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OBLIASA XAPAKTEPUCTHUKA PABOTBI

IIpodiema m akTyaJbHOCTH. PocT HaceneHuss 3eMiiM U CBA3aHHOE C HUM
MOBBIILIEHHE MOTPEOJICHUST BOJbI MUTHEBOIO M TEXHUYECKOIO HA3HAYEHHS, a TaKkkKe
HEraTWBHbIE BO3/ICUCTBHS YEJIOBEKAa Ha cpelly OOUTaHUs MPUBEIU K TOMY, YTO K Haydary
XXI' B. Bozma crajma ogHUM M3 HaWOOJee CYIIECTBEHHBIX M BOCTPEOOBAHHBIX PECYpPCOB
yeroBeuecTBa. bojee 1 mipj 4ernoBeK B HACTOSIIEE BpPEMsl MOCTOSHHO HCIBITHIBAIOT
HEXBATKy YHUCTOH mpecHoi Boabl. CoriacHo mporHo3aMm, k 2025r. sta mpoOnema craHer
ete OoJiee OCTPOIl B MOJIOBUHE TOCYJAPCTB MUPA, a K KOHILY BEKa JBE TPETH HACEJCHHUs
OKaXKYTCS B CJIOKHOW CUTYaIIUH B CBSI3U C HEXBATKOW MUTHEBOM BO/IBI.

Cutyauust OCIOXHSETCI TeM, 4YTO (PU3UYECKU JEPUIUT TMPECHONH BOIbBI
yCyTyOJIsieTCsl aKTUBHBIM 3arpsi3HEHUEM HMEIOIIMXCSl 3armacoB. B MOBEpXHOCTHBIE U
NOA3EMHBIE BOJBI IMOMAAACT 3HAYUTENIBHOE KOJIWYECTBO MPOMBIIUIEHHBIX CTOKOB,
NPOIYKTOB HedTenepepadoTKH, SAOBUTHIX U PAJUOAKTUBHBIX BEIIECTB, COJIEH TSHKEIbIX
METaJJIOB, T.€. BEIIECTB, MPUBOIAIIMX K BO3HHUKHOBEHHMIO OMACHBIX 3a0oseBanuil. Ilo
JTAHHBIM TOCY/IAPCTBEHHOTO JoKiIana «O COCTOSHHUM W OXpaHe OKPYXKAIOIIEeH Cpe/bl
Poccuiickori ®enepanun», KOIMYECTBO IMOA3EMHBIX M TOBEPXHOCTHBIX HMCTOYHHKOB
LEHTPAIM30BAaHHOTO BOJOCHaOKeHHs B Poccuu, HE COOTBETCTBYIOIIMX THMTHEHUYECKUM
HOpMaTHBaM I10 MHUKPOOHMOJOIMUYECKHUM ToKazarensiM, coctaBimsier 3,8 u 16,5 %
cooTBeTcTBeHHO. [10 oreHKaM areHTcTBa «OXpaHbl OKPYXKAIOMIEH CPedbl U YIPaBICHUS
BoaHbIX pecypcoB» CHIA, moutn 35 % cmepreil B pa3BUBAIOIIMXCS CTPAaHAX CBS3aHO C
3arpsI3HEHHON BOAOMU.

AJNBTepHATHUBON HMHTEHCU(UKAIMK pPa3BEIKA M JOOBIUM MPECHON BOMBI SBIACTCS
OYMCTKA 3arpsi3HEHHOM BOJIBI 10 YCTaHOBJIEHHBIX TpeboBaHUM Oe3omacHocTH. OQHUM U3
HalpaBJICHWA BCEro KOMIUIEKCA OYMCTKM  3arpsS3HEHHOM BOJbI  SIBJSIETCS €€
o0e33apaKMBaHUe, TMOJ KOTOPHIM TOHUMAETCS Psl MEpPONPUSATHIA, HAlpaBiICHHBIX Ha
MOJIHOE WJIM YaCTHYHOE YHHUUYTOXKEHHE B BOJE BHUPYCOB, OakTepuii, ClIOCOOHBIX BBI3BATh
MHOECTBO MH(EKIIMOHHBIX 3a00JICBAaHUH.

Hapsiny ¢ TpaauiMoHHBIME crioco0aMu 00e33apaKUBaHKs BOIbI (XMMHUYCCKUMHU,
(u3nUecKuMY, KOMOWHHUPOBAHHBIMH U T.I.) B TIPAKTHUKY BBOJSATCS HOBBIC CIIOCOOBI
OYNCTKA W o0e33apakuBanusi Bombl. Cpemy HHX  OCOOYIHO HHIY — 3aHUMAFOT
ANIEKTPOPA3PAIHbIE TEXHOJIIOTHH, K KOTOPHIM OTHOCHUTCS M CIOCOO CTEPHIM3ALMHU BOJIbI
nradparMeHHbIM  3IeKTprdeckuM  paspsiioM  (JIOP). Crioco6 yHMBepcalieH, MOXKET
NPUMEHSTHCS U1l 00paOOTKM THUTHEBOW BOJIbI, CTOYHBIX BOJ M BOJ IUIABaTEIbHbBIX
OaccelHOB.

OnHUM U3 IPUOPUTETHBIX HANPABICHUN COBEPLIEHCTBOBAHMSI JIEKTPOPA3PSIHBIX



croco00B Je3MH(EKITNH SBISIETCS CHUYKCHNUE SKCIUTYaTallMOHHBIX 3aTpaT, B TOM YHWCIIE
CHIDKEHHUE 3JieKTponoTpednenus. VccnemnoBanust B 0071acTH CHIDKEHUSI TOTPEOJICHUS
DHEPrUM pa3psaMH B KHUAKHX Cpefax TOKa3bIBAIOT, YTO Haubosiee 3KOHOMHYHBIMU
SBJISIFOTCSA  BBICOKOBOJIBTHBIE ~HMMIIYJIbCHbIE HMCTOYHMKM ruTanus (BUMII). Hx
NPUMEHEHNE ¥ COBEPIICHCTBOBAHWE B  DJJICKTPOPA3PSAHON TEXHHUKE  SIBISICTCS
MIEPCIIEKTUBHBIM CITIOCOOOM CHW)KEHHUSI SKCIUTYaTallMOHHBIX 3aTpaT, YTO B KOHEYHOM
utore mpenomnpenensier ero 3hdekTnBHOCTh. CKa3zaHHOE aKTyalu3upyeT MPUHATYIO K
UCCIIEZIOBAHUIO MPOOIIEMY.

Crenenn pa3padoTaHHOCTH NnpoodJIeMbl. UccnenoBanus crioco0a
o0e33apaKMBaHMUs M JIOOUYMCTKU BOJBI ¢ TOMOIIbI0 JIOP Hauamy mpoBOIUTHCS B Haulen
CTpaHe B KOHIIC TPOIIIOr0 CTOJIETHS B UWTHMHCKOM TMOJMTEXHHYECKOM WHCTUTYTE U B
HMM Bbicoknx HampsokeHUM TOMCKOTO NOJMTEXHUYECKOTO YHUBEpCHUTETa. Paszpsin
M3y4aeTcsl KaKk MCTOYHUK oOpa3oBaHus mepekucu Bojopoaa H,O,, moHOB memu CU" u
cepebpa Ag’, atomaproro kucnopoga O, ozona Oz, TMAPOKCUIBHBIX paaukanoB OH u
cynepokcuioB O,. OCHOBHBIM MPEUMYIIIECTBOM pa3psa SIBISETCS OONBIIOE KOTMIECTBO
o0e33apaxuBaOIMX (HaKTOPOB, OAKTEPUITUAHBIX areHTOB, CIIOCOOHOCTh 00PA30BBIBATHCS
OT JIFOOBIX (pOpM HANPSDKEHHUSI.

CyliiecTBeHHBIN BKJIa/l B U3yYE€HUE BO3JIEHCTBUS AIIEKTPUUECKUX Pa3psiIoB Ha BOAY
aeciit A. Fridman, M. LaroussiJl. A. HOtkun, U. ®. Cysopos, 1. M. Iluckapes,
H. A. SIBoposckuii, 5. 1. Kopues, B. A. Kommkos, B. B. Kpeivckuii, E. Stoffels, K. Kelly-
Wintenberg, Yang Y., P. Rajasekaran, S. B. Gupta,34to, K. A. Jlammakoga,
A. C.Onun, A. 0. Hukudopos, A. . Makcumos, Z. Stara, F. Kima.

CreneHp M3y4YEHHOCTH o0e33apaX1BaHUsl BOJbI  TJCKOIIUM, OaphepHBIM,
KOPOHHBIM, MCKPOBBIM M JYTOBbIM pa3psiiaMd  BBICOKasl, OJHAKO OTHOCUTEIILHO
HEOOJIbIIOE KOIWYECTBO paboT mocssmieHo aesnH@pekuun Boabl JIP. Hemocratouno
U3y4deHbl TpUpOa M CIHOCOOHOCTM 3TOro paspama. Bce wuccrnenoBanust JIOP
OCYIIIECTBISUTMCh HA PEAKTOpax C MUTAaHWEM MPEUMYIIECTBEHHO OT WCTOYHHKOB
NOCTOSIHHOTO WJIM TEPEMEHHOI0 IMPOMBIIUICHHOTO HANpsDKEHUs], TMPAKTUYECKU He
paccMaTpUBAIIUCh CTEPWIIM3AIMOHHBIE CIIOCOOHOCTH uMmITylbcHoro JIDP. He packpbIThl
BOIMPOCHI 0Opa30BaHMsI MOHOB METAUIOB TPH 3JIEKTPOPA3PSAHON 00paboTKe BOABI, a
OJIMTOIMHAMUYECKH A3PPeKT 00e33apaXKrBaHMs yUTEH JIUIIb eAUHUIIAMHU aBTOPOB. Ci1abo
uccienoBanbl  peaktopsl JIOP co crocoOHOCTBIO MpOTEKaHWsi dYepe3 HUX BOJB,
MOJIABJISIOIIEE YHCIIO paboT MOCBAIICHO peakTopam 0e3 Kakoro-ido MpoToKa KUAKOCTEN
yepe3 HuX. B penkux ucciaenoBaHusX pacCMOTPEHO MPUMEHEeHe MHOoroodarosoro JI19P.

O0beKTOM  JHCCEPTALMOHHOIO  MCCJEIOBAHUSI  SIBIAETCA  MPOIIECC
o0e33apaxrBaHus BOABI TuapparMEHHBIM AIEKTPUIECKUM Pa3PSIOM.
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IIpenmeroM wHccieoBaHMsl  SBJAIOTCS.  OCOOGHHOCTH U 3(PQEKTUBHOCTH
ucnosb3oBanus uia 3toi nenu BUUIT m peakropa /IOP ¢ ropu3oHTaIBHBIM IPOTOKOM
BO/Ibl OTHOCUTEJBHO AUa(pparMeHHON MEMOPAHBI.

Heas pabGorel: nobiieHne 3()(GHEKTUBHOCTH 00€33apakuBaHUsl BOABI 34 CYET
npumenenus BUNII ¢ nanbonee s3pdexktuBHbIMU peskumamMu paboTel U peakTopa JIOP ¢
TOPU30HTAJBHBIM TPOTOKOM BOJIbI OTHOCUTENBHO JuadparMeHHOl MeMOpaHbBl C
cepeOpsSHBIMU M METHBIMH AJIEKTPOAAMH, C ONITUMAJILHBIMH TTApaMeTpaMu pas3psijia.

