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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

IMPEAVNC/IOBUE

BoinosiHeHue 1abopaTopHBIX pabOT pelllaeT MHOXKECTBO 3a7lau 10 (pOPMUPOBAHUIO TBOPUECKOM
JIMYHOCTY CITeIMaMCTa, CTIOCOOHOTO K CaMOpa3BUTHIO, CaMO0Opa30BaHHUIO, M CaMoe TJIaBHOe CIIOCOOHOTo
peanu3oBaTh cebsi B COBpeMeHHOM Mupe. JIabopaTopHbie 3aHSTUS SIBJISIFOTCS HEOTHEMJIEMBIM 3JIEMEHTOM
u3ydyeHuss Kypca ¢Qu3uky, T.K. pabora B maboparopuy (oOpMHpyeT OCHOBHbIe KOMIIETEHLMH: YUUT
CTY[IEHTOB CaMOCTOSITEJIbHO BOCIPOW3BOJUTh W AaHA/IU3UPOBATh (PU3UUECKUE SIBJIEHUs, 3aKperviseT
TeopeTHUecKHe 3HaHUS, TO3BOJISET CTYJeHTaM OOYUHTHCS MOTyUeHHIO TIPABU/IbHBIX UMC/IOBBIX 3HaueHHH
GU3MUECKUX BEIMYMH, TIPOBOJUTH JIOTHUECKHWE pACCY)X[IEHUss W 00peTaTb HABbIKM HCC/IeA0BAHUS
3aBHCUMOCTH MeX/Ty BeJTMUMHAMHU.

[Tpu pa3pabotke mabopaTopHbIX paboT Mo (U3MKe 3a OCHOBY MHOIO ObLIM B3SITHI JlaDOpaTOpHBIE
paboTel U3 TeTpagu B.A.KacksiHOBA.

YKA3AHUA
I10 ITPOBEJIEHNIO NTHCTPYKTAXA OBYUAROLHINXCSHA
I1O0 TEXHUKE BE30OITIACHOCTHA

1. [Ons BocruTaHWs y OOYYalOIIMXCS CO3HATEBHOTO OTHOLIEHWS W YCBOEHMs TMPaBWIBHBIX U
Oe30macHBIX METOJ0B M TpHeMOB paboThl TiperiofjaBatesisi 00s3aHbI TPOBOJWTH WHCTPYKTHPOBaHHE |
00yueHure 00yUarOIMXCS TI0 COOJTFO/IeHHIO TpeOOBaHMH TeXHUKH 0e30T1aCHOCTH Y TUTHEeHbI TPY/a.

2. IHCTpyKTaX ¥ 00yueHue 10 TeXHUKe 0e30MacHOCTH U TIPOM3BOZACTBEHHON CAaHUTApHHX MTPOBOJUTCS
CO BCeMH OOyuvaroIIMMKCS B BHU/Ee: BBOAHOrO (MIpU TEPBOM IOCELeHUM KabuHeTa), Ha pabouemM mecte
(Tiepe[;, BBITTOSTHEHWEM Tab0PaTOPHBIX U MPAKTHUeCKUX pabor).

3. Ha BBOAHOM HHCTPYKTa)Ke TMpero/aBare/ib [JO/DKEH O03HAKOMUThH OOYYaIOIIUXCS C TMpaBH/IaMH
pacriopsifika B KabuHeTe (W3MKH, TpaBUIaMHM TEeXHUKH 0e30MacHOCTM W TWUTHEeHbl TPYZa, ONAacCHBIMU
MOMEHTaMH, C KOTOPbIMM MOXXHO CTOJIKHYTbCSl B Tporiecce paboThl, ¥ C COOTBETCTBYIOIIUMH MepaMu
TPe/[0CTOPOKHOCTH.

4. BBOJHBIM WHCTPYKT&X TIPOBOJMUTCS B BHUE JIEKLUM, Oecelbl 3aBeAyIOLIMM KabOWHETOM
(nperofiaBaTenem) (hU3UKH.

5. UHCTpyKTaXX Ha paboueM MecTe JOMOJHSET BBO/HBIA MHCTPYKTaX MO TEXHUKe 0e30MacHOCTU U
VMeeT IIeflbl0 03HAKOMHUTb O0yuarIMxcsi C TpeOOBaHUSMH TPaBU/IbHOW OpraHW3alud COJepKaHus
pabouero Mecrta, Ha3HaYeHHEM TPUCIOCOOIEHUN U OrpaXkAeHWH, C 6e30macHbBIMU MeTofaMH paboThl U
MpaBWIaMH  [10/Ib30BaHUS 3alUTHBIMKA CPeJCTBaMM, C BO3MO)KHBIMUA OIACHBIMM 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 TIperno/iaBaTe/lb paspellaeT MPUCTYNaTh K
CaMOCTOSITe/ILHOM paboTe TOJBKO MOCIIe TOT0, KaK YOeAUTCsl, UTO BCe yUallyecs YCBOMIA UHCTPYKTaXK.

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

8. B mpoiecce BbIMOMHEHHsT pabOThI TiperofjaBaresib 00si3aH CHCTeMaTHUeCKd KOHTPOJIHMPOBATh
BBITIO/THEHHE KaX/bIM O0YUYarOL[UMCs JAHHBIX €My TpPY WHCTPYKTa)kKe yKaszaHuii o 6Ge3omacHoM criocobe
BBITIOJTHEHUS paOOTHI.



NHCTPYKIUA
AJIA 00yYarOIIUXCSA 10 OXPaHe TPYy/a NPH BBINO/THEHUH J1a0opaTopHoi padoThl o Gpu3nKe

1. OBIIUE TPEBOBAHUS BE3OITACHOCTHU

1.1. K 3aHgTHAM B KabuHeTe (DM3MKU U TIPOBe/IeHUIO 1ab0paTOpHBIX paboT Mo (r3MKe AOMYCKAIOTCS
obyuaromuecst 1, 2 ¥ 3 Kypca, TpoIe/iiiie UHCTPYKTaX 10 OXpaHe TPy/ia, MeAULIMHCKUI OCMOTp U He
VMMeloIIe TIPOTHBOIOKAa3aHW 1o 370poBbi0. OOyuaroiiiecss K TIOTOTOBKE U TIPOBE/IEHUIO
JIeMOHCTPAIIMOHHBIX OMbITOB M0 (H3MKe [OMyCKalTCsS TOJBLKO C pa3pellieHus MperojaBaresis U B ero
TIPUCYTCTBUMU.

1.2. TIpu npoBe/ieHNUH IEMOHCTPALIMOHHBIX OIBITOB IO (PM3UKEe BO3MOXKHO BO3/IeMCTBHE Ha pabOTaroImx
U o0ydyawoluxcsi  CAeAyOIMMX  OMacCHbIX W BPeAHbIX  TIPOU3BOJCTBEHHBIX  (DAaKTOPOB:
- TIOpa)KEHHWe 3JIEKTPUYECKMM TOKOM TIpM paboTe C HarpeTbIMU >KUAKOCTIMH U  Pa3IMYHBIMU
(bu3MyecKUMHU Teamu;

- TepMHUECKHE OKOT'M TIpU paboTe C HarpeThIMM >KUIKOCTSIMH W Pa3/IMUHBIMU (PU3HMUECKUMH TeJlaMu;
- TIope3bl pyK MpU HeOpe)kHOM obparieHuyd C j1abopaToOpHOM TOCYJoM W TPUOOpaMU W3 CTEKIa;
- BO3HUKHOBEHHUE TI0)Kapa MPH HeakKypaTHOM OOpalljeHHH C JIETKOBOCT/IAMEHSFOIUMUCS Y TOPIOUHUMHU
JKUJKOCTSMU.

1.3. Obyuaroiyecs J10/DKHbI 3HATh:

- KabuHeT (GU3WKKA YKOMILJIEKTOBAH Me/IanTeukol ¢ HabopoM HeoOXOAWMBIX MeJAWKAaMEeHTOB W
TepeBsi30UHbIX CPe/ICTB.

