OO01ue ykazaHus K BbIIIOJTHEHHIO JIA00PATOPHBIX padoT

B naGopartopHoM mpakTUKyMe CTYJEHTHI, BBIIOIHSS TabOpaTopHbIEe padoThI,
U3y4aloT (U3NYECKUE SIBJICHUS, 3HAKOMATCS C OCHOBHBIMU H3MEPUTEIHHBIMU
npudbopaMu M BAXKHEHIIMMH METOAAaMHU H3MEPEHHI, OBJIAJIEBAIOT HAaBBIKAMU
HKCIIEPUMEHTUPOBAHUSA, 00pabOTKU U aHAJIN3a NOJYyYEHHBIX PE3yIbTaTOB.

1. Ilpasuna oghopmnenus omuéma no 1adopamopHvim padbomam
1.1.  Tempaow ons omuémos
a. Otuétel Mo nabopaTOpHBIM paboTaM OGOPMIIIIOTCS KaxKIbIM
CTYJIEHTOM B OTZEJIbHOW TETPAJIN.
b. Terpaap noKHA OBITH TOJIKCAaHA HAa IEPBOH CTPaHUIE C
yKazaHueMm Kypca, rpynnsl 1 @.J1.0. crynenra.
c. Ha mepBoii ke cTpaHule TeTpaau AOHKHA ObITh TabiMla IO

dbopme 1.
®opma 1
JlaTa ..
Ne | Ne na0. Honyc |Bemonn | Otué€ | 3amur
HazBanue 1a6. paboThl BBITION
n/m | paboThI K eHue T a
HEHUS

d. Terpamp craercs MperoaaBaTeNi0O MPU MOJyYCHHH 3a4éTa Mo
71a00paTOPHOMY MPAKTUKYMY

e. Bo3moxxHo odopmiieHre paboT Ha KOMIBIOTEPE C MOMOIIBIO
penakropa Word npu HaaMYWU 3aBEPEHHBIX MOAMKCHIO TPENOoIaBaTes
pe3yibTaTOB M3MEPEHUW U TPU YCIOBUM COOIIOJCHUS BCEX MPaBUI
odopmienus. B aTom cirydae oTuéThl Mo Kaxaou JabopaTopHOil paboTe
OoQOpPMIISIOTCST HA OTACNBHBIX CKPEIUICHHBIX MEXAY CO0O0# JucTax
oenoit Oymaru ¢opmara A4 U CKIAABIBAIOTCS B OTACIBHYIO MAIKY.

1.2. Ogopmnenue omuéma.
OTuéT 1o J1abopaTopHON PabOTE NOKEH CONCPIKATh:
—  No nmaGopatopHoit paboThI;
—  Ha3BaHUe JJA00PaTOPHOI PadOTHI;
—  1IeJIb JJa0OpaTOpHOM paboThI;
—  TEOPETUYECKOE BBE/ICHUE;



—  OIMCaHUE YCTAaHOBKHU M METOAMKHU U3MEPEHUS;
—  Tabuuily ¢ pe3yJbTaTaMy U3MEPEHUM U BHIYMCIICHHH;
—  00paboTKy pe3yybTaToB;
—  3aKJIFoYeHUue (BBIBOJIBI).

B TeopermueckoM BBEIEHUHU CIEAYET H3JIO0KUTh CYIIHOCTh H3y4aeMOTo
¢duznyeckoro sBIeHUS (METOJa), 3aKOHBI, €r0 OMHCHIBAIOIINE, B BHUJE CXKATOTO
KOHCIIEKTA.

B onucaHuum ycTaHOBKM M METOJAMKM HM3MEpPEHUsS HEOOXOJUMO NPHUBECTH
nepedyeHb 00OpYAOBaHMS M MPUOOPOB; OMUCATH METOJ OIpEACNICHUs BEJIUYUH,
pabouyro cXeMy WIM HSKCIEPUMEHTAIbHYI0 YCTAaHOBKY; MPEICTAaBUTH pPabOvylo
bopmyiy.

Pabora momkHa MPOBOAUTHCS B MOJHOM COOTBETCTBUHU C MPEICTABICHHBIM
X0JI0M paboThI U B TOM MOCTIEA0BATEIBHOCTH, KOTOpask yKazaHa B padoTe.

Bce pesynpTaThl W3MEpEHHH, YEPHOBBIC 3alMCH, HAECU JOJDKHBI OBITH
3aHECEHbl B TETpajb (B TOM YHUCJIE B MOATrOTOBJICHHYIO Tabnuiy). O TOM, Kak
oOpalaTeIBaTh pPe3yJbTaTbl U3MEPEHUH M BBIYMCIUTH IMOTPEIIHOCTH (OIIMOKN)
U3MEPEHMI, CKa3aHO HUXKE B paszzelie «Brluucienre norpemHocTen.

3axintoueHre (BbIBO/BI) JAOJDKHBI COAEPKATh: KOHKPETHBINM KOJMYECTBEHHBIN
M KA4YeCTBEHHBI pe3ynbTaT paboThl, aHAJOTHYHbIE CIPaBOYHBIC WU
TEOPETUYECKHE JaHHbIE, CPABHEHNE COOCTBEHHBIX PE3YyIbTATOB C N3BECTHBIMH.

2. Tpebosanua K O0OnycKy, 6bInOJHeHUI0 U 3aujume J1A0OOPAMOPHBIX
pabom
2.1.  Jlonyck
Jlnst momycka K BBITIOJIHEHHIO JIAOOPATOPHBIX paboT HEOoOXOAMMO K Hel
MOATOTOBUTHCS. ITO O3HAYAET CIEAYIOLIEE:
a. IlpenBaputenpbHoe (C  MOMOIIBIO  y4e€OHBIX  TMOCOOMIA,
METOJMYECKUX YKa3aHUU K JJabopaTopHO paboTe, KOHCIEKTa JICKIUA)
O3HAKOMJICHUE C U3y4YaeMbIM B JaHHOW padoTe (PU3UUYECKUM SIBICHHUEM,
AKCIIEPUMEHTAIBHONW YCTAHOBKOM M METOJUKOW UCCIICTOBAHUA.
b. IToaroroBka 3aroTOBKH OTY€Ta, COAEPIKAILICH:
—  Ne naGoparopHoii paboTHI;
—  Ha3BaHue JabopaTopHOU padOTHI;
—  1IeJb JIA0OpaTOpHOU PaboTHI;
—  TEOpPETUYECKOE BBEJICHHUE;
—  OIHCAaHUE YCTAaHOBKHU M METOJAUKU U3MEPEHUSI;
—  TaOuMIly AJI 3aITUCH Pe3yJbTaTOB U3MEPECHUI U BHIYUCICHHM.
C. CtyaeHT AOMKEH OBITh T'OTOB K OTBETY Ha BOIPOCHI O TOM,
KaKoe SIBJICHHUE M3ydaeTcsl B JaHHOW paboTe; KaKhue OCHOBHBIE 3aKOHBI



