATOp HAMPSHKEHUS K OJHO(A3HOM ce-
TH
5. Msmepenus, oTHOcsIIMECS B cpepe rocyaapCTBEHHOTO PEryIMpOBaHus U3 Mpuka3za MuH-
sHepro Ne 179.
6. Pacmmdposars CU no mabnony: Tun npubopa, AUana3oH U3MEPEHH, KIIacC TOYHOCTH,
pabouee MoI0kKEHUE, PO MPUMEHSEMOT0 TOKa, TUIl CUCTEMBI, KJIaCC U30JISILIUH.



3 Bapuanr.
1. M3006pa3uth yciaoBHO-TpauyecKoe CAeAYIOIUX IEMEHTOB:

a. BarTtMmerp nmokasbIBaroOIIniA

b. Cuerunk peakTHBHOU JIEKTPOIHEPTUH

c. Tpancdhopmarop Toka

d. Bapmerp peructpupyrommii

2. JlaTe ompejienieHUe TEPMUHAM:

a. IlorpemHocts — 3710 ...

b. TloBepka — 370 ...

C. Meroanka U3MEpEeHU— 31O ...

3. Ompenenutsb:

a. pacxo[ 3JIEKTPOIHEPTUH I 0OJHO(DA3HOr0 CUETUMKA FITEKTPHUUECKON SHEprun
MOJKJIFOYEHHOTO K ceTh Hanpsamyto 0,4 kB, ecnu Tekyniee nokazanue cuétunka 3433, a npe-
Iplayiee nokasanue 2690.

b. pacxon anekTposHepruu sl TpeX(Pa3HOro CUSTYMKA DIICKTPUUSCKON SHEPTUH TTO/1-
kroueHHoro k cetu 110 kB yepes Tpanchopmaropsl Toka ¢ ko3 duuuenrom tpanchopma-
uu 300 1 yepe3 TpanchopmaTopbl HanpsbKeHHs ¢ K03 dunmerToM Tpanchopmaruu 1100,
€CJIM TeKyIllee MoKa3anue cuéTunka 5,42, a npeapiayiiee nokasauue 5,34.

C. mpeAblayliee Moka3aHue Tpex(a3zHOro cYeTYNKa IEKTPUUECKON SHEPTUHU MOAKITIO-
YEHHOTO K ceTH 6 kKB uepe3 TpancdopmaTopsl Toka ¢ koadduirenToMm Tpanchopmanuu 80 u
yepe3 TpaHchopMaTOpsl HANPsKEHUs ¢ KoddduirenTom Tpanchopmanuu 60, eciu TeKyIiee
nokazanue 2452,3, a pacxon 3a pacu€tHelii nepuon paseH 2 819, 04 * 1073 kBr*y.

4. H300pa3uth cxemy:
a. TOJKIIOYEHHUS IIYHTa K BOJIBTMETPY
b. moakmOYeHHe BOIbTMETPA Yepe3 TpaHCHOpMATOp HAMPSHKEHUS K OJHO(DA3HOM ce-
TH
5. Crarps 13 ©3-102 «Iloepka CH»
6. Pacumdposars CU no madiony: Tun npubopa, Auarna3oH U3MEPEHHA, KIIAaCC TOYHOCTH,
pabouee MoON0KEHHUE, PO MPUMEHSIEMOTO TOKA, TUIT CUCTEMBI, KJIacC U30JISAIIH.



4 Bapuanr.
1. N300pa3uth ycroBHO-rpaduueckoe CIEAYIONUX dIEMEHTOB:

a. Bapmetp peructpupyromuit

b. BombTMeTp MoKa3bIBArOIINI

c. TpauchopmaTop HampsKEHUS TpeXpazHbIii

d. TpanchopmaTop TOKa HYJICBOMH MOCIICI0BATEIHHOCTH.

2. JlaTe ompeneneHue TepMUHAM:

a. Cwuna Toka — 970 ...

b. TlepBuunas moBepka — 37O ...

c. CnyuaifHasi MOTPEIHOCTh — ATO ...

