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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteratic:.

Aa A a A, a PP P p R,r

b S 6 B, b C c C S, s

B B a V, v TT T m T,t

Fr r G, g Yy y y U,u

R D, d 0 0 0 F, f

E e E Ye, ye; E, e* X x X x Kh, kh
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3 3 3 s Z, z H 4 V V Ch, ch

0 l U I, i W w w Sh, sh

1 R D Y, y W ill a Shch, shch

K K a K, k b b "

J7 A * L, 1 b L31 Y, y

M l M, m b '

H H H N N, n 3 3 # a E, e

0 o 0 0 0, o Q 0 i s Yu, yu

Fl n /7 a P, p A a Ya, ya

%e initially, after vowels, and after b, b; e elsewhere.
When written as 9 in Russian, transliterate as y4 or 9.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh_,
cos cos ch cosh arc ch cosh_
tg tan th tanh arc th tann .
ctg cot cth coth arc cth coth-l
sec sec sch sech arc sch sech_
cosec csc csch csch arc csch csch

Russian English

rot curl
lg log

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged

into this translation were extracted from the best

quality copy available.
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THE RKZ-3 RADIOSONDE OF INCREASED ACCURACY

R. I. Bogdanov, A. A. Vorontsov, Yu. A. Glagolev, B. P. Zaychikov, M.

V. Krechmer [deceased), G. P. Kalduzov, A. F. Kuzenkov, N. A.

Kuz'micheva, V. I. Shlyakhov.

The PKZ-3 type radiosound was described. This radiosound had a higher accu-
rocv and a smaller discrethess of the air temperature measurement than the ofher
PW7 type radiosoundes of the. The standard chance errors of the air temperature
i:dividuai reading obtained by the method of the pair radiosound flightings were
!e,. Ohan ±0.35 deg on the altitudes up to 40 km.

For measuring the parameters of state of free atmosphere in the

aerological practice are utilized the devices/equipment of single

action, which ensure the complex measurements (radiosondes). These

instruments are intended, as a rule, for determining the value of

three fundamental atmospheric parameters; temperature, pressure and

air humidity at the heights/altitudes to 35 km. In this case the

temperature of air is one of the most essential parameters. The

results of temperature radiosounding moreover at present they are

utilized for calculating the atmospheric pressure with the aid of the

barometer formula. Pressure (during the use for measuring the

height/altitude of station (Meteor) obtained thus proves to be at

altitudes >5 km more precise than data of the direct radiosounding

measurements of pressure [1].
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To the measurements of the temperature of air in free-air

conditions are presented high requirements. According to the

requirements, formulated by world meteorological organization [1], in

the range from 50 to -900C the temperature must be measured with the

error, which does not exceed 0.50 C. However, contemporary supply-line

radiosondes possess high magnitudes of error, especially in the

stratosphere. These errors are caused in essence by preheating

temperature-sensitive element by short-wave and long-wave thermal

radiation, by their own currents of metering circuits, by the effect

of the entire risen system to the temperature-sensitive element, and

also by the inertness of measuring elements/cells. The source of

errors is also the insufficiently precise measurement of the state of

temperature-sensitive element, caused by the effect of the

destabilizing factors on the transformative circuits of radiosondes.

Evaluation/estimate and account of these phenomena, for the purpose

of the introduction of temperature corrections to

readings/indications of concrete/specific/actual instrument are

complex problem. It suffices to say that the root-mean-square random

measuring error of the resistor/resistance of temperature-sensing

devices, characteristic to the best supply-line radiosondes of

domestic manufacture RKZ-2, it exceeds in the translation/conversion

into temperature of 0.7"C.
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In this case the difference between the readings and the actual

temperature in the stratosphere at the height/altitude of 20-30 km

reaches 50C.

For increasing the accuracy of the measurement of temperature

was developed radiosonde RKZ-3.

Radiosonde RKZ-3 is intended for the temperature-wind sounding

of atmosphere in the especially critical aerological points/items of

the country and for checking the accuracy of mass series radiosondes.

1. Description of instrument.

With the retention/preservation/maintaining of the known

principles of conversion and transmission of meteorological data in

the radiosondes of the type RKZ [2] the radiosounding

device/equipment RKZ-3 (Fig. 1) structurally/constructurally differs

from analogous type instruments.

For measuring the temperature in RKZ-3 is used new thermo-knot
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with the bead temperature-sensing device STZ-25 and the optimum

length of bracket in 30-40 cm [3].

The bead of thermal resistor STZ-25 has a diameter, equal to

approximately/exemplarily 250 m and the platinum terminals with a

diameter of 30 M at the length in 16 mm. Conclusions/outputs are

soldered to the ends/leads of the plug from the silver-plated wire

with a diameter of 1 mm whose foundation is fastened into the

reinforced glass.

L
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'1

A C1~ , R, L,

I I?,

Fig. 1. Schematic diagram of radiosonde RRZ-3.

Page 5.

The stability of micro-thermal resistor STZ-25 in connection with its

three-component structure and vitrification several times of higher

than the two-component thermal resistors used earlier.

The thermal inertia of thermal resistor STZ-25 comprises not

more than 0.4 s. The body of thermal resistor is covered/coated with

anti-radiation coating - sulfate barium or special white paint.

For decreasing the errors, connected with the Joule warming of
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temperature-sensing device, the power/thickness of the electric

current of metering circuit is led to a value less than 100 MW. A

decrease in the power/thickness is achieved/reached by the selection

of passive elements/cells and by decrease in the nominal anode

voltage. The anodic and filament voltages of measuring

generator-converter are stabilized (L,).

This is the necessary measure with the work of the instrument in

the temperature range of higher than 250C (low values of the

resistor/resistance of temperature-sensitive element).

The relation of the frequencies of signal generator, developed

with the connection of thermal resistor and supporting/reference

resistor/resistance R,, characterizes the state of

temperature-sensing device.