- KabuHeT ¢du3uku pabotaet ¢ 8.10 g0 16.00

- JIOTIOJTHUTEJIbHBIe 3aHSTHS C HEYCIeBaloll[MMU TIPOBOASTCS B Ha3HAUeHHbIN ieHb Heflenu ¢ 14.35 10
17.00

1.4. OOyuarolecss Tpy TMPOBEJIEHWH 3aHATHUN W OMBITOB 1O (M3MKE JO/DKHBI COOJIOAATH MpaBUiIa
Mo)KapHOW 0e30TacHOCTH, 3HATh MeCTa pAaCIlOJIOKeHUs] TIePBUYHBIX CPeACTB TI0XKAPOTYILEHHUS.
1.5. O KaXZOM HecuaCcTHOM CJiy4yae TIOCTPAJaBIUIMA WM OYeBHZEL] HeCYaCTHOro Cydas o00si3aH
HeMe/[JIeHHO COOOIIWUTh aJMUHHUCTPALIMKM TeXHWUKyMa, Bpauy. IIpM HeMCIpaBHOCTH 000pYy/A0BaHMS,
npucrnocob/ieHnid YW WHCTPYMEHTa  MpPeKpaTuTh  paboTy W COOOIIUMTH  TIPerno/iaBaTelio.
1.6. OGyuaromiyecsi, JOMyCTUBIIME HEBBITIOJHEHWE WM HapyllleHWe WHCTPYKLUMH I10 OXpaHe Tpy/a
OTCTPAHSIFOTC  OT  Jla/IbHEMINero TpoBeJeHUs abOpaTOPHOM WM TIPAaKTUYECKOH  paboThI.
1.7. ObyuatommMcsi 3arpeljaeTcsi IPUHOCUTL OCTPbIe, KOJIFOIMe, PeXYIre W Jpyrye OracHbie s
JKU3HU U 0e301acHOCTH TIPeIMEThI, XUMHUUECKHE BeIlleCTBa.

1.8. OOyuarommMcsi 3arpelaeTcss OTKPbIBaTh OKHAa U (pamyrd 0e3 paspelieHUs YUHTess.
1.9. O6yuarormMcst 3arpelaeTcss KpUuaTh Ha IepeMeHaX, Tak Kak KpUK MPUTYTUIIeT BHUMaHUe, CUZIeTh
Ha CTOJ1aX, Ka4aTbCs Ha CTYJ/IbSIX.

1.10. 3a mpuurHeHHbIH yiiepd 00yuaroIUiCs HeCeT MaTepUaIbHYI0 OTBETCTBEHHOCTh B MIATUKPAaTHOM
pa3mepe. Bo3melnieHue yiepba mpou3BOAUTCS B TeueHue 1 Hezlemu.

2. TPEBOBAHUSA BE3OITACHOCTMU ITEPEZ] HAYAJIOM PABOT

2.1. TToarotoBuTh K pabote pabouee MecTo.

2.2. Y0enuThCsl B UCTIPABHOCTH 000PY/[0BaHHS U TTPUOOPOB.

2.3.00yyaromMcst 3arpeljaeTcsi BK/IOYATh 37eKTPo000pyoBaHMe, OpaTh TMOATOTOB/IEHHBIE K YPOKY
ripubopsl 6e3 paspelieHus TIpernoaBaTe/is.

2.4. Tlpu npoBefieHUM 1abOpPaTOPHBIX pabOT BXO[ B KaOWHET TOJILKO MO 3BOHKY WM C pa3pelleHust
Tpero/iaBaTeis

3. TPEBOBAHUA BO BPEMS PABOTbI

3.1. Tlpu pabote c mpubopamu U3 CTeK/Ia NMPUMEHSTh CTEK/ISTHHbIe TPYOKM C OT/IaB/IeHHBIMH KpasiMH,
MPaBWIBHO MO/OMPATh JUaMeTphl Pe3UHOBBIX U CTEK/ISHHBIX TPYOOK IpU MX COeJUHEHUH. A KOHIIbI
CMauMBaTh BOJOM, IJIML|EPYHOM WU/IM CMa3blBaTh Ba3e/IMHOM.

[lpu cmemmBaHMM WM pa3baBieHUM BeELECTB, COMPOBOXKJAIOLIEMCSl BblJje/leHUeM Terlla, CleayeT
MoJib30BaThCsl  (happopoBOM WM TEPMOCTOMKOM TOHKOCTEHHOM XHWMHUUeCKOW mnocyoi. Bosbliive
XUMHUUEeCKHe CTakaHbl C paCTBOpaM{ HY>KHO TOJIHUMAaTh JBYMSI PYKaMM TaK, UTOObI OTOTHYThle Kpas
(6bopTHKM) CTakaHa OMUpaInch Ha yKasare/bHble " Oosbive nasnbLbl.
3.2. OTBepcTre NMPOOWPKU WU TOPJIBIIIKO KOJIObI NMPU HAarpeBaHWM B HUX JKUKOCTEM HarpaBssTb B



CTOpoHy OT cebst u obyyaromuxcs. He fornyckars pe3kue M3MeHeHHs! TeMIepaTypbl U MeXaHU4YeCKHX
y/apoB.

3.3. He 6patb npubopsI C ropsiyeii >KUIKOCTBIO He3alUIIleHHBIMU PYKaMH, a TaK)Ke 3aKpbIBaTh COCY/IbI C
ropsiueid >KUIKOCTBIO TIPUTEPTOM TIPOOKOW /10 €r0 OCTHIBAHUS.

3.4. 3anpellaeTcss MpeBbIIaTh Ipefesibl AOMYCTUMBIX CKOpPOCTeM BpalljeHWs NpU JIeMOHCTpaLuu
1[eHTPOOEXXHOW MalllMHbI, YHUBEPCAIbHOTO 3/IeKTPO/IBUTATe IS, BPAIIAIOIIeTrocst JUCKa U JIp. YKa3aHHBIX
B TEXHUUECKMX OIHUCAHUSX, CJIeJuUTb 3a WCIPaBHOCTbIO BCeX KperuleHWd B 3TUX mpubopax
3.5. IIpu U3MepeHUM HaMpsKeHUH U TOKOB M3MepHUTe/IbHbIe MPUOOPHI MPUCOeAUHSTH TIPOBOIHUKAMU C
Ha/Ie)KHOW M30/sALuel, cHabKeHHbIMM HakoHeuHMKaMu. [Ipy cOopke cxeMbl MCTOYHHK TOKa
TIO/IK/IFOUaTh B ITOC/IeJHIOI0 OYepe/pb.

3.6. 3ameHy fleTasiel, a TaK)Ke U3MepeHHe COTIPOTHB/IEHUH B cXeMax y4eOHbIX yCTaHOBOK IPOM3BOJUTh
TOJIBKO I10CJ/Ie ee BBIK/IFOUeHUsI U pa3psiiKu KOH/IeHCaTOPOB C MOMOLLbIO W30/IMPOBAHHOIO IPOBO/HUKA.
3.7. He Bk/touaTh O€3 Harpy3KH BBITIPSIMUTENN U He Jle/laTh Tiepek/It0ueHr B cXxeMax NPy BK/IIOUEHHOM
MTUTaHUU.

