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AnHoTanust. I]eas. ObecrieueHre HeOOX0MMOTO a3pOHOHHOTO COCTaBa BO3JYIIHOMN cpejbl B padoUuMX 30HaX SBJBIETCS KpakiHe
Ba)XKHOM 3a/a4eil B 001acTH OXpaHbl TPy/ia U SKOIorHuecKoit Ge3oracHocTd. OMHUM U3 METO/I0B PEIISHHUS JAHHOM 3a/1auul SBIIseTCs
WCKYCCTBEHHAS MOHHM3AIMS BO3/yXa B IIOMENIEHWSIX. B HacTosmiee BpeMs B YKpauHe HaOIOJaeTcs OIpeeIeHHBIM jeduimr
METOJIUK, IIO3BOJLIOIUX ITOIYUUTh aJIeKBAaTHYIO IIPOIHO3HYIO MHGOPMAIMIO /Ui 000CHOBAHUSI KOHKPETHOTO PEXUMa HOHU3AIIN
romernieHuit. Takum oOpa30oM, BO3ZHUKaeT IpoOieMa CO3J@Hus CIIEIUAIbHBIX METOJIOB pacuera, IIO3BOILIOIMMX C JIOCTaTOUHON
CTEIIEHBIO OIIEPaTHUBHOCTH OIIPEJIEISITh PAIMOHATHFHOE PAacIONoKeHUe HOHM3aTopoB. [101060HBIE MOJENH JIODKHBI YUHTHIBATH
a’pOJIMHAMUKY BO3JIYIIHBIX CTPYH B IIOMEIIEHWM, Hamuuue MeCenu, o0OpYAOBaHUS, II€PEHOC HOHOB II0J] JieificTBHEM
SIIEKTPUYECKOTO IIOMSI — TO €CTh KOMIUIEKC (HaKTOPOB, OIIPEENSIONMX HHTEHCUBHOCTh U (OpMYy KOHIIEHTPAIOHHOTO IIONS
aspOHMOHOB B IHoMenieHuH. COOTBETCTBEHHO HeoOxojmMa paspadorka CFD Mojenu sl MPOTrHO3a a3pOHMOHHOTO pEeXKUMa B
TIOMEINIEHUSIX U B pabourx 30HaX, IO3BOIBIOIIEH YUMTHIBATH Haubolee CyIiecTBeHHble (u3nueckue (GakTophl, OIPEIEIsIONTe
(bopMUpOBaHHUE KOHIIEHTPAITMOHHOTO IO a3poroHOB. Memooduxra. 1penioxennas CFD Mo1eb IIPOrHO3a a3pOHOHHOTO PeKUMa B
TIOMEITICHISIX OCHOBAHA Ha IIPUMEHEHNH YPaBHEHHUI a3po/MHAMUKHY, 3IeKTPOCTATUKU U MaccollepeHoca. J[aHHast MOJIeb [I03BOIIET
OIIEPaTUBHO PAaCCUUTHIBATH KOHIIEHTPAIMOHHOE I10JIE a3POHOHOB C YUETOM BIMSIHMS CTEH, 110J1a, TTOTOJIKA, IIPEIITCTBUM Ha IIpoliece
paccerBaHMs a3pPOUOHOB, KOHKPETHOI'O MecTa SMHUCCHU MOHOB DPa3IMUHOM IOJSIPHOCTA M MX B3aMMOJIEHCTBUS B IIOMENICHUU U B
pabounx 30Hax. Pezymamot. 110TyueHbl pacueTHbIE JaHHBIE, HA OCHOBAHUU KOTOPBHIX MOKHO OLIEHUTh KOHIIEHTPAIIMIO a3POHOHOB
B JII00OM MeCTe ITOMEITIEHUSI ¢ MCKYCCTBEHHOM HMOHM3aImel Bo3yxa. KOHIIEHTpallMoHHOE T10J1€ a3POHOHOB IIPEJICTABIEHO B BUJIE
MAaTpHIIBl 3HAUEHUN KOHIIEHTpAIMK OTPHUIIATEILHBIX HOHOB BHYTPHU IIOMEITIEHUs. Pe3ynbTaTsl IpUBE/EHBI B Ge3pa3MEpHOM BHJIE:
KaK/I0€ YUCIIO — HTO BEJIMYMHA KOHITEHTPAIMH B IIPOIIEHTAaX OT BEJINYMHBI MaKCUMAIIPHOI KOHIIGHTPAIUH B IToMerieHun. Hayunan
noeusna. Ilpeioxena Hoast 2D CFD mo/enb IIPpOrHO3a a3pOHOHHOTO PEKUMA B ITOMEITICHUSIX, IIPE/IOCTABILIIONIAs BO3ZMOKHOCTh
IIPU JIOCTATOYHO MAIIBIX 3aTpaTaX KOMIIBIOTEPHOTO BPEMEHHU OIIPE/IEIUTh KOHIIEHTPAI[MOHHOE TI0JIE a3POUOHOB B 3aJJAaHHOM MecTe B
noMemienny.  Ipaxmuueckan 3uauumocms. 2D CFD Mojens IIporHosa a’dpOMOHHOTO PEXMMA B IIOMEINEHMSIX ITO3BOJIMT
paccuMThIBATG KOHIEHTPAIMIO a3pOMOHOB B pPaCOuMX 30HAX IIOMEIIEHMS C YYETOM OCHOBHBIX QU3MUECKUX (aKTopos,
olpe/IeIIONMX  GOPMUPOBAHME KOHIIEHTPAIIMOHHBIX II0J1€fl a3pOHMOHOB, YTO OOECIIEUYUT BO3MOXKHOCTH —PAIlMOHAIBHOIO
PacIIONOKEHNS] HOHU3aTOPOB C IIEIBI0 cO3/aHus] Hauboliee GIarolpusiTHOIO aSpPOMOHHOTO PeXUMa IS IIEPCOHAA.
