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OBIIAA XAPAKTEPUCTHUKA PABOTBI

AKTyaJbHOCTh NpodJieMbl. Co31aHNE YCIOBUU JUISl )KU3HU U 3J0POBbS
HallUM OCHOBAHbl HAa COXPAaHEHUU MPUPOJBI, YTO SBISIETCA HPUOPUTETHBIM
HaIpaBJICHHEM, OOCCIIEYMBAIOIIMM  YCTOMYMBOE  pa3BuTHe  Poccuiickoit
Oenepanuu. [lo nanabiM ['ocymapctBeHHOro nokiana «O COCTOSISHUM U 00
oxpaHe okpyxatomieit cpeapl Poccuiickort @denepanun B 2002 roy» €XerogHo B
peku Poccum cOpachiBaeTcst 0K0JIO 3 MIIP/I. M® HEOUMILCHHBIX CTOYHBIX BO,
4TO MOpOTUBOpeuYUT TpeboBaHusMm DegepanbHoro 3akoHa «OO6 oxpaHe
OKpYXarIIel cpelibl» U «IKOJIOTUUECKON JOKTpUHBI Poccuiickoit deaepanum».
BopooTBeneHne U 0O4MCTKA CTOYHBIX BOJ OKAa3bIBAET CYILIECTBEHHOE BIMSHUE Ha
KaueCTBO MUTHEBOW BOJIBI, OMPEAEIss dKOJIOTHUECKOe COCTOsIHME Onocdephl B
LEJIOM.

B HacToAImMECS BPEMs HPOAOJDKACTCA POCT KOHOCHTpAllMKM TOKCHYHOI'O

noJUTIOTaHTa - (QeHosa B BOJHBIX 00BeKTax Poccuiickoit deaeparum,
00yCIOBJICHHOE copocoM CTOYHBIX BOJI He(PTEXUMUYECKUX U
He(dTenepepadbaThIBAIOIIINX 3aBO/IOB, KOMITaHUM 10 IPOU3BOJICTBY

dbapmaneBTUYECKUX TMpernapaTroB, CTPOUTEIbHBIX MaTEepHAIOB, a TaKke
JIMBHEBBIMU CTOKAMH >KEJIE3HOJOPOKHBIX MATUCTPAJIEd W aBTO3aIIPaBOYHBIX
craniuii. [loBeimenHoe conepxkanne  (denona ceeime 10 TIJIK B BogHBIX
o0BeKTax TromeHckoro peruona ONpeneAeTCs COBOKYITHOCTBIO
KIUMATHYECKUX, TEOJIOTMUYECKUX U MOP(OIOTHUECKUX dbakTopoB, dYTO
IPUBOJINT K CHM)KEHMIO IPOLECCOB CAMOOYMILIEHHs B Bojoemax. B pesynbpraTte
OMOXUMHUYECKON JECTPYKUMH (eHola B BOJAE MPOUCXOIUT H3MEHEHHE BCEX
DJIEMEHTOB TMAPOXMMHMYECKOIO PEXMMA, HAPYLIAETCSd HOPMAJIbHBIA  XOJ
AMOpUOTreHe3a KUBBIX OPraHU3MOB.

B peke Type mnpeBblmeHHble KoHIeHTpammu ¢eHona (B 15 pas)

CYIICCTBCHHO OTPAXarOoTCsA Ha 340POBLC J'HOI[CIZ, BBI3BbIBasg 3a00JICBaHMS KOXH,



SHAOKPUHHOW M HMMMYHHOU cuctembl Jrojed. I[loatomy ¢denon siBusercs
OMACHBIM BEILIECTBOM.

Bo3HukaeT HEOOXOOMMOCTb  CO3/IaHUS  PETHMOHANIBHOW  MPOrpPaMMBbI
«CTouHBIE BOJABI», OCHOBOM KOTOPOW SIBISETCA AKOJIOTMYECKas 3alluTa
BOJIOMCTOYHMKOB - TPEJOTBPALLEHHE M JIMKBUJALMA CcOpoca HEOUYHUIIEHHBIX
OBITOBBIX, MPOU3BOJICTBEHHBIX M JIMBHEBBIX CTOYHBIX BOJI.

Heobxoanmbl HOBBIE TEXHOJOTHMU OO0E3BPEKUBAHUS (PEHOJICOAEPHKAIINX
crounbix Boj (PCB), mozBossromuMe — pemuTh MpodiIeMy oOecTedeHHs
aKoJIoTHYecKol Oe3omacHocTH Poccuiickoit ®denepanmu. IloaTomy  ouncrka
CTOYHBIX BOJ, COAEpKaluX (HEHON, MPEICTaBlsAsd HAyYHbIA W MPAKTUYECKUU
MHTEPEC, SBILIETCSA AKTYaJIbHOM 3aa4eH.

Hear padoThl 3aKiodaeTcss B pa3pabOTKe TEXHOJOTMUECKUX pEelIeHUN
OYUCTKH (DEHOJICOAEPIKAIIMX JIMBHEBBIX CTOYHBIX BOJ W peaM3aluu ITHX
petenuii B 3anagHo-CuOUPCKOM peruoHe.

JlocTrkeHue yKa3aHHOM LeH OCYIIECTBIISIETCS ITyTEM PEIICHUS CIIEAYOLIIX
OCHOBHBIX 32/12Y:

- YCTaHOBJIEHUS  BAMSHUA  (DU3MKO-XMMHUYECKMX  TapaMeTpoB  Ipoliecca
B3aUMOJIEHCTBUS «BOJIa-(PEHOI» HA PEKUMBI OUUCTKH CTOYHBIX BOJ;

- OIpeJleNieHUs] ONTUMAJIBHBIX PEKUMOB Ta30XpoMaTorpa(uyeckoro asaimsa
(heHosia B CTOYHBIX BOJIAX;

- 00OCHOBaHMSI  3JEKTPOKOATYJSLMOHHOIO  Tpouecca Uil OYMCTKH
(beHoscoaepKalmx CTOYHBIX BO;

- BbIOOpA ONTUMAIIBHBIX MApaMETPOB 3JEKTPOKOATYJISIMU U COPOLMU st
OYHCTKU (PEHOJICOJECPIKAIMX JTMBHEBBIX CTOUHBIX BO/I.

Hay4yHast HOBM3HA
1. Pa3paboran KOMOMHMPOBAHHBIN METOJ OYHCTKU (HEHOJICOICPKAIIMX CTOUYHBIX
BOJI, B OCHOBE KOTOPOTI'O JIEXHUT MNPUMEHEHHE 3JIEKTPOKOArYIISILIMOHHONW 00paboTKU

B ITIOCTOSIHHOM 3JICKTPUUECKOM T0JIe ¥ cOpOIuu (peHosa Ha OEHTOHUTE.



