K. (1986). Formation of oxides and hidroxides of iron in ultra fure water. World Congress III Chem.
Eng. Tokyo, 2, 996-999. 9. Masao, G., Kijiro, K., Kazuhiko, K., Agao, K. (1983). Preparation of
monodisperse magnetite sols in W/O microemulsion. J. Colloid. and Interfase Sci., 1, 293-295. 10.
Radovenchyk, V., Prever, A., Kirichenko, V., Ovsyankina, V. (2000). Wastewater treatment of waste
paper recycling enterprises by magnetic sorption method. Ecotechnology and resource, 4, 28-32. 11.
Gomelya, M., Prever, A., Radovenchyk, V. (1998). The pH effluent on effectiveness of mechanical
wastewater treatment from wastepaper recycling processes. Ecotechnology and resource, 2, 62—65. 12.
Gomelya, M., Radovenchyk, V., Koval, A. (2005). Increasing the clarification degree of circulating
water in the paper and paperboard production using magnetite. Chemistry and Water Technology, 3,
283-293. 13. Prever, A., Radovenchyk, V. (1999). Evaluating of coagulants effectiveness in wastewater
treatment of paperboard production, Ecotechnology and resource, 1, 65-68.

Haoitiwna (received) 25.07.2014

VIIK 504.75

B. B. BEPE3YIIKHH, n-p Texn. Hayk, npod., HTY «XITW»
H. JI. BEPE3YIIKAA, kaua. TexH. Hayk, nou., XHYPO, Xapbkos

SHEPTETUYECKHUI KPU3UC PASPEIIUT AJIbTEPHATUBHAS
JHEPI'ETHUKA

PaccMoTpeHbl TpaJMIIMOHHBIE HMCTOYHUKHM TMOJIYYEHHsS OHHEPrUM U TMOKa3aHbl MX HEJAOCTaTKH.
BrinonHeHsl ucciie[oBaHMs MO ONPENEICHUIO HaJU4Yus SHEPrHuHM B MUPAMHIKAX, MOCTPOCHHBIX IO
NPUHIUIY eTUnerckux nupamuia. [lomyyeHHble pe3ynbTaThl MO3BOJMIM CAENaTh BBIBOA O
MEPCTIEKTUBHOCTHU Pa3pabOTKK TEXHOJIOTUI MOTYUYSHHs SHEPTUN B TUPAMUIAX.

KiaroueBble cioBa: »HepreTvka, MCTOYHMKH YHEPTHH, HEJOCTATKU, MPEUMYIIECTBA, SHEPrus
KOCMOCA, TUPaMUJIbI.

Beegenne. CroxuBIIasics B HACTOSALIEE BpeMs HETaTHBHAs W YIPOXKarollas
CUTyalusi Ha YKpaumHe C PHEpPreTUYeCKUM oOecrneueHueM MNOoTpeOHOCTel HaceleHus,
SBIIAETCS IPSIMBIM CJIEICTBHEM HEYJI0BJIETBOPUTEIBbHBIX UCCJIEIOBAHMI
JIbTEPHATUBHBIX UCTOYHUKOB dHEPrun. CerogHsIIHNE 3ar0JIOBKH CTaTeil B )KypHaJax U
WHTEpPHETE, a TaKKe NPOUCXOJAIIEEe B CTPAaHE CBHUJAETEIBCTBYET O CHJIbBHEWILEM
JHEpreTYeckoM Kpusuce. IIpaBUTENbCTBO YKpaumHbl NMPEANPUHUMAET ONPEACICHHBIE
Mepbl, POpMUPYET HOPMATUBHYIO 0a3y, HO 3TOro HeaoctarouHo [1-3]. Ho Heyxenu 310
OPUILIO HEOXKHUJAHHO WJIM CBaJWIOCh HAa HAac OTKyAa-To «cepxy»? Ilpo
HEO0OXOJAMMOCTh Pa3BUTHSI SHEPTETUKHU BO BCEX €€ BO3MOXKHBIX (DOpMax rOBOPUTCS YyiKe
Oosee Beka, U yUEHbIE NTOKa3aJId MAacCy BaApUAHTOB BbIX0Ja UX 3ToM cutyanuu. [Touemy
K€ K HayKe, Mpeulararoliel ajbTepHaTUBHbIE WCTOYHUKM JHEPIHM, KOTOpPbIE
NPUMEHAIOT BO BCEM MHpE, HUKTO HE INPUCIYLIMBACTCS U TEHEph HAJ0 OIATh
«n300perath Benocunea»? Bee 3HAKOT, 4TO MPUMEHEHUE TPAAUIMOHHBIX MCTOYHHUKOB
DHEPIUH, a IMEHHO — FMAPOCTAHLNN, aTOMHBIX M TEIJIOBBIX 3JIEKTPOCTAHUUMI SIBISAETCS
CJIOKHBIM, Pa3pyLIUTENbHBIM I TPUPOJHOU CPeIbl U IKOHOMHYECKH 3aBUCHUMBIM OT
MHOrux (akTopoB mpoueccoM. B HacTosiee BpeMs B YKpauHE CTajJd aKTUBHO
npeajaraTh K BHEIPEHUIO HETPAJMLMOHHBIE (aJbTEPHATHBHBIE) UCTOYHUKH SHEPIHUH,
HO, K COKaJI€HUIO, U OHHM TOKE€ UMEIOT CBOM HEJAOCTATKH, YTO HE MO3BOJISIET UX HIUPOKO
npuMeHsITh [4-8].
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Heas paGoThl. AHamu3 CYHIECTBYIONIMX TPAJAUIMOHHBIX M HETPAJAUIIMOHHBIX
HMCTOYHUKOB SHEPTUil, 00OCHOBAHUE HWCCIEAOBAHUN U BHEIAPEHMsS, PAIMOHAIBHBIX U
MaJIOOMAaCHBIX JIJIsl TPUPOJIbl UICTOYHUKOB SHEPTUU - TUPAMU/I.

