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COMPLEX OF NUMERICAL MODELS FOR COMPUTATION
OF AIR ION CONCENTRATION IN PREMISES

Purpose. The article highlights the question about creation the complex numerical models in order to calculate
the ions concentration fields in premises of various purpose and in work areas. Developed complex should take into
account the main physical factors influencing the formation of the concentration field of ions, that is, aerodynamics
of air jets in the room, presence of furniture, equipment, placement of ventilation holes, ventilation mode, location
of ionization sources, transfer of ions under the electric field effect, other factors, determining the intensity and
shape of the field of concentration of ions. In addition, complex of numerical models has to ensure conducting of the
express calculation of the ions concentration in the premises, allowing quick sorting of possible variants and ena-
bling «enlarged» evaluation of air ions concentration in the premises. Methodology. The complex numerical models
to calculate air ion regime in the premises is developed. CFD numerical model is based on the use of acrodynamics,
electrostatics and mass transfer equations, and takes into account the effect of air flows caused by the ventilation
operation, diffusion, electric field effects, as well as the interaction of different polarities ions with each other and
with the dust particles. The proposed balance model for computation of air ion regime indoors allows operative cal-
culating the ions concentration field considering pulsed operation of the ionizer. Findings. The calculated data are
received, on the basis of which one can estimate the ions concentration anywhere in the premises with artificial air
ionization. An example of calculating the negative ions concentration on the basis of the CFD numerical model in
the premises with reengineering transformations is given. On the basis of the developed balance model the air ions
concentration in the room volume was calculated. Originality. Results of the air ion regime computation in premise,
which is based on numerical 2D CFD model and balance model, are presented. Practical value. A numerical CFD
model and balance model for the computation of air ion regime allow calculating the ions concentration in the prem-
ises in the conditions of artificial air ionization taking into account the main physical factors determining the forma-
tion of ions concentration fields.

Keywords: air ions regime; concentration field of air ions, artificial ionization; CFD model; balance model

Introduction develop methods for express calculation of the ions
concentration in the premises, allowing quick sort-
ing variants and enabling the «integrated» evalua-
tion of the ions concentration in the premises.

Currently in Ukraine are used mainly analytical
models [5-13] for computation air ion concentra-
tion in premises. As a rule, these models do not
consider the presence of equipment, furniture, dust
emission sources, physical factors influencing the
formation of ions concentration field. To take into
account these factors, it is expedient to use CFD
models [2-4, 15, 18]. For a quick evaluation of the
ions concentration in the premises can be used the
balance models [2-4, 15, 18].

In recent years in field of labor protection con-
siderable attention is paid to the observance of the
appropriate qualitative air composition in premises,
as evidenced by the increased number of publica-
tions, both domestic and foreign scientists on this
problem. Since to support air ion regime use often
artificial ionization of the air, it is necessary calcu-
late quickly the ions concentration anywhere in the
premises. Thus it is necessary to take into account
the geometric characteristics of the premises,
placement therein of furniture and equipment, the
presence dust sources, the aerodynamics of the air
jets in the room, the interaction of different polari-
ties ions with each other and with dust particles
etc. In addition to the aforesaid, there is need to
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The purpose of this work is to develop complex ox 0y g,

of numerical models to calculate the ions concen-
tration field at using artificial ionization of air to
support air ion regime in the premises.

Methodology

In this paper, two numerical models to calculate
the concentration of ions in the premises were pro-
posed.

The first model. To calculate the ions concen-
tration in the premises 2D CFD model, which is
based on the mass transport, aerodynamics and
electrostatics equations, is proposed. This model is
developed taking into account physical factors that
influence the formation of ions concentration field.
Also at modeling the geometric characteristics of
premises, placement of furniture and equipment,
presence of dust emission sources, the interaction
of different polarities ions with each other and with
dust particles is taken into account. In view of the
aforesaid at the modeling of ions dispersion proc-
ess, transport equation will have the form [18]:

8_C+ O(u+bE)C N O(v+bE)C
ot Ox oy

TP RS A B
Ox ox ) oy\' "~ Oy

—BCD+2.0.(1)d(x-x.)o(y-v.), (D)

where C, B, D —is the concentration of negative
and positive air ions and dust particles respec-
tively; u, v, — velocity components of airflow in

the room; p = (uv‘_, uy) — diffusion coefficients; ¢ —

time; o —recombination rate of ions with different
polarity; f — the recombination rate of ions with
dust particles; Q. — the intensity of the negative
ions emission at the appropriate points with the
coordinates x,y,; &(x—x;)8(y—y;) — Dirac
delta function; b — coefficient of ion mobility; E
— electric field intensity.