2. Ormpenenensl 3HaueHust sHepruit aktuBanuu (E,) u 'mdoca (AG) mporecca
rugparanuu  (penosa konuentpanued 0,001 mr/n:  E, = 6,7 xJIx/(xmonbK) u
AG =-10,6 xIx/M0b.
3. OmnpeneneHsl ONTUMANBHBIE PEXHMBI Ta30XpoMarorpaduueckoro aHaiuza
denona B cTOYHBIX BoAax Ha razoBoMm xpomarorpadpe CHROM-5:  naBnenue
raza-Hocurens rtenmms p = 0,0606 Milla, TeMmreparypa IJIaMEeHHO-
noHu3armoHHoro nerekropa 7' = 463 K; temneparypa ucnaputens 7 = 463 K u
temriepatypa tepmocrara 1 = 503 K.
4. YcTaHOBJIEHbI 3aKOHOMEPHOCTH TOBBIIIEHUS] CTETIEHU OYUCTKM CTOYHBIX BOJ,
cogepkamux (peHon Mpu TMPUMEHEHUH DJIEKTPOKOATyJISIIHOHHO—COPOIIMOHHOTO
MeToIa.

IIpakTuyeckas 3HAYMMOCTb
1. TIpoBeacHME IKOTOTUISCKOTO MOHUTOPHUHTA JTMBHEBBIX CTOYHBIX BOJ[ ITO3BOJISET
pa3paboTaTh MporpaMmMy IO BBEJACHHIO MITPAa(HBIX CAHKIIMIA I aBTO3aIIPABOYHBIX
CTaHIMA, TPUBOJAIIMX CBOCU JEATEIHPHOCTHIO K  3arpsA3HEHUIO OKpY’KaroIlen
Cpenpbl.
2.  PazpabotaHHbie METOJMYECKUE  YKa3aHusd Ui T[POBEICHHUS
ra3zoxpomMarorpa(puyeckoro aHajau3a CTOYHBIX BOJ MOTYT OBITb MCIIOIB30BAaHbI KaK
METO/I OLEHKH COCTOSIHUS OKPYXKAOIIEH cpepl.
3. PazpabGorana TexHoOJOrMYecKas cCXxeMa W PEKOMEHIAIMHA PEXKHUMOB TMpU
MPOEKTUPOBAHUH aIIapaToB JJIsl OUMCTKH CTOUYHBIX BOJ, COAEpKaIInX (HEeHOI.

Anpodanusi padboThI

Pe3ynbraTel paboThl gokiaanbiBaduch Ha Illecrom MexayHapoaHOM
KoHrpecce «Boma: »skomorms m TexHonorusa. OKBATOK-2004», Mockaa,
1-4 urons 2004 r.; na Bcepoccuiickoii HayuyHO-IPAaKTUUYECKON KOH(EpeHIUH,
nocBsimmeHHot  60-netuto Tiomenckoit obmactu u 10-nmetuto ToOonbecKoOro
unaycrpuanbHoro unHcrturyta, TITIM umenu J[.M. MenneneeBa, ToOonbcCK,

4 oxta0ps 2004 r.; na 10-if Mexaynaponnoit koHpepeHuuu «llpupoaHsie u



uHTeIIeKTyanbHbie pecypcebl Cubupu (CUBPECYPC-10-2004)», HoBocuOupck,
5, 6 okTs0ps 2004 r.

Crtpykrypa u 00beM padoThbl

HucceprannonHas padota uznoxeHa Ha 136 cTpaHuIlaX KOMITBIOTEPHOTO
HaOopa. OHa COCTOMT U3 BBEIEHUS, YETHIPEX Pa3/eNiOB, BHIBOJAOB, MPUIOKEHUS
U CIIMCKA MCHOJb30BAHHBIX JIUTEPATyPHBIX UCTOUYHUKOB. JluccepTanus coaepKuT
17 tabmun w 16 pucyHkoB. bubnuorpaduyeckuit cnucok coaepkutr 194
HAaMMEHOBAHHS.

ABTOp BBIpa)KaeT UCKPEHHIOIO OJaroJapHOCTh 3a HAy4YHOE PYKOBOJCTBO
JOKTOPY  TEXHUYECKMX Hayk, mnpodeccopy Illantapuny BnaaucnaBy
JAmMutpuesuuy, crapmieMy  npenogaBarento  [poraseBy — Bmamumupy
BukTopoBuuy 3a HOMOIIb B BHITIOJIHEHUH PAOOTHI.

Kpartkoe coapep:xxanue padoTbl

Bo BBeneHum 00OCHOBaHa aKTyaJbHOCTH MPOOJEMBI, CHOPMYIUPOBAHBI
LEb U 33/1a41 UCCIICTOBAHMUS.

IlepBbIii pa3ges DOCBAIIEH aHANW3y CAHUTAPHO-TUTMEHUYECKUX U
XUMHYECKUX TMOKa3aTeJIel BOJABI. YUUTHIBASI HKOJOTHUYECKOE COCTOSTHUE BOIHBIX
PECYPCOB M YCHJIEHHE AHTPOIIOIE€HHOTO BIWAHUSA Ha OKPYKAIOLIYK Cpexdy,
BO3HUKAET HEOOXOJUMOCTb BBeJIeHUs (heHOla B CIIMCOK OCHOBHBIX IOKa3aTesen
MOJIHOTO CAHUTAPHO-TUTMEHUYECKOTO U XMMHUUYECKOTO aHanu3a. CrenaH BBIBOJ,
YTO YCTAHOBJIEHWE ONTHUMAJIBHBIX PEXHUMOB W IapaMeTpoOB OUYHCTKH
(dbeHoscoaepKaIMX CTOYHBIX BOJ, BO3MOXKHO TIPU HCCIIEOBAaHUU  (PU3HKO-
XUMUYECKUX  CBOWCTB BOAbl W  (eHosa. PaccMOTpeHbl  HMCTOYHUKHU
deHonconepKaluMx CTOYHBIX BOJ, MO3BOJIAIOIIKME OINpPEAESATh MaKCUMAaJbHYIO
KOHLICHTPALIMIO 3arps3HAIOLIEr0 BEUIECTBA B BOJHOW cCpele, YTO BIMSET Ha
BBIOOP ONTHUMAJIBHBIX PEKUMOB OUUCTKH.

JlaHa KpaTkas XapakTepUCTUKAa METOJIaM OYHUCTKH CTOYHBIX BOJ.

