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ABSTRACT

The generally accepted mean difference between measurements of solar irradiance by
means of an Abbot silver-disk pyrheliometer, referenced to the Smithsonian scale of
1913, and by means of an Angstrom electric-compensation pyrhel ometer, referenced to
the Angstrom scale of 1905, is 8.5 %, measurements on the Angst16m scale being lower.
In September of 1956 at Davos the International Radiation Commission of the IUGG
recommended the adoption of a new scale to be known as the Irternational Pyrhelio-
metric Scale 1956 (IPS 1956). To express radiation observations on the IPS 1956,
measurements made on the Angstrém scale of 1905 were increased by 1.59%, while
measurements made on the Smithsonian scale of 1913 were decreased by 2.0 9.

A comparison of the Angstrém scale of 1905 with the Smithsonian scale of 1913 at
Toronto from 1955 to 1957 yielded a mean difference of 4.6 % between them, which is
1.1 % greater than the original 3.5 % difference upon which the IPS 1956 was based.
During the Second International Comparison of Pyrheliometers at Davos in 1964 the
mean difference between the Angstrém scale of 1905 and the Smithsonian scale of
1913 was found to be 4.85 %, and during the Third International Comparison in 1970
to be 4.4 %. Measurements made with a Kendall cavity-type self-calibrating pyrhelio-
meter during the 1970 comparisons, however, agreed within 0.2 % of the Smithsonian
scale of 1913 reduced by 2.0 %.

A new practical scale for use as reference for meteorological radiation measurements
is urgently required as a replacement for the IPS 1956. Such a scale can now be realized
with high accuracy by means of a radiometer incorporating a cavity-type receiver and

an aperture with carefully defined geometry.

1. Introduction

Meteorological radiation measurements have
been usually standardized either by the Abbot
silver-disk pyrheliometer or the Angstrom
electric-compensation pyrheliometer.

At the International Meteorological Confer-
ence at Innsbruck in 1905, the pyrheliometer of
K. Angstrom (1899) was adopted as the standard
instrument for the measurement of solar irra-
diance. The Angstrém scale of 1905 (AS 1905)
is based on a group of specimen instruments, No.
70 being the absolute instrument, and No. 158
and several others being the main reference
instruments.

The AS 1905 was determined later, however,
to require a correction because of a so-called
marginal effect. The mean marginal correction
to pyrheliometer No. 70 was found by Lindholm
(1958) to be +2.49%,.

The construction of water-stir pyrheliometer
No. 4 by C. G. Abbot and co-workers formed the
basis of the Smitasonian revised scale of pyr-
heliometry of 1913 (SS 1913). The introduction
of the improved water-flow pyrheliometer No.
5 in 1932 disclosed a correction to the SS 1913
of —2.59% (Abbot & Aldrich, 1932). This correc-
tion to the SS 1913 was confirmed again in
1934, 1947 and 1952.

At Davos in September 1956, the Internatio-
nal Radiation Commission recommended the
adoption of a new scale, to be known as the
International Pyrheliometric Scale of 1956 (IPS
1956). The IPS 1956 was based on the best
knowledge availasle at that time of the differ-
ence between the AS 1905 and the S8 1913 from
measurements made at low altitude stations
{Courvoisier, 1957). Radiation observations ref-
erenced to the two older scales were redefined
as follows:
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Table 1. Summary of Toronto comparisons
between Abbot stlver-disk pyrheliometer SI14
(Smithsonian scale of 1913) and Angstrém com-
pensation pyrheliometer no. 149 (Angstrom scale
of 1905) from 1955 to 1967

Q. SIl4

Year Date Al49
1955 Jure 2 1.049
3 1.042

15 1.033

1956 Mar. 19 1.048
20 1.048

June 11 1.043

13 1.045

1958 Feb. 13 1.025
20 1.036

Mar. 26 1.054

Apr. 3 1.029

9 1.036

May 2 1.063

Sep. 11 1.052

22 1.036

Oct. 29 1.037

1959 Apr. 24 1.049
May 1 1.043

25 1.043

June 3 1.044

July 13 1.060

Aug. 11 1.053

Sept. 21 1.046

Dec. 31 1.050

1960 Feb. 2 1.044
June 20 1.042

July 6 1.053

15 1.042

Aug. 30 1.040

Sep. 2 1.046

1961 Apr. 20 1.052
May 11 1.053

1962 May 9 1.040
11 1.034

Aug. 2 1.043

1963 Oct. 4 1.042
1967 Apr. 25 1.049
Weighted mean 1.046

Definition A: Measurements made on the SS
1913 were decreased by 2.09,.

