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Jy6oBenko K. B. crapumii HaykoBumii cniBpoOiTHHK [HCTHTYTY iMmmynbcHEX mporeciB i Texnonorii HAH VYkpainy,
KaHIWIAT TEXHIYHUX HAYK;

Jly6oBenko Koctsinrun BikToposny, 1958 p.u. Ctapmmii HayKoBUi CIIBPOOITHHK IHCTUTYTY iMITY/IECHUX IIpOLIECiB
iTexnonorii HAH Ykpainu, kaHmmaar TexHi9HEX HayK. ABTOp roHas| 50 HayKOBHX CTaTeii Ta BUHAXO/IB. 3aiiMaeThes
pOBIEMaMy MOJIEITFOBAHHST Ta PO3POOKH 00T/ THAHHS IMITYJIbCHOI €HEPreTUKHU JUIS BAKOPHCTAHHS Y €KOJIONYHO
YHUCTUX ITPOMHUCIIOBUX TEXHOJIOTiSX. YYaCHHK MDKHAPOHUX, BCEYKPATHCHKHX Ta PEriOHAIBHUX KOH (hEepeHIii.

TexHONOr14H1 NepCIEeKTUBU 3aCTOCYBAHHS IMITYJIbCHOI €HEPIeTUKH JUIS
MJIa3MOXIMIYHOTO OYUILEHHS TOBITPS

KopoTKO pO3IIISSHYTO MOKIIMBOCTI 1 IIepeBark 3aCTOCYBaHHS IMITYJIBCHUX KOPOHHHX PO3PSULIB 1 EKTPOHHUX ITydKiB JUIs OYMILCHHS JMMOBHX
rasiB BiJ IIKi/UIMBUX Tra30HOMIOHHX PEYOBHH, IO yTBOPIOIOTHCS HPH 3TOPSHHI BYTUIBHOIO Ta BYITIEBOJHEBOIO IauuBa. 3’sICOBAHO HPoOIeMU
IIMPOKOr0 BIPOBA/KCHHS IIOI0 METO/TY Ta LIUIIXM IX BUPIIIICHHS Y TPHOX aCHEKTax: (i3MIHOMY, TEXHIYHOMY Ta IPaBOBOMY.

The possibilities and advantages of pulse corona discharge and electron beam application for flue gases purification from hazard gaslike matters
that are created under combustion of coal and petroleum fuel are briefly considered. The problems of wide introduction of this method and the ways for
their solution are clarified from the point of view of physical, technical and juridical aspects.

3a ocTaHHI JeCATHPIUYS BIUIMB AISUTHHOCTI JTFOTUHU
Ha HABKOJMIIHE CEPEOBHUIIE NPHU3BIB JIO TIIOOATBHUX
HETaTHBHUX HACHTIIKIB. 3apa3 IIopidHO B atMochepy
3emmi BukHIaeThest Ot 150 mumH. T OKemmy Cipku Ta
Outbm sik 50 MITH. T OKCHIIB a30Ty. TiIBKU eHepreTuyHe
00J1aTHaHHs OIOPIYHO BUKHIAE B atMocdepy OUThII K
200 muH. T momeny Ta Oimst 60 MuH. T cipuaHoro
anrigpuny. EHepretmka i TpaHCIIOPT € TOJOBHHMHU
YUHHAKAMH aHTPOIIOTEHHOTO BIUIMBY Ha atMocdepy,
OCKUTBKHM CHOKMBAHHS €HEpril JIIOICTBOM IPSIMO YH
MOOIYHO BHW3HAYA€ ICTOTHY 3MiHY Ta30BOrO CKIAIy
aTMocdepH 1 TPU3BOAUTE IO IOl HI3KA TIIOOATBHIX
HETaTHBHHX SIBUII, IO KIACH(IKYFOTBCS SIK HeOe3meyHi
Ta OIKWWBI  (aKTOPH CEepellOBHINA  IMPOKHBAHHS
momunn [1,2].

