[IpakTuueckoe 3ausitue 1

Tema: «Cuctema enunuil hpu3ndeckux BeluduH. PasmepHocTs. Pasmepy

Lenb 3ansatus: [lonydyuTh HaBBIKKA B UCIIOJIb30BAHUH KaUY€CTBEHHBIX U
KOJIMYECTBEHHBIX XapaKTEPUCTUK 0OBEKTOB NU3MEPEHUM.

3amayu: 1) U3y4ynuTh OCHOBHBIE U TIPOM3BOJIHBIE (PU3NYECKHE BEJINYMHBI
cucreMsl Sl;

2) OCBOUTH MPUMEHEHUE TEOPUHU PA3MEPHOCTH;

3) HAYYUTHCS ONPEALIISITh YUCIOBBIE XapaKTEPUCTUKU Pa3MEpPOB B
Y3aKOHEHHBIX €IMHUIAX.

OCHOBHBIE TTOJIOKEHUS

Cuctemoit enuHMI] (PU3NYECKUX BEIMYMH HA3bIBAETCSA COBOKYITHOCTh
OCHOBHBIX U MPOU3BOJICTBEHHBIX €IWHUIl (U3MUYECKUX BEIUYNH, 0Opa3oBaHHAs B
COOTBETCTBUHU C MPUHIUIIAMU JJIs 33JJaHHOM CUCTEMbI (PU3HUYECKUX BEJTMYUH.

C 1 suBaps 1980 r. B Haimieil cTpaHe HAEUCTBYET MEXAyHApOaAHAs
Metpuueckas cuctema emunui; Sl (System International). B aroit cucreme
YCTAHOBJIEHO 7 OCHOBHBIX €IMHMIL: JJIUHBI: METp (M); Macchl: Kuiorpamm (Kr);
BpEMEHHU: CEeKyHIa (C); CHJBl  JJIEKTpUyeckoro Toka: Ammep (A);
TepmoanHamuueckoil temmneparypsl: KenbBun (K); cunbel cBera: kangena (kn);
KOJIMUECTBA BEIIECTBA: MOJIb (MOJIb).

B Sl mpunSATEI 1Be MOMOTHUTENBHBIC SUHUIIBI IJIT U3MEPEHUS YTIIOB:

— IJIOCKOTO yriia: paaua (pan);

— TEJIECHOTO yrja: cTepaauan (cp).

[TpousBomHble emuHUIBI CHCTeMBI S| 00pa3oBaHBI B COOTBETCTBHH C
YpaBHEHUSIMU, CBSI3bIBAIOIIMMH UX C OCHOBHBIMU €IMHUIIAMU WJIH C OCHOBHBIMU U
y)Ke olpeeeHHbIMU Mpou3BoaHBIMH. B S| ycranosneHno 6oinee 130 mpon3BogHBIX
€UHUII.

Hanpuwmep, 1 M/c — enunuIia ckopoctu, 00pa3oBaHHAasI U3 OCHOBHBIX €UHUIL
S| — MeTtpa u cexyHIbI;

1 H — enunuma cunibl, oOpa3oBaHHas W3 OCHOBHBIX efuHun S| —
KWJIOrpaMMa, METpa U CEKYH/IbI.

B nporiecce namepeHust mpou3BOAAT CPAaBHEHUE HEU3BECTHOIO U3MEPSEMOT0
pa3Mepa C WM3BECTHBIM, 3a KOTOPBIA, Kak TMpaBUJIO, NPUHUMAIOT EIAUHUILY
MU3MEPSIEMOM BEIUYUHBIL. B pe3ynbrate onpenenstor CKOJIbKO EAUHUL U3MEPSIEMON
bu3nuecKoi BETUYMHBI COACPKUTCS B U3MEPIEMOM pa3Mepe.

Takum obpazom, eguHHIICH U3MEpeHUs (PU3NUECKON BETMUYMHBI Ha3bIBACTCS
busnueckas BenmurHA (GUKCUPOBAHHOTO pa3Mepa, KOTOPOH MPUCBOSHO YHCIOBOE
3HaUY€HUEe, paBHOE 1, W TpuUMeHseMas ISl KOJIMYECTBEHHOIO BBIPAXKECHHUS
OJIHOPOJIHBIX C HEeW (PU3NUECKUX BEIUYMH.

[TokazareneM KaueCTBEHHOrO pa3inuus GU3NUECKUX BEITUUYUH SIBISETCS UX
pa3MepHOCTh. Pa3sMepHocTh oOo3Hauaercs "dimM" u 3amuchIBacTCs 3arjaBHBIMU
JATUHCKUMH OYKBaMH:

— pa3MepHOCTh amuHel — dim | = L

— pa3MepHOCTh Maccel — dim m = M;

— pa3mepHocTh Bpemenu —dimt = T;

— Pa3MEPHOCTh CHIIBI dJICKTpHUYecKoro Toka — dim | = I;




— pa3MepHOCTh TEPMOAMHAMHUYECKON Temieparypsl — dim T = ©;

— pa3MepHOCTh CHITBI cBeTa — dim | = J.

PasmepHocts m000# mpousBOAHONW Gu3MUECKOW BEIMYUHBI Q MOXKHO
NPEJICTAaBUTh YPAaBHEHHUEM, COICPIKAIIUM Pa3MEPHOCTH OCHOBHBIX (DU3UUECKUX
BEJIMYUH C COOTBETCTBYIOIIMMU MMOKA3aTEISIMU CTETICHEH:

dim Q = L“MP. T %0n-J¢ (1.1)
rae a, B, v, A, £ — mokazaTenu cTerneHeu.

Ecnu Bce mokasarenu cTeneHel paBHBI HYIIO, TO (pU3MYecKas BEIMYHHA
Ha3bIBaeTCsl Oe3pa3MepHoOil. be3pazMepHas BeIMUMHA MOXET ObITh MOJIydeHa Kak
OTHOIIICHUE BEJIMYUH, UMEIOITUX OJMHAKOBBIC Pa3MEPHOCTH, JHOO0 KakK Jorapudm
OTHOIICHHWS DJTHX BEIWMYMH. B TmocieqHeM ciydae Oe3pa3MepHas BeIMYMHA
Ha3bIBACTCS JIOrapu(MUIECKOH.

Hanpumep, oTHOCUTENBHAS IUAJIEKTPUYECKAs MPOHUIIAEMOCTh

g0~ €le; (1.2)

/i€ € — AMRJIEKTpUYEcKasi MPOHULIAeMOCTh cpefibl, O/Mm;

€ — IUPJICKTPUYECKAsl TPOHUIIAEMOCTh Bakyyma, ®/m.

AHanu3 pa3MEpHOCTH pe3yjbTaTa MpH BBIBOJAE (GOPMYN WM pacuerax
MO3BOJISIET MPOBEPUTh MX NPABUIBHOCTb, a TaKXE 3aBUCUMOCTb MEXIY
BEJTMYMHAMH.

Ecnu cpaBuuth 3anucu pazmepoB: 1 kM, 1000 M, 100000 cm, 1000000 mm,
TO OYEBHUIHO, YTO ATO pa3duyHble (POPMBI MPEACTABICHUS OJHOIO pa3Mepa.
UucnoBbie 3HAaUEHUS Pa3JIMUHbBI U3-3a PA3JIMUUS BEIOPAHHBIX €AUHUL] U3MEPEHUM.

B S| ycranosnensl kpaTHbie (OONbIIME EIUHHI] CUCTEMBI) U JOJIbHBIC
(MeHbIIINE eTUHUI] CUCTEMBI) €AMHUIIbI, OTIUYAIOIINECS OT OCHOBHBIX B YUHCIIO pa3,
kpatHoe 10. [l mx 0003Hau€HUS UCTIOIb3YIOTCS CIIEHUANIbHBIE PUCTABKHU.

Tabmuma 1.1 — KpaTHble 1 TOJIbHBIC STUHUITBI.

KpaTHbie e quHULIBI JloJIbHBIE €IUHUIIBI
Muoxwurten | [IpuctaBk | O6o3nauenu | Muoxuren | [IpucraBk | OG03HaYEHU
b a e b a e

1018 Dkca C) 101 euun hi§
10%° Ilera I1 102 Canru C
10%2 Tepa T 103 Musim M
10° ['ura r 10 Muxkpo MK
106 Mera M 10° Hano H
103 Kuio K 1012 [Tuko I
102 TexTo r 101 demTo i)
101 Jlexa na 1018 AtTO a

MOXXHO BBIpa3UTh €IMHUIY MPOU3BOJHON (DU3MUECKON BEIMYHMHBI 4epe3
€MHUIBI OCHOBHBIX (PU3MUECKUX BEJIIMYUH C TIOMOIIBIO YPaBHEHUSI:
[Q] = K [L]*- [MIP- [T]"- [IT* - [6]" - O], (1.3)
rae [L],[M],... — exuHUIBI OCHOBHBIX (PU3NYCCKUX BEIUUHH,
a, B, y, —Imoka3arenau CTENeHEH;
K — K03 pHIHEHT MPOTOPIIHOHATEHOCTH.



Ecmu K = 1, To Takas mpou3BOJIHAs CIWHUIIA HAa3bIBACTCS KOTEPEHTHOM.
Hanpumep, 1M/c? — KOrepeHTHas €AUHUIIA YCKOPEHUS.

Bonpocsl 1151 caMonpoBepKu

1. Uro mpencrapusieT co00i cuctemMa eIuHUI] GU3NIECKUX BETUINH?

2. Korma BBenena B neiictBue S|, M KakMe OCHOBHBIE €IMHHIIEI B HEE
BXOIST?

3. Yro Takoe npousBoaHas eaquuuna? llpuseaure npumMepsl TAKUX €OUHHALL?

4. B yeM 3aKIIt04aeTCs] U3BMEPEHUE BETUYUHBI?

5. Urto Ha3bIBaeTCs eAMHUIIEH U3MEepEeHUN (DU3NIECKON BEIIMYNHBI?

6. J1y14 4ero BBEJICHO MOHITUE «Pa3MEPHOCTH»?

7. Kak BbIpa3uTh pa3MEpHOCTh MPOU3BOIHON (PU3NUECKON BETUYUHBI?

8. Kakune BenmurHbI HA3bIBAIOTCSA O0€3pa3MepHBIMU?

9. Kakue kpaTHbIe U J10JIbHbIE €AMHUIIBI YCTAaHOBJIEHBI B S17

10. Yto Takoe KorepeHTHasi eAuHuIA?

IIpumepsl pemieHus 3aaay

3agaya 1.3.1. Bripa3ure pasMepHOCTb BJIEKTPUUYECKOM EMKOCTH Yepes
pPa3MEpPHOCTH OCHOBHBIX (u3uueckux BenuuuH Sl. Onpenenure eTuHUILY
U3MEpPEHUsl DJIEKTPUUYECKOM EMKOCTH 4Yepe3 E€IUWHUIIBI OCHOBHBIX (DU3MUECKUX
BEJIMYMH. Y CTAHOBJIEHA JIM CHIEIUaIbHAs €AMHUIA JIEKTPUIECKOW EMKOCTH?

Pemenue.

DnekTpuueckas eMKocTb C YHUCIEHHO paBHA 3apsaay (, HU3MEHSAIOUIEMY
noteHuain nposoguuka U Ha 1 enununy:

C=q/U (1.4.)

B cucreme Sl 3a emununy 3apsga ( npunumaercs Kymon. Kymonom
HA3bIBAETCS DJIEKTPUUYECKUW 3apsii, MPOTEKAIOIIMIA Yepe3 MONepeyHOe CEUEHUE
poBOIHMKA 32 1 ¢ mipu cusie Toka | B 1A, T.e.

g=I-t (1.5)

Onektpuyeckoe HampspkeHue U mpezacraBisier  coboit  padoty A,
COBEpPIIAEMYI0 CYMMapHbIM MOJIEM KYJIOHOBCKMX W CTOPOHHUX CHIJI TIpH
MEPEMEILICHUH HAa YYACTKE LENH €IMHUYHOIO MOJIOKHUTEIBHOIO 3apsaa (-

U=A/q (1.6.)
PaboTty A MOXXHO BBIPa3UTh Yepe3 dIEKTpUIecKyto cmry F u myTs

A=F 1.7.)
Cuna F onpenensiercs no 3akony HeroToHa:

F=ma (1.8.)

rae m— macca;
a — YCKOpEHHE.
B cBoro ouepenp yckopeHue a:
a=v/t=I/t? (1.9.)
IJ€ U — CKOPOCTH;
| — nvHa;
t — Bpems.
Toraa MOXHO 3anucaTh:



2,2 2,2 ,2

_q_nttg Pttt -t Pttt (1.10)
U A F-l m-a-l m-1-1 m-|?
Pa3MepHOCTD 3JIEKTPUYECKON €MKOCTH:
dimC=dim?l-dim*m-dim*-dim?l=L2-M1.T*.|2 (1.11))

B cucreme Sl enuHMIA SIIEKTPUIECKON EMKOCTH MOXKET OBITH
BBIPKEHA:
4 2
-4 _¢ (1.12)

MZ'KZ

CnenuanpHas eIMHUIIA YJEKTPUUECKON €MKOCTH HazbIBaeTcss Mapaiou.

3apaua 1.3.2. [lepeBenurte ¢ moMoInip0 KO3OPUIIUEHTOB B eAMHUIIBI S
cnenyromue Benuuunbl: 1 MIla, 1 kOwm, 1 MM, 1 0.

Pemenue.

B coorBercTBUM ¢ ko3 PUIMEHTAaMU U YCIOBHBIMU OOO3HAUYEHUSIMU
MIPUCTABOK KPATHBIX U JOJIBHBIX €AMHUI] TAOIUIIBI 1.1 MOXKHO 3amucaTh:

1 MITa = 1-10%11Ia; 1 kOM = 12103OmM; 1 Mmxm = 110° m; 1 1D = 11072
.

3agaua 1.3.3. IlepeBenure eUHUIIBI TaBICHUS B €IUHUIIBI AaBieHUs Sl
. Kakue u3 HUX SIBISAIOTCS KOT€PEHTHBIMU ?

Pemenue.

B cucreme Sl nasienue usmepsercs B [ackansx: 111a = 1H/M?2. [Tns
€MHUII IaBJICHHUS YCTAHOBJICHA CJICIYIOIIAs CBA3b ¢ eauHuIeit Sl.

16ap = 10° Ia;

I mm.pr.ct = 133,322 [la;

1 MM Bog.ct = 9,80665 Ila;

1 ar =9,80665°10% I1a;

1 arm = 760 mm.pr.cT = 1,0132510° ITa.

Tak kak 1 Ila = 1 H/M? = 198

fe , T.e. Kod(pbuuueHt

c M
nponoproHanbHocTh K = 9,8 — ortimdeH ot 1, TO HY OJTHA W3 SAMHHUI] IaBJICHHSI HE
SABJIIETCA KOT€PEHTHOM.
3agaua 1.3.4. HaliguTe ommoOKy B CIEAYIONMNX 3aMTUCAX PAa3MEPOB:
a) 2,6 xr-¢?/m; 6) 75+5 mm; B) ot -10°C no +20°C; 1) 10 xr/c?m; 1) 5 xr-m/cY/K;
e) 220B; x) 110 B, 127 B u 220 B; 3) 3 m A; u) 0,8 mmuH; k) yckopenue 40
METPOB B CEKYH]1Y B KBaJipaTte.

Pemenue.
) K2 2.
a)2 ,6 kxr<?mM — TpaBwibHO: 2,6 —; win 2,6 xr-c?m?, uimm 2,6
cmM M
kr/(c>M) — TIIpM HaIMYMU 3alMCH B 3HAMEHATENE JOJ/DKHA OBITh OJHa

TOpU30HTAJIbHAS WK KOcas yepTa. BennaunHel, BXOAAIME B 3HAMEHATENb, JODKHBI
OBITh 3aKJIFOUEHBI B CKOOKH (B CIy4yae KOCOM 4epThl) WM BCE MMETh MOKa3aTelu
cTerneHei (mpu 3anucu 0e3 YepThl 3HAMEHATEJs );

0) 7515 MM — mpaBuiabHO: (75%5) MM wim 75 MM+5 MM — Tak Kak
€IMHUIIA HM3MEPEHUsT OTHOCUTCS K OOOMM 4YHCIaM, TO OHHM JOJDKHBI OBITh



O00BEIMHEHBl CKOOKaMH; BO3MOXKHO VYKa3aHWE CIWHUIBI H3MEpPEHUs TI0Cie
KaXK0T0 YHICIIa;

B) ot -10° C go +20° C - mpasuibno ot -10 g0 +20 °C — npu yKazaHuu
WHTEpBAJIa WM MPU MEPEUUCICHUN Pa3MEPOB €AMHUIA U3MEPEHHUS 3aITUChIBACTCS
OJIMH pa3 B KoHIle. Eqununeit namepenus B 3amucu siBisiercs rpaayc Llembcns (°C)
— 3anmuchIBaeTcst 6e3 mpobesioB (mpoben mocie Yucia);

r) 10 kr/c?m — npaBunbso: 10 xr/(c2m) umi 10 krc?mlum ——— (B
cM "M
COOTBETCTBUU ¢ TipumepoM 1.3.4, a);
1) 5 krem/c¥/K — mpasunbro: 5 m-kr/(c®K) umu 5 m-kr-¢ 3K nm

3
c -

52 ';j (B cooTBeTCTBUM ¢ TpuMepoM 1.3.3, a, 1);

e) 220B — npaBunpHO: 220 B — nepexn ykazaHueM €IUMHULBI U3MEPEHUI
nociie yrciia HeoOXoauM npooer;

x) 110 B, 127 B u 220 B — npaBuwisno 110, 127 u 220 B (B
COOTBETCTBHUU ¢ NpumMepom 1.3.4,B);

3) 3 M A — npaBWIbHO 3 MA — IPHUCTaBKH, 0003HAYAIOIINE KPATHOCTh
WJTU JOJIbHOCTD, MUIITYTCSI CIUTHO C 0003HAYEHUEM €TUHUI] U3MEPEHUI;

) 0,8 mMvuma — mpaBmisHO: 0,048 — mpucraBka, o6Go3Hauaromas
JOIHOCTh WJIM KPaTHOCTh, JOOABISIETCS TOJIBKO K OCHOBHOM €MHUIIE BEIUYHHBI
WM CHELMAIbHON €IMHMIIE, SIBJISIONICHCS HAaMMEHBIIICH;

K) yckopenue 40 METpoB B CEKYHY B KBaJpaTe — MPaBUIbLHO: YCKOPEHUE
40 MeTpoB Ha CEKyHIY B KBajpaTe — MPEIJIOT «B» HMCIHOJb3YETCS TOJIBKO IS
€UHUII, XapaKTePU3YIOIINX CKOPOCTh MPOTEKaHUs MpoIlecca.

3agauu
3agaua 1.4.1. Bolpa3zuTte pa3MepHOCTH IPUBEACHHBIX HUXKE (PU3UYECKHUX

BEJIMYUH 4Yepe3 pPa3MEPHOCTH OCHOBHBIX (DM3MYCSCKHX BEIWYHMH CHCTeMBl Sl.
OnpenenuTe €AUHUIBI M3MEPEHUN OSTUX BEIMYMH M WX CBSI3b C CIMHHUIIAMH
U3MEpPEHUN OCHOBHBIX (PM3MUECKUX BETUYUH CUCTEMBI Sl.

dusnyeckne BETUYMHBI: CHJIa TOKA , CKOPOCTh, YCKOPEHUE, TIOTHOCTH
BEIIECTBA, TEIJIOEMKOCTh, HAIMPSOKEHHE, DJEKTPUUYECKOE  CONMPOTHUBIICHUE,
AJICKTpUYEcKasi MPOBOJUMOCTb, AJIEKTpUUYECKass €MKOCTh, UHAYKTUBHOCTb, CHJIa,
JaBjeHHe, paboTa, MOIIHOCTh, YHEPTH.

3apaua 1.4.2. [lepeBenute ¢ momomibo K03GOUITUEHTOB B ¢AUHUILI Sl
cnenyromue Beauuunbl: 1 kH, 1 Mrt, 1 1®d, 1 MA, 1 cH, 1 mxlH, 1 Ty, 1
rlla,
1 maBr.

3amaua 1.4.3. B KakoM COOTHOIIECHUH IOJDKHBEI OLLIM OBl HAXOIUTHCS
MUWLTUMETP U MUKPOKUIIOMETP, €CJIM Obl MPUCTaBKU AaBAJUCh KUJIOMETPY?

3apaua 1.4.4. Kak cienoBajo Obl Ha3bIBaTh TaKue CIMHUIIBI KaK JTUTP U
TOHHA 10 JIOTUKE HA3BAHUN METPUYECKOU CUCTEMBI Mep?

