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Abstract. Incoming air has to be cleaned in the air conditioning system by the filters of different types. This mechani-
cal processing varies air ions concentration, primarily negative ions. However, nowadays in the research works [1, 2, 3]
there is not any consensus on that problem. Therefore, we have reviewed this question more deeply in the article. The
filters of three efficiency groups (filtering ability) were selected according to European standard EN779/2012. Tested
filters were placed in the outlet section of the plastic duct with the attached fan. Just behind the filters there was the small
air ions counter MAC-01 (Russia). We located the bipolar effluence ions generator IWS-12D1-AE (Israel) with the
productivity of 5-10° ion/sec and electrode voltage of U = 6 kV on 250 mm from the outlet section of the duct. Due to
the ions flow distributed uniformly over the filter surface. The lab background ions concentration was n*= 120 ion/cm’,
n <100 ion/cm®. The data show radioactive contaminants in building materials do not influence on the background ions
concentration. Consequently, we can ignore it. In the beginning of the experiment, the fan and the ionizer were function-
ing, but filters were not placed in the duct. Owing to the step, we have determined ions concentration in front of the fil-
ters: n-=58.6:10%ion/cm*andn*= 14.2:10°ion/cm’. Then the filters were changed in turn during the experiments and we
have carried out the measurements behind them. Having analyzed the experimental data, we are able to conclude: — Air
ionizers must be the last unit for the air processing and they have to be placed after filters. Researching results show that
any type filters catch above 90% of negative and positive ions. — The only explanation of ions concentrations increase
after the filter (if we observe such thing) is due to high emanation of radioactive contaminants in building materials.
This process is observed in the tight spaces, especially without the ventilation systems [1, 2, 4].

Keywords: ionization; filters.

AnHoTtanus. [IpoBeneH aHanu3 BAUSHHUA (QUIBTPOB PA3IMYHON CTENEHH OYMCTKH HA KOHLIEHTPAIHIO a3pPOHOHOB.
Jlana pexoMmenaanus B oTHOImEHHH MecTa ycTaHOBKH B CKB yCTpoicTB MCKYCCTBEHHOM HOHH3AIMU MPUTOYHOTO
BO3IyXa. YCTaHOBJICHO, YTO (DUIIBTPHI JIFOOO0I CTEIIEHN OYMCTKH YIaBIUBarOT CBbIe 90 % MOHOB KaK OTPUIATEIbHO-
TO, TaK U TOJOKUTEIBHOTO 3apsiia. BosaMoxkHOE yBeIMYeHHE KOHIICHTPAIMK HOHOB Tocie GuiIbTpa (eciu Takoe Ha-
Oiroy1aeTest) OOBSICHSICTCSI BRICOKOW CTETICHBIO IMAHAIMHU PaJIMOAKTHBHBIX BEUIECTB U3 OIPAXKIAIONINX KOHCTPYKIIHUH
3IaHUH.

KuroueBble c10Ba: HOHU3AIUS; (PIIIBTPHI.
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Awnorauis. [IpoBeneno anaini3 BIUIMBY (GUIBTPIB PI3HOTO CTYIEHs OYMIIEHHS HA KOHLIEHTpallilo aepoioHiB. [lana pe-
KoMeHzalis 1moxo Micit yecraHoBky y CKIT nmpucerpois mTyuHol ioHi3auii npumiiMBHOTO MOBITPs. BeranoBneHo, 1o
¢buIbTpH Oy/Ib-SIKOTO CTYIEHS! OYMIIECHHS BIOBIIOIOTH MOHAT 90% iOHIB SIK HETaTUBHOTO, TaK 1 HO3UTHBHOTO 3apsiay.
MoskiinBe 30UTbIICHHST KOHIIEHTpaLii 10HIB micsist (iIbTpa (KO TaKe CIIOCTEPIraeThesl) MOSICHIOETHCS! BUCOKHUM CTY-
TICHEM eMaHallil paJi0aKTHBHUX PEYOBHH 3 OrOPOKYBAILHUX KOHCTPYKIIH Oy/IiBEIb.

Kurouosi ciioBa: ioHizamis; GiuIbTpH.
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INOCTAHOBKA IMPOBJIEMbI

[IpuTOYHEIH BO3IYX CHCTEM BEHTHIISAIIUH U KOHIHIIU-
OHHPOBAHUS TIEPE]T €T0 MOAaYCH B TIOMEIICHUE TOMICIKUT
OUYHUCTKE B (PIIBTPaX pa3sHON CTEMEeHU IPPEKTUBHOCTH.
Takas mexaHmdeckass 00pa0OTKa OYCBHIHO H3MCHSCT
KOHIICHTPAIIMIO HOHOB, B IIEPBYIO OY€PEIh OTPUIATEIb-
HO 3apsKCHHBIX.

