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BBEJIEHUE

Baxxnolt cocraBistomeil kypca «®usnka» sBISETCA J1a0OpaTOPHBIN
MPaKTUKYM, KOTOPBIM MMO3BOJSET HAaMOOIee MOJTHO YCBOUTH MOTYYEHHBIE TEO-
peTudeckue 3HaHUA. ['aBHbIE 3a7a4l J1a00OPATOPHOrO MPAKTUKyMa ClEeayIo-
ue:

1) sxcriepuMeHTaIbHas poBepKa GU3HMUECKUX 3aKOHOB,;

2) OCBOCHHME METOAMKU M3MEPEHUI U MPHUOOpPETEeHHE HAaBBIKOB (pu3nye-
CKOT'0 DKCIIEPUMEHTA;

3) u3ydeHue NpUHLUIOB padoThl PU3NUECKUX MTPUOOPOB;

4) npuobpeTeHue yMeHusi 00pabOTKU PE3yJIbTaTOB SKCIIEPUMEHTA.

JIJisi yCHEeHOro BBIMOJHEHUS JTa0OpaTOPHBIX paboT HEOOXOIUMO TaK-

KC CO6JIIOIIaTB MPUBCACHHBIC JAJICC MCTOANYCCKNUC YKA3aHU.

1. METOANYECKHUE YKA3AHUA 110 BBIIIOJTHEHU IO
JIABOPATOPHBIX PABOT

[Ipex e yem mpUCTYNHUTh K BBIMOJHEHHUIO JTA00paTOPHOM paboThI, CTY-
JIEHTY HEOOXOJAMMO BHMMATEILHO O3HAKOMUTCS C €€ METOJMYECKHM OIHCca-
HUEM, COJIEPIKAIIINM:

1) Ha3zBaHue paboOTHI, €€ 1Ieb;

2) mepedeHb MpUOOPOB U MPUHAIICKHOCTEH;

3) S7IEMEHTHI TEOPUH;

4) METOIUKY TIPOBEJACHUS PAOOTHI;

5) mopsAI0K BHITIOJTHEHUS PabOTHI;

6) MeToAMKY 00pabOTKH Pe3yIbTaTOB U3MEPEHUI;

7) KOHTPOJIbHBIE BOMPOCHI.

OcHOBHasi 4acTh BPEMEHH, BBIJICIICHHOTO Ha BBITIOJIHEHHUE JabopaTop-
HOM paboThl, 3aTpavyMBAECTCS HA CAMOCTOSTEIBHYIO MOATOTOBKY. CTymeHT
JOJKEH MOHUMATh, YTO METOJMYECKOE OMHCAHUE — 3TO TOJIBKO OCHOBA MJIA
BBHITIOJTHEHUS Pa0OThI, YTO HABBIKK IKCIIEPUMEHTUPOBAHMS 3aBHCIT HE OT Ka-
YecTBa OMHCAHMS, a OT OTHOIICHHUS CTyJACHTa K pabore W 4To (OpMaIbHO,
0e3yMHO TIPOJICTAHHBIC H3MEPEHUSI — 3TO TIOTPAYCHHOE BIYCTYIO BpeMs. Ec-
JU CTYACHT NMPHUCTYIAET K padoTe 6€3 4€TKOro MPEICTaBICHUS O TEOPUHU H3Y-
4aeMoro BOMPOCa, OH HE CMOXKET MOHATh (PU3NUECKOe SBIICHNUE, HE CYMEET OT-
JENMATh U3ydaeMblil 3(HEKT OT CIyJailHBIX OIMIMOOK, a TAK)KE OKAXETCS HE B
COCTOSIHUU CYIUTh 00 MCIPABHOCTH M HEUCIPABHOCTH ycTaHOBKH. [losTOmMYy
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ATaly BBINOJIHEHUS PadOThl MPEIIIECTBYET «JIOMYCK K paboTrey». DTOT 3rtamn
HEO0OXO/MM U MO TOM MPUYUHE, YTO B JJAOOPATOPHOM MPAKTUKYME YacTO HU3Y-
YaloTCS TEMBI, €UIe HE MPOYMTAHHBIE Ha JEKIUAX U JaXe HE BKIIOUCHHBIE B
JEKUUOHHBIN Kypc. IIpexae yeM BbINOJIHATH 1ab0paTopHyto paboTy, CTyIeH-
Ty HEOOXOAMMO pazo0paThCsi B YCTPOMCTBE YCTAHOBKU WIIM MAaKeTa, MOPSJIKE
MPOBEJICHNUS U3MEPEHUM, a TAK)KEe UMETh MPEJICTAaBICHUE O TOM, KAKUE pacye-
Thl HEOOXOAMMO OYJIET MPOBECTH.

BrlnonHeHne KaxaoW W3 3alUIAaHMPOBAHHBIX palbOT 3aKaHYUBAETCS
npencrapieHueM oryera. OTtuer o nabopaTopHOl paboTe CTYAEHT JIOJKEH
Ha4yaTh OOPMIISITH €Ill€ Ha JTare MOATOTOBKH K €€ BblnojiHeHuto. [lomyuas
JIOIYCK K JJaOOpaTOpHOM paboTe, KaXIbli CTYyACHT JOKEH MPEICTaBUTh Tpe-
M0JIaBaTEII0 «3aroTOBKY» OTYETa, COJEepKallyo: OQOPMICHHBIM TUTYJIbHBIN
auct (cMm. puc. 1), nenp padboThl, TPUOOPHI U MPUHAIICIKHOCTH, ICKU3 DKCIIC-
PUMEHTAIBHOTO MAaKeTa, OCHOBHBIE 3aKOHOMEPHOCTH H3y4aeMOro SIBJICHUS U
pacuetHbie popmysibl. UTOOBI COKOHOMUTH BpeMs MPU BBIMOTHEHUH PabOTHI,
PEKOMEHyeTCsl 3apaHee MOJArOTOBUTh M TAOJUIly [JIsl 3alUCH PEe3yJbTaTOB
U3MEPEHUN.

MuHucmepcmeo Hayku U 8bicuie20 06pa308aHUs
Poccutickoii Pedepayuu

Psizanckull 2cocydapcmeeHHbll paduomexHUu4ecKull yHugepcumem
Kagedpa OuIP

JlabopamopHas pa6oma Ne 1-6
«H3yueHue spaujameibH020 d8udceHus Ha hpubope Obepbeka»

Buinoanua: cm. ep. 929
HeaHos A.b.

IIposepua: doyeHm
I[lempos B.I.

Psa3zaHb 2019

Puc. 1. O6pazen opopmiieHHs TUTYIHHOTO JINCTA

[Tocre BBIMONHEHUS JTA0OpPATOPHON pabOTHI HEOOXOAMMO COTIIACOBATH
MOJIyYEHHBIE PE3yJbTaThl ¢ npenojasareneM. [lociie 3Toro HyHO NPOBECTH
pacueTsl U OLEHKY MOTPEIIHOCTH U3MEPEHUMN COTJIACHO METOJIMYECKHUM yKa3a-

HUAM.
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BaxknpiM sTanoM Takke sBISETCS 3amuTa jgabopartopHoil paboTsl. B
MPOLIECCE 3ALIUTHI CTYAEHT OTBEYAET Ha BOIPOCHI MpENoaaBaTelis, Kacatouu-
€Csl TEOPUU U3Y4aeMoro sIBJICHUS, KOMMEHTUPYET MOIYyUYEHHBIE B X0/1€ padOThI
pe3ynbrathl. [Ipu moAroToBke K 3amure J1abOpaTopHOW pabOThl PEKOMEHIY-
€TCs IMO0JIb30BAThCS JOIIOJIHUTEIBHON JINTEPATYPOU, CIIMCOK KOTOPOM IpHUBE-
J€H B METOJMYECKOM OIMCAHHUM, a TAKXKE KOHCIEKTOM Jiekiui. OT Toro,
HACKOJIBKO TIIATENLHO CTYJIEHT FOTOBUJICS K 3alIUTe JJAOOpaTOpHON paldoThI,
BO MHOT'OM 3aBHCHUT U KOHEUYHBIN pe3yabTaT ero oOy4eHus.

2. OCHOBHBIE ITIOHATHUSA Ob UBMEPEHUAX

HN3mepenue ¢puznyecKod BeJUYUHBI — MPOLECC CPABHEHUS U3MEpsicE-
MOW BEJIMYMUHBI C TOMOIIBIO TEXHUYECKUX CPEJICTB C OJJHOPOAHOM €I BEIUYu-
HOM, YCJIOBHO IIPUHSTOMN 3a €UHHULLY.

PaznuuaroT npsiMbie ¥ KOCBEHHBIE U3MEPEHUSI.

IIpssMBbIM M3MepeHHeM Ha3bIBAIOT U3MEPEHUE, MPU KOTOPOM HCKOMOE
3HAYEHUE BEIMYUHBI HAXOISIT HEMOCPEACTBEHHO U3 JaHHBIX OMBITA.

KocBeHHBIM M3MepeHHeM Ha3bIBalOT U3MEPEHUE, NIPU KOTOPOM HCKO-
MO€ 3HA4Y€HHE BETUYMHBI HaXOAST HAa OCHOBAHHH W3BECTHOM (PYHKIIMOHAIb-
HOM 3aBUCHMOCTH MEXJy HEH W BEIUYMHAMU, SBJLIIOLIMMUCS pe3yJibTaTaMHU
IPSMBIX U3MEPEHUMN.

B ¢dusnueckom skcniepuMenTe J1r060e u3MepeHue (IpsiMoe Wik KOCBEH-
HOE) JTaeT HE UCTUHHOE, a JIMIIb MPUOIU3UTEIbHOE 3HAUCHHUE TaHHOHN (hu3nye-
CKOM BEJMYHHBI. Takoe 3Ha4YeHUE, HANAECHHOE SKCIIEPUMEHTAIBHBIM IIyTEM U
MaKCHUMAaJIbHO MPUOJIMKEHHOE K HCTUHHOMY 3HAYCHHIO, Ha3bIBaeTCs e-
CTBUTEJbLHBIM 3HAYeHUEM (U3UYCCKON BEIMUMUHBI Xjeiicrs: B KadeCTBE JICH-
CTBUTEJIBHOTO 3HAYECHHS YacTO HMCIOJB3YETCs cpeAaHee apupMeTHUYecKoe OT-
JEIbHBIX IOBTOPHBIX H3MepeHuil. [loaToMy pe3ynpTrar u3MEpeHUsT UMeeT
LIEHHOCTh TOJBKO TOT/A, KOTJa MOKHO OLICHUTh €r0 HEONPEAECIEHHOCTh. Xa-
PAKTEPUCTUKOM MHTEpPBaja HEONPEACIEHHOCTH PE3ybTaTa U3MEPEHUS SBJIS-
€TCA MOIPEelIHOCTHh pe3yJbTara u3MepeHus. [lorpemHOCTH MOXKET BbIpa-
KATbCAd KaK B €JUHUIIAX U3MEPSEMOW BEIWYMHBI — a0COJIIOTHASl MOTrpel-
HOCTBH AX, TaK ¥ OTHOIIIEHWEM a0COJIFOTHOW MOTPENIHOCTH K JEHCTBUTEIHHO-
MY 3HAYEHHIO U3MEPSIEMON BEJINYNHBI — OTHOCHTEIbHAS MOTPELIHOCTD!

sx =X L)

TIECTB
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@DaKTUYECKH OTHOCUTENbHASI MOTPEIIHOCTh MOKA3bIBAET CTEICHb HE-
TOYHOCTH MOJYYEHHOTO PE3YJIbTAaTa U YACTO YKa3bIBAETCA B MIPOLCHTAX.

[To uCTOYHMKY BO3HMKHOBEHHUSI MOTPEIIHOCTH U3MEPEHUMN AENAT HA UH-
CTPYMEHTAJIbHBIC, METOIMUECKUE U CYOBEKTUBHBIE.

NHcTpyMeHTA/IbHAS MOTPEMIHOCTh — COCTABJIAIONIAS] MOTPEUIHOCTH,
00yCIOBJI€HHAs HECOBEPILICHCTBOM MIPUMEHIEMOT0 CPEICTBA UBMEPECHHUSL.

MeToauyeckasi MOrPelIHOCTh — COCTaBJISIIONIAS TIOTPEIIHOCTH, 00Y-
CJIOBJIEHHAs] HECOBEPIIEHCTBOM MeToAa u3Mepenuil. K Held oTHOCAT morpeni-
HOCTH, OOYCJIOBJICHHBIC OTJIWYUEM MPUHITON MOJAEIH 00BEKTa U3MEPEHHUS OT
peasbHOTO 00BEKTa, HECOBEPIICHCTBOM CIIOCO0A BOIUIONICHUS MPUHIIUIA W3-
MEpEHU, HETOYHOCTHIO (HOPMYJI, MPUMEHSIEMBIX MPU HAXOXKICHUU PE3yJIbTa-
Ta U3MEPEHUM, U ApyruMu (akTopaMu, HE CBI3aHHBIMU CO CBOMCTBAMU Cpe/l-
CTBa U3MEPEHUSL.