For the control/checking of the safety of the calibration of

radio-block in flight in diagram RKZ-3 are utilized two control

resistors/resistances. This makes it possible to rate/estimate and to

consider the effect of the destabilizing factors on the work of

metering circuits in the process of the flight of radiosonde.

In order to restrict the effect of the subsequent

cascades/stages of radio-block on the converter of the



DOC = 82068201 PAGE 8

resistor/resistance of sensors (L,), and also for guaranteeing the

possibility of replacing the transmitter without the subsequent

calibrating of radio-block, are introduced two buffer stages of

decoupling (L, and L.).

In radiosonde RKZ-3 as the sensors of humidity and pressure can

be used series tape/film hygrometer and aneroid capsule, used in the

supply-line radiosondes RKZ [2]. The connection of sensors to the

signal generator is realized with the aid of the commutator. The

commutator of radiosonde RKZ-3 in contrast to the commutators, used

usually in the foreign radiosondes or a commutator-pressure switch of

radiosonde RKZ-la, is carried out two-section. Its one section (lower

in Fig. 1), in all to two positions, has a cycle of switching, equal

to 11-16 s, the second (six positions) is designed for the cycle of

switching 2.5-4 min.

In the lower section (Fig. 1) - two semirings, on the upper of

six cuts of ring, moreover three of them wide

(approximately/exemplarily on 850), and three, as shown in Fig. 1,

narrow (approximately/exemplarily on 250).

Commutator works as follows. Radio-block continuously is

converted into the spacing frequency in the radiation/emission of the

transmitter of the value of the resistors/resistances, connected by

.... ..... ......... .J
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commutator at the given instant to the grid circuit of the converter

between the supporting/reference resistor/resistance (Fig. 1) and

supply of power - 2.4 V.

Page 6.

All sensors and supplementary supporting/reference

resistors/resistances by their one conclusion are connected to the

supporting/reference resistor/resistance. Their second

conclusion/output commutator alternately connects to the battery of

feed (-2.4 V).

To one of the contacts of the section of the short duration of

cycle (to the right in Fig. 1) is connected the conclusion/output

from the temperature-sensing device of radiosonde to another - the

common point of section with the large duration of cycle. Three wide

contacts of this section are connected together electrically and to

them is connected the conclusion/output from the sensor of the

humidity of radiosonde.

To three narrow contacts of this section through coupling 1 is

connected the conclusion/output from supporting/reference

resistor/resistance R,,.,. through coupling 4 - conclusion/output from

resistor/resistance R.2 and through coupling 3 - the fundamental
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supporting/reference resistor/resistance R,. Upon the start of the

motor of commutator every 10-16 s during 5-8 s to the converter is

connected the temperature-sensing device, and second 5-8 s - sensor

of humidity, pressure sensor or one of the supporting/reference

resistors/resistances. In this case the radiosonde transmits the

reference frequency of meteorological elements, the largest of all

frequencies of the meteorological elements. The remaining part of the

time temperature-sensing device is connected twice in 10-16 s.
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transmission of information about the humidity commutator provides

during 3/4 flight times (by intervals of time on 35-36 s), the breaks
in the transmission of information about the humidity not exceeding

r -isneRZ3 eeec rqec,2-tefeuny hc
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25 s. During these breaks are transmitted the signals of fundamental

and supplementary reference frequencies (every 2.5-4.5 min on 15-25

s). The example of recording of data obtained from radiosonde RKZ-3

is given in Fig. 2.

The experimental models of radiosondes RKZ-3 underwent

comparative tests with other radiosondes on the polygon/range of

observatory in Ryl'sk.

2. Results of the studies of instrument.

Radiosondes RKZ-3 underwent laboratory and flight investigations

for the accuracy of radio-blocks and telemetry in the control

resistors/resistances. Were realized the comparisons of

readings/indications RKZ-3 with the results, obtained with the aid of

the radio-thermometer of pulse action with the wire

temperature-sensing device and acoustic radio-thermometer, described

earlier in works (4, 5].

Different types of tests underwent selectively

approximately/exemplarily ten radiosondes RKZ-3.

The laboratory determinations of the root-mean-square values of

the random measuring error of temperature due to the radio-block were
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realized on the store of 15 precision resistors/resistances, evenly

arranged/located in the range from 4.3 to 360 kiloohm.

Tests showed that with the work with radiosonde RKZ-3 in the

reasonably permissible limits of a change in the voltages of supply

(+-10o/o), supplied to the radio-block, the root-mean-square

measuring error of resistors/resistances in the translation on the

temperature does not exceed 0.350 in 80o/o of cases (in the absence

of stabilization on the incandescence/filament). The minimum value of

the root-mean-square measuring error of temperature composed 0.27aC.

In this case the determination of the values of the high-impedance

resistors/resistances, which correspond to the low temperatures in

the atmosphere, is conducted with the larger accuracy, rather than

low resistors/resistances. It turned out that voltage regulation of

the incandescence/filament of the signal generator of radiosonde is

reasonable measure. With a change in the filament voltage/stress

within limits of +-10o/o reference frequency is changed on the

average on 40-50 Hz, which indicates the insufficiently deep

stabilization of the filament voltage/stress (this deficiency/lack is

in prospect to correct during the preparation of instruments for the

series production).

The displacement of the graph/curve of the check/verification of

radiosonde RKZ-3 according to the temperature due to a temporary/time
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change of the characteristics of radio-block on the average in 15

points (storage time of probes approximately one year) did not exceed

0.3*C in 80o/o of cases.

As showed the materials of flight tests, temperature data of

radiosonde RKZ-3 possess sufficiently high reproducibility (able 1).

Page 8.

The root-mean-square value of the random error in determination of

temperature by radiosonde RKZ-3, obtained by the method of the paired

issues, without the introduction of any corrections, did not exceed

0.350C. In 60o/o of cases the rms error did not exceed the limits of

0.250C.

