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BBenenue

B pesynbraTe M3ydeHUs] QUCHUIUIMHBI « METpOJIOTHS, CTaHIapTU3auusa 1
cepTuUKalus» OOydYaroIIMecss MOJy4yaT HABBIKM TPOBEICHUS H3MEpPEHUH,
00paboOTKM WX pPE3yJbTaTOB U OLUEHKH JOCTUTHYTOM TOYHOCTH, a TaK Ke
TECOPETUYECKHE 3HAHUS B 00JACTH OCHOBHBIX MPHUHIIMIIOB, METOJOB U CPEICTB
U3MEpEeHHs PU3NIECKUX BEITUYHH.

3HaHug WO  aucuMmuiniHe — «MeTposiorus, — CTaHAapTU3alUs U
ceptuduKanms» HEOOXOJAMMBI CTyA€HTaM s YCBOCHHUS 3HAHHUM 1O
cieayrommuM  aucuuminHam:  b.1.B.1-  nuarHoctMka W HaAEXKHOCTH
aBTOMATU3HPOBaHHbIX cucTeM, b.1.B.10— — TexHu4eckue uU3MEpEeHUs U
npubopsl, b.1.5.23— — MoaenrpoBaHue cucTeM U MPOIIECCOB.

Ha3zHayeHue MeTOAMYECKUX YKA3AHUM

JlaGoparopHass paboTa MOCBSIICHA H3YYCHUIO BHUJIOB, IPUHIMUIIOB U
METOJOB HM3MEPCHHWH, a TakKe METOIOB IUIAHUPOBAaHUS W 00pabOTKH
pe3yIbTaTOB U3MEPEHHUIA.

[Ipu BBIMOTHEHUU PAOOTHI BO3MOKHO MPUMEHEHUE MaKETOB MPUKIAIHBIX
mporpamm Matlab, Mathcad, Excel u ap.

TpeGoBaHuA K 3HAHUSIM U YMEHHUSIM CTYI€HTOB

B pe3ynbpraTe BbINONHEHN 1a00paTOPHO padOThI CTYAEHTHI JOJIKHBIL:
3Hamy:

- OpraHM3allMOHHYI0 M TEXHHYECKyl0  0a3y  MEeTPOJOTHYECKOTO
oOecreyeHuns KU3HEHHOIO LIMKJIA MPOAYKLINH;

- OCHOBHBIC 3aKOHOJATEIbHBIE U HOPMATHBHO-IIPABOBBIC aKThl B 00JACTH
METPOJIOTHH, CTAHAAPTU3ALNN U TEXHUYECKUX U3MEPEHUN, 00s3aTeIbHbIE
TpeOOBaHUS K 00bEKTAM TEXHUYECKOIO PETYJIMPOBAHUS U LIEJIN IPUHSITHUS
TEXHUYECKUX PpEIJIAMEHTOB; BUJbl, CHCTEMbI, CXEMbl U IOPSAIOK
POBEJCHUS cepTU(UKALNN TPOAYKLINH;

— npasuiia opOpMIIEHHSI KOHCTPYKTOPCKOM JTOKYMEHTAlMU B COOTBETCTBHUU
¢ ECK/I;

— MEPCIEKTUBBl TEXHUYECKOTO pa3BUTUS U OCOOCHHOCTU [IE€ATEIbHOCTH
OpraHM3alfii, KOMIIETEHTHBIX Ha 3aKOHOJATEIbHO-IIPABOBOM OCHOBE B
00J1aCcTU TEXHUYECKOTO PEryIMpOBAaHUSI U METPOJIOTUH;

- METOJbl M CpelicTBa OOECHeueHUs EIMHCTBA H3MEpPEHUH; METOAbl U
CpelcTBa KOHTPOJSl KayecTBa MPOAYKIIMHM, IMpaBUiia IPOBEICHHUS
KOHTPOJIs, UCTIBITAHUI M IPUEMKHU TIPOTYKIUH;

- METO/bl W CpPeICTBa MOBEPKH (KaTUOpPOBKH) CPEACTB H3MEpPEHUH,
METO/IMKH BHITIOJIHEHUS] U3MEPEHU I

ymemu:

- NPUMEHSTh  MOJY4YeHHble  3HaHUA B O0JAacTM  METPOJIOTHH,



CTaHapTU3aLUU U CepTU(UKALMY [TPU NPUHATUN TPOEKTHBIX PEILIECHU;
BbIOMpaTh Haubosiee MOAXOIALIME METOAbl U3MEPEHUM U HCIIOJIb30BATH
cpencTBa U3MEpPEHUN C 3a/laHHBIMU METPOJIOTUYECKUMHU
XapaKTEPUCTHKAMU;

MPOU3BOJUTh 00pabOTKY pe3yiabTaTOB H3MEpPEHUN TMpU HAIWYUU
Pa3IMYHBIX BUIOB MOIPEIIHOCTEN U MPEACTABIATH PE3YIbTaThl C YYETOM
TpeOyeMOi TOUHOCTH;

pabotaTth ¢ TipuOOpaMM U CXEMaMH, KOTOpbIE€ WCIOJIB3YIOTCS B
(U3NYECKUX U TEXHOJOTMYECKUX J1a00paTOpUsAX, U MOHUMATh IPUHIIUIIBI
WX JCUCTBUSA; OPUEHTUPOBATHCS B COBPEMEHHOM M BHOBb CO3JaBaeMOM
TEXHUKE C LI €€ ObICTPOro OCBOEHMS, BHEAPEHUS U 3(P(HEKTUBHOTO
MCIIOJIb30BaHUS B MPAKTUYECKOU JEATEIbHOCTH;

OPUMEHSATh  KOMIIBIOTEPHbIE TEXHOJOTMM s  TUIAaHUPOBAHUS U
MPOBEACHUS pabOT MO METPOJIOTHM, CTAaHAAPTU3ALUU U CEPTUPUKALIMU:
METOJIbl YHU(UKAIMU U CHUMIUIM(UKALMKA U pacyeTa MapaMeTpUIECKuX
PSAOB IPHU pa3pabOTKE CTaHIAPTOB U APYroil HOPMATHUBHO-TEXHHUUECKON
JOKYMEHTALMU; METOJbl KOHTPOJSl KadecTBa MPOAYKLUMU M MPOLECCOB
OpU BBINOJHEHUH pPadOT MO CepTUPHUKAIUU TPOAYKIUU U CHCTEM
KauecTBa; TEXHOJIOTHUIO pa3pabOTKU U aTTeCTAllMU METOJUK BBITIOTHEHHS
W3MEPEHUN, UCTIBITAHUA U KOHTPOJIS,

NPUMEHATh METONIBI W CPENCTBA MOBEPKU (KaTHMOPOBKU) U FOCTUPOBKHU
CPEICTB H3MEPEHMs, IIpaBUjla [POBEIACHUS METPOJOTUYECKOM W
HOPMATHUBHOM  OKCIEPTU3bl  JIOKYMEHTAllMh;  METOJbl  pacyeTa
AKOHOMUYECKOH 3P (HEKTUBHOCTH pabOT MO METPOIOTUH, CTAaHAAPTUZAIUU
U cepTUUKAIUM; TOPSAIO0K pPa3padOTKU, YTBEPXKJACHUS W BHEJIPEHUS
CTaHJaPTOB, TEXHUYECKUX YCIOBUU U IPYrOW HOPMATHUBHO-TEXHUYECKOU
JOKYMEHTAllMM; CHCTeMbl KayecTBa, TMOPSAOK HX  pa3paboTKw,
CcepTU(PUKALMH, BHEIPEHUS U TPOBEICHUS AyUTA;

eé1a0emo:

METOJIMKAMH BBIITOJIHCHUST METPOJIOTHYCCKUX PAcyYEéTOB W IPaBUIAMH
oopMIICHUS PE3YJIBTATOB;

HaBBIKAMH BBIOOpPA CXEM CEPTH(HUKAIIUHN MPOTYKIIHH;

HaBBIKAMU O00Pa0OTKH IKCHEPUMEHTAIBHBIX JAHHBIX M OLICHKA TOYHOCTH
(HEOTIpEICTICHHOCTH) ~ M3MEPCHUH, HWCHBITAHUA W JIOCTOBEPHOCTH
KOHTPOJIS;

HaBbIKAMUA PA0OTHI HA KOHTPOJBHO-H3MEPUTEILHOM U HCIBITATCIIEHOM
o0opy0BaHUY;

HaBbIKaMHU MIPUMCHCHHUS COBPEMEHHOTO MaTeMaTUIEeCKOTO
WHCTPYMEHTAPUS JJIs PelIeHUs TPodeCCHOHATBHBIX 3a/1a4;

HaBbIKAMH  WCMOJb30BAaHUS  OCHOBHBIX  NPUEMOB  0OpabOTKH
IKCIIEPUMEHTAIbHBIX JTAHHBIX.



1 eab 1adopaTopHOil padOTHI

Heas paGorel. 3yueHue BUIOB, METOJIOB, CPEICTB W MOTPEITHOCTEN
n3Mmepennit. [lonmydenne NMpakTUYECKUX HABBIKOB IUIAHUPOBAHUS U 0OpabOTKHU
Pe3yIbTATOB MPSIMBIX U KOCBEHHBIX U3MEPEHUI.

2 TeopeTnueckue CBeIeHUSA
2.1 OcHoBHbIE MOHATHSA. BeJIM4YNHBI, IIKAJIbI H3MEPeHU

Mertposnorus (oT rpeu. metron —mepa u logos-y4eHue, NOHATUE, CIIOBO) —
Hayka 00 HU3MEpeHMsIX, METOJaX U Cpe/ICTBaX OOecnevyeHus WX €IUHCTBA U
cnocobax noctuxkeHus TpeOyemol TtouHocTH. llox eduncmeom usmepenuii
MIOHUMAIOT TaKOE€ COCTOSHHE W3MEPEHHH, NpH KOTOPOM HX PpPe3yJIbTaThl
BBIPAKEHBI B Y3aKOHEHHBIX €JIMHMIAX U IOI'PEIIHOCTH U3MEPEHUN U3BECTHBI C
3aJJaHHOW BEPOSATHOCTHIO.

Kak m00as TouHas HayKa, METPOJIOTHsI HMEET CBOM OCHOBOIIOJIAT A0 e
NpUHOMIBI. B KauecTBe TakKMX MPUHIUIOB OOBIYHO MOCTYIUPYIOT CIEAYIOLINE
aKCUOMBI.

Axkcuoma 1. be3 anpuopHoii nHpopManun U3MepPeHHe HEBO3MOKHO.

Henb3s mosydnuTh OLIEHKY MHTEPECYIOIIEr0 CBOMCTBA, HUYErO HE 3Has O
HeM 3apaHee. CrenoBaTelbHO, HEOOXOJUMOCTh B HM3MEPEHHU BbI3BaHA
Jne(UIMTOM KOJIMYECTBEHHON MHpOpMalK 00 U3y4aeMOM CBOMCTBE OOBEKTa U
M3MEpPEHHE HAaNpaBI€HO Ha YMEHbIIIEHHE 3Toro neduimra (eciu o0 3ToM
CBOMCTBE U3BECTHO BCE, U3MEPSITh HUUETO YXKE HE HY’KHO).

Axkcuoma 2. U3mMepeHue eCcTh He YTO HHOE, KAK CPABHEHHE.

EnuncTBeHHBIM cnocoboM monydeHus: WHGOPMAlMU O KaKUX-THOO
pa3Mepax SIBJISIETCS CPaBHEHHE X MEXIy coOoil. CiecTBUEM 3TOW aKCHOMBI
ABIISIETCS HEOOXOIUMOCTD BBEJICHUS STAIIOHOB (PHU3NUECKUX BEITUYHH U CUCTEMBI
Nepeadn ux pasmepa K o0pas3LoBbIM U padOUYHM CPEICTBAM U3MEPEHHI.

Axcuoma 3. Pesyabrar usMepeHuss 0e3 OKpYIVIEHHSl SBJIAETCH
CJIy4alHBbIM.

Pe3ynbrar u3MepeHus: Bcerjga 3aBUCUT OT MHOXKECTBa (paKTOPOB, B TOM
YHUCJI€ W CIy4ailHbIX, TOYHBIM Yy4Ye€T KOTOPHIX HEBO3MOXKEH B IPHUHLIMIIE.
CnenoBaTenbHO, JJI ONHMCAHMUSI PE3YJIbTATOB H3MEPEHUIl B IOJHOM Mepe
HE0OXO0MMO MCIOJIb30BATh alnapaT MaTeMaTU4eCKO CTaTUCTUKY.

CoBpeMeHHass METPOJIOTHsI Pa3BUBAETCA IO CJIEAYIOIIMM OCHOBHBIM
HaIpaBJICHUSIM:

- oO111ast Teoprs U3MEPEHU;

- oOpa3oBaHHe eUHUIL (PU3UUECKUX BEIUYMH U UX CUCTEM;

- CO3/1aHHE HTATIOHOB U 00PA3LOBBIX CPEACTB U3MEPEHUN;

- METOJIbI Mepelaul €AUMHMI] OT ITATOHOB K oOpa3noBsiM CU u pabounm

CH;

— METO/Ibl UBMEPEHUI U METObI ONPEIETEHUSI TOUHOCTH U3MEPEHUI;



— OCHOBBI ~ OO€CIleUeHUs €AMHCTBA M3MEpPEHUN  (3aKOHOMAATEIbHAs

METPOJIOTHS).

