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in thermoacoustic dosimetry of pulsed electron and bremsstrahlung b'e‘-ams.
he deposited energy distribution in 2 thin target to the stress wave &mphtuc%e
are presented. These equations constitute the theoretic basis of the thermoacoustic dosimetry. Ava}labillty of acoustic
gamma dosimetry is discussed. Principle of operation, construction and purpose ‘of some active thermoagoustxp
dosimeters and comprising them systems, which developed and built in Kharkiv National University, are considered.

Specific features of the method of thermoacoustic dosimetry are considered. _ .
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The present paper is a review of efforts
Equations of radiation acoustics joining t

As it is known, the thermoelastic waves, generated in the matter by pulsed radiation, carry .informatioln
concerning some important radiation and matter characteristics [1-3]. In recent years t.he radiation-acoustic
effects have been used in dosimetry of pulsed electron and bremsstrahlung beams [3-9] in express-analgsw of
material characteristics [10-13], in electron accelerator control systems, in particular, for equipment protecting of
high-current pulsed accelerators against destructive impact of own beam [4,14], in technological processes
[15-18].

The theoretical and experimental basis of thermoacoustic dosimetry was elaborated in details in the Kharkiv
National University. These investigations were used in design a number of radiation-acoustic dosimeters (RAD)s
and RAD-based control-measuring systems for electron and bremsstrahtung beam parameters determination.

The following specific features of RADs should be of interest for specialists.

|. High informativity. RADs give possibility to determine the following integral beam characteristics:
intensity, energy, radius, location and duration of the beam. Also, RADs permit determining some important
differential beam characteristics: dose profile, formed by radiation beam in a target, transversal beam current
density, time dependence of the beam current, beam energy distribution. |

2. High sensitivity and high radiation tolerance. Radiation-acoustic detectors record surely the acoustic stress
from the level of piezoceramic thermal noises, i.e. Ao ~0.5Pa while detecting at frequencies <S5MHz,
up to dynamic material strength limit, which iso, ~1GPa for impact load of metal. The corresponding
range of electron.  flux density is from j_.. ~2A0 /(Ty) =~ 105 electrons/cm?/pulse up
t0 joax & 204 /(Tx) = 105 electrons/cm? per pulse. Here I' is the Gruneisen parameter and y = (JE/dX),,, -the
electron energy loss in a target material.

' - 4 ngh noise stability due to time delay between moments of accelerator energy release and acoustic pulse
registration.

4. Transformatilon of h_lgh-frequency spectrum of rgdiati'on into low-frequency band of acoustic signal. It could
be useful at processing of signals from nanosecond radiation pulses.

e o o, Sk s St ) e ey uf i of il wagiils
sl ; adband detect and materials with low acoustic attenuation permits the spatial resolution of
acoustic dosimetry up to 0.05cm. g R 5 spatl.al fesalution of

6. Possibility of non-disturbing acoustic dosimetry. RADs with thin rods i iti

i - s and plates as their sensitive element
do not change the beam parameters significantly. d I SEIHNE- SNt

'é . gontfoi:ia_great area l?y the only acoustic detector. This p-ossibility gives RAD with wire working body.

. Possibility of monitoring of scanning electron beams, which are used in various technological processes

9. Real-time monitoring of radiation properties in the course of radiation processin i

10. RADs may be combined with construction elements of accelerator. solving si %
equipment defence against destructive impact of own beam. ’ & simultancously the problem of

I'1. Low price, simplicity and construction reliability.

~12. RAD can be easy incorporated in a computer-based control
dosimeter, electronic preamplifier, CAMAC crate and PC with corr
non-disturbing, and high--informative monitoring of extensive area
shape of such a wire dosimeter is determined by configuration of
monitoring both transversal and longitudinal particle distribution of el

system. So, the system composed of a wire
esponding software carried out continuous,
under periodic pulsed radiation. The body
area under monitoring. In the course of
ectron beam are determined.
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In the paper, the basic equations of thermoacoustic dosimetry joining the thermoacoustic stress amplitude
to deposited energy density are presented. Using these equations, we can restore the particle distribution in the
pulsed beam by thermoacoustic response of 1-D (wire, rod) or 2-D (plate) thin targets (TT)s. The generation
coefficients for the TT-based dosimeters (TTD)s are presented. The availability of acoustic gamma dosimetry is
analyzed. The principle of operation, construction and purpose of some active thermoacoustic 1-D and 2-D
TTDs for determining of characteristics of electron and bremsstrahlung beams are considered.

BASIC EQUATIONS OF THERMOACOUSTIC DOSIMETRY
A basic equations of thermoacoustic dosimetry are those joining the distribution of deposited in a target
energy £(7,¢) to the stress wave amplitude o(¢) . Such an equation in the case of 1-D TTs has a form [I]:

| n o, %X-¢
0‘(36,1‘)---25l x_{jfb‘(é) F[t . Ja"fa (D
where
£(F.0) = £(x,0)= £(x)- [Fayar, )
0

F(1) is the normalized function of the energy loading rate, s, is the longitudinal sound velocity in the thin rod,
y, =const is the coefficient of generation; x - coordinate which is counted along the body of 1-D TT.

Scheme of one-dimensional excitation of thermoacoustic pulse in 1-D TT by radiation beam is shown in
fig. 1.

For instantaneous energy release (7, << D/s , where 7, is the irradiation time, D is the effective dimension
of a zone under irradiation) the function (2) transforms to the form:

e(x,)=¢e(x)-6(t), (3)
where 4(¢) is the Heaviside's unit function. In this case we found from (1):
o'(x,t)-—-%'——g(x'—'slt). (4)

So, the dose distribution g(x) in dosimeter body is directly proportional to acoustic stress amplitude o ()
and it can be easily restored by thermoacoustic response a(¢) of 1-D TT [1-3].
For point-like energy release ( D/s << r, ) equation (2) transforms to the form:

£(x,1)= -g- 5(x)-F(1), | (5)

where E/T is the deposited radiation energy per unit of cross-section area of 1-D TT, and &(x) is the Dirac’s

function. For acoustic pulse amplitude we have:

a(x,:):E”-‘%—-F(z--’f—). (6)

1 Sy
As one can see, in this case the thermoacoustic response is proportional to energy loading rate F(1).
A basic equation in the case of 2-D TTs has a form [3]:

: . © ®
ooty =~ L [F (- )dr [ —Ee [s(x )b M)
278,420 Ot S9T =Ty + X 3

r=sr
where y, is the generation coefficient of 2-D TT, sz is the longitudinal sound velocity in the thin plate, ro is the

distance from generation zone to detection point, which lies in the wave zone, i.e., ro>>D, where D is the effective
diameter of generation zone, and

 e(F.n=e(xy) [Fr)dr ®)
0

is the density of deposited energy of radiation beam in the transversal plane (x,y), where a flat 2-D TT is placed.
We suppose that the plane (x,y) is disposed normally to beam axis.

Scheme of cylinder stress wave excitation in 2-D TT by radiation beam heating is shown in fig. 2.

In an important particular case of “instantaneous” heat release and axial-symmetric distribution of beam

particles we can place F(t)=46(t), e(x,y) = % j(sz + y? ) and simplify eq. 7:

2/yx% 9 T dx_ aj’.f(”‘) rar . )




6

;{:\:’isnvk KhNU», Ne 490, 2000 Al Ka!inichenko, G.F. Popov

Here y is the linear energy loss of beam particle, and #, =1-7r/52 -

of - st |
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ACOUSTIC' radiation 1,2.3- detectors
DETECTOR | beam
RADIATION BEAM TO OSCILLOGRAPH

. Fig. 2. Scheme of two-dimensional acoustic pulse excitation
Fig. 1. Scheme of one-dimensional acoustic pulse excitation  jn a thin plate. Passing through dosimeter body radiation
in a rod/wire dosimeter. Passing through dosimeter body  flux do not change considerably own characteristics. A set of
radiation flux do not change considerably own  acoustic detectors permits determining position of generation
characteristics. zone and dose distribution in it.

Eq. 9 permits deconvolution and determination of beam current density by thermoacoustic response of 2-D
TT [3]

Y2 X% , sz i ‘9xx/s1 NSI—X

Now let us fix the problem of the generation coefficients. The 1-D, 2-D TTs and 3-D elastic body of the
same material have different generation coefficients y,,7,, and y;. The discrepancy should be taken into account
when the radiation or material characteristics are determined in the course of the radiation-acoustic experiments
with 1-D, 2-D TTs, or a (half)infinite elastic body [1,2,5]. Analysis shows [7-9] that the generation parameters
7.3, depending on the target geometry, are connected with the Gruneisen parameter I' by the following

relations:
yy = (=200 -for 1-D TT;
1-2
U a0 - for 2D TT;
1-11
aE
y;=T= el f 2 - for elastic space. (11)

Here II is the Poisson's ratio, Ey is the Young's Table 1. Generation coefficients y,, and IT' of some
modulus, & is the thermal expansion coefficient, 0 is metals

density, C is the specific heat capacity. The generation 57—~ — - ———
coefficients of some metals are presented in table 1 [8]. | Material I I 71 £

The difference between y,, and I is the most Be 0.046 1.1 097 | 1.0
considerable for materials with the biggest Poisson's | "Fe 029 | 138 0.75 | 1.1
ratios (In, Pb, plastics, rubbers). Note that a material Al | 035 3 T 0€ —
having bigger value of I' has not certainly bigger | _ — = ' 0.67 | Lo}
value of y,,.So we have I'p, >T,,but yp, <yp,. Po | 040 2.6 050 | 084 |

AVAILABILITY OF ACOUSTIC GAMMA DOSIMETRY
;[he v.;i-de lus§10f gan}:ma qﬁ_anta beams in science, medicine and technolo
simple and reliable methods of their nondisturbing control in the cou-r"' £ overatt Y5 alfacs
availability of the radiation — acoustic method to determine c-haracteristig: o?‘fp?ff:ﬁm;';éf > ddtscuss {:;e
suppose th-:at the energy range of gamma quanta is 1 to 200 KeV. That is the typical range f‘é 'b-m- tat-mn.l o
generated by ~1 MeV _electron_ beam in heavy metal converter. An analysis shows 'thatg‘- t}f‘ _.remsstrah- ho
bremsstrahlung energy is nearly 1% of the electron beam energy. o AR R3S I Sy gl
One should be remarked that all above conclusions conceming
characteristics are true for the case of gamma radiation. For -re}_-i-a,b.l

gy puts the objective to develop

possibilities of determining of electron beam
e detection of acoustic response, the generated
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thermoacoustic stress o =I'g/2 must exceed the signal threshold that is near to Ao =0.5 Pa for a typical
equipment. The corresponding dose in a light metal (Be, Al) is Ae =2A0/T" ~0.05 rad. When the condition
d<<R, is satisfied, equation ¢ = tD/R,, is true. Here d is the dosimeter thickness, R, =R, (E?,) is the energy
absorption path of gamma quanta with energy E, , @ is the incident energy density of gamma radiation. As a
result, we have the following condition for detectability of @ : ® > AD =2A0R, .

Table 2 shows values of R, in aluminum and beryllium targets for various energies of gamma quanta, as
well as values of the incident energy density A®, and deposited dose Ae=2Ac/(I'p) in a dosimeter material
corresponding to the signal threshold Ac = 0.5 Pa. It is easy to see that characteristics of bremsstrahlung beams,
which are used on practice, exceed considerably threshold values that are shown in table 2. So, for the pulsed
electron accelerator “Nadezhda” (Kharkiv National University) with electron energy 1 MeV, pulse duration 5-10-
$s., and beam energy 4 kJ the total bremsstrahlung energy from tantalum converter is approximately 400J, and
maximum of the energy distribution is closed to 100 KeV. Such a bremsstrahlung pulse forms in a thin aluminum
target dose of 4-104 rad. The thermoacoustic stress formed in the body of thin aluminum dosimeter by this
gamma radiation pulse amounts of o~10° Pa. -

The upper limit of registration suwp by gamma Table 2. Values of the incident energy density A®, and deposited
radiation dose is determined by material joge Ae, corresponding to signal threshold Ac=0.5 Pa in

itrength limit of dosimeter body 6d¢: €w» = lyminum and beryllium targets for various energies E, of
2oa/(Tp) = 107rad. In the case of gamma gamma quanta.

radiation with energy E,= 100keV this dose

corresponds to the incident energy density Material. Al Be

Oy = 1 kJ/cm2. Hence, the thermoacoustic {E,, KeV 30 50 100 | 8 10 20

d.osﬁmg-try' }lalrovides-m-..eas.urelt?entgdof gammi‘ R., cm 043 | 205 | 100 | 067 | 1.42 | 122

radiation characteristics in the wide range o : % I 3

the incident energy density & . AD, 107 J/em? | 6.7 39 160 6.4 13.6 12
Ag, rad 0.06 | 0.06 | 006 | 0.05 | 0.05 | 0.05 |

RADIATION-ACOQUSTIC DGSIMETERS BASED ON THIN TARGETS
Some wire dosimeters were designed and examined experimentally at the electron accelerator of the Kharkiv
National University [7-9]. The simplest of them is shown in fig. 3. Its working body, made of wire of 1 to 4 mm in
diameter with piezoelectric detector on its butt-end and formed as a flat meander, is displaced in the normal
cross-section of electron beam (see fig. 3-a)). The wire diameter 4, as well as its material, is chosen from

conditions d << min{D,E,/ y}, to provide nondisturbing dosimetry.
When the electron beam passes through the rectilinear sections of dosimeter, a thermoacoustic wave appears
in each of them. In approximation of instantaneous heating 7, << D/s the stress wave amplitude o(z) generated

in any section, is proportional to spatial distribution of deposited energy (see €q.4). As the sections are connected
successively, a sequence of thermoelastic waves goes to a broadband piezoelectric detector, transforms into
electric signals and is displayed by a register device (see fig. 3-b)). Fig. 3-c) shows a two-dimensional asymmetric
function of electron flux density j,(x,y) = &(x,y)/ y restored by acoustic output o(¢).

For electron beams of a bigger diameter, D >10cm the total dosimeter body length can exceed 100 cm.

To reduce error in the coordinate determination, as well as to provide the continual control of the sound velocity
we used the method of thermoacoustic ticks. The thermoacoustic tick is a small domain of dosimeter body having
a strictly determined disposition and an efficiency of generation that sharply differs from that for adjoining parts
of dosimeter body (see fig. 3-a)). For the thermoacoustic ticks, one can use small inclusions of some other
materials, but in this case, there is a problem of acoustic wave reflection from interface of regions with different
acoustic resistance. Another way to create the thermoacoustic ticks consists in protection of small dosimeter body
regions from the electron beam impact. This way is expedient for electron beams of not too high energy
E, <20MeV . In this case, the protected regions work as thermoacoustic ticks with zero efficiency of generation

and there is no problem of reflection. Fig. 3-b) shows the output signals marked by thermoacoustic ticks. To
simplify illustration, the thermoacoustic tick marks in fig. 3-c) are removed

The thermoacoustic dosimeter with ramifying body is shown in fig. 4. As compared with the above-
mentioned one, its advantage is in reduction of a sound attenuation due to decrease of the acoustic pulse path
length from the generation zone to the detector. One of the branches of this detector (it is the hatched one in
fig. 4), having zero efficiency of generation, contains a small inclusiond ,,, << s7, with high efficiency of
generation. Thermoacoustic response of that inclusion is proportional to the time dependence of the beam
current [3] (see left acoustic signal of those presented at the foot of fig. 4). So, this dosimeter permits determining
simultaneously both transversal and longitudinal electron distributions due to the only measurement.
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Fig. 5. Dosimeter with bifurcate body for determining the
tubular electron beam parameters. The hatched branch is
prepared of material with the negative coefficient of
generation to discern outputs from different branches.
Dosimeter was used for determining the center coordinates,
diameter, wall thickness, and intensity of a high-current
tubular electron beam.
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Fig. 4. Dosimeter with ramifying body. The hatched branch Fig.6. Scheme of the use of a TT-based dosimeter for
of the dosimeter has zero efficiency of generation and Monitoring of a scanning electron beam, which was used iﬁ
contains a small inclusion d,, << sz, with big tt}e technological process of radiation-chemical modification
generation parameter. The thermoacoustic response of the ?napqgrﬁzgc composiie materials. The current in scanning
small inclusion is proportional to time dependence of beam ghe sinusodal form,

current (see the left signal at the foot of Figure),

Fig. 5 shows the thermoacoustic dosimeter with the bifurcate body
beam coordinates by the arrival times of thermoacoustic :signals from ;
One of the branches of the dosimeter was prepared of material with the
outputs from different branches. Such a dosimeter was utilized for :"dét
and wall thickness, as well as intensity of a high-current tubular ele

which was used to determine the tubular
he trunk and branches of the dosimeter.
negative generation coefficient to discern
ermining the center coordinates, diameter
electron beam with electron energy 0.4 MeV,



39
physical series «Nuclei, Particles, Fields», issue3/11/ Thermoacoustic dosimetry of pulsed electron ...

pulse duration 5 usec and total pulse energy (1-4) kJ. A tubular beam of 40 mm in diameter and (1-2) mm wall
thickness was tested.

Fig. 6 shows the variant of 1-D thermoacoustic dosimeter to monitor the scanning electron beam that was
used in the technological process of radiation-chemical modification of polymer composite materials [15-18]. The
pulsed electron beam with the electron energy E, = 6MeV , the pulse duration 7, = 1usec. , diameter D=6 cm, the

repetition frequency of 50 to 100 Hz, and the beam power up to 5 kW was scanned along x-axis with the scanning
frequency of electromagnetic scanner of 1 to 8 Hz. The current in scanning magnet had sinusoidal form. The

deviation angle of electron beam was within +20°. Thermoacoustic dosimeter was displaced along x-axis
normally to initial direction of the electron beam axis. Its body consisted of one or a few parallel 140 cm long
titanium wires. The dosimeter was analogous to that presented in fig. 4.

When the sequence of electron pulses passes through the rectilinear body of dosimeter, the sequence of

thermoacoustic waves appears in it. In the approximation of instantaneous heating 7 << D/ § the stress wave
amplitude, o(¢) generated in dosimeter body by either electron pulse, is proportional to the spatial distribution of

deposited energy (see eq. 4). The sequence of thermoelastic waves goes to the broadband piezoelectric detector,
transforms into electric signals and is displayed by a register device, operating in accumulation mode.

Each of the acoustic pulses, generated in the dosimeter body by accelerator pulse sequence, carries the
information about location and transverse distribution of the corresponding electron pulse. Registration and
processing of the output signal is executed by PC. As a result, the spatial profile j,(x) of a radiation field, caused

by any periodic shape of current in the scanning magnet, is displayed immediately. We could fit the spatial profile
J.(x) to the desirable one by varying the shape of current in the scanning magnet.

