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AnnHoranus. OOCyXaaeTcs TeKyIlee COCTOSTHAE B 00JIACTH METPOJIOTHIECKOTO O0ECIIEUCHNUS JTa3ePHBIX U ONTHYECKUX
n3MepuTenei cCkopocTu u JuHbL [lokazaHa akTyalIbHOCTh COBEPIIEHCTBOBAHUS ATATOHHON 0a3bl AJIsI METPOJIOTNIECKOTO
obecriedeHHs TaKuX CPECTB B COOTBETCTBUM C COBPEMEHHBIMHU NOTPeOHOCTAMMU. [I1s1 pereHus 3a1a4n pa3padoTaH CTeH
U3MEPEHHs] CKOPOCTH M JIHHEI (TpoiiaenHoro mytn) KC/I-2, mo3BosonIuii MpoBOIUTh H3MEPEHHS CKOPOCTH B HAra-
30H¢e 0,1-50 M/c 1 ayunbI B auana3one 1-99 999 m. [IpencrapieHo onrcaHue KOHCTPYKIIUU U TIPUHIIKAIIA paOOThI CTCHA,
MIPUBENICHBI PE3YJIBTaThl KCIIEPUMEHTAIBHOTO ONPEACICHHUS €ro METPOJIOrHYECKHX XapaKTepUCTHK. PaccMoTpeHb! oc-
HOBHbIE BKJIa/Ibl, COCTABIISIIOIHE IOBEPUTEIILHBIE TPAHUIIBI OTHOCUTEIILHOM OTPEIIHOCTH H3MEPEHHUS CKOPOCTH H JTTHHBI
(npoiinennoro mytn) crenna KCI-2. Pe3ynbraThl ncciaeoBaHus MpeACTaBIsSIOT HHTEPEC ISl METPOJIOTOB, pabOTarONINX
B 00J71aCTH U3MEPEHHS MEXaHMYECKUX BEJIMUUH, HH)XEHEPOB-KOHCTPYKTOPOB, a TAK)KEe IPON3BOANTEINCH 1 TIOJIb30BaTENeH
Ja3epHBIX ¥ ONTHYECKUX U3MEPHUTEIICH CKOPOCTH 1 JUTHHBI.

Knwuesvie cnosa: 2ma’jloH, CKoOpocmb, dﬂuna, Jaszeprvie damquku, beckoHmaxkmmule ()amuuku, oamuuxu CKopocmu,
usmepumenu ckopocmu
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Abstract. The current state of the art in the field of metrological support for laser and optical speed and length meters
is discussed. The relevance of improving the reference base for metrological support of such tools in accordance with
modern needs is shown. To solve the problem, the KSD-2 stand for measuring speed and length (distance traveled)
is developed, allowing measurements of speed in the range of 0.1-50 m/s and length in the range of 1-99999 m. A
description of the design and operation principle of the stand is presented, and experimentally determined metrological
characteristics of the stand are given. The main contributions that make up the confidence limits of the relative error in
measuring the speed and length (traveled path) of the KSD-2 stand are considered. The results of the study are of interest
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to metrologists working in the field of measuring mechanical quantities, design engineers, as well as manufacturers and
users of laser and optical speed and length meters.
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Beenenue. M3mepenre CKOPOCTH U JUIMHBI SIBISAETCS PACIPOCTPAHEHHOM 3a1a4eil BO MHOTHX
00J1aCTAX MPOMBIIIIEHHOCTH. VI3MepuTenu CKOpoCTH U JUTMHBI Pa3IMYHOIO THUIA (POJIUKOBBIE, ITPU-
KUMHbIE, UHIYKLIMOHHBIE U Jp.) UCIIOIb3YIOTCS HA IPOU3BOJCTBEHHBIX JTUHUAX JJIS1 U3MEPEHUS JUTUHbI
[IPOKaTHOTO MaTepuaia Wiu B paboTe KOHBEHEPHBIX BECOB U J103aTOPOB HEMIPEPBHIBHOTO CHCTBUS IS
pacdera mpOU3BOAUTEILHOCTH U MACCHI TTpoleanero rpy3a. OaauM u3 Hanbosee y1oOHbIX CITOCOO0B
U3MEpEeHUH ABIsIETCS] OECKOHTAKTHBIN CII0CO0, OCHOBAHHBINM Ha MPUMEHEHUH JIa3epHBIX M ONTHUECKUX
naryukoB. LlenecooOpa3sHOCTh MPUMEHEHUs JaHHOTO crocoda o0ycioBIeHa O0IbIION BapUaTUBHO-
CThbIO MOHTaKa JIJATYMKOB B pabouyro 061acTh 6€3 He0OOXOAUMOCTH CYIIECTBEHHOTO U3MEHEHUS MPO-
W3BOJICTBEHHOM JIMHUU C OTHOBPEMEHHBIM MOBBILIEHHEM TOYHOCTU U3MepeHuid. Harpumep, npu arre-
CTallMU TOCYJApCTBEHHOTO ATAJIOHA €IMHUIIBI MACChl 5-T0 pa3psiia* UCHONb30BaICA OECKOHTAKTHBIN
u3MepuTeb ckopocTH U anuHbl UC/I-5, ¢ moMoIibio KOTOporo yAaaloch YMEHbIIUTh OTHOCUTEIbHYIO
MOTPEUIHOCTh NpHU nepenadu eauHuilbl Macesl 10 0,3 %. Kpome Toro, 6ecCKOHTaKTHBIE H3MEPUTENN
CKOPOCTH U JUIMHBI SIBJISIOTCS MOOMIIBHBIMU, UTO MO3BOJISET JIETKO IIEPEMEILATh UX MEXIY 00BbEKTaMHU,
rae TpeOyeTcst KOHTPOJIb CKOPOCTH U JAJTUHBI.