Since air ions have a charge, they generate an

electric field E , which is described by the follow-
ing equation [18]:

here €, — is the dielectric permittivity; g, — is the
space charge density.

From equation (2) can go to the scalar poten-
tial, taking into account such dependence

po b
’ Oox
oo
E, =-22. 3
T (3)

Then we get the Poisson equation of the follow-
ing form [18], which we will be used to simulate
the electric field:

oo 0
99,99_ ¢ )
ox° Oy €
here g, =—eC (x, y) , C (x, y) — is the concentra-
tion of negative air ions; ¢ — scalar potential; e —
elementary charge. On the basis of this equation is
a performed simulation of the electric field.
To describe the processes of positive ions and

dust dispersion we will use the equation of transfer
in the form [18]:

OB ouB GVB_é( 6Bj+

—t—— == U, —
o ox oy Ox ox

0 OB

— — |-aCB-BBD

+8y(“y ay] o BBD +

+2 05 (1)8(x=x5)8(y = y3), (5)

oD ouD ovD
—_—t—t—=
o ox Oy

_££ a_D]Jri a1,
o\ ax oy By oy

+ZQDi(t)6(x_xD)6(y_yD)' (6)

Designation of the physical parameters in these
equations is the same, which was given for the
equation (1).

To calculate the aerodynamics of air flow in the
room a model of potential flow will be used. In this
case the Laplace equation for the velocity potential
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is a modeling equation
o’P o°P
—5+—=0, (7
ox~ oy
where P — is velocity potential.
The components of the air environment veloc-
ity vector are connected with the velocity potential

following dependencies

OP

u=—,
Oox

s (8)
Oy

Formulation of boundary conditions for the
modeling equations is considered in [1, 15, 18].

For the numerical integration of the transfer
equations [1, 12, 15, 18] is used the implicit alter-
nately — triangular difference schemes, which has
being implemented by the method of running ac-
counts [1]. For the numerical solution of the
Laplace equation and Poisson’s equation the
Liebmann method is used. The calculation is per-
formed on rectangular difference grid.

On the basis of the difference schemes was de-
signed the software package (code) «ION-2». This
package is built on a modular principle; each sub-
program implements a specific numerical integra-
tion of the modeling equation and implementing
appropriate boundary conditions.

A feature of the modeled process is the pres-
ence of furniture in the room, i.e., objects, influ-
encing the formation of ion concentration field. To
«reproduce» these and other objects in the numeri-
cal model one uses a technology called «porosity
techniquey, also called the method of marking [1].
The essence of this technology lies in the encoding
of difference cells, which belong to such facilities,
and the implementation of them in the appropriate
boundary conditions.

The second model. For the deduction of express
method of the ions concentration computation in
the premises the following equation will be used:

dn

I =q, (t)—ocnp—BnA+

%—qp(t)—anp—BpAJr
o) o)
+p0(t) 7 p 7 An (10)

here g,, g, are the generation rate of negative and

positive ions in the room accordingly; n,, p, are

the negative and positive ion concentrations exter-
nal to the room; o — is the recombination rate of
ions with those of opposite polarity; p — is the rate

of combination of ions with dust particles; 4 — is
dust concentration; V' — volume; Q - ventilation

rate; A, — the electrostatic deposition of ions.

To describe the dust mass transport equation
the equation of the form is used [14]:

dA

A 02022y

Vv

here g, is the generation of particles in the space;
4, is the external particle concentration; A, — the

electrostatic deposition of dust particles.

In contradistinction to the classical model
Mayya Y. [14] in the equations (9) — (11) takes
into account the dependence on time of negative
and positive ions emission and dust emission in the
premises and the time dependence of the air ex-
change rate. The system of the given equations
closes by setting the initial conditions of the form

A(t=0)=AO, n(t=0)=n0, p(t=0)=p0.

These conditions define the initial values of
dust, negative and positive ions concentration, re-
spectively, before the ionization of the air in the
premises. It should be noted that the equations (9)
— (11) define the concentration of negative and
positive ions and dust are not in the room, but on
the exit of it. This is defined by the condition that
is the deduction of the balance ratios.

