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OBOPYNOBAHUE
EQUIPMENT

3/H (64) mait 2008 r. 3KCMO3ULIMA

Mpo6neMbl, CBsizaHHbIE C NepdopaLmeil CKBaXuH, CyLEeCTBYOT POBHO CTOSLKO, CKONMbLKO CyliecTByeT caMa HedTeaobbiBatowas
oTpacnb. MHorue cneumanucTbl OGbIOTCA HaA CO34aHMEM TEXHONOruu, KoTtopasi oTBevyarna 6bl NMOHATUIO «KadeCTBeHHas

nepdopauunar.

OIILIT IPUMEHEHUS KOMITJIEKCHOM
INTACTUYECKOH ITEPOOPAILIMN CKBAKHNH
[IEPEJ] OIIEPALIISIMU T'MJIPOPA3PBIBA TIJIACTA

C. MATBEEB | NHXXeHep npoussoacTeeHHoro otaena OO0 «HEKKO» | r. EkaTepuHbypr

3A0AYN NEP®OPALINU

lMpoBeneHne nepdopauun nogpas-
ymMeBaeT OAHOBPEMEHHOE pelleHue psiaa
BaXkHenwunx 3agady. Cpeamn Hux:

1. BCckpbITMe MakcMmarnbHOW NnoLaan aKc-
nnyaTtaluMOHHOW KOMOHHbI C COXpaHEeHu-
€M e€ NPOYHOCTHbIX XapaKTePUCTHUK.

2.CoxpaHeHne LernoCTHOCTU LEeMEeHTHO-
ro KombLa Bbllle W HWXE WHTepBana
nepdopaumm Bo m3bexaHne BO3HUKHO-
BEHWS 3aKOMOHHbIX MEPEeTOKOB W, Kak
cneacteue, npefoTBpalleHue  npex-
AeBpemMeHHoro obBoaHeHMs pobbiBae-
MO HedTH.

3.BocctaHoBneHne unbTpaunoHHO-eM-
KOCTHbIX XapaKkTepucTuk npusaboriHon
30Hbl CKBaXWH nocrie 6ypeHus un npwu
NMOBTOPHOM BCKPbITUM UHTEPBAroB nep-
dopauun B CKBaXXMHax, HaxoasaLWwmxcs B
ONUTENbHOW 3KcnnyaTauum, ¢ 3acopeH-
Hol npusaboiHoi 3oHoM nnacta. Ob6e-
crneyeHne Xxopolwen ruapoguHammye-
CKOW CBSI3M CKBAXWHbl C NPOAYKTUBHbBIM
nnacTom.

Ha cerogHAwWHWA f[eHb cylwecTByeT
BCEro ofHa TexHonorus, kotopas Haubo-
riee NonHOUEHHO 1 OQHOBPEMEHHO pelua-
eT atn 3apgaun. KomnnekcHas MJNACTU-
YECKAA™ nepdopauus cksaxuH (KMMC)
MakcMManbHo 6nuska K onpegeneHuto
«KavyecTBEHHOW nepdopaunmn».

lMpumeHsemass TexHomorMs no3BonseT
6e3ymapHo pocturatb MakcumMarnbHO 6orb-

WOV NoLWann BCKPbITUS  dKCnyaTauuoH-

HOW KOMOHHbI CKBaXWH, COXPaHSAs npu 3TOM

€€ MeXaHWYeCcKyl MpOYHOCTb, MPOU3BOAUTL

[OnCnHMTENBHBE OTBERCTIA

LA LA
TR AR MO ROC TR

HaMblB KaBepH B Npn3aboiHON 30He CKBaXWH
CKBO3b BCKPbITbIE LUENWN TMAPOMOHUTOPHBIMU
CcTpysiMM nepchopaTopoB M OCYLLECTBNSATH
XVIMUKO-KMUCIOTHYI0 06paboTky npusabonHow
30HbI Yepe3 MMAPOMOHUTOPHbIE HAacaaKu nog
[aBreHneMm.

OCOBEHHOCTHU KNnnc

B 4ém xe OCHOBHble npeumyLlecTBa
TexHomnorun komnnekcHon TMJIACTUYE-
CKOW™ TMepdopaunu ckBaxkuH nepeq
cTaHAapTHbIMKM MeTodamu nepdopaunn?
Moyemy Tak cTpemMuTenbHO pacTeT Cnpoc
Ha JaHHbIN BUA cepBuca y Hedprenobbisa-
OLWKUX KoMnaHun?

BckpbiTre akcnnyaTauMOHHbIX KOMOHH
yepe3 obpasoBaHMe NPOAOMbHbIX Lieneun
He $SIBMSIETCA HOBLUECTBOM B HeTSHON
nctopun. OpHako NpuUMeHsemMoe paHee
obopynoBaHne He morno obecneyunTb Xo-
polive pe3ynbTatbl B CUINY MHOXeCTBa
NPUYMH, KakK TEXHUYECKUX, TaKk U TEXHOo-
nornyeckux. W po cux nop HekoTopble
KOMNaHUM nbiTalTCA NPUMEHATb OAHO-
CTOPOHHIO LerneBylo nepdopauuto, no-
narasi, 4TO 9KOHOMSAT CpPeAcTBa, Ha gene
K€ HeCyT HeonpaBAaHHble pacxofbl.

Bo-nepBbix, pa3paboTaHHbIl  KOM-
nnekcHbli MNACTUYECKUA™ Mepdopa-
TOp MO3BONSET BCKPbIBaTb 3KCMnyaTauu-
OHHYIO KOINOHHY cpasy B ABYX MpPOeKuusx,
c dasupoBkon Ha 180 rpagycoB. 370 co-
KpaliaeT Bpemsi paboTbl.

Bo-BTOpLIX, O4HOM M3 0OcCOOeHHoCTewn
KMMNC saBnsetcs BO3MOXHOCTb nNpoBefe-
HUS OpUEHTMpPOBaHHOW nepdopauun: »

Py e iRl

[ASDOMOHMTOPH B (HOPCYHGH

Puc.1 BHewHui Bua MIACTUHECKOIO™ Mepdopatopa

Fig. 1 External View of the PLASTICTM Perforator

EXPERIENCE IN USING COMPREHENSIVE
PLASTIC PERFORATION OF WELLS
BEFORE HYDRAULIC FRACTURING OF
FORMATION

S.MATVEEV, ENGINEER OF THE
PRODUCTION DEPARTMENT, LLC
«NEKKO», EKATERINBURG

The Problems, relating to the perforation of
wells, have been in existence for exactly as long
as the oil producing industry itself has been in
existence. Many experts have been tackling the
challenge of creating a technology what would
be consistent with the notion of «quality perf-
oration».

THE TASKS OF THE PERFORATION

The carrying out of the perforation presup-
poses a simultaneous solution of a number of
important tasks. Among them are:

1. Opening up the maximum area of the prod-
uction string with its strength characteristics
to be retained.

2. Retaining the integrity of the cement sheath
above and below the interval of perforation,
to prevent the behind-the-casing flows from
happening and, as a consequence, to avoid
premature water penetration into the oil pr-
oduced.

3. Restoring filtration and capacity characteris-
tics of the bottom-hole zone after drilling and
during repeat opening of the perforation inte-
rvals in the wells, which have been in lengthy
service with contaminated bottom-hole zone
of the formation. Ensuring good connectivity
of the well with the pay zone.

As of today, there exists only one process
which deals with these issues in the most comple-
te and simultaneous manner. The comprehensive
PLASTIC™ Perforation of Wells (CPPW) is the close-
st to the definition of «quality perforation».

The technology used allows production string
of the wells to be opened over the greatest area,
while, at the same time, maintaining its mechanic-
al strength, cavities in the bottom-hole zone of the
wells to be washed through the crevices opened,
using water jets of the perforators, and chemical
and acidic treatment of the bottom-hole zone to
be carried out through the pressure jet nozzles.

THE SPECIAL FEATURES OF THE CPPW
What are the key advantages of the Compr-
ehensive PLASTIC™ Perforation of Wells over
the standard methods of perforation? Why is
the demand for such a type of service among
the oil producing companies growing so fast?
The opening of production strings through the
formation of lengthwise crevices is not somethi-
ng new in the history of oil production. However,
the equipment, used previously, was not able
to produce good results for many reasons, both
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technical and technological. Many companies
have been trying to use unilateral crevice perfo-
ration to this day, assuming that they are saving
money, while actually they have been going to
unjustified expenses.

Firstly, the Comprehensive PLASTICTM Pe-
rforator developed, allows the production string
to be opened in two projections at the same
time, with 180 degree phasing. This cuts back
on the working time.

Secondly, one of the features of the CPPW
is the possibility of carrying out oriented
perforation: the crevices to be opened can be
oriented in azimuth in the direction of the nat-
ural fracturing of the pay horizons. This enabl-
es companies to make the hydraulic fracturing
of the formation more effective. Orientation is
done using geophysical crews.

The crevices can be opened using staggered
pattern with a phasing of 60 or 90 degrees, whi-
ch makes it possible to cover the formation with
perforation in a circular way and to combine the
opening of the crevice with a maximum quantity
of fluid conducting crevices of the pay formation
and the natural stress zone.

Thirdly, the Perforator opens during one de-
scent a significant area — up to 30 m with the
crevice width of 10-12 mm (the opening area of
one meter of length of the production string is
10-12 times the opening area achieved using
cumulative charges). This maximally reduces
the likelihood of emergency «stops» during the
hydraulic fracturing of the formation. The techn-
ology of Comprehensive PLASTIC™ Perforation
successfully operates both in unperforated wells
coming out of the drilling and in the wells which
have been service for a long period of time. More
than 400 wells have been perforated prior to the
hydraulic fracturing of the formation in the oil fi-
eld of Western Siberia. No «stops» have been
recorded on a single well due to perforation. Mo-
reover, hydraulic fracturing of the formation was
carried out successfully on the wells where, prior
to the CPPW, cumulative charge perforation had
been employed, using Big Hole and Super Jet
charges. After cumulative charge perforation, pr-
ior to the hydraulic fracturing of the formation,
«stops» happened, and on some of the wells
they happened on several occasions.

Additional yield

During 2006, in one of the oil field of Western
Siberia, 115 hydraulic fracturings of the form-
ation using preliminary re-perforation, and 55
hydraulic fracturings of the formation, using the
CPPW, had been made. The results, given in
diagram 1, are based on the data analysis on
170 wells.

The majority of the wells where the hydrau-
lic fracturing of the formation had been made,
had been out of use for a long time. It is rather
difficult to make a comparative analysis and ev-
aluate the efficiency of such wells, since there
is no basis for comparison. Therefore, for the
purpose of analysis, such a parameter was ch-
osen as additional yield of the well, in terms of
oil resulting from the hydraulic fracturing of the
formation, and how it changes in time.

Before the work was begun, the customer’s
technicians had forecast an increase in the oil
yield per one well, after the hydraulic fracturing
of the formation using the CPPW. It amount-
ed to 14.93 tons per day, while an increase in
the case of cumulative re-perforation, equaled
16.19 tons per day, on the average.

BCKpbIBAEMbIE LLEMN MOXHO OPUEHTUPO-
BaTb MO asuMMyTy B HarnpaereHuuM ecTe-
CTBEHHOW TPEeLLMHOBATOCTM MPOAYKTUBHbBIX
rOpM3OHTOB. OTO MO3BONSET KOMMAHUSIM
NoBbICUTb  3P(PEKTUBHOCTL  MPOBEAEHUS
rmgpaBnuyeckoro paspbiBa nnacta. Opuen-
TVpOBaHWE NMPON3BOAUTCS C MPUBINEYEHNEM
reomanyecknx napTun.

BckpbiTne wenen MOXHO OCyLLecCT-
BNSATb B LWaxmMaTHOM nopsigke ¢ dpa3mpoBs-
ko Ha 60 unm 90 rpagycoB, 4YTO MO3BO-
nseT NpoM3BECTU KPYyroBOW OxBaT nracTta
nepdopaumeii U COBMECTUTb BCKPbITbIE
wenn ¢ MakCcumanbHbIM  KONMUYECTBOM
GnonaonpoBoAALLMX  TPELWNH NpOoayK-
TUBHOTIO MfacTta ¥ 30HaMW eCTECTBEHHOTO
cTpecca.

B-Tpetbux, nepdopaTtop BCKpbIBaEeT
3a OAWMH CMYyCK 3Ha4yMTenbHyl nnowaib
— po 30 M ¢ wupuHon wenu 10-12 mm
(nnowaab BCKPbITUA OAHOIO MOTOHHOrO
MeTpa KonoHHbl B 10-12 pa3 npeBbiwaeTt
nnowanb BCKPbITUS KYMYNATUBHbIMU 3a-
psgammn). OTO MakCMManbHO CHUXaeT Be-
POSITHOCTb aBapUNHbIX «CTOMOB» NpKU Npo-
BegeHun MPI1.

TexHonorna komnnekcHon [MJTACTU-
YECKOWN™ MMepdopauum ycnewHo pabo-
TaeT Kak B HenepdopupoBaHHbIX CKBa-
XUHaX, BbIXOAALWMX n3 OypeHus, Tak u B
CKBaXMHax, HaxoAsWMXcs B ANUTENbHOWN
akcnnyatauun. bBbinum npousBeneHbl nep-
dopauun bonee yem Ha 400 ckBaxuHax
nepen nposegeHnemM Pl Ha MecTopox-
neHusx 3anagHon Cubupu. Hu Ha ogHon
13 CKBaXWH He Oblno 3apermcTtpmpoBaHo
«CTOMOB» MO npuynHe nepdcopauunmn. bo-
nee TOroO, ycnewHo 6binu npoegeHsl P
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OBOPYOOBAHUE
EQUIPMENT

Ha ckBaxuHax, rae ao KMrcC ucnonb3osa-
nacb KymynaTuBHasi nepdopauusa 3aps-
fgamu Ttuna Big Hole n Super Jet. MNocne
KymMynsaTusHon nepdopauun nepeq Pl
ObINK NONyYeHbl «CTOMbI», MPUYEM HaA He-
KOTOPbIX CKBaXMHaxX HEOAHOKPATHO.

OOMNONHUTENbHbLIW OEBUT

B TeuyeHne 2006 roga Ha ogHOM u3
MecTopoxaeHuin 3anagHo Cubupu 6bino
nposeaeHo 115 NPl ¢ npeaBapuTenbHbIM
KYMynsaTUBHbIM goctpenom u 55 TPl ¢
NPYMEHEHVEeM TEeXHOMOrnM KOMMMEeKCHOW
MNACTUYECKOWN™ MMepdopauuu. Mpu-
BefeHHble Ha Auarpamme 1 pesynbraThbl
OCHOBaHbl Ha aHanuse AaHHbix no 170-tn
CKBaXXMHaM.

BONbWMWHCTBO CKBaXWH, Ha KOTOPbIX
NpoBOAMMCS FMAPOPAas3pbIB Nnacra, Anu-
TenbHoe Bpemsa npocTtamBanu. Cpenatb
CPaBHUTENbHbIN aHanu3 u oueHky addek-
Ta B TaKMX CKBaXMHaxX [OCTATOYHO CMOX-
HO, TaK Kak oTCyTCTBYeT 6a3a Ansa cpaBHe-
Husi. MoaTomy Ans aHanusa 6bin BbIGpaH
Takow napameTp, Kak [ONOMHUTENbHbIN
Aebut ckBaxuHbl No HedTM OT nposefe-
Hua Pl n ero nameHeHne Bo BpeMeHMU.

Ewe po Havyana paboTt cneunanucTsl
3aKas4ymka CnporHo3upoBanu nNpupocT ae-
6uTa HedpTM Ha ogHY ckBaxuHy nocne [P
Cc npumeHeHuem TexHonorum KMMC. OH
coctasun 14,93 T/cyT., NPUPOCT NpU Kymy-
NSATUBHOM [OCTpENe PaBHANCA B CPefHEM
16,19 1/cyT.

Pasnunuve nnaHupyembix npupocToB
[ebunToB HedTU Npexae BCcero cauaeTenb-
CTBYeT O TOM, YTO CMeLnanucTbl 3akas4im-
ka, 3Hasa npeumywectsa KMMNC nepepn ky-
MYNSTUBHON nepdopauunen, nogdbupanu
bonee cnoxHble N OTBETCTBEHHblE CKBa-
XWHbl ANS NpoBeAeHus TMapaBrnuyecko-
ro paspblBa nnacta ¢ npefBapuTeNnbHbIM
NMOBTOPHbLIM BCKPbITUEM MHTEpPBanoB nep-
dopauun ¢ Mcnonb3oBaHMEM TEXHOMOTUN
Krrnc. »

16,18

1258

KymynaTHeHan nepdopauun

Mnasupyess pononsiTensHeR aeder nedmi or npoeapessn MR, TioyT

. TARTIECHAR GONOMHUTENSHBIA 088U Hedmy o npaeanesmA NPT, TicyT
DNoncnHumensHB gelt Hedmi ot npoeenes NPT Ha kosay roga, ToyT

[Anarpamma 1. C}?aBHeHMe AONONHUTENbHbIX AEOUTOB NOCIe KOMNIIEKCHON
MNACTUYECKOWU™ Mepcpopauum u KyMynaTuBHOW nepcopaumm
Diagram 1. Comparison of additional yield after the Comprehensive PLASTICTM Perforation and

cumulative perforation
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3Kcno3nuua

O6wun 06BLeM AONOAHUTEABHO AOOLITOH HedTH nocre NpoBeAeHUnA
komnaekcHoM MAACTUYECKOU™ MNMepdopauum U ruppopaspbiBa naacra
CyWeCTBEHHO npesbiwaeT 06wmn 06bLem AONOAHUTEABHOWN HEDTU, MOAYUEHHON
NOCAE KYMYAATUBHOW nepdopaumm

M3 gnarpammbl 1 BUOHO, YTO Kak npwu
ucnonb3oBaHumn KMrcC, tak n npu kymynsi-
TVBHON nepdopaunn nocrie npoBefeHns
[P 6bin [OCTUTHYT MNaHOBbLIN NPUPOCT
nebvta HedTn, M ero nokasatenu gaxe
HECKONbKO MpPEeBbICUNN OXuAaemble 3Ha-
YyeHus. OTO roBOpPUT O MPaBWUMbHOM NoA-
6ope CKBaXWH U BbICOKOM KayecTBe Npo-
BeneHus MP.

OpHako B mpouecce 3Kcnnyatayum
CKBaXWH MPOUCXOAUT 3acopeHue npusa-
©ONHOWN 30HbI CKBAXWHbI U, Kak crieacTeue,
yBenuyeHne ruapasrmyeckux ConpoTuB-
NeHnn nNpu punsTpaymm nnacToBbiX Gnw-
npooB yepes npusaboriHylo 30HY nnacTa.
3710 BneyeTt 3a cobol CHMXeHne ebnToB.

KaBepHbl, HamblBaeMble B Mnpu3a-
6oMHON 30He nnacTa Mpu NpPOBEeAEHUM
komnnekcHoi TJNIACTUYECKOW™ ep-
dopauun, 3anonHATCS NPONNaHToOM npu
nposeneHuu MPI1. B pe3ynbrate obpasyeT-
€Sl CBOEro pofa MCKYCCTBEHHO CO3[aHHbIN
necyaHbll pUNLTP C BICOKMM KayeCcTBOM
rTMapooNHaMUYECKON CBHA3WM MeXAy CKBa-
XWUHOMN W yganeHHOW 30HOW MNpPOAYKTUB-
Horo nnacta. O4yeBMAHO, YTO 3acopeHune
TakolW 30Hbl MPOMCXOOUT MEHee WHTEeH-
CUBHO, 4Yem 3acopeHue [3I1 B ckBaxmnHax
nocne nposegeHus NPl ¢ KyMynsaTuBHbIM
[OCTPEernoM, 4YTo MOATBEPANNN M NMONYYEH-
Hble pe3ynbTaThbl.

B nepuog akcnnyatauumn ckBaXuH no-
cne nposefaeHns Pl c npeaBaputensHon
KMMNC He 6bINO OTMEYEHO yBenuveHue
nokasartenew BblHOCA MEXaHU4eCcknx npu-
MeceW, YTo NoATBepAnM Npobbl Ha KO3d-
PVLMEHT B3BELUEHHbIX YacTul,.

Knnc
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CornacHo nocnegHum nokasaTensiM
koHua 2006 roga, KOTOpble OTpaXeHbl B
anarpamme 2, npupocTt gebuta HedTun ot
nposegeHunsa Pl ¢ npumeHeHuem KIMC
cHuauncs Ha 12,5% oT nepBoHayanbHOro
n gocTtur 3HaveHusa 13,13 t/cyT. B 1o Bpe-
Msi KaK Ha CKBaXuHax, roe npoBoAuIcs
P nocne kymynaTuBHON nepdopauumu,
CHWXeHne npowmsowrno Ha 24%, n gonon-
HUTENbHbIN NpUPOCT AebuTta Hed T Ha KO-
Hel roga cocTtaBun Tonbko 12,58 1/cyT.

BbiBOAbI

[MprBeneHHble Bbille AaHHble CBUAe-
TENbCTBYT O TOM, YTO 3PPEKTUBHOCTb
NpoBeAeHNs TMAPaBMMYECKOro paspbiBa
nnacrta BO MHOMOM 3aBUCUT OT KayecTBa
pononHutTenbHon nepdopaunm obbekTa
BO34ENCTBUS.

Ha ocHoBaHWM cpaBHWUTENbHOrO aHa-
nmn3a no 170 ckBaXxuHaMm MOXHO chenaTb
OQHO3Ha4HbI BbIBOA: npoBegeHne [Pl
nocne komnnekcHoit TMNIACTUYECKON™
Mepdopaunn npuHocuT GonbLinii acpdekT
No CpaBHEHUD CO CTaHAAPTHOW Kymynsi-
TMBHOW nepdopaunen. [LononHuTenbHble
nebutbl nocrne KMMC cHuxkatoTca BOBoe
MeaseHHee, YeM Nocre KyMynsTUBHON nep-
dopauuu. Bcneacrteue aToro AnMTENbLHOCTb
achpekTa nocne KMMNC ysennumsaetcs.

OO0wmnmnm ob6bem AONONMHUTENBHO A0OLI-
TOW HedTM nocne NpoBeAeHNs KOMMMeKC-
Hon MNACTUYECKOM™ Mepdopaunn u
ruapopaspbiBa nnacTta CyLlecTBEHHO npe-
BblWaeT obwuii o6bemM AONONHUTENBHOMN
HedTW, NONMy4YeHHON nocne KyMynaTuBHON
nepdopauun. =

KymynaTuenan nepchopauna

. MnasmpyebA QononsHTensHsR Qe ot MR, %
. OoNOHWTE MBI BE0UT HE KOs Maa, %

nwarpamma 2. CpaBHeHMe AWHaAMUKN CHMXKEeHUA OOMNMOJTHUTESIbHbIX ,qe6wroa npu

KomnnekcHon MITACTUYECKOU™ Mepchopaumm n KymynsTuBHOM nepcopaumm

Diagram 2. Comparison of the trend pattern of the additional yields in the case of Comprehensive
PLASTICTM Perforation and cumulative perforation

Differences in the planned oil yield increas-
es, primarily, show that the customer’s technic-
ians, aware of the CPPW advantages over the
cumulative perforation, selected more com-
plicated and critical wells for the hydraulic
fracturing of the formation with preliminary re-
peat opening of the perforation intervals using
CPPW technology.

One can see from Diagram 1 that both when
using the CPPW and the cumulative perforation
after carrying out the hydraulic fracturing of the
formation, the planned increase of the oil yield
was achieved, and its values even somewhat ex-
ceeded the expected levels. This bears out the
correct choice of wells and the high quality of the
hydraulic fracturing of the formation performed.

However, during operation of the wells, the
well bottom-hole zone gets plugged and, as a
consequence, the hydraulic resistance in the
filtration of the formation fluids through the bot-
tom-hole zone of the formation increases. That
results in reduced yields.

The cavities, washed in the bottom-hole zone
of the formation during the Comprehensive
PLASTIC™ Perforation, fill up with proppant,
when the hydraulic fracturing of the formation is
made. As a result, a kind of artificially created
sand filter is formed with high quality of connecti-
vity between the well and the remote zone of the
pay form ation. Obviously, the plugging of such
a zone occurs less intensively than the plugging
of the bottom-hole zone of the formation in the
wells after performing the hydraulic fracturing of
the formation using cumulative re-perforation,
which is confirmed also by the results obtained.

During the well operation after the hydrau-
lic fracturing of the formation with preliminary
CPPW, no increase in the carry-over of the me-
chanical impurities was recorded, which was
confirmed by the samples for the suspended
particles coefficient.

According to the recent data of late 2006 whi-
ch are reflected in Diagram 2, the increase in oil
yield, as a result of the hydraulic fracturing of the
formation using the CPPW, reduced by 12.5% on
the original one, and came up to 13.13 tons per
day. While in the wells, where the hydraulic fra-
cturing of the formation was done after the cum-
ulative perforation, there occurred a reduction of
24% and the additional oil yield, as of the end of
the year amounted to only 12.58 tons per day.

CONCLUSIONS

The data, set forth above, indicate that the
efficiency of the hydraulic fracturing of the form-
ation, in many respects, depends on the quality
of the additional perforation of the object under
the impact.

Based on the comparative analysis of 170
wells, one can make an unambiguous conclus-
ion: the hydraulic fracturing of the formation af-
ter Comprehensive PLASTIC™ Perforation res-
ults in a great effect compared to the standard
cumulative perforation. The additional oil yields
after the CPPW go down twice as slowly as aft-
er the cumulative perforation. Hence, the durat-
ion of the effect after the CPPW increases.

The total volume of the oil additionally produ-
ced after performing Comprehensive PLASTIC™
Perforation and the hydraulic fracturing of the
formation considerably exceeds the volume of
additional oil produced after the cumulative per-
foration.
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PykoBoautens ®enepanbHoii cryGbl MO 3KOMOTMYECKOMY, TEXHOMOMMYECKOMY U aTOMHOMY Haasopy KoHcTaHnTuH [MynukoBckui nopnucan
MocraHosneHne 06 o6crenoBaHWK BHYTPUMPOMBICIIOBLIX TPYGOMNPOBOAOB HEMTAHLIX MECTOPOXKAEHMIT B KOHUE (heBpans Tekyliero roga.
PaGouwe rpynnbl no npoeeaeHuto nposepok PoctexHaasopa B TedeHne 2008 roga nposedyT 06crnefoBaHMs BHYTPUNPOMBICIOBLIX TPyGonpoBoaos

HedTAHbIX MECTOPOXAEHN.

BE3OMNACHOCTb
SAFETY

OBECIHEYEHMUE BE3OIIACHOMH
SKCIJIYATAIIUA

HEDOTEINPOMbBICJIOBBIX TPYBOIIPOBO/JOB

ENSURING SAFE OPERATION OF THE
PETROLEUM PIPELINES IN THE OIL FIELDS

A.P. GLUKHOV, Head of the Department «Qil
and Gas Industry», Research and Educational
Institution «Inter-Industry Institute», Ufa

Constantine Pulikovsky, Chief of the Federal
Service for Environmental, Technological and Nucle-
ar Supervision, signed the Resolution on inspection
of the internal oil field pipelines at the end of this Fe-
bruary. During 2008, the working groups, conducting
the checks of the Russian Technical Supervision, will
inspect the internal oil field pipelines.

The purpose of this inspection is to determine the
length of the pipelines of various applications at each
oil company with actual time of service and actual te-
chnical condition of the internal oil field pipelines. The
Russian Technical Supervision will assess the suffic-
iency of resources and the funds available to the co-
mpany to deal with emergencies and their aftermath
as well as prepare the proposals regarding develop-
ment of normative and legal acts on the operation of
the internal oil field pipelines. The technicians of the
Russian Technical Supervision will be checking the
internal oil field pipelines for their compliance with the
industrial safety requirements and the requirements
on prevention and elimination of hydrocarbon spill-
ages and water.

The following pipelines belong to the internal oil
field pipelines: oil pipelines, high pressure and low
pressure water pipelines and high pressure gas pi-
pelines. In the territory of the Republic of Bashkorto-
stan, 22597 km of oil field pipelines are in operation.
Today, the unsatisfactory condition of the oil field inte-
rnal pipelines constitutes an acute problem. Bursts of
the pipelines with oil spillages cause great economic
damage to the oil producing enterprises. At the same
time, still more relevant are the problems of enviro-
nmental safety; when emergencies occur on the oil
field pipelines a negative effect on the environment
is often irreversible.

Ensuring safe operation of the oil field pipeli-
nes, improving their reliability, in many respects,
depend on resolving the issues of corrosive pr-
otection. At the present time, the most important
factor, causing the reliability of the oil field pipelines
to be reduced, is the internal corrosion, the num-
ber of failures because of which, throughout the
industry, amounts to approximately 90% of their
total. What is of interest is that, today, there does
not exit a single standard which would regulate the
protective measures for the oil pipelines against in-
ternal corrosion. The problem is topical for the oil
field pipelines because the well liquid, in the ma-
jority of cases, presents a rather corrosion prone
medium which is in direct contact with the inner sur-
face of the pipe. One of the most widespread types
of internal corrosion is the so called «groove» wear,
when a whole strain of micro-organisms precipitates
at the point, where the oil pipeline bends, and exc-
retes acids which dissolve steel. For the purpose
of true evaluation of the emergency destruction
risks, caused by internal corrosion, one needs an
adequate evaluation of this process kinetics and

A.N. rnyxoB

3aB. kacbegpon «HedTaHas 1 razoBasi MPOMbILLIIEHHOCTb»

r. Yoa

HOY «MexoTpacneBoi UHCTUTYT»

Llenb npoBeaeHns obcnegoBaHun —
onpepeneHve NpoTsXeHHOCTU Tpybonpo-
BOJIOB Pa3fIMYHOro Ha3Ha4yeHUs B Kaxaown
HedTAHON KOMNaHMU C PaKTUYECKNUM CPO-
KOM aKkcnnyataumm u daktuyeckoe Ttex-
HUYyecKoe COCTOSiHME BHYTPUMPOMBICIO-
BbIX TpybonpoBogoB. PocTexHag3op gact
OLEHKY [0CTaTO4YHOCTM CUN U CPeacTB
npeanpusTUsS ANs NUKBMZauUUM aBapui
M X MOCNeACTBUIA, a Takxe NOAroToBUT
npeanoxeHns no paspaboTtke HopmaTuB-
HbIX MPaBOBbIX aKTOB MO 3KcnnyaTauuu
BHYTPMNPOMBbICMOBbIX Tpyb6onpoBoaoB.
Cneuunanuctel PocTexHaps3opa npose-
pPAT COOTBETCTBME BHYTPUMNPOMBICIIOBbBIX
TpybonpoBogoB TpeboBaHUAM MNPOMBbILL-
neHHon 6e30nacHOCTU W BbINOMHEHNe
TpeboBaHUI NO NMpefynpexaeHno U nnk-
BMAALMMN Pa3nMBOB YrneBOAOPOAHOIO Cbi-
pbs 1 BOAbI.

K BHyTpunpombicrioBbiM Tpybonpo-
BOAaM OTHOCATCA HedTenpoBoAbl, BOAO-
BOAbl BbICOKOTO W HW3KOro AaBMEHUS U
rasonpoBofbl BbICOKOro pAaBneHus. Ha
Tepputopun Pecnybnukun bBbawkopTocTaH
akcnnyatupytotes 22597 KM npoMbICNO-
BbIX TpybonpoBogoB. HeyposnetrBopu-
TeNlbHOEe COCTOSIHME BHYTPUMNPOMbICIOBbIX
Tpy6oNpoBoAOB HedTAHbIX MeCTOPOX-
OeHUn fABnsieTcsa OCTpoW npobnemon Ha
cerogHaWHNN AeHb. [opbiBbl Tpybonpo-
BOAOB C NPOMMBOM HedTU HaHoCAT Gonb-
LWON 9KOHOMMYeckun yuwepb HedTeno-
6biBatowmnmM npeanpuatuam. Ewe 6Gonee
aKkTyanbHbl Mpu 3TOM Mpobnembl 3KOMo-
rmyeckon 6esonacHoOCTW, Npu aBapuax Ha
HedTenpoMbICNOBbIX TpybonpoBogax He-
raTUBHOE BO3JENCTBME Ha OKPYXaloLLyto
NpPUPOAHYI0 cpeay 3ayacTylo ObiBaeT He-
obpaTumMbIM.

ObecneyeHne 6GesonacHoW akcnnya-
TaumMm HedTenpomMbICNoBbIX Tpybonpo-
BOAOB, MOBbILEHNE WX HAAEXHOCTU BO
MHOrOM 3aBWUCUT OT pelleHns npobnem

3aluUTbl OT KOppo3uKn. B HacTosiLee Bpems
BaXkHeWLWUM PakTOPOM CHUXEHUS HagexX-
HOCTM HedTEenpoMbICNIOBbIX Tpybonpo-
BOZIOB SIBMSIETCS BHYTPEHHSI KOPPO3WS,
KONMMYeCTBO OTKA30B MO MPUYUHE KOTOPOW
cocTaBnseT no oTpacnu nopsigka 90% ot
nx obuwero yncna. Yto nHTEpecHo, ceroa-
Hf He cylwecTByeT efuHOro craHjapTa,
KOTOpbIN pernaMmeHTMpoBan Obl Mepbl ANd
3aWwmTbl HePTENPOBOAOB OT BHYTPEHHEN
koppo3uu. [pobnema akTyanbHa Ans
NPOMBbICITOBbIX HE(TENPOBOAOB, NOCKOIb-
Ky CKBaXXMHHasi XXUAKoCcTb B GONbLUMHCTBE
cnyyaeB npepctaBnser cobon Becbma
KOpPpPO3MOHHOONAaCHYI0 cpeay, KoTopas Ha-
XOAUTCS B MPSIMOM KOHTaKTe C OTKPbITOM
BHYTPEHHeW noBepxHOoCTbl Tpybbl. Oa-
HUM 13 Hanbonee pacnpocTpaHeHHbIX BU-
[OB BHYTPEHHEN Koppo3uu siBMsieTca Tak
Ha3blBaeMbIi «kKaHaBOYHbIN» U3HOC, Koraa
uensii WTaMM MWKPOOPraHM3MOB OCax-
paeTcs B Touyke nepermba HedTenposo-
Aa n BblAensieT KUCNOoTbl, pacTBopsioLme
cTtanb. [ns OOCTOBEPHOW OLEHKN PUCKOB
aBapuiiHbIX paspyLlleHnin HedTeNnpoBOaOB
no nNpu4yMHaMm BHYTPEHHEWN KOPpPO3UWU He-
obxoaMMa apekBaTHas OLEHKa KMHETUKM
9TOro npouecca 1M npumeHeHune addek-
TUBHbIX MEP 3aLnTbl OT €ro paspyLimTenb-
Horo BnusiHMsA. Haubonee yacTbiMu npu-
YMHaAMU BHYTPEHHEN KOpPpPO3UK SIBMSOTCSA
aHoManbHoe o6BoaHeHVe AobbiBaemon u
TpaHcnopTMpyeMown HedTu, NOBbILIEHHOE
cogepxXaHue B Hell COeAUHEHUN cepsbl, a
Takxe 3apaXeHHOCTb KOPPO3MOHHOAKTUB-
HbIMW MUKpOOpraHusMamu. AHomanbHoe
06BOAHEHNE NMPOUCXOAUT U3-3a Ype3mMep-
HOro MCNONb30BaHUSA «TSXKenow» (C NoBbI-
LIEHHbIM CONEeCOoAepXaHneM) 3aKoHTYp-
HOWM BOAbl ANS yBeNUYeHUs HedTeoTAaun
nnacTos.