PaCCMOTpeHa BO3MOXHOCTb IIPUMCHCHUMA KaXXJ0T0 MCTOJa JJIA 0663Bp€)KI/IBaHI/I$I



(deHonconepKalMX CTOYHBIX BOA.  AHaIM3 JUTEPATypHBIX JAaHHBIX MOKa3all,
gyto 11t ouucTk OCB MpUMEHSIOTCS XMMHUYECKHEe METOJbl - O30HHPOBAHHE,
OKHCIIEHUE TEPEKUCHIO BOAOPOAa; (UBMKO-XUMHUYECKHUE — KOaryJsius,
copOLMs €  HCIOJb30BAaHMEM  AKTUBUPOBAHHBIX  yrjied, OEHTOHMTA,
I'YMHHOKEJIE30KPEMHE3EMHOT0 COpOeHTa; OMOJOTrMYecCKHe — C MPUMEHEHUEM
IITaMMOB MMKpoopranu3moB.  Iloka3zaHo, 4TO Hapsiay ¢ TpaJWLUOHHBIMU
(U3UKO-XUMUYECKUMU METOJAMU OYUCTKU (PEHOJICOAEPIKALUX CTOYHBIX BOJ
MPOBOJIATCS MCCIENOBAHMS MO MCIOJIb30BAaHUI0 HU3KOTEMIIEPATYpPHOU IJIa3MBbl.
W3noxxeHa KpaTkas XapaKTepUCTUKAa MeToja aAcopOLMM Ha  OCHOBE
MOJIEKYJIIpHOW TeopuH afcopOuuu JleHrMioopa, TeopuH MOJUMOJIEKYJISIPHOU
ajcopOoru u 0000meHHoW Teopun bpyHnayama, DOvmmera u Temrepa (BOT).
OTMmeueHbl NpPEeUMYILIECTBA M HEJOCTATKU  KaXJAOr0 U3 pPaccMaTpUBAEMBIX

METO/I0B.

C ToukHM 3peHUs TEOPUH YCTOMYUBOCTH JTUOGOOHBIX KOLUTOUI0B Jlepsruna
- Jlangay - ®epres - OepoOeka (JIJIPO) u Ha ocHoBe pador SAxomnesa C.B.,
Kpacuo6oporsxko WN.I'., CmupaoBa O.B., Ocrpena-Jlronuc  B.P.,
[[TanTapuna B./., Bopo6reBoit C.B.  paccMOTpeHBI TeopeTHYecKHue
MOJIOKEHUS DJIEKTPOKOATYJISIHIAOHHBIX IPOLIECCOB, MPOTEKAIIUX B KUIKHX
JUCIIEPCHBIX CUCTEMAX, U MX MPAKTUUYECKas peajn3alus 1 OUYUCTKU CTOUYHBIX
BOJI. YcranoBieHo, YTO TMOJOKUTENIbHBIM  PEe3yJbTaT MPUMEHEHUS
ANEKTPOKOATYJIAIMM ~ 3aBUCUT  OT  HCCIEAOBaHUN  (PUBHKO-XUMHUUYECKHUX
napaMeTpoB BOJHBIX PAaCTBOPOB (heHoa.

Bropoii pa3aesn coaepKuUT METOIMKHA UCCIEAOBAHUMN JIMBHEBBIX CTOYHBIX
Boj T. TrMeHH, KOTOpble BKJIIOUYalOT oOTOOp TpoO, ompeaenenue pH,
TEeMIlepaTypbl, TMEpMaHraHAaTHOW OKHUCIAEMOCTH U KOHIEHTpauuio (GeHomna
METOAOM  razoxpomMarorpaduyeckoro  ananusza. Ilo  pe3ynapTaTtam

BBIIIOJTHCHHBIX HCCJ'IGI[OBaHI/Iﬁ YCTAHOBJICHBI OIITUMAJIBHBIC PECIKHUMBI



againn3a 1o HMCO 8165 Ha
CHROM-5 ¢

NpPOBEACHHUSI Tra30XpoMaTorpaduyecKkoro

aHAJIUTUYECKOM Ta30BOM Xpomarorpade TeMIIepaTypou
MJIaMEHHO-HOHU3AIMOHHOTO JleTekTopa 463 K |, pacxogoM raza-HOCUTENS Tenus
mapku B Ha cOpoce 30 mu/MuH © ero JgaBjicHHeM Ha Bxoje B kKoioHKy 0,0606
MlIla, remneparypoit ucnaputens 463 K u remneparypoit tepmoctara 503 K.

Jlunamuka (EeHOJIBHOTO 3arps3HCHUS JUBHEBBIX CTOKOB I'. TIOMEHH B
teuenne 2004 roma Ha OCHOBE NPOBEICHHOTO MOHUTOPHUHTA COCTOSHHS
aTMOC(HEPHBIX CTOKOB JKEJIE3HOJOPOKHOU MArucTpald M aBTO3AMPaBOYHBIX
CTaHIIM{ MO3BOJWJIA YCTAaHOBHUTH MEPHOJNBI, B TEUCHHE KOTOPHIX OTMEUYCHO
HanOOoJIbIlIee MPEBBIMICHUE MPeaeIbHO-10nycTUMOM KoHneHTparuu (I1IJK) B
(20+60) pa3: BeceHHHUI MaBOAKOBBLIN (ampenb-mad) W JeTHUH (HIOIBL —
aBryct) (cm. ta0m. 1).

Tabmuma 1

CpaBHUTETBHBIE MTOKA3aTEIN KaYeCTBA JIUBHEBBIX CTOKOB
aBTO3anpaBovYHbIX cTaHIui T. Tromernn B 2004 romy

HanmenoBanme | [1/IK ygacTkos, [Tepuomp! (MecsIbI)
IIOKa3aTelley, UCIIONB3YEMBIX | Ampelib- Hroib- CeHTs0pB-
cpenHee JUTS OTJIbIXa Mam aBr'yCT OKTSIOpb
3HAYCHHE HaCeJICHNH,
mr/i
T.,. K (°C) 280,3 (7,3) | 289,8(16,8) | 281,1(8,1)
pH 6,5+8,5 6,8 6,4 7,0
OKHCIIEMOCTD 20,00 45,42 29, 15 89,64
nepMaHTaHaTHaS,
mr/mi O,
KonnenTtparnus 0,001 0,022 0,064 0,009
dbenona, Mr/n
[TpuunHOM (EHOJIBHOTO 3arpsI3HEHUS JUBHEBBIX CTOKOB
aBTO3aMPABOYHBIX CTAHIHH SBISCTCA OSKCTparupoBaHue (eHOIOB U3
HepTenpoaykToB.  ®DeHON, ABIAICH  THAPOPHUIBLHBIM BEIIIECTBOM,



B3aMMOJICKCTBYET C BOJOW IyTEM WOH-AMIIONBHOTO WM JWTIONB-JAUTIOIBHOTO
MeXaHHU3Ma.