Parameter A; can be defined under equation:

M =g, +g.e4)
€

(12)

where b — is the ion mobility; €, is the permittiv-
ity of free space, g, — the space charge density,
which can be expressed as
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(13)

q,=en—ep

here e — is the elementary charge.
The electrostatic deposition of dust A, can be

defined under formula

DP
7\‘p = Fqcy\‘l

1

(14)

where D, and D, are the dust and ion diffusion

coefficients accordingly; g, — is the characteristic

number of charges.
The characteristic number of charges can be
found from the expression:

4me,d kT
g.=——7F —X

d cne’t
—L—1] (15)
4e,kT

1+

where & is the Boltzmann constant; 7' is the abso-
lute temperature; ¢ is the thermal speed of the ions

;d, is the dust particle diameter; ¢ is the time.

However, following [14], the summands 2 ,

A, can be omitted.

The balance equation (9) — (11) is numerically
solved by using Euler’s method.

For a numerical calculation of the equations (9)
— (11) developed a program BALANCE-1 is real-
ized in FORTRAN. For practical use of the pro-
gram must be set: the premises volume; air ex-
change rate; concentrations of negative and posi-
tive ions and dust, which flows into the premises;
the intensity of negative and positive ions emission
and dust emission in the premises.

Findings

The first model. CFD numerical model was
used to calculate the ions concentration field in the
premises volume at the conditions of artificial air
ionization by setting the ionizer indoors.

Sketch of the computational domain is shown
in Fig. 1. It is the premises where the air flows en-
ter through the ventilation system. The air exit
from the room occurs through the outlet in the
wall. The work area includes table and chair placed
next. Placement of ionizer was shown in Fig. 1,

pos. 5. The intensity of the negative ions emission
from the ionizer is 1.3x10'" particles/s.

Y |
FEV A1
7 |—
[s3
) & i

X

Fig. 1. The computational domain
(before reengineering):
1 — chair; 2 — work desk; 3 —rack;
4 —place of positive ions emission
(the position of the respiratory organs); 5 — ionizer;
6 — place of dust emission

¥ |
T 5 7 ./4 P
i‘t \Lﬂ '?“r

[/

Fig. 2. The computational domain
(after reengineering):
1 — chair; 2 — work desk; 3 —rack;
4 —place of positive ions emission
(the position of the respiratory organs); 5 — ionizer;
6 — place of dust emission; 7 — cupboard

The people are the source of positive ions emis-
sion in the room. Therefore in the zone of their
respiratory organs (Fig. 1, pos. 4) set point sources

of positive ions emission intensity Q, = 7x10" par-
ticles/s. The other of the problem parameters are:
the size of the computational domain
7.25mx4.20m; the position of the inlet and outlet
ventilation holes is shown by arrows in Fig. 1; o
1.5x10"* m’/s, B = 1x10"% m?/s [15, 18]; the coef-
ficients of turbulent diffusion in all directions are
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taken to equal p =p, =kV (where k=0,1 — the

parameter, /' — the local velocity in the specific
computational point and it is defined by solving the
aerodynamic problem). Dust emission occurs in-
door, O, = 45x10* particles/s (dust emission posi-

tion shown in Fig. 1 and Fig. 2 as a wavy line).

Sketch of the same premises where the rear-
rangement of the furniture is made, was shown in
Fig. 2.

Purpose of numerical modeling is definition of
the negative ions concentration in the room and the
area of the human respiratory system.

The results of numerical simulation in the fol-
lowing figures are shown. On these figures the
negative ions concentration field in the room was
given.

Fig. 3. Concentration field of negative air ions
in the room (before reengineering)

Fig. 4. Concentration field of negative air ions
in the room (after reengineering)

As shown in Fig. 3 and Fig. 4, the negative ions
concentration in the area of the employee respira-
tory organs (the position over the chair) for the
first variant is about 0.032x10" particles/mS, and
after reengineering of the order 0.015x10" parti-
cles/m>. That is, the concentration has decreased
in 2 times, due to the influence of the installed
equipment (Fig. 2, pos. 7) on the formation of air
ions concentration field. For the solution of the

problem on the basis of the developed CFD model
it took about 1 minute of computer time.