As a rule, the divergences of control resistors/resistances from

the rating, advanced on the calibration graph/curve, did not exceed

in the process of the flight of radiosonde of 0.2-0.30C (in the

translation to the temperature). However, in certain cases the

divergence of control resistors/resistances reaches 1.00C. The

introduction of the control resistors/resistances provides the

rejection of false data (it is sufficient large temperature

disagreements), which are the result of acting the destabilizing

factors (able 1).
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The comparison of radiosonde RKZ-3 with the wire and acoustic
radio-thermometers showed that overheating the thermal resistor of

radiosonde RKZ-3 with respect to the sensors of the instruments

indicated under the most unfavorable daytime working conditions in

the atmosphere does not exceed 2.60C, from which 1.50C are caused by

overheating by the measuring current of circuit.

The averaged results of these comparisons are given in Table 2.

I.
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Table 1. Average/mean systematic differences AT, the root-mean-square

values of random differences a and a number of cases in layers n for

the pairs of radiosondes RKZ-3--RKZ-3 and after the introduction of

corrections for control resistors/resistances (T.,)

U.1O to is .. O6O-U 31)0-6 160- h'~ " 4,j - 20-3If 160I 4 0-

24 VI 11968 A T 0.2 01-0, 0,0 0.2 -0,2
10 'wu( 1) T,,,, 0,2 0,4 -0,1 0,0 --0,3

0.47 1 0,41 0,32 0,42  0.32i
I 14 16 13 14 7 !

26 VII 1968 A T -0,3 0-- 3 1 -07 08 -0,9- 0,7
10 ,Uc05 A Tc --0 5 1-0,3 1 -0,4 -04 -0.5 -0,4 -0,1

0 0.29 0, 30i 0,21 0,23; 0,20i 0.321 0,32
16 19 15 15 14 17 , 9

26 VI 1 1968 A T -0.9 1-0.4 0.2 0,3 0.1 0,0;
21 (ac AT - ,.0 i-

0.
2  0:5 0,0 , -0.7 0.01

S 0.29 0,43 0.37 0,24 0,0 0,201
n 1:j (10 15 15 14 2N

30 V11 1968 A T 0,4 0,8 0.3 0,0 0 1
21 Ao~g ATHcl 0.7 0,7 0, 0. 0~o ,0

0: 067 0,50 0,34 0,411 10,22
it 17 I1 10 9 9

Qcpe.eHi e A T 0,4 0,4 0,4 0,3 0,3 0.5 0,7
be.1H'41a N ATac 0,6 0.4 0,4 0,1 0.3 ' 0,3 i 0.1

o 0.49 0.481 0,32 0,301 0,21 0,28! 0.32

Key: (i). Layer of averaging, mb. (2). Date and time of issue. (3).

Values. (4). Earth. (5). hour. (6). Averaged values.

Page 9.

The bead thermal resistor STZ-25 used as the temperature-sensing

device possesses sufficiently high stability. The small diameter of

bead and the rational diameter of the wire of electrical leads, the

use of anti-radiation coating, the design features of thermo-knot
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provide, radiation overheating small, in comparison with other types

of radiosondes of temperature-sensing device. Investigations [61

conducted earlier showed that the radiation overheating of bead to

the height/altitude of 40 km is less than 20C.

The results of investigation, given in [6], make it possible to

introduce correction to the temperature readings for overheating of

temperature-sensitive element by radiation and by measuring currents.

Let us point out that in the paired daytime radiosonde

ballooning RKZ-3 and RKZ-2 the temperature readings/indications of

radiosonde RKZ-3 at altitudes >20 km were below the values, obtained

with the aid of radiosonde RKZ-2 (sometimes to 2.6*C).

Thus the results of investigations show that radiosonde RKZ-3

possesses the considerably higher accuracy of the measurement of

free-air temperature, the supply-line the radiosondes RKZ-2 and A-22.

With the advent of RKZ-3 prove to be possible the organization of the

base net of aerological stations, and also the periodic inspection of

the accuracy of supply-line radiosondes of another type under the

actual conditions for flight.

Received 12 December 1968.



DOC - 82068201 PAGE 18

-Table 2. Averaged results of the daytime comparisons of radiosonde

RKZ-3 (without the introduction of thermal corrections) acoustic

thermometer and bridge type radio-thermometer (T - radioacoustic

thermometer - T radiosonde RKZ-3).

..CPeH5q1 pa1OCMTb TemnepaTvp ; -0.1 -1 .2 -1.5 -- .7 - ,7 -2,6
Q.'4hc..o 1:nyc o. ........ 1 2 3 2 i

-rc- ctos. ....... ... 17 3 G 31 1 34 9 29

.\MocYt ooiil

peCAH5 paa11Cm "rennepaTyp 1 - 1,2- 1.24! -0,86 -0 80 -0.60! -0.76;
.cao BurnycKoB ....... I 4 4 3 3 3

Nc. | o oyc'4eroo ............. 15 143 184 82 77 , 71

Key: (1). Layer of averaging, mb. (2). Radioacoustic. (3).

Average/mean difference in temperatures. (4). Number of issues. (5).

Number of readings. (6). Bridge.

Page 10.
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TEMPERATURE ERRORS OF RADIOSONDE RKZ-2 AND PROCEDURE OF ITS

OPERATION.

0. V. Marfenko.

. T1e rsuits n' the in%\stigatioI o the rodiosnde rKZ.2 type temperature ,rrurs
re deC crtcd in (fiis paper. Some methods of the radi',onde verification are given

For solving the series/row of the systematic questions, which

appear during the operation of radiosonde, it is not enough to know

the value of its resultant error concerning the measured

element/cell. The components of this error have different value and

origin, which causes different methods of their determination and

possibility of account under the conditions for standard observations

at the aerological stations. For the solution of latter/last problem

into 1967-1968 was conducted the investigation of the measuring error

of temperature by radiosonde RKZ-2.