Haunbonee yHuBepcanbHOe 3awwuT-
HOe OeNCTBME MpU BHYTPEHHEN KOPPO3nun
oKkasblBalOT WHrMOUTOpPHLI KOppo3uu, B

OAHMM U3 Haubonee pacnpocTpaHEeHHbIX
BUAOB BHYTPEHHEHW KOPPO3UH ABAAEGTCA TakK
Ha3blBaeMblW «<KaHABOYHbIN» U3HOC, KOTAA
LeAbl WTaMM MUKPOOPraHU3MOB OCaXxAaeTcs
B Touke neperrvba HeGpTEeNPOBOAa U BblIAEAAET
KUCAOTbI, paCTBOPAIOLLUE CTAAb

9
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BE3OMNACHOCTb
SAFETY

OCHOBHOE Ha3HaAYEeHHEe U3ONALUH

- MaKCMMaAbHO YMEHbIUWTb KOHTAKT
NOBEpPXHOCTH TPYOHOM CTaAU C KOPPO3UOHHO-
OonacHOM OKpy)XalouieM cpepom. Yoepeub
HepTENPOBOA OT BHELUHEN KOPPO3UK CNocobHa AULLIb

ANEKTPOXNMUNYECKAA 3alL1Ta

nornoTuTenu cepoBoaopoaa, NpuMeHeHve
r’MBKMX NonMMepHo-MeTannuyecknx Tpyo.
B 3apybexHon npakTuke B 3TUX Lensx
BCE Yalle MPUMEHSIOT BHYTPEHHEe LunaH-
roBoe MoOKpbITUe W3 MnacTuka (Tak Hasbl-
BaeMbli MeToq caHauuu). Mo cpaBHeHUto
C OObIYHbIM W3OMALMOHHBLIM MOKPbLITUEM
OoHO Bornee HafeXHo 1 [ONTOBEYHO, Kpome
Toro, pelwaet npobnemy 3awnTbl CTbIKOB.
[laHHbIN MeToA Ha MNPOTSXEHUU NepBbIX
7-10 net obecneynBaeT NpakTU4ECKU CTO-
NPOLEHTHY0 3awmnTy oT Koppo3un. OpHa-
KO BMOCIEeACTBMM MOKPbITUE UCTOHYAETCH
UnNn TepsieT repMeTUYHOCTb, YTO FpPo3uUT
obpasoBaHMemM  KOPPO3WOHHOW  cpeAbl
MeXAy LUNaHroBbIM PyKaBOM W BHYTPEH-
Hel NOBEPXHOCTbIO TPYObI.

Mpobnema 3awmnTbl OT HapyXHOW Kop-
po3un peluaeTcsa C UCMOMb30BaHMEM Cre-
LmManbHbIX U30NALUMOHHbBIX MOKPLITUIA U Ha-
OEXHOW 3MeKTPOXMMUYecKon 3awmnTel. Ho
camu no cebe NOKpPbITUS HE MOTYT MOMHOC-
Tbi0O WCKMIOYUTL ONAaCHOCTb KOPPO3MOH-
HOro paspylleHus, Tak kak He obnapgatoTt
abcontoTHOM cnnowHocTblo. OcHOBHOE
HasHayeHne M3oNSALUM — MakCUMarnbHO
YMEHbLNTb KOHTAKT MOBEPXHOCTU TPy6-
HOWM cTanu C KOPPO3MOHHOOMACHOW OKpYy-
Xatowen cpefonn. Yoepeub HedTeENPOBOS

OT BHELLHEN Koppo3uum cnocobHa nuub
aNeKTpoxummnyeckas 3awuTa.
ObecneveHne 6GesonacHom aKcnny-
aTauMM M MNOBbILIEHNE [ONTOBEYHOCTH
HedTenpomblcnoBbIX Tpybonposoaos Mo-
XeT ObITb AOCTUrHYTO 3@ CYeT ynyullueHus
KayecTBa MPOEKTUPOBAHWUS W CTPOUTENb-
cTBa Tpyb6oNpoBOAOB, MPUMEHEHNS HOBbIX,
6onee coBepLUEHHbIX KOHCTPYKTUBHbLIX W
TEXHONOTNYECKNX peLleHnin, adhPeKTUBHON
3alMTbl OT KOPPO3UW, COBEPLLIEHCTBOBAHMS
TEXHONOrNM N NPMeMOB TEXHWUYECKOro 06-
cnyxuBaHusa n akcnnyartaummn. Cpean dak-
TOpPOB, BNUSIIOWMX Ha 6Ge3onacHOCTb Mpu
aKcnnyaTauumn HedTenpoMbICNoBbIX TPy6o-
NpoBOAOB, HEMANOBaXHOE 3Ha4YeHne nve-
eT npodeccroHanbHas KOMMETEHTHOCTb
obcnyxusaloLWwmnx cneymanncTos, MoBbl-
LIeHNne OTBETCTBEHHOCTM PyKOBOAUTEMNEMN,
cobniogeHve vMn TpeboBaHWN MPOMBbILL-
NeHHON n akonoruyeckon 6esonacHocTw,
TpeboBaHUN HOPMATMBHBIX W MPaBOBbIX
pokymeHToB. B HOY «MexoTpacneBon uH-
CTUTYT» NPOBOAMTCA NpefaTTecTaumMoHHas
NOAroTOBKa, MOBbILEHNE KBanudukaumm
pykoBogutenen u cneuManuctoB obbek-
ToB HedTerasonobelum, BkNoyaa 6esonac-
HYI0 SKCMnyaTauuio BHYTPUMNPOMbICIIOBbIX
HedTenponpoBoAoOB. =

MNPECC-CNYXBA
POCTEXHAO3OPA

PocTtexHaasop npoBegeT o6crenosa-
HUS1 BHYTPUNPOMbLICNOBLIX TPyGonpo-
BOAOB He(PTAHbLIX MECTOPOXAEHUMN.

MocTtaHoBneHne o6 aTom nognucan
pykoBoautens PepepanbHoin cnyxbel no
9KOMOrM4yecKoMy, TeXHONOrMyeckoMmy W
aToMHOMY Haa3opy KoHcTaHTuH Nynukos-
CKUN. KpavHe HeypoBneTBoputenbHoe
COCTOSIHME BHYTPUMNPOMbICNOBLIX Tpybo-
NpoBOAOB HEPTAHBIX MECTOPOXAEHUN SAB-
nsieTcst OCTPOM NpobnemMon Ha cerogHsLw-
HUA AeHb. OTO HaHOCUT HenonpaBWMbIN
ylep6b okpyxatoLlen cpege.

Pabouune rpynnbl no nposeaeHuto npo-
BepOK hakenbHbIX cucTem HedTenobbIBa-
lowen npomblilwneHHocTn PoctexHansopa
B TeyeHne 2008 roga nposenyT obcneno-
BaHWsi BHYTPUMNPOMbICIIOBbLIX Tpyb6onpoBo-
00B HEPTAHBIX MECTOPOXAEHUN.

Llenb npoBegeHus obGcnepoBaHuin —
onpefeneHne MNpoTsXXeHHOCTM Tpybonpo-
BOJOB PasfNM4HOro Ha3Ha4YeHus B Kaxaou
HETAHON KOMNaHUK C PaKTU4YECKUM CpO-
KOM akcnrnyataumm n akTu4yeckoe TEXHU-
Heckoe COCTOsIHME BHYTPUMPOMbICIOBBIX
TpybonpoBoaoB. B xoge npoBepok GyayT

| g

BbISIBNEHbI TPyb6ONpoBOAbI,
Lune CBOW pecypc.

CneumnanucTel PocTexHaasopa npose-
pPAT COOTBETCTBME BHYTPUMPOMBICIOBbIX
TpybonpoBoaoB TpeboBaHWAM MNPOMbILL-
neHHo 6e30MacHOCTM U BbIMONHEHWE
TpeboBaHU Mo nNpeaynpexneHuio u nuk-
BMAALMMN pPasnuBOB yrneBOAOPOAHOrO Chbi-
pbs U BOAbI.

PocTexHap3op facT oueHky gocTtaTou-
HOCTW CUN W CPeACTB MpeanpuaTus aAns
nVKBMAALMN aBapuin U UX NOCNeACcTBUI, a
Takxe MOArOTOBUT NMpearioXeHus no pas-
paboTke HOPMaTUBHbLIX MPaBOBbLIX AKTOB
no aKcnnyatauun BHYTPUNPOMBICIOBbIX
TpybonpoBoaoB. m

BblpaboTaBs-
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the use of effective protection measures against
its destructive influence. The most frequent reas-
ons for the internal corrosion are abnormal water
content of the oil produced and transported, the
increased content of sulfur compounds in it as well
as the contamination with corrosively active micro-
organisms. Abnormal water content occurs due to
excessive use of «heavy» (with increased salt co-
ntent) edge water to increase the oil yield of the fo-
rmations. The most universal protective action on
internal corrosion is caused by corrosion inhibitors,
hydrogen sulfide scavengers, the use of flexible
polymer metallic pipes. In international practice, for
these purposes, they use, more and more often,
the internal hose coating from plastic (the so called
sanitation method). Compared to the regular insul-
ation coating, it is more reliable and durable; apart
from that, it deals with the problem of protecting
the joints. This method, during the first 7-10 years,
ensures virtually one hundred percent corrosion
proofing. However, subsequently, the coating thins
out and loses its sealing effect which threatens to
form a corrosive medium between the hose and
the inner surface of the pipe.

The problem of protecting against outside corro-
sion is resolved by using special insulation coatings
and reliable electro-chemical protection. However,
the coatings themselves cannot eliminate complete-
ly the threat of corrosive destruction as they do not
have absolute continuity. The principal purpose of the
insulation is to reduce as much as possible the con-
tact between the pipe steel surface and corrosively
dangerous environment. Itis only the electrochemical
protection that can save the oil pipeline from outside
corrosion.

Ensuring safe operation and increased durability
of the oil field pipelines can be only achieved by imp-
roving the quality of project engineering and pipeline
construction, by using new, more sophisticated des-
igns and processes, by means of efficient anti-corr-
osion protection, by improving the technologies and
techniques of technical service and operation. Amo-
ng the factors which influence the safety in operation
of the oil field pipelines, an important role is played
by professional competence of the service technicia-
ns, making the managers more responsible, making
sure that they comply with industrial and environmen-
tal safety, with the requirements of the normative and
legal documents. At the Research and Educational
Institution pre-validation training, refresher courses
for executives and technicians, working at oil and gas
producing facilities, including safe operation of the
internal oil field, are provided.

PRESS SERVICE OF THE RUSSIAN TECHNICAL
SUPERVISION

The Russian Technical Supervision will
inspect the internal oil field pipelines.

The Resolution to that effect has been signed by
Constantine Pulikovsky, Chief of the Federal Service
for Environmental, Technological and Nuclear Sup-
ervision. Extremely unsatisfactory condition of the
internal oil field pipelines is today an acute problem.
It causes irreparable damage to environment. The
working groups set up to inspect flaring systems of
the oil producing industry of the Russian Technical
Supervision, during 2008, will examine the internal oil
field pipelines.

The aim of the investigation is to determine the
length of the pipelines of various applications at
each oil company with actual period of operation
and actual technical condition of the internal oil field
pipelines. During these checks the pipelines which
have reached the end of their service life will be id-
entified.

The experts of the Russian Technical Supervision
will check the internal oil field pipelines for compli-
ance with the requirements of industrial safety and
the requirements on prevention and elimination of
hydrocarbon spillages and water spillages. The Ru-
ssian Technical Supervision is expected to give their
opinion of whether a company’s resources and fun-
ds to deal with emergencies and their aftermath are
sufficient as well as to prepare their proposals regar-
ding development of normative and legal acts on the
operation of internal oil filed pipelines.
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OBOPYOOBAHME
EQUIPMENT

PaccmaTtpuBaloTcsi BONpoChl OCHALLEHUs BbIMyCKaeMbIX HACOCOB TOPLOBbLIMU YNMOTHEHUAMU. C y4eTOM KOHCTPYKLMI YNIOTHEHUIA U
YCroBMIA IKcnyaTauum cpopmynupoBaHbl peKoMeHAaLUMn pa3paboTynkam u NpoM3BOAUTENAM HACOCOB AN Pa3fiMYHbIX oTpacnewn

MPOMBbILWNMEHHOCTMU.

TOPHOBDLIE YIIVIOTHEHHSA 1 HACOCDI
OTEYECTBEHHOI'O ITPOU3BO/ACTBA

END SEALS AND THE PUMPS OF NATIONAL
MANUFACTURE

N.V. SKVORTSOV

Chief of the Department for Micro-Gap
Mechanics, «<ANODE» Research and
Production Center, LLC, Nizhny Novgorod

The issues involved in equipping the pumps
manufactured with end seals are under discu-
ssion here. Depending on the seal design and
operating conditions, recommendations for de-
velopers and producers of pumps in different
industries are given.

The pumps manufactured have a great vari-
ety of designs of the units where the shaft exits
the housing and location of bearing supports. It
is these particular components that significantly
determine the possibility, the feasibility and the
efficiency of using end seals.

There are some of the provisions which
require mutually coordinated decisions on
the part of the pump manufacturers and the
designers of end seals:

« Diameter of the seal chamber is, as a rule,
not enough for the end seal elements, ensur-
ing convenient operation and required safety,
to be located in it (Fig. 1). At the same time,
it is easy to switch over to smaller diameter of
the chamber using a reducer bushing.
Where Lk is the depth of the seal chamber,

Lm is installation distance, Dk is diameter of
the seal chamber, DB is the shaft diameter.

« The depth of the seal chamber on «hot» pumps
must allow the shaft cooler (Fig.1) to be locat-
ed. The shaft has shown itself to perform well in
operation which ensures acceptable operating
conditions not only for the seal but also for the
operation of the pump bearing units.

It would be practical to envisage an air rem-
oval duct from the seal chamber (Fig. 1) to
provide an autonomous enclosed cavity in
the pump which at low pressure at the pump
entry is not filled up completely with the liquid
being pumped and that leads to semi-dry op-
erating mode of the seal and its failure. This
duct can be also used to ensure circulation
through the chamber of the cooled liquid be-
ing pumped and to supply protective liquid
into the seal chamber.

The number of attachment bolts or bolt holes
has to provide not only for the possibility of
installing a seal but also smooth tightening
and reliable attachment when the end seal is
installed. This especially applies to the pum-
ps with horizontal parting line (Fig. 2).

The surface finish of the seal chambers must
provide for sealing components to be instal-
led: rubber and other rings from elastomers,
thermally expanding graphite and other mat-
erials (Figure 3 b).

.

H.B. CKBOPLIOB

HaYanbHUK

oTAena MUKpPO3a3opHOU

r. HmxHun Hosropopa

mexaHukn OO0 HIML «<AHOO»

Bbinyckaemble Hacocbl umetoT Gonbluoe
pa3Hoobpa3ne KOHCTPYKUMA Y3MoB BbIXOAA
Bana 13 kopryca v pacrnonioxeHus nogwmn-
HUKOBbIX OMop. VIMEHHO 3TV 3nemeHThbl Cy-
LLleCTBEHHbIM 0Opa3oM onpeaensoT BO3MOX-
HOCTb, LienecoobpasHocTb N adeKTUBHOCTb
NPUMEHEHNS TOPLIOBBIX YMNOTHEHWA.

Bot HekoTopble nonoxeHusi, TpebyoLne
B3aMMOCOIMAaCcOBaHHbIX PELUEHNIN CO CTOPOHbI
npou3BoanTenen HacocoB M pas3paboTymkoB
TOPLIOBbIX YNIMOTHEHWIA:

* [AMamMeTp CamnbHWMKOBOM Kamepbl, Kak
npaBuro, HeJOCTaTodeH ANS pasMeLleHns B
Hell aNeMeHTOB TOPLIOBOrO YNioTHeHus:, obe-
cneunBarLLnx yaobCcTBO aKcnnyatauum n Tpe-
byemyto 6e3onacHocTb (pucyHok 1). B Toxe
BpeMS MepenTn Ha MeHbLUUA AnameTp Kame-
pbl NErKO C NMOMOLLbIO NEPEXOAHON BTYMKK;

Fne L — ry6uHa canbHUKOBOM Kamepsl,
L, — MoHTaxHoe paccTosHue, D, — anametp
carnbHUKOBOW kamepbl, D, — anameTp Bana.

* mybuHa canbHVKOBOM Kamepbl Ha KrOpsHmnx»
Hacocax [oImKHa NO3BOMSATh pa3meLLaThb B Hel
XOmoaumIbHYK Bana (puc. 1.), OTINYHO 3apeko-
MeHAOBaBLUMI cebs B 3KCnIyaTaLmm, No3so-
NSAOLLMA 06ecnednTb He TOMNBKO Npremnemble
ycrnosusa Anst paboTbl yNnoTHEeHUs, HO 1 And
paboThbI NOALLMMHUKOBBIX Y3MOB HACOCOB;

* LenecoobpasHo npegycMaTpuBatb KaHan
BO3lyXOyAaneHns 13 canbHWKOBOW KaMepbl
(puc. 1), obpasytoLLei B Hacoce aBTOHOMHYO
3aMKHYTYIO MOMIOCTb, KOTOpasi Mpu HU3KOM
[AaBMeHVN Ha BXOAe B HACOC 3arnoriHseTcs
nepekayvBaemMon XWOKOCTbIO He MOfHOC-
Tb0, YTO MPUBOAUT K MOMYCYXOMY PEXUMY
paboTbl YNNOTHEHUS U BbIXOAY €ro U3 CTPOSi.

L

[aHHbI KaHan MOXeT ObiTb MCMONb30BaH
Takke U Ans obecneyveHns LMpKynsaummn ve-
pes3 kamepy OxnaKAeHHOW nepekaymBaemon
KUOKOCTU, U NModayn 3allUTHOW KMOKOCTU B
CarbHUKOBYH Kamepy;

* KONMM4YEeCTBO KpenexHbIX 6onToB unm oTeep-
CTUIA MOA HUX [OSMKHO npedycMaTpuBaTb
He TONbKO BO3MOXHOCTb YCTAHOBKM Carlb-
HWKOBOTO YMIOTHEHWS, HO U PaBHOMEPHYH
3aTSHKKY U HAOEXHOE KpenreHve npu ycra-
HOBKE TOpLOBOro ynnoTHeHust. OcobeHHO
3TO KacaeTcsi HaCoCOB C FOPU3OHTarbHbIM
pasbeMoMm (PUCYHOK 2);

* UNUCTOTa MOBEPXHOCTU CarbHUKOBBLIX Kamep
pormkHa obecneumBaTb YCTAHOBKY YMIOTHU-
TENbHbIX 3IEMEHTOB: PE3UHOBbIX M APYruX
KoreL, 13 anacToMepoB, TEPMOPACLLMPEHHO-
ro rpacdmTa 1 Ap. Matepumanos (pUcyHok 3 6);

a) OTKIMOHEHVEe OT NePneHaVKYNSPHOCT Top-
LIOBOI MOBEPXHOCTU CarlbHWUKOBOW Kamepbl
oTHOcKTenbHO Bana He 6onee 0,1 Mm;

©0) LLepOXOBaTOCTb  MOCAAOYHbLIX MOBEPXHO-
cTel nomkHa 6biTh He Gonee Ra 3,2;

B) HECOOCHOCTb Bara rno OTHOLLEHUIO K CarbHW-
KOBOW Kamepe ynroTHeHust He bonee 0,2 mm.

» TopuoBble NMOBEPXHOCTU CarbHWUKOBbLIX Ka-
Mep AOMKHbl OblTb OTTOPLOBaHblI OTHOCU-
TENMbHO Bana, T. K. YCTAHOBKA YMNMOTHEHUS!
C NepeKkocom NpuBOAUT K BbICTpOMY ero oT-
Kasy (puc. 3 a);

* [OormkeH BbITb onpefeneH cnocob cbopku n
YMNOTHEHWS! TOPU30OHTArNbHOMO CThiKa BEPX-
Hel U HWXHEeW MOMoBWUH Kopryca Hacoca,
T. K. TOPLIOBbIE YMIOTHEHUST UMEIOT (PUKCU-
POBaHHbIA HEU3MEHSIEMbIA AUAMETP  KOp-
nyca unu «narpoHa»; »

Puc. 1 CxeMbl pa3melleHUsi TOPLOBOro YNIOTHEHUS B Hacoce.

I'ae Lk — rny6uHa canbHUKOBOW Kamepbl, LM — MOHTaXHoe paccTosiHue,

Dk — auameTp canbHUKOBOW kamepbl, DB — auameTp Bana.

Fig. 1 Diagram showing the location of the end seal in a pump.

Where Lk is the depth of the seal chamber, Lm is the installation distance, Dk is the diameter of

the seal chamber, DB is the shaft diameter.
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(

[OMKHO yaensATbCs 6onblue BHUMaHUsa obe-
CMEeYeHNI0 COOCHOCTU CarbHUKOBBIX Kamep
1 BanoB HacocoB, T. K. AeTanu TOpLIOBOro
yNnoTHeHusi 6aanpyroTcs Ha obewnx aTux no-
BEPXHOCTSAX, 1 OT 3TOrO CYLLECTBEHHO 3aBu-
CUT Ux paboTocnocobHOCTL (PUCYHOK 3 B);
MOHTaXXHOE pacCTOsiHMe OT TopLa CanbHu-
KOBOW Kamepbl [0 MOALIMMHUKOBOW OMopbl
[OMKHO [JonyckaTb pa3MelleHne B HeMm
TOPLIOBOTO YMIOTHEHUS «ABOWNHOMO» Wn
TMNa «TaHAeM» WnM YacTu ux B criyvae,
ecnn pa3MeLleHne YNoTHEHUs Lenvkom B
carnbHNKOBOW Kamepe HEBO3MOXHO VN He-
uenecoobpasHo (puc. 1);

KOHCTPYKUMSA oHapen M KPOHLUTENHOB
KpenneHns MNOALLUMMHUKOBLIX OMOp Ha-
COCOB [OIKHa [JornyckaTb OpUeHTauuio
LWITYLEepoB NoABoAa-oTBOAAa 3aTBOPHOM
XWAKOCTU B BEPTUKANbHOW MMOCKOCTU.
LUTyuep BXxoga 3aTBOPHOM XUAKOCTM — CO
CTOPOHbI MOALUMMHUKOB CHU3Y MUNKN COOKY,
WTyUep Bbixoda — Gnuxe K Kopnycy Ha-
coca B BEpPTUKANbHON Unn Gnn3Kom K Hen
nnockoctu (puc. 4);

npopesb nop LWTyLep, yCcTaHaBMMBaeMbIi
CBEpXy, AOIMKHA JOMyckaTb BbIXOA, €ro Mnof
YITIOM C Lienbio obecneymnTb AOCTYN K YacTaM
dnaHueBoro pasbéma Kopryca Hacoca;
LenecoobpasHo He pa3mellatb Npopesb
noa LWTyuep BbIXOAA 3aTBOPHON XUAKOCTM
1 caMm LWTyLep B OAHOM MIOCKOCTU C PSAOM
PacnonoXeHHbIMU  KpPenexHbIM1  aeTans-
MK koprnyca. B npoTtvBHOM cnyyae Tpy6o-
npoBoAbl, nogxodsiive K LWTyLepy moryT

Puc. 2 HacocHbIn arperar

C ropu3OHTarnbHbIM pa3beMOM Kopnyca

Fig. 2 Pump Unit with the Housing Horizontal
Parting Line

L

Puc. 3 TpeGoBaHMA K HACOCHOMY arperarty noj yCTaHOBKY TOPLIOBOrO YNiOTHEHUSA
Fig. 3 Requirements to be met by the pump unit where the end seal is to be installed

3aTECHUTb OOCTYN MHCTPYMEHTa K Kpenexy
Hacoca (puc. 4);

* KpenneHue K MPOTOYHOM YacTu Hacoca
Y3rOB YNNOTHEHUS U NOALUMMHUKOBBIX OMop
[OIMKHO [0MycKaTb NMPUCTBLIKOBKY K MPOTOY-
HOM YacTh MOAYNbHbIX GrOKOB, BKIOYato-
LUMX NOALUMIMHUKA CKOMBXEHUSI U YMOTHW-
TenbHble y3nbl 6e3 HapyLleHWs 3CTETUKM
HaCOCHOro arperarta u yxyalweHUs ero aKc-
nnyaTauMoHHbIX Ka4ecTB (puc. 2);

* C Uenbl yHUMKALMM YMIOTHEHWUI Lene-
coobpa3Ho MMETb OAMHAKOBbLIE AMAMETPbI
YMNOTHAEMbIX BarioB [ANsi [ABYXOMOPHbIX
HaCcoOCOB, YTO MO3BOMMT COKPATUTb HOMEH-
KnaTypy 3aMeHsIEMbIX U PEMOHTUPYEMbIX
fetanen ynnoTHeHWN. VIsaMeHeHne aname-
TPOB Bana B MECTe YCTaHOBKW YMIOTHEHUN
[OIMKHO BbITb ONpaBAaHo, T. K. C TOYKU 3pe-
HMS YCT@HOBKM YMIOTHEHWI B HAacoC OHO
HeXxenaTernbHo;

e [OOmKeH ObiTb co3gaH U yTBEPXOEH Tu-
noBol psg No guameTpam  carlbHUKOBbIX
Kamep, OMameTpam YnroTHSAEMbIX Baros,
PacroNOXXEHUIO N KOMUYECTBY KPEMEXHbIX
3NIEMEHTOB, YTO NMO3BONUIIO Gbl UCKIOYUTL
crnyyan HeyBSI3KM YCTAHOBOYHbIX pasMe-
POB UMM HEOOHO3HAYHOrO TONKOBAHUSI UC-
XOAHbIX AAHHbIX 3aKa34uka.

BbinonHeHWe BbllLENPUBEAEHHbIX PEKo-
MeHZauMn n noxenaHwi NPoOM3BOAUTENSAMMU
HaCcoCOB MO3BONUT CYLLECTBEHHO MOAHSTH Ka-
YECTBO U KOHKYPEHTOCMOCOBHOCTb HACOCHbIX
arperatoB, 06neryMT MX 3Kcnryataumio npu
BbICOKOM YPOBHe 6e30nacHoCTU. m

Puc. 4 NMpumep HeKOppPEKTHOrO

pacnonoXxeHusi WTYLLepPOB OTHOCUTENBHO
KpenexHbIX AeTanein

Fig. 4 Example of Incorrect Location of the
Unions with Reference to the Attachment Parts
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a) Deviation from the perpendicular of the seal
chamber end surface with reference to the
shaft to be no more than 0.1 mm.

b) Irregularity of the seating surfaces must be
no more than Ra 3.2

c) The shaft to be off center with reference to
the seal chamber at no more than 0.2 mm.

» The end surfaces of the seal chambers are

to be aligned with the shaft since when a seal
installation is cocked that results in its early
failure (Fig. 3 a).
A method of assembling and sealing the ho-
rizontal joint between the upper and bottom
halves of the pump housing must be determi-
ned as the end seals have a fixed unchange-
able housing diameter or «cartridge».
More attention should be given to ensuring
concentricity of the seal chambers and pump
shafts because the end seal parts have the-
se surfaces as their datum surfaces and th-
eir operability considerably depends on that
(Fig. 3 c).
The installation distance from the end of the
seal chamber to the bearing support must al-
low «double» or «tandem» type end seal or
part of them to be placed in it, the latter being
applicable to cases where the seal cannot be
fully placed in the seal chamber or this is not
practical (Fig. 1).
The design of the canopies and the brack-
ets for attachment of the pump bearing su-
pports must allow for orientation of sealing
liquid entry and exit unions in the vertical
plane. The sealing liquid entry union is to
be located on the side of the bearings at the
bottom or on the side, while the exit union is
to be located closer to the pump housing in
the vertical plane or in the plane close to it
(Fig. 4).
The slit for the union to be installed on top
must allow for its exit at an angle to provide
access to the parts of the flange parting line
of the pum p housing.
It would be practical not to locate the slit for
the union for the exit of the sealing liquid in
the same plane as the attachment parts of
the housing nearby. Otherwise the piping le-
ading to the union may make tool access to
the pump hardware difficult (Fig. 4).
Attachment of the seal and the bearing su-
pports to the flow section of the pump must
allow for the hook-up of modular units flow
section incorporating sleeve bearings and
sealing components without disturbing the
aesthetics of the pump unit appearance and
compromising its performance (Fig. 2).
With a view to commonizing the seals, it wo-
uld make sense to have the same diameters
of the shafts to be sealed for two-support pu-
mps which will limit the range of seal compo-
nents to be replaced and repaired. Change in
the shaft diameter at the point of seal install-
ation must be justifiable, since from the point
of view of seal installation into the pump it is
not desirable.
A type line is to be created and approved
for the diameters of the seal chambers, the
diameters of the shafts to be sealed, for the
location and number of the hardware items
which would rule out possible discrepancies
of installation dimensions or ambiguity of the
customer’s input data.

If the above listed recommendations and

suggestions for the pump manufacturers are

met, it will make it possible to significantly raise
the quality level and the competitiveness of the
pump units, to facilitate their operation with a
high level of safety.



BuicTanka NPOBOAMTCA NPW NoaqepHke
Annapata MpeawoenTta TaTapcTana,
MUHHCTEpCTEA TORTORNA
H BHEWHEIEOHOMHYECKOrD cOTpYanMyecTaa PT,
BEICTABOYHAR KOMNAHWA ToproBo-NpoMbILNEHHOA Nanathl P® 1 PT, Axagemun Hayk PT

15217/0KTAGNA2008]1>

TATAPCTAH, r. AnbMeThEeBCK
MexXAVHaApoAHan
fWIlI cneunannuanposannan
f‘f;ﬁ %THFHH-HM_IIEMH“HH o

hTh

. .!-'-‘I-EEH

xumuﬂbauonoruﬂ a

MNeHepaneHLie m-::hupmauhnunhm napTHepb!:

A
\

@ HErWC 3Kcno TV [TEST TR SFERALS

TREnR T NEFTEGAZS
FREIGHT _ . — :
f,,., *»t =] EXPRESS Neftegas RY

I'I'I'IHHl.]ﬂ'IH BbICTA B
WHdopmaumonHan nogaepxka;

.nl"ll.llllll iF
Ay ACHRARA N

- CELEC.RU>
mmm Safepromuru

W Biomagsounsil MOCT HEm“x ATIHTAN Exr:!:-]m“ wm "'-.—E.—“-[ Emmm

BbicTasouHas Komnavus “Hoeoe TeicauyeneTtue”
423811, r. HabepexHble YenHsl, np. Mupa, 58
T./p. (8552) 38-17-25, 38-87-84, 72-82-93 e-mail: New-m@mail.ru
MNoapobHas wHthopMmauus Ha caiTe: Www.nt-expo.ru




OBOPYNOBAHUE
EQUIPMENT

3/H (64) mait 2008 r. 3KCMO3ULIMA

MbI B ouepeaHou pa3 Bo3BpaLjaeMcs K npobrieMe NPOMbICIOBOM yTUNu3aumm nonyTHoro HedtaHoro raza. Co BpeMeHu npeabiayLmnx
nyoénukauun, 4OKNagoB U aKTUBHbIX AUCKYCCUM MO YMeHbLIeHUIo pakerbHOro ropeHusi Ha MeCToOpOXAEHUAX NPOoLLNo ABa-Tpu roga. 3a
3T roAbl NPOMbICIIOBasi 3HepreTMKa Ha NonyTHOM HedpTAHOM rase nonyyuna 6onbluoe pa3Butue. MocTtaBneHHas Ha rocyAapCTBEHHOM
YPOBHe 3aja4va MpakTU4Yeckyu MOSTHOW yTuUNnmu3auum nonyTHOro HedpTAHOro rasa B HacTosiee BpeMsi obpena pearnibHble OYepTaHUs.
dakenbHble YCTAaHOBKU MOBCEMECTHO GepyTcA Ha yu4eT, yCTaHaBMMBAKTCH pacxofgoMepbl, OXUAAaeMoe Harloroeoe Bo3genCTBUE
aflekBaTHO 06beMy cXuraemMbix yrrneBoAoOpPOAoB.

PEAJINU ITPOMBICJIOBOH
YTUJIN3AIIAMA ITHT

UTtobbl NMPaBUMbHO OLEHUTH  CUTyaLMIo,
BCMOMHVM MpeapblayLine 1 BbiAENMM BHOBb MO-
SBMBLUMECST OOBLEKTUBHBIE pearnbHOCTH, BbiTe-
KatoLLme 13 Hallero onbiTa paboTbl C MONYTHLIM
HedpTAHbIM ra3om npy paspaboTke u akcnnyara-
umm yctaHosok YMTI-P®; YT -OM; YITI-KHC
(TY 3689-001-18161330-2005), obecneuvsato-
Lumx BbIpaboTky 13 MHI" TonnmueHoro rasa.

NMEPBASA PEAJIbHOCTb. Vicueanu Bce co-
MHEHUS!, YTO ra3oMopLUHEBbLIE 3MEKTPOCTaHLM
MoBbIX TUMOB  KOMMIEKTYHOTCS  NMPUBOAHLIMM
ABUraTensiMu BHYTPEHHETO CropaHus, KoTopble
MO TEXHNYECKMM XapaKTEPUCTVKaM, KOHCTPYKLM-
OHHbIM MaTepuanam 1 ycrioBusiM TennoobmeHa
paccumTaHbl Ans paboTbl Ha MPUPOAHOM rase.
[Mpy ucnonb3oBaHMM B KayecTBe TOMMBa Mo-
nyTHOro rasa 6e3 Haanexallen ero NOAroTOBKM
[OEeToHaLvsi U neperpeB apuraternein Hen3eexHb.
Motepu mowHocTn pgocturatoT 50...60%.

BTOPAA PEAJIbHOCTb. Vcueanu Tak-
K& BCE COMHEHMSI B TOM, YTO MOAFOTOBUTL TO-
NIVBHBIN ra3 U3 NonyTHOro rasa 6e3 3MeHeHust
KOMMOHeHTHOro coctaBa [MHI Tonbko nytem
yOaneHns KanerbHbIX XWOKOCTENW C MOMOLLbIO
pasnun4HOro pofda ¢ousTPoB, CernapaTopos, Lm-
KIMOHOB HEBO3MOXHO. [NpakTuyeckuii onbIT nog-
TBEPXKOAET, YTO MO MEHbLLEN Mepe HeOOXOANMO
cKoHAeHcvpoBaTb U yaanuTb 13 MHI dpakumm
C5 n BbicLLKME.

TPETbA PEAJIbHOCTb. O KOMNOHEHTHOM
cocTaee ¥ METaHOBOM 4wncrie. Mbl MHOTOKpaTHO
ybeaunucb B TOM, YTO OrpefereHne xapakre-
PUCTVK MOMYTHOrO rasa Xpomartorpacu4eckum
aHanmaom B cooTBetcTBUM ¢ TOCT 23781-87 He
[aeT I0CTOBEPHbIX pedyrraTos. MNpeskae Bcero

i

Puc. 1 YNITr-KHC-1500

B.M. LLLEPBATIOK

K.T.H.,

reHeparbHbI AUPEKTOP r. Mogonbck

00O «HIM «AToMKoHBEPCY

3TO CBHA3aHO C TeM, YTO Npw OTOope 1 NoAroToB-
ke npobbl rasa dpakumum C5 1 BbicLLMe, onpeae-
nswowme xapakrepuctvkm THIC  npaktnyeckm
yaanstotcs. B otnmune ot npypoagHoro rasa, Ans
KOTOpOro, COBCTBEHHO, U ObiMn paspaboTaHbl
METOAMKM XpoMaTorpadhmyeckoro aHanunsa, NH-
ABMNSAETCS TEPMOAMHAMUYECKN HECTabUNbHLIM
rasom, ornpeneneHme ero KOMMOHEHTHOMO COCTa-
Ba TpebyeT crneumarnbHbIX METOAVIK.