Lt mpobniema Ge3mocepetHbO CTOCYEThCS 1 YKpaiHu.
Ha Tepuropii Hamoi KpaiHn 3HaXOmUTHCS 23 TEIIoBi
eIeKTpocTaHIii, 16 KOKCOXIMIYHMX 3aBOAiB, 6
HaWBXIMBIIINX LEHTPIB HadTOmepepoOKH, 4 BeENHKi
TIPHEMCTBA XiMil OpraHiyHOro CHHTE3y Ta Oarato
IHIIMX TIPOMHCIIOBMX TIANPUEMCTB, BHKHIN SIKHUX
HETaTHBHO BIUIMBAIOTH HA CTaH aTMOC(epH.

3apa3 BimomMo ©0arato METOMIB  OYHWIICHHS
BUpOOHMYMX TaziB. Jlo TpamumiiiHUX METOiB
T'a3004MIICHHS HAIEKaTh, HANPUKIAL, METOIH CYXOro
IHEpHIHOTO OUMILEHHS, OXOJO/DKEHHS 1 BOJOrOro
OuMIIIeHHsI, (PUTHTPYBAHHS, €ISKTPUYHE OUMIIICHHS Ta3iB
CTaTHYHUM KOPOHHHUM PO3PSZIOM.

Bci mi mMeTomm maroTe 3MOTY OYHCTUTH BHUPOOHMUI
rasd Big momeny i mmry. [lpy oMy IIKiUTHBI

KOMIIOHEHTH Ta30MOMi0OHi, 5K i paHille, BUKUIAIOTECS B
atMochepy. Ha cporomni HalOLIBII ONpanboBaHUMH €
TEXHOJIOTI OYHMIIICHHS Ta3y BiJl OTPYHHMX Ta30MomiOHIX
PEUYOBHH 3 BUKOPHUCTAHHAM XIMIiYHHX MeTofiB. OIHAK, I1i
TeXHONOTI1 € ayke BUTpaTHUMH [3], y 3B’SBKY 3 unM
TIPOIOBXKYETHCA TIOMIYK 1HIMX, OUTHII EKOHOMIYHHX
METOIIB.

Ha remepimmiii wac HaHOUBLOI IEPCTICKTUBU
OUMIIICHHSI TIOBITPSI BiJ 3a0pyJHIOFOUMX Ta30MOIiOHMX
CIONYK TIOB’S3aHI 3 MeETomaMH, sIKi 0a3yroThCs Ha
3aCTOCYBaHHI TPHCTPOIB IMITYIICHOI CHEPTeTHKH, IO
TCHEPYIOTh KOPOHHI Ta30Bi pPO3PSM Ta ENEKTPOHHI
MydKd y pexuMi poscissHEA. OCKUTBKH I METOou
PO3pOOKH TOISTAFOTh B 10HI3AIIIl Ta30BOTO CEPEIOBHIIA,
M0 TMUBITa€  OYMINCHHIO, SIKE CYIPOBOKYETHCS
XIMIYHIIMH DPEAKIisIMI B 10HI30BaHOMY O0’€Mi, BOHH
OTpUMAII Ha3By IDIA3MOXIMIYHMX. BHBUGHHS X
METOMIB TIOKM IO OOMEXKYEThCS OCTIDKCHHAMH Ha
mabopaTopHOMY yCTaTKyBaHHi. AJe Tpo
TIEPCHEKTUBHICT 1X CBIMUHUTH TE, IO, PO3MOYABIIACH Y
80-x pokax y CIIA Ta HimeuuunHi, 1i JOCTIDKESHHS Y
90-x pokax pO3ropHyJIHCS Yy Oaratbox KpaiHax 3
TIOTY>KHMM HAayKOBHM TIOTeHItiaoM [2-7]. Y meBHiit mipi
po0OTH y 1BOMY HAMPSIMKY CTUMYJTIOIOTHCS TAKOX
3aKOHOJIABCTBAMH KpaiH, 3aBISIKA YOMY ITiIIPUEMCTBAM
Ta (hipMaM CTae BUTITHAM BKJIQJATH KOIITH y Tay3i
HAaYK{ 1 TEXHIKW, TIOB’SI3aHI 3 EKOJIOTIYHOIO Oe3MeKOlo,
abu He CIUTa9yBaTH BEJHKI TTOATKY i YHAKATH CAHKIIN
4epe3 3a0pyAHECHHS] HUMH HABKOIMIITHBOTO CEPEIOBHIIIA.