Extreme simplicity of thermoacoustic dosimeters permits to combine them with elements of constructions
assigned for execution of other functions. So, as acoustic dosimeter body, one can be utilized a bremsstrahlung
converter made of tantalum plate. Electron beam from linear accelerator with electron energy Ee=7 MeV, passing
through scanning magnet, is directed on a converter which is disposed normally to incident beam. As a result, the
scanning bremsstrahlung beam is generated, which is utilized in many processes of radiation technology.
Simultaneously the primary scanning electron beam generates in the tantalum converter a sequence of 1-D waves
or 2-D acoustic wave depending on geometry of the converter. Amplitudes of these waves are determined by
expressions (1) or (7). A set of acoustic detectors registers acoustic signals. After their amplification in
preamplifier, signals direct in CAMAC crate, transform there in digital form and enter in PC with corresponding
software, which carries out continuous, nondisturbing and high-informative monitoring of scanning
bremsstrahlung beam.

CONCLUSIONS
1. Thermoacoustic dosimeters permit monitoring the electron and bremsstrahlung beams, which are used in
various technological processes. Dosimeters can be easily incorporated in a computer-based control system.
2. On the basis of equations of the radiation acoustics joining the thermoacoustic stress wave amplitude
o(1) to the deposited energy density £(x), the particle distribution and other characteristics of the electron and

bremsstrahlung beams are restored by thermoacoustic response of 1-D or 2-D TT. The use of materials with
temperature -dependent generation coefficients [2,7,8] permits realizing a necessary level of thermoacoustic
tolerance of dosimeter. That is important for thermoacoustic dosimetry of high-current electron beams.

3. Thermoacoustic 1-D and 2-D TTDs can carry out continuous, nondistorting, and highly-informative
monitoring of the extensive area under pulsed radiation by a single acoustic detector or a few detectors. In the
course of monitoring both the transversal and longitudinal particle distributions of electron beam, as well as
beam displacement and duration are determined. Such a dosimeter can have the form of a rectilinear rod or a
bunch of rods or a thin plate, or any other form, which is defined by configuration of the area under monitoring.
Utilization of thermoacoustic ticks increases the measurement precision.

4. The 1-D and 2-D TT, and 3-D elastic body of the same material, when they are utilized as radiation-

acoustic transducers, have different generation coefficients y,,7,, and y;. The discrepancy is the most

considerable for materials with the big Poisson's ratios.

5. Thermoacoustic dosimetry can provide measurements of bremsstrahlung characteristics in the wide
ranges of fluences and gamma quanta energies.

6. The above wire dosimeters were designed and examined experimentally at the electron accelerator of the
Kharkiv National University. They were used for determination of electron and bremsstrahlung beam
parameters of radiation-technological facility. Such dosimeters are characterized by low price, simplicity and
reliability of construction.
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Xapokosckuit Hayuonanvusiii Yiusepcumem, 61052. Ykpauna, Xapekos, n/s 60
E - mail: kalinichenko@.univer. kharkov.ua

Hacrosiuas pabora sBisercs 0630poM HCCIIEI0BaHMHA B 001aCTH TEPMOAKYCTUYECKOH MO3UMETPUM MMITYNIbCHBIX My4YKOB
BNIEKTPOHOB M TOPMO3HOTO H3NyHeHHd. [IpuBonATCS ypaBHEHUS pafMallMOHHON aKyCTHKH, CBA3LIBAIOILME pacnpeﬂeﬁe}[ﬁe
MIOTJIOIEHHOF B TOHKOH MHULICHH SHEPTHH ¢ aMILIHTY0H BO3OYKIAEMOH BOMHDI AKYCTHYECKHX HANIPSKEHMH U ABIAIONIHECH
TEOPETHYECKOH OCHOBOM TCpMO?I(yCTquCK-Oﬁ posuMeTpu. OGCYXKIAETCH BO3MOKHOCTE aKYCTHqéci{oﬁ FaMMaH L[da-pme- e
PaccMaTpuBaloTCs MPUHLMN ACHCTBHS, KOHCTPYKLMS M Ha3HAYCHUE HEKOTOPBIX NEHCTBYIOWIUX MPOBONOUHBIX J03MM _.T'gB n
CHCTEM HA MX OCHOBE, pa3paboTaHHLIX H CO3MaHHBIX B XapbkoBckoM HauronanbHOM yHuBepcutere. Paccma CTP
| : BJIEKTPOHBI, TOJ H S
smpescliguent g Miseii P » TOPMO3HOE M3JIyYCHMC, MMMYJIbCHBIM MYy4OK, TOHKAas MHILCHb, TEPMOAKYCTHYECKUH



4]

«Bicunk XHY im. B.H. Kapasina», Ne 490,2000 B.®. Knenuros
cepis @isunra «SLxpa, sacTumicn, noasy, sun. 3 /11/ beckoHeuHonapaMeTpuyeckine cumMmeTpuy ...
VIIK 538.9

BECKOHEYHONAPAMETPHUECKHE CHMMETPUH U KBAHTOBAHWE
B IBYMEPHBIX CHCTEMAX

B.®. Knenukos
Hayuno-mexnuueckuil yenmp anexmpogusnyeckoii o6pabomuu HAH Yipaunw
(61002 Xapexos, yn. Yepnviwegcxozo 28, a/s 8812, YVipauna)
HMoctyrmanas pepaxigno 20 mwons 2000 r,

PaccMoTpeHa pob CKPBITBIX KOHQOPMHBIX CHMMETPHIA 2d-CHCTEM Ha TIPUMEpaX 3ajlauy O NaJCHMH Ha MPHTATHBAIOLI
LeHTD, a Takke MpobieMsl APOCHOTO KBaHTOBOrO sddexra Xomwia ¥ CBA3M 5Toro 3¢ (eKTa ¢ TOUHO pelaeMbIMu IByMep-
HBIMH 3ajia¥aMi CTATHCTHYECKOH MeXaHuKu. OOCYXIaeTcsi CMMMETPHIHAS TIPHPOJiA TOYHO PEIHaeMBIX ypaBHem{ﬁ TEOPUH
YHCE M X CBsI3b ¢ anrebpanu JIn.

KJIFOUEBBIE CJIOBA: cKpbITas CHMMETPHSL, KOHQOPMHAs CHMMETpH, OecKoHEUHONapaMeTpHYeckast cmeqpm pac-
CesHMe YacTHIl, KBaHToBbIH 2¢dexT Xomnna.

Onpeznensmomes 3HAUCHHE CHMMETPUI B ONMCAHNUY ABACHHI MPHPOABLI O0IEH3BECTHO. Peanm3anus CUMMETPHH B
paMKax OCHOBHOTO 3aKOHa (l)IfISHRH — NPHHIHNA HAUMEHBIIETO ACUCTBUA — MOPOXKAACT 3aKOHBI COXPAHEHMA U APYILHE
3aKOHBI MPHPOABL. [IpH 3TOM COBEPIICHHO HCKIHOYHTENIBHYIO POJib CHMMETPHH MOTIYT MTPaTh B ABYMEPHBIX CHCTEMAX,

| 1
THOCKOJBKY TONBKO MpH d =2 D - napaMeTpudecKas (D = -i-(d + 1) (d +2)) KOH(OpMHAS Tpynmna (MaKCHMAJIbHAS

TPYTINA ABIDKCHHM ¢ -MEPHOrO MPOCTPAHCTBA) PACHIMPSACTCS A0 OSCKOHEYHOMAPAMETPUIECKOH KOH(OPMHOH IpYIbI
L

MeHHO 3Ta CHMMETPHA 00SCTICYHBACT TOUHYIO PEIIAEMOCTh ABYMEPHBIX 3a1a4 CTATHCTHYECKOM MEXaHUKH (BCEX
BapuanToB Monene# M3uura, TIoTTca M Ap.) U TEOPHH NOA B OTIHYME OT MX d -MEPHBIX AHAJOTOB, HE PEIIAOLIHXCS
T04HO. TIpHYEM, Peamu3ysCh TONLKO B KPHTHYECKOH TOUKE ABYMEPHOM MOAENH (IAe MOTYT GbiTh Onarozapa 3ToMy TOY-
HO BBIMUCICHBI BCE /N -TOYEHHbIC KOPPEIATOPHI (pH3HIeCKHX BenuyHH [1]), aTa ocobas CHMMETPUA MO3BOLIET TOUHO
PacCYMTaTh TEPMOIUHAMUKY CUCTEMbI HA BCEH OCH TEMIIEPATYD.

Boobme, M0xHO cHOpMyTHPOBATH OYEBHIHLIA BBIBOA: €CIH ABYMEPHAS 33/a4a PEINAETCA TOYHO (MPUTOM PA3HbI-
MH CrocobamH), a € d-MEpPHBbIC AHAJIOTH — HE PEINAROTCA, TO 3T0 O0YCIOBJICHO €€ CKPBITON KOH(OPMHO#M cuMMETpHEH
C, . KOTOpas MPHHIMITHANLHO HE MOXKET MMETh MECTa NIPH d # 2. TO 06CTOATENBCTBO, YTO CBOSH HAMBBICIIEH CHMMET-

pHell cucTeMa Bceraa 001a4aeT HMEHHO B KDMTHYECKHX TOYKAX, a TAKKe 3P(PEKTHBHOCTD ITHX KPUTHUYCCKMX CHMMET-
puil AeNa0T HEOOXOAMMBIM IOMCK H aHANMU3 KPUTHYECKUX TOYEK, KOTOPBIE MPEACTABIIOT COOO0H IpaHMily, pa3nciisko-
VIO KAYCCTBCHHO PA3iH4HBIC THNBI NOBEACHNA (COCTOAHMA), IPOABIAEMBIE JAHHOH cucTeMoi. Cneayer OTMETHTh mpH
3TOM, YTO CKeiymHr (momo0ue, MacITabHas HHBAPHAHTHOCTh) HA CAMOM JEJIC TAKKE PEATH3YETCA TOJMbKO B KPHTHYE-
cko#t Touke [1-5], a He BO BCe# KpuTHICCKOH 00J1aCTH, KaK OOBIMHO MPHHATO CHUUTATS.

MBHEOrOYHCICHHbBIC CTAHOHAPHBIC KDHTHYCCKHE TOYKH U MX CKPBITHIC KOH()OPMHBIE CAMMETPHH XOPOIIO H3BECTHBI
B TeopHH (a30BsIx nepexosos [1-5]. B kauecTBe AMHAMMYECKOro (TOYHEE KHHEMATHHYECKOT0) IPHMEPA MOMKHO MPHBEC-
TH 32434y O NAJCHWH YACTHLBI HA DPUTATHBAIOMMH LEHTP (moapobHee Bompoc 6yAeT pacCMOTPEH B OTACIBHOM CO0D-
menud). Kak H3BeCTHO, ABHKEHUE KIACCHYCCKOM HEPEIATHBUCTCKOM YaCTHLBI B MPATATUBAIOILEM LEHTPAJbHOM M10JI€

U(r)=-afr" ssaserca mByMepHBIM H AONMYCKACT NAACHHE HA WLEHTP OpH YCnoBwax: 1) n>2; 2) npu n=2

M?* < 2ma , tae M — MOMEHT, 1 — Macca dacTuupl. TaxuM 06pa3oM, «TOUKa» C mapaMeTpaMH

n=2, M*=2ma (D
pa’IenfeT ABA KAYCCTBEHHO PA3MUYMbIX THNA [OBEACHUA YACTHH B LEHTPAILHOM TOJAC. JTOT PE3yabTaT (KOTOPSIi
OMHAKOBO BAXKEH ¥ B KIACCHYECKOH, M B KBAHTOBOH TCOpPHM) CTAHAAPTHOrO aHAJM3a JOCTMOKMMOCTH HEHTpa 7 =0
HAJETAXOMEH YACTHIEH HA CaMOM Jejie HMEEeT CHMMETPURHYI0 npHpoxay. ITokakem 310. YpaBHEHHA ABIKCHUS B NOJE
U(r)=-a/r* nonyckaiwor, kpome Macmrabuo#t G, (TeOpema BHpHANA), CHIE H KOH(OPMHYIO CHMMETPHIO C [EHEPATO-

pou G, =1 §+u" é——— (NOpOXAAIOMMM 2 JONONHHTECIBHEIX HETPHUBHATLHBIX HHTETPANa ABHKCHUA). st nepeMeH-

HOM r = H YPABHCHUE ABUKEHAS HMCCT BUL
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m. | M? E |

—-r—(—-—————o: P2 =0 {2)
2\ 2m

W AOUYCKACT, HApAZy CO CABATOM [, (TONBKO IPH /1 = 2) 2 oaH

n3 rpyrmbl [ajnuiest yke HCHOIb30BaHLl NIPH TIOJNy4CHAN ypaBHCHUA
(1) (M? = 2ma ), TO IOMY4ACM YPABHCHHE iV = 0 , ZOMYCKAKOLLEC yrke He 3, a 8 rpynn CHMMCTPHH.
xag «roukay (n =2, M? =2ma ) B 3aKa4e O NANCHAM HA LICHTP BbUIC-

OMCPHBIX CUMMCTPHH — aHAIOTH G, u G, (CHMMETpHH
(2)). Ecau 7€ HCHOTb30BaTh BTOPOC B3 YC/I0BHA

Taxum 00pa3oM, Mbl BUIUM, YTO KPUTHHEC
neHa CBOCH 0co60i CHMMETPHEH H, KAK H B TEOPHH KPHTHICCKHX seacHuil 7 ()a30BBIX NEPEXOIOB, PA3ACIACT 1Ba Katc-
CTBEHHO Pa3HBIX THIA NOBEACHHA (COCTOAHMA) CHCTEMBI (B JAHHOM CITyHMac 3T0. 1) moTeHUHanb, AOMYCKAOMHUE NaAc-
HUC HA LCHTP, ¥ 2) NIOTEHIHAIbI, HC JOMyCKAOLIHC TAKOI0 MAJCHUsA). |

JlononuuTenbHax KOHQOPMHAS CUMMETPHA B CIyHac 7= 7 oBecTicUMBAET WHTCTPHPOBAHHUE YPABHECHHH opOut
TOJBKO B KPYTOBBIX (DYHKLMAX, KAK 3TO MMEET MECTO B CIIyHaAX /1 = 1 (XynOROBCKHI mOTCHUMAN) W 11 =—2  (OCHHLILA-
TOp). YpaBHEHHS ABIDKCHUSA LA CIy4acB 71 = 1 u 1 =—2 Moryr Gbirh TOYHO NpeoOpa3oBaHbl APYT B ApyTa C IIOMOIIBIO
CMIMHOPHOrO PAaCHIMPEHHA MPOCTPAHCTBA KOOPAHHAT (6]. [To-BHaMMOMY, B 3Ty CXeMy MOXCT ObITh BIJIOUCH H Clyvai
n =2 . CHHHOpHAA MPHPOAA B3AUMOCBA3H TPEX HCKIIIOYATCIBHBIX NOTEHLHANOB — ITO, OUEBHAHO, NPOABICHUE CKPbI-
TO# KOH(OPMHON CHMMETPHH, B ABYMEPHOM C/Ty4ae, KaK 0TMEHAJIOCh BRIMIC, pacumpsieMon 10 OeCKOHCHHONAPAMETPH-
yeckoit kKoH(opMHON cruvmeTpu THHA C, .

KOH®OPMHAS CHMMETPHSA # KBAHTOBBIM 9@®EKT XO0JLTA

BhILIEH3I0KEHHAA ABYMEPHas 3ana4da 00 opOuTax B UCHTPANBHOM MOJIC MOCITYKHTIA OCHOBOM U1 IIEPBOH MOJCIH
KBAHTOBAHWS B «CTApOil» KBAHTOBOM MeXaHMKe. BHOCIEACTBUM 3Ta KOHUCMIA KBAHTOBAHUA OblIa, KaK H3BECTHO,
cpopMyIMpPOBAHA HA OCHOBE CREKTPAAbHOM TEOPHH NHHEHHBIX Au(p(EepeHIMANBHEIX ONEPaToOpoB 2-ro nopsaaka. Tak
651 BBEACH B (DM3HKY MPOCTCHINMI THII KBAHTOBAHMA, OCHOBAHHBIM HA JIMHCHHBIX MPEACTABICHHAX KOHCYHOMCPHBIX
NMHEHHBIX rpynn npeoGpasosanmi [7]. ‘

AJITOPUTM KBAHTOBAHMA 33 CYET TPAHMYHBIX YCIOBHI 00CCreUMBaCT CYMIECTBOBAHHE (HApAMY C HEMPEPHIBHAIM
COEKTPOM COCTOSIHHI, MAapaMeTPU3YEMbIX HEMPEPHIBHAIM NapaMETPOM £ — 3Hepruei CHCTEMBI) HUCKPETHBIX COCTOsM-
HAil, TAPAMETPH3YEMbIX HATYPAIBHBIM YHCIIOM /1 — HOMEPOM YPOBHA £, .

B AByMEPHBIX KBAHTOBBIX 3JICKTPOHHBIX CHCTEMAX B yCoBmX dddexra Xoiuia Mbl CTANKHBACSMCS M ¢ APYTHM TH-
1IOM KBAHTOBAHKA (APOOHOE KBAHTOBAHHE NEKTPHYECKOTO 3apsana H APYTHX BenH4kH). [IByMEPHOCTH APOOHOTO KBaH-
tosoro ddexra Xomwna (AKIX) [8] asnsercs onpenensmomumM (akTopom B HPUPOAE ITOr0 ABJIEHUA. MHOTHE aBTOPHI
(cMm. HATIPUMED, [9]) menaroT BHIBOABI O CKPHITOH OCCKOHCUHOMAPAMETPHYCCKOH KOH()OPMHOM CHMMETPHH, JIEKAMEH B
ocHore JIKOX.