Cy0beKkTHBHASI MOTPEHIHOCTh — COCTAaBJISIONIAs TOTPEITHOCTH, 00Y-
CJIOBJICHHAs WHIWBHUAYaJbHBIMU OCOOCHHOCTSIMU OIlepaTopa, T. €. IMOTpelll-
HOCTb OTCUETa ONEPaTOPOM MOKA3aHUN MO IIKAJIaM CpeacTBa uaMmepeHus. OHu
BBI3BIBAIOTCS COCTOSIHUEM OIE€paTopa, HECOBEPILIEHCTBOM OPraHOB YyBCTB, 3p-
roHomMuueckumu coiictamu CH.

[To xapakrepy nposIBIEHUS pa3aesSOT CUCTEMATHUECKUE, CIIyYallHbIE U
rpyObie MOTPEUTHOCTH.

I'py0oii morpemrHoCTHI0 (ITPOMAxXOM) Ha3bIBAKOT MOIPEIIHOCTbD, CYIIIE-
CTBEHHO MPEBBIIIAIONIYI0 0XKUJAEMYIO IIPU TaHHBIX YCJIOBUSAX MOTPEIIHOCTb.
Ona BO3HHUKAET, KaK MPABUIIO, MU3-32 OUIMOOK WM HENPABHJIBHBIX JIEHCTBUIA
orepatopa (HEBEPHBIA OTCUET, OUTUOKA B 3aMUCIX WJIM BBIYUCICHUSIX, HEIpa-
BuiIbHOE BKItoueHne CU u np.). Bo3aMoxHOW NMPUYMHON MpomMaxa MOTYT ObITh
coon B paboTe TEXHUYECKHUX cpencTB. EcTecTBeHHO, 4TO rpyObIe MOTPEIIHO-
CTH JOJIKHBI OBITh OOHAPYKEHBI U UCKIIIOUEHBI U3 Psifa U3BMEPEHUM.

CucremaTuyeckasi NMOTrPelIHOCTb — COCTaBIIAIONIAS IMOTPEIIHOCTH,
OCTAIOIIASICS MIOCTOSIHHOM WM K€ 3aKOHOMEPHO U3MEHSIOIIASCS HPU ITOBTOP-
HBIX U3MEPEHUSIX OJHOW M TOW K€ BeNMYMHbI. CUCTEMATHUYECKUE MOTPEIIHO-
CTU TOJJIE)KAT UCKIFOYEHUIO, HACKOJIBKO BO3MOXHO, TEM WJIM HUHBIM CIOCO-
6oM. OHAKO MOTHOCTHIO UCKITFOYATHh CUCTEMATUYECKYIO MOTPEITHOCTh MPaK-
TUYECKU HEBO3MOXXHO, M KaKasi-TO €€ HeOOJbIasi 4acTh OCTAETCSA M B UCIIPAB-
JIEHHOM Pe3yJbTaTe U3MEPEHUN. DTHU OCTATKH HA3bIBAIOTCS HEHCKJIHYEHHOMH
cucTeMaTHyeckoii morpemnoctoio (HCIT).
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Ciry4yaiiHOM NOTPEelIHOCTBI) HA3bIBACTCS COCTABIISIONIAS MOTPEIIHO-
CTH U3MEPEHUs1, U3MEHSIOMIASACS CIIyYaliHbIM 00pa30M (110 3HAKY M 3HAYEHUIO)
IIpY IOBTOPHBIX U3MEPEHUAX OJHOM U TOU XK€ BeauuuHbl. [IpuunHbl ciryyan-
HBIX MOTPEIIHOCTEd MHOTOOOpa3Hbl: IIYMbl U3MEPUTEIBHOIO mpubdopa, Ciy-
YaifHble Kosie0aHUs MapaMeTpOB AIEKTPUUECKON CETH U YCIOBHM M3MEPEHUIH,
IIOI'PEIIHOCTU OKPYIJVIEHUs OTCYETOB M MHOI'ME ApYyrue. B MOsBICHUM TakuX
MOTPENIHOCTEN He HaOMI0JaeTcs KaKoH-Tu00 3aKOHOMEPHOCTH, OHHU IPOSB-
JIAOTCA IPU ITOBTOPHBIX U3MEPEHUSIX OJHOU U TOM K€ BEIMYUHBI B BUJE Pa3-
Opoca pe3ynbTaToB M3MepeHuil. [loaToMy olneHuMBaHUE ClIy4YalHBIX MOTpPEll-
HOCTEU U3MEPEHUN BO3MOXKHO TOJIBKO Ha OCHOBE MaTeéMaTU4E€CKOW CTaTUCTHU-
Ki. B omiMune oT cucTemMaTHyYecKHX, CIIy4alHbIE IOTIPEIIHOCTH HEJNIb3s HUC-
KJIFOYUTH U3 Pe3yJIbTaTOB U3MEPEHUN IIyTEM BBEICHUS IIONPABOK, OJHAKO UX
BJIMSIHUE MOKHO CYILIECTBEHHO YMEHBIIUTh IPOBEJACHUEM MHOIOKPAaTHBIX U3-
MEpEHUM.

3HauYEeHUS U3MEPSAEMON BEIUYMHBI, OTIUYAIOIINECS OT AEHCTBUTEIBHO-
ro 3Ha4YeHUsl He OoJiee YeM Ha BEJIMYHMHY a0CONIOTHOW MOTPEIIHOCTH, 00pa3y-
10T JOBEPHUTEJbHBIH HHTEPBAT — (Xpeiicrs—AX; XyeiierstAX). JlOBEepUTEIbHBIM
Ha3bIBAIOT UHTEPBAJ, KOTOPBIM IOKPBIBAET HEU3BECTHOE MCTUHHOE 3HAYCHUE
(u3nyeckoll BETMYMHBI C 33JaHHON HaJEKHOCThIO. B KkauecTBe xapakrepu-
CTUKH HAJICKHOCTH UCIIOJIB3YETCS JOBEPUTEIIbHAS BEPOSITHOCTD.

JloBepuTeibHasi BEPOSATHOCTH — 3TO OTHOIIICHUE YHUCJIAa U3MEPEHHI M,
3HAYCHUSA KOTOPBIX IMOMAJAI0T B 3aJIaHHBIA THAINA30H 3HAYEHUN U3MEPSIEMOMN
BEITHMYUHBI (Xeiiers—AX; XpeiierstAX), K 00IIEMY (OCTATOYHO OOJIBIIOMY) YHCITY
MOJIYYCHHBIX PE3yJbTaToB HU3MepeHuss N, T.e. A0Jisi pe3yiabTaTtoB, COOTBET-
CTBYIOIIMX HEKOTOPOMY JMaIa3oHy 3HAaYECHUN U3MEPSeMOU BETUUHHBI .

p=1 @)
N
OHa 1noka3pIBaeT BEPOSTHOCTH TOT'O, YTO MOJYUYEHHOE MPU U3MEPEHUSIX Je-

CTBHUTCIIBHOC 3HAYCHHE Xpeiicrs OTIIMYACTCSA OT MCTHHHOI'O 3HAYCHUA H3MEpsIC-

MOM BeJIMYMHBI HE OoJjiee YeM Ha AX.
Takum oOpa3zoM, pe3ynbTaTbl Kak MPAMbBIX, TAK U KOCBEHHBIX H3MeEpe-
HUM AOJIDKHBI IIPUBOAUTBHCA B BUAC
X=X ey TAX, OX=...9, P=.. (3)
[Tpu 3anmcu pesynbTaTa U3MEpeHus: a0CONMIOTHAS M OTHOCHUTEIbHAS TIO-

IPEIIHOCTA OKPYTJIsitoTes. JlomycThMBbl ABa cioco0a OKPYTJIEHHS MOTPEIIHO-
CTH:
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1) ynpoméHHblii — eciu niepBasi 3Havamas udpa morpemHocTy 1, 2 uiu
3, TO B 3alKCH MOTPEIIHOCTH OCTABIAIOTCS ABE 3Hadamue Iupbl, a eciu
nepBasi 3Havamas udpa morpemHocTd 4 win 6ojee — TO OCTaBISAETCS OHA
3Hayvamas 1mudpa;

2) YCIIO)KHEHHBIH — OCTaBIsieMble 3HAYaliue MU(Pbl MOTPEHIHOCTH
JOJKHBI IpUHAAJIekKaTh psiay S —6—-7-8-9-10-12-14-16-18 - 20 -
25 — 30 — 35 — 40 — 45. [Ipu 3TOM MOTrPEelIHOCTh OKPYTJIEHUS MOTPEIIHOCTH
0oJiee paBHOMEpHA BO BCEM Juariazone u He npesbiiaeT 10 %.

H3MepeHHOE 3HaUEHNE BETMUYUHBI OKPYTISIETCS 10 TOTO XKE pa3psaa, 10
KOTOPOT'O OKPYTJIEHA TIOTPEITHOCTb.

3. OCHOBHBIE ITOHATHUSA O CPEACTBAX USMEPEHUSA

TexHudeckoe CpeiCcTBO, MpeAHA3HAUYCHHOE ISl U3MEPEHUH, UMEIOIIee
HOPMHPOBAHHBIC METPOJIOTHUCCKUE XapaKTEPUCTHUKHU, Ha3bIBACTCS CPEICTBOM
m3mepenus. K cpejcrBam u3MepeHuss OTHOCITCS MEPbl (PU3UYECKUX BEIIMYHH,
U3MEpUTEITbHBIC TPEeoOpa3oBaTEeIIM, U3MEPUTEIIbHBIC MPUOOPHI, H3MEPHUTEIIb-
HbI€ YCTAaHOBKHU, U3MEPUTEIBHBIE CUCTEMBI U U3MEPUTEITHLHO-BBIUYUCTUTEIbHbBIC
KOMIUIeKChl. B maboparopHoM mpaktukyme «®Du3nkay HCIONB3YIOTCS HU3Me-
puTenbHbIE TPUOOPHl M ycTaHOBKH. W3MepurenbHbiM mpudopom (UII)
HA3bIBAETCSl CPEJICTBO M3MEPEHUs, MpPeIHa3HAUeHHOE /I MOJyYeHHs 3Haye-
HUN U3MepsieMoil (U3MYeCcKoi BEIUYMHBI B YCTAHOBJICHHOM JMana3oHe. Ya-
CTO M3MEPUTETHHBIM MPUOOPOM HA3BIBAIOT CPEJCTBO M3MEPEHHIl NJisi BbIpa-
OOTKHM CHTHaJla U3MEpUTEIIbHON HHpOpMaIuu B popMe, TOCTYITHOM I HETIO-
CPEIICTBEHHOTO BOCHpHATHs omnepartopa. U3MepureabHasi yCTAHOBKAa — 3TO
COBOKYITHOCTh (DYHKITMOHAJILHO OOBEIMHEHHBIX U3MEPUTEIIBHBIX TPUOOPOB U
JIPYTHX YCTPOMCTB, ITPEIHA3HAUYCHHAS JUIsI U3MEPEHHUN OJTHOU M1 HECKOJIBKUX
(bu3nUecKrX BETUYNH U PACIIOIOKEHHAS B OJTHOM MECTe.

[To Ty m3MepsieMbIX BEIMYUH MU3MEPHUTEIbHBIC MPUOOPHI JCISATCS Ha
npuOOpsl Ul U3MEPEHUST BPEMEHH, I JTUHEHHBIX U3MEPEHUM, dICKTPOU3-
MEpHUTENIbHBIE TPHOOPHI U AP.

JIJist BceX CpencTB M3MEpPEHUN YCTAaHOBJICHBI METPOJOTHUYECKUE XapakK-
tepuctuku. CormacHo ['OCT 8.009-84, MeTpoJiOrTHYeCKMMH XapaKTepH-
CTMKAMM HA3bIBAIOTCS TEXHUYECKUE XAPAKTEPUCTUKH, OTMHCHIBAIOIINE CBOM-
CTBa CPEJCTB M3MEPCHUM, OKA3BIBAIOIINE BIMSHUE HA PE3yJbTAaThl U HA TIO-

I'pCIIHOCTH HSMCPCHHﬁ, NpCaAHaA3HAYCHHBIC JJII OOCHKH TCXHHNYCCKOI'O YPOBHA
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U KayecTBa CPEACTBA U3MEPEHUH, U1 ONPEACICHUs PE3YJIbTaTOB U3MEPEHUN
Y PAaCYETHOU OLICHKHU XAaPAKTEPUCTUK MHCTPYMEHTAJIBHOW COCTABIIAIOLIEH I10-
IPEIIHOCTU U3MEPEHUM.

3.1. OcHoBHBbIe MeTpoJIOTHYeckne xapakTepuctuku UI1

3.1.1. Illena neaenus UII

3HaueHne U3MEepsEeMON BEIMUYMHBI, BbI3IBAIOIIEH OTKJIOHEHHE yKa3aTe-
7 HA OJHO JeJeHHE IIKaJIbl U3MEPUTENBHOr0 MpuOopa, Ha3bIBAETCS LEHOM
aejenusi npudopa. B obuiem ciyyae 1eHa JefeHus IpeicTaBiIseT co0oil pas-
HOCTb 3HAYEHUN HU3MEPSIEMON BETUYMHBI JJIS JIByX COCEAHHX METOK IIKaJIbl.
Lena nenenust C 3aBUCUT OT BEPXHETO Xmax M HUKHETO Xmin IPEJEIOB U3MEpe-
HUM npubopa u yncna aeiaeHuil N, 3aKI0YeHHBIX MEXIY dTUMU IpeieaMu:

C= Xinax ~ Xmin . (4)
N

Ipumep. Ha puc. 2 npuBenena mkana npubopa, npeaHa3HaYEHHOTO
JUISL U3MEPEHUsI TTOCTOSTHHOTO Toka B mpenenax oT 0 mo 300 MA. Tpebyercs
OTIPEJICNIUTD LIEHY JIeJIeHUs pudopa.

