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CoBpeMeHHble pa3paboTky pOCCUNCKUX KOMMNAHUM U UX 3apy6eXXHbIX MapTHEPOB NO3BOJISILOT BbIBOAUTb
Ha pbIHOK BbiCOKO3¢deKTUBHOE 060pyA0BaHME MO NepepaboTke BCeX BUAOB OTXOA0B M OYUCTKE BOAbI,
CO3jaHHOEe Ha OCHOBE HAaHOTEXHOJIOFMA U HaHoMaTepuanos. [laHHoe obopyaoBaHUWE B COYETAHUMU
C YMHbIMU TexHonornsmu (Smart technology — nporpaMmHble MpoAyKTbl, CUCTEMbl yrpaB/ieHus,
peweHus pns uHpopmauMoHHOW 6e30MacHOCTM) NO3BONSIET CO3A4ABaTh BbICOKOKOHKYPEHTHblE
KOTHUTUBHbIE CUCTEMbI, OTBEYAIOLLUE IKOSIOrMYeCKUM Tpe60BaHUSM POCCMACKOro 3aKOHO4aTe/IbCTBA.
Up-to-date developments of Russian companies and their foreign partners allow to bring to market
high-performance equipment for processing of all types of waste and water treatment based on
nanotechnologies and nanomaterials. This equipment, combined with smart technology (software
products, management systems, solutions for information security), allow to create the highly
competitive cognitive systems that meet environmental requirements of the Russian legislation.

€3yYC/JI0BHO, COBpeMeHHBbIe CUCTeMBI I10 Ilepe-

paboTke OTXOLOB M OYKCTKe BOJBL BoCTpebo-

BaHBI BO BCeX OTpPaC/asAgX 3KOHOMHUKH CTPaHBI
U UMEIOT CTabU/IBHBIN, IepCIeKTUBHBIA PBIHOK,
bopMUPYST HOBBIM CEKTOP COBPeMEHHOI0 BBEICOKO-
TeXHOJIOTUYHOIO IIPOU3BOACTBA. [I[puHKUMas BO
BHHMaHHe Ba’KHEHIIYI0 9KOJTOTHUUYeCKYI0 3aJaudy
II0 OXpaHe BCeX BHIOOB IIPUPOLHBIX pecypcoB
OT HeTraTHBHBIX BO3JENCTBUH, KPYIHBIE MHUJIOT-
Hble IIPOEeKTHl Le1ecoobpa3HO peasn30BHIBATH
B HedTera3soBou oTpaciu Poccuu, coBpeMeH-
Hasl CTpaTerus pa3sBUTUS KOTOPOI IpefycMaTpH-
BaeT MaKCHMAaJ/IbHOE HCII0/JIb30BaHHUe BCeX I10JIe3-
HBIX KOMIIOHEHTOB IIpH Lo6bIue U mepepaborke
HedTH U rasa c obecrmedyeHHeM 3aIUTHl IKOJIO-
TUU Ha NpeAnpusaTuax. CucTeMHad peaju3alusg
JAaHHOIO HalpaB/JIeHHs CTPAaTeIruM AOJIKHA OIIK-
PaThCs Ha HPHOPUTETHOE CO3LaHHe OTeYeCTBeH-
HOM BBICOK03)PEeKTHUBHOMN KOMIIJIeKCHOM CUCTEMBI

I10 3Kooruveckod nepepaborke (KCIIO) Bcex BUIOB
OTX0JI0B, KOTOPble GOPMHUPYIOTCS HAa BCeX 3Talax
LIMKJIA JesTeJbHOCTH NPeANPUsITHI HedTerasoBon
oTpaciu - oT HepTenobbIYU N0 HePTenepepaboTKHU
C y4eTOM COBpeMeHHBIX TpebOoBaHUM K TeXHOChep-
HOI1 6€30I1aCHOCTH, B TOM YHCJIe BOJHBIX PeCypCOB,
o4BHl, Orochepsl.

JKOJIOTMYECKAS NEPEPABOTKA OTXO/ 0B

C TOUYKU 3peHHUS IKOJOTHUYEeCKON U 3KOHOMHUUe-
CKOM 3¢ PeKTUBHOCTHU co3maBaeMblie KCIIO moI>KHEBI
GYHKLIHMOHUPOBATh HAa OCHOBE PeLIUPKYJISIIUU BCex
BUJI0OB OTXO[0B, CONYTCTBYIOIHX AeSITeIbHOCTH
NpeANpUITUN HedTera3oBoM OTPACIM, BRIYASL
oTpaboTaHHBIe U 3arps3HeHHBble HEQTHIO OTXOBI
(HedTemmaMsbl), a TakKe COINYTCTBYMOIIKEe IIPO-
MBIIIIeHHO-6bITOBBIE 0TX0ABI ([IBO), c monydyeHHeM
B pe3y/bTaTe UX llepepaboTKU KOHKYPEHTHBIX I1PO-
OYKTOB U YCIIYT, BOCTPe6OBAHHEIX B eITeIbHOCTH
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CaMHUX INPeANPHUSITUN U obecmeuuBalolmlel HX
HHOpaACTPyKTYype.

BaskHBIM 06BbeJUHSIOMUM GaKTOPOM JJISI BCEX
BHM/IOB OTXOJOB SBJSETCSA TO, YTO HedpTell1aMbl
u IIBO comepskaT Habopbsl KOMIIOHEHTOB, COPTH-
POBKa U MepepaboTka KOTOPBIX MajopeHTabenlbHA
U HellenecoobpasHa, ocobeHHO B ya/eHHBIX pau-
OHax 3amagHomn U BocTouHon Cubupu, a TakxKe
HanbHero BocTtoka. Hampumep, HedpTell1aMbl
comepsKaT TBepAble IPUMeCH KPYIIHOTO U MeJIKOTO
pa3mepa, obpasyolre CTOMKYIO He PacCIauBaONLy-
I0CSI SMY/IBCHIO U T.II., UTO JleJlaeT HepeHTabeTbHbIM
mpolecc uX pasfieleHUsi, IpuyeM OONTBIIMHCTBO
CTaHIapTHBIX METOJOB pereHepanuu HedTemia-
MOB He CIIPaBJISIOTCS IIOJTHOCTBIO C IIOCTaBAeHHOU
3amavei. B obnactu I1BO B 5KOHOMHYECKH Pa3BU-
TBIX CTPaHaX MHpa TPeHZ,0OM sSIBJIsIeTCs TepepaboTka
10 70-80% 0Tx0m0B 6€3 COPTUPOBKU C KOTeHEepaIHen
TeIlJla U 3JIeKTPUYeCTBa, a Takxke (B He6OoIbIIOM
obbeMe) ImonyueHHEeM MaTepHaoOB ISl CTPOUTE/b-
CTBa.

