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METOJUYECKHUE PEKOMEHJALINH 110 ITPOBEAEHUTIO JIABOPATOPHBIX
3AHATUHN 110 ®U3UKE

COJAEPXAHMUE:
[TpepucnoBue
YKazaHus I10 MPOBeIEHNI0 UHCTPYKTaXKa 00yUaroIuxcs 1Mo TeXHUKe 0e30MacHOCTH
TpeboBaHust K MOATOTOBKE, BLITIOJTHEHUIO M OTUETY 110 JIabopaTopHbIM paboTam
OO6paboTKa pe3y/IbTaTOB U3MepeHUH

IMPEINCJ/IOBUE

BeirosiHeHMe 1abopaTOpHBIX pabOT pelliaeT MHOXKECTBO 3a/au M0 ()OPMHUPOBAHHIO TBOPYECKOU
JIMYHOCTH CIeLUaMCTa, CocOOHOr0 K CaMOpPa3BUTHIO, CaMOOOpa30BaHUI0, U CaMoe TJIaBHOe CIIOCOOHOTO
peanu3oBath cebsi B COBpeMeHHOM Mupe. JIabopaTopHble 3aHSITHS SIBSIFOTCS HEOThEMJIEMBIM 37IEMEHTOM
n3yueHusi Kypca ¢usuky, T.K. pabora B jabopaTopuu (OpMUDYyeT OCHOBHbIE KOMIIETEHI[UM: YUUT
CTYZIEHTOB CaMOCTOSITeJIbHO BOCIIPOM3BOAUTh W aHa/lU3MpOBaTh (U3MUecKre SIBJEeHHUs, 3aKperuisieT
TeopeTUYeCcKre 3HaHWs, TI03BOJISIeT CTy/leHTaM OOYUYMTLCS TIOyYeHUIO MPABU/IbHBIX UMC/IOBLIX 3HaueHWM
¢u3NUeCKNX BEJIMUWH, TIPOBOJWTH JIOTUYECKHE PpacCy>XAeHUss ¥ o0peTaTh HaBBIKM HWCC/IeIOBAHUS
3aBMCUMOCTH MeX/y BeJTMUYMHAMMU.

B cBsi3u ¢ mepexooM Ha oOpa3oBaTesibHble CTaHapThl HOBOTO TTOKOJIEHUS] M3MEHU/ICS TIepeueHb
nabopaTopHbIX paboT, U CTaslo HEBO3MO>KHBIM HCIIO/Ib30BaHUe TeTpaziel mog pegakiueit B. A. KacesiHoBa
(2007r.), pekomeHJOBaHHbIX MuHHCTepCTBOM o0Opa3oBaHusi W Hayku Poccuiickoit Pegepauyu K
HCTI0b30BaHUIO B 0Opa3oBaTesibHOM Tiporiecce B 001mieo0Opa3oBaTesibHBIX yupexkaeHusix Ha 2006 - 2010
yueOHbIl rog (Y TBepaeH npruka3oM MuHob6pHayky Poccuu ot 14.12.2006 Ne 321).

ITpu pa3paboTtke ys1abopaTopHBIX paboT 10 (hH3MKe 3a OCHOBY MHOI ObUIM B3sIThI JlabopaTOpHBIe
pabotel u3 Tetpazau B.A.KachsiHOBa, MOCKOJBKY OHHM XOpOIIO Ce0si 3apeKOMeH/[0Ba/id B MHOTOJIETHeH
TpaKkTHKe.

YKA3AHUA
I10 ITPOBEJIEHNTIO NTHCTPYKTAXA OBYUAROLHINXCSHA
I1IO0 TEXHUKE BE30OITIACHOCTHA

1. [Ons BocruTaHWs y OOYYalOIIMXCS CO3HATEBHOTO OTHOLIEHWS W YCBOEHMs TMPaBWIBHBIX U
Oe30macHBIX METOJ0B M TpHeMOB paboThl TiperiofjaBatesisi 00si3aHbI TPOBOJWTH WHCTPYKTHPOBaHHE |
o0yueHure 00yUarOIMXCS TI0 COOJTFO/IEHHIO TPeOOBaHMH TeXHUKH 0e30T1aCHOCTH Y TUTHEeHbI TPY/a.

2. IHCTpyKTaX ¥ 00yueHue 10 TeXHUKe 0e30MacHOCTH U TIPOM3BOZACTBEHHON CaHUTApHHY MTPOBOJUTCS
CO BCeMH OOyuvaroIMMKCS B BHU/E: BBOAHOTO (MIpU TEPBOM IOCELeHWM KabuHeTa), Ha pabouemM mecte
(Tiepe[;, BBITTOSTHEHWEM Tab0PaTOPHBIX U MPAKTHUeCKUX pabor).

3. Ha BBOAHOM HHCTPYKTa)e TMpero/aBareib [JO/DKEH O03HAKOMUTh OOYYaIOIIMXCS C TpaBH/IaAMH
pacriopsifka B KabuHeTe (M3MKH, TpaBUIaMHM TEeXHUKH 0e30MacHOCTM W TWUTHEeHbl TPYZa, ONAacHBIMU
MOMEHTaMH, C KOTOPbIMM MOXXHO CTOJIKHYTbCSl B Tporiecce paboThl, ¥ C COOTBETCTBYIOIIUMH MepaMu
TPe/[0CTOPOKHOCTH.

4. BBOAHBIM WHCTPYKT&X TIPOBOJWUTCS B BHE JIEKLUWM, Oecebl 3aBeAyHOLIMM KabOWHETOM
(nperofiaBaTenem) (hU3UKH.

5. UHCTpyKTaXX Ha paboueM MecTe JOMOJHSET BBOJHBIA MHCTPYKTaX MO TEXHUKe 0e30MacHOCTU U
VMeeT IIeflbl0 03HAKOMHUTb O0yuarIMxcsi C TpeOOBaHUSMH TPaBU/IbHOW OpraHW3alud COJepKaHus
pabouero Mecrta, Ha3HaYeHHEM TMPUCIOCOOIEHUN U OrpaXkAeHuH, C 6e30macHbIMU MeToAaMu paboThl U
MpaBW/IaMH  [10/Ib30BaHUsS 3alUTHBIMKA CPeJCTBaM{, C BO3MO)KHBIMUA OINACHBIMM MOMEHTaMH TIpH
BBITIO/THEHUU KOHKDETHOM paboThl, ¢ 00s13aHHOCTSIMMA PabOoTaroL[ero Ha CBoeM paboueM MecTe, a TakXkKe C
TpaBH/IaMH TIOBe/IeHHST ITPY BOSHUKHOBEHWUH OTTaCHBIX CHUTYaLHH.

6. Tlo OKOHUaHHWM HUHCTPYKTa)ka Ha paboueM MecTe TIpero/iaBaTe/lb paspellaeT MPUCTYNaTh K
CaMOCTOSITe/IbHOM paboTe TOJBKO MOCIIe TOT0, KaK YOeAUTCsl, UTO BCe yUallyecs YCBOMIA UHCTPYKTaXK.

7. VIHCTpyKTaX Ha paboueM MecTe [JO/DKEH ObITh KPAaTKUM, COZIEp)KaTh UYETKUE U KOHKPETHbIE
yKa3aHusi U B HEOOXO[JUMBIX C/IydasiX COMPOBOKJATbCS TOKA30M IPAaBWIBHBIX M 0€30MacHBIX MPHEMOB
BBITIO/THEHUS PAOOTBHI.



8. B mpoljecce BbINOAHEHUsS] pabOThHI TpernofiaBaTesib 00s3aH CUCTEMATHUECKH KOHTPOJMPOBATh
BBITIO/THEHHE KaXKbIM OOYYalOLUMCS [JaHHBIX €My TIpU WHCTPYKTaXKe yKa3aHWuM o 0e30macHOM criocobe
BBITIOJTHEHUS paOOTHI.

NHCTPYKIHMA
AJIST 00YUAIOIIMXCSA 10 OXPaHe TPy/Qa NMPH BHINO/THEHUH J1a0opaTopHoi padoThl no Gusmke

1. OBIIVE TPEBOBAHUSA BE30OITIACHOCTHA

1.1. K 3anaTUAM B KabuHeTe (M3MKU U TIPOBe/IeHUIO 1ab0paTOpHBIX paboT Mo (u3uKe AOMYCKAIOTCS
obyuarommuecst 1, 2 u 3 Kypca, TpoIe/lTie HHCTPYKTaX TI0 OXpaHe TPy/ia, MeJAULIMHCKUI OCMOTpP U He
MMeloIle TIPOTHBOIOKa3aHW 1o 370poBbi0. OOyuaroiecss K TIOJTOTOBKe U TIPOBEEHUI0
JIeMOHCTPAILIMOHHBIX OTMbITOB M0 (H3MKe [OMyCKalTCsS TOJLKO C pa3pellieHus MperojaBaresis U B ero
TIPUCYTCTBUHU.

1.2. TIpu npoBeieHNH IEMOHCTPALIMOHHBIX OIBITOB IO (PM3UKe BO3MOXKHO BO3/IeMCTBHE Ha PabOTaroIX
U ob0ydyaroluxcsi  CAefylOIIMX  OMacHbIX W BpPeAHbIX  TPOU3BOJCTBEHHBIX  (DaKTOPOB:
- TIOpa)KE€HHWe 3JIEKTPUYeCKMM TOKOM TIpM paboTe C HarpeTbIMU >KUAKOCTSIMH U Pa3IMYHBIMU
(hY31UeCcKUMH TelaMu;

- TepMHUECKHE OKOTH TIpU paboTe C HarpeThIMH >KUIKOCTSMH U Pa3/IMUHBIMU (PU3NUECKUMH TeJlaMu;
- Tiope3bl pyK Tipu HeOpekHOM obpalljeHMH C JabopaTopHOW MOCy[oW U mpubopaMu U3 CTeKa;
- BO3HUMKHOBEHHUE TI0Kapa TMPU HeaKKypaTHOM OOpalljeHUH C JIETKOBOCT/IAMEHSFOIIUMUCS U TOPIOUHUMHU
JKAJLKOCTSIMH.

1.3. Obyuaronrecs 10/DKHbI 3HATB:

- KabuHeT GU3MKKA YKOMILIEKTOBAH Me/lanTeukoil ¢ HabopoM HeoOXOAUMBbIX MeJUKaMeHTOB WU
TepeBsA30UHbIX CPe/CTB.