Npesi wuccienoBaHus 3aKII0YAETCST B HAyYHOM OOOCHOBAHMM IPUMEHEHUS
UMITYJIbCHBIX DJIEKTPUYECKUX pas3psiioB sl 00€33apakMBaHMsA BOABI B PEAKTOpE C
TOPU30HTAJIBLHBIM ITPOTOKOM BOJIbI OTHOCUTEIBHO IuadparMeHHON MeMOpaHbl U oAOope
ONTUMAJILHBIX MAPAMETPOB UCTOYHMKA MUTaHUA U peakropa J{OP.

Metoabl ucciaenoBanusii B paboTe NPUMEHSUTUCH  OCIJLIOrpapUpOBaHUE
HAIpsDKEHUS], IEPMAHIaHATOMETPUUYECKUN METOJ, ONPEENIEHUs] KOHIIEHTPALUU NIEPEKUCH
BOJIOpPOZa, aTOMHO-abcopOumonHas —crekrpodoromerpuss (AAC) s ompeneneHus
KOHIICHTpAIMK HOHOB MEIM U cepedpa, METO/I OnpeeeH s 00X U TEPMOTOJIEPAHTHBIX
KOMM(OPMHBIX OakTepwii MyTeM MeMOpaHHOW (QWIbTpaUUH U  ONpENeNICHUs
KOHIICHTPAIMH KYJIbTYphI KAIIEYHOH nanouku E. Coli.

JI1s1 JOCTHKEeHMSs1 LeJIN II0TPe00BAJIOCH PeLMTh PS/ 32124

1) mpoBecTH  aHaNMM3  JIMTEPATYPHBIX  JAHHBIX O  CTEPHIM3ALMUA  BOJBI
AIIEKTPOPA3PATHBIMU CIIOCOOAMH;

2) paspabdorare BUMUII, mO3BONSIOMINIT CHU3UTH PAcXOll 3JIEKTPOIHEPTUU U
TOBBICUTH A((HEKTUBHOCTH 00€33apaKUBaAHMUS;

3) pa3pabotath  HOBYIO  KOHCTpyKIHMIO peakropa JIOP ¢  meHbmmMu
HKCIUTyaTallMOHHBIMU 3aTpaTaMU U NOTPEOIEHUEM 3JIEKTPO3HEPTUH;

4) BbISIBUTH (DAaKTOPBI, OKA3bIBAIOIIME HAMOOJbIIee BIMSHUC Ha S(PQPEKTUBHOCTH
JIOP;

5) omnpenenuTe oNTUMAIBLHBIE paboyre mapameTpbl yCTaHOBKH je3uHpexnmu [1OP
JUTS BBIXOZ[a OAKTEPULIMIHBIX ar€HTOB C MUHUMAJIbHBIM 3JIEKTPONIOTPEOICHUEM.

Hayuynasi HoBu3Ha ucciieioBaHusi. B paboTe mosydeH psifi HOBBIX pPE3YNIBTATOB,
KOTOPBIE MOYKHO CBECTH K CIICTYIOLEMY .

1. YcraHoBneHbI 3aBUCMOCTH BBIXO/1a IIEPEKKCH BOJIOPO/IA, MOHOB MEIH U cepedpa
B MOJIENBHBIX PACTBOpaX OT AMIUIMTYABI MOABOAMMOTO B 30HY JIOP wummynscHOrOo
HAIIPSDKEHUS U JUIMTEIbHOCTH UMITYJIBCOB, a TAKKe MPOBOJAMMOCTH MOJEIBHOTO PACTBOpPA
U Pacxo/ia MIEKTPOIHEPIHH.

2. BoIsiBIIeHBI 3aBUCHMOCTH 00pa30BaHUs HOHOB MEIH U cepedpa OT BOAOPOIHOTO
nokaszatesnisi BOJIbl. YCTAHOBJIEHO, YTO BOJIbT-aMmIiepHas xapakrepuctuka J[OP umeer
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cepriooOpazHyr0 ¢GopMy, a MOIIHOCTh, TMOTPEONIsieMasi PEaKTOpOM, 3aBUCHT OT
TeMIiepaTrypsl 00pabaTbiBaeMoii BO/Ibl. BBISBIICHBI XapaKTepPUCTUKN OTMHUPAHUS OaKTepHii
B 3aBUCHIMOCTH OT KOHIIGHTPAIIMK HOHOB MEJIN U cepedpa.

3. OnpeneneHo, 4To peakTop ¢ TOPU30HTAIBHBIM MPOTOKOM BOJBI OTHOCHTEIHHO
muadparmeHHorr MemOpanbl (marenT PO Ne 137284 Ulor 19. 06. 2013umeer Gomnee
BBICOKUH BBIXOJ] 00€33apa’KUBAOIIHX [TPOIYKTOB B CPABHEHUHU C PEAKTOPOM C IMPOTOKOM
BOJIbI Uepe3 OTBEPCTHS B radparMEeHHOM MeMOpaHe.

4. Pazpaboran anmroputMm ympaeienuss BUMII kak ocHOBa  TEXHOJIOTUH
00e33apaKiBaHMs BOJIBI, 3aKTIOYAIOIIHMICS B PEryIMPOBAHUN PACXO/a AJIEKTPOIHEPTHH,
KoppektupoBku Phu ynpasnenun 6apOooTHpOBaHMS BOIBI.

Teopernyeckass U NpaKTUYeCKasi 3HAYMMOCTb HCCJIEJOBAHMS ONPEICISCTCS
COBOKYIHOCTBIO HOBBIX MTOJTY4YE€HHBIX 3HAHUI U COCTOMUT B:

1) pa3pabotke HOBOI KOHCTpyKiuH peakTopa JIDP (matent PO Nel37284 Ulor
19. 06. 2013);

2) pazpadbotke BUUII (matent PO Ne15194%rt 21. 11. 2013);

3) mpakTHYeCKOM OOOCHOBaHWM 0oJice YeM JBYKPAaTHOW 00€33apa)KHBaIOIICH
3 dexTUBHOCTH HCMONIB30BaHUsST HOBOTO peakrtopa [[OP ¢ cepeOpsHBIMH W MEOHBIMU
SNIEKTPOIaMH  COBMECTHO B cpaBHeHMHM ¢ peaktopom JIOP,  mwmraromerocs ot
UCTOYHMKA TEPEMEHHOTO CHHYCOWAATBHOTO HANpsDKEHHS, C TPOTOKOM BOABI 4Yepes3
oTBepCTHsl B TradparMeHHON MEMOpaHe ¢ MEHBIMHU AIIEKTPOIaMH;

4) ynydIieHnd  OKCIUTyaTallMOHHBIX  XapaKTePUCTHK  00e33apaKUBArOIICH
TEXHOJIOTHY 32 CUET CHIDKEHHs pabouMX TOKOB M HANPSHKEHMSA, YTO YBEIWYMBACT CPOK
cimy»O0bI TuadparmenHoi MmemoOpansl (mareHt P Nel37284 Ulor 19. 06. 2013);

5) pa3paboTKe peKOMEHIAIUA ISl IPOSKTUPOBAHUS YCTAaHOBOK 00€33apayKUBaHMS
BO/IbI Ha ocHOBE /[OP.

IMonoxeHust M pe3yJibTaThl, BLIHOCMMbIE HA 3aIUTY.

1. 3aBrcHMMOCTH BBIXOJIa IEPEKHCH BOIOPOIA, NIOHOB MEIIU U cepedpa B MOJIEIIbHBIX
pacTBopax OT aMIUTUTYIbl HWMITYJbCHOTO HAMpPsHKEHUs], JUTMTEIBHOCTH HWMITYJILCOB,
MPOBOIMMOCTH MOJISITBHOTO pacTBOPA, pacXo/ia IEeKTPOIHEPTUH.

2. Beixo OakTepUIMIHBIX areHTOB PEaKTOpa C TOPH3OHTAIBHBIM OTHOCHUTEIHHO
nuadparMeHHOW MeMOpaHbI IPOTOKOM BofbI (ateHT PD Nel37284 Ulor 19. 06. 2013)
uMeeT OOJIBIIYI0 WHTEHCUBHOCTh B CPABHEHHMH C PEAKTOPOM C MPOTOKOM BOBI Yepes3
OTBepCTUs B AnadparMeHHON MeMOpaHe.

3. Bombr-ammiepHast  xapaktepuctrika JIOP; 3aBHCHMMOCTH: a) MOIIHOCTH,

HOTpeOIIEMON  PEakTOPOM, OT TeMIlepaTypbl 0OpadaThIBAEMOM BOJBI, 0) OTMHUpaHHS



OaKkTepuii OT KOHIIEHTpAIlMd MOHOB MEAM U cepedpa; B) 00pa3oBaHUsSI MOHOB MEIU U
cepebpa OT BOJOPOIHOIO MOKAa3aTe st BOIBI.

4. Anroput™m ympasienuss BUMIT kak ocHOBa TeXHOJNOTMM 00€33apaKMBaHUS
BO/IBI.

JIlnuHblii BKJIAX aBTOpPA. ABTOp YYacTBOBAI B IUIAHUPOBAHUM W TMPOBEICHUU
AKCTIEPUMEHTAIBHBIX WCCIIEIOBAHMM, aHAIM3E W UHTEPIIPETAMU TMOJYyYEHHBIX JaHHbBIX,
(hopMyTUpPOBaHUH BHIBOJIOB, @ TAKKE B MIOATOTOBKE HAYYHBIX ITyOTMKAIINH.

Jl0CTOBEPHOCTH MOJIYYEHHBIX Pe3yJIbTATOB IOATBEPKICHA IATEHTHONM YUCTOTOU
pa3paboOTaHHBIX TEXHUYECKUX pelieHui. JliIs peleHus MOCTaBIEHHBIX 33134
UCIIOJIb30BaHbl  (PU3UKO-XUMUYECKHE M OaKTEPUOJIOTMYECKHE METOJIbl MCCIIEeI0BAHUS,
MPOBOMBILHUECS B aKKPEUTOBAHHBIX U CEPTUPUIIMPOBAHHBIX JJaAOOpaTopusix. Pe3ynbraThl
HKCTIEPUMEHTAJIbHBIX JaHHBIX OOpa0OTaHbl MPHU TOMOIIM METOJOB MaTeMaTU4eCKOU
CTaTHUCTHUKH C UCTIOIBb30BaHUEM TTaKeTa MPUKIaIHbIX iporpamm Excel 2010.

Anpobanus padoThl. MaTepuanbl JIMCCEPTALIMOHHOTO UCCIIeIOBAHUS
noknaneiBach  Ha XI - MexayHapoqHOW — HAYYHO-TIPAKTUYECKOM  KOH(DEpeHIH
«Kynaruackue urenus» (Uura, 2011), XVII MexayHapoaHoOi Hay4HO—IPAKTHYECKON
KOH(EPEHITMN CTYJCHTOB W MOJIOJBIX YUeHBIX «COBPEMEHHBIC TEXHUKA M TEXHOJIOTHM»
CTT-2011 Tomck, 2011), Il MexayHapomaHON Hay4YHO-TIPAKTHUYECKOW KOH(EPEHIHU
«Hucrass kamst Boawl» (Yura, 2012)XXIl Poccuiickoii MONOASKHON HaydHOMH
koHpepeHuun  «IIpoOraeMbl  TEOPETUUECKOW W DKCIEPUMEHTAIBHOW  XUMHU»
(ExarepunOypr, 2013),XI MexnyHnapoaHoi koHpepeHimn «l azopaspsiiHas mia3ma u ee
npumenerne» (Tomck, 2013), MexayHapoaHoi HaydHOU KoH(pepeHIH «COBPEMEHHBIC
TEXHOJIOTHH M Pa3BUTHE MOJMTEXHIYECKOTo 0Opa3oBanms» (BrmamuBoctok, 2015).