HccnemoBaHue 37EKTPOITPOBOAUMOCTH ()) JIEKTPOJIUTA HEOOXOAMMO C
TOYKH 3PEHUS KOJIMYECTBEHHOW OIICHKU CTETICHN U KOHCTAHTHI  JIUCCOIIMAIINH,
MEXKHOHHBIX M MOJICKYJIAPHBIX CHJI B3aMMOJICHCTBHS B pacTBOpEe, a TaKke
NPOBEJCHHS OICHKH pPa3MEpPOB YACTHUIl, U3MCHCHHUS Pa3HOCTU TOTCHIIMAIOB B
IpoIecce  AJIEKTPOJIM3a W YCTAHOBIIGHHS  ONTUMAIBHBIX  PEKHUMOB
JIEKTPOKOATYJIAIIMOHHON 00pabOTKH.

Hccnenoanue temreparypHoii 3aBucumoct y = f (7) (cm. puc. 1 u 2) B
nuanasone (277+348) K (4+75) °C mis BOJHEIX pacTBOPOB, COIEPIKAIIUX (EHOT
koHneHTparnmed (mr/m): 0,001 (y1), 10 (y2) m 20 (y3), a Takke IS JIMBHEBBIX
CTOKOB ()4), - TOKa3aJi0, YTO OHU OIHUCHIBAIOTCS YPABHEHUSIMH, UMCIOIIUMH BUI

y=22,75+0,02 T+9,6410°T%;  9,=2629+0,12 T +3,99:10°T %

y3 =1,82+0,21 T+354-10*T? u y, =7,80+ 0,187 +1,18-10°T ?,
rae 7T BelpakeHa B rpanycax Llenbcus.

JlaHHBIC, TpEJCTaBlIcHHBIE  HAa pPUCYHKax 1 W 2, IIOKa3pIBalOT, 4TO
yBEJIIMUEHUE koHuentpaimn  dexoma B 10* pas mpuBoamt K pocty
AJIEKTPOTIPOBOJIMMOCTH CHUCTEMBI Ha TIOPSJIOK. Y1, HW3MEHSETCA B JHAra3oHe
(22+34)-10* (Om-cm)?, 73 — B amamasone (2+20)-10° (Om-cm)™’. Brusiaue
3arpsi3HEHUS JIMBHEBBIX CTOKOB, cojepikamux GpeHosa koHentpamueit 0, 06 mr/i,
NPUBOIUT K 3HAYMTEIHLHOMY VYBEIMUYCHUIO )  JIO 3HAYCHUH, KOTOpBIC
m3Menstotest B auarmasone  (8+30) -10° (Om-cm)™?, Tak Kak B HEX comepKatcs
nwousl  K', Na', ClI" u npyrme, 4To COOTBETCTBYET CHCTEME CHITBHBIX
IeKTposuTOB. CpaBHEHUE W3MEHEHUS 3JICKTPOIPOBOAMMOCTH MPH TIOBBIIICHUH
TEMIIEPATypbl MOJEIBHOIO BOJHOTO pacTBOpa  (eHoja C KOHICHTpaIUei
20 Mr/n W JTUBHEBBIX CTOYHBIX BOJAX MO3BOJMJIO YCTAHOBUTH, YTO MPHU 3TOM
CUCTeMa TPUOIKAETCS K BOJHBIM PAaCTBOPaM CHIIBHBIX JJICKTPOJIMTOB, YTO,

OYEBUJTHO, CBsI3aHO ¢ ocnaOseHueM S(PGEKTUBHOCTH MEKHOHHOTO U
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MEXMOJIEKYJIIpHOTo B3aumojencTBus. [loaTomy nmpu KoHueHTpauuu (eHosia B
Bojme, paBHOW 20 wmr/i, OBUIM TPOBEIEHBI PACYEThI PEKUMOB OUYUCTKH

(heHOoJICOACPIKAIMX CTOYHBIX BOJI.

1 4 °1 0-: oS
(Omecm)’ P

2
30 _,p,...a::.?"#

25 i —— e

20
273 (0) 293 (20) 313 (40) 333 (60)
T, K (°C)

Puc. 1. TemnepaTypHas 3aBUCUMOCTH () BOJHOTO pacTBopa (heHoia
¢ konnenrparnuei 0,001 (1) u 10 (2) mr/n

7103
(OmecM) //
20 V’f

10

273 (0) 293 (20) 313(40) 333(60)
T, K CC)
Puc. 2. TemneparypHasi 3aBUCUMOCTH () BOJHOTO pacTBOpa

¢ konnenrpanuei penona 20 mr/i (1) 1 BOABI IMBHEBBIX CTOKOB
¢ koHnenrparuen penona 0,06 mr/a (2)
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DKclepUMEHTalIbHBIC JIaHHBIE 00paboTaHbl B mporpamme Mathcad
Professional 2001. [Toka3aHo, 4T0 KO3()PHUIMEHTHI JSTEPMHUHAIIUN HAXOIATCS B
npeaenax ot 0,98 no 0,99, 4To CBUACTENBCTBYET O JTOCTOBEPHOCTHU MOTYUSHHBIX
pe3yJbTaTOB HCCIICOBAHUMN, ONpEACIAeMbIX KOI(POUIMEHTOM JICTePMHHAIIUH
0,75.

HccnenoBanue TeMrepaTypHO# 3aBUCHMOCTH PaBHOBECHOT'O BOJIOPOIHOTO
NOTCHIIMAa TIOKa3alid, 4YTO HaOII0aeTCs ux HCJIMHCHHOCTh B
TeMmieparypHoM auamasone (277+353) K (4+80) °C (cm. puc. 3); anamorndHo
mamensiercss pH. 3aBucumocts A@ = f (T) ans pa3nuyHbIX KOHIIEHTpAIHMi
(deHONMa B BOJHOM DPACTBOPE, BHIPAXKACTCS yPAaBHEHHSIMH TPETHETO MOPSIKA!
Ap= agt a;T+ a'T 2 4 az' T 3 rne ao, a1 , Az, az, - KOOPOUITUEHTHI ypaBHEHUS
nonuHoma pyukmuu A@ = f (T) (cm. Tadm. 2).