- KabuHeT ¢u3uku pabotaet ¢ 8.10 g0 16.00

- [OTIO/THUTE/IbHBIE 3aHSTHSI C HEeYCIIeBaroL[MMHU MMPOBOAATCS B Ha3HAaueHHbIM JeHb Henenu ¢ 14.35 fo
17.00

1.4. OOyuaroliecss TIpy TPOBEZIEHWH 3aHATHN U OMBITOB TIO0 (PM3MKe O/DKHBI COOJIOAATH TpaBHIIa
ro)kapHOW 06e30TMacHOCTH, 3HATh MeCTa pAacIoJIOKeHUs] TIePBUYHBIX CPeZACTB T0XKApPOTYLLEeHUS.
1.5. O KaXZOM HecuyaCTHOM Cjydae TIOCTPAJaBIIMH WU OYeBH/El] HeCYaCTHOro ciaydas o00si3aH
HeMe/[JIeHHO COOOIIMTh aJIMUHUCTPALIMKM TeXHUKyMa, Bpauy. [Ipd HeucripaBHOCTH 000pyA0BaHUS,
npucrocobieHnid YW WHCTPYMEHTa  TPEeKpaTuTh  paboTy ¥ COOOIIUTH  TIPero/iaBaTeliio.
1.6. OGyuatoryecsi, JOMYyCTUBIINE HEBBITIOJHEHWe WM HapylleHWe WHCTPYKLMM I10 OXpaHe Tpy/a
OTCTPAHSIFOTC  OT  Jla/IbHEUINEeT0 TpoBeJeHUs 1ab0OpaTOpHOM WM TIPAaKTUYeCKOH  paboThI.
1.7. ObyuatommMcsi 3aripeljaeTcsi IPUHOCUTL OCTpPbIe, KOJIIOIIMe, PeXyIlre W Jpyrye oracHbie s
JKU3HU U 0e30T1aCHOCTH TIPeJIMEThI, XUMHUYeCKHe BeleCTBa.

1.8. OOGyuarommMcsi 3arpeljaeTcss OTKPbIBaTh OKHAa U Qpamyru 0e3 paspelleHUs YUUTess.
1.9. O6yuarormmMcs 3arpelraeTcsl KpUuaTh Ha IepeMeHaX, Tak Kak KpUK MPUTYTUIIeT BHUMaHUe, CUZIeTh
Ha CTO0JIaX, KayaTbCsl Ha CTYJIbSX.

1.10. 3a mpuurHeHHBIH yiiepd 00ydaroUics HeceT MaTepPUabHYI0 OTBETCTBEHHOCTh B TISTUKPAaTHOM
pa3mepe. Bo3melnieHue yiiepba Mpou3BOAUTCS B TeueHue 1 Heflemu.

2. TPEBOBAHUA BE3OITIACHOCTU ITEPEJ] HAYAJIOM PABOT

2.1. TloarotoBuTh K pabote pabouee MecTo.

2.2. Y6eauThCs B MCTIPAaBHOCTH 000py/i0BaHUsI U TPUOOPOB.

2.3.00yuaromMcsi 3arpeljaeTcsi BK/IIOYATh 37eKTPO00OpyAoBaHKe, OpaTh MOATOTOB/IEHHBIE K YPOKY
niprbopel 6e3 paspellieHys Mpero/aBaTess.

2.4. Tlpu mpoBeZieHNH 1ab0OpPaTOPHBIX paboT BXO/ B KaOMHET TOJIBKO TIO 3BOHKY WM C pa3pelleHust
TiperoiaBaTe’is

3. TPEBOBAHUA BO BPEMS PABOTbI

3.1. Ilpu pabote c mpubopamu U3 CTeK/Ia NMPUMEHSATh CTEK/ISTHHbIe TPYOKM C OT/IaB/IeHHBIMH KpasiMH,
MpaBWIBHO MO/OMpaTh JUaMeTphbl Pe3UHOBBIX U CTEK/ISHHBIX TPYOOK IpPU MX COeJUHEHWH. A KOHIIbI
CMauMBaTh BOZOM, IJIML|EPUHOM WU/IM CMa3blBaTh Ba3e/MHOM.



[lpu cmemmBaHMM WM pa3baBieHUMM BeLECTB, COMPOBOXKJAMOLIEMCSl BblJje/leHUeM Terlla, CleayeT
MoJib30BaThCsl  (happopoBOM WM TEPMOCTOMKOM TOHKOCTEHHOM XHWMHUUeCKOW mnocyol. Bosbliive
XUMHUUeCKHe CTakaHbl C paCTBOpaM{ HY>KHO TO/IHUMAaTh JBYMSI PYKaMM TaK, UTOObI OTOTHYThIe Kpas
(6bopTHKM) CTakaHa OMUpaInch Ha yKasare/bHble " Oosbive nasnbLbl.
3.2. OTBepcTre NMPOOWPKU WU TOPJIBIIIKO KOJIObI MPU HAarpeBaHWU B HUX JKHKOCTEM HarpaB/sTh B
cTopoHy OT cebst u oOyuyatouxcsi. He fomyckars pe3kue W3MeHeHHUs] TeMIepaTypbl U MeXaHU4YeCKUX
y/lapoB.

3.3. He Gparb nprbopsbI C ropsiyeii >KUIKOCTHIO He3alUIIIeHHBIMA PYKaMH, a TaK)Ke 3aKPbIBaTh COCY/IbI C
ropsiuei JKUAKOCTBIO TIPUTEPTOM TTPOOKOM /10 ero OCThIBAHUS.

3.4. 3amnpeiiaercss TpeBbIIaTh IIpefie/bl JOMYCTMMBIX CKOPOCTel BpallleHWsl TNpU JAeMOHCTpaLyy
1[eHTPOOeXKHOW MalllMHbI, YHUBEPCAIbHOTO 37IeKTPO/IBUTaTe IS, BPalllatoIlerocs JUcka M JIp. YKa3aHHBIX
B TEXHUUECKMX OIMUCAHUSX, CJIeJUTh 3a WCIPaBHOCTbIO BCEX KpervieHWd B 3TUX mpubopax
3.5. [Ipu u3MepeHUM HanpsyKeHUH U TOKOB M3MepHUTe/bHble PUOOPHI MPHUCOeANHSITh TIPOBOHUKAMU C
Ha/IKHOW W30/1sALuel, CHab)KeHHbIMM HakKOHeuHWKamu. [Ipu cOopke CXeMbl MCTOYHHK TOKa
TMO/IK/TFOYaTh B [TOC/IeIHIO Ouepe/b.

3.6. 3ameHy fieTaieli, a TaK)Xe U3MepeHWe CONPOTHB/IEHNH B CXeMaX yueOHbIX YCTaHOBOK MPOU3BOUTH
TOJIBKO TIOC/Ie ee BBIK/IFOUEeHHUsI U Pa3psiZIki KOH/IeHCAaTOPOB C ITOMOLIbI0 M30/IMPOBAaHHOIO NPOBO/IHUKA.
3.7. He BK/tOuaTh O€3 Harpy3KH BBITIPSIMHUTE/N U He Zie/laTh TIepeK/II0YeHU B CXeMaX NPy BKTFOUEHHOM
MUTaHUU.

3.8. He pomyckaTh MpsMOTO TOTAJAHUS B TJla3a yuuTeslss M 00yYarOLMXCsl CBeTa OT 3JIeKTPUUeCKOn
JyTH, TIDOEKL[MOHHBIX armnapaToB, cTpoOocKoma ¥ Jla3epa IIpU  JE€MOHCTpalyu  paboThl.
3.9. He ocraBnsith 06e3 Hag30pa BK/IOUEHHbIE B CeTh 3JIEKTPHUUECKWe YCTPOMCTBA W TPUOOPHI.
3.10. Ilpu BbINOSHEHNH pa3/TMUHBIX BUIOB paboT 1o (ur3vKe yyaryecs JO/DKHbI Cle[j0BaTh C/IeYIOLUM
TpaBUIaM:

OBIIIME ITPABIJIA:

1. BypTe BHUMaTe/IbHbI, AUCLIUTTMHUPOBaHbI, OCTOPOXXHbI. TOUHO BBITOHSNTE YKa3aHUsl yUUTeIs

2. He nep»xute Ha pabouem MecTe rpeMeThl, He TPeOyIOIecs JJisi BHITIOTHEHWS 3a/IaHUsT

3. Tlepes TeM Kak MPUCTYITUTH K BBITIOJTHEHHIO Pa0OTHI, TI[aTeJTbHO U3yUUTe ee OINHCaHKe, YSICHUTE X0/
BBITTO/THEHUSI.

4. He npucTtymaiiTe K BBHITIOJTHEHUIO pab0ThI 6e3 pa3peleHus: yUuTess.

5. Pa3memaiite mpubopsl, MaTepuasbl, 000pyI0BaHKe Ha CBOeM pabouem MecTe TaKUM 00pa3oM, UTOOBI
WCKJTIOUMTh UX Ma/leHre WK ONPOKU/bIBaHKe.

6. [Ins1 mpeioTBpAlLieHus TTa/IeHUsI CTeK/ISTHHbIe COCY b (TPOOMPKH, KOJIOBI) TIPH MPOBE/IEHUH OTTbITOB
OCTOPOXXHO 3aKpeIIsiiTe B Jiafke 1ITaTUBa.

7. Cnepyre 3a UCNIPaBHOCTBIO BCEX KPeIJIeHUH.

8. He nipukacaiiTech U He HaK/IOHSIHTeCh (0COOEHHO C HeyOpaHHBIMH BOJIOCAMU) K BPAIIIatOLI[UMCST
YacTsIM MalluHBbI.

ITPABWUJIA BBIITIO/IHEHUSA PABOTHI 110 3JIEKTPUUYECTBY

1. TIpu c60opKe 31eKTpUUeCKOM 1ieru n3beraiiTe repeceueHusi MPOBO/IOB, He TIOb3YHUTECh
MPOBO/IHUKAMU C U3HOLIEHHOW U30JILIMeN U BBIK/IFOUATE/ISIMU OTKPBITOrO TUMA (TIPU HalpsKeHUU
Bhillle 42 B).

2. TTopk/rouaiiTe 3/1eKTPUUECKYTO LIeTh K MCTOUHHKY TOKa B TIOC/TEAHIO OUepe/ib, KOT/a ee cOOpKa
3akoHuUeHa. CobpaHHYy0 1iellb BK/IFOUaiTe TOJIBLKO IOC/ie TIPOBEPKU U C pa3pellieHus yuuTesis. Hamuue
HaTnpsDKeHUs B T1eM MOYKHO TIPOBEPUTh TOJIBKO TpefHa3HAUeHHBIMHU [I7Isl 3TOT0 TIPUO0paMu WJTH
yKasaressiMi HarpshKeHUs.

3. He npukacaitech K HaXOAALMMCS IO/, HAMPSDKEHWEM 3/1eMeHTaM L{eMH, JIULLIEeHHbIM U30JISL1H.
4. He npukacaiitech K KOPITyCY CTal[AOHAPHOTO 371eKTPO0O0pYI0BaHUS U K 3a>KUMaM JlaKe
OTK/TFOYEHHBIX KOH/|EHCAaTOPOB.

5. ITosb3yiTeCh UHCTPYMEHTaMM C W30/ IUPYIOLIUMU PYUKaMHU.

6. [lns1 mpricoeiHeHMsI TOTPeOUTe el K CeTH T0JIb3YUTECH IITeTICe/TbHBIMU COeTUHEHUSIMHU.

7. I1o okoHUaHUM paboThI, TIpeXK/ie BCero, OTK/IFOUNTe UCTOUHUK TOKA, T0C/Ie uero pabepure
3JIEKTPUYECKYIO LIeIlb.

8. He ocrtaBnsiiTe pabouero Mecta 6e3 pa3pellieHus: yUUTesl.



9. O6Hapy>KVB HEUCIIPABHOCTh B /IEKTPUUECKOM YCTPOMCTBE, HAXOSIIEMCS 10/ HarpsDKeHHeM,
HeMelJIeHHO OTK/TFOUMTe MCTOYHUK TOKA M CO00IIMTe 00 3TOM YUUTEITI0

ITPABWJIA BBITTIO/IHEHUE PABOTHI HA YCTAHOBJIEHUE TEIVIOBOI'O BAJIAHCA
1. Paborta c ropsiueit Bozioit TpebyeT 0c060ro BHUMaHUSI ¥ OCTOPOXKHOCTU TIPU CMeLIUBaHUH.
BHyTpeHHUI CcTaKaH KaJlOpuMeTpa He3allUIlleHHOW PYKOUW TPOraTh 3arpelaeTcs.