B mByMepHbIX koH(popMHbIX Teopusax nom (IAKTIT) MakcumambHas CKphiTas CHMMETPHA XapakTepu3yercs anreb-
pamu THna Bupacopo [1]: '

e & |
(L, Lmlz(n-;:;)z,mm_+-1+2(;13..,.».»)5,”,,,,0, (3)

rae L, — onepatopsl npeoGpasoBaHus CAMMETDHH, 11,71 — MPOOCTAIOT BCE LE/NOMCICHHEIS 3HAYCHHIS Ha 0CH (—0,00)
¢ — HEHTPALHBIN 3apAA, O,,,, — ACIBTa-CHMBOJL |

)E[KTII ¢ anre6poi Tuna (3) XapaKkTepH3yeTCA Napoi HEMPEPHIBHBIX NAPAMETPOB A, , A, , IPOOETarOmKUX KOHTHHY-
AJTbHOE MHOYKECTBO 3Ha4eHUM. [IpH 3TOM BEIHYHHEL | | |

| Sg'iAk_Zkadk:A::+Z.k @)

MPEACTABIAOT COOOH CIUH (5, ) B MACIUTAOHYIO PasMEPHOCTS ( d, ) HaGopa «IEPBHUHBIX» MONCH @, ( z, ;) Sk nannoii
JKTIL |

Omuaxo, Cpejii HEMPUBOMMMBIX NPS/CTAB/CHNH a/rebpsl BUPacopo MOsKHO BEINEMHTS KNACC COCTOSMNM, KOTOPSIC
MOYLOSETE TRRMRETRDNGRE TS DD S r I e Tomc o (Ak,K,c) » @ MApOH uensix wmcen (k !k') ;leiee
TOrO, OpPH ONPEACNCHHBIX 3HAYCHWAX HECHTPATBHOT ) e _ 0
Hpcﬂcrﬂgmegﬁ anre6psi (3), MOTYT 6121‘2313;1:;23_}!2 :::l: Zigg?eaa::ﬁ}::;:s? frﬂlﬁie m BRANO A
nei») M (k |.k') {1]. Hanpumep, [y BapHaHTa, NOCTPOESHHONO HA OCHOBe’ pacmlpem aﬂ‘::;ﬂd COC‘I‘Ommﬁ («Mﬁwﬁ
TPANBHOYO 33pAJa UMECT BUI | reOpet Jiu 4, cepust ues-

c:l—ﬁL

-k'Y
kk' I Y .
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Coorsercrayrontue Moaemu JJKTIT OKa3bIBAIOTCA TOYHO PEMACMBIMH, H MOGOH N-TOUCHHE KOPPENATOP BBHIMHUC-
nsercs TouHo. MMenHo cepum mopeneit M (k |k‘ + 1) OTMHCHIBAIOT KPHTHYECKOE NOBEACHUE PAAA M3BECTHBIX TOYHO Pe-

IAEMBIX JABYMEPHBIX MOAENEH CraTucTHeckor dusmxu ( M (3]4) — mozens Msunra [1], M (4|5) 0 M (6]7) —~ COOT-
BETCTBYIOT TPHKPHTHYCCKHM TOYKaM [10]). |

Eciu orpaHuvuTh JOMYCTHMBIC 3HAYCHHAS CITHHA «HEPBHMHBINY HOJICH D, (z, E) TOJILKO LCTBIMM M TIONIyLEIbIMY
YHCITAMH, TO 3TO0 MPEANOAOKECHHE nonoHACT CuMMETpHIo JIKTIT Geckoneurbiv (cuerHsivm) Haﬁopom TreHEepPaTopoB J0-
NOAHHTCABHOH MHBAPHAHTHOCTH [11]. Tlpu 3TOM OKa3sIBACTCA, YTO Ui CIMHOB 5> 2 reuepa.'ropbl_ CHMMeTpuu obpa-
3VIOT anreOphl ¢ HEAMHEHHBIMHU (KBAAPATHYHBIME | T.1.) ONPEAC/IOIMMA COOTHOMEHMAMHK [11], coorBeTcTBYIOmMMMU
HEMEBCKHM anredpaM. B YacTHOCTH, A «KPHTHYECKOIO» 3HAYCHHA CIMHA (5 = 5/2 ) mmeer mecTo (HEKcaLHs 3HAUe-
Hus ¢ ¢ ==13/14 . TIpu 3T0M ONHO H3 CHEPBHMHBLNS MOJEH HMeEeT AHOMAJIBHYIO Pa3MEPHOCTh 5/2 u OTOXKIECTBISIET-
Csl C TCHEPATOPOM JOMOMHHMTE/IBHOH CHMMETPHH CIMHA 5 =5/2 . [enepamus PALMOHAIBHBIX 3HAYCHHH AHOMAJIBHBIX

¥ o - "
PasMEPHOCTEH CO 3HAMCHATEIMHE JIFOO0H YETHOCTH (Hampumep, A = > H T.IL.), HO-BAJMMOMY, TECHO CBA3aHA C KBAH-

TOBAHMEM 33pA/ia € =¢-p/q ¥ NOPOKAAET PAMOHANLHBIE APOOHBIE 3HAYCHIA s¢pexruBHOTO 3apsaaa ¢* mua JKIX
Onarozmaps ckpsrThiM cummerpusM JKTIT tuna (3) H HX KBAAPATHHBIM PACIIHPEHISM.

Taxsm 00pa3oM, B IBYMEPHBIX CHCTEMAX MOIYT OBITH PEATH30BAHBI 0COGBIE aJNTOPHTMBI KBAHTOBAHHSA, KOTOPHIE
NOCTPOCHEI HA OECKOHCUHONAPAMETPHYECKUX HETHHEHHBIX KOHPOPMHBIX CHMMETPHAX H, MO-BHAMMOMY, 00€CIEYHBAOT
Opo0HOe KBAHTOBAHKWE 3apaaa (M OPYrux BCIAHYMH) B YCIOBHAX AHOMAJIBHBIX KBAHTOBBIX COCTOSHHM (THma JK3X wu
1p.). |

BECKOHEYHBIE CHMMETPHUHU U JUCKPETHIATINA B AJITEBPAMYECKHUX CUCTEMAX

AOpOIHC M3BECTHA TeCHAT CBA3b anrelp Ju (B ToM usiCAC —~ GECKOHEUHOMEPHEIX) ¢ MPObIEMAMY anrebpsl HaTy-
pampEn wmeen {12]. JIobas (senuHeHHA®) anreOpawyeckas CHCTEMA /i YPABHEHWH, B XOTOPOM YMCIO HEH3BECTHBIX
B1>51 . WMEET, BOOOLEE TOBOPR, KOHTHHYYM permesnl. OrpaHuicHue JOMyCTHMBIX PERICKHUI YPABHEHHH TOJLKO HATY~
PATIBHEIMH HICIAMA MOKET CBECTH KOMMYECTBO PENEHAR a2Ke K KOHEHHOMY MHOXKECTBY (MK X HYJHO); TaKas JUCKpC-
T3aUMS D0A0CH: AIrOPUTMAM KBAHTOBAHIAL

PaccMOTDHM B KAUCCTBE NPEMEPA TAK HA3BIBAEMYIO Beaukyro Teopemy @epma 0 TOM, YTO YPABHEHHE

xl'! +y]"]’ _ Zﬂ (6)

HMEET DCIICHMS B UEIIBIX YHCIAX TOJLKO IpU 77 =2, |

Iepedopmymupyem reopemy (6) ¢ HOMOIMIBIO FEOMETPHIECKHX AHATIOTHY ¥ PACCMOTPHM €6 CHMMETPHIHBIE aCTiEK-
ThL, KOTOPBIC 00BACHAIOT NPHHINIAANBHEIC OTIHYHA ClIy4as n =2 OT Cllydas n #2 .

1) Bcmydae n=2 cooTHOWCHHE (6) MpeacTaBueT cobOi NPOCTO METPHHYECKOE COOTHOUICHHE I ABYMEPHOIO

eBKJIM0BA OpOoCTpaHcTBa (Teopema IIndaropa),
2) «mudaropoBs! TPOHKI), NAOIIME PEHMICHUE YPaBHeHuA (6) Opu 1 =2 ((a2 —b’)2+ (2ab)2= (a’ +b’ )2) , TIpex-

CTaBJLIIOT COOOH HE YTO HHOE, KAK XOPOMIO M3BECTHBIC COOTHOIICHHS M3 TEOPHM CIHMHOPOB, CBA3AHHBIC C
rpymmoit SL(2,R) — rpymnoii kor(OpMHBIX peobpa3oBarHmii BYMEPHOIO MPOCTPAHCTEA |
3) Kak yxe 0TMEUATOCH BBIIIC, OTPAHMYCHUC PCIICHHMM (6) LEIbIMH YHMCIAMH €CTh, B M3BECTHOM CMBICIC, JHC-

KpPETH3allisd THIA KBAHTOBAHMA, KOTOPad, KaK IJIACHT TeopemMa (6), npu » =2 HMEET OECKOHEUHO MHOTO Iic-
NIQYMCTICHHBIX DELICHHH, 3 TIPH 7 > 2 — HE MMECT UX BOBCE, YTO AJLI CIy4Yas /77 =2 HMMEET ECTECTBEHHYIO IBY-
MEPHYX) HHTCPIPETALMIO,

4) ecmu cumTaTs, 4T0 WHCHA (X,y,z) HPEACTABILIOT COGOM Jmmub pebep d-MEPHOTO «KyOHKa», TO 324a4a O
TOM, MOXKHO JIH M3 JBYX HEIOYMCICHHBIX «KyOMKOB» CAOKHTb TPETHH LETOUYHCICHHBIN «KyOHK», HMeeT Oec-
KOHCYHO MHOTO PSHICHHHA TOABKO NpH d =2, 2 OPH d # 2 He HMEET UX BOBCE,

5) xpmeag x’ +y’ =z’ eCTb OKPYXKHOCTb PANHYCA Z Ha TIOCKOCTH (X, y) ¥ 06]aKaeT HEMPEPHIBHOMN CHMMETPH-

el O, (rpymna nopoporos (), €CTh NOATPYIMIA ABYMEPHOH KOH(OPMHO#M rpymmsl), kpusas xe x" + )" = z”

(n > 2 ) obnagaer TOMBKO AUCKPETHOM CHMMETPHEH,
6) mo0BIE YHCTO TEOPETHRO-YHNCIOBEIC 0000LICHU TEOPEMBI (6) OKA3BIBAIMCH OIUMOOUHBIMMU, TAK, THNOTE3A Dii-
JICPa O TOM, YTO YPABHCHUE

') Ha 310 obcroarenncrao Buamanye asropa obpatwr KO.I1. Crenanosckuii.
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k 3
Yxl =2, (ksp) (7
i=1
He BMECT LCIOUHCIERHBIX PELICHHUIT (KpoMe Cay4as k = p = 2 ), onposepriyTa 200 aeT CoycTA NPUMEPOM
27° +84° +110° +133° =144°, - (8)

BrimenepeuncacHubie PaxTel 1) — 6) yCTaHABIHBAIOT TECHYIO cBA3b TeopeMsl (6) ¢ rpynmasu Jlu (4T0, BHPOHEM,
MMCCT MECTO M It APYTHX YPABHCHHI TCODHH 4HMCEN), B HaCTHOCTH, C KOH(POPMHON CHMMETPHEH ;rﬂymepﬂoi? mpo-
crpancTsa. Kak oTME4anocs B HA4auC HACTOSINEH CTaThH, CYIUECTBOBAHKE TOYHOTO PCICHAA mo00# ABYMEPHOH 3a4a-
gy (PHTOM, MHOJKECTBA TAKMX PEIICHMH) H OTCYTCTBHA TOUHBIX pEIeHnit A (~MEPHBIN aHAJI0TOB 3TOM 3aAa4M BCE-
rna 0OYCNOBIEHO CKPHITOH 6eCKOHEYHOTAPAMETPHYECKOH KOR(POPMHOH cuMMerTpuell 3a[ayH, HEBO3MOXHOH MpH
d#2.

| 3AKJTIOYEHHE
VCKouMTEIbHAA PE3YIBTaTHBHOCTD OECKOHEUHONIAPAMETPUHICCKIX KOH(OPMHBIX CUMMETPHH, PEATH3YIOMUXCS
TOAbKO B ABYMEPHOM MPOCTPAHCTBE, 00YCNAB/IHBACT TOUHYHO PEIIACMOCTh MHOTHX JABYMEPHBIX (HIH SKBABAICHTHBIX
ABYMEPHBIM) 32424 (H3HKK U MATEMATHKH (B OTJIMHE OT HX d-MEpPHBIX aHAJIOTOB).
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SYMMETRIES WITH INFINITE SETS OF PARAMETERS AND THE QUANTIZATION
IN TWO DIMENSIONAL SYSTEMS
V.F. Klepikov
Scientific and Technological Center of Electrophysics, National Academy of Sciences of Ukraine
(61002 Kharkov, 28 Chernyshevsky St.,P,O.BOX 8812, Ukraine)

The role of hidden symmetries for 2d-systems is considered via the analysis of the problem of ‘falling o arrattiactive cander: thes
problem of fractional quantum Hall effect and its connection with the exactly solvable 2d-problems of statistical negchpiios ,ﬁie
symmetry nature of exactly solvable equations in the theory of numbers and their relation to the Lie aleebras are discussed. T
KEY WORDS: hidden symmetry, conformal symmetry, infinite symmetry, particle scattering; CIuantﬁTn Hall effect )
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TlocTynmma B pefakimio 26 Mo 2000 L .

y { Yepes KMHETHUECKHE xoaddrament. B O5IacTH CyMecTBOBAMHE BTOpHY-
HEIX BOJIH B Iase KBaSHUACTHII 3TH CTIEKTPRIEHELS TUIOTHOCTH AMEIOT OpeHIieRy Gopmy.
- CHEKTPANLHAN ITIOTHOCTE, (QUyKTYaIiH, KBaWIACTANRL, QIYKTYaIHONHO-THCCHTIATHRHAS Teope-~

lasopmHamika xBasHuacTHIl 663 yyeTa uyKTyarpii paccMaTpHBanach B padore [1]. Ona cymecrBenso oTmymua-
€TCH OT ra30AHHAMHKH aCTHII, OIHCHBacMOH ypasHenrieM HaBre — CToKca [2}. B wacTHOCTH, B YPaBHERHS Ta30/HHa-
MHKH KBasHYaCTHL{ BXOJHT CHIIA BHEIIHETO TPEHHS, OOYCIOBIECHAAY B3aHMOAEHCTBHEM KBa3sHYaCTHI[ ¢ BHemHeH c¢pe-
AOH (mponecch! nepedpoca, PaccesHHe Ha IPHUMECIX M T.4.), YHCTIO KBa3HUaCTHIL IIPH B3aHMONEHCTRHAX MOXET HE CO-
RPaHATECA. OTH YPaBREHHS OIHCHIBAIOT CIa003aTyXAFONIHe BTOPH4HEIE BONHE! (BB) THIa BoMIH BTOpOro 3Byka (BB3),
KOTOPHIE 1O CYTH ABIITIOTCS TEMIIEPATYPHEIMHA HIM SHTPOTHIAHBIMI BOTHAMH, TNPH BBITIONHEHHH OIIPeAETEeHHBIN YCIIO-
BHH. YKa3aHHBIE PAXIMUM CKa3hIBAIOTCS HA TIOBEAEHIHH QITYKTYalHii B ra3e KBasHYaCTHIL

PaHee paccMaTpHBaMHCH GIIyKTyalH B rase (OHOHOB, B KOTOPOM HX YHCHO TIPH B3AHMOAEHCTRIN He COXpaHseT-
¢ [3,4]. B manmoit paGore H3yuatoTes IHAPOAHHAMITSCKHE duykryaipu B rase 603e-KBa3zHUACTHIL YHCIIO KOTOPEIX pH
B3aHMOASHCTBHIX coXpaHseTcs. [IpH sToM Hemomsayeres METOZ, NPEATIOKSHHBIH B [5,6] Al HSYYeHHS IHIDOIHHAMH-
HECKHX (PIYKTYarpil B KHIKOCTAX, OCHOBAMHEIN Ha BREICHHMH CTODOHHHX CITYYaMHEIX HCTOYHHMKOB B AHCCHITATHBHEIC
TIOTOKH H HCTIONB30BAHHH (IIYKTYAllHOHHO-AHCCHIATHBHOM TeopeMbi (DIT) [7-9]. Jing mpOCTOTEL OrpaHHIMMCS CITy-
"13€M ONIHOKOMITOHEHTHOT'O Ta3a. [IpHMepoM Takoro rasa MOXeT CIYXHTh Ta3 JIEHTMIOPOBCKIX. IT1a3MOHOB [10], ras
MarHOHOB B ()ePPOAMIIEKTPHKAX, B3aNMOLeHCTRHE MATHOHOR B KOTOPOM OTIpeReNndeTcs, B OCHOBHOM, OGMEHHEIM pac-
cesHueM [1,11].

TTomyueHs! CrieKTpalBHEIE ITIOTHOCTH THAPOAHHAMIYECKIX $yKTyaipii, KOTOpbie BREIPAXAOTCH Yepe3 KHHETH-
HECKHE KOSQQHIHEHTS B Iase KBasHIaCTHIl H HMEIOT LT HEKOTOPHIX M3 HHX JIODEHIICBY GOpMY B OBIaCTH CYIECTBO-
BaHH4 BB, B 4acTHOCTH, CHEKTpanbHAs IIOTHOCTD KBajfipaTa TEMIICPATYPhl H ITIOTHOCTH SHEPTHH GIVKTYALEil KBasH-
YaCTHI. 3Ta OCOGEHHOCTE B TTOBEASHNH CHEKTPATHHEIX TUIOTHOCTEH MOXET NMPOSABHTBCS MIPH M3YYEHHH SBOJIIOLMM TEN-
JIOBRIX MMITYJILCOB B Ia3¢ KBASHYACTHI{ H PACCESHHS CBETd, NPHBOMAS K NOSBICHHIO PE30HAHCHBIX CATEIUIHTHBIX IHKOB
00ycoBneHHEX BB. OGHapyXeHHe STHX [THKOB B 3KCHEPHMEHTAX 110 PACCESHIIO CBETa B Pa3MYHEIX ra3zax KBa3wya-
CTHL{ MOXET CITYXHTH CBHACTEILCTBOM CYIIECTBOBaHHY BB.

HCXOJAHBIE YPABHEHHA
And omrcanna GIyKTYaIii B rasofHHAMMKE KBA3HYACTHII OyAeM HCXOHMTh H3 YPaBHEHHH MepeHOoca KBasH4a-
cTHI (1] BBOAS B HHX CTODOHHHE HCTOMHHMIH, KaK 3TO JENAeTCA B TEOPHH THIPOAHHAMKMECKHX bnykryarmit [5-7].