3agaua 1.4.5. Pycckuit umzobperarens b.C.Axo6u (1801-1874 r.r.)
OPeUIOKUI  OOIIyr0  JIJIT  BCEX CAWHHUIY CONMPOTHUBJICHUS IPOBOJHUKOB
AJIEKTPUYECKOMY TOKY M OIpPEJeSu €€ KaK COMPOTUBICHUE MEIHOU IMPOBOJIOKH



nHOM 6,358 dyra (1 ¢yr =30,48 cm) 1 auamerpom 0,00336 mrorima (1 mroiim
= 2,54 cMm). Beipasure eaunuily compotuBieHus Skobu B cucreme Sl, eciu
yeIbHOe conpoTusienne Meau pcu= 0,0175 OMemm?/M.
3agaya 1.4.6. Kakum [0/KHO OBITH TOKa3aHUE CHOUIOMETDA,
IpagyupOBaHHOTO B KM/4 TIpu ckopocTu aBromobmiist 30,2 m/c?
3agaua 1.4.7. IIpu ucnpiTaHul aBTOMOOMIIS YCTaHOBJIEHA MOLIHOCTh €0
aBuratens B pabouem pexume, paBHas 58,84 kBtT. BeIpaure MOILIHOCTH
JIBUTATENS B JIOMIAJANHBIX CUJIAX, YUUTHIBad, uTo 1 j1.c = 735,499 Br.
3agaya 1.4.8. YrioBas ckopocTh Bajia peaykropa cranka 60 pan/c .
Haiinute yactoTy BpaiieHus Bajia B 000poTax B MUHYTY.
3agaua 1.4.9. MaccoBbiii pacxon HedTH, U3MEPECHHBIN MOIJIABKOBBIM
pacxogomepom, coctaBui 12 kr/c. Beipa3ute maccoBbli pacxoq He(pTH B TOHHAX B
qacax.
3apaua 1.4.10. Ha npeanpusituu wuspacxomoBano 8,55 I'Jlx
ANEKTPUUECKON SHEpPruu. BoIpazuTe pacxojl 3IeKTPUUECKOW SHEPTUU B KHJIOBATT-
yacax.
3agaua 1.4.11. Omnpenenure HEOOXOOUMYIO Maccy MeEcCKa JUIsl 3aChIIKA
JIOpOKeK, oOmmas giuuHa Kotopeix 0,5 kM, mmpuna 2 M. [lpu stom cnoii mecka
JOJDKEH UMETh TONMIIURY 2,5 cM. [TnotHocTs necka 1,5-10° kr/m?.
3agaya 1.4.12. MasHoMmeTp NapoBOro KOTJa IOKa3bIBACT JaBJICHUE &
TexHruueckux armocdep. C kakoil Cuiion JaBUT nap BHYTPU KOTJIa HA TOBEPXHOCTh
CTeHKH B | M??
3agaua 1.4.13. Onpenenure paboTy, COBEpIIAEMYI0 Ta3aMH B IMJIMHIPE
JIBUTATENsl 32 OAWH XOJ TMOpPIIHS, paBHBIM 18 cM, ecnM MIomaab HOPUIHS
12-10° MmM?, a cpegHEe JaBJICHUE TA30B HA MOPIIEHB S art.
3agauya 1.4.14. Kakyro paboTy coBepiiaeT JBUTaTeilb MOLIHOCTHIO 2,5 J.C.
3a 10 mun?
3amaua 1.4.15. Tpancnoprep nomkeH noaHuMarh B yac 50 M® mecka Ha
BeIcOTY 500 cm. Ompenenute HEOOXOAUMYIO Ui 3TOTO MOIIHOCThH JBHUTaTeNs B
KkBT.
3amaua 1.4.16. JIBurarenb  TOKApHOrO  CTaHKa  IIpHU CKOpPOCTH
pe3aHus
780 ™M/MUH pa3BUBaeT MOIIHOCTh 6 J.c. OnpenenuTe CUIy CONPOTUBICHUS
Marepualla 3arOTOBKH.
3agaua 1.4.17. Jluamerp miKuMBa »3JeKTpoABurarens, nenaromero 1200
000poTOB B MHUHYTY, paBeH 20 cM. Ha CKOJIbKO MWIIUMETPOB HYXHO W3MEHUTH
JMaMETp IIKUBA, YTOOBI MPU YBEJIMUYCHUHU YIIIOBOM CKOPOCTH 3JIEKTPOJBUTATEIIS
10 84 paj/c CKOPOCTh ABUKEHUS IPUBOHOIO PEMHS OCTAJIACh MIPEKHEH?
3agaya 1.4.18. OkpyXHOCTb OJHOrO W3 JBYX UIKUBOB, CBS3aHHBIX
peMeHHOM nepenaudeit, papHas 800 mm, a npyroro 180 cm. Onpenenure yrioByro
CKOpOCTh B enuHuIax Sl BTOporo mikuBa, eciu mepBbiid nenaer 70 o00poToB B

MHHYTY.



3apauya 1.4.19. Onpenennre, CKOJIBKO METPOB MPOBOJIOKH, CONMPOTHUBIICHUE
1 oM kotopoil paBHO 3 KOM, HY)KHO B35Th, UTOOBI MPU BKJIIOYEHUU €€ B LIETH C
HanpsbkeHrem 220 B BennunHa TOKa B e HE MpeBbimaia 95 MKA.

3agauya 1.4.20. J{ig TOKpPHITHS IIMHKOM MapTUX OOJNTOB M TaeKk HX
MOrpy3uJii B pacTBOp HMHKOBOM cond. [Iponecc rampBanuzamuum amwics 20 MuH
npu HanpsbkeHun 3 B. [lpu stom pabora Toka Obiia paBHa 540 k/[x. Kakoit
BEJIMYMHBI TOK TMOTpeOsisiia TrajdbBaHUYECKas BaHHA? CKoJbKO UHKa
BBIIENIUJIOCh Ha JETaNAX, €CIIU MPH TOKE
1 A Beiensiercs B 1 cexkynny 0,339 mr nunka?

3amaua 1.4.21. MoIHOCTH 3JICKTPOABUTATEN 3aTOYHOrO CTaHka 1,5 I.c.,
Hanpsbkenne Toka 220 B. Onpenennre BeIMUUHY TOKA.

3agaua 1.4.22. DnexkTpuYecKuil HarpeBaTesib JODKEH IMOTPEOISITh
MorHocTh He Oonee 0,90 kBt npu nHanpspkenun 220 B. O6MoTKa HarpeBatesis
JenaeTcsi U3 HUKWINEBOH mpoBosioku (pni= 0,45 Om-mm?/Mm) ceuenunem 0,5 mm2.
Paccuwnraiite AnmHy OOMOTKH B METpax.

3agaua 1.4.23. Cpennsisi BeaM4MHA TOKa, MOTpedisieMas 3JIEKTPUYECKON
CeThI0 ropoja s ocsemenus kaptup, 3000 A. Onpenenure U3pacxo10BaHHYIO
3a cyTku 3Hepruto ( B kBT 4, H-M, KKan) u cpeHIon CyTOuHyr0 MOUTHOCTH (B KBT
W J1.C.), €CIU HaIpsDKEeHHE, mojlaBaeMoe B kBapTupsl — 220 B.

3agaua 1.4.24. KunsatibHuk HarpeBaeT 1,7 1 Boasl ot 25 °C 10 KUTICHHS
3a 5 MuHyT. OmnpelnenuTe BEJIWYWHY TOKAa B KUISTWIBHUKE TMPU HANPSHKEHUU
B LIEMH
220 B. IlorepssmMu TEMIOTHl MOXKHO PEHEOPEYb.

3apaua 1.4.25. DneKTpoCBapOYHbIN amnmapaT B MOMEHT CBapKu JA€T TOK
7,5 kKA npu HanpsbkeHun 3 B. CapuBaeMble CTajbHbIE JIMCTBI HMEIOT
conpotuieHne 0,5 MOM. Kakoe KOMY€eCTBO TEIUTIOTHI, BBIPAKEHHOE B JKOYJIAX,
BBIJICJIUTCS TIPU CBApKE 3a 4 MUHYTHI?

3amaua 1.4.26. [Ipenen npoyHOCTH KJIEEBOIrO IIBA JJIA CTalW, CKJICCHHOU
kineeM b®, mpu pactspkenun paBeH 70 H/mm?. Kakoit HanOonbInii rpy3 MOXHO
MOABECUTh K CKJIIEEHHOMY CTQJIbHOMY BE€PTHUKAIBHOMY CTEPXKHIO, €CIU JUAMETP
cTepxHs 2 cM?

3amaya 1.4.28. JlonmycTMMO M HacaauTh TOYWJIBHBIA Kpyr Ha Bajl
nBuratens, nenaroriero 2850 o0/MuH, ecam Ha Kpyre MMEETCs IMITaMIl 3aBOja
m3roroButeist: 35 m/c; 9250 mm?

3agaua 1.4.29. Axamemmk b.C. fxobm B 1834 1. wm300pen
ANEKTpOABUTaTENb. B 1NepBOM BapuaHTe 3JIEKTPOABUIATENIb PABHOMEPHO
noaHuMan rpy3 5,0 kr Ha BeicoTy 60 cm 3a 2 cexkyHabl. Onpenenure MOIIHOCTh
nBuraTens B enuaute Sl.

3agaua 1.4.30. KakoBa mpOU3BOIUTEIBHOCTh (B JI/4) YCTaHOBKHU
BOJIOCHAOXKEHMSI Ha >KUBOTHOBOAUYECKOW (epme, ecnu npu Harmope Boabsl 10 M
MOIITHOCTh Hacoca cocTtanjsieT 0,7 kBT?

3agaya 1.4.31. Hedts u3 CKBaXUHBI IOJHUMAETCA  TIO TpyOe
TUaMETPOM
60 mM. C kakod CKOpPOCTBIO JBMXKETCS HePTh (M/C), ecnmu B 1 4 uepe3 TpyOy
npoxoaut 9,12 T uegTu?



3apaua 1.4.32. Onpenenure BbICOTY TOAbEMA TPYHTOBOW BOJBI B HAIIOPHOM
HMCTOYHHKE OTHOCHUTEJILHO MOBEPXHOCTHU 3E€MIJIM, €CIIM BOJAA 3aJIETaeT Ha TIIyOHHE
30 M ¥ HAXOAMWTCS MOJ AaBieHUEM 5 aT. ATMOc(pepHOe [aBlIEHWE YYeCThb, a
COINPOTUBJICHUEM MPU JBUKEHUHU BOBI 10 TPYOOIIPOBOY MpeHEOpeUb.

3amaua 1.4.33. ®pe3a CTaHKa BpalllaeTcs Cc YIJIOBOU
CKOPOCTBIO
3768 pan/mun. Uucno 3yobeB Ha (pese 40. C kakolt 4acToTol BUOPUPYET CTAaHOK?

3agaua 1.4.34. CrampHyto getanbs  (pucyHok  1.1)  mposepsitoT
yIBTPa3BYKOBBIM JePEKTOCKONOM, paboTarormum Ha udactotre 1 MI. Ilepsbrit
OTpaXEHHBIA CUTHAJ OBLI MOJIYYEH Yepe3 8 MKC MOCIIe MOChUIKU, a BTOPOU — Uepes
20 mkxc. Ha kakoii rnyOumnHe oOHapykeH nedext? KakoBa BbicoTa aeranu?
CkopocTh  ylbTpa3Byka B

cramm 500 m/c.
g

neheKTOCKOn
JeTab
nedexT | ——

Pucynok 1.1 — Cxema
U3MEPEHU N
yIBTPa3BYKOBBIM J1e(DEKTOCKOTIOM

3apauya 1.4.35. VYnpTpa3Byk MNpuUMEHSETCA JUIsI HU3MEPEHUS CKOPOCTH
MOTOKOB KHUJKOCTU U Ta3a. KakoBa CKOpOCTh V MOTOKA, €CJIM PACCTOSIHUE MEXIY
nBymst BuOparopamu 0,1 KM yabTpa3ByK IMIPOXOAUT B OJJHOM Hampasienuu 3a 0,5 c,
B [IPOTUBOIOJIOKHOM — 3a 1 ¢? 3aBUCHUT JM pe3yJbTaT U3MEPEHUI OT TeMIIEpaTyphl
Y pOJia )KUIKOCTHU?

3apnaya 1.4.36. Onpenenure K.M.JI. TPAKTOPHOTO JBUrATEIIs, €CIH PACXOJ]
IINU3EIBHOro TomnBa coctaBiadeT 216 rua 1 im.c. B 1 gac?

3apaua 1.4.37. MomHocts asuratens apromobOwis 80 xkBT. Ompenenutsb
pacxon 6ens3uHa B 1 gac, ecnm k.1.1. aurarens 0,25.

3amaua 1.4.38. B xommnpeccope npu ABWKEHUU TMOPIIHA BHU3 B LIJIMHIP
3acacwiBaeTca 500 M Bo3ayxa npu temmneparype -3 °C u gasnenuu 0,981 6ap. [Ipu
JIBMYKEHUY TIOPIITHS BBEPX BO3AYX HArHETACTCS B pecUBep (CHErUaabHbIN OAJIIOH).
CkoNbKO KauyaHUM CIIETIaHO, €CJIM TeMIlepaTypa Bo3ayxa B pecuBepe 27 °C, a
nasnenue 5 ar? EmMkocTs pecusepa 22 1.

3apnauya 1.4.39. Onpenennte, B KaKOM arperaTHOM COCTOSIHUM HaXOJIMUTCS
Boja nipu 40 °C u nasnenuu 14,5 atm? Ilpu 643 K u naBnenuun 250 at? Ilpu 320
°R u pasnenun 220,7 6ap? Ipu 626 °F u nasnenuu 245-10° I1a?

3agaua 1.4.40. Ha ckoibko rpaaycoB HYXHO ObLIO ObI HarpeTb MEIHYIO
POBOJIOKY ceueHreM | MM?, 4ToOBbl OHA MPUHSTIA Ty K€ JJIMHY, YTO U MO
JNEHNCTBUEM PACTATUBAIOIIEH HArpy3Ku B 5 KI'?

3apaya 1.4.50. JlaBaeHue Bo3ayxa B OTOOMHOM MOJIOTKE 4 aT, TUIOMIAAb
nopirHs 15 cm?, xon nopmiast 30 mM. Onpenenute MOITHOCTE MoJioTKa (BT), eciu
oH aenaet 1200 ynapoB B MUHYTY.



3apaua 1.4.51. YUemy paBeH X0[ MOpUIHS MMAPOBOM MAIIWHBI, €CJIU CPEIHEE
naeneHue mapa 9,8 Oap, momane nopmHs 200 cM? ¥ MOUIHOCTH MAaIllMHbI
npu
180 06/mun paBHa 80 1.¢c?

3agaua 1.4.52. B unenp NEepeMEHHOr0 TOKA BKIOYEH KOHJIEHCATOP
émkoctbio 1 MK® u npoccens uHayktuBHOCTHIO 0,1 T'H. Halimure oTHomeHUe
WHIYKTUBHOTO COIPOTUBIIEHUS K EMKOCTHOMY npH yactoTtax 50 I'm m 2 kl'n. Ipu
KaKOM 4aCTOTE ATU CONPOTUBJICHUS CTAaHYT PABHBIMU?

3anaua 1.4.53. Emxocts kxongencaropa 0,05 mx®. Kakoil momkHa ObITh
WHJYKTUBHOCTh KaTYIIKU, YTOObI PEAKTUBHBIE COMPOTHUBICHUS KATYIIKU U
KOHJIeHCaTopa IpH yacToTe Toka 1 KI['11 ObUTH OMHAKOBBHIMHU ?

3agaua 1.4.54. Llens cOCTOUT U3 NOCAEAOBATENILHO COEAUHEHHBIX KaTYIIKH
MHIYKTUBHOCTBIO 16 MI'H u koHaeHcatopa émkocthio 2,5 Mk®D. Kakoi nomkHa
OBITH YACTOTA TOKA B IIETIH, YTOOBI BO3HUKAJIO SIBICHUE pPe30HaHca?

3apaua 1.4.55. llens cocrout u3 KoujaeHcaropa émkoctbio 600 nd. Kakyro
HY)XKHO T0100paTh HMHAYKTHUBHOCTb KAaTYIIKH, YTOObI pPE30HAHC HaNpPSHKEHHM
HACTYNWJI IpH yactore Toka 1 MI'?

3agaua 1.4.56. Haiinute peakTMBHOE U MOJHOE CONPOTHUBIICHUE LEIH,
COCTOSIIE M3 TMOCJENOBATEIbHO COCIUHEHHBIX KOHJAeHcaTopa C=50 MKk,
KaTymku MHAYKTUBHOCTU L=20 MI'H u aktuBHOrO conporusienuss R=30 Owm, npu
4acTOTe NEPeMEHHOro Toka =1 kl1.

3agaua 1.4.57. [{nsa paGoTsl )KUBOTHOBOUECKON (PepMbl, HaXOsAIIEHCs Ha
paccrostnun 200 M OT 3JIEKTPOCTAHIINH, HEOOXoAMMa  JSHEpPrus: s
OCBEIICHUS —
2,1 xBT, my1st cuoBsIX mportieccoB — 10 JI.c U TETUIOBBIX mporieccoB — 3612 kkan/d.
Paccuuraiite ceueHue aJIIOMHHHUEBBIX TIPOBOJIOB TMEpeAaudl HHEPruH, eCiu
HarpsbkeHre B Hadasie iuauu 230 B, a nmajieHrie HanpspKeHUs: B IMHUKA COCTABJISIET
8,7 %.

3agaya 1.4.58. Ha HCKYCCTBEHHBIX CHYTHMKAaX 3€MJIM YCTAaHABJIMBAIOT
COJIHEUHBbIE TOJYIPOBOJHUKOBBIE d3NekTpoOaTapen. Ompenenure CpeaHIo
BEJIMUMHY 3JIEKTPUUYECKON dHEpruu, nojsydyaeMon ¢ 1 mM? takoi OaTapeu B TeueHUE
1 obopora cnyrHuka BOKpyr 3emud. [IMOTHOCTH MOTOKa COJIHEUHOM sHepruu 1
kBT/M? TemioBoe u3mydeHue cocraBisier 60% mortoka, k... Oarapeu 10%,
nepuoi oopamieHus cnyrHuka 102 MmuH. CIlyTHUK OCBEIIaeTCs JydaMu CoyHIa 2/3
BpEMEHU 000pOTa BOKPYT 3EMIIN.

3agaua 1.4.59. Kak BbIpakaloTCsi 4epe3 OCHOBHBIC €IUHUIBI CUCTEMBI Sl
CJIEIYIOIINE IPOU3BOJHBIE €ANHULIBI, UMEIOLIUE CIICIMAIbHbIE HAUMEHOBaHUS: [,
H, ITa, Ix, Bt, K, B, ®, Om, Cm, BO, Tn, I'n, 1M, 1k, bk, I'p, 38?7



IIpakTnyeckoe 3ansTue 2

Tema: «llpencraBnenne pe3ynpTaToB HU3MEPEHHM 1O  PA3IMYHBIM
U3MEPUTENBHBIM IIKAJIaM»

Lens 3aHaTHA: [10ydUTh HABBIKU B BBIPAKEHUU PE3YJIbTaTOB U3MEPEHUM
10 PA3JIMYHBIM U3MEPUTEIIBHBIM IIKAIaM.

3agaun: 1) HAy4IUThCS ONMPEICISTh BUI U3MEPUTEITBHON IIIKAJIbI;

2) U3y4YHTh CBOWCTBA PA3IMYHBIX U3MEPHUTEIIBHBIX IIKAI;

3) Hay4UThCS UCHIOIB30BATh PA3IUYHbIE U3MEPUTEIILHBIE Kbl JIs
BBIPAKEHUS PE3YIIBTATOB U3MEPEHUI U KOHTPOJIA.

OCHOBHBIE TOJOKEHUS

[Ipu onpeneneHUM  KOJNMYECTBEHHOM  XAPAKTEPUCTUKU  U3MEPSEMOU
BEJIMYMHBI HM3MEPSEMBII pa3Mep CPAaBHUBAIOT C HW3BECTHBIM pa3MepoM. OITO
CpPaBHEHUE MOXET OBbITh BBINOJHEHO MO PA3NUYHBIM H3MEPUTEIbHBIM IIKAJIaM.
Y CTaHOBJIEHBI U3MEPUTEIBHBIE IIKAJIBI OPAJIKA, HHTEPBAJIOB U OTHOIICHUM.