2. BypTe akKypaTHbI 1pu paboTe ¢ TepMoMeTpoM. Pa3MelBath BO/y rpaZlyCHUKOM 3ariperaeTcst

3. ITo OKOHUAHWM W3MEePeHHs TeMITepPaTyphbl TEPMOMETP yOpaTh B U€XO0J U TMOIOXKUTh Ha I[eHTP CTOJIa.
4. ITpu paborte co cTeKI0M (CTakaH, UAIUHAP) ObITh BHUMAaTeIbHBIM U aKKypaTHBIM, He COBepIIaTh
Pe3KUX [IB>KEHUM.

5. ITo okoHuaHuM paboThl Bce 000py/J0BaHKE C/IaeTCs 1abopaHTy.

ITPABWIA PABOTBI C MEJIKUMU INTPEJMETAMUA

1. 3arpeljaeTcst KWJaTh MejKye rpeaMeThl (PUC, TOPOX).

2. BbITh aKKypaTHBIM TIpH paboTe CO CTEKJIOM.

3. AKKypaTHO 00pallaThCsi C UTOJIKOH, 1oc/ie paboThI MOJIOKUTH ee B QY TJsp.

ITPABWJIA BBITIO/THEHUE PABOTBI ITO MEXAHUKE

1. TTepen, paboToii IpoBepbTe 3aKperieHre KOHCTPYKLIMH B eprKaTerie.

2. He nonyckatiTe mazieHue rpy30B U I1apOB U T.J.

3. 3ampelraeTcs Harpy>kaTh U3MepHUTe/IbHbIE TPUOOPHI BhIIIIE TTPe/e/IbHBIX 3HAUEHHH, 0003HaUeHHBIX Ha
MX LlIKase

ITPABIWIA BBITIO/IHEHVSA PABOTHI ITO OIITUKE

1. 3anpelijaeTcsi HaNpaB/IATh JIy4 CBeTa B I71a3a.

2. 3amnpelijaeTcst UCMO/Ib30BaHe MUKPOCKOIIA He T10 ero NpsIMOMY Ha3HaueHHUIO.

3. I[Ipu paboTe ¢ MUKpockomnoM cobmoaTh 0Co0Y0 OCTOPO’KHOCTh IPY HaCTPOMKe OCBeleHusT
IpeIMETHOTO CTeKJ/Ia.

4. 3anpelijaeTcsi HaNPaB/ISATh JIMH3bI (ONITUYECKHe CUCTeMbl) Ha MOIL{HbIe HCTOYHUKM CBeTa (COJHIIE,
TIPOKEKTOPHI U T.J.).

ITPABWJIA BBIIIO/IHEHUSA PABOTHBI 110 OIIPEJE/IEHUIO BJIAJKHOCTHU BO34Y XA
1. Ilpu pabore c rurpoMeTpoM cobOMIOATh OCTOPOYKHOCTD

2. BypTe akKypaTHbI rpu paboTe ¢ TepMoMeTpoM. Pa3mellvBaTh BOAy IPajyCHAKOM 3aripelaeTcs
3. ITo OKOHYaHWUH W3MepeHUs] TeMITepaTyphbl TePMOMETP yOpaTh B UeXO0JT U MOJI0KUTh Ha LIEHTP CTOJIA.
4. Tpu paboTe co CTEK/IOM OBITh Mpe/e/TbHO aKKYPaTHBIM.

4. TPEBOBAHUS BE3OITACHOCTU B ABAPUMHBIX CUTYAITUSX

4.1. TIpu obHapy>KeHUHN HEUCTIPABHOCTH B pPaboTe 3/1IeKTPUUYeCKUX YCTPOUCTB, HeEMe/IJIEHHO MPeKPaTUTh
paboTy U OTK/TFOUUTH UCTOUHUK 3/IEKTPONMTaHUs. PaboTy Npo/io/mkaTh TOIBKO MOC/Ie YCTPaHEeHHUsT
HEeHCIIPaBHOCTH.

4.2. IIpy KOPOTKOM 3aMbIKaHHe B 3/IEKTPUUYECKUX YCTPOUCTBAX U UX 3arOpaHUU, HeMe/[JIEHHO
OTKJTFOUUTB UX OT CETH OPTaHW30BAHHO MOKUHYTH roMeljeHre. COOOIUTD O Mokape B O/ KaNIIIy o
YacTh ¥ NPUCTYIIUTD K TYLIEHUIO 04ara BO3rOpaHUsi C MOMOIIbIO YTJIEKUC/IOTHOTO (MIOPOLLKOBOIO)
OTHEeTYILUTeJISI U/IU TIeCKOM.

4.3. Tlpu pa3nuBe JIerKOBOCII/IAMEHSTIOLIENCS )KUIKOCTH U ee 3arOpaHuy COOOLUTh YUUTEITI0, COOOIIUTh
0 TI0Kape B O/IMpKaMIIy o MOYKapHYI0 YacTh U TIPUCTYITUTD K TYLIEHUIO Ouara BO3ropaHusi C MOMOIIIBIO
TepPBUYHBIX CPE/ICTB MOKAPOTYILIEHUSI.

4.4. B cnyyae, ecnu pa3buack abopaTtopHasi Mocya Wi Mpubopbl U3 cTeK/a, He cobrupaTth ux
OCKOJIKM He3all[MIeHHbIMU PYKaMHU, a UCTI0/Ib30BaTh /sl 3TOM Le/M 11eTKY U COBOK.

4.5. TIpu mosryueHUH TpaBMbI OKa3aTh MEPBYIO TIOMOILI[b IOCTPaiaBIlieMy, COOOLUTh 06 3TOM



a/IMUHUCTPALIMU TUMHA3WH, Bpauy, NPy He0OX0IUMOCTH OTIPABUTh MIOCTPA/IABILIETO B O/vKakiiee
neyeGHOe yupexeHue.

4.6. TIpu 1I0XOM CaMOUYYBCTBHHU COOOIIUTE 00 3TOM YUHUTEJTIO.

4.7. TIpy BOBHUKHOBEHUH HECTaH/IJaPTHOW CUTYalUX YUall[uecst JO/DKHBI COXPaHSTh CITIOKOWCTBHE U
HEYKOCHUTE/IbHO BBITIOJTHSATL YKa3aHUsl YUUTEIs.

5. TPEBOBAHNISA BE3OITACHOCTHA 110 OKOHYAHUWUA PABOTBI

5.1. OTK/TIOUMTH 3/IEKTPHUECKHe YCTPOKUCTBA U TPUOOPBI OT UICTOYHMKA 3/IEKTPOITUTAHUS 10 YKa3aHHIO
yuuTeJsl.

5.2. TIpuBecTH B MOPSAZOK pabouee MeCTo.

5.3. 3akoHuuB paboty, ciaTh 000pyAOBaHKE B L|e/IOCTH M COXPAaHHOCTH YUUTEJII0 UIU 1a00paHTy.

5.4. He yxonuThb ¢ pabouero mecta 6e3 pa3pelieHust yUnTess.

5.5. TwiaTenbHO BBIMBITE PYKH C MBIJIOM.

NMHCTPYKIOUA
0 3JIEKTPOI0)KapHO! 0e30MacHOCTH B KaOuHeTe (PU3UKHU

1. By,que BHHUMATeEJIbBHbI, JUCUITIMHUPOBAHLI, OCTOPO>KHbBI, TOYHO BBITIO/THSINTE YKa3aHUs YUUTE IS

2. He ocraBnsiiTe paboyero mecta 6e3 pa3pellieHus: yUuTess.

3. Pacrionaraiite npubopsl, MaTepuasbl, 000pyoBaHHe Ha paboueM MecTe B MOPs/JKe YKa3aHHOM
yuuTesnem.

4. He pep>xute Ha pabouem MecTe TIpeIMeThI, He TPeOyOLecs [/t BBIOTHEHUS 3a/aHusl.

5. Ilepes TeM Kak MPUCTYIIUTh K BBITIOJHEHHIO PA0OTHI, TIL[aTeJTbHO U3yUUTe ee OMUCAHUS, YSICHUTe
X0/, BBITIOJTHEHKE.

6. ITpousBoauTe COOPKY 3/1eKTPUUECKHUX LieTiel, TiepeK/TFoueHusT B HUX, MOHTa)K ¥ PEMOHT
3/1eKTPUUYECKUX YCTPOMCTB TOIBKO MPU OTK/IFOYEHWH UCTOUHUKA MUTaHUS.

7. He BK/IIOUaliTe NCTOYHUK 37IeKTPOTIUTaHUsI Oe3 pa3pelieHusl yUuTeris.

8. [IpoBepsitiTe Ha/TMUKe HATIPSPKeHKSI HA UCTOUHUKE MMUTaHUs WX APYTUX YaCTAX
3/IeKTPOYCTaHOBOK C TIOMOIIbIO YKa3aTesisi HallpPSKeHUSI.

9. Crepyite, uTOOBI U30JIALS TTPOBOZOB ObIIa MCIIPABHA, @ Ha KOHI[AX MPOBO/I0B HAKOHEUHUKH, TTPH
cOopKe 371eKTPUUECKOM 11eMy TIPOBO/ja pacriosiaraiite akkypaTHO, 8 HAKOHEUHHKH TJIOTHO
3aKUMauTe KJIeMMaMHU.

10. BeinosiHsiiiTe HabroieHUST U U3MepeHusi, COB/TI0/1as 0CTOPOYKHOCTb, UYTOOBI C/TyYaiiHO He
MIPUKOCHYTHCS K Or0JIEHHBIM MPOBO/IAM/TOKOBEYIIIUM YaCTsIM, HaXOZSLUMCS 110/] HalpsDKeHUEM.
11. He npukacaiiTech K KOHeHCaTopaM Jiake ToC/Ie OTK/I0UYeHUSs 3/IeKTPUUeCKOM LieNy OT
VCTOYHMKA 3JIEKTPOIMMTAHUS: UX CHauasla Hy>KHO pa3psiuTh.

12. Tlo okoHUaHUM paboThI OTK/IIOUNTE UCTOYHUK 37IeKTPOITUTAHUS, TI0C/Ie uero pa3bepure
3/1eKTPUYECKYIO LieTlb.

13. O6Hapy>KKB HEUCIIPABHOCTD B JIEKTPUUECKUX YCTPOMCTBAX, HAXOASAIIUXCS M0/, HalpsDKeHreM,
HeMe/lJIeHHO OTKJTFOUMTe MCTOUHHUKHU 3/IEKTPOITUTAHUS U COOOIHTe 00 3TOM yUHUTETIO.