OpnHako, B paboTax pa3IUYHBIX aBTOPOB HET OIHO-
3HAYHOTO MHEHHS OTHOCHUTENIFHO BIUSHUS (QMIBTPOB Ha
CTETICHb JICMOHM3AINN Bo3ayXa [3, 5, 6].

B cBs13m ¢ 3THM, B JaHHOM CcTaThe, ClIeNaHa ITOMMBITKA
TIPUHECTH HEKYIO ICHOCTB TI0 JaHHOMY BOTIPOCY.

s nccnenoBanus OBUTH OTOOpAaHBI PHIBTPHI TPEX
rpynn 3PQPeKTUBHOCTH ((PUIBTPYIONICH CIOCOOHOCTH)
G, H, F, B COOTBEeTCTBHH C €BPONECHCKAM CTaHIAPTOM
EN779/2012, Tabm. 1.

AHAJIN3 MMOCJIEJHUX
HCCJEJOBAHUM U TYBJIUKALIMA

B pa6ore [5] Umxeckum A. JI. mpoBeneHa ce-
puUsl DKCHEPUMEHTOB C BaTHBIMU JMCKAMH JTUAMETPOM
5 MM ¥ pa3nuaHOU TommuHEL (0T 12 MM u Gonee). U3
pPe3yabTaToB ONBITOB BHUAHO, YTO Ja)K€ BBICOKUE KOH-
LEHTPAIMH JeTKUX a’poroHoB (N~ = 4,2 - 10° uon/cm® u
n*= 4,07-10° non/cm?), MoJyuEHHBIX B BO3MyXe IyTeM
HCTCYCHUSI IMOCTOSTHHOTO TOKAa BBICOKOTO HAIPSHKEHUS
C IydYKa OCTpHi, HE MPOOHMBAIOT cede MyTh yepe3 Bar-
s QusTp. Cioit Batel B 4 MM mpormyckaet meree 0,1
[epBOHAYAJILHOrO uMciaa MOoHOB. Ciol Batel B 12 MM
TIOTYIONIAET BCE JIETKHE adPOMOHBI 00EHX MOISIPHOCTEH

(puc. 1).

OnbIThl C emie OoJiee CIIPECCOBAHHOWM BaTOM IMOKa-
3aJi, 4TO CJIOW BaThl B 2,5 MM 3aJIcp)KUBACT BCE JICTKUE
a’pouOHBI. [l 3aIepKKU B BATHOM (DUIIBTPE TIKEIBIX
A’POUOHOB TIOHAIOOMIIACh OOJIBIIAsT TONIIMHA (QUIBTPA.
Tspxenbie a3pONOHBI CBOOOIHEE MPOXOAAT uepe3 GUIIBTP,
YeM JIETKHC a’pOHMOHBI. TONBKO CHIIBHO CIIPECCOBAH-
HBIH c0H BaTel B 8—10 MM 3aep:KUBaeT Bce TSXKEIbIE
U CBEPXTSIKEIIBIC a9POHUOHEI.
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Puc. 1. INormomenne BaTHBIX (MIBTPOM adPOHOHOB 00EUX
nossipHocteit. [Ipu tommuue Quibrpa, paBHOH 6 MM, YHCIO
A’POMOHOB MaJJaeT MOUTH /0 HyJst. BatHbri Gruterp TommuHoON
B 8—10 MM mormiomaer Bce adpOUOHBI
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Tot e ¢deHOMEH [5] MOIHOTO OTCYTCTBHUS adpOHO-
HOB ObLT OOHapy»KEeH B METAIIIMYECKOW U TepMETH3HPO-
BaHHOU Kamepe o0beMoM 120 M3, HeCMOTps Ha YPE3BHI-
YaliHO CWJIBHYIO BEHTHJIIIMIO BO3/lyXa, MPOITYIIEHHOTO
Yyepe3 YroJabHbIH QuiIbTp. DTOT GUIBTp 3aep)KUBall BCE
JIETKHE, TSDKENbIe M CBEPXTSKEIbIe a9POHOHBI Hapy»KHO-
TO BO3/yXa.

