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«Om pynoamenmanvHoit Mempoao2uu K UHHOBAUUOHHOMY RPOPBIEY»

B 2017 romy ®I'VII «BHUMM wum. .M. MenaeneeBa», r. Canxt-IlerepOypr,
oTMeYaeT I00WIelHyo aaty — 175 nmeT co JIHsA CBOEro OCHOBaHHWsA. Hamr WHCTUTYT ObLI
ocHoBaH B 1842 roay no ykasy poccuiickoro umnepatopa Huxonas I, noanucannomy 16 (4)
utond. Ceiwac OI'VII «BHUUM wum. .M. Menaeneesa» ABIAETCS CTapeHIINM
HallMOHAJIbHBIM METPOJIOTUYECKUM HHCTUTYTOM B Poccuu 1 B Mupe U 3aHUMAET JTUIUPYIoIIee
MOJIOKEHWE B Halled cTpaHe B 00JAacTH TOYHBIX M3MepeHui. Baxnelmas rocyaapcTBeHHas
3ajaya, CTosllasl Mepel MHCTUTYTOM, - oOecredyeHue eIMHCTBAa M3MEpPEeHHUH B CTpaHEe Ha
MEXIYHAPOJAHOM YPOBHE Ha OCHOBE HCIIOJIB30BAHMS T'OCYJAPCTBEHHBIX JTaJOHOB EIUHUIL
(Gu3NYECKUX BEIUYHMH, COBEPIICHCTBOBAHUS CYLIECTBYIOIIMX 3TAJIOHOB M CO3/IaHHS HOBBIX
MyTeM NMpoBeaeHUS (PyHIaMEHTAIbHbBIX U MPUKIATHBIX HAYYHBIX UCCIICIOBAHUI.

14-15 wrons 2017 roma cocrosulach MEXIYyHApOAHAs HAay4YHO-IIPAKTHUYECKast
koHpepenius «175 ner BHUUM wum. .M. Menneneea u HamuonanpHOM cucteme
oOecrieueHHs €IMHCTBA U3MepeHHil». B KoHdepeHUMH TpPUHAIM ydacTue BeAyLIUe
MeTrposiornueckue opranm3anuu Poccuun, Kopew, ®@pannuu, ['epmanuu, BenukoOpurtanuu,
benapycu, Kazaxcrana, bocuun u I'epueroBunsi, bonrapun, Typuun, CrnoBakuu, Yexuw,
Erunra, Hunepnannos, Monnossl, Y36ekucrana Ykpaunsl, Anonnn u Kurasi.

«From fundamental Metrology to innovation breakthrough»

In 2017 the D.I. Mendeleyev Institute for Metrology (VNIIM, St. Petersburg) is celebrating its
CLXXV Anniversary. Founded in 1842 by the Decree of the Russian Emperor Nicholas the First
signed on June 4 (old Russian calendar style), VNIIM is the oldest National Metrological Institution in
Russia and in the world. Since long, it has been holding a leading position in this country in the field
of metrology and is considered the largest center in Russia for the upkeep, development, and
improvement of National Measurement Standards.

The international scientificand practical conference «175 years of the D.I. Mendeleyev
Institute for Metrology (VNIIM) and National Measurement System» has been held on the 14-15th of
June, 2017 in Saint-Petersburg. The conference was attended by leading metrological organizations
from Russia, Korea, France, Germany, Great Britain, Belarus, Kazakhstan, Bosnia and Herzegovina,
Bulgaria, Turkey, Slovakia, Czech Republic, Egypt, Netherlands, Moldova, Uzbekistan, Ukraine,
Japan and China.

Meosrtcoynapoonuiit npocpamMmHuslilt Komumem
International programme committee

[Ipencenarens komutera K.B. ['oronunckuit, k.v.gogolinsky@vniim.ru, +7 (812)327-58-35.
K.V.Gogolinsky - Chair,

T. Takatsuji, Japan — Co-Chair,

L. von der Wense, Germany;,

R. Gunn, UK;

S. Khan, UK;

S. Patoray, France;

T. Janssen, UK;

E.F. I'unak, E.B. Ginak, E.B.Ginak@vniim.ru, +7 (812) 323-96-76,

A.F. [[amnes, A.B. Dyatlev, a.b.diatlev@vniim.ru, +7 (812) 315-09-84;

JIL.A. Kononenvko, L.A. Konopelko, fhi@b10.vniim.ru, +7 (812) 315-11-45;
A.U. Iloxooyn, A.l. Pokhodun, 4.1 Pokhodun@yvniim.ru, +7 (812) 315-52-07;
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P.E. Taiimanos, R.E. Taymanov, r.e.taimanov@vniim.ru, +7 (812) 251-99-40;

H.B. Tennosa, N.V. Teplova, n.v.teplova@vniim.ru, +7 (812) 323-93-99;

C.I". Tpogpumuyx, S.G. Trofimchuk, S.G. Trofimchuk@vniim.ru, +7 (812) 323-96-17;
A.I'. Yynosxuna, A.G. Chunovkina, 4.G.Chunovkina@yvniim.ru, +7 (812) 251-83-07;
K.B. Yexupoa, K.V. Chekirda, K.V.Chekirda@vniim.ru, +7 (812) 323-96-86, E.3.
Llanupo, E.Z. Shapiro, ezshapiro@vniim.ru, +7 (812) 323-96-79;

B.U. lllesyos, V.1. Shevtsov, V.I.Schevtsov@vniim.ru, +7 (812) 315-14-21;

Opzanusayuonnslii Komumem
Organizing committe

[Ipencenarens komurera H.B.Temmora, n.v.teplova@vniim.ru, +7 (812) 323-93-99).
H.A.bexkeros, }0.E.Baxuuna, E.b.I'unak, A.b./{stnes, A.A.Koponesa, A.A.KocTiok,
T.B.Kpaiiaea, H.H.Kpsuiosa, T.C.Kynukosa, E.I.JIynesa, K.B.ManbskoBckui,
M.E.Mensenes, A.A.Ilumenosa, A.H.ITonuebecuas, T.B.Cemenona, T.11.Co3unosa,
E.C.Tuxomuposa, 3.B.®omkuna, A.FO.Xapuenko, T.A.DlixBanba, F0.A.SkoBnesa.
N.V.Teplova - Chair,

N.A. Beketov, Yu.E. Vakhnina, E.B. Ginak, A.B. Diatlev, A.A. Koroleva, A.A. Kostyuk,

T.V. Kraineva, N.N. Krylova, T.S. Kulikova, E.I. Luneva, K.V. Malkovskiy , M.E. Medvedev, A.A.
Pimenova, A.N. Podnebesnaya, T.V. Semenova T.I. Sozinova, E.S. Tikhomirova, Z.V. Fomkina,

A.Yu. Kharchenko, T.A. Eykhvald,Yu.A. Yakovleva

Konmaxmuor @I'YIl «BHUHM um. /[.1H. Menoeneesa»

Anpec: 190005, Poccuiickas @enepanusi, r. Cankr-IletepOypr, MockoBckuii mp., 19

Tenedon: +7 812 251-76-01
®dakc: +7 812 713-01-14
E-mail: info@vniim.ru
WWWw.vniim.ru

Contacts of the D.I1.Mendeleey Institute for Metrology (VNIIM)

Address: 190005, Russia, St. Petersburg Moskovsky pr., 19
Telephone: +7 812 251-76-01

fax: +7 812 713-01-14

E-mail: info@vniim.ru

WWWw.vniim.ru
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HJIEHAPHBIE JOKJIAJIBI
PLENARY SESSION

POJIb POCCUICKOM ®EJIEPAIIMU B MEXKJTYHAPOJIHOI CUCTEME
OBECIIEYEHMS EJUHCTBA U3MEPEHUI
I'ony6es C.C.
DeodepanvHoe a2eHMCcmeo N0 MEXHUUECKOMY Pe2yIupo8aHuio U Mempoiocuu
golubev(@gost.ru

Poccus Owpa omnoit u3 17 crpan Mupa, moanucaBimmx B 1875 romy Metpuueckyro
KouBeHnuroo. MHOrme poCCHUICKHME TNPOrPECCHBHBIE JEATENN HAyKW WM TEXHUKH SICHO
CO3HAaBAIM TOJNb3Yy MEXKIYHApOAHOM YyHH(UKALMU €IWHUI] Ha OCHOBE JAECATUYHOM
METPUYECKON CHUCTEMBI M MOHUMAJIM, YTO MPOJOJKEHHE HCIOJIb30BaHUS CTAPOM PYCCKOMN
CHCTEMBI MEp IIPOTUBOPEYUT JYXY BPEMEHHU U MOXKET CTaTh HENPEOIOJIUMBIM NIPENSATCTBUEM
JUIsl Hay4YHO-TEXHMUYECKOro Imporpecca crpanbl. Pycckue ydenbsle akanemuku O.B. Crpyse,
I'N. Bunbn u B.C. Slkobu crtanum uHUIMATOpaMH CO3JAHUS €AMHOOOPA3HBIX METPUUYECKUX
3TAJIOHOB VISl BCEX 3aMHTEPECOBAHHBIX IOCYAAPCTB, CIEACTBUEM YETO U SIBUJIOCH 3aKJIIOUEHUE
Metpuueckoit KonBenuuu. OcoOble 3acayru B pa3BUTHH MUPOBOW METPOJIOIHH NIPUHAJIEKAT
BEIMKOMY pycckomy ydeHomy J[.M. MeHneneeBy — OCHOBOIIOJIOKHHUKY OTE€4ECTBEHHOMN
HAay4yHOM METpPOJIOTMHM U co3jarento nepBoro B Poccuu, a BO3MOXHO, U BO BCEM MHPE,
HAy4yHOTO Y4YpEXKJIEHHUS 10 MEeTpojoruu — [J1aBHOW namatel Mep M BeCOB (CErOmHA —
Wuctutyty merposnoruu um. /.M. Menzaeneesa), 175-n1eTuto ocCHOBaHUSI KOTOPOTO MOCBSIIEHA
Haia MexayHapoHast KOH(pepeHIus.

B mocnenyromue roxapl npaBuTeNbCcTBO Poccuu, yuuThIBas BCE BO3pACTAOIIYIO POJIb
WU3MEpPEHUH, IPUHUMAIIA U IPUHUMAIOT BayKHBIE IOCTAHOBJICHUSI 110 Pa3BUTHIO METPOJIOTUH,
CIOCOOCTBYIOLIME  CO3JAaHUI0  TINIyOOKO MPOJyMaHHOM TrOCYAapCTBEHHOM  CHCTEMBI
METPOJIOTHUECKOro  O0ecreyeHuss HapoJHOro Xo3siiicTBa. JrTa cHucTeMa  IOJIyduia
MEXIyHapOJAHOE NpU3HAHHE, U IO €€ MOJOOUI0 CTPOATCA CHUCTEMBbl METPOJOTHYECKOrO
oOecrieyeHus BO MHOTUX CTpaHax MHpa.

Ponr Poccum B MexmyHapomHOW cucTeMe oOecrieueHus €ANMHCTBA H3MEpPEHHH,
IJIABHBIM KOOPJIMHATOPOM KOTOpPOM Ha MEKIYHAapOJHOM YpPOBHE sBIIAe€TCA MeKIyHapoIHOe
o6ropo mMep u BecoB (MBMB), moguepknyta m3bpanuem B modetHole wieHbl MBMB unena-
koppecnionienta AH CCCP M.A. larenena (1949 r.) u mpod. I''I. bypayna (1967 r.). B
1956 r. mo ununuaruse psiaa crpad, B Tom yucie CCCP, Obuia cozgana MexayHapoaHast
opraHuzanusi 3aKoHojarenbHoil Metposoruu (MO3M), B KOTOpoil Hama cTpaHa
npeacraBiena [occranmaprom CCCP (B nHacrosmiee Bpemss — Poccranmaprom). B ee
JesTeNIbHOCTH Poccust npruHUMaeT akTUBHOE y4acTUe, pyKOBOJIsl CEKpETapuaTaMy 110 MHOTUM
HaIpaBJIEHUSM paOOTBHI.

Poccuiickue METpOJIOrMYecKHe WHCTUTYTBI SBIAIOTCS UICHAMHM WJIH aKTHUBHO
Y4acCTBYIOT B I€ATEIbHOCTH PETMOHAIBHBIX MeTposiornueckux opranuzauusax (PMO): APMP,
KOOMET, EBPAMET u SIM. Bce poccuiickue METPOJIOTMYECKUE WHCTUTYTHI SIBIISIFOTCS
KouiekTuBHO wieHamu PMO  «EBpo-azuarckoe COTPYJIHHUYECTBO TOCYAAPCTBEHHBIX
metponoruueckux yupexaeHuin» (KOOMET), a unrepecst Poccum B PMO «A3snarcko-
TUXOOKeaHCKas MeTposoruudeckas mnporpamma (APMP)» npencrasnser BHUUM. Kpome
TOT0, POCCUHCKHE METPOJOTMYECKUE MHCTUTYTHI PETYJSIPHO IPUITIAIIAIOTCS K yYacTHIO B
CIIMYEHUSIX TOCYJIapCTBEHHBIX ATAJIOHOB B paMkax Jpyrux PMO, uneHaMu KOTOpBIX OHH HE
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apistores:  «EBpomeiickas acconuanus HarpoHaabHBIX METPOJIOTMUECKUX HHCTUTYTOBY
(EURAMET) u «MexamepukaHckas MeTposiornueckas cucrema» (SIM). B noknazne
npuBereHa MHpoOpMalUs M CTATUCTHYECKHE IaHHbIe O pe3yibraTtax ydactusi Poccum B
JESATENIBHOCTH MEXKAYHAPOJHBIX OPTaHU3alUi 110 METPOJIOTUH.

THE ROLE OF THE RUSSIAN FEDERATION IN THE INTERNATIONAL
MEASUREMENT SYSTEM
Golubev S.S.
Federal Agency for Technical Regulation and Metrology (Rosstandart)
golubev(@gost.ru

Russia was one of those 17 countries who signed the Metre Convention in 1875. Many
progressive Russian scholars and engineers were quite clear about the usefulness of the
unification of the units of measurement on the basis on the decimal metric system and were
aware of the fact that continuing to use the old Russian system of measures was contrary to
the spirit of the times and could constitute an insurmountable obstacle for scientific
advancement and technological progress of Russia. The Russian scholars and academicians
0O.V. Struve, G.I. Vild and B.S. Jacobi initiated the creation of uniform metric standards for all
interested countries, which, along with the efforts of foreign scientists, finally led to the
conclusion of the Metre Convention. Outstanding achievements in this respect were made due
to the great Russian scientist Dmitry Mendeleyev — founder of scientific metrology in this
country and of a scientific metrological institution, the first in Russia, and probably, in the
world, - Main Chamber of Measures and Weights, as it was called then, well known now as
the D.I. Mendeleyev Institute of Metrology (VNIIM), to the 1¥5anniversary of which is
dedicated our International Conference.

In the subsequent years the government of Russia, taking into account the increasing
role of measurements in the life of the society, has been adopting important decrees on
developing metrology thus contributing to creation of a well-constructed state system of
metrological provision for the national economy. This system has gained international
recognition and on its basis similar systems of metrological assurance in many other countries
have been founded.

The role of Russia in the international measurement system, of which the main
coordinator at the international level is the International Bureau of Weights and Measures
(BIPM), was accentuated by the election of Prof. M.A. Chatelin (1949), a corresponding
member of the Russian Academy of Sciences, and Prof. G.D. Bourdoun (1967), to the
honorary membership of the BIPM. In 1956, at the initiative of a number of countries,
including the USSR, the International Organization of Legal Metrology (OIML) was created,
where this country was initially represented by the Gosstandart of the USSR and, presently,
by Rosstandart. Russia actively participates in its activities by heading Secretariats of
Technical Committees and Subcommittees in many areas of measurements.

All seven Russian metrology institutes are members or active participants in the
activities of regional metrology organizations (RMO): APMP, COOMET, EURAMET and
SIM. All Russian NMIs are collective members of the COOMET, and in the APMP Russian is
represented by VNIIM. The Russian NMIs are also invited to participate in comparisons
organized by other RMOs, such as SIM and EURAMET.

The paper provides information and statistical data illustrating the results of Russia’s
participation in the work of the international metrology organizations.
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175 JJET HICTOPUHU BHUUM U HAIITMOHAJIBHOM CUCTEME OBECIIEYUEHUSI
EINHCTBA U3MEPEHUIM POCCUNCKOM ®EJIEPAIINN
I'oromuacknii K.B.

DI'VII « BHUUM um. J]. 1. Menoeneesay
k.v.gogolinskiy@vniim.ru

Bcepocculickuii  HaydyHO-UCCIAENOBATENbCKAM HMHCTUTYT MeTposiorun um. J.U.
MenneneeBa — OJMH U3 CEMU TOCYJAapCTBEHHBIX HALMOHAJIBHBIX METPOJIOIMYECKHUX
uactutytoB. BHUMM 1o mnpaBy cuumtaercss KoabsiOenpto HammoHanbHOW CHCTEMBI
o0ecriedeHus: eIMHCTBA U3MEPEHUN. IHCTUTYT SIBIIsSI€TCSI TPEEMHUKOM OJTHOTO U3 CTaperImx
B MHpe H mnepBoro B Poccuu rocynapcCTBEHHOIO METPOJIOTMYECKOro yupexjaeHus — Jlerno
00pa3IoBBIX Mep W BeCcOB, co3aaHHOro B 1842 1. B 1892 romy /lemo BO3IWIaBUI BENUKHIA
PYCCKHUI y4YeHBIN U 0011eCTBeHHBIN AesTens Jmutpuii UBanoBudy Mennenees. [Ipu Hem oHO
Obut0 TpeoOpa3oBaHo B [NaBHyI0 manmaTy Mep M BECOB. 3alloKeHHbIE MeHeneeBbIM
MPUHLMIBL 10 CHUX TOp SBJISIOTCS OCHOBOW CHUCTEMBI OOECIeUeHUsS! €IMHCTBA U3MEpPEHUN
Poccuiickoit deneparum.

PazBuTue HaIMOHAIBHOW 3TalOHHOM 0a3bl — OJHO M3 OCHOBHBIX HalpaBlICHUI
nestenbHocTt BHUWM. Vuyenble-merposiorn ObuUIM TNEpPBBIMHU, KTO OTBEYaJl Ha BbHI3OB
BPEMEHU U OTKpBIBaJ] HOBbIE H3MEPUTENbHbIE BO3MOXXHOCTH, HEOOXOJUMBIE IS
HSKOHOMUYECKOTO PAa3BUTHUS CTpaHbl. AKTUBHOE BHEJIPEHHE METPOJOTMYECKUX 3HAHUI B
WHXECHEPHO-TEXHUUYECKYI0O U HAy4YHO-HCCIEAOBATENbCKYI0 IPAKTUKY HA4ajJoCh BMECTE C
MEPBBIMU COBETCKUMH ISITUIIETKaMU. BoNbIION TMUHBIN BKJIAJ B pa3BUTHE KAIHOPOBOUYHBIX
METOAMK M HUX BHEIPCHUE B MAIIMHOCTPOUTEIBHYIO OTpacib BHec aupexkrop BHUMM
JI.B. 3amynxwmit (1932-1933 rr.). UHCTUTYT mpomoimkan paboratb W BO Bpems Bemmkoi
OteuectBenHoM BoiHBI. Ilog pykoBoactBom aupexropa H.®. I'apkymmn (1941-1945 rr.)
JICHUHTPAJICKME METPOJOrH IMoMoraiu (poHTy U >kuteisMm OnokanHoro Jlenunrpanma. B
IIOCJIEBOCHHBIE T'0JIbl MHCTUTYT BO3IVIABISUIM Takue BUAHbIE yueHble, kak [L.M. Tuxonees
(1945-1946 rr.), B.M. Sfnosckuit (1946-1948 r1r.), A.K. Komocos (1948-1950 rr.),
M.®. FOnun (1953-1956 rr.). be3 manoro aBanuats jet, ¢ 1956 r mo 1975 r., o6s3aHHOCTH
JUPEKTOpa WHCTUTYTa HMCHOJHSUI JlaypeaT ['ocyJapCTBEHHON MpeMHHM JOKTOpP TEXHHUYECKHX
Hayk B.O. ApyTioHOB. B 3TOT nepuoj TpaIuiiioHHbIE HAaNIpaBlieHUs! pad0T HHCTUTYTA ObUIH
CYUIECTBEHHO pACIIMPEHbl U JOIOJIHEHbl TNPUHIUIUAIBHO HOBBIMU I METPOJIOTHHU
HaIpaBJICHUSMHU, HAayaThl MCCIEAOBAaHUS IO CO3JAAHHMIO HOBOM CHUCTEMBI 3TAJOHOB €IMHULL
AIIEKTPUYECKUX BETUYMH. DTU pabOThl ObUIM 3aBEPUICHBI €T0 YYEHHUKAMU U M1OCIEI0BaTENIMU
0] PyKOBOJICTBOM JJOKTOpa TEXHUUECKUX Hayk mpodeccopa FO.B. Tapbeesa (1975 —1997
rr.). B 2000-x romax mox pyKOBOJICTBOM KaHAMJAaTa JKOHOMHUYECKMX HAyK, YJIEHa
npe3unnyma Metponornueckoit akagemun H.M. Xanosa (1997 - 2016 rr.) BHUHUM aktuBHO
BKJIFOUMJICS] B MEXKAYHAPOJHBIN ITPOLIECC M0 NEPEONPEAEICHUIO OCHOBHBIX BEIMYNH CUCTEMBI
CH.

Ha ceronnsamnuii news B Poccuiickoit @enepanuu cyniectByeT 164 rocy1apcTBEHHBIX
IIEPBUYHBIX JTaJOHOB, 54 W3 HHUX XpaHATCA M coBepmeHcTByroTcss Bo BHUNM nwm.
.M. Mengeneea. Bo BHHUHMM HnHaxomsrcs 4 wu3 7 DOTalOHOB OCHOBHBIX BEIWYHMH
MeXAyHapoaHou cucteMsl enuHul CH — meTpa, Kuinorpamma, amrepa u KeibBuHa. MTHCTUTYT
obecrieunBaer 70 % TOATBEpKIEHHBIX Ha MEXIYHAPOAHOM YPOBHE H3MEPHUTEIbHBIX
BO3MOXKHOCTEN PD.

KosiekTuBOM MHCTUTyTa CO3JaHbl HOBBIE I'OCYAAPCTBEHHBIE MEPBUYHBIE 3TAJIOHBI
AIIEKTPUYECKUX BETUYMH (BOJIbTA M OMa) Ha KBAaHTOBBIX 3 (eKTax, HauaThl U IPOAOIKAIOTCS
paboThl MO TepeonperesieHUI0 TEeMIIepaTypHOH IIKajdbl KeJIbBHHA H  KHUJIOrpaMMa.
CoBpeMeHHbIEe ATallOHbl OCHOBHBIX eauHull CH ocHOBaHBI Ha caMbIX HEPEIOBBIX
JOCTIDKEHUSIX (QyHIaMeHTanbHOW Hayku. [IpakThueckas peanu3alnys HPOPBIBHBIX HAYYHBIX
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unen, crabunpHoe pa3BuTHe HarnmoHanmpbHOM cHCTeMBl OOeCredeHUs €AMHCTBA M3MEpPEHUH,
MEXKIYHApOAHBIN aBTOpUTET Poccum SBIAIOTCS 3aciayrod MHOTHX IIOKOJIEHUM YYEHBIX,
pabotasmmx Bo BHUMM u co3naBasmmx HarronanbHyto cucremy obecriedeHus €TMHCTBA
U3MEPECHUM.

B noknmane  mpuBeneHa mHdopmarus o0 OCHOBHBIX dTamax passutus BHUUM u
€ro COBPEMEHHOM COCTOSIHUHU, JTaJOHHON 0ase, NOCTIKEHHUSX B 00JIaCTH W3MEPUTENbHBIX
TEXHOJIOTH.

175 YEARS OF HISTORY OF THE D.I. MENDELEYEYV INSTITUTE FOR
METROLOGY (VNIIM) AND NATIONAL MEASUREMENT SYSTEM
Kirill V. Gogolinskiy
D.I. Mendeleyev Institute for Metrology
k.v.gogolinskiy@vniim.ru

D.I. Mendeleyev Institute for Metrology is one of the seven National Metrology
Institutes of Russia. VNIIM is rightfully considered the cradle of the Russian National
Measurement System. The Institute is the successor of the Depot of Measures and Weights,
which is one of the oldest in the world and the first State Metrological Institution in Russia
created in 1842. In 1892, the Depot was headed by Dmitry I. Mendeleyev, an outstanding
Russian scientist and public figure. He transformed the Depot into the Main Chamber of
Measures and Weights. The principles laid down by Mendeleyev are the basis for the system
for ensuring the uniformity of measurements in the Russian Federation to the present day.

One of the main activities of VNIIM is development of national measurement
standards. Our metrologists were the first to face the challenge of time and to explore new
measurement capabilities requisite for economic development of the country. Active
introduction of the principles of metrology into engineering and research started with the first
Soviet five-year plan. Great personal contribution to the development of calibration
techniques and its implementation into machine-building industry was made by the Director
of VNIIM L.V. Zalutskiy (1932 — 1933). The Institute continued to work during World War
II. Under the direction of N.F. Garkusha (1941 — 1945) metrologists of Leningrad assisted the
front lines and residents of the besieged Leningrad. Such prominent scientists as P.M.
Tikhodeev (1945 — 1946), B.M. Yanovskiy (1946 — 1948), A.K. Kolosov (1948 — 1950 1),
and M.F. Yudin (1953 — 1956) headed the Institute after the War. For nearly twenty years,
from 1956 to 1975, duties of the Director of the Institute had been performed by the laureate
of the State Prize, Dr. V.O. Arutyunov. During that time, traditional activities of the Institute
were substantially expanded and updated to conform to fundamentally new trends in
metrology; research on a new system of measurement standards for the units of electrical
quantities was initiated. This work was completed by his students and followers under the
guidance of Prof. Yu.V. Tarbeev (1975 — 1997). In 2000’s, under the guidance of the then
Director and a Member of the Presidium of the Academy of Metrology, Dr. N.I. Khanov
(1997 — 2016), VNIIM joined in the international work on redefinition of SI base quantities.

Currently, there are 164 National Primary Measurement Standards in the Russian
Federation, 54 of which are maintained and updated at the D.I. Mendeleyev Institute for
Metrology. VNIIM keeps 4 out of 7 standards for the base SI units: meter, kilogram, ampere,
and kelvin. The Institute provides 70 % of internationally approved calibration and
measurement capabilities (CMCs) of the Russian Federation.

Specialists of VNIIM developed new National Primary Measurement Standards of
electrical quantities (volt and ohm) based on quantum effects, and have started working on the
redefinition of the kelvin and the kilogram. Modern measurement standards of SI base units
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are based on the cutting-edge fundamental research. Application of advanced scientific ideas,
sustainable development of the National Measurement System, and the international prestige
gained by Russia in science are also the merit of many generations of the VNIIM scientists,
who had created and have been maintaining the National Measurement System.

The article provides information on the main stages of the development of the Institute
and on its current status, measurement standards, and its remarkable achievements in
measurement technologies.

NEPEONPEJEJEHHNE CH - K MEXXJIYHAPOJIHON CUCTEME EJIWHUI]
HA OCHOBE ®YHJIAMEHTAJIBHBIX KOHCTAHT
Muxasns CTok
Meowcoynapoonoe dropo mep u secos (MBEMB)
mstock@bipm.org

[locne MHOroJeTHUX HMHTEHCHUBHBIX MCCIEJIOBAaHUM, BEAYHIMX K 3HAYUTEILHOMY
porpeccy B onpeseieHnu GyHJaMEeHTaIbHBIX KOHCTAHT, B HACTOAIIEE BPeMs 0’KUAAETCS, YTO
I'enepanbHas koHpepeHuus no mepam u Becam (I'KMB) B HosiOpe 2018 roma omobput
IIEPECMOTPEHHBIE onpezeneHuss ocHOBHBIX enuHul CH. Omnpenenenus uisi Kuiorpamma,
amrepa, KeJlbBUHa M MOJs OyIyT OCHOBAaHbI Ha HOBBIX (DM3MUECKHMX MOHATHUAX, TOTJa Kak
OIpeieNIeHus sl CEKyH/Ibl, MeTpa U KaHelbl OyAyT TOJIBKO epeOopMyITUPOBAHBI.

B npe3enTanuu npeacraBiieHbl JIaHUPYEMble U3MEHEHUS U MOCIEICTBUS pealu3aluu
U pacrpOCTPAHEHUs €AUHMIL B PA3TIMUYHBIX 00JIACTSIX METPOJIOTHH.

REDEFINITION OF THE SI - TOWARDS AN INTERNATIONAL SYSTEM
OF UNITS BASED ON FUNDAMENTAL CONSTANT
Michael Stock
International Bureau of Weights and Measures (BIPM)
mstock@bipm.org

Following many years of intense investigations, leading to significant progress on the
determination of fundamental constants, it is now expected that the General Conference for
Weights and Measures (CGPM) will approve revised definitions for the SI base units in
November 2018. The definitions for the kilogram, the ampere, the kelvin, and the mole will
be based on new physical concepts, whereas the definitions for the second, the meter and the
candela will only be reformulated.

The presentation will describe the planned changes and the consequences for the
realization and dissemination of units in the different fields of metrology.

POJIb APMP B CO3JAHUU UH®PACTPYKTYPbI B OBJIACTU KAYECTBA
TommurokuTakaiy mxu
Hayuonanvnoiti uncmumym memponoeuu Anonuu (NM1J)
toshiyuki.takatsuji@aist.go.jp

A3HaTcKo-TUX0OKeaHCKasi MeTposiornyeckas nporpamma (APMP) - ato opranuzanus,
CO37laHHasl HAIIMOHAJIbHBIMA METPOJOTUYECKUMH HHCTUTYTaMU A3HaTCKO-TUXOOKEAHCKOTO
perrona. C MOMEHTa CBOETO TOSIBICHHUS COpOK JjeT Hazaa APMP neiictBoBama B obmactu
METPOJIOTHH U CIIOCOOCTBOBAJIa COTPYJHUYECTBY CBOMX WICHOB. B TmocnegHue Trojibl
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MHPPACTPyKTypa B 00J1aCTH KauecTBa CTajla HEOThbEMJIEMON YaCThIO /7Sl IPOMBIIIUIEHHOTO U
HKOHOMHYECKOTO Pa3BUTHS, 1 METPOJIOTHUS 3/IeCh UTPAeT KIUEBYIO poiib. B nokmnane 6yayT
MIpeJICTaBICHbI UCTOPHSI, poJib U akTUBHOCTH APMP 3a nocnennee Bpemsi.

APMP'S ROLE IN ESTABLISHING QUALITY INFRASTRUCTURE
Toshiyuki Takatsuji
National Metrology Institute of Japan (NM1J)
toshiyuki.takatsuji@aist.go.jp

Asia Pacific Metrology Programme (APMP) is an organization formed by national
metrology institutes in Asia-Pacific region. Since its establishment forty years ago, APMP has
been acting in the area of metrology and promoting members' collaboration. In recent years,
quality infrastructure becomes known as an essential environment for industrial and economic
development and metrology is playing crucial role in it. The history, role, and recent activities
of APMP will be presented.

B3I'JI51/1 HA 3AKOHOJATEJIBHYIO METPOJIOI'NIO XXI BEKA
Crugen [laTopait
Meswcoynapoonoe 610po 3akonooamenvrou memponozuu (MBE3M)
stephen.patoray@oiml.org

Kaxnplif 13 HaC 0XOTHO NMPU3HAET, YTO NPeICKa3aTh Oyayiee HeBo3MOkHO. O1HaKO,
kak ropopui1 Ctus JI>ko0c, Mbl MOKEM 00EpPHYTHCS Ha3aj U YBUIETb, KaK OIIMOKH, KOTOPbIE
Mbl COBEpIIMJIM, TaK M Ha HAIIM YyCleXu. AHAJOTUYHBIM 00pa3oM, BEPOATHO, MOXKHO
3aryisiHyTh U B Oyyiee, 4ToObl BUTaThCsl BIIEPE]] B HAIIPABICHUH, KOTOpOE ABIseTcs Oonee
OCO3HaHHBIM, 00JI€€ JIOTUYHBIM, U UCXOJl KOTOPOro 0ojee mIpeacKa3yeM.

3a roasl Moeil Oosiee yeM COpOKaleTHEW Kapbepbl B MHIYCTPUU B3BELIMBAHMUA,
pEeryJIMpoBaHMM M pa3pabOTKU CTaHIAPTOB, S BUAEI MHOIO W3MEHEHUH, HEKOTOpbIE M3
KOTOPBIX HMMEIOT OOJIbIIOe 3HaueHue A oOMeHa HHQopmanuei, JUisi KOMMYHHKAIHM,
riobanbHOM TOproBid U T.A4. Ha Mol B3risin, 3a TO Bpemsl Korja METpOJIOTHsl Wrpajia
BOXHEHIIYIO pOJIb B KaXJIOM M3 3TUX o0NacTel M, MPaKTUYECKH, BO BCEX AaCHEKTaX Hallen
IIOBCEHEBHOM KHU3HH, 332 TO XK€ BPEMs 3aKOHOOAmeNbHAas METPOJOrHs U3MEHWIACh OY€Hb
Mmano. [loaToMy, Haxozschb Ha TOH TOYKE pa3BUTHs, Ileé Mbl HAXOAMMCS ceiyac, cHadaja
obepHeMcs U TOCMOTPUM Ha HeJaBHEE MPOILIOe, YTOObI TOHITh, MOYXKEM JIM MBI OTIPE/IEIUTh
MapILIpyT ABH>KEHHUS B Oyayliiee 3aKOHOIaTEIbHON METPOJIOTHH.

A LOOK AT LEGAL METROLOGE IN THE 21st CENTURY
Stephen Patoray
Bureau International de Métrologie Légale (BIML)
stephen.patoray@oiml.org

Everyone will readily admit that it is not possible to predict the future. However, as
Steve Jobs implied in one of his famous quotes, it is possible to turn around and look both at
the mistakes we made and the progress we achieved in the past. From this insight, it then
becomes possible to turn and look to the future, and move forward in a direction which is
more informed, more logical and whose outcome is more predictable.

In my forty-plus-year career in the weighing industry, regulation and standards
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development, I have seen many changes, some of which are significant in terms of
information sharing, communications, global trade and others. Whilst metrology plays a
critical role in each of these areas and indeed in almost every aspect of our daily lives, in my
opinion /egal metrology has changed very little during that same time period. So from where
we stand today, let us first turn around and take a look at the recent past before turning back to
see if we can begin to identify how to move into the future of legal metrology.

T'OPU30HTHI COBPEMEHHOI METPOJIOI' U B KRISS
Sang-Ryoul Park, PhD, Yon-Kyu Park, Ph.D.
Kopeiickuti uccnedosamenvckuii uHcmumym cmanoapmos u HayKu
srpark@kriss.re.kr
ykpark@kriss.re.kr

B xapaktepHO#l HICTOpUH Pa3BUTHS U NPWIOKEHUN METPOJIOTHH MbI CTAIKUBAEMCS B
HACTOSIIEE BpeMs, 110 CYLIECTBY, C pa3HbIMU 00JIaCTSIMU COBPEMEHHOM METPOJIOTUH, KOTOPbIE
XOTS ¥ I0BOJIBHO CJIO’KHBI, HO KXKyTCSl OUEHb MHTEPECHBIMU.

B cBere storo B noknane OyayT paccMaTpuBaThbes JIB€ TeMaTH4ecKue oO0JacTH,
npezcrasieHnbie B KRISS. OnHoit 13 HUX siBiisieTCs pa3BUTHE OMO-METPOJIOTHUH, a pyras -
KBaHTOBAsi METPOJIOTHSI.

1) Metponorust ans Ouojoruu OpocaeT HaM BBI30B B CBSI3M C YpE3BbIUANHOMN
CIIO)KHOCTBIO M3MEpPSIEMbIX BEIUYMH, TaKUX KAaK HYKJIEHUHOBBIE KHUCJIOTHI, OCIKH M KIIETKHU.
WHorna mpocTo BO3HMKAIOT COMHEHHUS, YTO B 3TOH 00JacTé MOKET ObITh BO3MOXKHA
METPOJIOTHSI, CBSI3aHHAs C TaKMMM CIOKHBIMH W3MEPHUTENIBHBIMU 3aJadyamMu. TeM He MeHee,
yuenble KRISS nHacToW4MBO MCKamy HM3MepHUTENbHbIE METO/AbI, KOTOPblEe MO3BOJIMIM Obl MM
TOYHO H3MEpATh Ouosornyeckue oOBEKThl. HekoTopble ycrenHble pe3ysibTaThl OyAyT
IIPEJICTaBJICHbI B IIPE3EHTALIUN.

2) KBanToBas MeTpoJIOrusi paccMaTpuBaeTcs Kak Oy iyliee COBpeMEHHOW METPOJIOTHH,
HO peajnu3alys ee IMOTEHIMala 4upe3BbluaiiHO cioxHa. Hecmorps Ha 3t0, ydyensle KRISS
YHOpHO paboTaroT HaJl peaju3aluueil KBAaHTOBOIO TPEYTOJbHUKA HANIPSDKEHUS, COIPOTUBIICHUS
U ToKa. JTa pabora TpedyeT JOCTHKEHHSI SKCTPEMAJIbHBIX YCIOBHI 3KcriepuMenTa B nanHoit
npe3eHTauuu OyayT MOKa3aHbl TEXHUYECKUE MPOOIEeMbl, BOZHUKILIUE B XO/1€ UCCIIEIOBAHUIA.

FRONTIERS OF MODERN METROLOGY AT KRISS
Sang-Ryoul Park, PhD, Yon-Kyu Park, Ph.D.
Korea Research Institute of Standards and Science (KRISS), Daejeon, Republic of Korea
srpark@kriss.re.kr
ykpark@kriss.re.kr

In the significant history of development and applications of metrology, we are now
facing substantially different domains in modernized metrology, which are quite challenging,
however, seems very interesting.

In light of this, two subject areas would be considered as the representatives in KRISS.
One is development of Bio-metrology and the other is Quantum metrology.

1) Metrology for biology challenges us with the extreme complexity of the
measurands such as nucleic acids, proteins, and cells. Some just doubt if metrology can be
ever possible with such complex measurement targets. However, KRISS scientists have
consistently sought out measurement approaches that would enable them to measure
biological entities precisely. Some successful results will be introduced.

Book of abstracts 13



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

2) Quantum metrology is regarded as the future of modern metrology, but realization
of its potential is highly challenging. Even so, KRISS scientists are working hard to realize
the quantum triangle of voltage, resistance, and current. This attempt requires achievement of
extreme experimental conditions and settings combined together. The technical challenges
involved will be introduced in this presentation.

HAYKA Ob UBMEPEHUSX - JIBUKYIIAS CUJIA PABBUTUSA
Teonop Aunccen, Maptun Cene
National Physical Laboratory (NPL)
jt.janssen@npl.co.uk
martyn.sene@npl.co.uk

Mertposorust — 3To Hayka 00 M3MEpEeHMsIX, a U3MEpPEHHs ecTb MOBCIOAY. OHU SIBHBIM
WIM HESBHBIM OO0pa3oM TMPUCYTCTBYIOT MNPAKTUYECKH B JIOOOM BHJIE YEJIOBEYECKOU
JeSTeNIbHOCTH. MBI 4acTo Jaxe He IO0J03peBaeM, YTO BOKPYr HAac IMOCTOSIHHO HUAYT
U3MEpUTENbHBIE ITpouecchl. Ha camoM gene Hama SKOHOMMKA, Halle KauyecTBO XU3HU M,
3a4acTylo, caMa Halla >XU3Hb 3aBUCAT OT H3MEpPEHUM, KOTOpbIE Mbl JI€JaeM CaMH, WU
KOTOpPBIE BBIIOJIHAIOTCS 110 HALIEMY IIOPYUYEHHUIO.

MexayHapoiHass CHUCTEMa HW3MEPEHMHM M METpoJIord, o0ecrneduBarolmue €
(YHKIMOHMPOBAHUE, MOJACP)KUBAIOT HAIILY YBEPEHHOCTh B HAJAEKHOCTH ATUX H3MEPEHUH.
[ToaTomy ux paboTa 1 yCiIyr, KOTOpble OHM OKa3bIBAIOT, UMEIOT UCKIIIOYUTENBHOE BIUSHUE
Ha Hallle KOHOMUYECKOE IMPOIBETAHHWE M KAauyecTBO Hamel xu3Hu. B BenukoOpuranum Ha
NpOTSKEHUM TmocienHux Jer HauuonanbHas ¢Qusuueckas mnaboparopuss (NPL) wu
Hasnauennsle MHCTUTYTBI paboTalOT C MNPaBUTEILCTBOM IO CO3JAHUIO HAIlMOHAJIBHOU
CTpaTernd HW3MEpPEeHUH, KOTOpas MO3BOJIUT HaM MAaKCUMAaJIbHO IOBBICUTh BIIUSHUE
METpOJIOTHH, OCOOCHHO B 4YEThIpeX BaXHEHIIMX cdepax, TaKUX KaKk IepeloBble
IIPOM3BOJICTBA; LIM(PPOBbIE U KBAHTOBBIE TEXHOJOTWHU; DHEPreTHKa W OKpY’Kawollas Cpena;
HayKH O )KUBOW IIPUPOJE U 31PABOOXPAHEHHUE.

CREATING IMPACT FROM THE SCIENCE OF MEASUREMENT
Theodorus Janssen, Martyn Sené
National Physical Laboratory (NPL)
jt.janssen@npl.co.uk
martyn.sene@npl.co.uk

Metrology is the science of measurement, and measurement is everywhere. It is the
often invisible currency exchanged in just about every human activity; most of the time we
are unaware of the measurements that are being made all around us. However, our economy,
our quality of life and in many cases our very lives depend on measurements that we make or
measurements that are made on our behalf. The international measurement system and the
metrologists who maintain it enable us all to have confidence in these measurements. Hence
the work that metrologists do and the services which metrologists create and deliver have an
extraordinary impact on our prosperity and our quality of life. In the UK over the last year
NPL and the UKs Designated Institutes have been working with government to develop a
national measurement strategy which will enable us to maximize the impact of measurement
science, particularly in four sectors; advanced manufacturing; digital and quantum
technologies; energy and environment; and life sciences and health.
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TEKYIEE COCTOSIHUE U ITEPCIIEKTUBBI PA3SBUTUSA CPEACTB
OYHIAMEHTAJBHOI'O U METPOJIOTUYECKOI'O OBECIIEYEHUSA
CUCTEMBI I'NIOHACC BO ®©I'YII "BHUU®TPU"

Jonuenko C.A.

Qr'vil « BHUUDTPH»
director@vniiftri.ru

Ha cerogusmHuii JeHb KOMIUIEKCHBIE CHCTEMbI, OCHOBAaHHBIE Ha HCIIOJb30BaHUU
curHasioB cucreMbl ' JIOHACC, ABIAIOTCS KIIFOUEBBIM JIEMEHTOM JUISl PEATN3al[id MHOTHX
(benepanabHBIX M PETMOHANBHBIX NPOrpaMM, HAlpaBIEHHBIX Ha SKOHOMHYECKOE pPa3BUTHE
Poccuiickoit ®enepanuu M yJIOBIETBOpEHHE TpeOOBaHMM MOTpeOUTENed B PA3IUYHBIX
obnactsax. [Ipu 3TOM XapakTEepUCTHKH CUCTEMBbI B 3HAYUTENHHOW CTENEHM OIPENeNIioTCs
XapaKTepUCTHUKAMHU IIHPOKOTO0 Kpyra KOOPAMHATHO-BPEMEHHBIX, YaCTOTHO-BPEMEHHBIX,
PaZIMOTEXHUYECKUX, ONTUYECKUX U JPYTUX BHUJOB CPEACTB M3MEPEHMM, BXOIAIIMX B €€
COCTaB.

OI'VII «BHUNUDTPU» sBasiercs Bemymeld opranusamnueit Poccranmapra B cdepe
METPOJIOTHUECKOr0 00eCeueHHsI [0 OCHOBHBIM BHUJ1aM CPE/ICTB U3MEPEHU, TPUMEHSIEMbIM B
cucteme ['JIOHACC. B pamkax cBoeit nearensHoctu OI'YIT « BHUUDTPU» npoBoaut
paboThl, HApaBJIEHHBIEC KaK Ha MOBBILIEHUE TOYHOCTHBIX XapPAKTEPUCTUK CPEACTB U3MEPEHUI
n3 cocraBa cuctemel ' JIOHACC u cucTeMBI B 11€JI0M, TaK B HAa 00SCIIeYCHNE BEITTOJTHEHUS
TpeOOBaHUI 3aKOHOJAaTenbcTBa B cdepe oOecrnedeHnuss €IUHCTBA H3MEPEHUH IpH
¢dbynkuuonnpoBanuu cuctembl. OgHoBpemerHo, OI'YIT «k BHUND TP siBrisieTcst KITFOYEBBIM
3BEHOM JUIs PELICHUs] MHOTHX 33/1a4 B paMKax KOMILIeKca (hyH/ITaMEHTaIbHOTO 00ecrieueHus
cucrembl ['JIOHACC, obGecrnieunBasi BO3MOKHOCTb JOCTHKEHHSI TPEOYEMbIX XapaKTEPUCTHK
CHCTEMBI.

B 2016 rogy ®I'VII «BHUUDTPU» B pamxax OLII «Ilopnepxanue, pasButue u
ucnonb3oBanue cuctembl ['JIOHACC na 2012-2020 roapn» OblL1 3aBeplieH psi padorT,
HAIPaBJIEHHBIX HAa pa3BUTHE CPEICTB QYHIaMEHTAIBHOIO U METPOJIOTUYECKOTO 00ECTICUEHUS
cucrembl ['JIOHACC, B TOM uMciae — pa3paboTaH ONTHYECKUI permep YacTOThl C
norpemHoctbio 6,9x107!7, XpanuTtens enMHUI] BpeMEHHM M YAaCTOTHI Ha OCHOBE (POHTaHA
aTOMOB pyOuMaus ¢ HecTabumbHOCThIO MeHee 2x107'° cranmonapuble M MOOWJIBHBIE
KOMIUIEKCHl ~ MeTpojorudeckoro  obecrmeuenus  cucreMbl [JIOHACC B wactm
PaZIMOTEXHUYECKUX HU3MEPEHMM, B TOM 4YHCIE — KOMIUIEKC KOHTPOJII 3HEPreTUYECKUX,
CHEKTPAJbHBIX UM BPEMEHHBIX IapaMeTpOB HAaBUTALMOHHBIX KOCMUYECKUX allapaToB U
KOMIUIEKC MMUTALUK IPOCTpaHCTBeHHOT0 HaBuraunonHoro nosist 'HCC, kommuiekc cpeacts
KaJIMOpPOBKM  HABUTAIMOHHOM  YaCTOTHO-BPEMEHHOW  ammapaTypsl  MOTpeOHTens ¢
norpemnoctsio 0,2-0,5 He.

B nacrosmee Bpems OI'YIT «BHUNOTPN» npogomxkatorcst paboTsl, HallpaBiIeHHbIE
Ha CO3/aHHE CPEACTB METPOJIOTUYECKOr0o M (YHIaMEHTAIbHOIO OO0ECIEYEeHUsI CHCTEMBbI
I'JIOHACC nnst oGecniedenus BeIMOIHeHHs TpeboBanuii k cucteme Ha 2020 rof, a Takxke —
BEJIETCSI MOATOTOBKA MPEAJIOKEHNN IO OCHOBHBIM HANpPaBICHUSIM Pa3BUTHSI BbIIIIEYKa3aHHBIX
cpenct Ha nnepuoa 110 2030 rona.
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CURRENT STATUS AND PERSPECTIVES OF DEVELOPMENT FOR THE
GLONASS SYSTEM FUNDAMENTAL AND METROLOGICAL COMPLEXES
MEANS IN FSUE "VNIIFTRI"

Donchenko S.IL
FSUE « VNIIFTRI»
director@vniiftri.ru

Today, complex systems based on the use of GLONASS signals, became a key
element for the implementaion of various federal and regional programs aimed at the
economic development of the Russian Federation and at meeting of user’s requirements in
various fields. At the same time, the characteristics of the system are largely determined by
the characteristics of a wide range of coordinate-time, frequency-time, radio engineering,
optical and other types of measuring instruments included in its composition.

FSUE “VNIIFTRI” is the leading organization of the Federal Agency on Technical
Regulating and Metrology in the field of metrological assurance for the main types of
measuring instruments used in the GLONASS system. As a part of its activities, VNIIFTRI
carries out actions aimed both at improving the accuracy characteristics of measuring
instruments used in the GLONASS system and the system as a whole and at ensuring the
system’s compliance with the requirements of legislation in the field of ensuring the
uniformity of measurements. At the same time, FSUE "VNIIFTRI" is a key element for
solving of many tasks within the GLONASS complex of fundamental assurance ensuring the
opportunity to achieve the required system characteristics.

In 2016 within the federal program on GLONASS Sustainment, Development and Use
for 2012-2020 FSUE “VNIIFTRI” finished several projects aimed on the development of
GLONASS metrological assurance and fundamental assurance comlexes, including the
development of optical frequency standard with the error of 6,9x10 -17, time and frequency
keeper on the basis of the fountain of rubidium atoms with the i  nstability less then 2x10-16,
stationary and mobile complexes of GLONASS metrological assurance in the field of
radiotechnical measurements, including the signal’s energy, spectral and temporal
characteristics measurement complex for GLONASS satellites and spatially distributed GNSS
field imitation system, system of time and frequency navigation equipment calibration with
the error of 0,2-0,5 ns.

At present, FSUE “VNIIFTRI” continues its work aimed at the development of the
GLONASS fundamental and metrological complexes to achieve the system’s requirements
for 2020, as well as at preparing of proposals on the main directions for the development of
the complexes mentioned above for the period up to 2030.

K AJEPHBIM YACAM HA OCHOBE 229TH
Japc don Jlep Bense!, benemukr Ceiidpepn’, ITutep I'. Tupons'
! Yuusepcumem Jlhoosuea-Maxcumunuana, Mrwouxen, I epmanus
L.Wense@physik.uni-muenchen.de

W3mepenue BpemMeHHM Bcerjga ObUIO BaKHOW 3ajayeil Il HaykKd M OOIlecTBa.
CoBpemeHHbIe HanboJiee TOUHbIE U3MEPEHUS BPEMEHH U YAaCTOThI BBIIOJIHAIOTCS C TOMOILBIO
ONTUYECKUX aTOMHBIX 4acoB. OIHAKO MOXET OKa3aTbCs MEPCIEKTHBHBIM JAPYrol Mmoaxon -
UCIIOJIb30BAaHUE SIJIEPHOTO IEpPexoJia, TaK KaK sApa 3HAYUTEIbHO MEHEE YyBCTBUTEIBHBI K
BHEIIHUM BO3MYIIEHUSM, YeM aTtoMHas obOomouka [1, 2]. [lockompky sHeprus BO3OYXKACHUS
Ype3BBIYAHO HH3KA, BCEro okono 7,8 3B [3,4], 3T0 MO3BOJISIET OCYIIECTBUTH BO30YXKICHUE
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nasepa Hanpsamyto. SAnpo 229™Th sBnseTcs moaXo UM KaHIU1aTOM Ha UCIIOJIb30BAaHUE TIPH
pa3paboTKe CBEPXTOUYHBIX SIIEPHBIX YACOB, U COOTBETCTBYIOIIAS TEXHOIOTHS MOXKET OKa3aThCs
0oJiee COBEpIIIEHHOM, YeM COBPEMEHHBIC TEXHOJOTHHM aTOMHBIX 4acoB. B Teuenue 40 ner
UCCJIEOBAHUI TaKk M HE YAAJIOCh HEMOCPEACTBEHHO IETEKTHPOBATh paclaj IMpU 3TOM
COCTOSIHHMH sijipa. TOJIbKO COBCEM HEaBHO OBLIN MPOBEAECHBI U3MEPEHHUS, KOTOPbIE TO3BOJIUIN
HaTIpsIMyt0 OOHApYKUTh pactaf 229 "Th B OCHOBHOM COCTOSIHHH [5] 1 BIIEPBBIE ONPEACTUTH
napameTpbl pacrmaja saepHoro uzomepa [6].

B pabote caeman 0030p MOCIEAHUX OCTHKEHUH B CO3MAaHUM SEPHBIX YacoB, TMPH
3ToM 0co00e BHHMaHHE YACICHO HemocpeAcTBeHHOW aerekimu 229 "Th u ompeneneHuto
mapaMeTpoB pacranga uzomepa. Takxke 00CYXKIAIOTCs AambHEHIINE TEPCIEeKTUBBI Pa3BUTHS
SIIEPHBIX YacoB.

ITpu nognepsxke rpanta DFG TH956/3-1 u nporpammsl Mccie0BaHui 1 HHHOBALIUH
Horizon 2020 mo cornamenuto o cyocuaupoanuu 664732 «nuClock.
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TOWARDS A 229TH-BASED NUCLEAR CLOCK
Lars von der Wense', Benedict Seiferle!,Peter G. Thirolf
! Ludwig-Maximilians-University Munich, Germany
L.Wense@physik.uni-muenchen.de

The measurement of time has always been an important tool in science and society.
Today's most precise time and frequency measurements are performed with optical atomic
clocks. However, it might be advantageous to use a nuclear transition instead, as the nucleus
1s significantly less sensitive to external perturbations than the atomic shell [1,2]. Due to its
extremely low excitation energy of only about 7.8 eV [3.,4], which allows for direct laser
excitation, 2*™Th is a suitable candidate for the development of an ultra-precise nuclear clock
that may outperform existing atomic clock technology. Within 40 years of past research, no
direct decay detection of this nuclear state could be achieved. Only recently, measurements
were performed that have led to the direct detection of the ground-state decay of ~ 22°™Th [5]
and a first characterization of the isomeric decay parameters [6].

A review of the recent progress towards the development of a nuclear clock will be
given, providing a special focus on the direct detection of 2*™Th and the determination of the
isomer’s decay parameters. Future perspectives for nuclear clock development will be
discussed.

Supported by DFG grant TH956/3-1 and Horizon 2020 research and innovation
programme under grant agreement 664732 "nuClock".
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HOPMATHUBHO-IIPABOBAS BA3A OBECIIEYEHUSA EAUHCTBA
WU3MEPEHMI B OBJIACTH UCITIOJIb30BAHUSI ATOMHOM DHEPT A
O6eicos H.A.
T'ocyoapcmeennas Kopnopayus no UCnoab308aHUI0 AMOMHOU dHepeuu « Pocamomy
NAObysov(@rosatom.ru

B noknane nana kparkas uH@opmanus o ['ockopnopamuu «Pocarom» u o cucreme
METPOJIOTHUECKOro  o0ecriedeHuss B  OOJIACTH  HUCMOJb30BaHUS  ATOMHOW  DHEPTHH.
[IpencraBineHa cucTeMa HOPMATHUBHO-IIPABOBOTO PEryJIMpOBaHUS OT  (eneparbHOTO
3aKOHOJATENIbCTBA JI0 METOAWuYecKux pekoMenpaanuil. IlpencraBiena wuHopmanus o
MIPAKTUYECKON peaan3alui HOpMaTUBHO-IIPABOBOTO PETYJIMPOBAaHUS 00ecIIedeHHsI €TUHCTBA
M3MEpEeHUil B 00J1aCTH UCIOIb30BAHUS aTOMHOM dHEPIUU.

Jlana xpatkag wuHbopMmanus O B3auMoOAEHCTBMM ¢ Pocakkpeaurtanuein npu
aKKpeIUTalluU METPOJIOrHUecKUX ci1y:k0 opranusanuii ['ockopnopanuu «Pocatomy.

Hana wuHpopmanus o Cnyx0Oe cTaHIApPTHBIX CHPAaBOYHBIX MJAaHHBIX B 001acTH
HCITOJIb30BAHUSI AaTOMHOM SHEPTHH.

REGULATORY FRAMEWORK FOR THE UNIFORMITY OF
MEASUREMENTS ENSURING IN THE FIELD OF ATOMIC ENERGY
UTILIZATION

Obysov N.A.
The State Corporation for Atomic Energy Utilization «Rosatomy

NAObysov(@rosatom.ru

The report provides a summary of the State Corporation "Rosatom" and the system of
metrological assurance in the field of atomic energy utilization. A system of legal regulation
from the Federal legislation up to the guidelines is presented. Information about practical
implementation of the legal regulation of ensuring the uniformity of measurements in the field
of nuclear energy utilization is provided.

Brief information on cooperation with the Federal accreditation service for the
accreditation of organizations of the State Corporation "Rosatom" metrological services is
presented.

Information about the Service of standard reference data in the field of nuclear energy
utilization is given.
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MOJIEJb PEGEPEHTHOM CUCTEMBI JIJISI KITAHUKO-TAUATHOCTUYECKHX
JABOPATOPHUI POCCUHCKOM ®EJIEPALIMA C BKJIIIOYEHUEM B
MEXIAYHAPOAHYIO CUCTEMY MEHE/I’KMEHTA KAYECTBA
Amanysns B.JI. !, Toronunckuit K.B.2, Kononensko JI.A., Cysopos B.1.2, Kycrosa B.H.2,
Yepunuyk O.B.2
IFBOY BIIO «Ilepsuiii Cankm-Ilemepbypackuil 20Cy0apcmeeHHbltl MeOUYUHCKULL
yuueepcumem um. U.11. [lasnosa» Munzopasa Poccuu,
2@ryi1l «BHUUM um. J{. . .Mendeneesay,
34V «FOzopckuii yenmp npogheccuonanbroli namonouuy

[TpunnunuansHass OCOOCHHOCTh H3MEPEHHUH, HWCHOJIb3YeMbIX B  KIMHHUYECKOH
71a00paTOPHOI TMarHOCTUKE, 3aK/II0YAETCs B TE€TEPOreHHOCTH OMOMaTepUaioB, COAEPKALIMX
Hapsily € U3MEpSEMBbIM aHAJINTOM, «KOHKOMMTAHTBD» U «PAaCTBOPUTENIMN», KOTOpHIE
COCTABIISIIOT «MaTpUIy» poOsl. Kpome Toro, mpu XUMHUYECKUX UCCIIEA0BAHUIX, K KOTOPBIM
OTHOCHUTCSI OoJiblasi yacTh JaOOPAaTOPHBIX HCCIIEJOBAHUNA UMEIOTCS TEXHUYECKHE CpEeJICTBa,
HEMOCPEACTBEHHO  OCYILECTBIIAIOLIME  M3MEpPEHHMs  (PU3MYECKOro  CBOMCTBA  MPOOBI
OMOJIOTMYECKOTO MaTepHuasa, Kak IpPaBUiO, CHEIHMAIbHO MOAU(DUIMPOBAHHOTO pa3IMYHBIMHU
KOMIIOHCHTaMH XHMMHMYECKHX PpEakIMi — peareHTamu. Takas aHaJIWTHYECKas CHCTEMa
OCHOBaHAa Ha CpPaBHEHMU (PHU3UYECKUX CBOMCTB KOHKPETHOH OHOJOTMUYECKOW MpoObI, C
aHAJIOTMYHBIMU XapaKTEPUCTHUKAMH CHELHaIbHOH MpOoObl, MAaKCUMaJIbHO MPUOIMKEHHOW IO
CBOMM CBOMCTBaM K HCCJEIYE€MOH, MPEXKIE BCEro, IO COCTABY MAaTPHUIbI, HO C 3aBEIOMO
M3BECTHBIM COACPKAHUEM HNCKOMOT'O AHAJIUTA.

Taxoli oOpasel; CpaBHEHHUS, «KAIUOPATOp» AHATMTUYECKOH CHUCTEMBI, MPEACTaBISIET
coO0OM  «cTaHAApPTHBIM oOpasem» M  SBIAETCS HOCUTEIEM  €IUHHMIBI  M3MEpEeHMUs,
00€eCTIeYNBAIOIIUM MPOCIEKNBAEMOCTb U3MEPEHUH B TaOOpaTOPHON METUIIMHE.

Cpenu Hanbosee akTyalbHBIX IPoOJIeM J1a00paTOpHOM MEAULIMHEI ABJIsIETCS MpolieMa
rapMOHM3AIMU PE3yJIbTAaTOB JTAOOpaTOpHBIX HccienoBaHuil. [Iporecc rapMoHU3alUu MOXKET
OCYILECTBIIATHCS C HOMOILBIO PA3IUYHBIX METOI0JIOTHYECKUX MTOIX0J0B MEXKIa00paTOPHOTO
CpaBHEHHS C MPUMEHEHHEM »JTaJOHOB, CTAaHJAPTHBIX pe(epeHTHBIX MaTepuaioB U
pasHooOpa3us nporpaMMHoOro odecrieuenusi. OGecrnedeHne MeTpoIornueckoi KOppeKTHOCTH
pe3yNbTaTOB JaOOPATOPHBIX HCCIEIOBAHMA — 3TO KOMIUIEKCHAsl 3ajadya, KOoTopas TpeOyeT
KOMIIJIEKCHOTO MEXBEJIOMCTBEHHOro perieHus. Hambonee pe3yiabTaTHBHBIM HalpaBlIeHUEM
ofOecrieyeHns: aHAIUTUYECKOTrO KauecTBa B OTEUECTBEHHOW j1abopaTOpHOM ciyx0Oe u, 3TUM
CHI)KEHHE PHUCKOB MEIHMKO-D)KOHOMHUUYECKON NEATENIBHOCTH YUPEXKIECHUN 3ApaBOOXPAHEHUS
SABJISIETCSI METPOJIOTUYECKAs aTTECTAlNsl METOAUK BBIITOJIHEHUS U3MEPEHUM.

Coznanune MEKBEJIOMCTBEHHOU pedepenTHoi CHCTEMBIOOECTICUCHHS
npocnexuBaeMoctn u3Mmepennid B KJIJI ¢ BkiIroueHneM ee B MEXIYHAapOJIHYIO CHUCTEMY
CIMYEeHUN 0oO0yclaBIMBaeT M  MEIUKO-dKOHOMHYECKass A(PQPEKTUBHOCTh MPUHIUIIOB
MEHEI)KMEHTa KauecTBa B 001acTH 1a00paTOPHOI METUIIUHBL.

Hamu paspaboTaHa KOMIUIEKCHass MoOjedb OOECIEYeHHUsS  METPOJOTHUECKON
MIPOCJIEKUBAEMOCTH  PE3YyJbTaTOB  J1a0OpAaTOPHBIX  HCCIEAOBAaHUW B MEIUIMHCKOMN
nabopaTopuu Ha MpUMepe psiia ONOXUMHUECKUX MapaMeTPOB.

PedepeHTHBIM METOOM SBWJICS XPOMATO-MAacC-CIEKTPOMETPUUYECKUH METOJA ¢
M30TOIHBIM pa3BejieHneM.BzaumoneiicTBre ¢ Mex1yHapoaHbIM O0beJMHEHHBIM KOMUTETOM
[0 METPOJIOTUYECKON mpociexuBaeMocTd B JsabopatopHoir wmenuuuHe (JCTLM) wu
MexayHaponHoil koonepanueir no pabopatopHoit akkpenutanuu (ILAC) obecneueHo
yuactuemM BHWU merponorun um. J[.1. Menneneea. B xauecTBe OMOpPHOT0O CTaHIAPTHOTO
oOpa3ia ucnonb3oBanbl cTanaapTel SRM (NIST).

[IpoBenena Banmuaanus OHOXMMHUYECKUX HW3MEpPEHUN Ha pa3iMyYHbIX YPOBHSX
71a00paTOPHOI TUAarHOCTUKH, BKJIIOYAs T.H. «IMArHOCTHKY B MECTE JICUSHUSD).
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Pa3zpaGoTaHbl TNPHHIMIEI CHUCTEMBI YIpaBICHUs (AKTOpaMH, BIHSIOIIAMH Ha
HEOIPEeIeIEHHOCTh M3MEpPEHUN M obecredeHuss TpeOyeMoro KayecTBa M3MEpeHH Ha Bcex
sTamax pabotsl taboparopuu Ha ocHoBe ctanaapToB 'OCT P UCO.

Pa3zpaGorana u anpoOupoBaHa MporpaMma aJanTalii MEXIYHApOJHBIX CTaHIapTOB
ISO u mexanusm Bueapenus TpedoBanuii 'OCT P CO B chepe nadbopatopHOi MEAULIUHBI
JUISL yUPEXKIEHUH 3/[paBOOXPAHEHUS M TPOU3BOAUTENEH 3TN MEAUIIMHCKOTO Ha3HAYECHUS
JUTSL AMarHOCTHKHU HH-BUTPO.

Pazpaborannas KOMILJIEKCHAs MO/IEITb obecrieyeHus METPOJIOTMYECKON
MIPOCJIEKUBAEMOCTH  PE3yJIbTaTOB  JJAOOpPATOPHBIX  MCCIENOBAaHUH  COOTBETCTBYET
KJIMHUYECKUM TpeOOBaHUSAM HEONpPEIeNeHHOCTH HM3MEpPEHH, OCHOBAHHBIX Ha MpPEJeNbHO
JOMTyCTUMBIX 3HAYCHUSX CMEIICHHsS W OOmIell aHaTUTHYeCKOW BapHallid, PAacCUYMTAHHBIX W3
K03 PHUIIMEHTOB BHYTPH- U MEKUHIMBUAYAIBHON OMOIOrMYecKol Bapualiy aHaJINTa.

OOecrnieueHre €IWHCTBA W3MEPEHWH TPH  HCCICIOBAHUSAX B  MEIUIIUHCKUX
7a00paToOpUsX BBIIOJHUMO TPH COYETAHUM NPUMEHEHHUs NPOJIYKIHH, BBITyCKaeMOH B
cootBeTcTBUM ¢ TpeboBaHusiMu ['OCT P CO 13485-2007 u nesTebHOCTH 1abOpaTopyuu B
cootBercTBHM ¢ TpeboBanusimu ['OCT-P UCO 15189-2009.

MODEL REFERENCE SYSTEM FOR CLINICAL-DIAGNOSIS LABORATORIES
OF THE RUSSIAN FEDERATION WITH INCLUSION OF THE INTERNATIONAL
SYSTEM OF QUALITY MANAGEMENT
V.L. Emanuel', K.V.Gogolinsky?, L.A. Konopelko?, V.I. Suvorov’, V.N. Kustova,

0.V. Chernichuk®

A fundamental feature of measurements in the clinical diagnosticsis the
heterogeneousness of the biological material, which do not only contain the analyt, but
“concomitants” and “solvents” as well, which form the “matrix” of the sample. Besides, at
chemical analysis, which essentially comprises the majority of all the laboratory research,
there are technical means involved, which accomplish the immediate measurements of the
physical qualities of the biological sample, which, as a rule, is already premodified by
different components of chemical reactions — reagents. Such analytical scheme is based on the
comparison of physical qualities of a particular biological sample to the relevant
characteristicsof a specially prepared sample, whose qualities are as close to those of the
studied sample, first of all, in therms of matrix composition, with the only difference being
that the quantity of analyt is known beforehand.

Such reference sample, known as calibrator of the analytical system, is the “Standard
Sample” and is a physical carrier of the unit of measurement, which ensures measurement
traceability in clinical research.

Among some of the most relevant issues of laboratory medicine is the issue of
consistency of the the result of clinical research. Consistency may be assured through
different methodological approaches of interlaboratory comparisons against the standard
samples, standard reference materials and a variety of software. Metrological correctness
provision for the results of laboratory research is a complex task, which requires a complex
interinstitutional solution.

Metrological certification of the methods of laboratory research is apparently the most
effective way of ensuring the analytical quality in the national laboratory infrastructure,
prospectively leading to a decrease in the risk involved in the healthcare industry.

Creating an inter-institutional system for ensurance of traceability of measurements
taken within the national analytical-diagnostic laboratory infrastructure, with the aim of
entering the international system of comparative interlaboratory cross-references is also
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reasoned for by the medical-economical principles in the field of laboratory medicine/

A complex model has been developed by us for unsuring the metrological traceability
against a number of samples of biochemical parameters.

As areference method, a chromato-mass-spectrometric method with isitopic dillution
was chosen. SRM (NIST) standards were chosen as the reference standard sample.

Participation in the project of Mendeleyev VNIIM ensured the possibility cooperation
with JCTLM and ILAC.

Validation of biochemical measurements was carried out at different levels of
dignostic, including so called "point-of-care diagnostics”.

The principles for the control system for factors influencing the uncertainty of
measurements and provision for the proper measurement quality at all stages of operation of
the laboratory according to GOST R ISO.

An adaptation scheme was designed and tried for the adaptation of the international
ISO stanadrds and the framework for introducing of the GOST R ISO requirements in the
sphere of laboratory medicine into the practice of healthcare facilities and manufacturers of
equipment for the in-vitro diagnostics. The developed complex model of providing
metrological traceability of the reults of laboratory research meets the clinical demands for the
uncertainty in the measurements, based on the maximum permissible values for deviation and
total analytical variation, calculated from the inter- and inner-inndividual biological variation
of analyt.

Unity of measurements is achievable on condition that equipment and maerials used in
a laboratory as well as the practices of a laboratory meet the GOST R ISO 13485-2007 and
15189-2009 requirements, respectively.

MU3MEPEHUS MHOT'OITAPAMETPUYECKUX HE®@U3NYECKHUX
BEJIMYNH. OCOBEHHOCTH U BO3BMOKHOCTHU HA TIPUMEPE IMOAXOJIA K
PACKPBLITHIO TAH MY3bIKH
P.E.TaiimanoB
D@I'VII « BHUUM um. J[. 1. Menoeneesar
taymanov(@vniim.ru

MaccoBass Murpanusi HaceleHMsT W IJo0anu3anMsi CBSI3ed MEXIy Hay4YHBIMU,
y4eOHBIMHU, TIPOU3BOJACTBEHHBIMH M TOPTOBBIMH OpPraHU3AlMSIMHU BBI3BAIM MOTPEOHOCTH BO
B3aMMHOM IIPU3HAHUH TUAarHO30B 3a00JI€BaHUH, JUTUIOMOB B 00J1aCTH 00pa30BaHUs, OIICHOK
KauecTBa TOBapoB (BKyC, KOMGOPTHOCTb, Kpacota) W T.1. EQuHBICE TPENCTaBICHUS O
He(pU3NYECKUX, TOUHEEe, «HEMATEePHAIbHBIX» (XOTS M OOYCIOBJIECHHBIX MaTepUaTbHBIMU
MpPOIIECCaMH) CBOMCTBAX, XapaKTEPU3YIOMIMX OCOOCHHOCTH 4YeJOBEeKa (370pOBbs, 3HAHWS,
CIOCOOHOCTH H T.I.), KYJBTYpPY, MEHTAJIUTET M JPyrue OCOOEHHOCTH OOIIECTBA, CTAJIH
HEOOXOAMMBIMHM JIIT COBMECTHOM pabOTHl pa3IMuYHBIX opraHu3anuid. Hacrtymaromas
TexHoyiornueckast pepoonus «Muaayctpus 4.0» cutyamuio o00CTpsIET.

EAMHCTBEHHBIM SI3BIKOM, B KOTOPOM OOECIEUMBAETCS €IUHCTBO MPEICTaBICHUS O
«HEMaTepUANIbHBIX» CBOMCTBAX M MX 3HAYCHUAX, SBISETCS S3bIK M3MepeHuil. [IpuMeHeHutio
u3MepeHuil B cdepe OIEHKU «HeMaTepualdbHBIX» CBOWCTB CIOCOOCTBYIOT CpPaBHUTEIBHO
HEJJaBHUE HW3MEHEHUsI B METPOJOrhyeckor TepmuHosoruu. Ilepexon oT omucaTenbHOU
TPAaKTOBKM TaKWX CBOMCTB K ONPENEICHUIO BEIWYMH, UX XapaKTepU3yroumx (Kak MpaBHIIO,
MHOTOTIAPaMETPUUYECKHUX ), a 3aTEM U K U3MEPEHHUI0 UX 3HAYCHUM, TIpeInoiaraeT pa3padoTKy
COOTBETCTBYIOIIMX MoOAeNed u3MepeHud. BoO3MOXHBI pa3nuuHble NOAXOABI K HX
MOCTPOCHUIO, HAINPUMEp, BBISIBICHHE BCEX OCHOBHBIX TMapaMeTpoB, (HOPMHUPYIOIIUX
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U3MEPSIEMYIO BEIMYHHY, C YKA3aHUEM MX YCIOBHOIO BKJIaJa B HEE HA Pa3JIMUHBIX YYaCTKax
Jliara3oHa U3MEepeHusl.

OpHako HauOONBIIHIA HHTEPEC MPECTABISIET MOAX0/I, IPEANONIATraloIuil pa3padoTKy
MOJICIH, OTOOpa)aromie «MeXaHu3M» (OPMHUPOBAHUS MHOTOMAPAMETPUICCKON BEITMUYUHBI,
KOTOPYI0 HEOOXOIMMO H3MepuTh. Takas MoOJAeNb JIOJDKHA OIUCHIBATh  CTPYKTYpPY
COBOKYIHOCTH OIEpalui, pealn3yrouMx MNepexo] OT psaga MaTepUalbHbIX BEJIWYUH,
BO3JIEUCTBYIOIIMX HA BXOJ MOJIENH, K MHOTOIIaPaMETPUUECKON «HEMATEPUAIbHOW) BETUYNHE
Ha BBIX0/1€ MOJienu. DPPEeKTUBHOCTD 10100HOM MOIeNI 00YCIIOBIEHA TEM, UYTO TaKasi MOJEIb
MO3BOJISET:

1. BBISIBUTH 3HAYUMOCTH KaXKJIOTO M3 HEMOCPEJICTBEHHO H3MEPSEMBIX MapaMeTpoB,
YTO JaeT BO3MOXKHOCTh OOBEKTHBHO OIICHHTH BKJIAJ HEOIPEACICHHOCTH €ro M3MEpPEHHUS B
KOHEUHBII pe3yJIbTaT;

22 MUHIMHU3HPOBATH 3aTPATHI IIPH MPOBEJICHUN U3MEPEHHH C OOJIBIIIMM KOJIMYECTBOM
YYaCTHHUKOB;

.« HaWTH  HOBBIE  CHOCOOBI  BO3JCHCTBHS  HAa  MHOTOIMAPAMETPUYECCKYIO
«HEMaTepUAIIbHYIO)» BETUUNHY.

Pa3paboTrka Momenu UW3MEpEeHHsS] «HEMAaTepHaabHOW» MHOTOMApPaMeTPUIECKON
BEJIMYMHBI CJIOKHA W OTBETCTBEHHA, KaK IMPABWJIO, JIOJDKHA BBHIMOJHATHCS METPOJIOraMu Ha
OCHOBAHHUU TEOPETUUYECKOTO aHATM3a U C MIPUBJICYCHUEM CICIIUATMCTOB U3 APYTrUX obyacTen
Haykd. [lepBoHa4ambHO TPEIIOKEHHAsT MOJENb JOJDKHA IMOCJIEIOBATEILHO YTOUYHSATHCS IO
pe3ylbTraTaM SKCIePUMEHTANBHBIX HccleAoBaHuid. Ho Oonbinas TpymoeMKOCTh OMpaBlaHa
MEPCIIEKTHBAMH HCIIOJIB30BaHMUS TAaKUX pa3paboTOK B MEIUIIMHE U POOOTOTEXHHUKE, B
MIPOU3BOJICTBE TOBAPOB M B OOyYEHWH, B TEXHUKE CBSI3W W Jaxke s (hopMupoBaHUS
CITOCOOHOCTEH YeJIOBEKa.

B kadectBe mpuMepapacCMOTpEH Tpolecc pa3pabOTKH MOJEIH HM3MEpeHUs
0KHJIAeMBIX  DMOIIMH, BBI3BAHHBIX  OMPEACIICHHBIM aKyCTUYECKHM, B  YaCTHOCTH,
MY3bIKAJIbHBIM BO3JecTBHEM. OTMEYEHO, YTO TNEPBOHAYAJIBLHO MOJENIb CO3/1aBajlaCh B
nHUIHaTuBHOM mopsinke Bo BHUMM, no3mnee paspaborka Obula MojjiepkaHa TPAHTOM
PO®U, BbIMOMHSETCS KOJNJIEKTHBOM C yYacTHEM METPOJIOTOB, MaTeMaTHKA-IPOTPaMMUCTA,
HEHPOo(pU3HOIOroB, MCUXOJIOrOB, KOMIIO3UTOPa, apT-TepaneBTa. PaccMOTpeHbl THMOTE3bl U
M3BECTHBIC JaHHbBIC, MOJOXKECHHBIE B OCHOBY MOJENW, MPUBEICHBI ONpeaeneHus 0a30BOit
SMOLIMM W OSMOIIMOHATBHBIX 00pazoB, TMOKa3aHa CTPYKTypa pa3pabOTaHHON MoOenH,
pe3yibTaThl €€ IKCIePUMEHTaIbHON mpoBepkH. [loka3zaHbl BO3MOXKHOCTH HCIOJIB30BAHUS
MOJICNIA JUIsI TIPUMEHEHHsI B MY3BIKOBEJACHUH W (prutonoruu (s oOydeHUsT MHOCTPaHHBIM
S3bIKaM U aBTOMAaTHYECKOrO0 TEpeBOjia peuH), a TakKe B MEIUIMHCKOW JUarHOCTUKE, B
YaCTHOCTHU, B MJIQJICHYECKUI MTEPUO/I, HAKOHELI, B TEXHUKE CBSI3H.

MEASUREMENTS OF MULTIDIMENSIONAL NON-PHYSICAL
QUANTITIES. CHARACTERISTIC FEATURES AND POSSIBILITIES WITH THE
APPROACH TO UNCOVERING MUSIC MYSTERIES AS AN EXAMPLE
Roald Taymanov
D.1. Mendeleyev Institute for Metrology
taymanov(@vniim.ru

Mass population migrating and globalization of connections between scientific,
educational, industrial, and trade organizations, have resulted in the need for mutual
recognition of medical diagnosis, professional education diploma, product quality estimation,
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etc. Identical ideas of non-physical, more accurately, “non-material”, properties characterizing
man’s features (actually, they are specified by material processes) such as health, knowledge,
talents, and so on as well as culture, mentality and other society features became an integral
part for providing joint work of various organizations. The coming technological revolution
“Industry 4.0 aggravates this situation.

The measurement language is the only one that ensures the identical concept of “non-
material” properties and their values. Recent changes in the metrology terminology contribute
to measurement application within the sphere of “non- material” property estimation. Moving
from a descriptive interpretation of such properties to definition of quantities (as a rule they
are multidimensional) characterizing these “non- material” properties and then to
measurement of their values, it is necessary to develop corresponding measurement models.

In the course of the model constructing, various approaches are acceptable, e.g., identification
of all the basic parameters forming a measurand with indication of their hypothetical
contribution in it within various the parts of a measurement range.

However, the approach associated with the “mechanism” of multidimensional
measurand formation is of special interest. Such a model should describe a structure of
operation set realizing a transition from a number of material quantities influencing the input
of the model to a multidimensional “non-material” quantity at its output.

The efficiency of such a model lies in the ability:

-« to determine the importance of each parameter being measured providing the
possibility to objectively evaluate how its uncertainty influences the final measurement result;

~« to minimize the cost if measurements involve the great number of participants;

-« to find new effective methods to influence the multidimensional “non-material”
quantity.

The development of a model for measuring “non-material” quantity is complicated
and responsible. As a rule, it should be based on theoretical analysis and fulfilled by
metrologists alongside the experts in other science fields. An initially proposed model should
be refined gradually according to the results of experimental investigations. This high
workload is justified by the possible future applications of such developments in medicine,
robotics, manufacture, education, communication techniques, and even for formation of
man’s talents.

The process of model development is illustrated by the case of measuring expected
emotions caused by acoustic impacts, in particular, music. At first, it was a VNIIM proactive
work, supported later by the RFBR. The team being involved includes metrologists,
neurophysiologists, psychologists, a mathematician-programmer, composer, and art-therapist.
The paper considers hypotheses and well-known data being the basis of the model, definitions
of basic emotions and emotional images, a structure of the developed model, and results of its
experimental investigations.

The model can be applied in musicology, philology (for teaching foreign languages
alongside contributing to computer interpretation of speech), medical diagnostics (in
particular, in early childhood) as well as telecommunications.
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CEKIIUA «TEOPETUYECKAS METPOJIOI' U51»
SECTIONAL MEETING 01 «THEORETICAL METROLOGY

TEOPETUYECKAS METPOJIOI'USA: ITIPOBJIEMbI HITEPCIIEKTUBA
B.A. I'panoBckuit
AO «Konyepu « [[HUU «Onexmponpubop»
vgranovsky@eprib.ru

Jloksiay, TMOCBSIIEH aHalu3y MpoOJeM M MEpCIEeKTHB pPa3BUTUS TEOPETUUECKOU
metposoruu (TM), ucxoas u3 ee CTpyKTyphl.

I ®ynnamenransHoe npoTtuBopeure TM, a BO3MOKHO, MU METPOJOTMU B IIEIOM,
CIIy’Kallee HICTOYHUKOM €€ Pa3BUTHS, COCTOUT B CIEAYIOIIEM:

TM, kak nro0ast Teopus, NMpeacTaBiseT co00i BHYTPEHHE COIJIACOBAHHYIO CUCTEMY,
KOTOPasi TOJKHA PAa3BUBATHCS B COOTBETCTBHM CO CBOEH BHYTPEHHEH JIOTMKOM U ONPEIEIIATh
pa3BUTHE HalMOHaIbHOU cuctembl m3MepeHuit (HCU), mim MeTposiorndeckoil MpakTHKH,
IIOCPEJICTBOM CUCTEMBI CTAHIAPTU3ALINH.

B 10 xe Bpems, pazBurue TM 3aBUCUT OT 4YeIOBEUYECKOM BOJIM M MOXKET OBITh
YCKOPEHO, 3aMEJIJICHO U OCTaHOBJICHO.

Co cBoeli ctoponsl, HCU pa3zBuBaeTcs B crily 3allpOCOB YKOHOMHUKH, TPENBSABIIAEMBIX
CyObeKTaMH TEXHUKHM U mpou3BoacTBa. MHeiMu cioBamu, pasButue HCU mpoucxogut
CIIOHTAHHO U XaO0TUYHO, €CJIM HE NPEANPUHATEI MEPBI 110 €r0 OpraHu3aLuy.

Cucrema cTanapTH3allK KakK pa3 MOXKeT ynopsaounts pazsurue HCU. Ognako eciaun
CTaHJAapTH3alMsl OCYLIECTBIsIeTCs He Ha (QyHaameHTe TM, OHa CTaHOBUTCS «ITyCTBIM»
MHCTPYMEHTOM, CO3JAIOIIHM JIMIIb WLTIO3UIO YIIOPSA0YEHHOCTH.

VYka3zannsle Belle 3anpocsl Ha passutue HCU anpecyrores, B Tom uncne, TM. Eciaun
TM, o6o0mast 3ampochl, TPUHUMAET WX K HCIOIHEHHWIO, TO TEOPETHUECKUE pPE3YIbTaThI
npuoOpeTaloT MPaKTHUECKYI0 HAalpaBI€HHOCTh W MOTYT CTaHOBHTbCA 0a3ol  Juis
CTaHAapTH3alMM. B mpoTuBHOM cilyyae, peanusyercss (QopmanbHas CTaHJApTU3aLMs, He
UMeronIasi NPakKTUYECKON LIEHHOCTH.

Takum oOpazom, (yHAaMeHTaidbHOEe NpoTuBopeure TM cocTouTr B TOM, 4YTO €€
BHYTPEHHSA JIOTHKA, €CJIM OHAa OTOPBaHa OT METPOJOTNYECKON MTPAKTUKH, MOKET 3aTOPMO3UTh
pa3BUTHE WIH HAIIPaBUTh €TO B CTOPOHY OTJIMYHYIO OT HarpasieHus BekTopa pazsutus HCU.

II Ctpykrypa TM 3anaercs ee onpeneneHueM:

Mertposnorus- 3To Hayka 00

1 uzmepenusix,

2 crioco0ax JOCTUKEHUS TPeOyeMOil TOUHOCTH U3MEPEHUH,

3 MeToAax U CpeacTBax oOecredeHus eTMHCTBAa U3MEPEHUH.

CoOTBETCTBEHHO, UMESl B BHJly IEPCIEKTUBY, CIEAYET TOBOPUTH O HAOIIOJAEMBIX U
IpernonaraeMbpIX TpaHC(HOPMALUAX YKa3aHHBIX LEJIEBbIX 3JIEMEHTOB METPOJIOTHH.

Yro kacaeTcst H3MEpPEHMid, TO IPEICTABIISCTCS, YTO pealibHas MPoOIeMaTHKa, KOTOpas
quktyercst norpeOHocTssmMu HCH, npomxHa ObITh CBfi3aHAa CO  CIEAYIOUIMMH  BUIAMHU
U3MEPEHUM:

1.1 U3mepenus HepU3NUECKUX BETUUUH

1.2 U3mepeHus cBepXMaiblX BETMYUH

1.3 M3mepeHus cBepXxOO0bIINX BETUUNH

1.4 M3mepeHus: CBEpXTOUHBIX BEIUUUH,

Taxoke, crekTp 3agay TM noskeH BKiIto4yaTh B ceOsl BepU(UKALMIO MOAETH H3MEpSIeMOil
BEJINYUHBI.
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AHanM3upys CHocoObl JOCTHKEHUsI _Tpe0yeMoil _TOYHOCTH, CJIEAYeT HaydaTh C
KOHCTaTalluy TOrO, 4TO ITOT pasnaen TM He npuHaaneRuT e noaHocTsro. bonee toro, TM
3]1eCh BBICTYTAET 3a€MHBIM HHCTPYMEHTOM JIJIsl KOHKPETHOM MPUKIIAaIHONW 00JacTH, B KOTOPOM
TOJILKO MOTYT, ¥ JIOJI’KHBI OBITH pa3paboTaHbl yKa3aHHBIE CIIOCOOBI.

CnenoBatenbHO, oOmIIasi METOAOJOTMYEcKas MpoOjemMa COCTOMT B OpraHU3aluu
B3aUMO/JICHCTBHS METPOJIOTHH € TIPUKIIAHOM 001aCThIO.

Ecnu BecTu peub 0 TOM, 4TO MOXKET METPOJIOTHUS cama 1o ce0e, TO Hy’KHO OTMETHUTD
cleyronee:

2.1 BersgBienue, myTeM aHajin3a (pU3MKU KOHKPETHOTO BHJ1a U3MEPEHUI, CyTH MeTo/1a
M3MEPEHUI KaK CPAaBHEHMSI BEIMYMHBI C €AUHULIEN.

[Ipumepamu Takoro pojia MOTYT CITYKHUTb:

1) YrnoBsle u3MepeHus, r7ie Ha OCHOBE (PUKCALMU €CTECTBEHHOM €MHHULIBI — ITOJIHOTO
yria — BBISABJISIETCS CyTh METO/la M3MEpPEHUN KaK IMpueMa HCIOJIb30BaHHUS KOHKPETHOTO
crioco0a JieNieH st MOJIHOTO yTiia.

2) U3mepenus KOHIEHTpAlMH, TJ€, AaHaJOTWYHO MpelnblayieMy, (UuKcupyercs
ectectBeHHas eauHuna — 100 %-Has 1ois - W MaTpuila BEUIECTBA pa3leiseTcs, Kak
MUHUMYM, Ha JIBE YaCTH — KOHTPOJIUPYEMBI KOMIIOHEHT U IIPUMECH.

PaccmaTpuBas MeToabl M_cpeacTBa oOecnedeHHMsl €AMHCTBA M3MEPEHUid, cieayeT
BBIJICJIUTH JIB€ BHYTPEHHE CBSI3aHHbIE TPOOJIEMBI:

3.1 JleuenTpanu3anus Kak nepexoj K HallMOHAIbHOMY 3TaJOHY €UHUIbI BETUYHHBI,
bopmMHpyeMOii, aHATIOTHYHO MEXTyHapOAHBIM €MHUIIAM, C IOMOIIBI0 KOMILJIEKCA STaJIOHOB.

3.2 Meroponorusi cpaBHEHUSI METOJ0B (METOUK) U3MEPEHHUI BETMUMHBI — HA OCHOBE
pe3ynbTaToB 2.1.

B nokname — mocnenoBaTeNbHO — pacCMaTpPUBAETCS  coAepkaHue — mpoOiem,
copmynupoBaHHbIX B pazzaenax 1.1-1.5; 2.1; 3.1, 3.2. OueHuBaeTcs nepcrneKTuBa, CBA3aHHas
C pelIeHueM poodIIeM.

THEORETICALMETROLOGY: PROBLEMSANDPROSPECTS
Valerii A. Granovskii
Concern CSRI Elektropribor,
St. Petersburg, Russia
vgranovsky@eprib.ru

The presentation offers analysis of problems and future developmentsin theoretical
metrology (TM) reasoning from its structure.

I The fundamental self-contradiction of the TM, and perhaps of metrology as a whole,
which is the the force behind its development is as follows:

TM, as any theory, represents an inwardly coordinated system that is developed in
accordance with its own intrinsic logics, and which affects national measurement system
(NMS), or metrological practice, through the system of standardization.

At the same time, TM development is driven by the man, and can be accelerated,
slowed, or stopped.

On the other hand, NMS develops in responce to the economy demands which
originate from the subjects of technology and production. In other words, NMS development
is spontaneous and chaotic unless it gets organized.

It is a standardization system that can shape the NMS development. However, if it
does not root in TM, the latter becomes a non-applicable tool which only createsan illusion of
order and logics.

The above-mentioned demands for the development of NMS also affect TM. If TM
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aims at meeting the demands, theoretical results can find practical applications, and become a
basementfor standardization. Otherwise, standardization turns into a formal operation without
vakuale practical outcomes.

Therefore, the fundamental inner contradiction of TM is that its intrinsic logic, if
separated from metrological practice, can impede the development or diverge it from NMS
development vector.

IT TM structure is predefined by its definition:

Metrology is the science of

1. measurement,

2. methods for achieving a required measurement accuracy,

3. methods and means for measurements uniformityassurance.

Accordingly, bearing prospects in mind, we should speak about transformations, both
current and anticipated of the stated target metrological elements.

As to measurement, it seems that the actual set of problems posed by NMS demands
must be connectedwith the measurements of -

1.1 Non-physical values

1.2 Extra-small values

1.3 Extra-large values

1.4 Extra-precise values

and include the problem of

1.5 verification of a model of a measured value, as well.

Starting the analysis of methods for a _required measurement accuracy, it first has
to be recognized that the relative branch of TM don’t fully pertain to TM. Moreover, here, TM
actsas a borrowed tool for the area of applied science, in which only the mentioned methods
can and should be developed.

Therefore, the general metrological problem lies within linkingtheoretical metrology
to the field of applied science.

Speaking about what metrology can do by itself, we will arrive at this:

2.1 Revealing, by analysis of the physical nature of a kind of measurement, the
essence of a measurement method as a comparison of the value with a measurement unit.

For instance:

1) Angle measurement, in which, on the basis of determininga natural unit, which is a
complete angle, the essence of the measurement method is defined as a usage of a particular
way to divide the complete angle.

2) Concentration measurement, in which, as well, the natural unit is fixed, which is
100 percent part, and matrix of the matter is divided into two parts at the least, which are the
measured component and admixtures.

Considering methods and means for measurement uniformity, one should focus on two
interrelated problems:

3.1 Decentralization, understood as the transition to the national reference standard of
the quantity unit, which, like international units, is formed by means of a set of reference
standards.

3.2 Methodology of comparison methods and proceduresimplied in 2.1.

In the presentation, the problems posed in the sections 1.1-1.5; 2.1; 3.1, 3.2 are
discussed consequently. The prospects for the solution of the problems are evaluated, as well.
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METOAbl OPABOTKU JAHHBIX ITPU UBMEPEHUSAX U
METPOJOI'MYECKHUE MOJEJIN
T.H. Cupas
AO «Konyepu « L [HUHU «Onexmponpubopy, 197046, C.-Ilemepbype, Manas
Ilocaockas 30.
tnsiraya@gmail.com

1 Meronbl 00paOOTKM MAaHHBIX MPU H3MEPEHUSX COCTABISIOT Ba)XKHBIA pas3zen
TEOPETHYECKOM METPOJIOTHH, KOTOPBIM BBIICIAECTCS CBOMM TMIPEAMETOM, 3aJadyaMd |
MeTroaoJorued. B noknane BBIJACIEHBI OTIWYUTENbHBIE YEPThI 3TOrO pas3jena, B TOM YHUCIHE,
3HQYUMOCTh  aHaIM3a ©  OIEHWBAHHWS  TOTPEITHOCTEH, MPUHIUNHUAIBHAS  POJb
METPOJIOTUUECKUX Mojeneil. OAHUM U3 KIIOYEBBIX MOMEHTOB SIBJISIETCSI OLICHUBaHUE
CHUCTEMATHYECKUX TTOTPEITHOCTEH.

Pa3BuTtne MeTom0B 00pabOOTKHM MaHHBIX MPH HU3MEPEHHUSAX 3a TOCIEAHHE MOJBEKa
(mpexxne Bcero, B paborax BHUWM wum. JI. 1. MenneneeBa) u (popmupoBaHue pasjaena
TEOPUH HM3MEPEHUN TPOCIEKUBACTCSI HAa OCHOBE PAa3BUTHUS METPOJIOTHYECKUX MOJCIICH
JaHHBIX. Bblaenstorcs ABa acnekTa MoJeNed JaHHBIX, CBS3aHHBIE C IOTPELIHOCTIMU U
MOJIC3HBIMHU CUTHAJIAMH.

2 BakHEWITNM 3TaIoM SIBJISIETCS pa3padoTKa METO0B OIICHUBAHHS CHCTEMAaTHYECKIX
U CYMMapHBIX IIOTPEIIHOCTEH Ha OCHOBE UX paluoOHaNbHOM panmomuzauuu [1].
Pa3zpaboTaHHblii U1 IPSMBIX H3MEPEHUIA, ITOT MOIXO0]] 1ajiee ObLI pacCpOCTPaHEH Ha JIpyTUe
KaTeropuu U3MEpPEHUH, IPEK/Ie BCEro, Ha KOCBEHHbIC M3MepeHwusI[1].

3 3HauuMOCTh U pazHooOpa3ue METPOJOTHYECKUX MoJeNnel eme Ooree HarisgHO
MPOSIBJISIIOTCS  MPUMEHHUTEIIBHO K  TMOCTPOCHHUIO (DYHKIIMOHAIBHBIX 3aBUCHUMOCTEH 10
AKCIIEPUMEHTANIbHBIM JaHHBIM. TpagullMOHHO MAJii 3TOTO HCIOJIb3YIOTCS PErpecCUOHHBIE
MOJICJIMA METOJ] HAMMEHBIITUX KBaIPaTOB (ONTUMAJIBHBIHN, €CIIM apTyYMEHTHI H3BECTHBI TOYHO).
[Tpu HaMMYKUK MOTPEIIHOCTEH apryMEHTOBCIIEIYET UCIIOIb30BaTh Pa3INdHble KOH(IIOCHTHBIE
MOJICIA U COOTBETCTBYIOIME WM pPa3HOOOpa3Hble KOH(IIOEHTHBIE METOIbI 00pabOTKH
JnaHHbIX [2, 3]. Jlpyrue HampaBiieHUs PaCIIMPEHUs] KJIACCHUYECKOW MOJENIM OCHOBAaHbI Ha
poOacTHOM M HemapaMeTPUIEeCKOM Mmoaxoaax [2].

B noknage paccMOTpeHbl OTMEUEHHbBIE HAIPaBICHUS PA3BUTHUS METPOJIOTMUYECKUX
MOJIeJIel TaHHBIX, BO3MOJKHBIE JIJISI UCTIOJIb30BaHMSI B TEOPUU U3MEPCHHI.

4 BBy MHOTOBAPUAHTHOCTH U CJIIOXKHOM CTPYKTYPhl MHOXECTBA MOJIeNIEH JJaHHBIX,
JUIS CUCTEMaTH3allii U COTIOCTABIICHHUSI KadyecTBa aJTOPUTMOB OOpaOOTKU MaHHBIX IOJIE3CH
MOJIX0/, OCHOBaHHBIN Ha aTTECTAIlMH allTOPUTMOB 00paboTKu AaHHbBIX [4]. B aTOM monxoae
peann30BaH MHOKECTBEHHBIN MPUHIUI, a UMEHHO - PACCMATPUBAETCSI MHOKECTBO MOJIeen
JNAaHHBIX W HA0Op TOKa3aTeled KadecTBa aJIrOPUTMOB. TaKOW TMOJXOJ COTJAcyeTrcs C
UJIC0JIOTHEN COBPEMEHHOIO MPUKIIATHOTO aHATN3a JAHHBIX [S].

Pa6ora nonneprxkana Poccuiickum ponaoM ¢pyHIaMeHTaNbHBIX HCCIEI0BaHUH (TPOEKT
16-08-00801).
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METHODS OF DATA PROCESSING IN MEASUREMENTS
AND METROLOGICAL MODELS
T.N. Siraya
Concern CSRI Elektropribor, JSC, 30, Malaya Posadskaya St.,197046, St. Petersburg,
Russia
tnsiraya@gmail.com

1 Methodsofdataprocessinginmeasurementsconstitute an essential part of measurement
theory, with its own subject matter, problems and methodology. In the paper distinctive
features of this section are outlined, including primary importance of error investigation and
fundamental significance of metrologicalmodels. One of the key points is the systematic
errors evaluation.

Evolution of dataprocessinginmeasurements in the past few decades (primarily,
research in D.I.Mendeleyev Institute for Metrology) is exposed through the expansion of
metrologicalmodels for data. Thus, two main aspects of data models are used, these are error
models and signal models.

2 Method for systematic errors evaluation wasthe crucial step in research [1]. It was
initially devised for direct measurements, and later it was extended to other kinds of
measurements, first of all — to indirect case [1].

3 Significance and diversity of metrologicalmodels become quite clear at the case of
fitting of functions based on experimental data. Classic regression model and the least
squaresmethod are commonly employed in this case. But in practice several kinds of extended
models are needed, such as confluent, robust and non-parametric models [2, 3]. In the paper
similar extended models are considered, which are of metrologicalinterest.

4 Since the manifold of metrological models is vast and varied, the certification
scheme is useful as a basis for studying the quality of data processing algorithms [4]. This
approach is in agreement with basic concepts of modern data analysis [5].

This work was supported by Russian Foundation for Basic Research, project 16-08-
00801.
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O BBIPAXKEHUY TOYHOCTH U3MEPEHU 1 TIPUMEHEHWN
IMOKA3ATEJIEM TOUHOCTHA
A.l'. YyHOBKMHA
OI'VII « BHUUM um. /. U Menoeneesa», Cankm-Ilemepbype, Poccus
A.G.Chunovkina@vniim.ru

CraTpsl MOCBALIEHA CPaBHUTEIBHOMY aHaJM3y pPa3IMYHBIX MOJXOJOB M CIOCOOOB
BBIPQ)KEHUS TOUHOCTU U3MepeHnil. OCHOBHOM OOy IMTENbHOW NPUYMHOMN HAallMCaHUs JaHHOM
CTaTbU SIBISIETCSl AKTYaJbHOCTh BOMNpOCa O KOPPEKTHOM (0OOCHOBAaHHOM) NPUMEHEHUU
METOJIOB TEOPUU BEPOSATHOCTH M MAaTEMaTHYECKOM CTAaTUCTUKU IJI1 OLIEHWBAHUSA TOYHOCTHU
n3Mmepenuil. IloBomom mnocnyxkuna mnoctaHoBka PabGoueit ['pynmoit 1 OObennHeHHOTro
Komurera mo PykoBoactBam B Merponorun (WG 1 JCGM) Bompoca o mnepecMoTpe
PykoBozcTBa Mo BbIpaXXEHHIO HeompeneneHHoctTw B usMmepeHun» (GUM) [1]. T'maBnoit
npuunHoOil nepecmorpa GUM Ha3BaHa HeZOCTAaTOYHAsi CTPOTOCTb HM3JIOKEHUS KOHIIETIHMH
HEoIpeAeIEHHOCTH U3MEPEHHS Ha OCHOBE TEOPETUKO—BEPOSITHOCTHBIX METOOB.

B xonre 2014r Ha 00CyXI€HHE METPOJIOTHIECKOM OOIIIECTBEHHOCTH OBLI MIPEII0KEH
npoekT «HoBoro» GUM. IIpoekT BbI3Ba HIMPOKOE 00CYKICHHE U HEOJAHO3HAUHYIO PEaKIIHIo,
U B IaHHOE BpeMs OH HaxoJuTcs Ha Jopabotke. [lo3TroMy Ha 1aHHOM 3Tare NpeacTaBIsIeTCs
CBOEBPEMEHHBIM €Il Pa3 BEPHYTbCA K OOCYXJICHHMIO BOIPOCOB O COOTHOIICHUHU IMOHITUH
TOYHOCTb-IIOTPEIIHOCTh-HEONPEIETIEHHOCTh, CII0CO0aX BBIPAKEHUS M OLEHUBAHUS TOYHOCTU
U3MEPECHUM.

[Ipn ob6cyxneHurn BaXHO B IIEPBYIO OYEpEIb YUYHUTHIBATh [JBa AacleKkTa: BbIOOp
nokaszarejael TOYHOCTH HM3MEpeHH M OOOCHOBAaHHBIE METObl MX OLICHWBAaHUSA. DTH [JBa
acriekTa, KOHEYHO, B3auMocBs3aHbl. [Ipu BbeIOOpe MoOKaszarenael TOYHOCTH HEOOXOIUMO
OpPUEHTHPOBATHCSI HA MPOCTBIE W YHUBEpPCAJIbHBIE METOJbl OLIEHUBAHMS, pa3pabOTaHHBbIC B
TEOpUHU BEPOSTHOCTEM M MaTeMaTHueckod cratuctuke. Ho taxke mpu BbiOOpe mokazaTeneit
TOYHOCTH HEOOXOAMMO YUYUTHIBaTh JalibHEHIlee MPUMEHEHHE pe3yJIbTaTOB M3MepeHuil. B
YACTHOCTH, €CJIM BBIYUCIIEHHE HEOIpPENEIeHHOCTH HAIUI0 FapMOHUYHOE MPUMEHEHUE IpHU
KaauOpoBKe, TO B 3a/Jadyax OLEHUBAHUS TOYHOCTH METOJIOB/pE3yJIbTaTOB M CPEACTB
U3MEpPEHUIl coXxpaHsieTcs HEOOXOAMMOCTh IMPOSICHEHUSI OTHOIIEHHS KOJUYECTBEHHBIX MeEp
IIPAaBWJIBHOCTH, IPELIU3UOHHOCTH U HEOINPENEIEHHOCTU u3MepeHui.  lIposicHeHue sTmx
BOIIPOCOB ITO3BOJIUT YETKO 00pHCOBaTh 00JIaCTh IPUMEHEHUSI HEONIPEAEIEHHOCTH U €€ MECTO
Cpeiy KOJIMYECTBEHHBIX Mep (XapaKTepUCTUK) TOYHOCTU U3MEPEHUIA.

B noxmane paccmaTpuBaloTCs Takhe METPOJIOTMUYECKHE 3aJaud, Kak BaluJanus
METOAMK KalUOpOBOK, aTTecTalus METOJUK H3MEpeHHH, NIpHUMEHEHHE pe3yJIbTaToB
MU3MEPEHUH NPU OLIEHKE COOTBETCTBUS.

ON EXPRESSION OF MEASUREMENT ACCURACY AND USING
ACCURACY CHARACTERISTICS
A. Chunovkina
D.I. Mendeleyev Institute for Metrology, St.Petersburg, Russia
A.G.Chunovkina@vniim.ru

The paper is dedicated to a comparative analysis of different approaches and ways for
expressing the accuracy of measurement. The main motivation for writing this article is the
relevance of the problem concerning the sound application of methods of the theory of
probability and math statistics for evaluating measurement accuracy. The stimulus for this is
the current revision of the Guide to the expression of uncertainty in measurement (GUM) [1]
raised by Working Group 1 of the Joint Committee on Guidelines in Metrology (WG 1
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JCGM). The GUM's internal inconsistency regarding the application of probabilistic methods
for uncertainty calculation is claimed as the main reason for the revision.

At the end of 2014, a “new GUM?” draft was proposed to the metrological community
for discussion. The Draft caused a wide discussion and an ambiguous reaction. At present, it
is being finalized. Therefore, it seems timely to revisit the issues of inter-relationship between
the accuracy-error-uncertainty concepts, as well as of the ways of expressing and estimating
the measurement accuracy. When discussing, it is important to take into account the choice of
quantitative expressions for measurement accuracy and valid methods for their evaluation.
Obviously, the two aspects are interelated.

When choosing quantitative measures for measurement accuracy, it is necessary to
focus on the simple and universal methods developed in the theory of probability and math
statistics. Moreover, it is necessary to take into account further applications of the
measurement results, too. In particular, while the calculation of uncertainty has found a
harmonious application in the calibration, expression of the accuracy of measurement
procedure / result and of measuring instruments needs further clarification on the relation
between quantitative measures of the trueness, precision and measurement uncertainty.
Clarification of these issues will make it possible to clearly describe the scope of applications
of the uncertainty and its place among the quantitative measures (characteristics) for
measurement accuracy.

In the report, consideration is given to such metrological tasks as validation of
calibration procedures, certification of measurement methods, and application of
measurement results in conformity assessment. In this context, the necessity of revision of the
Guide to the expression of measurement uncertainty is discussed.

HCIIOJIb30BAHUE HEONIPEJJIEHHOCTH N3MEPEHU B
MPUKJAJHBIX 3AJAYAX METPOJIOT'HU
Edpemona H.1O.
benopycckuii 2ocyoapcmeenubiii uncmumym memponocuu
efremova@belgim.by

KoHnuenmnus HeonpeneiaeHHOCTH U3MEPEHUN COBEpIIMJIA HACTOSIIYIO PEBOJIOIHUIO B
coBpemeHHoi Metrposiornu. C momeHnrta nepBoro uznanus GUM [1] coBepiieHcTBOBaHUE
Croco0OB OLIEHWBAaHUS HEOIPEAEICHHOCTU CTajJ0 OJHOM M3 IIaBHBIX 3aJad TEOpPETHYECKON
MeTposiorud. OfHAKO HayyHBIM MHTEpEC K BOINPOCAM IPUMEHEHUS HEOIPENEICHHOCTH JUIS
pelIeHus TPUKIAIHbIX 3a]Ja4 B METPOJIOTMH NIPOSIBUICS TOJIBKO B IIOCIEAHEE BPEMSL.

Celiyac mUpPOKO NpHU3HAHA BaKHOCTH MIPUHATHS BO BHUMaHUE HEOIIPEIETICHHOCTH Kak
OCHOBOIIOJIAraloLIEr0  3JEMEHTa  METPOJIOTUYECKOM  IPOCIIEKUBAEMOCTH  PE3YJIbTATOB
U3MEpEeHNil Kak B 00JIaCTH METPOJIOTHMH, TaK M B 0OOJIACTH aKKpeIUTaluu J1abopaTopHil.
bnaronapss Ttpe6oBanusim ISO/IEC 17025 neranbHOe OIGHMBAaHHWE M HUCIOJIb30BAHUE
HEOIpeeNIEHHOCTH MPEBPATUIIOCH B OOBIUHYIO MPAKTUKY JUISl BCEX KATHMOPOBOYHBIX U MHOTHX
ucnbITarenbHbIX Jadboparopuil. JCGM 106 [2] moka3an BO3MOXHOCTb M MPEUMYIIECTBA OT
NPUMEHEHHUS B  pa3IUYHbIX OO0JacTAX  4YeJOBEUECKOM  JESTeNbHOCTH  KOHUEHIUU
HEOIPEIEIEHHOCTH C LENbI0 OLIEHKM COOTBETCTBUS pa3IMYHBIX OOBEKTOB 3a/JaHHBIM
TpeOoBaHUSIM, B TOM 4uucie u Merponorudeckux. Hosoe Pykoomctso OIML [3]
IIPEIOCTABISAET JETAIbHbIE HMHCTPYKUMM IO BHEAPEHUIO IOJIOXKEHUH  KOHLEIIUH
HEOMpeAeNIEHHOCTH HU3MEPEHUl B CHOCOObI pelleHHs] NPUKIAJAHBIX 3a1ad Ul 1Lemei
3aKOHOAATEIbHOW METPOJIOTMH, TAKMX KaK UCIIBITAHUS TUIIA, a Takke nosepka CH.

B noxnane paccmaTpuBaroTcs mpo0seMbl, CBsI3aHHbIE ¢ TPABUIBHBIM U 3 (EKTUBHBIM
UCIIOJIb30BAHUEM HEONPEEIIEHHOCTH W3MEPEHHIl B PA3IMUHBIX BUJAX METPOJIOTMUYECKUX
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3aja4, TaKuX KaK KaJuOpOBKa, UCHBITAaHUS THIIA, MOBEPKAa M METPOJIOTHYecKasl aTTecTalus
CH. Ilpu xanubpoBke CU BBINONHAIOTCS HU3MEPEHHUS METPOJOTMUECKUX XapaKTEPUCTUK C
00s3aTeNbHBIM OIIEHUBAaHUEM U YKa3aHHEM B CBUJIETENILCTBE KaJTMOPOBKU HEONPEAEIEHHOCTH
U3MEPEHUH, BEIMYMHA KOTOPOM 3aBHUCUT OT MHOTHX (DaKTOpOB, TIJIaBHBIM H3 KOTOPBIX
aBiseTcss TpeboBaHue 3aka3uuka. [Ipu omenke Tuma, a Takxke npu nosepke CU rmaBHOM
LENIBIO SBJISIETCS MPUHATHE peleHus o cooTBeTcTBUU CU MeTposornyeckum TpeOOBaHUSIM Ha
OCHOBaHMHU TOJIYYEHHBIX pe3yJbTaToB H3MepeHuil. Takue TpeOoBaHUSA, Kak IMpaBUIIO,
NpeJCTaBiIeHbl B CHEUU(UKAUN B BHJE MAKCUMAJbHBIX JOMYCKAEMBIX MOTPEHIHOCTEN
(MPE). OueBuaHO, 4TO TaKue pelIeHHsI HE MOTYT SBIIATHCS MOJHOCTHIO OJJHO3HAUYHBIMHU, TaK

KaK OHHM TapaHTUPYIOT JIMIIb HEKOTOPYIO CTENEHbIO YBEepeHHOCTH B ToM, uro CU
COOTBETCTBYeT TpeOoBaHusM. [Ipu mMOBceMECTHO HCIOJIB3yeMOM TaK Ha3bIBAEMOM
«KJIACCUYECKOM» IIOAXOAE PHUCKU IPUHATUS HEBEPHBIX pELICHUN B SBHOM BHJE HE
OLICHUBAIOTCS, HO CYMTAETCS,, YTO OHU CBOJATCS K MUHUMyMy 3a cueT HazHadueHus MPE c
3aracoM HJIM HCIIOJIb30BaHMs 3TAJOHA, MMEIOLIETO TOYHOCTh B 3-5 pa3 IpeBHILIAIOILYIO
ToyHOCTh noBepsiemoro CH. Hcnosp3oBaHuEe KOHIENIMU HEONPENEICHHOCTH HW3MEpPEHUN
MO3BOJISIET HAa HAy4YHON OCHOBE TOYHO pacCUUTaTh 3HAUEHUS BEPOSTHOCTEH W/WIM PUCKOB
IIPUHSTHSL HEBEPHBIX PEIIECHUN NpU OLEHKe Tuna U nosepke CH, 4yro B uTOre NMpUBENET K
MOBBILICHUIO IOCTOBEPHOCTH BBIBOJIOB, OCYILECTBIISIEMbIX B OTHOLIEHUH npoBepsieMbix CU.
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USE OF MEASUREMENT UNCERTAINTY IN APPLIED PROBLEMS OF
METROLOGY
Efremova N.Yu.
Belarusian State Institute of Metrology
efremova@belgim.by

The concept of measurement uncertainty has revolutionized modern metrology. Since
the initial edition of GUM [1] the improvement of approaches to uncertainty evaluation has
become one of the main problems for theoretical metrology. However, scientific interest in
applying uncertainty to the practical tasks of metrology has only been shown recently.

Nowadays, the necessity to consider measurement uncertainty is widely recognized as
being essential for insuring metrological traceability of measurement results in both the
metrology and laboratory accreditation fields.Due to the requirements of ISO/IEC 17025 it
has become common practice to perform a detailed evaluation and use of measurement
uncertainty in all calibration and many testing laboratories. JCGM 106 [2] has demonstrated
the possibility and benefits of the concept of measurement uncertainty in various areas of
human activity to assess a conformity of many items including metrological objects with
specified requirements. The new OIML Guide [3] provides detailed instructions on how to
incorporate the concept of measurement uncertainty into the certain measurement scenarios
used for legal metrology purposes, such as type evaluation, as well as verification of
measuring instruments.

This report addresses the issues of correct and effective usage of measurement
uncertainty in various types of metrological tasks, such as calibration, type evaluation,
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verification and metrological certification of measuring instruments. While performing
calibration of the measuring instrument, metrological characteristics are measured and
measurement uncertainty must be evaluated and reported in the calibration certificate. The
value of the measurement uncertainty depends on many factors, the main of which is the
customer's requirement. During the type evaluation and for the verification of measuring
instruments the main objective is to make a decision about conformity of the measuring
instrument with the specified requirements, basing on the obtained measurement results.
These requirements are usually presented in the specification in the form of maximum
permissible errors (MPE). Obviously, these decisions cannot be treated as totally valid, as
they only guarantee a certain possibility that the measuring instrument meets the MPE
requirements. When the so-called «classical» approach is widely used, the risks of the
incorrect decisions are not explicitly evaluated, but it is believed that they are minimized by
either assigning conservative MPEs or by using a measurement standard whose accuracy is 3-

5 times higher than the accuracy of the measuring instrument being verified. When type
evaluation or verification is conducted, it is possible to accurately calculate the probabilities
and/or risks of making incorrect conformity decisions on the scientific basis by using the
concept of measurement uncertainty, so that validity of the decisions on conformity for the
measuring instrument at test will increase significantly.
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BHYTPEHHUE INPOTUBOPEYNSA KOHIUEINIIUNA HEONMPEAEJEHHOCTUH,
SBATPYJHSIOIUE EE ITPEINNIOJABAHUE B BY3E
B.II1. Cyna6epumze', T.IT. Mumrypa!
I Canxm-Ilemepbypackuil 20cy0apcmeenHblil yHUSepCUmen a’3poKoCMU4ecko2o
npubopocmpoenus (CII61'YAII)
sula_vlad@mail.ru

B cooOuiennu yka3pIBatoTCsi HECOOTBETCTBHUS, coeprkamuecs B 1okyMmeHTax JCGM u
Kacarouuecs ACKIapUPyEMBIX IPEUMYILECTB KOHLEIIUN HEOIIPEAECIEHHOCTH U3MEPEHUN Hal
Teopuel MOrpeUIHOCTH pe3yJibTaTa U3MEpEeHU. ITO OTHOCUTCS, B OCHOBHOM, K IIpobiieMam
«yNy4lIEeHUs OLEHKW» U TpaHCHOPMHUPOBaHMS (YHKIMU IUIOTHOCTH BEPOSTHOCTEH.
OtMeqaeTcsi, 4TO HEKOTOpbIE HECOOTBETCTBHS W BHYTPEHHHME IPOTHUBOPEUYNS KOHUEHIINH
3aTpyHSAIOT €€ MpenoiaBaHue B By3ax. [loquepkuBaeTcst BaAJKHOCTh TPAMOTHOTO TPUMEHEHMUSI
paszpaboranabix B Pexomenmarnusax mo merposorur P 50.01.033 u P 50.01.037 meronoB u
MPaBUJI IPOBEPKH COTIacusi BBIOOPOYHOTO paclpeieeHus: U3MEPSIEMbIX 3HAUYCHUI BEeITMYHHbI
C TEOPEeTWYECKHM, BKIIOYAsl IIapaMETPUYECKMe M HelapaMeTpudecKue MeToisl. B
3aKIIIOYEHHE aBTOpaMM COOOIIEHUs TPEeAJIoKeHa JIOTMKA OCBEIIeHUs NpoOjeMbl B
COOTBETCTBYIOIIUX YU€OHBIX JUCIUIIIINHAX.
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INTERNAL CONTRADICTIONS OF THE UNCERTAINTYCONCEPT, IMPEDING
TEACHING IT IN HIGH SCHOOL
Sulaberidze V.Sh.!, Mishura T.P!
! Saint Petersburg State University of Aerospace Instrumentation
sula_vlad@mail.ru

In the paper given there are indicated inconsistencies contained in the JCGM
documents, which concern the declared advantages of the concept of measurement
uncertainty over the theory of measurement result error.

This relates, in the main, to the problems of "improving the accuracy evaluation" and
transforming the probability density function. It is noted that some inconsistencies and
internal contradictions of the concept make it more difficult to teach it in universities.

[TomuepkuBaeTcss  BaXHOCTH ~ TPAMOTHOTO  TIPUMEHEHHUsT  pa3pabOTaHHBIX B
Pexomengaumsx no merposiornn P 50.01.033 u P 50.01.037 meTonoB M mpaBHil MPOBEPKHU
coryiacvsi BRIOOPOYHOTO pacipeIeNieH s N3MEPSIeMbIX 3HAYeHU I BETMYNHBI C TEOPETHUECKUM,
BKJIIOYAsh TapaMeTpHyYecKhue M HemapaMeTpuiecKkue MeToAbl. B 3akiodeHne aBTOpamu
COOOIIEHUSI MpPEUIOKEHa JIOTMKAa OCBEILEHHs MpOoOJeMbl B COOTBETCTBYIOIIUX YUEOHBIX
JTVICIIATUTHHAX.

The authors emphasize the importance of competent application of the methods and
rules for checking the agreement of a sample distribution of measurand values with
theoretical, including parametric and nonparametric methods, developed and indicated in
Recommendations on metrology P 50.01.033 and P 50.01.037, and propose, in conclusion, the
logic of highlighting the problem in the relevant academic disciplines.

AHAJIN3 TAPAMETPOB, OITPEAEJAIOINX JOCTOBEPHOCTbD
PE3YJIbTATOB BEPUOGUKAIIUU CPEJICTB U3SMEPEHUI
BetkoB D.M.!, Cynoesa E.C.!
! Canxm-Ilemep6ypackuii I'ocyoapcmeennuiii DnekmpomexnuyecKui
Yuusepcumem CIIOI' ITY «JIDTHU» um. B.U. Yvanosa (Jlenuna)
suloewa@list.ru

Pemienue o coOTBETCTBUU (HE COOTBETCTBMH) BEpUDUIIUMPYEMOIO HU3MEPHUTEIHHOIO
cpeacTBa TpeOOBaHUSIM HOCUT BEPOSITHOCTHBIM XapakTep, OOYCIOBJIEHHBIM ClIy4ailHOCTBIO

omenok [ “|ucrmone3yeMbix mpu 3ToM XapakTepucTuk[1]. B ofmeM ciydae mpaBmIO
npuHsATUs pemenns o coorserctBun (UC ) nin ne coorserctBuu (UC ;) Bepuduumpyemoro

HU3MCPUTCIBHOI'O0 CpCACTBA TpC6OBaHI/I$[M MOXET OBITh nOpeaAcTaBJICHO  CICAYIOIIHUM

obpasom: ~I[= 1= o HUC, -I[= 75 o HUC,MC, - unsmepurensHoe
CPECTBO, COOTBETCTBYIomee TpeOoBanusaM, MC , - U3MEPHTENbHOE CPEACTBO, HE
COOTBETCTBYyIOIEE TpeGoBanusM, -, - obmacte 3Hauenumit —{= 7, cooTBercTBYyIOIIAs

MIpeAbSIBICHHBIM TpeOOBaHUIM [2].

Iycts w(~V~')- ycnoBHas IIOTHOCTH paclpeneNeHHs BEPOSTHOCTH OIpPEAeIsIeMOil
BEpOSITHOCTHOM ~ XapakTepucTHKH —|= *7], yCTAHOBJGHHAs AanpHOpPH C  OMOLIBIO
CHelUaIbHbIX HCCIe0BaHM. Torpa BEPOSITHOCTD MIPUHAJICKHOCTH

PI-= 1=, /M=) pasma  P[-{= 1= /=] = (- -Dd-,

—_

r
HOCKOHLKy BCPOATHOCTL MPUHAMJICIKHOCTU MOKCT HHTCPIPCTUPOBATLECA KaAK CTCIICHDb
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JIOCTOBEPHOCTH  (MPAaBWJIBHOCTH) TMPUHUMAEMOTO PEIIEHUS O COOTBETCTBHHM  (HE
COOTBETCTBHH) BEPUPHUIMPYEMOTO CpeAcTBa TpeOOBaHHUSIM, TO €€ 3aBUCUMOCTH OT
XapaKTEepPUCTHK OMMOOK moirydaeMbix omeHok— [A M [A-"[A ] uD[A-"[A 7)),
MOJKET OBITh HCIIOJIb30BaHA /I OOOCHOBAaHUS JOCTATOYHOCTH METPOJOTUYECKOTO YpPOBHS
HCIIOJIB3YEMBIX TSI BEpU(PUKAIINHI CPEJICTB U3MEPEHUH ITATIOHOB. ITO BBITEKAET U3 TOTO, YTO

ommOKku orneHuBaHMs -~ [A 7] 3aBHCAT OT XapaKTepHCTHK OTajloHOB. Tak, mpu
aJICKBAaTHOCTH HCIIOIB3yEMbBIX TPH BEePUPUKANMUA YCIOBHH W BUAA BXOJHOTO BO3ICHCTBUS

* (v
M[ A-1"[A 7] onpexensercs CHCTEMATHYECKOH MOrPENIHOCTHIO dTanoHa (m,), a D
£
A" [A 7] - aucnepcusMu IIOrPENTHOCTH 3TajtoHa (<) U IOrPEIIHOCTH M3-32 KOHEYHOCTH

obbemMa BbIOOPKM ( <). TakuM 00pa3soM, YCTaHOBIEHHE 3aBUCHMOCTH BEPOSATHOCTH
MPUHAJIEKHOCTH TNpU (UKCUPOBAHHOM /N OT XapaKTEpPUCTHUK MOTPEIIHOCTeH 3TajoHa -
P(m, <), no3Bonser YCTaHOBUTh MX 3HA4YeHHs, OOeCHeYHMBaIONUE TpebyeMylo

JIOCTOBEPHOCTD Pe3yIbTaToB Bepudukamuu:(m, <) o P~ 7=~ /=[5 1= P mpe6 *
N

B o6wem cmyuae, momaras N>>1 (~1"[A ] = N ' =g[F ‘;']) (gl= -
J°l

npeoOpa3oBaHme, JeXKalllee B OCHOBE onpeaeaenus —| = d“’]) JUIS YCIIOBHOTO PacCIIpENeIICHUS
= 5 . = =

W("—[E j]/"—r[E /]) HUMCCM: W("—[E j]/"—r[E /])

—exp( (= M[= ] -Fy/22.)/ <. A2mae = = 7= 5,5 7]+= ~[= 7.
B nokiane paccMOTpeHBI 3aBUCUMOCTH JIOCTOBEPHOCTH PE3YyJIbTaTOB BepHPHUKALUU

CPEICTB U3MEPEHUN OT OCHOBHBIX XapaKTEPUCTHK MOTPEIIHOCTEN ITAIOHOB, YTO MO3BOJISET
000CHOBAaHHO YCTaHABJIUBATH TPEOOBAHUS K HUM.

JIureparypa

1. Suloeva; E. S. Tsvetkov; E. I. N. A. Nesterenko On the usage of the apriory
knowledge cortege forming decision-making procedure by results of intercomparison of
standards// 2016 XIX IEEE International Conference on Soft Computing and Measurements
(SCM) 2016 pp 67-69).

2. Suloeva E. S., Tsvetkov E. 1., Rzieva M. T. Decisions Based on the Results of
Comparisons of Standard // Measurement Techniques October 2014, Volume 57, Ne 7, pp 733-
739.

(CynoeBa E.C., lletkoB O.U., P3ueBa M.T. OcoOeHHOCTH NPHUHSATHS PEIIEHUS IO
pe3ynbTaTam cludeHuii 3TanoHoB // M3mepurenpHas Texauka. —2014. — Ne 4. — C.3-7).

ANALYSIS OF PARAMETERS THAT DETERMINE THE RELIABILITY OF
VERIFICATION RESULTS OF MEASURING INSTRUMENTS
E.L Tsvetkov!, E. S. Suloeva.!
! Saint-Petersburg Electrotechnical University “LETI”
suloewa@list.ru

The decision on the conformity (not conformity) of the verifying measuring
instrument means with the requirements is of a probabilistic nature, caused by the randomness

of the estimates ~f[= ™ of the characteristics used [1]. In general, the rule for deciding on

the conformity (Ml ) or not the (M}f) conformity of the verifying measuring instrument

means with the requirements can be represented as follows: —I[= ]~ - r
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MI wlrE s tr © Ml (M, - measuring instrument conforming to requirements,

Ml measuring instrument means not meeting requirements, I r - range of values ,
corresponding to the requirements[2].

Then the probability of belonging to P [—-—[E_T] = tr/—-fk[E_T]] is
P[-=717 4 tr/—-fk[E_T]]: w(~ —-—rk)d-—'). Since the probability of belonging can be

—_

T
interpreted as the degree of reliability (correctness) of the decision made about the conformity
(not conformity) of the verified means to the requirements, then its dependence on the error

characteristics of the estimates obtained ~I [A7](M[A- ) [A 7]]and D[A~! " [A]]), can
be used to justify the sufficiency of the metrological level of standards used for verification of

measurement standards. This follows from the fact that estimation errors ~I [A 7] depend on
the characteristics of the standards. Thus, with the adequacy of the conditions used for

verification and the type of input action M [ A~ ) [A 7], it is determined by the systematic

error of the standard ( mg), and D[ A~ ) [A 7]] - by the variance of the standard error ( °§

and the error due to the finite size of the sample (°%S ). Thus, the establishment of the
dependence of the probability of belonging for a fixed N from the characteristics of errors of

the standard - P (my °§ ), allows to establish their values ensuring the required reliability of
the verification results: (mg ©2) o P[{=7] = 1 /-1[=7]]= Preq-

N
In the general case, setting N>>1 (~"[A 7= N ' =2[= j’]) (g[= 71- the
=1

transformation underlying the definition -—[E_T]) for the conditional distribution

W(_,_[E—73]/__i"[5—73])’ we have: w(-.-[E_ﬁ]/-.-r[EJ’;])
=exp( (! M[= i[l --ik)z/2°2E *I)/OE * 27, where E j—[E"G]:
==+ =T 1=).

The report considers the dependencies of the reliability of verification results of
measuring instruments against the main characteristics of errors in measurement standards,
which allows to establish the requirements to them reasonably.
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METPOJIOI' ¥ B BOJIBIIION POCCUIICKOM YHIIUKJIOIEINN
Jotinukos A.C.
OI'VIT « BHUUDTPHy
doynikov@vniiftri.ru

B 2017 r. 3aBepmaercs paboTa MO U3JAHUIO YHUKaJIbHOW yHHBEpCaIbHOU
MHOTOTOMHOUM bonbmoit Poccuiickoit samuknoneanu (bPD) B 35 Tomax. WU3zmanue BPD
ocyuiecTBiaeHo corjacHo Ykazy Ilpesunmenra Poccuiickoit @enepanun ot 14.10.2002 .
No 1156. Ilpenapurtenbhbiii ToM «Poccus» Boimen B 2004 r. B BPD ony6iukoBano 6osee
250 crareil, oTHoOcAMUXCA K MeTposiorud. DOpMHUpPOBAHMEM ATHUX KOHIENTYaJbHO
00OBEAMHEHHBIX CTaTe 3aHHMMAaJICsl aBTOP HACTOSALIETO JOKJIa/Ja B KaueCcTBE KOHCYJIbTAHTA
penakinun  «dusnka» wuzgarenscTBa «bonpmas Poccuiickas sHuukinoneaus». Crartbu
B3aUMOCBSI3aHbl CCBUIKAMM W KpaTKO OIMCBHIBAIOT COBPEMEHHYIO IOHSATUHHYIO CHCTEMY
METPOJIOTHH, ONMHUPAIOUIYIOCS Ha OOIIYI0 TEOPHIO KAl u3MepeHHid. KiroueBbIMU SBISIOTCS
cTaTbu C HasBaHuAMM: Merponorus, HM3mepsemoe cBoiicTBo, M3mepsiemas Benu4MHAa,
Nsmepenne, Pesynbrar usmepenus, [lkama usmepenunii, Enununa usmepenusi, CUCTEMBI
€AUHULl H3MEpeHHH, MexayHapoaHass cucTteMa eauHul, llorpemHocTn HW3MEpeHUH,
Heonpenenénnocte usmepenuit, CpencrtBa usmepenuii, Mepsl, Otanonsl, IlorpemHoctu
cpeactB usMepenuii, I[loBepka cpenctB usMepenuii, KammOpoBka cpeacTB H3MEpeHHH,
Temneparypuble wmkansl, Poromerpus, Komopumerpus, 1O ecTh usMmepenus lLlsera,
Merpudeckass KOHBEHIMS, MexXIyHapOAHbIE METPOJIOTMYECKHE OpraHuszanuuu u ap. B
HEOOJBIINX CTAaThAX IPUBEICHBI ONpEIEICHUs U O0O3HAUYEHHUS MHOTUX CHCTEMHBIX U
BHECUCTEMHBIX €IUHULl U3MEPEHU.

