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HasHaueHne MeTOAWYECKUX PEKOMeHJAlUi — OKa3aHWe MeTOAWYeCcKON MOMOIIM 00ydarouMcsi TpH
BBITIOJTHEHUM 7TaD0PaTOPHBIX paboT 1o gucturuinHe «Pu3mKa».

CocraBuresb: npernogasatens [lerenésa JI.O.



METO/JUYECKHWUE PEKOMEH/JAIIVIH I1O ITPOBEJEHUIO JIABOPATOPHBIX
3AHATUMN T10 ®U3SUKE

COJAEPXAHUE:
[IpepucioBue
YKa3aHus 10 MPOBe/IeHUI0 MHCTPYKTaXKa 00yUaroIMXCcs TI0 TeEXHHUKe 6e30MacHOCTH
TpeboBaHMs K IMOATOTOBKE, BLITIOJTHEHUIO M OTUETY T10 JIabopaTopHBIM paboTam
OO6paboTKa pe3y/bTaTOB U3MepeHui

IMPEJVCJ/IOBUE

BrinosiHeHHe y1ab0paTOpHBIX PaboT pelllaeT MHOXKECTBO 3aJay 10 (JOPMHUPOBAHUIO TBOPUYECKOM
JIMYHOCTH  CIeIMalnCTa, CIOCOOHOTO K CAMOpa3sBUTHIO, CaM0o00Opa30BaHUIO, W Camoe [JIaBHOe
criocoOHOro peanu3oBaTh Ce0Osi B COBpeMeHHOM Mwupe. JlabopaTopHble — 3aHSATHS  SIBJISFOTCS
HEOThEMJIEMBIM 3/IEeMEHTOM H3y4yeHUs Kypca (u3ukd, T.K. pabora B sabopatopum (opmupyer
OCHOBHBIE KOMITIETEHIIUM: YUUT CTYZEHTOB CaMOCTOSITeJIbHO BOCIIPOM3BOJUTh U aHA/TU3UPOBAaTh
¢usnueckrie sIBIeHWs, 3aKpervisieT TeopeTWYeCcKHWe 3HaHWs, TI03BOJIsieT CTyJeHTaM OOyurThCst
TIOJTyYEeHUI0 TIPAaBUW/IbHBIX UMC/IOBBIX 3HAaueHWH (U3WUUECKUX BeJMUWH, TPOBOJUTH JIOTUYECKHEe
paccy>xzeHusi 1 00peTaTh HaBBIKU UCC/IeJOBAaHHS 3aBUCMOCTH MEXK/Y BeJTMUMHAMH.

[Ipu paspaboTke siabopaTopHbIXx paboT Mo (u3uKe 3a OCHOBY ObLTM B3SITHI JabOpaTOpHBIE
pabotsl u3 Tetpasu B.A. KacesiHOBa, MOCKO/BKY OHH XOpOILIO Ce0si 3apeKOMeHZI0Ba/li B MHOTOJIeTHel
TIPaKTHKe.

YKA3AHUSA
I1O ITPOBEJAEHNIO NTHCTPYKTAKA OBYUAIOIIINXCHA
10 TEXHUKE BE3OITACHOCTU

1. [na BocrMTaHusi y OOy4YarOIMXCSl CO3HATENBHOTO OTHOIIEHWS W YCBOEHWs TMPABU/IbHBIX U
0e30mMacHbIX METO/IOB U TIPUEMOB PabOTHI TpernofiaBaTesisi 00si3aHbI TIPOBOUTh MHCTPYKTUPOBAHUE U
oOyueHre 00yYaroIMXCs TI0 COO/F0/IeHNI0 TPeOOBAHMI TeXHUKH 0e30MacCHOCTH U TUTHEHBI TPY/a.

2. VHCTpyKTaX U oOyueHHMe TI0 TeXHWKe 0e30TMacHOCTM W TIPOW3BO/JCTBEHHOM CaHWUTApUU
TIPOBO/IMTCS. CO BCEMH OOydaroI[MMUCS B BHUjie: BBOJHOTO (TIpY TepBOM TOCeleHnH KabuHeTta), Ha
pabouem MecTe (Tiepe; BhITIOTHeHHEM /1ab0paTOPHBIX U MPaKTUYeCcKuX pabor).

3. Ha BBOHOM MHCTpYKTa)ke TIperiofiaBaTeslb [JO/DKEH 03HAKOMHUTH O0YUaIOIUXCS C TIpaBH/IaMU
pacriopsiika B KaOuHeTe (DM3UKH, MpaBUIaMM TEXHWKU 0e30MacHOCTH W TUTHEHbI TPY/a, OTMaCHBIMU
MOMEHTaM1, C KOTOPbIMH MO>KHO CTOJIKHYTBCSI B TIporiecce pabOThl, U C COOTBETCTBYIOIIMMH MepaMH
Tpe/JOCTOPOKHOCTH.

4. BBOAHBIM WMHCTPYKT@K TIPOBOJUTCS B BHZE JIeKLMi, Oeceibl 3aBeAyrOIMM KaOWHETOM
(nperiofiaBatenem) GU3UKH.

5. VlHCcTpyKTak Ha paboyeM MecTe [OTIOHSIET BBOAHBIA MHCTPYKTAX IO TeXHUKe Oe30macHOCTH U
VMeeT 1IeJIbI0 03HAaKOMHUTh O0YYaroImuXxcsi ¢ TpeOOBaHUSIMM TIPABU/IBHOM OpPraHU3alluy COJIep>KaHHsI
pabouero Mecta, Ha3HaUeHUEM TIPUCTIOCOOIEHNH U OTpaXk/ieHNi, ¢ 6e30TTaCHBIMUA MeTo/laMHu PabOThI U
TIpaBW/IaMU TIO/Ib30BaHUsl 3alllUTHBIMK CPE/ICTBAMH, C BO3MOXXHBIMH OTACHBIMH MOMEHTaMH TIpH
BBITTOJITHEHUM KOHKPETHOM paboThl, C 00s13aHHOCTSIMU paboTarolero Ha CBoeM paboueM MecTe, a TaKxkKe
C TIpaBUJIaMH TIOBeZIEHUS TTPY BO3HUKHOBEHHMHU OTIACHBIX CHUTYaLUH.

6. [lo okOHUaHMM WHCTPYKTa)ka Ha paboyeM MecTe TIperiofiaBaTesb pa3pellaeT MPHUCTYIaTh K
CaMOCTOSITe/TbHOM paboTe TOBKO TI0C/Ie TOr0, KakK YOeAUTCs, UTO BCe yuall[iecsl YCBOUIA UHCTPYKTaX.

7. VlHCTpyKTak Ha pabouemM MecTe /10/DKeH OBITh KpaTKUM, CO/lepXKaTh UeTKWe W KOHKDETHBbIe
yKa3aHusl U B HEOOXOAUMBIX CTyYasx COMPOBOXKAATHCS TIOKAa30M MPaBUIbHBIX U 0e30TMacHBIX TIPUEMOB
BBITIOJTHEHUST pabOTHI.

8. B mpotiecce BBITIOSHEHHWsT PabOTHI MpernojaBaTe/ib 00s3aH CUCTeMAaTUYeCKH KOHTPOIMPOBATh
BBITIOJTHEHHE KaK/[bIM 00yJaroIUMCs JaHHBIX eMy ITPY MHCTPYKTaXe yKa3aHuii 0 6e3ormacHoM criocobe
BBITIOJTHEHUS Pa0OOTHI.



NHCTPYKIUA
AJ1s1 00yJaroIUXCsl 10 OXPaHe TPy/ia MPH BbITO/THEHUH J1a00paTOpHOM padoThl Mo (hu3uke

1. OBIIINE TPEBOBAHNA BE3OITACHOCTHA

1.1. K 3ansATHSM B KabnHeTe (pU3MKK M TPOBeZeHHI0 1ab0paTOpHBIX paboT 1o (M3MKe /0ITyCKAIoTCS
oOyuatoruecs 1, 2 u 3 Kypca, Mpolie/iiie WHCTPYKTaXK M0 oxXpaHe TPy/ia, MeJULIMHCKUNA OCMOTp U He
MMeloIie TIPOTHBOIIOKA3aHW 10 370poBbi0. OOyuaromyecs K TOATOTOBKE U TIPOBEEHUIO
JIeMOHCTPALIMOHHBIX OIBITOB IO (DH3MKe [IOMyCKAaTCs TOMBKO C pa3pelleHusi MperojaBaresis U B ero
MIPUCYTCTBUM.

1.2. Tlpu mnpoBeJeHWH [IeMOHCTPALMOHHBIX OIBITOB 10 (U3MKe BO3MOXKHO BO3/|eHCTBUe Ha
paboTarox ¥ 00ydYaroIyXCcsl C/IeYyIOMMX OMacHbIX M BPeJHbIX TMPOM3BO/JCTBEHHBIX (AKTOPOB:
- TIOpa)KeHWe 3eKTPUUeCKMM TOKOM TIpM paboTe C HarpeTbiMHA JXUAKOCTSAMHA W Pa3IMYHbIMU
(hr3UUeCKUMHU TelaMu;

- TepMUUYeCKHe OXKOTU Tpu paboTe ¢ HArpeThbIMU XKUJKOCTSMHU U Pa3TMUHBbIMU (DU3NUECKUMU Te/laMU;
- mope3bl PyK Mpu HeOpexxHOM obOpaijeHMy € 1ab0OpaTOpPHOM TOCY[0M M TpubOpamMM W3 CTeKIIa;
- BO3HUKHOBEHUE T0Kapa MNPy HeakKKypaTHOM 00pallleHUH C JIeTKOBOCIIJIAMEHSFOIIIMMUCS U TOPIOUUMU
JKUJIKOCTSIMHU.

1.3. O6yuaroiiyecs JO/DKHbI 3HaTh:

- KabuHeT (U3MKM YKOMITJIEKTOBAaH MeJULIMHCKOM anTeukoil ¢ HabopoM HeoOXOJUMBIX MeAUKaMeHTOB
Y TIepeBsI30UHBIX CPeJCTB.

- Kabunet ¢usuku paboraer c 8.10 fo 16.00

- JIOTIOJIHUTe/TbHbIe 3aHSTHSI C HeyCIeBarolMMU TIPOBO/SATCS B Ha3HAUeHHbIN fieHb Hefenu ¢ 14.35 1o
17.00

1.4. Obyuatoiyecsi TpU MPOBeJIeHUH 3aHSATHI U OIBITOB T0 (pU3MKe AO/DKHBI COOJIO/aTh MpaBUiIa
MOKapHOM 0e30macHOCTH, 3HaTb MeCTa Ppaclio/IO)KeHUs] TIEPBUYHBIX CPEJCTB  I10’KapOTYIIeHUs..
1.5. O Kax/0M HecuaCTHOM Cjy4ae TOCTpa/IlaBIIMi WA OYeBH/el] HecuacTHOro ciaydas o00s3aH
HeMe/IJIeHHO COOOIUTb aJMUHHCTPALIMM TeXHWKyMa, Bpauy. [Ipy HencrpaBHOCTH 000pyZOBaHMS,
npyucrocobseHuii ¥ MHCTPyMeHTa  TpeKpaTUTb  paboTy ¥ COOOIIMTH  TIperojjaBaTesiio.
1.6. OO6yuarorpecsi, [OMyCTUBILIME HEBLINOJIHEHHWE WIM HapyllleHHe WHCTPYKLWHU T0 OXpaHe Tpy/a
OTCTPaHSIFOTCS  OT  Jla/ibHEeHIlero TpoBefieHUs abopaTOPHOM WM  TMpaKTUYeckod paboThl.
1.7. Obyuaromumcst 3amperjaeTcsi MPUHOCHTH OCTpbIe, KOJIIOIMe, PEXYIUe W JpyrHe OracHble s
»KU3HU 1 6e30T1aCHOCTH TIpeJIMeThl, XUMHUUeCKre BellleCTBa.