AHaJIN3 CYyHIeCTBYWOIIUX UCTOYHMKOB IHepruu. Haubonee pacnpocTpaHeHHBIM
HMCTOYHHUKOM SHEPrun Ha ITIOCTCOBETCKOM IPOCTPAHCTBE SABJISIFOTCS
TUIPO3JIEKTPOCTAHIIMH, KOTOPhIE B KAYECTBE NCTOYHUKA S3HEPTUU HUCIIONB3YIOT SHEPTHIO
BOJHOTO OTOKA. ['unposnekTpocTaHINN OOBIYHO CTPOSAT Ha peKax,
COOpYyXkas IJIOTUHBI U BOJAOXPaHWIMIIA [9]. Hns 3ddexTuBHOTO MPOU3BOICTBA
anekTposHeprun Ha ['DC HeoO0XOauMBbI J1Ba OCHOBHBIX (pakTopa: rapaHTHUpOBaHHas
00€CIEYEeHHOCTh BOJOM KpPYIVIBIA TOA © BO3MOXHO OOJIbIIME YKIOHBI PEKH,
OJIaronpuUsATCTBYIOT THIPOCTPOUTENIHCTBY KAHBOHBI M TOJOOHBIE KaHbOHAM  BHJIbI
penbeda. Henocratku: crpoutenbctBo ['DC 0ObIMHO OoJiee KanmMTANOEMKOE, 4YeM
TEIJIOBBIX cTaHUUi; yacTo 3¢ dexktuBHbie ['DC Oonee ynaneHbl OT MOTpeOUTENEH, Yem
TEIUIOBBIE CTAaHLMH; BOJAOXPAHWIMIIA YACTO 3aHUMAIOT 3HAYUTEIIBHBIE TEPPUTOPHH;
IUIOTUHBI 3a4aCTYI0 U3MEHSIOT XapaKTep PhIOHOTO XO035CTBA, MOCKOIbKY MEPEKPhIBAIOT
NyTh K HEPECTUIIUIIIAM [IPOXOIHBIM phIOaM M T.II.

