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CNEUUNANIbHbLIE 3TANTOHbI, CO3AAHHDIE B LATW.
HAMNPABJIEHUA PASBUTUA
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AKKpeguTtauma LLATU B obnactn obecneueHna eguHCTBA USMEPEHUMN

ARKPERHTALIAR QEJEPAJIbHAS CJIYVAKBA 110 AKKPEJAUTALMH Ne 0007717
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Mosepka u Kannbposka CU

6000
2154 4880
B FleomeTpuyeckmne >000 4424
4214 4273
B [laBneHune U Bakyym 4000

3580 3586 3646

MexaHuuyeckune
3000

H Tennodusnueckue

B ®us.-xum. coctasa u 2000

CBOWCTB Bewecrs
:-)neK'rqu. U MarHuTHble

1000
H Npouune CU
0
2004 2007 2009 2011 2013 2014 2015 2016 2017 2018 2019 2020
BIIII
17,2%
Hosoe '
- H3menenus B 3akoHe «O0 o0ecneyeHNH eANHCTBA M3MepPeHUiD» ‘

- HoBblii IOPSIAOK NPUMEHEHHUS ITAJTOHOB \
- Hosbiii nopsinok nosepku CHU

- Hosbiii mopsinok yreep:xaenust Tuna CH

- Hosb1ii nopsinoxk nepenayu ceegennii B ®UP OEU
- Hosblii IOpsiAOK pa3padoTKH NOBEPOYHBIX CXEM

- Hosblii IOpsiAOK pa3padoTKH METOAUK NOBEPKH

MC AT
82,8%




MeTponoruueckas skcnepTmsa TeXHUYECKOM AOKYMEHTaLUN U
aTTecrauua MeToauK UsmepeHum

Pesyabrarel 2020 roaa

KauectBeHHbI cocTaB paboT no meTponoruyecKoi
JKCNepTU3E U aTTeCTaL MU METOAUK U3MEPEHMUIA ATTECTOBaHO METOAUK U3MEPEHUIA: D
8 2020 roay

Mertponoruueckas sxcneptuza T/I: 97

A3poguHaMHKa

T o Metponorudeckas skcneprusa ueprexei: 206

Joxnazael mo merponornu Ha HTK:
- Metrology for AeroSpace 2020, Italy (Scopus)

MeTponorusa
4%

- HuxenepHo-¢puzndeckue npo0iaemMbl HOBON
texuuku, MI'TY um. H.D. baymana (PMHLI)

besonacHocTb
noneToes

5%

TmapoamHamuka
9% MpoyHocTe

OtpeneHve UArU CtopoHHue
2%

3adKa34ynku

Konunuecrtso

aTTeCcTOBaHHbIX 39 20 59

MeToAUK
HoBoe

- [latenT Ha M300peTeHue: Cnocod onpeaeeHusi MOrPEeMIHOCTH

CTeHJA ISl H3MEePeHHsI XapaAKTePUCTHK IeOMEeTPHH Mace U3AeJuil u
YCTPOMCTBO ISl ero ocyuiecTBiaeHust (Ne 2722962 P®)

- Crarpa B xkypHaie «3mMepurenbHas TexHuka», BAK: Cucrema
MeTPOJIOrM4eCcKOro odecrnevyeHns Npocae;KMBAeMOCTH H3MepeHHu i

XapaKTepucTHK reomerpuu macce (12, 2020)
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CpeacrBa usmMepeHui, NpouieaIIne UCIHbITAHUS B HEJIAX
yrBep:xaenus tuna B 2020 r.

[TpeoOpasoBarenu nasienus Kistler N3meputenbHble KOMILJIEKCHI YcTaHOBKA U3MEPUTEIBHO-
mon. 4201 u 4301, nasinenuss UKJI6THa u UKA6THd, BerunciurensHas YUB 109,
14 . 75 . I .
Homep B @D OEU: 80278-20 Homep B @D OEU: 80145-20 Homep B DD OEU: 80315-20
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I[aT‘II/IKI/I CUIIOU3MCPUTCIILHBIC
CCPUHHOC ITPOU3BOACTBO

TeHzope3uctopasie UL, 85 mT.
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MNepBUYHaA aTTecTauuma ucnbiTatenbHoro obopyaosaHusa s 2020.

B npouecce arrecranyu |

KanmaTnyeckast
AT TILA AT T-117 ANT T-124 AIT T-116 AIT T-109 kaMmepa Instron
CP110128

HHUO-1 HHO-8 HHO-8 HHO-2

- [IpoBeeHa MeTPOIOrHYECKasl IKCIEPTU3A IKCIIYATAIIMOHHBIX IOKYMEHTOB
- Pazpa0oransl IIporpaMmmbl U1 METOAUKH ATTECTALUU

- Pa3paboranbl u arrectroBanbl MeTtoauku usmepenunii: T-124; T-116; T-109.
- YTBep:KIeHbl TUNBI CPEICTB U3MEPEHM JIs1 ATTEeCTAIUM:

HsmepurenbHbie IIpeodpa3oBaresn qaB/IeHHA YcraHoBka H3MepHTENbHO- e
KoMILIeKchI AaBjenust NKJI Kistler BeruncauTeabnas YUB 109 W)
N

mox. MKJ6T/Ta u UKA6T Mo 4201 n 4301 80315-20

80145-20 (74 w.) mﬁ 80278-20 (14 wt.) i“’




CocTossHMe 3Ta/ZIOHHOK 6a3bl

Pa3ButHe 3T2/1I0HHOM 0a3bl B IEPUO/
¢ 1960 mo 2020 ...

2011-2019 . To 1980 .
29% \ 32%

HAYAJI0
XXI Beka

XX Bek

2001 -2010r.