Iy6ommkamuu. [lo pesynpTaram BBINOJHEHHBIX MCCIIEAOBAHUNA U pa3padOTOK,
CBSI3aHHBIX C TEMOW JUCCEPTAIMOHHOTO PabOThI, OMyOJIMKOBAaHO 17 Hay4YHBIX PadoT, B TOM
yucie 2 nateHra PD, 7 crateit B perieH3npyeMbIx n3nanusx u3 nepeunss BAK PO, nse u3
KOTOPBIX BXOJIAT B nepeueHb pedeparuBHoii 6a3sr SCOPUS.

Crpykrypa u odbem padoTsl. [luccepranmonnas paboTa COCTOMT U3 BBEICHUS,
HIECTH  IJIaB, OCHOBHBIX  BBIBOJOB,  CIIMUCKAa  COKpAIllEHWH,  3aKIIOYeHUs,
oubarorpaduueckoro crmcka (228 nanmMeHoBanuii), m3nokeHa Ha 110 crpanumnax,

coziepkuT 49 pucyHkoB, 2 Tabnuiibl, 1 mpusoskeHue.
OCHOBHOE COJIEP) KXAHUE PABOTHBI

Bo Baenenum 000CHOBaHa aKTyaldbHOCTb TEMbI JUCCEPTALMOHHOM pPabOTHI,
IpE/CTaBlIeHa CTENEHb pa3pabOTaHHOCTH TMPOOJEMbI, H3JIOXKEHBl LENb, 33/1a4u

HCCHCHOB&HHﬁ, PAaCKpPbLITEI HaydHas HOBH3HA, IMPUBCACHLI 3alllUINACMBIC I10JOKCHUA,
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orpeziesieHa TEOPETUIecKast U MPaKTHYeCcKask 3HAYUMOCTb PaOOTBHI.

B rnaBe 1BbmonHeH 0030p HAayYHO-TEXHUYECKOW JIUTEPATypPbl, TOCBSIIEHHON
npoOieMe 00e33apaskuBaHMsl BOJbI 3JIEKTPOPA3PSAHBIMUA TEXHOJIOTUSIMU. PaccMoTpeHbl
CHOCOOBl CTEPUIIM3ALIMU BOJABI HAa OCHOBE MCIIONB30BAHUS SJIEKTPUUYECKUX Ppa3psIOB:
TIICIOIIEro,  OapbepHOrO,  KOPOHHOTO,  YaCTUYHOTO,  HCKPOBOIO,  JYTOBOTO,
mapparmenHoro. [IpenctaBinen 0030p JAUTEpaTypHBIX NAHHBIX O CTEPUIM3ALMHU BOJbI
JIOP. B xoHme mepBoil TIJaBbl CPOPMYIMPOBAaHBI OOOCHOBaHMS WEMM M 3a/1ad
UCCIIE/IOBAHUSI.

B riaBe 2 npuBeneHs! onucanus Hoporo peakropa J19P (mar. 137284P®), BUMII
(mar. 151949P®), npuHIAITHATIBHONW CXeMBbI HX BKJIFOUCHHUSI BMECTE C OCITILIOrpadoM, a

TaKKe METOJIUKH SKCIIEPUMEHTATLHBIX UCCIenoBanni. Cxema peakTopa n300pakeHa Ha

AEMYYUE RPOGYKME pazpaca 12 PHCYHKE 1.
YceTpouncTBo COZICPKUT
TE€pPMETUYHBIN KopIyC 1,

pa3aeneHHbIl Ha BEPXHIOI 2 U

HWKHIOIO 3 KaMephl

mradparMeHHo MeMOpaHoi 4, B

Pucynok 1 —Cxema peaxtopa J19P

KOTOPOM UMEIOTCSI OTBEPCTHUS 5.
B peakrope HaxomsaTCs MeTaJIMUECKUE IeKTpoibl 6 u 7, Bepxuue 8 u 9 u Hwkuaue 10u
11 narpyOku. YcCTpoiicTBO mOAKIIOYaeTcss K MCTOYHMKY muTanus 12. K anextpomam
peakTopa MOXKHO TOJKIIIOYAaTh HWCTOUYHHKHM MUTaHHA JTIOOBIX (hopMm HampspkeHus. [[ms
CHIDKEHUSI JJABJICHUSI B PEAKTOpPE YCTAHOBJIEH BO3MYIIHBIN KianmaH 13, obecrieunBaroniuii
BBIXOJI TIAPOTa30BbIX MPOIYKTOB pa3psia.

B xauectBe mcrouHumka muraHua Ui peakropa JOP wucnosszoBancs BUMUII

§ = 9

} aBTOPCKOM pazpaboTKu
17 2 bk 7 2 .
brok numanus ynpabeHus 5 brok , (pucyHok  2).YcrpolictBo  umMeer
; EHMUASITOD0
| SRS IpATo 4 BO3MOKHOCTb PEryIMpOBaHus
KOHOeHCamapol | :
\ | | ] | JUIMTENTBHOCTH MMITYJILCOB OT 1 1o
4 5 6 |
i i i[ | 16 MKc, a aMIUTUTY /bl UMITYJIHCOB —
Mocm kmoved brok dpaibepol /?3” obo/e el : e y
AOK UMERYAE | | o1 0 no 3 kB. MakcumasbHas
1 | - I ]
| | 111 I | momHocts BHUII cocraBmser 4
7 & L .
bhoK bok-zerepamap B0k penecod KBT. BbIxXo/161 BBICOKOBOJITHOM
Oricoxobonsmuozo ynpabrsouux s
mpaHC@opramapa Y e ] 0OMOTKH HMMITYJIbCHOT'O
! ! TpaHchopmaTopa 7/ MOAKIIOYAIOTCS
Pucynok 2 —bnok - cxema BUAII K 3JIeKTpoJam peakropa JIOP.



B riaBe 3 npencraBieHsl pe3ysbTaThl cpaBHeHus: 00opynoBanus [IDP (peakropa u
BUUII) u ommcanbl ero xapakrepuctukd. [IpuHimn mesunpexnuu JIOP 3akmouaercs B
TOM, YTO YacTh HEOOPAOOTAHHOM BOJIBI IOCTYIIAET B HIDKHIOIO KaMepy peakTopa (PUCYHOK
1) u mociie 00pabOTKK BO3BpAILIACTCS B OCHOBHOM MOTOK. Ha MeTaymmyeckue 3eKTpoIbl
peakropa TIOAaeTCs HamnpsHDKEHHE OT WCTOYHMKA TIUTaHWs, B BOJE BO3HUKAET
AIIEKTPUYECKUI TOK, TUIOTHOCTH KOTOPOTO BO3PACTae€T B OTBEPCTHSIX AradparMEeHHOM
MeMOpaHbl. DJEKTPUYECKU TOK, TPOTEKass 4epe3 OTBEPCTHs MEMOpPaHBI, BBI3HIBACT
HarpeBaHue, BCKUIIaHUE BO/JIbI, Mapoo0pazoBaHue U MPOOOH MapOra3oBbIX IMy3bIPHKOB 32
CUET BO3HUKHOBEHUSI MEPEHANPSLKEHUS TIPU pa3pbIBe KOHTYPa TOKA STUMU My3bIpbKaMHU, B
pesynbrare 4ero obOpasyercs JIOP. OOpaboraHHas Bojga BBITEKAET WX BBIXOIHOTO
narpyokKa, mepeMeIIMBaeTCsi C OCHOBHBIM IIOTOKOM BOTBI M TTIOJTHOCTHIO CTEPHITU3YET €T0.

Jlo HemaBHero BpeMeHW ObLT W3BECTEH oAWH Bui peakrtopa J[OP, cmocobHOTro
00pabarThiBaTh MOTOK BOJbI. OCTaIbHBIE U3BECTHBIE BUIbI PEAKTOPOB HE MpPEIHA3HAUEHBI
s 00paOOTKM  OOJNBIIMX OOBEMOB JKMIKOCTEH, a HCHOJB3YHOTCS TOJBKO B
AKCTIEPUMEHTATIBHBIX TIEJISIX, MPOIECC MPOTOKA 4Yepe3 HUX KAKUX-THOO pacTBOPOB HE
paccmarpuBaeTcs, a nuadparMeHHasi MeMOpaHa BBITOJIHEHA TOJIBKO ¢ OJTHUM OTBEPCTHEM.
B wm3BecTHOM peakTope Ui TIOTOKa BOABI (PHCYHOK 3) MCIHOJB3YETCsl CIIOCO0 TOmavn
BOJIbI, OOECIEUMBAIONIMI TPOTEKaHWE BCEH MCXOJHOM BOJBI 4Yepe3 OTBEpPCTHUS
nuapparMeHHON MEMOpaHHI.

AemipHue APoGYKME pa3paia /4 HoBeiii  peaktop  (cwm.

pucyHok 1) mmeer mHOI criocod

MOJAYM  BOJABL, MPU KOTOPOM

oOpabaTpiBaeMast BO/IA HE

NpOTEKAET  4Yepe3  OTBEPCTHs

MeMOpaHbl, a MPOXOIUT TOJIBKO
Pucynok 3 —PeakTop ¢ mpoTOKOM BOJIbI Yepe3 3 B

N 4yepe3 HIKHIOIO KaMepy
oTBepcTUs B tuadparMeHHON MeMOpaHe
pe3yInbTare 3TOTO HE

MPOUCXOJUT CMBIB MPEIPa3psTHBIX MPOAYKTOB (ITapOra3oBbIX Iy3bIPHKOB), a B BEpXHEH
4acTH KaMepbl BOJIa OCTACTCS HETOJBIDKHON W MOXKET HarpeBaThesi 0 Temreparypsl 90-
97 °C,4T0 CrOCOOCTBYET YIYUIIICHUIO O0Opa30BAHMS TIAPOTa30BOM CMECU U YBEIMYCHUIO
WHTCHCUBHOCTH pa3psijia. boliee MHTEHCHBHBIA pa3psii NMPU OJUHAKOBOM TOTPEOICHHUH
AIIEKTPOIHEPT UM TTOBBIIIIAET 00pa30BaHNE BCEX OAKTEPUITHTHBIX areHTOB.

HoBoe  TexHuueckoe pelieHWe  IMO3BOJSET  TOBBICHUTH  A(PPEKTUBHOCTD
o0e33apakuBaHusl BojbI [P, MOBBICHTH HA/IS)KHOCTH PA0OTHI peaKTopa u3-3a OTCYTCTBHS
NepeTeKaHnsl BOIBI depe3 AuapparMeHHYI0 MEMOpaHy W yMEHBIICHUS 3aCOPEHHS
oTBepcTUii. B pesynbraTe CHWKaAIOTCS pabourie HaNpsDKEHHE, HANPSHKCHUE 3a)KUTaAHHS
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JIOP u TOKM yCTpOWCTBA, YTO CHOCOOCTBYET YBEIMYECHHIO CpOKa SKCILTyaTalluH
madparmMeHHOM MeMOpaHbl W3-3a  MEHBINETO W3HAIMBAHWS OTBEPCTHA B  HEW.
3HAYUTENILHO COKpAILlAeTCsl TOTPEOJICHUE JJIEKTPUUECKOW HHEPIruM H3-32 CHUKECHUS
pabouynX TOKOB U HANIPSHKEHUH.

CpaBHenue peaktopoB JIOP mOpou3BOIMIOCH MO PA3HOCTH  KOHIEHTpAIMU
0o0pa3oBaBIICiicS TIEpeKUcH Bomopona, ompenemssemorr cormacio ['OCT  177-88.
CreHepupOBaHHOW TEPEKHCH BOIOpPOJa B W3BECTHOM PEAKTOPE YCTAHOBJICHO B
komuectBe 0,58Mmr/Bt-y, a B npetoxkenHoM peaktope — 0,87mr/BT-4, 4To MpakTHYECKH
Ha 50 %oBbIiIe.