Takum obpa3oM, B OCHOBe KOHLENIIHH CO3/a-
HU4 BeicoK0dPexkTrBHOM KCIIO A5 IpeANpUATHHI
HedTera3oBol OTPaC/IH JOJIKHEI JIe’KaTb HHHOBAL -
OHHBIe TeXHOJIOTHH, obecIieurBalolI e ITIepepaboTKy
0TX0/10B 6e3 NpefBapUTeIbHON COPTUPOBKH C IIOTY-
YeHHeM TelJia, 3JIeKTPUYeCTBa U CTPOUTEIBHOTO
MaTepHaa, a TakKe pellleHHe 3KOJIOTHYeCKUX 3a4a4
Ha COBpeMeHHOM ypOBHe. [JaHHBIM TpeOOBaHUSIM
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OTBevYaeT MHHOBALIMOHHO-MHBECTUIHOHHBIH IIPOEKT
"BpIcOK03DPEKTUBHASL KOMIIIEKCHA S CHCTEMA 10 3KO-
JIOTM4eCcKOH IepepaboTke 0TXOHOB B He)Tera3oBou
orpacnu” (puc.l), KOTOPEIE CGOPMUPOBAH HA OCHOBE
MHHOBALIMOHHBIX TEXHOJIOTU 1 060pyNOBaHUSI.
VMIHHOBaIlMOHHAS TeXHOJOTHS Io IepepaboTke
BCeX BH/IOB 0TX0/I0B (HepTel1aMOB, IIPOMBIIIIEH-
HBIX, OBITOBBIX) OCHOBaHA Ha BBICOKOTEMIIEpaTyp-
HOU IJIaBsIIeH ras’uduKalnuu U UMeeT psjJ OTIHU-
YUN OT APYTUX Fa3uQUIUPYIOMIUX UIH IIHPOTUTH-
YeCKHUX IIPOLIeCcCOB. BrIcOKOTeMIIepaTypHasl Iepe-
paboTka 0TX0[0B He HY>XAAeTCs B IIPeICOPTHUPOBKE
CBIPBSl U OTHOCHUTCS K IJMKJIaM 3aKPBITOTO THIIA,
YTO yCTPaHseT BCe 3KOJIOrHYecKHe OIaCHOCTH, CBS-

ndoubtedly, up-to-date sys-

tems for waste processing

and water purification are in
demand in all sectors of the econ-
omy and have a stable, promising
market, establishing a new sec-
tor of modern high-tech produc-
tion. Taking into account the most
important environmental prob-
lem of the protection of all natu-
ral resources from the negative
impacts, it is reasonable to realize
large pilot projects in the oil and
gas industry, whose development
strategy provides maximum utili-
zation of all useful components in
the extraction and processing of oil
and gas with protection of ecology
in enterprises. Systematic imple-
mentation of this strategy should
be based on the priority creation of

a domestic high-performance com-
plex system for environmental pro-
cessing (CSWP) of all types of waste
at all stages of the cycle of activity
of the enterprises of the oil and gas
industry - from oil production to
refining taking into account mod-
ern requirements of technosphere
safety, including water resources,
soil, biosphere.

ENVIRONMENTAL

WASTE PROCESSING

From the point of view of envi-
ronmental and economic per-
formance, created CSWP should
operate on the basis of recycling
all types of waste, which accom-
pany the operation of the oil and
gas industry, including oil-pol-
luted waste (sludge), and related

industrial and domestic waste
(IDW), with obtaining of com-
petitive products and services
that are in demand in the opera-
tion of the enterprises and their
infrastructure.

An important unifying fac-
tor for all types of waste is that
the oil sludge and IDW contain
components, sorting, and pro-
cessing of which are not profit-
able and impractical, particu-
larly in remote areas of Western
and Eastern Siberia and the Far
East. For example, the oil sludge
contains solid impurities of large
and small size that form a per-
sistent emulsion, etc., making
unprofitable process of their sep-
aration, and most of the stan-
dard methods of regeneration of
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He¢Tera3OBb|e Aoﬁuga}omy]e HecherazoBble TPAHCMNOPTHbIE He¢TeI’a30Bble nepepa6aTb|Ba|0uJ,v1e
npeanpusTUs Mgt LTI npeanpustMs
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Npoun3BoACTBa NeHHble CTOKWM BOAbI NPOAYKTbI NeHHble NpOV3BOACTBA NeHHble CTOKW BOAbI
(HedTewnamel) 1 6LITOBbIE Industrial and HedTerasosoit 1 bbITOBbIE (HedTewnambl) 1 6bITOBbIE Industrial and
Wastes from 0TX0Abl domestic oTpacin 0TXOAb! Wastes from OTXOAb! domestic
primary Related wastewater Transported Related primary Related wastewater
production industrial products of industrial production industrial
(oil sludge) and domestic oil and gas and domestic (oil sludge) and domestic
wastes industry wastes wastes
MHHOBaLMOHHas MHHOBALMOHHbIE VHHOBaLMOHHAas MNHHOBALMOHHbIE VIHHOBALMOHHbIE
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paTypHow 3NeKTpoXMMUYecKas paTypHow 3/1eKTPOXMMUMYecKas 3NeKTPOXMMUYECKas
nnaBsen aKTMBaLMS; nnaBsen aKTMBaLms; aKTVBaLMS;
rasudukalum no 3NeKTPOrnapaBIn- rasuoukalum no 3N1eKTPOrnapaBIu- 3NeKTPOrnapaBIun-
nepepaboTke Bcex Yyeckmm 3pdexT nepepaboTke BCex yeckmm 3dpdexT yeckn 3pdexT
BWJOB OTXOA0B Innovative water BWJO0B OTXO40B Innovative water Innovative water
Innovative high- purification: Innovative high- purification: purification:
temperature electrochemical temperature electrochemical electrochemical
melting-gasification activation; melting-gasification activation; activation;
for processing of electrohydraulic for processing of electrohydraulic electrohydraulic
all types of waste effect all types of waste effect effect
Tennosas 3Heprus Bopa ans Tennosas 3Heprus Tennosas 3Heprus Boga ans
— Thermal energy MPOMBbILL/JIEHHOTO I Thermal energy [~ Thermal energy MPOMbILLIEHHOMO
NCNO/b30BaHNS MCNO/b30BaHUA
Water for Water for
SneKTpuyeckas industrial use SneKTpuyeckas dneKTpuyeckas industrial use
—— 3Heprus L 3Heprus | 3Heprus
Electrical energy Electrical energy Electrical energy
L TeepAble OTXOAbI MuTbeBas BoAa L Tsepable OTX0Ab! MuTbeBas Boaa
Solid waste Drinking water Solid waste Drinking water

Puc.1. KomnaeKkcHas cucmema no 3konozuveckoli nepepaomxe omxodos (KCrQO) das npednpusmuli Hedpmezazosoli ompacau Poccuu
Fig.1. Complex system of environmental waste processing (CSWP) for oil and gas industry

oil sludge can not cope with the
task. In economically developed
countries, the trend is recycling
of 70-80% of the IDW without sort-
ing with cogeneration of heat and
electricity, as well as (in small
amount) with obtaining of materi-
als for construction.