30%

Kpurepuii pesyasraruBHoctu npouecca CMK
«YpOBeHb METPOJIOrHYeCKOro odecrnevyeHusn

T'paduk n3MeHeHHs KpATepHS pesyabTaTasHocTE CMK
B 20201

N — KOJIMYECTBO
1,25 TPyYIIII 3TAIOHOB

K — xonndecTBO
STaJOHOB B IPyIIIE

1,125 C — oburas
CTOUMOCTB IPYTITIBI

1,0275 9TaJIOHOB

1‘/
3 4

G — CpeHsIs
[OTPELIHOCTh IPYIIITBI
ITaIOHOB

1 & ¢ *
0 1 2
Kpapraasr 2020 1.
.
Viio= ;Z AK, X AC, X Ad;

i-1

Yr1Bepxaensl u 3apeructpuposanbl B Poccrangapre 130 3Tanonos

POCCTAHLOAPT

WHOOPMALIMOHHBIE PECYPChI ¥TIPABNEHWA METPONCTIAX

3AABKM | STANOHB | NPWKAsLl EITEEE

Baza aaunex : PEECTP yTBEPHAEHHBIX 3TanoH(

AOKYMEHTBI ool

HABMMCALIMA CNOBAPE

no cocrosmaio wa 12.12.2018

STANOH EAVHUL BENMYWH Mpykas
e Poccrangapra Oata
N2 HoMep HAMMEHOBAHME MAWM xpaHuTENS HOMEp nara (nem
PErUCTPaLMK cokpallenus: M3E - MocynapoTaeHHbIA 3TanoH eanHyusl; NP3 - MocynapoTeesteld pafounid sTanox Mec. [nprnoxerue] at
MYHKT
1 3.1.AO0N.0136.2017 [lOCYAAPCTEEHHLIR 3TANOH EAWHKMLE! TEMNEPATYPsl 3 PA3PRIAA B AMaNa30HE 3HaYeHNRA ot 300 oo 1085 °C 1z oM 24565 0. 1 26112018

2 3.4.A0N.0135.2017 [ocyOapcTEEHHLIA 3TANOH BANHNLE TEMNEPaTYpsl 2 PAa3pAAA B AWana3oHe sHaueHni oT MuHyc 20 o 0°C v 3 paspAga 8 guanazoxe sHayedni ot O go 110 °C 12 mm]x

«LlATWe
2456z 0.2 26.11.2018




ba3a cneuyuanbHbiX 3TanoHoB LLATU

3MC-0,1/60 — eanHMUL,A CKOPOCTH
BO34YLUHOro NOTOKa

[OwnanasoH: 0,1...60 m/c
MNorpewHocTb: £(0,006+0,0005V)

CrA-5 anAa MHOrokaH. moaynei
AaBneHuna

[OwnanasoH: £2,5; £ 40; ot 100 go 400;

ot 0 go 1000 kNa

MorpewHocTs:  (0.01...0.005) % ot BMA

3tanoHbl HKM gna CUMuvIn
Macca: (0,5...5-103% Kkr (norpelHocTb:

MKM-100 — eguHMLUa pa3HOCTH
paBneHui

Komnnekc I'C
ANA TeH30BecoB

0,003...1Kr)
Avanason: 0,05...100 Ma Cuna: ot 10 H go 40 kH [Onuna: (13...5-10%) mm (norpeluHocTb:
MorpewHocTb: +(0,0002-AP+0,005) MNa MOMEHT cunbl: oT 1 g0 6000 H-m 0,02...1 mm)

(0,025 Na) MNorpewHocTb: 0,05...0,1% MOMEHT nHepumu: (16-10°°...3-103) Kkr-m2

(norpewHoctb: 0,2 %)

KomnneKc atanoHos OPU
. BuaeorpammeTpuyeckme cuctembl
NNA-npeobpasoBatenu

CTA-1 pna TeH30annapaTypbl
AnanasoH — o 100 Kl'y,
MNorpewHoctb — 0,08%

YIT-1; YBUO-M - pedpopmanumn
[Ounanason: £1000; 5000 manH-1t
MorpewHoctb: £0,7; £2 %
InanasoH Temnepatyp: 20 ... 650 °C
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HUO-7 «M3mepaAn Bce AOCTYNHOE U3MEPEHUID
N Aenamv Bce HeOCTYNHOE N3MEPEHUIO AOCTYMHbIM»
Anuneo NAnnen

CNELUANBbHbLIU 3TAJIOH MACCHI,
AWMHbI B OBIACTU U3SMEPEHUU KOOPAUHAT LLEHTPA
MACC U MOMEHTA UHEPLUU



U3penua pakeTHO-KOCMUUYECKOU U aBUALLMOHHOMN TEXHUKU
W_ ;
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CteHAbl ANA U3SMEpPEHUN MacCbl, KOOPAMHAT LLeHTPa MaccC U
MomeHTOB MHepuuu LUATU

. KoopauHaTa ueHTpa macc MomeHT uHepuuu (MUN),
Uamepsiembin
HabaMeT Macca, kr (KLIM), mm Kr-m2
Pamerp XY, Z X, ly, Iz
Avanason | o141 5100 5...5:10° 1,6:104 ... 6-102
n3MepeHnn
MNMpeaenbHan
norpewHocTb (A =0,01...3,00 A=0,2...30 v=1..3%
U3MepeHnn