Hcrounrkamy IUTaHUsI TEXHOJIOTHH 00e33apakuBaHus BOJbI JIOP MoryT ciyuth
WCTOYHUKH C Pa3MYHbIMK (popMamu HarpspkeHnid. OmMHON W3 3a7ad AUCCEPTAIMOHHOTO
uccnenopanusi J|OP SBISIOCH BBIACHEHHWE TMPEANOYTUTEIILHOCTH (HOPM  MUTAFOIINX
HaNpsDKCHUH  (CMHYCOMIAIBHOM WJIM HWMITYJIbCHOM) Uit 00e33apayKMBaHHs  BOJIBI.
[locTosiHHOE W BBINPSAMIICHHOE HAMpPSDKEHHE HE PAacCMAaTpUBAJIOCh IO  MPUYUHE
00pa3zoBaHus paspsaa OT HAX TOJIBKO B OJTHOM OTBEPCTUH TuadparMeHHON MeMOpaHBI,
YTO MPUBOJUT K €r0 OBICTPOMY ITPOTOPAHHIO 1 PACTITUPEHHIO.

OmBITBI MPOBOJVIIMICH B CTATUYECKOM pekuMe peakTopa (0e3 IpoToKa BOJBI) C
MEIHBIMU 3JEKTpOAaMU. B 3KcriepuMEHTax Ha pPeakTop IMOJaBAUCh OJUHAKOBBIC
MOIIHOCTH, KOTOpPbIE KOHTPOJIMPOBAIUCH CUETYUKOM DJIEKTPUUECKOM SHEPruu U
cekyHnoMepoM. Ha kaxpiit onbIT 3aTpadeHo mo 50 Bt-4 3a 60 c. AMminTy1a UMITyIbCOB
Hanpspkeaust BUUII cocrasmsina 2,25xB, ummynbcoB Toka 1,2 A ¢ ATUTEIHHOCTBIO 7 MKC
u ckBakHOCThIO 2,02. CompoTuBienue peakropa JJOP B maHHBIX YCIOBHUSIX COCTaBIISLIO
1,87 xOM. Bo Bpems uccnenoBanusi Bbixona H,O, 0T cHHyCOMATILHOTO HAIPSKEHUS
yactoroit 5011 u ¢ ammuTyoi Ha ypoBHe 3 KB, amruinTyna Toka coctapisiia 1,77A, a
CONPOTHUBJICHUE PEAKTOpa B 3TOM IKCIIEPUMEHTAIIBHOM pexkume O0buto paBHo 1,69kOwm. B
pe3ynbrate, npu nutanuu peakropa or BUUIT obpaszoBanock 1,54 mr/BTu mepexucu
BOJIOPO/IA, B TO BPEMsI KaK MPU MUTAHUHU OT IEPEMEHHOTO CUHYCOUIATHPHOTO HATPSHKEHHUS
ee O0bu10 0,76M1/BT1u.

OOmbsicHeHueM 3Toro 3pQexKra MOrio CIykutb To, 4ro JDP oT umiymbcHOro
HAIPSDKCHUST OBUI HAMHOTO HMHTCHCHBHEH, CTpUMEphl JUIMHHee (M3MEpeHHs He
NPOBOJWIINCH), a IIyM pa3psjga TPaKTUISCKd OTCYTCTBOBAT B CpPaBHEHHH C
UCTIOJIb30BAaHUEM CHHYCOUIATIBHOTO MTUTAIOIIETO HAPSKECHHUS.

[IpoBeneHHOE HCCeN0BaHUE YKa3bIBaeT Ha TO, yTo npumeHenue BUUII ms JIOP
BMECTO TMOBBIIIAIONIETO TpaHc(hopMaTopa MNPOMBIIUIEHHONM YacTOThl CHIKAET pPacxojl
ANIEKTPORHEPTUH B 2 paza.

Jns  onpenenenuss  xapakrepa JIOP  ompeneneHa  ero  BOJbT-aMIIEpHAast
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xapakrepuctika (BAX). ®opMbl UMITYJILCOB TOKA TTOJIHOCTBIO COBIAIAIH 10 BHEITHEMY
BUJY C HMITyJIbCAMH HANpsDKEHMs, CIOBUT MEXAY HUMH OTCYTCTBOBI HA BCEX
JUIATENIBHOCTAX. B pe3ymnbrare mpoucxoqsaiumx npoueccos B peakrope J[OP, nuraromerocs
or BUUII ¢ pazHOmoONMsIpHBIMU HUMITyJIbCaMHu, ObUIO ompeneneHo, 4ro BAX Becbma
HEJIMHEHHas, IMEeT cepriooOpas3HbIil xapaktep (PHUCYHOK 4) 1 3aBHCHUT B OOJIbILICH CTETICHN

0T 00pa30BaHus MAPOBO3LYIITHON CMECH, YEM OT COMIPOTUBIICHHUS BOIBI.

'l

1400/ Pabouvasn

|
1 300i Tmi” =7 MEKC, : 30Ha
1200/ §=2,02; | (onTUMansHoro ¥
1100 (P;’_Z(‘f" ) | paspsga)
| #=045 mCant/em; {
il T=30 °C. |

900
800
700 | :
600 |
30Ha |
500 OTCYTCTBMA
400 pa3spsana
300 ( NHenHas)
200
100

0

i, MA

____ _PaspARa

3oHa
cnaboro
paspsga

3ona
BO3HWKHOBEHWSA

|
01 03 05 07 09 11 13 15 17 19 21 23 4B
Pucynok 4 —BosnbT-amnepHast xapakrepuctuka /[P

Ha ygactke ammmityn umimyiiscoB HanpspkeHuid ot 0 1o 525B Tok pacteT nuHeiHo,
NPOMOPLUMOHANILHO HANPSDKEHUIO, TaK KaK paspsl MpU  JaHHBIX  HANPSHKCHUSX
orcyrctByeT. Ha yuyactke ot 525 1o 755 B ¢ yBenuueHueM HanpsbkeHUs: HaOIFOIaeTCst
cHIDKeHHe Toka. [losBiieHWEe y4yacTka C OTpUIATelbHBIM U depeHITUATEHBIM
COIIPOTHUBJICHWEM BBI3BAHO HaydasioM oOpazoBaHus JIOP, BO3HHMKHOBEHHEM MapOTra30BOM
CMECH H, CJIE0BaTeNIbHO, YBEIMUCHUEM COTPOTUBIICHUSI B OTBEPCTUAX AradparMeHHOM
MeMOpaHbl. [IpeBbIlias 3HaueHWs] MaKCMMYMOB UMIYJdbcoB Bbiie /55 B, BAX
MOHOTOHHO BO3pAacTaeT M KpHUBas JIMHKUS UMEET BOTHYTBIM XapakTep, TOK pacTeT ObIcTpee
HAMPsDKEHUsI, YTO CBS3aHO C WHTEHCHBHBIM OOpa30BaHMEM W POCTOM TEMIIEPATYPhI
IaporasoBoil cMecH B oTBepcTHsX auadparmenHorr Memopansl (ot 2000 10 5000 K) n
HEJTMHEWHOMY YBEJIMUEHHIO €€ MPOBOTUMOCTH.

IIpu mnpoBenenun skcrepumeHToB ¢ BAX JIOP ycraHoBieHO, 4YTO OHA He
U3MEHSETCd W HMMEET OJHYy M Ty e (opMy Mpu Temreparypax BOAbl OT 2 [0
60 °C pucyHok 5). DKCHeprMEHTHI IOITBEPIKIAIOT TPEITIOIOKEHAE O 3aBHCUMOCTH
uccnenoanusi BAX JIOP B ocHOBHOM OT 00pa3oBaHMs Mapora3oBOd CMECH, a HE OT
COIIPOTHUBJICHUST BOJBI, KOTOPOE M3MEHSETCS OT TeMIlepaTypbl HenuHewHo. [Ipu Ooree
BBICOKMX TEMIIEPATYPaxX >KUAKOCTEN MPOUCXOAUT O0Jiee MHTEHCUBHOE TapooOpa3oBaHue B
OTBEpCTHUSIX AuadparMeHHOW MeMOpaHbl, B pe3ysbTare 4ero norpediisiemas paspsaamu

MOIIHOCTh PE3KO MajiaeT 0€3 YMEHbILIEHNUSI HHTEHCUBHOCTH pa3psa.
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A HccienoBanne 3aBHCUMOCTH

2,2 —
2 notpedssieMoit MomHoCcTH peaktopoMm JI9P ot
b=
D 18- TEMIIEPaTypbl BOJbI MPOBOAUIOCH MPHU TEX K€
o 1,6
S Td Tunn=7 MKC, ycioBusix, uto u B BAX JIOP, Tonpko ¢
0 ) r . . .
S0l u;Z é 50023 ¢ HEM3MEHHOW aMITUTYJ0M uMITyjibcoB 2150B u
s =z,Uz;
. b = Ph=7,4; C M3MEHSIONIEHCS TeMIIepaTypoil BOJIbI OT 2 10
E = 2 3 . (93
g 08— x=045uCw/cw, 100 °C.Cumxenne mOTpPeOISEMO MOIHOCTH
Z06  P=095mmpm.cm.
204 pd OJWHAKOBBIX MHTCHCHUBHOCTAX pa3psia
02— CHoCOOCTBYET  YMEHBILIEHUIO  TOTPEOICHUS

| S S (D O S ==
10 20 30 40 50 60 70 80 90 100
Temnepatypa Boabl, °C XapaKTepPUCTUKH (PUCYHOK 5) CKOHCTPYHPOBaH

AIEKTpOo3Heprun. Ha OCHOBaHWMM TTPUBENECHHOU

Pucynok 5 —IlorpebnsiemMast MOLITHOCTH pPEaKTOp C TOPH3OHTAIBHBIM IPOTOKOM BOIBI
peaktopa JIDP B 3aBUCHUMOCTH

OTHOCUTENIBHO ~ JMapparMEHHONM  MeMOpaHbl
OT TeMIepaTypbl BOJIbI

(marent 137284PD).

B ruaBe 4 ormmcaHbl pe3ysbTaThl TECTHPOBAHUS 3KCIIEPUMEHTAIBHON YCTAHOBKH
11t obe33apakuBaHusl Bozipl. Ha mepBoM aTamne uccinenoBagoch 00pa3oBaHUE MEPEKUCH
BOJIOPO/A B 3aBUCUMOCTH OT PA3JINYHBIX [TAPAMETPOB MUTAIOIIMX UMITYJILCOB HANPSHKEHUS
" IPOBOAMMOCTH MOJIEIIBHOTO pacTtBopa. Kak U IPEATIOIIAranoch,
BbIx0/ H;O, CyILIECTBEHHO 3aBUCUT OT BEJIMYMHBl HANpsDKEHUS. OJTa 3aBHCUMOCTb
MOATBEPKACHA CIEAYIOINM KCIEpUMEHTOM. Ha KayKyro nccne10BaHHY0 KOHTPOJIBHYIO
TOYKY 3aTpaueHo 1o S0 Bt-u anexTpuueckoi sHepruy U no 7 1 MOJENIBHOTO pacTBopa. B
pPEAaKTOpE HCIOIBb30BATNCH MENHBIE AIEKTPOAbl. 3aBUCUMOCTh BBIXO/A IEPEKUCH

BOJIOPO/Ia OT AMILIUTY Il UMITYJIbCHOTO HAIIPSHKEHUSI 300pakeHa Ha pUCYHKE 6.