Thus, the concept of creating
highly effective CSWP for the oil
and gas industry should be based
on innovative technologies, pro-
viding processing of wastes with-
out preliminary sorting to pro-
duce heat, electricity and building
material, as well as solving envi-
ronmental problems at the pres-
ent level. Innovative investment
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project "Highly efficient complex
system of environmental waste
processing for oil and gas indus-
try" (Fig.1), which is formed on
the basis of innovative technolo-
gies and equipment, meets these
requirements.

Innovative technology for pro-
cessing of all types of waste (oil
sludge, industrial, domestic) is
based on high temperature melt-
ing-gasification, and has a num-
ber of differences from other gas-
ification or pyrolysis processes.
High temperature processing of
waste does not need pre-classi-
fying of raw materials and is a
cycle of the closed type, which

eliminates all environmental risks
associated with waste manage-
ment. The only requirement is that
the waste must comply with the
size of the input window and must
have a valid humidity. Mineral
and metal contaminations are not
only permitted, but encouraged.

Gasification is carried out
mainly using technical oxygen
and sometimes - water vapor.
Depending on the factory size and
characteristics of raw materials
the processing efficiency reaches
75-80%.

The treated waste pass the
following stages of process-
ing at atmospheric pressure in
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3aHHBIe ¢ IepepaboTKoi 0TX00B. ENMHCTBeHHOE
Tpe6oBaHHE COCTOUT B TOM, YTO OTXOJbI JOJIKHBI
IIPOXOAMTh B IPHEMHOE OKHO YCTAHOBKH U MMETh
OOMYCTHMYIO BIaKHOCTh. MHUHepaabHbIE U MeTal-
AUYeCcKHe BKIIYEHK S He TOJIbKO AOIYCKAKTCSA, HO
U IIPUBETCTBYIOTCH.

FasuduKanKsa OCyIeCTBISeTCSI, B OCHOBHOM,
C MOMOIBIO TEXHMYECKOTO KHUCI0POJda, a UHO-
rga - BOASHOTO IIapa. B 3aBUCUMOCTH OT pasMepa
$abpHUKM U XapaKTePUCTHUK CHIPbS 3G PEeKTUBHOCTD
nepepaboTKU cocTaBiseT 75-80%.

B IpsAMOTOYHOM IIaXTOBOM peaKTope aTMocdep-
HOro JaBjaeHUs obpabaTbiBaeMble OTXOABL (pHC.2)
IIPOXOAST C/leAyIONHe 3Talbl 06paboTKU: CYHIKY,
NHUPOAM3, TasUPUKALHUIO, YACTHYHOE OKHCIe-
HHe, OKMCJIeHHe, YaCTHYHOe OKHC/JIeHHEe U BOC-
CTaHOBNeHHe. asMPUKALKUA OCYIeCTBAACTCS
B BOCCTaHAaBJIMBAWIIeH aTMocdepe MpU TeMIle-
patypax 1500-2000°C. bonbiras 4acTh YyI/I€BOIO-
pomoOB pasjaraeTcs yXXe B peaKkTope rasupuka-
TOpa, 4YTO AejaeT IMPAaKTHYECKH HEBO3MOKHBIM
nepBUYHOe 06pa3oBaHHe JHOKCHUHOB U QyPaHOB.
OpraHMyecKkre KOMIIOHEHTH OTXOHLOB IIPHU OIY-
CKaHHH BHHU3 II10 TOIIOYHOM KOJOHHE IIOfBepra-
I0TCSI IUPOJIUTHYECKON JeKOMIIO3ULIUU, obora-
mas TOIOYHBIM ra3. 3TOT HHUPOJUTHYECKHI ras
IojlaeTCsl B BBICOKOTeMIIepaTypHY 06/1acTsh, rae
OH IIOYTH IIOJIHOCThIO KOHBEPTHUPYETCSA C IIOMO-
b0 KMCJIOpPOJAa B KayeCTBe rasudukartopa.
OpraHM4YeCcKHUe KOMIIOHEHTHI Pa3/araloTcsa B HU3-
KOMOJIeKY/IApHble COeJUHeHM s IIPU TeMIlepaTypax
0Ko0Jj10 2500 °C.

CoB6CTBEHHbIN ras
Own gas

Kncnopog
Oxygen

HeounleHHbIM ras

Kncnopoga,
Oxygen

Pacnnas
Melts

Puc.2. Cucmema sbicokomemnepamypHol naassujell 2a3udu-
Kayuu: 1 - cywka; 2 —= nupoaus; 3 - 2asudukayus; 4 - okuc-
AeHue; 5 — soccmaHosneHue; 6 - 8cacpi8anue; 7 — OKUCAeHUe;
8 - nnaska

Fig.2. High-temperature melting-gasification system: 1 - drying;
2 - pyrolysis; 3 - gasification; 4 - oxidation; 5 - reduction; 6 - suc-
tion; 7 - oxidation 8 - melting

the direct-flow reactor: drying,
pyrolysis, gasification, partial
oxidation, oxidation, partial
oxidation and reduction (Fig.2).
Gasification is performed in a
reducing atmosphere at tem-
peratures of 1500-2000°C. A
large part of the hydrocarbons is
decomposed already in the reac-
tor, making it virtually impos-
sible the primary formation of
dioxins and furans. When low-
ering down in the reactor col-
umn, the organic components of
the waste are subjected to pyro-
lytic decomposition, enriching
the flue gas. This pyrolysis gas is
fed into high temperature area,

where it is almost completely
converted with oxygen as a gas-
ifier. Organic compounds are
decomposed into low molecular
weight compounds at tempera-
tures of about 2500°C.

Through the use of oxygen as
the primary gasifier, a low con-
tent of nitrogen oxides (NO,)
in the synthesis gas and the
high calorific value of the lat-
ter (2-3 kWh/m?3) are achieved.
In conditions of destruction of
organic materials and passiv-
ation, as well as of the concen-
tration of inorganic materials,
the hazardous substances are
destroyed and recycled.

Thus, after the processing
of waste using high tempera-
ture melting-gasification, vir-
tually complete lack of products
that require further disposal is
achieved, i.e., dust and smoke
are not produced in the envi-
ronment. End products are gas,
heat, stone, metal (Fig.3).

