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Abstract

In some respect, the use of the fundamental constants for the definition of the most important measurement units of the
International System, seemed at first glance to be a good solution to found it on more solid bases. From further analysis, it is
found implying a number of consequences apparently under-evaluated by the BIPM, or at least not explained to the Countries
signatories of the Metre Treaty. This lack of clarity will affect the implementations of the revised System in the future.

The paper is focussing on the following issues: how many are the digits that can safely be stipulated for the numerical
values of the constants; why the present experimental uncertainties do not support the pretended precision of the constants;
inconsistencies in some-constant 2017 database; why the CODATA LSA analysis could have been not apt or insufficient to
provide the “best” numerical values of the constants; hierarchy between the constants and the base units and the new metrological
pyramid; necessity to keep the former base units preserving their present magnitudes; base-units/constants relationship; use of
the present top national standards in future; some significant discontinuities in the magnitude of the new units.
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Introduction

Approaching the date when the CGPM will ex-
amine the CIPM proposal for the revision of the SI,
the analyses that follow are based on the 2018 status
of the structure of the revised SI, on the results of the
CODATA 2017 adjustment reported in [1] and on some
papers published in the same 2018 issue of Metrologia
[2—4], and particularly on what is related to Planck con-
stant (mass unit), 4, and Avogadro constant (amount of
substance unit), N,. Paper [2] provides a deeper analysis
than [1] in support of the results of the 2017 CODATA
adjustment, with further details on the method used. In
particular, its Figure 2 shows the 2014—2017 data for the
Planck constant obtained by the CODATA. See [4—12]
for further previous analyses on the revision of the SI.

Paper [3] is musing on the data for the Planck
constant — one of the main reasons for the common-
ly-agreed urgency of the SI revision — and looks like
a position paper, according to its strong assertion that
CODATA analysis is exempt from problems.

Paper [4], on a different analysis of the current
Planck constant numerical value, is helpful to better
understand papers the 2017 data for A, with diverging
conclusions.

Analysis and Comments
“Exactness” of the CODATA stipulated data

Concerning papers [1, 2], a reader informed
on the SI-revision process notes that the number
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of digits now proposed by the CODATA for the
stipulated constants, possibly with the exception
of the Boltzmann one, k, is larger than previously
aimed at. That is certainly due to the lowering of
the experimental uncertainties — in the period since
2006 an outstanding =5 times — but, apparently, it
is also due to a particular use of the original data
and of their associated uncertainties. Table 2 shows
both the CODATA proposed/stipulated values and
“exactly-known values”, when affected, differently
from Table 1, by an expanded uncertainty — as is
common practice in science for very important is-
sues — because its use here should be considered
mandatory.

The CIPM preference expressed in [14], as that
of CCU was “for the minimum number of digits [of
the stipulated value] for each defining constant h, e,
k, and N, of the revised SI that yields consistency
factors equal to 1 within their uncertainties”. The
CODATA-proposed stipulations [1, 2] in Table 2
intends to match it, after careful critical analysis of
the available data.

However, there is a principle, explicit in the
CIPM/CCU rules when they talk of “consistency
factors”, which must be respected in stipulation: the
“continuity principle”.

Values of the “consistency factors” can be com-
puted from the CODATA 2017 stipulated values report-
ed in Table 2, here in Egs. (1):
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Table 1
Change in numerical value and its uncertainty u of the CODATA adjustments 2006—2017,
for the new constant k, e, N, and k involved in the revised SI definition
Constant CODATA Numerical value* u (k = 1)/ relative -10”  Change Total shift
Planck 2006 6.626 0690 3.3/0.50 -
h'10% 2010 6.626 0696 2.9/0.44 6107
2014 [13] 6.626 070042 0.8/0.12 4.4-107 10.4-107
2017 6.62607015° 0.7/0.11 1.1-107 11.5-1077
Electron charge 2006 1.60217649 0.4/0.23 —
e’ 10" 2010 1.60217657 0.35/0.19 810
2014 [13] 1.602 17662 0.1/0.06 510 1.3-1077
2017 1.602 176 6340 0.08/0.05 1.4-10- 1.4,107
Avogadro 2006 6.022 1418 3.0/0.50 -
N,1072 2010 6.022 1413 2.7/0.45 —5-107
2014 [13] 6.022 1408 0.7/0.12 — 41077 —9-107
2017 6.022 140 76¢ 0.6/0.10 +1-107 —8:107
Boltzmann 2006 1.3806504¢ 24/17 -
k107 2010 1.3806488¢ 13/9.4 —1.610-
2014 [13] 1.3806485 8/5.8 ~0.3-10-6  —L910°
2017 1.380649° 5/3.6 +0.5-10¢  —1410°