B NHnrepHere Ha caiite www.bigenc.ru (mouck: bonbinas Poccuiickas sHITUKIIONE 1)
MIPEJICTaBICHA DJIEKTPOHHASI BEpPCHsl BBHIOOPKM CTaTed, HalleYaTaHHBIX B KHUKHOW BepcUU
BPD. Drta BBIOOpKA cTaTell MOCTOSHHO TOMOJHSETCS W akTyaiausupyercs. HekoTopeie u3
MIEPEYUCIICHHBIX BBIIIE CTaTel MO METPOJIOTHH YKE OMyOIUKOBAHBI B AJIEKTPOHHON BEPCHH.
TakuMm oOpa3om obecriedeHa mupokas J0cTynHOCTs bPD 11s pacnpocTpaneHus 3HaHUH 10
metponoru. Ilo Pacniopsikenuto [IpaButensctsa Poceuiickoit @enepanuu ot 25.08.2016 .
Ne 1791 HawaTtel MepompusaTHS, CBSI3aHHbIE C co3faHueM «OOIIeHAIMOHATLHOTO
MHTEPAKTUBHOI'O SHIMKJIONEANYECKOTO MOPTAIa.

METROLOGY IN BIG RUSSIAN ENCYCLOPEDIA
Doynikov A.S.
«VNIIFTRI»
doynikov@vniiftri.ru

In 2017 the work on edition of the universal multivolume Big Russian Encyclopedia
(BRE) comprising 35 volumes is coming to an end. The BRE edition is being arried out
according to the Decree of the President of the Russian Federation as of 14.10.2002 No. 1156.
The pilot volume "Russia" was published in 2004. In BRE, there have been published over
250 articles related to metrology. The author of the present report as the consultant for the
editorial office "Physics" of Big Russian Encyclopedia publishing house was engaged in
developing of these conceptually integrated articles. The articles are interconnected by
reference links and briefly describe the modern notion system of metrology which roots from
the general theory of measurement scales. Some of the articles are of key im ortance:
Metrology, Measured property, Measurand, Measurement, Result of measurement, Scale of
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measurements, Unit of measurement, Systems of units of measurements, International System
of Units, Errors of measurements, Uncertainty of measurements, Measuring instruments,
Measures, Etalons, Errors of measuring instruments, Verification of measuring instruments,
Calibration of measuring instruments, Temperature scales, Photometry, Colorimetry
(measurement of Colour), Metric convention, International metrological organizations, etc. In
small articles definitions and designations of many system and stand-alone units of
measurements are given.

On the Internet at www.bigenc.ru (search: bompmasiPoccuiickasyamnuknoneaus) the
electronic version of selection of articles also printed in the paper version of BRE is
presented. This selection of articles is constantly replenished and refreshed. Some of the
articles on metrology listed above have already been published in the e-version. Thus, wide
availability of BRE to dissemination of knowledge on metrology is provided. According to
the Order of the Government of the Russian Federation of 25.08.2016 No. 1791 work has
begun on "The national interactive encyclopedic portal".

COCTOSHMUME U PASBUTUE METPOJIOI'NMYECKOI'O OGECIIEYEHMA
N3MEPUTEJIBHBIX CUCTEM
Ky3nenos B.I1.
Ddr'yIil « BHUHUMCy»
kvp-201@vniims.ru

Wzmepurensublie cucteMsl (MC) - crieruduyunas pa3HOBUIHOCTh CPEICTB U3MEPEHUI
(CH). x 0coOEHHOCTH HE TMO3BOJIAIOT HCIOJIB30BaTh B HEM3MEHHOM BHUJIE TPAIUIIMOHHBIE
METO/bI MeTposiornyeckoro oocmyxuBanus CH.

B nmoxnage paccmaTpuBaroTcsi 0coOeHHOCTH MeTpoJiormueckoro odecneuenuss MC u
bopmynupyroTCs 3aa4M, TPEOYIOIIHE CBOETO PELICHNUS.

1 Akkpenuranus opranusanuil Ha npaBo ucnbiTanuil C ¢ nenbio yTBep)KJIeHus TUIA.

2 Ucneitanus VC ¢ uenbro yTBEpKACHUS TUIA.

3 [loBepka u MexnoBepounsblii nuutepsan UC.

4 Vicnonb3oBaHue pe3ysbraToB KanubpoBku MC npu ux nosepke.

5 Vuér uzmenenuii UC yTBep>KIE€HHOIO TUIIA B IPOLIECCE UX IKCILTyaTallUu.

6 Meroguku pacuéra METPOJOTMYECKHX XAPAKTEPUCTUK H3MEPUTEIbHBIX KaHaJIOB
ncC.

7 TexHUYECKUE CUCTEMBI U YCTPOMCTBA C U3MEPUTEIbHBIMU (DYHKIHSMHU.

Bomnpocs! pazButus merponorndyeckoro ooecneuenus MC.

I IlepecMoTp € 1EAbIO  aKTyalIM3allMd M y4€Ta  HAKOIUIEHHOTO  OIbITa
OCHOBONOJAraloImux  JOKyMEHTOB 1O  MeTpojiorudyeckomy  obecneuenuto  UC:
I'OCT 8.009-84, 'OCT P 8.596-2002 n np.

2 Pa3paboTka  JOKyMEHTa IO  pPacy€Ty  METPOJOTMYECKHX  XapaKTepHCTUK
n3MepuTeNnbHbIX KaHanoB MC 1Mo MeTpojorMYecKuM XapaKTepUCTHKaM H3MEPHUTEIbHBIX
KOMITOHEHTOB B3ameH MU 222-80.

3 Pa3zpaboTka HOPMATHUBHBIX JTOKYMEHTOB, YCTAHABIIMBAIOIIUX OOIIHE TPEOOBAHHS K
nosepke 1 kanuoposke VIC, yuuThIBaromue ux crenupuky.

4 Hayunas pa3paboTka MeTOJOB MeTposiorudeckoro obecreuenuss MC, comeprxamimx
KOMIIOHEHTbl ~ HEJOCTYIHBIE JUI  METPOJOrMYECKOro OOCIy)XHMBaHUS B  Ipoliecce
AKCIUTyaTaluu.

5 Hayunas pa3paboTka BOIIPOCOB COIIACOBAHUS TPEOOBaHMI K CUCTEMaM yIpaBJIeHuUs,
pEeryJlupoBaHMsl,  KOHTPOJs,  3alllUThl, JWAarHOCTUPOBAHUA C  METPOJOTHYECKUMU
TpeboBanusiMH K MIC, BXOSIIUM B COCTAB EPEUNCIEHHBIX CUCTEM.
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THE STATE AND DEVELOPMENT OF MEASURING SYSTEMS’
METROLOGICAL SUPPORT
V.P. Kuznetsov
VNIIMS
Kvp-201@vniims.ru

Measuring systems (MS) represent a specific type of measuring instruments (MI).
Their features do not allow us to use traditional methods of metrological MIs maintenance in
their original form.

Thereport considers the features of Measuring systems’ metrological support and
articulates the tasks to be solved:

1. Accreditation of organizations for testing MS for type approval. Unlike
"conventional" MI, the qualification feature of accreditation is not the type of measurement,
but the possession of methods for calculating the metrological characteristics of the measuring
channels.

2. MS testing for type approval. The inability to dismantle a MS determines the
characteristics of the experimental studies of MS at testing.
3. VerificationandM S VerificationInterval. The dispersal of MS in space makes it

impossible to experimentally determine the metrological characteristics of the measuring
channels as a whole. Due to the calendar dispersal of the verification intervals of the
components, the dates for their verification and the MS are assigned independently.

4. Using the results of MS calibration during their verification. This possibilityis
provided by the Law [1]. However, the document [2] specifying this possibility contains
shortcomings that prevent its implementation.

5. Accounting for changes in the MS of the approved type in the course of their
operation. There is a list of changes needed, that do not require repeated testing of MS and re-
issue of type-approval documents.

6. MethodsforcalculatingmetrologicalcharacteristicsofmeasuringMSchannels.
Acting all-Russian documents, e.g. [3], can hardly be applied to the engineering practice and
contain a number of restrictions, significantly narrowing the scope of their application.

7. Technicalsystemsanddeviceswithmeasuringfunctions. ~ Acting  documents
regulating this issue, in particular [4], doubt the need for the introduction of such concept and
contradict the requirements of ensuring the measurement uniformity.

Issuesof MS metrological support development.

1 Revisionofthebasicdocumentson MS metrologicalsupport
inordertoupdateandconsidertheaccumulatedexperience: GOST 8.009-84, GOSTR 8.596-2002
andothers.

2 Development of a document for calculating the metrological characteristics of the
MS measuring channels instead of MI 222-80.

3 Development of normative documents for MS verification and -calibration
considering their specificity.

4 Scientific development of methods for MS metrological support, containing
components that are not available for metrological maintenance in the process of operation.

5 Scientific development of issues related to the harmonization of requirements for
control, regulation, monitoring, protection, and diagnostic of systems with metrological
requirements for MS included in the listed systems.

References

1. Federal Law Ne 102-FZ "On assurance of measurement uniformity."
2. "Provision on the recognition of the calibration results in the course of measuring
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instruments’ verification in the field of state regulation of measurement uniformity
assurance", approved by the Russian Government’s by-laws Ne 311 dated 02.04.2015.

3. MI 222-80 "GMS. Procedure of calculating the metrological characteristics of
measuring channels of information-measuring systems by metrological characteristics of
components. "

4. GOST R 8.674 "GMS. General requirements for measuring instruments and
technical systems and devices with measuring functions".

OLIEHUBHUE PACHIMPEHHOM HEONPEJAEJEHHOCTH N3MEPEHUM
IIPU PEAJIM3AIIAN BAMECOBCKOI'O ITOAXO0/IA
3axapos W.IT.!, Borropa O.A.!
Xapvrosckuii nayuonanvuulii ynusepcumem paouosnekmponuxu, Ykpauna
newzip@ukr.net

B Hacrtosmee Bpemss Pabouas rpynma WG-1 00beAMHEHHOrO KOMMTETa IO
pykoBojicTBaM B MeTposioruu (JCGM) peaer 3ajauy peBu3uu PykoBoJICTBa 1O BBIPRXKEHUIO
HeonpenenenHoctu wu3Mmepenuit (GUM) [1]. B ocHoBy oOHoBieHHOrOo PykoBoacTBa
(NewGUM) Oyzmer monokeH OalleCOBCKMN TOAXOJ K OIEHUBAHUIO HEONPEICICHHOCTH
n3mepennii [2]. [epsorit mpoekt NewGUM 6bu1 pacipocTpaneH K Koy 2014 roma cpeau
Opranuzanuii-unenoB JCGM, HauuoHanbHBIX METPOJIOTMYECKMX HHCTUTYTOB M JAPYIHX
nmoJTy4yaTesie, oT KOTOphIXx moctymnuio Oosiee 1000 koMMEHTapWeB W OT3HIBOB, B OCHOBHOM
HeraTUBHBIX [3]. OHOM U3 OCHOBHBIX MPETEH3UM K STOMY JOKYMEHTY ObLI NPEIJI0KESHHBIN B
HEM Crnoco0 BBIYMCICHUS PACIIMPEHHOW HEONpPEICTICHHOCTH, KOTOPBIA HE 3aBUCHUT OT
3aKOHOB pacIpe/Ie/IeHUs] BXOIHBIX BEJMYUH U IPUBOAUT K YPE3MEPHO 3aBBIIICHHBIM OLIEHKAM
paciiupeHHON HEOoNpeaeIeHHOCTH.

VYKa3zaHHBI HEJOCTATOK JIeNaeT HEOOXOAMMBIM pa3pabOTKy METOJUKHU OLEHUBAHUS
pacIIMpPEeHHON HEONPEAeIEHHOCTH U3MepeHnil. BaxkHeiiee TpeboBaHNE K TOM METOJIUKE —
MOJy4YeHHE C TOMOIIbI0 HEe OLEHOK PACIIMPEHHOW HEONmpeeeHHOCTH, COIJIAaCOBAaHHBIX C
OLICHKaMH, MoJty4aeMbIMi MeTo10M MonTe-Kapio [4].

B nmoknane mnpoBOAMTCS CpPaBHUTENbHBIM aHATU3 M3BECTHBIX M IPEUIaraeMbIX
aBTOpPaMH IIOJXOJIOB K OIEHHBAHUIO PACHIMPEHHON HEOIPEIeIIEHHOCTH, BBIMOJHEHHBIX HA
ocHoge: aeictByronieil Bepcuun GUM [2], 'OCT P 8.736-2011 [3], 3akoHa pacnpocTpaHeHUs
pacIIMpeHHONW HeompeneaeHHOCTH [4], Meroma skcreccoB [5]. IlokazaHo, 9TO KOMOWHAIIMS
NEPEUYUCICHHBIX METOJIMK MO3BOJISIET JOOUTHCS XOPOILETro COBMAICHHs OLICHOK PACIIUPEHHOM
HEOIPEeIEHHOCTH € OLIEHKaMH, TOJyYeHHBIMH MeTozioM MonTe-Kapio.
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7.3axapos N.II. MccaenoBanue v MOBBILIEHUE TOCTOBEPHOCTH MHTEPBAIBHBIX OLIEHOK
TOYHOCTH MPSIMBIX MHOTOKpaTHbIX u3MmepeHuit // ACY u mpubopbl aBTOMAaTWKH, BbII. 132,
2005 1., c. 106-109.

8. Zakharov I., Botsyura O.Improved Method for the Calculation of Expanded
Uncertainty// Mathematics and statistics for metrology (MATHMET-2016): Book of abstracts
of international workshop, 7-9 November 2016, Germany, Berlin: PTB, p. 61.

EXPANDED MEASUREMENT UNCERTAINTY EVALUATION
AT THE BAYESSIAN APPROACH IMPLEMENTATION
Zakharov I.P.!, Botsyura O.A.!
'Kharkov National University of Radioelectronics, Ukraine
newzip@ukr.net

At present, the Working Group 1 of the Joint Committee for Guides in Metrology
(JCGM) is working on the revision of the Guide on the Expression of Uncertainty in
Measurement (GUM) [1]. The updated GUM (NewGUM) will be based on the Bayesian
approach to measurement uncertainty evaluation [2]. The first NewGUM draft was circulated
to the JCGM Member Organizations, National Metrology Institutes and other recipients at the
end of the year 2014. More than 1000 comments and responses were received, and the
feedback was mostly negative [3]. One of the main claims about this document was the
proposed method for calculating the expanded uncertainty that did not depend on the laws of
distribution of input quantities and lead to excessive estimates of the expanded uncertainty.

This drawback makes it necessary to develop a procedure for the expanded
measurement uncertainty evaluation. The most important requirement to this procedure is that
it should allow to obtain such estimates for the expanded uncertaintythat will be consistent
with estimates obtained by the Monte Carlo method [4].

In the report compares the well-known and proposed approaches to the assessment of
expanded uncertainty, based on: the current version of GUM [2], GOST R 8.736-2011 [3], the
law of expanded uncertainty propagation [4], the kurtosis method [5]. It is shown that a
combination of the listed methods makes it possible to achieve good agreement between the
obtained estimates of the expanded uncertainty and the estimates obtained by the Monte Carlo
method.

References

1. W. Bich et al. Revision of the «Guide to the Expression of Uncertainty in
Measurement»// Metrologia. — 2012, — Vol. 49, pp. 702-705.

2. 1. Lira, W. Woger, Comparison between the conventional and Bayesian approaches
to evaluate measurement data, Metrologia 43 (2006) S249.

3. W. Bich, M. Cox, C. Michotte. Towards a new GUM — an update.Metrologia 53
(2016) S149-S159.

4. JCGM 101:2008. Evaluation of measurement data — Supplement 1 to the “Guide to
the expression of uncertainty in measurement” — Propagation of distributions using a Monte
Carlo method.

5. JCGM 100:2008. Evaluation of measurement data — Guide to the Expression of
Uncertainty in Measurement. — JCGM, 2008. — 120 p.

6. GOST R 8.736 — 201 1. State system for ensuring the uniformity of measurements.
Multiple direct measurements. Methods of measurement results processing. Main principles.
Moscow: Standardinform, 2013 - 24 p.

7. Zakharov I.P. Research and increase of reliability of accuracy interval estimations of

40 COopHUK aHHOTAIIMIA JOKJIaI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

direct multiple measurements// Management Information System and Devises, Vol. 132, 2005,
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8. Zakharov I., Botsyura O.Improved Method for the Calculation of Expanded
Uncertainty// Mathematics and statistics for metrology (MATHMET-2016): Book of abstracts
of international workshop, 7-9 November 2016, Germany, Berlin: PTB, p. 61.

NPEACTABJEHUE UHTEPBAJIOB PAH) KUPOBAHUSIMU U
HAXOXKJIEHUE OTHOIIEHUA KOHCEHCYCA: IEPCIIEKTUBBI /U1
METPOJIOT'NA
MypasbeB C.B.

Tomckutl nonumexHuyecKul yHueepcumem
muravyov(@tpu.ru

Ponp wHTEpmperaniuu MHTEPBAJIOB KaK B METPOJIOTHH, TaK M B TEOPHH M TPAKTHKE
U3MEPEHU TPYAHO TMEpeoleHuTh. JlOCTaTOYHO BCHOMHUTH BaXHOCTh OIICHWBAHMS
apaMeTpoB JOBEPUTENIbHBIX MHTEPBAJIOB IPHU pPACUYETe METPOJIOTMUYECKUX XapaKTEPUCTHK
(MHTEpBAJIbHBIC JAHHBIC JOJDKHBI OBITHh HE3aBUCHMBIMH, IMOJYYECHHBIMH TMPU OJMHAKOBBIX
YCIOBUSIX OJHUM M TEM JK€ CPEJCTBOM HW3MEPEHHS Ha OJHOM U TOM XK€ 00BeKTe). MOXKHO
CTaBUTH 33/1a4y 00pabOTKH HHTEPBAIBHBIX JTAHHBIX B ITHPOKOM CMBICIIE — KOT/1a CPEACTBA U
YCIOBUSI MU3MEPEHUN MOTYT OBITh Pa3HBIMH, & OOBEKTHl — HE TOJIBKO Pa3HBIMU, HO JaXKe
pacripeiesieHHBIMU B TIPOCTPAHCTBE U/MJIM BO BPEMEHH.

W3BecTHO, YTO KoMMIeKcuposanue (CiusiHue) OaHHbIX — 3TO TMPOILECC COBMECTHOM
00pabOTKK JaHHBIX O HEKOTOPOM OOBEKTE, MOJTYYEHHBIX W3 MHOTHUX HCTOYHUKOB C IICJIBIO
MoJTy4eHus: 6oJiee MOJHOT0, OOBEKTUBHOTO U TOUHOTO 3HAHUS UCCIEAYEMOU XapaKTepUCTUKU
00BbeKTa, YeM 3HaHHE, MOJYyUYEHHOE U3 €AMHCTBEHHOI0 HCTOYHMKA. Komniexcuposanuem
UHMEPBATIbHBIX OAHHBIX Ha30BeM (OPMUPOBAHKE TAKOTO HHTEpPBaia, KOTOPBI COBMECTHM C
MaKCUMaJIbHBIM KOJIMYECTBOM HCXOIHBIX HHTEPBAJIOB (HE 005A3aTEIIbHO COBMECTUMBIX MEKTY
co00if) ¥ C MAKCHUMAaJILHOM CTEMEHBI0 JOCTOBEPHOCTH COACPKHUT 3HAUEHUE, KOTOPOE MOXKET
CIIYKUTb TIPEACTABUTEIIEM BCEX ITUX HHTEPBAIOB [1].

KommiiekcupoBanve npoBOAUTCS MOCPEACTBOM MPEACTABICHUS HMHTEPBAIOB HaA
BELIECTBEHHON OCH OTHOIICHUSIMHU €1a00ro nopsiaka (paHXKUpOBaHUSIMH ) HA MHOXKECTBE A =
{a1, a2, ..., ap} TMpUHAIKAIIMX STUM HMHTEpBajJaM TUCKPETHBIX 3HaueHuil. g mroboro
unrepBana lpk=1,...,m, A" 4 *Zk, A, = Zk = = rae MHOXKECTBO A x BKIIOYAET BCE TE

JNEMEHTHI A, KOTOpbIE TPHHAIIEKAT MHTEPBAILY f @ €ro JOMONHEHUE A, BKIIOYAET BCE

-

ocTtambHble  dJeMeHThl A. PamxupoBaHue %k OymeM Ha3plBaTb  HABEOEHHLIM
uumepsanomlpansicuposanuem (WIA  UHPAHIICUPOBAHUEM), €CITU OHO  YAOBJIETBOPSIET
CIEYIOIUM YETHIPEM YCIOBUSIM NIpH i,j= 1, ..., n: (1) a iZAr~; S Ak —aiagj; (2) ai, a; A,
ajS Ak =ai ~ aj; (3) ai® Ak~ " Ar = ai"aj;(4) ai, ;™A coceqiHue HaTYpaIbHBIE YACTA —/ =4+ 1.

Takum oOpa3om, HaOOp UCXOAHBIX WHTepBanoB {/i}, k = 1, ..., m, MOXeT OBbITH
HpEICTABIIEH COCTABICHHBIM U3 MHPAKUPOBAHUHN Ak IPOPHIEM MIPEANOYTEHHI ~+= {7, T, ...,
“m}. WMcnonp3oBaHWE B KAdecTBE pe3ysibTaTa KOMIUICKCHPOBAHWS HAWIYYIIErO0 3HAYCHHS B
OMHOWEeHUU KOHCeHCyca, HaWJEHHOTO KakK pe3yJibTaT arperupoBaHUs MPEANOYTCHHHN s
npopmwis -+ obecrieunBaeT MOBBILIEHHBIE TOYHOCTH M POOACTHOCTH  MPOLEAYPHI
KOMIUTeKcupoBanus [ 1, 2].

KoMruiekcupoBanue HHTEPBAIOB MOYKET HAaWTH TPUMEHEHUE B MEXKIIa0OpaTOPHBIX
CIIMYCHUSIX, TPU TMPOTHO3UPOBAHWU 3HAUCHUH (yHIAMEHTATbHBIX KOHCTAHT Ha OCHOBE
W3MEPEHHBIX 3HAYCHWU, TPU TIOBBIICHHH TOYHOCTH ITOKAa3aHWA MYJBTUCEHCOPOB B
CEHCOPHBIX CETAX H JIp.
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PabGoTa BeImoOTHEHA B paMkax 0a30BOM YacTH TrocyaapcTBeHHOTO 3amanus "Hayka'
MunucrepceTBa obpa3zoBanus U Hayku PO (mpoekt Ne 4.1763.1'35.2017).
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REPRESENTATION OF INTERVALS BY RANKINGS AND
CONSENSUS RELATION DETERMINATION: PROSPECTS FOR
METROLOGY
Muravyov S.V.
Tomsk Polytechnic University
muravyov(@tpu.ru

The role of interval data interpretation both for metrology and for theory and practice of
measurement can hardly be overestimated. Suffice it to recall importance of confidence interval
parameters when determining metrological specifications (the interval data must be independent,
obtained under the same conditions by the same instruments at the same object). One can put the
problem of interval data processing in a wide sense where means and conditions of measurement can
be different and not only may objects be different, but even distributed in space and/or time.

Data  fusion 1is known to be a process of joint processing data
onsomeobjectobtainedfrommultiplesources with the aim of acquiring more complete,
objective and accurate knowledge of a characteristic under investigation than knowledge
received from a single source. Under the intervaldatafusion we will understand formation of
such aninterval that is consistentwithmaximum numberofgiveninitial intervals (not necessarly
consistent with each other) and with maximum confidence including a value that can serve as
representative of all the intervals given [1].

Theintervalfusioniscarriedoutbymeansofrepresentationofthe input intervals on the real
line by weak order relations (or rankings) over set 4 = {a 1, a2, ..., a»} of the discrete values

belonging to these intervals. For any intervallx,k = 1, ..., m, we have A=A, ™ A4,
Ay = A, ® = where the subset 4 « includes all the elements of 4 belonging to the interval [ ,
and its complement A, icludes all the rest elements of 4. The ranking % will be called the
induced by intervallyranking (or inranking), if it satisfies the following four conditions for i, j

=1, ..., m (1) ai‘_*Ak—-Jz_,-%Ak.=a,-E.gzj; (2) ai, ajnAk-dzi, aj%Ak.=a,- ~ (3) ai=Ak
~4; " Ak —ai"aj;and (4) ai, aj “Ax are neighbor natural numbers — ja4 + 1.

Thus, the collection of input intervals {L}, £k = 1, ..., m, can be represented by
composed of the inrankings A  preference profile - {71, ™, ..., “m}. As the interval fusion

result, a best value in the binary consensus relation being an outcome of the preference
aggregating for the profile -+ provides increased accuracy and robustness of the interval data
fusion procedure [1, 2].

The interval data fusion with preference aggregation could be applied in interlaboratory
comparisons; when predicting values of fundamental constants on the base of measured values; when
improving accuracy of multisensor readings in sensor networks, and so on.

The work is partly supported by the Ministry of Education and Science of Russian
Federation, basic part of the state task "Science", project 4.1763.GZB.2017.
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OYHIAMEHTAJIBHBIE ®U3NYECKHUE KOHCTAHTBI U
NPEIMU3NOHHASA ATOMHAS ®U3UKA
E.1O. Kop3unun
OI'VII « BHUUM um. /[ U. Menoeneesay, Canxm-Ilemepdype, Poccus
korzinin@vniim.ru

bynymee nepeonpenenenune eaunun; CH, ocHoBaHHOE Ha (PUKCAIMM 3HAUYEHUH psAna
byHIaMeHTaNbHBIX  (Qu3nueckux KoHCTaHT (PdK), cymecTBEeHHO MOBBINIAET HHTEPEC
METPOJIOTHYECKOT0 cOooOlIecTBa K TOYHOCTH M HAJEKHOCTU MX ompeneiaeHus. OCHOBHBIM
MHCTPYMEHTOM JIJIsl HaX0KJIeHHUs] Haubosee TouHbIX 3HaueHuil @OK sBisercs coriaacoBaHue
[I] COBOKYNHOCTH TEOPETHUYECKUX U OKCHEPUMEHTAIbHBIX MPEIU3UOHHBIX JAHHBIX,
npoBoAnMOoe paboueit rpymnmoit mo @OK, Bxopasiieil B MeXTyHAPOIHBIN KOMUTET IO JAaHHBIM
Hayku 1 TexHukn CODATA.

Cy11ecTBEHHON YacThI0 BXOAHBIX JaHHBIX COIJIACOBAHUSA SIBISIFOTCS PE3YJIbTaThl
MIPEU3HOHHBIX HCCIEJOBAaHUN NapaMeTPOB IPOCTBIX ATOMHBIX CUCTEM TAaKHUX KaK aTOMHBIE
MePEXOIbl B BOJIOPOJIE, IEUTEPUU, AaHTUIIPOTOHOM T€JIUU, TO3UTPOHUH, MIoOHUH [ 1]. HoBBbIi
OJI0K TaHHBIX, KOTOPBIN, KaK 0’KUAAeTCsl, OyJeT BKIIOUYEH B MPOLIEYPY COINIACOBAHUS, CBA3AH
C mapaMeTpaMu MPOCTHIX MIOOHHBIX aTOMOB [2] (MIOOHHBIE BOJOPOJ, JEHTEPHil, HOHBI TEINA).

CpaBHEHHE TEOPETHMYECKUX pPACYETOB, NapameTrpamMu KoTopbix sBisitorca DODK, c
pe3yibTaTaMy BBICOKOTOYHBIX JKCIIEPUMEHTOB IIO3BOJISIET ONPEIEIUTh 3HA4YECHHS psAla
KOHCTaHT. Ha mpoTsDKEHUM HECKOJIbKUX AEcATKOB jerT coTpyaHuku BHUUM sddextuBHO
Y4acTBYIOT B IaHHBIX TEOPETHUYECKUX paboTax.

Jluteparypa
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FUNDAMENTAL PHYSICAL CONSTANTS
AND PRECISION ATOMIC PHYSICS
E. Korzinin
D.1. Mendeleyev Institute for Metrology (VNIIM)
St.Petersburg, Russia
korzinin@vniim.ru

Future redefinition of the SI units, based on fixed values of the fundamental physical
constants (FPC), increases the interest of the metrological society to the consistency and
uncertainty of the FPC. The main tool to provide a self-consistent set of fundamental
constants values is the adjustment [1] of the theoretical and experimental precision data,
which is being carried by the CODATA Task Group on Fundamental Physical Constants.

The important part of the input data for the adjustment are results of the theoretical
and experimental research in the parameters of simple atomic systems such as atomic
transitions in hydrogen, deuterium, antiprotonic helium, positronium, muonium [1]. A new
data block, which is going be added to the adjustment, is a set of energy transitions in muonic
atoms [2] (muonic hydrogen, muonic deuterium and muonic helium ions).

The comparison of the theoretical calculation, which includes fundamental constants
as parameters, with the precision experimental results allows to define the precision values for
an array of the constants. The VNIIM researchers have been effectively improving the theory
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of simple atomic system during the last decades.

References

[1] Mohr, Peter J., Newell, David B., Taylor, Barry N. «CODATA Recommended
Values of the Fundamental Physical Constants: 2014», Rev. Mod. Phys. 88 (2016) 035009.

[2] Pohl R, et al., «The size of the proton» Nature. 466 (2010) 213-216;
Pohl R, et al., «Laser spectroscopy of muonic deuterium», Science, 353 (2016) 669-673.

CTPYKTYPA M B3AUMOJENCTBUSA BBICOKO3APSI)KEHHBIX NOHOB
A. CypXuKoB
DeodepanvHuvlil PU3UKO-MEXHUYECKUL UHCIMUMYM
bpaynweetie, I'epmanus
andrey.surzhykov@ptb.de

Bricoko3apskeHHbIE MOHBI NPEACTABISAIOT COOOM €CTECTBEHHbIE «I1a0OopaTOpUm» IS
UCCJIE0BAHUS MPOCTHIX ATOMHBIX CHCTEM B KOTOPBIX PEISTUBUCTCKUE U KOPPEIUPOBAHHBIC
AJIEKTPOHBI ABUKYTCS B CHUIBHBIX SACPHBIX MOJAX. Takue HOHBI 3apEKOMEH/I0BAIIN Ce0s Kak
YHHUBEPCATbHBIA HMHCTPYMEHT [JIsl HCCIeNOBaHUS psfa (yHIaMEHTAIbHBIX, BCE emié
HEpEHICHHBIX MPOOJeM COBPEeMEHHOW (U3NKUA. B YacTHOCTH, HWOHBI C HEOOIBIINM
KOJIMYECTBOM JJICKTPOHOB HICANbHO MOAXOMAT AJs MOUCKA HOBOW (DM3HMKHU 3a MpeaenamMu
CrannmaptHoit Mogenu, st TpoBepKH (yHIAMEHTAIBHBIX CHUMMETPUUA TPUPOABI U IS
M3YYCHHSI BO3MOXKHBIX Bapualuil GU3MUECKUX KOHCTAHT.

B noxiage Mbl npeacTaBUM KOPOTKHUHM 0030p MOCIEAHUX TEOPETHUUYECKUX padoT B
obnmactu (pU3MKKU BBICOKO3APSKEHHBIX HOHOB, BBIMOJHEHHBIX B (enepambHoM (HU3MKO-
TexHu4deckoM uHcTtutyTe. Ocoboe BHHMaHuE OyAeT yACICHO NPEIU3HMOHHBIM pacdyeTam
AIIEKTPOHHOU CTPYKTYPbl HOHOB U UX B3aUMOJIEUCTBUIO C AJIEKTPOMATHUTHBIM U3JTyYEHHEM.

Ms1 00CyMM TIpUMEHEHHE ITHUX Pacdy€ToB ISl HYXJ METPOJIOTHH, IS pa3paOOTKU HOBBIX
aTOMHBIX (M SIIEPHBIX) YacoB, M s Ooliee TOYHOrO ompeseneHus (yHIaMEHTATbHBIX
(bu3NYECKUX KOHCTAHT.

STRUCTURE AND INTERACTIONS OF HIGHLY-CHARGEDIONS
A. Surzhykov
Physikalisch-Technische Bundesanstalt (PTB)
Braunschweig, Germany
andrey.surzhykov(@ptb.de

Highly-charged ions provide natural «laboratories» to explore simple atomic systems
in which electrons are relativistic, correlated, and experience strong nuclear fields. These ions
are proven to be a versatile tool for investigating a number of fundamental, yet unresolved
problems in modern physics. In particular, ions with few electrons are ideally suited to search
for a new physics beyond the Standard Model, to test the fundamental symmetries of Nature,
and to study a possible variation of physical constants.

In this contribution, we will briefly review theoretical studies in the physics of highly-
charged ions that were performed recently at the PTB. Special attention will be paid to the
high-precision calculations of ionic shell structure and of the coupling to electromagnetic
radiation. We will show how these theoretical studies provide atomic data for metrology
applications, development of novel atomic (and nuclear) clocks, and determination of
fundamental physical constants.
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HEKOTOPBIE NIPOBJIEMbI IPENA3UOHHOI'O OITPEJAEJIEHUSA
BEJIMYUHBI UTHAYKIIUN MATHUTHOTI'O I1OJISL.
10.1. Heponos
OI'VII « BHUUM um. /. U Menoeneesa», Cankm-Ilemepbype, Poccus
uineronov(@mail.ru

JInist IPenM3uOHHOTO OMpeeNieHHs] WHAYKIIMA MarHuTHOTO B B CpemHUX M BBICOKHX
MOJISIX HanOoJiee MIMPOKO UCTOIB3YIOT aMITyJIy C BO/IOM, OT KOTOPOH PEruCTPUPYIOT YaCTOTY
NpoTOHHOTO pe3oHanca: TH20) — pfl=a,TH20)]*B. 'npoMarauTHOE OTHOILICHHE IPOTOHA,
no naHHbiM Tabmun CODATA-2016, paBHO: px- 42 577 478.92(29) Hz/T u umeer
norpemHocth 6.9 % 10”. OHAKO UCTIONB30BATH MATYIO HEOMPENETCHHOCTD IS e yAAeTCs
u3-32 SKPAaHHPOBAHHUS MPOTOHA B BOJE, KOTOPOE OMpPENENICHO C OOJbIIeH MOrPEeIIHOCTHIO:

TH:0) = 25 691(11) x1 ~mpu 25 °C Kpome 95TOro, 4TobHI HCIIOIB30BATh TAKYIO
3aBUCUMOCTH TpeOyeTcs, yToOBI BoJa B 00pasiie uMerna mapooopasHyio ¢opmy, pu KOTOPOn
UCKJIIOYACTCS BIIMSHUE IMOBEPXHOCTHBIX MCKAKEHMH Ha OJHOPOJHOCTb TECTUPYEMOIO IOJI,
CBSI3aHHYIO C 00bEMHON MarHUTHOH BOCIIPUUMYHBOCTBIO BOJIBI.

[TpakTH4yeckn M3rOTOBUTH OOpasel, B KOTOPOM BOJa HMMEET IapoByio (opmy, HE
BO3MOXKHO. ECiIM M3rOTOBUTH CTEKJISIHHBIN 11apOBOIl 00pasell, To MpU ero HaroJIHEHUH BOJIOH,
BHYTpH 00pa3yeTcsi MEHUCK, C KOTOPbIM OyJIeT cBA3aHO ucKaxeHue popmbl SIMP curnana. B
9TON CBSI3U, B Hawed padore [1] mpeaiokeHO HCHOiIb30BaTh 00paslbl LUJIMHAPUYECKOM
¢dopmbl. Ho npu aToM TpebyeTcs ucnoinb30BaTh 60see CI0KHYI0 3aBUCUMOCTh 4acToThl SIMP
curHana oT noist: TH20) — pfl—==u,TH20) — (H20)/6] %B, eciu obOpaser] OpueHTHPOBAH
NEPIEHANKYISIPHO JIMHUSAM MarHuTHoro moss. OOe 3TH MONpaBKHM HMMEIOT TeMIIepaTypHYIO
3aBUCUMOCTh, KOTOpasi, B YaCTHOCTH, OIlEHWBAJIach B Hamel padote [2].

OObéMHass MarHuTHasE BOCHPUHMMYHMBOCTH BOABI paBHa:  (f1>0) = -
9053 x| ~11pu 25 °C, ecin UCTI0Ib30BaTh M3BECTHBIE JAaHHBIE, KOTOPhIE OBUIH MOIY4eHb B 19
BEeKe MeToJIoM B3BemmMBaHusA. Ho ecnm ucnonbs3zoBath mMeron SIMP peructpanuu cCUrHajioB
BOJIbI B MAarHUTHBIX MOJISAX MEPNEHANKYISIPHBIX U TapaIUICTbHBIX IIWIMHAPUIECKON amIyie,
TO €CTh BO3MOKHOCTb BBIYMCIUTh Pa3HOCTh OObEMHBIX MAarHUTHBIX BOCTIPUMMUYUBOCTEH BOJIBI
u obpasua cpaBHeHus. B [1] st cpaBHeHMsI ucnonb3oBaiu aentepoBopopon HD mpu
nasiieHuH okoiio 90 armocdep. [Ipuuem, pasHoCTb okasbiBaeTcs paBHOW: (f20) - LHP) = -
9062 _;I '_:‘_IOI_IGHKI/I st (/D) 1moKa3bIBalOT, YTO HMMEIOIIMECS PACXOXKIEHUS ITaHHBIX IS
(f1>0), noiydeHHBIX M3 pa3HbIX padOT, MOTyT OBITh Ha ypOBHE €IUHUI] CEIbMOr0 3HAaKa.
TpeOyeTcss mpoBECTH HOBBIE HCCIICNOBAaHUSA sl Oosiee cTporoil oneHku (fH>0).11 nanee,
MOXHO Oyzaer pekomennoBats komurery CODATA BHecTH B Tabmuisl kpome  TH20) enie n
120)npu 25 °C. D10 NO3BOJIUT UCHOIb30BaTh LIWIMHAPUUECKHE aMITyJIbl, KOTOPBIE CEPUIHO
MIPOM3BOJIATCS M IIMPOKO pacHpocTpaHeHbl. HarmonneHHbIe BOJON IIIMHAPHYECKHE 00pa3IIbl
MOTYT oOecneunBaTh MPELU3UOHHYIO OLEHKYMHIYKIIMM MarHUTHOIO TOJs Ha YpOBHE
MOTPEIIHOCTH (DyHTAMEHTAIBHON (PU3MUECKON KOHCTAHTHI - px
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SOME PROBLEMS OF PRECISE DETERMINATION OF THE VALUE OF
MAGNETIC FIELD INDUCTION
Yu. I. Neronov
D.1. Mendeleyev Institute for Metrology (VNIIM)
St. Petersburg, Russia
yineronov(@mail.ru

For the precise measurement of the induction of magnetic field B, inmedium-high and
high fields, the ampoule with water is most commonly used, from which the proton resonant
frequency is identified and recorded: TH>0) — J1= o{H>0)] xB. The gyromagnetic ratio of
the proton, according to the tables of CODATA-2016, is pi 42 577 478.92 (29) Hz/T and has
an error of 6.9x10 . However, a small uncertainty for gis impossible due to the screening of
the proton in water, whose parameters are known with greater uncertainty:  TH20) = 25.691
(11)x1 ~" at 25 °C. In addition, such dependance would only be reliable, provided the
spherical shape of the water sample. In this case, there would be no distortion of the
homogeneity of the magnetic field, associated with the water's volume magnetic
susceptibility.

Practically, making a spherical water sample is an impossible task. If the water is
poured into a spherical glass bowl, there will always be a meniscus inside which will result in
the distortion of the NMR signal. In relation to this problem, it has been proposed in our work
[1] to use cylindrical samples. However, it requires a more complex dependence of the NMR
signal frequency on the field: TH20) — 1=, TH20) - (H20)/6]%B, if the sample is
perpendicular to the lines of the magnetic field. Both these corrections are temperature
dependant, estimating which in particular was the subject matter of our work [2].

The volume magnetic susceptibility of water is: (H>0) = - 9053x1 ~at 25 ° C, if the
known data is usedwhich was obtained by weighing in the 19th century. However, if we use
the NMR method for recording water signals in magnetic fields perpendicular and parallel to
theaxes of the cylindrical water sample, it is possible to calculate the difference between the
volume magnetic susceptibilities of water and the reference sample. In [1], deuterated
hydrogen HD was used as the reference sample. The difference for the volume magnetic
susceptibility was determined:  (20) - LHP) =-9062x 1 ~ Estimates for (HD) show
that the existing data discrepancies for (H>O) could be at the level of units of the seventh
decimal. New studies are required for a more rigorous evaluation of  o(H20). And further, it
will be possible to recommend the CODATA committee to add .(H>O) at 25 °C to the tables
except 2(H20). This will allow the use of cylindrical ampoules, which are serially produced
and widely distributed. Water-filled cylindrical samples can provide a precise estimation of
the magnetic field induction at the level of error of the fundamental physical constant -
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JABA MEXAHU3MA BO3BYXJIEHUSA SAAPA JTASEPOM KAK ITPOJIOT K
CO3JJAHUIO AAEPHO-OIITUYECKUX YACOB
®.®. Kapnemun', JI.®. Burymkus!
L @ryIl « BHUUM um. J{. 1. Menoeneesay
f.f karpeshin@vniim.ru

Coznanue  sIEpHO-ONTHYECKAX YacOB HOBOTO ITOKOJICHHS SIBJISIETCS  TITYOOKO
oOcykxaaemMoi mpobieMoit coBpeMeHHOH Gu3uku. Pemenue 3Toit 3a1a4u MO3BOIUT CHU3UTh
HectabmnpHOCTh  uacToThi 10 107"  ©M  MeHee M, COOTBETCTBEHHO, IOBBICHTB
BOCTIPOU3BOAMMOCTE €IMHUIIBI BpeMeHU. DU3ndeckuii mpoiecc BOCIPOU3BEICHHS YaCTOTHI B
TaKMX Yacax HEW30eXHO BKIIOYaeT B ce0s pe30HaHCHOE BO30YXKIEHHE siipa Ja3epHbIM
My4KOM JUIsl BO3OYXKACHHUS HEOOXOAMMOTO SIEPHO-ONTHUYECKOrO Tepexoja U MONydeHUs
pernepa YacTOThl JJIi CHUCTEMBI aBTOMATHYCCKOW MMOJCTPOMKH YacTOTBI — HEOOXOJIMMOTO
JlIeMEHTa CTaOWNU3allud YacToThl. B Jokiame paccMaTpuBarOTCS JBa BO3MOXKHBIX,
00CYyXJJTaeMBIX B HACTOSIIIEC BpEMs, MEXaHHW3Ma BO3OYXKIACHHS Sjpa JIa3epHBIM ITyYKOM:
0e3paIMalimOHHOT0 BO30YXICHUSI TP SJCKTPOHHOM Iepexojie M OOpaTHOW pPEe30HAHCHOM
KoHBepcuu [1].

JIureparypa
F. F. Karpeshin, M. B. Trzhaskovskaya. Phys. Rev. C 95, 034310 (2017).

TWO METHODS OF A LASER NUCLEUS EXCITING AS A
PREDISPOSITION TO CREATING A NUCLEAR-OPTICAL CLOCK
F.F. Karpeshin', L.F. Vitushkin',
'VNIIM
f.f karpeshin@vniim.ru

Creating the new generation nuclear-optocal clock is a deeply discussed problem of
modern physics. This problem solved, the frequency instability will be reduced to 10 '°, and
the time unit will become more reproduceable and consitent. The physical process insuring
the frequency consistency will inevitably include resonance excitement of the nucleus by a
laser beam in order to excite the necessary nuclear-optical transitions, as well as obtaining the
etalon frequency for the system of automatic frequency adjustment, which is a necessary
element for frequence stabilizing. The report deals with the two currently possible methods of
exciting the nucleus with the laser beam: radiation-free excitement with the electrone
transition and the reverse resonanse convertion [1].
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PA3BUTHUE NPUHIIUITA MUHUMAJIBHOT'O MOAYJIA J1JIsA
PA3JIEJIEHUSI IEPECEKAIOLHIUXCSA XPOMATOI'PAOUYECKHUX ITMKOB
Cemenos K.K. !, Comorruenxo I'.H!, Kpeitropuu B.51.2
! Canxm-Ilemepbypackuii nonumexnuveckuii ynusepcumem Ilempa Benuxozo, Poccus
2 Vuusepcumem Texaca é Inv-Tlaco, CIIA
semenov.k.k@iit.icc.spbstu.ru

Jlro6as 3aperucTprupoBaHHas XpoMaTorpaMma WK CIeKTporpaMma y(v) mpeacTaBiseT
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co00¥ CBEPTKY JACHCTBUTEIHLHOW XPOMATOTPAMMBI CJIO’KHOTO BEIIIECTBA UJTH €T0 CIeKTpa x(V)u

annapaTtHoi (QPyHKIMM UCHOIb3yeMoro npudopa a(v): y u = i&a u v xv dv.B pesynbraTe

3aperUCTPUPOBAHHbIE MHKH BCErJa PAacCIIMPSIOTCS U B psijie CIy4yaeB IEepeceKaroTcs, 4YTo
3aTpyIHSET ONpeIeeHHE MIOMAAN KaKI0To MUKa B OTAECITBHOCTH.

[TpeoOpazoBanue Pypre NPUBOIUT JaHHOE ypaBHEHHUE K BULY V(j =)=a(j=)x(j =). Ero
pelieHrne OTHOCUTENBHO X(V) TOJIKHO MPUBOJIUTH K CY>KEHHUIO MMUKOB U UX Pa3feleHUI0, YTO
OYEHb BA)XHO MpPU KOJUYECTBEHHOM aHAJIM3E XpPOMATOrpaMM M CHEKTpOrpaMM. JTa 3ajaya
OTHOCHUTCSI K KJjlacCcy OOpaTHBIX 3aJad M Ha3BaHa PaneeM «penykuued K HI€aIbHOMY
npubopy» [1]. OOparHas 3amava SBISAETCS HEKOPPEKTHOH. YCIOBHS M METOJbI IMOIYyYEHUS
YCTOWYMBBIX PEIICHUN MOJ00HBIX 3a1a4d Obutn pazpadoranbl A.H. THXOHOBBIM, MPUBEICHHI B
pabdore [2] m momyumnu oOuiee Ha3zBaHHe «perynipuzanus». B pabore [3] mpemioxen
MPUHITATT MUHUMAJTBHOTO MOy st (IIMM), KOTOpHBIi SBISETCS OJHUM U3 PETYISPUIUPYIOITIX
METOJIOB U yA00HO peanusyetcs B oosactu Oypbe-006pazoB. OnHAKO ero ToUHas peanu3aius
1o [3] mpuBouT K 3¢ dexty ['n66ca [4], KOTOPBII YaCTUYHO UCKAKAECT PELICHHE.

B nannoii pabore mpemiaraercs UCKI0UnTh 3 dext ['nd606ca caeayrommm oopa3om.

[TycTh M3BECTHBI WJIH OILICHEHBI IIPE/IEIbl HOTPEIIHOCTH PETUCTPALMN XPOMATOIPaMMBbI

=y wnorpemrHocTH =@, ¢ KOTOPOH M3BecTHA ammapaTHas QYHKIHUS a(v). DTH MOTPEITHOCTH
NPECTABISIOTCS KaK HEUeTKHe WHTEepBaibl. Jlanee BBIYUCISIOTCS KOCHHYC-TIpeoOpa3oBaHue
®dypbe Feos GyHKIMH (1) U a(v) O MpaBWjiaM ACHUCTBUN C HEUYCTKUMHU HHTEpBaIaMu [5].
Torma mpu KaKIOM 3HAYCHHH ( TMOJYYMM OJHOMEpHBIC 00nacTu 3HadeHWd Y(®) U a(w),
NMopokaeHHbIe TorpemHocTIMA Ayr Aa. [lycTh HIXKHSA TpaHuiia 001acTu Y(®) €CTh Ymin( ) U
BEpXHsiA rpaHuna obnactn a(®w) ecTh amax(<).Torma obparHoe KocuHyc-peoOpasoBaHue

x (v)= FcolS [Vmin(F) / amax(F)] ABASETCS perynsipu3upoBaHHBIM penieHueM ypaBHeHus (1) u

obOecrieunBaeT MUHUMYM MOAYJIS petieHust x (v), B KOTOPOM MHUKHU AOJKHBI ObITh pa3/IeNeHbI C
Y4eTOM HaJIOKEHHBIX OrpaHu4eHUl. MOXeT 0Ka3aThbCsl, 4YTO IUHUHM BOCCTAHOBJICHHBIX ITMKOB
OyIayT mepecekaTh OCh aOCIMCC M 3aXOJIUTh B OTPHUIATEIBHYIO 00JacTh. UTOOBI M30€kKaTh
ATOTO, MpeJyIaraeTcsi IPUMEHUTh MoJu(UKaluio airoputMa ['oBapza [6], KoTopast IPUBOIUT

K MUHUMU3ALMK OTpHUIATENbHBIX 3HaueHUi x (v). Ilpemnaraemsble mpouexypbl COXpaHsSIOT
TUTOIAAH TUKOB HEM3MEHHBIMU. [IpHBOISTCS YHCICHHBIE TPUMEPHI pa3eiCHHs TUKOB.

Jluteparypa

1. Lord Rayleigh. Scientific Papers. 1871. Vol. 1. P. 135.

2. TuxonoB A.H., Apcenun B.fI. Metoasl pelieHuss HEKOPPEKTHBIX 3amad. - M.:
Hayxka, 1974. 222 c.

3. Ceperuna H.U., Conomuenko I''H. WM3eectus AH  CCCP. Texuuueckas
kubepHeTHka. 1984. Ne 2. C.166-172.

4. Semenov K.K., Solopchenko G.N., Kreinovich V.Ya. Advanced Mathematical and
Computational Tools in Metrology and Testing X. 2015. P. 330-339.

5. CemenoB K K., Cononuenko I'.H. M3mepurenshas texnuka. 2011. Ne 4. C. 14-19.

6. Howard S.J. Journal of Optical Society of America. 1981. Vol.71, No 7. P. 819-824.

48 COopHUK aHHOTAIIMIA JOKJIaI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

THE DEVELOPMENT OF THE MINIMUM MODULE PRINCIPLE
FOR THE OVERLAPPED CHROMATOGRAPHIC PEAKS SEPARATION
Semenov K.K.!, Solopchenko G.N.!, Kreinovich V.Ya?

! Peter the Great St. Petersburg Polytechnic University, Russia
2 University of Texas at El Paso, USA

semenov.k.k@iit.icc.spbstu.ru

Any registered chromatogram or spectrogram y(v) represents the convolution of the
real chromatogram of the complex substance or its spectrum x(v) with the instrument function

a(v) of the used device:y y ° i&a u v xv dv. As a result, the recorded peaks always

widen and overlap in a number of cases which makes the area estimating difficult for each
peak taken separately.

The Fourier transform reduces the mentioned equation to the form y(j =)=a(j =)x(j =).
Its solution relatively to x(v) should result in the narrower separate peaks, which is very
important for the quantitative analysis of chromatograms and spectrograms. This problem
belongs to the inverse problems class and was called “the reduction to the ideal device” by
Lord Rayleigh [1]. Any inverse problem is incorrect in the general. The conditions and
methods of obtaining the stable solutions of such problems were developed by A.N. Tikhonov,
first presented in work [2] and were named as “regularization”. In paper [3], the minimum
module principle is proposed, which is one of the regularizing methods and can be
conveniently realized in Fourier transform domain. However, its accurate implementation
accordingly to [3] causes the Gibbs effect [4], which partly distorts the solution.

In this work, it is proposed to eliminate the Gibbs phenomenon in the following way.

Let the following values be known or estimated: the limit error =y of the
chromatogram recording and the limit error =a of the instrument function a(v). These errors
are represented as fuzzy intervals. Then the Fourier cosine transform F' cos is calculated for the
functions y(u) and a(v) using the operations with fuzzy intervals [5]. Then for the each value
®, we will obtain the one-dimensional domains y(w) and &(w) that are caused by the errors
Ayand Aa. Let the lower bound of the domain y(®) benp(=) and the upper bound of the
domain 4(®) be @ max( ). Then the inverse cosine transform x - (V) = [ymin( =) / amax(=)] will be
the regularized solution of the convolution equation and will provide the minimum module of
the solution x (v) that will contain all the peaks being separated under the imposed constraints.
It can turn out that the curves of the restored peaks will cross the abscissa axis and will get to
the negative values area. To prevent this circumstance, the modification of Howard algorithm
[6] is developed that minimizes the negative values of x - (v). The proposed approaches keep
the peaks areas permanent. The numeric examples of the peaks separation are presented.
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AHAJIN3 MOJEJIEA
OIMMCAHUS HECTABUJIBHOCTH CPEJICTB U3MEPEHUI
aamnoB A.A.!, CriyrHosa J1.B.2
T @BY «llenzenckuii [[CMy
2 @I'BOY BO «llensenckuii 20Cy0apcmeentblii yHUGepCUmeny
aa-dan@mail.ru

PaccmaTtpuBaroTcsi BONPOCHl  OLEHKM HECTAaOWJIBHOCTH  CPEACTB  U3MEPEHHI,
MPUMEHSEMBIX TIpH  KamuOpoBke. [IpoBoauTCs aHamM3 MPUTOAHOCTH MAaTEMAaTHUYECKHUX
MoJIeJIel JIsl BBEJICHHUS MTOMPABOK HAa HECTAOMILHOCTh CPEJICTB U3MEPEHHI Ha MPOTSIKEHUN
HWHTEpBaja BPEMEHH JI0 HACTYIUICHUS MOMEHTA OYEPETHON KaTMOPOBKHU.

ComnocTaBUTENBHBIN  aHAIN3 TMPOBOAMUTCS IS CIEAYIOUIUX MOJENEH: CpeaHss
CKOpOCTh apeiida, ycpeAHEHHas MO HECKOJBKHUM OTcueTaM, CpelHss CKOPOCTh Hpeida,
OIICHEHHAs] PETPECCHOHHBIM METOJOM, a TaKXe CKOPOCTh Apeida, OleHEHHas MeTOoAamMHu
MIPOCTOM,  JIMHEMHO-B3BEIIECHHOM  WIM  DKCHOHEHUMAIBHOM  CKOJB3SIIEN  CpPEAHEH.
ComnocraBieHHe TPOBOAWTCS HE TOJBKO MOJICIMPOBAHUEM, HO W Ha OCHOBE 00pabOTKH
PEe3yIabTATOB SKCIEPUMEHTAIBHBIX UCCIEAOBAHUI.

ANALYSIS OF MODELS FOR DESCRIPTION OF INSTABILITY IN
MEASURING INSTRUMENTS
Danilov A.A.!, Sputnova D.V 2
" FBU "Penza TsSM"
2 FGBOU VO "The Penza state university"
aa-dan@mail.ru

Issues related to assessing instability of the measuring instruments used under the
calibration are considered. The analysis of suitability of mathematical models for introduction
of corrections on instability of measuring instruments throughout the following interval of
time yes of approach of the moment of its next calibration is carried out.

The comparative analysis is carried out for the following models: the average rate of
drift averaged on multiple readings, the average rate of drift estimated by a regression
method, and also the drift speed evaluated by methods of simple, the linear-weighed or
exponential moving average. Comparison is carried out not only through modelling, but also
on the basis of experimental results.

BBIYNCJIEHUE NHTEPBAJIOB OXBATA IIPU MHOI'OKPATHBIX
N3MEPEHUAX
A. Crenanos!, A. Uynoskuna'
L @ryIl «BHUUM um. JT.U. Mendeneesar, Canxm-Ilempebype, Poccus
A.G.Chunovkina@vniim.ru

B 2014 r. PabGouas I'pynma mno pa3Butuio PykoBojacTBa IO BBIPAKEHHUIO
HeonpeneneHHocTH u3Mepenuit (GUM) mpencraBuia mpoekT aktyanusupoBaHHoro GUM,
KOTOpBIM BBI3BAJl IIHMPOKOE O0OCYXJIEHHE METPOJOru4eckor obmecTBeHHOCTH. Cpenu
METPOJIOTOB-IIPAKTUKOB BO3PAXKEHUsI M ONACEHMs BBI3BAJIM HM3MEHEHHUs B (opMyjax pacueTa
HEOMNPEACIEHHOCTH TI0 TUIY A WM PacIIUPEeHHON HeompeneneHHocTH. Paspaborunku GUM
CTOJIKHYJIUCh C MW3BE€YHOM HEpaspellMMOM 3aJaded, a HMMEHHO, C OJHOH CTOpOHBI,
HEOOXOIMMOCTBIO TIPEIJIOKHUTH TMPOCTHIE W YHUBEpCAIbHBIE (OPMYIBI JUIS pacdera, a ¢
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JIpyroil CTOpPOHBI, 00ECHEeYUTh CTPOTUN MaTeMaTU4YeCKUl BBIBOA ATHX (OpMYIN. ABTOpBI
JIOKJI/Ia pa3feNsloT MHEHHUE, YTO 3ajaya MOXKET ObITh pellleHa B pe3yJbTaTe pacCMOTPEHMS
TANHWYHBIX YAaCTHBIX CJIy4YaeB BBIYUCICHUS HEONPEIEICHHOCTH, IPH KOTOPBIX YETKO
OrOBapHUBAaOTCS BCE UCIOJIb3YEMBIE JOIYILECHHUS.

B nokxnane paccmarpuBaeTcs 3aa4a BEIYMCICHUS MHTEPBAJIOB 0XBaTa IS JIMHEUHOU
MOJEIIA U3MEPEHHS U [BYX JOMHUHUPYIOIIUX HCTOYHUKOB HEONPEIEICHHOCTH H3MEPECHUS.
[lepBBIM UCTOYHMKOM HEONPENIETICHHOCTH SIBIISIETCS Pa30pOC MOBTOPHBIX MOKa3aHUN CpeCTBa
U3MEpEeHUi, a BTOPOM MCTOUYHUK HEONPEICNCHHOCTH OOYCIIOBIIEH HEUCKIIOUEHHBIMU
CUCTEMAaTUYECKUMH MorpemHocTsamMu. lIpenmnonaraercd, 4Yro NOBTOpPHBIE NOKa3aHUs
pacupeneneHbl 10 HOPMalbHOMY 3aKOHY, a U1 MOJEIMPOBAHMS HEUCKIIOYEHHBIX
CUCTEMAaTUYECKUX  MOTPEIIHOCTEH  PACCMOTPEHO  CEMEHCTBO  SKCIIOHEHIMAIBHBIX
pacupeneneHuid. B 3aBUCMMOCTM OT COOTHOILIEHHS IapaMETPOB OSKCIOHEHIIMAIBHOIO
pacnpezneneHuss ¥ HaOmoJaeMoro pasdpoca MJaHHBIX MPU Pa3HOM YHCIE H3MEPEHUi
MOJTyYeHbI 3HaUCHHsI KO PHUIIMEHTOB 0XBaTa U MHTEPBAJIOB OXBATa C IPUMEHEHHEM TEOPEMBI
baiieca.

CALCULATION OF COVERAGE INTERVALS FOR MULTIPLE
MEASUREMENTS
A. Stepanov', A. Chunovkina'
'D.1. Mendeleyev Institute for Metrology (VNIIM)
St. Petersburg, Russia
A.G.Chunovkina@yvniim.ru

In 2014, the Working Group 1 on the development of the Guide on the expression of
Uncertainty in Measurement (GUM) presented a draft of an updated GUM, which caused a
wide discussion of the metrological community. Among metrologists-practitioners, objections
and apprehensions were caused by changes in the formulae for calculating the uncertainty by
type A and expanded uncertainty. The GUM developers have faced an eternal unsolvable
problem, namely, on the one hand, the need to offer simple and universal formulae for
calculation, and on the other hand, to provide a rigorous mathematical derivation of those
formulae. The authors of the paper share the view that the problem can be solved by
considering typical particular cases of uncertainty calculation, in which all the assumptions
used are clearly specified.

The paper considers the problem of calculating coverage intervals for a linear
measurement model and two dominating sources of measurement uncertainty. The first source
of uncertainty is the dispersion of repeated readings of the measuring instrument, and the
second source of uncertainty is due to non-excluded systematic errors. It is assumed that the
repeated readings are distributed according to the normal law, and in order to model the non-
excluded systematic errors, a family of exponential distributions is considered. Depending on
the ratio of the exponential distribution parameters to the observed scatter of data at different
measurement counts, with the use of the Bayes theorem, there were obtained coverage
coefficients and coverage intervals.
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AJITOPUTM HOJYUYEHUS COBMECTUMBIX PE3YJbTATOB U3SMEPEHUN
INPU AHAJIN3E JAHHBIX KJIFOYUEBBIX CJIMYEHUN
Bbypmucrposa H.A.
DI'VII « BHUUM um. []. M. Menoeneesay
N.A.Burmisrova@vniim.ru

KitoueBble  cMueHUsT  HAIMOHANBHBIX  ATAJIOHOB  SIBIISIIOTCS ~ OOBEKTUBHBIM
MOJATBEPXKICHUEM M3MEPHUTEIbHBIX M KaTMOPOBOUHBIX BO3MOXKHOCTEH METPOJIOTHYECKHX
MHCTUTYTOB W OCHOBOM JUIsI YCTAHOBJEHUS CTENEHU HKBUBAJECHTHOCTH HAlMOHAJIbHBIX
sTanmoHoB. Kak mMoka3bIBaeT aHajaM3 OTYETOB O CIMYEHUsX B Oa3e nanHbix BIPM, okoino
ITOJIOBUHBI CIIMYEHWHA BEIyT K HECOIVIACOBAHHBIM pe3yjbTaTaM H3MEpPEHUM, MOJyYEHHBIX
ydyacTHUKaMH. B paboTe paccmarpuBaeTcsi OpPUTHMHAIBHBIM TMOAXOX K  aHalU3y
HECOTJIACOBAHHBIX JTAHHBIX CIMYEHUH C IEJIbI0 YCTAHOBIICHHSI CTETIEHN MX SKBUBAJIECHTHOCTH.
ITogxon OCHOBaH Ha TPAKTOBKE SKBUBAJIEHTHOCTU YTAJIOHOB KaK COBMECTUMOCTH PE3YJILTATOB
U3MEPEHMM, TOJYYEHHBIX YYaCTHUKaMHM ciaudeHud. COOTBETCTBEHHO, NpeilaracMblid
QITOPUTM OLICHWBAHMS JAHHBIX IMPEIIIONIATracT PACIINPEHUE HEONPEAECICHHOCTH HW3MEPEHUN
JUIS psiia YYaCTHUKOB IS IIOJy4YEHUsI COBMECTUMOCTH ITOJIyYEHHBIX PE3YJIbTATOB U3MEPEHUM.
[IpemyiaraemMelii anropuTM HMCCIEIOBAH M COINOCTABIEH C JPYTMMH IMOAXOJAaMHU OLICHUBAHUS
HECOIVIACOBAaHHBIX JaHHbIX Ha npumepe ciauueHuid CCQM  K-5.  JlocromHCTBOM
[IPEJIaraéMoro JIrOpUTMa SIBISETCSA: WHAMBUIAYAIBHOE DPAaCIIMPEHHE HEOIPEIECICHHOCTH
U3MEPEeHUN AN psiia y4acTHUKOB IO MTOTaM CIMYEHUH 1O YPOBHS, OOECIEYMBAOLIETO
COBMECTUMOCTb PE3YyJIbTaTOB M3MEPEHUIN BCEX YYaCTHHUKOB, U OOOCHOBAaHHOE YCTaHOBJIEHUE
OIIOPHOI'O 3HAYEHUs U COOTBETCTBYIOLICH HEOINPEACICHHOCTU u3MepeHuiu. IIpemnaraemplii
MOJIXOJT MOXET ObITh IPUMEHEH MPHU OLIEHUBAHUHU JaHHBIX KJIFOUEBBIX CIMUEHUH, a TAaKXKe Mpu
HNOJATBEPKICHUN KaTMOPOBOUHBIX W HM3MEpPUTEIbHBIX Bo3MoxkHOocTe HMMU mo pesynpratam
CIIMYEHHUM.

THE ALGORITHM FOR OBTAINING METROLOGICAL COMPATIBILITY OF
MEASUREMENT RESULTS WHILE ANALYSING KEY COMPARISON DATA
Burmistrova N.
D.I. Mendeleyev Institute for Metrology
N.A.Burmisrova@vniim.ru

Key comparisons of national measurement standards are the objective confirmation of
measurement and calibration capabilities of metrological institutes and the basis for
determination of degree of equivalence for national measurement standards. The analysis of
comparison reports in BIPM database shows that about one half of comparisons leads to
inconsistent comparison data obtained by participants. Novel approach to the analysis of
inconsistent comparison data with the aim of determining the degree of equivalence of
national measurement standards is considered in the paper. The approach is based on the
interpretation of equivalence of measurement standards as the metrological compatibility of
measurement results obtained by comparison participants. So the suggested algorithm of data
evaluation implies the enlargement of measurement uncertainty for the group of participants
in order to obtain the metrological compatibility of obtained measurement results. The
suggested algorithm is examined and compared with other approaches on estimating
inconsistent data by the example of CCQMK-5 comparison. The suggested algorithm has
following advantages:

individual enlargement on the basis of comparison of the measurement uncertainty for
the group of participants up to the level that provides metrological compatibility of
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measurements results for all participants;

meaningful adjudgement of the key comparison value and associated measurement
uncertainty. The suggested approach can be used during the evaluation of key comparison
data and confirmation of calibration and measurement capabilities of NMI on the basis of
comparison results.

KOMITBIOTEPU3AIIUS JIABOPATOPHI.
OBIIEE COCTOAHHUE U METPOJIOTMYECKHUE ACIIEKTbBI

/IBopkun B.A.
UHXC um. A.B. Tonuuesa PAH, Mockea

dvorkin@ips.ac.ru

Hcnonp30BaHne KOMIBIOTEPOB B J1a00OpaTOpPUSAX CTajIO OOBIAEHHBIM SIBICHUEM.
[TporpaMmel 1t 1a6OpaTOPHii MOCTOSHHO COBEPILIEHCTBYIOTCSI M CTAHOBSITCSI BCE TOCTYITHEE.

[Ipogomkaer nedcTBOBaThH 3akoH Mypa: 4YHCIO TpPaH3UCTOPOB Ha KpHUCTAJIE
yABauBaeTcs Kaxkaple 2 rojia. ITO MPUBOJIUT K AIKCIIOHEHIIMAILHOMY POCTY OBICTPOACHCTBHS
1 o0beMa MaMATH KOMIBIOTEPOB, a TAKXKE K UX YJICHIEBICHUIO.

B pe3ynbrare KOMOBIOTEPHI CTANU PAIOBBIM HHCTPYMEHTOM B J1a00paTOPHUSIX TFOOOTO
npoduns, a IpPOrpaMMUCTBl MepecTald AyMaTh O TMOBBIIMIEHUH HX OBICTPOAEUCTBUA U 00
SKOHOMUU TaMsATU. [IpakThuyeckn Bce oOIepaluy COBEPIIAIOTCS MIHOBEHHO, a BCS
naboparopHas nH(OpMaLKs 32 MHOTHE TOJIbI JIETKO YMEUIaeTcs Ha OJJHOM YKECTKOM JTUCKE.

[Tomumo mporpamm obmero HazHadenwst turna Word wmmu Excel (¢. Microsoft)
[IUPOKO HCIOIB3YIOTCS MPOTPaMMBI, CIIEHUAIBHO pa3paboTaHHble ais jJabopaTtopuid. Mx
MoxxHo pazaenutb Ha LIMS (LaboratorylnformationManagementSystem, JIMC) wu
CHeLMaIM3UpPOBaHHbIE KOMIbIOTEpHbIE MporpamMMbl. Kaxnas LIMS mpencrasiser coboit
€IUHYIO0 TPOTrpaMMy, a CIENHATU3UPOBAHHBIX IPOTPAMM B JIA0OPATOPHH MOMKET OBITh
HECKOJIbKO, TIpUYEeM Kak[Jas M3 HUX OPHUEHTHpPOBaHA Ha OIpENeJeHHBbIH BUJA AESITENbHOCTH
(«xkommbroTepu3aius 6okamu»). [locneanue nonyduin 6oJiee MIMPOKOE pacCIpOCTpaHEHUE B
CHJIy WX TIPOCTOTHI, YJOOCTBa M HU3KOH CTOMMOCTH. Takasi TEHJEHIUS COXPAHUTCS U B
OymyteM.

KomnbloTepuzaius 3arparuBaeT M METPOJIOTUYECKHE aCHEeKThl JAESTeIbHOCTU
nabopaTopuid, BKJIIOYasi COBPEMEHHbIE METO/bl oOecreueHHsl KadecTBa M3MepeHuid. Pacuer
pe3yJIbTaTOB, BKJIIOYAs IPaJyUPOBKY U MIPOBEPKY MPUEMIIEMOCTH Pe3yIbTaTOB, BAIUIAIUS U
BepudUKalKsi, KOHTPOIb CTaOWIBHOCTH M JPYTrHe CHOCOOBI KOHTPOJS KauecTBa M3MEPEHH
HAMHOTO YIPOIIAIOTCS MPU UCTIOIb30BAHUU KOMITBIOTEPHBIX MTPOTPAMM.

[Ipu 3TOM HPOUCXOAUT KAavyeCTBEHHBIM cKadyok. ['paMOTHO HamucaHHas Iporpamma
MO3BOJISIET Ja0opaTOpUsM HCMOJIb30BATh COBPEMEHHBIE MOJXOMAbI, BKIIOYAs CIIOKHBIE
CTaTUCTUYECKUE pacueThl, BEJACHHE KOHTPOJIbHBIX KapT, U T. ., 0€3 CYIIECTBEHHBIX 3aTpar
BPEMEHH U, 4YTO €llle BakHee, HE HMes B IITaTe KBaTU(UIMPOBAHHBIX METPOJIOTOB U
CTaTUCTUKOB. Tak, MPOCTO BBOJS B KOMITBIOTEP Pe3yIbTaThl H3MEPEHUI U Ha)XKaB KJIABUIITY,
nabopaHT aBTOMATHYECKU BBIMOJHSET pPAacyeT pe3ylbTaToOB, BKIIOYas TPAAYUPOBKY U
IPOBEPKY MPHEMJIEMOCTH, M KOHTPOJb CTaOWIbHOCTH u3MepeHuil. To e oTHocuTCs K
BepUUKALUN METOJTUK.

He Bce BUIBI METPOJIOTMYECKON NESATEIBHOCTH JIETKO KOMIBIOTEPHU3UPOBATh. Tak,
OIICHKA HEOMPEIEJICHHOCTH U3MEPEHUN C UCTIOIb30BaHUEM «OI0/KETa HEONPEeAeICHHOCTEH
MIPAKTUYECKH HE MOJAETCSI KOMIIBIOTEPU3ALUN — ONPEAEISIOIIUMHU IIPH 3TOM SIBIISIFOTCS HE
CJIOXHBIE pacyeTsl U paboTa ¢ M300paKEHUSIMH, a KBATU(UKAIUS U 3HAHUS CIICIIAATUCTA.
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B 0603prMoM OyayiieM KOMITBIOTEpU3AIIHsl OXBATUT MPAKTUUECKH BCE Ta00PaTOPHH,
a MIMPOKOE BHEPEHHE METPOJIOTHUECKUX HOBALUI OYy/IET IMPOUCXOIUTD Yepe3 UX BKIIOUCHUE
B KOMIIBIOTEPHBIE IIPOIPAMMBI.

OCHOBHBIC TONOXKEHHs JOKJIaJa WLTIOCTPUPYIOTCS Ha IMPHMEpPe KOMITBIOTEPHBIX
nporpamm QControl u DControl.

COMPUTERISATION OF LABORATORIES.
GENERAL SITUATION AND METROLOGICAL ASPECTS
Dvorkin V.

TIPS RAS, Moscow
dvorkin@ips.ac.ru

The use of computers in laboratories has become commonplace. Programs for
laboratories are constantly evolving and becoming more affordable.

Moore's law is still in effect: the number of transistors on a chip doubles every 2 years.
This leads to an exponential growth in the speed and memory capacity of computers, as well
as to their reduction in price.

As aresult, computers have become an ordinary tool in laboratories of any profile, and
programmers do not think about improving their performance and memory limitations.
Almost all operations are performed instantly, and all laboratory information from many years
easily fits on a single hard disk.

In addition to programs for general purposes, like Word or Excel by Microsoft,
programs particularly designed for laboratories are widely used, as well. This lagre group can
be divided into LIMS (Laboratory Information Management System) and specialized
computer programs. Each LIMS is a single program, but there may be a variety of specialized
programs in a single laboratory, each of which prigrams will focus on a specific type of
activity. This is called "computerization by blocks". The latter are more widespread due to
their simplicity, convenience and low price. This trend will continue in the future.

Metrological aspects of laboratory activities, including contemporary methods to
insure quality of measurements, are affected by computerization. Processing the results,
including calibration and verifying of acceptability of the results, validation and verification,
control of stability and other ways to control the quality of measurements, become much
easier with related software.

All of these lead to a qualitative leap. A correctly written program allows laboratories
to use modern approaches, including complex statistical calculations, keeping chek lists, etc.,
without any significant investment of time and, more importantly, without skilled metrologists
and statisticians in staff. So, just by typing in the measurement results into a computer and
pushing a button, a laboratory assistant automatically has the results processed, including
calibration, check acceptability, performs verification and stability control of measurements.
The same applies to the methods verification.

However, not all types of metrological activities may be computerized easily. For
instance, estimation of measurement uncertainty with “budget of uncertainties" defies
computerization - success here does not depend on complex calculations or proessing images,
but on the expert's skills and knowledge.

Computerization in the foreseeable future will cover almost all the laboratories, and
the widespread introduction of metrology innovations will occur through their inclusion in the
software.

The main provisions of the report are illustrated with QControl and DControl
software, as an example.

54 COopHUK aHHOTAIIMIA JOKJIaI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

CTATUCTUYECKHUHN AHAJIN3 KAJIMBPOBOYHBIX N
NU3MEPHUTEJIBHBIX BOSMOXHOCTEN P® B MEKJIYHAPOJHOM BFA3E
JAHHBIX
'Kycrukos FO.A., Iatnes A.B., Jlynesa E.1.
I oryr «BHUUM um. J]. 1. Menoeneesay

y.a.kustikov@vniim.ru

Bo Bcex rnoGalibHBIX aHAIMTHYECKUX AOKJIanax M 0030pax, MOCBAIICHHBIX aHAINU3Y
3HAYEHHUsSI ¥ PA3BUTHUS METPOJIOTHH B MUPE, KPACHON HUTBIO IIPOBOJUTCS MBICIIb O PACTyLIEH
pPOJM METPOJIOTMH B COBpPEMEHHOM oOmiecTBe. Poiib METpoNoruu BbIpaXkaeTcss B TOM, YTO
0oJiee TOUHBIE, TPOCIIEKUBAEMbIEC U HAIEKHBIE U3MEPEHUS B O0JIbIlIel Mepe CIOCOOCTBYIOT U
COJICHMCTBYIOT YJIYYIICHHUIO KadyecTBa JKU3HU JIOAcH. B Hacrosiiee BpeMs CyLIECTBYET
MHOXECTBO KPHUTEPHUEB KadecTBa JKW3HU, HO HA NEPBBIA IIJIAH BBIIBUIAaeTCA TAaKOW BaXKHBIN
CTaTUCTUYECKUI PENUTHHIOBBIM IOKa3aTelb, KaK KOJMYECTBO U KAayeCTBO M3MEPHUTEIBHBIX
BozMoxkHOCTe (CMC), KOTOpble MOXET MpPOJEMOHCTPUPOBATh Ta WM HHasg CTpaHa.
Kpurepuii xonmuuectBa CMC BbICIIE TOUYHOCTH, 3aperMCTPUPOBAHHBIX B MexXIyHapoaHON
6aze nannpix (KCDB), B coBpeMeHHOM MHpe CITyKHUT (PaKTOPOM OLIEHKU COCTOSIHUS Pa3BUTHUS
METPOJIOTHH B TOW MJIM MHOM CTpaHe.

Tak kak ¢ 2006 roma Ha obmenoctynHoit crpanune caiita KCDB 3amymiena HoBas
ITIOMCKOBAsI CUCTEMA, IIPOCTOTA UCIIOJIB30BAHMS KOTOPOM MPUBJIEKAET MHOTHUX I10JIB30BATENEH,
CTaTUCTUYECKHE PEUTUHIW pa3BUTHUS CTpaH B O0JACTH METPOJOTMU SIBISIOTCS CaMbIMH
OOLIETOCTYITHBIMH, YECTHBIMU U JIETKO TPOBEPSAEMBIMH JIIOOBIM YEJIOBEKOM, YMEIOIUM
[10JIb30BaTbC UHTEPHETOM.

B nannoit paboTre mpuBeaeH aHAIN3 CTATUCTUYCCKUX JAHHBIX IO KATHOPOBOYHBIM U
WU3MEPUTENIBHBIM BO3MOXKHOCTAM Poccuiickoit denepanuu, 3apeructpupoBanubix B KCDB u
ofOecrieunBaeMbIX €€ METPOJIOIMYECKMMHM HWHCTUTYTaMH, B CpPaBHEHHHM CO CTpaHaMH,
JUAUPYIOIIMMHU 110 COOTBETCTBYIOLIUM ITOKA3aTEIISAM.

JIureparypa:

1. Blevin, WR (March 1998). National and international needs relating to
metrology: International collaborations and the role of the BIPM. Sevres, France.

2. Kovalevsky, J; Kaarls, R (April 2003). Evolving Needs for Metrology in Trade,
Industry and Society and the Role of the BIPM (PDF). Sevres, France.

3. Kaarls R 2007 Evolving needs for metrology in trade, industry and society and
the role of BIPM publication (Sévres, BIPM).

STATISTICAL ANALYSIS OF THE CALIBRATION AND MEASURING
CAPABILITIES OF THE RUSSIAN FEDERATION IN KCDB
"Kustikov Yu.A., Diatlev A.B.,Luneva E.I.
ID.I. Mendeleyev Institute for Metrology
y.a.kustikov@vniim.ru

All global analytical reports and reviews on the importance of and developments in
metrology in the world persistently point out the idea of a growing role of metrology in the
contemporary society, meaning that traceable and reliable measurements are of particular
relevance to improving the facet of human life which is commonly referred to as “the quality
of life”. Currently, there is a variety of criteria to assess the “quality of life”, and among those
the one related to quantity and quality of measuring capabilities (CMC) is gradually becoming
a meaningful indicator. Therefore, such criterium as an mount of highest accuracy CMCs
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registered in the International Key Comparison Database (KCDB) could be considered, to a
certain degree, a factor that helps to assess the development of metrology in a particular
country.

It is more so, as, since 2006, the public KCDB webpage has been featuring a new
search engine, the simplicity of which attracts users and enables them to check the statistical
ratings of the level of metrology in any country in the most publicly available way and to
obtain the reliable information on the country's measurement capabilities that is easily
verifiable by anyone with the Internet access.

The report demonstrates the statistical data on the Calibration and Measuring
Capabilities of the Russian Federation registered in the KCDB in comparison with the relative
fugures for thel2 leading countries from the list.

References:

1. Blevin, WR (March 1998). National and international needs relating to
metrology: International collaborations and the role of the BIPM. Sévres, France

2. Kovalevsky, J; Kaarls, R (April 2003). Evolving Needs for Metrology in Trade,
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CEKIIUA «QJJEKTPHYECKHUE U3MEPEHUWS
SECTIONAL MEETING «<ELECTRICAL MEASUREMENTS»

9TAJTOHHASA BA3A ®I'YIl «BHUUM UM. I.U. MEHJEJIEEBA» B
OBJIACTH UBMEPEHUM SJIEKTPUYECKOT' O HATIPSI)KEHU ST
A.C. Katkos, B.B. Kpecrosckuii, I'.I1. Tenutuenko, JI.B. [llaBangun, B.W. [lleBos,
E.A. IOpuenko
DdI'VII « BHUUM um. J[. 1. Menoeneesar

Paccmotpensl Bompocsl cocTosiHus aTanonHoi 6a3st BHUMM B o6nactu nsmepeHuit
IIOCTOSIHHOTO M TIEPEMEHHOr0 3JIEKTPUYECKOr0 HampsbkeHHs B auanasoHe no 1000 B, npu
yactorax oT 0 mo 2 I'T'm.

IIpuBeneHbl  CTPYKTypbl IIOCTPOCHUS W METPOJIOTUYECKUE  XapaKTEPUCTUKU
I'ocynapctBeHHbIX nepBUYHbBIX 3TaioHoB ['OT 13, I'OT 27 u I'OT 89.

[TpuBeneHbI 1aHHbBIE 00 U3MEPUTENBHBIX U KATHOPOBOUHBIX BO3MOKHOCTSIX BHUNM,
npeJacTaBlIeHHbIX B 0a3ze naHHeix MBMB, mnonrsepknennsix yuyactuem BHUUM B
MEXIyHapOJHBIX KJIFOUEBBIX CIIMUEHUSAX.

THE VNIIM REFERENCE BASE IN THE FIELD OF ELECTRICAL
VOLTAGE MEASUREMENTS
A.S. Katkov, V.V. Krestovsky, G.P. Telitchenko, D.V. Shavaldin, V.I. Shevtsov,
E.A. Yurchenko

Present state and condition of the VNIIM reference base in the field of DC and AC
voltage measurements in the range of up to 1000 V at frequencies from 0 to 2 GHz is
considered in the report.

Structures and metrological characteristics of the State primary standards GET 13,
GET 27 and GET 89 are given.

Data on the measurement and calibration capabilities of VNIIM, as represented in the
BIPM database, confirmed by VNIIM participation in international key comparisons, is
presented.

9TAJTOHHAS BA3A DJIEKTPOSHEPI'ETUKHU U EE PABBUTUE HA
OCHOBE COBPEMEHHBIX TH®OPMAIIMOHHO-U3MEPUTEJIbHbIX
TEXHOJIOT UH
E.3. Hlanupo, I'.b. I'yonep, A.C. Hukutus,
@OI'VII « BHUUM um. /.M. Menoeneesa»
1lab2203@vniim.ru

B 0030pHOM A0OKIaze OTpa)KCHBI OCHOBHBIC 3TaIlbl CTAHOBIICHUS JTAJIOHHON 0a3bl
CTpaHbl B OOJIACTH DJICKTPOIHEPreTHKH, €€ COBPEMEHHOE COCTOSIHME C TOYEK 3PCHUS
COOTBETCTBHS MOTPEOHOCTSM TPOMBIIUICHHOCTH W YPOBHIO MEXIYHAapOIHBIX pabOT B ITOM
00macTH.

[TokazaHo, 94TO B YaCTH METPOJOTHYECKOTO OOECIEUEHHUs CPEICTB M3MEPECHUU U
CHCTEM KOMMEpPYECKOTO Yy4YeTa KOJHYECTBA OJJICKTPUYCCKOH HHEPrMH B KIACCHUCCKUX
IEKTPUICCKUX CETAX COCTOSHHE JTATOHHOW 0a3bl JIOCTATOYHO YIOBIETBOPUTEIBHOE, U
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BBICOKHI YpOBEHb TOYHOCTH BOCIPOM3BEICHHS €IWHUIl MOATBEPKJIEH KIIOUYEBbIMU
MEXyHapOAHBIMU CINYECHUSIMH.

Bmecre ¢ TeMm, OoiblIoe KOJMYECTBO 3JIEKTpodHepreTuueckux BenuuyuH (D39B),
HacuuThIBaOMMUX Oojee 30 HAaMMEHOBaHMIA, pE3yNbTaThl M3MEPEHUN KOTOPBIX HEOOXOJUMBI
JUIsL  KOHTPOJsS  KayecTBa  DJEKTPUYECKOM  HSHEpruu, obecrneyeHus: O€30MacHOCTH
HHEProOOBEKTOB, YCTOMUMBOCTU U OecnepeOOHHOCTH paboThl AMEKTPUYECKHX CETEeH, B TOM
qrciie HHTeJUIeKTyalnbHbIX (Smart Grid), He UMEIOT YeTKOM MPOCIEKUBAEMOCTH K ATAJIOHAM
0a30BBIX JEKTPUUECKUX BEITUUNH.

PaboTsr o COBEPIICHCTBOBAHHIO ATaJTOHHOU 0a3bl OTEYECTBEHHOM
ANEKTPOdHEpreTuku mnposogarcs cerogHss B BHUMM wum. JI.M. MenneneeBa B 1ByX
HaIpPaBJIEHUSX:

1 OoO6ecnieueHre BOCHPOM3BEACHUS E€IUHMII H3MEPEHUH TMOKas3aTelel KauyecTBa
anektpudeckoir sHeprun (IIKD) m mapamerpoB asnextpuueckux cereit (I19C), uzmepenus
KOTOPBIX HE OXBA4€HBI JEHCTBYIOIUMHU [TOBEPOYHBIMU CXEMAMU;

2 (OO0ecrieyeHne MPOCIEKUBAEMOCTH PE3YJbTATOB H3MEPEHUI DJIEKTPHUUYECKHUX
BEJIMYMH, XapaKTepU3YIOLIUX MapaMeTpbl MHTEIUIEKTYaJbHBIX 3JEKTpUUECKUX ceTeill (Smart
Grid).

DKOHOMHMYECKH Ienecoo0pasHas pead3alysi 3TUX HalpaBlIEeHUH MpeaycMaTpHUBaeT
MaKCHUMaJIbHO BO3MOXHOE MHCIOJb30BaHME ammaparypbl M MPOrpaMMHOIO oOecreyeHUs
roCyJAapCTBEHHOTO MIEPBUYHOTO ITAJIOHA €IMHUIL dTeKTprudeckor momuocty DT 153-2012 u
JIOTIOJIHEHHUE €0 CTPYKTYphl He00X01uMbIMU Os10kamMu. [1o cyiecTBy pedub UJET O CO3AaHUU B
MEePCIEeKTHBE MHOTO()YHKIMOHAIIBHOTO IEPBUYHOTO 3TAJIOHA psAjia BaxKHEHIUX eauHul 90B.

B 3akmioyeHMu JOKJIaga TOKa3aHbl  CO3JAHHBIE COBMECTHO Jlaboparopueit
anektposnepretukn  BHUUM u HIII «Mapc-DHepro» BTOPHUYHBIN ATAlOH €IUHUIBI
AIIEKTPUYECKOW MOIIHOCTH M YCTaHOBKA JJs KAJIUOPOBKM M TOBEPKU HIIEKTPOHHBIX
ONTUYECKUX TPaHCPOPMATOPOB HANPSDKEHUS M TOKA C BBIXOAHBIMU CHUTHaJIaMU B Qopmarte
npoTokosa 61850-9-2, ucnonb3yeMbIX B UPPOBBIX MOJACTAHIUAX UHTEIJIEKTYAIbHbIX CeTel.

MEASUREMENT STANDARDS USED IN THE ELECTRIC POWER
ENGINEERING SECTOR AND THEIR FURTHER DEVELOPMENT ON THE BASIS
OF DATA-COMPUTING MEASUREMENT TECHNOLOGIES
Shapiro, E.Z., Gubler, G.B., Nikitin, A.S.,

D.1. Mendeleyev Institute of Metrology
1ab2203@vniim.ru

This overview report shows some main stages in the development of national
measurement standards in the field of electric power engineering and their present state from
the point of view of their correspondence to the needs of industry and in comparison with the
global avances in the field.

It is shown that in terms of metrological provision of measuring instruments and
systems of commercial accounting for electric power consumption in conventional grids, the
state of our standards is quite satisfactory and the high accuracy with which the electric power
units are realized has been confirmed by international key comparisons.

It is also outlined that there is no well defined traceability to standards of the units of
the basic electical quantities. This concerns a large number of more that 30 electric power
quatities playing a part in monitoring the quality of the electric power, enhancing the safety of
power facilities, sustainability and service continuity of electricity grids including the Smart
Grids.

The ongoing work aimed at improving the standards for the national electric power
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sector is carried out at VNIIM at two levels:

1. Realization of the units of the electric power quality indicators and those of the
parameters of electric grids, measuring which is not included in the existing verification
charts (hierarchy schemes).

2. Provision of traceability of measurement results of electric quantities that
characterize the parameters of Smart Grids.

Cost-effective work at both levels provides for the best possible use of the equipment
and software of the State Primary Standard of the Electric Power Units (GET 153-2012),
whose structure needs to be completed by additional necessary modules. Essentially,
prospects of creating a multi-functional primary standard for a number of the most important
electric power units are discussed.

In conclusion, the paper describes a secondary standard of the electric power unit and
a setup for calibration and verification of electronic optical voltage and current transformers
with output signal in the form of protocol 61850-9-2, such as used in digital substations of the
Smart Grids.

PA3ZBUTHE STAJTOHHOM BA3BI JJI5S1 OBJJACTEW U3MEPEHUI
MATHUTHOM UHAYKIIMU U MATHUTHOI'O IOTOKA
J.W. bensxos, B.H. Xopes, A.E. llIunos, B.A. Hludpun
QOI'VII « BHUUM um. /.M. Menoeneesa»
V.Ya.Shifrin@vniim.ru

OnHoO#l M3 OCHOBHBIX IIE€JIEH HCCIIEIOBAHHM, OOCYXKIAEMBIX B JOKJAJNE, SBISETCS
pacupeHre 00JIaACTH METPOJIOIMYECKOro oOecreyeHus H3MepeHHil 0a30BON  eIMHMIIBI
MarHUTHBIX BEIMYMH — MarHuTHoM muaykiuu (MU), HemocpencTBeHHO omuparolieicss Ha
rocyaapCTBeHHbIH nepBuuHbIil atanon DT 12-2011 [1], ot mpexenos 1:10 °—1-10 T go
1:10% — 1 Tn, 94TO COOTBETCTBYET COBPEMEHHBIM MHOTPEOHOCTAM MPOMBIIIIEHHOCTH,
00OpPOHHBIX OTpAciel U HAyYHBIX UCCIIEOBAaHUI

Cy1iecTByIOT IPUHLUINUAIBHBIE OIPAaHUYEHMS], CBS3aHHBIE C HECOTJIACOBAaHHOCTHIO
JIMania30HOB M3MEPEHMH, PEAM30BaHHBIX HA OCHOBE CYLIECTBYIOIIMX KBAaHTOBBIX METO/OB
m3Mepennii B mpezgenax 1:10 - 1-1073 Tou 1-10 3 - 2:102 Ti. D10 He 1aBATO BO3ZMOKHOCTD
HEMOCPEACTBEHHONW mepenaun pasmepa enuHuisl or ['DT12-2011 ko Bcem olmactsam
m3Mepennii B quanasone ot 1-10°% 1o 1 Tn B mpesxHMe romsL.

B npeasiaymue nBa rojga paspaboTaH HOPSAOK mepenaud pasMepa enuHuisl MU
pabouum Teciamerpam B auanazoHe oT 1 MmTu qo 1 Ti ot I'ocynapctBennoro stanona ['9T12-
2011. On BxiouaeT B ceds mepenady pa3mepa €IMHHUIBI OT ATAJIOHHOIO TEIUil-11e3UeBOro
MarHuTOMeTpa pa3paboTaHHOMY KBAaHTOBOMY Iie3ueBoMmy kommapatopy (KLIM) mnpu
MarauTHON uHAykiuu 1 mMTn u or KM »srtanonHomy sipepHo-pe3oHaHcHoMy (SIMP)
TecnaMeTpy B auamnazoHe 15 — 25 mTn. [uanazon ot 15 mMTn mo 1 Tn mepekpriBaercs
cosganHeiM SIMP Tecimamerpom, ONHpAKOMKMMCS HAa SKCIEPUMEHTAIBHO HW3MEPEHHYIO
KOHCTaHTY nipeoOpa3oBanus yactoTsl AMP B enqunuib! usmepsiemoit MU.

Peanuzamus ¢ynkumm nepemaum pasmepa eauHUIbI MU B 00acTh BETWYMH MHOTO
MeHee ecTecTBeHHOro ¢oHa MarHutHoro mois 3emuu (20 — 100 mxTn ) ocymectBusieTcs
MOCPEACTBOM Pa3pabOTaHHON METOAMKHU U MPOTrpaMMHUPYEMON TEXHUKH TOYHON KOMIIEHCAIIUU
U KOHTPOJI «HYJISD» MOJs, ¢ MOCIEIYIOIIMM BOCIPOU3BEIEHUEM HOPMHPOBAHHBIX BEJIWYMH
MU B npenemnax £1000 #Tx [2].

JlaHHas 3ajnada pemiaeTcs Ha 0ase pacuMpeHHus (YHKIMOHAJIBHBIX BO3MOXKHOCTEH
ATAJIOHHOM TPEXKOMIIOHEHTHOW MEpHI - KOMITapaTopa cpeAcTB uzMepennii MU nocrostHHOro
noars OTMK wm »sramoHHoro renuii-uesueBoro Marmuromerpa OI'M u3  cocraBa
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rOCyJIapCTBEHHOTO MEPBUYHOTO ATAIOHA €IMHUI] MAarHUTHBIX BenuuH ['OT 12-2011.

Bropoii akTyanbHOH 3amaueil sBISETCS METPOJIOTHYECKOEe OOEeCIeYeHHe CpeiCTB
U3MEPEHUM MAarHUTHOIO TIOTOKAa JUIsl OIpPEAENICHHs CBOMCTB MAarHUTHBIX MaTEPHAIOB.
YCTaHOBJIEHO, YTO B HTOW 3aJadye METOJUYECKHE IOIPEIIHOCTH 3HAYUTENIBHO IPEBBIIIAIOT
MHCTPYMEHTAJIbHBIE TMOTPEIIHOCTH u3MepeHHi. C 1enbr0  M3y4eHUs METOAMYECKUX
MOTPEIIHOCTEN M3TOTOBJIEH M HMCCIENI0BaH HKCIEPUMEHTANbHBIM 00pa3en MHIYKIIMOHHOTO
KoMIIaparopa i nepenadyu pazmepa BoO cpenctBam nzMepeHuii mapaMeTpoB MArHUTOMSTKHX
MaTepHaoB. Brinonneno JKCIIEPUMEHTAIILHOE OIpelIeTICHUE K03 PHUIIHEHTOB
npeoOpa3oBaHus M HEOIPENEICeHHOCTH pe3yJbTaTOB H3MEpeHHi 0a30BOro sjeMeHTa
MHIYKIIMOHHOTO KOMIapaTopa - [ByxkaHaibHoro USB-¢uokcmerpa.

Pa3paboTanbl KOMMBIOTEPHBIE MPOrPaMMBbl, MO3BOJISIIOIIME IOBBICUTH TOYHOCTD
U3MEPEHUM MAarHUTHOM MHIYKIMM HACBIIICHUS, OCTaTOYHOM MArHUTHOM WHAYKIUU H
KOSPLUTUBHON CUJIBI MATHUTOMSATKHX MaTE€PHAIIOB.

Jluteparypa

1. BSA.Iudppun, B.H. Xope, B.H. Kanabun, C.JI. Boponos, A.E. Illunos,
W3mepurenbHas texnuka, 2012, Ne 7, ctp. 3-7.

2. B.A. llIndpun, B.H. Kanabun, JI.W. benskos, U3meputenbHas Texanka, 2016, Ne 9,
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DEVELOPMENT OF STANDARD BASE IN SPHERE OF A MAGNETIC
FLUX DENSITY AND MAGNETIC FLUX MEASUREMENTS
Belyakov D.I, Khorev V.N., Shilov A. E., Shifrin V.Y.
D.1.Mendeleyev Institute for Metrology
V.Ya.Shifrin@vniim.ru

One of the main purposes of the research discussed in this report is the expansion of
the range of Metrological assurance for the measurements of magnetic flux density (MFD)
basing immediatelly on the state primary standard GET 12-2011 [1] from the existing limits
of 1-10%-1-10 > T up to arange of 1:10 *- 1 T, which meets the new requirements of the
industry, defense and scientific research.

Fundamental limitations exist, connected with the non-agreement of measurement
ranges based on the existing methods of quantum measurements within the limits of 1-10 8-
1:103 Tand 1-10 = -2:10 2 T. It used to make impossible direct transfer of Tesla unit from
GET12-2011 to all areas of measurements in the range from 1-10% up to 1 T.

Methods and techniques of transfer of MFD unit in the range from 1 mTupto 1 T
from the GET 12-2011 State standard to the operational teslameters have been developed in
the last two years. They include transfer of the unit from the standard helium-cesium
magnetometer to the AMR comparator at the MFD values of 1 - 1,5 mT and from AMRC to a
developed nuclear magnetic resonance (NMR) teslameter within the range of 15 - 25 mT. The
range from 15 mT up to 1 T is spanned by the NMR teslameter, built on the previously
experimentally measured Hz/T constant for converting the NMR frequency into the units of
MFD being measured.

MFD unit transfer within the range of 1000 to 10 nT is carried out by means of the
developed method and programmed techniques of precision Earth magnetic field (20 — 100
uT) compensation, "zero" MFD control and reproduction by a phase AMR-frequency
comparator with normalized increment in the limits of + 1000 nT [2]. This function is realized
on the basis of DC MFD standard comparator and standard helium-cesium magnetometer
included in the state primary standard GET 12-2011.
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The second urgent task is metrological assurance of magnetic flux measurements in
order to determine the properties of magnetic materials.

It has been established that methodological errors considerably exceed instrumental
measurement errors in this task. With the aim of exploring methodological errors, an
experimental model of induction comparator has been built and investigate, whose purpose is
to transfer the unit of Wb to measurement instruments used for soft magnetic materials.

Conversion factors and uncertainty of measurement results for the dual USB-
fluxmeter, which is the base element of induction comparator, were experimentally
determined.

Software has been developed to provide for an increase in measurement accuracy of
the magnetic saturation induction, residual magnetic induction and coercive force in soft
magnetic materials.

References

1 Shifrin V.Y., V.N. Khorev, V.N. Kalabin, S.L. Voronov, A.E. Shilov, “State standards:
state primary standard for the units of magnetic induction, magnetic flux, magnetic moment,
and magnetic induction gradient” // Measurement Techniques, 3garensctBo: Springer New
York Consultants Bureau ISSN: 0543-1972. - 2012. - Ne7. - C. 739-744.

3. Shifrin V. Ya, Kalabin V. N, Belyakov D.I.. “Development of a Reference
Framework for the Measurement of Magnetic Induction of a Constant Field in the Range of
Geomagnetic and the Hypo-Geomagnetic Values”, Measurement Techniques, 59(9), 975-978,
DOI 10.1007/s11018-016-1078-y, Springer 2016.

PA3BUTHE 3TAJIOHOB QJIEKTPUYECKUX BEJIMYUH B
PEITMOHAJIBHBIX HEHTPAX METPOJIOT'UH
[TaBnos P.B.
DBY «Tecm-C.-Ilemepoype»
pavlov-ruslan@mail.ru

PervonanbHbie MCTPOJIOTHYCCKUC ILCHTPBI, KaK IpPaBHJIO, B KAaYCCTBC HCXOJHBIX
OTAJIOHOB pacrojJaratoT BTOPUYHBIMU OJSTAaJIOHAMU WA pa60qI/IMI/I 9TaJIOHAMH II€PBOIoO
paspsaa. TpaI[I/II_[I/IOHHLIMI/I 3aia4aMi IIpHU 5TOM ABJISIFOTCA:

I. aBTOMAaTHU3allUsl ATAJOHOB W HM3MEPUTEIbHBIX IMPOLENYp, MOBBIILIEHUE YPOBHS
MHTEJJIEKTYaIM3alUN STAJIOHHBIX U3MEPUTEIbHO-BBIUNCIUTEIBHBIX KOMIUIEKCOB;

2. MOBBILIEHNE TOYHOCTH 3TAJIOHOB;

3. paciMpeHye Juana3zoHoB MPH BBIIIOJIHEHUU pa0oT 10 MOBEPKE U KaTHuOpOBKeE.

K TpaguunoHHbIM 3a1a4aM HEOOXOIUMO J0OABUTH Pa3BUTHE CUCTEMHBIX MOJX0/I0B K
Pa3BUTHIO STAIIOHOB B 00JIACTU U3MEPEHUS FIEKTPUUECKUX BETMYUH. DTOT MOJXO/ O3BOJISET
COBEpILIEHCTBOBaTh METOJUKM H3MEPEHUH, KaJIMOpOBKH, TMOBEPKHM HA OCHOBE MEPEIOBBIX
JIOCTHKEHUI B 00JACTH M3MEPUTENIbHON TEXHUKH, METOJOB H3MEPEHHH, aBTOMATHU3alllU U
uHpopmatuzauuu usmMepeHuii. K stomy HeoO6XxoammMo m100aBUTH TOT (PAaKT, UYTO 3TAJOHBI
ANEKTPUUECKUX BEJIMYHH CBSI3aHBI COTJIACHO 3aKOHY OMa, 4TO OnpenenseT nX KOMIUIEKCHBIN
xapakrep. CHCTEMHBIM MOAXOJ CIEAYeT YYMTHIBATh NPU PA3BUTHM TEXHUUYECKUX CPENCTB,
obOecreunBarOmUX (PYHKIIMOHUPOBAHHUE ATAIOHOB B OOJACTH JJIEKTPUUYECKUX H3MEPEHHI.
IlocnenHue, COINIACHO MEXKIYHAapOAHBIM CTaHAApTaM, OTHOCATCS K W3MEPUTEIbHOMY
000pyIOBaHUIO HapsAy CO CPEACTBAMH U3MEPEHUH.

KommnekcHbli monaxon mnpu pa3Butuu 3TanoHoB B DPBY  «Tect-C.-IletepOypr»
YUUTBIBAI: PACIIMPEHHE WAaIla30HA 4acTOT IIPU COBEPIIEHCTBOBAHMM ['ocynapcTBEHHOTO
BTOPUYHOI'O OTajOHA EOUHULBI JJIEKTPUYECKOTO HANPSKEHUS; IOBBIIICHUE YPOBHS
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aBTOMATHU3AIMH BCEX ITAJOHOB B 00JIACTH JIEKTPUUECKUX U3MEPEHHI; COBEPIICHCTBOBAHHUE

TEPMOCTATOB  YCTPOWCTB  KOMMYyTalUMH JUIl  TMOAKIIOYEHUS MEpP  JIEKTPUUYECKOTO
conpoTuBieHus. Ha ocHoBe HHGOPMAIIMOHHOTO 0TOOPa B COCTAB ATATIOHOB OBLITH BKIIFOUCHBI

HOBBIE TIPeoOpa3oBaTEeNd, KOMIUJIEKTBI TEPMOCTATHPOBAHHBIX MEpP  AJIEKTPUUYECKOTO
CONPOTHUBJIEHUS] C aJalTUPOBAHHOW [JIs I€J€d aBTOMAaTHU3alUH CHUCTEMOW KOMMYTAllWH,
pa3paboTaHO HOBOE MPOTPaMMHOE OOECIeueHHe, PelIeHbl BOMPOCH aBTOHOMHOW pPabOThHI
U3MEpUTENbHBIX Mpeobpas3oBareneil. [IpoBeneHHble pabOTHl COAEHCTBOBAIM MOBBILICHUIO
YpOBHsI oOecredeHuss eAMHCTBA W3MEpPEHHUH, KauecTBa U METPOJIOTHYECKON HaJIe)KHOCTH
MPUMEHSEMBIX ITAJOHOB.

DEVELOPMENT OF ELECTRICAL QUANTITY MEASUREMENT
STANDARDS IN REGIONAL METROLOGICAL CENTRES
Pavlov R.V.
State Centre “Test-St.Petersburg”
pavlov-ruslan@mail.ru

Regional metrological centers, as a rule, deal with secondary or first class working
measurement standards as reference standards. Traditional tasks in their activities are:

1. Automatisaton of measurement standards and measurement procedures, improvement
of intellectualization levels of standard measuring and computing complexes.

2. Improving the accuracy of measurement standards.

3. Expansion of verification and calibration ranges.

Development of systematic approaches in the field of electrical measurement should
be added to those traditional tasks. These approaches allow to improve procedures for
measurement, calibration and verification on the basis of actual advances in measuring
devices, procedures automatisaton and informatisation of measurements. Moreover, electrical
measurement standards are inter-linked according to the Ohm’s law, which defines their
complex nature. Systematic approach should be conidered in development of technical means
providing for the functionality of measurement standards in the field of electrical
measurements.

Complex approach to development of measurement standards in the State Centre
“Test-Saint-Petersburg” takes the following into account: expansion of frequency ranges as a
result of the improvements in the State secondary standard of electrical voltage; an increase
in automatisaton levels for all standards in the field of electrical measurements; improvements
in thermostats of commutative devices for connection of electrical resistance measures. On
the grounds of informational selection, new converters, sets of thermostatic measures of
electrical resistance with commutation system adapted for the purposes of automatisaton were
included into the standards; also, new software was developed, and the tasks of autonomous
work of measurement converters were solved. These works helped to improve the level of
measurement aaurance, quality and metrological reliability of standards used.
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MHOI'O3HAYHAS MEPA HATIPSI’KEHUSI HA OCHOBE
JKOZE®COHOBCKHUX KOHTAKTOB U3 BLICOKOTEMITIEPATYPHBIX
CBEPXITPOBO/IHUKOB
Knymua A.M.!, Xopmres C.K 2
I Unemumym gpusuxu muxpocmpyxmyp PAH, 2. Huocnuti Hos2opoo
2 AO «DHIIL] « HHUITU «Ksapyy umenu A.I1. F'opwxosay, 2. Husxcnuii Hos2opoo
a_klushin@ipmras.ru

Pa3paborana MmHOro3HauHas Mepa HanpspkeHus H4-21 [1], B koTopoit HCHONIb3yIOTCS
NPELU3UOHHbIE CBOWCTBA CTAaOMJIIUTPOHOB U KBaHTOBBIE CBOMCTBa J1K03€()COHOBCKUX
KOHTaKTOB M3 BbICOKOTeMMepaTypHbIX cBepxnpoBoaHukoB (BTCII), paOotaromux npu
temneparype 74-77 K. B nokmange oOcykaaroTcsi mapaMmeTpbl HKO3e()COHOBCKMX KOHTAKTOB
n3 BTCII, npuHOWNBI IOCTPOEHHS MEpbl HANpsDKEHUsS Ha WX OCHOBE, a TaKxke
METPOJIOTHUECKHE  XapaKTepUCTUKU HOBoro nmnpubopa. IIpoBereHHbIE CIUYEHUS C
MUKpPOCXEMOW U3 HUoOus, oxyaxaaeMoil no temneparypbl 4.2 K, mokasanu, 4To TUIIHUYHOE
3HaY€HHE OTHOCUTEIbHON HEONPEAEeIEHHOCTH BbIXOAHOTO HANPSYKEHUSI MEPhI HE ITPEBBILIACT
5x10% [2], m mo cBOMM mapamMeTpaM HOBBIi TpPHOOp YIOBIETBOPAET TPeOOBAHMAM,
IPEIbABISEMBIM K STAJIOHHBIM CPEJCTBAM U3MEPEHHUS.

Jluteparypa
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2. Khorshev S.K., Pashkovsky A.I., Rogozhkina N.V., Levichev M.Yu., Pestov E.E.,
Katkov A.S, Behr R., Kohlmann J., Klushin A.M. Conference Digest, art. no. 7540701, DOI:
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MULTIVALUE VOLTAGE STANDARD BASED ON HIGH TEMPERATURE
SUPERCONDUCTOR JOSEPHSON JUNCTIONS
Klushin A.M.!, Khorshev S.K.2
! Institute for Physics of Microstructures of the Russian Academy of Sciences (IPM
RAS),
Nyzhny Novgorod, Russia
2 Institute of Electronic Measurements (IEM) KVARZ, Nyzhny Novgorod, Russia
a_klushin@ipmras.ru

We have developed a multivalue voltage reference standard N4-21 [1] in which the
precision properties of the Zener diodes and quantum properties of high-temperature
superconductor (HTS) Josephson junctions, working at the temperatures of 74-77 K are used.

The report describes the parameters of the HTS Josephson junctions, the construction
principles of the voltage standard, as well as metrological properties of the new device. The

direct comparison against an array of niobium Josephson junctions cooled to 4.2 K reveals
that the typical value of the relative uncertainty of the output voltage of our standard does not
exceed 5 407 [2], and thus, the new device meets the requirements for the reference standard
measuring instruments.

Reference

1. Voltage standard N4-21, http://www.kvarz.com/general/N4-21.html
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POCCHUMCKME DJEKTPOTEIJIOBBIE M JINOJHO-JIETEKTOPHBIE
TEXHOJIOTUM U3MEPEHUS MTEPEMEHHBIX HATIPSI)KEHUIM BBICIIEN
TOYHOCTHU
I'ypesua M.JL!, Illeprios B.1.2
T40 «@HII] «HHUITH «Ksapyy, 2. Huscnuti Hos2opoo,
2@ryIr1 « BHUUM um. JI.H. Menoeneesay, 2. Cankm-Ilemepbype
MLGurevich@mail.ru
V.1.Schevtsov@vniim.ru

B pabounx osramonax 1-ro u 2-ro paspsgoB no ['OCT P 8.848-2015
MpeyCMaTpUBAETCsl  WCIIOJIb30BAHME  TEPBUYHBIX  IpeoOpa3oBareneil  MepeMEHHOTo
HallpsDKEHUsT B IIOCTOSIHHOE HampsbkeHue. B numamasone wactor po 30 MI'm Ttakue
npeoOpa3oBaTesid CTPOSATCS HA OCHOBE JIEKTPOTEIIOBBIX, a B quana3oHe 10 2000 MI' — Ha
OCHOBE JIMOIHO-AECTEKTOPHBIX YCTpoHCTB. OpHaKo MHOTHME M3 3TUX IpeoOpa3oBareneit
paspabortanbl Oosnee 30 yer Haszax, BbIpadOTanM CBOM pecypc W HE YJIOBIETBOPSIOT
COBPEMEHHBIM METPOJIOTMUYECKUM U IKCILUTYaTaIllMOHHBIM TPEOOBAHUSM.

TeopeTnueckne M SKCIEPUMEHTAIBHBIE MCCIEAOBAHUS, BBIIIOJIHEHHbBIE YUYEHBIMU
npubopocTtpoutenbHoro nHerutyta «Ksapiy (r. Huxuauit Horopon) u « BHUUM um. JI.U.
MeneneeBay, 3aBepIIMIMCh CO3/JaHHMEM HOBBIX IPELM3HOHHBIX IpeoOpa3zoBaresei,
OCHOBaHHBIX Ha COYETAHUU CHEHHATM3UPOBAHHBIX JJIEMEHTOB MHKPOIJIEKTPOHUKU U
OPUTMHAJIBHBIX CXEMHO-TEXHMYECKMX M KOHCTPYKTHUBHBIX pemeHuii: B9-14, B9-25, ITHTO-
35, TIHT3-36, B7-83, KkoTOphie NPOLUIM HWCHBITAaHUSA, BHECEHbI B «DenepaabHbIil
uHpOPMaLMOHHBIN (OoHA 10 00eCIeUeHHIO eIMHCTBA U3MEPEHUID U YCIETHO IPUMEHSIOTCS
BO BTOPUYHBIX ITaJIOHAX, a TAK)KE B ATAJIOHAX 1-r0 U 2-T0 pa3psja peruoHalbHbIX LIEHTPOB
Merposioruu PO.

B noknane mnpUBOIATCS OCHOBHBIE XapaKTEpUCTUKHU, W  OLIEHUBAETCA  OIBIT
IPUMEHEHHS HOBBIX IPHUOOPOB.

RUSSIAN ELECTROTHERMAL AND DIODE-DETECTOR
TECHNOLOGIES FOR MEASURING AC VOLTAGES ON THE HIGHEST LEVEL
OF ACCURACY
Gurevich M.L.!, Schevtsov V.I.2
IScientifics Institute of electronic measurements «kKVARZ» (Nizhny Novgorog)
’D.1. Mendeleyev Institute for Metrology « VNIIMy (Saint Petersburg)
MLGurevich@mail.ru
V.I.Schevtsov@vniim.ru

Working measurement standards of the 1 *t and 2™ class in accordance with the GOST
R 8.848-2015 suppose that primary AC-DC converters are used. In the frequency range of up
to 30 MHz; such converters are constructed on the basis of electrothermal devices, and in the
range of up to 2000 MHz — on the basis of diode-detector ones. However, many of these
converters were designed more than 30 years ago and have reached the end of their service
life, so they do not meet modern metrological and operational requirements anymore.

Theoretical and experimental investigations carried out by scientists of the Institute of
electronic measurements "KVARZ" (Nizhny Novgorod) and D.I. Mendeleyev Institute for

64 COopHUK aHHOTAIIMIA JOKJIaI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

metrology resulted in the creation of new precision converters based on a combination of
specific elements of microelectronics and original circuit-engineering and structural solutions:
VO9-14, V9-25, PNTE-35, PNTE-36, B7-83 converters, that have been certified and included
in the Federal information fund for metrological assurance, and are now successfully used in
secondary measurement standards, as well as in standards of the ' and 2% class of the
Russian regional centers for metrology.

The report describes main characteristics of the new devices, analyses and evaluates
the experience of their use.

MPUBOPHBI BLICIHEN TOYHOCTH B OBJACTH SJIEKTPUUECKHUX U
TEIJIO®N3UYECKWX U3MEPEHUI
3acnaBckuii B.A.
00O npeonpusmue «3UI1-Hayunpubop»
zslv@znp.ru

«3UIT-Hayunpubop» obpazoBan Ha 6aze CKb 3aBoga «3UII» r. Kpacnonap (c 1949 1.)
Pa3zpabarbiBaeT M HM3roTaBIMBACT 3TAJOHHBIE M BBICOKOTOUHBbIE MPHUOOPHI U YCTPONCTBA.
[Tonyuareneit mpoaykuuu Oosnee 3000: Bce HMHCTUTYTBI UM METPOJIOTMUYECKHE ILIEHTPHI
['occrannapra, METpOJIOTHUYECKUE CIYKObl CHJIOBBIX MMHHMCTEPCTB, BEAYILIUE Hay4dHbIE U
IIPOU3BOJICTBEHHBIE IEHTPHI PAKETHO-KOCMUYECKOM, aTOMHOM oTpaciiel, npeanpusarus TOK u
T.I.

OcHOBHast HOMEHKJIATYpa METPOJIOTHUECKUX TPUOOPOB:

- OHO3HAYHbIE, MHOTO3HAYHbIE U TEPMOCTATUPOBAHHBIE MEPBI CONPOTUBIICHUS, TAKUE
kak: MC3050M, MC3050T, MC3070M. Bce stu mnpubopsl BxonsaT B HanumoHanbHble U
CriennanbHble 3TaJIOHBI COPOTUBIICHMUS], TEMIIEPATYPbI, HAIIPSHKEHUS U TOKA;

- Umutaropsl TepmonpeodpazoBareneii conporusienus MK3002;

- Kommnaparopsi-kanuOpatops! yausepcanbabsie KM300;

- HoBoe nokosienne nu¢ppoBbIX MHOTO3HAUYHBIX MEP JIEKTPUUECKOT0 CONPOTUBICHUS
MC3071 B mmanazone 0,01 Om — 100 MOwm, marom ot 0,001 Om, KIaccoM TOYHOCTH JIO
0,001, ¢ aBTOMaTHYECKON KOMIIEHCALIMEN HAYaJbHOTO CONPOTUBICHUS M OTKIOHEHUS OT
HOMMHAJIA.

Bricokue MeTposiornyeckue XapakTepUCTUKU NPUOOPOB 00ECHeunBaeTCs B IMEPBYIO
ouepelib 3a CYeT 0CO00CTAOMIIBHBIX PE3UCTOPOB COOCTBEHHOM pa3pabOTKU U MIPOU3BOJICTBA U
TEpMOCTAOMIN3AIeH METPOJIOTHYECKU BaXKHBIX Y3JIOB U CXEM.

B pa3zpaboTke HaxonsTcs:

- HoBoe mokonenue mudposeix ommerpoB CO 3001, mmamazon 1 Om — 1T'Om ¢
OCHOBHOM norpemHocTsio 10 0,002.

- Ilpeuu3noHHBIA BO3IYIIHBIM TEpMOCTaT Il KPYNMHOraOapUTHBIX ASTaJOHHBIX
npubopoB ¢ obvemoM kamepsl 225 smTpoB  (630x590x610 MM), aAManazoHOM
BOCIPOU3BOANMBIX TeMiieparyp oT 5 10 50 °C u TouHocThio noaaepxkanus ao +0,02 °C.

OcHOBHBIE 0OBEKTHI TEPMOCTATUPOBAHMS:

Mepbl 37€KTPUUECKOT0 COMTPOTHUBIEHUS MHOTO3HAYHBIE:

- MC 3071- lmr.

- MC 3070 (MC 3070M-2) — lmT.

- P3026 — 1 mr.

Mepbl 371eKTPHYECKOT0 COTIPOTUBIIEHUS OJIHO3HAYHbIE!

- P3030, P3031, MC3050 -20 .

- P310, P321 -12 mr.

- P4015-P4018 - 9 .
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HopMmasnbHbie 351€MEHTHI:

- M34700, MB4700, X4810, X480, X485/1, X485/3 — 20 1.

- X488/1.../3 - 3 .

- TepmocraTpoBaHHbBIE KOMILJIEKTHI OJTHO3HAYHBIX MEP B UAIIa30HE CONIPOTUBIICHUS
ot 0,001 Om go 10 MOwm B ctoeynoM (19°°) mu HacTOIBHOM BapuaHTaX, C TOYHOCTBHIO
nojyiep>kanus remnepatypst 10 0,005 °C.

MHorue u3 Hamux MpUOOPOB CO3JaHBl B COTPYJIHUYECTBE CO CIEHUATHCTaMU
BHUHWM, naunHas ¢ CO3AaHUS U UCCIIEI0BAHUS KATYyIIEK CONMPOTUBIEHUSI HOMUHaiIoM 1 OM B
50-e roasl mo pykoBoacTBoM K.T.H. B.II. IlluropmHa. OTO COTPyAHMYECTBO IMPOJIOJIKAET
aKTHUBHO pa3BHUBAThCS W B HACTOsIIEE BpeMs, B TOM 4YHCJIE B 00JAaCTH COBEPLICHCTBOBAHUS
STAJIOHOB AJIEKTPUUYECKOTO CONPOTUBIIEHUS, HAIPSKEHUS, TOKA U MOIIIHOCTH.

HIGH PRECISION DEVICES IN ELECTRICAL AND THERMAL
MEASUREMENTS
Zaslavsky V.A.
The company "ZIP-Nauchpribor", Ltd
zslv@znp.ru

"ZIP-Nauchpribor" was formed in 1992 on the basis of a special design office at "ZIP"
factory in Krasnodar (est. 1949). It develops and produces standard and high-precision
instruments and devices. There are more than 3000 consumers of our products: institutions
and metrological centers of the state Committee for standardization, the metrological service
of the Ministry of defence, leading scientific and production centers of space and nuclear
industries, fuel and energy complex enterprises, etc.

The main range of metrological devices is as follows:

- standard resistor MC3050M, resistance box MC3070M, thermostable set of standard
resistors MC3050T. All of these devices are included in National and Special standards for
resistance, temperature, voltage and current;

- resistive temperature transducer simulator RTDs MK3002;

- universal comparator, calibrator KM300;

- a new generation Precision Programmable Resistance Box MC3071 in the range of
0.01 Ohm — 100 MOhm, increments of 0.001 Ohm, accuracy class up to 0.001, with
automatic compensation of the initial resistance and of the deviation from the nominal value.

High metrological characteristics of devices are achieved primarily through highly
stable resistors of the company's own design and production and thermostabilization of
metrologically important parts and circuits.

Design and development of the following devices is still in progress:

- New generation of digital ohmmeters CO 3001 from 1 Ohm to IGOhm with basic
accuracy of up to 0,002.

- Precision air thermostat for large standard devices with a chamber volume of 225
liters (630x590x610 mm), 5 to 50 C temperature range, and control accuracy of up to
+0.02 C.

The main objects of temperature control:

Resistance Box:

- MC 3071- 1 unit.

- MC 3070 (MC 3070M-2) — lunit.

- P3026 — 1 unit.

Standard Resistors:

- P3030, P3031, MC3050, MC3080 - 20 units.
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- P310, P321. P331 -12 units

- P4015-P4018 - 9 units.

Normal elements:

- M34700, MB4700, X4810, X480, X485/1, X485/3 — 20 units.

- X488/1.../3 - 3 units.

- Temperature-controlled set of Standard Resistors from 0.001 Q to 10 M Q in a
rackmount (19”) and board versions, with temperature accuracy of up to £0,005 C.

Many of our devices have been created in cooperation with VNIIM experts, which
started as long ago as in 1950, with the creation and study of 1 Ohm coil Standard Resistors
under guidance of Ph. D. V. P. Shigorin. This cooperation continues at present in the field of
improvement of reference standards of electrical resistance, voltage, current and power.

AHAJIV3 MOJEJIEA
OIMMCAHMS HECTABUJIBHOCTH CPEJICTB U3BMEPEHUI
aamnoB A.A.!, Criyraosa J1.B.2
L' ®BY «Ilenzencrkuii L{CMy
2 @I'BOY BO «llensenckuii 20Cy0apcmeentblii yHUGepCumenmy
aa-dan@mail.ru

PaccmaTpuBarOTCsl  BONPOCHI  OIIEHKH HECTAaOWIBHOCTH  CPEACTB  H3MEPEHHIA,
MPUMEHSAEMBIX TpU KaauOpoBke. I[IpoBomuTcs aHanIM3 NPUTOAHOCTH MAaTEMaTUYECKHX
MoJieJIel JUIsl BBEICHUS TOMPABOK Ha HECTAOMIBHOCTh CPEACTB U3MEPEHUI Ha MPOTSHKEHUU
WHTEpBaja BPEMEHH JI0 HACTYTUICHUSI MOMEHTA OYEPETHON KaTMOPOBKHU.

ComnocTaBUTENbHBI aHANW3 NOPOBOAUTCA JUIsl CIEAYIOIIUX MOJENEH: CpeaHss
CKOpOCTh Apeida, ycpeaHEeHHas MO HECKOJBKHM OTCUETaM, CPEIHSsI CKOPOCTh aperda,
OIICHEHHAsT PETPECCHOHHBIM METOAOM, a TaKXe CKOpOCTh Jpeiida, OleHEeHHAas METOJIaMu
MPOCTOM,  JUHEWHO-B3BEUIEHHOW WA  SKCIIOHCHUUAJBHOM  CKOJIB3SIIEH  CPEIHEH.
ComnocraBieHre MPOBOIUTCS HE TOJIBKO MOJCIUPOBAHHEM, HO M Ha OCHOBE 0O0pabOTKHU
Pe3yIBTATOB IKCIIEPUMEHTATIBHBIX UCCIEIOBAHMH.

ANALYSIS OF MODELS FOR DESCRIPTION OF INSTABILITY IN
MEASURING INSTRUMENTS
Danilov A.A.!, Sputnova D.V?2
" FBU "Penza TsSM"
2 FGBOU VO "The Penza state university"
aa-dan@mail.ru

Issues related to assessing instability of the measuring instruments used for calibration
are considered. The report also analyses how suitable the existing mathematical models are
for corrections for instability of measuring instruments throughout the interval of time
between calibrations.

The comparative analysis is carried out for the following models: the average rate of
drift averaged on multiple readings, the average rate of drift estimated by a regression
method, and also the drift rate evaluated by methods of simple, linear-weighed or exponential
moving average. Comparison is not only carried out through modelling, but also on the basis
of experimental results.
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KAJIMBPOBKA ITPEOBPA3OBATEJIEA HHIYKIIMA MATHUTHOTI'O IOJIA C
MOMOIIBIO METOI0B HEJIMHEHON ONITUMW3AIIAN
Bartanos JI.A.', Hectepos B.B.?
L®IBY «Ilemepbypeckuii uncmunym adeproti gusuxu um. 5.11. Koncmanmunosay
2000 «Maznummwie npubopsr»
zlokor88@gmail.com

B  paGore paccmarpuBaercsi — mpoOiieMa  KaJMOpPOBKHM  MHOTOJATYHMKOBBIX
MarHUTOU3MEPUTENBHBIX ~ CUCTEM  INpPH  OTCYTCTBUHM  BO3MOXHOCTH  HPUMEHEHHS
OOLIENPUHATBIX METOAMK KaJMOpOBKM Ha OCHOBE WCIIOJIb30BAHMUSI MEphl MarHUTHOMN
uaykuuu [1]. Ilpemiaraercss MeToauka KaauOpOBKHM, OCHOBAaHHAs HA aHAJIM3€ CHUTHAJIOB
JATYNKOB, WHIYIIMPOBAHHBIX MCTOYHUKAMH MAarHUTHOTO MOMEHTA, BXOJSIIMMH B COCTaB
KaJMOpOBOYHON ycTaHOBKH. J[aHHAs METOIMKA BKJIIOUAET B ceOs JjBa Tara: Ha MepBOM dTare
OTIpEeeINAI0TCS MarHUTHBIE MTapaMeTPhl BCEX U3TyYaoUINX KaTyIIeK 110 CUTHAILY C OIIOPHOTO
JaTyiKa ¢ M3BECTHBIM HaOopoM mapameTpoB. Ha BTOpom 3Tare, MCHOJB3ysl 3HAYEHUs 3TUX
MapaMeTpoB, C MOMOIIBIO BIYUCIUTENbHBIX MPOLIEAYP ONpeAenseTcss Habop reoMeTpUYECKUX
Y MarHUTHBIX apaMETPOB KATMOPYEeMbIX TaTYMKOB MHOTOJATYNKOBOI CHCTEMBI.

ITyTem n3mepeHus BBIXOJHOTO CUTHAIAa OIIOPHOrO JaT4YMKa IPU €0 NEPEMEIIEHNN Ha
CTeHJle, (OpPMHUpPYETCS MACCUB JAHHBIX, MPUTOJHBIA JUISI MCIOJIb30BAaHUS METO/IOB
HEeJNMHEHHON ontumuzanuu [2] ¢ JUHEHHBIMM OrpaHHYEHHSIMH, B KOTOPBIX HCKOMBIMHU
rapaMeTpamH SBJISIOTCS FTEOMETPUUECKUE U MarHUTHBIE [TapaMeTPbl HCTOYHUKOB MarHUTHOTO
MOMEHTa U JaTYUKOB MHOIOJATUYMKOBOM CUCTEMBL. B OCHOBE 4YMCIEHHOrO ajnropuTMa
onpezesieHusl mapaMeTpoB JIeKHUT MeTo] JleBenOepra-MapkBapara A 11esIeBOM (PYHKIMH,
IIOCTPOEHHOM 10 TEOPETUYECKUM IIPENCTABICHUSAM UCTOYHUKOB MAarHUTHOIO MOMEHTA.

PaccmatpuBaroTcs ycinoBus, HEOOXOAUMbIE JJIsl peaanu3aluu IpeiaraeMoil MeTOIMKU
KaIUOPOBKM, pa3jIMyHble MOJENN H3Iy4yarollMX KaTylleK; MPOBOJAUTCS CpaBHEHUE C
AKCIIEPUMEHTAJIbHBIMU JAHHBIMH, IMOJIYYEHHBIMH IIPH CO3JaHUM CTEHAA i1 KaJuOpOBKU
JATYMKOB MarHUTHOTO 0JIOKA XUPYPrUueCKO HaBUTAlMOHHON cucTeMbl [3]. AHanu3upyercs
MOTPELIHOCTh METO/1a.

Jluteparypa

1. AdanacreB 10.B., Crygenuos H.B., Xopes B.H., Yeuypuna E.H., llenxun A.Il.
CpenctBa wu3MepeHH MapaMeTpoB MarHuTtHoro mojs. JI.: Oueprus. JleHuHrpanackoe
otaenenue, 1979., rmasa 2
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Peters and Lena Maier-Hein. Electromagnetic Tracking in Medicine — a Review of
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doi: 10.1109/TMI1.2014.2321777

CALIBRATION OF THE MAGNETIC INDUCTION SENSORS USING NONLINEAR
OPTIMISATION TECHNIQUE
Batalov L.A.!, Nesterov V.V?
I Petersburg nuclear physics institute of National Research Centre "Kurchatov Institute"
2 “Magnetic devices” Itd.
zlokor88(@gmail.com

Presently, we are considering the problem of multisensory magnetometric systems
calibration under conditions of unavailability of conventional calibration techniques based on
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operations with magnetic induction reference coil [1]. We propose a technique based on
analyzing signals induced by magnetic moment sources included in the calibration equipment.
This method is two-stepped. At first, the magnetic parameters of all emitting coils are to be
determined relying on the reference sensor signal. The reference sensor has predetermined
characteristics. At the second step these characteristics are numerically converted into a set of
geometric and magnetic parameters of sensors being calibrating.