B Hacrosimee BpeMs B METPOJOTMM U HU3MEPUTEIBHOM TEXHUKE
UCTIOJB3YETCSl PSIi OCHOBHBIX TOHSTUM, OTHOCSIIHUXCS K MU3MEPEHUSIM, TaKUX
KaK: HW3MEPEHHE;, TOYHOCTh H3MEpeHUi; (u3nMdeckas BeIWYMHA; CIUHHIIA
(GU3UYECKON BEIMYUHBI; CPEJICTBO M3MEPEHUS; METO] W TPUHIIMIT W3MEPCHHUS;
MCTHHHOE 3HaueHHWe (U3MUECKON BEIWYWHBI; IOTPEIIHOCTH (MM OIMHOKa)
M3MepeHus u T.1. [3, 6].

BesiuunHa — 5TO CBOMCTBO 4ero K00, YTO MOKET OBITh BBIJICTICHO CPEIU
JPYTUX CBOMCTB M OIEHEHO TE€M WM HMHBIM CIOCOOOM, B TOM 4YHCIE U
KOJIMYECTBEHHO. BennunHa HWMeeT MeCTO JHIIb [OCTONbKY, IOCKOJbKY
CyIIECTBYeT OOBEKT CO CBOMMU CBOMCTBAMH, BBIPQKEHHBIMH JIAHHOM
BEJIMYMHOM.

IIpexxne Bcero, BEJIMYMHBI JACHATCS HA peaibHble U UOEAlbHble.
WneanpHOM BETWYMHON SIBIISIETCS JIF0Ooe uncioBoe 3HaueHue. [lo cymiecTBy —
TO MaremaTuyeckass aOCTpakius, HE CBsI3aHHAs C KaKUM-JIUOO peajbHbIM
00BEKTOM.

[TosTOMy MacanbHbIE BEIMYMHBI PACCMATPUBAIOTCS HE B METPOJIOTHUH, A B
MaTeMaTHKE.

PeanbHbie BeIMYUHBI ISTATCS Ha husuueckue N Hegpuzuueckue.

Hedusuueckue BeJUYHUHBI BBOJAST, ONPEACISIIOT W U3Y4alOT B
nHpopMaTHKe, OOIICCTBEHHBIX, PKOHOMHUYECKHUX W T'YMaHUTAPHBIX HAyYHBIX
JUCIUIUIMHAX (HampuMep, B  COIMOJIOTHM, JIMHTBUCTHKE). [Ipumepamu
HeU3MUECKUX BEIWYUH SBJISIOTCA KOJWYECTBO HHMOpManmwum B OHWTax,
pa3JIMYHble PEUTUHTHU, OIPEACIISIEMBIE TyTEM COI[MOJIOTHYECKUX OMPOCOB.

du3nyecKkue BeJUYHMHBI, PaCCMaTpUBaEMble B METPOJIOTUM, SIBJISIIOTCS
CBOMCTBAMH MaTepHAIbHBIX OOBEKTOB, MPOIECCOB U sABIEHUH. B ornuume ot
He(U3NIECKUX, OHM OOBCKTUBHO, HE3aBUCHUMO OT JKCIIAHHUS YEJIIOBEKa
CYHIIECTBYIOT B OKPYaIOIIEM HAC MaTEPUATLHOM MUPE.

®dusnyecKkue BEIWYHMHBI 110 CIOCO0Y KOJHWYECTBEHHOTO OIICHUBAHUS
PA3IETAIOT HA U3Mepsaemble v OueHusaemole.

OTanyuTeIpHON 0COOCHHOCTBIO M3MEPECHUM SIBIISICTCS HATMYHUE CPeoCcmea
usmepenuit (CH1). K oneHnBaHUIO OTHOCST 3KCIIEPTHBIC M OPTraHOJICTITHYCCKHE
(C TOMOIIIbIO OPraHOB YYBCTB YEJIOBEKA) OLICHKM BEJIUYMH, TaKUe, HalpUuMmep,
KaK oIpeJie/ieHne pacCTOSHUS «Ha riaa3». [lapanTun oObeKTUBHOCTH pe3yibTaTa
OIICHUBAHUS MOJKET JaTh TOJBKO TMPUMEHECHHE TEXHUYECKOTO CpEICTBA,
JMIICHHOTO 4YEJIOBEYECKUX HEAOCTATKOB. HMMEHHO TMO3TOMY H3MEpEHUsA
SIBJISTFOTCSI BBICITICH ()OPMOM KOJTMYECTBEHHOTO OIICHUBAHUS BEJTUYHH.

du3nueckoii BeJIMUMHON HAa3bIBAETCSA CBOMCTBO 00IIEe B KAUECTBEHHOM
OTHOIIIEHUU JIJII MHOTUX OOBEKTOB, HO WHAMBUJIyaTbHOE B KOJIMYECTBEHHOM
OTHOIIIEHUM I Kaxjoro oobekta. Knaccudukamus Quznueckux BeIUUUH
npejcTaBiieHa Ha pucyHke 1 [3].

[Ton WCTHUHHBIM 3HAYeHHeM (U3UYECKOW BEITUYMHBI TTOHUMAIOT
3HaYCHHUE, KOTOPOE HeaTbHBIM 00pa30M OTpakaeT Kak B KAYECTBEHHOM, TaK U



B KOJMYECTBEHHOM OTHOUIECHHUSX COOTBETCTBYIOIIEE CBOWCTBO OOBEKTA.
IToCKOJIBKY MCTHHHOE 3HAYEHHE €CTh HJCAJIbHOE 3HAYEHHE, TO Yallle BCETO
BMECTO HEr0  HCHOJIB3YIOT  TOHATHE  ACHMCTBUTEJBLHOr0O 3HAYECHHH,
OTPEEIIEMOTO C TOMOIIBI0 00PA3IIOBBIX MEP U IPUOOPOB.

Exanauna ¢usuyeckoil BeJMYHUHbI — BEIMYUHA, pPa3MeEPy KOTOPOH
MPUCBOEHO 3HAYEHUE «1)».

COBOKYITHOCTh (DM3UYECKUX BEITUYHMH, O0Opa30BaHHAS B COOTBETCTBHUM C
MPUHATHIMU MIPUHIIUIIAMU, KOTJIa OJTHM BEIMYMHBI PUHUMAIOT 32 HE3aBUCUMBIE
(ocnoeuble), a npyrue oOmnpenenstoT Kak ux (yHKIuH (TIPOU3BOIHBIC)
HA3bIBAETCA CUCTEMOM (PU3MUECKUX BeJTMYNH.

| DU3NIECKUE BEIIMIUHBI |

DHEpPreTudYecKue BemiectBennnie XapakTepu3yrolue
(AKTUBHBIC) (maccuBHbBIE) OPOLECCHI
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1 1
OcHOBHBIE IIpousBoaHsbICc
Pa3smepHslie bespasmepnsbie

Pucynok 1 — Kinaccudukauus pusnyeckux BeIUYHH

CornacoBanHass MexayHapoaHas cUCTeMa €AWMHUIl (DU3NYSCKUX BEIUIMH
oba mpuHsAta B 1960 1. XI I'eHepanbHOM KOH(EpeHIMEW M0 MepaM Becam.
Mexnynaponnass cuctema - CU (SI), SI- nHauyanbHble OyKBBI (hpaHIy3CKOTO
HauMeHOBaHud Systeme International. B cucteMe NpeayCMOTpEH MepedyeHb U3
CEMHU OCHOBHBIX €IHMHHII: METp, KMJIOTpaMM, CEKYH/Ja, aMIlep, KeIbBUH, KaHAeNa,
MOJIb M ABYX JOMOJIHUTENbHBIX: pajuaH, CTepaanaH, a TAKKe JaHbl IPUCTABKU AJIs
oOpa3oBaHus KpaTHBIX U JOJBHBIX eauHUIl (Tabmuna 1).

KauecTBeHHOW XapakTepucmukou HU3MEPSIEMbIX BEIUYUH SBISECTCS HX
pazmeprocms. DopMalin30BaHHAS PaA3MEPHOCTh 0003HAYAECTCS CUMBOJIOM dim,
MPOUCXOJIAIIUM OT CJOBa dimension, KOTOPOE B 3aBUCHMOCTH OT KOHTEKCTa
MOKET NEPEBOJIUTHCA U KaK pa3Mep, U Kak pa3MEPHOCTb.

Pa3mMepHOCTH BEJIMYMHBI - BHIPAKEHUE, COCTABIICHHOE U3 TPOU3BEICHU I
CUMBOJIOB OCHOBHBIX (DU3MYECKUX BEIMYMH B PA3JIUYHBIX CTENEHAX W
OTpaXKaroliee CBSI3b JIAHHOW BENMYMHBI € (PU3NYECKUMH BEJTUYHHAMH,



NPUHSITBIMH B JIaHHOM CHCTEME 3a OCHOBHbIE C KO3(hPUIeHTOM
IIPOIIOPITUOHAIBHOCTH, PaBHBIM 1.

Tabmuna 1 — OcHOBHBIE eTUHUIIBI PU3NUECKUX BETUIHH CUCTEMBI S/

Beanunna Ennnuna
HaumenoBanue O6o3HaueHne HaunmenoBanue O6o3HaueHue
JlnnHa L METp M/m
Macca M KWJIOTpamMMm kr/’kg
Bpewms T CEKYH/JIa c/s
Cuna 31eKTpUUecKOoro Toka 1 aMmrmep A/A
TepmoanHaMuyeckas 2] KeNbBUH K/K
TeMriepatypa KenbBuHa
Cuna csera J KaHJena kin/cd
KonmgectBo BenecTBa N MOJTh MoJIB/mol
[Tnockwii yrou paauan pan/rad
TenecHbIt yroa cTepaguaH cp/sr

B cootBercTBUM ¢ MexayHaponHbiM cTtaHgaptom ISO/IEC 80000
«BenuuuHbl U eguHULBI U3MepeHus» B cucteme CH pazMepHOCTh BeTUYUHBI X

3aIlIUCBhIBACTCA.
dimX=LMT' P& N'.J" (1)

rne L, M, T u T.1. — CHMBOJIBI OCHOBHBIX BEJIMYMH,

a,B,Y,0,6,A,ll — TOKA3aTeISIMU Pa3MEPHOCTH TMPOU3BOJHON (PU3HUUECKON
BEJIMYUHBI X.

YropsimoueHHast 1OCIeA0BaTEILHOCTh 3HAUCHUN (PU3MUYECKON BEJIMYHHBI,
MPUHATAs] 1O COTJAIEHWIO HAa OCHOBAHUU PE3YJbTAaTOB TOYHBIX H3MEPEHHIA,
Ha3pIBaeTcs wKajaoi wu3mepenuit (PMIT 83-2007 - Pexomenpamuu 110
MEXTOCYIapCTBEHHON cranjaptuzauuu «lllkaner wusmepenuid. TepMuHbl U
ompenesieHus»). B COOTBETCTBUU C JIOTMYECKONW CTPYKTYpOW TMPOSIBICHUS
CBOWCTB Pa3JIM4aloT IISITh OCHOBHBIX TUIIOB IIKAJl U3MEPEHUMN :

— IIlkaia HAMMEHOBAHUI - [IKAJIA W3MEPEHUN KAYECTBEHHOTO CBOMCTBA,
XapaKTEPU3YIOIIAsACs TOJIBKO COOTHOUIEHUSMU HKBHUBAJIECHTHOCTU WU
OTJIMYUSIMU NPOSBICHHUI 3TOTO CBOMCTBA.

- Illkasa mopsiaka - mKajJla HU3MEPEHUM KOJIMYECTBEHHOIO CBOMCTBA
(BETMYUHBI), XapaKTePU3YIOIIAsiCd COOTHOIICHUSIMA SKBUBAJICHTHOCTU U
nopsiika 1O Bo3pacTaHuio (YyOBIBAaHMIO) pAa3jIMYHbIX MPOSBICHUMN
CBOMCTBA.




— Illkajia MHTEPBAJIOB- IIKaja WU3MEPEHUN KOJWYECTBEHHOIO CBOMCTBA
(BEJIMUMHBI), XAPAKTEPU3YIOLIASACS COOTHOLICHUSIMU S3KBUBAJIEHTHOCTH,
MOPSIZIKa, CYMMUPOBaHNs HHTEPBAJIOB Pa3JIMYHBIX IPOSBIICHUN CBOMCTBA.

— Illkasa OTHOWIEHWH - IIKajga W3MEPEHUM KOJIMYECTBEHHOIO CBOMCTBA
(BEJIMYMHBI), XAPAKTEPU3YIOLIAsACS COOTHOLICHUSMHU 3KBHUBAJIEHTHOCTH,
MopsiiIKa, MPONOPLUHUOHATBHOCTH (JOMYyCKAIOIIMMH B PsAE CIIy4aeB
OTepalnio CYMMUPOBAHUS ) pa3IMYHbIX MIPOSIBICHUN CBOMCTRA.