3.8. He pomyckaTh mpsIMOro TMOMaJaHus B IJla3a yuuTens M 00y4yaroUMXcsl CBeTa OT 3/1eKTPUYeCcKon
OyTW, TIDOEKL[MOHHBIX armapaToB, CTpPoOOCKOMa ¥ Jia3epa TIpU  JAE€MOHCTpalMu  paboThI
3.9. He ocraBnate 6e3 Hai30pa BK/IIOUEHHbIE B CETh 3JIEKTPHUUECKWE YCTPOWCTBA W IMPHOOPBI.
3.10. T1pu BbIMOTHEHNH Pa3/IMUHBIX BUIOB paboT 1Mo (Gu3vKe yyarmecs JO/DKHbI Cl1e[j0BaTh C/IeAYIOIUM
TpaBUIaM:

OBIIIME ITPABIJIA:

1. ByibTe BHUMaTe/IbHBI, AUCLUIIMHUPOBAHBI, OCTOPOKHBI. TOUHO BBITMIOMHSANTE yKa3aHUsl YUUTe s

2. He pepxute Ha pabouem MecTe TpeMeThI, He TPeOyrOIIrecs /7Sl BLITIOJTHEHUS 3a/IaHusT

3. Ilepes TeM KakK MPUCTYITUTD K BBITIOJTHEHUIO PA0OOTHI, TIIATETBEHO U3YUHTe ee OMMCAHUe, YSCHUTE X0
BBITIO/THEHUSI.

4. He mpucTtymaiiTe K BBITIOJIHEHHIO pabOThI Oe3 pa3pereHust yUuTeJisl.

5. Pa3meljaiite mpubopbI, MaTepuasbl, 000pyj0BaHHE Ha CBOeM paboyeM MecTe TaKUM 06pa3oM, UToObI
VCK/TIOUMTb WX TaJieHre UK ONPOKU/IbIBaHHe.

6. [lns1 mpefoTBpaILleHus MaZieHust CTeKJISTHHbIe COCY /bl (TPOOUPKHU, KOJIObI) TIPY TIPOBE/IEHUH OTIHITOB
OCTOPOYKHO 3aKperuisiiiTe B J1arike IITaTUBA.

7. CreyiTe 3a UCIIPaBHOCTBIO BCeX KPerieHHH.

8. He npukacaiiTech 1 He HaKJIOHsHTeCh (0COOEHHO C HeyOpaHHBIMU BOJIOCAMH) K BPALIAIOLIIMMCST
YacTsIM MalllluHBbI.

ITPABIWWIA BBITIO/IHEHUSA PABOTHI ITO 3JIEKTPUUECTBY

1. TTpu cOOpKe 3/M€KTPUUECKOM 1[ery u3beraiiTe repecevyeHus MPOBO/IOB, He TIOb3YHUTECh
MIPOBO/JTHUKAMHU C U3HOIIIEHHOW M30JIsL[MeN 1 BBIK/IIOYaTeIsIMA OTKPBITOrO TUMA (TIPY HarlpsyKeHUU
Bhillle 42 B).

2. ToaxmrouaiiTe 3/1eKTPUUECKYIO LeTlh K UCTOYHUKY TOKa B TIOC/IeJHIOI0 oUepe/ib, Kor/a ee cOoOpKa
3akoH4YeHa. CoOpaHHYIO 1eMb BK/IIOYaiTe TOIBKO ITOC/Ie TIPOBEPKH U C pa3pelleHus yunress. Hamuuue
HamnpsDKeHHs1 B 11eld MOYKHO TIPOBEPUTh TOJIBKO TpeiHa3HaueHHBIMHU JI7Is STOr0 pubopaMu Uiu
yKa3zaTeJIsIMU HalpsDKeHUsl.

3. He nipukacaiiTech K HaXO/SIIUMCS TIOZ, HAaTIpshKeHWeM 3J/ieMeHTaM LIeTH, JTMLLIeHHBIM U30JISLIUH.
4. He mpuKacaiTech K KOPITyCy CTallMOHAPHOTO 3/IeKTPO0OOPYA0BAHKUS U K 3a>KUMaM JIaxKe
OTKJTFOYEeHHBIX KOHZIEHCAaTOPOB.

5. ITosp3yrTech MHCTPYMEHTaMM C U30/IMPYIOLIMMU PYUYKaMHU.

6. [lns1 ipycoeiviHeHYs TOTPeOuTe el K CeTH T0JIb3yHTeCh IITeTCe/TbHBIMU COeJUHeHNsIMU.

7. T1o okoHUaHWU paboTBhI, TIPEXK/e BCEro, OTK/IIOUNTE UCTOYHUK TOKa, TIOC/Ie uero pa3bepure
3/IeEKTPUYECKYIO 1[eTlb.

8. He octaBnsiite pabouero mecra 6e3 pa3pelieHust yUUTeJis.

9. O6Hapy>KHB HEUCIIPABHOCTb B 3JIEKTPUUECKOM YCTPOMCTBE, HAXOSAILIEeMCS 11071 HarpshKeHreM,
HeMe/[JIeHHO OTK/TFOUMTE UCTOUYHUK TOKA U COOOIIUTE 00 3TOM YUHUTEJTHO

ITPABWIA BBITIIO/THEHUWE PABOTHI HA YCTAHOBJIEHUE TEIIJIOBOI'O BAJIAHCA
1. Pabota c ropsiueii Bofioit TpeOyeT 0c060ro BHUMaHUSI M1 OCTOPOYKHOCTH TIPU CMEIITMBaHUM.



BHyTpeHHUI cTakaH KaJlopuMeTpa He3allUIlleHHOW PYKOM TporaTh 3arpeliaeTcs.

2. ByabTe akKypaTHbI 1pu paboTe ¢ TepMoMeTpoM. Pa3MelnvBath BOAy rpaZlyCHUKOM 3ariperraeTcst

3. TTo OKOHUaHWM W3MepeHHs TeMIlepaTypbl TepMOMeTp yOpaTh B Ue€XO0JI U TMOIOKUATh Ha LeHTP CTOJIa.
4. TTpu paborte co cTeK/I0M (CTakKaH, LUIUHAP) ObITh BHUMATeIbHBIM U aKKypaTHBIM, HE COBEpIIaTh
pPe3KUX JIBUYKEHUM.

5. ITo okoHuaHWM paboThI Bce 0060pyJO0BaHKe C/laeTcsi 1abopaHTy.

ITPABWIA PABOTBI C MEJIKUMU INTPEJMETAMUA

1. 3amnpenaeTcst KWJaTh MeKWe MpeaMeThl (PUC, TOPOX).

2. BBITb aKKypaTHBIM MpU paboTe CO CTEKJIOM.

3. AKKypaTHO 00paIraThCs C UroJKOH, Tocie paboThl MOJIOXKUTE ee B QyTsp.

ITPABWWIA BBITIOJITHEHUE PABOTBI I10 MEXAHUKE

1. ITepern, paboToii IpoBepbTe 3aKperieHre KOHCTPYKLIMH B ieprKaTerie.

2. He pomyckaiite najieHe Tpy30B U LIapOB U T.J.

3. 3arperrjaeTcst Harpy>kaTb U3MepuTe/bHbIe TIPUOOPHI BhILLIE MPee/IbHbIX 3HaUeHHH, 0003HaueHHbIX Ha
WX IIKae

ITPABIWWIA BBITIO/IHEHUSA PABOTHI ITO OIITUKE

1. 3arpelijaeTcsi HarpaB/IATh JIy4d CBeTa B IJia3a.

2. 3arpelriaeTcst UCI0/Ib30BaHKe MUKPOCKOIIA He TI0 ero MPsSIMOMY Ha3HauyeHHIO.

3. IIpu paboTe ¢ MUKPOCKOTIOM COD/MI0/IaTh 0COOYI0 OCTOPO’KHOCTD TIPH HACTPOMKE OCBELeHHSsT
MIpeJMeTHOTO CTeKIa.

4. 3amnpelrjaeTcst HarpaB/sATh TUH3bI (ONTUYECKHEe CUCTeMbI) Ha MOII[HbIe UCTOUHUKH CBeTa (COJIHIIE,
TIPO’KEKTOPHI U T.J.).