3. Omnpenenuts:

a. pacxo[ dIEKTPOIHEPTUH I OJHO(DA3HOTO CYETUHKA FIEKTPHUIECKON SHEPIUn
HOJKJIFOUYEHHOr0 K ceTH Hanpsamyto 0,4 kB, eciau Tekyiee nokaszanue cuéruuka 5674, a npe-
IpIaymiee nokazanue 3456

b. pacxon snekrposHeprun st Tpex(hazHOro CYETYHKA DIICKTPUUECKON SHEPTUH MOJI-
KJIFoUeHHOro K cetu 35 kB uepes TpanchopmaTopsl Toka ¢ ko3 puireHTom TpaHchopman
50 u yepe3 TpaHcPOpMaTOPHI HANPSHKEHUS ¢ KO dHUIMeHToM Tpanchopmanuu 70, eciu Te-
Kyliee nokaszanue cuérunka 9,89, a npeapinymiee nokazanue §,87.

C. Mpeablayliee NoKa3aHue Tpex(a3Horo cueTyrka 3JIEKTPUUIECKOM SHEPIUH MOIKITIO-
yeHHOro K cetu 110 kB uepe3 Tpanchopmaropsl Toka ¢ koapduimenToM tpanchopmanuu 80
u uepe3 TpanchopMaTopsl HarpspkeHus ¢ Ko3dduuuentom tpanchopmaruu 1100, ecnu Te-
KyIiee nokaszanue 2452,3, a pacxoj 3a pacu€THbIN niepuo paen 3541, 347 * 103 kBr*u.

4. WM3ob6pa3uth cxemy:

a. TOJKJIIOYEHHs LIYHTa K aMIepMETpy

b. moakmoueHue ammnepmeTpa yepe3 TpanchopMaTOp TOKA K OJHO(DA3HOM ceTh
5. KoAllcr. 19.19
6. Pacumdposares CU no mabnony: Tun npudopa, 1uana3oH U3MEpeHHi, Ki1acc TOYHOCTH,

pabouee MoON0KEHHUE, PO MPUMEHSIEMOT0 TOKA, TUIl CUCTEMBI, KJIacC U30JISIIH.



Kpurepuu oueHKH NPAKTHYECKUX 3aHATUHM

B 3  cemectpe oOydaromuiicsi BHITIOTHSIET 6 MHIUBUAYAIbHBIX 3aJaHHM.
3a pelieHre KaKaoro oH MokeT noiay4duts ot 18 go 30 6amnos. [IpakTuueckoe 3a-
HSTHUE OIEHUBAETCSI MHUHUMYM B 18 OaiioB (eciu HE CHpaBuWiCcs C 3ajlaHueM 0e3
MTOMOIIY TperoaaBaTes), MakcuMyM B 25-30 0auioB (eciu CripaBUIICS C 33JjaHuEM
CaMOCTOSTEINBHO).

W TOroBelii pEUTUHT MO NMPAKTUYECKUM 3aHATHSIM IMPOCTABIIAETCS KaK CPENHEE
apu(mMeTnyecKoe Moy4eHHbIX 0aJlJIOB 3a pelleHrne 6 MHAUBUAYaIbHBIX 3aJaHHMH.



MuHucTepcTBO HayKH M BbIiciiero oopasosanus Poccuiickoit denepanuun
HuxHexkaMCKuit XMMUKO-TEXHOJIOTHYECKUI HHCTUTYT ((umuan)
dbenepanbHOro rocyJapCTBEHHOTO OI0/PKETHOI'0 00Pa30BaTEILHOTO YUPEKACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHckuii HaIMOHATBHBINA UCCIIEIOBATEILCKUN TEXHOIOTHUECKUN YHUBEPCUTETY

Dakynomem ynpasieHus u asmomamusayuu
Kageopa snexmpomexnuxu u snepeoobecnevuerus npeonpusmuii

Hanpasnenune noaroroBku: 13.03.02 «Da€KTpOIHEPreTUKA U DJIEKTPOTEXHUKA»
(k00 u HaumeHosaHue)

[Tpodunb/mporpamMmma: «IEKTPOCHAOKEHUEY
(Haumenosanue)