— IlIkana adcoII0THAS - 1IKaJIa OTHOIICHUH Oe3pa3MepHON BEIIMUUHBI.

2.2 U3mepenusi, MeTOABI U MOTPEIIHOCTH U3MepeHUi

N3mepenue ¢Gu3nyeckoil BEJIUYHMHBI — COBOKYITHOCTH OMNEpamuil 1o
MPUMECHCHUIO TEXHUYECKOr0 CPEACTBA, XPAHSIIET0 €IUHUIYY (U3UUECKOM
BEJIMYMHBI, OOCCIECYMBAIOIINX HAXO0XJICHUE COOTHOIICHUS (B SIBHOM WIH
HESIBHOM BHJIC) U3MEPSEMON BEJIMYMHBI C €€ CAMHUIICH U TOJTYyUYCHHE 3HAYCHUSI
3TOM BEJIMYUHBI.

B mMetposiorun usMepeHus IpHHATO KIACCUPUIIMPOBATH MO Pa3TMYHBIM
npusHakam [2,4,5]. Kimaccuduxaiiys n3mMepeHuil mpeacTaBieHa Ha pUucyHke 3.

[IpsimMble U3MEpeHUs SIBISIOTCS OCHOBOWM 0o0Jiee CIIOKHBIX (KOCBEHHBIX,
COBOKYMHBIX, COBMECTHBIX) H3MEPEHMH ¥  TO3TOMY  IeJecoo0pa3Ho
paccMaTpuBaTh METOJIbI IPSIMBIX U3MEPEHUI: METO HEMOCPEACTBEHHOU OLIEHKHU
¥ METOJ CpaBHEHUS ¢ mepoit [1,3,4].
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Pucynoxk 3 - Knaccudukanus nzmepenuit



Ilo 3aBHCHMMOCTHM H3MEPAEMOM BEIWYMHBI OT BPEMEHHU HM3MEPECHUSA
MOAPA3JCISIOTCS HA CTAaTUYECKUE, IPU KOTOPBIX H3MEpsieMas BEJIMYMHA
OCTaeTCs MOCTOSHHOW BO BPEMEHH B MPOLECCE U3MEPEHHS], U HA TUHAMUYECKHE,
MIPU KOTOPBIX U3MEpPsieMasi BETMYNHA U3MEHSAETCS B MIPOLIECCE U3MEPEHUS.

Knaccudukanus 1o CHOXKUBIIUMCS COBOKYIHOCTSIM — H3MEPSIEMBIX
BEJIMYMUH SBISETCS B OOJNbIIEH CTEMEeHH YCIOBHOM, OJHAKO, IIMPOKO
IIPUMEHSIETCSA B U3MEPUTEIIBHOW TEXHUKE.

[Io  Tperbemy  KiaccU(UKAIMOHHOMY  TPHU3HAKY  H3MEPEHHS
MOAPA3JACIAIOTCA Ha TpU Kiacca. M3MepeHHMss MakCHMMalbHO BO3MOXHOM
TOYHOCTH — 3TO HM3MEPEHHs], CBA3AHHBIE C CO3JAHUEM W BOCIPOU3BEICHHEM
ATAJOHOB, A TAKXE C M3MEPEHHEM YHUBEPCAIBHBIX KOHCTAaHT. KOHTpOJBHO-
ITIOBEPOYHBIE U3MEPEHUS — OTO U3MEPEHUS NOTPELIHOCTH, KOTOPBIX HE JOJIKHBI
IIPEBBIIIATh 33JaHHOIO 3HA4YeHHs. TEeXHHYECKHE HU3MEpPEHHs — U3MEPEHUS, B
KOTOPBIX IOTPELIHOCTh PE3YJbTaTa ONPEACIACTCS XapaKTEPUCTUKAMU CPEICTB
U3MEPEHUS.

YerBepThIM NPU3HAKOM CIIY>KUT YHMCJIO W3MEPEHHM, BBINOJHIEMbBIX IS
MOJIy4eHUS pe3yJibTara (C OJJHOKPATHBIM U MHOTOKPATHBIM HAOJIIOICHUEM ).

3HauC€HHE BEJIIMYUHBI IOJIY4YalOT B PE3yJNbTaTe €€ HU3MEPECHHS WU
BBIYMCIICHUS B COOTBETCTBUU C OCHOBHbIM YPABHEHUEM UMEPEHU.

Q =X[0], 2)
rae () — 3HauYCHUE BEIUYHUHBI;
X— 4MCI0BOE 3HAYECHHUE U3MEPSEMOM BEIIMYMHBI B IPUHATON €IMHUIIC,
[QO] —BbIOpaHHas I U3MEPEHHUSI €IUHUIIA.
B mpocreiimiem cimydae Mojaens HW3MEpPEHHS MOXET OBITh OMHCaHa
(GyHKIMOHATBLHOM 3aBUCHMOCTBIO M3MEHEHUs1 BbixogHoTo curHana CHU y Ot
M3MEHEHHS BXOJIHOTO CUTHAJIA X, KaK ) = f(X).

[To cnocoOy moiyueHus pe3yibTaTa H3MEpPEHUs MOAPA3ACIAIOTCS Ha
IPSAMBIE, KOCBEHHBIE, COBOKYIITHBIEC U COBMECTHBIE.

HauGosiee yacto UCHoyIb3yrOTCSl npsiMble U3MEPEHHUSI, COCTOSIIUE B TOM,
YTO HCKOMOE 3HAYEHUE U3MEPSAEMOM BEJIWYMHBI HAXOAAT U3 ONBITHBIX JAaHHBIX
MyTEM HSKCIIEPUMEHTAJIBbHOIO CPAaBHEHUS (HEMNOCPEACTBEHHO MO  IIKaJe
pudopa). YpaBHEHHE TPSIMOTO U3MEPCHUS

y=X 3)

rae X — nmoxkaszanue nmpuoopa.

Koceennvim n3mMepeHnemM Ha3bIBACTCS OMpeeIEHUE MCKOMOW BEITMYUHBI
Ha OCHOBaHWY MU3BECTHOU 3aBUCHMOCTH MEXIY dTOW BETMUYMHON U BETUIMHAMH,
HaWJIEHHBIMH TIPSIMBIMUA U3MEPEHUSAMU. Y paBHEHHUE KOCBEHHOTO U3MEPCHHUS

Y=f(x,X%y,0rX,) 4)

rac xj; X ..., Xp- PE3YJbTAThl IPAMBIX H3M€p€HHI>'I BCJIMYHWH, CBiA3aHHBIX



U3BECTHOM (DYHKLIMOHAIBHON 3aBUCUMOCTBIO f C HCKOMBIM 3HAuY€HUEM
U3MEPSIEMON BEJIMYUHBI ¥

Co6okynHvie W3MEpPEHUs - OJHOBPEMEHHBIE M3MEPEHHUS HECKOJIBKUX
OJIHOMMEHHBIX BEJIMYMH, IPU KOTOPBIX MCKOMOE 3HA4CHHE H3MEPIEMOU
BEJIMYMHBI HAXOIAT PELICHUEM CUCTEMBI YPaBHEHUH, TI0Jy4a€MbIX B PE3YNIbTATE
IPSAMBIX U3MEPEHUM PA3JIMYHBIX COUCTAHUM ITUX BEJIUYMH.

Cosmecmubimu ™ Ha3bIBAIOTCS MPOU3BOJUMBIE OJTHOBPEMEHHO (IIPSIMbIE U
KOCBEHHbIE) HM3MEpPEHHUs JBYX WM HECKOJBKUX PpPa3HOUMEHHBIX BEJIMYMH.
Lenpro 3 THX U3MEpEeHUil SBISETCS HAX0XKIeHUE (HYHKIIMOHATBLHOU CBSI3U MEXKITY
BEJINYNHAMM.

YpaBHEHNE COBOKYITHBIX U COBMECTHBIX U3MEPEHNN:

F(X, X0 X, Y, Y00 Yk Ky s Ky, ) =0
E (X, X0 X, Y0 Yy Ky e Ky ) =0
F(X, X, XYY, ko ko nk, )=0 (5)
F (X, X, X, Y, Y, 0 Y kK ek, ) =0

rne X1, X, ..., X, — BEIIMUMHBI, 3HAYEHUS KOTOPBIX ONPEACIIAIOT IIyTEM MPAMBIX
U3MEpEHUH,
Y., Y>,..., Y — HCKOMBIE BETMYUHBI (OHOMMEHHEBIE M PA3HOUMEHHBIE ),
kij—13BeCTHBIE KOYPPUITUEHTHI.

2.2.2 Knaccuukanusi MeTOI0B U3MepPeHnH

[Tpunuun n3mepennii — puznueckoe siBjaeHue nin 3PQPexT, MoaoKeHHOE B
OCHOBY U3MEPECHUM.

Meton u3MepeHuil — MpUeM WIA COBOKYIHOCTb NPUEMOB CpPABHEHUS
u3MepsieMond (PU3NYECKOl BEIMYMHBI C €€ EIUHUIIEH B COOTBETCTBUHU C
peann30BaHHbBIM IIPUHLIUIIOM U3MEPEHH.

Meton wu3MepeHuid OOBIYHO  OOYCJIOBJIEH  YCTPOMCTBOM  CpEJICTB
u3MepeHuil. Paszinuaror ciieayronme MeTo/bl M3MEPEHH: HEMOCPEICTBEHHON
OLICHKM W CpaBHEHUs C Mepoil (HyJeBoH, auddepeHuuanbHbId, 3aMelieHus,
COBIIAJICHUS U T.1.) [2-5].

[IpsiMble U3MeEpeHUs SIBISIOTCS OCHOBOWM 0oJiee CIOXKHBIX (KOCBEHHBIX,
COBOKYMHBIX, COBMECTHBIX) H3MEPEHMH M  MO3TOMY  LEIEcCO00pa3HO
pPaccMOTPETh METOJIBI MPSMBIX U3MEPEHUH.

C yueTromM TOro, 4ro METOJ H3MEPEHHUIl MPEACTaBISET COBOKYIHOCTh
IIPUEMOB HCIIOJIb30BAaHUs MPHUHIMIIOB M CPEACTB U3MEPEHUMN, Pa3IMyaroT JiBa
METO/a W3MEPEHUI: METOJl HEMOCPEICTBEHHON OLIEHKHM M METOJ CPABHEHUS C
Mepoil (Mepa-CpeCTBO M3MEPEHUH, MpEAHA3HAYEHHOE JIJIsl BOCIPOM3BENCHHUS
(bu3nyecKoil BeMWYMHBI 33J]JaHHOTO pa3Mepa).

KnaccudukaupmoHHBIM MPU3HAKOM B TaKOM pa3lelieHUU SIBISETCS



HaJW4Me WIA OTCYTCTBUE NPHU U3MEPEHUAX MEPBI.

Memoo HenocpedcmeenHolU oOyeHKU — METOA HU3MEPECHHM, B KOTOPOM
3HAQYEHUE BEJIIMYMHBI ONPEACISIOT HEMOCPEACTBEHHO IO  OTCYETHOMY
YCTPONCTBY U3MEPUTENHHOTO MpUOOpa.

Memoo cpasHnenusi ¢ mepoii — METO, U3MEPEHUS, B KOTOPOM U3MEPAEMYIO
BEJIMYMHY CpPAaBHUBAIOT C BEJIWYMHOW, BOCIPOM3BOAMMOW Mepou. B
3aBUCHUMOCTH OT HAJIMYMS WM OTCYTCTBHMS IIPU CPABHEHMM PA3HOCTH MEKIY
W3MEpPSIEMOM  BEJIIMYMHOM W BEJIWYHMHOM, BOCHPOM3BOJAMUMOM  MEPOH,
NOJIpa3/IeNAIOT Ha HyJIeBOH U qud dhepeHInambHbIN.

Hugpepenyuanvuviti memoo XapakTepuU3yeTCsi U3MEPEHUEM pPa3HOCTU
MEKJy U3MEPSEMON BEIMYMHOM M W3BECTHOM BEIMYMHOM, BOCIPOU3BOAMMOMU
Mepor. MeTon MO3BOJISIET MOJYYUTh PE3YIbTAT BBICOKOW TOYHOCTH IPH
MCIOJIb30BaHNU OTHOCUTENILHO IPYOBIX CPEACTB U3MEPEHUH.

Hynesoti memoo - ananornueH nuddepeHnranTbHOMy, HO Pa3HOCTh
MEXKAY U3MEPSIEMOU BEIIMYUHON U MEPOU CBOAUTCS K HYJIIO.