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Awnorartisi. Mema. 3aGesniedeHHS HeoOXiJHOTO aepOIOHHOTO CKIaAy TOBITPSIHOTO CepeoBUINA B POGOUMX 30HAX € BKpait
B&XIMBUM 3aBJAHHSIM B Taly3l OXOPOHHU Iparli Ta eKoloriduoi Gesmexu. OJHUM 3 METOB BHPIMIEHHS JaHoi 3ajadi € MITydHa
10HI3aITis TIOBITPSI B TIPUMIMTCHISIX. B anmif yac B YipaiHi criocTepiracThes TIeBHUN AeiIUT METOMK, SKi G T03BOISLTH OTPUMATH
ajlekBaTHy TIPOTHO3HY IHQopMaIio s OOGTPYHTYBaHHS KOHKPETHOTO PEXUMY 1OHI3aIli IpUMIMeHb. TakuM HYMHOM, BHHHKAE
1pobiaeMa CTBOPEHHS CIIEIabHUX METOJIB PO3PaxyHKy, SIKI JO3BOJLIIOTH 3 JOCTaTHIM CTyIIEHEM OIIEPaTUBHOCTI BH3HAYaTH
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pailioHaTbHe po3TarnTyBaHHs 1oHi3aTopiB. [logiGHI Mojeni ITOBMHHI BpaxoBYBaTH aepoJMHAMIKY TOBITPSIHUX CTPYMEHIB B
TIPUMITTIIEHH], HasSBHICTh MeOIIB, 0OTaHAHH, TTIEpEeHECEeH ST 10HIB TiJT AI€I0 eNEeKTPUIHOTO OISl - TOOTO KOMIDIEKC (PakTOpiB, IO
BU3HAYAIOTH IHTEHCUBHICTh 1 QOpMY KOHIICHTPAINIHOTO TIONS aepoioHIB B MPUMIINEHHI. BimmoBinHo HeobXximgHa po3pobka CFD
MOJIENI JUIS TIPOTHO3Y aepOIOHHOTO PEXUMY B MPUMIMIEHHSX 1 B poOOUMX 30HAX, IO JIO3BOIIE BPaXOBYBaTH HAMGUIBIN iCTOTHI
¢GizuuHi GakTOpH, SKI BH3HAYAIOTH (POPMYBaHHS KOHIIEHTpPAIIMHOTO IO aepoioHiB. Memoouka. 3anporonoBana CFD momens
TIPOTHO3Y AaepOIOHHOTO PEXUMY B IIPUMIMIEHHIX 3acHOBAaHAa Ha 3acTOCYBAHHI PIBHSHD ACPOJMHAMIKH, €IeKTPOCTaTUKA 1
MacolepeHocy. JlaHa MoJIeNb J03BOILIE OTIEPaTUBHO PO3paxOBYBaTH KOHIEHTpAIlilfHe [T0Ile aepOioHIB 3 YpaXyBaHHSM BIUTHBY CTiH,
TIITIOTH, CTEINI, TIEPETIKO/T Ha IIPoIlec PO3CIIOBAHHS aepPOIiOHIB, KOHKPETHOTO MICITSI eMicii 10HIB pi3HOT TOMSIPHOCTI Ta iX B3aeMOIii B
TIPUMITIIEHHI 1 B poSounx 30Hax. Pezyapmamu. OTprMaHO PO3paxyHKOBI JaHi, Ha MACTABI SIKMX MOKHA OIIHUTH KOHIICHTPAITIIO
aepoioHIB B GyIb-STKOMY MICITI TIPUMIITICHHS 31 MITYYHOIO 10HI3aIieo ToBiTps. KoHreHTpariiiie 1one aepoioHiB MIpeACTaBIeHO Y
BUTJISIII MATPUIT 3HAUCH KOHIICHTpAITii HETATHBHIX 10HIB BCEPeIIHI TIPUMIMTEHHSL. Pe3yapTaTy HaBeeH B 6e3p03MIpHOMY BUTTISIL
KOYKHE UHCITO - Tl¢ BeIWYMHA KOHIICHTpAIlii y BICOTKAX BiJ BEMMUYMHA MaKCUMAILHOI KOHIIEHTpariii B mpuMimmeHHl. Haykoea
Hoeu3zna. 3anporioHoBaHo HoBy 2D CFD Moielb IpOTHO3Y aepoioHHOTO PEKUMY B IPUMIITEHHSX, KA HaJlae MOKIUBICTD 3 JIOCUTD
MaJIUX BHUTpaT KOMITIOTEPHOTO Hacy BH3HAUWTH KOHIIGHTpaIlilffHe I10jIe acpoiOHIB B 3alaHOMY MICIll B TipuMirnieHHi. Ipakmuuna
snauumicms. 2D CFD Mojens TPOTHO3Y aepOIOHHOTO PEXUMY B TPUMIIIEHHSX JIO3BOIMUTH PO3PAXOBYBATH KOHIICHTPAIIIIO
acpoiOHIB B poCOUMX 30HAX MPHUMIMICHHS 3 YpPaxyBaHHSIM OCHOBHUX (I3MUHMX (GaKkTopiB, IO BU3HAYAIOTH (OPMYBAHHS
KOHITEHTPAITIHHIX TIONIB aepOIOHIB, M0 3a0e3MeUnTh MOKIUBICT PAIliOHATHHOTO PO3TAINyBAHHS 10HI3aTOPIB 3 METOIO CTBOPSHHS
HalGUIBII CIPUATIUBOTO aePOIOHHOTO PEKUMY JUISI IIEPCOHATY.