B xauecTBe HE3aBHCHMEIX TIEPEMEHHEIX MOXKHO BBIOpaTh ApefipOBYIO CKOPOCT  # , OTHOCHTENBHYIO TEMIIEPATY-
py 6= (T ~ T4 )/T, w mS0 rroTHOCTS KBasHHACTHIL 77 , THGO XHMWECKHt NOTeHIMaN W . [lanee, B KaYeCcTBE Hesa-
BHCHMOH NepeMEHHOH BEIOepeM LL , IPEATIONATas, 4To paccMaTpHBaeMbIi HamMH ra3 DO30HOB HE COJEPXHT 603e KOH-

ACHCaTa, T.€. HAXOAWTCA TIDH TEMTEpaType Bblmle KpuTHyeckoft Temmneparypel 1 > 7. B ciydae Marnowos [1]

T, ~6,6(c,0,05 ) 122 rze o ; ~ TIIABHEIE FHAMEHH TEH30PA HEOAHOPOAHOTO OGMEHHOTO B3AMMONEHCTBHS, 7

—~ IDIOTHOCTE MATHOHOB.
Korza guciio xasH4acTvil IpH HX B3aRMOIcHCTRHH COXpaHACTCA, CHCTEMA JIHHEAHBIX YPaBHEHHMIT ras0 AHHAMHKH

Ans ApefioBOH CKODOCTH KBA3WYACTHI! %, OTHOCHTCIBHOH TEMIIEpaTypsl O M XHMHYECKOTO MOTEHIHATA SK co
CTOPOHHHMH VCTOYHHKAMH V ,V, H V HMeeT BHI!
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rae T, — paBHOBECHAd TEMIIEPATYDa, ﬁg _ TEH30P C PA3MEPHOCTHEO INIOTHOCTH MACCHL, XAPaKTEPHU3YIOTIHE HHEPIHEO

S

xpasmuacta, Cy, Sy — PaBHOBECHEIE TUIOTHOCTH TETUIOEMKOCTH H SHTPOITHH, N, ms Ky — TCH3OPBL BAIKOCTH M

TUAPOAHHAMHYECKOH TEINIONPOBOIHOCTH, 7y  — CYMMETPHUHBIT TEH30D BHEMHETO TPEHHA B Iase KBa3HIaCTHIL,
Sn=n—-ny, OU=H—Ug, Oz, Pjp — KHHETHUECKHE koahdHImeHTbI, ONPEACILIFOLIHC HeoOpaTnMbie TIOTOKH

Tera § W YHCINA KBA3HMACTHIL

g, =R, TV 0-B,TV 8u; i,=-B,TV,0-8,V,3. @
A u B — HEe3aBHCHUMBIE TEPMOAVNHAMITICCKHE xaéép@mmem, CBASHIBAIONINE MEXKIY cobo# O, &S u 6, 8}1, {1},
8 -
85=C6+a%&; 8n=a8+ﬂ?&. (3)

RHAUeHHd OTHX BEIHMYMH B KHHeTHYecKofl TSOpHM KBASHYaCTHI IIDHBEACHBI B [1]. 3aMernM, YTO BBORIICH
HOTICIHATENbHBIE CTOPOHHHE HCTOMHIKH B TIOTOK YHCNA KBA3HYACTHI] V5 , KOTOPHE OTCYTCTRYIOT AMA JaCTHIL.

OGiiee pemenne cricreMsl (1) npeacTaBugeTcd B BHAC CYyMMBL JBYX peleHui — PETYIAPHOTO, SIBILAFOIIEIOCs
PEHIEHNHEM COOTBEICTBYIOMEH OXHOPOAHOH CHCTEMEL YpaBHEHAN ¢ TPaHMYHBIMKA YCHOBHMSMH, H HEPETYIAPHOIO,
ABISHOMErocs PEIeHseM HeOXHOPOAHON CHCTEMBI YPaBHEHMA H NPERCTaBISTOMETO COO0H IMHHeHHble QYHKIIMOHANEE
OTHOCHTETHHO CTOPOHHHMX HCTOYHMKOB ¥, ¥V, B Vs.

Nanee npy nccnegoBanuy QIyKTyalHi OyZeM paccMaTPHBATL HEOTPAHMHYECHHYIO MPOCTPAHCTBEHHO OAHOPOAHYTO
cpeAy, 4 CTOPOHHHE HCTOMHHMKH — CIIy4aHHbIMU. B 5TOM Cifyyae peryiapHsle pemieHH OyAyT HyIeBhIMH, 2 HEPETYIIp-
HBIE — CITyJafiHBIMH BEMYMHAMH, CPEAHHE 3HaUeHHe KOTOPRIX PaBHEl HYMo. DIYKTYalpy STHX BEMYMH OYAYT onpe-
ETIThCA MPOCTPAHCTBEHHO-BPEMEHHEIMI KOPPEILIHOHHEIMY (YHKIMAMH (KOPPETATOpaMH) BHAR ‘

CIENY - EANS B CRENY ACATY ) <“z' (%151 e {Fs, 15 )>
3aBHCAIIME OT pasHoCTeH 552._ - 351 X ty — & = 1. OTH KOpPEnaTOpsl Tak Xe OyAyT ONMpeAeIAThCS IHHEHHBIMK
hyHKIHOHATIAMH OT KOPPENATOPOB CHY4aiiHBIX HOTOYHHKOB V , 3, H )5, KOTOphle HAXORATCS C noﬁmnmo OIOT [8].
BHIUHMCJIEHHE CIIEKTPAJIbHBIX IVIOTHOCTEN ®JIVKT YAITHI |

BBelleM CTICKTPANBHbIE TUIOTHOCTH KOPPENATOPOB, ONPSAHIEMBIX ¢ NIOMOIISIO CHEAYIOMEro NMpeobpasoBatis
(ypbe A1 NPOCTPAHCTBEHHO-BPeMeHHEIX dywiapd A(X, ¢)

_ Az, t)= [ A, o F) e @
Jlist KoppensTopa ABYX clydaiimix ymaptt A%y, ) u B(%,, 1y ) maeen
(A%, 1) B(%,, 1, )y = | (AB )_;mer(;i“m)dgdm, (%)

.. T4 \ _ _
)i (2 \AB i — CIIEKTPAIBHAL TUIOTHOCTD Koppensaropa. Ecim usecTHEL Qypse KoMmoHenTs Bemmunnt 4 u B . 1o
HIX KOPPESIATOPHI CBSA3AHBL CO CNISKTPAIIbHOM TIOTHOCTRIO COOTHOMEHHEM

(a(k*, o) BlF ’,m")} =(4B); 8{F +KB(o+ o). @

Bocpomssosasimmcs OAT Mia CTIeKTPANBHEX IUIOTHOCTER KOPPENATOPOR CIyYafiHEIX B 5o W
MOy M ' CIYHANHBIX BEMMHHY . Vy H Vs,
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SPECTRAL DENSITY OF FLUCTUATIONS IN GASDYNAMIC WITH CONSTANT
NUMBER OF QUASI-PARTICLES -
IV.F. Aleksin, V.D. Khodusov*
National Research Center Kharkiv Physical and Technology Instituie
Akademicheskaya St. 1, Kharkiv, 61108, Ukraine.
*Department of Physics and Technology, Kharkiv National University
Svobody Sq. 4, Kharkiv, 61077 Ukraine. E-mail: khodusov@pht.univer.kharkov.ua

Fluctuations of basic quantities describing the weakly nonideal quasi-particle gas with constant
number of quasi-particle are considered. On the basis of the fluctuation-dissipation theorem, the
spectral densities these fluctuations are found which can be expressed in terms the kinetic c.o’effi-
cients. In the range of the existents of the secondary waves in the quasi-p-articlé gaﬁ's' these spec-
tral densities have the Lorenz form, | ’ |
KEY WORDS: spectral density, fluctuations, quasi-particles, fluctuation-dissipate theorem, Lo-
renz form, secondary wave. ’
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PACIIATHASA HEY CTOMYABOCTDH MOITHOM HOH-HOHHOI T'UBPUIHOMI
BOJIHBI

A.HU. Maciaennnkos, B.C. Muxaiinenxo, K.H. Crenanos
Xapokosckuil nayuonanvHo YHuseepcumem um. B.H. Kapasuna,
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PaccmoTpena pacnantas HeycTOHYHBOCTE MOUIHOM HOH-HOHHO TUOPHAHON BONHBI Ha JIBE HOH-MOHHBIE THOPUIHBIE BOHSI
B CIyHac, KOTZa CKOPOCTH OCLMIISUMA 4acTHLl B NOJe HAKAYKH MOTYT OBITh COM3MEPUMBIMH C TEMJIOBBIMH CKOPOCTAMH
noHOB. [lockombky ycioBre pacnaja 3aBHCHT OT KOHEYHOMN UTMHEI BONHEI HaKa4KH¥, UCCNENOBaHNUE MPOBENEHO HA OCHOBE
TNOAXONA paHEe Pa3BUTONO ABTOPAMH, KOTOPbIH IMO3BONSET PACCMATPUBATH NapaMeTPUIECKHE HEYCTONYMBOCTU B IOJIE
MOIUHOH HaKayKM KOHEYHOW NMMHBI BOJHBL OnpenefcHsl MeXaHH3M BO3OYKACHHS M MHKDEMEHT HapacTaHus
HEYCTOHYMBOCTH. Y CTAHOB/ICH BOIMOXHBIM YPOBEHB HACBILIEHHS, 0OYCHOBNCHHBIN HETUHEHHEIM CIBUTOM YaCTOTBI.
KJIFOUEBBIE CJIOBA: nna3ma, MoH-MOHHAas ruOpHAHAs BOJIHA, pacnagHas HEYCTOWYMBOCTD, UHKPEMEHT, HENMUHEHHLIH
CABMI YaCTOTbI, HACKILEHHE |

B nacrosuieit paGote paccmarpuBaeTcs pacnanHas HEYCTOHYMBOCTh HOH-HOHHOM rHOPUAHON BOJHBI HA IBE HOH-
HOHHbIE THOpHAHBIE BONHbI. Panee [1] stor pacmax mayyaics B NpUOIMXKEHUH ¢naGoil Hakayku, KOorma CKOpOCTh
OTHOCHTEJILHOTG OCLM/LIATOPHOIO ABMMEHHIA KOMIIOHEHTOB MIA3MEl NPENIONAraeTCs 3HAYMTENBHO MEHbIIE TeIUTORLIX
CKopocTel HOHOB. B [1] nokasano, uto ycnoBue pacmama (CM. Hipke ypaBHEHHE (6)) 3aBHCHT OT KOHEWHOH JTHHBI
BOJTHbI HAKAYKA H HE MOXKET OBITh BBIMONHEHO B NPUOIMKEHNH AUNONBHON Hakauku, B HacTosmei! pabote 3T0T pacnan
M3yHacTC# B Ciydae CMIBHOIO IOJS HakKadkd, KOTZa CKOPOCTb OTHOCHTEIBHOTO OCUWUIATOPHOIO ABMXEHUA
KOMIOHEHTOB MJa3Mbl MOXET OBITh CPaBHUMOM C TEILIOBBIMH CKOPOCTAMH MOHHBIX KOMIOHEHTOR. Hccnenosanue
MPOBOIMTICA HA OCHOBAHHH MONXOJA, PasBUTOro B paboTax [2, 3, 4], mo3BoNsIOILEr0 paccMaTpHBATE napaMmeTpuYecKue
HEYCTONYHBOCTH I/1a3Mb! B ITOJIE MOIHOM BOJTHBI HAKAYKH KOHEYHOW AJIMHBLI BOJIHEI.

JucrnepcuonHoe ypaBHEHHe TMAPONHMHAMMYECKHX HH3KOYACTOTHBIX KONEGAHM (0)<<(k" / k)n) pe) TU1a3Mbl ¢

HOHaMH JBYX COPTOB UMEET BUJ
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rae @, ,@ ., - UWHKJIOTPOHHBIC YaCTOThl HOHOB 1-ro M 2-ro copTa, ypasHehue (1) Jerko peaerTcs v Ais 4acToTsl
MOH-HOHHO# TMOPUIHON BOJTHBI NOMyYaeM BEIDRKEHHE |
- 12
£3 .1 .3
N 2 k § mpemcl
@ k)5 0y+——5— : (4)
| k*o,+0),

OTMeTuM, 4T0 ycroBue (3) HAKNaABIBACT OrPAHWYCHHE HAa BO3MOXKHBIN Yrojl PaclpOCTPaHEHHS HOH-HOHHBIX BOJH
_ (HaxKa4k¥ ¥ NPOAYKTOB pacnana), a HMEHHO

kA

(opz)_-;—mpe;»mpl. ()

Ilpu Bernonxexuy ycaosui (3) u (5) yenosue pe3oHaHCHOTO PAciafia UMEeT BUA
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B pabote (2] (cm. Takxe[3,4]) nosyyeHa HENWHEHas cUCTEMA ypaBHEH#H UIA aMIUTTyl HoTeRIHana @ v @,

BOJIH paciiaga MOLIHOM BOJIHBI HAKAYKK C KOHEYHOM IIHHOM BOJIHBI. 3Ta CUCTEMA MMEET BHI

- e -\ -1
o (2 )b
= e - \\\ -1
fa“’za(f-”)JrBz(i,m a“"‘g:’z‘”é%*)) o F 1) ={vs +v o, E). )

T'pOMO3/IKHE BhIPAXKEHNA UIs Kod(h(UuUMEHTOB napametpuueckoii ceasufl, u B , ¥ HENMHEHHBIX KO3(QQUUHEHTOB
V. (i = 1,2.3.4), OTBETCTBEHHbIX 32 ABJIEHUE HEIMHEHHOrO CABHra YacTOThl MPUBENEHH! B paboTax [2, 3, 4].
= () nomy4aercs cucteMa, OMUCHIBAIOIIAA JIMHEUHYIO CTAAMIO HEYCTOMUMBOCTH, U3 KOTOPOH

W3 cucremsl (7) npu v,

CJENYET BhIPAKEHHUE 1)1 HHKPEMEHTA pacniaJHON HeycTOHIMBOCTH [2]
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=Y, =|-B,B, 6 gzm(fg(;))a gcmz(g-(g )}
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(8)

B pabotax (2,3,4] nokasano, 4T0 pacnafHas HEYCTOMIRBOCTL MOXKeET Bo30yxknaTscs: 1) B pe3ynbTate OTHOCUTENLEONO
IABWKECHHUA KOMIIOHEHTOB IUIa3Mbl B IOJIE BOJIHBI HaKa4kyh U 2) BCIEACTBHE HEIUHEHHOrO OTKIHKA KOMIIOHEHTOB

[1a3Mbl Ha BOAHY Hakadyku. AHaiu3 Icoa'cbcpuugemo-s [3] %} [32 Wil AaHHOM HEYCTOWYMBOCTH IMOKA3BIBAET, UTO
OCHOBHBIM WMCTOYHHMKOM BO30YXIEHHA JAHHOTO pacraja ABISe6TCA HEMUHEHUHBIN OTKIMK JIETKUX HOHOB (copt 2) u
SNEKTPOHOB Ha BOJIHY Hakayku. I1py aToM koapduumentsr B, u B, onpenensiores cooTHOmEHMIMY
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A.. (}? ® )m ek By ), kok, sin’ (9“90 )
ol 2m, o, k* 0,0

B ciyuae, xoraa
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X (2k0¢ cos(@_ -0, )— k| (cos(e—-e_ )+cos(8+9'_ ~ 259, )))~ A, (E ,a))l :

Torna u3 (9) nomy4aem, 4to B ciiyyae (10) MHKpEMEHT pacnaza Y 1o HOPAAKY BeJIMYUHDI paBeH

O N

e, ki E, o

“sin’ (8—— g, ), (14)
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dm, mg(w—-mg) o

a B cimyuae (12) paseH
e, k, Ey,

m2 ©

(15)

"Ya-...f

Ha HenuHelHOW CTanuy pasBUTHA MOH-HOHHON TMOpMAHOM pacmamHOM HEyCTOMYMBOCTH OCHOBHOW BKJaN B
KO3QOHLUMEHTHI V, NAalT 3/MEKTPOHHBIE CliaraeMsle.  BCNEACTBME HEAMHENHOTO CABHra YacTOThl HACHILICHHUE

HEYCTOWYMBOCTH IPOUCXOUT MPU BHINOTHEHUHN YCAOBUA

vV, +V, =V, —v4‘= g (I (16)

2

U3 (18) Haxonum ouerKky miotsoct sneprun W = (1/47)k? I(p‘ o(6e/00(k)) non-nonmoi rMOPHAHOI BOJIHBI,
BO3HHKIIEH BCIENCTBHE pacrana, B BUAE
2

k. ¢ E .
v 1 Dpe | 52 % sin?(0-0, ) (17)

114 caydas (10) 4 B Buze
4

W | kg {D pe ez __EO_L
anz ' kmpZ 'T2 ki.

(18)

ang cnydas (12). . , |
[TnoTHOCTS 3HEPruM OCUWLIALMH JacTuu riasmel W B none BonHbI HAKAYKH N0 NOPSAKY BEANYHHBI PABHA
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n.mV>: np,m,V, P
W0~012II+02222’ (19)

rae V, u V, - oCUsUIATOpHEIE CKOPOCTH HOHOB MIEPBOTO M BTOPOFO COPTOB B M0J1€ HAKAMKH.

AMIUTHTYZly BONHBI HAKAYKH MOXHO CYMTATb Ha HENHHEHHOH CTaguy Pa3BUTHA HEYCTOHIHBOCTH [OCTOAHHOM

BENMYMHOM 1 He YUHTBIBATH 0GPATHOIO BAMAHMA HEYCTOMUMBOCTH KOMIEOAHHH Ha I10JIC HAKAUKA NpH YCHOBHH

W<V, . (20)
B cay4ae (10) ycaoBue (20) BbInoSgHAETCA NpU
2
k, o e, k E
I~ pe | Sin2(e_eg)<< 2 L 29'1' ’ (21}
k a)pZ m2 mcfl
a B ciryvae (12) npu
4
k, ® e, k, &
N pe << r i 20.1. N 22)
‘ ko, m, o,

[lpy HapylwleHWM HEPABEHCTB (21) wnu (22) HachllEHWE 3TOr0 pacmnaja Oymer CBA3aHO C pa3sBUTHEM CHIILHO
HeJUHEMHBIX ABJIEHUN.
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DECAY INSTABILITY OF THE STRONG ION-ION HYBRID WAVE
D.1. Maslennikov, V.S. Mikhailenko, K.N. Stepanov
V.N. Karasin Kharkov National University,
61077, Kharkov, Svoboda sq., 4

Decay instability of strong ion-ion hybrid wave onto two ion-ion hybrid waves is considered in the case of strong pumping wave
when the oscillatory velocity of particles in the pumping field may be commensurable with ion thermal velocities. Because the
condition of the resonant decay is depends from the finite wave number of the pumping wave, the studies are based on the approach
developed by authors, which permits the research of parametric instabilities in the case of the strong pumping with finite wave
length. The excitation mechanism and growth rate of instability is derermined. The saturation level of the instabi'lify due to the
frequency shift is estimated. ‘

KEY WORDS: plasma,ion-ion hybrid wave, decay instability, growth rate, nonlinear frequency shift, saturation
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TYPBYJEHTHOE PACCESIHAE YACTHIL B AKCHATHHO CHMMETPHYHOI
PATUAJIBHO HEOTHOPOXHOM BPAIIAFOIEMACS IJIASME

E.1O. Bakum, B.C. Muxaiinenko, K.H. Crenaunos, JI.B. UuGucos
Xapekosckuii naunonansuwui ynugepcumem um. B. H. Kapasuna
61077,2. Xapvkos, nn.Ceoboowl, 4
Ioctyrona B pemakigro 20 mroms 2000r.