The data array suitable for nonlinear optimization [2] technique application is formed
by collecting data on the output signal from the reference sensor being moved on the bench.
The sought parameters are the magnetic and geometric parameters of both magnetic moment
sources and sensors of multisensory system. Necessary linear constrains are applied in order
to narrow the area of search. Levenberg—Marquardt algorithm for the goal function built on
theoretical equation describing magnetic moment sources is used for parameter determination.

The conditions of proposed calibration layout implementation are considered,
including different emitting coils. The comparison with experimental evidence is carried out.
The experimental data is drawn from operations with magnetic module of surgical navigation
station. Tolerance of the method is being analysed.

Jluteparypa

1. Afanasev Yu.V., Studentsov N.V., Horev V.N., Chechurina E.N., Schelkin A.P.
Sredstva izmereniy parametrov magnitnogo polya. L.: Energiya. Leningradskoe otdelenie,
1979, chapter

2. Nocedal, Jorge; Wright, Stephen J. (2006). Numerical Optimization (2nd ed.).
Springer.
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BBICOKOTOYHBIE UBMEPEHUS HA CBY C IIOMOILIBIO
KOMBUHUPOBAHHBIX MHOT'OIIOJIIOCHBIX PE®JIEKTOMETPOB
JIbBoB A.A.', Hukonaenko A.JO.!, JIssor IT.A.2
! Capamoscrkuii 2ocyoapcmeennviii mexnuueckuii ynueepcumem umenu
l'acapuna FO.A.
? Dueenvcckoe OKB «Cuznany umenu A. M. I'nyxapesa (ueenvc, Capamosckas 0611.)
alvova@mail.ru

JUis  BBICOKOTOUHBIX BEKTOpHbIX M3MepeHnid Ha CBY B Hacrosmee Bpems
UCIIONB3YIOTCA JIBa ULIMPOKO M3BECTHBIX MeETOfa: BeKTopHOoro BosbTMeTpa (BB) u
MHoromnomtocHoro peduektomerpa (MP) [1]. Meton BB 3akirodaercs B mepeHoce U3MEpeHUn
B JMamna3oH 3BYKOBBIX YacCTOT C IOMOILIBIO TeTEPOJWHUPOBAHUS, YTO TpeOyeT HalIu4us
OOJIBIIIOTO KOJHMYECTBA CIIOKHOW MPEIM3UOHHON ammaparypsl. M3-3a 3TOro usmepurenn Ha
ocHoBe BB, mpousBoaumble cepuilHO 3a pyOexoM, SIBIFIOTCS OYEHb JAOPOrOCTOSIIIUMU
npubopaMu, HEJOCTYITHBIMHU JJIsi OOJIBIIMHCTBA OTEUECTBEHHBIX METPOJIOTOB.

Uucto TteopeTudeckn, wu3MepuTenu Ha ocHoBe MP cymectBeHHO 1mpoimie B
U3rotoBiaeHUH. OHU HCHOJNB3YIOT CKaISPHBIE HW3MEPUTENIM MOILIHOCTH Ha BBIXOJAX
U3MEpUTENbHBIX Tuied. OJHAKO JOCTHXKEHHE BBICOKOW TOYHOCTH H3MEPEHHMH C TOMOIIbIO
MHOTOIOJIIOCHUKA BO3MOKHO TOJIBKO MPHU HAJMYMU HaOopa MPELU3UOHHBIX KAINOPOBOYHBIX
CTaHJIaPTOB OTPAXXEHMS, 4YTO PE3KO OrPAaHMYMBAET BO3MOXKHOCTU MNpuMeHeHuss MP Ha
IIPAKTHKE.

Book of abstracts 69



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

B pabGorax [2,3] Osima mpemioxeHa HOBas KOHCTpykiuss MP, Ha3BaHHas
KOMOMHHPOBAaHHBIM MHOTOMONOCHEIM peduiektomerpoM (KMP), koroperii coctout wu3
cooctBerHO MP 1 MHOT030H10BOM M3MepuTenbHon Tuaun (MUJI). B pabote [3] moka3zaHo,
yr0 MUJI MOkeT OBITh TOYHO OTKATMOPOBaHA IO HAOOPY HATPY30K, MapaMeTPhl OTPAKEHUS
KOTOPBIX M3BECTHBI HETOYHO. [IpM 3TOM mnapajuienbHO MOYKHO OUEHHTh KOMIUIEKCHBIE
KOA((UIIUEHTHI OTPAKESHHS CAMUX HCIIONB3YEeMbIX MPU KATHOPOBKE HArPy30K, a IOTOM, 3Has
3TH MapameTpsl, OoTKanuOpoBaTh U Ty 4yacTh KMP, xoTopast sBisieTCS MHOTOIOJIFOCHHUKOM.
[TosTomy, Ha ocHoBe KMP MOXHO M3rOTOBUTH OTHOCHTEIBHO HEJOPOTOM U JOCTATOYHO
TOYHBIA n3Mepuress Ha CBY.

B pabote moapo6HO onucaHbl METOAUKH OIEHUBAHUS KOMIUIEKCHOTO KOd(dulineHTa
otpaxkenuss CBY narpy3ok c¢ momomipto KMP u ero kxanmOpoBku 1mo HaOOpy Harpy3ok C
HEU3BECTHBIMH TIapaMeTpaMU OTPa)KEHUs, OCHOBaHHBIE Ha ONTHMAIbHOW 00paboTKe
CUTHAJIOB C BBIXOJIOB M3MEPHUTENbHBIX IJIed MHoromojdrocHuka U MUJI mo wmetonmy
MaKCHMaJIbHOTO MPaBA0NOI00US.

Janee mnpennaraeTcs HOBBIM HM3MEpPHUTENb, COUYeTaroluid aocromHcTBa BB u MP
(BBICOKAst TOUHOCTH U3MEPEHUS P OTHOCUTEIILHO HU3KON CE0ECTOUMOCTH) M MaKCUMAJIbHO
YCTPAHSIOUINI HENOCTaTKH O000MX YKa3aHHBIX MeToNoB. I[Ipemmaraemblii U3MepHUTENb
ucnons3zyeT KMP BmecTe co cxemoii moHmkeHus 4actoTsl. [Ipu 3ToM 00paboTKa CUTHAJIOB €
BBIXOJIOB M3MEPUTENIEH MOLIHOCTH MHOTOIIOJIOCHUKA II0 METOLYy MaKCHUMAaJbHOIO
MPaBIOMO00MS TO3BOJISIET CYIIECTBEHHO YIPOCTHTH COCTaB ammapaTypbl U3MEPUTENs 3a
CUeT OTKa3a OT HKCIIOJIb30BAHMS HAIMPABIECHHBIX OTBETBUTENECH M OTCYTCTBUS TPEOOBAHUS
WUJEHTUYHOCTH KAaHAJIOB AaHAJIOTOBOM OOpabOTKH, YTO JJAaeT BO3MOXHOCTh YCTPAHHTHh
BBICOKOTOUYHBIE CXEMbl aBTOMAaTUYECKOM PETYIUPOBKHU YCUTICHHS U (Pa30BOM aBTOMOACTPONKHU
YacCTOTBHI.

Jlureparypa:
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2. JIBOB, A.A. ABTOMaTH4eckuii uzmepurens napametpoB CBY n1ByXxmnoatocHUKOB Ha
OCHOBE MHOTOMOIIOCHUKA // 3MepuTenbHas TexHuka, 1996, Ne 2, C.10-12.

3. JIsBoB A.A., CeménoB K.B. Meron kanuOpoBKHU aBTOMaTUYECKO MHOT'030HJ0BOM
U3MepUTeNbHOM auHMM // I3mepuTenbHas TexHuka, 1999, Ne4. — C. 34-39.

HIGH ACCURACY MEASUREMENTS IN MICROWAVES USING
COMBINED MULTI-PORT REFLECTOMETERS
A.A.L’vov', A.Yu. Nikolaenkd', P.A. L’vov
" Yuri Gagarin State Technical University of Saratov
2 0JSC "Signal" Engels Design Bureau named after A.1. Glukharev
(Engels, Saratov region)
alvova@mail.ru

At present two techniques are mainly used for automatic measurements in
microwaves, namely, vector voltmeter (VV) and multi-port reflectometer (MPR) [1]. The VV
technique includes frequency down conversion to the audio range with the use of
heterodyning technology, which requires a large amount of sophisticated precision equipment.
Therefore, the meters based on the VV, manufactured overseas, are very expensive devices
inaccessible to most Russian metrologists.

Theoretically, MR-based meters are much simpler to manufacture. They use scalar
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power meters at the outputs of the measuring ports. However, it is only possible to achieve
high accuracy of measurements with a multi-port if a set of precision calibration reflection
standards is at hand, which sharply limits the scope of MR practical use.

In [2, 3], a new MR design was proposed, called a combined multi-port reflectometer
(CMR), which consists of MR itself and multi-probe transmission line reflectometer (MTLR).
The work [3] showed that MTLR can be precisely calibrated using a set of loads, whose
reflection parameters are not exactly known. Moreover, at the same time, it is possible to
estimate the complex reflection coefficients of all loads used in the calibration. After that,
knowing these parameters, one can calibrate the part of CMR which is a conventional multi-
port. For this reason, it is possible to create a relatively inexpensive and sufficiently accurate
microwave meter based on CMR.

The techniques for estimating complex reflection coefficient for the device under test
using CMR as well as CMR calibration with the set of unknown reflection parameters loads,
based on an optimal digital signal processing of MPR and MTLR measuring ports’ responses
by the maximum likelihood method are discussed in the paper in detail.

Further, a new network analyzer is proposed that combines the advantages of both VV
and MPR (high measurement accuracy and relatively low cost) with maximum possible
elimination of their shortcomings. The proposed meter uses the CMR with frequency down
conversion circuit.

In this case, the processing of signals from the power meter outputs of the CMR using
the maximum likelihood method makes it possible to simplify the meter's measuring
equipment significantly: the directional couplers are eliminated and the requirement for the
identity of analog processing channels becomes void, which makes high-precision automatic
gain controls and phase-locked loop circuits unnecesary.

On the basis of the results obtained, a conclusion is made about the prospects of the
proposed microwave meters.
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MocTOoBEIE CXEMBI OYCHB IMUPOKO HCIIOJIB3YIOTCA B PA3JINYHBIX HW3MEPHUTCIBbHBIX
CUCTCMAaX MU CHUCTCMaX YIPABJIICHUSA B KauCCTBC q)OpMI/IpOBaTeJleI curHana. MIX OCHOBHBIMU
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MPEUMYIIECTBAMU SBJISIOTCS TMPOCTOTa KOHCTPYKLIMHM M BBICOKAsT TOYHOCTb H3MEPEHM.
OnHAako MOCTOBBIM CX€MaM IPUCYIIM M HEKOTOpBIE CYIIECTBEHHbIE HemocTatku [l], a
UMEHHO: 1) HeNIMHEWHOCTh MeperaTouyHON (yHKIMM MocCTa; 2) 3aBUCHMOCTH JOCTUTaeMOI
TOYHOCTH M3MEPEHHH OT JJIUHBI COEAMHUTENBHBIX TPOBOJOB (HampUMep, IpH
JTUCTaHIIMOHHBIX U3MEPEHMSIX); 3) 3aBUCHMOCTb OT IIOMEX, HAaBOJAUMBIX B 3TUX MPOBOax; 4)
HEJOCTaTOYHAsl JIMHEHHOCTh BBIXOAHOW XapaKTEPUCTUKHM MOCTOBOM  CXEMBI. OJTHUX
HEJI0CTAaTKOB JIMIIEHBI ((OPMUPOBATEIHN CUTHAIA, OCHOBAHHBIE HA «TOKOBOMW IETJIE», BIIEPBbIE
npepioxenHon K.®@. AunepcoHoMm [2] i pe3uCTUBHBIX JaTYMKOB TEMIIEPATYPHI.

ABTOpBI TPEIJIOKUIIN HCIIONIb30BaTh YHHUBEpPCAIbHBIA (OpMHUpOBATENh CHUTHAJA,
UCTIONB3YIOUIUI TETJIEBYI0 CXeMy, MHUTAeMYI0 MNEPEMEHHBIM TOKOM, JUI JIIOOBIX THIIOB
MapaMeTpUUecKUX JaTYMKOB: YUCTO PE3UCTUBHBIX, EMKOCTHBIX, MHAYKTHBHBIX, MUMEIOLINX
CMELIaHHble MMIleAaHChl. B pabore paccMmarpuBaeTcss mpeajaraemas — TOMOJIOTHUS
(bopmupoBarTens «Iemis NEePEMEHHOr0 TOKa» U MOAPOOHO ONUCaHAa METOAMKA PELICHUs €ro
YpaBHEHHMH JJIs yKa3aHHBIX BBIIIE MApaMETPUUECKUX IATYMKOB Pa3IUYHBIX (PUIUUECKUX
BenuunH.  [lomydaromuecss  ypaBHEHHMS  pelIalOTCs MO  METOAY  MaKCHMAalbHOIO
[paBAoONONO0Us, KOTOpPbIM, Kak U3BECTHO, JlaéT AaCHUMITOTHYECKH HECMEIICHHBIE,
COCTOSITEJIbHBIE U ACUMITOTHYECKHU 3(PPEKTUBHBIE OLICHKH [TapaMETPOB.

[Ipumenenue oNTUMaNbHOM UHUPPOBOM 00paOOTKM CUTHAJIOB, CHHMAE€MbIX C
YyBCTBHUTEJBHBIX HJIEMEHTOB JIaTYNKOB Pa3HOI (pU3HMUECKON IPUPOIbI, IO3BOJIAET HE TOIBKO
CYLIECTBEHHO CHM3UTh TPEOOBaHUS K TOYHOCTU MCIIONB3YyEMbIX B COCTaBe (OPMHUpPOBATEIS
ONEPALMOHHBIX YCWJINTENEHW M TOYHOCTH 4YacTOTBl TI'EHEpAToOpa IEPEMEHHOIO TOKa,
MUTAIOUIEr0 TMETI, HO M 3HAYUTEIbHO YIPOCTUTh NPOLEAYPY PELICHUS CHCTEMBI
IIOJIy4YaIOIMXCsl YPAaBHEHUH 3a CYET ONTUMAJIBHOTO INIAHUPOBAHUS SKCIIEPUMEHTA.

B pabore mnoapoOHO omMcaHbl MpOLEAYpPhl YTOYHEHHUS YACTOThl TeHepaTropa
MEPEMEHHOT0 TOKAa, OCHOBAHHOT'O Ha PEUICHUH YPABHEHUH MaKCHMAaJbHOTO MPaBAONOI00HUS
(dbopMupoBarensi UTEpallMOHHBIM MeToj oM. Kpome Toro, omnucaHa METOAMKA ONTHUMAaJIbHOTO
IUIAHUPOBAHMs MPOBOJUMOIO 3KCIEPUMEHTA IO H3MEPEHHUIO0 HCCIeNyeMol (U3UUECKOil
BEJIMYMHBI IyTeM M0AO0Opa YacTOThl JUCKPETH3alUU MPUMEHSIEMbIX aHaJIOTO-IH(PPOBBIX
npeoOpa3oBaresieii. B pesynbrare, MaTpuma IIaHa HKCHEPUMEHTa IOJIydaeTcs ¢
OPTOrOHAJIBHBIMU CTOJOLIAMH, 4YTO CYLIECTBEHHO YINPOLIAET PEIICHUE I0JIyYarolIuXCs
YPaBHEHUH.

B KkoHLe mnpuBeneHbl NpUMEpbl HCIOJB30BaHUSA MpeuiaraeMoro (opMupoBaTes
CUTHAJIOB JJIi W3MEPEHMs JaBJICHUS IbE30PE3UCTHUBHBIMU M €MKOCTHBIMM JaTUYUKAMH.
[IpuBeneHbl pe3ynbTaThl HMMHUTALMOHHOTO MOJEIUPOBAaHUS pabOThl  MpeIaraeMoro
¢dbopmupoBarens B CpaBHEHUH ¢ MOCTOBBIMU cxeMaMH. [1oka3aHo, YTO TOYHOCTh U3MEPEHUsI
JIaBJIEHUsI C TIOMOIIBIO E€MKOCTHBIX JaTYMKOB IIOBBIIIAETCS B HECKOJIBKO DPa3, MpPU 3TOM
YyBCTBUTEIBHOCTh JAaTYMKa IOBBIIAETCS B 2 pa3a IO CPAaBHEHUIO C MOCTOBBIM
¢dopmHpoBaTeNeM CHUTHAJIOB, KaK JUIsl MbE30PE3UCTHBHOIO JaTYyMKa JaBJICHUS, TaK U JJIs
€MKOCTHOTO.

Ha ocHOBaHMM TNOJy4YEHHBIX pE3yJIbTATOB JENAETCA BBIBOA O MEPCIEKTUBHOCTU
npeziaraeMoro (JopMUpOBaTeNs Ul UCIOIb30BAHUS B COCTABE NApPaMETPUUECKUX JaTUMKOB
Pa3INYHBIX (PU3NYECKHX BEIMUMH.
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A NEW SIGNAL CONDITIONER “ALTERNATING CURRENT LOOP”
FOR MODULATING TRANSDUCERS
A.A. L’vov', S.A. Kuzin?, P.A. L’vov
"'Yuri Gagarin State Technical University of Saratov
2 0JSC "Signal" Engels Design Bureau named after A.1. Glukharev (Engels,
Saratov region)
alvova@mail.ru

Bridge circuits are widely used in various measuring and control systems for signal
conditioning of various transducers. Main advantages of bridge circuits are well-known: the
design simplicity and high accuracy of measurements. However, in some engineering
applications these circuits are not capable of providing the required precision as well as
versatility of measuring processes. This is due to the existence of several inherent drawbacks
of the bridge circuits [1], namely: 1) nonlinearity of transfer characteristic, 2) dependence of
achieved accuracy on the length of connecting cables (in distant measurements), 3) sensitivity
to interferences induced in the connecting cables, 4) insufficient versatility for use in
automatic measuring systems. These disadvantages of bridge circuits are not inherent to signal
conditioners basing on the “current loop circuit” proposed by K.F. Anderson [2] for the
resistive temperature sensors.

The authors have developed an improved general-purpose version of the current loop
signal conditioner. Its main distinctive feature is the use of an AC source for loop powering.
This allows for measurement taking with modulating transducers of arbitrary impedance
nature (pure resistive, capacitive, inductive, combined). The proposed topology of the
"alternating-current loop" is considered and the method of solving its equations for the above-
mentioned parametric sensors of various physical quantities is described in detail. The
resulting equations are solved using the maximum likelihood method, which is known to yield
asymptotically unbiased, consistent and asymptotically efficient estimates of the parameters.

The use of optimal digital processing of signal taken from the transducers of different
physical nature allows for a significant reduction in the accuracy requirements for operational
amplifiers used in the conditioner and frequency of the alternator supplying the loop, but also
for relative simplicity of the solution of the system of resulting equations, owing to the
optimal experiment design.

The technique for alternator frequency specification based on the solution by the
maximum likelihood method of the signal conditioner equations using iteration procedure is
described in the paper in detail. Besides, a technique is described for optimal design of the
experiment conducted to measure a physical quantity through appropriate selection of
sampling frequency in the applied analog-to-digital converters. As a result, the experimental
design matrix is obtained with orthogonal columns, which greatly simplifies the solution of
estimating equations for the conditioner.

Finally, examples of the proposed signal conditioner use for pressure measurements by
piezoresistive and capacitive transducers are given. Simulation results of the proposed signal
conditioner in comparison with bridge circuits are presented. It is shown that the accuracy of
pressure measurements with capacitive transducers is several times higher, while the
sensitivity of the transducer is twice as high as of the bridge signal conditioner, both for a
piezoresistive and for a capacitive pressure transducer.

Based on the results obtained, a conclusion is made about the promising use of the
proposed conditioner in the modulating transducers of various physical quantities.

References
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OBOBIIEHHAS TEOMETPUYECKASI MOJEJIb
N3MEPUTEJIBHOI'O IPEOBPA3OBAHUA
Masun B./I.
Canxm-Ilemepoypeckuii noarumexnuueckuil ynusepcumem Ilempa Benuxozo
masin@list.ru

[IpennaraeTcs  reoMeTpuuecKkuid  00pa3  HM3MEPUTENBHOrO  MpeoOpa3oBaHMUS.
[TocnenoBaTeNbHO YCTAHABIMBAIOTCA SKBHUBAJIEHTHI €TI0 TJIABHBIX COCTABJISIONIMX: BXOIHOTO
BO3JICHCTBUS, aHAJIOTOBOTO M aHANoro-iudpoBoro mpeodpaszoBanuii. BxomHoe BosnmelicTBue
BBIPAXKAETCSI BEKTOPOM BCEX BO3MYILECHHUH, OMNPEACTSIONIMM MEPHOCTh MOJEIUPYIOIIETO
BEKTOPHOTO TMpocTpaHcTBa. KoopauHataMu BXOJHOIO BEKTOpa SBISIIOTCS H3MeEpsiemMas
BEIIMYMHA, KOHCTPYKTHBHBIC MMapaMeTpPhl YCTPOMCTBA HM3MEPEHUN W BIHSIONNE (aAKTOPHI
OKpY’KaloIIeH cpefpl, BKIOYass HEMH(POPMATUBHBIC TMapamMeTpbl oObeKTa  W3MepeHus. B
TOM MpOCTpaHCTBE 3aAaércsi apUHOP — TEH30p UYyBCTBUTEIBHOCTEH K BO3MYIICHUSM,
KOTOPBI BBIPAKAET AHAJIOTOBYI) YacTh MPeoOpa3oBaHMs, CBS3bIBAsS BXOJHON BEKTOP C
BEKTOPOM COOTBETCTBYIOIINX H3MEHEHHH BBIXOJHOM BETUYHHBI, CTPOTO TOBOPSI, OECKOHEUHO
Manbeix. PaccmarpuBaroTcsi crpykTtypa adduHOpa U PasHOBHIAHOCTH €r0 KOOPAHMHAT.
Amnarnoro-uppoBoe npeodpazoBaHue MPEACTABISETCS ONepaleil BHIYUTaHUS JBYX BEKTOPOB
— BBIXOJHOM BEJIMYMHBI U €€ €IMHULBI, PE3YJIbTATOM KOTOPOTO SBJISETCS YACIOBOE 3HAYEHHUE.
Monenupyroriee mpoCTPAaHCTBO MOXKET OBITh IPECTABICHO KaK B COOCTBEHHO €BKJIUIOBOM,
TaK M B IICEBJIOEBKIMIOBOM BapuaHTE, 00JIaIat0IIMM 0COOBIMA CBOWMCTBaMH. Bwimemnstorcs
Ba)KHBbIE CTOPOHBI H3MEPUTEIHLHOTO MPEOOPA30BAHUS — COXpaHeHUEe HHPOPMAITUU 00 0OBEKTE
U aHajorus ¢ nepemMenieHueM. [lepBoe B OCHOBHOM OCYILECTBIISIECTCA ITyTEM UCIIOJIB30BAHUS
WHBAapHAHTOB, BTOPOE CBS3aHO C MPOEKTUBHBIM OTOOpakeHneM. CloKeHuEe W3MEHEHUMH
BBIXO/JHOM BEJIWYWHBI, BI3BAHHBIX PA3JIMYHBIMA T[PUYUHAMU, IPOU3BOAUTCS KaK CIIOKEHHE
BEKTOPOB, I YEro Ha NPOCTPAHCTBE 3aJa€TCAd METPUUYECKUU TEH30p. Takoe CloKeHUe
HE00X0UMO ISl pacu€THOrO METPOJIOTHYECKOro aHanu3a. KpaTtko u cTporo reomeTpuieckuii
CMBICT HU3MEPUTENIBHOTO MpeoOpa3oBaHusl MOXKET ObITh CPOPMYIUPOBAH Kak ICHCTBHE
ahGUHOPHOTO TOJIS CPEACTBA M3MEPEHUN U OKPY’KAIOIIECH Cpeabl Ha KaXIblii OECKOHEYHO
MaJIbIil BEKTOP BXOJHOI'O BO3JECWCTBHUS C MOCIEAYIOIIMM BBIYUTAHUEM U3 BEKTOPA BBIXOJHOM
BEJIMYUHBI BEKTOpA €€ €IMHUIIBI.

A GENERALIZED GEOMETRICAL MODEL OF MEASURING
TRANFORMATION
Mazin V.D.

The suggested method considers geometrical format of representing measurement
conversions. The equivalent values of main components of this transformation such as input
action, analog, and analog-digital conversions are preset accordingly. Input action is
expressed via an all-disturbance vector that defines the dimensionality of the modelling vector
space. The coordinates of this input vector are the measured value, design parameters of the
measuring device itself, and environmental factors, including non-informative parameters of
the object of study itself. In this space, an affinor is assigned — a tensor of sensitivities to
disturbances, which represents the analog part of the conversion, linking the input vector to
the vector of relevant infinitesimal variations of the output quantity. Also, the structure of
such affinor and various types of its coordinates are considered. The analog-digital
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conversion is represented as subtraction of two vectors: the output quantity and its unit of
measurement. The result of such a conversion is a numerical value. Modelling space may be
presented in both, Euclidian and pseudo-Euclidian versions; the latter having some special
properties. Special consideration is given to two important aspects of measurement
conversions — similarity to transposition and preservation of the information about the object.
The latter is generally accomplished via employment of invariants while the former deals with
projected imagery. Summation of output quantity variations caused by various reasons is
accomplished as vector summations for which a metric tensor is assigned in the space. Such
summation is necessary for metrological analysis calculations. A short and exact explanation

the geometrical meaning of the measurement transformation can be put as follows:
“Measurement transformation is defined as effect of an affinor field of both a measuring
device as well as of the environment on each infinitesimal input vector, followed by the
subtraction of the unit vector from the resultant output value vector.”

OIIBIT PEAJIU3ALIMU METPOJIOT'MYECKOI'O OBECIIEUEHU S
HHAYKIIUU MATHUTHOTI'O TOJISA AJIs1 BBIITYCKA KOMITIOHEHTHBIX
ADPOKOCMUYECKNX MATHUTOMEPOB B YCJIOBUSIX TPOMBIIIIJIEHHOM
30HbI
Cxomenko A.H.', Crenanos 1.B.!, Xacues 11.C.?
' 4O «PIIKBy
2 @IVl « BHUHUM um. /I.U. Menoeneesay

Oco0EeHHOCTHIO BBITTyCKa A’POKOCMHUYECKHUX MarHuTOMETPOB SIBJISTFOTCS
MHOTOKpaTHbIE IPOBEPKM IIpU HACTOMKE, pEryJIMpOBKE M MCHBITAHUAX, YTO IIpU
IIPOMBIIIJIEHHOM MeJKocepuiiHoM Bbiycke (5 — 10 mpuOopoB B Mecsl)) AOCTaTOYHO
3aTpaTHo.

B 80-e roxpl ctan akTyalbHBIM BOIpPOC OOEcleyeHHUs BBITYCKA MAarHUTOMETPOB B
YCIIOBUSIX ITPOMBIIIJIEHHOW 30HBI HA TEPPUTOPUH NPEATIPUATHUS.

PaccmaTpuBanoch HECKOJBKO BapHaHTOB IOCTPOCHHUS HIKPAHUPOBAHHBIX MeEp
MarHUTHON UHIYKLIUN:

- 9KpaH-KOMHATa CO BCTPOCHHOM JBYX- UJIU TPEXKOMIIOHEHTHOM MEPOH;

- KOMIUIEKCHOE HCIOoJb30BaHue 3(dekTra cBepXIpOBOAUMOCTH Ul 3KPAaHUPOBAHUS
BHEIIIHUX TIOJICH U CO3/IaHUs 00pa3IOBBIX MOJICH;

-UCIOJIb30BaHUE  (EepPpPOMArHUTHOIO MHOTOCIOHHOIO 3KpaHa €O BCTPOCHHOMH
0€3MOMEHTHOM JIBYX- WJIM TPEXKOMIIOHEHTHON MEpO.

Haubonee cnoxHOW B peanu3anu U JAOPOrod B SKCIUTyaTallUM SIBIISIETCS Mepa Ha
OCHOBE 3 eKTa CBEpXIPOBOIUMOCTH.

B HIIO «BHUUM wum. JI..MenneneeBa» Obuta pa3paboTaHa KOHCTPYKUHUS U
M3TOTOBJIEH OMBITHBI 00pa3en; CBEpXNPOBOAALICH SKPaHUPOBAHHOW Mepbl MarHUTHOU
WHAYKIMHM, KOTOpbI ObLT peanu3oBaH Ha ©Oa3ze PameHnckoro mnpubOpoCTpOUTENHHOIO
KoHcTpykTOpckoro Otopo (PIIKB).

OpHako ONBITHBIE 3alyCKH TMOKa3ajdl OYEBHUJHbIE HEAOCTAaTKU: CIIOXXKHOCTh B
HKCIUTyaTallil M JOPOTOBHM3HA XJIAJAareHTa. YCTAaHOBKA JAHHOW KOHCTPYKIMM He Obuia
3aIyIieHa B HKCIUTyaTaluIo.

HauOonee npeméBbIM M yAOOHBIM OKa3aJloCh HCIOJb30BaHUE (PEPPOMArHUTHOTO
dKpaHa HWIWHIPUIECKON (OPMBI CO BCTPOCHHOM MEpOW Il pa3MelieHHus B OOBIYHOM
nomerienuu. Takas paspabotka HIIO «BHUHWM» [1] Oweina peanmusoBana B PIIKB, rae
sKcIUTyaTupyercs 6onee 20 ner.

VYcranoBka «YIITM-2» mpencraBnser co0oil KOHCTpyKuHMIO auameTpoM 910MM u
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JuMHOM 2320MM ¢ BHYTPEHHUM JOCTYMHBIM OOBEMOM B BHJIE€ CKBO3HOIO LMIMHApA
quameTpoM 150 Mm. TpEXKOMIIOHEHTHAsI MEpa MarHUTHON MHYKLINMH, pa3MELIEHHas! BHYTpU
(beppoOMarHuTHOrO PKpaHa W OXBAThIBAIOIIAs BHYTPEHHUH NOCTYNHBIH OOBEM, BBHINOJIHEHA
0e3MOMEHTHOM, B BHJE KaTyIleK, C TaK Ha3blBaeMbIM OOpaTHbIM KaHaioM. Pabouunii 00bEM
Mepbl NpeAcTaBiseT coboit cepy auamerpom S0MM, IZie HOTPEUIHOCTH BOCIPOU3BEICHUS
MHIYKUUH 110 KoMroHeHTaM X, Z u Y cocrasiser 0,02 %, 0,06 % u 0,9 % cooTBETCTBEHHO B
nuamnasone +70MKTI W HEOPTOrOHAIBHOCTH MArHUTHBIA OCEH cocTaBiseT He Oonee 2
YIA0BBIX MUHYT. OCTaTouHOE 10Jje He npeBbiaeT 2 H1, a K03 GUIUEHT SIKPaHUPOBAHUS OT
BHEIIIHUX MarHUTHBIX osied npesbimaeT 500 pa3 B yactoTHOM nuamna3ose ot 0 1o 50 I'm.

VIITM-2 3a BpeMs OKCIUlyaTallMM II0Ka3aja CBOIO BBICOKYIO HAJEKHOCTb U
CTaOMJIBHOCTh  CBOMX  METPOJOTHYECKMX  XapaKTepUCTUK NP  MHUHHUMAJIbHBIX
AKCIUTYaTallMOHHBIX PacXo/iax.

[lo pe3ynpTaTam OSKCIUTyaTallkhd MOXHO chopMmyiaupoBaTh TpeOOBaHMUS IO
COBEpILIEHCTBOBAHMIO JJAHHOM YCTaHOBKHM, OCOOCHHO B YacTH YBEIMUYEHUs pabouero oobéma ¢
50 nmo 100 mm. Amnamm3 koHcTpykumu YIITM-2  mo3BonsieT peanu3oBaTh TaKyro
MOJIEpPHU3ALMI0 TyTeM pa3pabOTKW U HU3TOTOBJIEHUS HOBOM O€3MOMEHTHOW Mepbl 0e3
M3rOTOBJICHUSI HOBOTO (DEppOMAarHUTHOrO 3KpaHa U 0e3 yBEIMUYEHHUS Pa3MEepOB YCTAHOBKH.
MojepHu3anuu Takke JO0JKHA MOJBEPTrHYTHCS CUCTEMa BOCIPOM3BEICHUS U H3MEPEHUS
IIPELIU3UOHHBIX TOKOB MEPHI.

JIureparypa
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EXPERIENCE IN IMPLEMENTATION OF METROLOGICAL SUPPORT OF
MAGNETIC FIELD INDUCTION FOR MANUFACTURING OF AEROSPACE
COMPONENT MAGNETOMETERS IN CONDITIONS OF COMMERCIAL AREA
Skhomenko A.N.!, Stepanov I.V!, Khasiev I.S.2
I JSC “Ramenskoye Design Company”
? FSUE “D.I. Mendeleev VNIIM”

A special feature of aerospace magnetometer manufacturing is multiple checks during
setting, adjustments and tests, which make commercial low-volume production of 5 — 10 units
per month rather costly.

In 1980s a question arose about possibility of manufacturing magnetometers on the
premises of a factory in an industrial area.

Several options for shielded measures of magnetic induction had been considered:

A screened-room with a built-in two-or-three-component measure;

Complex use of superconductivity effect for screening off of external fields and
creating standard fields;

Use of ferromagnetic multilayer screen with a built-in zero-momentum two-or-three-
component measure.

The measure on the basis of superconductivity effect proved the most complex in
implementation and most expensive in operation.

The design and the prototype of a superconductive measure of magnetic induction
were developed and manufactured in VNIIM scientific and manufacturing centre. This
prototype was implemented on the base of JSC “Ramenskoye Design Company” (RDC).

However, trial runs showed evident shortcomings — excessive complexity in operation
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and high cost of cooling agent. A system of this design was not put into operation.

Use of a cylindrical ferromagnetic screen with a built-in measure for placement in
standard rooms proved to be the cheapest and most convenient solution. This development by
scientific and research centre “VNIIM” [1] was implemented and has been used at RDC for
20 years .

“UPTM-2" is a structure of 910 mm in diameter and 2320 mm in length with the
accessible internal volume in the shape of a through cylinder of 150 mm in diameter. A zero-
momentum coil return channel three-component measure for magnetic induction is located
inside the ferromagnetic screen and occupies the available internal volume. Operating volume
of the measure is a sphere of 5S0mm in diameter, with the induction reproduction error by
components X, Z and Y of 0.02 %, 0.06 % and 0.9 %, respectively, in the range =70 uT and
nonorthogonality of magnetic axes of no more than 2 angular minutes. Residual field does not
exceed 2 nT, and the screening coefficient from external magnetic fields exceeds 500 times in
the frequency range from 0 to 50 Hz.

UPTM-2 has shown its high reliability and stability of its metrological characteristics
at minimal operating costs.

The operational experience gained with the facility shows the need for some
improvements in the system: most important is that the operational volume sould be increased
from 50 to 100 mm. The UPTM-2 design allows for implementing such an upgrade via the
development and manufacturing of a new zero-momentum measure without manufacturing of
a new ferromagnetic screen and without an increase in the system dimensions. The system for
formation and measurement of precision measure's currents should be upgraded as well.
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CEKIIUA «PU3UKO-XUMHNYECKHUE U3MEPEHU S
SECTIONAL MEETING «PHYSICO-CHEMICAL MEASUREMENTS

CTATUCTUYECKHUE MOJEJIX NPOLHECCOB ITPOBOOTBOPA U
MPOBOINNOATIOTOBKHU JUCIHEPCHBIX TBEP/IbIX BEHIECTB B
AHAJIMTUYECKUX UBMEPEHUSAX
Mensenesckux C.B.,
QI'VII « Ypanvckuii HayuHO-uccie008amenbCKUuti UHCIMUmym Mempoiocuuy, yi.
Kpacnoapmertickas, 4, 620075, Examepunoype
msv(@uniim.ru

[IpoGootbop u mnpobomoaroroBka ([Tull) anamu3upyemoro BemiecTBa SIBISIOTCA
HEOTHEMJIEMON YacThIO OONBIIMHCTBA METOAMK AHATUTHUYECKUX H3MEPEHUU U TMPOILIECCOB
MIPOU3BOJCTBA CTaHAApPTHBIX 00pa3noB. KadyecTBo pa3paboTku U peanu3aluud B
M3MEpPUTEINBHBIX Npoueccax MeToauk [Iull Bauser Ha BeIMUYMHY COOTBETCTBYIOUIUX BKJIAJ0B
B HEOINpPEACIEHHOCTh u3MepeHuid. [l ciydas aucnepcHsIX TBepAplx BemecTs IIull B
OCHOBHOM HampaBlieHbl Ha o0OecleueHne MPeCTaBUTENFHOCTH OTOOpa M TMONyYeHHue
OJIHOPOJHBIX 1O (PU3UKO-XUMHUYSCKUM IIOKa3aTelsM Tpo0 BemecTBa JUIS  aHaju3a.
AKTyanbHOU SIBIII€TCA 3a/laya ONTHMM3alMU [apaMeTPOB U KOHTPOJIA KauyecTBa METOAMK
[Tull, oneHkyn MX BAMSHUS HAa HEOINPEAEICHHOCTh M3MEPEHMH, OCOOEHHO NpU MPUMEHEHUU
[Tull B aBTOMAaTHU3UPOBAHHBIX M3MEPUTEIBHBIX CUCTEMAaX MOHUTOPHHIA, y4€Ta U KOHTPOJS
BELIECTB U MaTEPUAJIOB I10 MOKA3aTeNsIM XMMHUECKOTo cocTaBa. OObIUHO B OCHOBY pELLIEHUI
ATUX 3aJa4d MOJIOXKEHBI Pa3juyHble MOJAEIN AUCIHEPCHOHHOTO aHajiu3a, HE MO3BOJSIOLIME B
SBHOM aHAJIMTUYECKOM BHUJE MaTemaTHuecku omucarh mnporecchl [Iull u tpebyromme st
CBOCW peanu3aliu MPOBEICHUS OOJBIIOr0 KOIWYecTBa SKcrmepuMeHTOB. [Ipenmaraercs
npyroit mogxon k omucaHuto I[Mull, cBs3anHbBI ¢ pa3OueHHEM 3aTaHHBIX O0BbEMa M MaccChl
BEIIeCTBA - U B MOMEHT BPEMEHHU - Ha JOCTyMHHBIE JJs U3MEPEeHUU, 0a30BbIe MOIHOCTHIO
nepeKprIBaronre (BO3MOXKHO repecekatomiuecs), moasepraemele [1ull n n3mepennto 06bemMbl
- Maccoil - M ¢ MaccoBOM J10JIe¥ aHAIU3UPYEMOI'0 KOMIIOHEHTA COCTaBa BELIECTBA -, TIE, , ;,

- paamyc-BEKTOp T€OMETPHYECKOro IeHTpa 0a3oBoro i-oobema B oObeMe - . BemuuuHbI
paccMaTpUBaIOTCS, KaK HEKOTOpas COBOKYMHOCTh CIy4YallHBIX (YHKIWN, OMHMCHIBAIOLINX
pacripeieieHie MacCOBOM JIOJIHM aHAIM3UPYEMOT0 KOMITOHEHTa COCTaBa Mo 0a30BBIM 00beMaM

- 1 00pa3yroMX KOHEYHOMEPHBII BEKTOP COCTOSIHUS - . [10 aHAOruu ¢ BEKTOPOM COCTOSIHUS
MOKHO BBECTH BEKTOp , omuchiBaromui BemectBo nocine npoueayp I[ull. CoorHouenue
MEXIYy ASTUMHU BEKTOpaMU MOXKHO MpEACTaBUTh B BUAE , TJl€, HEKOTOPBIA oOmeparop
npeoOpaszoBanuii, onuceiBatomuii [ull, - Bpems nposeaenus [ull, . [{nst cayyas nunenHoM
3aBHCHUMOCTH OT OMNEpaTrop He OyJeT 3aBHCETh OT U OYIEeT OMpPEeNeNaTbcs C MOMOIIBIO
MaTPUYHBIX OIEPaTOpPOB MPOOOOTOOpa M MPOOOMOATOTOBKH, ONKCHIBAIONINX 3JIEMEHTapHBIC
yepeAyroluecss BO BPEMEHH JdTambl MpoOooTOopa W mpobomoaroroBku.  Omeparop
po60oTOOpa - MPSAMOYTOIBHASI MATPHUIIA pa3Mepa C IIEMEHTAMHU , SBJISFOIIMMUCS B 00IIIeM
cllydae CIy4aHbIMH (YHKIUSIMU BPEMEHH M MapameTpoB mpoboorOopa. B wuumeanbHOM
ciydae , . Onepatop NmpoOONMOATrOTOBKM — KBaJpaTHas MaTpulla pa3Mepa C 3JIEMEHTaMu
ABIIAIONIMMUCS B OOIIEM clydae Cilay4daiHbIMH (YHKUHMSAMH BPEMEHM U IapamMeTpoB
poOOMoOATrOTOBKH. B myueansHOM citydae , . JlaHHBIN 1101X0]] OBUT YaCTUYHO OMPOOOBaH MpH
pa3paboTKe CTaHIapPTHBIX 00pPa3lI0B MAaCCOBOM 10U BOABI HEKOTOPBIX TBEPBIX BEIIECTB Ha
I'DT 173-2013. Ero npumeHeHue, MO3BOJIIET HCHOJB30BaTh MeTo] MonTe-Kapno, uto
COKpalI[aeT KOJMYECTBO SKCIIEPUMEHTOB MPH pa3paboTke U oneHke kauectsa [Tull.
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STATISTICAL MODELS OF SAMPLING AND SAMPLE PREPARATION
PROCESSES FOR DISPERSED SOLIDS IN ANALYTICAL
MEASUREMENTS
Medvedevskikh S.V.
URAL RESEARCH INSTITUTE FOR METROLOGY (UNIIM)
4, KRASNOARMEYSKAYA STR., EKATERINBURG, 620075
msv(@uniim.ru

Sampling and sample preparation (S&SP) of a substance to be analyzed are an integral
part of most analytical measurement methods and processes, when producing reference
material. The quality of the development and implementation of the S&SP methods for
measurements affect the value of corresponding contributions to the measurement uncertainty.

In the case of dispersed solids, S&SP are mainly aimed at ensuring the
representativeness of a selection and obtaining for analysis samples of substances, which are
homogeneous in terms of physical and chemical qualities. There exists a presently relevant
task to optimize parameters and methods for S&SP quality control, to evaluate their influence
on measurement uncertainty, especially when using S&SP in automated measuring systems
for monitoring, recording and controlling substances and materials on the grounds of their
chemical composition. Usually, solutions of these problems are based on various models of
variance analysis, which do not allow for mathematical description of S&SP processes in
explicit analytical form and require a large number of experiments for their implementation. A
different approach to the description of S&SP is proposed, which involves the partition of the
given volume and mass of a substance - and at the time - into available for measurement,
base, overlapping completely (possibly intersecting), subject to S&SP and measurement,
volumes - with the mass - and mass fraction of the analyzed component of the substance
composition -, where , , ;, is radius-vector of the geometric center of the base i-volume in the
volume - . The values are considered as a set of random functions, describing the distribution
of the mass fraction of the analyzed component of the composition by base volumes - and
forming a finite-dimensional state vector - . By analogy with the state vector , the vector ,
describing the substance after the procedures S&SP, may be introduced. The relationship
between these vectors can be presented in the form , where is a certain transformation
operator, describing S&SP, is the time of conducting S&SP, . In the case of a linear
dependence an operator will not depend on and will be determined by means of matrix
sampling and sample preparation operators, describing elementary alterating stages of
sampling and sample preparation. The sampling operator is a rectangular matrix of size , with
elements, which in the general case are random functions of time and sampling parameters.
Ideally, . The sample preparation operator is a square matrix of size , with elements which in
the general case are random functions of time and parameters of sample preparation. Ideally, .
This approach was tried in the development of reference materials for mass fraction of water
in certain solids on National Measurement Standard GET 173-2013. Its application makes it
possible to use Monte Carlo method, which reduces the number of experiments in
development and evaluation of S&SP quality.
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IFOCYJAPCTBEHHBIE IIEPBUYHBIE OTAJIOHBI BHUN®TPU B
OBJIACTH ®U3NKO-XUMHUYECKNX N3MEPEHU
Ho6posonbckuit B.W., Oransu H.I'., [Ipoxynun C.B., baraxanos JI.M., CtaxeeB A.A.
QI'VIl «k BHUHUDTPH »
vid@vniiftri.ru

s oOecneuenus enuHctBa usmepeHuit Bo BHUWOTPU cospanbl, BHEOpeHbI U
YCIIEUIHO 3KCITYaTUPYIOTCS CIEAYIOIINe rOCy1apCTBEHHbIE TepBrUYHbIe 3TanoHbl (I'9T):

l. [Tokazarenss pH akTMBHOCTH MOHOB BOJIOpPOJAA M TOKa3aTels aKTUBHOCTU pX
MOHOB B BOJIHBIX pacTBOpax.

Metponoruueckue  XapakTEepUCTUKH 3TaJOHOB  IMOATBEPXKICHBI  pe3yJbTaTaMH
MEKIYHApOAHBIX KIIOUEBBIX CauyeHui noj arugod MbMB.

B cBs13u ¢ Bo3pacTaromumu TpeboBaHusAMU K pabounm sTasioHam pH, Obut paspaboran
I'OCT 8.135 «CranpmapT-TUTpBl Ul TPUTOTOBJIECHUS Oy(epHBIX pPacTBOPOB — pabouMx
stanoHoB pH 2-ro u 3-ro paspsaoB. TeXxHUYECKHE M METPOJIOTMYECKHE XAPAKTEPUCTHUKHU.
MeTo bl UX OIpeIeIeHUsD.

B Hacrosiee Bpems BHUM®TPU Boinyckaer sTajloHHBIE BenlecTsa 1-ro paspsaa, a
TaK)K€ CTaHJIapT-TUTPbI U OypepHbIe pacTBOPHI I IPUTOTOBIEHUS pabouux 3TanoHoB pH 2-
ro paspsga. OHM DpPOUUIM MCHBITAHUS C LEIbI0 YTBEPKACHUS TUIIA, BHECEHBI B
I'ocynapcrBennbiii peectp CH, u SBASIOTCA MONYLIEHHBIMA K HPUMEHEHUIO Ha TEPPUTOPUHU
Poccun.

Jlommyckaembie JOBEPUTEIbHBIC TPAHUIIBI A0COIIOTHOM MOTPENTHOCTH ( o) 3HaueHui pH
HE MPEBBIIIAOT Il pabounx 3TanoHoB pH:

1-ro paszpsina - 0,004 pH (25 £); 0,006 pH (0 - 60 £); 0,010 pH (60 - 95 £);

2-ro paspsaa - 0,01 pH;

Paboune »nstamonsl pH 1-ro paspsnga, cTaHAapT-TUTPHl 2-TO paspsijia, IBETHbIE
Oydepubie pactBopel, paspaboranHple B BHUU®TPU, mmpoko HCHOMB3YIOTCS B
aHAJMTUYECKHX JIAOOPATOPUIX, PETMOHAIIBHBIX U OTPACIIEBBIX METPOJIOTHUECKUX CITyK0ax, 1
10 CBOMM METPOJIOTUYECKUM XapaKTEPUCTUKAM HE YCTyHaroT 3apyO0e)KHbIM aHAJIOTaM.

2. I'OT enuHuIBl MacCOBOM KOHLEHTPALUU KHCIIOPO1a U BOJIOPO/IA, PACTBOPEHHBIX B
KHUJIKUX cpelax

JUis BOCIIpOM3BENEHUS €IUHUIBI MacCOBOM KOHLIEHTpAallMM PAacTBOPEHHBIX B BOJE
KHCJIOpO/1a ¥ BOJIOPO/1a B pabouell kKaMepe UCIIONIb3YIOTCSI paCTBOPHI, IT0JIy4aeMble Ha OCHOBE
3akoHa ['eHpu-/lasibTOHAa HACBILIEHUEM pacTBOpPAa a30THO-KUCIOPOJHBIMH U a30THO-
BopopoaHbiMu [1I'C B 3aMKHYTOM 00BEME B YCIOBUSX OCTOSTHHONW TEMIIEPaTyphl U 3aJaHHOM
nasnenuu (no 1200 xI1a).

3. I'DOT emuHMI] TUCTIEPCHBIX TMAapaMETPOB a’po30Jiel, B3BECEH M IMOPOIIKOOOPA3HBIX
MaTEpUajoB

I'DOT ucnonb3yloT i onpezeseHUus 3HAUEHUH pa3Mepa M CUYETHOM KOHIIEHTpalu
YacTUL, BOCHPOM3BOSIIMX €IUHUIBI IUCIEPCHBIX IapaMeTpOB a’po30iiei, B3Becel u
MOPOLIKOOOPA3HBIX MAaTEPUAIIOB, IPUMEHSISI METO/IbI ONTHYECKOW MUKPOCKONNH, TU(PAKIIHH
JIa3€pPHOT0 U3ITyYEHUs, JEKTPUUECKOH ApeiioBoii MOABUKHOCTH, HHTEPPEPOMETPUH U cUeTa
YacTHUI] METOJIOM JMHAMHUYECKOTO pacCesHUs CBeTa, a Takke MeToaoM Au(Qpy3noHHOH
CHEeKTpocKonuu. Peanuszanus HECKOJBKUX METOJIOB, MO3BOJIMJIA OOECIEeYUTh H3MEpPEHHUe
JUCIIEPCHBIX XapaKTEPUCTUK a3p0O30JI€il U B3BECEH C METPOJIOrMYECKMMH XapaKTEpUCTHKAMH,
YAOBJIETBOPSIOUIMMU  COBPEMEHHBIE  MOTPEOHOCTH  MPOMBIIIEHHOCTH, OOOpOHBI U
HayKoeMKHuXx otpacineii skoHomukun P®. C 2015 roma mnpoBOAATCS MCCIENOBAHUS IO
pacmMpeHnio JuHaMu4eckoro auamna3zoHa ['DT u ero (yHKIHMOHATBHBIX BO3MOXKHOCTEH B
00JIaCTH BOCTIPOM3BEICHUS €IUHMIIBI J13€Ta-IOTEHIHAIA.

B nacrosmee Bpemss BHUMDTPU npomomxkaeT pa3pabOTKy METOJOB U CPENCTB
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BOCIPOU3BE/ICHUS €IMHUIL JUCTIEPCHBIX TapaMeTPOB a’p030Jiel U B3Becel B HAHOMETPOBOM
JMara3oHe pa3MepoB YacTHIl, a Takxke paszpabartbiBaeTcs HOBbIM ['DT enunun maccoBoit
(MOJISIpHOI) KOHLIEHTPALIMK HEOPTaHUYECKUX KOMIIOHEHTOB B BOJHBIX PacTBOpPax Ha OCHOBE
I'PaBUMETPUUECKOTO U CIIEKTPAIbHBIX METO/IOB.

VNIIFTRI STATE PRIMARY STANDARDS OF PHYSICO-CHEMICAL
MEASUREMENTS
Dobrovolsky V.1, Oganyan N.G, Prokunin S.V, Balakhanov D.M, Staheev A.A.
FSUE VNIIFTRI
vid@vniiftri.ru

In order to ensure the uniformity of measurements, the following state primary
standards (GET) were created, implemented and successfully used in VNIIFTRI:

1. GET of pH of hydrogen ions and GET of pX ions in buffer solutions.

The metrological characteristics of the standards were confirmed in the BIPM key
comparisons.

GOST 8.135 "Standard titers for the preparation of buffer solutions - working
standards for pH of 2 and 3 categories. Technical and metrological characteristics and
methods for their identification.” was developed as a response to increasing requirements to
working standards of pH.

At present, VNIIFTRI produces the first category standard substances, as well as
standard-titers and buffer solutions for the preparation of second category pH working
standards.

The acceptance confidence limits of the absolute error () of pH values do not exceed
for working standards:

1-st category - 0,004 pH (25 C); 0,006 pH (0-60 C); 0,08 pH (60-95 C);

2-nd category - 0,01 pH;

2. GET of unit of oxygen and hydrogen mass concentration in liquid media.

To reproduce the mass concentration unit of oxygen and hydrogen dissolved in water,
in the working chamber, solutions are used, prepared according to the Henry-Dalton law by
saturation of the solution with nitrogen-oxygen and nitrogen-hydrogen gas standards in a
closed volume, under conditions of constant temperature and specified pressure (up to
1200 kPa ).

3. GET of disperse parameter units of aerosols, suspensions and powder
materials.

GET is used to determine the amount and count concentrations of particles that
reproduce units of disperse parameters of aerosols, suspensions and powder materials, using
optical microscopy, laser diffraction, electric drift mobility, interferometry, and particle
counting, using dynamic diffusion spectroscopy. The implementation of several methods has
made it possible to measure the disperse parameters of aerosols and suspensions with
metrological characteristics that satisfy the current needs of any industry, defense and science-
intensive branches of economy of the Russian Federation. Since 2015, some research has been
carried out to expand the dynamic range of the GET and its functionality in the area of zeta
potential unit reproduction.

At present, VNIIFTRI continues to develop methods and measurement systems for
reproducing units of disperse parameters of aerosols and suspensions in the nanometer range
of particle sizes, as well as the new GET of mass (molar) concentrations units of inorganic
components in aqueous solutions, based on gravimetric and spectral methods.
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PAMAHOBCKASI CIEKTPOMETPHUS B TEOKOJIOTI'MYECKOM
MOHUTOPHUHI'E
L2Konomensko JI.A., 23 Kesnakos A.IT.
Y @oryii «BHUUM um. JT. 1. Menoeneesay
’Hayuonansnoni Yuusepcumem UTMO
SrOU um.C. M. Bagunosa

BHenpeHnne paMaHOBCKOM CIIEKTPOMETPUM B  T'€OIKOJIOTMUYECKHH MOHUTOPHUHT
XapaKTepu3yeTcs B MOCIEIHEN 1eKa/ie MacIITaOHBIM pa3MaxoM OJiarojapst JUCTAaHIIMOHHOMY
JETEKTUPOBAHUIO U PACIO3HABAHMIO B PEaJbHOM BpPEMEHM XHMHMUYECKHUX BELIECTB U
COEMHEHHI B MHOTOKOMIOHEHTHBIX cpenax [1,2].  IIporpecc B pacmpocTpaHEHHH 3TOTO
METO/1a BBI3BaH PsI0M CHEIUPUUECKUX 0COOEHHOCTEH.

B otnnuue ot nmunapos auddepeHnnanbHoro norjaomeHus 30HIMPOBAHNE JTa3ePHBIM
U3Iy4YeHUEM Ha (PUKCHPOBAHHOM AJMMHE BOJHBI B PAaMaHOBCKOM aHaJIU3aTOpe MO3BOJISET
CUHXPOHHO JI€TEKTUPOBATH CHEKTPaJbHbIE OTKJIMKH MHOKECTBA XMMHUYECKHX BEIIECTB B
J000M arperaTHOM COCTOSIHUM M BECTHM M3MEPEHHs Ha HAKJIOHHBIX TpaccaXx B pexXUME
IUIOLIAIHOTO CKAHUPOBAHUS.

JIOCTHTHYTBIH ypOBEHb CIEKTpanbHOro paspemenns (Av=0.6 cm '), cenexTuBHOCTH
(v/Av >10000) 1 4yBCTBUTEIBHOCTH (OCOOCHHO HAa AHTUCTOKCOBBIX YACTOTaX) JenaeT Paman-
CHEKTPOMETPUIO HE3aMEHMMOM HpH JETEeKTUPOBAHMU M UJEHTU(GUKALUU HN30TOIMHBIX
CTPYKTYp  MOJEKYJSPHBIX KOMIUIEKCOB Ha YPOBHE KOHIIEHTpauui BIUIOTH 10 1 pptv.
MaxkcumanbHoe ceuenue KP-cnextpomerpuu npuxoautcsa Ha Y D-o0nacts criekrpa. [Ipu
3TOM HauOosiee OJIAronNpusATHBIM C TOYKHM 3peHUs (OHOBBIX 3aCBETOK  SBIISETCS
«COJIHEYHO-CJIETION» uana3oH JUIMH BOJIH (A <320 HM), B KOTOpOM Mosoca XapTiu 030Ha
SKpPaHUPYET IOTOK CONHEUHOro Y ® uznyueHus.

Hcnonp3oBanue TpaauuuoHHBIX QoronerekTopoB (PIY, doroamonos, S0II) B
pPaMaHOBCKOM CIIEKTPOMETPE MPUBOJIMIO K HEOOXOJUMOCTH Pa3HECEHUsI NMPHEMHBIX KaHAJIOB,
OTpaHUYMBAJIO CBETOCUJIY BXOJHOTO TEIEOOBEKTHBA W YUCIO PETUCTPUPYEMBIX CIEKTPOB.
CoBpemeHHbI nporpecc B TexHosoruu MaTpuuHbix [I3C (oTOnpHEeMHUKOB ¢ MaKCUMyMOM
YyBCTBUTEIHHOCTH B auarnazone 250-400HM [3] mo3BOJISIET OAHOBPEMEHHO PETUCTPUPOBATH
COTHU CHEKTPaJbHBIX HHTEPBAJIOB, CYLIECTBEHHO YBEIWYMUTb CBETOCUIY BXOJHOIO
ONTUYECKOTO TPAKTa, COKPATUTh Maccy U rabapuThl JUAAPHOTO KOMILJIEKCA B LIEJIOM.

OTMeUeHHBIE JIOCTOMHCTBA OTKPBIBAIOT IEPCIEKTUBY CO3JAaHHUS PaMaHOBCKOIO
TUIEPCHEKTPAIbHOTO JIMJapa M HCIOJb30BAaHUS €ro B MOHUTOPUHIE BO3IYLIHOTO
IPOCTPAHCTBA, 3¢MHOMN U BOJHOM MOBEPXHOCTU Ha OECIMIIOTHBIX JICTATENIbHBIX U MTOIBOIHBIX
anmnapatax. B Jokiane mpuBOASTCA NPUMEPHl  HCMONb30BaHUS PaMmaH-CEKTpOMETpUM B
reOXMMHUYECKUX HCCIEI0BaHUAX aTMOCc(epbl U ruapochepsl.

Jluteparypa

[1] Stokes R. J., Smith W. E.,. Foulger B. E, Lewis C. Rapid screening and
identification of improvised explosive and hazardous precursor materials by Raman
spectroscopy // Proc. SPIE 2008.v 7119. pp. 711901-1.

[2] Konomenvko JI.A., I'pumkanna C.A.,EnuzapoB B.B., XKesnako A.Il., Kamees
C.B., Mak A.A. KanubpoBka yibTpacmneKkTpagbHOro pamaHoBckoro nuaapa./Tp. XXIY
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[3] Internet: http://www.hamamatsu.com.
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RAMAN SPECTROSCOPY IN GEOECOLOGICAL MONITORING
2Konopel’ko L.A., >*Zhevlakov A.P.
I'D.I. Mendeleev Institute for Metrology
’IFMO University
3Vavilov State Optical Institute

In the last decade, Raman spectrometry has been widely applied in the field of geo-
ecological monitoring due to the possibilities it provides for remote detection and recognition
of chemicals and compounds in multicomponent media. The progress in the spread of this
method is determined by a number of the method's specific features.

Unlike the differential absorption lidar, laser probing at a fixed wavelength in the
Raman analyzer allows for synchronous detection of spectral responses of a large array of
chemical substances in any aggregate state and also for measurements on inclined paths in the
areal scanning mode.

Maximum cross section of Raman spectrometry accounts for the UV spectrum region,
with the "solar-blind" range of wavelengths (A <320 nm), in which the Hartley band of ozone
blocks the flux of solar UV radiation, being most favorable in terms of background flare
limitation.

The achieved level of spectral resolution (Av=0.6 cm-1), selectivity (v/Av >10000) and
sensitivity (at anti-Stokes frequencies especially) makes Raman spectrometry indispensable in
detection and identification of isotopic structures of molecular complexes at concentration
levels even as low as 1 pptv.

The previous use of conventional photodetectors (PMT, photodiodes, streak tube) in
the Raman spectrometer resulted in the requirement for spatial separation of receiving
channels, limited optical eficiency of the input lens and the limited number of recorded
spectra. Modern progress in the CCD matrix photodetector technology with high sensitivity in
250-400nm range [3] allows for simultaneous recording of hundreds of spectral intervals, for
a substantial increase in the input optical path efficiency and a reduction in weight and
dimensions of lidar system as a whole.

The putlined advantages offer prospect for creating a hyperspectral Raman lidar and
using it to monitor the air, ground and water surfaces from unmanned aerial and underwater
vehicles. The report gives examples of Raman spectrometry use in geochemical studies of the
atmosphere and hydrosphere.

References

[1] Stokes R. J., Smith W. E.; Foulger B. E, Lewis C. Rapid screening and
identification of improvised explosive and hazardous precursor materials by Raman
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PASBUTHUE METPOJIOTMYECKOI'O OBECITIEYEHW S N3MEPEHUI
MACCOBOW KOHIEHTPAIIMY YACTHI] B ASPOJMUCIIEPCHBIX CPEJAX
Kyctuxkos FO.A., Ko3nos JI.H., Kpamapenko F0.A., Baacos JI.A., [Tuauyk O.A.
@I'VIl « BHUUM um. J[. M. Menoeneesa»
y.a.kustikov@vniim.ru

B3Beniennble 4acTUIBI B BO3yXe (a9P030JIH) SABISIOTCS BTOPHIM 110 OMIACHOCTH 1OCIIE
030Ha (HaKTOpOM, BIIMSIOUIMM Ha 30POBbE YEJIOBEKA. JTO SBUIIOCH MPUYMHON OBICTPOTO
pocTa mapka CpeicTB U3MEPEHUSI MacCOBOM KOHIIEHTPAIK a3p030JIei.

B mepuon ¢ 2000 mo 2003 rr. Bo BHUMM O6bina co3aHa ycTaHOBKA BBICIIEH
tounoct YBT 105-A-2003, a B 2003 r. ma Gaze YBT 105-A-2003 Obu1 yTBepxKAeH
rOCy/IapCTBEHHbIN MEPBUYHBIA CHELUAIBHBIN 3TaJIOH €IWHUIBI MAacCOBOM KOHILIEHTpAalUH
gacTul B asdpoamcnepcHbix cpepax ['OT 164-2003. C 2003 r. mapk CpencTB H3MEPEHHI
MacCOBOM KOHLIEHTpAallMM 4YacTHIl B BO3AYLIHBIX Cpelax IPETEpIEBACT 3HAYUTEIIbHBIC
U3MEHEHHUs 10 CBOEMY CTPYKTYpHOMY M KOJMYECTBEHHOMY cocTaBy. B mepByro ouepenb
TOMY CIIOCOOCTBOBaJIO BBeJeHUE B JeiicTBue 3akoHOB Poccuiickoit ®enepauunu Ne 102-D3
«O06 obecnieueHnM eMHCTBA U3MepeHui», Ne 96-D3 «O6 oxpaHe oKkpy Karolien cpeb», Ne
52-®3 «O caHUTapHO-3MUJEMHOIOTHYECKOM OJIaronoIlydly HACeJICHUs», a TAK)Ke MOSBIICHUE
B 2010 r. HOBBIX HAUMOHAIBHBIX T'MTMEHUYECKUX HOPMATHUBOB, YCTaHABJIMBAIOIIUX
TpeOOBaHUSI K MPEAENIbHO JOIYCTUMBIM KOHIEHTPALUsM 3arpsA3HSIONIMX BEIIECTB (B TOM
YHCJIe — B3BEILICHHBIX YaCTHUI]) B aTMOC(HEPHOM BO3/1yX€e HACEJICHHBIX MECT.

OcoOeHHOCTBIO HOBBIX HOPMAaTHBOB SBJSETCS TO, YTO B HHUX BIEpPBbIE
copMynHpoBaHbl TPEOOBAHUS K MPEIETBbHO JIOMYCTUMBIM KOHIIEHTPALUAM pecIpadeabHbIX
bpakumii aspozoneii — PM2.5 u PM10. Takum oGpazom, B P® Bo3HHKIa HEOOXOAMMOCTH
NPUMEHEHHUsS HOBBIX THIIOB aHAJIM3aTOPOB a’p030Jieil, OCHAIIEHHBIX MpPeoOpazoBaTEIIMU
(GpakIIMOHHOIO COCTaBa U OCYIIECTBISIOUIMX pa3felieHue 4YacTull 1o  (pakuusm,
o0ecrneynBarIuX KOHTPOJIb HE TOJNBKO MPENeNbHO JOMYCTHUMBIX KOHLEHTpalMi Bcex
B3BEIIEHHBIX YaCTHULl, HO U KOHUEHTpalui oTaenbHbIX ppakuuii yactui (PM2.5, PM10).

Heo6xonumocTe pemieHust 3ajjayd METPOJOrMYECKOro OOeCledeHus H3MepHuTenen
MaccoBOM  KOHUEHTPAallMM HOBBIX THUIOB OOYyCIIOBMJIA IIOCTAaHOBKY paOOTBl IO
COBEpPIICHCTBOBAHUIO KOMIUIEKCA alnaparypbl B COCTAaBE ATAJIOHA, KOTOpas 3aBEpLIMIIACH
YTBEPKACHUEM IOCYAapCTBEHHOTO MEPBUYHOIO crenuanbHoro stajgona ['OT 164-2016.

B ocHoBy rocymapctBeHHOro mnepsuuHoro 3tainoHa I'OT 164 nosokeHbsl ABa Merona
U3MEpPEHUl: TPaBUMETPUUYECKUII METOJI M3MEPEHHs] MacCOBOW KOHIIEHTPALUU B3BELICHHBIX
YacTULl U pPaJUOU30TOIIHBIA METOl U3MEPEHMUS.

I'paBuMeTpUuecKnii METOJ M3MEPEHUs, KOTOPBIN SIBISAETCS NMEPBUYHBIM METOJOM, B
TOM 4YHCIIe, U N0 OMNPEIENIEHNI0 JOKYMeHTOB KOHCYNbTaTUBHOTO KOMMTETA MO KOJIUYECTBY
Bemectsa BIPM, ciayXuT [ BOCHPOU3BEIEHHs €IMHMIBI MAacCOBOM KOHLIEHTPALUH
B3BEIIEHHBIX YaCTHUII.

Paon30TONHBINA METO/I OCHOBAH Ha moriomieHud [5-13mydeHus cioem a3po30bHbIX
YacTHULl, MPEABAPUTEIBHO OCAXJACHHBIX HA (PUIIbTpPE, U CIYKUT JJS Mepelayd eIUHUIbI
MacCOBOM KOHIIEHTPALlMU B3BEILIEHHBIX YaCTHL.

CpaBHEHHE METPOJIOTUYECKUX XApPAKTEPUCTUK MEPBUYHBIX ATAJIOHOB EIMHUIIBI
MacCOBOM KOHIIEHTpPAllMM B3BEIICHHBIX YacTHIl ITOKA3bIBAET, YTO YCOBEPIIECHCTBOBaHHBIN
ATaJIOH 00J1aJjaeT paclIipeHHON HEONPeIeICHHOCThIO HE XYKe, YeM HallMOHAJIbHbIE STAJIOHBI
JIpyTUX CTpaH, OJHAaKo obsajaeT Oojiee MIMPOKMM JMANa30HOM H3MEPEHHUs M HaleJeH Ha
pelieHne O00MbIIero Yyuciaa U3MepUTEIbHBIX 3a1a4.

B Hacrosiee Bpems cozaHa rpymnia pabo4yux 3TaIOHOB, 00eCIIeYUBAIONINX IIepeiady
€IMHUIBI MACCOBOM KOHIIEHTPALlUH B Pa3JIMYHbIX peruoHax Poccuiickoin @enepannu.
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PROGRESS IN METROLOGICAL PROVISION OF MEASUREMENTS OF
MASS CONCENTRATION OF PARTICLES IN AERODISPERSE MEDIUM
Kustikov Yu.A., Kozlov D.N., Kramarenko Yu.A., Vlasov D.A., Pinchuk O.A.
D.1. Mendeleyev Institute for Metrology
y.a.kustikov@vniim.ru

Suspended particles in the air (aerosols) are the second most hazardous factor after
ozone, affecting human health. This has triggered the rapid growth of the stock of instruments
to measure mass concentration of aerosols.

In the period from 2000 to 2003, a high accuracy unit UVT 105-A-2003 was created at
VNIIM, and in 2003, based on it, the State Primary Special Standard of the unit of mass
concentration of particles in an aerodisperse medium GET164-2003 was approved. Since
2003, the stock of instruments to measure mass concentration of particles in air has undergone
significant structural and quantitative changes. Primarily, these changes were facilitated by
adoption of the Russian Federation laws No. 102-FZ “On Ensuring the Uniformity of
Measurements"; No. 96-FZ “On Environmental Protection”; No. 52-FZ “On Sanitary and
Epidemiological Welfare of the Population”; as well as by adoption in 2010 of new national
hygienic standards, which establish requirements for the permissible exposure limit for
pollutants (including suspended particles) in the air of populated areas.

A special aspect of the new standard is that it states the requirements for the
permissible exposure limit for respirable aerosol fractions PM2.5 and PM10. Thus, the need
arose to use new types of aerosol analyzers equipped with the fraction composition converters
that separate particles into fractions to ensure control not only of permissible exposure limit of
concentration of all suspended particles, but also of concentrations of individual fractions
(PM2.5 and PM10).

The need to ensure the metrological assurance of the new mass concentration meters
determined the start of the work on improving the equipment of the Standard, as a result of
which State Primary Special Standard GET 164-2016 was developed and approved.

GET 164-2016 is based on two measurement methods: a gravimetric technique to
measure the mass concentration of suspended particles and a measurement technique using
radioisotopes.

The gravimetric method is a primary method by the definition stated in the BIPM
CCQM documents, and it is used to reproduce the mass concentration unit for suspended
particles.

The radioisotope method is based on [3-radiation absorption by a layer of aerosol
particles deposited on a filter, and it is used to transfer the mass concentration unit for
suspended particles.

Comparisons of metrological characteristics of primary standards of the mass
concentration of suspended particles show that the improved standard has the expanded
uncertainty which is not worse than that of national standards of other countries, and, at the
same time, it has a wider measurement range and thus is able to perform a larger number of
measurement tasks.

By now, a group of working standards has been created making it possible to
disseminate the mass concentration unit to various regions of the Russian Federation.

Book of abstracts 85



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

HOBASI METPOJIOTUS BOJOPOJA MOBBICUT BE3OITACHOCTD
OBBEKTOB BIIK U TPAXKJAHCKOI'O HABHAYEHUS, OBECIIEUUT
JUJIEPCTBO B CO3JIAHWUH HOBBIX MATEPHAJIOB Y TEXHOJIOT UM

JLA. Kononenvxo!, A.M. Honanckui’, B.A. Honanckuir’, FO.A. fxoenes’®
LoryIi "BHUUM um. .. Menoeneesa"190005, Poccus, Cankm-ITemep6ypez
Mocxosckuii np., 19
2000 «HIIK DIITy, 198188 Poccus, Canxm-ITemep6ype, cm. Bponesas, 6.
ampol@electronbeamtech.com
SUTTMaw PAH199178Poccus, Cankm-Ilemepbype, Bonvwioti npocnexm B.O., 61

Bonopon sBnsieTcss caMbIM OINAacHbIM 3JEMEHTOM JJI BCEX KOHCTPYKIIMOHHBIX
MmarepuaioB. Hamuuue ero BHYTpHM MaTepUaIOB MPHUBOAMT K METALTYPrHUYECKUM JedeKTam,
CHIDKEHHIO YCTaJOCTHOM MPOYHOCTH, MJIACTUYHOCTH W TPEHIMHHOCTOMKOCTH, MHIYLHPYET
pa3BUTHE KOPPO3UH, CTPECC-KOPPO3UH, XJIAAHOIOMKOCTH. CTaTHCTHKA TEXHOTEHHBIX aBapuil
B He(TerazoBoM KOMILIEKCE MOKa3biBaeT, uTo B 80% cilydyaeB paspylleHHe KOHCTPYKIUN
CIPOBOLIMPOBAJI PACTBOPEHHBIN B MeTayie BoAopod. s Bcex rpynn MeTasioB U CIUIaBOB
€ro KOHIIEHTpalusl HOpMHUpOBaHa craHjgapramu. MHorga 3agatoT "HOpMy" M TpEIENbHO
JIOTTYCTUMYIO KOHILIEHTPALHIO.

Camas octpas npobiemMa COBPEMEHHOCTH COCTOUT B HCIOJb30BAHUU BBICOKOH OJH
BTOPUYHOI'O0 MeETajlla, YTO NPUBOAUT K IOBBIIIEHHBIM KOHIIEHTpAIMsIM BOJOpOJia B IOTOBOM
nponykiuu. OCHOBHOW ITPOU3BOJIUTEND YEPHBIX METAUIOB — KuTall — yke HCIONb3yeT MpHU
IIPOU3BOJCTBE CTAJIEW BBICOKMW IIPOLIEHT METauiojgoma. EBpOCOI0O3 NPHUHAN IUPEKTHBY O
100% yTunuzanuu BTOPUYHBIX METAJIOB HA cBOEH Teppuropun 10 2025 roga. 9To 03HAYaET,
YTO JI0JII METAJJIOJOMa B €BPOMNEHCKUX CTaygx MOxkeT coctaButh 70% (mpu coOBpeMEHHOMN
HOopMe — He Oonee 7%). M3-3a ucuepnanusi pyJaHBIX 3al1aCOB MO HEKOTOPBIM JKapOMPOUYHBIM
CIJIaBaM JI0J1s1 BTOPUYHOI0 MeTallia yxe ceiiuac cocrasiuseT 100%.

Poccust wuHTErpupoBaHa B MHMpPOBOM Ipoliecc pasleneHus Tpyla. Bompoc
cornacoBanus CU u cTaHIapTOB CTAHOBUTCS ONPEAEIISIOIINM B 00eciedeHud 0€30acCHOCTH.
Bonopon siBisiercs €IMHCTBEHHBIM 3JIEMEHTOM, 110 KOTOPOMY OTCYTCTBYET COIVIACOBAHHAs
HOpMaTuBHas 0a3a. MexayHapoAHbIE CIMYEHUS M HUCCIENOBaHMs, HPOBEACHHbBIE II0
€BPOIEHCKON paMOYHOM IporpamMme, IOKAa3aJId pacxoXkIEeHUe 10 cemMu pa3! Mexay
aTTeCTOBAaHHBIM UM  pEaJbHBIM  COJEpKaHHUEM BOJOPOAA B  JSTAIOHAX  PA3IUYHBIX
IIPOU3BOJUTEIICH.

OCHOBHBIMH IPOOJIEMaMU SIBIISIFOTCS:

*pa3HOPOAHOCTHh MaTEpUAIOB, HEOOXOIUMBIX Ul CO3/IaHUS STAIOHHOI 0a3bl;

*MMUPOKMIA  AMana3o0H M YPE3BbIYAHHO HU3KHME 3HAUYEHUS HOPMHMPOBAHHBIX
KOHIIEHTPAIHil BOJIOPO/A, KOTOPBIe COCTaBIsAoT 0T 0,04 [MiH '] 115 amoMUHHEBBIX CIITABOB
o 30 [MJIH'l] JUISE THTQHOBBIX CIIIABOB;

*HecrocoOHOCTh OONBIIMHCTBA MMeoIuXcsi Ha pbiHKe CU obecrieunth n3MepeHus
BO BCEM [Mala3oHe KOHUEHTpalui BOAOpPOJa M JUIsl BCEH HOMEHKJIATyphl CILIABOB,
HEOOXOUMBIX /17151 GYHKIIMOHUPOBAHHS COBPEMEHHOMN MPOMBIIUIEHHOCTH.

Mpl, pa3pabaTbiBaeM OTEUECTBEHHYIO METPOJIOTHYECKYI0 0a3y, CpeicTBa U METOJIbI
M3MEpEHUS COJepKaHMs BOJIOPO/Ia HA OCHOBE HOBOT'O ATAaJIOHA MTOTOKA BOAOPOJIa B BAKyyM U
YHUBEPCAJIBHOIO MAacCC-CIIEKTPOMETPUYECKOTO METOJa M3MEPEHUsl KOHIEHTpPALUi BOJIOpOJA.
BricTpoe perieHne cyecTByOmUX npodiaem OyaeT o3Havath JuaepctBo PO B obecnieuennn
Han&xHOro u OezomacHoro ¢yHkiuoHUpoBaHUS 00beKTOB OIIK M 00BEKTOB Ipa’kJaHCKOTrO
Ha3Ha4yeHHs, OCOOEHHO B YycioBUsX KpaifHero CeBepa, TMO3BOJIUT OCYIIECTBUTH
umnopro3amenienne CH B 3TOMl KpUTHYECKM BaXHOM O0O0JACTH, YIYYIIMTh KayecTBO
CYUIECTBYIOIIMX MAaTE€pPHAIOB M CO3/1aTh HOBbIE MaTe€pHallbl IIECTOTO0 TEXHOJIOTHYECKOTO
yknaga. C 2000 roma BBITYCKAeTCsl CEPUMHO OTEYECTBEHHBIM YHHMBEpPCAJIbHBIA Macc-
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CHEKTPOMETPUYECKUI aHAIU3aTOp BoAopona AB-1, KOTOpBII MOXET cTarb OCHOBOM s
OBICTPOTO BHEIPEHHUS Pa3pabaThIBAEMBbIX TEXHOJIOTUH.

BENEFITS OF NEW HYDROGEN METROLOGY FOR MILITARY-
INDUSTRIAL COMPLEX, CIVIL APPLICATIONS, NEW MATERIALS AND
TECHNOLOGIES
L.A. Konopel’ko!, A.M. Polyanskiy?, V.A. Polyanskiy’, Yu.A. Yakovlev

'D.I1. Mendeleyev Institute for Metrology, 190005Russia, St. Petersburg,
Moskovsky pr., 19
’RDC Electron and Beam T echnology, 198188 Russia, St. Petersburg,
Bronevaya st., 6.
3 IPME RAS 199178 Russia, St. Petersburg, V.O., Bolshoj pr., 61

Hydrogen is one of the most dangerous elements for all constructional materials. Even
a relatively insignificant amount of hydrogen results in appearance of metallurgical defects,
reduction in fatigue strength, ductility and crack resistance. Hydrogen in materials induces the
development of corrosion, stress corrosion, and cold-brittleness. Statistics for industrial
accidents in oil and gas shows that hydrogen dissolved in the metal of constructions was
responsible for 80% of all cases. For all groups of metals and alloys, there are standard
permissible and maximal permissible concentrations of hydrogen.

Today, one of the most acute problems is the use of a high proportion of secondary
metal, which leads to increased concentrations of hydrogen in the final products. The main
producer of ferrous metals, China, already uses a high percentage of scrap iron in the steel
industry. The European Union has adopted a directive, according to which 100% of secondary
metals on its territory are to be resycled by 2025. This means that the share of scrap iron in
European steels can reach as high as 70% (at current standard rates, it is no more than 7%).

Due to the exhaustion of ore reserves, for some heat-resistant alloys, presently, the share of
secondary metal in some products is already in the region of 100%.

Russia is integrated into the world's trend for division of labour. The issue of
unification of Measurement instruments (MI) and standards becomes crucial for security.
Hydrogen is the only element on which there is no common regulatory framework. The
analysis carried out within the European framework program shows that the concentrations of
hydrogen in the certified etalon samples provided by the different manufacturer could differ
by up to 7 times. The main problems in hydrogen metrology are the following:

- The heterogeneity of the materials needed to create a reference database;

- Wide range and extremely low values of normalized hydrogen concentrations, which
vary from 0.04 [ppm] for aluminium alloys to 30 [ppm] for titanium alloys;

- The inability of most of the available MI on the market to provide measurements
over the wide range of hydrogen concentrations and for the wide range of alloys, which is
necessary for modern industry.

We are developing a national metrological base, tools and methods for measuring
hydrogen content based on a new standard of hydrogen flow in vacuum and a universal mass
spectrometric method for measuring hydrogen concentrations. The solution of the above
mentioned problem will give Russia a leadership in ensuring reliable and safe operation of
military-industrial complex facilities and civilian objects, especially in the extreme North
conditions. It will allow to replace the imported MI, improve the quality of existing materials,
and create new materials of the sixth techno-economic paradigm.

Since 2000 the universal mass-spectrometric analyser of hydrogen AB-1, which can
become a basis for fast implementation of the developed technologies, has been produced
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serially.

KOHIOENIUA PABBUTUS METPOJIOTUMYECKOI'O OBECIIEYEHMU 1
T'A3BOAHAJIMTUYECKHUX U3MEPEHUN
KonoGosa A.B.!, Kononensko JI.A!
L @ryIr « BHUUM um. [. 1. Menoeneesay
akol@b10.vniim.ru

B pokmage npencraBieHa  HOBas  KOHUEMIMS — Pa3BUTHS  METPOJIOTMUYECKOTO
obecrieueHns ra30aHaTUTHIECKUX U3MEepeHui [ 1] Ha ocHOBe:

- HHTEHCU(UKALIMU BOCIIPOM3BEACHNUS U MEepeIaun eIMHUI] COIeP>KaHHsI KOMIOHEHTOB
B ra30BbIX CpeJiax Ha STAJIOHHBIX KoMIulekcax annaparypsl ['OT 154-2011,

- CO3J1aHUsI MHOTO()YHKIIMOHAIBHBIX STAJIOHHBIX KOMIIJIEKCOB ammaparypsl B CTaTyce
BTOPUYHBIX 3TAJOHOB,

- pa3pabOTKX METOOB Mepeavyn eIUHHI] coJepkanus kKommoHeHToB oT ['OT 154-2011
MHOTO()YHKIIHOHAJIbHBIM BTOPUYHBIM 3TAJIOHAM,

- obecrieueHus epeayy eIMHULL COJIepKaHusl KOMIIOHEHTOB OT BTOPUYHBIX 3TaJIOHOB
pabouuMm 3TajloHaM U pabodnM CpeiCTBaM U3MEPEHU,

- akkpeauTtauuu Ha coorBercTBue TpeOoBanusM HWCO 34 npennpusituii-
IIPOM3BOIUTENEH CTaHAAPTHBIX 00Pa3LlOB COCTaBA T'a30BbIX CMecei

- ©XKEroJHoe IpOBeJIeHuE MEKIa00paTOPHBIX CPAaBHUTENIbHBIX HCHBITAHUNH pabouyux
ATaJIOHOB.

JIureparypa

1. I'OCT 8.578-2014 «l'ocynmapcTBeHHasi cucTeMa OOCCIEYCHHS €IUHCTBA
u3Mepenuil. I'ocynapcTBeHHas MoBepoyHas cXema I CpPeACTB H3MEPEHUil colepKaHHs
KOMITOHEHTOB B Ta30BBIX CpeIaxy.

CONCEPT OF DEVELOPMENT OF METROLOGICAL ASSURANCE OF
GAS ANALYTIC MEASUREMENTS
A.V.Kolobova', L.A Konopelko!
I'D.I. Mendeleyev Institute for Metrology
akol@b10.vniim.ru

The report presents a new concept for the development of metrological assurance for
gas analytical measurements [1] based on:

- intensification of reproduction and transfer of units of content of components in gas
mediums on standard complexes of GET 154-2011,

- creation of multifunctional standard complexes of equipment in the status of
secondary standards,

- development of methods for disseminating units of content of components from
GET 154-2011 to multifunctional secondary standards,

- ensuring the dissemination of units of the content of components from secondary
standards to working standards and measuring instruments,

- accreditation of reference gas mixture producers for compliance with the
requirements of ISO Guide 34,

- carrying out annual interlaboratory comparisons of working standards.
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OCOBEHHOCTU METPOJIOI'MYECKOI'O OBECITEUEHUS
NU3MEPEHHNI1 B OPTAHUYECKOM AHAJIN3E
Kpbuios A. 1.
OI'VII « BHUUM um. /[ U. Menoeneesay, 190005 Cankm-Ilemepbype,
Mocxkosckuii np., 0.19
akrylov@b10.vniim.ru

OU3NKO-XUMHUYECKUE, KAaK U XUMHUKO-aHAIUTUYECKHE W3MEPEHHUS MMEIOT Pl
CYLIECTBEHHBIX OCOOEHHOCTEN B CPaBHEHUH C IPYTUMU BUIAMH U3MEPEHUN — QU3NUECKUMH.
OTO MOCIYXWIO MNPEANOoChUIKON 00pa3zoBaHusi otraenbHOro komurera (KoHcynbraTuBHBIN
komuteT 1o komuyectBy BemectBa — KKKB, anrn. CCQM) B cucreme MexIyHapOaHOTO
bropo Mep u Beco (BIPM). Cnenys npunnmumam pabdotst KKKB, B cooTBercTBUEM C
0a30BbIMH pabOYMMHU TPYMNIIAMU, MOKHO BBIJCIUTH IATh OCHOBHBIX HAMpABJICHUM: ra3oBBIN
aHaJIu3, HEOPraHUYECKUN aHAJIN3, OPraHUYECKUI aHaIN3, JJIEKTPOXUMUYECKIE U3MEPEHUS U
OuoaHanu3, BKJIOYas BCe MATh MOATPYII OMoaHanu3a. DTH HApaBJICHUs B IEPBYIO OUepeb
ONpEENAOTCS  CBOMCTBAMHM  H3MEpPSAEMBIX KOMIIOHEHTOB: Ta3bl, OpraHUYecKue |
HEOpPraHMYEeCKUe BEIleCTBA, OMOMOJIEKYJIbI U T.I1., @ OTHIOJb HE TUTIOM 00bEKTa U3MEPEHUI —
MaTpullbl (HampuMep, BO3IyX, MOYBa, MOYa, KpOBb, (apMiipenapaT U T.N.), KaKk 3TO HMHOIJa
IIyTaoT.

[IpenMeTom OpraHM4ECKOro aHaJIM3a SIBJIIETCS U3MEPEHHE CO/IEP KaHUSI OPraHUYECKUX
MOJIEKYJl B Pa3JIMYHbIX OOBEKTaX, HaYMHAs OT YUCTBHIX BEIIECTB M 3aKaHYMBAs TAKUMHU
MaTpUllaMH, KaK OOBEKTbl OKpYXarollel cpeabl, MPOAYKThl MUTaHUS, OUOJOTHYECKUE
CyOCTaHIIMM YeJlOBeKa U )KUBOTHBIX U T.7. Takum oOpa3oM, Takue chepbl Kak IKOJIOrnyecKas
XUMUSI, OMOXUMUSI, METUIIMHCKAsE XUMUs (KIIMHUYECKasi IMarHOCTUKA), (hapMXUMUS 1 MHOTOE
Jpyroe, 6e3yCIOBHO, SBJISIOTCS MPEAMETOM OPraHUYECKOr0 aHAIN3a, @ UX METPOJIOTHYECKOEe
obecneuenue B Poccuiickoit @Denepauuu JIOJDKHO 3aMBIKaTbCsl Ha  yTBEPKICHHBIN
rOCYJIapCTBEHHBIN EPBUYHBIN 3TAJIOH «B 00JIaCTH Oprannyeckoro ananuza» I'OT 208.

OCHOBHOM  OCOOEHHOCTBIO OpPraHMYECKOr0 aHalu3a SBISIETCS MHOrooopasue
U3BECTHBIX K HACTOSILEMY BpPEMEHHM OPTraHUYECKHUX BeUIeCTB (MUJUIMOHBI), YTO TpedyeT
(bopMHpOBaHUS ONpPEIETIEHHON CHCTEMBl OO0ECIEYEeHHUsI MPOCISKUBAEMOCTH Pe3yJIbTaTOB
M3MEpEeHNIl Kak Ha HAIMOHAJBHOM YpOBHE, TaK M B MeXAyHapoAHOM MacmTtabe. B cocraB
I'DOT 208 BXOOUT IIMPOKUM CIIEKTP YCTAaHOBOK, PEATM3YIOLIUX METO/Ibl MACC-CIIEKTPOMETPHUH,
Biroyag I'X/MC, BDOXX/MC/MC, BOXX/MCII/MC/MC, a Takxke METOIBI TIa30BOM,
BBICOKO()(PEKTUBHOM KHUJIKOCTHOH M HOHHOM Xpomarorpaguu, KyJIOHOMETPHUECKOTO
tutpoBanus (o dumepy) u ap. YkazaHHasi HHCTpyMEHTaJ bHas 0a3a Mo3BOJIAET MPOBOIUTH
aTTECTALMI0 BBICOKOYHMCTBIX OPraHMYECKHX BEIIECTB B COOTBETCTBUU C OOIICTIPUHATHIMU
MPUHIIMIIAMH, a TAK)KE BBITIOJIHATH CPAaBHUTEIbHBIEC UCTIBITAHUS 3TAJIOHOB CPABHEHUSI COCTaBa
pacTBOpPOB KaK Ha HAI[MOHAJIBHOM, TaK M HA MEKIYHApOJHOM YpPOBHE (CM. pE€3yJbTaThbl
cimuennit CCQM).

Kpome TOro, BHeapeHHE BBICOKOTOYHBIX (3TAJIOHHBIX) METOJOB H3MEpPEHUI
Pa3IUYHBIX KJIACCOB (MO HA3HAUEHUIO) OPraHWYECKHUX BEIIECTB IO3BOJSET O0ECIEYUTh
NPOCIEKUBAEMOCTh ~ M3MEPEHMH M  CO3JaeT OCHOBY pa3pabOTKM  HAlMOHAJIBHBIX
cepTU(ULMPOBAHHBIX PEPEPEHTHBIX MaTepHalioB — CTaHAapTHhIX o0pasuoB (CO) mis
IIPUOPUTETHBIX OTpacieil HapoJHOro Xo3sicTBa. Tak, K HACTOSIIEMY BPEMEHM CO3IAHBI
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METO/IbI (Ha OCHOBE XPOMAaTO-MacCC-CIIEKTPOMETPUU C U30TOIHBIM pa30aBlieHuEM) U3MEPEHUI
u arrecrauuu CO XJIOpOpraHUYECKUX MECTUINIOB (ITOYBBI, PACTEHHUS), «IUOKCUHOBY (B T.Y. B
KHUPax), HOTUXJIOPUPOBAHHBIX U MOJUOPOMUPOBAHHBIX OM(PEHMITIOB 1 OM(EHUITOBBIX 3(PUPOB,
MOJIMApPOMATHYECKUX YTJIIEBOAOPOAOB (BKJIIOYAsh HAIIMOHAJIBHBIA CTaHAAPT), aIaTOKCHHOB
(nmuieBble  MaTpUIbI), AHTHOMOTHKOB (MSCO), OCHOBHBIX MapKepOB KIMHUYECKON
JMAarHOCTUKHU: TJIIOKO3bl, XOJIECTEPOJAa, KpPEaTMHWHA, MOYEBHUHBI, MOYEBOM KHCIOTHI B
CBIBOPOTKE KPOBH UEJIOBEKA.

Bce BblmensnoxkeHHoe sBisercs npeameroM uccaenoBanui ['OT 208, Bkmrouas
opranuzanuio cimyeHnit B pamkax KOOMET, u ¢gopmupyer ocHOBY ajisi CO3/1aHUS HOBBIX
TUIIOB CTaHJAPTHBIX 00pa310B B J1a00OPaTOPHOM MeAMIIMHE, MUIIEBOI 0€30MaCHOCTH U T.II.

PECULIARITY OF METROLOGICAL ENSURING FOR MEASUREMENT IN
ORGANIC ANALYSIS
Krylov A.L
D.I. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg, 190005
Moskovsky pr., 19
akrylov@b10.vniim.ru

Physical-chemical or chemical-analytical measurements have a number of significant
differences from other types of measurements - physical. This fact became the backgound for
the foundation of a separate committee, the Consultative Committee for Amoute of Substance
- CCQM) in the International Bureau of Weights and Measures (BIPM). In accordance with
the principles of work of the CCQM, five main directions can be distinguished, coresponding
to the related workgroups: gas analysis, inorganic analysis, organic analysis, electrochemical
measurements and bioanalysis, including all five subgroups of bioanalysis. These directions
are primarily determined by the properties of the measured components (gases, organic and
inorganic substances, biomolecules, etc.), rather than by the type of the object of measurement
- matrices (e.g. air, soil, urine, blood, pharmaceuticals, etc.), as it is sometimes erroneously
assumed.

The subject of organic analysis is the content measurement of organic molecules in
various objects, ranging from pure substances to such matrices as environmental objects, food
products, biological substances of human and animal origin, etc. Thus, such spheres as
ecological  chemistry, biochemistry, medical chemistry (clinical diagnostics),
pharmachemistry and many other are certainly subjects of organic analysis. Their
metrological assurance in the Russian Federation should be linked to the approved state
primary standard "in the field of organic analysis". GET 208 (National Primary Standard).

The main feature of organic analysis is the diversity of known organic substances
(millions), which requires the formation of a certain system for ensuring the traceability of
measurement results both at the national level and internationally. GET 208 includes a wide
range of mass spectrometry equipment, including GC / MS, HPLC / MS / MS, HPLC / ICP /
MS / MS, and gas, high-performance liquid and ion chromatography, coulometric titration
(Fischer) and others. The equipment above allows to certify high purity organic substances in
accordance with generally accepted principles, and to perform comparative tests of the
composition of reference standards solutions at both national and international level (see
CCQM intercomparison results).

Besides, the introduction of high-precision (standard) methods of measurements for
different classes (by designation) of organic matter ensures measurement traceability and
creates the basis for the development of national certified reference materials - reference
materials (RM) for the priority sectors of the national economy. Nowadays, a number of
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methods have been developed (based on chromatography-mass spectrometry with isotopic
dilution) for measurements and RM certification of organochlorine pesticides (soil, plant),
dioxins (including fats), polychlorinated and polybrominated biphenyls and biphenyls ethers,
polyaromatic hydrocarbons (including national standard), aflatoxins (food matrices),
antibiotics (meat), the main clinical diagnostic markers: glucose, cholesterol, creatinine, urea,
uric acid in human serum. All of the above are subject to the GET 208 research, including the
organization of intercomparison within the COOMET framework. It forms the basis for the
creation of new types of standard samples in laboratory medicine, food safety, etc.

COCTOSHHUE U NEPCIIEKTUBBI PA3SBUTHUA METPOJIOT'HTYECKOI'O
OBECHEYEHUS U3SMEPEHU XAPAKTEPUCTUK MOPUCTOCTH TBEPIBIX
BEHIECTB U MATEPUAJIOB
E.I1. CoGuna
QI'VII « Ypanvckuii Hayuno-ucciedoeamensbCKul UHCIMUmMym Mempoiocuuy,
va. Kpacnoapmeiickas, 4, 620075, Ekamepunbype
251 @uniim.ru

AKTyalnpbHOCTh  pa3pabOTKU  METPOJOTMYECKOTO0  OOecleueHus  U3MEpeHHil
XapaKTEPUCTHK MTOPUCTOCTH TBEPBIX BEHIECTB U MATEPHAIOB 00YCIOBICHA HEOOXOIUMOCTHIO
KOHTpPOJIsI KauecTBa COPOEHTOB, KaTalu3aTOPOB, TOPHBIX MOPOJ M APYTUX MaTepuasoB,
SIBJISTFOIITUX CSI TIOPUCTHIMU BerecTBaMu. OJTHUMHU U3 BAKHEHIIINX XapaKTEPUCTUK CTPYKTYPbI
MOPUCTHIX BEIIECTB U MAaTEPUANIOB SBJISIOTCS y/IeIbHAsI IOBEPXHOCTh, yACTIbHBIA 00BEM TOP,
pasmMep 1op, pacupenesaeHue mop mno pazmepam, MOPUCTOCTh U ra3onpoHuIiaeMocts. B Poccun
mns paHHbiX nened B OI'YIL «YHUHUM» cozman ['OT 210-2014 T'ocynapcTBEHHBII
MIEPBUYHBIN 3TAJIOH €IUHHUI] YIEITHHON aIcOpOLIMK ra30B, YACIbHON MOBEPXHOCTH, yACITBHOTO
o0bemMa U pa3Mmepa MOp TBEPABIX BellecTBa W MarepuasioB. C MOMOIIBI0 JAHHOTO 3TaJOHA
pa3paboTaHbl M BBIMYCKAIOTCA TPU THIMA CTAaHIAPTHBIX OOpa3loB COPOIIMOHHBIX CBOWCTB
HaHomopucThix  BemecTB: ['CO  10449-2014 (ma oOcCHOBE OKcHIA  AITIOMHHHS),
I'CO 10734-2015 (ma ocuoBe neonuta), ['CO 10735-2015 (Ha OCHOBE TEXHHUUYECKOTO
yriaepoa), KOTOpble 00eCeuynBal0T KOHTPOJIb U3MEPEHUN MUKPO- U Me3onop. JanbHednmmu
paboTaMH 1O COBEPIICHCTBOBAHHIO METPOJOTUYECKOro oOecreueHus B JaHHOW o0macTu
SBIISIETCS. METPOJIOTHYECKOE OOeCreueHne M3MEPEHUN MaKpoIop, a TaKKe MOPUCTOCTH U
ra30MpPOHUIIAEMOCTH TBEP/IBIX BEIIECTB U MAaTEPHAIIOB.

CURRENT STATE AND PROSPECTS FOR THE DEVELOPMENT OF
MEASUREMENT ASSURANCE OF CHARACTERISTICS OF POROSITY OF
SOLID SUBSTANCES AND MATERIALS
E. P. Sobina
FGUP “URAL RESEARCH INSTITITE FOR METROLOGY”
4 KRASNOARMEYSKAYA STR., EKATERINBURG, 620075
251 (@uniim.ru

The relevance of developments in measurement assurance in measuring characteristics
of porosity of solid substances and materials is due to the need to monitor the quality of
sorbents, catalysts, rock and other materials, which are porous substances. Among the most
important structural characteristics of porous substances and materials are specific surface
area, specific pore volume, pore size, pore size distribution, porosity and gas permeability.

Book of abstracts 91



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

In Russia, GET 210-2014 State primary measurement standard of specific adsorption
of gases, specific surface area, specific volume and pore size of solid substances and materials
has been created for the given purposes in FGUP “UNIIM”. With the use of this measurement
standard 3 types of reference materials of sorption properties of nanoporous substances have
been developed and released: GSO 10449-2014 (based on aluminium oxide), GSO 10734-
2015 (based on zeolite) and GSO 10735-2015 (based on technical carbon), which ensure
control of micro-and mesopore measurements. Further work on the improvement of
measurement assurance in this area involves measurement assurance of macropores, and
porosity and gas permeability of solid substances and materials.

T'OCYJIAPCTBEHHBIN MIEPBUYHBINA DTAJIOH HA OCHOBE
KYJIOHOMETPHUHU I'IT 176-2013: POJIb B METPOJIOT'HYECKOM
OBECHEYEHUY AHAJIMTHYECKNX U3MEPEHU U TEPCIIEKTUBBI
PA3BUTUA
Cob6una A.B., Tepentse I'.1., 3pickun B.M., llumonun A.1O.
QI'VII « Ypanvckuil nayuno-uccied08amenbCKui UHCIMumym Mempoi02uny»
sobinaav(@uniim.ru

B YHUUM co3nan u pyakuuonupyet ['ocynapcTBeHHbIN NEPBUYHBIN 3TANIOH €IUHULL
MaccoBOU (MOJIAPHOM) TOJIM U MaccOBOM (MOJIAPHON) KOHIIEHTPALIMU KOMIIOHEHTA B JKUIKUX
U TBEpJbIX BELECTBAX M Marepuajax Ha ocHoBe KyioHomerpuu ['OT 176-2013. Meron
KyJIOHOMETpuM pekoMeHaoBaH KoHcynbTaTuBHBIM KOMHMTETOM 110 KOJMYECTBY BEILECTBA —
metposniorust B xumuu (KKKB) B kauecTBe mepBUYHOrO MeTofa H3MEPEHUH.
IIpocnexxuBaeMoCTh  pe3yJbTaTOB HM3MEPEHMM METOIOM KYJIOHOMETPUU PEAU3YETCs
HenocpeacTBeHHO K enuHunam CU — kunorpammy, ammepy u cekyHiae. B cocrtaB stanona
BXOJIAIT IBE 3TAJIOHHBIX YCTAaHOBKH, PEAJIU3YIOIINE PA3HOBUAHOCTH METOAA — KYJIOHOMETPHIO
[P KOHTPOJHMPYEMOM TOKE (KYyJIOHOMETPHUYECKOE TUTPOBAHHE) M KYJIOHOMETPHUIO IpHU
KOHTPOJIMPYEMOM HOTeHUHane. HanuoHanbHblE ATaJOHBI M BBICOKOTOYHBIE YCTaHOBKH,
OCHOBaHHbIE Ha METO/I€ KYJIOHOMETPUYECKOIO0 THUTPOBAHHS, YCIEIIHO HCIOJIb3YIOTCS B 9
CTpaHax MwWpa, BKIouYas Poccuro; dTaJloHHas YCTAHOBKA, pEaIM3yIOIIas METOJ
KYJIOHOMETPHUH IPU KOHTPOIUPYEMOM OTEHLIUANE, IO METPOJIOTMYECKUM XapaKTepUCTHUKAM
He uMeeT aHanoros B Apyrux HMH.

CpenctBaMu XpaHEHUsT W Iepenayd eauHul], BocrpousBogumeix ['OT 176-2013,
SIBJISIIOTCSI 3TAJIOHBI CPABHEHUS - CTAHJAPTHBIE 00pa3Libl YUCTHIX XUMHUUECKUX BEIIECTB U UX
pacTBOpPOB € TOYHO OXapaKTepU30BaHHBIM cocTaBoM. Panee Bxopsmume B coctaB ['DT 176
STAJIOHBl CpPaBHEHUS OBLIM OXapaKTepU30BaHbl TOJBKO IO COJEPKAHUIO OCHOBHOTO
KOMIIOHEHTa, HO TMPaKTHKa TIOKa3bIBaeT, YTO I pEUIeHUs psaga 3axad  (Hampumep,
MPUTOTOBJICHUS] MHOTO3JIEMEHTHBIX KaTMOPOBOYHBIX PaCTBOPOB, YUACTHSI B MEXKTYHAPOIHBIX
CIIMYEHUAX) HEOOXOAMMO 3HATh COJAEp)KaHHE INPUMECHBIX KOMIOHEHTOB. Kpome Toro,
BOIIPOCaM XapaKTEepPU3allMd YHCTHIX BEIIECTB C MAaKCHUMAaJIbHO JOCTH)KUMON TOYHOCTHIO
yaensiercss OoJbIlloe BHMMaHHE Ha 3acefaHusx PaOouell rpynmsl MO HEOPraHUYECKOMY
anamn3y KKKB Ha mpoTspkeHMM HECKONBKUX mocieaHux jeT. CorjacHo pa3pabOTaHHOMY
npoekty nokymeHta KKKB «JlopoxHas kapTa 1O OLEHMBAaHUIO YHCTOTHI METAIUIOBY», IUIS
LIEJIEBOM HEOIPe/IeIeHHOCTH HU3MEPEHUN COJEepKaHUS OCHOBHOIO KOMIIOHEHTa B YHCTBIX
metaiax MeHee 0,01 % pexomenayercs ucnonbp3oBath noaxon «100 % muHyc cymma
puMecen».

B 2015 r. YHUUM wununuuposan pabotel mo coepueHctBoBanuio DT 176-2013,
HaIpaBJIEHHbIE Ha paCIIMpPEHHE [Mara3oHa BOCIPOU3BEACHUS EAMHHIIBI MAaCCOBOM JOJU
KOMIIOHEHTOB Ha oOcHOBe mnonxona «l100% wMuHYyC cymma npuMecel» INOCPEICTBOM
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BktoueHUs: B coctaB ['OT 176-2013 sTamoHHONW yCTaHOBKH, pPEaIU3YIONIEd METOJ Macc-
CHEKTPOMETPUU C HMHIYKTHUBHO-CBA3aHHOW IUIa3MOM, a TaKXE€ MOAECPHU3ALHUIO ITAIOHHOU
YCTaHOBKH, peau3yIoleil MeTO KyJOHOMETPUYECKOTO TUTPOBAHHUS.

B Hactosmiee BpeMs K MOMEHTY 3aBEpIIEHHs pPabOT IO COBEPIICHCTBOBAHUIO
I'DT 176-2013 B ero cocraB BXOAAT 3 ATAJOHHBIE YCTAaHOBKH, 12 3TaJOHOB CpaBHEHHUS
YHUCTBIX XMMHUYECKHX BELIECTB (YUCTbIE METaIbl, COJIM METAIJIOB M PACTBOP KHCIOTHI),
YCIEIIHO MPUHATO y4yacThe B 10 KIFOUEBBIX W MIJIOTHBIX CIMYeHUAX B paMkax MKMB u
KOOMET, u3 Hux B 6 cauueHHsIX B Iepro] padboT mo cosepiieHcTBoBanuto. 9T 176-2013
ofOecrieunBaeT BOCIPOU3BEACHHE M TMepelnady €AMHUIl MacCOBOM (MOJSpHOI) Aoau u
MaccoBOM (MOJISIPHOM) KOHLEHTPALlMM KOMIIOHEHTOB KOHIIEHTpAaTOMEpaMm, KYJIOHOMETpaM,
TUTPATOPaM, aTOMHO-a0COPOIIMOHHBIM CIIEKTPOMETPAM, MacC-CIIEKTPOMETPaM C UHTYKTUBHO
CBSI3aHHOM IJIA3MOM U IPYTHM aHAJIUTHUECKUM MpHOOpam.

COULOMETRIC STATE PRIMARY STANDARD GET 176-2013: ROLE IN
METROLOGICAL ASSURANCE OF ANALYTICAL MEASUREMENTS AND
PROSPECTS OF DEVELOPMENT
Sobina A.V., Terentiev G.I.
FSUE "Ural Scientific Research Institute for Metrology"
sobinaav(@uniim.ru

The State primary standard of units of mass (molar) fraction and mass (molar)
concentration of a component in liquid and solid substances and materials based on
coulometry GET 176-2013 has been developed and implemented at UNIIM.

The method of coulometry was recommended by the Consultative Committee for
Amount of Substance - metrology in chemistry (CCQM) as the primary measurement method.
Traceability of measurement results obtained by coulometry is established directly to SI units
(kilogram, ampere and second). The State primary standard includes two reference
installations that implement varieties of the coulometry method. They are current-controlled
coulometry (coulometric titration) and potential-controlled coulometry. National standards
and high-precision installations based on the method of coulometric titration are successfully
used in 9 countries of the world, including Russia. The reference installation implementing
the potential-controlled coulometry method has no analogues in the world in terms of
metrological characteristics.

Means of storage and dissemination of units reproduced by GET 176-2013 are
reference materials of pure chemical substances and their solutions of a given composition -v
“reference standards”. Previously, reference standards included into the GET 176 were only
characterized by the content of the main component, but in some cases all of concominants
should be known, to solve such tasks as preparation of multielement calibration solutions or
participation in international comparisons. Moreover, the issues of characterization of pure
substances with the highest attainable accuracy have been given particular attention at the
meetings of the Working Group on Inorganic Analysis of CCQM over the past several years.
According to the developed draft of the CCQM document "Roadmap for the evaluation of
purity of metals ", for the target uncertainty of measurements of the main component content
in pure metals less than 0,01%, it is recommended to use the approach "100% minus the sum
of impurities".

In 2015 UNIIM initiated work to improve the GET 176-2013. The main aim was to
extend the range of reproduction of the units on the base of the "100% minus the sum of
impurities" approach by inclusion into the GET 176-2013 of a reference installation
implementing the method of mass spectrometry with inductively coupled plasma and also to
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improve the reference installation, which implements the method of coulometric titration.

At the moment, when the work on improvements to GET 176-2013 is complete, it
includes 3 reference installations, 12 reference standards of pure chemicals (pure metals,
metal salts and an acid solution), has successfully participated in 10 key and pilot
comparisons within the framework of CIPM and COOMET, including 6 comparisons during
the period of improvement. GET 176-2013 ensures reproduction and dissemination of the
units of mass (molar) fraction and mass (molar) concentration of components to concentration
meters, coulometers, titrators, atomic absorption spectrometers, inductively coupled plasma
mass spectrometers and other analytical instruments.

ATTECTAIIUA METOJIMK N3MEPEHUM BEJINYHH,
XAPAKTEPM3YIOIINUX I'PYHITIOBOM XUMHWYECKHUN COCTAB OFBEKTOB
9KOJOI'NMYECKOI'O U CAHUTAPHOI'O KOHTPOJIA
Hexuxosckuii I'.P!, Tkauenxo 110!

LoryIl «BHUUM um. J{.U. Menoeneesay, Canxkm-Ilemepbype
grm@b10.vniim.ru

IIpy 5KOJIOTMYECKOM M CAHUTAPHOM KOHTPOJIE HEPEAKO H3MEPSIOT COACpKaHHUE
KOMIIOHEHTa, MPEJCTaBIAIONIEr0 COOO0M TIpynIy WHAMBUAYAJIbHBIX BEIIECTB, OJIM3KHUX 110
(bU3UKO-XMMHUYECKUM CBOMCTBAaM HJIM MPOUCXOXkIeHHI0. [IprMepbl: MaccoBasi KOHLIEHTpALs
(deHoNnoB (KUPOB, HEHMOHOIECHHBIX MMOBEPXHOCTHO-AKTHUBHBIX BeIleCTB, npenapara /-11) B
BOJIC, MaccoBas J0JI1 XJOPOPIaHMYECKHUX TMEeCTULUAOB (IMMETHIOEH30JI0B) B IIOYBE,
MaccoBas KOHIIEHTpalusi BO3TOHOB KAMEHHO-YIOJbHBIX cMod (pocharoB, HUTPHUIIOB
KapOOHOBBIX KHCIOT Ci17.20) B BO3/yXe€, MaccoBas KOHIEHTpalMs JIETYYHMX KOMIIOHEHTOB
3GUpHBIX Macel B BIOpOCcax NpeanpHUsITH napproMepHO-KOCMETHYECKON MPOMBILIUIEHHOCTH.

IIpu arrecranuum METOOUK HM3MEPEHMH MOJOOHBIX BEIMYMH HEOOXOJUMO 00palaTh
BHUMaHUE HAa TPU CHEHU(PUUYECKUX HCTOYHMKA HEOIpenenEHHOCTH u3MmepeHuil. [lepBbiil u3
HUX OOYCJIOBJIEH HEJOCTaTOYHBIM MJIM HEOJHO3HAUYHBIM ONHCAHHWEM TOM TPYIbI BEILECTB,
KOTOpasi MpeICTaBIIsIeT cOO0M ompeesieMblii KOMITOHEHT. BTopoii BO3HHWKAaeT Toraa, Koraa
CyMMapHbI aHaJIUTUYECKUN cUrHall (popMupyeTcs He BCEMM BEIECTBAMU, OTHECEHHBIMHU K
rpynne. TpeTuit HCTOYHUK XapaKTepeH JUIsl METO/IUK, B KOTOPBIX I'PaIyHpOBKa IPOBOJAUTCS
10 OZJHOMY MJIM HECKOJIbKMM MHJMBUYaJbHBIM BELIECTBAM, A IIOJyYEHHBIE I'PAaAyHPOBOYHbIE
XapaKTEPUCTUKHU PaCIPOCTPAHSIOTCS HA BCIO TPYIITY.

Bo BHUUM um. JI.1. MenaeneeBa HaKOIJIEH ONBIT OLICHUBAHUS HEOIIPEIEIEHHOCTU
U3MEPEHUN BEIWYMH, XapaKTepU3YIOLMH TIpynmnoBod cocraB. CHUCTEMAaTU3UPOBAHBI
pa3inyHble CHUTyalldd ¥ BO3MOXHBIE pEUIeHMs; I[IOCTaBJieHAa 3ajJaya IMOJTrOTOBKHU
METOAMYECKMX PEKOMEHJAMN IS CHEelMaIMCTOB MO Pa3paboTKe M aTTECTAUH METOIHK
U3MEPEHUM.

CERTIFICATION OF METHODS OF MEASURING CHARACTERISTICS OF
GROUP CHEMICAL COMPOSITION OF THE OBJECTS OF ENVIRONMENTAL
AND SANITARY CONTROL
G.R. Nezshikhovsky', I.Yu. Tkachenko'
ID.1. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg
grm@b10.vniim.ru

When carrying out environmental and sanitary control, it is often necessary to measure
the content of a component represented by a group of individual substances with simlar
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physical-chemical properties or of similar origin, for example, mass concentration of phenols

in water (fats, non-ionic surfactants, D-11 preparations), or mass share of organochlorine
pesticides (dimethylbenzenes) in soil, mass concentration of coal and tar resins sublimates
(phosphates, carboxylic acids nitriles Ci7.20) in air, and mass concentration of volatile
components of essential oils in perfume and cosmetics industrial emissions.

To certify measurement methods of such values, it is important to pay attention to
three specific sources of measurement uncertainty. The first is due to inadequate or ambiguous
description of the group of substances that constitutes the component being identified. The
second occurs when the aggregate analytical response is not formed by all the substances,
attributed to the group. The third source is indicative of the methods, in which calibration is
carried out on one or more individual substances, but the resulting calibration characteristics
are extrapolated to the entire group.

VNIIM has accumulated experience in assessing uncertainty in measurements of the
values that characterize a group composition. Different situations and possible solutions are
systemized; a task is set to work out methodological recommendations for specialists engaged
in development and certification of measurement techniques.

HE®TENPOAYKTHI B OBBEKTAX OKPYKAIOIIEW CPE/IbI:
N3MEPEHUE OBOBIIEHHOTI'O NTOKA3ATEJISI NJIM KOJIMYECTBA
BEHIECTBA
Txauenxo W.1O.

QI'VIl « BHUUM um. /[. 1. Menoeneesar, 190005 Canxkm-Ilemepoype,
Mockosckuii np., 0.19
ti@b10.vniim.ru

HedTtp u HedTenpoayKTbl OTHOCATCS K YUCIy HauOojiee pPacHpOCTPAHEHHBIX B
r100aJbHOM MaciuTabe M ONAacHBIX TOKCHUYHBIX BEUIECTB, BBI3BIBAIOIIUX  TSKEIbIE
HKOJIOTUYECKHUE MOCIIEACTBUS IIPU 3arpsi3HEHUH UMHU 00bEKTOB OKpy»katoiei cpenbl (OOC).
[lepeuncnenHble OOBEKTHI OTHOCATCS K cepe TocylapCTBEHHOIO KOHTPOJS U,
COOTBETCTBEHHO, JJISI HUX YCTAQHABJIMBAIOT HOPMATHUBBI KOHTPOJS U TNPUMEHSIOTCA
aTTeCTOBaHHbIE METOJUKU U3MEpeHUl. B MeXyHapoIHBIX JOKyMEHTaX, yCTaHABIMBAIOIINX
Kakue-Inbo TpeOoBaHHS K H3MEPEHHUI0 HEPTENPOAYKTOB, MPUMEHSIOT TEPMHUHBI THIIA!
«cojepkanne HeTH, Maces U 00IIero KoJn4ecTBa He(QTAHBIX YTIIEBOIOPOI0B B (00BEKTE)Y,
«coniepkaHue He(pTH M CMA30YHBIX MATEPUAIOB», OIpEIeNeHHE «HUHIEKCA YIJIEBOJIOPOIHBIX
Maces» WIN «yIrJeBOJAOPOJHOrO HHAEKCay. Tak 4To jke Mbl u3MepsieM?

Korga mpobGnema ompenenenust HepTu W HEDTENPOAYKTOB B OOBEKTaX OKPYKAIOIICH
cpensl (OOC) Bnepole mnosBuigack B CCCP, Obul mpeulokeH MeETOJ| OINpe/eieHus
COOTBETCTBYIOILIErO IMOKa3aTelis, OCHOBAHHOIO Ha BBIJACIEHUU W3 AHAJIU3UPYEMOI MaTpHIIbI
¢dpakuuy, Ha3bIBaeMON «HE(PTENPOAYKTaMU» U TOCIEAYIOUIEM €€ TPaBUMETPUYECKOM
u3MepeHu. Ha TOT MOMEHT 3To ObLI €JMHCTBEHHBIH METOJ U TMOJy4yaeMmble pe3yibTaTbl He
BBI3BIBAIM HU y KOro coMHeHHH. C pa3BUTHEM XMMHKO-aHAJIMTUYECKON MpuOOpHOW Oasbl u
pOCTOM MOTPEOHOCTH B HSKOAHATUTHUECKUX M3MEPEHHUAX CYLIECTBEHHO pACHIMPUIICT U
nepevyeHb METO/10B Olpe/iesieH s He(TENPOyKTOB, HAIPUMED:

- UK-cnekrpomerpuueckuii  (I'OCT P 54039-2010, TTHA @ 16.1:2.2.22-98 wu
ap.);

R Omoopumerpudeckuit (ITHA @ 16.1:2.21-98, TIH] © 14.1: 2:4.128-98 u np.);

. ["azoxpomatorpaduueckuii ('OCT 31953-2012);

- [Ipouwne.

Bo Bcex mnpHBEeNEHHBIX BBIIIE CIydasx BBHINOJIHSAETCS W3MEPEHHE OIpeeIeHHON
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XapaKTepUCTUKU CHCTEMbI, BELIeCTBa WJIM TIpynmnbl BemecTB. [Ipy 3ToM cTaHOBUTCS
MNOHATHBIM, YTO B 3aBUCUMOCTH OT BBIOpDAaHHOM XapaKTePUCTUKU (MHTEHCHBHOCTH
norsiouienus B UK-o6mactu, gpuyopumeTpus u T.11.) pe3yabTaT U3MEPEHUS MOKET OTINYATHCS
Ha nopsaku!

OueBHIHO, YTO B 3TOM CUTyallUH HpOLEAypa aTTeCTallUd KaXKAOW M3 MPHUMEHSEMBIX
METOAMK MOXKET ONUpaThcsi JIMOO Ha CyIIECTBYIOLIEE METPOJIOTHYECKoe olecreyeHue
n3MepeHnit coaepxkanusi HegrenpoayktoB B OOC, co3zmaHHOE NIl PEIICHUS KOHKPETHBIX
aHAJMTUYECKUX 3a7ay, JUOO YUHUTHIBATH HEOOXOJMMOCTH IPEABAPUTEIBHOIO pELICHUs
METOJIOJIOTUYECKUX  3ajlad, BKIOYas JCPUHUIUAIBHYIO  HEONpPEIENIeHHOCTh  (T.e.
UCTIOJIb3YEMYIO TEPMUHOJIOTHIO) M OOIIyI0 KOHLENIHIO Mpoueaypsl usMepenuit. Ilpu
CBEICHUU MpOOJeMbl HM3MEPEHHUs CcoJepKaHUs HePTEenpOAYKTOB K H3MEpPEHHUIO0 HEKOEro
0000IIEHHOr0 TOKa3aTeNs MO JKeCTKO pPEerIaMeHTHPOBAHHOW Mpoueaype (IMIUPHUECKUi
METOA) JUIsi €€ METPOJIOTHYECKOTO olecreueHnuss MoTpedyeTcs JUIlb YCTaHOBJICHHUE
MOIXOAAIINX KaTMOPAHTOB € MOCIEAYIOUMM (POPMUPOBAHHEM OI0/IKETa HEONPEEIEHHOCTH B
COOTBETCTBHH C OOLIEIPUHATON MPAKTUKOM.

Kak anbpTepHaTHBHBIM ciydail, MOXXHO pPAacCMaTpUBaTh pPAa3JIMYHbIC BapUaHTHI
KOHIIETITYyaJIbHOTO TOCTPOEHUSI MPOLENYypbl M3MEPEHUH U COIYTCTBYIOIIUME WM CIIOCOOBI
pacueta cofepxKaHusl HEPTENPOyKTOB, YUUTHIBAIOLINE BHIOPAHHYIO MOJIEIb:

- 10 €IUHUYHOMY CBOMCTBY, WM KOMIIOHEHTY-MapKepy;
A 10 CEpUU CUTHAJIOB, UJIM CEPUU PETIEPHBIX BEILIECTB;
an M0 UHTErPaTbHOMY CUTHAIY TPYTIIHI BEIIECTB.

JIist KaXKJ10TO U3 NEPEUHCICHHBIX CIy4aeB PaCCMOTPEHBI aJIrOPUTMbI (POPMUPOBAHUS
Oro/KeTa HEONPEJEIIEHHOCTH U TMPEUIOKEHbl BApUAHThl y4yeTa BKIJIAJIOB HE H3MEPSIEMbIX
BIIPSAMYIO KOMIIOHEHTOB WJIM alIPOKCUMAlU{ PE3yJIbTATOB M3MEPEHUN 4YacTU aHAJIUTOB HA
HIMPOKYIO TPYIIYy OJHOTHUIIHBIX BELIECTB.

OIL PRODUCTS IN ENVIROMENTAL OBJECTS: GENERALIZED
MARKER OR AMOUNT OF SUBSTANCE
Tkachenko I.U.
D.I. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg, 190005
Moskovsky pr., 19
ti@b10.vniim.ru

Globally, crude oil and oil products are among the most widespread and most toxic
substances in the environment, which cause severe environmental consequences when
contaminate environmental objects. The mentioned above objects belong to the sphere of
state control and, therefore, control standards and certified measurement methods are
developed and used on them. In the international documents that establish requirements for
oil product measurements, such terms as "content of crude oil, oils and the total amount of
oil hydrocarbons in (object)", "the content of oil and lubricants", the definition of "index of
hydrocarbon oils" or "hydrocarbon index" are commonly used. So, what do we measure?

When the problem of determining oil and oil products in environmental objects first
appeared in the USSR, a method was proposed for determining the proper marker. The
method was based on the separation of a fraction called "oil products" from a matrix under
analysis and its subsequent gravimetric measurement. At that time, it was the only method
and the results did not cause any doubt. As the chemical analytical instruments progressed
and ecoanalytical measurements became more relevant, the list of methods for determining
oil products significantly expanded as well. For example:

. IR spectrometric (GOST R 54039-2010, PND F 16.1: 2.2.22-98, etc.);
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A Fluorimetric (PND F 16.1: 2.21-98, PND F 14.1: 2: 4.128-98, etc.);

. Gas chromatographic (GOST 31953-2012);

_ Others.

In all the methods above, the measurment of a specific characteristic of the
system, substance or group of substances is carried out. It becomes clear that, depending on
the characteristic selected (e.g. the intensity of absorption in the IR region, fluorimetry, etc.),
the measurement result may differ by 10 times or more!

Obviously, in this situation, the procedure for attestation of each of the methods can be
based either on the existing metrological assurance (designed to solve specific analytical
problems), or on considering the need for preliminary solution of methodological tasks,
including the definitional uncertainty (i.e. current terminology) and the general concept of the
measurement procedure. If the problem of measuring the content of oil products is treated as
the measurement of a generalized marker according to a strictly regulated procedure (an
empirical method), its metrological assurance will only require the determination of suitable
calibrants, followed by uncertainty budget calculation in accordance with a generally accepted
procedure.

As an alternative case, there could be considered various conceptual options of the
measurement procedure and the accompanying calculation methods of the oil product content,
taking into account the chosen model:

-~ by a single property (or a marker component)

- by a series of signals (or series of reference substances);

A by the integral signal of a group of substances.

For each of the listed cases, algorithms for forming an uncertainty budget have been
considered and options have been proposed for taking into consideration the contributions of
components wqhich are not measurable directly, or approximation of the measurement results
of some analytes to a wide group of same-type substances.

CIIOCOBBI OBECHEYEHMUS TPOCJIEXXUBAEMOCTH U3MEPEHUI
OBLIET'O COAEPXXAHUSA PTYTHU B I'A30BbIX CPEJAX
Makcakosa .b.
QI'VII « BHUUM um. /.M. Menoeneesay, 190005 Canxm-Ilemepoype,
Mockosckuii np., 0.19
i.b.maksakova@vniim.ru

Hcnonp30BaHue pPTYyTH 4YeNOBEYECTBOM BO Bcex cdepax U OTpacisX MNPUBENO K
r1100IbHOMY 3arpsI3HEHHIO OKPYXKAIOIIEH cpellbl PTYThIO U €€ COeNMHeHUAMU. B pesynbraTe
pSA KPYHHBIX Pa3BUTHIX CTpaH MOAMHCATd MHMHAMaTCKyl0 KOHBEHIUIO MO PTYTH [UIsl TOTO,
9TOOBl MHUIIMHPOBATH MEXKAYHAPOIHBIC MEPHI MO PETYJIUPOBAHHIO PTYTH IPHEKTUBHBIM,
JIEHCTBEHHBIM U MOCJIEIOBATEILHBIM 00pa3oM, JIJisi OXPaHbI OKPYKaIOIIEH Cpebl U 37J0POBBS
yenoBeka. B Poccum B HacTodiiee BpeMsi CYIIECTBYET JOCTaTOYHOE KOJUYECTBO
aTTECTOBAHHBIX METOJIMK IO OINPEICIICHUIO PTYTH B Pa3JIMYHBIX cpelax. Bece oHu peanusyoT
B OCHOBHOM METOJ AaTOMHO-a0COpPOIIMOHHOW CIEKTPOMETPUU  «XOJOIHOTO  Iapay.
['pagyupoBKa CIEKTPOMETPOB OCYILIECTBIISIETCS 10 CTAHJAPTHBIM 00pa3iiaM COCTaBa BOAHOIO
pacTBOpa UOHOB PTYTU. OTHOCUTEIBHAS TOTPEITHOCTh ATTECTOBAHHBIX METOJIMK HAXOIUTCS B
untepsaie 25-40 %.

Pasnble razoBeie cpenbl (aTMochepHBIN BO3IyX, BO3IyX paboueil 30HbI, BIOPOCHI OT
WUCTOYHUKOB 3arps3HEHHs] aTMOC(ephl, pa3udHbIe Ta3bl W Ta30BbIE CMECH) MMEIOT CBOIO
cnenu(UKy B OTHOIICHHHM aHAJINW3a, U HA TEKYIIUA MOMEHT €IWHCTBEHHBIM CPEICTBOM IS
IpagydpOBKH M KOHTPOJS TOYHOCTH SBIISIETCS paboumili sTanoH 1-ro paspsga - reHepaTop
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razoBbix cmeceid ['TC momuduxamus ['TC-T (Ne 45189-10 B I'ocymapcTBeHHOM peecTpe
cpenctB usMepeHuit P@) B koMIiekTe ¢ MICTOYHUKOM Mukponotoka prytu (MM-Hg) 1-ro (Ne
60554-15 B TocymapcTBEHHOM peecTpe CcpelacTB u3MepeHuin P®D), obecrieunBaromImii
MOJIyYeHUE B JUHAMUYECKOM PEKHUME ra30BbIX CMECEH C MAaCCOBOM KOHIIEHTpALlUEeH PTYTH B
nuamazone ot 2 jgo 1-10° ar/m® ¢ MPEEIOM JIOMYCKaeMOW OTHOCUTEIIBHOW MOTPENIHOCTH
7 %.

Onnako cmocoObl  oOecreyeHusi TMPOCISKUBAEMOCTH  PE3yJIbTaTOB HM3MEpPEHUMN
YKa3aHHOTO CPEJICTBa TPEOYIOT JOPabOTKU U YTOUHEHHUS. B 3TOM CBA3M MOXKHO PacCMOTPETh
JIBa BaprMaHTa PEIICHUS TTOCTABJICHHON 3a/1a4H.

[lepBBii W3 HHUX (JaHHBIA BapHaHT pEAIM30BAaH HA MPAKTHKE) MpPEIyCMaTPUBACT
BO3MOKHOCTh OOECII€UEHHUsI MPOCICKUBAEMOCTH K TAOJUYHBIM 3HAYEHUSIM KOHIICHTpAIIUU
PTYTH B HACBIIIEHHOM I[apaMU PTYTH BO3JyX€ NpPH pPa3IMYHBIX TEMIlepaTypax IyTeM
KOMITAPUPOBAHUSI C Ta30BOM CMEChI0O OT HCTOYHMKAa MHUKPOMOTOKAa M WCIOJIb30BAaHUS B
KauecTBe cpeAcTBa u3Mepenuit macc-criekrpomerpa ¢ MICIIL. Ognako 371ech CylecTByeT psij
mpo0JieM, HampuMep, 3HAYCHHSI KOHIIEHTPAIIUU PTYTH B HACHIIIICHHOM ITapaMu PTYTH BO3IyXe
pU  Pa3IMYHBIX TEMIEpaTypax XOTh U SABJSIIOTCA CHPABOYHBIMH, HO HE OIICHEHBI
MeTposiornueck. Kpome TOro, BO3HUKAIOT CJIOXKHOCTM B TEXHUYECKOM peanu3alnuu
JIO3UPOBAHUS Ta30BOM CMECH B MAacC-CIIEKTPOMETPE B YCJIOBHUSX TEPMOCTATHPOBAHUS,
BO3pacTaHHe TOTrPeuTHOCTed mpu pa30aBlIeHUM Tra3oBoi (ha3bl ¢ HACBHIIICHHBIMU MapaMu
pTyTH 1 T.11. Yl HaKOHell, HeMaloBaXHBIA (PakTop — paboTa ¢ METAIIIMYECKON PTYThIO TpeOyeT
COOIOICHUS 0COOBIX MEp TEXHUKH 0€30MaCHOCTH U CIIeUaTN3UPOBAHHBIX TOMEILICHUH.