TakoBbl  OOLEKTMBHbIE  OOCTOSTENLCTBA.
Mbl B MOnHOM Mepe yunu ux npu paspaboTke B
2003...2004rT NpyHUMNManNsHO HOBOW MPOMbIC-
NOBOW YCTaHOBKM MOAFOTOBKY TOMIIMBHOMO ra3a
wna YMTT (TY 3689-001-18161330-2005).
YcraHoBkn Tvna YITTT npowwny nomnHbIA LMK
MOCTaHOBKN Ha MPOU3BOACTBO, BKITHOYast OMbITHO-
3KCTMEPUMEHTarbHbIE UCCIENOBaHUS, U3rOTOBME-
H1e TonoBHbIX 0OPa3LOB U UX MOAKOHTPOSIbHYHO
KCnIyaTaumio B MPOMbICTIOBbIX ycrioBusix. YT
cepTnduLUMpoBaHbl, 0OPMIIEHO pas3peLLeHme
PoctexHapgsopa Ha NpuMeHeHVe. YCTaHOoBKM MO-
OyNbHOTO TUMa MOSHOM 3aBOACKON TOTOBHOCTM
(cm. puc.). N3rotaenmneaeTcst HECKOrNbKo Mogudm-
kauu YINTT. SdbdbexTmeHocTb YITIT noateepx-
[aeTcsi MpOCTbIM  CpaBHEHWEM  (DUKCUPYEMbIX
[aTyvMKkamun napameTpoB ABuratens npu pabore
€ro Ha HemnoaroToBMEHHOM MOMYTHOM rase U Ha
TOMMMBHOM ra3e, BblpabaTbiBaeMOM YCTaHOB-
kow. Mpn ncnonbsosaHum YT NONHOCTLIO KC-
KIo4aeTcs NosiBNeHMe KoHAeHcaTa B TOMSIMBHOM
annaparype auratensi. AToT dhakT NoATBEPKAEH
B HaTypPHbIX YCIOBUSIX NPy TEMMNEPATYPE Hapyx-
Horo Boagyxa -50... +30 °C.

Hanbonee BbICOKOTEXHOMOMNYHOM SIBNSIET-
¢ mogudmkaums YINTI-KHC. 3ta yctaHoBka P>

REAL FACTS ABOUT FIELD UTILIZATION OF
ASSOCIATED PETROLEUM GAS

V.M. SHCHERBATYUK

Candidate, Engineering, General Director

LLC «NPP «Atomconverse», Podolsk

We are once again returning to the problem
of field utilization of associated petroleum gas.
Since the previous publications, reports and he-
ated discussions about reducing the gas flaring
in oil fields, two or three years have passed. In
those years, the oil field energy utilization using
associated petroleum gas has developed further.
The issue of practically full utilization of associa-
ted petroleum gas, raised at government level,
has now assumed real outlines. Flaring units are
gradually being taken stock of, flow meters are
being installed, the expected tax burden is adeg-
uate to the volume of hydrocarbons burnt.

In order to evaluate the situation correctly, let us
recall the previous and isolate the newly emerged
objective realities, stemming from our experience in
working with associated petroleum gas, when de-
veloping and operating the UPTG-RF, UPTG-FM,
UPTG-KNS units (Technical Requirements 3689-
001-18161330-2005) ensuring the processing of
associated petroleum gas into fuel gas.

The first fact. All doubts have been dispelled
with respect to the idea that the gas piston elect-
ric power stations of any type are to be complete
with drive internal combustion engines which, in
terms of the technical specifications, structural
materials and heat transfer conditions, are des-
igned for operation on natural gas. When using
associated natural gas as fuel without its proper
preparation, detonation and engine overheat are
inevitable. Loss of power reaches 50...60%.

The second fact. All doubts have been disp-
elled about the idea that to prepare fuel gas from
associated petroleum gas without changing the
component composition of the associated petrol-
eum gas only by removing drop-like liquids using
different kinds of filters, separators, cyclones, is
not possible.

Practical experience shows that at least one
needs to condense and remove from the associ-
ated petroleum C5 fractions and the top ones.

The third fact. Regarding the component co-
mposition and methane number. On many occa-
sions we have been able to see for ourselves that
determining the associated gas characteristics us-
ing chromatographic analysis pursuant to GOST
23781-87 Standard does not produce proper res-
ults. Mainly this has something to do with the fact
that, when sampling and preparing a sample of
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the C5 fraction and top fractions, the characteri-
stics which determine the associated petroleum
gas are virtually eliminated. Unlike natural gas, for
which the chromatographic analysis methodolog-
ies were actually developed, the associated pet-
roleum gas is a thermodynamically unstable gas
and the determination of its composition requires
special techniques.

These are the objective circumstances. In
2003...2004 we took into consideration all of
them, when developing a fundamentally new oil
field unit for fuel gas preparation, UPTG (Technic-
al Requirements 3689-001-18161330-2005). The
UPTG type units underwent a complete cycle of
launching into production including testing and
experimental research, manufacturing prototypes
and their controlled operation in field conditions.
UPTG Units (Unit for Preparing Fuel Gas) are
certified, the license is issued by the Russian Te-
chnical Supervision Authority for them to be used.
The units are of modular type and full factory re-
adiness (see fig. 4). Several varieties of UPTG
are in production. The efficiency of the UPTG is
confirmed by simple comparison of the engine
parameters recorded by the sensors when it is
operated on associated petroleum gas and when
it is operated on the fuel gas produced by the unit.
When UPTG is used, production of condensate in
the engine fuel injection system is fully ruled out.
This fact is confirmed under natural conditions at
the outside air temperature of +30...-50°C.

The most high technology modification of the
unit is UPTG-KNS. This unit ensures preliminary
cleaning, compression, cooling and low temper-
ature condensation of the associated petroleum
gas. As a result, the fractioning of associated
petroleum gas into fuel gas, propane-butane fra-
ction and stable condensate is made.

The experience in operating the UPTG-
KNS units shows that the units of this type are
essentially a gas processing facility of industrial
dimension. The daily output of propane-butane
and top fractions is calculated in hundreds and
thousands of liters.

The intensity of the process of fractioning the
associated petroleum gas is such that utilization
solutions for released fractions are necessary.
Experience shows that the dumping of conden-
sate into the drainage reservoir leads to gas co-
ntamination of the oil field territory. Let us isolate
this circumstance as the fourth objective reality, to
deal with which we provide the UPTG-KNS units
with an additional module for separating fractions
into propane-butane and stable condensate. A
possibility is provided for to return the stable con-
densate into oil with its commercial properties ret-
ained. Special calculation and test methodologies
have been developed to research the component
composition of the associated petroleum gas, the
conditions and quantitative indicators of its fracti-
oning process.

UPTG type units do not have any local or in-
ternational equivalents. We have used a unique
technology of drastically lowering the temperat-
ure during the expansion of the gas flow which
is moving at supersonic speed within the special
geometric profile channel. At the present time,
the UPGT units are operating as part of large in-
dustrial power complexes. The units ensure the
required detonation and heat conditions for the
operation of drive engines. The UPTG type units
are high technology equipment which allows the
issues of industrial utilization of associated petrol-
eum gas to be dealt with.

OBOPYOOBAHUE
EQUIPMENT

Puc. 2 HuskotemnepaTtypHoe cenapauMoHHOe YCTPOMUCTBO.

obecrneuvBaeT NpenBapUTENbHYIO  OYKCTKY,
cxaTue, OXNaXKOeHWe Y HU3KOTEMMNepaTypHYHo
KoHAeHcaumto MHI. B pe3ynsraTe ocyLecTBns-
ercsa dpakumoHnpoBanue MNHIM Ha TonnMBHBbIN
ras, nponaH-byTaHoByt0 dpakuuo 1 cTabunb-
HbI KOHAEHCAT.

OnbIT 3Kkenmnyataumm yctaHosok YITTIT-KHC
MOKa3bIBAET, YTO YCTAHOBKW 3TOrO TuMa SIBMs-
I0TCA MO CyTW fena rasonepepabartbiBatoLLymM
NMPOV3BOACTBOM  MPOMbICIIOBON  pa3MEPHOCTU.
CyTO4HbIN BbIXOA MponaH-0yTaHOBbIX ¥ BbICLLMX
paKuMii UCHNCNAETCA COTHAMMU U ThiCA4aMM
NINTPOB. VIHTEHCUBHOCTL MpoLiecca pakLMOHU-
poBaHusi [MHI™ TakoBa, YTO TPEOyHOTCS peLleHust
Mo yTUNM3aLmm BblaensitoLmxcs dopakumii. Copoc
KOHZEHcaTa B APEHakHY eMKOCTb MPUBOAMT K
3ara3oBaHHOCTU TEPPUTOPUN  MECTOPOXOEHWSI.
Bbloenum ato obctositenscTeo, kak YETBEP-
TYIO OBBLEKTUBHYIKO PEAJIbHOCTb, ans
PELLEHUSI KOTOPON Mbl KOMMIIEKTYEM YCTaHOBKM
YIMTI-KHC pononHutensHeiv 6riokoM ansa pas-
Oenenvst pakumii Ha nponaH-OyTaH 1 cTabunb-
HbI KoHAeHcaT. Obecne4mBaeTcs BO3MOXHOCTb
BO3BpaTa CTaburbHOrO KOoHAeHcata B HedTb C
CoXpaHeHVem ee ToBapHbIX CBOMCTB. Paspabota-
Hbl CneumarbHble PacyYETHO-3KNEPUMEHTarNbHbIE
METOAMKN UCCINEA0BaHNSA KOMMOHEHTHOMO COCTa-
Ba [MHI, ycrioBuii 1 KONMMYECTBEHHbIX MoKa3are-
nen npouecca ero (pakLMOHNPOBaHWSI.

Puc. 3 KomnpeccopHbii 6ok ans cxarusi
NMonyTHOro rasa

YctaHoBk Tvna YIMTI He uvmetoT oOTe-
YecTBeHHbIX U 3apybexxHblx aHaroroB. Hamwu
NpYMEHeHa YHWUKanbHasi TEXHOMOMUsI PE3KOro
CHWXKEHWSI TEMMepaTypbl Mpy PaclUMpPEHUN ra-
30BOrO MOTOKA, ABVKYLLETOCS CO CBEPX3BYKOBOM
CKOPOCTbIO B KaHarne creumanbHOro reomeTpu-
Yeckoro npoduns.

B HacTosilee Bpemsi YITI paGotatoT B
COCTaBe KpYrMHbIX MPOMbICIIOBbIX 3HEPTrOKOM-
nnekcoB. YcTaHoBku obecneunsaioT Tpeby-
eMbll OETOHALMOHHBIA U TENIOBON PeXuMbI
paboTbl NPUMBOAHLIX ABWUraTenen. YCTaHOBKM
Tuna YT asnsatoTcs obopynoBaHMEM BbICO-
KMX TEXHOMOrui, Mo3BOMsLLMM pellaTb 3a-
0aun NPOMbICIOBOW YTUNU3aumMM MOMyTHOroO
HedTAHOro rasa. m
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000 «HIMM «AToMKkoHBepc»

142100, MockoBckas ob6nacTb,
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www.atomkonvers.ru
info@atomkonvers.ru

Puc. 4 ®pakumoHnpoBaHue NonyTHoOro rasa
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Komnanusa OOO «KpadT-M» ycnewHo pa3BuBaeTcs, BHeApsiA HOBenwue
3Hepropecypcocbeperatowme TexHonornn Ha npeanpuaTuax XMAO.

HOBBIM IIO1XO0/] K TEXHOJIOTUSM
JHEPT'OPECYPCOCBEPEKEHUA

Komnanus OO0 «Kpadt-M» npegnara-
eT HeCKOJbKO TEXHOMOTUIA No aHepropecyp-
cocbepexeHuto. OgHON M3 HUX ABRAeTCH
(KCK) MEGAFORCE.

TexHonornsi 0oCHoBaHa Ha CHUXEHWU Curnbl
TPeHWs, BOCCTAHOBIIEHNN N3HOCA B conpsira-
eMbIx AeTansix 3a cyet obpasoBaHus B 30HaX
TPEHNS MeTannokepamn4ecKkoro NoKpbITUS C
aHOMarnbHO HU3KUM KO3 MDULMEHTOM Tpe-
HUS U BbICOKOW WM3HOCOCTOMKOCTbIO. Pop-
MWpOBaHMe MeTannokepaMmyeckoro Ccrnosi
Ha MOBEpXHOCTAX TpeHus petanen obpa-
GaTblBaeMblX MeEXaHW3MOB MPOUCXOAUT B
Tpw atana. B Havyane npouecca npoucxoauT
ouncTKa Mykpopenbeda oT NPoAYKTOB U3HO-
ca, Harapa 1 ipyrux 3arpsisHutenei 3a cyet
OKMCNUTENbHO-BOCCTAHOBUTENbHbBIX CBONCTB
komnosuumum MEGAFORCE (puc.1).

[anee npoucxoguTt CUHTE3 MeTannoke-
pamMM4eckoro Crnost Ha MOATrOTOBMEHHbIX W
OYMLLEHHbIX MOBEPXHOCTSAX Nap TpeHus. 3a
cyeT obpa3oBaHus MeTannokepaMmmyeckoro
cnos yBenuuuBaeTcs nnolaib ocobo Harpy-
YKEHHbIX 30H TpeHus (puc. 2).

3aTem meTannokepaMmyeckmin criom pac-
NPOCTPaHsieTCs Ha BCe TPYLUMECS MOBEPXHO-
CTW B 3@BUCUMOCTMN OT BEMUYMNHbI MPUNOXEH-
HbIX K HUIM KOHTaKTHbIX Harpy3ok (puc. 3).

B xoge dopmupoBaHus MeTannokepa-
MWYeCKOro crnosi Temnepartypa B 30Hax Tpe-
HUS YMEHbLUAETCS!, U POCT TOMLUMHBI MOKPbI-
TS 3amennsieTcs BMNOTb O MOJIHOMO €ero
npekpatieHuns. Takum obpasom, NPoMcxoanT
camoperynsums TONWWHbI 3aLLMTHOrO Crost.

Puc.2. 3tan BTOpOM

3 sTEn

P,
Pwuc.3. 3tan TpeTum

B pesynbraTte gocTturalwTca cnepy-

oune achdeKkTbl:

* YBenuyeHne MeXpeMOHTHOro nepuoga
B 2-2,5 pa3sa

» CHuxeHue ypoBHs Bubpauum Ha 20-25 %

* YMeHblUeHNe LWYMHOCTMN

* CHwxeHne HopMm pacxopa ICM Ha 10-15%

* YnpoyHeHve NOBEPXHOCTU C yBenuye-
HUEM ee YNUCTOThl Ha 2-3 knacca

+ 3awmTa OT NMUTTUHra N SNEKTPOMarHuT-
HOW KOppo3uun

+ CHWXeHWe TemnepaTypbl oOXmfaxapar-
wmnx xunakoctern 0o 20%.
CuHTe3upoBaHHas NoBEepPXHOCTb

yCNoBHO

(puc.4):

1.BoccTaHOBMNEHHOMO CNosi, KOTOpbIA 06-
napgaet obuwen Kpuctannuyeckom pe-
LWETKOW C MeTansioM NoAasI0XKu.

2.T1poMexyTOYHOro, ynpyroro cros.

3. BHellHero, 3alWnTHOro Crosi ¢ aHoMarslb-
HO HU3KUM KO3(PPULNEHTOM TpPEHUSA ”
BbICOKOW M3HOCOYCTOMYMBOCTbIO.

TexHoMnornst yHukanbHa TeM, 4TO, He

BbIBOAA 00OOpyaoBaHME M3 JKchnyaTauuwm,

Nno3BoMnsieT NpoAnuTb pPecypc Yy3noB U

MexaHu3amoB B 2-3 pasa, CHU3UTb MmoTpe-

OneHve anekTpoaHeprun 0o 5%, CHU3UTL

pacxon Tonnuea aBTOTPaAHCMOPTHLIMU

cpeactBamu o 15-20%, ynyywuTb 3Ko-
normyeckme napameTpbl B 2-3 pas3a u TeMm
camblM 3HAYUTENbHO CIKOHOMUTL BloaxeT

coCcTOMT M3 Tpex crioeB

npeanpusTUs.
BblllenepeyncrieHHble  MONoXUTENbHbIE
pesynbTathbl MOMyYeHbl HE Tonbko Mo 06-

paboTke o06oOpynooBaHMS Ha HedTerasoBbixX
NpeanpusaTUsX, HO U Ha TpaHcropte. JaHHas
TEXHONOMS YCNELHO UCMONb3YEeTCs Ha TakKux
npeanpuaTusx, kak OAO «CypryTHedTeras» n
TPaHCMOPTHbIX NpeanpuaTusx CypryTa, Takke
OAO «ABTOBA3», OAO «KAMA3», OAO
«MA3», OAO «MEYEIJT», [lenaptameHT TpaHc-
nopta Mocksbl, OAO «Poccuiickue xenesHble
[0pOrM» U MHOMVX Ap.

Komnanua OOO «KpadpT-M»saensercs
oduumnaneHeiM aunepom LleHTpa Hoen-
wmnx TexHonorun (r. Mockea), obecneymBa-
€T MoCTaBKy OT M3roTOBUTENS KayecTBeH-
Hoi npopykuun. CTpaTermyeckas uenb
KOMMaHuM — npefocTaBleHne KoMmmnnekca
ycnyr, oTBevawolmx TpeboBaHUAM U OXU-
OaHusaM  notpebuTens, ANs  Mnory4vyeHus
npubbinn nyTem COKpalleHUs pacxodoB
[OEHEXHbIX CPeACTB Ha peMOHT obopyaoBa-
HWS M aBTOTpaHCNoOpTa, COKpalleHus pac-
XOJOB Ha TOMNUBO, a Takxe yBenuvyeHue
MEeXPeMOHTHOro nepuoaa obopyaoBaHus n
aBTOTPAHCMOPTHOM TEXHUKN.

Takke OOO «Kpadpt-M» npeanara-
eT YHWKanbHble MO KOMMIEKCY CBOWCTB
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Puc.4. Cnov cMHTe3npoBaHHON NOBEPXHOCTU
BbICOKO3(P(PEKTUBHbIE MHOroLeneBble W

akorormyeckn 6GesonacHble TOMMUBHbIE
KOHAUUMOHEPbl ANs  pasnunyHbiX BWAOB
Tonnuea (am3enbHoe, GeH3UHbl, Ma3yThl),
KOTOpble MO3BOMSAT CHU3UTb 3aTpaTbl Ha
CM n pemoHT TpaHcnopTa. KoHanLmMoHe-
pbl FIREPOWER Ha mMonekynspHom ypoB-
He ynydwatoT kayecTBo ntoboro Tonnuea,
ABMSAIOTCA KaTannaaTopoM TFOpPeHUsi, 4To
cnocobcTByeT Gonee nonHomy ero cropa-
HWIO, COOTBETCTBEHHO, MEHbLUEMY pacxoay
N KapOuHanbHOMY CHWXEHWIO BpeaHbIX
BbIOpOCOB B atMocdepy. Bbicokyto aKOHO-
Muyeckylo 3 PEKTUBHOCTL MNpenapaToB
FIREPOWER noaTtsepaunu MHOrne wuc-
nblTaHUS kak 3a pybexom, Tak n B Poccum.
KoHavumoHepbl  MO3BONSIOT  YBEMUYUTH
MeXpeMOHTHbIN pecypc TC go AByx pas.
[leficTBMe KOHAMUMOHEpa HamnpasBneHo Ha
ynydweHve n kavyectsa 6eH3nHa, BCEX BU-
OB AM3enbHOro TonnvMea v masytoB 6e3
N3MeHeHNN HU3NKo-XMMUYECKOro cocTana,
yctaHoBneHHoro NOCTamu n TY. Takum
obpasom, TonnMBo ¢ AobGaBneHnem KoOHAN-
LUMoHepa He M3MeHsieT napameTpoB, Bre-
KylWnx npeabsaBneHne ocobbix Tpebosa-
HWUIA K ABUTaTeENsm v pasnuyHblM CUNOBLIM
arperatam, B KOTOPbIX OHO MPUMEHSAETCS.
B nonyyeHHoM 3akntioveHun nabopaTtopum
xummortonorun 25 HN MuHo6opoHbl Poc-
CWMN KOHCTaTMpyeTCcs, Y4TO OObIKHOBEHHOE
TOBapHOe Au3enbHOe TOMMMBO C BBEAEH-
HbIM B Hero koHguumoHepom FP 4000 co-
oTBeTcTBYeT TpeboBaHuam FOCT. KnueH-
Tamu aBnsTca notpebutenn 54-x crtpaH
mupa. lMNpoaykums FIREPOWER wucnons-
3yeTcs BO BCEM MUpe yXe Ha MpoTsXeHUn
12-Tn netT. =

000 «KpadpT-M»,

Poccus, 428400,

TroMeHcKasa obnacTb,
XMAO-Orpa, r. CypryT,

yn. MasikoBckoro, a.21a,

ocp. Ne322

T: (3462) 66-83-95, 71-59-94

T. MHOFOKaHanbHbIn: 52-54-24
e-mail: kraft-m@list.ru
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JIABOPATOPHOE OBOPYJOBAHME

LABORATORY EQUIPMENT
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B anpene komnaHun «CMAPT 3neKTPOHUKC» UCNOMHUNOCH LWECTb NeT, Mbl CNeuManu3npyeMcs Ha BbiNyCKe OPUrMHanbHOMN
M KayeCTBEHHOW NpPOMbILIIIEHHOW 1 nabopaTopHoi Me6enu. B nanekom, kak Tenepb kaxertcs, 2002 roay npeanpuaTne Haum-
Hano Kak NnocTaBLYMK KOHTPONbHO-U3MEPUTENbHLIX NPUGOPOB. A YeTbipe roga Ha3aj, Kak BcnomoratenbHoe HanpaBreHue,
NnosiIBUNOCb Npou3BoACcTBO me6enu. U BOT, BbIWNO TakK, 4TO BCNoMoratesfibHbIN 6U3Hec HabupaeT o60pPOTbLI U NOCTENEHHO

DOAHTA3HUU
HA TEMY CTOJIA

npeBpawaeTcs B OCHOBHOM.

OBbIKHOBEHHbIV CTOM NPUAYMarnu O4eHb
1 oyeHb gaBHo. C Tex mop copma ycTosi-
nacb, U CerogHsi COBEPLUEHHO HEMOHSATHO,
4YTO elle B Mpouecce M3roToBMeHus cTona
MOXHO npuayMmatb. ®aHTasus paspaboTyn-
koB mebenu B « CMAPT 3nekTpoHuKC» Bep-
TUTCS BOKPYT ABYX IMaBHbIX XapakTePUCTUK
— Xxou4eTcs, 4TobObl COBpeMeHHoe pabouee
MECTO OJHOBPEMEHHO GbIN0 PYHKLMOHArb-
HbIM U pagoBarno rnas ceoumu chopmamu. A
NMoMOratT UM B 3TOM yYeHble U COTPYAHUKM
nabopartopuii, ¢ KaxabiM roooM obHOBMss
3anpocbl. Ecnn paHblie ans onblitoB 6bIn0
[0CTaTO4YHO OOLIKHOBEHHOrO CTona Ha Ye-
ThIpEX HOXKax, TO CerofHsi usmkam unu
3MeKTPOTEXHUKAM, K NPUMEPY, HY>XEH CTOn,
obnapatoLwmn aHTUcTaTM4eCKMMMN CBOMCTBa-
MU, MOTOMY YTO CTaTU4eCKOe 3reKTpuye-
CTBO, BUAUTE NN, MOXET BbIBECTU U3 CTPOS
npmubop CTOMMOCTbIO Gonee MUMNMOHa py-
6nen. Xumnkam Heob6xoanuMbl CTONELUHNULbI,
yCTONYMBBIE K OENCTBUIO KUCMOT U Leno-
Yel, KOTopble, K TOMY K€ He TEPSIOT BHELU-
Hero rocka u nerko mototcsi. o By30BCKUM
npeacTaesneHnsm wmebenb [omkHa ObiTb
KpacuBOW, 3PrOHOMWYHOW W...HE OOPOron.
Mpu aToM oHa pomkHa ObITb AOCTaTOYHO
NPOYHOWN, YTOObI CKyyalolme B ayauTopusax
o6onTyckl He Mornu ee cnomMaTtb. [ns aToro

Mbl pacrnonaraem CoBpeMeHHbIMU MaTepuna-
namu, KOTopble YCTOWYMBBLI K UCTUPAHUIO U
He MO3BONSAT [axe YepTOYKU Ha MoBepx-
HOCTU Ha4yepTuTb. [oBEPXHOCTL — 3TO eLle
nongena, ewe crneuvanbHas TopLoBka Ae-
naeTt Kpaw CTOnewHnLbl HeobbIKHOBEHHO
NPOYHON — BPEMEHW OAHON «napbl» BaH-
[anbCTBYIOLWEMY LUKONSPY TOYHO HE XBaTWT,
4YTOObI BHECTU B KOHCTPYKLMIO CTOMNa Hexe-
natenbHble 3MeHeHns. C pas3ButTuemM Hay-
KW'y Tex, KTO el 3aHUMaeTcsl, BO3HMKaeT no-
TpebHOCTb pa3melyatb Ha ogHOM paboyem
MecTe Kak MOXHO 6onblue pasHoobpasHbIX
npubopoB n obopyaosanus. [losiBnstoTcs
HOBble Hay4Hble HanpaBneHus, TpebyoLne
COBMECTHOrO pasMeLlleHns Takow annapa-
Typbl, KOTOpasi paHblle COBMECTHO He WuC-
nonb30Banock, He roBops ye O TOM, YTO
CO BpeMeHeM MHorve npubopel MeHSIT ra-
6apuTbl 1 BeCc — cTaHOBATCA Bonee nerkumm
N KOMMaKTHbIMK. [ToMUMO 3TOro yxecTova-
toTcA TpeboBaHUa kK Mebenun ¢ TOYKN 3peHns
TUrMeHbl U 3proHoMuku. [enicTBUTENbHO,
6e3 paHTasum BaHanbHble cTOnbl Aenatb
CKy4HO. Ecnv nocmMoTpeTb WMPOKUM B3rns-
[IOM, OKaXeTCsi, YTO Auanas3oH 3akasos, C
KOTOPbIMU MPUXOAUTCA CTaNKMBaTbCA HaM,
YypesBblYaliHO LUMPOK: OT cTona M3 Kepa-
MorpaHuTa Ansi npenapaTopckoi A0 Takoro

yyfa, Kak nabopaTopHbIii CTON C BHYTPEH-
Hew NOACBETKOW creunanbHO ANs 30M0TbiX
npuuckos. LTy4yHas paboTa. CerogHs npea-
npustne «CMAPT 3nekTpoHuKe» npogaet
NPOMbILLNEHHYIO N nabopaTopHyto mebenb
n B Axkytck, 1 B MaragaH, u B lNeTponas-
nosck-Kamuatckuit, B Mocksy, [MeTepbypr
n KanunvHrpag — Goree 4em ob6wuvpHas
reorpacusi. 3apyOexHblii PbIHOK TOMbKO
HayMHaeT ocBamBaTbCA — Tak B MPOLUIOM
rony «CMAPT 3nekTpoHuKC» nocTaBnsna
Mebenb B ApMeHuto, ycnelwHo paboTtana c
KasaxctaHom u benopyccuei. m
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ABTOMaTMYeCKME CUCTEMbI ynpaBrieHUsi Bce Gonblue BXOAAT B Hally XU3Hb. MepcoHanbHbIM KOMNLIOTEPOM Ceiyac yxe He yau-
BULLb Aaxe nepBoKnaccHUKa. ABTOMaTUYECKME CUCTEMbI HEKOTOPbLIX COBPEMEHHbIX aBTOMOGUIEN He Ha MHOro yCTynarT cucteMam
camorneToB. OgHaKo He Ansi KOro He CeKpeT, YTO (POHTaHHbIe apMaTypbl HETAHbLIX U ra3oBbIX CKBaXXWH B CBOEM GONbLIMHCTBE A0
CUX MOp ynpaernsloTcA BPyUHyto. OT4acT 3TO 0GYyCrOBNEHO UCTOPUYECKU CIIOXKMUBLUMMUCSH OGCTOATENbLCTBAMU U 3KOHOMUYECKUM

PA3BBUTUE ABTOMATU3AIINHU U

COBEPHIEHCTBOBAHHUE CHCTEM YIIPABJIEHHUS
®OHTAHHBIMUA APMATYPAMU HE®TSHBIX U TA30BbIX CKBAXWUH
B COBPEMEHHBIX YCJIOBUSIX

c¢hakTopom.

W.I. TIAYYTUH
B.[. FPULIEHKO

Bes aBTOomMaTuzauuMm HEBO3MOXHa 0es-
onacHasi aKcnsyaTaumsi CKBaXKMH Ha MECTOPOX-
neHvn. N Takum MecTopoXaeHMeM sBRsieTcs
AcTpaxaHCKoe ra3oKOHAEHCAaTHOE MECTOPOX-
OeHue.  AcTpaxaHckoe  ra3okoHAeHcaTHoe
MeCTopoXaeHve, oTkpblToe B 1976 rogy, He
MMeeT aHanoroB B Poccun n xapaktepusyet-
CS1 MOBbILIEHHBIM COAEPXaHWEM arpecCuBHbIX
KOMMOHEHTOB B COCTaBe ra3a, MX KOPPO3WOH-
HOW arpeCcCUBHOCTbIO M TOKCUYHOCTBLIO, Hanu-
4YMeM aHoMasibHO BbICOKOTO MNiacToBOrO AaB-
TNEHVS1 C BbICOKUM KOHAEHCATHbIM (haKTopoM,
a TaKKe CIOXHbIM reornorM4eckum CTPOEHUEM
3anexu. lnactoBasi cMecb, M3BMeYeHHas U3
NPOAYKTUBHOIO MiiacTa, Haxo4siLLEerocs Ha rry-
6uHe 3900-4100 MeTpOB C Ha4anbHbIM MacTo-
BbIM JdaBneHvem 63,5 MlMa n Temnepatypou
107°C, copepxut oo 25% cepoBogopoda, 4o
15% yrnekucnoro rasa u ra3oBbii KOHAEHCAT
po 20 r/m®. lMoatomy 3pmecb aBTOMaTM3auus
ABMNSIETC HEOTbEMIEMbIM U 0b6A3aTeNbHLIM
TpeboBaHMEM TEXHOIOMMYECKOTO MNpoLiecca Ao-
ObI4Y 1 TPAHCMIOPTUPOBKY YITIEBOAOPOAOB.

VIMEHHO Ons 3TOr0 MEeCTOpPOXAEHUS, Ha-
ynHasa ¢ 1998 roga, MHAHCOBO-MPOMbILLMEH-
Hast komnaHusa «Kocmoc-Hedtb-Ma3»  Hadana
paspabatbiBaTb, U3roTaBNMBaTb U MNOCTABMSATH
poccurickoe obopynoBaHue, obecnedmBatoLLee
aBTOMaTM3MpPOBaHHYH A00bI4y ra3okoHaecaTta,
B3aMeH MMMopTHoro. Havbonee oTBETCTBEH-
HbIM TakMM 06OpPYyA0BaHVEM SBMSIETCS CTAHLMS
oHTaHHoro komnrekca CPK-60.

CTaHumMsi COBMECTHO C NUITOTHBIMU YCTPOK-
CTBaMM W NNaBKOW BCTABKOW, BXOAALWMMU B
COCTaB CTaHUuuW, npegHa3HavyeHa Anst AucTaH-
LIMOHHOTO, aBTOMaTUYECKOrO M PYYHOTO yrnpas-
nenus choHTaHHoW apmatypon. COK 60 ynpas-
nsiet cTBonoBol 3apsuxkon (C3) n Gokosow

®oto 1

CTaHumsa cpoHTaHHOro Komnnekca
C®PK-60 B akcnnyarTaumum Ha AcTpaxaHCKOM
ra3oKOHAEHCAaTHOM MeCTOPOXAEHUU

Fig. 1 X-tree station SFK60 in operation at the
Astrakhan Gas Condensate Field

3aaBswxkon (B3) nocpeactsom nHeBMoONpuBoaa

1 nogseMHbIM kranaHom-otcekatenem (MKO)

nocpeacTBOM MMApPaBIMYECcKoro npueoga.

CraHuus obecneynBaet:

* OTKPbITWE U 3aKpbITHe (DOHTaHHOW apmaTypbl
B 3ajaHHOV MocrneaoBaTenbHOCTY;

* aBapuiHOEe 3aKpbiTe (POHTAHHOW apMaTypbl
1 NOA3EMHOrO KrnarnaHa-otcekaTens npu rno-
Xape M aBapuiHOM W3MEHEHWU [OaBreHus
MarmcTparnbHOro rasa Bbille Wnu Huke [o-
nycT1MOro;

* [OWCTaHLMOHHOE  OTKIIIOYEHME  CKBAXKMHbI
orepaTopoM C LieHTparbHOro nyrnsta ynpas-
TNEeHVS NO 3NEeKTPUYECKO KoMaHae;

* BO3MOXHOCTb MECTHOTO PYYHOrO BKITIOHEHNS
N OTKIMOYEHUST CKBAXKUHBI.

CerogHs yxe Hasperna HeobxoaMMOCTb
MofepHU3aLmmn 3Ton CTaHumn. M B HacTosiLee
Bpemsi no 3agaHnio OO0 «[lasnpom-4obblya-
AcTpaxaHb» BegyT Takue paboTbl. HoBas ctaH-
L, koTopasi npuaeT Ha cmeHy COK-60, byper
UMETb B CBOEM COCTaBE 3fIEKTPOHHbIA Grok
ynpaeneHus. bnok ynpaeneHus Ha 6a3e npo-
rpaMMVpyeMOro  FIOrMYEeCKOro  KOHTponrepa
(MJIK) npegHasHaveH ans cbopa 1 0b6paboTkm
aHanoroBbIX N ANCKPETHBIX NHOPMALMOHHBIX
CUrHasmoB C MepBUYHbIX NpeobpasoBaTtenei un
npubopoB, koTopble ocHaLleHbl HART npoToko-
oM, MO3BONSAOLMM OCYLLECTBIATL KOHTPOMb
3a 1X COCTOSIHUEM, a Takke ANs (hopMUPOBaHKA
1 Bbl4auu ynpasnsioLLyx BO3AENCTBUIA Ha OOb-
eKTbl ynpasneHus. bnok ynpasneHusi peanu-
30BbIBAET BbINOMHEHNE 3a4aHHOMo anropuTMa
paboTbl CTaHLUMM B @BTOHOMHOM W AUCTaHLIMOH-
HoMm (oT ACY TT1 ckBaxWHbI) pexxumMax yrpasre-
Hus ®A. ViHdbopmauums ¢ brioka ynpaeneHms Kak
nepegaetcs B ACY TI1, Tak n otobpaxaercs Ha
3IIeKTPOHHOM AVCrfiee CTaHLmN.

MeHsieTca nonoxeHve [en He TOnbKo
Ha TaKWX CMOXHbIX MECTOPOXKAEHUSIX, Kak
ActpaxaHckoe. [Npu paspaboTke HOBbIX Me-
CTOPOXOEHW, Takux Kak BboBaHeHKoBCkoe,
XapaKTepu3yIoLLMXCA HEe CTOMbKO arpeccus-
HOCTbIO 40ObIBaEMbIX YINEeBOAOPOAOB, CKOMBKO
CYpOBbIMW CEBEPHBIMY  YCIOBUSIMW  Pacrorno-
XKEHUs1, y)Ke Ha aTane npoekta no obycTpoun-
CTBY MECTOPOXOEHWNA MpeaycMaTpuBatoTcs
CMCTEMbl aBTOMAaTU4ECKOTO YrpaBreHus Tex-
HOMOrMyeckM npoLeccoM AobblYM yrneBoao-
POAOB, B TOM YMCIe U CTaHUMEN ynpaBneHust
oHTaHHBIMM apmaTtypamu. CneumanbHo Ans
TaKUX yCrnoBui Oblna co3gaHa CTaHums ynpas-
neHust poHTaHHbIMKM apmatypamm CYDA-12.
CTaHumsa ycrnewHo npoluna npuemMoyHble uc-
MbITAHWUSE U OMbITHO-MPOMBILLMEHHYIO JKCMITy-
ataumo Ha KI'C Ne17 HO6uneinHoro HITKM »

K. T. H., MpeangeHt OO0 PIK «Kocmoc-HedpTb-a3»
K. T. H., TexHudeckun gupektop HTL, «Kocmoc-HedpTb-a3»

r. BopoHex

DEVELOPING AUTOMATION AND
IMPROVING CONTROL SYSTEMS

OF THE X TREE FOR OIL AND GAS WELLS
IN CURRENT CONDITIONS

Automatic control systems have been becoming part
of our life more and more. Personal computers are noth-
ing to make anyone gape with surprise, not even a first
grader at school. The automatic control systems of some
modem cars are not at all inferior to those of the aircraft.
However, it is an open secret that the X trees of the oil and
gas wells, in their majority, to this date, are being operated
manually. Partially it is historical factors that are responsi-
ble for this and also the economic factor.