OcobeHHocTU cteHpoB LATU

- T‘»*‘—"—h -

1 - wu3penue

2, 3 —nnatdopmbil

4,5 — ycTpoONCTBa YCTAaHOBKM, 3a4aHNS YIN0OB
N KonebaHni

6-13 — AaTYnKmn

14 — namepuTtenibHaA annapaTtypa

.M. — ueHTp macc nsagenus

0O.B. — ocb BpaweHuna X
X\ g, X X ’
X

Y




TexHonoru4yeckoe o6opyaoBaHue -
cpegcrtea TeEXHONOrMYeCKOoro OCHauweHwusa,
B KOTOpPbIX AanAd BbINOJ/IHEHUA

onpeaeneHHon 4acTu TEeXHONOrMYeCcKoro
npouecca pasmellatoTca matepuasnbl UK
3aroToBKM, CpeACcTBa BO3AEUCTBUA Ha HUX,
a TaK»Ke TexXHONorMyeckas ocHacTka [1]

[1] FOCT 3.1109-82
EAMHaA cuctema TeXHONOrMYecKom
AOKyMeHTaumMn. TepMuHbI M onpeaeneHunsa
OCHOBHbIX MOHATUI

[MpoBepKa Ha TeEXHONOMMYECKY TOYHOCTb

'-ITo Takoe cTeHAabl?

UcnbiTaTenbHoe  obopyaoBaHue -
CpeacTeo NCNbITaHWU,
npeacrtasnsawwee cobolt TeEXHUYECKOe
YCTPOMCTBO A1 BOCMpoOU3BeAeHuA
YCNOBWI UCMbITaHWUH [2]

[2] TOCT 16504-81
CucTtema rocyaapCTBEHHbIX UCMbITAHWU
NPoAYKUMK. NcnblTaHUA U KOHTPO/Ib
KayecTBa NpoayKunm. OCHOBHble
TEPMUHbI U OnpeseneHun

AtTectauus

CpeacTBo U3sMmepeHun:

TEXHUYECKOE cpencrteo,
npegHasHa4yeHHOeE AnA M3MepeHMl7I n

nmetroulee HOPMMUPOBaHHbIE
(ycTaHOBNEHHDbIE) METPO/IOrNYecKkune
XapaKTePUCTUKM [3]

YCTPOWCTBO, ncnonb3yemoe ana

BbINO/IHEHUS U3MEPEHUN, B TOM YUCNE, B
COYETAaHUN C OAHMM WM HECKOJIbKUMU
[ONO/IHUTENbHBIMW YCTPOCTBamM [4]

[3] PMT 29-2013 locyaapcTBEHHAs cMcTeEMaA

obecneyeHuna egMHCTBA U3SMEPEHUIA.

MeTponorna. OCHoBHble TEPMUHbI U
onpegeneHus

[4] JCGM 200:2012 MexayHapoaHbIn

CN0Bapb NO METPO/IOTUN: OCHOBHbIE U

obLwue NOHATUA U COOTBETCTBYHOLLME
TepmuHbI (VIM)

CeptuduKkaums. NMoeepKa nnm KannbposKa




ATTecrtauma CTeHAO0B B KauecTBe UcnbiTaTe/IbHOro o6opyaoBaHus

1 NoBepKa BCTPOEHHbIX 2 MNposepKa GpYHKLUOHMPOBAHUA
cpeacTs UsmepeHuii CTEHA,a C NOMOLLbIO KOHTPONIbHOIO

npucnocobnenusa (K.N.)

Mpobnembi:

- Pa3bopka u nosBTopHana cbopKa creHaa

- 1-2 KOHTPONbHbIE TOYKK nonoxKeHua L.M.

- He no3Bonser ToOMHO onpeaennuTb €ro MOMEHTbI
WHepuumn

- Tpebylotca ctaHgapTHbIE TMpU

- 1 creHp (1 n3pgenne) - 1 K.N.

- Pa3paboTtka u artrectauma MeToAMK KOCBEHHbIX
U3MepeHuni

lasHasA npobnema:
OTcyTCcTBME rocyAapCcTBEHHbIX NEePBUYHbIX 3Ta/IOHOB eAUHULbI AJIMHbI B 06/1aCTH
U3MepeHU KOoOpAUHaT LLeHTPa Macc U eAUHULbI MOMEHTa UHepLUmn

14 HUO-7



CneuunanbHblie 3TanoHbl LAITU




MatemaTuyeckaa mogenb cneynanbHbiX 3TanoHos LLATU

LlWar 1. Moaynb

L di1

m;; (1)

g =(idij2 -, -xijj/[zk:dijz-hi)

j=1 j=1

2

LLlar 2. Habop moayneu

e

i — HOMep moayns; 1
j — HOMep anemeHTa B Moayne; e Mgn%

T

d — Hapy»Hble AMaMETPbI, 3HAK «+»; 3{
D — BHYTPEHHME AMaMETPbI, 3HAK «-»;

«’» — B cMCTeMe KoopauHaTt cTeHaa. ) il
Jh it
4 L
il L?
ol |

M =Zn:mi;(4)

X:(Zn:xi '-miJ/Zn:mi;(5)

L :%'jzk;,dijz’hij P '(d%"'(yij _yi)2+(zij _Zi)z}(?’) l, :Zn | .+Zin:1(mi -[(yi '-Y)2+(Zi '-Z)Z});(6)

i=1 XI
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OCHOBHble UCTOYHUKU HeonpeaeneHHOCTU N3MepeHni