The measuring error of temperature by a radiosonde of the type
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RKZ is composed of the error, introduced by thermal resistor, and the

error, introduced by radio-block. We investigated the fundamental

error, introduced by radio-block, understanding under this error

reproducibility of readings/indications of radio-block under normal

conditions (room temperature, surface pressure, the nominal rating of

the feed: U,, =24 Vj U = 195 V). U.,=bI V respectively), and the

supplementary error, which appears with the deviation of the mode of

feeding of radio-block to the maximum permissible values. For the

purpose of the determination of the period of the fitness/suitability

of radiosonde was investigated a change of readings/indications of

radiosonde in the time.

The fundamental error of radio-block have determined we via the

comparison of the given repeated checks/verifications of the

radio-blocks through the short time intervals with direct/constant

teeding voltages (nominal and deflecting from it to 8-10o/o).

Check/verification was conducted with the aid of the assembly of

monitoring-measuring equipment (KIPAS-l).

Page 12.

Table 1 gives the average/mean absolute -- _ and

arithmetic mean at, values of differences in the repeated

checks/verilfications of 20 radio-blocks of radiosonde RKZ-2 at 15

-L
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steps/stages of the checks/verifications, expressed in the degrees.

In the input information of Table 1 are given the values of the

resistors/resistances measured by radio-block, the

checks/verifications corresponding to steps/stages, and the

approximate values of temperature, which correspond to the values of

the resistor/resistance of thermal resistor MMT-l indicated. Data are

acquired during the nominal rating of feed. Equality to zero

arithmetic mean values of differences testifies about the sufficiency

of the series/row of measurements for obtaining the reliable data

about the value of error. The average quadratic value of the

fundamental measuring error of the temperature of lower than

calculated according to given data 00, introduced by radio-block,

does not exceed 0.10. Higher temperature is measured with the larger

error, reaching 0.6-0.70 at a temperature of 20-400 C.

The defining by component fundamental error of radio-block, as

it seemed, is the error, which depends on the sensitivity of

radiosonde. The measuring error of temperature, which depends on the

sensitivity of radiosonde, is determined in the extreme case by the

value

AY iF=F,+ AFt F#
F.2

where AF,-AF..-| Hz - discreteness of the measurement of frequency,

Fm -2000 Hz, F, - it varies within the limits of 50-1950 Hz.
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The values of errors, which correspond to values Ay for

different temperature ranges, are given in the latter/last row Table

1. They proved to be approximately/exemplarily they were equal to the

values of fundamental error. This fact has a value during the

solution of a question about the decrease of frequency band for

transmission of information about the meteorological data, i.e.,

about the decrease of the sensitivity of the radiosonde: the decrease

of sensitivity virtually in so many once will increase the random

error, introduced into the measurement of meteorological element by

radio-block.
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Table 1. Average/mean differences in readings/indications of

radio-blocks RKZ-2 through the short time intervals (deg).

I * . * 0 ISA . I I 5 20 1 .* 02 110 13,0 jII 21

.41- I2 i I -5 -5 -1 5 -"- -. -.. - - " I 4' 13
lf ,.I ' I -0.1 " 0. 0 0.01,I 0, . l 0 .0O l 002 0.02 0 M, 2 0.1

*., ~ .41 021I .2' 019 0.12 0 . W! 0. . 0.W 1 1 '.0. 2 0.1 0 .'IS III (

10', 1 20 20 20 20 12" 21k 20 I. 2 11 I
0 (.31 0.2 0.j 0.1 0.10 0.10 G." 0061 O 007 10 01.09 Il*I 11 'I 2

Key: (1). No of the step/stage of check/verification. (2). kiloohm.

(3). Number of cases. (4). Ay deg/0.00050 C.
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The significant error into the measurement of temperature and

humidity of air by radiosonde RKZ introduces the dependence of output

data of radio-block, of the carrying information about the

,eteorological elements, on the voltages feeding batteries.

Previously conducted investigations (i] showed that this error

is systematic for the separate radiosonde: constant with respect to

the value and the sign the divergence of the feeding voltage/stress

from the nominal value causes the constant error in the measurement

of meteorological element. The value of error for this voltage error

varies from one radiosonde to the next, being subordinated to the
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normal law of distribution, and it is determined by the diagram of

radio-block and by the quality of its tuning. The sign of error is

determined by the sign of voltage error: increase in the filament

voltage/stress 2.4 V or lowering the anodic leads to the understating

of the actual temperature of air, and vice versa. The greatest effect

on a change in readings/indications of radio-block exerts filament

voltage/stress 2.4 V. For the radiosonde RKZ-2 are obtained the

following average values of the measuring errors of temperature with

a change in the mode of feeding of radio-block to the maximum

permissible values.
to ll

B pe 1M~e U, = 212 6. U", = 2.65 ,.f -s 0. 2
U = 178 90 U., = 2.15 , & -- 0.2WV.
1,3 = U 212 sU., = 2.15 ao -0.40.
U, 178 a, U, = 2.65 40 + 0.30'.

Key: (1). In the mode/conditions. (2). V.

It is noted that the value of error, average for this batch of

radiosondes during the assigned feed mode, expressed in the degrees,

is identical at all steps/stages of the check/verification of

radiosondes, i.e., for entire range of the measured temperature. From

the point of view of effect to the accuracy of radiosonde most

dangerous proves to be lowering the feeding voltage/stress and

especially filament 2.4 V.

Flashover characteristics of batteries 200 PMKhM-2ch on the
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anode and the incandescence/filament 2.4 V are given in Fig. 1 and 2.

Page 14.

These curves are obtained in the thermobaric chamber on the

equivalent to radio-block load after the preliminary formation of

batteries to minimum operating voltages/stresses(U.= 2.15 V, U.,,=.3

Vj U,. I78 V) and discharge at surface pressure during 10 min at a

temperature of +250C and 5 min at a temperature of -400 C. The

conditions for the work of battery with 15th min, which was accepted

for the beginning of the useful work of battery (r=O), were given in

Table 2.

This procedure of the preparation of the batteries before

beginning tests corresponds to the conditions for their operation.