ONKCHIBAIOT 3TO SIBICHUE; Kakas (u3uyeckas BeIMYMHA MOAJICKUT
HKCIIEPUMEHTAJILHOMY OMPENIEICHUIO, YTO OHA COOOW MpEACTaBISIET U
OT 4ero 3aBUCHUT. [IpuMepHbIe BOMPOCHI JUIsl JIOMyCKa NPHUBEACHBI B
Ka)XJ101 J1a00opaTopHOil padoTe.

d. HeoOxomumo OBITH TOTOBBIM IIOKa3aTh HA CXEME WJIH Ha
peanpbHOM  1a0OpaTOpHOM  YCTaHOBKE €€ OCHOBHBIE DJIEMEHTHI,
U3MEPUTEIIbHBIE MPUOOPHI U IPHUCHOCOOJIEHHS, 0XapaKTEpU30BATh UX
Ha3HA4YCHHE W MPUHIUI ACHCTBUS, IPEACTaBUTh BBIBOJ (HOPMyIBI IS
pacyéTa MOrpenHoOCTH.

e. Hanuume nmomHocThio OPOpPMIIEHHOTO OTYETA MO MPEIbIAYIICH
nabopatopHoit pabdore.

Ecnu cTyAeHT 1oKka3an CBOK MOArOTOBIEHHOCTD K 3aHATHIO:

— TpeACTaBUII OTUETHI MO JTaOOPATOPHBIM paboTaM;
— OTBETWJI Ha BONPOCHI JIOITYCKa;

TO TMpernoaaBaTeNib pacnuckiBaeTcs B Tadiuie Nel B rpade "gomyck" manHou
nabopaTopHOI pabOTHI.

CryzneHTbl, HE MOATOTOBUBUIMECS K BBINOIHEHUIO paOOTHI (HE MOITYYUBLINE
"momyck"), odopmiIOT OT4ETHI Ha 3aHATUAX. JlabopaTopHyro paboTry uMm
IIPUIETCS BBIIIOIHATH BO BHEYPOYHOE BPEMSI.

2.2.  Buwinonuenue

Crnenyer mocie0BaTeabHO MMPOBECTU BCE U3MEPEHUs, YKA3aHHBIE B MOPSIIKE
BBINIOJIHEHMsI paOOThI. J[aHHbIE BHECTH B TAOJIUIbl. DKCIIEPUMEHTAIIbHBIE JAHHBIE U
MPOMEKYTOUYHOE 3HAYEHUE pe3yibTaTa M3MEpPEHUH HEeOoOXOAMMO IO0Ka3aTh
MPENoIaBaTelto, ¢ TEM, YTOObI MOJTYYUTh €ro NOJANUCh B Tabmuie no gopme 1 B
rpade "BbimosiHeHHE". B KOHIIE 3aHATUS LEJIECOO0PAa3HO MPEACTABUTh OTYET IO
BBINIOJIHEHHOM pa0O0Te U 3alIUTUTh MPEABIIYIILYI0 padoTy.

VYyebHas moArpymnma AJjis BBITOJHEHHUS JIa0OpaTOPHBIX pabOT NETUTCs Ha
Opuraasl o 2-3 crynenrta. Kaxxgas Opurana BBITIOJNHSIET pabOThI 1O MapiipyTy,
YCTAaHOBJICHHOMY Il 3TOW yueOHOW rpynmbl. B Mapmipyrax mnpeaycMOTpeHb
3aHATHUS JJI 3alUTHl JJAOOPATOPHBIX padoT W 3auétHoe 3aHsATHuEe. CTYAEHTHI,
BBITIOJIHUBILIME TPU JIA0OPATOPHBIE PAOOTHI M HE 3aUIUTUBIINE HU OJHOUM U3 HUX, K
BBITIOJIHEHUIO CIIEAYyIOe paboThl He JomyckaroTcs. Bo BpeMs 3aHSTHS OHU
3alMIIAI0T BBIMOJHEHHBIE PaOOThI; a MPOMYLIEHHYIO pabOTy 00sS3aHbI BHIMOJIHUTh
BO BHEYPOYHOE BpEMsI.

2.3. 3awuma pabom

Jnis 3amutel J1abopaTOopHOW pabOThl CleAyeT NpPEICTaBUTh MOJHOCTHIO
opopMieHHBI OTYET. B HeEro BXOAAT pe3yldbTaThl BCEX HEOOXOIUMBIX
BBIYMCIICHUN C YKa3aHUEM €IMHUI] U3MEPEHUSI pa3MEpHBIX (PU3MUYECKUX BEIUYHMH.
Ecnu numeercs cepusi OAHOTUITHBIX OMBITOB, TO IOCTATOYHO MPUBECTU MOIPOOHBIIM



PAcUET TOJIBKO AJISI OJTHOTO OIbITA.

['padrueckue 3aBUCUMOCTH OGOPMIIAIOTCS B COOTBETCTBUU C IpaBUIaMHU
MOCTPOEHUSI TIpaUKOB, BBIMOJHAIOTCS Ha MHWUIUMETPOBOW Oymare U
NOJKJIEUBAIOTCS B TeTpalb. [omyckaeTcss ogopmiieHne rpa@uKkoB € MOMOIIbIO
KOMITBIOTEPA.