Tabmuma 2
Koaddunments! ypaHenus noiauaoma Gyukiuu Ag@ =f (T)

NPH Pa3TMYHBIX 3HAYCHHUSX KOHIICHTPAIIUU ()eHOJIa B BOJHBIX pacTBOPax
(T — B rpamycax Llenbcwst)

Konuenrpanus Ko purmenTs! ypaBHeHUS TOJIMHOMA Koaddurment
(¢, mr/m) -ag ai as -az-10* | nerepmuHamEM
20 89,9 0,36 0,03 4,42 0,99
10 89,9 0,02 0,04 4,91 0,99
0,01 119,7 1,44 0,02 2,11 0,98
0,001 122,1 1,02 0,01 1,41 0,98

JIns HaxoXIEHHs TOYCK YCIOBHOro skctpemyma ¢yHkuuu A@ = f(T)

A(A9)

BOCIIOJIB30BAJIMCh YCIIOBUECM. a—T =0.
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Puc. 3. TemnepaTypHasi 3aBUCHMOCTh PaBHOBECHOT'O BOJAOPOHOTO ITOTCHIIHATIA
BOJIHBIX pacTBOPOB (peHoa:
1-4 — cootBercTBeHHO Npu kKoHneHTparwu: 0,001, 0,01, 10 u 20 (mr/n)

bbun TONy4YeHBI 3HAYCHHS TEMIIEPATyp, YAOBICTBOPSIONINX YCIOBHSIM
JKCTpEMyMa, KOTOpBIe HaxomsTes B auamasore (323+333) K (50+60) °C.
YuuThIBass ~ TEMIEPAaTypHYIO  3aBHCHMOCTh  PaBHOBECHOTO  BOJOPOIHOTO
MOTEHIIMAa, TOCTPOCHHYI B TMONyJorapumuueckux koopauHatax [N(Ag)—
(UT) (cm. puc. 4), Obtn  paccuuTaHbl 3Ha4YeHWs dSHepruu aktuBanuu (E,)
rpouecca ruaparanuu denona. Haiinennsle 3Hauenuss E, paBHbI
26,6  kJx/(xmonb K) npu  KoOHIeHTpanuu ¢enoma ¢ = 20 wmr/m;
23,3 kJx/(kmonp'K) mpu ¢ = 10 mr/n u 6,7 x/[x/(kmons'K) mpm ¢ =
0,001 mr/n. DkcrepuMEHTaIbHO YCTaHOBICHHBbIE 3HaYeHUs Ag (cMm. Tabm. 3)
ruapatanvy  (GeHosa TO3BOJWIM BBIUMCIWTh 3HAYCHHUS H3MEHCHHS DHEPIHU
I'n6oca (AG): AG =-nFAp, rtae n - YHUCIO 3IEKTPOHOB, YUaCTBYIOIIUX B

nepeHoce 3apsna, F - nocrosunas ®apanes, Kin/moib.
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In(Ap) ,/"J

43 /-Fﬁf xyﬂ{_

n-.h,].-.-'f s
,g/

o
R,

4,0

27 2.9 31 3,3 3,5
10¥ T, K}

Puc. 4. 3aBUCHMOCTH PaBHOBECHOT'O BOJAOPOIHOIO IMOTCHIIMATIA B
nojynorapupmudeckux koopaunarax IN(Ap) ot remmneparypsl (1/7)
JUTS. BOJAHBIX PaCTBOPOB (heHOJIa MPU KOHIICHTPALIUH
1-3 —coorBerctBenno 0,001, 10 u 20 mr/n

Tabmuma 3
3naueHus uameHenus sueprun [ mooca (AG) mporecca ruaparaiuu GpeHoma
KonnenTparnus ¢enona, TemmnepatypHblil -AG, xJI>x/MOIb

¢, Mr/n nntepsai, K (°C)

0,001 273+283 (0+10) 10,6

283+303 (10+30) 8,8

303+313 (30+40) 7,8

313+323 (40+50) 7,2

323+353 (50+80) 7,7

10 273+283 (0+10) 8,3

283+303 (10+30) 6,3

303+312 (30+39) 53

312+323 (39+50) 4,7

323+344 (50+71) 6,0

20 273+283 (0+10) 8,0

283+302 (10+29) 59

302+313 (29+40) 3,3

313+323 (40+50) 4.8

323+352 (50+79) 6,6
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YMeHbllIeHre KOHIIEHTpaluy (peHosIa TPUBOANUT K YMEHBIICHUIO 3HAYCHUN
E. m -AG, 4uro cmocoOcTByeT oOpa3oBanuio (eHOJSIT-uoHOB. HaitnenHoe
3HaueHue HHepruw [ubOca mporecca ruaparanuu (GeHojia KOHIICHTpaluen
0,001 wmr/n mpu Ttemmeparype 283 K (10 °C) comocrasumo ¢ AG
KOAryJIAIIMOHHOTO B3aUMOJICUCTBUS YAaCTHI] MOHTMOPWJIIOHHUTA B BOJHOM
pacTtBope, KoTopas coctaBisieT ~ -11,7 kJ[3/Moib.

B TpeTbeM pasaeJe paccMaTpuBaeTcA 3(pPeKTUBHOCTD
AIEKTPOKOATYISIIMOHHON 00pabOTKM Kak METOo/Ja, CIOCOOHOTO CHH3HUTHh
KOHIIEHTpaluioo (eHosa B BOJHBIX pacTBOpax M JIMBHEBBIX CTOKaX [0
KOHILICHTpALH, paBHOU [IAK BOJIOEMOB, HCIIOJIb3YEMBIX U1
PBIOOXO3SIUCTBEHHOTO U KYJIBTYPHO-OBITOBOTO Ha3HAYCHHUS.

Jlns  mpoBeneHus Mpolecca  BJIEKTPOKOAryJjsiliMd  UCIOJb30BaHO
MOCTOsTHHOE AekTprudeckoe moje (E), HanmpsskeHHOCTh KOTOPOr0 M3MEHSIACh
or 55 mo 80 B/cm. DnekTpoobpaboTka MpoOBOAMIACH HA ATIOMHHHEBBIX
snexkTpojax rromanso 450 mm® B Teuenme 1800 c. Kpurepuem BhIGOpa
ONTUMAJIBHOM  BEIWYMHBI E  SBISUIOCH  ONpENENeHUE  MUHUMAJIbHOU
KOHIIeHTpaiuu (eHona (cM. Tabna. 4) METOAOM CHEKTPOPOTOMETPHUECKOTO
anamm3a ([THJ ©14.1:2.104-97) u yuet uzmeHenus BenuauHbl pH (cM. puc. 4)
IpU COOTBETCTBYIOIIEH 0OpabOTKE B  TMOCTOSIHHOM DJJICKTPHUYECKOM TIOJIE,
HanpsbkeHHocThio 55, 60 u 80 B/cewm.