In the lower field Fig. 1 and 2 are given the discharge curves

of the separate batteries of individual batches, on the upper -

average/mean curves for the batteries of 14 different batches.
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191,
187'

211-

207 ,*-

of If 30 60 9 d \12 IS50 rU

Fig. 1. Flashover characteristics oZ the anodic section of battery

200PMKhM-2ch.

Key: (1). min.
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Characteristic for the filament section of battery is the rapid
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reaching/achievement of voltage/stress maximum for this battery, its

retention/preservation/maintaining during approximately/exemplarily

90 min, and then rapid incidence/drop. For the anodic section the

characteristically rapid reaching/achievement of minimum

voltage/stress during the formation, slow increase/growth during

50-60 min of up to the maximum value, then during 30-35 min the slow

and, only then, rapid incidence/drop. A rapid increase in the voltage

into the first minutes of the useful work of battery is explained by

the special features/peculiarities of experiment. The fact is that

the anodic section with the formation achieved minimum operating

voltage/stress much more rapid than filament, and it disconnected. In

the first minutes of the discharge in the operational conditions

anodic section actually was deformed.

Findings give grounds to consider the mode of feeding of

radio-block during the separate sounding sufficiently to stable ones,

and the measuring errors of meteorological element under the

conditions of soundinging the atnosphere, which appear with its

divergence from the nominal, systematic.
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Table 2. Conditions of the discharge of battery 200PMKhM-2ch.

Bpewi. xw (1)

0 is 30 45 60 90 105 120

P m6k3 970' 700 460 250 130 1 25 1 5 5
t -c I -40 1-44 -47 -50 1-52 -52 -52 -52

Key: (1). Time, min.

2.3

2.1

0 30 60 90 120 150 r Aeum

Fig. 2. Flashover characteristics of filament section of battery

200PMKhM-2ch.

Key: (1). min.
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Focuses attention the fact that the nominal rating of the feed

of radio-block RKZ does not correspond to the medium
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voltages/stresses, put out by batteries 200PMKhM-2ch: U,=2,5, L. 200

V. The data about the fact that the medium voltages/stresses, put out

by batteries 200PMKhM-2ch, and under the actual conditions for

sounding, as a rule, higher than nominal, are confirmed by the values

of the reference frequencies of the radiosonde in flight and by the

values of variations during the control check/verification of

radio-blocks at the aerological stations.

For the procedure of the operation of radiosonde it is important

to know the stability of its calibration data in time. Moreover, it

is important to know not only values, but also character of a change

in readings/indications of radiosonde in the course of time. So if

calibration curve in the course of time is displaced by in parallel

initial plant curve, sufficiently control reading in order to

determine correction to calibration data, constant for entire range

of the measured element/cell.

The results of the study of a change in readings/indications of

the radio-blocks of radiosonde RKZ-2 in the course of time are given

in'Table 3. Observations they conducted after 15 radio-blocks,

undertaken from different batches. Table 3 gives arithmetic mean and

average/mean absolute differences in readings/indications of

radio-blocks during the plant calibration and through 1, 12, 24, 30

and 33 months. Findings do not indicate the presence of any regular
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changes in readings/indications of radio-blocks in the course of

time. Is not noted also increase with the time of the absolute values

of differences. Average absolute amount of deflection at the

steps/stages of the 5th and no longer exceeds 0.4*.



DC = 82068202 PAGE 2

%ble 3. Change (deg) in readings/indications of radio-blocks RKZ-2

in the course of time.

S. .4 0-0. -0. -20 -06 0. -0.0

Csms, e~...1u , 0 0 0. 1 . . . 1 0.30 . 4 0.1° 0.n6 0.07 1 .2 0.0211 Cp.. .m . Ii °.14 OI 1-. 1 l .ll -O.l . -1 e -06 -0.,2 -02 -.,3 -. 11 -li -01 n
2 Csimaamm 5, 0.1 0. 31l .m 0. .1 .3 6 O, 31 0 .31 0.3 03 0.32 0.36 0.36

0,, ,, o o 0 o 0. eo 0l o 0. 0.6 0.o 3 0.30 O.2 0.22 0.0e
Co.. Z 3  1 o~l 0~m 0:m o.1 o Un 0o21 0:o2 7 o, 2 6 0,36 o 0o:o 0,21 0:26

- ~ ~ ; ae1: 2 . 0 0.1 62 .1 02 .1 .230 .2 0.2 0.33 pa.ifhwu . o ,0 . . 3 - -o.0 -0. -0.8 -0. 0 -0. 1 -0.' -4.6 -. 2,,
3 ,0: :1 0 210. 1 0.23 2

33-: o4,W o0.0 o;,0 o4, o.,0:,. N.,
I2 -. O023 0 0 :01 0.14 0.11 0.X 0.10 0.21 0.20 0.16 .18

Key: (1). Duration of storage, month. (2). Characteristic of error.

(3). Steps/stages. (4). Arithmetic mean. (5). Average/mean absolute.
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Changes in readings/indications of separate radio-blocks are

different: in some new calibration curve is displaced in parallel to

plant, in others its inclination/slope changed (changed sensitivity),

sometimes the points of control check/verification are randomly

scattered by relatively plant curve. This character of differences in

readings/indications of radio-blocks makes it possible to assert that i"

they are the consequence of the errors either of plant or control

calibration with the aid of KIPAS-l. Ageing calibration data of

radiosonde, at least for three summers/years, does not occur.
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The results of the study of the errors of radiosondes of the

type RKZ indicate the need for examining two aspects of a question of

the accuracy of radiosonde. The first - accuracy of a radiosonde of

this type, knowledge by which is necessary for the evaluation of the

accuracy of aerological information. Is determined this accuracy by

statistical methods according to the data of the tests of many

radiosondes of this type under the laboratory or flight conditions.

Second aspect - conformity to the accuracy of separate radiosonde to

the requirements of accuracy, presented to the radiosondes of this

type, in other words, the determination of the fitness/suitability of

radiosonde for the sounding.