*The CODATA reports standard uncertainty u. The smaller-case digits, taken from the CODATA two-digit uncertainty format, are
uncertain, an issue that is relevant to the analyses in this paper.

“The 2014 CODATA outcome is 6.626070040(81), therefore the numerical value can be as low as 6.626069959, thus affecting also the
preceding digit. Similarly for the 2017 one, the CODATA outcome is 6.626070150(69). Consequently, the upper bound of the 2017
interval is 6.626070 121, and the lower bound of the 2017 interval in 6.626070081, not significantly overlapping.

"The 2017 CODATA outcome is 1.6021766341(83), therefore the numerical value can be as low as 1.6021766258 and as high as
1.602 1766424, thus affecting also the preceding digit.

‘The 2014 CODATA outcome is 6.022140857(74), therefore the numerical value can be between 6.022140783 and 6.022 140931, thus
affecting the preceding digit. The analysis is similar for the 2017 one, where the CODATA outcome is 6.022 140758(62).

ITwo digits are shown because the rounding affects also the preceding digit.

*The CODATA 2017 outcome is 1.38064903(51), thus the rounding does not include uncertain digits (the only occurrence in the Table).
However, the numerical value can be as low as 1.38064850, thus in fact affecting the last digit.

Table 2
Different ways to treat the digits of the same numerical values of the four constants (for k = 2)

Constant numerical value CODATA 2017 [1] CODATA-—stipulated® [1] Exactly-known number®

(k= 2)° (relative uncertainty) (from first column)
{h}-10% 6.626070 150(138) 6.62607015 6.626070
2.1-10°8 7.5:1071° 2.3-10°8
{e}-10Y 1.6021766341(186) 1.602176634 1.602176(6)
1.2:10-8 3.1-10°1° 4-1077
{N,}10% 6.022140758(124) 6.02214076 6.022140(8)
2.1-1078 8.3-101° 1.3-107
{k}-10% 1.38064903(102) 1.380649 1.3806(5)
7.4-107 3.6:1077 3.5-10°

aThree digits are left here for uncertainty only to allow appreciating the difference with respect to the CODATA 2017 two-digit (halved) estimates.
"The smaller-case digits are used here for those affected by uncertainty in the previous column, i. e. for k = 2.

°Here “exact” means unaffected by the original experimental uncertainty. The added smaller-case digit in parentheses is not exact, being af-
fected by the CODATA uncertainty interval indicated in the previous column: e could be as high as 1.602 1767, k could be as low as 1.380648.

[m(K)/(kg) _1/1 = 1.000000001(10) [1.2:10%]
[u/(H m™) _1/(410-7) = 1.00000000020(23) [2.3-101] (1)
[M(2C)/(kg mol) _]/0.012 = 1.00000000037(45) [4.5-10-19]

[T,/ (K)_1/273.16 = 1.00000001(37) [5.7-1077]
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These factors are based on the CODATA stipulat-
ed values obtained from the adjusted values in Table 1,
and were considered to just correspond to the CIPM
indicated criterion. However, there is a basic difference
between a scientific context (the constants, CODATA)
and a regulatory context (the SI, CIPM).

Egs. (1) satisfy the CIPM requirement [14] that
the continuity principle is satisfied within the pres-
ent-SI best realisation uncertainties, but are not sup-
ported by the present experimental evidence, as shown
in Table 1 (even worse in Table 2).