Pesynbratel, npencraBieHHbie B Ta0auIe 4, MOKa3bIBAIOT, YTO B TEUCHUE
1800 ¢ 00paboOTKH  BIEKTPUYCCKUM IOJEM HampskeHHOCThI0 55 n 60 Blcwm,
crenennb ouncTku (L, %) coctaBaser 99,44 u 99,29 % cooTBeTcTBEHHO. B TO K¢
BpeMsl KOHIIeHTpalus (enosa ymeHbimaercs Bcero g0 0,112 u 0,141 mr/n, uro
Boilie 3HaueHud IIJIK, W mO3TOMy OYHCTKY HEIb3s CUYUTATh MOJIHOM.
VYBenuyeHne BpPEMEHH  DJIEKTPOOOpaOOTKM BOIHOTO pacTBopa (eHoma  He

PUBOJUT K JIaJIbHEHIIIEMY YMEHBIIIEHUIO KOHIIEHTpaluu (peHoa, 4To CBA3aHO C
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Tabauia 4

W3menenue koHIeHTpanuu Gperona (C) u crenerun ouncTku (L) B 3aBUCUMOCTH
OT BPeMEHHU 00pabOTKHU B MMOCTOSTHHOM 3JICKTPUYECKOM TI0JI€

Bpewms HanpsykeHHOCTB 3J1€KTPUYECKOTO 101
00paboTKH, (E, Blcm)
(1, ¢) 55 60 80
C, mr/n L, % C, Mmr/a L, % C, mr/n L, %
0 20,010 - 20,010 - 20,010 -

300 19,461 2,74 18,120 9,45 19,951 0,29
720 17,772 11,18 7,453 62,75 | 18,474 7,68
1500 0,724 96,38 2,872 85,65 7,493 62,55
1800 0,112 99,44 0,141 99,29 6,542 67,31

YMEHBIIICHUEM MEXMOJICKYIIPHOTO  B3aWUMOJACHCTBUS MEXAy (peHoaoM U
ATFOMHHHUEM.

N3menenne pH Boawl, coxepxamieid ¢enosn, npu oOpaboTke B
ANIEKTPUYECKOM TIOJIe TIOKa3bIBA€T, YTO B TEYCHHE INEPBBIX IATH MHHYT
AIEKTpOo0oOpabOTKH Oojiee CHIIBHOE BIWSHHE HAa HM3MCHEHHE KOHIICHTpAIlUU
noHoB OH™ okaspiBaeT HampsoKEHHOCTH 3ekTpuueckoro moist 80 Blcm, uro
MPUBOJMT Kk yBenmmuenuto pH mo 9,8, a mnpu anmekrpoobpabotke
HanpspbkeHHocthio 60 uw 55 Blem - mo 9,1 m 9,3 coorBercrBeHHo. B
MOCJICTYIONIEM MPOUCXOIUT yMeHbeHne pH 1o 5,9, 9ro sBisieTcs cieacTBueM
(dbopMHpOBaHUS 30J8 THAPOOKHUCH alllOMHHHSI M €ro THAPOKCHIHBIX (opm:
AIOH?" | AI(OH)," 1 AI(OH )3, - CIIOCOGHBIX IIPUTSTHBATH K ceOe PEHOIAT-HOH
CgHsO'.

PCKOM@H,ZIOBaHO IMPOBOAUTD 3JICKTPOKOAT'YIIIIUOHHYIO OUUCTKY (i)eHOJI-
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coJiep KalllUuX JIMBHEBBIX CTOYHBIX BOJl B TMOCTOSHHOM DJIEKTPUYECKOM TIOJIE,
HanpsoKeHHOCThI0 55 Bfem.  Ipunnmas 3Hauenne y = 6,6 -10° (Omem)™
(3JIeKTPOIPOBOIUMOCTH BOJTHOTO pacTBopa ¢eHojia, KoHmeHTpamnue 20 Mr/it mpu
T=293K(20°C)) u 3HaueHHe HANPSHKCHHOCTH BJIEKTPUUYECKOro mous E, =
55 B/cMm, ycraHOBIIeHa IIOTHOCTh TOKa Ha 3nekTpoaax (i,), HeoOXoaumasi s
npoliecca OYMCTKH BOBI, COAEpKaIeid (eHOJI C MaKCUMATbHOM KOHIIEHTpaIue
20 mr/x; i, = 3,6 MA/cM>.

Omnpenensisi obmee HampspkeHnue Ha dekrponusepe (Ugsw) Kak cymmy
PaBHOBECHBIX DJICKTPOAHBIX TMOTEHIUATIOB (¢,) U (¢,) TNepeHAnpsHKCHUS Ha
anexktpoaax (M.) u () © MaacHUS HAOPSOHKCHWS Ha MPCOJO0JICHUE
3JIeKTpudeckoro comportusieHus B pactBope (Up), saexrpomax (U,) u
KOHTAKTAX (Ugonr): Uosw =@a + @ + Mo + M +Up + U, + Uyoyr, - ipOBezieH
teopetndeckuit pacuetr U,g,. [lpu pacuere yuurtsiBamzocs 3naueHue pH = 6,

IpY KOTOPOM JIOCTUTaeTCs HAWIy4Ilasi CTEIeHb OUUCTKU (CM. puc. 4).

pH

o 600 1200 1800
T,C

Puc. 4. smenenue pH Bojbl, conepxarieit heHod,
OT BpeMeHH 00paboTkH (T) B 3JIEKTPHUUECKOM I10JIC,
HanpsoKeHHOCThI0 1-3 — coorBeTcTBeHHO: 80, 60 1 55 B/em
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[Tonyuennoe 3nauenune Uy, cooTBeTCTBYET 22,6 B.

HUcnonb3yss ypaBHEHUS pErpeccuu, IMOJYYEHHOTO TMPH  MMOMOIIHU
nporpammel Mathcad Professional 2001 ¢ ko3¢ uiueHTOM AeTepMUHALIUN
0,99, naiinena 3aBucuMocTh Uygy, (1) 118 BOJEI, CoJIepIKaIeH deHon,
kounentpamuei 20 mr/i: Uy, = 0,121 + 27,9.

DKCNEepUMEHTAIbHO yCTaHOBIEHO, 4TO Uy, ~ NpUHUMAET 3HAYECHUE,
paBHoe 28,2 B. PacxoxnaeHue MeEXIy TEOPETUYECKH pPACCUUTAHHBIM H
ADKCIEPUMEHTAIBHBIMU 3HAUEHUSIMU Uy, OOBICHACTCS HEYUTCHHBIMU IpU
pacuere BEJIMYMHAMH 1), U 1), KOTOpbIe BO3MOXHO IpU 00paboOTKe B
MMOCTOSTHHOM D3JICKTPUYECKOM T0Jie (PEHOJICOASPKAIUX CTOUHBIX BOJ| UTPAIOT
HEMAaJIOBaXKHYIO POJIb.

B pabGore  BBINOJHEH  pacyeT  DSKOJOTMYECKOM  OE€30MacHOCTH
AIEKTPOKOATYJISIIMOHHON OYUCTKU (hEHOJICOEpKaIUX CTOUYHBIX BOJ. [lokaszaHo,
4TO mMojjepkaHue TemmepaTypel He Oomee 293 K (20 0C) HE TMPUBOIUT K
o0pa3oBaHUIO XJIOPNMPOU3BOAHBIX (ernona. [losTomy crmenyer obecnedynBaTh
OTBOJI TEIUIA U PETYJIUPOBAHKUE TEMIIEPATYPHI.

