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» Rbsolute Calibration of Referency Hydrophones
in the Audio Frequency Range

SRR

By A. N. Golenkov and L. Ye. Pavlov

Source: Izmeritel’ naya Tekhnika (Measurements
Technolcgy), No. 5, 1967. PP 44-49
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Until now, underwater acoustic measurement technology
lacked a satisfactory and"simple method for the absolute
calibration of hydrophones in the low and medium audio f
frequencies (500 Hz to 5 kHz). / - : 3

In the frequency area abovgﬂs kHz, the reciprority

* method (1,2) is used for Planar and spherical waves: and,

for frequencies below 300-500 Mz, electro-dynamic compensation
method (3,4) is used. These methods provide a high order of
accurate hydrqphene calibration.

Unpredictable pressure effects cause difficulties in

hydrophone calibration at the intermediate frequencies of
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- 500 Hz - 5 XHz and also acoustic field problems appear at

- the higher frequencies. The properties of the water medium,

!

L primarily as these define the relationship of the dimensions

.




of the transducers to the wave . length, impose a serious
limitation on the use of established methods for calibrating
hydrophones at the low and medium audio frequencies.

The comparitively small dimensions and the symmetry of
their design, that commonly characterizes modern reference
.hydrophones, results in a lack of directivity at these
frequencies and makes it more expedient to do a pressure-
type calibration, the more so, since it is difficult to
attain free field cond}tions at frequencies below 5 kHz.

The electro-dynamic compensation method in which the
opposing electro-dynamic force on the diaphragmlof an electro-
dynamic transducer serves as the calibration characteristic,
is not practical for frequencies above 500 Hz because there
is a rapid rise in the diaphragm's inertial impedgnce with
increase in freguency, and a corresponding degradation in
the signal-to-noise ratio.

An attempt to use electro-dynamic foérces for calibrating
a amall-dimensioned.hydrophone at the higher frequencies, in
our opinion, forgoes the ﬁajor advantages of electro-dyaamic

compensation and it is technically a complex matter.




A search for a uniform,.simple and highly accurate
method of calibrating hydrophones 1ed the authors to develop
§he null method, the basic concept of wh;ch is analogous to
the electro-dynamic compensation method, but suitable for
use at the mici-audio frequencies,

The essence of this method 1ies in the fact that the
Oscillations of 3 Piezo-electric surface, in response to
sound waves in water, are inhibited by the Piezo-electric
forces (at an audio rate) which are excited on that surface
by applying an exterior voltage to it,

. The instant whgn the piezo surface is immobil; (nulleq)

--when subjected to the simultaneoys action of an exterior

instrument that measures the oscillatory displacements of

the hydrophone's surface.r

A cylindrically - configured hydrophone, * the two end
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exyressed in the equation for in inverse piezo~effect (6):

t= gl

' a

(1)
where.o = is the mechanical stress in the surface developed
by the applied sound energy; e ~- is the modulus of elasticity;
Uk - is the electrical voltage on its surface; = is the
thickness of the piezo—ceramic.wall;_a -~ is the piezo-electric
modulus. |

From (1) it can be seen that by selecting the proper
sign and magnityde fer Uy, the displacement can be made zero.
The mechanical stresso¢. in the walls of the hydrophone
is proportional to the mechanical transformation ratio r/a
(r = is the radius of the cylinder), and therefore:

r
o= P

where p - is the sound pressure.

At compensation - the null ( t-y ) from (1) we have

[} U 8 .
-— PE a ™ T = A’U .
. ] a‘uilp ; Ux ("

(2)

‘Equation (2) is the equation for the hydrophone calibration

method which we have termed the piezo-electric comnensation

method. It shows that at the instant o< compens>tion, sound




pressure p, which is exerted on the surface, has a voltage
proportional to the compensation applied at the electrodes.

Thus, the instant of ;ompensétion is determined by
selécting the appropriate phase and amplitude for this
voltage from an exterior power supply.

As evident from equation (2), the proportionality
coefficient, M is not dependent on frequency, and assumes
the character of a constant for a given model of transducer
that may be under calibration by the compensation method.

This constant can be determined by an independent

process. A compencated transducer is used when calibrating

hydrophones. A calibrated hydrophone is placed close to the

compensating transducer, and if the acoustic impedance of the

calibrated hydrophone at the instant of compensation is

sufficiently large, then its sensitivity is determined by

the formula: E = % = giUk . (3)

where U - is the output voltage of the calibrated

hydrophone.
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The compensating transducer consists of two radially-

polarized cylinders 1 and 3 (Fig. 1),

mounted coaxially. . The space 2 between the cylinders is

filled with an acoustically stable material. The cylinders'

external electrodes are connected to the housing and grounded.
The cylinders bear on gaskets 5 and the cylinders are installed

between the upper and lower flanges of the housing 4. These

gaskets provide a hermetic seal, an acoustic de-coupling of

the cylinders from oscillations of the ﬁousing, and a

safeguard for the ends of the cylinders against their

excitations by sound pressure,

i eyt bt bt 4




One of these piezo-ceramic cylindrical transducers is
the null unit (the outer one in Fig. 1), which compensates
the sound pressure when a compensation voltage Uy is applied
to its surface; and the second cylinder acts as the null-
indicator's sensitive elément which senses the instant of
compensation as evidenced by the dynamic equilibrium between
sound pressure and the piezo-electric effect.

The compensating transducer Operates in the following
manner. The sound pressure waves that impinge on the null
unit are conducted through the adjacent acoustically-stable
material to the sensing element of the null indicator; énd,
consequently an electric voltage is impressed across the
electrodes of the null-indicator that represents the
oscillations of its inner surface. Proportionate to the
value of the input compensating voltage on the null units'
surface, this signal lowers in value, and when the instant
of compensation is reacﬁed, it becomes zero, and thus
satisfies the conditions for the piezo;électric compensation

method.
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The equivalent electric circuit of the compensating

transducer is seen in Fig. 2.
m
”n 9 7‘ 20 9 ;"

(i o
" 0
=
m,
il
our. 2
Here ﬁundm and my=0sps are the distributed masses

of the inner and outer piezo-cylinders; respectively:
= a & .
h==-—rand-g==;{— are their elasticities (r is the average

... .0, Y

radius, p-is the density); ‘mm=ap is the mass of the

a

material separating the piezo-cylinders, o= and
1 , J A 3.°3
. a : :
| Gusf}-n-i- are the elasticities of that material.
: . 2

< When filling the cavity between tha two cyiinders with a
! rigid material one may neglect eleasticity G, which determines
the deformations in the width dimension, but when £illing
the cavity with a fluid, oﬁe must exclude the elasticity
expression 93 from the circuit.

In our set up, we filled the cavity with an epoxy

compound that had mechanical characteristics mid way between
a solid and a fluid, and i*t was necessary to calculate both

elasticities.

i saitisb o dies
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As seen in the equivalent circuit diagram, the

compensation conéition is attained independent of frequency

and the vaiues of the circuit parameters. In the fabrication
of the transducers measures were taken to reduce the influence
of longitudnal stresses of the null-unit which are determined

by the piezo modulus Siu=8;  on the e.m.f. of the null

indicator (when the cavity is filled with a fluid, the i
utility of such measures is superfulous.)

It is to be noted, that at a finite wall thickness a,
of the null unit, the expression for the constant M (of
the compensation transducer) is made complex. Physically,
this is due to the fact that when a thick wall is used, the
ivner and outer surfaces of the null unit oscillate non- ‘
uniformly: when one surface or the other is at rest, the
other still makes minor oscillations because its absolute
displacements depend on all three piezo—moduluses,ﬁ",m,
and & affecting its surface.