Kak BugHO u3 pucynka, mexay npeaenamu 0 u 300 MA 3akmtoueHo 60
MasbIX aeneHui. Toraa 1ieHa neaeHus: Takoro nmpuoopa

C= M =5 MA/nexn.
60

3.1.2. Ilpeneant usmepenuii UI1

3HaueHUE H3MEPSAEMON BEIUYH-

HBI Xmax, TP KOTOPOM yKa3areib IpH- (00 150 200
O6opa OTKIJIOHSIETCS 1O KOHIIA IIKAJbI, 50 <50

N/
Ha3pIBAETCS  INIPENENOM  HM3MEPEHHS O %
nanHoro mnpubopa. Hampumep, nns MA _ @42xB
MUJUTHAMIIEpMETpa, IIKajga KOTOPOTro 15

MIpUBEJICHA HA pUC. 2, IPEAEIOM HU3Me-

peHHsi  SABISICTCS  TOK  BENMYMHOW  Puc. 2. [lIkana MuimaMnepMeTpa

300 MA.

N3meputenbHbie MpUOOPHl MOTYT UMETh HECKOJIBKO MPEAEIIOB U3MeEpe-
Huii. Takue npuOOpPsI HA3BIBAIOTCSI MHOTONPEIEIbHBIMU, MIOCKOJIBKY UX CXeMa
MpeyCMaTPUBAET N3MEHEHNE NHTEPBAJIOB U3MEPAEMOM BEIWYNHBIL. J|OCTOMH-
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CTBOM TaKUX MNPUOOPOB SBISETCS BO3MOXXHOCTH 3aMEHbI HECKOJIBKUX OJIHO-
TUIHBIX TPUOOPOB C Pa3IMYHBIMU MPEACIAMH U3MEPEHUIA.

3.1.3. Horpemnocts UII

Heobxoaumo pasnuyaTh MOrpElIHOCTh pe3yJbTaTa M3MEpPEHUs U Io-
IPEIIHOCTh M3MEPUTENBHOTO MpUOOpa (MHCTPYMEHTAIBHYIO IMOTIPELIHOCTD),
KOTOpasi SABJIAETCS TOJIBKO OJHOW U3 COCTABIIAIOUIMX NOTPEIIHOCTH PE3YIbTATA
U3MEPEHUS.

A0comoTHOM norpemHOcTBI0 UIT Ha3bIBaeTCs pa3HOCTh MEXKIY TOY-
HBbIM 3HAYEHHEM M3MEPSEMOU BEIMUUHBI Xg M TOKa3aHUEM Mpuodopa:

AX=X—X,. (5)

Ab6comotHas norpemHocts UIT He MoxkeT caMa 1o cebe CiIyKUTh MoKa-
3aTesieM TOYHOCTH. [[oaToMy N1l XapaKTEPUCTUKU TOYHOCTH BBOIUTCS MOHS-
THE OTHOcUTeJbHON morpemHocT UII, npencrapnsromnieit coboi oTHOIIIE-
Hue abcomotHol norpemtHoctr UIT k TouHOMY 3HAUEHHUIO U3MEPSEMOMN BEJIH-
YUHBI:

Y= (6)

OtHocutenpHas norpemHocTh I BeIpakaeTcsi B OTHOCUTENbHBIX €U-
HULIAX WM IPOLECHTAX.

DTa O4YeHb HarisHas XapaKTEPUCTUKA TOYHOCTH HE BCErJa TOAUTCS
1uist HopMupoBaHus norperntHoct UII, Tak kak ayis MHOTUX TpHOOPOB MOKET
U3MEHSTBCS OT HyJs 10 OeckoHeuHOCTH. [loaTomMy mcmonb3yercs emEé oaHa
Pa3HOBUAHOCTh MOTPEIIHOCTH — MNpuBeAéHHas mnorpemHocts HII. Ona
oTpeeNsieTCs] KaK OTHOIIEHHWE a0COMIOTHON MOTPEIIHOCTH K MPOTSHXKEHHOCTH
yara3oHa U3MepsieMO BETUYUHBI:

7= )
X —X,
TAE Xx U X, — 3HAYEHUsI U3MEPSIEMON BEJIMYMHBI B KOHIIE M Hayaje IIKaJbl CO-
OTBETCTBEHHO. ECiu HyJsieBas OTMETKa HaXOJIWUTCS BHE ILIKAaJbl, TO X, IPUHHU-
MaeTcss paBHbIM Hymto. [IpuBenéHHas morpemrHocTh yaoOHA TeM, YTO A
MHorormpeaenbabix I oHa oquHakoBa BO BCEX AUAIIA30HAX U3MEPEHUS.

VY pa3nuuHbIX U3MEPUTENBbHBIX MPUOOPOB XapakTep MPOSIBICHUS IO-
IPEIIHOCTA MOXET OBbITh pa3nuyeH. [Ipu 3TOM MOTpemHOCTH OTAEIBHBIX K-
semiuisipoB UII Moryt otnuyatecs apyr ot apyra. [loaromy, 4ToObl OLIEHUTH
MOTPEIIHOCTh, BHOCUMYIO MPUOOPOM B pe3yJbTaT H3MEPEHHUS], MOJIb3YIOTCS
HopMupoBaHHbIMH norpemrHoctsamMu HMII. Tlon HOpMUpOBaHHBIMH TTOHHU-
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MaOTCSl MOTPEIIHOCTH, SBISIIOIIUECS TpeAebHbIMU 1Jia nanHoro tuna WII.
XapakTepucTuKa, ONpeaesionias rapaHTUPOBAHHbIE TPAHUIIBI 3HAYEHUN MO-
rpemHocty W11, Ha3pIBaeTCs «KJIACC TOUHOCTH U3MEPHUTEILHOI0 IPUOOpPay.

Cornacno tpeboBanusim 'OCTa myist ykazaHusi KJ1acCOB TOYHOCTH HE
MOT'YT HCTOJIb30BaThCA MPOU3BOJIBHBIC 4KClia. BhIpakeHHbIE B MPOIEHTAX,
OHM MOT'YT UMeTh 3HaueHus: 6 —4-25-15-10-05-0,2-0,1-0,05u
T.4. [Ipubops! kiaccoB Tounoctu menee 0,5 % Ha3bpIBAIOTCS MPEIIM3UOHHBIMU
Y TIPUMEHSIOTCS B OCHOBHOM JIJIsl TOUHBIX JIaOOpaTopHbIX u3Mepenuit. K tex-
HUYECKUM OTHOCSTCS MMPUOOPHI, 3HAYEHHUS KJIACCOB TOYHOCTH KOTOPBIX JIEKAT
B nipenenax ot 0,5 1o 6 %. [Ipubopk! ¢ morpentHocThio 60Jee 6 % cunuTarTcs
BHEKJIACCOBBIMU.

Jlns onpenenenust kiaacca TouHocTu norperrHoctr WIT HopMmupyroTcs
YETBIPbMS PA3TUYHBIMU CITIOCOOAMU.

1. HII ¢ nocpewtnocmoio uyecmeumeabHocmu

Ecnu nns uameputenbHoro mpubopa aOCONIOTHASI MOTPEIIHOCTh AX
BO3pAcCTaeT MpsIMO MPONOPLUOHAIBHO U3MEPSAEMOUN BEIMYHMHE, TO Takas IO-
IPELIHOCTh Ha3bIBAETCS TMOTPEIIHOCTHIO YYBCTBUTEIBHOCTH (MYJIbTHUILTHAKA-
TUBHOM MOTPEIIHOCTHIO), a KJIACC TOYHOCTHU OIpPEACNIeTCsS M0 HOPMHUPOBAH-
HOW OTHOCUTENBHOW norpemHocty UII:

_ ‘AHOpMX 8
¥Ys = : ( )
XO

Ecam Gb1 3Ta 3aBUCHMOCTH ObLTa BCETla CIIpaBe/jInBa, TO TaKUe MPHUOO-
pel ObutH OBI Haubosiee coBepiieHHBI. [loaToMy Ha MpuOOpPax, HOPMHUPOBAH-
HBIX TI0 MTOTPEITHOCTH YyBCTBUTEIBLHOCTH, YKA3BIBAIOTCS TPAHUIIBI TUATIA30HA,
JUTS KOTOPBIX TaKas OIEHKa OCTASTCs CIIPABEIITUBOM.

Kiacc TouHOCTH Ys B 9TOM Cllydae yKa3bIBaeTCs Ha IIKajie mpubopa B
BUJIC YHCIIA, 3aKIIOYEHHOTO B KPY)KOK M BBIPQXKEHHOT'O B MPOIICHTAX (HAMpPH-

Mep,@).

2.UII ¢ nozpeuwtnocmuio Hyns

Eciu nnst u3meputensHOro mpubopa aOCONMOTHAS MOTPENTHOCTh AX
OCTaeTCsl MOCTOSSHHOM JUIS JTFOOBIX 3HAUYCHUH HM3MEPsSeMOW BEIMYUHBI, TO Ta-
Kasi IOTPEIIHOCTh Ha3bIBAETCS MOTPENTHOCTHIO HYJIS (aAAUTUBHOM MOTPEITHO-
CThI0), a KJIaCC TOYHOCTH OINPEIENISIETCA M0 HOPMHUPOBAHHOM MpPHUBEIEHHOMN
norpemHocty UII:
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‘AHOpMX
Yo = . 9)
XK - XH

Jlist mpuOOpOB 3TOro TUMA OTHOCUTENbHAS MOTPEIIHOCTh BO3PACTAET C
YMEHBIICHUEM U3MEPSIEMOI BEJIMYMHBI, TOATOMY pabouuii Auana3oH OrpaHU-
YeH 3HaYEHUEM BEJIUYMHBI, IPU KOTOPOM HOPMHUPOBAHHASI OTHOCUTENbHAS TIO-
rpemHocTh UMIT pgocturaer HEKOTOpOH NHpenenbHOR BEIWMYMHBI (Hampumep,
10 %). V3Mepenuss B HaYaJIbHOM YacTH IIKaJlbl TAKUX MPUOOPOB HEIOIMYCTHU-
MBI.

Knacc TouHOCTH Yo B 3TOM ciyyae yKa3bplBaeTCs Ha IIKaje NMpuoopa B
BUJIE YUCJIA, BEIPAXKEHHOI'O B MPOLEHTAX, 0€3 JAOMOJIHUTEIbHBIX 0003HaYEHUN
(manpumep, 2,5).

3. UII co cmemannoit nozpeuwtnocmoio

Ecnu usmeputenbHbI puOOpP MMEET OJHOBPEMEHHO M TOTPEITHOCTH
YCUJICHUS, U TOTPEITHOCTh HYJIS, TO CBSI3b MEXAY aOCOIIOTHON IMOTPEIIHO-
CTBIO M M3MEPSIEMON BEJIUYMHONW CTAaHOBHUTCA Oojiee clnokHOM. B aTom cimyuae
KJIACC TOYHOCTH 33Ja€TCsl HE OJHUM UYMCJIOM, a JABYMS: Y, — HOPMUPOBAHHAS
NpUBEAEHHAS OTPEIIHOCTh B HYJIE U Y, — HOPMUPOBAaHHAsl MPUBEJAEHHAS T10-
IPEIIHOCTh B KOHIIE JUAaIa3oHa.

Kak u ans WII ¢ morpemHocThio HyJsl, OTHOCUTENbHAS MOTPEMIHOCTh
BO3pacTaeT C YMEHBIICHHEM H3MEpSIeMOl BENWYMHBI U pabouuii auamna3oH
orpannueH. Ognako pabouunii quarna3oH MII co cMemaHHON MOTPENIHOCTHIO
HIMpe.

Kracc TouHOCTH B 9TOM Cily4yae yKa3bIBaeTCs Ha IIKajie mpudopa B BUIE
ApOOH YV,/Yx, YHCIA KOTOPOH BBHIpaXKCHBI B MporieHTax (Hampumep, 1,5/2,5).
Kak mpaBuiio, Takoil THUI MOTPEIIHOCTH HUMEIOT HHU(PPOBBIE BOJIBTMETPHI U
JIpyrue BBICOKOTOYHBIE TPUOOPHI.