OpHolt u3 HauboJjee pacHpOCTPAHEHHBIX TEIJIOBBIX AJNEKTPOCTAHLIUN SBISETCS
TEeII0Bast ANEKTPOCTAaHLHUS (MU TEIIOBAs JIIEKTpHUYECKast CTaHLUs) —
AIIEKTPOCTAHLIMSA,  BBIpaOaThIBAIOMIAsi  JJIEKTPUYECKYIO  DHEPrHI0  3a  CUeT
npeoOpa3oBaHus  XUMHUYECKOW  SHEPruu TOIUIMBA B MEXAHUYECKYI0  DHEPrHIO
BpameHus Bana anekrporeHeparopa [10]. Cambie mommubie TOC B YkpamHe -
3anopoxkckass W YTieropckas, Kaxnaas M3 KOTOpbIX mpousBoaut Oonee 600 MBTt
ANEKTPOIHEPTUU. TeIIOBbIE 3JEKTPOCTAHIMU PadOTAIOT HA OTHOCHUTEIBHO JIEIIEBOM
OpraHMYEeCKOM TOIUIUBE - YIJIe U Ma3yTe, 3TO HEBOCIOJHUMBIE MPUPOIHBIE PECYPCHI.
CeronHsi OCHOBHBIMM YHEPreTUYECKUMH pecypcaMu B Mupe sBistorcs yroib (40%),
He(dThb (27 %) a3 (21 %). [To HEeKOTOPHIM OllEHKaM 3THX 3anacoB XBaTUT Ha 270, 50 u
70 €T COOTBETCTBEHHO, W TO IPU YCIOBUM COXPAHEHUS HBIHEIIHUX TEMIIOB
notpebdnenus. Ilpu cxuranun torummea Ha TOC 00pa3yroTcsi MPOAYKTHl CrOpaHUs, B
KOTOPBIX COAEpPKATCA: JIETy4asl 30J1a, YACTUYKM HECTOPEBIIErO MBUIEBUIHOIO TOILIMBA,
CEpHBbI M CEpPHUCTBI aHTHAPUMA, OKCHJ a30Ta, razo00pa3Hble MPOAYKTHI HEIMOJHOTO
cropanus [11].

ATOMHAsi DJHEpPreThKa SBISIETCS BaXKHBIM DJIIEMEHTOM  JHEpProolOecredeHus
HACEJICHUsI U TPOMBIIUIEHHOCTH YKpauHbl, 00BEM KOTOpOH cocTaBisier okosno 50%
ANIEKTPO3HEPTrUH, BbIpabaTbiBaeMOd B cTpaHe. lMcxoas U3 3TOro, ycmemrHoe
(YyHKUIMOHUPOBAaHUE aTOMHOW 3HEPreTHKHU SABISIETCS O4Ye€Hb HeoOxoaumbiM. B 70-80-e
rojbl B CTpaHe pa3BepHyJoch crpoutenbecTBOo ceth ADC. IlepBoit u3 HuX Obuia
YepunoObuibckas (UADC), 610k Nel koTopoit OblT BBEeICH B dKcIutyaramnuio B 1977 r. B
MOCJHEAYIOUIUE TOMBl Pa3BEPHYJIOCh CTPOUTENBCTBO PoBeHCkoW, FOxkHO-YKpanHCKOM,
3anoporxckoit 1 XMmenbHullkon craniuii. Cerogus B Ykpaune padoraroT yetbipe ADC,
Ha KOTOPBIX NEUCTBYIOT 15 3Hepro6iokoB Tuna BBOP (Bogo-BoasiHOM SHEpreTHUecKuit
peaktop) oo6meii MmomHocThio 13880 MBT. 3a mocnemnee pgecstuierne oOiiee
€XXETrOHOE MTPOU3BOACTBO 3JIEKTPOIHEPIUM B YKpauHE YBEINYWIOCH, BO3POCIA U JOJSA
HHEProBbIPAOOTKM HA aTOMHBIX AJIEKTPOCTAHLUAX. TO €CTh, aTOMHAsl SHEPreTUKa cTaja
OCHOBHBIM CTaOWJIM3UPYIOMINM (akTopoM sHeprocuctemsl crpanbl [12].  Iloct
YEepHOOBUIBCKUI CHHAPOM BCE €Il MPOJOJIKAET OKa3blBaTh CHIIBHOE BO3JECHCTBHE HA
OOIIECTBEHHOE MHEHHUE MO JaHHOMY Bompocy. Kpome 3Toro, cymecTBYIOT Cephe3HbIC
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HEJOCTaTKN CYUIECTBYIOUIEH SIIGPHOM TEXHOJIOTMHM (HAKOIUICHUE JOJTOXUBYIIMX
W30TOTIOB TPAHCYPAHOBBIX JJIEMEHTOB, TMPEXKAEC BCEro OPYKEHHOTO TUIYTOHUS;
OTPOMHBIE PACXO/bl Ha BBIBOJ M3 IKCIUIyaTaluu OJIOKOB, OTpaOOTAaBIINX CBOM pecypc),
MO3TOMY HEKOTOPBIC CHEIUATUCTBl YOeXJACHbl B TOM, UYTO Y aTOMHOW DJHEPreTHKU
VYkpaunsl HeT Oyayumiero [13].