1 9TanoHbI U cpeacTBa
usmepeHunu

2 OTKNOHEeHUA popmbl U
PaCcnoN0XeHUA 3N1eMeHTOB
moayneu

3 HeopHOpPOAHOCTb
maTtepuana




HeonpepeneHHocTb, 06ycnoBneHHaa OTKAIOHEHUAMM
dopMbl 1 pacnonoxKeHus

D1
Puc. 1 D: 3 3 3.( X s ((ox )
- [Zv 00 Um0= 3 2] 32 v
: , - j=1 j=1 j=1 a j=1 aVJ
3 cm, OMi /ﬂ"i/cma
= : D, - EFP, + EFP 1
' : B A -~.h-(6-D- i 2).
% M e 3 % EEY D’+6-D,-EFR +4-EFR?’ ) AV 3 (6D, EFR +4- EFRY);(10)
EM, R )
>ﬁ
D2
D2’
Ecin y; =0, To
Y =Yepc Y =Yepg ) )
Ocb EPCGX g _ 2 2 A
) _[Zdj -hj-yjj/[Zdj -hj]_o,(ll)
I O N A i
o IV i Ecmn y; = EPC, 10

Puc. 2 | |

EPC2

Y

Ugpc (V) =Yepe = (Zdz h EPC; J/[idjz'hjj;(lz)

Ecmm y; = 0.5-EPR, Yz = 0, To

Uppr (Y) =VYepp =(d; -h, -0,5EPR, )/ (idjz-hjj;(l?,)
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HeonpeaeneHHocTb, 06ycnoBneHHasA HEOAHOPOAHOCTbIO

MaTepuana [
L i CHTP Mace i
m, g .

gq=X—-| L+—=2+—* LY LW ;(14)

g — NnonpaBKa Ha HEOAHOPOAHOCTb MaTepmnana
X — KoopaMHaTa LLeHTpa Macc, paccyMTaHHAA aHaIMTUYECKUM
MeToA0M

L — paccTonaHMe OT HUKHEN NOCKOCTU LLEHTPANIbHOIO MoAyNA
[0 NIOCKOCTU NpUKpenneHna 6anaHCMpPOoBOYHbIX WTUHTOB

M — macca ueHTpanbHOro moayna

U,(X) — HeonpeseneHHOCTb U3-3a BBEEHMSA NONPABKK HA
HEeoAHOPOAHOCTb MaTepunana

uq(X)=%;(15)

m,,— Macca ypaBHOBELLMBAIOLLErO rpy3a, MPu KOTOPOW
CMCTeMa OCTaeTcA B paBHOBECUM

L,,— pPaccTosiHMe OT NAOCKOCTU NPUKPENIeHNA
6aN1aHCMPOBOYHbIX WTUPHTOB 40 OCK
YpPaBHOBELLMBAIOLLErO rpy3a

Am,, — MaKcMmanbHaa Macca KOPPEKTMPYIOLLEro rpysa,
MPY KOTOPOW cUCTEMA OCTaeTCs B paBHOBECUU




TexHunyeckue TpEﬁOBaHI/IFI KcneunaabHbiM 3Ta/IOHaM

i o) - [pAMmble Kpyrosble UMAUHAPLI, BKItOYasA
s o . KpeneKHble 3N1eMeHTbI
( Q = o - MnHMManbHoOe KOIMYecTBO pe3bboBbIx
/\/‘ LJ s emt coeAnHeHMNN
- OTBEPCTUA CKBO3HbIE
z I8 P - ®acKu OoTCyTCTBYIOT
k| e - [MoAroHoOYHbIE MONOCTU OTCYTCTBYHOT
A_L yg ? oo .l - Macca cocTtaBHbIX anemeHToB 150 Kr max
of Lt 1 7 - MaKCcMMmasnbHbIM ANaMeTp = pa3mepbl
¥ BECOBOM N/1aTPOPMbl KOMNApaTopa
S @ o | - MMnowaaKku ana pasmeweHna Ha
D KomMapaTope

Mopaynb 3TanoHa - BO3MOMHOCTb NepeMeLLLEeHUA TAMKEbIX

%4 o
Yyacten nogbeMHbIMU MeXaHNU3MaMHU

- banaHcMpoBOYHbIe WTUDTHI

A><

H5

h1 h2 h3

bont




U3amepaeman
Be/IMYMHA

PacwumpeHHas HeonpeaeneHHOCTb U3MepeHUm

DOnvHa (KoopauHaTta ueHTpa

MomeHT nHepummn

macc)

AdvanasoH
n3mepeHumn

PacwunpeHHan
HeonpeaeneHHoCTb
namepenmn U(95)

NcToYHUKM
HeonpeaeseHHOCTH

5-101..5-10% kr

0,003 ...1 kr

TUN A
CraHgapTHaA HeonpeaeNeHHOCTb
npouecca B3BelwmnBaHua u, (M)

T™MnB
1) HeonpeaeneHHOCTb 3TaNOHHOW TUpU
u(m,), BKNtOYaA BKNAA HeCTabnnbHOCTH
3TAaNOHHOM TMpn U, (M) M OTKNOHEHMA
ee 3Ha4YeHMA OT HOMUHa/IbHOTO &m;
2) HeonpeaeneHHOCTb KOMNapaTopa
Macchbl Uy, BKOYAA BKNAA,
YYBCTBUTE/NILHOCTM U, U Pa3peLleHna Ug;
3) HeonpeaeneHHOCTb M3-3a AEeNCTBUA
BbITAJIKMBAOLLEN CUNbI U, ;
4) HeonpefeneHHOCTb 13-3a CMeLLeHNA
HarpysKku ug;
5) HeonpeaeneHHOCTb U3-3a MarHeTU3Ma
u

ma

13..5103 mm 16-107° ... 3-103 Kr-m?2

0,02 ... 1,00 mm 5,4-107 ... 15 Kr-m2

TUMN A
CTaHAapTHaA HeonpeAeNeHHOCTb npoLecca u3meperuii u(X),
u(Y), u(Z), u(ly), u(ly), u(l;), Bknioyasn
- CTaHAAPTHYIO HeomnpeaeNeHHOCTb NPoLLecca B3BeLnBaHMA
u, (M)
- CTaHAAPTHYIO HeomnpeaeNeHHOCTb NPoLLecca reOMeTPUYECKMX
namepenwitu(d), u(D), u(h), u(H)