The second model. On the basis of the second
model calculations were performed to evaluate
negative ions concentration in the office premises
with volume 62 m’. It should be noted that this
«clean volume» of the premises without furniture
and other objects. Indoor occurs emission of posi-
tive ions in a quantity 22x10° particles/s. There is
an air, which flows into the premises and contain
dust in a quantity 6x10° particles/m3; positive ions
in a quantity 10* particles/m3, and negative ions in
a quantity 2x10° particles/m3. Ionizer works
indoor. The computation is performed for the in-
tensity of the negative ions emission from the ion-
izer in a quantity 9x10 particles/s (the first variant
of emission) and 12x10’ particles/s (the second
variant of emission). As a result of calculation
negative ions concentration was 0.029x10' parti-
clessm® for the first variant of emission and
0.040x10" particles/m3 for the second variant of
emission. Time of computation is about one sec-
ond.

Originality and practical value

The complex of numerical models for computa-
tion the air ions concentration in the premises was
developed. 2D CFD model, which is based on the
use of aerodynamics, electrostatics and mass trans-
port equations, allows taking into account the basic
physical factors determining the formation of air
ions concentration fields in the premises and work
areas. CFD model allows calculating air ions con-
centration field in premises and working areas at
artificial air ionization with taking into account the
installed equipment, and given the location of ion-
izers.

Developed balance model allows calculating
quickly the air ions concentration in the premises
at artificial air ionization. Also, this model allows
take into account the impulse regime of ionizer
operation.

Conclusions

The article contains numerical simulation re-
sults of air ion regime in office premises with arti-
ficial air ionization. Calculated ions concentration
field in the room is presented in the form of isoli-
nes. To solve the problem on the basis of the de-
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veloped CFD model took about a minute of com-
puter time. The numerical balance model allows
calculating quickly the air ions concentration in the
premises. Calculation using the balance model
takes about one second of computer time.
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KOMILJIEKC YACEJIbHUX MOJEJIEN JJI51 PO3PAXYHKY
KOHIEHTPAILII AEPOIOHIB Y IPUMIHIEHHAX