Kmiouosi cnosa: CFD monenn; aepoioHHUIM peskuM;, KOHIICHTpaITifiHe I1ojle aepoioHiB
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Annotation. Purpose. The providing of required air ion formula in working areas is a very important task in labor protection and
environmental safety field. One method of solving this problem is the artificial ionization of the indoor air. Currently, there is a
definite shortage of methods in Ukraine, which is allowing to obtain an adequate prognosis mformation to substantiate the ionization
premises specific regime. Thus, the problem of special calculation methods creation, allowing a sufficient degree of operational
efficiency to determine a rational arrangement of ionizers. Such models should take into account the aerodynamics of air jets in the
room, the presence of furniture, equipment, transport of ions in an electric field — i.e. a set of factors that determine the intensity and
shape of the field concentration of ions in the room. Accordingly, it is need to develop models for the prediction of CFD air ion
regime in premises and work areas, which allows to take into account the most important physical factors that determine the
formation of ions concentration field. Methedelogy. The proposed CFD prognosis model of air ion regime in premises based on the
use of aerodynamics, electrostatics and mass transfer equations. This model allows you to quickly calculate the ions concentration
field in the room and work areas with the influence of the walls, floor, ceiling and obstacles in the process of dispersion of air ions,
the specific location of ion emission of different polarity, and their interaction. Findings. The calculated data on which to estimate
the ions concentration of anywhere in the room with artificial air ionization was received. lons concentration field represented as a
matrix of values negative ions concentration indoors. The results are given in dimensionless form, where each number - is a
concentration measure in percentage of the maximum concentration in the room. Originality. A new 2D CFD model for prognosis of
indoor air ion regime, which is providing the possibility for a sufficiently low cost of computer time to determine the ions
concentration in a given place in the room is proposed. Practical value. 2D CFD prognosis model of indoor air ion regime allows to
calculate the ions concentration in the working areas of the premises, taking into account the basic physical factors determining the
formation of ions concentration fields, which will enable the rational arrangement of ionizers in order to create the most favorable air
ion regime for the staff.