The offered technology and
equipment allow to implement
four main options for the use of
the produced synthesis gas:

« burning with water heating,
electricity generation by the
steam turbine;

« production of heat and electricity
using combined system;

#1/71/2017 NANO INDUSTRY
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2mansl 8bicoKkomemnepamypHoli naassiueli 2a3udukauuu

Stages of high-temperature melting-gasification

TemnepaTtypa, °C
Temperature, °C

MNMpouecc
Process

CbIpbe ¥ AOMO/IHUTE/bHbIE BELLECTBA 3arpy>KatoTCs MpyU TeMrnepaType OKpy>KatoLLern cpefibl i HOPMasbHOM

<100 AaBneHnmn

Raw materials and additional substances are loaded at ambient temperature and normal pressure

100-200

CyLKa Cbipbs, yAaNeHWe COMyTCTBYIOLWEN BOAbI
Drying of raw materials, removal of associated water

BoccTtaHoBNeHMe, CepO0YUNCTKA, YAAIEHNE BMUTAHHOW BNarn u YrnekKncaoTbl, AenosimMmepusanuns, Ha4asio pas-

250 NOXEHNA H,S

Reduction, desulphurization, removal of absorbed moisture and carbonic acid, depolymerization, beginning of
decomposition of H,S

340 KpekuHr anndaTmnyecknx ca3em, Ha4ano otaenenns CH, n opyrux anndaros
Cracking of aliphatic linkages, beginning of separation of CH, and other aliphates

KokcoBaHue

20 Coking

400

Pacnag C—O n C—N cBsA3en, oTAeNIeHNe reTepoaToOMOB
Decomposition of C-O and C-N bonds, separation of heteroatoms

400-600

KoHBepTauus butyma
Conversion of bitumen

KpeknHr 61MTyMa 40 TepMOCTabUbHbIX Cy6CTaHLMI (KOPOTKOLENOYeUHbIX Fa3006pasHbIX Yr1eBoA0POA0B),

> 600

hydrocarbons

CMHTE3 apoMaTUYeCckmx yrieBoL0pOA0B
Cracking of bitumen to thermally stable substances (short-chain gaseous hydrocarbons), synthesis of aromatic

rasmoukaums: cuHtes No/NH; 1 H,S/COS; ranoreHbl MoHOCTbIO B ra3006pasHoi Gpopme (Kak X0pUAbI LLe1oY-

800-1200
metals or HCI)

HbIX MeTannoB nan HCl)
Gasification: synthesis of N,/NH; and H,S/COS; halogens are completely in gaseous form (as chlorides of alkaline

ObpazoBaHMe MUHepPabHOro pacnaasa. MosHoe pasnoXxkeHne apoMaTUYeckmx yrinesofoposos, HCN v opraHu-

1200-2000
formation

4ecKux XI0pMA0B, 06pasoBaHme Caxm
Formation of mineral melt. Complete decomposition of aromatic hydrocarbons, HCN and organic chlorides, soot

O6pa30|3aHV|e >Keneso-meTan/inyeckoro pacnsiasa. Havano MOJ'IEKW'IFIDHOVI anccoumaunn, HUWXKHAA naasMmeHHas

2000-2700 obnactb

Formation of iron-metal melt. Beginning of molecular dissociation, lower plasma region

+ partial conversion to meth-
anol with associated heat
generation during the
synthesis;

« transfer of processed gas to
outside consumers.

The project envisages the
creation of two variants of
reactors with a capacity of
10,000 tons/year and 20,000
tons/year. Gasifying line con-
sists of two reactors, and waste
processing can continue even
if you stop one of them for
service. Thus, the gasifying
capacity of the line is 20,000
or 40,000 tons/year. The modu-
lar structure allows to increase

HAHO MHOVCTPHA #1/71/2017

the complex’s capacity by
installing additional gasifying
lines.

"Self-sustainability" of the
system allows to install it in
the place that best meets the
needs of the region or busi-
ness. This energy source is able
to allow inaccessible regions
to become more autonomous.
Recycling of one ton of waste
provides about 1.6 MW/h of
electricity, or about 380 liters
of diesel fuel. Processing prod-
ucts are used in primary and
secondary production of oil
and gas companies, as well as
in the social sphere.

WASTEWATER TREATMENT

The wastewater treatment system
is created on the basis of univer-
sal technology of electrochemi-
cal activation (ECA). This technol-
ogy enables the use of the same
processes of synthesis of electro-
chemically activated solutions for
water purification, as well as tech-
nical systems with the same type
of electrochemical reactor for use
in a variety of fields. The electro-
chemical systems are developed
and manufactured with capaci-
ties from a few liters per hour up to
several thousand cubic meters per
day, which are used for high-qual-
ity purification and disinfection



NANOTECHNOLOGY

DNeKTpUYecTBo
Electricity

Tonnneo
Fuel

CnHTe3-ras
Synthesis gas

OTxoabl | Waste

Tenno OnpecHeHne
Heat Desalination

Pacnnas
Melt

TennoobMeHHMK
Heat exchanger

%

.
s “.‘v‘
Cnnasbl
Alloys

Puc.3. Om mycopa K noae3HbiM npodykmam
Fig.3. From garbage to useful products

Brnaropapst UCIIONIB30BAHUIO KUC/IOPOJA B KauecTBe
OCHOBHOTO Ta3uGUKATOPA JOCTUTAIOTCS IOHUKEH-
HoOe cofepskaHue OKCHIoB a3oTa (NO,) B CHHTe3-Ta3e
Y BBICOKAs TEIIJIOTBOPHAS CIIOCOOGHOCTD ITOC/IeJHETO

(2-3 kBT1-u/M3). [1IpH pa3pylIeHHH OpraHUYeCKHUX MaTe-
pHaJIoB M MHEpPTHU3alluH, a TaKXXe KOHIeHTPalKHU
HeOpraHMYeCKHUX MaTepHaJioB, OMacHbIe BelleCTBa
pa3pyIIaOTCs U YyTHUIN3HPYIOTCS.

of drinking water, wastewa-
ter, etc. (Fig.4). Models for use in
large water treatment plants and
in individual cottages and apart-
ments are developed and serially
produced.

The main advantages of ECA
over conventional chemical
technologies are environmen-
tal friendliness, efficiency and
versatility.

Environmental friendliness
is caused by the possibility to
completely eliminate or signifi-
cantly reduce the use of chemi-
cal reagents in industrial pro-
cesses requiring the use of water
and aqueous solutions for various

purposes, including in disinfec-
tion and purification of drink-
ing water and also to completely
eliminate or significantly sim-
plify the purification of the sew-
age that is usually necessary at
use of conventional chemicals.