Definition B: Measurements made on the AS
1905 were increased by 1.5%,.

The author uses the terms ‘‘Definition A’
and ‘“Definition B’ to identify separately the
two statements. The remainder of this paper
is concerned with the comparison of the AS
1905 with the SS 1913 and a critical examination
of the IPS 1956.
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2. Comparison of the Angstrém scale of
1905 and the Smithsonian scale
of 1913 at Toronto

Comparisons were carried out at Toronto
from 1955 to 1967 between Angstrom pyrhelio-
meter No. 149 and Abbot silver-disk pyrhelio-
meter No. SI14. The ratio of observations of
solar irradiance made simultaneously with the
two pyrheliometers, called Q. SII4/A149, is
given in Table 1. The mean value of @ for the
13-year period is 1.046, with the mean error of
comparison estimated as +0.5%. The data are
weighted according to the number of individual
sets of measurements made on each day listed.
The larger scatter of the data during the year
1958 was the result of the introduction of a
new observer who was unfamiliar with the
operation of the silver-disk and Angstrém
pyrheliometers.

Figure 1 traces the relationship between the
AS 1905 and the SS 1813 established by the
comparisons at Toronto. The definition of the
IPS 1956 accounts for a 3.5 9%, difference between
the AS 1905 and the SS 1913, leaving a residual
1.19, difference not accounted for. A similar
series of comparisons made at Davos (a high
altitude station) from 1930 to 1946 gave a mean

InsTiTUTE OF PHYsics,
UppsaLa
AnesTRUM PyRMELIOMETER No, 70
As 1905
(ABSOLUTE INSTRUMENT)

SMITHSONIAN INSTITUTION
WaTER-FLOW
PyRHEL1OMETER Ho. 5
SS 1913
(ABSOLUTE INSTRUMENT)

SWEDISH METEOROLOGICAL AND
HyDROLOGICAL INSTITUTE
BnasTROM PyRHEL 1OMETER No. 158
As 1905

SMITHSONIAN INSTITUTION
StLver-Disk
PyrueL1omeTER No. SIS BIs
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r
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Fig. 1. Intercomparison of Angstrém pyrheliometer
No. 149 on the Angstrém Scale of 1905 with silver-
disk pyrheliometer No. SI14 on the Smithsonian
Scale of 1913.
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SILVER-D1sK PYRHELIOMETER ANGSTRGM PYRHELIOMETER
Ho, SI14 No, 158
S$ 1913 As 1905
-2.07 +1,5%

IPS 1956:DEFINITION A IPS 1956:DeFiniTION B
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ANGSTROM PYRHELIOMETER
No. 210
IPS 1956

SILVER-DIsK PYRHELIOMETER
No. T7
IPS 1956

B

Davos, IPC-11,1964

9. 17/8210 = 1,0125

Fig. 2. Intercomparison of silver-disk pyrheliometer
No. T7 with Angstrém pyrheliometer No. 210 at the
Second International Pyrheliometer Comparisons at
Davos, 1964.

ratio of 1.0516 (Angstrém & Rodhe, 1966).
Rodhe (private communication) recorded a
single series of ten readings at Stockholm, in the
spring of 1973, between A 158 and Smithsonian
compensation pyrheliometer SI14 (not to be
confused with Smithsonian séilver-disk pyrhelio-
meter SI14) using new electric equipment. He
found the difference between the SS 1913 and
the AS 1905 to be 4.1%,.

3. The Second International Pyrheliometer
Comparison at Davos in 1964

The traceability established by the compari-
son of silver-disk T7 and Angstrém pyrhelio-
meter No. 210 at the Second International Pyr-
heliometer Comparison (IPC-II), held at Davos
in 1964, is depicted in Fig. 2. According to the
definition of the IPS 1956 the ratio Q. T7/
A210 should be close to unity, whereas a
weighted mean difference of 1.259%,, with stand-
ard deviation +0.49, was measured. The cali-
bration factor used for T7 (0.3694 cal em~2
min~1/°C, IPS A 1956) is derived from a pro-
tracted series of calibrations against silver-disk
SI14 at Toronto and Mt. Kobau, B. C. (49°07' N,
119°40’ W, 1864 m a.s.l.) from 1963 to 1971.
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4. Comparison of the Newport and
Toronto versions of the IPS 1956

An Eppley-Angstrém No. 9001 was received
from the maker in 1968 and a series of compari-
sons were made between it and silver-disk T'7 in
1968 and 1970. The calibration factor (6.29 cal
em~2 min-Y/A?, IPS B 1956) used for E-A 9001
was the value cersified by the manufacturer.
The traceability of the comparison data is
given in Fig. 3. The value Q. E-A 9001/T7 given
in Table 2 is the ratio of the solar irradiances
measured simultancously by E-A 9001 and T7.

