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Hepeuenb Komnemenuuﬁ u unéukamopoa oocmudiceHus mmnemenuuﬁ C yKazanuem smanoe ¢opmup03anu;1 8 npouecce océoenun ouc-

Komnerenius:

OIIK-6 Cnioco6eH mpoBOIUTbh U3MEPEHHUS IIEKTPUUECKUX M HEAIEKTPUUECKUX BEIMYUH IPUMEHHUTENBHO K 00beKTaM NpodhecCHoHaIbHON Aes-

TCIBHOCTU.

WHauKkaTopel JOCTHKEHUS KOMIIETEHLIUU:
OIIK-6.1 3naeT MeTOIMKY MTPOBEACHUS U3MEPEHUS SIEKTPUIECKUX U HEIJICKTPUIECKUX BEITHMUHNH,
OIIK-6.2 YMmeeT BBINOIHATH SKCIIEPUMEHTAIbHbBIC UCCIIEJOBAHUS 110 33/1aHHON METOIMKE, 00pabaThIBaTh Pe3yIbTaThl SKCIIEPUMEHTOB;
OIIK-6.3 BnaseeT HaBbIKaMH MTPOBEACHUS SKCIIEPUMEHTABHBIX HCCIIEOBAaHUI U aHATTN3a TTOTy9eHHON HH(POpMaIUH.
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Huouxamoput Imanst popmuposanun 6 npouecce 0C60EHUA OUCUUNTIUHDL
oocmuicenun (vkazamo 6ce memvl uz PII/])
. Haumenosanue oye-
KomnemeHyuu Jexkuuu Ilpakmuueckue Jlabopamopnwvie | Kypcoeoit npoexm
HOYHO020 cpedcmeéa
3anamus, 1adopam 3aHAmMuUA (paboma)
HblL NPAKMUKYM
OIIK-6.1 Tema Tema 1,Tema 2, Tema 2 He npedycmompe- | JlabopatopHble pabo-
1,Tema 2, Tema 3, Tema 4. Hbl TBI, DK3aMeHaIMOH-
Tema 3, Te- HBII OWIIET, MPaKTH-
ma 4. yeckas pabora
OIIK-6.2 Tema Tema 1,Tema 2, Tema 2 He npedycmompe- | JlabopaTtopHsle pabo-
1,Tema 2, Tema 3, Tema 4. Hbl TBI, DK3aM€EHAI[UOH-
Tema 3, Te- HBII OWIIET, MPaKTHU-
ma 4. yeckas pabora
OIIK-6.3 Tema Tema 1,Tema 2, Tema 2 He npedycmompe- | JlabopatopHble pabo-
1,Tema 2, Tema 3, Tema 4. Hbl TBI, DK3aMEHAI[UOH-
Tema 3, Te- HBIN OWIIET, MPaKTH-
Mma 4.6. yeckas pabora




Jls1 3209HOT0 OTHEJIeHUS

Hnouxkamopui dmanvt hopmuposanus é npoyecce 0céoenus OUCUYUNTUHDL
oocmudicenu (vkazamo 6ce memul u3 PI1J])
- Haumenoeanue oue-
KomnemeHyuu Jexyuu Ilpakmuueckue Jlabopamopnwvie | Kypcoeoii npoekm
HOYHO020 cpedcmea
3anamus, 1adopam 3anAmMuUA (paboma)
HOLU RPAKMUKY),
OIIK-6.1 Tema Tema 2, Tema 3, Tema 2 He npeoycmompe- | JlabopatopHbie pabo-
I,Tema 2, Hbl ThI, ’K3aMEHALIMOH-
Tema 3, Te- HBII OWIIET, MPaKTHU-
mad yeckas pabora
OIIK-6.2 Tema Tema 2, Tema 3, Tema 2 He npedycmompe- | JlabopatopHble pabo-
L,Tema 2, Hbl ThI, SK3aMEHaIlUOH-
Tema 3, Te- HBIN OWJIET, MPaKTH-
Mma 4 yeckas pabora
OIIK-6.3 Tema Tema 2, Tema 3, Tema 2 He npedycmompe- | JlabopatopHsie pa0o-
L,Tema 2, Hbl ThI, ’K3aMEHALIMOH-
Tema 3, Te- HBII OMIIET, MpaKTHU-
ma 4 yeckas pabora
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87-100

OrinyHo (3a-
YTEHO)

OLeHKa «OTJIMYHO» BBICTABIISIETCS] CTYIEHTY, €CIIM TEOPETHUECKOE COJEp-
JKaHHEe Kypca OCBOEHO TMOJIHOCTRIO, 0e3 Mpo0eoB; NCUYEPITBIBAIOIIE, ITOCe-
JIOBATEIIPHO, Y€TKO W JIOTHYECKH CTPOMHO W3JIaracT marepuai; cBOOOIHO
CIpaBisIeTCsl C 3aJadaMH, BONPOCAMHU W JPYTMMH BUIAMU MPUMEHEHUS
3HAHU; UCIIONB3YET B OTBETE JOMOIHUTENbHBIN MaTeprall BCe MPELyCMOT-
pEHHBIC TIPOTPaMMON 3a/TaHUSI BHITIONHEHBI, KAYECTBO MX BBIITOJTHCHHSI OIIe-
HEHO YMCJIOM 0alIoB, OJIM3KUM K MaKCHMaJIbHOMY; aHATU3UPYET MOIydeH-
HBIE PE3YNbTaThl; MPOSBISET CaMOCTOSITENLHOCTh IPHU  BBIIOJIHEHUU
3alaHUuN

74 - 86

Xoporo (3a-
YTEHO)

OrneHKa «XOpOILIO» BHICTABIAETCS CTYAEHTY, €CJIM TEOPETHUYECKOE COIep-
KaHUE Kypca OCBOCHO ITOJIHOCTBIO, HEOOXOAWMBIE TPAKTHYECKHE KOMIIe-
TEHIIMA B OCHOBHOM C(OPMHPOBAHBI, BCE MPEAYCMOTPEHHBIE MPOrpaMMOi
o0ydeHus: yueOHbIe 3a1aHMsI BBIIOIHEHBI, KAYECTBO UX BBIIIOJIHEHUS J0CTa-
TOYHO BbICOKO€. CTyIEeHT TBEPO 3HACT MaTepuall, TPaMOTHO M II0 CYIIECT-
BY M3JIaraeT €ro, He JOMyCKas CYLIECTBEHHBIX HETOYHOCTEH B OTBETE Ha
BOIPOC.

60 - 73

VY nosnerso-
pUTENBHO (3a-
YTEHO)

OneHKa «ylOBICTBOPHTEIILHO» BBICTABISCTCS CTYACHTY, €CIIH TEOpEeTHYe-
CKO€ COJIep)KaHHe Kypca OCBOCHO YAaCTHYHO, HO MPOOENbl He HOCAT CyIIe-
CTBEHHOI'O XapakTepa, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MPOTpaMMoi 3a-
JTaHWH BBINOJHEHO, HO B HHUX MMEIOTCS OIIMOKM, NpPH OTBETEe Ha
MOCTABJICHHBIH BOIPOC CTYAEHT JOMYCKaeT HETOYHOCTH, HEJOCTaTOYHO
MpaBUWIbHBIE (OPMYIUPOBKHM, HAOIIOAAIOTCS HAPYIIEHUS JIOTHYECKOW TO-
CJICOBATEIbHOCTH B M3JIOKEHUH IPOrPaMMHOT0 MaTepraa.

OneHka «3a4TE€HO)» BBICTABIISACTCS CTy-
JACHTY, €CJIM OTBETBI Ha BOIIPOCHI IO TE-
MaM JUCHMIINIMHBI ITOCJIICA0OBATCIIBHEI, J1O-
TUYCCKU H3JI0KCHBI, JOIMYCKarOTCA
HE3HAYUTECIIbHBIC HEAOYETEI B OTBETE CTY-
JICHTa, TaKUEC KaK OTCYTCTBHE CaMOCTOsA-
TCJIIBHOI'O BbIBOAA, PCYCBLIC OIIMOKH U mnp

Huxe 60

Heynosnetso-
PUTEIHHO
(1e 3auTeHoO)

OueHKa «HEYJOBJIETBOPUTEIBHO» BBICTABIISCTCS CTYICHTY, €CIH OH HE
3HAeT 3HAYUTENILHON YaCcTH MMPOrPAaMMHOI0 MaTepuaa, JOMyCKaeT CyIIecT-
BCHHBIC OIIMOKH, HEYBEPEHHO, C OOJBIIUMHU 3aTPYAHCHUSIMH BBITIOIHSICT
HpaKkTHYeCKUe pPaboThl, HEOOXOAMMBIC MPAKTHYCCKHE KOMIICTCHIUH He
copmMupoBaHbl, GOJBIIMHCTBO MPEAYCMOTPEHHBIX HPOrPaMMO 00y4eHHUS
y4eOHBIX 3a/laHU HE BBIIOJIHEHO, KAYECTBO UX BBIMOJIHEHHS OLIEHEHO YHC-
JI0M 0aJI0B, OJM3KHUM K MUHHUMAJILHOMY

OueHKka «HE 3a4YTEHO» BBICTABISACTCA
CTYIEHTY, €CIH CTY/IEHT HE 3HaeT OCHOB-
HBIX TIOHSATUH TEMbI TUCIUILIMHBI, HE OT-
BEYaeT Ha JIOTIOJHHUTEIBHBIE H HABOIAIIIE
BONIPOCHI TIPEIOIaBATEIS.




KpaTkasi xapakTepucTHKA OIEHOYHBIX CPeCTBA

C HOPMATHBHBIMU JOKYMEHTaMH M WHCTPYK-
TUBHBIMM MaT€pUallaMH, CIIPAaBOYHUKAMHU,
COCTaBJISITh TEXHUYECKYIO JIOKYMEHTAIIHUIO;
BBITIOJTHATh YEPTEKH, CXEMBI, TaOJHIBI, pe-
aTh Pa3HOro pojia 3ajayd, JeiaTh BBIYHC-
JICHUS, OTIPEACISATh XapaKTEPUCTUKHU Pa3IINy-
HBEIX BCIIECCTB, OOBECKTOB, sBICHUM. llemb
MPAKTHYECKUX 3aHATHH 3aKII0YAeTCS B BBI-
paboTKe y CTYJIEHTOB HaBBIKOB MPUMEHECHUS
MOJIYYCHHBIX 3HAHUW JJIsl pelIeHUs] TPaKTH-
YeCKMX 3aJad B MPOIIECCE COBMECTHOM nesi-
TEJIBLHOCTH C MPEINoaBaTeIsIMHU.

Ne | Haumenoeanue | Kpamkxasa xapaxmepucmuxa oyenounozo | Ilpeocmaenenue
n/n| OUeHOUHO20 cpeocmea OUEHOUYHO20 cpeo-
cpeocmea cmea 6 ponoe
1 2 3 4
1. |JlaGopatopHas |DTo BujA y4eOHOUN pabOTHI, 1enbl0 KOTOpoi| Tembr mabopaTop-
pabora SIBJISIETCA M3Yy4YeHHE (HCClieIoBaHKE, U3Mepe-|HbIX paboT, KOH-
HUE) XapaKTePUCTHUK J1a0OpaTOPHOTO OOBEK-|TPOJbHBIE BOIPO-
Ta. CBI IO TEME
[lens maGopaTOpHBIX 3aHIATHH:  OCBOEHHE|Ia0OpaTOpPHOIL pa-
u3y4yaeMoi y4eOHON NUCHUIUTMHBI; MpUoOpe-00Thl, BOIPOCHI K
TEHHE HABBIKOB MPAKTHYECKOTO MPUMEHEHUSI |KOJJIOKBUYMY
3HAHUW Y4EOHOW MUCIUIUIMHBI (JUCIUILINH)
C HCIOJb30BAHUEM TEXHHUYECKUX CPENICTB U
(unn) oOopyI0BaHUS
2. |lIpaktuueckoe |B xome mpakTHueckux padOT CTYIEHTHI OB-|TeMbl mpakTHye-
3aHSTHE Ja/IeBalOT YMEHUSAMH T0JIb30BaThCsl pab0TATh|CKUX 3aHSATUM;

KOHTPOJIbHBIE BO-
MPOCHI U 3a7aHus
10 TEME MPaKTH-
YECKOT0 3aHSTHUS




MuHuncTEepCTBO HAYKH M BhICIIEro oOpa3oBanus Poccuiickoit denepanun
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIbHBINA UCCIEA0BATENbCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakynbmem uHGOPMAYUOHHBIX MEXHONOULL
Kagpeopa ITO0I1

VY4eOHBIM TUTaHOM 10 HampasiieHuto noArotToBku 13.03.02 «DnekTposnepre-
TUKa M DJCKTPOTEXHHUKa» ISl OOydYaroImMXCsl OYHOM M 3a04HON (OpPMBI Tpey-
CMOTPEHO MPOBEEHUE Ta00PATOPHBIX 3aHATHI 1Mo Aucuuiuinae «HbopManmoHHo-
U3MEpUTENbHAsS TEXHUKA .