ITPABWIA BBITIO/THEHUSA PABOTBI 110 OIIPEJE/IEHUIO B/JIAJKHOCTHU BO31Y XA
1. ITpu pabore c rurpomeTpoM cob/M0aTh OCTOPOYKHOCTD

2. ByapTre akkypaTHbI 11pu paboTe ¢ TepMoMeTpoM. Pa3mMeriuBaTh BOAY rpayCHUKOM 3arlperiaeTcs

3. 1o oKkoHUaHUY U3MepeHus TeMIepaTypbl TePMOMETp yOpaTh B UeXoJI 1 MOJI0KUTh Ha LIeHTp CTOoJIa.
4. Ilpu pabore o CTeK/IOM OBITh Mpeie/TbHO aKKYPaTHBIM.

4. TPEBOBAHHSA BE3OIIACHOCTH B ABAPUMHBIX CUTYAILIUSIX

4.1. TIpu obHapy»KeHUH HEMCIIPAaBHOCTH B pabOTe 3/IeKTPUUECKUX YCTPOIMCTB, HEMe JIEHHO MPeKPaTUTh
paboTy ¥ OTK/IFOUMTb UCTOUHHK /1eKTPONUTaHus1. PaboTy Mpofo/pKaThk TOJIBKO TIOC/Ie YCTPaHeHHs
HEeHMCITPaBHOCTH.

4.2. Ilpy KOPOTKOM 3aMbIKaHHe B 3/IEKTPHUECKUX YCTPOMCTBAX M UX 3aropaHuy, HeMe/[JIeHHO
OTK/TFOUMTB X OT CeTU OPTaHU30BaHHO MOKUHYTH roMeleHre. CooOIIUTh 0 Moykape B O/IVKaMIITy o
YacTb ¥ PUCTYTIUTH K TYILEHHIO ouara BO3TOPaHMs C TOMOILBIO YTJIEKUCIOTHOTO (TIOPOLIKOBOT0)
OTHETYIIUTEJIS] UK TIECKOM.

4.3. Tlpu pa3nuBe J1ErKOBOCII/IAMEHSIOLIENCS )KUIKOCTH 1 ee 3aTOpaHuK COOOLUTh YUUTE/T0, COOOIIUTh
0 TIOXKape B O/IMKAMNIIIYFO MOYKapHYIO YacTh U MPUCTYIUTD K TYLIEHHIO 0Yara BO3rOpaHusi C TIOMOIIIbIO
TIepBUYUHBIX CPE/ICTB M0’KapOTYIIEeHHSI.

4.4. B ciyuae, ecyii pa3bunach mabopaTopHasi 1ocy/a Wi pUOOopLI U3 cTek/la, He cCoOMpaTh Ux
OCKOJIKY He3allMIIleHHbIMUA PyKaMH, a MCII0/Ib30BaTh [JIsl 3TOM LIe/H IeTKY ¥ COBOK.

4.5. TIpu nosryyeHUH TpaBMbI OKa3aTh MEPBYIO TTOMOIIb TTOCTPaiaBIIeMy, COOOIIUTL 00 3TOM
a[MUHUCTPALIMU TUMHA3WH, Bpauy, IpY He0OXOAWMOCTH OTIIPAaBUTh ITOCTPa/jaBLIero B O/rkaiiee
nevebHOe yupexxzeHue.

4.6. Ilpu 1710XOM CaMOUYBCTBHU COOOIUTH 00 3TOM YUUTEJTIO.

4.7. TIpy BO3HUKHOBEHHWHU HeCTaHAApPTHOW CUTYalUX YYalluecs JO/DKHBI COXPaHSTh CTIOKOWCTBUE
HEYKOCHUTE/TbHO BBITIO/THATE YKa3aH!s yUUTeIsl.



5. TPEBOBAHUSA BE3OITACHOCTMH 11O OKOHYAHUMU PABOTHI

5.1. OTK/TIOUMTH 3/IeKTPUUECKUe YCTPOKUCTBA U MTPUOOPHI OT UCTOYHUKA 3/IEKTPOITUTAHUS TI0 YKa3aHHUIO
YUUTeJISL.

5.2. TIpuBecTH B MOPsAZOK pabouee MeCTo.

5.3. 3akoHuUUMB paboTy, c1aTh 000pyAOBaHKeE B 11€JIOCTH U COXPAaHHOCTH YUUTEITIO WU 1ab0paHTy.

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

5.5. TiaTtenbHO BEIMBITE PYKH C MBIJIOM.

NHCTPYKIUSA
10 3/IEKTPOI0)KapHOU 0e30MacHOCTH B KaOuHeTe (PU3UKHU

1. By,l[bTe BHHMATEJ/IbHBI, JUCHUIIJIMHUPOBAHbLI, OCTOPO>XKHbI, TOYHO BBITIOJTHSTUTE YKa3dHHA yUuTead

2. He ocraBnsiiTe pabodero mecta 6e3 pa3peleHus: yUuTessl.

3. Pacnonaratite mpubopsl, MaTepuasbl, 000pyZoBaHue Ha pabouemM MecTe B MOpSsi/IKe YKa3aHHOM
YUUTEJIEM.

4. He fiep)xute Ha paboueM MecTe rpe/iMeThl, He TpeOyoLecs /i/1s1 BHITIOJTHEHHS 3a/laHusl.

5. Ilepes TeM Kak MPUCTYITUATh K BBITIOJTHEHUIO PA0OTHI, TIL[aTeTbHO U3yUUTe ee OMUCAHUS, YSICHUTe
XOJ1, BbITIOJIHEHME.

6. TIpousBoguTe COOPKY 3/1EKTPUUECKUX LieTiel, TIepeK/TFOUeHusT B HUX, MOHTa)K ¥ PEMOHT
37IeKTPUUECKUX YCTPOUCTB TOJIBKO TIPU OTK/IFOUeHUW UCTOYHMKA MUTAHMUS.

7. He BK/IFOUaliTe MCTOYHUK 3/7IEKTPOITUTaHUs Oe3 pa3pellieHust yUUTersl.

8. IIpoBepsitiTe HaMUKe HAMPSDKEHWSI HA UCTOYHUKE TTUTaHKUs WU APYTUX YacTsIX
371eKTPOYCTaHOBOK C TIOMOLLbIO YKa3aTesl HalpspKeHUs.

9. Cnemute, uT0OBI M30JIALMS IPOBOZIOB ObL/Ia UCIIPABHA, @ HAa KOHIIAX MPOBO/IOB HAKOHEUHUWKH, TIPU
cOOpKe 3/1IeKTPUUECKOM 11eMy TIPOBO/ia pacrioiaraiiTe akKypaTHO, 8 HAKOHEUHHKH TVIOTHO
3aKMMalTe KJieMMaMHu.

10. BeimosHsiiiTe HabrOIeHUST ¥ U3MepeHusi, COO/Tr0/1as 0CTOPOXKHOCTh, UYTOOBI C/TyYaiiHO He
TPUKOCHYTHCS K OTOJIEHHBIM MPOBOJaM/TOKOBEAYIIIUM YaCTAM, HaXOASLIUMCS 10/, HallpsKeHUeM.
11. He nipukacaiiTech K KOH/JjeHCaTOpaM JlaXke TI0C/ie OTK/IFOUeHHs 37IeKTPUUeCKOM 1ieru OT
WCTOYHHKKA 3/IEKTPOIUTAHUSA: UX CHAauaia Hy>KHO Pa3psiiUTh.

12. TTo okoHYaHMY PabOTHI OTK/TIOUNTE UCTOUHHK 3/IEKTPOITUTaHMS, TT0C/Ie Yero pasbepure
3/IeKTPUYECKYHO Liellb.

13. O6Hapy>KKB HEUCIIPABHOCTD B JIEKTPUUECKUX YCTPOMCTBAX, HAXOASAIIMXCS IO/, HaTpsDKeHHeM,
HeMe/lJIeHHO OTKJTFOUMTe MUCTOUHUKHU 3JIEKTPOITUTAHUS U COOOIIHTE 00 ITOM yUUTETO.