B nacrosiiiee Bpemst Haubosiee pacipocTpaHeHbl OECKOHTAKTHBIE U3MEPUTENIN CKOPOCTH U JITTUHBI
Ha OCHOBE METOIOB JIOIUIEPOBCKOM Besocumerpu [ 1, 2] u mpoctpancTBeHHOU puibTpanmu [3, 4] (na-
Jiee — U3MEpUTENHN), pazpaboTaHHbie B 70-X rogax mpoIuioro Beka. Takue 06CKOHTaKTHBIE U3MEpPUTE-
JIM IPUMEHSIOTCA KaK M0 MPsIMOMY HazHaueHHIo [5—9], Tak U B cieluprUeCcKUX LeJsX, HapuMep, Il
M3MEPEHHs CKOPOCTH TPH B3pBIBHBIX dKcriepumenTax [ 10]. Ha texymuit MomenT B Poccun Ypanbckwii
Hay4YHO-UCCJeI0BaTeNIbCKUIl HHCTUTYT MeTpojorun — ¢unuan Beepoccuiickoro HayyHo-Hcce-
J0BaTeabCKoro HHCTUTYTa Metposnoru uM. Jl. 1. Menaeneesa (BHUUM um. /1. 1. Menneneesa,
Cankr-IlerepOypr) siBisieTCs OCHOBHOM OpraHu3alieil, OCyecTBISIONEeH MeTpoIoruueckoe odecrne-
YeHHE M0I00HBIX OECKOHTAKTHBIX U3MEPUTENIEH C IOMOIIBIO ,,] 0OCy1apCTBEHHOTO ATANOHA €IUHUIIBI
CKOPOCTH B iMana- 30He 3HadeHuit ot 0,2 1o 50 M/c, eMHULBI AJTUHBI B IMania30He 3Ha4eHui oT 1 10
99999 m* (mamee — KC/I-1). Cnexyer oTMETHUTH, YTO HECMOTPS HA HAJIMYKE ITAJIOHOB, TAKUX KaK
I'OT 189-2014 u I'DT 150-2012, B obnacTu u3MepeHuil TMHEHHOM CKOPOCTH OTCYTCTBYIOT rocyaap-
CTBEHHbIE IOBEPOYHBIE CXEMBI U TOCYIAPCTBEHHBIE ATAJIOHBI (3a uckiItoueHueM KCJI-1).

C nomorupto KCJ/I-1 ycnenHo npoBeieHbl UCTIBITaHUS OECKOHTAKTHBIX U3MEpHUTENIeH KaK Ha Oc-
HOBE METO/Ia JI0IIEPOBCKOM BEIOCUMETPUH, TaK U HA OCHOBE METO/a IPOCTPAHCTBEHHOMN (DUIBTpALIUH.
Hannyumas TO4HOCTh U3MEPEHUS CKOPOCTH NPEACTaBICHHBIMU U3MEPUTEISIMUA XapaKTEpU3yETCs
OTHOCHUTENIbHOU TorpemHocThio £ 0,1 %, KoTopasi cornmocTaBuMa ¢ MOTPEITHOCTRIO paHee pa3pabdo-
TaHHBIX U3MepuTe- Jeil, paBHoit + 0,2 % [5], ogHako nocieaHre ObUIH BHINOJIHEHBI B BUJIE KPYITHO-
rabapUTHBIX YCTa- HOBOK U UMEJIM OrPaHUYEHHBIN AUalla30H U3MEPEHHUN B OTIINYME OT COBPEMEHHBIX
MUHHATIOPHBIX u3MepuTteneil. [Iporpecc B 3Toii 001acT NpUBes K yBEIMUEHHIO BOCTPEOOBAHHOCTH
OECKOHTAKTHBIX U3MEPUTENIEH ¢ OJHOBPEMEHHBIM MOBBIIIEHHEM TPEOOBaHUI K TOUHOCTH U3MEPEHUN
B Heckoubko pa3. KCII-1 He B cocTosiHMM 00ecieYnTh COBPEMEHHbIE TOTPEOHOCTH MOIb30BaTECH.

* TocymapCTBEHHBIH 3TAIOH SIUHHUIIBI MACCHI 5-TO pa3psiia s BECOB HEIIPEPHIBHOTO ICHCTBHS C TUAMTA30HOM H3-
MepeHuit Maccrl cbimre 100 Kr, qrana3oHOM U3MEPEHHs MPOU3BOIUTEIBHOCTH cBhIme 500 Kr/4, Mruana3oHoM JTHHEHHON
mwioTHOCTH OT 10 mo 250 xr/m (Homep 3.1.ZZB.0414.2022 B dexepanbHOM HHPOPMAITHOHHOM (OHIIE TT0 00ECIIEICHUIO
ennHCTBa M3Mepenwuit; Poccranmaprt, 2022.
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B cBsi3u ¢ aTum B YHHUMM Ob11 pazpaboTaH CTEH]T U3MEPEHUsI CKOPOCTH M AJIHHBI (IIPOHICHHOTO
nyti) KCI-2 (nanee — crenng KC/I-2), pacimpsronuii TEXHUYECKUE U METPOJIOTHYECKHE BO3MOXK-
HOCTHU CyHUIECTBYIOIIEro TajgoHa. OcHoBHbIe TexHuueckue otnnuus crenna KCI-2 3axntouarorcs B
yCcTaHOBKe Oosiee (PyHKIIMOHAILHOTO MOTOPa, HHKPEMEHTAIBHOTO SHKOZIepa ¢ OOJIbIINM pa3pelieHueM
Y KOHTpOJIEpa, ocylecTBIsAoIero ymnpanienue crengom KC-2, ¢ onuueit CHHXpOHHOTO U3MEPEHHUS
CKOPOCTH W JJIMHBI U 00paOOTKH MOTYy4YeHHON HHPOPMAIIUH.

Lenp HacTosIIEH CTaThu — 3KCIIEPUMEHTATILHOE ONPEIeICHUE JEHCTBUTEIbHBIX METPOJIOTUYE-
ckux xapakrepuctuk crenga KCJI-2.

Onucanme crenga KC/-2. KoncTpykTuBHO
crenn KCJI-2 cocTouT u3z MoTopa, ynpapisieMoro
KOHTPOJUIEPOM MOTOPA, IPELU3UOHHOIO KOJ€eca,
MIPUBOAMMOTO B JBUKEHUE MOTOPOM, BHEUIHETO
WHKPEMEHTAJIbHOTO SHKOJIEPA, KOHTPOJIEpa CTEH-
na KC/I-2 1 nepcoHaibHOro KOMIIBIOTEPA C yCTa-
HOBJICHHBIM CIEIIMATIH3UPOBAHHBIM MPOTPAMMHBIM
obecrnieuenueM (puc. 1). MoTtop, mpenmu3noHHOE KO-
JIECO U BHEIIHUM SHKOJIEP YCTAHOBJICHBI HA OJHOM
Bairy. B ocnoBy pab6otsl crenaa KCJI-2 nonoxen
MPUHIIUI UMHUTAIUH JIBUKEHUS TTOBEPXHOCTH C
MTOMOIIIbIO BPALLAIOLIETOCs KoJjeca.