JIaGopaTopHbIie 3aHATHS MO TUCIUILUIMHE MPOBOJATCS B CHEIHAIBLHO 000py-
JIOBaHHBIX JIAOOPATOPHUSIX C MPUMEHEHHEM HEOOXOIUMBIX CPEACTB O0yUeHUs: 1abo-
paTtopHOro 06opyaoBaHus, 00pa3IOB /Ul UCCIIEAOBAHUI, METOUYECKUX TTOCOOHIA.
Llens mpoBeneHus 1a00paTOPHBIX PadOT - MPAKTUIECKOE OCBOSHHE TEOPETUYECKHIX
MOJIO’KEHUH JIEKIIMOHHOTO MaTepuaia, a TakKe BhIpabOTKa CTyA€HTaMU ONpe/iesieH-
HBIX YMEHUN U HABBIKOB CAMOCTOSITEJIbHOTO SKCIIEPUMEHTUPOBAHUSI.

JlabopaTopHnasi padora Ne 1
Omnpenenenne 1eHBI ASTEHUS MHOTONIPEACTBHBIX MTPUOOPOB.
Lenp pabotsl: M3yuynTh pyKOBOJCTBO MO 3KCIUIyaTallMM U MAcCHOPT MEroM-
MeTpa M4100, HayuuTbCs ONIPEAENATh LEHY AeJIEHU MHOTONPEAEIbHBIX TPUOOPOB.
Hopmartupnas 6aza.1. PMI" 29-2013 «I'CH. Metposaorusi. OCHOBHbIE Tep-
MHHBI ¥ OIIPeeICHU
3.T'OCT 5365-83

Tepmunsl u onpeneneHus: 1. BeJmunmna — cBOMCTBO MaTepuaIbHOTO OOBEKTA
WM SIBIIEHUS, 00Iee B KaUeCTBEHHOM OTHOIICHHH JIJII MHOTUX OOBEKTOB M SIBJIE-
HUM, HO B KOJINUECTBEHHOM B OTHOLIEHUH UHAMBUAYAIBHOE ISl KaXKIOTO U3 HUX.

2. Pa3mep BeJMUYMHBI — KOJTMYECTBEHHAS OMPEACIEHHOCTD BEJIMUUHBI, TPU-
Cylllasi KOHKPETHOMY MaTepUaibHOMY OOBEKTY WIIU SBJICHUIO.

3. 3HayeHMe BeJIMYUHBI — BRIPKEHUE pa3Mepa BEJTUYHHBI B BUIE HEKOTOPO-
r0 YKCJia MPUHATHIX €AUHUIL, WU YUCeN, 0aJJIOB IO COOTBETCTBYIOIIEH IIKaJIE.

4. lllkana (3HaYeHU ) BeJIMUMHBI; IIIKaJla U3MEPEHUM — yHOpsI0YEHHAsl CO-
BOKYITHOCTh 3HAYEHUW BEJIMYMHBI, CIy>Kallas OCHOBOM JJIsl UBMEPEHUIN TaHHOMU Be-
JINYVHBI.

S.EnmHnna BeaM4YuHbI - (UKCUPOBAHHOE 3HAYCHHE BEIIMYUHBI, KOTOPOE
IIPUHATO 32 €IMHULY JAHHOW BEJIMYMHBI U IIPUMEHSIETCA U1l KOJMYECTBEHHOI'O BbI-
PaX€HUSI OJHOPOAHBIX C HEW BEITUYUH

6. Hudepodaart - 4acTh OTCUETHOTO yCTPOWCTBA CPEACTB U3MEPEHUMN, COAEP-
JKaras mKary (IIKaJibl) U yCIOBHBIE 0003HAYEHU s, HEOOXOUMBIC JJII OTCUUTHIBA-
HUSI 3HAUEHUW U3MEPSEMOU BEITUYHHBI.

7.OIHOCTPOYHAS IIKAJIA - [LIKaJIa, B KOTOPOM [Mara3oH MOKa3aHU WK U3-
MEpEeHUI PacCIoJIOKEH B OJIHOM CTpOKE.



8.MHorocTpouHasi lIKaJa - IKajia, B KOTOPOil Juamna3oH MoKa3aHUN WU U3Mepe-
HUM pacnoiokKeH B IBYX WIH Oonee CTpOKax.
9.MHoroauana3oHHbIi NpudOp - MpuOOP C HECKOJIBKUMHU (IByMS U OoJee) nuarna-
30HAMU  HW3MEPEHMA WM  HECKOJIbKMMH  HOMHUHAJIBHBIMM  3HAYCHHSIMU.
10.KomOnnupoBaHHbIii npuldop - npubop, MpelHA3HAUYEHHBINA JUIsi U3MEpEHUn
TpexX U 0oJiee IEKTPUUECKUX U HERJIEKTPUUECKUX BEIMUUH Pa3IMYHOIO poja.

[Tpubopst u uucTpymeHTsl: 1. Meraommerp M4100

2. Amniepmerp

3. BonbTmeTp

TeopeTnueckas 4acTh.

[udepOnatel 1 mKaIBl TPUOOPOB JTOHKHBI OBITH U3TOTOBJICHBI B COOTBETCT-
BHM C TpeOoBaHusMH HacTtosmiero cragmapra I'OCT 5365-83, cranmapToB u (HMiin)
TEXHUYECKUX YCIOBUM Ha MPUOOPHI KOHKPETHOTO BHUJA (TUIA) U MO paboduM 4Yep-
TeKaM, YTBEP>KJICHHBIM B YCTAHOBJICHHOM TIOPSI/IKE.

HudepOnarsl B 3aBUCUMOCTH OT YUCIA LIKAJ MOAPA3AesOT Ha OJHOIIKAIb-
HBIC u MHOTOIIIKaJIbHBIE.
[Hxansl, HAaHOCUMBIE Ha uudepOnarol, MOJIPa3IETISIOT:
- 1o ¢opme - Ha MPAMOJUHENHBIE (TOPU3OHTAIBHBIE U BEPTUKAIIBHBIE), CEKTOPHBIC
(pasmax mkanel g0 180° BkirO4.) W KpyroBblie (pasmax mkaimel Oosee 180°);
- 110 COOTHOILIECHHIO JJIMH JieJeHul B npeaenax ogHoi mkaisl mo 'OCT 8.401 - na
pPaBHOMEpHbIE u HEPAaBHOMEPHBIE;
- 10 KOJMYECTBY CTPOK B OJIHOW IIKaj€ - HA OJHOCTPOYHBIE U MHOTOCTPOYHBIE;
- M0 CBETOTEXHUYECKUM XapaKTEPUCTUKAM - Ha CBETOOTPAKAIOUIUE U CBETOUBILY-
Yarouue.

JlonmyckaeTcsi B 3aBUCUMOCTH OT (PyHKIIMOHAJIIBHOTO Ha3HAuYeHUs mpudopa u
yCJIOBHM paboOThl omeparopa HM3rOTaBIMBATH JUIEBYIO MOBEPXHOCTH LHdepbdiaaTa
MHOTO IBETO(AKTYPHOTO PEIICHUS], & TAKKE CO CBETOM3ITYYAIOIEH MOBEPXHOCTHIO
(BpEMEHHOTO WJIM TOCTOSHHOTO JedcTBUsl). [Ipy 3TOM KOHTpacT MeXHy LBETOM
nupepOIaTa U 1BETOM 3JIEMEHTOB, OMUCKHIBAIONUX KAy (1.9), JoKeH ObITh HE

MEHEe 0,6.
OtMeTku, 1UdpHI, YCIOBHBICE 0003HAYCHUS M JIPYTHE SJIEMEHTBI, OIMHCHIBAIOIINE
KAy, JOJKHBI IMETD:

- YEpHYI0 MAaTOBYIO IMOBEPXHOCTH MPHU CBETJIOM I[BETE JUIEBOU MOBEPXHOCTU IU-
depbnaTa WM COOTBETCTBOBATh KOJIOBBIM IIBE€TAM, TMPUHSITHBIM B OTpaciu;
- 0eyr0 MaTOBYIO NMOBEPXHOCTh MIPU TEMHOM I[BETE JIMIEBON MOBEPXHOCTH HUbeEp-
OjlaTa WM COOTBETCTBOBATh KOJOBBIM I[B€TaM, TMPHUHSITBIM B  OTpacCyu.
Jlonyckaercss B 3aBUCHUMOCTH OT (DYHKIIMOHAJIBHOTO HAa3HAYCHHS TpUOOpa WU
BHEIIHUX YCJIOBUH JIESITEILHOCTH OINEpaTOpa BHIACIATH OTACIbHBIC 3JIEMEHTHI, OIH-
CBHIBAIOIIME KAy, IPKUM I[BETOM (3E€JICHBIM, JKEJITHIM, KPaCHBIM U T.I1.). [Ipu aTOM,
KaK IPaBUJIO, KEITHIM I[BETOM BBIJEISAIOT BBIXOJ M3MEPSAEMOro IMapaMmeTpa U3 HOp-
MBI, @ KPACHBIM LIBETOM - €r0 aBApUMHOE 3HAYEHUE.

OnHuM U3 pacnpoCTpaHEHHBIX BUJIOM U3MEPEHUI Ha 3JIEKTPOYCTAHOBKAX SIB-
JSI€TCSl U3MEPEHHE BETMYUHBI COMPOTUBIICHUS U30JIALINU.

N3MepeHre BeTUUYUHBI COMPOTUBICHUS U30JIALIMU BCEX AJIEMEHTOB JJIEKTPO-
000pyIOBaHUs JIEKTPUUECKUX CETEH BCEX HAMPSHKEHUM OCYIIECTBIISIETCS METraoM-
MeTpoM. MeraoMMmeTp — 3TO T€HepaTop, B KOTOPOM IMOJYNPOBOJHUKOBAS CXema


http://docs.cntd.ru/document/1200004515

IpeBpallaeT HampsHKEHUE akKyMyJsiTopa win 6ataper 9 BB Bbicokoe HampsihKeHHeE:
100, 250, 500, 1000, 2500 B nocTOsTHHOrO TOKa, a MPU U3MEPEHUAX O MIKAJIE MPU-
O00pa OTCUMTBHIBAIOT CONPOTHUBIICHHE M30JSIIMU B Meraomax (MOwm) win kunoomax
(kOM). B crappix MerommeTpax Takue HANpsHKEHUs MOJydalid OT reHeparopa Io-
CTOSIHHOI'O TOKa C PY4YHbIM mnpuBojoM. [[ns BeiOOpa Meraommerpa HEOOXOIUMO
OpPUEHTUPOBATHCSI B COMPOTUBIIEHUN U30JSILUN OOBEKTOB, BEJIMYMHBI KOTOPHIX Ya-
II€ BCETO YKJIaJAbIBAIOTCS B Ipeenbl: cuiioBble kadbenu — 1 000 Mom, kommyTanu-
onnas ammapatypa — 1000...5000 Mowm, cunosbsie Tpanchopmatopsr 10...20 000
Mowm, papdopossie uzonsaropst — 100 ... 10 000 MOwm.

Jlis u3MepeHus COMPOTUBICHUS H3OJSILMM OOOpYHOBAaHUS C HOMU-
HanbHbIM HanpsbkeHuem 10 1000 B ucnonsiyrorcs meraommerpsl Ha 100, 250, 500
u 1000 B. [ns anekrpoycranoBok cBeime 1000 B ncnonb3yrorcss MEraoMMeTpsl Ha
1000 u 2500 B.