Assuming that the surface at rést is the piezo ceramic
surface adjacent to the.sound conducting material in the

cavity, calculations lead to the following dependency for



the constant M relative to thg thickness of the wall:
. a 611_
M= M, [l + Ti'(o,, —")] '

8 &
n

where M,= P V— is Poisson's Ratio.

This formula shows That the surface on which the
sound preésure acts directly will remain someﬁhat dampened.
This, strictly speaking, lowers the acoustic impedance of
the compensating transducer.

The wall thickness of the null unit must be adeguately

thin. Our 'set up observed the relationship ~?~<4.1¢4,
J 1 .. 5

The Experimental Set-up. Calibration of hydrophones

by the piezo-electric coméensation method was carried cut
in a small tank filled with water. The sound waves in the
water were generated by a piezo-ceramic transducer.
Using a compensation transducer of the type described,
we restricted its use to the calibration range of 1-500 Hz.
In the higher'frequency area, we uéed an‘invefted
compens%tion transducer'which gives the greatest practical

resolution of waves in a small tank's working cavity.

10 N




In this variant, the compensation transducer in an
integral part of the measuring tank: the walls of the null
unit form its lateral surface, and the inner piezo-ceramic
cylinder is the sensing element of the null indicator. -

fhe transducer; producing the soﬁnd pressure, is
installed in the sturdy tank mounting frame thus providing
the desired grounding of the un-grounded (inner) surfaces
of the null indicator. The hydrophone to be calibrated is
secured in the opening located in the middle of the tank
cover. The cover rests on a resilent seal and covers the
piezo-ceramic éylindérs and hermetically seals the inner
cavity of the measuring ténk.

The linear dimensions of ghe tank are calculated by

a well-known formula (7) so that the radial resonant point

of the working cavity was always higher than the longitudinal.
Relative to the vertiéal dimension of the tank, a test

showed that the distriﬁution of pressure (which ochrs with

increasé of frequency) turns out to be practically negligible

for ffequencies up to ~0.. E

11
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Por calibration of hydrophones at the higher frequencies,
it is necessary to take into account non-uniformities in
sound pressﬁre along the longitudinal plane of the tank.

- The sound pressure distribution curve has a symmetrical

character which permits one to execute a calibration of those

hydrophones that have a symmetrical-type construction, and
which may occupy a substantial volume of the measuring tank,
provided that the compensating transducer and calibrated
hydrophone have coincident planes of acoustic symmetry.1

The fact is that the compensating transducer measures
the average value acting on the surface of the null unit,
and its sensitivity to the pressure gradient is extremely
little.

If, as it commonly happens, a non-directional hydrophone
exhibits the very same integrating characteristics, then one

may execute a calibration under conditions of a variable

12

l. That which we term the plane of acoustic symmetry of the
inverted compensating transducer or the hydrophone is
that plane in which all possible sound pressure deviations
from the average value are equalized. )
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distribution up to about'O.B’h, ; when, strictly speaking,
the tank seems too small.

A barrier of transparent organic-glass installed on the
tank cover, provides a hermetical seal for the measuring tanks'
working cavity under a free Waﬁer surface. This simple
arrangement permits filling up the cavity with water that
is free of air bubbles, which is a pre-requisite for proper
functioning of the calibration device.

Our test showed that the constructional meéhanical
resonances of the system can be shifted beyond the working
frequency range up through 5 kHz.

A bloc diagram of the calibration device is seen in

Figure 3. The hydro-acoustic part of it is represented by

the measuring tank 1, described above.

_\L\_B}\\\ RS
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The sound pressure in the tank is generated by the

piezo-ceramic projector 3, fed from a sine wave generator 2.
From this generator, through a phase-inverter 4, the compensation
voltage U, appears at the null unit's compensating tranducer, 5.
The voltage taken from the terminals of the null indica£or's
sensiﬁg element through amplifier 6, is presented on an
osgillisc0pe 7 which serves as a visual indicator of ;he
instant of compensaticn as evidenced by the disappearance
of the sinusoidal signal.

The calibration device provides direct measurement
of the sensitivity of hydrophone under calibraticn, T ,
(at the instant of compensation) using the readings of

attenuator,8 which is calibrated in units of sensitivity.

E=l,!
M Uy
This attenuator measures the ratio of voltages'%
with the scale calculation %u To do this, the attenuator

is equipped with an accéssory voltage divider formed by
resistance R and the input resistance of the attenuator.
Resistance R is selected according to the size of M for a
given tank size, so that when the output voltages of the

hyd;ophone under calibration and of the attenuator are equal,

14
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the dial reading of the latter reads the sensitivity.

The conjunction of the output voltages is indicated
visually on the oscillograph 11 when they are alternately
fed to it through switch, 9 and pre-amplifier, 10.

The output voltage of the hydrophone under calibration
is recorded, and then, via the attenuator at the oscillograph,
the very same voltage is used to ascertain the. hydrophone's
sensitivity.

The high input impedance (not less than 300 megohms) of
the input amplifiers allows one to measure sensitivity over

the frequency range 1 Hz to 5 kHz for the great majority of

‘piezo-ceramic hydrophones,'and practically irrespective of

their loading.

The Basic Test Results. Evaluation of Accuracy

The exr~rimental determination of the compensating transducer's
M constant is fundemental to the piezo-electric compensation
method.
The constant expresses the relationship of the pressure
p° to the voltage U: reqﬁired to cﬁmpensate this pressure; that
is: M = 58 » and it is established by the characteristics of
k

the piezo-material and by the design of the transducer -

independent of frequency.

15
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In principle, M can be determined in the static mode,

but it is better, with pPiezc-electric transducers, to assign |

a variable pressure p°. |

Por this, we used a modified hydrostatic environment (8)

FICRCRRRE O

in which a periodically varying level of a free water surface

Creates a varying hydrostatic pressure in the water.

The cavity of the measuring tank 1 (Fig. 4), is joined
by a flexible tube, 2, to an auxiliary open vessel, 3, which
is fitted to a vibration table, 4, that generates sinusoidal
oscillations which act vertically. fThe enti;e system is filled
with water.and the initial hydrostatic pressure is determined
by position of the free meniscus* in the open.vessel. The
hydrostatic pressuze po = pghsinwt is changed at a rate
proportional to the oscillatory displacement of the free

water surface; wher; p-is the water density; g-force of

gravity; ‘h-amplitude of the oscillatory displacement.

-3 - -

16

* The curved upper surface of a liquid column, concavs when
the walls are wetted by the liquid and convex when not,




Selection of an adequately low (0.3 - 0.4 Hz) oscillating
frequency for the vibration table made it possible to disregard
the inertial forces acting in the oscillating liquid. This
was due to the trifling oscillatory accellerations associated
with such a low frequency.

The amplitude h of the oscillations in ouf measurements

P 196

were 2 centimeters, and, consequently, M= P
L x

K %3, F
The compensation voltage Uﬁ was meaéﬁre8—£§ a higﬁ-quality
voltmeter. Experience showed that, when using the hydrostatic
system, the.error in determining M is a fraction of one
percent and can be regarded as a constituent of.the systematic
error of the calibration device.
In this connection, it is of interest to note that
repeated measurements of M, carried out over a year's time,
gave a vari;tion in magnitude within limits of 1% which
indicates a high stability with.respect to time. 1In the
event that a piezo-ceramic is used in the nulliunit, the
characteristics of thch are temperature - dependent, the
calibration of the hydroéhone by the piezo-electric compensation

method has to be carried out at that water temperature at

which the M constant was determined.