Illkana nopsaoxka (LIKana paHIOB) NPEACTABISIET  YIOPSAIOYECHHBIN
(paH>XKMpOBaHHBIN) Al pa3MepoB, B KOTOPOM Ka)blil IMOCIEAYIOLIUN pa3smep
6onbie npeasinymero. [lpu sTom camu pasmepsl Heu3BeCTHBI. 110 3TUM 1mIKanam
MOXHO OLICHMBATHh TOJBKO J3KBHBAJEHTHOCTb. T.€. pe3yslbTaT U3MEPEHUN MOMKET
UMETh BUA: U3MepseMblil pasmep Qi Oosblie, MEHbILE WM paBeH pasMepy Qj mo
LIKAJIE MTOPSIAKA:

Q>Qj mmm Qi <Qj mmm Qi = Qj wm Qi = Q; (2.1)

[Ipu cpaBHEHHH pa3MepoB Oosiee OAHOTO pasa pe3yabTaT H3MEPEHUN MOKHO
BBIPA3UTh B BUJIC:

Qi < Qi< Qj+1 mmu Qj < Qi < Qj+1, (2.2)
TO €CTh MOYKHO ONPEIEINTh, MEXKIY KaKUMHU COoceTHUMU pasMmepamu Qj u Qj+1 1o
IIKaje MopsAKa HaXOauTCsl u3MepseMbiid pazmep Qi

VYcnoBHas 1mIKajga IMopsaka HMMEET XapaKTepHble (perepHbIe) TOYKH,
KOTOPBIM MPHCBOCHBI YUCIIOBBIC 3HAUCHHS B YCIOBHBIX €AMHUIAX WK Oayiax.

Ha mkane HauMEHOBaHWN XapaKTEPHBIM TOYKAM IKaJbl IPHCBOCHBI
Ha3BaHHSL.

Hu onna u3 mikan nmopsiaka He Aa€T MHPOPMAIIMIO O 3HAYEHUU U3MEPSIEMOi
BEJIMYUHBI, IOATOMY Ha 3THX IIKaJlaX HE OINpeJeSieHbl HUKAaKue MaTeMaTH4YeCKUe
NEUCTBUSI. BO3MOXKHBI TOJIBKO JIOTUYECKUE OINEPALMU C UCIOJIb30BAHUEM CBOWCTB
TPaH3UTHUBHOCTH.

Illkana unmepeanoe (mKajia pa3HOCTEH) TPEACTABISIET  COOOM
YIIOPSA0YEHHYIO IMOCIEI0BATEILHOCTh PA3MEPOB, MEXKAY KOTOPHIMHU YCTAHOBJICHBI
CTporo ompenenéHHbple HHTEpBaIbl. CaMu pa3Mepbl HEM3BECTHBI. [Ipn m3MepeHnn
pasMepa Qi MOKHO OIIpeNeINTh: Ha CKOJIbKO pazMep Qi oTmmvaeTcs oT pazmepa Qj
IO IIKaJIe MHTEPBAJIOB:

Qi-Qj=AQ (2.3)

Hynp Ha m1kasne yclaoBHBIN, TO3TOMY BO3MOYKHBI OTpUIIATEIbHbBIC 3HAUCHUS
pa3MepoB.

Ha mkamax WHTEpBAJIOB BO3MOXKHBI CIIO)KCHHE U BBIUMTAHHE, T.C.
IIPUMEHSIIOTCSI CBOMCTBA aTUTUBHOCTH, a TAK)KE TPAH3UTHBHOCTH.



IHIxanvt omnowenuil, TaKxe Kak v MKaJIbl THTEPBAJIOB, Pa30UTHI HA CTPOTO
oTpecIEHHBIC OJMHAKOBBIC MHTEpBaNbl. Hyllb Ha IIKaje OTHOIICHWH SBISICTCS
a0COJIIOTHBIM, TO €CTh MEHBIIIE HYJISI 3HAYEHUN HE MOXKET OBITh U, CJIE€I0BATEIbHO,
HEBO3MOXKHBI OTPUIIATEILHBIC 3HAYEHUST Pa3MEPOB.

brnarogapst BO3MOXKHOCTH OIPEACNIATH IO MIKAJIe OTHOIICHWH aOCONIOTHBIC
BEJIMYMHBI PAa3MEPOB, Ha IIKaJie OTHOIICHWN BO3MOXKHBI BCE JIOTUYECKHUE U
MaTeMaTH4YECKUE AECHUCTBUSA. MOXHO YCTaHOBHTB: BO CKOJIBKO Pa3 U3MEPSEMBbIi
pa3mep Qi oTImMYaeTcs OT U3BECTHOTO pa3mepa QjTo mIkase OTHOIICHUH:

Qi/Q=q (2.4)

OOBIYHO 3a W3BECTHBIA pa3Mep MPUHUMAIOT CAWHUILY HW3MEpPEHUN
BenmunHbl Qj=[Q] M ompenensioT, BO CKOJBKO pa3 u3Mepsembii pasmep Qi
OTJIMYAETCA OT COOTBETCTBYIOIIEH €AUHULIBI U3MEPECHUN:

q=Qi/[Q] (2.5)

Bomnpocs! aJ1si caMOnpoOBEPKH

1. Yro mpexacraBiser coOoM IIKama: a) mopsjaka; O) yclIoBHas MOpsKa
(periepHasi); B) HAMMEHOBAHUI; I') UHTEPBAJIOB; 1) OTHOIICHUM?

2. IlpuBenute ¢GopMy BBIpaKEHHUS pe3yJbTaTa W3MEPEHUN MO MIKaie: a)
nopsi/ika; 0) HHTEPBAJIOB; B) OTHOIIICHUH.

3. Kakue nornueckue uin MaTeMaTH4eCKue JEeHCTBUS BO3MOKHBI Ha IIKAaJIE:
a) mopsiAKa; 0) HHTEPBAJIOB; B) OTHOIICHUIA?

4. B 4eM COCTOUT OTJIMYUE NIKAIBI OTHOIIEHUN OT IIKAJIbI HHTEPBAJIOB?

5. Ilouemy Ha mIKajie UHTEPBAJIOB MOTYT OBITh OTPULATEIbHBIE 3HAUECHUS
pazmepoB?

6. Ilo kakoifi W3MEpPUTENHHOW IIIKajde MOXKHO OINPEACUTh aOCOIIOTHOE
3HAYEHHE pazMepa?

7. MOXHO 1M BHOCHTh MYITHIUIMKATHBHBIC IIONPAaBKH B pPa3MEpHI,
MOJTYYCHHBIE TIO IITKaJIe UHTEPBAIOB?

[Ipumepsl pemenus 3ana4

3agaua 2.3.1. Omnpegenure, MO KaKUM H3MEPUTEIbHBIM  IIIKAJIaM

YCTaHOBJICHBI BCJIMYHUHBI CJICYOIIHNX IOKa3aTeJEen:
a) pa3Mepsl OJICKIBL:

0 KypHAITY
«bypna 34 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52
MOJICH)
10 00BEMY
rpyau, cM 80 | 84 | 88 | 92 | 96 | 100 | 104 | 108 | 116 | 122
Pemenue.

[Ikana pa3MepoB oxexabl 1O XKypHaly «bypaa MoieH» HpeicTaBiseT coOoiu
paH>XKMPOBAaHHBIN psi pa3MepoB. Pazmepsl MpHUBENEHB! B YCIOBHBIX €IUHULIAX.
CrnenoBarenpHO, JaHHas LIKaja SBISIETCS YCJIOBHOM IIKaJIOM MOPSIKA.
WuTepBansl MEXIy pa3MepaMM pas3iIMyHbl, HAPUMEp, MEXAy pazMmepamu 42 u
44 — wyntepBan 4 cMm. a Mexnay pasmepamu 48 u 50 — 6 cMm, 4YTO HenaeT
HEBO3MO)XHBIM OTHECTH 3Ty HIKAJY K IIIKaJe HHTEPBAJIOB.



[Ikana pazMepoB, BRIPAKEHHBIX Yepe3 00BEM TPYAH, CM, SBISETCS IIKAJIOHN
OTHOIIIEHUM, TaK KaK UMEET YETKO OMpPeNeSIEHHBIA UHTEPBAI,
COOTBETCTBYIOMIMI 1 cM, 1 aOCOIOTHBIN HYJIEBOH pa3Mep.

0) TemniepaTypa cpeibl, BeIpakeHHas B rpanycax Llenbcus u B rpagycax
KenpBuHa.

Pemenue.
Ha mexnynaponnoi temneparypron mkaine Llenscus 3a 0 °C npunsita
TeMmreparypa TasHus Jbjaa, 3a 100 °C — reMneparypa KUneHus: BOAbl. ITOT,
uHTepBaI pa3ouT Ha 100 HHTEPBAIOB, KaXABIA U3 KOTOPBIX cooTBeTcTBYET 1 °C.
Bo3MoxHBI OTpHIIaTeIbHbIE 3HAYEHUS TEMIIEPATYPhl, TAK KaK B MPUPOJIE MOXKET
OBITH TEMIIepaTypa, MEHbIIIas TeMIeparypa Tasaus Jibaa. CieoBaTensHo,
mkana Llenpcus sBisieTcs: mKanol HHTEPBAJIOB.

1 K paBen 1 °C, tak kak coorBercTByet 0,01 TeMmepaTypHoro MHTEpBaia
MEXy TOUYKaMu TasiHus JbAa U kuneHus Boasl. 3a 0 K npunsita temneparypa,
MIPU KOTOPOM MpEKpaIaeTcs TEIJI0BOE IBMKEHUE MOJIEKYI. B npupoae Huxe
TEeMITepaTyphbl HE MOYKET OBITh:

0 K=-273,15°C
Dta TemriepaTypa sBisierca abcomoTHbIM HynEéM. Ha mkane KensBuna Her

OTpHUIIATENbHBIX 3HaueHHM. CiienoBarenbHO, mKana KelbBUHA SIBISETCS MIKAION
OTHOIIIEHUH.

3agauu
3agaya 2.4.1. Onpepennure, MO KaKUM H3MEPUTENBHBIM  IIKajJaM

YCTAaHOBJICHBI BCJIMYMWHLBI CIICAYIOINX ToKa3aTeseii:

a) GOTOBBIIEPKKA

Cymma YCIOBHBIX

YHCel 23 24 26 |28 |29 |30 |31 |32|33|34|35|37]39]|42)|44

Jonu cexyHapI 1 1 1 1 1 1 1 1_ 1_ 1_ 1_ 1_ l_ l_ 1
1250 | 1000 | 500 | 250 | 200 | 125 | 100 | 60 | 50 | 30 [ 25| 10 |5 |2

©0) 4yBCTBUTENBHOCTH (POTOTUIEHKH:

enquanIel 'OCT ASA:16;20;25;32;40;50;65;80;100;130;160;200;250;320;500
rpanycel DIN:13;14;15;16;17;18;19;21;22;23;24,25;26,28

ycnoBHeie enuauUIsl: 100; 200; 400; 800; 1600

B) KaJIeHAapU;
l") apXeCOJIOrMYCCKUEC 3TAllbl Pa3BUTUA 3eMun:

HIXUHEOE]

Hokem- | [laneo3oiickas spa Me3o3zoiic | KaliHo3olickas spa
OpuiicKa | «IpPEBHEU KU3HU» Kas dpa «COBPEMEHHOMN
s 3pa «CpemHEU | KU3HU»

KU3HU »
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1) KHCJIIOTHOCTD TTOYB:
HaunmenoBanne Kucnornocts, pH
CUJILHOKHCJIBIE 3-4
KUCIIBIE 45
CIIA0OKUCJIBIE 5-6
HEUTpaJIbHbIE 67
[IEJIOYHBIE 7-8
CUWJILHOIIIEJIOUYHEIE 8-9

€) OaJITBI B CIIOPTE, HAIPUMED, ITPU BBIC3IKE JIOIIAICH:
10 — oTnnyHO;

9 — oueHB XOpOIIIO;

8 — xoportio;

{ — IOBOJIBHO XOPOIIIO;

6 — BIOJIHE yIOBJIETBOPUTEIIHHO;

5 — yJIOBIE€TBOPUTEILHO;

4 — HEeyIOBJIETBOPUTEIIHHO;

3 — I0OBOJBLHO IJIOXO;

2 — IIOXO;

1 — ouens WI0XO;

0 — He BBIITOJIHEHO;
) TIPOOBI AParoreHHbIX METAJLIOB:
3050T0: 375; 500; 583; 750; 958;
cepedpo: 800; 875; 916; 960.

[TpoOsI onpeaensroTes Kak yncio yacteit Mmerayuia B 1000 vactsax (MaccoBast

JI0J151) JINTATYPHOT'O CIJIaBa;

3) 3ByKOBasi okTaBa ((hopmysa My3bIKaIbHOTO CTPOSsi, BEIBEJCHHAS

[Tucdaropom):

Jonu 3Byqaniei CTpyHsl 1/8 |1/9 |1/10 | 1/11 | 1/12 | 1/13 | 1/15 | 1/16
Yucio koJiebaHuil Kaxaoi

JOIM TIpH vacTorte crpyner 24 | 192 1216 | 240 | 256 | 288 | 320 | 360 | 384

I'n




‘HOTLI \I[o \pe ‘MI/I ‘@a ‘COJ‘IB‘J’I}I ‘cn ‘IIO

3apaya 2.4.2. B nepBom pTyTHOM TepMOMeETpe, co3gaHHoM B 1715 .
@apeHreiToM, B KaUeCTBE PENEPHBIX TOYEK ObUIM BhIOpaHbI TEMIEpaTypa TasHUS
CMecH JbJa ¢ combio M HamatbipeM (—32 °C) u TemmepaTypa Teja dYelloBeKa.
[Toznuee PeoMiop mpemasioxku mKany, B KOTOpor rpaayc npeactasisul 1/80 dacthb
TEMIIEpaTypHOro MHTEpBaJIa MEXy TOUKOU TastHUs jbaa (0 °R) u Toukoil KkuneHus
Bozbl (80 °R) nmpu armocepHoM naBieHuU. JTa ke Touka Ha mkane dapeHreira
coorBercTBOBasa 212 °F. 3Hag Temmeparypy B rpanycax Lleascus, nepeBenute
3HaYeHUE B Temneparypy no mkainam Papenreiita u Peomropa. Onpenenure Buj
KQXXJIO0M U3 IIKaJl.

3anaua 2.4.3. Kakue TemiiepaTypHble TOUKHA COBNAAIOT HA IIKAJIAX:

a) llenbcus u dapenreiita;

6) PeoMmiopa u @apenreiita.

3apava 2.4.4. [lo kakuM 1IkagaM U3Mepsiach JJIMHA yiaBa B MYyJbTQUIbME
«38 momyraeB», eciau oOHa ObUla paBHA: JIByM IIOJIOBUHKAaM yJaBa, JBYM
CIIOHEHKaM, MATH MapThllIKaM, 38 momyrasm v 1 momyraiickomy KpbUIbILIKY? B
YeM OTJIMYHUE ITUX IIKam?

3agaua 2.4.5. Iloaronser WiMm TOPMO3HUT IOKHOE TEUCHUE JBUKCHUE
Kopabuisi, uaymiero kypcom «Hopa»? Ilo kakoil mikane omnpeaensieTcss Kypc B
MOPCKOI HaBUTaluu?

3agaya 2.4.6. Brelpazute Mo MmIKajle OTHONIGHUH INKaly MOpSIKa
CJIEIOBAaHUS LIBETOB B CIIEKTPE OEI0ro LBETA.

3agaua 2.4.7. Onpenenute NOTPeIHOCTh U3MEPEHUST BPEMEHU B ToJlax MpHU
UCIOJIb30BaHUM TPUTOPUAHCKOTO KalleHjaps. Kakue mepbl NpUHUMAKOTCS JUIs
YMEHBIIIEHHS 3TOW MOTPEIHOCTH?

3agaua 2.4.8. Kak onpefienutb CTOPOHBI CBETa HOYBIO, MOJIB3YSICh YacaMu U
opueHTHpYysCh Ha JIyHy?

3agaya 2.4.9. Kak npuOIMXKEeHHO MOXKHO II0 IICHHIO JICCHBIX IITHI]
OIPEAEIIUTh BPEMsI B JIETHUE HOUYHBIE U YTPEHHUE Yachl?

3apaya 2.4.10. Omnpenenurte, KakoMy TOJy B HallleM JIETOMCYUCICHUU
cooTBeTcTBYeT Aara 19 nexabps 7208 r., ymoMsiHyTasi B JIETOMHCH.

3agaua 2.4.11. Kakyro ¢usnueckylo BeJIMYUHY, M MO KakoW IIKaje
XapaKkTepU3yloT HAAMUCH Ha METPOHOME: MPECTO, BUBAIIE, AJIJIETPO, MOJEPaTO?

3agaua 2.4.12. [lpuBenute mpumepbl UCHOIH30BAaHUS PA3IMYHBIX BHJIOB
U3MEpPUTENbHBIX IIKal B OBITOBBIX MpuUOOpax: KYXOHHOW TI€4H, YTIOTe,
XOJIOIUIIbHUKE, TEJIEBU30PE, MY3bIKAIBHOM LIEHTPE, MEAULIMHCKOM TEPMOMETPE.

3agauya 2.4.13. K kakuM U3MEpUTEIbHBIM I[IKaTaM MOXXHO OTHECTH
NIOCJIEA0BATEBHOCTH:

a) 3HakoB HeOecHbIx Ten: Connua, Jlynsl, Mapca, Mepkypus, FOnurepa,
Benepsr, CatypHa;

0) 3nakoB 3oauaka: Bomones, Pri0, OBna, Tenbna, bausnenos, Paka, JIbBa,
Hesw1, Becos, Ckoprimona, Ctpensiia, Kozepora?



3agauya 2.4.14. MaHOBakyyMMETp TIpaJyupOBaH B KWIONACKaIAX, Kak
MoKa3aHo Ha pucyHke. Onudpyiite mkany mnpudopa B ApPYyrux €IWHULIAX
M3MEPEHHs JIABJIEHHS: aTM., KIC/CM2, MM pT. CT., 6ap. ITo kKaKkoil W3MepUTeabHOM
IIKaJIe OINpENEISeTCs 1aBIEHUE MAaHOBAaKYyMMETPOM (PUCYHOK 2.1)?

50 50

100 100

Pucynok 2.1 — IlIkajia MaHOBaKyyMMeTpa

3agaua 2.4.15. Ilecounble Yachl C Y3KMM TOPJIBIILIKOM, Y€pe3 KOTOpHIE
CBITJIETCSI MEJIKMI MeCOK M3 BEpXHEH YacTh B HUIKHIOI, HA3bIBAIOTCS CKIISTHKOM.
CxisiHke Ha KopabJie COOTBETCTBYET IOJIy4acOBOM MPOMEXYTOK BpemeHu. Cuer
HauuHaetcs ¢ nonyaHs: B 12.00 ObtoT 3 ymapa B cyaoBoil kojiokond, B 12.30 — 1
ynap, B 13.00 -2, 813.30-3,8 14.00-4, ...,B 15.00 - 6,8 16.00 — 8;8 16.30 — 1
pa3 u cieyeT HOBBI OTYET BPEMEHHU Ha 4 Jaca U T. .

OnpenenuTe BUJ HW3MEPUTENTHHON TMKaidbl. CKONBKO CKISHOK JIOJDKHBI
poouts B 8.30 vac., B 10.00 gac., B 24.00 gac., B 3.30 gac.?

3apauya 2.4.16. OueHuTh pacCTOsIHUE 10 HEJOCTYIMHBIX MPEAMETOB MOXKHO,
UCHIONIBb3Yys 3peHue U chnyX. [Ipy HOpMambHOM 3pEHUU YEJNOBEK pa3ivyaeT B
JTHEBHOE BpEMS: TPYOBI Ha KPHIIIaX HA PACCTOSHUM B 3 KM, OT/ACIIbHBIE IEPEBbS — 2
KM, JiofieH ( B BUJI€ OTAENbHBIX To4eK) — 1,5-2 kM, neperieTsl OkOHHBIX pam — 500
M, JUCThs Ha AepeBbsix — 200 M, kuctu pyk — 100 M, riaza (B Buae Touek) — 60-70
M; B HOYHOE BpeMs: KOCTEp BHJEH Ha paccTosHue 6-8 KM, CBET KapMaHHOTO
dboHapuka —

2 kM, ropsimas cnuuka — 1-1,5 kM, orons curapetsl — 500 M.

[Ipn HOpManbHOW BIAKHOCTA BO3MyXa B THINIWHE CPEAHSS MaTbHOCTH
HayaJia CIBIIIUMOCTH: IIIyMa JIEKTpUYKHd — 5-10 KM, Tyaka aBTOMOOWIS — 2-3 KM,
nast cobaku — 1-2 kM, IBM>KEHHSI aBTOMAIIMHBI 110 mocce — 1-2 KM, 0 TpyHTOBOM
nopore— 0,5-1 kM, ctyk Tormopa — 300-500 M, pa3roBop srozei (Hepaz0opUHnBO) —
200 M, kamens — 50-100 m.

OmnpenenuTe BUIABI TUX IIIKA.

3agaua 2.4.17. Kak MOXHO OIIEHUTh TBEPAOCTh MUHEpAa, €CIIH:

a) MUHEPAJ TPOIAPANBIBACTCS yIIIeM;

0) MuHepaJ nporapamnbiBaeTCsa KOPYHIOM, HO HE TTIOBPEXKAAETCSl TOMa30M?