Keywords: CFD model; air ions regime; concentration field of air ions

Beejenne IKOJOTHUCCKOU Ocsomacwoctu [1, 5, 12-13]. JAdma
pelieHMs  JAHHOM  334a4d  4acT0  HCHOJIB3YIOT
HCKYCCTBECHHYI) HOHH3ALMUIO BO3AyXa B IMOMCIICHHAX.
HCKYCCTBGHH&I}I HOHU3AIUA MOXKCT MNPOXOAUTH ABYMA
Iy TSIMHA yCTaHOBKOI\/'I B NOMCIINCHHUHU HWOHU3ATOPA, HIIH
noJayYecH B MOMEIICHUE YKE MOHM3HUPOBAHHOTO BO3IyXa.

ObccmeucHUe HCOOX0AUMOTO KAYCCTBEHHOTO
CcoCTaBa BO3AYIOHOMH Cpeapl B paboumx  30HAX
NPOU3BOACTBCHHBIX H O(I)I/ICHBIX HOMGH.[GHI/II\/II SABILICTCA
KpaifHe Ba)KHOW 3amaducii B 0ONacTH OXpaHBI TPyAa H
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B namHON pabore paccMmarpwBacTCs BTOPOH IyTh
HOHM3aIWU TnoMelleHuda. Ho, mpH pemeHuH AaHHOH
3a71a4M HEOOXOJMMO 3apaHee INPEABBIMHUCILITE YPOBEHB
OTPHULATEIFHBIX HOHOB B PabOYMX 30HAX, YTO, B CBOIO
ouepenpb, CTABUT 33a74a4y pa3pabOTKH METOMOB pacyera
KOHLEHTPALUU MOJIEW HOHOB B MOMEHICHUX. [Ipu 3tom
KpaifHe BaXKHO, YTOOBI CO3JABAEMBIC METOIBI pacuera
MO3BOJIIIM OBl YYHTHIBATH BCE TC CYIICCTBCHHBIC
(usuaeckue (PakTOPHI, KOTOPBIC BIMAIOT HA PACCCHBAHHC
HOHOB B TIOMCIICHHH.

B Vkpamne oOJHUM W3 OCHOBHBIX HANPABICHHH
CO3JAaHUA METOJAOB pacdeTa a’3pOHOHHOTO PEKHMA B
MOMEIICHUAX SBISICTCSI TPHMCHCHHC AHAIHTHYCCKUX
Momenert [3-10]. Takwe Momenam MO3BOJIOT OBICTPO
paccuMTaTh KOHICHTPALMIO A3POHMOHOB, OIHAKO 0e3

yuera  (DaKTOPOB, OKA3BIBAIOINUX  OMPEACILIOINCE
BIHSAHAC HA (JOPMHPOBAHHEC KOHLCHTPALHOHHOTO MOJIL
a3pOMOHOB B pabouymMx B30HAX, - Aa3POAHHAMHKH

BO3OVIUHBIX CTPYH B IOMCIICHHH, HAJTHYUA B HEM
000pyI0OBaHHSA, MCOCITH, HCTOYHHKOB BBIACIICHHS ITBLTH H
T.ar. g mosydeHus 60ee 00OCHOBAHHOW IPOTHO3HOM
nHpopMmanmn HeoOxoaumo mpumeneHne CFD moxpenei
[12].

e

Lensro  maHHOW  paboOTHI  ABICTCA  CORTAHHC
yucneHHod Moaean (CFD) mia mpoTHO3a a3pOMOHHOTO
pexumMa B TIOMCIICHHUAX H B pa6oqnx 30HAX,
HOSBOJ’I}IIOH.IGI\/II YYATBIBATE PA3MCHICHUC  PA3THIHBIX
0OBCKTOB B MOMCIICHHH (CTOJIBL, CTY b, TOJKA U T.IL.) H
T¢ HAWOOJCC CYIICCTBCHHBIC (DH3HUCCKHC TPOLCCCHI,

KOTOPBIC OTPCACTIIOT (hopMupoBaHHC
KOHIICHTPAHOHHOTO MO a3POHOHOB.
Meroauka
H3gecTHO, 4To Ha (hopMupoBaHHC