14. Ha ypokax (pu3HKM MpH OMbITaX He M0JIb30BaThCs 3a)KUTa/KaMH, a TOJIbKO CITUYKaMU. BbITh
OCTOPO’KHBIM C OTHEM.

15. CobJtro1aTh MephI IMOXXKapHOM 6€30T1aCHOCTH 110 TIPeyTPEXXIeHHUIO0 TT0’Kapa OT 3aMbIKaHHS
3/IEKTPUYECKUX CXeM, KOHTAKTOB MOJBOSALLNUX ITPOBO/OB.

16. B cnyuae rno)kapa BCIbIXHYBILWM OTOHb TYLIWTh TIECKOM, [TeHOTacuTe/1eM, UMEHOIIUMCS B
nabopaTopuy OTHETYIIHUTE/IEM

17. BbITIOSTHSIATE MTpaBU/Ia MOXKapHOUW 0€30MacHOCTH TPH BBITOJIHEHHH OITBITOB U
9KCITIepUMEHTa/IbHBIX 3alaHUM.

18. B cnyuae noxkapa 3BOHUTH 10 TesedonHy 01.

19. 3anperriaeTcs MPUMeHATh O€H3MH B KaueCTBe TOT/IMBA B CIIMPTOBKAX.

20. 3aripelijaeTcsi UCTOIb30BaTh MeTal/TMuecKre acoOecTUpOBaHHbIE CETKH W HahTauH

21. Henb3st OCTaB/IATh BK/IIOYEHHBIE 3I€KTPO- M PaJU0YyCTPOMCTBA Oe3 Ha/i30pa U I0MyCKaTh K HUM
TOCTOPOHHUX JIULI.

22. Tlpwu BbInosiHeHHe paboOT Ha YCTaHOBJIEHHE TeTVIOBOTO DajlaHca BO/ly C/ieflyeT HarpeBaTh He
Boile 60-700 °C

23. 3anpelaeTcs 3aKUraTb CIIUPTOBKY OT JPYroW ropsillield CIMPTOBKU.

24. TIpoBezeHue 1abopaTOPHBIX PAOOT U IEMOHCTPAIIMOHHBIX OMBITOB C IPUMEHEeHUEM PTYTH
KaTeropuyecku 3arpelaeTcs.

25. 3aripelijaeTcsi Harpy»<aTb U3MepUTe/IbHbIe TIPUOOPHI BhIIIIE TIPeZie/TbHbIX 3HaUeHHUH,
0003HaueHHbIX Ha UX LIKaJe.



26. YueOHble MpHUOOPEI, pejHa3HAUeHHBIe /IS PaKTHYeCKHUX PaboT yJaluxcs, TPUCOeANHSIFOTCS K
WCTOYHMKAM [MUTaHKUA C HalpsbKeHreM He Bbille 42 B.

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

N =

PABOTAM

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

* BU/BI U hOPMBI TIpeficTaBieHust HH(opMaruu (rpaduk, hopmysia, Tabmuria);

® [IpaBWJIa 3KCIUTyaTaljiy IpUMeHsieMoro 00opy/i0BaHus;

® MaTeMaThueckve QyHKIMH (TIpsiMasi 1 oOpaTHasi MPONOPLIMOHA/IBHOCTD, IMHEHHAs |
KBaZlpaTHYHasi 3aBUCUMOCTb, CHHYCOW/labHasi 3aBUCMMOCTB)

AO/DKEeH yMeThb:

® [10/1b30BaThCsl KOHTPOJIbHO-M3MepUTebHBIMYU TPUOopamMy;

®  TIPOM3BOAWTH PacueThl U OTpeieNIATh XapakTep 3aBUCUMOCTH MeX/y UCC/IelyeMbIMH
Be/IMYVHaMUY;

® T[IPOBOJWTH MaTeMaTHUeCKHe BBIYUCIEHHS C IIOMOILBI0 KaTbKYJ/ISTOPa;

®  [1epeBOJUTH eJUHULbl U3MepeHus! pa3/IMuHbIX (PH3MUeCKUX BeJUMUuH B cucteMy CU;

® 0(hopMIATH BEIBOJ,

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

OO01LMe KOMIIeTeHLIUU;

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

OK 2. OpraHu30BbIBaTh COOCTBEHHYIO JIeTeTbHOCTb, UCXO/IS1 U3 1Ie/IM U CIIOCOO0B ee JOCTH)KEHUS,
orpe/ie/ieHHbIX PyKOBO/JUTEIEM.

OK 3. AHam3upoBaTh paboUyr0 CUTYALHIO, OCYIIECTB/ISITh TEKYIIWUN U UTOTOBBIM KOHTPOJIb, OLIEHKY
Y KOPPEKLIMIO0 COOCTBEHHOM JiesITe/TbHOCTH, HECTH OTBETCTBEHHOCTh 3a Pe3y/IbTaThl CBOei paboThI.
OK 4. Ocy1iecTBiATh MOUCK HH(POPMAIUH, Heo0X0AuMow /17151 3(h(HEeKTUBHOTO BLIMOTHEHUS
ripodeccoHaNbHBIX 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 CamocTosiTeTbHO OrpefieNisiTh 3aZiauu MpodecCroHaIbHOTO U IMYHOCTHOT'O Pa3BUTHS.
3aHMMaThCsI caMO0Opa30BaHKeM, 0CO3HAHHO T/IAHUPOBATh TIOBBIIIIEHHe KBaTM(HKaIY;

OK9 OpureHTHPOBaThCS B YCJIOBUSIX YaCTOM CMeHbI TEXHOJIOTHI B podecCcuoHanbHOM
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 (TTPAKTHUECKO#) PaboThI CTYJIEHT /J0/DKEH MPeCTaBUTh OTYET O
npoJiesIaHHOM paboTe ¢ 06CyK/jeHHeM M0/IydeHHBIX Pe3yJIbTaTOB 1 BHIBOJIOB;

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

Ouenka 3a paboTy CTy/|eHTy BBICTaB/ISIETCSI C yUETOM TIpe/IBapUTe/IbHOM MOATOTOBKH K paboTe, 101
CaMOCTOSITe/IbHOCTH TIPH ee BBINOJTHEHUH, TOYHOCTH ¥ IPaMOTHOCTH 0()OpMJIeHHs oTUeTa 1o paboTe.

OTanbl BBINMO/THEHHUsI 1Ta00paTOPHBIX (MPAKTHYECKHUX) padoT

1. ITocTaHoBKa 3ajjauu padoOTHI



Ha mepBOM 3aHATHM CO CTy[leHTaMH TPOBOAMTCS 00Ilasi rMocTaHoBKa 3ajau. IIperojiaBatesib MOXKET
JlaBaTb HeOOXOZAMMbIe MOSICHEHHUSI TI0 METOJJUKE TIPeZCTOSIIHNX J1abopaTOpPHbIX (TpaKTHUeCKHX) pabor.
Ilepens TmipoBefeHWeM pabOThI TIperiofiaBaTe/lb TPOBOAUT TIOCTAaHOBKY 3alau  KOHKPETHOTO
71abopaTOPHOTO WX TPAKTUUYECKOTO 3aHATHS. 371eCh Pa3bsCHSETCS TPYIIe CTYAE€HTOB COZEep)KaHUe U
00beM KOHKpeTHOM Jj1abopaTopHOi (TpakThueckoi) pabotel. Ilpexxze Bcero, ¢hopMyaMpyrOTCs 1ieu,
3a/lauM, OCHOBHBIE 3Tartbl pabOoThI, TIOC/IeI0BATEILHOCTD U X0/, pellieHus. Onpe/ieNisiioTCs Co/iepyKaHue U
dopma rpe/icTaB/ieHKst pe3yabTaToB PaboThl. [IpOBOANUTCS MHCTPYKTaX 1Mo OXpaHe TPyZa C 3aMvChio B
JKypHaJI.