3a 3BHYAIHIX YMOB THIIOBHI CKJIa]l JUMOBHX Tas3iB,
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0 MiUIAraroTh 0o0poOli Ha  MiANIPHEMCTBAX
ByIJICMAJIMBHOI eHepreTukd, Bmimye N, =~ 75-80%,
0,< 5%, H,0 ~ 10-15%, CO, = 4-5%, SO, ~ 0,2%, NO
~ 0,1% [3]. Ckmax BimmparbOBaHMX Ta3iB JIBHUTYHIB
BHYTPIIIHBOTIO 3TOPSHHS BiIPI3HSETHCS 3HAYHO MEHIIIOI0
KUIBKICTIO OKCHIY CIPKM 1 3HA4HOIO KIJIBKICTIO
BYIJICBOJHEBHUX CIIONYK, IO € PE3YJIbTATOM HEIOBHOTO
3ropsiHHS Hanusa [5).

IepeBarm 3acTocyBaHHS IMITYIIBCHHX KOPOHHHX
PO3PSIIIB Ta EEKTPOHHMUX ITy9KiB MOJISTAIOTh, TOJIOBHUM
YMHOM, Y TOMY, IO BOHH, HA BiIMiHY BiJ| iHIIIMX THITB
ENIEKTPUYHOTO  pO3psioy, MO-TIepiie, MOXYTh OyTn
YTBOpPEHI Y BEMKHAX 00 €MaX, BiITOBITHHUX 0 00 €MiB
MPOMUCIIOBUX  TEXHOJOTIYHHMX  IUIA3MOXIMI9HHX
pEaKTopiB, a MO-APYre, JOCUTh JIETKO (OPMYIOTBCS y
ra3ornofiOHNX CepefoBUIAX y IIMPOKHX Jiara3oHax
THCKIB 1 TeMIeparyp, T€HepyIouM eJEeKTPOHH, BUIbHI
paaukamy, 30y/MKeHI MOJEKyaW Ta yibTpadionerose
BHUIPOMIHIOBaHHS, TOOTO Ti (h)aKTOpH, IO aKTHBI3YIOTh
TTa3MOXIMiYHI TIPOLIECH.

ImmysbcHa cTprMepHa KOpoHa SIBIISIE COOOI0 PO3psi,
III0 PO3BUBAETHCS BiJI €IEKTPOJIIB y BHUIVIAAI OaraTbox
OKPEMHX TOHKHX IIA3MOBUX HUTOK 3 paziycom 0,1-1 mm
Y3IOBXK HalpsMy CWJIOBHX JIiHIH  30BHIIIHBOTO
enekTpuyHoro moms. IIBuaxicts iX  mpopocTaHHS
nocsirae 10%-10° m/c, a [OBKHUHA MOXKE nopiBaIOBatH 1
M. Takum dumHOM, B 00’eMi peakTopa MOXKE
yTBOpIOBaTuCsl cinabKo iOHI3OBaHa IIIa3mMa 3
HEOTHOPITHAM PO3IIOILIOM XapaKTePHUCTHK y IPOCTOPI.
[pu npoxomKeHHI JUMOBHX Ta3iB depe3 TaKy 00JacTh
BiZIOYBa€ThCS 1X OUMINICHHS BiJl OKCHAIB a30TY 1 CIpKH Ta
THIIMX IIIKIJUTMBHX Ta30TIOAI0HIX PEUOBHH.

[NpuHIMN TDTa3MOXIMIYHOTO OYWIIICHHS 300pakKeHO
Ha pHUCYHKY. Ha HEOMY poboumii 00°eM peakTopa, TOOTO
30HY 30yMKEHOTO CEpelIOBUINA, B SIKili BiIOYBArOTHCS
XiMiYHI peakilii, 300pa)KCHO 3aTiHEHOI OONACTIO.
besnocepennbo  mporec  BupanieHnss SO, ta NOy
posnozisersest Ha 3 crafii [3-7].

Ha mepmriit 3 HuX mpm 30ymKEHHI JUMOBHX Ta3iB
BHHUKAIOTH XiIMIYHO aKTHBHI BUTbHI pa KA

N, O,, H,0 - N, H, O, OH, HO, i T. in.