Efficiency is caused by signifi-
cant increase in the efficiency of
processes by reducing labor costs,
time and materials consump-
tion, and by improving the qual-
ity and functional properties of
final products.

The versatility of the ECA
allows to create equipment for
use in the project for drilling,
mining, transportation and

processing of oil and gas (Fig.5).
For example, the ECA allows to
reduce the amount of chemicals
used in drilling on 60-70%; to
increase the mechanical drill-
ing speed in 1,5-2,0 times; to sig-
nificantly reduce environmen-
tal pollution and contamination
of aquifers due to nonchemi-
cal regulation of physicochemi-
cal parameters of drilling fluids
(viscosity, water loss, static shear
stress) and reduction of the crit-
ical area of formation thanks to
the electroosmotic prevention of
the penetration of mud filtrate
into the formation, as well as
through the use of electrokinetic
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TakuM obpa3om, mociie nepepaboTKH OTX0H0B
C KCII0/Ib30BaHHEM BBICOKOTeMIIePATyPHOM IJIaBSIIIer
rasuUKaluy IPaKTUYECKH OTCYTCTBYIOT IIPOAYKTHI,
KOTOpBIe HY>KJAIOTCS B JaJbHeHIIeN yTUIHM3al MU,
TO eCThb IBbIJIb K AbIM He BBIIIYCKAIOTCS B OKPY>Kalo-
myio cpeny. KoHeuHble IPOAYKTHI IIepepaboTKU - ras,
TeIs10, KaMeHb, MeTasl1 (puc.3).

[IpemnaraeMasi TeXHOJTOTHS U 0bopymoBaHUe
II03BOJISIOT Peajku30BaTh YeThIPe OCHOBHAIX BapHaHTa
KCII0/Ib30BAHH A [10JIyYeHHOI0 CHHTe3-Ta3a:

* CCKMUTaHHe C HarpeBOM BOJBI, IIPOH3BOJCTBO
371eKTPOSHEPrUHU IIaPOBOH TYpPOHHOI;
* IIPOM3BOJACTBO TeIIJIO- U 3JIeKTPO3HEepPruH

KOMOMHHPOBAHHOM YCTAHOBKOH;

* YacTH4YHOe ITpeobpa3oBaHUe B METAHOI C IIOITy THOM

TeIlJIoreHepaliiet [Py CUHTe3e;

e Iepefavya OYHINeHHOLO ra3a CTOPOHHeMY
rnoTpeburesnio.

[IpoeKT mmpesycMaTpUBaeT CO3JaHMe IBYX BapHaH-
TOB pPeaKTOPOB C MOIIHOCTBhIO 10 THIC. T/TOf
U 20 ThIC. T/TOoA. Fasubunupyomas TMHHUS COCTOUT
13 IBYX PeaKTOpoB, U MepepaboTka Mycopa MOXeT
IIPOAOJIKATBLCS Aaske B CAydae OCTAHOBKH OJHOTO
M3 HUX Ha obcnykuBaHue. Takum obpasom, Momi-
HOCTbh rasuUIUPYIOIeN JUHHHU COCTaBasgeT
20 TeIC. MM 40 THIC. T/TOA. MoAy/nbHAS CTPYKTypa
[103BOJISieT YBEJIHUYHBATh MOIIHOCTh KOMIIJIEKCA
MyTeM YCTaHOBKH JOIOJHHUTENIbHBIX Fa3suPUI -
PYIOIIUX THHHH.

"CaMO/0CTaTOYHOCTh YCTAaHOBKH I103BOJIsIET
pacmosiaraTh ee B MecTe, Haubojee oTBedarlleM

noTpe6HOCTSIM NAaHHOIO perdoHa UM b6H3Heca.
DTOT HMCTOYHHK 3HEPrHH MOXET II03BOJIHTH
TPYAHOLOCTYIHEIM peruoHaM CTaTh bonee
AaBTOHOMHBIMHU. IlepepaboTKka OZHON TOHHBI
Mycopa obecmeuuBaeT okoso 1,6 MBT/u
3JIEKTPOIHEPTUY MU NpHUMePHO 380 QHU3eTBHOTO
TOIIMBA. [IpOAyKTHI MepepaboTKU HCIIOMb3YIOTCS
B OCHOBHOM H BO BCIIOMOTAaTeJIbHOM IIPOH3BOJCTBE
NpeANpHATHN HepTera3soBoM OTpPac/IH, a TakKxKe
B COLlMAJIBHOM cdepe.

OYUCTKA CTOYHBIX BOA MU BOAONOATIOTOBKA
CHucTeMBbl OYHUCTKH CTOYHBIX BOJ U BOJOIIOATO-
TOBKH CO3/IaHbl HAa OCHOBe yHHBEPCAIbHOI TeXHO-
JOTUH 371eKTPOXHMMHUYECKOM aKTHBaUUHU (9XA).
9Ta TexHoJorusa obecrmeynBaeT BO3MOXKHOCTD
HCIIONIb30BAHHS OJHMHAKOBBIX IIPOIECCOB CHH-
Te3a 3/eKTPOXHMHUYECKH aKTHBUPOBAHHEIX Pac-
TBOPOB [/IS OUMCTKH BOJBI, a TAKKe TeXHHUUEeCKUX
CHUCTeM C OJJUHAKOBBHIM THUIIOM 3JeKTPOXHUMHUE-
CKHX PeaKkTOPOB A/ NPUMeHeHHUS B Pa3sTHUYHBIX
obnacTsx. Pa3pabaTeIBalOTCS M BBIIIYCKAIOTCS 371eK-
TPOXMMHUYECKHE YCTAHOBKHU IIPOU3BOLUTETBHO-
CTBIO OT HECKOJIBKHUX JIUTPOB B HacC [0 HECKOJIBKUX
THICSY Ky6OMeTPOB B CYTKH, KOTOPhIe CIysKaT A
BBICOKOKa4YeCTBeHHOM OYHMCTKHU U o6e33apa’kHBa-
HMS IUTbeBOM BOJBI, CTOYHBIX BOJ U T.II. (PHC.4).
Pa3paboTaHBl U CEPUIHO BHIIYCKAKOTCS MOJETH
IJIs. KCII0NIB30BAHUS KaK Ha KPYIHBIX BOLOOYHCT-
HBIX CTAHIHSAX, TaK U B OTAENIBHBIX KOTTeAKaX
M KBapTHUPaX.

removing of fine-dispersed solid
phase (clay particles smaller
than 10-20 pm in size) from a
drilling fluid, which allows to
exclude the operation of dilution
of the latter.