[lpoBeseno mccefoBaHMe paccesHES WYacTHI{ BCIENCTBHE WX B3aMMOJEHCTBHL ¢ SNMEKTPHIECKUM  IIOJIEM
BMEKTPOCTATAYECKON TYpOYIEHTHOCTH aKCHATBHO CHMMETPHYHOM TU1a3Mbl. DIeKTPHYecKoe TIojle SBIeTCsS aHcaMOIIeM
IUTHHAPIMECKMX  BOH CHyYalHBIX (a3s. B pamkax ramwibToHOBa (QopManu3Ma MCCIENOBAHEl (IYKTyaldd ©
KBASHTHHEHHEIC M3MEHEHHS Da/MATBHOM ¥ YITIOBOM KOOPJHMHAT IIONIOXEHHS BENYIIEro NEHTPA YacTHIBL, a TakxKe
PalHATLHOM M YTJAOBOM KOQODAMHAT ITONOXEHWA YACTHMINI Ha JIapMOpOBCKOM op6mre. IlomyteHHEIE Pe3yJIBTaThI
[IPHUMCHEHBI K aHANM3Y DPacCeHMs HacTHll ApeiipoBol, ApeiOBO-IPICIOTPOHHOM TYPOYIEHTHOCTEIO pPaJHAIBHO
HEOJTHOPOIHOH IUTa3MBl, a Taloke WOHHOM IMKIOTPOHHOH TypOYNEHTHOCTHIO IUIA3MEI C MIOHAME, HEBO3MYIIEHHBIE
TPaCKTOPHH KOTOPEIX 00XOJAT OCh CHMMETPHH ITTa3MEL.

K/IXOYEBBIE CJIOBA: mmasMa, MUTHHAPAYECKHE BOIHEL Apedi(oBas TypGyTeHTHOCTS, ApeifhOBO-IMKIOTPOHHAS
TypOYI€HTHOCTD, HOHHAS [IAKIOTPOHHAS TyPOYIEHTHOCTS, KOOPAMHATH BEYIEro LeHTpa.

Bo MHOrMX 3KCIIEPHMEHTANBHEIX CHTYaIMAX aKCHATLHAS CHMMETPHA INA3MBI ABIACTCA MPHHIMUIHAIBHO
HEYCTPAHMMBIM (DAKTOPOM, KOTOPHIH JO/DKEH OBITH YYTEH B TEOPETUYECKOM AHATH3E MPOIECCOB, MPOMCXOMANIMX B
Heil. MccrexoBatns yCTOWYHBOCTH BPAWAOMIEHCA MIa3MBI, Pa3sTUUHBIX APeH(OBBIX HEYCTOMMHBOCTEI pagyaIbHO
HCOIHOPOIHOK TIA3MBI ABIAETCA NPUMEPAMHU PEIICHHS TAKHX IPOOIEM.

VI3BECTHO, 9TO NMHHEHHAA W Cab0 HenMHEHHAS TEOPHA IUIa3MBI, 00NAJArOIIEH IIOCKOCTOMCTON CHMMETpPHEl
OCHOBAHA HA AHATW3C YCTOWIHMBOCTH H SBOJIEOLMH BO BPEMEHH CHHYCOMJATbHBIX BO3MYIICHMI mnia3Mbl B paforax
[ 1-3] ObINO MOKA3AHO, YTO JMMHCHHAS M CIAOOHETHHEHHAT TeOPHA IUIa3MBI, 00/IAJAr0IEH AKCHAILHON CHMMETPHGI,
T0/KHA 0a3HPOBATECA HA HCTONB3OBAHMU DJIEMEHTAPHBIX BO3MYILICHMH, ABIMFOIIMXCA COOCTBCHHBIMH BOIHAMH
AKCHATPHO-CHMMETPHYHOR miasmsl. Bsuto ycramosneso [1-3], uro musa HEOTHOPOAHOHN BPAIMAOIICHCS IIa3MBI C
FayCCOBBIM  DAaCHpEOCICHHEM IUIOTHOCTH 9ACTHL [0 Pagdycy COOCTBEHHBIMH BOJHAMHM  OKA3bIBAKTCA

IHTHHAPHYSCKHE BOTHBI BUEa J (k A r)exp (im-(p), rae - (ynkuus beccems, - mapamerp, XapakTepH3YFOLIWE

CTIEKTDP COOCTBEHHBIX KOMeOaHM, ABIMFOIMHCA AHAJNOTOM PAAMAIBHOIO BOJHOBOTO 4HMCIA. Ha OCHOBE CHCTEMBI
ypasHeHMH Bnacosa-Tlyaccoma 6br1 paspaboran (opmammsM HCCIEIOBAHMA KHHETHICCKUX HE- YCTOWYHMBOCTEH
AKCHATPHO-CHMMCTPUIHOH PaaHATbHO HEOXHOPONHOM BpalArOMmieica InrasMbl. IIoCTpoeHHAs Teopms Oblia
OPUMCHEHA K WHCCNCAOBAHMIO JIMHCHHOM M HEIMHCHHOM CTAOMM MOHHOM LMKIOTPOHHOH HEYCTOMYHBOCTH
OMHOPOIHOH Bpamrarome#cs mmasmsl [1 ], apeiidopoit [2] m apeitdoBo-IMKIOTPOHHOM [3] HeycTOMYMBOCTEH
IUTa3Mbl C TFAyCCOBBIM PACHpeAc/CHHEM IUIOTHOCTH MO paauyCy. JTa TEOPHA Takke ObUTa MCHOMB30BAaHA A1
HCCICNOBAHMA JHHCHHOM ¥ HEIMHEHHOM CTaimii HEyCTOMYMBOCTEH HEONHOPOJHOrO ILIA3MEHHOTO LMJHHAPA C
HOHAMH OJHOI0 M JABYX COPTOB C IayCCOBBIM PACMpEAcICHHEM IUIOTHOCTH IO PAgUyCy, B KOTOPOM JIapMOPOBCKHUE
TPAeKTOPHH OXBATHIBAFOT LECHTDP IUTA3MEHHOrO WHIMHApPA [4,5 ].

B Teopuu c1aboi TypOyIEeHTHOCTH ITIOCKOCTOHUCTOMN IIa3MBbI OBITO TIOKA3aHO, YTO A/ TIONYYEHHS CXOMAIUMXCA
PAOOB MO AMIUIHTYZAC NOTCHIHANA BO3MYIICHMHM IMa3Mbl, B KOTOPBIX OTCYTCTBYIOT CEKYJIAPHOCTH, HEOOXOIHMO
VYHTHIBATE NICPCHOPMHPOBKH, BOSHHKAIOIIHE BCACACTBHE Y4YETA CTATHCTHYECKUX BO3MYIICHHH TPACKTOPHU YACTHIL,
OOYCIOBICHHRIX BO3ACHCTBUEM CIIyYaWHBIX 3ACKTPOMATHUTHBIX IMONEH ITa3MEHHON TypOyJISHTHOCTH HA YACTHI[bI
nia3Mel. Takas ke npobreMa BOSHUKHOBEHUA CEKYLIPHOCTEH XapaKTepHA M U1 TeOpHM Claboi TypOyneHTHOCTH
AKCHATPHO-CHMMMETPHYHON IUIa3Mbl, B KOTODOH 3/IEMEHTAPHLIMH BO3MYLICHMAMM ABJLIIOTCA LHMIHHAPHYCCKHE
BoaHsl. B paborax [1-3] nocTpoeHO NMEpEHOPMHMPOBAHHOE IUCNECPCHOHHOE YPABHCHHE M KBA3WJIMHCHHAS TEOPHA,
OCHOBBLIBaACH Ha nponararopHoM Qopmammsme [dronpu-Berncroka. B Hacrosmed pabore Ha OCHOBE raMUIbTOHOBA
dopMaTH3Ma PA3BHT NOAXOA B HCCICAOBAHMHM PaCCesHMsA YACTHIl TUIa3MbI BCIEACTBHME MX B3aUMOCHCTBHA C
axcaM0IeM NUIMHAPHYCCKMX BOTH caydaiHeIX (as. [loayueHnas Teopusd NPUMEHEHA K aHATU3Y PACCEAHMA HaCTHL
IEKTPOCTATHYECKOH TYPOYJICHTHOCTBIO ILIA3Mbl, BO3HHUKINGH BCAEACTBHE Pa3sBHTHA B IUIa3Me ApeH(OBO,
Apei(HOBO-IMKIOTPOHHON  KMHETHYSCKMX  HEYCTOMYMBOCTEH M KUMHETHMECKOM  MOHHOM  LUKJIOTPOHHOH
HEYCTOHYMBOCTH ILTA3MBI ¢ HOHAMH, OOXOIATHUMH OCh CHMMETPHH ITJIA3MBI.
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FAMIWILTOHOB OJXO0/ B HCCAEAOBAHHH JAHAMHKH YACTHI B AHCAMBJIE
[AJHAHAPUYECKHX BOJH CIAYYAUHBIX PA3
B paMKax raMATbTOHOBA (JOPMANA3MA TPACKTOPHA JACTHIB! OMHCHIBACTCA ypaBHEHHAMH

-a-f‘i-Jr{Ha.A‘ =0

ot

(1)

rne H , - raMUTbTOHHAH YACTHIIb!, KOTOPBIH paBeH
H =H_+H, (2)

3mechk - HEBO3MYINEHHAS YacTh aMHJIbTOHHAHA, KOTOpaA AL aKCHAJIBHO CHMMETPHYHOH IIa3Mbl ONPEACIACTCA
cooTHomeHueMm [ 1]

oo = Qi + (29, +0 4 Moy +7- 3
2m,
- BO3MYLUEHHE raMWIbTOHHAHA, BRI3BAHHOC IMEKTPOCTATHICCKOH TypOYACHTHOCTBEO
H, =e ®F1). | - @

B 3) Dol B Hg,- OOOOIEHHBIC MMIYIECH FACTHIB! COPTA QL (P, - KOMIIOHEHTa MMIybCa BIOIDL
MATHHTHOTO TOJA, |l , - NAPMOPOBCKMI YTIOBOH MOMEHT, [, - 06o6mErnsL yraoso# Momert), () - yrmosas
CKOPOCTD TBEPAOTEIIBHOTO BPAMIEHHA JaCTHIl COPTa Ol I1a3Mel, @ , - TAPMOPOBCKAL YacToTa, (D(F , Z) - HOTCHIHAT
CaMOCOTTTACOBAHHBIX BO3MYINECHMH 'rmasm;r. Bmecto [, # W,, yEOOHBIM OKa3bIBASTCA HCTIONB3OBAHHE. APYTOH
naps! (HEKAHOHWYECKHX) MEPEMERHBIX P H Ra, HMCHOIIMX OMCBHIHBIN reOMETPHYCCKHI CMBICH, 8 MMEHHO, P "
TAPMOPOBCKHIA PAmMyC HacTHIRL, a R - panuamsHas KOOpHUHATA Belymero HemTpa. Ilepememmmie [, H [,

CBA3AHEBI C IEPEMEHHBIME P H R, COOTHONICHUAMH

2 Mg
SEEXTRTWE -
v 2 iy ) - | _
* m(Q, vo,,) | : b
KaHOHWYeCKHMY TIApaMM  ABIIOTCA o s X ); (ual ,0, ) : (-pw ,'z). Vron 0§, ompenenser yriosyro

KOOPTMHATY TOJIOKEHNS JACTHIEI HA JTADMOPOBCKOH OpOHTE, a \f, - YITIOBYEO KOOPAMHATY NONOKEHHA DATHYC-
BCKTOpa BEAYINCTO HEHTPA. _

Heuckax€HRBIE TPACKTOPHM ONDEACIOTCA ramuibTonManoM H . W3 ypasmenmii (1) MOAyYaeM A
HEHCKAXERHEIX KOOPUHAT Beymero uerrpa (R, W 40 ) ™ napMOpoBCKoHt OpOHTEI (pm0 8.5) Bmpameﬂni
Ruﬁ_ = const, Pao :_COHSI s Wao = 'Q'u..(t B t_o )’ 6&0 = (ZQa +mcuXt - tO) ' @)
OnpezemuM TypOyNCHTHbIE HCKKCHMA KOODIWHAT BEIYNIETO LEHTPA H JAPMODOBCKOM opbutei. Bosmymmenne
raMuNsTORMaHa, cnaraemoe H |, obycnoBnentoe anextpocraTHyeckoit TypOYACHTHOCTBEO, HMEET BHI

H,F0)=e,0G.0)=¢,Y 3 [dK®, (K 1)

eXp(imeﬂo + inﬁﬂﬁ — o (k)t + :ESFG(Z))]WM (k.L Rﬂt@ )Jn (kl p'an ) (8)
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rae w dK=dkdk k , a OF (t) - CIyyaiHOE H3MEHEHHE PATUYC-BEKTOPA TOMKEHUS YACTHIIbL

ofycrosaennoe Gay>kIaHneM YaCTHIBI B TTO/IIX IUIA3MEHHOM TypOYISHTHOCTH. |
Ypasrenue (1) Ang -QayKTyalmy pagnaibHOM KOOPANHATH! BEAYIIETO IIEHTPa MMEET BHI

g&__ | 1 [81{ aHm)

dt~ mR 00, + 0 )\ Ve BB ”
TI¢ HCMOJB30BaHbL COOTHOMEHHA (5), (6). CnenosaTeibHO
R?G.:—" 1 (GH N aqu)d,
m.R (20, ro,,); 3
A Te) o S K e o) R ()
exp-(.imq;mJ +ind , — io(k )X + ikSF, (t)) (10)
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: d~a . | 1 OH _ 1)
dr mupao(ZQ +mm} a0,
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o 1 I oH '
p“- R mmpaﬂ (ZQOL - mcﬂt)r{,
" mep, (ZQ +o,) 2 2 fd’ IdK‘D BN o b Ro W, (k. o)
alab e J m=—0 n=—w0 1
exp(z'mwag +ind_, —io(k) + ikoF, (t)) (12)
ot ryKTyalni YriIoBo# KOOPAHHATEL IOJY9acM YpaBHEHHE
0, _ 1 Oy | (13)
ot  m, (?,Qa +0,)R ,0R,,
Toraa
~ 1o, d -
s a(m " )IR oR,,
o (2Q = Z Zj.dt de@ (K)ki (k RuO)] ( ipcx.O)
aﬂ o J =R N=—Dg,

O ayxryanuu yrmmi‘{ KOOPIHMHATH YAOBICTBOPAKT YPABHEHHIO
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05 ! o, o, } | (15)
ot (ZQ T ) paoapa{) R,50Ry0 | |
Torma

f oH,, J ..
(‘?‘Q TO ) paoapa{) RaOaR

ao)j ( pa@)+

m+n

(2Q. o) Z Zjdf de@ (K)k{

m=—00 p=—90 ro

1 ' |
+_Jm+n(kJ_RCLO )]n (klpoeo )}X

Pao
exp(imwaﬂ +ind ,, — fU)(k)‘ + ikSF, (z‘)) . (16)

KBA3HIVHENHEIE H3MEHEHHSA PAIAYCA BEAYIIETO (EHTPA B IAPMOPOBCKOT'O
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[lostomy m TypOyneHrabie HCKAKSHMSA npoduneH TIOTHOCTH M TEMNEPAaTyphl IUIA3MBI  OKA3BIBAKOTCH
HECYIICCTBCHHBIMK. 3HAYMTENBHO Oojiee BaKHBIM OkassiBaeTcsa 3ddext TYpOYNIEHTHOTO pAacCesHus HMOHHOM
UAKIOTPOHHOH TyPOYTCHTHOCTBED HOHOB, OOXOMMIMX OCh IIA3MEHHOT0 CTO/I0A. IMonyuyewno, aro 3a Bpems pazBuTus
HCYCTOHYHBOCTH MPOHCXOMT CYMIECTBEHHOS H3MEHEHNUE TEMIIEPATYPBI HOHOB, YTO AOIKHO OBITH Y9YTEHO B paMKax
NEPEHOPMHAPOBAHHON TEOPHH 3TOM HEYCTOIYHBOCTH.
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TURBULENT SCATTERING OF PARTICLES IN THE AXIALLY SYMMETRICAL RADIALLY
INHOMOGENEOUS ROTATING PLASMAS
E.U. Wakim, V.S. Mikhailenko, K.N. Stepanov and D.V. Chibisov
V.N.Karasin Kharkov National University
61077, Kharkov, Svoboda sq., 4

The studies of the particles scattering due to their interactions with electric field of the electrostatic turbulence of the axially
symmetrical plasma are carried out. Electric field id considered as the ensemble of the cylindrical waves with random phases.
In the frame of the Hamilton equations the fluctuations and quasilinear variations of the radial and angle coordinates of the
leading center and radial and angle coordinates of the particles position on the Larmor orbit are considered. The results
obtained are applied to the analysis of the particles scattering by the random fields of drift, drifi-cyclotron turbulence of the
radially inhomogeneous plasma, and by the random fields of the ion cyclotron turbulence of plasma with axis encircling ions.
KEY WORDS: plasma, cylindrical waves, drift turbulence, drift-cyclotron turbulence, ion cyclotron turbulence, leading center
coordinates.
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VK 535,915
OCEBASI CTPYKTYPA BU PA3PAJIA HU3KOI'O JABJIEHHS B BO3AYXE

B.A. JIucoscknmii, C.JA. Axosun, B.Jl. Eropenkos, B.H. ®apeHHK
Xapvrkosckuil HAYUOHANLHYI yHUEEpCUME, Yxpauna, 61 077, Xapwvxos, ni. Ceoboowi 4
"Ho T1] HAH u MO Vpaunvi, Vepauna, 61143, Xapwios, yn. Hoezopoockas !
[TocTyroina B pejaxipno 17 miojs 2000 r.

B paGore mnpMBeJeHbl pPE3yIbTaThl 30HUOBBLIX U3MEpEeHMit BHYTPEHHUX FapaMeTpoB BBICOKO4ACTOTHOTO €MKOCTHOT'O
Fa30BOro paspsiia B BO3LyXe HM3KOro AasieHUs. 110Kka3aHo, HTO OCEBbIC npodyTH TUIOTHOCTH TDIa3MBI UMEIOT MaXCHMYyMbl
BGNM3M TPAHMIl MPUBNEKTPOAHBIX CIOEB HE TOALKO B CHIBHOTCUHOM, Ho W B CNaGoTOMHOM pexuMe ropermsd. B
cnaboroudoM pexxume BYU paspaza Ha OCEBBIX npoduIsx TeMIlepaTypbl 3/I€KTPOHOB HaOMOAAl0TCs Pe3Ko BBHIPAXEHHBIC
MaKCHMYMbI BOJIM3M TPaHML] IPHNIEKTPO/HbIX CIOEB, & B CHIIBHOTOMHOM pexuMe TeMIlepaTypa dIEKTPOHOB MPAKTHIECKH

MOCTOSHHA BO BCEM PaspsIHOM TPOMEXKYTKE.
KJIFOUEBBIE CJIOBA: BbICOKOYACTOTHBIN €MKOCTHBIH paspsjl, HU3KUE JaBIICHH.