Without automation, safe well operation in the oil and
gas field is impossible. And we are referring to the Astrak-
han gas condensate field. The Astrakhan gas condensate
field, opened in 1976, has no equivalents in Russia and is
characterized by higher content of aggressive components
in the gas composition, their corrosive aggressiveness and
toxicity, the presence of abnormally high formation pressure
with high condensate factor as well as by complicated geol-
ogical structure of the reservoir. The formation mixture extr-
acted from the productive formation, situated 3900-4100 m
deep, with an initial formation pressure of 63,5 MPa and the
temperature of 107°C, contains up to 25% of hydrogen su-
Ifide, up to 15% of carbon dioxide and the gas condensate
up to 20 g per cubic m. Therefore, here automation is an
integral part and a mandatory requirement of the process
of producing and transporting hydrocarbons.

It is exactly for this particular gas field that in 1998
the «Cosmos-Neft-Gaz» Financial and Industrial Comp-
any started to develop, manufacture and supply Russian
made equipment ensuring automated production of gas
condensate instead of the imported equipment. The most
critical of such equipment is the X-tree complex station
SFK60.

The station, together with pilot devices and fusible
element, which are part of the station, is intended for re-
mote, automatic and manual control of the X-tree. The
SFK60 controls the head valve and side valve by means
of a pneumatic drive and the underground safety (cutoff)
valve by means of a hydraulic drive.

The station ensures:

1. The opening and closing of the X-tree in pre-set seque-
nce; 2. Emergency closing of the X-tree and the undergr-
ound safety (cutoff) valve, if fire breaks out or if there is an
emergency change in the mains gas pressure above or
below the permissible level; 3. Remote shutoff of the well
by the operator from the central control panel via an elec-
tric command; 4. capability of locally and manually turning
on and turning off the well.

The state of affairs is not only changing in such
challenging gas and oil field as the Astrakhan one. When
developing new oil fields, such as Bovanenkovskoe, wh-
ich are typified not so much by the aggressiveness of the
hydrocarbons produced as by the severe Northern cond-
itions in their territory, as early as the project engineering
phase, aimed at creating the oil field infrastructure, syste-
ms for automatic control of hydrocarbons production pro-
cess, including the X-tree control station are provided for.
Specially for such conditions, the SUFA 12 X-tree control
station was created. This station has successfully passed
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acceptance tests and industrial operation testing at Surfa-
ce Wellhead No.17 of NGKM OOO «Gazprom dobycha
Nadym». The station now has a compliance certificate, a
permit to be used, issued by the Federal Service for Tech-
nology, Environment Control and Nuclear Supervision and
a patent of the Russian Federation.

The SUFA 12 Station is designed for remote, auto-
matic and manual control of the hydraulic underground
safety (cutoff) valve, the head valve, the side valve and
the regulating angle globe valve (throttle valve) provided
simultaneously and independently for three X-trees. The
station ensures the opening of the X-tree in a sequence:
underground safety valve, head valve, side valve while the
closing takes place in the following sequence: side valve,
head valve, underground safety valve.

The station sends to the control module (1 module
per 1 cluster of wells), located at a distance of 200 m from
the well, the following information with the help of switching
contacts which can connect the DC voltage of 24 V at 1A
current:

» whether the side valve is in open or closed position cont-
rolled, via limit switches;

» whether the head valve is in open or closed position, co-
ntrolled via limit switches;

« the closed position of the angle globe throttle valve, con-
trolled via a limit switch;

» whether the underground safety valve is in open or clos-
ed position, controlled by the presence or lack of pressure
in the hydraulic drive feed line of the underground safety
valve;

* emergency gas pressure in the working line — by the drop
in hydraulic pressure down to 0.35 MPa at the output of
the pilot device, installed after the throttle;

« fire emergency — by the drop in pressure down to 0.35
MPa in the hydraulic system of the station due to loss of ti-
ghtness on the fusible safety plug, caused by temperature
increase over 140°C during fire;

« reduced hydraulic pressure after the pump in the line of
pneumatic hydraulic accumulators.

The station ensures the automatic shutdown of the well
(closing the side valve, head valve and underground safe-
ty valve) in the following cases:

+ when the temperature rises over 140°C in the location of
the fusible safety plug during fire;

» when the gas pressure goes down or up in the working
line (behind the throttle) to the specified settings within a
range between 3 and 13 MPa;

+» when the optical fiber cable breaks, from the control mo-
dule to the central control panel via a command from the
control module.

The station ensures remote shutoff of the well and
the closing of the side valve by the operator from the cen-
tral control panel via electric command as well as the cap-
ability of local and manual well shutoff.

The station is also equipped with electronic control
module for remote control of the X-tree, acquisition and pr-
ocessing of the analog and discrete informational signals
from primary transducers and the instruments as well as
transmission of the signals to the control panel of the Co-
mplex Gas Treatment Plant using radio modem commu-
nications. Depending on the project for construction of the
well facilities, modifications of the SUFA 12 stations have
been developed. This is SUFA 12/9, designed to control
three valves (side valve, head valve, underground safe-
ty valve) of three X-trees and SUFA 12/6 which controls
three valves (side valve, head valve, underground safety
valve) of two X-trees.

The SUFA27 station is designed for remote, automa-
tic and manual control of the depth safety valve (SCSSV),
the head safety valve (MSSV) and the side safety valve
(WSSV) with hydraulic drives for simultaneously nine X-
trees of the injecting wells, i.e. well cluster.

The SUFA40 station is designed for remote and au-
tomatic control of the in-well cutoff valve, the central head
valve and two side valves S31 and S32 with hydraulic dr-
ives for ten X-trees.

There are enterprises in Russia which have the ne-
cessary research and engineering potential for designing
sophisticated equipment, not inferior to imported equipm-
ent, for constructing oil and gas field facilities including the
equipment, capable of dealing with the issues of automat-
ing hydrocarbon production in the regions of the Far North
and the off-shore areas of Russia.

0OO0O«lasnpom-gobeiva-Hagsimy». Ha craHumio

rnonyyeHbl cepTudmKaT COOTBETCTBUSA, pa3pe-

LieHne Ha npumMeHenve denepanbHON Cryx-

Obl MO TEXHOMOrMYECKOMY, SKOMOrM4Yeckomy 1

aToOMHOMY Haasopy v nateHT P®. MpumeHeHne

CTaHLMI TaKoro Tvna 3anoXeHo B npoekTe oby-

cTporicTBa BoBaHEHKOBCKOTO MECTOPOXAEHUS.

CraHumsa CY®A 12 npepgHasHadeHa Ans
[ANCTaHLIMOHHOIO, aBTOMATUYECKOro 1 Py4HOro
ynpaeneHns MapaBnUYeCcKUMN  MOA3EMHBbIM
knanaHom-otcekatenem (MKO), cTBonosow 3a-
aBwkkon (C3), 6okoson 3aaBmkkoi (B3) n kna-
NaHOM YrTOBbIM PErynvpyoLLmMm (apoccenupy-
towwmm) (YOK) ogHoBpeMeHHO 1 He3aBUCUMO OT
Tpex POHTaHHbIX apmarTyp.

CraHuma obecneumBaeT oTkpbiTe PA B
nocneposatensHocTy: KO, C3, B3, a 3akpbl-
Tvie B nocnepoBarensHocTu: b3, C3, MNKO.

CraHums noaaet B 6nok ynpasneHus (1 6nok
Ha 1 KyCT CKBaXXWH), pacriofioKeHHbIN Ha pac-
cTosiHuM o 200 M OT CKBaXKWHbI, CMEAYIOLLYIO
MHOPMALWIIO MPY MOMOLLM  NMEPEKITHOHALOLLIMXCS
KOHTaKTOB, CMOCOBHbBIX KOMMYTVPOBaTb Hampsi-
YKEHVe MOoCTosIHHOTO Toka 24 B npu Toke 1 A:

* OTKpbITOE UNM 3akpbiToe nonoxeHne B3,
KOHTpOMNMpyemMoe Mo AaTyvkaM KOHEYHbIX
MOMOXEHW;

* OTKpbITOE WNM 3aKpbiToe nonoxexne C3,
KOHTpOMNVpyemMoe Mo AaTyvkaM KOHEYHbIX
MOMOXEHW;

* 3akpbiToe nonoxeHve YK, koHTponwmpye-
MOe MO AaT4NKY KOHEYHOTO MOMOXEHUS;

* OTKPbITOE UMK 3aKPbITOE MOMOXeHUe Noa-
3emHoro NMKO, koHTponupyemoe no Hannymo
Unu OTCYTCTBUIO A@BNEHUS B NIMHUN MUTAHNS
rugponpueoga MNKO;

* aBapuiHOE JaBneHUE rasa B pabouyen CTpyHe
— M0 MageHuNIo MMAPaBIMYECKOro AABMEeHNS
no 0,35 MlMa Ha BbIXoAe NUMOTHOTO YCTPOR-
CTBa, YCTAHOBJIEHHOTO NOCHE APOCCeNs;

* noxapHasi TpeBora — Mo NafeHvo Jaene-
Hua po 0,35 MlMa B rmppocucteme CtaHummn
BCIeACTBME pasrepMeTr3aLm NaBKon npe-
[OXPaHUTENBHOM NPOOKN 13-32 MOBbILLEHNS
Temnepartypbl cabille 140°C npy noxape;

* YMEHbLUEHHOEe [MApaBnMyeckoe [AasreHne
nocre Hacoca B MIMHWUM MHEBMOTMAPOAKKYMY-
nsaTtopos (MrA).

CraHumsa obecrneymBaeT aBTOMaTUYECKOE
OTKIOYEHNE CKBaXWHbI (3akpbiTne B3, C3 un
MKO) B crepytoLmx cryyasx:

* MpWU MOBbILEHUN TemnepaTtypbl CBbIlE
140 °C B MecTe pacronoXeHvsi NaBKow npe-
[OXpaHUTenbLHOV NPobKY B Criyyae noxapa;

* NPV YMEHbLUEHUM WNW yBENUYEeHU AaBre-
HWs1 rasa B paboueli CTpyHe (3a gpoccenem)
[0 YCTaHOBMEHHbIX 3HAYeHU B AvanasoHe
3-13 MMa;

* NpuW paspbiBe OMTOBOMOKOHHOrO kabens,
oT 6rnoka ynpaBneHus K LeHTpanbHOMY
nyneTy ynpasfeHus no komange ¢ bnoka
ynpasneHus.

CraHumsi obecneunBaeT [AMCTaHLMOHHOE
OTKITOYEHNE CKBaXVHbI 1 3aKpbiTne B3 onepa-
TOPOM LIEHTPanbHOro nynera ynpasneHus no
3MEeKTPUYECKO KOMaHAe, a Takke BO3MOXHOCTb
MECTHOIO PYYHOIO OTKITHOYEHNSA CKBaXWHbI.

CraHuma obecrneuviBaeT MecTHoe pyyHoe
BKITto4eHVe ckBaxuHbl (oTkpbiTre KO, C3, B3).

CraHumsa obecneunsaet ynpaeneHve YK no
KOMaHZaMm € nynesra ynpaerneHus aucrneryepa.

CTaHuMst Takke CHabxeHa OneKTpoH-
HblM Orokom ynpaeneHus Ans AUCTaHLIMOH-
HOro ynpaBneHnss OOHTaHHOW apMaTypou,

OBOPYOBAHME
EQUIPMENT

®oto 2 CTaHUMA ynpaBneHus (POHTaHHbIMMU
apmaTtypamu Ans KycTa CKBaXXWH

Photo 2 X-tree Control Station for a Well
Cluster

cbopa 1 06paboTkM aHanoroBbIX U AWUCKPET-
HbIX MH(OPMALMOHHbBIX CUrHarnoB C NepBuY-
HbIX NpeobpasoBatenel 1 Npubopos 1 nepe-
Aauun curHanos Ha nynet ynpasneHus YK ¢
NMOMOLLLbIO PaaNOMOLAEMHOW CBSI3N.

B 3aBucuMocTu OT npoekTa no obycTpoii-
CTBY CKBaXWH paspaboTaHbl MoauduKkaLmm
ctaHuum CYPA-12. 3to CYDA-12/9, npegHa-
3Ha4YeHHas Ans ynpaeneHust Tpemsi 3anopHbl-
mu opraHamu (B3, C3, MKO) Tpex ¢oHTaHHbIX
apmartyp, n CY®A12/6, ynpasnswowas Tpems
3anopHbiMn opraHamu (B3, C3, MMKO) gsyx
hOHTaHHbIX apMaTyp.

B cBs3n c HeoOXoOQMMOCTBIO OCBOEHWSt
LenbdoBbIX MECTOPOXAEHWA Mepes CTpaHoW
BCTarna 3ajava MoCcTPOEHUS1 CBOMX OTEYeCTBEH-
HbIX HedoTerasopobbiBatoLLx nnargopm. Cent-
Yac BefeTcs CTPOWTENnbCTBO mnrarcpopm Ans
MecTopoxaeHns  «lpupasnomHoe» B BapeH-
LIeBOM MOpe 1 MecTopoxaeHus uM. KopyarvHa
B Kacrnuiickom mope. A pa3 ByayT nnatdopmbl,
3HaYUT Ha HKMX BydyT ycTaHOBNEHb! U GOHTaH-
Hble apmaTypbl, KOTOpbIMM MO TpebGoBaHUAM
6e30nacHOCT HyHO OyadeT ynpaBnsitTb B aB-
TomaTtndeckom pexxume. W cerogHa KomnaHus
«Kocmoc-Hedbtb-la3» Hapsigy ¢ 3apyGexHbiMm
KOMMaHWsIMK y4acTByeT B TEHAEpe Ha MocTaBKy
CTaHLMI yrpaBneHyst (POHTaHHbIMM apMaTypamut
ans atux nnarcpopm. 310 ctaHumm CYPA-27 ans
MOPCKOV NeJOCTOVKOM CTauMoHapHoOM nnatdop-
Mbl «[pupaanomHasny» n CYPA-40 onsa nnarcopm
mMecTopoxaeHus um. FO.KopyarvHa.

CraHuma CY®A27 npegHasHaveHa pAns
AUCTaHLMOHHOTO, aBTOMAaTUYECKOro M PY4HOro
ynpaerneHns ryOuHHBIM  KrnanaHoM-oTcekare-
nem (SCSSV), cTBOMOBbLIM KranaHOM-OTCeKa-
Tenem (MSSV) n 60oKOBbIM KrnanaHoM-oTceka-
Tenem (WSSV) ¢ rmapaBnnyeckummn npuBogamu
O[HOBPEMEHHO AeBSTU (POHTaHHbLIX apmaTyp
HarHeTaTernbHbIX CKBAXMH, T.€. KyCTOM CKBaXVH.

CraHuusi CY®PA-40 npepHasHadeHa Ans
[ANCTaHLMOHHOTO 1 aBTOMAaTU4ECKOro ynpas-
NeHNs  BHYTPWUCKBAXWMHHLIM  KNanaHoM-oT-
cekatenem (MNKO), ueHTpanbHOM CTBOMOBOM
3agBsukkon (U3) n aBymsi 6okoBbIMU 3aaBUX-
kamu B31 n B32 ¢ rugpasnuyeckumu nNpueo-
AaMun AecsiTV (hOHTaHHbIX apMaTyp.

B Poccun ecTb npeanpusitusi, Kotopble 06-
nagalT HeobXOAMMBIM HayYHbIM W TexHW4e-
CKVM MOTEHUManom ANsi CO3QaHusA CrOXHOro
obopyaoBaHKs, He YCTynaroLero MMMNopTHO-
My, Ans 0ByCTPOMCTBA ra3oBbiX U HEMTAHBIX
MECTOPOXAEHUA, 1 B TOM yncrne obopyaosa-
HWS1, MO3BONAIOLLErO pellaTb 3a4aqn aBToma-
TM3aummn Jobblun yrneBofopoaoB B permoHax
KparHero Ceepa u wenbda Poccun. m
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PeweHue npo6nemMbl noBbiWeHUA 3¢hheKTUBHOCTU pa3paboTkM MECTOPOXKAEHUN C TPYAHOU3BEKaeMbIMM 3anacaMm CBAA3aHO C CO3-
Al aHWeM HOBbIX U YCOBEPLLUEHCTBOBaHUEM CYLIECTBYOLWMNX hU3NKO-XMMUYECKMX MeTOA0B, o6ecneunBatoLmnx bonee nonHoe U3Bneye-
HUe HedPTU U YyMeHblUeHMe 06beMOB A06LIYM NONYTHOW BOAbI.

ABTOMATHUKA
J1JISI CACTEM IO JI/TEPYKAHUS
IIJIACTOBOI'O JIABJIEHHUS

C.B. XXUTOB
H.A. CEMEHOB

OpHum 13 cnocoboB pelueHns npobne-
Mbl MOBbILLIEHNST 3PPEKTUBHOCTU pa3paboTku
MECTOPOXAEHUA C TpyAHOM3BREeKaeMbiMy 3a-
nacamv SBMsiETCA MOAAEPXaHVWE NNacToBOro
paenexus (ML), kotopoe ocyLlecTBRAsSETCS
Ha OTAEnNbHbIX y4acTkax HeTSHOrO MECTOPOX-
[EHVsI NyTeM HarHeTaHusi BoAbl B CKBaXWHbI,
nepeBefeHHble 13 AobbiBatowero doHga unu
[OMOMNHUTENBHO NPOBypPeHHbIE ANS 3TON Lienu.

CucTema nopgaepaHusa nnacTtoBoro AaBs-
TNIEHNs1 COCTOUT U3 CUCTEMbI HarHeTaTernbHbIX
CKBaXWH, cucTemMbl TpybonpoBogoB u pac-
npegenuTenbHbIX OMOKOB, KYCTOBOW Haco-
cHol ctaHuun (KHC) no 3akadvke areHToB B
nnacT HedTsHOro mecTtopoxaeHusi. OcHoBa
KHC — 310 HacocHbIV arperat n ero cuctema
ynpasneHusi. B nocnenHee Bpemsi Bce 6onb-
Lee NpUMEHEHNe HaxoAsAT MIyHXepHble Ha-
COCHble arperaTtbl C YaCTOTHOPErynmpyembiM
NPUBOAOM.

Cuctema MMM obecneymsaert:

- Heobxogumble O0ObeMbl 3akayku BOAbI
B NNacT W [OaBMeHUst ee HarHeTaHus no
CKBaxuHam, obbekTtam pa3paboTku u me-
CTOPOXAEHWNIO B LIENIOM B COOTBETCTBUW C
NPOEKTHBIMU JOKYMEHTaMU;

* MOArOTOBKY 3aKayvBaeMoW BOAbl A0 KOH-
ouumn (no coctasy, (PU3NKO-XMMUYECKMM
CBOWCTBaM, COAEPXaHU MeX MpuMecen,
Kucriopoga,  MMKPOOPraHuW3MoB),  ydo-

BNEeTBOPAKOLLNX TpGGOBaHVIﬂM NPOEKTHbIX
OOKYMEHTOB;

K. T. H., kommepyeckuin aupektop 3AO «YpantexmapkeT»

r. EkaTepuHbypr

HavanbHWK cekTopa cepuiiHon npogykuun 3A0 «YpantexmapkeT»

NpoBEeAEHNEe KOHTPONS KayecTBa BOAOCU-
ctemsl MMM, 3amMepoB NPUEMUCTOCTHU CKBa-
XWH, ydeTa 3akayku BoAbl Kak Mo Kaaow
CKBaXKWHe, Tak M Mo rpynnaM, nnacram un
obbekTam paspaboTkm U MecTOpOXOEHMIO
B LIeNoMm;

repMeTUYHOCTb U HafEeXHOCTb 3KchnyaTa-
UMM CUCTEMbI MPOMBICIOBbLIX BOLOBOAOB,
NpUMEHeHVe 3aMKHYTOro Lykna BoAonoa-
rOTOBKV U 3aBOAHEHWSA NnacToB C UCMOMb-
30BaHMEM CTOMHbIX BOJ;

BO3MOXHOCTb U3MEHEHUS] PEeXVWMOB  3a-
Ka4yky BOAbl B CKBaXWHbI, perynmpoBaHue
npouecca BbITECHEHUS HedpTn k 3abosim
[06bIBAIOLLIMX CKBAXKVH.

Heobxogumbiv ans paboTbl B cuctemax
MN[A TpeboBaHuaM yaoBNETBOPSIET BbiNyckae-
mas 6onee 4-x net 3A0 «YPAITTEXMAPKET»
cucTeMa yrnpaeneHUs HacOCHbIM arperatom
(CYHA).

CYHA npepgHasHadeHa Ansi aBTomMatuye-
CKOrO  yNpaBreHUsi MIyHXepHbIM  HAaCOCHbLIM
arperaTtoMm ¥ ero BcrioMoraTenbHbIM obopyao-
BaHveM. 3a nocnegHuin (2007) rog Hamu Bbino
BbIMYLLEHO U 3anyleHo Gonee Tpuauatn cu-
CTeM ynpaBneHus Ans niyHKepHbIX HACOCHBIX
arperatoB npoussogactea OO0 «BynaHatuckui
MaLLMHOCTPOUTENbHBIN  3aBOA». JTa CuCTe-
Ma ynpaBfieHWsi OTBEYaeT CambIM COBPEMEH-
HbiM TpeboBaHvsaM, npeabsasnseMbiM Kk ACY
Tr. Bnarogaps HageXHbIM U COBPEMEHHbIM
KOMMIEKTYIOLLMM, @ Takke COBpPEMEHHON P

AUTOMATIC CONTROLS FOR
THE SYSTEMS WHICH MAINTAIN THE
FORMATION PRESSURE

The resolution of the problem of improving the efficie-
ncy of development for the oilfields where the oil reserves
are difficult to extract requires creating new physical and
chemical methods and improving the existing ones which
make sure that oil is extracted completely and the associ-
ated water production volumes are reduced.

Under the conditions of lay-by-layer and zone heter-
ogeneity of the formations, one of the ways of intensifying
ail production is selective flooding which helps rationalize
the use of injected water energy and take into account
the nature of heterogeneity of the structure under devel-
opment. The key feature of the above mentioned method
consists in the fact that wells with improved productive
characteristics and a good hydrodynamic link with the
surrounding wells are used as injecting wells. Pocket-like
water-flooding is based on maintaining the formation pre-
ssure which is done in certain areas of the oilfield by pum-
ping water into the wells taken from the production stock
or drilled additionally for this purpose. Pocket-like targeted
impact allows the direction of the flow to be changed in a
controlled way and the pressure drops between the lines
of pumping and liquid collection to be increased for the
purpose of displacing oil more completely from the less
permeable areas of the formation.

At the first phase of introduction of these technolog-
ies, the technical facilities were prepared and developed:
high pressure pumps became available, various devices
to account for the agent injected became accessible, a
block diagram of the formation pressure maintenance sy-
stem took shape.

The formation pressure maintenance system
ensures:

* necessary volumes of water injected into the forma-
tion and its injection pressure for the wells, projects under
development and the oil field as a whole in accordance
with the project documents;

« conditioning the water to be injected (in terms of its
composition, physical and chemical properties, mechanic-
al impurities content, oxygen content, microorganisms) to
satisfy the requirements of the project documents;

* running quality checks of the waters for the format-
jon pressure maintenance system, taking readings of the
well injection capacity, accounting for water injection for
each well as well as for groups, formations and projects
under development and the oil field as a whole;

« tightness and reliability of operation of the oil field
water piping, using the enclosed cycle of water preparati-
on and flooding the formations utilizing water wastes;

« capability of changing the conditions of water inje-
ction into the wells, adjusting the process of displacing oil
towards the bottomholes of the producing wells.

The pump unit control system (SUNA), which has
been in product line of ZAO «URALTECHNMARKET»
for more than 4 years, meets the requirements of the
operation as part of the formation pressure maintenance
systems. SUNA is designed to control automatically the
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plunger pump unit and its auxiliary equipment. In the past
year (2007) we produced and started up more than thirty
control systems for the plunger pump systems manufac-
tured by OOO «Bulanashsky Engineering Works». This
control system satisfies the most modern requirements
applicable to the automatic control system (computer ai-
ded production process). Thanks to reliable and modern
components as well as to modern assembly techniques,
SUNA has distinguished itself as a trouble-free control
system. The control system has an archiving feature for
the pump unit parameters which allows not only the acc-
ounting to be done but, also, should the pump unit fail, it
allows the cause of the failure to be rapidly and correctly
identified and measures, aimed at eliminating its recurre-
nce, to be taken.

The SUNA application is especially effective in the
cyclic flooding technology which contemplates creating
periodic pressure variations within the formations by ch-
anging the water injection volumes. In this respect, the
operation of the flooding system should provide for the ne-
cessary periodic variations while maintaining the average
injection volumes.

SUNA TECHNICAL SPECIFICATIONS:

The control system is meant to control the plunger
pump unit, capacity 55..400 kWt and the auxiliary systems
of the group pump station. The pressure in the pressure
line can reach 35 MPa, while the supply (delivery rate) is
90 cubic m per hour.

The control system performs the following functions:
* automatic st art-up and shutdown of the pump unit

equipment according to appropriate algorithms;

« automatic shutdown, according to appropriate alg-
orithms, of the pump unit equipment in emergency
situations, ascertaining the root cause of the eme-
rgency situation and issuing appropriate message
to the operator’s panel;

« automatically maintaining the pre-set pressure at
the discharge by changing the motor rpm;

* opening and closing, at the proper time, the elect-
ric valves at the entry and exit of the pump unit;
 turning on and turning off the make-up pump unit
« turning on and turning off the oil pump of the pump

unit;

e turning on and turning off the utilization tank
pump;

 turning on and turning off the oil cooling;

« turning on and turning off the heating and the ligh-
ting;

« turning on and turning off the exhaust ventilation in
case there is a high level of fume contamination in
the antenna tuning unit premises or a high tempe-
rature in the BUNA premises;

« archiving the parameters of the pump unit with the
capability of reflecting them as a function of time.

The control system does not require constant moni-
toring on the part of the maintenance personnel as it aut-
omatically maintains the pre-set pressure in the pressure
line or some other set parameter (flow rate, level ,etc.).
When complete with the upper level or integrated into the
existing one, the operator is in a position to monitor and
control the pump units from his automated workplace.

Thanks to the use of color graphics sensory oper-
ating panel with the self-explanatory Russian menu, the
maintenance personnel has no difficulty in adjusting and
starting up the control system without the participation of
the manufacturing plant's representatives. The frequency
converter manufactured by Danfoss (Denmark), specially
selected for this type of load, is designed to control the
main electric motor of the pump unit which ensures the
smooth start-up and shutdown of the electric motor as
well as manual and automatic adjustment of the electric
motor rpm.

Terminal boxes and a set of cables with connec-
tors are meant for communication between the pump
unit control module and the pump unit module, if the
SUNA and the pump unit are located in different mod-
ules. When the equipment is started up and commissi-
oned, all the components of the system are connected
via ready cables with connectors which do not require
installation and soldering. This cuts back on installation
time and eliminates errors.

meToguke cbopku, CYHA 3apekomeHngoBana
cebs kak b6e3oTkasHasi cucteMa yrnpasrieHust.
B cucteme ynpaBneHus BegeTcs apxuBauusi
napameTpoOB HaCOCHOro arperarta, 4YTo No3Bo-
NSIET HE TOMbKO BECTM YYET, HO M NpU BbIXOAe
13 CTPOS HacocHoro arperata 6bICTpo u Ao-
CTOBEPHO onpenennutb NpuynHy BbiXod4a W3
CTPOS U MPUHSITb MEPbI K UCKITIOYEHUIO ee MNo-
BTOPEHWS.

MpumerHenne CYHA ocobeHHO addek-
TMBHO B TEXHOMMOMMU LMKIIMYECKOTO 3aBOAHE-
HWS, KOTOpOe npedycMaTpuBaeT co3gaHue
nepuognyecknx konebaHun gaBneHus B nna-
cTax u3MeHeHnem o6bLeMOB 3akadku Bogbl. B
CBSI3W C 3TMM paboTa cucTeMbl 3aBOAHEHMUS
[omkHa obecneuntb HeobxoaMMble nepuoau-
yeckue konebaHus Npy CoOXpaHeHUn CpesHnx
06bEMOB 3aKauKu.

TEXHUYECKUE NMAPAMETPbI CYHA:
Cuctema ynpaBneHusi npegHasHayeHa

ONs ynpaBrneHust MAyHXEpPHbIM HACOCHbLIM

arperatom MoLHocTbio 55...400 kBT 1 BCno-

mMoratenbHbiMu cuctemamy MKHC. [JaBneHue

B HaMOPHOW NMUHUKN MOXeT gocturats 35 Mla,

a nogava — 90 m%/yac.

Cuctema ynpasneHus
yHKUMNN:

* aBTOMAaTM4ecKOro 3arycka W OoCTaHoBa
o6opynoBaHUsi HACOCHOrO arperaTa no co-
OTBETCTBYHOLLMM anropuTmam;

* aBTOMAaTUYECKOro OTKIOYEHNS MO COOTBET-
CTBYHOLLMM anropuTtmMam obopynoBaHus Ha-
COCHOrO arperara B aBapuiHbIX CUTyaumsX,
onpeaeneHve nepBONPUYKHBI aBapuUAHON
cuUTyauumM M Bblgadya COOTBETCTBYHOLLErO
Cco006LLeHNst Ha NaHenb onepaTopa;

* aBTOMaTM4eckoe NoAAepKaHue 3agaHHoro
[OaBreHust Ha BblkMAe MyTeM W3MEHEeHUst
060pOTOB rMaBHOro ABUraTens;

* OTKPbITUS/3aKPbITUS B HYXHble MOMEHTbI
BPEMEHM 3reKTPOo3adBMKEK Ha Bxoge W
BbIXOJ€ HAaCOCHOrO arperara;

*  BKITOYEHUSI/BBIKIIOYEHUS MOAMNOPHOMO Ha-
COCHOrO arperara;

*  BKITHOYEHMSA/BbIKITIOYEHUS MacrnoHacoca Ha-
COCHOro arperaTa;

*  BKIIOYEHUSI/BbIKINIOYEHUS Hacoca b6aka yTu-
nusauuu;

*  BKMOYEHUSA/BbIKITHOYEHMUS
macna;

BbINOJSIHAET

oxnaxaeHusa

HACOCHBI
PUMPS

*  BKITHOYEHMS/BbIKITHOYEHMS
OCBeLLEHUS];

*  BKITHOYEHUSI/BbIKIIOYEHNS BbITSXKHOWN BEHTU-
NSAUMKN B Crlydae BO3HWKHOBEHUSI BbICOKOTO
YPOBHS1 3ara3oBaHHOCTM B MOMELLEHUN
6roka HacoCHbIX arperaTtoB UM BbICOKOM
Temneparypbl B NOMeLLEeHNsiX Oroka ynpas-
TNeHNs1 HAaCOCHbIMM arperatamu u 6rioka Ha-
COCHbIX arperaTtos;

* apxuBauusi NapaMeTpOoB HACOCHOIO arpera-
Ta C BO3MOXHOCTbI0 0TOBpaxeHusi B pyHK-
LM OT BPEMEHW.

Cuctema ynpaBneHusi He TpebyeT no-
CTOSIHHOTO KOHTPOMSI CO CTOPOHbI OGCIyXK-
BaloOLLEro nepcoHana, Tak Kak aBToOMaTu-
Yecku nopdepXvBaeT 3adaHHOe [aBreHue
B HarHetaTenbHOW MUHUN UMK Kako-nmbo
OpYyron 3afaHHbln napameTtp (pacxop, ypo-
BeHb U T.4.). Kpome Toro, npu komnnekrauum
BEPXHUM YPOBHEM UMW UHTErpauum B cylle-
CTBYIOLLMIA OnepaTop MOMHOCTbI0 KOHTPOSK-
PYET 1 ynpaensieT HaCOCHbIMUK arperatamu co
csoero APMa.

Bnarogapsi npumeHeHuo LBETHOW LiBe-
Torpad4ecKon CEeHCOPHO-YyBCTBUTENbHON
naHenu onepatopa C UHTYUTUBHO MOHSATHbLIM
pycdMUMPOBaHHBIM MEHIO 06CMYXUBaIOLLNIA
nepcoHan 6e3 3aTpygHeHwu cnocobeH Ha-
CTPOUTb W 3amnyCcTUTb CUCTEMY YMpaBneHusi
6e3 yyactusi npeacraBuTenen NnpeanpusaTus-
N3roTOBUTENS.

CneumnanbHo nogobpaHHbI AN AaHHOTo
TMna Harpysku npeobpasoBaTefnlb 4acToThbl
npoussoactBa Danfoss (OaHus) npegHa-
3HaYeH Ans ynpaBrieHWUsi rMaBHbIM 3MEKTpo-
OBurateneM HacoOCHOro arperata, KOTOpbIN
obecneymBaeT MMaBHbIi MYyCK M OCTaHOB
aneKkTpoABUraTens, a Takke pyyHoe U aBTo-
MaTnyecKkoe perynvMpoBaHve 4acToTbl BpalLle-
HUS AneKTpoaBuUraTens.

KnemmHble KOpoOKM U KOMMMEKT Ka-
Genei c pasbemMamu npegHasHadeHbl ANS
CBA3N Mexay cobon Onoka ynpasneHus
HacoCHbIM arperatom K 6rnoka HacocHOro
arperata, ecnun CYHA u HacocHbI arperat
pacnonaralTcs B pasHbix 6rnokax. Mpu ny-
CKOHanafouYHblx pabotax Bce KOMMOHEHTbI
CUCTEMbI COEAMNHSAIOTCS roTOBbIMM Kabenamum
C pasbemamu, KoTopble He TpebylT MoHTa-
a 1 nanku. JTo cokpallaeT BpemMsi MOHTaxa
W UCKITIoYaeT OLLUMOKN. m

oTonsieHna "
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Hutpat kanbums (CN) ncnonb3yercs BoO BceM M1pe Kak fo6aBka B 6eTOHbI, 0COGEHHO TaMm, rAe Heo6XxoaAMMO AeNCTBME YCKOPUTENS Cpo-
KOB cxBaTbiBaHusA. OfHaKO BbISICHEHO HUTPAT KarnbLUs Takke YCUIIMBaeT AONIOCPOYHbIA Habop NpPoYHOCTM GeToHa. ATO CBOWCTBO He
CTOUT UCMNONb30BaTh A0 TOro, Kak 6yAeT NOHATHO, KAKUM 06pPa3omM OH AEeNCTBYET.
Bbino nokasaHo, 4YTo y 6eToHa (MopTnaHA LeMEHT C HU3KUM coAepKaHueM Lenoyu, 4% MukpokpeMHesema v B/(u+n) = 0.45) c no6asne-
HUEM YCKOPUTENSsi CPOKOB CXBaTbIBaHUSA — HUTPaTa KanbLUs — NOSAIBMSETCA [ONTOCPOYHbIA HAGOP NPOYHOCTU NO CPaBHEHUIO C GETOHOM
6e3 nobaBok. [IpoYHOCTbL M3MepsiNnach Takke Ha oANHaKoBbIX o6pa3uax-kybax (50mm) 6e3 nob6aBok 1 ¢ fo6aBneHnem 2% HUTpaTa Kanb-
LA OT Macchbl LeMeHTa. Takum o6pa3om yBenmyeHue NPOYHOCTU He MOTO GbITb BbI3BaHO TOMbKO YIyYlleHMEM COeAUHEHMUS 3anofHu-
Tens co CBA3ylLWUM BelecTBoM. CMech Takxke Obina noasepxeHa getanbHomy uccnegosanuio NMR, MIP, DTA/TG n SEM.