17
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The tank described was made with a temperature-~

stabilized ceramic, and gave an M = 1§35€5.i : .

The dimensions of the inner cavitymof éhis measuring
tank (diameter - 78 mm: height 105 mm) allowed us to calibrate
non-directional hydrophones in it which have dimensions not
exceeding 50 mm, and at frequencies up to 5 kHz.

The vibration dampening gaskets on the butt ends of the
piezo-ceramic unit gave practically complete "de~coupling" of
the hydrophone under calibration from the oscillations of the
compensating transducer (the walls of the chamber). This was
checked without water, and when an alternating voltage was
fed to the exciter (to 100 db) and to the terminals of the
null unit (to 10 db), there was no signal from the hydrophone.
In the working band of frequencies, the compensating voltage
was several volts.

Use of the mechanism of'piezo-effect is realized by thne
exceptionally high sensifivity to deformation of the compensat:ing

transducer, however, its sensitivity to Pressure lay in the

Mxs
area 20—50 P .

18




At frequencies above 1 kHz, it is necessary to satisfy

the theoretical prerequisites, related to the sourd field in

a tank, which would satisfy the tolerance for hydrophone

calibrations under conditions of possible variations in

sound pressure along the length of the tank.

1
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Using a miniature spherical hydrophone of a known constant

sensitivity, the relative change of pressure was measured when

the hydrophone was positioned at various points along the

length of the tank and at frequencies of 1,2,3,4,4.5 and S5 kHz.

19
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The experimental curves, thus obtained for the
distribution of sound pressure along the tank length are
shown in Fig. 5. Along the vertical axic are. laid out the

measured values of pressure, and along the horizontal axis, the

position of the miniature hydrophcne relative to the plane
of acoustic symmetry of the tank.

These curves, for frequencies to 5 kHz, agree well

with tﬁe éalculated values, and their relatively géod symmetry
is such that one may practically view non-uniformities as
cancelled out by the sound pressure distribution on the surface
of a hydropﬁone of éomparitively large dimensions.

In Fig. 6 is presentea the frequency dependency of a
sound pressure p , generated in the measuring tank. Using.
the compensating transducer and with a constant voltage on
the generator terminals, the measured sound pressure level
varies substantially depending on the.frequency of excitation.

However, at the hydrophone sensitivity E, it remains
linear which indicates the measuring accuracy of the piezo-
electric compensation method, in spite of the change in

-magnitude of the sound pressure.

20




ﬁvaluation of.the system error was determined
experimentallv by numerous hydrophone calibrations. They
indicate a high reproducibility of measured Qata.

'~ As an example, in the upper portion of Fig. 7 is shown
the frequency characteristic of sensitivity of a spherical
hydrophone made of barium titanate and having a diameter
of 50 mm. Each point on the graph represents an average
of ten measurements. The maximum deviation of the values
at individual fixed frequencies over the band 1 Hz to 5 kHz
was 0.8 db; the r.m.s. error of the series of measurements
lay within 3%.

In the 1ower.portion of the graph is shown the frequency
characteristics of sensitivity for a piezo-ceramic hydropﬁone
of a cylindrical configuration (diameter 12 mm, height 22mm).

In the spectrum 20-30 Hz the calibration points (indicated
by "x's" over the.little circles) were done by the piezo-
electric compensation metﬁod in a water-filled steel tank
(diamefer 150 mm, length 200 mm) using a.compensating'

transducer {(with a constant M=I157.5

P —- .

N u? )
I , installed as a -

separate component (see Fig. 7). 1In the spectrum 20 Hz - 5 kHz

21
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the calibration was done by the piezo-electric compensation

method in a tank with an inverted compensating transducer

nut
e )

(diameter 78 mm, length 105 mm, 51;185.7

In spite of the fact that the th test devices substantially
differed in the constructional features of their respective
tanks, in their compensating transducerz, and also in certain
instrumentation (in this sense, they can be regarded as
independent), the calibration results in both devices were
practically the same (within 3%).

The good agreement indicates the accuracy of measuring

" sensitivity by the piezo-electric compensation method.

At the upper énd of the frequency spectrum the calibration
data, using the piezo-electric compensation method,; agrees
(within 0.5 db) with that obtained independently on a non-
directional hydrophone using the free-field reciprocity method.

Calibration of non-directional hydrophones with dimensions
less than 10 mm, using the piezo-electric compensation method,
was carried out at frequencies up to 23 kiz.. In several areas
of the frequency spectrum'above 5 kHz, the measurements were
complicated by mechanical ;tructural resonances of the measuring

tank at frequencies whichcorresponded to the anomalies noted

22




in the frequency characteristigs of the hydrbphone under

calibration.
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AbconiorHan rpumynposKd. M3MenUTENbLNLIX IUEADOHOHES

B QUANQAZoHe 33Y{oBLX HUCYOT
A. H. TOJIEHKOB u JI. E. [1ABJIOB

B npaxrtuxg FHAPOaRyCTHUECKHX HaMepexul fo cux mop
orcyrcrayer yroSuult # Jocrarodso npocroft meron aGeo-
aorroft rpaaynposki ruapodoHO3 B ArANLULHE MHIRMX
¥ cpenxdx 3ByxoBux qacror (500 2y —5 xz2g).

B ananadome wuacror sumute 5 rey nNpusensercs Meren
maanxuocry [1, 2] B noze naockux HAM cdepniyecxux BOIK,
8 ¥a uacrorax Huxe 300—500 24 — meroa snexrtpoluia-
Museckofi Kounencauis (3, 4] oSccnewusaounly nu;ony«o
Tousocts ruapodouos,

Ha npoxexyrouiry yactorax 500 ¢y — 5 sx2y suiasasior-
€N TPYRHOCTI Ppit FPalyHpoBKe FuApodolO3 <o nBamJe-
HHIO®» B Ri{HANA30NCE HH3KHX 4ACTOT, & TaKiKe H <0 NOTN»

‘ka 601ze BHICOKHX uactorax. YC10Bus cpeaw, onpeielse-

Mbe fpeX1e BCero cOOTHOWeHieM pasmepcs npeobpasnaa-
Teneft 3Byka # Aauioll 33YKOBOJ! BOHE, HAKAAILB3IWOT CY-
UleCTBEHHOE OrpaHiveitie NPHMENEHIN0 HaBECTHHX MCTO103
FPanyipOBRH THAPOHOHOB B AN311a30He HIAKHX it CpeunX
3BYKOBHUX 4acTOT.

Cpasunreasliy He30abir2 paaMepst COBpPeMELHMX (:3Me-
pHTeIbHLIX Tiapodatios, HMelouwnx o640  cuMMeTpHy-
HY KoHCTpyEUiio, ofecneunsadt OTCYTCTale HaHpasie-
ROCTH Ha 3TAX 4acTOTax i1 2e13i0T ue’esooGasitts 0po-
BRAEHHE MX TPalyipoBKl N0 Aanitenitio, reM Gonee, d4ro
PELIH30BATHL ¥ea0RNA cBOGOIHOTO NOIA 112 YACTOTAX Hit:ke
5 xey 3arpyauutenbso.