14. Ha ypokax (h)v3UKM MpH OMbITaX He M0Ib30BaThCs 3aKUTa/IKaMH, a TOJIbKO CIIUUKaMU. BbITh
OCTOPOJKHBIM C OTHEM.

15. CobmtoiaTh MephI MOXKapHO# 6€30MacHOCTH 10 MpeAYTIPeX/JeHHI0 M0Kapa OT 3aMbIKaHHS
3/1IeKTPUYECKUX CXeM, KOHTAKTOB MOZBOJSILMX ITPOBO/IOB.

16. B cnyuae no>kapa BCIBIXHYBILUWM OTOHb TYLIWTh NIECKOM, [TeHOTacUTe/1eM, UMEIOIIUMCS B
nabopaTopuy OTHETYIIIUTE/IEM

17. BhIno/iHsiiTe TIpaBU/Ia MOKapHOU 6e3011acHOCTH TIPU BLITIOJIHEHUU OTIHITOB U
5KCIIepUMeHTa/IbHBIX 3a/laHUM.

18. B ciiyuae noykapa 3BOHHUTB 110 TesieoHy 01.

19. 3anperiaeTcs MPUMeHsATh O€H3WH B KaueCTBe TOT/IMBA B CIIMPTOBKAX.

20. 3aripelijaeTcsi UCTIOIb30BaTh MeTal/IMueckre acoecTUpOBaHHbIE CeTKH U HadTauH

21. Henb3st OCTaB/IATE BK/IIOYEHHBIE 3I€KTPO- M PaJH0YyCTPOMCTBA Oe3 Hazi30pa U AOMyCKaTh K HUM
TOCTOPOHHUX JIUL].

22. Tlpwu BbIno/iHeHHe paboT Ha YCTaHOBJIEHHE TeTVIOBOTO OajiaHca BOZly C/lelyeT HarpeBaTh He



Britie 60-700 °C

23. 3anpeljaeTcs 3aKUraTb CIIUPTOBKY OT JPYroW ropsillield CIUPTOBKU.

24. TIpoBeieHe 1ab0paTOPHBIX pabOT U IeMOHCTPALMOHHBIX OIBITOB C IPUMEHEHHEM PTYTH
KaTeropuuecKy 3arperaeTcs.

25. 3ampelrjaeTcsi Harpy>kaThb U3MepUTeIbHbIE IPUOOPHI BhIIIIE TIPe/ieTbHBIX 3HAUEeHUH,
0003HaueHHBIX Ha UX IIIKaJe.

26. YueOHble MpHUOOPEI, pejHa3HAUeHHBIe /IS PaKTHYeCKHUX PaboT yJaluxcs, TPUCOeAMHSIFOTCS K
WCTOYHMKAM MMUTaHKUA C HalpsbkKeHreM He Bbille 42 B.

TPEBOBAHMUS K ITOAI'OTOBKE, BBIIIO/JIHEHUIO 1 OTUYETY I10 JIABOPATOPHBIM

N =

PABOTAM

¢ TIpu BbINOTHEHUH Ta00PAaTOPHBIX (MPAaKTHUECKUX) paboT 00yuarouuiics JO/DKeH 3HaTh:
OCHOBBI U3MepeHNs;

* BU/IBI U hOPMBI TIpeficTaBieHust HH(opMaruu (rpaduk, hopmysia, Tabuia);

® [IpaBWJIa 3KCIUTyaTaljiy IpUMeHsieMoro 00opy/0BaHus;

® MaTeMaTuueckve QyHKIMH (TIpsiMasi 1 oOpaTHasi MPONOPLMOHA/ILHOCTD, IMHeHHAs |
KBaZlpaTHYHasi 3aBUCUMOCTb, CHHYCOW/larbHasi 3aBUCUMOCTB)

AO/DKEeH yMeThb:

® [10/1b30BaThCsl KOHTPOJIbHO-M3MepUTebHBIMU TPUbopamMy;

®  TIPOM3BOAWTH PacueThl U OTPe/ieNIATh XapakTep 3aBUCUMOCTH MeXK/y UCC/IelyeMbIMH
BeJIMYVHaMUY;

® [IPOBOJWTH MaTeMaTHUeCKHe BBIYUCIEHHS C TIOMOILBIO Ka/TbKYJ/ISTOPa;

®  [1epeBOJUTH eJUHULbl U3MepeHus! pa3/IMuHbIX (PHU3MUeCKUX BeJUUuH B cucteMy CU;

® 0(hopMIATH BBIBOJ,

OK , KoTopble aKTya/IM3UPYIOTCS MPHU MPOBe/JeHUH JIa00PaTOPHBIX U MPAKTHYECKUX PadoT 1o
¢usuxe:

OO011Me KOMIIeTeHLIUU;

OK 1. [ToHuMaTh CyLHOCTb ¥ COLMA/IbHYIO 3HAUMMOCTh CBOel Oy yliieii mpodeccuu, posiB/IsATh K
Hell yCTOWUMBBIN UHTEpecC.

OK 2. OpraHu30BbIBaTh COOCTBEHHYIO JIeIT€TbHOCTb, UCXO/IS1 U3 1Ie/I U CIIOCOO0B ee JOCTH)KEHUS,
orpe/ie/ieHHbIX PyKOBO/JUTEJIEM.

OK 3. AHam3upoBaTh paboUyr0 CUTYALHIO, OCYIIECTB/ISITh TEKYIIUN U UTOTOBBIM KOHTPOJIb, OLIEHKY
Y KOPPEKLIMIO0 COOCTBEHHOM JiesITe/TbHOCTH, HECTH OTBETCTBEHHOCTh 3a Pe3y/IbTaThl CBOel paboThI.
OK 4. Ocy1iecTBiATh MOUCK HHPOPMAIUH, HeoOX0AuMow /17151 3(h(HEeKTUBHOTO BLIMOTHEHUS
ripodeccHOHaNbHBIX 3a/]au.

OK 5. Mcrionb30BaTh MH(GOPMALIMOHHO — KOMMYHUKALIMOHHbIE TeXHOJIOTHH B MPOdeCcCOHaIbHON
JlesiTeIbHOCTH.

OK 6. Pabotath B KOMaH ie, 3hpeKTUBHO 00IAaThCSI C KOJIIeraMu, PYKOBO/ICTBOM, KITMEHTAMHU.
OK8 CamocrTosiTesTbHO OrpefiesisiTh 3aZiauu MpodecCroHaIbHOTO U IMYHOCTHOT'O Pa3BUTHS.
3aHMMaThCsI caMO0Opa30BaHKeM, 0CO3HAHHO T/IAHUPOBATh TIOBBIIIIEHHe KBaTM(HKaIY;

OK9 OpreHTHPOBaThCS B YCJIOBUSIX YaCTOM CMeHbI TEXHOJIOTHI B MpodecCcuoHaIbHOM
JlesiTeIbHOCTY;

IIpaBuia npoBejeHUsI 1a00PAaTOPHBIX H MPAKTHYECKHX PadoT

CTyzeHT [J0/DKeH IOATOTOBUTE OTBeThI Ha TeopeThuyeckue BOorpocs! K JII13;

ITepen HayaI0M KaXk/10i pabOTHI ITPOBEPSIeTCSI TOTOBHOCTH CTyjeHTa K JIT13;

[Tocsie BbITIOTHEHMST TaOOPAaTOPHOM (TTPaKTHUECKOi) paboThI CTYIEHT /J0/DKEH MPeCTaBUTh OTYET O
npoJiesiaHHOM paboTe ¢ 06CyK/jeHHeM T0/TydeHHBIX Pe3yJIbTaTOB 1 BHIBOZIOB;

Crygent, npornyctuiiui JIT13 10 yBa)KUTeNHHOM UM HEYBa)KUTETBHON MpUUrHaM, 00s13aH
BBITIO/THATE paboTy B IOTIO/THATE/ILHO Ha3HAUeHHOe BPeMsl.



5. OreHka 3a paboTy CTy/IeHTY BBICTaBJISIETCS C yUETOM IMpe/iIBapUTe/IbHOM MOATOTOBKH K paboTe, fpoiu
CaMOCTOSITE/ILHOCTH TIPH €€ BBINOJTHEHUH, TOYHOCTH ¥ IPaMOTHOCTH 0()OpMJIEHHs OTUeTa 1o paboTe.

JTansbl BHINO/IHEHH J1a00PaTOPHBIX (MPAKTHYECKUX) PadoT

1. ITocTraHoBKa 3ajjauu padoThI

Ha riepBoM 3aHSTUM CO CTyZAEHTaMM TPOBOJAUTCS 0OIrjasi rmocTtaHOBKA 3ajau. [lpernofiaBaTenb MOKET
[laBaTh HeoOXO/VMbIe TIOSICHEHHS 110 METOZAMKE TIPe/ICTOSIIMX 1ab0paToOpHbIX (TPAaKTHYeCKuX) pabor.
[lepen mpoBeseHHMeM pabOThI TIperojaBaTesb IPOBOJUT TIOCTAHOBKY 3a/lauyd  KOHKDETHOTO
7abopaTOpPHOTO WM TPAKTUYEeCKOTO 3aHSATHS. 3/1eCh Pa3bsCHSETCS TPYIIe CTYJeHTOB COZep)KaHue U
00BeM KOHKPeTHOU JsiabopaTopHOM (TIpakThueckoi) paboTel. [Ipexkae Bcero, GopMyJTHUPYIOTCS L€/,
3a/layd, OCHOBHBIE 3Tartbl pabOoThI, TIOC/IeI0BATEILHOCTD U X0/, peliieHusi. Onpe/ieNnsiioTCs CofiepyKaHue U
¢dopma mipezicTaBieHrs1 pe3ybTaToB paboThl. [IpoBoauTCst MHCTPYKTaXK 1o OXpaHe TpyZa C 3aluchio B
JKypHaJl.

2. O3HaKOMJIeHHe CTy/IeHTa C Co/iep)KaHueM U 00beMoM paboThl.

Ha sTOM 3Tarie CTyZeHT [OJDKeH TIaTelbHO U3YUYUTh CoJiepkKaHhe U 00beM MpefcTosieil paboThl.
Ecm mocTaHOBKA 3a/jaud HeJOCTaTOUHO sICHA, OH MOJKeT 00paTuUThCs K TIperofiaBaTesifo 3a
JIOTIOJTHUTE/TbHBIMU ~ Pa3bsCHEHUSIMU. 3aTeM CTYZEeHT T[PUCTYIaeT K BbITIOJTHEHUIO — 3a/laHUs
nabopaTopHO# (TIpaKTHUeCKOM) pabOoThI.

3. ITopsifoK BbINO/THEHHUsI PadOTHI.

B COOTBETCTBMMU C yCTAaHOBJIEHHOM TOC/I€[0BATeIbHOCTBEO 3TArlOB PabOTHI CTY/EHT BBLIMOJ/IHSIET 00bEM
paboT, MpeAyCMOTPEHHBIX 3a/laHueM. [IpyU YC/IOBUM BBIMIOJHEHHUsS TIOJTHOTO 0ObeMa paboThl CTY[eHT
TIPOBepsieT MPABUIBHOCTh Pe3y/IbTaTOB U TMPeIbsB/SeT IMPerno/jaBaTe/to0 pe3y/abTaThl paboThl, B BUjE
pacueToB WM 3alO/HEHHBIX Tab/ull. B cyuae 3aMeueHHBIX OIMIMOOK, CTYAEHT MPUHUMAET Mephl K UX
WCIMPAB/IEHHIO W 3aTeM CHOBA TIPEbSB/ISET Pe3y/bTaThl TPETNOZaBaTesi0 i KOHTPOJS W MpHeMa
pe3ynbTatoB pabotbl. Eciu B pabote ommMOOK He COAEPXKUTCS, TO TIPUCTYIAeT K COCTaBJIeHUI0 U
odopmsIeHHIO OTYeTa 1o paboTe.