1.8. OOyuaromumcsi 3ampeljaeTcsi OTKpbIBaTh OKHa U (pamyru 06e3 paspemieHuss YuHTesis.
1.9. O6yuarommmcs 3arpeljaeTcss KpUuaTh Ha TiepeMeHax, Tak Kak KpUK MPUTYIUIsieT BHUMaHue, CU/IeTh
Ha CTO0JIaX, KauaThbCsl Ha CTYJIbSIX.

1.10. 3a npuurHeHHBIN yii[epb oOyuaroIuiicss HeCeT MaTepUaIbHYI0 OTBETCTBEHHOCTh B MATUKPATHOM
pa3mepe. Bo3melijeHue ymiep6a mpou3BoAUTCS B TeueHre 1 Heflemu.

2. TPEBOBAHUNSA BE3OITACHOCTMU IIEPE/] HAYAJIOM PABOT

2.1. [ToaroroBuTh K paboTe pabouee mMecTo.

2.2. Y6equThCs B ICTIPABHOCTH 000pY/J0BaHUS U TPUOOPOB.

2.3.00yuarouMcs 3arperiaeTcst BK/IOYATh 371€KTPO0Oopy/joBaHue, OpaTh TOATOTOBIEHHBIE K YPOKY
nipubops1 6e3 pa3pertieHus Mpero/aBaTeis.

2.4. Tlpu npoBezieHNU J1abopaTOPHBIX pabOT BXOJ B KaOWHET TOJILKO TIO 3BOHKY WIH C pa3perleHust
TIperojaBaTerist

3. TPEBOBAHUSA BO BPEMS PABOTBI

3.1. IIpu pabore ¢ mpubopamu U3 CTeK/a IPUMEHSTb CTeK/IsiHHbIe TPYOKU C OTIaBlIeHHBIMU KpasiMy,
NPaBW/IbHO TMOA0OWpaTh AMamMeTpbl Pe3WHOBBIX M CTEK/ISTHHBIX TPYOOK IMPU UX COeJUHEHHH. A KOHLIBI
CMauMBaTh BOJIOM, IMIULIEPUHOM WJ/IM CMa3bIBaTh Ba3e/MHOM.

[lpy cMemvBaHWM WM pa30aBlIeHUM BeIEeCTB, COMPOBOXK/JAIOIEMCSI BbIJeJIeHHeM Terlia, CrefyeT
M0J1b30BaThCsl  (hapopoBOM W/IM TEPMOCTOMKOM TOHKOCTEHHOM XWMHUYEeCKOW mnocyjou. bomblive
XUMHUYeCKHe CTaKaHbl C PaCTBOPaMH HY>KHO IOJHMMAaTh ABYMsI PyKaMH TaK, UTOObI OTOTHYTbIe Kpas



(6bopTuKN) CTakaHa ONUpaIrCh Ha yKasaTe/bHble u Oosbime TajbLbl.
3.2. OtBepcTre NMPOOUPKH WM TOPJIBIIIKO KOJIOBI MPU HarpeBaHWM B HUX JKUAKOCTel HarpaBJisiTh B
cTOpoHy OT cebsi u obyuaromuxcsi. He fomyckars pe3kve M3MeHeHHsl TeMIlepaTyphl 1 MeXaHHYeCKHX
y/apoB.

3.3. He Gpars npubopsI ¢ Topsiueii )XKUAKOCTHIO He3allMIeHHBIMUA PYKaMH, a Tak)Ke 3aKpbIBaTh COCY/IbI
C ropsiueli >KUJKOCTbIO TIPUTEPTOM MPOOKOM /10 ero OCThIBaHUS.

3.4. 3amperjaeTcss IpeBbllIaTh Ipefesbl AOMYyCTUMBIX CKOPOCTeH BpalljeHus IIPU JIeMOHCTpaLuu
1[eHTPOOe)KHOW MalllMHbI, YHUBEPCAIbHOTO 3J/IeKTPO/IBUTaTe s, BPAll[atoIerocsi AUCKa U Ap. YKa3aHHBIX
B TeXHWYeCKWX OINHWCAHUSX, CJeJUTb 3a MCIIPAaBHOCTBIO BCEX KpeIyIeHWd B 3TUX mnpubopax
3.5. TIpu u3MepeHUM HarpspKeHUH U TOKOB U3MepUTe/bHble TIPUOO0PHI MPUCOeJUHSTh TIPOBOJHUKAMU C
HAJIe)KHOW W30Jsivel, cHab)KeHHbIMM HaKOHeYHWKamH. I[Ipy cOopke CXeMbl HMCTOYHHMK TOKa
MIOJK/I0UaTh B I10C/IeJHIOI0 OYepe/b.

3.6. 3ameHy JeTaneii, a Takke M3MepeHHe COTTPOTUB/IEHHH B CXeMaX yueOHBIX yCTaHOBOK ITPOM3BOJUTh
TOJIBKO T10CJIe ee BBIK/IFOUEeHHUs U Pa3psKA KOHZEHCAaTOPOB C MOMOLLbI0 M30/IMPOBAHHOIO MPOBOJHUKA.
3.7. He Bkmouats 6e3 Harpy3KH BHINPSIMUTE/TH U He fielaTh MePeKII0ueHn B CXeMax IPU BK/IFOYeHHOM
MATaHUU.

3.8. He momyckath NpsiMOTO TOTaZi@HUs B IJ1a3a yUUTeNss M O0YyYaroIIyXCsl CBeTA OT 3/IeKTPHUECKOM
JOyTH, TIPOEKIIMOHHBIX amrapaTtoB, CcTpobockora ¥ Jja3epa TMpU  JeMOHCTpalud  PaboThI.
3.9. He ocraBmare 0e3 HaA30pa BKIIOUEHHbIE B CeTh 3/IeKTPUYECKHEe YCTPOWCTBA U TIPUOOPHI.
3.10. Tlpu BBLINIOZTHEHUM pa3MUHBIX BUAOB paboT Mo ¢u3MKe yyaluecs [JO/DKHBI CJiefloBaTh
C/1e[yFOLLM TIpaBU/IaM:

OBIIIUE ITPABUJIA:

1. ByabTe BHUMaTe/IbHBI, AUCLUTIMHUPOBAHBI, OCTOPOKHBI. TOUHO BBITIONHSANTE YKa3aHUsSI YUUTe s

2. He pepxxute Ha pabouem MecTe rpeMeThl, He TPeOYIOIIecs [Jisl BBITIOTHEeHWS 3a/IaHus

3. Ilepes TeM Kak MPUCTYIUTh K BBITIOJHEHHIO PA0OTHI, TIL{aTeJbHO U3yUUTe ee OI1CcaHue, YSICHUTE X0/
BBITIOJTHEHUS.

4. He nipucTyrmaiiTe K BBITIOJTHEHHIO paboThI 6e3 pa3pellieHus: yuuTess.

5. Pa3smerjaiite mprbopbl, MaTepuasbl, 000pyi0BaHHE Ha CBOeM pabouemM MecTe TaKUM 00pa3oM, UTOOBI
VCK/TIOUUTb WX TaJieHre UK OTIPOKUbIBaHUe.

6. [l11 mpejoTBpAILleHus Ta/ieHNst CTeK/ISTHHBIEe COCY bl (TPOOMPKY, KOJIObI) TIPH MPOBE/IEHUHU OTTHITOB
OCTOPO’KHO 3aKpeIuIsiiiTe B JlallKe LITaTHUBA.

7. CnepyTe 3a MCIIPaBHOCTHIO BCEX KPeIUIeHUH.

8. He mpukacaiiTech 1 He HaK/IOHsMTeCh (0COOEHHO C HeyOpaHHBIMU BOJIOCAMU) K BPALLAlOLUMCS
YacTsIM MallNHBI.

IMPABWIA BBITIO/THEHUSI PABOTHI 110 QJIEKTPUUYECTBY

1. IIpu cO6opKe 31eKTpUUeCKO Ljenu n3beraiiTe repeceuyeHus POBOZOB, He TI0Ib3yUTeCh
TIPOBO/JTHUKAMMU C U3HOIIEHHOW M30JISA[MeN U BLIK/TIOUATeISIMA OTKPBITOTO THTA (TIPY HAIIPSDKEHUH
Bhillle 42 B).

2. TloakmtouaiiTe 3/IEKTPUYECKYIO 1[eTlh K UCTOYHUKY TOKa B TIOC/IeIHIOI0 OUepe/b, Kor/ia ee COOpKa
3akoHuUeHa. CoOpaHHYIO 11elb BK/IFOUaliTe TOJILKO T0C/Ie TIPOBEPKHU U C pa3pelleHus yuuresns. Hanuuve
HarpsDKeHUs B TIeMd MOYKHO TIPOBEPUTD TOJIBKO TpeJHa3HAUeHHBIMH [IjIs TOT0 MPUO0OpaMu U/TH
yKa3are/siMH HarpsyKeHUsl.

3. He npukacaiiTech K HaXOZASIIMMCS 10/ HaTIpsKeHHeM 3/ieMeHTaM Lielu, JTUILeHHbIM U30JISLIUH.
4. He npukacaiiTecb K KOPITyCy CTal[MOHAaPHOTO 371eKTP00O0pYy/I0BaHMUS U K 3a’KUMaM JlaxKe
OTK/IFOUEHHBIX KOH/]eHCAaTOPOB.

5. [Tosb3y#Tech UHCTPYMEHTaMU C W30/ TUPYIOIIMMU PyUKaMHU.

6. []ns1 ipricoeTuHeHUst TOTPeOUTe el K CeTH T0JIb3yUTeCh IITeTCe/TbHBIMHU COeTUHEHUSIMU.

7. ITo oKOHUaHUM pabOoTHI, TIPEXK/e BCETO, OTKIFOUMTE NCTOUHHK TOKa, IOC/ie uero pasbepure
3/IeKTPUYECKYIO LIeTlb.

8. He ocraBnsiite pabouero mecta 6e3 pa3pelleHus: yUuTers.



9. O6Hapy>X1B HENCTIPABHOCTD B 3/IEKTPUYECKOM YCTPOMCTBE, HaXOSI[EMCS IO/, HalpsUKeHNeM,
HeMe/][JIeHHO OTK/IFOUMTe UCTOUHHUK TOKa M COO0IHTe 06 3TOM yUUTesTt0

IMTPABWJIA BBIIIOJIHEHUE PABOTHI HA YCTAHOBJ/IEHUE TEIIVIOBOI'O BAJIAHCA
1. Pabora c ropsiueii Bogoit TpebyeT 0coboro BHUMaHUS M OCTOPOXKHOCTH TPH CMELTNBaHHH.
BHyTpeHHHUI CTaKaH KaJlopyuMeTpa He3allUIleHHON PYKOU TporaThb 3arperaeTcs.