Herpagumnuonnple MCTOYHWUKH SHEPTHM B YKpawHE, K KOTOPBHIM OTHOCSTCS:
CUCTEMBI, UCTIOB3YIONINE COJIHEUHYIO YHEPTUIO, TEIUIOBBIE HACOCHI, BETPOTECHEPATOPHI,
AIEKTPOCTAHIINY Ha aIbTEPHATUBHBIX UCTOYHHUKAX dHEPTrHH; OMOTra3oBbie yCTaHOBKH. K
CO’KaJICHUIO, BBINIC Ha3BaHHBIC MCTOYHUKH IMOKAa BCTPEUAIOTCS KpaHE PEIKO U, Kak
MIPaBUIIO, PA3BUBAIOTCS 0€3 JOHKHOM MOMOIIM TOCYIapCTBEHHBIX OpraHOB. Yaie Bcero
ATO CaMOJICJIbHBIE YCTPOWCTBA C MPUMEHEHHEM Pa3HBIX AJIEMEHTOB OTEYECTBEHHOTO U
3apy0eKHOTO MPOU3BOACTRA [14].

B nayuHo#l nuTepaType oueHb MaJI0 BHUMAHUS YJIEISETCS SHEPreTUKE ETUMETCKUX
nupamua. Mudopmanus 06 UX npegHa3HAaYE€HUU OYEHb MPOTHUBOPEUMBA, HO U3BECTHO,
YTO OHHU CIOCOOHBI AKKyMYyJHUPOBaTh SHEPTUI0 HEWU3BECTHOTO MPOUCXOXKIICHUS,
KOTOPYIO CBA3BIBAIOT C KOCMOCOM. MBI IIPOBEJIM SKCIEPUMEHT C TUPaMUJKON. 3agadeit
HKCIIEPUMEHTA SIBJISIETCSl OMpENETICHUE SHEPTeTUUECKOro0 BO3JEHCTBUS MUPAMHIKU Ha
OMONIOTHYECKHE 0OBEKTHI, HAXOIAIINECS B TEXHUICCKUX IMYITbCHUSX.

Xoa IKCnepuMeHTa. DKCIEPUMEHT MPOBOAWICS B MUPAMHUIKE, BBHITOTHCHHOW U3
MPO3PAYHOTO OPraHUYECKOTO CTEeKJIa, Yepe3 KOTOpOe MOXKHO OBLJIO BH3yaJIbHO
HaOJIFOAaTh 3a XOJ0M JKCIEPUMEHTA. Y YUTBIBAs TO, YTO BOJHAS AIMYJIbCHS ObLIa CEepo-
Oesoro 1BeTa, y HcclenoBaresied Obula BO3MOXHOCTh HAOMIOJATh 3a MPOLIECCOM
BU3yalbHO. Kpome 93TOro mpucyTCTBOBal  XapaKTEPHBIM  3amax  IPOIECCOB
KUBHENICATCILHOCTH MHUKPOOPTaHU3MOB. DKCIIEPUMEHT MPOBOJWIICS TapaJIeIbHO C
KOHTPOJIbLHOM MTPOo00ii, pa3MelieHHONW BHE TUpaMuaku. TemnepaTrypa B OMELIEHUH, TIe
npoBoauicsa dkcrepuMenT, Obuta 20-22 °C. B xoae HaOmozeHuit 3a mpoOoi, ObLIO
OTMEUEHO, 4To uepe3 1-1,5 wyaca B AMYJIbCHM OKOJIO CTEHOK OIOKCa, HadaloCh
OCBETJICHHE M O0pa30oBaHWE YHUCTHIX OenbIX ydacTKoB. OJHOBPEMEHHO, B MPUIOHHOMN
obyacTu OrOKca, HaYaJIOCh PO30BOE OKPAIIMBAHKWE BOJBI B BHUJIE TIEPEBEPHYTOrO rpuoda.
[Tox xpeimikoii OrOKca MOSBWIMCH KAllsId BJIArd, YTO CBUJIETEIHCTBYET O BBIJCICHUU
ra3zoB MUKpoopranusmMamu. Yepesz 3 — 3,5 yaca po30oBO€ OKpallMBaHUE IPONANO, BCS
TEXHUYECKasi BOJIla OCBETJIMJIACH, [0 CPABHEHUIO C MCXOJHOM mpobOoi. Yepe3 24 wyaca
HaOMrogaM B OIOKCE HAJIMYME OCBETIICHHOW TEXHUYECKOW BOABI (0€oro IBeTa, Kakas
OHa JOJbKHA OBITh 1O TY), Ha MOBEPXHOCTH KPBINIKH ObLIa Bjara B BHJE Kallelb, Ha
JTHE OIOKCa HE3HAUWTEIbHBIN, HO BUAMMBIA OCagoK. buomormueckuii aHanu3 mpoObl B
MUpaMUIKe MOKa3aj, 9YTO 3a 3TO BpeMsl, KOHIIEHTpaIus OakTepuid o 5 OaJIbHOM IIKasIe,
camsmwiack ¢ 4 go 0 OGamwioB. B mapamienbHol mpoOe (BHE MUPaMHUIbI) HU KaKUX
BUJIMMBIX M3MEHEHUU He mpousonuio. Ha ocHOBe MpoBEIEHHOr0 SKCHEPUMEHTA, ObLI
C/ieJlaH BBIBOJ, O TOM, YTO B pe3yjbTaTe BO3JEHCTBUSA HEH3BECTHOM SHEPTUM, HAYaJICs
aKTUBHBIA POCT MHUKPOOPTaHU3MOB, TpoOIEcC HAOMIOJAIM MO YBEIMYECHHUIO HUX
KOHIICHTpAIlMU B IIEHTpE OIOKCa, 3aT€M OHU MOTHOJIM TOPaXEHHBIE ITOW HEU3BECTHOU
SHEPTUEH.