B kadectBe BTOpOrO BapwaHTa, Kak ajlbTEPHATHBY IEPBOMY, MOXHO PacCMaTpHBaTh
CO3/l1aHHEe TEePBUYHON pe(depeHTHON METOAMKH Ha OCHOBE HCIIONB30BAHHUS «XUMHUYECKUX
JoBymek». ONTUMAaTbHBINA BEIOOP peareHTOB U YCIOBUM BBITIOJIHEHHS M3MEPEHUN TTO3BOJINI
JUIS1 3TOrO0 METOJA JIOCTUTHYTh METPOJIOTMYECKUX XAPAKTEPUCTUK HE XYXKE, UEM ISl IEPBOTO
cnoco0a (HachIllieHHbIE maphl pTyTH). Takum 00pazoM, pazpaboTaHHass METOIUKA U TTOXO/IbI,
peaM30BaHHbIE B HE, TTO3BOJISIOT 00ECIIEUUTh MPOCIEKUBAEMOCTh PE3yIbTaTOB U3MEPEHUIT
PTYTH B Ta30BBIX CPElIax, K COOTBETCTBYIOIIMM 3HAYEHUSM, MTOJTYYECHHBIM MPU UCTIOTb30BAHUH
IpaJyupOBOK Ha BOJIHBIX PACTBOPAX.

METHOD OF PROVIDING TRACEABILITY FOR MEASUREMENTS OF
TOTAL MERCURY IN THE GASEOUS MEDIA
Maksakova I.B.
D.I. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg, 190005,
Moskovsky pr., 19
i.b.maksakova@vniim.ru

The use of mercury in all spheres of the national economy has led to global
environmental pollution with mercury and its compounds. As a result, a number of major
developed countries signed the Minamata Convention on Mercury in order to initiate
international measures for mercury regulation in an effective, efficient and consistent manner,
and provide protection for the environment and human health. In Russia, at present, there is a
sufficient number of certified methods for determining mercury in various media. Basically,
all these methods are based on the «cold steam" atomic absorption spectrometry method. The
spectrometers are calibrated against standard samples of the composition of mercury water
solutions. The relative uncertainty of the certified methods is in the range from 25% to 40%.

Analysis of various gaseous media (atmospheric air, working zone air, emissions from
sources of air pollution, various gases and gas mixtures) have their own particularities. At
present, the only means of calibration and accuracy control is the 1st category working
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standard - the gas mixture generator, modification GGS-T (No. 45189-10 in the National
Register of Measuring Equipment of the Russian Federation) in conjunction with a micro-
stream mercury emitter (IM-Hg) (No. 60554-15 in the National Register of Measuring
Equipment of the Russian Federation), which provides gas mixtures in a dynamic mode with
mercury mass concentration within the range from 2 to 1-10° ng/m*® with the maximum
permissible relative uncertainty + 7%.

However, in general, the methods for determination of metrological characteristics and
ensuring the traceability of mercury measurements in gaseous media require improvement and
refinement. In this connection, we can consider two ways to solve the task.

The first way (this option has been implemented in practice) provides traceability to
reference values of mercury concentration in the air saturated with mercury vapor at different
temperatures by comparing it with the gas mixture from the micro-stream emitter and using
the ISP mass spectrometer as a means of measurement. However, a number of problems
comes along with this option. For example, the values of mercury concentration in the air
saturated with mercury vapor at different temperatures are used as reference values, but they
are not metrologically evaluated. Besides, there are difficulties in the technical
implementation of dosing a gas mixture into a mass spectrometer while thermostated,
uncertainty increase at the dilution of the gas phase with saturated mercury vapor, and the
like. Finally, an important factor: work with metallic mercury requires special safety measures
and specialized facilities.

As a second option, alternative to the first one, creation of a primary reference method
based on the use of "chemical traps" can be considered. Optimal selection of reagents and
measurement conditions allowed us to achieve metrological characteristics of this method no
worse than with the first method (saturated mercury vapor). Thus, the developed methodology
and approaches implemented in it make it possible to trace the measurement results of
mercury in gaseous media to the corresponding values obtained from graduations on aqueous
solutions.

MOHUTOPUHI' CHUHT'JIETHOT'O KUCJIOPOJIA B BO3YIHIHOM
BACCEHHE CAHKT-IETEPBYPT A
Scenxo E.A.', YUenmbanos B.I1.!, Mapyrua A.M.2
! Canxm-Ilemep6ypeckuii Hayuonanbuwlii uccied08amenscKull yuueepcumen
UHDOPMAYUOHHBIX MeXHO02Ul, MexaHuKku u onmuku, Kponeepkckuti np. 49, 197101 Canxkm-
Ilemepbype, Poccus
2 4O «OIITIK»,199178, Manwiii np. BO, 584, Canxm-ITemep6ype, Poccus,
geoyasenko@gmail.com

[Ipy mpoBeneHUM HATYPHBIX AKCIEPUMEHTOB B NMPU3EMHOM cjoe Bo3ayxa B CaHKT-
[TerepOypre, B CONHEUHYIO IOTOAy B 3UMHHHA TEpHOJ, BBISABIEHBI YCIOBHS, KOI/a
HabmomaeTcs obOpaszoBamme cumraeTHoro kuciopoma (O2('Ag)) B KoHmeHTpamum
npesblmatonmieit 5 ppb. 3to 3HaueHue Ha 3-4 mopsAKa BbIIE, YeM MPUHATHIA YPOBEHb
KOHIIGHTpalluM JUIsl HIDKHEW atMmocdepsl [1]. B skcmepuMeHTax HCMONB30BaId CPEICTBO
U3MEPEHUsl CUHIJIETHOTO KHCIOpoJa pa3paboTaHHOE Ha OCHOBE  TBEPIOTEIbHOM
xemumomuaectieHIun  (AO  «OIITOK» Mox. 102-A) u  KOMIUIEKC aTMOC(EPHOTO
MoHuTOpHHra Bo3ayxa CKAT.

XeMUTIOMHHECIIEHTHBIH Tazoanamm3atop Ox('Ag) Mox. 102-A mpencrasnser coboit
KOMIIapaTop, KOTOpPbI oOecreynBaeT TMOJMY4YEHHE BBIXOJHOTO JIMHEWHOTO CHUTHaia
nponopiuoHanbHoro koHnenTpamuu Ox('Ag), KOTOpBIH comepUTCs B  aHAIU3UPYeMOit
razoBoii cMecu. KommapupoBaHHE IPOUCXOOUT MEXIY TIa30BOM CMECBIO OT HCTOYHHUKA
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STAJIOHHOTO 3HAYEHHS KOHLEHTPAllUM CHUHIJIETHOro Kucjopojna (kamuOparopa) U
aHaJM3UpyeMoro rasza. llpum NMpoOXOoXIEHUM HCCIEAYeMOro rasa HajJ CEHCOPOM, MOJIEKYJIbI
02('Ag) B3aUMOZEHCTBYIOT C XMMHYECKOH KOMIO3HMIMEH, KOTOpas HaHeceHa Ha ero
MOBEPXHOCTh, B  pe3yJibTaTe Yero HaOMI0JaeTcs XEMUJIIOMHHECUEHIHs, KOTopas
PETUCTPUPYETCS DJICKTPOHHBIM (OTOYMHOXKHUTETEM. M3MepsieMblii BBIXOJHOW CHUTHAN -
KOHIIGHTPALlUsl CUHIJIETHOTO KHCIOPOJAa BBIBOJMTCS Ha IUGpPOBOW auciuiell mpubdopa, u
MOKET TIepefaBaTbCsi Ha BHEIIHEE 3allMChIBAIOIIEEe PErHCTPUPYIONIEe YCTPOWUCTBO.
Onrtuyecknii M3MEpHUTENbHBIN MpeoOpa3oBaTenb aHajau3aTopa (CeHCOp) — IUIACTHHKA
BBHIITOJIHEHHAsT M3 CHHTETHYECKOTO ITOPUCTOTO MaTepHuajia MPONHUTAHHAS CIEHATEHBIM
pactBopoM pyOpeHa u TiO2, ¢ mocieayromen CynKkoi ceHcopa 10 MOCTOSTHHOT'O OCTaTOYHOTO
Beca.

[TonmyyeHHble TEpBUYHBIE JAHHBIE IO3BOJIAIOT TPEAINONAarath, YTO CHUHIJICTHBIN
KHUCTIOpOJT 0o0pa3yeTcs Ha aKTUBHBIX LEHTPAX HAa MOBEPXHOCTH JIEASHBIX KPUCTAIOB Kak B
NPUCYTCTBUM, TaK W B OTCYTCTBHM aHTPONOIEHHBIX 3arpsi3HuTeNneii B armocdepe.
DKCIIepUMEHTHI, KOTOPBIE OBUTH TaK)Ke BBITOIHEHBI B TA00PATOPHBIX YCIOBHUSX, TTOTBEPIMIN
¢dakT (QoTokaTaTUTUUYECKOrO O00pa30BaHUsl CHUHIJIETHOIO KHUCJIOpPOJa Ha IOBEPXHOCTU
MHUKPOKPUCTANIUKOB JIbJla M, COOTBETCTBEHHO, MOATBEPAMUIM IPABOMEPHOCTh HAIIETO
npeanonoKenus. Briasaennas >3p)eKTHBHOCTS reTeporeHHoH peaknuu o6pasobanust O 2(1Ay)
CBHJIETEJILCTBYET O BaXHOCTH Yy4eTa JIONOJHUTEIBHOIO KaHajlla arMOC(EepHOro CTOKAa O30HA
nmo peakmmn O3 + Ox('Ay) = 202 + OCP), KoTopas 10 HACTOAIIETO BPEMEHH HE
paccMaTpuBalach KaK HE CYILECTBEHHAs 110 CPABHEHUIO C JAPYTMMM HM3BECTHBIMHM IIUKIAMU
030Ha.

Jlureparypa
1. Hcumopos B.A. Dxonorudeckas xumus. Yd. mocobue — CI16: Xumuznar, 2001,
304 c.

MONITORING OF SINGLET OXYGEN IN THE AIR BASIN OF ST.
PETERSBURG
Iasenko E.A.!, Chelibanov V.P!, Marugin A.M?
St. Petersburg National Research University for Information Technologies,
Mechanics and Optics, 197101, St. Petersburg, Kronverkskiy pr., 49, lit. A, RUSSIA
2 JSC OPTEC, 199178, Malui pr. VO, 584, Saint-Petersburg, RUSSIA,
geoyasenko@gmail.com

During an outdoor experiment, in Saint-Petersburg, in the ground layer of the
atmosphere, in sunny weather, in the winter, formation of singlet oxygen (O2('A)) at
concentration of more than 5 ppb was observed. This concentration is by 3-4 orders of
magnitude higher than the commonly expected level [1]. In the experiments, concentration of
singlet oxygen was measured by a solid-state chemiluminescence device (OPTEC Mod.
102-A) and SCAT atmospheric air monitoring complex.

The Chemiluminescent O2('Ag) analyzer Model 102-A is a gas comparator providing a
linear signal proportional to the concentration of O2('A,) in the gas sample. The comparison is
carried out between a reference gas mixture from the reference gas source (calibrator) and the
analyzed gas sample. As the sampled gas passes over the sensor, the Q('Ag) molecules
interact with chemical substances on the surface of the sensor resulting in chemiluminescence
which is processed and measured with a photomultiplier tube. The measured output signal -
the concentration of singlet oxygen, is fed to the digital display of the instrument, and can be
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transmitted to an external recording data logger. Optical measuring transducer of the analyzer
(sensor) is a plate made of a synthetic porous material impregnated with a dedicated solution
of rubrene and TiO», and then dried to a constant residual weight.

We assumed that singlet oxygen is formed in the active centers on the surface of ice
crystals both in the presence and absence of anthropogenic pollutants in the atmosphere.
Laboratory experiments confirmed the photocatalytic formation of singlet oxygen on the
surface of ice microcrystals and therefore confirmed our hypothesis. Identified efficiency of
heterogeneous reaction of Oa('Ay) formation suggests the importance of the additional
channel O3 + Ox('Ag) = 20, + OCP) of atmospheric ozone removal which has not been
considered so far, always thought as insignificant compared to other known ozone's cycles.

References
1. Isidorov V.A. Ecological Chemistry. Saint-Petersburg: Khimizdat, 2001, P. 304.

YPOBHU DOMUCCHUH « ITMOKCHUHOB» OT CTAIIMOHAPHBIX
NCTOYHHUKOB YTUJIU3AILIUU BBITOBBIX U ITPOMBIIIJIEHHBIX OTXOA0B
bynko A.T'.
OI'VII « BHUUM um. /. U Menoeneesa», 190005, Canxm-Ilemepbype,
Mockosckuii np., 0.19
aa@b10.vniim.ru

[TonuxnopupoBanuble  AUOEH30-(I)-AMOKCUHBI ¥ AuOeH30(ypaHbl  (IHMOKCHHBI)
ABJIAIOTCS ~ HamOojiee ONacHOW TIpyHHod NpeacTaBUTENed  CTOMKMX  OpPraHMYeCKUX
sarpsizuteneit (CO3), koTopele momajnaroT noja aeicTBre CTOKroJbMCKOW KOHBEHLIMH O
CTOMKHMX OpraHM4ecKuX 3arps3HuTeNsX. HopmaTuB KOHTpOJIE CyMMapHOTO COJEp>KaHus
JMOKCHHOB B MPOMBIIIJICHHBIX BBIOpOcax, ycTaHoBieHHbIH Jlupexktusoit Ne2000/76/EC
EBpomneiickoro mnapinamenta u Cosera EBpormelickoro coroza «O CKHUTaHHUM OTXOZOBY,
coctapnser 0,10 mr I-TEQ/Hwm?.

Tepmuueckue nponeccsl SABISIOTCS OJHUMHU U3 OCHOBHBIX UCTOYHUKOB MOCTYIUICHUS
JMOKCHHOB B aTMOC(epy U COOTBETCTBYIOIINE UCTOYHUKH BHIOPOCOB MOAJIEKAT PETyIAPHOMY
KOHTpoto. OOGpa3oBaHHE AMOKCHMHOB MOXET OBITh PE3yJbTaTOM KOMOMHALIMK MHOXKECTBA
(akTOpPOB B 3aBUCMOCTH OT YCIIOBUI TOPEHUs, XapaKTEPUCTHK TOIUIMBA, TUIIA TIEYH, TUIA U
paboThl Ta3004UCTHOTO OOopyaoBanus. B mocnemnue 10 ner B pamkax pabdor XAIL]
«ApOuTpax» HaMHM TpOBEJEHO Ooyiee TMOIyTOpa COTEH OTOOPOB MpoO M aHAIMU30B
NPOMBIIIJICHHBIX BBHIOPOCOB HAa COJEp)KaHHE TUOKCHMHOB Ha PA3JIMYHBIX MPOMBIIUICHHBIX
ioniaikax (yCTaHOBKHM IO CXKUTAHHUIO OBITOBBIX M MEAMIIMHCKUX OTXOJIOB, OTXOJOB IOCIE
OUYHUCTHBIX COOPY’KEHUH, [IEMEHTHBIX 3aBOJax).

Hcxoas u3 uMerolerocss MaccuBa JAHHBIX MOKHO BBIACIUTH CIEAYIOIIHUE THIIbI
HCTOYHUKOB, XapaKTEPU3YIOINXCSI COOTBETCTBYIOIIMMH YPOBHAMH SYMHUCCHHU:

l. VYCTaHOBKHM ISl CKUTAHUS OTXOJIOB NMPOMBIIUIEHHBIX MPOU3BOACTB (OTXO/BI
HedTenepepabaThIBAIOIEH MPOMBIIIJIEHHOCTH, XHMHUYECKHE OTXO/bI, oOpasyromuecs Ha
MIPOU3BOJCTBAX M T.N.). YPOBEHb BBIOPOCOB JHMOKCHHOB mpuMmepHo B 50% ciydaes
IIPEBBILIAET HOPMATUB KOHTPOJIS;

l. Criennan3upoBaHHbIE JIOKAIbHBIE YCTAHOBKH JIJISl CKUTAHUS OMOJIIOTMYECKUX
U MEIMIMHCKUX OTX010B. Kak mnpaBmio, CyMMapHO€ COJEp)KaHUE INOKCUHOB B TaKUX
IIPOMBBIOpPOCAX HE MPEBBIIAIOT HOPMATHB KOHTPOJIS;

2. VYCTaHOBKM JUIsI COKUTAHUS TBEPABIX OBITOBBIX OTXOJOB (Pa3jIMYHOIO THIIA).
CymmapHOe conepKaHHe IUOKCHMHOB B OOJIBIIMHCTBE CIIydaeB IMPEBBIIIAIOT HOPMAaTUB
KOHTpOJIS;
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3. lazoxoapl OT Bpamarmmmxcs medeil as o0Kura KIMHKepa Ha IIEeMEHTHBIX
MPOU3BOJICTBAX (B TOM YHCIE TPHU HCIOJIB30BAHUU AalbTEPHATUBHBIX BHJIOB TOIUJIMBA).
CymmapHoe conep)kaHue JTUOKCHHOB Oosiee ueM B 80% ciayyaeB HE NPEBBIINIAIOT HOPMAaTUB
KOHTPOJIA.

B Hnacrosmee Bpems B Poccuiickoit denepanuy ACUCTBYET METOAUKA HM3MEPEHMI
JTUOKCUHOB B TpoMbIluieHHbIX BbiOpocax (ITHJ @ 13.1.65—2008 (u3a. 2014 r.)), xotopas
MO3BOJIIET  OMNpPEAEATh CyMMapHOE€  COJAEp)KaHHWe JHOKCHHOB €  PACHIMPEHHOMN
HeomnpeieeHHOCThI0 80% I HIKHEro AWanasoHa KoHnedrtpauuii (ot 0,001 Hr/m® 10
0,10 Hr/M® BKITFOYHTEIBHO.

JIst mocienyromero yiayylleHUus: TOYHOCTHBIX M METPOJIOTHYECKUX XapaKTEPUCTUK
METOJMKM HM3MEpPEeHUH HaMH HCCIEeIOBaHbl BCE CTaIuU Mpouedaypbl aHanmuza (oTOop,
AKCTPAKITUS U JIP.) JJIs BBISBICHUS UX BKJIa/1a B CYMMapHYIO HEOMPEIEICHHOCTh. BBISBICHBI
KPUTHYECKHE CTaAUM U C YYEeTOM 3TOT0 HaMEUeHbl NYTH M CHOCOOBl yMEHbBIIEHUS
MOTPEITHOCTEN U3MEPEHUH U TOBBIILICHUS IOCTOBEPHOCTHU MOIYYaEMBIX PE3YJIbTATOB.

"DIOXIN" EMISSION LEVELS FROM STATIONARY DOMESTIC AND
INDUSTRIAL WASTE SOURCES
Budko A.G.
D.I. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg, 190005
Moskovsky pr., 19
aa@b10.vniim.ru

Polychlorinated dibenzo-p-dioxin and dibenzofurans (dioxins) are the most hazardous
group among persistent organic pollutants (POPs), and they fall within the scope of the
Stockholm Convention on Persistent Organic Pollutants. The dioxin total emission limit for
the industrial emissions equals 0,10 ng I-TEQ/m * and is defined by the Directive 2000/76/EC
of the European Parliament and of the Council of 4 December 2000 on the incineration of
waste.

Thermal processes are the main source of the dioxins in the atmosphere, therefore,
such sources are to be inspected on a regular basis. Dioxin formation is a result of
combination of various conditions, depending on burning parameters, fuel characteristics,
incinerator type, fumes purifying equipment type and presence. Within the last 10 years, over
150 samples of industrial waste have been taken and analyzed for dioxin under Chemical
Analytical Center «Arbitrazh» contracts. The samples were taken from various incineration
and production sites such as domestic and medical waste incinerators, water treatment
facilities waste incinerator, cement plants kilns.

Basing on the data acquired, we can distinguish the following source types by
related emission levels:

1. At industrial waste incinerators (oil refineries, industrial chemical waste, etc.)
dioxin emission levels are above the inspection standard limit in 50% of the samples.

1. Local specialized bio- and medical waste incinerators: as a rule, total dioxin content
does not exceed the inspection standard limit.

2. Incinerators for solid domestic waste of various types: the dioxin total emission
exceeds the inspection standard limit in majority of cases.

3. Rotary kiln for clinker burning at cement plants, including alternative fuels: total
dioxin emission is under the inspection standard limit in over 80% of the samples.
Currently, the Russian Federation has a dioxin measurement procedure in industrial

emissions (PND F 13.1.65—2008 (rev. 2014), which provides for detection of total dioxin
content with expanded uncertainty of 80% for the lower concentration range (from 0,001
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ng/m? to 0,10 ng/m?).

To improve accuracy and metrological characteristics of the measurement procedure,
we have studied all the stages of the investigation process (sampling, extraction, etc.) in order
to define the contribution of each stage into the overall uncertainty. We have located the
critical stages and, from this perspective, defined the ways and means to reduce measurement
uncertainty and to increase reliability of the results.

HOBBI METO/] U3MEPEHUSI BBICOKOI'O BJIATOCOJIEP)KAHUS
I'A30B C UCITIOJIB30OBAHMEM XPOMATO-MACC-CITIEKTPOMETPA
Kimmos A 10., 3apeunos K.A., Bumnsakos .M.
DI'VII « BHUUM um. J]. 1. Menoeneesay
klimov@b10.vniim.ru

B HacTosiee Bpemsi CyIIECTBYIOT JAECATKH CIIOCOOOB M3MEPEHHS BIIAXXHOCTU Ta30B.
HoBble BO3MOXXHOCTH B 3TOM HAIIPABIECHUU IIPENOCTABISAECT XPOMATO-MACC-CIIEKTPOMETPHSL.
CoueTaHue cTaHAAPTHOM HEMOJISPHOI XpoMaTorpadguyeckoil KOJIOHKH ¢ BBICOKOCEIEKTUBHBIM
MacC-CIEKTPOMETPUUECKUM JIETEKTOPOM IO3BOJISIET AHAIM3UPOBATH BOJAY B YHMCTBIX Ta3ax H
ra3oBbIX CMECAX JaKe B IPUCYTCTBUU PA3JIMYHBIX MELIAIOUX KOMIIOHEHTOB.

[IponemMoHCTpUpOBaHa BO3MOYKHOCTh HM3MEPEHHUS MOJIIPHOM [OJIM BOABI B a30TE
(Bo31yxe), B TMOKCHJIE YIIIepo/ia, B JUMETUIOBOM 3(HPE, B CMECSIX C aMMHAKOM, a TAKXKe B
IIPUPOJHOM Tas3e.

OtnenpHOE  BHUMaHME  YIEIEHO  BOIpPOCaM  IPaJyMpOBKM  XpPOMaTO-Macc-
cexkTpomeTpa. Bo BCEM M3MEPUTENIBHOM JMaIia30He MOKa3aHa IPUTOJHOCTh TPALYUPOBKH C
UCIMOJIb30BAHUEM HCKYCCTBEHHBIX T'a30BBIX CMECEW, NMPUTIOTOBJIEHHBIX BECOBBIM CHOCOOOM B
OaJyyIoHax IO/ JABJIIEHHEM.

Jlnst ciaydaeB OTHOCUTENIBHO OOJIBLIOIO BIIArOCOJEpIKAHUSA, HE TPeOYIOIUX BBICOKON
TOYHOCTH aHaINW3a, IPOJAEMOHCTPUPOBAHA BO3MOKHOCTh OJHOTOYEYHOM TI'PagyHpOBKH I10
Bosie armocepHoro Bo3ayxa. ConepxaHue BIard NMpU 3TOM MOXKET OBITh ONPEIENICHO Ha
OCHOBE [IaHHBIX O TEMIIEpaType, OTHOCHUTEIIbHOW BJIAXXHOCTH W JIaBJIICHHH BO31yXa,
U3MEPSEMBIX, HAIIPUMED, IIPU IIOMOIIU TEPMOTUTPOMETPA.

XpoMaTo-Macc-CleKTPOMETp MMEET JIMHEWHbIM JuHamuueckuil nuamnason mo H 20,
MIPEBBIIIAIOIINN TPU NOPsAIKA, U IO3BOIAET U3MEPATH MOJIIPHYIO JOJIKO BOJABI OT YpPOBHS
enuHuL ppm 10 ypoBHs 100%-#1 B1a)KHOCTH ITPU KOMHATHOM TeMIieparype.

NEW METHOD OF MEASUREMENT OF HIGH MOISTURE CONTENT OF
GASES USING CHROMATO-MASS-SPECTROMETER
Klimov A.Yu., Zarechnov K.A., Vishnyakov [.M.
D.1. Mendeleyev Institute for Metrology
klimov@b10.vniim.ru

At present, there are dozens of ways to measure humidity in gases. New opportunities
in this direction are provided by chromatography-mass spectrometry. The combination of a
standard nonpolar chromatographic column with a highly selective mass spectrometric
detector makes it possible to analyze water in pure gases and gas mixtures even in the
presence of various interfering components.

The possibility of measuring the molar fraction of water in nitrogen (air), carbon
dioxide, dimethyl ether, in mixtures including ammonia, and also in natural gas has been
demonstrated.
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Special attention has been paid to calibrating the chromatography-mass spectrometer.

The suitability of calibration with artificial gas mixtures prepared by weight in pressurised
cylinders has been proved for all measuring range.

For cases of relatively high water content, which do not require high accuracy of
analysis, the possibility of one-point calibration by atmospheric water has been demonstrated.
The air moisture content can be determined from the data on temperature, air relative
humidity and pressure, measured, for example, with a thermo-hygrometer.

The chromato-mass spectrometer has the HbO linear dynamic range of over three
orders of magnitude, which allows fpr measuring the molar fraction of water from the levels
of several ppm to 100% humidity at room temperature.

PA3BPABOTKA HOBOI'O TUIIA CTAHIAPTHBIX OBPA3IIOB
HN30TOIMHOTI'O COCTABA YIJIEPOJA
Yy6uenko S.K.!, Kononensko JI.A2
Y@yl « BHUHUM um. JI.1. Mendeneesay
2 ®r40YBO CII6GHUY UTMO
ycc@b10.vniim.ru

B mocnemnue nmecaTuieTus BaXHOW 3adadyeil B 00JIACTH DKOJOTHH, MCIUIIHHBI,
DHEPreTHKH, KPUMHUHATUCTUKH, (apMalleBTUKH, T€OXUMHUHU, MUIIEBOM MPOMBINIJICHHOCTH
SIBJISICTCSI OTIPEJICIICHIE H30TOITHOTO COCTaBa yIiepo/ia.

W3oTomHbIN aHAaMU3 MOMOTaeT pelarh Takhe 3ajaud, Kak OOHapyXKeHHE sS3BEHHOU
6onesan [1], AOMUHT-KOHTPOJb [2], HW3y4YeHHE TEOXMMHUYECKOro IHWKiIa yriepona [3],
ompezeNieHne MECTOPOXKICHUS U KadecTBa He(pTH U Ta3a [4,5], KOHTPOJIb KauecTBa MUIIEBON
nponykuuu [6,7,8,9], maeHTUGUKAIUS MPOUCXONKIACHUS HAPKOTHYECKUX BemiecTB [10],
KOHTpPOJIb KauecTBa MeIUKaMeHTOB [11].

bricTpoe pa3BuTHE OTEYECTBEHHOTO NMapKa AaHAIMTHYECKUX MPUOOPOB OMpeeIeHUs
M30TOMHOTO COCTaBa YIJIEpoJia B Ta3000pa3HBIX CpeJax HEBO3MOXHO 0e3 pa3paboTkKu u
BBIITYyCKa HOBOTO THIIA OTEUECTBEHHBIX CTaHAAPTHBIX OOpa3lloB — Ta30BBIX CMECEl B
OayuToHaX MO JaBJICHHEM, IPOCIICKUBAEMBIX K MEXIyHApOAHOMY dTanony VPDB.

B pabote BEINOMHEH aHaIM3 CYMIECTBYIOIIMX METOJIOB OMPEACIICHUS W30TOIMHOTO
COCTaBa yriiepo/ia, 1aHbl pEKOMEHIalUU 10 pa3paboTKe HOBOT'O TUIA CTAHJAPTHHIX 00pa3oB
313CvppB, cHOpMyIMPOBAHEI OCHOBHBIE TPEOOBAHMS K TIOTPEITHOCTH MX aTTECTAIIHH.
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2. Prosenjit Ghosh,Willi A. Brand. Stable isotope ratio mass spectrometry in
global climate change research. International Journal of Mass Spectrometry 228 (2003) 1-33.
3. D.D. Coleman, "Geochemical Fingerprinting: Identification of Storage Gas

Using Chemical and Isotopic Analysis," Underground Storage of Natural Gas - Theory and
Practice, M. R. Tek (editor), Gulf Publishers, 1989.

4. Malvin Bjorey, Keith Hall Janine Jumeau. Stable carbon isotope ratio analysis
on single components in crude oils by direct gas chromatography—isotope analysis. Trends in
Analytical Chemistry. Volume 9, Issue 10, November—December 1990, Pages 331-337.
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honey from different European regions. Food Chemistry 121 (2010) 770-777.
9. 3. M. TamumoB wu gp. Waentuduxamus reorpadguueckoro Mecra

MIPOUCXOXKICHUS HAPKOTHUECKUX BEIIECTB HA OCHOBE M30TOMTHOTO aHAJIK3a YIJiepo/ia U a30Ta.
Macc- cnextpomerpust 1(1), 1 - 8 (2004).

10.  J. P. Jasper, B.J. Westenberger, J.A. Spencer, L.F. Buhse, and M. Nasr, "Stable
Isotopic Characterization of Active Pharmaceutical Ingredients," Journal of Pharmaceutical
and Biomedical Analysis, Volume 35, Issue 1, April 2004, Pages 21-30.

THE DEVELOPMENT OF NEW REFERENCE MATERIALS FOR CARBON
ISOTOPE-RATIO ANALYSIS
Chubchenko Y.K.!, Konopelko L.A."2
I D.I Mendeleyev Institute for Metrology
? Saint Petersburg National Research University of Information Technologies,
Mechanics and Optics
ycc@b10.vniim.ru

In the recent decades, determination of carbon isotope composition is an important
task in the field of environment research, medicine, energy, criminalistics, pharmaceutics,
geochemistry, food industry.

Isotope analysis helps to solve such tasks as detection of peptic ulcer [1], doping
control [2], studying the geochemical cycle of carbon [3], determining the deposit and quality
of oil and gas [4,5], food quality control [6,7,8,9], identification of the origin of narcotic
substances [10], quality control of medicines [11].

Rapid developments in analytical instruments for carbon isotope-ratio analysis of
gaseous substances is impossible without development of new isotope gas mixture reference
materials in pressurised cylinders traceable to VPDB international measurement standard.

The article offers a study of the current methods of isotope-ratio carbon analysis, gives
recommendations on design af a new type of &Cvepp standard reference samples, and
atriculates main requirements to their uncertainties.
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CTAHJAPTHBIE OBPA3IIbI 1JIsS1 METPOJIOTUYECKOI'O
OBECIHEYEHUS BUOXUMHNUYECKHUX AHAJIUBATOPOB
Kycrosa B.H.
QOI'VII « BHUHUM um. /.M. Menoeneesa»

B naboparopHoii MemuiHe OBICTPO PACIPOCTPAHSIOTCS CPEJICTBA aBTOMATHUYECKOTO
aHayiM3a OMOJIOTMYECKUX KHUJIKOCTEH, IMpexjae Bcero, KpoBU U Moud. CoONOCTaBUMOCThb
IIOKa3aHU aHAJIU3aTOPOB BO3MO>KHA JIMILB ITPH MCIIOJIb30BAaHUM METPOJIOTMYECKUX IIOIX0/I0B,
B TECHOM B3aMMOJEHCTBUH pa3pabOoTUUKOB (IIPOM3BOIUTEINIEH) aHATTU3aTOPOB U KIMHUIIUCTOB
C METPOJIOTaMH.

Ha wMexnyHapogHOM yYpOBHE MNpPUMEPOM TaKOrO  B3aUMOJEWUCTBUSL  CIIYKHUT
nesrenbHocTh JCTML (OOBbenuHEHHbI KOMHUTET IO IMPOCIIEKHBAEMOCTH B J1a0OPaTOPHOM
meaunune). B Poccuiickoit @enepaiiyiu mogo0HOro opraHa noka HeT, HO COBMeCTHasi paboTta
Ha OTJEJIbHBIX HAIIPABJICHUAX YXKE BEIETCS.

OI'VII « BHUUM nm. I.11. MeneneeBa» COBMECTHO € BEYIIIMMH IIPOU3BOAUTEISIMU
peareHToB Uil KIMHUKO-IUMarHoctudeckux jabopatopuili Ha Ceepo-3amane (AO «Bwuran
Hesenonment Kopnopaiiny, OO0 «Memnakop C.-I1.»), a Takke Ha OCHOBE KOHCYJIbTALUI C
«CI16 IN'ocynapctBeHHBIM MeAMIIMHCKUM yHUBepcuteroM uM. ML.II. [1aBnoBa», MHcTuTyTOM
mutonorun PAH, «CII6 I'ocyaapcTBEHHBIM MOTUTEXHUUECKUM YHUBEPCUTETOM» pa3padoTal
HECKOJIbKO THIIOB CTaHJAPTHBIX OO0pa3loB, MpeIHa3HAYEHHBIX Ui METPOJIOTrHYECKOro
obecrieyeHus OMOXMMHUYECKHUX aHAIN3aTOpOB  (KaJTuOpPOBKH, TMOBEPKH, KOHTPOJISA
MPABUJIBHOCTH MOKa3aHUI).

Homep 1 HaumeHOBaHKE ATTecTyeMble XapaKTepPUCTHKU CTAaHAPTHOTO OOBeKT
CTaHIApTHOTO 00pa3ia o0pasua 1 uxX 3Ha4ueHus (C rpaHUIaMu METPOJIOTHYECKOTO
YTBEPKIEHHOTO TUIIA OTHOCHTEIIbHOM TIOTPEIIHOCTH) o0ecrieueHus
I'CO 10669-2015 CO|Cuetnas xonneHTpanus neikoruros, (WBC): (2,54
cocTaBa dopmennbix9,0) 101 (£7 %).
pieMeHTOB  KpoBH — —|CuerHas koHmeHTpanus sputporutoB, (RBC): (2,0{I'emaTonormdeckue
reMaTOJIOTHYECKOM 5,5) 10'2/1 (£7 %). AHAJTM3aTOPHI
KoHTpOJb (koMIulekT ['K-MaccoBas koHuentpanus remoriioouna (HGB): (5(
BHINM) 160) /11 (£5 %).
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I'CO 10023-2011
CO cocrapa
CKYCCTBEHHOW MOUHU

MaccoBas konnenrpamus oOenka: (0,3-1,0) r/m (£1(
%).

MornsipHasi KOHIEHTPAIHS TIFOKO3bI:

(5,0-17) mmonb/n (£10 %).

CyeTHasi KOHIICHTPAITHSI SPUTPOIIUTOB B TIepecyeTe Ha
remoraoouH: (50- 250) knetr/mki (10 %)
Bogopoausrit nokazarens: (pH) 4-8 (£0,5)
ITnotHoCTE: (1,0-1,2) r/™n (£10 %).

AHanuzatopel MOYH Ha
OCHOBE  TECT-IIOJIOCOYHON
CHUCTEMBI

I'CO 9913-2011
. Bbuoxumuueckue

CO MOJIIPHOU

Monspnast KoHueHTpanus xojectepuHa (3,5-7,0)aHanu3aTopsl,
KOHIICHTPAL[H N

MMOJIB/1 (£7%) ABTOMAaTUYECKUE,
XOJIeCTepUHA

[10JTyaBTOMATHYECKHE.

(Jinoduinzar)
I'CO 10238-2013

MaccoBast kKOHIeHTpanus remurinodouHimannaa (70{ AHanu3aTopsl,
CO cocraBa pacTBOpa N

200) r/m (£5 %) TEMOTIIOOMHOMEPHI
reMUrJIOOMHIIMAaHU1a

CrannmapTHble 00pa3ibl yTBEPKIAEHBI PoccTaHAapTOM; BBIMYCKAIOTCS O] TOPTOBOM
Mapkoil «JtanoHHele Marepuansl BHUWM». AtTecToBaHHBIE 3HAYEHUS CTaHIAPTHBIX
00pa3ioB 00IaTaI0T METPOIOTHIECKOH MPOCIICKHUBAEMOCTHIO.

B Ommxkaitiiee Bpemsi coBmectHO ¢ AO «Bekrtop-bect» 3amnanupoBaHa pa3paboTka
psiZia HOBBIX CTaHIAPTOB HA OCHOBE JIMOPMIH3UPOBAHON CHIBOPOTKH JIJISi OMOXHUMHUYECKOTO H
UMMYHOXHUMHYECKOTO aHAJIN3a.

STANDARD SAMPLES FOR METROLOGICAL SUPPORT OF

BIOCHEMICAL ANALYZERS
Kustova V.N!

I'D.I. Mendeleyev Institute for Metrology (VNIIM)

In medical laboratoris, presence of automatic means for analysis of biological fluids,
primarily blood and urine, is rapidly increasing. Comparability of readings of analyzers is
only possible with the use of metrological approaches, in close interaction between the
developers and manufacturers of analyzers, clinicians with metrologists.

At the international level, the JCTML (Joint Committee for Traceability in Laboratory
Medicine) is a good example of such interaction. In the Russian Federation, there is no such

organization, but joint w

ork is being carried out in certain areas.

D.I. Mendeleyev Institute for Metrology (VNIIM) in cooperation with leading
manufacturers of reagents for clinical diagnostic laboratories in the North-West (Vital
Development Corporation, Medlakor S.P.), and also on the basis of consultations with the St.
Petersburg State Medical University, Institute of Cytology RAS, "St. Petersburg State
Polytechnic University" has developed several types of standard samples intended for
metrological support of biochemical analyzers (calibration, verification, monitoring, control
of the correctness of indications).

Standard number and | The attested characteristics of the standard sample and their The obj ect of
. . ) metrological
name values (With boundaries of relative error) L
provision
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Reference material

10669-2015 (WBC): (2,5-9.0) 1071 (+7 %)

composttonof blood RBC): (2:0-5.9 10171 (:7 %) malyzers.
. B 0
elements - hematological(HGB)' (50-160) g/l (=5 %)
analysis
Mass concentration of protein: (0,3-1,0) g/l (£10 %).
Reference material Molar concentration of glucose:
10023-2011 (5,0-17) mmol/l (£10 %). Urine Analyzers
Standard samplelErythrocytes count in terms of hemoglobin: (50-250) cells/ |Based on the Test-
composition of artificialjul (10 %) Strip System
urine Hydrogen index: (pH) 4-8 (£0,5)

Density: (1,0-1,2) g/ml (£10 %).

Reference material
9913-2011 . Biochemical
Molar cholesterol concentration .
Standard sample molar o analyzers, automatic,
. 1(3.5-7.0) mmol / 1 (= 7%) : .
cholesterol concentration| semi-automatic.

(lyophilizate)

Reference material

10238-2013

Standard sample of the[Mass concentration of hemoglobin cyanide Analyzers,
composition of  thel(70-200) g/ 1 (£5%) hemoglobinometers
solution of hemiglobin

cyanide

Standard samples are approved by Rosstandart, and are produced under the trade
mark "Reference materials by VNIIM". The certified values of standard samples are
metrologically traceable.

In the near future, in cooperation with Vector-Best, it is planned to develop a number
of new standards for biochemical and immunochemical analysis, based on lyophilized serum.

PA3BPABOTKA U UCCJEJOBAHUSA KOHCTPYKIINU
4x-9JIEKTPOIHOT'O MIEPBUYHOI'O UBSMEPUTEJBHOI'O IPEOBPA3OBATEJISI
3TAJIOHA EJJAHUIBI YIEJBbHOMN SJIEKTPHYECKOM IMPOBOJIUMOCTH

JKAJIKOCTEM I'3T 132-99
CvuproB A.M.!, Kpuso6oxos JI.E?, Mamuesa M.C.!
' ®T'YIT «BHUUM um. .. MenneneeBay,
2 000 «CubmnpoMrpr6op-AHAIHT»
A.M.Smirnov@vniim.ru

B pamkax nporpaMmbl 10 MOJIEpHU3AIMH STAIOHHOM 0a3bl CTpaHbl ObLIA MTOCTaBICHA
3aJaya COBEPIICHCTBOBAHMS ATalOHA EAMHMIIBI YAEIbHOW 3JIEKTPUYECKOW MPOBOAMMOCTH
xuakocred ['OT 132-99. OpHuM M3 KIIOYEBBIX 3BEHBEB HOBOTO JTAJlOHA ABIAETCA 4X-
AIIEKTPOJHBIN MEpPBUYHBII HM3MEPUTENbHBIM MpeoOpa3oBarenb (sfdeika), KOTOpPbIA ObLI
paspabotan u wu3rotoBieH corpynHukamu OI'YII «BHUHUM wum. .M. Menneneesa»
coBmecTHO ¢ OO0 «CubnpoMpudop-AHaTUT.

Yame nepBUYHBI H3MEpPHUTENbHBIN MpeoOpa3oBaTesib MpeacTaBiasieT coboil 2x-
AIIEKTPOJIHYIO STYEHKY, B KOTOPOU 3T 3JIEKTPOJIBI CIyXKaT JUIsl MOJABEACHUS TOKA U C HUX K€
CHUMAaeTCs TMaJeHUE HalpsDKEHHs, CO3JaBacéMoOe B HCCIeAyeMoM pacTBope. B 4x-
AIIEKTPOJHBIX siYeKaxXx 5TH (YHKUHUM BBINOJHAIOT pa3Hble 3JIEKTPOAbI, YTO CHIXKAET
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noJIsIpU3ainoOHHbIe Y(PPEKTH Ha AIIEKTPOIaX, 0COOCHHO TTPH paboTe HAa HU3KUX yacToTax [1].

KoHcTpykunusg HOBOW A4YEHKHM pealn3yeT NPUHLUIN «UWIMHAP B LWIMHIPEN.
N3mepuTenbHONM €MKOCTBIO SIBJISIETCSl MPOCTPAHCTBO MEXKIY LWIMHAPAMH, OTPaHHYEHHOE C
000MX TOPLIOB MJIATUHOBBIMHU (TOKOBBIMU) 3JIEKTPO/IaMH, HAa KOTOPbIE MOAETCsl IEPEMEHHBIH
TOK. 3HaueHUEe TOKa u3MepseTcs amiepMmerpoM. B  «rimyOune» sueliku B olmactu ¢
YCTOMUMBBIM TaJ€HUEM HAINpPsDKEHUS PACIONOKEHbl MOTEHIMAJIbHbIE (M3MEPUTEIbHBIC)
AIIEKTPO/IbI, M3TOTOBJIEHHBIE M3 IUIATUHOBOW MPOBOJIOKH, OOpE3aHHON BpPOBEHb CO CTEHKOMU
MU3MEPUTENIBHON €MKOCTU. BonpTMETp M3MepsieT NaJcHHE HaNpspKeHUS Ha MOTEHIMAIbHBIX
anekTpoaax. ['eHepaTop, aMmrepMeTp U BOJLTMETP raJIbBAHUYECKU Pa3BA3aHbI 0 MUTAHUIO U
JIMHUAM JIaHHBIX, YTO M103BOJISET MUHUMU3UPOBATh BIMSIHMS, cBa3aHHble ¢ 50 'y moMexamu
[1,2].

Koaddunuent npeobpazoBaHus U3MEPUTETHHONW SYCHKHU (MTOCTOSHHAS SYEHKH) OBLT
MOJTy4Y€eH ABYMS Iy TSIMHU:

— pacyeTHBIM METOJIOM, OCHOBAaHHBIM Ha TIE€OMETPUM SUYEHKH C Y4YETOM BIIMSHUSA
MPOIECCOB, MPOTEKAIOIIUX B SYEUKE, C MOMOMIBI0 SJEKTPUYECKOW SKBUBAJIEHTHOW CXEMBI
(92C3), Moaenupyromei T MPOIIECCHI:

— SKCIEPUMEHTAJIBHBIM METOJIOM, IIPU IOMOIIM STAJIOHHBIX PAacTBOPOB YAEIbHOU
ANEKTPUIECKON MPOBOAMMOCTH C U3BECTHBIM 3HaueHueM Y OI1.

[IpeuioskeHHast SKBUBAJIEHTHAas cXeMa SYedKH He 0O0ecneyuBaeT IOJHOTO
COOTBETCTBHSI XapaKTepy IOBEJACHHUS OKCIIEPUMEHTAJIbHBIX JaHHBIX; OTKJIOHEHHUS B
OIpeIelIeHnU KOHYKTUBHOM IMOCTOSTHHOM cOoCTaBIsAt0T Oosee 3 % [2].

[TosrydyeHHble pe3ynbTaThl AAIOT MOHATH, YTO JaHHAs peanus3anus 4X-31eKTPOAHON
U3MEPUTEIIBHOM SYEHKH SIBJISETCS MPOMEXKYTOUHBIM 3TalloM U B JalibHeimeMm TpedyeT
JIOpabOTKU U JAOIMOJIHUTEIbHBIX UCCIIEI0BAaHUM.

JanbHelimas pa3padoTKa JaHHOW SYEHKH MTpUBETa K CO3AaHUI0 KOHCTPYKIUU SYEHKH,
IIpeJICTaBIsIIoIed co00M JBE KOAKCHAIbHBIX €MKOCTH, Pa3/IeJICHHbIX CTEKISHHOW CTEHKOM.
Kaxknast eMKOCTb STYEMKHU COAEPKUT HE3ABUCUMBIE IIIATUHOBBIE 3JIEKTPOBI, PACIIOJI0KEHHBIE
B COOTBETCTBYIOIMX MapajUIeNIbHbIX IUIOCKOCTSIX. BHemHsAs €MKOCTh NpeaHa3HaueHa s
SKBUIIOTEHIIMAIIBHON 3alllUThl BHYTPEHHEH €MKOCTH, a TaK K€ JJIA YJIY4YlIEHMs YCIOBUHI
BbIPAaBHUBAHUS TEMIIEPATypbl SUYEWKH C TEPMOCTAaTUPYIOMIEH KUAKOCTbIO. BHyTpeHHss
EMKOCTb, ABJISISICH OCHOBHBIM 3JIEMEHTOM SYEHKH, 3alIOJHAETCS U3MepsaeMoi (Mcciae yeMoii)
KHUJIKOCTBIO.

Jluteparypa

1. Jlonatun B.A. Teopernueckue OCHOBBI 3JEKTPOXMMHYECKHX METOJOB aHAIIA3a, -
M,: Beicmas mxomna, 1975, - 295 c.

2. CyBopo B.U. CmupnoB A.M. Ortuer 3a 2016 rog no teme COBEpPIICHCTBOBAHUE
['ocyaapcTBEHHOTO MEPBUYHOIO ATATOHA €IMHULIBI yIETbHON 3JIEKTPUUECKOM MPOBOAUMOCTH
kunkoctell B yactu auanas3ona ot 0,1 1o 50 Cm/m I'OT 132-99.
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DEVELOPMENT AND RESEARCH INTO THE CONSTRUCTION OF A 4-
ELECTRODE PRIMARY MEASURING TRANSFORMER (CONVERTOR) OF
THE STANDARD UNIT OF THE SPECIFIC ELECTRICAL CONDUCTIVITY

OF LIQUIDS 132-99
Smirnov A. M.!., Krivobokov D.E.?, Mamtseva M.S.'
I D.I. Mendeleyev Institute for Metrology (VNIIM)
2 nSibprompribor-Analit”, Ltd
A.M.Smirnov@vniim.ru

Within the framework of the programme of modernization of the country’s base of
standards, the task was set to perfect the Standard unit of the specific electrical conductivity
of liquids 132-99. One of the key elements of the new standard is the 4-electrode primary
measuring transducer (cell) which was developed and produced by employees of D.I.
Mendeleyev Institute for Metrology (VNIIM) in cooperation with "Sibprompribor-Analit"
Ltd.

As arule, the primary transducer is a 2-electrode cell, in which the electrodes are used
for feeding electrical current and reading the voltage drop in the investigated solution. In the
4-electrode cells these functions are performed by different electrodes, which reduces
polarization effects at the electrodes, particularly at low frequencies [1].

The new cell construction realizes the "cylinder-in-cylinder" principle. A measuring
capacity is the space between the cylinders which is bordered at both butt-ends by platinum
feeding electrodes, onto which alternating current is fed, the current value measured by an
ammeter. In the "depth" of the cell, in the area with a stable voltage drop, potential
(measuring) electrodes are located, made of platinum wire and cut off flush with the wall of
the measuring capacity. A voltmeter shows the voltage drop at the potential electrodes. The
generator, the ammeter and the voltmeter are separated galvanically in terms of feeding and
data channels, which allows to minimize the errors connected with 50 hertz interferences
[1,2].

The transducing coefficient of the measuring cell (the cellconstant) was obtained by
two methods:

— by calculation, theoretically, basing on the cell geometry regarding the influence of
the processes, taking place in the cell, with the help of the electrical equivalent scheme that
simulated those processes;

— experimentally with the help of standard solutions with given specific electrical
conductivities.

The suggested equivalent scheme of the cell does not ensure a complete
correspondence with experimental data; the deviation rates in the conductive constant are
more than 3% [2].

The obtained results mean that the presented 4-electrode measuring cell is an interim
stage and requires further development and additional research.

Further development of the given cell has led to creation of a cell construction
presenting 2 coaxial capacities separated from each other by a glass wall. Each cell capacity
has independent platinum electrodes located on corresponding parallel planes. The external
capacity serves as equipotential protection for the internal capacity, as well as for the
improvement of conditions for temperature equalization of the cell temperature and
thermostat liquid temperature. The internal capacity, being the main element of the cell, is
filled with liquid being investigated.

Literature:
1. Lopatin B.A. Theoretical foundations of electrochemical analysis methods.
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Moscow, Higher School, 1975, 295 pages.

2. Suvorov V.I., Smirnov A.M. Year 2016 report on the subject of Perfection
(Improvement ) of the state primary standard unit of the specific electrical conductivity of
liquids within the range from 0.1 to 50 cm/m of the State Standard 132-99.

BBICOKHWI YPOBEHDB PA3BUTHS YTAJIOHHOM BA3bI B OBJIACTH
T'A3B0OAHAJIUTUYECKUX UBMEPEHHUH — BAJ)KHOE YCJIOBUE JJIA
MOBBIIIEHNUSI KOHKYPEHTOCIIOCOBHOCTH OTEYECTBEHHOM

MNPOMBIIVIEHHOCTHU U D9®@®EKTUBHOI'O UMITIOPTO3AMEILIEHUS
Kono6osa A.B.!, Kononensko JI.A!, Kyctukos FO.A!
T @oryIl « BHUHUM um. [I.H. Menoeneesay
akol@b10.vniim.ru

B noxmame oOocHOBBIBaeTCS HEOOXOJUMOCTh TOMJEPKAHUS BBICOKOTO YpPOBHS
pa3BUTHSL ITAJIOHHON 0a3bl B 00OJACTH Ta30aHATUTUYECKUX H3MEPEHHUM IS TTOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH OTEUYECTBEHHOU MPOMBILUIEHHOCTH u 3¢ (heKTUBHOTO
UMITOPTO3aMEIICHUSI.

OnuchIBalOTCSI HOBBIE M3MEPUTEIbHBIE TEXHOJIOTMHU [JIs1 KOMILJIEKCA M3MEPHUTENbHBIX
3a/1ay, peajnu3yeMbIX B IMPOMBIIUICHHOW W COIHAIbHOW cdepax, Il KOTOPHIX B HACTOSIIEE
BpeMsI OTCYTCTBYIOT CPECTBa KAIUOPOBKH U MOBEPKHU, COOTBETCTBYIOIINE MEKIYHAPOTHOMY
YPOBHIO TOYHOCTH.

KoMruieke Takux u3MepuTENbHBIX 3a/1a4 BKIIOYAET B ceOs:

- I3MEPEHUS COCTaBa CHKMKCHHBIX YTIIEBOJOPOIHBIX Ta30B,

- U3MEpEeHUs CocTaBa OMOras3oB,

- I3MEPEHUS COJIePIKAHUS HECTAaOMIIbHBIX KOMIIOHEHTOB (Hanmpumep, popmaabaerua)

B PaMKaxX CAaHUTApHOTO KOHTPOJIIS BO3ayXa paboyeil 30HHI,

- HW3MEpeHHWe MHUKPOKOHIICHTPAllUMd TMapoB BOJLI B Ta3ax, HCIOJb3YEMBIX IpHU
MIPOU3BOJICTBE MOJIYITPOBOIHUKOBBIX YCTPOUCTB,

- I3MEPEHHUE COJIePKaHMUs TAPHUKOBBIX Ta30B, B TOM YHCJIE U30TOITHOTO COCTaBa ra3os,
B atMocpepe.

YpoBeHb ATAIOHHOM 0a3bl B 001aCTH Ta30aHATUTUYECKUX U3MEPEHHI ONPEEeNsIeTCs B
nepByro ouepenp GpyHkuuonupyromuM Bo BHUNM TNocyaapcTBEHHBIM MTEPBUYHBIM 3TaJIOHOM
CAMHUI] MOJISIPHOW JIOJIM M MAacCOBOM KOHIICHTPAIIMM KOMIIOHEHTOB B Ta30BBIX Cpeiax
I'DT 154-2016 [1]. B nmokname moka3aHa BO3MOXKHOCTh oOecreueHus: TpeOyeMoil TOUYHOCTH
BBIIICTIEPEUNCIICHHBIX U3MEPHUTENBHBIX 3a7lad 3a CUeT MPUMEHEHHs pa3paboTaHHBIX HOBBIX
BBICOKOTOUYHBIX ATAJOHHBIX Ta30BBIX CMECEl B Oa/sloHaX TMOJ JaBJIEHWEM, ATAJOHHBIX
HMCTOYHUKOB MUKPONOTOKOB, MPEHU3UOHHBIX XPOMATO-MaCC-CIEKTPOMETPUUECKUX Ta30BbIX
METOMK U3MEPEHHS.

Jluteparypa

1. I'OCT 8.578-2014 «l'ocynapcTBeHHass cucCTeMa OOECIeueHUsi EeIUHCTBA
n3Mmepennil. ['ocymapcTBeHHass TOBEpOYHAsi cXeMa ISl CPEICTB M3MEPEHUH CcolepKaHus
KOMIIOHEHTOB B Ta30BBIX Cpellax».
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HIGH LEVEL OF DEVELOPMENT OF STANDARD BASE IN THE FIELD OF
GAS ANALYSIS MEASUREMENTS IS AN IMPORTANT CONDITION FOR
IMPROVING OF COMPETITIVENESS OF DOMESTIC INDUSTRY AND
EFFECTIVE IMPORT SUBSTITUTION
A.V. Kolobova', L.A. Konopelko!, Y.A. KustikoV
I'D.I. Mendeleyev Institute for Metrology
akol@b10.vniim.ru

The report proves the necessity of maintaining a high level of development in the base
of standards in the field of gas analysis in order to improve the competitiveness of the
domestic industry and efficient import-replacement.

The report describes new measuring technologies for a complex of measuring tasks in
industrial and social areas, for which calibration and verification means meeting the
international requirements for accuracy are currently unavailable.

The complex of measuring tasks includes:

- measurement of composition of liquefied petroleum gases;

- measurement of composition of biogases;

- measurement of content of unstable components (e.g., formaldehyde) for the sanitary
control of working areas;

- measurement of water vapor microconcentrations in the gases used in manufacturing
semiconductor devices;

- measurement of greenhouse gases content, including the isotopic composition of
gases in the atmosphere.

The quality of the standards base in the field of gas analysis measurements is ensured
essentially by the State Primary Standard of molar fractions and mass concentration units of
components in gaseous mediums GET 154-2016 [1], which is functioning in VNIIM.

The report shows the possibility of providing the required accuracy for the
abovementioned measurement tasks by the use of newly-developed high-precision standard
gas mixtures in pressurised cylinders, standard permeation devices, and precise chromato-
mass-spectrometric gas measurement procedures.

References

1 — GOST 8.578-2014 “State system for ensuring the traceability of measurements.
State hierarchy scheme for measuring instruments of the content of components in gaseous
mediums”.

JIUITOJIbHO-KBAJIPYIIOJIBHAS TEOPUS MIOBEPXHOCTHO YCUJIEHHOM
KOJIEBATEJIbHOM CHEKTPOCKOIINH
Homy6otko A.M.!, Uenu6anos B.I1.%, Scenko E.A 2
Y dusuro-mexnuueckuii uncmumym umenu A.@. Hoghgpe Poccuiickoti Axademuu Hayx,
Honumexnuuecxasn 26, 194021 Canxm-Ilemepoype, Poccus
2 Canxm-Ilemep6ypeckuii HAYUOHANLHBII UCCTEO08AMETbCKULL YHUBEPCUMEM
ungopmayuonHvlx mexunono2ull, mexanuxu u onmuxu, Kponeeprcxuii np. 49, 197101 Canxm-
Ilemepoype, Poccus
! alex.marina@mail.ioffe.ru
2 chelibanov@gmail.com

HI/IHOJ’IBHO - KBaJApymnoJibHass TCOpHUA TTOBCPXHOCTHO YCHJIICHHBIX OINTHUYCCKUX
nmponeccoB OCHOBaHa Ha IMPCEACTAaBICHHUU O CYHICCTBOBAHHMU CHIIBHOTI'O KBaJApPYHOJBHOI'O
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B3aMMOJICHCTBUSL CBETa C MOJIEKYJaMH, BO3HHMKAIOLIETO B CHJIBHO MEHSIOIIUXCS B
MPOCTPAHCTBE MOBEPXHOCTHBIX MOJSIX, KOTOPHIE CYIIECTBYIOT B OOJIACTM HMOBEPXHOCTHOU
[IEpOXOBATOCTU. Y CUJIEHHE KBaAPYMOILHOIO B3aUMOJICHCTBUS CBSI3aHO C IBYMs (paKTOpaMHu.

HCpBLIﬁ (baKTOp - J0CTAaTOYHO CHJIbHOC  YBCIWYCHHUC IIPOU3BOAHBIX KOMIIOHCHT
QJICKTPHUYCCKOI0 II0Jid C OJWHAKOBBIMHM HWHACKCAMH B obnacTsax Hambolee OCTPBIX
mepOXOBaTOCTCﬁ, )51 BTOpOﬁ (baKTOp - 3HAQYUTCILHO OOJBIINE 3HAYCHUS MaTpUYIHBIX

AJIEMEHTOB KBAJPYIOJIBHBIX MOMEHTOB THIIA<TI0 OTHOLIEHUIO K MATPUYHBIM 3JEMEHTaM
JUIIOJIBHBIX MOMEHTOB, YEM 3TO CUMTAIOCH paHee. Ellle onHa NMpuyMHA 3TO YBEJIHUYEHUE
KOMITOHEHTBI 3JIEKTPUYECKOI0 IOJIs, KOTOpas HalpaBJIeHA IO HOPMalIM K IOBEPXHOCTH B
o0yacTsIX ¢ OOJIBLION TMOJIOKUTENBHOM KPUBU3HOW. DTOT MOAXOJA MO3BOJIMI HaM OOBSCHHUTH
OOJNBIIMHCTBO  SIBJIEHHMM, CONMyTCTBYIOUMX ['Hrantckom6araioBy KOMOMHAIIMOHHOMY
paccesauto (I'mr. KP), moBepXHOCTHO ycuiJeHHOMY | HIEpKOMOMHAITMOHHOMY pacCesHUIO
(ycunennoe I'mnep KP) u ycunenuto umnbpaxpacHoro nornomenus (YUII). OO6bsicHeHuto
MOAJIAIOTCS: TOPANOK BEIWYUH YCHUIICHHUs, KOJOCCAIbHAs BEJIMYMHA YCUIICHHS B SBICHUU
JIETEKTUPOBAHUS €AUHUYHBIX MOJIeKyd metoaoMm ['mr. KP, maibHOIENCTBYIOMIMN U KOPOTKO
JICHCTBYIOIINA MEXaHNU3Mbl YCUJIEHUS, IPUPOAA AKTUBHBIX LICHTPOB MUJIU «TOPSYHUX» MATEH Ha
IIOBEPXHOCTH NOJUI0OKEK, OTKJIOHEHHE OT 3akoHa B ['ur. KP, 3aBucumocts curnana ['ur. KP ot
TUINA TPUMEHSEMOM MeTaJUIMYecKOl MoaoKKH. (OOOCHOBBIBAETCS AKCIEPUMEHTAIBHO
Ha0Jr01aeMoe NOSIBJICHHUE 3aIIPELICHHBIX JIMHUH B CIIEKTPax U AaeTCsl 00bICHEHHE OCHOBHBIM
HabOo1aeMbIM 3aKkoHOMepHOCTsIM B criekrpax ['ur. KP, ycunennoro I'mmep KP u VUII
CUMMETPUYHBIX MoJIeKyl. Kak oka3anoce, MOSBIEHHE 3alpEIICHHBIX JIMHUA B CIIEKTPax
CUMMETPUYHBIX MOJIEKYJ B YKa3aHHBIX IPOLIECCAX MOXKET ObITh OOBSICHEHO C MO3ULUI
CUJIHOT'O KBaJ[PyTOJIBHOTO B3aMMOICHCTBHS CBETA C MOJIEKYJIaMU. OTH JMHUU O0YCIOBJICHBI
MTOJIHOCUMMETPUYHBIMHU KoJ1e0aHusAMU peoOpa3yoLUMUCs o €AMHUIHOMY
HEIPUBOAUMOMY IIPEACTABICHUIO B MOJIEKYJIaX ¢ JOCTATOYHO BBICOKOM cCUMMeTpuen. JInuuun
Ha0JII0JATMCh B MOJIEKYJIE 3TUJIEHA U MOHA ajacopOupoBaHHbIX HAa Menu B YUIIL. Kpowme Toro,
CUJIbHBIC JIMHUHM, OOYCIIOBJIIEHHBIE KOJIEOaHUSIMHU, MPEeoOpasyoIUMHUCS MO EAMHUYHOMY
HENPUBOJUMOMY IPEACTABICHUIO HAOMIOJAINCh B MOJIEKyJaX MUpa3uHa U (eHa3uHa,
azcopOMpOBaHHBIX Ha cepedpe B MoBepxHOCTHO ycuieHHoM [umep KP. Jlanuele 1o
Ha0JII0/JTaeMbIM 3aKOHOMEpPHOCTSIM crekTpoB [ur. KP Takke moaTBep aar0T IUIIOJIBHO -
KBaJPYMOJIbHYIO TeOpHi0. Takue BaKHble OCOOEHHOCTH, KaK MAaKCHMAaJbHOE YCHUJICHHE
CHEKTPAJIbHBIX JIMHUN OOYCJIOBJIEHHBIX KOJICOaHUSIMH, IMPEOOpazyIoluxcs M0 €AMHUYHOMY
HEMPUBOJUMOMY THPEACTABICHUIO MOTYT OBITh OOBSICHEHBI CYIIECTBOBAHHMEM CHIIBHOTO
KBaJpyIHoJIBHOTO B3anMmojaencTeusa. Kpome Ttoro, anamu3 cnekrpoB I'mr. KP »srtunena,
rekcamroopobensona, 1,2,3 — Tpudmoopodbensona, 1,3,5 — Tpuzneiirepuodbensona TaKxe
BBISIBUJI CYIIECTBOBAaHHME 3alpelieHHbIX JUHMHA. [Ipu 3TOM Hambojee yCHIIEHHBIE JIHMHHUU
00yCIJIOBJIEHBI pacCcesiHUEM dYepe3 TaK Ha3blBaeéMble OCHOBHBIE KBAJpPYMOJIbHBIE MOMEHTHI U
4yepe3 KOMIIOHEHTY JUIIOJIBHOIO MOMEHTa , HAIlPaBJIE€HHOTO 10 HOPMAJIM IOBEPXHOCTH.
BeposiTHOe ToOsIBIIeHHWE OCTaJdbHBIX JIMHUN TakXke MOXET ObITh OOBSCHEHO B paMKax
npeziaraeMoi Teopur. TakuM 00pa3om, U3BECTHBIE TOBEPXHOCTHO YCUIIEHHBIE ONITHYECKUE
MIPOLIECCHl BEPOSTHO CMOTYT OBITh OOBSICHEHBI B pamKax (opmanuzMa TEOPHH JUIOIBHO-
KBaJPYyIOJILHOIO B3aUMOJEHCTBHSL.
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DIPOLE-QUADRUPOLE THEORY OF SURFACE ENHANCED VIBRATIONAL
SPECTROSCOPY
Polubotko A.M.!, Chelibanov V.P?, Tasenko E.A.?
T A.F. Ioffe Physico-Technical Institute of Russian Academy of Sciences, 194021 Saint
Petersburg, Politechnicheskaya 26, RUSSIA
2 St. Petersburg National Research University for Information Technologies, Mechanics and
Optics, 197101, St. Petersburg, Kronverkskiy pr., 49, lit. A, RUSSIA
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2 chelibanov@gmail.com

The Dipole-Quadrupole theory of surface enhanced optical processes is based on the
idea of existence of a strong quadrupole light-molecule interaction, arising in surface fields,
strongly varying in space, which exist in the region of surface roughness [1]. Enhancement of
the quadrupole interaction can be explained by two factors. The enhancement of the field
derivatives with the same Cartesian indices in the region of sharpest roughness and larger
values of matrix elements of the quadrupole moments of the type with respect to the values of
the matrix elements of the moments , than it was considered earlier. The second reason of the
enhancement is the electric field component increase, which is perpendicular to the surface at
places with a large positive curvature. These approach and ideas allow us to explain most of
characteristics accompanying SERS, SEHRS and SEIRA, namely, the order of magnitude of
the enhancement and enormous enhancement in the phenomenon of single molecule
detection, long range and short range enhancement mechanism in these processes, the nature
of active sites, deviation of the frequency dependence from the law in SERS, the dependence
of the SERS signal on the kind of metal substrate. It is necessary to take note of the
appearance of forbidden lines and main regularities of the spectra of symmetrical molecules in
SERS, SEHRS and SEIRA. It appears that there are a lot of forbidden lines in the spectra of
the above processes in symmetrical molecules, which can be explained in terms of the
quadrupole interaction. They are the lines, caused by vibrations transforming after the unit
irreducible representations in molecules with sufficiently high symmetry. Such lines are
observed in the ethylene molecule and ion adsorbed on copper in SEIRA. In addition, strong
lines caused by vibrations with the unit irreducible representation were observed in pyrazine
and phenazine, adsorbed on silver in SEHRS. The data on the regularities of the SERS spectra
also strongly support the Dipole-Quadrupole theory. It appears that such regularities as the
maximum enhancement of the lines, caused by vibrations with the unit irreducible
representation can be explained by existence of the strong quadrupole light-molecule
interaction and does not contradict to the theory. In addition, analysis of the SERS spectra of
ethylene, hexafluorobenzene, 1,2,3-trifluorobenzene, 1,3,5-trideteriobenzene reveals existence
of forbidden lines. The most enhanced lines are caused by the scattering via so-called main
quadrupole moments and via the component of the dipole moment, which is perpendicular to
the surface. In addition, all other lines can be explained by means of this theory. Thus, the
theory explains the surface enhanced processes completely.
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OJIOBOOPTAHUYECKHUE COEJUHEHUS: PE3YJIBTATDI
OINPEJEJIEHUA U ITYTU OBECIIEYEHUS METPOJIOT MYECKON
MPOCJEXABAEMOCTH U3MEPEHUM
Cwmupnos B.B., benskos M.B.

QI'VIl « BHUUM um. /. 1. Menoeneesay, 190005 Cankxm-Ilemepoype,
Mockoeckuii np., 0.19
belyakov@b10.vniim.ru

B cBa3M ¢ BoO3pacraronMM BHUMaHHEM K 3allUTe OKpYXarolled cpeasl OoT
AHTPOIIOT€HHBIX 3arpsI3HEHUM, B TMOCJIEIHEE BpeMs 3HAUUTEIbHBIA MHTEpEC HaIpaBieH Ha
orpejiefieHue B MPHUPOAHBIX O0BEKTax, B INEPBYIO OuyepeIb MOYBAX U JIOHHBIX OTJIOKEHUSX,
0JIOBOOpraHUYecKux coeauHeHuid. CorjacHo pacnopsbkeHuto mnpasutensctBa PO ot 30
nexabpst 2015 roma Ne 2753-p, oloBOOpraHMYECKHE COCIWHEHHS, HAXOJSIIHECS B TPYHTE,
BKJIIOYEHBl B TMEpPEUYEHb 3arps3HAIONIMX BEILIECTB, ONPEACICHUE COAEPKAHUS KOTOPBIX
CTAaHOBUTCS HEOOXOIMMBIM TIPH TPOBEICHUU HKOJOTHYECKUX H3BICKAHHM, COMyTCTBYIOIIUX
mo0biM  pabotam.  CymecTBylOIIMA — MeXIyHapoaHbeli  crapgapt ISO 23161,
MPEeAyCMaTPUBAIOIINIM OMpEAeIEHUE OJIOBOOPTaHUYECKUX COECIMHEHUM B I'PYHTax METOJ0M
GC-MS(AES), mpeamonaraer o00s3aTeIbHYI0 CTaauI0 JIEPUBATH3AIMU  OMPEIEIIEMbIX
COEJIMHEHMM, JUIsl MepeBOJa MX B JIETy4ue TeTpaajKui3aMelleHHble Mpou3BoAHbIC. JlaHHas
CTaJusl YCIOXHSAET W YBEIMYMBAET TPYNOEMKOCTbh aHalIM3a, OJHAKO MpPU OIpeAeIeHUU
HCKOMBIX COSMHEHHI ra30XpoMaTorpaduiecku, SBiaseTcss HEOOXOAUMOM.

JUis ynpolieHus aHajiu3a B KayecTBE MOJATBEPXKIAIOLIEr0 METOoJa ONpe/esieHus
0JIOBOOPTaHMYECKUX coeauHeHui, ucnosb3oBaicst wmeton HPLC-ICP-MS, cxoaumoctsb
pe3yJIbTaTOB, IMOJydaeMbIX JBYyMs MeToJaMu Obula MOATBEpXKJIEHA pe3yibTaTaMu
ompefeNneHuss TpU- U JUOYTUIIONOBAa B CEPTUGUIMPOBAHHBIX pe(epeHTHBIX MaTepuanax
GBWO08710 (Kuraii). B HacTosiee BpeMsi JaHHBIE METO/IbI 3aCHCTBOBAHBI JIJIsl aTTECTAIIUN
YHUCTHIX OJIOBOOPTAaHMYECKHX BEIIECTB B paMKax Hay4YHO-HCCIEI0BATEIbCKOW pabOThI
«CoBepuieHCTBOBaHHE ['OCYyZJapCTBEHHOTO MEPBUYHOTO 3TajOHAa E€JUHUI] MAacCOBOM
(MOJSIpHO#) AOAM U MaccoBOM (MOISPHON) KOHIIEHTPAIIMM OPTraHMYEeCKHX KOMIIOHEHTOB B
KHUIKAX U TBEPJABIX BEIICCTBAX M MaTeprajax Ha OCHOBE >KMJIKOCTHOW M ra30BOM XpOMaTo-
Macc-CIeKTPOMETPUH C U30TOMHBIM pa30aBienueM u rpasumerpun [T 208-2014»

3a 2016 - nagano 2017 roga B paMKax onpeaeieHus: 0JIOBOOPTaHUIECKUX COCTUHEHHI
B peaJbHBIX oOpasuax Obuto mpoananu3upoBaHo Oonee 1000 mpoO MOHHBIX OTJIOKEHHHA W3
akBaropuii benoro, bapenuesa, bantuiickoro, YepHoro u SInoHCKOro Mopei, ¢ pa3aIudHbIX 110
CBOEMY XapaKTepy MOPCKHX OOBEKTOB: JHA MOPTOB, 3AIMBOB U OYyXT, MPOJIUBOB, MOPCKHUX
dapBarepoB, a TaKXKe CBAJOK U 3aXOPOHEHUH JOHHOTO TPYHTA, HU3BICYCHHOTO IMPHU
JTHOYTITyOUTENbHBIX paboTax. YCTaHOBIEHO, YTO CTENEHb 3arpsA3HEHHOCTH TpYyHTa
OJIOBOOPTaHUYECKUMU COCJUHEHUSMH 3aBHCUT OT HHTEHCHUBHOCTH aHTPOIIOI€HHOTO
Bo3nelicTBus. [lomydeHHbIE 00BEeM JaHHBIX, B TOM YHCJIE€ COOTHOIIEHWE KOHIICHTPAIIUH
TpUOYTHIIONOBA U TMPOAYKTOB €ro Jerpagalid — Jd- U MOHOOYTHIJIOJIOBA, IO3BOJISIET
ONpeAeNUuTh 3aBUCUMOCTh IEPHOJOB pAa3OKEHUS M HAKOIUJIEHUS OJOBOOPIaHMYECKUX
COCMHEHHI, B TOM YHCIE M OT XapaKTePUCTHK CaMHX BOJHBIX OOBEKTOB (CpemHss
TeMIepaTypa IpHUIOHHOTO €105 BO/bI, HATMUYKME TeUeHUH U T.1.). Panee Obu10 ycTaHOBIIEHO,
410 Hcnonbp3oBaHue Merona ICP-MS mist u3mepeHuss cyMMapHOTO cofepaHus Bcex (Gpopm
0JI0Ba B KAaueCTBE MEHEEe TPYJIOEMKOr0 CKPMHUHIOBOIO METOAa MpPH OMNPENEeNIEHUU CTENEeHU
3arpsiI3HEHHOCTH OOBEKTOB OJIOBOOPTAHMYECKHMH COSAMHEHHUSIMH, MalOMH(GOPMATHUBHO U
HEleJeco00pa3Ho, MOCKOJIbKY COAEp)KaHHE OOIIEr0 0JI0Ba MOXET OBITh BBILIE COAEPIKAHUS
OpraHuyeckux Gopm Ha OJMH-IBA MOPSAKA.

[TonydeHHbIe pe3ysbTaThl B JETAIM3UPOBAHHOM BU/IE MPECTABIEHBI U 00CYK/IEHBI Ha
KOH(EepeHIHH.
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ORGANOTIN COMPOUNDS: RESULTS OF DETERMINATION AND WAYS TO
ENSURE METROLOGICAL TRACEABILITY OF MEASUREMENTS
Smirnov V.V., Belyakov M. V.

D.1. Mendeleyev Institute for Metrology (VNIIM), St. Petersburg, 190005 Moskovsky pr., 19
belyakov@b10.vniim.ru

In connection with the growing attention to environmental protection from
anthropogenic pollution recently a significant interest has been directed at the determination
of organotin compounds in natural objects, primarily soils and bottom sediments. According
to the Decree of the Government of the Russian Federation No. 2753-r of December 30, 2015,
organotin compounds in the ground are included in the list of pollutants, investigation of
which becomes necessary in carrying out environmental surveys accompaning any works.
The existing international ISO 23161 standard, which provides for the determination of
organotin compounds in soils by GC-MS (AES), assumes the obligatory stage of
derivatization at which compounds are turned into volatile tetraalkyl-substituted derivatives.
This stage complicates the process, increases the laboriousness of the analysis, but is
necessary when investigating the compounds by means of gas chromatography.

To simplify the analysis, the HPLC-ICP-MS method was used as the confirmatory
method for the determination of organotin compounds. Convergence of the results obtained
by the two methods was confirmed by the results of investigation of tri- and dibutyltin in
certified reference materials GBWO08710 (China). At present, these methods are used for
certification of pure organotins within the framework of the research work "Improvement of
the State Primary Standard of Mass (Molar) Parts and Mass (Molar) Concentration of Organic
Components in Liquid and Solid Substances and Materials Based on Liquid and Gas
Chromato-mass spectrometry with isotope dilution and gravimetry SPS 208-2014" From 2016
to early 2017, more than 1,000 samples of bottom sediments from the waters of the White,
Barents, Baltic, Black and Japanese Seas, were analyzed within the framework of the
investigation in organotin compounds in real samples from various types of marine locations:
port bottoms and bays, straits, sea fairways, as well as dumps and burials of bottom soil,
extracted during dredging. It has been established that the degree of soil contamination with
organotin compounds depends on the intensity of anthropogenic impact. The obtained amount
of data, including the ratio of the concentrations of tributyltin and the products of its decay,
di- and monobutyltin, makes it possible to determine the dependence of the periods of
decomposition and accumulation of organotin compounds on facrtors including the
characteristics of the water bodies themselves (average temperature of the bottom water layer,
currents, etc.) It was previously established that the use of the ICP-MS method to measure the
total content of all forms of tin as a less laborious screening method in investigating the
degree of contamination of objects with organotin compounds is not very informative and is
inappropriate, since the content of total tin can be higher than the content of organic forms by
one or two orders of magnitude.

The results obtained are presented in detail and discussed at the conference.

PA3PABOTKA I'OCYJAPCTBEHHOI'O 9TAJIOHA NNOJIAPU3YEMOCTH
BUOJIOTHYECKUX YACTHUIL]
I'.B. IllyBanos, K.B. I'enepanos, B.M. I'enepanos*, M.B Kpyunnuna **,
W.B. Munwumn, E.C. Konres

B paborte mpencraBieH MNPOTOTHI TOCYIAPCTBEHHOIO JTAJOHA MOJSPU3YEMOCTH
YaCTHUI] MUKPOHHOTO pa3Mepa JUisi KaTHOPOBKH N3MEPHUTEIIbHO-BBIYHUCITUTEIBHBIX KOMITJICKCOB
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MCIUIHUHCKOI'0 HAa3HAYCHUS, OCYIICCTBIIAIOIINX H3YYCHHC CBOMCTB KIIETOK KpOBH MCTOJI0M
nudnekTpodopesa. CyTh METO/Ia COCTOUT B UCCIIEIOBAHUU CBOWCTB KIIETKU B M30TOHUUYECKOM
pacTBOope ¢ HM3KOM HOHHOM CHJION M 30HAMPOBAHHS €€ C IOMOIIBI0 HEOJHOPOIHOTO
MEPEMEHHOTO 3JIEKTPUUECKOTO MOJs B IIMPOKOM JAMamna3zoHe 4acToT. MeToj MO3BOJISIET B
KOpPOTKHE CpPOKHM C MHHUMAJIbHBIMH MAaTCpHUaJIbHBIMU W BpPCMCHHBIMH  3aTpaTaMu
OJIHOBPEMEHHO U3MEPATh: MOJIAPU3YEMOCTh, )KECTKOCTh, BA3KOCTh, JJIEKTPUUECKYIO EMKOCTD,
IIPOBOJINMOCTh, PABHOBECHYI) YACTOTY W P JIPYTMX BaXKHBIX MapaMeTpoB KIETKH. [l
MMUTALIUM  KJIETOK KpPOBM B TMPOTOTUIIE OTaJOHA HCIOJB3YIOTCS TMOJUCTUPOJIbHbBIE
cepruyecKre 4acTUIbl MUKPOHHOTO pa3Mepa. PacueTHble U SKCIIEpUMEHTAIIbHO U3MEPEHHBIE

C MOMONIbI0 KOMILUIEKCA BEJIIMYUHBI MOJSPU3YEMOCTH 3PUTPOLIMTOB U ATAJIOHHBIX YaCTHIL
COBNIQIAIOT MEXIY CO00H C yJOBIETBOPUTEIHHOM OTHOCHTEIBHOW MOTPEITHOCTHIO. ITaJOH
MO3BOJISIET OCYWIECTBIIATh TEpeladyy €IUHMII HM3MEpPEHUs TMOJISIPU3yeMOCTH KIETOK,
SpUTPOUUTOB JJIA HY KA MEAUIUHEL.

DEVELOPMENT OF STATE STANDARD OF POLARIZABILITY OF
BIOLOGICAL PARTICLES
G.V. Shuvalov, K.V. Generalov, V.M. Generalov, M.V. Kruchinina, 1.V. Minin,
E.S. Koptev

We present a prototype of state standard of polarizability of micron-sized biological
particles for calibration of measurement and computation complexes for medical purposes
that are used in study of blood cells by dielectrophoresis. The properties of a cell are studied
in isotonic solution with low ion force, by probing it with inhomogeneous alternate electric
field in wide range of frequencies. The method allows a simultaneous measurement of
polarizability, stiffness, electrical capacitance, conductance, equilibrial frequency and other
important parameters of the cell at low costs both financial, and time. Polystyrene spherical
particles of micron size are used to imitate blood cells. Calculated polarizabilities of blood
cells and standard particles are equal to those measured with the installation, with satisfying
accuracy. The standard allows dissemination of the unit of polarizability of blood cells for
medical purposes.
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CEKIIUA «TEINVIOPU3NYECKHUE U3MEPEHUW S
SECTIONAL MEETING «THERMOPHYSICAL MEASUREMENTS»

NU3MEPEHUE PE3OHAHCHOM YACTOTBI AKYCTHYECKOT' O
PE3OHATOPA 'A30BOI'O TEPMOMETPA B PEXKUME ABTOKOJIEBAHUM
Ocaguuii C.M., IToranos B.I'.
@I'yil BHUUDOTPU
osm(@vniiftri.ru

B cBs3u ¢ mpenctosmmM mepeorpeneseHueM KelbBUHAa BO3HUKAET HEOOXOAMMOCTH
pa3pabOTKKM HOBBIX OSTAJOHOB TEMIIEPATypbl, OCHOBAaHHBIX, HAMpHUMEp, Ha 3aBHUCHUMOCTH
CKOPOCTM 3ByKa B Tra3e OT TeMIepaTypbl rasza, MPUBOIAIIEH K HW3MEHEHHIO 4YacCTOThI
aKyCTMUYECKOTO pe30HaHca B KBasuchepuuecKoM pe3oHaTtope. BaxkHas 3amauya sl TaKUX
JTAJOHOB — W3MEPEHHE PE30HAHCHBIX YacTOT aKyCTUYECKOIO0 pPE30HATopa TIa30BOI0
TEPMOMETPA, MO KOTOPHIM MOXHO PAacCUMTaTh TEMIIEpATypy ra3a B pPE30HATOPE C BBICOKOM
TOYHOCTBIO. MI3MepeHne pe30HaHCHOM YacTOTHI H3BECTHBIMHU CIIOCO0aMH TPEeOYyeT OOJIBIIOro
KOJIMYECTBA BPEMEHHU C YYETOM TOTO, UTO TPeOyeTCsl MPOBECTH CEPUI0 TAaKUX U3MEPEHUN TpH
pa3HbIX JaBlEHMSIX ra3za B pe3oHartope. I[IpuueM, Ha Bpems H3MEpeHUIl HEOOXOAMMO
CTaOMIM3UPOBATh TEMIIepaTypy PE30HATOpa M IMOCTOSHHBIM MPOTOK Ta3a 4epe3 pe3oHarop,
1A TOTO, LITO61>I B Ia3¢ HC NOABUJIMCH IPUMECHU OT I[GCOp6III/II/I C BHYTPCHHUX HOBerHOCTefI.

B Hacrosmeilt pabote mpeanaraercs CHocod HU3MEPEHHS PE30HAHCHOM YacTOTHI
AKyCTHYECKOI0  pE30HaToOpa Ta30BOr0  TEPMOMETpa IMYTEM  HU3MEPEHHUS  YacTOTHI
aBTOKOJIeOaHUI, BO3HUKAIOIINX HAa OJTHON M3 PE30HAHCHBIX YacTOT pe3oHaTopa. BkiroueHue
pe30HaTOpa B aBTOKOJICOATEIILHBIN KOHTYP, COCTOSIIAN U3 YCHIIUTEISI, 9aCTOTHOTO (PHIIbTpa 1
dazoBpaiaTens, IPUBOIUT K TeHEpalMK aBTOKOJIe0aHU Ha OHON U3 PE30HAHCHBIX YacTOT
aKyCTHYECKOI'0 PE30HATOpA, 3alOJHEHHOrO0 ra3oM - aproHom wim remuem. Ilomctporikoit
4acTOTHBIX (QUIbTpOB U (hazoBpaimareneid momdupaercs HeoOXoaumas Moja TeHepaluu.
HOKa?;aHO, YTO TaKOi moaxod JacT YMCHbBIICHUE BPEMEHU UBMCPCHUS C ICCATKOB MUHYT 10
HECKOJIbKUX CEKyHJ. BbicOkas cTaOUIBbHOCTH aBTOKONEOAHWN U BO3MOXHOCTH OBICTPOTO H
TOYHOI'0 HMU3MCPCHUA YaCTOThI aBTOKOJ€0aHUi MO3BOJISIET CHU3UTH BKJIaJ CJ'Iy‘I&fIHLIX
MOTPEUTHOCTEN B MOTPEIIHOCTh U3MEPEHHUI PE30HAHCHBIX YACTOT aKyCTUYECKOTO PE30HATOpA
U, CJIEI0BATEIIbHO, IOIPEIIHOCTh U3MEPEHHSI TEMIIEPATYPBI I'a3a B PE30HATOPE.

Temneparypa ra3a B pe30HaTOpe U 4acTOTa aBTOKOJI€0aHUM CBS3aHbI COOTHOIIIEHUEM:

T =T,  k*(T)- (ﬂ)z

fwtdfw/ 50

rae [ — gactora reHepanuu aBTOKoJicbaHui, mpu Temmeparype T, f,.. dacrora
TeHepaIny aBTOKoJIe0aHuii mpy Temneparype TpoiHo# Toukn Boasl T,,, Af = fi.y— fu
Afy = fwiin) — fi— HOMpaBKH, CBSI3aHHBIC C OTINYMEM YaCTOTHI FEHEPAL[MH aBTOKOIeOa U
OT PE30HAHCHOM YaCTOTHI f1,), COOTBETCTBYIOIIEH coOcTBeHHON Moxe (I,n) cdepuueckoro
pe3oHaTopa, BONM3M KOTOPOW peanu3yeTcst TeHepamuss mnpu Temmeparype I wu T,
coorBeTcTBeHHO. [TonpaBku Af 1 Af,. paccuMTHIBAIOTCA WM ONPEAEIAIOTCS 110 PE3YIIbTaTaM
KaJIMOPOBKU C HCIOJIB30BAHUEM IEPBUYHOIO 3TanoHa TemrepaTypbl. Kosdduuuenr k(T)
VYUTHIBACT U3MEHEHHE TEOMETPHUECKUX Pa3MEPOB pPE30HATOPA OT TEMIIEPaTyphl, U B TAHHOM
paboTe, MOCKONBKY JIMala3oH H3MEHEHUS TeMIlepaTypbl HE BEJIHK, MPUHUMAJCS PaBHBIM
1+ a(T—T,) roe a— KOX((UIIMEHT JIMHEHHOTO PaCIIMpPEHUsI MEIH; P — JaBJICHUE T'a3a B
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pezonatope. [lpemmaraeMelii MOAXOA MOXKET OBITH IOJE3€H NPH pa3paboTKe 3TaJOHOB
OCHOBaHHBIX Ha HOBOM OIPE/ICIICHUH KeIbBHHA.

RESONANCE FREQUENCY MEASUREMENT OF THE GAS
THERMOMETER ACOUSTIC RESONATOR IN THE SELF-OSCILLATING MODE
Osadchii S.M., Potapov B.G.
VNIIFTRI
osm@vniiftri.ru

With the planned redefinition of the kelvin - the SI unit for temperature, necessity
arises of developing more precise primary standards based on new methods of measurement.
One of them provides for accurate temperature measurement basing on the relation between
the speed of sound in a monatomic gas and thermodynamic temperature.

An important feature of such standards is that resonance frequencies of the acoustic
resonator gas thermometer are directly measured, later processed, and provide very accurate
figures for the temperature of the gas in the resonator. Existing approaches to measuring
resonance frequency are relatively time-consuming, given that they demand a series of
measurements at different gas pressures. Moreover, it is necessary to stabilize the temperature
of the resonator and ensure the constant flow of gas through the resonator, to reduce the risk
of impurities due to desorption from internal surfaces during measuring.

This paper proposes a way to measure the resonance frequency of a gas thermometer
acoustic resonator by measuring frequency of self-oscillations that occur at one of the
resonator's resonance frequencies. Inclusion of the resonator into the close-circuit oscillator,
consisting of an amplifier, a frequency filter and a phase shifter leads to generation of
oscillations at a certain resonance frequency of the acoustic resonator, filled with gas: we have
carried out measurements with high-purity argon or helium as working gas. The required
generation mode was obtained by tuning frequency filters and phase shifters. It is shown that
such an approach results in a derease in the time required for measurement from tens of
minutes to several seconds. High stability of self-oscillations and the possibility of quick and
accurate measuring of the frequency of self-oscillations allows to reduce the contribution of
random error in measurements of resonance frequencies of the acoustic resonator and,
consequently, of the gas temperature in the resonator.

The gas temperature in a resonator and the frequency of self-oscillations are linked by
the equation:

T =T, kD) (L2LY

fw+d fip p—0

where is f — self-oscillation frequency at the temperature 7, f,— self-oscillation
frequency at the temperature of the triple point of water, 4f = fi.., — f n 4f, =
fuwiiny — fu— correction factors related to difference between a frequency of self-oscillations
and frequency fi;.;, that corresponds to the resonant mode 7 of a quasi-spherical resonator,
close to which the self-oscillations are generated; Af u Af, correction factors are determined
by the results of the calibration using primary temperature standard temperature; k(T
coefficient takes into account the temperature-dependent changing of the resonator's shape,
and since the narrow range of the temperature changes, taken to be equal to 1+ a(T —T,,),
where @ — a linear thermal expansion coefficient for copper, p — the pressure of the gas in the
resonator. The proposed approach may be useful for developing standards based on the new
definition of the kelvin.
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MNEPEONPEJAEJEHUE KEJIbBUHA U NEPCIIEKTUBbI
COBEPHIEHCTBOBAHUS TOCYJAPCTBEHHOI'O ITIEPBUYHOI'O 9TAJIOHA
EAUHUILBI TEMITEPATYPBI B IMAITA3OHE BbIIIE 273,15 °C
IToxonyn A.H.

DI'VII « BHUUM um. J[. 1. Menoeneesar
A.L.Pokhodun@vniim.ru

MexnyHapoanbiii  komuteT Mep u  BecoB (MKMB) wmHorme roasl wumen
JTOJITOBPEMEHHYIO 1I€JIb OIpENIeJIeHUs] BCEX OCHOBHBIX €IUHUI] 4epe3 (yHAaMeHTalIbHbIE
¢u3nyeckue KOHCTAHTBI, 4YTOOBI MCKIIOYMTH 3aBUCUMOCTh OT CBOMCTB KakuX-1u0o
apTe(akTOB WM MaTEpPUAJIOB U 00ECTIEUUTh JIOJITOBPEMEHHYIO CTAOMIIBHOCTh €IMHUIL.

B 2005 rogy B KoHCynbTaTUBHOM KOMHUTETE IO TEpMOMETpHM Obuia chopMupoBaHa
pabouast rpynmna TG-SI, menpio KOTOpOW SIBISETCS OIEHKA IOCIEICTBHI BBEJICHUS HOBOTO
ornpeneneHus kenpBuHa. Pabouas rpynma TG-SI 0600muB pe3ynbTaThl BCceX HCCIEIO0BaHUH,
OTHOCSIIUXCA K BO3MOXXHOMY HOBOMY OIPEIEICHUIO KEIbBUHA, pPEKOMEHO0BAJIA
nepeonpeeNieHne ITON eAMHUIIBI Uepe3 eAUHUILY dHepruu cuctembl CU, mxoyinb, pukcupys
BEIIMYMHY [IOCTOSTHHOM bonbimana.

Osxuyaercsi, YTO HOBOE OIIPENEICHHUE psiia eIWHULl OyAeT mpuHITO Ha ['eHepaibHOMN
KOH(epeHIMH 1o MepaM u Becam B 2018 rony.

CrneznctBueM mepeonpesiesieHnss KeIbBUHA SBIIAETCS HEOOXOAMMOCTh MOJEPHU3ALMU
OTEUYECTBEHHBIX I'OCYJAPCTBEHHBIX 3TAJOHOB €MHULIBI TEMIIEPATYPbl TAKUM 00pa3oM, YTOObI
o0ecreuuTh BO3MOXKHOCTh BOCIIPOM3BEACHUS KEJIbBHHA B COOTBETCTBHUM C €r0 HOBBIM
OIIPEIIECIICHUEM.

Ora 3amaya pemanack B pamkax HUP «bBOJIBLIIMAH» (BHUU®TPU) u HUP
«KEJIbBUH» (BHUMM) B nepuoa ¢ 2015 o 2016 rr. 1 3aBepiiaercs B HaCTOsIIEE BpeMs B
pamkax OKP «KEJIbBHH-2).

[To onienkam paboueii rpynmnsl TG-SI HOBoe onpezaeneHne KelbBUHA HE BIUSET
HenocpeactBeHHo Ha cratryc MTII-90 wnm BHTII-2000, ogHako MMEIOTCS 3HAYHUTEIbHBIE
[IpeuMyIIecTBa AJIs U3MEPEHHs TEPMOIMHAMHYECKON TemIiepaTypsbl, ocooeHHo Hmxke 20 K u
Boiie ~ 1300 K, rzme mnepBUYHBIE TEPMOMETPbI MOTYT OOECHEYUTh 0ojiee HU3KYIO
HEOIIPEENEHHOCTD, YEM JIOCTYIIHAs B HacTosmiee Bpems 1o MTILI-90.

B nunanazone ot 13,8 mo 1235 K TocymapcTBeHHBIH NEpBUYHBIA ATallOH HE TpedyeT
KakUX-TM00 (yHIaMEHTAIbHBIX W3MEHEHHH B €ro cocTaBe TaK Kak Iepexo]l K HOBOMY
OTpEENICHUIO EANHUIIBI TEMIIEPATYPhl B 0003pUMOM Oy Ty1ieM He NMpeAnoiaraeT Kakux-auoo
WU3MEHEHUI B METOJIE pealu3alliy KeJIbBUHA B 3TOM JUala30He.

YuuteiBag 3TOT (akt, mpu MonepHuszauuu dtamoHa ['DT 34 -2007 ocHoBHOE
BHMMaHHEe ObUTO oOpareHo Ha Auamna3oH B o0jacTu Beime Temneparypsl 931,68 °C, rae
IIPEII0JIaracTcs NCIO0JIb30BAHUE METOIOB IEPBUYHON TEPMOMETPHUH.

B pesynbrare BbimosnHenus HUP «KensBuH» ObUT cO3MaH U HCCIEAOBaH
OKCHEPUMEHTAIbHbIM  o0Opa3el;  MEpPBHUYHOIO  3TAJOHa  €IUHHIBI  TeMIepaTyphbl,
o0ecreunBaroIero Nepexo/l Ha HOBOE OINpeAeNeHUE €IUHHIbI TeMmIepaTyphl. Pe3ynbraTsl
MCCIICIOBAaHUM 3KCIIEPUMEHTAILHOTO 00pa3na MOATBEPJMJIM BBIOJHEHHE TpeOOBaHUN
TexHuueckoro 3aaanus. Kpome toro, B pamxkax HUP «KenbBun» ObUIM pelieHbl 3agauu
pacIIMpeHMs] JMalla3oHa BOCHPOU3BEACHMS €OuHUIBl Temneparypel g0 3473 C° wu
COKpaIIeHHs OTpemHocTH B 1,5 — 2 pa3a.

DKcnepuMeHTaIbHBIN 00pasel, co3aannelii B pamkax HUP «KensBun», npeacrasnser
co00if OCHOBHYIO 4YacThb OyIyIIEro rocyAapCTBEHHOIO MEPBUYHOIO ATAIOHA E€IUHHIIBI
TEMIIEPATYPBI, TAPAHTUPYIOLIETO OAHO M3 JMAUpPYHOLMX MecT Poccum B MexayHapoaHOU
paboTe 1o co31aHnio YHUGUIUPOBAHHBI3 CPEJCTB U3MEPEHUN TEMIIEPATyPHI.

B pamkax mpoekra «KenbBHH-2» OyAyT 3aBeplIeHbl PaOOTHI MO MOJEPHHU3ALNH
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o0opyAOBaHUs AJIs pealu3alud (UKCUPOBAHHBIX TOYEK TEMIIEPaTypHOW IKaJbl, a TaKkKe
co3JlaHa anmapaTrypa o0ecHneunBaroas BO3MOXHOCTh peau3alii OCHOBHOTO MeETOoJa
BOCITPOM3BEJICHUS €IMHHUILIBI TEMIIEPATYphl B 1Hana3oHe Boime 931,68 © C.

REDEFINITON OF THE KELVIN AND PROSPECTS FOR IMPROVEMENT
OF THE STATE PRIMARY STANDARD OF THE TEMPERATURE UNIT IN THE
RANGE ABOVE 273,15°C
A.IL. Pokhodun
D.I. Mendeleyev Institute for Metrology
A.I.Pokhodun@vniim.ru

The International Committee for Weights and Measures (CIPM) for many years has
been preoccupied with a goal of redefining all basic measurement units through fundamental
physical constants, in order to exclude dependence on the properties of any artifacts or
materials and to ensure long-term stability of units.

In 2005, the TG-SI working group was formed in the Consultative Committee on
Thermometry, whose purpose is to assess the consequences of introducing a new definition of
the kelvin. After summarising the results of all studies pertaining to a possible new definition
of the kelvin, the TG-SI working group recommended the redefinition of this unit through the
unit of energy of the SI system, Joule, fixing the value of the Boltzmann constant.

It is expected that new definitions for a number of units will be adopted at the General
Conference on Weights and Measures in 2018.

The consequence of the redefinition of the kelvin is the need to modernize the national
state standards of the unit of temperature a way that will allow for the reproduction of the
kelvin in accordance with its new definition.

This task was solved within the framework of research works "Boltzmann"
(VNIIFTRI) and "Kelvin" (VNIIM) during the period from 2015 to 2016. It is currently being
finalized within the framework of "KELVIN-2" project.

According to the estimates of the TG-SI working group, the new definition of kelvin
does not directly affect the status of ITS-90 or PLTS - 2000, but offers significant advantages
for measuring thermodynamic temperature, especially below 20 K and above ~ 1300 K,
where primary thermometers can provide a lower uncertainty than the currently available ITS-
90.

Since the transition to a new definition of a unit of temperature does not involve any
changes in the method of kelvin reproduction in the range from 13.8 to 1235 K in the
foreseeable future, an improvement in the standard in this temperature range does not imply
any fundamental changes in its composition.

Taking into account this fact, when updating the standard SPS 34-2007, the main
attention was paid to ranges above 931,68 °C, where primary thermometry methods are
supposed to be used.

As a result of the implementation of the research work "Kelvin", an experimental
sample of the primary standard of a unit of temperature was created and investigated,
providing a transition to a new definition of the unit of temperature. The results of studies of
the experimental sample confirmed the fulfillment of the technical assignment requirements.

In addition, within the "Kelvin" framework, the problems of expanding the reproduction
range of a unit of temperature to 3473 ° C and reducing the error by a factor of 1.5-2 were
solved.

The experimental sample created within the "Kelvin" framework comprises the main
structural part of the future state primary standard of the unit of temperature, which will
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provide for Russia one of the leading places in the international system for ensuring the
uniformity of temperature measurements.

Within the framework of the "Kelvin-2" project, work will be completed on
modernizing the equipment for implementation of fixed points of the temperature scale, and
equipment will be created to provide the possibility of realizing the basic method of
reproducing a unit of temperature in the range above 931,68 °C.

COCTOSIHUE U NIEPCOEKTHUBHI U3MEPEHUN B OBJIACTH
JANJIATOMETPUH
(MEKIY TEILIO®U3UKOM 1 MEXAHUKOM - OFbEJIUHSS OBE)
T.A. Komnan
DI'VII « BHUUM um. J[. 1. Menoeneesar
T.A . Kompan@vniim.ru

JunaroMerpusi — paszen HayKM O MaTepHallax, M3y4YarollMil H3MEHEHHE Pa3MepoB U
dopMbl Ten B 3aBUCHUMOCTH OT TemIeparypbl. Takoe H3MeHEHHe OOYCIIOBIEHO OOIei
INPUYMHOM Il BCEX KOHJCHCHUPOBAaHHBIX BELIECTB - ACUMMETPHEH CHJI MPUTSHKEHUS U
OTTAJKMBAHUA MEXKIY 4YacTHIIAMM, COCTABJIAIOIIMMU MaTepuan (aToMaMu, HOHaMy,
MOJIEKYyJIaMH). YHHMBEpPCAIbHOCTh (YHIaMEHTAIbHBIX 3aKOHOB 00ECIEYMBAET CXOJCTBO
BHEUIHUX IIPOSIBJICHUN: 32 UCKIOYEHHEM HEKOTOPBIX CIELMAIBHO CO3JaHHBIX NCKYCCTBEHHBIX
MaTepuanoB, OOJBIIMHCTBO MATepHATIOB pacmmpserca ¢ kodddurmentom 10° + 100 K.
BenenctBue sToro pasmepsl Aetaneil MamiMH, pa0OTAlONMX JMIIb B KIMMAaTHYECKOM
Jarna3oHe TeMIlepaTyp, MEHSIIOT CBOM pa3Mepbl Ha Joiit0 Muwuiumerpa. CoBpeMeHHas
TEXHUKA MCIIOJIb3YeT TeMIlepaTypbl (YHKIMOHHUPOBAHUS Y3JIOB U YCTPOWUCTB OT HECKOJBKUX
ThICSY J0 eAuHMI] rpagycoB KenbBuHa, W mpu 3TOM TpeOOBaHUS MO TOYHOCTU U
COIJIaCOBAHUIO PAa3MEpPOB NOXOIAT O HAHOMETPOB. be3 nuiiaToMeTpuu TEXHOJIOIMYECKOE
pa3BuUTHE OBUIO OBl HEBO3MOXKHO.

JlunaromeTpusi, Kak pasield METpPOJOrMM, HalleleHa Ha oOecliedeHue KayecTBa U
€IMHCTBAa M3MEpPEHHI B 00JacTh M3MEpPEHHs] W3MEHEHHMH pa3MepoB Tell, 00YCIOBICHHBIX
u3MeHeHueM Ttemnepatypsl. Bo BHUMM mnepBbiif 3TanoH TEMIOBOrO pacHIMpeHus Obul
yTBepXkeH B 1975 r. mmsa pabotsl B obmact Temmeparyp 20-8@ 3a mpomenmee Bpems
JTaJIOH IIPOLIE] HECKOJIBKO MOIEPHM3aLMi, B HACTOSALICE BPEMs JTaJOHHBIC AWIATOMETPBI
BHUUM nepekppiBator nuanazoH 90-3000K mpu cyiiecTBEHHOM yBEIMUEHUU TOYHOCTH U
(bYHKIIMOHATILHOCTH.

[Ipomenmme MoOIEpHM3AMU BKIIOYWIA COBEPLIIEHHO HOBBIE IPUHLMIBI U
TEXHUYECKHE BO3MOKHOCTM COBPEMEHHOW TEXHUKHU. Y UIMHEHWE, KOTOpPO€ paHbllIe
OTCUMTHIBAJIOCH HA TJ1a3 TI0 CMELIEHUIO MOJIOC UHTEPPEPEHIIMH OTHOCUTEIBHO BU3UPA, TENEPh
OCYILECTBISIET CHUCTEMA TEXHUYECKOTO 3PEHUS C BBICOKMM pa3pelieHUEM W CKOPOCTBHIO
OTCYeTa, a BHU3yaJlbHAsl KapTHHA 00pabaThIBaeTCsi ¢ NMPUMEHEHUEM CIIOXKHBIX aJrOPUTMOB.
Ceronas wHTep(EPEHIMOHHBIE M3MEPEHUsS OCYIIECTBIAIOTCS C TOYHOCTHIO MeHee 0,5%10°
UHTEPPEPEHIIMOHHON MOJIOCH. MOXHO YMOMSHYTh HCIOJIb30BAaHUE TAaKUX HOBBIX METOJIOB,
TaKMX Kak reTepoJMHUPOBAHME Ja3€PHBIX MTyUYKOB, HCIOJIb30BAHNE CIEKI-UHTEPPEPOMETPHUH.

ITocTostHHOE MOAACpKAHUE TEXHUYECKMX BO3MOXKHOCTEH Ha BBICOKOM YpPOBHE
obecreunsio mepeoBo Hay4YHBI ypOBEHb, KOHKYPEHTOCITOCOOHOCTh M BOCTPEOOBAHHOCTH
padbor BHUMM B oGmactu aunaromerpuu. JlaGopaTtopus MPOBOIUT HCCIEIOBAHUS 10
3aKa3aM BeZIOMCTB, artectyeT Mepbl TKJIP, B ToM uncie /Uit MHOTHX 3apyOeKHBIX IEHTPOB.

Pa3BuTne TEXHUKH U TEXHOJIOTHM CTaBAT nepe JadopaToprel AUIaTOMETPHH HOBBIE
3a/1a4yd. 3aBHCHUMOCTh pPa3MEpOB Tl OT TEMIEpPAaTypbl — OJAHA M3 MHOTHMX 3aBHCHUMOCTEU
MEXAHUYECKUX BEJIMYUH OT ATOr0 napaMmerpa. TepMoMexaHHMKa YK€ JIOCTaTOYHO JIaBHO
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copMHpoBaach Kak MaTepuanoBeadecKas AMCHUIUIMHA. MeETpoJoTHs JO0JDKHA YYUTHIBATH
YCIOXKHSIOIIMECS 3apochl MPAaKTUKU: B TOM 3aJIOT €€ Pa3BUTUS U BOCTPEOOBAHHOCTH.
JlaGopatopust munatomerpun BHUHWM Bugut mns cebs B OyaymieM HOBOE TOJI€ 3aaad 110
00ECIEYEeHNI0 €UHCTBA M3MEPEHUH DPA3IUYHBIX BHUJOB TEPMOMEXaHUYECKUX H3MEpPEHHIA,
obecrnieyeHrne ux He0OX0IMMbIM HAOOPOM CPENICTB MOBEPKH U KATUOPOBKH.

STATUS AND PROSPECTS OF MEASUREMENT IN THE FIELD OF
DILATOMETRY
(BETWEEN THE THERMOPHYSICS AND MECHANICS - COMBINING
BOTH)
T.A. Kompan
D.I.Mendeleyev Institute for Metrology
T.A . Kompan@vniim.ru

Dilatometry is the area of materials science that studies change in the dimentions of
bodies as a function of temperature. In all condensed substances, this change is due to one
common cause — the asymmetry of the forces of attraction and repulsion between the
particles, that make up the material (atoms, ions, molecules). The universality of the
fundamental laws ensures the similarity of the external manifestations of the phenomenon:
with the exception of some specially created artificial materials, most materials expand within
the factor of 10 ° + 10 *K"!. As a consequence, the dimensions of machine parts, working
within the climatic temperature range, change by fractions of a millimeter. However, in
modern technology, operation temperatures are not uncommon that vary from several
thousand to several degrees Kelvin, and the requirements for size precision and coordination
are as tight as nanometers. Obviously, without dilatometry, technological advancements
would be impossible.

Dilatometry, as a branch of Metrology, is aimed at ensuring the quality and uniformity
of measurements concerning the temprature related changes in the size of bodies. At VNIIM
the first Standard of the thermal expansion was approved in 1975 for operation within
temperature range of 20-1200° C. Since that time, the Standard has gone through several
upgrades; currently the Standard dilatometers in VNIIM cover the range of 90-3000K with a
significant increase in precision and functionality.

The recent upgrades brought in some completely new principles and technical
possibilities of modern technology. Elongation, which used to be read by eye as displacement
of the interference fringes against the vizor, is now read by a high resolution, high recording
speed technical vision system, and the image is processed with the use of sophisticated
algorithms. Today, interference measurements are performed with the accuracy not worse than
0.5 10 of an interference fringe. Also, the use of such new techniques as heterodyning of
laser beams and the use of speckle interferometry should be mentioned.

Maintaining a high level of technical capabilities has provided for the advanced
scientific level of the Institute research and insured competitiveness of and the high demand
for the VNIIM services in the field of dylatometry. The laboratory conducts research on the
orders of authorities, certifies CTE measures, including for many foreign centers.

The development of science and technologies poses new challenges before the
laboratory of dilatometry. The dependence of dimentions on temperature is one of the many
examples of mechanical values depending on this parameter. Thermomechanics is now well
established as a materials science discipline. Metrology should take into account the
increasing complexity of demands in practical applications, which is a guarantee of its
development. In the future, the laboratory for dilatometry of D.I.Mendeleev Institute sees a
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new field of tasks for itself - to ensure the uniformity of various types of thermo-mechanical
measurements, and to provide them with the necessary tools for verification and calibration.

COCTOSIHUE U ITEPCIIEKTUBBI PABBUTUSA METPOJIOTUYECKOI'O
OBECIIEYEHUS U3MEPEHWUH TEILJIOTPOBOJTHOCTH
Coxogos H.A., Cokonon A.H.
@OI'VIl « BHUUM um. J[. M. Menoeneesa»
n.a.sokolov@vniim.ru

Paccmotpensr npemnioxenasie B0 BHUUM um. J[.M. MenaeneeBa NpUHIMITHAIBHO
HOBBIE 3aI1aTEHTOBAaHHBIE CITIOCOOBI BOCIIPOU3BEACHUS €TUHUIIBI TEIUIONPOBOIHOCTH B JTHO00H
TOYKE 3a/IaHHOTO JIMalia30Ha U CO3JJaHHBINA Ha 3TON OCHOBE HOBBIH KJ1acC CPECTB U3MEPEHUI
— MHOTO3Ha4HbIE Mephl TeronposoaHoctd (MTM) u TennocTarsl.

[IpuBeneHbl pe3yiabTaThl JBYX NWIOTHBIX CIMYEHUH, NPOBEAEHHBIX B paMKax
KOOMET c¢ yuactuem HanuoHajbHBIX MeTposormdyeckux uHcTuTyToB (HMU) Benl M n
KasluMertp, a Takyke HONOJHUTENBHBIX caudeHuil nox asrugoi BIPM ¢ yuactuem CENAM,
LNE, NIM, NIST, NPL u PTB. B »stux camuenusx BHUHWM um. .M. MenneneeBa ObLi
IIPEJICTaBJIEH TerlocTaToM Al, BXOIAIMM B cOCTaB ['0cy1apCTBEHHOrO IEPBUYHOIO ATAJIOHA
enuHulbl  TemonpoBonHocty  ['OT  59-2007 u  HOATBEpAMBIIUM  3asBJICHHbBIC
METPOJIOTUUECKUE XAPAKTEPUCTUKH, IPEBOCXOASAIINE IAapaMeTpbl 3TAJOHHOM ammnapaTypsl
npyrux HMU.

ITocne BeimonmHenus B 2016 r. paboTtsl no cosepuieHcTBoBaHuto ['DT 59-2007,
Omaromapsi co3manmio HOBeIX MTM wum  Temsocrara A4, mMOsABWIACH BO3MOKHOCTH
BOCIIPOM3BOAUTh M II€pelaBaTh €IUHULY TEIIONPOBOAHOCTH B auanaszoHe ot 0,02 no
0,2B1t/(MmK) mnpu temneparype mo 300°C, a co3manume Terioctata AS TO3BOJIHIO
pacuIMpuTh JUamna3oH BOcCHpousBeneHus u mnepenadn eauHuisl ¢ 20 go 500 Br/(m K) B
KJIMMaTHYeCKOM Juarna3zoHe temieparypbl. Kpome toro, B HoBoM stamone (I'DT 59-2016)
IIPEyCMOTPEHA BO3MOXHOCTb BOCIPOM3BEACHHUS M INEpeJauyd EOUHUIBI  TEIJI0BOIO
COIIPOTHBIIEHUS, KOTOpass B OTJIMYME OT TEIUIONPOBOJAHOCTH SBJSETCS aJJIUTUBHOMN
¢bu3n4ecKoil BETMUMHON U IIUPOKO UCIOIB3YETCS B CTPOUTENBbHONU HHIYCTPHH.

B 2017 r. 3amuianupoBaHO BHEAPEHHE BHOBb pa3paOOTaHHOW TOCYIapCTBEHHOU
IIOBEPOYHOIN cXeMbl, KOoTopytro Bo3riiaBur I'OT 59-2016. B kauecTBe BTOPUYHOIO 3TajloHA
OyZeTr ucnosb30BaH cyuiecTByromui 3taigoH 3.1.Z7ZB.0112.2014 ¢ pacmmpeHHbIM HabopoMm
MEp TEIUIONPOBOAHOCTH U TEMJIOBOI'O CONPOTUBIICHUS.

B kadecTBe 0OIHOrO W3 HOBBIX pabOYMX CPEJCTB U3MEPEHUN INPOXOIUT HUCHBITAHUS B
HeNsIX YTBEpKIEHUs Tuma npulop s M3MEPEeHUN TEeIIONPOBOJHOCTH U  TEIJIOBOTO
COIIPOTUBIIEHUS TEIJIOU30JATOpoB Ipu Temmneparype a0 300°C. Takxke co3maHa H
3araTeHTOBaHA YCTAaHOBKA JUIsl ONPEIETIeHHs CONPOTUBIICHUS TEIUIONEpeiadll CTPOUTEIbHBIX
KOHCTPYKLIMH, KOTOpas MO CBOMM METPOJOTMYECKMM XapaKTEpUCTHKAaM BJBOE IPEBOCXOAUT
Ty4iive 3apyOeXHble aHAJIOTH.

Pa3BuTuioO MeTpOJIOTHYECKOro O0OecredyeHus] HW3MEpPEeHUH TeIIONPOBOJAHOCTH U
CBSI3aHHBIX C HEW BETUYHMH ciocoOCTBYeT akTuBHOE yuactue BHUUM um. I.1. Menneneena
B paboTe HOBOTO TEXHUYECKOTO KOMHUTETa IO CTaHIapTu3auuu «CTpoHWTeNIbHbIE MaTepHalIbl
(m3penusi) u xoHcrpykuum» (TK 144), co3manHoro cormacHo mnpukady Poccrannmapra
ot 30 nexabps 2016 r. Ne 2034.

C mnoMoIibi0 BHOBb CO3/IaHHBIX JTAJIOHHBIX U pabdOYUX CpEeACTB HU3MEpEHH, B
nepcreKTuBe, OyayT ¢ 0ojiee BBICOKOW TOYHOCTBIO MCCIIEOBAaHBI TEIIO(PHU3HMUECKUE U
TEIUIOTEXHUYECKHE MapaMeTpbl CTPOUTENbHBIX MaTEpHUajOB W KOHCTPYKIUH, YTO MO3BOJIUT
MOBBICUTDH A3PPEKTUBHOCTH SHEProcOepEKEHUSI.
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STATE AND PROSPECTS OF METROLOGICAL MAINTENANCE IN
MEASURING THERMAL CONDUCTIVITY
Sokolov N.A., Sokolov A.N.
D.1. Mendeleyev Institute for Metrology
n.a.sokolov@vniim.ru

The proposed by D.I. Mendeleyev Institute for Metrology fundamentally new
proprietary methods of reproducing the thermal conductivity unit at any point in the specified
range, and a new class of measurement instruments based on these methods — “multi-value
measures of thermal conductivity” (MTM) and “teplostats” (heat maintaining devices) are
considered in this report.

The results are presented of two pilot comparison studies conducted within the
COOMET framework and involving National Metrology Institutes (NMI) BelGIM and
KazInMetr, as well as additional comparison studies under the auspices of BIPM, with the
participation of CENAM, LNE, NIM, NIST, NPL and PTB. The A1 thermostat, which is an
element of the State Primary Standard of the thermal conductivity unit GET 59-2007,
presented by VNIIM, confirmed the declared metrological characteristics, which proved to
exceed the relevant parameters of the reference equipment by other NMIs.

Following the completion in 2016 of work to improve the GET 59-2007 due to the
creation of new MTMs and the A4 thermostat, it was possible to reproduce and disseminate
the thermal conductivity unit in the range from 0,02 to 0,2 W/(m-K) at temperatures of up to
300 °C. Creation of the A5 thermostat made it possible to expand the range of reproduction
and transfer of the unit from 20 to 500 W/(m'K) in the climatic temperature range. In
addition, in the new standard (GET 59-2016) a possibility is allowed of reproduction and
disseminating the unit of thermal resistance, which, unlike thermal conductivity, is an additive
physical value and is widely used in the construction industry.

Implementation of a newly developed state verification scheme, headed by
GET 59-2016, is scheduled for 2017. The existing standard 3.1.ZZB.0112.2014 with an
expanded set of thermal conductivity and thermal resistance measures will be used as
secondary standard.

As one of the new working means of measurement, a device for measurement of
thermal conductivity and thermal resistance of insulating materials at temperatures of up to
300°C is currently undergoing tests for type approval at D.I. Mendeleyev Institute for
Metrology. Also, an installation for determining the heat resistance of building structures has
been created and patented, which provides for twice as good metrological characteristics as
the best foreign analogues.

Development of metrological support for measurements of thermal conductivity and
associated values is supported by active participation of D.I. Mendeleyev Institute for
Metrology in the work of the new technical committee for standardization "Building Materials
(Products) and Constructions" (TC 144), organised in accordance with the order of Federal
Agency on Technical Regulation and Metrology.

With the newly created reference and working measuring instruments, parameters of
construction materials and structures will be investigated with higher accuracy, which will
improve energy saving efficiency.
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COCTOSIHUE U NEPCIIEKTUBBI PABBUTHUSA METPOJIOI'MYECKOI'O
OBECHEYEHUS U3SMEPEHU SHEPTUU CTOPAHUSI
Kopuarunra E.H.', Kazapues 4.B.', Mummna K.A.!, Suosckwuit JI.FO.
Loyl « BHUUM um. [{. 1. Menoeneesay, 2. Cankm-Ilemepbype,
2000 «Tennoguszuueckue npubopuiy, 2. Cankm-Ilemepbype
E.N.Korchagina@vniim.ru

JlesaTenbHOCTh nabopaTtopuu KaJIOpUMETPUHU OI'VII «BHMUMM UM.
JA.N. MeHnneneeBay HampaBlieHa Ha COBEPIICHCTBOBAHWE HAIMOHAIBHOW CHUCTEMBI
meTpoJoruueckoro odecrneuenus (MO) usmepeHuii SHEprur CropaHust TBEPIOTO U KUKOTO
ToruiiBa (6oMOOBast KaIOPUMETPHSI) U Ta3000pa3HOT0 TOILIMBA (ra30Basi KaJOPUMETPHs).

B ocHoBe obecnieueHus eJMHCTBAa U3MEPEHUH SHEPTHH cropanus B Poccun HaxoauTes
l'ocynapcTBeHHBIM NEPBUYHBIM 3TAOH E€IUHUIl DHEPTUU CrOPaHHWs, YAECIbHOW SHEPruu
cropanust M oObeMHOW »HHeprum cropanus [OT 16—2010, xoTopblii oOCITyXHBaeT
HauBaXkKHeHIIne 00JIaCTU NMPOMBIIUIEHHOCTH CTPaHBl: TOIUIMBHO-3HEPTreTUYECKUI KOMILIEKC,
He(PTEXMMHUUYECKYIO, YTOJIbHYI0, METAJUTypPrU4eCKYIO.

B 2015 rony B pamkax nporpammsl 1o CoBepIIEHCTBOBAHUIO 3TaTOHHON 6a3b1 Poccuu
Bo OI'VII «BHUUM wum. .M. MenxaeneeBa» Oblla TIOCTaBJICHA 3agadya 110
cosepuieHcTBoBaHuIO ['OT 162010, 3akntovaromascs B pacCIIMPEHUH JUana3oHa U3MEPEHUN
06BeMHOIT sHepruu cropasus ¢ 50 10 90 MJIx/m ° u ymeHbIeHnn HuokHe# rpanuis ¢ 10 10
3 MJx/m°. PacmupeHne auanazoHa M3MepeHHil 0ObEMHOW SHEPruM CTOPaHHs MO3BOIUT
o0ecnevynTh JOCTOBEPHbIE U3MEPEHHUS SHEPTUU CrOpaHus NOMyTHIX HePTsHbIX razoB (ITHI)
pa3IMYHBIX COCTaBOB, a TaKKe HHU3KOKAIOPUHWHBIX Ta30B (JOMEHHOI0, KOKCOBOTO,
reHepaTOpHOro, OHOra3oB MUPOJU3HBIX YCTAHOBOK), KOTOPbIE HAYUMHAIOT MIMPOKO
IPUMEHSATHCS B TEIJIOIHEPreTUKE, HEPTEXUMUN U METAJUTyPrHH.

AKTyalbHOM Ha CETOAHAIIHMI JEHb 3aJadeid SBIAETCS CO3JaHUE COBPEMEHHOIO
METPOJIOTHUECKOro 00eCeueH s ra30BbIX KaTOPUMETPOB U XpoMaTorpadoB, pabOTaIONIMX B
nuanasone ot 3 10 90 MJ[/M ° u npeHAa3HAYEHHBIX IS H3Mepenuil kanopuitnoctu ITHI u
€ro cMecell C MPUPOJHBIM I'a30M, a TAK K€ HU3KOKAJIOPUHMHBIX ra30B. B pamkax mpoBOIUMBIX
MEPONPUITUI 3aIJIAaHUPOBAHO CO3JaHHE pPAa0OUYUX STAJIOHOB, MPEACTABIAIOLUX CO00
KaJMOpPOBOUHBIE U IOBEPOUYHBIE Ta30BbIE CMECH C PA3JIMYHBIMM 3HAYEHUSMHU TEIIOTHI
CrOpaHusl, XapaKTEPHBIMU JJIS1 Pa3JINYHBIX TUIIOB I'a30B.

Jlnst pemieHusl MOCTaBJIEHHBIX 3a1ad ObLIO pa3paboTaHO TEXHUYECKOE 3aJjaHHue Ha
U3TOTOBJIEHHE 000PYJOBAaHMS, HEOOXOAMMOIO JUIsl KOMIUIEKTOBAHMSI IEPBUYHOTO ATalOHA
HOBBIMU KaJIODUMETPUUYECKUMHU YCTAHOBKAMM, DPEATU3YIOLIMMH BO3MOXHOCTb COKUTaHUS
rasoB B quanaszone (3-90) MJIx/M>, ¢ OTHOCHTENBHOI TTOrPEITHOCTBIO H3MEPEHHil 06heMHOI
TETJIOTHI CTOPaHUs ra30B, He mpeBbImarotniei 0,5 %.

N3roroBnenue KaJIOpUMETPUUECKUX YCTaHOBOK OCYLIECTBIISET
000 «Tennodusnueckne MTPUOOPBDY — OTEYSCTBEHHBIM MPOU3BOJIUTENH Ta30BBIX
KaJIOpDUMETPOB TOTOYHOIO THIIA, KCIUTyaTHUPYEMbIX Ha KPYIHBIX NPEANPUATUSAX TOIUIMBHO-
HHEPreTHYECKOTro KOMILIEKCA.

JlaGopaTopus KaJloOpUMETpUU OpPraHU3yeT CBOIO JESTENbHOCTh KaK B HaIPaBICHUU
pa3pabOTKK HOBBIX ATAJOHHBIX MEp WJIM CTaHAAPTHBIX OOpa3loB, TaK U B IPOBEACHHUU
nepuonuueckux payHaoB MCU ¢ mnpumMeHeHHEM KOHTPOJBHBIX 00pasloB  yIJjew,
aTTECTOBAaHHBIX IO HECKOJBKUM IapamMeTpaM KadecTBa (dHEprusi CropaHusi, 30JIbHOCTb,
obmas cepa, BBIXOJ JIETYYMX BEIIECTB) M Ma3yTa (dHEpPrus CropaHus, IUIOTHOCTb,
KMHEMaTu4eckasi BSI3KOCTh, TEMIIEpaTypa BCIBIIIKH, CoAepKaHUE cepbl). ['ocynapcTBeHHbIN
METPOJIOTHUECKUH HaI30p 3a JeSITEIbHOCTBbIO JIAOOPAaTOPUIl TOIIMBHO-3HEPTrEeTHYECKOTO
KOMIUIEKCa peIlaoluM 00pa3oM OIpeaesseT B3aUMOOTHOILIEHUS MEXAY MOCTaBUIMKAMHU H
NOTPEOUTENIMHI SHEPTOPECYPCOB.
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STATUS AND PROSPECTS OF METROLOGICAL ASSURANCE
FOR COMBUSTION ENERGY MEASUREMENTS
E.N. Korchagina !, I.V. Kazartcev!, K.A. Mishina !, D.Yu. Yanovskiy?
I Russian Federation, St. Petersburg, D.I. Mendeleyev Institute for Metrology (VNIIM)
2 Russian Federation, St. Petersburg, OO0 «Teplofizicheskie pribory»
E.N.Korchagina@vniim.ru

The Calorimetric Laboratory of D.I. Mendeleyev Institute for Metrology (VNIIM) has
been improving the national system of metrological assurance for combustion energy
measurements of solid and liquid fuels (bomb calorimetry), and gaseous fuels (gas
calorimetry).

The State Primary Standard of the units of combustion energy, specific combustion
energy and volumetric combustion energy (GET 16-2010) provides the basis for ensuring the
uniformity of measurements for the needs of the most important industries of the country —
fuel and energy complex, petrochemical, coal, metal and chemical industries.

D.I. Mendeleyev Institute for Metrology has been improving the State Primary
Standard in the area of combustion calorimetry GET 162010 since 2015, particularly with
the aim of expanding the measurement range highest limit from 50 to 90 MJ/m ? together with
reducing the lowest figures from 10 to 3 MJ/m?.

Measurements range expansion will allow for the metrological assurance for precision
measurements of combustion energy of associated petroleum gases (APG) of various
compositions, and also of low-calorific gases (coke gas, blast-furnace gas, biogas) which are
beginning to find wide usage in heat production industry, petrochemical industry and
metallurgy.

Now the priority is to create moderm type of metrological assurance for the gas
calorimeters and chromatographs with the operational range of 3 to 90 MUFmnintended to
measure calorific values of APG and its mixtures with natural gas, and low-calory gases. As a
part of this workframe, it has been planned to create operational standard gas mixtures with
different calorific values typical of different types of gases to serve for calibration and
verification.

A technical task has been developed for manufactures of the calorimetric gas
equipment to realize the possibilities to burn various gases in the range of 3 — 90 MJ/m? with a
relative accuracy of better than 0,5 %.

The production of the reference equipment is being carried out by the domestic
enterprise — JSC «Teplofizicheskie pribory (Thermophysical equipment)» (Saint-Petersburg).

The VNIIM Calorimetric Laboratory organises its activities with the goal of
developing new state primary standard and also running periodical interlaboratory comparison
tests (ICT) with reference samples of coals, attested for several quality parameters, such as
combustion energy, ach value, total sulphur, volatiles output; and also with fuel oil attested
for: combustion energy, density, cinematic viscosity, flash-point, sulphur content.

State metrological monitoring of the fuel-energy industrial complex plays a decisive
part in the relationship between the suppliers and consumers of the energy resources.

JUHEWHOE PACIIMPEHUE HAHOKAPBHUJIA IIMPKOHUSA
ITPU BBICOKHUX TEINIEPATYPAX
Kocranosckuii A.B., Kocranosckass M.E., 3eonunoB M.I'., [Iponkun A.A.
Obvedunennwvlll uHcmumym gvlcokux memnepamyp PAH
Kostanovskiy@gmail.com
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[TpencraBieHbl pe3ysibTaThl IKCIIEPUMEHTAIBHBIX HCCIEIOBAHUNA OTHOCHUTEIBHOTO
YAJIMHEHUS U CpeAHero Kod(p(uIMeHTa JTUHEHHOro pacuIMpeHHs HaHOKapOuaa IUPKOHHS B
nuana3zone remnepatyp 1200-2800 K.

B wuccnenoBaHuax ObUIM  peanu30BaHbl HOBBIE TMOAXOJBI IS HU3MEPEHUS
OTHOCHUTEJBHOTO YJUTMHEHUS: MO0 CKBO3HBIM IMJIMHAPHYECKUM METKaM, PacIOJOXECHHBIM B
LEHTPE M30TEPMHUECKOW O0JIaCTH, M OIpeleneHue Temneparypbl AByMs moxaemsimu AUT,
KOTOpble OBUIM BBIHECEHBI W3 00JaCTH M3MEpPEHHs] OTHOCHTEIBHOTO  Y/UIMHEHWS.