KOHIICHTPAHOHHOTO O A3POHOHOB B IOMCIICHHH
OKa3bIBACT BIISHHC KOMIUICKC (PH3MUCCKHX (DAKTOPOB:
MOTOK BO3AyXa, BBI3BAHHBIA PAOOTOH BCHTHILIIIUH,
muddysmsa, BO3ACHCTBHE 3MEKTPHUCCKOro moist. Kpome
3TOr0 MPOHUCXOJUT B3AUMOJCHCTBUE HOHOB PA3IUYHON
TMOJIIPHOCTH W B3aHMOJCHCTBHC HX C YACTHLIAMH TBLIH.
Jna ydueta 3THX MNPONCCCOB, MPH MOICTHPOBAHHH
pacCcuBaHUs  A3POUOHOB, OyaeM  HWCTONB30BaTh
YpaBHEHHE nepeHoca B Buae [13]:

o ou+bE)C  dv+bE)C _
ot ox By

[, ), 2 ) e
o' "ax) "7 oy

D+ Y 0.0 B,

rae C, B, D — KOHIEHTpamus OTPHIATEIHHBIX,
MOJIO’KUTETBHBIX ~ A3POMOHOB WM YACTHUIl  ITHLIH
COOTBETCTBCHHO, #, V, — KOMIIOHEHTBI BEKTOPA CKOPOCTH
JBIGKCHAS BO3AYIIHOTO ITOTOKA B MOMEIICHHM, U = (i,
lty) — Kkodhunumentsl mupdyszmm;, ! —Bpems, o —

CKOPOCTh PCKOMOHHAIIMH HOHOB, HMCIOIIYX PA3JITIHYI0
HOJUIPHOCTE; f  — CKOPOCTH PEKOMOHMHALIMH HOHOB C
yactumaMu  meDiH;,  Qci, HHTCHCHBHOCTh 3MHCCHH
OTPHIATCIBHEIX HOHOB B COOTBETCTBYIOIMX TOUKAX C
KOOPAMHATAMH  Xc.Vc; 5(x—xl. )S(y— yl.) JenbTa-
¢Gyuxmuss  [upaka, b — xkoaummeHT MOOHIBHOCTH
HOHOB, £ — HANPSKCHHOCTD 3JCKTPHUCCKOTO ITOJISL.
OrMeTHM, 4YTO OCh ) HANPABICHA BCPTUKAJIBHO

BBEPX.

ITockombKy ad3pOHMOHBI HMCIOT 3apgd, TO OHH
TCHEPHPYIOT ~ JICKTPHYECKOE Tole £,  KOTOpoe
OIHUCBIBACTCS CICAYFOIIMM YpaBHEHUEM [13]:

ok, O, _q, o
ox oy g

rac &, — AUANICKTPHUICCKAS MPOHHUIACMOCTS, (, —

IJIOTHOCTHh OOBEMHOTO 3apsa.
Ot ypaBHeHHA (2) MOXKHO NEPEHTH K CKAIPHOMY
MOTCHINAIY, ECJIM YYECTh TAKyI0 3aBUCHMOCTh

Ly =——. 3)

Toraa momyuuM ypasHeHHE IlyaccoHa ClIeayrOIIETO
Buga [13]

==, )

e {, :—eC(x,y), C (x,y) — KOHICHTpAIHUA

¢ —  CKAJLIPHBIA
MOTCHIMAT, € — 37IeMEeHTapHbIH 3apsa. Ha 6ase manHOTO
VPaBHCHUS OCYIIECTBILIETCA MOJICTTHPOBAHHE
JNEKTPUUECKOTO OIS

Jos OTIHCAHUS TIPOLIECCOB paccemBaHHI
IMOJIOKHUTCIIbHBIX HOHOB H IIbIIIH 6y/:[eM HCIIOJIB30BATh
ypaBHeHHE nepeHoca Buaa [13]:

OB ouB ovB 0 oB
vttt = K
o ox Oy Cox Ox

9 My, — B —aCB - BD +
oY

OTPULATCIBHBIX A3pPOHOHOB;

J’_

EY
+2.0,008-x;)50v-25). O
6D auD 0VD
at ax 6y
_of, @, op, @D
A oy Hy oy
+ZQD:‘ (l)é(x—xD )5(y_yD ) (6)
OO0o3HaueHHE (PUAHYECKUX MAPAMETPOB B ITHX
VPABHCHHAX COBIAAACT c AHAJIOT U HBIMH

0003HAYCHUAMH, PHBCACHHBIMHE T ypaBHEHUA (1).
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