Pa6ora crenna KC/I-2, crpykTypHas cxema
KOTOPOIO IpEeJCTaBiIeHa Ha PUC. 2, OCYIIECTBIIS-
eTcs caenytouuM oopazoMm. C MOMOIIBIO CIEIH-
AJM3UPOBAHHOTO MPOTPaAaMMHOI0 0OecreyeH s Ha
KOMIIBIOTEPE 3aaI0TCS NApaMETPhl U3MEPEHUM: 7
CKOPOCTb, AJIUTENbHOCTh U3MEPEHUH, 3a7epiKKa o S

o

Brenmauit
SHKOJIEP

| Konrposep
y'| wmortopa

nepen u3MepeHusiMu. COOTBETCTBYIOLIUHI 3aIpoC K L o
s KonTpoiiep
otnpasisiercs: B kKoutposuiep crenna KCJ-2, raoe P——————y .

MIPOUCXOUT MPeoOpa30BaHKE 3aMIPOCa B KOMAH/IbI
KOHTpoJuiepa MoTopa. KoHTposep Mmoropa ocy-
LIECTBIISCT (PYHKIIMHU YIIPABICHUS U OTCIICKUBAHUS
napamMeTpoB padotsl Mmotopa. Motop crerna KC/I-2 nmpuBOIUT B IBM)KEHHUE MIPEITU3MOHHOE KOJIECO
Y TIO3BOJISIET C BBICOKOH CTaOMIBLHOCTBIO MOJJEPKUBATH CKOPOCTh KoJieca B amamazone ot 0,1 go
50 M/c. 3aech U ganee 3a CKOPOCTh MPEIM3UOHHOTO KOJIECA MPUHATA JIMHEWHAsI CKOPOCTh Bpallle-
uus (V). lopnepxanue 3a1aHHON CKOPOCTH MPOU3BOAUTCS B ABTOMATHUECKOM PEKUME KOHTPOILIEPOM
MOTOPA, KOTOPBI HEMPEPHIBHO MOJyYaeT CUTHAJI ¢ BHYTPEHHETO HKO/IEpa MOTOpa C pa3pelieHueM

Puc. 1

Koneco
MoTopa H SHKOZED

KonTponnep / Wsmeputens

MOTOpa CKOPOCTH Bremnui
W JUIAHBI 4acTOTOMEP

!

Kontpomnnep
CTeHIa [<
KCA-2

{

IlepconanbHbIi
KOMTIBIOTEP

Morop DHKOED i H BHemHmi :I

Puc. 2
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3000 umr/ 06. Ilpenu3nonHoe KOIeco ¢ HOMHUHAIBHON UIMHOW OKPYXHOCTH, PaBHOHM | M, CIIy>KUT
JUISL XpaHEHUs1, BOCIIPOU3BEICHUS U [TEPEAAYN €IMHUILIBI JUIMHBI: BHEIIHUA HHKPEMEHTAIbHBIN dHKO-
nep umeet pazpemenre 10 000 ummn/o6 (B 1Ba pasa Baimie, yeM B KCJI-1), koTopoe ¢ y4eToM JAJTUHBI
OKPY>KHOCTH KOJIeCa MOXKET ObITh IPEJCTABICHO B €AMHUIIAX JJIMHBI — UMIYIbcbl/MeTp. [lepenada
€IMHUIIBI CKOPOCTU OCYILIECTBISAETCS KOCBEHHBIM CIIOCOOOM ITyTeM MO/CYETa KOJIUYEeCTBA UMITYIIb-
COB, CT€HEPUPOBAHHBIX YHKOAEPOM 3a | ¢, U mepecuera KOJu4eCcTBa UMITYJIbCOB B €IMHHUILY JIJIUHBI.
JIMCKpeTHOCTh OTCUeTa MHTEpBajia BpeMeHH coctapiseT 10 mxc. J[nuHa (nmpoleHHbIi myTh) pac-
CUMTBHIBAETCA ITyTEM UHTETPUPOBAHMS CKOPOCTH 3a BpeMsl u3mepenuil. [lepenaya eqnHuLBI CKOPOCTH
U €IMHMIIBI JJIMHBI JIA3EPHBIM U ONTUYECKUM U3MEPUTEISAM CKOPOCTU U JUIMHBI OCYIIECTBISAETCA
MeToaoM cirueHus nokazanui crenyia KCJI-2 u kouTponupyemoro usmepurens. st 3Toro uMmyiib-
CHBII BBIXOJ/l KOHTPOJIMPYEMOT'O U3MEPUTENS OAKIIoYaeTcs K kKoHTposuiepy crenaa KC/I-2, koTopslit
IIPOU3BOJIUT IOJICYET KOJIMYECTBA UMITYJIbCOB U MEPECUYET B €AUHULY CKOPOCTH U €AMHMILY JJIUHBIL.
[Tomyuenue curnana ¢ BHenHero sHkoaepa crenga KCJI-2 n uamepurens CKOpoCTU U JUIMHbI IIPOMC-
XOIUT ofHOBpeMeHHo. [1o 3aBepiieHnn u3MepeHust Ha MepcoHaIbHOM KOMITbIOTEpE co3aeTcs Gaiin
C mapaMeTpaMHM U pe3yJbTaTaMu U3MEPEHUN.

MeToauka 3KCrepuMeHTa U UCI0JIb30BaHHOe 00opynoBaHue. ONIOpHbIEC 3HAUCHUSI CKOPOCTH
u uHbl (npoitnennoro nytu) crenna KCJI-2 onpenensanch KOCBEHHBIM CIIOCOOOM C IMOMOIIBIO
BHEIIIHETO YacTOTOMEpa U MUKpomeTpa. ONIOPHBIM 3HAYEHUSAM COOTBETCTBYIOT HE3aBHCUMO OIIpe-
JIeNICHHbIC 3HAYEHHsI CKOPOCTHU MPELU3UOHHOTO KOJIECa U BOCIIPOU3BEACHHOMN JAIUHBI (TIPONUIEHHOTO
nyTH) cteHaoM KCJ[-2 — 3Ty 3HaueHus SIBISIIOTCS OCHOBOM JIJIsl CPAaBHEHUS C TIOKa3aHUSIMU CTEHIA
KC-2. MukpoMeTp 1 4acToToMep 00eCIeYrBalOT METPOJIOTHUECKYIO MPOCIICKUBAEMOCTh COOTBET-
ctBeHHO K DT 2-2021 u I'DT 1-2022 comiacHo JIOKaJIbHOM 1TOBepouHOi cxeme aiist ctenna KCI-2,
yrBepxkaeHHon Y HUMM. Hcnons3yemsle cpeacTBa U3MEpEHUN IIOBEPEHBI.