3agaua 2.4.18. mpu agerycraud MNHIIEBBIX MPOAYKTOB KaXIbId JKCIEPT
olieHMBasl kKayecTBO Mo 10-tu OanbHOM cucreMe. [lo kakoi mikane MpOBOAMINCH
u3MepeHus?

3amaya 2.4.19. [Ipu olieHKe KOHKYpca MY3bIKAHTOB IIPEUMYIIECTBO I-I'0 HaJl
J-bIM 0003Ha4ajaock 1, j-roro Haxa i-bIM - -1; paBHOICHHOE BhICTyIIcHHE — 0. TTo
KaKOW IIKaje MPOBOAWIACH OLEHKA M KakK IOJBECTH UTOrM KoHKypca? OleHka
BBICTYIUUIEHUM NIpHuBeaeHa B Tabuie 2.1.

Tabmuma 2.1 — Onenka TBOPYECKOro KOHKypca

j 1 2 3 4 5 6 7 8 9 1
i 0
1 0 1 - - 1 - 1 - 1 1
1 1 1 1

2 - 0 1 1 - 1 1 0 1 0
1 1

3 1 1 0 - - - 0 1 1 -

1 1 1 1
4 1 - 1 0 1 1 1 - 0 0
1 1

5 - 1 1 - 0 0 1 1 1 1
1 1

6 1 - 1 - 0 0 1 1 1 0

1 1

7 - - 0 - - - 0 1 1 1
1 1 1 1 1

8 1 0 - 1 - - - 0 0 0

1 1 1 1

9 - - - 0 - - - 0 0 1
1 1 1 1 1 1

1 - 0 1 0 - 0 - 0 - 0

0 1 1 1 1

3agaua 2.4.20. Ilpu usMepeHun pazHOCTU TEMIEPATyphl B KIMMAaTHYECKOM
KaMepe M TEeMIepaTypbl TPOWHOW TOYKH BOABI TPEMS TEPMOMETPAMH C
pa3IMYHBIMU  KJIACCAMHU TOYHOCTHM MX TMOKa3zaHus coBnaiu. ['paduuecku
M300pa3uTe 3TOT CIydail.

3agaua 2.4.21. [Ipu ompeneneHny BpeMEeHU HApaOOTKH JO MEPBOr0O OTKa3a
U3JIeHs TIOJIb30BAIUCH TaiimepoM. [lo kakoil M3MepUTENbHON MIKajie MOJydaliv
pPE3yABTAThl UCIIBITAHUI?

3agaua 2.4.22. [lpy ucnbITaHUSX JBYX THUIIOB MOJIMATUICHOBBIX MEIIKOB Ha
IPOYHOCTHh MENIKK HAMOJHSIM W Opocaiiv A0 WX pa3pbiBa. 3aTeM IMOACUUTHIBAIH
gucino mageHuid (tabmuma 2.2). MoKeT M Takod IOKa3aTelb OMNpPEneysaTh
npoyHocTh? Kakasi u3mepuTesbHas 1kajga Mpu 3TOM UCTONb3yeTcs? Beruucnure
CTaTUCTHYECKUE XapaKTEPUCTUKH, HEOOXOIUMBIC JUTS OIEHKH TIPOYHOCTH.

Tabnuma 2.2 — Pe3ynbTaThl HCTIBITAHUN MEITKOB — YHCIIO MAJICHUH 10 pa3phiBa



MeIIKa
Tun 0O 1 2 3 4 5
MeIlKa

O 4 8 0 6 0 9 4 2 8 7 1 6 5 9
B

3agaua 2.4.23. OnHUM W3 TIOKa3aTeNell MPUHAJICKHOCTA TMPOU3BEACHUS
KOHKPETHOMY aBTOpYy sBIsSIeTCs pactpedeneHue (pa3 mno anude. [lo kakoi
MU3MEPHUTETHFHON IIKaJle OmpeessieTcs 3TOT Mmoka3arens? PaccunTaiiTe o HaHHBIM
TabIUIBl 2.3 YUCIOBBIE XapaKTEPUCTHUKN — aCUMMETPHIO U IKCIECC AJIsl TPOBEPKU
COOTBETCTBHSI pacupeiesieHus (ppa3 HOpMATbHOMY TEOPETUIECKOMY 3aKOHY.
Tabmuma 2.3 — Pacnipenenenue dpas

Yucno : ( 1 1 1 2 2 CBbI
CJIOB -5 -9 013 4-17 8-21 2-25 6-29 e 30
Yucno : i 8 1 2 4 3 132

npeio-keHun 4 6 5 80 94 20 10

3agaua 2.4.24. VI3BecTHO, YTO caxap cjallle TJIOKO3bl, HO TJIIOKO3a Kak
COCTaBHasi YacThb Jokema oOJaJaeT JOMOJHUTEIbHBIMH IOJOXHUTEIbHBIMU
cBoiicTBaMu. JIJ1s1 OLIEHKM €€ BKYCOBBIX CBOMCTB B JK€M€ ObUIM B3ATHI OT TpeEX
IPOU3BOAUTENEH 00pa3libl 3eMISTHUYHOTO U MAJIMHOBOT'O JIPKEMOB, U3TOTOBJICHHBIX
OOBIYHBIM CIIOCOOOM U ¢ 3aMeHOM 1/4 yacTu caxapa Ha riroko3y. Onpenenure, 1Mo
KaKOM M3MEPUTENHHOM IIKajae MpoBeAcHa OlleHKa. Vcronb3ysi aHHbIC TaOIUIIbI
2.4, OTBETHTE Ha CJIEMYIONINE BOIPOCHI:

1. Oka3pIBaeT 1M BIMSHHUE 3aMEHa YacTW caxapa TJIFOKO30M Ha: a) BKYC
JKEMOB; 0) 3aKII0OUEHUE JIETYCTaTOPOB?

2. OnuHakoB 11 3((PeKT BBEACHUS TIIIOKO3bl B 3eMJITHUYHBINA U MAJTMHOBBIN
JOKEMBI ?

3. Cornacytorcs 11 3 PeKTsl Ha MPOIYKIIUU Pa3HbIX MPeAPUHUMATENCH?

4. CtaHOBUTCS JIM CJIALIE JIKEM IIPU 3aMEHE caxapa IIIFOK0301?

Tabnuua 2.4 — Pe3ynbTaThl 3aKIII0OYEHUN JETYCTaTOPOB

I 3eMIITHUYHBIHN ManuHOBBIN
po- [Ipenno clale [Ipenmno claIlie
W3BO YHTa-€MbIU O C | ynuTa-eMbId O (
JI COCTaB ObIYH TJIIO- €3- COCTaB OBIYH e3p
u- 1917} K pas- 117§ IO a3’
TEJb c o030 ] KO- HWYH
oc- WYH 300 O
TaB 0
OOBIYHEI 2 1 ( OOBIYHEI 1 1
An 1 0 71 7 8

C 7 6 ( C 1 t



TJIFOKO30M TJIFOKO30M
bespasn : bespasn 2 ]
WYHO WYHO
OOBIYHBI ( OOBIYHBI 1 (¢
B i 51
C ( C 1 1
TJIFOKO30M TJIFOKO30M 1
bespasn bespasn 1 ]
WYHO WYHO
OOBIYHEI ( OOBIYHEI 1 1
Cwu 51 1
C C 1 ¢
TJIFOKO30M TJIFOKO30M
bespazn bespazn 5 (
WYHO WYHO

3agaua 2.4.25. Ilo kakoil W3MEPUTEILHON IIKajie OMPEACIITIOTCS
XUMUYECKUE CBOMCTBA »JEMEHTOB Tabmuibl MenneneeBa? Ha uem ocHOBaHO
CPaBHEHHUE UX CBOWCTB?

3agaua 2.4.26. B maGopaTopuu, W3ydaromieil BO3JACHCTBUE OKpPYXKaromieh
Cpellbl Ha 4yelioBeKa, ObUIM MPOBENEHbI ucciaenoBanuss MHeHUN 10 xeHmmH 1 10
MY>KYUH JUIS TOTO, 4YTOOBl YCTAaHOBHUTH Haubonee KOMGPOPTHYI0O KOMHATHYIO
Temiieparypy. B tabnuie 2.5 npuBeAeHbl pe3yibTaTsl HccaeaoBanus. Onpenenure
NPUMEHEHHYIO  HM3MEpUTENIbHYI0  mikany. llepeBenmure — pe3ynabTaThl B
MEXIYHAPOJAHYIO cTorpaaycHyto mkany Llenscusi. Paccunraiite XapakTepUCTHKH,
C TIOMOIIBIO KOTOPBIX MOXKHO YCTaHOBUTbH, OJMHAKOBA JIM TeMIeparypa
HauOOJbIIEr0 KoMGOPTa JJIs1 MY>XKYUH U )KSHIIUH.

Tabnuma 2.5 — Pe3ynbTaThl uccneqoBanus (B F)

Myxun 1 1 1 1 1 1 { / {
HBI 4 1 7 6 4 2 5 3 4 6

Kenmn 1 [ [ / [ { { / {
HBI 5 7 8 9 7 3 2 8 6 0

3agaua 2.4.27. ]JIByX OKCHEpTOB TOMPOCHIM OICHUTh KadyeCTBO
MOBEPXHOCTH JECSATU IKCIIEPUMEHTAIbHBIX Ka(elbHbIX IJIUTOK, MPUCBOMB WM
HOMEpa B TOpPSJKE YBEIWYEHUS KadecTBa. Pe3ynbTaTbl HSKCIEPTHOM OIEHKH
MpeacTaBieHbl B Tabmmme 2.6. Ompeaenure BHI H3MEPHUTEIBHOW KAl W
CPEIHIOK CYMMY PaHIOB.

Tabnuia 2.6 — Pe3ynbTaThl OLIEHKH Ka4eCTBa IJIUTOK

DKcre 1 ¢ € 1 & 4 < 1
pr 1l 0

Okcne ¢ 1 1 € &
pT 2 0

N
)

n
~N
_
1)
N



3agaua 2.4.28. V3mepeHbl OTKIOHEHHS] OT HOMUHAJIBHOIO pa3Mepa B JBYX
BbIOOpKax netanei (tabmuua 2.7). Onpenenute BUJ HU3MEPUTEIBHOM IIKAJIBI,
paccuMTaiTe CpeJHUE OTKIOHEHHUS B KaXKJOM BBHIOOPKE M XapaKTEPUCTUKY HX
pasbpoca.

Tabnuna 2.7 — Pe3ynabTaThl U3MEPEHUI OTKIIOHEHUH B BEIOOPKAaX, MKM

Br10

opka 1 72 50 1 35 6 1 17 20 20 25 0 4 6
Br10

opka 2 10 6 2 18 22 30 40 12 1 6 24

IToncumTaiite 4Ymciio OpaKOBaHHBIX M3JCAUMH B KaKJIOW BHIOOPKE, ©CIH
NpeaeabHO JonycTuMble pasmepsl aeranert 20,47; 20,52 MM, HOMHHaIbHBIN
pazmep 20,5 mmM.

3agaya 2.4.29. Ilpu nmnpoBenEeHUU TOBEPKU BOJBTMETPA METOJIOM
HEMOCPEACTBEHHOTO CIMYEHMS MOJYYEHbI PE3YNbTAThl, PUBEICHHbIC B TaOJIMIIE
2.8. Onpenenute BUA U3MEPUTEIHHON MIKAJbI /I OLUEHKU MOTPEIIHOCTH CPEACTBA
u3MepeHuil. Bpruucianre aOCOMIOTHYIO MOTPEHIHOCTh B KaXJIOM MOBepsieMoi
OTMETKE IIKaJbl U BAPUALINIO IOKa3aHUM.

Tabnuua 2.8 — Pe3ynbTaThl IOBEPKH BOJBLTMETPA

3HaueHHE
TIOBE-PSAEMOiA ( 6
OTMETKH LIKAJIbI, 2 5 8 1 4 7 0
B

I1 p
OKa3zaH sIMOW (
us X011 0 1 9% 9 22 56 75 02 40 69 98
BOJIbTM 00

erpa, B parub (
i1 X011 ,03 8 01 v 24 51 81 09 38 7,1 0,0

3agaua 2.4.30. Onenure cpeqHee BpeMsi peakiui TpeX Py MalueHTOB Ha
CICIaHHYI0 UHBEKIMIO (Tabnuia 2.9). Onpeaenute BU U3MEPUTEIHHOM MIKAIbI.
Tabnuia 2.9 — Bpems peakiiuu, MUH.

I'pyn i ¢ i i ¢ i ¢ ¢ ] : i
na 1 62 6 11 00 8 20 4 2 05 40 04
I'pyn ¢ ¢ i i ] ¢ i ¢ ] :
na 2 8 8 06 28 42 5 01 9 16 08
I'pyn [ ¢ i i ] ! ! ! - -
na 3 2 0 03 44 24 07 02 14

[IpakTrueckoe 3ansTue 3
Tema: «XapakTEPUCTUKU PE3IVIILTATOB U3MEDPEHUIN)




Lenb 3anatud: [1onyduTh HaBBIKK B ONPEACICHUN KOJINYECTBEHHBIX
XapaKTEPUCTUK PE3YJIbTATOB U3MEPEHU.
3amaun: 1) u3y4uTh CIOCOOBI BHIPAKEHUS XapaKTEPUCTUK PE3YJILTATOB
VU3MEPEHU;
2)HAY4UTHCS ONPEACISATh BEPOITHOCTHBIC, YHCIIOBBIC M HHTEPBATIbHBIC
XapaKTEPUCTUKHU PA3MEPOB;
3)OCBOUTH NMPUMEHEHUE XAPAKTEPUCTUK JJISl aHaIM3a dKCHEPUMEHTAIbHBIX
JAHHBIX.
OCHOBHBIE MTOJOXKEHUS
BeposiTHOCTHO-CTATHCTHY €CKHE XaPAKTePUCTHKH
Pe3ynbTaThl n3MepeHnil HEM30€kKHO COiepkKaT CIydailHble MOTPEUTHOCTH,
JENCTBHE KOTOPBIX Hempenckazyemo. I11oatomy pe3ynbTaTbl U3MepeHUN
paccMaTpUBarOTCA KaK CIIy4alHbIE BEIMYUHBI C IPUMEHEHUEM TEOPUU
BEPOSITHOCTEU.

CiyyaiiHOW BETMUYUHON HA3BIBAIOT BEIMUMHY, KOTOpasi B PE3yabTaTe ONbITa
MPUHUMAET 3HaYeHNEe? 3apaHee HEM3BECTHOE 1 3aBUCSINEE OT CITyJaiHBIX
MIPUYHH, KOTOPBIE 3apaHee He MOTYT ObITh yuTeHbI. [Ipu mpoBeneHnm
M3MEpPEHUI BHUMAHUE YACISIETCS] 3aKOHOMEPHOCTSIM CITYYalHbBIX SIBJICHUM,
KOTOpbI€ 00J1aJ1al0T OTHOCUTEIbHOW YCTOMYHUBOCTHIO B UX MaCCOBOM
nposiBieHnu. CiydaitHoe COOBITHE Ha3bIBACTCS MACCOBBIM, €CIIM MOXKET
MOSIBUTHCS B PE3YyJIbTaTe UCTIBITAHUM, KOTOPBIE MOTYT OBITh ITOBTOPEHBI JIFO00OE
YUCJIO0 pa3 MpHU OJHUX U TeX ke yciaoBusax. CiydailHble BETMYUHBI MOTYT OBITh
JTMCKPETHBIMHU U HEMPEPHIBHBIMU (aHAJIOTOBBIMH ). BO3MOXKHbBIEC 3HAYCHUS
JTACKPETHBIX CIyYalHBIX BEJIMYMH OTACIUMBI APYT OT JPyra v MOAJar0TCs
cueTy. Bo3aMOXHbIEC 3HAUECHUSI HEMPEPBIBHBIX CIIYYAHBIX BETUUYUH HEOTICIMMBI
IpYT OT ApYyra U HEMPEPBIBHO 3aAIIOIHSAIOT HEKOTOPBIM KOHEUHBIN WU
OeCKOHEUHbIN MHTEpBaJ 3HaUYeHU. [laxke B 1F0OOM KOHEYHOM MHTEpBaJie
HeTpepbIBHAS ClTydaiiHasi BeJIMUMHA UMeeT 0ECKOHEUHOEe MHOXKECTBO 3HAUCHUH.

MaccoBoe ciyyaiiHoe cOObITHE — PE3yJIbTaT MHOTOKPATHBIX U3MEPEHUN —
MOJKET OBITh OXapaKTEPU30BaHO aOCOMIOTHON YaCTOTOM, OTHOCUTEIHHOU
4acTOTOM, paclpeIeIeHHeM BEPOATHOCTEN U (DYHKIMEN pacpeeneHus
BEPOSITHOCTEU.

AOcComr0OTHAS 4aCTOTa Mi — YHCJIO MOSABJIEHUN OJHOTO U TOTO K€ COOBITHS
(3HaueHUs pe3ybTaTa U3MEPCHUN ).

m.
OTHocuTeNnbHAsA YacToTa — — A0JII KOHKPCTHOI'O COOBITHS (KOHerTHOI‘O
n

3HAYEHUA pe3yNIbTaTa U3MEPEHHI) B 00IIEM Ynciie COOBITHI (f1anee —
pe3yabTaToOB U3MepeHuil). OTHOCUTEIbHAS YaCTOTa SBISETCS MMOKa3aTeIeM

BEPOSITHOCTU Pi TUCKPETHOTO pe3ysbTaTa U3MEpPEHUI:

ST (3.1)

n



Pacnipenenenre BeposSTHOCTEN MPEACTABIEHO HA pUCYHKE 3. 1.

N
>

BeposTHocTts PL

| .
>

3HaueHne pe3ybTaToB n3MepeHni Qi

Pucynok 3.1 — JluckpeTHOE pacrpeesieHue BEPOITHOCTEN

Oyukus pacnpenencHus BeposTHocTer F(Q) siBisiercs GyHKImei
HAKOIUIEHHBIX OTHOCUTEJIbHBIX YACTOT:

F(Q)= 2 P(©) (3.2)

(oNY

JuckpeTtHast GyHKIMS pacipeie]IeHUs: BEpOSITHOCTU MPEACTaBICHA Ha

pucyHke 3.2.

P€3YJ'II>T3T HSMepCHI/Iﬁ TP HCIIPCPBIBHOM OTCUCTC OIIMCBIBACTCA

MI0THOCTHIO BeposiTHOCcTH p(Qi) Tekymiero 3Hauenus Q (pucyHok 3.3, a) u
¢byHkuuei pacnpenenacuus BepostHocTer F(Q) (pucynok 3.3, 0):

DyHKIMS pacipeeIeHus

9

F(0)= | p(0)d0 @3)

BEPOATHOCTEH F(QI)

‘l_\

—00

I Y I Y I A N

>

3HayeHHs pe3yIbTaToB U3MepeHui Q;

Pucynok 3.2 — JluckperHast pyHKIMS pacrpeneiaeHus BeposTHocTer F(Qy)
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Pucynok 3.3 — OMnupudeckue mioTHOCTh BEPOSTHOCTEH (a), hyHKIHS
pacnpeiesieHus1 BeposiTHoCTeH (0)

OyHKIMS pacTpeieleHus] BEPOSTHOCTEH omnpenessieT BEpOsSTHOCTh TOT0, YTO
OTAETBbHBIN pe3ynbTaT u3MepeHus: Q mpu OAHOKPATHOM M3MEPEHUN IPUMET
3Ha4YeHHE MEHbIee e€ aprymenTta. Yem Oounblie pe3ynbTat usMepeHus Q, tem
OoJblIe BEPOSTHOCTh TOTO, YTO HU OJUH Pe3yJIbTaT U3MEPEHUN HE IPEBBICUT
aTOro 3HaueHwus, T.e. F(Q) — HeyObIBaromas GyHKIHS.

F(Q2)>F(Q1), ecitm Q2>Q1. [Tpn mzmenenuu Q ot -00 g0 +oo F(Q) nu3mensiercs
ot 0 mo 1.

Pesynbrar nusmepenunii Q menbie HekoToporo Q1 € BepositHocThio F(Q1) 1
menbine Q2 ¢ BepositHocThIO F(Q2). [Tpruem Q2>Q1. Toraa BeposITHOCTD TOTO,
YTO PEe3yJIbTaT U3MEPECHUM OKAXKETCS B MHTEpBaje 3HaueHui ot Q1 10 Q2!