2. ByapTe akkypaTHbI 11pu paboTe ¢ TepMoMeTpoM. Pa3MeriBaTh BOAY rpaZlyCHUKOM 3aripelaeTcst
3. TTo OKOHYaHWY U3MepeHHs TeMIIePaTyPbl TEPMOMETP yOpaTh B U€X0J1 U TIOJIOKUTh Ha LIEHTp CTOJIa.
4. T1pu paboTe co CTeK/IOM (CTaKaH, UMIMH/ADP) ObITE BHUMATeIbHBIM M aKKypPaTHBIM, He COBEpIIaTh
Pe3KHX /IB)KEHHH.

5. ITo okoHuaHuu paboThl Bce 060pyOBaHMe C/jaeTcsi 1abopaHTy.

ITPABWIA PABOTBI C MEJIKUMU IMTPEJMETAMUA

1. 3amnpeniaeTcst KWUjaTh MeJIKUe rpeaMeThl (PUC, TOPOX).

2. BeITb aKKypaTHBIM TIpH paboTe CO CTEKJIOM.

3. AKKypaTHO 00pallaThbCsi C UTOJIKOH, 1ocsie paboThl MOI0KUTE ee B QYTIIsIp.

ITPABIWIA BBIIIO/THEHUE PABOTbHI ITO MEXAHUKE

1. ITepen paboToii MpoBepbTe 3aKperieHre KOHCTPYKLUMH B ieprKaTerie.

2. He pomnyckaiite najjeHve TPy30B U LIAPOB U T.J.

3. 3ampelrrjaeTcst Harpy>kaTb U3MepuTeIbHbIe TIPHOOPHI BBIILIE Mpe/e/TbHBIX 3HaUeHHH, 0003HaueHHbBIX Ha
WX IIKase

ITPABAJIA BBIIIOJIHEHUS PABOTHI I10 OITTUKE

1. 3amnpenaeTcs Harpas/IATh JIy4 CBeTa B IJ1asa.

2. 3armpelijaeTcst UCIOb30BaHHe MUKPOCKOTIIA He T10 ero MpsIMOMY Ha3HaueHHIO.

3. IIpu paboTe ¢ MUKPOCKOTIOM COO/TFO/IaTh 0COOYI0 OCTOPOXKHOCTH TTPY HACTPOWKE OCBeIL|eHHsT
NpeJMeTHOTO CTeK/a.

4. 3ampelijaeTcsi HaMPaBJISATh JIMH3bI (ONITUYECKHe CHCTeMbI) Ha MOIL{HbIE NCTOYHUKH CBeTa (COJHIIE,
MIPOXKEKTOPHI U T.J.).

ITPABWJIA BBITIIOJIHEHUSA PABOTHI 110 OITPEJE/TEHUIO B/IAJKHOCTHU BO3Y XA
1. ITpu pabore c rurpoMeTpoM COO/THO/IaTh OCTOPO>KHOCTh

2. ByabTe akKypaTHBI Ipu paboTe ¢ TepMoMeTpoM. Pa3MelinBaTh BOJy rpaZlyCHUKOM 3arlpeliaeTcst
3. ITo oKOHYaHWY U3MepeHHs TeMIIepaTypbl TEPMOMETP yOpaThb B ueXoJsI ¥ TIOJIO>KUTh Ha LIeHTpP CTOJa.
4. Ipu paboTe co cTeKI0M OBITh TIpefiesTbHO aKKypaTHbBIM.

4. TPEBOBAHUS BE30ITACHOCTU B ABAPUIHBIX CUTYAIIUAX

4.1. Tlpn 0OHapy KeHHUH HEeMCIIPaBHOCTH B PaboTe 3/IeKTPUUECKUX YCTPOMCTB, HeEMe/|JIeHHO MPeKpPaTUTh
paboTy ¥ OTK/TFOUNTb UCTOUHMK 3/IEKTPONUTaHuUs. PaboTy Mpozo/pKaTh TOJBKO TIOC/Ie YCTPAHEHHUST
HeHCIpaBHOCTH.

4.2. TIpy KOPOTKOM 3aMbIKaHHe B 3JIEKTPUUECKUX YCTPOMCTBAX M UX 3arOpaHuu, HeMe/lJIeHHO
OTKJ/TFOUMTH MIX OT CETH OPraHW30BaHHO TIOKHMHYTH MoMerrieHre. CooOIUTh 0 TIoKape B O/mKanIIIyto
YacTb U MPUCTYIUTH K TYIIEHUIO OYara BO3ropaHusi C MOMOLIbIO YTIEKUCIOTHOTO (TIOPOIIKOBOTO)
OTHEeTYIIWTEIS] U TIECKOM.

4.3. TIpu pa3/nuBe JIeTKOBOCIIAMEHSIFOLIeHCs JKUAKOCTH U ee 3aropaHiy COOOIUTE YUHTeTIO,
COOOLUTE 0 TIOXKape B O/MKAMNIIIYTO MTOKapHYIO YacTh M MPUCTYIUTH K TYILIEHHIO 0Yara BO3rOpPaHusi C
TIOMOIIIBIO TIEPBUYUHBIX CPE/ICTB MO>KapOTYIIEeHUSI.

4.4. B cnyuae, ecyiu pa3bunack 1abopaTtopHasi IOCyZia Wiv MpUOOPHI U3 CTeK/a, He coOUpaTh X
OCKOJIKW He3all[UII[eHHbIMI PYKaMH, a UCIO/Ib30BaTh /IJIsl 3TOM LIe/TU I€TKY U COBOK.

4.5. Tlpu nosyyeHNH TPaBMbI OKa3aThb TEPBYIO TIOMOIIb TTOCTPa/jaBIleMy, COOOIIUTE 06 3TOM
a/IMUHUCTpALIMK TUMHA3WH, Bpavy, NMpyU He0OX0AMMOCTH OTIPABUTh TIOCTPA/IABIIEro B O/vyKaiiiee
neueGHOe yupexeHue.



4.6. TIpu n10XOM CaMOUYYBCTBHU COOOIIUTH 00 3TOM YUUTEJTIO.
4.7. TIpy BO3HUKHOBEHUH HECTaH/IaPTHOM CUTYaIUK YYalluecs JO/DKHbI COXPaHATh CTIOKOWCTBUE U
HEYKOCHHUTE/IbHO BBITIOHATE YKa3aHUs YUUTEJIS.

5. TPEBOBAHMSA BE3OIIACHOCTH 11O OKOHYAHUWU PABOTbI

5.1. OTK/IIOUUTB 3/IeKTPUYeCKHe YCTPONCTBA U PUOOPBI OT UCTOYHUKA 3/7IeKTPOITUTAHKS TI0 YKa3aHUIO
YUUTesIs.

5.2. TIpuBecTy B MOpsioK pabouee MecCToO.

5.3. 3akoHuuB paboTy, caTh 000PyAOBaHKE B L[eJIOCTH ¥ COXPAHHOCTH YUUTEJTIO WK 1a00paHTy.

5.4. He yxonuth ¢ pabouero mecra 6e3 pa3spelleHHst yUUTeIsl.

5.5. TijaTes1bHO BBIMBITE PYKU C MbIJIOM.

NHCTPYKIIA

110 3/IeKTPOIO)KapHOU 0€30MacHOCTH B KaOuHeTe GU3UKHU
1. ByipTe BHMMAaTe/IbHBI, AUCLIATJIMHUPOBAHBI, OCTOPOXKHBI, TOYHO BBITOHAUTE yKa3aHUs yUnUTesIs
2. He ocrtaBnsiite pabouero Mecta 6e3 pa3pelieHus: yuuTers.
3. Pacnonaraiite mpubopsl, MaTepuasbl, 000pyjoBaHMe Ha pabouem MecTe B MOPsiIKe yKa3aHHOM
yuuTesnem.
4. He pepxurte Ha pabouem MecTe TpeJMeThl, He TpeOyIOIecs [/1si BBIOTHEHHS 3aaHusl.
5. ITepe TeM Kak MPUCTYIIUTH K BBITIOJTHEHHIO Pa0bOThI, TI[AaTeTbHO U3YUHUTe ee ONMCaHUs, YSICHUTe X0/
BBITIO/THEHHE.
6. ITpousBoguTe COOPKY 2/1€KTPUUECKUX LieTiel, TiepeK/IFoueHusT B HUX, MOHTa)K U PEMOHT
3JIEKTPUYECKUX YCTPOUCTB TOJILKO IIPU OTK/IFOYEHUH UCTOYHUKA TTUTaHMUS.
7. He BK/HOYaliTe NCTOYHMK 3/7IEKTPOTIUTaHUsI Oe3 pa3pellieHust yuuTeJis.
8. IlpoBepsiniTe Ha/MMUKe HaNPsDKEHUST HA UCTOYHMKe [MUTaHWs WIN APYTHUX YacTSIX 3/1eKTPOYCTaHOBOK C
TIOMOLLIbI0 YKa3aTesisl HallpPSPKeHUSI.
9. Cnepyte, uT0OBI M30JIALHS TTPOBOZOB OblsIa MCTIPABHA, @ HA KOHI[aX MPOBO/I0B HAKOHEUHHUKH, TIPH
cOopKe 3/1eKTpUYECKOH 1iery TPOBO/ia pacrioJiaraiiTe akkypaTHO, 8 HAKOHEUHUKH TUIOTHO 3a’KUMaiiTe
K/IeMMaMH.
10. BeinosHsiiiTe HabrOi€HUST U M3MepeHusi, COOJTF0/iasi 0CTOPOKHOCTh, YTOOBI C/TyuaiiHO He
NIPUKOCHYTHCS K Or0JIEHHBIM IIPOBOZLAM/TOKOBEYIIIMM YacCTsIM, HaXOASALMMCS 110/, HalpsDKeHUeM.
11. He npukacaiitech K KOHZIleHCaTopaM Jia>ke T0C/Ie OTK/IIOUeHUs! 3/IeKTPUUeCKOM ey OT UCTOUHKKA
JIEKTPONUTAHUS: UX CHavasla Hy>KHO pa3psiiuTh.
12. Tlo okoHUaHUM paboThI OTK/IHOUNTE UCTOYHUK 3/7IeKTPOITUTAaHUSs, TIOC/Ie yero pa3bepure
3JIEKTPUYECKYIO Liellb.
13. O6Hapy>K1B HEUCIIPABHOCTb B /IEKTPUUECKUX YCTPOMCTBAX, HAXOASAIIUXCS M0/, HalpsKeHNeM,
HeMe/IJIeHHO OTK/TFOUMTe MCTOYHUKH JIEKTPONIUTAHUS U CO00IHTe 00 3TOM yUHTeTIO.
14. Ha ypokax (hy3UKM NpH OMbITaxX He M0/Ib30BaThCs 3aKUraJKaMH, a TOJIbKO ClIMUKaMU. bbITh
OCTOPOXHBIM C OTHEM.
15. CobmroiaTh Mepbl MOXKapHO# 6e30MacHOCTH 110 TIpeAYTIPeX/eHHUI0 MoXKapa OT 3aMbIKaHUsI
JIEKTPUYECKUX CXeM, KOHTAaKTOB MOABOJALIMX ITPOBOZOB.
16. B cnyuae no>kapa BCITBIXHYBILWI OTOHb TYLIWTh TIECKOM, [TeHOracuTe/1eM, UMEROIIMMCS B
nabopaTopuy OrHeTYIIUTeIeM
17. BhIrosiHsiiTe TIpaBU/Ia MOKapHOU 6e3011acHOCTU TIPU BLITIOJTHEHUU OTIBITOB U 9KCIIePUMeHTAaTbHbIX
3a/laHUM.
18. B cnyuae noxxapa 3BoOHUTH 10 TesieonHy 01.
19. 3amperrjaercst mpUMeHsTh OEH3UH B KaueCTBe TOI/IMBA B CITUPTOBKAX.
20. 3aripelijaeTcsi UCTIOMb30BaTh MeTayTHueckre acoecTHpoBaHHbIE CeTKH M HadTaliuH
21. Henb3st OCTaB/IATh BK/IOYEHHBIE /I€KTPO- M PaJ0YCTPOMCTBA Oe3 Hafj30pa U I0MyCKaTh K HUM
MOCTOPOHHUX JIULI.
22. Ilpu BoImosiHeHHe paboT Ha YCTaHOBJIEHHE TeTIOBOTO 0aslaHca BOAy C/eZlyeT HarpeBaTh He BhIIe
60-700 °C
23. 3anperjaeTcs 3aKUraTb CIIMPTOBKY OT PYTOW rOpsilield CIIMPTOBKHU.