OKoHYaTeNbHBIN PE3YIIBTAT, ECIHU 3TO YHUCIIO, CIECAYET 3alIUCaTh B BUJIE:

A=A, TAA,

rae A — u3mepsieMas BelIn4uHa, A, — e€ cpeiHee 3HaueHne, AA — MOrPeIIHOCTh

e¢ ompeneneHus. [lomydeHHble pe3ysabTaThl COMOCTABIAIOTCS C JIUTEPATYpPHBIMU
(kak  TpaBWIO, CHOpPaBOYHbIMU)  JaHHbIMHU.  OOCyXJeHHE U  aHalu3
AKCIIEPUMEHTAJIbHBIX JIaHHBIX CJEAYET 3aBEPIIMTh KPATKUMH 3aKIOYECHUSIMU
(BBIBOJIaMH), KOTOpPBIE JOJOKHBI TOBOPUTH O JOCTUKEHHWHM OCHOBHBIX LEJNeH
1abopaTopHOIl pabOTHI.

B kaxnoil pabore NpuBEAEHbI NMPUMEPHBbIE KOHTPOJIbHBIE BONpOChl. OHU
MOTYT KacaTbCs HCCIEIOBaHHBIX B paboTe (PU3NYECKUX SIBJICHUI M 3aKOHOB,
METOJMKHU U3MEPEHUN N 00padOTKH pe3yabTaTOB. 3aJaHus ISl 3aIUThl BKIIOYAIOT
B ce0d KakK KayeCTBEHHBIE BOINPOCHI, TaK M MPOCTEHIIME 3aJadyd, HMEIOLIUE
HEIOCPEICTBEHHOE OTHOLIEHUE K MPOJIETaHHOU padore.

[Ipu oueHke 1a00paTopHOK PabOTHl YUUTHIBAETCS KAYECTBO O(DOPMIICHHS: BCE
3aMUCH JIOJDKHBI OBITh aKKypaTHBIMU M Pa300pUMBBIMU, PUCYHKH, CXEMbl U
TaONUIIBl BBITIOJIHEHBl C MWCIOJIB30BAHMEM KapaHjallla, JUHEWKH U APYrux
HEOOXOJUMBIX YEepTEXHBIX HMHCTpyMeHTOB. Ilpu odopmienun ortuéra ciemyer
OpPUEHTHPOBAThCSI Ha oOpasell, MPHUBEICHHBIM Ha caiiTe Kadeapbl U B JaHHOM
METOAUYECKOM ITOCOOHH.

Boruncienue norpemHocrei

Onna w3 3agad j1abOpPaTOPHOTO MPAKTHKyMa — HAYYUTHCS MPABUIBHO
U3MepATh (GU3NYECKUE BENWYUHBL. H3MepeHue — HTO TPOIECC CpaBHEHUSA
bu3MYeCcKO BEIMYMHBI C OJHOPOAHOW BEJIMYMHOW, MPHUHATOM 3a €IUHHUILY.
Paznmuuaror mnpsmMble W KOCBEHHbIE wu3MepeHus. llpu mpamvix uzmepenusx
omnpezensiemMasl BeIMUYMHA CPABHUBACTCS C €MHULICH U3MEPEHUST HETTOCPEICTBEHHO
(HampuMep, OMpeleNeHue JJIUHBI CTEPXKHS C TOMOIIbI JIMHEHWKH) WIM MpHU
MOMOIIM U3MEPUTEIILHOI0 MPUOOpa, MPOrpagyrupoOBaHHOTO B COOTBETCTBYIOIIHUX
eAuHULAX (HarmpuMep, ONpeIesICHHEe HANPSIKEHUs C MOMOIbI0 BoiabT™METpa). [Ipu
KOCBEHHBIX U3MEPEeHUAX N3MepseMasl BEeJIMUYNHA ONpeeNsaeTcs (BRIUUCISIETCS) U3
pEe3yJIbTaTOB IMPSAMBIX HW3MEPEHUM JAPYIMX BEJIWYHWH, KOTOPBIE CBSI3aHBI C
U3MEPSIEMON BETMYMHON Onpene€HHON QYyHKITMOHATHHOU 3aBUCUMOCTHIO.



Bceskoe wum3MmepeHue  CONpOBOXKIAETCS IOIpeHOCThIO.  [lozpeuwtnocme
pe3ynvbmama V3MEPEHUS — 3TO OTKJIIOHEHHE PE3YJIbTaTa U3MEPEHUS OT UCTUHHOTO
3HAUYCHUS U3MEpPsIeMOl BenuuuHbl. Ha nmpakTuke HCTUHHOE 3HAYEHUE HEU3BECTHO,
MIOATOMY €ro MPUXOJIUTCS 3aMEHSTh TOHITHEM «JICUCTBUTEIBHOE 3HAYCHHE).
/JleiicmeumenvHoe 3nHaueHue (PU3NYECKOW BEIUYMHBI — 3HAUYCHHE, HAWJECHHOE
HKCIEPUMEHTAIbHO W HACTOJBKO MNPUOJMKAIOMIEECs K HCTUHHOMY, 4YTO JJIs
JTAHHOU 11eJT OHO MOJKET OBITh UCIOJIB30BAaHO BMECTO HETO.

3agaya COCTOMT B TOM, YTOObI HAy4dWUThCS MPABUIBHO OIIEHUBATh
norpemHocTd. HazoBéM abconromnoit nozpewnocmsto AX W3MEpEeHUs KaKoii-
100 (U3MUECKOW BEIMUYMHBI X MOAYJIh PA3HOCTU MEX]Y UCTUHHBIM 3HAYCHUEM U
U3MEPEHHBIM:

AX:‘X_XIL?M." (l)
BOHee HarJsaaHoC IMpCaACTaBJICHUC (0] TOYHOCTHU I/I3MepeHI/II>'I ,HaéT

omHocumesibHasA nozpeuitnocmas & , 110Ka3bIBaroIas, KaKyro 1010 OT HBMepHeMOﬁ
BEJIMYMHBI COCTABJIAECT €€ a0COII0THAS IMOTPpCHIHOCTS:

AX
e(x)=—. 2)
X
OTHOCI/ITCHBHyIO HOFpCHJHOCTB MOXHO BBIpa3I/ITB B HpOHeHTaX:
¢ =% .100%. (2a)
X

Paznuuaror 2 knacca MNOTPEUIHOCTEMN: ciyuaiiHble U cucmemamuyecKkue.
Takue MorpemHoCTH MOKHO OLEHUTb, BBIYUCINUTh. ECTh ené epyodvie npomaxu —
3TO pe3yJbTaT HENPEACKa3yeMOro MpOCcY€Ta, HEYMEHHsI JKCIIEPUMEHTATOpa.
[Ipomaxy HUKAKUM 3aKOHOMEPHOCTSIM HE MOJUYUHSIOTCS U aHaJU3y HE MOJJIexKaT.
EAVHCTBEHHBI MyTh MWCKIIOYATh HUX — IEpefenaTb HM3MEpPEHUs 3aHOBO, €CIIH
BO3HUKJIO OINACeHHe, YTO MpOMax JAONyILIeH (HampuMmep, Kakoe-TO H3MEpeHHe
BbIICNISIETCS] HA (DOHE OCTAIbHBIX WIIM HE YKJIaIbIBAETCA B OOIIMI TPEH).