BBICOKOYACTOTHBIA €MKOCTHBIN pa3psad HPOKO HCMOJB3YCTCA MPH 06paboTKe NOTYIPOBOAHHKOBBIX MATCPHAJIOB
(TpaBnenne, ocaxKacHue) {1], And HaKa“uKH Ta30BBIX JIA3CPOB [2]. B nocnemuee Bpema BU paspsaa B BO3AYXE HU3KOTO
NABNEHHS MPHUMEHACTCA TAioKe Ui IIA3MEHHOH CTCPUIM3ALMH MEMIMHCKUX urcTpymenToB [3, 4]. Tloatomy
HCCIEAOBAHUE BHYTPCHHMX NAPAMETPOB H PEXMMOB rOPCHHA BY paspana ABIACTCA aKTyJIbHOH 3aJaveH.

Kak m3secTHO [2, 5], BU paspsa MOXET ropeTh B ABYX Pa3/IHBIX PEXMMAX. cnaboTOMHOM (OU) H CHJIBHOTOTHOM
(y) pexmMe. B o-peaiMe 3IEKTPOHB! NPHOOPETAIOT JHEPHIO AMA HOHH3AIMH MOJCKYT raza B BU mnone B
KBA3HHEWTPANbHOM IIasMe, TPH 3TOM 3MHCCHS 3JICKTPOHOB C OBEPXHOCTH 3JIEKTPOJOB CYIICCTBEHHOH DPOIH B
OAEPIKAHUH PA3pAAa He urpacT. B o-pesxume TPOBOMUMOCTE DPUINICKTPOIHEIX CIIOCE Mana. B y-pesxxume BTOpUMHBIC
3NEKTPOHEI, BbIOHTBIE C MOBEPXHOCTH JIEKTPOAOB YCKOPCHHBIMH HOHAMH, MOTYT HaOpaTe 3HAYHMTC/IBHYO JHCPTHIO B
BY none BGM3M MOBEPXHOCTH 3MCKTPOJAOB, H B DPHINECKTPOAHBIX CHOAX DPasBHBAIOTCA 3TICKTPOHHBIC JIABHHBL.
OCHOBHAS MOHHU3AIMA MOJICKYJ Ta3a JIEKTPOHAMH B Y-pEXUME MPOHCXOTUT BOJIM3M TPAHUI] MPHAIEKTPOJHEIX CIOCE, a
BY nojie B KBa3MHEHTPANBLHOH IU1a3Me CTAHOBHTCA HEJOCTATOMHBIM /UL TOTO, 4yT06Bl 3MEKTPOHBI MOTJIM MPHOOPECTH
JOCTATOYHYIO UL MOHM3ALME SHEPruio. IIpUONEKTPOAHBIC CI0H B Y-PEXHUME HMEIOT SHAUHTCIBHYI0 NPOBOAMMOCTS H
1O XapakTepUCTHKAM NOAOOHBEI KATOXHOMY CJIOKO paspsisia HOCTOSHHOTO TOKA. | :

B macrosuieii paboTe 30HAOBbIM METOAOM IIOTYYCHBI OCCBBIC npouIM IIOTHOCTH IIa3MBbl, TEMIEPATyphl
3IEKTPOHOB H NOTEHIMANA 11a3Mbl B BY eMKOCTHOM paspsne B BO3AYXE MPU HU3KOM JAB/ICHHH.

YCIOBUA IKCIIEPUMEHTA .

JKCIEpPHMEHTHl MPOBOIWINCH NMpH JAapncHHAX Bo3myxa p=0.1-2 Topp B aHanasoHe BY HanpsKeHHN
Uys< 2000 B u uacrore BY nona /= 13.56 MI'u. PaccTonue MexIy MIOCKMME NapajicTbHBMU 3AEKTPOJAMH U3
Hepmage}omeﬁ- cramu muamerpom 100 mm Osuio paBHo 53 Mm. BY HampskeHHE NpHKIAABIBANOCE K OJHOMY H3
3MEKTPOAOB, BTOPOil 3MekTpoA Obul 3asemieH. LA ynaneHus NOCTOSHHOIO HANPSDKEHHS ABTOCMEINCHHS MEXIY
3MEKTPOAAMH NOIJTOHANICS APOCCETb HHIYKTHBHOCTEIO 4 MIH. -

TTapameTpsl IUIa3MBI (TEMOEPATYPbl 3MEKTPOHOB [, MUIOTHOCTH MJIA3MBI #; H NOCTOAHHOM COCTABMOMEH
NOTCHUHANA NA3MBI () M3MEPAIHCh C NOMONIBIO OJHHOYHOTO MMIMHIDHYECKOTO 30HNA M3 HHXPOMA JHAMETPOM
0.18 MM u qauHOM 5 MM. B nccnenoBanHoOM HAMM AHANA30HE NABJICHUH MOJOKHUTEABHBIE HOHBI B MPU30HAOBOM COE
MOTYT crimmnancx C MONIeKyaMH Ta3a, MOITOMY MJIOTHOCTL IUTA3MEI /2; Mbl ONPEACIIUTH K3 HOHHON BETBH BOJBT-
AMIIEPHON XAPAKTEPUCTHKM 30HAA ¥ U3MEPCHHBIX 3HAYCHHH TEMIEPATyPhl 3NEKTPOHOB 7, MO METOAMKE, ONHCAHHOH B
[6]. TloTemuman mAa3Mbl ¢, ONDEICNANCA H3 HYNCBOTO 3HAYEHWI BTOPOW MPOM3BONHON 30HAOBOrO TOKA MO
HANPsOKCHUIO Ha | 30HOE, a4 TAKOKE W3 M3MCPCHHBIX 3HAYCHUH IUIABAKOLICTO NOTCHIMANA M TEMIEPATYPHI 3JICKTPOHOB,
Temueparypa ICKTPOHOB 7, PaCCHUTHIBANACH H3 JTHHCHHBIX Y4aCTKOB HA 30HNOBOH BOJIBT-AMIICPHON XapaKTEPHCTHKS
M HA 3ABHCHMOCTH BTODOH NDOM3BOZHOH 3OHJOBOTO TOKA OT HANPDKCHMA HA 30HzE, HOCTPOCHHBIX <
nosyaorapudmuteckom macmrade. Bemmiuner 7,, onpenencHHbie TAKKME ABYMA CHOCOGAMH, pwm% i BAnoE
wem a 20 %. BTopas mPOM3BOIMAA TOKA HA 30HA MO HANDDKEHUIO Ha 30H%e d°l,/dU,’ Gbia MOMYYEHA METOOM
BTOpPO# rapMOHHUKH, T.€. 30H0OBBIA TOK MOYMPOBAJICA HH3KOYACTOTHBIM uanpme:lmehiz llaém'fbﬁ 2 xI'y ﬂpu ITOM
PErHCTPHPOBANCA CHTHAN HA YABOCHHOM 4acrote 4 KL, '

. IKCHHEPUMEHTAJIBHBIE PE3VJbLTATHI
{a puc.] nokazaHbl oceEble MPOQIIH TUIOTHOCTH NJIa3Mbl U OCTOAHHON COCTABIIMO CHIMANA nnas

| 03 . IIOICH NOTCH -
nasnenuax sosayxa 0.1 w 0.6 Topp. Y3 puc.l cneayer, 4T0 npm HU3KMX AABICHHUAX BO3AYXa nmn;ﬂan :;:1&?:
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Puc. 1. OceBrle mpodiwm MoTeHIpMaa IwiasMel (a, b) U IIOTHOCTH 1UtasMel (¢, d) NpH faBieHUIX BO3AyXa
0.1 Topp (a, ¢) u 6.6 Topp (b, d) u mpuickenrmIx BY HanpsDKeHuaX:
ayuc)i-U,=300B,2-600B,3-900B,4 - 1200 B,
bud)l-U,=300B,2-450B,3-600B,4-750B,5-900B,6-1050B, 7-1200B, 8 - 1350 B.

COXPAHACTCH NMPAKTHYSCKH NOCTOAHHBIM BO BCSH 001aCTH KBA3HHCHTPAIBHOH UIA3MBI H CHMMETPHYHBIM OTHOCHTEIIEHO
HEHTPA PaspAOHOr0 IPOMEKYTKA, 3aMETHO YMCHBIIAACh NHINE B NPHAJEKTPOAHBIX crosax. Ilpm Oonee BBHICOKHX
nasneHEuax (puc.1b) mpodmis MOTEHIMAna CTAHOBHTCA ACHMMETPHYHBIM, NMPH 3TOM B KBA3HHCHTPANBHOH IUTasMe
HAGMIONAETCS TOCTOAHHOE 3JCKTPHYECKOE TMOJe, KOTOPOS BHI3BIBACT NPOTEKAHME YEPE3 PaspAAHBIA MPOMENYTOK
MOCTOAHHOIO TOKA (MOPANKA HECKONBKHMX MHJLTHAMIIED).

B ormuume ot BY paspaaa B aprose [7], oceBsie NpOQIIH IUIOTBOCTH IIa3MBI B BY paspsaae B BO3AYXE HMEKOT
MAKCHMYMSI BOJH3H TPAHMII MPHNEKTPOAHBIX CIOCB HE TOJBKO B CHJIBHOTOYHOM, HO M B CNIAGOTOYHOM PEXHME
ropernsa. IloABIEHHE ITHX MAKCHMYMOB MOXeT OBITh BBI3BAHO ABYMS OCHOBHBIMH NpHYMHAMH. BoO-TepBbX, B
CnabOTOYHOM pEXHME TOPSHHMA JNCKTPOHB KBASHHCHTPATBHOH IUIA3Mbl, CTANIKHBAACE C JBIDKYIIEHCS TPaHHLCH
NPU3AEKTPOAHBIX CHOEB (TaK HA3BIBACMBIH «croxacTHueckuit Harpes» [2, 8]), MoryT mproOpeTaTs AOBOIBHO GOMBIIYI0
9HEpTHIO, AOCTATOYHYIO [UIA HOHH3AIMA MOJEKYJ ra3a 3JICKTPOHHBIM yAapoM. BoO-BTODEIX, NHpH NMPHOJIOKCHUH U3
I1a3MBl K TPAHMIE OPHSJIEKTPOTHBIX CJOCB YMEHBUIACTCA IUIOTHOCTh IIA3Mbl M OZHOBPCMCHHO YBCIHMMBACTCA
INEKTPHYECKOE TOJE, YTO TAIOKE MOXKET Pa30rpeBarh JICKTPOHB IIA3MBIL.

Ha pmc.2 nokazaHbl OCEBHEC NPOQHIM TEMNCPATYPhl 3/EXTPOHOB NPH JABJCHHH BO3AyXa 0.6 Topp. U3 atoro
PHCYHKA CJIEAYET, Y70 B CIa00TOYHOM PEXKUME TOPCHEA BY pa3psazaa (nepebie TPH KPHBEIC) TEMINEPATYpa 3JICKTPOHOB B
KBasHHEHTPaNbHOH TWIa3Me NPEMEPHO paBra 4 3B, 4T0 B 2 pa3a BHINE, “eM i BUY paspsaga B aprose [7]. Bomusn
rPaHul MPHE3NCKTPOAHBIX CJIOCB HAGMONAETCA PE3KOE YBEIMUCHAE TEMIIEPATYPhI 3/IEKTPOHOB BILIOTH 10 7 - 8 3B (ana
aproHa MAKCHMATbHBIE 3HAYCHHA TEMIEPATYPEI JICKTPOHOB HC npespmmany 4 3B). ITosromy ecim B C1aboTOMHOM
pexemve roperus BY paspaza oceBbie npOGIH MIOTHOCTH IUIA3MBl HMEKOT KOJIOKOJI000PasHBIA BHI C MAKCHMYMOM B
meHTpe paspana, 1o B BU paspase B BO3AYXe MAKCHMyME! H2 OCEBBIX OpOQuIAX MIOTHOCTH MIA3Mbl CMEINAIOTCA K
rpaHuuaM IPHIICKTPOHEIX CJOCE. Tlossmmenue BU HanpOKEHHA B (L-PEKWME NPHBOJMT K CabOMy YMEHBIICHHMIO
TEMTIEPATYPH CKTPOHOB B KBASHHEHTpaNBHOH mwiasme. Ilpa BY manpsoxerun Uy > 700 B naGmoznaerca nepexoa u3
o~ B y-p&KHM TOPCHWSA, NpH 3TOM CHa4aja NPOHCXOIHT YMEHBIICHAC TEMEEPATYPH 3/ICKTPOHOB BOJW3M TpaHHI,
NPEAACKTPOIHBIX CIIOCE. BU paspax mpu 3TOM COCTOHT H3 JBYX «KATONHEDX CHOCB, ABYX «TCMHBIX (apaneessix
NPOCTPAHCTB, 2 B HEHTPAThHOH obmacTa 06pasyercs CBETAmAACA OOJAACTh, AHANOTHMHAA 0O XAPAKTCPHCTHKAM
HONOAKHTCBHOMY CTONOY Pa3paia TOCTOAHEOTO Toka. TIpu BRCOKMX BY HANPIAKCHUAX TCMICPATYPA ONCKTPOHOB
NpaKTHYECKH NOCTOAHHA B KBASHHEHTPANGHOH MTa3Me B C71a00 BO3PACTACT BOJW3H TPAHHIL NPHICKTPOAHBIN CAOCH.
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Pric.2. Ocesble MpoQIIN TEMITEPATyphl 3/IEKTPOHOB NPH JaB/ICHIH BO3/IyXa 0.6 Topp u BY HanpsDkeHMAX.
1-Uy,=300B,2-450B,3-600B,4-750B,5-90B, 6 — 1050 B, 7~ 1200 B. B
Puc.3. 3aBUCHMOCTb TEMIIEPATYpPhl SJIEKTPOHOB B LIEHTPE paspsjia OT NPUIOKEHHOro BY HanpsxeHHA
npH NaBienuy Bo3ayxa 0.6 Topp.

Ha puc.3 mpeAcTaBneHa 3aBHCHMOCTh TEMIICPATYPEl JJCKTPOHOB B LCHTPC paspaaHoro mpomexyrka or BY
HANPSDKEHMA HA 3NEKTPOAAX NMPH AABJICHHH BO3AYX2 0.6 Topp. 13 31010 pUCYHKA CACAYET, YTO B cAA00TOYHOM PEXKAME
ropermst BU paspaza (U, < 700 B) Temnepartypa 3MEKTPOHOB Cla00 yMEHBIMACTCA C POCTOM BY manpsoxenma. [Ipua o~y
riepexosie HAaOMOAAETCA PE3KOE YMEHBIICHHE TEMIEPATYPhl 3NEKTPOHOB (Gonee yem B 3 pasa), M NPH JANMBHEHINCM
nossimenns BY Hanpsxermua 7, MEAnCHHO yMmerpmacrcd. TlomyyeHHBIC HAMH pPE3YABTAaThl YAOBJCTBOPHTEIBHO
COTTIACYIOTCA € SKCIEPHMEHTATBHBIMHE JAHHEIMH [9] H TCOPETHHECKHMH MPCACKA3AHUAMH [10].

Taxum 06pa3oM, B HacTosmell paboTe IKCHEPHMEHTATBHG NONYHCHBI BHYTPCHHHC NApaMETPsl {(remmieparypa
3EKTPOHOR, IVIOTHOCTH IIA3MBI W MOCTOAHHAA COCTABILIOMAA HOTCHIHANG IA3MEL) BHICOKOUACTOTHOIO EMKOCTHOTO
FA308B0T0 paspafa B BO3AyXe Hu3koro nasneHma. I[loxasamo, 4r¢ Ha OCEBBIX NPOPWLIX ILIOTHOCTH IUIA3MBI
RaBTIONAIOTCS MAKCHMYMS! BONM3H IDaBML MPHONEKTPOXHEIX CAOCB KaK B CWILHOTOYHOM, Tak H B CHaOOTOYHOM
pexcarsax topeRms. OceBrie NpoQWIM TEMICPATYPH! INEXTPOHOE B cnaGotounoMm pexamMe BY paspsaga HMEIOT
MAKCHMYMBI BOJIM3HM TPAHMI OPHINCKTPOAHBIX CNOEB, B TO BPEMA KaK B CHJIBHOTOYHOM DPEXHME TEMIEPATypa
3EKTPOHOB MPAKTHYCCKH TOCTOSHHA BO BCEM Pa3psFHOM MpoMexyTke. Tlomydermsle HAMH PE3yMBTATE MOTYT ORITH
MCHOTB30BAHBl MPH pa3paboTke ¥ ONTUMM3ALWH TEXHONOTHYECCKOro obopynoBaHuA, mCmoie3yromero BUE paspan B
BO3AYXE HU3KOTO JABJICHUA (HanpHMED, IUIa3MEHHBIX CTCPHIH3ATOPAX).
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AXTAL STRUCTURE OF LOW-PRESSURE RF DISCHARGE IN AIR
V.A. Lisovskiy, 8.D. Yakovin, V.D. Yegorenkov, V.L Farenik
Kharkov National University, 4 Svobody sq., Kharkov, 61077, Ukraine

Th'e paper reports the results (?f probe measurements of internal parameters of rf capacitive gas discharge in low pressure air. The
axial profiles of plasma density are shown to possess maxima in the vicinity of electrode sheaths not only in the Ingh vt
regime of burning but in the low current one. One observes clearly expressed maxima on axial profiles of the electron tem peratur ature
in the low current regime near the boundaries of electrode sheaths. In the high current regime the electron termneratiure s al
constant across the discharge gap. | - " the electron temperature is almost
KEY WORDS: RF capacitive discharge, low pressure. |
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B nammii CTaThe MPEZICTaBIICHBI PE3y b TATh! Pa3paGoTKI KOHLETILAH LIEHTPa PaTMALOHHO-3KOJIOTMYECKOTO MOHUTOPHHT 3,
OTMCRIBACTCA €T0 APXWTEKTYPa H CTPYKTYpPHO-(YHKLIMOHAMEHBIE CXEMBI, COCTABIMIOMIMX €I0 YACTeL BKIFOUEHBI Taloke
ACTAIBHBIE CXEMBI TPHOOPOB MUCTAHLMIOHHOIO KOHIPONA PAJMALIOHHON 06GCTaHOBKIL IpemiokeH m paspaGoTaH caifr
«OKOCTIEKTDY», KOHUEHIPHPYIOMFI PErHOHATBHbIC PAUALMOHEbIE NAHHbIE 1 VIMEIOIIA GoITbIoe KOJBAYECTBO THIIEPCCHUIOK
HA MHpPOBBIE CUCTEMBI Pa UALIOHHOTO MOHHUTOIPHHTA.

KJIFOYEBBIE CJIOBA: paipaloHHELA MOHHMTOPHMHI, paJHallHOHHAS 3KOJIOTMA, paAVALMOHHBIA (OH, JPCTAHIMOHHBIA
MOHHTOPVIHT.