Again, according to the definition of the IPS
1956, the value of ¢ given in Table 2 should be
unity, instead of being 2.6 9% too low.

5. The Third International Comparison
of Pyrheliometers at Davos and Locarno

in 1970

At IPC-III the series of interesting inter-
comparisons depicted in Fig. 4 were recorded.
The comparison data are abstracted from the
WMO Preliminary Report (WMO, 1970). The
JPL-PACRADis an absolute radiometer describ-
ed by Kendall (1969). Another absolute instru-

AnGSTRGM PYRHEL 10METER
No. 210
IPS 1956:DeFinNiTION B

Davos | 1966

S1LVER-DISK PYRHELIOMETER
No. SIl4
IPS 1956:DerINITION A

EppLev-ANGsTRGN
No, 7644
[PS 1956

Hewport | 1968 ToronTo | 1963-71

EppLEY-ANGSTROM ] S1LVER-DISK PYRHELIOMETER
No. 9001 No. T7
IPS 1956 IPS 1956

e

Toronto-Mr, Kosau
0, E-H9001/77 = 0.974

Fig. 3. Intercomparison of Eppley-Angstrém No.
9001 with silver-disk pyrheliometer No. T7 at
Toronto-Mt. Kobau.
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Davos 1970
JPL-PACRAD
(ABSOLUTE INSTRUMENT)

0. E-R9001/PACRAD | Q. T7/PACRAD Q. A210/PACRAD 0, R158/PACRAD
=0.978 =0.998 =0.981 =0.993
EPPLEY-ANGSTREM SiLver-Disk Ansstrom Mo, 210 BnesTroM No.158

i10.9001 Ho.T7 (Davos STANDARD) STOCKHOLM STANDARD)
[PS 1956:DeFINITION B IPS 1956:DerINITION A [PS 1956:DEFINITION B ’IPS 1956:DeFiNiTION B
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Fig. 4. The relationship between the JPL-PACRAD and Eppley-Angstrom No. 9001, silver-disk No. T7,

Angstrém No. 210 and No. 158 at the Third International Pyrheliometer Comparisons, Davos, 1970.

ment from the U.8. National Bureau of Stand-
ards agreed with the JPL-PACRAD to within
0.1 9% during observations on two days.

One rather disturbing outcome of IPC-III
was the discovery of a 1.29% difference between
the Stockholm standard A 158 and the Davos
standard A 210. A 210 was calibrated at TPC-I
in 1959 versus A 158 on the IPS B 1956. Later,
at IPC-IT in 1964, A 210 agreed within 0.3%
of A 158, i.e., close to the generally accepted
estimate of error ( +0.259%) for the comparison
of two Angstrom pyrheliometers. However,
during TPC-III an automatic data recording
system (WMO, 1970) was used which eliminated
the use of individual current meters with partici-
pating electric-compensation pyrheliometers.

Upon his return to Stockholm, Rodhe (1972)
made an extensive examination of the several

Table 2. Summary of comparison of Eppley—
Angstrém No. 9001 and Abbot silver-disk No. T7
at Toronto and Mt. Kobau, 1968-70 (IPS 1956)

Q. E-A9001
Date Location T7 md. N
24 July 68 Mt. Kobau .971 0029 16
27 July 68  Mt. Kobau .976 0028 8
28 July 68 Mt. Kobau .974 0035 8
17 Mar. 70  Toronto 975 .0048 20
19 Mar. 70  Toronto 974 .0020 20
Summary 974 0032 72
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current meters used over the years with the
Stockholm group of Angstrom standard pyrheli-
ometers. He found that the milliameter used
with A 158 at IPC-T and IPC-II exhibited scale
errors exceeding those specified by the manufac-
turer for this class of current meter. When
appropriate scale corrections were applied to
the electric compensation current data recorded
during IPC-I and IPC-II with A 158, Rodhe
concluded that the observations of solar irra-
diance with A 158 at IPC-T should be increased
by 0.629%, and at IPC-II by 0.659%,. He writes
that “it is quite obvious that the change of the
calibration factor of the Davos reference No.
A 210 in 1959 should not have been done”. He
also could not find any indication that the cali-
bration factor of A 158 had changed after
appropriate corrections were applied to the
current readings. Since Rodhe’s (1972) work has
only accounted for a 0.6 to 0.79 difference
between A 158 and A 210 there exists another
unexplained difference of 0.5 to 0.6 %. This may
be due to a real change in the calibration factor
of A 210 between IPC-II and IPC-III, or to
scale errors of the current meters used with A
210 at TPC-I and II.