Pasmepsl mupamMuaky ObUTHM HE3HAYUTENbHBI (7THHA cTOpoHbl 0,25 M), a oTCIOJa U
HE3HAYNUTETbHBIN TMTOTOK YHEPTUH, HO M €r0 XBATWIIO ISl JEMOHCTPAIIUA BO3MOKHOCTEH
aKKyMYJUPOBAHHS W TIepefadd dHEPruu KocMoca. Pa3paboTaHbl peKOMEHIAIUu, s
W3TOTOBJICHUSI POMBINIJICHHBIX EMKOCTEH, IPETHA3HAYCHHBIX /I 00€33apaKuBaHUS
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KUJTKOCTCH. DHEPreTUKA  gqun,

MIUPAMU]T MO3BOJISIET s T
MOJIy4aTh
AIEKTPOIHEPTUIO U

WCMOJIb30BaTh €€ A
HYXJ  HAaceleHus W
MIPOMBIIUIEHHOCTH. B
HAaCTOSAIIEE BpeMs,
MCCIIEI0BATENN  MTOLUIH
yxKEe 3HAYUTEIBHO . . . . . .

JaJIbIIe B OTOM BOIIPOCE 60 400 EREIEAS
U GOJIBIIOE KOJIHMYECTBO Puc.1 — Kunetnueckasi 3aBUCUMOCTb YMEHBIIEHUS

MarepHaia KOJIMYCCTBA MUKPOOPIraHu3MOB B O10KCE

OITyOJIMKOBAHO 110

VCCIIEIOBAHUIO BIIMSIHUSI MIUPAMUJ HA >KU3HEHHBIC INPOLIECCHI YEIOBEKA U MPUPOJbL, B
TOXE€ BPEMsI, TOKA3aHO, YTO NMUPAMHUJIBI SABJISIOTCS aKKyMYJIATOPAMHU SHEPIUM KOCMOCA,
KOTOpasi MOCTyIaeT 0e3 OrpaHuueHUus U €€ HaJ0 TOJIbKO MPaBUIBHO paclpeleluTh, U
WCMOJIb30BAaTh.

BeiBoabl. Ilupamuasl  SBASIOTCS ~ MCTOYHUKOM  3HEPIrMM  KOCMHYECKOTO
MPOUCXOXKJICHUS, KOTOPYI0 MOYKHO HCIOJIb30BaTh B PA3NMUHBIX cdepax HApPOIHOTO
xo3siicTBa. HeoOxonMMo ONTHMHU3UPOBATH BCE CYIIECTBYIOIIHME albTEPHATUBHBIC
UCTOYHUKU DSHEPrud M o0coboe BHUMaHHE OOpaTUTh Ha MCCIEIOBAaHUE HHEPrui
reHepUpyeMbIX B TNUpamMyAax. Takue WCTOYHMKU HSHEPrUu SBIAIOTCS OyIOyIIUM HeE
TOJIBKO B 3JIEKTPUUECKON HHEPreTUKH, HO W B JIEUeOHOW MpaKTUKE, MO3TOMY HX
HEOOXOUMO U3y4aTh, U paCUIMPATh IPUMEHEHUE.
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