Bomnpocsl k 3k3aMeny

ITo qucimnaune «aucrumuinae «MHubopMalmoHHO-U3MEPUTEILHAS TEXHUKAY
1.Jlate onpenenenne Tepmuny «M3mepenuey
2. TpeboBanne k CH npuMeHseMoMy B cdepe ToCyIapCTBEHHOr0 PETYIMPOBAHUS
3.M300pa3uth yCcJIOBHO-IpadUUISCKOE N300pakeHHE IpHOOpa yueTa aKkTUBHOM DJIEK-
TPUYSCKOUN DHEPTUU
4. Jlath onpeneneHue TepMuHy «/3MepuTeabHast 3a1a4ay
5.TpeboBanns x moBepke CU cormacao ®3Ne 102 «O6 obecnieyeHUH SIMHCTBA M3-
MEpPEHUIN»
6. M300pa3uTh yciIoBHO-rpaduuecKoe N300paKeHNE aMIIEpMETPa IT0KA3bIBAIOIIEr0
7.Jlate onpenenenne TepMuny «lloBepkay
8.TpeboBanue k 3Haky noBepku corsacHo IIpukasy MunllpomTopra Ne 1815
9.1300pa3uTh cxemy rnepenaadn naHHeix Mo GSM-kanamy
10. Jlate onpenenenne TepMuHy «CpeacTBO H3MEPEHUS
11. Ha3znauenue TpancdopMaTopa TOKa, €ro KOHCTPYKIINS M BKIIOYEHHUE B CETh
12. M300pa3uth koHburypamumo nepemaun maHublix mo GSM-kamany ot IIY 1o
OBM-oneparopa.
13. Jlate onpenenenne tepMuny «HeonpenenéHHOCTh U3MEPEHUS)
14.IlepeunciaucTb JOCTOMHCTBA U HEJOCTATKU OIITHKO-BOJIOKOHHOM CBSI3H.
15.1U300pa3uts cxeMmy nepeaaun aanubix mo GSM-kanany
16. PaccunTaTh pacxoJ1 2JEKTPOIHEPIUHU €CIH npeabyiyiiee nokazanue 11Y — 1528,
tekyuiee 1535,84. ITY BkiroueH B ceTh uepe3 Tpanchopmarop Toka 100/5, u uepes
tpancdopmarop Hanpspxerus: 25000/100.
17. Jlate onpenenenue TepMuny «llorpemHocTs U3MEPEHU))
18.0mnucath npunnun padorel GSM — cBSI3U, IEPEUYUCINTh OCHOBHEIE JIEMEHTEI Ce-
™ GSM.
19. M300pa3uth yciaoBHO-rpadryecKoe N300paKEHNE BATTMETPA IMOKA3BIBAIOIIETO
20. Hasnauenue tpa"ncopMaTopa HAIpsHKEHUs, €r0 KOHCTPYKIMS U BKIIOUYEHUE B
CCTh
21. M300pa3uth ycaoBHO-rpaduyeckoe n300paKeHUe 4acTOTOMEPa
22. Jlate onpenenenne tepmuny «lIpssMoe u3MepeHue»
23. KakoBa OTBETCTBEHHOCTD 34 HApVIIEHUs 3aKOHOIATEILCTBA B 00JIACTH €IMHCT-




Ba U3MEPEHUN _

24. N300pa3uth yciaoBHO-rpaduuecKoe N300paKeHNE MarHUTORIEKTPUYECKOI CHC-
TEMBI CPEJICTBA U3MEPEHUSI.

25. Jlate onpenenenne TepMuHy «EaMHUIIA BETUYUHBD»

26. YTo Takoe aMIiepMeTp, MPUHIIUII er0 JTSHCTBUS

27. AMmepMeTp IOKAa3bIBAIOLIMK ITONKJIIOYEH K CETH 4depe3 TpaHchopMaTop TOKa
300/5. Ctpenka amnepMeTpa yKasbsiBaeT Ha nudeponare 3.5. KakoBa BeJIMuMHa TOKA
B ceTH?