PETMOHAJIbHASI HTHTETPUPOBAHHASI CHCTEMA PATMAIIMOHHO-3KOJOIMYECKOI'O
MOHUTOPHHTI A

BecKOHTPONBHAS TEXHOIeHHAT NeATENBHOCTh MOCHEAHHX JIET H OTCYTCTBHE NOCTOBEPHEIX JAHHBIX O COCTOSHMH
OKPY>KAIOIUSH CPenbl MPUBENH K 3HAYHTEIBHOMY YXYALICHUIO 3KONOrHYecKol o6cTaHoBKM. Bo BceM Mupe Bce ocTpee
BCTaeT MpodsieMa PanMOAKTHBHOTO 3arpA3HEHHA, a MOCNEACTBHA PANHALIMOHHBIX MHIMACHTOB OLEHHBASTCA KAK BCE
Oomee yrpoxaromee B CWIy MX MacmTabHOCTH M OONTOBPEMEHHOIO BO3AEHCTBHA HA YeJIOBEKA M 3IKOCHCTEMEL
ITosromy, cozmanme CHCTEM, NMO3BOJLTFOINMX OINESPATHBHO MONYHATh HAHHBIE 06 H3MEHEHHSIX PAOMALHOHHOrO (HOHA,
CBOEBPEeMEHHO 00pabareiBarh JaHHBIC M PacNpeAeiiTh UX IO 3aHHTEPECOBAHHBIM OPraHM3ALMAM, BKIIFOYAS OpPTaHBI
BJIaCTH, BeCEMa aKTyaubHO. J[OCTYMHOCTE AAHHBIX MO PaaHaUHOHHO-3KOJOTHYECKOH CHMTYalUMH M, OCOGSHHO, MX
ONepPaTHBHOE MONy9deHHE ITO3BONHT CHH3MTh TAKOH HETAaTHBHEIM CHHAPOM, Kak pamiodobui, a B Upe3BBIYANHBIX
CHTYaUMIX ~ 3HAYUTENILHO COKPATHTh BPeM I pearHpOBaHHUA.

B Hacrosinee BpeMi B pasBUTBIX CTPaHaX AEHCIBYIOT M pa3padaThIBAIOTCA HOBBIE MOIUHBIE HH(POPMALMOHHO-
H3MEpPHTEIbHEIE CHCTEMBI, MOIBOITIOIIME ONEePAaTUBHO IONYy4YaTh AOCTOBEPHBIE AAHHBIE O TEKYLIEM COCTOSHHH
pamHANUOHHOH OOCTAHOBKM W TNPHHHMMATh HA MX OCHOBE HEOOXONUMBIE pPEIIeHHA TO YIPABIEHHIO 3KOJIOrMYECKOM
oGcraHoBko# [1, 2]. ITpu 3TOM HCHONB3VIOTCA CaMble NOCIENHHE HOCTIKEHHA MUKPOIJIEKTPOHUKH, BEMMHCIIMTETbHOH H
H3MEPHTEIbHOH TEXHHKHM BIUIOTH OO I[JI00QNBHBIX KOMIBIOTEPHBIX CeTéd M CIYTHUKOBBIX KAHANOB CBA3H. K
COXKANEHHMIO, HAa YKpaHWHe, rIe HauOonee CIOKHAT PAOUdalHOHHAA CUTYAUHUA B CIHIIYy BBICOKOM IUIOTHOCTH aTOMHBIX
3MIEKTPOCTAHIMIA KAK B CTPaHe, Tak H B OmmKalmmeM OKpy)KeHHu, GOJBLIOro YMCIA MPeNNPHUATHH, HCIIOIb3YFOLUMX
pagHAUMOHHEIE TEXHOJIOTHH H, IVTABHOe, MacmuTabHOro YepHOOBUIECKOrO MHUMACHTA, paspaboTka TakMX CHCTEM
HaxONHTCA HA HavanbHOM ctamuu. Ha Teppuropun YKpauHbl HAXOMUTCA IITh aTOMHBIX CTAHUMH C 15 NEHCTBYROIIUMU
6rnokamu (4 G10KA HAXOOATCA B CTANHH CTPOHMTENIECTBA), ABA HCCEAOBATENIbCKUX PEeaKTopa, IIecTh MeXOOIaCTHEIX
cneuxombutnaros (MCK) no 3aXOpOHEHHIO PAIHOAKTHBHBIX OTXOHOB, MATh IOPHOZOOBIBAIOIIMX KOMOHHATOB M ABA
THAPOMETALTYPIHYECKAX 3aBOAA N0 Jo0kIde H mepepalboTke ypaHa, OKONO CEMH THICAY NPEeANpPHATHM, UCTIOb3YFOLIMX
pDaZHOAKTHBHBIE BEMIECTBA, YPAHOBRIE MECTOPOKAEHHA. Bce 3To (opMHpyeT paXHaLMOHHO-IKOJIOTHYECKYHO
OOCTaHOBKY HAIIEH CTPaHBL |

B pesxuMe HOpMampHOH 3KCIUTyataliid AJC NOCTAaBILTIOT B OKPYKAFOLIYIO CpPeAy CTONMBKO OTXOHOB, YTO HX
BO3IEHCTBHE HA YeJIOBEKA M NPHPOAHBIE KOMIIOHEHTEI NPAKTHYeCKH He yraaerca obmapyxuts. OnHako asapui Ha
UeproOsumbckoii ADC B anpene 1986r., mpuBemuas K TOCTYIUISHHIO B OKPYKAFOIIYH0 CpeHy 3HA4YHTEIbHOrO
KOMHWYECTBA PAfAMOAKTHBHBIX BEINECTB, 3aCTABINA CHEUUMANHMCTOB IO pamHalmoHHO# GesomacHoctH AJC yCHIHTE
HCCNEenOBaHNA, CBA3AHHbIE C O0ECTIeYeHIEM PaaHaLMiOHHOH Oe30MacHOCTH.

JI71s TTIOCTOAHHOTO KOHTPOJIA IKOOTHYecKod 06CTaHOBKH H obecrieuenus OBICTPOro pearnpoBaHHsA HA ee BO3MOJKHbIE
W3MeHeHUA HCHONB3VIOTCA CHENHANBHO pa3palOTaHHLIE CHCTEMBI 3JKOJIOTMYECKOTO MOHMTOPHMHIA, KOTOpbIE
OBHOBIAIOTCA W MOJIEPHM3HPYIOTCH ¢ MpEMEHEHHEeM HOBEHIIMX HAYYHO-TEXHHYECKHX AOCTIKeHuH. CyllecTBOBaHHe
TAKMX CHCTEM, CHEUHATH3HPYIOIMXCA HA PaJMAOMOHHOM MOHMTODHMHIE, MOHUTODHHIE arMoC(epsl H BOIHBIX
PECYpCOB, ABIETCA HeOTheMJIEMBIM aTpHOYTOM IHBITH3OBaHHOTO rOCyAapCTBa. ]

B 3amayy Hacrosmieidfi paboTel BXOAHMT paspaboTka, CO3faHue M HCCNIeOBAHHE  CXeMBl PErHOHaNbHOM
MHTETPHPOBAHHON CHCTEME! PAIMAUMOHHO-3KONOTHIECKOrO MOHHTOPHHIA OKDYAAIOMIEH Cpeibl M PanHaLHOHHO-
3KOJIOTHIECKOro ceppepa B cerH Internet.

- NEPBHYHBIE H3MEPSHWA, B YACTHOCTH JUCTAHIMOHHBIC HIMEPEHHA MOIHOCTH IKCTIOSHIHOHHOH JO3b! (M3

ramma-(oHa;
- cbop, nepeaayy, HAKOIICHHS H obpaboTky HaHHBIX,
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- [OCTOBEpPHOE M ONepaTHBHOE OOHApY/KeHHe W3MEHEHHA M OLCHKY panHaLMOHHOH 00CT AROBER . L
OAHOBPEMEHHEIM CO3aHHeM HH(POPMALMOHHOM OCHOBBI LA NPHHATHA yAPABIEHECKAX PELICHHH HO
NOKATM3ALMH ITHX HAPYIIGHHH W MO MAKCHMATTBHO BOIMO/KHOMY CHUZKSHHMIO TIOCTEACTBHH Ipe3BBrIanHbIX
CHTYAUMH /1A HAaCelleHHA H OKPY KAIomeH Cpeasr,

- pacTipeieNieHHe Pe3yTbTaToB MOHHTOPHHTA MEKY MO/b30BATEILAMH,

- pasMelleHHe PagualMOHHO-IKONOrHIeCkor HHOpMaH Ha Web-cepsepe

s CBOOOOHOIO HOCTYMa K HeR
BCeX JKenaromux Jepes Internet. |

APXUTEKTYPA CUCTEMbI

ApXHTEKTYypa pErMOHANBHOM WHTETPUPOBAHHOM CHCTEMBI PaIHALHOHHO-3KONOTHIECKOrO MEHPITOPEHI&
npuBeziera Ha puc.l. CucreMa npefcTaBiieT coO0H HBYXYPOBHEBYIO, paboTAaroIIyio B PealbHOM MAaCHITa0e BPEMEHH
ABTOMATH3HPOBAHHYIO CTPYKTYDY.

B mepBbIi ypOBEHb BXOAAT CIICAYIOLIHE Y3IIBL:

- yoaneHHsIe TeneMeTpudeckue uardopmer (YTII),

- yoaneHHbIe crauuoHapisie myHKTE! koHTpo (¥ CIIK);

- TlepeIBIDKHEIE MyHKTHI pagualuonHoro korTpom (IITPK);

- PaAMALOHHO-KOJIOTHYECKHe CITY KObI CTALHOHAPHBIX IIOCTOB Tuppomera (PCIIT);

- PAIMALHOHHO-3KOJIOTHYeCKHe CITY>KOBI CAHUTAPHO-3TMHAEMHOJIOTHIeCKIX craruuit (PCC3C).

Bropoii ypOBeHb - PerHOHANBHBIH HHPOPMALMOHHO- AHATTHTHYECKHH HEHTP, B KOTOPBIH BXOIAT:

- xoMMyHuKauxoHHsI cepeep (KC) u ceppep 6a3s1 parusX (b);

- vH(opMaLMOHHo- aHamTHdeckuit otaen (MAQO);

- OTHEN MOHEMHpPOBaHKA cuTyauwii u passurui cuctemsl (OMCPC),

- IKCriepuMeHTATBHEN oTzen (30).

CucTeMa AO/KHA BHITIONHATD CIEAYIOMUe (yHKLHIL

- H3MEPEHHe O3Bl M MOIHOCTH 03kl FaMMa- H3TyYeHUA,

- pamuoMeTpHIO (X, ﬂ: Y - W3My9ICHUH, -

- CTIEKTPOMETPHYECKHE H3MEPEHUL &, {3, ¥ - H3ITydeHHu,

- PaIHOXMMHIECKHE H3MEPEHHS,

- ONEpPATUBHBIA OOMEH JAHHBIMH C APYTHMH PETHOHANBHBIME CHCTEMAME H HAUHOHATBHBIM LHEHTPOM;

- MIPOTHO3 H MOJIE/IUPOBAHNE CHTYaLUH,

- mpenocTaBieHue HHPOPMALHH MHPOKOMY KPYIy MNONB30BATENeH 4Yepe3 MHPOPMAUHOHHOEe Tabo, pamuo H
TeJleceTh, KOMIBIOTEPHYIO ceTh Internet.

B ocrosy YTII u YCIIK MokeT GbITh MONOXKEHO 000pyAOBaHKe, HMEIOIIeeca U paspabaTeiBaronieeca Ha kagenpe
3KCTIepUMeHTATBHOH AaepHort pusuxu XI'Y, XOTH, U311 u apyrux oprasu3ammii.

JHama3oH M TOYHOCTH OOOPYHAOBaHMA IOCTOB BHIOMpaercs M3 Cleayromux coobpakeHud [3]. Benwauea
MOIMHOCTH SKCIO3MIMOHHOM XO3bI raMMa- (OHA HAa TEPPHTOPMH YKpPauWHBI, B OCHOBHOM, JIGKHT B AUAIA3OHE
10-20 mxP/4. | | ;

Hiokuui mpezen M3MepeHHI MOUIHOCTH 3KCIO3HLMOHHOM J03B FaMMa- M3NIy4eHHA O0YCIIOBIEH (DIyKTyaLMIME
¢oxoBoro ypoBHi B paseH 1 MkP/u. Anammsupys curyammro Ha YADC mocme asapum (mo mkame MATATI -
rnobanpHas aBapus MAKCHMAIBHO BO3MOYKHOrO YPOBHA 7), ¥ NPHHMMAA BO BHUMaHWe HATMYHE MpPEBBIICHUN ypoBHel
MOIHOCTH 3KCHO3HUMOHHOK 035l B 100 P/u, MOXHO OrpaHAYMTCA BepXHUM 3HaueHMeM 1000 P/u sa ADC. Bnamu or
ASC (Ha paccrosHuu Ooee 5 KM) BIONHE MOXHO OFPAHHYHTBCS BEPXHUM NpPencioM — 1 P/g.

Heo6xoanmo obecne4uTs TOYHOCTh H3MEPEHHA BEIHMHHEL MOIHOCTH IKCTIO3ULHOHHON A0 TaMMa- H3Iy4eHHA
nipu ypoBHAX 10 MxkP/4—30%, a npu 1 P/a -~ 5-10%. |

Cymmapnat obbeMHad OeTa-aKTHBHOCTH 29PO30NEH BO3AYXA 3aBHCHT OT KOHUEGHTPAUHMH B IIOYBE 3/IEMEHTOB
PanyOAKTHBHBIX PANOB H 3ambUICHHOCTH arMmochepsl. Hivkuuii mpenmen cymmapHoll Gera- akTUBHOCTH asposo;iei'{
BO3NyXa Ha YKpauHe NO JAHHBIM PasHBIX M3MEPeHWH 32HMMAeT MpOKMil fuanasor 0,1-1 MxBx/n. Cpasy mocrme
asapun Ha YASC cymmapHad Gera-akTHBHOCTh a3posoNelf Bosmyxa Baamu of r.UepHoGEULA (r.Mumsck) ziocrmana
sesmuuueI 1 Bx/1t, 2 B patione camoit ASC ona Ghura eme Ha 1-2 TopsaKa Bbime. TI03TOMY MAKCHMANBHE® BeJTHHHbI
CYMMAPHOH GeTa-akTHBHOCTH a3pO30JieHl BO3AYX2a MOTYT ROCTHTaTh (M AaKe IpPeBbILIATH) BeITHUUHY ' 10-100 BxAr.
Hipxuii npezien uaMepseMoii CyMMapHOii 06beMHOl GeTa- AKTHBHOCTH a3P030MTel BO3IYXA HeoGXOMIMO 06 eCIeu TS
Ha ypoese 0,1 MxBk/n, 2 BepxHuii- Ha yposHe 1000 B/ ' o ek

| - S i 3 . _ OCHOBHOM, MNpPOAYKTAMH pacmafa panoHa,
:Elxemm BbIIIE CYMMApHOH (DOHOBOH GeTa-akTHBHOCTU a3po3oneil W JNEKHT Ha Vkpaure B muanasoue 0,4- 10

5: e A A amq’a'mmw” a3p030Iel BO3AyXa 06yCOBNEHA, B OCHOBHOM,
CEeMEUCTE YPaHa W TOPWA, KOHUCHTPAUUA KOTOPEIX B 3HAYHTENbHON CTENEeHH 3ABHCHT OT BUNA T
armoctepsl. Hruoxnul npenen cymmapHou anb(a-akTHBHOCTH it (i

- | 43p030neH BO3AyXa Ha YKpause AocTar

PANMOHYKNHAAGMH
H 3aNbUIEHHOCTH
O4HO LIHPOK K
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Puc.3. CIpykTypHas cXeMa YIaJIeHHOT0 CTalMOHApHOTo ITyHKTa KoHrpord (Y CIIK)

VCIIK oGopyayerca OaT4MKaMH Iid u3MepeHus Mmereoycnosuud (T, P), MOIIHOCTH HO3H y-M3Ty4YeHHA, a TAKKe
paIHMOMETPOM IJIA KOHTPONA o, y-HYKIHIOB B Pa3IM4HbIX CPeaaX M CIEKTpOMeTpa MJIA H3MEPEHHA O3, y-H3nyEHHI.
JlaHHEIe, NONY4eHHbBIe NIPHGOPAMH, IOCTYNAT HA MOMIHAI MUKPOKOHTpo/wTep dupmer Ostagon Sistems MicroPC, rae
TIONY9AlOT TepBOHAYANbHYI0 o0paboTky ¥ ycpeamenne. C MicroPC uH(popmalms oTnpasnierca yepe3 KOHTPOJUIep
TAKeTHOH CBA3H no pagmokaHany B MAI] u no kaGembHoil cBsasu Ha IBM-kommsrotep. JIaHHBIH THI KOHTpOJIEpa
BHIOpAH MO COOGPAKEHWFO MOJHOH amNNapaTHO-MPOTrpaMMHOH coBMecTHMOoCTH ¢ IBM kommbroTepamu u Oorarod
HOMEHKIATYpOoil (DYHKIMOHAIBHBIX MONydell. B cOCTaB 3THX MOZyJIeH BXOHHMT CIIEKTPOMETPHYECKHH aHasoro-
1mpoBoit mpeobpazosarens GupMer “OpTekc”. |

KoMIbioTep NPOH3BONMT AOMOIHHTENbHYI0 0OpaboTKy, aHAaqM3 H HAKOIUIGHHMe MONy4aeMOH HH(OpMaLuH.
Komrsrorep MoxeT ObITh YKOMIUTGKTOBAHA MOJEMOM [ULA BRIXOAA TIO tenedoHHbiM KaHanaMm B ceth Internet. YCIIK
JIOJDKHBL MMETh HCTOYHHKM GecnepeCoHHOro MUTaHuA, NO3BOILIFOINHE obecnevnTe paloTy CHCTEMBI B TeYeHHe ACCATH
9aCOB TPH BRIKIFOYEHWH IHTAHHA, HOPMATBHOE 3aBepIICHKE paboThl N0 MCTeMEHHH YKA3aHHOTO BpPEMEeHH C
HOCIHEAYEOIHM NPABMITLHBIM NMPONODKEHNEM pabOoThI IPH MO/2'e INEKTPONHTAHUA.