Jli1s mpoBeieHus SKCIIEPUMEHTOB UCIIOIb30BAJIOCH ClIeAyoIIee 000pya0BaHuE:

— yacToToMep AMeKTpoHHO-cueTHbId AKUII-5102, nnana3on n3amepeHus KoJm4ecTBa UMITY/IbCOB
or 1 mo 1018, npemens qonyckaeMoii aOCOIFOTHOM MOTPEMIHOCTH + | UMITYJIbC;

— mukpomeTrp Micron moa. MKLI, nuanazon uzmepenus ot 300 go 400 MM, npenessl J0mycKa-
€MO# a0COTIOTHOM MOTPEIIHOCTH + 9 MKM.

KoHTpo/Ib ATMHBI OKPYKHOCTH NPEU3HOHHOIO KoJieca. C IOMOIIBI0 MUKPOMETPA U3MEPSIICS
JUaMeTp MPEIU3UOHHOTO KoJieca B MATH CEYCHUAX (TPUMEPHO depe3 Kaxapie 35°). JleiicTBuTenpHas
JUIMHA OKPY>KHOCTH MPELU3NOHHOTO KOJIeca BhIUMCIIAIACH 10 (hopmyIie

=1y Dufs, (1)
m=1

rae D, — auameTp Mpenu3nOHHOTO Kojieca B M- TOUKe.

Kounrtpoas ckopoctu. st onpenesneHus METPOIOrHUECKUX XapaKTEPUCTUK U3MEPEHUs CKO-
POCTH € IOMONIBIO CHEIHAIBHOTO MEePEXOIHUKA CUTHAN ¢ BHemHero »HKoAepa ctenaa KC/-2 ny-
OMMpOBAJICA M OJMH M3 BBIXOJOB MOJKIIOYAJICS K YaCTOTOMEPY B PEKHME U3MEPEHHUsT KOIMYECTBA
umIynscoB. [Tocne 3Toro oJHOBpeMEHHO 3aITyCKaIich H3MEPEHHUS KOTMUECTBA UMITYIbCOB C IIOMOIIIBIO
yacToToMepa U ckopoctu ¢ nomoisto crenaa KC/-2.

[Ipu cxopoctu 0,1 m/c BHemHu sHKOAEp cTeHaa renepupyet 1000 umn/o6, m03TOMy OTHOCH-
TeJIbHAsI HOTPELIHOCTh YacToToMepa mnpu 31oi ckopoctu paBHa 0,1 %. YToObl 000iiTH 3TO OrpaHu-
YeHHe, U3MEPEHHS KOJIMYeCTBAa UMITYIbCOB U CKOPOCTH B Auamna3zoHe ckopocreit 0,1 ... 1 m/c mpous-
BoawiIKCh B TeueHue 10 c. EnMHUYHBIN pe3yabTaT u3MepeHus OMOPHOU CKOPOCTH (OMPEeIeHHOM C
MIOMOIIbIO YaCTOTOMEPA) BBIYHCIISICS 1O hopMyIie

N/

Vi, on — Ja (2)
93

rae N; — eIMHUYHBIN Pe3yJbTaT U3MEPEHHUs KOJIMYECTBA UMITYIbCOB, T — BPEMsI U3MEPEHUH, » —
paspemnrenue BHerHero dHKoepa creraa KCJI-2 (10 000 numrt/06).
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3a eAMHUYHBINA pe3ynbTar u3mMepenus ckopoctu crenom KC/I-2 npunumanocs cpennee apud-
METHUYECKOE 13 3MepeHuit ckopocrer 3a 10 ¢. Takue napbl nu3mepenuii mpoBoauiuck 10 pas, 3a pe3ysib-
TaT U3MEPEHUH MIPUHUMANIOCH cpefHee apupmernueckoe u3 10 equuuaHbIX n3Mepenuid. [Ipu ckopoctu
cBbIlIe 1 M/c U3MEpEeHHst YaCTOTOMEPOM U CTE€H/I0M IPOBOIMIIMCH OJIUH pa3 B ceKyHy. Enunnunoe 3Ha-
YEHHE OTIOPHOM CKOPOCTH BBIYUCIISUIOCH IO opmyrie (2), tae T = 1 ¢. 3a pe3ynbraT u3MepeHHid omop-
HOW M M3MEPEHHON CTEHJIOM CKOPOCTH MPUHUMAJIOCh cpefHee apudmerndeckoe u3 10 uzmepeHui.

B Tabn. 1 npencrasieHsl COCTaBISIONINE TOTPELIHOCTH, 10BEPUTEIbHbIC TPAHUIBI OTHOCHTEIb-
HOH MOTPeIIHOCTH pe3ysibTaTa U3MepeHuil U (HOPMYIIbI, 110 KOTOPBIM OHHU BhIYUCISUIHCH. Clieqyer
OTMETUTh, YTO TAK KAK U3MEPEHUSI CKOPOCTH € ITOMOLIbI0 YACTOTOMEPA U CTEH/Ia IPOUCXOIAT OJJHO-
BPEMEHHO U B OJIMHAKOBBIX YCJIOBMSX, ClIydaiiHas COCTaBIIAIOIIAs, B OCHOBHOM CBSI3aHHAs C HECTa-
OMIIBHOCTBIO MOJJIEP)KAaHUSI CKOPOCTH, JJISl 3TUX ABYX BEJIMYUH OJUHaKoBa. BenenctBue Toro, uto
Clly4aifHble BKJIaJ(bl OAMHAKOBBI, IPU BHIYMCIEHUU CMELICHUS (Pa3HOCTU MEXIY OMOPHBIM U U3Me-
PEHHBIM 3HAUEHUSIMH ) OHU B3aUMOKOMIIEHCUPYIOTCA. [103TOMY BBIUMCIISIIOCH CMELLIEHUE EAMHUYHBIX
pe3yabTaTOB UBMEPEHUN CKOPOCTU OT OMTOPHOTO 3HAYEHHUSI, a CIydailHasl COCTABIIAIONIAs U3MEPEHHI
BBIpA)KEHA B BUJIE cpeHEKBagpaTndeckoro otkiaoneHus (CKO) cmemenuii.