Crayuaiinvle nozpewiHocmu — 3TO TaKUE NMOTPEIIHOCTH, TPUYMHBI KOTOPBIX
HEU3BECTHbl M HEKOHTpoJiupyeMmbl. OHHM BIUSAIOT Ha pe3yJbTaT CIy4yalHbIM
0o0pa3oM TO B CTOPOHY €ro 3aBbIIICHHS, TO B CTOPOHY 3aHMKEHHUS C DPaBHOM
BeposTHOCTHIO. [IpuMepsl cimydallHBIX TOTPENTHOCTEW: BHUOpaIus 37aHus,
KoJeOaHUsl HamnpsOKEHUST B CETH, aTMOC(HEPHOTO JaBJICHHS, CKBO3HSK B
NOMEILEHUH, UHIUBUYyaJbHOE (PU3MOJOTHUECKOE COCTOSIHUE IKCIEPUMEHTATOpa
(mpu  W3MEpeHUsiX  BPEMEHUM  PYYHBIM  CEKYHJOMEpPOM,  Hampumep),
HEPaBHOMEPHOCTh WJIM HECUMMETPUYHOCTh HAMOTKM HUTEH B J1aDOpaTOPHBIX
YCTaHOBKax «MasTHUK MakcBemnay, «masaTHUK O0epbeka», «OnpeaeneHue
MOMEHTAa WHEPLUHH MaxoBuka» M T.J. llpennosaraercs, 4YTo ciydaliHbIE
NOTPELIHOCTH MTOAYMHSAIOTCS ONPEAEIEHHBIM 3aKOHOMEPHOCTSIM.



Cucmemamuueckue nozpeuwtnocmu — CIeJCTBUE HECOBEPIIEHCTBA MPUOOPOB
(cucmemamuueckue npudopusvie nozpewtnocmu TPpU TPSIMbIX U3MEPCHHSX) WU
HEJIOCTaTKOB ~ METOJIOB  M3MepeHusi (cucmemamuueckue MemoouuecKue
nozpewiHocmu TpU KOCBEHHBIX M3MEpeHHsiX). VX MOXKHO OIIeHUTh, 3Has Kiacc
TOYHOCTH MPUOOPOB, a TAKXKE MPHU aHATHU3E MeToa u3MepeHus. CucteMaTHuecKue
NOTPEIIHOCTH BIMSAIOT Ha peE3ylbTaT OJAHOCTOPOHHUM 00pazoMm, JHOO €ro
CHUCTEMaTUYECKH 3aHUXKasi, THOO TOJIBKO 3aBBIIIAS.

[TpuOopHyI0 MOTPEIIHOCT, MOMKHO ONPEACNIUTh, €CIH H3BECTEH KJIacc
TOYHOCTHU TIpubopa. OH yKa3bIBaeTcs B BUJE YKCIIa Ha IIKajae mpubopa, HanpuMmep:
0.5; 1.0 (;1abopatopHbie mpubOOPHI MaccoBoro ymotrpebsenus). Kimacc tounoctu
JTa€T MaKCUMaJIbHYIO a0COJIIOTHYIO MOTPENTHOCTh, BBIPAKEHHYIO B MPOIEHTaX OT
Mpeesa U3MEPEHHS X, (MAKCHMaTIbHOTO 3HAYCHUS H3MCPSIEMOIT BEINYNHBI):

AX

k = .100%. (3)

aned.
Ecan knacc TOYHOCTH HE YKa3aH, INPUHATO CUYHUTATh, YTO MaKCHUMaJIbHasA

omuOKa cocTaBiisIeT He 00JIee TOJIOBUHBI IICHBI JIeJeHus mpubopa (tadi.1):

€Ha OCJICHUS
' 2
Ta6nuna 1

AOcoroTHas TpuOOpHas
Ne W3mepuTenbHblii Tpubop Lena nenenus MOTPEUTHOCTb
1 Jluneiika 1 Mm 0.5mm=5-10"nu
2 [IITaHreHUHUPKYJIIb 0.1 mm 0.05,1u=5-10"> 1
3 | Muxpomerp 0.01 My 0.0054m =5-10"%
4 WNHukaTtop nepeMeleHus 0.01 mm 0.0050m =5-10"% u

Ilpumeuanue: Oonee NOMHYIO HHPOpMALUIO 00 W3MEPEHUAX, BUOAX
MOTPENTHOCTEH U O MPUOOPHBIX MOTPEUIHOCTSIX MOXHO HAaWTH B TEOPETUYECKOM
BBEJICHUU K J1abopaTopHOU padoTe «IlorpemHocTs NpsiMoro U3MepeHus».

Cucmemamuueckan Memoouyeckas NOZPeWIHOCMb TIPU  KOCBEHHBIX
U3MEPEHUSX B TOW WJIM WHOM MeEpe €CThb BCErJa, IOCKOJbKY Ha IPOTEKaHUE
Jr000r0 SBJICHUS BIUSET OYEHb MHOIO (DAKTOPOB, U YU4ECTh UX BCE HEBO3MOXKHO.
Yem Oomnbliiee KOJUYECTBO (PAKTOPOB YUUTHIBAEM, TEM 0OJIEE CIOMKHAS MOIYUYUTCS
Teopusi U TpoMo3akas QopMyna Juisi pacyéta HMCKOMOW BeluyuHbl. OHAKO
BJIMSIHUE HEKOTOPBIX (PAKTOPOB Majio, U UX MOXHO HE y4uThIBaTh. Hampumep, Bo
MHOTHX J1a0OpaTOpHBIX paboTax MnpeHeOperaeM CUJIOW TPEHHs, MOTOMY YTO OHA
Masia.