PesynbraThl  WcciemoOBaHWS — TMOKa3ad, 4YTO MNPUMEHEHHE METoja
AJIIEKTPOKOATYJIAIIMK B TIOCTOSIHHOM 3JIEKTPUYECKOM TI0JIe, HAIMPSIKEHHOCTHIO
55 BleMm, nmas ouducTKH  (EHOJCOAEPIKAIIMX JIMBHEBBIX CTOYHBIX  BOJI
HEZ0CTaTOYHO 3P PEKTUBHO, TOITOMY TPEOYyeTCs TOMOJTHUATEIbHAS JOOYUCTKA.

YeTBepThlii pa3en COIEPKHUT pe3yJbTaThl MO OYUCTKE BOABI OT (eHoa
MIPU WCITOJIb30BAaHUN METOJIa COPOIMH, KaK B BUJE OTACIBHOW CTaJUH, TaK U B
COUETAaHMU C DJEKTpoKoaryisuelr. B kadecTtBe copOEHTa WCIOJIB30BAH
OCHTOHHUT, OCHOBHBIM MHUHEPAJIOM KOTOPOTO SBISIETCS MOHTMOPHJUIOHUT C
oomeir ¢dopmynori  Al,03:4S50,-NH,O. I[lpuumHa BeIOOpa OCHOBaHa Ha
U3YYEHUH TEOPUU arperaTuBHONM YCTOMYHMBOCTH JMCIEPCHBIX CHCTEM, aHAJIM3a

pabotr Illantapuna B.Jl., KaranoBckoro A.M. wu Henycenko I'.J. wm
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COMOCTaBUMOCTBIO TOJyYeHHBIX 3HaueHU AG J1s peakiuu ruaparanuu GpeHosa
U wu3BecTHoro 3HadeHUss AG KOaryssITMOHHOTO B3aUMOJCHCTBUS YaCTHIL
MOHTMOPHJUIOHHTA B BOJHOM PacTBOPE.
OmnpeneneHre KOHIIGHTpaUK (peHoa TPHU UCIIOJIB30BaHUU COpOCHTa 10
U TIoCJIe 3JeKTPooOpadoTku (cM. Tabm. 5)  MO3BOJIMIO YCTAHOBHUTH, YTO IPH
COpOLIMOHHOM oO4YuCTKe Ha OeHTOHHMTe ¢ KoHIeHTpanuedn 0,1 m 05 %
YMEHbIIICHUE KOHIEHTpaluu (eHoja MOXKHO JIOCTUYh A0 3HaueHuil 2,47 u
0,23 mr/n cootBercTBeHHO npH nepemenirBanny B TeueHre 900 c. [loxydyeHHbie
pe3ynbTaThl NpPEBBIMIAIOT jAomycTuMble 3Hadenms IIJIK mis  Bomoemos,
HCITOJIB3YEMBIX JJII PHIOOX03SHCTBEHHOTO U KYJIbTYPHO-OBITOBOTO Ha3HAUCHHUS.
Tabnuma 5

Pe3ynbrarhl COpOIIMOHHON OUUCTKH BOJBI OT (peHOIa Ha OEHTOHUTE

Konuentpanus Bpewms Konuentpanus Konuentpanus
OCHTOHUTA, nepeMenuBaHus, dbenomna nocie dbeHona noce
% C copOuuu Ha 3IEKTPOOOPadOTKH,
OeHTOHUTE, MI/II Mmr/n

0,1 300 10,32 0,003

900 2,47 <0,001

0,5 300 6,84 <0,001

900 0,23 <0,001

Coueranue MeToJa JIEKTPOKOATYJISILUU U COpOLMM  ABIIAETCS Hamboee

sbpdextuBHbIM. [Ipm  3TOM  OYHUCTKY PEKOMEHJOBAaHO TMPOBOJAUTH B

[OCJIEI0BATEIBHOCTH,  AJIEKTPOKOATYJIALUA-COPOLIMS, TaK Kak IpOBEIECHUE
copOImu mepesa IEKTPOKOAryJISIUel COCOOCTBYET 3arps3HEHHUIO AJIEKTPOIOB
oenronutrom. [lpumenenue Oenronuta, koHreHTpammerr B 0,1 %, mocne
AJNIEKTPOKOATYJIALIMOHHONM 00paboTku mnpu nepememnBaHuu B Teduenue 900 c
MO3BOJISET JOCTUYb KOHIeHTpanuu Gerona <0,001 mr/m.

OnpeneneHo, 4To

0,1 %,

IIpyu HCIIOJIb30BAHHUH 6€HTOHI/ITa, KOHHGHTpaHHGﬁ

HEoOX0aUMO  MPOBOAUTH oTcTamBanue He Menee 10800 c (3 u)
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(cM. Tabn. 6) IS JOCTHXKEHUs cTeneHH npo3padnoct, pasHoi 0,10 m (10 cm),
yto cooTBeTcTBYeT CanlluH 2.1.5.980-00.
Tabnuma 6

N3meHeHue cTeneHu npo3pavyHOCTH BOJIbI, MPOIIEIIeH 00padoTKy B
MOCTOSIHHOM DJICKTPUUECKOM I10J1€ ¥ COpOIIMI0 Ha OEHTOHUTE

Konnenrpanus Bpewms CreneHp Npo3pavHOCTH, M
riuHbI, % OTCTauBaHUS,
¢ () bes bes ITocne
AIEKTPO- ANEKTPO- 3JEKTPO-

00paboTku 1 | 00pabOTKU 00paboTKH

copOruu U copOoIuu
1800 (0,5) 0,38 0,34 0,36
3600 (1,0) 0,31 0,29 0,30
0,1 5400 (1,5) 0,26 0,21 0,24
7200 (2,0) 0,24 0,13 0,23
9000 (2,5) 0,22 0,10 0,20
10800 (3,0) 0,10 - 0,10
1800 (0,5) 0,42 0,38 0,39
3600 (1,0) 0,34 0,27 0,32
0,5 5400 (1,5) 0,23 0,10 0,21
7200 (2,0) 0,10 - 0,10

IIpunoxkenuss B auccepTallMOHHON paboTe coaepx aT pe3yibTaTbl IO
00pabOTKe SKCIEPUMEHTAIIBHBIX JaHHBIX, MOATBEPKIAIOIMIMUX JOCTOBEPHOCTh