B 3aknoyeHue ycTaHOBMEHO, YTO yBenuueHue AONIroCPOYHOro Habopa NPoYHOCTU GeToHa, BbI3BaHHOro AoGaBneHuem 2% HuTpata
KanbLMA B CMeCb Ha paHHeW cTaguu, NonyvyaeTcs BCreACcTBME HM3KOM MOPUCTOCTU CBA3YHOLLEro BeluecTBa, Habniopaemown nocpea-
CTBOM MSIFKOW TEXHONOMUU CYLUKU (3ameLleHre BoAbl 3TUNOBbLIM CIUPTOM € nocreaytollen cylukon npm 50°C)

OB’ BACHEHHUE JOJII'OCPOYHOI'O
HABOPA ITPOYHOCTH BETOHA,

OBYCJIOBJIEHHOI'O JIEUCTBUEM YCKOPHUTEJISA CPOKOB
CXBATBIBAHHSA - HUTPATA KAJIbBIIUA

DR. HARALD JUSTNES is Chief Scientist at SINTEF Concrete

PE3YINbTATbI U UX OBCYKOEHUE
BETOH
CBolicTBa 6eToHa Ha paHHen cTagum U NpPoy-
HOCTb Ha cxaTtue

CeolictBa 6eTOHa Ha paHHEN cTaauu npea-
CTaBneHbl B Tabn. 2, pesynbraTbl Mo Habopy
npoYHoCTU — B Tabn. 3. [ins Toro Ytobbl 4o6UTL-
¢l NpUGNU3MTENIbHO PaBHOMEPHOrO pacnpese-
neHust B 6eTOHe Macchl C HATPATOM KarnbLisi
Oblinia Mcnosb3oBaHa MOBbILLEHHAs [403MPOBKa
cynepnnactudgukaropa.
UCMNbITAHUA HA KAMUINNAPHOE
BCACbIBAHUE

Ha puc.1 cpaBHuBaloTCH pesynbsratbl Uc-
MbITaHWA MO KanummnsipHOMY BCacbiBaHWIO 6-Tu
[OVCKOB, MOJTyYeHHbIX MyTeM pacnunvMBaHus Lvi-
TIMHAPOB, CAENaHHbIX 13 6eToHa ¢ AobaBneHneM
2% HuTpaTta kanbuysi 1 6e3 Hero. YncrneHHble
3HAYeHVs], MOMyYeHHble B AaHHOM WCTIbITaHWW,
npeacraeneHbl B 1abn. 4. Kak BugHO 13 Tabn.
4, obLume nopuctoctn 0bemx BETOHHBLIX cMecel
He CUIbHO PasnuYaroTCs, a, CreaoBaTensHO, No-
pUCTOCTb He SIBMSIETCS MPUYMHON YBENUYEHUS!
MPOYHOCTM Ha CxaTue, NoryveHHoN 3a CYeT [o-
6aBneHus 2% Hutpata kanbuus. OgHako Bernu-
UnHbI K 1 m B Tabn. 4, a Takke pesynsratsl, npea-
CTaBreHHble Ha puc.1, nokasblBatoT, YTO GETOH
C OoGaBreHneM HuTpara Karbuys MorioLlaeT

CaoiictBa

0 % HuTpata 2 % HuTpaTta
KanbLus KanbLus

Ocapka koHyca (MM) 170 160
PactekaHve (Mm) 443 438
Bospyx (06vem %) 1,5 1,6

MnotHocTb (Kr/m®) 2420 2415

Tabn. 2 CBoicTBa 6eTOHa Ha paHHeW cTaaum ¢
pobGaBneHvMeM 2% HUTpaTa kanbuus U 6e3 Hero

0 % Hutpata Kanbums

m(r) oc(MMa) m(r)
8 vacos 2465+13 5,9+0,2 24398
1 cyTkmn 245647 30,940,5 2437+11
28 cyTkun 2449+13 71,117 244615
90 cyTku 2458118 76,610,5 244819
365 cyTku 2465+15 83,1+1,1 245416

2 % Hutpata Kanbums

BOAOY C MeHbLLEN ckopocTbo (), Yem BeToH 6e3
[[06aBoK, 1 4TO BpeMsi, HeobxoanMoe Afis AoCTH-
YKEHMS1 BEPLLIMHbI (M), HECKOMbBKO Bonblue.

Mockonbky Temnepatypa 105°C  moxet
MPUBECTU K YBEMUYEHMIO MOPUCTOCTY, CHavana
Oblna NpoBefeHa NPOAOIHKUTENBbHAS CyLLKa Npu
50°C, 1 TonbKko NOTOM CTaHaapTHasi mpoueaypa
cywwkm npu 105°C. OgHako oba npoLecca CyLLKu
[anv npyMepHoO OAMH U TOT >Ke pesynbTar, U Mno-
pUCTOCTb BETOHA M3 LieMEHTa C HU3KUM COLep-
aHviem Lwenoven ¢ fobaeneHnem 2% Hutpata
KanbLuwsi Obina OeicTBUTENBHO YyThb BbILLE, YEM
y obpasua 6e3 4obaBok.

SEM/EDX

BHeluHuin BUAO GeToHa 6e3 106GaBok 1 ¢ A0-
OaBneHvem 2% HUTpaTa kanbUus MokasaH B
BEPXHEN U HUXKHEW YacTsIX pUcC.2 COOTBETCTBEH-
Ho. CasiytoLLiee BeLLEeCTBO — bornee nopucTbii
Y4acToK C YepHbIMU OTBEPCTUSIMU (T.€. 3epHamm
Xapanu — pacTBOPUBLLMMUCS KpyNULLAMMN LIEMEH-
Ta), 3anonHuTenb — bonee rmagkui y4acTok (Me-
Hee MOPUCTBIN) Aaxe NpW YCrOBUW, YTO B HEM
HaxoasTcst 06rnacT pasnUYHOMO XMMUYECKOTO
coCTaBa, O YeM CBUAETENLCTBYIOT pas3nuyHble
OTTEHKV CEpPOro LIBETA Ha PUCYHKE.

Ha 06eux dpotorpachusix (p1c.2) B 30He ne-
pexoda «3anornHUTENb-CBA3YIoLLEee BELLEeCTBO»
He OblNo OTMEYEHO W3MEHEHUSI MOPUCTOCTM.
EnvHcTBEeHHan Hebonbluasi pasHULa MOXET 3a-
KItoyaTbCs Nl B TOM, YTo BeToH ¢ fobaene-
HVeM 2% HuTpaTa Kanbuus (puc.2, otorpachmst
CrpaBa) COOAEPXUT HECKOrNbko Borbluee Komu-
4YecTBO 3epeH Xaanu. Apkue 3epHa (rpaHyrbl)
HenpaBunbHoOM hopMbl Ha 0benx doTorpadu-
SIX — 3TO He BCTYNVBLUME B PEaKUMIO FpaHyribl
LieMeHTa, M UX KONMM4ecTBO B 00OMX crydasix
NPUMEPHO OAMHAKOBO. P>

Trondheim, Norway

EXPLANATION OF LONG-TERM COMPRESSIVE
STRENGTH OF CONCRETE CAUSED BY THE SET
ACCELERATOR CALCIUM NITRATE

Calcium nitrate (CN) is used worldwide as an ad-
mixture for concrete, in particular for applications
utilising its properties as set accelerator. However,
CN also enhances the long-term compressive stre-
ngth of concrete. This strength enhancing property
should not be utilised before the reason for it is un-
derstood.

Concrete (low alkali portland cement, 4 % silica
fume and w/(c+s) = 0.45) with additions of 2 % of the set
accelerator calcium nitrate (CN) was shown to exhibit a
long-term compressive strength increase relative to ref-
erence. The strength was also measured on equivalent
paste cubes of 50 mm with and without 2% CN of ce-
ment weight. Thus, the strength increase could not be
due to improvement of aggregate/binder interface alone.
The paste was also subjected to detailed investigations
by NMR, MIP, DTA/TG and SEM.

As an overall conclusion, the long-term strength
increase of concrete caused by the addition of 2 % ca-
Icium nitrate to the fresh mix seems to be due to lower
porosity of the binder only observable by gentle drying
techniques (i.e. water replacement by ethanol followed
by drying at 50°C).

RESULTS AND DISCUSSION

Concrete

Fresh properties and compressive strength

The fresh properties of the concrete are given in
Table 2, while the compressive strength development is
listed in Table 2. The reason for the higher dosage of SP
for concrete with CN, was to obtain roughly equal spre-
ad. Table 2 Fresh properties of concrete with and without
2% CN Table 3 Cube mass, m (g), and compressive st-
rength, .c (MPa), for concrete without and with 2% CN.
Average with standard deviation for 3 parallels.

Capillary suction test

XapaKkTepucTuku 0 % Hutpata 2 % Hutpara
oc(MMa) Kanbumsa Kanbumsa

CopepxaHue Bo3ayxa (06bem %) 1,3%0,1 1,4£0,1
7,5¢0.1 KanunnspHas nopuctoctb (06bem %) 13,0£0,7 12,8+1,0
28,4£0,6 MNoTHOCTb B CyXOM COCTOSIHUM (KI/M3) 2295421 2299+26
81,4£1,5 MnoTHOCTb B TBEPAOM COCTOSHUM (KI/M3) 267815 267946
86,0%1,6 k (r/m2+\c) 18,2 15,5
91,4+0,7 m (106+c/m?) 46,6 58,4

Tabnuua 3 Macca Ky6oB — m(r) — U NPOYHOCTb Ha cxkaTue
6eToHa ¢ pob6aBneHnem 2% Hutpara Kanbumsa n 6e3 Hero.
CpepHue 3HaYeHUs1 C NOrpeLUHOCTSIMU nocre 3-X UCTIbITAaHUA

Ta6bnuua 4 XapakTepucTuku 6eToHa ¢ gobaBneHuem 2% HUTpaTa Kanbuus v
6e3 Hero, onpeaeneHHbIe NO KanuNNsipHOMY BcacbiBaHUIO. CpefHue 3HaYeHust
C NorpewwHocTAMU nocne 6-TM UCNbITAHUMN.
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The average capillary suction profiles for 6 parallel
discs from sawn from cylinders of concrete without and
with 2% CN are compared in Fig. 1, while the results de-
rived from the test are listed in Table 4. As seen from Ta-
ble 4, the total porosity for the concrete is not significant
different for the two mixes and can thus not explain the
increase in compressive strength brought about by the
2% CN addition. However, the k and m values in Table 4
and the profiles of Fig. 1 reveal that the concrete with CN
absorb water with a slower rate (k) than the reference
and that the time for the waterfront to reach the top (m)
is somewhat longer. Table 4 Concrete properties derived
from the capillary suction test for concrete without and
with 2 % CN. Average values with standard deviations
for 6 parallel discs. Capillary suction test Time, sqrt(s)
Mass increase (g) 2 % CN0% CN Fig. 1 Average capilla-
ry suction profiles for concrete without and with 2% CN

Since 105°C may coarsen the porosity, prolonged
drying at 50°C was tried out first followed by the normal
procedure of 105°C drying in a former study [1, 2]. How-
ever, both drying procedures gave about the same result
[1, 2], and the concrete based on low alkali cement and
2% CN had actually marginally higher porosity than its
reference.

3.1.3 SEM/EDX

An overview of concrete without CN and with 2 %
CN are shown in the upper and lower part of Fig. 2, res-
pectively. The binder is the more porous part with black
holes (i.e. «<Hadley grains» = dissolved cement grain),
while the aggregate appears smoother (less pores) even
though it contains domains of different chemical compo-
sition appearing in different shades of grey.

There is no sign of different porosity in the transition
zone between aggregate and binder in the two photos
of Fig. 2. The only marginal difference may be that there
seems to be a slightly higher amount of «Hadley grains»
in the concrete with 2% CN (right photo of Fig. 2). The
irregular, bright grains distributed throughout in both cases
are unreacted cement grains and the amount seems to be
about equal in both cases. Fig. 2 BEI overview of concrete
without CN (left image) and with 2% CN (right image).

3.2Paste

The results from the different investigations of the
paste specimen (i.e. containing all the ingredients as for
the concrete, except sand and gravel) are reported and
discussed in the following subsections.

3.2.1 Compressive strength

Testing compressive strength of paste samples is
difficult, since the chemical shrinkage of the binder is hi-
gher per volume unit than for concrete where the binder
is «diluted» by aggregate and where the shrinkage also
is restrained by aggregate. Paste samples are thus like-
ly to show a too low strength since they may contain a
number of microcracks. This tendency is limited by using
smaller samples (often down to 20 mm), but in this case
50 mm cubic specimen were used. However, immediat-
ely after setting (i.e. stiffening) the moulds were submer-
sed in water so that the empty contraction pores formed
by the chemical shrinkage could be filled with water and
less strain formed by water menisci in the pores.

First 4 series with 0 and 2% CN and without and
with 20% limestone filler to dilute the cement were made.
However, there were to few parallels so it was difficu-
It to draw a conclusion even though the tendency was
that samples with 2% CN had higher strength than the
reference without. Therefore, new series of plain paste
without and with 2% CN were made with 9 parallels and
the compressive strength was 69+3 and 7444 MPa, res-
pectively. The increase in compressive strength both for
paste and concrete when CN is added, indicates that it
cannot be explained by improved interface between ag-
gregate and binder, but rather by physical or chemical
changes of the binder itself.

3.2.2 MIP/HeP

The 4 series with 0 and 2% CN and without and
with 20% limestone filler were subjected to pore size di-
stribution (MIP) and total porosity (HeP) studies. Since a
recent study [3] has demonstrated that drying at 105°C
may substantially alter the pore structure by coarsen-
ing the CSH-gel, a very gentle treatment was chosen.
First the water in about 5 mm pieces of sample was
exchanged with ethanol over a period of 2 months. The
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Bpesia, KBEAApaTibii Kopei (<)

Puc.1 CpegHue 3Ha4eHUA NO KanUnApHOMY BcacbiBaHUIO AnsA 6eToHa ¢ fo6aBneHuem 2%

HUTpaTa Kanbuus n 6e3 Hero.

3.2 Cmecb

B cneaytowmx nogpasaenax obcyxaaroTcs
pesynbraTbl pasnUYHbIX WCMbITaHWA obpasua
cMecH (T.e. coaepaLLero BCe MHIpeaneHTbl, KO-
Topble HeobxoaVMbI Ans nonyveHns 6etoHa, 3a
UCKITIOYEHNeM recka 1 rpaBuis).

3.2.1 lMpoyHOCTb Ha cxaTue

McnbitaHns obpasLoB cvmecn Ha npod-
HOCTb Ha cCXaTue [OCTaTOMHO CIIOXHbI, MOo-
CKOMbKY ~XUMWYeckast ycadKka CBSI3yHOLLEro
BelLecTBa Ha eauHuLy obbema Gorblue, Yem
ans 6eToHa, rae CBsi3ylollee BELeCTBO «pas-
6aBneHo» 3anonHUTENeM W rae ycagka Takke
orpaHu4eHa Hamuumem 3anonHuTens. Takvm
06pa3om, NPo4HOCTL 06pa3LIOB CMeCH OkasbiBa-
€TCS CIILLKOM HU3KOW, MOCKOMbKY B HUX MOTyT
ObITb MUKPOTPELLIMHBI. DTOrO MOXHO M3bexartb,
€Cnn 1crnonb3oBaTh Ooree ManeHbkne obpas-
upbl (4acTto nopsigka 20MM) , B J@HHOM criydae
ObInn 1cnonb3oBaHbl 06pasLibi-kyObl CO CTOpo-
Hou 50mMm. OpHako cpasy mocre CxBaTbiBaHWSA
(T.e. TBEpAEHMSA) hOPMbI MOMECTUMN B BOZY Tak,
YTO MyCTble, Cy>XeHHbIE BCIIEACTBME XVMUYECKON
YCaKv NOpbl MO 3aMOSTHUTLCS BOAOW U CTaTb
MeHee pacTsHyTbIMW BCrieACcTBrEe 06pa3oBaHns
B MOpax MEHNCKOB 13 BOAbI.

Bbinv nposeaeHb! nepebie 4 cepum ncnbiTa-
HUi ¢ 0% 1 2% HuUTpaTa kanbuusi, a Takke 6e3
M3BECTHSIKOBOIO 3anonHuTens u ¢ gobasnexHn-
em 20% Aans pasdaeneHns uemeHTta. OgHako
6bINO CAEnaHo He CIMLLKOM MHOTO UCTIbITaHUI,
Tak 4yTo ObINO CNOXHO cAenatb BbIBOA, Aaxe
npy ycrioBuu, YTO Habmopanacb TeHAeHUMS
— NPOYHOCTL 06pa3LoB € 2% HUTpaTa KanbLuys
npeBocxoguna nNpoyvHocTb obpasuos 6e3 fo-
6aBok. T.0. Bbina NnpoBegeHa BTopas cepus uc-
nbiTaHuii n3 9 napannenen ¢ 0% v 2% Hutpata
kanbums. [MpoYHOCTb Ha CxaTue okasanacb
paBHa 69+3 n 7414 Mlla COOTBETCTBEHHO.
YBenuyeHune NpoYHOCTU Ha CxaTue Kak cMecw,
Tak 1 6eToHa ¢ fobaBneHnem HTpaTa KanbLms
CBUOETENLCTBYET O TOM, YTO OHO HE MOXET
ObITb ODYCINOBMEHO W3MEHEHWEM TPaHUYHOMN
NOBEPXHOCTV MeXy 3arofH1Tenem n cBasyto-
LLIMM BeLLECTBOM, a TOMNbKO (OM3NHECKUMU 1N

T ¥ I

XMMUYECKUMU N3MEHEHUSIMA B CAMOM CBSI3YHo-
Lem BeLLecTBe.

3.2.2 MIP/HeP

Bbinv nposeaeHb! 4 cepum ncnbitanuii ¢ 0%
n 2% HuTpata Kanbums, a Takke 6e3 n3BecT-
HSIKOBOTO 3arnonHutens u ¢ gobaeneHnem 20%
ANs M3ydeHnst pacnpenerneHns nop pasnuyHo-
ro pasmepa (MIP) n Bcelt NopucTocTn B LIENIOM
(HeP). Mockonbky HepaBHO NpoBeAeHHOE UCTbI-
TaHWe nokasarno, 4To cywka npu 105°C moxet
3HAYMTENBHO NOBMUATL HA MOPUCTYIO CTPYKTYPY
3a CYeT YKpynHeHusi cTpykTypbl CSH-rens, Gbin
BbIOpaH Waasawmii pexxum. CHavana sogy B 06-
pasuax — NpMMepHO 5MM — 3aMeHsnu Ha aTa-
HOM (3TUMOBBIN CMMPT) Ha nepuog 2 Mecsaua.
OtaHona 6bino B U3BbITKE, Y HA NMPOTSKEHWUM
3TOr0 BPEMEHW ero MEHSNM HeCKomnbKo pas. B
pesynsrate 0bpasLybl BecoM Bcero B 1,5r npoxo-
Ounu cywky Tonbko npu 50°C, a He npu ob6bIy-
HbIX 105°C, NpeaLwecTBYOLLMX UCTIbITAHWSIM Ha
MIP/HeP. YnenbHasi noBepxHOCTb; Sg (m?/r),
NAOTHOCTb YacTuy, pp(Kr/MS), NAOTHOCTb TB.
BellecTsa; P (Kr/M?), yaenbHbIi obbem nop;
V, (MYr), yaenbHbii ofbem dacTuu; V (MP/kr),
MOPUCTOCTb K MPOHMKHOBEHWIO PTYTH; eHg=1OO%
V/V, (%), n nopuctocts K MPOHUKHOBEHMIO
renus; €,.=100% (1- pp/ p,) NMpeacrasneHbl B
Tabn. 5 ana 4 pasnuuHbix cmecell. Pacnpege-
NeHvie Nop PasnWYHOro pasmepa ANA cmecen
6e3 gobaBok M AnA cmecen ¢ fobaBrneHnem
20% W3BECTHSAKOBOTO 3anosHUTENs n3obpaxe-
Hbl Ha puc.3.

Pesynbratel, npencrtaBneHHble B Tabn.
5 nokasblBatoT, 4TO Ucnonb3oBaHue 2% Hu-
TpaTa KanbLWsi NPUBOAUT K 3HAYUTENbHOMY
yBenuyeHntio oben nopuctoctu. ockonbky
pasHuLa Mexay NOpUCTOCTLIO MO OTHOLLEHWIO
K PTYTW 1 renunio NpMMepHO OAHAa U Ta Xe, TO
obbACHEHWe KpoeTcs B pa3mepe nop, AOCTyn-
HbIX K MPOHVKHOBEHWIO PTYTW. Pacnpeaenexvie
nop pasnuyHoro pasmepa, n3obpaxeHHoe Ha
pvc.3, nMokasbiBaeT YTO pa3mep nop, JOCTyM-
HbIX K MPOHUKHOBEHWIO PTYTW, npu gobaene-
HUK B cMecb 2% HWTpaTa KanbLus U3MeHsieT-
cs1 ¢ npyMepHo 20HM o 10HM. B

Puc.2 BHeluHui Bup 6eToHa 6e3 no6aBok (cnesa) u ¢ gobaBneHnem 2% HUTpaTa kanbuus (cnpaBa)
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OTMETUM, YTO pacnpeaerneHne nop pasnuy-
HOro pasmepa, onpenenenHoe no MIP, gencran-
TENbHO MOKa3blBaET BHYTPEHHEE YCTPOWCTBO
nop. Yto kacaetcs, Hanmpumep, 3epeH Xagmu
(ApIpK HenpaBunbHOM POPMBbI), HAXOASALLMXCS
B rerie ¢ HebonbWMMK nopamu (kak BUOHO Ha
puC. 2), pTYTb NOTEYET YepPe3 HUX B PACONIOKEH-
HY0 psigoM Goree KpyrHyto AbIpKy. OTo cepbes-
HbIi HepocTaTok metoga MIP 1 Takoe siBneHve
4YacTo Ha3blBalOT «My3bIpbKOM A YEPHUI»
(9dhheKT YepHUNbHULBI).

DTA/TG

TepmorpaBUMETPUYECKE  KpUBbIE  AS1A
cmecy 6e3 un ¢ gobaeneHnem 2% HATpaTa Karnb-
LS Nnokasarnu NuLlb HE3HAYUTENbHYH PasHULY
mexay aTuMu aBymsi obpasuamu. O6ye no-
Tepu Beca npu 105°C Heckonbko Bbille Arns 06-
pa3ua 6e3 nobaBok (23,25%) no cpaBHeHWO CO
cMmecbto ¢ gobaeneHnem 2% HuTpata KanbLmst
(23,01%). Ecnn konm4ecTBO XMMUYECKMN CBSI3aH-
How Bogbl — 25% ansa 100% rugpataumm, notepst
Macchl NPUBOAUT K cTeneHu rnapataumnm —93,0%
Aans obpasua 6e3 gobasok 1 92,0% ana cmecu
¢ pobaeneHnem 2% Hutpata kanbuus. Peskoe
yMeHbLLEHWE Macchl B uHTepBane 470-520°C
obycrioBrieHa TEPMUYECKM Pa3rOXeHUeM -
Apokcuaa Kanbuysi. PasHuua HesHaunTenbHa
N yMeHblLEHWe MacChl BOAbl COOTBETCTBYET
COAEPXaHUIO TMOPOKCMZA Kanbuusi B CMecu
npu 105°C 11,5% ans obpasua 6e3 gobasok 1
12,0% ans cmecu ¢ gobaeneHvem 2% Hutpata
Karnbuysi. B xopoLuo ruapatvpoBaHHOM LIEMEHT-
HOM TecTe 6e3 MUKPOKPEMHE3EMA [OIKHO CO-
depxaTbecs nopsiaka 25% rugpokeuaa kanbums,
Tak YTo NMPVMEPHO MNONoBMHA OBLLEe Macchl Mo-
rroLLaeTcsl B NpoLecce MyLiLonaHoBoW peakLumm
(xvimnyeckoe B3avMoZeNCTBIE NOPOLLKOOOpas-
HbIX CUINMKATHBIX M artOMOCUIIMKATHBIX BELLIECTB
C IMOPOKCMAOM KanbLusi UNn U3BECTLIO B MpU-
cyTcTBUM Brarv) npu gobasneHnn 4% Mukpo-
KpemHesema.

Si MAS NMR

MoppoGHoe 0b6bsiCHEHVE crekTpa
Si MAS NMR B faHHOM pabote He npencrasne-
Ho. Cnektpbl Si MAS NMR uemeHTHOro Tecta
6e3 n c gobaeneHveM 2% HuTpaTa KanbLusi
nokasaHbl Ha puc.4. Bknag anuta u 6enuta, He
BCTYMUBLLNX B peaKLMI, — 3TO MUKW Npn -67 1 -76
(Mr/n vnn NpomMwnne), COOTBETCTBEHHO, a OTHO-
CUTENbHasi UHTEHCMBHOCTb OT 3TOrO «ayornera»
Q° — 310 28/8 1 27/2 ons cmecy 6es 1 ¢ gobas-
neHvem 2% HUTpaTa KarnbLysi COOTBETCTBEHHO;
NpuY 3TOM CTemneHb rmapaTaumn Ons CUNMKaTHbIX
matepuarnos — 70,0 u 71,7% (nomHum o 4% mu-
KPOKpeMHe3eMa, KOTOpbII MOHOCTbLIO Npopearu-
poBar). KoHueBas rpynna CUIMKaTHOTO aHKoHa
B CSH- rene (Q'") npn 80 (Mr/n unu npomwunne)
MMEET OTHOCUTESbHYIO WHTEHCUMBHOCTL 37.6 M
43.5 % pna cvecn 6e3 1 ¢ gobaeneHvem 2%
HUTpaTa KarbLysi, B TO BPEMs Kak CpeaHsist rpyn-

0% 2% 0% 2%
M3BecTHsikoBbIN | 0% 0% 20% 20%
3anonHuTens
m(r) 1,66 1,39 1,65 1,32
S, (m?/r) 26,46 |28,57 |22,58 |21,83
pp(KI’/MB) 1,648 (1,674 (1,726 (1,787
p,(kr/m®) 2,127 |2,067 |2,196 |2,142
V,(10°wm%kr) |0,1282 |0,1029 |0,1108 |0,0768
V (10°m%kr) |0,6068 |0,5974 |0,5794 |0,5596
€,5(%) 21,1 17,2 19,1 13,7
£..(%) 22,5 19,0 21,4 16,6

PACrDagansmss B Caicu NG DAARIHRAIG DASUENKE

Tabn. 5 Pe3ynksTaTtbl MCNbITaHUA cmecen
Ha NopucTocTb

na (Q3) npwu 85 (Mr/n unu npomunne) obnagaer
nHTEeHeMBHOCTLIO 30,4 1 26,3%. Taioke umeetcs
CUrHan OT cpefHel rpynmbl B CUIMKATHOM aHW-
OHe, coeauHeHHoM ¢ TeTpaaapom AlO,, Q%(1Al),
npu -82 (Mr/n nnm NPoOMUIIIe) C OTHOCUTESTbHBIMMN
MHTEHcMBHOCTAMK 3,3 1 2,9%. Ecnn nocnegHuin
BKITOYEH B pacyeTbl CpeaHen AnvHbI Monmcunm-
KaTHOro aHWoHa, Ans cvecu 6e3 1 ¢ JobaeneHu-
em 2% HuTparta KanbLms MomnyyarlTcs 3Ha4eHNs
3,8 1 2,2 COOTBETCTBEHHO. JTO MPOTMBOPEYNT
TOMy, YTO Habrtopanm OxactHec u Hurapg, (Ny-
gaard), a UMeHHO, HeBOrbLLIOE YAIMHEHVE cpes-
HEero NornmMcunMKaTHOro aHMoHa, Kora B CMeCh 13
06bI4HOrO nopTnaHauemenTa (+17%) u cynbda-
TOCTOVKOro noptraHauemeHTa (+5%) gobaensnm
5,26% HuTpaTta kanbums. OgHako oba uemeHTa n
[03VIPOBKU CUIBHO pasnuyarnvichb.

SEM/EDX

BHelUHMIn BMAO LEMEHTHbIX cMmecein 6e3 n
c pobaeneHuem 2% HuTpaTa kanbuus npeg-
CTaBfeH Ha puc.5, Ha p1C.6 — B yBEMUYEHHOM
macwitabe. Apkue rpaHynbl, paBHOMEPHO pac-
npeaerneHHble NMo M306pakeHno Ha puc.5, — 3To
He BCTYMNVBLUME B PEaKUMIO rpaHyrbl LIeMEeHTa,
Haxofslmecss B TEMHOM CEPOM aMOpdHOM
cea3ytowem BewlectBe CSH. Caetrno-cepble
obrnacty HenpaBuUrbHON HOPMbI — 3TO MMOPOK-
cup, kanbumst (CH). Ux He cnegyeT nytath C
OKPYbIMA  BKPaMIEHUSIMA  MUKPOKpEMHe3eMa
(HekoTOpblE M3 HUX B Ka4yecTBe MNpumepa oTMme-
YeHbl Ha kapTuHke SF). EquHcTBeHHas pasHuua
mMexay 3TUMKM AByMsi 06pasLamMu, Kak BUOHO Mo
pucyHkam 5 1 6, BeposiTHO, B TOM, YTO B CMeCU
¢ pnobaeneHvnem 2% HuTpaTa kanbums obnactu
C M'MOPOKCYOOM KarlbLins OKa3bIBatOTCS HECKOMb-
KO GorbLuero pasmepa. ATO MOXHO OOBSCHUTH
HECKOSbKO MEHBLLEN PacTBOPUMOCTBIO MMAPOK-
cuaa Kanbuysi B CMECVM C HUTPATOM KarnbLusi
BCIeACTBUE BNUsiHUS obLUero uoHa (T.e. Ca?*).

3AKNKOYEHUE

Ha 28 n 90 cyTku MPOYHOCTb Ha cxartve
GeToHa ¢ gobaBrneHnem Ha paHHen ctagum 2%
Hutpata Kanbuus 6bina Ha 10MIMa Bbiwe, Yem
y GetoHa 6e3 pobaBok. [ononHuTenbHble P
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ethanol was in great excess and changed several times
during the period. Finally, the sample pieces weighing
about 1.5 g were dried only at 50°C rather than the usual
105°C prior to the MIP/HeP study. The specific surface;
S, (m?/g), particle density; V(m/kg); p, (kg/m°), solid den-
sity; p, (kg/m?®), specific pore volume; V, (m*kg) = 100%,
mercury accessible porosity eHg=1 00% Vng(%), and
helium accessible porosity; €,,,=100% (1- p,/ p,), are
listed in Table 5 for the 4 paste mixes. The pore size dis-
tribution for neat pastes and pastes with 20% limestone
filler are plotted in Fig. 3.

The results in Table 5 show that the addition of 2 %
CN leads to a substantial decrease of the total porosity.
Since the difference in mercury and helium accessible
porosity is about the same, the difference lays in pore
sizes accessible to mercury. The pore size distributions
plotted in Fig. 3 show that the pore entry size for mercury
is shifted from about 20 nm to10 nm when 2 % CN is
included in the mix.

Note that the pore size distributions from MIP really
represent pore entries. In the case of for instance coarse
«Hadley grains» (irregular holes) embedded in a gel with
small pores (as seen in Fig. 2), the pores around such a
hole will be misinterpreted as high in numbers since the
mercury will flow through them and into the larger hole.
This is a serious drawback to the MIP method and the
effect is often nicknamed the «ink-bottle» effect. Table 5
Results from porosity studies of pastes Pore size distrib-
ution of paste pore size (nm) Cumulative volume (vol%)
Ref - MIP2% CN - MIPRef - He2% CN - HePore size
distribution - paste with filler. Pore size (nm) Cumulative
volume (vol%) Ref - MIP2% CN - MIPRef - He2% CN
- He Fig. 3 Pore size distribution of paste without and
with 2% CN (left) and paste with 20% limestone filler and
without and with 2% CN (right).

DTA/TG

The thermogravimetry curves of paste without and
with 2 % CN showed only marginally differences betw-
een the two samples. The total weight loss at 105°C is
somewhat higher for the reference (23.25 %) than for the
mix with 2% CN (23.01 %). If chemical bound water is
25% for 100% hydration, the mass losses give a degree
of hydration of 93.0 % for the reference and 92.0% for
the mix with 2 % CN. However, if any this should con-
tribute to an opposite effect on strength than observed.
A sharp mass loss in the range 470-520°C is due to the
thermal decomposition of calcium hydroxide. The differe-
nce is negligible and the mass loss of water corresponds
to a content of calcium hydroxide relative to the paste
at 105°C of 11.5% for the reference and 12.0% for the
paste with 2% CN. Proper hydrated cement paste with-
out silica fume should have in the order of 25% calcium
hydroxide, so about half the content is consumed in the
pozzolanic reaction of the 4% silica fume added.

Si MAS NMR

The interpretation of Si NMR spectra is described in
detail elsewhere [4]. The Si MAS NMR spectra of ceme-
nt paste without and with 2% CN are shown in Fig. 4. Co-
ntributions from unreacted alite and belite are peaks at
—67 and —76 ppm, respectively, and the relative intensity
from this «doublet» Q° is 28.8 and 27.2 for paste without
and with 2% CN, respectively, corresponding to degree
of hydration for the silicate minerals of 70.0 and 71.7 %
(remembering the 4 % silica fume that has fully reacted).
The end group of the silicate anion in the CSH gel (Q")
at —80 ppm has relative intensity 37.6 and 43.5 % for
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paste without and with 2% CN, while the mid group (Q?)
at 85 ppm has intensity 30.4 and 26.3 %. There is also
a signal from a mid-group in the silicate anion bridged to
an AlO4-tetrahedron, Q%(1Al), at 82 ppm with respective
intensities of 3.3 and 2.9 %. If the latter is included in the
calculation of the average polysilicate anion length, valu-
es of 3.8 and 2.2 are obtained for the paste without and
with 2% CN, respectively. This is in contradiction to Jus-
tnes and Nygaard [4] who observed a slight elongation
of the average polysilicate anion when 5.26 % CN was
added to paste of OPC (+17%) and SRPC (+5%). How-
ever, bot cement types and dosage was quite different.
Fig. 4 Experimental (upper) and deconvoluted (lower)
29Si MAS NMR spectra of cement past without (left) and
with 2% CN (right).

SEM/EDX

An overview of cement paste without and with 2%
CN is depicted in Fig. 5, while enlarged images are re-
produced in Fig. 6. The bright grains evenly distributed
in the images of Fig. 5 are unreacted cement grains
embedded in the dark grey amorphous CSH binder.
The lighter grey, irregular areas are calcium hydroxide
(CH). These should not be confused with rounded, non-
dispersed silica fume agglomerates (some are marked
with SF in the images as examples). The only difference
between the two samples as seen from the images in
Figs. 5 and 6 is perhaps that calcium hydroxide seems to
appear in somewhat larger cluster in the paste with 2%
CN. This may be understood by slightly lower solubility of
calcium hydroxide in the paste with CN due to the com-
mon ion effect (i.e. Ca?). Fig. 11 BEI overview of cement
paste without (left image) and with 2 % CN (right image).
Fig. 12 BEI of cement paste without (left image) and with
2 % CN (right image).