Cucremarnueckas NOTPEIIHOCTh BHOCHUTCS TaKke NpU OKpyrieHusx. [Ipum
TOM B COOTBETCTBHM C TMPaBUJIAMU OKPYIJICHUS aOCOJIIOTHASI MOTPEHTHOCTh HE
MPEBBIIAET MOJOBUHBI OT EAWHUIBI pa3psia MOCIEOHEH OCTABIEHHOW IpHU
OKpYTJIEHUH 3HAYAILEH nudpsI. Hanpuwmep, npu OKpYTJICHUH

x =1.2345-10"° ~1.23-10" MOTPEIIHOCTh OKpyTieHus: cocTtaBuT AX = 0.005 .10%,
a ipu okpyriennn ¢ = 9.80665 m/c? ~9.8 m/c? — Ag =0.05 M/c?.
IIpuHATO 3anuCHIBaTH W3MEPEHHYIO BEIMUYUHY X,,, U €€ aOCOIIOTHYIO
MOTPEIIHOCTh AX B BUJIE:
X=X, *AX. (5)
Dra 3amuch O3HAYaeT, YTO HCKOMas BEIMYMHA C JOCTATOYHO OOJIBIIOM
BEPOSTHOCTHIO, YAOBIECTBOPSIONMIEH SKCIEpPUMEHTaTOpa, MONmaAéT B HHTEpPBAI
(K. = A (X, + AX):
(Xu3M B AX) SXs (XI/BM + AX) (6)
Crnenyer coOr0/1aTh HEKOTOpBIE MpaBWja MPU pacdéTax IOTPEIIHOCTH M
3aIMCH pPe3yibTaTa; MPUMEPHI CM. B Ta0I.2:
® BBIYKCIICHUE TOTPEITHOCTH HE TPeOyeT TIIATEIbHBIX PAacUETOB
C TOYHOCTBIO JI0 OOJBIIOr0 KoJM4YecTBa 3Hadanmx mnudp. Jlocratoano
onHou (ecnu BTOpas uudpa — 3to 1, 2, 3, 7, 8, wnu 9) wiu aByX (eciu
BTOpas uudpa pasHa 4, 5 unu 6);
® B 3aMHCH pe3yJibTaTa JJIsd W3MEHSIEMOW BEIMYHHBI OKPYTIIIEM
BCE HEBEpHBIC MUQPHI, KpOME IMMOCTISTHENH — TOW, B KOTOPOH yXKe eCTh
MIOTPENTHOCT;
e a0CONFOTHAs! TIOTPEIIHOCTh UMEET Ty ke Pa3MEpPHOCTh, YTO U
u3MepsieMasi BeIMYMHA, TaK YTO B 3alKMCH TUIA (5) pa3MEepHOCTD JIyYIIIe
MHACaTh OJIUH pa3 3a CKOOKaMH;
® CCIIM BEIMYMHA CHJIBLHO OTJIMYACTCS OT CIUHHMIIBI, Hajuo e&
3aMMCHIBaTh B CTAHIAPTHOW (HOpME C HCIIONB30BAHUEM MHOKUTEIS

10", omgMHAKOBOTO IS CaMoil BEMWYMHBI M JUIA €¢ aOCOIOTHOI

HOTPEIIHOCTH, BHIHECEHHOTO 32 CKOOKY. DTO HY)KHO JUIsSl TOTO, YTOOBI
Obula BUAHA BEJIMYMHA TMOTPEIIHOCTH IO CPaBHEHHIO C caMou

BEJIMYUHOM.
TabOmuma 2
Ne HesepHo BepHo
1 1.2353+0.5333 1.2+0.5
2 1256 +39 1260+ 40
3 1.23-10° +1.6-10 " I1a-c (1.23+0.016)-10[1a - ¢




Botuucnenue cayuaiinvix nozpeuwtnocmeit npu nPAMbIX U3SMEPEHUAX
Jlyist moBBIIEHUS HAAEKHOCTU U3MEPEHUN YBEIUYMBAIOT UX 4ucio. [IycTs X,

Xo,... Xj,... Xy — PE3YIBTATBI MPAMBIX I/I3MepeHHﬁ BCIIMYMHBL X, IIOJTy4YCHHBIC B

OJHUX M TCX KC YCIIOBHAX; N — gucno H3M€pCHHﬁ. Baxno: HU3MCPCHHUA JOJIKHBI
IIPOBOJUTHLCA 6 OOHUX U meXx Jice ycaosunax; TOJIBKO B 9TOM CJIIy4da€C UMCCT CMBICJI

PaCCYUTBIBATL CPCIAHCC apI/I(i)MGTI/I‘IGCKOG:
N

X.
o K Xg o Xt Xy =i§i ! )
cp. N - N '

Ecnu cnyualiHas mOTrpemiHOCTh Maja 10 CpPaBHEHUIO ¢ MNpUOOPHOHM, TO

BBHITIOJIHATh HU3MEPEHHE CIEAYeT OJMH pa3: OECCMBICICHHO NBITaThCs TPyObIM
pUOOPOM MOTYYUTh TOUHOE 3HAYCHUE.

TakuMm 00pa3oM, UCTUHHOE 3HAYEHHE BEIMYMHBI X TTOMagaeT B UHTEpBai (8)
JIMIIb C ONPEAECIEHHON BEPOSTHOCTBHIO ( , BEIMYMHA KOTOPOM 3aBUCUT OT KEJTAHHUI
AKCIIEPUMEHTATOPA.

[(xcp_ — AX}) (xcp_ +Ax)| (8)
BeposATHOCT « Ha3bIBACTCA 006epUMEIbHOU 6E€POAMHOCHbIO; OHA NAET
JOJII0 @@ HWU3MCPCHHUU N((ch._ Axkxg(xcp. + AX)), Ipu KOTOPBIX PE3YJIbTAT HU3MCPCHUA

nonajaer B uHTepBai (8), mpu oYeHb OOJIBIIOM unciie u3mepeHui: N — oo;

a= lim N((xcp.—Ax)éxg(xcp&Ax)).
N —o0 N

B yueOGHoil nabopaTopuum pPEKOMEHIYETCs HCIONb30BaTh  3HAYEHUE
noBeputTenbHON  BepositTHocTH @ =0.95=95%. CnyvaifHas MOTPemIHOCTD
BBIYHUCTISICTCS 110 popMyrie:

N

Z(Xi - ch.)2

_ qli=t
AX,, =t, \ N(N_D) (9)