That unresolved conflict consists of the fact, rather
obvious, that one could not stipulate a number with
more digit(s) than those confirmed exact by the exper-
iments. The fact that the uncertainty will eventually be
dropped in stipulation is totally irrelevant: uncertainty
means that, digit(s) affected by it could be different
from the stipulated one(s).

It is a fact that the present experimental results,
still do not support a firm continuity of the units’ mag-
nitudes. To get the desired continuity one is obliged
to “guess” the value of the last digit(s), affected by
uncertainty.

Inconsistent data and their effect

Another major issue was raised since the 2017
CCU document [15], concerning the evident incon-
sistency of several supplied new data for the Planck
constant: “... Nofes ... that work is under way in NMlIs
to understand the cause for the dispersion of the experi-
mental determinations of the Planck and Avogadro con-
stants ...” — as also noted by the CODATA in [1-2].
Nevertheless, the CCU concluded “that numerical val-
ues and uncertainties for the Boltzmann constant and the
Avogadro constant provided by the CODATA Task Group
on Fundamental Constants in their special Least-Squares
Adjustment of the experimental data provide a sufficient
foundation to support the redefinition, ...” and recom-
mended the CIPM to proceed for the 26th CGPM
in 2018. The CIPM did so in its 2017 meeting [15].

If data inconsistency is called, by default, an ev-
idence of non-overlapping uncertainty intervals (for k
= 1 in case of the CODATA) for the data, Fig. 2
in [2] shows such a case for three 2017 data, which
have been considered as such by the CODATA. In the
latter respect, the conclusion in [3], based on differ-
ent specific statistical tools, does not support the lack
of inconsistency. On the contrary, in [4] evidence for
inconsistency comes from the use of another (Bayes-
ian) method for the analysis of the 2017 — available
data. Those three 2017 data are directly used in the
analysis in [4] brings to important and conspicuous
results: while the CODATA 2017 adjusted value for A
results basically equal to NRC-17, from Figs. 3—4 in
[4] (to be compared with Fig. 2 in [3]) the evidence
comes of a continuing trend towards higher values of
h — see also the above Table 1 — pointing rather to

the IAC-17 value (not consistent with the CODATA
2017 adjusted value [2]).

The trend in 2017 is still sufficiently significant to
allow the doubt that the CODATA conclusion, and the
assertion in [3], are not sufficiently founded. In fact,
Figs. 3—4 in [4] also show an increase of the credi-
ble interval, another reason for being cautious about
the number of stipulated digits. These facts brought
to the conclusion in [4] that: “Although nothing can
be concluded about a possible future development of the
CODATA values for the Planck constant, their contin-
gent change over the past decades does not encourage a
redefinition of the kilogram at present”.

CODATA treatment of inconsistent data

In [1] is said: “... To achieve consistency, multi-
plicative expansion factors were applied to the uncertain-
ties ... The uncertainties of these input data are multiplied
by a factor of 1.7. With this expansion of the uncertainties
of the eight data, five have relative standard uncertainties
u_at or below 50-107°, with two at or below 20-10~ ...”
(facts also indicated in [2]), where only [2] specifies:
“It is note worthy that even after applying an expansion
factor of 1.7 to the uncertainties of all ... data, thereby
bringing them into agreement, the relative uncertainties
of the first five values of h ... are, in parts in 10°, only
15, 20, 23, 34, and 42, respectively”.

The reported uncertainty lowering is strictly a fea-
ture of the consistency-checking LSA method. Here, it
also shows its weakness in cases like this.

Actually, it is certainly not the first time that the
uncertainty of a constant is reduced thanks to the
connections that the LSA method establishes between
all the elements of the dataset. In this case, it might
indicate that the effect of the dispersion of the 2017
values for A, after having been assigned a 1.7-larger
uncertainty, becomes almost irrelevant for the gener-
al consistency-degree of the whole dataset (Note that
here consistency has a different meaning with respect
to the data consistency, as discussed in [3, 4] by using
specific statistical tools different from the CODATA
one). However, since here the uncertainty lowering
does not reflect onto the experimental findings, it
should be considered as a LSA artefact, and the con-
clusions reported in [4] looks valid.