Following IPC-III, a new Eppley-Kendall
absolute radiometer No. 11399 was acquired.
A series of 197 comparisons were made during
July and August, 1972, at Mt. Kobau. The mean
ratio of the solar irradiances measured by silver-
disk T7 and E-K 11399 was Q. T7/E-K11399 =
1.0013, with a mean deviation of 40.0228.
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Both instruments have essentially the same
aperture. This compares well with the ratio
Q. T7/PACRAD =1.002 found at IPC-III.

6. The effect of aperture geometry on the
comparison of pyrheliometers

In any intercomparison involving two types
of pyrheliometers consideration must be given
to the basic difference in the principle and mode
of operation of the two instruments. The silver-
disk pyrheliometer has an observation cycle of
6 minutes, only two of which are directly af-
fected by solar radiation, while the Angstrém
instrument is usually read every minute, or
more often. The comparison of readings obtained
with an Angstréom and silver-disk cannot be,
therefore, as accurate as with two instruments
of the same type operated simultaneously in the
same way.

There is also the effect of differences in
aperture shape and size as between the Angstrém
and silver-disk pyrheliometers (or the PACRAD,
and effect of circumsolar sky radiation resulting
from the turbidity of the atmosphere (Bossy &
Pastiels, 1948). Angstrém pyrheliometers No.
149 (Toronto), No. 158 (Stockholm), and No.
210 (Davos) which have essentially the same
dimensions, receive a greater amount of circum-
solar sky radiation than a silver-disk pyrhelio-
meter which has a smaller aperture. However,
the compensating or shaded strips of Angstrém-
type instruments are also influenced by sky
radiation entering the open aperture since no
screen separates each half of the pyrheliometer
tube. This effect acts to reduce the influence of
circumsolar radiation on the comparison of
Angstrom pyrheliometers with apertures of
different shape and size. Rodhe (1972) reports
that the effect of turbidity during IPC-I1I when
comparing a Stockholm model Angstrém with
an Eppley model Angstrom as between Davos
(low turbidity) and Locarno (high turbidity)
amounted to only 0.3 %.

IPC-IIT data show a difference of 2.29 in
solar irradiance measurements between the
PACRAD and E-A 9001 (Fig. 4). Both instru-
ments are reported to have equivalent apertures
close to 5°. Geist & Kendall (1972) have shown
that the effect of atmospheric turbidity on the
comparison of PACRAD versus the. Eppley-
Angstrom pyrheliometer should be negligible
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when compared with the 2.2 9, difference found
between these two pyrheliometers at IPC-ITT.

7. The relationship of the AS 1905 and
the SS 1913 to the IPS 1956

The intercomparson data presented in the
text above are now assembled together in Fig.
5. An arbitrary reference scale was constructed
with the zero mark assigned to silver-disk pyr-
heliometer 8I14 to indicate the SS 1913. Pyr-
heliometer SI14 was compared with the stand-
ards of the Smithsonian Institution in 1937,
1954, 1959 and 1960. The mean standard devia-
tion for the comperison data is 0.459%. It is
assumed that the comparison data given in
Table 1 for the ratio of the solar irradiance
measured by SI14 and A 149 justifies the
assumption that within the limits of measure-
ment error the calibration factors of SI14 and
A 149 did not change between 1955 and 1967.

Silver-disk pyrheliometer T7 has been cali-
brated repeatedly since 1963 versus silver-disk
pyrheliometer S114, and has its factor reduced
by 2.0% in order to represent the IPS 1956
derived through the use of definition A. The
position of T7 was marked, therefore, at the
left of the reference scale at the —2.09% level
to indicate the IP3 A 1956 at Toronto. The
position of pyrheliometer A 149 was then mark-
ed at the —4.69% level, using the data in Table
1, to indicate the AS 1905. The position of A
149 was again marked 1.5 %, above this first posi-
tion to indicate the IPS B 1956 at Toronto.