Ha nmpyromy erami BiNbHI pagpkaiyd B3a€MOIIIOTH 3
OKCHIIAMH a30Ty 1 CIpKH 3 YTBOPEHHSM a30THOI Ta
CipYaHOi KUCIIOT:

(SOz, NOX) + (O, OH, HOz)—) (HzSO4, HNO3)

Ha Tperiii cranmii y miMOBI Ta3u JOHAeThCs aMiak,
SIKAM Y TPHCYTHOCTI BUTHHOTO KHCHIO 1 TApiB BOIM

nookucoe  4dactuHy SO, a Takok Helrpamizye
KUCJIOTH, IO YTBOPWIIMCS 3 BHXOIOM HITpaTiB Ta
cynb(aTiB aMOHIO Y TBEpPAOMY CTaHi:

(SOz, HzSO4, HNOg) + (NH3, 02, HzO) —>
—> ((NH4)2 SO4, NH4 N03)

TexHIYHMI TIPOIIEC OUMILICHHS TTOJISTAE Y TAKOMY:

7. JlumoBi ra3u  QIIBTPYIOTBCS B YACTHHOK 1
OXOJIOJDKYFOTBCSI BOZIOKO 110 Temriepatypu 60-120°C.

8. Jlo rasiB 10#a€ThCs CTEXiOMETPHYHA KUTBKICTh aMiaKy.

9. JIuMOBI ra3u 0OpOOISIOTECS [DKEpeioM 30yDKEHHS Y
KaMmepi peakTopa.

10. Tlponyktit  peakuii BHAQIAIOTECA 3 Trasy, wIO

00pOOISIETHCS 32 JOMOMOT OO (DiITBTPIB.

VYcminme BOpOBapKEHHS METOIB IDTa3MOXIMITHOTO
OYHINICHHSI Y TIPOMFCIIOBICTD 3HAYHOIO MipOFO 3aJICKUTh
Big e(eKTHBHOCTI TepeTBOpEeHHS eHeprii y
IUIA3MOXIMIYHAX — TIpomecax Ta BiA  HaAIHHOCTI
00JaTHAHHSI IMITYJIECHOI €HEPIeTHKH, IO CTBOPIOETHCA.
Js reHepamii KOpOHHHX pO3PAMIB 1 EIEKTPOHHHX
MyYKiB MOXKYTh OyTH 3aCTOCOBaHI IMITYJIbCHI JpKeperna
€Heprii pi3HUX THIIB. 3 €MHICHUME a00 IHIYKTUBHUMH
HAKONIMYyBauyaMH CHEprii, eJEeKTPUYHI MAIIuHA
iMImynbscHOI  [ii, XiMidHI JKepera  TOMIO.
HatimepcriekTHBHIIIMMY 7151 BUPIMIEHHS TIPOOIeMH, 10
PO3TIIAETRCS, CINiJl BBAKATH €MHICHI HAKOIHMIyBadi.
ImMIynecHI crcTeMu Ha 1X OCHOBI 37aTHI 3a0€3MEYUTH
CTBOPEHHS IMITYJIHCIB HE TUIHKU 3 BUCOKOIO CHEPTI€I0 Ta
MOTYXKHICTIO, ane i 3 KpyTMM (PPOHTOM 1 BHCOKOIO
YaCTOTOIO IIUKJIB 3aPsII-PO3PSIL

HaiiOiremn  mikaBUM 3 TOYKH 30py TIEPCIICKTHB
3aCTOCYBAaHHA IUTa3MOXIMIYHHX  TEXHOJOTIH €
JIOCTI/DKEHHS 3AJISKHOCTI CTYIICHSI OYMINECHHS TUMOBHX
raziB Bifi NOy pO3CISIHUM EIEeKTPOHHUM ITy4KOM BiJ
TIOTJIMHYTOI eHeprii (03u) y pi3HUX PoOOYMX YMOBaX.
ExcriepiMenTanbHi TaHi, 1Mo HaBezieHi y poborax [3, 5],
CBIIUaTHh MO Te, IO IUIA3MOXIMIUHE OUHIIICHHS y MeKax
80-90% mocsiraetsest st cionyk NOy mpu 103ax, 1o
npudm3Ho JopiBHIOIOTE 0,01 Mpa Ha oiHy MUTbHOHHY
gactky (Mu) ix KomreHTpamil. Ilpu XapakTepHHX
koumenTpamigsx [NOy]o
~ 500 (mM4) 1e BimoBigae 1031 y 5 Mpa. Burisin