TMN B
1) HeonpeaeneHHOCTb CPeACTB U3MEPEHUI Uy, , BKIIOYAA
u(m,,), U,, ¥ HeonpeaeneHHOCTb reOMeTPUYECKMX CPeaCTB
U3MEPEeHUN Ugeo s
2) HeonpeaeneHHOCTb, 06YCNOBAEHHAA OTKAOHEHUAMM
dOopMbl 1 pacnonoxKeHus;
3) HeonpepeneHHocTb, 0b6ycnoBNEHHAA HEOAHOPOAHOCTbIO
MaTep1ana Uy, BKNOUAs HEONpeLeNeHHOCTb M3-3a
NPUMeHAEMbIX CPeACTB U3MepeHunit Uy, (q) n n3-3a BBegeHuA
NOMpaBKu1 Ha HEOAHOPOAHOCTL MaTepuana u,
4) HeonpeaeneHHoCTb, 06yCNOBAEHHAA KOHCTPYKTUBHbIMM
ocobeHHoCcTAMMU
5) HeonpeaeneHHOCTb, 06YCNOBAEHHAA HETOYHOCTbIO
6a3smpoBaHusA



Pe3ynbraThbl

MUHHCTEPCTBO IIPOMEILIEBHOCTH H TOPTORAR
POCCHIHCKOH ETRPAIIE

o DEJIEPAILHOE ATEHTCTBO
TIO TEXHUMECKOMY PEI'YIHPOBAHHIO H METPOJIOTHH
(Poceraugapr)
YTBEepKAeHHbIe 3TaN0HbI —
10 Qenpans 2020 r. *__ 291

3.1.A30.0252.2015 o .
3.1.A01.0041.2016 O —

B co0TBeTCTBRH ¢ NocTaHOBNeHHeM [Ipaputenserna Poceniickoi Denepanrn
oT 23 centsGps 2010 r. No 734 «O6 sTanoHax eTHHHI BETHTHH, HCNONB3YEMBIX

3.1.A0/1.0122.2017 vt o oyt peot s

CONHHI BEIHIHE, T PA K a3 B B A10!

: 1. VTBepmuTE OTANOHBl EJHHHMI BEJHYHH B COCTABE, YKa3aHHOM
3 1 Oj-l O 1 44 2 O 1 9 B HX JKCILTY Ao TIPHCBOHTE HM PerHCTPALMOHHEIE HOMEpA,
. . A . . y

ux Th HX MeXATT MHTEpBATEL
COTVIACHO NPUNIOKEHHAM K HACTONINEMY IPHKA3Y.

2. YCTaHOBHTH K STalOHaM e[MHHI[ BENHUMH obs3aTe/bHEIE TpeboBaust
BIIp H HE 9KCII ii NOKyMEHTALMH.

3. YeTaHOBHTH MECTo CoAepIaHMS M [PHMEHEHHA OSTANOHOB efHHHL,
BeJMHH!

3.1, OT'VII «IIAI'H» (mprnosxenue Ne 1);

3.2. OBY «Kamuarckuii LICM» (nputoserue Ne 2);

3.3. OBY «Tynsckuii ICM» (npunomenne Ne 3);
CEPTU®UKAT 34. OBY YEJIABMHCKHH LICM» (npanoserse Ne 4);

©ENEPANBHOE AFEHTCTBO
MO TEXHUYECKOMY PEMYNIMPOBAHUIO U METPONOr UK

06 yTBEPXaEHN TUNa CPEACTS UamepeHWit
Ne 81928-21

S CepTUPMUNPOBAHHbIE 3TA/IOHbI

HAMMEHOBAHME V1 OBOSHAYEHWE TUMA CPEACTB U3MEPEHMI

HaGope! KaNWGPOBONHbIE MEp MACCH, ATIMHbI B OGNACTH WIMEPEHWH KOOPAWHAT UGHTPa
3ABOACKOM HOMEP ’

HKM-7C-60: Ne 09; HKM-50: Ne 08

M3rOTOBUTENL

yHwTap:
MHCTUTYT UMeHM HE " (YN "LUATH),
MOCKOBCKaR 061, r. XKyKOBCKHA

NPABOOB/AATENL

yHwrap: “
A HCTUTYT UMeHM HE " (@MY "LATHY),
Mockoeckan o6, r. KykoBCKMA

KOl MAEHTVI®UKALIMY NPOU3BOAICTBA
oc

4 GEREPANLHOE ATEHTCTBO | 9

| 110 TEXHUYECKOMY PEFYNHPOBAHNIO U METPONOTMA ¥

[LOKYMEHT HA MOBEPKY %

MM 4.28.013-2020 A y

Y CBUAETEJIBCTBO %

VHTEPBAN MEXAY NOBEPKAMM 1 roa 4 ]l <4 L

4 i

o | 06 YTBOPXAHHM TMNA CPEACTE WaMEDENMA %

BATEHT TN CpeAcTa WaMepeH YTBeEKAEN NPWKEIoM DEREPATSNOTO BrENTCTEA N0 TEXUNECKOMY 3 RUE28.004A e 60657 <

PErYTMPOBANWIO 1 METPONOTM OT 2 WIOHA 2021 r. N 928,

i RIORPETENK § com e scpom .
N 2722962 PyrosoauTens AN Wanaes L o A Koiepenn BCCL, SOOPAARIT URWTRS MACE X oMSHTOR miapon 4
e