Onpitel [3] JIuBmmua M. H., nokasanu, 4to mnocie
¢unsrpoB u3 Tkanu OIII1-15, asporons! orpunaresbHO-
TO 3HaKa He ObITH 0OHAPYKEHHI.

C npyroii ctopons! pabotsl [6] Kupnmmosa B. ©.
JIEMOHCTPHUPYIOT 00paTHyI0 KapTuHy. M3yuas BiusiHuE
MHTEHCHBHOCTH HMOHOOOpa30BaHMsI Ha KOHLEHTPALHIO
JIETKUX a3pPOHOHOB, OH TPOBEJI HKCIIEPUMEHT B TIOMEIIIe-
HuKM 00beMoM 220 M3, B KOTOpOM Oblla CMOHTHpPOBaHA
YCTaHOBKA C penupKyisiuei Bo3ayxa. Ilepen ombiTom
Ha BO3IyX03a00pHBIE OTBEPCTHS HAKIAABIBAJICS TOT K
marepuan OIIII-15. Bo3ayXonpon3BoguTeIbHOCTb yCTa-
HOBKU — 3800 M3/u obecrnieunBaia KpaTHOCTh BO3LYXO-
obmena 17,3 u.

UYepe3 50 MuH moce BKITIOUEHHS] CHCTEMBI PEIUp-
KIS KOHIIEHTPAIHXS JISTKUX a9PONOHOB MTOBBICHIIACH
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D1arbl KOHIUIMOHUPOBAHUS

Puc. 2. KOHL[CHTpaL[I/Iﬂ Aa3pOUOHOB B COBPEMECHHBIX 3IaHUAX Ha
Pa3IMYHBIX dTallaX KOHAUIITMOHUPOBAHUSA BO3QyXa:

I — nmomava armochepHoro Bo3nyxa; I1 — mociie mpoxokaeHust
BO3/yXa 4epe3 QuIbTphl ToHKOH ouncTky; [II — mocie kamepsr
opomIeHus; | — JIeTKue OTPHLATEIbHBIE a9POUOHBL; 2 — JIeT-
KM€ TIOJIOXKUTEIIbHBIE a3POUOHBI; 3— adPOMOHBI OKHCU a30Ta;
4 — a>pOMOHEI 030HA
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M0 CPaBHEHHMIO ¢ HadyaybHOH B 1,7 pa3za. Kak oObsicHsier
aBTOP — 3TO YMEHBIIIEHHE OBLIO BBI3BAHO TEM, UYTO B pe-
3yaprare QuiabTpanuu Bo3ayxa depe3 Tkanp DIIII-15
PE3KO TMOBBICHIIACH CTEIEHb €r0 YHCTOTHI 38 CUCT YMEHb-
IMIEHUsS YHCIIa TSDKEIBIX a’POMOHOB M HE3APSKEHHBIX
AAEPp KOHACHCAIWH. O}IHOBpeMeHHO 3HA4YUTCJIbHAs BCJIN-
YHHA €CTECTBEHHOTO HOHOOOPA30BaHMs 3a CYET HOHU3HU-
PYIOILETO M3Ty4eHHs CIEJO0B PAJHOAKTUBHBIX BEIIECTB
CTPOUTEJIbHBIX MaTe€pUalIOB OOYCIIOBMIIA POCT KOHIICH-
TPALH JIETKUX a3POHOHOB.

B tpynax [6] Innkwiaa A. A. yTBepKIaeTCs, 9TO IPH
paboTe KoHJUIUOHepa ¢ GUIBTPOM KOHICHTPALHS TsKe-
JIBIX TOJIOKUTENIBHBIX a3POMOHOB, cIrycTst 30 MUH 1ocie
Hayaja KOHIMIHOHMPOBaHWsI, cocTaBisiia 510 non/cm’,
TO 0€e3 Hero K Toi xe MuuyTe — 800 mon/cm?®. Tax ke
aBTOp IpenoCTaBisieT rpaduk (puc. 2), Ha KOTOPOM JIU-
HUEH / OKa3aHO yBEIMYCHUE KOHIIEHTPAINH JIETKHUX OT-
pHLATEIbHBIX HOHOB IOCIe (GHIBTPA.

OEJb HUCCIEAOBAHUSA — wusyuutbs wusme-
HEHHE a’pPOMOHHOIO coCTaBa aTMOC(EpPHOro BO3AyXa
npu ero o0OpaboTke (uIbTpaMy pa3iIUYHOW CTEIEeHH
OYHCTKH.