24. TIpoBeaeHue 1ab0paTOPHBIX paboT M JeMOHCTPAIIMOHHBIX OTILITOB C IPUMEHEHHEeM PTYTU
KaTeropruecKy 3arperaeTcs.
25. 3anperjaeTcsi Harpy»kaTb U3MepUTe/TbHbIe TPUOOPHI BhIIIIE TIPe/ieTbHBIX 3HaUeHUH, 0003HaUeHHBIX
Ha WX IIIKaJe.
26. YueOHble TprbOPBI, TIpeiHa3HAYEHHBIE [/ IPAKTUUeCKUX PaboT yJalyxcsi, MpUCOeAUHSIFOTCS K
VCTOYHWKAM TIMTaHUsI C HarpsDKeHWeM He Bbitiie 42 B.
TPEBOBAHUS K ITIOAT'OTOBKE, BBITIO/THEHUEO 1 OTUETY I10 JIABOPATOPHBIM
PABOTAM

I1pu BoITIO/THEHNY J1TaOOPAaTOPHBIX (TTPAKTHUECKUX) pabOT 00yUYaromunics AO/DKeH 3HaTh:

OCHOBBI U3MepeHHS;

BUZBI U (hOpMBI TIpecTaBieHnst nHbopManuu (rpaduk, hopmyra, Tabimia);

MpaBWIa 3KCIUTyaTaluy NMPUMeHsieMoro 000py/I0BaHuS;

Marematuueckre GyHKUUM (TIpsiMast ¥ oOpaTHast IPOMOPLMOHAILHOCT, TMHEMHasT U
KBaZIpaTU4Hasi 3aBUCUMOCTb, CHHYCOU/Ia/TbHas 3aBUCUMOCTB )
AO/DKeH yMeThb:
®  T0/B30BaThCsl KOHTPOJIbHO-U3MEPUTEIbHBIMU MTPUOOpaMH;
MIPOU3BO/UTH PacyeThl U OTIPe/IesisATh XapaKTep 3aBUCUMOCTH MEX/Y MCCIeAyeMbIMY BeJTMUMHAMHY;
MPOBOZUTE MaTeMaTUUYeCKHE BBIYMC/IEHUS C TTIOMOLIBI0 KaJIbKY/IATOPA;
MepeBOANTh eJMHHULIBI U3MePeHHsI Pa3/TuuHbIX (PM3NUeCKUX BeJUrH B cuctemy CU;
0(QOpPMJISTH BBIBOJ.

IIpaBu/ia npoBejieHNs 1a00PaTOPHBIX U NMPAaKTHYECKUX padoT
1. CrygeHT [O/DKeH NOArOTOBUTEL OTBEThI HAa TeOpeThuecKue BOpockl K JIT13;
2. Tlepepn HauamoM Kaxk/10¥ pabOThI MPOBepsieTCsi TOTOBHOCTh CTyAeHTa K JII13;
3. Tlocse BoimosiHeHws1 1abopaTOpHO# (IPaKTHUeCKOi) paboThI CTYZEHT [JO/DKEH MPeACTaBUTh OTUET
0 TpojesiaHHOM paboTe ¢ 00Cy>K/|eHHeM I0JIyYeHHbIX Pe3y/IbTaTOB U BbIBO/IOB;
4. Crygent, nponyctuBimii JIT13 1o yBakuTeibHON WM HeyBa)KUTeTbHOW IPUUMHAM, 00s13aH
BBITOJIHUTH PaboTy B [JOTIOJIHUTE/TEHO Ha3HAUEHHOe BpeMs.
5. OueHka 3a paboTy CTyZieHTY BBICTaB/ISIeTCS C yUeTOM TIpe/iBapyTeIbHOM MOATOTOBKH K paboTe,
JI0JI1 CaMOCTOSITe/TbHOCTH TIPU ee BBINO/ITHEHWH, TOYHOCTH M TPAMOTHOCTH O()OPMJIEHHSI OTUeTa M0
pabore.

OTanbl BbINO/IHeHHUsI 1a00paTOPHBIX (MPaKTHUeCKHUX) padoT

1. ITocTaHoBKa 3ajauy padoThI

Ha mepBOM 3aHATUM CO CTy/leHTaMH TPOBOAMTCS 0OIas mocTaHOBKa 3ajad. IIperosjaBaress MOXXeT
JlaBaTh He0OXO/IMMbIe MOSICHEHUsI 110 METO/MKE TIPe/ICTOSIINX 1ab0paTOPHBIX (MPAKTUYeCKUX) paboT.
Ilepexs mpoBeseHuWeM pabOTHI  TperofaBaTe/ib TPOBOJMT TIOCTAHOBKY —3a/laud  KOHKPETHOTO
71ab0paTOPHOTO W/IM MPAKTUYECKOTO 3aHSATHS. 3/1eCh Pa3bsCHSIETCS TPYIIe CTY/eHTOB CO/Iep)KaHue U
00beM KOHKpPeTHOU abopaTopHoi (mpakThyeckoil) pabotel. IIpexkae Bcero, GopMyIMpYIOTCS LiesiH,
3a/lau, OCHOBHBIe 3Tarbl paboThI, TIOC/IeJ0BaTeIbHOCTE U XOZ, pereHusi. OTpefieNsitoTcsl CofiepykaHue
v (opma TpeZicTaB/ieHUsT pe3yabTaToB paboThl. [IpoBoguTCs MHCTPYKTaX 1o OXpaHe Tpy/ja C 3aMrcChio
B >KypHaJI.

2. O3HaKOMJ/IEHHe CTy/eHTa C cojiep>KaHueM M 00beMoM padoThI.

Ha 3TOM 3Tare CTyZieHT AO/DKeH TIaTeNbHO U3YUYUTh COJiep)KaHHe W 00beM TpeAicTosIIel paboThl.
Ecmu mocraHoBKa 3a/jaud HeJOCTaTOYHO sICHA, OH MOKeT 00paTUThCS K TIperojaBaTesto 3a
JIOTIO/IHUTeIbHBIMU ~ Pa3bSICHEHUsSIMUA. 3aTeM  CTY/JleHT TIPUCTYMaeT K BBITIOJHEHUIO —3aZlaHuUs
nabopaTopHOii (MpakTHUeCcKoii) paboThI.

3. ITopsA/10K BbINOTHEHUsT PaboThI.

B CcOOTBeTCTBHM C yCTAaHOB/IEHHOM TOC/IeA0BATebHOCTBIO 3TAaroB PabOTHI CTYZEHT BBLIMOJHSIET 00beM
paboT, mpeAyCcMOTPeHHbIX 3a/laHieM. [Ipy yC/IOBHUM BBITIOJTHEHHMsI TIOJTHOTO oObeMa paboThl CTY/E€HT
TIpOBepsieT TMPaBUIBLHOCTh Pe3y/IbTaTOB U TPeABSBISET TPerofaBaTe/ito pe3yabTaTbl paboThl, B BHJE



pacueToB WM 3arioJIHEeHHBIX Tabmuiy. B ciydae 3aMeueHHBIX OIIMOOK, CTY/|eHT MPUHUMAeT Mephl K UX
WCIIPAB/IEHHUIO U 3aTeM CHOBA TIPebSBJISET Pe3yJ/bTaThl TPETIO/aBaTeIt0 [yisi KOHTPOJS U TpUema
pe3ynbTatoB pabotel. Ecm B pabore ommbOK He COZepKUTCS, TO TIPUCTYINAeT K COCTaB/IEHUIO |
odopmMIeHHIo oTyeTa 110 pabore.

4. Perucrpanus pe3y/ibTaToB H 0)opM/IeHHe 0TYeTa 1o padoTe.

[To Mepe TOro, Kak BBIMOJHSIOTCS 3Tanbl JjaboOpaTOpHON (MPaKTUUeCcKoW) paboThl, CTy/AeHT
DErvcTpupyeT BCe pe3y/bTaThl CBOed pabOThl B BUZe TaOJUL WM TPapUKOB U TPOBOJUT aHA/IU3
TIOTyYeHHBIX pe3y/bTaToB. Bce pacueTsl [O/HKHBI OBITH TIOAPOOHBIMU M O(OPM/IEHBI B COOTBETCTBHH C
TpeboBaHUSAMU yKa3aHHBIMU K 0()OPM/IEHHIO OTUeTa CTyZeHTa 110 ero pabore. OTuet 1o s:abopaTopHOi
paboTe fo/pKeH OBITH BBITIOJTHEH B TETPaJH /s 1abopaTOpHBIX pabOT COOTBETCTBYIOILETO CTY/EHTa.
Ha ocHOBe TO/TyueHHBIX pe3y/IbTaTOB CTYJEHT MUIIeT TMOAPOOHbIN BBIBO/.

6. 3axk/IouMTe/bHasl YacTh JIa0opaTopHO# (MPaKTHUeCcKoil) paboThI.

I[Toc/ie OKOHUYAHKS COCTAB/IEHHSI OTUeTa CTY/IeHT MPOBepsieT ero MpaBUILHOCTh U yCTpaHseT omroku. B
KOHL|e 3aHATHs TeTpa/ib C TOJHOCTbIO BBITIOJIHEHHOW paboTol czaTh npernogasarento. Eciy pabora B
KOHL|e 3aHSITHSI OCTanach He 3aKOHUEHHOMW, COOOIUTE 06 3TOM IpernojaBatesio U o/enaTb paboTy BO
BHEYPOYHOE BpeMsi 110 I0TOBOPEHHOCTH (JKeslaTesIbHO B 3TOT [ieHb).