{2 t Jlnarnaszon UCCIIETYEMBIX
Tuvn=7 MKC; o

11 §=202- MTHOBEHHBIX HANpsDKEHUHN  OmnpeesieH

U Ph=7.2; OKCIIEPUMEHTAJIPHBIM TIyTEM W B3ST B

9,0 — x=0,45 mCm/cm;

80 R =098 uatepBaie or 1,5 mo 2,7 xB. Ilpm

mMr/n

5 70— HanpspkeHusix  Hwke 1,7 kB JIDP
2’“ g:g - MOKa3ajdl  HHU3KY0  HMHTEHCHBHOCTb
40| obpazoBanust H,O,, npu HampsHKEHUSIX
W = Bbimie 2,5 KB MPOMCXOMUIN KOPOTKHE
?:g i 3aMBIKAHUS, COIPOBOK JAIOLIUECS

0 | | | L | |+ B3ppIBOM NPOAYKTOB  paspsna B

1,5 1.7 1,9 2.1 23 2,5 u, kB
peakTope. M3 3aBUCMMOCTH Ha PUCYHKE
Pucynok 6 —Bbixon nepekucu Bo1opo/ia B

3dBUCUMOCTH OT aMIUIMTyAbl UMITYJIbCHOT'O
HaIIps>KCHUS

6, cnmemyer, dYro Ha  y4acTkKe
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HanpspkeHnid oT 1,7 mo 2,3 kB KkpuBasi HOCUT JMHEWHBIM HapaCTAIONIMA XapakTep, a
nocine 2,3 kB — nuHelHbIN yObIBarOIIMi, MpUYeM Yrojl Craja KPUBOM paBeH YTy
HapacTaHusl.

[IpuBeneHHast 3aBUCHMOCTD JOKA3bIBACT, YTO YBEIMYEHHE HAIPSHKEHUS MUTAHHS
JIOP umMeer mMONOXKHUTENbHBIA APQPEKT M0 OMpENeNCHHONW IMEPelOMHON TOYKH, IOCIe
KOTOPOH TMOBBIIIICHNE HAMPSHKEHUSI HOCUT OTPHUIIATENbHBINA XapakTep. CIUILIKOM BBICOKOE
HAIMpsHKEHUE pa3psiia YBEJMYMBAET €r0 MOIIHOCTh M COOTBETCTBEHHO HEPrOBKIAJ B
pa3psia, B pe3ysbTaTe 4Yero MPOMCXOIUT CropaHue o0e33apakKMBAIOIIMX MPOAYKTOB. B
pe3yabraré MOXKHO BBIACIUTh HauOoliee MPOAYKTUBHBIM JIMANa3oH HMITYJIbCOB
HanpspkeHui B nHTepBasie ot 2,010 2,3kB.

OKCHEepPUMEHTANILHO YCTaHOBJIEHO, YTO JUIMTEIBHOCTh UMITYJIBCOB TAKXKE KaK U MX

aAMIUTUTY/Ia BIUSIET HA BHIXOJ] AC3UH(DUIMPYIOIMX KOMIOHEHTOB (PHCYHOK 7).

B MCCIIEIOBAHMSIX 4
£50
U3MEHSIINCh JUIMTENIBHOCTH 5 , | [
umiyabcoB or 1 1o 16 mkc. Ha 23,0 u=1970 B; §=2,02;
E ¥
2,0 — Ph=7,7; ¥=0,46 mCm/cm,
OCHOBaHMM pUCYHKAa [ MOXHO 3
1,0 R =098
cZienaTh BBIBOJ, YTO OITHMAJIbHAas g | N O \ | e
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 T, mkc
ATUTCIBHOCTD  MMITYJIECOB,  IIPH PucyHok 7 —3aBUCUMOCTh T€HEPUPOBAHUS
KOTOPOHM JIOCTUTaeTCsl HanOOJIbIIAs niepekucu Bojoposia H,O, 01 aymurensHocTH
IIPOM3BOJIUTENBHOCTD  IIEPEKUCH MMITYJIbCOB HAlIPSDKCHUA

BOJIOPO/IA, HaXoaAuTcs B quamna3oHe 4-8 Mkc. [Ipu 3HaYeHUSIX JUIUTENbHOCTEN UMITYJIbCOB
MeHee 4 MKC HaOMIoJaeTcs HU3Kasi POU3BOIUTENBHOCTD UCCIIEyeMOro OaKTepUIIMAHOTO
are’ra. 910, BO3MOXKHO, CBSI3aHO € HEJJOCTATOYHBIM BPEMEHEM BO3ACHCTBUS HAIPSHKEHMS,
KoTopoe TpeOyercs [yl pa3Butva paspsaa. Cnag  NpOU3BOIMTENBHOCTH — TaKXkKe
HaOJII0aeTcs B COydasix JIUTENFHOCTEH UMITYNILCOB OoJiee 8 MKC, MPUYMHON CHIKEHUS
00pa3oBaHMs MMPOAYKTOB JA3UH(EKINH BOABI, BO3MOKHO, CITY>KUT YBEJIMUCHHUE JKOYJIEBa

HarpeBa BOJIBI.

il Baxxnoii 3amayeit SBIISIIOCH
£50 YCTaHOBJICHUE 3aBHCUMOCTHU BBIXOJ1a
s

- 40
Saol I T, MEPEKUCH  BOJIOPOJIa OT  MPOBOJUMOCTH
2.0 u=1700 B, §=2,02; MOJIETIBHOTO pacTBOpa Npu (PUKCHPOBAHHOM
1,0 — Ph=7,5,R =0,98 pacxone oanekTposHeprud. Ha rpaduxke,
L 1| O, ™
0 01 03 05 07 09 1.1 NPYBEJICHHOM Ha PUCYHKE 8, BUIHO, YTO Ha
H, MCm/cm

yuactke mnpoogumoctu ot 0,07 mo 0,17
Pucynok 8 —Brixon H,O, B 3aBucuMoctu

OT TPOBOJIMOCTH MOJIENHHOTO PACTBOPA MCM/CM TIPOMCXO/IUIIO PE3KOE YBEITNUCHUE
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koHueHtpaimu H,O, u3-3a  HapacTaHusi MHTEHCHBHOCTH paspsia, MpU 3HAYCHUSIX
npoBoauMoctd Hke 0,07MCm/cM paspsin MoTHOCTBIO oTcyTcTBOBasl. Ha ygactke ot 0,17
no 1,2 MCm/cM HaOMO#AICS JIMHEHHBIA CIaja MPOM3BOIUTEIIBHOCTH, CBSI3aHHBIA C
YBEIMYEHUEM TEIUIOBBIX IMOTEPH Ha MPOIIecC 00pabOTKN MOJIEIILHOTO PacTBOpA.

[IpoBenEHHBIN 3KCHEPUMEHT TMO3BOJIMI  BBIICIATH ONTHUMAJIBHBIM  JIMAIIa30H
IPOBOIUMOCTH  0OpadaThiBacMol skumkoctH B uHTepBae or 0,17 mo 0,25 MCwm/cwm,
o0ecreunBaOIMi  MUHUMAIbHOE  MOTpEOJCHHE  DIEKTPOSHEPTHHM Ha  MpolLece
00e33apayKUBaHsI BOJIBI.

B rumaBe 5ommcaHbl SKCIIEPUMEHTHI, BBIIBILIIONIME 3aBUCHMOCTH OOpa3oBaHMs
roroB CU'm AQ' OT pasmMuHBIX MApaMeTPOB NHTAIONUIMX HMITYJIbCOB HAMPSIKEHHS,
nposoguMocty 1 PhmozensHoro pactBopa. Heorbemiembim paktropom 06e33apakuBaHus
Boabl [IOP sBnsercs onmuronuHamuueckuil 3¢ ekt crepunmzaiyu. [IpoHukas B KIeTKU
MHUKPOOPTaHW3MOB,  WOHBI  JIC3UH(DUIMPYIONIMX  METAUIOB  OJOKUPYIOT  UX
KHU3HEIEATEIIPHOCTh, 4YTO MpUBOAUT K TuOemu Oakrepuit. A. C. HOgumH B cBoux
UCCIIEAOBAHUSAX JIOKa3ad, 4TO OOpa3oBaHME MOHOB MeETAUIOB B peakrope J[OP He
YKJIAJIBIBAETCS B 3aKOHBI KIIACCUYECKON 3EKTPOXUMUHU.

OmarM  u3  daxtopoB  oOpasopammst CUF 1 AQ' siBIsleTcss  HampspKeHme,
NPUKIAIbIBAEMOE K  JJIEKTpOJaM. YCIOBHS  JKCIIEPUMEHTOB IO  ONPENENICHUIO
KOHIICHTpAIlMii WMOHOB METAUIOB B 3aBHCUMOCTH OT BO3JICHCTBYIOIIMX HANPSHKCHUMA
MOJIHOCTBIO COBMAAIOT C YCIOBHSIMU MCCIIEIOBAHMS T€HEpAIMU MEPEKHCH BOJOPOAA OT
HarpspkeHuil. OmnpeneneHue KOHIIEHTPAlMM HMOHOB MeAW U cepedpa MPOUCXOIHIIO
METOJIOM aTOMHO-a0COPOLIMOHHOM CTIEKTPO()OTOMETPHH.

3aBHCHMOCTH 00pa3oBammsi HoHOB CU m Ag’ OT aMIUIMTYmbl HMITYJIBCOB

NpYBE/ICHbI HA pUCYHKe 9. 3/1eCh KpUBBIE MPSIMOIMHENHO HApACTAIOT OT 3HaYeHus 1,7 110

4 Tuam=7 MKC, a) A 6)
140 — §=2,02; Tun=7 MKC;
130 — #=0,45 mCm/cm; Q0 §=2,02;

0 x=0,45 mCm/cm;

120 - Ph=7.5.R *=0,98 s
2,0 |Ph=7,5:R"=0,98
26

2 110 -
3 100 [~
90

80 |
o L | T M [ o L1 (S S (S (S N
1,5 1,7 1,9 2,1 2,3 2,5 u, kB 1,5 1,7 1,9 2,1 2,3 2,5 u, kB

Pucynok 9 —Bbixon nonoB meu (a) 1 cepedpa (0) B 3aBUCHMOCTH
OT MTHOBEHHOT'O MMITYJILCHOT'O HAIPSKEHHST

MKr/n

2+

2,3 kB, mpu npeBbIIEHUH aMIUIUTYJ HUMIYJIbcoB Bbime 2,3 KB reHepauuss MOHOB
YMEHBIIIAETCs, YTO CBSA3AHO C YBEJIMYEHHEM TEIIOBBIX IMOTEPh HA 00PabOTKY KHUIKOCTH.

Takum 00pazom, HanboJIee MPOTYKTUBHBIN AUANIa30H UMITYJILCOB HAMPSKEHU HAXOIUTCS
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B npenenax ot 2,0 mo 2,3 kB. ®opMbl 3aBUCHMOCTH BBIXO/IA CUt'u Ag+ AHAJIOTUYHBI

3aBUCHMOCTH BbIX0/1a IEPEKUCH BOAOPO/A.