[Ipy mpoBeneHNH U3MEPEHHI PEKOMEHIYETCS TaKOW MOPAIOK OIepa-
1007078

1. IIpoBepUTh MPUTOJHOCTH UCIBITATEILHON YCTAHOBKH IO JATE CIEAYIOLIEH
MOBEPKHU.

2. I3MepUTh CONPOTUBIICHUE U30JISILUN COCIUHUTEIBHBIX IPOBOJOB C H30-
JUPOBAaHHBIMU PyYKaMH, 3HAYEHHE KOTOPOIO JOJKHO OBITh HE MEHbILE BEPXHETro
npeesna U3MEpPEHNH MeraoMmmeTpa.

3. YcraHoBUTH mpenen uzMepeHus. Eciii 3HaYeHHE CONPOTUBIIEHUS W30JIs-
MU MPEIBITYIINX U3MEPEHUI HEU3BECTHO, HY’)KHO HaYMHATh C BEPXHEro Mpejesa
WU3MEPEHUN.

4. YO0enuThcs B OTCYTCTBHH HANPSKEHUS HA TPOBEPSIEMOM OOBEKTE.

5. OtkmrounTh THOO 3aKOPOTUTh BCE JETald C MOHMKEHHOM H30JISAIUCH.
(KOHIEHCATOPBI, OJIYITPOBOIHUKOBBIE TPUOOPHI)

6. Ha Bpems nmoakitoueHus: npudop 3a3eMIInTh.

7. 3aduKcupoBaTh CONPOTUBIECHUE U30JSLUH 110 1IKajle Ipudopa.

Jlia TpexdasHbIX ABUTaTENed CONPOTUBICHUE U30JSLUU MPOBEPSETCS
nodaszHo, MpHU 3TOM JIBE€ Apyrue (pas3pl COeUHAOTCA ¢ KopiycoM. Toraa ogHOBpe-
MEHHO U3MEpSETCs COMPOTUBIICHUE MEXKIY (ha30i U KOPITyCOM U MEXIy (pa3amu.

Xoa pab6otel. 1. M3yunTh macnopT M pyKOBOACTBO IO 3KCIUIyaTallUd Mera-
OMMeETpa.

2. BrimucaTte TabiMIly Auana3oHOB U3MEPEHUM, KJIacC TOYHOCTH W IpaBuiia
HCMOJIb30BaHUS

3. HaueptuTh cXemMy D3JIEKTPUYECKYIO MPUHIUMIIHAIBHYIO MEraoMMeTpa
M4100/4.

4. BpluncnuTh LEHY JEJICHUS METOMMETPA B PEKUME METAOMMETpa U B pe-
KUME KUIIOMMETpA.

dopmyna 11 pacuéTa mkansl mprudopa (uenst aenenus - L)

LI = (Xmax'xmin)/n, rae

Xmax — MAKCUMAJIBHBIH TTPEIE]T NU3MEPEHUN

Xmin = MUHAMAJIbHBIN MPEAET U3MEPEHUM

N — KOJIMYECTBOJACICHUN MEXKIY Xmax U Xmin

5. 3anoaHUThH Ta0IuUILy.



Pexxum paboThl Maxkcumais- MuHumans- Iena
npubopa HBIA TpeAen W3Me- | Hbl Ipeaen u3Me- | IeJICHUS
peHUH (Xmax) peHui
(Xmin)

KunommeTtp

Meraommerp

AmrmiepMeTp

BoseTmeTp

KoHTponpHBIE BOITPOCHI.

1. laTh onpenenenre TEPMUHY «BEIIMYNHA»

2. JlaTp onpeneneHue TEpMUHY «3HAYCHUE BEITMYHUHBD)

3. JlaTb onpeAesIeHne TEPMUHY «EIUHULA BEIUYHHBD)

4. Yto Takoe METaOMMETP U KAaKOB MPHUHIIUII €r0 IeUCTBUSA?

5. Kak mpou3BOOUTCS HU3MEpPEHUE COMPOTUBICHUE H3O0JSALUN Tpex(aszHOro
nBurarensa?

6. latp knaccudukanmio mkansl meraommerpa M4100 mo u3ydeHHBIM MpH-
3HAKaM.

JlaGopaTopHas paGora Ne2
OueHka MOrpeHOCTH NMPAMBIX U3MEPEHUN

Lens paboOThI: MPOU3BECTH 3aMEPhI HAIIPSKEHUSI B 0HO(]A3HOI ceTu, aHanu3
HKCIIEPUMEHTAJILHBIX JAHHBIX W OINpPEJEJICHUE MPEETIOB BOIU3U CpEIHEro 3Haye-
HUS, B KOTOPBIX HAaXOJMTCS UCTUHHOE 3HAYEHHWE U3MEPSAEMOUN BEJIWYMHBI IIPU 3a-
JTAHHOUW JIOBEPUTEIBHON BEPOSTHOCTH 0.

Hopwmatusnas 6a3a.

1. TepmuHbl U ompeneleHUus B JaHHOW JIaOOpaTOpHOUM PadOTHI B3ATHI M3
PMI 29-2013 «I'CHU. MeTtposaorusi. OCHOBHbIE TEPMHUHBI U ONPeAeIeHUD

TepMHHBI U OIIPEACIICHUS

1. llorpemHuocTh (pe3yjbTaTa U3MepeHus ): Pa3HOCTh MeXy U3MEPEHHBIM
3HAYEHUEM BEJIMUYUHBI U ONTOPHBIM 3HAYEHHUEM BEITUYUHBI.

2. Cayyaiinasi morpemHoctb (u3mepenusi): CocTaBisoniasi MOrperrHOCTH
U3MEPEHHUs, U3MEHSIONAsACS CIIydyaHbIM 00pa3oM (10 3HAKy W 3HAYEHUIO) TMPH I10-
BTOPHBIX U3MEPEHHUSIX, IPOBEJICHHBIX B OMPEAECIECHHBIX YCIOBUIX.

3. CpenHee KBaJpaTH4yecKoe OTKJIOHEHHE; CTAHIAPTHOE OTKJIOHEHMHE!
[TapameTp QyHKIIMU pacnpelneseHUsT U3MEPEHHBIX 3HAYCHUW WJIM TIOKa3aHHM, Xa-
PaKTepU3YyIOIIUA UX PACCEMBAHUE W PABHBIN MOJIOKUTEIBHOMY KOPHIO KBaJpaTHO-
MY U3 IUCHEPCUU 3TOTO pPACHPEICICHHUS.

4, Cucremaruyeckas MOI'PEIIHOCTh (nu3mepe-
Husi): Cocrapiisitoias MorperHoCTH U3MEPEHHUsI, OCTAIOIIASICSA TTOCTOSIHHON WIIH e
3aKOHOMEPHO HW3MEHSIONIAsACs TMPU TOBTOPHBIX HW3MEPEHUSX OJHOW U TOH
e BEJIMYUHBI.

Xon paboTHhI.

1. Mynstumerpom DT mpousBecTu 3amepsl HanpsKkeHUs: B 0AHO(]a3HOi ce-
TH.



2. 3aHecTH pe3yJIbTaThl B TAOJIULLY.

Ho-
Mep 3amepa 0
Ilo-
kazaane CU1U
3. Beruucnuth cpenHeapupMeTuuecKoe 3HaUCHHE
n
U o = E ZUi
[ )
4. BerauciuTh a0COJIFOTHYIO TTOTPEITHOCTD 1-TOTO BHIYMCIICHUS.
AU, =U,, U
5. 3aHecTH pe3yabTaThl B TAOIUILY
Ne
0
AOG-
COJIFOTHAs
MOTPEMTHOCTh
(AU))

6. PaccunraTh CpeaHIO0 NOTPEIIHOCTD BBIYUCIIEHNUS.

1 n
AU, :E;U‘

UctunHoE 3HaUeHNE U3MEPSEMON BETUYUHBI X Oy/IeT HAaXOJIUThCSl B MHTEPBA-
e oT (Ugp, - AUgp) 1o (Ug, + AU,) .

7. OnpenenuTh CPeAHION KBaJAPATUUYHYIO OIMIUOKY (Ha3biBaeMasi TaKkKe Cpei-
HUM

KBaIPaTUYHBIM OTKJIOHEHUEM) CPETHEr0 apu(METUYECKOTO

3aiaeTcs 3HaUeHUE JOBEPUTEIHLHOM BeposATHOCTU . CiiyyaliHble OIIMOKY BbI-
3BIBAIOTCS CIyYalHBIMA MPUYMHAMH, TO TOYHO YKa3aTh WHTEPBAJI, B KOTOPOM 3a-
KIIOUCHA W3MepseMas BENWYMHA, MPUHITMITHAIBLHO HEBO3MOXKHO. DTOT HWHTEPBaJ
MOXXHO yKa3aTh JIMIIb C ONPEJCIICHHOM BEPOSTHOCTHIO O , HAa3bIBA€MOM JIOBEPH-
TEJIbHOW BEPOSTHOCTHIO. B mpakTuke y4eOHOM paOOThl 3HAUEHHWE a BBHIOMpaETCs
paBabIM 0,90+0,95, a B oTBeTcTBeHHBIX ciydasx — 0,99u Goree.

7.ITo BeIOpaHHOW TOBEPUTEIBHON BEPOSITHOCTH Ol M YHCITY MPOBEACHHBIX H3-
MEPEHHH N ¢ MTOMOIIBIO TaOIHUIBI onpeesercs koddduiment CthroaeHTa t, (N)

Koaddurmentrr CThroeHTa

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 24 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 1,9 2,4 3,0 3,5
9 1,9 2,3 2,9 3,4
10 6,3 2,3 2,8 3,3

8. Beruucnuts noBeputenbHbId naTepBan AU :



AU=t, (N)XS,
9. 3anucarh pe3yabTaT B BUJE.

U= U+ AUc a=...
g=2Y
U

p
rae E- otHocuTenbHas omuoka u3MepeHui
10. Cnenarb BBIBO IO paboTe.
KoHTposibHBIE BOIIPOCHL.
1. JlaTb onpenenenue «orpemHoOCTH U3MEPEHUS»
2. JlaTb onpeneneHne «Ci1y4aiHoN MOrpeHOCTH U3MEPEHUS»
3. [laTh onpeneneHne «CTaHgapTHOMY OTKJIOHEHHUIO»
4. Yto 03HaYaeT JOBEPUTENBHAS BEPOATHOCTD?

JlaGopaTopHas padora Ne 3
OueHnBaHNe HEONPEIETEHHOCTA U3MEPEHHUSI COTIPOTUBIICHUS U30JISLUN
TpaHchopMaTopa U ACHHXPOHHOTO JIBUTATENs

[lens pabOThI: HAYYUTHCS OIICHUBATH HEOMPEACIEHHOCTH U3MEPEHUH 10 TUITY
A, tuny B u crangaptHyto HeonpeaenéHHOCTh. CpaBHUTh HEONPEAECICHHOCTH, MO-
Jy4YEeHHBIE MPU U3MEPEHUAX conpoTuBieHui uzomsiuuu AJl u TP mynpTumeTpoM u
MPI u cnenatb BBIBOA.

HopmaruBhas 6a3a. 1. MeTonuka OLIEHKM HEONPENEIEHHOCTH OCHOBAaHA Ha
Metoauke, onucanHol B PMI' 115-2019 «I'ocynapcrBeHHass cuctemMa odecreuve-
Hus eauHcrBa u3mepenuii (I'CH). KaauOpoBka cpeacTtB H3MepeHHUil. AJro-
pPUTMBI 00padOTKH Pe3yabTATOB M3MEPEHHIl M OLEHUBAHHUS HeOolpeae/IeHHO-
CTI»

2. Tepmunsl U onpeneneHust B JaHHOW jJabopatopHoi pabotel u3 PMI 29-
2013 «I'CH. MeTtpoJiorusi. OCHOBHbIE TEPMHMHBI M OIIpeIesIeHUusD)

OCHOBHbBIE TEPMHHBI U ONIPEIECIEHUSA:

1. HeonpenesienHocTs (M3MepeHuid): HeorpunatenbHbli mapaMmeTp, Xapak-
TEPU3YIOLIHUN PACCESIHUE 3HAUYECHUM BEJUYUHBI, IPUIIUCHIBAEMBIX U3MEPIEMOMN Be-
JIMYMHE HA OCHOBAHUU M3MEPUTEIIbHON HHPOPMAIIUH.