JlabopaTopHas paboTa cocTaB/isieTcs N0 C/IeAyIoLeii 00001eHHO CTPYKTYpe:

e  HanmeHoBaHMe MeHTUDHULIMPYIOLMX MPU3HAKOB: « JlabopaTopHas (pakTHueckoi) pabore

Ne 1o TeMe (HaMeHOBaHUE TeMBbI)».

e  Lens paboter. opmynupyeTcsi B COOTBETCTBUM C COZiep>kaHueM paszena «Liems paboTei»,
COOTBETCTBYIOLIeM 1abopaTOPHOM (TIpaKTHYeCKOoii) paboThI.

e  Meroguka pabotsl. OripeziesisieTcsi B COOTBETCTBUH C YKa3aHHOM BblIiile (hOPMYTMPOBKOM U TTpU
HeoOXO/JUMOCTH YTOUHSIETCS] B 3aBUCUMOCTH OT COZIep>KaHHUsI KOHKPeTHO# JlabopaTopHOi
(pakTHUeckoii) paboThl.

e  DrTaribl BbITIO/IHeHUs1 paboThl. [IpUBOASTCS HOMepa ¥ HAaMMeHOBaHUsI 3TaroB paboThl, yKa3aHHbIe
BhILIe. [TocseoBaTeNbHO MO KaXKOMY U3 3TaroB MPUBOJUTCS XapaKTepUCTHUKA COJlepKaHus
BBITOJIHEHHBIX TI0 3Tary pabor.

e  OTBeThI HA KOHTPOJIbHBIE BOTIPOCHI IPUBOZSTCS BO BCeX 71a00PAaTOPHBIX (MPaKTHUeCKUx) paboTax.
»  BriBoapl 110 pabote. K 3T0i1 yactu paboThl CTYAEHT 0/DKeH ObITh 0COOEHHO BHUMAaTe/TbHbIM.
@®OopMy/IHMPYHOTCS BBIBO/[bl TEOPETUUYECKOT0 U NMPAKTUYECKOT0 XapakTepa O BbITIOJTHEHHOU
nabopaTopHo# (TipakTHueckoii) pabore. OGBIYHO BBIBO/IbI M3/1arat0TCs MOC/IeA0BaTebHO TI0 KaXKI0MY
13 3TarnoB paboTsl (oTueta) — 1-2 BbIBOZAA. BBIBOABI OPMYIMPYIOTCS B CKATOM 1 UeTKO# (opme.
BbIBoJ, 10/DKeH cofiep>KaTh CKaTyH0 MBIC/Ib O BBITIOJTHEHHOM 3Tarie paboThbl, Kak pe3yJbTaT
aHa/IMTHUEeCKOM 1epepaboTKH Co/iep>KaHusl BBIMOJIHEHHOTO Tara. He ciiefyeT ykassiBaTh B BEIBO/IAX
cofiep>kaHue ¥ 00beM BBITIOTHEHHBIX paboT.

CTpyKTypa oT4yera 1o jiabopaTopHoil padoTe, BHINMO/THEHHOMN CTYJAEHTOM:

TeMa,

e/l paboThlI,

TeopeTHyeckoe 000CHOBaHUe,

METO/IMKA W3MepeHHH,

OTMCaHWe yCTaHOBKH,

TOPSIZIOK BBIMO/IHEHHUS pab0ThI 1 00pabOTKH pe3y/bTaTOB U3MEPEHHH,

BBIBO/

KOHTPOJTbHBIE BOIIPOCHI B KOHIIE KaXK/[0M PabOThI, KOTOpbIe 00eCreunBarOT MOATOTOBKY CTYZeHTa K
eé 3arure.

OBPABOTKA PE3YJ/IbTATOB U3MEPEHWM (cm. ITPUJIOKEHUE)
* l3mepeHue (pU3NUECKUX BeTUUMH
¢ [IpsMoe n3MepeHue



KocseHHOe n3MepeHue

Bupl norpemHocTeil u3MepeHui

Lena penenus mkasnsl C

abcostoTHasH MOTPeLHOCTh U3MepeHni

NprUOOpHast MOTPeIIHOCTb 3MepeHni

OTHOCHTeJIbHAsI OTPeLIHOCTh U3MepeHUi

MEeTO/Ibl BbIYMC/IEHHS TIOTPeIIHOCTH MPSIMBIX U KOCBEHHBIX U3MepeHU
Tab/iMIja pacueTHLIX PopmyJ

3amuch pe3y/bTaToOB U3MepeHUi

INEPEUEHD JIABOPATOPHBIX PABOT ITO JUCIIUIV/IMHE "®U3UKA"
JlaboparopHast paboTa Nel
«Hccnedosanue dgudiceHusi meaa noo oelicmeuem noOCMOSIHHOU CU/bL»
JlaboparopHast paboTa Ne2
«M3yueHue 3akoHa Boiiis-Mapuomma»
JlaboparopHasi pabota Ne3
«V3MepeHue N08ePXHOCMHO20 HAMSANCEHUS HCUOKOCMU»
JlaboparopHast paboTa Ne4
«H3mepenue 3/]C u eHympeHHe20 conpomugaeHusi UCMOYHUKA MOKa»
JlaboparopHasi pabota Ne5
«V3yueHue sig1eHUs 31eKMpoMazHUMHOU UHOYKYUU»
JlaboparopHasi paboTa Neb6
«H3yueHue 3asucumocmu nepuoda KonebaHuli HUMsHO20 MASIMHUKA Om OAUHbI HUMU»
JlaboparopHast paboTa Ne7
«OnpedeneHue nokazamessi npesOMAEHUSI CMeKAa»
JlaboparopHasi pabota Ne8
«IIposepka ¢popmy/ibl MOHKOU AUH3bI»
JlaboparopHasi pabota Ne9
«M3yueHue uHmepgepenyuu u ougppakyuu ceema» (MoxkeT ObITh 3aMeHEHA Ha MPAaKTHUECKYH0 paboTy
"V3MepeHue [/TMHBI CBETOBOM BOJIHBI C TOMOLIbIO AU(PPaKLIMOHHOW pPeléTKA" )

[MTPMJIOXXEHUE
OBPABOTKA PE3YJ/IbTATOB U3MEPEHUI

N3mepenue puznyecKux BeIMYNH

B oCHOBe TOUHBIX eCTeCTBEHHBIX HayK Jie)kaT u3MepeHusi. [Ipy n3MepeHUsIX 3HaueHUs BeJTMUHH
BBIPAKAIOTCS B BU/IE UKCesl, KOTOPbIe YKa3bIBalOT BO CKOJIBKO Pa3 M3MepeHHas BeJIMurHa OosibIle Wi
MeHbllle JpYyrod BeIWUMHBbI, 3HaUeHWe KOTOpOM MPHUHATO 3a efuHuLly. [losyueHHble B pe3ysbTaTe
V3MepeHUM UMCJIOBble 3HAUYEHHUsI Pas3/IMYHbIX BeJIMYMH MOTYT 3aBHUCEThb Jpyr OT Apyra. Ces3b Mexay
TaKMM{ BeJIMYMHaMHK BbIpa)KaeTcs B BUZe (POPMyJ/, KOTOpble MOKAa3bIBAalOT, KAK UMC/IOBblE 3HAUEHUS
OZHVX BeJIMYMH MOTYT OBITh Hali/IeHbI 110 YMCIOBBIM 3HAUEHHUSIM JJPYTHX.

[lpy u3MepeHUsix Heu30e)XHO BO3HMKAIOT MoOrpelrHocTH. Heob6Xxogumo BiafieTb MeTOJaMH,
NpUMeHsieMbIMA TIpU  00pabOoTKe pe3y/bTaToOB, TMOAYYEeHHBIX TIPH H3MEPeHHsX. ITO TI03BOJIUT
HAYUYMUTHCS T10/TyuaTh U3 COBOKYITHOCTU U3MepeHU Harbosee O/M3KHe K UCTHHE pe3yJsbTaThl, BOBpeMsi
3aMeTUTh HECOOTBETCTBHUS U OIIMOKH, pa3yMHO OPraHHM30BaTh CaMM M3MepeHUs 1 MPaBUIbHO OL|eHHTh
TOUHOCTD ITOJTyYeHHBIX 3HAUEHUM.

Ecm u3mepeHMe 3ak/atOouaeTcsi B CPaBHEHWM [AaHHOW BeIMYMHBI C JIPYroM, OZHOPOJHOH
Be/IMUMHOM, IPUHATOM 3a eUHHULy, TO U3MEepPeHre B 3TOM CJlydyae Ha3bIBaeTCs MPSIMBIM.

IIpaMble (HemocpeACTBeHHbIe) H3MepPeHHUsI — 3TO TakKWe MW3MepeHUs, TpU KOTOPBIX MbI
TojlyyaeM UHC/IeHHOe 3HaueHWe W3MepsieMOl BeMWuuHbI MO0 TIpSIMbIM CpaBHeHHWeM ee C Mepoi
(3TanmoHOM), MO0 C TTOMOIIIBI0 TIPHOOPOB, rPaZyMPOBAHHBIX B eJMHULIAX N3MePseMOI BeJTMUHHBL.

OpHako Jjaeko He BCer/ia Takoe CpaBHeHHe MPOM3BOJUTCS HEIOCpeCTBeHHO. B OosbIIMHCTBe
C/lyuaeB M3MepsieTCsl He caMa MHTepecylolllasi HaC BeJIMUMHa, a Jpyrve BelWuYMHbI, CBSI3aHHbIE C HElO



TeMU WIM WHBIMU COOTHOLIEHUSIMM M 3aKOHOMEpPHOCTAMU. B 3TOM ciyuae mis M3MepeHUs
HeoOX0IUMOW BeJIMUUHBI TIPUXOAUTCS TIpeBAPUTENTbHO U3MepPUTb HEeCKOJbKO APYTHUX BeJIWYMH, T10
3HAUeHWI0 KOTOPBIX BBIYMC/IEHWEM OIpe/iesisieTCsl 3HaueHue HWCKOMOU BelnuuHbl. Takoe H3MepeHHe
Ha3bIBAeTCSsI KOCBEHHBIM.

KocBeHHbIe M3MepeHHUs COCTOSAT M3 HeloCpe/ICTBeHHbIX HM3MepeHHH OJHON WM HeCKOJIbKUX
Be/IMUMH, CBSI3aHHBIX C OIpe/iesieMOl BeJIMYMHOM KOJMYeCTBEHHOU 3aBUCHMOCTBIO, U BBIUYMCJ/IEHUS 110
3TUM [JaHHBIM OIIpe/ie/ITeMOUN BeTNYUHBI.