Further, the CODATA method of increasing the
data uncertainty to eliminate the inconsistencies is
common in metrology: however, it should be con-
sidered as a better-than-nothing solution, since the
discrepancy could be, in reality, not due to an un-
derestimate of the uncertainty, but to a bias of the pro-
vided value. In the present case, too, it is not without
inconveniences. The fact that the uncertainty after the
uncertainty “expansion” remains nearly the same of
that in 2014 is not necessarily good news, but it may
indicate instead that the 2017 values were brought to
have an irrelevant effect. The numerical value could
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become impaired by the small sensitivity of the con-
stant’s subset with respect to the overall dataset. As a
consequence, it may happen that the value is adjusted
more or less than correctly.

Insufficient overall analysis of 2017 final database

In conclusion, the confidence/degree-of-believe
on future stability of the numerical values of 4 could
be considered insufficient. A deeper discussion of the
evident inconsistencies of several data should be pro-
vided.

The analyses in [2—4], contrasting with each oth-
er, are presently insufficient to draw the conclusion of
sufficiency about such an important subject matter. In
particular, the CODATA 2017 value of /4 is not sup-
ported by all presently-published analyses. Considering
the extraordinary effort made by several NMIs for sup-
plying more data in order to support the decisions that
must be taken about the numerical values to assign to
the constants, one would expect that deeper analyses
are made available in support to the results of the 2017
CODATA adjustment, and, beyond it, to the available
dataset — which should possibly be increased.

The importance of the result of the SI revision,
not only for the metrologists but for the entire Com-
munity of scientists, should prompt a broad number
of competent and independent analyses, using different
methods. In this respect, also analyses independent on
the CODATA one should be included.

In general, the LSA method allows checking only
consistency of the dataset, because the measured values
are changed (“adjusted”) to optimise the standard de-
viation of the set. This method, sound for many sci-
entific applications, looks unsuitable when, as for the
SI, the numerical values of the constants are instead
the unique goal: the values supplied by CODATA are
relative to the constraints chosen to make determined

LSA relational-equation set — strictly speaking, the
LSA is not a statistical method for obtaining “best”
mean values of the dataset.

The advantage would be to mitigate the otherwise
un-confronted effect of the somewhat-biased values and
reduction of uncertainty levels caused by the CODATA
use of the LSA, so leading to better evidence about
the digits needed and allowed to express the numerical
values of the constants and the Planck one in particu-
lar. In turn, that would offer higher confidence to the
process of stipulation of “exact” numerical values. A
combined “best value”, and its associated uncertainty,
should be obtained by using several diverse methods.

Is a hierarchy between countries now established, or
are the present top national standards still valid after
the SI revision?

This issue, non-scientific but basic in the SI reg-
ulatory context, is fully discussed in [12]. Here only
some conclusions are reported.

The metrological traceability pyramid of the stand-
ards is changed by the revised SI, as shown in Table
3: “definitional methods” do not stand anymore, but
“primary methods”, not to be included in the mise en
pratique as CCU still does, should be identified, now
replacing them. For the standards below the latter level
nothing changes.

In addition, while at present, the implementation
of the SI according to the Metre Treaty, in particular
by the NMIs, never implies that they must resort to
another NMI/Country, so that a user might decide
to resort to another NMI/Country only on its own
choice, with the revised SI definition, traceability to the
definition requires the demonstration that the defined
values are determined by the NMlIs. This is affordable
only by a few Countries, unless reference to the con-
stants becomes only a check, not the SI definition, dif-

Table 3

Metrological traceability chain for the SI (example: length). (from [7])

Traceability Level Present-SI

Revised SI

Top Definitional method

Method using “distance” and “time

interval”?