Tabnuya 1

Xapakrepuctuka Dopmyna Iosicuenne

[Ipenens! nomyckaeMoil OTHOCUTENBHOM
MIOTPEIIHOCTH YaCTOTOMEpa

1
Oy = max{—lOO}
N

N; — eIUHUYHBIA pe3ysbTaT U3MEPEHUS KOJIH-
4eCTBa UMITYJIbCOB

[penens! gomycKaeMoi OTHOCUTEIILHOM 0,0000091 [, — neWicTBUTENbHAS JUTMHA OKPYXHOCTH TIpe-
MOTPEITHOCTH MUKPOMETPA M , 00 [IU3HOHHOTO KoJieca, M

d 100 d — JMUCKPETHOCTh MOKa3aHUN CTeHMa, M/C;
TorpenHoCcTh MHANKAIINI A e Vi — pe3ynbraT U3MEpEeHUs CKOPOCTHU CTEH-

mom KCJI-2, m/c

Vixen— Vi on Vi, xcj — €AMHUYHBII pe3ynbTaT H3MEepEeHHs
A= Vi on 100, ckopoctu crernom KCI-2, m/c;

n Vi on — €AMHUYHBIN pe3yabTaT U3MEPEHUST
OIOp- HOM CKOPOCTH, M/C;
A; — eIUHUYHOE CMEICHNE N3MEPEHHON CTEH-
oM KCI-2 ckopocTy OT OHOPHOIO 3HAYeHUs,
%; n — KOIMYECTBO U3MEPEHUI

CmMmenienue

HOBepI/ITGHLHLIG rpaHUulbl HEUCKITFOYCH-
HOM CUCTEMaTUYeCKON NOrpCurHOCTH

n

Y(A- A

i=1
n(n-1)
6:& SZ +(e—)2
S+0/(1,1V3) V 1,1V3

KonTpoas nnunbl (npoiiieHHoro nytu). s onpeneneHuss METPOJIOTMUYECKUX XapaKTepH-
CTHK M3MEPEHHUs JJIMHBI (IPONAEHHOr0 MyTH) AyOIUPOBAaHHBIM BBIXOJ] BHEIIHETO SHKOJEpa CTeH 1a
KC/I-2 noxkirogasics K 4aCTOTOMEPY B pPEeKUME U3MEPEHUS KOJIMUYECTBA UMITYJIbCOB. C IOMOIIBIO
nporpammuoro obecneuenus crenaa KCJI-2 3agaBanuch MuHMManbHas JiuHA (L) ¥ COOTBETCTBY-
IOIIIME TTapaMeTphl CTeHIa COMIacHO Tadi. 2. OMHOBpEMEHHO 3aIyCKaIUCh U3MEPEHHS KOIUYEeCTBa
MMITYJTECOB C TIOMOIIBI0 YaCTOTOMEpa W JUIMHBI (ITPOMIeHHOTO IMyTH) ¢ moMoIisio creraa KCJI-2.
CrnycTs yCTaHOBIIEHHOE BpEMS U3MEPEHHUS I10CJIE OCTAHOBKHU CTEH/1a CUUTHIBAJINCH NTOKa3aHUS CTEH-
Jla ¥ yacToToMepa. EMMHUYHBIN pe3ynbTaT u3MEPEeHUs ONTOPHOMN JUTHHBI (OTPEETICHHON ¢ TTOMOIIBIO
4acTOTOMEPA) BBIYHUCIISUICS IO opMyIie

CpeaHeKBaﬂpaTqucxoe OTKJIOHCHUEC S

JloBepuTenbHbIE TPAHUIIBI OTHOCUTEb-
HOM MOTPEIIHOCTH

t — ko3 dunuent Creronenra npu P = 0,95
un— 1 creneneit cBoOOAbI

3)
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Tabruya 2
CKOpOCTh MPEIU3UOHHOTO KoJieca KonuuecTBo eqMHUYHBIX
3ajganHast jymHa L, M Bpewms uzmepenus 1, ¢ M
V, m/c H3MEpPEHHUIA 1
1 0,1 10 10
100 10 10 10
10 000 25 400 5

W3mepenus moBTOPSUIMCH B COOTBETCTBUM € TaOl. 2. 3a pe3ysibTaT U3MEpEeHUil MPUHUMAIOCh
cpeaHee apupMETUIECKOE EAMHUYHBIX U3MEPEHUI. AJITOPUTM pacueTa COCTABIISIONIMX MTOTPEIIHOCTH
U JIOBEPUTEIbHBIX TPAHUI] OTHOCUTEIBHOM MOTPELIHOCTH Pe3yabTaTa N3MEPEHUH MOTHOCTHIO aHAJIO-
THUYEH alIrOpUTMY IIPU KOHTPOJIE CKOPOCTH (cM. Tab. 1).

Pe3yabrarel n3amepenuii u odcy:xkaenne. Ha ocHOBe pe3ynbTaroB U3MEPEHUM IHamMeTpa
MPEU3UOHHOTO KoJieca ACHCTBUTENbHOE 3HAU€HHUE JUIMHBI OKPYKHOCTH NMPELHU3UOHHOTO Kojeca
[;=1,000000 m. CKO pe3synbrara u3MepeHus JJIMHbI OKpY>KHOCTHU Kojeca /; cocraiser 0,0003 %,
YTO MPEHEOPEKUMO MAJIO U HE YUUTHIBACTCS B aJbHEHIIINX pacueTax, a MOrpeliHOCTh MUKPOMETpa
YUUTBIBACTCS TIPU pacyeTe JOBEPUTEIbHBIX TPAHUL] HEUCKIIOUYEHHOM CHCTEMaTn4ecKoil MOrperHo-
cTH (cM. Tabm. 1).