2. O3HaKoOMJIeHHe CTYy/IeHTa C CO/iep)KaHueM U 00beMoM paboThl.

Ha 3TOM 3Tarie CTyZeHT [O/DKeH TIIaTelbHO U3YUYUTh COJepXKaHHe W 00beM TMpe/CTosIel paboThl.
Ecnu mocraHoBKa 3aJjaud HeJOCTaTOYHO sICHA, OH MO)KeT oOpaTUTbCS K TIperojaBaTeno 3a
JIOTIOJTHUTE/TbHBIMU ~ Pa3bsSICHEHUSIMU. 3aTeM CTYZEeHT TPUCTyaeT K BBITIOJTHEHHIO — 3aflaHUs
nabopaTopHO# (TIpaKTHUeCKOM) pabOoThl.

3. ITopsiAOK BBINO/IHEHHUsT Pa0dOTHI.

B CcoOTBeTCTBUU C yCTAaHOB/IEHHOM TOC/Ie0BaTebHOCTBIO 3TAroB PabOThI CTY/IEHT BBINOJHSET 00beM
paboT, TIpeAyCMOTPeHHBIX 3aZiaHueM. [Ipy yC/IOBUM BBIMO/THEHHS TTOJTHOTO 0O0bemMa paboThl CTYZEeHT
TIpOBepsieT MPAaBUIBHOCTh Pe3y/bTaTOB U IpeJbsB/sSeT Iperno/jaBaTeso pe3yabTaThl paboTel, B Buje
pacyeToB WM 3arl0/IHEHHBIX Tabmui]. B ciydae 3aMeueHHBIX OLIMOOK, CTY/IeHT MPUHUMAeT Mephl K WX
VICIIDABJIEHUIO U 3aTeM CHOBA Ipe/bsB/seT pe3y/bTaTbl IpernojaBare/to A1 KOHTPOJs U IIpueMa
pe3ynbTaToB pabotel. Ecm B paboTe omMOOK He COJEp)KUTCS, TO TMPUCTYIAeT K COCTaB/IeHUIO U
oopmsieHH O O0TYeTa 1o paborTe.

4. PerucTpanus pe3y/ibTaToB U 0(hopM/IeHHe 0TYeTa 1o padore.

[To Mepe TOro, Kak BBIMOJIHSIOTCS 3Tanbl jab0OpaTOpHOM (TIPAKTHUECKOW) paboThl, CTy/AeHT
pEerucTpupyeT BCe pe3y/bTaThl CBOel pabOThl B BHje TaO/WI] UM TpadMKOB M TIPOBOAWT aHAIU3
TOJTyUeHHBIX Pe3y/bTaToB. Bce pacueTbl /10/DKHBI ObITH IMOPOOHBIMU M 0(OPMIIEHBI B COOTBETCTBUH C
TpeOOBaHUSIMM YKa3aHHBIMU K 0()OPMJIEHUIO OTUeTa CTy/ieHTa 1o ero pabote. OTtueT 110 1abopaTOPHOI
paboTe fo/mKeH OBITH BBITIONHEH B TeTPaZM AJis 1abopaTOpHBIX paboT COOTBETCTBYOLIEro cryeHTa. Ha
OCHOBe TI0JTyUeHHBIX Pe3y/IbTaTOB CTYZEHT MUIIeT TOoAPOOHBIN BHIBOZ,.

6. 3ak/ouMTe/TbHas YaCcTh J1a00paTOpHO (MPAaKTHYeCKO#) padoThI.

[Tocne OKOHUAHUWS COCTABJ/IEHUS OTYeTa CTYJEHT MPOBepPSieT ero MPaBWILHOCTh U YCTpaHseT obku. B
KOHIIe 3aHSITUSI TeTPajb C TOJTHOCTBLIO BBIMOJHEHHOW paboTol ciaTh mpenojaBaTento. Eciu paboTa B
KOHLIe 3aHATHs OCTajiaCh He 3aKOHUEHHOW, COOOLIUTH 00 TOM IpernojaBaTtesio U Jozenars paboTy BO
BHEYPOUHOE BpeMsI T10 JIOTOBOPEHHOCTH (KeJlaTe/IbHO B 3TOT JI€Hb).

JIaGopaTopHasi paGoTa coCTaB/IsIeTCs MO C/IeAyoiIed 00001eHHOH CTPYKTYype:

HanMeHoBaHMe UIeHTU(DULIUPYIOIIUX MTPU3HAKOB: « JlTabopaTopHas (mpakThUueckoi) pabote Ne

10 TeMe (HAaUMeHOBaHHe TeMbI)».

Llens paboTel. @opMyupyeTcsi B COOTBETCTBUM C CofiepKaHueM paszena «Llenb paboTsi»,
COOTBETCTBYHOIIIeH TabopaTOpHOM (TIPaKTHUUECKOM) pabOoThI.

MeTtoavka paboTsl. OnipesiesisieTCs B COOTBETCTBUU C YKa3aHHOM BBIIIe (JOPMYJTUPOBKOM U TIPH
He0OX0/IMMOCTH YTOUHSIETCSI B 3aBUCMMOCTHU OT COJiepyKaHHsI KOHKPeTHOM J1abopaTopHO
(MpakTHUeCKOM) paboThI.

OTaribl BhIMIOHEeHUs1 paboThl. [IpUBOASTCS HOMepa ¥ HAMMEHOBAHUS 3TaroB PaboThl, yKa3aHHbIe BhIILIE.
[TocsieioBaTeILHO TI0 KaXKAOMY U3 TAroB MIPUBOJUTCS XapaKTePUCTHKA CO/Iep>KaHKsI BBITTOJTHEHHBIX T10
yTary pabor.

OTBeThl Ha KOHTPOJIbHBIE BOTIPOCHI PUBO/ISTCS BO BCEX JIaOOPAaTOPHBIX (TPaKTUYeCKHX) paboTax.
BriBoibI 110 pabore. K 3Tol yacTy paboThI CTYZIEHT J0/DKeH ObITh 0COOEHHO BHUMATE/TbHBIM.

@O opMyMPYIOTCS BBIBO/IBI TEOPETUUECKOTO M MPAKTUYECKOTO XapaKTepa O BBITIOTHEHHOM
naboparopHo#i (TpakTHUeckoii) pabore. OOBIYHO BBIBO/BI M3/1aral0TCs ITOC/IeJOBATETBHO 10 KaXKIOMY
13 3TanoB paboTsl (0TueTa) — 1-2 BbIBOZA. BBIBOBI (POPMYTMPYIOTCS B CKATOM U UeTKOH (opme.
BbIBOZ, 10/DKEH COZiep>KaTh CKaTyH0 MBIC/b O BHITIOJTHEHHOM JTarie paboThl, KakK pe3y/ibTaTt



AHA/IUTUUECKOH 1epepaboTKU Co/iep>KaHKsl BLITIOJTHEHHOT0 3Tarna. He ciefyeT yka3bIiBaTh B BBIBOJAX
cojiep>kaHre ¥ 00beM BBITIOTHEHHBIX PaboT.