2.2.3 IlorpemrHOCTH M3MepPEeHUI

3HaHue Kiaccu(PUKalMd METOJOB ITO3BOJISICT BBIOpATh TOT WM WHOM
METOJI IIJI1 ONTHUMAJIbHOTO PENICHHUS W3MEpPUTENIbHOM 3amaun. Ho maxe ecnum
MPaBUJIBHO BBHIOpaH METO/ U3MEPEHUM M IKCIEPUMEHT MPOBEACH C MOMOIIBIO
TOYHOTI'O CpPEACTBA M3MEPEHHUs, UCTUHHOE 3HAYCHUE HU3MEPSIEMON BEIWYMHBI
MOJYyYeHO He OyJeT, TaK KakK KaXJbli pe3yJbTaT COJSPKHUT KaKue-HUOYIb
MOTPEIIHOCTU U3MepeHus. JJis Toro 4To0bl ONpeIeTUTh UX BUJI U UCTIOJIB30BATh
BBIPAOOTaHHBIE METPOJOTHEH MPHUEMbI UX HCIIOIH30BaHUSA, HEOOXOAUMO 3HATh
KJIaCCU(PUKAIIUIO TTOTPETIHOCTEN N3MEPEHUH.

[TorpemHOCTH  W3MEPEHHUM  NOPUHATO  JIEJIUT HA JBE  TPYIIIBL
CUCTEMATUYECKUE U CITyYalHbIE.

Cucmemamuueckas nocpewHocms — 3TO COCTABJISAIONIAA MOTPEIIHOCTH
M3MEPEHUs, OCTAIOMIASICA MOCTOSTHHOW WJIM 3aKOHOMEPHO W3MEHSIIOIIASCA TPU
IMOBTOPHBIX U3MEPEHUSX OJTHOU U TOU K€ BEIIMUUHBI.

CrnyyatiHas nocpeuHocms — 3TO COCTAaBJISIIOIIAST MOTPEUTHOCTH
M3MEPEHHUS, M3MCHSIOMASICS CIIyIaifHbIM 00pa30M IIPH MMOBTOPHBIX M3MEPEHUSIX
OJHOU U TOU K€ BEJIMYUHEIL.

CucTeMaTHYeCKHe TOTPEIIHOCTH MPUHATO KIACCU(PHUIIMPOBATH MO JIBYM
MIPU3HAKAM:

- 10 IPUYMHE BOZHUKHOBEHHS - MOTPEIIHOCTh METOAA, MHCTPYMEHTAJIbHASA
MOTPENTHOCTh, MOTPEIIHOCTh YCTAHOBKH, MOTPEIIHOCTh OT BIHUSIOIINX
BEJIMUMH, CYOBEKTUBHAS MOTPEITHOCTH;

- 10 XapaKTePy NPOSIBIICHUS — TOCTOSIHHAS U IEPEMEHHASI TOTPEITHOCTb.
Mertonudeckue,  JIUYHBIC, HUHCTPYMEHTAJIbHBICE  CUCTEMATUUYECKHE

MOTPEIIHOCTHU JIETUe ONPEeTUTh, 4YeM ciydaiiHbie. Ho B OOJIBIIMHCTBE Ciy4yaen

B pe3yJbTaT U3MEPEHUSI BCE-TAKU BXOASAT HE HCKIIOYEHHBIE OCTATKH

CHUCTEMATUYECKUX TOTPENTHOCTEH, KOTOPBIMA HeNb3sl TpeHeOpeds. [lpwm



U3MEpPEHUsIX B Cllydyae IPUCYTCTBUS B pe3ysbTaTeé TaKUX IOIPELIHOCTEN
HEOOXOUMO BbISIBUTh, YUECTb UJIM UCKIIFOUUTD U3 PE3YJIbTaTa U3MEPEHUSI.

CucremaTndeckasl MOTPEIIHOCTh IPEICTABISIET COOOW OIpeneIeHHYIO
(GYHKIMIO BIUSIOMIMX BEIUYMH, COCTaB KOTOPBIX 3aBUCUT OT (PHU3MUECKHUX,
KOHCTPYKTHUBHBIX U TEXHOJOTHYECKUX OCOOEHHOCTEH CpelcTB U3MEpEHUH,
YCIIOBUHM X MPUMEHEHUS, a TAKKE WHANBUAYAIbHBIX KaueCTB HAOII0OJaTels.

CryyaiiHple MOTPEIIHOCTH TOAPA3ACTSAIOTCA Ha OXHJIaeMble, TpyOble U
IPOMaxH.

B GonpmmmHCTBE Cly4aeB HCTHUHHOE 3HAUYE€HUE M3MEPSIeMOU BEIHYHHBI
MOJly4yaloT B pe3yJbTaTeé MHOTOKPAaTHBIX HW3MEPEHUH U MOCIeAYIoLIei
00paboTKU 3THUX Pe3yabTaToOB. PaccemBaHMe Pe3ynbTaTOB W3MEPEHUN JOJKHO
OTBEYaTh OIpPEACNEHHOW 3aKOHOMEPHOCTH. B 3TOoM ciydyae mnosBisiercs
BO3MOKHOCTbh HCIOJb30BaHUsI MATEeMAaTHUYECKOTO ammapaTta, MOHATUH TEOpHUH
BEPOATHOCTEN AJ11 0OpabOTKU PE3yNbTaTOB U3MEPEHUI U KaK UTOT, MOJyuYeHUE
JNENCTBUTENILHOTO 3HAYEHUS U3MEPSEMOil BEIMYNHBI.

CriyyailHble TOTPEIIHOCTH HEJb3sl HUCKIIOYUTH TOJHOCTBIO, HO UX
BJIMSTHUE MOKHO OBITh YMEHBIICHO IyTeM 00pabOTKH pe3ysIbTaTOB U3MEPEHUMN.
Jist 3TOr0 NOJKHBI OBITH HW3BECTHBI BEPOSTHOCTHBIE M CTATUCTHYECKHE
XapaKTepUCTUKH  (3aKOH  paclpeleseHus, MaTeMaTH4ecKoe  OXHIaHHe,
CpeAHEKBaIpaTUYecKoe  OTKJIOHEHHWE, JOBEpUTEIbHAas  BEPOSTHOCTh U
JIOBEpUTENbHBIA WHTEepBan). YacTto A TpeaBapUTEIbHOW OIEHKM 3aKOHA
pacrnpeneneHus UCTIONB3YIOT OTHOCHUTEJIbHYIO BEIIUYNHY
CPEIHEKBAIPATUUECKOTO OTKIOHCHUS — KO3(DPUITMCHT BapUaIliH:

v=o_/X. (6)
Iie Oy - CPEAHEKBAAPATUYECKOE OTKIOHEHUE PE3YJIbTaTOB U3MEPEHUS,
X - HICTUHHOE 3HAUYE€HUE U3MEPSIEMO BETMYHHBI.

2.3 CpeacrBa u3MepeHNH U UX XaPAKTePUCTUKH
2.3.1. Kinaccuukanus cpeacTs u3MepeHum

Cpeocmeo uszmepenuss - TEXHUYECKOE CPEIICTBO, NPUMEHAEMOE IIpU
U3MEPEHUSAX U UMEIOIIEEC HOPMHUPOBAHHBIE METPOJIOTUUECKHUE XaPAKTEPUCTUKHU.

Ycenex W3MEpeHHuil 3aBUCHAT OT TPAMOTHOTO HCHOJIB30BAaHUS CPENCTB
W3MEpPEHUH, OT 3HAHUU UX CBOUCTB.

B mepByro ouepenp HeE0OXOAMMO 3HATh KIAcCU(PHUKAIUIO CPEACTB
M3MEPEHUN, KX METPOJIOTUYECKUE XapaKTEPUCTUKHU, NOTPEIIHOCTH CPEJCTB
M3MEPEHUM U MPUYMHBI UX MOPOXKTAIOIINE. YKE M0 0003HAUYECHHSIM Ha IIIKaje
npubopa MOXKHO ONPEACNIUTh, C KAKOW MOrPEIIHOCTHI0O MOKET MOJYy4YUThCS
pe3yJbTaT, HO JIJIsi OTOTO HAJI0 3HATH (DOPMBI MPEICTABICHUS METPOJIOTMUECKUX
XapaKTEPUCTHUK.

Mertposornyeckass CyLIHOCTb CPEACTB H3MEPEHUM 3aKJIKOYaeTCs B



YMEHUU XPaHUTh (UJIM BOCIIPOU3BOJUTH) CAMHUILY (PU3HUECKON BEJIMYUHBI U B
HEHW3MEHHOCTH pa3Mepa XpaHUMOM eIMHULIbI BO BpeMeHu. CpesicTBO U3MepeHui
ABIIIETCS 00OOIMIEHHBIM TOHITHEM, OOBEAMHSIONIMM CaMble pa3HOOOpa3HbIC
KOHCTPYKTHBHO 3aKOHYEHHBIC YCTPOWCTBA, KOTOpPHIE pEaln3yloT OJHY U3
GyHKIUI:

)

2)

3)

4)

S)

BOCIIPOU3BOJIAT BETUUYUHY 33JaHHOTO (M3BECTHOTO) pa3Mepa;
BbIpa0aTHIBAIOT CUTHAM (ITOKa3aHKE), HECYIIMH WH(OPMAIIUIO O 3HAUCHUHU
u3mepsieMord BenuuuHbl. [lokazanus CH  n1ubo0 HemocpeacTBEHHO
BOCIIPUHUMAIOTCSA HAOIIOAaTeNneM, MO0 OHU HEJOCTYIHBI BOCHPHUSITHIO
YEJIOBEKOM UM MCMOJB3YITCS sl mpeoOpazoBanus apyrumu CH.
Knaccudukauus cpeacTB U3BMEpEHU MPEACTABICHA HIXKE:

10 POJIM B CUCTEME 00eCIIeYeH sl €IUHCTBA U3MEPEHUI:

a) METPOJIOTUYECKHUE;

0) pabouue;

110 YPOBHIO aBTOMAaTH3aL1H:

a) HEAaBTOMATHUYECKUE;

0) aBTOMATHU3HWPOBAHHBIC

B)  aBTOMAaTHYECKUE

0 YPOBHIO CTaHJIApTH3ALIUN:

a) CTaHAapTU30BAHHbIE;

0)  He CTaHJAapTU30BAHHBIC;

10 OTHOIICHUIO K U3MepsieMOi (PU3NYECKON BETUYMHE:

a)  OCHOBHBIE;

0)  BCHOMOTATEJIbHBIC,

1o (PyHKIIMOHAIBHOMY Ha3HAYEHUIO:

a) 3TaJIOHBIL;

0)  Mepsl

B)  H3MEpUTEIbHBIC TPUOOPHI;

r) U3MEPUTEITLHBIE TIPE0O0Pa30BATEIH;

)  HU3MEpUTEIbHBbIC yCTAaHOBKH;

€)  U3MEpPUTEIIbHBIE CHCTEMBI;.

['TaBHBIMM METPOJIOTUYECKUMU OIEpALUsIMU IO 00ECIICUEHUIO E€IUHCTBA

W3MEpPEHUI SIBIAIOTCS BOCHPOM3BEJCHHUE, ITIepefada pasMepa U XpaHECHHE
€JIMHUL] U3MEPEHUM.

Bocnpouseedenue eounuuyvbt  uzuueckou - eeauUUUHBI —  ITO
COBOKYITHOCTh OII€palyii MO MaTepHalM3alii EIUHUIBI (PU3NIECKOM
Bemmundbl  (PB) ¢ HAWBBICIIE  TOYHOCTBIO  TOCPEICTBOM
rOCYJIapCTBEHHOTO  JTajoHa WM MCXOoJgHOro obpasumoBoro CH.
Pasznuyaror Bocripon3BeIeHMEe OCHOBHOM U IPOU3BOIHOMN €IUHUII.
Bocnpou3eeoenue ocno6énoii eOuHuyblt — ITO BOCIHPOU3BENCHHUE
EAVHUIBI TIyTeM Cco3daHus (UKCHpOBaHHONW 1o pasmepy DB B
COOTBETCTBUM C ONpEACIeHUEM eauHuIlbl. OHO OCYHIECTBIAETCS C
MOMOILBIO TOCYAAPCTBEHHBIX ITEPBUYHBIX 3TAJTOHOB.

Bocnpou3zeedenue npouzeoonoii eounuybl — OTO ONpPEACICHUE



3HaueHuss OB B yKa3aHHBIX €IMHULAX HAa OCHOBAaHUHM KOCBEHHBIX
M3MEPEHUM JIPYTUX BEJIUYHH, (YHKIIMOHAIBHO CBSI3aHHBIX C U3MEPSEMON.
Tak, Bocripou3BeieHUE €IUHUIBI CUIIBI — HBbIOTOHA — OCYIIECTBIISETCS
Ha OCHOBAaHWU M3BECTHOTO YPAaBHEHHS MEXaHUKHU F'=mg, TIie m — macca;
g — YCKOpEHHE CBOOOIHOTO MaJCHUS.

Ilepeoaua pazmepa edunuybt — 3TO NIPUBEIACHUE pa3MepPa €AUHHULIBI,
XpPaHUMOM TMOBEPSIEMBIM CPEJICTBOM M3MEPEHUH, K pa3Mepy €IUHHUIIbI,
BOCITPOM3BOAMMON WM XPaHMMOW OJTATIOHOM, OCYHIECTBISIEMOE IPHU
noBepke uin kanuOpoBke. Pazmep enuuuiibl nepenaercs "cBepxy BHU3"
— ot 6osiee TouHbix CU Kk MeHee TOUHBIM.