DKcnepuMeHTaIbHbIE 00pa3Lbl MPECTABIUIN COOOH CIIOUTHBIE U MOJIbIE IIUIMH/IPHI.
OOpa3ipl  yCTaHaBIMBAIM B CIEHUATBHBIX  JEpXKATelsiX BHYTPH  TI'padUTOBOTO
IWIMHAPUYECKOTr0 HarpeBarens. B mpoiecce »skcnepuMmeHTa oOpasel] ycTaHaBIUBAIN
TOPU3OHTANIbHO,  IOCTHUPOBAJIM  €ro  MECTOMOJIOKEHWe, 3areM  (QororpadupoBanu
M30TEPMHUYECKUIl y4acTOK B XOJOJHOM M HAarpeToOM COCTOSHUSX. Bpems BblIEpKKH
cocTaBisuio He MeHee 20 MuHYT. PaccTostHre MeX Iy MEeTKaMy TIPU KOMHATHOW TeMITepaType
nepes HayaloM M Tocje JKCIEpUMeHTa g, OTHOcUTelbHOe ymiuHeHue Al/lp obpasua B
HArpeToM COCTOSTHUU Al=I Tyaxc-lo oTIpenensum o0padboTkoit Gpororpaduii B cpenae MathCad u
Photoshop. Otcuer Benwmuna Al u /o mpoBoawics B mukcensx. Vcrnonp3oBancs BapuaHT
ornpeneneHus pacctossHust A/ v lo 1o eHTpaM METOK.

PesynbraThl mccieoBaHUN HAXOAATCS B XOPOIIEM COTJIACOBAHWUU C JIMTEPATYPHBIMH
JAaHHBIMH B HW)KHEM WHTEpBajle 3HAYCHUI WMCCIIEOBAHHOTO JaWaria3oHa TeMIeparyp, 4To
CBHJICTEIILCTBYIOT O HA/ICKHOCTH IMPEIaraéMbIX KOHCTPYKTUBHBIX PEIICHUH JUIT U3MEPEHUS
JMHEHHOTO yIUIMHEHHUS TIPU BBICOKMX TeMIIeparypax.

Pabora BeinonHena npu guHancoBoil nogaepxke PODU rpant Ne 15-08-06279.

LINEAR EXTENSION OF ZIRCONIUM NANOCARBIDE
AT HIGH TEMPERATURES
Joint Institute for High Temperatures of the Russian Academy of Sciences (JIHT RAS)
Kostanovskiy@gmail.com

The results of experimental research in relative elongation and average thermal
expansion in zirconium nanocarbide within the temperature range of 1200-2800K are
presented.

In the research new approaches to measuring relative elongation have been realized:
through cylindrical marks located in the center of an isothermal area, temperature being
measured by two blackbody (BB) models positioned outside the area of relative elongation
measurement.

Solid and hollow cylinders were used as experimental samples. Samples were set into
special holders inside a graphite cylindrical heater. For the experiment the samples were
positioned horizontally, then their positions were adjusted against a reference point, and then
the isothermal area was photographed before and after heating. Samples were exposed to heat
for no less than 20 minutes. Distance between marks at room temperature, before and after the
experiment ( /y), relative elongation (A/// o) of heated sample Al=/rvaxc-lo Was established by
processing the images in MathCad environment and Photoshop. Readings for A/ and /y are in
pixels. Readings for A/ and /p are from the centres of the marks

Results of the research are in good compliance with the relevant data from literature
for the bottom part of the investigated temperature range, which testifies to reliability of the
proposed engineering solution for experiment.

This study was supported by the Russian Foundation for Basic Research, project no.
15-08-06279.
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O JJOCTOBEPHOCTMH PE3YJIBbTATOB HAYUHBIX UCCJIEJIOBAHUM
M.H. ApHosnboB
AO «l'ocyoapcmeennwiii HayuHwlil yenmp PD
« Dusuxo-snepeemuyeckuti uncmumym um. A.U. Jleunynckoeoy, e, Obnunck

B nokmane paccmaTpuBaeTcs TMOHATHE JIOCTOBEPHOCTH PE3YJIbTATOB HAYYHBIX
nccienoBanuii. OTMedaercs, B 4aCTHOCTH, 4TO [losiokeHne o mopsiKe 3aluThl TUCCepTaui
TpeOyeT, uToObl O(UIIMAIBLHBIE OMIOHEHTHl MOATBEPXKIAIN JOCTOBEPHOCTh PE3YyIbTaTOB
JIMCCEPTAITMOHHBIX PabOT, a Tak)Ke PEKOMEHJAIMH M BBIBOJIOB, CIAEIAaHHBIX B HUX. JTO
TpeOOBaHUE IOJDKHO, KOHEYHO, PACIIPOCTPAHATHCS Ha JIFOOYIO UCCIIEIOBATETBCKYIO PadoTy.

OnHako coepskaHue 3TOro MOHATHS Kak B [loyioykeHnu, Tak U B APYrux UCTOUYHUKAX
(Bakon P® «0O0 obecneyeHWH €NWHCTBA HM3MEPEHUN», MEKIYHApPOJHBIA CIIOBaph IO
METPOJIOTHH | T. 1), HE Ta&TCHl.

[IpencraBuTeNnn €CTECTBEHHBIX HAyK OOBIYHO HE PACKPHIBAIOT €r0 COJAEpIKaHHE, B
JTydIieM ciiydae 3amedasi, 4TO JOCTOBEPHOCTh — ATO YTO-TO Bpoje TouHocTH. OOcCyxmas
BOIIPOC O  JIOCTOBEPHOCTH  TMOJYYEHHBIX  PE3YyJbTAaTOB, aBTOPHl  HCCIIEIOBAHUU
(muccepTallnOHHBIX PabOT) YacTO YKa3bIBaIOT, YTO UX JOCTOBEPHOCTh OCHOBBIBAETCS Ha
WCIIOJIb30BAHUM TPOBEPEHHBIX METOJOB MCCIEAOBAHUM, NETATBHOW OLIEHKE IMOrPEIIHOCTEN
MU3MEPEHUM, MPOBEACHUU KOMIUIEKCA TECTOBBIX M TAPUPOBOUHBIX ONBITOB, W T.A. MHorma u
3TOTO HE JIeNaeTCs.

Bonpoc 0 J0CTOBEpPHOCTH pe3yNbTAaTOB U3MEPEHUUM B JOKJIAJE pPacCMOTPEH Ha
npuMepe U3MEpPEeHUs] TETUIOGU3NYECKUX U (PU3HKO-XUMHUYECKUX CBOWCTB METAUIOB U UX
CILIIABOB.

Bce MeTasibl B TOW WA HHOM CTEIIEHH CITOCOOHBI B3aUMOIEMCTBOBATH C DJIEMEHTAMU
BO3JYIIHOW aTMocdepbl, MaTepualaMHi SKCIEPUMEHTAIbHBIX YCTaHOBOK, W T.n. Ha
MOTPEITHOCTh PE3YyJIbTATOB UX U3MEPEHUN BIUAIOT MHOTOYHCIICHHBIE (DaKTOPHI (TeMIiepaTypa,
JaBJICHHE, COCTaB CIUIABOB, COJEP)KaHUE MPUMECEH U T.I1.).

Crnenyer UMETh BBULy, YTO METAJUIBI U UX CIUIABBI TIPU ITHX U3MEPCHUSX SIBIISIOTCS
YacThIO JOCTAaTOYHO CIOKHOM CHCTEMBI, BKIIOYAIOMIEH B ceOS KpoMe TOro BHEIIHIOK
atMocdepy, B KOTOPOH HAXOIATCS HCCIENyeMbIC BEIECTBA, AJIEMEHTHI HKCIEPUMEHTAIBHON
YCTAHOBKHM, B3aUMOJCHCTBYIOLIME C MCCIEAYEMBbIMU BellecTBaMM U T.0. IIponeccsl,
MPOTEKAIOIINE B TAKOM CHUCTEME, MOTYT OTPAa3UThCS Ha pe3yjbTarax u3MepeHus. B aTux
YCIOBUSIX PEe3yJIbTaThl M3MEPEHUN OYyIyT OTHOCHUTCS TOJNBKO K KOHKPETHOMY 00pasily
MaTepHuaa, HaxoAIEMYCsl B U3MEPUTEIIBHON TYEHKeE.

[Tpu sTOM, ecnu Jaxke U3MEepeHUe CBOMCTB ATOro 00pasiia BHIMOIHEHO O€3yNpedHo, 00
UTOTOBOM JOCTOBEPHOCTH MOXXHO TOBOPHUTH TOJILKO €CIIM HM3BECTHBI COCTaB oOpasiia,
COJIEp’)KaHNE MPUMECEN B HEM U T.]I., @ TAK)KE 3aBUCHMOCTh M3y4a€MOI'0 CBOMCTBA OT COCTaBa
oOpa3ua u coaep:kanus npumeceit. K coxxanenuro, mo pasHsIM IpHUMHAM 3TOTO HE JIeTaeTcs,
B TOM YHUCJ€ W MU3-32 OTCYTCTBHS 3a4acTyl0 METOJOB aHaJIM3a METAJUIOB M CIUIABOB Ha
COJIEp’KaHUE TPUMECEN, METOI0B ONPEIECIICHUS COCTABA CILIABOB.

[IpencraBnsieTcsi, 4To Hay4yHasi OOIMIECTBEHHOCTh, CHEIUATUCTBI-METPOJIOTH JTOJKHBI
copMyIHUpPOBaTh OTHOIICHHE K TAKOTO POJIa UCCIEIOBAHUSAM U HX pe3yibTaTam. [1o MHEeHHIO
aBTOpa JOKJIa/1a, TAKKE MCCIICIOBAHUS MOTYT 3aCITyKUBATh BRICOKOH OIICHKU U MTyOJUKAIUH.
OpHako TpH 3TOM JODKHBI OBITh TPUBEIEHBI BCE CBEACHUS O (PUIUKO-XUMHUECKOM
COCTOSIHUHM HCCJIEAYyEeMOTr0 Marepuaja, KOTOPBIMH MOTYT pacroJiaraTh aBTOPHI TMOJIOOHBIX
HCCIIeIOBaHUIM.
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ON THE RELIABILITY OF RESEARCH RESULTS
M.N. Arnoldov
JSC "State scientific center of the Russian Federation
"Physics and energy Institute after name A. I. Leipunsky", Obninsk

The report discusses the concept of reliability of research results. It is noted that the
Regulations on the procedure of thesis defense require that official opponents should confirm
the reliability of the results of the dissertation work, as well as recommendations and
conclusions made in them. This requirement should undoubtedly apply to any research work.

However, the essense of this concept in the Regulations and in other sources (the
RF Law "On ensuring the unity of measurements", the international dictionary of metrology,
etc.) is not explained.

Natural scientists usually do not explain its essense either, at best, noticing that
reliability is similar to accuracy. Discussing the reliability of the obtained results, the authors
of the studies and dissertation works often indicate that their accuracy is ensured by the use of
proven research methods, detailed assessment of measurement error, carrying out a range of
trial and calibration experiments, etc.

In the report, the issue of reliability of the measurement results is considered against
an example of measuring thermophysical and physico-chemical properties of metals and their
alloys.

All metals, to a varying degree, are able to interact with the atmospheric elements,
materials, experimental equipment, etc. Measurement error depends on many factors
(temperature, pressure, alloy composition, impurities content, etc.)

It should be borne in mind that metals and their alloys in these measurements are parts
of a fairly complex system, including also the external atmosphere, surrounding the elements
of the experimental installation, and interacting with the studied substances, etc. Processes,
occurring in such a system can affect the measurement results. In these conditions the
measurements will be only relevant to the particular sample of the material in the
measurement cell.

Moreover, even if the measurements of the properties of this sample have been
performed flawlessly, overall reliability can only be spoken about if composition of the
sample is known exactly, as well as the dependence of the studied properties on the
composition of the sample and impurities in it. Unfortunately, for various reasons this is not
done, often due to the lack of methods of analysis of metals and alloys for the content of
impurities, or methods of determining the composition of alloys.

It seems that the scientific community, specialists-metrologists should take a position
in relation to such studies and their results. In the opinion of the author of the report, such
studies may deserve a high rating and publication. However, the authors of such studies
should share all the information about the physico-chemical status of the investigated material
that they possess.

OBECIEYEHME EJJUHCTBA U3SMEPEHUM CPEJICTBAMM IEPEJAYH
EJUHUL] TEMIIEPATYPbI, PASBPABOTAHHBIMU U BBIITY CKAEMbBIMU
AO «HIII «9TAJOH» B IUAITA3OHE -190 °C +2500 °C
I'enepanbhsblil nupextop AO «HIIIT «OTanon», k.1.H. Hukonenko B.A.
AO «HIIII «Omanowny, 2. Omck, ya. Jlepmonmosa, 0. 175
fgup@omsketalon.ru

I[JBI obOecrnieueHUs CINHCTBA I/I3MepeHHﬁ B CoBerckoMm Coro3e npu FOCCTaHI[apTe

130 COopHUK aHHOTAIMI JTOKJIaI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

CCCP Obuto co3gano Bcecorosznoe mpomeblluieHHOE oObeauHeHne «ITanoH» B coctaBe 30
3aBOJIOB, B TOM YMCJIE U Hallle. B HacTosmiee BpeMs 0CTalnoCh TOJIbKO HAIllEe IPEAIPUITHE.

Pacman CCCP npuBen k tomy, uto Poccus B 1991-1994 ronsr ocrtamace B obsactu
U3MepeHus TeMiepatypsl 6e3 padbounx CH, Tak Kak JaTUUKU TEMIIEPATyphl BBITYCKAIUCh HA
VYkpaune,B r. JIynk, nupometpsl - B T. Kamenck-Ilononbckuii, a Takxke 0e3 METPOJIOTHYECKOTO
o0opyZoBaHus, KOTOpoe BbIMyckanoch B Kazaxcrane (moBepounast ycraHoBka YTT-6 — B T.
Anma-Ata), TepmocTatsl - B LlennHorpazae (HpiHemHUi . AcTaHa), MOBEpOYHbIE NIEUX TUIIA
«uHK-5» - B I. AKTIOOMHCKE, a Ha YKpauHe B I. XapbKOBE - «UepHBIE TEIa».

ITo mopyuenuto I'occrannapra Poccun 1 Munduna Poccuu B 1991 1. Mbl npucTynuimm
K BbIycky pabounx CH rmuaTuHOBOM rpynmbl. [Ipy  MeToaMuyecKoM pyKOBOJCTBE
OI'VIT « BHUUM um. JI.1. Menneneesa» (r. Cankt-IlerepOypr) pazpadoranu K/ n Havanm
BBIITYCK TEPMOCTATOB HYJEBOTO, >KUJIKOCTHOTO, CyXOOJOYHOT0, a TaKXke KaauOpaTropoB
TemnepaTtypbl. MoaepHu3upoBaiu cBor ycTaHoBKY YIICT-1, 4To mo3BOIMIIO 3aKPBITh 3TUM
000pyJI0BaHMEM KOHTAaKTHYIO TepMoMeTpuio. Ho Bckope BO3HHKIA Mpobiiema: He ObLIO
BonbTMeTpa 1131 mpousBoacTBa Kpacnomapckoro 3aBoaa «3UI», KoTOpeIil 00aHKpOTHIICS, a
Kpome Toro, BoibTMETp B7-54 Benopycckoro mpousBojscTBa Ooiiblie HE BBITYCKaJICS. MBI
BBIHY)KJICHbI ObLIM pa3paboTare mMuuMBosnbTMETp B2-99, Bnocnenctsum Jlaypear xoHKypca
«Cto nyumux ToBapoB Poccum» (2005 r). B 311 %e ropl B3syIMCh 3a pa3pabOTKy KPHOCTATOB,
cHauana KP-40 (-40...+40°C), a 3atrem KP-80 (-80+40°C) u KP-190 (mmamazon ot -190 no
-60°C). Pa3pabartpiBasi 3T0 METPOJIOTHYECKOE 000PYI0BAaHKE, HAM MIPHUIILIOCH CO3AaTh IETYI0
IpyIILy PETYJIATOPOB TEMIIEPATYPhl U IOPTATUBHBIX U3MEPUTEIIEH TEMIIEPATYPHI.

Becb aTOT HabOp CpencTB M3MEpPEHHUS U PEryJIMpOBaHUs IO3BOJIMI CO3/1aTh €IUHBII
komruiekc CH. [apannensHo ¢ 3TUM Mbl pa3paboTaiy HOBbIE paboure UMIIOPTO3aMEeLIaroIue
CH ananornunsie CU npoussoacrea ¢pupm Fluke, Rosemaunt u np. B 2015 roay 3akonumin
pa3paboTKy IMedel i pemepHbIX TOYeK MeIM M LUHKA, BMECTe C KOHTEHHEpOM,
MO3BOJISIOIIMM HCIOJb30BaTh aMIyJIbl ATHUX PENEepPHbIX TOYEK, KaK COBETCKOIO0 TaK U
POCCHIICKOr0 MPOMU3BOJICTBA, a TaKXKe UMIOPTHBIX (upm Tuna Fluke.

Bce pabotbl muM M MAYT B KECTKOW KOHKYPEHLIMH, KaK CO CTOPOHBI 3apyOe’KHBIX
IIOCTABIMKOB, TAK U POCCUHCKUX.

B 1999 rony Hamm notpeOuTeny BBIILUIN C IPEAJIOKEHUEM pa3padoTaTh POCCUNCKUE
NUPOMETPHl B3aMEH aMepukaHckux (upmbl Paiitek. B Hacrosimee Bpemsi Mbl BBITyCKaeM 8
TUIIOB pabOYMX MUPOMETPOB C HCIOJIH30BAHUEM OITOBOJOKHA. DTO IMO3BOJMIO YJIYYIIUTh
Ka4ecTBO U HaJIeKHOCTh IpubopoB. MHTepec Takxke BeI3bIBaIOT mupoMeTpsl Tuna [1/1-6, IT1-

7 - ¢ BBIHOCHOM ONTHYECKOM I'OJIOBKOM, MO3BOJISIFOLIUE KOHTPOJIUPOBATh TEMIIEPATYPY CBAPKH.
Kuznp norpeboBana HauaTh pa3pabOTKy MeTpojiorudeckoro obopynoBanus. Hawamu ¢ AYT
50/100/1100 na Gaze nHammx neuer MTII-2M. Pazpaboramu AUT 70/90/2500. Bombiuoii
BKiax BHec A.T.H. KocraHoBckuil Anekcannp BrmangumupoBrnd coTpylHHMK AKaJeMHH Hayk
NBTAH.

B Hacrosmee Bpemss Mbl BbllycKaeM 3TalloHHble nupomerpsl I1/1-9-02 nuanazonom
400-1500°C u I11-4-06 nuanazonom 900-2500°C. CoBmectHo ¢ ®I'YIT «c BHUWM um. J1.1.
MenneneeBa» pazpadoTanu npoTsbkeHHoe «depHoe Tenoy» (ITUT) nns moBepku TEMIOBU30POB.

Takum o6pasom, mbl coBmMecTHO ¢ DI'VII «BHUUM um. .M. MenneneeBa»
ofOecnieunsiu cTpaHe Beaylllee MECTO B Mupe B oOmactu Tepmomerpuu Hapsay ¢ CHIA u
I'epmanueii. PaGoTh! Benuck 6€3 rocy1apCTBEHHOTO (PMHAHCUPOBAHMUS.
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ENSURING THE UNIFORMITY OF MEAUREMENTS BY MEANS OF
TEMPERATURE UNITS DISSEMIANTION FACILITIES WITHIN THE RANGE -
190°C +2500°C, DESIGNED AND PRODUCED BY JSC “RESEARCH AND
PRODUCTION ENTERPRISE “ETALON”

General Director of JSC “Research and Production Enterprise “Etalon”, PhD in
Technical Sciences Mr. V.A. Nikonenko, address: 175, Lermontov street, Omsk city
fgup@omsketalon.ru

In order to ensure the uniformity of measurements in the Soviet Union, “Etalon”, an
All-Union Industrial Association affiliated with the State Committee for Standardization was
established, comprising 30 plants, including ours. At present, only our enterprise still operates.

The collapse of the USSR led to the fact that in 1991-1994, in the field of temperature
measurement, Russia ran out of all working measuring systems as they had been produced in
the countries, which became foreign states. For example, temperature sensors had been
produced in Lutsk, Ukraine, and pyrometers had been produced in Kamensk-Podolsk,
Ukraine; calibration equipment had been manufactured in Kazakhstan: calibration set UTT-6
in Almaty, thermostats - in Tselinograd (now Astana), “Zink-5" calibration furnaces - in
Aktyubinsk; black body radiators had been produced in Kharkov, Ukraine.

By order of Russian State Committee for Standardization and the Ministry of Finance
of Russia, in 1991 we started to produce working measuring systems of platinum group.
Following the methodological guidelines of the Federal Sate Unitary Enterprise “All-Russian
Research Metrology Institute named after D.I. Mendeleyev”, St. Petersburg (VNIIM), we
prepared engineering drawings and started to produce zero-point, liquid, and dry-block
thermostats as well as temperature calibrators. We upgraded the “UPST-1" installation, which
allowed to satisfy the demand for contact thermometers in the country.

However, soon a problem appeared with the absence of a voltmeter device “SHCH31”,
previously produced by Krasnodar plant for spare parts and accessories, as the plant had gone
bankrupt. Besides, the voltmeter “V7-54”, previously manufactured by a Belorussian plant
was no longer available. Faced with these challenges, we had to design the “V2-99”
millivoltmeter, which later was awarded the “Gold Medal” at the “Metrology 2005
exhibition.

In those years, we also started to design thermostatic coolers. First, we designed “KR
40” (for temperature range -40...+40°C), then “KR 80 (-80+40°C), “KR 100 (ranges from -
190 to -60°C). When we were designing these calibrating devices, we also had to design a
number of temperature controllers, and portable temperature meters.

This whole set of measurement and controlling equipment allowed us to create a
unified standard complex of MI. At the same time, as a part of the programme for import-
replacement, we have been developing and producing new working measuring instruments,
designed to replace products by firms like Fluke, Rosemaunt, and others. In 2015 we
completed the R&D works on furnaces for fixed reference points for copper and zink, as well
as containers which allow to use the Soviet and Russia-manufactured ampoules of these
reference points, as well as those manufactured by foreign firms like Fluke.

All works have been performed in the highly competitive environment with both
foreign and Russian suppliers as rivals.

In 1999, consumers proposed to design Russian pyrometers that would substitute those
produced by an American firm Raitech. Currently we produce 8 types of working pyrometers
using optic fibers which helps to improve the quality and validity of the devices. Of particular
interest are such pyrometers as PD6 and PD7 with a remote optical head allowing to control
welding temperature.

Also there was a demand to design a calibration device. We started to produce
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blackbody radiator 50/100/110 based on our fast-response tube furnaces with thermostatic
controller (MTP-2M). We have produced blackbody radiator 70/90/2500.

Mr. Alexander Vladimirovich Kostanovskiy, D.Sc. in engineering, and member of
Institute for High Temperatures of the Russian Academy of Science gave great support.

Currently, we produce standard pyrometers PD-9-02 with temperature range 400-
1500°C and pyrometer PD-4-06 with temperature range 900-2500. In cooperation with
Federal State Unitary Enterprise All-Russian Research Metrology Institute named after D.I.
Mendeleyev we designed an elongated blackbody frequency-to-current converter for
verification of the thermal cameras.

Thus, activities of our enterprise and of VNIIM have ensured for our country a leading
position in the field of measurement instruments, on a par with the USA and Germany, all
without financial support from the government.

OBb OCOBEHHOCTSAX U BO3BMOKHOCTAX KOMIIVIEKCHBIX
W3MEPEHHN TEMITEPATYPBI
Mapunko C.B.
340 «UT«Tecm-IIpubop»
marinko66@mail.ru

Ha ocHoBe aHanu3a M3MEPUTENBHBIX 3a/ad, PEIIAEMbIX C IPUMEHEHUEM CPEACTB
M3MEpEHU TeMIlepaTypbl, YCTAHOBIIEHBI Pa3INyuus B LEISIX UCIOIb30BaHUS U3MEPUTEIbHOM
uHpopMmanuu. Pa3nuuHble MM pPa3IUyYaloT KauyeCcTBO HM3MEpPUTENbHOW HH(POpPMALUU U
TpeOyIOT Hay4YHO-000CHOBAHHBIX Pa3IMUHBIX IOJX0J0B K CII0CO0aM €€ MOIyYEeHHUS.

Heo6xonumoe KauecTBO HM3MEPEHHIl MOXKET OBbIThb JIOCTUTHYTO B YIPaBJseMbIX
U3MEPUTENIbHBIX cHUCTeMaX. B OCHOBE TEXHOJOTMH YHpPaBIEHUS TEPMOMETPUUECKUMU
CUCTEMaMU  pPAacCMOTpEHa  BO3MOXKHOCTb  IIPUMEHEHHUs  KOMIUIEKCHBIX  H3MEpEHUI
temneparypbl. «KoMIuiekCHOCTE» H3MepeHUl HWHTEHCHUBHOW BEJIIMYMHBI CBSI3aHA C
pPaccCMOTpPEHHEM CBOMCTB OJHOIO OOBEKTa, XapaKTEPU3YIOIIUX PABHOBECHOE U IEPEXOTHOE
cocTostHMe. B paBHOBECHOM  COCTOSHMM ~ 3HAYEHHUsS  MHTEHCHBHOM  BEJIMYMHBI,
XapaKTepU3yIoIlUe pa3IMyHble YaCTH OJHOTO0 00BEKTA, PaBHbIL. B mepexoaHOM COCTOSIHUM 3TH
3HAYEHMsI U3MEHAIOTCA. BO3HMKaeT HEpaBHOMEPHOCTh paclpelenceHuss BeauuuHbl. 1lo aToi
HEPABHOMEPHOCTU MOYHO CYJHUTh O XapaKTepe MPOLECCA U O BIUSHUU Ha HETO I1apaMeTPOB
UCXOJHOIO WM KOHEYHOTO PAaBHOBECHOT'O (CTAllMOHAPHOTO) COCTOSHHUSA.

I'maBHast 0cOOEHHOCTh KOMIUIEKCHBIX M3MEPEHHMH TeMIepaTypbl, [0 CPAaBHEHHIO C
JIPYTUMH BHUJAMM U3MEPEHUH, 3aKI04aeTcsi B OObEJMHEHUU HM3MEPEHMH TeMIlepaTypbl U ee
pasHocTH. C OOHOM CTOPOHBI Takoe OOBEAMHEHHE OOBEKTUBHO — PA3HOCTb OIPENEIsAeTCs
yepe3 a0CoMOTHbIE 3HaueHus. Ho MMEHHO 3TO MpOCTOe BBIpAKEHHE BMECTE C KPaeBbIMU
YCIIOBUSIMU ISl COCTOSIHUSI PaBHOBECHSA, MPU KOTOPOM PA3HOCTh TeMIIEpaTyphbl CTaHOBUTCS
PaBHO HYIIIO, SBJSIETCS OCHOBOM JUIsl HAXO0XKJICHHsI 00JIee CI0KHBIX M 00Jiee 3HAYMMBbIX JIJIs
CHUCTEMbl YIpPAaBJIEHUS 3aBUCHUMOCTEHl Temmeparypbl U ee pasHocTH. M3mepenus
HKCTEHCUBHBIX BEJIMUMH TaKOW BO3MOXHOCTH JIMILIEHBI.

B oOmem ciayyae KOMIUIEKCHBIE M3MEPEHHsI TEMIEPATypbl SBISIOTCS OCHOBOM JUIst
ONTUMM3AIMKU Oo0beMa M3MepeHHid. M cBsi3aHa Takas BO3MOXXHOCTh B TEpPBYIO OuYe€pelb C
ofOecreunBalOIMMU  TEPMOMETPUYECKUMH cucteMaMud. Ha oObekre, HaxopasmeMmMcs B
HKCIUTyaTallui, KOHCTPYKTUBHO ONPEIENCHO Ie TpeOyeTcss U3MEPUTh a0COIIOTHBIE 3HAYECHUS
TEMIEpaTypbl, a TJ€ XapaKTepUCTHKHU pacrpeaeneHus TemnepaTypel. Ho, mpu mnosepke
CPEACTB H3MEpPEHUM, NMpPH aTTECTALlUU CPEICTB TEPMHUYECKHX HCIBITAHUH, a TaKXKe IpH
pelIeHnn JpYrux 3aj7ad METPOJOTUYECKOr0 U JIPYTMX BHJAOB OO0ECIEeYeHHUs] METOIbI
U3MEPEeHUN JOJDKHBI aJanTHPOBAThCS K H3MEHSIOUIMMCA TpeOOBaHMAM K OOBEKTY U
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BO3MOYKHOCTSIM H3MEPHUTENBHBIX CUCTEM. OTO TIO3BOJIIET B MHHHMMAJIBHOW CTENEHU
«OTBIIEKaTh» OOBEKT OT BBIIOJHEHHUS OCHOBHBIX (YHKIMHA, a TakkKe MaKCUMAalbHO
HCITOJIB30BaTh PECYPCHl TEPMOMETPUUECKUX CHCTEM.

SIBRAIOTCA JIM KOMIUIEKCHBIE M3MEPEHUS TEMIIEPAaTypbl COBMECTHBIMU HM3MEPEHUAMHU?
Her. ITpu COBMECTHBIX U3MEPEHHUSX U3MEPSIETCS HECKOJIBKO HE OJJTHOMMEHHBIX BeInunH. [Ipu
KOMILIEKCHBIX U3MEPEHHUAX TEMIIEPATYpPhl — OJIHA.

SBAAIOTCS I KOMIUIEKCHBIE N3MEPEHUS TEMIIEPATYPBl COBOKYITHBIMU U3MEPEHUSIMU ?
Her. IIpu COBOKYIIHBIX U3MEPEHUAX BCEIAA U3MEPAETCS aAUTUBHAS DKCTCHCUBHAS BEJIMYUHA.
IIpy KOMITIEKCHBIX U3MEPEHUSAX TEMIEPATYPBI — HE a/IINTHBHAS HHTEHCUBHASL.

Taxum 06pa3oM, KOMIIJIEKCHBIE U3MEPEHHS TEMIIEPATyphl, TAaKXKe KaK U COBMECTHbIE U
COBOKYIHBIE HM3MEpPEHHUs, HCHOJIb3YIOT 3aBHCUMOCTh MEXKIY 3HAYCHUSIMH H3MEPSEMBIX
BEJIMYMH, KOTOpass OOBEKTUBHO CYIIECTBYEeT B HESBHOM BHae. HO mpu 3TOM KOMILIEKCHBIE
MN3MEPEHMS TEMIIEPATYPBI HE ABIIIOTCS HU MPSMBIMHU, HU KOCBEHHBIMU, HU COBMECTHBIMH, HI
COBOKYITHBIMHM U3MEPEHUSIMH.

ABOUT FEATURES AND OPPORTUNITIES OF COMPLEX
MEASUREMENTS OF TEMPERATURE
Marinko S. V.
CJSC «lIT«Test-Pribory
marinko66@mail.ru

On the basis of the analysis of the measuring tasks, solved with use of measuring
instruments of temperature, distinctions for the use of measurement data have been
established. Various purposes require different quality of the data and demand an evidence-
based variety of approaches to receiving it.

A required quality of measurements can be obtained in the controlled measuring
systems. At the heart of technology for controlled of thermometric systems the possibility of
application of complex measurements of temperature is considered. "Complexity" of
measurements of an intensive quantity is connected with consideration of two properties of
one object characterizing the equilibrium and a transition state. At the equilibrium, values of
an intensive quantity are equal for various parts of the same object. In transition state these
values change. Unevenness in distribution of the value occurs. By this unevenness it is
possible to make a judgement on the nature of process and on it being influenced by
parameters of an initial or final equilibrium (stationary) state.

The main feature of complex measurements of temperature, in comparison with other
types of measurements, consists in association of measurements of temperature and its
difference. On the one hand such association is objective: a difference is defined by absolute
values. But this simple expression together with regional conditions for equilibrium state at
which the difference of temperature equals zero is a basis for finding more complicated
dependencies and more significant for the control system. Measurements of extensive
quantities are deprived such opportunity.

Generally, complex temperature measurements are a basis for optimization of the
volume of measurements. Such opportunity is first of all due to the providing thermometric
systems. On the object which is in operation it is constructively predefined where it is
required to measure absolute values of temperature and where distribution of temperature is to
be measured. But, when checking measuring instruments, in case of certification of means of
thermal tests, and also in case of other tasks of metrological and other types of support, the
methods of measurements shall adapt to the changing requirements imposed on the object and
abilities of the measuring systems. It allows for minimum interference in the object's service,
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and also for a maximum possible use of resources of thermometric systems.

Are complex temperature measurements joint measurements? No. In case of joint
measurements several different quantities are measured. In case of complex temperature
measurements — only one.

Are complex temperature measurements cumulative measurements? No. In case of
cumulative measurements additive extensive value is always measured. In case of complex
temperature measurements — the unadditive intensive one.

Thus, complex temperature measurements, as well as joint and cumulative
measurements, use a dependence between values of the measured values which objectively
implicitly exists. But at the same time complex temperature measurements are neither direct,
nor indirect, nor joint, nor cumulative measurements.

COBEPHIEHCTBOBAHHUE I'OCYJAPCTBEHHOI'O MIEPBUYHOI'O
3TAJIOHA EJUHUIIBI SHEPTETUYECKOM IPKOCTU HH®PAKPACHOI'O
N3JIYUYEHUSA
Busymnaitnen E.B, Cunbn FO.A, BanoBa M. A.
D@I'VII « BHUUM um. J[. 1. Menoeneesar
mnsvniim@mail.ru

Pemenne MHOrumx (yHIaMEHTAJIbHBIX HAYYHBIX W NPUKIAJHBIX 3a1a4 B TaKHUX
MPUOPUTETHBIX  00JacTAX, Kak  oOecmedeHne  0OOPOHOCIIOCOOHOCTH CTpaHBbl,
IIPOTUBOAECHUCTBUE TEPPOPUCTUYECKUM  Yrpo3aM U OXpaHa OKpYXarouled cpensl,
OCYIIECTBIISIETCS C IIOMOIIbIO PAJIUOMETPOB U PAAUOMETPUUYECKUX CHUCTEM, TEIJIOBBIX
U3JIydaTeseld, NPUEMHUKOB M3JIY4EHHs U JPYIMX CpPEICTB HM3MEPEHMsI SHEPreTU4eCKOn
spkoctu [1].

B nmociegHue roxabl paclIMpMICS JAMANa30H WM3MEPEHHUHM YKa3aHHBIX CPEICTB,
MOSIBUWIMCH HOBBIE M3MEPUTEIbHBIE MPUOOPHI U CHCTEMBI, TPEOYIOIIHE METPOJIIOTUYECKOTO
oOecrieyeHus, BO IJlaBe KOTOPOro HaXoAUTCs ['ocynapcTBeHHBIN EPBUYHBINA ATAJIOH €UHULIBI
SHEpPreTHUecKol sipkocTu uHppakpacuoro uziayuyenus I'9T 48-2001.

Pazpaborka I'DT 48-2001 mnposenena B 1974 romy, B 2001 romy oH Obln
nepeyTBepKaeH, a B 2015 roxy Ha4aro ero copepuieHcTBoBaHue. [[puHIMn nelcTBus ITajloHa
COCTOMT B BOCIIPOM3BEICHNH IIOCTOSIHHBIX YPOBHEW SHEPreTUUECKOM IPKOCTU U3ITy4YaTeNIsIMU,
BBITIOJIHEHHBIMU B Buje Mojaened AUT Ha ocHOBe (Da3oBOro mepexoaa YUCTBHIX BEIIECTB
penepHbix Touek MTII-90: Boapl, ramins, WHAUSA, OJ0BA, IIMHKA, AJIOMUHUA U MEAH.
N3myyaTenn mo3BOJIAIOT BOCHPOM3BOAUTH 3HAUEHUs 3Heprerndyeckoil spkoctu or 100 1o
61-10° Br/cp-m°.

[Ipy BBIMOJIHEHUH MEPONPHUATHA 1O COBEPLICHCTBOBAHHMIO JTallOHa  ObUIM
c(opMUPOBaHbI OCHOBHBIE 3a]JauH:

. BOCIIPOM3BEICHUE 3HAUECHUs SHEpreTHuecKoi sipkoct 54,36 BT/(cp-M2);

. yBEJIMYEHUE TOYHOCTH BOCIIPOU3BEACHUS €TUHUIIBI

Jlnst pemieHust mepBoil 3amaud ObLT CO3AaH M3JIydaTellb Ha OCHOBE TPOWHOM TOYKH
PTYTH, IIEHTpaJbHBIM  3BEHOM, KOTOPOIrO SBJISETCS  CHEUUalIbHO  pa3paboTaHHOE
TEPMOCTaTHPYIOILlee YCTPOUCTBO, BKIFOUatOIIee B ce0sl MACCUBHBIN TEPMOCTAT U KPHOCTAT.

[IpoBeneHHbIe HCCIEIOBAaHUS ATOrO M3IydyaTess IOKa3ald, 4YTO OH IOJHOCTBIO
YJIOBJIETBOPSIET BCEM NPEIbSIBIIEMBIM K HEMY TPEOOBaHMS.

Jlng pemeHus: BTOpPOM 3ajjaud MpPOBEAECHBI pabOThl MO COBEPUICHCTBOBAHUIO aMITyJl
perepHbIX TOYEK HM3JIydareield Ha OCHOBE 3aTBEpPAECBAHUS UYUCTBIX METAIOB, pa3pabOTaHBI
HOBBIE OJIOKHM YTIPaBJICHUS 3JIEKTPOHATPEBATENIbHBIX M€Yl U TEPMOCTATOB ITAJIOHA, A TAKXKE
BBITNIOJIHEHA MOJICPHU3ALINS PAIMOMETPOB-KOMIIAPATOPOB B YACTH MPUEMHOTIO TPAKTA.
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CoBepHIeHCTBOBAaHHE 3TAJIOHA MTO3BOJIUT PACIIMPUTD JTUAIIA30H U IMOBBICUTH TOYHOCTh
BOCITIPOU3BEICHHS, XPAHEHUS U Tepelauyd eIUHHIIBI SHEPreTUYecKOl SpKOCTH, 00ecreuuT
BO3MOXXHOCTh TOBEPKM M KaJMOPOBKU COBPEMEHHBIX BBICOKOTOYHBIX CPEJICTB H3MEPEHUH,
CO37aCT OCHOBY JJIsI ITOBBIIIEHHUS TOYHOCTH BCETO MIapKa CPEACTB U3MEPEHUN DJHEPTE€TUUECKOU
SPKOCTH.

Jluteparypa

1. Dolgikh, A. I. Pokhodun, O. V. Rybolovleva, V. V. Smirnova, State Primary
Standard of the Unit of Infrared Radiance, Measurement Techniques, October 2001, Volume
44, Issue 10, pp 965-971.

IMPROVEMENT OF THE STATE PRIMARY STANDARDS OF UNIT OF
TOTAL RADIANCE
Vizulaynen E.V, Sild Yu.A, Ivanova M.A.
D.I. Mendeleyev Institute for Metrology (VNIIM), Saint-Petersburg, Russian
Federation
mnsvniim@mail.ru

The solution of many fundamental scientific and applied problems in such priority
areas as ensuring the country's defense capability, countering terrorist threats and protecting
the environment is carried out with radiometers and radiometric systems, heat radiators,
detectors of total radiance and other measuring instruments of total radiance [1].

In recent years, the range of measurements of these devices has expanded, new
measuring instruments and systems have appeared that require metrological support, which is
headed by the State primary standard of total radiance.

The primary standard was developed in 1974, in 2001 it was re-approved, and in 2015
works on its improvement were started. The principle of the primary standard is based on the
reproduction of fixed levels of total radiance by blackbody source models, based on the phase
transitions of pure substances - ITS-90 fixed points: the triple point of water, melting point of
gallium, solidification points of zinc, tin, aluminum and copper. The blackbody allows to
reproduce values of total radiance from 100 to 61-10° W/sr-m?.

Main tasks were formed during the implementation of measures to improve the
standard:

« reproduction of the total radiance value of 54.36 W/srm?;

* increase in accuracy.

To solve the first problem, a new design of the blackbody based on the mercury triple
point was developed. A principal part of this design is a dedicated thermostatic device, which
includes a passive thermostat and a cryostat.

The developed blackbody sources based on the mercury triple point has been attested
to meet all the applicable requirements.

To solve the second issue, work was done to improve the black bodies fixed point
ampoules based on the pure metals solidification points, the new control units for electric
heating furnaces and standard thermostats were developed, and a receiving tract of
radiometric comparators was upgraded.

Improvements in the primary standard will allow to expand the range and increase the
accuracy of reproduction, storage and dissemination of the of the total radiance unit, will
ensure the possibility of verification and calibration of modern high-precision measuring
instruments, and will create the basis for the increase in accuracy of the whole fleet of the
total radiance measuring instruments.
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CEKIIUA «'EOMETPUYECKUE U MEXAHUYECKHUE

N3MEPEHMUS
SECTIONAL MEETING «GEOMETRICAL AND MECHANICAL
MEASUREMENTS»

BO3MOKHOCTH BHUUM B OBJIACTU TEOMETPUUYECKHUX U3MEPEHUN
3axapenko HO.I'., Kononosa H.A., ®omkuna 3.B., Yekupna K.B.
OI'VII « BHUHUM um. J|.U. Menoeneesa
z.v.fomkina@vniim.ru

B mHacrosmee BpeMs B Mupe HAOMIOIAETCS TOCTOSIHHBIA pPOCT TpebOBaHUN K
MOBBIIICHUI0 TOYHOCTH JIMHEWHBIX M YIJIOBBIX M3MepeHuil. CpencTBa W3MEPEHUH IJIUHBI U
IJIOCKOTO yTJIa SIBJISIOTCS OJHUMH U3 CaMBIX BOCTPEOOBAHHBIX U MTPUMEHSIOTCS JJI PEIICHUS
MHOXECTBAa HAay4YHbIX 3aJa4y, a TaKK€ HCIOJb3YIOTCS B psAA€ BaXHEUIIUX OTpacieu
HallMOHAJIBHON TMPOMBIIIIEHHOCTH — a3pOKOCMHUYECKOH, HSHEPreTUYeCKO, OOOpOHHOM,
MHUKPOIJIEKTPOHHOH, aBTOMOOWUIBHOM W B MAIIMHOCTPOEHHH. JIJii MeTpOoJIOTHYecKOro
COMPOBOXKJICHHUS JTaHHBIX CPEJACTB HU3MEPEHUM HEo0XOoaMMa MeTpoJiorudeckas 0asa,
OTBEUaloIIasi COBPEMEHHBIM TPEOOBAHUSIM.

B otnene reomerpuueckux uzmepennit OI'YII «BHUUM um. I.U. MenneneeBa»
co3ganbl ['ocygapcTBeHHBIM MEpPBUYHBIN 3TanoHa eIuWHULbl AMHbBl — MeTpa DT 2-2010
(mamee I'DT 2-2010), cocrosmmii W3 KOMIUIEKCA YCTAaHOBOK, OOECIECYMBAIONINX
BOCIIPOM3BE/ICHNE, TIepejauy ¥ XpaHeHHe eMHUIIBI JUTHHBI B quanasone ot 10~ 10 30 M, u
['ocynapctBeHHbIH 3TanoH eAuHUIIbI TUIocKoro yruiia ['9T 22-2014 (nanee ['OT 22-2014).

HeucknroueHnnasi cuctemaTudeckas norpelHoCTb BOCIPOU3BEACHUS €AMHULbI ITTUHbI
crabunusuposannsiM He-Ne/l, masepom m3 cocraBa I'DT 2-2010 cocraBmser 2,2:107'2.
Cpennee kBagparuyeckoe oTkioHeHHe (manee CKO) mepemaun equUHUIBI JJIUHBI JTa3€PHBIM
nHTEepEPEHIIMOHHBIM KOMIIAPATOPOM M T€TEPOIMHHBIM HHTEPHEPOMETPOM B CYyOMUKPOHHOM
1 Ha"Hoauanazone (1-10 9110 '4) M — 0,1 am. CKO nepenauu eIMHULIBI JUIMHBI KOHLIEBBIM U
IITPUXOBBIM Mepam JUTHHBI c MTOMOIIIBIO KOMITAapaToOpa  YHHUBEPCATHLHOTO
uHTEp(EPEHITMOHHOTO METPOBOTO (1- 10— 1) m — 0,03 mxm. CKO nepenaun e AMHULBI ITTUHBI
C TIOMOIIBI0 KOMIIapaTopa JIa3epHOTro UHTEPHEPEHITUOHHOTO TpuAIaTUMETPOoBOTO (1 —30) M —
5 MKM.

Heuckntouennass cucreMaruyeckas MOTPEIIHOCTh  BOCHPOM3BENECHUS — €AMHUIIBI
IUIOCKOTO ~ yIyla cTraTmdeckoii wacteio IDT 22-2014  cocrasnser 0,0006''. CKO
BOCIIPOM3BEJICHUS €UHUILIBI TUIOCKoro yria (mpu n=10) — 0,005". CKO rnepefayn €aUHUIIBI
mwiockoro yria (mpu n=10) — 0,01-0,03". CKO nepenaun eIMHUIBI MIOCKOTO yIia C
TIOMOIIBIO CTOJIA M3MEPUTENBHOTO MoBOpoTHOro (mpu n=10) — 0,1"". CKO nepenaun eauHUIIEL
IJIOCKOTO YIJIa ¢ MOMOLIBIO KOMILIEKCa yriaousmMepurenasHoro (mpu n=10) —0,2".

Jluteparypa

1. AnexcannpoB B.C., 3axapenko lO.I'., KononoBa H.A., Jleitbenrapar I'.U.,
®enopun B.JI., YUekupaa K.B. I'ocynapcTBeHHBII NEPBUYHBIM 3TaJlOH €JUHULBI JUIMHBI —
Metrpa ['DT 2-2010. U3meputenbhas texuuka, 2012, Ne 6, c. 3-7.

2. Yexupna K.B., Kocemuna M.A., JleniGenrapar ['.U., Jlykun A.f., llyp B.JL.
CosepiiencTBoBaHuEe ['0CyIapCTBEHHOIO MEPBHUYHOIO 3TaloHa Iuiockoro yria. — CO6. Tes.
noki. 5-i1 Beepocc. Hayuno-texn. Kong. «/3Mepenust n ucnbITaHUS B CyJOCTPOCHUH U
cmexHbix otpacisx» CYJIOMETPUKA-2014, Cn6, 2014, c. 157-159.
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D.I. MENDELEYEV INSTITUTE FOR METROLOGY CAPABILITIES IN
THE FIELD OF GEOMETRIC MEASUREMENTS
Zakharenko Yu.G., Kononova N.A., Fomkina Z.V., Chekirda K. V.
D.I. Mendeleyev Institute for Metrology
z.v.fomkina@vniim.ru

Currently, the world is seeing a constant growth in requirements on accuracy of linear
and angular measurements.

The level of precision of linear and angular measurements is incresing globally due to
the development of new measuring equipment. Linear and angular measuring equipment is
most demanded in different industries such as air and space industry, energy generating,
microelectronics and car manufacturing, engineering, and others. So it is very important to
have an updated metrological base meeting the moderm requirements.

Two State Primary Standards have been developed in the department of geometrical
measurements at D.I. Mendeleyev Institute for Metrology: the State Primary Standard of the
Unit of Length — GET 2-2010, for realization, disseminating and storage of the unit of length
in the range from 1-10 ~ to 30 meters, and the State Primary Standard of the Unit of Plane
Angle GET 22-2014.

Residual bias of length’s realization by stabilized He-Ne laser from GET 2-2010 is
2,2:107'2, Uncertainty of length’s realization by the stabilized He-Ne laser, GET 2-2010, (in
case of 100 independent measurements) is 5,6:107'2, Standard deviation of length’s
dissemination by the laser interferometer and heterodyne interferometer in the range from
1:10” to 1-10# m is 0,1 nm. Standard deviation of length’s dissemination to gauge blocks and
scales by Linear Laser Interferometer in the range from 1-10  *to 1 m is 0,03 pm. Standard
deviation of length’s dissemination by the 30 meter linear laser interferometer is 5 um.

Residual bias of plane angle’s realization is 0,0006"'. Uncertainty of plane angle’s
realization (in case of 10 independent measurements) is 0,005". Standard deviation of
dissemination the plane angle standard (in case of 10 independent measurements) is 0,01-
0,03". Standard deviation of plane angle’s dissemination by the rotary table (in case of 10
independent measurements) is 0,1"'. Standard deviation of plane angle’s dissemination by the
angle measuring system (in case of 10 independent measurements) is 0,2"".

OBECHIEYEHHUE EJJUHCTBA 3D KOOPAUHATHBIX N3MEPEHUM
TEOMETPUUYECKHUX TAPAMETPOB IIOBEPXHOCTEM CJIOXXHON ®OPMBbI
B. T'. JIsicenko, JI. A. HoBukos, E. A. MunoBanoBa, A. A. JlaBpyxuH
DI'VII « BHUUMC»
lysenko@vniims.ru

B Hacrosimiem 10kiaze M3/1aratloTcs OCHOBHBIE NMPUHIMIIBI 00ECHeUeHHs €IWHCTBA
(OE) 3D koopauHatHbIX U3MepeHuil reometpruyeckux napamerpos (KU I'Tl) moBepxHocreit,
YUYUTBIBAIOIIUE B KOMIIJIEKCE BCE BBIABICHHBIE B pE3yJbTaTe HAyYHBIX HCCIIEIOBAHUU
(bakTopbl, BIMAIOINIME HA TOYHOCTh U JOCTOBEPHOCTh 3D KOOpAMHATHBIX H3MEPEHM.
PaccmaTpuBaroTcst OocHOBHblE OTiMuus 3D KOOpAMHATHBIX M3MEPEHUN TI'E€OMETPUUYECKHUX
rapamMeTpoB IIEPOXOBATOCTH, (POPMBI M PACIOJIOKEHHUSI MOBEpxHOCTeW oT 1D nmHEeiHOo-
YIJIOBBIX U3MEPEHU.

[puamunst KM T'TI 06pabGoTaHHBIX MOBEPXHOCTEH HMMEIOT PsJl CYIIECTBEHHBIX
OTIIMYUI OT TPAJAMLMOHHBIX JMHEHHBIX M3MEPEHHMH JJIMHBI U HE MOTYT OBITh OJHO3HAYHO
ONMCaHbl M pEaIU30BaHbl METOJAaMHU TPAJWLIMOHHBIX OJHOMEPHBIX H3MepeHuil. lIpsmas
nepefadya €AUHULBI JUIMHBI TPAAULMOHHBIMH OJHOMEPHBIMM JHUHEHHBIMU MeToaamu u CU
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npu u3mepenuu I'Tl moBepxHocTel crioxHON (HOPMBbI HEBO3MOXKHA 0€3 CYIIeCTBEHHOU MOTepu
toyHocTH. [loaToMy  menecooOpa3HO  BBIACIUTh  MPOCTPAHCTBEHHbIE  M3MEpPEHUS,
OCYIIECTBIISIEMbIE KOOPAMHATHBIMU METOJaMU B CAMOCTOATEIbHYIO 00JIACTh METPOJOTHH —
koopauHaTHyio (3D) merponoruto. CoorBerctBeHHO KW I'TI TpeOyroT mpHHUIMOHAIBHO
HoBOTO cucreMHuoro nmogxona k OE KU I'TI.

B koopanHaTHBIX 3MepeHusx Ha yHuBepcanbHbx KM, noMumo kaarOpoBKH IIKa
CHU (xotopas siBIsieTCS HEOOXOIMMBIM U JIOCTAaTOYHBIM YCJIOBHEM OJHOMEPHBIX HM3MEpEHUN
JUIMHBI) HEOOXOOUMO 33/JaTh M MOJACPKUBATh OPTOTOHAIBHYIO JIEKAPTOBY CHCTEMY
koopauHat (CK), B KOTOpO# NMpoBOIATCS H3MEPEHHsS KOOPAUHAT TOUYEK KOHTPOIHPYEMOMN
MIOBEPXHOCTH.

Ha mnpakTike KOOpIMHATHBIE HW3MEPEHUS OCYIIECTBISIOTCS B MEXaHMYECKOM
peanu3zanuu CK, OTATOIIEHHONM TI€OMETPUYECKMMM IOIPEHIHOCTSAMHU €€ W3TOTOBJICHUS U
roctupoBkH. [loaTomMy ompezeneHne U KOMIEHCAIMs MOTPEIIHOCTH HW3MEPEHUN KOOpAWHAT
TOyeKk B Jr000H ob6mactu pabouero obvema KHMM MoxkeT OCYyHIECTBIATHCA MNPSMBIMU
METOJIaMH, ITyTEM U3MEPEHHUs aTTeCTOBaHHOM pu3nyeckoit peannzaunu CK. AnbrepHaTuBoit
ABJIIETCS MATEMAaTUYECKOE MOIeTIMpoBaHue norpeuHocreit mexanndeckoit CK (nanpumep, 21
napamerpuueckass monens CK KHMM) u co3maHue cpeinctB KalnuOpOBKH, OJHO3HAYHO
BBISIBJISIFOIIMX 3TH MOTPEITHOCTH C LIETBI0 KOMIIEHcaIuu. [ 1]

ITpussizka KM, kak CH koopauHaT, K IEPBUYHOMY 3TAJIOHY €AUHULBI JUIMHBI MOXKET
OCYIIECTBIISATHCS C MOMOILBIO Ja3epHbIX HHTEephepeHnnoHHbIX cucteM (JIUC), nepenarommx
st KM epuHuMny JUIMHBL €€ IIKajdaM, a TaKKe HM3MEPSIOIMX U KOMIIEHCUPYIOIIHUX
octanbHble 18 reomerpuueckux norpemnocteit CK KM, unu, ¢ nomoipto Habopa Apyrux
MaTepuaibHBIX Mep, B cOBOKymHocTH 3aMeHsttoux (JIMC), kak atanonnoe CH. [1]

[Tpuss3ka k stanony anunbsl KM, kak CU xonkperssix ['T] (Hanmpumep, OTKIIOHEHUS
OT IWIMHAPUYHOCTH, KOHYCHOCTH, C(EpPUUYHOCTH, IUIOCKOCTHOCTH, 3BOJIbBEHTHOCTH,
KpPYIJIOCTH M T.JA.) MOXET OCYIIECTBISTHCS JIByMSl CIIOCOOaMU — MPSAMBIM KOMIIapaTOPHBIM
METOJIOM € IOMOUIBIO TAJIOHHBIX MEP LMINHAPUIHOCTH, KPYIJIOCTH, IJIOCKOCTHOCTH U T.[., a
TAaK)K€ KOCBEHHBIM  METOJIOM, IIyTeM aTTeCTallud MPOrpaMMHOr0  obOecreyeHwus,
OCYLIECTBISIOLIETO PACYET I'E€OMETPUUECKUX MapaMETpPOB IO HM3MEPEHHBIM KOOpJAMHATaM
KOHTPOJIUPYEMOM 00pabOTaHHOW MOBEPXHOCTH W OMPENEICHUU (B MPOIECCE aTTECTAIIHH)
IIOTPEIIHOCTH KOCBEHHOT0 U3MepeHus KOHKpeTHBIX 'TI noBepxHocTeit. [2]

KU I'TI otknonenust popmsl (IIIOCKOCTHOCTH, I3BOJIbBBEHTHOCTH, KPYTJIOCTH U T.[.) Ha
cneuuanuzupoanHblx KCU (kpyriomepax, 3BOJIbBEHTOMEpax, IUIOCKOMEpAax M T.J.) UMEIOT
oOuye MpUHIMIBL, 3aKIOYaroliecs B 3aJaHUM W MOJAEpKaHUM B IPOLECCe M3MEpPEeHUl
¢u3n4ecKoil KOOPIMHATHON IOBEPXHOCTH, NPEACTABISIONIEH HOMHHAIbHYIO (opMy U
U3MEPEHUH OTKIOHEHHH (hopMBbl — 1o HopMauu K Hei. [Tostomy nmpussska KCH k ucxonnomy
sTalloHy (GopMbl TpeOyeT BOCHPOM3BEIEHUS M Mepeladyd €AUMHHIIBI JJIUHBI 10 HOpMalIH K
KOOPJIMHATHON IMOBEPXHOCTH HOMHUHAJIBHOW (OPMBI, 4TO 0OECIeUMBAETCA C TOMOIIBIO MEp
OTKJIOHEHHUH OT IJIOCKOCTHOCTH U JIPYTHX, BOCIPOU3BEIEHUEM KOOPINHATHOM MOBEPXHOCTH
HOMUHAJIBHOM (DOPMBI U ee MOoIep )KaHUEeM B IIPOLecCce H3MEPEHHUSL.

CymectBenubiM oriimuneM KW I'TI ot Ttpamunumonusix JIYU sBigercs Hanuuue
pOrpaMMHOr0 oOecreyeHus, peanusyromero kocBeHHole 3D  wm3mepenus ITI, kak
GbyHKIIMOHANIA OT NMEPBUYHON H3MEPUTETbHOM MH(GOpMalUU O KOOpAMHATAaX HCCIeTyeMon
noBepxHocTu. [loaTomy, cymectBeHHbIM »dnemeHToM OE KW  sBisierca  arrecranus
QITOPUTMOB U MPOTPaMMHOTO obecnieuenust, peanuzytomiero KU1 T'TI. [3]

[TockonbKy mpu NMpOCTpaHCTBEHHBIX H3MepeHHax [Tl oOpaboTaHHBIX MOBEPXHOCTEH
CIIO)KHOM (opMBI IpsiMasi mepejadya €AUMHUIBI JUIMHBI OT ['0CyJapCTBEHHOrO MEPBUYHOIO
ATaJOHA JUIMHBI HEBO3MOXKHA 0e3 cyliecTBeHHO# morepu TouHoctH, To s OE KU I'TI
00paboTaHHBIX MOBEPXHOCTEH CO3/1aH KOMIUIEKC ['0CyNapCTBEHHBIX CHEIHAIbHBIX ITAJOHOB
€IMHUIIBI ITTMHBI, BOCTIPOU3BOIAIINX €€ B OCOOBIX YCIOBHSIX MPH NMPEIIU3UOHHOM U3MEPEHUHN
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reOMEeTPUYECKUX TMapaMeTPOB OTKIOHEHUS OT KPYIJIOCTH, IMJIOCKOCTHOCTH, C(PEpUUHOCTH,
JBOJILBEHTHOCTH, W JPYIUX,  OIMUCBIBAEMBIX  CIIO)KHBIMM  AHAJIUTHYECKUMU U
anropuTMu4eckuMu 3aBucumocTaMu. Co3nannsiii komiuieke ['TICD mepoxoBaroctu, GopMbl
U PAaCHOJOXKEHUsI IMOBEPXHOCTEH CIOXKHOM (hOpMBI MPOMIEN MEXIyHApPOAHbIE KIFOUYEBbHIE
CIMYeHUs] W BKIIOUEH B 0a3zy naHHeix MBMB wu3MepurensHbIXx U KaluOpOBOUYHBIX
BO3MOXKHOCTEHN PD.

[IpencraBnsiercst menecooOpasHbIM eAuHBIN cucTeMHbld Toaxoa k OE B obmactu
KOOPJAMHATHBIX U3MEPEHUH B 11€710M, OCHOBBIBAIOLIUIICS HA OOIIMX MPUHIUIAX, U3JI0KEHHBIX
BBIIIIE.

Jlureparypa:

I. Crangapt ISO 10360-5 :2010 Geometrical Product Specifications (GPS) —
Acceptance and reverification tests for coordinate measuring machines (CMM) — Part 5:
CMMs using multiple-stylus probing systems;

2. Crarbs «l'OCynapCTBEHHBI NEPBUYHBIA CIELUANBHBIA 3TAIOH €IUHHUIIBI
JUIMHBI JIJI1 T[ApaMeTpPOB OTKJIOHEHHWH OT IUIOCKOCTHOCTU ONTHYECKHUX IOBEPXHOCTEN
pasmepom g0 200 mwm, B.I'. Jlsicenko, H.A. TaGaunuxoBa, [[.A. Houxos, Xypnan
3aKOHOJIaTeNbHAS U NIpUKIIagHas Mmerposorus, Ne 6, 2015 r.;

3. I'OCT 8.883-2015 «I'ocynapcTBeHHass cuctema oOecHeueHHsl eIUHCTBa
u3Mmepenuil. I[lporpamMHoe oOecnedyeHue CpeacTB U3MEpPEeHH. AJIropuTtMbl 00pabOTKH,
XpaHEHHs, 3aIIUTHI U Nepelaun U3MEpUTENIbHON nH(pOopMauu. MeTo bl UCTIBITAHUI.

TRACEBILITY OF THE 3D COORDINATE MEASUREMENTS OF
GEOMETRICAL PARAMETERS OF THE SHAPED SURFACES
V.G. Lysenko, D.A. Novikov, E.A. Milovanova, A.A. Lavrukhin
FSUE "VNIIMS"
lysenko@vniims.ru

This report outlines the basic principles for ensuring the uniformity (EU) of the 3D
coordinate measurements of geometric parameters (CM GP) of surface areas, taking into
account the complexity of all the factors identified as a result of scientific research that affect
to the accuracy and reliability of 3D coordinate measurements. Main differences between 3D
coordinate measurements of surface geometric parameters of roughness, shape and
arrangement from 1D linear-angular measurements are considered.

The principles of CM of GP of treated surfaces have some significant differences from
traditional linear measurements of length and can not be unambiguously described and
implemented by methods of the conventional one-dimensional measurements. Direct
dissemiantion of the length unit by the traditional one-dimensional linear methods and
measuring equipment (ME) is not possible in the measurement of GP surfaces of complex
shape without significant loss in accuracy. It is therefore advisable to separate spatial
measurements, carried out by coordinate methods into an independent field of Metrology —
dimensional (3D) Metrology. Accordingly, CM GP require a fundamentally new systematic
approach to EU of CM of GP.

While taking the coordinate measurements by universal coordinate measuring machine
(CMM), in addition to calibration of ME scales (which is a necessary and sufficient condition
for one-dimensional length measurements) it is necessary to define and maintain the
orthogonal Cartesian system of coordinates (SC), in which coordinates of points on the
controlled surface are measured.

In practice, the coordinate measurements are carried out in the mechanical
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implementation of SC, burdened by the geometric errors of manufacturing and alignment.
Therefore, the determination and compensation of errors in measurement of coordinates of
points in any region of the working volume of the CMM can be done by direct methods by
measuring a certified physical implementation of SC. The alternative is mathematical
modelling of mechanical errors in the SC (for example, a 21-parameter model of SC CMM)

and creating calibration tools, to inambigously identify these errors and compensate them. [1]

Traceability of CMM to the primary standard of the length unit can be ensured by a
laser interference systems (LIS), which disseminates the length unit to the CMM scales, while
measuring and compensating for the remaining 18 geometric errors of SC CMM, or with a set
of other measures, replacing LIS as the reference ME. [1]

Traceability of CMM as ME of particular GP (for example, the deviation from the
cylindricity, sphericity, flatness, evolventness, roundness, etc.) can be executed in two ways —
by the direct comparator method with the help of standard measures of cylindricity,
roundness, flatness, etc., and also by an indirect method, through the attestation software that
calculates geometric parameters from the measured coordinates of the controlled finish
surface and the definition (during certification) of the error of indirect measurement of
partucular GP of surfaces. [2]

CM GP devation of form (flatness, evolventness, roundness, e.t.c.) on special CME — devices

for measuring flatness, evolventness, roundness, e.t.c. has common principles, expressing
themselves in setting and maintaining (during measurement) of a nominal coordinating
surface and measuring the deviation of the actual surface from it - along the normal to the
nominal surface. Therefore, the binding of CME to the original standard form requires the
reproduction and dissemination of the length unit along the normal to the coordinate surface

of nominal shape, which is provided by measures of deviations from flatness, and other types

of deviations, reproducung the coordinate surface of the nominal shape and maintaining it
during the measurement process.

Significant difference of CM GP from the traditional linear measurements is the
availability of software that implements the indirect 3D measurement of GP, as the function of
the primary measurement information about the coordinates of the investigated surface.
Therefore, a significant component of EU CM is the certification of the algorithms and the
software that implements CM GP. [3] Since direct dissemination of length units from the State
primary standard is not possible without significant loss in accuracy, for EU of CM of GP of
treated surfaces a complex of State special standards of unit of length have been created,
reproducing it in the special conditions at precision measurement of geometric parameters of
the deviations from circularity, flatness, sphericity, evolventness, and other described complex
analytical and algorithmic dependencies. The created complex of state primary special
standards of roughness, form and position of surfaces of complex shape took part in the
international key comparisons and is included in the database of BIPM measurement and
calibration capabilities of the Russian Federation.

A unified systematic approach to EU in the field of coordinate measurement based on
the General principles outlined above seems appropriate.

Literature:
1. ISO 10360-5:2010 Geometrical Product Specifications (GPS) — Acceptance and
reverification tests for coordinate measuring machines (CMM) — Part 5: CMMs using

multiple-stylus probing systems;

2. The article "the State primary special standard of unit of length for parameters of
flatness of optical surfaces of size up to 200 mm, V. G. Lysenko, N.. Tabachnikov, D. A.
Novikov, Journal of the legislative and applied Metrology, No. 6, 2015;

3. GOST 8.883-2015 "State system for ensuring the uniformity of measurements. The
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software of measuring instruments. Algorithms, processing, storage, protection and signal
transmission. Test methods".

®YHJIAMEHTAJIGHBIE Y ITIPUKJIA THBIE BOITPOCHI U3BMEPEHWII B
HAHOAMUAIIBOHE N ITIPAKTUYECKOE UCITIOJIb3OBAHUE PE3YJIbTATOB
I9TUX PABOT B HAYKE U ITPOMBIIIVIEHHOCTH

Japsnek! C.A., Kenkobaes' XK. E.
40 «HUIIIIB», Mockea
zhelkobaev(@mail.ru

PaboTta mocBsieHa M3MEPEHHUIO JMHEHHBIX CMEIIEHUH B HaHOJMANa30HE, aHATU3y
OCOOEHHOCTEH TaKoro poja padoT, 00ECIEeUeHUI0 €IWHCTBA M3MEPEHUN M CTaOWUIBLHOCTH
u3MepseMoil (U3UYECKOM BETMYMHBI, JOCTOBEPHOCTH pE3YJbTATOB U MX MPUBS3KU K
['ocatanonam. PaccMOTpeHBl KpuUTEpUH, KOTOPHIM JOJDKHBI COOTBETCTBOBAaTh METOIbI U
Cpe/ICTBa MPEIM3NOHHBIX H3MEPEHH B HAHOAMAIIA30HE, a TAK)KE METOJIBI M CPENICTBA CheMa U
npeicTaBieHuss o0paboTku mnonyyaemMoil uHpopmaumu. ChenaH aHalW3 OCHOBHBIX
HCTOYHUKOB MorpenrHoctedl. Pe3ynbpTaThl 3THX HccieloBaHUM INpeacTaBieHbl B padore [1].
PaccMoTpeHbl OCOOEHHOCTH MOCTPOCHHUS M3MEPUTENbHBIX KOMILUIEKCOB, a TaKXe BOIPOCHI
KaMOpOBKHU (Pa30BBIX U3MEPECHHI B ONTHKE.

PaccMoTpenbsl  BONpOCHl  MPHUKJIAIHOIO  XapakTepa:  HM3MEpEHHE  pPealbHBIX
nepeMenieHnii  0ObEeKTOB B HAHOAWAINA30HE, WX CKOPOCTH M YCKOPEHHS, a TaKKE BOIPOCHI
BHE/IPEHUS Pa3pabOTaHHBIX METO/I0B B 00JaCTh MPAKTUYECKOIO IPUMEHEHUSI.

[TpuBeneHbl pe3ynbTaThl, IOJyYEHHBIE TIPU PEUICHHH OKCIEPUMEHTAIBHBIX U
NPUKJIAJHBIX 33124 C UCIIOJIb30BAHUEM METOJIOB U CPE/ICTB YUCIEHHOTO IT'eTePOANHUPOBAHMSL.

Jluteparypa

1. Hap3nex C.A., XKenko6aeB XK., Kanennun B.B., HoBukoB FO.A. /JlazepHbiit
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FUNDAMENTAL AND APPLIED PROBLEMS OF MEASUREMENTS IN
NANOSCALE AND PRACTICAL USE OF THE RESULTS OF THESE WORKS IN
SCIENCE AND INDUSTRY
Darznek' S.A., Zhelkobaev! Zh.E.

I JSC “NICPV” Moscow, Russian Federation
zhelkobaev(@mail.ru

The work is dedicated to measuring nanoscale linear displacements, analyzing the
peculiarities of this kind of work, ensuring the unity of measurements and stability of the
measured physical quantity, reliability of the results and their alignment with the State
Standard. Criteria are considered that must be met by methods and means of precision
nanoscale measurements, as well as by methods and means for data collection, processing
and presenting the information obtained. Analysis of the main sources of errors is made. The
results of these studies are presented in [1]. Special features of the construction of measuring
systems, as well as the issues of calibration for phase measurements in optics are considered.

Issues of application of the methods are also considered: the measurement of real
nanoscale displacement of objects, their speed and acceleration, as well as issues of practical
implementation of the developed methods.
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The results obtained while solving experimental and applied problems using methods
and means of numerical heterodyning are presented.

References
1. Darzek S.A., Zhelkobaev Zh., Kalendin V.V., Novikov Yu.A. / Laser interferometric
gauge of nanoscale displacement. Proceedings of the IOFAN, 2006, v. 62, p. 14-35.

ABTOMATH3WPOBAHHBINV CTEH]I JIJISI KOHTPOJISI TOYHOCTHBIX
XAPAKTEPUCTHUK IMMPEOBPA3OBATEJIEM YIJIOBBIX MEPEMEIIEHU
lopnees C.B., Xpucraués A.E., Knenukos B.B., [Tonsakos M.A.

OAO «CKB UC», e. Canxkm-Ilemepbype, http://www.skbis.ru/

gordeev(@skbis.ru

[IpencraBiaeH CTeH[ Ui KOHTPOJIS TOYHOCTHBIX XapaKTEPUCTHK MpeoOpazoBaTesei
YIJIOBBIX IepeMelleHuil, pa3paboranHsli ¥ wu3rotoBieHHblii B OAO «CKb HC» wu
MIPUMEHSIEMbIH 1711 KOHTPOJIS CEpUMHON NPOAYKIMH U ITPOBEIeHUs uccienoBanuii. OCHOBOM
CTeHJa SBJIIETCS pedepeHTHbIM mpeoOpa3oBaTesb YIJa, BBINOJHEHHBIH Ha 0a3ze KpyroBoi
TU(GpaKIMOHHON IIKajbl, MO3BOJISIIOIIEH (OPMUPOBATh CHUHYCOHMJAJIbHBIE HM3MEPUTEIbHBIC
CUTHAJIBI C KOJIMYECTBOM Mepuo10B Ha obopoTe 324000.

W3mepeHust BBIOJIHAIOTCS METOJIOM CpPaBHEHHSI KOHTPOJIUPYEMOro U pedepeHTHOro
npeoOpa3oBaresiell B AUHAMHUYECKOM DPEXHME, NPH BpalleHUH, B TOM YHUCIE CO CMEHOMN
HaIpaBJICHUs BpallleHUsI.

ITo pesynbratam uccnenoBanuid, nposefeHHbIXx B OAO «CKb UC», u xanubGpoBku
pedepeHTHOTO Tpeodpa3oBaTesl Ha TOCYJAapCTBEHHOM mepBUYHOM dTasnioHe DT 94-2002
(BHHUHMM), ctenn obecrneunBaeT BO3MOXKHOCTH MPOBEIACHHS HW3MEPEHUN C MOTPEIIHOCTHIO
0,2" 1 meHee.

Jlan KpaTkuil 0030p OCHOBHBIX COCTABISIOLIMX HOTPEHIHOCTH ONTOAIEKTPOHHBIX
pacTpoBbIX mpeoOpazoBaTenell yriga, B T.4. MOTPEIIHOCTH H3MEPUTENbHON  ILIKAJIbI,
MOTPEIIHOCTH MHTEPIONISALMY, TOTPEIIHOCTH JUCKPETHOCTH, TUCTEPE3UCAa U JUHAMUYECKOU
3aJ1ep’KKH U3MEPUTENIbHBIX CUTHAJIOB, a TAK)KE MOrpelHocTeld MyPT poTopa u Myt craTopa,

U T.7. Onucansl criocoObl HOPMUPOBAHMS TOTPELTHOCTH ITpeodpa3oBarTenei, a TaKXKe METOAbI
U3MEPEHUIl COCTaBJSIONIMX TMOrPEHIHOCTH U aNrOpUTMbl  00pabOTKHM  pe3yJbTaToB,
pealn30BaHHBIE B CTEHJE.

Onucan MeTol M €ro KOHCTPYKTHMBHAs peaiau3anus Jjs oOecreyeHuss COOCHOCTH
KOHTPOJUPYEMOT0 U pedepeHTHOro mpeodpazoBaresieil ¢ Lelbl0 MUHUMH3AIMH TOTPEIIHOCTH
nepeaayy yria ¢ ITOMOIIBIO0 COeAMHUTENbHOW My (PTHI.

OO6cyX/1eHbl METO/IbI KOHTPOJIS MOTPEIIHOCTH BHEITHEN My(ThI poTOpa, BCTPOEHHOM U
BHEIIIHEH MyTHI cTaTopa.

[IpencraBieHsl MpUMeEpPHl PE3yJIbTaTOB KOHTPOJISI MHKPEMEHTHBIX U aOCOJIIOTHBIX
YIJOBBIX  MpeoOpas3oBaTeneif, mpeoOpa3oBareneid ¢  BHemHeH My(roil  poropa,
npeoOpa3oBaresnieil Co BCTpOEHHON My(TOi cTatopa, mpeodpazoBarteniell ¢ BHeIIHEH My(hTOH
craropa, mpeodpa3oBareneil MOAYJIbHOTO THIIA.
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CONTROL BENCH FOR ACCURACY CHARACTERISTICS
OF ANGLE ENCODERS
Gordeev S.V., Khristachev A.E., Klepikov V.V, Polyakov M.A.
OAO “SKBIS”, Saint-Petersburg, http.//www.skbis.ru/
gordeev(@skbis.ru

A bench for accuracy control of angle encoders, designed and manufactured in
"SKBIS", used to monitor serial production processes and for research, is presented. The
bench is based on the reference angle encoder with a circular diffraction scale, generating
sinusoidal measuring signals at the rate of 324000 periods per revolution.

Measurements are performed by comparison of the monitored and reference encoders
in the dynamic mode, at rotation, including the change of the rotation direction.

According to the results of studies conducted in "SKBIS" and the calibration of the
reference encoder against the state primary standard GET 94-2002 (VNIIM), the bench allows
for measurements with the error of 0,2" or less.

A brief overview is presented of the major error components of the grating-based
photoelectric angle encoders, including errors of measuring grating, interpolation error, error
of quantization, hysteresis and the dynamic delay of the measuring signals, as well as errors of
rotor and stator couplings, etc. Methods of rate setting of encoder error, as well as methods of
measurement of the error components and algorithms of processing of the results
implemented in the setup are described.

A method and its structural realization are described for the alignment of the
controlled and reference encoders in order to minimize the error of the angle transfer via a
designated coupling.

Test methods for errors of external rotor coupling, as well as internal and external
stator couplings are discussed.

Examples results of the error check for incremental and absolute angle encoders,
encoders with external rotor coupling, encoders with built-in stator coupling, encoders with
external stator coupling and encoders of a modular type are presented.

MNPUHIUIIBI IOCTPOEHUSA CTEH10B C UHEPIIUAJIBHBIMHU
YYBCTBUTEJIbBHBIMU 3JIEMEHTAMMU IS BBICOKOTOYHOI'O
W3MEPEHMS YIJTOBBIX CKOPOCTEM
J.M. Kanuxman, E.A. Jlenyrarosa, B.B. Cxopo6oratos, C.®. Haxos
Qunuan OI'VII « HIILAIT um. H.A. Iunoeuna — «110 «Kopnyc»
410019, Poccus, e. Capamos, yn1. Ocunosa, 0.1
e-mail: lidkalihman@yandex.ru Ten.: +79172166135
Kpusnos E.IL., fIakoBckuit A.A.

@I'VIl « BHUUM um J]. 1. Menoeneesa»
190005, e. Canxkm-Ilemepoype, Mockosckuii npoezo 0.19
e-mail: dep253@vniim.ru men.: +79119378660
Epmaxkos P.B.,
OAO KbIIA, 410005 Poccus, 2. Capamos, yn. b. Cadosas, 0. 239
JIeBOB A.A.

Paccmompena npobnema paspabomxu nocmpoenusi cxeMOmMexXHUYecKux peuleHut
NPeYU3UOHHBIX YNPABIAEMbIX CMEHO08 0I5l 8bICOKOMOYHO20 USMEPEHUSL Y2TI08bIX CKOPOCMEll, 8
KOMOpbIX 6 Kauecmee Hy8CMBUMENbHbIX INeMEHMO8 UCHONb3VIOMCA  UHEePYUATbHbIe
uzMepumenu pasiuyHo20 Muna (npeyusuoHHvie OamuuKu Y2lo80l CKOPOCMU PA3TUYHO2O
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Ka1acca U NpuHyuna Oeucmeus, Keapyegvle aKceiepoMempbvl JUHEUHbIX YCKOPEeHUll),
npUMeHeHUe KOMOPbIX NO360Iem CYWECMEEHHO VIAVUUUMb MOYHOCMHbIE XAPAKMEPUCMUKU
CcmMeHO08.

Kntoueguie cnosa: yugpposas cucmema ynpaenenus, uHepyuaibHvle 4y6CmeumenbHule
91eMeHnmbl, NPEeYU3UOHHbIE CMEHObL, YNPABISeMble OCHOBAHUS.

Ha TIIO0 «Kopmyc», r. CaparoB c¢ Hauyasa 1990-x romoB Benercs pa3zpaboTka
MajiorabapUTHBIX BBICOKOTOYHBIX YIIPaBJISIEMbIX OCHOBAaHUH (CTEHJOB) C WHEPLUHAIbHBIMU
qyBCTBUTEIBHBIMU DJIEMEHTAMHU ISl BBICOKOTOYHOIO 33JJaHUs YIVIOBBIX CKOpOCTE [2-8].

HoBu3Ha mnpeasiaraeMoro HampasjieHHsI B pa3pa0oTkKe CTEHI0B COCTOUT B HOBOM
NoaXo/e K pemaemMoi mnpobiieMe Kak K MpoOieMe CO3JaHus aBTOMAaTH3MPOBAHHBIX
BBICOKOTOUYHBIX CUCTEM yIPaBIEHUS JABM)KEHHEM IUIaT(GOPMBI (Ha KOTOPYIO YCTaHABIMBAETCS
UCTIBITYEMBIN IPUOODP), IPH STOM JJISl CO3JaHHSI TAKOM CUCTEMBI HCIIOIb3YIOTCS HAKOTIJICHHbIE
B TEOPUH U NMPAKTUKE TUPOCKOMNYECKOI0 TPUOOPOCTPOCHHS TEXHUUECKHE PEIICHUS.

VYnpasisieMble CTEHIBl MMOCTPOEHBI MO NMPHUHIMITY OJHOOCHBIX THPOCTaOMIN3aTOPOB,
HO OTJIMYAIOTCSl T€M, YTO B KayeCTBE UYBCTBUTEIBHOIO 3JIEMEHTA HCIIOJIb3YIOTCS MPHOOpPHI
HaBUTALIMKM — U3MEPUTEIH YIJIOBBIX CKOPOCTEH (IIOIJIaBKOBBIE TaTYMKHU YIJIOBBIX CKOPOCTEH,
BOJIOKOHHO-ONTHYECKHUE TUPOCKOIIBI, JIA3€PHbIE THPOCKOIIBI U IPYT'HE TUIIBI THPOCKOINYECKUX
MpUOOPOB) M M3MEPUTENH KAXKYIIETOCSd YCKOPEHHsS (aKcemepoMeTphl). AKCEIepOMETPHI,
U3MEPSIONINEe TaHINEeHIMAJbHOE YCKOpEHHE B TOYKE MX 3aKpelyieHus Ha Iuiatdopme,
UCHOJIB3YIOTCA Al (opMUPOBaHUA HMHGOpPMALMU IO MEPBOH MPOU3BOJHON OT HU3MEPSIEMOI
YIJIOBOW CKOPOCTH, BBOJMMOW B YHpABISIONIEE BO3ACHCTBUE, YTO MOBBIACT CTAOMIBHOCTD
3aJaHUsl YIJIOBOM CKOPOCTH. AKCEIEpOMETPhl, HU3MEPSIOUIME LEHTPOCTPEMUTEIHHOE
YCKOpPEHHE B TOYKE HMX KpeIUIEHUS Ha IIaTgopMme CTEeHIa, HCIOJIb3YIOTCS B KauecTBe
MEPBUYHBIX M3MEPUTETIEH CHCTEMbl YNpaBICHHUS ABUTATElIEM B Ciydae HEOOXOAMMOCTH
pacuMpeHus Juana3oHa 3aJaBaeMblX U HM3MepseMbIX YIIIOBbIX ckopoctedt no 10000 /c u
oomee [2-8].

[TIpobnema HCKIIOYEHUS BIMSHUA CHJI CYXOrO TPEHHs IIAPUKOIOIIIMITHUKOBBIX
MOJIBECOB  OCYLIECTBJISIETCS 3@ CYET IPUMEHEHUS COBPEMEHHBIX MaJorabapuTHBIX
a’pOCTAaTUYECKUX OINOP WJIM MEXAHU3MOB OTCIeXuBaHus [ 1, 2].

CaM NpUHLMII TOCTPOEHHUS CTEHJIOB KaK MPELHU3HOHHBIX CHCTEM, YIIPABIISIEMBIX IO
MHGOPMALIMK WHEPLUUAIBHBIX YYBCTBUTEIbHBIX 3JIEMEHTOB, I103BOJIAIOT CO3/1aTh HOBBII
KJIACC MAJIOTa0APUTHBIX, BHICOKOTOYHBIX, ¢ NMPHUBOAOM OT MAJIOMOLUHBIX IBHUrarteei
CTEHJI0B, OPHMEHTHPOBAHHbLIX Ha HCOBLITAHMA COBPEMEHHBIX MaJIOra0apUTHBIX
H3MepuTesieil yriioBol ckopocTH. [[puMeHeHre B €eIMHOM KOMIUIEKCE TOYHBIX U3MEPUTENCH
YIJIOBBIX CKOPOCTEH, KaXKyLIMXCS YCKOPEHHMH M BBICOKOTOYHBIX YTIJIOBBIX 3SHKOJEPOB,
3aMKHYTBIX B €IMHYIO CUCTEMY YIIPaBJIEHHUS, TIO3BOJISIET (POPMUPOBATH HHPOPMALIKIO TT0 YTy,
YIJIOBOM CKOPOCTH M KaXyLIEMYCsl YCKOPEHMIO, T.€. MCIOJb30BaTh H3MEPSIEMYIO0 BEIHUUHY
(MrHOBEHHOE 3HayeHHE aOCOJIIOTHOW YIJIOBOM CKOpOCTH), €€ TEpBYIO IPOU3BOJHYIO
(kaxymieecs YCKOpPEHHE) M HHTErpajlbHOE 3HaueHue (TIpupalleHue yria pa3BopoTa)
OJIHOBPEMEHHO B KaU€CTBE YIPABJISIIOLINX BO3JEHCTBHI B CUCTEME YIIPABJIEHUS IPUBOIHBIM
JIBUTATENIEeM CTEH/J0B. BBICOKOTOYHBIE TEPBUYHBIE H3MEPHUTENN Pa3TUYHON (PU3NYECKOM
IIPUPOJBI B COBOKYITHOCTH C COBPEMEHHOM MPOLIECCOPHOM TEXHUKOHM, NMPUMEHSIEMON Kak B
cucreMe oOpaTHOM CBSI3H, TaK U B cUcTeMe 00paboTKy MH(GOpMalKH, TO3BOJISIOT MOJIYUYUTh
COBEpIICHHO HOBBIM KAaueCTBEHHBI pPE3yJbTaT B IOBBIIIEHUMM TOYHOCTHBIX XapaKTEPUCTUK
MPELIU3UOHHBIX CTEH/IOB.
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The problem of creation of design solutions for precision controlled test benches,
which use inertial measuring devices of different types as sensory elements (precision angular
rate meters of various classes and operation principles and linear quartz accelerometers), is
studied. The application of said measuring devices allows for significant improvement of
accuracy characteristics of benches.

Key words: digital control system, inertial sensory elements, precision test benches,
controlled bases.

Small-size high-precision controlled bases (benches) with inertial sensory elements for
high-accuracy angular rate assignment [2-8] have been continuously developed at Production
Association “Korpus”, Saratov, Russia, since 1990.

The novelty of the proposed direction in the development of test benches consists in a
new approach to the problem being solved as to the problem of creating automated high-
precision systems of platform motion control (the platform on which the tested device is
mounted), while incorporating technical solutions accumulated in the theory and practice of
gyroscopic instrumentation.

The controlled test benches are built on the principle of uniaxial gyrostabilizers, but
differ in that they use navigation devices as their sensitive elements - angular rate meters
(float angle sensors, fiber optic gyroscopes, laser gyroscopes and other types of gyroscopic
devices) and apparent acceleration meters (accelerometers). Accelerometers that measure
tangential acceleration at the point of their mounting on the platform are used to generate
information on the first derivative of the measured angular rate introduced into the control
action, which increases the stability of angular rate assignment. Accelerometers that measure
centripetal acceleration at the point of their mounting on the test bench platform are used as
primary meters of the engine control system in cases when there is a need to extend the range
of the assigned and measured angular rates up to the value of 10000 £s or more [2-8].

The problem of eliminating the effect of dry friction forces in ball bearing suspensions
is solved through the implementation of modern small-sized aerostatic supports or tracking
mechanisms [1, 2].

The very principle of designing test benches as precision systems controlled by the
information from inertial sensory elements makes it possible to create a new class of small-
sized, high-precision test benches, driven by low-power engines, and aimed at testing of
modern small-sized angular rate meters. The use of precision angular rate and apparent
acceleration meters and high-precision angle encoders incorporated in a single control system
complex allow for generation of information on the angle, angular rate, and apparent
acceleration, i.e. enable one to simultaneously use the measured value (the instantaneous
value of the absolute angular rate), its first derivative (apparent acceleration), and the integral
value (the turn angle increment) as control actions in the test bench engine control system.
High-precision primary meters of various physical nature combined with modern processor
technology, used both in feedback systems and in information processing systems, allow one
to achieve a qualitatively new result in increasing the accuracy characteristics of precision test
benches.
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CPABHUTEJIbHBIN AHAJIN3 METOJIOB OIIEHKH OTKJIOHEHUSA OT
MNOCTOSSHCTBA OCHU BPAILIEHUSI OBBEKTOB, OCYIIECTBJIAIOIINX
TOYHBIE POTAHIMOHHBIE IBUKEHUS
Panes X.K.!, Bores B.I1.!, Bacuies B.A.!, Biaros 1. X.!
! Texuuueckuii ynusepcumem — Cogus
hradev(@tu-sofia.bg

[TocTOSSHCTBO OCH BpallleHUsl SBISETCS OCHOBHBIM TpeOOBaHHEM K OOBEKTaM,
OCYH_IGCTBJ'IHIOHH/IM TOYHBIC pOTaHI/IOHHBIe JIBUXXCHUSA (Hpe)]MeTHBIC CTOJIbI prrJ'IOMepHBIX
npuOOPOB, POTAIIMOHHBIE MOYJIH U3MEPUTEIHHBIX CUCTEM HIIA CTAHKOB H JIp.).

OTKJIOHEHHWE OT TIOCTOSHCTBA OCH BpAICHUS OICHUBACTCS dYepe3 paauabHOE,
aKCHAIBHOE U YTIIOBOE OMEHHS OCH.

buenne ocn B JaHHOM IUIOCKOCTH WM HANpPABICHHM pPAacCMaTpHUBAETCS Kak
TeOMETPUUYECKOE MECTO TOUYEK MITHOBEHHOU OCH BpaIlleHHsS 00BbEKTa U MPEICTaBIsIeT COO0H,
COOTBETCTBEHHO, C.]'IO)I(Hy}O SaMKHYTYIO KpI/IBYI-O NI COBOKynHOCTB TOYCK, paCHOJ'IO)KeHHI)IX
M0 TUHUU U3MEPEHHUS.

KosgecTBeHHO OMEHNE OCH OIIEHUBAETCS Yepe3 pa3Max OTKIIOHESHHH OTHOCHTEIHHO
BUPTYyalIbHOUW 0a3bl WM Yepe3 MTHOBEHHBIC TOJIOKEHUS OCH OTHOCHTENHHO BHUPTYaTbHOM
0a30BOM OCH.

OnenuBanue OMEHUsI OCH OCHOBBIBAETCS HA pe3yJibTaTaX U3MEPEHUs] OMEeHUS MIIOCKUX
Wik cepruuecKux MOBEPXHOCTEH ATAJIOHHBIX JeTallel (CTEKISHHBIX MHTEPPEPEHLIHOHHBIX
IUTACTUH WIIM CTEKISIHHBIX moiychep), YCTAaHOBJICHHBIX OIpPENeICHHBIM CIOCOOOM Ha
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Bpallaronmecss 3JIEMEHThl COOTBETCTBYIOmMMX o0BekToB [1, 2]. Ilocmemyromas obpaboTka
ATOH MEpPBUYHOM HW3MEPHUTENbHON WH(pOpPMAMU OCYLIECTBISETCS IO OIpeeIeHHBIM
aJIrOpUTMaM, UCIOJb3YIomUM Dypbe-aHanu3 AJis TOW Ui HHON (OPMBI STAIOHHOM JeTalu.

B ciydasix, korja 3HaueHHe OTKJIOHEHUS! (JOPMBI TIOBEPXHOCTEN ATAJIOHHBIX JIeTalei
COM3MEPUMO CO 3HAUEHHEM OMEeHMsI, 0COOEHHO NP U3MEPEHUAX B HAHOMETPOBOM JIMana3oHe,
UCIIOJIB3YIOTCA peBepcuBHBIE MeToAbpl [2-5]. Ilpu peBepcUBHBIX METOAAX BIIMSHUE
OTKJIOHEHUS (OpPMBI D3TAJOHHBIX JeTajell MCKIIYaeTcss NPUMEHEHHEM T.H. WHBEPCUU
BXOJHBIX BEJIMYHMH (METO/I0M UCKIIIOUEHUS MOTPEIIHOCTH 110 3HAKY).

B HacTosiemM noKiazne paccMaTpUBAIOTCS YETHIPE HEPEBEPCHUBHBIX METOAA OLIEHKHU
OMeHUsT oCHM BpallleHHs, Halleane TI[PUMEHEHHE B METPOJOrMYeCKOW IpaKTHKE.
OneHuBaeTcs pauaibHOE, aKCUATbHOE U YIJIOBOE OMEHUS OCH BpallleHUs ABYX POTAIIMOHHBIX
MOJyJIEH, XapaKTePU3yEMbIX 3HAYUTENIBHON pa3HULEd B TOYHOCTM BpameHus. OreHka
OCYIIECTBIISIETCS UCIOJIb30BAaHUEM KAXKI0OTO M3 YETHIPEX METO/I0B IIPU OJAMHAKOBBIX YCIOBUSAX
U3MEpPEHUS, UYTO  II03BOJISET KOJIMYECTBEHHO  CPaBHUTb  METPOJIOTMYECKHE U
AKCIUTYaTallMOHHbBIE BO3MOYKHOCTH UCCIIETyEMbIX METO/IOB.
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COMPARATIVE ANALYSIS OF THE METHODS OF ESTIMATION OF THE
CONSISTENCY OF THE AXIS OF ROTATION OF OBJECTS PERFORMING
EXACT ROTATIONAL MOVEMENTS

Hristo K. Radev', Vassil J. BogeV', Velizar A. VassileV, Ivailo H. Blagov'
! Technical University of Sofia
hradev(@tu-sofia.bg

The constancy of the axis of rotation is the main requirement for objects that perform
precise rotational movements (object tables of roundness measuring instruments, rotary
modules of measuring systems or machine tools, etc.).

This inconsistency is estimated through the radial, axial and angular run-out of the
axis.

The run-out of an axis in a given plane or direction is considered as the locus of the
points of the instantaneous axis of rotation of the object and represents, respectively, a
complex closed curve or a set of points located along the line of measurement.

Quantitatively, the run-out of the axis is estimated through the range of the deviations
relative to the virtual datum or via the instantaneous positions of the axis relative to the virtual
reference axis.

The estimation of the runout of an axis is based on the results of measuring the runout
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of an optical flat or a spherical surfaces of reference parts (glass optical interference plates or
glass hemispheres) installed in a certain way on the rotating elements of the corresponding
objects [1, 2]. The subsequent processing of this primary measurement information is carried
out according to certain algorithms, using Fourier analysis under one or the other form.

In cases where the value of the form deviation of the surfaces of the reference parts is
commensurable with the run-out value, especially when measuring in the nanometric range,
the reverse methods are used [2-5]. In reverse methods, the influence of the form deviation of
the reference parts is excluded using the so-called “inversion of input quantities” (by
eliminating the error in sign).

In this report, four non-reverse methods for estimating the run-out of the axis of
rotation, which have found their place in metrological practice, are considered. The radial,
axial and angular run-out of the rotational axis of two rotary modules are estimated, which
modules have a significant difference in the accuracy of rotation. The evaluation is performed
using each of the four methods under the same measurement conditions. This allows us to
evaluate and compare the metrological and exploitation capabilities of the methods studied.
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JAUHAMUYECKAS TOHUOMETPUS: YCIIEXHU U ITPOBJIEMBbBI
Uamenko E.M.!, Kpusios E.I1.2, Hagnos I1.A.", ®unaros 10.B.!
'Canxm-Ilemepbypackuii 2ocyoapcmeennviii snekmpomexnuueckuii yHugepcumen
2@ryIl «BHUUM um. 1. Menoeneesay
pavl-petr@yandex.ru

3apoxeHue TMHAMUYECKON TOHUOMETPHH CBA3aHO C CO3/IaHUEM KOJIBLIEBOTO JIa3epa.
[TepBbie 00Opa3ubl Ja3€pHOTO JAMHAMHUYECKOTO TOHMOMETpa MosBWIMCH B 70-X Tromax BO
BHUMUM wum. JI.U. Menneneea. [lanbHeilee pa3BUTHE JAMHAMUYECKOM TOHUOMETPHUH
npoucxoauio B JIOTU u psane npyrux opraHu3anuii Kak B Halllel cTpaHe, Tak U 3a pyOesKoM.
BocTpe6oBaHHOCTh IMHAMUYECKUX TOHUOMETPOB IIPOMBIIIIEHHOCTHIO 00YCIIOBIIEHA OYPHBIM
pa3BUTHEM ONTHYECKHX LU(PPOBBIX mpeodpazoBareneir yrma (LIIY), HeoOXoaMMOCTbHIO
onpefieNieHusT UX METPOJOTHYECKUX XapaKTepUCTUK B IIUPOKOM JUana3zoHe padbodux
ckopocteil. [l aTuX menei ObLT CO3AaH psAJ] TOHUOMETPUYECKHX YCTAaHOBOK DPAa3ITUYHOM
TouHOCTH. Haumbonbliee pacnpocTpaHeHHE TMONYYMJIM JUHAMUYECKHE T'OHHOMETPHI
UCIIOJIb3YIOIIME KOJIBLIEBBIE JIa3€phl B KOMIUIEKCE ¢ BbICOKOTOUHbIMM LIITY, ycraHOBKa Takoro
THUIIA BXOJUT B cOCTaB ['ocyapCTBEHHOT0 MEPBUYHOIO ATAJIOHA MIJIOCKOTO yTJa.

Hecmotps Ha HEoCcTIOpUMBIE JOCTOMHCTBA JUHAMUYECKUX TOHUOMETPOB JUIsl KOHTPOJIS
napaMeTpoB HU(POBBIX MpeoOpazoBaTenell yria, CylecTBYIOT MPo0IeMbl METPOJIOTUYECKOTO
obecrieyeHus: TaKuX TOoHHOMeTpoB. [lepenaya e AMHULIBI TUTOCKOTO yTIiia OT ATAJOHHBIX CPENICTB
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FOHUOMETPY TpadluIUOHHBIMM MCTOJaMHW HE BCETrAa YAOBJIICTBOPAT Tpe6OBaHI/I$IM Io
JOCTOBCPHOCTH, U KaK IIPaBUJIO, CBA3aHaA C HOTepeﬁ TO4YHOCTH. B JOKJIaAC paCCMaTpuBarOTCA
MCTO/bI, ITO3BOJIAIOIINEC PCHINTh YKA3aHHBIC HpO6J’IeMH H 00€CIIEYNTH MTOBBIIICHUE TOYHOCTH
JAUHAMHUYCCKUX TOHUOMCETPOB.

DYNAMIC GONIOMETRY: ACHIEVEMENTS AND CHALLENGES
Ivaschenko E.M.!, Krivtsov E.P2, Pavlov P.A., Filatov Yu.V!
Saint Petersburg State Electrotechnical University
D.I. Mendeleyev Institute for Metrology
pavl-petr@yandex.ru

The emergence of dynamic goniometry is associated with the creation of the ring laser.
The first prototypes of the laser dynamic goniometer appeared in 70s at D. I. Mendeleev
VNIIM. Further developments in dynamic goniometry took place in LETI and other
organizations both in our country and abroad. The relevance of dynamic goniometers for
industry is due to the rapid development of optical encoders (OE), the need to determine their
metrological characteristics in a wide range of operating speeds. For these purposes, a number
of goniometric systems of various accuracy have been produced. Ring laser dynamic
goniometers comprising high-precision OE, are most widely used. The system of this type is
included in the State primary standard of the plane angle.

Despite the undeniable merits of dynamic goniometers in monitoring the parameters of
digital rotary optical encoders, there are problems of metrological provision for such
goniometers. Traditional methods of disseminating a plane angle unit from the standard means
to a goniometer does not always satisfy the reliability requirements and, as a rule, is
associated with a loss in accuracy. The report considers methods that allow for solving these
problems and ensuring an increase in the accuracy of dynamic goniometers.

HEKOTOPBIE ACIHEKTBI COBPEMEHHOI'O HCITIOJIB30OBAHUSA
BbICOKOTOYHbBIX H3MEPUTEJIBHBIX CHUCTEM C METPOJOI'MYECKH
ATTECTOBAHHBIM ITPOT'PAMMHBIM OBECIIHEYEHUEM

HMonymkun A.B.!, bopuannnoB I.I'!, Haxos C.®.!, Suxosckuii A.A %, Kocbmuna M.A 2
L @unuan OIYIT «HILAIL - «I10 «Kopnycy
2 @IyIl «BHUHUM um. JI. 1. Menoeneesay
avpolushkun@yandex.ru

CoBpeMeHHbIe TPeOOBaHUS K U3MEPUTEILHBIM CHCTEMaM 3aCTaBIIAIOT Pa3pabOTUNKOB
BKJIIOYaTh B HUX COCTaB HE TOJBbKO BBHICOKOTOYHBIE NpeoOpa3oBaTenad, HO U IPOLECCOPHbIE
MOJYJIM, KOTOpbIe O0ECHEeUMBAIOT MAaTEeMaTHYECKyl0 00paOOTKy pe3ylbTaTOB H3MEpEeHUil,
UGPOBYIO GUIBTPAIHIO U AITOPUTMUIECKYIO KOMITEHCAIIUIO MTOTPEITHOCTEN, a TAKXKe BBIBOJ]
pe3yJbTaTOB M3MEPEHUN B yIOOHOM Jjsi omeparopa BHE (IIPOTOKOJIOB, TaOJMI, JUArpamm,
rpaduKoB U T.11.), a Takke nepenady ee B [IDBM s apxuBanuu u xpaHeHusl.

[Topoii B CcHOXHBIX JaOOPATOPHBIX HKCHEPUMEHTAX MPHUXOIUTCS OTHOBPEMEHHO
noJlydyaTh MHQOpPMAIMI0 C HECKOJbKUX M3MEPUTEIbHBIX MPUOOPOB (mpeobpazoBarenei,
M3MEPUTENBHBIX CHUCTEM M T.I.), 00paOaThiBaTh €€ 10 aIroOpUTMaM, HalHMCaHHBIM JUIs
KOHKpPETHOW 3ajaud Tepe]] HayaJoM HCIBITAaHWMA, M 3a CYET COIMOCTABJIEHUS PE3YyJIbTaTOB C
HECKOJIbKUX HMCTOYHUKOB HCKIIIOYaTh HEJAOCTOBEPHYIO HH(pOpMaIHio, JHUOO OlIEHUBAThH
MOTPEIIHOCTH MEHEee TOYHBIX MPUOOPOB IO 3TAJTOHHBIM paboYrM 00pasiaM.

ObecnieueHre B3auMOJCHCTBUS NMPUOOPOB IMPH BBHINOJIHEHUH H3MEPUTENBHOM 3a1auu

152 COOpHMK aHHOTAIUH TOKJIAZI0B



International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

3a4acTylo TpeOyeT HaMHOro OOJbIlle YCUJIMKA U BPEMEHHU, YEeM TMPOBEJCHUE CaMBIX
JIOCTOBEPHBIX HM3MEPEHHH KaXIbIM NPUOOPOM MO OTAEIBHOCTH. 3ajadya OCIOXKHSEeTCS
OTCYTCTBHEM YHU(DUKALMK NTPH pa3paboTke mporpaMmmuoro obecrneuenus (I110) y paznuunbix
npousBoauteneil. Ilepex mpoBeneHNeM >KCIEPUMEHTAa MOYKHO CTOJIKHYTBHCS € MpoOsieMoin
anmnapaTHOW W MPOrpaMMHONW HECOBMECTUMOCTH HM3MEPHUTENBHBIX MPUOOPOB, BXOIALIMX B
CUCTEMY.

B noxnane paccMOTpeHbl aCEKThl COBMECTHOTO MCIIOJIb30BAHUS HECKOIBKUX (2-X WU
0oJiee) BBICOKOTOUHBIX H3MEPUTENBHBIX CUCTEM, JJIs1 KOTOPBIX MPOBEJCHAa METPOJIOTHUECKast
aTTecTalus Kak U3MEpUTEIbHOIO TPAKTa, TaK U MPOrpaMMHOro odecrneueHusi. OCOOEHHOCTH
O00bETMHEHNSI HECKOJIBKMX YCTPOWCTB B M3MEPUTENBHBIH KOMILJIEKC MPOMIIIIOCTPUPOBAHBI
IpUMepaMu HCHOJIb30BaHUSl MPELUU3HMOHHOTO YIJIOW3MEPUTENBHOIO MOBOPOTHOTO CTOJIA
CIILI-383 cobcTBeHHOM pa3paboTku (HMOrpemHocTh u3MepeHus yria +0,35”, BHeceH B
rocpeectp CU mox Ne56458-14) coBMECTHO C KOHTPOJIbHO-MCHBITATEIbHON ammapaTypoi
(KMA) npu6opoB, BBIITyCKaeMbIX Ha IPEATPUSATHH.

B nokname mokazaHa BO3MOXKHOCTh IPOTPaMMHOM aJaNlTalliy  YIJI03aJarollero
uudposoro nmoBopotHoro crosia CIII[-383 mox 3amauy monas3oBarens (A1 UCTIOIb30BAHMS B
COCTaBe aBTOMATH3UPOBaHHbIX pabouunx MecT (APM) pasnuuyHbIX NpUOOPOB) Kak Ha
npou3BoJcTBeHHBIX ydacTkax [IO «Kopmyc», Tak u B apyrux opraHuzauusax. Jlus
IPOTPaMMHOM aJanTaliy MpeiokKeHO NCI0Ib30BaHue (aiisa clieHapueB (TeKCTOBOro (aiina
II0CJIEZI0BATEILHOCTH BBIMOJIHAEMBIX OIEpalfii, HaIMCAaHHOI'O IOJb30BaTeeM IO MIalJoHY,
NpUBEJICHHOMY B pykoBoacTBe mo 3kcrryatanuu CIIL[-383), koTopslii mo3BosiseT OBICTPO
HACTPOUTH paboTy MOBOPOTHOIO CTOJIA O] U3MEPUTENBHYIO 3a7auy. Kpome Toro, B cieHapuu
MOXET OBbITh 3aJI0KEHa BO3MOXKHOCTb MOJKIIOUEHHs JonosHuTenbHbix CH, umMerommx
CTaHJIapTHBIN UHTep(elic oOMeHa, 3a CYET UCIIOIb30BaHMS UX AUHAMUYECKUX OnbinoTek. B
JIOKJIaJIE pacCMOTpeHa CTPYKTypa IMPOrpaMMHOro oOecreueHHus LU(PpPOBOro MOBOPOTHOIO
cronma CIII-383, cTpykTypa mnporpaMmMHOTO OOECIEUYEHHUs JTOTOJHUTEIBHBIX CPEICTB
U3MEpPEHUs] U MCHObITaHUs, BXxoxamux B coctaB APM, Beigenensl B crpykrype 11O
HEU3MEHHbIE (METPOJIOrMYECKH 3HAYMMBbIE YaCTH) U U3MEHSEMbIE YacTH (JIONOJHUTEIBHOE U
nosp3oBarensekoe I10). Ha mpumepax Mmoka3aHO HMCIOJIb30BaHUME MEXaHU3Ma CLIEHAPUEB,
ofOecreunBarOIUX B3aMMOJCHCTBUE Pa3IMYHBIX WU3MEPUTENbHBIX CHUCTEM C IOBOPOTHBIM
cTosioM 0e3 3aTparuBaHus MeTpojoruyecku sHauumoro I10.

Kpome TOro, mokasaHa BO3MOXHOCTb HPOTOKOJIMPOBAHUS IOCIIEAOBATEIHHOCTU
BBINOJIHSAEMBIX JCUCTBUI B mpolecce u3MepeHuil B log-daiine M ncnoiab3oBaHUE €IUHOMN
3alUIIEHHON 0a3bl JAHHBIX U1l XpaHEHUS BCEX MOJIYYEHHBIX PE3yJIbTaTOB UCIIBITAHUM, KaK
«CBIPBIX» JTAHHBIX, TaK U Pe3yJbTaTOB 0OpaOOTKM MH(OpPMALMU, & TAKXKE OMNBIT OBICTPOrO
noucka WHGOpMAlMM U CHUHXPOHU3AIMH OONBIINX OOBEMOB [aHHBIX, IOJYYCHHBIX B
IpoLecce U3MEPEHUS.

SOME ASPECTS OF MODERN USE OF HIGH-PRECISION MEASURING
SYSTEMS WITH METROLOGICALLY CERTIFIED SOFTWARE
Polushkin A.V!, Borchaninov D.G.!, Nakhov S.F.!, Yankovskiy A.A?, Kosmina M.A.?
I Academician Pilyugin Center FSUE “PA “Korpus”
2 D.I. Mendeleyev Institute for Metrology
avpolushkun@yandex.ru

Modern requirements to measuring systems make developers include both high-
precision converters, and processor modules that provide computing of measurement results,
digital filtering, and algorithmic compensation of errors, as well as output of measurement
results in a form that is convenient for the operator (protocols, tables, diagrams, graphs, etc.),
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and transfer of information to PC for archiving and storage.

Sometimes, for complex laboratory experiments it is necessary to simultaneously
obtain information from several measuring instruments (converters, measuring systems, etc.),
to process it in accordance with algorithms pre-written for a specific task, and while
comparing the results from several sources, to exclude unreliable information, or to estimate
errors of less accurate instruments basing on reference working samples.

Ensuring the interaction of devices when performing a measurement task often
requires much more effort and time than conducting most reliable measurements by every
device separately. The problem is further complicated by the lack of unification in the
software development by various manufacturers. Before the experiments, one often faces the
problem of hardware and software incompatibility of measuring instruments included in the
system.

The paper considers the aspects of joint use of several (two or more) high-precision
measuring systems, whose measuring paths and software packages have been metrologically
certified. The issues of combining several devices into a single measuring complex are
illustrated by examples of the precision angle-encoding rotary table SPC-383 of proprietary
design (angle measurement error + 0.35", state register of measurement devices No. 56458-

14), combined with test and monitoring equipment (TME) of some devices produced by the
enterprise.

The paper shows the possibility of adaptation of the SPC-383 angle-encoding digital
rotary table to user needs (for use in automated workstations coupled with various devices)
both at the sites of "Korpus" factory, and in other organizations. The use of a script file (a text
file of a sequence of performed operations, written by the user in accordance with the
template given by the SPC-383 user guide), which allows for quick reconfiguration of the
table's operation for the measurement task at hand, is suggested as a means for software
adaptation. Additionally, the scenario might include a possible connection of additional
measurement instruments via a standard exchange interface with the help of their dynamic
libraries.

The paper examines the structure of the digital rotary table SPC-383 software, the
software structure of additional measurement instruments and test devices included in
workstations. The paper distinguishes the set parts (metrologically significant) and the
adjustable parts (additional and user software) in the software structure. The examples
illustrate the use of the scenarios that ensure the interaction between various measuring
systems with the rotary table without affecting the metrologically significant software.

In addition, the paper shows the possibility of keeping track of the actions taken
during the measurements in a log file; the possibility of using a single secure database for
storing all the obtained test results (both raw data, and the results of information processing).
Also, experience is summarized of quick retrieval and synchronization of large volumes of
data obtained during the measurement.

HOBBIE UBMEPUTEJBHBIE TEXHOJIOT'UHU
JJISI HAITUOHAJIBHOT'O 9TAJIOHA
IHJIOCKOT'O YIJVIA
Kopones A.H.!, Tykun A 512
000 «MHEPTEX»
2 Canxm-Ilemepbypeckuii nonumexnuyeckuii ynusepcumem Iempa Benuxozo
al korolev@mail.ru

I[OKJ'IaI[ MOCBAICH MNPUMCHCHHUIO HOBBIX KOHICMIIUM W TEXHOJOTHH IS CO3daHUS
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U3MEpHUTeNiel IJIOCKOrOo yria C METPOJIOTMUYECKHMH XapaKTepUCTHUKaMH Ha ypOBHE
TpeOOBaHUI HAIMOHAIBHOIO 3TajoHa. HoBble TeXHONOTMHM 0a3UpYyIOTCS Ha HMCIOJIb30BAaHUHU
IU(GPOBBIX TENEBU3HOHHBIX KaMmep, BBIMOIHSIOMIMX OJHOBPEMEHHO pOJIb CEHcopa IS
MOJyYeHHUs M300paKeHUsT W3MEPHUTENbHON MapKh M poJib OTCYETHOIO YCTpOMcTBa IUis
U3MEpPEHUs] KOOpAUHAT H300paKEHUSI JJIEMEHTOB MapKHu. I[Ipu o>TOM mOBBIIICHHE
METPOJIOTHUECKUX XapaKTEPUCTHK JIOCTUTAETCs, B IEPBYIO OdYepellb, MCIOJIb30BAHHUEM B
anropuTMax o00paboTku HWHGOPMAITMOHHOW H30BITOYHOCTH H300paXKEHUsT MHOMXKECTBA
aNIeMEHTOB Mapku. Kilaccuueckue H3MEpHUTeNM Ha OCHOBE paJMajbHBIX IIKaJl JOCTUIIIH
TEXHOJOTMYECKOro TMpefiesia U JajbHeiliee TMOBBIIIEHHE WX TOYHOCTH OrPaHUYECHO
pearbHBIMH pa3MepaMM Takux Mmkai. [loaTomy mpeanokeHa HOBas KOHLEMIMS MOCTPOCHUS
u3MepuTelnei yria Ha ocHoBe 2D mikan, koTopast Ho3BoJIsieT COPMUPOBATH YIIIOBYIO HIKAILY
Ha 3HAYUTEIbHO MeHbIIeH miomanu. Tak mkana guamerpoM 10 MM 1O3BOJsIeT B HOBOM
TEXHOJIOTHH BBIMIOJIHATH U3MepeHus yria B auana3one 0 — 36(0° ¢ morpemnoctsio 0.5”. Kpome
TOT0, IPEASIOKEHHASE TEXHOJIOTHS TT03BOJISIET C BEICOKOW TOUYHOCTHIO U3MEPSATH YIoJl TOBOPOTa
JTUCTaHIIMOHHO, B TOM YHUCJIE B CIIy4asiX, KOTJ]a OCh BpallleHUsI HE MOXKET HaXOJUThCS B MOJIE
3peHust kamepbl. MHpopManmoHHas H30BITOYHOCTP MHOI'O3JIEMEHTHOM MapKu IO3BOJISIET
TaKXe BBISIBUTH U CKOPPEKTUPOBATh a0eppaliii ONTHYECKON CUCTEMBI.

B noxnane npuBeeHbl pe3ysibTaThl MOJEIbHBIX U 3KCIIEPUMEHTANIbHBIX UCCIIETOBAHHM
U(pPOBOro aBTOKOJIUMATOPA U LU(POBOTO U3MEPHUTENS yIia Ul HOBOPOTHBIX IIaT(OpM Ha
OCHOBE U3MEPEHMS U aHaIN3a KOOPAMHAT MHOKECTBA 3JIEMEHTOB MapKHU.

OTnenbHO paccMOTpeHa MOJHOCTBIO HMU(POBas TEXHOJOTHUS HM3MEpPEHHs yria ¢
WCTIOJIb30BAHUEM BUPTYAJIBHBIX HOCHUTENICH YTJIOBOW MIKAJIBI — IMH(POBBIX H300paXKCHUU H
JUHAMUAYECKOH 3JIEKTPOHHON MapKHu.

MHorosieTHUE HCCIEIOBAaHUS MAaKETOB W ONBITHBIX OOpa3loOB TaKUX MPUOOPOB,
COBEpPILICHCTBOBAHME IPOTPaMMHOI0 00eCHeueHUs] TIO3BOJIIOT B HACTOSINEE BpeMs
UCIIOJIb30BaTh JJIs U3MEPEHUH MacCHUBBI JAHHBIX, OINMCBHIBAIOIIMX KOOPAMHATHI cTa U Oosee
TBICSAY 3JIEMEHTOB MapKH.

OOcyxmatoTcsi OCOOCHHOCTH TIOCTPOCHHUSI H dJJIeMEHTHas 0asza [ CO3JaHus
U(POBOro aBTOKOJUIMMATOpa M LU(POBOTO M3MEPUTENs YIJia ¢ MOIPEIIHOCTBIO H3MEPEHUs
menee 0,01,
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NEW MEASUREMENT TECHNOLOGIES FOR NATIONAL STANDARD OF
PLANE ANGLE
Korolev AN.!, Lukin A.Ya?
" INERNECH.Ltd
? Peter the Great St.Petersburg Polytechnic University
al_korolev@mail.ru

The paper discusses the new technology for plane angle measurements with
metrological characteristics consistent with the national standard. The proposed technology is
based on the use of digital TV camera, which serves both as a sensor for obtaining the image
of the floating mark and as a reading device for measuring the coordinates of mark elements.
The improvement in metrological characteristics is achieved primarily by taking advantage of
the information redundancy of mark elements image. Standard measuring devices based on
radial scales have reached their technological limit and further improvements in their
accuracy are limited by the dimensions of such scales. Therefore, the paper proposes a new
approach to the development of angle measurement devices based on 2D scales that allows to
form an angle scale on a much smaller area. In this approach, a 10 mm diameter scale allows
to take angle measurements in the 0-360° range with the error of 0.5”. Moreover, the
suggested technology allows for remote high accuracy rotation angle measurements, including
the cases when rotation axis is outside the camera field of vision. In addition, the information
redundancy of multiple-element mark allows for detecting and correcting of the optical
system aberrations.

The paper presents the results of the simulations and experimental studies of digital
autocollimator and a digital angle measurement device for rotation platforms based on
measuring and analysis of the coordinates of the multitude of the mark elements.

The paper also discusses a completely digital technology for angle measurement using
virtual carriers of angle scales - digital images and dynamic electronic mark.

Multiple research prototypes of such devices and continuous software improvement
have made it possible to use data arrays containing coordinates of more than hundreds of
thousands of mark's elements.

The details of construction and the element base for the development of digital
autocollimator and digital angle measurement device with measurement error of less than
0,01” are discussed.
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METPOJIOI'USA COBPEMEHHBIX JATYNKOB JJABJIEHUSI
CryuebHukoB B.M.
340 MHUJIAYC
mida@mv.ru

CoBpeMeHHbIE AaTUUKU AJI1 U3MEPEHUS JaBI€HUS, OJTHOTO U3 OCHOBHBIX MTAPAMETPOB
CUCTEM KOHTpPOJII M aBTOMAaTH3alMd, OBICTPO MPOTPECCUPYIOT, pacuIupss o00JacTh
MPUMEHEHHUS, TOBBIIIAsi TOYHOCTh, HAAEKHOCTh. [Ipu 3TOM, poccuiickuM pa3paboTUMKaM U
MIPOU3BOIUTENSAM JAaTUUKOB MIPUXOAUTCS CTAIKUBATHCS C OTPAaHUYECHUAMH, HaKJ1a/IbIBAeMbIMU
yCTapeBIIMMU HOPMAaTUBHBIMU JOKYMEHTaMH, B MEpBYyI0 ouepenb ¢ aeictByrommm ['OCT
22520-85. Ocobenno tpedoBanuss ['OCTa mpoTruBopeuaT XapaKTEpUCTUKAM HHTETPabHBIX
MOJYTIPOBOIHUKOBBIX JAaTYMKOB, JI0JII KOTOPHIX B 00IIEH Macce MpUOOpPOB HEMPEPHIBHO
pactér. CymectByrommii ['OCT He cormacyercs Takke C  METPOJOTHYECKUMU
XapaKTepUCTUKAMH 3apyOeKHBIX JATYUKOB, YCIIEITHO IPOABUTAEMbIX HA POCCHICKOM PBHIHKE
1 BHOCUMBIX B PeecTp cpencTB nsmepeHuil.

CoBepllIeHHO HE ONpPaBJaHO OTPaHUUYEHUE MO BUY BBIXOAHOIO CUTHAJIA IIOCTOSIHHOTO
HanpsbkeHus. Kpome Toro, 4ro HyJieBOW HadallbHbIA CUTHAJ CO3JAET TPYAHOCTU IPU €ro
YCTaHOBKE U WICHTHU(PHUKALMU OTKa3a JIaTYMKa, B HACTOSIIEE BPEMsI LIUPOKO PACIIPOCTPAHEHbI
BbIxoJHble curHaibl 0,4-2 B, 0,5-4,5 B u ap. CoOTBETCTBEHHO HEOMNPABJAAHHO OTPAHUYEHBI
3HAYCHMsI HAMPSOKCHUS MMHUTAHWS; B COBPEMEHHBIX ABTOHOMHBIX HM3MEPHUTENIBHBIX CHUCTEMax
BEJIMYMHA IUTaHUA cocTaBiseT 3-5 B.

[IpencraBnsiercst ~ HelenecooOpa3HbIM — COXpaHEHHWE  IapaMeTrpa  «OCHOBHas
MOTPEIIHOCT», B KOTOPBIH KpPOME COOCTBEHHBIX XapaKTePUCTHK JaTYMKa BXOIUT
MOTPEIIHOCTh YCTAHOBKM HAYAJIIbHOI'O M KOHEUYHOTO 3HAYEHUN BBIXOJHOIO CUTHAJIA, KOTOPHIE,

B KOHEYHOM HMTOT€, YaCTO KOHTPOJIMUPYIOTCS NOTpeduTeneM. boiee TouHoe npeacTaBieHue o
JaT4MKe JaeT M[apaMeTp «TOYHOCTh» (KOpEHb KBaJApaTHBIA M3 CyMMbl KBaJpaToB
HEJIMHEHHOCTH, BapHallud M IOBTOPSIEMOCTH), KOTOPBIM IMOBCEMECTHO HCIHOJIb3yeTCs 3a
py6exoMm. Kcratu, makcumanbHas BeIMYMHA BapuUallid, paBHas OCHOBHOM IMOTPEIIHOCTH,
TaKXe JIJIs1 COBPEMEHHBIX JATUNKOB HEOINPAB/IAHHO 3aBBILLIECHA.

CoBepllIeHHO  HENpaBWIbHBIM  SIBJIISIETCS ~ HOPMUPOBAHHUE  JOIMOJIHUTEIbHOU
TEMIEpaTypHON MOrpemHocT B mpoueHtax Ha 10°C — pyaMMEHT CTapbiX NaTYMKOB C
BBICOKOW TMOTPEIIHOCTBI0 W OJM3KOW K JIMHEHHOW TeMIepaTypHOH 3aBUCHUMOCTHIO.
BoNbIIMHCTBO COBPEMEHHBIX JaTYMKOB, OCOOCHHO Ha OCHOBE IOJYNPOBOJAHUKOB, UMEET
CYLIECTBEHHO HEJIMHEIHYI0 TeMIEepaTypHYI0 3aBHUCHUMOCTh BBIXOJHOTO CUTHAjla, TaK YTO
Ooree aJeKBaTHOW OILIGHKOW MOBEACHUS JAaTYMKa B O0JIACTH pabovuX TemIiepaTyp SBISETCS
30Ha TEMIIEpaTypHON MOTPEIIHOCTH, 32 KOTOPYIO HE BBIXOJUT MOTPEIIHOCTh AaT4hKa MpH
JIOTyCTUMOM M3MeHeHun Temmepatypel [1]. Kcrtatm, nmaBHO mopa pasnenste padodyro
o0JlacTh Temreparyp s U3MEepsSeMOM cpeabl W JUIsl OKpy’Karoule cpeabl (KOTOpoil He
00s3aTeNbHO SBIISETCS BO3/AYX; HampHUMep, JUIsl MOTPYXKHBIX JAaTYMKOB — 3TO OKpYXKarouias
JKUAKOCTD). J{7151 COBpEMEHHBIX BBICOKOTOYHBIX JATUYHUKOB C, KaK MPaBUIIO, HHPPOBOMA cxemMoin
KOpPpEKIIMM TEeMIIepaTypHOW 3aBUCHMOCTH, HeleraecooOpa3Ho o00s3aTebHO Pa3ieisaTh
OCHOBHYIO TOTPEIIHOCTh (B HOPMAIBHBIX YCIOBHUSX) M TEMIIEPATYPHYIO MOTPEIIHOCTh, a
ClIeZlyeT AOMYCTUTh UCIIOJIb30BAHUE TEPMHUHA «CyMMapHasi MOTPEIIHOCTHY, KOTOPYIO TaTUUK
HE MPEBBIIIAET BO BCEM paboyeM HHTepBaje TeMIeparyp.

VYcTapeBIIMMU SBISIFOTCS] 3HAYEHUS JABICHUS, TPU KOTOPBIX JaTUUKH «IOJKHBI ObITH
MPOYHBIMU U TEPMETHUYHBIMUY, T.€. aKTHUECKH NaBieHus paspymenus (105-125% Bepxuero
npenena u3MepeHuil). Yike ceroaHs OOJBIIMHCTBO MOTpeOuTeneil TpeOyroT COXpaHEHHs
METPOJIOTUUECKUX XapaKTEPUCTHK MOCJEe MOJIyTOpa-, a MHOI/A ABYKPATHOM Meperpysku, a
JIaBJICHWE pa3pymieHus y OOJBITUHCTBA JAaTYMKOB JOCTHTAET S5-10-KpaTHOW BETUYMHBI
BEPXHETO IIpeJiea N3MEPEHUH.
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Taxum 06pa30M, HMCIONIUMECA HOPMATUBHBIC JOKYMCHTBI IIO JaTUMKaM JaBJICHHA
HYXKIAI0TCS B CEpPhE3HOM IIEPECMOTE.
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METROLOGY OF CONTEMPORARY PRESSURE MEASURING INSTRUMENTS
Stuchebnikov V.M.
JSC MIDAUS
mida@mv.ru

Currently, fast developments in pressure measuring instruments (PMI) can be
observed, their fields of application are expanding, accuracy and reliability are improving. At
the same time, Russian research and product engineers meet certain difficulties because of
restrictions of out-dated regulations, in the first place of standard GOST 22520-85.
Particularly seriously, the requirements of GOST contradict characteristics of semiconductor
PMIs, whose share of all PMIs is constantly increasing. This GOST also contradicts the
metrological characteristics of foreign PMIs present on the Russian market and registered in
the Registrar of measuring instruments.

The restriction of constant voltage output set by GOST is unjustified. The demand for
zero value of initial output is difficult to set and hampers the identification of a PMI’s failure;
many latest PMIs feature the output of 0,4-2 V, 0,5-4,5 V, and similar. Correspondingly, the
restriction of values for supply voltage is also unjustified: many contemporary autonomous
measuring systems have supply voltage of 3-5 V.

It seems unreasonable to keep “the intrinsic error” as a metrological parameter, which
includes, in addition to metrological characteristics of PMI, errors of setting of the initial and
final output, which are usually controlled by customers. A more accurate characteristic of
PMI is “accuracy” defined as a root square of the sum of squared nonlinearity, variation and
repeatability, which is commonly used in devices produced in other countries but Russia. By
the way, the maximum value of variation defined by GOST as equal to PMI’s intrinsic error is
also unreasonably high for contemporary devices.

A serious defect of GOST is rationing of additional temperature error in % to 10 °C,
which is an outdated demand, typical of older PMIs with low accuracy and almost linear
output temperature dependence. The bulk of contemporary PMIs especially those based on
semiconductors have highly nonlinear output temperature dependence. Therefore, a more
accurate characteristic of temperature-related characteristics of such PMIs would be the
temperature error band: the PMI error stays within this band in all working temperature range
[1]. Also, it is time such notions were separated as working temperature ranges for the
measured medium and the environment, which is not necessarily air but could be fluid, as
well, for immersion PMIs. For contemporary high-accuracy PMIs with predominantly digital
correction of output temperature dependence, it is not necessary to divide the intrinsic error
(defined in normal conditions) and temperature error: instead, the term “total accuracy” or
“total error” should be used, which is not exceeded in the working temperature range.

The values of pressure at which the PMI “must be strong and hermetic”, which are
effectively the burst pressure (105-125 % of the highest measure value) are outdated. Today,
most consumers demand that metrological characteristics should remain the same after
exposure to pressures exceeding the upper limit of the measurement range by the factor of 1,5
or 2, while burst pressure values of most PMIs are 5-10 times the upper range value.
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Therefore, the present regulations for pressure measuring instruments need a thoruogh
revision.
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BBICOKOTOYHAS MTPO®UJTIOMETPUSI C CYBHAHOMETPOBBIM
PA3ZPEIIEHUEM ONITUYECKUMHA METOJJAMHU HU3KOKOTEPEHTHOM
NUHTEP®EPOMETPUU
Ceicoes E.B.!, Berxpuctiox M.A.!, Kynukos P.B!, Illupoxos B.B.!

I ®edepanvroe I'ocyoapcmeennoe brodxcemmnoe yupeacoenue nayku Koncmpykmopcko-
MmexHo0cUYeCKUl uHcmumym Hayurnoco npubopocmpoenusi CO PAH,

630058, 2. Hosocubupck, ya. Pycckas, 41
evsml@mail.ru

B paGote npeacraBieHsl pe3yabTaThl HCCIAEA0BAHUS CIIy4allHBIX U CUCTEMATHUECKUX
MOTPEIIHOCTEH,  BIMAIOIIMX HAa  METPOJIOTHI0  NPO(UIOMETPUM  TOBEPXHOCTEH €
UCIIOJIb30BAHUEM METOJI0B HU3KOKOT€PEHTHOW HHTEP(HEPOMETPUH.

[TokazaHo, 4To onTuyeckuil KaHan uHTepdepoMmerpa TpaHCHOPMHUPYET HCXOIAHBIN
CIEKTP MCTOYHMKA CBETAa U NPUBOAUT K BO3HUKHOBEHMIO CHUCTEMATHYECKON IOIPELIHOCTH
IIpU MPOBEIECHUU HUHTEPPEPEHLUUOHHBIX U3MEPEHUN C HCIOJIb30BaHHEM (ha3bl PACCESIHHOIO
cgeta. [IpennoxeH 3¢ GeKTUBHBIN c11OCOO yueTa 3TON CHCTeMaTHYeCKOi MOrPeIHOCTH.

W3mepsiemblii HaHOpenbed MOBEPXHOCTU B HHTEPHEpPOMETpax MPOJIOJILHOIO CIIBUTa
pacCUMTBIBAETCA IO W3MEHEHHUIO DPA3sHOCTU ONTHYECKUX IyTeHd MEXKIY CONPSIKECHHBIMU
TOYKAMH OINOPHOIO W H3MEpPUTENBHOro Iuied uHreppepomerpa. OAHUM H3 HCTOYHUKOB
CIlyyailHOH TOIpEeIHOCTH HU3MEpPEeHUH B CyOHAaHOMETPOBOM JIMAla3oHE  SBJISETCS
IIEpPOXOBATOCTh OINOPHOIO 3epkana uHTepdepomerpa. s paguKaibHOrO CHMXKEHUS ATOU
MOTPEIIHOCTH MPEUIOKEHAa HOBash KOHCTPYKIHUS HHTepdepoMeTpa, B OIOPHOM IuIEUe
KOTOPOT'O YCTaHOBJICHA ATOMHO-TJIaKasi TOBEPXHOCTH [1].