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

TeMa,

11eJ1b PabOTHI,

TeopeTHueckoe 000CHOBaHHUE,

METO/[Ka U3MEepPEeHHH,

OIUCaHWe YCTaHOBKH,

TIOPSIIOK BBITTOJTHEHHUsST paboThl 1 06PabOTKHU pe3y/bTaTOB U3MEePeHUH,

BBIBO/]

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

OBPABOTKA PE3YJ/IbTATOB U3MEPEHWMH (cm. ITPUJIOKEHUE)
M3mepeHue pu3nuecKux BeTMUrH
ITpssmoe n3mepeHue
KocBeHHOe n3MepeHUe
Buibl morpeniHocTeli W3MepeHui
Lena penenus mkassl C
abCo/toTHAs! TIOTPeLTHOCTh U3MepeHUi
npuOOpHast IOTPeTHOCTb U3MEePEeHUH
OTHOCHTeJIbHAas OTPELIHOCTb U3MepeHU
MeTO/bl BLIYMC/IEHUSI IOTPELHOCTH TIPSIMbIX ¥ KOCBEHHbIX U3MepeHuk
Tab/MLIa pacyeTHBIX POPMYT
3aMUCh pe3y/IbTaTOB U3MepeHU

INEPEYEHD JIABOPATOPHBIX PABOT I10 JUCHHUIVIMHE "®U3UKA"

JlabopartopHast pabota Nel

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

JlaboparopHast paboTa Ne2

«H3yueHue 3akoHa Botins-Mapuomma»

JlaboparopHast pabota Ne3

«H3MepeHue N08epXHOCMHO20 HAMSANCEeHUS 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 ougpakyuu cgema» (MoxkeT ObITh 3aMeHEHa Ha MPaKTUUECKYH0 paboTy
"M3mMepeHUe JTMHBI CBETOBOM BOJIHBI C TIOMOIIbI0 AU(MPaKIIMOHHON PeléTKu" )

IMTPNJIOXKEHUE
OBPABOTKA PE3YJ/IbTATOB U3MEPEHUN

N3vepenue Gpu3nuecKux BeTHUHH

B ocHOBe TOYHBIX eCcTeCTBEHHBIX HayK JieXkaT u3MepeHusi. IIpu M3MepeHUsiX 3HaueHHs BeTUUYUH
BLIP)XAIOTCSI B BH/I€ UKMCEJI, KOTOPbIe YKa3bIBalOT BO CKOJILKO pa3 W3MepeHHasl BeJIMUMHa OOoJblile WIn
MeHbllle JpYyrod BeJWUMHbI, 3HaueHWe KOTOPOM MpHUHATO 3a efuHully. [lo/siyueHHble B pe3yJbTaTe
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M3MepeHU UMC/IoBble 3HAaUeHUsI pPa3/IMUHbIX BeJIMUMH MOTYT 3aBUCETh APYT OT Apyra. CBsi3b MeXXAy TaKuMH
Be/IMUMHAMU BbIpa)XKaeTcsi B BUZie OPMYyJI, KOTOPbIe TI0Ka3bIBalOT, KaK YMC/I0BbIe 3HAUeHUsI OHUX BeJIMUUH
MOT'YT OBbITb Hal/IeHbI TI0 YUCIOBBIM 3HAUEHHUSIM [IPYTHX.

[Tpy wu3MepeHUsiX HeW30EeXKHO BO3HHMKAIOT TMOrpemHOCTH. HeoOxoauMo BrafileTb MeTo/aMH,
MpUMeHsIeMbIMHU TP 00paboTKe pe3ysbTaToB, TMOJyueHHBIX TPU W3MEePeHUsiX. JTO T03BOJUT HAYUUTHCS
MOJTy4aTh W3 COBOKYITHOCTHM W3MepeHHU Haunbosee O/M3Kve K WCTHUHE pPe3y/bTaThl, BOBPEMS 3aMETHUThb
HECOOTBETCTBHUSI U OIIMOKH, pPa3yMHO OpraHW30BaTh CaMH W3MePeHUs] W TPaBW/ILHO OLeHUTb TOYHOCTHb
T0JTyYeHHbIX 3HAUeHUIA.

Eciu uamepeHuve 3ak/to4yaeTcss B CpaBHEHUM JJ@AHHOMW BeJIMYMHBI C IPYTOid, OJHOPOJHOUW BeTMUMHOM,
TIPUHSTOM 3a e/IMHULY, TO U3MepeHre B 3TOM C/lydae Ha3bIBaeTCs MPSIMbIM.

IIpsiMbie (HemocpeACTBeHHbIE) U3MePeHUs — 3TO TaKue U3MepeHHsl, TP KOTOPbIX MbI MOTy4YaeM
YKCIeHHOe 3HaueHue M3MepsieMOl BeJTMUMHBI MO0 TIPSIMBIM CPaBHEHWEM ee C Mepoi (3TasioHOM), b0 C
TOMOIIIBI0 TIPUOOPOB, TPA[yUPOBAHHBIX B e[JMHULIAX N3MePSIeMOU Be/TMUHHBI.

OfHaKO [aneko He BCerjla TakKoe CpPaBHEHWE TPOM3BOJUTCSI HETIOCPeICTBeHHO. 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 [ u3MepeHusi HeoOXOAUMO
BeJIMUMHBI MPUXOAUTCS TpeBapUTeNIbHO U3MEPUTh HECKOIbKO JPYTMX BeMUWH, 10 3HAYeHWIO KOTOPBIX
BBbIUMCJ/IEHUEM OTIpe/ie/isieTCsl 3HaueHue NCKOMO BesnurHbL. Takoe u3MepeHHe Ha3bIBaeTCsi KOCBEHHbBIM.

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

B u3MepeHMsIX BCerja yuaCTBYIOT M3MepUTe/ibHble TIPUOOPBI, KOTOPbIe OJHOM BeJIMUMHE CTaBsIT B
COOTBETCTBUE CBSI3aHHYIO0 C Hel [Ipyryto, OCTYITHYI0 KOJIMYeCTBEHHOM OLleHKe C TTIOMOIIbI0 HallluX OPraHoB
yyBCTB. Hariprimep, cusie TOKa CTaBUTCSI B COOTBETCTBHE YT0J1 OTKJIOHEHUSI CTPeJIKY Ha IIKasle C [leJIeHUsIMU.
[Tpu 5TOM [JO/DKHBI BBITIOJHATHCSL [jBA OCHOBHBIX YC/JOBUSI TpOLiecca W3MepeHHWs: OJHO3HAUHOCTh U
BOCITPOM3BOJMMOCTE pe3y/bTaTa. 3TH [Ba YC/JIOBHsS BCer/la BBITIONHSIOTCS TOMBKO TPUOU3UTENBHO.
[TosTomy mpoinecc M3MepeHHsl COJepP)KUT HApsSiAy C HAxX0)KJeHHMeM HCKOMOI Be/IMYUHBbI U OLIEHKY
HETOYHOCTH U3MepeHHs.

CoBpeMeHHbIM WH)KeHep W pabouuii  JO/DKeHbl YMeTh OLIEHUTb TIOTPELIHOCTh pe3yJ/bTaToB
u3MepeHUd C yueToMm TpeOyemoil HazsexXHOCTH. [lo3Tomy Oosibllioe BHMMaHWe YyZessieTcsi obpaboTke
pe3y/bTaTOB U3MepeHUid. 3HAKOMCTBO C OCHOBHBIMU MeTO/lJaMHU pacueTa MOrpelIHOCTel — O/lHa W3 TJIaBHbIX
3a71a4 71ab0paTOPHBIX U IPAKTUYECKUX PadoT.

ITouemy BO3HMKAIOT NIOIPELLIHOCTH?

CyljecTByeT MHOTO TPUYMH /il BO3HUKHOBEHHUSI TIOrpellHOCTell u3MepeHuil. [lepeuuncium
HEKOTOpbIe U3 HUX.

[Tpotiecchl, TPOMCXOAMIIME TP B3aMMOJEMCTBUM TIpubopa C OOBEKTOM HW3MepeHW, Hen30eXHO
W3MEHSIOT Uu3MepsieMyl0 BeJMuuHy. Hampumep, u3MepeHWe pa3MepoB JieTalu C  IIOMOLIbIO
LITaHTeHLUPKY/Is, TPUBOAUT K CKaTHIO JieTald, TO eCTb K U3MEeHEeHHUIO ee pa3mepoB. VHOrJa BiWsiHUE
npubopa Ha U3MepsieMYI0 BeJIMUMHY MOXKHO C/le/laTb OTHOCUTEeTbHO MaJlbIM, MHOT/IAa K€ OHO CPaBHUMO WU
Jla>Ke TIpeBbILLIaeT caMmy U3MepsieMyI0 BeJTMUMHY.