Finally, Eppley—Angstrom pyrheliometer No.
9001 was marked on the reference scale by
reducing the scale value of T7 by 2.6% (see
Table 2), and Eppley-Kendall radiometer No.
11399 was located by reducing the position of
T7 by the 0.139% mentioned in the text above.
Tt seems coincidental that A149 on the AS 1905
coincides with the position of E-A9001 on the
IPS B 1956.

The comparisons located to the right of the
scale in Fig. 5 are positioned using the data
presented in Figs 2 and 4. The position of T7,
representing the IPiS A 1956, is repeated on the
right of the scale at the same level as on the
left since the pyrheliometers named were
compared with T7 at IPC-II and/or IPC-III.
However, it should be noted that all the inter-
comparisons depicted in Fig. 5 are traceable
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PYRHELIOMETER COMPARISONS

SMITHSONIAN SCALE 1913: SI14 0.00
-
e JAPC-I1 1964
1PS 1956 COEFINITION A): 17 F-2,003 7 :1PC-111 1970
ABSOLUTE SCALE: £-K11388” £ I \__PACRAD :IPC-I1I 1970
E $——_Ri58 :1pC-111 1970
IPS 1956 (DEFINITION B): Al49 3.0
E o A210 sIec-11 1964
Fe 0y K210 :IPC-111 1970
RNGSTROM SCALE 1905: Al49 o 3 fedamn rpe1it 1670
IPS 1956 COEFINITION B): Lﬁsum7

Fig. 5. The relationship of the Smithsonian scale of
1913 and the Angstrém scale of 1905 to the IPS
1956, derived from comparisons of pyrheliometers at
Davos and Toronto. All positions on the scale are
determined with respect to the position of silver-disk
pyrheliometer SI14.

to silver-disk pyrheliometer SI14 on the SS
1913 and to Angstrom compensation pyrhelio-
meter No. 158 on the AS 1905. Also, the posi-
tions of A210 at IPC-II and IPC-IIT have not
been corrected for the errors reported by Rodhe
(1972), and mentioned above.

8. Conclusions

The data cited in Table 1 indicate that the
SS 1913 and the AS 1905 differ by more than
3.59%,. A149 was referenced to A158 at Stock-
holm in 1954. Sixteen years later A149 shows
agreement with A158 within 0.29% when traced
through two intermediate pyrheliometers, SI14
and T7 (see Fig. 5). Over this same period
comparisons between SI14 and A149 gave a
mean difference of 4.6% between the two
scales. More independent measurements between
the SS 1913 and the AS 1905 are required in
order to confirm the difference between the
two scales with greater accuracy and precision.

According to Rodhe (1972) the calibration of
A210 at Davos at IPC-I was incorrect by
0.62 %, and again by 0.64 % at IPC-II. In addi-
tion, the difference in scale between A210 and
A158 had increased to 1.29% at IPC-III. No
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information is available which would indicate
whether this 1.29, difference can be attributed
to a real change in A210, to scale errors of the
current meters used with A210 at IPC-I and
IPC-11, or both.

The ratio of the solar irradiance measured by
E-A9001 and T7 at Toronto and Mt. Kobau
agree within 0.29 of the same ratio measured
at Davos. However, the value of the solar irra-
diance measured with E-A9001 using the calibra-
tion factor provided by the manufacturer is
too low. In fact, it appears that the reference
level maintained by the Eppley Laboratory
produced a calibration for E-A9001 which is
1.49% lower than the IPS B 1956 and 2.5%
lower than the TIPS A 1956.

Of particular interest is the very close agree-
ment, shown in Fig. 5, between the two absolute
radiometers, the PACRAD and E-K11399. They
differ by less than 0.1 %, although the compari-
son is transferred through silver-disk T7. One
series of measurements were made at Davos
during IPC-III, while the other was made at
Mt. Kobau 2 years later. In addition the
absolute radiometers give values of solar irra-
diance which are within 0.29 of the IPS A
1956 as represented by silver-disk T7.

A more recent intercomparison (Willson,
1972) was held at Table Mountain, California,
which included some of the pyrheliometers
already mentioned here, as well as others. It is
worthwhile noting that E-A 7644 (see Fig. 3)
gave irradiance values about 2.0% lower than
the values reported for PACRAD. This com-
pares within the limits of measurement error
with the 2.29 difference found between
PACRAD and E-A9001 at Davos (see Fig. 4).
The reference instrument used at Table Moun-
tain is called the Active Cavity Radiometer
(ACR). Willson’s (1972) data show that the
ACR gave irradiance values 0.2% higher than
the PACRAD which would place the ACR and
silver-disk T7 at the same scale position in
Fig. 5.