2.3.2 IlorpemHOCTH CPEACTB U3MePeHHuil

loepewnocmo (unu owubra) usmepenuss — OTKIOHCHHE pe3yibTaTa

HU3MCPCHUS OT UCTUHHOI'O 3HAYCHUS HBMCpHCMOﬁ BCJINYHUHBI.

NHcTpyMeHTaIbHAS  MOTPEIIHOCTh  (MIOTPEIIHOCTh  U3MEPHUTEIbHBIX

YCTPOMCTB) UMEET ONpEEsIollee 3HaYeHUE JJ1s1 HauboJiee pacpoCTPAHEHHBIX
TEXHUYECKUX U3MEPEHUM.

Ha pucynke 3.2 mpuBeneHa kiaccuduKamus MOTPEHTHOCTEH CPEACTB

U3MEPEHUN.

[TorperHocTy cpeacTB U3MEPEHUH
Ort ycnoBwuit Ot pexuma Ot dopmsr Ot 3HaueHUsS
npumenenus CU npumenenus CU NPEACTABIICHUS U3MEPSeMOH BETHUIHBI
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Pucynok 3.2- Knaccudukaiys norpeHocTe CpeIcTB U3MEpeHU N

B 3aBuUCMMOCTH OT YCIIOBUM NPUMEHEHUS U3MEPUTEIBHBIX YCTPOWCTB

pas3iM4arOT OCHOBHYIO M JIOTIOJIHUTCIIbHYIO ITOTPCIIHOCTH.

OcHnognou — Ha3biBatoT norpemHocTs CH nmpu HCHOJIb30BAaHUM €r0 B

HOPMAJIBHBIX YCIOBHUSAX. HOpMaslbHBIMU HA3bIBAIOTCS YCIIOBUS, MPU KOTOPBIX
BIIMSIFOIIME BEIUYMHBI MMEIOT HOMHUHAJIbHBIE 3HAYEHUS WJIM HAXOJATCA B
npeeaax HOpMaJIbHOW 00JIaCTH 3HAYCHHIA.



Lononnumenvhou noepewnocmoio CH ~ Ha3bIBalOT H3MEHEHUE €TI0
MOTPEITHOCTH, BHI3BAHHOW OTKIIOHEHHUEM OJHOW M3 BJIMSIIOUIMX BEJIUYHMH OT €€
HOPMATUBHOTO 3HAYEHUS WJIM BBIXOJIOM €€ 3a Mpeaeiabl HOpMaJIbHON 00JacTH
3HaueHUN. B 3aBHCHUMOCTH OT pekuMa MPUMEHEHHS Pa3InualoT CMamuyecKyo
U ounamuyeckyio norpermHoct CH.

Abcontomnoii nocpewnocmoro CU1 AX Ha3bIBaIOT Pa3HOCTh MOKa3aHHIA
npubopa X, W HCTUHHOTO (IEHCTBUTEIBHOTO) X, 3HAUCHUS H3MEPSEMOU
BEITNINHBI:

AX =|X, - X,). (7)

Omuocumenvholl nocpewHocmvlo Ha3bIBAIOT OTHOIIEHUWE a0COIIOTHOU
norpemwiHocTt CH K 1elCTBUTENBHOMY 3HAUEHUIO H3MEPSEMOU BEJIMYUHBI.
OTHOCHUTEIIBHYIO MTOTPEITHOCTh OOBIYHO BHIPAKAIOT B MPOIEHTAX

ax = 2% 1009 . (8)
X

0

Ilpusedennoii nocpewtnocmvlo Ha3bIBAIOT OTHOLIEHHE aOCOJIOTHOU
norpemHocTh  CHM  k  HOpMupyroniemy 3HadeHHIO Xn. IIpuBeneHHyro
IIOIPEIIHOCTD TAKXKE BBIPAXKAIOT B IIPOLICHTAX:

yxz}ﬂ-lom. (9)

N

B kauecTBe HOPMUPYIONIErO 3HAYEHUS HUCIIOIB3YETCS BEPXHUM Mpeesn
U3MEpeHu (ecau HyJieBass OTMETKa HaXOJUTCS Ha Kparo IIKalbl), JUana3oH
W3MEpPEHUH U JIp.

[nsa  paccmorpenust 3aBucumoctd norpemHoctd CHM ot 3HaueHus
U3MEPSIEMON BEJIIMYUHBI YAOOHO HCIOJB30BaTh IOHATHE HOMUHAIBHON W
peanbHOM (PYHKIINU PeoOpa3oBaHusI U3MEPUTEIHLHOTO YCTPOMCTBRA.

Homunanvnou ¢ynxyueti npeobpazosarnus Ha3bIBAIOT QYHKIHNIO, KOTOPast
MPUIIMCAHA W3MEPUTEIIBHOMY YCTPOMCTBY [IaHHOTO THIIA, YyKa3aHa B €ro
MacIoOPTE U UCIIOJIB3YETCS IIPU BBITIOJIHEHUU C €TI0 IOMOIIBIO U3MEPEHUI.

Peanvnou gynkyueti npeobpazosanus Ha3pIBAOT Ty QYHKIHUIO, KOTOPOM
00J1ajlaeT KOHKPETHBIN FK3EMILUIAP U3MEPUTEILHOTO YCTPOICTBA.

N3-3a HecoBEPIIEHCTBA KOHCTPYKUUH K TEXHOJOTHMH W3TOTOBJIEHUA
peanbHass  (GyHKUMS ~ NpeoOpa3oBaHUS  OTIAMYAETCS OT  HOMHUHAJIbHOW.
OTKJIOHEHUST peanbHOM (YHKIMM OT HOMHUHAJIBLHOW Pa3IMUHbl U 3aBUCIT OT
3HaueHusi wusMepsiemor. [lo 3ToMy TpU3HAKY pa3IMYarOT TOTPEIIHOCTH
aJIMTUBHYI0, MYJIbTUIUIMKATUBHYIO, JMHEHMHOCTH U THUCTepe3nca (PUCYHOK

3.3).
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PrcyHoKk 4 - 3aBUCIMOCTB TIOTPEIITHOCTH OT U3MEPSEMOU BEITHIHHEI:
Yn — fu(X) — Homunanvnas ynxyua npeobpazosanus (usmepeHus);
Yp — fp(X) — peanvuas ¢pynxyusa npeobpazosanus (usmepenus)

Aooumusnas noepewHocms uau noepeuHocms Hyas (pucyHok 4, a)— 3To
MOTPEITHOCTh, KOTOPasi OCTAETCS MMOCTOSHHOM MPHU BCEX 3HAUCHUSIX U3MEPSIEMOMN
BEJTMYMHBI.

MynemuniukamueHas NO2PEUHOCND unu NOCPEeUHOCMb
yyecmeumenbHocmu (pUCyHOK 4, 6) — TMOTrPElIHOCTb, KOTOpas JUHEHHO
BO3pacTaeT (Win yObIBaeT) C YBEJIMYECHUEM U3MEPIEMON BEIMYUHBI.

lloepewnocmoio nunetinocmu (PUCYHOK 4, 6)— Ha3bIBAIOT HECOBIAJICHUE
HOMUHAJIBHOM W  peasibHOM  (yHKUM  1peoOpa3oBaHMs,  BbI3BAHHOE
HEJIMHEHHBIMU 3P PeKTamu.

lloepewnocmy  eucmepesuca uau nocpeutHocms  0OpPAMHO20  X00a
(pucyHok 4, 2) — HECOBIIaJEHUE HOMHMHAJIBHOW M pealbHOM (DyHKIIMIA
npeoOpa3oBaHus TpPH TPSIMOM W OOpaTHOM XoOJe, T.€. MPHU IOCTETICHHOM
YBEJIMYECHUH U MIOCTEIIEHHOM YMEHBIIICHUH U3MEPSEeMOl BETUIHHBI.

2.3.3 Bb100p cpeacTB u3mMepeHui

[Ipu BBIOOpPE CpenCTB  HW3MEPEHUH  YUUTHIBAIOT  COBOKYITHOCTh
METPOJIOTHYECKUX (1I€HA JEJEeHUS, MOTPENIHOCTh, MPEAETbl U3MEPEHUN U [Ip.),
JKCIUTyaTallMOHHBIX M JKOHOMMYECKMX II0Ka3aTesie, K KOTOPbIM OTHOCATCS
CTOMMOCTh U HAJEKHOCTh CH, METOJ HM3MEPEHHUs, BpeMs Ha HACTPOHKY U



MIPOLIECC U3MEPEHUsI, PEKUM padboThl U T.A. TakuM 00pa3oM MOKHO BBIICIHUTH
HECKOJIbKO OCHOBHBIX TOJIO)KEHHI BbIOOpA CH:
— s rapaHTUpPOBAHHOW 3aJJaHHOM WJIA  PACYETHOM  IIOTPEIIHOCTH

MU3MEpPEHUS Oy OTHOCHUTEIbHAS MOTPEIIHOCTh CH O¢y JOHKHA OBITH Ha 25-
30% Hmxe yeM o, (21):

Aew=0,70u ; (10)
— Ecnu u3BecTHA mipuBeeHHAS TTOTPENTHOCTh U3MEPEHUS, TO TIPUBEICHHAS
NOTPENIHOCTD cu (22):

X
Ven =V Y (11)
N
IJIC X U X,— Pe3yJIbTaT U3MEPEHUS 1 HOPMUPOBaHHOE 3HaueHue mikansl CU.
- [Ipu BBIOOpPE CH MO METPOJIOTHYECKUM XapPaKTEPUCTHKAM HEOOXOIMMO

YUYHUTHIBATD:

a) BO3MOXKHOCTh CYIICCTBEHHOI'O OTKJIOHCHHUsI M3MEPSIEMOr0 Iapamerpa
3a MpeJeibl JOMmycKa, T.¢. IIpeenbl MKaabl CH JOUKHBI IIPEBHIIIATH
JMAana30H paccessHus 3HAYCHUH mapaMeTpa;

0) 1eHa JeNeHUs IIKANbl JIOJDKHA BBIOMPAThCS C YYETOM 3aJaHHOMN
TOYHOCTH U3MEPCHHUS;

B) TIOCKOJBKY  KAQueCTBO  HW3MEPEHHS  ONpEACTSICTCS  BEIMYHHOU
OTHOCHUTEJIBHOW MOTPEITHOCTH, TO OTHOCHTEIbHAS IOTPEHIHOCTh B
npeaenax pabodyero ydvacTka IIKadbl CH HE JOJDKHA IPEBBINIATH
NPUBEICHHYIO TOTPEITHOCTH OoJiee ueM B 3 pasa;

r) IleHa JeJIeHHs], YYHWTHIBAIONIass BapualMio, JOJPKHA OBbITh paBHA
YJIBOCHHOMY 3HAYEHHIO MTPUBEACHHOMN MTOTPEITHOCTH C=2Y.

2.4HopMupoBaHue MeTPOJIOTHYECKHUX XAPAKTEePUCTHK CPeACTB
U3MepeHui

Bce paccMOTpeHHBIE BbIIIE XapaKTEPUCTUKNA U3MEPUTENBHBIX YCTPOUCTB,
IIPUHATO HA3bIBATb MEmpOoJ02UYecKUMU, TaK KaK OHHU BIIMSIOT HAa TOYHOCTH
OCYILECTBIISIEMBIX C IIOMOILBIO ATUX YCTPOMCTB U3MEPEHUM.

[IocpencTBOM  HOPMHUPOBAHMS ~ METPOJIOTMYECKUX  XAPAKTEPUCTUK
o0OecrieuynBaeTcsl B3aMMO3AMEHSIEMOCTh CpPEICTB U3MEPEHHUH U  E€AMHCTBO
n3MepeHnil. PeanpHble 3HAa4eHMS METPOJOTMYECKHUX Xapakrepuctuk CU
ONPENEIIAIOTCA IIPU UX U3TOTOBJICHUH, & 3aT€M IIEPUOAUYECKH IIPOBEPSIOTCS B
npouecce 3KcIuryaTanuu. OnpeneneHHyo crneupuKky UMeeT HOPMUpPOBaHUE
OCHOBHOM U JIOTIOJIHUTEJIBHOW MOTPEITHOCTH.

2.4.1 HopMupoBaHue OCHOBHOM NMOTPENIHOCTH

OcHOBHAasl MOTPENIHOCTh YCTPOMCTBA HOPMUPYETCS MyTEM YCTAaHOBJICHUS
npezena adCoNMOTHOM, OTHOCUTENBHONW M IPUBEACHHON norpemHocteil. Crnocoo



3alaHusl IPEAEIIOB JOIycKaeMou OoCHOBHOW morpemHoctn CH onpenensiercs
3aBUCHUMOCTBIO HUX IIOIPEIIHOCTH OT 3HAYEHUS M3MEPSEMON BEJIMYUHBI U
TpeOOBAHUSIMU TIPOCTOTHI.