2. CranjapTHasi HeompeleJeHHOCTh (M3MepeHuii): HeonpeneneHHOCTD
M3MEPEHHI, BEIpAXKEHHAS B BUJE CTAHAAPTHOTO OTKIOHEHUS.

3.  OunenuBaHue  (HeONpeHAeJEHHOCTH  W3MepeHHMi) MO  THIY
A: OueHMBaHHUE COCTABIISIIONIEH HEONPEICICHHOCTH U3MEPEHUM MMyTEM CTaTUCTH-
YECKOIr0 aHajau3a U3MEPECHHBIX 3HAYCHUW BEJIWYWHBI, MOJY4YaeMbIX MPU OIpeJe-
JICHHBIX YCJIOBUSX U3MEPEHUI.

4.0ueHuBaHUE (HeompeaeJeHHOCTH U3MepPeHHu) no THILY
B: OnennBaHue COCTaBIISAIONIEH HEONMPEASICHHOCTH HU3MEPEHUM CIIoco0aMH, OT-
JUYHBIMU OT OLICHUBAHUSI HEONPEICIICHHOCTH U3MEPEHUH 110 TUITY A.

[TpuGops! 1 uucTpyMeHThl: 1. Mynbtumerp DT
2. U3mepurens conpotunenus MPI
3. Tpauncdopmarop



4. ACUHXPOHHBII JBUTATEb.

Teopetnueckas 4acTh. T€PMUHBI — KIIOTPEITHOCTHY» U «HEOMPEAEICHHOCThY -
ATO BBIPAKEHHUE B PA3HBIX TEPMHUHAX, OJTHOTO U TOTO K€ MOHATHUS — «TOYHOCTh M3-
MEPEHUI.

B Poccun uctopuyeckd CIOXWIOCH TakK, YTO MPU OLIEHKE JOCTOBEPHOCTHU
MIPOU3BEICHHOTO U3MEPEHUS UCTIOIH30BAIN MOTPEIIHOCTb.

3a pyOeKOM HCXOJHO CYIIECTBOBAJIO MOHsATHE «error Of measurementy» -
«ommbka m3Mepenus». OQHON U3 1enel mpu paspaboTke cTaHaapra kadectsa [SO
9000 Obuto ObOecmedeHne O€30MMUOOYHOTO BBIMOTHEHUS! BCEX MPOU3BOJCTBEHHBIX
dbynkmmii. B pamkax ISO 9000 6s110 pazpaborano «PyKoBOJICTBO MO BBEIYHCICHUIO
HeolpeaeleHHOCTH B m3MepeHun» - «Guide to the expression of uncertaintyin
measurement», B KOTOPOM OIMCAHO MOHATHE HEONPEAECICHHOCTH U3MEPEHHI U CI10-
cOOBI €€ BBIYUCIICHUS.

Ceiiuac Bce yaiie TpeOyeTcs OLUEHMBATh TOYHOCTh MPOBEACHUS M3MEpPEHUM
(Hanpumep, Takoe TpeOOBaHME MPEABIBISIETCS NMPU aKKpeIUTaluuu Jadbopatopuil) B
TEpPMHUHAX «HeoNpeneleHHoCcT». B cBsa3u ¢ Berymennem Poccun B BTO, nipunsaTo
pelieHne nepeBecTy MpaBuia MPOBEJACHUS U OIEHKH KadyecTBa padoT (B TOM YHCIIE
U METPOJIOTHYECKUX) B COOTBETCTBUE C MEKAyHapoaHbiMu ctannapramu MCO. Bee
u3MepuTenbHbie Taboparopun crpad-uwieHoB BTO momkHBI OIEHWBATh TOYHOCTH
pPEe3yIbTAaTOB M3MEPEHUN B TEpPMHUHAX HeompeaenaeHHoctu. B Poccun o HeoOxomu-
MOCTH pacyeTa HeolpeaeaeHHOCTH u3MmepeHuid B coorBerctBur ¢ 'OCT P MCO
10576-1-2006 roBoputcs B muchMe PocmoTrpebHamzopa 01/6620-12-32 ot
13.06.2012. «HeompeneneHHOCTh U3MEPEHUI CTOMIIO BBIIYMAaTh XOTs OBl JIJIsl TOTO,
YTOOBI TENEPh PA3BACHIThH, YEM MOTPEITHOCTh OTINYAETCS OT HEOMPEACICHHOCTH.
[TonsaTue «uncertainty» BO3HUKJIO M3 JOCIOBHOIO TepeBoja nokyMmeHTa «(Guide to
the expression of uncertainty in measurementy, ISO-1993

Hoxyment PMI" 91-2009 «CoBMecTHOE MCIOJIB30BAHUE MOHATUN «IIOTPEIII-
HOCTb U3MEPEHUS» U «HEONPECICHHOCTh U3MEPEHUS» JIETATbHO Pa3bsICHIET COOT-
BETCTBUE TEPMUHOB «IIOTPEIIHOCTHY U «HEOMPEAECICHHOCTh.

TepMUH «IOTPEMIHOCTHY MPUBSI3aH K UICTUHHOMY 3HAYEHUIO U3MEPSIEMON Be-
nuyuHbl. OJIHAKO, 3TO UCXOJHOE «MCTUHHOE 3HAYeHUE» Hen3BecTHO. W mpu mnpose-
JIEHUH U3MEPEHUHN YKa3bIBAIOT UHTEPBAJ, B KOTOPOM 3TO «MCTUHHOE 3HAYEHUE» Ha-
XOJIUTCS C OINPEJEICHHBIM YPOBHEM BeposiTHOCTH — X = A+ A, P =0,95 (roe P —
JIOBEPUTEIbHASI BEPOSITHOCTD ).

To ectb, uatepnai ot (A — A) 10 (A + A) ¢ BepoATHOCTBIO P conepxuT B ce-
oe:

1) «ucTUHHOEY 3HAYCHUE U3MEPSIEMON BEIIMUUHBI.

2) NOTrpeHOCTh U3MEPEHUN BETUUHHBI

B 3TOM HHTEDEALIE C BEPOATHOCTBED P
HAMOIHTCH HCTHHHOE JHdYEHHE HUTH MIOTPEITHOCTE HHBIEPEHHI‘:I

A-A A A+ A

Puc.1. JInana3oH BO3MOXHbBIX 3HAYEHUMN MPHU MOTPEITHOCTH



TepMmuH «HEONpeEICHHOCTE) MPUBSI3aH K U3MEPEHHOMY 3HAYCHUIO BEITUYH-
HBI A, a HE K €€ aOCTPaKTHOMY «MCTHUHHOMY» 3HAYCHHIO. Takke, KaK I «IOTpel-
HOCTH», PE3ybTaT U3MEPEHUS 3alUChIBAETCS B BUAC MHTepBaa X = A + A, P =
0,95 (P — BeposITHOCThL OXBaTa).

To ectb, unatepBan ot (A — U) no (A + U) cogepxkur 60aburyto gomnto ( P )
3HAYCHH, KOTOPHIE MOTIIN ObI OBITH MIPUIHCAHBI K U3MEPSIEMON BEJTMYHHE.

mons P 3EaueHHi, CEA3IAHHBIX
€ H3MEepSeMOl BETHUNHOH

A-T A A+U

Puc.2. JIlnana3oH BO3MOXHBIX 3HAYEHUW MIPU HEOIPEICICHHOCTU

[Ipy oneHKE TOYHOCTH M3MEPEHHI B TEPMUHAX ''HEONPEACICHHOCTH' CUHTA-
€TCs, YTO U3MEPEHHAS BEJIMYMHA TPUHAJIEKUT K YKa3aHHOMY MHTEPBAITY 3HAUCHUIN
(HampuMmep, AMANa30H ONTHUMAJIbHBIX WM JIOIMYCTUMBIX YPOBHEH), €CJIM OHA C yue-
TOM yKa3aHHOH HEONPEEeIEHHOCTH («BEIMYNHA — HEONPEAEICHHOCTb» U «BEJIUYH-
Ha + HEOIPEIEJICHHOCThY) HE BBIXOJUT 3a MPEEIIbl 3TOTO IHUana3oHa.

Xox pa6otel. 1. Heobxoaumo 5 pa3 mpou3BeCTH U3MEPEHUE COMPOTHUBICHUS
U30JSIMU TpancopmaTopa oOMOTKa-kopmyc MyiabTUMEeTpoBDT, a 3aTem moBTO-
pUTH onepanuo u3Mepuresnem conporupienus MPI.

Pe3ynbTaThl 3aHEeCTH B TAOJIHILY.

[lokazanus mynasTuMeTpa DT, Iloka3zaHuss u3MepuTens co-
MOwm nporussienus MP1.MOwm

Riot Rimei

2. [Ipon3BecTH OLEHKY HEONPEACIEHHOCTH MO TUITY A ISl KaXKJI0T0 CPEICTBA
WU3MEPEHUN.
- BBIYUCIISIEM CpeJiHee apu(PMETUYECKOE 3HAYEHUE CONPOTUBICHUIN

1 n
R—H%:Ri

- U1 MCTOYHUKOB HEONPENCIIEHHOCTH CIIyYaHHOI'O0 XapaKTepa BBIYHUCIIIEM
HEOIPEAENEHHOCTB 110 TUITY A

UA(R) =

- IOJTYYUTh POLIEHTHOE BBIPAKEHUE HEOMPEACIIEHHOCTH MO TUITY A

“A—F(f) «100%



3. IIpousBecTr OLIEHKY HEONPEAECIEHHOCTH IO TUILY B U1 KaXX10ro cpeacr-
BA U3MEPEHHM.
AR
73’

rae AR - mpou3BelleHHE CpeIHEapU(PMETUYECKOTO 3HAUEHHUS! CONPOTUBIIECHUS
U KJ1acca TOYHOCTH CPECTBA U3MEPEHMUSL.

- IOJTYYUTh IPOLIEHTHOE BBIPAKEHNE HEONPEIEAEHHOCTH 110 TNy B

UB(R) =

LF(P «100%

4. BpIUMCINTH CYMMapHYIO CTaHJIAPTHYIO HEOTIPEAEIEHHOCTb.

uc (R) = Jux (R) +ug(R)

- NOJIyYUTh CYMMAPHOU CTaHJIAPTHON HEOMPEICIEHHOCTH.

Ue®) 1000
R
5. [lonydeHHble pe3yJabTaThl 3aHECTH B TAOJIHILY.
Tun  Heon- | Cpennee apud- | Tun | Tun CymmapHas
pPENEIEHHOCTH METHUYECKOE A B CTaHJapTHass  He-
3HAUYCHHE co- | (Ua)% | (ug)% | onpeneIEHHOCTD
POTHUBIICHUH (uc)%
(R)
MyanbTuMeTp
DT
N3mepurens
CONIPOTUBJICHUS
MPI

6. [loBTOpUTH MYHKTHI 1-5, 3aMepbl U30JALIMU IPOU3BECTH HA ACUHXPOHHOM
JIBUTATEIIE.

7. CnenaTh BBIBOJI.

KoHnTponbHbIE BONIPOCHI.

1. laTe onpeneneHne HEONMPEACIEHHOCTH U3MEPEHUI

2. JlaTb onpeaesieHue HEONPEIeIIEHHOCTH TUla A

3. JlaTp onpexaenenune HeonpeaeaEHHOCTH TUIa B

4. JlaThb onpeaiesiecHue CyMMapHO# CTaHIapTHON HEONPEIeIEHHOCTH

5. Kako#i nokyMeHT B P® na€t netajibHOE ONpeIesICHUE TEPMUHAM «IIOTPEN-
HOCTBb»U «HEONPEETEHHOCTE» ?

6. 13 mepeBoga Kakoro JOKyMEHTa MOSIBUIICS TEPMUH «HEOIPEIEIEHHOCTE» ?

7. OOBSICHUTH Pa3HUILY MEX]Ty TIOTPEIITHOCTHIO U HEOMPENETIEHHOCTHIO.

JlabopaTopHast padora Ne4.
[ToBepka TEXHMYECKOTO BOJIBTMETPA.