CrI0CO5 ONPEACAEHNS HOT PEMIIHOCTH CTEITA 1S WIMEPEHHS
XAPAKTEPUCTH FEOMETPUI MACE WALEANR 1 YCTPOIICTHO 1%

ero oeymecTaaenns «28» wows 2021 { (000 "L, r. Mockss e
® PSR {  rocroawmoma x e2e201
T HA TIOREPKY
nsenu H.E. ) " (@ryi Lrpty?
UALH") (RU) ICTEPBA MY T0BEPKANI 1 rom
Ammges : (RU), C : St i gl
Anexcandp Heanosus (RU), Byzpos Avexcandp KOpsesira (RU), By vt s oy ov B8 Ao AN, M EAED

lomoe Baaousup Bacuseaun (RU), Kyrunos Arexcandp
Andpeesus (RU)

CepTUdPuMUMNpPOBaAHHbIE CTEHADI [ =
MLUWN-1200M1 (62420-15)

: CLIM-37 (72575-18) S




L\

HUO-7

CNELMANBbHbLIA 3TANNOH PASHOCTU AABJIEHUN
MKM-100

23



KonoKkonbHbiit MuKpomaHometp MKM-100

ANA BTOPUYHOTO 3TaJ/I0OHA CKOPOCTU BO3AYLUHOINo NOTOKA

- X = |

J[1BYXKONOKONbHbI MUKPOMaHOMETP KonokonbHbIM MMKpoMaHoMmeTp
1973 r. MKM-100
Am-g Am-g-4-(d2—d12+D2)
m - _ _
AP ITQ A f )\ 7d.D
Fl1
(+F+ﬁj

F — nnowapab noa konokonom; F, — nnowaab ceoboaHOM XKMUAKOCTH B Yawe; f — naowaab KONbLEBOro cevyeHus;
d — BHYTpeHHMI AnameTp KonoKona; d, — Hapy>KHbli AUameTp KONOKoNna; D — BHYTpeHHMI1 AnameTp Yawm



AnnapaTtHo-nsmeputenbHbi kKomnaekc MKM-100

KaGesnb onst u I " K MK
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nsase uss _ 08 000 . Herruman |:|, e, | :l“”
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ferd

3adamyl

Basnenun

i i i I LIALH.1685.000.00

Pa3spaboTaHbl cneaytowme goKymeHTtbl 1 MNO:

LAAH.1685.000.009M1 MukpomaHOMETpP KOMOKObHbIN MKM-100. Cxema 3/1eKTpONHEBMATUYECKAA CTPYKTYpPHanA
LAAH.1685.000.003M1MNN MukpomaHomeTp KooKoAbHbIM MKM-100. Cxema aneKTponHeEBMaTUYECKaA CTPYKTYpPHas.
[NepeyeHb 31IemeHTOB

LUAAH.1685.000.00345 MunkpomaHomeTp KonokonbHbin MKM-100. Cxema aneKkTpuyecKas coeguHeEHUN U NOAKNOHYEHNS
LUAAH.1685.000.00345MN MukpomaHomeTp KoNoKonbHbI MKM-100. Cxema aneKkTpuyecKkas coeaguHEHUN U NOAKNOUYEHMS.
[NepeyeHb 31IemeHTOB

LUAAH.1685.000.00NC MuKpomaHOMETP KOIOKOAbHbIM MKM-100. MacnopT

LUAAH.1685.000.00P3 MukpomaHomeTp KON0oKoNbHbIM MKM-100. PykoBoACTBO MO 3KCM/yaTaumm

MK 4.30.01-2020 MunkpomaHomeTp KonokoabHbin MKM-100. MeToanKa KanmbpoBKu




AHanus3 HeonpeaeneHHocTu namepeHnini MKM-100

UcTOYHUMK HeonpeaeneHHoCTU

MeTop oueHnBaHUA

MNorpewHoctb CU: BeCOB, rMpb, KOOPANUHATHLIX MALUUH

BCH — a Am mCH a d a dl é‘D dCH

OTKNOHEeHUA GopMbl KOJIOKOA

_faaPY  , (eaPY . (aaPY
Upseom = E Uy ﬁ—dl Upg + 5 Upg

HaKnoH Konokona

- \/ 2] () (2] (2T { )

JInHelHoe pacwupeHme

L JreapY (ua, ) (eap " (e, . (anPY
Buems ad NE) &d, 3 éD

N3meHeHune BbITaﬂKMBalOLLI,Eﬁ CUNbl 3a CHET UcnapeHna

JKCNepuMeHT

MN3meHeHMe cMn NOBEPXHOCTHOIO HATAMKEHUA 33 CYeT
OTKNOHEHUN GOPMbI KONIOKO/1a U U3MEHEHMUSA
TemnepaTypbl B NpoLecce U3mepeHui