N3JIOKEHUE OCHOBHOI'O MATEPUAJIA

B nacrosmieit pabote, 11l IPOBEICHUST UCCIIENA0BA-
HUsL OB U3TOTOBJICH 3KCIEPUMEHTAIbHBIN CTEH, KOTO-
PBIH peNCTaBIsI COO00H BEHTHIISITOP C MPUKPETIICHHON
K HEMY IUIaCTUKOBOH TpyOoi mmmHO#M 500 MM U muame-
tpoMm 100 Mm (puc. 3).

Ha BbIXOZIHOM ceueHHH KaHasa pa3Mernanicst GuibTp,
cpa3y 3a KOTOpPOM OBLI yCTaHOBIEH MajorabapHUTHBIN
aspounonHbil cuerynk MAC-01 (OOO «HTM-3amuTay,
P®), xapakrepusyronmiica 1Mana3oHOM U3MEpPeHHsI KOH-
HEHTPALNX ITOJOKUTEIBHBIX W OTPHLATEIBHBIX HOHOB
102...10° cM™ u mpemenaMu JIOMYCKAEMOM ITOTPEIIHO-
ctu: = 50% B nmommuanasone or 100 1o 700 cm3; + 40%
B nojauanaszoune ot 700 qo 10° cm. st monmydeHust 10-
CTOBEPHBIX JAHHBIX (pUKCHpyeMasi BETMUNHA KOHIICHTpa-
IIUHM a9POMOHOB OTIpe/IesIsiiach Kak CpefHee 3HaYCHUE 110
10...15 moxa3zanusiM npruOopa A KaxK 0 MOISIPHOCTH.

B Hauase Ha BXOZ B BEHTHIIITOP TIOAaBasicst arMochep-
HBII Bo3MyX. HO KOHIIEHTpaIys JIETKUX OTPHULATEIIBHBIX
HOHOB B HeM Obuta HUYTOXHO Masioi N-< 100 mon/cm?’.

500 MM
250 mm

\ O\ \ \
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Puc. 3. Cxema creHza Ju1g ucciaeq0OBaHus QUIBTPOB:

1 — c4eT4nK adponoHOB; 2 — QUIBTP; 3 — HOHM3ATOP; 4 —
3aMep MmapaMeTpoB BO3AyXa; 5 — BEHTHIIATOP



[ToaToMy OBLTO IPUHSATO PEIICHUE YCTAHOBUTH BHY-
TpH TPyOBI TIOCIIE BEHTHIISITOPA OUMOIISIPHBIN HOHU3ATOP
s¢dmrosransroro tuna IWS-12D1-AE (Filtair, Israel),
MPOU3BOMUTENBHOCTRIO 5 - 10° HOH/C W HampsDKEHHEM
Ha smekrpogax U = 6 kB. DTo obecmednio MmoCTOsH-
HYI0 KOHIICHTpAIIMI0O HMOHOB O0OMX 3HAKOB JI0 (huIIb-
Tpa, a pacrmojoKeHNEe WOHM3aTOpa HA PACCTOSHHUU
250 MM OT BBIXOJHOTO CEYEHHsI KaHajia MO3BOJIUIIO PaB-
HOMEPHO PacIpeesisiTh MOTOK MOHOB IO TOBEPXHOCTH
¢dubTpa.

Tax e BHyTpH TPYOBI IIPOBOIIIICS 3aMep TeMIlepa-
TYpPBI, BIQKHOCTH M CKOPOCTH BO3/1yXa, KOTOPBIE COCTa-
B t =23 °C, ¢ = 60%, v = 8 m/c.

B mnomemenun, re Haxogwics CTEHJ, ObLI MpO-
BeZIcH 3aMep (POHOBOM KOHIIEHTPAIMH HOHOB: N° =
120 won/cm®, n- < 100 won/cm®. JlaHHas KOH-
LEHTpasi TOBOPUT O TOM, UYTO BIHSHHAE PaTHO-
AKTUBHBIX [pUMECed B CTPOUTEIBHBIX Marepu-
almax TIOMEIICHHS HE CYyNIECTBEHHA M €W MOXKHO
TIpeHeOpeyb.

Ha mepBpIX 3Tamax sKcmepruMeHTa paboTanyd BEHTH-
JISITOp M MOHH3ATOp, HO (IIBTPHI HE yCTaHABIHUBAIUCH.
JlanHast porierypa MO3BOJIHIIA ONPEACTUTh KOHIICHTPA-
LU0 NOHOB HEMOCPE/ICTBEHHO Nepes (GUIIBTPOM, KOTOpast
cocrasuiia: N= 58,6 103 non/cm*un*= 14,2 - 10° non/cm’.