P QlSQSQg =F(Q)-FQ) (3.4)

nimn
Q, Q, Q,
P{leQ£Q21}= [ P(@dQ- [ p(QdQ = [p(Q)dQ (3.5)
J J 8

[Ipu pacimmpennn HHTEpBajia UHTETPUPOBAHUS 1O OECKOHEYHOCTH
paccMarpuBaeMoe COObITHE CTAHOBUTCS JOCTOBEPHBIM, MIOITOMY ILJIOLIA b,
orpaHuueHHas rpadukoM (QYHKIIMH pacrpeiesieHUs MIIOTHOCTH BEPOSITHOCTU
JUISL T'00OT0 3aKOHA pacmipeie]IeHUs] U 0Cbio abciucce, paBHa 1:

[p@d0 =1 (3.6)



YuciioBblie (TOYCYHbIE) XapAKTEPUCTHKH

BeposTHOCTHBIE XapaKTEPUCTHUKHU PE3YIIBTATOB U3MEPEHNUN SIBISIOTCS
HanOoJee NOJHBIMU, HO HE BCErJa yJOOHBIL, a TAK)Ke HE BCEra JOCTHXKUMBI, T.K.
JJIs1 UX TIOJIy4€HHUSI HE0OXOAMMO OOJIbIIOE YHCIO0 HKCIIEPUMEHTATIbHBIX TaHHBIX.
[ToaTOMY Halle NCIIOIB3YIOT YHCIIOBBIE XapAKTEPUCTUKN YEPE3 HAYAIbHBIE U
LEHTPATbHbIE MOMEHTBI.

HauvanbHble MOMEHTEI IMOJIy4aroT yCpCaIHCHNEM 3HAYEHUM OTHOCHUTEIBHO
HadaJla KOOpAWHAT I10 IIpaBUIIy:

_ 00

Yr = I x" p(x)dx (3.7)

rjae I — HoMep (MOpsA0K) MOMEHTA;
X — CJlyyaiiHas BeJIMUYMHA (pe3ysbTaT U3MEPEHUN).

[lepBriif HaYaIBHBIM MOMEHT XapaKTepU3yeT MaTeMaTUYECKOe OKUIaHNe
oTcyeTa Npu OECKOHEYHOM IMOBTOPEHHUH MPOIEAYPhl CPaBHEHUS (U3MEPEHHUS):

M(x)= Tx- p(x)dx (3.8)

JIns1 AUCKPETHBIX pe3yJIbTATOB U3MEPEHUM:
n
M(x) ~X=) x;F (3.9)
i=l1

rae X — cpennee apu()METUUECKOE 3HAUCHHUE;
Xi — - pe3ynbTaT U3MEPECHUN;

Pi — BepOATHOCTb NOSIBIEHUS {-TO pe3yabTaTa;

N — 4KCII0 pe3yJIbTaTOB U3MEPEHNN;

Pt (3.10)

rae my — a0COJIFOTHAS YacToTa i-ro pe3yiibTara.

Torma
_ n m 1 n
X=)x — :—le.ml. (3.11)
i=1 n niq
M(X) Tak e Kak X XapaKTepu3yeT LEHTp rPYINIMPOBAHHS PE3YIHLTaTOB
MHOFOKpaTHBIX HSMCpCHHﬁ.



LlenTpanbHbIE MOMEHTHI MTOJIYYalOT YCPEIHEHUEM 3HAUEHUI OTHOCUTEIBHO
LEHTpA pacnpeneaeHus, T.6. OTHOCUTEIbHO MAaTEMAaTUYECKOT0 OXKUIAHUS WU
cpeaHero apupMeTHuyecKoro 3Ha4€HHUsL, 110 TPABUILY:

(x—X)" = T(x—?)r p(x)dx (3.12)

—00

BTopoii nienTpansHbIii MOMEHT Ha3bIBaeTcs aucnepcueit D(x) u
XapaKTepu3yeT pa30opoc IKCIEPUMEHTATLHBIX TAHHBIX OTHOCUTEILHO IIEHTpa
pacnpeeaeHusl.

D(x)= T(x—?)2 p(x)dx (3.13)

—00

I[JIH I[I/ICerTHI)IX BCIIMYUH
D(X)=3(xr, - X) B =~ 3 (x,~ X)’m, (3.14)
i=1 n g

YacTo B KauecTBE XapaKTEPUCTUKH paz0dpoca pe3yIbTaToB H3MEPEHHH
UCIoNb3yeTcs cpeanee kBaapatudeckoe otkioHenne (CKO)- o(x):

Zn:(xi - X)’m,
o (x)=+/D(x) ==L (3.15)
n

o (x)-aBasgercs cmemeHHoi onenkor CKO.

Ecnmu u3 oOmiero umcia MaHHBIX MPU YCPEAHEHUHM HCKIIFOYACTCS OJTHO
3HAYCHHUE, COBIAJAIONIEe C IICHTPOM pachpeaenaeHus, To Takas orneHka CKO
SIBJIIETCS HECMEIIEHHOM

> (%~ X)'m
o) = | E—— (3.16)

Ecnu kaxapiii U3 pe3yabTaToB U3MEPEHH BCTpedaeTcs: He 0osiee 0HOro
pa3a, TO COOTBETCTBEHHO YHCIIOBBIE XapAKTEPUCTUKU ONPEAEIISIIOTCS 110
dbopmynam:

- cpeaHee apu(METHIECKOE 3HAYCHHE:
- 1
X="Yx; (3.17)
n

- CKO:

(3.18)

YHOpOLIEHHBIN pacyeT JUCIIEPCUN MOYKHO BBIIIOJIHUTH 110 CBOWCTBY
JIUCIIEPCUMU:



D(X)=M(x2)-M2(x) (3.19)

Tpertuii IEHTPaTBLHBIA MOMEHT (x — X)® HCIIONB3YETCs ISl XapaKTePUCTUKH

ACUMMETPUYHOCTU KPUBOUM pacrpeiesieHUs] TNIOTHOCTU BEPOSITHOCTH.
AcummeTpus onpenensercs no Gopmyie:

:M 3.20
M ) (3.20)

UeTBepThlil LIEHTPATLHBIA MOMEHT (x—X)* HCIONB3yeTcs s pacdeTa

JKCIIECCa, XapaKTEePU3YIOIIET0 3a0CTPEHHOCTh KPUBOW PacIpe/IeICHUs
TUTOTHOCTH BEPOSTHOCTH:

7\ 4
v=0 (3.21)
(0" (x))
XapakTepUCTUKU C UCIIOJIb30BAHUEM LIEHTPAILHBIX MOMEHTOB MTPUBE/ICHBI
Ha pUcyHke 3.4.

K 4ucinoBbIM XapakTepucTHKaM TaK»Ke OTHOCSTCS MoJia U MenuaHa. Momoi
M, Ha3bIBaeTCsl HauboJiee BEPOSITHOE 3HAUEHUE pe3yJibTaTa u3MepeHuit. Monaa
COOTBETCTBYET abCIMCcCe TOUYKU MAaKCUMyMa KPUBOU pacipeieNeHHsl TUIOTHOCTU
BEpPOSITHOCTH, KaK IMOKa3aHO Ha PUCYHKeE 3.5.

Menunana Me—3T0 3HaYeHHE pe3ysibTaTa U3MEPEHUM, OTHOCUTEIBHO
KOTOPOT'0 PaBHOBEPOSTHO, YTO PE3YJIbTAT U3MEPEHUN OKAKETCS MEHBIIE WITN
0OJIbIIIe METUAHBI:

P(X < Me):P(X > Me):O,S (322)

Ha pucynke 3.5 meauanou sBisieTcs 3Ha4€HUE a0CIIUCCHI MIEPIICH TUKYIsIpa
K OCH a0CIMCC, OTHOCUTEIHLHO KOTOPOTO IIJIOIIA b 1O KPUBOM pacrpe/eeHusl
TJIOTHOCTH BEPOSITHOCTH AEIUTCA MOMOJIaM.

JI71st CHMMETPUYHBIX pacipeelieHU BCe TPU XapaKTePUCTUKHU —
MaTeMaTH4YecKoe OKUJaHUE, MOJIa U MEJIMaHa — COBNAJAOT.



P\

[TnotHOCTH BepositHocTH P(X)

N

<0 M= u>0

ITnotHOCTH BepositHocTH P(X)

uamepsemas BeauurHa X
6)
Pucynok 3.4 — UucnoBble XapakTepUCTUKU PE3YIbTATOB N3MEPEHUI

a).CKO u skcrecc; 6).acuMMmeTpus

P(X)
N

ITnoTHOCTB BEPOATHOCTH

M, Mg M, esyanTar usviepenii X

Pucynok 3.5 — Maremarudeckoe O)KuaHue, MOJ1a, MEAUAHA
HNHTepBa/ibHAS XapaKTEPUCTUKA

[Tpu MOBTOPHBIX U3MEPEHUSAX OJTHOTO U TOTO K€ pazMepa MOTYT ObITh
MOJTYYEHBI pa3IMYHbIC 3HAYEHUSI. ITO OOBICHSIETCS IEUCTBUEM CITyUaHBIX



HOFpGHIHOCTGﬁ. 210 ,ZIGfICTBI/IG OOCHUBACTCA BECPOATHOCTHBIM p336pOCOM
PE3YIbTATOB MHOT'OKPATHBIX H3MepeHI/If/'I B BUJC JOBCPUTCIbHOI'O HHTCPBAJIA.

JloBepuTeIbHBIN UHTEPBAJ IPEJICTABIISIET COOON MHTEpBAI 3HAUCHUH, B
MpeJEIbl KOTOPOTO BXOUT U3MEPEHHBIN pa3Mep € IOBEPUTEIBLHOMN
BEPOSITHOCTHIO. JlOBEepUTEIIbHBIN MHTEPBA OlpeeseTcs no Gopmyse:

X- <X <X+t (3.23)

S
" T el

e N — YUCIIO U3MEPEHU;

X — cpenHee apuMeTHICCKOE 3HAUCHUE Pe3yiIbTaTa U3MEPCHHUIA;

S — CKO pe3ynbTaTa u3MepeHHUIA:

ﬁm—hz
S = i=1

— (3.24)

tp — koappurment CThroieHTA 7151 JOBEPUTEIILHON BeposITHOCTH P.

3HaueHHUE JOBEPUTEILHON BEPOSTHOCTH 33JIa€TCA 10 HadYaJla UBMEPEHUN U
00b19HO paBHO 0,95. JIpyrue e€ 3HaueHUS CrICIMaIbHO OTOBAPHUBAIOTCS.

Bonpock! 11d caMonpoBEPKUA

1. Tlouemy pe3ynbTaThl UBMEPEHUN PACCMATPUBAIOTCS KAK CIy4alHbIC
BEJIMYUHBI?

2. Kakas BenMunHa ABJISIETCA CIIYYalHON?

3. Yrto Takoe MaccoBoe coObITHE?

4. Yto Ha3bIBAETCA JUCKPETHOM CIydaiiHOW BETUYMHON?

5. Kakue ciyvaiiHble BETUUMHBI Ha3bIBAIOTCS aHAJIOTOBBIMU?

6. KakuMu BepOSITHOCTHBIMU XapaKTEPUCTUKAMU MOXKHO OIUCATh
CIIy4alHYIO BEJIMUUHY?

7. Kak onpenenutsh aOCOMIOTHYIO 9acTOTY?
8. UTo XapakTepHu3yeT OTHOCUTENIbHAS 4acToTa?

9. Kak onpenenutb (pyHKIUIO pacnpeaeieH sl BEPOATHOCTEN IS
CIIy4ailHOW BEJIMYMHBL: a) TUCKPETHOM; 0) aHAJIOrOBOM?

10. MBoOpasute rpaduuecku pacrpeesieHrst BEpOSITHOCTEH, MIIOTHOCTH
BEPOSITHOCTH, (DYHKIIMIO HAKOTUICHHBIX OTHOCUTENIBHBIX YaCTOT U (DYHKITUIO
pacrpeesIeHus: BEpPOSITHOCTEM.

11. Yro onpenensier GyHKUMS paclpeesIeHUs] BEPOSTHOCTEMN?



12. Kak onpenenuTs BEpOATHOCTD NTONAJaHUs CIIy4ailHOW BEJIMYMHBI B
3aJJaHHbII MHTEPBaJl HA OCHOBAHUM M3BECTHOMO a) PyHKLUMH pacripenenecHus
BEPOSITHOCTEH; O) MJIOTHOCTU pacCTpe/IeNICHUs] BEPOATHOCTEH ?

13. Ilouemy miisg onMcaHus CIy4alHOW BEJIMYMHBI YaIlE UCIIOIb3YIOTCS
YU CJIOBBIE XapaKTEPUCTUKU?

14. Kak onpeaensitorcs: a) Ha4aJIbHbIE MOMEHTHI; 0) IIEHTPAJIbHbBIC
MOMEHTBHI?

15. Kak Ha3bpIBaeTcs, Kak ONPENENSIETCA U UTO XapaKTEPU3YET MEPBbIN
Ha4yaJbHbIA MOMEHT?

16. Kakue neHTpanbHble MOMEHTBI UCIIOJIB3YIOTCSA JUISL XapaKTEPUCTHUK
CIIy4alHBIX BEJIMYHUH?

17. Kakumu xapakTepUCTUKaMU OMPEIENIIeTCs pa30poc ClydaHbIX
BEJINYUMH?

18. Onpenenure cTeneHb Pa3MEPHOCTH, KOTOPYIO MOI'YT UMETh: a)
nucniepcus; 6) CKO.

19. IlpuBeaute GopMysbl A pacyeTa TUCHIEPCUU: @) €CIH TSl KaXI0T0
pe3yibTaTa u3MepeHuil 3aaHa abCoOTHAsI YacTOTa; 0) €CJIM 3HAUYCHUS
pE3yJIbTAaTOB U3MEPEHUI HE MMOBTOPSIOTCS; B) C UCIIOJIb30BAHUEM
MaTEeMaTHYeCKOTO OKHUIAHUS;, B) C HCIOJIB30BAHUEM BEPOSTHOCTEN MOTydEHUS
KaXXJ0T0 pe3ysbTara.

20. Yto xapakTepu3yeT U KaK OMpeaesieTCss aCUMMETPUs?

21. Yto Takoe 3KcIece, U yepe3 Kakoi MOMEHT OIPEACISICTCS €T
3HaueHue?

22. Yto onpenensoT JJisl CIIy4allHOW BEJIMUYUHBI: a) CTATUCTUYECKAst MOAA;
0) crarucTuyeckas Mmeauana?

23. Yo Ha3pIBa€TCS TOBEPUTEIBHBIM HHTEPBAJIOM?

24. TloueMy pe3yabTaT MHOTOKPATHBIX U3MEPECHU MPEACTABIAIOT B (hopme
JIOBEPUTEIHHOTO UHTEpBAJIa?

25. Yro Takoe TOBEpPUTENIbHAS BEPOSTHOCTD?

[IpumMepsl permeHus 3aga4

3anpauva 3.3.1. [IpousBeeHbl U3MEPEHUS BBIXOHOT'O HANPSHKCHUS B
BBIOOpKE M3 NMApTUHU MUKPOCXeM. Pe3ynbTaThl n3MepeHuid mpe/icTaBlIeHb B
tabmure 3.1.

Tabmuna 3.1 — Pe3ynbTaThl H3MEpEeHHU HAIPSKEHUS

Mrreppanst sriave 210 212 214 216 218 220
HUAN HAIIPSHKEHUS - - - - - - _
P 212 214 216 218 220 222 222-224
U, MB
Yucno 3HaueHu 5 12 28 75 52 20 8




mq

OHpGI[eJ'II/ITe XApPAaKTCPHUCTHUKHU pPC3yJibTaTa HSMGPGHHﬁ BBIXOAHOI'O
HaIIPsS>KCHUA !

a) BEPOATHOCTHBIC — B BUJI€ TUCTOIPAMMBbI U (DYHKIIMU HAKOILJIEHHBIX
4yacToT;

0) uncioBbie — B BUJIe cpeaHero apudpmernueckoro 3HaueHus u CKO;

B) HHTEPBAJIbHYIO — B BUJI€ IOBEPUTEIILHOIO HHTEPBAA.

Pemmenue.

a) Uuncrno 3HaYeHU B KaXKJIOM MHTEpBaJIe mi sIBJSETCSI aOCOTIOTHOM
4acTOTOU. PacCUnThIBAEM OTHOCUTENIBHBIE YACTOTHI JIJIA KAXKIOTO UHTEPBAJIA:

Pi=—, (3.25)
rzae N — ob1iee YuciIo pe3yabTaTOB U3MEPEHUI:

n=Sm,, (3.26)

rze I — 4uciIo UHTEPBAJIOB, [ = 7.
n =5+12+28+75+52+20+8=200

P = i=0,025;P2: £=O,06;P3 :§=0,14;P4: £=0,375;
0 200 200

Ps = —= =0,26; Ps = = 0,1; Py =—>— = 0,04.
200 200

OnpenernseM HIMPUHY UHTEpBAJIA:
h=—tx—mn (3.27)
r71€ Umax 1 Umin — HanOounpliiee 1 HauMeHblIIee 3HaUYCHUS HAPsSKEHUSI.

224-210

h =2 (MB)

PaccuunTthiBaeM aHaJor MJIOTHOCTH BCPOATHOCTU:

P
M _ L (3.28)
n h
p o005 _oobs p - ? 003 P - o,;4 _007: P95 _0175:
p=220 013, p =% o005, p =22 002




MnoTHocTb BeposaTHOCTH P

CtpouM rucrorpaMmy, OTJIOXKHUB MO OCU OPAMHAT BEMYUHBI P{, Kak
MOKAa3aHO Ha PUCYHKe 3.6, a.

PaccuunThiBaeM HaKOIICHHBIE OTHOCUTEIILHBIC YaCTOThI F'l JJI1 Ka>KI0I0
HHTCpBAJIA:

F=3F (329)

F1=P1=0,025;

F2=P1+P»=0,025+0,06=0,085;

Fs=P1+P»+P3=0,025+0,06+0,14=0,225;
F4=P1+P2+P3+P4=0,025+0,06+0,14+0,375=0,6;
Fs=P1+P2+P3+P4+Ps=0,025+0,06+0,14+0,375+0,26=0,86;
Fe=P1+P2+P3+P4+Ps+P=0,025+0,06+0,14+0,375+0,26+0,1=0,96;
F7=P1+P2+P3+P4+Ps+Ps+P7=0,025+0,06+0,14+0,375+0,26+0,14+0,04=1,;

0) [ns pacueTa 4MCIOBBIX XapaKTEPUCTUK OMPENCIIUM CEPEeIMHY KaK10TO
WHTEpBaJIa:

0,2 -

0,15 -

0,1

0,05 -

210 21 14 216 218 0 2 224
af I-Izanp;m(eﬂme 6, Mﬁ

%, =20 ;x (3.30)

TJIC XHi,XBi — HYDKHSIS U BEPXHSISl TPAHUIIBI I-TO HHTEpBAJIa.

x1=211mB; x=213MB; x3=215MB; x4,~=217MB; x5=219MB; x6=
221MmB;  x7=223MB.

Pucynok 3.6 — I'ucrorpamma (a) 1 (yHKIMS HAKOTLJIEHHBIX OTHOCUTEIBHBIX
gacToT (0)

Cpennee apudmernueckoe 3HaUeHHE onpenernsieM 1o ¢popmyne (3.11):



0,9 -
0,8 -
0,7 -
0,6
0,5
0,4 -
0,3 -
0,2 -
0,1 1

HakonneHHasa yacToTa F

VR
DA Y. L A

6). HanpsixxeHue U, MB

X = 21% (211-5+213-12+215-28+217-75+219-52+221-20+223-8)=217,49 (MB)

CKO paccuutsiBaem o gopmyie (3.16). [l HeGOMbIIOro Yncia JaHHBIX
CKO renepanpHON COBOKYITHOCTH G(X) 3aMeHsieM Ha BeiOopounoe CKO S.

() S = \/(211—217,49)2 5 +(213-217,49)° 12+ (215 -217.49)° - 28+ (217 -217,49)° - 75
2001

_ 2 _ 2, — .
\/+(219 217,49)" - 52 + (221 22010704119) 20+(223-217,49) 8: 121591;98: /6,29135678 _

=2,508257719 (MB)

B) PaccunthiBaem qoBepuTebHbIN nHTEpBai no gopmyne (3.23). Tak kak
3HAUYEHUE JOBEPUTEIIHbHON BEPOSITHOCTH HE 33J1aHO, TO mpuHuMaeMm P=0,95 no
NpHIOKEHHIO A ompezensiem 3Hauenue kodpdumrenta Cteronenta tp,=1,96.

JloBEpUTENBHBIN UHTEPBAJ:

217,49-1,96. 22% < x <217,49+1,96. 220
V200 V200

217,49 -0,34759 < X <£217,49+,34759
21714241 mB < X <217,83759 mB

21714 mB < X <217,84 mB

3agaua 3.3.2. [IpousBoautcs crpenbOa 1o ey 0 MepBoro nomnagaHusl.
BepositHocTh mOnaganus Py mipu kaxkaom BeicTpene paBHa 0,6. Ha ctpens0y
oTmyuieHo 4 cHapsiia. BeI4ucauTh 11 4rciia u3pacxo0BaHHBIX CHAPSIOB:
MareMaTtnudeckoe oxuaanue, nucnepcuto u CKO.

Perienue.

Yucio u3pacxoA0BaHHBIX CHAPSAIOB X MOXET MPUHUMATh 3HaYeHUs: X1=1,
x2=2, Xx3=3, X4=4.0npenenum BEPOATHOCTH ITUX 3HAYECHUM.