44200\ 5 (27@+d)Y (w Y
Upyans = T Uyt T ﬁ

I W
B8 T
e o iz
a e
_dos  JQ
L NL
R
386 |

CpaBHEH Me COCTaBNARWMX HEONPEOENEHHOCTHU

n3mepeHui, oBycnoBNEHHBIX PasHbIMMK

MCTOYHHUKaMM
0,016

0,014
0,012

0,01
0,008

0,006

0,004
0,002
0

uBcu uBmerl

uBmer2 uBmet3 uBmet4

uBmet5




MeponpuAaTUA NO CHUXKEHUIO HeonpeaeneHHOCTU

1 OnpepeneHa paboyas 30Ha ¢ MUHUMaNbHbIM CKO
AunameTpa anA CHUXKeHmna uBmerl

Cevenuel

—+—muHye X
—s—nnioc X

-10,00

-15,00
Deps. 30 = 79,99931, CKO = 0,00749

20,00 Dcpys 5 = 80,00681, CKO = 0,00390

-25,00

-30,00

3 Pa3spaboTaHa meToauKa
BblpaBHMBAHMA KONOKO/A NO
FOPU30HTA/IN C NOMOLLbIO
aMNY/IbHbIX YPOBHEM

4 YcTaHOBNEHDI
OATYNKM TemnepaTypbl
CnupTa ANA KOHTpoNA
€e N3MeHeHuA B
npouecce N3MepeHui

h"'.‘«‘—l.i o - L
M 5

2 Pa3spaboTaHa meToanKa BBeAEHUA NONPABKM HA
ncnapeHue cnupTa B NpoLecce U3MepeHnn ana
CHUXeHuna uBmet4

AdnanmuKa norpewHoct MKM-100 mns-3a

WCMapeHUs MUAKOCTH
0,012

—&—b5e3 NonpaBkKu

—@— C NonpaBKoM
0,008

0,006
0,004

0,002

MorpewHocTb U3-3a UcnapeHus, Ma

0 5 10 15 20 25 30 35
-0,002
Bpema oT Hauyana KaMBPOBKM, MHH

5 YcTaHOBNEHbI OrpaHMYEeHNA HA TemnepaTypy
akcnayaTaunmn MKM-100 n TemnepaTtypy ero
Kannbposku: (2010,5) °C

HeonpeaeneHHOCTb U3-3a OTKIOHEHUWA TEMMEPATYPbI NPK
M3MEPEHMAX OT TEMMEPATYPbI KanMBpPoBKK UBMET3

0,00182
=—@— OTK/I0HEeHKWe TemnepaTypbi £ 1 °C
0,00162

0,00147®—0TKN0HeHUe Temnepatypbl £ 0,5°C
0,00122
0,00102
0,00082
0,00062

HeonpeaeneHHocTb, Ma

0,00042
0,00022

0,00002
0 20 40 60 80 100
PasHocTb gasnequi, Ma



PacwimpeHHaa HeonpeaeneHHocTb namepeHnini MKM-100

U = kuA? + uBcu? + uBmet12 + uBmet22 + uBmet32 + uBmer42 + uBMeT52

k = 2 — KoapdunumeHT oxeata npu gosepuTenbHom sepoatTHocTn 0,95
UA — HeonpeaeneHHOCTb, 0bycnoBneHHasa npoueccom namepenmin (CKO)

PacwunpeHHas HeonpeageneHHocte MKM-100

0,050
—@— [10 MeponpUATUIA N0 YMEHbLLEHUIO
HeonpeleleHHOCTH
0,045 PEA
= Mocne MeponpyuATHIA MO YMEHbLLEHWMIO
E OJDIﬂIO HeonpegeneHHOCTH
Q
I
I
3 0,035
o
=
L]
= 0,030
Q
Q
I
0,025
0,020

0 20 40 60 80 100
PasHocTe gasnedun, MNa




Pe3ynbratbl KaAMB6POBKM

®EAEPAJIbHOE FOCYAAPCTBEHHOE YHUTAPHOE NPEANPUATUE
LEHTPA/IbHbIN A3POTUAPOAUHAMUYECKUA UHCTUTYT

WUMEHU NMPO®ECCOPA H. E. }KYKOBCKOIO (®ryn «UAru-)

CEPTH®HUKAT
O KAJINBPOBKE CPEJICTBA H3MEPEHHI
Ne K.3.29-0013-20

Cpenctso uamepennii  MHKPOMAHOMETP KOI0KO/IbHEIH MKM-100
3asoackoit Ne 1, waroroeurens @LVIT «IIATH» HUO-7

npunaiexauee OLYIT «IATH» HHO-7

OTKaIMOPOBaHO B COOTBETCTBHH ¢ MeTomukoli MK 4.30.001-2020

B pesysibTaTe yCTaHOB/EHEI ClIEAYIONIHE AeHCTBHTEbHBIE 3HAYEHAS METPOJIOTHY
XapakTepUCTHK: CM. MPOTOK0A KaauGposkn Ne K.3.29-0013-2020 ot 03.09.202

JlokasarensCTBa np TH M : CM. IPOTOKOJIBI H3MepeHuii Ni
MKM.0.1-2020 ot 28.08. 2020, MKM. AY.1-2020 o 17. 08.2020, MKM.HT.1
17.08.2020, MKM.Hcn.1-2020 ot 18.08.2020

Jlara kanubposku: 03.09.2020

KanuGposouroe kieitmo

A.H. Camoitm
pacuridposka nc

3am. Havanbuuka HUO-7

B.A. Babu

TIOMUIHCH pacungposka e

Hrxenep 2-i Kar.

JIOMKHOCTS ML,
NPOBOMBIIEr0 KATHGPOBKY

VTBEPXJIAIO
3am. Hauanpanka HAO-7
A.N. Camoiinesn;

» centabps 2020 T.

IIporokoa Ka. T Tpa KoJoKkoabHoro MKM-10(

Ne K.3.29-0013-2020
1 “

Mara: 03.09.202
MK 4.30.001-2020

210 cpeacTsa Ne MKM.0.1-2020
28.08.2020, MKM.AY.1-2020 or l7 08. 2020 MKM HUT.1 2020 m 17.08.2020, MKM.Hc1
2020 or 18.08.2020

3 Yeaosust kanmbpoBkm: cM. MpoToKoMbl H3MeperuA Ne MKM.0.1-2020 or 28.08.2(
MKM.AV.1-2020 or 17.08.2020, MKM.MUT.1-2020 or 17.08.2020, MKM.Hcn.1-2020
18.08.2020

4V METpo.