Ha crietyromem mare moodepeiHo yCTaHaBIHBAINCh
(UIBTPBI, @ 32 HUMH TIPOBOJMIIMCH 3aMEPbl HOHOB 0001X
3HaKoB. Terepsh, MPUHSB KOHIICHTPAIIAIO HOHOB JI0 (DHITb-

TEXHOMEHHA BESIMEKA [\CISEL R={o)}s]

Tpa 3a 100% omnpenensieTcss NPOLEHT yIaBIMBAHUS IS
Kaxaoro ¢puisrpa, Tad. 1.

[Ipoananmu3upoBaB JaHHBIC HYKCIIEPAMEHTOB, MOXHO
c/IeNaTh BBIBOJI, YTO COBPEMEHHBIC (DUIIBTPHI YIIABIHBAIOT
6omee 90% JerKuX HOHOB 0OOMX 3HAKOB.

BBIBO/Ibl. Monm3aropsl Bo3ayXa IOJDKHBI OBITh
MMOCIICAHUMH B IIEMH YCTPOHCTB 00pPaOOTKH MPUTOU-
HOTO BO3IyXa, T. €. PAacIojarartbCsi ITOCIIE KOHEYHBIX
(GUIBTPOB TOHKOW OYMCTKHU. Pe3ynbTarhl MCCICIOBAHUS
CBUJCTENBCTBYIOT O TOM, YTO (PIUIBTPHI JIIOOOW CTere-
HU OYMCTKM yaaBiuBaloT cBbiie 90% HMOHOB Kak OT-
pHUIATENFHOTO, TaK W TOJOXKUTENBHOTO 3apsma. Ilpum
9TOM CJIEAYeT OTMETHTh, YTO (PUIBTPHI TPyOOH OYHUCTKU
G2...G4 3amepxuBaroT Ha 5...6,5 % OombIle MONTOXKH-
TEJIBHBIX MOHOB, Y€M OTpPHUIATEIBHEIX. BO3MOXHO, Takas
TeHICHIUs BbI3BaHa 3(h(hekTom, KoTopsiid Habmonan Ku-
puwioB B. @. — pe3koe MOBBIILIEHNE CTENIEHN YUCTOThI
BO3/JyXa 3a CUET YMEHBIICHHUS YUCIA TSIKEIBIX adpOUo-
HOB M HE3apsKCHHBIX sifep KoHAeHcaruu. OqHaKo, 3TOT
s¢dekr He HabroNaeTes B puibTpax xiacca F u H.

[Toka 4TO eIUHCTBEHHOE OOBSICHCHHE YBCIUYCHUS
KOHIICHTPAIINH MOHOB Tocie (GuibTpa (€ciu Takoe Ha-
Oirof1aeTesl) — HTO MOHU3BMPYIOIEe M3Iy4YeHHE B CIIe[-
CTBUHM BBICOKOH CTENICHM 5SMaHAIMM PaJNOAKTUBHBIX
BEILLIECTB U3 OTPAKIAIONIMX KOHCTPYKUUN 3maHuil. YTo
HAOIIONANOCh B TEPMETUYHBIX MOMEIICHUAX, 0COOCHHO
0e3 cucteMbl BeHTHIIAIMH [ 1, 2, 4].

Ta6muua 1. Pe3ynbrarsl HCCIIEI0BaHHS BIUSHUS (DUIBTPOB PA3IHUHON CTENICHNA OYUCTKH Ha KOHIICHTPALHIO a3POHOHOB

W3mepenus nocie Gpuiibrpa [Ipouent
Pasmep Tomnuuna yaBIBaHHA
Tun Qunerpa | Marepuan duikrpa qacTul, wm | QUIBTpa, MM nonmszarop IWS-12D1-AE
n-, non/cm? n*, mon/cm> n-, % n*, %
G2 6239 621 89.4 95,7
G3 [onmacrep 5 5794 496 90,1 96,5
G4 20 4372 310 92,5 97,8
H10 0,5 583 520 99,0 96,4
CTEeKJIOBOJIOKHO 0,1-0,3
H12 0,5 261 295 99,6 97,9
F5 5 208 392 99,8 97,5
F6 5 198 375 99,7 97,5
CTeKIJIOBOJIOKHO 1-3
F7 5 173 350 99,7 97,4
F8 5 146 347 99,6 97,3
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