CTPYKTYPA B3AMMOJIENCT Bﬁﬁ HHO®OPMALIMOHHO-AHAJIMTUYECKOI'O HEHTPA
Cxema piaaMoneiicTeul HHGOPMAUHOHHO-AHATHTHIECKOrO HEHTPA (MALL), xoTopslit MOXKeT Haxomursct 8 XHY,

[EPOAEMOHCTPHPOBAHA Ha puc.4.
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Prc.4. CTpyKkTypa B3aMOJIEHCTBHI HHpOpMALMOHHO-aHATTMTIIecKoro LieHTpa (MALI)

Bce maMepHTenbHbIe JAHHBIC MO  3KOMOrMYECKOM, B YACTHOCTH PamWauMOHHONM, OOCTAaHOBKE B PErHOHE C
NIOMOLIBI0 CPEACTB CBA3H (PANHMOCBA3H WK TeNedOHHBIX nmuHMi) npuxoaat B MALY mubo manpsmyro, mubo uepes cerh
Habmonenus. Beuio OBl MPaBIIILHEIM MCIONB30BaTh 002 KaHANA 11 B3aUMOKOHTPONA B GONbINeH HaAeKHOCTH paboTsl
CHCTeMBI 3KOMOHHTOpHHTa. WALl TpOBOZAMT COPTHPOBKY, TIONHYIO OOpabOTKY ¥ CHCTEMATH3ALMEO NOTYYEHHBIX
JAHHBIX, 3 TAKke UX HAKOIUICHWe M JONTOBPEMEHHOS XpaHEHWe HA 3JEKTPOHHBIX Hocuressix. Ilocne obpaforkm
uHpopMaUMd —~ B BHAe TAOMML, AMArpamM, rPaQuKOE M KapT, COMPOBOXNKAAACH KOMMEHTAPMAMH M IPOrHO3AMH,
nepuopudecku (TPA HOPMATHHOM cmyamm) HanpaBJIAeTCA MO HE3ABUCHMBIM KaHanaM B XapbKOBCKHI HHCTHTYT
sxoormyeckux mpobnem (XUIIN), ICTPALMIO rOPOAa ¥ OOACTH, CAHUTAPHO- MUASMHUOIOr MYECKMe CTAHIMY
(C3C). TTo mepe HeobxonumocTH AL MOXeT NPefOCTABNATS ONEPATHBHBIS JAHHLIE TIO HENOCPEACTBEHHOMY 3arnpocy
BBIIEYNOMAHYTEIX Y4peKOeHuH. KpoMe 3T0ro Bce pesyanTaTel KPYIAOCYTOMHO AOCTYITHBI VT KAKHOLO JKeNARIEro
yepes Internet. Takad cucreMa HHPOPMAPOBAHKA MO3BONUT BOBPEMs PEardpPORaTh HA BCE IKONOTMHECKUe HIMEHEHHS B
OKPYKaIOMIEH CPe/ie M HCKIIOYUT BOSMOXKHOCTD Ae3MH(OPMALHY H CKPHITHA HeONAronpUATHLIX (AKTOB.
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Yooe Cm"":‘m‘mygm w1 CXENIA TIPOTPAMMHPYEMOF'0 CIIEKTPOMETPA-/I03HMETPA
RSl o Mpe | ypoRHA PanMauiy MpepIaraeTCA WMCTOMB30BATH  MPOTPAMMUPYEMSIil
TpsAuEn paboTsr 3Toro lnﬁ % vt TIOSBONAFOIMH PerUCTPUPOBATE O-,B-, U Y-U3NYUEHHA OJHOBPEMEHHO.
Sointoniist ) TeX Tl TIPHOOPA TOCTPOCH HA MPHMEHSHHHM CHCTEMbI TONYNPOBOJHMKOBBIX NETEKTOPOB DAIHON

| : ACTEKTOPOB ~ “TOHKOr0” H ABYX “TOMCTHIX”, PaCTONOXEHHBIX APYT 33 APYIOM, YTO IIO3BONAET

o OpaHa TakuM O6pa3soM, YTO TOKENble O-YACTHI!

ieegcnipnponajm& B TEPBOM “TOHKOM™ HETeKTOpe, a SHEPrOBLIACNICHHE JIETKHX [B-uacTHLl H Y-M3JIy4eHHI ObUIO
Eﬂm (TopAaKa YpoBHA UIyMOB), B-4acTHIE! PETHCTPHPYIOTCA BO BTOPOM “ToncToM” AerekTope. Permcrparis

Y-H3IyYeHHA OCYIIECTBIIASTCA TPETHHM JETEKTOPOM. |
CrpykrypHas cxema npuGopa npruseaeHa Ha puc.S.
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Prc. 5. CTpykTypHas CXeMa TporpaMMIpYeMoro CTIeKTpoMETpa-I03UMETpa.

MTHAIE NOTYIPO oBbIx nerexropos (A1, 12, [13), peruCTpUpyOWuX o, f3, H y-H3JTy4eHHA, NOCTYNAT Ha
mgmmmm%e;me y?mu(imiﬂ?fi‘-ﬂ'[yl, 34I1y2, 3"-1]1%3). ONEKTPHHECKHe MMITYIbCbI OT
3APANOYYBCTBATENBHEIX  IPEIBAPHUTEIBHEIX YCHAHTENEH ¢ aMILTATYAOH, — MPOTIOPUHOHANEHOH  SHEprii
33PerdCTPUPOBAHHOTO PAAMOAKTHBHOrO H3JTyqCHIA, NIOCTYNAKT Ha YCHUIHUTENH- (GOPMHPOBATENH (Y:D], Y2, YP3).
ch,rm-q}opunpomjm 0BECTIeHHBAIOT YCUTIEHHe CHTHATA W 3aNOMHHAHUE €0 Ha BPEMA MPeoOpasoBatia ero
aaamr&xm@»poam npeobpasosaremix (ALJIL, AL[TT2, ALM3), a takke (OPMHPOBAaHHE WICHTHPHLMPYIOWRTO
HMITYIIBCA 14 KOHTpOIUIEpa. ARANOro-UM(POBEIe NPeOCPasoBATENH CIYAAT AA NpeoSpasoBaKisi AHATIOrOBbIN
CHTHANOE OT KAKIOTO H3 HETeKTOpOB B 8-MH paspayHbili  ABOMMHbIA KO, KOTOPBIH NOCTYNACT HA KOHTPOILIZP.
Kompomwp BHIpabATAIBACT CHIHAN IIA SBM 4 KON MASHTHOHKATOP, ONpeferoWMil, B KaKHX ZeTeKTopax ObpL1o
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1APerHCTPUPOBAHO PAOMOAKTHBHOE H3NY4eHHe, a Taike 00ECneYHBacT yNpaB/eHHS HSMGpHT%’IbHOﬁ an'napa’rypog.d
Cucrema cornacoeanus ypoeHeit CCY mnpeofpazyeT OZHONOIAPHBIA CHIHAA, NOCTYHAFOLUMH C KOHTpOJUIepa, K
crammapty RS-232 W NOMNEPXHMBAST  ACHHXPOHHBIH ABYHATIDABNEHHENH OOMEH ¢ BHEIHMM YCTPOHCTEOM-
NePCOHANBHBEIM KOMIBKOTEPOM, KOTOPBIH ofecreunBaeTcs O0IMM 1 CHeLHANbHBIM MPOrpaMMHEIMHA naKeTaMy. |
B ka4ecTBe MOMYNPOBOAHHKOBOrO ASTEKTOPa MOKHO HCTIONb30BATh KPEMHHUEBIS JETEKTOPR! GobIION TUIOMIAAN
~20 cM”) pupmBl “Oprekc”.
( Ho) qz):afmoﬁ ‘OC]:‘,IT]DYKTYPHOfI cxeme Ha Kadempe OSKCTIEpUMEHTAIBHOA AAEPHOH (pH3MKH pa3paboTaHBbi
TIPHHUMTHATBHBIE CXeMBI PHOOpA.

CTPYKTYPHASL CXEMA MUKPOKOHTPOJUIEPHOT'O CIIEKTPOMETPA HA NAJ(T L)
CIMHTWLIATOPE
I} PeKTUBHOCTE PETHCTPALMK Y-M3TY4eHHA MNONYNPOBOJHHKOBBIMM CUETYHKaMH H3 KpPEMHHA HEBE/THKA
(coctaBnger 5-8% B 3aBHCUMOCTH OT 3HEPrHH) ¥ 3HAYHTENIBHO YCTYNaeT IIo 3¢ HEeKTUBHOCTH pemca'paum;!
y-M3My4eHH’ CUMHTUUIALMOHHOMY CUeTYHKY, paboTy KOTOPOre pacCMOTPHM IO CTPYKTYPHOH CXeMe, MMPECTaBIeHHOH
Ha pHc.6.
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P e e
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Puic.6. CTpyKTypHas cXeMa MHKPOKOHIpoIUIepHoro criekrpomerpa Ha NaJ(Tl) copmrsrope

JUIA perucTpaumy y-u3JIydeHus Hcronb3yerca (orodddexr, sosHukaomuy B NaJ(Tl)-cuuHTwniaTope 06seMoM
50 cM’. CUMHTHAANME PETHCTPHPYIOTCA  (DOTOINEKTPOHHBIM yMHOXHTeNneM (PJY). MMMybCcH HAMPSDKEHWS,
MPONMOPLUHMOHANbHEIE SHePrUM raMMa-KBaHTOB nogarTci ¢ DOV Ha BXox mepeoro ycmwmreni-popmuporarens (PY1).
®Y1 npoM3BOAMT NpEABAPUTENBHOS YCHWICHHE H (QOPMHPOBAHHME CHTHANA M IOHAST ero HA HHTErpabHBIA
muckpumuHarop (V1) NI HeoGXomuM Mt yMEHbIIEHNs BIHAHNA HU3KOIHEPre THYHbIX LUYMOBBIX HMITY/IscoB DY Ha
pe3y/bTaThl M3MEPeHHH CHEKTPa MOHM3MPYIOLIMX H3IydeHHH. ITocne MHTerpalbHOr0 AUCKPHUMMHATOPA HMIY/IbCHI
HATIPAKEHWA MOCTYTAIOT Ha BXOA BTOPOro yCHnuTeni-popmuposarent (PY2), KOTOPHH YCHITMBAET CUTHA OO YPOBHSA,
JIOCTATOYHOTrO I paboTHl CHMEeKTPOMETpHYecKkoro axanoro-umposoro mpeobpasosaremt (CALITT), u dopmupyer
ONTHMANBHOS COOTHOIIGHHe CHTHAN-IIYM C TOMOIIBIO MOCTENOBATEBHO BRIIOYEHHBIX RC-MHTeIrpUpYFOIMX H —
i depenuppyromux ueneil. CALIT npeoOpasoBsiBaeT BXOQHON aHATIOTOBEIM CHTHA B 8-paspAmHEIi JBOMYHBIN KOI,
nocrynaromui Ha uaTepderic (U). Uurepdeiic cnysxur mya npeobpa3osanis AsouyHoro koma CLIAIT B yposrax TTJI
B X0z craHaapra RS-232C u cornacosanms 3eKTPHIECKUX YPOBHEH annaparypsl ¥ kommsiorepa. CLIATT u unrepdeiic
oObeMHeHbl B OAMH MOy, HA3bIBAEMBIH MHOrOK3HATbHBIM AMIUIMTYAHBIM aHamuzatopoM (MMAA). K Bsxonmy
MMAA nopxmodaercs koMmbioTep (K). w1 mpueMa ganubixX, X 06paGoTKu H BU3YalH3ALMK HCTIONB3YeTC 0obLiee H
CTIiRHANBHOE mporpaMmHoe obecrievenue. [lamee pesyneTaThl BEIBOAATCA HA MPHHTEDP WM Yepe3 MOAEM MOMAAKT B
NOKANBHYI0 CeTh MWIH PaIHalMOHHO-3KONOrHieckui cadT Internet. Kommbrorep Taioke CHYKUT s ympaBieHus
anmaparypoi. JNeKTponHTaHle NpHbopa obecneYnBacTCA MOAYIIEM BHICOKOBOJIBTHOIO MUTAHMUA.

IpegnaraeMBIH CHETIHK MOXHO HCIIO/Ib30BATh B ABTOHOMHOM PEXKMME paboThl Ha MECTHOCTH (63 KOMITbIOTepa).
Jina aroro uHTEp(EHC HyKHO 3aMEHHTR KOHTPOIUIGPOM C MHHHMATIOPHBIM JKHIKOKPUCTAILTHHYECKHM IUCIUICEM (TaKoi
KOHTPOIUIEp PacCMATPHBANCA MPH H3YISHUH MPOrpaMMHUPYeMOro MOMyNPOBOAHHKOBOrO CNEKTPOMETPa-A03MMETPa B
Npe/BIAYIEM NOApasaene). B TakoM BapuaHTe annaparypa MATAeTCHs OT aKKyMYJISITOPHON Gatapen M ynpaBmsercs
BBIHOCHOTO ITyJIbTA. B

ITo nauHoWl CTPYKTYpHOH cxeMe HA Kadeape SKCNEPHMEHTANBHON ANEPHOH (QUIMKH (BHIHKO-TeXHHYECKOro
(axynerera XI'Y Taxxke paspaboTaHs! NPHHLKNHATBHEIE CXeMbI NPUGOpA. s = | :
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CTPYKTYF |

Fo6amenas cors i‘;’e?n W MALIUOHHO- SKOJIOTHYECKOI'O INTERNET- CAITA
W Neiamicomeniiuieisamglon BCEMHPHO® OObeAMHeHHWe KOMITBIOTEPHBIX —CeTei, obpaszyromux enuHoe
WHQOPMALHOHHBIX CHCTEM, Ronﬁqem;p o MOMO TONUTOYEHHBX X  CETH  KOMIBIOTEpOB,  CeTembix
Iitamet CBSENMG, YROCHRM Omp ;?a f};}:}gnﬂbrx AOKYMEHTOB M BBICOKHE CKOPOCTH MepeHayvd NAHHBIX CHOeaasH

> ; s 1] TV T IHII{ o

pacnpeneneHAbIM 0azaM W GaEKaM DaHHBIX HCTOYHHKOM HH(QOpMauuu, B TOM uuciae u (usmyeckodr. K
oA ROIMHEM. B0 BCRM  Mm OXI';IE;THB&OIHM BCe Chepel HeATeNbHOCTH M WHTEPECOB YeNioBEKa,
HAHWIM, HaKOIUICHHB " # 2
CaMOCTOATENLHBIN AOCTY [4]. o el MPeNOCTABNACT CBOGOXHBIA, MHTYHTUBHO TIOHATHSIL,

B cxeme aHamuTH -
s Thenit. Tiak o 6:6;::01‘9 I-teol-l‘rpa CHCTEMBI pa,E[I{aI.[H?HHO-SKOJIOI‘H‘{eCKOI‘O MOHUTOPHHTA MPEIXYCMOTPEH BBIXOI
peanbHOM Macmrabe BPEMEHH .Txlocrymefrgn? 651 gBa‘I; Ml S it P
CTPaHHLA TAKOTO CaHTa “IKOCIEKTP” NPeACTaBNeHa Ha puc. 7. o el i

met Explor
\\ mﬁ% ~

AR
SR
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Pric.7. Home page «OKOCIIEKIPY.

B caiite comepkarca CHeAyOIne pa3aeiibL
- KapTH B TaGNHUB PATHALIMOHHON OOCTaHOBKH,
- on-line-maHALIE O PATHALOHHOMY (JOHY,
- HAyKa H pagMalMOHHbIE TEXHONOTHH,
-  paaMAUMOHHO- 3KONOTHIECKHE OpTraHU3ALMH,
- MHpOBbIC HaHHBIE U BBICTYIUICHHA YHEHBIX,

-  OpYyTHe pasfelisl )
MH(OpMATHA B Pa3/ienaX CONepKHTCA B BI/E THNIEPTEKCTa C OONMBUIMM KOIHECTEOM THNEPCCAUIOK HA HETOMHM Kit

JAHHBIX, noTpebuTenel HHPOPMALMH, HA IKOIOTHYECKHE caiiTel B APYrHX peruoHax M crpaHax. Kaptsi, tabnuusl

rpadHKy paIHALHOHHO-3KOJIOI HIECKOr 0 CONCPAKAHIA pPeryiapHO 0BHOBIAKOTCA, @ TAK/KEe Hall IPaQUK YPOBHA ramma-
¢ona B m.IIaTHXATKH YKe Celidac B pealbHOM MacmTabe Bpemeru. Ha caiite 3epxanbHo oToOpakaeTcs HHOpMaus o

pamuanuoHHOM (QoHe, ATMOC(EPHOM JABICHHH H TeMnepaType BO3AyXa 3KONOrHueckoro cepsepa Jloc-Anamoca [3) u
xap'ra 3arpA3HEHHOCTH Y KpaHHEI PagHMOHYKTHAAMH, B YACTHOCTH LEIHEM- 137 cepeepa [poako (Kues) [0} B pasaene
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HAYKA M TEXHOJOIMA  pasMElleHsl M  HAllM  CXeMHO-TEXHHYECCKHC paspaborku.  Agpec  cauTa
http: //www.univer.kharkov.ua. |

BbIBO bl

PaspaboTaHa CTPYyKTypHad CXeMa pPEerHOHAIBHOA CHCTEMBI pPanUALHOHHO-3KOTOrHYeCKOro MOHMTOPHHTA C
MCTIONB30BAHHEM YIATCHHBIX M3MEPHTENBHBIX TeEMEeTPHIECKUX TUIAaTQOPM, CTAMOHAPHBIX H NepeABIDKHBIX ITYHKTOB
KOHTPO/IA PaAHALMOHHON OOCTAHOBKH, CBA33aHHOM C LEHTPANbHBIM aHANMTHYECKIM TYHKTOM Pajo- H TEe hoHHBIMY
KaHanaMu. T1peToxe sl CTPYKTypHEIe H QYHKUHOHANbHbBIE CXeMbl MHKPOKOHTPOIUTEPHBIX AO3MMETPOB, PanHOMETPOB
U CIIEKTPOMETPOB HA 6asze MOMYyNPOBOAHHKOBBIX M CUMHTHULALHOHHBIX ACTEKTOPOB. PazpaGoran o0menocTy TMHbIA B
Internet caiiT pPANMALMOHHO-IKONOTHYECKOM OOCTaHOBKM, B KOTOPDOM COAEPIKHTCA peryiipHo OOHOBILIEMAadA
MHpOPMALK MO PATUALHOHHOM 06CTAHOBKE H FHIEPCCHUTKH Ha uHGOpMALHIO, COOSPKAIIYIOCA Ha APYTHX CEpBEpax.
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THE CONCEPTION OF CENTER OF THE RADIOECOLOGICAL MONITORING
S.N. Styervoyedov, V.V. Tovstiak, Ya.V. Shashel
Kharkov National University, 61077, Kharkov, Svobody sq., 4.
E-mail: yana@fif.univer.kharkov.ua

In the article the result of radioecological monitoring center conception elaboration was presented, and the architecture of this center
and the structural and functional schemes of it’s component parts were described. Also the detailed schemes of radiation situation
distant control devices was included. The “Ecospectr” internet site, which concentrates the region radiation data and has a large
amount of  to world systems of radiation monitoring, was proposed.

KEY WORDS: radiation monitoring, radioecology, radiation background, distant monitoring