4. UII c pe3ko HepasHOMePHOIU WKAI0U

Jist psima M3MEpPUTENbHBIX MPUOOPOB MOTPEITHOCTh HE MOXKET OBIThH
HOPMHPOBaHA PACCMOTPEHHBIMU CIIOCOOAMU, TaK KaK CBS3b MEXIy IOTpPEIll-
HOCTBIO M U3MEPSAEMON BEIMUYMHON siBIIsieTcs ciaoxkHoil. K mpubopam Takoro
TUTIA OTHOCATCSI, HATPUMED, IU(PPOBBIE YACTOTOMEPHI U DJIEKTPOHHBIE OMMET-
pbl. g 3TUX NpUOOPOB XapaKTEpPHO HAIMYKME HE TOJBKO HUKHEIro Mopora
YyBCTBUTEJIBHOCTH, T.€. TAKOM MaJIOM U3MEPSEMOM BEIWYMHBI, P KOTOPOU
OTHOCHUTEJIbHAs norpemHocTh paBHa 100 %, HO U BEpXHEro mopora 4YyBCTBHU-
TEJIBHOCTH, KOTJA IIPU BO3PACTAHUHM H3MEPSIEMONW BEJIMYMHBI OTHOCUTEIIBbHAS
MOTPEIIHOCTh CHOBa cTaHOBUTCS paBHOU 100 %. M3Mepenust Ha Takux mpuodo-
pax MpOBOJATCS TOJBKO B CPEAHEN YACTH JUANa30Ha.



11

Jist uudpoBbIX TpUOOPOB KJIacC TOYHOCTH 3aAETCS TpeMs YHUCIIaMHU:
Ao — HUOKHUN TIOPOT, Ay — BEPXHUU MOPOT U Ys — NOTPEIIHOCTh YYBCTBUTEIb-
HOCTH.

Jist mpuOOpoB, MMEIOLIMX CTPEOYHBINA yKa3aTellb, KJIacC TOYHOCTH
npubopa yka3bpIBaeTCsl Kak HOPMUPOBAHHAs MOTPEIIHOCTh HYJIS MO IMOJIOXKe-
HUIO CTPEJIKH, T.€. B AOJSAX AJIUHBI mKaibl. [Ipn 0603HaueHnH Ha 1IKaye Kiacce
TOYHOCTH TPHUBOJUTCA B MPOLEHTAX W 0003HAYAETCS YUCIOM C TajOYKOU
(manpumep, 2.5).

3.2. YerpoiicTBo U npuHumn Aeiictus UII pist imHeitHbIX n3mepeHmii

[IpocTeiitum npruGoOpoM Jj1si TUHEHHBIX U3MEPEHUH SBIISIETCS OObIYHAS
JIMHEWKA, 3HAKOMCTBO C KOTOPOU MPOUCXOAUT €€ B HaYaJdbHOM 1ikoie. Llena
NeJeHUsl JUHEHKN cocTaBiisieT o0biuHO | Mumummmetp. [ns maGopaTopHoro
pakTUKyMa 1Mo (pU3UKE TaKkasi TOYHOCTh YacTO SIBISETCS HEIOCTATOUHOM. JIJist
0oJiee TOUHBIX JTUHEUHBIX U3MEPEHUN IPUMECHSIIOTCS WUMAHSEHUHCIPYMEHM W
MUKPOMEMPUYECKUU UHCIMPYMEHN.

OTCUYeTHBIMU MPUCTIOCOOJICHUSIMH y BCEX KOHCTPYKIMM IITaHTCHWH-
CTPYMEHTOB CJIy’KaT IIKaJIa WITAHI'M U HOHUYC. HOHMYyCcOM Ha3bIBaeTcs BCIIO-
MOraTejbHas IIKaja, ¢ IOMOULIBI0 KOTOPOU NPOU3BOIAT OTCYET JOJIEN Jele-
HUN OCHOBHOM IIKaJbl U3MEPUTEIBHBIX MPUOOpOoB. CyIIecTBYIOT HOHUYCHI
JVMHEWHbIE, CIUPAJIbHBIE, YIJIIOMEpHbIE (YriioBble) U Apyrue. [IpuHuun nomy-
YEHUs1 BCEX HOHUYCOB OJMHAKOB. PaccMOTpUM JMHEHHBI HOHUYC. DTO JO-
IIOJIHUTEJIbHAS JINHENKA, CKOJIB3AIAs BIOJb OCHOBHOM HIKaibl. IlycTh uncio
JICJICH HOHWYCHOM IIKaibl OyJeT N, JAJWHA OJHOIO €€ NeJeHUus Y, IIuHa
HAaUMEHBIIIETO JCJICHUS OCHOBHOM miKaibl X. Eciu OyneT BBIMOTHATHCA COOT-

HomeHre Ny=(NE1)X, To 3TH ABe JTUHEHKNA 00pa3yoT HOHMYC. B ciyuae BbI-
HOJHEHUs: ycinoBus Ny=(N-1)X wMeeM HOHHYC IMEPBOIO POJAa WM MPSIMOH.
PazHoctn

X
X—y=— (20)
n
HA3bIBACTCA MOUYHOCMbIO HOHuyCd.

Paccmorpum mpouecc u3MepeHMs ¢ IMOMOIIBK JMHEMHOTO HOHHMYCA

(puc. 3). Ilycth | — n3mepsiemsrii otpe3ok. COBMECTHM €ro Ha4alio ¢ HyJICBBIM
JI€JIEHUEM OCHOBHOM IIKAJIbI, U MYCTh IIPU 3TOM €0 KOHEIl OKaXXETCS MEXKY
m-m u (M+1)-M genenusMu 1ol mkaiel. Torga I=mx+A, roe A— HeusBecTHas

noka J0is (M+1)-ro germeHuss OCHOBHOM IIKAJIbI, OnpenesseMas ¢ TOMOIIIBIO
HoHMyca. COBMECTHM C KOHIIOM oTpe3ka | Hyib HOHuyca. Tak kak aeieHus
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HOHHWYCa HE DPaBHBI JIEJICHUSIM OCHOBHOM IIKallbl, TO 00S3aTENbHO HAa HEM
HalieTcs Takoe JieleHne K, KoTopoe coBmajaeT ¢ KakuM-To (M+i)-M JerneHH-
€M OCHOBHOH wkanbel. U3 puc. 3 BuaHO, 4TO paccrosinue AB mexay m-m u
(M+i)-M meneHUsIMH OCHOBHOM IIKAJIbl BhIpaXKacTcs depe3 JCJCHUS HOHUYCa,

TO €CTh
AB=hy+A. (12)
<—Z>
Honnyc
0 k== x
L | r
T T T TIT T T T T OcHoBHas
m mt] m-i JTUHEHKA
A A B

Puc. 3. Houunyc

[ToacraBuB croga Yy u3 pasenctsa (10), momyunm

AB:kn—_lx+A:kx+(A—Ex], (12)
n n

rne k— nenoe uncno. Tak kak k<n, o —X < X . Besmuuna A Takxe MeHbIIe
n

X, HO TIOCKOJIbKY AB COIEpKUT IIeJI0e YUCIIO JeJIeHu X (cM. puc. 3), To pas-

X
Hocts | A— —x | B popmyie (12) momxna ObITh paBHa 0. Otciona A =k —.
n n

Takum 06pa3om, JUTMHA OTpE3Ka
l=mx+k 2. (13)
n
DTO 3HAYUT, YTO JJIMHA OTPE3KA, U3MEPSIEMOTO C MOMOIIbI0 HOHUYCA, paBHA
YUCIy LENbIX AEJICHUW OCHOBHOM IIKAJbl IUIIOC TOYHOCTh HOHHUYCA, YMHO-
YKEHHas Ha HOMEP JEJICHUSI HOHUYCA, COBIAIAIONIET0 C HEKOTOPBIM JICJICHUEM
OCHOBHOM IIKaJIbl. [IorpemHOCTh HOHMYCA pPaBHA MOJOBUHE €0 TOYHOCTH.
llImaneenyupxynv CIIy)KUT I TUHEHHBIX W3MEPECHHH, HE TPEOYIOMUX
BBICOKOW TOYHOCTH (puc. 4). lleHa neneHns OCHOBHOM KAl MTAHTH OOBIY-

HO paBHA OJJHOMY MHUJUIUMETPY, & HOHUYChI 0OBIYHO UMEIOT TOYHOCTh OTCUETa
0,1; 0,05; 0,02 mm.
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Puc. 4. IlltaHreHUUpPKYJIb

Honunyc ykperieH B MOABMKHON paMKe (MM HAaHECEH Ha Hee), CKOJIb3s-
el BIOJb OCHOBHOM IIKajbl MITAaHTU. [Ipu HyJIeBOM MOKa3aHUU UHCTPYMEH-
Ta HyJIb HOHWYCA COBIQJA€T C HYJIEBBIM IITPUXOM OCHOBHOM mikaibl. Ilpu
WU3MEPEHUM JeTalld MOJABWXKHAS paMKa | ¢ HOHMYCOM CMENIaeTcs U JACTajb
3KMMAaeTCs ryOKaMu 2 MITaHTeHIIUPKYJIS.

CymecTByeT HECKOJIBKO BHJIOB INTAHM€HUMPKYJed. OHHM pa3nuyaroTcs
TUIIOM U KOJMYECTBOM U3MEPUTEIbHBIX T'YOOK, IJIMHOW INTaHTU, THUIIOM HO-
HUYCOB WJIM HAJU4YUMEM BCIIOMOTATENbHBIX Jeraneld. [Ipm Hamuuuum y mTas-
TeHIUPKYJISl BEPXHUX 3 U HUKHUX 2 U3MEPUTENIbHBIX T'yOOK €ro MOXHO MpH-
MEHHUTbH IS UBMEPEHUSI KaK BHYTPEHHUX, TaK M BHEIIHUX pa3mepoB. Hacto
IITAaHTCHITUPKYJIb CHAOXKaeTCsl JTMHEHKOU 4, CiTyXaled 1l u3MepeHus TITy-
OuH. BUHT 5 cy>XuT AJ14 3aKpEIUICHHS] paMKHU TIPU U3MEPECHHUSIX.

Jlnst Gosiee TOYHBIX U3MEPEHUU MPUMEHSIOT MHUKPOMETPUYECKUE HH-
cTpyMeHThl. OHU OBIBAIOT HECKOJIBKUX THUIIOB: MUKPOMETpP IJIsi HAPYKHBIX
WU3MEPEHUN, MUKPOMETPUUECKHUN TIIyOMHOMEpP M MHKPOMETPUYECKUI HYTpPO-
Mep.

Mukpomemp 17151 HapYKHBIX M3MEPEHHUN OOBIYHO MPEACTABISIET COOOM
METaJUIMYECKYI0 CKOOY 5 ¢ MUIMHIAPOM 6, Ha KOHIIAX KOTOPOM HAXOJSATCS He-
MOJABH>KHBIN YNOP 2 U TOJBIN CTEPKEHD 3, B KOTOPHI BBUHYEH MUKPOMETPH-
yeckuit BUHT (puc. 5).IIpu u3MepeHnn npeaMer 3aKUMaeTCs MEXIy YIOPOM 2
Y MOJABHM>KHBIM KOHIIOM CTEPKHSI 3. MUKPOBHHT BpaIlalOT TPEOTKOU 4, IIpu
3TOM Kopmyc Oapabana | mepemeliaeTcsi MOCTYNAaTEIbHO OTHOCUTENIBHO IIH-
maHapa 6.
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)

Puc. 5. MukpomeTtp

OTtcueT BeAeTCS MO TOPU3OHTAIIBHOM IIIKaJie, HAHECEHHON Ha IUIUHAD 6,
U no mkane Oapabana. ['opu3oHTanmbHAs MIKajda MPEACTaBIsET cOOOM JTBOM-
HYIO IIKalxy ¢ 1eHoi aenenus 0,5 MM, HaHECEHHYIO Ha 00€ CTOPOHBI MPO-
JTOJIHOW 4epThl TAKUM 00pa30M, YTO BEPXHs ITKaJjia CIBUHYTAa OTHOCUTEIIHHO
HUKHEW Ha TOJIOBUHY JeseHus. Llena nenenus mkansl 6apabaHa MOXET ObITh
YCTaHOBJICHA CJEAYIOIIUM 00pa3oM: MyCTh YUCIO JACJIICHUNH KPYTOBOW IIKAJIbI
Oapabana n=50, a mar mukpoBuuTa h=0,5 MM. B atom ciyyae ogHOMY MOJI-
HOMY 00O0pOTYy MUKpPOBHHTa (a ClieloBaTeNbHO, U OapabaHa) COOTBETCTBYET
JUHENHOE TiepeMelieHne kpas 6apabana u ctepxkuda 3 Ha 0,5 MM, T.e. JIUHeH-
HOMY nepeMelneHn0 1 MM COOTBETCTBYIOT 2 oOopora Oapadana. 3HauuT,
IIeHA JIeJICHUS KPYTOBOM IIKaJIbI

a:E:O,Ol MM. (14)
n

OTtcuet MpOU3BOIUTCA CIEIYIONIMM 00pa30M: MO MIKAJIe CTEPHKHS OTCUH-
THIBAETCSA pa3Mep U3MeEpsieMoro mpeamera ¢ To4HOCThio 10 0,5 mm. CoTbie
JI0JT MIJIJTUMETPA OTCUUTHIBAIOTCS IO KpyroBou mkane Oapabana. [lomyden-
HbIE pe3yJbTaThl cKiaAbiBatoTcs. [lopsanok oTcuera OAMHAKOB [JI1 BCEX MUK-
POMETpUYECKUX MHCTPYMEeHTOB. Ha puc. 5 n3o0pakeHo miisi mpuMepa IMoJio-
xKeHue Oapabana, cooTBeTCTBYyMOIIEe anuHe 3,67 MMm. Ha ckobGe Mukpomerpa
OOBIYHO yKa3bIBAIOTCS Tpenensl u3mepenus: 0-25 mm, 0-50 MM u T.7.