Under the conditions of the carrying out at the plant and of

operational work at the aerological stations the statistical methods

of determining even random errors are barely suitable. More advisable

it is, knowing the statistical characteristics of the random errors

of a radiosonde of this type, to establish/install criteria for the

permissible value of the error of separate radiosonde. As the

criterion for the evaluation/estimate of fitness/suitability for

soundinging the separate radiosonde to us it is considered advisable

to take value 2o whose confidence coefficient is equal to 95o/o.

Value a is determined according to the data of the study of many
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radiosondes. In this case is completely compulsory separate

determination and evaluation/estimate of the errors of random ones

and errors of systematic ones for the separate radiosonde.

Page 18.

The total root-mean-square error, introduced by the radio-block

of radiosonde RKZ-2, the characteristic accuracy of this radiosonde,

are equal to

, 2I1 : 0,23

Here o, - rms value of the fundamental random error, introduced by

radio-block; o, - rms value of error, introduced by radio-block at

the value of the anode voltage 200 V, filament 2.5 V; a, - rms value

of error, introduced by the procedure of the check/verification of

radio-block. The total random measuring error of temperature by a

radiosonde of the type RKZ-2 is equal to vector sum of the errors of

radio-block and errors of the thermal resistor:

I 0,23; 0.41 0,46'.

This value of error is confirmed by the paired radiosonde

ballooning [2]. The data about the errors of thermal resistor we

obtained, analyzing the results of the study of the stability of

thermal resistors MMT-1, carried out in bureaus of the

check/verification of TsAO LCentral Aerological Observatory]

S-- . -l _
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in 1961. It is obtained that on the average due to a change in

calibration data of thermal resistor in 3-12 months the radiosonde

understates the temperature of air on 0.15-0.250 C with the divergence

from the average at the separate steps/stages of check/verification

of +-0.20. Thus, systematic component of the value of a change in

calibration data of thermal resistor in the course of time is

approximately/exemplarily equal to the random error of thermal

resistor, that it does not make it possible to determine it on the

single control reading. The average absolute value of a change in

calibration data of thermal resistor according to the data of control

checks/verifications at the aerological stations is somewhat more

than according to the data of special laboratory investigations, and

it is equal to 0.4° . In all probability, this is explained by the

incorrectness of the procedure of the control check/verification of

thermal resistor in the ventilation cabin.

During the evaluation/estimate of fitness/suitability according

to the precision characteristics of each separate radiosonde it is

necessary, as has already been spoken, to separately rate/estimate

the random error, introduced by radio-block, and the systematic

error, which appears with a change in the feed mode to the maximum

permissible values.

Random error is evaluated according to a difference in two61j
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consecutive calibrations of radio-block during the constant duty of

feed. Value 2a whose excess must be reason for the rejection of

radio-block, is normalized separately for each step/stage of

check/verification. According to our data, it is equal at 2nd

step/stage of 0.80, on the 3rd of 0.250 at 4th step/stage of 0.20,

with the 5th on the 13th - 0.1, on the 14th and the 15th - 0.150 C.

The evaluation/estimate of the error, introduced by radio-block

RKZ with a change in the feeding voltages/stresses, it is expedient

to produce according to the data of control readings in the range

where the random error of radio-block is small. In this case there is

no need in the large series/row of measurements.

Page 19.

It is sufficient two control readings, for example on the 6th (20

kiloohm) and 13th (200 kiloohm) points of check/verification so that

the maximum error of average would not exceed 0.20.

Check/verification it suffices to produce in two most unfavorable

modes/conditions: 1) U,=212 V, U., =2,15 V. (+A, -H); 2)

Ua 178 V) U.,= 2,65 V (-A, +H). By criterion for the

rejection of radio-block under the value of a difference in

readings/indications of radio-block during the nominal rating and the

conditions +A-H or -A+H to 6- or the 13th steps/stages is the sum of
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the doubled root-mean-square value of fundamental error and doubled

root-mean-square value of the error of radiosonde RKZ-2 during the

feed mode indicated. This value, according to our data, is equal to

1.20C.

For the conditions of aerological stations, upon consideration

of the supplementary error, introduced by the monitoring-measuring

equipment of the smaller class of precision, than plant, the

criterion must be somewhat greater.

The obtained results are allowed, furthermore, to raise a

question about a change in the nominal rating of the feed of

radiosonde and an increase in the period of its fitness/suitability

for the sounding at least of up to three years. The introduction of

corrections to calibration data of radiosonde according to the data

of control check/verification for the aerological stations is at

present inexpedient. Several decrease the systematic measuring error

of the temperature in the separate sounding can the introduction of

the correction, which considers the values of voltages/stresses, put

out by the battery 200PMKhM-2ch, with which the radiosonde is

produced in the flight. However, we did not succeed in obtaining the

more accurate results of sounding, after processing the paired

radiosonde ballooning RKZ-2 with the intruduction of corrections to

calibration data of the radio-blocks, obtained according to the data
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of control readings for steps/stages 20 and 200 k. 1oohm with the feed

from the battery. Accuracy did not increase also with the

introduction of corrections to calibration data of the thermal

resistors, obtained by the comparison of readings/indications of the

temperature by radiosonde and by aspiration psychrometer in the

ventilation cabin.

The author expresses deep gratitude to L. F. Akopova, L. P.

Brovina and K. I. Gol'tsova, who carried out experiments.

Submitted 18 Mar. 1969.
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Page 20.

RESULTS OF THE FULL-SCALE TESTS OF NEW THERMAL UNITS FOR THE

RADIOSONDE RKZ-3.

P. F. Zaychikov, M. B. Fridzon.

The reuihs of the experimental investigations of omn rad., nd PKZ 2 t%7'e
termrmeter modifications are gi~cn

At present the thermal unit of radiosonde RKZ-2 is the brass

silver-plated framework to which is fastened/strengthened thermal

resistor MMT-I, covered with nitroenamel NTs-25. For the purpose of a

decrease in the radiation measuring errors in works [1, 2] it was

proposed to replace the brass framework of Manganin and entire

thermal unit to cover/coat with the special anti-radiation enamel

VL-548. Coating of thermal unit with enamel VL-548, as shown in [2],

must lower overheating thermal resistor MMT-l by short-wave

radiation, and the use of the Manganin framework decreases the heat

flux on the conductors to the thermal resistor from the housing of

instrument and other structural parts.