Ha puc. 3, a npencrapieHbl COCTABISIONINE JOBEPUTENBHBIX IPAaHHIl HEUCKIIIOUEHHOM cucTeMa-
trdeckoil norpemHocty 0 (nanee — HCII) npu u3mMepeHnn CKOpoCTH; BKJIAJ] KaXK10H COCTaBIISIOLIEH
HCII noka3zan Ha puc. 3, 6. Ha ocHOBe aHa/in3a Moyy4yeHHbIX TaHHBIX MOKHO BBIJICIUTH TPH 00JIaCTH
no BiusaAIO coctapisitonux HCII: B nuamazone ckopocreii 0,1...0,3 M/c ocHoBHO# Bkiaa B HCIIT
(Cp) BHOCHT MOTPELIHOCTh YaCTOTOMEPA Oy, B Auana3zoHe 0,3...1 M/c — morpemHocT MUKpOMeTpa
Oy, @ B Tuana3one 5...50 M/c — cMelieHre U OTrPemHoCTs MUKpoMeTpa. ClieayeT OTMETHTD, YTO ISt
MOCJIETHETO JInana3oHa HalllloaeMoe CMelleHNe IPAaKTHUECKU He MEHSAETCS U TPUOTU3UTEIBHO PaB-
HO —0,005 %. Ha naHHbIif MOMEHT HE COBCEM SICEH UCTOUYHUK 3TON CUCTEMATHUYECKOM MOTPEITHOCTH.
BeposTHO, 3TO CBSA3aHO C TEM, YTO BBICOKOYACTOTHBIM CUTHAJ C BHEIIHETO SHKOJEPA MOIKIII0YAETCS
HampsIMy10 K YaCTOTOMEPY, YTO MOXKET CONPOBOXKAATHCS AIEKTPUUECKUMH [TOMEXaMH, TOT/a KakK B
koHTposepe crenaa KC/I-2 curnan ¢punsrpyercs ot snekTpudeckux nomex. Kak ciencrsue, yacro-
TOMEp HauMHAET U3MEPEHHUE paHbllie, YTO MPUBOJIUT K CABUTY MHTEpBAJia cYETa UMIYJIbCOB MEXTY
4acTOTOMEPOM M cTeHaoM. OTHaKO MOKa3aHUsl YaCTOTOMEpA U CTeHAA (PUKCHPOBAIUCH C TOMOILBIO
BUJICOCHEMKH, U PACXOXKICHUS B UHAMKALIMU PE3YNIbTaTOB U3MEPEHUI He Habmoanock. TeM He MeHee
CKO enuHUYHBIX CMEIIEHHUH B Auana3oHe ckopocteit 5...50 M/c npeHedpexxnumo Mano (cM. puc. 4),
MI03TOMY U3MEPEHHUSI BCE €I€ MOKHO CUUTATh OTHOBPEMEHHBIMHU.

a) 0)
9,%'” - - - Co, %
—=—3,——5,,—4A—08,—v— A—+—0 | i |+ 5, —— 5,—4—3,—~v—A ]
< 4
0,01 80 - ]
60 | ]
40[ ]
0,00 i 1
20} y
oL ]
70’01 1 1 1 1 [ 1 1 1 1
0,1 1 10 50 V, m/lc 0,1 1 10 50 V, m/lc
Puc. 3
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a) 0)
5, % Cs, %

0,016 —=— CKO 100L i
-_ —e— I;CH - CKO | -

0.012F ] 80 —e— HCII | S
i ] 60 - -

0,008 | . - -
i ] 40 r .

0,004 ] 20k ]

0’000 B 1 1 1 1 ] 0 -_ 1 1 1 1 i

0,1 1 10 50 V, Mm/c 0,1 1 10 50 V,m/c
Puc. 4

Ha puc. 4, a npencrasieHsl COCTaBISIIOIUE JOBEPUTENBHBIX IPAHUL] OTHOCUTEIBHOMN MO PELIHO-
CTH O pe3yJbTaTa U3MEPEHHs CKOPOCTH, a Ha pHC. 4, O — UX COOTHOIIEeHKE. B nuamna3one ckopocreit
0,1...1 m/c Bxaaasl (Cs) HCIT u CKO conocraBumsbl, ipu ckopocTH cBeime 1 m/c CKO cranoButcs
MpeHeOpeKUTENbHO Maslo U ocHOBHOW BKJaa BHOcUT HCII. IloaToMy mpu ycTpaHeHUM CMEIIeHMUs,
KOTOpO€ 00yCIIOBJICHO METOZIOM M3MEpeHusl U BHOCUT ocHOBHOI Bkiiaa B HCII, noBepurensHbie rpa-
HULbI OTHOCUTEIBHON MOTPEIIHOCTH u3MepeHuit ckopoctu crerom KC/I-2 npu ckopocTH cBbIle
1 M/c MoryT OBITH yBeTHUEHBI 10 3HaYeHu# nopsaaka 0,003 %.

Pesynbrarel onpeneneHus METPOJIOTHYECKUX XapaKTEPUCTUK U3MEPEHUS UTUHBI (ITPOHICHHOTO
MyTH) MpejcTaBieHsl B Ta0. 3. Haubosnpliee 3HaueHUe MOrpeltHOCTH S HaOMI0AaeTCcsl TP MUHU-
MaJbHO 33JaHHOM JUIHHE. DTO, KaK ObLIO YIOMSHYTO BBIIIIE, CBSI3aHO C MOTPEIIHOCTHIO YaCTOTOMEDA,
KoTOpast BHOCUT Oombinoii Bki1a B HCII nmpu ManoM KosmdecTBe N3MEPEHHbBIX UMITYIICOB. [Ipu 60ib-
el JUIMHe BIMSIHUE YacToToMepa MpeHeOpeKMMO MaJlo U OCHOBHOM BKJIaJ BHOCHUT MOTPEUIHOCTb
Mukpomerpa. IIpumedarensno, yto CKO npu L > 1 M 3HaUNUTENBHO MEHBLIE, YEM IIPU U3MEPEHUSIX
CKOPOCTH. DTO CBA3aHO C TEM, UTO MPU U3MEPEHUU ITTMHBI (IIPOMIEHHOTO MTyTH) U3MEPEHUS KOJIUUe-
CTBa MMITYJIbCOB U CKOPOCTHU IPOU3BOJMINCH B TEUEHUE BCErO BPEMEHHU padOThl CTEHAA: OT Havyasa
JIBUYKEHUS KOJIeca JI0 €ro MOJIHOM OCTaHOBKHU. TakuM 00pa3oM, OTCYTCTBYIOT BO3MOXKHBIE CIIBUTU
MHTEPBaJIa BPEMEHU U3MEPEHUI, UTO TaKKE BbIPAXKACTCs B IPAKTUUYECKU HYJIEBOM OTKJIOHEHUU W3-
MEPEHHOM JJIMHBI OT OMIOPHOTO 3HAYEHHUSI.

Tabnuya 3
3amanHas aauHa L, M S, % Oy, %0 Oy, Y0 d4, %o A, % 0, % 3, %
1 0,003 0,009 0,0028 0,0000 -0,0034 0,011 0,017
10 0,0001 0,0001 0,0028 0,0000 —-0,0001 0,003 0,003
10000 0,0000 0,0000 0,0028 0,0000 0,0000 0,003 0,003

Cpasnenue crenaa KCJ/I-2 ¢ 3apy0esKHBIMH aHAJIOTAMH H €r0 NPaKTHYeCKasi 3HAYHMOCTb.
3apyOexHbIe aHAJIOTH CUCTEM ISl METPOJIOTUYECKOTO 00eCTIeueHNs JTa3ePHBIX U ONTHUYECKUX U3Me-
puTeNell CKOPOCTH, B OCHOBE KOTOPBIX JIEXkKAaT METOABI TOIUIEPOBCKOM BEJIOCUMETPHUH I IPOCTPAH-
CTBEHHOU (PMIJIBTPALIMU, UMEIOT Pa3IMYHbIE TEXHUYECKUE peanu3aliuu, Ho 0a3upyroTCsl Ha MPUHIIU-
MUAJIbHO OJUHAKOBOM METOJ€ — MMMTALUN ABU)KEHUS TOBEPXHOCTH.