Jlroboit mipubop WMeeT oOrpaHWuUeHHbIE BO3MOXKHOCTH OZHO3HAYHOTO OTpefiesieHust 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 BCerfia yuacTBYeT BHELIHsIs Cpejia,
rapamMeTpbl KOTOPOW MOTYT W3MEHSITbCS Y, 3a4acTylo, HerpejcKa3yeMbiM 00pa3oM. OTO OrpaHHUUMBaeT
BO3MOXXHOCTb BOCIIPOU3BO/IMMOCTH YC/I0BUM M3MepeHUs, a, C/ie[iloBaTe/IbHO, U pe3y/bTaTta M3MepeHUs..

[Ipu BU3yasbHOM CHSITUM TIOKa3aHWM Mprbopa BO3MO)KHAa HEOJHO3HAUHOCTb B CUMTHLIBAHWM TTOKAa3aHUH
nipubopa Bc/ie/ICTBHE OTPAHUYEHHBIX BO3MOXKHOCTE! Halllero riazomepa.

BO/IBIIMHCTBO Be/IMUMH OTpe/iesisieTCsl KOCBeHHbIM 00pa3oM Ha OCHOBAaHWM HAIIUX 3HAaHWWA O CBSI3U
HMCKOMOMU BeJIMUMHBI C IPYTUMH BeJTMYMHAMH, HETIOCPeICTBEHHO U3MepsieMbIMU Tiprbopamu. OueBHIHO, UTO
TMOTPELIHOCTh KOCBEHHOTI'0 U3MepeHHsl 3aBUCUT OT MOTPeLHOCTel BceX MpsMbIX W3MepeHuid. Kpome Toro, B
OLTMOKM KOCBEHHOT'0 U3MepeHHs CBOW BKJIaJ, BHOCST M OrPaHUUYeHHOCTh HaIllMX TI03HaHUM 00 u3MepsieMOM
00beKTe, ¥ YIPOIL[EHHOCTh MaTeMaTHUeCKOTO OMMCaHWs CBsi3ed MeX[y BelWYdHaM{, ¥ WTHOPUPOBaHHe
BJIMSIHUS T€X Be/IMUKH, BO3/leliCTBHE KOTOPBIX B MPOLeCCe M3MepEeHUsI CUMTAeTCsl HeCyllleCTBeHHBIM.
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Knaccuduxaiusa norpemrHocrei
1. AOCOMIOTHOM MOTPEeNIHOCTBI0 — Pa3HOCTBI0 MEXIy HalJIeHHbIM Ha OIbiTe (M3MepeHHBbIM) * “HIM 1

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

AOGCosTFOTHAs! TTOTPEITHOCTh MTOKa3bIBaeT, Ha CKOILKO MbI OLIOaeMcs IpH M3MepeHUH HEKOTOPOU BeTUMUHHbI
X.

2. OTHOCHTE/BHOM TIOTPEIIHOCTRI0 PABHOM OTHOIIEHHIO Aa0OCOMIOTHOW TOTPEIIHOCTH K WCTUHHOMY
3HaueHWI0 U3MepseMOol BeTMUMHbI X

iy
SK = j{:—
ner. (2)
OTHOCHTe/IbHAsL TIOTPEILTHOCTh TOKAa3bIBAeT, Ha KaKyl O/ OT MCTMHHOTO 3HAUEHWS BEJIWUYMHBI X MbI
orbaemcs.

KauecTBo pe3ynbTaToB I/IBME‘EEHI/II‘/JI KaKOH-TO  BeMUMHbBI o XapakTepu3yeTcss  OTHOCUTeIbHOMN

norperHocThio — X, BesimuriHa ~*X MoxkeT 6bITb BbIpaKeHa B MPOLEHTaX.

U3 dopmyn (1) u (2) cneayeT, uto A1 HAXOXKIeHUsT aDCOTFOTHON M OTHOCUTETbHOM TOTPeITHOCTeH
M3MepeHU, Hy>KHO 3HaTh He TOJIbKO U3MEPEHHOe, HO U UCTUHHOEe 3HaueHue UHTepecyrolliell HaC BeJIMYUHBI.
Ho ecnu ucTWHHOe 3HaueHHe W3BECTHO, TO He3aueM TPOM3BOJUTH u3MepeHus. Llenb u3mepeHuii Bcerja
COCTOUT B TOM, UTOOBI Y3HaTh He U3BECTHOe 3apaHee 3HaueHHe HEKOTOPOW BeMUYMHBLI U HAWTH eC/i He ee
WCTUHHOE 3HaueHue, TO XOTs Obl 3HaUeHHe, JOCTAaTOYHO Majio OT Hero oTinyaroireecs. [Toatomy Gopmysibi
(1) u (2), onpenensitoiljie BeJUUMHY TIOTPELIHOCTeN 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. Haria
3a/lauya: HayYUTbCsS CTPOUTH METO/IMKY SKCIePUMeHTa Y TPaBWIbHO MCIO/b30BaTh TOJMyUeHHbIe Ha OMbITe
JlaHHbIe 71 TOro, UT0Obl HAXOJUTH AOCTAaTOUHO O/M3KHEe K MCTUHHBIM 3HaueHWs M3MepsieMbIX BeTMUuH,
pa3yMHO OLIeHHMBATh MOTPEIIHOCTU U3MepeHui.

T'oBOpsi O TMOTpelIHOCTSIX UW3MepeHuH, CyiefiyeT, TIpeX/ae BCero, YIOMSHYTb O IPyObIX
MOrPelIHOCTAX (MmpoMaxax), BO3HMKAIOU[MX BC/eACTBUE HeJOCMOTpPA SKCIepuMeHTaTopa  WIu
HEUCIPaBHOCTH arnmapaTypbl. ['pybbix ommbok cienyet usberatb. Ec/ii ycTaHOBIEHO, UTO OHU MPOW30IILIH,
COOTBETCTBYIOII[HE U3MEPEeHHUsT HY)KHO OTOpPachIBaTh.

He cBs3aHHble € TpyObIMH OMIMOKaMM TIOTPELIHOCTH OMbITa JefsiTC Ha CydyaiiHble U

cucTeMaTUUecKue.
cy4valiHble MOrpemIHoCTH. MHOTOKpPaTHO TMOBTOPSIi OJHU W Te >Ke U3MepeHHs, MOXXHO 3aMeTUTh, UTO
JIOBOJILHO YaCcTO 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 SKCIIEPUMEHTAaTOpPOM BCJ/Ie[ICTBHE HECOBepIIeHCTBa
OpraHoOB YYBCTB, C/Iy4YaliHbIX BHEILIHUX (PAaKTOPOB U T. [. Ec/iM MOrpelrHoCTb KaK[Oro OTZAelbHOro
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 PaCTSATUBAOIIASICS TIPYKHUHA, HEPaBHOMEPHBIH I1ar MUKPOMEeTPUUeCKOT0 BUHTA, He PaBHbIe
TJIeYd BeCOB U T. /I.) U C CAaMOM TTIOCTAaHOBKOM oribiTa. OHM COXPaHSIIOT CBOIO BeJMUMHY (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). MOTPeIIHOCTh KaKJO0ro M3MepeHHs UCKOMOW BeJIMUMHBI MOKHO TpeJ/icKa3aTh 3apaHee,
3Hasl 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

cp .
Pe3ynbTaT M3MepeHuii 3anMChIBaeM TaK:

R=(2943) Om gy =011=11% ¢ =09

[TycTs npu pacyeTe MacChl rpy3a MbI [TOJTYYWIN C/IeAYIOLIAN pe3yJ/IbTaT: mCP = 35?’ 436 K[ ¥ fm = 24: 126

kr. CHayasia OKpyrJisieM abCOJTFOTHYIO TMOTPEIHOCTh, OCTaBJIsIsl OJHY 3Hauallyro Ludpy hm = 24:?26 Kl

m,, = 357,436 % 360 _

Kr. 3aTem OKpyr/isieM CpegHee 3HA4YeHHMe C TOYHOCTBIO [0 [OeCATKOB
Brruncnsem OTHOCHUTEJIbHYIO MOT'PEeIIHOCTb
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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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