[Ipexae yem MNPUCTYNUTh K U3MEPEHUSIM C IMOMOIIBIO MHUKPOMETPA,
HY)KHO YOEIUTHCS B TOM, YTO MPHU JTOBEJCHUU BUHTA IO yHOpa C TMOMOIIBIO
TPEIIOTKHU MOyYaeTCs IO 00CHM IIIKaaM HyJIEBOW OTCYET.

Heobxoammo uMeTh B BUAY, UYTO MPABWIBHBIA PE3yJIbTAT MOXKHO TIOJY-
YUTh JMIIb B TOM CJIy4ae, ecJiM u3MepsieMblil MpeAMeT 3a:KUMAeTCH C I0-
MOIbI0 TPEIIOTKH.
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3.3. YcTpoiicTBO U MPUHLMI AeHCTBHA
OCHOBHBIX JIEKTPOU3MEPHUTEIbHBIX IPHOOPOB

TepMuH <«BAEKTpOM3MEpHUTETbHBIE TPUOOPHDY TMPEACTABISIECT COOOi
000011I€HHOE Ha3BaHME LIMPOKOTO KJjacca yCTPOMCTB, NpeIHa3HAYCHHbIX IS
W3MEPEHHsI Pa3NUYHbIX (PU3UYECKUX BEJIMYHH, TPEOOPa30OBAaHHBIX B AIIEKTPH-
yeckuil curHai. CymecTBYIOT TpHU OOJBIINE TPYMIBl H3MEPUTEIBHBIX MPHOO-
POB: AIEKTPOMEXaHUYECKHUE, DIIEKTPOHHBIC aHATIOTOBEIE U I (PPOBHIE.

3.3.1. DaexkTpoMexaHNMYeCKUe U3MePUTeIbHbIE PUOOPHI

OOmuM TEPMHUHOM «IJIEKTPOMEXaHUYECKUE MPHOOpPHD» 0003HAYAIOT
aHAJIOTOBBIC CPEJICTBAa M3MEPEHUs, COJIepIKaIlie u3mMepurenbpayo cxemy MC,
u3MepuTeNbHbIM Mexanu3sM M u otcu€tHoe yctporictBo OV (puc. 6). Uzme-
pPUTEIIbHAST CXeMa MPEJACTaBIIICT COOOW COBOKYIMHOCTH CONPOTHBIICHHWMA, WH-
OYKTUBHOCTEH n EMKocTeil. OHa mpeodpasyeT u3mMepseMyro GU3NIECKYIO Be-
JUYMHY X B HEKOTOPYIO HOBYIO BeJIMYUHY Y, TIOJI BO3JEHCTBHEM KOTOPOH
IIPOUCXOIUT TIEPEMEIIICHHUE O TOABUKHOM YaCTH U3MEPUTEIHLHOTO MEXaHU3Ma,
OTCYHTHIBAEMOE C MOMOIIBI0 OTCUETHOTO ycTpoicTBa. Takum oOpa3om, eciu
BBIMIOJTHSCTCS OJIHO3HAuHas 3aBUCHMMOCTh o = f(X), To mikama oTcC4€THOTrO
yCTPOWCTBAa MOXET OBITh MPOTrpagyHpOBaHA B EAMHHIIAX H3MEPSIEMON BeIu-
qrHBI. B OOJBIIMHCTBE PUOOPOB BBIXOIHBIM MEPEMEIIEHUEM SIBIISIETCS YTII0-
BOE MEPEMEIIEHUE CTPEIIKH HITU 3epKaa.

X Y o
—» UC [—» UM oy

Puc. 6. CtpykTypHas cxema ayekrpoMexanudeckoro UII

DNEKTPOMEXaHUYECKHE MPUOOPHI OTIUYAIOTCS MPOCTOTOM, EHIECBU3-
HOM, BBICOKOW HaAE&KHOCTHIO, pa3HOOOpa3ueM NMPUMEHEHUS U OTHOCUTEIIHHO
BBICOKOM TOYHOCTBIO. K 3TOM rpynne npuHaaiekaT U3MEepUTEIbHbIE TPUOOPHI
MAarHUTORJIEKTPUUECKON, DIEKTPOMATHUTHOW, JJIEKTPOJUHAMUYECKOM, JIICK-

TPOCTATUYECKOW U UHAYKIIMOHHON CHCTEM.

3.3.2. DJIeKTPOHHbIE AHAJIOTOBbIE U3MEPUTEJIbHbIE MPUOOPBI

DNEKTPOHHBIE AHAJIOTOBBIE MPUOOPHI MPEACTABISIIOT CO0OM codeTaHue
AJIEKTPOHHOM YacTH, MpeIHa3HAYCHHOU ISl IPEe0Opa30oBaHUs dIEKTPUUECKON
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BEJIMYMHBI (BBIIPSAMIIEHUS, YCWICHHS W [Jp.), U U3MEPUTEIBHOro mnpudopa
MarHUTO3JIEKTPUUYECKON CUCTEMBI WM AJIEKTPOHHO-TY4YeBOH TpPyOKH. Oiek-
TPOHHBIE MPUOOPHI IO CPABHEHUIO C AJIEKTPOMEXAHUYECKUMHU 00JIaJal0T 3HA-
YUTEJbHBIM OBICTPOIEHCTBUEM, OOJBIIMM JIUANA30HOM HU3MEPSEMbIX BEJIH-
yuH. OHM NPUMEHSIOTCS B KAYECTBE BOJIBTMETPOB, YACTOTOMEPOB, OCIUILIO-
rpadoB, u3mMepurenei CONpoOTUBICHUS, EMKOCTH U HHIYKTUBHOCTH.

dnexkmponnwlit 6on1omMmemp

CrpykTypHass cXxema YHUBEPCAJIBHOIO JJIEKTPOHHOTO BOJBTMETPA,
NPEAHA3HAYECHHOTO JUJIsl U3MEPEHUS HAIPSKEHUS B LEIAX MOCTOSHHOTO U IIe-
PEMEHHOT0 TOKa, MpuBejeHa Ha puc. /. OHa BKIIOYaeT B cels cienyroume
OCHOBHBIE 3JIEMEHTBI: AMIUIMTYIHBIA JETEKTOP, BXOJHOW BBICOKOOMHBIN [I€-
JUTeINb, yeuiuTelb noctostHHoro Toka YIIT, noGaBouHble pe3ucTOphl, U3Me-
putenbHbli ipubop UII (MukpoammepmeTp MarHUTORJIEKTPUUYECKOW CHUCTe-
MbI) 1 OJIOK MUTaHMSI.

) JloGaBou.

=U —p| lemutens —»  VIIT — PE3UCTOPEI
- Ammr. E biox

~U #—3 JIICTCKTOP MU TaHUS

Puc. 7. CtpykTypHas cxema 3JI€KTPOHHOT'O BOJIbTMETpPA

N3mepsiemblli cCHUTHA1 NMEPEMEHHOTO TOKAa IMOJACTCS Ha aMIUIMTYIHBIN
JNETEKTOp, IOCIIE€ YEro BBIIPAMICHHOE HAIPSIXKEHHUE MOCTYNAaeT Ha BXOJHOU
BBICOKOOMHBIN JAenuTeNb U Aainee — Ha Bxox YIIT. M3Mepsiemblit curnain mno-
CTOSIHHOT'O TOKa MOJAETCA HEMOCPEICTBEHHO HAa BXOJIHOW BBICOKOOMHBIN Jie-
nuTenb, MuHys nerektop. Harpyskoit YIIT sBnsiercs usmeputenbHbIil mprubop
NII, ocHameHHbId JOMOJIHUTEIBHBIMUA PE3UCTOPAMU, MOAKIOYAEMBIMU B CO-
OTBETCTBUH C YCTAaHOBJICHHBIM JTHAINIa30HOM HM3MEpEeHUH. BJIOK muTaHus mpu-
Oopa coctouT M3 TpaHcopMaropa, BBEIIPIMHUTEICH U CTAOMIM3aTOpa HAIPs-
»enusi. OH cyxut st nutanus YIIT u gerexropa.
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dnekmponnwlii ommemp

VYnpolmieHHass cxema 3JIEKTPOHHOTO OMMETpa MpuBEAeHa Ha puc. 8.
[Tpunnun paboTel OMMETpa 3aKioyaeTcs B ciueaytomiem. M3mepsemoe conpo-
TUBJICHUE Ry MOAKIIOYACTCS HEMOCPEACTBEHHO K BXOAY YCHJIMTEINS ITOCTOSH-
Horo Toka YIIT u cOBMECTHO C 3TallOHHBIM pe3ucTopoM Rg oOpasyeT nemnu-
TEJb, Ha KOTOPBIH TTOAACTCS TIOCTOSTHHOE HanpsbkeHne +1 B, BeipabaTeiBacMoe
UCTOYHHUKOM TUTaHUsA. [Ipy TakoM MOMKIIOYCHHWH HaIpsSHKEHUE Ha H3Mepsie-
MOM COTPOTHBIICHHH, OTCYMTHIBAEMOE IO IITKaje W3MEPUTEIBHOIO MpuOopa
(MUKpoaMIiepMeTpa MarHUTOIICKTPUICCKON CUCTEMBI), SBISCTCS OIHO3HAY-
HOM GyHKIMEH BeTuYuHbI Ry

o™ (15)

Bcenenctue storo mikaia wus3-
MEPUTEIBLHOTO TPUOOpPa MOXKET OBIThH
nporpajgyrpoBaHa B €JIMHUIIAX COIMpPO-
tuBnenus. [llkama Takoro mnpubopa

ImoJIydacTca pce3Ko HepaBHOMCpHOﬁ.

Havano mikanel COOTBCTCTBYCT CO- VIIT

npoTuBiieHM0 Ry =0, a Ha KOHIE

mKaibl Ry — oo, OgHako H3MeEpeHus
HanoOoiiee TouHbl A Ry = Ro. IToaTo-

My JUIsl paclIMpeHUusl JMara3oHa H3-
MEpPSIEMBIX CONPOTUBJICHUN BETUYMHA
ATAJIOHHOTO pe3uctopa Ry u3meHsiercs Puc. 8. Cxema oMMeTpa
B 3aBHCHMOCTH OT YCTaHOBJIECHHOTO

JAana3oHa U3MEPECHUN.

DnekmpoHHbLil OcyuI0ZpaAD

Ocmunnorpad mpeaHazHadyeH I BU3YAIbHOTO MCCIIEIOBAHUS OBICTPO-
MPOTEKAIOMINX ANEKTPUUYECKUX MPOLECCOB, a TAKKE MJI1 U3MEPEHUS UX Bpe-
MEHHBIX U aMIUTUTYAHBIX TapaMETPOB.

CtpykTypHas cxema ociuiorpada mpeactaBieHa Ha puc. 9. Ona
BKJIIOYAET B ce0s CIEQyIOLIME OCHOBHBIE JJIEMEHTBI: 3JEKTPOHHO-JIYYEBYIO
TpyOKy DJIT, reHepaTtop TOpHU3OHTAIBHOM pa3BEPTKH, OJOK CHHXPOHH3AIINH,
YCUJIUTENh BEPTUKAJIBHOTO OTKJIIOHEHHMS Jy4a, YCHUIUTENb FOPU30HTAIBLHOIO
OTKJIOHEHUS JIy4da, Kanuopatop, OJIOK MUTAHUSI.
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Bxox ¥ YCUTHTE T I : 2 2 3\ | *
F— I'eneparo < b
BEePTHKATBHOTO [ Patop |J: E:l OIIT
pa3BepTKH I —_—
OTKJIOHEHHS |
| A
Bxon X
" Veunurens B0k Btox —s
TOPU30OHTANILHOTO| ] —»| Kammbparop | LI
CHUHXPOHH3ALUU OHTAHHAA
’_-l OTKJIOHEHHUSA —

YYYYY

Puc. 9. CtpykrypHas cxema ocuumiorpada

DNeKTpOHHO-Ty4YeBas TpyOKa MpeAcTaBisieT cOO0N OTKayaHHYIO 10 BbI-
COKOr0 BaKyyma CTEKJISHHYIO KOJOY, BHYTPH KOTOPOM pacIroNOXKEHBI 3JIeK-
TPOHHAS MyIIKa 1, MIaCTUHBI TOPU3OHTAIHHOTO 2 U BEPTUKAIBLHOTO 3 OTKIIO-
HEHUS DJIEKTPOHHOTO Jiyya M (Quyopecuupyronmi 3xpan 4. DIeKTpoHHas
NylnIka npeaHa3HayeHa JJisi CO3/1aHus TOHKOTO 3JIEKTPOHHOrO My4Ka, ¢ IOMO-
IbI0 KOTOPOTO Ha DKPaHE CTPOUTCS BUAMMOE M300paKEHUE HCCIEIYyEeMOro
CUTHAJA.