Various modifications of elec-
trochemical modular compact
systems allow to synthesize
the hydrochloric acid and caus-
tic soda from sodium chloride
solution. Energy consumption
per ton of caustic soda does not
exceed 3000 kW. Simultaneously
with the production of one ton of
caustic soda in the form of a 18%
solution, 0.9 tons of hydrochlo-
ric acid with concentration of
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15% (according to hydrogen chlo-
ride -100%) is synthesized.

Electrochemical devices of
various modifications also help
to clean natural water and turn
it into drinking at almost any
source contamination. Capacity
of a single installation can range
from 20 to 500 liters/hour.

The intensification of the sec-
ondary methods of oil extraction
can increase the oil recovery in
case of injection of the electro-
chemical activated solutions by
5-10% in comparison with the
displacement of the oil by aque-
ous solution of polyacrylamide or
micellar solutions. At the same

time, the consumption of chemi-
cals is eliminated, in particular
of surfactants, and contamina-
tion of the environment is pre-
vented. The energy consumption
of production of ECA solutions is
0.5-0.7 kWh/m?3.
ECA can be used to solve the
following tasks:
 removal of asphaltene sediments
using hot electrochemically acti-
vated water with the preset val-
ues of pH and oxidation-reduc-
tion potential (ORP) and addition
of surfactants;
 bactericidal treatments with
a solution of oxidants from
AQUATRON devices with the
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Puc.4. Dnekmpoxumuyeckas ycmaHoeKa 015 8bICOKOKA4eCmeeHHOL 04UCMKU U 06e33apaXxusanus 800bl
Fig.4. Electrochemical system for high quality purification and disinfection of water

OCHOBHBIMHU IIPEUMYIIeCTBAMU TeXHOJIOTHUU DXA
mepen TPAAHLHMOHHBIMH XHMHUYECKHUMHU TEXHOJIO-
THUSIMU SIBJISIIOTCS 3KOJIOTHYECKas YHCTOTa, 3KOHO-
MHUYHOCTb U YHUBEPCAIbHOCTb.

JKoJIOTHUYEeCKasl YUCTOTA 06yCIOBIE€HA BO3MOXK-
HOCTBIO IIOJTHOCTBIO UCKJIIOYUTH UJIH 3HAYUTEJIBHO
COKPAaTUTh IPUMEHEHHe XUMHYECKUX peareH-
TOB B TeXHOJIOTMYECKUX IIpolLeccax C UCII0Ib30-
BaHHeM BOAHL U BOAHBLIX PAaCTBOPOB Pa3JIMYHOIO

HAa3HAYeHHsd, B TOM YHCJIe IIpU O6e33apa)I(I/IBaHI/II/I
M OYUCTKE IIUThEeBOH BOJbI, 4 TAK>Ke IIOJIHOCTBIO
HCK/IKOYHUTD UJIH 3HAYHUTEJIPHO YIIPDOCTHUTb O9HCTKY
CTOYHBIX BOI, 0OBIUHO HEO6XO,ZLI/IMYIO IIpH IIpUMe-
HeHHHU TPAAHIHMOHHBIX XMMHWYECKHX PeareHTOB.
DKOHOMMUUYHOCTD 3aK/II0OYAeTCs B 3HAYUTEJIbHOM
IIOBBIINI€HHU U 3(1)(1)eI(TI/IBHOCTI/I TeXHOJIOTHYeCKHUX
IIPpOLECCOB KakK 3a CUeT YMeHbIIIeHH 3aTpaT TpyAd,
BpeMeHH H MAT€PHAJIOB, TAK H 3d CUET YyJIYy4dIIeHH s

addition of the corrosion inhibi-

tor or without it;

« flushing of pipelines using solu-
tions on the basis of electro-
chemically activated water
for removing of asphaltene
sediments;

+ flushing of wellbore zones for
intensification of oil produc-
tion using electrochemically
activated water or bactericidal
water-in-oil emulsions on the
basis of electrochemically acti-
vated water.

In transportation of oil and
gas the use of ECA for corrosion
protection of pipelines against
aggressive liquids (stratal, waste

and sea water) eliminates the
need for corrosion inhibitors, pro-
vides 99% protection when power
consumption is 0.016-0.027 kWh
for 1 cubic meter of pumped lig-
uid. This prevents environmental
pollution by inhibitors and corro-
sion products.

The preparation of solutions
of scale inhibitors using electro-
chemically activated water with
controlled pH and redox poten-
tial will provide decrease in a
consumption of inhibitors in
3-4 times while maintaining per-
formance of solutions.

ECA is efficient in electrical
desalting of oil. Before feeding

the crude oil to the refinery the
excess of the dissolved salts must
be removed by addition of water
followed by separation in an elec-
trostatic field. Replacement of
normal water by a cathode acti-
vated allows to speed up the
extraction of salts, to increase
the depth of oil purification from
salts in 3-5 times, to reduce the
required amount of added water
in 2-4 times.

Purification of associated gas
from hydrogen sulfide in the pro-
cess of pipeline transport of oil,
purification of natural gas prior
to obtaining the LNG by using
an electrochemically activated
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Puc.5. MpumeHeHue 3eKmpoxXumu4eckoll akmusayuu 6 npoMbii-
AeHHoCmu
Fig.5. industrial applications of electrochemical activation

KadecTBa U QYHKIHOHAIBHBIX CBOMCTB KOHEUHBIX
IIPOAYKTOB.

YHUBepcalbHOCTh DXA II03BOJISIeT CO34aBaTh
obopynoBaHHUe A/ UCIIONb30BAHUS B PacCMaTpH-
BaeMOM IIpoeKkTe Ipu bypeHuu, gobrvue, TpaHC-

solution of sodium sulfate allows

nopre u nepepaborke HedTH u rasa (puc.5). Tak,
npuMeHeHHe DXA I03BOJIsIeT COKPATUTh PacXol
XMMHYECKHUX peareHToB Ipu bypeHuu Ha 60-70%;
yBeIHUYUTh MeXaHHUYECKYI0 CKOPOCTh OypeHHS
B 1,5-2,0 pa3a; 3HAYHTE/JIbHO YMEHBIIUTH 3aTrPs3-
HeHMe OKpy>Kalolllell cpeAbl U BOLOHOCHBIX FOPH-
30HTOB Oarongaps 6e3peareHTHOMY peryaupoBa-
HHUIO QU3MKO-XMMHUYECKHX IapaMeTpoB 6ypoBhIX
pPacTBOPOB (BSI3KOCTH, BOAOOTAAUM, CTATUYECKOTO
HAINpsS’KeHUS CABUTA) U COKPalleHHUI0 KOJbMa-
TalKHu pu3aboriHom 30HH maacta (I13I1) 3a cueT
371eKTPOOCMOTHYECKOI0 IIPefOTBPallleHHUs IIPO-
HUKHOBeHHUS ¢unabTpata 6ypoBoro pactBopa
B IIJIACT, a TaK>Ke 33 CYeT UCIIOIb30BaAHU S IeKTPO-
KHHETUUYEeCKOTO MeTOAa YAaleHH I MeJIKOJMCIIepC-
HOM TBepAoM ¢a3bl (IMTMHUCTBHIX YaCTHIL pa3mMe-
pom MeHee 10-20 MKM) 13 6ypoBOT0 pacTBoOpa, YTO
I03BOJISIeT UCKIIOYUTH Ollepalikio pa3baBieHUs
[OCJIeJHero.