Cornacao I'OCT 8.401-80 mns ykazaHus HOPMHUPOBAHHBIX IIPEACIOB
JIOMyCKAEMBIX MOTPEHIHOCTEM 3HAYECHHE KIIACCOB TOYHOCTU BBIPAXKAIOTCS B
MpOIIEHTaXx W BbIOMparoTcs U3 psga yucen: (1;1,5;2;2,5:;3;4;5 u 6) x10" , e
n=+1;0;-1;-2;-3 u T.4. C ucrnosib30BaHUEM YHCE YKA3aHHOTO Psijia pa3paboTaHbl
CIEAYIOIINE YCIIOBHBIE 0003HaueHUs KiaccoB TouHocTd CU u HaHOCHMBIE Ha
HHUX 0003HaUYeHus (Tabauia 2).

Tabnuna 2 — @opmylibl MOTPeIHOCTeN U 0003HaUeHUs Ki1accoB TouHOCTH CU1

O0o3HaueHue Kiacca Popma CH,
TOYHOCTH BB a>II)<eHI/IH [Ipenens! nomyckaeMoil OCHOBHOM | PEKOMEHAYEMBIE K
P TIOTPEITHOCTH 0003HaYeHUIO
Ha CU B HT/] MIOIPELIHOCTH
TaKUM CIIocoO0M
N Kiace
1 tounoctu N | AGcosmoTHas Ax)=20,024 Mepsbt
vy 111
Amnanorossie CU,
Kaace eciau XN B
0,1 TOYHOCTH nx)==10,1% N
0.1 eAMHNLIAX
’ BEJIMYHHbI
IIpuBenenunas
puBea OMMeETpHL, eciu
Knace Xn onpenensaeTcs
1,5 TOYHOCTH nx)==x1,5% be,
N L5 JUTMHOM IIKAaJIbI
’ WJIU €€ YacTU
MOoCTBI, CHETUHKH,
Kacc JICITATEITH
TOYHOCTH ox)==x1,5% ;
15 U3MEPUTEITLHBIC
’ TpaHchopMaTopsl
uppossie CU
Kaace Xk 8 Sl)fl“aM/IHBI ’
0,2/0,1 | TouHOCTH ox)==202+0]1 ——-1]||% 9
X eMKOCTeN
0,2/0,1 (compoTHBIICHMI)
OTHOcHuTENbHAS P
=204y 4 X
X = Vs MHoronpeznensHbIe
X A P
Kracc A uA . o U poBkIC
Cumu Il | tounoctu C 0 oo “HIDKHUH W BCPXHIH 4aCTOTOMEPHI,
MOPOTH UyBCTBHTEIBHOCTH, |-
w11 U3MEPUTETIbHBIC
OTHOCHUTETbHAs MOTPELTHOCTb, MOCTLL
OTpaHMYHUBAIONIAS CHU3Y pabouuit
JMana3ox

2.4.2 HopMupoBaHHe J0MOJHUTEJIbHbIX MOTPELIHOCTEN

JlomomHUTENbHBIE TTOIPENTHOCTA TAK)KE HOPMHUPYIOT UX JIOIYCKAEMBIMU
npejejlaMd  — OLEHKaMM TMOTPEIIHOCTEN  cBepXy. [liud  BeimyckaeMbIxX
MPOMBIIUIEHHOCTBIO ~ U3MEPUTENBHBIX  YCTPOHUCTB OOBIYHO  33/Jal0T  JIBE
JIOIIOJIHUTEJIbHBIE TIOTPEIIHOCTU: TEMIIEPATYPHYIO M IOTPELIHOCTh U3-3a
M3MEHEHUU MUTAIOLIEr0 HAIIPSIKEHUSL.

JIONOJIHUTENBHYIO TEMIIEPATYPHYIO MOTPEIIHOCTD YaIlle BCErO BBIPAKAOT




B JIOJISIX OCHOBHOM IMOTIPEIIHOCTH IIPU U3MEHEHUH TeMIleparypsl cpeasl Ha 10°C
OTHOCUTEJIbHO €€ HOMHHAJIBHOIO 3Ha4yeHus. TeMmrepaTypHyH MOTIPEUIHOCTb
A (mpu T° B paboueit 001acTu 3HAUYEHUI) MOKHO paccyuTaTh 1o dopmyie,
MpeaycCMaTpuBaloNIe  JIMHEHHYI0  3aBUCHMOCTh OT  Temmeparypbl  T°
OKpYXaIoIllel Cpe/Ibl:

77 —20°

Aﬂnr :kAon 100

: (12)

rae  20° - HoMHHaNbHas TeMneparypa B rpagycax Llenbcus;

k — mocTostHHbIN KO3 Puiment. O6s1yHO paBHbIil 1 umm 0,5.

WHorga AOMONHUTENBHYIO MOTPENTHOCTh M3-32 M3MEHEHUH MUTAIOUIETO
HanpsbkeHus 3a1aT B popme (mpu U, BHE HOPMaAIBHOM 001acTH 3HAYEHMI):

Ammv=k dom, (13)

NHcTpyMeHTalIbHAS TTOTPEITHOCTh B pa00YMX YCIOBUSIX CKJIAbIBACTCS U3
OCHOBHOM M JOTNOJHUTEIBbHOM morpemHocteil. [IoCKObKY 3TH COCTaBIIAIOLINE
HOPMHUPOBAaHbI CBOMMH TPENEIbHBIMU 3HAYEHUAMH, TO TPH BBIYUCICHUU
WHCTPYMEHTAJILHON TOTPEIIHOCTH OepyT HauMeHee OJIarONpUSTHBIN CITydaii

COYETaHUs IOIPEIIHOCTEN — CYMMHPOBAHME IIPEAECIOB HUX JOIYCKaeMbIX
3HaueHuil. [lonydyenHnas morpemHocTs OyneT TaKkxKe MpeaeTbHOM:
_ 2 2
Ay =N + DN, (14)

2.5 O0paboTKa pe3yJbTATOB U3MePeHUil
2.5.1 3akoHbI pacnpeieieHUsl CAYYAHHBIX BeJIUYUH

B OonpmIMHCTBE Cily4aeB MCTHHHOE 3HAUYECHHUE HM3MEPSEMON BEITUYMHBI
OLICHUBAIOT B PE3yJbTATE€ MHOIOKPATHBIX HW3MEPEHUN U MOCIEIYIOLIEH
00paboTKM 3TUX pe3ysibTaToB. PaccenBaHue pe3yibTaTOB U3MEPEHUN OJIKHO
OTBEYATh ONPEACICHHON 3aKOHOMEPHOCTH.

[Ipu o00paboTke pe3yiabTaTOB CO CIy4alHOH TOTPEITHOCThIO cama
Cily4yaliHasi IOTPEIIHOCTh PACCMATPUBAETCS KaK cilydyaiiHas BeiauuuHa [1-4].

HaubGonee yHuBepcadbHBIM CHOCOO OMUCAHUA CIYYalHBIX BEJIWYUH
3aKJIF0YACTCS B OTBHICKAHUM WX MHTETPAIBHBIX U MU PepeHInanbHbIX QyHKITHI
pactipenenenus. [log uHTerpanbHOM (yHKIMEH pacrpeseieHusl pe3ylbTaToB
HAOMIOZCHUI TMOHUMAETCA 3aBHUCHUMOCTh BEPOSITHOCTH TOrO, 4YTO pEe3yJbTaT
HaOmr01eHNs X B OMBITE OKAXETCS MEHBIIIE HEKOTOPOTO TEKYIIETO 3HAUYCHHUS X :

F(x)=P(X < x). (5)

bonee  HarmsaHBIM  SABISETCS ~ ONMKMCAHWE  CBOWCTB  PE3yJIbTaTOB
HaOMOIeHN ¢ momolblo IuddepeHunaIbHON (QYHKIIMK pacHpeaesieHus,



HAa3bIBAEMOM INIOTHOCTBEO PACIPEAEIEHUS BEPOSITHOCTU CIIy4aitHON BEJIUYUHBI:

f) =L (16)
dx

B Merponoruum s onMcaHusA —CIYYaWHBIX IIOTPEIIHOCTEW dYalie
MPUMEHSIIOTCS  CJHEAYIOIIME  3aKOHbl  pPACOpENeNICHUs:  HOPMAaJIbHBIH,
PaBHOMEPHBIN U IP.

OCHOBHBIMM ~ XapaKTEpPUCTHKAaMU CIy4alHOM BEJIMYUHBI  SIBJIIOTCS
NEepBBIH UM BTOPOM LEHTpPajbHblE MOMEHTHI KOTOpBIE MPEACTaBIAIOT COOOMH
MareMmatuyeckoe oxxunanue (17) u qucnepcuro (18) COOTBETCTBEHHO:

o0

w[x] = I xp(x)dx=m, (17)

—00

wlx] = [(x=m,)’ p(x)dx=D, (18)

CoryiacHo HOpMaJbHOMY 3aKOHY (PUCYHOK 5) IUIOTHOCTb BEPOSTHOCTH
pactpenenieHust crydaiiHON BEIMUMHBI X OMMCHIBACTCS BhIpaxkeHueM (16).

p(X)

b

X=M[X] X

Pucynok 5 — HopmanbsHoe pacnpenenenue cirydaiHON BEITWYUHbI

1 (XM (x)?
p(X)=—F——e 2 | (19)

o2

rie X - M(x) = y - cixyyaliHas IOTPEUIHOCTE;
M(X) m o0 — w™MaTeMaTH4ecKOoe OXHUIAaHUE W CPEIHEKBAJAPATHYHOE
OTKJIOHEHUE CIIy4YalHOW BEJIMYUHBIL.
BeposiTHOCTh  moOmagaHusi CIy4alHOW  BEIMYMUHBI  (IIOTPEUTHOCTH),
pacrnpe/ieleHHONW MO0 HOPMaJlbHOMY 3aKOHY, B HEKOTOPBIM 3a/IaHHBIN MHTEpBAJI
[a,;D] onpenensieTcst Beipakenuem (20):

P(aSXSb):cD(b_—X)—cD(a_X), (20)

o O

rne @(z)- bynknus Jlamnaca, onpeaenseMast mo TaOJIUIIE PUITOKEHUS A.
[Ipu paBHOMEpHOM 3aKOHE pachpeaencHus (PUCYHOK 6) ciydailHOU



BEJIMYMHBI TJIOTHOCTH pactpeaeacHus pasHa (10):

p(x)4

1/(s-a)

.

a 6 X

PucyHok 6 — PaBHOMEPHOE pacnpeiesieHne CIy4ailHON BETNYUHBI
0,1pr — o0 < x < @;

1
p(x)= E,HPHCISXS/?; (21)
0,mpu b < x < +00

r7ie b ¥ a - TpaHUIIBl HHTEPBAJIa, B KOTOPOM OTpeE/IeicHa CllydaifHasi BEIMYUHA X.
BeposiTHOCTH TOTO, YTO CilydaifHas BEIMYMHA X HAXOIUTCS B HEKOTOPOM
uHatepBaie (o, f) (22):

ﬂ j—
P(aéxﬁﬁ)z.[p(x)dx:i_j, 22)
-p

2.5.2 O0pab6oTKa pe3yJbTaTOB NPAMBIX H3MepPeHUit

OOpaboTKa TPSMBIX U3MEPEHUM MMEET IETbI0 JIaTh OIEHKY MCTUHHOTO
3HaUYCeHUS (HPU3UIECKON BEIMYUHBI U ONPEACINUTh CTETEeHb JOCTOBEPHOCTH JTOM
OIICHKH.

Ecnu BBINOMHEHO OJHO HW3MEPEHHE, TO 3a HCTUHHOE MPUHUMAIOT
MoKa3aHue npuoopa, HO J1aTh OLIEHKY JOCTOBEPHOCTH pe3yibTaTa HEBO3MOKHO,
TaK KaK 3aKOH paclpeiesieHUusl ClIy4dalHON BelW4YuHbl HeusBecTeH. Ecnu
BBITIOJIHEHO N M3MEPEHHil, TO B KaU€CTBE OLIEHKH UCTUHHOTO 3HAYEHUS CIICTYET
Opath cpenHee apupMETHIECKOE PE3YIbTATOB HAOIIOICHUI.