Bepostaocts nonananus 0,6, Toraa BepoaTHOcTh npomaxa P, =1-0,6=0,4.
Ecnu Ha ctpens0y nmorpeboBancs TOJAbKO 1 cHaps, TO 3HAUMT IOMAIH B LIETh C



1-ro pa3za, 1.e. P1=0,6. IIpu He0OXOAUMOCTH B IBYX CHapsiiax — NEPBBIM HE
MoTaJiv, a Opa3uiIu 1eJib BTOPBIM. T.e. 1 xo=2:

P;=Py-Py (3.31)
P>=0,6-0,4=0,24
Jns x3=3:
P3=Py Py Pn=P:?Py (3.32)

P3s=0,4-0,4-0,6=0,096;

JI71s1 X4=4 BEpOSTHOCTb ONPEEISIETCS IByMs CUTYaIUsAMU: MO0 HE Momaaiu
BCEMH YETBIPbMS CHapsiIaMu, JIMOO MOMaJId MOCIEIHUM CHAPSIIOM:

P4=0,44+0,4%0,6=0.4° (0,4+0,6)=0,43=0,064.
Marematudeckoe OXXHNIaHUeE:

M@)=Yx P (3.33)

M(x)=10,6+2-0,24+3-0,096+4-0,064=1,624=1,6 (cuapsiza)

Jucnepcus:
D) =Y (x, ~M(x)* - P (3.34)
D(X)=(1-1,6) 2:0,6-+(2-1,6)20,24+(3-1,6) 2:0,096+(4-1,6) 0,064=0,8112
(cHapsa®);
CKO: o(X)=,/D(x) (3.35)

6(x)=0,8112 =0,9007 ~ 0,9 (cHapsa)

3anava 3.3.3. Cpeanuii MpoLEHT BhIITycKa Opaka Ha MPEeANpPUSTHI
1,2%.CKO 6paka 6(x)=0,15%. Onpenennte BeposITHOCTb TOTO, YTO B
OTJebHBIEC THU MPOLIEHT Opaka OyneT HaxonuTbes B npenenax ot 0,8% 1o
1,4%. Ilpennonaraercs, 4To BETUYHHA MOAYNHACTCS HOPMAILHOMY 3aKOHY
pacripeieneHHs.

Perienue.

CooTBeTcTBHE HOPMAJIBLHOMY 3aKOHY pacCIpeAeSIeHNs TO3BOJSET IS
OIpeIeTICHHS BEPOSITHOCTH U3MEPSIEMON BEIMYNHBI BOCTIOIH30BATHCS
¢bynkuuent Jlamnaca (mpunoxxenue b).

OHp@)ICJ'II/IM JJIA K&)I(I[Oﬁ rpaHuibl HHTCpBaJla SHAYCHUC KBAHTHIIN:

., _55‘
ty =—— ly=— (3.36)

A Xy — HUKHAA I'pPaHHUIa HHTCPBAJA,



Xp — BCPXHAA I'paHUIlda HHTCPBAJIA.

:M:2,67; tB_M
0,15

H

ITo mpunoxenuto b onpenensiem 3HaueHus Gynkuuu Jlamnaca ais
HalIeHHBIX 3HAYCHUN KBAaHTWICH.

O(tn)=D(2,67)=0,4962; O(tg)=D(1,33)=0,4082.
PaccunThiBaeM BEpOSTHOCTD TOMAIaHUS BEIUYMHBI B UHTEPBAI [ty 1] :
P=@(tu)+D(tp) (3,37)
P=0,4962+0,4082=0,9044

3apaua 3.3.4. Onpenenute MUHUMAJIbLHBIA 00bEM BEIOOPKH N, UTOOBI €
HaIeKHOCTHIO (0,96 TOUHOCTH OIICHKH MaTeMaTUYECKOTO OXKHIaHUS
U3MEPEHHOI 0 apaMeTpa MapTUu ¢ TOMOIIIbIO BBIOOPOUHOTO CPETHETO paBHA
1,2 mm, eciiu CKO o paBuo 0,8 MM.

Pemenue.

Ucxons u3z popmyiel (3.23) OTKIIOHEHHE OT MAaTEMATUYECKOTO OKUIaHUS
OLICHUBAETCS IOBEPUTEIBHON MOTPEITHOCTBIO:

o
e=t .2 3.38
P (3.38)
2
Torza 7= (’P 'C’) (3.39)
&
0=0,8 mM; e=1,2 mm.
Koaddumment CterogeHTa MOXKHO ONPECTUTH MO MPUIOKEHUTO b:
P(t)= (3.40)
D(t,)= 0’296 _ 0,48 t,=2,055.
2
O06beM BbIOOPKH: nZ(WJ =1,8769 ~ 2 (1uT.)

3.4. 3agaun

3anaua 3.4.1. [Ipou3BeneHs! NpsiMble U3MEPEHUS JUaMETpa BajoB B
BbIOOpKE. Pe3ynbTaThl U3MEPEHH MPECTABICHBI B BUI€ OTKJIOHEHUHN OT
HOMUHAJIBHOT'O 3HAYEHHUsI. DKCIIEPUMEHTAIIbHBIC JAHHBIE PACIIPEACIICHBI 110
MHTEpBAJIaM U MPEJCTaBICHbI B Tabiuie 3.2.

Tabnuna 3.2 — Pe3ynbTaThl U3MepeHu



WntepBainsl oTKIIO-
HEHHUH OT HOMHMHAJIb-
HOT'O 3HaYEHUS, MKM

-50;-40

-30;-20

-20;-10
-10;0
0;10
10;20
20;30
30;40

-40; -30
40;50

q -
HCIIO DKCTIEPUMEH 3 10 21 35 48 60 39 23 14

TaJIbHBIX JaHHBIX Mi

[TocTpoiiTe TUCTOrpaMMy IMIUPUIECKOTO pacpeeieHus U QyHKIIUIO
HAKOIUJIEHHBIX OTHOCUTEIIBHBIX YaCTOT; ONPEACIUTE JOBEPUTEIbHBIN HHTEPBAI

TSI U3MEPEHHOT0 TuaMeTpa B BRIOOPKE JJIs IOBEPUTEIILHON BEPOSTHOCTU
P=0,98.

3agaua 3.4.2. Nsmepena BeiOopka oobeMoM N=100 u3 60b1110# mapTun
nakeTtoB (pykToBOro coka. CpeaHuil Bec makera okasaincs paBHbIM 1050r.
OnpenenuTs ¢ HaneKHOCTBIO 0,95 nOBepUTENbHBIN UHTEPBAI JIJIsI CPETHETO
Beca nakera coka Bo Bcel nmaptuu, eciau CKO Beca coctasnsier 20r.

3agaua 3.4.3. Pe3ynbTaThl MHOTOKPATHBIX U3MEPEHUN HANIPSDKEHUS B
AIEKTPUYECKON CETH:

U,B... 218 219 220 221 222
me ... S) 12 24 15 7

Ouenute ¢ HaAeKHOCTHIO 0,96 MaTemaTHueckoe oxuganue M(x)
HaIpsHKEHUS, PACIPEIETIEHHOTO 110 HOPMAaJIbHOMY 3aKOHY, ITPU MTOMOIIH
JIOBEPUTEIBHOTO UHTEPBAJIA.

3agaua 3.4.4. [Ipousseaeno 10 npsaMbIx U3MEPEHUH IIEKTPUUECKON
MOIIHOCTH BarTMeTpoM. Pe3ynbrarsl uamepenuu, kBt: 2,5; 2,2; 2,3;2.0; 2,4,
2,3;2,4;2,1; 2,2; 2,4, nomunHEHB HOPMAIBHOMY 3aKoHY. HaiinuTe oreHKky s
MaTeMaTU4YeCKOro oxuaanust M(X) v mocTpolTe JOBEpUTEIIbHBIN HHTEPBAL,
COOTBETCTBYIOIIUM T1O0BEpUTENIbHON BepossTHOCTU P=0,95.

3anaua 3.4.5. Psajq pacnipeniesieHust BXOAHOM BEIMYMHBI X H3MEPUTEIHLHOIO
npeoOpazoBaTessi UMEET BUJI:

Xi ... 1 2 3 4 5
P.... 01 015 05 0,2 0,05

Brruncnure MaTreMaTHYeCKOe 0KUIaHUE U JUCTIEPCUIO OTKIINKA Y
U3MEPUTEIBHOrO MPeodpa3oBaTesis, UMEIOUIEro () yHKIUIO NpeoOpa3oBaHUs
Buga Y=1,8+3x.

3agaua 3.4.6. B TeueHne CyToK perucTpupyroiiee YCTPOHCTBO KOHTPOJIS
KK/JIbIM yac pukcupyeT Temneparypy B kimMmarudeckoit kamepe. [locie
MEePBUYHON 00paOOTKM JAHHBIX MOJYYEHO paCIpeielICHHE TeMIIepaTyphl MO
MHTEpBAJIaM:

170- 174- 178- 182- 186-

0
Nurepraiel, “C 174 178 182 186 200




Yucio
pe3yJIbTaTOB 2 4 9 6 3
U3MEpPEHUN My

OrnpenenuTs BEpOATHOCTHBIE, YHCIOBbIE K HHTEPBAJIbHYIO XapaKTEPUCTUKH
TEMIIEPATYPHI B KAMEPE.

3agaua 3.4.7. Usmepenus notepu Beca o0pas3iioB xj1e000yI0UHbIX U3IETHI
MIpY ONPEAETICHUN BIAXKHOCTH JaJM CIEAYIOMHKeE pe3yabTarsl:12,5; 13,1; 14;
11,7;15,2; 14,3;12,8; 12,2; 14,5; 13,6 r. Onpenenure CpeIHION MOTEPIO Beca U
BEPOSITHOCTH TOTO, UTO PE3yJIbTaT U3MEPEHUN OyIeT HaXOAUThLCS B Mpeaesiax OT
12,4 no 14,4 r.

3anaua 3.4.8. [Ipu noBepke ommeTpa ycTaHoBiIeHO, yTO 80%
MOTPEIIHOCTEN pe3ysIbTaTOB U3MepeHui He TipeBbiatoT +0,5 OM. [lonaras
pacnpeereHle NOrpeHOCTEN HOpMaIbHbIM, ONPEAEIIUTE BEPOSITHOCTH TOTO,
YTO MOTPEMIHOCTD Pe3yibTara npeBbicuT 1 Om.

3angaua 3.4.9. B pe3ynbTare moBepku BOJTMETPA yCTaHOBIEHO, uTO 70%
BCEX MOTPEITHOCTEH Mmoka3zanuil mpubdopa He npesbimaeT 1 B. Tlonaras
pacupeneneHre NOrpelHOCTER HOPMAIbHBIM, OIIPEIEIIUTE CPEAHIO0
KBaJPATUYECKYIO IMOI'PEIIHOCTD.

3angaua 3.4.10. MHOTOKpaTHBIE H3MEPEHHUS YACTOTHl YaCTOTOMEPOM
nokazanu, 4to 60% Bcex pe3ynbTaToB Haxoaarcs B npeaenax ot 10 mo 14 xI'm.
OueHnTe TOYHOCTh YACTOTOMEPA U OMPEAEIUTE MPEICIbHYIO TOTPEIIHOCTh
pe3ynbTara u3 16 usmepeHuu.

3agaua 3.4.11. Onpenenute BEPOSTHOCTH TOTO, YTO MOTPEITHOCTh
CpPEAHErO0 pe3yabTara U3 25 U3MEpEeHul Mpu CPeIHEKBATPATUYECKON
norpettHocTH 4% He npeBbIicuT +1%.

3anaua 3.4.12. Kakum nomkeH ObITh MUHUMAIIbHBIA 00bEM BHIOOPKH N,
yTOOBI ¢ HAAEKHOCTHIO 0,96 TOUHOCTH OLIEHKHM MAaTEMATHYECKOr0 OKUIaHUS
M(x) n3mepsiemoro pazMepa B IapTHH U3CINNA C TTOMOIIBIO BELIOOPOYHOTO
cpennero pasHa 0,8 mm, ecu CKO o(x)=1mm ?

3agaua 3.4.13. CkonbKo pa3 HaJio MOBTOPUTH U3MEPEHHUS, YTOOBI ObLIa
BEpOSITHA MOIPEUTHOCTH, B 2 pa3a MPEBBIIIAONIAs CPETHEKBAIPATUIECKYIO
MOTPEITHOCTh?

3agaua 3.4.14. CxoybKO MOBTOPHBIX U3MEPEHUM HAJIO TIPOBECTH, YTOOBI
ObLTa BepOsATHA OTPEUTHOCTD, MTPEBHIIIAIONIAs TTPEICTHHYIO
norpenrHocts 1,5 6?

3agaua 3.4.15. CkonbKo pa3 HE0OXOUMO HOBTOPUTH U3MEPEHUS
HaNpsOKEHUs, 4TOOBI XOTsI Obl OAMH pa3 B psAly pe3ybTaTOB MOsSBUIACH
MOTPEHOCTS, peBbiaromas +10B ¢ BeposTHOCTEIO HE MeHee 0,98 , ecnu
MpPUMEHSEMBIN METOJT U3MEpeHU HanpskeHus odecrieunBaer CKO
pesynbTara SB.



3apaua 3.4.16. Meroa u3MepeHHii EeMKOCTH C TTIOMOIIBIO
ANEKTpou3MepUTenbHOro mocra ooecneunBaer CKO pe3ynbToB B npezenax
0,2 Mmx®. Onpenenure:

a) IPUTOJEH JIU 3TOT METOJI JIJIsl OTHOKPATHOT'O U3MEpeHUst eMKocTH 20
MK® ¢ J0oMycKaeMoil MOrpetHOCThIO + 2% MpU JOBEPUTEIHHOM
BepOsITHOCTH 95%.

0) CKOJIbKO U3MEPEHUI HEOOXOAMMO ITPOBECTH JaHHBIM METOJIOM,
YTOOBI MOIPEUIHOCTh CPEAHEr0 pe3ynbTara He npeBbicuiia + 0,1 Mx®D ¢
JOBEPUTENBHON BEPOSITHOCTBIO 96%.

3agaua 3.4.17. [IpoBeaeHbl 9 MHOTOKpPATHBIX U3BMEPEHUM CUITBI TOKA
aMIIEpMETPOM, UMEIOIIUM MOrpeHOCTh 61=20MA. B pe3ynbTaTe
M3MEpPEHHAas CUJjla TOKA OLEHEHA C JOBEPUTEIbHOM MOrPEIIHOCThI0 €=15
MA. CKOIbKO HEOOXOUMO ITPOBECTU U3MEPEHUM, YTOOBI TaKas ke
MOTPEUTHOCTH C TAKOMN e BEPOSITHOCTHIO ObLjIa MOTydeHa mpu
MCIIOJIb30BaHUU APYroro ammepmerpa ¢ 2= 40 MA?

3agaua 3.4.18. Jlng pe3ynabTaToB HM3MEPEHUN TONIIMHBI TUIJICKTPUKA
MOCTPOMTE TUCTOTPAMMYy M ONPENECIUTE C BEPOATHOCTHIO (0,98 HOBEpUTENBHBIN
uHTepBaJl. ToNIIMHA TUAJIEKTPUKA, MM:

10,326 10,052 9,899 9,760 9,856
10,002 10,046 9,464 9,940 9,994
10,010 10,018 9,936 10,006 10,046
9,992 9,872 9,808 10,012 10,006
9,999 9,966 10,080 9,958 10,029
10,004 9,958 10,030 9,990 10,018
9,894 10,028 9,780 9,690 10,008
10,014 10,144 9,970 10,032 9,899
10,030 10,025 10,100 10,014 9,950
9,996 10,000 10,005 10,016 9,946

3agaua 3.4.19. Iloctpoiite mist maHHBIX 3amgadn 3.3.18 sMIupHUECKyIO
GYHKIMIO pacnpeesieHus] BEPOSTHOCTEN U OMpPENEIUTe BEPOSTHOCTh MOSBICHUS
3HAYEHMM TOJNIMHBI AUAJIEKTpHKA, npeBbimarommx 10,050 mMm.

3agaua 3.4.20. Paccumraiite g gaHHbIX 3amgaum 3.3.18 cpemHee
apudmerndeckoe 3HaueHue, CKO, acummerpuio, skciecc. Onpenenure, B KaKoM
WHTEpBAJIe HAXOAMUTCS MOJA M KAKOMY 3HAUYEHHUIO paBHA MeJWaHa pe3yIbTaTOB
M3MEPEHUN.

3agaua 3.4.21. U3 naptuu uzgenuit KOHTPOJIEP OTOUPAET U3EITHS BBICIIETO
copta. BeposiTHOCTH TOTO, UTO CIAy4alHO B3ATO€ M3JIEIME OKAXKETCS BBICHIETO
copra, paBHa 0,7. Omnpenenure BEPOSTHOCTh TOrO, YTO M3 TPEX MPOBEPEHHBIX
U3JIeNIMIA TONBKO JBA U3/ENIHS BBICIIETO COPTA.

3agaua 3.4.22. V3mepurenpbHOe YCTPOWCTBO COCTOMT W3 TPEX OJIOKOB,
paboTaronux He3aBUCUMO. BepositHocTu Oe30TKazHOM paboThl 3a Bpemst T s
KaxJioro 0j0ka coorBercTBeHHO paBHbI: 0,6; 0,75; 0,89. Haiimure BeposTHOCTH



TOTO, 4TO 3a BpeMs T 0e30TkazHo OyayT paboTaTh: a) TOJLKO OJHU 3JIEMEHTHI; 0)
TOJIBKO JIBA AJIEMEHTA; B) BCE TPH DJIEMEHTA; T') HU OJIMH JIEMEHT.

3apaua 3.4.23. BeposrHocTH TOro, 4To HeoOXoauMmas JJisi CEJICeKTUBHOM
cOOpKM JeTallb HaXOAWTCS B TEPBOM, BTOPOM, TpPETbEM, YETBEPTOM SIIHKE,
cooTBeTCTBEHHO paBHkl 0,6; 0,7; 0,8; 0,9. Halinure BeposITHOCTA TOTrO, YTO JETAIb
HaXOAUTCs: a) He OoJiee, 4eM B TPEX AMIMKaxX; 0) He MEHee, YEM B JIBYX SIIIUKAaX.

3agaua 3.4.24. BeposTHOCTh MOMaJaHUs B MUIICHb CTPEIKOM TPU OJHOM
BoicTpenie 0,7. CKOJBKO BBICTPENIOB JOJDKEH IPOU3BECTH CTPENIOK, YTOOBI C
BEPOSTHOCTHIO, MEHbINEeH 0,5, MOXXHO OBUTO OXHUAATh, YTO HE OYAET HH OJHOTO
npomaxa?

3apauya 3.4.25. B neKTpUYECKYIO 1IETh MOCIEA0BATEILHO BKIIFOYEHBI TPU
dJIeMEHTa, padoTalIUe HE3aBUCUMO OJWH OT Jpyroro. BeposTHOCTH OTKa30B
KaXJ0ro 3JIeMeHTa coOTBeTCTBEHHO paBHbI 0,15; 0,25; 0,3 . Haiinute BEpoATHOCTH
TOTO, YTO TOKA B IIETIH HE OyIeT.

3agaua 3.4.26. TexHUYECKOE YCTPOMCTBO COAEPKHUT JBa HE3ABHCHUMO
paboTarolUX 3JIEMEHTa, BEPOSITHOCTH OTKa3a KOTOPBIX COOTBETCTBEHHO PAaBHBI
0,065 u 0,078. Haiigute BEpOSTHOCTh OTKa3a YCTPOMCTBA, €CIH Uil 3TOrO
JIOCTaTOYHO, YTOOBI OTKa3aj XOTs ObI OJMH DJIEMEHT.

3agaua 3.4.27. Tpu wuccrnenoBaTens, HE3aBUCUMO OJIMH OT JIPyroro,
M3MEPSIOT HEKOTOPYIO (DU3MYECKYI0 BEIMUYMHY. BeposSTHOCTH HX OMIMOOK MpHU
CHATHH TIOKa3aHUM MPUOOPOB cooTBeTCTBEHHO paBHBI 0,15; 0,20; 0,25. Haiinure
BEPOSITHOCTh TOTO, YTO MPH OJHOKPATHOM HU3MEPEHUU XOTA Obl OJAMH M3 HUX
JOIYCTHUT OLUIUOKY.

3apaya 3.4.28. BeposrHocTh TOMajaHus B MUIICHb KaXIbIM H3 JBYX
ctpenkoB paBHa 0,4. CTpenku CTpEnstoT MO OYEepenu, MPUUEM KaxIblil JT0JKEH
cAenath 1o JiBa BeicTpena. Onpeaenute BeposTHOCTh TOTO, YTO CTPEJIOK MOMAaIET B
MUIIIEHb.