28. Hasnauenue tpancopMaTopa HaAIpsHKEHUs, €T0 KOHCTPYKLHS M BKIIOYEHUE B
cerb

29. N300pa3uTh yCJIOBHO-rpaduuecKOe N300paKEHNE YaCTOTOMEPA

30. JlaTte onpenencuue TepMuny «Beanuunna

31. Yro Takoe MeraoMMeTp, MPUHIIUIL €r0 TSHCTBHS _

32. AMiepMerp MOKAa3bIBAIOIIMKM MOAKIIOYEH K CETHU 4epe3 TpaHcdopMaTop TOKa
300/5. Ctpenka amnepMeTpa ykasbeiBaeT Ha nudepoOiare 3.5. KakoBa BeJIMUMHA TOKA
B ceTu?

33. Jlate onpenenenne repMuny «CaydaiiHasi IIOrPENTHOCTbY

34. OyHKIIMOHAILHBIE BO3MOXKHOCTH mpuoopa yuera «Mepkypuii 230»

35. M300pa3uth ycaoBHO-rpaduuecKoe N300paKeHUE MarHUTORIEKTPUUECKOIN CHC-
TEMBI CPEJICTBA U3MEPEHUSL.

36. Jlatb onpenenenne TepMuny «Jlerekrtop» corsmacao PMI'-29-2013

37. Kak npou3BOAUTCS IIYHTUPOBAHUE aMIIEpMETPaA

38. PaccunTarh pacxo DJIEKTPOSHEPIUH eCJIM npeabayiiee mokazanue I11Y — 3807,
tekyuiee 3907. ITY BkiIrodeH B ceTh uepe3 TpaHcopmarop Toka 300/5, m ugepes
tpancdopmarop Hanpspxerwust 1000/100.

39. Jlate onpenenenne repMuny «CiaydaiiHasi IOTPEMIHOCTY

40. OnucaTh apXUTEKTYPY U3MEPHUTEIBHBIX CUCTEMA

41. U306pa3uth yciaoBHO-Trpaduueckoe n300pakeHHe MarHUTORJIEKTPUUECKOM CHC-
TEMBI CPEJICTBA U3MEPEHUSL.

42. Jlatb onpenenenue tepMuny «GSM»y»

43. OOBsICHUTH IpUHILHI pa0oThl cucTteMbl PLC

44. PaccunTaTh pacxo/ DIEKTPOIHEPIUHU ecau npeaniayiiee mokasanne 1Y — 367034,
tekymiee 370941. ITY BKIIIOYEH B C€Th HAIPSIMYIO

45, Jlatb onpenenenue tepMuny «Murepdeicy

46. IIpuuumn padorsr Wi-Fi

47. N300pa3uth yciaoBHO-rpaduuecKkoe n3o0pakeHue npudopa y4éra peaKTUBHOU
DHEPIrUuu

48. JlaTh onpeneneHue TEPMUHY «IDTAIOH €IUHUIIGI BEIMYNH)

49. B kakux ciyuast CU cunrtaeT yrBepKaEHHOr0 TUIIa?

50. BonsTMETp IMOKA3BIBAIOIIMH ITOJIKJIIOUYEH K CETH Yepe3 TpaHchopMaTop HalpshKe-
aus 6000/100. Ctpenka amnepMeTpa yKa3eIBaeT Ha 1udepoaare 88,5. KakoBa Benu-
YHMHA TOKA B CETH?

Kpurepuu oneHkn 3K3ameHa
B _3 cemecTtpe oOyuaromuiicsi BbIONMHSAET 1 SK3aMeHalMOHHBIN Owmier. 3a
pelIeHne OH MOXKET oay4duTh oT 24 10 40 6anios.
OTBeT Ha MepBbHIi BOIPOC MaKCHUMaJbHO olieHuBaercs B 10 Oanios



OTBeT Ha BTOPOI BOIIPOC MaKCUMaIbHO olieHnBaeTcs B 10 6aisos

OTBeT Ha TpeTuil BONPOC MAaKCUMAaJIbHO oleHuBaeTcs B 20 0amioB

WTOroBblii peUTUHT TO HSK3aMEHYy MPOCTABIIAETCS MaKCUMyMa IMOJyYEHHBIX
0ayIoB 3a pelIeHue Ouera.