4. PerucTpanus pe3yabTaToB U ohopM/ieHHe oTueTa 1o padore.

[lo mepe TOro, Kak BBITIOJHSIOTCS 3Tambl J1a0OPAaTOPHOM (MIpPAaKTHUeCcKoid) paboThl, CTyZeHT
perucTpupyeT Bce pe3y/bTaTbl CBOell paboThl B BUZe Tabsul] wiu rpadMkoB U TNPOBOAUT aHaIM3
TIO/TyYeHHBIX Pe3y/ibTaToB. Bee pacueTsl JO/DKHBI OBITE TOAPOOHBIMU M 0(OPMJIEHBI B COOTBETCTBUU C
TpebOBaHUSIMU yKa3aHHBIMU K 0(pOPM/IEHUIO OTUeTa CTyZeHTa 1o ero pabote. OTuet 1o s1abopaTopHOii
paboTe [jo/KeH OBITH BBITIOIHEH B TeTPazH /i/1st 1abopaToOpHBIX paboT COOTBETCTBYIOIIETO CTyeHTa. Ha
OCHOBe T10JIyYeHHbIX Pe3y/IbTaTOB CTY/EeHT MHUIIeT MOoZAPOOHbIN BBIBOJ.

6. 3ak/ouMTe/TbHas YaCcTh J1a00paTOpHOH (MPAaKTHYECKO#) padoThI.

[Tocne OKOHUAHUS COCTABJ/IEHUS OTYeTa CTY/JEHT MPOBepPsieT ero MPaBWILHOCTh U yCTpaHseT ommbku. B
KOHIIe 3aHSTUsI TeTPaJb C TOJHOCTBIO BBHITIOJTHEHHOW paboToit caarth riperiofiaBatesnto. Eciv paborta B
KOHLIe 3aHATHs OCTajiaCh He 3aKOHUEHHOW, COOOLIUTH 00 3TOM IpernojaBatesio U Jofenars paboTy BO
BHEYpPOYHOe BpeMsi 110 IOTOBOPEHHOCTH (JKeslaTesIbHO B 3TOT [IeHb).

JIabopaTopHasa paboTa cocTaB/sieTcs o cjieAymoieil 00001eHHO# CTPYKTYype:

HavmeHoBaHMe WAeHTU(DUIMPYIOIINX MTPU3HAKOB: « JlabopaTopHas (TpakTrueckoii) pabote No

10 TeMe (HaMeHOBaHHe TeMbI)».

Llens paboTel. @opMyupyeTcsi B COOTBETCTBUH C COZiepKaHueM paszena «Llenb paboTs»,
COOTBETCTRYIOIIIeH TabopaTOpHOM (TIPaKTUUECKO#) paboThl.

Mertoavka paboTsl. OnipesiesisieTCs B COOTBETCTBHUU C YKa3aHHOM BBIIIe ()OPMYJTUPOBKOM U TIPH
HeoOXO0ZIMMOCTH YTOUHSIETCS B 3aBUCUMOCTH OT CO/lep>KaHHsi KOHKpeTHOM labopaTopHOi
(MpakTHUeCKOM) paboTHI.

OTarnbl BbINOHeHUs paboThl. [IpUBOASTCS HOMepa ¥ HaMMEeHOBaHUs 3TaroB paboThl, yKa3aHHbIE BhILLE.
[TocnenoBartenbHO M0 KaXKOMY M3 3TarloB PUBOJUTCS XapaKTePUCTHKA COZep KaHHsl BbITIO/IHEHHBIX 110
3Tary pabor.



e OTBeThI Ha KOHTPOJIbHBIE BOMPOCKI IPUBOASTCS BO BCeX /1a00pPaTOPHBIX (MMPaKTUUeCKHX) paboTax.

e BriBoapbl 1o paboTe. K 3T0# uacTy paboThI CTY/IEHT O/DKEH ObITh 0COOEHHO BHUMATE/TbHBIM.
@®opMyIMPYIOTCS BBIBO/IBI TEOPETUYECKOTO Y TTPAKTUUYECKOTO XapaKTepa O BBITIOJTHEHHOU
nabopaTopHO# (TipakTHUecKoi) pabore. OOBIYHO BBIBO/IBI M3/1araloOTCs MOC/IeA0BATETBLHO TI0 KaXKIO0MY
13 3TaroB paboTsl (0TueTa) — 1-2 BbIBOJa. BbIBOABI hOPMYMPYIOTCS B CKAaTOM U UeTKOM (hopMme.
BBIBO/I, [10/DKEH COZIEpP>KaTh CXKaTYI0 MbBIC/b O BBITIOJTHEHHOM 3Tarie paboThl, KakK pe3y/bTaT
aHAJTUTUUYECKOM Tiepepab0TKH COZlep>KaHusl BBITIOJTHEHHOTO JTara. He cyiefiyeT ykasbIBaTh B BBIBOAAX
cojiep>kaHre ¥ 00beM BBITIOTHEHHBIX PaboT.

CTpyKTypa oTueTa 1o jiabopaTopHoii padoTe, BHINMOTHEHHOMH CTY/[EHTOM:

TeMa,

11eJ1b PabOTHI,

TeopeTHUeckoe 000CHOBaHHMe,

METO/[MKa U3MEepPeHHH,

OIHCaHWe YCTaHOBKH,

TIOPSIIOK BBITTOJTHEHHUsST paboThl 1 06PabOTKHU pe3y/IbTaTOB U3MEePeHUH,

BBIBO/]

KOHTPOJIbHBIE BOTIPOCHI B KOHIIE KaXK/J0l paboThl, KOTOPbIE 00eCIeunBaroT MOrOTOBKY CTY/I€HTa K
eé sarure.

OBPABOTKA PE3YJ/IbTATOB U3MEPEHWMH (cm. ITPUJIOKEHUE)
V3mepeHue (pu3nuecKux BeTMUrH
ITpssmoe n3mepeHue
KocBeHHOe 13MepeHUe
Buibl morpenHocTeli W3MepeHui
Lena penenus mkassl C
abCo/t0THAs! TIOTPeLTHOCTh U3MepeHUi
npuOOpHast IOTPeNTHOCTb U3MEePEHUH
OTHOCHTeJIbHAas IOTPELIHOCTb U3MepeHU
MeTO/bl BLIYMC/IEHUS] IOTPELHOCTH TIPSIMbIX Y KOCBEHHbIX U3MepeHuk
Tab/MLIa pacyeTHBIX POPMYT
3aMUCh pe3y/IbTaTOB U3MepeHU

INEPEYEHD JIABOPATOPHBIX PABOT I10 JUCHHUIVIMHE "®U3UKA"

JlaboparopHast pabota Nel

«Hccnedosanue 0gudiceHusi meaa noo oelicmeuem nOCMOSIHHOU CU/bL»

JlaboparopHast pabota Ne2

«H3yueHue 3akoHa Botins-Mapuomma»

JlaboparopHast pabota Ne3

«H3MepeHUe N08epXHOCMHO20 HAMSANCEHUS HCUOKOCMU»

JlaboparopHast pabota Ne4

«HM3mepenue 3/IC u BHympeHHe20 conpomue/ieHusl UCIMOYHUKA MOKa»

JlaboparopHast pabota Ne5

«H3yueHue sig1eHuUsl 31eKMPOMAHUMHOU UHOYKYUU»
JlaboparopHast pabota Neb6

«H3yueHue 3asucumocmu nepuoda KonebaHuli HUMsHO20 MAsIMHUKA Om OAUHbI HUMU»
JlaboparopHast pabota Ne7

«OnpedesneHue nokazamessi npesOMAEHUS] CMeKAa»
JlaboparopHast pabota Ne8

«[Iposepka ¢popmy/ibl MOHKOL AUH3bI»
JlaboparopHast pabota Ne9

«M3yueHue uHmepgepenyuu u ougppakyuu cgema» (MoXkeT ObITh 3aMeHEHa Ha MPaKTHUUECKYH0 paboTy
"M3mMepeHUe IJTMHBI CBETOBOM BOJIHBI C [IOMOIIbI0 AU(MDPaKIIMOHHON PeléTKu" )

IMTPNJIOXKEHUE



OBPABOTKA PE3YJ/IbTATOB U3MEPEHUI

N3mvepenue ¢pu3nuecKux BeJTHUUH

B ocHOBe TOUHBIX eCTeCTBEHHBIX HayK jie)kaT H3MepeHUsl. [Ipyu u3MepeHUsIX 3HAueHUs] BeJIMUYMH
BLIP)XAIOTCSI B BH/le UKCes, KOTOPbIe yKa3bIBalOT BO CKOJILKO pa3 M3MepeHHasl BeJIMUMHa OoJbliie WIn
MeHbllle JPYroil BeIMUWHbI, 3HaueHWe KOTOPOM TMNpUHATO 3a eAuHULly. [losiyueHHble B pe3y/bTare
M3MepeHU UMC/IoBble 3HAUEeHUsI Pa3/IMUHbIX BeJIMUUH MOTYT 3aBUCETh APYT OT Apyra. CBsi3b MeXXAy TaKUMHU
Be/IMUMHAMU BbIpaXKaeTcsi B BUZie pOPMYJI, KOTOPbIe TI0Ka3bIBalOT, KaK YMC/I0BbIe 3HAUeHUsI OHUX BeJIMUUH
MOT'YT OBbITb Hal/leHbI TI0 YUCIOBBIM 3HAUEHHUSIM JIPYTUX.

[Tpu wu3MepeHUsiX HeW30EXKHO BO3HHMKAIOT TMOrpemHOCTH. HeoOxoauMo BrafieTb MeTo/aMH,
MpUMeHsIeMbIMHU TP 00paboTKe pe3y/bTaToB, TMOJyueHHBIX TPU W3MEePeHUsiX. JTO TI03BOJMUT HAYUUTHCS
MOJTy4aTh W3 COBOKYITHOCTHM W3MepeHHU Haunbosee OnM3Kve K WCTUHE pe3y/bTaThl, BOBPEMS 3aMETHUTh
HECOOTBETCTBHUSI U OIIMOKH, pPa3yMHO OpraHW30BaTh CaMHM W3MePeHUs W TPaBW/ILHO OLeHUTb TOYHOCThb
T0JTyYeHHbIX 3HAUeHUIA.

Eciu uamepeHue 3ak/to4yaeTcss B CpaBHEHUM [J@AHHOMW BeJIMYMHBI C IPYTOid, OJHOPOJHOU BeTMUMHOM,
TIPUHSTOM 3a e/IMHULY, TO U3MepeHre B 3TOM C/lydae Ha3bIBaeTCs MPSIMbIM.