3agaua 3.4.29. BeposTHOCTH XOTS ObI OJHOTO TMOMNAJaHUS CTPEIKOM B
MHUILIEHb TMpU 4YeTBIpEX BbICTpenax paBHa 0,7599. Haiigute BepOATHOCTH
MONaJaHus MPU OJHOM BBICTpEJIE.

3agaua3.4.30. Asromar wusroraBiauBaeT mapukd. Illapuk cuuTaercs
TOJIHBIM, €CITU OTKJIOHEHUE JHaMeTpa OT HOMUHAIBHOIO pazMepa mo abCOIIOTHOM
Benmunae Menee 0,7 mm. Ompenenure, CKOIBKO B CpeaHEM OYIET TOIHBIX
[IAPUKOB CPEY CTa M3rOTOBJIEHHBIX, €CIU CilydailHas BeJIMYMHA pacIpeiesieHa
HopMaiibHO ¢ CKO 6= 0,4MM.

3agaya  3.4.31. PesynpTaT M3MEpEHUN  HANpPSDKEHUS,  CpEAHEe
apudmeTndeckoe 3HaueHue koroporo 6,32 B, momagaer B unrepBai ot 5,014 o
6,626 B ¢ BeposTHOCTBIO, paBHOU 0,39. Uemy paBHa BEpPOSATHOCTBH IIOIAJAaHUS
pe3yabpTara u3MepeHuil B uaTepBai ot 4,922 no 7,718 B?

3agaua 3.4.32. lllkana cexynmomepa umeet 1eHy aenenus 0,2 c. Kakopa
BEPOSITHOCTh OTCUETa BpeMeHHU ¢ omuokoi 6omnee 0,05 ¢ Mo 3ToMy CEKyHIOMEpY,
€CJIM OTCUET BBINOJHSETCA C TOYHOCTBIO JI0 LIEJIOTO JIEJIEHUS] C OKPYIJICHUEM B
OMKAMIITYI0 CTOPOHY?

3amaua 3.4.33. AsumyranbHblii MO umeer neHy nenenus 1°. Kakosa
BEPOSTHOCTh CJENaTh OMMOKY B mipenenax + 10’ nmpu u3MepeHrun a3uMyTaIbHOTO



yria, €ciu pe3yibTaT OTCUeTa OKpYyIJisieTcs A0 OJMXKaWIero Ielioro yucia
rpaaycoB?

3agaua 3.4.34. Ilo pe3ynbraram uzmepenuit 100 pe3ucTtopoB, ciiydailHO
OTOOpaHHBIX W3 OOJNBIION TAPTUM OJHOTUIHBIX W3JIETUH, TMOJIydeHa OIleHKa
conporubienus R =10 xOm. Haiigure:

a) BEPOSATHOCTH TOTO, YTO JJIA PE3UCTOPOB BCEW TMapTUU 3HAUYCHUS
conportuBienus HaxoasaTcs B npenenax (10+0,1) kOm npu CKO §=1 kOm.

0) KOJIMYECTBO HM3MEPEHUH, NMPH KOTOPBIX C BepOATHOCTHIO 0,95 MOXKHO
yIBEpXKJaTh, 4YTO JUIS BCEH MapTUU PE3UCTOPOB 3HAUCHUSI COMPOTHUBIICHUS
Haxoaarcs B npegenax (10+0,1) kOwm.

3apaua 3.4.35. Ilpu cOopke M3MEpPUTEIILHOIO YCTPOMCTBA Jisi HamOoliee
TOYHOW PETYIMPOBKH OCHOBHOTO y3Jla MOXKET TOTPEOOBaThCs (B 3aBUCUMOCTU OT
ynaun) 1, 2, 3, 4, 5 nmpoO nmerasneil ¢ BEpOSTHOCTSIMHU, COOTBETCTBEHHO PaBHBIMU
0,07;0,21; 0,55; 0,16; 0,01. Ckomnpko neraneit He0OX0IUMO COOPITUKY JJIs COOPKH
30 mpubopoB?

3agaua 3.4.36. [Ipu npou3BOACTBE CTANBHBIX HUIUHAPUYECKUX CTEPIKHEN
IPOBEpPKA COOTBETCTBEHHO HAPYKHOTO JMameTpa IMokazana, 4to 5% wuznenuid
MMEIOT OOJIIINK JAWaMETp, YeM 3TO JomyctuMo, 91% wusmenwii HaxomuTcs B
YCTAHOBJIEHHBIX IpaHuiax U 4% UMET JUaMeTp MEHbIIe nomycTuMoro. Kakosa
BEPOSTHOCTh OOHAPYKUTHh B BHIOOpPKE M3 10 HE3aBUCHMO OTOOpAaHHBIX 0OPA3IIOB.

a) POBHO OJWH oOpaszel; ¢ OONbIIMM JUAaMETPOM U OJUH C MEHBIIUM
JIMAMETPOM, YEM 3TO JIOMTYCTHMO;

0) Bce roJiHbIe 00pas3IbI;

B) MO KpailHeil Mepe, oguH oOpasel ¢ JUaMEeTpOM BHE YCTaHOBJIEHHBIX
rpaHuil?

3agaua 3.4.37. U3 maptuu, BKIIOYArONIeH 25 w3menuil, cpelud KOTOPBIX
uMmeeTcss 6 HeCTaHMapTHHIX, BHIOpaHBI CIydailHBIM 00pa3oM sl MPOBEPKU HUX
KayecTBa 3 wm3genus. Havigurte Marematnueckoe oxumanue u CKO
HECTaHAAPTHBIX U3JICTUH, COMIEPIKAIUXCS B BEIOOPKE.

3apaya 3.4.38. Pasmep mapuka misa noamunHUkoB X. Ilpu koHTpose
OpakylTCsi BCE IIApUKH, JUAMETP KOTOPBIX OTJIWYACTCS OT HOMHHAIBHOTO
6onbmie, yuem Ha 0.1 mm. M3BecTHO, 4TO cpeaHuil pa3Mep auamerpa IIapuka
m, = d,+d,

2
JTuaMeTpa mapHka.
3agaua 3.4.39. Bo3MmoxHbIe 3HAUCHUS JUCKPETHOM CIy4ailHON BENTWYMHBI

, a Opak cocrasmsier 10% Bcero Beimycka. Ompenenure CKO o(x)

X:
x1 = —-1; x2 = 0; x3 = 1; MaremaTu4yecKue OXUJAHUA ITON BEIMYUHBI U €€
kBagpara: M(X)= 0,1; M(X?= 0,9. Halinute BEpOATHOCTH, COOTBETCTBYIOIIHE
3HAYEHUAM X1, X2, Xa.

3apauya 3.4.40. Haiinure BEpOSTHOCTH BO3MOXKHBIX 3HAUCHUU TUCKPETHOU
CIIy4allHOM BENMYUHBI X1 = 1, X2 = 2, X3 = 3, €CJId U3BECTHbl MATEMAaTHYECKHUE
O’KMJIaHMsl DTOM BeMMUUHEI U €€ kBaapara: M (X) = 2,3; M (X?) =5,9.

3agaya 3.4.41. U3BecTHO, YTO M3MEpUTEIBHBIA NpHOOP HE HMEET
CHUCTEMAaTHYECKUX OIIMOOK, a CIIydailHble ONIMOKM HU3MEPEHUs TMOTYUHSIIOTCS



HOPMAJIbBHOMY 3aKOHY pacrpenenceHusa. CKOIbKO Hago MPOBECTH MU3MEPEHUU ISt
onpenenenust oneHkn CKO mpubopa, 4TOOBI C JTIOBEPUTEIHHOU BEPOSITHOCTHIO
70% abconoTHas BeNMUYMHA OMUOKY ONpeIeNIeHUs 3TON BeMyuHa Obliia He OoJee
20% ot (X )?
3agaua 3.4.42. B niexe 3aB0/1a BBIITYCKAIOTCS BaJIbl AJIEKTPOIBUTATEIICH.

W3 mponykiuu 0JHOTO CTaHKa MPOU3BOJILHO BeIOUpatoT 50 u3aenuid,

M3MEPSIOT UX JTUAMETPhI U BBIYUCIISIOT 3HAYE€HUE BEIOOPOUYHOTO CPETHETO

X = 42,972 mm 110 TEXHUYECKUM YCITOBUSIM CTAaHOK HACTPAWBAETCS Ha

HOMHUHAJILHBIHA pazmep 43 MM. MOKHO 1M Ha OCHOBAaHUH MOTy4E€HHBIX
PE3yJILTATOB CJENATh BHIBOJ O TOM, YTO CTAHOK 00ECIIEYMBAET 3a JaHHbIH
HOMHUHAJIEHBIA Pa3Mep, MU MOJTY4EHHBIE JaHHBIE CBHJIETENLCTBYIOT O
HEYIOBIETBOPUTENLHOM HATAIKE TEXHOJIOTHIECKOrO 000Dy I0BAHMS.
KoHTponmpyeMblii IpU3HAK KMEET OPMAIBLHOE PACIPENETIEHHE C
nucnepeuein  62=0,01 mm?2,



[IpakTnueckoe 3anstue 4

Tema: «Kacchl TOUHOCTH CPEACTB U3MEPEHUIN

Lenb 3ansaTus: [lony4uTh HaBBIKK B OLICHKE U UCHOJIb30BAaHUU KJIACCOB
TOYHOCTH CPEJICTB H3MEPEHHUIA.

3agauu: 1) u3yuyuTth IpaBuiIa ONpeAeICHUs U HA3HAUYCHUS KJIACCOB
TOYHOCTH,;

2) OCBOUTH MPUMEHEHHUE KJIACCOB TOYHOCTH TPH BBIOOPE CPEICTB
U3MEPEHUM;

3) HAYYUTbCS ONPEAEIATH MPUTOTHOCTh CPEACTB U3MEPEHUM M1JIs
MPOBEICHUS U3MEPEHUN U KOHTPOJISL.

OCHOBHBIE TTOJIOKEHUS

Krnacc TouHOCTH CpefcTB M3MepeHuil — 3T0 0000mEHHAsS XapaKTepUCTUKA
JAHHOIO THMAa CPEICTB M3MEPEHUM, Kak MpPaBUIIO, OTpaXkarollas YPOBEHb HUX
TOYHOCTH, BbIpakaemasi MpejeaaMu JI0MYCKaeMbIX OCHOBHOM M JTIOMOJIHUTEIIbHBIX
MOTPELIHOCTEN, a TAKKE APYTUMU XapaKTEPUCTUKAMU, BIUSIIOIIMMHI HA TOUHOCTb.

Kiacc TounoCcTH MOXKET OBITH MPEACTABIICH B popMme:

— a0COIOTHOW MOT'PEUTHOCTH, €CIIM B IaHHOW 00JIaCTH U3MEpPEHUMN MPUHSITO
BBIPKATh MOTPEIIHOCTh B €IWHMIIAX HU3MEPSEMON BEIMYUHBI WU B JEJCHUAX
mkaael. Hampumep, 171 Mep Macchl WK ITHHBI,

— OTHOCHUTEJIBHOM TOTPEIIHOCTH, €CIIM IOTPEIIHOCTH HENb3s TojaraTh
MOCTOSTHHBIMU B MpeJieax Juarna3oHa u3MepeHui;

— TPUBEIEHHON TOTPENTHOCTH, €CIM TPAHMIBI TOTPEITHOCTEH MOXKHO
1oJiaraTh MPakKTUYECKH HEU3MEHHBIMHU B TIpeJieiaX Jrarna3oHa H3MEPCHH.

Ecnu kmacc TouHOCTH TIpeACTaBiieH B BHAC aOCOJNIOTHOH IMOTPEITHOCTH C
MPAKTUIECKA HEU3MEHHBIMU TPaHUIIaAMU BHIA:

A== 2, (41)

e a=const,

TO OH 00O3HAYaeTcs 3arjiaBHbIMU OyKBaMH JIATUHCKOTO an(aBUTa WIM PUMCKUMU
madpamu. IIpm >TOM JomKHA OBITH TIpUBEJCHA TaOJWIlA COOTBETCTBUS
0003HaUECHUsI 3HAYEHHUIO TOrperHocTd. Yem Oombine mudpa WM Oaiblie OT
Havasa ajipaBuTa OyKkBa, TeM OOJIbIlIee 3HAUEHWE MOTPEITHOCTH OHU 0003HAYaOT.

(1,5
Krnacc Tounoctu 0003HavyaeTcss YUCIOM B KPYXKKE, HalpuMep , €CIIH OH
YCT@HOBJIEH IO OTHOCUTEJIBHOM MOrPEIIHOCTH C OCTOSHHBIMU T'PaHULIAMH:
— A
onh— — ==%q, %, 4.2)

X

n
rAe Xn — u3MepseMasi BeJINUYNHA;

*Q = const.

Knacc Ttounoctn o0o3Hawaercss JByMsI UYHCIAaMU Yepe3 KOCYI0 4YepTy,
Harpumep 0,03/0,02 , ecnu OH YCTAHOBJIEH MO OTHOCUTEIHLHOW IOTPEIIHOCTH,
OnpeNeNEHHON TO0 JIMHEWHO M3MEHSIONMICUCS aO0COMIOTHOM  TMOTPENTHOCTH.
AGCOIIOTHAS IOTPEIIHOCTh UMEET BU/L:

An= % (a + bxn), (4.3)
rie a, b — nocrosHHbIe KO3DHUITUEHTHI.



TOF,Z[a OTHOCHUTCIIbHAA ITOI'PCITHOCTD:

A, X
5= Do = a+_bn:i[b+i]:i b, @] a al_,
X, X

n

I+

K

a

| X

I+

Q_
/ _
x‘><
= =

|

(BN
N~

(4.4)
rae *c=b +d;

*:i

Xy — OonbInii (10 MOYJIIO) U3 MIPEICIIOB U3MEPEHUM.
Knacc Tounoctu o603HayaeTcss 4ucaoM 0e3 CHMBOJIOB, €CIIH OIPENEIEH 0
IIPUBEIEHHON ITOIPEIIHOCTH:
A
Y=
X N
rae Xn— HOPMUPYIOIIEE 3HAUEHHUE IIKAJbl CPEJICTBA U3MEPEHUII;

*p = const.

=+p, %, (4.5)

*C 1enplo0 OrpaHMYEHUs] HOMEHKIIATYPBI CPEJICTB U3MEPEHUH 110 TOYHOCTH YHCIIO
YCTAaHABJIMBAEMBIX KIJIACCOB TOYHOCTH JUISI KOHKPETHBIX TPYI CPEICTB H3MEPEHUMH
OTPaHUYMBACTCS, a pacuyeéTHbIC BEIWYMHBI (, C, d, P OKpPYIJISAIOTCA 10 3HAYCHUS,
OJKanIero OOJIBIIETO MO PIAAY:

1-10"; 1,5-10"; (1,6-10M); 2-10™; 2,5-10™; (3-10M); 4-10™; 5-10"; 6-10",

rae n=1;0; -1; -2 u T.1.

3a HOpMUPYIOIIEE 3HAUCHHUE Yallle BCErO MPUHUMAIOT AUANa30H U3MEPEHUI.
Ecnu cpeacTBo usmepeHuil mpeaHa3HauyeHo JJIsl KOHTPOJISl OTKJIOHEHHUSI BETMYUHbI
OT HOMUHAJILHOTO 3HAYEHUS, TO 3TO 3HAUEHUE MPUHUMAIOT B Ka4ecTBE XN.
1,5

Knacc TouHOCTH 0603Ha4aeTcsi ¢ cuMBonioM V | Hanpumep V ,eciy miKana
CpelICTBa U3MEPEHUH HeNMuHelHas (TunepOonudeckas, JorapupmMudeckas 1 T.1.), 1
3a HOpMHpYIoIlee 3HaueHne XN MPUHUMAETCS JITTNHA TITKATHI.

Bonpocs! a1 caMonpoBEpKH

1. Yro ompeaensieT Ki1acc TOYHOCTH CPEICTBA U3MEPEHUI ?

2. Ilpu KakuxX yCIOBUSX KJIACC TOUHOCTH OMPEIEISETCS MO MOTPEIIHOCTH: a)
a0COIOTHOM; 6) OTHOCUTENLHOM; B) IPUBEICHHOMN ?

3. Kak o0o3Ha4aeTcst KJIacC TOYHOCTH, YCTaHOBJICHHBIHN MO MOTPEIIHOCTH: a)
a0COJIIOTHOM; 0) OTHOCUTENILHOW; B) MPUBEICHHON?

4. Kak ycTaHaBIMBaeTCsS YMCIOBOE 3HAYCHUE KJIacca TOYHOCTHU?

5. Kak ycranaBnmBaercs W 0003HA4YaeTCsl KJacC TOYHOCTU TPH JIMHEWHO
U3MEHSIoNIEeCs a0COMIOTHON MOTPEITHOCTH ?

[Ipumepsl penieHus 3aaa4y

3agaua 4.3.1. Msmepena tepmo-2/IC MOTEHIIMOMETPOM KJlacca TOYHOCTH
0,5 co mxkamoii or 200 mo 600 °C. Vkazaremp crout Ha ormeTrke 400 °C.




Onpenenute HauOONBIIYI0 OTHOCHUTEIBHYIO IOTPEIIHOCTh H3MEPEHUs, €CIH
W3MEPEHUE MTPOBEICHO TPU HOPMAJIbHBIX YCIIOBUSIX.
Pemenue.
Cyns o 0003Ha4YeHHI0, KJIaCC TOYHOCTH OMPEACIIEH MO MPUBEIEHHOMN
MIOTPEITHOCTH IS JIMHEHHOM IIKaJb, T.€. 1o hopmyie (6.5):

A
— A 100%,
Y X, 0
rae Xn = 600 — 200 = 400 °C.
- X
T An= 22w 4.6
ora "7 100% (46)
OTHOCI/ITGHBHaH HOFpeHJHOCTB:
S = 201009 = K .10006 = 7 K (4.7)
X, 100%- x,, X,
8o = 22990 — g 504
400

3agaua 4.3.2. H3MepeHuss MOUIHOCTH DJIEKTPOOBITOBOTO YCTPOMCTBA
MIPOBOAWIJIOCH METOJIOM aMmIiiepMeTpa—BoJpT™MeTpa. Ob0a mpubopa MMeEnu Kiacc
tounoctd 0,5 , pabGoTaJii B HOPMAJIbHBIX YCIOBUSX M MMEIU IIKaJbI
cootBercTBeHHO (0—10) A 1 (100-400) B. M3mepeHnHbie 3HaUeHUsI CHIIBI TOKa 9 A
n Hanpsbkerue 222 B. Onpenennre norpeHoCTh H3MEPEHNSI MOIIIHOCTH.

Pemenue.

Tak KaKk MOIIHOCTb H3MEPSIIaCh KOCBEHHO Ha OCHOBAaHUM 3aBUCHMOCTH
P=I-U, TO morpemHocTh €€ Hu3MEpPEHUs CKJIAJAbIBAETCS W3 MOTPEIIHOCTEMN
HEOJHOPOJHBIX BEIUYMH — CHJIBI TOKAa U HaNpspKeHWs. [[ns mxX cymMmupoBaHUS
NOTPEIIHOCTH  JIOJDKHBI  OBITh  MPEACTABJICHBl B OTHOCHUTENBHOM  (opme.
OTHOCHUTENbHAS MOTPEITHOCTh U3MEPEHUSI MOIIIHOCTH:

8p = ﬂé‘lz +5j ) (48)

riae O U Ou — OTHOCHTEIBHBIC TMOTPENTHOCTH W3MEPEHUS] CUJIbI TOKA H
HampsDKEHUS.

DTH NOTPEITHOCTH MOXKHO ONpeAeNUTh 1o Gopmyse (6.7):

— TIPY U3MEPEHUH CHJIBI TOKA:

5= 2210 - 56%:
222
— HpH I/ISMCpCHI/IH Hal'IpSDI(eHI/IH:
5u= %0300 0,68%.
222

OrnpezensieM MOrpeHoCcTb U3MEPEHUST MOIITHOCTH:

Sp = /0,562 + 0,682 = /0.776 = 0,88%.
3agaua 4.3.3. B pe3ynpTare MOBEpPKH aMIiepMeTpa B KOHTPOJIHPYEMBIX
TOYKaX MIKAIbL: 1-2—-3—4-5 A moaydeHbI CACAYIONINE TOKA3aHU
— IIpY yBEJIMUCHHUH CUJIbI Toka 1,1-2,3-2,9-3,8-4,7 A;
— TIpW YMEHBIIIEHUHN cuJibl Toka 4,7-3,9-2,8-2,1-1,2 A.



Omnpenenute aOCOMIOTHYIO, OTHOCUTEIbHYIO, MPUBEAEHHYIO MOTPEIIHOCTH,

BapUaIMIO MMOKA3aHUN 1 KIIACC TOYHOCTH aMIlepMeTpa.
Pemenue.