B pabore mpuBeneHbl pe3ysbTaTbl MU3MEPEHUH CPEIHEro 3HAYCHHS MEXaTOMHOIO
pPacCTOSIHUSL B KPUCTAJUIMYECKOW DPEIIETKE KpUCTaUla KpeMHUusA. V3MepeHHs BBIIIOIHEHBI C
UCMOJIb30BaHUEM MHTepdepomeTpa mnpoaosbHoro cxasura [2]. IlorpemHocts u3MepeHHi
cocraBuna Benuuuny Menee 0.01 A. DkcrepuMeHTanbHO MOKa3aHO, YTO 3TO PACCTOSHHE
coctapser 3.140.01 A.
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HIGH PRECISION PROFILOMETRY WITH SUBNANOMETER RESOLUTION BY
METHODS OF WHITE LIGHT INTERFEROMETRY
Sysoev E.V.!, Vykhristyuk I.A !, Kulikov R.V!, Shirokov V.V!
I Technological Design Institute of Scientific Instrument Engineering, Siberian Branch of the
Russian Academy of Sciences, 630058, Novosibirsk, 41, Russkaya str.
evsml@mail.ru

The paper presents the results of an investigation of random and systematic errors
affecting the metrology of surfaces profilometry by white light interferometry.

It is shown that the optical channel of the interferometer transforms the original
spectrum of the light source, which leads to systematic error in the interference measurements
by phase of scattered light. An effective way of correction for this systematic error is
proposed.

The measured nanorelief of the surface in longitudinal shift interferometers is
calculated from the difference in the optical paths between the conjugate points of reference
and measuring arms of the interferometer. One of the sources of the random measurement
error in the subnanometer range is the roughness of the interferometer's reference mirror
surface. In order to radically reduce this error, a new interferometer design has been proposed,
in which an atomically smooth surface [1] is installed in the reference arm.

The results of measurements of the average value of the interatomic distance in the
lattice of silicon crystal are presented. The measurements were performed using a longitudinal
shift interferometer [2]. The measurement error was less than 0.01A. It was experimentally
shown that the mentioned interatomic distance is 3.140.01A.
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OIIbIT COTPYAHUYECTBA
000 «'EOJE3UYECKUE ITPUBOPbLI»
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[Tpusenens! npumepsl cotpyaaunuectsa OO0 «I'eonesnyeckue npudops» ¢ BHUMM
uM. .M. MenneneeBa. CoTpyIHHYECTBO HANpPABICHO Ha BHEJPEHUE B T'EOJE3UUYECKYIO
MPaKTUKY COBPEMEHHBIX BEICOKOTEXHOJIOTHYHBIX CPEICTB U3MEPEHHUH.

B Hacrosiee BpemMs U3MEpEHHsI KaK MPOLECC MPOHU3BIBAIOT MIPAKTUYECKH BCe CPephl
xu3Hu. Kak wn3BecTHO, Hayka, KOTOpas 3aHMMAETCSl IMPOLIECCOM H3MEpPEHUN B IIMPOKOM
CMBbICIIE, Ha3bIBaeTCsi MeTposiorueil. TepMHUH «METpOJOTHs» ONpeneiseT HayKy BechbMa
3HAYUMYIO JIISl MHOTMX IIPUKJIAIHBIX OTpaciiedf, B TOM YHCIIe U JUIsSl T€0JIe31UH, UMEIOIIEH, Kak
METpOJIOTHsI, TIyOOKHEe HCTOpUYEeCKHe KOpHHU. B ucTOpuM pa3BUTHS OTEYECTBEHHOU
METPOJIOTHH pEIIeHUEM TOCYyAapCTBEHHOM BakHOCcTH Obul Yka3 Hukomas 1 o cosmanum
MIEPBOT0 METPOJIOTHYECKOTo yupexaenus Poccun — Jlerno oOpas3oBbix Mep u BecoB (16 uroHs
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1842r.) C tex mop mpomwio 175 ner, u cerogHsi MEpPBOE€ METPOJOTHUECKOE YUPEKICHHUE

Poccuun mpencraBnser co0oi OAMH U3 KPYHNHEWIIMX LIEHTPOB HAyYHOW M MPaKTUYECKOH

METPOJIOTUH Bcepoccuiickuil Hay4YHO-HCCIIEIOBATENIbCKUIT MHCTUTYT MeTposiorun um. J[.H.
Menneneesa (BHUNM).

C pa3BuTHEM TEXHUKH M COBEPIICHCTBOBAHMEM TEXHOJIOTMI HENPEPBIBHO
MOBBIINAIOTCS TPEOOBAaHUS K KAayecTBY M3MEPEHUH, K UX JOCTOBEPHOCTH M HaJEKHOCTH.
Bo3pacraer ponp METpPOJOTMH M NPUMEHUTENBHO K IE€0AE3UH, B KOTOPOH H3MEPUTEIbHBIN
IIPOLIECC SIBJISIETCA OCHOBOM. B cBs3u ¢ 3TM oTMeTHM B3auMocBsA3b DenepanbHoro 3akona Ne
102-®3 «O6 obecnieueHnn enUHCTBA H3MepeHnin» ¢ denepanbHbiM 3akoHOM Ne 209-D3 «O
reofie3un u kKaprorpadum», a 3areM c¢ DenepanbHbM 3aK0oHOM Ne 431-03 «O reonesuw,
KapTorpaguu M MPOCTPAHCTBEHHBIX JAHHBIX U O BHECEHWH HU3MEHEHUN B OT/AEIbHBIC
3aKOHOAATeNIbHbIE akThl Poccuiickoit denepannny», KOTOpbIil BCTynui B cuiy 1 stuBaps 2017r.
Y 3aMEHWJI MTPEbITYIIHI.

Crapasicb COBEpIIEHCTBOBaTb W pa3BUBaThb CBOIO JEATEIbHOCTH B HaIIpaBJICHUU
METPOJIOTMUECKOT0 00CITyKMBaHUs reojie3nueckux cpeacts usmepenuit (CH) u onupasice npu
STOM Ha COBPEMEHHYIO0 HOPMAaTUBHYIO 0a3y, komnanus «I'eoe3nyeckue npubOopel» yCIEIIHO
corpyaauuaetr ¢ BHUWM um. JI.11. MenaeneeBa. Hauano coTpyqHIUYECTBY OBLIO MOJOXKEHO B
2001 rony, xorga corpyauuku nHcTuTYTa BHUMM pemanu 3anauy npou3BoICTBa PYJIETOK C
JIOTOM JIJIsl KOHTPOJISL YpOBHS HE(TENpOAYKTOB B pe3epByapax, U peub Ija O BbIOOpe U
[IOCTaBKax IOJIOTHA PYJIETOK. 3aTeEM YpOBEHb PEIIaeMbIX 3a/1a4 cTajl ciioxkHee. Tak, Ha 6a3ze
uHcruryra uMm. JI.M. MenzaeneeBa cOTpyJHUKaMU HAy4YHO-MCCIIELOBATEIbCKOIO OTHENA
STAJIOHOB M HAy4YHBIX MCCIEAOBaHUNW B 00JIaCTU HU3MEPEHHHM JIMHEHHBIX YCKOpPEHUH,
rpaBUMETPUM U yIja IMOJ PYKOBOJICTBOM A.A. SIHKOBCKOro OBLIM YCIENIHO INPOBEICHbI
UCIBITaHUSl YTBEP)KJIEHUS THIAa HOBOTO aBTOMATHU3MPOBAHHOTO TMPOCKOMHMYECKOro mpudopa
npousBojacTBa (upmbl «SOKKIA» - rupocranumu GYRO X. OtoT nmpubop npenHazHauyeH
JUTs IPOU3BOJICTBA CHEIMANIbHBIX T'€0AE3NYECKIX U MapKIIEHepPCKUX paboT, U K HACTOSALIEMY
BpeMeHM BHecEH B locynmapcrBeHHbiii peectp CHU u BHeApEéH B IpakTUKY psaa
rOpHOJOOBIBAIOIIMX U JApyrux npennpustuii PO, a Ttakxke B yueOHbI npouecc CaHKT-
[TeTepOyprckoro ropHOro yHUBEpCHUTETA.

K coBpeMeHHBIM TEXHOJOTMSAM, HIMPOKO IPUMEHSEMBIM B T€OJNE3MYECKON ITPAKTHKE,
OTHOCUTCSI TE€XHOJIOTHSI HA3€MHOIO JIA3€PHOTO CKAaHMPOBAHUSA. JTa TEXHOJIOTUS SIBIISAETCS
OJIHOM M3 caMbIX OIEPATUBHBIX IO cOOpy reoMeTpuveckoi HHpopMmaruun 00 0o0beKTax
m3pickanuid. OHa emé OoJsiee omepaTHBHA, KOIJa pa3MelleHa Ha JBMXKYIIEMCS TpPaHCIOPTE,
obecrieunBasi IpU  STOM  TOYHYIO  TO3UIMOHHYIO CbEMKY M  OJHOBPEMEHHOE
¢dororpadpupoBanue o0beKTOB. VcCHbITaHUs YTBEpXAEHUS TUIA TAKOM CHUCTEMBl - CHCTEMbI
MoOmiIbHOro ckanupoBanus IP-S2 mpousBoxactBa ¢upmser TOPCON, ObutM mpoBeneHBI NMPHU
YYaCTHM CIIENHUAINCTOB HAay4YHO-UCCIIEN0BATEIBCKOTO OTAENA T€OMETPUUYECKUX H3MEpPEHUU
BHUHMM (pyxoBoautens H. A. Kononosa). B HacTosiiee Bpems cucrema IP-S2 naxonurcs B
sKcIuTyaTanuu B u3BecTHOM Cankr-llerepOyprckoit msbickaTenbekoi kommnanuu «TPECT
I'PUN». IIporpecCUBHBIE COBPEMEHHBIE TEXHOJIOTHMU IPOAOIDKAIOT DPAa3BUBATbCA, U YiKE
CJIeTyIolee TMOKOJIEHHE CHUCTeMBbl MOOWMIBHOTO ckaHupoBaHus IP-S3 BHenmpsiercs B psije
JIOPOKHO-CTPOUTEINIBHBIX IIPEAIIPUATHMN.

[IpuBenéHHble TpUMEpHl JHIIb HEOONbIas YacTh CHEKTpa pabdoT, B KOTOPBIX
cotpyaunyectso BHUMM wum. JI.M. MenneneeBa u OOO «l'eone3uueckue mpuOOpHD»
o0ecneunsio YCIENIHOE BHEIPEHHE B COBPEMEHHYIO TI'€0/E€3MYECKYI0 IMPAKTUKY HOBBIX
BbIcOKOTeXHONOrnuHbiXx CH. Hame coTpyaHMuYecTBO HpPOAOKAETCS, U CIELYET HaAeATbCs,
YTO pe3yJbTaThl €ro, KaK U Mpexsje, OyayT MOJ0KUTEIbHBI.
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THE EXPERIENCE OF COOPERATION
BETWEEN LLC “SURVEYING INSTRUMENTS”
AND D.I. MENDELEYEYV INSTITUTE FOR METROLOGY (VNIIM)
V.I. Gleizer, M.D. Alekseev
LLC “Surveying Instruments”
gvi(@geopribori.ru

The paper provides some examples of cooperation between LLC "Surveying
instruments" and D.I. Mendeleyev Institute for Metrology (VNIIM). The cooperation is aimed
at introducing modern high-tech geodetic measuring instruments into practical use.

Currently, measurements permeate practically every sphere of life. The science that
deals with the measurement process in the wide sense is known as metrology. The term
‘metrology’ defines the science that is very important for many application areas, including
geodesy, which, like metrology, is deeply rooted in history. For the development of Russian
metrology, Nicholas I’s decree issued on 16 June 1842 was of utmost importance. It ordered
to create the first metrological institution in Russia — the Depot of exemplary measures and
weights. Since then, 175 years have passed. Today the first metrological institution of Russia
is one of the largest centers for scientific and practical metrology - the All-Russian Institute
for Metrology (VNIIM) named after D.I. Mendeleev.

Developing technologies lead to continuous increase in requirements to quality,
accuracy and reliability of measurements. The role of metrology in geodesy, where the
measurements are critical, also increases. In this regard, the connection should be noted
between Federal Law No. 102-FZ “On ensuring the uniformity of measurements” with
Federal Law No. 209-FZ “On Geodesy and Cartography”, and with Federal Law No. 431-FZ
“On Geodesy, Cartography and Spatial Data and on Amending Certain Legislative Acts of the
Russian Federation” which became effective as of 1 January 2017 and replaced the previous
law.

Trying to improve and develop its activity in the field of metrological service of
geodetic measuring instruments and basing on the present-day law, the company “Surveying
Instruments” has been successfully cooperating with D.I. Mendeleev Institute for Metrology.
The cooperation started in 2001, when the Institute staff was working on the production of
measuring gauges for the control of oil product levels in tanks. The task was to select and
supply gauge tapes. Later, the tasks became more complicated. Thus, on the premises of
D.I. Mendeleyev Institute, the employees of the scientific department of standards and
scientific research in the field of linear acceleration, gravimetry and angle measurements
headed by A.A. Yankovsky carried out the type-approval tests for the new automated
gyroscopic device manufactured by SOKKIA — Gyro Station GYRO X. This device is
designed for special geodetic and surveying works. By now, it has been included into the State
Register of measuring instruments and is currently used by a number of mining and other
enterprises in the RF. It has also become a part of the training process at St Petersburg Mining
University.

The modern technologies widely used in geodetic practice include laser scanning. This
technology is one of the most efficient in collecting geometric information about the objects
surveyed. It is even more efficient when the device is placed on moving vehicles, ensuring
accurate positioning survey while simultaneously photographing the objects. The type-
approval tests for such a system — a mobile scanning system IP-S2 by TOPCON, were carried
out together with the experts from the research department of geometrical measurements of
D.I. Mendeleev Institute (headed by N.A. Kononova). Currently, the IP-S2 system is operated
by the well-known St Petersburg surveying company “TREST GRII”. Advanced modern
technologies keep being developed and the next generation of mobile scanning system
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IP-S3 is being introduced in a number of road construction companies.
The given examples only represent a small part of cooperative projects between
D.I. Mendeleev Institute and LLC “Surveying Instruments” that have ensured successful
introduction of new high-tech measuring instruments into the present-day geodetic practice.
Our cooperation continues and, hopefully, for further positive results.

NPUMEHEHUE HIUPOKOANAITASOHHOTI'O KBAPIHEBOI'O
MASTHUKOBOI'O AKCEJEPOMETPA C IIU®POBOM OBPATHOM CBS3bIO
B KAYECTBE UHEPIIUAJIBHOI'O YYBCTBUTEJIBHOI'O DJIEMEHTA B
BBICOKOTOYHBIX YCTAHOBKAX JIJISI 3AJIAHUS YTJIOBBIX CKOPOCTEMN

Kamuxman JI.M., Kamuxwman JI.A., [lenytaroBa E.A., Ckopoboratos B.B.
Qunuan OI'VII « HIIIAII um. H.A. Hunwoeuna — «110 «Kopnyc»
410019 Poccus, e.Capamos yn. Ocunosa 0.1
lidkalihman@yandex.ru, Tem.: +79172166135

B ooknade paccmompensvi pe3ynomamol 9KCNEPUMEHMANLHOU OMPadOmMKU MAKEmHo20
obpasya Keapyeeoco MASAMHUKOBO20 aKcenepomMempa ¢ Yupposot o06pamHoil CeA3bi0,
Peanu306anHol HA OMe4ecmeenHOU NeKMPOHHOU KOMHOHEHmMHOU Oase; 6 KOHmpo.iepe
BbINOIHEHA aneopummuieckas KOMNeHcayuss — memMnepamypHvlx  NocpeutHocmeu
axkcenepomempa, NPUMEHEHbl CXeMOMeXHUYecKue peulenus, Nno3eodiowue 3a cuem
nepenpozpammuposanus Konmposiepa obdecneuusams 06e3 uUsMeHeHUs KOHCMPYKMUGHbIX U
CXeMOMexXHUYeCKUX peuwleHull usmeHeHue ouanazona usmepenus om + 10 g do = 50 g.
Axcenepomemp modicem Ovimb NPUMEHEH 6 KAYecmee UHepYUAIbHO20 YYECMEUMENbHO20
91eMenma 8 CMmeHoax 01 8blICOKOMOUHO20 3A0AHUsL Y2I08bIX CKOPOCMEL.

KiroueBbie cioBa: KBapIieBbIi MasSTHUKOBBIA aKcelnepoMmeTp, LudpoBas cucreMa
ynpaBiieHUs, TUPPOBOH YCHWINTENIb OOpaTHOM CBA3HM, MACHITaOHBIH KOA(QUIMEHT, HYJIEBOU
CUTHaJ, CTEH/ JUIsl 3a/1aHUs YTIIOBBIX CKOPOCTEH.

KBapueBbie = MasTHukoBble  akceinepomerpsl  (KMA) ¢ konma  1980-x
rOJI0B IPUMEHSIOTCS B PAKETHO-KOCMHUYECKOHN 1 aBUALIMOHHOM TEXHMKE, 01aroiapsi BBICOKUM
TOYHOCTHBIM XapaKTEPUCTHKaM B KauyeCTBE M3MEPUTEICH JIMHEHHBIX YCKOPEHUH Kak
aBTOHOMHO, TaK M B cocTaBe OecruiaTOpPMEHHBIX HMHEPLHUAIBHBIX HABUTALMOHHBIX CHUCTEM
(BMHC). Kak npaBuio, auana3oH usmepenus npeun3noHHbix KMA cocraBnser =10 g B
MocJieZIHEE BpPEMsI OCTPO BCTAeT 3ajaya pacllMpeHHs Juana3oHa W3MEpEeHHUs YCKOPEHUH ¢
COXpPaHEHHUEM BBICOKOI'O YPOBHS MX TOYHOCTHBIX XapaKTEPUCTUK JIJIsl IPUMEHEHUS IPUOOPOB
JTAHHOTO KJIacca B BBICOKOMAaHEBPEHHBIX 00BEKTax.

Pacmimpenne pauanazoHa wu3MepeHUss NPUBOAUT K psAay TpyaHocred. Tak mnpu
YBEIMUEHUU Jauana3oHa wusMmepeHus or 20 no 50 g y KBapueBbIX MAasTHHKOBBIX
aKceJIepoOMETPOB  HAUYMHAET MPOSBIATHCS  CYLIECTBEHHAs HEIMHEHMHOCTh  BBIXOJHOM
XapaKTepUCTUKH 3a CYET pa30alaHCUPOBKM MAasTHUKA, BCIIEACTBHE HECOBIAICHUS TOYEK
MIPUJIOKEHUSI NHEPLIUOHHOM, 3JIEKTPOMarHUTHOM U ra30IMHAMHYECKON CHJI, IEUCTBYIOIINX HA
MasITHUK B ITpoliecce paboThl B BBICOKOM JiMana3oHe yckopenuit. Kpome Toro, yBennyeHHbIH
TOK JaTYMKa MOMEHTA YyBCTBUTEIHHOIO JIEMEHTA IPUBOJUT K €ro pazorpeny. CrecTBueM

yKa3aHHBIX (AKTOPOB SBISIETCS pPE3KOE YBEIUYCHUE MOTPEIIHOCTH  MacIITaOHOTO
K03 (ULIMEeHTa U CHCTEMaTUYECKON COCTaBIISAIONICH HyIeBOIO CUTHAJIA, YTO MOHIKAET KJIacc
npubdopa.

KBapueBplii MasTHUKOBBIA  aKCEIEPOMETP CTPOUTCS IO KOMIIEHCAHOHHOMY
NPUHIUIY, TO €CTh B €r0 COCTaBe€ €CTh YCWJINTENIb OOpaTHOM CBSA3H, KOTOPbIM COBMECTHO C
JATYNKOM MOMEHTa 4yBCTBUTEIHHOIO AJIEMEHTA 00pa3yeT TaK Ha3bIBAEMYIO JIEKTPUUECKYIO
npyxuny. Onaum u3 HepoctatkoB KMA sBisiercss HenMHEHHast 3aBUCUMOCTh MAacCIITaOHOTO
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ko3 ¢uLMeHTa M HYJEBOTO CHUTHaJa OT TEMIIEpaTypbl, OOYCIOBIIEHHBIE CBONCTBAMU
kBapreBoro crexia [1]. Jlannas npoOiema 10 CHMX MOp peliajgach, Kak MPaBHIIO, JABYMs
crocodamu:

aJITOPUTMHUYECKOM KOMIIEHCAIMeH MM K€ IMOJOTPeBOM OJIOKA aKCEIEPOMETPOB C BBIBOJIOM
paboueli TOUKH TeMIIepaTypHON XapaKTepUCTUKH Ha TMHEHHBIN yyacTok [2].

3azadyeil uccleqoBaHMs, pacCMaTpUBacMOM B HACTOSILEM JOKJIAJAe, SBISIETCA 3ajada
CO3/IaHUSl YHHMBEPCAIBHOTO TEPMOMHBAPUAHTHOTO aKCEJIEpOMETpa C JUAra30HOM H3MEPEHHUS
+50 g, pabounm mamamazoHoMm Temmeparyp oT -60 °C mo +80 °C ¢ mMOTpemHOCTHIO
MacitTabHoro ko3¢ unuerta ve xyxe 0,01 % u ciyyaitHON COCTaBIAIONICH CMEIICHUS HYJIS
—He Oonee 5:-10-5 g.

VYuutbiBas pa3BUTHE COBPEMEHHOW MPOIECCOPHONM TEXHUKH M 3JIEMEHTHOHN O0as3bl,
cneuunanuctamu  «I1I0  Koprmyce» Obuto  mpuHATO pelieHHe pa3paboTaTh KBaplLEBBIN
MasiTHUKOBBIM akcelepoMeTp ¢ IUGPOBBIM YCUIUTENEM OOpaTHOM CBS3H, NpPUMEHEHUE
KOTOPOIO COBMECTHO C YYyBCTBUTEJIBHBIM 3JIEMEHTOM aKCEIEPOMETpPA TAET BO3MOXHOCTH
BHOCHUTH aJTOPUTMHUYECKHE TOIMPaBKU MAacIITaOHOro KO3(PPHUIMEHTa U CHUCTEMaTUYEeCKOM
COCTaBJISIIOIIEH HYJIEBOI'O CHUTHAla OT TEMIIEpaTyphl, a TakKe, KOPPEKTHPOBATh BEJIUUYHUHY
BBIXOJHOH HH(pOpMAlMM B 3aBUCUMOCTH OT M3MEPSEMOI0 YCKOPEHHs, IOBBIIIAas TaKUM
00pa3oM JMHEHHOCTh BBIXOJHOM XapakTepucTuku [3-5]. AKcenepoMeTp MOXKET ObITh
UCII0JIb30BaH B KAYECTBE MHEPLIUAIIBHOTO YyBCTBUTEIBHOIO IEMEHTA B CTEHJAX JUIsl TOYHOTO
3aJjaHUsl YIJIOBBIX CKOpPOCTEH KaK M3MEpPUTENb LEHTPOCTPEMUTENIBHOIO M TaHI'€HLIUAJIbHOTO
YCKOPEHHUI.
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APPLICATION OF A WIDE-RANGE QUARTZ PENDULUM
ACCELEROMETER WITH DIGITAL FEEDBACK AS AN INERTIAL SENSORY
ELEMENT IN HIGH-PRECISION TEST BENCHES FOR ANGULAR RATE
ASSIGNMENT

Kalikhman D.M., Kalikhman L.Ya., Deputatova E.A., Skorobogatov V.V.
Branch of the Federal State Unitary Enterprise “Academician Pilyugin Scientific-
production Center of Automatics and Instrument-making” — Production Association
“Korpus”, Saratov, Russia, 410019, Osipova st., 1
e-mail: lidkalihman@yandex.ru, phone: +79172166135

The paper considers the results of experimental development of a quartz pendulum
accelerometer prototype with digital feedback performed on the basis of domestic electronic
component base; the controller features algorithmic compensation of temperature errors of
accelerometer, several design solutions are introduced that by means of controller
reprogramming provide a stable measurement range of = 10g to + 50g without altering the
construction of the device. The studied accelerometer can be applied as an inertial sensory
element in test benches for highly accurate assignment of angular rates.

Key words: quartz pendulum accelerometer, digital control system, digital feedback
amplifier, scale factor, zero signal, angular rate assigning test bench

Quartz pendulum accelerometers (CPA) have been used in rocket, space, and aircraft
engineering since the late 1980s. Such longevity is due to high accuracy characteristics that
are necessary in linear accelerations meters both autonomously and when incorporated in
platformless inertial navigation systems (platformless INS). As a rule, the measurement range
of precision CPAs is £ 10 g. Recently, an urgent need for the extension of the linear
accelerations measurement range has appeared, while it is also necessary to maintain a high
level of accuracy characteristics of devices in this class in highly maneuverable objects.

Extension of the measurement range leads to a number of difficulties. Thus, with an
increase in the measurement range from 20 to 50 g, quartz pendulum accelerometers begin to
demonstrate significant nonlinearity of the output characteristic due to the pendulum
unbalancing, which is due to the mismatch of the points of application of inertial,
electromagnetic and gas-dynamic forces, which influence the pendulum during operation in a
high accelerations range. In addition, the increased electric current in the torque sensor of the
sensory element leads to heating. All these influences lead to a sharp increase in the scale
factor error and in the the zero signal systematic component error, thus lowering the device
class.

A quartz pendulum accelerometer is built on the compensation principle, that is it
incorporates a feedback amplifier, which, together with a sensory element torque sensor forms
the so-called “electric spring”. One of the drawbacks of the CPA is the nonlinear dependency
of the scale factor and the zero signal from temperature, such dependencies are due to the
quartz glass inherent properties [1]. So far, this problem has been solved in two ways: by
means of algorithmic compensation or by heating the accelerometer unit while leading the
operating point of the temperature characteristic to the linear segment [2].

This report aims to solve the problem of creating a universal thermoinvariant
accelerometer with the measurement range of £50 g, operating temperature range from -60 °C
to +80 °C, with a scale factor error of not worse than 0,01 %, and the random component of
zero bias of no more than 5107 g.

Given the development of modern processor technology and element base, specialists
at the production association “Korpus” decided to develop a quartz pendulum accelerometer
with a digital feedback amplifier, the application of which in conjunction with the
accelerometer sensory element makes it possible to introduce algorithmic corrections to the
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scale factor and the temperature zero signal systematic component, as well as to correct the

value of the output information depending on the measured acceleration, thus improving the
linearity of the output characteristic [3-5]. Such an accelerometer can be used as an inertial
sensory element in test benches for precise assignment of angular rate as a centripetal and

tangential accelerations meter.
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TAPMOHM3AIINA POCCUMCKHUX Y EBPOINIEHCKHUX CTAHIAPTOB B
OBJIACTU METPOJIOI'TYECKOI'O OBECIIEYEHUSA HEPA3PYIHAIOLIEI'O
KOHTPOJISA. COCTOAHHUE U NEPBIIEKTHUBbBI
Lony6es C.C., Cacrko B.A 2, Cmuprosa H.1.2
! DedepanvHoe azeHmcmeo no mexHu4eckomy pe2yauposarnuro u memponocuu POCCTAH/IAPT
? «(KOHCTAHTA» 000
3 @I'VIT « BHUHUM um 1. Menoeneesay
office@constanta.ru
[Togpo6HO paccMOTpPEHBI OCHOBHBIE OOIIME M OTIMYUTEIbHBIE OCOOCHHOCTH CHUCTEM
METPOJIOTHUECKOTO OOecreueHusl Hepaspylaronero Koutpois B Poccuiickoit ®exepanuu u
CTpaHax 3alaJIHOEBPONEHCKOro peruoHa. JlaH aHanu3 mpoOjeM TapMOHHU3AIMH CTaHIAPTOB
ISO B Poccum ¢ yyeToM HCTOPHYECKOTO OMBbITa U CHOPMYIUPOBAHBI MPEITOKEHHUS MO HX
PEIeHUIO JUTsi 00ecriedeHs AMHCTBA U3MEPEHHI B 00J1aCTH HEPA3PYIIAOIIEro KOHTPOJIS C
UCIIOJIb30BaHUEM O0OpYIOBAaHUS POCCUIMCKOTO U €BPOMEMCKOr0 MPOU3BOJICTBA KAK OCHOBBI
MEXIYHAPOAHOTO MPOMBIIIJIEHHOTO COTpyAHNYecTBa B pamkax BTO.

HARMONIZATION OF THE RUSSIAN AND EUROPEAN STANDARTS IN
THE FIELD OF METROLOGICAL ASSURANCE OF NON-DESTRUCTIVE
TESTING. STATUS AND PERSPECTIVES
Sergei S. Golubev!, Vladimir A. Syasko?, Nadezhda I. Smirnova’
! Federal Agency on Technical Regulating and Metrology, Moscow, Russia;
2 Constanta Itd, St-Petersburg, Russia,
3 D.I. Mendeleev Institute for Metrology (VNIIM), St-Petersburg, Russia
office@constanta.ru
The basic general and distinctive features of the system of metrological assurance of
non-destructive testing means in the Russian Federation and the countries of the Western
European region are given in the work. An analysis of the ISO standards harmonization
problems with considering historical experience and also ways of their solutions to ensure
measurements uniformity when using equipment of the Russian and European manufacture as
bases for international industrial cooperation within the WTO is presented in the work.
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CEKIIUA «<UBMEPEHUA NOHU3UPYIOIIUX

N3JIYYEHUMN»
SECTIONAL MEETING «IONIZING RADIATION MEASUREMENTS»

K CTOJIETHIO OTJIEJA U3MEPEHUI HOHNU3UPYIONNX U3JTYUYEHUI
BHUUM UM. I.U. MEH/IEJIEEBA
XaputoHoB 1.A.
BHUUM um. JI.U. Menoeneesa
khia@vniim.ru

[TepBble U3MepeHUs: CBOWCTB paJAMOaKTHUBHOIO MpernapaTa pajus OblIN BHIIIOJHEHBI B
I'maBuoit Ilamatre Mep u BecoB B 1903-1904 r.r. npu xu3zuu J[.M.Menneneesa. B nepuon
1906-1918 B wuHCTUTYTE NPOBOAMUIUCH PAOOTHI IO MCCIEAOBAHUIO YPAHOBBIX pPYyI H
U3rOTOBJICHUID MCTOYHMKOB Ha OCHOBE pagus. B CBA3M ¢ BaXHOCTBIO 33Jaud
IPOMBIIIJIEHHOTO  TOJY4Y€HUS OTEYECTBEHHOro paausi, MUHUCTEpPCTBOM  HapOJHOTO
npocselieHus B ssuBape 1914 r. 66110 TpoBeZIeHO 0c000€ COBEIIaHKe, B PEIICHUU KOTOPOTO
Obula oTMeueHa HeoOXoauMocTh opraHuzauuu npu [naBHoit Ilamare Mep u Becos
«CHeluaIbHOM JJAOOPaTOPUH [Tl IPOBEPKH KayecTBa PaHeBbIX MIPENapaToB U YCTAaHOBJICHUS
STaJlOHa s MX OLEHKW . DTO pelleHHe MPeAONpeNeInyio pa3BUTHE METPOJIOTHYECKUX
UCCIIeIOBaHUI B 00JacTH MOHM3UpYIOMMX u3nydeHuid B ['nmaBHoi Ilamare Mep u BecoB u
npuBeno kK cozmannio B0 BHUUM um. J[.U. Menneneea (I'maBHoii [lamate Mep u Beco)
CHayasia 1abopaTopHH, a BIIOCIEACTBUU-OT/AEIa U3MEPEHNN HOHU3UPYIOLINX U3ITy4YeHUH.

PykoBonurenem panuosiornyeckoil maboparopuu, coznanHoit so BHUHM B 1918 r.,
obu1 HazHaueH JI.C.Konospat-UepBunckuii. JlaGoparopusi, koropoir ¢ 1921 mo 1940 r
pykoBogmi JI.H. Borossnenckuii, pa3zpabarbiBajia MHCTPYMEHTAJIbHbIE METO/bl Pa3BEIKU
YPaHOBBIX PYJ U CIIOCOOBI M3TOTOBJICHUS, ITAJOHUPOBAHUS W MCCIEIOBAHUS HCTOYHHKOB
U3JTyYEHUsl Ha OCHOBE PaJusl U JPYTUX €CTECTBEHHBIX PAIMOHYKIIN/IOB.

B 1925 rogy Bo BHUMM nHauanuce paGoTbl B 00JIACTH PEHTT€HOMETPUHU, KOTOpBIE
3aBepmiuck B 1931 romy co3maHueM HAIMOHAIBHOTO H3TalloHA €IWHHUIBI PEHTTCHA H
OpraHu3alueil peHTreHOMEeTPUUECKON 1abopaTopru, pyKOBOAUTEIEM KOTOPOM ObLT Ha3HAUYEH
N.B.I1opoiikos

B 1947 r. Obl1 Opranu3oBaH OTAeN U3MEPEHHI HOHU3UPYIOIUX U3IYUYEHUN B COCTaBE
paguoIOruuecKkol  (paanOMETpPUUYECKON), PEHTICHOMETPUUYECKOW  (I03MMETPUUYECKON),
HEUTpOHHOW U Jnabopatopuu siaepHoi crekTtpockonuu (1956 r.). B otnene paGortamu
Boinaromuecs:  yuensle: ILM.JIykupckuii, K.K.Armununes, A.C.Kapamsn, b.C.Jlxenenos,
A.A Koncrantunos, @.M.Kapasae, M.®.1Ousn u 1p.[1,2]. OcHoBHas 3a/1a4a, KOTopas Obliia
MOCTaBJIEHA TEpe]] OTIENOM, 3aKjroyvaiach B pa3padOTKe M CO3JaHMM TOYHBIX METO/IOB U
CPEICTB HU3MEpEeHUN (U3NYECKUX BEITUYMH, KOTOPbIE HCIOIb3YIOTCS B BOEHHOW M aTOMHOM
TEXHUKE, SI€PHO-TOIJIMBHOM LIUKJIE U PaJUAllMOHHON 3aIINTE.

B nepuox 1964-1969 r. so BHUUM Obuin pa3paboTaHbl METOIbl HU3MEpPEHUN U
CO3JIaHbl TPEIM3HUOHHBIE CPEJCTBA M3MEPEHUH B OOJIACTH HW3MEPEHUH HMOHU3UPYIOMINUX
n3iydeHuit, kotopeie B 1969 r. I'occranmapt CCCP yTBepani B KauecTBE roCyAapCTBEHHBIX
nepBuuHbIX dTaIoHOB CCCP. B nanbHelem 3TajloHbl HEOAHOKPATHO MOJAEPHU3UPOBAIIUCH U
COBEPIICHCTBOBAINCH C yYE€TOM HOBBIX TpeOOBaHUII CO  CTOPOHBI CHCTEMBI
METPOJIOTHUECKOro oOecreueHus aTOMHOW HayKM W TEXHUKH, SJEPHOW DHEPreTHKH,
paZvalMOHHBIX TEXHOJOTHH, a Takke B CBSI3M C IIUPOKUM MPUMEHEHHEM HCTOYHHKOB U
YCKOpHTEJeH 3apsKeHHBIX YacTUI] B MEAHUIIMHE /TSl TUarHOCTUKHU U JIeueHus 3abosieBaHmii[3].
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Boicokuii  ypoBeHb J3TamoHOB P® B 0051acCTM MOHM3UPYIOLIUX U3IYYECHHH,
nojiepxxuBaembix  Bo BHUWUMM, mnonarBepxknaeH 1o pesyiabTatam Oonee uyeM 60
MEXIYHAPOJHBIX CIMYEHUN HAIMOHAIBHBIX J3TAIOHOB, B KOoTOpelx BHMMM yuacTtByeT ¢
1961 r.

Cucrema METPOJOTHYECKOTO OOECIeUeHUs] CPEACTB H3MEPEHHH HOHU3HUPYIOIINX
U3JIy4eHUH, OIHpAoLasics Ha JOTaJOHbI, IOAJEPKUBAEMble B OTIEIE H3MEPEHUH
noHM3upyromux u3nydeHud Bo BHUMM, cayxut ¢yHaaMeHTOM IS pa3BUTHS
paauanoOHHBIX TEXHOJIOTHH, TPOU3BOICTBA PAAUOHYKIMIHOM MPOAYKLIUH, (papMIpenaparos,
IpU KOHTPOJE paJualliOHHON O0€30MacHOCTH, pPaAHOIKOJIOITHYEeCKOM MOHUTOPUHIE, B
paavanoOHHON TMAarHOCTUKE U JIy4EBOM TEPAIUU B MEAULUHE.
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HUNDRED YEARS TO THE FOUNDATION OF THE IONIZING RADIATION
DEPARTMENT OF THE D.I. MENDELEYEYV INSTITUTE FOR METROLOGY
I.A. Kharitonov
(VNIIM)
khia@vniim.ru

The first measurements of radium were done in the Main Chamber of Weights and
Measures in 1903 — 1904, in Mendeleyev's lifetime. From 1906 to 1918 the Institute carried
out a number of studies on uranium ores and produced radiation sources based on radium. To
meet the challenge of obtaining Russian-produced radium, in January, 1914, the Ministry of
Education convened a special meeting, which decided to set up a “special laboratory for
testing the quality of radium preparations and establishing a measurement standard for their
evaluation”. This decision gave rise to metrological research in the field of ionizing radiation
at VNIIM (former Main Chamber of Weights and Measures), for which purpose a radiology
laboratory was set up, which later was transformed into the Department of ionizing radiations
measurements.

This laboratory, created in 1918, was headed by Dr. Leon Kolovrat-Chervinsky. From
1921 to 1949 its work was supervised by Prof. Leonid Bogoyavlensky, who developed
instrumental methods for prospecting uranium ores and methods for manufacturing,
calibration and studying radium based radiation sources and other natural radionuclides.

In 1925,VNIIM started work in the field of X-ray measurements, as a result of which
the national measurement standard for the X-ray unit was created in 1931, and an X-ray
measurement laboratory was set up. It was headed by Prof. Ivan Poroykov.

In 1947, the Department of ionizing radiations measurements was organized, which
included laboratories for radiology (radiometrics), X-ray measurement (dosimetry), and
neutron and nuclear spectroscopy - from 1956. Outstanding Russian scientists such as Piotr
Lukirsky, Konstantin Aglintsev, Artashez Karamyan, Boris Dzhelepov, Aleksey
Konstantinov, Teodor Karavaev, Mikhail Yudin, and others worked in the Department [1,2].
The main task of the Department was the development of methods and instruments for
measuring physical quantities, used in military and nuclear industries, nuclear fuel cycle and
in radiation protection.
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From 1964 up to 1969, specialists of the Department developed measurement
methods, created high precision measuring instruments which were approved by the
GOSSTANDART of the USSR in 1969 as national measurement standards. Later on, they
were upgraded and improved several times to meet new requirements established by the
System of Metrological Assurance for Nuclear Science and Technology, Nuclear Energy and
Radiation Technology, taking into account wide application of sources and accelerators of
charged particles in medicine for diagnosis and treatment of diseases [3].

The high level of Russian measurement standards in the field of ionizing radiations,
maintained at the VNIIM, was confirmed by the results of more than 60 international
comparisons of national measurement standards, in which the VNIIM has been participating
since 1961.

The system of metrological assurance of instruments for measuring ionizing radiations
based on the measurement standards maintained at the Department of VNIIM, provide
invaluable support to development of radiation technologies, fabrication of radionuclide
products and pharmaceuticals, to radiation and radio-ecological monitoring, radiation
diagnosing, and radiation therapy in medicine.
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KOMIIJIEKC TOCYJAPCTBEHHBIX IEPBUYHbBIX DTAJIOHOB
BHUWM WM. JI.1. MEHJEJEEBA B OBJIACTA U3MEPEHUI
MOHU3UPYIOLUIETO U3JIYUEHUSA
Tpopumuyk C.I'., O6opun A.B., Moucees H.H., Anexcees 1.B.
QOI'VII « BHUUM um. /.M. Menoeneesa»
tsg@vniim.ru

B stom rogy ormeuaercs 175 ner co aHA ocHOBaHMs BcepoccHilckoro Hay4HoO-
UCCIIEN0BATENbCKOro HHCTUTYTa M. [I.1. Menneneesa — npeeMHUKa CTapeUILIEro B MUPE U
nepsoro B Poccuu rocyjapcTBEHHOr0 METPOJIOTHYECKOTO yupekaeHus: — Jlerno o6pa3ioBbix
MEp U BECOB.

Cerogns BHUUM um. JI.1. MenneneeBa — 0AMH U3 KPyIHENIINX MUPOBBIX LIEHTPOB

HAay4yHOW W TPAKTUYECKOM METpOJIOTMH, — TJaBHbIM ILeHTp [‘ocynapcTBeHHBIX
NEPBUYHBIX 3TaloHOB Poccuiickoit denepaunn. bomee 50 rocynapcTBEHHBIX NEPBUYHBIX
stanioHoB (I'OT) B 00nacTH ANEKTPUYECKUX, aHATUTUYECKUX, TEIIOPU3NYECKUX U JIPYTHX
U3MEPEHUH XpaHATCs B UHCTUTYTe. B X uncio Bxoaut Bocemb ['OT B 001acTu n3mepeHuit
MOHM3UPYIOLIETO U3IyUYeHHs], 00eCcIIeYnBaIOLINX BOCIIPOM3BEIEHUE U NTepeIavy:

- €IMHUI[ aKTUBHOCTH PAJAMOHYKIHUIOB, MOTOKA U TUIOTHOCTU IMOTOKa anbga-, Oera-
qyacTull U GOTOHOB PAAMOHYKIUIHBIX HCTOYHUKOB;

- €IMHUILIBI MACChl pajus;

- €IMHHUIl KEpMBl B BO3JyX€, MOIIHOCTH KEPMBI B BO3JyX€, JKCIIO3ULIHUOHHOMN 03I,
MOILIHOCTH KCIIO3ULIMOHHOM 1036l U IOTOKA SHEPTUU PEHTTE€HOBCKOI0 M F'aMMa-U3JIy4YeHUH;

- ©IVHMI] TMOTJOLIEHHOW J03bl U MOIIHOCTH MOTJOUICHHOW /J03bl OeTa-u3JIydeHUs B
TKaHEOKBUBAJICHTHOM BEILIECTBE;

- €IMHMI] I0TOKA U IJIOTHOCTH ITOTOKA HEUTPOHOB;

- CIMHHULBI IOTJIOLIEHHONW 03l PEHTTEHOBCKOIO W3JIYy4Y€HUs C MaKCUMaJIbHOU
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sHepruen poronos ot 20 1o 60 KIB;

- €OVHUL DKCIIO3UIMOHHOW J03bl, MOLIHOCTH HKCIIO3UI[UOHHOW J03blI, IIOTOKA U
IUIOTHOCTH ITOTOKA YHEPTUN UMITYJIbCHOTO PEHTT€HOBCKOTO M3IyUEHHS,

- €ZIMHHUL] TIOTOKA AJIEKTPOHOB, IUIOTHOCTH MTOTOKA 3JIEKTPOHOB U (proeHca (rmepeHoca)
AIIEKTPOHOB, OTOKA SHEPTHH, IJIOTHOCTH MOTOKA 3HEPTUHU U (uIroeHca (epeHoca) SHEpPruu
TOPMO3HOTO U 3JIEKTPOHHOI'O U3JIy4YECHUS.

Komrmekc 3TanoHOB co3gaH B LeisX oOecnedeHus €IMHCTBA M3MEPEHHM BETW4YMH,
XapaKTepU3yIOIUX HCTOYHMKM W TOJII  HOHM3HMPYIOUIETO  U3NMy4yeHHs, I EeKTh
B3aUMOJICVCTBUS ATOTO U3TYyUEHHUS C BEIIECTBOM.

CeroHsi KOJIMYECTBO CPEACTB HM3MEPEHUS MOHM3UPYIOUIETO H3JIyYEHHUsS HACUUTHIBAET
JIECATKH ThICSY IITYK, KOTOPbIE HAXOASAT INPUMEHEHHE B AaTOMHOM OTpaciid, MEIWLIHHE,
PaIMOIKOJIOTUH, TEOJIOTUH, KOCMMYECKMX HCCIelIoBaHMS W JApyrux obnactsax. [lepemaua
€IVHUL BEJIMYUH OSTUM CpEACTBAM H3MEPEHUN OCYIIECTBISAECTCA COIVIACHO MOBEPOYHBIM
cXeMaM, KOTOpbIE BO3IJIABJISET cOOTBeTCTBY oM ['OT.

B cootBerctBun ¢ Cornamenue CIPM MRA BHUWM um. JI.M. Menaeneena
IIPUHUMAET y4YacTHE€ B KIIOYEBBIX W JIONOJIHHUTEIBHBIX CIMYEHUSAX, MPOBOJUMBIX
koHCcyapTaTUBHBIMU KomuTeraMu CCRI, BIPM wu permoHanbHbIMH METPOJOTMYECKUMU
OpraHu3alusIMy, B 00JacTH H3MEPEHUN HOHW3UPYIOUMX H3IydeHud. 3a mocnennue 10 jer
skBUBaNeHTHOCTh ['DT Obula moaTBep)KIEHAa B CEMU CIMYEHUSX B 00JacTH HM3MEpEHUH
aKTUBHOCTH PaJMOHYKJIUJOB, YETHIPEX CIMYEHHUSAX B OOJACTH JO3UMETPUU PEHTI€HOBCKOTO,
raMMa-u3JIy4yeHHH U 4eThIpeX CIMYEHUSIX B 00JIaCTH HEHTPOHHBIX U3MEPEHHH.

BHUMUM wum. .M. MenneneeBa TMOCTOSHHO  NPOBOAUT  pabOTBI  TIO
coepuieHcTBoBaHui0 ['OT. Ilocnennue paGoTbl B 3TOM psaay ObUIM  CBS3aHBI €
coBepiieHcTBoBaHue ['OT eauHMIl aKTUBHOCTH paJUOHYKJIUAOB, IOTOKA alb(a-0eTa-yacTHil
¥ ()OTOHOB PAIMOHYKIIUIHBIX HICTOUHUKOB, KOTOpBIE 3aBepIinianch B 2016 r. B Hammx mianax
IIPOBEJICHUE HOBBIX MCCJIEJI0BAaHUM, HaIlpaBJICHHbIX HAa coBepiueHcTBoBaHue ['DT B obnactu
JO3UMETPUYECKHUX,  PAJAAOMETPUYECKUX  HU3MEPEHUMHM U HU3MEPEHUHM  aKTUBHOCTHU
panuoHykiuoB. [Ipu 3TOM OCHOBY KpuUTEpHEB U MOAXOJOB K coBepuieHcTBOBaHHIO ['DT
OyAyT COCTaBJIATH OPUEHTHUPHI, ONpPEIEIAIONIMEe BOCTPEOOBAHHOCTh 3TATOHOB JUIS PELICHUs
3a/1a4 IPAKTUYECKON METPOJIOTHH.

PRIMARY STANDARDS OF UNITS OF IONIZING RADIATION
IN D.I. MENDELEEYV INSTITUTE FOR METROLOGY
Trofimchuk S.G., Oborin A.V., Moiseev N.N., Alekseev [.V.
D.I. Mendeleyev Institute for Metrology
tsg@vniim.ru

This year is the 175th anniversary of the foundation of the All-Russian Scientific
Research Center - D.I. Mendeleev Institute for Metrology - successor to the world's oldest and
the first national metrological institution in Russia - the Main Chamber of Measures and
Weights.

Today D.I. Mendeleev Institute for Metrology (VNIIM) — is one of the world's largest
centers for scientific and practical metrology, it is the main center for the State primary
standards of the Russian Federation. More than 50 state primary standards in the field of
electrical, analytical, thermophysical and other measurements are stored at the Institute. Eight
of them are standards in the field of ionizing radiation measurements. They provide
realization, reproduction and dissemination of:

- units of activity of radionuclides, flux of alpha, beta particles and photons of
radionuclide sources;
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- units of mass of radium;

- units of kerma in air, kerma rate in air, exposure dose, exposure dose rate and energy
flux of X-ray and gamma radiation;

- units of absorbed dose and absorbed dose rate of beta radiation in tissue equivalent
material;

- units of neutron source emission rate and neutron fluence rate;

- units of absorbed dose of X-rays with a maximum photon energy from 20 to 60 keV;

- units of exposure dose, exposure dose rate, flux and density of pulsed X-ray energy
flux;

- units of electron flux, electron flux density and electron fluence (transfer), energy
flow, energy flux density and fluence (transfer) of the energy of bremsstrahlung and electron
radiation.

The set of standards was created in order to ensure the uniformity of measurements of
quantities that characterize the sources and fields of ionizing radiation, the effects of radiation
on matter.

Today, the number of measuring instruments for ionizing radiation amounts to tens of
thousands of pieces, which are used in nuclear industry, medicine, radio-ecology, geology,
space research and other fields. The dissemination of units of quantities to these measuring
instruments is carried out according to the verification schemes, which are headed by the
corresponding standards.

In accordance with the CIPM MRA VNIIM takes part in key and additional
comparisons conducted by the CCRI, BIPM and regional metrology organizations in the field
of ionizing radiation measurements. Over the past 10 years, the equivalence of standards has
been confirmed in seven comparisons in the field of radionuclide activity measurements, four
comparisons in the dosimetry of X-ray, gamma radiation and four comparisons in the neutron
measurement domain.

VNIIM also continuously works on improving primary standards. Some recent works
in this series were related to the improvements in the standard of units of activity of
radionuclides, flux of alpha, beta particles and photons of radionuclide sources, which were
completed in 2016. There is some new research planned, aimed at improving the standards in
dosimetry, neutron measurements and measurements of radionuclide activity. The
improvement of standards will be performed in accordance with the current issues and tasks
of practical metrology.

T'OCYJAPCTBEHHbBIN NEPBUYHBIN DTAJIOH EJJUHULIBI
OBbEMHOM AKTUBHOCTHU PAJIMOAKTUBHBIX ADPO30.JIEN —
YHUKAJBHBIE BO3MOKHOCTH
buprokos C.I'.
DI'VII « BHUHUHDTPU Y, 2. Mocksa
sgbir@vniiftri.ru

l'ocynapcTBeHHBIM  TEPBUYHBIM ~ J3TAJOH  €IWHUIBI  OOBEMHONW  aKTUBHOCTH
panuoakTuBHbIX aspososieit DT 39-2014 (I'TID), ycoBepuieHcTBoBaHHBIE Bo DPI'VII
«BHUNUOTPU» B 2014 1., mpeacrapnsieT coOON YHUKAIbHBIM KOMILIEKC OO0OpYyIOBaHUS,
BO3MO>KHOCTH KOTOPOI'O IIO3BOJISIIOT UCIIOJIB30BATh €0 IOMUMO CBOETO MPSIMOTO Ha3HAUEHUS
TaK)Ke M JIJIsl IPOBEACHHS HayYHO-HCCIIEI0BATENbCKUX Pab0T ¢ MAaKCUMAaJIbHO BO3MOXKHOW Ha
CErOJIHA TOYHOCTBIO U3MEPEHHUN B BOCIIPOM3BOJUMBIX TOJIBKO HA HEM YCIIOBHSIX.

I'TID 6w co3man B 1973 romy, yrBepxka€n B 1978, u ceituac, mocie paboT mo ero
COBEpILIEHCTBOBaHMIO, TPOBeNEHHBIX B nepro ¢ 2011 mo 2014 rr, oH npuoOpén yHUKaIbHbIE

Book of abstracts 171



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

BO3MOXKHOCTH, KOTOPBIX HE ObLIO paHee.

B cocraB »Tanmona Oblla BBEAECHAa YHHMKaJIbHAs paJoOHOBAas Kamepa BHYTPEHHUM
obsémMoM 17,5 M. Bonblmmme BHYTpeHHHE pa3Mepsl KaMephl MO3BOIAIOT IIpeHebpedn
CTEHOUYHBIMU 3(p(deKTaMu MpU U3MEPEHUSIX O0bEMHONW aKTHMBHOCTH JOYEPHHUX IPOIYKTOB
pacmana pagoHa, a A(G(GEeKTUBHBIH U BHICOKONPOU3BOIUTENbHBIN OUHUCTUTENb BO3AyXa
Amaircare MO3BOJSET OUY€Hb OBICTPO YNAIUTh JOYEpHUE MPOAYKTHI pacmaja pajoHa B
arMocdepe kKamepsl Ipu HeoOxoaumocTu. Takue mapaMmerpbl aTMocdepbl B Kamepe Kak
Temreparypa M BIaKHOCTh MOXHO peryjIMpoBaTb. B kamepy MOXHO BBECTH 30H],
MO3BOJIAIOIMINN TTpou3BecTH 0TO0p poOsl Ha GuiIbTp ADPA-PCII kak U3 eHTpaIbHON TOUKH
KaMephbl, TaK ¥ BOJIN3H €€ CTEHOK, U B JII000H MPOMEXYTOYHON TOUKE.

B coctaB »5TajoHa BONILIM COBEPIIEHHO HOBBIE IO KOHCTPYKIMH T'€HEpaTOpHI
MCKYCCTBEHHBIX PaJMOAKTHUBHBIX a’p030Jed, MO3BOJIAIONINE (OPMHUPOBATH PATUOAKTHBHBIN
a’po30Jib C 3aJlaBaéMbIMU MapaMeTpaMu OOBEMHOI AaKTUBHOCTU M KOHTPOJIUPYEMBIMU
napamMeTpamMM JUCIEPCHOCTH  a’PO30JIbHBIX 4YacTUIl. Takke NOABMIAch YHHUKaJbHAas
BO3MOXXKHOCTh paboOTaTh C MOJUHYKIMJHBIMH PaJWOaKTUBHBIMH a’posoismu [1, 2], T. e.
a’po30JIIMH, COCTOSIIMMHU M3 CMECH pa3MYHbIX anb(a-, Oera- W ramma-u3Iyqaroliux
PaMOHYKIIHJIOB.

B pasmemenun oOopynoBaHusi A T€HEPUPOBAHHSI HCKYCCTBEHHBIX PaJHOAKTHBHBIX
a’po3osiell TMpPUMEHEHAa TPEeX30HaJbHAs KOMIIOHOBKa o00opyaoBaHus. Temepb cucrema
MOJrOTOBKU Ia30BOM CpeJibl OT/AENIEHa OT T€HEPaTopOB, @ T€HEPATOPHI OTAEIEHBI OT CHCTEMBI
orbopa npod aucnepcHor ¢a3bl MCKYCCTBEHHBIX PaJMOAKTHBHBIX a3p030JieH, 4YTO IMO30JseT
00€ecIeunTh JTydIlne yCIOBUS pagualmoHHoN O0e3omacHoctu nipu padote Ha ['OT.

CoBeplIEHHO HOBas CHCT€Ma IIOATOTOBKM TIa30BOW Cpenbl il TE€HEPAaTOpOB
UCKYCCTBEHHBIX PAJUOAKTHUBHBIX a’p030JiIed TIO3BOJSET TOYHO, C IOTPEHIHOCThIO HE
npesblimatomieit 1%, no3upoBate 00bEM IMPOITyCKaeMOro 4epe3 aKTUBHYIO 30HY TeHepaTopa
rasa, a cuctemMa oTOopa mpo0 AUCTIEPCHON (Pa3bl HCKYCCTBEHHBIX PAAHMOAKTUBHBIX a3PO30JICH
TaKXe C MOTPeLIHOCThI0 He mpeblmatoniei 1%, usmepsat o0bEM oroOpaHHOM mpoObl. B
CUCTEME HCIOJb3yEeTCs] OUMIIEHHBIH BO3AYX, HO MOXXET OBbITh TaK)K€ HCIOJIb30BaH M JIHOOOH
JpyTOii ra3, HanpuMmep a3zor.

B reneparopax HUCKyCCTBEHHBIX PaJJMOAKTHUBHBIX a3pP030JI€ii UCTIONb3YIOTCS pEeNepHbIE
PaIHOHYKIIHIBI 110 KaXI0OMY By U3TydeHus — 2> Pu (anbda), *’Sr+°Y (6era), *'I (ramma),
HO MOTYT OBITh TaK)K€ UCIIOJIb30BAaHbI U JPYTrHe paiOHYKINU/bI IPH HEOOXOAUMOCTH.

Jluteparypa

1. Metoapl U cpeAcTBa BOCHPOM3BEACHUS OOBEMHOW AKTHMBHOCTH PAJHMOAKTUBHBIX
aspozoJeit Ha coBepuieHcTBYyeMoM DT 39-78. buptokos C.I'., Conoackux I1.1., MeTrponorus
B XXI Beke. /loknapl HaydHO-NPAKTUYECKON KOH(PEPEHIIUU MOJIOBIX YUEHBIX, ACUPAHTOB U
cnenuanuctoB, 20 mapra 2014 r., MenneneeBo MockoBckoit obmactu, OI'VII «BHUND-
TPW», 2014, c. 25-30.

2. locynapcTBeHHBIN TIEPBUYHBIA ATAIOH €IUHUIBI OOBEMHON aKTUBHOCTHU
pagnoakTuBHbIX aspozonet ['DOT 39-2014, buprokoB C.I'., AnbmaHax COBPEMEHHOU
metposoruu Ne 7, 2016 .
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THE NATIONAL PRIMARY STANDARD OF
VOLUMETRIC ACTIVITY OF RADIOACTIVE AEROSOLS UNIT:
UNIQUE OPPORTUNITIES
Biryukov S. G.
FSUE "VNIIFTRI", Moscow
sgbir@vniiftri.ru

The national primary standard of unit of volumetric activity of radioactive aerosols
GET 39-2014 was improved at the FSUE "VNIIFTRI" in 2014 and now it is a unique
complex of equipment, which, beside its immediate purpose, allows for carrying out scientific
research with the highest measuring accuracy possible today, in unique conditions.

The GET 39-2014 was established in 1973, approved in 1978, and now, after works on
its improvement, conducted from 2011 to 2014, it has acquired unique capabilities that had
not existed previously.

As a part of the standard, the unique radon chamber of internal volume of 17.5 m * was
created. Large internal dimensions of the chamber allow to neglect edge effects in the
measurements of volumetric activity of radon progeny, while effective and powerful
Amaircare air cleaner allows for quick removal of the radon progeny from the atmosphere of
the chamber if necessary. Such parameters of the atmosphere in the chamber as temperature
and humidity can be adjusted. The chamber allows for samples to be taken with a probe
sampling filter AFA-RSP from the central volume of the chamber, near its walls and at any
intermediate point.

As a part of the standard, generators of artificial radioactive aerosols of completely
new design were created, allowing for production of radioactive aerosol with assigned
parameters of volumetric activity and monitoring dispersion parameters of the aerosol
particles. Also, a unique opportunity has appeared to work with polynuclide radioactive
aerosols [1, 2], i.e. aerosols composed of a mixture of different alpha-, beta - and gamma-
emitting radionuclides.

Equipment for generating artificial radioactive aerosols is located in three separate
zones. Now the system of preparation of gas medium is separated from the generators, and the
generators are separated from the sampling system of the dispersed phase of artificial
radioactive aerosols, allowing for better conditions for radiation safety during work on the
GET 39-2014.

A completely new system of gas preparation for use in artificial radioactive aerosols
generators allows for an error not exceeding 1% while dosing the gas flow through the active
zone of the gas generator, and the sampling system for the dispersed phase of artificial
radioactive aerosols also features the error as low as 1% in measuring the volume of a sample.

The system uses purified air, but can also be used with any other gas, for example
nitrogen.

In generators of artificial radioactive aerosols, the reference radionuclides for each
type of radiation — ?*°Pu (alpha), *°Sr+°°Y (beta), "*!I (gamma) are used, but other
radionuclides can also be used if necessary.

References

1. Methods and means for reproducing the volumetric activity of radioactive aerosols
at the improved SST 39-78. Biryukov S. G., Solodsky P. 1., Metrology in the XXI century.
Reports scientific-practical conference of young scientists, graduate students and
professionals March 20, 2014, Moscow region, Mendeleevo, FSUE "VNIIFTRI", 2014, pp.
25-30.

2. The state primary standard of unit of volumetric activity of radioactive aerosols

Book of abstracts 173



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

SST 39-2014, Biryukov, S., Anthology of modern Metrology, No. 7, 2016.

METO/J YMEHBIIEHUSI COCTABJISIIOIIENA MTOTPEIITHOCTH
W3MEPEHUI AKTUBHOCTH PAJIMOHYKJINJIOB, OBYCJOBJIEHHOM
HEPABHOMEPHOCTBIO AKTUBHOI'O CJIOSI UCTOYHUKOB 1
YYBCTBUTEJIBHOCTU AETEKTOPA
BacunweB U.O., Ctsxkun B.A.
QI'BY «'HMIL]» Munobopomnsr Poccuu

[lepenaua eauHMIBI aKTUBHOCTU paguoHykiauaoB (APH) ocymectBisiercss MeToaoM
cpaBHeHMs pabouux 3TaJioHOB (PD) ¢ OJHOTHUMHBIMH ATAJOHHBIMH MEpPaMy INPH MOMOIIU
KOMIIapaTopoB. AHAJIU3 COCTABIISAIONINX NMOrPENIHOCTH nepeaaun eaunuibl APH nokasan, uro
OJHON M3 OCHOBHBIX SBJSIETCS HEHMCKIIOYEHHAs cocrapistomas norpemHocty (HCID),
00yCIJIOBJIEHHAs HEPAaBHOMEPHOCTHIO aKTUBHOTO CJI0Sl MCTOYHUKOB U JIETEKTOpa KOMIaparopa
Ox. 3nauenue O, onpenensercs no popmye [1, 2]:

i =4
sefa el T (1)

*S,1 s,/8,

TI€ o U §n — HEPAaBHOMEPHOCTb AKTUBHOIO CJIOS y JTAJIOHHOTO W IIOBEPSEMOIO
HCTOYHUKOB COOTBETCTBEHHO, %0; So U S — IJIOLIA/Ab C MAaKCUMaJIbHBIM OTKIIOHEHHMEM APH n
IUIONIAb AKTUBHOM IIOBEPXHOCTH BCErO0 MCTOYHHMKA COOTBETCTBEHHO; — OTHOCHUTEIBHOE
M3MEHEHUE YYBCTBUTEJIBHOCTH BCEro JETEKTOpa JI KpaeBbIX YYaCTKOB HCTOYHHKOB I10
OTHOLICHHIO K CPEIHEMY.

CornacHo [1, 2] oTHoOIIEHHE OIpeneiseTcsl MEPEMEIEHUEM HCTOYHMKOB B JABYX
B3aMMHO IMEPHEHAMKYJISIPHBIX HAIIPABJICHUAX B Ipeleiax IUIOIAJu AKTUBHOW IOBEPXHOCTHU
HCTOYHMKA C U3BMEPEHHUEM CKOPOCTH CYETA UMITYJIbCOB 71 ; B KAXKJI0M TOUKE. BENWUnHBI 70 U 1 x
ONPEACIAIOTCA U HOPMUPYIOTCS TOJIBKO 3aBOJOM-U3TOTOBUTEIEM HCTOYHUKOB B BUE 7<20%.

IIpemiaraemelii METOJ MOKHO YCJIIOBHO Pa3Je/IMTh HA JIBA dTaIla:

1) Omnpenensth 3HAYCHUE MEPEMEIICHUEM HCTOYHMKOB MUHHUMAJILHOM IUIOLIAAU B
BOCBMH HAIIPaBJICHUAX OTHOCHTEIBHO LIEHTpa JIeTeKTopa. MccinemoBaHus KOMIapaToOpoB Ha
JTAHHOM 3Tarle [oKa3aJid, YTO OIpeieIeHUe NMPeAI0KEHHBIM ClIOCOOOM MO3BOJISIET YMEHBLIUTD
Ox na 30-45 %.

2) B cBs3u CO CIOKHOCTBIO M BBICOKOH TpPYIOEMKOCTBIO ONPEIEICHHUsS] TOYHOIO
3HAYEHUS /] IPSIMBIMU U3MEPEHUSIMU NIPEAJIAraeTcsi KOCBEHHO OLICHUBATh BEJIMYUHBL #] o U 1] »
IIPY BpallleHUH HCTOYHMKOB BOKPYI CBOEH OCH C HM3MEPEHUEM CKOPOCTH CU€Ta HMMITYJIbCOB.
Jlnst HMBeTMpoBaHus BKIIaga aHu3oTponuu uctounukoB B HCII Heo6xomumo:

a) 3a(hMKCHPOBaTh IEPBOHAYAIBHOE 3HAUEHHE CKOPOCTHU CUETA UMITYJIbCOB 7b;

0) HempepbIBHO WM OECKOHEYHO MHOTO pPa3 MOBOPAYMBATH MCTOYHUK BOKPYT CBOECH
OCH C 1IaroM, CTPEMSIIIUMCS K HYJIIO, 10 TOCTY>KeHus yria B 360°%;

B) Ha Ka)XJIOM 1LIAary NpOBOJUTH U3MEPEHUS 1; U ONIPENEIATh IOIPEIIHOCTh U3MEPEHUN
0i B KQXJIOU TOYKE OTHOCUTEIBHO o)

I') OLIEHUTh YMEHBLIEHHE #; C IOMOIIBIO BEIPAXKEHUS:

N= 0i/0cp (2)
rzie dcp — Moayiu cpeHux oTHocutenbHbIX HCII, BemnunHa KOTOPBIX B COOTBETCTBUU
¢ [3] mo3BoJISIET OLICHUTH BKJIAJ 3HAYEHMSI 7] B CyMMAapHYI0 IOrpelHocTh nosepku PO APH.

OKclepUMeHTaIbHasE anpoOaiys MNPeAJoKEHHOI0 MEeToJa II0Kas3aja, 4YTO OLIEHKa
AHU30TPONHUH UCTOYHHUKOB, TIO3BOJISIET yMEHBIINTE & Ha 20-80 %.

Takum oOpa3oMm, B pe3yiabTare NPOBEAEHHBIX HCCIEAOBAaHUM OIpPENCIEHO, YTO
IIPUMEHEHHUE INPEUIOKEHHOIO METOJa IpH TEPUOJUYECKOM IIOBEPKE KOMIIApAaTOpPOB U
PaIMOMETPUYECKUX MCTOYHUKOB IO3BOJIAET YMEHBIIMTH IMOTPEIIHOCTh MEPENaYd €OUHHIIBI
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APH na 5-10 %.
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METHOD OF REDUCING COMPONENT OF THE ERROR OF
MEASUREMENT OF RADIONUCLIDE ACTIVITY DUE TO THE UNEVENNESS
OF THE ACTIVE LAYER SOURCES AND THE SENSITIVITY OF THE DETECTOR
Vasiliev 1.O., Styazhkin V.A.

FSBI « CSMC» Ministry of defense of Russia

The dissemination of the activity of radionuclides unit (ARN) is carried out by
comparison of working standards (WS) with the same type of reference measures via
comparators. Analysis of the errors accopanying the dissemination of ARN unit showed that
one of the main error components is a non-excluded error (NEE) due to the unevenness of the
active layer of radiation source and the comparator detector & «. The value 6 « is identified by
the formula [1, 2]:

(1)

where 7, and 7, is the unevenness of the active layer from the reference and test
sources, respectively, %; s and § is a square with a maximum deviation of ARN and the
active surface area of the entire source, respectively; is the relative change in the sensitivity
of the entire detector for the regional sections of the sources with respect to the average.

The dissemination of the activity of radionuclides unit (ARN) is carried out by
comparison of working standards (WS) with the same type of reference measures via
comparators. Analysis of the errors accopanying the tranfer of ARN unit showed that one of
the main error components is a non-excluded error (NEE) due to the unevenness of the active
layer of radiation source and the comparator detector . The value @ is identified by the
formula [1, 2]:

1 =4
sey )2 ;S%—T (1)
S 1 s,/8,

where 7, and #, is the unevenness of the active layer in the reference and test sources,
respectively, %; so and S, is the area with the maximum ARN deviation and the active surface
area of the entire source, respectively; @ Ts the relative change in the sensitivity of the
entire detector for the edge sections of the sources in relation to the average.

According to [1, 2] the relationship is determined by moving the sources in two
perpendicular cross directions within the area of the active surface of the source while
measuring the count rate of pulses n; at each point. Values 7, and #, are defined and
standardized solely and exclusively by the manufacturer of the sources in the form #<20%.

Application of the proposed method can be divided into two stages:

1) To determine the value by moving sources of minimum area in eight directions
relative to the center of the detector. Study of comparators at this stage showed that the
measurments by the proposed method allows for reduction of 8« by 30-45 %.

2) Due to the complexity and high labour-intensity of determining the exact values of
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n, direct measurements are proposed to indirectly estimate values for, and # by rotating
sources around their axes while measuring the rate of pulses counting. To compensate for the
contribution of anisotropy of the sources in the NEE te following should be done:

a) fix the initial value of the counting rate of pulses 7,;

b) continuously, or by near-zero steps turn the source full circle around its axis;

c) measure #; at each step and determine the measurement error 6 ; at each point with
respect to 7o;

d) assess the reduction of n; by the expression:

N=0i/0¢p (2)

where ., — modules of the average relative NEE, the value of which, according to [3]
allows estimation of #; contribution to the total error of the calibration WS ARN.

A trial of the proposed method showed that the estimation of sources anisotropy,
allows for the reduction in 6, of 20-80 %.

Thus, as a result of the conducted research, it has been determined that the application
of the proposed method for periodic calibration of comparators and radiometric sources
allows to improve the accuracy of the transmission unit ARN 5-10 %.

References
1. GOST 8.581-2003. Sources of alpha radiation radiometric reference. The method of
verification. —M.: Publishing house of standards, 2003. — 13 p.;
2. GOST 8.582-2003. Sources of beta radiation radiometric reference. The method of
verification. —M.: Publishing house of standards, 2003. — 13 p.;
3. Kondrashov A.P., Shestopalov E.V. Foundations of physical experiment and
mathematical processing of measurement results. —-M.: Atomizdat, 1977. — 200 p.

PA3PABOTKA U UCCJUIEJOBAHUS YCTAHOBKHU U3MEPEHUS
AKTUBHOCTH METOJIOM 47(0,B)-y COBITAIEHUAM
Kysoikun U.B., Ilypues C.M.-111.
QI'VIl « BHUUDTPU»
kuvykin@vniiftri.ru

Meto[ coBnaieHu SBISIETCS OHUM U3 OCHOBHBIX U CAMBIM TOUYHBIM B METPOJIOTUU
a0COJIIOTHBIX M3MEpPEHUN AaKTHUBHOCTU PAJUOHYKIUAOB. DTOT METOJ CTajl MPUMEHSTHCS C
Havana 50-x rojoB, OJHAKO HauOousblllee pacHpocTpaHeHue OH moiyuyusa B 1959 r., mocie
BbIxoa pabotsl Kammnuona [1]. JanbHeHmm pa3BUTHEM 3TOT0 METOJ1a SIBJIIETCS OLM(PPOBKa
CUTHAJOB C JIETEKTOPOB U CO3/JaHHME YK€ MPOrpaMMHOr0 KaHajla COBNAJACHUH, T.H.
«uu¢ppoBoit» meron coBnaaeHuil. Lludpposoit Meron omucaH BO MHOTHX paboTax, ObLTH
MOMBITKA CO3/1aHUsA IU(POBOM ycTaHOBKM coBmnazeHuit B Poccun [2], HO 3Ta ycTaHOBKa
uMena psijl HeA0CTaTKOB, Y He€ ObUI0 00JIbIIoe MEPTBOE BPEMSI, UTO MPUBOIMIO K HEBBICOKOM
tounoctH (1 — 5 %).

B paGore Obl1a co3aHa u McciIe0BaHa YCTaHOBKA, peau3yromas Hu(poBoil METO
M3MEPEHHST aKTUBHOCTH MeToaoM 4(o,B)-y coBmameHuid. JlaHHas yCTaHOBKA IO3BOJISET
U3MEpATh AaKTMBHOCTh paauoOHYKINaoB ¢ ToyHOcThiO 0.1 %. IlpoBeneHo wuccienoBanue
MapaMeTpPoOB YCTAaHOBKHU U pacu€T HEOINpeneI€HHOCTH pe3yJbTaTOB M3MEPEHHsS aKTUBHOCTH.
VYcTaHoBKa mpolia ciaudeHue ¢ 1'ocyapCTBEHHBIM INEPBUYHBIM 3TaJIOHOM AKTUBHOCTH
['DT-6, pean3yronuM aHaJIOTOBYIO CXEMY COBITQJICHUM.

Jlnst uccienoBaHUsl METOJa COBIMAJGHUH M Tpoliecca perucrpanuu Oera- M ramMma-
yacTull cuéTyrKamMu Obljla co3/laHa MareMaTHdeckas Mojeiab. Mojeiab HCIONIb3YeT METOJ
MonTte-Kapno st paspirpbiBaHus COOBITHM pacmaia pajuOaKTHBHBIX sIEp 3a CIy4ailHbIH
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MepUoJT BpeMeHH! (OT MPEIBIAYIIEro paciaia Wik OT Hadasa 3aliCh CIIeKTpa), 3aBUCSIIINI OT
aKTUBHOCTH. MoOJENUpPYyeT MPOLECChl BPEMEHHBIX 3a/IepKEK MPU PETUCTPALMU CHUTHAJIOB,
IIPOLIECCHI «3alMpaHus» CUETYMKOB M3-3a MEPTBOrO BpeMEHHM. Mojenp IoKas3ala Xopollee
corjacHe C pe3yJbTaTaMu SKCIEPUMEHTAIbHBIX U3MEPEHUH.
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DEVELOPMENT AND RESERCH OF ACTIVITY MEASUREMENT SYSTEM
BY THE METHOD OF 4xn(a,)-y COINCIDENCE
Ilya Kuvykin, Said Tsuriev.
FSUE «VNIIFTRI»
kuvykin@vniiftri.ru

The coincidence method is one of the main and most accurate in metrology of absolute
measurements of radionuclide activity. This method has been applied since early 50-s but it
became most common after the release of the work by Campion [1]. A further development of
this method is the digitizing of signals from detectors and creating a virtual coincidence
channel — the so-called “digital” coincidence method. The digital method has been described
in many works. There were attempts at creating digital coincidence system in Russia [2].
However, that system had some shortcomings, such as great dead time, which lead to low
accuracy (1 —5 %).

In the reported work, the system implementing the digital method of activity
measurement by method of 4(a,p)-y coincidence was created. This system allows for
measuring of the radionuclide activity with 0.1 % accuracy. The investigation of the
parameters of the created system, and the calculations of the uncertainty of activity
measurement results were carried out. The system passed the comparison trials with the
national primary standard of activity GET 6-95, which implements the analogous coincidence
method.

The mathematical model was created for the research into the coincidence method and
the process of the registration of beta and gamma particles by counters. The model uses the
Monte-Carlo method for playing the events of radionuclide nuclea decay over the random
time period (from a previous decay or from the start of modeling) depending from activity. It
simulates the processes of time delays in signal recording, the processes of counter lock due
to dead time. The model showed good agreement with the results of experimental
measurements.

References
1. Campion P.J. / Appl.Radiat. and Isotopes, 4, 232, 1959.
2. B.W. Yepupimmes, C.B. Kopoctun / IludpoBsie MeTOJbl COBMNAJACHUN B

MmeTposioruu paauonykianaoB / AHPU, 2003 Ne 4 (35), ctp. 50-56.
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HUTOT'U JOJITOBPEMEHHOI'O COTPYIHUYECTBA NIPEAIIPUATUSA
«ATOMTEX» C BHUUM UM. I.U. MEHJIEJIEEBA
Koxemskun B.A.
Hayuno-npouszeoocmeennoe ynumapnoe npeonpusmue «ATOMTEX»
Munck, Pecnyonuxa benapyco
info@atomtex.com

bonee derhipex JecATUNETHH MPOAOIDKAETCS IUIOAOTBOpHOE U d(dexTuBHOE
COTPYJHUYECTBO HAIIETO MPEANPUSITHS C OTAEIOM METPOJIOTHH HOHU3UPYIOIINX U3TydeHUN
OI'VII « BHUHM um. JI.1. MenaeneeBay.

B mepuon ¢ 1976 r. mo 1991 r. HampaBieHHUS COBMECTHBIX pPabOT OBLIM CBSI3aHBI
UCKITIOYUTENHEHO ¢ 000POHHOM TEMAaTHKON M BKITIOYAIIH:

) UCCJIEJOBAHUE  METPOJIOTMUECKUX  XApaKTePUCTUK  PagHOMETPUYECKOTO
KOMIUIeKca (HECKONbKO Monaudukaimii) Ans KOCMHUYECKHX ammapaToB cepun «Meteopy,
MpeAHA3HAYEHHOTO JJI1 U3MEPEHUS TIIOTHOCTEN MOTOKOB 3apsKEHHBIX YaCTHUI[ 1 HEHTPOHOB,
a TaKk)kKe MOIIIHOCTH JIO3bl CyMMAapHBIX TOTOKOB U3TyUYEHHUS;

) UCCJIEIOBAaHUE U CO3J]aHHE CIIEKTPOMETPUYECKOro OJI0oKa-KoMrapaTopa H
MeToAa JUIsl  aTTeCTalli  HU3KOAKTHUBHBIX MOHOPHEPIeTHUECKUX  PaJUOHYKIUIHBIX
HMCTOYHHKOB raMMa-U3JIy4eHHUs 10 MOIIIHOCTHU JI03bI;

) UCCJIEIOBAHUE U CO3JIaHUE CIIEHUAIbHON J03MMETPUYECKON YCTAaHOBKHU JUIS
MIPOBEPKHU IHEPTETUUECKON 3aBUCUMOCTH YyBCTBUTEIILHOCTH KPEMHHEBBIX JCTEKTOPOB;

) HCCJIEIOBAHUE METPOJIOTMUYECKUX XAPAKTEPUCTUK YCTPOMCTB JETEKTUPOBAHUS
U JETEKTOPHBIX CHUCTEM (HECKOJbKO THIIOB) aBTOMATHU3HPOBAaHHBIX CHCTEM BO3IYLIHOM
panuanMoOHHONW pa3BEAKH JJIsl BCEX COBETCKMX OCECIMIIOTHBIX CaMOJIETOB-PAa3BEIYUKOB,
MOJJIEPKKY METPOJIOTHYEeCKOro oOecredyeHus anmaparypbl B XOJE JICTHBIX, BOMCKOBBIX U
HATypPHBIX UCIIBITAHUM HA SJIEPHOM MOJIUTOHE;

) pa3paboTKy MW BHEAPEHUE METOAMK TMOBEPKU JIETEKTOPHBIX YCTPOMCTB 0€3 HX
JIEMOHTaXA.

B nmocnenyroomuii mepuoAg M IO HACTOAIIEE BpeMs CIHEKTP pellaeMbIX 3ajad
3HAUYUTENIbHO PACIIUPUIICS U OXBATHIBAET CJIEAYIOLINE HAIIPABICHUSA:

) MCCJICIOBAHMS M UCTIBITAHUS C LIEJIbIO YTBEPXKICHUS TUIIA CPEICTBA U3MEPEHUS
6onee 50 HaMMEHOBAaHUMN J1O3UMETPUUECKUX, PATUOMETPUYECKUX U CIIEKTPOMETPUUYECKUX
YCTPOMCTB, MPUOOPOB U CUCTEM;

) UCCJICIOBAHMSI M HCIBITAHUA C LEJIbI0 YTBEPXKIEHHUS THUIA COBPEMEHHBIX
aBTOMAaTU3UPOBAHHBIX IOBEPOYHBIX YCTAHOBOK raMMa- U HEUTPOHHOI'O U3JIyYEHUS;

) CO3/aHHE aBTOMAaTU3HPOBAHHBIX JTUCTAaHIIMOHHO-YTIPABIISIEMbIX
KaTMOpPOBOUHBIX CTEHIOB JUIsi [ OCymapcTBEHHBIX JTajloHOB Poccum B obmactu
PEHTTEHOBCKOTO ~ U3IyY€HUS, BBICOKOAHEPTETHUUECKOTO AJIEKTPOHHOTO U TOPMO3HOTO
W3ITyYCHUS;

) CO3/1aHHE COBPEMEHHOTO aBTOMAaTU3UPOBAHHOIO o0opypoBaHus
(MpeU3UOHHBIX SKCTPANONSAIIMOHHON KaMephl OeTa-u3JIy4eHHs U KaTMOPOBOYHOTO CTEHIIA)
11st 'ocymapcTBeHHOr0 ATajgona Poccun B 001acTH MOTIJIONIEHHOM 10361 O€Ta-U3TyUeHNS,

) MaTeMaTHYECKOe MOJAETHpPOBaHHE (PYHKUMH OTKJIMKA OJOKa JETEKTUPOBAHHS
YepEHKOBCKOTO U3IyUYeHHs], 00YCIOBIEHHOTO raIaKTHUYECKUMU MTPOTOHAMH;

) WCCIeIOBaHUS M METPOJIOTHYECKAas aTTECTAIlHsI CIIEKTPOMETPUYECKUX OJIOKOB-
KOMIIapaToOpOB AJIsi U3MEPEHHS OKOJI0(OHOBBIX paAHallMOHHBIX YPOBHEHH;

) UCCIICIOBAaHMSI ¥ HCIBITAaHUS yCTAaHOBKM TIOBEPOYHONW PEHTTEHOBCKOU
aBTOMATU3UPOBAHHOM C IIEJIbIO YTBEPKICHUS TUTIA;

) METpPOJIOTHUECKass aTTeCTalllsl B KauyecTBE JTAJIOHHBIX MPO0 pa3IUUHbIX
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BELIECTB I10 YJEIbHON aKTUBHOCTH O€Ta- M TaMMa-U3Ty4yaroX HyKJIHJIOB;
) INepBUYHas W IEpUOAMYECKas  IIOBEpKA  MCTOYHUKOB, YCTaHOBOK,
MPEIU3UOHHBIX TPUOOPOB.

Bzaumopeiicteue ¢ ®I'VII «BHUUM wum. .M. MeHnneneeBay HHUIIMUPOBAIO
co3znanue Ha npeanpuarun «KATOMTEX» coBpeMeHHOI MeTposoruueckoi 6a3pl Ha ypOBHE
pabounx 3tanoHoB I pa3psaa (raMMa-u3nydeHue, peHTTeHOBCKOE U3JIyUeHHEe, HEUTPOHBI), a B
OmKaiieit mepcreKTHBE — ATaIOHA TOTJIONIEHHOM 103bI OeTa-U3ITyueHHs, JO3UMETPUIECKUX
ATAIOHOB UMIMYJIBCHOTO (DOTOHHOTO H3IY4YEHHsI, UTPAIOLIET0 (yHIAMEHTAIbHYI0 POJIb MpHU
pa3paboTKe M BBIMYCKE COBPEMEHHBIX M OyAyHmMX KOHKYPEHTOCIOCOOHBIX CpEJICTB
M3MEPEHUS] HOHU3UPYIOMINX U3TyYeHH.

bnarogaps HanieMy TECHOMY U IOCTOSIHHOMY COTPYJHHYECTBY, PE3YJIbTAaThl KOTOPOTO
B YacTU oOecreueHus €IMHCTBAa M JOCTOBEPHOCTH W3MEpPEHUIN OMUPAIOTCs Ha HaJleXKHbIE
ATAJIOHBI M HWCTHHHOCTb, IIMPOKHHA CHEKTP NPOAYKIUH SACPHOTO TNPUOOPOCTPOCHUS,
paspabaTeiBaeMoii U BbimyckaeMoi mpennpusitueM «ATOMTEX» m mocraBinsiemoit B 80
CTpaH, HUKOI/Ia HE MMEJ MPEeTeH3UN Yy HalllUX I0JIb30BaTeleil B 4acTU METPOJIOTMUYECKUX
napaMeTpoB. Mbl TOTOBBI K MPOJOJKEHUIO COBMECTHBIX pabOT MO BCEM MEPCIEKTUBHBIM
BOIIPOCaM METPOJIOTMYECKOro o0ecredeHuss B IMpejesiax Halled KOMIETEHTHOCTH C IIEJIbIO
oOecrieueHNs B3aMMHOTO M IOCTOSIHHOTO Tporpecca M YKpeIUleHWs MOTeHIuana B JaHHOMN
00J1aCTH HAyYHO-TEXHUUECKUX 3HAHUH.

ATOMTEX AND D.I. MENDELEYEV INSTITUTE FOR METROLOGY
(VNIIM).
LONG TERM COOPERATION RESULTS
Kozhemyakin V.A.
Research unitary enterprise «ATOMTEX»
Minsk, Republic of Belarus
info@atomtex.com

It has been for more than four decades that the fruitful and effective cooperation of our
enterprise with the ionization radiation metrology department of D.I. Mendeleyev Institute for
Metrology (VNIIM) has been lasting.

From 1976 to 1991, cooperation exclusively related to defense industry tasks and
included:

) investigation of metrological characteristics of radiometric complex (several
modifications) for space vehicles of the “Meteor” series intended for measuring the densities
of charged particle and neutron fluxes, as well as the dose rate of the total radiation fluxes;

) research and creation of a spectrometric comparator and the method for low-
level monoenergetic radionuclide gamma radiation sources dose rate certification;

) research and creation of special dosimetry bench for investigation of energy
dependence of silicon detector sensitivity;

) investigation of metrological characteristics of detectors and detector systems
(several types) of automated aerial radiation reconnaissance systems for all Soviet
reconnaissance unmanned aerial vehicles; metrological assurance support during aerial,
service trials and full-scale tests at a nuclear test site;

) development and implementation of on-site detector devices verification
techniques;

As for the present day, the range of the tasks has considerably expanded and covers the
following areas:

) research and trials for type approval for more than 50 examples of dosimetric,
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radiometric and spectrometric devices, instruments and systems;
" research and testing for type approval of modern automated calibration benches of
gamma- and neutron radiation;
creation of automated remote-controll calibration benches for Russian State
Primary Standard in the field of X-ray radiation, high-energy electronic and braking radiation;

) creation of modern automated equipment (a precision extrapolation chamber of
beta radiation and a calibration bench) for the Russian State Primary Standards in the field of
absorbed dose of beta radiation;

) math modelling of the Cherenkov radiation detection unit response caused by
galactic protons;

) research and metrological certification of spectrometric comparators for
measuring near-background radiation levels;

" research and testing for type approval of a verification X-ray automated bench;
metrological certification of various substances on the specific activity of beta- and
gamma-radiation nuclides for use as calibration samples;
primary and scheduled calibration of sources, benches, precision instruments.

Cooperation with D.I. Mendeleyev Institute for Metrology (VNIIM) initiated the
creation at the "ATOMTEX" of a modern metrological base at the level of working standards
of the first category (gamma radiation, X-ray radiation, neutrons) and in the nearest future -
the standard of absorbed dose of beta radiation, dosimetric standards of pulse photon
radiation, which are playing a fundamental role in development and production of modern and
competitive means of ionizing radiation measurements.

Thanks to our close and constant cooperation, the results of which, in terms of
ensuring the unity and measurements reliability based on reliable standards and true values, a
wide range of nuclear instrumentation products developed and manufactured by ATOMTEX
and supplied to 80+ countries have never had any claims from our users in terms of
metrological parameters. We are ready to continue joint work on all promising metrological
support issues within our competence with a view to ensuring mutual and constant progress
and strengthening the potential in this area of scientific and technical knowledge.

TIJIEHOYHBIA XUMHWYECKH TO3UMETP MOT'JIOMEHHOM TO3bI
®OTOHHOTI' O, DJIEKTPOHHOI'O H $-U3JIYUYEHUM B TUATIA3ZOHE 5 - 60 xI'p
Ao6nynoB P.A. I'ypckuit M.H., I'pomoB A.A., Emenssaenko 1.A., XKanxopa
A.Il., Teaumes B.I1.
OI'VII «k BHUUDTPHy», n. Menoeneeso, Mockosckas obaacme.
emelyanenko@vniiftri.ru

PazpaGorana crabuipHass ¥ yCTOWYMBAs PaJMOXPOMHAs KOMIIO3WIMS Ha OCHOBE
a30KpacuTess, YyBCTBUTEIbHAS K MOTJIOMIEHHOW 03¢ B AuamnazoHe ot 5 go 60 k['p s
WHTCHCUBHBIX  (OTOHHOTO, TamMMa U  anekrpoHHoro (1-10 M»dB)  usnmyuenwid.

Ilens pabGoTel - cO3JaHME HA OCHOBE JIaHHOM KOMIIO3MLMK ['ocyJapcTBEHHOTO
CTaHJIApTHOTO oOpasua Ais IO03UMETPUM B paJHallMOHHBIX TexHojorusix. MccienoBanus
MPOBOAMIIUCH MyTEeM OOJY4YeHHs PA3NIUUYHBIX MJIEHOYHBIX KOMIO3HWIMK Ha [ocygapcTBeHHOM
MIEPBUYHOM CIIELUAJIBHOM 3TAJIOHE E€JAMHMIIBI MOIIHOCTH IOIJIOMEHHON 7103bl MHTEHCHBHOIO
(OTOHHOTO, ANEKTPOHHOTO U OeTa-u3NydeHUH A1 paaArnaunoHHbIX TexHoxorui DT 209-2014
(OI'YIT «BHUUDTPU»). IlneHounble 0Opa3ibl MPEACTABISIN COOOM IMOIUMEPHBIC IIJICHKH,
COCTOSIIIUE M3 PaJUALMOHHO-UYBCTBUTEIBHOIO CJIOS, HAHECEHHOIO Ha MPO3pavyHylo
JIaBCaHOBYIO TIOJUIOKKY TOMIMHON 100 MKM. DKCTIeprMeHTalIbHBIE 00pa3iibl H3TOTABIHBAIUCE,
MPU CTPOTOM COOJIIOIGHUM TEMIIEpAaTYpHOTO U BIIAXKHOCTHOTO PEXHMMOB, Ha CHEIMAIbHBIX
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nonuBoYHbIX MamnHAaX 3A0 «BUT», r. IlepecnaBib-3anecckuii. s n3amMmepeHns onTHYECKOn
IUIOTHOCTH B 3aBUCUMOCTH OT IOTJIOLIEHHOM JJO3bI HCIIOJIB30BANICS CIIEKTPO(POTOMETPUUECKUIA
Meron. MccnemoBaHusi ONTHYECKOW TUIOTHOCTH OOJMYYEHHBIX OOpasIoB IO OTHOIIEHUIO K
HeoOTydeHHBIM npoBoauiuch Ha criekTpodoromerpe SPECORD 210 Plus kommanuu Analytik
Jena c aGcomtoTHo# norpemHocTsio 0,2 % no nponyckanuto. [logoOpansl crabuin3upyronme
N00aBKM A7 yMEHbIIEHUs mocTd(hdexra paauoXpOMHONM KOMIO3HMIMU paJualiMoHHO-
YYBCTBUTEIHHOTO CJI0S C COOTBETCTBYIOIIEH KOHIIEHTpaluel Kpacutens 6e3 ceHcuomimsaropa.
Pazpaborana MeToAMKa TpajyMpOBKH ONTHYECKOH IIOTHOCTH OOJMY4YEHHBIX OOpa3LOB OT
BEJIMYMHBI TOTIOMIEHHONW 103bl. [lokazaHo, uyTO mnpu O0OJYyYEHHH OSKCHEPUMEHTAIbHbBIX
o0pa3loB B JMama3oHe IMOTJOMIEHHBIX 703 5 - 60 kI'p. He mnpoucxoauT aedopmanus
CIEKTPaTbHON 3aBHCUMOCTH ONITUYECKOTO MOTJIONICHUS B 00s1acTh JuTiH BoJH 540 £ 5 HM, 4TO
SIBJIAETCS OCHOBAaHUEM JUIsl JO3UMETPUUYECKUX M3MEPEHHI B JAHHOM JMalla30HE C MOMOUIBbIO
HCCIIETyEMON KOMITO3HIIUH.

JlaHHas KOMITO3UIMS TIPEJACTAaBIIsIET MHTEpEeC B IENAX O00ecredyeHus: eIUHCTBa
W3MEPEHHUI TIOTJIOMIEHHOW /10361 B OO0JACTH paJHAIlMOHHBIX TEXHOJIOTHH, CBS3aHHBIX C
00JyyeHMeM MEIUMUUHCKUX U3JIeNUM, MPOAYKTOB MNUTAaHUS W pa3IUYHbIX M3IEIUN Ha
paZvalliOHHYIO CTOMKOCTbD.

THE RADIOCHROMIC FILM FOR PHOTON, ELECTRON AND g-
RADIATION ABSORBED DOSE MEASUREMENT IN THE 5 - 60 kGy RANGE
R.A. Abdulov, M.N. Gurskiy, A.A. Gromov, [.A. Emelyanenko,
A.P. Zhanzhora, V.P. Tenishev.
FSUE VNIIFTRI, Mendeleevo, Moscow.
emelyanenko@vniiftri.ru

A stable and steady radiochromic composition based on the azoic dye sensitive to the
absorbed dose in the range from 5 to 60 kGy for intense gamma, electron and B-radiation (1-
10 MeV) was developed.
The work's purpose is to develop a standard reference sample for dosimetry in radioactivity
technologies, on the basis of this composition. The research was performed by irradiating
different film compositions using the national primary special standard of the absorbed dose
rate unit of intense photon-, electron and beta- radiation GET 209-2014 (VNIIFTRI). The film
samples were polymer films consisting of a radiation-sensitive layer, applied on a transparent
polyethylene terephthalate substance with the thickness of ~100 pm. The test samples were
produced under strict temperature and humidity controlled conditions on the special
sprinkling machines. To measure the optical density in relation to the absorbed dose, the
spectrophotometric method was used. The comparison of the optical density for the irradiated
samples against the non-irradiated ones was carried out using spectrophotometer SPECORD
210 Plus, by Alalytik Jena, with the absolute error of the 0,2% transmittance. The stabilizing
additives to reduce the post-effect of the radiochromic composition of the radiation-sensitive
layer, with a corresponding concentration of the dye without a sensitizer were selected.
The calibration procedure for the optical density of the irradiated samples with respect to the
absorbed dose value was developed. It is shown that at irradiation of the test samples in the
absorbed dose range from 5 to 60 kGy does not result in a distortion of the spectral
dependence of the optical absorption curve at the wavelength of 540+5 nm, which allows for
choosing this composition as a dosimetry standard material in this range.

This composition is of interest with the aim of assuring the uniformity of the

absorbed dose measurements in the technologies related to irradiation of medical products,
food and various products, for the radiation resistance testing.

Book of abstracts 181



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

STAJIOHBI JJI1 N3MEPEHUN NOHU3UPYIOIIEI'O U3JIYYEHUSI
Porozes A.B., Terunukun FO.A., Tutos D.A.
340 «PUTBEPIL]»
arogozev(@ritverc.com

Kaxk n3BecTHO, 0JTHOI U3 3a/1a4 METPOJIOTUH SIBIIIETCS CO3/1aHKe 3TajgoHoB. 3A0
«PUTBEPLly, 3anmmasice pa3pabOTKOW W TOCTaBKOW OOJBIIOTO CIEKTpa PaAHOHYKIHIHON
MPOAYKINH, OONBIIOE BHUMAHHE YIENsAeT J3TAaJOHHBIM, KaTUOPOBOYHBIM U KOHTPOJIBHBIM
HWCTOYHUKAM pa3HbIX TUHOB. M ecTeCTBEHHO, TOJBKO TeCHOE B3anmoaeiicteue ¢ BHUNM um.
JI.1. MenpeneeBa, MO3BOJISET BBITyCKaTh IMEHHO TaKyIO MPOAYKIIHIO, KOTOpas BOCTpeOOBaHa
Y OTBEYAET MOHATUIO «METPOJIOTUUECKAS.

Hapsiny ¢ naBHO pazpaboranasiMu uctounukamu tuna OCI'U B «kmaccuueckom»
WCIIOTHEHUH (QJTFOMUHUEBBIN AUCK, TTOJIMAMU/THAS TUICHKA), HAIIE TIPEANPUSITHE pa3padoTayio
U OCBOWJIO BBIIYCK JAPYrUX MOAU(DUKAIMI D3TaJOHHBIX U KOHTPOJBHBIX (DOTOHHBIX
PaIMOHYKIMJIHBIX HCTOYHUKOB.

1. Pazpaboran u Hadanm BBIMYCKAThCS MYJbTHHYKIHIHBIA ATAJIOHHBIA HCTOYHUK
tuna OCT'U-PT, KOTOpBII COOEPKUT Cpa3y HECKOJIBKO pPaJlOHYKJIHIOB. HaGop
PAANOHYKJIMIOB TTOAOUPACTCS TaK, YTOOBI PABHOMEPHO 3aMOJIHUTh CIIEKTPATLHBIMU JTHHUSMU
SHEpreTuyeckuii uaTepBan ot 26 1o 1836 k3B.

2. C uenpl0 ympouyHEHHsI KOpIyca ¥ MUHHMH3AIHNH Pa3MEpOB aKTHMBHOW YacTH
Boinyckaercs ucrouHuk OCI'U-II, momtopsrommii rabaputel kinaccuueckoro OCI'M (25x3
MM) B TJIaCTUKOBOM KOPITyCE.

3. Benyrcs paboter mo coBmectHomy ¢ BHHUHUM wum. .M. Menneneena
MIPOU3BOJICTBY STATOHHBIX (DOTOHHBIX HCTOYHUKOB 0-ro paspsna (BTOPHUYHBIE STAIOHBI),
MOTPEOHOCTh B KOTOPBIX €CTh y OpraHMU3alliid, CBA3aHHBIX C METPOJIOTHEH HOHU3UPYIOUIUX
W3Jy4YCHUH.

[TepcnexktuBHast pa3paboTKa MOCIECTHUX JIET, YUYWTHIBAIOIIAS TOTPEOHOCTH
OypHO pa3BUBaroOLIEiCS saepHOM MeaUITMHBI — ncTouHukn Tuna ONJIK-P. /lanHble HCTOYHUKH
MpHU3BaHbl 00ECIeUNBaTh HEOOXOMUMYI0 TOYHOCTH M TPOCICKUBAEMOCTh H3MEPCHHU,
MPOBOAMMBIX C TOMOIIBIO A03KanuOparopoB paznuuHoro tuna (PUC, KropumenTop,,).
B nmokmame mompoOHO TmpejcTaBicHa HOMEHKIATypa W XapaKTEPUCTHKU BCEX
MEPEUYHCICHHBIX HCTOYHUKOB.

IONIZING EMISSION MEASUREMENTS STANDARDS
Rogozev A.B., Tychinkin Y.A., Titov E.A.
RITVERC GmbH
arogozev(@ritverc.com

Creation of standards is one of the tasks of metrology. RITVERC GmbH has
developed a wide range of radionuclide production including reference, calibration and
control sources of different types in close cooperation with VNIIM which allows such
products to be «metrological».

Along with the previously developed type OSGI sources (aluminum disk, polyamide
film) our company designed and produced other modifications of reference and control
photon radionuclide sources.

1. RITVERC have started production of multinuclide reference source type OSGI-RT,
which contains several radionuclides at once. A set of radionuclides is chosen so as to
uniformly span the spectrum energy interval from 26 to 1836 keV.

2. In order to improve the body strength of the original device, and minimize the size of
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the active part, the source OSGI-P is now produced, which repeats the dimensions of

the classical OSGI (25x3 mm) with a plastic body shell.

3. RITVERC and VNIIM have been developing a zero-order reference sources
(secondary standards), which are in demand by organizations associated with the
metrology of the ionizing radiation.

The promising development of recent years that takes into account the needs of the
rapidly developing nuclear medicine — the DCGS type sources (Dose calibration gamma
standard). These sources are designed to provide necessary accuracy and traceability of the
measurements conducted with the help of different types of dose calibrators (RIS,
Curiementor).

The report shows in details the range and characteristics of all sources described
above.

BOCITPOU3BEJIEHME IOIJIOIIEHHOM 10356l B BOJE PEHTTEHOBCKOI'O
W3JIYUEHUS B IUAITIA3OHE YHEPTHUM OT 15 JIO 250 KDOB
bepnsnn A.B.
QI'VIl « BHUHUDTPH»
sander.00007@gmail.com

B nokiage onuceIBarOTCS METOMBI M CPEJICTBA BOCIIPOU3BEICHHUS OTVIOMIEHHOMN 103l
B BOJIE PEHTTEHOBCKOI'0 M3JIy4eHHUs B Juana3zoHe sHepruii ot 15 1o 250 k3B, npumensiemeie B
sraioHe ['OT38-2011. OmnuceBalOTCS KOHCTPYKTUBHBIE OCOOEHHOCTH pa3pabOTaHHBIX
KaJOPUMETPOB,  IO3BOJIUBLIME  JOOUTbCA  TpeOyeMOoll  TOUYHOCTM  HM3MEpeHHid B
paccMaTpMBaEMOM  JMAaNa30HE€ JHEPruid  PEHTTEHOBCKOro mn3nydeHus. [IpuBondarcs
pa3paboTaHHbIE METO/IbI IIEpEX0/1a OT MOTJIOEHHOM 103bI B rpaduTe K MOIJIOLIEHHOI 103€ B
BOJIE /Ul PEHTT€HOBCKOTO M3JIy4eHUsI B [uana3zoHe sHepruii ot 15 go 250 x3B. IlpuBoaurcs
OI0JKET HEOIpeJeICHHOCTeH OIpeesIeHUs] MOIIOIMEHHOW J03bl B BOJE PEHTTEHOBCKOI'O
W3JIy4eHHS B PACCMATPUBAEMOM JIMAIIA30HE JHEPIUH.

Jluteparypa

1. bepnsina, A.B. ['ocyaapcTBeHHBIN IEPBUYHBIN 3TAJIOH €AMHUI MOIIIHOCTH TO-
TJIONMIEHHON 10361 (DOTOHHOTO M S3JEKTPOHHOTO HW3IYyYCHHI, €ro COBEPIICHCTBOBAHHE W
pe3yabTarhl KitoueBblX ciauueHuit / A.B. bepnsna, B.A. bepnsna, FO.M. bperamze //
NsmepurenbHas Texauka. — Mocksa: Ctanmapraadopm, 2010. — Ne2. —c. 3.

2. IAEA TRS-398 Absorbed dose determination in external beam radiotherapy: an
international code of practice for dosimetry based on standards of absorbed dose to water:
Technical report. — Vienna: International Atomic Energy Agency, 2000.

DETERMINATION OF ABSORBED DOSE TO WATER FOR 15-250 KeV X-RAY
Berlyand A.V.
FSUE “VNIIFTRI"
sander.00007@gmail.com

This paper describes methods and means of determination of absorbed dose to water
for 15-250 keV X-Ray applied at absorbed dose primary standard. The specific design of
developed calorimeters that allowed to achieve required level of precision is described. The
developed methods of conversion of absorbed dose from graphite to water for 15-250 keV X-
Ray are presented. The table of uncertainties on measured dose to water is presented.
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1. Berlyand A.V. State primary standard of absorbed dose for gamma and electron
radiation. Enhancement and key comparisons. / A.V. Berlyand, V.A. Berlyand, U.I. Bregadze
/I “Measurement Techniques” Moscow: Standartinform, 2010. — Ne2.

2. IAEA TRS-398 Absorbed dose determination in external beam radiotherapy: an
international code of practice for dosimetry based on standards of absorbed dose to water:
Technical report. — Vienna: International Atomic Energy Agency, 2000.

COBPEMEHHBIE ABTOMATU3UPOBAHHBIE OTAJIOHHBIE
JOBUMETPUYECKHUE YCTAHOBKHU 1J1Sd KAJIMBPOBKU CPE/ICTB
W3MEPEHMSI TAMMA-, PEHTTEHOBCKOT'O, HEUTPOHHOI'O Y BETA-
N3JIYYEHUA
I'y3oB B./I.

Hayuno-npouzsoocmeennoe ynumapnoe npeonpusmue « ATOMTEX»
2. Munck, Pecnybnuka benapyce
guzov(@atomtex.com

B noxmanme mnpencraBieHbl MaTepHalibl, Kacaromiuecs pa3pad0TKH W BHEAPEHUS
aBTOMATU3UPOBAHHBIX JTAJIOHHBIX TOBEPOYHBIX JO3UMETPUUYECKUX YCTAaHOBOK HOBOTO
MMOKOJICHUS, TPEIHa3HAYCHHBIX IS KATHOPOBKH CPEJICTB U3MEPECHHI B TIOJIAX TaMMa-, OeTa-,
HEUTPOHHOT'O Y PEHTI€HOBCKOI'O U3JTyYEHHUSI.

B noknage paccmaTpuBarOTCS YCTAaHOBKH JIO3UMETpUUYECKUEe ramma-usznydenusy [I'-
ATI130 u YAI'-AT110, nmpenHasHaueHHbIe A Mepefadyd padOoyuM M ATATOHHBIM CpPEACTBAM
M3MEPEHHI pa3MEPOB €IMHUII KEPMBI B BO3IyXE M €€ MOITHOCTH, a TAK)KE TO3ZUMETPUUECKUX
BEJIMYMH: HKCIO3UIMOHHON [103bI, aMOMEHTHOTO S3KBUBAJCHTA [03bl, WHIAHUBUAYAIbHOTO
SKBUBAJICHTA J103bI U UX MOIIHOCTH.

IIpencraBnena ycraHoBka nosepouHas HeiitponHas YIIH-ATI140, npeanasnHaueHHas
JUIS Tiepeaddl €IMHMI] TIOTHOCTH TOTOKA, MOIIHOCTH aMOMEHTHOTO W WHIWBHIYATHHOTO
HKBHUBAJICHTOB JI03bI HEUTPOHHOTO M3ITYUYCHHUSI, KOTOPAsk CIIYKHUT ISl CO3aHUS OIS OBICTPBIX
Y TEIJIOBBIX HEUTPOHOB KOJUTUMHUPOBAHHOTO M OTKPBITON T€OMETPHH, U NPETHA3HAUCHA TSI
MOBEPKH M TPaIyUPOBKH HEUTPOHHBIX TO3UMETPOB U DPATUOMETPOB B J1a0OPATOPHBIX
ycinoBusX. B mokiaze BBIAEISETCS MOMOJHHUTEIBPHOE OCHAIICHWE YCTAHOBKM MUIIEHSMH W3
0c000 YHMCTOTO THUTAaHA U HUKENS C IENbl0 (pOopMHpOBaHUS 3aXBATHOTO raMMa-H3JIy4YeHHsS C
sHepruer no 7 u 10 M»dB coorBercTBeHHO (peakmusi n,z) I KAIHOPOBKH
CHEKTPOMETPUUECKOM U JO3UMETPUYECKOM ammaparypbl B MOJAX TaMma-uzinydeHus ao 10
M»5B.

PacckasbiBaeTcs 0 3aBepliieHUH pa3padOTKH YCTAaHOBKU MTOBEPOYHON PEHTT€HOBCKOTO
m3nydeHus: YIIP-AT300, oGecneunBaromeid co3ganue ToJied PEHTTEHOBCKOTO HM3YYCHHS B
cootBerctBuu ¢ ISO 4037-1, ISO 4037-3 u TOCT P M3K 61267-2001, TOCT 27451-87,
I'OCT 8.087-2000, TOCT P 8.804-2012 ¢ wucmnoyib30BaHUEM PEHTTEHOBCKOIO arapara
ISOVOLT 320 M2/4.5-13. JlanHO¥ pa3pabOTKe NPEIIIECTBOBAIO BBIMOTHEHUE CXOXKETO
npoexkra miga OI'VII «BHUAUM wum. JI.UN. MenneneeBa», BOIUIOTHBLIETOCS B COCTAaBE
YCTAaHOBKM  HHM3KOPHEPreTHYECKOr0  PEHTreHOBCKOro  u3nydyeHus YOI  5-50M
lNocynapcrBennoro sranona Poccuiickoit @eaeparuu ['DT 8-2011.

B nokmane mnpencraBiieHa aBTOMATHM3UPOBAHHAS HSTAJIOHHAS SKCTPAINOISIIMOHHAS
kamepa Oeta-uznyuenus MOK-1, usroromnennas no 3akazy OI'YII «BHUUM wum. /..
MenpgeneeBa» M BKIIOYEHHAsT B COCTaB [ 'OCyJIapCTBEHHOIO MEPBUYHOIO 3TaJOHA
MOTJIOIIEHHON 1103bl (MomrHOCTH 103b1) Poccuiickoit @enepanuu DT 9-82. Coobmaercs
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Takke 00 m3roropnennu no 3akazy OI'YII « BHUUM um. JI.1. MenneneeBa» u BBEIEHUH B
DKCIUTyaTalMl0  CIELHMAJIM3UPOBAHHOIO  JJEKTPOHHO-MEXAaHMYECKOIO0  CTEHAAa  Kak
COCTaBJISIIOIIEH YacTH METPOJIOTMYECKOTO KOMILIEKCA, CO3/]aBa€MOro0 Ha OCHOBE JMHEHHOIo
ycKopHTes 31eKTpoHoB (18 MaB).

HemanoBaxHast poib B JOKIaA€ OTBOJUTCS SJAEPHO-PU3NYECKOM ammaparype,
UCTIOJb3YyeMON /sl KadMOpOBKM IOJIEH HOHU3UPYIOUIETO H3JIy4eHHus, pa3paboTaHHOW H
BBIITYCKa€MON Hay4HO-TIPOM3BOACTBEHHbIM yHUTapHbIM mpennpustieMm ATOMTEX. Peus
UIET O JO3UMETpe peHTreHoBcKoro u ramma-uznydeHuss JKC-AT5350 (pekomeHIOBaHHOM
I'OCT 8.087-2000 st WCHONB30BaHUSA TMPU ATTECTALlMU TOBEPOUYHBIX YCTaHOBOK),
nosumerpe-paguomerpe MKC-AT1117M B BapuaHTe BCEBOJIHOBOIO JJO3UMETPA HEUTPOHOB U
JUHENKe  MHTEJUIEKTYalIbHBIX  CHUHTWUISUOHHBIX  CHEKTPOMETPHUYECKHX  OJIOKOB
JETeKTUPOBAaHUS (KOMIIapaTopoB) ¢ (YHKIMEH JO3MMETpa, MMEIONIMX 3aBHCHUMOCTb
YyBCTBUTEIBHOCTU OT 3HEpruu He Oosiee +6% B nuanazoHe 3HEPrUi raMMa-KBaHTOB OT 25
KB 1o 1,25 M»3B, cnocoOHBIX H3MeEpsTh, B COOTBETCTBUU ¢ pekoMeHaarusmu MOK
61017:2016, MomHocTs amMOueHTHOro 3KBUBajeHTa 103kl oT 100 uHI'p/u mo 100 MkI'p/u c
OTKJIOHEHHEM OT JINHEHHOCTH JJ030BOW XapaKTEPUCTUKH B mpezenax +3%.

MODERN AUTOMATED STANDARD DOSIMETRY SYSTEMS FOR
CALIBRATION OF GAMMA, X-RAY, NEUTRON AND BETA RADIATION
MEASUREMENT INSTRUMENTS
V. Guzov
ATOMTEX, Scientific and Production unitary enterprise
Minsk, Republic of Belarus
guzov(@atomtex.com

The report presents materials related to development and implementation of automated
standard calibration dosimetry systems of new generation for calibration of measuring
instruments in gamma, beta, neutron and X-ray fields.

The report considers AT130 and AT110 dosimetric gamma radiation units designed for
transferring units of air kerma and air kerma rate to working and standard measurement
instruments, as well as the following dosimetric values: exposure dose, ambient dose
equivalent, personal dose equivalent, and corresponding dose rates.

The report presents AT140 neutron calibration facility designed for dissemination of
units of flux density, ambient and personal dose equivalents of neutron radiation, creating a
field of fast and thermal neutrons of collimated and open geometry, and designed for
verification and calibration of neutron radiation dosimeters and monitors in laboratory
conditions. The report highlights the use of optional accessories made from pure titanium and
nickel in order to generate capture gamma radiation with energy up to 7 and 10 MeV
respectively (n, axreaction) for calibration of dosimetry and spectrometry instruments in
gamma radiation fields of up to 10 MeV.

The report mentions the completion of development of AT300 X-ray radiation
calibration facility providing for X-ray fields according to ISO 4037-1, ISO 4037-3 and
GOST R IEC 61267-2001, GOST 27451-87, GOST 8.087-2000, GOST R 8.804-2012, and
using ISOVOLT 320 M2/4.5-13 X-ray unit. This development was preceded by
implementation of a similar project for Federal State Unitary Enterprise "D.I. Mendeleyey
Institute For Metrology", resulting in UED 5-50M low-energy X-ray radiation calibration unit
in the Russian state standard GET 8-2011.

The report reviews MEK-1 Automated beta-radiation extrapolation ionization
chamber, produced on the order of "D.I.Mendeleyev Institute For Metrology" and included in
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GET 9-82 Russian state primary standard of absorbed dose and absorbed dose rate. It also
reports production and commissioning of special electromechanical bench on the order of
"D.I. Mendeleyey Institute For Metrology" as part of metrological system based on linear
electron accelerator (18 MeV).

An important role of nuclear-physical equipment for calibration of ionizing radiation
fields developed and manufactured by ATOMTE Scientific and Production unitary enterprise
is pointed out in the report. This equipment includes AT5350 X-ray and gamma radiation
dosimeter (recommended in GOST 8.087-2000 for certification of calibration systems),
AT1117M radiation monitor in the version of an all-wave neutron dosimeter and the line-up of
scintillation spectrometric smart probes (comparators) with dosimeter function and energy-to-
sensitivity dependence of under 6% in gamma range from 25 keV to 1.25 MeV, which,
according to recommendations of IEC 61017:2016, are capable of measuring ambient dose
equivalent rate from 100 nGy/h to 100 uGy/h with deviation from linearity of dose response
within £3%.

OCOBEHHOCTHU METOJUYECKOI'O OBECITEYEHUSA
PAIMAIIMOHHOTI' O KOHTPOJIA: PET'YJIMPOBAHUE U ITPAKTUKA
Koporkos A.C., Spsina B.I1.
QI'VIl « BHUUDTPU»
korotkov_as@vniiftri.ru

C 2014 roma B Poccum BeINonHsAETCA TIOCylapCTBEHHasl nporpamMma «PasBurtue
aTOMHOT0 JHEProNPOMBIIIJIEHHOTO KOMIUIEKCa», CPEeIu MPUOPUTETHBIX 3aJady KOTOpPOH -
oOecrieyeHue  sifepHOM M paauanuoHHoW — Oe3omacHoctH.  CormacHo  «OcHoBaM
rOCy/lapCTBEHHOM TMOJUTUKM B oOjacTu oOecrneueHus: SACpHOM U paguallMOHHOM
6ezonacHoctu Poccuiickoii @enepanuu Ha nepuos 10 2025 roga» «obecneyeHue sAepHoi 1
panvanMoHHOW Oe3omacHOCTH <...> ABJAETCS OJHOM U3 BAXKHEWIIUX COCTABIISIOIINX
oOecrieyeHuss HauMoOHaIbHOU Oe3zomacHoctu Poccuiickoit ®@enepaunn». IlosTomy 3amaun
ofOecrieueHUs paaualMOHHONW O€30MacHOCTH M CHOCOOBbl UX PEIIEHUS CETOJHS HIParoT
MIEPBOCTEIICHHYIO POJIb U PEryJIUPYIOTCS B 0COOOM HOPSIZIKE.

Pannanmnonnas Oe3zonacHocTh (nmanee - PB) oOecneumBaercss mpu coOiroeHUH
OCHOBHBIX TMPHUHIMIOB W HOPM paauanuoHHOW Oe3zomacHoctu HPB-99/2009 [1], a
BOKHEUIIIUM WHCTPYMEHTOM obecrieueHuss Pb sBisieTcss panvanvoOHHBIA KOHTPOJb (nanee -
PK). PK, cormacuo [l], 3T0 «mnomydeHue MHPOpPMALUU O PAJAUALUOHHOM OOCTAaHOBKE B
OpraHu3aiyy, B OKpY)Kawolel cpeae U 00 YpoBHSAX OOIydeHHUs Jiofel (BKiIoyaeT B ceds
JIO3UMETPUYECKUHN U paJOMETPUUECKUNA KOHTPOJIb)».

B cootBercTBUu ¢ TpebGoBanmsmu DenepanpHoro 3akoHa [2] u [3] ['ockopropanueit
«Pocatom» (o cornacoBanuto ¢ Poccranmaprom) Obutn paspaboranbl «MeTposornyeckue
TpeOOBaHUS K H3MEPEHHUsM...» [4], perynupyrouie ocoOeHHOCTH OOecreueHHs €IWHCTBA
U3MepeHuil B 00JaCTH HCIOJIb30BaHUSA aTOMHOI sHepruu (nanee — OMAD) u umerouiue
CTaTyc HOPMAaTHBHO-NIPaBOBOro axkTta. «MeTponoruueckue TpedoBanus...» [4] U
MexrocyaapctBeHHbrid ctaggapt ['OCT 8.638-2013 [5] ycraHaBimBaroT HEOOXOIUMOCTh
npumeHenus npu PK arrecroBannbix Metomuk PK (00oOmieHHOe HauMEHOBAaHUE METOHMK
m3mepennit s PK). Dto TpeboBanue, Hapsay ¢ ocraibHbIMU TpeOoBaHusiMu k PK,
HalpaBJIeHO Ha JIOCTHXeHue 1eneil obecnieuenust Pb uenoBeka u okpyskaromiei cpepl.

Jlis OONBIIMHCTBA paJAMALMOHHBIX BEJIUYMH, IEPEUYUCICHHBIX B [5], 3HaueHue
BEJIMYMHBI HE MOXKET OBITh ONPEIETICHO MyTEM MPSIMBIX U3MEPEHUIl, @ TOIBKO C IPUMEHEHUEM
COOTBETCTBYIOIIUX MOJENEeH M pacueTHBIX aaroputMoB. OCOOEHHOCTH paJMallMOHHBIX
BEJIMYMH M pPaJWalUOHHBIX HW3MEPEHMI, CTOXACTUYECKUH XapaKTep C€aMoro SsBICHUS
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pPaJIMOaKTUBHOCTH  OOYC/IAaBIMBAIOT 3HAUUTENbHBIE  HEOINPEJEIEHHOCTH  pE3yJbTaToB
u3MepeHuil u ocoOble TpeOOBaHUS K pa3paboTke M NpUMEHeHHIo MeToauk. IIpaBuia
pa3paboTku u npuMeHeHHus: MeToauk PK n3lokeHbl B peKOMEHJAIUsAX MO METpoJoruu [6],
paspaboranabix OI'VII « BHUUDTPU».

B noxnane npuBoAsSTCS NPUHIUMIHAIBHBIE OCOOEHHOCTH paiMalliOHHBIX U3MEPEHUN U
MeToauk PK v nmpumeps! MX IpakTUUECKOHN peanu3aiu.
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3. Ilocranosnenue llpaBurenscrBa Poccuiickoit ®@eneparun Nel488 or 30.12.2012
«O06 ytBepxkaenun Ilonoxenuss 06 ocoOEHHOCTAX oOecredyeHus eAUHCTBA M3MEPEHHUH Mpu
OCYIIIECTBIICHUHU AEATENBHOCTH B 00JIACTH UCIIOIb30BAHUS aTOMHON SHEPTUIY.

4. «Metponoruueckue TpeOOBaHUS K HW3MEPEHUSIM, JTAJIOHAM EIWHHI] BEITUYHH,
CTaHJIaPTHBIM 00pasliaM, CpeACTBaM H3MEpPEHUIl, X COCTABHBIM YaCTSIM, MPOrPAMMHOMY
o0ecreyeHnto, MeToiuKaM (MeTo1aM) U3MEPEHUH, IPUMEHIEMBIM B 00JIaCTH UCTIOIb30BAHUS
aTOMHOM Heprum», yTB. npuka3omM ['ockopnopauuu «Pocarom» Nel/10-HITA ot 31.10.2013.

5. TOCT 8.638-2013 «Mertposoruueckoe obecredeHue paaualiMOHHOIO KOHTPOJISL.
OCHOBHBIE TTOJOKEHUS.

6. Pexomenganuu no merposnoruu MU 2453-2015 «I'"CU. Meroauku paguanuoHHOTO
KoHTpoJisa. O0mue TpeOoBaHUSM.

FEATURES OF THE METHODS FOR RADIATION MEASUREMENTS:
REGULATION AND PRACTICE
Korotkov A.S., Yaryna V.P.
FSUE «VNIIFTRI»
korotkov_as@vniiftri.ru

Since 2014, Russia has been implementing the state program «Development of the
Nuclear Power Industry Complex». Among its priorities is to ensure nuclear and radiation
safety. According to the «Fundamentals of State Policy in the Sphere of Nuclear and
Radiation Safety of the Russian Federation for the Period Until 2025», «ensuring nuclear and
radiation safety <..> is one of the most important components of ensuring the national
security of the Russian Federation». Therefore, radiation safety and ways to achieve it are
regulated in a special order.

Radiation safety (RS) is ensured by observing the basic principles and norms of
radiation safety [1], and the radiation control (RC) is the most important instrument for
ensuring RS. RC, according to [1], is essentially «obtaining information about the radiation
situation in an organization, in the environment and about the levels of human radiation
exposure (includes dosimetry and radiometry)».

In accordance with the requirements of the Federal Law [2] and [3], the State
Corporation «Rosatom» (in agreement with Rosstandart) has developed «Metrological
Requirements for Measurements...» [4], which regulate provision of uniformity of
measurements in the field of atomic energy. «Metrological requirements...» [4] and the
interstate standard GOST 8.638-2013 [5] require use of certified methods for radiation
measurements (methods for RC). It is necessary to ensure the RS of the human and the
environment.

For most of the radiation quantities listed in [5] the value of the quantity can’t be
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identified by direct measurements, but only with the use of appropriate models and
computation algorithms. Features of radiation quantities and radiation measurements, the
stochastic nature of the phenomenon of radioactivity, cause significant uncertainties in
measurement results and bring in special requirements for measurement methods. The rules
for the development and application of the methods for RC are set out in the
recommendations on metrology [6] developed by « VNIIFTRI».

The report presents principal features of radiation measurements and methods and
examples of their practical implementation.
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2. Federal Law Nel02-FZ of 26.06.2008 "On ensuring the uniformity of
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provisionsy.

6. Recommendations on metrology MI 2453-2015 "GSI. Methods of radiation
monitoring. General requirements".

HNPUMEHEHUE ®AHTOMOB TEJIA YEJIOBEKA JIS1 KAJIMBPOBKH U
INOBEPKHU CIIEKTPOMETPOB U3JIYUEHUSA YEJIOBEKA A2C
Kupumios 1. A.
I nasnoiii memponoe AO «Konyepn Pocanepeoamomy -
HauanvHux HULIM
kirillov@rosenergoatom.ru

B HacTosiee Bpemsi s MOBEPKU CIIEKTPOMETPOB M3IIyUYEHHs 4YesloBeKa (Jayee —
CHY), B obs13aTennbHOM nopsiike ucnoib3dyeMbix Ha ADC PO u npyrux OMAD nist KOHTpos
U U3MEpPEeHUH ypOBHEW BHYTPEHHEro OOJNy4YeHMs IepcoHasla, NPUMEHSIOTCS METOIUKHU C
MCIIOJIb30BaHNEM O00Pa3OBBIX CIIEKTPOMETPUUYECKIX HCTOYHUKOB FaMMa-U3ITyuyeHus (Janee —
OCT'N), umeromue psii 0OCOOCHHOCTEH, KOTOpbIE OKA3bIBAIOT BIMSHHUE Ha JIOCTOBEPHOCTh
MOBEPKH U, KaK CIIEACTBHE, HA PE3yJIbTaThl U3MEPEHUN.

Kamu6poka CHUY, koTopas moryia Obl BHECTH HEOOXOAMMYIO SICHOCTH B BONPOCAX
JIOCTOBEPHOCTH PE3yJbTaTOB M3MEPEHHUH M KOHTPOJsS, B TMpoOIecce OKCIUTyaTalluu He
OCYIIIECTBIISICTCA, a HAcTpoiiKa (€XKeJHEBHas «KaJHMOpPOBKa») OCYLIECTBISETCS MO TEM JKe
OCI'U, 4TrOo cTaBUT NOJI COMHEHHUE JIOCTOBEPHOCTh €€ DPE3yJbTaTOB TaK K€, KaK U IMOBEPKH.
JI11 KOMITeHCaK BIMSHUSI HECOBEPILIEHCTBA METOI0B U CPEJCTB IOBEPKHU, IPUMEHSAEMBIX B
HACTOSIIIIMIT MOMEHT IO HMMEIOMUMCA, B T.4. mrTatHeiM s CUY, metomukam (BKITrOUas
metroauku ['CH), Ha ee nocroBepHocTh, AO «Konnepn Pocaneproarom» (nanee — Konuep)
HayaTel paboTel mo mepexoay OT moBepku CHUY ¢ momompro OCI'M (ToueuHbIMH
MCTOYHMKAMHU) Ha TMOBEpKy (haHTOMamH Tena yenoBeka (0ObEMHBbIE MCTOYHHMKH) B LIEJIAX
MOBBILICHUS] TOCTOBEPHOCTH PE3YJIbTATOB 3TOM MOBEpKH, a Takxke KanubpoBku CUY mpu
noMomy (paHTOMOB Uil IIeJie CHM)KEHUS HEOINPENIeNIEHHOCTH Ppe3yJIbTaTOB KOHTPOJI U
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U3MEpPEeHNH, TOBBIIICHUS WX IOCTOBEPHOCTH, M KakK CJIEACTBHE, BO3MOXKHOTO DPAHHETO
BBISIBJICHUSI CHTYyaluil, TpeOYIOUIMX COOTBETCTBYIOIIMX JCHCTBHA, CHIDKEHHS PUCKOB Opaka
Kak IIepBOT0, TaK ¥ BTOPOTO POAA IPH KOHTPOJIE JO30BOM HArpy3Ky Ha IepCOHAI.

daHTOM TEna M OpraHoOB 4YeJOBEKa SIBISETCS HA0OPOM TBEPIOTENIBHBIX MOJEIeH
OpraHoOB M TKaHEW, M3TOTOBJICHHBIX W3 TUIACTMACC — MMHUTATOPOB KOCTHOW OMOJIOTHYECKOM
TKaHHW, MATKOM (MBIIICYHOH) OMONOTMYECKOH TKAaHW M JIETOYHON OHMOJIOTHYECKHX TKaHH.
@aHTOM BBINOJIHEH B BHJE COOPHO-pa30OpHON MOJETH Tela B3POCIOr0 MYKYMHBI B I03€
crosi/néxa/cuas B JIByX BapHaHTax: (OHOBBIM HabOp M PpaAMOHYKIWAHBIM Habop,
comepxamuii paguoHykmuasl 'Cs Bo Beém Tene, *°Co, "?Eu B nérkmx, '*°Ba B Momenu
HIMTOBUIHOM KeJe3bl.

B pamkax cucremHOl pabOTBI MO COBEPUICHCTBOBAHHUIO METPOJIOTMYECKOTO
obecrieyuenus Oe3onacHoil skcrutyaranmu ADC KonnepHom B mepuon 2015-2016 Ha Beex
nerictByromux ADC mpoBeICHB MEXIa0OpAaTOPHBIE CIMYUTENbHBIC HCCICAOBAaHMSA, HA
OCHOBE OOpa0OTKM pe3ysbTaTOB 3TUX HCCIENIOBAaHMN ClieNaH INpelBapUTEIbHBIN BBIBOJ O
HEePCTIEKTUBHOCTH JANbHEHIIIETO Pa3BUTHSI TOTO HAIPABICHHS B PEIICHUN YKa3aHHBIX BBIIIE
npoOieM M 3agad. YK€ Ha CETOAHSAIIHMI MOMEHT BBIIBJICHBI KaK OIIMOKHM IEPCOHANA IIPH
U3MEPEHUSAX, TaK M HECOBEPLICHCTBO HEKOTOPBIX CPEICTB M METOJOB HM3MEPEHHi, a TakkKe
KOMITBIOTEPHBIX pean3aluii METOMK MAaCCOBOTO NEPHOIUUECKOT0 KOHTPOJIS IEPCOHAIIA 10
HEKOTOPBIM IapaMeTpaM, BHOCSIIHE CHUCTEMATHYECKHE IOTPEIIHOCTH B  PE3YJIbTaThl
U3MEPEHUI U OKa3bIBAIOIIEE CYIIECTBEHHOE BIMSIHNE HA JIOCTOBEPHOCTH €TO PE3yIbTATOB.

Pucynok 1 — ®anTom Tena u OpraHoB YEIOBEKA B U3MEPUTEIIBHOM MOJIOKEHUU Ha
Usmepurensaom CUY ADC, n3mepenne *°Co B nérxux
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USE OF ANTHROPOMORPHIC PHANTOMS FOR CALIBRATION AND
VERIFICATION OF WHOLE BODY COUNTERS AT NPPs
Kirillov LA,
Chief metrologist of Concern Rosenergoatom —
Head of industry scientific-research center of metrology
kirillov@rosenergoatom.ru

The methods presently used for gaging and metrological verification (MV) of the
whole body counters (WBC), which are mandatory at Russian NPPs and other nuclear
facilities to monitor internal exposure of personnel, with the aid of «standard spectrometric
gamma radiation sources» (SGRS) have certain inherent properties potentially limiting the
reliability of MV and hence credibility of the results of measurements.