Pucynok 10 ummocTpupyeT 3aBUCUMOCTh 00pa30BaHMsI HIOHOB MEJIU U cepedpa oT

i

100

90 —
80

70

60 —

, MKr/n

u=1970 B; §=2,02;
Ph=7,7; #=0,46 mCm/lcm;

R*=0,97
Y RO S O O O O

Cuzv

i

0)

I

u=1970 B; §=2,02;
Ph=7,7; #=0,46 mCm/lcm;

R*=0,97
T N T T A O S

Ag’, MKr/n

| | |
- -
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 T, mkc 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 T, mkc

+ +
Pucyrox 10 —O6pasosanue noros CU (a) u Ag' (6) B 3aBucHMocTH
OT JUTUTETBHOCTH UIMITYJIbCOB HAITPSDKCHUS

JUTUTEIFHOCTH HMMITYJIbCOB HANpSDKEHHA. DKCIEPUMEHTHI IO OMNpeNesieHHI0 Haubosee

~ u2+ +
:—)(1)(1)61<TI/IBHOI/I JUIMTEIbHOCTH HMMITYJIBCOB JISI BBIXOJA Cu ' n Ag OCYIIECTBUIUCEL B

YCIOBUAX, AHAJOTMYHLIX YCJIOBUAM OIIPCACICHUA KOHLICHTpallkMW HMOHOB MCTAJIJIOB OT

AMIUIMTYIbl HAIIPSOKCHUA, OTIMYANOIINUXCA TCM, YTO aMIUIMTyda HWMITYJIbCOB, pPaBHAsA

1970B, ocraBaach HEM3MEHHOM, a TTUTEITHHOCTH HMITYJILCOB M3MEHsIach OT 1 1o 16 MKc

(pucynok 10, a; 6). Kak u Ha 3aBucumoctu Bbixoaa H,O, (pucyHok 7) onThmarnbHas

JAJIUTCIIBHOCTE MMITYJIBCOB, IIPH KOTOpOﬁ JOCTUTaCTCA HanOOoJIbIIIEe 06pa3013aH1/Ie HOHOB

METAJUIOB, HAXOIUTCS B quana3one 4—8Mkc.

A
120 | a) 2
110 |
100
90
80
70
60 |
50 L -
40
30
20
10 |

, MKr/n

Tuin=7 MKC,
§=2,02; u=1700 B;
3 Ph=7,5:R =0,98

2

Cu”

S S S S | S NS S . -
0,1 03 05 07 09 1.1

K, mCm/cm
0)

Twin= 7 MKC,
§=2.02: u=1700 B;
Ph=7.5:R *=0,98

50
40
30

Ag’, MKr/n

10 |
gr ol - bl o) 0 |
01 03 05 07 09 1,
H, mCm/cm
Pucynok 11 —OGpazoBanue HOHOB MEAU
(a) m cepeOpa (0) B 3aBHCUMOCTH OT

MIPOBOJIMMOCTH MOJIEJILHOTO PacTBOpa

Uccrenosanne Beixoga CU' u Ag™ B
3aBHCHMOCTH OT IPOBOJAMMOCTH MOJIETEHOTO
pacTBOpa  TNPOBOIWINCH B YCJIOBUSIX,
AQHAIOTMYHBIX ~ YCIIOBUSIM  0Opa3oBaHUsI
MIEPEKHCH BOOPOJA B 3aBUCHMOCTH OT JTOTO
xe mapamerpa. KpuBas 1 (pucyHok 11, a)
TIOKa3bIBACT KOHIICHTPAIIMIO WOHOB MEIU B
mozaeiabHoM  pactBope (¢ NaCl) mpwu
pa3nMUHBIX ~ TpoBOomUMOCTsX. KpuBas 2
SIBIISICTCSL PE3YJITATOM 0OpPaOOTKH pacTBOpa B
peakTope, KpuBas 3 — Pa3HOCTb MEXIY
kpuBbiMu 2 u 1. KpuBas 3 otoOpaxaer
UTOTOBBIN BBIXOJ] HOHOB MENIM B 3aBUCHMOCTH
oT POBOJIMMOCTHU oOpabaTbIBaeMOM
XuakocTd. JluaWs Tmomoro yObIBaeT, dYTO
O3HAYAeT yMeHbleHne obpasosanms CU n
cHkeHne 3(ppekTnBHOCTH 00€33apaKBAHUS

BOJbl ¢ YMCHBIICHHUECM €€ COIIPOTHUBIICHUAA.
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Ha pucynke 11,6 mokaszan pe3yibTar 00pa3oBaHHs MOHOB cepeOpa B MOAEIBHOM
pacTBOpe. B oTiiuMe OT HOHH3AIKK HCCIeayeMoit sKkiKocTH nonamu CUF, nonst Ag' He
ObUTM OOHApY)KEHbI B MCTHUTMPOBAHHOW BOAE W B KpPHUCTAUIaX MOBAPEHHOW COIIL.
[Tostomy Ha pucynke 11, 6 OTCYTCTBYIOT JIMHHM C HAa4aJIbHOW KOHIICHTPAIMEH MOHOB
cepeOpa. KpuBas Taxxke yObIBaeT ¢ YBEIMYCHHWEM MPOBOIUMOCTH HCCIICTyEeMOM
xuakoctd. [lpuBeneHHble TpadWKH HOHHM3AIMK BOABI, KaK M 3aBUCUMOCTH BBIXOJA
niepeKrcy Bogopoaa (PUCYHOK 8), TOKa3bIBAIOT HEOOXOJMMOCTh TIPUMEHEHHS CPEZICTB ISt

YMCHBIICHUA IMPOBOAMMOCTH BOJAbI C HLOCJIbIO  YBCIMYCHHA 3(1)(1)CKTI/IBHOCTI/I cC

00e33apayKBaHHsI.
Db hexTUBHOCT Tporecca 550‘ a)
o0e33apaXrBaHUsl  BOJABI  3HAYUTEIHLHO 500
Tun=7 MKC,
3aBUCUT OT BOJOPOJHOIO  IOKa3aTels :gg_ u=2150 B; §=2,02:
00pabaThIBaeMBIX KHUAKOCTEH (DUCYHOK S 4ey %=0,43 mCuicm;
g 30 R*=0,98
= | -v,
12). OrmpezeneHne 3TUX 3aBHCUMOCTEH 4 300—
3 250
TPOUCXOJTIJIO TIPAKTUIECKH B MICHTHYHBIX Sl
YCIOBHAX, KaK M MpH HCCICAOBAHHUU 150 —
100—
BBIXOJIa WOHOB METAUIOB OT BEIWYHHBI il
aAMILIATY Il UMITYJIECOB. OJTHAKO B TAHHOM o ! Ll e
M Y 8 A 123456 78 9 1011,PH
ciy4yae MxX 3HaucHue ObuTo MHBIM (2150B) A 6) &
u OCTaBaAJIOCh HEM3MEHHBIM, 1;’2_
1 _ _ o
a Phusmensuicst B ipenenax or 2,5 mo 9,5. 110 Fum=y s
u=2150 B; §=2,02;
3aBUCUMOCTH [IOKa3bIBAIOT, 41O 100 2=0,45 MCw/cu;
+ v o R ’=0,97
oOpazoBaHue CU BbIIIE B KUCIIOH cpene, a S g0 L '
=
9 =
Ag" —B 1I1eJI0YHOIA. ST
260
B rmaBe 6 MIPEJICTABIICHBI o 1
pe3yJIbTaThl 00pa30BaHUsT OAKTEPHUITHTHBIX 40 -
30 |-
areHTOB OT JHEPreTHMYEeCKOro BKJIaga B P
pazpsiz, 3aBUCHMOCTH OTMHpPaHU 10 |-
o o + + O 1 I | ‘ | | ! 1 ‘ ‘ L -
OakTeprii OT KOHIIEHTpaIUit Ch u Ag u 1 2345678 9 1011, PH
%1 +
AII'OPUTM YHpaBJICHUS cucTeMon Prcysok 12 —O6pasosarne CU* (a) u
o +
nesunpexmmeit J[OP. Ag’ (6) or PhmonensHOTO pacTBopa

B xozie J1abOpaTOPHBIX HCCIEIOBAHMI YCTAHOBICHBI 3aBHCHMOCTH Bbixoxa CU,

Ag" u H,O, 0T odHepreTMueckoro BKIaza B paspsad. Bce ycioBHS  OKCIIEpPMMEHTA

AQHAIOTMYHBl YCJIOBUSIM OIIPEAEIECHUs KOHLIEHTpAallMd MOHOB Menu U cepedpa oT

AMIUTUTY/Ibl UMITYJICOB HANpPSsDKEHHUS, TOJIBKO PacXoj 3MEKTposHepruu coctasisul ot 10

10 100Bt4 amst kaxa0il KOHTPOJIBHOW TOYKM MCCIEAYEMOI BETMUMHbBI Hanpsbkenus. Ha
16



KQKIYI0 TOYKY TpadUKOB 3aTpauy€Ho MO 7 J MOJEIBHOTO pacTBOpa. 3aBHCUMOCTU

NpeACTaBIIAIOT 0611166 KOJIMYCCTBO HOHOB MCTAJIJIOB U MOJICKYIJI H202 BO BCEM MOJCIIBHOM

PacTBOpE, IMOTOMY 4YTO HX HTOroBas macca O6p8.30BaHI/I}I HC€ 3aBHUCUT OT KOJIHMYCCTBA

o0paboTaHHOM KHaKocTH (pUCYHOK 13). XapakTepuCTHKHA BbIXO[a OaKTEPUIMIHBIX

NEPEKUCU

10 20 30 40 50 60 70 80 W, Br*u

areHTOB MOTYT OBITh OMHUCAHBI (OPMYIaMU:

Ceuzs= (0,0118U-8,69)W/V:
Cag+ = (0,00946U-10,446)W/V;
CH202= (O , 1649U-267,35)W/V,

e Coyp+— KOHIIGHTpAIHS HOHOB MEJT!, MKT/JT,

CAg+ -

KOHIICHTpAIHsI HOHOB cepeOpa, MKI/J;

Choo2 — KOHIICHTpAIMS IIEPEKUCH BOJAOPO 1A, MI/T;

A k... o
| 2=0,45 mCnt/em; a) 11 K] =0,45 mCwi/em, 6)
 pp_79- ' Ph=72;
| P72 g
Tuvn=7 MKC; | OlQ Tmn::; M?fC ,
5-2,02; s I8 SR
R*-0,99 T I
s 07
L 206
= 0,5 T
- 0,4
L | 0,3 —
i G2
A
. T T O, I P
10 20 30 40 50 60 70 80 W, Bt*y 10 20 30 40 50 60 70 80 W, Br*y
l:‘»:.’20,41’5 MCwm/em; B)
Ph=72;
Tuwn=7 MKC; TR
! W
§=2,02; yﬂ,\@ Y
R*=0,99 )Y
8 Pucynok 13 —3aBucuMocTH BhIXO/a
U,."\‘ig HOHOB Meau (a), cepebpa (0) 1 MoJeKy

BOJIOpoja (B) OT SHEProBKIIaia
B paspsijl

1)
()
3)

U —amIumiTyia UMITyJibcoB HarpsbkeHus B quarna3one ot 170010 2300B,;

W-—konn4ecTBO 3aTpau€HHOM 3IEKTPO3HEPTuH, BT-4;

V —KonmuecTBO 00pabOTaHHOTO MOJIEITLHOTO PacTBOPA, JI.