Meta. B crarti moBuHHO OyTH PO3IJISTHYTO CTBOPEHHS KOMIUIEKCY YMCEIBHUX MOJIEINEH IS pO3paxyHKy KOH-
LEHTPALfHUX IOJIiB AepOiOHIB y MPUMIIIEHHIX PI3HOTO MpPU3HAYeHHS Ta B poOoumx 3oHax. Po3pobnenuit kom-
TUIEKC TIOBMHEH BPaxoBYBaTH OCHOBHI (i3n4Hi (hakTopH, 1110 BIUIMBAIOTH Ha Ipoliec (OpMyBaHHS KOHIEHTpALiHHO-
ro o aepoioHiB. ToOTO: aepoaMHAMIKY MOBITPSIHUX CTPYMEHIB y MPHUMIIICHHI, HAABHICTH MeOMiB, 00IaTHAHHS,
PO3MIIIIEHHS BEHTWIAMIHHUX OTBOPIB, PSXKUMY BEHTWIALI{, pO3TallyBaHHS [DKEpelN 10Hi3allil, mepeHeceHHs 10HIB
i €0 eNeKTPUIHOTO IO, iHII (JaKTOpH, IO BU3HAYAIOTH IHTCHCHUBHICTH Ta ()OPMY KOHIIEHTPAIIITHOTO OIS
aepoioniB. KpiM TOTO, KOMIUIEKC YHCEIBHUX MOEECH MOBHHEH 3a0€3MEeYUTH NPOBEICHHS EKCIIPEeCc-po3paxyHKy
KOHIICHTpALlil aepOiOHIB Y IPUMIIIEHHI, IKHUi J03BOJISIB OM MIBHAKUI mepebip MOKIMBUX BapiaHTIB Ta MOXKIUBICTh
«YKPYITHEHO» OLIIHKM KOHIIEHTpamii aepoioHiB y mpuMimeHHi. MeToauka. Po3po6ieHo KOMIUIEKC YHCeNbHIX MO-
JIeJIeH U1 pO3paxyHKy acpOiOHHOTO peXuMy B npuminieHHsX. Uncensna CFD-Moens 3acHOBaHaA Ha 3aCTOCYBaHHI
PIBHSHB aepOAMHAMIKH, €JIEKTPOCTATHKH 1 MAcOINEPEHOCY Ta JI03BOJISE BPaXOBYBaTH BIUIMB IOTOKIB HOBITPS, BH-
KJIMKaHUX POOOTOr0 BEHTWIIALIT, 1uy3ii, BIVIMB eNEKTPUYHOTO OIS, 8 TAKOXK B3aEMOJIIO0 10HIB Pi3HOT NOJIAPHOCTI
OJIMH 13 OJHMM Ta 3 YaCTWHKaMH NIHJIy. 3alponoHOBaHa OaJaHCOBAa MOJENb PO3PaXyHKY aepOiOHHOTO PEKUMY
B IIPUMILICHHSAX JO3BOJISIE ONEPATHBHO pO3paxOBYBAaTH KOHICHTpAIiiHE I10Jie aepoioHIB i3 ypaxyBaHHSIM
IMITYJILCHOTO peXuMy poOoTH ioHizaropiB. Pe3dyabraTn. OTpuMaHO po3paxyHKOBI JaHi, HAa OCHOBI SIKHX MOXXHa
OIIIHATH KOHIIEHTPAIII0 aepOiOHIB Y OyIb-IKOMY MiCIli IPUMIIIEHHS 31 MITYYHOIO iOHi3amiero nmoBiTps. HaBexeHo
MPUKIAA PpO3paxyHKy KOHIIEHTpamii HeraTMBHUX 10HIB Ha 06a3i umcensHoi CFD-momeni B mpumimeHHi
3 PEeImKUHIPUHTOBUMHU TepeTBopeHHsAMHU. Ha 6a3i po3pobienoi OamaHcoBoi Mojeni po3paxoBaHa KOHIICHTpAIlis
aepoioHiB B 00’emi mpuMimnenHs. HaykoBa HoBu3Ha. [IpencTaBieHi pe3yapTaTu po3paxyHKy aepOoioHHOTO PEXKUMY
B mpuMinieHHi Ha 6a3i unucenbHoi 2D CFD-moneni Ta 6anancoBoi mojeni. IlpakTuuna 3nauuMicTh. Po3pobneni
OamancoBa Ta uymcenbHi CFD-mozmeni Ui po3paxyHKy aepoiOHHOTO PEXHUMY JIO3BOJIAIOTH PO3paxOBYBaTH
KOHLICHTPALII0 aePOiOHIB y NPUMILIEHHIX B YMOBAX LITYYHOI 10HI3allii ITOBITPs 3 ypaxyBaHHSIM OCHOBHUX (Di3UUHHX
(hakTOpiB, 0 BU3HAYAIOTh (JOPMyBaHHS KOHIIEHTPALIHHKX I10JIiB aepOiOHIB.

Kniouosi cnosa: aepoioHHU# pexxuM; KOHIICHTpAIlIfHE 1MoJie aepoioHiB; mTy4yHa ioHizailis; CFD-monens; 6anau-
COBa MO/IeJNb
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EKOJIOI's1 HA TPAHCIIOPTI