IIpsiMble (HemocpeACTBeHHbIE) U3MePeHUs — 3TO Takue U3MepeHHsl, TIPU KOTOPbIX MbI MOTy4YaeM
YKCIeHHOe 3HaueHue M3MepsieMOl BeJTMUMHBI MO0 TIPSIMBIM CPaBHEHUEM ee C Mepoi (3TasioHOM), b0 C
MOMOIIIBI0 TIPUOOPOB, TPA[yUPOBAHHBIX B eJMHULIAX N3MePSIeMOU Be/TMUHHBI.

OfHaKO [aneko He BCerjla TakKoe CpPaBHEHWE TPOM3BOJMTCS HETOCpeCTBeHHO. B OosbIIMHCTBE
C/ly4yaeB M3MepsIeTCsl He caMa UHTepecyrolljasi HaC BeJIMUMHA, a Jpyrve BeJMUMHbI, CBS3aHHbIe C HEI0 TeMU
WIM WHBIMHA COOTHOIIEHWSIMH W 3aKOHOMEPHOCTSMH. B 3TOM ciydae [y u3MepeHusi HeoOXOAUMO
BeJIMUMHBI MPUXOAUTCS TpeBapyUTeNbHO U3MEPUTh HEeCKOIbKO JPYTMX BeMUWH, 10 3HAYeHWI0 KOTOPBIX
BBbIUKCJ/IEHUEM OTIpe/ie/isieTCsl 3HaueHue NCKOMOU BesnurHbL. Takoe U3MepeHHe Ha3bIBaeTCsl KOCBEHHBIM.

KocBeHHbIe WM3MepeHHs COCTOST W3 HeNOCPe[CTBEHHbIX H3MepeHUN OJHOW WM HeCKOIbKUX
BeJIMUMH, CBSI3aHHBIX C OTIpe/iesisieMOi BeJTMYMHOM KOJTMUeCTBeHHOW 3aBUCUMOCTBIO, U BBIUMC/IEHUS 110 STUM
JlaHHBIM OTpe/iesisieMOi BeTMUMHBI.

B u3MepeHMsIX BCerja yuacTBYIOT M3MepUTe/ibHble TIPUOOPBI, KOTOPbIe OJHON BeJIMUMHE CTaBsIT B
COOTBETCTBME CBSI3aHHYIO0 C Hel [Ipyryto, JOCTYITHYIO0 KOJIMYeCTBEHHOM OLleHKe C TTIOMOIIbI0 HallluX OPraHoB
yyBCTB. Hariprimep, cusie TOKa CTaBUTCSI B COOTBETCTBHE YT0J1 OTKJIOHEHUSI CTPeJIKY Ha IIKasle C Jle/IeHUsIMU.
[Tpu 5TOM [JO/DKHBI BBITIOJHATHCSL [Ba OCHOBHBIX YC/JOBUSI TIpOLiecca W3MepeHHUs: OJHO3HAUHOCTh U
BOCITPOM3BOJMMOCTE pe3y/bTaTa. 3TH [Ba YC/IOBHsS BCer/ila BBITIONHSIOTCS TOMBKO TPUOU3UTENBHO.
[TosTomy mpoinecc M3MepeHHs COJepP)KUT HApsSiAy C HAxX0)KJeHHMeM HCKOMOH Be/MYUHBbI U OLIeHKY
HETOYHOCTH U3MepeHHs.

CoBpeMeHHbIM WHKeHep W pabouuii  [O/DKeHbl YMeTh OLIEHUTb TIOTPELIHOCTh pe3yJ/bTaToB
v3MepeHU C yueToMm TpeOyemoil HazexxHOCTH. [lo3Tomy Oosbllioe BHMMaHWe YyZessieTcsi obpaboTke
pe3y/ibTaTOB U3MepeHUid. 3HAaKOMCTBO C OCHOBHBIMU MeTO/laMHU pacueTa MOrpelIHOCTel — O/lHa M3 TJIaBHbIX
3a71a4 71ab0paTOPHBIX U IPAKTUYECKUX PadoT.

ITouemy BO3HMKAIOT NIOrPELLIHOCTH?

CyljecTByeT MHOTO TPUYMH /i1 BO3HUKHOBEHHUSI TOrpellHOCTell u3MepeHuil. [lepeuncium
HEKOTOpbIe U3 HUX.

[Tpotiecchl, TPOMCXOMIIME TP B3aUMOJEMCTBUM TIpubopa C OOBEKTOM W3MepeHWi, Hen30eXHO
W3MEHSIOT Uu3MepsieMyl0 BeJMuuHy. Hampumep, u3MepeHWe pa3MepoB JieTalu C  IIOMOLIbIO
LITaHTeHLUPKY/Is, TPUBOJUT K CKaTHIO JieTald, TO eCTb K U3MEeHEeHHUIO ee pa3MepoB. VHOra BiHsiHUE
npubopa Ha U3MepsieMYI0 BeJIMUMHY MOXKHO C/le/laTb OTHOCUTEeTbHO MaJlbIM, MHOT/IAa K€ OHO CPaBHUMO WU
Jla>Ke TIpeBbILLIaeT camy U3MepsieMyI0 BeJTMUMHY.

Jlroboit mipubop WMeeT oOrpaHWuUeHHbIE BO3MOXKHOCTH OZHO3HAYHOTO OTpefiesieHusi W3MepseMOu
Be/IMUMHbI BC/Ie[CTBUEe KOHCTPYKTHMBHOW HeuzleanbHOCTU. Harpumep, TpeHuWe MeXJy pa3IdYHbIMU
JIeTaJIsIMA B CTPe/IOYHOM OJI0Ke amriepMeTpa MPUBOAUT K TOMY, UTO U3MeHeHHe TOKa Ha HEKOTOPYIO Maslyo,
HO KOHEeUHYI0, BeJTMYMHY He BbI30BET U3MEHEHHUs1 yIJla OTK/IOHEHUsI CTPesKH.

- Bo Bcex miporieccax B3auMoielicTBUs prbopa ¢ 06beKTOM M3MepeHus BCerzia yuacTBYeT BHELIHsIs Cpejia,
rapamMeTpbl KOTOPOW MOTYT W3MEHSITbCS Y, 3a4acTylo, Herpe/cKadyeMbiM 00pa3oM. OTO OrpaHHUUMBaeT
BO3MOXXHOCTb BOCITIPOU3BO/IMMOCTH YC/I0BUM U3MepeHUs, a, C/ie[loBaTe/IbHO, U pe3y/bTaTta U3MepeHuUs..

[Ipu BU3yasbHOM CHSITUM TIOKa3aHWM Mprbopa BO3MO)KHAa HEOJHO3HAUHOCTb B CUMTHLIBAHWM TTOKAa3aHUH

nipubopa Bc/ie/ICTBHE OTPAHUYEHHBIX BO3MOXKHOCTE! Halllero riazomepa.
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BO/IBIIMHCTBO Be/IMUWH OTpe/ieisieTCsl KOCBeHHbIM 00pa3oM Ha OCHOBaHMM HAIllMX 3HAaHWUM O CBSI3U
HMCKOMOMU BEJTUUMHBI C IPYTUMHU BEJIMUYMHAMH, HETIOCPEICTBEHHO U3MepsieMbIMH Tprbopamu. OueBHIHO, UTO
MOTPEITHOCTh KOCBEHHOT'0 U3MepeHHUst 3aBUCUT OT MOTPEIIHOCTeN BCeX MpsIMbIX n3MepeHuid. Kpome Toro, B
OIITMOKM KOCBEHHOT'O U3MEPEHHsI CBOW BKJIaJ] BHOCST M OrPaHUYEHHOCTh HAIIMX TI03HaHUH 00 u3MepsieMoM
00BeKTe, ¥ YIPOIIEHHOCTh MaTeMaTHUeCKOro OMMCAHUS CBsi3ell MeXXIy BeTMUMHAM{, U WUTHOPUPOBaHWE
BJIUSIHUS TeX BeJIMUKH, BO3/leliCTBHe KOTOPBIX B MPOLiecce W3MepeHUsi CUNTAeTCsl HeCyllleCTBeHHBIM.
Knaccuduxaiusa norpenrHocrei

1. AOCOMOTHOM MOTPeNTHOCTBI0 — Pa3HOCTBI0 MEXy HalJIeHHbIM Ha OIbiTe (M3MepeHHBbIM) * “HIM 1

VICTUHHBIM 3HaueHHeM * “HCT HeKOTOpOil Be/IHUMHBI
H_Kmm B XED:T. (1)

AOGCosTFOTHAs! TTOTPEITHOCTh MTOKa3bIBaeT, Ha CKOIBbKO MbI OLIOaeMcs IpH 3MepeHUH HEKOTOPOU BeTMUHHBI
X.

2. OTHOCHTE/BHOM TOTPEIIHOCTRI0 PABHOM OTHOIIEHHIO Aa0COMIOTHOW TOTPEIIHOCTH K WCTUHHOMY
3HaueHWI0 U3MepseMol BeTMUMHbI X

iy
SK = j{:—
ner. (2)
OTHOCHTe/bHAsL TIOTPELTHOCTh TOKAa3bIBAeT, HAa KAKyl O/ OT MCTUHHOTO 3HAUEHWS BEJIUUYMHBI X MbI
orbaemcs.

KauecTBo pe3ynbTaToB I/IBME‘EEHI/II‘/JI KaKOH-TO  BeMUMHbBI o XapaKTepu3yeTcss  OTHOCUTeIbHOMN

norperHocThio — &, BesimuriHa "% MoxkeT 6bITb BbIpaKeHa B MPOLEHTax.

U3 dopmyn (1) u (2) cneayeT, uto 11 HAXOXKIeHUsT aDCOTFOTHON Y OTHOCUTETbHOM MOTPeITHOCTeH
M3MepeHUi, Hy>KHO 3HaTh He TOJIbKO U3MEPEHHOe, HO U UCTUHHOEe 3HaueHue UHTepecyrolliell HaC BeJIMYMHBI.
Ho ecnu ucTWHHOe 3HaueHHe M3BECTHO, TO He3aueM TPOM3BOJUTH u3MepeHus. Llenb u3mepeHuii Bcerja
COCTOUT B TOM, UTOOBI Y3HaTh He U3BECTHOE 3apaHee 3HaueHHe HEKOTOPOW BeMUYMHBLI U HAWTH eCi He ee
HCTUHHOE 3HaueHue, TO XOTs Obl 3HaUeHHe, JOCTAaTOYHO Majio OT Hero oTinyaroirieecs. [Toatomy Gopmysibi
(1) u (2), onpenensitoiljie BeJMUMHY TOTPELIHOCTeN Ha MpakTUKe He TPUrofHbl. [Ipy mpakTHUyecKux
M3MepeHUsiX TIOTPEeIIHOCTH He BBIUMC/ISIIOTCSA, a OLleHHWBalTCsa. [Ipu oljeHKax YUMTBIBAIOTCS YC/IOBUS
MpOBe/IeHUs] KCIIepUMeHTa, TOYHOCTb MeTOJWKH, KauecTBO NMPUOOpPOB U psifi Apyrux ¢akTopoB. Hariia
3a/lauya: HayYUTbCsS CTPOUTH METO/IMKY SKCIepUMeHTa U TMPaBWIbHO MCMO/b30BaTh TOJMyUueHHbIe Ha OMbITe
JlaHHbIe 71 TOro, UT0Obl HAXOJUTH AOCTAaTOUHO O/M3KME K MCTUHHBIM 3HaueHWsI M3MepsieMbIX BeTMUMH,
pa3yMHO OLIeHHMBATh MOTPEIIHOCTU U3MepeHu.