HcTOYHUKOM 3JIEKTPOHOB B JJIEKTPOHHOM MYIIKE CIIYXKHUT KaTOJ, BBI-
NOJIHEHHBIM B BUJIE HUKEJIEBOI'O LMJIMUH/IPA, HA TOPLUEBYIO MOBEPXHOCTh KOTO-
POr0 HAaHECEH OKCHUJIHBIA CII0M. DIEKTPOHBI, SMUTUPOBAHHBIE KATOAOM, YCKO-
PSIIOTCA TIOJIEM TIEPBOTO aHOJA, UMEIOIIETO OOJBIION MOJOKHUTENbHBIN MOTEH-
nuana. Mexay nepBbIM aHOJOM M KaTOJIOM MOMEIIEH MOAYJIATOp. MeHsisa oT-
pULIATETIbHOE HANPSIKEHUE HA MOAYJISTOPE, MOKHO U3MEHATH YUCIIO 3JIEKTPO-
HOB B [IYYKE€ U COOTBETCTBEHHO SIPKOCTh CBETALIEIOCS IMSATHA HA SKPaHE.

Karton, Mogynatop ¥ mepBbIii aHOJ COCTAaBJISIOT 3JIEKTPOHHYIO JIMH3Y,
KOH(UTYpaIus JIEKTPOCTATUIECKOTO OISl B KOTOPOU oOecreunBaeT mpe/iBa-
pPUTENBbHYI0 (DOKYCHPOBKY JJIEKTPOHHOTO TOTOKa. OKoHYaTenbHas (OKyCH-
POBKa IMyYKa OCYIIECTBIACTCS 3JIEKTPOHHOUN JMH30#, 00pa30BaHHON MEPBHIM
Y BTOPBIM aHOJIaMHU.

Ha myTi OT 37eKTpOHHOUW MyHIKH K 3KpaHy C()HOKYCHpPOBAHHBIA dJEK-
TPOHHBIM MYUYOK MPOXOAUT MEXKIY ABYMS Mapamu OTKIOHSIOIIMX IJIACTUH 2 U
3. Hanpspkenus, mpuiioKeHHBIE K TUIACTHHAM, CO3JAI0T MEXIY HHMH DJICK-
TPUYECKHUE TOJISl, KOTOPbIE OTKJIOHSAIOT 3JEKTPOHHBIM JIy4, 4YTO MPUBOJUT K
CMEIICHUIO CBETALIETOCA MATHA HA dKpaHe. [ OpU30HTAIbHO PAaCIONOKEHHBIE
IJIACTUHBI OTKJIOHSIIOT JIy4 MO BEpTHUKaIU (BAOJb OCH Y), a BEPTUKAJIBHO pac-
MOJIO’KEHHBIC — 110 TOPU30HTAIH (BIOJH OcH X).
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Jl1s1 Toro uyToOBbl Ha 3KpaHe ocuusuiorpada MOKHO ObUIO YBUJIETh, KaK B
HEKOTOPOM (PU3MUYECKOM MPOLECCE BEIMYMHA Y MEHSETCA B 3aBUCUMOCTH OT
M3MEHEHUS IpYrol (U3HUeCKOl BEJIMYUHBI X, T.€. y = f(Xx), HEOOXOAUMO OJI-
HOBPEMEHHO MO0JaTh HA TOPU3OHTAIBHO OTKJIOHSIOIIME IJIACTHUHBI HaIpsiKe-
Hue U, IpONOpIHOHANIEHOE X, @ HA BEPTUKAIBHO OTKJIOHSIOUIME — HAIPsiKe-

Hue U, IpONmopLuoHanbsHoe y. Torna aieKTpOHHBIN JIyd Ha4epPTHT Ha 9KpaHe

JIMHUIO UCCIIEYEMOM 3aBUCUMOCTU y = f (x). Eciau mpu 3TOM 3aCTaBUTh Jy4
HEOJTHOKPATHO MOBTOPATH OJWH M TOT XK€ IyTh IO 3KPAHY, TO BCIEICTBUE
MHEPLIMOHHOCTH Ij1a3a HaOdroAaTellb YBUIUT HEMOABHKHOE U300pakKeHHeE.

Ha mnpakTtuke uwacto mpuxonutcs HaOJNIOJaTh W3MEHEHUE Pa3IMYHBIX
(bU3UYECKUX BEJIIMUYUH OT BPEMEHH, T.€. y = f(¢). JIis 5TOro Ha miacTUHBI TO-

PU3OHTAIIBHOIO OTKJIOHEHMUS Jyda MOJAETCsl HaIpsKEHHE, W3MEHSIOLIEECs
IpsIMO TIPOTNOPIIMOHATIEHO BpeMEHH. Takoe HamnpsbKeHHe BbIpaOaThIBaeTCs re-
HEPATOpPOM pa3BEPTKU M HazbIBaeTcs muiiooOpasHbiM. [loa aeiicTBuemM 3Toro
HAIPSKEHUs JIyd PaBHOMEPHO NEPEMEMIAETCS MO SKpaHy clieBa HAlpaBo W,
O 10 KpailHETO MPaBoOro MOJIOKEHHS,, MTHOBEHHO BO3BPAILIAETCS B UCXO/I-
HOE€ COCTOSIHME, IOCJI€ YEro MpOLEecC JIBHXKEHUs Jyda moBTopsercsa. OOpart-
HBIM XOJI Jly4a Ha DKpaHe HE BUJIECH, IIOCKOJIbKY DJIEKTPOHHAs IIyIIKa Ha JTO
BpEMs «3alUpacTCs» MOoAa4Ye OTPULIATEIBHOIO UMITYJIbCA HA MOAYJIIATOP.

3.3.3. HudpoBbie u3MepuTebHbIE IPUOOPHI

B mudposeix mamepurtensubix npubdopax (LIUII) ocymecTrusieTcs mpe-
oOpa3oBaHHEe BXOJIHOW HEMPEPHIBHOM HM3MEPSEMOW BEIWYHMHBI B KOJ, T.C. B
JTMCKPETHYIO BEJIMUMHY C MPEJICTaBICHUEM pe3yJibTaTa B BUAC yucia. Jjis 00-
pazoBaHUs Koja JIro0ast HerpephIBHAS BETWYMHA, OTPAHMYCHHAS HEKOTOPBIMH
npeJeIbHBIMM 3HAUYCHUSIMM, KBAHTYETCS IO BpPEMEHHW U MO ypoBHIO. [Ipum
KBAaHTOBAaHHM TEPACTCSA YacTh MHGOPMAIIUK, HO TMOJYYCHHOE 3HAUYCHHUE BEJIH-
YUHBI U3BECTHO C TOYHOCTBIO, OMPEAECTIEMON IaroM KBaHTOBAHHS.

HNoctounctBamu LIUII sSBASIOTCS BBICOKAsh TOYHOCTH, yA0OCTBO U 00B-
€KTUBHOCTh OTCUETa U3MEPSAEMON BEJIMYUHBI, BBICOKASI IOMEXOYCTOMYUBOCTD
U BO3MOXHOCTh COYETAHUSA C BBIYMCIMTEIBHOM TeXHUKOM. Hemgocratkamu
LAII sBISIFOTCA MX CIIOXKHOCTH M BBICOKASI CTOMMOCTb.

Hudghposoit onommemp

CrtpykTypHas cxeMa mudpoBoro BoIbTMETpa Nokazana Ha puc. 10. B ee
COCTaB BXOJIAT: JEIUTEIb BXOJHOIO HAMPSKEHHS, YCUIUTEIh MOCTOSHHOTO
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toka YIIT, ananoro-mmudposoit nmpeodbpazosarens ALl nemudparop xoaoB.,
uM(poBOI UHIUKATOP.

g—p| Jlemutens —» VIIT pP—P»| ALII

Heumdparop
WRVEVRY.

Puc. 10. CtpykTypHas cxeMa uudpoBoro BOJIbTMETpa

[Ipy mM3MepeHHH TEPEMEHHOTO HAIPSIKEHUS W TOKA BXOJHAs 4YacTh
CXEMBI JIOTIOJIHACTCS JECTCKTOPOM, OCYIIECTBISIOMNUM BhINPSIMIICHAE CUTHAJIA,
a TaK)Ke M3MEPUTECITbHBIM UCTOYHHKOM OTIOPHOTO HAIPSDIKEHUS B CIIydae W3-
MEPECHHS COMPOTHBIICHUS.

Paboty 1mudpoBoro BoJIBTMETpPAa PacCMOTPUM Ha NPHMEPE M3MEPCHHUS
HaANPSDKCHHSI TIOCTOSTHHOTO TOKa. BX0/IHOE HANPsHKCHHUE B 3aBUCUMOCTH OT €T0
BEJIMYUHBI JTUO0 0CIa0seTCss BXOAHBIM JIEJTUTeNIeM, TN00, €CIIM €ro BeJIMYMHA
Maja, YCUJIUBAETCS YCUIIMTENEM MOCTOSIHHOTO TokKa. C BBIXO/1A YCHUITUTEINS TI0-
CTOSIHHOTO TOKa curHai mnoctymaer Ha AIIlL, B koTopoM ocymiecTBisieTcs
npeoOpa3oBaHUE aHAJOTOBOM BEJIMYHMHBI B JABOMYHBIN MapaylieibHBIA KOJI.
Jlanee TBOWYHBIN MapajuIeIbHBIM KO MMOCTyIaeT Ha AemudpaTop, Tie Iporc-
XOJIUT €r0 MpeoOpa3oBaHUE B KOJIbI, HEOOXOAUMBIC IS YIpaBJICHHUS 1TU(PPO-
BbIM MHAMKaTOpoM. LludpoBoil MHAMKATOp MpeaHa3HAyYeH ISl OTOOpaKeHUs
UH(GOpPMAIIMK ¥ BXOJHOW BEIIMYMHBI B YIOOHOM JJIs1 3pUTEIBLHOTO BOCTIPHUSITHS

dbopwme.

3.3.4. AHcTpyMEHTAJIbHbIE NOTPEIHOCTH
3J1eKTPOU3MEPHUTEILHBIX NPUOOPOB

1. HII ¢ nocpewinocmuto yyecmeumenpbHoCmu

Ecim ximacc TOYHOCTH Ys yKa3aH B BHJIC YHCJIa B KPYXKE, TO OTHOCH-
TEeJIbHAS TOTPEIIHOCTh, BBIPAKEHHAS B IPOIICHTaX, NMPUHUMACTCS pPaBHOM
kiaccy TouHoctu UI1, a abcomoTHas HaxoauTes u3 Gopmysisl (8):

Y X
Ay =——. 16
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2.UII c nozpewinocmoio Hyas

Ecnu kimacc TOYHOCTH Yo yKa3aH B BUJE yucia 0€3 JOMOJHUTENbHBIX
0003HaueHuM, To a0CONIOTHAas MOrPEIIHOCTh MPUHUMAETCS PaBHOM INpHUBE-
nénnoi norpewmsocty UIT:

. YO(XK _XH) (17)
100%

3. UII co cmemannoit nozpeutnocmoio

Ecnu xiacc TOUHOCTH yKa3aH B BUJE JBYX YHCeEI yepe3 IpoOb Y,./Yx, TO
CHayaJla BBIUMCISIETCS OTHOCUTENIbHAs MOTPEIIHOCTh, a a0COJIIOTHAs HaXo-
autcst u3 popmyssl (8):

_ (% =%,)
Aun=Toooel TV T | (18)

4. HII ¢ pe3ko HepasHoMepHOIl WKAN0ll

Ecmu xitace tounoctu UII ykaszan B BUze Yy, TO ISl ONPEIEIIEHUS T10-
rpemHocTu Tpebyercs 3HaTh dopmyny mkaiel | = f(X), T.e. 3aBUCUMOCTD
MOJIOKEHUS CTPEJIKM OT 3HA4YEHU U3MEPAEMOM BeIMYMHBI. Torga morpeii-
HOCTb MOHO OIPENeNuTh Mo GpopMyie

Y L
Ap=—————.
100 % f'(x)

(19)

rae L — nivHa mkasl.
Hanpumep, ayist 31€KTpOHHOTO OMMETpPA IMOJIOKEHUE CTPENKU MHPSIMO
IPOMOPLIUOHATBHO HampspkeHuto Uy, mosTomy ¢opMyna MIKajabl COOTBET-

cTByeT BhIpakeHuto (15). Torma morpemHocTs MOXET OBITh HaijeHa IO
dbopmyie
2
Y R
A, =——R|[1+— |, 20
NI 100 % 0 RO ( )

rae Ro — MHOXuUTENb, yKa3aHHBIN Ha IEPEKIIIOYATENE TUAa30HOB.

4, METOANYECKHUE PEKOMEHJIAIIUA 11O
MPOBEJEHUIO NPAMBIX U3MEPEHUM

[Ipssmblie M3MEpEeHUsT BEIUYMHBI X U OLIEHKY IMOTPEIIHOCTH UX PE3YJIbTa-
TOB HEOOXOIUMO TPOU3BOJIUTH IO CIECAYIONIEMY TUIAHY.