Mise en pratique.
Other method(s):

—1

No definitional method.
“Condition”: to reproduce the stipulated
constant(s) value
Primary methods:
¢, and t explicit in the model

using frequency and period

Secondary methods.
Other method(s):
stabilised laser
Workshop methods.
Gauge blocks

—4 Lower ranks

Mise en pratique.
Other method(s):
using frequency and period
Secondary methods
Other method(s):
stabilised laser
Workshop methods:
gauge blocks, ...

“This requirement is so far not always respected in the traceability chain.

14
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ferently from the presently proposed definition. If this
change will not be implemented, a hierarchy between
Countries will necessarily be established between those
who will experimentally determine the whole set of
constants and the rest — the vast majority.

On the other hand, for the present standards at
the top of the traceability chain, which were used to
determine the numerical values of the constants used
in the new SI definition, a different approach can be
considered, still being a controversial possibility.

It is a fact, as said hereinbefore, that the numer-
ical values of the constants are those obtained by us-
ing the units of the present-SI. Therefore, since new
and old units are made indistinguishable in magnitude
(with the two exceptions below), one could ask why
the present standards, having provided the numerical
values to the constants, up to top metrological level,
should not be anymore permitted after promulgation
of the revision. Should, e. g., the deadline moved to,
say, 2020, they would continue to provide new data:
so, at least for a “short period of time” [16] — i. e.
under “repeatability conditions” [16] — after revision,
stable standards should entitled to be used for further
valid realizations of the constants (note, not providing
a different numerical value). Therefore, those same
numerical values — now no more in the definitions
and thus uncertain — remain by definition consistent
with the new condition set by the use of the constants
for a “short period of time” [16], here meaning until
evidence will become available in future, from new ex-
periments or theoretical reasons, that the present units
were actually not consistent with each other.

Immediately after the change of definition, they
still ensure the consistency (“metrological compatibility”
[16]) of the old with the new units. This means re-
specting the “principle of continuity”, obviously within
the uncertainties associated to the results obtained with
the present-SI. It is an intrinsic property of the previous
standards that is still valid and should be preserved by
a clear indication in the BIPM texts.

Base units — Constants relationship

The issue is fully discussed in [8, 10]. Here only
some conclusions are reported.

The SI revision is considered by the proposers
to produce a scientific revolution in Kuhn’s sense, so
requiring a brand new approach to accommodate the
changes in the SI. However, not all these changes are
correctly identified in the current BIPM documents.
They would be less dramatic than estimated and could
be accommodated without such revolution provided
that its conceptual structure has enough flexibility: (i)
with constants based on the principles and tools of and
contents of fundamental physics, and thus in particular
on the currently accepted system of quantities and the
set of fundamental constants: (ii) with (not optional)
base units linked to the current SI so that the principle
of continuity is fulfilled.

A conceptual roadmap that satisfies both these
requirements, can be obtained by construing a system
of units according to an explicit two-stage structure —
explicit but not implemented in the present docu-
ment — including (i) a fundamental system and (ii) a
conventional one:

(i) both a system of quantities and a set of con-
stants corresponding to the dimensions of the base of
the system are assumed; this is the fundamental system
where the numerical value of each constant is 1,

(ii) a conventional system is then considered linked
to the above fundamental system, where it is admitted
that the numerical values of the constants can have
values different from 1, assigned according to the best
available present knowledge, so that in changing to the
new system the units maintain their values as expected
according to the principle of continuity.

Discontinuities occur in the magnitude of some of the
new measurement units

At present, two units will show a magnitude dis-
continuity of the order of 107 relative, quite signifi-
cant, in the revised SI:

* the volt, for which a cause is not presently ex-
plained in any publication, but probably arises from the
imperfect “closure” of the “quantum triangle”;

* the dalton with respect to the mole, arising
from the fact that in the revised SI the Dalton is
now affected by an uncertainty [17] while the mole
is defined exact.
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Yu € neperasag SI “3a0irannsm ynepen”?
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AHoTanis