CONCLUSIONS

The compressive strength of concrete was 10 MPa
higher than the reference at 28 and 90 days when 2 %
calcium nitrate (CN) was added to the fresh mix. Extra
specimens are stored at 20°C and 100% RH to see if the
strength enhancement prevails for up to 10 years.

The capillary suction test showed that concrete wi-
thout and with 2% CN had no significant difference in
total porosity. However, the water suction rate was som-
ewhat slower (17%) and the time required for the water
to reach the top of the specimen was somewhat longer
(+25%) when 2 % CN was added. This could indicate fi-
ner capillaries or capillaries partly segmented to a higher
degree. Note that specimens were dried at 105°C prior to
the capillary suction test.

SEM/EDX of concrete did not reveal any striking di-
fferences. The aggregate/binder interface was about the
same. There appeared to be marginally more «Hadley
grains» (i.e. irregular holes) in the binder of the concrete
with 2% CN.

The compressive strength of binder without aggreg-
ate (i.e. paste) was about 5 MPa higher than the referen-
ce when 2 % CN was included in the recipe. Although the
standard deviation was high, it is significant and points to
the fact that aggregate/binder interface improvement can
not explain the strength increase alone.

The paste specimen for porosity investigations
were treated with a gentle ethanol/water exchange and
drying at only 50°C. The total porosity was then signifi-
cantly less ( 30%) when 2% CN was included, and the
majority of the pore entry sizes was reduced from =20
nm to =10 nm.

No significant difference in chemical bond water,
calcium hydroxide content or degree of hydration of pa-
ste without and with 2 % CN was observed by thermal
analysis. Si MAS NMR showed a significantly lower ch-
ain length of the linear polysilicate anions of the CSH gel
when 2 % CN was included, which may be explained by
a higher Ca/Si molar ratio of the CSH gel. SEM/EDX of
the pastes indicates that calcium hydroxide may be in the
form of larger clusters when CN is included, which may
be understood by calcium hydroxide solubility suppress-
ion due to the common ion effect of Ca?*.

As an overall conclusion, the long-term strength
increase of concrete caused by the addition of 2 % ca-
Icium nitrate to the fresh mix seems to be due to lower
porosity of the binder only observable by gentle drying
techniques.

CTPOUTENbLCTBO
CONSTRUCTION

Puc.4 Cnektpbl Si MAS NMP LemeHTHLIX cMecelt 6e3 (cneBa) u ¢ gobasneHnem 2%
HUTpaTa Kanbuus (cnpaBa): 3KCnepuMeHTanbHbIN CNEeKTP (CBepXy) U CNEKTP, NonyYeHHbIN nyTemMm
AEeKOHBONMIOLMM (BOCCTAaHOBIIEHUE CUrHaNa MeToAoM obpalleHus (pa3aeneHns) CBEPTKHM).

obpasupl xpaHsTes npy 20°C n 100% otHocu-
TenbHON BNaXHOCTM A4St TOro, YTobbl yoeauTses,
YTO NPOYHOCTbL ByaeT Bbicokon 1 yepes 10 net.

McnbiTaHns Ha KanunnsipHoe BcackiBaHWe
rokasanu, 4to y 6eToHa, kak 6e3 Tak 1 c fobaene-
HMeM 2% HuTpaTa KarnbLys, obLiasi MopucTocTb
npakTuyecky ogmHakosas. OgHako npu aobas-
neHun 2% HuTpata KanbLusi CKOPOCTb MPOHUK-
HOBEHUs1 BOAbl Oblna HeCKornbko MeHbLue (-17%)
1 Bpemsi, Heobxoavmoe Ans Toro, YTobbl Boaa
[OoCTUIMa BepLUMHbl 0bpasua, Gblno HECKOMNbKO
GonbLue (+25%). 3To MOXeT CBMAETENbCTBOBATL
0 Goree MenkUx Kanunnsipax UM o 4acTU4HO
pasfeneHHbIx kanunnsapax. OTMeTM, YTo nepes
NPOBEAEHNEM UCTIbITaHUI Ha KanurnsipHoe Bca-
cblBaH1e 0bpaaLibl Npoxoavny cyLuky npu 105°C.

WcnbitaHnst 6etoHa SEM/EDX He BbiSiBUNK
KaKVX-TO 3HAYMTESbHbIX pa3nuuuii. MpaHuyHas
MOBEPXHOCTb MEeXAy 3arofiHATENEM U CBSA3Y-
IOLLMM BELLECTBOM Oblna NpUMEPHO Takasi Xe.
KonunyectBo «3epeH Xagnu» (ObIPOK wnu no-
1oCTEN HEMpaBUIbHON (POPMbI) B CBS3YHOLLEM
BellecTBe 6eToHa ¢ fobasneHem 2% Hutpata
KarbLys BbIrIo HeMHOro GorbLue.

MpoYHOCT Ha CxXaTve CBHA3YHOLLErO Belle-
cTBa 6e3 3anonHuTens (T.e. cMecu) npu Jobas-
neHvmm 2% HWTpaTa Kanbumus Gbina npuMepHo
Ha 5Mla 6ornbLue, Yem y obpasua 6e3 JobaBoK.
XoTa cTaHaapTHble (OOoMyCTUMbIE) OTKIMOHEHUS
ObInM BENUKX, O4EHb BaXKEH TOT haKT, YTO OOHO
TOMbKO YNy4lliEHWe TPaHWYHON MOBEPXHOCTU
Mexay 3arnonHUTENneM U CBSI3yIOLLWM Belle-
CTBOM He OObSICHSET YBENMUYEHME MPOYHOCTU.

O6pa3subl cMecu Onst UCMbITaHUA Ha Mno-
pVCTOCTb MOABEpPranvcb MSrko npoleanype
CyWKU Mpu TemnepaTtype Bcero nuwb 50°C
C npeaBapuTEnbHbIM 3aMELLEHMEM BOAbl Ha
aTaHon. Torga obLasi NopucTocTb Obina 3Ha-
ynTenbHo MeHblue (= 30%) npu gobaBneHun
2% HuTpaTa Kanbums, n pasmep 60nbLUMHCTBA
nop ymeHbLUnncs ¢ = 20HM Ao = 10HM.

[MyTem Tepmuuyeckoro aHanusa He Obifo
BbISIBMIEHO HUKAKUX 3HAYUTENbHbIX WU3MEHe-
HWIA KONM4yecTBa XMMMUYECKM CBA3AHHOW BOAbI,
coepxaHusa rvapokcuaa Kanbuys unm cre-
neHun rugpatauum cmecu 6e3 n ¢ pobaene-
Huem 2% HuTpaTta Kanbuus. MccnegosaHusi
Si MAS NMP noka3anu, 4to npu pobaene-
HUM 2% HWTpaTa Kanbuus ANvHA Lernouku
TNIMHENHBIX MOMUCUMMKaTHBLIX aHMoHoB CSH-
rens crana 3HaunTerlbHO MeHbLUE, YTO MOXHO
06BACHNTL OOMbLUNMM MOMSIPHBIM OTHOLLEHMW-
em Ca/Si B CSH-rene. WcnbitaHus cmecei
SEM/EDX noka3ablBatoT, 4To pasmep obnactei
C rMOPOKCUAOM KarbLMsi MOXET cTaTb Gorblue
npu gobasBneHun HUTpaTa KarnbLms, YTO MOX-
HO OOBACHUTb CHWXKEHUEM PacTBOPMMOCTY
rMopokcuaa KanbLUysi BCIeACTBUE  BRUSIHUS
obLero noHa Ca?.

B KOHeYHOM uTOre AOMroCPOYHbI Habop
NPOYHOCTU BETOHA, BbI3BaHHLIN JOOaBNeHnEM
HUTpaTa KarnbUus Ha paHHeln cTaguu BeposiT-
Ho,00ycrnoBneH 6onee HU3KOW MOPVCTOCTHIO
CBSI3YHOLLIETO BELLECTBA, KOTOPYH MOXHO OBHa-
PYXVTb TOMBKO NPU UCTMONb30BaHWN LL@ASLLETO
pexuma CyLKA. m

Puc.12 BEIl Bua uemeHTHOM cmecu 6e3 (cneBa) u ¢ ao6aBneHnem 2% HUTpaTa Kanbuus (cnpasa)
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3a nocnegHue 35 net MupoBoe NoTpedrieHne 3HepPropecypcoB 1 Cbipbsi Bo3pocro noyTtu B 10 pas, u B AanbHelLWeM NPOrHo3upyeTcs
POCT 3HepronoTpedneHns npakTM4yeckn Bo Bcex cTpaHax mupa. CoBpemeHHas aHepreTuka 6asupyeTcsl Ha yrneBOoAOPOAHbIX BUAAX
Tonnuea(ras, HedTb, yronsb). B Kacnuiickom pernoHe nlMepcuackom sanmee HaxoanTcs 70 1 40% mypoBbIX 3anacoB HEPTU M TPUPOAHOTO
rasa cooTrBeTCTBEHHO. C y4eTOM POCCUMCKUX PEruoHoB, B KOTOPbIX cocpenoToyeHo 12 u 35% mMupoBbLIX 3anacoB HedTU U rasa,
nonyyvaeTcsi COOTBeTCTBEHHO 82 1 75% MupoBbIx 3anacoB HedTu 1 rasa. LleHbl Ha aHeproHocuTenun — HedThb, ras, yrosb - NoKa3biBalOT

CTabUnbHbIN POCT.
OuHamuKa pocTa LeH Ha

TONNMBHOM pbiHKe Poccuu no3BomnsieT CNporHo3upoBaTb, YTO B Gnuxkailwee Bpemst Tapudbl Ha

3NEeKTPOIHEPrUIo U TENso AOCTUTHYT MUPOBOro YPOBHSA, T.e. 6-8 ueHToB/(kBT-4) n 15-40 gonnapos/lkan.

IIPUMEHEHHE THTAHOBbIX
IHHOJTIY®D®ABPUKATOB

TP U3T'OTOBJIEHMHU COBPEMEHHBIX YCTAHOBOK
IEJIb®OBON HE®TEJIOBbIYY U DHEPTOYCTAHOBOK

0. LLALLKOBA

TEHOEHUWU PA3BUTUA TENNO- U
ONEKTPOCHABXEHUA
B atmx ycnosusix oveBUOHbI criedytoLvie

OCHOBHbIE TEHAEHLIMWN Pa3BUTUS TEMSIO- U 3eK-

TpOCHabXeHWst:

1. OcBoeHWe TPYOAHOAOCTYMHbLIX MECTOPOX-

OeHuin HeddTM M ras3a LwWenb(oBON 30HbI
BapeHueBa, Kacnuiickoro mopein, O6cko-
TasoBckow rybbl 1 ap.
XapakTep ¥ MecTo 3aneraHusi AaHHbIX UC-
TOYHWKOB  YIMEBOAOPOAHOIO  Chipbsi  MNpU
BCEN OrPOMHON NEPCNEKTUBHOCTY OTKPbITLIX
MECTOPOXAEHU 0BycrnaBnMBaEeT BbICOKYH
CTOMMOCTb MOMYyYeHHbIX YrNeBo40POO0B.

2. [anbHeniee pa3suTtvie SAEPHON SHEPTETUKN.
Bce Gorbluee 4ncrno crtpaH npuxoguT K Bbl-
BOAY, YTO Ans YOOBINETBOPEHWS BO3pacTato-
LLIMX SHEpreTnyeckmx notpebHocTeln B obLuen
CTPYKTYpE SHEPreTUKM B CTpaHe HeoOXoauMO
NpUCYTCTBUE SAEPHON aHepreTukn. Tem Bonee
370 aKTyanbHo Ans Poccvu, rae Ha Jonto atom-
HOW 3HepreTvku npuxogutcs 16%, B To Bpemsi
Kak Bo ®PpaHLyu 3TOT nokasaTternb COCTaBnsieT
78%, AnoHun — 34,5%, B CLUA — 20,3%.

3. MogepHu3aumss  CylwlecTByloLUMX — Tenmno-

nosbiweHne Krig

BbIX ONEKTPOCTaHLWN,

Cenaparop. Matepman - TuTaH

HavanbHuk YnpaBneHusi npoaax B MalLUMHOCTPOEHNe

r. BepxHusas Canga

OAO «Kopnopauusi BCMINMO-ABUCMA»

TEnsIo-3HEProyCTaHOBOK, CHIWKEHME 3KOMOM-
4YeCcKoN OnacHOCTY AaHHbIX 0OBEKTOB.

4. Pa3BuTVe ansTepHATUBHBLIX MICTOYHMKOB 3HEP-
K, @ UMEHHO, BO30GHOBNSIEMbIX MCTOUHUKOB
3HEprn — reotepmaribHbIe TEXHOINOMU, 3HEpP-
st NPUNYBOB U T.M.

Bce veTbipe nepeyncnerHble HanpaBneHus
ABNSAOTCA HAYKOEMKUMM, U MPUMEHSIEMbIE NSt
peanusaumy JaHHbIX MPOEKTOB TeXHONornye-
CKMEe UM SHEPrOYCTAHOBKM JOMKHbI OTNUYaTh-
¢ BonblUMM SKCMyaTaLMOHHBIM PECYPCOM
— He MeHee 60 net. 3To TpeboBaHWe pacnpo-
CTpaHsieTcsi Ha MPUMEHSIEMbIE KOHCTPYKLMOH-
Hble MaTepuanbl, U 34ecCb OKasanucb BOCTpe-
60BaHbl HapaboTKM BOEHHO-MPOMbILLIEHHOTO
komnnekca. CerogHsi oTMe4YaeTcsl cMmeLleHne
BHMMaHUS W OTHOCUTENbHOE pacluvMpeHue
06BbEeMOB NPUMEHEHNST COBPEMEHHbIX MaTepu-
anoB B rpaxaaHCKUX OTpachnsiX NpPOMbILLIEH-
HocTW. Bonbluoe 3HayeHWe B paLMoHaribHOM
MCMOmNb30BaHNM  MaTepuarnbHbIX — Pecypcos,
MOBLILLEHUN CPOKOB CIYXObl Y HaAEXHOCTM
o6opyaoBaHNs UMeET NPUMEHEHWE TUTaHa ©
CNnaBoB Ha ero ocHoBe, obrnafatolyx yHu-
KasbHbIM KOMMIEKCOM (PU3UKO-MEXaHNYECKNX
N TEXHONOMMYECKNX CBOWCTB. B>

USE OF TITANIUM SEMI-FINISHED
PRODUCTS IN THE MANUFACTURE OF
MODERN OFF-SHORE OIL PRODUCTION
UNITS AND ENERGY UNITS

JSC «Corporation VSMPO-AVISMA»

In the last 35 years, the world consumption of
energy resources and raw materials has grown alm-
ost 10 times and, going forward, the growth of energy
consumption is being forecast practically in all the co-
untries worldwide. Modern energy sector is based on
hydrocarbon types of fuel (gas, oil, coal). In the Casp-
ian Sea Region and in the Persian Gulf there are 40%
and 40% of the world reserves of oil and natural gas
respectively. Inclusive of the Russian regions in which
12% and 35% of the world reserves of oil and gas are
concentrated, it adds up to 82% and 75 % of the world
reserves of oil and gas. The prices for energy resourc-
es — oil, gas, coal — are showing a steady increase.

The trend for rising prices in the fuel market of
Russia allows us to forecast that in the near future
the electricity charges and heating charges will rea-
ch the world level, i.e. 6-8 US cents/(kWt-hour) and
15-40 USD/Gcal.

The development trends of heat and electricity
supplies

Under these conditions, the following principal
trends in the development of the heat and electric po-
wer supplies are obvious:
1.Developing difficult of access oil and gas deposits
in the off-shore area of the Barents Sea, the Caspian
Sea, the Ob Tazovskaya guba, etc.

The nature and the location of these hydrocarbon
deposits, with all the enormous potential of the disc-
overed deposits, pre-determines the high cost of the
hydrocarbons produced.
2.Further development of nuclear energy.

More and more countries wake up to the realization
that in order to satisfy the ever growing energy reg-
uirements in the overall structure of energy in the
country, the presence of nuclear energy is necessary.
This is especially true of Russia where nuclear ener-
gy accounts for 16%, whereas in France this indicator
is at the level of 78%, in Japan — 34.5%, in the USA
—20.3%.

3. Upgrading the existing thermo electric power utiliti-
es, increased performance factor of the thermo elect-
ric power units, lowering the environmental hazard of
these facilities.

4. Developing alternative sources of energy, namely,
renewable sources of energy — geothermal technolog-
ies, tide energy, etc.



3KCMO3NULMA  3/H (64) man 2008 r.

All the four above mentioned activities are scie-
nce intensive and the manufacturing units or energy
units used to implement these projects have to stand
out in having a lengthy life span, i.e. no less than 60
years. This requirement applies to the structural ma-
terials used, and here some of the achievements of
the military industrial complex have proved to come
in useful. Today one can observe a shift in focus and
relative expansion of the volumes in which modern
materials are used in civilian sectors of industry. Great
importance in the rational use of material resources,
in lengthening the service life and raising the reliability
of the equipment, is attached to the use of titanium
and titanium based alloys which possess a unique set
of physical, mechanical and technological properties.
So, let us consider the prerequisites and the causes of
the use of titanium in the implementation of the above
mentioned projects.

Titanium for the Off-Shore Oil Production Fa-
cilities

For oil and gas production systems for the con-
tinental shelf, the unique resistance to destruction of
titanium in the hydrogen sulfide medium is worthy of
a special mention, with hydrogen sulfide being always
present in this or that concentration in the mixture of oil
and gas products obtained from the formation. OAO
Corporation VSMPO-AVISMA» together with DOAO
«Central Design Office for Oil Equipment» has carried
out research into the corrosion resistance of the volu-
me produced titanium alloys in the hydrogen sulfide
containing media in oil and gas production. The tests
were conducted under laboratory and industrial condi-
tions in the following technological media:

1) corrosive media saturated with hydrogen sulfide
and complying with NACE TM 01-77 and TM 02-84
Standards;

2) diethylene glycol solutions saturated with salt and
acid impurities under regeneration conditions;

3) diethanolamine solutions saturated with hydrogen
sulfide under sulfur cleaning and regeneration con-
ditions. MT-3B, B11-0, OT-4 alloys under the above
conditions are susceptible to corrosion destruction in
terms of general and pitting corrosion. It is also no-
teworthy that titanium alloys have exceptional resis-
tance to high concentrations of chlorine ions; in the
meantime in the formation water, the concentration of
this agent is 2 times higher than in the outboard sea
water, chlorine ions concentrations being 39260 mg/li-
ter and 18650 mgl/liter respectively. All these matters
need to be taken into account when developing the
design documentation and issuing the requirements
for the materials to be used. By way of an example, in
Table 1, there are recommendations for the engineer-
ing organization KBR in the assignment issued for the
reconstruction of «kHUTTOND» rig for MLSP «Prirazlo-
mnaya». While analyzing these recommendation one
cannot but pay attention to the fact that on steel pipes
a provision is made for the corrosion stock margin in
the amount of 6 mm each side. Taking into considerat-
ion the difference in the specific gravity of titanium and
steel, the mass of 1 meter of length of pipe, Dia 200
from titanium will equal 12.2 kg while the pipe from
steel 09r2C — 51.78 kg.

Titanium does not require stock margin allowed
for corrosion, therefore the equipment can be design-
ed in such a way as to satisfy the minimum mechan-
ical strength requirements and the requirements with
respect to the possibility of handling it. Owing to exc-
eptionally high corrosion resistance of titanium, even
in heavily contaminated sea water at temperatures of
up to 130°C, the titanium surfaces are not subjected to
corrosion or erosion under the conditions which cause
quick destruction of other metals and alloys. Titanium
is resistant to crevice corrosion in sea water at temp-
eratures of up to 80°C, while for some stainless steels
the limit is at 10°C.

The lessons drawn from expensive mistakes
made with the choice of less resistant materials for
service in aggressive media have not gone wasted.
Under sea conditions the cost of replacement of a co-
mponent is several times as high as on land. Besides,
the down time of an off-shore oil rig caused by wrec-

OBOPYONOBAHUE
EQUIPMENT

TpyGHbIN Ny4OK (crneBa) U kopnyc (cnpaBa) AUCTUNINALUOHHON ONPEeCHUTENbLHON YCTaHOBKM.
Martepuan — TutaH

WTaK, paccMOTpuM MpeanochInki 1 npuyu-
Hbl MPUMEHEHMS! TUTaHa NMpu peanuaaLmm Bbille
MNEPEUNCIIEHHBIX MPOEKTOB.

TUTAH 5151 OB BLEKTOB
HE®TEOQOBbLIYN HA LLENbO®E
[Ina HedTerazonobbIBaOLLMX CUCTEM KOH-

TUHEHTAanbHOro Lwenbga 0cob0o CTOUT OTMETUTb

YHVIKarbHYH CTOMKOCTb TUTaHa K Pa3pyLLEHNIO B

cpefe cepoBoaopoaa, KOTOpbIv B TOM U MHON

KOHLIEHTpaumn Bcerga npucyTcTByeT B CMecu

HedpTerasoBbIX NPOAYKTOB, NOMy4aeMbIX U3 nna-

cta. OAO «Kopnopauusi BCMIMO-ABUCMA»

coBmecTHO ¢ [JOAO «LleHTpanbHOe KOHCTpYyK-

Topckoe 6ropo HedbTeannapaTypbl» NPOBEAEHbI

1ccregoBaHns  KOPPO3MOHHOW  YCTOMYMBOCTH

CEepUIHbIX TUTAHOBbLIX CMIIABOB B CEPOBOACO-

Oepxalmx cpegax Hedrerazogobblumn. Mc-

NbITaHWS NpoBOAMIUCE B NabopaTopHbIX

NPOMBILLUIIEHHBIX YCMOBUSIX B CIedyLLNX Tex-

HOMOTMYEeCKUX cpeaax:

1) KOPPO3WOHHbIE CPefpl, HAaCbILLEHHbIE Cepo-
BOZOPOAOM M COOTBETCTBYIOLLIME CTaHAapTaM
NACE TM 01-77 n TM 02-84;

2) pacTBOpbl AUITUMEHITIMKONS, HaCbILLEHHbIE
NpYMECSMUN COMNemn 1 KUCHOT, B YCIIOBUSIX pe-
reHepauuu;

3) pacTtBopb!

OuataHonaMmuHa, HacbllWeHHbIe

CepoBOAOPOAOM, B YCIIOBUAX CEPOOHUCTKA 1
pereHepauun. Cnnasbl MT-3B, Br1-0, OT-4
B YKa3aHHbIX YCMOBUSAX HE MoABEpXKeHbl Mo-
BEPXHOCTHOMY KOPPO3VIOHHOMY paspyLLEHWIO
Mo o6LLUewt 1 NMUTTUHIOBOI KOPPO3UM.

MaHopama BCMIMNO

Tawke crnegyer OTMETUTb  UCKIOYK-
TEMbHYID CTOMKOCTb TWUTAHOBBLIX CMMaBOB B
MOBbILLIEHHbIX KOHLEHTPaUMsIX XMOp-MoHa, a
B N/acToBOM BOAE KOHLEHTpauus OaHHOro
peareHTa B 2 pasa Bbille, YeM B 3abOOpTHOM
MOPCKOW BOAE, KOHLEHTpauusi Xrop-MoHa
39260 mr/m n 18650 Mr/n COOTBETCTBEHHO.
Bce 3t Bompocbl HEOGXOAMMO yuuTbIBaTb
npu paspabotke K[ 1 Bbigave TpeboBaHui K
npuMeHsiemblM MaTepvanam. [ina npumepa B
Tabn. 1 npusedeHbl pekOMeHAauuy NpOoeKT-
Hou opraHusaumm KBR B 3agaHun, BblgaHHOM
ans pekoHcTpykumn nnatgpopmbl «HUTTON»
ana MICI «[MpupasnomHas». AHanuaupys
3T pekoMeHaauuu, Henb3s He o0bpaTutb
BHMMaHWe, YTO Ha cTanbHbIX TpybonpoBoaax
3aKnagblBaeTCst MPUMYCK Ha KOPPO3uio B pas-
Mepe 6 MM Ha cTopoHy. C y4eToM pasHuubl B
yAenbHOM Bece TUTaHa u ctanmu, macca 1 n.m.
Tpy6bl Ha y200 13 TuTaHa coctaBuT 12,2 kT, a
13 ctanu 09M2C-51,78 kr.

TutaH He TpebyeT npunycka Ha KOppO3uio,
Tak 4To ObOopydoBaHWEe MOXeT ObITb Chpo-
EeKTUPOBaHO Tak, 4TOObl YAOBMETBOPSNUCH
MUHUMarbHble TPeboBaHUS K MexaHU4YecKow
NPOYHOCTN U K BO3MOXHOCTU MaHUMynupo-
BaHusi M. Brarogapsi nckn4nUTENbLHO BbICO-
KOW KOPPO3MOHHOW CTOMKOCTWU TUTaHa fdaxe B
CUMbHO 3arpsi3HEHHON MOPCKOW BOAE NpU TEM-
nepatypax o 130°C, noBepxHOCTU TUTaHa He
noABepPKeHbI KOPPO3UM 1 3PO3UN B YCIOBHUSIX,
KOTOpblE€ BbI3bIBAIOT ObICTPOE paspyLUeHne
OpyrMx MeTanmnoB ¥ crnnaBoB. TUTaH cToek P
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K LLEneBO KOPpo3WM B MOPCKOW BoAe mMpu
Temnepatypax o 80°C, B To BpeMsi kak Ans
HEeKOTOpbIX HepXaBeloLyXx cTanei npeaenom
aBnsietca 10°C.

YpoKu, U3BneYeHHble U3 [OPOroCTOSLLNX
oLWMBOK, CBSA3aHHLIX C BbIODOPOM MeHee CToW-
KMX Matepuanos Ans paboTbl B arpeccuBHbIX
cpenax, He npoLunu gapom. B ycnosusx mopst
CTOMMOCTb 3aMeHbl KOMMOHEHTa B HECKOINbKO
pas BbilLie, YeM Ha cyLue. Kpome Toro, npoctomn
MOpCKO/ MnaTtgopmbl B CBA3W C aBapusimy
MPVHOCAT OrPOMHbIE YObITKM, KOTOPbIE HECco-
MOCTaBUMbI C K&XYLLENCS SKOHOMWEN NpU Npu-
MeHeHUN MeHee AoPOroCTOSILLMX MaTeprarnos.
Bbi6op TWTaHa ¢ camoro Havana B COYETaHun
C paumoHarnbHbIM MPOEKTUPOBAHNEM,  U3rO-
TOBMEHWEM, MOHTaXXOM W JKCrnyaTauven cny-
XXUT NPeanochInkon Ans 6e30nacHon 1 Haaex-
HOW paboTbl 0O60PYAOBaHUSI HA BECh MTAHOBbIN
nepvog, akcnnyatauum (Ans Mopckvix nnargopm
oH pgocturaet 70 neT).

TUTAHOBBLIE CMNJ1IABbl B ATOMHOM U
TENNOBOM 3HEPIOMALUMHOCTPOEHUA

ATOMHbIE 3MEKTPOCTaHLMM pacrnonaratTcs
00bIYHO BONM3N KPYMHbIX NMOTpEGUTENEN arek-
TPO3HEPrM — BOMBLLMX FOPOAOB M MPOMBILLINIEH-
HbIX PaiOHOB C SHEPrOEMKVMU NPEANPUATUSIMU.

B cuny atoro obcrosTenscTaa nprobpeTatot
0coboe 3Ha4eHne BONpOChl TEXHUYECKOMN 1 3KO-
Flornyeckor 6e3onacHOCTH, a Takke 3KOHOMUYeE-
cKovi 3ppeKTMBHOCTM MCMONb30BaHUs Briokos
ASC Ha NpOTSHKEHUM BCErO Pac4eTHOro pecyp-
ca, YTo cocTaBrnseT He MeHee 40 nert, a TaKkke
1 OCHOBHOTO 3rEeKTPOreHepupytoLLIero 1 Tenmno-
hbu1KaLmMOHHOro 0bopyAOBaHKS, pecypc paboTbl
KOTOPOro AOImKeH ObITb HE MeHee pacyeTHOro
pecypca peakTtopa.

Mocne BBoaa B 1989 r. HOBOrO KOMMIEKCa
HOpMaTBOB MO ©e30nacHOCTV  Ha4nHakTCs
MacLUTabHble MeponpPUATUS MO PEKOHCTPYKLMK
OCHOBHOIO 1 BCoMOraTernbHoro 0bopyaoBaHNs
pevicteytowmx ASC. OpHO M3 MeponpusTUn
npeaycMaTpuBaeT  PEKOHCTPYKLUMIO  Ternoob-
MEHHOro 06opyAOBaHNA C NPYMEHEHeM TuTa-
HOBBbIX CMaBOB — 3TO KaCaeTCs M naporeHepa-
TOPOB, U KOHAeHcaTopos [1].

Bonbluoi  onbIT  MpUMEHeHNs  TUTaHo-
BbIX CMIaBOB HaKOMMEH B aTOMHbIX 3MEKTPO-
ycTtaHoBkax (AQY) B OTEYECTBEHHOM Cydo-
CTPOEHWN, W3rOTOBMEHO okono 12 Thicay
TennoobMeHHbIX anmapatoB U 3 TbiCAYM
naporeHepaTopoB.

TpybHble  cucTembl naporeHeparo-
pOB SBMSAIOTCA OTBETCTBEHHEWMLLEN YacTbio
TpaHcnopTHbiX AJY. WMmeHHO a3Ta 4vacTb
ABNAETCA CaMON YA3BMMOW W3-3a KOPPO3w-
OHHOIO pacTpecKVBaHWA MoA BO3AENCTBMEM
XNOPUAOB U KUCropoaa nNpu NpUMeHeHn cTa-
new aycTeHWTHoro knacca. Ecnv co cTopoHsl
NepBoro KOHTypa KOPPO3WOHHOE pacTpecKu-
BaHMe MOXHO NMpefoTBpPaTUTb NpYMEHeHneM

Cucrtema
3abopTHON BoAbl
XpaHeHue HedTn

ObpaboTka
NnacToBov BOAbl

Cuctema npoOTMBONOXAPHOTO
BOAOCHabXeHU

Bce TpybonpoBogbl T

3abopTHas Bogda
Otrpyska HedTn

[lo rMopounKnoHoB

Bce Tpy6onposoabl

yncTon BoAbl — BMAUCTUNNATA U HaOEXHOMN
3aMKHYTOCTbIO KOHTYPA, TO YACTOTY OT Xopw-
0B 1 KMCMOPOAA BTOPOrO KOHTYpa, CBA3aH-
HOro C TypOWHHOWM yCTaHOBKOM, obecnevnTb
oYeHb TpyAHo, Tem Bonee B ycnosusix pabo-
Tbl HA MOPCKOM BOAE UMM CUIbHOMUHEpPanu-
30BaHHON. BOAHbLIN pexunM BTOPOro KOHTypa
4acTo Hapyluancs, HecMOTPS Ha OYUCTKY
BO/bl MO XECTKUM pexumMam, YTo NpUBoAMIIO
K T€YM N HapYyLUEHUIO PaANaLMOHHOMO Pexu-
ma. Kpome Toro, oveHb TpyaHo obecneuunTtb
repMeTN4HOCTb TPyD 13 ayCTEHUTHbIX cTanewn
BTOPOro KOHTypa OT renueBbIX Te4yen B Me-
cTax cBapkv. TuTaHoBble crinasbl, HA0OOPOT,
NPUHLMMNANBEHO HE CKIMOHHBI K KOPPO3NOHHO-
My PacTPeCKVBaHWIO NPV HanM4un B KOHTYpe
XIOPUAOB M KUCNOPOAA.

OT0 noaTeBepXaaeTcs U MHOroneTHen
NPaKTUKON MCMOMb30BaHNSA TUTAHOBLIX Crifa-
BOB [/l CTPOWUTENbCTBA MOABOAHBLIX NMOAOK U
CY[OBbIX SHEPreTUYEeCKNX YCTaHOBOK, @ Takke
onbIToM paboTel ¢ 1956 roga TTaHa B cocTa-
BE OMPECHUTENbHbBIX YCTAHOBOK. TWTaH Mapku
BT1-0 (unm 3apybexHbin aHanor Gr2) npekpac-
HO cebsi 3apekomeHZoBan A1 U3TOTOBMEHUsI
koHaeHcaTtopoB ASC. Kak KOHCTPYKLMOHHbIN
matepuan ans aTux Lienein, oH codetaet B cebe
BbICOKYIO KOPPO3MOHHYK CTOWKOCTb C Heob-
XOAMMBIMU  PUBNYECKMM U MEXAHUYECKUMM
cBomncTBamMu. HecmoTpst Ha 6onbLuve pasnuuns
B TEMMOnNpoBOAHOCTU TUTaHa mapku BT1-0 un
crnnaesa MHXX, Bbicokasi MexaHu4eckasi npoy-
HOCTb U KOPPO3MOHHAs CTOWKOCTb MO3BOMNSIOT
NPUMEHSITb B KOHCTPYKLMAX MUHUMAarbHble
TOMLWMHBI. TaK, CEroAHs AN N3roTOBMNEHUS KOH-
AeHcatopoB Ha ADC NpMMEHSIIOTCA TUTaHOBbIe
cBapHble Tpybbl ¢ TonwwmHom crteHku 0,4-0,5
MM. CrniegyeT OTMETUTb, YTO BbLICOKOW KOPpPO-
3VIOHHOW YCTOMYMBOCTBLIO XapaKTepuayetcs He
TONbKO OCHOBHOW Martepuar, HO U CBapHble Co-
enHeHus 6e3 npoBedeHNs Kakux-nnbo cneuu-
arnbHbIX MEPOMNPUSTUI, YTO HENb3s CkasaTb MPo
ayCTeHUTHO-(PEPPUTHBIE CTamnM.

Elle ogHO yHWKanbHOE CBOWCTBO TUTaHa
— HU3KasA aaresunsl, YTO OCMOXHSIET MpoLecc
HakuneobpasoBaHNA Ha MOBEPXHOCTU Tenso-
0BMeHHbIX TPyBOK M TeM cambIM AnUTenbHoe
BPEMS COXPaHAIOTCA MepBOHaYasbHble Xa-
PaKTepuCTUKM  TEMMOMNpPOBOAHOCTA  MaTepu-
ana. MepHo-HuKeneBble crna.bl, HaobopOT,
CKIMOHHbI K OBPa3oBaHWIO OTNOXEHWA Ha no-
BEepXHOCTW. Ho camoe onacHoe B 3TOM cryvae
— pasBuTME TOYeYHOW W LUEeneBOn KOoppo-
3M B MecTax OTNIOXKEHUN C MOCMeayoLWwmm
obpasoBaHvem cuLen. MNpu aTux Bugax Kop-
po3nn  MpOLIECChbl  M3HOCA  KOHCTPYKTUBHBIX
3MEeMEeHTOB MPOWCXOASAT HaMHOro BbicTpee.
[Mpn npoBeAeHUM TEMNOTEXHUYECKMX pPacyeToB
BBOAST NMOMPABOYHbIN KOIDDULMEHT, yunTbIBA-
IOl 0Bpa3oBaHNe OTIOKEHUIA Ha Tennooob-
MEHHbIX MOBEPXHOCTSAX: TAKOW KOI(DULMEHT
[ANst MEAHO-HUKENEBbIX CNaBoB NPUHUMAatOT P>

aH copT 2 TutaH BT 1-0
TuTaH copt 2 Tutan BT 1-0
Yrnep. Ctanb 09rac
+3MM Ha Koppo3uio
Yrnep. Ctanb 09rac
+6MM Ha KOppo3uio
TuTaH copt 2 Tutan BT 1-0

Tabn.1 Matepuanbl ans Tpy6onpoBoaoB (pekomeHaaumumu KBR ansa MpupasnomHoi)
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ks incur huge damage which are beyond comparison
with a seeming saving achieved as a result of using
less expensive materials. The choice of titanium from
the very outset in combination with rational design en-
gineering, manufacture, installation and operation ser-
ves as a prerequisite for safe and reliable operation of
the equipment for the entire planned period of service
(for off-shore oil rigs it may be as long as 70 years).