KOMILJIEKC YACJEHHBIX MOJEJEX OJIsI PACYETA
KOHIOEHTPAIIUU ADPOUOHOB B IIOMEINEHUAX

Iean. B crathe momkeH OBITH PACCMOTPEH BOINPOC CO3AAHUSA KOMIUIEKCA YMCIIEHHBIX MOJENIeH JUIs pacdera
KOHLICHTPALMOHHBIX TOJIEH a3pOMOHOB B IMOMEIICHHUAX Pa3MuyHOro Ha3HauYeHWs U B pabouux 30HaXx. Paspaboran-
HBII KOMIUIEKC JIOJDKEH YYUTHIBATh OCHOBHBIE (hu3nyeckre (hakTophl, BIMSIOIINE Ha Tporecc (GOpMHUPOBaHUS KOH-
LEHTPALMOHHOTO MOl a9pOHOHOB. TO €CTh: a3pOAMHAMUKY BO3AYIIHBIX CTPYH B MOMEIICHWH, HAIMYUE MEOEeH,
000pysoBaHuUs, Pa3MENICHNS! BEHTHSIIMOHHBIX OTBEPCTHH, pPE)XKMMa BEHTWIISILIMM, MECTOIOJIOKEHHUsSI NCTOYHHKOB
HMOHHU3AINH, TIEPEHOCA HOHOB O] AEHCTBHEM IJIEKTPHUECKOTO OIS, APYTHX (PaKTOPOB, OTIPENEIAIONIINX HHTCHCHB-
HOCTB U (hOpMY KOHIICHTPALMOHHOTO TIOJISI a3pOHOHOB. KpoMe TOro, KOMIIIEKC YHCIEHHBIX MOETel ToJhkeH obec-
MEYNTH TPOBENICHUE YKCIPECC-pacueTa KOHIICHTPALUH a3POMOHOB B IIOMEIIEHUH, ITO3BOJISIONIET0 OBICTPHIN mepe-
60p BO3MOXXHBIX BapHaHTOB M JAIOIIET0 BO3MOXXHOCTh «yKPYITHEHHOI» OIICHKH KOHIEHTPAIlMH a’3POMOHOB B IIO-
MemeHun. Metoauka. Pa3paboraH KOMIUIEKC YHCICHHBIX MOJIENIEH Ul pacueTa a3pOMOHHOTO peXrMa B IIOMeIIe-
Husix. Yucnennas CFD-mozens ocHOBaHa Ha TPUMEHEHMHM YPaBHEHMM a3pOAMHAMHKH, 3JIEKTPOCTATHKH,
MaccoIepeHoca U MO3BOJISIET YUUTHIBATh BIUSHUE IIOTOKOB BO3/1yXa, BEI3BAHHBIX Pa00TON BeHTHIIALNH, Tuddy3un,
BO3JICHCTBUA 3JIEKTPUUECKOIO IIOJSA, a TAKXKE B3aUMOJEHUCTBUE MOHOB PA3JIMYHOM IOJISAPHOCTH IPYr C APYroM
n ¢ yactuuamu nbumd. [lpeanokeHHass OamaHcoBas MOJENb pacdyeTa a’pOMOHHOTO pEKMMa B ITOMEIICHHSIX
MO3BOJSIET ONEPATHBHO PACCUUTBHIBATH KOHIEHTPALMOHHOE IIOJIE a9POMOHOB C YYETOM HMIIYJIBCHOTO peKuMa
pabotsl nonuzaropos. Pesyabrartsel. [lomydeHsl pacdeTHble JaHHBIE, HA OCHOBaHWM KOTOPBIX MOKHO OLIEHHTH
KOHIICHTPAIIUIO a3POHMOHOB B JIFOOOM MecTe TIOMEIIEHHsI ¢ UCKYCCTBEHHOM HOHM3anuei Bo3ayxa. [IpuBenen mpumep
pacueTa KOHICHTpPAIlMM OTPHIATENFHBIX HWOHOB Ha 0Oasze ugucineHHoii CFD-momenmn B MOMEIIEHWUH
C PpEHHKHHHPHHTOBBIMH MpeoOpa3oBaHusmu. Ha 0aze paspaboTaHHOW 0anaHCOBOW MOMAETH paccUHTaHa
KOHIIGHTpAllUsl a’pOMOHOB B oObeme mnomemeHus. Hayuynasa HoBu3Ha. IlpencraBieHBl pe3yibTaThI
pacdera a’dpoMOHHOTO pexuMma B moMenieHnn Ha 0aze yucieHHor 2D CFD-monmenn w 0anaHCOBOM MOJENH.
IIpakTyeckasi 3HAYUMOCTb. Pa3zpaborannbie OanmancoBas u uncienusie CFD-mMonenu as pacdera a3pOMOHHOTO
peKrMa IMO3BOJAKOT paCcCUYUTBHIBATH KOHLICHTPAIUIO a3pOMOHOB B TIIOMCHICHUAX B YCJIOBUAX HCKyCCTBeHHOﬁ
HOHM3AIMM  BO3JyXa C YYETOM OCHOBHBIX (U3WYEeCKUX (AKTOPOB, ONPEIACIAIONINX  (POPMHUPOBAHUEC
KOHICHTPpAaIUOHHBIX rnojeu A3pOHOHOB.

Kniouesvie cnosa: a>pOMOHHBIM PEXUM; KOHLIEHTPAI[MOHHOE IIOJE€ aepOMOHOB; HMCKYCCTBEHHAs HOHHU3AIMS;
CFD-mopenb; 6anancoBast MOJENb
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