NToroprie 3aBUCUMOCTH OTMHUpaHH OakTepuii npu oopadbotke JIDP nccnenoBaHbl

Ha MOZACJIBHOM pPaCTBOPE U3 BO,ZIOHpOBOI[HOﬁ BOAbI W KYJIbTYPBI KHUILIEYHOM MaJOYKU
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E. coli. YcnoBus mpoBesieHHss SKCIEPUMEHTOB AHANOTUYHBEI YCIIOBHSAM HCCIIEI0OBAHMIA
saBrcnMocTd Bbixona CUF 1 AQ* OT aMIUIHTYIBI HANPSDKEHHS, OZHAKO OHA OCTABATACH
HEM3MEHHOH 1 paBHa 2,3KkB, a MOJIENIbHBII PACTBOp H3rOTOBIEH U3 BOJOIPOBOJHOMN BOJIBI
u E. coli. O6paGoTannas BomompoBogHas Bofga B peaktope JOP cMemmBamach B
OTIpe/IeNIeHHOM TPOOPIUN C MOJIEEHBIM PACTBOPOM M OTcTamBasachk 60 MuH, TTocyie Yero
rcceayemMas KUIKOCTh MojBepranach aHammsy (pucyHok 14). KoHieHTpamusi MOHOB

METaJJIOB MEHsJIach B 3aBUCUMOCTHU OT MPOMOPLUH pa30aBiIeHus] 00pabOTaHHON BOABI U

MOACJIILHOI'O pacTtBOpa.
A
10"

10° |- =

a)

#=0,45 mCm/cm;

. 10° |- Ph=74;

% ‘IO4 = Ti.mm:7MKC,'

w 10° |- u=2300 B;
10? §5=202

10

il
10 20 30 40 50 60 70 80 90 100
Cu”, MKr/n

x=0,45 mCnm/cm;
Ph=74;
Tuun=7 MKC;
u=2300 B;
§=2,02

101 L‘mk'\
0 | ! fl-\/-{

20 40 60 80100 140 180 220'
Ag’, MKr/n

E.coli/n

Prcyrok 14 —3asucumocti otmuparus E. colior kornentpammn CU (a) u Ag' (6)

Ha ocnoBanumn IMPUBCACHHBIX OKCICPUMCHTOB H IIOJYUYCHHBIX 3aBUCHUMOCTEH

pa3paboTaH AJTOPUTM YIIPABICHUS CHCTEMOW oOe33apakuBaHUs BOjbl (pricyHOK 15).

AnropuTt™ pa3zpaboTaH Ui CTEPHIN3ALIH BOIbI I1aBaTEIbHBIX OaCCEHHOB.

=

Sy
\  Hauano )

S s

v

JnexmponpogodHocmy (x)
Vpoeenw (Ph)
Pacxoo snexkmposnepeuu (W)
Pacxoo 6oowr (V) i

/-

X
_V__!',.-—--"" i -'r""-*-.,.‘_xr__“ Hem Veenuuenue
"<02 M C/“/ CM_="* bapbomuposanus
= |
) -
T e oOppexmuposKa
< Ph<9 _f__,_'j'_'::fgE w Ph g
e |
B

T . Omxniovenue
o0 —_Hem
(W V<W: Yo" ycmanosku

I ' L]

Pucynok 15 —Anroputm ynpaBieHus
CHCTEMOM JIe3UH(DEKITUH BOIbI

KonTpons 3a moHamMu meau u cepedpa
BO3MOKHO OCYIIIECTBJIATh HA OCHOBaHHUH
PETYIMPOBAHUS pacxofa AIEKTPOIHEPTUU U
BOJIbI C TIOCIIEAYIONINM OTPENCICHUEM HX
KOHIICHTpAINN pacyeTHBIM Iy TEM.
OmnpeneneHre KOMMYECTBA OAKTEPHUIIUIHBIX
areHTOB TPUBEJCHO Ha pucyHke 15 u
ormucano Qopmynamu (1, 2, 3). KonTponb
HaJl KOHIICHTPAIMSIMH HWOHOB METAJUIOB
OyIIeT OCYILIECTBIATHCS Yepe3 KOHTPOIIb Hal
KoHIeHTpauyelr Ag’, u B ciydae

K,

konnentpamms CU* (take  kak 1 HyO))

JIOCTVDKEHMUS IIoCcJIeTHEN

OyzeT HIKe TpeIeIbHBIX 3HAYCHU.

CormacHo CanlluH 2.1.4.1074-01 nutheBOM BOABI 3HAYEHUE BOJOPOIHOTO

18



TIOKa3aTelisi MOYKET HaXOAUThCS B Tipenenax ot 6 1o 9 (rpeboBaHMs pacpoOCTPaHSIOTCS U
Ha IDIaBaTellbHbIC 0AacCEeWHbI). DKCIUTyaTallus IUIaBaTelbHBIX OAacCEHOB IMPUBOIHT K
yBenmmdeHnto PN BobI, B pe3ynbTaTe 4ero ero HeoOXoquMO yMEHbIIaTh. J{iist ATHX 1enei
HEOOXOIMMO TIPUMEHSTh B CUCTEME JIe3MH(MEKIIUH BOJIBI 103aTOP KHUAKOTO KOHAUIMOHEPa
camkernst Ph. Taxoke HEOOXOAMMO KOHTPOIMPOBATH MPOBOJMMOCTH BOJBI B PEAKTOPE

JIOP ¢ momormsio 6apOoTpoBanus Uit yBeandeHus 3((HeKTHBHOCTH 00e33apakuBaHMs
(pucynok 8u 11).

OCHOBHBIE BbIBO/IbI

B nuccepranmoHHOM paboTe Ha OCHOBE BBISIBICHHBIX 3aBUCUMOCTEN Ipolecca
NOJTy4YeHUs1 Ne3UMHGHULIUPYIOMUX areHToB ¢ mpumeHeHueMm J[OP mis obeszapaxuBaHus
BOJIbl JJAHO HOBOE PEIICHUE AKTyalbHOW HAyYHO-TEXHHMUYECKOH MPOOJEMbI MOBBHIIICHUS
3 PeKTUBHOCTH PabOTHl COOPYKEHUH M YCTPOWCTB CHCTEM BOJHOTO XO3SIMCTBA ITyTEM
COBMECTHOTO mpuMeHeHusi paszpaboranHbix BUHWII u peaxtopa C TOpU30OHTAILHBIM
MPOTOKOM BOJIbl OTHOCUTEJBHO Jra(parMeHHON MeMOpaHbl ¢ cepeOpsHbIMUA M MEIHBIMU
SMEKTPOAaMH, 4YTO obOecneunBaeT Oojiee  BBICOKYIO  3((EKTUBHOCTb, HH3KYIO
SHEPrOEMKOCTh M YJIy4lllaeT OJKCIUTyaTallMOHHBbIE XapaKTEPUCTUKU MpeaaraeMon
CHCTEMBbI 00€33apayKUBAHUSL.

Ha ocHOBaHMM  MpOBENECHHBIX  TEOPETHMYECKMX W OKCIEPUMEHTAIBHBIX
UCCJIEIOBAHUI MOKHO OTMETUTH CJIEIYIOIIE OCHOBHBIE PE3YJIbTAThI U CIENIATh BBIBO/IBI.

1. VYcraHoBneHo, 4YTO BBIXOA 00€33apaKUBAIOIIMX AareHTOB MPOMOPIHOHATIBHO
3aBHCUT OT BEJIMYMHBI aMIUTUTY/bl MPUI0KEHHOTO MMITYJIbCHOTO HANpPSDKEHUS U UMEET
MakcuMyM Tpu 3HaueHuu 2,3 KB. Belime 3Toro 3HaueHHs NPOUCXOAUT CHUXKEHHE
NPOU3BOAUTENILHOCT  PEaKTOpa U3-3a CrOpaHus JIe3MHPUIMPYIOUMX MPOTYKTOB.
Hanbonee npoayKTUBHBIN AUANIa30H UMITYJIbCOB HAMPSLKEHUI HAXOAUTCS B MIHTEpBAje OT
2,00 2,3xB.

2. OnpeneneHo, 4YTO BBIXOJ HMOHOB cepedpa yBEIWYHMBACTCS C IOBBIIICHUEM
IIETIOYHOCTHU BOJIbI, @ MOHOB ME/IM — C TIOBBIIIEHUEM KUCIOTHOCTH BOABI.

3. BrIgBieHO, 4TO HA BBIXOM ClJZ+, Ag+ u H,O, mpu o6padotke Boawl JIDOP Bimsier
NPOBOAMMOCTb BOJIbl, HAaUOOJIbIIIAs MPOU3BOAUTEILHOCTh HAOMIOAAETCA NpU 3HAYCHUU
0,17mCwm/cm, yBenmmueHne U CHIKEHHE TIPOBOAMMOCTH YMEHBIIIACT BEJIMINHY TeHEpaIiu
Ne3uHHUIMPYIOIINX aT€HTOB.

4. YCTaHOBJEHO, 4YTO BOJbT-aMIIEpHAs XapakTepucTtuka peakropa JIOP He
JIMHENHAs U UMEET CeprooOpa3HbIil XapakTep, a NOTpeOIeHUE AIIEKTPUIECKOM SHEPIUr Ha
nporiecc 00e33apaXKMBaHUS BOIbI SBJISIETCS MOCTOSIHHOW BEJTMUMHOM MPU €€ TeMIlepaType

ot 2 10 60 °Cu pe3ko najaet ¢ noBbllIeHHeM TemrepaTypsl Boiie 60 °C.
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5. Jlokazano, uto HanbOosee 3(hheKTuBHAS JUTUTETHHOCTh UMITYJIBCOB MTUTAFOIIIETO
HAIPSHKEHUS JIKUT B AUana3oHe oT 4 10 8 MKC.

6. Ilpumenenue peakropa [IOP ¢ ropu30HTAIBHBIM IPOTOKOM BO/BI OTHOCUTEIILHO
nuapparMeHHOW MeMOpaHbl (C HCIOJIb30BAaHUEM BEpXHEW KaMepbl Ul YJIydIlCHHS
00pa3oBaHus Mapo-BO3MYIIHBIX My3bIPEH), C CEpEOPSHBIMU M MEITHBIMU JIEKTPOIAMH, C
BUUII noBsimaer o6e33apaxuBaroiyto 3((HEeKTUBHOCTh TEXHOIOTUH Oojiee ueM B 2 pasa
0 CpPaBHEHHIO C PEaKTOpPOM, THTAIOLIErocs OT HCTOYHHMKA  TEPEMEHHOTO
CHUHYCOMJIQJIbHOTO HANPSOHKEHUST U B KOTOPOM TMPOTOK BOJBI OCYHIECTBISIETCS uepes3
oTBepCTHs B IMadparMeHHOM MeMOpaHe ¢ MEHBIMU AIIEKTPOIaMH.

7. YCTaHOBIJIEHO, YTO PEAKTOp C TOPU30HTAIBLHBIM MIPOTOKOM BOJIbI OTHOCHUTEIBHO
mradparMeHHOM MeMOpaHbl 3G GEeKTUBHEN peakTopa ¢ MPOTOKOM BOJIbI Uepe3 OTBEPCTHS B
madparmenHoir MemOpane u obecrneunBaer nesuHdexmmio Ha 40 % wHTEHCHBHEH,
oOJlaaeT  yIyYIIeHHBIMHA  JKCIUTyaTAal[MOHHBIMH  XapaKTePUCTUKAMHU  (CHM)KCHHBIM
HaMpsDKEHUEM 3aKWTaHusl paspsaa Ooyiee 4yeM B 2 pas3a, CHWXKEHHBIMH PabOYMMU
HAMPSOKCHUSIMU M TOKaMu Oojiee 4eM B 2 pas3a, YBEJIMYEHHBIM CpPOKOM CIY>KOBbI
nuadparMeHHOW MeMmOpaHbl). Takke yCTaHOBIIGHO, 4YTO uadparMeHHas meMmOpaHa
peakTopa I0KHA ObITh PacroiokeHa TOPHU30HTAIBHO.

8. OmpeneneHbl 3aBUCIMOCTA OTMUPAHUM KUILIEYHOM MAIOYKU OT KOHIEHTPAIUiA
MOHOB M€ U cepedpa. BhIBIEHO OTCYTCTBHE BO3MOXKHOCTH HCIIOJIB30BAHUSI TOJIBKO
cepeOpsHbIX ANEKTpoaoB B peaktope JIOP, moTtomy 4YTo moporoBasi cMepreibHas
KOHIICHTpAIHSI HOHOB cepedpa JiIsl KulieuHor mayiouku coctapisier 130 mr/m, uto B 2,6
pa3 Beime [IJIK 3Tux WOHOB B BOAE. YCTaHOBJIEHO, YTO MOPOroBasi CMEPTENIbHAA
KOHIICHTpaliss HoHOB Meau juist E. colicoctaBiser 55 mkr/n, uto Oonee vyem B 18 pa3
Hike ux [1JIK st Boapbl.