Mevoa saexrpoansavaveckoli xouneHcauii, B KOTOPOM
YCAOBHA FP2IYHPOBKH OOACMENNBAIOTCA Npi KOMIAHTILUI
3BYKOBOTO LaBIeHHA NPOTHDIAABJIE:NeM ITeKTPOINHIMIU.
seckiiX Qua Ha MemOpase 9IeKTpoxiHamiueckoro npeol-
pa3osartens, NPARTHYCCKH He MOMCT OHITE HCHOILICIAN HA
yacrorax sHwe 500 ey 13-3a GHCTPOrO pocTa HMHCPUMOH-
HOro conporianckiAd MesmOpany ¢ nOBulleHileM YacToThl
N COOTECTCTBYIOUIEro yXyaluleHis OTHOWEWHA CHIHAT—
wys.

flonuiTka #CNOABL3OBATHL 21EKTPOAHHAMIUMECKHE CHIN AR
rPanyHponKy Miunatriopuoro o6pasnosoro ruapodona Ha
Boce BucOXix «aetorax, caerawnan 8 [5], mo mameny
MHOHHIO, TepHOT BAIKHLE MpEMYL{eCTBA MeTOla 3.32/Tpo-
RUHaMiUgeckoil KOMReHcantin u NpeACTaB.Iserca Texvolo-
CHUSCKH caomiiof.

MNMoucku eanttooGpazia 1 RPOITOTH TPAAYUPOBKH T[i11pO-
¢onop ¢ Buccroft TONHOCTHIO RpHB2IH ABTOPO3 K paipa-
SoTke HY:1¢BOTO METols, OCHOBNAA HAed KOTOPOro aiato-
FHYH2 Hlce METONa 3JCKTpOAMHAMH4eckofl KoMmencauns,
PO NO3ROACT PEAMHIOBATHL €e B AHANAIOHE 2BYKODHX
qacror.

CyttiosTh aTOr0 MCTOXA COCTHIT B TOM, YTO KOIelamuq
nelodesTpitizcvofl c6ondixir nag RelierenaM 3nyKOs0ro
AadCHE D CPRAL TOOMIIATCR DLEI0ZTAATRUNICKUNMM Cif-
JA3M{t IBYKONOf HACTOTH, BO3HMKAWUH B COITO4NE hpi
104342 N e¢ OCEAAIKN BHCUINCTO {tanpaentty,
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Mo:sent  pocrmXenus NpaxTH4ecKo  KHENOABHKHOCTH
o6onouxy, RaxonAuleficR no% OAHOBPEMCHHLIM BO3AefCTBH.
€M 3HeWuero 3BYXNSOrO RABJEHHA 1§ BUYTPEHHIX MNbE3O-

SNEKTPUGECKHUX CH.T — MOMENHT KOMACHCAWM, — ROTHEHN OF

MEYaThCH YYBCTBUTCABHMM  HIABKATOPO: xmedarc.lbﬂux.
aedopyanult obogouxi:.

Panuaasuwe ashopMauis nbeaohepa\-uqecxon 08004K
B BHAC LILTHUAPA €O CBOSOSMIIMH TOPIau, Haxoasutelcs
noA Bo3jeficTBieM 3BYKOBOro Jasnenua 1 Hapy:cxoft no-
BEPXHOCTH M MbE303NSKTPUUCCKUX Cif1, ONpeReAs:OTeA HI
ypasterus qQGparioro nte3osdhderra (6]

o _gUx
t= -8 . m

FAC @ -— M2XZ2HHYETKCE HANpAMeHna B 05oi0uKe, 537128i0-
MOC  NPHIOMCIMINY  3YROBMM  AQRIAMEM; € — MORydb
yapyreerit; Uy —3aextprusexos Hanpmxeduz Ha ofixral.
Kax 05010yxd; @ — voanra ofonowis; § — NL2I0MOLY.TS.

H3 (1) stzso, uto npn coorsercrsyiomey Bufope 3na-
k3 i etnuinint Uy 2cdopreauino Moo olarurs & Ry.s,

16XaHNUCCKOS HAMDRIZeNNE G B CTeuK2X 060A0NKH Npe-
GopuHONaILUY Koshdururenty Mexauuneckod Tpauchopiia-
wiu r/a (r — paanyc IULLIHIDA) H NOITOMY

=’
g d P,
rie p— 3syKoroe Aaslenue.
Mpu xounencauns (5=0) u3 (1) noayuacu
!-=6q"- HAY p== 8 Uy = MUy, )
e a 4

Vpasrenue (2) spascres ypasuciuen M2roam rpatyit
POBKH I'HApodONOS, MIIDIAMOIO  HAMI MCTOOM 1he30.
sAeKTpiidackolt Komnencauny Oio NOKAIMDACT, HTO 3 MO-
MEHT XOMA2HCAWHy 3bykonoe Anpisiuie p, AchcToymuce
Ha ofoacuKy, MPONOPUMONLILIO HAAPHACHINO KoMachea-
MHY, MOI32ICMOMY HA €C 2TIRTPO.LN.

Tarny  06pazoM, MOMCHT KOMACHCRHN  AOCTHrAETS
norGopoM  aMAINTYY daan  sroro nanpsiicnia  or
BHCLIHErO  HMCTONUIKA.

Kax suano wa (2), xosdpbueent upenopunonrisno.
crit M M2 3aBitear or wactotw i RPHOONCTAET cMuST no-
croRuMoh 218 aanHoro OfpAIUT KOMALULIWHONEDrO NDLs
olpasonarean.

3ra no:ronnnan MoieT CUTL ORPEITTCHT HEIANICINIY
setozcy. Kowmncucawnonuufi npeclpasona
eTCA NP 1Ay iaponke ruanabonon. [l 3160 ranay
MEE PRGPCSOU VOTRHBUA D eTeT DA KoM
10 MpaalnosnuaTes g, 20k ANYCTHUACRN e

H!,’l}m&:‘:bn] O MONMOUT BOMILMIAWY 0Sraraeg e \

€0 HYSIT2UTCIBHICTL OHDETAACINA vy tdpryviy

L TE P
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P = M U;_.
rae U — puixolnoe HanpamCcHHE FPaIyNPyeMor0 THAPO-
¢,

KoMmiicucaunonnsi ppcoGpalovaseas COCTONT H3  ABYX
p33uaALIO BOApuIOBANNUX unaanipes [ u 3 (Gur, 1),
PACROICKCINILIX KOaKCuaanno. 3a3cp 2 MeKQy miLLtHApa-
Mt Janoamen aKYCTHCCKnu RCCTKoft cpedoii. Hapymnue
STWKTPOAH UIIHIAPOD COCAMHCHU € KOPMYcoM H 3a3eMae-
utd. Wuiape yeTananansaloten MoKy BEPXARM H HilK-
#um Qaannamy xopnyca § na npokaankax 8. Dt npo-
K321Kit O8CCNEYHBaloT TepPMCTHIANI0, AKYCTHHECKYIO Pal-
SAIKY KNAHHADPOB OT KOaeSamill Kopnyca H 3aLuTy TOp-
UOS MIUTINIPOS 0T BOIICHCTBHA HA HHX 3IBYKOBOro AZam-
aewus.

Oznn w3 nlcaoxepamiycckiX MHANNAPOB  ABIAETCA
nyas-opranoy (Buewsuud na ¢Qur. 1), Ha KOTOpOM oOCymit-
CTBAACTCA KOMNeHC2WIA 3BYXOBOTO AaBIEHUHA Npu NOzaye
Ha ero ofxaanku Hanpawxenun Uy Komnencaiminy, 2 BTO-
pofi — uyBCTBHTEALHMM 31eMEHTOM Hy b-HHAHKZTOPA MO-
MEHTa KOMMenCOUHs, CBHICTEILCTBYIONHM O XHHAM:IYe-
CKOM- PABIIODECHH 3BYKOBOro BO3ICHCTBUA M NbE3ONICKTPH-
qecKnx Cia.