Titanium Alloys in Nuclear and Thermal Ener-
gy Machine Building

Nuclear Electric Power Stations are usually sited
next to major users of electric power, i.e. large cities
and industrial cities with energy intensive enterprises.

Due to this circumstance, matters of technical
and environmental safety take on special significance,
as well as economic efficiency of using nuclear electric
power units throughout the whole calculated life span
which normally amounts to no less than 40 years, as
well as that of the principal electric power generating
and heating equipment whose life span must no less
than the calculated life span of the reactor.

After introducing in 1986 a new set of safety sta-
ndards, large scale measures got underway, aimed at
reconstructing the principal and auxiliary equipment of
the existing nuclear electric power stations. One of the
measures contemplated the reconstruction of the heat
exchange equipment with the use of titanium alloys
— that applied to steam generators and condensers [1].

Vast experience in using titanium alloys has been
accumulated in nuclear electric power units in the nat-
ional ship building; about 12 thousand heat exchange
units and 3 thousand steam generators have been
produced.

The piping systems of the steam generators are
the most critical part of the transport nuclear electric
power units. Itis this particular part that is the most vu-
Inerable due to corrosive cracking under the effect of
chlorides and oxygen when austenite class steels are
used. Whereas on the side pf the first circuit corrosive
cracking can be prevented by using pure water, i.e.
bi-distillate and reliably enclosed circuit, the freedom
from chlorides and oxygen of the second circuit linked
with the turbine unit is very difficult to ensure, the more
so because it is operated under sea water conditions
or heavily mineralized water conditions. The water co-
nditions of the second circuit had been often violated
despite the purification of water to stringent requirem-
ents which used to cause leaks and breach the radiat-
ion regime. Apart from that, it is very difficult to ensure
tightness of the pipes from austenite steels of the se-
cond circuit against helium leaks in the welding spots.
Titanium alloys, on the contrary, are not fundamentally
inclined to corrosive cracking when there are chlorides
and oxygen present in the circuit.

This is also confirmed by many years of practical
use of titanium alloys for the construction of submari-
nes and vessel energy units as well as by the working
experience since 1956 of titanium being part of desa-
lination units. Titanium, grade BT1-0 (or international
equivalent Gr2) has shown itself to be remarkable for
the manufacture of condensers of the nuclear electric
power stations. As structural material for these purp-
oses, it combines high corrosion resistance with the
necessary physical and mechanical properties. Desp-
ite great differences in heat transfer of titanium, grade
B11-0, and MHXX alloy, its high mechanical strength
and corrosion resistance allow minimum thicknesses
to be used in structures. Thus, for example, for the
manufacture of condensers at the electric power stat-
ions, titanium welded pipes with wall thickness of 0.4-
0.5 mm are being used to produce condensers at the
nuclear electric power stations. It has to be noted that
high corrosion strength does not typify the basic mat-
erial only, it is typical of the welded joints as well, wit-
hout carrying out any special measures which is more
than one can say about austenite ferrite steels.

And another unique property of titanium, i.e. low
adhesion which makes the process of scale formation
on the pipe surfaces of the heat exchangers difficult
and that retains for a long time the initial characterist-
ics of the material heat transfer. Copper nickel alloys,
on the contrary, are inclined to form build-ups on the
surface. However, the most dangerous thing in this
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case is the development of spot and crevice corrosion
in the build-up areas followed up by blister formation.
Given these types of corrosion, the process of wear on
the structural members proceeds much faster. When
making thermal and technical calculations, a correction
factor is introduced which takes into account the form-
ation of build-ups on the heat exchange surfaces: such
a co-efficient for copper nickel alloys is assumed to be
equal to 0.86-0.88, while for titanium it is assumed to
equal 0.98. Thus, given the wall thicknesses used, the
significant difference in the heat transfer of the two stru-
ctural materials is leveled off virtually completely.

The principal reason for the use of titanium in the
condensers is the absolutely unsatisfactory corrosi-
on resistance of the condenser pipes, conventionally
made from copper and copper nickel alloys or from
corrosion resistant steels of the austenite class. Es-
pecially low corrosion resistance was observed when
using sea water as coolant. Apart from high corrosion
resistance of titanium, (at the level of noble metals) in
sea water, the use of titanium also produces an eco-
nomic effect through the lengthening of the life span,
reducing repairs, and also a great environmental
result is produced since technical and waste waters
are not contaminated with copper ions which, today,
causes a huge problem practically for all the electric
power stations which use condensers with brass heat
exchanger pipes.

Thus, in the medium of brine sea the water, che-
mically prepared titanium, grade B11-0, demonstrates
remarkable operating properties and guarantees the
operability of the structure throughout the necessary
life span, i.e. no less than 40 years.

VSMPO-AVISMA is the world’s leader in titan-
ium production.

OAO «Corporation VSMPO-AVISMA» is Russ-
ia’s only and the world’s largest producer of titanium
and products from titanium. In its 75 years’ history the
corporation has established itself as a vertically integ-
rated major enterprise with a unique set of production
facilities to manufacture semi-finished products from
titanium and aluminum alloys.

In the last 10-15 years, consistent technical and
economic policy of VSMPO has been pursued aimed
at more in-depth processing of the semi-finished pro-
ducts, made from titanium and titanium alloys; this is
borne out by a number of successfully implemented
construction projects of the new production facilities:
1. a unique complex for machining stampings is be-
ing developed. Complex titanium products are to be
machined here which are to be used in aircraft and
ship building. Thus, for example, for an international
company, a stamping, weighing more than 5 tons, is
being machined now and this kind of operation has
already become a volume operation for us.

2. Aring rolling complex has also distinguished itself
as a successfully operating facility.

In 6 years we have gone a long way from prototype
and testing work to volume production of critical parts
for aircraft and engine manufacture, large size rings
for chemical machine building, etc.

3. For more than 10 years the machine building com-
plex has been in operation.

More than 700 units of equipment from titanium all-

oys have been produced for energy projects, chemical
and metallurgical branches of industry.
In 2005-2006, the machine building complex did a lot
of work in order to develop normative documentation
and to introduce into volume production titanium pipes
of large diameter as well as shaped products for cons-
truction of the sea ice resistant oil rig «Prirazlomnoe».
4. In order to resolve the issue of lacking authorized
normative framework for titanium semi-finished pro-
ducts, our company, together with he Federal State
Run Unitary Enterprise TSNIl KM «PROMETEY», the
leading metal materials research institute in the field
of ship building and nuclear electric power units, since
1996, has been pursuing work aimed at certification
tests of titanium alloys, working out technical require-
ments and coordinating them with supervision autho-
rities. 6 technical requirements have been developed
and placed into effect for titanium semi-finished prod-
ucts for nuclear energy sector projects.

paBHbIM 0,86-0,88, a ons tutaHa — 0,98. Ta-
KMM 06pasom, C yHETOM NPUMEHSIEMbIX TOSLLIMH
CTEHOK NpaKTUYeCKy MOMHOCTBIO HBENUPYETCS
3HayMTENbHas pasHuLua B TEMmonpoBOAHOCTU
[BYX KOHCTPYKLIMOHHbIX MaTepuaros.

OcHoBHasi npuyMHa NPUMEHeHust TuTa-
Ha B KOHAeHcaTopax — COBEPLUEHHO Heyado-
BreTBOpUTENbHAs KOPPO3WOHHasi CTOMKOCTb
KOHZEHCATOpHbIX  TpyD, M3roTaBnMBaeMbIx
TPaANLMOHHO 13 MELHbIX Y MeOHO-HUKENEBbIX
CNMaBoB MM U3 KOPPO3WOHHOCTOMKMX CTa-
nen aycteHuTHoro knacca. OcobeHHo Hu3kas
KOPPO3MOHHasi CTOMKOCTb Habnioganach npu
MCMomnb30BaHUM B KA4YECTBE OXIaauTenst Mop-
ckon Boabl. Kpome BbICOKOM KOPPO3MOHHON
CTOMKOCTU TUTaHa (Ha ypoBHe GnaropoAHbIX
MEeTannoB) B MOPCKOW Boge, MNpUMEHeHne
TUTaHa [aeT M IKOHOMUYECKUA adpdpekT — 3a
CYeT MpoAneHust pecypca, COKpalleHus pe-
MOHTHbIX paboT, a Takke 1 6onbLLIOW 3KOMOor-
yecku adpdekT, T.K. OTCYTCTBYET 3arpsi3HeHne
TEXHUYECKNX U COPOCHBIX BOA MOHaMWN Meau,
4YTO sIBMsSieTcs cerogHsl GornbLioi npobrnemoit
npakTU4ecky Ons BCeX 3reKTpoCTaHuui, uc-
Nonb3yLWKX KOHAEHCATOPbl C FNATYHHbIMK
TENNoo6bMeHHbIMU TpybKamMu.

MTak, B cpege MopcKour CONoHOBaTOM BOAbI
XVIMUYECKM NMOJrOTOBMEHHBI TUTaH Mapku BT1-0
[EMOHCTPUPYET MpPeKpacHble 3KcniyaTaunoH-
Hble CBOWCTBa W rapaHTuMpyeT paboTtocrnocob-
HOCTb KOHCTPYKLMM Ha NPOTSPKEHUN Heobxoam-
Moro pecypca — He meHee 40 neT.

BCMIMO-ABUCMA — MMPOBOW NUOEP B

NPOU3BOACTBE TUTAHA

OAO «Kopnopauus BCMIMNO-ABUCMA» —
©OMHCTBEHHbIN B Poccum v KpynHenwmnii B Mupe
npov3soauTenb TUTaHa 1 u3genuin n3 Hero. 3a
CBOI 75-NETHIOK UCTOPUIO Koprnopaums cdop-
MMpoBanacb Kak  BepTUKarbHO-UHTErpupo-
BaHHOE KPyMHOe MpeanpusiTe C yHUKarnbHbIM
HabopoM MPOM3BOACTBEHHbLIX MOLLHOCTEN Mo
BbINycKy nonycgabpukaTtoB U3 TUTAHOBbLIX W
arntoMVH1EBBIX CMNITABOB.

B Teuenve nocnegHux 10-15 netr npo-
BOOMUTCS MOCHeAoBaTenbHas TexHu4eckas wu
akoHOMuYeckas nonutuka BCMIO, Hanpas-
neHHass Ha Oonee rnybokyo nepepaboTKy
Bbinyckaembix nonygabprkatoB M3 TUTaHa u
TUTaHOBbIX CMNABOB, — 3TO MOATBEPXKAAET Lie-
NbI PAf, YCNELHO OCYLLECTBIIEHHbIX NPOEKTOB
CTPOMTENLCTBA  HOBbIX  MPOV3BOACTBEHHbIX
MOLLHOCTEN:

1. Pa3BunBaeTCs yHUKarbHbIN KOMMMEKC Mexa-
Huyeckor 06paboTkM  LUTaMMNOBaHHBIX 3a-
roToBOK. 37ecb 0bpabaTbiBalOTCS CHOXHbIE
TUTaAHOBbIE N3AENNS, KOTOPbIE MPUMEHSAIOTCA
B aBMaCTPOeHWW, CydoCTpoeHun. Tak, Ans
OfIHOW M3 3apybexHbIx hupm MnpoBoanTCS
MexaHuyeckass obpaboTka LUTaMMoBKU Be-
com boree 5 TH, 1 AaHHas paboTa yxe saBns-
eTcs Ans Hac CEPUNHON.

2. YcneluHo 3apekomMeHaoBan cebs konbLepa-
CKaTHbIN KOMMMEKC.
3a 6 neT pabotbl NpoiaeH 6onbLLIOW MyTb OT
OMbITHBIX PaboT 40 CEPUNHOTO U3rOTOBMNEHNS
OTBETCTBEHHbIX U3AENUA Onst aBua- U OBUW-
raTenecTpoeHns, KpynHorabapuTHbIX Komewy
AN XMMUYECKOro MaLLMHOCTPOEHMS 1 T.N.

3. Boriee 10 neT paboraeT MalLMHOCTPOUTENb-
HbIi KOMMEKC.

MarotoeneHo Gonee 700 eauHuL obopyno-
BaHVSA U3 TUTAHOBBIX CMaBOB Af15 0ObEeKTOB
QHepreTuKu, XMMUYECKOW 1 MeTannypruve-
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CKOW oTpacnei NnpombILLneHHoCTU. MatumHo-
cTpouTenbHbIM komnekcom B 2005-2006 rr.
npoBegeHa 6onbLuas paboTa no paspabotke
HOPMaTMBHOW [OKYMEHTaLuMn 1 MOCTaHOBKe
B CEpUHOE MPOV3BOACTBO TUTAHOBBLIX TPYO
GonbLuoro AnameTtpa U PacoHHbIX U3AENWI
ONsi CTPOUTENbCTBA MOPCKOW NeoCTONKOM
nnatcgopmbl «pupasnomHoe».

4.C uenblo pelleHUss BOMpoca OTCYTCTBUS
paspeLleHHoN HopMmaTVMBHOM 6asbl Mo Tu-
TaHoBbIM nonydabpukatam Hawwmm npea-
npuaTmeMm coemectHo ¢ PIryrn LHUW KM
«MPOMETEWN» — Beaywym mMaTepuanosea-
YECKUM MHCTUTYTOM B 0bnactu cygocTtpoe-
HUSI N aTOMHbIX 3HEProycTaHOBOK, HauuMHas
¢ 1996 roga MpoBOAMNMCE W MPOBOASATCH
paboTbl MO MPOBEAEHWIO aTTECTALMOHHbIX
UCTbITAaHWIA TUTAHOBbIX CMIaBoB, pa3pabort-
Ke TEXHUYECKUNX YCIIOBUIA 1 COMMacoBaHUIo NX
B Haf30pHbIX opraHax. Pa3pabotaHo v BBe-
[EeHO B AeCTBUE 6 TEXHUYECKNX YCIOBUIN Ha
TUTaHoBble monydabpyvkatel Ans 06bLEKTOB
aTOMHOWN 3HEPreETUKN.

NEPEYEHb PA3PABOTAHHbIX

TEXHUYECKUX YCNOBUMN.

PaspabotaHbl 1 opobpeHbl Pepeparnb-
HOW Cry>KOON MO 3KOMOTMYECKOMY, TEXHOIO-
rM4eckoMy W aToOMHOMY Hajsopy Anst npu-
MEHEHWS MpU  W3TOTOBMEHWUM 0BOPYAOBaHMS
1N  TpybornpoBOAOB 3HEProbroKOB — aTOMHbIX
CTaHuuiA, pabodelt cpedovi KOTOpbIX SBMs-
eTca Bofa, credylolime TexHUYeckue ycrno-
B (ocHoBaHne — mucemo  Ne06-07/133
ot 03.02.06):

1. TY 1825-566-0750017-2005 «JI1CTbI 1 NAUTBI
13 TTaHa mapok BT1-00, BT1-0 n TutaHoBbIX
cnnasoB mapok OT4-1B, MT-3B, MNT-6¢, BT6
ans obopyaoBaHns 0OBLEKTOB MCMONb30Ba-
HWS| aTOMHOW 3HEPrn;

2.TY 1825-571-0750017-2005 «[MpyT-
KM KaTaHHble K3 TutaHa mapok BT1-00,
BT1-0 © TuTaHOBLIX CMMaBoOB  Mapok
OT4-1B, MT-3B, 3M un BT6 ana obopyno-
BaHWsi OOBLEKTOB MCMOMb30BaHWUS aTOMHOM
3HEpruny;

3. TY 1825-573-0750017-2005 «Tpy6bl GecLuo-
BHbl€ XONOAHOAEPOPMUPOBaHHbIE U3 TUTaHa
mapok BT1-0, BT1-00 u TuTaHOBbIX CNraBoB
mapok OT4-1B, IMT-7M, MT-1M, npeaHasHa-
YeHHble Ons obopynoBaHUsi OGBLEKTOB WC-
Nonb30BaHNS aTOMHON SHEPTUNY;

4.Y 1825-574-0750017-2005 «Tpybbl ropside-
nedopMMpoBaHHbIe U3 TuTaHa mapok BT1-0,
BT1-00 n TutaHoBbIX CnnaBoB Mapok BT6,
MT-3B, OT4-1B, npegHasHaveHHble Arsi 06o-
py#oBaHMs OOBEKTOB MCMOMb30BaHUA aToM-
HOW SHEPTUNY;

5. TY 1825-582-0750017-2005 «[MpyTku KaTaH-
Hble 13 TUTAHOBOrO cnfaea Mapku BT16 ons

obopyaoBaHnst OOBEKTOB  MCMOMb30BaHUS
aTOMHOW 3HEPrUMY; |
i BT

T
Fopan o, B

624760, CBepanoBckas o6n.,

r. BepxHsisa Canpa, yn. MapkoBas, 1
T/d.: (34345) 21795
shashkova@vsmpo.ru
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BYPEHUE
DRILLING

B HacTosillee Bpems B npoBeAeHUM OYypOBbIX paboT MCMONbL3YHTCA NOMy4YMBLUME LWMPOKOE pacnpocTpaHeHne BUHTOBbIEe 3a00MHbIe

aBuratenu (B3[) pasnuyHbix Moaudukaumi.

K coxaneHuio, paboTta aBuratenss 4aHHOro Buaa KpanHe orpaHu4veHa v, Kak npaBuno, He npesbiwaet 150 yacoB. Ucxoas u3 atoro,
OCTpO BCTaeT BOMpPOC O KanutanbHoM peMmoHTe B3[] Bcex BUOOB.

BOCCTAHOBJIEHHUE POTOPOB
BUHTOBBIX 3ABOUHBIX /IBUTATEJIEU

OcHoBHoOW, Hanbornee YacTo BCTpeya-
oLLencs NpMYMHOM Bbixofa u3 ctposi B3[
sIBNsieTCs M3HOC cTaTtopa v poTopa pabo-
yen napbl B3[. MNytu pemoHTa cTaTopa
N3BECTHbI U LUMPOKO NPaKTUKYIOTCA BCEMU
npeanpusTUaMU, 3aHUMaLLUMUCS  pe-
MOHTOM. Haubonee octpo cTouT BOMpoc
0 ObICTPOM HELOPOroM PEMOHTE POTOPOB
pabouyen napbl B3] Bcex BUOoB.

AHanus gedekToB nokasarn, YTo BbIXOA,
13 CTpOsi poTopa MPOWCXOAUT MO NPUYUHE
SI3BEHHOM KOPPO3UM MOBEPXHOCTHOIO XPO-
MUPOBAHHOIO CMOS MO NPUHLMMY MEN3UHT-
kopposuun (CO,). Mo pesynsTatam ocMoTpa
6onbLIoro KonuyecTesa poTopos Bbino ycTa-
HOBIEHO, YTO M3 CTPOS BbIXOAUT NPUMEPHO
20-25% xpoMupoBaHHOM NoBEpPXHOCTU. Ha-
pyLUEHHasi MOBEPXHOCTb BeAET K GbICTpoOMY
W3HOCY pe3uHbl cTatopa U, kak CrieacTsue,
K npekpallieHuto paboTbl pabouyel napbl
B3[1, Tak kak oHa nepecTaeT BOCMpUHMMaTh
[aBreHve n ocTaHaBnuBaeTCs.

3a nocnegHue rogbl 6bin npegnpwu-
HAT psig MOMbITOK peMoHTa poTopoB. Kak
npaBuno, 3To 6bINN TEXHOMOrMK C NpUMe-
HEeHMeM TepMmuyeckoro (rasonnameHHoe
HanbineHne) n mexaHnveckoro(obpaboTka
XONOAHOW pe3Koi) BO3AeNCTBUSI Ha poTop.
Bce atm TexHomoruu 6binM [oOCTaTOYHO
[0porn U TPyQoEMKM, YTO MO CTOMMOCTM
COM3MEPUMO C MW3rOTOBMEHWEM HOBOFO
poTopa. BoamMoXHOCTb peanbHOro Boccra-
HOBIEHWS NOSIBMMACh TOJNbKO C MNOSABIEHN-
€M HOBbIX 3apybBeXHbIX TEXHOMOTUA.

YuutbiBaa 3aTpaTtbl Mpu HamnblneHun
M Mpu yCcrnoBMM SKOHOMMM meTanna (uc-
nonb3yeTcs BblleAlWunii U3 cTposi poTop),
npu MexaHunyeckoln obpaboTke yaellesne-
HMe BOCCTaHOBIEHHOro poTopa OT HOBOrO

COCTaBNseT, MO HalMM pacyetam, npu-

MepHO 35-45%.

1.Mbl paspaboTanu yHuKanbHbI MeToA
BOCCT@HOBMNEHWUST POTOPOB BUHTOBbIX
3abonHbIX gBuratenen no Gonee npo-
rpPecCCMBHOW M HEAOPOron TEXHOMOruu,
KoTopasi Mo3BOMNSET:

* M3bexaTb MOBTOPHON TEpMWUYECKOW W
MexaHn4yeckon o6paboTkn poTopoB.

* YNpoCTUTb TEXHONOTMYECKUI NpoLecc.

* YMeHbWNTb BpeMsi pemMoHTa pabouen
napsl.

* CHM3UTb CTOMMOCTb BOCCTaHOBIIEHHOTO
poTopa.

* M3bexaTb NOBTOPHOrO BO3HWMKHOBEHUS
MEMN3NHI-KOpPO3nMM Ha BOCCTAHOBIEH-
HbIX yYacTKax.

* Wcnonb3oBaTb MHOrokpaTHO (40 NATH
pas) BblleALlne U3 CTPOsi pOTOpbI.

2.[]aHHble TEXHONOIMN OCHOBaHbI Ha Npu-
MEHEHUN KrneeB W KOMMO3UTOB UpPMbl
«Henkel» (FepmaHus).

Ha cerogHsIWHWIA MOMEHT NpoBefeHbl
ncnbiTaHnsa 6onee 70 pabouux nap pas-
HbiX BuAaoB. CTaTucTuka nokasana, 4To
BOCCTa@HOBIIEHHbIE MO Hallew TeXHOnornm
poTopbl paboTaloT He MeHblle, a 3aya-
cTylo paxe 6onblie, 4eM HOBble U BOC-
CTaHOBIIEHHbIE MO APYrMM TEXHOMOrnAMHU
pabouve napbl.

Tak, cpegHas HapaboTka Ha paboune
napsl [12-195 coctaBuna 155,6 yaca (npu
rapaHTuu 3aBofa-u3roToBUTENS Ha HOBYIO
pabouyto napy — 100 yacoB), a cTOMMOCTb
HUXe OT CTOMMOCTUN HOBOW.

Mcxoaa v3 cTaTUCTUKK, Mbl cYMTaem
OYeHb MEepPCNeKTUBHOM AanbHENLWY Tex-
HOMNOTUIO M peKoMeHAyeM opraHu3auuio
MaccoBOro pemMoHTa paboyux nap meto-

OOM KIneeBblX TEXHONOIMIN, YTO NpuBeaeT K
3HaYUTENbLHOMY yAelleBneHno bypeHus.

Hawa komnaHusa npegocTaBnseT ycny-
r'M Mo BOCCTAHOBMEHU0 paboynx opraHoB
B3/l Bcero nepeyHs obopyaoBaHuUs, Bbl-
nyckaemoro B Poccumn, a Takke rotosbl
npeanoXuTb ycrnyrn no BOCCTAHOBMEHWIO
B3[ vMmnopTHOro npon3BoAcCTBa.

[MpMeHsAs Ha nNpakTuke HOBbIe, OTpa-
60TaHHble B MUPe TEXHONMOrMn KOHLiepHa
«Henkel», mbl ybeannucb B ToM, YTO OHU
LUIMPOKO MPUMEHMMBbI Y MOTYT 3aKpbITb 3Ha-
YUTENbHYIO YacTb BOMPOCOB, CBA3AHHbIX C
BOCCTAHOBMIEHNEM U PEMOHTOM BCEX BWU-
Aos obopyaoBaHus.

Mol Bcerga oTKpbIThl ANA COTPyAHUYe-
CTBa U paccMaTtpuBaem pasHble BapuaHThbl
COBMECTHbIX paboT.

LleHbl Ha BOCCTaHOBMEHME ceKkuun pa-
604nx opraHos B3[] (6e3 yyeta HAC):

* [01-105 — 50 423,73 py6./wT.

« [2-127(L=2310mMm.) — 86 949,16 py6./wT.
+ [15-195(L=2800mMm.) — 161 695,00 py6./wuT.
» [13-195(L=3400mm.) — 192 500,00 py6./wT.

Hapeemcs YCTaHOBUTb AOJIrocpo4yHoe
U B3aMMOBbIrogHoOe COTPYyAHU4YeCTBO.

onorbl

614068, r. MNepmb,

yn. [aHwuHa, 5, ocp. 322
T./h.: (342) 218-21-23,
218-32-95, 210-31-69
tochka_opory@mail.ru
www.tochkaopory.perm1.ru
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CerogHsi BHUMaHWe MHOIMX HedTerazofo6bIBalOLMX KOMMNAHUI YCTPEMIMeHO Ha OCBOeHMe LieNb(POBbIX MECTOPOXAEHUIA, npea-
CTaBnslOWMX 0COGbIN UHTEpeC Ansi pa3BUTUsSi IKOHOMUKK. K TakoBbIM, HanpuMep, OTHOCUTCA pa3paboTka HOBOro MECTOPOXAEHMUS
B IOro-BOCTOYHOM cekTope BapeHLeBoro Mopsi — CTPOUTeNbLCTBO MOPCKO nieaocToikomn nnatdopmbl (MICH) «MpupasnomHas».

[TPUMEHEHHWUE TUTAHOBDIX

CIIJIABOB B ObOPY/IOBAHHNH
LIS IOBbIYH T'A3A

C.B. UNbUH

Ananoros MJICI «[NpupasnomHas» ewle
He 6bIno. OTo NnepBoe B Mype Nnogo6Hoe co-
opyXeHue, n pabotel no cosgaHuto MJICII
«MNpupasnomHas» SBNSTCA YHUKANbHLIMUA,
TpebyoLWMMIN OT NPOEKTHBLIX OpraHMU3aLmnin 1
npeanpusTUA — y4acTHMKOB NMpPOeKTa — Ho-
BbIX HECTAHAAPTHbLIX MHXEHEPHbIX PELUEHWIA.
[MpoBeneHne paboT no 06ycTpoCTBY MECTO-
POXAEHMSA OCYLLIECTBNAETCACH TOMbKO OTeYe-
cTBeHHbIMUK cunamu. OAO «3eneHoaonbLCKui
3aBog MM. A.M. Topbkoro» BblMrpano TeHaep
Ha nocTaBKy KnamaHOB HEeBO3BPaTHbIX ANS
ctpoutensctea MIJICI  «[Mpupa3snomHas».
Ha vcxon TeHaepa noBnuvsino To, YTO UMEH-
HO HawwvM npeanpusaTem paspabotaHa u
M3roTaBnNMBaeTcsl apmartypa M3 TUTaHOBbIX
CNNaBoB, UMEILLMX UCKMYUTENbHY KOp-
PO3NOHHOCTOMKOCTb M JOMTOBEYHOCTb.

ObopyfoBaHne W3 TUTAHOBbLIX CMaBOB
3aBO NPOU3BOAWT B TEYEHWE NOCNEOHMX NeT
onst Hyxg npegnpustuin OAO «lasnpomy», B
yactHoct — ansi OOO «lasnpom Aobblya
AcTpaxaHb», koTopoe BedeT A00blvy BbICOKO-
cepHucToro rasa ¢ cogepxanuem H,S n CO,
0o 25% no obbemy kaxgoro. B cootBetcTBUM
C pesynsTataMmu NpoBefAeHHbIX Hay4YHo-uccre-
[0BaTENbCKUM UHCTUTYTOM MPUPOAHBIX rasoB
1 rasosblx TexHomnoruii — (000 «BHUNTTA3»)
UCCNEAOBaHWIA CTOMKOCTU TUTAHOBBIX Chna-
BOB B YCINOBMSX cpef ACTpaxaHCKOro raso-
KOHOEHCATHOTO  MECTOPOXAEHUs — criedyer,
YTO KOpMyCHble AeTanu Takoro obopyaoBaHus
CNOCOBHBI 3KCMNyaTnpoBaTbCA 6e3 3amMeHbl He
MeHee 60-Tn neT.

Puc. 1

reH. AVpeKTop

r. 3eneHogonbCK

OAO «3eneHogonbckuii 3aBog, M. A.M. lMopbkoro»

HapaBHe ¢ 3TvM, 3aBOJ, COBMECTHO C Of-
HMM 13 MOCKOBCKMX MHCTUTYTOB (3a JOMOMHU-
TenbHOW MHopMaLmen MoXHO 06paTUTLCS B
ynpaBreHne MapKeTuHra 3aBoga) NpUMeHun
YHUKanNbHbIA METOA, MOKPbITUS  HUTPUAOM
TUTaHa OCHOBHbIX AeTanen obopyaoBaHus,
rnoaBepraroLmnxcs Hambornee MHTEHCUBHOMY
BO3AEVCTBUIO arpeCcCUBHON Cpefbl.

Ob6opynoBaHve W3 TUTAHOBbLIX CMIaBOB
3aBog Havan Bbinyckatb B 2003 roay, korga
coBmecTHO ¢ OO0 «lasnpom gobbiya Actpa-
xaHb» 1 OO0 «BHUUIA3» 6bina BeipaboTaHa
cTpaternyeckasi NMHKS Mo NPUMEHEHNIO TUTa-
HOBbIX CrnnaBoB B obopyaoBaHuM Anst A06bI-
un rasa, rasokoHgeHcata n OAO «[lasnpom»
pa3paboTtaHa nporpamma Mo MMrnopTo3ame-
weHuto obopynosaHus. B npouecce peanu-
3auuM AaHHON nporpaMmbl 6binn NpoBeaeHb!
COBMECTHbIE  KOMIJIEKCHbIE — UCCIIef0BaHNs
PasnuyHbIX TUTAHOBbLIX CMIaBOB Ha KOPpO3u-
OHHOCTOMKOCTb B arpeccuBHol cpege NACE
MRO0175, Ha NpOYHOCTb 1 JONTOBEYHOCTb, Bbl-
B6paHbl MaTepurarnbl, NONHOCTLIO YA0BNETBOPS-
towe TpeboBaHNSAM MO KOPPO3NOHHOCTOWKO-
cTn. PesynbraTbl UCMbITAHWI NOATBEPXAAOT
TakKkKe OTCYTCTBUE MPOTEKAHWUS AMEKTPOXUMM-
YeCKOW KOppo3vn Mexay TWTaHOBbIMWU Crra-
Bamy paboTatollero coBMecTHoro obopyao-
BaHUsi. B CBA3K C 3TUM Mbl pagbl NpUrnacuTb
K COTpyAHMYecTBy B 0bnacTu MocTaBoK yka-
3aHHOrO 06OpYynOBaHUS BCE POCCUMCKME U
3apybexHble komnaHuu, fobbiBatoLme ras u
ra3okoHAEeHcaT C MOBbILLEHHbIM COAEPKaHNEM
ceposogopoaa.

OpHOBpPEMEHHO 3aBOAOM BblGpaHa cTpare-
rmyeckasl MMHUSE MO Pas3BUTUIO B HampaBneHun
OcHaLLieHVst 06opyAoBaHNEM CEBEPHbIX ra30KOH-
neHcatHbIx MectopoxaeHui OAO «lasnpomy.
3a [0CTaTo4MHO KOPOTKOE BPEMSI HaMU OCBOEHO
1 BBEOEHO B MPOM3BOACTBO rasofobbiBatolLiee
obopynoBaHue Ha gaenexue ot 21 go 70 MrMa,
KOTOPOE YCMELLHO MPOLLIO BXOAHOW KOHTPOMb B
OAO «[a3npom» 1 B HacTosiLLiee BpeMsi MOCTaB-
nseTca B CTPyKTypHble noppasaeneHns OAO
«[asnpom». B yactHocTu, 310 apmartypa ¢oH-
TaHHas 1 y3arbl 0GBSI30K ra30BbIX CKBAXVIH.

Takke Ha HaleM NpeanpusiTUM BbICOKO
pasBMTO  MeTanmnypruieckoe Mpov3BOACTBO,
BbINyCKatoLLlee OTIMBKA U3 YEepHbIX U Hepa-
BEWOLUMX CTarnen, nerkmx, LUBETHbIX U TUTaHO-
BbIX crnasoB. B 1995 roagy 3aBof Bbllwen Ha
MVPOBOW PbIHOK MPOV3BOACTBA TUTAHOBbIX OT-
NIMBOK O151 XMMUYECKON, HEPTSHON M ra3oBomn
MPOMBILLMEHHOCTN W CreumanmanpyeTcs Ha
nocTaBKke NUTbS OIS 3aropHOW U perynmpyo-
Luer apMaTypbl, AeTanen HacoCHOro 1 ApYyroro
obopynoBanusi Ans Poccum 1 cTpaH 3anagHon
EBponbl, A3un, Amepuku, Asctpanuu. Npons-
BOACTBO TUTAHOBOTO NMUTLS CEPTUPULMPOBAHO
pervctpom «Jlnona», TEXHOMOrMs M3roToBmne-
HWS M CTagWi KOHTPOIS TUTAHOBOTO NUTbS Tak-
Xe cepTMduLMpOBaHbl HA COOTBETCTBUE CTaH-
[aptaMm HopBeXckol HedTerasofobbiBatoLLei
npombiwneHHocTn  «NORSOK». [Npownssoa-
CTBO TUTAHOBbIX OTMNBOK, BKITOYas MEXaHWye-
CKyto 06paboTKy, CooTBETCTBYET TpeboBaHUsM
EN 1SO 9001:2000, 4To nogTBEpKOAEHO CEepTU-
cpukatom TUV NORD (per. Ne 78 100 7840). m
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NONHLIKKOMNNEKCY CNYHNOJABTOMATU3ALMW|BINPOMEILLNEHHOETH Jk
NOCTABKA YPANTEXMAPKET

FAD «YPANTEXMAPKET» AenAeTCA — WA
PHUMANEHEIM QHCTpHGLIOTOpOM upm; MHEHHHPHHTD BN NETHE oM.
* DAMFOSS (Qaran) = MOELLER (lepaanis) = DOMRON (Anomus)
MpecSpascsatand yactom punyTagHoecn oEopyoRaNg HoknougsTs QS aEToMaTARRME
YETOORCTED FNapHoND: myckn Pacrpenanameamos pﬁnwm MiBea-aR Texr
MaTop-pemytoe Mpoaibiunes-an SRTOMATLCLE e LTI I CACTER DRBtnasHICTH
Tlamanc TS0 YIESENEHIET W COrHANHIE [pOpALLLTYSte KOHTDONNER

CoRpeMeHHAA M HAGEKHAA TEXHWKD HALWMKE NAPTHEPOR rApAHTHRYET AonroapeMenHyo paboty u GesonacHyo
IECTMyaTauHie oBopyAoBIHNA W CHETEM,

YARTOMATHINPOBAHHBIEICUETEMBIWIPABIEHWA

3A0 «YPANTEXMAPKET» ORa3ILIEIET NOMHEIA KOMMONBEKG YoOyr No paipaboTes AETOMATHIMPOBAHHLIE CHOTEM

YNPABNCHAA TEXMONDTHHOCEMMY  NROUCCCaME B MOTAMNYPrAH, MILAHOCTROSHAM, BopTe- W rlaunnihﬁ,
TENAOIHSPIoTHKD, MOPHOLO S LB WEA NPOMLILNCHHOGTH, BOROCHaGMEHME.,

(ACEPEWE HOE[OBENYHWBAHWUE

B coctane JAD «¥YFANTEXMAPKET» geacroyer OdprumanhHisf cepRMcHLIMA USHTR KoMIaHei
DANFOSE w OMROM,

FapaHTHAHBIA CPOK Ha NOCTaRNAewoe obopyRoBaHwe 00 3 NeT. 620043, 1. ExaTepMMEYRr
¥n, Haspwea Backnw-ona, . 1,
HANEXHBE TEXHHYECKMWE PELLEHKWA kopn, 4, od. 301
B COOTBETCTEMA C MHOWBUIYANEHEIMK TPEBOBAHMAMEA JAKASUALA vl (343)288-TE-62, 217-83-51
infod@uraltm.m, wwaLuraRm. i
F
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QOCHOBHKLIE BHMOLI DEHTENSHOCTIA

* CTpovTenscTEO Cy0o8 W kopabned poex TW-
oD, Ehd bt H“Hmr-r-:.-,[jl i Tod wlre. Ha
By LU O nl:w'u.uru (43 CYROCTDOWTENE HOH
CTAM W ANCASNHREB0-METHWEEL Y cnoes]

* MaroToenede MODCEME ENBLEANEHLE NNaEy-
wpx  OfkexToON W weTAifoMOHCTDYILWA  OnF
Wenkhonon ML

o Ofiopynoaard. Ana  HeTAHGR 1 Fasodoil
MPOMHUNESHHOCTH, B Tol uWcne Bypoas obo-
pynoeasme, 3E0EdeEw  TRyDoNpOBOIHEA BpMa-
Typa (B TOM 44CnE M) THTEMO8LE CINABOA),
WETEIMOEKM CUMF B M TELf e HOOD PENICH Til RN
= Cypoaoe abopynoasHme

o Leniag i LBETHER METENTYDVE, THTEHOB0E MMThLE.
= MaroToanaHse KpyTIHBD METRMNMOKOHE TRy,

422546, Poccun, Pecnylmsa Tartaperas, 1, 3eneHogonscs, yn. Jaaonecdan, 5
Tan. + T84T} 5610, g +7 (B4371) 5-T8-00
Zdship@nimd ru, wesw zdshipiin
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TRANSPORTATION
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B nocnepHue rogbl B Poccumn HabnoaaeTcs TeHAEHUMA U3MEHEHUSA CTPYKTYpbl pa3BefAaHHbIX 3anacoB HedTu. 3To cBA3aHO C Bbipa-
6OTKOW KpPYyNHEWLINX BbICOKONPOAYKTUBHLIX MecTopoxaeHuin. CoaepxaHue BbicokonapaduHUcTbIX Hedten B Poccuiickom 6anaHce
HedTeA0ObI4M NOCTOSAHHO YBeNU4YMBaeTcs. 3TO 3aTPYAHAET UX TPAHCNOPTUPOBKY NO Tpy6onpoBoAaMm, B Xene3HOA0OPOXKHbIX LiUCTepHax

U MOPCKUM TPAHCMNOPTOM.