BaxxHo 0TMeTUTB, UTO B 3apyOEKHBIX aHAJIOraXx HOPMUPYETCS] HEONPEAEIEHHOCTh pe3yibraTa
n3MepeHuil ckopoctu. HecMoTpst Ha TO, UTO anropUTMBI pacueTa HEOIPEIEICHHOCTH U IOBEPUTENb-
HBIX TPaHUI[ MOTPEIIHOCTH pe3yJibTaTa U3MEPEHUN Pa3IMyaloTCsl, KaKk MMPaBUjIo, pe3ylbTUPYIOIas
paciMpeHHasl HEOIPEAEIEHHOCTh U IOBEPUTEIbHBIE I'PAHULBI TOTPEIIHOCTH OTJINYAKOTCS APYT OT
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Jpyra He3HAYUTEIbHO, TO3TOMY MOJIyYEHHbIE METPOJIOTHUeCKHe XapakTepucTtuku crenga KC/-2
MOTYT OBITH COIIOCTABIIEHBI C METPOJIOIMYECKUMHU XapaKTEPUCTUKAMU 3apyOeKHBIX aHAI0roB. Takxke
clelyeT OTMETUTD, YTO JJIMHA 3a4acTyI0 BBIYUCISETCS KaK MHTErpajl CKOPOCTHU MO BPEMEHU U3Me-
peHuil, MosToMy 3apyOexHble aHAJIOI'M HOPMUPYIOTCS TOJIBKO IO JUANa30Hy BOCIPOU3BOJUMBIX U
u3MepsaeMbIx ckopocTeid. Hanbomnee 6u3kue o KOHCTPYKIUH U IPUHLUITY ACHCTBUS aHAJIOTHYHBIE
CHUCTEMBI TIpe/IcTaBIeHbI B paboTax [11, 12], rae B KauecTBe MOBEPXHOCTU MCTIOIB3YETCS TOPEIL 1T~
JMHJpPA WM JUCKA, a HapaMeTphl BpallleHUs] KOHTPOJIMPYIOTCs 3HKoZiepoM. B padorax [13, 14] takxke
B Kau€CTBE UMUTUPYEMOI MOBEPXHOCTU UCIOIB3YETCS TOPEL AUCKa, OAHAKO B McciaeaoBanuu [13]
€ro CKOPOCTb KOHTPOJIUPYETCSI IPYTUM JIa3€pPHBIM U3MEPUTENIEM CKOPOCTH, a B [ 14] MII0CKOCTh IHUCKa
umeer nepdoparuu, yepe3 KOTopble MPOXOIUT JIyd OTAEIbHO YCTaHOBJICHHOTO JIa3epa, HalPaBIEHHOTO
Ha CBETOYYBCTBUTEIbHBIN JaTuuK. KOHTPOIL CKOPOCTH B 3TOM Cllydae OCYIIECTBIISIETCS HA OCHOBE
4aCTOThI CUTHAJIA, TEHEPUPYEMOI'O CBETOUYBCTBUTEIIBHBIM JATYMKOM. YCTAHOBKA JUIsl KOHTPOJIS CKO-
pocTH, npencTaBieHHas B padorax [15, 16], Takxke ocHalleHa CHCTEMOM, coiepikalleil iasep u cBe-
TOYYBCTBUTEJBHBIN JaTYUK, MEX]Ly KOTOPHIMU IIOMEIIEH JTUCK C ABYMs OTBepCcTUAMU. OCOOEHHOCTD
9TON YCTAaHOBKH 3aKJIOYAETCS B TOM, YTO JIUCK BpAIlA€TCsi B TOPU3OHTAIBHOU MIOCKOCTH, a Jy4
KOHTPOJIMPYEMOTO U3MEPUTEISI CKOPOCTH HAIPABIIEH HA CBETOOTPAXKAIOIIYIO TOHKYIO IIPOBOJIOKY,
PACIIOJIOKEHHYIO TIepe/l ONTHYECKOW JTOBYIIKON (BBIEMKA HA TUCKE), MUHUMU3HPYIOIIEH HExema-
TeJbHBIC OTpaKeHUsI. ABTOPBI paboThI [ 17] mpearaioT COBEPIIEHHO APYTOi TMOAXO0 K OMPEICTICHUIO
METPOJIOTHUECKUX XaPAKTEPUCTUK U3MEPUTENICH CKOPOCTH: B KAYECTBE UMUTHUPYEMOM MMOBEPXHOCTH
HCIIONIB3YETCsl HE TOPELL, a IUIOCKOCTh JMCKA, HA KOTOPOM pacmosokeHa rnpopessb. B naHHOM citydyae
CKOPOCTb 3aBUCHUT OT KOOPJIMHAT, KyJa HaIpaBJIeH Ja3epHbIi Ty4 U3MEPUTEIISE CKOPOCTU OTHOCUTEIBHO
LIEHTpA JIUCKA, U KOHTPOJIb CKOPOCTH OCYIIECTBISIETCS C [IOMOIIBI CBETOUYBCTBUTEIBHOTO JIaTUHKA,
JNETEKTUPYIOIIETO JIyd U3MEPUTEIIS CKOPOCTH, TPOXOALINM YEPE3 MPOPE3b AUCKA.

B Ta61. 4 npencraBieHbl TEXHUUECKHE U METPOJIOTHYECKUE XapaKTEPUCTUKH 3apyOeKHbIX aHa-
noroB crenga KCI-2.