BukopucranHst hyHIaMeHTATbHUX CTATHX JUIST BU3HAUECHHST HAWOILTBII BaXJIMBUX OMVHUIIL (KiJToTpaMa, amIiepa, Kellb-
BiHa i Mosst) MixHaponHoi cucteMu oavHuUIb (SI) Ha meplIMii MO 30a70Cs TOUITBHUM DillIeHHSIM JJI8 OTpUMaHHS
3HauYeHb 1IMX OAMHUILIL Ha OUIbII HafiliHil ocHOBI. [lependavyaeTnes, 110 HOBI BU3HAYEHHST IPYHTYBATUMYThCSl Ha (DiKCOBaAaHUX
YKMCEIbHUX 3HaUCHHsX cTayoi [11aHka, eleMeHTapHOro eJIeKTPUYHOro 3apsiay, ctaioi boibliMaHa i cranoi ABoraupo, Bifro-
BimHO. YCiM 1IUM BeanuMHaM OyayTh MPUITMCaHi TOYHI 3HAUYE€HHSI, 110 TPYHTYIOThCS Ha HANOIIbII JOCTOBIPHUX pe3yJbTaTax
BUMIpIOBaHb, pekoMeHaoBaHUX KomiteTom 3 maHux mis Hayku i TexHiku (CODATA).

[IpoBomuThCST aHaMi3, IO MO3BOJISIE 3’SICYBAaTH DS HACHINKIB MPUUHATTS neperisiay S, siki, iMOBipHO, HEIOCTAaTHHO
ouineHi BIPM a6o, neBHOI0 Mipolo, He MOSICHEHi KpaiHaM, 1110 Mianucaau MeTpuuyHy KoHBeHIlito. Lls BincyTHICTh sicCHOCTI
BIUIMHE Ha peaiizalliio meperasHytoi SI y mailOyTHroMy.

OcHOBHa yBara MpPUAUISETbCS TaKUM MUTAHHSIM: CKiJIbKA LMGP MOXHa O€3MeYHO BCTAHOBIIOBATU IS UYMCIOBUX
3HAUE€Hb CTAJIMX; YOMY HUHIIIHI €KCIepUMEHTaJIbHi HEBUM3HAUYEHOCTI HE IMiATPUMYIOTh TaK 3BaHY MNPEUM3iIMHICTh CTaIMUX;
HEY3ro/KeHOCTi y 0a3i JaHux neBHUX ctanux 3a 2017 p.; yomy aHajli3 METOAOM HalMEHUIMX KBaApaTiB Mir OyTH Helo-
LHiIbHUM a00 HEeIOCTaTHIM IS 3a0e3reueHHsT “Kpalliux”’ YMCIOBUX 3HAUYE€Hb CTAMX; i€papXis IIOAO CTAJIMX Ta OCHOBHUX
OIVHUIIb, HOBA METPOJIOTiYHA TlipaMiga; HeOOXiTHICTh 30epeKeHHSI KOJUIIHIX OCHOBHUX OJMHMIb 3i 30epekeHHSIM iX HU-
HillIHiX YMCIOBUX 3HAUY€Hb; BiTHOILIEHHSI OCHOBHUX OAMHMIIb/CTAIMX; BUKOPUCTAHHS HAaMKpallUX CyYacHUX HalliOHAJTbHUX
ETAJIOHIB y MallOyTHHOMY; HesIKi 3HaYHi PO3PUBU Y YKMCIOBUX 3HAUYEHHSIX HOBUX OIWHUIIb.

KmouoBi cioBa: crani, crana [lmanka, craza ABorampo, TeperfisiHyTa SI, oguHMIII BUMipIOBaHHS, OOMEXEHHsI, Me-
TPOJIOTis.

ABnsgerca i nepecmorp SI “3a0eranuem Bnepen”?