31ech Yy4TE€HO, YTO B pEaJbHBIX OMNbITaX YUCIO M3MepeHHid N KOHEYHO;

MOTPEIIHOCTh YMEHbIaeTcs ¢ yBenudeHueM N, ¥ 3aBUCUMOCTh dTa HEJIMHEHHA U
cioxkHa. OHa yuuThIBaeTCs ¢ mnomoumblo kodpduuuenta CrerogeHTa t, ),

3aBUCSLIETO M OT uMcia onbIToB N, M OT 3apaHee 3a/laHHON JTOBEPUTEIbHOU
BeposiTHOCTU ¢« . Tabmuiyy kosdduimentoB CTbOJIGHTa MOXHO HalTH B
IPUIIOKEHUU K JIabopaTopHOMY MpakTUKymy. Eciu cimyuaiinas morpemHocTs (9)

comsMepuma C mpuOOpHOM AX TO OKOHYATEIbHOE 3HAUYCHHE IOIPEHIHOCTU

np.*
BEITUYMHBI CenyeT BuUUCIATH 1o (opmyne (10). Ecam ogna w3 HuX Oosbiie
Ipyroit Oosiee yeM B 3 pasa, TO MeHBIIIEH ClielyeT MpeHeOpeyb.



AX = \/ (Ax,, )+ (Axnp.)z . (10)
Ilpumep eviuucnenus cayuaiunoi nOZpeUWIHOCHU NPU RPAMBIX UZMEPEHUAX
(u3MepsieTcss BpeMsl JBWKEHHUs TIpy3a; JladopaTopHble padOThl «MasATHHK
MakcBemna», «MaatHuk OOepOeka», «KpYTHIbHBIE KOJNEOAHUA», «MaxoBOE
KOJIECO») MPUBOJUTCS B TabiuIle 5; urciio u3mepeHuii N=>5.
[Topsimok nerCTBUM ITPU pACUYETAX:

1. Haxomum cpeanee apudmerndeckoe (cM. hopmyy 7):
10.5+10.2+9.9+9.7+10.2
. = =10.1c
' 5
2. Beruncnsiem oTkIIOHEHHS At; OT CpeIHETo B Ka)KJJOM OIIBITE:
At =ft,, —t|=[10.1-10.5=0.4,

At, = ‘tcp. —tz‘ = ‘10.1—10.2‘ =0.1, u T.1., cM. Tabauny 3.

3. Bossoum At; B kBazpar (cTonbern (At; )2 TaOIMLBI 3):
(At =0.16; (At =0.01,ur.x.
4, Brruucnsem cymmy KBaJpaToOB OTKJIOHEHUH OT CpeiHEro:

5
3 (At =0.4% +0.1% +0.22 +0.42 +0.1> = 0.38.
i=1

5. Haxomgum mo ta61.4 koadgdunrent CThroieHTa t,n= 2.78 ms

o =0.95, N=5 u BeruncinsieM ciay4daiHyI0 MOTPENTHOCTH 110 (9):

i (At )

At i1 78] 938 _gag3504c.
' N(N -1 5(5-1)
6. JlomycTuM, 4TO Hall CEeKyHAOMEp — HU(PPOBOU, U3MEPSIOLIMIA

BpeMs C TOYHOCTBIO JI0 AECATHIX J0JIEH CEKyHHbI, TOrJa ero MpHOOpHYIO
HOTPEIIHOCTh CJEAYeT OLEHUTh KaK EAMHMILYy IOCJIEIHETO JaBaeMoro
CEKYH/IOMEPOM pa3psja:

At,, =0.1c.

1. OxkonuarenbHo 110 (10):

at=(at,, P +(at,, F =v/04% +0.2 ~0.4c.

Taomuma 3
Ne 5
2 At,
/n ti,c t,..c Aty c (Ati )2’ G Z(A’[i) , ¢ .
i=1
1 10.5 04 0.16
2 10.2 101 0.1 0.01 0.38 04




3 9.9 0.2 0.04
9.7 0.4 0.16
5 10.2 0.1 0.01

SN

Buviuucnenue nozpeumocmeﬁ npu KOC6EHHbIX UMEPEHUAX
HpI/I KOCBCHHBIX H3MCPCHHAX MCKOMAas BEJIHMYMHA Y BBIYHACILICTCA II0

dbopmyse, MOJy4eHHOW HAa OCHOBAHMM KaKUX-TMOO (PU3MUECKUX 3aKOHOB, IPHU
IIOJICTAHOBKE B HEE HECKOJBKUX BEIUYMH X, X,, X3, ..., HOJYYEHHBIX IPIMBIMU

HU3MCPCHUAMH, a TAKIKC HM3BCCTHBIX TaOJIMYHBIX 3HAYCHWH M KOHCTAHT. Takum
06p&30M, HUMCCTCA (bYHKHI/IH HCCKOJIBKUX IICPCMCHHBIX

y = f(X,%,%s,...). (11)
HpI/I W3MEHEHNHU 3HAYECHUS JTI000T0 AprymcCHTa Xl niim X2 , AJIN X3 gesens 6yﬂ;eT
U3MCHSATBCS U 3HaYeHue (yHkuuu. Hampumep, mycTh X; M3MEHWIIOCH Ha MaNyIO

BCIIMYUHY AXl , TOr'Ja 3HA4YCHUC (bYHKHI/II/I HN3MCHHUTCA HA Afl:

of
OX, )X, =const
1/1x,=const
of o
3nech | — — YacTHas NPOU3BOJHAS (YHKLIMU IO NEPEMEHHON X
OX, JIx,=const
1/1x, =const
IPU YCIOBUHM, YTO OCTAJbHBIC apryMEHTBI X,, X3, ... HE u3MeHsAwTcd. Ilpn
U3MEHEHUU X, U3MEHEHUE (QYHKIUU PAaBHO:
of
Afz =| — . AXz, (13)
OX» )X =const
2 /Ix, =const
u tak ganee. [loaHoe u3MeHeHue
Ecniu  u3MmeHstoTcst Bce  apryMeHTBl X, Xy, X3, ... (QYHKIMH

y= f(Xl,XZ,Xg,...), TO TeOpUs (PYHKIMN HECKOIBKUX MEPEMEHHBIX NaET TaKylo
dbopmyny 11t mosiHOro nuddepenirana (MoJHOTO U3MEHEeHHs ) PYHKIINH:

of of
%1 e Zconst %o Je —comet
3 3

XOTsl OTPENIHOCTH — TOXKE CBOET0 POJia Majible M3MEHEHHMsI, U TIOX0XH Ha
mudepeHnranbl, HoO €CTh MEXKIy HHUMH CYIIECTBEHHbIE OTiMuus. Hampumep,
MIOTPENTHOCTH, TI0 OTPE/ICICHUIO, BCET/Ia TTOJIOKHUTEIBHBI (MOIYJIb OTKJIOHCHHS OT
cpeadero), a wusmeHenus (12), (13), ... B oOmem ciaydyae MOTryT OBITh