Kowmnencaunonnuit npeoGpasonarcan paoraer caeayio-
mnx obpazon. KoaeGauila nyre-oprasa noa so3xeicrsaeM
3BYKOBOTO J2BJeNUA NCPEIAOTCA 4ePed NpOLSIKYTOTHDY
CROM  MYBCTRUIZALHOMY  3JeMEHTY HyJAb-HHIUKATOPA, HA
SJEKTPOAAX KOTOPOro, ¢1210BaTEAbHO, BOIHIKAET 3NeKTHt-
§CCKOC Hampaxenile, CBHIETEILCTBYOUEe O KoacSznuax
pHewneft oSoaouxn. Mo Mepa nozaws ua ofxa2ikKH Hymb-

Em @

. ODrada HINDAKCHUA KOMIEHCAUMM ITOT CHIHAY YMCHb-

waercm, a Npu ROCTHAKSHNN MOMeHTa KOMNenucaunn obpa-
ntaeTcy B _Hyab, NPA ITOM PEATUIVIOTA YCI02u8 Merona
NILEI0ONTEK FPIMECKOll KOMMEeH RN,

DxanpaientHan cxema KoMneincauuoOHHoro rpeobpasona-
Tens uaolpamens ua ¢ur. 2. ’

b

N

K wyry-anding
= mopy

m m;
m 9, 7‘ bA A 7"
At e
. =0
¢ m,
MUy

Qur, 2 -

3acey My=ap; H mMy=a;p; — pacKpeaceHiLe MACCH

HapYHHOTO W BRYTPEIHEr0 UHAKNAPOB, COOTBETCTBLHIO;

i ¢

Hi= Py Hg= " — nx rufroctH (r— cpenuuit pa-

AHYC, P — NAOTHOCTL); My=ap; — MACCA NPOMENIYTOUIIO-
'z oy a

0 €A0f, gy= =Y G=— 4 = %
a; e P2 € ]

HKYTOuIIOro caon.

TMpi 3anoamenns 3a30pa MexAy UMIANIPAMH TBCPILIM
BEW(CTBOM MOXilg npinabpess rubroctsio G, onpeasaaro-
weait achopuamui no TOJMENE, 2 NPH IINAMUCUMN 3230pA
KHAKOCTHI0, He CGaanawmel 3naunTedwiiof ruSKOCTLIO,
CACRYET MCKTOUNTL M3 cXeMH TiOxoCTh g3

B Hamen cayuze npa sanoamendi 3330Da ITOKCHAHBIM
KOMMAYHAOM = BCOILCTION, 3AMINAIOULIM RPOMCKYTOINOE
noaoAeH:e NO CBORM MeXAHIYLCKUM MapaMeTpaM Mekady
AHAKOCTSHIO it TREPIM: Tea0M, HeoGX0JuMo yuiTasaTh ofe
rubxocTi. .

Kax Bitaso n3 axeisaidenTHoll cXxaMu, PIMuM KOMGENH-
camint ROCTHTAeTCR HC3ABHUCHMO OT RacToTol W 3uauenifi
aapaverpes cxemu. [lpx Koucrpymposawiu npaoSpalo-
BaTCAA NPIUAATH MEPH, CHINKAIOUIHE BAHAHIZ NPOITIBHLIX

—ruGroctn npove-

" RedOpPMAUUR Hyab-Oprana, ONPEiLANEMHX NBEIOMILYJIEH

812=013, Ha 3. K. ¢ uyAb-HHANRATOPA (APH 3anOMUCK UK
3230D2 XKUAKOCTLIY 112106HOCTb 3 TAKKX MEP2X OTRARACT).
Caeayer 3aMernys, 4TO npn KoMeusoft TOTULNHC @) CTed-
Kit Hyab-Oprana Bwpaxemie Aan nocreauuoi: M xounen-
cauHouHoro TNpeoSpazoparean yoaoxudercn. Puiiuecks
3TO CBA3AHO C TeX, 4TO MPIt HCNOALIOZAHIM TOACTO 0fo-
JOYKH HAPYKHAR 9 BAYTPCUNAR NOBCPXHOCTH MYIb-Opra-
Ha K0ac610TCA BEOIMNAXOBI: MPH HENOABIKUOCTH OANOR
H3 HHX 2pyras eme COBEPIAcT MAIHe OCTaTOYHME KOle-
GaHnA, TaKk kak e¢ B0cOMOTHLE CMEUICHNR IABMCST OT
Bcex Tpex nseao&fo:xyaeﬁ 8y1, 812 # 813 B 0B0101Ke,
Pacuern, caenrmubte D NPeANOAOKeHHH, 4TO OCTaHad-
Ansaerca’ MOBEPXHOTL NbedsxepaMuuecKoil 060.a0uXH, npu-
MHKADUIAR K NPOMEXYTOLHOMY €0, NMPHSOAST K c.e-
QysoweR saBacuNocTH nocromsuol A or TOAWMEM 0O0-

ACYKHL:
8 (bu s
M-M.[l-!- i (6 'J)].

13 '

8¢
e M= " ! + v==x03dduuncur Myaccona.
1

Sra dopmyaa RO:A3WBaeT, YTO MOBEPXHOCTH, HCKOIped-
CTIEHNO BOCMPUINCAOAR 3GYRO30e NAdACHHe, OCTAcTCR
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WECKOINKO HeaoTopstoxcwnol. IMpr srow, crporo rosops,
CHiKOETCR  axycTHuecK:uft HMNEAAHL KOMNEHCAUHOHNOTO
npeolpasosateas.

OGonouxa kylb-oprana 201AHa GHTb KOCTGTOWMO TOH-
xof. B mawnx ycTanmoskax coSmojaerca  OTHOWEHNE
PR

n
- IxcnepamentTanstas ycranosxkas Tpazynposxa riapodo-

HOB MeTOROM Nbes03ACKTpiteckofl KOMMeHcaurd NPOH3BO-
RHTCA NnO AABAcHUI0 B MaA0h Kasiepe, HANOAHZHHOMA BogOf,
3syxovoe Aandeiie B Kavepe BO3By:iaaeTcs Mpi NOMOLLY
Nbe30KepaMiteckoro HaTyuareas.

Kowpeitcaitnonut  npeoGpasosaren= omicaituofl Xou-
CTPYKLUH NPuMensacs fasMu Aulis NPH rpalyupobke Tl
podouos s xranslose uacror 1—500 24, '

B nuanazone Goaee BHcORmX HACTOT HAMu OLA HCNOTb-
308an ofpawennnft KoMuercaumonunfi Npeolpa3oBares,

- Rawwudi nanboree IKOHOMIKHOEC pewente BOIHOBHX Pas-

MepoB NOJOCTH MadOi  KaMeph,
B srou bapnante xosnemcaunousfi npeoSpazopartels

ABIAETCA HEOTLEMTEMOIl HacTLio H3MEPHTEIbMON Kallepu':

CTellxy HyAb-oprana obpasvior ez G0KOByl NosepxHOCIb,
& Bleulnufl Mbe3OKepaMIriCCKHA UHAMKAP ABIALTCK 4yd-
CTBHTEILHMM 3eMCHTON HyIb-HHAHKATOPA MOMHTA KOM-
feHcav it

Boalyantean 3ByxoBOro Jasnelnts  ycTau2BaInaacTes
B MaccusfoM OCHOBa:Zm Kasepal, ofecfevitzaomieM Ha-
REXUOe IKpAUNPOBaHuS He3dcMAcHnLx (Buemmnx) 06-
Kaanox mysb-tnanxaropa. Tpaayupyesimia ruzpodon 3a-
Kpenisercst B WeuTpPaALHOM OTBEPCTUHM KPUUIKH K2MepH,
KOTOpads Ha aMOpTIIIUHOMHOM YILIOTHEIIM 33KPHBacT
610K nue3CKepaMuyecknx WUAMHAPOB M TepMeTiI3ipyeT
BKYTPCHUIOIO NMOAOCTb H3MepuTeIbHoli Kadepd.