®paHko [MaBese

IMEKO, Kopco B. 3maHyane 235, 10139, TopuHo, Wmanus
frpavese@gmail.com

AHHOTAIMSA

Hcnonp3oBaHne (pyHIaMEHTaIbHBIX ITOCTOSTHHBIX IS OTpenecHUs] HanboJjiee BaXKHBIX eMUHUIL (KWJIOTrpaMMa, amIiepa,
KeJIbBMHA U MoJist) MexayHapoaHoit cuctembl envHul (SI) Ha mepBbli B3MISIA MTOKA3aJ0Ch LEJeco00pa3HbIM pelleHueM
JIJIST TIOJTyYeHUs 3HAUCHUIT JaHHBIX eIMHMI] Ha OoJiee HamexHoil ocHoBe. [IpemrmonaraeTcsi, YTO HOBBIE OIpeneaeHUsT OyIyT
OCHOBBIBAThCSI Ha (PUKCUPOBAHHBIX YMCIIOBBIX 3HAUEHUSIX MOCTOSTHHOUM [laHka, 3JIeMEeHTapHOTO 2JIeKTPUYECKOTO 3apsina,
MOCTOSIHHOI bBosbliMaHa U TMOCTOSIHHON ABOraapo, COOTBETCTBEHHO. BceM aTuMm BenmumHaMm OymayT MpPUIIKMCAaHBI TOYHBIE
3HAYCHUS, OCHOBAaHHbIC Ha HamboJiee ITOCTOBEPHBIX pe3ybTaTaxX M3MEPEHUI, peKOMEHIOBAaHHBIX KOMUTETOM IO JaHHBIM
st Hayku U TexHuku (CODATA).

[IpoBomuTCs aHAIN3, MO3BOJISIONMINI BBIICHUTh PSII MIOCAEACTBUI TIPUHSTHUS TTIepecMoTpa SI, KoTopsle, MO-BUIUMOMY,
HenocTtaTouHo ouieHeHbl BIPM wnu, mo KpaitHeit Mepe, He 0ObsICHEHbI CTpaHaM, MOAMMCABIIMM MeTpuuecKyo KOHBEHIIUIO.
DTO OTCYTCTBUE SICHOCTH TIOBIUSIECT Ha pealn3alnio repecMoTpeHHou SI B Oymyriem.

OCHOBHOE BHMMaHHE YyIeJseTcsl CAeAyIOLIMM BOMpocaM: CKOJIbKO LUGMP MOXHO 0€30IMacHO yCTaHaBAMBATh IS
YUCJOBBIX 3HAYCHUM TTOCTOSTHHBIX; IMOYEMY HBIHEITHHWE SKCIIEPUMEHTAJbHbIC HEOMPEIeICHHOCTH He TOMIEPXKUBAIOT TaK
Ha3bIBaEMYIO0 TPELIM3UOHHOCTh IMOCTOSTHHBIX; HECOTJIAaCOBAHHOCTM B 0a3e MAaHHBIX HEKOTOPBIX MOCTOSHHBIX 3a 2017 T.;
IMoYeMy aHaju3 METOJAOM HaMMEHBIIMX KBaIpaTOB MOT OBITh HEIleJecOOOpa3sHbIM WM HEIOCTATOYHBIM IS 0OecrieueHUs
“JyJIIMX” YUCIIOBBIX 3HAYECHWI TMOCTOSTHHBIX; MepapXusi OTHOCUTEIBHO TMOCTOSSHHBIX M OCHOBHBIX €IMHMII, HOBass METPO-
Jloruyeckas MupaMmuaa; HeOOXOMIMMOCTb COXPaHEHMS TTPEXKHUX OCHOBHBIX €IMHUIL ¢ COXPAHEHUEM UX HBIHEITHUX YMCIOBBIX
3HAYCHMUI1; OTHOIIIEHNE OCHOBHBIX ¢IMHUII/TIOCTOSTHHBIX; MCIIOJb30BaHUE JIYYIIMX COBPEMEHHBIX HALIMOHAIBHBIX 3TAJIOHOB
B OyIyllleM; HEKOTOpbIE 3HAYMTEIbHBIC Pa3pbiBbl B YMCIOBBIX 3HAUEHUSIX HOBBIX €IMHMUII.

KiioueBbie ci0Ba: MOCTOSIHHBIE, TOCTOssHHas IliaHka, mocTosiHHas ABoraapo, IepecMoTrpeHHast S, eauHuLbl U3Me-
peHuUsI, OrpaHUYEeHNE, METPOJIOTHS.
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