NOYAaTKOBHUX

OIumMori Tasmn

N Hs

IpuHmMn NIa3MOXiMiYHOT0 QUNIIIEHHSI /
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Hayxkosi npaui. Tom VI

3AIGKHOCTI CTymeHs oummeHHs i1 SO, €
nomibHMM 10 3aleKHOCTel st oKcumiB asory [3].
[puBeprae yBary OUIbIIMK Jjarma3oH PO3KUIY JIaHMX,
HIXK JUIA OKCHITy a30TYy, IO MOSICHIOEThCS THM, 10 SO,
MOXE BHIAIATHCA B JEAKiH Mipi 1 0e3 pamionisy,
nusixoM npsmux peakiid SO,3 monekynamu H,O Ta
NH; ITlomo gwicTo mrasMoxiMiaHoro ourteHss Big SO,
(y Bincyraocti NH3), To mpu xapakTepHHX 3HAYEHHSIX
nouatkoBoi KoumeHtparii [SO;lo = 1000 minbioHHIX
YacTOK e(EeKTUBHICTh OYMCTKH, 0 mopiBaIoe 90%,
JIocsraeThesl Iy A03ax 10 2 Mpaz, To0TO Y MEHIINX
BuTparax eHeprii, Hix 11 NOy.

ExcrniepumeHTanbHI pe3ynbTaTH, OTpUMaHi y poOoTi
[3] mpu oummenHi uMMOBHX Ta3iB  IMITYIBCHHAM
KOPOHHHM PO3PSZIOM, JO3BOJIIFOTH CHOZIBATHCS, IO
BUTpATH eHeprii Ha piBri 14 Br-rom/m> e noctatrivm s
mixsimanii 70% sukuniB NOyy atmocdepy.

Ii mani myxxe moOpe CHIBMAAAIOTh 3 PE3yIbTaTaMH
nyomikamii [7], y sxifi Opu  OYMIIEHHI KOPOHHHM
pospsiiom BUKHAIB NOOTY)KHMX M3EIbHHUX JIBHTYHIB
Ha 63% orpuMaHo 3HaueHHS BUTpAT eHeprii 15 kijoBar-
roquH Ha koxeH Kimorpam NO, mo npoxoauTs Kpi3b
IIa3MOXIMIYHMH peakTop. ToOTo mpH MONeKysIpHiN
maci NO y 30 kr/kMonb NWTOMI BHTpaTd €Heprii y
IIEOMY BHIIAJKy JOPIBHIOIOTH 3HaueHHI0 20 Brromm’.
L1i Ta iHOIl pe3ynbTaTH JAIOTh 3MOTY CTBEpIDKYBATH PO
IOCTaTHRO TIOMIpHI BUTpaTH €HEprii mpwu
IUIA3MOXIMIYHOMY OYHMINICHHI JMMOBHX Ta3iB. Ale
MOTPiIOHO TPOBENEHHS KOMIDIEKCHUX JOCHiKEHb IIOI0
BUSBJICHHA ONTUMAJBHHUX IapaMeTpiB  [bOTO
TEXHOIOTIYHOTO TIPOIIECY.