IMPOBCACHHBIX HCCHCI{OB&HHﬁ.
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OcHoBHBIE BBIBOABI IO padore:
1. OmnpeneneHbl TeMIlepaTypHbie 3aBucuMoctd p, Agp u pH. Paccumranbl
3HAUEHHUs SHEPruM akTuBanuu E, mporecca ruapaTtanuu ¢eHona. Y CTaHOBJICHO,
4TO I BOAHOro pactBopa (enona, koHmenrpamuern 0,001 wmr/m, npu
temneparype 283 K wuzobapHo-uzorepmuueckuii noreHiman (AG) mporecca

ruAparanuu  ¢eHona comnoctaBuM ¢ AG KoarysiasiMOHHOTO B3aWMOJICHCTBUS

YacTHI[ MOHTMOPH/UIOHMTAa B  BOJHOM  pacTBOpE, COCTAaBIISIOLIETO
~ -11,7 xI>x/Mob.
2. Ompe/elieHbl ONTUMANIBHBIC PEXUMBI Fa30XPOMAaTOrpapuuecKoro aHaamu3a

¢deHona B CTOYHBIX BojAax Ha razoBoMm xpomarorpage CHROM-5:  naBnenue
raza-Hocutens reaus p = 0,0606 Mlla, Ttemneparypa TUIaMEHHO-
noHu3armoHHoro aerekropa 7' = 463 K; Ttemneparypa ucnapurens 7 = 463 K;
temriepatypa tepmocrara 7 = 503 K.
3. PexomeHZ0BaHO SJEKTPOKOATYISIMOHHYIO 00paboTKy (eHocomep ammx
CTOYHBIX BOJI TPOBOAMTH B OJJHOPOTHOM 3JIEKTPHUECKOM TOJIE C AIFOMHHHEBBIMHU
ANEKTPOAaMU, HAPSIKEHHOCTHIO AJIEKTPUUECKOTO TOJIS B 55 Blem, Uggy =
28,2 B; i, =3,6MA/cM’ 1 BpemeneM dtekTpokoarysinus 1800 ¢ (30 MuH).
4, YcraHoBneHo, uro Oosiee 3(P(HEKTUBHBIM  SIBISETCS  KOMIUIEKCHOE
OPUMEHEHUE METO/J0B OO0pabOTKM B IOCTOSSHHOM 3JIEKTPUYECKOM TMOJ€ U
copbumu Ha OEHTOHMTE, 3aKIIOYarolieecs B TEXHOJIOTHYECKOH cXxeme:
AeKTpooOpaboTKa — copOLus - OTcTauBaHue. PexkoMeH10BaHO mociie 00padoTKU
B MTOCTOSTHHOM 3JIEKTPUYECKOM T10JI€ TPOBOJIUTH JOOYUCTKY OUUILAEMOM BOJBI Ha
o6enronute ¢ kouneHtpanueir 0,1 % npu nepememmBanuu B TeueHue 900 c
(15 mun) 1 Bpemenem orcranBanus 10800 ¢ (3 u).

OcHoOBHBIE MOJI0KEHHU TUCCEPTAIUM ONYOJINKOBAHBI B padoTax:
1. Bempennea H.H. (KpaBuenko H.H.). HccnenoBanne  yneabHOM
AJIEKTPONPOBOIUMOCTH BOJIbI, MPOILIEAIIEH 3JIEKTPOOOPabOTKY B IHOCTOSTHHOM

anekrpudeckom mosie / Benpennera H.H. (KpaBuenko H.H.), [llantapun B.J,.,



21

3aBbsiioB B.B. // Matepuansr Illecroro Mexaynapoanoro Konrpecca «Bopa:
sxosorust u texHonorus. DKBATOK-2004», r. Mocksa, 1-4 utons 2004. — M..:
I'VII MO «Konomenckas tunorpadusi», 2004. - C. 476.

2. Bemnpennesa H.H. (KpaBuenko H.H.) DiekTpoxumudeckue HCCiIeI0BaHUS
BOJONPOBOJAHON BOJABI, NPOLIEANIEH 3IEKTPOKOATYJISAIMOHHYIO JTOOYUCTKY B
snektpuueckom mone / Bempennesa H.H. (KpaBuenko H.H.), 3aBbsiioB B.B.,
[anTapun B.J[. // Marepuainsi Illectoro Mexaynapoanoro Konrpecca «Boja:
skosorus u texuosiorusd. DKBATOK-2004», r. Mocksa, 1-4 urous 2004. — M.:
I'VIT MO «KonomeHnckas tunorpadusi», 2004. - C. 580.

3. KpaBuenko H.H. Hapymenne sxocucteM BOAHBIX 00BeKTOB Poccum
¢deHomamu wu  Hedprenpomyktamu [ KpaBuenko H.H., Illantapun B.J.
/[ Marepuanbl MexayHapoaHOH TMpakTUYecko KoH(pepeHinn «IIpoOieMsbl
IIPUPOJIOIIONB30BAHUSI U DKOJIOTHYECKass cuTyauus B EBponeickor Poccum n
compeneNbHBIX cTpaHax», bearopon, 13-16 centsops 2004 r. — bearopona: Uzn-
Bo benl'VY, 2004. - C. 124-126.

4. KpaBuenko H.H. BiausiHue noCTOSHHOIO 3JIEKTPUYECKOrO MOJs HA OYUCTKY
ctouHblx Boj oT (enona / KpaBuenko H.H., Illantapun B.JI. // Marepuansl
Bcepocculickoil HaydyHO-TIpakTH4Yeckoil KoHpepeHun «Cocrosinue ouochepsl u
3nopoBbe JroAei», 1. Ilensza, 29-30 centsabps 2004 r.- Ilenza: W3zn-Bo
«[TpuBomkckuii oM 3Hanum», 2004.- C. 33-35.

5. KpaBuenko H.H. 3ammra BOOHBIX OOBEKTOB OT  3arpsA3HEHUs
dbeHonpopManbIeruICOACPKANUIMU CTOYHBIMU BOJaMH TIOMEHCKOTO perhoHa
| KpaBuenko H.H., Illantapun B.Jl. // Marepuane Bcepoccuiickoit Hay4dHO-
MpaKTUYEeCKOM KOH(pepeHIInH, mocpsaeHnon 60-meturo TroMeHCKOM 00acTh U
10-netuto  ToOONBCKOTO HMHAYCTPUAIBHOTO HMHCTUTYTa «COLMOKYJIBTYpHAs
IMHAMUKA M DKOHOMHYecKoe pa3Butue TromeHckoro perumoHa. XXI| Bek»,
Tob6onsck, 4 oktsa06ps 2004 r. — Toboasck: W3n-Bo TITIM wumenu
JI.11. Menneneena, 2004. - C. 91-97.
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6. Kpasuenko H.H. IIpoOnembl OYHCTKM NPOMBIIUIEHHBIX CTOYHBIX BOJI
Poccun / Kpauenko H.H., [llanTapun B.JI. // Joxnaasr 10-ii MexayHapoaHoit
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