1. IIpoBenenue 3amepoB BeanuuHbl X. [IpoBoautcs cepus ot 3 no 20
3aMepoB BeNMWYUHBI X. Pe3ynbTaTel m3mepenuit 3aHocarcs B tabnwmiy. [lanee
HCKJIIOYAIOTCS «IIPOMaxm». BBOASATCS MONPaBKU HA U3BECTHYIK) CUCTEMATHYE-
CKYI0 TOTPEUIHOCTh (HampuMep, CMEIICHUE CTPEIKU U3MEPUTEIBHOIO MpH-
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0opa c HyJIEBOTO MOJOXKEHUS, BIUSIHUE U3MEHEHUSI TeMIIEpaTyphl MPU MpoBe-
JIEHUU U3MEPEHUM U Np.). 3amnofHsAeTcs TabiiMila CKOPPEKTUPOBAHHBIX pe-
3yJIbTATOB U3MEPEHUMN BEJIMYMHBI X.
2. B kadecTBe IEWCTBUTEIHHOTO 3HAYCHUS H3MEPSIEMON BEIUYUHBI
HpI/IHI/IMaeTCH< x)— cpeaHee apupMETHUECKOE 3HAUCHHUE PE3YJIbTAaTOB OT/EIIb-

HBIX 3aMEPOB, KOTOPOE HAXOAUTCS 1O popMyIie
n
<x>:12xi, (21)
Nz
TZIe Xj — Pe3ysbTaT I-ro 3aMepa BEJIMYHUHBI X, N— YKCII0 U3MEPEHUI.
3. OueHka HEUCKIIOUYEHHON CHUCTEMAaTUYeCKOU nmorpemHocTi Ac. Cuu-
TaeM, YTO OCHOBHOM BKJaJ B HEE BHOCUT MHCTPYMEHTAJIbHAs IIOIPEIIHOCTb,
KoTOpas omnpezensercs kiaccom touHoctu UIT u paccunTsiBaercs mo popmy-

nam (16)—(20) nis HalieHHOTO AEHCTBUTENBHOIO 3HaUeHus. Tormga

Ag =KA,,, (22)

rae K — xoaddunment, onpeaensieMplii BHIOpaHHOM JTOBEPUTEILHOM BEPOST-
HOCTBIO P coriacHo Tabmurie:

P 0,9 0,95 0,99
k 0,95 1,1 1,4

B nmaGopaTopHoM npakTukyMe pekomeHyeTcst Beioupath P = 0,95.

Ecmu ske Ha M3MepUTEeNbHOM MPUOOPE KJIacc TOYHOCTH HE yKa3aH (Ju-
HElKa, MTaHTeHIIMPKYJIb, MUKPOMETP U T.J.), TO CHCTEMaTHYeCKas TOTrperl-
HOCTB OIIpEIeTISeTCs €ro eHOoH nenennus C ¥ pacCUUTHIBACTCS 10 hopMyJie

A, :k%. (23)

B Tom ciyuae, korga paz0poc pe3ylbTaToB OTACIBbHBIX 3aMEPOB OTCYT-
CTBYET, MOTPEIIHOCTh BEJIMYHMHBI X OMPENEIAECTCS TOJBKO CUCTEMATHYECKOU
COCTAaBIIAIONICH U TOYHOCTh U3MEPEHUN MOKET OBITh MOBBIIICHA MPUMEHEHH-
em UII ¢ MeHbIIUM 3HAYCHUEM Kjlacca TOYHOCTH (MCHBILICH IICHOM JEICHHUS),
HalnpuMep UCMOJIb30BAHUEM MUKPOMETPA BMECTO IITAHTEHLIIUPKYJIA.

4. Tlpu Hamuuuu paszdbpoca pe3ynbTaTOB OTACIBHBIX 3aMEPOB MPOBO-
JUTCSI pacueT CIy4alHOM MOTrpeHOCTH. [ 3TOro cHayana nmpoBOJUTCS pac-
YET OTKJIOHEHUW PE3yJbTaTOB 3aMEpPOB OT JACHCTBUTEIBHOIO 3HAYEHHS HU3MeE-
psieMO¥ BETMUMHBI IO (hopmyIie

A% =% —(X) . (24)

JIOM>KHO BBITIOJIHATHCS.  YCIIOBUE Z:AXi ~0(oTmure OT HyJIS MOXKET

OBITh TOJIBKO M3-32 OKPYIJICHUS MIPU pacuyeTe OTKIOHEHUH ).
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Jlanee ompenensieTcsl CpeAHEKBAAPATHIECKOE OTKIIOHEHHE Pe3yJbTaTOB
3aMepoB Mo GopmyIie

(25)

Onpenenenue koddpdunuenta Croiogenta te. Kospdunuent Crtbio-

neHTa — KO3 PHUIUEHT, YYUTHIBAIOIINN U3MEHEHUE IUPUHBI JOBEPUTEIHHOTO
MHTEpBaJia IPU KCIOJb30BAaHUM KOHEYHOT'O YMCJIa MTPOBEJACHHBIX 3aMEPOB U3-
Mmepsiemoi BennunHbl. Koaddurment CThroieHTa HAXOAUTCS U3 TAOJHUIIBI 110
MU3BECTHBLIM N U P:

P
" 0,9 0,95 0,99
2 6.31 12.7 63.7
3 2,02 2,30 9,02
2 2,35 3.18 5,84
5 213 2,78 2,60
6 2,02 2,57 2,03
7 1,94 2,45 2,71
8 1,90 2.36 3.50
9 1,86 231 3,36
10 183 2.26 3.25
15 1.76 214 2,08
20 173 2.10 2,88

[IpoBoauTCS OlIEHKA CITy4aiHOM MOTPEIIHOCTH 10 (popmyIie
A, =to

cer’ (2 6)

5. OlleHKa MOJTHON NOTPENTHOCTH Pe3yIbTaTa U3MEPEHUS BEIIMUUHBI X.
AGCOIIOTHAS OTPEITHOCTh BETMYUHBI X HAXOJIUTCSA 110 hopMyIie

AX=[AZ+ A2 (27)

OTtHOocuTeNnbHAS IMOTPCIIHOCTDb BCIIMYMHBI X HAXOOUTCA 110 (1)0pMyne

sx =X (28)

(%)
6. 3ammch pe3ynbTaTa H3MEPEHUS] BETUYMHBI B BUJIC
X=XtAX, ox=...%, P=... (29)
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S. METOAUYECKHE PEKOMEHJIAIIUHA 11O
MNPOBEJEHHUIO KOCBEHHBIX U3MEPEHUN

B nabopatopHoM mpakTuKyMe MHOTHE (PU3MUYECKUE BEITUYUHBI, HAIPUMED
MOMEHT HWHEPIUU WIM KOHUEHTPALMs HOCUTENEW 3apsiga, HE MOTYT OBITh
HalJIeHbl NPSAMbIMU U3MEpEeHUsIMU. Takue Qu3anyeckue BEMYUHBI ONpeess-
IOTCS KOCBEHHBIM METOJOM C YY€TOM HUX ()YHKIHMOHAIBHOM 3aBUCUMOCTH OT
OpYyruxX (pU3NYECKUX BEJIIUYUH, KOTOPbIE MOTYT OBITh U3MEPEHBI NPIMBIMU Me-
TOIAMM.

[lycth ¢u3nueckas BenuunHa A cBsizaHa C APYrMMH (GU3HMUECKUMU BEJH-
YUHAMHU X1, X2, ..., Xn 3aBUCUMOCTBIO'

A=1 (X, X000 0%, ) (30)

HpI/I 3TOM (1)H3H‘ICCKI/IG BCIIMYUHEBIL Xj ABJIIIOTCA pe3yJabTaraMHu IPSIMBIX (I/IJII/I
APpYyIrux KOCBGHHI)IX) I/ISMepeHI/Iﬁ " IPCACTABJICHBI B BUC

X =(x)tAx, & =..%, P=.. (31)

i
TOI‘}Ia HeﬁCTBHTCHBHOC 3Ha4YEHHUE BEIWYUHBI A MOXKET OBITH Haﬁ)leHO acepes
ﬂeﬁCTBHTCHBHLIG 3HAYCHUS BCIUYUH X;.

()= (0,5 (30)): (32)
JInsi HaXO0XKAEHUS TOTPEITHOCTH KOCBEHHOIO M3MEPEHHUS MOKHO BOC-
MOJIb30BaThCS TEM, UYTO IS MAJbIX MPUPAIIEHUN OJHONAPAMETPUUECKON
Gynxuun A= f (X) u ee aprymMenTa crpaBeaaMBo COOTHOIIEHHUE:
AA N df (x)
A dx
Torma aGcomoTHasE MOTPENTHOCTh (PU3UUECKON BETWYUHBI A, 3aBUCSIIECH OT

OJIHOTO TIapaMeTpa, MOKHO HAWTH Kak

| df

AA=|
AX |-y

AX. (33)

B marematnueckod CTATUCTUKE MOKA3bIBAETCS, YTO €CIIA OTKIOHCHHUS
(bu3nUecKnX BETUYNH Xj OT UX JCHUCTBUTEIHHBIX 3HAUCHUN HE 3aBUCST APYT OT
apyra (He KOppEeNIHpYyIoT), TO a0CONIOTHAS MOTPENTHOCTh BEIMUUHBI A, orpe-
nensiemoit pynkmueit (30), HaxoaUTCs M0 hopMyJie

AA= Z a AX (34)

2
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I7I€ 3HAYCHMsS] YACTHBIX MPOM3BOAHBIX BBIYMCISIOTCS AN JEHCTBUTEIBHBIX
3HAYCHUU BEJIUYUH X;.
OTtHocHTeNbHAs OTPEUIHOCTD BEIMYUHBI A paBHa

sA= LA (35)

(A)
Pe3ynbTaT KOCBEHHBIX U3MEPEHU BETMUMHBI A 3alHCHIBACTCS B BUJIE:
A=(A)£AA, BA=..%, P=.. (36)
®opmyiibl pacueta AA u OA U1 Hanbosiee pacpoCTPaHEHHbIX (PyHK-
[IMOHAJILHBIX 3aBUCUMOCTEH NPUBE/CHBI B TaOuIle (8, b — KOHCTaHTBI).

A=fx.) A 5A
ax® |ab(x)P-1|Ax |b|6x
ax |a|Ax 5x
x2 2 |{x)|Ax 28x

Ax 1
Vx 2/ (%) 79%
i o 5
X (x)? *
ox
() o (G|
aeb* |able®*Ax |b|Ax
sin(x) |cos({x))|Ax |ctg((x)) | Ax
cos(x) |sin({x))|Ax [tg({(x))|Ax
Ax Ax
o cos? ((x)) [sin(2Ge))
Ax Ax
B sin? ((x)) [sin(2Go))
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Ja2Ax? + b2 Ay?
lafx) + b{y}|

ax + by Ja2Ax? + b2Ay?

x%yPb |(xy2(y)? |/ a?8x? + b28y? | \/a28x? + b2Sy?

Xy \/{y}z Ax? + {x)? Ay? VOoxZ 4+ 48y?
(x) : 5
v Oxs + 48y 1,I'§xz—|—§y2

()

X
V

HpI/I MPOBCACHUUN KOCBCHHBIX I/I3MepeHI/Iﬁ HCO6XOI[I/IMO YUYUTBIBATh, YTO
B BBIPAKCHHC (30), KaK MpaBWJI0, BXOAAT KOHCTAHTbI, MHOT'MC U3 KOTOPBIX 5B-
JEIOTCA UppaluOHAJIBHBIMU YN CIIaMHA (HaHpHMep, T UJIN 80). Takne KOHCTaH-
Thl IIPHU BBIYUCIICHHUAX OKPYIIIAIOTCA, CICAOBATCIBbHO, MMCIOT IOTIPCITHOCTDL
OKPYTJICHUA, KOTOpAaA BJIWACT HA ITOTPCHIHOCTL PC3YJIbTATd KOCBCHHOI'O U3MC-
peHU:. OII@HKa 9TOT0 BJIHAHUA IPOU3BOAHTCA IO TCM IKC q)OpMyJ'IaM, yTO U
JJIA (1)1/131/IIIGCKI/IX BCJIIMYUH X;.

HaHpHMep, HJIA OCHKHW BJIMAHUS IIOTPCIIHOCTH OKPYIJICHUA 4YHUCIIA T
BBIYHCIISACTCA BEIIMYMHA
of

—AR

on ' S

AA, =

rac 4aCcTHasd MpOU3BOAHAA HAXOAUTCA TaK, KaK CCIIH OBI T OBLIO HGpCMCHHOﬁ,

a AT — 3TO NOTPEUIHOCTh OKPYIJIEHHS. YUUCIO T NOJKHO OKPYIJIATHCSA 0 Ta-

KOTO pa3psna, 4To0sl AA ObUIO MHOTO MEHBIIE BEJIMYMHBI MOTPEIIHOCTH AA,

paccuuTanHHoi 1o Gopmysie (34).