WBC calibration, which could resolve the issue of credibility of monitoring and
measurement results, is not performed during operation, whereas adjustment (daily
«calibrationy) is performed on the same SGRS, which questions the reliability of its results on
the grounds of the same concerns that apply to MV process. To compensate for the influence
of imperfections of the currently used standard methods and means of MV and calibration
including the methods prescribed by the State system for ensuring the uniformity of
measurements on MV reliability, the operator of the Russian NPPs — Rosenergoatom (REA)
initiated the transition from MV WBC with the aid of SGRS (point sources) to MV with the
aid of anthropomorphic phantoms (distributed sources). This process is aimed at increasing
the reliability of MV and calibration of WBC and reducing the uncertainty of the results of
monitoring and measurements, increasing their reliability and, as a result, facilitate early
detection of situations requiring appropriate action and reducing the risks of errors of the first
and second type in the course of monitoring of personnel exposure.

An anthropomorphic phantom is a set of solid state models of organs and tissues made
of plastics — mimetics of bone biological tissue, soft (muscle) biological tissue and pulmonary
biological tissue. It is made in the form of a collapsible model of an adult male body in a
standing / prostrate / seated posture in two versions: a reference set and a radionuclide-
impregnated set containing '*’Cs radionuclide in the entire body, ®°Co, '3?Eu in the “lungs”,
and '**Ba in the “thyroid”.

Within the framework of the systematic efforts to improve metrological support for the
safe operation of NPPs by REA during the period of 2015-2016, interlaboratory comparative
studies were conducted at all operating NPPs. Basing on the results of these studies, a
preliminary conclusion was made about the prospects for further development of this
approach to resolving the issues outlined above. As of today, some patterns of personnel
(human) errors during measurements and imperfections of certain measurement instruments
and techniques, as well as of computerized implementation of the methods for large-scale
periodic monitoring of certain parameters of personnel exposure have been identified and
found as introducing systematic errors into measurement results and having a significant
effect on the their credibility.
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Figure 1 — Phantom of the human body and organs in the measuring position in a whole body
counter at NPP, measurement of ®°Co in the lungs

KAJIMBPOBKA CUUHTUWJISIHUOHHBIX BJIOKOB-KOMITAPATOPOB B
HU3KOUHTEHCHUBHBIX ITOJIAX ®OTOHHOI'O U3JIYYEHUA 110
MOIHOCTHU A03bI
JlykameBuy P.B.
Hayuno-npouszeoocmeennoe ynumapnoe npeonpusmue «ATOMTEX»
2. Munck, Pecnyonuka benapyce
lukashevich@atomtex.com

[Ipun ocymiecTBieHUH pagUallMOHHOTO MOHUTOPHUHTra KpailHe BaXXHO MOJIydYaThb
uHpOpMALIMI0O O MaJeiieM NPEeBbIICHHH TEXHOICHHOTO0 paJHallMoOHHOTO (oHa 1O
OTHOILICHHUIO K €CTeCTBEHHOMY (OHY, T.e. U3MEpATh Hal(OHOBOE Tramma-usnydyenue. [lyis
ATOr0 HEOOXOJUMO HCIIONb30BaTh HW3MEPUTENIbHBIE CPEICTBa, OO0JIAJaloNINe BBICOKOM
YYBCTBUTEIBHOCTHIO, HU3KHUM YpOBHEM COOCTBEHHOTO (oHAa U BBICOKOH BpEeMEHHOMN
CTaOMIIBHOCTBIO.

Hcnonb30BaHne BBICOKOUYBCTBUTENIBHBIX JO3UMETPOB Ha 0a3e CUUHTUIUIALUOHHBIX
OJIOKOB ~ JCTCKTHPOBAHUS CTAHOBUTCS MPHUBJICKATEIBHBIM JIJIi  OICHKH  MOIIHOCTH
amOueHnTHOro skBuBaneHTa 103l (MAD]]) ke 0,1 Mx3B/4. [Tpu Tom, uto TOCT P 8.804-
2012 ne oroBapuBaeTt nuama3oH uaMepenuit Hwke 0,1 Mx3B/4, crangaptet MOK 61017:2016 u
MDBK 60846-1:2009 pekoMEeHAYIOT HWKHMH Tpefen auamna3zoHa uzmepeHuit MADJ] npu
KOHTpOJIC paJInalliOHHON 00CTAaHOBKHU B OKpYyXaroreii cpene Ha ypoBHe 0,03 Mx3B/4.

B oT0ii CcBA3M BO3HHMKAaeT BOIPOC O KAIUOPOBKE MO3UMETPOB MO (POTOHHOMY
m3nydeHnuto B auamnazone 0,03 - 0,1 mMx3B/4. [ns 3TOro HEOOXOAMMO METPOJIOTHUYECKH
obecneunth 3HaueHune MADJ] na ypoHe 0,03 - 0,1 Mk3B/4, T.e. co3maTh 3TaJIOHHOE
HU3KOMHTEHCUBHOE T0Jie (OTOHHOTO UBIYyYEHUS U HKCIHEPUMEHTaJIbHO MOATBEPAUTD
JMHEHHOCTH 1030BOM XapaKTEPUCTUKU JO3UMETPOB B obnactu Hiwke 0,1 Mk3B/4.

Hns pemenus stoit 3amaun B YII «ATOTMEX» wucnonp3oBaics OJ0K-KOMITapaTop
¢oronnoro  m3mydenuss ~ BKMI-AT1102 na  Ga3ze  cepuilHO  BBITYCKaeMOro
CIIEKTPOMETPUYECKOTO  OoKa  JeTekTupoBaHus ramma-uznydeHuss  BJIKT-05M  co
CHMHTWIAIMOHHBIM AeTekTopoM Nal(Tl) ©@40x40 mm.
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Jlis mOATBEpKAEHUSI METPOJIOTUYECKUX XapaKTEepUCTUK Oioka-kommaparopa BKMI'-
AT1102, ObuM TPOBEJEHBI HCCIENIOBAaHMS €ro0 OCHOBHBIX XapaKTEpUCTHK, a II03%Ke
BBIMOJIHEHA KaluOpOBKa MO MOIIHOCTU KepMmbl B Bo3ayxe Bo PI'VII «BHUWUM um JI.U.
MenpeneeBay Ha ToCylapcTBEHHBIX dTajloHax P®. 3aBucMMOCTh TmoOKa3aHM Oioka-
KOMIIapaTopa OT MOIIIHOCTH KEPMbI B BO3/1yXe Oblja HcCieIoBaHa B MOJISX FaMMa-U3TydeHus
paauonyknuaHoro ucrounumka °’Cs (662 x»B) B amamasome ot 0,1 o 180 MmxI'p/u.
Pe3ynbTarhl HMccnenoBaHUN MOKa3add OTKJIOHEHHE OT JIMHEWMHOCTH B mpexaenax +3% B
YKa3aHHOM JIMaIia30He MOILHOCTH KEPMBI B BO3yXE€.

Jlnst BeITIONTHEHUsT KamuOpoBku B oOnactu Hrke 0,1 mMxI'p/d, Obuta paspabotana u
anpoOUpoBaHa METOJMKA KaJMOPOBKH OJOKa-KOMIIapaTopa B HU3KOMHTEHCHUBHBIX MOJISAX
(OTOHHOTO W3JIy4eHHUs MO MOIIHOCTHU A03bl. AmnpoOanusi METOAMKU ObLla BBINOJHEHA M Ha
3acaBCKOM BOJOXPAHMIIMILE, W C MCIOJb30BaHHMEM HHM3KO(QOHOBON Kamepbl. OmnpeeneHbl
OTKJIMKH OJIOKa-KOMITapaTopa Ha COCTaBJISIIOIIME OKPY)KAIOIIEero paguallioHHOTo (oHa,
coryacHo pekomenaauuaM MOK 61017:2016 u MOK 60846-1:2009.

KanubpoBka 6110ka-komMnapaTopa B 3TAJIOHHBIX HU3KOMHTEHCHUBHBIX MOJISIX (POTOHHOTO
m3nyuenus (0,03 — 0,1 mx3B/4) Obuia BbINOJIHEHa B J1abopaTropun HanmoHanbHOro Hay4yHO-
UCCIIEI0OBATEIbCKOI0 MHCTUTYTa (pu3uku u syepHoil mmxeHepun Pymbinuum (IFIN-HH) B
HU3KO(OHOBOH COJIIHOM I1axTe ¢ MOJyuYeHUueM cepTuuKaTa KaTuOpOBKH.

[Tpumenenue pa3paOOTaHHOW METOAMKHM AaTTECTAllMd HU3KOWHTEHCHUBHBIX IOJIEH
(OTOHHOTO M3JIy4YEHHs MO MOLIHOCTH J03bI METOJIOM KOoMIlapaTopa, KajauOpoBka Osioka-
kommaparopa B auanazoHe 0,03 - 0,1 mx3B/u u ciegoBanue pexoMeHaauusm MOK
61017:2016 u MOK 60846-1:2009, naroT 0OCHOBaHUS JJI UCTIOIB30BaHMS OJI0Ka-KOMITapaTopa
JUISL METPOJIOTHUYECKOT0 00ecieueH s KaTMOPOBKH JO3UMETPOB B MOJIIX HU3KOMHTEHCUBHOTO
(OTOHHOTO U3ITYUYEHHUS.

SCINCILATION COMPARATOR PROBES IN LOW INTENSITY PHOTON
RADIATION FIELDS DOSE RATE CALIBRATION
R. Lukashevich
SPE «ATOMTEX», Minsk, Republic of Belarus
lukashevich@atomtex.com

When performing radiation monitoring, it is extremely important to obtain information
about the slightest excess of anthropogenic radiation background with respect to the natural
background, i.e. measure over-the-background gamma radiation. For this purpose, it is
necessary to use measuring units with high sensitivity, low level of own background and high
temporal stability.

The use of high sensitivity dosimeters based on scintillation detection units becomes
attractive for estimating the ambient dose equivalent rate (dose rate) below 0.1 uSv/h. While
the GOST R 8.804-2012 does not specify a measurement range below 0.1 uSv/h, IEC 61017:
2016 and IEC 60846-1: 2009 recommend a lower limit of the dose rate measurement range at
the level of 0.03 uSv/h while monitoring the environment radiation conditions.

In this connection, the question arises of calibration of dosimeters based on photon
emission in the 0.03-0.1 pSv/h range. For this, it is necessary to ensure metrologically the
value of the dose rate at a level of 0.03 - 0.1 uSv/h, i.e. to create a reference low-intensity
field of photon radiation and to confirm experimentally the linearity of the dose characteristics
of dosimeters in the range below 0.1 pSv/h.

To solve this problem, a photon radiation comparator probe AT1102 based on a
commercially available spectrometric gamma-radiation detection unit BDKG-05M with a
scintillation detector Nal (T1) @40x40 mm was used in SPE ATOTMEX.
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To confirm the metrological characteristics of the comparator probe AT1102, its main
characteristics were analyzed, and later, the calibration of the air kerma rate was performed at
D.I. Mendeleyev Institute for Metrology (VNIIM) on the state standards of the Russian
Federation. The dependence of the comparator readings on air kerma rate was investigated in
the fields of gamma radiation of a radionuclide source '*’Cs (662 keV) in the range from 0.1
to 180 uGy/h. The results of the investigations showed a deviation from linearity within + 3%
in the indicated range of air kerma rate.

To perform calibration in the range below 0.1 uGy/h, there was developed and tested a
dose rate calibration procedure of the comparator probe in low-intensity fields of photon
radiation. Approbation of the method was carried out at the Zaslavskoye water deposit and in
the low-background shielded chamber. The responses of the comparator probe to the ambient
radiation background components were determined in accordance with the recommendations
of IEC 61017: 2016 and IEC 60846-1: 2009.

Comparator probe calibration in the reference low-intensity fields of photon radiation
(0.03-0.1 uSv/h) was performed in the laboratory of the Horia Hulubei National Institute of
Physics and Nuclear Engineering (IFIN-HH) in a low-background salt mine with a calibration
certificate.

The application of the developed technique for dose rate attestation of low-intensity
photon radiation fields using the comparator method, comparator probe calibration in the
range of 0.03 - 0.1 uSv/h, and the recommendations of IEC 61017: 2016 and IEC 60846-1:
2009, give a reason for using the comparator probe for metrological assurance of dosimeters
calibration in low-intensity photon radiation fields.

MPOCJIEXKUBAEMOCTH U3BMEPEHU AKTUBHOCTH
PAJJUODPAPMIIPEITAPATOB
Kopoctun C.B, Epmunos C.A., Konosanos 1.C., Muxaiinos A.1O.
00O "HTL] Amnaumyoa”, 3enenoepao
s.korostin@amplituda.ru

W3mepeHuss aKTMBHOCTU PpAJUOHYKIUAOB IPOBOJNATCA IpU IPOU3BOACTBE U
npumeHnenun  paauodapmmpenapatoB (P®II). B cootBerctBuuM ¢ TpeOOBaHUSIMH
@enepanbHoro 3akoHa 102-@3 «O6 obecriedeHUH €IMHCTBA U3MEPEHUI» U INPUKA30M
MunzapaBa Poccun Ne81u «O06 ytBepknenun Ilepednst maMmepeHuid, OTHOCSIUXCA K cdepe
rOCYJapCTBEHHOT'O PETYJIMPOBAHUS OOECIEUEeHUsl €IUHCTBA M3MEPEHMM, BBIIOJIHIEMBIX MPH
OCYLIECTBJICHUM  JAEATENIbHOCTH B  OOJAacTH  37paBOOXpPAHEHHs, M  00S3aTENbHBIX
METPOJIOTHYECKUX TPeOOBAHUN K HUM, B TOM YHCJIE TIOKa3aTeliel TOUHOCTH U3MEPEHUI», ITH
U3MEPEHUs MOAJIEKAT OCYIapCTBEHHOMY PETyJIUPOBaHMIO B 007acTH 0OecrieueHus eIMHCTBA
m3mepenuit ('POEMN). D10, B YacTHOCTH, O3HA4YaeT, 4TO JOJDKHA OBITH oOOecreueHa
IIPOCIIEKUBAEMOCTh U3MepeHui aktuBHocTH POII k T'ocygapcTBeHHOMY NEPBUYHOMY
ATaJIOHY aKTUBHOCTH PaJAHOHYKJIH/I0B.

B noknaze mokasaHO, 4YTO IpPU  HUCHOJIb30BAaHUM PAJUOMETPOB AKTUBHOCTU
(103kanMOpaTopoB) HEOOXOAUMO  OOECTeUYMBaTh  MPOCIEKUBAEMOCTh IO  KaXKIOMY
pPaTMOHYKIMIY, BXOJSIIEMY B COCTaB NpUMEHseMblX B kinHuUKax POIl, xamubpoBkoii
NpSIMBIM ~ WJIM  KOCBEHHBIM ~ METOJIOM, 4TO peaqu3oBaHo B pamuomerpe PUC-A
«Jlozkanubparop». KannOpoBka KOCBEHHBIM METOJIOM OCHOBBIBA€TCS HAa KOMIIAPUPOBAHUHU
anukBoTbl P®Il ¢ TOYeuHbIM HCTOUYHHMKOM ramma-uznydenus tuna OCI'M — pabGouum
sramoHoM 1 pazpspa. [lpu kanmuOpoBKe NPSIMBIM METOAOM MPOU3BOAUTCS CIUYCHHE
ATAJIOHHBIX PAJMOMETPOB ¢ ['0CyJapCcTBEHHBIM MTEPBUYHBIM 3TaJIOHOM. B nokiane nmokasaHo,
YTO pACUIMpPEHHAas HEONpPEIEICHHOCTh KaJMOpPOBKM KOCBEHHOTO MeETOJa COM3MepuMa C
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HEOIPEIEIEHHOCTBIO MPSAMOTO.

IIpn npoussoxncrBe PDII mpuxoauTces Takke pellaTh 3aJadyd U3MEPEHHUs BBICOKUX
3HaueHnii akTUBHOCTH 70 10 Ku m gaxke mo 200 Ku (mampumep, mpu NpOU3BOJCTBE
reeparopoB  Tc-99m). TpaauumoHHbIM crmoco® olecrneyeHHs  MPOCISKUBAEMOCTH
(kamuOpoBKa) B OTUX CiIy4asX HENPUMEHHUM H3-32 HEBO3MOXKHOCTU paboThl C
BBICOKOAKTUBHBIMH ~ oOpasuamu P®II BHe «ropsaumx» kamep. B a3Tom ciydae
MIPOCIIEKMBAEMOCTh 00€CTIEYNBACTCS aHATM30M KPUBOH paciaja paAuoOHyKIHI0B, BXOASIIINUX
B P®II unm nocnenoBaTenbHbIMU M3MEPEHUSIMU AKTUBHOCTM anukBOT P®II ¢ omopoil Ha
sTanoHHbd paguomMetrp [1]. Omgnako, mpu aktuBHOocTH P®II Bhime 100 Ku orpanuuenuem
TOYHOCTH W3MEPEHUHN SBIIAECTCS HapYLIEHHE PaBHOBECHOCTH HWOHU3MPOBAHHOIO ra3a B
YyBCTBUTEIHHOM OOBEME panuomeTpa. B jokiaze aHAIM3UPYIOTCS METOAbl M3MEpEHUN
aKTUBHOCTH IIPY TAKMX HEPABHOBECHBIX YCIOBUAX.

JIureparypa
C.B. Kopoctun, H.C. boxko, C.B. Canman «AHPW» 2016, Nel (84) ,C.44-48

TRACEABILITY OF ACTIVITY MEASUREMENTS IN
RADIOPHARMACEUTICALS
Korostin S.V., Yermilov S.A., Konovalov I.S., Mikhailov A.Yu.
"STC Amplituda” LLC, Zelenograd
s.korostin@amplituda.ru

Activity measurements in radiopharmaceuticals are taken during their manufacturing
and use. In accordance with the reqirements of the 102-FZ Federal Low «On the assurance of
uniformity of measurements» and the Ministry of Healthcare Order N81n “On approval of the
list of measurements in the field of the State assurance of uniformity of measurements in
healthcare and mandatory metrological requirements to them, including accuracy parameters”.
Therefore, traceability of activity measurements in radiopharmaceuticals to the State Primary
Standard of Radionuclides Activity must be ensured.

The report demonstrates that traceability for each radionuclide possible in the content
of medical substances applied in RF clinics should be ensured by either direct or indirect
calibration methods of radiometers (dosecalibrators). The relevant set of measures were taken
for RIS-A radiometer. Indirect calibration is based on radiopharmaceutical aliquot
comparison with reference to 1-st category standard point source OSGI. Direct calibration is
based on comparisons of the reference radiometers with the State Primary Standard of
Radionuclides Activity. In the report, it is demonstrated that uncertainty of direct and indirect
calibrations are comparable.

The problem of high activity measurements of up to 10 Ci and even 200 Ci should also
be solved for radiopharmaceutical manufacturing (for example, manufacturing of Tc-99m
generators). Conventional traceability ensuring methods (calibration) are inapplicable due to
restrictions on operation with highly active radiopharmaceutical samples outside “hot boxes™.

In this case, traceability can be assured by a decay curve analysis for radiopharmaceutical
radionuclides or by sequential measurements of radiopharmaceutical aliquots with reference
to standard radiometer [1].

However, the measurements accuracy is limited for radiopharmaceutical activity levels
of over 100 Ci by the disturbance of ionized gas equilibrium in the sensitive volume of the
radiometer. Methods of measurements under such non-equilibrium conditions are discussed in
the report.
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Reference
1. S.V.Korostin, N.S.Bozhko, S.V.Sepman «ANRI» 2016, N1 (84) ,P.44-48

METPOJIOI'HMYECKHE NPOBJIEMbI TO3UMETPUN
B PAIMAITMOHHOMN MEJUIIUHE
N.I'. TapyTun
PHIII] onxonocuu u meouyumnckou paouonoeuu um. H.H. Anexcarnoposa
Munck, benapycs

B nmokmame  0oOCyXXmaroTcs ~— BOMPOCHI  METPOJIOTHYECKOTO  obecreueHus
JO3UMETPUYECKHX HM3MEpEeHHH B JMAarHOCTMYECKOW paJMOJIOTHH, SJEPHOM METUIMHE U
JTy4yeBOM Tepanuu. B nuarHocTudeckod paauosiOTHM CYHIECTBYET MpoOiieMa aTTecTaluu
JIO3UMETPOB, U3MEPSIOIINX NIPOU3BEICHHE J03bI HA TUIOIIA/b, BCTPOCHHBIX B PEHTTEHOBCKHE
ammapatbl. BTopas mpoOiiema — arrectanusi JETEKTOPOB, HWCIONB3YEMBIX Ui KOHTPOJIS
KayecTBa KOMITbIOTEPHBIX PEHTI€HOBCKUX ToMorpados. [Ipodiaema cyliecTByeT U B AepHOI
MeIUIUHEe, HCIOJIb3YIoUle KOMOMHUPOBAHHbBIE 3MUCCHOHHBIE ToMmorpadsl. Kpome Toro, B
SNEpHOW MEIUIIMHE HEOOXOMUMO TIOBBICUTh TOYHOCTh HM3MEPEHHS AaKTHBHOCTH B
KanuOparopax.

B mydeBoit Tepamuu K OCHOBHBIM IpOOJIEMaM OTHOCSATCS aTTECTAIlUs TO3MMETPOB,
NPUMEHSEMbIX NIl U3MEPEHUs HEUTPOHHOIro (poHa B MOMEIIECHHSIX JUHEHHBIX YCKOpHUTENei
DIIEKTPOHOB, a TaKXe 3a 3allUTOM ATHX IMOMemleHuid. BTopas mpobnema — arrecranus
MaTPUYHBIX JO3UMETPOB JJIsi OBICTPOM NPOBEpKH XapaKTEPUCTHK TOJed 0OIydyeHUs
YCKOpHTEJeH B TpoIecce NEepUOIUIECKOTO KOHTpPOJII KadecTBa  pa0OTHI  amIaparos.
CymectByeT mpobjemMa aTTecTallid MOHHMTOPHBIX KaMep YCKOpHUTENEH, a TaKkkKe YCTPOWCTB
PETUCTPUPYIOMINX JO30BBIE pACIpENEICHUsT Ha BBIXOJAE (OTOHHOTO W3IIyUYSHHsS U3
o0y4aeMbIX OOBEKTOB, UYTO HACTOATENBHO TPEeOYIOT HMHCIEKTUPYIOUIME OpraHbl.
OOcyxmaercsi BONPOC YMEHBIIEHUS! MOTPEUTHOCTeH TpHU Tepenadye eIUHHIBI MOTIOMEHHON
JI03bI OT 3TAJIOHA B J1a00OpaTOpUu BTOPUYHBIX CTAH/IAPTOB.

OOcyxnmaroTcsi  TpeOOBaHUS  PETYJUPYIONIUX OpPraHOB K  aTTeCTaIluu
JO3UMETPUYECKHX TPUOOPOB.

METROLOGICAL PROBLEMS IN DOSIMETRY FOR RADIATION
MEDICINE
I. Tarutin
N. N. Alexandrov National Cancer Centre of Belarus
Minsk, Belarus

The issues of metrological assurance of dosimetry in medical radiology are discussed.
In diagnostic radiology there exists an issue related to attestation of DAP-dosimeters installed
in x-ray units. Another issue is dosimeters certification of those used for measurements in
Computer X-ray tomography. The same problem relates to combined emission tomography,
used in nuclear medicine. In addition, in nuclear medicine it is necessary to improve the
accuracy of activity measurements in calibrators.

In radiotherapy, the main metrological problems are:

Certification of neutron dosimeters for background measurement inside and outside
the linear accelerators treatment rooms.

Certification of matrix dosimeters for quick check of characteristics of photon and
electron beams during periodic quality control of accelerators.
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Certification of accelerator monitor chambers and portal vision devices, which has
recently been the regulator authorities common demand.

The decrease in uncertainties at transferring the gray unit from PSDL to SSDL is also
discussed.

The requirements of regulatory officials to dosimeters certification is discussed.

IT'APAHTHUSI KAYUECTBA B BPAXUTEPAIINN
Kosnos O.B.
@I'BY POHIL] um. H.H.broxuna M3 P®
kelv@bmail.ru

Bbpaxurepanus (KOHTakTHasl jy4yeBash Tepanusl) — METOJ JICUEHHUs, MPH KOTOPOM
paZMOaKTUBHBIN HMCTOYHUK HCIOJIB3YETCS HAa KOPOTKHMX PACCTOSHHUAX ISl BHYTPUTKAHEBOTO
WIM KOHTaKTHOTO 00JlydeHus (B OMYXOJU WM HEMOCPEICTBEHHOM OJIM30CTH OT OITyXOJIH).
OCHOBHOE PEUMYILIECTBO — CHHKEHUE J1030BbIX HAIPy30K HAa HOPMaJIbHbIE OpraHbl U TKAHU.
XapakTepHble 0COOCHHOCTHU — OBICTPOE CMaJaHKue A03bI U BBICOKAsi HEOJHOPOIHOCTH JI03HOTO
pacrpeziesieHusl.

CoBpemMeHHass mporpaMMa TrapaHTHM KauyecTBa OpaxuTepanuu BKIIOYAeT B ce0s
JIO3UMETPUYECKUE U TEXHOJIOIMUYECKHUE 3Tallbl C IIeJIbIM HAa0OpPOB HMHCTPYMEHTOB, KOTOpHIE
IPUMEHSIOTCS JJI  OLICHKM TOYHOCTM JTHX JTanoB. MOXKHO BBIIEIUTb YEThIpE
JIO3UMETPUYECKUX dTana:

HcTounuk MOHM3MpYOIIEro u3iydeHus. Jlo3Hoe pacmpeneneHue OT MCTOYHUKA
n3nydeHusi. CoBpeMeHHbIE MCTOYHUKM HMEIOT MUHHUATIOPHBIE pa3Mepbl U HE3HAUUTEIHHO
pa3InyaroTCs M0 JO3HOMY PACIpPENEICHHUIO.

Jlnst pacdyera 103 B ONpENENEHHBIX «penepHbIx» Toukax (popmamusm TG-43)
ucnoab3yror Monte-Kapno Beruucnenne u TJIJ] nosumerpsl. CoriacoBaHHBIE JAaHHBIE
Momnte-Kapno u TJI/] ncnonb3yrorcs B COBpEMEHHBIX CHCTEMAaX IIJIaHUPOBAHUS.

Pacuer no3sl. s co3nanus M1aHa J€4YEHUs UCIIOJIB3YIOT CUCTEMY AO3MMETPHUUECKOIO
IUTAHUPOBAHUS (PACIOI0KEHUE MO3UIINIA OCTAHOBKHM UCTOUYHUKA B IPOCTPAHCTBE U BPEMEHU
skcnozunuun). Crenyromuii  BaXHBIA  3Tall, IO3BOJSIOUIMI  CBIMUTHPOBATH  JI03HOE
pacnpeziefieHue B MPOCTPAHCTBE, JJIS CO3JaHMSI ONTHUMAJIbHOTO JIO3HOTO pacHpeesICHusl.
Jloza B ompeneneHHON TOYKe IMpeJCTaBiseT COOOW CyNepHo3MIMIO 103 OT MECT OCTaHOBKHU
MCTOYHUKA.

Anmapar 18 yAAJE€HHONO aBTOMATUYECKOTO BBEACHMS MCTOYHHMKA W3JIYUYCHHMS.
Peanusanus nporpaMmsl JJeUeHuUs1, paCCUYMTaHHOM Ha mpeapiaymeM stane [1,2].

[lo3Bonsier peanu3oBaTh MporpaMMmy OOJyYeHHUS, DPACCUUTAHHYIO Ha CHCTEME
IUTAaHUpOBaHMs. Pa3nyHble anmIMKaTopbl, MO KOTOPBIM IBUIAETCS MCTOYHMK W3ITy4YEHMS,
UMEIOT pa3Hble NapaMeTpbl, B pe3yJbTaTe 4ero (aKTUYECKOE IOJ0KEHHE MCTOYHHKA
U3IY4YEeHUs MOXKET 3HauuTeNnbHO (10 3 MM M 0oJjee) pa3nuyarbcs OT 3aljaHUPOBAHHOTO.
Heobxogumo wu3MepeHHe mapaMeTpoB HCTOYHHKA, HCMOIb3yeMoro B kiuHUKEe. ESTRO
(eBporeiickoe OOIIECTBO paJMAIlMOHHBIX OHKOJOI'OB) PEKOMEHAYET HPOBOJUTH HU3MEPEHUS
MOIIIHOCTH BO3IyIIHOM KEPMBI B BO3AYX€E OJHUM U3 TPEX CIIOCOOOB:

A) U3mepenue B BO3yXe.

b) U3mepenue B pantome.

B) U3mepenue B kamepe KOJIOAE3HOTO TUIIA.

OnTUManbHBIM METOJIOM CUMTAeTCid U3MEpPEHHE C MCIOJIb30BAaHHMEM HOHH3AUOHHON
KaMephbl KOJIOJE3HOTO THIIA.

Bepudukauus norjouieHHOH 103bl. C 1enbi0 Bepu(UKAMKM MOTJIOMEHHONW O3Bl
MOYET OBITh MCIIOJIb30BaHa iN-vivo T03UMETpHst. MeTo1 MOKET MO3BOJIUTH YBUAETh OIIMOKU
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B COBOKynHocTH. OpHako Ha JaHHBI MOMEHT IN-vivo JO3MMETPHUsSl HCIOJb3yeTcs B
HEOOJIBIIIOM KOJMYECTBE LIEHTPOB, HE CYILECTBYET NMPEANOYTHTEIBHOTO T03UMETpa Ul ATUX
nene M MeToauKa He BbIpaboTaHa [0 KoHIA. MeTon SBISETCS NEPCIEeKTHBHBIM, C
BO3MO)XHOCTBIO  JIOTIOJIHUTEIBHBIX INPUMEHEHUH, HO HYXJaeTcs B  JaJIbHEUIINX
HCCIIE0BAHUAX.

Jluteparypa

1. Venselaar J., Perez-Calatayud J. A practical guide to quality control of
brachytherapy equipment. ISBN 90-804532-8. ESTRO booklet No. 8, 2004, ESTRO.

2. Tapyrun W.I'., Ilpmunsax B.JI.. VM3MepeHHe MOIIHOCTH BO3AYIIHONH KEpPMBI U
BBIUMCJIEHHE J03bl M MOIIHOCTH JO03bl OT PAJUOAKTHUBHBIX MCTOYHHUKOB, IMPUMEHSEMBIX B
anmnapatax KOHTaKTHOW Jy4eBoW Tepanmuu: Meroauueckue pekoMeHpanuu. MuHck, 1999,
36c.

QUALITY ASSURANCE PROGRAMM IN BRACHYTHERAPY
Kozlov O.
NN Blokhin Cancer Research Center
kelv@bmail.ru

Brachytherapy (contact radiation therapy) is a method of treatment in which a
radioactive source is used at short distances for interstitial or contact irradiation (in a tumor or
close to a tumor). The main advantage is the reduction of dose on normal organs and tissues.
Typical features - rapid drop in dose and high heterogeneity of dose distribution. Specific
features - high dose gradient and high heterogeneity of dose distribution.

The modern program of quality assurance of brachytherapy includes dosimetric and
technical stages with a whole set of tools that are used to assess the accuracy of these steps.
There are four dosimetric steps:

1. The radioactive source. Dose distribution from the radiation source. Modern
sources have a small size and slightly differ in dose distribution. To calculate the doses in
"reference" points (TG-43 formalism), Monte Carlo calculation and TLD dosimeters are used.
The consensus data of Monte Carlo and TLD are used in modern planning systems.

2. Calculation of dose. Dosimetry planning system is used to create a treatment
plan (location of source dwell positions in area and exposure time). The next important step is
to simulate dose distribution in area, to create optimal dose distribution. The dose at a point is
a superposition of doses from source dwell positions.

3. The device for remote automatic insertion of the radiation source.
Implementation of the treatment program calculated at the previous stage. Allows
implementation of an irradiation program calculated on planning system. Various applicators,
through radiation source moves, have different parameters, as a result of which the actual
position of the radiation source can significantly (up to 3 mm or more) differ from the
planned.

It is necessary to measure the parameters of the source used in the clinic. ESTRO
recommends measuring air kerma rate in the air in one of three ways:

A) Measurement in the air.

B) Measurement in the phantom.

B) Measurement in the well type chamber.

The optimal method is measurement using a well type ionization chamber.

4. Verification of absorbed dose. In order to verify the absorbed dose, in-vivo
dosimetry can be used. The method can allow to see errors in the cumulative. However, at the
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moment in-vivo dosimetry is used in a small number of centers, there is no preferred
dosimeter for these purposes and the technique has not been worked out to the end. The
method is promising, with the possibility of additional applications, but needs further
research.

METPOJIOI'MYECKOE COITPOBOXIEHUE PAIUAIINOHHBIX
TEXHOJIOTM#
I'enepanora B.B., 'pomoB A.A., I'ypckuit M.H., XKamxopa A.Il., Emenssaenxo 1.A.,
Tenuwes B.II.
QI'VIl « BHUHUDTPH »
tenishev@vniiftri.ru

EnunactBo mzmepenuin MIIJl u IIJI MHTEHCHUBHBIX HM3Iy4YEHUH B PaJuallMOHHBIX
texHojorusix B Poccun oGecneunBaercs ['ocynapcrBenHsiM (HanumoHanbHBIM) HEpBUYHBIM
CHeIHaJIbHBIM 3TaTOHOM €IMHUIBI MOIIIHOCTH MOTJIOIEHHON /103bl HUHTEHCUBHOTO (POTOHHOI'O
(Co®, Cs'7), amexrpomnoro m Gera-msmyuennmii (Sr° + Y*°) TI'DT 209-2014 (OI'YII
«BHUUDTPWY).

Emununa MITJ (I'peit B cekynany wmm JDk/kKIT B cek), BOCIPOU3BOAMTCS
KAIOPUMETPUYECKMM METOJIOM, OCHOBAaHHBIM Ha M3MEPEHUM MOIIHOCTU TEIUIOBBIJCICHUS B
MOTJIOTUTENE KalopuMeTpa (C MOMJIOTHTENSIMU M3 rpaduTa WiIM HOJIMCTUPONA) B pe3ysbTaTe
ITOTJIOIIEHMS SDHEPTUU MOHU3HUPYIOIIErO N3JIyYEHUS.

OcHoBHble XapakTepuctuku dtasiona ['0T 209-2014:

DoTOHHOE Yckoputenb
XapaKTepUCTUKU bera-uznyuyenue
W3JIy4YEHUE AJIEKTPOHOB
0,66 — Cs'¥’ 10 2,3 (Makc)
OHepruu uznyyenus, MaB 1.25 — Co® or 3 no 10 Y-90+Sr-90
R o1 0,3 10 10° ot 10% 10 2-+0° ot 0,3 110 10°
10361, ['p/cex
CKO 1,5+0 5407 507
HCII 640~ 2,8 402 1,4 402
CymmapHas pacmnpeH_Haﬂ 74073 2.4 402 1.4 402
HEOIPEJIETIEHHOCTh, K=2
[IpocnexxnBaemMocTh  pe3yJabTaTOB HU3MEPEHMM K  HAIMOHAIBHOMY  ATaJIOHY

oOecrieunBaeTcs MIICHOYHBIMUA U TBEPOCIUIABHBIMU JIO3UMETpaMH (CTaHAApTHBIE 00pasIibl).

PazpaboTanbl METOIUKM KATUOPOBKH M TPAAYUPOBKU ITHUX CPEACTB HA HAIMOHATHHOM
stanoHe ['DT209-2014, meromuku u3MepeHuss W nepenadd eauHuilbl [1J] MHTEHCHBHBIX
MOTOKOB MOHU3MPYIOUINX H3JIydeHHi. J7Is1 KOHTpoJs mpolecca paaualioOHHOW 00paboTKH
u3Ienuid pa3paboTaH XMMHYECKUN TUICHOYHBIH IIBETOBOW HMHIMKATOP TOTJIOIMICHHOW JO3BI

LIBU/I.

Tun go3umerpa (cTaHIapTHOTO Ceprudukar Jwnanazon nsmepenuns 1]
oOpa3sia) YTBEPKACHUS
CO ITJ(D)-5/50 CO Nel688 5-50«Ip
CO I1J1(P)P-30/200 CO Nel687 30-300 xI'p
CO ITJJ(D)P-5/50 CO Nel560 5-50«Ip
CO I11(9)-1/10 CO Ne3532 1-10«Ip
CO I(ATC)-0,05/10 CO Nel1048 50I'p —10kI'p
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Igerosoii mummkarop [T | | 1-50 xI'p |

[IneHOYHBIE U CTEKISHHBIC JIO3UMETPHUUECKHE CUCTEMBI (CTaHAAapTHbIE OOpa3Libl)
OI'VIIT «BHUUDTPU» sBnstorca yHukaapHbiMM. B Hacrosmee Bpems stu CO
UCTOJIB3YIOTCS AJIS aTTECTallu PaIlalliOHHO-TEXHOJIOTMUECKUX MTPOLIECCOB B YCTAHOBKAX C
AIIEKTPOHHBIMU YCKOPUTEISIMU U PAAHOHYKIMAHBIMH HCTOYHMKAMH B COOTBETCTBHH C
CYLIECTBYIOIIMMH HOPMAaTUBHBIMU TpeOoBaHMAMU U TexHonorusamu obiydenus (I'OCTsl,
ISO, MU T1.m.). mnpu paauanuoHHONW 00pabOTKE MEIUIIMHCKON MpPOAYKIHU, OMOT00aBOK,
PACTUTENBLHOIO JIEKAPCTBEHHOT'O ChIPbS U IPOAYKTOB MUTAHMSI, PaJHalliOHHON MoaAn(UKaLUN
CBOMCTB IIOJIUMEPOB, HCCIICIOBAHUE WU3JACINUN JJIEKTPOHHOM TEXHHMKU IO BO3JIEHCTBHEM
pagualoOHHOIO BO3JEHCTBUSA, B MUKPOOMOJIOTHMHU, U T.N. JlMana3oH 4yBCTBUTEIBHOCTH M
nuHelHble pasMmepbl JaHHBIX CO TO3BONSIOT MX HCIOJIB30BaTh HPU JO3MMETPUUYECKHX
U3MEPEHUSAX INPU HUCHBITAHUAX pa3IMYHBIX OOBEKTOB Ha PAJAMALMOHHYIO CTOHMKOCTb HpHU
BO3/ICUCTBUM CIICIIUATIBHBIX (DAKTOPOB.

METROLOGICAL ASSURANCE OF RADIATION TECHNOLOGIES
Generalova V.V., Gromov A.A., Gurskiy M.N., Zhanzhora A.P., Emelyanenko LA.,
Tenishev V.P.
FGUP «VNIIFTRI»
tenishev@vniiftri.ru

Unification of measurements of absorbed dose rate (ADR) and absorbed dose (AD) in
the Russian Federation is provided by the National Special Primary Standard (GET 209-2014
at FGUP "VNIIFTRI”) of absorbed dose rate unit for intense photon (Co ®°, Cs'*’) radiation,
Sr?%+Y?° B-radiation and accelerated electrons.

Absorbed dose rate unit reproduction is based on the calorimetric method by
measuring heat generation power, as a result of ionization radiation energy absorption in
calorimeter absorber (water, graphite or polystyrene).

Russian State Special Primary Standard GET 209-2014 key specifications:

Specifications Photon radiation | Acc. electrons B-radiation
. 0,66 — Cs'*’ Up to 2,3 (max)
Radiation energy, MeV 125 — Co® 3-10 /90, g90
Absorbed dose rate, Gy/sec ot 0,3 mo 10° or 102 10 240°  lot 0,3 10 107
RMS 1,540 5407 5407
Systematic error 6+ 2,8 02 1,4 02
The total expanded uncertainty, k=2 {70 2,4 02 1,4 402

Traceability of measurements to the national standard is ensured by means of
certified solid state reference material (CRMs) and radiochromic film dosimeters. Each
dosimeter system is manufactured under strict quality standards to ensure consistency and
reliability. The calibration and measurement procedures for these dosimeters have been
developed on the base of national standard for certification purposes, of radiation processing
facilities with different source type. For the purposes of routine radiation monitoring at
factories, a radiation sensitive colour chemical film indicator has been developed.

Dosimeter type (CRM)) Certification Absorbed dose measuring range,

kGy
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CRM AD(F)-5/50 CO Ne1688 5-50
CRM AD(F)W-30/200 CO Nel1687 30-300
CRM AD(F)W-5/50 CO Ne1560 5-50

CRM AD(E)-1/10 CO Ne3532 1-10
CRM AD(DTC)-0,05/10 CO Ne1048 0,05 - 10
Colored indicators 1-50

Film and glass dosimetric systems (Standard Samples, or SS), by FGUP "VNIIFTRI”
are unique. Nowadays these SS are used, according to the actual regulatory requirements to
irradiation technologies (GOSTs, ISOs, and others) at certification of radiotechnological
processes in installations with electron accelerators and radionuclides radiation sources
involved in radiation treatment of medical prodution, biological additives, vegetable medical
components and food products, and also for radiological modification of polymere qualities,
research in the change in microelecntonic devices after exposure to radiation, in mirobiology

and for other applications.

Sensitivity range and dimentions of these Standad Samples allow for their use as

dosimetric measuring devices at tests of different objects for radiation resistance in the

presense of special

200

COopHUK aHHOTAIMI JTOKJIaI0B




International Scientific and Practical Conference «175 years of the D.I. Mendeleyev Institute
for Metrology (VNIIM) and National Measurement System», St. Petersburg, June 14-15, 2017

CEKIUSA «<HOBBIE 3ATAYU METPOJIOI'NHN

B XXI BEKE»
SECTIONAL MEETING «NEW METROLOGY CHALLENGES IN THE 21T
CENTURY»

JOPOXKHASA KAPTA METPOJIOI'MHA OT XIX BEKA K HOBBIM BBI3OBAM XXI
CTOJIETUsA
Hutpux Xodpman, [ayns Juttpux
Knacmep mexcoynapoonozo compyouuuecmsa SpectroNet, Hena, I'epmanus
d.hofmann@spectronet.de

lens cratbu - moOKa3aTh, 4TO (HOTOHHAS MeETposiorust 21-ro CTOJETHS MOXKET
paccMaTpHUBaThC KaK €CTECTBEHHOE MPOJOJIKEHHUE €€ TPEAIIECTBEHHUKOB - MeTpoJioruu XI1X
BeKka B  o0jacTM  MeXaHMKM W MeTposorun XX  BeKa, CBA3aHHOM  C
AIIEKTPUYECTBOM/NIEKTPOHUKON. YueHble CaHkT-IlerepOypra chirpanu HEOLIEHUMYIO pOJib B
yJIy4IIEHUH [IOHUMaHUSI OCHOB €CTECTBEHHBIX HayK.

Beinatomuiicst yuensiii 19-ro Beka mexanuku [Imutpuii VMBanoBuu Menpenees
onyo6mukoBan B 1869 r. mepuoanyeckyro TabmuIly 3JeMeHTOB. Pa3Hble BemiecTBa ObuIH
OpraHM30BaHbl HAa OCHOBE HX AaTOMHBIX HOMEPOB, OJJIEKTPOHHBIX KOHQUIypauud u
NEPUOANYECKH MTOBTOPSIOIIMXCA XMMUYECKUX CBOUCTB [1]. OcHOBaMu opraHu3anuy sIBUIHCH
pa3IMyYHble MacChl AaTOMOB. ATOMHAas Macca Jierdaiiiero BemiecTsa Bogopoaa, H, cocraBuser
m, = 1.008 u, a camoro TspKenmoro BeuwiecTBa oraHecoHa, Og, - m = 294 u [2]. 1 u =
1.660539040 x 10?7 kr [3], e u — yHHGUIMPOBAHHASA ATOMHAs €IMHALA Macchl [4].

B 20-m Beke 3J1eKTPHYeCTBA/IEKTPOHHUKH pPyCcCKUil Qu3MK AnekcaHup
Crenanosuu [TonoB 06b11 npu3HaH nzodperateneM paamo [S]. Braaumup Ko3emuu 3BopbikuH
B 1907 romy wu300pen TENEBU3MOHHYIO MEPENAIOIIyl0 U IPUEMHYIO CHCTEMY C
UCIIOJIb30BAaHUEM JJIEKTPOHHO-Ty4YeBBbIX TpyOok. Ee mpencraBieHue ¢  yilydllleHHBIM
qu3aiiHoM B 1911 rony siBuioces nepBoi B MUpe AeMOHCTpanuen Tesnesuenus [6]. Apyrumu
IIpUMepaMu SIBJISIFOTCS TPYOKH ¢ HaKOIUIEHUEM 3apsiia, TpyOku mpsimoro BujeHus B UK-myqax
U 3JeKTpoHHbIH Mukpockon [7]. C 1919 roma 3Bopeikun xun B ITurrcOypre, CILLA.
DIeKTPOHBI UMEIOT Maccy me = 9.109 383 561 x 10->! kr mam me = 5.485 799 090 x 10 u [8].

21-ii Bex poronuku 6611 00bs1B1eH OOH/FOHECKO B 2015 rony MextyHapoaHbIM
rojoM cBera U cBeroTexHuueckux TexHomoru, IYL2015 [9]. YueHbimMu-nuoHepamu B
doTonnke sBIsAOTCS Jaypearbl HoOenesckoit mpemun 1964 roma Hukomait I'enHanueBud
baco, Anekcannp IlpoxopoB m Yapne3 Xapa TayHc «3a ¢(yHmameHTanmbHyl0 paboTy B
o0jacT KBAaHTOBOW 3JEKTPOHUKM, KOTOpas TpUBEIa K CO3JAaHHUIO OCHWUISITOPOB U
YCHJINTENEHW, OCHOBAaHHBIX Ha MPUHIMIIE KBaHTOBOro reHepatopa CBU-nuana3ona c nasepHoi
Hakauykoil» u naypeatsl HoOGeneBckoii mpemun 2000 roma Xopec MBanoBuu Andepos u
I'epOept Kpémep «3a pazpaboTKy HOTYIPOBOJIHUKOBBIX T€TEPOCTPYKTYP U CO3aHHE OBICTPBIX
OMNTO- U MUKPORJIEKTPOHHBIX KOMITOHEHTOBY [10]. CorinacHo cOBpeMEHHBIM MPEICTABICHUSIM,
macca (GoToHOB paBHa mp = 0 kr [11]. B cBs3M ¢ Tem, 4TO OT «MEXaHUKH Yepe3
AIIEKTPUYECTBO/INEKTPOHUKY K (POTOHUKE» Macca MOCTENIEHHO «MCYE3aeT», IPOMBIIUICHHbIE
U HENPOMBIIIJICHHbIE MPOLECChl, MPOAYKTHI M YCIYI'H, CTAHOBATCS Oojiee yA0OHBIMH +
HaJle’KHBIMH + 1O0CTYNHbIMH. B pabote OyayT moapoOHO paccMOTpEHBI HOBBIE BBI3OBHI U
BO3MOXHOCTH 11 (POTOHHOM MeTpojoruu M obecreyeHust kadectBa B 21 Beke. AKIICHT
Jienaercss Ha MOOWJIBHOM LH(POBOM OBICTPOAEHCTBYIONIEM TOJYyYEHUH U300pakeHuH,
00paboTKe M OIIEHKE MJIs MHHOBAIIMOHHOT'O KOHTPOJIS KauyecTBa C MHTEIUIEKTYaJIbHBIMU
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ROADMAPPING OF METROLOGY FROM THE 19TH CENTURY TO NEW
CHALLENGES IN THE 21ST CENTURY
Hofmann, W.D.; Dittrich, P.G.
d.hofmann@spectronet.de

Roadmapping of Metrology from the 19th Century to new Challenges in the 21st
Century.

Aim of the paper is to show that the Photonical Metrology of the 21st Century can be
understood as the natural follower of its precursors with Mechanical Metrology in the 19th
Century and with Electrical/Electronical Metrology in the 20th Century. Scientists from St.
Petersburg played a remarkable role in better understanding of the fundamentals of natural
sciences. An outstanding scientist from the 19th Century of Mechanics, Dmitri Ivanovich
Mendeleyev, published the periodic table of elements, in 1869. Different substances were
organized on the basis of their atomic numbers, electron configurations and recurring
chemical properties [1]. The principle for organization was the different masses of the atoms.
The atomic mass of the lightest substance Hydrogen His m .= 1.008 u and of the heaviest
substance Oganesson Og is ma =294 u [2]. 1 u=1.660 539 040 x 10 " kg [3], where u is the
unified atomic mass unit [4]. Electrons have a mass of m «=9.109 383 561 x 10 ! kg or me =
5.485799 090 x 10 u [8].

For the 20th Century of Electricity and Electronics the Russian physicist Alexander
Stepanovich Popow is acclaimed as the inventor of the radio [5]. Vladimir Kosmich
Zworykin in 1907 invented a television transmitting and receiving system employing cathode
ray tubes. Its demonstration in 1911, based on an improved design, was the first world's
demonstration of TV [6]. Further examples are charge storage-type tubes, infrared image
tubes and the electron microscope [7]. From 1919 Zworykin lived in Pittsburgh, US. The
21st Century of Photonics was heralded in 2015 by the International UN/UNESCO Year of
Light and Light-based Technologies IYL2015 [9]. Scientific pioneers in Photonics are the
Nobel Laureates of 1964 Nicolay Gennadijevich Basov, Alexander Prokhorov and Charles
Hard Townes ,,for fundamental work in the field of quantum electronics, which has led to the
construction of oscillators and amplifiers based on the maser-laser principle*; and in 2000
Zhores Ivanovich Alferov and Herbert Kroemer ,,for the development of semiconductor
heterostructures used in high-speed- and optoelectronics® [10]. Due to the fact that from
Mechanics via Electrics/Eletronics to Photonics the mass gradually ,,disappears® the
industrial and non-industrial processes, products and services are becoming more convenient
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+ reliable + affordable. New Challenges and Chances for Photonical Metrology and Quality
Assurance in the 2F' Century will be treated in detail. The emphasis is on mobile digital
responsive image acquisition, processing and evaluation from UV via VIS to IR for
innovative quality control with smart computing.
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MAPAJIUI'MbI U3MEPEHUI
Iumkua U.O.
@I'VII « BHUUM um. /.M. Menoeneesa»
nikhsihs@ipa-spb.com

MHorue roapl H3MEpPEHHEM Ha3bIBAJIOCh «HAXOXKJIEHUWE 3HAYEHUsI (PU3NYECKOU
BEJIMYMHBl ONBITHBIM IIYTEM C IOMOIIBK CHEUUAIBHBIX TEXHUYECKUX cpeacts». llon
(U3UYECKON BEIMYMHON TMOHMMAJIOCh «CBOWCTBO, 00IIee B KAaYECTBEHHOM OTHOIIICHUH
MHOT'MM (pu3nyeckuM 00beKTaM (PU3NIECKUM CHCTEMaM, X COCTOSIHUSAM U IMIPOUCXOALINM B
HUX IpoleccaM), HO B KOJMYECTBEHHOM OTHOIIEHWU WHIUBUAYAIbHOE MJISi Ka)KJIO0TO
o0bexTa». [1o ymMoIuaHHuIo Npeanoaaraioch, YT0 CaMu OOBEKTHI U UX CBOWCTBA OTHOCATCS K
MaTepuaibHOMy Mupy. M3mepenust Moriau ObITb OOBEKTUBHBIMU (MHCTPYMEHTAJIbHBIMH) U
CYOBEKTUBHBIMH  (OpPTraHOJIENTUYECKUMH), HO ITAPAJIUT MO W3MEPEHHUN  SABISAIOCH
yreepxnenne: PE3YJIbTATBI UIBMEPEHUI JOJIKHbBI BbITh OB BEKTUBHBIMU. Dro
JIOCTUTaI0Ch ¢ momoibio obecreuenus EJJMHCTBA I/IBMEPEHI/Iﬁ, 00yCIOBIUBAOIIIETO
CXOJIUMOCTh Pe3yJIbTaTOB U3MEPEHUI K 00bEKTUBHOMY (MCTUHHOMY) 3HAUCHHIO (PU3HUECKUX
BennurH (OB) u Bocpon3BoAMMOCT UX B Pa3HBIX YCIOBUSIX.

ITosiBnenne B 1968 r. KBaJIMMETpHM IOKAa3ajo, 4YTO 3a IpeaeaamMH NPUMEHHMMOCTH
napaaurMel u3MepeHnii ®B cymecTByeT MNpPOCTPAaHCTBO M3MEPEHUM, B KOTOPOM OHa
HempuMeHnMa. D10 Hoocdepd  mpocTpaHCTBO HemaTepHanbHBIX cBoiictB (HMC), ofuimx
JUTSI MHOTUX OOBEKTOB U SIBIICHUH KaK MaTepUaIbHOTO, TaK U UAEATBLHOTO (yXOBHOTO) MHUpa,
HO B KOJIMYECTBEHHOM OTHOIICHUU UHAUBUIYAIBHBIX I KaxK10r0 U3 HUX. Kak u @B, atn
CBOMCTBA MOTYT IHpOSIBIATHCS B OONbIIEH WM MEHBLIEH CTENEHW, 4YTO IPEANoaracT
BO3MOKHOCTb UX U3MepeHus. B nokiane uznaraercs treopus usmepenniit HMC.

KpaeyroibHbIM KaMHEM TEOPUU SIBIISETCS YTBEPKIAEHUE O TOM, 4TO nockoinbKy HMC
CYLIECTBYIOT TOJBKO B CO3HAaHUU JIIOACH, MOCTOJIBKY OHM HE MOTYT M3MEpAThCA
BEIIECTBEHHBIMU MEpaMU U U3MEPUTEIbHBIMU MTPHOOpaMu. ENMHCTBEHHBIM HU3MEPUTETHHBIM
MexaHu3MoM i Hux siisiercst MBILLIJIEHUE.

1 (Ot rpeu. véog  pasym u 6poipa map) cdepa pasyma no B.U. Bepnanckomy.
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Enununeit usmepennss HMC cayxutr MHEHUE uenoseka. OHO CyOBEeKTUBHO U He
uMeeT (PUKCUPOBAHHOTO pa3Mepa. ITO TOBOPUT O TOM, 4To u3Mepenus HMC BBIIOTHSIOTCS
Ha ocHoBe J[IEIIEHTPAJIM3OBAHHOI'O BocmpousBeneHus: €AUMHUIBI U3MEpeHus. Takoe
y>ke ObIIO B METPOJIOTHH MTPH UCTIOJIB30BAHUM AHTPO M OMET P U U € C K U X Mep.

N3 cyObeKTUBHOCTM MHEHUN HE BBITEKAaeT C HEU30EKHOCTbIO CyOBEKTHBHOCTh
pe3yJIbTaTOB HM3MEPEHUH. DTO BUAHO HAa NMPUMEPE OPraHoJIENTHYECKUX u3MepeHuil. Ilpu
u3mepeHun HMC cyObeKkTHBHBIM SIBIISETCS caM pa3Mmep u3MepsieMod BenuuuHbl. OH He
uMeeT OOBEKTHMBHOIO YHCIOBOro 3HaueHus. Ilostomy pesyinbratel usmepenuit HMC
HEU30€KHO ABIAIOTCA CYObEeKTHBHBIMU. OHHM HE CXOISTCSI U HE BOCIPOU3BOMASATCA.
TpeboBanue obecneuenust eaunctBa uaMepeHuit HMC necoctostensno. ITAPAJIUTI'MA
m3mepenniit HMC wmoxer OwbiTh copmynmupoBana ciemyromum obpazom: M3MEPEHUA
HMC ABJEAIOTCA SKCKIIIO3MBHBIMU. Onu BeIXOIAT 3a paMKu npuMeHMMocTH D3
«O0 ofecrnieueHUU €IMHCTBA M3MEPEHUI», HO HE M3 MPABOBOTO IOJISI 3aKOHOAATEIbHOU
METPOJIOTHH, B KoTopoe BXoauT Koncturyus P®. Ilynkr 3 crateu 29 3T0ro 3aKoHa IJIacuT:
«HuKTO HE MOKeT ObITh MPUHYKJEH K BRIPAXKEHUIO CBOMX MHEHUN U YOEXKIEHUN WIH 0TKa3y
OT HUX». AHQJIOrM4YHAsi HOpMa COAEPKUTCA U B MexayHapoaHOM IpaBe: «Kaplil uenoBek
MMeeT MpaBo Ha CBOOOAY YOEKIEHU U Ha CBOOOTHOE BBIPAKCHUE UX. . » cr. 19 BeeoGueit
JIeKJIapaluy mpaB yenoBeka, npuHator ['enepansaoit Accam6ieeit OOH 10.12.1948 r.

PARADIGMS OF MEASUREMENTS
Shishkin L.F.
D.I. Mendeleyev Institute for Metrology (VNIIM)
nikhsihs@jipa-spb.com

Over the years the term of measurement was limited to "Determining the value of a
physical quantity by tests with the help of special technical means". The physical quantity was
believed to mean "a property that is common to many physical objects (physical systems,
their states and processes occurring within them), but quantitatively individual for each
object." Thus it was naturally assumed that the objects themselves, along with their properties,
belonged to the material world. Measurements could be objective (instrumental) and
subjective (organoleptic), but the PARADIGM of measurements was defined by the following
statement: MEASUREMENTS RESULTS SHOULD BE OBJECTIVE. This was achieved
by providing the UNITY OF MEASUREMENTS, which determines the convergence of the
measurement results to the objective (true) value of physical quantities (PhQ) and their
reproducibility under different conditions.

Following the appearance of qualimetry in 1968 it was discovered that beyond the
scope of the PhQ measurement paradigm there was a measurement space in which it was
inapplicable. This is the noosphere ! the space of non-material properties (NMP) common to
many objects and phenomena of both the material and the ideal (spiritual) world, but
quantitatively individual for each of them. Like PhQ, these properties can manifest
themselves to a greater or a lesser extent, which suggests the possibility of measuring them.

The report describes the theory of NMP measurements.

The cornerstone of the theory is the statement that since NMPs exist only in the minds
of people, they can not be measured by material means and measuring devices. The only
measuring mechanism for them appears to be THINKING

The unit of the NMP measurement is some person’s OPINION. It is subjective and
does not have a fixed size. This suggests that the NMP measurements shall be performed on
the basis of a DECENTRALIZED unit of measurement. This has already occurred in
metrology whith anthropometric measures.
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The subjective opinions do not entail subjective measurement results. This is evident
from the example of organoleptic measurements. When measuring NMPs, the size of the
measured quantity is subjective itself. It does not have an objective numerical value.
Therefore, the results of the NMP measurements are subjective inevitably. They do not
converge and do not reproduce. The requirement to ensure the unity of the NMP
measurements is untenable. The NMP measurements PARADIGM can be formulated as
follows: MEASUREMENTS OF THE NMP ARE EXCLUSIVE. They are beyond the scope
of the Federal Law "On ensuring the unity of measurements", while being in compliance with
the legal field of legal metrology, which includes the Constitution of the Russian Federation.
Paragraph 3 of Article 29 of this law states: "No one shall be compelled to express his
opinions or convictions or to renounce them." A similar norm is also contained in the
International Law: "Everyone has the right to freedom of opinion and expression." art. 19 of
the Universal Declaration of Human Rights, adopted by the UN General Assembly on
10/12/1948.

! (from the Greek: voog - originally meaning mind and c@aipa - ball) - the sphere of mind suggested by Vernadsky V.I.

OBECIEYEHUE EJUHCTBA UBMEPEHU HA ®PAKTAJIBHO OCHOBE
JIutBunos b.4., Oxpenunos M.B.
OI'VII «BHUHWM um.[I.N. MenneneeBay
sztul@mail.ru

Pa3Butne cucremsr obecnieuenus equncTBa n3mepenuii (COEN) Hepa3pbIBHO CBSI3aHO
¢ He00X0IMMOCThIO ontuMm3anuu cTpykTypbsl COEUN npu obecnieuenun TpedyeMoi TOYHOCTH
BO BCEX BUJaX U 001acTax uaMepenuii. OJHIUM U3 OCHOBHBIX MPEMSATCTBYIOMHX (aKTOPOB Ha
MyTH JOCTKEHUS HEOOXOAMMOTO YPOBHS ONITUMHU3AINH SIBIISIETCS TIOCTOSTHHO BO3HUKAOIIIAS
HEO0OXOIUMOCTh U3MEPEHUS HOBBIX BETUUYMH MPH U3MEHSIOLIUXCS TPEOOBAHUSX K TOYHOCTH.
Kak mnpaBuiio, TpeOGoBaHMsI K TOUYHOCTH JUIsl OOIIETIPUHATHIX, «CTAHAAPTHBIX» YCIOBUM
U3MEpPEHUs] W KaIMOPOBKM MMEIOT TEHACHIHMIO K pocTy. K 3Tol OCHOBHOI TeHIeHIUU
J00aBIseTCsl BOSHUKAIOLIEE pa3HOOOpa3ue pexXMMOB U YCIOBHM, IPU KOTOPHIX HEOOXOIUMO
obecrieunBath enuHCTBO M3MepeHmit. Ctpykrypa COEMU, ommparomiascs Ha TpagullMOHHBIC
MIPOBEPOYHBIE CXEMBI, IMIEPECTAaET COOTBETCTBOBATh HOBBIM  TEHJICHIMSIM  Pa3BUTHUS
METPOJIOTHH, KOTOpbIE BKIIOYAIOT MHTEUICKTYAIH3aIHI0 CPEACTB HM3MEpPEHUH, MOBBIIICHUE
POJIM METOAOJIOTUYECKOM OCHOBBI.

Nuorna mnpu paccmotrpenuu nepcrnektuB pasButus COEWM npuMeHsIoT TepMuH
«naeuentpanu3anuss COEW». YuuteiBasg, 4TO MOMHOW JeHEHTpaiM3anuu (Kak U TOJIHOU
neHTpanu3anuun) no orHomenuo kK COEU ObITh He MOKET, MpeACTaBIsIEeT HHTEPEC pa3BUTHE
MOJIXO0JIOB, MOJIYYHBIIUX Ha3BaHUE QpaKkTalbHbIX. [loHATHE (hpakTaia JaBHO BHIILIO 32 PAaMKH
reOMEeTPUYECKUX (PUTYyp M HCIONIb3YeTCs B Pa3HbIX BUIAX dKOHOMHUYECKOW AESITeNbHOCTH.
@paxTansl 00JaTaI0OT CBOWCTBOM CaMOIOA00Ms, T.e. OHHM Ooyiee WIM MEHee eIUHOO0Opa3HO
YCTPOGHBl B IIHPOKOM JMana3oHe wmacmrtaboB. CBOHCTBO caMomogo0usi MO3BOJISIET
MPOSIBIISATHCS TaKUM MPU3HAKaM (ppakTana, Kak >KU3HECIMOCOOHOCTh M JuHamuKa. [Ipu 3tom
MOKHO TOBOPUTH O MOJEISX, MO3BOJISIFOIIMX C OOJBIION 10JIe ONTUMAIBHOCTH COYETATh
npo0JieMbl CTaHIAPTHOTO M YHUKAIBHOTO (€IMHUYHOrO), YPOBHEW IEHTpaIu3aluud U
nereHTpanu3anuu. [1o OTHONIEHUIO K METPOJIOTHYECKON NeTeNIbHOCTH (PpaKTaaIbHBIA MTOIXO/T
B mepByto ouepens npuMeHuM npu pa3Butu COEM u Oymer cnocoOCTBOBaTH PEIICHUIO
HOBBIX 337]a4 METPOJIOTHUHU B 21 Beke.

ENSURING UNIFORMITY OF MEASUREMENTS ON FRACTAL BASIS

Litvinov B.Ya., Okrepilov M.V.
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D.1. Mendeleyev Institute for Metrology (VNIIM)
sztul@mail.ru

The development of a system for ensuring the uniformity of measurements (SEUM) is
inextricably linked with the need to optimize the structure of the SEUM while ensuring the
required accuracy in all types and areas of measurement. One of the main obstacles in
achieving a necessary level of optimization is the constantly emerging need to measure new
values with varying accuracy requirements. As a rule, there is an increasing trend towards
accuracy requirements for conventional measurement and calibration conditions. Emerging
diversity of regimes and conditions under which it is necessary to ensure the uniformity of
measurements is added to this basic trend. The structure of SEUM, based on traditional
verification schemes, ceases to correspond to new trends in the development of metrology,
which include intellectualization of measuring instruments, and a growing role of
methodological basis.

Sometimes, when considering the prospects for the development of SEUM, the term
"decentralization of the SEUM" is used. Taking into account that full decentralization (as well
as complete centralization) in relation to SEUM cannot exist, it is interesting to see
developments of approaches that have been called fractal. The concept of a fractal has long
gone beyond the limits of geometric shapes and is used in different types of economic activity.
Fractals have the property of self-similarity, i.e. they are more or less uniformly arranged over
a wide range of scales. The property of self-similarity makes it possible to manifest such
characteristics of a fractal as vitality and dynamics. At the same time, we can talk about
models that allow combining problems of standard and unique (single), centralization and
decentralization levels with a high degree of optimality. In relation to metrology, the fractal
method, first of all, will be applicable to the development of SEUM and will help to solve
new problems of metrology in the 21st century.

METPOJIOI'US KUBEP-OU3NYECKUX CUCTEM: KOPPEKTHOCTb
BOCHPUATHUA U AHAJIN3A OFBbEKTUBHOM NH®OPMAIIUA B
HUHTEJUIEKTYAJIBHBIX CUCTEMAX YIIPABJIEHUS
[Ixonwipes B.I1.

DedepanbHoe 20cy0apcmeeHHoe A8MOHOMHOE 00PA308amMeNbHOe YUPeHCOeHUE BblCULEO
oopaszosanus « Cankm-Ilemepoypeckuii nonumexnuyeckutl ynugepcumem Ilempa Benukozoy
HUncmumym xomnvromepHvix HAYK U MeXHOI02Ul
Buicwas wikona kubepguzuueckux cucmem u ynpagieHus
shkodyrev@mail.ru

PaccmatpuBaercs mpobiema KOPpPEKTHOCTH BOCHPHUATHS OObEKTHMBHOW MHGpOpMaIuwy,
MIOJIy4a€MOM OT CEHCOPOB, MJIs YINPaBICHMS CIOXKHBIMH TEXHUYECKUMH CHCTEMaMHU,
OCHOBaHHbIMM Ha 3HaHUAX. [Ipobiema ucciemyeTcss ¢ MO3UIMHM pa3pelieHus MPOTHBOPEUUS
MEXIy TpeOOBaHHEM KOPPEKTHOCTH MOTyYeHHsI 0ObEKTUBHON N3MEPUTENIbHON HH(pOpMaUu
U HEYETKOCThIO KOTHUTUBHBIX 00pa3oB U MoJeled 3HaHWW, KOTOPBIMU OIEpUpYET
MHTEJJIEKTyallbHAsl CUCTEMa YIpaBJICHUs. 3ajada aHAJIU3UPYETCs NPUMEHHUTENBHO K
UCCJIEIOBAHHUIO TOBEJECHUYECKUX MOJENIeH, pealn3yeMbIX HHTEIUIEKTYaJbHBIMU MOOUIBHBIMU
poboTamH, JEHCTBYIOUIMX B  YCIOBHSX HEONpPENEJEHHOCTH BHEUIHEH cpeasl W
HENpPeICKa3yeMbIX CIIEHApUEB I'PYNIIOBOTO B3aUMOAECUCTBHUS.
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1. WHTennekTyanbHble CHUCTEMBI aBTOMaTHUdeckoro ympasinenus / Ilog pen.
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METROLOGY OF CYBER-PHYSICAL SYSTEMS: CORRECTNESS OF
OBJECTIVE INFORMATION PERCEPTION AND ANALYSIS IN INTELLIGENT
CONTROL SYSTEMS
Shkodyrev V.P.

Peter the Great St.Petersburg Polytechnic University
Institute of computer science and technology
High school of cyber-physical systems and control
shkodyrev@mail.ru

In the work there is considered an issue of correctness of objective perception of
sensors-provided information for needs of control of complex knowledge-based technical
systems. The problem is explored from the point of view of resolution of the conflict between
the need for the correctness of objective measurement information perception and fuzziness of
cognitive images and knowledge models which are used by smart control system. The task is
analysed in application to the research of behaviour model of smart mobile robots working in
conditions of environment uncertainty and unpredictable scenarios of group interaction.
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YITIPABJIEHUE CITPOCOM HA BOJAY HA OCHOBE 10T U AHAJIUTUKHA
BOJIBIIINX JAHHBIX
II1.E. Xycceitn'*2, M. 3akapus°, A.A.E. Haccep *
! Kagpeopa xomnviomepnwix mexnonoauii u cucmem ynpasnenus, Yuueepcumem Mancypa,
Eeunem
2@ryrl «BHUUM um. [J.U. Menoeneesar, Canxkm-Ilemep6ype, Poccus
3 Daxynomem xomnviomepos u ungopmayuu, Yuueepcumem Mancypa, Ecunem
sherif hussein@mans.edu.eg

HccnenoBanus B 00J1aCTH YIIpaBICHUS BOAHBIMU pecypcaMu HAaOUPAIOT MOMYJISIPHOCTD
Cpeld MHOTHX CTpaH u3-3a nedummTa BOAHBIX pecypcoB. DTa mpoliema crana Oosee
CJIOHOM CO BPEMEHEM U B CBSI3U C yBEIMUYECHHEM HacesleHUs. [[0CKONbKY UHTEIeKTyalbHbIe
CUYETUMKH IIUPOKO HCIOIB3YIOTCS, OTPOMHOE KOJMYECTBO TOJIE3HBIX JAHHBIX, HA3bIBAEMBIX
OOJBIIMMU JAHHBIMU, TEHEPUPYETCS U XPAHUTCS B 00JIaKe C IOMOIIbIO YCTPOHCTB «IHTepHET
Bemeit” (IoT). Otu ycrpoiicTBa MOTYyT B3aMMOJEWCTBOBATH JPYr C JPYroM U C JaHHBIMH,
reHepupyeMbIMH B ceTH MHTepHeT.

Takum 00pa3om, CyIIECTBYET MOTPEOHOCTh B WHTEUICKTYaJIbHOW CHCTEME, KOTOpas
OCYIIECTBISET COOp M AHAIUTUKY OONBIIMX JAaHHBIX U MHUKpOMAcCIITaOHOE MOAETUPOBAHUE
JUIS TIPUMEHEHHSI Pa3IMYHBIX CTPATETHii, OCHOBAHHBIX Ha y4YeTe CHpoca M TMPEJI0KEHUS.
[Ipensaraemasi cucreMa COCTOMT M3 YEThIPEX MOJyJIeH, MEepBbIA M3 KOTOPBIX CBS3aH C
ycrpoiictBamu  [0T,  KOTOpble  BKIIOYAKOT  MHTEJUIEKTYaJIbHBIE  JTaTYUKHA  BOJIBI,
MHTEIJICKTyallbHbIE KIAMaHbl, a TaKXKe YCTpoiicTBa cOOopa MaHHBIX U YIpaBieHus. Bropoit
MOJyJIb TpEAHA3HAueH JUIsi MOJAEITUPOBAaHUSA TOTPEeOJICHHs BOABI C HCIOJIb30BaHHUEM
HMCKYCCTBEHHBIX HEHPOHHBIX CETeH C TMapaMeTpaMu, KOTOPBIE MOCTOSHHO aJalTUPYIOT CBOHU
3HAUYEHMs, B TO BpEeMsl KaK TPETHUH MOJyJb OTBEYAET 32 YINpaBJIEHHUE AAaHHBIMH C MOMOILBIO
Hadoop. Hakonern, 4eTrBepThIii MOIYyJIb HCIOJIB3YET PA3IUYHBIC yMHBIE CTPATeTUU MJIS
MIPOTHO3UPOBAHUST M YIPaBJICHUS CIPOCOM M MPEAJIOKEHUEM BOIBI C HCIOJIb30BAHHUEM
aIaNTUBHBIX MOJIEJIEH M aHAJIMTUKHU OOJIBIITNX JTAHHBIX.

Best cuctema Oblma MpOTECTUPOBaHA C WCHOJIB30BAHWEM ABTOHOMHBIX JTAHHBIX IS
OIICHKU €€ HaJeKHOCTH W 3(PdekTuBHOCTH paboThl. Ha 3Tame MoaenupoBaHus yAalloCh
COXPaHHUTh CPETHEKBAIPATUUECKYIO TIorpenrHocTh MeHee 10% st Bcex MUKpoMacTabHbIX
Mozenel nmotpedaeHus Boasl. [Ipy 3TOM ¢ MOMOIIIBIO TIpeiaraeMoi CTpaTeruy YIpaBiIeHUs
BOJIOCHAOKEHUEM YJAJIOCh TOOUTHCS CHUKEHUS OTPeOIeHHs BOIBI HA 6%.
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WATER DEMAND MANAGEMENT BASED ON IOT AND BIG DATA ANALYTICS
Sherif E. Hussein'- %2, Magdy Zakaria®, and Ahmed Abd El Nasser®
I Computer Engineering and Control Systems Department, Mansoura University, Egypt
2 D.I.Mendeleyev Institute for Metrology, Saint Petersburg, Russia
3 Faculty of Computers and Information, Mansoura University, Egypt
sherif hussein@mans.edu.eg

Water management research is gaining popularity among many countries due to the
scarcity of water resources. That problem has become more complex with the time and with
the increase in population. As smart meters are widely adopted, a vast amount of useful data
termed as Big data is generated and stored in the cloud using Internet of Things (IoT) devices.
Those devices can interact with each other and with the data generated over the Internet.

Therefore, there is a need for a smart system which comprises data collection, big
data analytics, and micro-scale modeling for implementation of different strategies based on
statistical records for supply and demand.

The proposed system comprises four modules, of which the first one is linked to [oT
devices, namely, smart water sensors, smart valves, and data collection and control devices.
The second module models water consumption using Artificial Neural Networks (ANNs) with
parameters that continually adapt their values, while the third module is responsible for data
management with Hadoop. Finally, the fourth module uses different smart strategies to
forecast and control the water demand and supply using the adaptive models and Big
data analytics.

The complete system was then tested with offline data for performance and reliability
assessment. At this, Root Mean Square Error (RMSE) was successfully kept below 10% for
all the micro-scale models of water consumption.

The water supply management strategy proposed by the system succeeded to achieve a
decrease in water consumption by about 6%.

HENPOCETEBOM OJIXOJ K N3MEPEHHUSIM B YCJIOBUSIX HEITOJIHOM
HH®OPMAIINUA
I'.®. Mansixuna
Canxkm-Ilemepbypeckuii nonumexnuueckuti ynugepcumem Ilempa Benuxozco
malykhina@jicc.spbstu.ru,

B TexHuueckMx W B MEOUIIMHCKUX TMPWJIOKEHHUSIX YACTO BO3HHUKAeT 3aada
oTIpe/IeNICHHUsT XapaKTePUCTHK 00BEKTA IO pe3yIbTaTaM U3MEPEHUS BBIXOIHBIX MTAPaMeTPOB C
MOMOIIBI0  CHUCTEMBI  JIaTYMKOB, KOTOpPBIE KOCBEHHO CBSI3aHBI C  IapamMeTpamy,
XapaKTePU3YIONIUMH TEKYIIee COCTOSHHUE KOHTpOoIHpyemMoro obOwnekra. K Takomy THITY
OTHOCSITCSL 3a/ladyll  aBTOMATHYECKOTO KOHTPOJIS M TEXHUYECKOTO JHArHOCTHPOBAHWS,
HalpuMep, KOCBEHHOE W3MEpPEHHUE TATH Ta30TYPOWHHOTO JIBUTATEINS; 3aJla4ll MEAUITMHCKOM
JTUATHOCTHKH, HAlpUMEpP, U3MEPEHHE COJEp>KaHUs TIIOKO3bl K KPOBU 4YEJIOBEKAa IO JIAHHBIM
MHOTOKAaHAIBHOTO KOHTPOJIA IapaMeTPOB KOXKHO-MBIIIEYHONW IPOBOJUMOCTH; 3aJIa4H
yOpaBleHUs ABUraTeIeM KOCMUYECKOr0 anmapara, CIlyCKaeMOoTo Ha MOBEPXHOCTh IJIAaHETHI B
YCIIOBHUSAX HEONPEICIICHHOCTH COCTaBa rPyHTA.

Monenbio 00BbeKTa U3MEPEHHSI B 000UX CIydasX SBISETCS HEMHEHHAs JMHAMUYECKas
cucTeMma, KOTOpasi XapaKTepU3yeTcsl MHOXKECTBOM TapaMeTpPOB M MOXKET OBITh
chopMynupoBaHa B TEpMHUHAX TMPOCTpaHCTBA cocTostHU. OnHako Tpu pa3paboTke
HU3MEPUTEIIEHON CHCTEMBI, TTPEeTHA3HAYCHHOM JUTSI METUITUHCKUX IIeJIeH, He BCET/1a UMEIOTCS
nonHass WHGOpMAaNUsg W TOYHbIE 3HAHWS 00 O0OBEeKTe Hu3MEpeHHs. OTO CBS3aHO CO
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CJIETYIOIAMHU PUIUHAMU

— OTCYTCTBHEM HCUEPHIBIBAIONIUX 3HAHUH 00 OOBEKTe H3MEpPEHHUs, MO3BOJISIOMINX
MOCTPOUTH QJCKBATHYIO MOJENb, OOBEIUHSIONIYI0 KOHTPOJIUPYEMBI OOBEKT U
CUCTEMY H3MEPEHUH MNapaMeTpoB, KOCBEHHO CBSI3aHHBIX C IapaMeTpaMu COCTOSHUS
00BEeKTa, IMOIJIEKAIUMH OICHKE;

— HaJIW4YHeM HEKOTOpBIX 3HaHUil 00 00BeKTe, B OCHOBE KOTOPBIX HAXOIUTCS HETMOJHAS
MOJIeNIb, BKJIIOYAIOMIAsi TOJIBKO 4YacTh W3BECTHBIX HCCIIENIOBATENIO0 IapaMEeTPOB,
XapaKTEPHU3YIOLINX COCTOSTHUE 00BEKTA;

— OTCYTCTBHEM HEOOXOJMMBIX JaTYMKOB JUISI HM3MEPEHHUS YacTH IapaMeTpOB,
XapaKTEepU3YyIOIINX COCTOSTHIUE 00BbEKTa U3MEPEHUS;

— HEBO3MOXXHOCTBIO  MCIIOJB30BaTh  JOCTATOYHOE  MHOXKECTBO  JAaTYHUKOB B
U3MEpPUTENbHON CHUCTEeMe, €Clld OHa TMpeAHa3HauYeHa Mg IOBCEIHEBHOTO
HCIIOJIb30BaHUSI UJIK MacCOBOTO BHEJIPEHUSI.

B stux ciydasx MOXHO TOBOPUTH 00 WM3MEPEHMSIX B YCIOBHUSX HEMOJHOTO 3HAHUS
KOHTPOJIMPYEMOTO OO0BEKTa, WM B (TEpMUHAX MOJEIH IMPOCTpPaHCTBAa cocTosHui [1]) — 00
U3MEpPEHUSIX, OCHOBAHHBIX Ha HEIMOJHOM BEKTOpE MapaMEeTPOB COCTOSHUSA OOBEKTa Kak
OUHAMHYECKOU CUCTEMBI.

OtcyTrcTBUE MOMHONW HHGPOpPMAIMU 00 YCIOBUSX H3MEPEHUS, BBIMOIHSAEMBIX B ILEJSAX
MCCJICZIOBAHUSI HOBBIX MPOCTPAHCTB, HAMpUMEp, B KOCMHUYECKUX MojeTax. B mporecce
MPOEKTUPOBAHMS M3MEPHUTENbHAsI CHUCTEMa MOXET OBITh pa3paboTaHa C HCIOJIB30BAHHEM
MaTeMaTU4eCKOW MMUTAIIMOHHON MOJIEIIH, TPOBEPEHA C TTOMOIIBIO CTEHAOBBIX UCIIBITAHUI B
3€MHBIX YCIIOBUSX, HO HE MOKET YUECTh BCE HEOMPEICIIEHHOCTH yCIOBUH APYToii MIaHeTsl. B
YaCTHOCTH, (DOTOHHASI CUCTEMa U3MEPEHUSI TApaMETPOB ABUKEHUS CITyCKaeMOro arirapara Ha
MOBEPXHOCTh JIYHBI CTAIKUBAETCS C HEOTPEEIEHHOCThIO COCTaBa IPYHTA, CUJI TPaBUTAIIHH,
paauanmoOHHON 0OCTaHOBKH, HATMYUS TTBLIH.

B 3TOM MOXHO y4YUTHIBaTh CIOCOOHOCTH K OOYYEHHUIO MO JAHHBIM HMHUTAIMOHHOTO
9KCIIEPUMEHTA WJIU TI0 TAaHHBIM SKCIIEPUMEHTA, IPOBOIMMOTO B 3MHBIX YCIOBHSX, TAK)KE KaK
CIOCOOHOCTh JOTIOTHUTENHHON aJanTaluyd alropuTMa K peallbHBIM YCIOBUSIM B IpoIlecce
paboTHI B YCIOBUAX CITyCKA HA TOBEPXHOCTH TIJIAHETHI.

Takum oOpa3zom, MOIEeTh U3MEPsieMOro 00BEKTa, BKIIOUEHHAs! B MMPOIIECC U3MEPEHHUS,
MPEICTaBISIET COO0OW HEINWHEHHYI0 JIWHAMUYECKYH) CHCTEMY JIMCKPETHOTO BpPEMEHH,
OMHCAHHYIO B TEPMUHAX MPOCTPAHCTBA COCTOSHUU.

Jlureparypa
1. Haykin, Simon. Neural networks and learning machines / Simon Haykin.—3rd ed.
Prentice Hall. 2009, 938 pp.

NEURO-NETWORK APPROACH TO MEASUREMENTS UNDER CONDITION OF
INCOMPLETE INFORMATION
G.F. Malykhina
Peter the Great St. Petersburg Polytechnic University
malykhina@icc.spbstu.ru,

The problem of indirect measurements of the output parameters using a system of
sensors that are indirectly related to the parameters characterizing the current state of the
measurable object often arises in technical and medical applications. The problem arises in
the field of automatic control and technical diagnosis, during indirect measurement of the
thrust of a gas-turbine engine for example. The next problem concerns medical diagnostics,
for example, noninvasive measurement of blood glucose using multichannel monitoring on
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the base of direct measurement of skin-muscular conduction. The problem of spacecraft
descending module control arises during approach to the lunar surface under conditions of
uncertainty of the underlying surface soil composition.

The model of the measurable object in both cases is a nonlinear dynamic system that is
characterized by a set of parameters and can be formulated in terms of the space-of-states
model. However, during developing a measuring system intended for medical purposes, the
complete information and exhausting knowledge of the measurable object are not always
available. This is due to the following reasons:

— absence of exhaustive knowledge about the measurable object, which would
otherwise allow for an adequate model involving properties of the measured object
and the system measuring the parameters indirectly related to the object state
parameters to be evaluated;

— presence of some knowledge about the object, which is based on an incomplete
model, involving only a part of the parameters that characterize the state of the
object known to the researcher;

— alack of the necessary sensors to measure a part of the parameters characterizing
the state of the measurable object;

— an inability to use a sufficient number of sensors in the measuring system, if it is
intended for daily use or mass deployment.

In these cases, one can talk about measurements under conditions of incomplete
knowledge of the controlled object, or in terms of the model of the space-of-states [1] - about
measurements based on the incomplete vector of the state parameters of the object as a
dynamic system.

Absense of complete information about the conditions for measurements carried out,
for example, while exploring new locations during a space flight. A measuring system might
have been designed on a mathematical imitational model, checked on a trial run on Earth, but
it is impossible to predict and consider all the unexpected features of a different planet. For
istance, a photon control system for parameters of a moon landing module will face a lack of
information about the composition and qualities of the ground, gravity, radiation, and dust.

In such conditions of uncertainty it is necessary to take into account the ability of the
measurement algorithm to learn from the data of the imitation experiments, as well as the
ability of the algorithm to adapt to actual conditions of descent to the surface of a planet.

Thus, the model of the measured object, included in the measurement process, is a
nonlinear dynamic system of discrete time, described in terms of the space-of-states.

References
1. Haykin, Simon. Neural networks and learning machines / Simon Haykin.—3rd ed.
Prentice Hall. 2009, 938 pp.
METO/BbI 1 AJITOPUTMbI ONEHUBAHUA U YITIPABJIEHUSA KAYECTBOM
MOJIEJIEM CJIOKHBIX OFBEKTOB
Coxkounos b.B., FOcynos P.M.
@I'bVH «Canxkm-Ilemepoypeckuil uncmumym ungopmamuxu u agmomamuzayuu Poccutickotl
axademuu Hayk» (CIIHHUPAH)
sokolov_boris@inbox.ru

B COBPCMCHHBIX YCIIOBUSAX MAaTEMATU4YCCKOC MOJCIINPOBAHUC SABJIACTCA
YHUBCPCAJIbHBIM HMHCTPYMCHTOM IIO3HAHUS, UCCICAOBAHUA W MNPOCKTHUPOBAHUA 00BEKTOB B
Pa3INYHbIX TPCAMETHBIX obnactax. K HACTOAIICMY BPpEMCHHU TCOpUA, MECTOAbI U TCXHOJIOTUHN
CO3aaHus, HCIIOJBb30BaHHUA MATCMAaTHUYCCKUX MOI[GJ'IGfI Pa3BUTBI AOCTATOYHO XOPOMLIO.
HCCJ’IG)IOB&HI/IH B JTOH o0OjacTtu npoaoJKATCA C Heocna6eBanmeI71 HMHTCHCUBHOCTLIO,
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OXBaThiBasi BCE HOBBIE M HOBBIE KJIacChl Mojeled U mnpeaMmeTHble oOiactu. OpHako B
COBPEMEHHBIX YCIIOBHSIX, K COKaJICHUIO, TPAKTUYECKU OCTAETCs HEMCCIIeI0OBaHHOM Mmpobiiema
MHOTOKPUTEPUAIBHOTO OILEHMBAaHUSl KadecTBa MaTeMAaTUYECKUX MoOJeNel, aHanmu3a |
YHOPSIOUEHHSI Pa3IMYHbBIX KJIACCOB MO/IeJIel, 000CHOBAaHHOTO BbIOOpa MOAETEH /Ui peleHus
KOHKPETHBIX MPUKIAAHBIX 3a/1a4. AKTYalIbHOCTh JAHHOM MpoOieMbl B enI€ OoJblIel cTeneHu
YCUJIMBAETCs B TOM cilydae, KOTa UCCIeayeMblil 0ObEKT OMUCHIBAETCS HE OHON MOJEIbIO, a
MOJIUMOJIETIbHBIM  KOMIUIEKCOM, B COCTaB KOTOPOIO MOTYT BXOAMT pPa3HOPOJHBIE U
KOMOMHHPOBAaHHBIC MOJIEH (HAIPUMEP, AaHATUTHKO-UMUTAIMOHHBIE, IOTUKO-aJIreOpaniecKue
U T.OL).

[lepeuncrienHble BOIMPOCHl SIBISIOTCS OCHOBHBIMH OOBEKTaMHU PpACCMOTPEHHS B
JoKane, rae OyayT NpelCcTaBlIeHbl pe3yJibTaThl UCCIIENOBaHMI pa3padaThiBa€MOIl aBTOpaMu
HOBOHM MPUKIAJHON TEOPUU: KBATUMETPUM MATEMaTHUYECKUX MOJENEeW M MOJIMMOJEIbHBIX
KoMIUIekcoB. DopMHpOBaHUE AaHHOW TEOPUM TMPEIIoaraeT MpPOBeIEeHNE KOMILJIEKCHBIX
UCCIJIEOBAHMM 110 CIEAYIOIIUM OCHOBHBIM HAIlPaBJICHUSM:

1. Pa3paboTka OCHOBHBIX TIOHSTHH, MPHUHIIUIIOB, TIOJAXOJO0B, HCIOJb3yeMbIX B
KBATMMETPHUH CEMHOTUYECKHX Mozeel (oMo ienbHbIX KoMiuiekcos (I1K)).

2. IlocTtpoeHne uepapxuy KOHLENTYaJbHBIX MOZEJEH DPa3BUBAIOLIMXCS CUTyalui,
Y4aCTHUKAMU KOTOPBIX SBJISIOTCS CyOBEKThI U 00BEKThI MOACIUPOBAHHUS, @ TAK)KE COOCTBEHHO
pa3pabaTheiBaeMbIe (MCIOJIb3YEMbIC) MOJICIH).

3. Knaccuduxkanus u cucremaruzanuus cemuornyeckux mozeneit (I1K), ycranosnenue
B3aMMOCBSA3€M M COOTBETCTBHS MEXAY pa3IU4YHbBIMU BHJAMU M POJAMU CEMHUOTHYECKUX
MOJIEIICH.

4. Knaccudpukanuss W BbHIOOpP CHCTEMBI IIOKa3aTesiel, OLICHHWBAIOIIMX KaueCTBO
3HAKOBBIX MOJIeJIE U MOTMMOENIbHBIX KOMIUIEKCOB.

5. Pa3paboTka KOMOMHUPOBAaHHBIX METO/OB OLIGHUBaHMs 3HAUCHHUH IoKa3aTeneit
KayecTBa CEMUOTHYECKUX Mojesied  (MOJIMMOJENbHBIX KOMIUIEKCOB), 3aJaHHBIX C
UCIOJIb30BAaHNUEM YHCIIOBBIX M HEYHCIOBBIX (HOMUHAIBHBIX, TOPSAIKOBBIX) IIKAII.

6. Pa3paboTka MeTOAOB W aJNrOPUTMOB pEIIEHUS 33Ja4 MHOTOKPUTEPHAIBLHOTO
aHaju3a, ynopsjaodeHus u BblOopa cemuoTnueckux mozeneit (IIK), ynmpaBienus xauecTBOM
CEMUOTHYECKUX MOJCIIEH.

7.  OOBEKTHO-OpPUEHTHPOBAHHAS ClEeUU(UKAUSA MPOrPaMMHOIO TMPOJYKTa B
COOTBETCTBUM C paHee pa3padOTaHHOM KOHLENTYaJbHOM MOJEIbI0 PpPa3BUBAIOIIMXCS
CUTyaLui.

8. Pa3paboTka mpoToTHIIa MPOTPAMMHOT0 00ECTICUCHUSI PEIICHUS 3a/1a4 OIICHUBAHUS U
ynpaBiieHUsl KauecTBoM cemuotuueckux wmojeneit (I1IK) nns KoHKpeTHOM mpeaMeTHOM
o0acTH.

PazpabarbiBaemasi KBaJIMMETpHUsl MoJEled UrpaeT BaXHYIO pOJb B PEUICHUH
COBPEMEHHBIX IpOOJIIEM TEOPUM M3MEpPEHMH. DTO KacaeTcs, MpeXkAe BCEero, pa3paboTKu
CUCTEMbl MOJIEJIeH, MO3BOJISIONIEH COBPEMEHHBIM U TEPCHEKTUBHBIM KHOEppU3nIecKuM
cucreMaM (K®C) ocymecTBiaTh METPOJIOrMYECKH CaMOKOHTpoib. [[ng 3Toro, B HUX
JIOJDKHBI  OBITh  pEaTM30BaHbl MEXaHW3Mbl OOOCHOBAaHHOTO BBIOOpPA COOTBETCTBYIOIIMX
MOJIeJIel INPOBENEHUS HM3MEPEHMM W OLCHMBAaHMS WX KadecTBa. B Jokiage pe3ysibTaThbl
pa3pabaTeiBaeMOil Teopuu OynyT NPOMIIIOCTPUPOBAHBI HAa TMPUMEpPE pELICHHUS 3a/adyu
CUTYallMOHHOT'O BBIOOpa Mojenelt tuarnoctuku coctosHuit KOC.
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COMPLEX OBJECTS MODELS’ QUALITY ESTIMATION AND CONTROL
METHODS AND ALGORITHMS
B.V. Sokolov, R.M. Yusupov
Federal state budgetary institution of Science of St. Petersburg Institute for Informatics and
Automation of the Russian Academy of Sciences (SPIIRAS)
sokolov_boris@inbox.ru

Presently, the theory, methods and techniques concerning application of mathematical
models are widely used. However, such problems as that of multi-criteria models' quality
estimation, a problem of analysis and arrangement of models classes, a problem of justified
selection of applied task-oriented models are not well investigated yet. The importance of the
considered problems increases when the complex object of research is not described via a
single model, but via a multiple-model complex, consisting of models related to different
classes or combined models. Aforementioned problems are the primary objects of the theory
of mathematical models' and multiple-model complexes' quality control to be developed.

In our opinion, the proposed research theory includes the following main directions of
work.

1. Elaboration of the basic definitions, principles, and approaches used in the information
fusion models’ and multiple-model complexes’ qualimetry.

2. Development of the hierarchy of conceptual models of evolving situations, when
participants are the objects, the subjects of modelling, and the models being elaborated
(used).

3. Classification and systematization of information fusion models and multiple-model
complexes, determination of the interconnections and mutual associations of different
types and kinds of information fusion models.

4. Classification and selection of the system of the parameters estimating the quality of
the information fusion models and multiple-model complexes.

5. Elaboration of the combined methods for estimation of quality parameters that are
presented by digital and non-digital scales in the information fusion models and
multiple-model complexes.

6. Elaboration of the methods and algorithms for solving the problem of multi-criteria
analysis, arrangement and selection of information fusion models and multiple-model
complexes, and quality control of information fusion models.

7. Development of object-oriented specification of software tools according to the
developed model of evolving situations.

8. Development of the computer software prototype for solving the problems of
estimation and quality control of information fusion models and multiple-model
complexes based on direct problem of performance efficiency estimation for CO.

Now, models qualimetry plays an important role in modern theory of measuring. First
of all, this is connected with systems of models, which are cyber-physical systems allowed to
implement self-control metrological procedures. Algorithms should be realized for a grounded
choice of relevant models of making measurements and estimating their quality. In the paper,
we’ll illustrate advantages of the proposed theory for task of situational choice of cyber-
physical systems diagnostics models.
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IMPOI'HO3UPOBAHHUE COCTOSHUA CUCTEM
KAK AKTYAJIBHASA 3AJIAYA METPOJIOTUA
K.B. Canoxnrukosa ', P.E. Taiimanos', FO.B. Baxmreesa 2
L@yl «BHUHUM um. 1. Mendeneesay
2 Canxm-ITemepbypeckuii 20cy0apcmeenbiii YHUSEPCUMEen a3POKOCMULECKO20
npubopocmpoenus
k.v.s@vniim.ru

B pasButum cucrem ympaBiieHus B OWOJOrMM W TEXHHKE €cThb 0OIue
3aKOHOMEPHOCTH. B  mporecce HBOJIONUM KUBOTHBIE MPUOOpETand  CIOCOOHOCTb
MIPOrHO3UPOBATh U3MEHEHHUE YCIOBUN CYIIECTBOBAHMS U OCIIA0JIATh 05KUIa€Mble TIOCIIEACTBUS
HE)KEJIaTEeNIbHBIX BO3AEHCTBUM s oysiAuud. [Ipumep — CyTOUHbIE M CE30HHBIE H3MEHEHHUS
KHU3HEAESITETbHOCTH.

B Teuenue nctopun yenopedecTBa NOTPEOHOCTH B MPOrHO3UPOBAHUH BO3pacTaia, ee
cdepa u TOpU30HT pacupsuiuck. [losgBuiack HEOOXOAUMOCTh AMATHOCTUPOBATH COCTOSIHUE U
JUHAMHUKY IPOILIECCOB M3HOCA KOMIIOHEHTOB HCKYCCTBEHHBIX CHUCTEM JUISl MPEAyNpeKICHUS
aBapuil M NPOU3BOJACTBEHHOrO Opaka; HCCIEOBaTh HEXKeJaTelbHble W3MEHEHUs B
(GU3HOIOrMYECKUX CUCTEMAaX; aHAJIM3UPOBATh 3aKOHOMEPHOCTHU Pa3BUTHSI O0IIECTBA.

YerBeprasi mpoMsbllluleHHass peBomonus ¢ MHTepHeToMm Beried, kuOepdusnuecKumu
CHUCTEMaMH, pacHpoCTpaHEHHEM pOOOTOB M POCTOM COLMAIBHBIX MPOOJIEM CTaBUT MeEpeN
METpOJIOTHEeN HOBbIE 3a7ayd. MaccoBO€ HCIOJIb30BAHUE HM3MEPHUTEIbHBIX CHCTEM/CPEICTB
m3mepennit (CH) B CTpyKTypax aBTOMATHYECKOTO YIPaBJICHHUS PA3JIMUYHBIMU OOBEKTaMU
NPUBEIET K POCTYy TEXHOTCHHBIX KaTacTpod, eciu He OyneT obOecrieyeHa JOCTOBEPHOCTh
U3MEpUTENIbHON HH(OpMalMM B TEYEHHE MPOTHO3UPYEMOIO JOCTATOYHO JJIUTEIHHOIO
MHTEpPBaJla BPEMEHHU.

TpaguuuoHHbBIE  METOABl  METPOJOTHYECKOro  OOCHYKHMBAaHHUS  SKOHOMHYECKH
HeapdexTuBHbl. COrjgacHO HEIAaBHUM HCCIEIOBaHMAM dYepe3 JBa-TpU TojAa Iocie
kanmubpoBku y (10-15) % CH morpemHocTs MPEeBBIIAET JOMYCK, a CPOK, IKOHOMHUYECCKHU
OINPaBIBIBAIOIINN UX 3aMEHY, B 3aBUCUMOCTH OT npumeHenus — 10-60 ner.

Boixoq — koHTponbs wucnpaBHoctd CU ¢ aHanmm3oM JUHAMHUKU COCTaBIISIFOIIMX
IOTPEIIHOCTH M, JKEJATEJIbHO, KOPPEKLHMEHW ITOMHHMpYIOLIEH. OTOT MpOLECC BKIKOYAET
CJICIYIOIME 3TAIIbI:

- OIIPEJICIICHNE OCHOBHBIX IIPUUMH OINACHBIX U3MEHEHUM;

- aHaJIM3 ¥ MPOTHO3UPOBAHKUE POCTA OMACHBIX U3MEHEHU;

- aHaIU3 UMeoIIeiicss HM30BITOYHOCTH WIM H30BITOYHOCTH, KOTOpAsk MOXKET OBbITh
BBEJICHA UCKYCCTBEHHO, [ TOTO, YTOOBI M3MEPUTH BEIMUMHY, XapaKTEPU3YIOIIYyI0 YPOBEHb
OITACHBIX U3MECHCHUM;

- BBISIBJIEHHE BO3MOXHOCTU YMEHBIIUTD MPOSBICHUS ONIACHBIX U3MEHEHUIA;

- pa3paboTKa aIropuTMa yrpaBieHUs 00bEKTOM, OCIA0JISIONIETO OMACHOCTb.

ABTOMaTHMueckuii KoHTposb Takoro Ttuna B CH umenyercs B Poccun
METPOJIOTHYECKUM CAMOKOHTPOJIEM.

Bo BHMHMM Hako1uleH OnbIT OpraHu3ali METPOJIOTHYecKoro caMokoHTpods B CH,
IpeHa3HAYCHHBIX JIUISl U3MEPEHUs ITepeMelleHus, 1aBJIeHHs], TEMIIEpaTypbl, YPOBHS, pacxo/a,
cuiibl M Apyrux BenuuuH. Paspabotanbl m Berymuian B cuiy Tpu ['OCT, obGneruarommue
MIPUMEHEHHE CAMOKOHTpPOJIs. TpyAHOCTH BHEIPEHMs OTYACTU OOBICHSIOTCS 3akoHOM KyHa -
COIIPOTHBIIEHUEM  CIELUUAINCTOB  OXHUAAEMBIM  IIOCIEJACTBUSIM  CMEHBl  IapaJurMbl
MeTpoJiornueckoro obecredeHusi. OIHAKO KOJWYECTBO MYyOJIMKAMK MO 3TOW mMpobiieMe
HapacTaeT; CH ¢ MeTposlorH4ecKuM CaMOKOHTposieM paszpabartbiBatoTcs B Poccun, CIIA,
Benukobpurtanun, ['epmanuu, Kurae.

PaccMoTpeHHBIE BbIIIE 3Talbl OpraHU3allMUd KOHTPOJS «UCHPAaBHOCTHY» HEOOXOIUMBI
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TaK)Ke IMpH aHalM3e HETEeXHUYECKHX, Hampumep, (U3MOIOTMUECKHX CHCTEM, B LEJIX
BBISBJICHHUSI U JIeUeHUs 3a0oJjeBaHMN (B TOM 4YHCIE, MO JWHAMHKE W3MEHEHHsI COCTOSHUS
CHUCTeMbl Ha HayallbHOM cTanuu 3abosneBaHus). B yacTHocTH, moMCK H3OBITOYHOU (HE
UCTIONb30BaBIICHCA — paHee), U3MEpUTENbHOW  HMH(OpPMAluM, TMPUYEM  BbISABIIEMON
HEMHBA3WBHO U ONIEPATHBHO, CTAJ XAPAKTEPHOM 4epTON MeAUIMHEI 2] Beka.

PazpabaThiBaloTCsT  METOABI ~ W3MEPEHHST  MHOTONAPAaMETPUUYECKUX  BEJIWYMH,
XapaKTEepPU3YIOIINUX 3J0pOBbE, MO MHUMHUKE JIMIA, IUJIACTUKE JBWKECHHU, KapAuOTpaMMaMm,
AJIEKTPO- U MarHUTORHIIE(PaIorpaMmMam.

Hakonmennsiii Bo BHUMM omeIT MOXET HCIONB30BAaThbCA JUIT AHATHOCTHUKHA H
KOHTpOJs 3(PPeKTUBHOCTH JieueHUs psina Oone3Heil. B pa3BuTue paboT 1Mo H3MEPEHHUIO
0’)KMJIAa€MbIX SMOLIMI NIpPU BOCHPHUATHU MY3BIKM, HayaTbl WHULHMATHBHBIE HCCIEAOBAHMS,
HalpaBJlI€HHbIE Ha U3MEpPEHHE TeX OCOOEHHOCTeH B 3BYyYaHMHM TOJIOCa, KOTOpBIE
KOJIMYECTBEHHO XApPAaKTEPU3YIOT OTKIOHEHWS B pPa3BUTUU INCUXHKH. OCHOBOW SBIIAETCA
pa3paboTaHHas MOJENb «MeXaHu3May (hopMupoBaHus smouui. [IpuBeneHs TpuMepHl.

SYSTEM STATE FORECASTING AS TOPICAL METROLOGY TASK
K. Sapozhnikova !, R. Taymanov !, Tu. Baksheeva >
I'D.I. Mendeleyev Institute for Metrology
2 St.Petersburg State University of Aerospace Instrumentation
k.v.s@vniim.ru

Biological evolution and development of control systems share some common
patterns. In the course of evolution, animals acquired the ability to forecast changes in
environment, and alleviate the anticipated consequences of their undesirable impacts on
population. The variation of life processes depending on time of day, or season can be
considered as examples. In the course of human history, the need for forecasting has
constantly been increasing while its sphere and horizon have been expanding.

A necessity has appeared to:

- diagnose the state and wear dynamics of artificial system components in order to
prevent accidents and manufacturing defects.

- investigate undesirable changes in physiological systems;

- analyse economical patterns of social development.

The fourth industrial revolution characterized by the Internet of Things, cyber-physical
systems, arrival of robots, and aggravation of social problems poses new challenges to
metrology. Mass use of multichannel measuring systems/measuring instruments (MIs) in
automatic systems that control various objects will entail the increase in the number of
technological disasters, if measurement information reliability is not provided for.

Conventional methods of metrological maintenance are economically inefficient.
According to a recent research, two-three years after calibration, in 10-15 % of all Mis, errors
exceed a permissible limit. And a time of service, that can economically justify their
replacement is 10-60 years depending on application.

A solution is to check the MI “health” analysing the dynamics of error components
with the correction for the dominant error components if possible. The stages involved in this
process are:

- identification of main causes of dangerous changes;

- analysis and forecast of the amount of these changes;

- analysis of the available redundancy or redundancy that can be introduced artificially
to measure a particular quantity characterizing the level of the dangerous changes;

- search for an opportunity to diminish manifestations of the dangerous changes;
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- development of an object control algorithm to mitigate the danger.

An automatic check of such type in MIs is called “metrological self-check” in Russia.

VNIIM specialists have accumulated significant experience in organizing the
metrological self-check in instruments and systems which measure displacement, pressure,
temperature, level, flow, force, and other quantities. Three state standards, which facilitate
self-check application, were developed and came into force. Difficulties introduction can be
partly explained by Kuhn's law: experts' resistance to expected consequences of the shift to a
different metrological maintenance paradigm. However, the number of publications on this
problem is increasing. MIs with the metrological self-check or its analogues have been
developed in Russia, USA, United Kingdom, Germany, and China.

The stages of the organization for health-state checks are also necessary for analysing
non-technical, e.g., physiological systems, in order to prevent and treat diseases.

In particular, a search for redundant measurement information, which had not been
used earlier, and can be obtained noninvasively and rapidly, has become a characteristic
feature of medicine in the 2Y century. Measurement methods that enable measurement of
multidimensional quantities characterizing health on the basis of facial expression, gestures,
cardiograms, electro- and magnetoencephalograms, are under development.

The experience accumulated at the VNIIM can be applied to diagnosing and checking
treatment efficiency of a number of diseases. To enhance works on measurements of expected
emotions caused by music, proactive investigations have been started that are aimed at
measuring the very features of voice sounding that can quantitatively characterize psyche
development deviations. The basis is a developed model of emotion formation “mechanism”.
Examples are given.

BBEJEHUE B OBPABOTKY CUT'HAJIOB PRISM
Maunyc I1. I'enpu
Ynusepcumem Oxcghopoa
manus.henry@eng.ox.ac.uk

Wutepner Bemeid, Internet of Things (IoT) [1], u Uunyctpus 4.0, Industrie 4.0 [2],
NPENONaraloT — 3HAYUTEIbHOE  pacIIUpeHue  oOyiacTeld  pa3MemieHHs JaTYuKOB B
pasHoOOpa3HbIX  cpeaax. IlpoOiembl  CyIIECTBEHHBI:  JIOKAJIbHbBIE  BBIYUCIUTENbHBIC
BO3MOXXHOCTH JTOJDKHBI (P (EKTUBHO U THOKO UCTIOIB30BATHCS KaK JJISl BHIIOJHEHUS TEKYIIHX
METPOJIOTHYECKUX 3ajad, TaK u IOE U3MEHEHHUS QJITOPUTMOB
KOH(UTypaIiy/peKOHCTPYUPOBaHUsT 00paOOTKM MOTOKA CHTHAJIOB B CBSI3U C M3MEHEHUEM
TpeOOBaHUI K MOHUTOPHHTY C TEYCHHEM BPEMEHU

B nacroseit cratee npenctasiseTcs Prism - HOBbIHM T 0;10ka 00pabOTKH CUTHAJIOB
- KaK BKJIaJ B pemieHue 3aaad Merposioruu XXI Beka. Prism neficTByeT kak B IOJTHOW Mepe
pexyppenTHbII KUX-uibTp co cIBOEHHBIM BBIXOJJOM: BRIYUCIUTENbHAS HATPYy3Ka HU3KAs U
HE 3aBHCHT OT MPOTSHKEHHOCTH OKHA MaHHBIX. KoHCTpyKIus Prism mpocreiiias, Tak 94To ceTn
Prism MoryT ObITh cOOpaHbI JIs BBIMOJIHEHHUS ITUPOKOTO Kpyra METPOJIOTHYECKHX 3a/1a, KaK
BO BpeMsl pa3padOTKH, TaK U aBTOHOMHO, B peXKHUME peallbHOTo BpeMeHH. biioku Prism mpu
00paboTke YacToThl, (pa3bl W/MUIM aMIUTUTYIbl CHHYCOHJbI Pa0OTarOT OJM3KO K HUXKHEH
rpanuiie HepaBeHcTBa Kpamepa-Pao, (CRLB) mist otHomenus curaan/mym, SNR, o 0 1b.

Oo6pabotka curHama Prism wucnosnp3oBaHa npu pa3zpaboTke Ipeodpa3oBaTens
maccoBoro KopwonmcoBa pacxomomepa CIEIyIOIIEro TOKOJEHHWs, 4YTO TPHBEIO K
CYIIECTBEHHOMY VIYUYIICHHIO HW3MEPUTENIbHBIX BO3MOXKHOCTEH. B To Bpems kak
CYIIECTBYIOIIUE MPOMBIIUICHHBIE TEXHOJIOTUN OOBIYHO PEaTM3yIOT H3MEPEHHSI, KaK IPaBUJIO,

Ha yactore n0 100 T, HOBBIM mpoToTum obecrieunBaeT OOHOBIEHUS Ha yactoTe 48 k[ u
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MOXXET  JIOMOJIHUTEIBHO yOPaBIsSITh M KOHTPOJHMPOBATH  PACXOJOMEPHYIO  TPYyOKy
OTHOBPEMEHHO B [IByX pexXuMax BHOpauu, oOecreunBas HE3aBUCHMBIE HW3MEPEHUS
MacCoOBOTO pacxoja W IUIOTHOCTH (0Oa mapamerpa Ha yactote 0 48 kl'1). Bo3moxxkHOCTH
nBorHoro pexuma Kopuomnnca mnpuMeHsercss Juisi  BaluJallMd  M3MEpPEHUM, MpHU
MIPOEKTUPOBAHUH PACXOJAOMEPHBIX TPYOOK U NMpU MHOTO(]pa3HOM 1oToke. CTpyKTYphl HOBOTO
MeTofa Prism reHepupyrTCcs B pealbHOM BpEeMEHH s OO0ECIeUYeHHsS ONTUMAaIbHOTO
OTCJICKHNBAHUA H3MepeHHﬁ, IMOCKOJIBKY 4YacToTa Kosje0aHnii M3MEHsIETCI BO BPECMCHH. HJ'ISI
KOHTPOJISI BIPBICKA IU3EJIbHOTO TOIUIMBA B HCTILITATEIbHOM aBTOMOOMIHBHOM JBUTATENE OBLIT
MpUMEHEH OBICTPBIA JUHAMUYECKHH OTKJIMK HOBOTO IMpeoOpazoBaTelisi: pacxoj B HMITYJIbCE
MPOJIOJKUTENIHOCTRI0O 1 MC MOXHO OTCIEXHMBaTh HpHU yacToTe BpamieHus asurarens 1000
00/MuH.

Jluteparypa

1. L.D. Xu, W. He, and S.L. Wang, IEEE Transactions on Industrial Informatics. 2014.
Vol. 10, issue 4. p. 2233-2243.

2. B. Vogel-Heuser, D. Hess. IEEE Transactions on Automation Science and
Engineering. 2016. Vol 14, issue 2.

AN INTRODUCTION TO PRISM SIGNAL PROCESSING
Manus P.Henry
University of Oxford
manus.henry@eng.ox.ac.uk

The Internet of Things (IoT) [1] and Industrie 4.0 [2] propose substantial increases in
the deployment of sensors into a diverse range of environments. The challenges are
considerable: local computational power must be efficiently and flexibly deployed both to
perform current metrological tasks and to reconfigure/redesign the signal processing flow as
monitoring requirements evolve over time.

This paper introduces the Prism (precise, repeat integral, signal monitor), a new type
of signal processing block, as a contribution towards to the challenges of 21st Century
metrology. The Prism acts as a fully recursive, dual output, FIR filter: the computational
burden is low and independent of data window length. Prism design is trivial, so that networks
of Prisms can be assembled, whether at design time or autonomously in real time, to carry out
a wide range of metrological tasks. Prism-based trackers for the frequency, phase and/or
amplitude of a sinusoid perform close to the Cramer-Rao Lower Bound (CRLB) for SNRs
down to 0 dB.

Prism signal processing has been used in the development of a next-generation
Coriolis mass flow meter transmitter, resulting in substantial improvements in metering
capability. Whereas the current commercial technology typically generates measurement
updates typically at up to 100 Hz, the new prototype provides updates at 48 kHz, and can
further control and monitor the flowtube in two modes of vibration simultaneously, thus
providing independent measurements of mass flow and density (both at up to 48 kHz). The
Coriolis dual mode capability has applications in measurement validation, flowtube design,
and multiphase flow. New Prism structures are generated in real time to enable optimal
tracking of the measurements as the frequency of oscillation varies over time. The fast
dynamic response of the new transmitter has been applied to the monitoring of diesel fuel
injection in an automotive test engine: short flow pulses of 1 ms duration can be tracked at
engine speeds of 1000 rpm.

Book of abstracts 217



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

References

1. L.D. Xu, W. He, and S.L. Wang, IEEE Transactions on Industrial Informatics. 2014.
Vol. 10, issue 4. p. 2233-2243.

2. B. Vogel-Heuser, D. Hess. IEEE Transactions on Automation Science and
Engineering. 2016. Vol 14, issue 2.

ONTUMMU3ALUA XAPAKTEPUCTUK BPEMSAIIPOJIETHBIX YJIbTPA3BYKOBbBIX
PACXOJOMEPOB
I'ypesuu B.M.
340 “llenmpnpubop”, Mockea
raisa_gur@mail.ru

IIpyunHaMu HECOOTBETCTBHS HOPMHUPOBAHHBIX CTAaTHYECKMX M JUHAMHYECKHUX
XapaKTepUCTHK BPEMAINPOJIETHBIX YIbTPA3BYKOBBIX pacxogomepoB (Y3P) mpu skcruryaTanuu
SBJIIOTCS WM3MEHUYMBOCTb T'HAPOJMHAMUYECKOro Ko3(p(duIMeHTa OT YCIOBUH MOHTaxa H
CIly4allHbIi XapaKTep BPEMEHHM pacupocTpaHeHus. (s yiydineHus kadyecTBa JNMHAMUYECKUX
U3MEpPEHUIl MPOAHAIU3UPOBAHBI CTATUCTHUUECKUE XapaKTEPUCTHUKU BXOIAHOIO U BBIXOJIHOTO
curHaioB Y 3P, mosy4eHHbIE Ha OCHOBE M3YYEHHMsI pEajbHBIX ILIYMOB, OTYACTU C Y4YETOM
moaxoA0B, u3jlokeHHBIX B [1]. Ilpemnoxen amanTuBHBIM MeTOJ (UIBTPAIIUU BBIXOJIHOTO
cUrHaja Juist paboThbl B CUCTEMaX aBTOMAaTHYECKOT0 PETYJIMPOBAHUS PACX0/a, OCHOBAHHBINA Ha
aHaJ3e IIYMOBBIX MapaMmeTpoB. @OUIbTp ¢ MepecTpauBacMbIM KOJWYECTBOM TOYEK
CKOJIB3SIIIIETO CPEJHErO I03BOJIWJI aBTOMAaTUYECKH M3MEHATh BpeMs HapacTaHMsl BBIXOIHOIO
CUTHaja W CTaOWIM3UPOBAaTh PabOTy CUCTEM 3a CYET yYMEHbILIEHUs MyJbCalluil MOKa3aHUW U
COXpaHEHHUsI BBICOKOTO OBICTPOJICHCTBUS IPU PE3KUX MEpenaiax MmoToKa.

[Tocne xkanuOpOBKHU pacxoJoMepa Ha CTEH/IE U €r0 MOHTa)Xa B TPyOOIpoBO/l BOZHUKAET
HEOOXOIUMOCTh OCYILECTBIISATh METPOJIOTHUECKUH CAaMOKOHTPOJb W KOPPEKIHIO (YHKIHUU
peoOpa3oBaHus Ui CIOKHBIX SKCIUTyaTallMOHHBIX KOHPUTYpaLuii TpyOOIIpOBOJOB U pa3HbIX
PEKUMOB MOTOKa. [l 3TOM Lenu MOIEpPHHU3MPOBAH AalrOPUTM pacueTa KaluOpOBOYHBIX
kod¢¢puurenToB s Y3P, paboraromux Ha 1e(pOPMUPOBAHHBIX TOTOKAX, KOTOPBII MMOCTPOEH C
ydeToM Habopa KPHUBBIX KOPPEKUMH OT Mpoduis MoToKa Mo (akTy KOHKPETHBIX JOKaJIbHBIX
COIIPOTHBIICHUH, ITTMHBI IPSIMOTO y4acTKa, pakTopa 3aKpyTKH, uncia PeliHonbaca 1 pazmepa
[IbE303JIEKTPUUECKOT0 peodpazoBaTersl.

Pa3zpaboran noaxos 1l yBETUUEHUS MEKIIOBEPOUYHOT0 MHTEPBAJIA 3a CYET ITOBEPKHU Ha
HEMOJBIKHONW cpefe B pabouuX YCIOBUSX SKCIUTyaranuu. J[ist 3Toil menu coszgaH oObeM
IIPOrPaMMHOM Cpe/Ibl U MPOBENEH KOMIUIEKC HATYPHBIX UCCIIEIOBaHUIM.

[IpoBeneHne HaTYpHBIX HCCIIENOBaHHM, pa3paboTka M MOIEIMPOBAHUE YCTPOUCTB
OCYIIECTBIISUIUCH C UCIIOJIb30BaHUEM NpOrpaMMHOi cpeabl Matlab/Simulink.

[Ipumenenune onucaHHBIX WHHOBANMA B Y3P T03BOMMT pacmuputh 001acTh
IIPUMEHEHHs 3a CYET TIOBBIIIEHWS TOYHOCTH, PpACIIMpPEHUs JHara3oHa H3MEPEHUN W
UCIIONIb30BaHUS B JUHAMHUYECKHUX PEXKHUMax, a TaKKe YBEIHMYEHHUS METPOJIOrHuecKoi
Ha/Ie’KHOCTH B CBSI3U C MHTEJIEKTyalIn3anueil (BBeJCHHEM METPOJIOTHYECKOI0 CAMOKOHTPOJIA).
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OPTIMIZATION OF CHARACTERISTICS OF TIME-OF-FLIGHT
ULTRASONIC FLOW METERS
Gurevich V.M.
Closed Stock Society (ZAO) “Centrpribor”, Moscow
raisa_gur(@mail.ru

The reasons for the discrepancy between the normalized static and dynamic
characteristics of time-of-flight ultrasonic flow meters (UFM) during operation are the
variability of the hydrodynamic factor from the installation conditions and the random nature of
the propagation time. To improve the ability of dynamic measurements, the statistical
characteristics of the input and output signals of the UFM, obtained on the basis of real noise
studies and partly taking into account the approaches described in [1], were analyzed. An
adaptive method for filtering the output signal for work in automatic flow control systems
based on the analysis of noise parameters was proposed. A filter with a variable number of
moving average points allowed to automatically change the rise time of the output signal and
stabilize the operation of the systems by reducing the pulsations of the readings and keeping a
high speed in case of sudden flow changes.

After calibrating the flow meter on the stand and installing it in the pipeline, it becomes
necessary to perform metrological self-checking and correction of the measurement function
for complex operational configurations of pipelines and various flow regimes. For this purpose,
an algorithm for calculating the calibration factors for USMs, operating on deformed flows,
taking into account a set of flow profile correction curves after the installation in the given
pipeline configuration, the length of the straight section, the swirl factor, Reynolds number and
the size of the piezoelectric element, has been modernized.

The approach to increase the calibration interval due to calibration on a stationary
medium under operating conditions was developed. For this purpose, the volume of the
software environment was created, and a set of full-scale studies was conducted.

Conducting field studies, developing and modeling devices was carried out using
software Matlab/Simulink.

[Ipumenenune onucaHHbIX WHHOBaNMA B Y3P 103BOMMT pacmuputh 001acTh
OPUMEHEHHUsS 3a CYeT [MOBBIIIEHUS TOYHOCTH, pPACUIMpEHHs Juana3oHa H3MEpeHHi Hu
UCTIOJNIB30BaHUSI B JTUHAMHYECKHX pPEXKHMaxX, a TaKKe YBEIUYCHUS METPOJIOTUIECKON
HaJIeKHOCTH B CBSI3U C MHTEJIEKTyasIn3anueil (BBECHHEM METPOJIOTHYECKOI0 CAMOKOHTPOJIA).

The application of the described innovatiods in UFM will allows us to expand the
application area by increasing the accuracy, expanding the measurements range and using
dynamic modes, as well as improving the metrological reliability due to an increase in
metrological reliability in connection with intellectualization (the introduction of metrological
self check-up).
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1. Weber F.J., Johari H. and Durgin W.W. ASME FEDSM. 2001. Paper No.
FEDSM2001-18038. PP.85-91.

Book of abstracts 219



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

MOBBIIIEHUE METPOJIOTHYECKOM JOCTOBEPHOCTH
MOHOT OITAPAMETPUYECKHWX U3MEPEHHW, BBITIOJTHSIEMBIX
I'MAPOCTATHYECKUMU YPOBHEMEPAMU
A.A. KananHukos
Mockoeckuii punuan "LIEHTPATOMTEXOHEPI'O" AO "ATOMTEXOHEPI' O"
alexander ak1987@mail.ru

B noknane paccMarpuBaroTCs THAPOCTATHUECKUE U3MEPEHHSI YPOBHS KUAKHX Cpel B
acriekTe MHOTOMapaMeTpHUUecKUX U3MepeHnil. Takoe HecTaHAapTHOE PacCCMOTPEHUE JAHHOTO
BUJIa U3MEPEHUH MO3BOJINIIO pa3paboTaTh HOBbIE METOBI 11O MOBBIILIEHUIO METPOJIOTHYECKOI
JIOCTOBEPHOCTH  TPOMBIIIICHHBIX  THIAPOCTaTHYECKUX  ypoBHeMepoB. [Ipwmuem  moj
METPOJIOTHUECKON JOCTOBEPHOCTHIO B JIOKJIA/1€ TOHUMAETCSl HE TOJIBKO MOBBIIIEHUE TOYHOCTH
M3MEPEHUH, HO U HaJIS)KHOCTh €€ COXPAHEHUS B IIEPHOJ SKCILUTyaTalllH.

Ha mepBbIil B3MIT MOXET IMOKa3aThCsl, YTO TMAPOCTATHYECKUE HM3MEPEHUs YPOBHS
KHUIIKOH Cpebl SIBISIOTCS MPOCTHIMH HW3MEPEHUSMH B TPOMBIIIICHHOCTH. OqHAKO, TaHHOE
MOHMMaHKWE CIPABEIJIMBO TOJBKO B HICATM3UPOBAHHOM CiIydae H3MEPEHHH YpPOBHSA
onHo(a3HOl paboueil cpenpl co cTanMoOHapamMH TEIIO(GU3MUECKUMH XapaKTepucTUKamu. B
JEHCTBUTEIIHOCTH, B X0/ TEXHOJIIOTHIECKOTO MPOIecca TeIUIO(PU3MIECKUE XapaKTePUCTHKI
Cpeibl M3MEHSIOTCS B JIOBOJBHO OOJbIIOM Juana3oHe. Hampumep, B aTOMHOM M TerioBoi
sHepreTHke Temreparypa usmensercs ot 25 °C go 370 °C, gasnenue - ot 100 xIla go 16,5
MIla; paboueii cpenoii siisiercs AByx(aszHas cpeaa (Boja - mnap), JOCTUTAIOLIasi COCTOSTHUS
HachlmeHus. Takue M3MEHEHHs TPUBOIAT K CIOXXKHBIM (U3NKO-XUMHUECKUM MeX(pa30BbIM
npolieccam, MPOTEKAIOIIKUM B YCIOBUSAX OOJIBIINX MAaCCOBBIX IEPEHOCOB MAPOBOISIHON CMeCH.
[Tpu aTOM cama rpanwuia pasjaena cpen (map - Boja) SBISICTCS HEYETKOW Kak B BEPTHKAIBLHOM,
TaK ¥ B TOPU30HTAIBHOM CEYEHHUH, MOITOMY aOCOIIOTHO TOYHO BBHIPA3UTh YPOBEHb BOJIBI
MEpOW JUTMHBI SBJSIETCS KpaliHEe 3aTPy THUTEIHHBIM.

IIpy  WCHONB30BAaHMM  TUAPOCTATMYECKMX  YPOBHEMEPOB  HEMOCPEICTBEHHO
OTIpeneNsieTcsl MMEHHO «BECOBasl XapaKTepUCTHKa» ypoBHA. Tak, B ciy4ae THIIOBOU
THIPOCTAaTUYECKON CXEeMBbl MU3MEPEHUH C OJHOKAaMEpPHBIM YPAaBHUTEIBHBIM COCYJIOM JIaTUUK
U3MEpSeT pPa3HOCTh MEXKIy HaBIICHHEM BOJBl M Tapa BHYTPH TEXHOJIOTUYECKON EMKOCTH H
JTaBJIEHUEM BOJIbl B UMIYJIbCHOM JTUHUM. J[JIs1 MOCIeAyIOIIero BEIYUCICHHs YPOBHs TpeOyeTcst
YYUTHIBAaTh II€JI0€ MHOXKECTBO TUHAMUYECKH MEHSIOIIUXCS TapameTrpoB paboueil cpesl,
BKJIIOYas IUIOTHOCTH BOJBI M BOJSHOIO Iapa, paclpelesieHHe TemIlepatyp M AaBICHUN B
TEXHOJIOTUIECKON EMKOCTH U B UMITYJIbCHBIX JIMHUSX.

Jlns olecriedeHHs JOCTOBEPHBIX M3MEPEHMH YpPOBHsS, B TOM YHCIE B YCIOBHSIX
OBICTPBIX MEPEXOIHBIX MPOIECCOB, pPa3pabOTaH AIrOPUTM OOpPaOOTKU H3MEPUTENbHBIX
CHTHAJIOB THAPOCTATHYECKMX YPOBHEMEPOB, KOTOPBIA OOECIIEYMBAET BBICOKYIO TOYHOCTH
KOPPEKIMM TI0Ka3aHUH C Y4YeToM MHOXKECTBa IapaMeTpoB pabodeld cpeabl. MeTomabl
KOPPEKIMH TOKa3aHWii Ha OCHOBE pa3pabOTaHHOTO alTOpHTMa HAILUIM TPHUMEHEHHE B
aTOMHOM 3HepreTHke Poccun.

[ToMuMO KOppeKIMU TMOKa3aHWK aaTOpUTM OOECIIeYMBAET W BBHITIOJIHEHHE oOn-line
MOHHUTOPHHTA IJISl UASHTU(GUKAIUKA BCEX BO3MOXKHBIX JCPEKTOB HM3MEPUTENBbHBIX KAaHAJOB
YPOBHSI, BKJIFOYasi CKPBITBIE NE(PEKTHI, KOTOPHIE HE BBIABISIOTCS TOCPEICTBOM IITATHBIX
cpenctB ACYTII unu B nmporiecce periaaMeHTHBIX MPOLeyp TEXHUUECKOTo 00CTy)KUBaHUSI.

Jloksiag conep KUT ONMCaHHe JaHHOrO alropUTMa M €ro NpUMEHEHHe B 3ajadax
KOppPEeKIIMM TOKa3aHWi W  on-line MOHMTOPUHTAa METPOJIOTHYECKOM  HCIPaBHOCTU
M3MEPUTENBHBIX KaHAJIOB YPOBHSI B YCIIOBHUSAX HEMIPEPBIBHOTO TEXHOJIOTHIECKOTO MPOIIecca.
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IMPROVEMENT IN METROLOGICAL VALIDITY OF MULTIPARAMETER
MEASUREMENTS DONE BY HYDROSTATIC LEVEL SENSORS
A.A. Kalashnikov
TSENTRATOMTEKHENERGO JSC ATOMTEKHENERGO
alexander ak1987@mail.ru

The report focuses on the hydrostatic fluid level measurements in the context of
multiparameter measurements. Such a non-typical consideration of this type of measurements
has allowed for new methods of improvements in metrological validity of industrial
hydrostatic level sensors. And in this report, the term “metrological validity” does not only
mean an increase in accuracy of measurements but also the reliability of measurements
during operation.

At first glance it may seem that hydrostatic level liquid measurements are simple
measurements in the industry. However, this understanding is only right in an idealized case
of the level measurement of a single-phase working fluid with stationary thermal and physical
characteristics. In reality, during a technological process the fluid thermal and physical
characteristics are measured in a rather wide range. For example, in atomic and thermal
power industries the temperature changes from 25 °C to 370 °C, pressure - from 100 kPa to
16.5 MPa; working fluid is two-phase fluid (water-steam), in the state of saturation. Such
changes result in complex physical-chemical interphase processes ongoing in the conditions
of big mass transfers of water-steam mixture. Meanwhile, the medium interface (steam-water)
itself is indistinct in vertical, as well as in horizontal section. Therefore, it is extremely
difficult to express absolutely the true water level as a measure of length.

When using hydrostatic level sensors it is the "weight property" of the level that is
determined directly. Thus, in the case of a typical hydrostatic measurement scheme with a
single-tank level vessel the sensor measures a difference between the water and steam
pressure inside a technological vessel and the water pressure in the impulse line. For the
further level calculation it’s required to take into account a lot of dynamically changeable
parameters of the working fluid including the density of water and water vapour and
distribution of temperatures and pressures in the technological vessel and in the impulse line.