For checking these positions in the laboratory of the
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check/verification of TsAO [Central Aerological Observatory] in 1967

were carried out the tests, which showed the noticeable advantages of

the Manganin framework, covered with enamel VL-548, in comparison

with the plant thermal unit.

Thermal units were investigated in the ventilation pressure

chamber at the rate of blowout W=6 m/s and the solar irradiation with

an intensity of I.-l.0 cal/cm2min. The results of tests are

represented in Table 1.

As we see from the data of"-fble 1, the radiation overheating of

new thermal units is five times lower than standard ones.
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Table 1. Value of overheating of thermal units (*C) depending on the

degree of rarefaction/evacuation (1.-l cal/cm'min, W=6 m/s).
C HaApT1birTepMo- ~ K~~

CfrH,3dp)TIIblR ywa 'el 3O I p4IeKa 0.m , 5 .
P. M6 lpMoy3C.1 HO OUKII. LeAtIKOM l 85 M. IEm

n08
8  

n215i48 KOM flOKPldTaf
B8.1 - 548

1000 0,5 -
100 - 0,8 0,4

10 5:1 2,3 1,1
I 7.5 3,4 1.5

Key: (1). mb. (2). Standard thermal unit. (3). Standard thermal unit

without insulating plug, wholly covered VL-548. (4). Manganin

framework of £1 0.5 mm, 1=85 mm, wholly covered VL-548.

Page 21.

During August-September of 1969 in the actual conditions were

carried out the flight tests of different modifications of thermal

units prepared at the Sverdlovsk plant of hydrometeorological

instruments.

In all in the tests participated four types of the thermal

units:
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'A0AHKaU1 KPRTKIS %aP3KTCPNCTIK3

I 3asaOcKOii CTaHlapTHfI TepMoy3e. pa,1Ho3oiaa PK3-2
2 3aBo.lcKan paMxa de3 aepxmert H3o.wRUHOrnnOt 4i O , ueHKOI

fnOKpATa.1 Mbaio B.1-548
:3 ,MraHHHoean rpe.rol.a paMKa (auaMeTp 0.5 wx. ;.-IjHa CTO-

pOHb1 5 N.U. HItK(, ro€p, pbnas -wawbo BA-548

4 3aaoacKor CTaH.lapTIbt TepMo)ae.1 plmO3oHaHa PK3-2. Uc.mlKOM
noKpUTA 9maiRJio B.1-548

Key: (a). No.of modification. (b). Short characteristic. (1). Plant

standard thermal unit of radiosonde RKZ-2. (2). Plant framework

without upper insulating plug, wholly covered with enamel VL-548.

(3). Manganin triangular framework (diameter of 0.5 -m, length of

side 85 mm), wholly covered with enamel VL-548. (4). Plant standard

thermal unit of radiosonde RKZ-2, wholly covered with enamel VL-548.

All four modifications of thermal units were placed on the

housing of one radiosonde. The commutation ofsensors and

supporting/reference resistor/resistance was realized with the aid of

the switch ARZ of TsAO.

Were produced eight radiosonde ballooning (two in the night

time). In the daytime radiosonde ballooning were conducted about 11

hours, and at night about 23 hours on Moscow time.

Table 2 gives average/mean differences in readings/indications

of these thermal units and standard deviations of single measurements
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from the thermal units average/mean in the five-kilometer layers for

the appropriate six pairs of modifications: 2-1, 3-1, 4-1, 2-3, 2-4

and 3-4. Confidence intervals with probability 0.99 in all cases do

not exceed +-0.2 0C. From the represented six pairs of differences

three pairs make it possible unambiguously to judge the reason, which

caused the appropriate difference in the temperature. For example,

difference of pair 4-1 is caused only by the effect of coating. A

difference in temperature 2-4 is caused by the fact that in the

thermal unit of modification 2 is distant the insulating plug. A

difference in temperature 3-4 is the result of replacing the brass

edge for the Manganin.

Data of Table 2 (difference (4-1)) show that within the daytime

periods coating the plant framework with enamel VL-548 decreases the

temperature of thermal resistor from 0.10C in the first

five-kilometer layer to 1.9oC by the height/altitude of 30-35 km. At

night readings/indications of thermal units of 1st and 4th

modifications are virtually identical.

Further, laboratorylinvestigations (Table 1) showed the

perceptible effect from the liquidation of the insulating plug of the

thermal unit. However, as we see from the data of Table 2, under the

actual conditions of the essential differences between

readings/indications of these modifications of thermal units it is
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not observed. At the same time for the purpose of savings and

simplification in the thermal unit this part can be removed without

the damage for the structural strength.

The replacement of the brass framework to the Manganin does not

introduce substantial changes into the results of sounding.

Readings/indications of these thermal units are close to each other

to the height/altitude of 30-35 km.

.1
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Page 22. Table 2. Systematic (a) and root-mean-square (a) differences

in readings/indications of temperature of the thermal units of

different constructions/designs.