JJIeKTPOXHUMHUYECKHe MOJY/IbHble KOMIIaKTHbBIe
YCTaHOBKH Pa3JIMYHBIX MOAHUPHUKALIUH II03BOISIOT
CHUHTe3UPOBATh CONSAHYI0 KUCIOTY M KayCTHYECKYIO
COAly M3 pacTBOpA XJIOPHAA HaTpus. Pacxon sHep-
TUU Ha TOHHY KayCTU4YeCKOH COZbl He IIpeBbIIIaeT
3000 xBT. OmHOBpeMeHHO C IIPOU3BOJCTBOM O HOM
TOHHBI KayCTHYeCKOH COfAbl B BUIe 18% pacTBopa
cuHTe3upyeTcs 0,9 T COMSTHOM KHC/IOTH KOHIIeHTPa-
uuen 15% (o xsopuctomy Bogopoay - 100%).

TaxKke, 371eKTPOXHUMHUYECKHE YCTAHOBKH Pa3IUy-
HBIX MOOHUPHUKALMK IIO3BOJSIOT OUYMINATDH IIPH-
POAHYIO BOLY U IIpeBpalllaTh €e B INTheBYIO IIPaK-
THYeCKU NPHU JI060M HCXOLHOM 3arps3HeHUH.

to create waste-free, automated
production that does not pollute
the environment, to eliminate
the use of costly absorbents and
adsorbents (ethanolamines, zeo-
lite), to reduce the loss of gas in
3.5-4.0 times compared to exist-
ing methods.

If to use the cathode-activated
distilled water under pressure of
15 kgf/cm? and with a tempera-
ture of 120°C in the pyrolysis of
straight run gasoline, then the
output of basic products of organic
synthesis (ethylene, propylene,
butadiene, benzene) increases
approximately twice.
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Use of electrochemically acti-
vated potable water in the produc-
tion of chromia-alumina catalysts
for dehydrogenation of paraffin
hydrocarbons (butane and isopen-
tane) provides increase in activity
and strength of the catalyst by 10%.
The technology is developed by spe-
cialists of the Syzran plant for the
production of catalysts with the par-
ticipation of the authors of the ECA.

The technology of emulsion
polymerization of butadiene with
styrene with the use of electro-
chemically activated potable water
allows to improve the efficiency
of production of butadiene-sty-
rene rubbers due to reducing the

consumption of reagents (rosin
soap, chloride and potassium pyro-
phosphate), to increase by 40%
the rate of copolymerization, to
improve the quality of the rubber.
The technology is developed by sci-
entists and specialists of the Kazan
National Research Technological
University and Nizhnekamskshina
with the participation of the
authors of the ECA.

In General, the domestic technol-
ogies and equipment allow to cre-
ate a highly effective comprehensive
system for ecological waste man-
agement in the oil and gas industry,
which meets the modern require-
ments of the world market. [
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I[IpoM3BOOUTENbHOCTh €eJUHHUYHONU YCTAaHOBKU

MOKEeT COCTaBJIATHh oT 20 10 500 j1/4.

TeXHOJIOTHUS MHTeHCHUOHUKALUMH BTOPUUYHBIX
MeTOoJ0B Ho6BIYM He)TH MO3BOJISIET YBEIHUYUTH
HedTeoTHaUy IJIACTOB IMPH 3aKauke B HUX IXA-
pacTBOpOB Ha 5-10% 10 CpaBHEHMIO C BBITeCHEHHUEM
HedTH BOSHBIM PaCTBOPOM IIOJIHaKpHUIAMHUIA UIIH
MHULeJJISPHBIMU pacTBopaMuU. OQHOBPeMeHHO
HMCKJII0YaeTCs pacXxoJ XMMHUYECKUX peareHTOB,
B yacTHOCTH ITIAB, mpemoTBpallaeTcs 3arpssHe-
HHe OKpYyXalolled cpeAbl. Pacxon 3/1eKTpO3Hep-
TUU JJis IoJydyeHUs: DXA-pacTBOPOB COCTaB/IseT
0,5-0,7 kBT -u/m3.

OXA MOKeT IPUMEHSIThCA AJI51 pellleHU ClIefyIo-
KX 3a0a4:

* ymaneHusd acdasbrTeHoCMOJonapadUuHOBHIX
oTnoxkeHUH (ACIIO) ropsiued 3JeKTPOXHUMU-
YeCKH aKTUBHUPOBAHHOM BOJAOMU C 3aJaHHBIMHU
3HaYeHUSIMHU PH M OKMCIHTeIbHO-BOCCTAHOBU-
TeabpHOro rnoreHnuasna (OBII) c nobaBkoH I1AB;

« bakTepunuaHas 06paboTKa pacTBOPOM OKCHAAH-
TOB M3 ycTaHOBOK AKBATPOH ¢ 106aBKO¥ MHIU-
6uTtopa Koppo3uu unu 6e3 TAKOBOH;

* NPOMBIBKHU TPybONpPOBOLOB pacTBOpPaMH
Ha OCHOBE 371eKTPOXUMHUUYEeCKH aKTUBUPOBAHHOM
BOZBI C Lle/blo yaaneHus ACIIO;

e IIPOMBIBKH IIPH3a6OMHBIX 30H CKBASKHH C LIeJIbI0
WHTEHCUGUKAIUU T0OBIYU HEGTU 3TeKTPOXUMHU-
4eCKH aKTHBHUPOBAHHOU BOJOU MM BOAOHeDTSI-
HBIMHU 6aKTePULIMIHBIMH 3MY/IbCUSIMHU Ha OCHOBE
3/IeKTPOXHMHUYECKH AaKTUBUPOBAHHOM BOJBI.
[Ipu TpaHCIIOPTHPOBKe HePTH U ra3a HMCII0Ib30-