Jlunelinne pasvepu KaMepn Mo u3BecTHuM opMyaaM
{7) paccuntwmndiotes Tak, TOGW, paiMaipunit pesonaits
fo30CTH BCeria HaxoZHACH Buluie N1p0O10.1LHOr0 (f‘).

Onuiv noxadad, 410 pacnpelaieinie Rasaetus No BLicoTe
H3MEpNTEILHON KaMepH, BO3NEKAOUWICe ¢ MOSLILUEEM Y3-
CTOTL, TpaKTNYecKH OXa3ubaerca fpedelpeXNMHM ANUL
R0 uacror ~0,1f;.

INpu rpaayuposke ruapodonos na Godce BLHICORNX Ha-
cTOTaxX HeoBX0IUNO YHUTHBATH 1EPIBUOMEPHOCTb 3BYKOBO-
£0 AJBJCHHA NO ATHile KAMepHL

CuMserpununii Xanaxrep KpusLIx pacipeacicuiin 3pye
ROUUTO Jauaetiin TosN0LIeT  APOHIBORNEL  TPALYIPUBKY
B Kauepe CUMMETPUMHMYX MO KOHCTPYKWikt riipodonos,
3awMaoLinX 3naunreabiit ofbeM HIMEPHTEILUON Kave-
Pul, HPU NCIGOuu COBMcULEHUSt MIOCKOCTelt akycruyecvol
CUMMCTPIIt T KOMMCHCALHONUOTO NDPeoGpalosartean o rpa-
AylupyeNoro ruxpo@oua.

Heto B tom, uro Kounencamuounul npeoSpaiopareis
H3MepAeT cpealted Aab.iviiie, ReficTBYOULSE HA NOBEPXUOCTS
UYAL-0pPrana, H YYNCTHUTEISNCATL ero K Ipaticiity Jasitu.
uun pecLMI MI3a.

- ————

¥ MTaocxkacrh o akyeruaec ot cumderp (0P V200 £O KOMMI0.

CARUOHNIITD  MPeLOP IIuiTe t ind THA 00l M Histdnten

RINCKOCTL, B KuTOpult  KOMECHCHD)WT.T  BUSHOAMUE OTXIOCHWL
JuY ELL S0 dBICar A OT ChelnerQ Julygeria,
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Ecnu, xax sto OuBaer ofuuno, Ho#anpasaewHud rHApO-
don obrazaer TaKuMu Xe HHTETpEDyOUWNMY cBOficTsaxy,
TO rpaxYHPOBKY OKAa3LBacTCA BOIMOXHAIM NDPOHISOIUTH
M NPH H2AHYUL  3AMETHOTO BOMNOBOTO pacnpeleseHus
o ~ 038 f;, Xora2, crporo roBops, KaMepa yxe Ne 3o-
XKer caurarbes Masofl. '

Orpamnenie H3 NPO3PAYIOro OPrCTekIa, ycrauosiennoe
Ha Kpuumke, MO3BOJSET NPOHIBOAHTL TEPMETHIAUMWIO 1O.10-
CTH H3MeputebHoR xaMepn nox cBoGoauOf NOBep<HOCTbIO
BoAH. 1o npocroz ycrpofictBo olecnednBact 3andaiieHre
fionocTa 3caofi Ge3 BO3AYWHHX Ny3LPbKOS BO21yXa, WTO
Heo6x0xuMo ANA NpaBHAbLHON paloTw yCTaHOBKH.

Haw onwit noxasan, uro MeXxaHuuecKie KOHCTPYKTIDluLe
pe3oralcl CHCTeMI MOTYT GLITh BRItecell 32 mpeasau pa-
Gouerc Xianasoi:a ¥acTOT TPAAYNPOBKH A0 HaCTOTLL S K2y,

Baox-cxeMa HasepHTeILHOIt YCTaHOBKN APeAcTaBIeHa HA

“¢ur. 3. Tuapoakycruueckas wacte ee NPEICTABIEN3 itaMe-

pureanrail Kasepodt /, onucaunofi suule.

3syxouoe 3aBaenue B KaMepe BoOIOymacTcs nveloxepa-
MHYECK:!M H3JyyaTedeM 3, MuTacMuIM OT TenepaTopa 3.1eke
rpuveckux Kodelaunui 2. Ot 3T0r0 Xe remepatopa uepe3
dazospariatett 4 Ha HYAL-0Pran KOMAMCAWIONHINO Tpe-
ofpazosasaas § noaaetcs uanpamenne U, xouncicaun.
Hanpsacedite, CinMacroe ¢ 31eKTPOI0B 4VBLTHETL.ILUOID
3JeMed1a HyJb-NHANKATOPA, ¥eped VOUTITeIp 6 moR2erid
Ha OCMIEATOCKON 7, MBIMOIEHACA BI3VAILIUM HilTiILATO
POM MOMZHTA KOMMeNCauiu, XKOTOPLIl oNpelalsctls .No
HCYe3HOBEHHI0 CUHYCONAATLIONr0 curiana.

B u3sepurennnod ycrauesze npexycMoTpeno nencpai-
CTBEHHO= m3Mepellle  YYBCTBUTILUOCTH  [P21yHpYyesoro
ruapodona I (a2 MOMEHr RKOMNeucauin) Mo arreHwarys
py 8, OTrpaiynpoBaKHOMY B €IUHILAX HYBCTBHTOILHOTTH

1 U
Eas o 5y
M Ug

Sror artren:0aTop H3MepTer OTHOwWeHite Hanpamen:f:

1
== ¢ y4erom macwurtaba M Jlast storo artentoarop chad-
K

XKaercs 20M0MIHTEILILIM  Ae.THTEALM, 06pﬂ3063Hllbi.‘-( co-

Gur, 3




oo S TR

aa aaie i acia e

~—-

A 4e ey mm o e b ey e e

NPOTHRICKACH R M BXOAMIAM C€OPO: HBICHHEN ITTCHIOATO-
pa. Compotunicnue R BuGupacren no nesmimie M aan

a3ugait KaMEDM  TaK, NTOSW Mpit PABCHCTBE BHXOIHHX

WATDIKCHAA  TpAyuUPYEMOro ruApogona # 2ITCNIOATOPA
Jesciiiie 63 AHMGE Mocaeanero 1asaso OTCYET  WYBCTBH-
TCILROCTIL ’

Cpannemiie  BUXOANHX HANPANCHAR NPOHIBOANTCA BH-
3yaaulo, na kpanc ociaaorpaba /1, kyxa onut roaaores
Hoouepelo NP:l nOMOLy MepeKlowaren 9 wcpes npeasa-
pureasiidit yenaureaw. /0,

Buxoxitoe maupaKchue rpaayupyeMoro ruipodona 3a-
ROMUMACTCS, 3 33TcM NpH NOMOWLK aTTeHi0aTopa ha IKpa-
He OCUNAIOrpIha YCTauanInsacTcas Takoe Me Hanpmxe-

HUC,, NP KOTOPONM ¢ cq_l_lrunac'rm_ 3Havenne HCKOMOA

SyBCTBUTEIBNIOCTH rRApodOna.