O. BouBreHbl 3aBUCUMOCTH M (DOpMYJbI BBIXOJA HOHOB MEOU U cepedpa U
MOJIEKYJI IIEPEKUCH BOAOPO/Ia B MOJIEIFHOM PACTBOPE OT SHEPreTHUECcKoro Bkiaaa B J19P.

10.Pa3zpaboTtan anroput™ yIpaBieHHsI MPOILECCOM 0bOe33apakuBaHus Bojbl J[OP.
PesynbraThl mccienoBaHuil UCMONb3yrOTCs B yueOHoM mporecce TIIY u 3a6l'V mpu
NPENOIaBaHNHU TUCIUIUTHH «Teopusi aBTOMaTUYECKOTO YIpaBieHUs», <« [poMbIIieHHas
SNIEKTPOHMKA», «YTIPaBICHUE TEXHUUECKHMHU CHUCTEMaMn», <«IJIEKTPOTEXHOJIOTUYECKUE
YCTaHOBKI.

[lepcrieKTHBHBIMU HAIpaBICHUAMH JabHEHIIEH pa3pabOTKU TeMbl SIBISIOTCS
uccreloBaHue 00e33apaxuBarolmx crocobHocted JIDP B nuamnazoHe UIUTENLHOCTEN
UMITYJIbCOB Oosbie 16 MKC U MeHble 1 MKC, a Takke H3YYCHHE PEKUMOB PaOOThI
peaktopa JIDP ¢ nmpumenennem Bo3aymmHoro 6apootupoBanus u BUUII ¢ menpro orieHKn
UX CTEPUIIM3YIOUIUX CHOCOOHOCTEH. OCTaINCh HE UCCIIEIOBAaHHBIMU JA3MH(PUIIUPYIOLTHE
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CBOWCTBA pa3pabOTaHHOTO O0OPYAOBAHMS OT PA3IUYHBIX BUPYCOB, B TOM YHCJIE U POTO-
BUPYCOB, JUII KOTOPBIX HA CErOAHSIIHWM JIEHb HE CO3JAHO HU OJHOM TEXHOJIOTWH

CTCpUJIM3alu.

OCHOBHOE COIEPKAHUE JTUCCEPTAIMOHHOI'O HCCJIEAOBAHUA
OTPA’KEHO B CJEAYIOHNUX ITYBJIUMKALIUAX ABTOPA

B u3nanusx, pexkomenayembix BAK PO

1. Kakaurov S. V. Application of Microsecond Voltage Pulses for WaDisinfection by
Diaphragm Electric Discharge / S. V. Kakaurov, ..Savorov, A. S. Yudin [et al.] // IOP Conference
Series: Materials Science and Engineering. — 261%0l. 652: Gas Discharge Plasmas and Their
Applications (GDP 2015): 12th International Confees 6-11 September 2015, Tomsk, Russia:
[proceedings]. — [012060, 6 p.].

2. Kakaurov S. V. Electrical Discharges with Liquid Electrodes UsetlVater Decontamination /
S. V. Kakaurov, E. E. Son, I. F. Suvorov [et dlHigh Temperature, 2014, Vol. 52, No. 4, pp. 4964

3. Kakaypos C. B. Xapaxrepuctuku 00pa3oBaHHsi HOHOB MEIH U cepedpa rnpu 06e33apakuBaHIN
BO/IBI JUaparMeHHbIM 3JIeKTpuueckuM paspsoM. // BectHuk 3a0aiikaibCKOro rocyaapCTBEHHOTO
yuausepcurera. -2013 Ne 11. C. 22-27.

4. Kakaypos C. B.IIpumeHeHne HHU3KOTEMIIEPATypHOH IUIa3Mbl JUIsi 00e33apakuBaHusi BOx /

C. B. Kakaypos, 1. @. Cysopos, T. JI. ConoBseBa u ap. // M3BecTusi BbICIIMX y4EOHBIX 3aBEICHUIA.
Ouzuka. -2014. 1. 57,Ne 3-3. C. 156-159.

5. Kakaypo C. B. D(h¢eKkTHBHOCT, TPUMEHEHHUs! 3JEKTPETHBIX IUICHOK B JHadparMeHHOM
AIICKTPHUYECKOM pa3psizie i obe33apaxkuBanusi BoHbIX pactBopo / C. B. Kakaypos, T. B. Paxueriosa,

. ®. Cysopos u ap. // U3Bectus Boicimx y4eOHbIX 3aBeneHuil. ®usmka -2014. T. 57,Ne 3-3. C. 229-
233.

6. KakaypoB C. B.Dnexrpuueckue paspsusl ¢ sxunkumu anektpogamu /C. B. Kaxaypos,

A. @. Taiicun, U. ®. CyBopos u jp. // Bectauk Kaszanckoro TexHonormdeckoro yauepeurera -2013. 7.
16,Ne 23. €. 199-201.

7. KakaypoB C. B.Ontummzanust >JIeKTpONOTpeOIeHHsT YCTaHOBKOM 00e33apa’kMBaHUS BOJ
mmadparmeHHbIM dnektprdeckuM paspsinom / C. B. Kakaypos, 1. ®@. CyBopos, A. U. Cunopos u ap. //
Wuremnexr. Manosarmu. MaBecturmu. 2014 Ne 4. C. 158-164.

[My0aukamuu B APYrux M31aHUAX

8. Kakaurov S. V. The application of microsecond pulses for disitib@acof water diaphragm
electric discharge /S.V. Kakaurov, I.F. Suvoros§Aludin [et al.] //Co. TpymoB MexmyHapomHO
HayqHOU KoH(epeHIH «COBpEMEHHbIE TEXHOJOTMM W PA3BUTHE MOJMTEXHUYECKOTO OOPa30BaHHUS»,
BrnamuBoctok 14-18 centsops 2015. — BmamuBoctok: M3p-Bo JlanbHEBOCTOUHOTO —(eaepatbHOro
yuuBepcurera, 2015. €. 543-545.

9. KakaypoB C. B.O0e33apaxiBaHue BOJBbl IHapparMEHHBIM SICKTPHYCCKUM paspsiaioMm /
C. B. Kakaypo, A. C. IOmun, U. ®. CysopoB // Marepuanmst XVII MexayHapoaHoii HaydHO-
NPAKTUYECKON KOH(EPEHIMU CTYJCHTOB M MOJIOABIX Y4EHbIX «COBPEMEHHBIC TEXHHKA M TEXHOJIOTHUY,
Tomck 18-22anpens 2011. -Tomck: U3n-Bo Tomckoro nmomurexHudeckoro yausepenrera, 2011. —T.1, C.
63-64.

10. Kakaypop C. B.XapakTepuCTUKH OYUCTKH BOAbI OT (eHOma  JuadparMeHHBIM
anekrpuueckuM paspsiiom / C. B. Kakaypos, H. C. Jlucoxmap, B. H. bekacosa // Marepuansr XXIII

21



Poccuiickoii MononexHol HayuHOH KoH(pepeHiwn <«dIpolieMbl TEOPETUUECKOW U IKCIIEPUMEHTATBHOM
xumun», ExarepunoOypr 23-26anpenst 2013. —ExarepunOypr: U3n-Bo Ypansckoro ynusepcurera, 2013.
-C. 432-433.

11. Kakaypo C. B.Ouncrka CTOYHBIX BOA OT (peHOJA C MOMOILIBIO JUagparMeHHOro
anekrpuueckoro paspsima /  C. B. KakaypoB, H. C. Jlucoxmap, B. H. bekacosa //
Marepuansl BcepoccHiicKoil  eXeroHol HaydyHO-TIpakTHYecKol KoH(epeHmH <«OOIIecTBO, Hayka,
uHHOBarmm», KupoB 15-26anpens 2013. -Kupos: U3a-Bo BATCkOro rocyapcTBEHHOTO YHHBEPCHUTETA,
2013. €. 1669-1670.

12. KakaypoB C. B.lccnenoBanne 3(p(EeKTUBHOCTH YCTAaHOBOK 00€33apaKMBaHUsI BOJIbI,
OCHAIIEHHBIX UMITYJIbCHBIM MCTOYHMKOM ITUTAHUS C TOBBIILICHHBIMU 3JIEKTPOOE30MacHBIMI CBOMCTBAMHU
/ C. B. Kakaypos, A. C. lOmun, U. ®@. CyBopos u 1p. // Dnexrpode3onacHocts. -2014. Ne 4. -C. 31-38.

13. Kakaypop C. B.Xapakrepuctuku 10 00e33apaXUBaHUIO BOJABI JHadparMEeHHBIM
anekrpuueckuM  paspsygiom /[ C. B. Kakaypos, U. ®. Cysopo, A. C. IOmuu /[ Co.
TpynoB X|I MexyHapoqHoii HaydHO-TIpakTHYecKol KoHpepeniwmn «KynmaruHckue ureHusi», Yuta 29
HOsI0ps - 2 nexabpst 2011. Hura: M3a-Bo 3abaiikanbckoro rocyiapcTBeHHoro yuusepeutera, 2011.4. 4,
-C. 140-143.

14. Kakaypo C. B.OO0Ge33apaxuBaHHe TNUTHEBOM BOIBI TEXHOJOTHEH IradparMeHHOTO
anekrpuueckoro paspspa / C. B. Kakaypos, U. @®. CysopoB, A. C. Omun // Marepuansr |l
MexayHapoqHOW Hay4dHO-TIPAaKTU4eCcKoi KoH(epeHuun «Hucras xaruist BoasD», Unta 22 mapra 2012, —
UYura: U3n-Bo 3abaiikanbcKoro rocyapcTBeHHOro ynuBepeutera, 2012. €. 44-46.

15. Kakaypos C. B. BrnusHre BoZOpOIHOro Mokasaresst BOJbI Ha 00pa30BaHUE MOHOB MEIU U
cepeOpa B mporecce 00e33apaKMBaHHsl BOJbI JUadparMeHHbIM sJekTpuueckuM paspsyiom / C. B.
Kakaypos, 1. ®. Cysopos, H. C. Kyznernoa u np. // Marepuanst VIl MexnyHapoaHO# 3a04HON HaydHO-
NPaKTHYECKON KOH(epeHIMn «JHepreTuka B coBpeMeHHOM mupe», Unta 01-04 nexabpst 2015. -Yura:
W3n-Bo 3abaiikaibckoro rocyjapcTBeHHoro ynusepeurera, 2015. €. 46-49.

IHatentnl PO

16. YcrpoiictBo uIsi 00e€33apaKMBaHUS M OYMCTKM Bojbl: mar. 137284 Poc. depeparms /
C. B. Kakaypos, 1. ®@. Cysopos, T. B. Paxzerosa u ap.: 3asBurens 1 nateHToo0na1aTenb 3a0aikaibcKuit
rocyaapcTBeHHbIN yHUBepcuTeT. - Ne 2013128091/0%assi. 19.06.2013pmy6n. 10.02.201411ar. PO Ha
nonesHyro moaens 92002 MITK CO2F 1/46.

17. UmmynbcHplid uctounnk tmTanwst: mar. 151949 Poc. denepamms / C. B. Kakaypos,
A. E. [IBopstkun, M. ®. CyBopoB u np.. 3asBuTens M NareHTOOONanarenb 3abailKanbCKuit
rocyaapcTBeHHbIi yauBepeuteT. -Ne 2013151953/08assir. 21.11.2013pmy6:. 20.04.2015.

22