[enbp pa®OTHI: M3y4UTh HOPMATHUBHO-TIPABOBYIO 0a3zy, METOAMKY MOBEPKHU
TEXHUYECKOTO0 BOJIbTMETPA, IPOU3BECTH MOBEPKY, CAEJIaTh BBHIBOJ O COOTBETCTBUU
npubdopa ykazaHHOMY KJaccy TOYHOCTH.

Hopmarupnas 6aza: 1. PMI' 29-2013 «I'CU. MetpoJorusi. OcHOBHBbIE
TEPMHUHBbI U ONpeaeIeHUs»



2. ®enepaabHblii 3aK0H 0T 26.06.2008 N 102-®3 (pea. ot 13.07.2015) "O6
o0ecneyeHNH eMHCTBA U3MepeHnii'

3. lIpuka3 MuUHHCTePCTBA NPOMBIILIEHHOCTH U TOProB/ju P® ot 2 uioas
2015 r. N 1815 "OO0 yrBep:xxknenuu Ilopsinka npoBeeHnsi MOBEPKH CPEICTB U3-
MepeHuii, TPeOOBaHMS K 3HAKY NOBEPKHU M COACP:KAHUIO CBUAETEJIbCTBA O MO-
Bepke"

4. TOCT 8.497-83 TI'ocynapcTBeHHasi cucTeMa oOecneyeHUsl eJMHCTBA
usmepenuii (I'CHU). Amnepmerpsbl, BOJbTMETPbI, BATTMETPbI, BapMeTpbl. Me-
TOAUKA MOBEPKH

TepMHHBI U OIIPEAECIEHUS:

1 . IloBepka cpeacTB M3MepeHMi (Jajee Tak:Ke - MOBEPKA) - COBOKYII-
HOCTb OIl€palli, BBINOJHAEMBIX B LEJSAX MOITBEPKICHHUS COOTBETCTBHS CPEICTB
U3MEpeHui MeTpoornyeckum Tpedoanusam (D3)

2. IloBepka (cpeacTB U3MepeHuii): Y cTaHOBIECHHE OPHUIIMATBEHO YIIOTHOMO-
YEHHBIM OPraHOM MPUTOJHOCTH CPEICTBA UBMEPEHUMN K IPUMEHEHHUIO Ha

OCHOBAaHHUH SKCIEPUMEHTAIBHO OINPEIEIAEMBbIX METPOJIOTMYECKUX XapaKTe-
PUCTHK U MOATBEPHKACHUS UX COOTBETCTBUSI YCTAHOBJIEHHBIM 0053aTeIbHBIM

tpeboBanusimM. (PMI')

3. llepBuunasi moBepka (cpeacTB usMepenmii) - I[loBepka, BBITIOTHICMAs
IIPU BBIYCKE CPEACTBA U3MEPEHUN U3 MPOU3BOACTBA WM IOCIIE PEMOHTA, a TAKKE
IIPY BBO3€ CPEACTBA U3MEPEHNUN U3-3a TPAHULIBI.

4. Ilepnoanyeckasi mosepka (cpeacrs usmepenmii) - [loBepka cpencts

M3MEPEHNN, HAXOIAIMMXCS B DKCIUTYaTalluy WIK Ha XpPaHEHUH, BBINOJHAEMAs
4yepe3 YCTaHOBJIEHHbIE MHTEPBAJbl BPEMEHH MEXKIY MOBEPKAMH (MEKIIOBEPOUYHBIE
WHTEPBaJIbI).

5. BHeouepennasi moBepka (cpeacTtB u3Mmepenuii): [loBepka cpencrBa usz-
MEpEHUH, MPOBOAUMASL 1O HACTYIUICHUS CPOKA €r0 OYEPEIHON NEPHOIUYECKOM I10-
BEPKH.

[TpuGops! u uHCTpYMEHTHI: 1. BonbT™MeTp moBepsiemMbilii

2. BonbT™MeTp 00pa3iioBhIii.

3. KoMIUIEeKT MpoBOJIOB

Teopernueckas yactb: Ctathsa 13 @3Ne 102 "O6 obecrieueHUH €IUHCTBA U3-
mepenuil” (pea. ot 13.07.2015) rnacur:

«i1.1. CpencTBa u3MepeHul, npeaHa3HauYeHHbIE I IPUMEHEHHS B cepe ro-
CYJIapCTBEHHOT'O PETyJIMpPOBaHUS OOECIEUYECHHs] €IMHCTBA M3MEpPEHUM, 10 BBOJA B
DKCIUIYaTalMI0, a TaKKE MOCJIE PEMOHTA IOJIEKAT NEPBUYHOM IOBEPKE, a B MPO-
1ecce IKCIUTyaTaluy - epUuoandYeckor nosepke. IlpuMenstomue cpencrsa usmepe-
HUIl B cepe ToCyIapCTBEHHOIO PEryJUpOBaHUsl 00ECHEUYeHUsl €AUHCTBA HU3Mepe-
HUI [OpUIMYECKHE JHUIa W UHAMBUAYAIbHbIE MPEANPUHUMATENN OOS3aHBI
CBOEBPEMEHHO IPEJCTABIATh 3TH CPEJACTBA U3MEPEHHUI Ha ITOBEPKY.

n.2. IToBepKy cpencTB U3MEPEHHI OCYIIECTBISAIOT aKKPEIUTOBAHHBIE B COOT-
BETCTBHH C 3aKOHOJATENHCTBOM Poccuiickoit deneparuu 00 akKpeauTau B Ha-
[IIOHAJILHOM CHCTEME AaKKPEAUTALMHA HA MPOBEJCHUE NTOBEPKHU CPENCTB U3MEPEHUN
IOpUIMYECKUE JTUIA U NHINBUAYAJIBHBIC IIPEIITPUHAMATENH.

n.4. Pe3ysbTarsl MOBEPKU CPEICTB U3MEPEHUM YIAOCTOBEPSIIOTCS 3HAKOM IIO-
BEPKH, U (UJIM) CBUAETEIHLCTBOM O MOBEPKE, U (KMJIM) 3alUChI0 B nacnopre (popmy-
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JSIpe) CPEACTBA U3MEPEHUI, 3aBEPSIEMON MOAMUCHIO TIOBEPUTEINSI U 3HAKOM MTOBEPKHU.
KoHcTpyknuust cpenctsa M3MEpeHud JoJKHA 00ecneyrBaTh BO3MOKHOCTh HaHece-
HUS 3HAKa MOBEPKU B MECTE, IOCTYIMHOM ISl MpocMoTpa. Ecinu 0coOOEHHOCTH KOH-
CTPYKLIMH WM YCIOBUS IKCILTyaTallud CPEJCTBA U3MEPEHUN HE MO3BOJISIIOT HaHEC-
TH 3HaK MOBEPKHU HEMOCPEJICTBEHHO Ha CPEJCTBO HM3MEPEHUI, OH HAHOCUTCS Ha
CBUJIETEILCTBO O MOBEPKE WIN B acnopT (popmyIsip).

n.5 [lopsiiok nmpoBeneHus: MOBEPKU CPENICTB U3MEPEHUH, TpeOOBaHUS K 3HAKY
IOBEPKH U COJIEP>KAHUIO CBHUJIETENIBCTBA O MOBEPKE yCTaHABIMBaKOTCA (heaepasb-
HBIM OPI'aHOM HCIIOJIHUTEIBHON BJIACTH, OCYLIECTBIISIOMIUM (PYHKIIMH MO BbIPAOOT-
K€ TOCYJapCTBEHHOU MOJMTUKA U HOPMATUBHO-IIPABOBOMY PETYJIMPOBAHHUIO B 00-
JacTu 00ecreYeH s €TUHCTBA U3MEPEHUN. »

Takum HOpPMAaTHBHO-IPABOBBIM akToOM sBisercs Ilpuka3 MuHncrepcrsa
IPOMBIIUIEHHOCTU U TOProBiau P® ot 2 uronsg 2015 r. N 1815 "O06 yrBepxkaeHun
[Topsinka npoBeaeHUsI TOBEPKU CPEACTB U3MEPEHUM, TPeOOBaHUS K 3HAKy MOBEPKHU
U COACP/KAHUIO CBUAETENBCTBA O IOBEPKE" U MPUIIOKEHUS K HEMY.

1.6. CBeieHUs O pe3yJIbTaTax MOBEPKHU CPEJCTB U3MEPEHUM, IpeIHa3HAUYCH-
HBIX JJI MPUMEHEHHUS B cepe rocyllapCTBEHHOTO PEryJMpoBaHUsi oOecreyeHus
€IMHCTBAa M3MepeHuill, nepeaatorcs B DenepaybHbl MHPOPMAMOHHBIN (OHI 1O
00EeCIeUeHUI0 €IUHCTBA U3MEPEHUM MPOBOJSALIMMH TOBEPKY CPEICTB U3MEPEHUI
IOPUINYECKUMU JTULAMU U UHAUBUAYAJbHBIMU IPEIITPUHUMATEISIMU.

n.7. CpeacTBa u3MepeHuil, He mpeaHa3HAaYeHHbIE JUIsl TPUMEHEHUs B cdepe
rOCY/IapCTBEHHOT'O PETYJIMPOBAHUS 00ECIICUCHUsI €IUHCTBA U3MEPEHHM, MOTYT IO/~
BEPraThCs MOBEPKE B TOOPOBOIHHOM MOPSIIKE.

[loBepka cpencTB M3MEPEHHI MPOU3BOAMUTCS COIVIACHO METOJIUKE IMOBEPKU
JUISL TaHHOTO Ipuoopa. [ MacCcoBbIX CPEACTB UBMEPEHUN (aMIIepMETPhI IIUTOBBIE,
MaHOMETPBI KUCIOPOJHbIE, IITAHTCHIIMPKYJIM) B NACHOPTE WK B PYKOBOJACTBE 10
HKCILTyaTallii OCTaBIIAIOT CChUIKY Ha METOJIUKY M3MEPEeHUH (Ha3BaHMe, JlaTa Mpu-
HATUS U T.1.). {1 6oJiee CIOKHBIX UM MEIKOCEPUUHBIX MPUOOPOB (1e(hEeKTOCKOI,
TEIUIOBU30pP) METOAMKA MTOBEPKHU MPUIIAraeTCs BMECTE C OCHOBHOM JOKyMEHTAIUEH.
Opranuzanus-noBepuTeNlb BIpaBe TpeOOBaThb METOAMKY IOBEPKU MpU MOBEPKE
CpEeIICTBAa U3MEPEHHUs, 4TO YKa3zaHo B «[Ipuka3 MuHHCTEpCTBa TPOMBIIUIEHHOCTH U
toproBiau P® ot 2 urong 2015 r. N 1815»

Xon paboThI:

B yuebHbIx nensx moepka Oyaer mpousBoautbes coriacHo ['OCT 8.497-83
«l'ocynapctBeHHass cuctema obecnedeHus: enuHcrBa usmepenuit (I'CH). Ammnep-
METpPBI, BOJIBTMETPHI, BATTMETPbI, BApMETPbl. MeTOIMKa MOBEPKHU.»

ITopsnok noBepku

Buemnumn OCMOTD:
I[Ipu  BHemHeM  ocMoTpe  mpubopa  JOJDKHBI  OBITh  YCTAHOBJICHBI:
- OTCYTCTBME€ BHEIIHHUX IOBPEKICHUN M IOBPEXKICHUM IOKPBITHS IIKAJIbI,
- uyerkoctb Bcex Hamnucen 1o TOCT 8711 wu TOCT 8476;
- YKOMIUIEKTOBAaHHOCTb NMPUOOpa 3alaCHBIMU YaCTSAMHU, MPUHAJIEKHOCTIMHU, HEOO-
XOJIMMBIMU ISl IPOBEAEHUS TTOBEPKHU.

OnpoboBanue:

[Ipu onpoOoBaHUM AOJKHBI OBITh YCTAHOBJIEHBI HAJEAKHOE 3aKPEIJIEHUE 3aKHMMOB
puOOPOB, IJIABHBIM X0/ M YeTKas (PUKcalus NepeKIrodaTeiei.