Buicokoe Bxoanoe comporusaerie (ue Meice 300 Mox)
RpHMENCHUEX  YCHANTCICH NO3BOTACT B ANANA30iC 42-
cror | 24—5 x2i nmonywats ais NoAasaswoiiero GoAbe
RIHHCTB2 NBEIOKCPAMWICCKHX THAPOGOHOD  WYBCTBHTEIDL-
nOCTh RPAKTHYCCKH B PCIKHME XO0J0CTOr0 XOAa.

OcHoBHLE  IKCNCPHMEHTAAbHBIE  PEIYABTATH.  eitka
TOuNOCTH. DYHAAMEHTAALHLIM AAH MCTOA2 NBE3IOIACKTPH-
4CCKO/l KOMNCHCAUMH ABIAETCA 3KCNCpuUNMEHTaAbHOC Onpe-
Acacuue nocroaunnoft M koumnericaunonnoro npeoGpazo-
Bareas.

3ta nocronunas BHpamaercs OTHoweMteM Aavaenis p?

[ 3 uanpnmcmmUﬁ, ncoﬁxo.‘muo.\ty A7 KOMNIIEHCAHH 3TO-

00
To Aanaecuns, T. e M="Jo- W onpeieaserca cBoficTpaMR

3 .
Nbe3oMarepiaa u Kowcrpyxune npcoGpasosarern, He

32DHTAWNMIT OT Y2CTOTH.

' Mpunuunuansio M Moxmer GuTb onpeicneHo B crarti-

MECKOM  peAuMe, HO 1A -MbC3O3ISKTPHYCCKHX MNpeobpa-
Josareeii yaoGuce 3anasarh nepesentioe nasietne po.
Mut HCMOAB3OBAAH AAR 3TOFO FHAPOGTATHYCCKOE BOI-
Sy®zaeune [8]. npi KOTOpOM RepeMeHitoe THAPOCTATHYECKOE
Rassetite B, BOAC COINIeTcH NYTCM NeEPHORNYECKOro HIMe-
HeHHs YDOBHS CBoG6OIOM NMONSHXHOCTH KHAKOCTH.

[loaocrs navcpurensuok kamepwt ! (Gur. 4) nocpea-.

cTBOM Tulxoft Tpybri 2 coolutaercs ¢ RONOAHHTENbHEIM
OTKPHTHM Cocy3oM &, YCTaHOBIEHHHM 112 BHOPOCTOAH-
Ke 4, coBepuiaoites CHHYCOHAAIbILe KoreGaiHA no Bep-

A R s e s s s

e e w msee s amsee

THKaaH, Bea CHCTeMa 32nOJHReTcst BOAOR H  Hawaabitoe
FHAPOCTATHYCCROE RaBIeIHe ONPCACIRCTCA  MOAOMEIHCM
¢2060310r0 McRUCKa B OTKpHTOM cocyie. B rakr xoacGa-
HUAM cBoGOANOR NOBCPX #OCTH HAMCHACTCR FiapoCTaTie-
ckoe nasncuue p'=pghsinw!, nponopunoHaabiioe Koaeba-
TedbHOMy CMewicHuo (P — nIOTHOCTL BOAH, g — yIKope-
HHe CHAN TaXecTH, K — aMnINTYZ2 KOACGATLABLIOrO CMe-
uteHua).

Yacrora xoaeSauunii miGpocroinka subupazace nocra-
totiio Huaxoit (0.3—0.4 2y), 4ro6um BanAKIUEM HHUCPUHO-
unx cna B xodeGaontefica xuaxoctH Moxuo Guiio npe-
HeGpcub H3-32 Ma0cTH KOdcGarenbHHX YCKOpcHufl

Aunantyaa k xoieGamufi D HAUIHX U3IMCPEN;IRX COCTaB:

[ 196
asaa 2 ¢m, o, cacaodareanho, M= w= TR
. % »

Hanpaxenne koMneucanun U: H3IMEpPAIOCh BONBLTMET-
post BuicoKoro XJacca. Onur nokalad, 4ro npu HCNO.Ib3o-
BaHUH rHAPOCTaTHYECKOro B030yRkTeIn NOrpeirHocrs on-
peaedentin M cocrasiser RO NpoOUeHTa M MOXCT pac-
CMATPHBATBCA KK AEHCKAIONCHHHA OCTaTOK CHCTCMaTHuC-
CKOMt TIOrPeIHOCTH TPAIYHPOBOTHOR yCTaHOBKH.

HurepecHo B 3TOR CBA3H OTMETHTL, 4TO NMOBTOPHLIC #3.
Mepeiriit M, npodeleHnsic ueped roa, RaaW BapHaunH 3TOR
BeTHunnul Takke ®» npexerax 1%, wro caunereascrayer
0 ec BLICOXOi Bpewennoil crabuibhoctn. B crywae npu-
MelleHusi B XyJb-opraue MNbesoKepasuki, cBoficTna xore-
POf 34BIICAT oT TEMKEpaTypH, rpaayuposxa rHuapodoitos
METONOM MNbe30JTeKTPATCCKON KOMNCHCAHK ROMKH2 Npo-
BOINTLCR NpH Toft Texneparype CORM, NPH KOTOpoRt Guiaa
onpejetena nocrosnnas M.

Iaa onuceizaeMolt Xamepw, coSpantoit ma TeMneparyp-

)
Ho-cTabuausitpoaannofi xepamuxze, M=1857 ﬂ:‘—.

Pavcps snyTpenncl MOJ0CTH 370N uAMCpHTeablioh Ka-
Mepn, (auaMetp — 78 s, Bucora 105 sm) noasoanan
[panyHpOBAT B Hell HeHanpableHntle ruapodoib ¢ pase
McpaMH, He npesstwasontiuMn 50 sy, 20 wactore 5 ke

BuGponsonipylonne NpoxIaaxm Ha TOPHAX NHC3OKCPA-
MH4cckoro 60xa NpaKTHHecKH MOMNOCTLIO 0GecnewiBaloT
«pa3naAsky» rpaayupyeMoro ruspodoua or xoieSauufi
KOMNckcalltOHHOro npcofpasosateda  (cTeHok Kasepti).
10 nposepsock Ge3 BOAW NpH MOIaue nepeMcHHOrO Ha-
npamenus na Bo3byzurear (o 100 &) u ma ancxrpoin
Hyab-oprana (20 10 6); curuaa ¢ ruapodoHa OTCYyTCTBO-
sal. B paGouem Aanasowe wacror- HanpmKemue KOMMeH-
CaUHH COCTABIAIO KECKOILXO BOMLT.