OmnpenensieM a0COMIOTHBIE TMOTPEIIHOCTH MOKa3aHUl B KOHTPOJIUPYEMBIX
TOYKAax IIKajbl amrmepmerpa mo ¢popmyne (5.1): +0,1 A—-+0,3 A—--0,1 A—-0,2
A —

-0,3A--0,1 A--02A—-+0,1 A—+0,2 A.

Boibupaem  HanOonbinee (O  MOAYJIO) 3HAYEHHE  IMOTPEUIHOCTH.
AOcommoTHAs TOTPEHOCTh ammnepmeTpa A, = 0,3 A.

OTtHocHTeNbHAs MOrPeIHOCTh Mo hopmyde (6,2):

10% — 15% — 3% — 5% — 6% — 2,5% — 6,7% — 5% — 20%.

HauGomnbiee 3HaueHne OTHOCUTEIHLHOM MOTPEITHOCTH MOKa3aHUA:

on = 20%.

[IpuBenénnas morpenrHocTs 1o Gopmyne (6.5):

y= %-100% = 6%.

[lo crawpapTHOMYy psAay 3HAQUEHUIO MOPUBEAEHHOM  MOTPEHIHOCTH
COOTBETCTBYET 6—M Kilacc TouyHOCTH. Ho Ha siekTpomsMepuTenbHbIE TPUOOPHI
TaKOM IpyObIi KJJacC HE Ha3HAYAETC .

3agaua 4.3.4. [l u3aMepeHus HanpsDKCHMS IIPUMEHSIFOTCS 1Ba BOJILTMETPA:
Xn,= 50 B, xnacc tounoctu Ky = 2,5; Xy, = 150 B, xnacc tounoctu Kz = 1,0.

Onpenenure, Kakol BOJBTMETP TOYHEE, €ciid TepBbld mokazan 40,2 B, a
BTOpOM 42 B.

Pemrenue.

JInsi KOHKPETHOTO HM3MEPEHHOI0 3HAYCHHUS CPAaBHMBAEM OTHOCHUTEIIbHBIC

MOTPEITHOCTH BOJIBTMETPOB, pacCUuTaHHbIE 110 hopmyie (6.7):

b= 2290 =3 104 8, = 220 = 357%,

)

Tak kak &2 > 81, TO NEPBBIA BOJBTMETP TOUHEE.

3agauu

3apaua 4.4.1. [Ipu xanmuOpoBKEe TEXHUYECKOIO TepMOMeTpa co IKamoi (0—
300) °C Obu1 HCIONB30BaH Ta0OPATOPHBIN TEPMOMETP, UMEIOLINIA IOMPABKY IO
cBueTenbCcTBY 0 nmosepke —1,5 °C. IlonpaBka Ha BeicTynatouuii cronouk + 0,5 °C.
W3mepenuss Temmeparypbl B TEpPMOCTAaTHKE Jaldl CIEAYIOIIUE pPe3yJIbTaThl:
TEXHHYECKUM TepMoMeTpoM 249 °C; mabopaTopHbM TepMomeTpom 253 °C.

Omnpenenure, BBIXOAUT JIM 32 Mpelesbl JOMYyCKaeMOM  OCHOBHOM
norpemHocTd 2%  EeWCTBUTENBHOE 3HAYEHHE IOIPEUIHOCTH — IOKa3aHWM
TEXHUYECKOTO TepMoMeTpa. Kakoil KiIacc TOYHOCTH MOXHO MPHUCBOHUTH
TEXHUYECKOMY TEPMOMETPY IO €T0 JEHCTBUTENBHON MOIPEIIHOCTH?

3agaua 4.4.2. Tloxazanus ommerpa Ha nojauanaszone or 0 mo 103 Owm
cocrapuim  152,8 Om. JlelictBuTenbHOE 3HadueHUe conporusieHus 150 Owm.
Onpenenure abCOMIOTHYIO, OTHOCUTENBHYIO MMOTPEIIHOCTH M KJIacC TOYHOCTU
npubopa 1mo NpruBeAEHHON MOTPEITHOCTH.



3apaya 4.4.3. Ilo pe3ynbraraM TMOBEpPKHM BOJBTMETPAa METOJIOM
HEIMOCPEJCTBEHHOIO CPAaBHEHMSI C JTAJOHHBIM  BOJBTMETPOM  ONPEAEIHUTE
HauOOJIBIIYI0 OTHOCUTENIBbHYIO MOTPEIIHOCTh, BapHUaLlMI0 IMOKa3aHUM M KIACC
TOYHOCTH IO IPUBEAEHHON ITOIPEITHOCTH.

Tabnuna 4.1 — Pe3ynbTarhl HOBEPKH BOJIBTMETPA

KoHTponpyeMbie TOYKH TIOBEpsieMoro mpudopa, B | 2 4 6 8 10
[Tokazanusi 3TaTIOHHOTO “xonsBepx” | 2,03 3,97 |61 182 |99
BOJIbTMETpa, B “xonBum3” | 1,98 | 4,01 | 6,05 | 8,03 | 9,95

3apaua 4.4.4 Onpenenure OTHOCUTENbHYIO MOTPEHIHOCTh HW3MEPEHHUS
HanpsDKEHUs, €CIM TOKa3aHWe BOJBTMETpa Kjacca ToyHoctd 1,5 ¢ mpexpenom
u3mepenus 400 B cocrasuio 129 B.

3agaua 4.4.5. Tpu amrnepmeTpa BKIIFOUEHBI B JJIEKTPUUECKYIO LIEMb CUJION
Toka 20 A. IlepBbiii ammepmeTp umeeT mpenensl udmepenuit (0-25) A u kiacc
TOYHOCTH 2,5; BTOPOW aMIepMeTp — ¢ npeaenamu usmepenuid (5—40) A u kinaccom
TOYHOCTH 2; TPETHH ammepmeTp — ¢ npeaenamu uamepennit (10-50) A u kmaccom
TouHocTH 1,5. Onpenenute, Kakoil U3 MpuUOOPOB 00ecTIeUUT OOJBIIYI0O TOYHOCTh
M3MEPEHUS CUJIbI TOKA B LICTIH.

3agaua 4.4.6. OueHuTe TMOrPENIHOCTh W3MEPEHUM MOUIHOCTH, €CIU
COIIPOTHUBJICHUE U3MEPEHO C NOrPeIHOCThIO 1%, a moKa3zaHus BOJIBTMETpA Kilacca

TOUHOCTH 1,5 COCTABUIIN 73 JUTMHBI IIKAJIEL.

3agaua 4.4.7. Bonbrmerp Ha HanpsbkeHue (0—130) B nmogkmiouéH k
TpaHcopMaropy  HampsiKEHUS 1000/100. Onpenenure HaINpsHKEHUE
AJIEKTPUYECKOW CETH, €CIH BOJIBTMETp mokazan 90 B u oleHuTe mOrpemHocTb
U3MEPEHUST HaNpsDKEHUs, €CJIM KJIacC TOYHOCTU Tpubopa 2, a TpaHchopmaropa
1,5.

3agaua 4.4.8. [Ipu onpeneneHnu 3aTpaT SHEPTUH B JIEKTPUUECKON TEUH 32
CYTKHM ObUIM M3MEPEHbI: HANPsHKEHUE B JIEKTpUUYECKO cetn 222 B BolbTMETpOM
kjaccoM TouHoctH 1,5 co mkanoit (0-300) B, cuna toka 110 A amnepmerpom co
mkamot (0—150) A kmacca Tounoctu 1,0 , Bpems dyacamu, HUMEIOUIUMHU
norpemiHocTh  1,5%. Omnpegenure 3HaAY€HUE HOHEPruu, AaOCOIIOTHYIO H
OTHOCUTEJIBHYIO MOI'PEIIHOCTU €€ U3MEPEHUS.

3agaua 4.4.9. IIpu nmoBepke NHUCTAHIIMOHHOTO IMAapOra3oBOr0 TEPMOMETpaA
KJlacca TOYHOCTH 2 ¢ mpeaenamu u3mepeHuit ot 0 mo 160 °C Obud mosrydeHbl
MOKA3aHUs STAJIOHHOTO PTYTHOTO TEPMOMETPA B KOHTPOJIUPYEMBIX TOUKAX IIKAJIbI
(Tabmuma 6.2). Onpenenure roqHOCTs TprbdoOpa.

Tabnuna 4.2 — Pe3ynbTarhl MOBEPKH TEPMOMETpA

KoHTpomupyemsbie toukn |0 |20 |40 |60 |80 100 | 120 | 140 | 160
mkaisl, °C.

[Toka3anus ATaJIOHA npu | 0,1 |22 |40 |63 |78 96 123 | 141 | 159
MOBBIIICHUH TemIepaTypsl, °C

[Tokazanus ATaJoOHa npu | 0,2 |21 |42 |60 |79 98 |122 | 140 | 158
MOHIKEHUHU Temnepatypsl, °C




3agaua 4.4.10. Omnpenenure KjIacc TOYHOCTH  aMIepMeTrpa IO
OTHOCHUTEJIBHOW MOTPEUIHOCTH, €CJIM OH B LEMU C TATIOHHBIM COMPOTUBJIECHUEM 5
Om nokaszan Tok 5 A, a mpu 3ameHe NpuOOpa ATAJOHHBIM AMIIEPMETPOM IS
NOJIYYEHHS TEX K€ IMOKA3aHUI MTPUIIOCh YMEHBIIUTh HaNpsbkeHne Ha 1 B.

3agaua 4.4.11. Onpenenute NOrpelIHOCTb U3MEPEHUS COMPOTUBIIEHUS LIETN
METOJIOM aMIlepMeTpa M BOJBTMETPA, €CIAM aMIEPMETP MMEET Auana3oH
u3mepenuit (0—50) MA u Kjacc TOYHOCTH 2, a BOJBTMETP — JUAINA30H U3MEPEHUN
(0-30) B u kmacc Trounoctu 1,5. [oka3anus mpuOOpOB COOTBETCTBEHHO paBHBI 40
MA u 12 B.

3apaua 4.4.12. Onpenenure Auana3oH W3MEpPEeHUN BaTTMeTpa 4-ro Kjacca
TOYHOCTH, UMEIOIIETO HauOOobIyI0 a0COMOTHYIO MorpemHocts 40 BT.

3agaya 4.4.13. Omnpeaenmure KiIacC TOYHOCTH 110  NPHUBEASHHOMN
HOrPEUIHOCTH MaHoMeTpa ¢ jauana3oHoM wusMmepeHudt 600 klla, ecim npu
M3MEPEHNH JIaBJIeHUs 1aT™M nojlydeHa OTHOCUTEbHAS TOrpeuIHocTh 3,8 %o.

3agaua 4.4.14. BelOepure cpenctBa  HU3MEPEHHMM i1 KOCBEHHOI'O
OINpPENEICHUST BJIEKTPUYECKOW HHEPrHMM, METPOJOTMUYECKHE XapaKTEPUCTUKH
KOTOPBIX MpHUBEIEHBI B Ta0iuie 6.3, 4TOOBI MOTPEIIHOCTh U3MEPEHUI SHEPrUuil He
npeBbiana 5 % npu nokazanusx npudopos 0,6 A; 25 B; 10 mun. bonbmioit 3anac
TOYHOCTU HE PEKOMEH1YETCSl.

Tabmuua 4.3 — MeTposiornueckne XapakTepUCTUKHI CPEACTB U3MEPEHU I

Hanmenosanue AmniepMeTphl Bonber™MeTpsl Cexynaomepbl
Mert CU
posoru- Al A2 | A3 V1l | V2 V3 T1 T2 T3
YeCcKHe Xa-
PAKTEPUCTUKH
1.Tlpesensi 0-1000 | 0-10 | gog A | 540 | g30B | 1050 | 030 | 0-60 | 0-120
e MA A B B | MMH. | MUH. | MHH.
2.Kjacc TOYHO-CTH IO 1 05 0.3 2 4 04 1 1 05
puBe-AEHHON MOTpell- ’ ’ ’ ’
HOCTH

3amaua 4.4.15. Omnpegenure KilacC TOYHOCTH MHJLIMAMIEPMETpa C
KOHEYHBIM 3HaueHueM mmkansl 0,5 MA s usmepennst Toka B quamnasone 0,1+0,5
MA Tak, 4T0ObI OTHOCUTEJIbHAS MOTPEIIHOCTh U3MEPEHHU He MpeBbiiaa 2,5%.

3agaua 4.4.16. Onpexnenute, B KaKkOM cCiydyae aOCOJIOTHasl MOTPEIIHOCTb
u3Mepenus Toka =20 MA MeHblIe, ecnM JJI1 U3MEPEHHsS HCIOJIb30BaHbl JIBa
nprbopa, UMEIOIIUE COOTBETCTBEHHO IKajbl Ha 30 MA (kmacc Tounoctu 0,5) u
100 MA (xnacc Tounoctu 0,2).

3agaua 4.4.17. Onpenenute BO3MOXHBIE TMpEAEibl TOKa3aHUM JIBYX
MUJUIHaMIepMeTpoB ¢ npeaenamu udmepennit (0-100) MA kmaccom tounoctu 1,0
u 0,5 npu U3MEpEeHnHn TOKa, IEVUCTBUTEIBLHOE 3HAUEHUE KOTOporo 50 MA.

3apaya 4.4.18. Omnpenenure Kilacec TOYHOCTH aMIIEpMETpa € TIPEIeIOoM
n3MepeHui 10 A, MOBEPEHHOr0 C MOMOMIBIO KOMIIEHCATOPA IMOCTOSIHHOTO TOKAa,
€CJIM TIOBEPKa Jlajia pe3yabTaThl, yKazaHHbIE B TaOHIlE 6.4.

Tabnuna 4.4 — Pe3ynbTathl HOBEPKHU

3HayeHus
MOBEPSIEMBIX  TOUYEK 0,2 0,4 0,6 0,8 1,0




HIKaIsl, A

3HaueHUs TOKOB,
n3Mepennbie kommnerd- | 0,2048 0,3976 0,6010 0,8051 0,9979
catopom, A

3agaua 4.4.19. Onpenenure abcomotHyto AU U OTHOCHUTENBHYIO Oy
NOTPEUIHOCTh MU3MEPEHUs] HalpsbKEHUs B Uenu (puUcyHOK 6.1), ecnu mokazaHus
BOJBTMETPOB ¢ Tpenenamu u3mepernnii (0-150) B, kimacca TouHocTH 2 coctaBuim
Ui=80B, U, =
=45 B.

B | I

R
—
Pucynok 4.1 — Cxema u3aMepUTeIIbHON 1IeNu

3agaua 4.4.20. PaccuuTaiiTe MEXIOBEPOUYHBI HWHTEPBAN Ui TEPMOMApHI
KJ1acca ToO9HoCTH 4 u npeaenamu m3mepenuit (100-500) °C, ecim e€ morpemHocTb
IOJHOCTBIO  ONPENENAETCS Iporpeccupyromeil norpemsocteio K, = 22-10°3
°Cleyr.

3agaya 4.4.21. Onpegenute KiIacC TOYHOCTA AJIEKTPOUHIAYKTUBHOM
U3MEpPUTEIHHOW CHUCTEMBI IO OTHOCHTEIBHOW TMOTPEIIHOCTH, €CIIA TPeIesbl
nokazanuii  (-100+300) mxm, maMepeHHoe 3HaueHue 120 MkM, a aOcorOTHas
norpemHocTs A mu3Mmensercs no 3aucumoctd A = 2,05 + 0,008-X, rne X —
U3MepseMOe OTKJIOHEHHE OT HACTPOSHHOTO pa3Mepa.

3apaua 4.4.22. Knacc TouHoctu TeH3omerpudeckoro mocra 0,009/0,004,
npeaen wusMepeHust 500 mxM. Onpenenutre OTHOCUTEIBHYIO M aOCOIOTHYIO
MOTPEITHOCTH U3MepeHus nedopmaruu SO MKM.

3agaua 4.4.23. Onpenennure Kjaacc TOYHOCTH MO HAMOOBIIEH TPUBEIEHHON
MOTPEITHOCTH  JIa3epHOTO W3MEPHUTENsl CKOPOCTH C TpeAelaMu  W3MEpEeHHi
(20-250) km/u 1 aOCOMIOTHOM MOrpeNIHOCTRIO, uMerorieH Bux A =5 — 0,006-X.

3apaua 4.4.24. Onpenenure, 10 KaKOMYy 3HAUCHHUIO U3MEPSeMON BEJIMYMHbI
OBIT YCTAaHOBJIEH KJIacC TOYHOCTH pacxomomepa kuakocted, paBubeiii 0,02/0,03,
ecu mpenen u3MepeHud pacxoma 150 1/4, W OTHOCHTENbHAs MOTPEIIHOCTD
coctaBuia 5%.

Zagaua 4.4.25. Omnpenemure kmacc TouHoctd CU mo oTHOCHTENBHOMN
MOTPEIIHOCTH, €CIM U3BECTHO, YTO a0COJIOTHAS TMOTPEIIHOCTh MMEET JIMHEHHYIO
3aBHCHUMOCTh OT M3MEPSEMOI BEITUYWHBI, M TIPH MOBEPKE MOIYUCHBI PE3yIbTaThl,
Mpe/ICTaBJICHHbIE B TabmuLe 6.5.

Tabmuma 4.5 — Pesynaprarsl noBepkn CHU

3HaueHUE MOBEPSEMOU

touku mkanel CU X, MM | 10 20 30 40 50 60 70 80

[TorpemHoCTh
nokazanuui CU A, MKkm 04 | 05 0,8 1 1,1 1,3 15 2




3agaua 4.4.26. [Ins cpeACTB HM3MEpPEHHIl MacCchl NPUHSTO BbIPAXKaTh
MOTPEIIHOCTh B a0contoTHOM (opme. B pe3ynbrare moBepku OMIMOOYHO BecaM
PUCBOUJIM KJIACChl TOYHOCTH M0 TPUBEAEHHOW MOrpemHocTu (Tabiuna 6.6).
HcnpaBpTe 5Ty OmMUOKY W NpPUBEAUTE TaOIMUIy COOTBETCTBUS OYKBEHHOTO
0003HauEHUs 3HAYECHUIO MTOTPEUTHOCTH.

Tabmmma 4.6 — Kitaccbl TOUHOCTH MTOBEPEHHBIX BECOB

O603nauenne CU Bl B2 B3 B4 B5 B6
[Tpenensr 0-500 | 0-1000 | 0-2000 | 0-5000 | 0-10000 500-
u3mepenuii CU, r 10000
Knaccel  TOuHOCTH
1o npuBenéunon | 0,2 0,5 0,4 0,2 0,6 1
MIOTPEITHOCTH

3agaua 4.4.27. W3mepurenpHas CcuUCTEMa UWMEET aIJAUTHUBHYIO U
MYJIbTUIIMKATUBHYIO COCTABJISIFOIIME TOrpelHOCTH. OnpenenuTe KIacc TOYHOCTH
10 OTHOCUTEIBHOU MOTPEIIHOCTH, €CIIM aJIUTUBHAS COCTABIISIOIIAS paBHA 2 MKM,
mynbturumkatuBHas — 0,001, nanbonpimmit mpenen namepernuit — 200 M.

3agaua 4.4.28. Onpenenure Ki1acc TOYHOCTH aMIIEPMETPa ¢ TOKOM TOJTHOTO
OTKJIIOHEHUs |la = 5 MA W BHyTpeHHHM comnpotuBieHneM Ra = 5 Owm, mocne
BBEJICHUS IIyHTa conpoTuBieHueM R, = 15MOM, eciu 10 BBeIEHHUS IIYHTa €ro
npuBeaEHHass morpemHocTh Y Obuia 5 %. IlorpemHocThi0 IIyHTa MOKHO
npeHeopeysb.

3agaua 4.4.29. Onpenenure Kjaacc TOUHOCTH aMIIEpPMETPa C TOKOM IMOJHOTO
oTrkioHeHus la = 50 MA u BHyTpeHHUM conpotuBiieHneM Ra = 10 Owm mnocne
BBEJCHUA IIyHTa conpoTtuBieHueM Ry, = 101 MOwm 151 a0COITIOTHOM
MOTPEIIHOCTBI0 Ay =
5 MOwM, yuuTbIBas, 4TO HauOOJbIIAS MOrPEIIHOCTh aMIepMeTpa HaOIoJaeTcs B
KOHIIE IIKaibl. [0 BBeleHUs IIyHTa a0COMIOTHAS MOrPEUIHOCTh aMrnepMerpa y = 4
%.

3apaua 4.4.30. Omnpegenure Kiacc TOYHOCTH MO OTHOCUTEIBHOMN
MOTPELIHOCTH aMIlepMeTpa C TOKOM TMOJHOro OTkKJIOHeHus la = 200 MA u
BHYTpeHHUM conpotuBieHneM Ra = 10 OM 1nocine BBeAeHMS IIyHTa
conporuBienreM Ry = 0,2 OM, eciau coOCTBEHHash MOTPEHIHOCTh aMIEpMeTpa

HN3MCHACTCA I10 3dKOHY A= 4-0,2'X, rae X — u3MepsaeMO€C 3HA4CHNUE CHIIBI TOKa.
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