BaHHe OXA A/ aHTHUKOPPO3HUIMHOM 3allUTH TPY-

60IpPOBOOB OT ATPECCUBHBIX SKUAKOCTEH (I171aCTO-

BOM, MOPCKOM U CTOYHOM BOJBI) UCKJIIOYAEeT Heob-

XOOUMOCTb IPUMEeHEeHUsI HHTUOUTOPOB KOPPO3HH,

obecrieurBaeT 99%-HYIO CTeIleHb 3 UTHI IIPU Pac-

Xoze 3/IeKTposHepruu 0,016-0,027 KBT -4 Ha 0OLUH

KyboMeTp IepekauyHBaeMOM SKUIKOCTH, YTO [103BO-

nseT NpefOTBPATUTh 3arpsi3HeHHe OKpYy>KalolleH

CpeAbl HHTUOUTOPAaMU U IPOAYKTAMH KOPPO3HH.
TexHOJIOTH S IPUTOTOBJIEHU ST pAaCTBOPOB UHTU-

OHUTOPOB CONEOTIOKEHHUH Ha 3IeKTPOXUMHUYECKH

aKTHBHUPOBAHHOM BOJie C peryJIMpyeMbIMHU 3Hade-

HHUAMHU pH ¥ OKHCIHUTE/IBHO-BOCCTAHOBUTE/IIBHOTO

MOoTeHIIMaa 06ecrevuruT CHUKEHHE PACX0Ha UHTU-

6UTOpPOB B 3-4 pa3a IpU COXpaHEHHH BCeX 3KCILIya-

TAaLIMOHHBIX Ka4eCTB PaCTBOPOB.
9XA 3¢ PexTHBHA U B TeXHOJIIOTUH 3JIeKTpoobec-

conuBaHUS HedTH. Ilepen mogavell celpoll HedTU

Ha HedTermepepabaThIBAIOIIMK 3aBOA U3 Hee yna-

JSIOT U36BITOK PACTBOPEHHBIX COIEH IyTeM 106aB-

JIEHH I BOABL C IIOC/IeAYIOIIMM pase/ieHHeM B 3JIeK-

TPOCTAaTHYeCKOM II0JIe (YCTaHOBKI/I 2JIOY). 3ameHa
0OBIYHOM BOJAB Ha KAaTOAHO-aKTHBHPOBAHHYIO
I03BOJIsIeT YCKOPHUTH IIPOLlecC M3BJIeYeHHU s COleH,
YBEJIHUUYHUTH INIYOHHY OYUCTKH HePTH OT CONeH
B 3-5 pa3, yMeHBIIUTh HEOOXOAHMOE KOTHYECTBO
nobaBiseMoM BOLEL B 2-4 pasa.

OuyucTKa HDOMNYTHOIO ra3a OT CepoBOAOpPOAA
B Ipoiiecce HeQTeIIPOBOJHOIO TPAHCIIOPTA He)TH,
OYMCTKa INPUPOSHOTO rasa Iepej mojy4yeHueMm
CIIT ¢ mOMOIIBIO 3JIeKTPOXUMHYECKH aKTHUBUPO-
BAaHHOI'O PacTBOpa CyabdpaTa HATPHS [IO3BOISAIOT
co3maTh 6e30TX0lHOE AaBTOMATU3HPOBAHHOE IIPO-
M3BOJACTBO, He 3arpsA3HsAIoNee OKPYXKAWILYIO
cpeny, UCKIIOYHUTDh MCIIOb30BAHHE NJOPOrOCTOS-
IUX U HeyJOOHBIX B 3KCIIyaTalluu abcopbeHTOB
U afcopbeHTOB (3TAaHOJIAMHUHOB, I[€0JIMTA), COKpa-
TUTDb IIOTePHU ras3os B 3,5-4,0 pasa 1o cpaBHEeHUIO
C CYILIeCTBYIOUMMH METOLAMH.

Ecniu KaToOAHO-aKTHBUPOBAHHYIO TUCTHUJIIH-
POBaHHYIO BOLY, HAXOOAIIYIOCS IO JaBJieHUEeM
15 krc/cM? ¥ UMeoIyIo TeMIepaTypy 120 °C, npu-
MEeHHUTh B IIHPOJIH3e NPSIMOTrOHHOro 6eH3HHa,
TO BBIXOJ, OCHOBHBIX IIPOJYKTOB OPraHHYeCcKoOro
CHHTe3a - 3THJIeHa, IIPoIuJeHa, ITUBUHUIIA, OeH-
30/1a - Bo3pacTaeT NIPUOIU3UTENIbHO BIBOE.

I[IpuMeHeHHE 3JTeKTPOXUMHYECKHU aKTUBHUPO-
BaHHOU IIHMTHheBOU BOJEI B IIPOM3BOJICTBE a/IIOMO-
XPOMKAJIMeBbIX KaTaIHM3aTOPOB AeTUIPUPOBAHHU S
napapUHOBBIX YITIeBOLOPonoB (byTaHa M H30IeH-
TaHa) obecrmeunBaeT MOBbIIIEHHEe aKTUBHOCTHU
M IIPOYHOCTH KaTajau3aropa Ha 10%. TexHomorus
paspaboraHa cmenuanucrtaMu ChI3paHCKOIO
3aBOJia I10 IMPOM3BOACTBY KaTa/JIM3aTOPOB C yda-
CTHeM aBTOPOB IXA.

TexHONIOrusg >MYy/I1bCHOHHOH MOTHMEPHU3aAL U
JUBHUHHIIA CO CTUPOJIOM C IIPUMEHeHHUEeM 3JIeKTPO-
XMMHYeCKH aKTUBUPOBAHHOU IMHUTbeBOU BOJEI
I103BOJISIeT HOBBICUTh 3P PeKTHUBHOCTD IIOJyUYeHU ST
OUBUHUJICTUPOIBHBIX KAYyYYKOB 32 CYET YMEHb"
IIeHHs Pacxofa peareHToB (KAHUQOIBHOIO MBbLIA,
xJIOpUAa U nupodocdara Kanaus), YBeIHUUUTH
Ha 40% CKOpPOCTbH COIOIMMEepPHU3al MU, IIOBBICHUTH
KaueCTBO KaydyKa. TexHosorus paspaboraHa yde-
HBIMH M CIelHanaucTaMu Ka3aHCKOro XMMHKO-
TeXHOJIOTHUYEeCKOTO HHCTUTYTa U HPOMU3BOACTBEH-
Horo obvenuHeHHUsT "HHUKHEeKaMCKIIHWHA" C y4a-
CTHeM aBTOPOB IXA.

B 1iesiom, mpepJjiaraeMble OTe4eCTBeHHbBIE TeXHO-
70TUU U 060pyOBaHHE II03BOJISIIOT CO3/1aTh BBICO-
KO3PPeKTUBHYIO KOMIIJIEKCHYIO CUCTEMY II0 3KO-
JIOTU4YeCcKoM IepepaboTke OTXOOB B HepTera3oBo
OTpac/iu, KOTOpas COOTBETCTBYET COBPeMEeHHBIM
Tpe6OBAaHUSIM MHPOBOTO PHIHKA. |
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