To provide reliable level measurements, including in the conditions of fast transient
processes, an algorithm for processing the measurement signals of hydrostatic sensors was
developed which ensures a high precision in readings correction with regard to a great number
of working fluid parameters. Methods for correction of readings based on the developed
algorithm have been implemented in Russian nuclear power industry.

In addition to the correction of readings, the algorithm also provides on-line
monitoring for corection for other possible defects of fluid level measuring channels including
hidden defects that are not detected by existing facilities of control system or during routine
maintenance procedures.

The report describes this algorithm and its application for the tasks of readings correction and
on-line monitoring of fluid level measuring channels in the conditions of a continuous work-
flow.

Book of abstracts 221



MesxayHapoHast HayqHO-TIpakTHdeckas koHdepennus «175 ner BHUUM M. JI.1. Menneneesa
1 HanmoHabHO# crcTeMe obecrieueHus emHCTBa m3Mepenuiy, Cankr-IletepOypr, 14-15 urons 2017

MMPOBJIEMbI METPOJIOT'MHA HEPBO-ITIOJOBHBIX BOJIOKOHHO-
OINITHYECKHUX U PACIHPEJAEJEHHBIX BECITPOBOJHBIX CEHCOPHBIX
CUCTEM U CETEH
byimucrprok I'. 4.

00O «Cencoproe npubopocmpoenue « Uumen-Cucmemol »

gy@isi.spb.ru

AnanornyHo 3(QexTuBHON OHMONOrMYEecKOil HEPBHOW cHCTEME, BO3MOXHOCTH
MOCTPOCHUS MaJIOPa3MEPHBIX pPACIpeIeIeHHBIX BOJIOKOHHO-ONTHYECKUX U OECTPOBOIHBIX
CEHCOPOB, BCTPAaMBAaE€MbIX B KOHCTPYKIMHU H3JEIUN C NOMOIIBIO AJJUTHBHBIX TEXHOJOTHUM,
OTKPBIBAIOT IEPCHEKTUBY pEATM3alMd CEHCOPHOM CETH Hepa3pyLIaronlero KOHTPOJIA
JUHAMUKU TEMIIepaTyp, Harpy30kK 1 Je(eKTOB IMyTeM HEMPEPHIBHOTO N3MEPEHNUs TTapaMeTPOB
B MIPOIIECCE IKCIUTyaTaluu 00BeKTOB [1, 2].

PaccmoTpensl  mpoOjeMbl  METPOJIOTHUECKOTO  OOECHeUeHUs  U3MEpPHUTEIbHBIX
npeoOpa3zoBareneil HepBO-M0I00HBIX CEHCOPHBIX CUCTEM U OECIIPOBOHBIX CEHCOPHBIX CETEH.

Pa3paboranHoil  sBisieTCs  TEXHOJOTHS  BCTPauMBaHUS  BOJIOKOHHO-ONTHYECKHUX
CCHCOPOB B CTPYKTYpy H3JENNi, HampuMep, U3 IOJUMEPHO-KOMIIO3UTHBIX MaTepUajoB
(ITKM). [duameTp ONTHYECKUX BOJIOKOH, MPUMEHSIEMBIX B KOMIIO3UTHBIX H3JETHUAX, HE
JIOJDKEH MPEBBIIATh JUAMETP OCHOBHBIX apMUPYIOLIMX BOJIOKOH (mopsaka 10 Mukpon),
ucnoib3yemMbix B [IKM, 4ToObI HCKIIIOUNTH BOBHUKHOBEHHE B HEM BHYTPEHHUX HAIPSKEHUH.

W3meputenbHble BOJIOKOHHBIE CEHCOPHBbIE CeTH U OeCHpOBOJHBIE CEHCOpHBIE
CTPYKTYpbl MUKPOHHOTO M CYOMHKPOHHOIO (HaHOMETpPOBOro) maciutaba oOpas3yroT Kiacc
HEPBO-110100HBIX MYJIBTUCEHCOPHBIX CUCTEM.

BcerpoeHHble naTYMKM  HEBO3MOXKHO KaiauOpoBaTh (MOBEPSATh) TpaJWLIMOHHBIMU
crioco0amu B 1a00paToOpuUsIX, TaK KaK OHU SBJISIFOTCS HECHUMAEMbIMU B TE€UEHUE BCETO CPOKA
AKCIUTyaTaluu 00BEKTOB — HECKOJIBKO JECSITKOB JIET.

PaccMoTpeHBl BO3MOKHOCTH MHTEIUIEKTYaIU3alMU BOJIOKOHHO-ONITUYECKUX JaTYNKOB
(BOM), BcTpamBaemblXx € IOMOLIBIO TPAAUIIMOHHBIX M aJJUTHUBHBIX TEXHOJOTUH B
KOMIIO3UTHBIE, METAUIMYECKME M KEPAMUYECKUE CTPYKTYpbl, B YaCTHOCTH, IIyTEM
peanm3alMu B HUX (YHKIMM CAMOKOHTpPOJSI pabOTOCHOCOOHOCTH M (PYHKIHH
METPOJIOTMYECKOI0 CAMOKOHTPOJISL TOCTOBEPHOCTU U3MEPEHUH B IIPOLIECCE IKCILTyaTal[UU.

Pesynbrarel pa3paboToK M HCCleqOBaHWNA WHTEUIEKTyalbHBIX BOJl pa3HbIX THMOB:
UHTEPPEPEHIIMOHHBIX, TUPPAKIUOHHBIX, pEPIIEKTOMETPUUECKUX U JIOTIICPOBCKUX JOKA3aJIH,
YTO OHHU, B CHJIY NpUCYIIEd UM MHOTONApaMeTPUUECKON NPUPOJIbl ONTUYECKOTO0 CUTHAla U
MYJIbTUMOATBHON YyBCTBUTEIIBHOCTH, MIO3BOJISIIOT PEANTN30BaTh (PYHKLUHU TUATHOCTUYECKOTO
U METPOJIOTUYECKOTO CaMOKOHTpOJNsi 0e3 BBEIEHUS [JOIMOJHUTENbHOW CTPYKTYpHOH H
nH(pOpMalMOHHON N30BITOYHOCTH [3].

Wutennekryansusle BOJ[ umeoT MHQOPMAMOHHYIO H30BITOYHOCTh — JIBOHHYIO
3aBUCUMOCTb H3MEHEHHsI BBIXOJHOIO JJIEKTpHYecKoro curHanma Us Kak OT H3MEHEHUus
BHEIIHEH wu3MepsieMoil ¢u3nuyeckoi BenuuuHbl (G, TaKk M OT HU3MEHEHHUs IapaMeTpa
BHYTPEHHET0 ONITUYECKOT0 CUTHAJIA Ao.

CtpykTypHast M30BITOYHOCTh MHTEIIEKTyaslbHBIX BOJ] MuHUManbHa W CBOAMUTCS K
MIPUMEHEHHI0, BMECTO CTaHJIAPTHBIX CTAOMIM3MPOBAHHBIX, CTAaHIAPTHBIX MEpecTpanBaeMbIX
OITO3JIEKTPOHHBIX 3JIEMEHTOB (ONTUYECKUX M3JTydaTeNeil Ui ONTUYECKUX (PUIBTPOB).

AJroput™Mbl  peanu3aluu  HMHTeUIeKTyanbHbIX BOJl cBomATrcs K ObicTpomy
NEPUOANYECKOMY M3MEHEHHMIO IIapaMeTpa ONTUYECKOrO0 M3JIY4YeHHs, IpU  yCIOBUU
BPEMEHHOI'O IOCTOSHCTBA HM3MepsieMON (PU3MUECKON BEJIWYUHBL, U TOJYyYEHUH TeKyIeh
kanuOpoBouHoW xapaktepuctukun BOJl, cpaBHeHun e€ ¢ XpaHUMOW B MaMATH
MHUKPOKOHTpOJIJIEpa KaTMOPOBOYHOW XapaKTEPUCTHUKOW, TOJYYCHHOM TpU 3aBOJICKOM
nosepke BO/I, a npu oTiauunu - U3MEHEHNU KaTUOPOBOYHBIX KOA(PPHUIIMEHTOB.
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Metponoruueckue acnektsl BOJl ¢ ¢yHKIMeil MeTpoiIoruueckoro caMOKOHTPOJIS,
KAaK CpEICTB H3MEPEHMS OJHOTO YPOBHA TOYHOCTH PACCMATPUBAIOTCSA HAaMU C IO3ULUHN
AKCIIEPUMEHTAJILHOTO OIIEHUBAHMS WX IOTPEIIHOCTEH M0 MeToay ciudeHus cepuu (Oonee
TpE€X) KaTUOpPOBOUHBIX XapaKTEPUCTUK, TMOJYYEHHBIX B TpoIllecce HSKCIUTyaTaluu
uHTeIekTyanbHbix BOJI, ¢ 3aBojackoi kanuOpOBOYHON XapakTEPUCTUKOH, OMpeeleHUs
OLIEHOK CUCTEMATUUYECKOM U ciaydaiiHoi norpemHocreil BO/I, koTopble BBOAATCS B KAUECTBE
nonpaBku B nokazanus BOJ] ¢ ¢yHKIuel MeTpoJoru4eckoro CaMOKOHTPOJS, MPH STOM,
3HaYUMOCTbh IIONPAaBOK B OTCYTCTBUE 3TaJOHOB, ONPEIEIAIOT MO Kpurepuro CThIOJEHTA.
TakuMm o0pa3oM, OCHOBHbIE METPOJIOTHYECKHE XapaKTEPUCTUKN BCTPAUBAEMbIX B KOMITO3UTHI
HEPBO-110I00HBIX MHTEIUIEKTYanbHbIX BOJl — cpetHeKBaipaTHUECKOe OTKJIOHEHUE U OLIEHKY
CUCTEMATUYECKON IMOIPEIIHOCTH — MOYKHO CYLIECTBEHHO YIJIYYIIUTh IO pe3yJbTaTaM
CTaTUCTUYECKOH 00pabOTKH pe3ysbTaTOB CPABHEHUS CEPUM TEKYIIUX KaIHOPOBOYHBIX
XapaKTepUCTHUK U3MEPUTENbHBIX IpeoOpa3oBareneil HMHTEUIEKTyalbHbIX  BOJOKOHHBIX
CEHCOPHBIX ceTeil 1 6eCIPOBOIHBIX CEHCOPHBIX CTPYKTYD.
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METROLOGY CHALLENGES OF NERVE-SIMILAR OPTICAL FIBER AND
DISTRIBUTED WIRELESS SENSOR SYSTEMS AND NETWORKS
Buymistriuk G.Y.

The “Intel-Systems” Sensing Instruments LLC
e-mail: gy@isi.spb.ru

Similarly to an effective biological nervous system, a possibility exists to build an
artificial distributed network of small-sized wireless sensors, built into the strucrure of a target
device through additivity technologies, with the purpose of creating a sensor network for
nondestructional continuous monitoring of temperature, load and defect measurements in the
course of an object's exploitation [I1, 2]. They are called “nerve-similar distributed
measurement systems”.

The report reviews issues of metrological sopport of transducers incorporated in such
systems and of wireless sensor networks.

There exists a technology of embedding fiber optic sensors in the structure of products
from, for example, polymeric composite materials (PCM). The diameter of optical fibers used
in composite products must not exceed the diameter of the main reinforcing fibers (about 10
microns) used in PCM, to prevent the internal tensions.

Fiber optic measuring sensor networks and wireless sensor structures of micron and
submicron (nanometer) scale form a class of nerve-similar multisensory systems.

Embedded sensors cannot be calibrated by the methods of traditional metrology in
standards laboratories, as they are not removable throughout the period of operation of objects
—tens of years. The possibility of intellectualization of fiber-optic sensors (FOS) embedded
with traditional and additive technologies into composite, metal and ceramic structures, are
considered in the report, particularly, in terms of ensuring their functional diagnostic
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possibilities, as well as metrological self-checking possibilities (for error of measurements) in
the course of operation.

The results of research and development of intelligent FOS of different principles of
operation: interference, diffraction, reflectometric, and Doppler, proved that they, due to
inherent multi-parameter nature of optical signal and multi-modal sensitivity, allow for
functions of diagnostic and metrological self-checking without the introduction of additional
structural or information redundancy [3].

Information redundancy is an intrinsic feature of Intelligent FOS — the dual
dependence of the electrical output signal Us both on a change in the measured physical
quantity G, and the parameter change of the internal optical signal Ao.

The structural redundancy of the intelligent FOS is minimal and is limited to the use of
standard tunable opto-electronic elements (optical emitters and optical filters), instead of the
standard stabilised ones.

The algorithms of implementation of the intelligent FOS include:

4. a rapid periodic change of the parameter of the optical radiation, provided
temporal consistency of the measured physical quantity;

5. obtaining the current calibration characteristic;

6. comparing it to the one obtained during factory calibration of FOS, which is
stored in the microcontroller memory,

7. changing the calibration coefficients, provided there is a difference.

Metrological aspects of FOS with the function of metrological self-checking, as a
means of measuring of one accuracy characteristics, are considered from the viewpoint of
experimental estimation of their errors by the method of comparing a series (more than three)
of the calibration characteristics obtained in the course of exploitation of the intellectual FOS,
with factory calibration characteristics, and determining the estimates for systematic and
random errors of the FOS, which are introduced as corrections in the readings of the FOS with
the function of metrological self-check option, while, the significance of the corrections in the
absence of reference standards is determined according to Student's criterion. Thus, the basic
metrological characteristics of nerve-similar intelligent FOS embedded in composites, namely
the standard deviation and the estimate of the systematic error, can be significantly improved
as a result of statistical processing of the comparisons of the current series of calibration
characteristics of measuring transducers of intelligent fiber sensor networks and wireless
sensor structures.
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HUHTEJUVIEKTYAJIBHBIE U3MEPUTEJIBHBIE CUCTEMBI JJI5
MOTOYHBIX N3MEPEHWH C ®YHKIIMEN JOOBYUYEHUS B ITPOIIECCE
PABOTBI
®etucos B.C., Xapucosa 3.11.

Yumckuii cocyoapcmeennwiii aguayuoHuwblil mexHuyecKull yHugepcumem
fet777@rambler.ru

WNHurennextyanuszanus CpeACTB U3MEPEHUN — OJTHO U3 MaruCTpalibHbIX HAIPABJICHUH B
coBpeMeHHOU MeTposiorui. OCOOEHHO 3aMETHBI TPEUMYIIIECTBA NHTEIVICKTyIH3alliN B TEX
cucTeMax, KOTOpble IMpeAHa3HaYeHbl I pa0O0Thl B TEXHOJOTHUECKUX MOTOKAX, IJIe OCOOCHHO
BaYXHO HEMPEPHIBHOE MOJIEPKAHNE METPOJIOTUYECKON HAIEKHOCTH.

B u3MmepuTenbHO TEXHUKE B MOCIETHHE AECATHIETHS BCe OOJbllee MPUMEHEHHE
HaxoAsaT ucKyccTBeHHble HelponHble cetn (MHC), mo3Bossiomine 3aMEeHHUTH oOIepauu
BBIYUCIICHUS TPATyHPOBOYHBIX 3aBUCUMOCTEH 00y4YeHHnEM cUCTeMbl Ha ipuMepax. OcCoOeHHO
nosniesubiMu MHC MoryT okaszathcsi Tam, TJI€ 9acTO MEHSAETCS caM OOBEKT M3MEpeHUuH, H,
COOTBETCTBEHHO, HEOOXOJIMMO IOBTOPATH TPaayupoBKy. [lis mpoBeneHus rpaayupOoBOUHBIX
onepauuii (aktoB o0yuenuss MMHC) wucnonb3yercs KaHan ¢ 0Opa3llOBBIM CPEICTBOM HIIH
METOJIOM H3MEpEeHUs, NMPUYEM OBICTPOACHCTBUE ATOr0 KaHajda MOKET ObIThb 3HAUUTEIBHO
HUXKE, YEM Y OCHOBHOTO, IIOCKOJIBKY OH HCII0JIb3YETCS TOJIBKO JJIsl Ha4albHOU I'PadyUpPOBKH, a
Jajee TOJIBKO IO HEOO0XOAWMOCTH (m000ydeHHe), KOorja CUcTeMa OOHapyXHBaeT I10
HEKOTOPbIM OCOOBIM NPU3HAKaM, YTO TEKYyILEe COCTOSIHHE OOBEKTa CUJIbHO OTJIMYAETCS OT
y>K€ U3BECTHBIX U XPaHSAUINXCS B HaMSTH.

B paMkax onucaHHOM KOHIENIIMK aBTOpaMu pazpaboTaHa cucTeMa il SKCIPECCHOTO
MOTOYHOI'O  ONPENENIEHUs TIPaHyJOMETPUYECKOIO0 COCTaBa CYCIEH3UW Ha  OCHOBE
BUJCOTEXHUYECKUX CPEICTB U UCKYCCTBEHHOW HEHPOCETH.

[lon rTpaHyJIOMETPHUYECKMM COCTAaBOM IIOJAPAa3yMEBAIOT MPOLIEHTHOE (I0JIEBOE)
pacripesielieHie Macchl WJIM YMCIa YacTHUIl MO MX pa3MmepaMm (nuama3zoHam pasmepos) [1].
CpenctBa Takoro aHainu3a JOJDKHBI paboTaTh B YCIOBUSX IIOTOYHOI'O IPOW3BOJCTBA U
o0nagaTh J0CTaTOYHBIM OBICTPOAEHUCTBUEM MJIsi OOECIEYEHHsS HOPMAJIbHOIO YIPABICHHS
TEXHOJOTMYECKUMH MTPOLIECCaMHU.

IIpennaraemas cucrema [2] oOmamaer  ObICTpOJEHCTBHEM  IOTOYHOI'O
He(eIOMeTPUUYECKOTO aHajJu3aTopa Ha OCHOBE IMPOCTOM HM3MEPHUTENBHOM KaMmepbl C
30HAMPYIOLIMM JIA3€pHBIM M3IYyYEHHUEM WU BHJAECOKaMEpbl U, B TO XK€ BPEMs, BBICOKOMN
METPOJIOTHYECKON HAJeKHOCThIO, MOJJIEPKUBAEMOM 3a CUeT MOJKIYaeMOro IO Mepe
HEOO0XOIMMOCTH OOBEKTUBHOI'O CpEJCTBA aHAIM3a. TakuM OOBEKTUBHBIM CPEJICTBOM MOXKET
ObITh, HAIPUMEP, MUKPOCKOITUYECKUI aHAJIH3.

OOyyeHHasi py Ha4yaJbHOM TIpaJyHpOBKE Ha HECKOJBKUX OOpa3LOBBIX CYCHEH3UAX
HNHC B mporecce paboTbl, O CYTH, SIBISIETCS CPEICTBOM OBICTPOrO OTOOpaKEHHUS BEKTOpa
BXOJIHBIX CHUTHAJIOB, MOJYy4YaeMbIX W3 KApTHH paccesiHUsl CBeTa B M3MEpPUTENbHON Kamepe, B
BEKTOp IapaMeTpoB pacrpeneneHus yactul no pasmepam. Jloooyuenne MHC B mporuecce
paboThl COCOOCTBYET IMOCTETIEHHOMY YJIYUIIEHHI0 TOYHOCTHBIX XapaKTEPUCTHUK CHCTEMbI U
MOIEPKAHUIO JOCTOBEPHOCTH IPaHyJIOMETPUYECKOTO aHATIU3a.
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INTELLIGENT MEASURING SYSTEMS FOR ON-LINE MEASUREMENTS
WITH ADDITIONAL SELF-TRAINING DURING OPERATION
Fetisov V.S., Kharisova Z.1.

Ufa State Aviation Technical University
fet777@rambler.ru

Intelligent measurement instrumentation is one of the principal trends in
contemporary metrology. Its advantages are most vivid in such areas as on-line systems for
industrial technologies, where continuous maintenance of metrological reliability is very
important.

In recent decades, artificial neural networks (ANN) have been extensively used in
measurement technologies. They allow for replacement of calculations of calibration
dependancies by training an ANN on examples. ANNs may prove most useful in cases, when
the object of measurement often changes its parameters, which leads to necessity of repeating
calibrations.

ANNS require training, or calibrational operations through a control channel with the
standard means or method of measurements. Responce time for such channel may be much
longer than for the main measuring channel, as it is only used for initial calibration and
further, only by necessity (additional self-training), when the system determines by some
special factors that the object's condition differs significantly from the known and stored in
the device memory.

So, within the described concept, the authors propose the system for rapid on-line
analysis particle size-distribution in suspensions, based on the video capturing device and
ANN.

Particle size distribution analysis means determination of percentage of particles
quantity or mass ranged by their size, or size ranges [1]. Such analyzers must work in
conditions of line-production and be rapid enough to provide proper process control.

The proposed system [2] has the operation speed equal to that of an on-line
nephelometric analyzer based on simple measuring cell with laser emitter and a camera, and,
at the same time, features high metrological reliability due to the reference analyzing means,
which may be switched on if necessary. Microscopic analysis may be used, for example, as
such analyzing means.

The ANN is trained on several standard suspension examples during the initial
calibration and then, in the course of operation, serves as a unit for fast conversion of input
signal arrays, obtained from the images of scattered light in the measuring cell, into arrays of
particle size distribution parameters. Additional ANN self-training in the course of operation
contributes to the gradual improvement in the system accuracy and maintaining the reliability
of particle size analysis.
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HA®POBOI'O ITIPEOBPA3SOBAHUSA HETOUYHBIX TAHHBIX
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WuTepec K pa3BUTHIO METPOJIOTUYECKOTO COMPOBOXKICHHUS Mporpamm o0paboTKu
pe3yJbTaToOB M3MepeHMi Obl1 BIepBble NposiBieH coTtpyanukamu BHUUM [1]. Tlo
pesyibpTaTaM HCCleIoBaHuN OBl pa3paboran mokymeHT MU 2174-91, pexomeHmyronuit
BBIMOJHATh METPOJIOTMYECKYIO0 aTTECTalMi0 alIroputMoB u mnporpamm. Ilocne storo
pazpaboransl: crangapr ['OCT P 8.654-2015, pexomeHmamuu TO METPOJIOTHUECKOU
arrecraiuu nporpammuoro obecrederus ([10) MU 2955-2010 u pekoMeHaIuH 10 3aIIUTe
ITO ot HecankunoHupoBaHHOro pemaktupoBanuss MU 3286-2010. B nacrosmeil pabore
Hapsay C JOCTUTHYTBIMH pe3yJbTaTaMH OOCYKIAaeTcs Ieeco00pa3HOCTh pa3paboTKH U
3aKOHOJATEIBHOI0 3aKpEIUIEHUSl CTPATerMyd METPOJIOTMYECKOro aBToconpoBokiaeHus I10
CPEICTB M3MEpPEHUN, a TakKe pacHIMpeHuss o0JacTh NpUMEHEHUs (QYHKIUH, NpUCYIIHUX
METPOJIOTHH, HAa MPOTrPaMMbl BBIYMCICHHUH, KOTOpbIE MOTYT ObITh NMpPHU3HAHBI CPEICTBAMHU
nu(ppoBOro MpeoOpa3oBaHUsT HETOUYHBIX MCXOJHBIX JIaHHBIX, HAalpUMeEp, MPOTrPAMMBbI
MOJICIUPOBAHMs, pelIeHuss anredpandeckux, IudQepeHIraIbHbIX W HHTErPalbHbIX
YpaBHEHUH M CHUCTEM YpaBHEHHH, NMOMCK SKCTpeMallbHbIX 3HadeHHi. OCHOBHOE BHUMAaHHE
YIEJIEHO OLEHKE HaCJIEJCTBEHHOW IOIPEIIHOCTH, MOPOXKAAEMON IMOIPEHIHOCTBI0 MCXOAHBIX
naHHbiX. lorpemrHocTh, BbI3BaHHAsT HEBEPHON peanu3aluedl KejlaeMoro ajlropurMa,
IIPOBEPSIETCS BBIYMCIECHUSAMH 10 U3BECTHBIM MCXO/HBIM JIaHHBIM.

Jlig peanu3anuu METPOJIOTHYECKOTO0 aBTOCOIPOBOXKIEHUS IpPOrpaMM Ipeiasiaraercs
BOCIIOJIb30BAThCS: NIl ONMCAHUS HETOYHBIX MCXOAHBIX IAHHBIX — HEYETKMMM HHTEpBaJlaMU
[2] u cnenanbHBIMU MIPaBUIIAMU apU(PMETHUECKUX ASUCTBUN ¢ HUMH [3], A TMHEapU3aluu
BBIUUCIIIEMBIX (YHKIMHA — CpeicTBaMH aBTOMaTHueckoro auddepeHunpoBaHus mporpamMmm
[4]. Hna oTOM menuM mporpaMMa BBIUMCIECHUN JOJDKHA OBITH clierka MoauduimpoBaHa
creayromuM o0pa3om [S]: MpoU3BOIUTCS 3aMeHa THIA IepeMeHHbIX ¢ “double” Ha “interval”

U MojKiIo4aercs Oubianoreka AudepeHIUpoBaHUs UCIONIb3yeMbIX GYyHKIuN [2]. B Takom
cllyyae KaXKAblil IPOMEXXYTOUHBIH, a TAK)Ke KOHEUHBIHM pe3yIbTaT BEIYUCICHUH OyIeT moyyeH
B (¢opMe HEYETKOro HWHTEpBajia, COJAEp)Kallero B celde paslienbHyl0 HHPOpPMALUIO O
CUCTEMAaTUYECKOM M CIlydallHOM MOTpeIIHOCTsX. lcrnonb3oBaHME HEYETKOrO MHTEpBaja U
JeiicTBUi ¢ HUM [3], MO3BOJIAIOT COXpaHATh 0€3 U3MEHEHUH CHCTEMaTUYeCKyIO0 U YMEHbIATh

CITy4yaiHyI0 OIPEIIHOCTh CPEAHETO B Jn pa3 1Mo CPaBHEHUIO C Pe3yJIbTaTaMU MHOTOKPATHBIX
u3Mepenuil. TakuMm oOpa3om, 3Ta MoauuUKauMs MporpaMM OOEecHeurnBaeT aBTOMAaTHYECKOe
OIpe/IeJIeHNe HACJIEACTBEHHON MOTPEIIHOCTH PE3yIbTaTOB COOCTBEHHBIMU CPEACTBAMH 3TUX
nporpamum [5]. OnucanHyo Opoleaypy Mbl IpejiaraéM UIMEHOBATh KaK «METPOJIOTUYECKOe
aBTOCOIIPOBOXKACHHUE TPOTrpaMM» IOJOOHO TOMY, Kak B QHIJIOA3BIYHOM JIUTEpaType
ucnoinb3yrorcs TepMunsl “self-verified programs” wnu “self-validated programs”.
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THE METROLOGICAL SELF-ASSURANCE OF THE SOFTWARE
THAT NUMERICALLY PROCESSES THE INACCURATE DATA
Okrepilov M.V, Semenov K.K.?, Solopchenko G.N2
' D.I. Mendeleyev Institute for Metrology (VNIIM), Russia
2 Peter the Great St. Petersburg Polytechnic University, Russia
semenov.k.k@iit.icc.spbstu.ru

The interest in the development of the methods for the metrological support of
measurements processing software was firstly demonstrated by the staff of the
D.I. Mendeleyev Institute for Metrology (VNIIM) [1]. Basing on the results of the
corresponding research, the document MI 2174-91 was developed that recommended to
perform metrological certification of algorithms and programs. After that, the following
standards were developed: GOST R 8.654-2015, the recommendations MI 2955-2010 for the
metrological software attestation and the recommendations MI 3286-2010 for the software
protection against the unauthorized editing. This paper discusses the feasibility of the
developing and legislation of the metrological self-assurance strategies for the measuring
instruments’ software along with the already obtained results, as well as the issue of extending
the scope of the application of the functions inherent to metrology to computational programs
that can be recognized as the means of the digital conversion of inaccurate input data, for
example, mathematical modelling software, programs for solving algebraic, differential and
integral equations and systems of equations, the software for searching for extreme values.
The main attention is paid to the estimation of the inherited error caused by the initial data
errors. The uncertainty that arises from the incorrect implementation of the desired algorithm
is verified by calculations with the known input data.

For the realization of the programs metrological self-assurance, it is proposed to use:
the fuzzy intervals [2] and the arithmetic operations with them [3] to describe and handle the
inaccurate initial data, the means of the automatic differentiation [4] of the functions
implemented by the computational programs to linearize them. For this purpose, the
computational software should be slightly modified as follows [5]: the variable type should be
changed from "double" to "interval" and the special library should be linked to the software
source code to realize the differentiation of the used elementary functions [2]. In this case,
each intermediate and final result of the calculations will be obtained in the form of the fuzzy
interval that will contain separate information on the systematic and random errors. The use of
the fuzzy interval and the operations with it [3] makes it possible to retain the systematic
component of the error unchanged and to reduce the random component of the error of the

mean value by a factor of Jn in comparison with the results of multiple measurements. Thus,
such modification of the computational software provides for the automatic determination of
the inherited error of its results by these programs' own means [5]. We propose to call the
procedure described above as "metrological self-assurance of programs" in the context of the
already used terms "self-verified programs" or "self-validated programs".
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BAKHOCTb UBSMEPEHUSI OIIBITA ITOJIb3OBATEJISA B 21 BEKE: BbI3OB
HWHHOBAIIMOHHBIX TEXHOJIOT U
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2 LAMPA laboratory, Arts et Métiers Paris Tech Angers
katy.tcha-tokey@ensam.eu

TexHONOrnuu COCTaBIAIOT OCHOBY peBoroiuu 21 Beka. OHM Bce OOMbIIE MEHSIOT TO,
KaKk MBI paboTaeM, y4YuMCS W TO, KaK MBI ONpEIesieM IMOHSATHE «4eloBeK». B mocnemanee
BpEMsl y4Y€HbIE MBITAIOTCS MOHSATh MU OCBOUTH TEXHOJOTMU C MOMOLIbI0 KoHuenmuu User
eXperience (UX) — «momb3oBaTenbckuid ombi™y. ISO DIS 9241-210 opueHTHPOBOYHO
onpenensier UX Kak «BCe acHEKThbl MOJIb30BATEIbCKOIO ONbITA IMPU B3aUMOJACHCTBUU C
MIPOJIYKTOM, YCITyTOH, OKpYy»Xaroien cpeon nin oobektomy». [loaromy UX cranm moaxomom,
UCIIONIb3YeMBbIM BO MHOTHUX nuciuiuinHax (Hampumep, HCl (B3ammopneiicTBue yenoBeka u
MAaIIUHbI), H)PrOHOMUKA, UHQOPMAIIMOHHAs apXUTEKTypa, OpEeHIUHT U T.1.) A YJIy4llIeHHUS
MPOIYKIIMH U YCIIYT, C KOTOPBIMU OyAeT B3auMOJIeiiCTBOBATh YenoBeK. be3 comuenus, UX mo-
MPEXKHEMY SIBJISIETCSI BXKHBIM aCIEKTOM KauecTBa MpOoayKuuu. KOHKpPETHBIM MPOIYKTOM,
MOYEPKHUBAIOIINM BaXKHOCTh paccMoTpenust UX, siBisieTcst BUpTyalibHas peaabHocTh (VR) —
MOMyJIApHAs TEXHOJOTHs, KOTOpas HaXOAUT TPUMEHEHHE JUIA IIUPOKOH MyOJIUKH.
HccnenoBanust mOKa3bIBalOT, YTO YUuThIBast UX, MOKHO 00JIETYUTH CUMOITOMBI KHOEpMaHUU
(HampuMep, TOIIHOTY, TOJOBOKPY)KE€HHE, JE30pHUEHTAIMI0 W T.JA.), IOPaKaIOIINe
nosb3oBareneil VR [1]. CoBpeMeHHbIE TEXHOJIOTMHM CJIOKHBI, MOJIHbI, OHU CTUMYJHPYIOT
YyBCTBa TOJIb30BATElsI, OHU HeMaTepualbHbl. [loaTOMYy cTpaTeruss paHHEro HCCIEIOBaHUS
UX dokycupyercs HE Ha MHCTPYMEHTAIbHBIX M3MEPEHHUSAX, a CKOopee Ha 0ojee IEIOCTHBIX
CYOBEKTUBHBIX BOCTIPUSATHUAX, TAKUX KaK F¢IOHUCTHYECKHE KauecTBa, ahpPeKThl U IMOIIUH.

Takum 00pa3om, OOJBIIMHCTBO MeTOAOB OIeHKH UX SBISIOTCS CyObEKTUBHBIMU,
CaMOCTOSITENTFHO ~ pa3paOOTaHHBIMU WU HE TOATBEPKICHHBIMU CTaTUCTHYECKH [2].
CymiecTByeT MOTpPEOHOCTh B HYETKUX JTanioHax s oneHku UX. HemHemHsst cuTyarus
BBI3BIBACT TPEBOTY, TaK KaK JCHCTBUTEIHHOE KA4YE€CTBO MPOJIYKTa HE 00s3aTENBHO SIBISETCS
CyOBEKTHBHBIM, HO TIPH 3TOM JIOJDKHO OBITH OOBEKTHBHO OIIEHEHO IUISI TOTO, YTOOBI €ro
MOKHO OBLIO CpaBHHBATh U KOHTpoiHpoBaTh. CormacHo MexIyHapOIHOMY CIIOBapro IO
metposorun (VIM 3), mporiecc m3MepeHnil JOKEH MPHUBECTH K TOJYYCHHIO «OJHOTO WIIH
Ooree 3HAYCHHWI BETUYHMHBI, KOTOPbIE MOTYT OBITh OOOCHOBAaHHO MPHUIIMCAHBI BEIUYHHE.
bonee  Toro, «pe3ympTaThl Tpolecca  TOJYYCHHS ~ KOJMYECTBEHHBIX  3HAUYCHHM
XapaKTePU3yIOTCA METPOJIOTUUECKOU COBMECTUMOCTHIO, METPOJIOTHYECKOU
COTOCTaBUMOCTBIO U, TIPH HEOOXOIUMOCTH, METPOJIOTHIECKON TIpOoCcIeKuBaeMocThio» [3]. B
HacTosIee BpeMs 3To He oTHocuTes k UX. CrnenoBarenbHO, OCHOBHAS MpobdiiemMa, ¢ KOTOPOid
UX crankuBaeTcsi B KOHTEKCTE 21-T0 Beka, - 00ecreunTh, YTOOBI HOBasi MPOIAYKITUS U YCIIYTH
peaocTaBisuid  noap3oBarensaM xopouwmit UX. [Ing atoro wuccnenoBanus UX  TOJKHBI
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onpenenuTh (akTUYECKUE IMOKa3aTeau «0OBEKTOB HM3MEpeHHus», apisercs nu kputepuit UX
TeIOHUCTUUECKUM  (HampuMep, YJIOBOJbCTBUE, MOTHUBALMA, YAOBJIETBOPEHHE) WU
MHCTPYMEHTAJIbHBIM (HalpUMep, MPOU3BOAUTEILHOCTD). [l 3TOro Heo6xoanumo, uto0sr UX
OIPENENUICS KaK pe3yabTaT U3MEPEHHUs.

B »aT0li cTatbe MBI paccMaTpUBaeM Ba)XXHOCTb pPa3pa0OOTKH HOBBIX HM3MEPUTEIbHBIX
METO/I0B, yTOOBI peBpatuTh UX B U3MepseMyto BETUYMHY. MBI paccMaTpUBaeM HECKOJIBKO
WCCJIEIOBaHNM, B KOTOPBIX mis oneHkun UX mpemararoTcsi OOBEKTHUBHBIE METONBI. MBI
COCpPEOTAUNBACMCS] HA HECKOJIBKHUX CYIIECTBYIOIIUX HAa CETOAHALIHUN JI€Hb METOJUKaX
M3MEpEeHMs], TAKMX KaK 3JIeKTposHIedanorpadguyeckue 1 3JeKTpoMUorpapuieckie OTKINKH,
KOTOpble B HEKOTOPHIX CIyd4asX WCHOJb3YIOTCA s oleHkH oOwvexkTuBHOro UX (T.e.
MICUXUYECKOTO COCTOSIHUS MoJib30BaTens, MUMuku). HakoHen, mbl oOpaijaeM BHHMaHUE Ha
CIIO’)KHYIO TEXHHUYECKYI0 3aJlauy, KOTOPYI0 Ha CETOMHSIIHUN JEeHb NPEACTaBISIOT COOOH
m3mepernss UX, Tak Kak TEXHOJIOTHH, IO3BOJIAIONIME MPABWIBHO OLEHUTHh BOCIPHITHE
M0JIb30BATENs, €Il He CYIIECTBYIOT MIIM HaXOATCs B pa3paboTKe.
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THE USER EXPERIENCE MEASUREMENT: A CHALLENGE OF THE TWENTY-
FIRST CENTURE
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Technologies are at the heart of the 21st century revolution. They are more and more
changing the way we work, learn and the way we define human. Recently, researchers have
been trying to understand and master technologies through the concept of User eXperience
(UX). ISO DIS 9241-210 tentatively defines UX as "all aspects of the user’s experience when
interacting with the product, service, environment or facility. This is why, UX has been in the
last years an approach used in numerous disciplines (e.g., HCI, ergonomics, information
architecture, branding, ...) to improve user-centric products or services. No doubt is made that
UX is still an important dimension in product quality. A specific product that highlights the
importance of considering UX is virtual reality (VR), a technology greatly in vogue that
provides applications to the general public. Studies show that UX consideration can alleviate
the cybersickness (e.g., nausea, vertigo, disorientation, ...) affecting users in VR [1]. Today’s
technologies are more complex, they are fashionable, they stimulate the user's senses, they are
immaterial. Therefore, early UX research strategy, rather than focusing on instrumental
measures, focuses on more holistic subjective perceptions such as hedonic qualities, affects or
emotions.
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The report is clear: most UX evaluation methods are subjective, self-developed or not
statistically validated [2]. There is an urge for clear measurement standards for UX
evaluation. The current situation is alarming since a product’s intrinsic quality does not have
to be subjective but has to be objectively measured in order to be easily compared and
controlled. According to the International Vocabulary of Metrology (i.e., VIM 3), a
measurement process should generate ‘‘one or more quantity values that can reasonably be
attributed to a quantity”’. Moreover, “the results of the process, by which quantity values have
been obtained, are characterized by the metrological compatibility, metrological
comparability and, if necessary, metrological traceability” [3]. It is currently not the case for
UX. Consequently, the main challenge UX is facing in this 21st century context, is to ensure
that new products and services provide good UX to users. To do so, UX research needs to
define actual “objective measurement” metrics whether the UX criterion is hedonic (e.g.,
pleasure, motivation, satisfaction, ...) or instrumental (e.g., performances, ...). This requires
UX to be defined and determined as a measurement result.

In this paper, we cover the importance of designing UX measurement methods in order
to turn UX a measurand. We review several studies in which objective UX methods are
proposed for UX assessment. We focus on the few measurement techniques existing today
such as electroencephalographic and electromyographic responses that, in some cases, are
used to assess objective UX (i.e., user mental state, facial expressions). Finally, we point out
the difficult technical challenge UX measurement represent today, as, technologies to properly
evaluate the user’s perceptions do not exist or are still immature.
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TouHOCTh PKCHEPTHOM OLEHKHU 3aBUCUT OT psna QaktopoB. B kauecTBe Hambonee
CUJIbHBIX, BJIMSIONIMX Ha MPOLIECC OICHWBAHUS, HA3bIBAIOT THUIl OLEHOYHOH MIKAJIbI, CIIOCO0
IpeJcTaBlIeHUsT 00BEKTOB 3KCHEepTy W 3aJaHHbI croco0 oueHuBaHUs [4]. DTO «BHEIIHHEY,
3ajJlaHHbIe (DAaKTOPBI.

HanOonee BeCOMBIM «BHYTPEHHMM» (DAaKTOPOM CIIEAYET CUUTAThb OYEHOUHbLU CHULb
skcrepTa. IloHATHE «OLIEHOYHBIN CTHJIB» O3HA4aeT yCTOMYMBBIE NPEANOYTEHHs YENIOBEKA K
UCIIOJIb30BAHUIO TEX WU UHBIX CHOCOD08 OYeHU8aHUs HE3aBUCUMO OT O0BEKTOB OLICHUBAHUS
[1, 2]. Hampumep, 3KCIIEPUMEHT IO OLIEHKE Pa3IMYHBIX HCKYCCTBEHHBIX OObEKTOB (I[BETOBBIE
COYETaHMsI, HEMPABUJIbHbIE T€OMETPHUUECKHE (PUTYPBI, HECYIIIECTBYIOIINE CIOBA) C TOMOIIBIO
MOJISIPHBIX BepOATBHBIX HIKAJ («TSDKENbIH - JISTKHI», «XOPOIIUH - TUIOXO0M» U T.J.) MO3BOJIUII
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BBIIETIUTh P MAapaMeTPOB OLEHOYHOTO CTHIIS: BAIEHMHOCHb, NOAAPU3AYUS, Oemanu3ayus,
usmeHyugocms [2].

g cratuctuyeckol 00pabOTKM MOJOOHBIX MapaMeTpoB MOPSAIKOBas IIKaia
npeoOpasyercs B 0aJuibHYy10. bayibl SBISIOTCS yCIOBHBIMHU €JUHHUIIAMHU.

HoBusHa Hamlero mojaxoga K aHalIM3y ASKCIEPTHBIX OLIEHOK 3aKIJIIOYAETCSl B TOM, YTO
MBI CTPEMUMCSI Y4eCTb €CTECTBEHHbIE (TICMXOJOIMYECKHE) MEXaHHU3Mbl BBIHECEHHS OLIEHKH
[3]. MBI ucnionb3yeMm Ui anoCTEPUOPHON TPajayupOBKH rpaduueckoil MIKaabl HE OOIIyro
YCIIOBHYIO €JUHUIly, a WHIUBUAYaJIbHYIO JUIsl KaKIOTO JKCIepTa €AuHULy u3MepeHusd. OnHa
HaXOAMUTCS KaK MHUHHUMAJIbHOE DPACCTOSIHME MEXAy OLEHKaMH JKCIepTa, CIACIaHHbIMH Ha
HerpaJyupoBaHHOU rpaduueckoil mxkane. Jpyroit cnocod: Mbl BEIYUCISEM 3HAUYCHHE KaX101
OIICHKM KaK COOTHOLIEHHE WHTEPBAJIOB, Ha KOTOpbIE 3Ta METKa pa30MBaeT OUIOJSPHYIO
mkany. JlaHHbIE MpPUEMBI IO3BOJSIOT B IIOJHOM CMBICIE U3Mepums BbILIEHA3BAaHHBIC
MapaMeTphbl OLIEHOYHOT'O CTHJISL U BBIJIEIUTh HOBBIE TaPAMETPBHI.

Kpome Toro, B skcniepTi3e ColaibHbIX 0OBEKTOB MOJIE3HO YUYUTHIBATh SI-KpUTEPHil.
Ero Heoco3naHHO MCTIONIB3YIOT IKCIIEPTHI, OTOKISCTBIISASA Ce0s C OIIEHMBAEMBIMU O0BEKTaAMH,
WM mpotuBonoctapisis ceOs uMm. Ha ocHoBe Sl-kpuTepus HaMu BBIJEIEHO YEThIpE
JIOTIOJTHUTEIIBbHBIX IapaMeTPa OLIEHOYHOI'O CTHJISL AKCIIEPTOB.
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EXPERIENCE IN THE USE OF NON-GRADED GRAPHIC SCALE IN DEFINING
EXPERT EVALUATION STYLE
Nikolaeva [LA.
Kurgan State Univercity
nikolaeva-irina@yandex.ru

The accuracy of expert estimates depends on a number of factors. The strongest of
them are a type of rating scale, method of presenting objects for evaluation, and a specified
method of assessment. They are the "external" factors.

Expert evaluation style should be considered as the most important "internal" factor,
including sustainable human preferences for use of various methods of assessment; and it
does not depend on objects for evaluation [1, 2]. For example, an experiment on evaluation of
various artificial objects (color combinations, irregular geometric shapes, non-existent words)
by using polar verbal scale ("heavy - light", "good - bad", etc.) allowed to identify a number
of parameters of evaluative style: valency, polarization, detail, variability [2]. In these
experiments, the ordinal scale is converted into a point for statistical processing. The points
are conventional units.

The novelty of our approach to the analysis of expert assessments is that we want to
account for natural (psychological) mechanisms in passing an assessment [3]. We use an
individual unit for each expert, not a conditional one, for a posteriori calibration of the graphic
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scale. This unit is the minimum distance between the expert's marks on the non-graded
graphic scale. Alternatively, we calculated the value of each mark as the ratio of the intervals
at which this mark breaks a bipolar scale. These techniques make sense to measure the
abovementioned parameters of the assessment style and find new properties.

In addition, it is useful to consider the "Self"- criterion, especially in the evaluation of
social objects. Experts unconsciously use themselves as a "touchstone", identifying
themselves with the assessed objects, or opposing them. On the basis of "Self"-criterion, we
have identified four parameters of the expert evaluation style.
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MYJbTUCEHCOPHBIE CUCTEMbBI U METPOJIOT'USA
Jlerun A.B., Kupcanos /[.O.
Hncmumym Xumuu Canxkm-Ilemepoypecko2o 2ocyoapcmeenHozo yHusepcumema
andrey.legin@gmail.com

MybTHCEHCOPHBIE CUCTEMBI JUIs aHAJIN3a JKUAKOCTEH, Hanboiee UPOKO N3BECTHBIE
celiuac Kak «dJIEKTPOHHbBIE SI3bIKM» (D51) WM «CeHCOphl BKyCa» IOSBUIUCH, KaK HOBas
aHaJMTUYecKas TeXHOJOrus, B Hadane 90-X rooB.

C Tex mop HaOmroAaeTcs 3HAYUTEIBHBIM POCT YHMCIIA UCCIIENOBATEIbCKUX CTaTeil B
sToit obnactu. CormacHo naHHbIM Ckomyc (Mapt 2017), ymcno myOnukanuii, B KOTOPBIX
CIIOBOCOYETAHUS «OJEKTPOHHBIE SI3BIKU» WJIUM «CEHCOPBl BKYCa» YINOMSHYTHl B Ha3BaHHH,
a0cTpakTe MM KIIOYEBBIX cioBax cocramisgeT Oonee 1300, mpu sToM, Hambosee 4yacTo
HCIIOJIb3YEMBI TEPMHH «3JIEKTPOHHBIN SI3bIK» ynoTpebisercs cabiie 900 pa3. Ota o0nacTb
UCCIIC/IOBAaHUN SIBISETCS YK€ CHUJIbHO Pa3BUTON, B Hell paboTaeT MHOIO HccienoBareseii BO
MHOTHX JIabopaTopusix. JlecsaTb uiau 6ojee cTaTell Ha ATy TeMy OIMyOJIMKOBAJIN aBTOPHI U3 21-

1 CTpaHbl MHpa.

SIBNsAsCh aKTUBHBIMU UTPOKAMH Ha 3TOM 1oJie yxe 6osee 20 JieT, aBTOpbI IpesaraioT
CBOM B3IJIsA Ha MpoOJIEMbl M «y3KHE MeCTa», ¢ TOUYKM 3PEHHs] METPOJIOTHH, B 001acTu
MYJIBTUCEHCOPHBIX CHUCTEM JJIsl aHAJIN3A KUIKOCTEH.

[TepBas, oueBuaHas IpoOIEMa - TO OTCYTCTBUE €IMHOTO ITOHUMAHUS TaKUX 0a30BbIX
aHAJMTUYECKUX U METPOJIOTUYECKUX TEPMUHOB, KaK «4yBCTBUTEIBHOCTbY, «CEJIEKTUBHOCTHY,
«Tpeen oOHapyKeHUs» U Ap. XOTS MOXHO HMHTYUTHBHO MPEJCTaBUThb, O YE€M 3]1€Ch HJIET
peuyb, LIMPOKO MPHUHATOM TEPMHUHONIOTMUM M (OpPMAIbHBIX ONUCAHHUN 37lech TOKa He
cyuiecTByeT. BO3MOXKHO, 3TO YacTHYHO CBSI3aHO C HEOIPENEJICHHOCThIO TEOPETUYECKUX
IIPEJICTABICHUN O MYJIbTUCEHCOPHBIX CUCTEMAX.

Jlpyras cepbe3Hasi mpoOiiemMa - 3TO HEAOCTaTOK CTaHAApTOB. PYHKIIMOHHPOBAHHE
T000Tr0  aHATUTHYECKOro Mpubopa JOKHO TMPOBEPATHCS C IMOMOINBIO CTAaHAAPTOB H
CpaBHUBATbCA C JIpYyrUMH npudbopamu. Bo MHOrux ciydasi, oCOOEHHO MpPH OIIEHKE BKYCOB,
UCIOJIB3YIOTCA  y3KOCIIEMAIU3UPOBaHHbIE METOAMKM M mmKanbl oneHku. Korma 34
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rpaydpyloT C HCIOJb30BAaHHMEM TaKMX METOAMK M IIKaJl, CTaHOBHUTCA KpaiiHe
3aTPYAHUTENIBHO CPABHUTH MIOBEJCHNUE PA3IMYHBIX TPUOOPOB B OJHOM MPHIIOKEHUH WM JJasKe
OILICHUTH PabOTy TOTO K€ camoro Npudopa B pa3IMYHBIX MPUITOKEHUSX.

Eme onna mpoGnema B 3TOiM 007acTH - 3TO LIMPOKOE HCIOJIB30BAaHHE METOJIOB
MHOTOMEpPHOM KalMOpOBKH U CBSI3aHHBIE C 3TUM METPOJIOTUYECKUE CIIOKHOCTH. MeTombl
MOTYT OBITh KBa3WJIMHEWHBbIe, Takue kak AHanu3 1o ['naBaeiM Kommonentam (AI'K) wnm
[Tpoexunu Ha narentHele CTpykTypsl (IIJIC) nnn nenuneitnsle, HanpuMmep, VckyccTBEeHHBIE
Heitponnsie Cetn (MHC). Metoasl Takke MOTYT OBITh HeNapaMeTpU4eCKUMH, T.€. OHU HE
HAKJIaJbIBAlOT HUKAKUX OrPAaHUYEHUH Ha (QOopMy 3aBUCUMOCTH MEXAY HCXOJIHBIMH U
KOHEYHbIMH JIaHHBIMH M 3Ta 3aBUCUMOCTh BOOOIIE MOXET OBITh HEW3BECTHA.
Mertponoruueckue mpoOaeMbl, CBSI3aHHbIE C 3TUMU M JPYTMMH OCOOCHHOCTSMH METOOB
00pabOTKHU JTaHHBIX, MOTYT OBITh BECbMa pa3HOOOPa3HbI.

OpHako, MYJIbTHUCEHCOPHBIE CHUCTEMBl BO MHOTHX CIy4asX XOpouo paboTaroT Hu
MO3BOJISIOT MOJTy4aTh UHTEPECHBIE XOTS U HEOObIUHBIE aHATTMTUYECKHE PE3YIIbTATHI.

TpebyroTcsi cepbe3Hble METPOJIOTMYECKUE YCUIIMS JUIsl BBEIEHUS MYJIbTHCEHCOPHBIX
CHCTEM B YHCJIO MPAKTUYECKU HCIOIb3YEMbIX AHATUTHUYECKUX YCTPOUCTB.

MULTISENSOR SYSTEMS AND METROLOGY
Legin A.V., Kirsanov D.O.
Institute of Chemistry, St. Petersburg state university
andrey.legin@gmail.com

Multisensor systems for analysis of liquids, most widely known now as “electronic
tongues” (ET) or “taste sensors” emerged as a novel analytical technology in early 90’s.

Since that time a continuous growth of research papers in this field has been observed.
According to Scopus (March, 2017) the number of publications with “electronic tongue” or
“taste sensor” in the title, abstract or keywords was about 1300, with the most frequently used
term “electronic tongue” published in over than 900 papers. The area looks now pretty mature
with a lot of different teams contributing to this research in many locations. Ten or more
papers on these topics were published by the researchers from at least 21 countries all over the
world.

Being the active players in this field for over 20 years we would like to suggest our
view point to the problems and bottlenecks of multisensor systems for liquid phase analysis
related to metrology.

The first obvious problem is the lack of uniform understanding of basic analytical and
metrological terms such as “sensitivity”, “selectivity”, “detection limit”, etc. Though one can
imagine intuitively what they are standing for there is no widely accepted terminology and
formal descriptions in this area. This can be partly related to the ambiguity of theoretical
understanding of multisensor systems.

Another serious problem is the lack of standards. The performance of any analytical
device should be verified by some standards and compared to the other devices. In multiple
cases, particularly in assessment of flavor (taste) custom-made methodologies and scales are
used. When an ET is being calibrated using such a scale it would be pretty hard to compare
different devices in similar application or even the same device to itself in different
applications.

One more issue in this area is the widest use of multivariate data analysis methods and
metrological problems related to these issues. These methods include quasi-linear algorithms
like Principle Component Analysis (PCA) or Projection on Latent Structures (PLS) or non-
linear such as Artificial Neural Networks (ANN). They can also be non-parametric i.e. the
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dependence between measured value and final result may not be necessarily known.
Metrological problems here can be quite cumbersome.

However, multisensor systems perform well on many tasks and help obtain sound
albeit unusual analytical results.

Serious metrological efforts are needed to incorporate multisensor systems in the
realm of practicable analytical devices.

CTATUCTUYECKHUE TECTHBI J1sA TIPOBEPKU OJHOPOJHOCTHU "
BOCITPOU3BOINMOCTH SJEKTPOKAPJIUOCHUT'HAJIOB
Vcnencknii B.M., Boponios K.B.2?, Kapukos NH?2, Bbynakosa B.P2, Mkuna 11.X.3
'Ilenmpanvnwiii 6oennwiii knunuueckuii cocnumans um. I1.B.Manopvika MO P®, 2. Mockea
’Mockoeckuil husuxo-mexnuyveckuii uncmumym (20CyO0apcmeenHblil yHugepcumen,),

2. [oneonpyonwiii

SDedepanvuviii uccnedosamenvcxuii yenmp « Mugpopmamuxa u ynpasnenuey PAH, 2. Mockea
medddik@mm.st

Amnanu3 BapuabenbHocTH cepaeunoro purma (BCP) nmo3Bosiser onieHuBaTh COCTOSTHUE
OpraHM3Ma 4YeJIOBEeKa IO IOCIEA0BaTENbHOCTH HHTEPBAJIOB BPEMEHH MEXIYy cocelHuMHU R-
MMAKaMU DJIEKTPOKApAUOTpaMMbl. HHopmayuonnvlli anaius sieKkmporapouocuenanos [1]
pacumpsier BCP no nBym HampaBieHusM. Bo-mepBbiX, Hapsay ¢ HHTepBajiorpamMmoit
UCIOJIb3YETCSl aMIUTUTYJoOTpaMMa — I0CJIEI0BaTebHOCTh aMIUIMTY R-nukoB. Bo-BTOpbIX,
[I0CJIEIOBATEIbHOCTh MPUPALICHUH MHTEPBAJIOB M aMIUIUTY] MpeoOpa3yercss B K0O02pammy
— CHMBOJIbHYIO CTPOKY, OOBIYHO B 6-OyKBEHHOM aji(haBUTE, 3aTEM B BEKTOP 4aCTOT TPUTPaAMM
pasmepHOCTH 6° = 216. BeKTopHBIE NpeICTaBIeHUs KOIOrPAMM 310POBBIX JIH0JIei 1 GONBLHBIX
C pa3jMYHbIMHM MATOJOTUSMHU COCTABJISIIOT OOYYarollyl0 BbIOOPKY, MO KOTOPOW MeToJaMHu
MAaIIMHHOT'O O0YYEeHHs CTPOSITCSA AMArHOCTHUYECKHUE pelIarolye npasuia [2]. 3ToT NpuHIHI
3aJI0’KEH B OCHOBY CHCTE€Mbl CKpUHUHIOBOM nuarHoctuku CkpuHpaxc [1]. AHamorudsbIi
MI0JIX0/1, OCHOBAHHBIN Ha METOJIaX CUMBOJIBHOM TMHAMMKH, IpUMeHsuIcs B [3].

B nanHoif paboTe mpeararoTcsi CTaTUCTHYECKHE TECThbl JJISl MPOBEPKH THIOTE3 00
OJIHOPOJAHOCTH 3JIEKTPOKAPAMOCUTHAIIOB HAa OCHOBE Z-TecTta, (G-TeCTa M TOYHOIO TECTa
@umepa. [TocnenoBaTenbHOCTH HHTEPBAIOB U aMIUIUTY, KaK MPABUJIO, HE POXOAST TECThI
OJTHOPOJHOCTH TIpPH TIOBTOPHOW PpErHCTpallUy CHUTHAla Yy OJHOIO YeJOBEKAa WM HpHU
pEerucTpallui CUTHala pa3HbIMM Inpubopamu. OJHAKO KOAOIPaMMBbI, IOJIy4YaeMble B
pe3yJbTare ero JUCKpeTH3aly, 001aJatoT HAMHOTO 00Jiee YCTOMYUBBIMH CTAaTUCTUYECKUMHU
XapaKTepUCTUKAMU U TO3BOJIIIOT TOBOPUTH O BOCIPOU3BOIUMOCTH HAOIIIOICHUM.

TecTbl OTHOPOIHOCTH MpEASIaraeTcs IPUMEHSTh JUISl TOBBIILIEHUS Ka4eCTBa BXOIHOTO
curHaja myTéM OOHapy)XeHUS YYacTKOB HEOJHOPOJHOCTH U YBEIMYEHUS BpPEMEHHU
pEerucTpaluy CUrHaja; Juisi OOHapy>KeHUs 3HAUMMbBIX M3MEHEHUN COCTOSIHHS 00CIeayemMoro
OpyU  JUITEIIBHOM KapJIMOMOHHUTOPUHTE; [UIS TPOBEPKH TNPUOOPOB HAa COOTBETCTBHE
TpeOOBaHUIM HH(POPMAITMOHHOTO aHATN3a AIEKTPOKAPIUOCUTHAIIOB.

DKcIepUMEHTHI 110 OJJHOBpeMeHHoH peructpanunu JKI'-curnanos asyms npudopamu,
Ckpunpaxc u CardioQVARK (www.cardioqvark.ru), mokasanu, 4To JaHHBIE ABYX NpUOOpPOB
OJTHOPOAHBI U MOTYT O0BETUHATHCA ITPU (POPMUPOBAHUU O0YUAIOIIHUX BEIOOPOK.

DKCIIEpUMEHTHI C TIOBTOPHBIMH OOCIIEIOBAaHUSIMU y ONHUX M TEX K€ HCIBITYEMBIX C
MHTEpBAJIOM He OoJiee yaca mokas3ajii BOCIpor3BoAUMOocTh B 90% cirydaes.
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3. Parlitz U., Berg S., Luther S., Schirdewan A., Kurths J., Wessel N. Classifying
cardiac biosignals using ordinal pattern statistics and symbolic dynamics // Computers in
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STATISTICAL TESTS OF HOMOGENEITY AND REPRODUCIBILITY OF
ELECTROCARDIOSIGNALS
Uspenskiy V.M., Vorontsov K.V??, Zharikov I.N.2, Bunakova V.R2, Ishkina Sh.Kh.?
!Central Clinical Military Hospital n.a. P.V.Mandryka of the Ministry of Defence of the
Russian Federation, Moscow
2 Moscow Institute of Physics and Technology (state university), Dolgoprudniy
3 Computing Centre of FRC CSC RAS, Moscow
medddik@mm.st

The analysis of heart rate variability (HRV) is widely used to evaluate the state of the
human body by a sequence of time intervals between adjacent R-peaks of the
electrocardiogram. The information analysis of ECG-signals expands the HRV analysis in two
directions [1]. Firstly, it uses both RR-intervals and amplitudes of R-peaks. Secondly, it
converts the sequence of RR-intervals and R-amplitudes increments into a symbolic string
named a codogram, usually in the six-letter alphabet. Then, the codogram is converted into a
vector of trigram frequencies. The dimension of this vector is 6>=216. The vector
representation of codograms for healthy people and patients with different pathologies form a
training set to teach a classifier [2]. This approach is used in Skrinfaks screening diagnostics
system [1]. A similar approach based on symbolic dynamics is used in [3].

In this paper, we propose statistical tests for testing the homogeneity of codograms
based on Z-test, G-test and Fisher’s exact test. As a rule, the interval-amplitude sequences do
not pass homogeneity tests for signals recorded repeatedly for a person as well as for signals
recorded by means of different devices. We show that the codograms obtained by
discretization are much more stable and reproducible than the initial sequences themselves.

We propose three applications of our homogeneity tests. The first one is the
improvement of the quality of the raw ECG-signal by detecting the intervals of heterogeneity
and increasing the recording time. The second application is the detection of significant
changes in the state of the human body during a long-term cardiac monitoring. The third
application is a checking of new devices for compliance with the technology of the
information analysis of ECG-signals.

Experiments on the simultaneous recording of the ECG signals by two devices,
Scrinfax and CardioQVARK (www.cardiogvark.ru), show that the codograms from these
devices are homogenous and can be combined in the training set. Experiments with repeated
recording of a signal within an hour for the same person showed reproducibility in 90% of
cases.
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HEWHBA3UBHOE UBMEPEHUE YPOBHSA XOJIECTEPUHA METOJ10OM
IJIEKTPUYECKOI'O UMIIEHIAHCA
Canopap Xan', Exatepuna Apectopuy’
I City, University of London
2 Imperial College Healthcare NHS Trust
s.h.khan@city.ac.uk

Xonecrepun (Cz27H460), «camass u3BecTHas Majas MoJIeKysla B  OHOJOTHMY,
IpEJCTaBIsIeT CcOOOW JIMIMUIHBIA BOCKOOOpA3HbI CHHUPT, KOTOPBIM TpaHCIOPTUPYETCS
IU1a3MO KPOBH BCEX KMBOTHBIX. HECMOTps Ha TO, YTO OH BBIOJHSET PAJ BaKHBIX (PyHKIUI
B OpraHU3Me, HAKOIJICHUE XOJIECTEepHHA B KPOBH CUMTAETCS 3HAUYUTEIIbHBIM (PaKTOPOM pUCKa
MOSBICHUST ~ CEPJEYHO-COCYIUCTBHIX  3aboneBanuil.  Takum  oOpa3oMm,  y4yuThIBas
00€CIIOKOCHHOCTh  OOLIECTBEHHOCTH BOINPOCAMHU  3[IPaBOOXPAHEHHs, OTHOCALIUMUCS K
CepICYHO-COCYUCTBIM U JpyrMM 3a00JieBaHMSIM, pacTeT HeO0OXOAMMOCTb B IIPOCTOM,
HEUHBA3UBHOM, HAJEKHOM M 3()PPEKTUBHOM METOJE W3MEpPEHHUs YPOBHsS XOJEeCTepUHA B
KpPOBH.

Bce coBpemeHHbIE METOIBI M3MEPEHUsI XOJjecTepuHa B KpoBH [1] TpeOyroT Hanuuus
o0pasia KpoBH, MOJTYYEHHOTO U3 OpraHW3Ma MHBa3UBHBIM myTeM. Cama mpoueaypa HeceT C
co0o¥i prck 00pa3oBaHMs CUHSKOB, 3apayKEHUS W/WJIM TeMaTOMBI. TeM He MeHee, CYIIECTBYIOT
HEKOTOpbIe KOCBEHHbIE METO/IbI, IPH UCIOJIb30BAHUN KOTOPHIX YPOBEHB OOILEro X0JeCTeprHa
MOXXET OBITh OIICHEH C TOMOIIBI0 HW3MEPEHUN OHOIJIECKTPUUYECKOTO HMMIICHIAHCA,
IIPOM3BENECHHBIX B JIPYTMX MeCTax Teja. Tak Kak Takue METOIbl SIBJSAIOTCSA HENPSAMBIMH U
OCHOBBIBAIOTCSI HAa BBIBEJICHUM YPOBHS XOJIECTEPUHA M3 CTaTHUCTUYECKUX JIaHHBIX,
IIOJIyYE€HHBIX IIPY MHOTOKPATHBIX UMIIEHIAHCHBIX U3MEPEHUAX APYTHX TKaHEH, a HE KPOBH,
OHU CJIOXHBI, TpeOyIOT MHOIO BpPEMEHHM M 3a4acTyl0 He O00JIaJaloT TOYHOCTBIO U
BOCIIPOU3BOJMMOCTBIO.

IToaTomy cpencTBO U3MEPEHNH, OCHOBAHHOE HAa METOJI€ HEMHBA3UBHOI'O MMIIEHIaHCA
JUTSI IPSIMBIX M3MEPEHHM, MOKHO CUUTATh «CBATHIM [ paanem» B 001acTu U3MEpEHUs! YPOBHS
XoJlecTepuHa B KpoBU. B 3ToM gdokiane KpaTtko oOcyxmaercss paboTa, NMpoOBEICHHAs B
JIOHIOHCKOM TOPOJCKOM YHHMBEpPCUTETE, IO pa3pabOTKe TEOpPEeTHYEeCKOH OCHOBBI U
YCTAaHOBJIEHUIO BO3MOXHOCTU CO3JaHUsl HOBOIO HEHMHBA3WBHOTO WHCTPYMEHTa  JUIS
U3MEpeHUsT OOIIero CcoJep)KaHus XOJIECTEPUHA B KPOBU IO METONY AJIEKTPUYECKOTO
UMIEHAaHca. B ocHoOBe nexar, B NEpPBYIO OYEpe/lb, U3MEHEHUs Pe3yJbTaTOB HMMIIEIAHCHBIX
M3MEpEeHUi B 33JaHHOM 00beMe KPOBHU U3-32 M3MEHEHUH KOHIEHTPAllUU YacTull (Hampumep,
XOJIECTepUHa, pa3IM4YHBIX KJIETOK KpoBHM W T. 1.). PabGora Bkirouaer B cebst 2D u 3D
MojierpoBaHue KoHeuHbIX 25ieMeHToB (FE) u pacueT pacnpenenenus 3neKTpuyecKkoro mnosis B
o0beMe KpOBH C Yy4ETOM paclpe/esieHus, OpUeHTAlllH, CBOMCTB Marepuana U TeOMEeTpHH
HEKOTOPBIX OCHOBHBIX KOMIIOHEHTOB KpoBU. [IpoaenanHas Ha ceroJHsAIIHUMN JeHb paboTa 1o
MOJICIMPOBAHHUIO Jajla HEKOTOpble OOHAJEKHMBAIOIIME PE3YJIbTAaThl AJS OOILIEro CoJep KaHus
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X0JIeCTeprHa B KPOBU Ha YPOBHAX 3, 5 1 7 MMOb/1 [2].

Cnucok mrepartypsl
1. Bairaktari E. T., Seferiadis K. I. and Elisaf M. S., Journal of Cardiovascular
Pharmacology and Therapeutics, 2005, vol. 10, no. 1, pp. 45-54.
2. Aristovich E. and Khan S., Journal of Physics: Conference Series, 2013, vol.
450, p. 012057 (6p).

NON-INVASIVE MEASUREMENT OF CHOLESTEROL BY ELECTRICAL
IMPEDANCE TECHNIQUE
Sanowar Khan', Ekaterina Aristovich?
I City, University of London, London, UK
2 Imperial College Healthcare NHS Trust, London, UK
s.h.khan@city.ac.uk

Cholesterol (C27H460), ‘the most highly decorated small molecule in biology’ is a lipid
like, waxy alcohol which is transported in the blood plasma of all animals. Although it fulfils
a number of essential bodily functions, the accumulation and concentration of cholesterol in
the blood is considered to be a significant risk factor for cardiovascular diseases. Thus, given
concerns over public health associated with cardiovascular and other related diseases, an easy,
non-invasive, reliable and effective method for measuring the cholesterol level in blood is of
increasing importance.

All current methods for measurement of blood cholesterol [1] require a sample of the
blood obtained from the body by an invasive procedure. The procedure may carry a risk of
bruise, infection and/or hematoma. There are, however, some indirect methods by which the
level of total cholesterol can be estimated using bioelectrical impedance measurements carried
out elsewhere in the body. As these methods are indirect and based on inference of cholesterol
level from statistical data obtained by multiple impedance measurements of substances other
than blood, they are complicated, time consuming and often lack accuracy and reproducibility.

Thus an instrument based on non-invasive impedance technique for direct measuremt
could be considered as a ‘holy grail’ for blood cholesterol measurement. This paper briefly
discusses the work done so far at City University of London to develop the theoretical basis
and establish the feasibility of a novel instrument for non-invasive measurement of total blood
cholesterol based on electrical impedance technique. This is primarily based on changes in the
impedance measurements across a given blood volume due to changes in the particle
concentration (e.g. cholesterol, various blood cells, etc.). The work involves 2D/3D finite
element (FE) modelling and computation of electric field distribution in the blood volume by
taking into account distribution, orientation, material properties and geomentry of some of the
main blood components. The modelling work done so far has shown some encouraging
results for total blood cholesterol levels at 3, 5, and 7 mmol/l [2].
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SJJEKTPOHHBIA HOC — MEUTA WJIA PEAJIBHOCTbH?
Pemb6e3a C.11.!, Komenesa H.H.!, Pem6e3a E.C.%, CBucrosa T.B.,
'®rBOY BO Boponeaicckuii 2ocyoapcmeennblii mexnuueckuii yHugepcumen,
2. Boponeorc
2PIr’BEOY BO Boponeacckuii 2ocyoapemeennulii yuugepcumenm, 2. Boponeoic
rembeza@yandex.ru

B nokmame paccMoTpeHa 11enecOoOOpa3sHOCTh M aHAJM3UPYIOTCS BO3MOXKHOCTHU
CO3/1aHHsl MCKYCCTBEHHOI'O OpraHa OOOHsSIHHMS — OieKTpoHHOro Hoca, KOTOpbII MOXKET co
BPEMEHEM 3aMEHHUTh HCIIOJIb30BAHME JKUBOTHBIX B cdepe paclo3HaBaHUs 3alaxoB
HapKOTHKOB, B3PBIBUATHIX BEIIECTB M JIPYTUX 00BEKTOB. PaccMoTpeHa BO3MOXKHAsI CTPYKTypa
npubopa W peambHOCTh M3TOTOBICHUS BCEX €ro KoMmmoHeHToB. I[lo aHamorum c
OMOJIOTMYECKUM  MPOTOTUIOM,  OnekTpoHHbIH  Hoc JNOJDKEH ~ HUMETh Habop
ra304yBCTBUTEIBHBIX «PEIENTOPOB» (CEHCOPOB Ta3oB), «HEUPOHHYIO» CHUCTEMY MEPBHYHOMN
00pabOTKH CUTHAJIOB U 00JIee CIOKHYIO CXEMY PacllO3HaBaHUs «00Pa30B» Ta30BBIX CMECEH,
(bopMUPYIOLIUX ONPEICTICHHbIE 3aaXH.

Onucanbl OCHOBHBIE METOJbl PACIIO3HABAHUS M KOHTPOJS PA3JIUYHBIX Ta30B,
O0as3upyromiMecss Ha HMX XapakTepHbIX (PU3UKO-XMMHUYECKMX CBOMcTBax. Hampuwmep,
TEMIIEpaTypbl KaTAIUTHUUYECKOTO TOPEHHUS pa3HbIX ra30B OTJIMYAIOTCS, U HX HU3MEpPEHHE
UCIOJIb3YETCsl JUIsl paclo3HaBaHMsI TaKUX TOPIOYMX Ta30B, KaK BOJOPOJ, METaH M Jpyrue
yriaeBogopoabl. KatamuTudeckue CEHCOpbl TOprOYMX ra3oB (MEIIMCTOPbI) OCHOBAaHBI Ha
U3MEpPEHUH TEeMIEepaTypbl TOPEHMsI ra3a Ha MOBEPXHOCTH KaTajau3aTopa. boJbIIMHCTBO
JAaTYMKOB METaHa B IIAaXTaX HCHONB3YeT KaTaduTH4ecKue ceHcopbl. Hawuboiee
YHUBEPCATbHBIMHU SIBJISIFOTCSA CEHCOPBI ra3os, HCIIOJIb3YIOIINE U3MEHEHHE
AIIEKTPOIPOBOIHOCTH METAINIOOKCHIHBIX TOTYIPOBOHUKOB MIPH MOBEPXHOCTHOM a/ICOpOIIIN
ra3oB U UX B3aUMOJIEUCTBUU C MOHAMU Kuciaopoaa. Meramtookcuiabie qatuuku cepun TGS
JUTSL pa3HBIX Ta30B BBIMyCKatoTcsa simoHckoi ¢upmoi FigaroLtd. Ommcan mpuHOun paGoThl
ANEKTPOXUMUUYECKHX CEHCOPOB (TOIUIMBHBIX SIYEEK) U OCOOEHHOCTH WX MPUMEHEHHUS IS
KOHTPOJII TOKCHYHBIX M B3PbIBOONACHBIX Ta30B. BaxxHoe MecTO B Ta30BOl CEHCOpPUKE
3aHUMAIOT ONTHYECKHE METO/Ibl, OCHOBaHHbIE Ha AP (heKTax pe30HAHCHOTO MOTJIOLIEHUS CBETa
aTOMHBIMH KOJICOaHUSMU MOJIEKYJ Ta30B.

[Iporotunom OnexkTpoHHOoro Hoca MOXHO cUMTaTh aHAJIM3aTOPbI COCTaBa JBIMOBBIX
ra3oB, KOTOpbIE cojep>KaT HAabOp ra3oBbIX CEHCOPOB U 3JEKTPOHHYIO CUCTEMY 00pabOTKH
pe3yJIbTaTOB M3MEPEHUN JUIsl ONpEENICHUsT PEKUMOB TOPEHUSI U CTENEHU 3arpsi3HEeHus
OKpykawmie cpensl. Hampumep, B aHanmu3atope ABIMOBBIX ra3oB Testo HCIONb3YHOTCA
AIIEKTpOXUMHUYEcKue ceHcophl razoB 02, CO, NO, NO2, H2Su SO2. YcrpoiicTBa ¢ 601bIINM
KOJIMYECTBOM Pa3IMUHbIX ceHCOPOB (20 u GoJiee) U CII0KHON CHCTEMOM 00paOOTKHA CUTHAJIOB
UCIIONB3YIOTCS ISl ONpEAENIeHHs] KauecTBa MUILEBBIX MPOAYKTOB MO WX 3amaxy (BapuaHT
Onexktponnoro Hoca). [lns mepBuyHON 00paOOTKM TOKa3aHWl CEHCOPOB HCIOJIB3YIOTCS
CTaTUCTUYECKUE METObI: KOPPENSIIMOHHBIN aHaIi3 U 00padoTKa MyIbTHCEHCOPHOTO CUTHAIA
METOI0M JTMHEHHO-TUCKPUMHUHAIIMOHHOTO aHaIN3a, a Tak)Ke 00ydeHne HEHTPOHHBIX CETEH ¢
MOMOILbIO CTAaHJAPTHBIX MPOTPaMM. 3aTe€M IMOJYYEHHBIE PE3yJNbTaTbl CPAaBHUBAIOTCA C
XpaHALIUMCS. B MaMATH YCTpOMCTBa «0o0pa3om» 3amaxa MUIIeBOro mpoaykta. IIpuMenenue
OnextponHoro Hoca ObicTpee u fenieBiie OOBIYHOTO XUMHUYECKOTO aHAIHM3a MPOTyKTOB.

DNeKTpOoHHBIM HocC mpomomkaeT COBEpPIIEHCTBOBATHCS M, XOTA OH €Il HE COJIECPKUT
JNECITKA MUJUTMOHOB pELENTOPOB, KakK €ro OHOJOTHYECKHH MPOTOTHUII, MOXHO C
YBEPEHHOCTBIO CUUTATh, YTO OH MOXKET pa3auvaTh KOMIOHEHTHI 3allaxoB, HE TOCTYITHBIC
OOOHSIHHIO JKUBBIX CYIIIECTB.
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ELECTRONIC NOSE - DREAM OR REALITY?
Rembeza S.I.!', Kosheleve N.N.!, Rembeza E.S.2, Svistova T.V!
"' Voronezh State Technical University, Voronezh
2 Voronezh State University, Voronezh
rembeza@yandex.ru

The report is dedicated to experience and possibility analysis of creating an artificial
organ of smell — Electronic Nose, which can later replace animals used for smell control of
drags, explosive materials, etc. The possible device structure as well as possibility of
production of all of its components are observed. By analogy with biological prototype the
Electronic Nose must have the collection of gas sensing “receptors” (gas sensors), ‘“neuronic”
system of primary signal adaptation and more complicated system of recognition of gas
mixture “patterns” which form particular smells.

Main methods of recognition and control of different gases based on their typical
physical and chemical properties are described. For instance, the difference in catalytic
burning temperatures of various gases can be used to recognise a burning or explosive gas,
such as hydrogen, methane and other hydrocarbons. The work of catalytic sensors of burning
gases (pellistors) is based on the measurements of burning temperature on the catalyst surface.
Methane sensors in mines are made with catalytic gas sensors. The most universal ones are
semiconducting metal-oxide ion adsorption electroresistivity change gas sensors. Metal-oxide
sensors TGS for different gases detection are produced by Japanese firm Figaro Ltd. The
working principles of electrochemical gas sensors (fuel cells) and details of their application
for control of toxic and explosive gases are described. Specific place in gas sensoric belongs
to optical methods based on effects of resonance light absorption by atom vibration of gas
molecules.

The Electronic Nose’s prototype can be analyzers of smoke gas compositions that have
gas sensors array and electronic system for adaptation of the results of measurements for
determination of burning conditions and environment pollution. For instance, smoke gas
composition analyzer Testo uses the electrochemical gas sensors for 02, CO, NO, NO2, H2S
and SO2 detection. Devices consist of many different gas sensors (20 and more) and a
complicated system for signal analysis is used for quality control of food by the smell (some
version of Electronic Nose). For the initial sensor signal analysis statistical methods are used:
correlative analysis and line-discrimination analysis, as well as training of neuronic nets with
the help of standard programmers. The results are compared with smell “pattern” of the food
in the memory of device. The application of Electronic Nose is cheaper and faster then
standard chemical method of food quality analysis.

Electronic Nose continues to improve its efficiency and even though it does not have
tens millions of receptors yet, like the biological prototype does, it is evident that Electronic
Nose can differentiate the smell components that are not accessible for animals noses.
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Hcnonb3oBaHre OeCrO3BOHOYHBIX JKUBOTHBIX B HM3MEPUTEIBHON CHCTEME B KauecTBE
JAaTYNKOB TO3BOJIAET 110 MX KapJAMOAaKTUBHOCTHM WM IOBEACHHUIO OCYIIECTBIATH
HEenpepbIBHBIN 3(PEKTUBHBIIT MOHUTOPUHT 00IIeH TOKCUYHOCTH ChIPOIl BOJIbI, TOCTYHAIOIIEH
Ha BOJONPOBOJHYIO CTaHIMIO, U ONEPaTUBHO OOHAPYXHUBaTh OIACHBIE «3aJIIOBBIE»
3arpsisHeHust BojAbl. B paspabGorannoit 8 HULIDb PAH (r. C-IletepOypr) 6-8 kaHayibHOM
ounosnextporHoit cucreme (B2C) buoApryc B KayecTBe JATUYUKOB HCIOJIB3YIOTCS PEUYHBIC
paku, a B KaueCTBEe KOHTPOJIUPYEMOIl BETMUNHBI — YyacToTa cepaeyHbIx cokparenuii (HCC).
Kputepuii 3HayMMOro M3MEHEHHs] KauecTBa BOJbl - CHHXPOHHBbIE U OJHOHAIPABJICHHbIE
n3MeHeHns YCC ¢ BBIXOJI0M 3a Ipezesbl GIIyKTyalui, XapakTepHBIX JUIs KaKIO0ro U3 PaKkoB B
yClIoBUSIX MOKosA. M3mepuTenbHas cucTeMa BKJIIOYAET JIa3€pHbIE BOJOKOHHO-ONTHYECKUE
kaHanbl npeobOpasoBanuss UCC B 3/eKTpUUECKUI CUTHAN, OOeCleYMBaIONUe HEMHBA3UBHBIN
cheM HH(POPMAINH, U YCTPOUCTBO 0OPaOOTKH TaHHBIX.

I'maBHbIMM TpoOsieMaMu B 00jgacTu oOecreyeHHs JOCTOBEPHOCTH pe3yJIbTaTOB
u3Mmepenuil B Takoir BOC sBnstoTes:

- ommmune YCC u ee craOMIBHOCTH B YCJIOBUSAX IIOKOS, a TaKXke Iopora
YYBCTBUTEIBHOCTU K OCTpPOM TOKcHYHOCTU Bojabl U 3HadeHuss YCC B ycioBusIX cTpecca y
Pa3INYHBIX IK3EMIUIIPOB PakoB Ha MOMEHT cOopku BOC.

- OTKJIOHEHHE 3a Jomyckaemble Impenaenbl mnorpeumrHoctyu omnpexaeneHus YCC B
OTJIENbHBIX KaHalIaxX B Npouecce 3kcruryaTanuu bOC.

YMeHbIIeHne pa3dpoca XapakTEPUCTHK «JATYMKOB», yCTaHaBiIHBaeMbix B bBOC,
o0ecrieynBaeTcss 3a CUeT HpeJBapuTesbHOro oTbopa pakoB mno 3HaueHuwsmM UYCC c¢
MCII0JIb30BAaHUEM TECTOBBIX UMUTATOPOB 3arpsi3HEHUS.

[ToBpIIEHNE NOCTOBEPHOCTH H3MeEpseMbIX bOC XapaKTEepUCTHK OCYILECTBISETCS C
MIOMOUIbI0 TEPUOJUYECKOTO KOHTPOJII METPOJOTMYECKOW  «HMCIPAaBHOCTH» PaKOB M
OpraHu3aIii METPOJIOTUYECKOTO CAMOKOHTPOJIE COOCTBEHHO U3MEPUTEIHHON CUCTEMBI.

OCHOBHOH NPUYMHON BO3HUKHOBEHHS IOTPEIIHOCTH H3MEPUTEIBHOW CUCTEMBI B
onpenenenun YCC B mpomecce skcruryataiun bOC  sgBIsieTcss CpaBHUTEIBHO HHU3KOE
OTHOILIIEHHE YpOBHS u3Mepsiemoro curHaia k mymy (C/LL). Mctounukom myma Ha 90-95%
SBJIIETCS TPOCTPAHCTBEHHAs] HEOJHOPOJHOCTbh H3ITYUYEHHS, BBIXOMSILIEr0 M3 ONTHYECKOTO
30HJAa U pacceMBAacMOro Ha IaHLUPE pakKa, a TaKXKE HW3MEHEHHE ITOM HEOJHOPOIHOCTH BO
Bpemenu. OtHomenue C/III moxeT u3MeHsATbCs B 2-3 pa3a 3a CUET BapHallM U3JIy4YeHUS B
pasHBIX KaHajmax. MeToaoM MOJEIMpOBaHUS YCTAaHOBJIEHO, YTO 0 MEpPE YMEHBIICHHUH
cootHoueHus: C/I1I cHayana pacTeT MOrpeIHOCTh B ONPEIEICHUH MEXYTapHbIX UHTEPBAJIOB
CEp/ICYHBIX COKpAllleHHH U TOJBKO MOTOM — morpemHocTh oueHkn YCC. [Inga oGecneuenus
MeTposioruueckoro camokoHTposst BOC ucnonb3yercsi KOHTPOIb CTaOMIBHOCTH CPEIHEro
KBaJIpaTUYHOTO OTKJIOHEHUS MJIs DACIpENENCHUs] 3HAUYEHUH MEXKYAapHbIX HHTEPBAJIOB
KaXKI0r0 U3 JaTYUKOB — PEYHBIX PAKOB.
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THE METROLOGICAL SELF-MONITORING BIO ELECTRONIC SYSTEM

FOR THE DIAGNOSIS OF ACUTE WATER TOXICITY

Lyubimtsev V. Al, S. V. Kholodkevich' 2, Druzhinin LI. 3
ISaint-Petersburg Scientific Research Centre for Ecological Safety Russian Academy of

Sciences, 197110, Russia, St. Petersburg, Corpusnaia str., 18
2Saint-Petersburg State University, Russia, 199034, St. Petersburg, Universitetskaya nab., 7-9
3D.1. Mendeleev Institute for Metrology, Russia, 190005, Saint-Petersburg, Moskovsky pr., 19

lyubimcev55@mail.ru

Use of invertebrates as sensors of a measurement system allows to implement
effective continuous monitoring of total toxicity of raw water entering a water treatment plant,
and quickly detect threatening massive discharges of water pollution by a change in their
cardiac activity or behavior. In the 6-8 channel bioelectronic system (BES) “Bioargus” by
SRCES RAS (St. Petersburg), crayfish are used as sensors, and their heart rate (HR) as the
controlled variable. The sign of a significant change in water quality is the synchronous and
unidirectional change of crayfish heart rate beyond the fluctuation range for each of the
crayfish at rest. The measuring system includes a laser fiber-optic heart rate/electrical signal
converter, providing for a non-invasive data readout, and a processing device.

The main problems in the field of assurance of measurement reliability in such a BES
are:

- Variation of HR and its stability at rest for each crayfish; different sensitivity
threshold for acute toxicity of water, and different values of heart rate under stress.

- Measurements error above the permitted limits in some individual channels during
the continuous operation of the BES.

Reduction in variability of the characteristics of the "sensors” is realized by pre-
selection of crayfish by values of the HR at rest and HR when the test toxicant simulators are
used.

The reliability of the measured characteristics of the BES is improved by means of
periodic crayfish "health" control and the metrological self-control of the actual measuring
system.

The main cause of the error of a measuring system in reading the HR during the
operation of the BES is a relatively low signal-to-noise (S/N) ratio. 90-95% of the noise value
1s induced by the spatial heterogeneity of the radiation emerging from the optical probe and
being dissipated on the crayfish shell, as well as changing of this heterogeneity in time. The
S/N ratio can demonstrate 2-3-fold variation due to the variation of laser radiation in different
channels. Mechanical modeling of S/N ratio lead to conclusion, that a decrease in S/N ratio,
first, leads to the error increase for the intervals of heartbeats, and only after that the error in
HR starts to increase as well.

The stability control of the standard deviation for the heartbeats interval values
distribution of each of the crayfish-sensors is used to ensure the metrological self-control of
the BES.

IMPOBJIEMA U3MEPEHUS CJIOKHBIX ICUXOJIOTMYECKHUX ABJIEHAN
Kocrpomuna C.H.
Canxm-Ilemepoypeckuii 20cyoapcmeeH bl YHUBepCcUumem
s.kostromina@spbu.ru

O,Z[Ha U3 KIIOYEBBIX METOJOJOTMYECKUX 3aJad MCHXOJOTHYECKOM HayKHu —
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O00BEKTHBH3AIHS N3YIaeMbIX IICUXOJIOTUIECKUX SBIICHHA. PerreHue 3Toi 3a1a4i BO MHOTOM

orpeneNnseT BEKTOp NPUHAAJIECKHOCTH ICUXOJIOTUM K T'YMaHUTApHOMY MM €CTECTBEHHO-

HayYHOMY 3HaHUIO. [loleMiKa BOKPYT HCIIOJIb3YEMBIX B TICHXOJIOTHH METOJIOB UCCIIETOBAHHS
HE cTUXaja Ha MpOTsHKEHMH Bcero XX BeKa, YTO ONpelenwio (GpOopMHUPOBAaHUE ABYX
MaruCTpaJbHBIX — HANpaBJIEHUH: TICHXOMETPUYECKOTO H  HAEOrpaguueckoro ¢  HX
JIOCTOMHCTBAMHM M OTPAHUYECHUSMHU. B OCHOBY M0Ka3aTeIbHOCTH CYLIECTBOBAHMS TEX WIH
MHBIX TICHXOJIOTUYECKHX 3aKOHOMEPHOCTEH OBUIM TIOJIOKEHBI METOJBI MaTeMaTHYECKOU
cratuctuku (STATISTIKA, SPSS, mnaker mnporpamm R), kommbiorepHas o0paOoTka
MOJyYaeMbIX JIaHHBIX, CIIO)KHBIE MHOTOMEpPHBIE METOJBI CTATHCTUYECKOTO aHalu3a:
perpeccusi, (GakTOPHBIH M JUCKPUMUHAHTBI aHaNIMU3, MOJEIMPOBAHUE CTPYKTYpHBIMHU
YpaBHEHHSIMU.

Pa3zButne ncuxou3MONOTHYECKUX U HEHPOPHU3MOIOTMUECKUX METOAOB H3YUYEHHS
HEPBHOM CHCTEMbl M MO3ra 4YeJoBE€Ka BO MHOTOM CIIOCOOCTBOBAJIO YCUJIEHHMIO POJIHU
OMOJIOTM3aTOPCKOTO TOX0JIa U €CTECTBEHHO-HAYYHOT'O HAIPABICHHS B ICHUXOJIOTMYECKHX
uccienoBanusx. Ilpu 3ToM Bompoc o0 JHMHEWHOCTH MPOSBICHUM (QYHKIIMOHATIHHOU
aKTUBHOCTH MO3Ta M TICHXMYECKOW AaKTHBHOCTH 4YEJIOBEKa OCTAJCS OTKPHITBIM.  OmbIT
NPOIIEAINX JECATUICTUH, CONPOBOXKIAABLIMICS H3YYEHUEM CIIOXKHBIX HCHXOJOTHYECKUX
(EHOMEHOB C UCIOJB30BAHUEM HEHPO(PUZNOIOTHICCKAX METOIOB WM Te€HETHYECKHX
METOAOB (HAapUMep, TaKMX Kak MW3Y4YCHHE OIpPENeIeHHbIX YYyBCTB — MaTPUOTHU3MA,
OSMOTHUBHOCTH WJIM KA4eCTB JIMYHOCTH — JOOPOTHI, arpeccuu W Jp.), MOKa3all YCIOBHOCTh
OpsSAMOM MHTEpPIpEeTallil U HEBO3MOXXHOCTh TPAHCIIAPEHTHOIO0 MEPEeHOCca MOJy4YaeMbIX
JTAHHBIX Ha (DEHOMEHOJIOTHIO TICHXOJIOTHYECKUX SBICHUH.

ChoXHbIE TCUXOJIOTUYECKUE SIBJICHMS, KOTOpPbIE CEroJHsS HaxXOAATCS B LEHTpE
BHUMAaHHUS: CO3HAHUE, TNIHOCTD, IICUXO0JIOTHYECKOE BpEMS, IPHUHSTHE PEIICHUS, IICUXOJIOTUS
BbIOOpA, KU3HEHHbIE CLICHAPUH U T.JI. MHOTOTPAHHBI B CBOUX MPOSBICHUSAX U HE MOTYT OBITh
“U3MepeHbl”’ C OMOIIBI0 OIIPOCHUKA WM amnaparypbl. bosbIias yacTh U3 HUX OTHOCUTCS K
30HE HEOINpENEeNeHHOro M HeTroyHoro. Kaxaplii 3HaeT, 4To CO3HaHHE €CThb, HO TPYIHO
OTIPENeNIUTh, YTO 3TO TAKOE, ONEPAlMOHAIU3UPOBATh, BBIICIUTh WHAMKATOPHI U IMapaMeTphI
JUIs perucTpaiuuu u u3Mepenus. llepeceueHune XapakTepUCTHK, KOTOpBIE JIeXaT JHIIb B
TUIOCKOCTH KAYeCTBCHHBIX OIMUCAHUN CIIO)KHOTO TICHXOJOTMYECKOTO SBJICHUS C TEMH,
KOTOpBbIE, KaK KaXKeTCs, MOXKHO 0OBbEKTUBHO 3a(UKCUPOBATH M KOJMYECTBEHHO MPEJICTABUTD, a
TaKXe JBOHCTBEHHOCTh HMX IPOUCXOXKICHHS, B CBS3H C YeM TPYIHO OIPEIESIUTh “‘BKIAX’
OMOJIOTMYECKUX W  COLMANbHBIX  (DAKTOpOB, CO3JAIOT HEOOXOJUMOCTh pa3pabOTKU
MHOTOMEpPHOT0 JM3aiiHa ICUXOJOTMYecKOoro wuccienoBanus. OTCYyTCTBHE METOJI0JIOTUU
NPOBEIEHUS TAKUX HCCIEJA0BAaHUM MPUBOJAAT K CIHOHTAHHOCTH COYETAHUS pa3HBbIX CPEJCTB
U3MEPEeHUsT M OLIEHKH, K HECOOTBETCTBHUIO H3Y4YaeMOIO COJEP)KAHHUS TCUXOJIOTHYECKUX
SBIICHWI W WCIONB3YEMBIX TIPOIEAYp W3MEpPEHHs, B pE3yJNbTaTe Yero pOXIArOTCS
HEOOOCHOBAaHHBIE UHTEPIPETALUN U BHIBOJIBL. J{OTIOIHUTENEHON TPYAHOCTBIO SBJSETCS yUeT
OBICTPO MEHSIOUINXCSl YCIOBHA, B KOTOPBIX >KHBET COBPEMEHHBIH YEJOBEK, M TOJBHKHOCTDH
caMOil TCHXMYeCKOM cTpykTypel. Kak cieacTBue, HCCleIOBaTeNd CTOJKHYJIUCh C
TPYAHOCTSIMH PETUTHIIMPOBAHUS H3YYaeMbIX TICHXOJIOTMUECKUX SBJICHUN Ha HOBBIX BEIOOPKAX
U BPEMEHHBIX HHTEpBaJIax.

Takum 00pa3oM, CEroJHsS MOXXHO KOHCTaTHPOBATh, YTO HECMOTPS HA JIOCTHKCHUS B
NPUMEHEHUH HOBBIX METOJIOB CTATUCTHKH B TICUXOJOTMM ‘‘30HOM ONMKaWIIero pa3BUTHS
TICUXOMETPHHU SIBIISIETCS  pa3pabOTKa METOJOJIOTHH KOMITJIEKCHOTO M3MEPEHHUS M OICHKH
CIIO’KHBIX TICUXOJIOTHUECKUX SBJICHWH, YCTaHABIMBAIOLICH JOKa3aTelbHble MPUHLUIBI U
NpaBWiIa COYETAaHHWS KAYECTBEHHBIX W  KOJHMYECTBEHHBIX METOJIOB  HCCIICIOBAHMUS,
MICUXOJIOTHYECKUX, COLMOJIOTHUECKUX U HEUPO-TICUXO(PHU3HOIOTHYECKHX METOJIOB, A TAKXKE HX
B3aUMOCBSI3aHHOW MaTeMaTHKO-CTaTHCTHIECKON 00pabOTKH.
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THE PROBLEM OF MEASURING COMPLEX PSYCHOLOGICAL PHENOMENON
Kostromina S.N.!
! Saint-Petersburg State University
s.kostromina@spbu.ru

One of the key methodological problems of psychology is objectivization of the
studied psychological phenomena. The solution of this problem essentially determines the
attribution of psychology to Humanities, or Natural Sciences. The controversy about research
methods used in psychology was heated throughout the XX century which determined the
formation of two main areas: psychometric and ideographic with their merits and limitations.
The evidence of certain psychological patterns was based on the methods of mathematical
statistics (STATISTIKA, SPSS, R software package), computer processing of obtained data,
complex multivariate methods of statistical analysis: regression, factor and discriminantial
analysis, structural equation modelling.

The development of psychophysiological and neurophysiological methods studying
the nervous system and human brain investigation mainly contributed to the strengthening of
biological approach and scientific directions in psychological research. The question of
linearity of the functional brain and mental activity remains open. The experience of the past
decades accompanied by the study of complex psychological phenomena using
neurophysiological or genetic methods (e.g., the study of patriotism, or emotive qualities —
kindness, aggression, etc.) showed the limitations of direct interpretation and the impossibility
of transparent transfer of the received data on psychological phenomena.

Complex psychological phenomena widely studied today (consciousness, personality,
psychological time, decision-making, psychology of choice, life scenarios, etc.) are
comprehensive in their manifestations and cannot be “measured” using a questionnaire or
devices. Most of them can hardly be defined. Everyone knows that consciousness exists but it
is difficult to determine and operationalize it, to highlight the indicators and parameters for
measuring. The need of development of multidimensional design of psychological research is
determined by the intersection of qualitative characteristic description of complex
psychological phenomena with those that are recorded objectively and may be represented
quantitatively, as well as the duality of their origin, therefore it is difficult to identify the
contribution of biological and social factors. The lack of methodology to conduct such studies
leads to spontaneous combination of different measuring and evaluation instruments,
discrepancy between the content of a studied psychological phenomenon and measuring. As a
result of this, there are unsustained interpretations and conclusions. An additional problem is
the rapidly changing environment in which the modern man lives and mobility of mental
structure. Therefore, researchers are faced with difficulties of replication of studied
psychological phenomena on new samples and temporal spans.

Thus, it can be said that despite the achievements in the application of new statistical
methods in psychology, “zone of proximal development” for psychometrics is in the
development of an integrated methodology of measurement and evaluation of complex
psychological phenomena, establishing evidence-based principles for combining qualitative
and quantitative research methods, psychological, sociological and neuro-physiological
techniques, as well as their interrelated mathematical and statistical processing.
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O BO3BMOXKHOCTH IUATHOCTHUKHA ICUXUYECKNX HAPYIIEHUM C
MOMOIILIO MHOTI'OMEPHOM BEJIMYMUHBI B TIPOCTPAHCTBE
®YHKIIMOHAJIBHBIX HEHPOMAPKEPOB
Kponoros FO.J1.!

I ®eoepanvroe 2ocyoapcmeennoe 6100xcemnoe yupesicoenue nayku Mucmumym mosea
uenosexa um. H.I1. bexmepesou
yurykropotov@yahoo.com

Jlokilay ~ NpeAcTaBIsieT  HEJABHO  CO3JAHHYK  METOJOJOTHI0  HM3MEPEHHUs
(YHKIIMOHABHBIX HEHPOMApKEPOB NIEKTPHUUECKOW aKTUBHOCTH TOJIOBHOIO MO3ra 4YeJOBeKa
[1, 2]. Otu HelipoMmapKkepbl H3BIEKAaIOTCI W3 MHOrokaHaibHOH O3l M moTeHUMasoB,
CBSI3aHHBIX C COOBITUSMH, PErHCTPUPYEMBIX C TOBEPXHOCTH TOJIOBBI C TOMOIIBIO
METAINIMYECKUX DJIEKTPOJOB Yy YENOBEKA, HAaxXOIAUIETOCS B COCTOSHWM CIOKOWHOTO
00/pCTBOBAHUS MJIH B MIPOLIECCE BHIMOIHEHHS ICUX0JIOTHYECKOTO TECTa.

MeTtoaonorus BKIOYAET METOJIBI CJICTIOTO BBIJEIECHHS CUTHAJIOB, UCIIOJIB3YEMBIX JJIS
KOPPEKLIMU HEMO3TOBBIX apTe(PaKTOB U ISl U3BJICUEHUS JIATEHTHBIX (CKPBITHIX) KOMIIOHEHTOB
U3 CIOHTAaHHON OWO3JEKTPUYECKON aKTUBHOCTHM MO3ra W IOTEHLHUAJIOB, CBS3aHHBIX C
COOBITUAMHU, METOJbl CO3/1aHUs KaK HOPMAaTUBHBIX 0a3 JaHHBIX, TaKk W 0a3 pa3In4yHbIX
IICUXMYECKUX HApyIIEHUH, METOAbl CpPAaBHEHUS WHIUBUAYAJbHBIX IIOKa3aTeled ¢
pedepeHTHBIMU JaHHBIMU. bbUTH TOTyueHbl HeipoMapKepbl ICUXUYECKUX MTPOLIECCOB, TAKUX
KaK KaTerOpU3allMMd 3pUTENIbHBIX CTHUMYJIOB, CPaBHEHHs CEHCOPHOIO Clle[la C DHIPaMMOM
naMsATH, JETEeKIUU U MOHUTOPHHIa KOH(IIMKTA, MOJABJICHUS IOATOTOBIECHHOIO AEUCTBUS U
nepexona OT OAHOIO IEUCTBUS K APYTOMY.

Iloxka3zaHa BBICOKas CTENEHb HAACKHOCTH M BOCIHPOU3BOIMMOCTH H3MEPSEMBIX
HEHpOMapKepoB, MX BBICOKAs YYBCTBUTEIBHOCTh U CHELUU(UYHOCTH [UI ONpEAeTICHUs
(GYHKIMOHAJIBHBIX HApPYIIEHUN MpU CUHJIpPOME JAe(ulMTa BHUMAHUS C TMIIEPAKTUBHOCTHIO,
npyu MU30(PEHUH, HABA3YUBBIX COCTOSIHUSAX, AyTU3ME, JENPECCHMM M Pa3IMYHbIX BHIAX
JIEMEHLIH.

B noknage OyayT Takke NpEACTaBICHbI JaHHbIE O BO3MOXKHOCTU IpeICcKa3aHHs
KIIMHUYECKOI0 UCXOAa MpH JeUeHUU (PapMakoIOrMYeCKMMH METOJaMH, a TaKXKe JaHHbIE O
croco0ax KOHCTPYKLUH POTOKOJIOB HEHPOMOAYIIALINH, TAKUX KaK Onosiorudeckas ooOpaTHast
cBsi3b 110 OO0, MUKponOIsIpU3aLUs 1 MATHUTHAS CTUMYJISILIUST MO3Ta.

Pabora nonnepxana rpantom PH® 16-15-10213.
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1. Kropotov J.D. 2009 Quantitative EEG, event-related potentials and neurotherapy.
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POSSIBILTY OF DIAGNOSIS OF PSYCHIC DYSFUNCTIONS BY MEANS OF
MEAURING MULTY-DIMENSIONAL PARAMETER IN THE SPACE OF
FUNCTIONAL NEUROMARKERS

Kropotov J.D. !
I N.P. Bechtereva Institute of the Human Brain of Russian Academy of Sciences

yurykropotov(@yahoo.com

The paper describes a recently developed methodology of measuring functional
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neuromarkers of electrical activity of the human brain [1,2]. These neuromarkers are extracted
from spontaneous multi-channel EEG and from event-related potentials (ERP) measured on
the surface of the human head, when wake and relaxed, and while completing a psychological
task.

The methodology includes methods of blind source separation for artifact correcting
and extracting latent (hidden) components from the resting state EEG and from event-related
potentials, methods for constructing normative and patient databases, for comparing the
extracted individual parameters with the normative data. Neuromarkers of different
psychological operations are extracted, such as indices of operations of categorization,
comparing with the sensory template, conflict detection and monitoring, action inhibition and
shifting from one action to another.

The high test-retest reliability of neuromarkes, the high level of specificity and
sensitivity for defining dysfunctions in ADHD, schizophrenia, OCD, autism, depression, and
dementia are described.

Application of the methodology for predicting clinical outcome in response to
medication, for constructing protocols of neuromodulation such as neurofeedback, tDCS
(transcranial Direct Current Stimulation) and TMS (transcranial magnetic stimulation) in
clinical population is presented.

The work is supported by grant 16-15-10213 from Russian Science Foundation.
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IMPOBJIEMA W3MEPEHUS ICUXUYECKHUX SIBJIEHNUN C TIOMOIIBIO
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OcHoBHasi 1eNIb HEWPO(PU3NOIOTHICCKAX HCCICIOBAHUN TICHXHYECKUX SIBJICHUN —
MOUCK U O0OBsACHEHHE (PU3MONIOTUYECKHX 3aKOHOMEPHOCTEH M MEXaHU3MOB, CIyXalluX
OCHOBaHHUEM IICUXMYECKON aKTUBHOCTH yenioBeka. J[aHHas 0061acTh UCCIe0BaHUM MOTyYnIia
Ha3BaHME «KapTHpoBaHME Mo3ra» (brain imaging), win «ureHue mosray (brain reading)
[2,7,8]. Haubomee  pacnpocTpaHE€HHBIMH  METOAAMHU  YTEHHS  MO3ra  SIBJSIOTCA
GyHKIIMOHANIbHAS MAaTHUTHO-pe30HaHcHast Tomorpadust (QMPT) u sanextposniedanorpadus
(O3I"). Ipunuun paboTHl TAaKUX HM3MEPUTENbHBIX MPUOOPOB CTPOMUTCS HA H3MEPEHUU
DIIEKTPOMArHUTHBIX BONH (it ¢GMPT) ® 2IeKTpHUYECKMX CHTHAJIOB, WCXOJSIIAX C
MOBEPXHOCTH T0JI0BHI (111 D).

Cpenmn OCHOBHBIX HANpaBJICHWH HTaHHBIX WCCIIEAOBAHWHA BBIACTSAIOT: HW3yUeHHE
aKTHBAllUM OT/AEJOB MO3ra MpU KiIacCU(PHUKAIMK OOBEKTOB; OIpEesIeHHEe 3MOIMOHAIBHOTO
COCTOSIHUSI CyOBEKTa; MO3TOTHUIIMPOBAHUE (OMPENEICHNE JTUYHOCTHBIX CBOWMCTB IO CTETICHU
aKTUBAI[UU MO3TOBBIX CTPYKTYp) [2].

[IpoBeneHHbIE B JaHHON 00JACTH MCCIEIOBAHUS CETOIHS TO3BOJWIHM CHOpPMUPOBATH
JIOBOJIBHO OOLIMPHBIE MPEACTABICHUS O TOM, KAKHE€ YYacCTKH FOJIOBHOTO MO3Ta OTBEYAIOT 32
OTIpeieIeHHbIC TICHXUYeCKHe (PYHKIIUU B KaK COOTHOCUTCS €ro (YHKIIMOHAITLHOE COCTOSTHUE
C IpOTEKaHMEM TeX WJIM HMHBIX MCHUXHUYecKuX mpoueccoB [3]. Ha ocHoBaHHMU MOJOOHBIX
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WCCJICIOBAHUI TPOU3BOJUTCS TIOMBITKA MOCTPOEHUS MOjeNed KOTHUTHBHOTO IMPOCTPAHCTBA
[5, 6], a Takke IOKCK M JI0KA3aTEIhCTBA €€ CXOACTBA C (PU3HOJIOTHIECKOM.

HecMoTps Ha akTHBHOE pa3BUTHE BHINIEYKa3aHHBIX METOJ0B, HEOOXOIUMO BBIICITUTH
psa mpoOJeM W CHOPHBIX MOMEHTOB, CBSI3aHHBIX C HM3MEPEHHEM U OIEHKOH ATOro
COOTHOIIICHHUS:

1. Kakoii MeTo1 1 Kakue Cpe/iCTBa U3MEPEHHH SBISIOTCS] ONTUMAIBHBIMHU 1 Hanbolee
TOYHBIMH B TOAOOHOTO poja uccienoBaHusx? OT CpencTB, M, COOTBETCTBEHHO, METOOB
M3MEPEHUI 3aBUCUT TMPABUIBHOE OIpPEACIICHUE 3HAYeHUsi Hu3MepsieMod BeauuuHbl [1].
Hampumep, Heipodu3nonmornyeckue MeToabl MOXKHO, C OJHOW CTOPOHBI, OTHECTH K
KOHTaKTHBIM MeTo1aM (Tipu D1 31IeKTPOIbI MIIOTHO MPUJIETAIOT K KOXKE TOJIOBBI, yIIaBIUBas
aNeKTpudeckoe mose). [Ipu 3ToM TOBOPUTH O KOHTaKTe (B TMOJHOM CMBICJIE ATOTO CIIOBA)
U3MEPUTENILHOTO MpuOopa C TMCUXWYECKUM SBICHUEM TIPEJCTABISAECTCS HE COBCEM
KOPPEKTHBIM, TaK KaK TICUXUYECKHUE SBIICHUS (BHUMAaHUE, MBICITUTEIHHBIC OTIEPAINH | JIP.) HE
MaTepuaiabHbl, ¥, TO CYTH, HE HUMEIOT COOCTBEHHOW Macchl, AMWUHBI W T.M. JlaHHOE
MPOTHUBOPEYHE MOXKET TIOBJMATH HA TOYHOCTh HW3MEPEHHS M WCKAa3uTh OICHKY, a,
CJIEIOBATEIBHO, PUBECTH K HEAOCTOBEPHOMY PE3YJIbTaTy.

2. Kak Ha ocHOBe HEHPO(DU3HOIOTHIYECKHX METOAOB O00ECNeYnTh TOYHOCTh
M3MEPEHHH, a TIIaBHOE, TOYHOCTh UX WHTeprnpeTanuu? [loBbIlieHne «TOYHOCTHY U3MEPEHUHN —
3TO 3a/Jaya HCCeloBaTelied METPOJIOTOB, TICHMXOJNOroB MiIKM HeWpodusuonoros? B
3aBUCUMOCTH OT TIOCTaHOBKM BOIpoca OyIayT CTPOUTHCS IYTH €ro peuieHus, W,
CIIeJIOBAaTEIbHO, OTPEACIATHCS 0071aCTH HAYK, OTBETCTBEHHBIE 32 HETO.

C onHOW CTOpPOHBI, OOBSICHEHHWE MPHUPOJLI TICUXUYECKUX SBICHUU, MPOSIBICHUE
KOTOPBIX MBI HAONIOAaeM B TOBEIEHUU, 3TO MpeaMeT uzyuyeHus mcuxonoruu. C Ipyrou,
000CHOBaHHE TIOBEJICHUS YEJIOBEKAa B TEPMHUHAX AKTHBHOCTH MO3Ta SBISIETCS 00JacThIO
Helipodusuonoruu [4]. Jnsg peanuszanuu JaHHBIX LeJed HYKHBI OMpPEEICHHBIE METOJIbI
(buKcanuy U3MEPEHU 1 YCTAaHOBJICHHUS X TOYHOCTH U IOCTOBEPHOCTU. A pa3paboTKa TaKux
METOJIOB - Y€ 30Ha OTBETCTBEHHOCTH MeTposioruu [1]. Takum oOpazom, Ansi pasperieHus
BBISIBICHHBIX TPOTUBOPEYHMM TPH U3MEPEHUU TICUXUYCCKUX SBICHHUH C TOMOIIBIO
HENPO(DU3NOTOTHIECKIX METOJIOB TPEOYETCS aKTUBHOE COTPYAHUUYECTBO CIEIUAIHNCTOB BCEX
0003Ha4YEeHHBIX 00JIaCTEH.
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THE PROBLEM OF MENTAL PHENOMENA’S MEASURING BY MEANS OF
NEUROPHYSIOLOGICAL METHODS
Gnedykh D.S.
Saint-Petersburg State University
d.gnedyh@spbu.ru

The main objective of neurophysiological studies of mental phenomena is the search
and explanation of physiological mechanisms as the basis of human mental activity. Such
research area is called "brain imaging" or "brain reading" [2,7,8]. The most common methods
of brain reading are functional magnetic resonance imaging (fMRI) and
electroencephalography (EEG). The operating principle of these measuring instruments is
based on the measurement of electromagnetic waves (for fMRI) and electric signals from a
scalp (for EEG).

The main directions of such kind of research are: the study of activation of brain
divisions when classifying objects; identifying the emotional state of a person; "brain typing"
(identification of personality according to the degree of brain structures activation) [2].

Conducted research allowed to form quite an extensive set of ideas of what brain
divisions are responsible for certain mental functions and how its functional state relates to
the certain mental processing [3]. On the basis of such studies the modeling of cognitive space
[5, 6] as well as search and proof of its similarity to the physiological model is attempted.

Despite the active development of the above mentioned methods it is necessary to
identify a number of problems and controversial points related to the measurement and
evaluation of this similarity:

1. What measurement technique and what measuring instruments are the best and most
accurate in this kind of research? The correct determination of the measured values depends
on chosen measurement methods [1]. For instance, neurophysiological methods can be
attributed to the contact methods (EEG electrodes are adjacent to a scalp detecting the electric
field). However, talking about the contact (in the real sense of the word) of measuring
instruments with mental phenomena is not quite correct because mental phenomena
(attention, mental operations, etc.) are not material, and, in fact, do not have their own mass,
length, etc. This contradiction may affect the measurement accuracy, distort the evaluation
and therefore lead to unreliable results.

2. How to ensure the measurement accuracy on the basis of neurophysiological
methods, and especially the accuracy of their interpretation? Is increasing the "accuracy" of
measurements a task for metrologists, psychologists or neurophysiologists? The ways of
answering the question will depend on its formulation and therefore the fields of science
responsible for it will be defined.

On the one hand, the explanation of the nature of mental phenomena the manifestation
of which we observe in behavior is the subject matter of psychology. On the other, the
reasoning of human behavior in terms of brain activity is an area of neurophysiology [4]. To
achieve these purposes we need certain methods for measurements and verifying their
accuracy and reliability. And the development of such methods is the area of responsibility of
metrology [1]. Thus, to resolve the identified inconsistencies in the measurement of mental
phenomena by means of neurophysiological methods, the active cooperation of specialists of
all named areas is required.
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PETUCTPALUS, TPEOBPA3SOBAHUE U KIIACCU®PUKALUSA IIT-ITATTEPHOB
BOOBPAJKAEMBIX JIBUKEHUI B PEAJIbHOM BPEMEHU )11 UHTEP®ENCA
MO3Ir'-KOMIIBIOTEP
Crankesud JLA.', Conpkun KM. !, llemsikuna H.B. 2, Haropnosa XX.B. 2. Xomenxko FO.T'3,
I'yagenax ®.B.!, Uessikanosa A.B. !,

I Canxm-Iemep6ypecruii nonumexnuuecxuii yuueepcumem Ilempa Benuxozo
2 Unemumym seomoyuonnoii gpusuonozuu u buoxumuu um. U.M. Cevenosa PAH, Cankm-
Ilemepbype
5 Unemumym mosea uenosexa um. H.IT. Bexmepeegoii PAH, Canxm-ITemep6ype
stankevich_lev(@inbox.ru

B pabore paccmarpuBaeTcsi HOBash MeETOJMKAa M CpEICTBA pPETUCTpAllMM U
npeoOpazoBanusa curHaigoB OOI, a Takxke kiaccupukauuu III-maTTepHOB BOOOpakaeMbIX
JIBIDKEHUH B peaJlbHOM BpeMEeHH. B cooTBeTcTBUM ¢ pa3pabOTaHHOW MeTOIMKOH B
OTJIENbHBIX OJ0KaX 3aJjaHUi UCIIBITYEMBIM IIPEIJIArajgoch BbIIOIHUTH I00YEPETHO HECKOIBKO
THUIIOB PeaJbHBIX U BOOOpaXKaeMbIX ABHXKEHHI, B YACTHOCTH, OTACIbHBIMU MaJIbIIAMU PYKH.
BuyTpu otnenbHOro 0J0Ka HUCHBITYEMblE JODKHBI ObUTM CHAayala HaKUMaTh Ha KHOIIKY
KOMITBIOTEPHON MBIIIN MaiblieM, 0003HAYEHHbIM B MHCTPYKIIMH, B 33JaBA€MOM 3BYKaMH
pHUTMeE, a TIOCTIE BBIKJIFOUEHUS 3ByKa MIPOJOJIKATh BOOOPaXKaTh JBUKEHHUE STUM K€ MaJIbLIEM.

Perncrpanus curnanos OO mpoBoauiack ¢ HOMOIIBIO 3JeKTpodHIEedanorpada
«Mutap» (OO0 «Munap», C.-IlerepOypr) ¢ ucnons3zoBanuem nakera WinEEG ot 19 AgCl
a51eKTpo10B B yacToTHOM nojoce 0.53 ['u-30 ['u. U3 OOI 3anuceit nuckimoyanuck apredaxTsl,
Takhe Kak JBWXKEeHHs a3, MeaneHHbie BonHBI (0-1 ['m ¢ ammmutynoit Gombime 50 mMkB),
obicTpble BoHBI (20-30 ['y ¢ ammuutyaoi Beie 35 MxB), dparmentst 931 ¢ ammuTy 0
curHana 6osnpire 100 MxB. Tak Beiaensiuce 331 -naTTepHbl BOOOpaXkaeMbIX JABHXKEHHH 0e3
aptedakToB, 3apeructpupoBannsie ¢ orBenenuit C3, Cz, F3 o cucreme 10-20. Bpemennas
obnacts DIl -marTepHa BOOOpa)kaeMoro JIBUKEHHUS Naiblia pyku cooTBeTcTBOBasa 600 Mc.

IIpeoOpa3zoBanmne DO -aTTepHOB UMETIO KOHEYHOM LEBIO MTOTYUYEHUE UX TPU3HAKOB
BO BpeMeHHoOW obOnactu. [[ns obecrnedeHus TpeOOBaHHMI pealbHOTO BPEMEHHU BBIUYMCIIEHUE
MIPU3HAKOB OCYILECTBISUIOCH MO KaXJ0M oTaenbHOW mpobe 6e3 HakorieHus. COBMECTHO B
cKkoJib3siiieM okHe mupuHoi 100 mc co caurom B 50% BBIYMCISIINCH 1Ba BUAA IPU3HAKOB:
IJIOIIA/b IO KPUBOM M JJIMHA KPUBOW y4acTKa CUTHAJA.

Kaaccupukanma DII-marTepHOB MPOBOAMIACE KOMUTETOM KJIACCH(PHKATOPOB,
OCHOBaHHOM Ha HCKYCCTBEHHBIX HEMPOHHBIX CETSAX U METO/IE OMOPHBIX BEeKTOpOB. B off-line
ceccuu mpu kiaccupukaun IO -maTTepHOB BOOOpakaeMbIX JABIKEHHM 0€3 HaKOIJICHHS
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KOJIMUECTBO MPaBUIbHBIX KiaccuuKaiuii 4-X THIIOB BOOOpakaeMbIX JBUKEHHUH MpeBbIIIaa
cllydaiiHbIi mopor B 25% u B cpenHeM coctasisina 36+5% nns orBenenuit C3, Cz u 50+5%
nns otBenenuit F3, C3. Ilpu on-line kmaccudukanum Ha cTaguu OOY4YEHUS TOYHOCTH
MYJIbTHKJIACCOBOM Kiaccu¢pukauu B cpeaHeM Oblna paBHa 40%. B Bapuante oOydeHus c
00paTHOM CBS3bIO JJIT BOOOpakaeMbIX NBI)KCHHH CPEIHEr0 Taiblla W MU3HHIA OBLIO
MOJIYYEeHO KOJIMYECTBO MPAaBMIIbHBIX Ki1accupukanuii 58% u 56% coOTBETCTBEHHO.

[IpoBeneHHbIE UCCIIEIOBAHMSI HAIIPaBJICHbI Ha CO3/JaHIe HEMHBA3UBHOTO UHTEpdeiica
«mo3r-kommnbiotepy (MMK) kak OCHOBBI CHUCTEMBI peaOMIMTALUU W MPOTE3UPOBAHUA.
Pesynprarel nccnenoBanus nporotuna MMK mokasanm, 4To BpEMEHHBIE 3aJE€pKKU IIPH
oTBeTe Kiaccu(ukaropa, HaxoJaTcss B mpeaenax 150 Mc, 4TO sABISETCS MPUEMIIEMBIM JUIS
WCITOJIH30BaHUS OMOJIOTHYECKON 0OpaTHOM CBSI3H.

Pa6ora nonnep:xana rpantrom PODU odpu-m Nel6-29-08296.

REGISTRATION, TRANSFORMATION, AND CLASSIFICATION
OF IMAGINARY MOVEMENTS EEG-PATTERNS IN REAL TIME
FOR BRAIN COMPUTER INTERFACES
Stankevich L.A.!, Sonkin K.M.!, Shemyakina N.V 2 Nagornova G.V?,
Khomenko J.G2, Gundelah F.V!, Chevikalova A.V!
!Peter the Great Saint Petersburg Polytechnic University
’Institut of Evaluative Physiology and Biochemistry by name of L M. Sechenov, RAS,
Saint Petersburg
3Institut of Human Brain by name of N.P. Behtereva, RAS, Saint Petersburg

In this work the new technique and means of registration and transformation of signals
O0I, and also classifications of EEG-patterns of imaginary movements in a real time are
considered. According to the developed technique in separate blocks of tasks examinees were
offered to execute serially some types of real and imaginary movements, in particular,
separate fingers of the hand. In the separate block examinees at first should push button of the
computer mouse of the finger which has been marked out in the instruction, in rhythm given
by sounds, and after sound ceased to continue to imagine the movement by the same finger.

Registration of EEG signals was carried out with the help of EEG device «Mitsar»
(Open Company «Munapy», Saint Petersburg) with use of package WinEEG from 19 AgCl
electrodes in a frequency band of 0.53 Hz-30. EEG records with artifacts, such as movements
of eyes, slow waves (0-1 Hz with amplitude more 50 MxB), sweeping waves (20-30 Hz with
amplitude above 35 mkB), fragments EEG with amplitude of a signal more 100 mxB were
excluded. Thus EEG-patterns of imaginary movements registered from canals of C3, Cz, F3
on system 10-20 without the artifacts are selected. The time area of each the EEG-patterns of
imaginary movements of the hand fingers matched 600 mc.

Transformation of EEG-patterns had as final goal reception of their features in time
domain. For maintenance of demands of a real time computation of features was carried out
on each separate test without accumulation. Two types of features were computed in a sliding
window in width 100 mc with shift in 50 %: the square under a curve and length of a curve of
a section of a signal.

Classification of EEG-patterns was carried out by committee of the qualifiers, based
on artificial neural networks and a support vector machine. In off-line sessions at
classification EEG-patterns of imaginary movements without accumulation quantities of
correct classifications of 4 types of imaginary movements exceeded a casual threshold in
25 % and on the average was 36+5 % for channels of C3, Cz and 50+5 % for canals of F3,

C3. At on-line classification at learning stage accuracy of multiclass classification was on the
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average 40 %. In variant of learning with a biological feedback for imaginary movements of a
middle finger and a little finger the quantities of correct classifications of 58 % and 56 %
accordingly have been gained.

The conducted researches are directed to creation of the noninvasive brain-computer
interface (BCI) as base of systems for rehabilitation and prosthetics. Results of research of
prototype BCI have shown that time delays at the qualifier answer, are in limits of 150 mc that
is comprehensible to use of the biological feedback.

The work is supported by Grant of RFBR ofi-m #16-29-08296.

NCITOJIb3OBAHUE MY3bIKH JJ51 KOPPEKIINU
MHNCUXOPU3NOJOIMIECKOI'O
COCTOSIHUSI IETEHN C PABHOM CTEINEHBIO TPEBOXKHOCTH
M.B. Eropos, A.H. IllenoBansHUKOB
Hucmumym seonoyuonnoi gpuzuonoeuu u ouoxumuu um. U.M. Ceuenosa PAH
9890757 @gmail.com

Kakum o00pa3om My3blka BO3JIEHCTBYET Ha HEHPOIICUXOJIOTMYECKOE COCTOSHUE
YeJIOBEKAa, OCTACTCAd B PEIUAIOIICH CTEIEHW HEU3BECTHBIM, XOTS HCCIENOBaHUSA B 3TOM
HaIpaBJICHUN BEIYTCS C MPONUIOro Beka. s pemieHust 5TOM 3arajkd HEoOXOAMMO HaWTH
BEJIMYMHBI, BO3MO>KHO, MHOTOIIapaMETPUUECKHUE, U3MEHEHHE 3HAUEHUS KOTOPBIX IO3BOJIIO
ObI KOJINYECTBEHHO OLIEHUBAThH 3((HEKT BO3IEHCTBUS MY3bIKH Ha (PYHKIIMOHUPOBAHHE MO3Ta.

K HacrosimieMy BpeMEHM YCTaHOBJIEHO, YTO OJHMM M3 BaXHEHIIMX IOKa3aTenei
JIEATEIIPHOCTH MO3Ta SBISETCA YPOBEHb AKTUBHOCTH CHCTEMBI B3aUMHBIX CBSA3€H €ro
1epeOpalIbHBIX LIEHTPOB.

ABTOpBI HCCIEIOBaIM BO3JECUCTBUE MY3BIKAIBHBIX (PAarMEHTOB MaXXOPHOW U
MUHOPHOH TOHAJBHOCTEM Ha JMHAMHUKY JJIEKTPHUUECKOM aKTUBHOCTH KOpBI OOJBIINX
nosymapuii Mosra y nereid. C momompio anekTposHuedanorpamm (3317) paccMOTpeHBI
U3MEHEHHS CBs3€il MEXJYy AaKTMBHOCTBIO pAa3JIMYHBIX JHUCTAHTHO PAa300IIEHHBIX 30H
TPaJMLIMOHHBIMU METO/IaM{, a TaKXe C IOMOIIbI0 OPUTMHAIBHOTO (3alaTeHTOBAHHOIO)
METOJIa, MPEAIOJIAralero IOCTPOCHUE TPEXMEPHOH  KOPPEISALMOHHONM  MaTpHLbl,
XapaKTepU3yIOIIe aKTUBHOCTh CBSI3€M MEXIY 30HAMH C IOBBIIIEHHOW 3JIEKTPUYECKOU
aAKTUBHOCTBHIO.

[Ipn npocnymmBaHuUM J€TBMU C TOBBIIIEHHBIM U C HOPMajbHbIM YPOBHEM
TPEBOXKHOCTH YETHIPEX M30paHHBIX MENOAUN OBLIO OOHAPYKEHO CTATHMCTUYECKH 3HAUYMMOE
YMEHBIICHHE YPOBHS KOPPESALMOHHBIX cBsA3eil DI B mpaBoit mepenHeit BUCOUHOM 001acTH.

SpKo BBIpaXEHHOE TIE€HEPAIN30BAHHOE YMEHBIICHHE YPOBHS MEK30HHBIX CBSI3€M B
Kope OoJIbIIMX TOJYyHIApUi Yy HCCIEeNOBaHHBIX JeTeid ObUIo  OOHapyXeHbl MpHU
npociymuBanuu menoauu «K Dmuze» (berxosen).

IlosnydyeHHbIE pe3ynbTaThl AAIOT OCHOBAHME BBICKA3aThb IPEAINOIOKEHHE, 4YTO
YHUBEpPCAJIbHOE BO3JCHCTBUE MY3bBIKM Ha IICMXOAMOIMOHAIBHOE COCTOSIHUE 4YEJIOBEKa
OOBsICHSETCS €€ PEeNaKCHPYIOIUM BIUSHHEM Ha 0a30BYI0 CHUCTEMY B3aWMOCBS3H HEpPBHBIX
LEHTPOB, O00ECMEeUYMBAIOUINX HEMPEpPhIBHYIO TOTOBHOCTh MEpeXoja OT COCTOSIHUS
OTHOCUTEJILHOTO TOKOS K aKTHBHOW CIENUAJIM3UPOBAHHOM JesTesnbHOCTH.  Ecim 310
MPENIOJIOKEHUE TOATBEPAUTCS, TO BBIIBICHHBIH (EHOMEH yMEHbBIIEHUS YpPOBHS
KOPPENSUOHHBIX cBsizeld DOl moj BIMSHMEM MY3bIKM MOXKHO OyAeT paccMaTpuBaTh Kak
MHCTPYMEHT JUISl JETalbHOTO W3Y4YeHHsS HEUPO(PU3NOIOTUYECKUX MEXAHH3MOB BO3JIEHCTBUS
pa3IMYHBIX II0 XapakTepy M CHJIE MYy3bIKAIbHBIX CTUMYJIOB Ha IPOLECCHl HMHTErpaluu
1epeOpanbHbIX CTPYKTYP.
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USING MUSIC FOR CORRECTION OF PSYCHO-PHYSIOLOGICAL STATE OF
CHILDREN WITH DIFFERENET DEGREE OF ANXIETY
M.V. Egorov, A.N. Shepovalnikov
Institute of environment physiology and biochemistry Sechenov M. RAS
9890757@gmail.com

The exact mechanisms of music's influence on neuropsychological status of the human
remain largely unknown, although research in this direction started in the last century. In order
to solve this puzzle, it is necessary to find the quantities, possibly multivariate, change of
values of which would allow to estimate the effect of music on the brain functioning.

By now, it is established that one of the most important indicators of brain activity is
the level of activation of interdependence system of its cerebral centers.

The authors investigated the impact of music in major and minor tonalities on the
dynamics of electrical activity in the children’s cortex of cerebrum. With the help of
electroencephalogram (EEG), tendencies in inter-relations between activities of various
spatially unrelated zones were studied, and also with the use of original proprietary technique
including a three-dimensional correlation matrix, characteristics of connections between the
brain areas of intense electrical activity were studied.

When children with high and normal levels of anxiety were exposed to four chosen
tunes, there was found a statistically significant decrease in the level of correlations in the
EEG in the right anterior temporal region.

When listening to the melody "fiir Elise" (Beethoven), the subjects demonstrated a
discernable generalized reduction in the level of correlation between areas of cortex of
cerebrum.

Obtained results lead to an assumption that the universal effect of music on the
emotional state of a person is due to its relaxing effect on the basic correlations of nerve
centers, and provide for a constant readiness of the transition from a relatively restful state to
lively specialized activities. If this assumption is confirmed, the recognized decrease in the
level of correlations in EEG under the influence of music can be seen as a tool for the detailed
study of neurophysiological mechanisms of action for musical stimulae of different natures
and power on the process of integration of cerebral structures.
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