T'oBOpsi 0O TMOTpelIHOCTSIX UW3MepeHuH, CjiefiyeT, TIpeX/ae BCero, YIOMSHYTb O IPyObIX
MOrPelIHOCTAX (MmpoMaxax), BO3HMKAIOU[MX BC/eACTBUE HeJOCMOTpPA JKCIepuMeHTaTopa  WIu
HEeMCIPaBHOCTH arnmapaTypbl. ['pybbix ommbok cienyet usberatb. Ec/ii ycTaHOBIEHO, UTO OHU MPOW30IILIH,
COOTBETCTBYIOII[E U3MEPEHHUsT HY)KHO OTOpPachIBaTh.

He cBs3aHHble € TpyObIMH OIIMOKaMM TIOTPELIHOCTH OMbITa Je/siTC Ha CydyaiiHble U

cucTeMaTUUecKue.
cy4valiHble MOrpemIHoCTH. MHOTOKpPaTHO TMOBTOPSIi OJHU W Te >Ke U3MepeHHs, MOXXHO 3aMeTUTh, UTO
JIOBOJILHO 4acTO WX pe3y/bTaTbl He B TOYHOCTH PaBHbI [IPYT [PYTY, a «IUISLIYT» BOKPYT HEKOTOPOTO
cpegHero (puc.l). [TorpemHocTy, MeHsOLLIYe BeJIMUMHY U 3HaK OT OIbITa K OMbITY, Ha3bIBalOT CTyYalHbIMHU.
CrnyualiHble TIOTPEITHOCTH HEMpPOU3BOJILHO BHOCSITCSI 9KCIIEPUMEHTAaTOpPOM BCJ/Ie[ICTBHE HECOBepIIeHCTBa
OpraHOB YYBCTB, C/Iy4YaliHbIX BHEILIHUX (PAKTOPOB U T. [. Ec/iM MOrpelrHOCTb KaK[Oro OTZAeIbHOro
M3MepeHusl TIPUHIUINMAIBHO Herpe/icka3yeMa, TO OHH C/lydaliHbiM 00pa30oM HW3MEHSIFOT 3HaueHHue
M3MepsieMOM BeNMUMHBbL. OTH TOTPELIHOCTH MOJKHO OLIeHWTb TOJIbKO TMPH TOMOLY CTaTUCTUUeCKON
00paboTKM MHOTOKPAaTHBIX M3MEePEHHI UCKOMOU BeJTUUHHBI.
CucreMaTHYeCcKHe MOTPeIHOCTH MOTYT ObITh CBsi3aHbl C OIIMOKaMu TpUOOPOB (HerpaBW/IbHAS IIKasa,
HepPaBHOMEPHO PaCTATUBAOIIASICS TIPYKUHA, HEPaBHOMEPHBIH IIar MUKPOMEeTPUUeCKOTO BUHTA, He PaBHbIe
TJIeYd BeCOB U T. /I.) U C CAaMOM TTIOCTAaHOBKOM oribiTa. OHM COXPaHSIIOT CBOIO BeJTMUMHY (U 3HaK!) BO Bpemsi
JKCIIleprMeHTa. B pe3ynbraTe CHCTEMaTHUeCKMX TIOTPeIIHOCTel pa30pocaHHble W3-3a CIy4YalHBIX
TMOTPEITHOCTel pe3yJbTaThl OMbiTa KOeOJI0TCSl He BOKPYT UCTUHHOTO, 8 BOKPYT HEKOTOPOTO CMeIleHHOTO
3HaueHUs (pUC.2). MOTPeIIHOCTb Ka)KJ0ro M3MepeHHs UCKOMOW BeJIMUMHBI MOKHO MpeJ/icKa3aTh 3apaHee,
3Hast XapaKTePUCTUKH MpHOopa.
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Pacuet norpeiHocTei NpsiMbIX U3MepeHNH

Cucremarnyeckue norpemHocTu. CricreMaTiyeckye OMMOKY 3aKOHOMEPHBIM 00pa3oM M3MeHSIOT
3HaueHUsI M3MepsieMOM BeqMuWHBL. Hawnbosiee MpOCTO TMOAAAIOTCS OLlEHKe TOTPEeITHOCTH, BHOCHMBIE B
v3MepeHusi MPpUOOpaMu, eC/IM OHH CBsi3aHbl C KOHCTPYKTUBHBIMH OCOOEHHOCTSIMM CaMUX MPUOOPOB. ITH
TOTPEIHOCTA YKAa3bIBalOTCS B TAacroptaXx K mpubopaM. [lorpemHocTv HEKOTOPhIX NMPUOOPOB MOXKHO
OLIeHUTh U He 00paIasch K nacropTy. [Ijii MHOTHX 3/1eKTPOM3MepHUTebHBIX NTPUO0POB HEMOCPeICTBEHHO
Ha LIIKajle yKa3aH UX KJIacC TOYHOCTH.

Knacc Tounoctu npnﬁopaT— 3TO OTHOIIEeHWe abCOMIOTHOW TOTPeIIHOCTH TIprubopa gl K

MaKCUMaJbHOMY 3HAUeHUI0 H3MepseMOW BeJUUMHBI * “1a¥, KOTOpOe MOXXHO OIpeJe/dTb C TMOMOIIbIO
JlaHHOTO Tpubopa (3TO0 CUCTeMaTHuecKasi OTHOCHTe/IbHas TMOTPeLIHOCTh IaHHOTO TIpUOopa, BhIpa)keHHasl B

IMPpOLEHTaX OT HOMHHAJ/IAd IIKaJIbI I'I:'EIJ{)

A3
y= % 1000

T . Torpga

abCoJTI0THAs TTOTPELTHOCTh mpHb Takoro nprGOpa OIpe/esIeTCss COOTHOLIEHHEM:
y A
R 100% .

It 3/1eKTpor3MepHUTe/IbHBIX TTPHO0poB BBegeHO 8 kimaccoB TounoctH: 0,05; 0,1; 0,5; 1,0; 1,5; 2,0;
2,5; 4.

Yem Omke u3MepsieMasi BeJIMUMHA K HOMHHa/ly, TeM Oojiee TOUHBIM OyZeT pe3y/bTaT H3MepeHwUs.
MakcuManbHass TOYHOCTb (T. €. HauMeHblllasg OTHOCUTE/IbHAsl OIMOKa), KOTOPYIH MOXKeT 00ecreuMThb
JAaHHbIM TIpUOOp, paBHAa KJacCy TOYHOCTH. OTO OOCTOSATENILCTBO HEOOXOAMMO YUUTHIBaTH TPH
WCIO/Ib30BaHUM MHOTOIIKAIBHBIX TpubopoB. Illkamy Hajgo BbIOMpaTh C TakKUM pPacyeToOM, UTOOBI
r3MepsieMasi BeJIMUMHA, OCTaBasiCh B TIpefiesiax IIKajibl, Obljla KaK MOXKHO O/vkKe K HOMUHATY .
Ecmu Knmacc TOYHOCTH [ mpubopa He yKas3aH, TO HeOoOXOZMMO PYKOBOJCTBOBAThCS CJIeAYHOIIUMH
TIpaBUIAMU:
- ABCo/MOTHAs OTPeIHOCTL MPUOOPOB C HOHWYCOM paBHAa TOUHOCTH HOHHYCA.
- ABComoTHas MOTPEIHOCTb PUOOPOB C (PUKCHPOBAaHHBIM I1IarOM CTPE/IKU paBHa LieHe feneHus[1].
- ABCo/MOTHAs MOTPeIHOCTh [U(POBLIX TPUOOPOB paBHA eJUHHIIE MUHUMAIBHOTO pa3psija.

[nis Bcex ocCTalbHBIX TIPUOOPOB aOCOMIOTHAs TMOTPELIHOCTh TIPUHUMAETCS PABHOM TIOJIOBUHE I[€HbI
JleNieHus.

CinydyaiiHble MOrpPemHOCTH. OTH TIOTPEIIHOCTA WMEHT CTaTUCTHUUeCKWW XapakTep U
OTMCBIBAIOTCSI TEOPYEH BEPOSTHOCTH. Y CTAHOBJIEHO, UTO TPU OU€Hb OOJIBIIIOM KOJHUYECTBE W3MepeHWH
BEPOSITHOCTh MOTYUYUTh TOT WM MHOM pe3y/bTaT B K&KAOM OTAe/TbHOM U3MePeHHUH MOXKHO OTPeZie/TUTh TPU
TOMOII[M HOPMaJILHOTO pacrpeziesienusi ['aycca. I1pu ManoMm urc/e W3MepeHH MaTeMaTHyeckoe OIiCcaHue
BEPOSITHOCTH TIOTyYeHUsT TOTO WM MHOTO pe3y/ibTaTa W3MepeHHsl Ha3bIBaeTcsi pacrpeesieHeM CTbrO/IeHTa
(6osiee mozpobHO 00 3TOM MOXKHO TIpounTaTh B Tocobuu CkeoprioBoi M. JI. «OmmbKu u3MepeHui
(bU3NUeCcKrX BeTMUUH» ).

Kak ke OIleHUTh UCTUHHOE 3HaUeHHe U3MePSeMOU BeJTMUNHBI?

[TycTb npy U3MepeHrur HeKOTOPOU BeTUUNHbI # vbr nosiyudi N pe3y/ibTaToB: };1, XE' A XN. CpegHee
apudmeTrUecKoe cepur u3MepeHuid 6/Ke K UICTUHHOMY 3HaUeHHI0 U3MepsieMoi W
2%
_ =l

X
T T
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BeJ/IM4YKHbI, UeM OOJILILIMHCTBO OTAe/IbHBIX I/I3Mep8HI/II/I ,Z[]'IH MOJIy4Y€HHs pe3yJ/ibTdTa U3MEDPEHUSA HEKOTOPOI/I

Be/IMUYHHBI j{ HCIIOJIb3YEeTCA CJIE,[LYI-OH_[I/II/I dJ/ITOPUTM.
Brruncnsiercs cpeaHee apl/l(l)METl/I‘IECKOE Cepuun u3 N MMPpAMBIX HBMEPQHHﬁZ

Pa3psiz 3Hauariel 1udpbl abCOMIOTHOM MOTPELTHOCTH OTIPe/e/sieT pa3psi/ NepBOi COMHUTETBLHON 1UGPHI B
3HaueHUM pe3ynbTarta. Cre0BaTe/IbHO, CaMO 3HAUeHHe pe3y/ibTaTa HY)KHO OKPYIJIATH (C MONnpaBKou) A0
TOM 3Hauaied Hudpel, pa3psAag KOTOpoi COBMajiaeT C pa3spsAoM 3Hauvamledl HU(PbI MOrpenrHoCTH.
CdopmynrpoBaHHOe TIPaBU/IO C/e/lyeT NMPUMEHSTh U B TeX CJyuasix, KOrja HeKoTopble U3 Ludp SBASIOTCS
HYJISIMU.
[Tpumep.