0)~ C.1OR. KM "~

j 0-5 5-10 10-15 15-20 -- u -30- 33 Kx
Woultu "Hattua , .O

,eHb #10b AeHb Hoq b HOlb ,elib CO4 h '3e H ,CHb HONii ;1M, Hoqb ACH L.-. I -

-- 0,4 -0,5 - -0,3 1--09 -0,5 11-0,8 --0,3 -1 .1 -0,1 -1 6 0,0 -1,7
2- 1 1 1 , 1

10,52 0,39 0,54 0,271 052' 0 20 6 1 0,6, 0,23 0,621 0,26 0,56. 0.26 0,55

A 0.3 0.0 -0,4 -0,1 1-0,4 -0,I '-0,6 -0,5 -0.6 -0.1 - -.1 -0.1 -1,, -0,1 -2.1

0,42 0,45 0,45 0,30 0,451 0,34 0,61, 0,14 0.77. 0,39 0,; 0,42 0,89. 0,33 0.78

A -01 -0,1 -0,2-0,4 -0,3 -0,1 1-0,7 -0,6 -0.7 --03 -1.2 0.0 --1,9-0,1 -1,9
4- 1 1 1 1 i .

o 0,421 0,34 0,6 027 0,541 0.42 0,49 0,22: 0,40 0,6 0,7- 0.53' 0,57 0,35 1,,6

A 0.1 -0,4 0,0 ;-0.3 0,1 -0,2 0,3 0,0 1-1.2 -0,2 -0,1 0. 0,1 ' 0.1 0.5
2-3

0,431 0,54 0,591 0, 22! 0, 39; 0,21' 0,61 0,19 0,70 0,23 0,6:. 0.26 0,93 0.24 0.99

A -0,1 -, -,2 0,2 -0,1 '-0, 1 -0,2 -0,1 '-0.0 0.0 0.2 0.0 0,2 0,1 0,12-4 i ] I !

o 0,59! 0,51 0,451 0,281 0,66; 0 34' 0,8 0,28 0,67 0,23, 0,I" 0,33 0,51 0,43 0,46

-0,2 0 0 0, 1 0,- 0,0, 02 0,0 0.2. 0. 0.3 0.0 0,1 0,0 -0.13 - 4 1 1 1 i I I i
0 2411 0,2 0 055 0 0.671 0,29; 0.61i 3,20 0,78 0,33 0.9 0,16 0,90 0,33 0.9'

Key: (1). Layer, km. (2). It is above 35 km. (3). No.of modifications

of thermo-knot. (4). day. (5). night.
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Above 35 km in the daytime the Manganin framework proves to e more

coldly on 0.56C. However, a number of observations is above 35 km -
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it is very small.

It must be noted that the nonconformity between the results of

laboratory and full-scale experiments is explained, first of all, by

the inadequacy of the procedure of laboratory tests.

It is of interest to examine not only systematic, but also

random component of the errors of each tested thermal unit. Values 0,

given in Table 2 for each pair, make it possible to determine by the

method of triple control/checking [3) individual spread in

readings/indications of temperature to each of the thermal units in

question.

Values ai for each thermal unit in *C are given in Table 3.

As can be seen from data of Table 3, value of the random errors

of all constructions/designs of thermal units examined are close to

each other. Thus a change of constructing/designing the thermal unit

of radiosonde RKZ-2 in versions examined above does not lead to an

increase in the random measuring errors.

Thus, as the anti-radiation coating of the thermal unit of

radiosondes of the type RKZ instead of nitroenamel NTs-25 and silver

it is necessary to utilize an enamel of the type VL-548, which leads
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to a decrease in the radiation error in the radiosonde to the value

of order 30o/o in entire altitude range without an increase in the

random errors.

Received 7 April 1970.
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Table 3.

CI~) Bpews tiyg

-le6 .. .. .. .. 036 41 0.50 0 .45
C-)0,2.5 ... 0,28 0,21 0.24

Key: (1). Time of radiosonde ballooning. (2). Day. (3). Night.
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Short reports.

AEROLOGICAL RADIOSONDE OF THE TYPE RKZ-5--2.

N. N. Grushin, A. F. Kuzenkov, N. A. Kuz'micheva.

Technical features of the new aerological radiosonde RKZ-5--2 type are brielly
described.

One of the methods of increasing the interference shielding of

the telemetry of the system of radiosounding RKZ - "Meteor" is an

increase of the duration of the so-called meteorological break in the

radiation/emission of radiosonde during the appropriate contraction

of the passband of the receiver of radar. During the construction of

meteorological radar "Meteorit-2" the passband Af of the receiver of

aerological information was led by 5 kHz. With this band is provided

the confident reception/procedure of impulses/momenta/pulses

(meteorological breaks) by duration T>l/Af. Gain in the potential of

receiver during the contraction of passband Af, as are shown

experiments, is proportional to the relation of the width of the

meteorological channel before and after contraction.

For the joint operation with radar "Meteorit-2" is developed
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radiosonde RKZ-5-2. Its difference from that operated at present on

the aerological network/grid of radiosonde RKZ-2 consists of the

following. For the purpose of an increase in the duration of the

meteorological breaks the value of reference frequency, developed by

the signal generator of radiosonde, is selected as being equal to

1000 Hz (in RKZ-2 - 2000 Hz). Are respectively lowered the

frequencies of temperature and humidity. The durations of the

meteorological breaks range from 250 us (at the reference frequency)

to half of the repetition period of these pauses. To greater

meteorological frequencies correspond the smaller durations of the

meteorological breaks. The schematic diagram of radiosonde RKZ-5-2

(Fig. 1) did not undergo unessential changes. Is reduced the

measuring current, flowing through the thermal resistor. Thermo-knot

is utilized the same as in radiosonde RKZ-2. As switching system of

signal generator instead of the pressure switch is used the

electromechanical commutator, which consists of the micro-electric

motor, the retarding reducer and the contact board with the slide

contact. The feed of micro-electric motor is realized from the

6-voltage section of the water-filled battery 200PMKhM-2ch.

Page 140.

The duration of transmission of one of the meteorological elements or

the reference frequency in radiosonde RKZ-5-2 is determined
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sufficiently stably for the elongation/extent of entire flight of

radiosonde only by the construction/design of the commutator (but not

less than 15 s). The tests of radiosondes RKZ-5-2 on the experimental

aerological base at Dolgoprudnyy during February - March of 1970

showed good performing characteristics of this radiosonde during the

operational sounding of atmosphere with the aid of the radar

"*teorit-2".

Received 2 June 1970.

,p
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Fig. ~ ~ R, 1. Sceai igaff a Aisneo h yeRZ5
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