XAPAKTEPHCTHKH MHKPOMAHOMETPA
4.1 T'eomerpuueckue pasmepsi B pabogeii 30re, MM

[ Pa3mep T dy D
| Cpemee anauenne 80,00502 e [ 113.13708
[cko 0.000601 0 0
4.2 Yexop 0 wic
g g g’
(npu HeobX0MMOCTH)
19,8152 9.81517 -
4.3 Ko T Ma/r
'K K
L TIPH HEOBXOMMOCTH)
1 1.92786 -
4.4 Tonpaska Ha nenapenne:
| 3asucumocts Am(z), r [eco,r [ ¢y, t/vER l
| Am@) =co+c -t |-0,00072 [ 0,00020 ]

4.5 Heonpenesiennocts n3Mepennii n3dbirounoro nasaenns, [a:

AP uy(BP) | upcy Upuers Upyer Upyers | UBmers | UBuers | Upn
5107 | 0,0017 0,0002 | 0,000005 | 0,0000002 | 0,0013 0,0016 | 0,0004 | 0,00
20 0,0020 | 0,0004 |0,002 | 0,0001 010 0,0016 | 0,0004 | 0,00

40 [0,0028 0,005 [0,004 [00002 [0,0008 0,001 |0.0004 [0,00
60 [0,0011 [0,0006 0,007 |0,00029 |0,0005 | 0,0016 |0,0004 | 0,00
[80 [0,0013 0,008 [0,009 |0,00039 |0,0003 | 0,016 |0,0004 | 0,00

| 100 0,0007 [ 0,0009 | 0,011 10,00048 | 0,0000006 | 0,0016 | 0,0004 |5-10

4.6 Tpaduk pacmmpennoii W HEIeBOIl HEONPEIETEHNOCTH HIMEPennii HIOLITOUHOTO

JaBJIeHHs:

o HeonpeaenennocTs MKM-100

UeneBan HeonpeaenenHocTs

5 PesyabTaThl KaJANOPOBKH

5.1 Buemuuii ocMOTp noKa3aJ

5.1.1 KOMIIeKTHOCTS H cocTaB Habopa COOTBETCTBYET/ He-cootheFernyes IKCIUTYATALHOHHOH
JOKYMCHTALHH
5.1.2 Ha noBepxHOCTH KOIOKOJIA B paGoueii 30He OTCYTCTBYIOT/HPHEYTETBYIOF TPCIIHHbI,
CKOJIBI, CJIEJTBI KOPPO3HH, 3a00HHBL
3 BuemHune NPH3HAKH HApYIICHHUA UCJOCTHOCTH H HDEpU}ﬁ.[L‘HHﬁ COC/IHHHTCJILHBIX Tpacc
H 971eKTPHYCCKAX TMPOBOJIOB OTCYTCTBYIOT/ HPHEYFEFRYIOF.
5.2 llpu onpodoBannm yCTAHOBJICHO:

5.2.1 Hukuss miata MHKPOMAHOMETPZ B TOPH3OHTQIbHBI YPOBEHb BBLICTABJIACTCS/He

AR

5.2.2 KO7TOKON MHMKPOMAHOMETpAa B  TOPHIOHTAIbHBI  YPOBEHb  BbiCTABJACTCH/He
BhieTapiseres.
5.2.3 IporpammHoe obecrievenne ¢y ver/He dy
5.2.4 V30pITOUHOE JIaBICHHUE 110/1 KOJIOKOJI [OJIACTCs/ He-Hoaetes.

5.2.5 Bechl Ha H3MEHEHHE JIAB/ICHHS PCArHPYIOT/He-PearHpyioF.

5.3 Onpeneaenne (KOHTPO/Ib) METPOJOTHIECKHX XAPAKTEPHCTHR

5.3.1 Mukpomanomerp KookobHbH MKM-100 BOCHPOM3BOIMT eHHHILY M3OBITOMHOTO
Aasnenus B amanazome or 0,05 go 100 Ila, uro coor T/He—€OOTHETETBYeT
SKCILTYATAIHOHHBIM JIOKYMEHTaM Ha MHKPOMaHOMETP.

5.3.2 PacumpeHHas  HEONpEAENeHHOCTH  M3Mepenmii  ne  Gosee 0,025
UTO COOTBETCTB! yeF DKCIUIYaT JIOKYMEHTaM Ha MHKPOMaHOMETp
He 1% TIEBYIO0 JIEHHOCTD . it (0,0002-AP+0.,005) Ia.

Hcnonuurenn:

B.A. babun
(Pacuindposxa noamicn)

Hnoxenep 2-i Kar. = A5
(JlomkHocTs) ()

0.B. JloBbiieHKO
(Pacuindporka noanci)

Hau. cexropa Ne4 HUO-7

(TomiHocTe) T (Toawfics)




Cxema nepepaum eguHuubl BenmymHbl ot INMC3

2020 r. Npepnoxenna LA no BKAOYEHUIO 2021 r. HoBaa ITIC, yTBepxaeHa NPUKa3oOM
MKM-100 B pa3pag BTOPMUHbIX 3TanoHoB [TIC PocctaHpgapTta Ne 1904 ot 31.08.2021

Mpaacmense A
e | (ofmsaTensaOE)
= ors A0 LI TocynapcTBeHHAs MOBEPOYHAS CIEMA L8 CPeICTE H3MePeHNIl PasHOCTH TaBaeHui 2o 1.10° ITa
2 or 5107 30 1:10° Ma or 11107 30 5107 Tl o1 $:10% 20 110 Mla
B 50,025 Ia 5200410 $=020M
B <0025 Ma =00 M & =041a
=5 TOCYIAPCTEEHHBI EFPEIHBIA CIEITATRHbL STAIOH
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