[ToBepka Ha ITOCTOSTHHOM TOKE:
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Bonpr™meTpsl kitaccoB ToyHOCTH 0,1-0,5 MOBEPSIIOT METOIOM IIPSAMBIX U3MEPEHUIN
IIPY MOMOIIN KaauOpaTopa Ui KOCBEHHBIX U3MEPEHHI MPU MOMOILY MOTEHIHO-
METPUYECKON YCTaHOBKH. BosbTmMeTpsI KinaccoB TouHOCTH 1,0-5,0 moBepsroT MeTo-
JIOM HEMOCPEACTBEHHOTO CIIMYEHHUS MPU TOMOIIY 00pa3LOBbIX BOJIBTMETPOB U yC-
TAHOBKH JIJIsl TOBEPKHU U TPALYUPOBKH SJIEKTPOUIMEPUTENBHBIX MPUOOPOB O
cxeMaM, npuBesieHHbIM B T/l Ha 00pa31oBbIe CPEICTBA U3MEPEHUI.

JIATP R
~0-50 B 30 Om

Puc.1. Cxema yCTaHOBKH.

VYnpasisas JIATPom m3menars BennunHy HanpsbkeHus B nenu ot 0 mo 50 ¢
maroM 10 B, 3anmucheiBaTh noka3aHus BOJIBTMETPOB IPU XOJAE BBEPX, a 3aTEM IIPU
oOpaTHOM XOjI€.

Ne Xox BBEpX Xon BHU3
Vu (B) Vo®B) [AV [ 3l | v | Vu®B) [VoB) [AV [ 8l | ¥ [AV
B) | B) | (%) B) [ B | *)

[Tocne 3aMepoB HAXOAT MOTPEIIHOCTH:
- abcomotHeie AV = V, -V,
- oTHOCcUTeNbHbIE ¥ =(AV [V, ) * 100%
N3 abCconOTHBIX MOTPEUTHOCTEH BBHIOMPAIOT MAKCUMAJIBHYIO 10 MOIYJIO U
paccuuThIBAIOT Ki1ace TOUHOCTH VI = (AVimax | Vion ) * 100%
I'ne Vyon — BEPXHUI MIpEAeI U3MEPSIeMO IPUOOPOM BEITHUUUHBI.
Cnaenatb BBIBOJI O pe3yJibTaTaxX MOBEPKHU CPEACTBA U3MEPEHUSI.

KoHTpobHBIE BOTIPOCHI.
JlaTh ompejienieHre MOBEPKH CpeicTBa u3MepeHus coriacno ©3-102
JlaTh omnpejenenne MoBEpKH CpecTBa u3MepeHus cornacuo PMI'-29-2013
B kakux ciydasx mpou3BOIUTCS IEPBUYHAS TIOBEpKa?
KakuM HOpMAaTHBHO-TIPABOBBIM aKTOM PETYJIHPYETCS TOPSIOK MTOBEPKHU MPH-
00poB?
YeM yaoCcTOBEpSIOTCS pe3ybTaThl moBepku coriiacao ©3-1027
Kak nponsBoauTcs moBepka cpeacTBa U3MEPEHUS?

e

o o

JlaGoparopHasi pabora Ne §



N3mepenne HHIYKTUBHOCTHA KOCBEHHBIM METOJIOM
Lenp paboTel: OCBOUTHP METOAMKY M3MEPEHUs HHIYKTUBHOCTH KOCBEHHBIM
METOAOM.

HopmaruBnas 6a3a:
1. PMI' 29-2013 «I'CHU. MetpoJorusi. OcHOBHbIe TEPMHUHBI W OINpe/eJie-
HUS»
2. MenepanbHblil 3aK0H 0T 26.06.2008 N 102-®3 (pen. ot 13.07.2015) "OO6
o0ecneyeHMH eIMHCTBA M3MepeHunii'
TepMHHBI U OIIPEAEIEHUS:
1. MeTtoauka (MeTo1) U3MEPEHHU - COBOKYITHOCTh KOHKPETHO OMMMCAHHBIX
orepalui, BEIIOJHEHUE KOTOPBIX 00ECIIeYMBAET MOJyUeHHE pe3yIbTaTOB U3Mepe-
HUM C YCTAHOBJICHHBIMH MOKA3aTEJISIMUA TOYHOCTH

2. IIpsimoe usmepenue - Mzmepenune, npu KOTOPOM HCKOMOE 3HaUYCHUE BEJIU-
YUHBI [10J1y4al0T HEIIOCPEACTBEHHO OT CPEACTBA U3MEPEHHUM.
3. Kocsennoe nzmepenue - Mismepenue, mpu KOTOPOM UCKOMOE 3HAUEHUE

BEJIMYMHBI ONPEAEISAIOT HA OCHOBAHUM PE3YJbTATOB MPSAMBIX H3MEPEHUN
JIPYTUX BEIWYWH, (QYHKIIMOHAIBLHO CBSI3aHHBIX C UCKOMOW BEJIUYMHOM.
[Tpu6ops! u uncrpymentst: 1. Crena JICI-2

2. BoasT™eTp

3. Awmmepmerp

Teopernueckas 4acTs.

JIto6oe n3MepeHne N0IHKHO MPOUCXOIUTh COMIACHO METOJIMKE M3MepeHuid. B
clly4ae, €CJIM U3MEpPEHUE BXOIUT B c(hepy TroCyAapCTBEHHOIO PEryJIMpoBaHus odec-
MEeYEHUs €IMHCTBA M3MEPEHUN, TO METOJMKA JOJDKHA ObITh aTTECTOBAHHOW B aK-
KPEAUTOBAHHON B COOTBETCTBUM C JCHUCTBYIOIIUM 3aKOHOAATEILCTBOM PETHOHAIIb-
HOM 1eHTpe MeTpoaoruu, NI unu rop.mune. B nHOM ciiyyae METOIMKA U3MEPEHUI
JI0JKHA OBITh pa3paboTaHa METPOJIOTUYECKON CITyKOOW MPENNpUsiTUS U YTBEPXKIe-
Ha TVIABHBIM WH>KEHEPOM.

TepMuH npsiMoe U3MEpPEHHE BO3HUK KakK ITPOTHMBOIOJIOKHBIM TEPMUHY KOC-
BeHHOE u3MmepeHue. CTporo roBopsi, U3SMEPEHUE BCEr/ia MPSIMOE U PacCMaTpPUBAETCS
KaK CPaBHEHUE BEIIMYMHBI C €€ CIMHULIEU WK IIKAJIOW. B 3TOM cityuae nydine npu-
MEHSTb TEPMUH MPSAMOU METOJI U3MEPEHUM.

He Bcerna yaaércss u3amMepuTh BEIMYMHY MPSAMBIM METOJOM IO CaMbIM pa3-
HBIM MPUYMHAM: HET HEOOXOJAMMOTO CPEJCTBA U3MEPEHUSI B HAJTUYMUU, MIPSAMOE H3-
MEpPEHUE HEBO3MOXHO IO TEXHOJIOTMYECKMM IIPUYMHAM WM CBSI3aHO C  OIACHO-
CTBIO JIJIS )KU3HU U 3I0POBbS, UJIM UHbIEC IPUYUHBI.

Torma m MCHONIB3yIOT KOCBEHHOE M3MepeHue. Hampumep, B mensix IuarHo-
CTUKM OOMOTOK JIBUTaTeliei, TpaHC(HOPMATOPOB, KATYIIEK BO3MOXHO MPUMEHUTH
M3MEPEHUE NHIYKTUBHOCTA KOCBEHHBIM METOAOM.

Xoxa paboThbl.

1. O3HaKOMUTBCS CO CXEMOW YCTaHOBKHU
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Puc.1. Cxema 3KkCriepUMEHTaJIbHON YCTaHOBKH.
2. CoOpaTh 3KCIIEpPUMEHTAIBHYIO CXEMY.
3. CHATh IOKA3aHMS HATPSDKCHUSI, TOKA U 3aHECTH UX B Ta0ymiry Nel.
4. OnpenenuTs MOJHOE COMPOTUBIICHUE 1IENHU U 3aHECTH UX B Ta0iuiry Nol:

U

Z=-

5. PaccuuthiBaeM MHIYKTUBHOCTH KaTYUIKU U 3aHOCUM B TaOiuiry Nel:

L:ix\/ZZ—RZ

()

rae O - AaHO B MAaCopTe MM Ha HIWJIBJAUKE U3MEPACMOTO 00BEKTa

Taobmmra Ne 1.

Hano Nsmepenus PacuérHble naHHbIC
O] Ul R1 Z L
1300 90,00

KOHTpOJIBHBIC BOIIPOCHI:

ARl A

JaTe onpeneneHne TEPMUHY «METOANKA U3MEPEHUIN
JaThk onpeneneHne TEPMUHY «IPSIMOE U3MEPEHUE

JaTh onpeaeneHne TEPMUHY «KOCBEHHOE U3MEPEHHE)
B kakux ciyyasix HeoOX0oquMa aTTecTalusl METOIUK U3MEPEHUIT?
KT0 nmeeT npaBo aTTeCTOBATh METOJIUKY U3MEPEHUIT?

Kpurepuu onenku 1a60paTtopHbix padoT

[Tpu nonroroBke K aboparopHoit padore no aucuuruimae «Mudopmaimon-
HO-U3MepuTeNbHas TexHukay B (_3 ceMecTpe - ouHOU GhopMbl 00yueHus, B9
CeMECTpe —3a04HOM (POpMBI 00yUEHHUS), CTYJIEHT JOKEH BBIMOJIHUTH CJIETYIONTNE

BU/IBI paboT:

MunumasbHbIid | MakcUMaJIbHBIA
Buabl paGort
0as 0aJsn
CamMocTosiTenbHass MpopadOTKa TEOPETHU-
YeCKOTo MaTepuaia K JIabopaTopHOU pa- 3 3)
6ote
O3HaKOMJICHHE C yCTaHOBKOM, IPrOOPOM,
METOJMKOM BBIMIOJHEHUS J1abOpaTOPHOM 3 5
paboThI
Breinmonnenue HE0OXOIUMOTO  IKCHEPHU- 4 6
MEHTa




OOpaboTka pe3yabTaTOB HCCICIOBaHUS, 4 v
MOCTPOEHUE TpadUKOB
AHanu3 pe3ynbTaToB UCCIEIOBAaHUS U BbI- 4 7
BOJI 110 paboTe

UTOIO: 18 30

Takum oGpazoM, Kaxaas yabopaTopHasi paboTa OLIEHHMBACTCS MUHUMYM B 18
oasioB, MakcumyM B 30 GaioB. Ilocie BhIMOSHEHHS BCeX pabOT pacCUMTHIBACTCS
UTOTOBBIN OaJIT IO TAHHOMY OIIEHOYHOMY CPEJICTBY, Kak cpeaHee apupMeTnueckoe
0 BCEM JIA0OPATOPHBIM paboTaM.

JIJ14 32049HOTO OT/AEJIECHHUS.

MunuMajabHbId | MakcuMaJIbHBIA
Buabi pador
oas1 oas1

CamMocTosiTennbHas MpopadOTKa TEOpPeTU-
YeCKOro Marepuayia K j1abopatopHOH pa- 6 10
ooTte
O3HaKOMJICHHE C yCTaHOBKOM, IPHOOPOM,
METOJMKON BBITIOJHEHUS J1a0OpaTOPHOU 6 10
paboThI
BoinosniHeHre  HEOOXOJIMMOI0  3KCHEpH- 3 12
MEHTa
OOpaboTka pe3yibTaTOB HCCIEIOBAHNUA, 8 14
MOCTpOEHUE TpadUKOB
AHanu3 pe3ysbTaToB UCCIIEIOBAHUS U BbI- 8 14
BOJI 110 paboTe

UTOrIo : 36 60

Takum oOpazoM, kaxaas yjabopaTopHasi paboTa OIEHUBAECTCI MUHUMYM B 36
oasioB, MakcumMyM B 60 GamioB. Ilocie BhIMOSHEHHS BCeX pabOT pacCUMTHIBACTCS
UTOTOBBIN OaJIT TIO TAHHOMY OILIEHOYHOMY CPEJICTBY, KakK cpeaHee apupMeTnyeckoe
10 BCEM JIa0OpaTOPHBIM paboTaMm.



MunncTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit deaeparuun

HwxHekamMCKkuii XUMUKO-TEXHOJIOTUYECKU MHCTUTYT ((puiTra)
benepanbHOTO TOCYAaPCTBEHHOTO 0F0PKETHOTO 00Pa30BaTEILHOTO YUPEIKICHUS
BBICIIIET0 00pa30oBaHuUs
«Ka3zaHCkHil HallMOHAIBHBIA UCCIEA0BATEILCKUN TEXHOIOTNYECKUN YHUBEPCUTET

Dakynremem NHbopMaImOHHBIX TEXHOJIOTUM
Kageopa ITIOII

VY4eOHbIM T1aHOM 10 HampasiaeHuto noarotoBku_13.03.02 «DnekTposHepreTu-
Ka U DJIEKTPOTEXHHUKa» i1 00ydaroImuxcsi OYHON (OpMBI MPEAyCMOTPEHO MPOBEIE-
HUE MPaKTUYECKUX 3aHATHM 1o aucuuruinHe «MHPopMaMoHHO-U3MepUTeIbHAS
TeXHUKa» B 3 CEeMecTpe.

OOyyaromuMes MpeAsaraloTcsl pa3HOYpOBHEBbIC 3a7aud W 3aJlaHUSl PEKOHCT-
PYKTHBHOTO YPOBHS, MO3BOJISIFOIINE OIEHUBATh U AMATHOCTUPOBATH YMEHUS CHUHTE-
3UpOBaTh, aHAJIU3UPOBATh, 0000IIATh (AKTHUECKUI M TEOPETUYECKH MaTepuall c
dbopMynupoBaHHEM  KOHKPETHBIX  BBIBOJIOB,  YCTAaHOBIEHHEM  MPUYUHHO-
CJIEJICTBEHHBIX CBSI3EH.

1 Bapuanr.
1. M300pa3uth ycaoBHO-TpadhUIECKOe CISAYIOMNX JIEMEHTOB:
a. AmnepMeTp perucTpupyromun
b. YactoToMep moKa3bIBarONIHiA
c. Tpancdopmarop TOka HyJIEBOU MOCIEOBATEIBHOCTH.
d. BonbTMETp perMCTPUPYIOLIHit
2. JlaTe ompejiencHUe TEPMUHAM:
a. Hsmepenue — 3710 ...
b. CpexnctBo u3mepenus — 310 ...
C. DTaJloH eIUHUIIBI BETUYUHBI — 3TO ...
3. OmpenenuTts:

a. pacxoj dJEKTPOIHEPTUH IS TpeX(PazHOro CUETUMKA ANEKTPUUECKON SHEPTUU MO/
KJIIOYEHHOT0 K ceTu HanpsaMmyto 0,4 kB, eciiu Tekyiiee nokazanue cuérunka 983,1, a npeasi-
nymiee nokasanue 851,5.

b. pacxox snextposHepruu s Tpex(HazHOro CYSTUHKA IICKTPHUUESCKON SHEPTUH 101
KIIIOYEHHOTO K ceTu 6,3 kB uepes Tpanchopmaropsl Toka ¢ kordduiimeHToM Tpanchopmanmuu
60 u uepe3 TpaHCHOPMATOPBI HANIPSDKEHUS ¢ KO3 duimerToM Tpanchopmanuu 80, eciu Te-
Kylllee rnokazanue cuétuuka 1521, a npenpiaymiee nokasanue 1455.

C. Tpeablayliee MoKa3aHue OJHO(pA3HOTO CUETYHKA HIEKTPHUECKON YHEPTUH TIO-
KItoYeHHoro K cetu 0,4 yepes TpaHchopMaTopsl TOKa ¢ K03 PuireHTomM TpanchopManuu
50, ecnu TekyImiee mokazanue 6545, a pacxoy 3a pacy€THBIN niepruoa paBeH 65 650 kB1*u.

4. HN3o0pa3uth cxemy:
a. TOIKIIOYCHUS WIYHTA K BOJBTMETPY
b. moakmroueHne ammepMeTpa yepes TpaHchopMaTop Toka K 01HO(A3HON CeTH
5. Tpebosanue k CU B chepe rocynapcTBeHHOTO peryiupoBanus o @3Nel02
6. Pacmmdposars CU no mabnony: Tun npubopa, 1uanazoH U3MEPEHU, KJIacc TOUHO-
cTH, paboyvee TOJI0KEHNE, POJI TPUMEHIEMOTO TOKA, THIT CUCTEMBI, KJIacC U3OJISIIH.



2 Bapuanr.
1. H300pa3uth ycnoBHO-TpadhUIECKOE CIASAYIOMNX HIEMEHTOB:

a. BonbpT™MeTp nmoka3biBarOIUNA

b. CueTunk akKTUBHOH 3EKTPOIHEPTHU

c. Tpancdopmarop HanpspKeHUs TpexdazHblii

d. AmmepMeTp perucTpupyroInit

2. Jlatb ompeienieHue TEPMUHAM:

a. HeonpeneneHHOCTB — 31O ...

b. Illkana BeIWYHHBI — 3TO ...

C. TexHWYecKkre CHCTEMBI M YCTPOUCTBA C U3MEPUTENBHBIMA (QYHKIUSIMHU— 3TO ...

3. OrmpenenuTs:

a. pacxo[ dIEKTPOIHEPTHH I 0JHO(DA3HOTO CUETUMKA IICKTPUICCKON YHEPTHA
MOJIKJIFOUEHHOT O K ceTu HanpsaMyto 0,4 kB, ecnu texymiee nokazanue cuéruuka 1123, a mpe-
JpIAylee nokazanue 978.

b. pacxox snekTposHepruu s Tpex(HazHOro CYETUHKA ICKTPHUUESCKON SHEPTHUH TT01-
KItoueHHoro K cetr 10 kB uepes TpanchopmaTopsl Toka ¢ ko3 uiimeHTomMm TpanchopMaiuu
40 1 yepe3 TpaHCHOPMATOPHI HAIPSKEHUS C KodpuirenToM Tpanchopmanuu 30, eciu Te-
Kylllee nokazanue cuétuuka 8961, a npenpiayuiee nokasanue 8827.

C. mpeblayliee NOKa3aHue OJHO(pA3HOTO CYETYHKA HNEKTPHUUECKOM SHEPTUU MO/-
KJItIO4eHHOTO K ceTr 0,4 uepe3 TpaHchopmaTopsl TOKa ¢ KoddduiimeHToM Tpanchopmauu
60, eciu Tekyiee nokasanue 1241, a pacxon 3a pacuétHbiil nepuo pasex 13 740 kBr*u.

4. W300pa3uth cxemy:
a. TOJKIIOYCHHUS LIYHTA K aMIIEPMETPY
b. moxkIrOUeHHE BOIBTMETPA Yepe3 TpaHCHOopMaTOp HAMPSHKEHUS K 0HO(a3HOM ce-
™
5. HMsmepeHnus, oTHOCsIKECS B chepe rocyJapCTBEHHOTO peryIupoBaHus U3 npuka3za MuH-
sHepro Ne 179.
6. PacmmdpoBats CHU no mabnony: tum npudopa, Auamna3zoH u3MEepeHui, KJ1acC TOYHOCTH,
pabouee 1oyIo’keHNe, PO MPUMEHSIEMOT0 TOKA, TUIT CHCTEMBI, KJIaCC H30JISIHH.



3 Bapuanr.
1. M300pa3uth ycaoBHO-rpauyecKoe cIelyroIuX JI1EMEHTOB:

a. BarrtMerp mokasbIBaroIIMii

b. Cuerdnk peakTHBHOU 3JIEKTPOIHEPIHU

c. Tpancdopmarop Toka

d. Bapmerp peructpupyroumii
2. JlaTh ompeneicHIE TEPMUHAM:

a. IlorpemHocTs — 310 ...

b. TloBepka — 970 ...

C. Meroauka u3MepeHui— 310 ...

3. Omnpenenurs:

a. pacxo[ 3JEKTPOIHEPTHH Ui 0OJHO(DA3HOT0 CUETUMKA FIEKTPUUECKOM SHEprun
HOJIKJIFOUEHHOT 0 K cetu HanpsaMyto 0,4 kB, ecnu Texyiee nokazanue cuérunka 3433, a mpe-
Jplayniee nokaszanue 2690.

b. pacxon snekTposHepruu s Tpex(HazHOro CYSTUHKA DIICKTPUUSCKON SHEPTUH 101
KroueHHoro k cetu 110 kB uepes Tpancdopmaropsl Toka ¢ ko3 duuuentom Tpanchopma-
uu 300 u yepe3 TpanchopMaTopbl HanpsKeHUs ¢ KoapduumenToM Tpanchopmanuu 1100,
€CJIM TEKYIllee NIoKa3aHue cuérurka 5,42, a npeapiayiee nokasanue 5,34.

C. MpeablaylIee MoKa3aHue TpeX(a3HOro CUETYHKA DJIEKTPUUECKON IHEPTHH MOAKIIIO-
YEHHOT0 K ceTH 6 kB uepe3 TpanchopMaTopsl TOKa ¢ Ko puirenToM Tpanchopmanuu 80 u
yepe3 TpaHcPopMaTopsl HApsKEHUs ¢ ko3 uirieHTom Tpanchopmaruu 60, eciau Tekyliee
nokaszanue 2452,3, a pacxon 3a pacu€THslii nepuos paeH 2 819, 04 * 1073 kBt*y.

4. W300pa3uth cxemy:
a. TOJKIIOYEHHUS IIYHTa K BOJIBTMETPY
b. moxkaroueHHE BOIBTMETPA Yepe3 TpaHC(hopMaTop HAMPSHKEHUS K 01HO(a3HOM ce-
TH
5. Crarps 13 @3-102 «IloBepka CN»
6. Pacmm¢posats CU no mabiaony: Tun npudopa, 1uana3oH U3MEPEeHUH, KJ1acC TOYHOCTH,
pabouee MoIoKeHNe, poj MPUMEHSIEMOT0 TOKa, TUIT CUCTEMBI, KJIacC U3OJISIIIHH.



4 Bapuanr.
1. M300pa3uth ycaoBHO-TpahuUIecKOe CIeTYIOMUX HIEMEHTOB:

a. Bapmerp peructpupyronui

b. BosbTMeTp MoKa3bIBarOIINI

C. Tpancopmarop HanpsokeHHs Tpexha3HbINA

d. TpanchopmaTop TOKa HyJIEBOW MOCIEIOBATEIILHOCTH.

2. Jlath ompeselieHne TepMUHAM:

a. Cwuna toka — 9710 ...

b. TlepBuynas moBepka — 37O ...

€. CnyyaiiHasi IOrpeIHOCTh — ATO ...

3. Ompenenurs:

a. pacxo[ 3IEKTPOIHEPTHH Ui 0JHO(DA3HOTO CUETUMKA DICKTPUUECKOM SHEPTHH
MOJKIIFOYEHHOTO K ceTu Hanpamyto 0,4 kB, eciin Texyniee nmokazanue cuétunka 5674, a npe-
Jplaylee nokasanue 3456

b. pacxom snexTposHepruu s Tpex($hazHOro CYSTUNKA IICKTPHUCCKOI SHEPTUH MO/
KJIIFOYEeHHOTO K ceTu 35 kB uepe3 TpanchopmaTops! Toka ¢ K03 UITMEHTOM TpaHChopMaIuu
50 u uepe3 TpaHchopMaTOPBI HANPsKEHUS ¢ K03 duirenTom Tpanchopmanuu 70, ecinu Te-
Kyliee nokaszanue cuérumka 9,89, a npeapiaymiee nokazanue §,87.

C. mpedblaylIee MOKa3aHue TpeX(a3HOro CYETUYNKA AIEKTPUIECKON SHEPTUU MOIKITIO-
yeHHoro k cetu 110 kB uepe3 TpanchopmaTopsl ToKa ¢ KoadunuenToM Tpancopmarnuu 80
u yepe3 TpaHchopMaTopsl HanpsikeHus ¢ kodddunmenToM tpanchopmarmu 1100, ecnu Te-
Kyliee mokaszanue 2452,3, a pacxo 3a pacu€THbeId niepuon paseH 3541, 347 * 1073 kBr*u.