OTpHIATENbHBI, TaK 4TO B opmyie (14) u (15) MOTyT YaCTUUYHO KOMIIEHCUPOBATh
apyr apyra. I1oaToMy peKOMEHIyeTcss BMECTO CYMMBI MCIOJI30BaThb KOPEHb M3
CyMMbI kBajpaToB (16), ananornuno teopeme Iludaropa, mockoibKy U3MEHEHUs
aprymenToB AX;, AX,, AXs, ... HE3aBUCUMBI JPYT OT APYra, «OPTOrOHAILHED.

Af = (A%, ) + (A, P + (AT, P +...,

2 2 2
Af = (ﬂ-Axlj +(E-Ax2j +[1-AX3J +onn (16)

OXy OX3

HaHOMHI/IM, 4TO YaCTHBIC IIPOHU3BOAHBLIC BBIYUCIIIOTCA TaK JKC, KaK H
06LI‘{HLI€, HO €CJIM 3TO IPOU3BOJAHAA, HAIPUMEDP, IO X, , TO TOJIBKO X, CHHATACTCA

HepeMeHHOﬁ, a BC€ OCTAJIBHBIC apTYMCHTBI X;, X3, ... — KOHCTAHTHI.

Pacuét nmpous3BoaHBIX U TIOrpemHocTel 1o (16) ObIBaeT rpoOMO3/IKOM 3aJauei.
OnHako B HEKOTOPBIX CIy4YastX MOYKHO CHJIBHO YIPOCTUThH Pacd€Thl, HAPUMED, B
ciydae, ecid B (Gopmyiy s f BXOIAT TOJBKO CTENEHW BEJIMYMH U JCHCTBHUS
YMHOXXEHUA U JeineHus. B kauectBe mnpuMepa pacCMOTPUM  BBIYMCIICHUE
norpemnoctu Mmoayiist FOnra (17):

mgl®

E=y=f(mqg,l hab)= .
y="f(mg ) pr

a7

B cootBercTBUU € (16)

2 2 2 2 2 2
AE = (ﬁ-Amj + E-Ag +(§-Alj +(§-Ahj +(§-Aaj +(§-Abj
om g ol oh oa ob

oE gl E_ ml’ of _ 3mgl®

om  4hab®’ 69 4hab®’ ol 4hab3’
OE _ mgl® o mgl® OE _ 3mgl®
oh  4n%ap® oa  4ha’b®’ ob  4hab*’

[Ipy BBIYMCIIEHUH OTHOCUTEIBLHOM MOTPENIHOCTH & TPOMO3AKUE (HOPMYIIbI
nociie COKpaIlleHHS YIPOILIAKOTCA, Tax, Harpumep,
(GE) / E=|- 3mg|3 mgl3 __3 AHAJIOTUYHOE COKpAallleHUE MPOUCXOIUT U

ob 4hab* )/ 4hab® b’

B JIPYTUX CJIara€MbIX IOJ] KOPHEM, TaK KaK B MCXOJHOU (hopmysie eCTh TOJIBKO

CTeNeHHble (YHKIUU BEJIMYMH, a MPOU3BOJIHAS CTEIIEHHOW (YHKIIMU f(x): AX"

n Y _ n-1 o . f, _ Aan_l _ n
paBHa |AX ) = AnX' ~ u o0xagaeT 3aMeuyaTelIbHBIM CBOHCTBOM: T = T =—.
X X

Takum 00pazom,



2 2 2 2 2 2
o AE_ [A_mj (A9 +(3_A'j {A_hj +(E) +(@j @9
E m g I h a b

N3-3a rpoMo3K0CTH BhIYMCIICHHM 110 (16) momyckaercs npu HEOJHOKPATHBIX
KOCBEHHBIX HM3MEpPEHHUAX HCIONb30BaTh (opmyny (9) pacuéra ciydailHbIX
MOTPENTHOCTEN MPU MPSIMBIX U3MEPEHUSX.

Iloctpoenne rpaduxonB; rpaduyeckass o00padoTKa Ppe3yJIbTATOB
IKCIIEPUMEHTAa

[TosryueHHble B pe3yibTaTe SKCIEPUMEHTOB 3aBUCHMOCTH H300pa)karoT B
BUJE TIpaUKOB HE TOJBKO /I HAlNIIJHOCTH U YAOOCTBAa HCIOJIB30BaHUS.
I'padmueckass 0OpabOTKa OMBITHBIX JAaHHBIX — YJOOHBIM M MPOCTOM MHCTPYMEHT
JUISL ONIPEACIICHNS] U3MEPSIEMBIX BEJINYUH.

[Tpu noctpoennu rpa)uKOB HYKHO BBIIIOJHSATH CIEIYIOUIUE TPEOOBAHUS.

1. I'paduku CTpOAT HA MUJUIUMETPOBOI Oymare.

2. Ha KOOpOWMHATHBIX OCSX VYKa3bIBalOT O0O3HAUYEHUS BEIWYMH U UX

Pa3MEPHOCTH.

3. Ilnomanp yeprexa UCIONb3YIOT MAKCUMAIIBHO: TpaduK JOJIKEH
3aHMMAaTh MPUMEPHO OJUHAKOBOE MPOCTPAHCTBO MO OOEUM OCSIM; IpHU
3TOM HA4yajo OTCYETA MOXKHO CIIBUIaTh.

4.  DKclepUMEHTaJbHbIE TOYKH JIOJKHBI OBITh YETKUMU, IPKUMH U
OJIMHAKOBOW BEJINYHHBI.

5. MacmrabHble JejaeHuss Ha KOOPJMHATHBIX OCAX HAaHOCST
PaBHOMEPHO, @ KOOPANHATBI SKCIIEPUMEHTANBHBIX TOYEK HE YKA3bIBAIOT U
COOTBETCTBYIOIIAE TOYKAM JIMHUU HE MPOBOJSIT.