BropoBamxkeHHs TEXHOJOTIYHHX TMPOIECiB
IUIA3MOXIMIYHOTO  OYMINCHHS TOTpedye  PO3pOOKHU
YIOCKOHAJEHOT0 IMIIYJbCHO-EHEPTETUYHOTO
oOmajHaHHA, CTBOpeHOro Ha 0a3i  TeHepaTopiB
IMITYJIbCHAX Hampyr. [OJOBHIMH e€NEMEHTAMH LIHX
TeHepaTopiB € IMITYyJBbCHI BICOKOBOJIBTHI KOHIICHCATOPH
Ta po3psmHa KoMyTamiiHa amaparypa [8,9]. Ha
Terepirmiii yac pecypc (y immynbcax) HaWKpammx
3pasKkiB X eleMeHTiB mpu eHeprii B immynbei 0,1-1
kJlx, TpuBanocti immynecy jgo 0,5 Mke, wacrori
sapsimHO-po3psiannx 1ukiaiB 50-100 T cknamae 108,
ToOTo s YCHINHOTO TEXHOJOTIYHOTO BUKOPHUCTAHHS
o0TaTHAHHS TIeH TOKA3HUK MOTpedye 30iIbIeH s Ha 1-
2 mnopsiaka. Tomy mpu mopmanblnit po3poOil Takux
CHCTEM HaWOUTBIy yBary Ciifi TPHOIIATH, TOJIOBHIM
YUHOM, pO3pO0Il BIOCKOHAJEHHX KOHCTPYKIIN Ta
€JIEMEHTIB O0JIaIHAaHHs, METOAAM BU3HAYEHHS MIITHOCTI
BHCOKOBOJIGTHOI 130JIAIli] Ta TEXHOJIONYHMAM 3aXO0laM
0710 1i 30LTBIIIEHHS, CydaCHUM METOIaM BHIIPOOYBaHHS
Ta KouTpomo [8-11].

Takum 4MHOM, BXKe 3apa3 MOXKHa CTBEPKYBATH, IO
VIIPOIOBK OCTaHHIX POKIB Yy JIJA0OpaTOpisSX pi3HUX KpaiH

BHHAIIEHO 1 BIOCKOHAIFOETHCS METO/ INTa3MOXIMIYHOTO
OUMINICHHSI TIOBITPSI Bix 3a0pymHEHHS Ta30MONiOHIMH
IIKIJJIMBUMA TIPOAYKTAMH 3TOPSIHHA BYIUIBHOTO Ta
BYITIEBOAHEBOTO TMajiMBa Oe3MocepeHpo Ol pKepena
iX BUHUKHEHHS. Y TIOPIBHSHHI 3 1HIIMMH METOAMU BiH
XapaKTepPU3YeThCs MPUHIUIIOBOIO TPOCTOTOIO 1 JJOCHTH
TOMIpHAMHU BUTpaTamu eHeprii. [IpoGiema mmpokoro
BIOPOBA/DKEHHS IbOTO METOLYy MAa€ TPH AacIeKTH.
[epumit acriekt € (Hi3UIHNM 1 ToNsTae y HeOOXiIHOCTI
OTPHMAHHS PE3Y/bTATIB OO BHUSBICHHS ONTUMAJIbHIX
3 TOYKHA 30py 3a0e3MeUeHHs MiHIMAIBHUX THTOMHIX
BUTpaT €HEprii mapaMeTpiB Ta pPESKUMIB POOOTH
ycraHOBOK. [Ipyrmit acmekr — TexdHiuHmd. Bin
TIOB’SI3aHUI 3 YIOCKOHAJICHHSIM 00J1aAHAHHA IMITYIIHCHOT
CHEPreTHKH, IiIBUIICHHAM HAMIIHOCTI Ta TPUBAIOCTI
Horo ekcrutyaramii. I, HapemrTi, TpeTil, IOPHIMIHIIA
acmekT. BmpoBa/KeHHS TEXHOJNOTiH  OYHIIEHHS
HaBKOJIMIIHHOTO ~ CEpelOBUINA Big 3a0pyaHEHHS
CYNPOBOMKY€ETHCSI  AOAATKOBUMH  KaIlliTaJbHUMHU
BUTpaTaMH, Ta BUTPATAMH, €HEPTil Ha OUNIICHHS.

Tomy mOTpiGHO CTBOPEHHS Takoi MpaBoOBOi 0a3w, 3a
SAKOI0  MIANPHEMCTBAM  HAJTMBHO-EHEPTETHYHOTO
KOMIUIEKCY 1 TpaHCHOpTy Oyno O BHTIAHINIE BKIAIATH
KOIITH Yy pO3pOOKy 1 BHOPOBAPKEHHS OYHCHOTO
YCTaTKyBaHHSA, HDK TIOTEpIaTd BiO CaHKIH dYepe3
3a0pyIHEeHHS HUIMH HAaBKOJIMIIIHBOTO CEPEIOBHINA.
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