6. METOANYECKHUE PEKOMEHJIAIIUA 110
I'PAOUYECKOMY NNPEACTABJIEHUIO PUZNYECKUX
BEJIMYNH

6.1. IlocTpoenue rpadukoB pu3nyecKUX BeJTUIUH

OpnHoii n3 HanboJee YacThIX 3a7a4 B JAOOPATOPHOM MPAKTHUKYME SIBIISI-
€TCSl YCTAaHOBJICHHWE XapakTepa 3aBUCHMOCTH OJHOW (DU3UYECKON BETMUHMHBI
oT apyroii. Takue 3aBUCUMOCTH YJIOOHO TMPE/ICTABIATH B TPAPUICCKOM BHJIC.
[TocTpoenue rpauKkoB MPOBOJUTCA MO CIAEAYIOLIUM MPAaBUIIAM:

1) rpaduky cTpOSATCSA KapaHIaIoM Ha MIJLTUMETPOBOU Oymare;

2) pa3mepsl rpaduka He TOKHBI ObITh MeHble 150%150 MM;
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3) Ha JAUCT HAHOCATCS KOOPJMHATHBIE OCHU, HA KOHI[AX KOTOPHIX HAHO-
cATcsa 0003HAYeHUs (PU3NYECKUX BEIUYUH M UX CAUHUIBI U3MEPEHUs; MpU
HEOOXOJMMOCTU €IUHUIIBI U3MEPEHHUS YKA3bIBAIOT C MHOXUTEJIEM, HAIpUMEpP
«D, 10°® Kn/m?»;

4) macmTaOHbIC JCIICHUS HAHOCSATCS Ha OCH TaK, 4TOObI PAaCCTOSHHE
MEKIY JIeIeHUsIMH cocTaBisiio 1, 2, 5 emuuun wia 107", 2-10°", 5-10™", rae
N — 1eJ10€ YUCIIO0;

5) Touka mepecedyeHus: oceil HeoOs3aTeIbHO JOJKHA COOTBETCTBOBATH
HYJIIO — HA4aJI0 OTCYETA MO OCSAM U MaciuTad cleyeT BHIOUpaTh TaK, YTOObI:

— KpuBas (mpsimasi) 3aHsijia Bce noJje rpaduka;

— YTJIBI MEXKJTy KacaTeJIbHbIMU K KPUBOUM U OCSAMH JOJIKHBI OBITh OJIU3KU
K 45° (unm 135°) mo BO3MOXKHOCTH B O0JIbIIIeH yacTu rpaduka;

6) 3HayeHHs (PU3UYECKHX BEJIMYUH 0003HAYAIOT HA rpaduKe MalieHb-
KUMH KPYKOYKaMHU, TPEYTrOJbHUKAMH, KBaJpaTaMH, MPUYEM YHCJIOBBIC 3HA-
YEHUs, COOTBETCTBYIOIINE HAHECEHHBIM TOUKAM, HE BBIHOCATCS Ha OCH;

7) OT KaXJ0H TOYKH BBEPX M BHH3, BIPABO M BIECBO OTKJIAIbIBAIOTCS B
BUJIC OTPE3KOB COOTBETCTBYIOIIME MOTPEITHOCTH B MaciiTade rpaduka; eciu
MOTPENTHOCTh COBIAJAET C HAMMEHBIICH 1IEHOW JEeJCHUs IIKaJIbl, TO OHAa HE
OTKJIa/IbIBACTCS;

8) mocyie HaHeCeHUsI TOYEK MPOBOJUTCS MpeCcKa3aHHasi TEOPHEH TuIaB-
Hasl KpUBas WK NpsAMas Tak, YTOObI OHA TepeceKana Bce 00JacTH MOTPEITHO-
CTei, €CJI 3TO HEBO3MOKHO, CyMMbI OTKJIOHEHUH SKCIIEPUMEHTATBHBIX TOUYEK
CHU3Y U CBEpXY KPUBOH JOJHKHBI OBITH OJM3KH;

9) rpaduky narT Ha3BaHUE, KPATKO OTpaXKarollee CoJiepKaHue MOCTPO-
€HHOM 3aBHCHUMOCTH; BCe TpaduyuecKre CUMBOJIbI, UCIOIb30BAHHBIE MPU TO-
CTPOEHUH, MOSICHAIOT B MOJIMUCH K TpadUKy, KOTOPYIO pacnojiararoT moj rpa-
(¢bUKOM WM Ha HE 3aHATOW KPUBOK YaCTH ITOJIS.

[Tpumep mocTpoenus rpaduka npuseaeH Ha puc. 11.

Y,10-° ep.
A
35
30~
25+
20
15+
10
5-

0 D B
0T 2747678710712 14X,e,u,.

Puc. 11. ITpumep noctpoenus rpaduka
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6.2. Onpenenenne napaMeTpoB JHHEHHON aNMPOKCHUMALMHU

B skcnepumenTax 4acto TpeOyercss MOCTPOUTh I'padHK 3aBUCUMOCTH
MOJIy4YeHHOU B paboTe GU3NYECKON BETUYUHBI Y OT (PU3UUECKON BEIUYUHBI X,
aNmpoOKCUMHUPYS 9Ty 3aBUCUMOCTL JMHEHHON (ynkimei Y =KX+Db  wm

y=kx, rme k u b — nocrosuusie. I'pagukoM Takoi 3aBUCHMOCTH SBIIAETCS

npsiMast JTuHUs, a KodhduimenTsl K 1 b yacto caMu ABISIOTCS OCHOBHOM Iie-
JBI0 JKCIIepUMeHTa. ECTeCTBEHHO, 4YTO KOA()PHUIUEHTH B 3TOM cllydae Ipe-
CTaBIISIIOT COOOM Takxke (PU3NUECKHue BEJIIMYUHBI, KOTOPBIC JOJKHBI OBITH
OTIpEeJIeNICHbI C MIPUCYIICH JaHHOMY SKCIIEPUMEHTY TOYHOCTHIO.

K TakoMy Tuiy 3aBUCHMOCTEW OTHOCUTCS, Hampumep, 3akoH Owma:
U =RI, rae nanpsokenne U cooTBeTcTBYET Y, cuiia Toka | — X, a conpoTusie-
HueR npencrasisieT coboit koaddumment K. [lake B TexX ciydasx, Korja 3aBu-
CUMOCTh MEXJy (U3MYECKHUMH BEIIMYMHAMH HEJMHEHHAs, YaCTO MOXKHO TIpe-
o0Opa3oBaTh ee B JHHEIHY0. [ 3Toro Ha ocsax rpaduka HajAO OTKIAAbIBAThH
HE CaMH OTH BEJIWYHMHBI, a HEKOTOphle (YHKIMM OT HUX. Hampumep, compo-

THBJIeHHE R IMMOJYIIPOBOJHHKA 3aBUCUT OT TCMIICPATYPbI T o 3dKOHY
AE

R=R,et, (38)
rae K — mocrostuaas Bonbivana, a AE — IIAPHUHA 3aMPENICHHON 30HbI (O,ZII/IH
U3 BOXHEUIINX MapamMeTpoB MOJYNPOBOJHMKA). Jlorapudmupys 3Ty 3aBUCH-
MOCTBD, IMOJYy4aCM:

1
In(R):AEﬁHn(RO). (39)

Taxum o6pasom, eciu 1o ocu Y ornoxuts In(R), a mo ocu X — 1/KT,

TO TOJYYHMM JIMHEHHYIO 3aBUCUMOCTh, KO3 duitneHT HakimoHa K KoTopoi pa-
BEH IIMPHUHE 3arpenieHHon 30ub1 AE.

st HaxoxaeHus K03 duuueHToB K 1 b M MX morpemrHocTedl cyiie-
CTByeT MHOTO MeTon0B. OgHUM U3 Hambosee MPOCTHIX METOJOB SIBISETCS
rpadudaeckuii. [ HaxoxneHus kodhPUIIMEHTOB cTpoutTcs rpaduk 3aBUCH-
MOCTH TIO OTIMCAHHBIM B MPEABIAYIIEM MYHKTE TPaBUIaM, TIPU 3TOM IOIy4YeH-
Has mpsiMasi JIMHUS NPOBOJUTCS 0 MEPECEUEHHs C OChl0 opauHatr (puc. 12).
OpauHaTa TOYKH IepeceueHus: OyaeT paBHa b. s HaxoxaeHus ko3¢ um-
eHTa K ompenernseTcs mpupamieHne opAnHaThl AY, COOTBETCTBYIOIIEEe HEKOTO-
pOMY TIPOU3BOJIBHO BBHIOpaHHOMY TpuparieHuto adciuccbl AX. Torma koag-
¢durmeHT HakIoHa OyAEeT paBeH

Ay
k=== 40
A (40)



29

Puc. 12. Tlpumep Haxoxaeuus koddpdunuentos K u b

JIJiss BBIUKCIICHHST MOTPEINHOCTH Kod(duimenTa K BeIOMpaeTCs JKCIie-
pUMEHTaNbHas TOYKA, MMEIOIIas HauOOoJbIIee, C YYCTOM €€ TOTPEIIHOCTH,
OTKJIOHEHHUE OT rpaduka B BEpTHUKAIBHOM HANPaBICHUU AYmax, KaK YKa3aHO Ha
puc.13, a. Torma oTHOcUTeNIbHAsI MOrPEHIHOCTh Kodddunrenta K, o0ycios-
JIEHHAs1 HETOYHOCTHIO 3HaUYCHUH Y, OyneT paBHa

ok, = —nax (41)
Yimax = Ymin
AHaJIOTUYHO OTHOCHUTEINIbHAS MOTPEITHOCTh K03 duinuenTa K, 00ycioB-

JIEHHAsl HETOYHOCTHIO 3HAUYCHUN X, OyeT paBHa

Sk = — o (42)

Xmax - Xmin

[TomHas morpemHoOCTh OyAET OnpenensaThes Mo hopmyie

Ak =k, /Skj +8k,? . (43)

JUiss ompenesicHus TOTPENTHOCTH KoadduimeHnTta b crposites aBe -
HUU, MapajuielibHble rpaduKy 3aBUCHMOCTU. B KauecTBe TOYEK MAaHHBIX IS
BEpXHEN JIMHMM HCHOJIB3YKOTCS BEPXHHME TIPAHULbI IOrPEHIHOCTEH IO Y
(puc. 13, 6).

Ecnu BepxHsAS rpaHUa NOTPEIIHOCTH JIEKUT HUKE IPSAMON, TO B Kade-
CTBE BEpXHEH TpaHUIlbl OEpeTCs TOYKa C TOM K€ aOCIIMCCOM, JieKalias Ha
npsAMon. Tak ke 1Mo HUKHAM IPaHUIAM MOTPEIIHOCTEN CTPOUTCS HUKHSS JIN-
HUs. Pa3HOCTh OpAMHAT IMOCTPOCHHBIX NapauUICIBHBIX NPSIMBIX JIMHUH AD
MOJKHO MPHUHSATH B KAY€CTBE OIICHKH TOrPEITHOCTH Ko3ddurenta b.
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Y,10 en.

B 0

i T T T T T T 1T 1 1
02468 rtoT e 1024 68 o2t X en
a §)

Puc. 13. Tlpumep naxoxaenus norpemHocteid AK u Ab

3HaYNTEILHO OO0JIee TOYHBIM, XOTA H OoJtee TPYAOCMKHUM MCTOAOM BbI-

uncnenuss koddpduuuentos K u b um ux morpemHocTell sABISETCS METON

HAMMEHBIIMX KBAJIPaTOB. B 5TOM MeToIe, KOTOPHIi IPUMEHUM HE TOJIBKO IS

NMHEHHON aNNMpOKCHMAIMH, HAXOIATCS Takue 3HavyeHus KodpduimeHToB ki
MPOU3BOJIBHOM (DyHKIIHK

y =F(xk.k,,...), (44)

IJIA KOTOPBIX CyYMMa KBaApaTOB OTKJIOHECHUM OKCIICPUMCHTAJIbHBIX TOYCK OT

TeopeTudeckoil 3aBucuMocT (44) OyneT HaUMEHBIICH. JTa CymMMa HMeECT
(1 (14% 10111517 8:3701 §

S:i(yi—F(xi,kl,kz,...))z . (45)

CymMa S uMeeT MUHHMYM, KOT/Ia PaBHBI HYJIIO BCE YaCTHBIC MPOU3BOJIHBIC S
o kodpdunmeaTam Ki:
n
aikiH(yi—F(xi,kl,kz,...))zzo. (46)
Pemas monmydeHHyI0 cHCTeMy ypaBHEHUW, HAXOAUM 3Ha4YeHHs Kod(huimeH-
T0BK,, K, ,...
B cnydae nuHeiHOM anmpoKcMManuy 3aBUCUMOCTH JIMHEWHBIMU (DYHK-
muaMu Y = KX+ b y = kx yAOOHO MpeABapUTEbHO BBIYUCIUTD Psi Cpel-

HHUX 3HAUYCHMUU JJISL N TOYCK JAaHHBIX:
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()=13%
<y>=%§yi;
()= 25 @47)
(Xy>=%§xiyi;
() =2t

Torza aj1s 3aBUCMMOCTH BHIA Y = KX KOO (MHUIMEHT U €ro MOrpenHoCTh

OylyT HaXOAUThCS IO hOpMYyJIaMm:

2]

rae tc — koapdurment CThro/IeHTA.

(48)

Jns 3aBucumoctd Buaa Y =KX +D koodppuumentsr u ux norpemsoctu

OyIyT HaXOJHUThCS 10 (OpPMYJIaMm:
()= (y).
()= (x)

b=y-kx;

Ak:t\/ . [<y2>_<y>2_k2} (49)
Aln—2 <X2>—<X>2
Ab= Ak [(x?).
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