A new practical scale for use as reference for
meteorological radiation measurements is ur-
gently required to replace the IPS 1956. Radio-
meters with cavity-type black-body receivers
have been fabricated and have an uncertainty
of less than 40.29 and a precision better than
+0.19% (Kendall, 1969). Therefore, the time
seems opportune to replace the IPS 1956 with
a revised scale of meteorological radiometry.
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OB ABCOIOTHBIX MUPTEJIMOMETPUYECKUAX IIKAJIAX AHICTPEMA I
CMUTCOHOBCKOI'O HHCTUTYTA U MEKIIVHAPOIHON
IIAPTEJIUOMETPUYECKON IMKAJIE 1956 r.

OO0wWenpUHATAA CPeIHAA PAa3HOCTE MemAy pe-
3yJNbTATAMM H3MepeHHH coaHeuHolf Mppamua-
MK C MOMOmBI0 IMprexuomerpa A66Gora ¢ ce-
peOpAHHIM IUCKOM, OTHECEHHHMH K CMHUTCO-
HOBCKOH mKaJjie 1913 r., 1 ¢ TOMOMIBIO BIEKTPH-
YeCKM CKOMIIEHCHDOBAHHOTO IHpPTeIMOMeTpa
AHrCTpEMa, OTHECEHHHIMU K IIKajle AHI'CTpeMa
1905 r., cocraBuser 3,56 %, npudeM pe3yabTATHl
co mKamoik Aurcrpema Hume. B cenraGpe 1956 r.
B HaBoce Me:xayHapogHas KOMHCCHA IO pa-
puanuu MI'TC pexoMeHpoBala NPUHATH HOBYIO
LKAy, U3BeCTHYI0 Kak MeKIyHapomHada HHp-
requoMeTpuyeckan meana 1956 r. (MIIII 1956).
Yto6Hl BHpasuTh pafMalUOHHBIE HAGIOAEHUA
B MHII 1956 r., peaynbTaTel M3MepeHHil, OT-
HeceHHBHle K IMKaje AHrcrpema 1905 r. 6niam
yBeanmueusl Ha 1,56 %, TOrga Kak pesyJbTaThl
M3MepeHuii, OTHECEHHBIE K CMUTCOHOBCKO IIKaJie
1913 r. 6naun ymeubmeHs HA 2,0 9. CpaBHenue
mKanu AdrcrpemMa 1905 r. Co CMHTCOHOBCKOUI
mranoit 1913 r., nposemeHHoe B 1955—
1957 rr. B TopoHTo, ©OKasalo, 4TO Cpex-

HAA PAa3HOCTb Me:iAy ABYMA IIKAJIaMHM paBHA
4,6 %, uro Ha 1,1 % OGonblue IepBOHAYAIBLHHX
3,56 %, Ha KOTOpHIX ocHoBBIBasack MIIII 1956.
B 1euenune BTOpOro MexayHapogHOro CpaBHEHUA
nuprexnoMerpoB E [laBoce B 1964 r. cpenHas
PasHULA MEKIAY UIKAJIaMM AHICTpeMa U CMHT-
COHOBCKOM Oblna HalipeHa paBHolW 4,859, a B
nepuosx TpeTbero Me:XyHapoOmZHOrO CpPaBHEHUA
B 1970 r. — 4,4 9%. OnHaKo M3MepeHHUA C IO-
MOILIPI0 CAMOKAMMPYIOUEroCA NHUpPreauoMerpa
KeHpamina ¢ TOTICTHI0 COTNACYIOTCA C TOY-
HocThIO 0,2 9, CO CMUTCOHOBCKOM mKaJjoi 1913 r.,
yMmeHbiieHHO#t Ha 2,0 9%. HacroarembHo Tpe-
OyeTca HOBafA MpPAKTHYEeCKAd MIKaJla BMECTO
MIIUT 1956 goa ucmosahb30BAHUMA B KauyecTBE OT-
CYETHOH NPM NPOM3BOICTBE METEODPOIOTHUECKUX
pagmanuoHHHIX maMepenuit. Takaa mkama Mo-
#eT OLIThL Teneph MOJY4€HA C BHICOKON TOY-
HOCTHIO € TIOMONILIO pafUOMeTpa, HMePIero
IIpHeMHMK B BHJE IOJOCTH U ameprypy ¢ Tila-
TeJbHO OIpefielieHHol reomerpueif.
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