Jlnst  o0paboTKH  pe3yibTaTOB MPSIMBIX PABHOTOYHBIX H3MEPECHHM
onpexneisitores [3.,4]:

—  HMCTUHHOE 3Ha4Y€HHE U3MEPSEeMOU BeJWUYnHbI (23):

n
in
)_C — i=l

n (23)
rJie X; — pe3yabTaThl HAOMOICHUH, 71; — KOJTHUECTBO U3MEPEHUH;
—  ommOKa U3MEPEHHUs WIH CPETHEKBAIPATUUECKOE OTKIOHEHUE (24):
; (24)

— Hajgu4ue rpyObIX OWIMOOK B pe3yjbTaTax HaOJIOAECHUS: BBIYUCIAIOTCS
napameTpsl Ryqx U Ryin 1 CPABHUBAIOTCS C KPUTUUYECKUM 3HAYEHUEM KPUTEPHS



PomaHnoBckoro Ry, (a7 3aaHHON BEpOSITHOCTU Py U n;; OIpenensercs Io

tabiuie b.1 npunoxenuss b), eciin BBIOIHAIOTCS yCiaoBUS (25), TO TpyoOBIX
OIIMOOK B pe3ysIbTaTaxX HAOIIOACHUI HET:

|‘xmax _')—C| |xmin _f|

Rmax = o S Rk‘p’ Rmin = S RKp' (25)

(o}

—  JIOBEPUTEIIbHBIA HWHTEpPBAJ C 3aJaHHOM JOBEPUTEIBHOM BEPOSITHOCTHIO
(26):

X=x+t,, — (26)

e t,, — kKodpdunuent CrerogeHta g o=I[-P, W 4ucia uU3MEpeHUl n
(onpenensercs no tabnuue b.2 npunoxenus b).
B cinyyae HepaBHOTOYHBIX TPSIMBIX M3MEPEHUI JJIS OLEHKU Haubosiee
BEPOSITHOT'O 3HAYCHUSI OTNPEEIACTCS «BeC» u3MepeHus (27):
i
£§= "7 27
~ 27)

i

TJI€ 1; ¥ 0; >~ 00BEM M TUCTIEPCHS i-OM CEPHU M3MEPECHUI.
Torma wambornee BepoATHOE 3HAUCHHUE BEJIWYMHBI OyaeTr ee
CpeHEB3BEILICHHOE 3HaUeHue (28):

1 &
Xy =2 &%, (28)

Z &g !
i=1

2.5.3 O6paboTka pe3yibTaTOB KOCBEHHbIX H3MePeHUil

JIJ1s1 OIIEHKM TOYHOCTH KOCBEHHBIX U3MEPECHUM TOTB3YIOTCS CIIEYFOIIMHI
dbopmynamu:

— eCJIM CiIy4yalHas BEJIMYHMHA Z SIBJISICTCSI KOCBEHHOW W OIpEAeNsIeTcs] Ha
OCHOBaHMHM (YHKIMOHAJIBLHOM 3aBUCUMOCTH PE3yJIbTaTOB  MPSIMbBIX
U3MEPEHU, TO WCTHHHOE 3HAYEHHE KOCBEHHOTO  HM3MEpEHUs
onpexeinsiercs (29):

z=f(a,b,c,.), (29)
— abCOI0THAS MOTPEUTHOCTh KOCBEHHOTO u3Mepenus (30):
2 2
AZ = (@Aa) +(@Ab) i, (30)
oa ob

rae A - abCOMIOTHBIC MOTPEITHOCTH PE3yJIbTaTOB MPSIMBIX U3MEPEHUH (G, Ob, ),
of of
da’ Oa

BEJIMYMUHAM;

YaCTHBIC IIPOMU3BOAHLIC OT (byHKIII/II/I 0 COOTBCTCTBYIOIIUM



OTHOCHUTEJIbHAs MOTPENTHOCTh KOCBEHHOTO pe3ynbTaTa (31):

522%-100%. 31)

3 3agaHue K BbINOJTHEHUIO JIa0OPATOPHOI PadoThI

BoiOpars u3 Tabmuinbl B.1 (mpunoxenue B) ngaHHbIe A BBINOJHEHUS

nabopaTopHOI pabOTHI COTTIACHO BapUAHTY, BBIIAHHOMY MPENOJaBaTEIeM.

l.

N —

et

B pesynbpTaTe paBHOTOYHBIX M3MEpeHHH ObLIM mosydeHbl 10 3HaueHuUM
u3MepseMoil BenuuuHbl (Tabnuma A.l npunoxenue A), 1is oOpaboTKu
KOTOPBIX HEOOXOUMO OIPEACIUTD:

a) cpenHee (neHCTBUTEIBHOE);

0) cpennee kBagparudeckoe oTkiaonenue (CKO);

B) oreHky CKO;

r) ONpPEeNeNuTh HAJTUYHE TPYOBIX OMMOOK B PE3ysibTaTaX U3MEPCHHI,

1) TOBEPHUTEIbHBIN HHTEPBAJ C IOBEPUTEIHHON BEPOSITHOCTHIO P,.
Pe3ynpTaT 3anmcarh ¢ y4eToM MpaBuiia OKPYTJICHHS.

[Ipennonaras, 4To NEUCTBUTEILHOE 3HAUCHUE U3MEPSAEMON BEJIIMUMHBI U3
NEPBOro 3aJaHusl IMOJyYeHO MpH HU3MEPEHUH MpUOOPOM 3aaHHOTO
mpenesna M3MEPEeHUS U 3aJaHHOro Kiacca To4yHocTtd (Tabmuma 1.1
npwioxkenue ['), omnpenenuth aOCOMIOTHYIO W OTHOCHUTEIBHYIO
MOTPENTHOCTh JJAHHOTO Pe3yJibTaTa U3MEPEHUs. 3anucarh pe3yibTar.

Jlnss oOpaboTKU pPe3yiabTaTOB KOCBEHHBIX u3MepeHuil (tabnuma I.1
npuioxeHue ') Heo0X0UMO ONpPeIETUTh:

a) WCTUHHOE 3HAYEHHE U3MEPSiEMOU BEIHMYUHBI;

0) aOCOJIOTHYIO MTOTPEUIHOCTH PE3yJIbTaTa U3MEPEHUS;

B) OTHOCUTEIBHYIO MOTPEITHOCTh U3MEPECHHUSI.

3anucaTh pe3yJabTaT C YYETOM MPaBHIIa OKPYTIICHUSI.

4 IIporpamMmMa BbINOJTHEHHS JIA00PATOPHOI padOThI U OTYETHOCTh

4.1 IIporpamma BbINOJIHEHHUS PadOThHI

[IporpaMMa BeIMOIHEHHS pabOTHI BKIIIOUAET B €05 CICIYIOIINE ITAllbL:
O06paboTaTh NOJTYYCHHBIC PE3YIBTATHI IPSIMBIX U3MEPEHUH.

BEITIOTHATE KOCBEHHBIC M3MEPEHUS, 00paboTaTh pe3ybTaThl KOCBEHHBIX
V3MEpPECHUM.

CdopmynupoBaTh BEIBOIBI TIO padoTe,

OdopMuts oTUer.



4.2 OT4eTHOCTH 1O JIA0OPATOPHOH padoTe

OTt4er 1o paboTe BBHIMTOIHIETCS PYKOIHMCHO C COONIOCHHEM TpeOOoBaHUMN

I10 IIPCACTABJICHUIO JdHHBIX U PC3YJIBTATOB U I10 O(bOpMJ'ICHHIO.

OTuet no 1abopaTopHOM paboTe JOKEH COMEPIKATh:

Ha3BaHHE JJAOOPaTOPHOU pabOTHI;

11eJTh pabOTHI;

3aJlaHueE;

PEe3yNbTaThl BRIYUCIICHHN ¢ YKa3aHueM (HOpMYJT U € TMHUI] U3MEPEHUH;
PEe3yNbTaThl, 3aMMCAHHBIC C YUETOM IIPaBUiIa OKPYTJICHHUS,

BBIBO/IbI 110 paboTe.

Ilpumeuanue: BCE  MPOMEXKYTOYHBIE  PE3yabTaThl  PacueToB

3aIllIMChIBAOTCA C ABYMA-TPCM JIMIIIHUMHA 3HAKaMHU

N —

S KoHTpoJ/ibHbIEC BONIPOCHI

NnenTruHbl 11 OHATHUA: "TIOBepoyHas cxema" U "cxema rosepku'?

Mo>KeT a1 rocyJapCTBEHHBIN 3TAIOH OBITh NMEPBHYHBIM M B TO K€ BPEMS
BTOPUYHBIM?

Kakue ¢Qusuueckne cOCTOAHUSA peaNbHBIX Tel (BEIIECTB) MOCTYXUIN
OCHOBOM JIJIi TMOCTPOCHMS ITOBEPOYHOM CXEMbI [JIsi TEPMOMETPOB H
MMUPOMETPOB?

B kakux ciydasx HOpd METPOJOTHYECKOM HSKCHEpTH3e C JTOCTATOUYHBIM
OCHOBAHMEM MOYKHO CUUTAaTh, YTO €IMHCTBO U JIOCTOBEPHOCTH W3MEPEHMM
o0ecnieunBaroTCs?

Kak onpegenuts  coaepKuTCSI M B pE3yabTare  HU3MEPEHUU
CUCTEMATUYECKAsI IOTPEIIHOCTD, CIyYalHasi NOTPEIIHOCTh?

[lepeuniciure Haubonee  pacOpOCTPAHEHHbIE MPUEMbl  YCTPAHEHUS
CUCTEMATHUYECKUX IMOTPEIIHOCTEN, METOAbl YMEHBIICHUS CIIy4ailHOM
MOTPEUIHOCTH B OKOHYATEILHOM PE3YJIbTaTe U3MEPEHUSI.

Kiaccudunupyiite u3MepeHue CHilbl 3JIEKTPUYECKOIO0 TOKAa C IMOMOIIbBIO
aMIIEpMETpPa MPSIMOr0 BKJIIOUECHHS HAa SA M U3MEPEHUE CONPOTHUBIICHHS B
BJICKTPUYECKOHN uenu METOJ0M "amnepmeTpa-BojbT™METpa” C
UCII0JIb30BAaHUEM 3aBUCUMOCTH 3aKOHa OMa JUIs LIENH IOCTOSIHHOTO TOKA.
Kakoro kiacca TOYHOCTH HYKHO B3ATh U3MEPUTEIBHBIN MPUOOP, YTOOHI B
CepeIMHE IIKAJIbI €r0 MOTPEMHOCTh U3MEPEHHs He npeBbimana 1%?
Omnpenenure abCOTIOTHYIO MOTPEITHOCTh U3MEPEHUSI HATIPSKEHMUS, €CITH TPU
noka3zanuu BosibTMeTpa 100B oTHOCHUTENbHAS TOTPEHOCTh paBHa =+ 2 %.



6 Kpurepun oneHku padoTbl CTYACHTOB

OHCHKa paGOTI)I CTYACHTOB BKJIIOYACT B cebs CJIICAYIOIHC OTAlIbI:

Ne Bubl paboTsr basner
1 | U3ydyeHue TeopeTHyeCcKux CBEICHUN
2 | Bemonaenue paboTel 1 0opMIIeHHE 0TYeTa 0 paboTe 0-5
3 | 3ammra paboTHI IO KOHTPOJIBHBIM BOIIPOCAM 0-5
Wroro 0-10

Cnucok ucnosb30BaHHOM JUTEPATYPHI

Ocnognas numepamypa

Ceprees, A. I'. MeTponorus, cranapTU3anusi U cepTUUKAINS: YIeOHUK
s ctyneHtoB By3oB, / A. I'. Ceprees, B.B. Tepereps. — M.: HOpaiir,
2010.-820 c.

Jlumos, F0. B. Metpomnorusi, crangaptus3anus 1 cepTudukanus: yaeOHuK
JUISlL CTYAEHTOB BY30B, OOyYarOUIMXCsl I10 HANpPaBJICHHUIO MOJATOTOBKU
0akajaaBpOB U MarucTpoB, U AUILIOMUPOBAHHBIX CIELUATUCTOB B 00JaCTH
TexHUuKkU U TexHosoruu / FO. B. IlumoB.-2-e uza.-ITurep,2006-432c.:um.

Jlononnumenvuasn aumepamypa

Mertposiorus, CTaHIApTU3ALUsA 51 cepTuduKalus 151
AJNIEKTPOU3MEPUTENIbHAS TEXHUKA: Yy4deOHoe TMocoOue sl CTYJICHTOB
BY30B, 00y4YalOIIUXCs MO HAPABICHUSIM MOATOTOBKU B 00JIACTU TEXHUKHU
u Texaonorun/mop pea. K. K. Kuma. - M. [u np.]: [Tutep, 2006. - 368 c.
TaprakoBckuit [[. ®©. Merposiorus, craHgapTu3zaluss M TEXHUUYECKUE
CpelicTBa M3MepeHui: y4yeOHMK Juid CTyAeHTOB By3oB / J].@.
TapraxoBckuii, A.C. SctpeboB. 2-e uza., nepepad. u gomn. - M.: Beicas
mkoia, 2009. - 213 ¢.: un.