6. MacmTab AomxkeH ObITh YJ00€H, YTOOBI TMOJIOKEHUE 000
TOUYKH MOHO OBLJIO JIETKO onpenenutb. Henb3s, HanpuMmep, UCIOIb30BaTh
MacmTad, B KOTOPOM Ha 5 [ENE€HUA MWUITMMETPOBKM MNPUXOAUTCS 3
€AMHUIIBI U3MEPSIEMON BEIUYUHBI.

7. llpu 3HauuTenbHOM pazdpoce TOYEK KPUBYIO (CM. puUC. Ha
00JI03KKe) WK TpsiMYI0 (puc. 4) MPOBOASAT B CPEAHEM MEXKIY TOUKAMH, TO
€CThb MMPOU3BOJAT IpauyeCcKOe yCpeTHEHHE.

Ilpumep nocmpoenusa cpaguka: B nadoparopHoit padore «IIpykuHHBIN
MasiTHUK» MpeJjiaraeTcsi ONpeIeNUTh KECTKOCTh NPYXKHUHBI TpaduuecKkum
METOIOM, TTOCTPOUB 3aBUCHUMOCTb JITMHBI | TIPY>KUHBI OT Macchl M MOJBEIICHHOTO
K Heill rpy3a. B Tabin. 4 npuBeneHbl COOTBETCTBYIOIIME 3KCIEPUMEHTAIbHbBIE
JTAHHBIE.

Ta0Omuma 4

|mxe [010 [020 [030 [04 |05 |06 [07 |08 [09 [10




Luwm 474 477 [490 [527 [570 |579 [583 [621 |625 | 670

Ha puc. 1 mpencraBieH NpaBWIBLHO IMOCTPOCHHBIN TpauK 3aBUCHMOCTH
I=f(m), ma puc. 2 — rpaduk, opopmieHHbII ¢ ommOkamu. [lepeuncium >TH
OIINOKH:

1. Heepno BbeIOpaHBI KOOpAMHATHBIE OCH: Macca M —
HE3aBUCUMAs TepEeMEHHas, apryMeHT (DYHKIMH, TOJDKHA OTKJIAJbIBATHCS
110 TOPU3OHTAIBHON ocH (ocH abciucce), a umuHa | IpyKMHBI — QYHKIHS
MAacChI — [0 OCH OpJIMHAT.

2. He ykazaHbl eAWHWIBI HW3MEPEHUS W HE TMOAMNKCAHA OCh
abcuucce.

3. Ilmomramp depTexa WCMOJIL30BaHA HE IOJHOCTHIO: ObLIA
BO3MOYKHOCTh CJIBUHYTH Ha4aJi0 KOOPJMHAT JIS JJTMHBI |.

4.,  DKCIepUMEHTAJIbHBIC TOYKH PA3HOW BEIUYHHBI, a HEKOTOPHIC
BOOOIIIE HE OTMEUEHBI.

5. MacmrabHble JeieHus i MacChl HAaHECEHbl HEPABHOMEPHO
(ecmm ecth 0.1, To momxHbI ObITH 0.2, 0.3, 0.4, 0.5 u T.1.).



6. BMecTto MmacmTaOHBIX I[eJ'IeHI/Iﬁ 4 JJIWHBI HAHCCCHBI
KOOPOWHATBI 9KCIICPUMCHTAJIbHBIX TOYCK.

I..wA
0.7
0.6 :
Al=0.26 m
0.5 £
b Am=1.18 ke
0.4 | | i | ! fizidisl
0 0.2 0.4 0.6 0.8 1.0 ; )n.xe
Puc. 1
m
3O 21 GTRA TR 9T BT S IR 5 GEHES ISR TN (yRAd (4N WO AT M L3 syt |
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Puc. 2

7.  TlpoBeneHsl IMIIHNE TYHKTUPHBIC JIMHUU.

8.  BbiOpan Heyq0OHBINH MacIITad AJIs AJTUHBL.

9. HempaBuinbHO  COCOMHEHBI  OKCIEPUMEHTAIBHBIE  TOYKH:
3apucuMocThb |=f(M) — nuHelHas, 1 TpaduK MpeacTaBIseT COOOU MPAMYIO
JIMHUIO.



B pabote mpennaraercsi BRIYMCIUTD KECTKOCTh MPYKUHBI Y€pe3 KOTAHTEHC
yTIJla HaKJI0HA MOJIy4YEHHOH TIPSMOM ¢ OCH aOCIHCC:
Am
Al

s aToro rpaduyecku ycpeaHseM MOoJydeHHbIE JaHHbBIE, MPOBOS MPSIMYIO
Tak, I{T06}>I OHa JICKaJla KaK MOZKHO 6JII/I>I(€ K OKCIICPUMCHTAJIbHBIM TOYKaM, H

k=g-ctgy=9- (19)

9TOOBI 10 00€ CTOPOHBI OT MPSMOM HAXOIWJIOCH MPUMEPHO OJUHAKOBOE YHUCIIO
Touek. Henb3si coequHATh MEpPBYIO M TOCIEIHIOI TOYKH, KaK Ha pHUC. 2. TeM
CaMbIM UTHOPHUPYIOTCS BCE OCTAJIbHBIC TAHHBIE.

Ha puc. 1 Ha rpaguke Kak Ha THUIOTEHY3€ IOCTPOEH MPSMOYTOJIbHBIN
TPEYTroJbHUK, KaTeThl KoToporo: Am=1.18 ke, Al=0.26 u. Torma mo (19):

k=9.8*£=44.5H/M.
0.26

MoxHo mocTtpouth Tpaduk B EXCel, 3amaB nuHEHHYIO TUHHIO TpeHAa C
TpeOOBaHHEM TIOKa3blBaTh ypaBHEHHE Ha JUarpaMme; TOTJa MporpaMmma
ABTOMATHUYECKH BBIYUCISAET YIIOBOW KOA(D@PUIIMEHT — TaHTEHC yIjia y HaKJIOHA
rpaduka k ocu adcuucc (puc. 3): tgy =0.220, otkyna xeéctkocth o (19)

I a v=0.220x+ 0.440
0,800

0,700 1
0,600

0,500

0,00 0,20 0,40 0,60 0,80 1,00 1,20

Puc. 3