Hcnoaviosaiie  Mexaunsma nbesospdexra peasudyer
HCK/OYHTEILHO BHICOKY:O HYYBCTBHTCISHOCTL KOMNEHCAUfi~
ONHOTO NpcobpaioBatedn K -neOPMAUNAM, ORHAKO €ro
YyBCTBHTEABIIOCTL X A3BACHHIO AeXara B npexeaax

2060~
n/u3

Tlpu vacrore Buuie | x2y neoSxoauMo 6ui10 ySenuroes
B COOTBETCTBIIH IBYKO3Ord MOAR B KaMepe TEOPCTHurCKHM
np2anocHakaM, 060C:HOonNIA0UIM AONYCTHMOCTL [PATyite
POBXH THAPOPOHOD B YCNOBHAX BOIMOMNOY HepasnoMepHe:
CTH aBY:OBOro N23J€HUA NO RIHNE KAMEPH,
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Npr nomown munnaropuoro: chepuueckoro ruspodona
€ 32BeAOMO NOCTOAHHCA HYYBCTBHTEALHOCTBIO GLLI0 HIME.
PeHO OTHOCHTe.1bHOe HaMelieliie RABJACHHA NPH NOMeUleHHH
ruapodoHa B PalIMYHEX TONKAX MO AJAHHE ¥aMepu HB
yacrorax 1; 2; 3; 4; 4.5 5 x2y.

TMonydennwte Taknm 06pasoM 3IKcNePuMEHTaAbhMe KpH-
Bble pacnpefeneHHs 3BYKODOro AaBMEHNR MO AJAnHe Kame-
pu npencrasaennt ua ¢ur. 5. INo seprukaasuoll ocu orno-
KEHH H3MepeHiLie JHAYCHNR AABACHHRA, B NO FOPH3OHTANL-
Hofi — ROAOXeHNe MHHHATIOPHOTO rH2p0dOHA OTHOCHTEIL
HO TNAQOCKOCTH aKycTHueckofi cMMeTPHH KaMCPH,

3Ti KpHBUE B AN2N320HT HACTOT A0 5 X2 YRODMeTBo-
puTeAbHO COTIACYOTCA € PACHETHHMH, B HMX AoCTarodsuasn
CHMMETDHYEQCTS OTHOCHTEILHO NAOCKOCTH CHMMETpUH NO3-
BOMICT CYMTATL NPIKTHYECKH KOMNEHCHPOBALHORK Hepad-
HOMEPHOCTb pachpeicdenHs 3BYKOBOrO NaRICHHR Ha no-
BepxHOCTH rpaaynpyesoro ruanodona cpanuureasuo 6o.b-
WOro -paMepa.

Ha ¢ur. 6 npubenena wacrornan 3aBHCHMOCTL 3BYKOBO-
ro Aasienna p, 8036YK22eMOro 8 HIMCPHTEALHOR KaMe-
pe. Ypodens 3BYKODOro A2BJEHHA, (3MEpeMyuii Lpu No-
MOULH KOMMeHcawitoniioro npeo6pasonartets NPH NOCTOAH-
CTBC HANPANCHMIR HA 32KHMAX BOIGYAMTCAR, CYUILCTUCIHNO
HIMEHACTCA B 32BHCHMOCTH OT NacTOTH BO36yMacHus.

Oantako npu 9ToM uyscrantenshocts E ruapodoua uera-
Baaack JAMMCANON, 4TO CBHAETEILCTOYET O MNPADILILUOCTH
{3MepenHA IBYKOIOr0 AABICHNHN METOA0M NMbCIIT-ETprte-
CKOM  KOMRNENCAW:, HECMOTPH HA (3MEHSHRA  BoMwHNIM
3DYKOBOLO 3B ICNUA.

Onenra nOrpewiacTh  NPOASANIACL  IUCMEPHUCITAALUQ
NYTEM MUOTOKNATHIX FPIAYHPOBOR riipohonod. Ona cuus
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HaMepenHil. . .

B kauecrse npumepa b sepxuell wactu dur. 7 nprsee-
Ba 4aCTOTHAR XAPaKTePHCTHKA YyDCTAATEALHOCTH cdepitie-
cKoro ruapodona 113 KepaMmuki THTanara 6apus  Awaet-
poM 50 ss. Kawaen Touka ma rpaduxc Basta Kax cpel-
Mee H3 AecaTn Havepennil. Maxcnsaarnmft pasbpoc 3nave-
HHA Ha OTR2abHBX AUKCHPOBANHKX 4ACTOTAX D ANATAINUE
! 2y —35 k2 nocruraa 0.8 06, cpeanexnaapariideckan o-
rpewHocTs PRla a3vcpenilt acKara 8 nperenax 3%.

B umeueh yactn aToro rpaduka npupeacnu dacroriue
XaDaKTEPUCTiIRI  YYBCTBHTCALHOCTH  MhLe30KePAMINCCKOrO
ruapodona unaunpniucckoft dopuu (anaverp 12 moa, bu-
cora 22 mx),

B auanasone 20—300 2y rpaayitposka (oTMeueno mepes
YCPKHYTRMH KPYMKKAMI) NPOM3BOAINIACL METOROM Nbe30-
SNcKTPHWECKOfi KOMAencaiil B cTaabhoM Gake (muraMerp
180 sw, amna 200 mMM) ¢ BolOR, Kyla moMeulAist M KoM-

nim:
ncHcaunonyuf  npeabpasopareas| M = 157,5 --‘—). Haro-

tosaeHuuft 8 puac oracasioro yaaa (cv. dur.tt). B ama-
.Ra30He vacToT 20 24—35 xey Fpanyupobra  TMPOHILOAKIACE
MET010% NLE303ICKTPHUCCKON ROMMCUCINN B Kavepe ¢ ¢6-

pautcHHVM  KoMnencawionnuy  upcobnazosareies (,-u:a-

. s
serp 78 wy, nauna 105 aev, M~:1857 )
e
Heemotpa 12 To, uTO 3TH Ao YOTANONH CyReroTaC MO
PAITNAMTC MCAKLY COTHI MO KONTTDVRIUND Ka'ied, KOM.
nencaune ANy MProflazonaretivil, a Takise N0 savvad.
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Tayv BavepuredLioft actu (H B ITOM CMUICIE MOTYT Cule
TaTLCH HCIADNCHMIAME), PCIYIBTATU rPAAYHPODKN [i1PO-
dou3 Ba oOOHX YCTauobKaX NPaxTHMCCKH copnaan (B npe-
actax 3%).

Xupowas €or1acopaunocrs CoHACTCALCTBYCT O Apaanib

Wi CTH IIJNL[)CIIIII'I SyBCTBUTEIDHOCTH MCTOJOM K'IbCJO)'lCK-

‘l')ll'-cCKOH KoMAacicauni.

ila BCDAKCM KOlille HACTOTHOrO Xianaljona pesy.abrarul
ma:(yuponx.l MceToa0oM l'leJO)ch'(Tptl'«lcCKofl KoMacHcauun
cagaacylores (p npeaeaax 05 d6) ¢ peayabraramu rpa-
J)’HpOBKIl Henanpanaeinoro ru.'xpocpoua HE3aBHCHMBIM Me-
T020M B3ANMNOCTH B c0000310M Roae.

‘Tpaaynposka nenanpasaenuux ruapodonos ¢ paivepa-
s Mchce 10 Mi MCTOZOM NbEI0INEKTPHUICKOA KOMAEnca-
il Guaa mpovescia uHa wacrorax a0 23 k24, Ha nexoroe
pux YHICTKAX HacTomioro Al.Ial'IHJOHI sblise 5 K2 nIMe-
POINIR OCTOKHAINCH MEXAHIIYSCKHMK KOHCTPYKTHRHHMH Pa-
30HANCANH _ CHCTEMM H3MEDHTEALHOR KaMeps, KoTOpHM

Y e ey ————e o e ¢

COOTBCTCT3YIOT XaPAKTCPHLC WCKAMEHHA HA  vacrornod
XapaKTepICTHKe TPasynpyesoro ruapodona.
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