B u3MepeHusix BcerJja yuaCTBYIOT U3MepUTe/IbHbIe MPUOOPHI, KOTOPbie OHOW BeJIMUKHE CTaBsT
B COOTBETCTBHE CBSI3aHHYIO C Hell [IPyTyio, OCTYIHYH KOJMYeCTBEHHOM OLieHKe C MOMOILbI0 HaIlUX
opraHoB uyBCTB. Hanprmep, cuse ToKa CTaBUTCSl B COOTBETCTBUE YroJl OTK/IOHEHUS CTPeJIKM Ha IlIKasie
C pgeneHusMM. [Ipy 3TOM [JO/DKHBI BBINOJHATHCA [iBA OCHOBHBIX YC/IOBHS IIpollecca W3MepeHUs:
OJJHO3HAUYHOCTh M BOCIPOM3BOAMMOCThL pe3yJibTaTa. 3T [iBa YCJIOBHUSI BCErJia BBIMOHSIOTCS TOJBKO
npubm3uTtensHO. [To3ToMy mponecc W3MepeHHsi COEPKUT Hapsily C HaxX0XKJAeHHeM HMCKOMOM
Be/IMYUHBI U OLeHKY HETOYHOCTH U3MepeHHUsl.

CoBpeMeHHbIM WHXeHep W paboumii  0/DKeHbl YMETb OLIEHWTH TIOTPEIIHOCTh pe3y/IbTaToOB
u3MepeHuii ¢ yuetoM TpeOyemoii HazexxHocTu. [TosTomy Oosbllioe BHMMaHUe yzessieTcsi obpaboTke
pe3yJIbTaTOB M3MepeHWH. 3HaKOMCTBO C OCHOBHBIMM MeTOZlaM{ pacyeTa MOTIPelIHOCTeHd — OfHa M3
TJIaBHBIX 3a/]au J1ab0paTOPHBIX U MPAKTUYECKUX paboT.

IToueMy BO3HHMKAIOT NIOrPeIHOCTH?

Cyl1ecTByeT MHOTO TIPUUMH [iI1 BO3HMKHOBEHUSl TMOTpeIIHOCTell M3MepeHU. [lepeumcivm
HEKOTOpbIe U3 HUX.

[Tpotieccel, MPOUCXOASIMe TIPU B3aUMO/IeHCTBUM Tpubopa ¢ 00BEKTOM H3MepeHUl, Hen30eKHO
V3MEHSIIOT HW3MepsieMyl0 BeqnuuHy. Hanpumep, wusMepeHune pasmMepoB feTald C IIOMOLIBIO
LITaHTeHLUPKY/Isl, TPUBOJUT K C’KaTHIO JleTald, TO eCTb K U3MeHEeHHIO ee pa3MepoB. VIHorja BiusiHue
npubopa Ha U3MepSeMYI0 BeJTMYMHY MOXKHO CZe/laTh OTHOCHUTETbHO MaJjlbIM, MHOT/|a )Ke OHO CPaBHUMO
WU [JaKe TIPeBbILLIaeT cCaMy U3MepsSeMyt0 BeJIMUKHY.

JIrobo¥i mpubop MMeeT OrpaHHUEHHbIE BO3MOKHOCTH OJHO3HAUHOTO OTpeJe/ieHHs] HM3MepsieMOi
Be/IMUMHBI BC/IE/ICTBME KOHCTPYKTHMBHOM HeuzeaqbHOCTH. Harpumep, TpeHHWe MeXJy Ppa3/M4HbIMU
JleTasisiMA B CTPeJIOYHOM O7I0Ke amriepMeTpa MPHUBOAUT K TOMY, UTO M3MeHeHHe TOKAa Ha HEKOTODPYIO
MaJyto, HO KOHEUHYI0, BeJIMUMHY He BbI30BET U3MEHEHUs yIJla OTKJIOHEHHUsI CTPEeJIKU.

Bo Bcex mporjeccax B3auMOJeNWCTBUsI NTPUOOpa ¢ 00BEKTOM M3MepeHHsl BCer/id yuacTBYeT BHELIHsIsS
cpesia, TapaMeTpbl KOTOPOWM MOTYT M3MEHSITbCS M, 3auacTylo, HempejckasyeMblM o0pa3oM. 3JTo
OrpaHUuUMBaeT BO3MOKHOCTb BOCHPOM3BOJUMOCTU YCJIOBUM U3MepeHUs, a, C/e[oBaTe/JbHO, |
pe3sy/ibTaTa U3MepeHUsl.

[lpy BuU3ya/bHOM CHSITUM TIOKa3aHWK Tipubopa BO3MOXKHAa HEOJHO3HAUHOCTh B CUMTHIBAHWU
ToKa3aHuM prubopa BCeCTBYe OrpaHUUeHHBIX BO3MOYKHOCTEH Halllero ryiazoMepa.

BOJBIIMHCTBO BeMUMH OTpefie/isieTCsl KOCBeHHBIM 00pa30M Ha OCHOBAHWM HAIMX 3HAHWHA O CBS3U
VMCKOMOM Be/JIMUMHBI C JPYTMMM BeJIMUMHAMM, HeTOCPeJCTBEeHHO W3MepsieMbIMU TMpubopamu.
OueBH/IHO, UYTO TOTPEIIHOCTb KOCBEHHOTO W3MepeHHsl 3aBUCUT OT TMOrpeLIHOCTel BCeX TMpSIMbIX
usMepeHuii. Kpome Toro, B OLIMOKM KOCBEHHOTO M3MepeHHsl CBOM BKJIaJ BHOCST W OTPaHUYEHHOCTb
HAllIMX TIO03HaHWK 00 W3MepsieMOM OOBeKTe, W YIPOIIeHHOCTh MaTeMaTUYeCKOTO OIMCAHUS CBsi3el
MeX/ly BeJMYMHaM{, U UTHODUPOBAaHWeE BMSIHUS TeX BeIMUYMH, BO3/leMCTBME KOTOPBbIX B Mpoliecce
V3MEepeHUs CUUTAeTCs] HeCyIlleCTBeHHBIM.

Knaccugukanus norpemHocrei

1. AOGCOMOTHOH TOTPeIIHOCTbI0 — PA3HOCTBIO MEXKIY HalJeHHbIM Ha OIbITe (M3MepeHHBIM) ~ ~HiM U

MICTHHHBIM 3HaueHHeM * “HCT HeKOTOPOIl BeJTHUHHbI
‘m{_j{mm B j{m:'r. 1)

AGcomoTHasi TIOTPEITHOCTb TI0Ka3biBaeT, Ha CKOJILKO Mbl OIIMOaeMCsi TIpU M3MepeHHUM HeKOTOPOH
BeJIMUMHBI X.

2. OTHOCHUTENBHOMN TOTPELTHOCTHI0 PAaBHOW OTHOIIEHWIO aOCOIOTHOM TIOTPeITHOCTH K WCTUHHOMY
3HaueHWI0 U3MepsieMol BeJTMUKHbI X



SK = j{:_
wer. (2)
OTHOCHTe/IbHAs TTOTPEITHOCTh MTOKA3bIBAeT, Ha KaKyH0 [0/ OT UCTUHHOI'O 3HAYEHUsI BETUUMHBI X MbI
oirbaemcsl.
KauecTBo pe3y/ibTaTOB  W3MEPEHHM KAKOK-TO  BEJIMUMHBI 3 XapaKTepU3yeTCsl  OTHOCHTE/bHOMN

MOrPeLIHOCTLIO i, BemmurHa & MoKeT GbITh BHIP@)KEHa B MPOLIEHTAX.

N3 dopmyn (1) u (2) creayeT, uro A HaxXOXAeHHsT abOCOMIOTHOM U OTHOCHUTETbHOMN
TIOTPEeIIHOCTeH W3MepeHul, HY)XHO 3HaTh He TOJIbKO HW3MepeHHOe, HO U WCTHHHOe 3HaueHHe
WHTepecyolleil Hac BeauuuMHbl. Ho ecii MCTUHHOe 3HaueHWe W3BECTHO, TO He3aueM TPOW3BO/UTh
usMepenus. Llesb u3MepeHU Bcerjia COCTOUT B TOM, UTOOBI y3HaTh He M3BECTHOe 3apaHee 3HaueHHe
HEKOTOPOW BeJIMUMHBLI U HAalTH eC/Id He ee UCTHHHOEe 3HaueHWe, TO XOTsl Obl 3HaueHWe, JA0CTaTOUHO
MaJio OT Hero oTuvaroieecs. [Toaromy dopmysiet (1) u (2), orpeesistolyie BeIMUMHY MOTPEITHOCTeH
Ha TpaKTHKe He TMPUTOAHbI. [IpyM MpaKTUUeCKHWX H3MepeHUsIX TIOTPelIHOCTA He BBIUMC/IAIOTCA, a
OLIeHUBAIOTCsA. [IpH OIleHKax yUWUTHIBAIOTCS yCJIOBUSI TIPOBeIeHUS YKCTIepUMEHTa, TOUHOCTh METOZMKH,
KaueCcTBO TIpUOOpOB W psifi Apyrux QakropoB. Haia 3ajaua: HayuudTbCsS CTPOUTH METOUKY
9KCTIepUMEeHTa U TIPaBUIbHO MCTIOBb30BaTh MOJ/IyueHHbIe Ha OIbITe JAHHBIE [I7Isl TOT0, YTOObI HAXOAUTh
JIOCTAaTOYHO O/IM3KHE K UCTUHHBIM 3HAUEeHHUsI U3MEPSEeMbIX BEJIMUMH, PA3yMHO OLIEHUBATh MOTPEITHOCTH
H3MepeHUM.

['OBOpsT O TMOTPelIHOCTIX W3MepeHul, CeyeT, TpPeXe BCEero, YIOMsSHYTb O rpyobIX
MOrpemHOCTAX (MpoMaxax), BO3HHUKAIOIIUX BCJEACTBHE HEJAOCMOTpA JKCIIePUMEHTaTopa WU
HEMCIIPABHOCTU armapaTypbl. ['pyObIX oImmOOK cienyerT wu3berath. ECIM yCTaHOB/IEHO, UTO OHHU
TIPOM30IIUIH, COOTBETCTBYIOIIME U3MePeHUs HY>KHO OTOpaChIBaTh.

He cBsi3aHHBIe C TPYOBIMH OIIMOKaMM TIOTPEIIHOCTH OMbITa [Je/ATCI Ha C/IydyaiiHble WU
crcTeMaTUYecKue.

C/IydaiiHble MOrpemrHoCcT. MHOTOKPAaTHO MOBTOPSIsS OJHU U Te >Ke U3MepeHUs], MOJKHO 3aMeTHTh, UTO
JIOBOJILHO UaCTO WX pe3y/bTaThl He B TOYHOCTU PaBHBI APYT APYTY, a «IUISLIYT» BOKPYT HEKOTOPOTO
cpegHero (puc.l). TlorpeiiHOCTH, MeHsIOIIMe BeIMUMHY U 3HAK OT OMbITa K OIBITY, Ha3bIBalOT
ciyyaiiHbiMH. CrydaliHble TIOTPEIIHOCTH HelpOW3BOJIbHO BHOCSATCSI SKCIIEPUMEHTATOPOM BC/Ie/[CTBHE
HEeCOBepIIIeHCTBAa OPraHOB UyBCTB, C/IyYaiHbIX BHEITHUX (DAKTOPOB U T. /. EC/IU MOTPeITHOCTh KaXK/A0T0
OTZeJTbHOTO M3MepeHHsl MPUHLIMITHAIBHO Herpe/cKa3yeMa, TO OHM CAy4alHbIM 00pa3oM HW3MeHSHOT
3HaueHWe W3MepsieMOM BeJUUUHbI. OTU TIOTPELTHOCTH MOKHO OLIeHUThb TOJBKO TPH TOMOILHU
CTaTUCTHUEeCKOM 00pabOTKHM MHOTOKPATHBIX N3MEPEeHUH NCKOMOM BeTMUNHBI.