= 0,900+ 0,004 kr
Ecmm npu u3MepeHry MaccChl Tejia MoJly4YeH pe3yJibTar ? ?

yrcsa 0,900 HeobxoquMO. 3anMCh m= Dag 03Hauajia Obl, UTO O CAeAYIOIINX 3HAUAIUX [[Udpax HAUEro He
W3BECTHO, B TO BpeMs KaK M3MepeHUsl ToKa3asiv, YTO OHU PaBHbI HYJIIO. AT

BBIUNC/ISETCA 0THOCHTe/TbHASA MOTPeNIHOCTD — & . [1py OKpyT/eHnn  &x = %
OTHOCHTEJIbHOM TIOTPeIIHOCTH JOCTaTOUHO OCTaBUTh /[Be 3Hauallye [UQphI. °P
pe3y/IbTaT cepuH M3MepeHHil HeKOTOpoH (u3uYecKoil Be/IMYUHBI NMPe/CTaB/AIT B BH/le UHTepBa/ia
3HaueHH#l C yKa3aHHeM BepOATHOCTH MONaJaHHs UCTUHHOrO 3HAaUeHHs B /JaHHbIN MHTEepPBaJ, TO eCTh

pe3ysbTaT HeoOX0AMMO 3amucaTh B BU/E:

X=X HXKEPGLDQ

cp—

, TO IMCaTb HYJ/IM B KOHI]E

3nech M T0JIHasl, OKPYTJIEHHasi [0 MepBOM 3Hauvaied 1udpel, aOCOMFOTHAs TOTPEIIHOCTb W~ P —
OKDYTJIEHHOE C Y4eTOM Yy’Ke OKDYIJIEHHOW MOTPeITHOCTH CpefjHee 3HaueHUe H3MepsieMou BesinuuHbl. [Ipu
3amMcH pe3y/ibTaTa U3MepeHHil 00A3aTe/IbHO HY)KHO YKa3aTh eMHUIY W3MepeHHUsl BeJTHUHHBI.

PaccMOTpUM HECKOJIBKO TIPUMEPOB:

1,=2,4582

Ilyctb H%I/I W3MepeHUM [JIMHbI OTpe3Ka Mbl TIOMYUYWIM C/eAyIoUui pe3ynbTaT: CF

'M 002631

M30BITKOM abCOJIIOTHYIO TIOTPEIIHOCTb, OCTaBJsisi OJHY 3Haydallyro Ludpy Af :U=02631H0=03 cM.
3Hauaias 1udpa MOrpeliHOCTA B pa3psifie COThIX. 3aTeM OKPYTJ/sieM C TMOMNpaBKOiM cpejiHee 3HaueHHWe C
TOYHOCTBIO /IO COTBIX, T. €. /10 TOM 3Hauallel Uu@pbl, pa3psif, KOTOPOM COBIAJaeT C pa3ps/OM 3Hauallei

£, =2,345828 2,35 AZ 0,03

LM(pbI MOrpelHocTy -~ °F T, = — e 0,013
CM. BrruncsisieM OTHOCUTE/IbHYIO TTOTPeLHOCTh ¢ ! 235

%) [ 1
PesysibTar M3mMepeHUN 3amvCbIBaeM Tak: F

£=(23520,03)  €,=0013=13% =079 2.

HYCTI: T1pH pacuete COIIPOTHUBJIEHUA IMPpOBOJHUKA MBI TMoJIyunjin cne,qy}oumifl

pe3yJibTar: REP - 28’?6?3 OMH"I-\‘R = 2:‘4652 OM. CHauasla OKpyr/isieM aOCOMIOTHYIO TIOTPELIHOCTb,

cM. Kak rpamMoTHO 3amucaTh pe3y/ibTaT U3MepeHui AMHbI oTpe3ka? CHavasia OKpyTJ/isieM C

OCTaBJisil OJIHY 3HayYallylo L[I/I(bf)g AR = 2:‘4652 Onw 3 OI'-'I. 3ateM OKpyIJ/isieM Cpe/iHee 3HaueHue C

7673 Omes 29 Om

TOYHOCTBHO [0 eJsbl . Briuncisgem OTHOCHUTEJ/IbHYIO IMOrpelrHoCTb
AR 3

£p=—=—011
R, 29
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@DopMyJIbIU MOPSAJ0K pacyeTa OTHOCUTEIBHOM MOTPeIHOCTH UCXO0/Is U3 PaCUeTHBIX (OpMYyJI TPU KOCBEHHBIX

HU3MEepeHUsIX
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BrInosiHsAs KOCBEHHble M3MepeHHsl BeMUMH, [/l pacueTa HeoOXOJWUMO TIpUJEp>KUBATbCS CreyIOINX
TIpaBUIIL:

1.0npesenuiTe abCOJIOTHBIE TIOTPELTHOCTH MPSIMBIX M3MEPEeHUH BeMUKH, BXOASAIINX B (POPMYITy.

2. I3MepbTe (u3nyeckre BeJIMUUHbI U BIYMC/IMTE 3HaUeHHe MCKOMOW BeJTMUMHBI 110 GOpMYyJie ausm.

3. BbluncaWTe OTHOCUTENBHYIO TOTPEIIHOCTh KOCBEHHOTO W3MepeHMsl BeJWYMHBI, T0/b3YsCh
COOTBETCTBYIOLUMHU (hopMyiaMH 13 Tabauiib 1.

Aa=a,, *oa.

4. Bpruucaure a6COJ'II-OTHy1-O MOrpeHoCTb KOCBEHHOI'O U3MePEHUS BeJTMUUHBIL



Bonpock! 1 3aiauM Mo TeOpUH NMOrpeIHoCcTe

YTo 3HAaUUT U3MepUTh PU3NUECKYI0 BeMunHy? [IpuBenTe MpuMephl.

[ToueMy BO3HMKAIOT MOTPELIHOCTH U3MEPEeHU?

YTo Takoe abCO/FOTHAS MTOTPEIITHOCTE?

UTo Takoe OTHOCUTE/IbHAS [IOTPELIHOCTh?

Kakas rorpeliiHocTs XxapakTepusyeT KaueCcTBO u3Mepenus? [Ipuseaure rpumMepsl.

UTo Takoe JJOBepUTe/IbHbIN WHTEPBa?

[atiTe onpefiesieHNe MOHATUIO «CUCTeMaTUUeCKasi TTOTPeIIHOCTbY.

KakoBbl MpUUMHbI BOSHUKHOBEHUSI CUCTEMAaTHYeCKUX MOTPEeIIHOCTe?

YT0 TaKoe K/1acC TOUHOCTU U3MePHUTEeILHOTO nprbopa?

. Kak orpeiesisitorcsi abCoJTFOTHBIE TTOTPELTHOCTH Pa3uUYHbIX (PU3UUeCKUX MPUOOPORB?

. Kakue norpemHocT Ha3bIBatOTCsl C/Ty4YalHbIMU M KaK OHU BO3HUKAIOT?

. Onuiuure npoLeAypy BbIUKCIEHUs Cpe/iHel KBa/paTUUHOW MOTPEILHOCTH.

. OnuiuTe npoueypy pacueTa abCOMFOTHOM C/TyYaiiHOM TOTPEITHOCTH MPSIMBIX U3MepPeHHH.

. Uto Takoe «k03(pbULIeHT HaZeXXHOCTH» ?

. OT Kakux napameTpoB M Kak 3aBUCUT K03(duiimeHT CThI0feHTa?

16. Kak paccuuThIBaeTCs 1oJiHast abCOMIOTHAS ITOTPEITHOCTE MPSMbIX U3MEPEeHUH?

17. Hamwmmwmre ¢opMysbl A OnpesieieHUss OTHOCHUTETbHOW M abCOFOTHOW TIOTPEeITHOCTeH KOCBEHHBIX
H3MepeHUi.

18. CdopmynupyiiTe rpaBuia OKpyI/ieHUs pe3y/ibTaTa C MOTrPeLIHOCTbIO.

19. HaliguTe OTHOCUTEIBHYIO TMOTPELIHOCTb U3MEpPEHHsl [/IMHblI CTeHbl MPU TOMOLM DYJIETKH C LeHOU
ngenenus 0,5cM. MIsmepeHHasi Be/iMurHa coctaBuia 4,66m.

20. TIpu u3amepeHuM AJUHBI CTOPOH A 1 B mpsiMoyronbHUKa ObUTH AOMYIeHbl abCOTIOTHBIE TTOTPELTHOCTH
AA u AB cootBeTcTBeHHO. Hammimmre dhopmysy st pacueTa abCO/TIOTHOM MOTrpelHoCcTyd AS, TIomyueHHOM
TIpU OMpe/ie/IeHNH TI/I0IIa/In TI0 pe3yibTaTaM 3TUX U3MepeHHUH.

21. W3mepenue anuHbl pebpa Kyba L. umesno morpermHocts AL. Harmummre ¢Gopmysy A onpegesieHus
OTHOCHTEJIbHOU TIOTPeITHOCTA 00beMa Kyba 1o pe3ysibTaTaM 3TUX U3MepeHUH.

22. Teno aBUrasochk paBHOYCKOPEHHO M3 COCTOSIHUSA MOKOs. [l pacyera yCKOpeHUs U3MepWId IyTh S,
MIPOI/IeHHBIN TeJIOM, U BpeMsi ero [JBIKeHHUsi t. AOCOJIOTHBIE TOTPEITHOCTH 3TUX TPSIMbIX W3MepeHUH
COCTaBW/IM COOTBeTCTBeHHO AS u At. BriBegute ¢opmyny s pacueTa OTHOCHTE/bHOW MOTPeIIHOCTH
YCKOPEHMS 10 3TUM JJaHHBIM.

23. Tlpu pacuere MOIIHOCTH HarpeBaTesibHOTO MPUOOpPA MO AAHHBIM W3MepeHWl MOJy4YeHbl 3HaYeHUs
Pcp = 2361,7893735 Bt u AP = 35,4822 Brt. 3anuiuure pe3y/ibTaT B BHUJE [OBEpUTETbHOTO HWHTepBaa,
BBITIOJTHUB HEOOXOAUMOe OKPYTJIEeHHe.

24. Tlpu pacueTe Be/JMYMHBI COTIPOTHB/IEHUS MO JAHHBIM M3MEpeHW TOo/ydyeHbl C/leAyrolliye 3HauyeHUs:
Rcp =123,7893735 Om, AR =0,348 Om. 3anuimure pe3y/bTaT B BUJe [JOBEPUTE/NBHOrO0 HHTepBasa,
BBITIO/THUB HE0OX0/[UMOe OKpYTJIeHHe.

25. Tlpu pacuere BesMuMHBI KO3(ullMeHTa TpeHUs IO JaHHbIM K3MepeHWW TMOo/yuyeHbl 3HaueHUst
pep = 0,7823735 u Ap = 0,03348. 3anuimmTe pe3ynbTaT B BUZE [JOBEPUTENLHOTO WHTEPBasa, BBIMOJIHUB
HeoOXO0ZMMOe OKpYTJIeHHe.

26. Tok cuoit 16,6 A ompezesnsisicsi 110 TIpUOOPY C K/1accoM TOUHOCTH 1,5 M HOMMHaMOM IKaabl 50 A.
HaiiguTte abCcomoTHYIO MPUOOPHYO Y OTHOCHUTEIBHYIO TIOTPELTHOCTH 3TOT0 U3MEPeHUs.
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