TexHu4yeckre U METPOJIOTHYECKHUE XapaKTepUCTHKHU pa3zpadborannoro crenaa KCJI-2, kak 6b110
CKa3aHO, COMOCTABUMBI C XapaKTEePUCTUKAMHU 3apyOeKHBIX aHAJIOTOB, a MPU CKOPOCTAX CBBIIIE
5 M/c 3HaUUTENBbHO UX MpeBocxoaAT. OCHOBHBIM MpenmyiiecTBoM cteHna KCJI-2 mo cpaBHeHHIO
C aHaJOTaMU SIBJSIETCSI CHHXPOHHOCTh M3MEPEHUH, YTO TIO3BOJISIET HE YUUTHIBATh HECTAOMIBHOCTh
BOCIIPOM3BENICHUS CKOPOCTH Tiperm3nonHoro koneca, CKO xoropoi npu ckopoctsax ot 0,1 mo 1 m/c
BHOCHUT BecoMbli Bkiaa nopsiaka 0,3-0,01 %. Otmernm, uTo npeayiokeHHbie B padorax [12, 13,
17] cuctemsl ABISIIOTCSI MPOTOTUIIAMU. YCTaHOBKA, MpecTaBieHHas B [11], kpymHorabapuTHas u
HeMOOuIbHasI. YCTPOUCTBO, UCIONIb3yeMoe B [15, 16], ABIseTCS 4aCThIO TAJTOHHOW YCTaHOBKH
JUTSL KaJTUOPOBKHU CPEACTB U3MEPEHUs BO3AYIIHOIO MOTOKA, pa3paboTaHHON HanumoHaabHbIM MH-
ctutyToM ctanaaptoB u texHonorui CIIIA. Crenn KCJI-2 — 3akoH4YeHHOE yCTPOMCTBO U Oiaro-
napsi MajbIM rabapuTaM MOXET ObITh TPAHCIIOPTHUPOBAH U UCIOJB30BaH B Pa3HbIX J1aOOpaTOPHsIX.

Tabnuya 4
AHaIOr-MCTOYHUK MMuranus noBepxHoCTH Jlnama3oH ckopocTeid, M/c Heonplj;:;ey:lf(l)ii IE %;)I’H]I:Ii e;I’H;ﬂz 0.95
[11] Topen muuHIpa 0-55,5 0,03
[12] Toper koseca 0,02-10 0,08-0,5
[13] Toper koeca 0-120! 0,1
[14] OnTHYeCKU MOIYIISITOP 0-32 0,05
[15,16] CrenmanbHbIN JUCK 0,15-40 1,2-0,32

(0,2-10)2 0,41)

[17] [Inockocte nucka — 0,24

IIpumMeuanus:
1 B 0CHOBE yCTaHOBKH JISKUT TOYHBIH JOMIIEPOBCKHUI H3MEPHUTENH CKOPOCTH C JHANIA30HOM M3MepeHust ckopoctei ot 0 o 120 m/c.
2 B paMKax MOJIEPHU3ALMHI HEOIPEIEICHHOCTD [IPU MAIIbIX CKOPOCTSX YIIyYIlIeHa.
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Tem He MeHee 110 cpaBHEeHUIO ¢ aHasoramu cten KCJI-2 orpanuyeH B Auana3oHe BOCIIPOU3BEACHUS
ckopocteit menblite 0,1 M/c, oHaKO TaHHOE OrpaHUYECHUE MOYKHO O0OMTH, UCITONIb3YS B KOHCTPYKITUH
CTEH/1a MOTOpP, ONITUMU3UPOBAHHBIN /11 BOCIIPOM3BEAECHHS MAJIBIX CKOPOCTEH.

[TonyuyeHHble SKCIEPUMEHTAIbHBIE JaHHBIE HCIOJIb30BAINUCH JJIS MPOBEIECHUS UCIIBITAHUI
crenna KC/I-2 B uensax yrBepxkaenus tuna. llprukasom ®enepanbHOro areHTCTBA 10 TEXHUYECKOMY
perynupoBanuto U MmeTposoruu ot 31 ssaBaps 2024 . Ne 256 crenn KCJI-2 yTBepkIeH B KA4YECTBE TUIA
CpeACTBA U3MEPEHHIA C PEruCTPALMOHHBIM HOMEpoM 91195-24 1 MokeT OBITh HCIIONIB30BaH B cdepe
rOCyAapCTBEHHOTO PEeryJupoBaHus oOecredeH s eIMHCTBA n3MepeHuil. B yacTHOCTH, OTKpBIBaeTCs
BO3MOYKHOCTb IIPOBE/ICHNUS UCIIBITAHUI B LEJSX YTBEPKACHUS TUIIA U TIOBEPOK JIA3EPHBIX U ONTHYE-
CKUX M3MEpUTEJIeH CKOPOCTHU U JJIMHBI (IIPOUIECHHOIO ITyTH) C MIPEesiaMu JIOIyCKaeMON OTHOCUTEIb-
HOM norpemHocty uzmepenui 0,06 %, uro B 2,5 paza MeHbIIE TEKYIIIUX 3HAUEHUI.

3akiroueHne. BoIoHEHbI SKCIIEpUMEHTAIbHbBIE UCCIIEIOBaHMS CTEHAa U3MEPEHUSI CKOPOCTH
u anunbl (mpoiaenHoro mytu) KCJI-2, nmpenHa3HaueHHOTO JJIsi METPOJIOTHYECKOTO 00ecedeHus
Ja3epHbIX U ONTHUYECKUX U3MEPUTENICH CKOPOCTHU U JITIMHBI, OCHOBAaHHBIX Ha METOJaX JOIIEPOBCKOM
BEJIOCUMETPUU U TPOCTPAHCTBEHHOH (punbTpanuu. JloBepuTenbHble IPaHUIBI OTHOCUTEIBHOM TO-
TPEIIHOCTH U3MEpeHusi ckopoctu B Auanaszone 0,1...50 m/c Haxonarcs B nuamazone ot +0,015 1o
+0,007 %, noBepUTEIbHBIC TPAHHUIIBI OTHOCUTEIBHON MOTPEUIHOCTH U3MEPEHUS JITHHBI (TIPOIIEHHOTO
myTH) B auanasoHe 1...99 999 m naxoasrces B quanaszone ot £0,017 no +0,003 %. Ilpu ckopoctsix 1o
1 M/C OCHOBHO# BKJIaJl B IOTPELIHOCTh U3MEPEHHUI BHOCAT YaCTOTOMEP U MUKPOMETP, IIPU CKOPOCTSX
BBIIII€ 5 M/C OCHOBHOM BKJIaJ] B IOIPEIIHOCTh BHOCUT CMeELIeHUE, 00yCIOBIEHHOE, 10 BCEH BUIUMO-
CTH, HAJIMYMEM SJIEKTPOMArHUTHHIX moMex. [Ipu u3mepennn MuHUManbHON AuHbL (1 M) OCHOBHOM
BKJIaJ] B IOTPEIIHOCTh U3MEPEHUI BHOCUT YaCTOTOMED, IPH OoJiee 3HAYUTENbHOM JUIMHEE — MUKPO-
MeTp. IlorpemnocTs HHANKALUY MIPH BCEX U3MEPEHUSAX MIPEHEOPEKUTEIBHO Maa.
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