CucTreMaTHYeCKHe MOTrPelIHOCTH MOTYT ObITh CBSI3aHbl C OIIMOKaMKM TPUOOPOB (HermpaBW/IbHAs
I11KaJla, HePABHOMEPHO PaCTATUBAIOLIAsICS MPYKHUHA, HepaBHOMEPHBIH 1I1ar MUKPOMETPHUUECKOTO BUHTA,
He paBHbIe IJIeYd BeCOB U T. [I.) U C CaMOM TOCTaHOBKOM oribITa. OHU COXPaHSIOT CBOIO BeUUUHY (U
3HaK!) BO BpeMsi 3KCriepuMeHTa. B pe3ysbTaTe cHCTeMaTUYeCKUX TIOTPEIHOCTel pa3dpocaHHbIe M3-3a
C/lydyaliHbIX TIOTPEIIHOCTeN pe3y/bTaThl OMbITA KOJIEOJIOTCS He BOKPYT MCTHHHOTO, a BOKPYT
HEKOTOpPOT0 CMeIleHHOTO 3HaueHWs (PUC.2). TIOTPEITHOCTh Ka)KAO0TO U3MepeHHsi UCKOMOUM BeTMUWHbI
MOJKHO TIpeZicKa3aThb 3apaHee, 3Hasi XapaKTepUCTUKU rpubopa.

| HEMEPEHHHE SHAYEHIA |
HH-.EEPEI—IHHE JHAYEHHA 4

E L L 1l

LL 111 Ll
| HotuEHOE sHAYcHEE | | CHECT EMATHHECKAR II0Tp ETHOCTE
Puc.1 Puc.2

HcTHHHOE sHAYEHHE |

Pacuet norpeiHocTei NpsIMbIX U3MepeHUu!



CucremaTnueckue mnorpemHocTH. CucreMaTuecKre OMIMOKM 3aKOHOMEpPHBIM 00pa3om
V3MEHSIIOT 3HaueHusi u3MepsieMoi BeyiuvHbL. Hambosiee TpOCTO MO/AAIOTCS OLleHKe TIOTPeIHOCTH,
BHOCHMbIe B M3MepeHHsi TpubopaMy, eC/id OHU CBSI3aHBI C KOHCTPYKTHUBHBIMUA OCOOEHHOCTSIMM CaMMX
npuOOpOB. OTU TIOTPEIIHOCTH YKa3bIBAIOTCS B Macroprax K rpubopam. ITorpeimHoCTH HEKOTOPBIX
npubOpPOB MOXKHO OLIEHWTh W He oOpamjasicb K macnopry. /s MHOTMX 37eKTPOH3MepHUTe/TbHBIX
npubOpOB HerocpejCTBEHHO Ha IlIKajle yKa3aH UX KJIacC TOUHOCTH.

Kinacc TounocTa mpubopa T — 9TO OTHOIIIeHHe abCOMIOTHOM TOrpelHOCTH TTprbopa mpHb g

MaKCHMabHOMY 3HAuUeHWIO0 U3MepseMOM Be/JMYMHBI - “IiE¥, KOTOPOe MO)KHO OIpe/eUTh C IOMOLLbIO
naHHoro mpubopa (3TO cucTemMaTHuecKas OTHOCHTeNbHAs TIOTPELIHOCTb JaHHOTO —Mpubopa,

BprE)%}((eHHaH B IPOLIEHTaX OT HOMHUHA/Ia Kbl j{1‘:1.51.1-:).
v= % 40004
id

L .

Torzaa abcosroTHas TIOrPeITHOCTh Y Takoro nipubopa orpeiesisieTCs: COOTHOIIIEHUEM:
¥ Ky
™ 00% |

11 3neKTpon3MepUTeIbHBIX TIPUOOPOB BBeJeHO 8 kiaccos Tounoctu: 0,05; 0,1; 0,5; 1,0; 1,5;
2,0; 2,5; 4.

Yem Omke u3MepsieMasi BeJIMUMHA K HOMHUHa/y, TeM Oojiee TOUHBIM OyZieT pe3y/nbTaT W3MEpeHUs.
MakcrMarnbHasi TOUHOCTD (T. €. HaWMeHbIIlasi OTHOCUTe/IbHAsI OIMOKa), KOTOPYI0 MOXKeT 0becreunThb
JAHHBIM TMPUOOp, paBHa K/IacCy TOUHOCTH. OTO OOCTOSITETIbCTBO HEOOXOAUMO YUWUTHIBATh TIPH
WCTI0/Tb30BaHUM MHOTOIIKAMBHBIX MprOopoB. Illkany Hago BbIOMpaTh C TAaKUM pacueToM, UTOObI
u3MepsieMasi BeJINUMHA, OCTaBasICh B TIPe/ie/iax IIKajbl, Obljla KaK MOXKHO O/TvKe K HOMUHAIY.

Ecm knmacc TouHocT AJisi rpubopa He yKas3aH, TO HeoOXOAWMO PYKOBOZCTBOBATLCS CJIAYIOLAMH
NpaBU/IaMU:

- A6co/roTHas TIOTPELIHOCTD NTPUOOPOB ¢ HOHUYCOM pPaBHA TOYHOCTU HOHUYCA.

- ABCoMOTHAs TIOTPEITHOCTL IPUOOPOB C (PUKCHPOBAHHBIM I1IaTOM CTPEJIKH paBHa IieHe jgeneHus[1].

- A6co/roTHas TIOTPELTHOCTD 1M(POBBIX MPHOOPOB paBHa eIUHHUIE MUHMUMAILHOTO pa3psiza.

- JIns BCeX OCTa/bHBIX MPUOOPOB abCOJIIOTHAs TIOTPEITHOCTb MPUHUMAETCS PaBHOU TOJIOBHUHE II€HBI
JleJIeHusl.

CnyualiHble MOTPEIIHOCTH. OTU TOrPEelIHOCTA WMEKT CTaTUCTUUeCKUM XapakTep |
OTMMCBIBAIOTCS TEOPUEN BEPOSITHOCTU. Y CTAHOBJIEHO, UTO TIPU OUeHb OOJIBIIIOM KOTMUECTBE WU3MepeHHi
BEPOSITHOCTb MOJIyYUTh TOT WM MHOM Pe3y/bTaT B KaKJOM OT/e/TbHOM M3MEePEeHUH MOKHO ONpe/ieNTuTh
TIpU TIOMOIIM HOPMaJIbHOTO pacnpejieneHusi I'aycca. [Ipy manoM uuciie u3MepeHU MaTeMaTHUecKoe
OMMUCaHWe BEPOATHOCTH TIOJIyYeHUs] TOr0 WIA HWHOTO pe3ylbTaTa W3MepeHUsi Ha3bIBaeTcs
pacnipeziesienreM CtbiofieHTa (6osee 1moipobHO 06 3TOM MOXKHO TIPOUMTATh B ocobry CKBOPILIOBOM U.
JI. «OmmbKu n3mepeHnit pU3NIeCKUX BeTUIHH» ).

Kak >ke olleHUTb UCTUHHOE 3HaueHUe U3MepsieMOu BeTMUUHbI?

[Tyctb TIpU W3MepeHUM HEeKOTOPOW BeTMUHHBI H vbr nosiyurii N pe3y/bTaToB: }::1' XE' a XH.
CpegHee apudMeTUUeCcKoe Cepur u3MepeHuid O/vke K UICTUHHOMY 3HAaUeHUI0 U3MepsieMOl Be/TMUWHBI,
yeM OOJIBIIIMHCTBO OT/JE/bHBIX W3MepeHui. i1 TonydyeHus pe3y/bTaTa W3MEpPeHHs HEeKOTOPOM
Be/THUHMHb WCII0JIb3YeTCs creyromumi aJITOPUTM. N

Borurcrsietcs cpesHee apugMerudeckoe cepuu U3 N MpsIMbIX U3MepeHU: > X

Pa3psig 3Havameid tudpsl abCOMOTHOM MOTrPeIIHOCTH OTpeie/isieT pa3psi/ epBoM ¥ N
COMHUTe/bHOM 1M(phl B 3HaUeHUM pe3ysbTata. CrefjoBaTe/lbHO, CaMO 3HaueHHe pe3y/ibTaTa HY)KHO
OKPYIJIATH (C MOMPaBKoO#) A0 ToM 3Hauamedl nudpsbl, pa3psaA KOTOPoil COBNajaeT C pa3psajoM
3Havamed nudpel norpemHoctd. CdhopMynvpoBaHHOe TIPaBWIO CjeflyeT TNPUMEHSITb U B TeX
CJlyuasix, KOT/ia HEKOTOpbIe U3 LUdP ABSIOTCSA HYJISIMHU.

ITpumep.
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m = {0,900 £ 0,004 |xr

KoHIle urciaa 0,900 HeoOx0AUMO. 3aTHCh m= »=' 03Hauasia Obl, UYTO O CJIEAYIOIINX 3HAUAIIUX LUdpax
HUYEro He U3BECTHO, B TO BpeMsi KaK M3MepeHUs T0Ka3aiu, UTO OHU paBHbI AT HYJIIO.

BLIuMC/IsieTCsl 0THOCHTeIbHAsA MOrPelIHOCTh — &.[1py OKpyT/IeH!u &y = :{—
OTHOCUTEJTbHOM TMOTPEIIHOCTU [JOCTaTOUHO OCTaBUTh /iBe 3Hauallue Hudphbl. °p
pe3y/ibTaT CepUM H3MepPeHHHd HeKOTOpoW (Hu3MUeCKol Be/MUUHbI TPEJCTAB/ISIT B BHJE
HHTEpPBa/la 3HAaYeHUH C yKa3aHHEeM BepPOATHOCTH MOMafiaHHs MCTUHHOIO 3HAUeHHs B JAaHHBIN

HHTEPBAJI, TO €CTb pe3yJ/IbTaT H€O6X0,[H/IMO 3alMcaTh B BU/le:

Ecmn Mnpy U3MEPEHUH MACChbI TeJla TMOJIy4YeH pe3yJ/IbTaT , TO TIMCATb HYJ/IK B

-+ Gy =
j{_j{cp_&j{:; K.:p;ii:[],g_

3nechb A3 T10JIHAsl, OKPYTJIEHHas 10 TiepBoi 3Havareid 1udpbl, aOCOMOTHAS MOTPEITHOCTh U~ P —
OKDYTJIEHHOe C yYeTOM Y)Ke OKDYIJIeHHOW TIOTPellHOCTU CpefjHee 3HaueHWe U3MepsieMOoi
BesmuuHbl. IIpU  3amucu  pe3ynbTara wu3MepeHHHM 00s3aTe/IbHO HY)XXHO YyKa3aThb eMHHUILY
HU3MepeHNsi Be/IMYUHBL.