IIpuiaoxkenne A

dynkuuda Jlamiaca

Ta6mmma A.1 - 3nauenus pynkuun Jlammaca O(x)

X

D(x)

X

D(x)

X

D(x)

X

D(x)

X

D(x)

D(x)

D(x)

0

0

0,41

0,1591

0,87

0,3078

1,25

0,3944

1,67

0,4525

2,18

0,4854

3,45

0,49972

0,01

0,004

0,43

0,1664

0,88

0,3106

1,26

0,3962

1,68

0,4535

2,2

0,4861

35

0,49977

0,02

0,008

0,44

0,17

0,9

0,3159

1,27

0,398

1,69

0,4545

2,22

0,4868

3,55

0,49981

0,03

0,012

0,45

0,1736

0,91

0,3186

1,29

0,4015

1,7

0,4554

2,24

0,4875

3,6

0,49984

0,04

0,016

0,5

0,1915

0,92

0,3212

1,3

0,4032

1,72

0,4573

2,26

0,4881

3,65

0,49987

0,05

0,0199

0,51

0,195

0,93

0,3238

1,31

0,4049

1,73

0,4582

2,28

0,4887

3,7

0,49989

0,06

0,0239

0,52

0,1985

0,46

0,1772

1,32

0,4066

1,74

0,4591

2.3

0,48928

3,75

0,49991

0,07

0,0279

0,53

0,2019

0,47

0,1808

1,33

0,4082

1,75

0,4599

2,32

0,48983

3,8

0,49993

0,08

0,0319

0,54

0,2054

0,48

0,1844

1,34

0,4099

1,76

0,4608

2,34

0,49036

3,85

0,49994

0,09

0,0359

0,55

0,2088

0,49

0,1879

1,35

0,4115

1,77

0,4616

2,36

0,49086

3,9

0,49995

0,1

0,0398

0,56

02123

0,94

0,3264

1,36

0,4131

1,78

0,4625

2,38

0,49134

3,95

0,49996

0,11

0,0438

0,57

0,2157

0,95

0,3289

1,37

0,4147

1,79

0,4633

2,4

0,4918

0,49997

0,12

0,0478

0,58

0,219

0,96

0,3315

1,38

0,4162

1,8

0,4641

2,42

0,49224

4,05

0,49997

0,13

0,0517

0,59

0,2224

0,97

0,334

1,39

0,4177

1,81

0,4649

2,44

0,49266

4,1

0,49998

0,14

0,0557

0,6

0,2257

0,98

0,3365

1,4

0,4192

1,82

0,4656

2,46

0,49305

4,15

0,49998

0,15

0,0596

0,61

0,2291

0,99

0,3389

1,41

0,4207

1,83

0,4664

2,48

0,49343

4,2

0,49999

0,16

0,0636

0,62

0,2324

1

0,3413

1,42

0,4222

1,84

0,4671

2,5

0,49379

4,25

0,49999

0,17

0,0675

0,63

0,2357

1,01

0,3438

1,43

0,4236

1,85

0,4678

2,52

0,49413

4,3

0,49999

0,18

0,0714

0,64

0,2389

1,02

0,3461

1,44

0,4251

1,86

0,4686

2,54

0,49446

4,35

0,49999

0,19

0,0753

0,65

0,2422

1,03

0,3485

1,45

0,4265

1,87

0,4693

2,56

0,49477

44

0,49999

0,2

0,0793

0,66

0,2454

1,04

0,3508

1,46

0,4279

1,88

0,4699

2,58

0,49506

4,45

0,5

0,21

0,0832

0,67

0,2486

1,05

0,3531

1,47

0,4292

1,89

0,4706

2,6

0,49534

4,5

0,5

0,22

0,0871

0,68

0,2517

1,06

0,3554

1,48

0,4306

1,9

0,4713

2,62

0,4956

4,55

0,5

0,23

0,091

0,69

0,2549

1,07

0,3577

1,49

0,4319

1,91

0,4719

2,64

0,49585

4,6

0,5

0,24

0,0948

0,7

0,258

1,08

0,3599

1,5

0,4332

1,92

0,4726

2,66

0,49609

4,65

0,5

0,25

0,0987

0,71

0,2611

1,09

0,3621

1,51

0,4345

1,93

0,4732

2,68

0,49632

4,7

0,5

0,26

0,1026

0,72

0,2642

1,1

0,3643

1,52

0,4357

1,94

0,4738

2,7

0,49653

4,75

0,5

0,27

0,1064

0,73

0,2673

1,11

0,3665

1,53

0,437

1,95

0,4744

2,72

0,49674

4,8

0,5

0,28

0,1103

0,74

0,2703

1,12

0,3686

1,54

0,4382

1,96

0,475

2,74

0,49693

4,85

0,5

0,29

0,1141

0,75

0,2734

1,13

0,3708

1,55

0,4394

1,97

0,4756

2,76

0,49711

4,9

0,5

0,3

0,1179

0,76

0,2764

1,14

0,3729

1,56

0,4406

1,98

0,4761

2,78

0,49728

4,95

0,5

0,31

0,1217

0,77

0,2794

1,15

0,3749

1,57

0,4418

1,99

0,4767

2.8

0,49744

0,5

0,32

0,1255

0,78

0,2823

1,16

0,377

1,58

0,4429

2

0,4772

0,49865

0,33

0,1293

0,79

0,2852

1,17

0,379

1,59

0,4441

2,02

0,4783

3,05

0,49886

0,34

0,1331

0,8

0,2881

1,18

0,381

1,6

0,4452

2,04

0,4793

3,1

0,49903

0,35

0,1368

0,81

0,291

1,19

0,383

1,61

0,4463

2,06

0,4803

3,15

0,49918

0,36

0,1406

0,82

0,2939

1,2

0,3849

1,62

0,4474

2,08

0,4812

3,2

0,49931

0,37

0,1443

0,83

0,2967

1,21

0,3869

1,63

0,4484

2.1

0,4821

3,25

0,49942

0,38

0,148

0,84

0,2995

1,22

0,3883

1,64

0,4495

2,12

0,483

3.3

0,49952

0,39

0,1517

0,85

0,3023

1,23

0,3907

1,65

0,4505

2,14

0,4838

3,35

0,4996

0,4

0,1554

0,86

0,3051

1,24

0,3925

1,66

0,4515

2,16

0,4846

3.4

0,49966




Mpunoxenue b

Kputepun onieHKH morpemHocTei

Tabmuua b.1 - KBantunu kputepust Pomanockoro Ry,

a=I-p

" 0.1 0.05 0.001 0.005 0.0001

1 1,282 1,645 2,326 2,576 3,09

2 1,632 1,955 2,575 2,807 3,29

3 1,818 2,121 2,712 2,935 3,403

4 1,943 2,234 2,806 3,023 3,481

5 2,036 2,319 2,877 3,090 3,540

6 2,111 2,386 2,934 3,143 3,588

7 2,172 2,442 2,981 3,188 3,628

8 2,224 2,49 3,022 3,227 3,662

9 2,269 2,531 3,057 3,26 3,692

10 2,309 2,568 3,089 3,29 3,719

15 2,457 2,705 3,207 3,402 3,82

20 2,559 2,799 3,289 3,480 3,890

w 3,528 3,703 4,108 4,263 4,607

Tabmuna b.2 - KBantunu kputepus CtblofieHTa ¢
Fenel p=Il-a
0.80 0.90 0.95 0.98 0.99 0.995 0.998 0.999

1 3.0770| 63130 12.7060| 31.8200 63.6560|  127.6560| 318.3060|  636.6190
2 1.8850  2.9200 43020  6.9640|  9.9240 14.0890 22.3270 31.5990
3 1.6377| 235340  3.1820  4.5400|  5.8400 7.4580 10.2140 12.9240
4 1.5332|  2.13180| 27760  3.7460|  4.6040 5.5970 7.1730 8.6100
5 1.4759| 2.01500|  2.5700  3.6490|  4.0321 4.7730 5.8930 6.8630
6 14390  1.9430|  2.4460|  3.1420|  3.7070 4.3160 5.2070 5.9580
7 14149 1.8946|  2.3646|  2.9980|  3.4995 4.2293 4.7850 5.4079
8 1.3968|  1.8596| 23060  2.8965  3.3554 3.8320 4.5008 5.0413
9 1.3830  1.8331|  2.2622|  2.8214|  3.2498 3.6897 4.2968 4.7800
10 13720 1.8125| 22281 27638  3.1693 3.5814 4.1437 4.5869
15 1.3406|  1.7530| 21314  2.6025| = 2.9467 3.2860 3.7320 4.0720
20 1.3253 1.7247|  2.0860(  2.5280|  2.8453 3.1534 3.5518 3.8495
0 1.3030|  1.6839|  2.0211|  24233|  2.7045 3.9712 3.3069 3.5510

Tabmuna B.1 — Pe3ynpratel npsmMbIX U3MEpeHHUId 10 BapHaHTaM

Hpuaoxenue B

3ajanue K nepBoii yacTu jJjaboparopHoiu padore

Ne

Usmepse 1
ast

2

3

4

5

6

7

10




BCJIMYHHA

1 LA 100,3 § 100,2 | 100,2 | 1008 | 102,6 ] 101,5| 101,4} 100,91 100,6]101,1
2 R,Om 68,5] 67,8 65,8 60,0 70,1 63,8 68,4 653 66,1] 659
3 U,B 25 24 26,3 24,8 26 28 26,7 24,7 27 | 25,8
4 | P,xBr | 037 04 0,35 0,38 0,39 0,37 0,41 036 04 ] 0,33
5 LA 102 104 103 105 103 106 105 104 | 102 ] 101
6 U.B 1891 19,9 18,4 18,4 18,6 18,5 19,01 18,8 18,21 18,6
7 U,B 210 | 212 213 211 209 211 212} 214 | 213 ] 211

8 | P,xBr | 0,55] 0,54 0,51 0,52 0,54 0,53 0,55 0,541 0,511 0,53
9 LA 4,2 4,3 4,1 4,2 4,5 4,6 4,1 4,2 43 1 45

10] R,Om 31,6 | 31,5 31,4 31,3 31,4 31,5 31,6 | 31,21 31,5 31,4
11} UB 189 192 194 189 193 191 190 192 188 1 193
12 LA 10,2 10,3 10,0 10,1 10,3 10,4 10,21 10,5] 10,41 10,3
13] R,xOm 1,35 1,36 1,45 1,35 1,44 1,31 1,35 1,33 1,34] 1,43
141 U,xB 3,8 3,7 3,6 2 34 3,8 3,5 3,7 3,6 | 3,8

15] P,Br 125 123 125 124 126 124 125 126 125 | 124
16] P,Br 2451 232 221 225 226 228 230 ) 225 ) 222| 229
I7f RMOMm | 0,15] 0,16 0,14 0,17 0,21 0,19 | 0,20) 0,15} 0,16 0,17
181 U,MmB 56 55 58 59 55 54 59 56 57 56

19] LkA 0,121 0,14 0,15 0,11 0,12 0,13 0,141 0,12 0,13} 0,15
20 LA 3,5 3,2 3,1 3,6 3,3 3,3 3,4 3,2 32 | 3,1

211 R,Om 101 102 103 103 105 103 102 105 104 | 104
221 UB 156 154 162 168 149 165 159 154 153 | 164
23] P,xBr | 0,63] 0,59 0,61 0,58 0,64 0,64 | 0,59] 0,61 0,62 0,63
241 R,Om 111 112 115 114 112 113 115 112 114 | 115
25] P,xBr 186 194 192 187 185 179 181 191 185 | 187
26 LA 16 15 16 17 14 11 13 15 18 16




Hpuaoxenue I'
3anaHue KO BTOPOIi U TpeTheil YacTaM JadopaTopHoOii padore
Tabsuna I'.1 XapakTepucTuku cpeficTB U3BMEPEHUI 110 BapHaHTam

[Ipenen Kocsennsie nsmepenus
Kitace Tounoctu

Ne HU3MEPEHUS HewnsBecTHas

npudopa W3BecTHas BenuynHa

npudopa BEJIMYMHA

1 150A NG R U=120B, AU=0.5B
2 100 Om @ U [I=10A, AT=0.01A
3 50B 1,0 P R=1000M, AR=10m
4 0,5 kBt 1,5 I U=0,15B, AU=0.5mMB
5 150 A 0,02/0,01 P R=2000M, AR=50m
6 20B 0,5/0,2 P [=5A, AL =0.05A
7 220 B N I R=0.50M, AR=0.060M
8 IxBt R U=10B, AU=0.01B
9 SA 0,2 U P=5kBt, AP=5BT1
10 50 Om 1,5 P U=10B, AU=0.05B
11 220B 0,05 R [=12.5A, AI=0.02A
12 15 A 02> P U=24B, AU=2B
13 1,5 kOm 0,25 U P=500Bt, AP=5 Bt
14 5 kB @ I P=1 xBt, AP=52 Bt
15 150 Br 0,15 U R=5 kOm, AR=0. 1kOm
16 300 Bt 0,5/0,05 I U=120 B, AU=0,5B
17 0,25 MOm 0,2/0,15 I U=220 B, AU=0.01 B
18 100 MmB 0,02 I R=200 Om, AR=15 Om
19 0,5 kKA 0,1/0,1 R P=2xBt, AP=200BTt
20 S5A 1,0/0,25 U R=2xOm, AR=0.15kOm
21 110 Om 0,003 P [=0.55A, AI=0.06A
22 200 B NG 1 P=25Br, AP=0,1Bt
23 1 kBt U R=4 xOm, AR=0,1kOm
24 120 Om 0,5 P [=15A, AI=0.1A
25 250 kBt \0,% R=80 Om, AR=1 Om
26 25 A U R=20wm, AR=0,050m