4. W300pa3uTh cXemy:
a. TOJKIIOYECHHUS IIYHTA K aMIIEPMETPY
b. moxkaroueHHe amMIiepMeTpa Yepes TpaHchopmaTop Toka K ogHO(A3HON CeTH
5. KoAllcr. 19.19
6. Pacmmudposars CU no mabnony: Tun npudbopa, Tuana3oH U3MEPEeHUH, K1acc TOUHOCTH,
pabouee monoxxeHue, poj MPUMEHSEMOT0 TOKA, THIT CHCTEMBI, KIacC U3O0JISIIHH.



Kpurepuu oeHKHM NpaKTHYECKUX 3aHATHHI

B 3 cemecTtpe oOydaroniuiics BBIMOIHAECT 6 MHIUBUAYAJIbHBIX 3aJaHUM. 3a
pelIeHre Kaxaoro oH MoxeT noiay4dutTh oT 15 1o 30 Gamios. [IpakTuueckoe 3aHs-
THE OIICHMBAETCSI MUHUMYM B 15 OaiioB (eciiu He crpaBUIICS C 3a/laHueM 0e3 1o-
MOIIIM TIpernoiaBaresns), MakcuMyM B 25-30 OayuioB (eciu CHpaBUIICS C 3aJlaHHEM
CaMOCTOSITEILHO).

W TOroBeI pEUTUHT MO NMPAKTUYECKUM 3aHATHSIM IPOCTABIIAETCS KaK CpeIaHee
apru(MeTHYecKoe MOIyISHHBIX OAJIIOB 3a pelIeHre 6 NHANBUAYaIbHBIX 3a1aHUH.



MuHurcTEepCTBO HAYKH M BhICIIEro 0Opa3oBanus Poccuiickoit denepannu
HuxHexkaMCKUil XUMUKO-TEXHOJIOTHYECKUI MHCTUTYT ((uuan)
dbenepanbHOTrO rocy1IapCTBEHHOTO OI0JPKETHOTO 00Pa30BaTEIIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«KazaHckuil HalMOHAIBHBINA UCCIIEA0BATENLCKUI TEXHOIOTHYECKUN YHUBEPCUTET

Dakynbmem UHGOPMAYUOHHBIX MEXHONOUL
Kagheopa snexmpomexnuxu u snepeoobecneuenus npeonpusmuii

Hanpasnenue noaroroBku: 13.03.02 «31€KTPOIHEPIeTUKA U IJICKTPOTEXHUKAY
(k00 u Haumenosanue)

[Tpoduns/mporpamma; «IJIEKTPOCHAOKECHHUE
(naumenosanue)

Bonpocel k 3k3aMeHy

ITo pucimmnnue «aucrumuiniae « MubopMauoHHO-U3MEPUTEILHAS TEXHUKA)
1.J1ate onpenenenue Tepmuny «M3mMepeHue»
2. Tpedosanne k CU npuMensieMoMy B chepe rocy1apCTBEHHOI0 PETYINPOBAHUS
3.1300pa3uth yCIOBHO-TpaduuecKkoe n300pakeHue IpuOopa yueTa aKTHBHOM DJICK-
TPUYECKOIN DHEPTUH
4. Jlatb onpenencHue TepMuHy «M3MepuTespbHas 3a1a4ay
5.Tpe6oBanns k moBepke CU cormacuo ®3Ne 102 «O06 obecrnieueHNH €IMHCTBA M3-
MEPEHUIN
6. M300pa3uth yciIoBHO-Tpaduueckoe n300paKeHNe aMIIEpMETPA ITOKA3BIBAIOIIETO
7. Jlatb onpenenenue TepMuny «lloBepkay
8.TpeboBanue k 3Haky nosepku cornacHo IIpukasy MunllpomTopra Ne 1815
9.U300pa3uth cxemy mnepenadu ganabix mo GSM-kanamny
10. Jlate onpenenenne TepMuly «CpeacTBO N3MEPEHUSD)
11. Hasnauenue TpaHcdopMaTopa TOKA, €0 KOHCTPYKIUS M BKJIIOUEHHE B CETh
12. M300pasuth koHurypauum nepeaadud gaHubix 1o GSM-kanmany ot ITY 1o
OBM-oneparopa.
13. Jlate onpenenenne Tepmuny «HeonpenenéHHOCTE H3MEPEHUSY
14.I1epeunciaucTh JOCTOMHCTBA U HEIOCTATKU ONTHKO-BOJIOKOHHOM CBSI3H.
15.1300pa3uth cxemy nepenauu maHHbeix 1o GSM-kanany
16. PaccuuraTh pacxoj DIEKTPOIHEPIUHU eClId npeabiayiiee nokasanue ITY — 1528,
tekymee 1535,84. ITY BkIIIOYEH B ceTh yepe3 TpaHchopmarop Toka 100/5, u gyepes
tpanchopmarop HanpspreHus 25000/100.
17. Jatb onpeaencHue TepMuHy «IlorpenrHocTs H3MEpEHU)
18.0mucats npuanun padorel GSM — CBsI3U, IEPEUYNCINTh OCHOBHBIE DJIEMEHTEL Ce-
™ GSM.
19. 1306pa3uTh yca0BHO-rpadhHIEeCKOE N300paKeHNE BATTMETPA ITOKA3BIBAIOIIETO
20. HasnaueHue TpancdhopMaTropa HaAIpsHKEHHS, €10 KOHCTPYKIIMS M BKJIIOUYEHHE B
CceTh
21. M300pa3uth ycioBHO-Tpaduueckoe H300pakeHHe 4aCTOTOMEpPA
22. Jlats onpenenenue tepMuny «lIpsiMoe n3MepeHue
23. KakoBa OTBETCTBEHHOCTb 34 HApYIIEHHS 3aKOHOAATEILCTBA B 00JIACTH €IMHCT-




Ba U3MEPEHUN _

24. N300pa3uth ycJI0BHO-rpaduueckoe n300pakeHue MarHUTOYJIEKTPUUYECKON CHUC-
TEMBI CPEICTBA N3MEPEHHUSI.

25. Jlate onpenenenne TepMuHy «EQMHAIA BETUYUHEDY

26. YTo Takoe aMrepMeTp, IPUHIIMII €T0 JICWCTBHS _

27. AMnepMeTp IOKa3bIBAIOIIMKM MOJKIIOYEH K CETH 4Yepe3 TpaHchopMaTop TOKa
300/5. Ctpenka amnepMerpa ykasbiBaeT Ha 1udepoaare 3.5. KakoBa BelMunHa TOKa
B ceTh?

28. Jlatp onpeaenenne tepMuny «llorpemnHocTb H3MEPESHUI

29.0nucatp npuHnun padotel GSM — ¢BsA3H, IEPEUYNCINTL OCHOBHBIE DJIEMEHTHI Ce-
™ GSM.

30. 1M3006pa3uth ycIoBHO-rpadHIECcKOe N300paKEHNE BATTMETPA ITOKA3EIBAIOIIET0O
31. Hasuauenue tpancdopMaropa HANPSHKEHMS, €00 KOHCTPYKIMS M BKIIOYEHHUE B
CCTh

32. 1300pa3uth ycinoBHO-rpahHIeCKOe N300paKEHNE YaCTOTOMEPA

33. Jlate onpenencaue TepMuHy «IIpsiMoe M3MepeHne

34. KakoBa OTBETCTBEHHOCTh 334 HApVIIEHUS 3aKOHOIATEILCTBA B 001aCTH €IMHCT-
Ba M3MEPECHUN

35. M300pa3uth ycaoBHO-rpaduyecKoe N300pakeHue MarHUTOIIEKTPUUYECKOI CHC-
TEMBI CPEJICTBA U3MEPEHHUSI.

36. Jlatb onpenenenue TepMuny «Beanannay

37. Yto Takoe MeraoMMeTp, MPUHIIMII €r0 ACHCTBUS _

38. _AMIiiepMeTp NOKa3bIBAIOIIMI MOAKIIOYEH K CETH 4epe3 TpaHchopMaTop TOKa
300/5. Ctpenka amnepMeTpa ykaseBaeT Ha 1udeponare 3,5. KakoBa BeIMunHa TOKA
B ceTH?

39. Jlate onpeneneuue TepMuHy «CiydyaiHasi IIOrPENTHOCTDY

40. OdyHKIIMOHAJIBbHBIE BO3MOKHOCTH nIprOopa yuera «Mepkypuii 230»

41. M3006pa3uth yciIoBHO-Tpaduueckoe n300pakeHNe MarHUTORJIEKTPUUECKOM CHC-
TEMBI CPEJICTBA N3MEPEHHSI.

42. Jlatb onpenencHue TepMuny «Jlerekrop» cornacao PMI'-29-2013

43. Kak npou3BOANTCS IIYHTUPOBAHUE aMIIEPMETPa

44, PaccunTaTh pacxod DJIEKTPODHEPIUH eciii npeabiayinee nokazauue ITY — 3807,
texkymee 3907. ITY BkIO4YeH B ceTh depe3 TpaHcdopmarop Toka 300/5, m ugepes
tpauchopmarop HanpspxeHus 1000/100.

45. Jlate onpenaenenne tepmuny «CaydaliHasi HOTPEITHOCTY

46. Ouncarb apXUTEKTYPY H3MEPUTEILHBIX CUCTEMA

47. N300pa3uTh ycIOBHO-Tpaduueckoe n300pakeHNe MarHUTORJICKTPUUECKOM CHC-
TEMBI CPEJICTBA N3MEPEHMUS.

48. Jlatb onpenencHue TepMuHy «GSMy»

49. OO0BICHUTH NPHUHIIUI padoThl cucTtemMbl PLC

50. PaccunTaTh pacxo/1 3JIEKTPOdHEPIUu ecau npeapayiiee mokasanue I1Y — 367034,
tekymee 370941. I1Y BKIOYEH B CETh HANPSIMYIO

51. lats onpeaenenne repmuny «Marepdeiicy

52. Ipuamn padorst Wi-Fi

53. M300pa3uTh yciaoBHO-rpaduuecKoe M300pakeHne npuoopa yuéra peakTUBHOM

9HCPIrun
54, JlaTe onpee/ICHUE TEPMUHY «9T1an0H CAMHUIIBI BEJIMYHUH)




55. B kakux caydag CU cunrtaer yrBep:KIEHHOIO THIIA?

56. BospTMeTp NOKA3bIBAIOIIHMI MOJKIIIOUEH K CETH Yepe3 TpaHChopMaTop HaIpshKe-
musa 6000/100. Ctpenka amrepMeTpa ykaseiBaeT Ha mudeponare 88,5. KakoBa Ben-
YHHAa TOKA B CETH?

Kpurtepum oneHKHu 3K3aMeHa
711 04HOTO OTHEIeHUS

B _3 cemectpe oOyuvaromuiicsi BbITIONHSIET |1 3K3aMEeHAIIMOHHBIA Oumier. 3a
pEIIeHHE OH MOXKET MOy4uuTh oT 24 1o 40 6aninos..

OTBeT Ha NEPBBIA BOMPOC MAKCUMAJIILHO orleHuBaeTcs B 10 6amtoB

OTBeT Ha BTOPOH BOIIPOC MaKCUMAaIbHO orieHnBaercs B 10 6amios

OTBeT Ha TpeTU BOMPOC MAaKCUMANIBHO olleHnBaeTcs B 20 6amioB

NTOroBeli pEeUTHHI MO HSK3aMEHY IPOCTABIAETCS MAKCHMyMa I1OJYyYE€HHBIX
0aJLJIOB 3a pellieHue oueTa.

JlJ1s1 3204HOr0 OTHE/ICHUSA

B 9 cemectpe oOyuaromuiics BbITOJHIET 1 SK3aMeHAIMOHHBIN Ouier. 3a
pelieHne OH MOXET MOIyYuTh oT 24 110 40 Gaios.

OTBeT Ha NEPBBI BOMPOC MAKCUMAaJIbHO olleHuBaeTcs B 10 6awioB

OTBeT Ha BTOPOH BOIIPOC MaKCUMaIbHO orieHnBaercs B 10 6anios

OTBeT Ha TPeTHii BOIIPOC MAKCUMAJILHO OlleHuBaeTcs B 20 6aios

WTOroBeIi pEeUTHHI MO HSK3aMEHY IIPOCTABIAETCS MAKCHMyMa IIOJTYyYE€HHBIX
OaJIoB 3a permieHue ouera.
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