PaCCMOTpI/IM HECKOJIBKO IMPUMEDPOB:

8, = 23458

1. Ilyctb ngn V3MepeHUM [I/IMHBI OTpe3Ka Mbl MOMYYWUIN CAefYOLUi pe3y/abTar: ¢

U e D: 003 cM. Kak rpamoTHO 3amucaTh pe3y/ibTaT H3MepeHUM [uHbl OTpe3ka? CHauvasna
OKpyrjsieM €  W30BITKOM  aOCO/IIOTHYIO — TOTPEIIHOCTb,  OCTaB/sisi  OAHY  3HAuallylo
uopy Af = U: 02631 0: 03 cM. 3Hauvalas [uQpa MorpeiHoCcTy B paspsifie COThIX. 3aTeM OKPYTJIsieM C
TIOTIPaBKOM CpeJjHee 3HaueHHe C TOUHOCTBIO [I0 COTHIX, T. €. [I0 TOW 3Havalleil udpsl, pa3psj KOTOpou
COBIaflaeT C paBé)HAOM 3Hauaulerd  1UQpkI AP 003

£ =2,34060m 230 &y=—=——-m 0,013
TOrPeLHoCcTy  CF

ty 235
cM. Beruvcnisem OTHOCHUTEJIbHYIO IMOTI'PEIIHOCTb
Pe3y1'II:>TaT H3MEPEHHﬁ 3dlMUCBhIBAEM TdK:

£=(2,3520,03)  €,=0013=13% =08
2. Ilycte  mipu E)pvaeTe COMPOTUB/IEHUSI MNPOBOJAHMKA Mbl  TIOJYYWIA  CJIeAYOLIUN

R, =257

OCTaB/IsIsl OJHY 3HAUYALYIO LU AR = 2:‘4652 Ouw 3 OM. 3areM OKpyIJ/IieM CpejHee 3HaueHue C
R, =28 7673 Own 29 Ont

pe3yJibTar: 73 O u AR = 2:'4652 OM. CHauasia OKpyr/isieM abCOJTFOTHYIO TIOTPELIHOCTb,

TOUHOCTBKO [0 DeJIbIX Brruucnsem OTHOCHUTE/IBHYIKO TIIOI'PEIHOCTb

£ =20 = 2 4011
E7p 7 og

cp .
Pe3ynbTaT M3MepeHuii 3anMChIBaeM Tak:

R=(2943) Om g, =0,11=11% ;=09

[Tycte mpu gacque MacChl Tpy3a Mbl TIONMYyYWIN CJAEAYIOIIWNA pe3y/bTar:

p i = 24,72

udpy hm = 24:?26 # 30 KI. 3aTeM OKpyIJIieM CpefHee  3HaueHHe C  TOYHOCTbIO [0

fiy = 357,456 %360

3.
fgy = 357,456

kr. CHauana OKpyrJjdeM a6COJ'IIOTHyI-O MOrpemHoCTb, OCTaBJ/IAA OJHY 3HAUdlllyHO

eCATKOB BrluniciisieM OTHOCUTE/IBHYIO ITOTr'PEIHOCTD
A y P
Am 30
= = s 0,083
360
My,

Pe3ynbTar M3MepeHH Macchl rpy3a 3anucbiBaeM Tak:

m = (360230}, . €, =0083=83%¢=09
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(I)OPMYJ'IBII/I MopAA0K pacyeTa OTHOCUTETHLHOM MOrpermHoCTr UCXo4d W3 paCUYeTHBIX d)OpMYJ'I npu
KOCBEHHBIX U3MepPEeHUAX

Tabnuiia 1
Pacuémmnasn Abconromuasn OmnocumenvrHas
dopmyra nozpeutHocmu nozpeutHocmsp

Aa + Ab
+ S —
atb Aa + Ab )
A Ab
ab aAb + bAa =GR
a b
a aAb + bAa Aa Ab
= —— — + —
b b2 a b
A
an® na” lAa 2d
na
__Aa nAa
“/a n%ar-1 a

BrIrosHsIss KOCBeHHbIe M3MepeHusi BelIMUMH, [/ pacueTa HeoOX0JUMO TPUJEep>KUBAThCS CIeYIOINX
TIpaBUII:

1.0mpepenuTe abCOMOTHBIE TIOTPELTHOCTH TIPSIMBIX M3MePeHUH BelTMYMH, BXOZSIINX B (OpMYITy.

2. I3MepbTe u3nyeckure BeJIMYUHBI U BBIYMC/IMTE 3HaUeHHe UCKOMOW BeJTMUMHBI 110 GOPMYyJie ausm.

3. BbluMC/IMTEe OTHOCHTE/IBHYIO [MOTPelIHOCTh KOCBEHHOTO W3MepeHUsi BeWUMHBI, [10JIb3YsCh
COOTBETCTBYIOLIMMU (hopMyJiaMu 13 TabauLibl 1.

4. Beruucnure abCcomMmOTHYIO TIOTPeIIHOCTh KOCBEHHOT0 V3MepeHus Be/TUYMHBI:

Aa=a_,, *oa.

Bonipocsl 1 3a/ja4u 110 TeOPUH NOrPelIHOCTeN

YTo 3HaUUT U3MepUTh PU3NUECKYIO BeMunHy? [IprBeuTe NpuMepshl.

IToueMy BO3HMKAIOT IOIPEIIHOCTHA U3MEPeHUI?

Yro Takoe abCOJIIOTHAS TTOTPEITHOCTh?

UTo Takoe OTHOCUTe/IbHAs IIOrPeLHOCTh?

Kakas norpemHocTbs XxapakTepy3yeT KauecTBo U3MepeHusi? [IpyrBeguTe npumepsl.

YTo Takoe [JOBepUTe/IbHBIN UHTepBas?

[anTe onpeienieHre MIOHATHIO «CUCTeMaTUYeCKasi TOTPeLHOCTbY.

KakoBbl IpUUYMHBI BO3HUKHOBEHHUSI CUCTeMaTUYeCKUX TOrPelHOCTel?

YT0 TaKoe KJ1acC TOUHOCTU U3MepPHUTebHOTr0 Tpubopa?

. Kak onpepensitoTcst abco/oTHbIE MOTPELTHOCTH pa3/IMuHbIX (PH3HUecKruX NprubopoB?

. Kakue norpemHocT Ha3bIBalOTCA C/Iy4YalHbIMY M KaK OHU BO3HHUKAIOT?

. Onmimre npoLiefypy BbIUMC/IEHNsI CPejHel KBaJpaTUUHOM MOrPeLIHOCTH.

OmnuimmTe TIpoLieAypy pacyera abCO/TIOTHOM CTyYaitHOM MOTPEITHOCTH TIPSIMBIX M3MepeHHH.

. Uto Takoe «kK03(pbULeHT HaJeXXHOCTH» ?

OT KakMx napameTpoB U Kak 3aBUCUT K03 @uiieHT CTblofjeHTa?

Kak paccuMThiBaeTCst o/iHasi abCOJMIOTHAsI TIOTPELTHOCTh MPSIMBIX U3MepeHuit?

17. Harmmmmwre (opMysibl fjjis oripeZiesieH|s: OTHOCUTE/TBHOM 1 abCO/TFOTHOM TIOTPeLTHOCTel KOCBEHHBIX
V3MepeHU.

18. CdopmynupyliTe rpaBuia OKpyIJ/ieHUs pe3yJ/ibTaTa C OTrPeLIHOCTbIO.

19. HaiiguTe OTHOCUTE/IBHYIO MOIPEIHOCTb U3MepeHHsl [/IMHbI CTeHbl [IPY MTOMOLLY PYJ/IETKU C LieHOU
nenenus 0,5cM. VIsMepeHHasi BeJIMurHa coctaBuiia 4,66Mm.

20. Ilpu w3MmepeHur [yiMHBI CTOPOH A u B mnpsmoyronbHuka Obuld AomylleHbl abCoJFOTHBIE
norpemmHocTi AA u AB  coorBercTBeHHO. Hamwmimmre dopmyny g pacuyeta abCOFOTHON
NOTrpeIHOCTH AS, Mo/y4yeHHO! MU OIpe/ie/IeHUH IUIOLaAN 10 pe3y/ibTaTaM 3TUX U3MepeHUM.
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21. V3mepenue gymHbI pebpa Kyba L umesno norpemHocts AL. Harumire dhopmyiy fjist oripeiesieHust
OTHOCHUTe/IbHOM TOrpelHoCcTH 00beMa Ky0a 1o pe3y/sibTataM 3TUX W3MepeHHH.

22. Teno aBUrasocs paBHOYCKOPEHHO M3 COCTOSHUA IOKOs. [l pacyeTa yCKOpeHUsl U3MepU/IU NyTh S,
TIPO/IeHHbIN TesloM, U BpeMsl ero JBMKeHHs t. AGCOMIOTHBIE TIOTPeIIHOCTH 3THUX TPSIMbIX W3MepeHUi
COCTaBWIM COOTBeTCTBeHHO AS u At. BeiBegute opMysy A/s1 pacueTa OTHOCUTEIbHOM MOTPeLIHOCTH
YCKOPEHMUs I10 3TUM [ aHHBIM.

23. Tlpm pacuere MOIIHOCTH HarpeBaTeJbLHOTO NMPUOOpa MO JAHHBIM M3MePeHUH I0JIyYeHbl 3HaUeHHs
Pcp = 2361,7893735 Bt u AP = 35,4822 BT. 3anuiuuTe pe3y/abTaT B BUZE JOBEPUTE/ILHOIO UHTEPBAasa,
BBITIOJTHUB HEOOX0MMOe OKPYTJIeHHe.

24. Tlpu pacueTe BeJIMYMHBI COTIPOTHB/IEHUS M0 JAHHBIM M3MepeHUI MoTyYeHbl C/le[yIolye 3HaYeHUs:
Rcp =123,7893735 Om, AR = 0,348 Owm. 3anuiuuTe pe3yabTaT B BUJE [OBEPUTE/IBLHOTO HMHTEpBaa,
BBITTOJIHUB HE0OX0/JUMOe OKpYTJIeHHe.

25. Tlpu pacueTe BeMWUMHBbI KO3(ULMEHTa TPeHUs M0 JaHHBIM H3MepeHUM MOoJiyueHbl 3HaueHUs
pep = 0,7823735 u Ap = 0,03348. 3anuiumTe pe3yJsbTaT B BU/E JOBEPUTE/IbHOTO UHTEpPBasla, BbIMOTHYB
HeoOX0/MOe OKpYyTJIeHHe.

26. Tok cusoii 16,6 A ompefessiicsi 110 IPUOOPY C KaCCOM TOUHOCTU 1,5 M HOMUHAIOM IiKasbl 50 A.
Haiigure abcomoTHYO MPUOOPHYO Y OTHOCHUTEJIBHYIO TIOTPELIHOCTH 3TOT0 U3MEpeHHUs.



http://pandia.ru/text/categ/wiki/001/229.php
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