IIMA [-210 - HOBOE PEIIEHUWE ITPOBJIEM
[IPA TTIEPEKAYKE BbICOKO3ACTBIBAIOIINX HEDTEM

[Mpn TpaHcnopTupoBKke HedTN B pesyrib-
TaTe CHWXKEHWs TemnepaTtypbl BbIAENSATCS
BbICOKOMOINEKYNSPHbIE, B OCHOBHOM napadu-
HOBbIE YINEeBOAOPOAbI, KOTOpble OTKNaAbiBa-
10TCH B PasnnyHbIX MecTax HedTenpoMbICno-
Boro obopynoBaHus, B Tpybonposogax vnu
LMCTEPHAxX M MOBbILIAKT BA3KOCTb HedTen.
[pobnema BO3HMKAET yXe Ha cTagun n3ene-
YeHUst HedTH U3 CKBAXMHbI M OCOBEHHO OCTPO
OHa OLUyLLaeTCs B CEBEpHbIX pervioHax mno
npuunHe 6onee CypoBbIX MNOrOAHbLIX YCIIOBUN.
Hanbonee ocTpo oHa cCTOWUT Mpu TpaHcnop-
TUPOBKE HEdTN OT MECTOPOXAEHUS BbICOKO-
napaduHncTon HedTM OO MarncTpanbHOro
TpybonpoBoaa 1 3aBUCUT OT NPUPOLAHOrO CO-
cTaBa HedTU KOHKPETHOTO MECTOPOXAEHUS.
B marnctpanbHom HedTenposoae HedTb U3
pasnuYHbIX MECTOPOXAEHU YCpeaHsieTCs.

M3BeCTHbl pa3nuyHble Cnocobbl TpaHc-
NOPTUPOBKN  BbICOKO3aCTbIBaKOLEN HedTu.
Hanbonee pacnpocTpaHEHHbIM U HaaeXHbIM
sABNAeTca cnocob ropsiyen nepekaykn. OgHa-
KO Meyn nyTeBoro noporpesa SBMATCA UC-
TOYHUKOM BbIOpOCa BpeAHbIX BELECTB, YTO
Be[eT K YBENMYEHWIO MnaTexen 3a 3arpssHe-
HVe NpUpoAaHON cpebl. Takke He UCKIIoYaeT-
CS1 BO3MOXXHOCTb BO3HWKHOBEHWST aBapUNHBIX
CUTyaLui, YTO MOXET NMPUBECTU K KOMNOrnye-
CKUM U TEXHUYECKUM npobnemam.

B nocnegHee Bpems Ansi TpaHCNOPTUPOB-
K/ BbICOKO3aCTbIBaOWMX HedTen Bce valle
cTanu MPUMEHsTb AenpPeccopHble MPUCaaKM,
KOTOpble, y4acTBys B npoLecce Kpucrannmaa-
Lum napadmHOB, 3aTPyAHSOT hOpMUPOBaHME
eOVHOW KPUCTanmMYeckon CTPYKTypbl napa-
duHa npu oxnaxaeHun Hedtn. Takum obpa-
30M, YMy4lIalTCA peororMyeckve CBOWMCTBA
HedpTW, @ MMEHHO: CHWXaeTca TemnepaTypa
.3acTblBaHus, NagaeT adpdeKkTMBHan BA3KOCTb
1 CHWDKAIOTCS MOTEPUW Hanopa Ha TpeHwve.

®oto 1/ Fig. 1

OAO «[d3epxuHckoe OprcTekno»
(OAO «OC») umeet 40-neTHuin onbiT B
pa3paboTke M NPOM3BOACTBE MONMUMEPHbIX
OenpeccopHbiX npucagok ana macen. Cne-
unanuctel  VIHXeHepHO-TEXHUYECKOTO  LiEH-
Tpa B HacTosiLlee Bpemsi BedyT pa3paboTtky
[enpecCcopHbIX NpUcadoKk Ana HedTen. Yxe
pa3paboTaHbl pasnunyHbie BapuaHTbl peLen-
TYp [AEenpeccopHoi Monu(MeT)akpunaTHoM
npucagkm mapku NMMA [-210 ana ynyduwe-
HUSI HU3KOTEMMepaTypHbIX CBOWCTB BbICOKO-
3acTblBalOWMNX  HedpTen,  PU3MKO-XUMUYe-
CKve mnokasaTeny KOTOpoW NpuBefeHbl HIKe
(TY 0257-047-55856863-2006).

OnbITHO-NPOMBILLMEHHBIN 0bpasew, npu-
cagkm NMMA [-210 ucnbiTaH cneynanucTa-
Mn UHxeHepHo- TexHnyeckoro ueHtpa OAO
«[OC» Ha obpasuax cbipoii HedpT! B cpas-
HEHMW ¢ aHanoramu Ha HedTAx Kanb4yeHcko-
ro (T,,..=+3°C) u Xaceipeiickoro (T__=+18°C
) MECTOPOXAEHWIA.

[loCTUrHYTO CHWXEHMe TemnepaTypbl 3a-
CcTbiBaHus Ans HedTn Kanb4eHckoro mecto-
poxaeHus Ha 41°C (npu TemnepaType BBOAa
npucagkm 50°C), ans HedTV Xacblpenckoro
mMecTopoxaeHust Ha 15°C (npu Temnepatype
BBoaAa npucagku 50°C) u Ha 39°C (npu Tem-
nepatype Beopa 70°C). Yto cootBeTcTBYET
YPOBHIO MMMOPTHBLIX aHANOroB.

Konuyectso BBOAMMOW Npucagku B HebTb
200-1000 ppm (200-1000 r/T).

Ha obpasue HedpTn 3 Amano-HeHeukoro
aBTOHOMHOrO OKpyra Obinu NpoBefeHbl Tak-
)K€ UCMbITaHUSI MO BIUSAHWIO OENPECCOPHON
npucagkm NMMA [0-210 Ha KnHEemaTU4eckyto
BA3KOCTb HETW NPU NOHUXKEHHbIX Temnepa-
Typax. PesynstaThl npuBeaeHbl B Tabn. 2.

M3 tabn. BugHO, 4TO BBEAeHWE aenpec-
COpPHOW MpUCadKu MpaKTUYECKN He BnusieT
Ha BSI3KOCTb HedTW Mpu Temnepatypax b

PMA D-210 IS A NEW SOLUTION IN
PUMPING HIGHLY CONGEALING OILS

In recent years in Russia the structure of
explored oil reserves has tended to chan-
ge. This has manifested itself in the depl-
etion of major highly productive oil fields.
The content of high wax bearing oils in the
Russian balance of oil production is cons-
tantly rising. This makes it more difficult to
transport them through pipelines, in railro-
ad tanker cars and by sea. During oil trans-
portation, as a result of lower temperature,
high molecular, mainly paraffin hydrocarb-
ons form which deposit in different spots of
the oil production equipment, in pipelines
or tanks and increase the viscosity of oils.
The problem arises as early as the phase of
oil extraction from the well and makes its-
elf particularly felt in the northern regions
due to more severe weather conditions. It
is especially acute in the transportation of
oil from the high wax bearing oil field to the
mains pipeline and depends on the natural
composition of the oil typical of a specific
oil field. In the mains pipeline oil from vari-
ous oil fields averages out.

There are several known methods of tr-
ansporting highly congealing oil. The most
common and reliable one is the hot pumping
method. However transit heaters are a source
of pollutants which leads to increased charg-
es for environment pollution. A possibility of
emergencies occurring is not to be ruled out,
either, which may cause environmental and te-
chnical problems to come up. Recently for the
purpose of transporting highly congealing oils,
more and more often pour point depressants
have come to be used which, while taking part
in the paraffin crystallization process, hinder
the formation of a single crystalline structure
of the paraffin when oil cools down. This im-
proves the rheological (flow) properties of the
oil, namely: the setting point is reduced, eff-
ective viscosity goes down, and friction head
becomes less. JSC «Dzerzhinskoe Orgste-
klo» (JSC «DOS») has been in the business
of developing and producing polymer based
pour point depressants for oils for 40 years.
The technicians of the Engineering and Techn-
ical Center are currently developing pour point
depressants for petroleum. Different versions
of recipes of the poly(meta)acrylate pour poi-
nt depressant, PMA D-210 Grade, have been
devised in order to improve the low temperat-
ure properties of highly congealing oils whose
physical and chemical specifications are listed
below (Technical Requirements 0257-047-55-
856863-2006). The prototype of the pour poi-
nt depressant PMA D-210 was tested by the
technicians of the Engineering and Technical
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Center of JSC «DOS» using samples of crude
oil as compared to its equivalents on the oils of
the Kalchenskoe Oil Field (setting point temp-
erature = +3°C) and of the Khasyreyskoe Oil
Field (setting point temperature = +18°C). Se-
tting point temperature reduction was achiev-
ed for the oil of the Kalchenskoe Oil Field by
41°C (with the temperature at which the pour
point depressant was introduced being 50°C),
for the oil of the Khasyreyskoe Qil Field — by
15°C (with the temperature at which the pour
point depressant was introduced being 50°C)
and by 39°C (with the temperature at which
the pour point depressant was introduced be-
ing 70°C). That is in line with the level of the
imported equivalents.

The quantity of the pour point depressant
introduced into oil is 200-1000 ppm (200-1000
grams per ton).

On the oil sample from the Yamalo-Ne-
netsky Autonomous Territory tests were also
run to determine the impact of the pour point
depressant PMA D-200 on the kinematic vis-
cosity of the oil at low temperatures. The test
results are given in Table 2. The Table shows
that introduction of the pour point depressant
has virtually no impact on the oil viscosity at
temperatures above +20°C, however it cons-
iderably decreases kinematic viscosity when
the temperature approximates the oil setting
point and expands the temperature range of
the oil fluidity. The advantage of the pour po-
int depressant is the fact that it is marketed
and is available in liquid form at a temperature
of over 20°C which does not require any ad-
ditional expenses to be incurred to heat it up
before adding.

It is noteworthy that the efficiency of the
pour point depressant depends, to a great ext-
ent, on the temperature at which it is added to
oil. The pour point depressant is to be effect-
ive in oil only if it is added prior to the time of
paraffin crystallization. As a rule, such a tem-
perature must be 15-20°C higher than the oil
setting point. An additional salient feature of
the PMA D-210 pour point depressant is the
fact that, apart from depressant properties it
also possesses dispersive properties. The use
of the PMA D-210 pour point depressant all-
ows the level of paraffin deposits on the pipe
walls and those of the reservoirs to be reduc-
ed and hence reduce the frequency and cost
of cleaning them. The pour point depressant
helps maintain the liquid state of the flow wh-
ich improves the operation of the well in the
oil field, the pumpability and filterability of oil.
The put-through of the pipelines increases, the
cost of transporting oil by railroad tanker cars
and sea goes down and the same goes for the
energy use for heating up the oil flow.

In conclusion, it has to be underlined that
crude oils from various oil fields significantly
differ in terms of composition and contain par-
affins of various structure and concentrations.
There does not exist a universal depressant
which could be effectively used to reduce the
setting point and viscosity of all the oils. Ther-
efore individual selection of a pour point dep-
ressant for oils of specific oil fields is needed.
The Engineering and Technical Center of JSC
«DOS» is in a position to carry out tests on
oil samples produced in different oil fields and
select the most effective recipe from a number
of those available.

BHewHun Buag
(Appearance)

oceBLUMX YacTuy

TPAHCIMOPTUPOBKA
TRANSPORTATION

I'IpospaqHaﬂ XXUAOKOCTb OT XXentoro Ao KOpu4iHeBoro uBeTa.
ﬂonchaeTcﬂ He3Ha4yuTesibHOe KOI-BO B3BeLWEeHHbIX Wnu

(Transparent liquid ranging from yellow to brown in color. An
insignificant amount of suspended or precipitated particles is allowed).

BsiskocTb knHematuyeckasi npu 50°C, (cCt), He Gonee

(Kinematic viscosity at 50°C, (cSt), no more than)

Temnepatypa 3acTblBaHusi, °C He Gonee
(Setting point, °C no more than 22)

MaccoBasi fons akTMBHOIO BeLLeCTBa, % He MeHee
(Mass fraction of active substance, % no less than)

PactBopumocTb B An3enbHOM Tonnmnee
(Solubility in diesel fuel)

CHwxeHve TemnepaTypbl 3acTbiBaHus *, °C He MeHee:

(Reduction in setting point*, °C no less than)

* BblcOkonapaduHucTon HedTH, copepxailenn 0,05% npucagku

NMVA O-210

(high paraffin oil containing 0.05% of the PMA D-210)
* NMPSIMOrOHHOIO MasyTa 13 napaduHUCcTbIX HedTer, coa. 0,05%

npucagku NMVA 0-210

(straight-run fuel oil from paraffin oils, containing 0.05% of the PMA D-

2101012)

50

22

40

MNonHas

10

12

* nokasaTenb SBNseTcs pakynsTaTMBHBIM U onpedenseTcsa no TpeboBaHuio notTpebuTtens no

npeacTtaeneHuno obpasua HedTu

(the indicator is optional and determined at the customer’s request upon submission of an oil sample)

Ta6n. 1/ Tab. 1

Bbile 20°C, HO CYLUECTBEHHO CHWXAaeT Ku-
HemaTu4eckylo BSI3KOCTb Mpu TemnepaTtype,
Onn3Kom K TOYKe 3acTblBaHWsi HEQTU, U pac-
LUMpSIET TeMMnepaTypHbIl AManas3oH Teky4ye-
cTn HedTu. Mpenmyectsom npucagku NMMVA
[-210 aBnsieTca ee xuakas ToBapHas hopma
npu Temnepatype Boiwe 20°C, 4to He Tpeby-
€T JONONHUTENbHbIX 3aTpaT Ha pa3orpes npu-
cafikv nepes ee BOBNEYEHNEM.

Cnepnyetr 0cob0 OTMETUTb, YTO adpdpek-
TMBHOCTb [EenpeccopHOn Npucagku B 3HaYu-
TenbHOW Mepe 3aBUCUT OT TemnepaTypbl ee
BOBreveHusi B HedpTb. [Mpucagka 6ynet pabo-
TaTb B HehTU TOMbKO B TOM cryyae, ecnu by-
[OeT BOBMeYeHa 4O MOMEHTa KpucTannmaaumm
napaduHoB. Kak npasuno, ata Temnepatypa
[OIKHa ObITb BbILLE TOYKU 3aCTbIBaHWUS Hed-
M Ha 15-20°C.

[ononHUTENbHOM  OTIIMYUTENBHOM OCO-
6eHHocTbl0 npucagkn NMMA [O-210 senset-
Cs1 TOT (paKT, YTO KPOMe AEeNpecCOopHbIX OHa
obrnagjaeT elwe u AUCNEPrMPYOLLUMY CBOK-
ctBamu. MNMpumeHeHne npucagkm NMVA 0-210
NO3BOSSIET CHU3WUTb YPOBEHb OTIIOXEHWUIA Ma-
pachrHOB Ha CTeHkax Tpyb 1 pe3epByapos, a,
cnepfoBaTenbHO, Y MEPUOANYHOCTD 1 3aTpaThbl
Ha ux 4ucTky. Mpucagka cnocobcTByeT noa-
[AEpXKaHWIo KUOKOro COCTOSIHUSI MOTOKA, YTO
ynydwaeT paboTy ckBaWHbl Ha HedTenpo-
MbICIEe, MPOKAYMBAEMOCTb U (PUNBTPYEMOCTb

HaumeHoBaHve
obpasua
(Description of the
sample)

KoHueHTpauus
aenpeccopa, r/TH
(Pour Point
Depressant
concentration, g/ton)

McxopHas HedTb 0
(Initial oil)

McxogHas HedTb 90
(Initial oil)

+MNMA [ -210 180

Tabn. 2/ Tab. 2

HedTn. [loBbIWaeTcs nponyckHasi Ccrnoco6-
HOCTb TpyOOMpOBOAOB, CHUXAIOTCS 3aTpaThl
Ha TPaHCMOPTMPOBKY /A LMCTEPHAMU N MOP-
CKMM TpaHCMOPTOM, @ TaKke Ha 3HEepreTuky
NS Harpesa noToka HedTy.

B 3aknioyeHve HeobxogMMO OTMETUTb,
YTO Cbipble HedTU Pa3nUUHbIX MECTOPOXAe-
HWI CyLLECTBEHHO OTNMYalTCA MO COCTaBy
N copepxart napaduvHbl pasnnM4yHOro CTpoe-
HUS M KOHLUEHTpauun. He cyuiectByeT yHu-
BepcanbHOW Mnpucagkv, kotopast morna Obl
3 HEKTUBHO MPUMEHSTLCS AN MOHUKEHUS
Temneparypbl 3acTbiBaHUS W BS3KOCTU BCEX
HedTen. MNoaToMy HeobxoamMm UHAMBKUAYanb-
HbIi nopbop Aenpeccopa AnNst HedTen KoH-
KPETHbIX MECTOPOXAEHWUIA.

MHxeHepHo-TexHudeckui  LeHtp OAO
«[JOC» nmeeT BO3MOXHOCTb NPOBECTU WCTbI-
TaHusi Ha obpasuax HedTu, JobbiIBaeMon Ha
PasnnYHbIX MECTOPOXAEHUsIX U nopobpaTtb
Hanbonee adeKTNBHYIO peLenTypy us psaa
VMEIOLLINXCS. m

OAO «[13epxuHckoe OprcTekno»
606000 r. 1zepxnHCK, Huxeropoackon
o6nactu, BocTouHbIl npoMpaioH

T. (8313) 27-70-76, 27-72-72

. (8313) 27-74-47

e-mail: marketing@doc.nnov.ru
www.dzor.com

BsizkocTb knHematuyeckasi, cCt
(Kinematic viscosity, cSt)

20°C 15°C 12°C
4,78 24,88 He Teyer | He Teuer
(does (does
not flow) not flow)
= 8,46 17,72 -
5,89 - 13,68 17,52



HU3KOBOJbTHOE OBOPYOOBHAUE

LOW VOLTAGE EQUIPMENT

3/H (64) mait 2008 r. 3KCMO3ULIMA

B coBpemMeHHbIx ycnoBusix BE3SOMACHOCTb nt6oro npoussoacTBa — rmaBHeUWMA NpUHLMN, T.K. nro6oe Yl npuBoauT Kk npocroto,
OrPOMHbIM YObITKaM, a 3a4acTyo U K YerIoBe4eCKUM XepTBaM.
Onsa Mpynnel «BAJIAH» 3Tto paxe He npuHuun, a PUNTOCODUA BE3ONMACHOCTMU, koTopas Ha NPOTSXKEHUWN NOJlyBeKa NPOHU3bIBaeT
BCHO Hally NPaKTUYeCKy AesiTeNbHOCTb, U peanu3yeTcs B Halel NpoayKuUu, NpoayKUUn Afsi B3pbIBOONACHbIX NPOU3BOACTB.

WHTerpaums Poccumn B MypoBoe coobLue-
CTBO, BblABWraeT MnoBbilLeHHble TpebGoBaHNS K
oTevecTBeHHbIM npoussoauTensam n BIJTAH
roToB UM CreaoBaTth.

Mcnonb3oBaHne B Hallem anektpoobopy-
[0OBaHUM NepenoBbIX TEXHOMOMI, obecnevnsa-
€TCS KaK HaLLYMM MHHOBaLMSIMU, TaK W LIMPOKOM
Koonepaumei B cdoepe obecrnedeHns B3pbiBo3a-
LMTbI. YunTbIBasi NOXenaHvs notpebutensi, BO-
JIAH B HeoGxoavMol Mepe KOMMMEKTYET CBOE
areKkTpoobopyaoBaHME TEMU  UMMOPTHBIMM
KOMMOHEHTaMK, KOTOpble UMEKT CcepTudmka-
umo B Poccum 1 oteedatoT Hawwen domunocodunm
GesonacHoCT.

[MprMepomM Takoro coTpyaHM4ecTBa MOXET
SIBMATBCS MCMONb30BaHUE B HALLEM 3MeKTpo-
obopynoBaHuW, Hapsigy C M3rotaBn1BaembIMM
B3NAH BWHTOBbIMK KNeMMamMu, MPY>KUHHbIX
3axumoB Tuna WAGO.

Motpebutens npoaykummn BAJTAH no xena-
HUKO MOXET PaCCHMTLIBATb U HA KOMMIIEKTALWMIO
HaLLero anekTpoobopyaoBaHust kaberbHbIMM BO-
[aMu OT BeAyLLMX MUPOBbIX NPOV3BOAUTENEN, a
Takke KNEMMHbIMM 3aXUMaMK C NpeaoxpaHuTe-
TNSIMK, KOHTPOIbHO-M3MEpUTENbHLIMM MprGopa-
Mu, 6apbepamu 3uHHepa 1 ApYrMMU U3OENUSIMMA.

B3JIAH — 50 JIETHUM ONbIT PAEOThI U
MHHOBALIMOHHbIX PELLEHUA

lpynna «B3JTAH» BbinyckaeT anekTpo-
obopynoBaHMe BO B3pbIBO3ALUMLLEHHOM UC-
nonHeHum | n 1l rpynn ¢ B3pbIBO3awwmTON BMAA
«d» 1 «e». Hawa npoaykuusi npegHasHaveHa
Kak Ans ra3oBOW B3pbIBOOMNACHOM 30HbI, TaK U
[ONs NbINIeBO B3pbIBOOMACHON 30HbI.

ApanTtauust npogykumm BOJIAH k poc-
CUICKUM KIMMaTU4YeCKMM YCIOBKSIM, MO3BO-
NsieT UCMoNb30BaTh Halle anekTpoobopyno-
BaHMEe He TOMbKO B 30HAX B3PbIBOOMACHbLIX
aTMocdep, HO 1 B TeX MPOu3BOACTBaXx, rae
CyLLECTBYIOT MOBBbILLEHHbIE TpeboBaHusA K
nbife-, BNaro3aluLeHHOCTH 3nekTpoobopy-
[OBaHus.

CerogHa nepeveHb Bbinyckaemon BO-
JIAH npogykummn obLumMpeH — 310 pasnuyHbie
NCMONHEHUs1 KOPOBOK COeaUHUTENbHbIX, KO-
poboK 3aXMMOB, KOPOBOK Pa3BETBUTENbHbIX,
MOAYNM KOMMYTaLMKU, NOCTbl CUrHanu3aumu,
nocTbl yNpaBneHusl, BblKnoYaTenu nyTeBble,
BbIKMOYaTENN KOHLEBbIE,yCTPONCTBA ynpas-
NEHNsT KOMMIEKTHbIE, MyCcKaTenu LUaxTHbIE,
nyckaTenu B3pblBO3aLUMLLEHHbIE, COEAVHW-
TeNnu SNeKTpPUYeckne CUIoBble, INEMEHTbI
KHOMOYHbIE, NepeknYaTeny, Mukponepe-
KntovaTenu, LUUTKM OCBETUTENbHblE, Ornoku
KOHTaKTHblE, 3aXXMMbl HAOOPHbIE NPOXOAHbIE,
kabenbHble BBOAbI, 000M0YKMN 3MEKTPUYECKMX
annapaTtoB U MHOTOe [pyroe.

CyLLEeCTBEHHO PacCLUMPSET HOMEHKMaTyp-
HYI0 NWHeliky obopydoBaHWst Ansi B3pbIBOO-
nacHbIX 30H LUMPOKasi raMMa OCBETUTENbHOIO
06opynoBaHMs BO B3PbIBO3ALLMULLEHHOM WUC-
MOSIHEHWUW, BKItOYatoLLLas:

* CBETUIbHWUKM ONs flaMn HakanuBaHWUs MOLLL-
HocTbto oT 80 oo 500BT;

* CBETUIBHVKU Ansl PTYTHbIX Nlamn MOLLHOC-
Tbto o1 80 fo 400BT;

* CBETUMbHWUKW OJ1s1 NaMn HaTpUEeBbIX U rano-
reHHbIX namn mowHocTbio oT 70 ao 400BT;

* CBETUIbHUKA OJ151 FMIOMUHECLIEHTHbIX Namn
MOLLHOCTbIO OT 18 po 36BT;

* MPOXEKTOPbI B3PbIBO3ALLMLLEHHbIE MOLLHOC-
Tbto oT 125 go 1000BT;

* Tabno CcBeTOBblE B3pPbIBO3ALLULLEHHbIE.

Ha 3aBope akkpeauToBaHo NpeacTaBuUTENb-
cTBO 3aKasuvKka, OCyLUEeCTBrsioLiee MpUeMKY

npoAykumn Anst Hyxa MuHnctepctea OBOpPOHBI
P®, koTopoe yaocToBepSET Hanmyme ycrnosum,
obecneurBaloLLMX BbINOMHEHNE rOCYAAPCTBEH-
HOro 06OPOHHOrO 3aKasa, YTO CBUAETENbCTBYET
0 6e3ynpeyHoM kadecTse npoaykumm BONAH.

nPoaOyKuusa BANAH UMEET:

» Ceptndomkarbl FTOCT P.

» PagpelweHvne ®epepansHo crnyxObl  no
3KOIOTMYECKOMY, ~ TEXHOIOTMYECKOMY U
aToMHOMy Haasopy P® Ha npumeHeHve BO
B3PbIBOOMACHbIX  30HAX  MPOMBbILLIIEHHbIX
npeanpuaTun.

 PaspeleHne Pecnybnvku Benapyce.

» Csupgertenbcrea n Pa3peluennsa Pecnybnmku
YKpauHbl.

 [locTbl 3BYKOBOW 1 NpenynpexaaroLen cur-
Hanusauum MNCB un MNCO, nocTbl 3ByKOBOW,
CBETOBOW aBapuUVHOM W npegynpexaato-
wen curHanusaumm MACB un MNACO, nocTbl
ynpaeneHus kHornoyHble MBK, kopobku KT,
K31, K3MNM nmetoT cepTudunkaThl NoxxapHoi
6e3onacHocTy.

* VHTerpupoBaHHas cucteMa MeEHEMKMEHTa
kayectBa BOJIAH cooTBetcTBYyeT Tpebo-
BaHuam (FTOCT NCO 9001-2001) MC UCO
9001:2000,MC MNCO 14001:2004,410 nog-
TBepxaeHo CepTtudmkatom «PYCCKUW PE-
MCTP» (MOPCKOW PEMUCTP), 3aknioye-
Hnem «BOEHO3MEKTPOCEPT» (BOEHHbIN
PEIMCTP) MOCT PB 15.002-2003.

+ CucrteMa MeHemMKMeHTa cepTuduLmpoBaHa
Ha cooTBeTCTBME TpeboBaHWSAM CTaHaapTa
1ISO 9001:2000 «Bureau Veritas Certification»

B3JIAH — uneH ToproBo-NpOMbILLNIEHHOW
nanatel POCCUW, Coto3za npoussogutenei
HedprerazoBoro obopyaosaHus, HIM «FTOPHO-
MPOMBbILLNEHHWKWN POCCUN»

Mpoaykums ¢ Toproson Mapkon BOINAH
oTMeYeHa Harpagamy npegnpuHUMAaTENbCKUX
kpyros  POCCWUW, EBPOIbI, A3WW, CHT,
MHOCTPaHHbIX U POCCUNCKUX BbICTABOK 3@ Bbl-
COKMUIA Hay4YHO-TEXHUYECKUIA YPOBEHb U3roTaB-
NIMBAeMOro  B3pbIBO3aLLMLLEHHOTO  3NEeKTpO-
obopyaoBaHus.

[MonHyto  uHdOpMauMio O  NPOAYKLMM
OO0 «T» «BANAH» MOXHO Nony4uThb B npea-
craButensctBax B POCCUWN n rocynapctBax
CHI, a Tak xe Ha caiite www.velan-td.ru. m

344041, r.PoctoB-Ha-[oHy, yn. YyaHas, 10
1.: (863) 237-03-40, 237-03-41,
237-03-42, 237-03-43
velan-td@aaanet.ru

50 NETHWA ONbIT PABOTbl U UHHOBALMOHHbIX PELUEHUA!
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L CTPOINLI
A KAHATLI

453500, r. Benopeuk,
yn. Maskosckoro, 43,
Ten./cdakc: (34792) 4-19-00

CETE (OUNVanoe
r. EkarepuHbypr (343) 378-73-74,
r. YenabuHck (351) 247-70-57,
. r. CypryT (3462) 24-80-50,
., r. Yepa (347) 292-62-04,
r. TiomeHb (3452) 21-47-24

NPOUSBORCTEO CTPON W MPYIOIAXEBATHEIX NPUCHOCOBNEHWNA

A rAEELABART -

RN MOH g

AoGankk v GoTons = dhabpa ¢« rAQPOMIONAUMOHHEE MATEPHANE * MATCPMANE GNA PEMOHTO H YyCUOSHAA
NMPoMEBILINFHHEE NN & MOTEPEANE ANR CTROWTONRCTRR, PEMOHTA, PICTREDALAA H CTQTNEW
CHETOME QPOHAMA W YRAAGKH NARTEKE QAR OTROGO DO © RPOEIMKE NNoWAGeH, thacagon, TOpPpac m DanKoHoR

PEMOHTHRIZ COCTALRl ANA AMOWHOrD pESMOHTS :Edlﬂﬂh'l’lllill H BoToHNLIX oo por

MNMAOFOMOH, 195027, r. CauuT-MeTepbypr, yn. Akopran, g. TA, Ten/darc: +7 (812) 4499-8890, 499-8892

gidromonEgidromon.r wWwWwW.gidromon.r gidromon@gidromon.ru wWwWwWLgidromon.ry gidromon@gidromon.ru




MOCTOBbIE METAJINTOKOHCTPYKLIUA

BRIDGE SUPPORT STEEL

3/H (64) mait 2008 r. 3KCMO3ULIMA

Ho6biva HedbTM M rasa sABNsieTCA OAHON M3 BaXKHEWLUMX oTpacrel cCoBpeMeHHOW 3koHomuku Poccun. Bes Hedhtm m rasa, npoaykroB
MX nepepaboTku He OyAyT paboTraTb TPaHCNOPT U MPOMBILLIIEHHOCTb, CENbCKOe XO3AAWUCTBO M dHepreTuka. Paspabotka u pa3Bepgka
HedpTerazoBbIX MECTOPOXAEHUN, HedpTenepepaboTka U opraHusaums 3¢peKTUBHOM CUCTEMbI CObITa NPOAYKUUN AenaeT HedpTerazoByro
oTpacrnb OAHMM U3 OCHOBoOMoMnaralwWwmnx ¢akTopoB MPOrpeccMBHOrO pa3BUTUS 3KOHOMMKKM Poccuiickon ®Pepepauum, paclumpeHus
reorpacpmm BHELUHE3KOHOMMNYECKOW AEATENBHOCTU U YKPENNeHUss UMUpKa CTpaHbl Ha MeXAyHapoAHOM YpOBHe.

PO IYKIIUA MOCTOCTPOUTEJIEN
JIUTSI HE®@TET'ABOBOU OTPACJIU

Pa3pabotka HedTeraszoBoro MecTopoxae-
HUST — CINOXHbIN MpoLecc, TpebytoLwmii CTpon-
TenbCTBa He TOINbKO OOBLEKTOB Mo A00bIYE, HO 1
KOMMEKCHOW BCrioMoraTenbHOM MHAPacTpyKTy-
pbl, B TOM Y1CIE U TPAHCMOPTHON: NOABE3AHbIX
[0pOor K KyCTOBbIM NroLlaakam, 0byCTpOeHHbIX
TEXHOMOMYECKNX [0POr MpU  CTPOUTENLCTBE
Tpy6onposogoB. CTpouTENbLCTBO MOCTOB SBMS-
€TCS OHUM 13 BaXXHEMLLMX acreKTOB pa3BUTUS]
TPaHCMOPTHOM  MHAPPACTPYKTypbl BCNEACTBUE
0OrbLLIOro KONMyecTBa pek U pydbeB B MecTax
pa3paboTkv MECTOPOXAEHNN.

HausHas c MoMeHTa CBOEro OCHOBaHUs,
3A0 «KypraHcTansMocT» SBMSETCS MNOCTOSHHLIM
MOCTaBLUMKOM MOCTOBbIX METarTIOKOHCTPYKLWIA
st obycTpoiicTBa Aopor K HETAHbLIM Y ra30BbIM
MECTOPOXAEHNAM B TPYAHOOOCTYMHBIX pavioHax
TtomeHckoro Cesepa u 3anagHon Cubupn. Mo-
CTOBbIE METarIOKOHCTPYKLMW, MPOU3BEAEHHbIE
Ha MpeanpusaTUKM, YCMELIHO 3KCITyaTupyoTCS
B JKECTKUX KNMMatuyecknx ycrnosusix KpaviHero
Cesepa. Npeanpustvie y4acTByeT B MOOFOTOBKE
K peanmsaumm npoekTta «Ypar MpOMbILLIEHHbI
— Ypan nonsipHbIA» Nno 0CBOEHUIO HedbTerasoBbIxX
MecTopoxaeHun  Amano-HeHeukoro 1 XaHTbl
- MaHCHICKOro aBTOHOMHBIX OKpYroB. B HacTos-
LLiee BpeMmsi NpeanpusiTue NocTaBnsieT MOCTOBbIE
METasMoKOHCTPYKLMKM Anist obycTporicTaa [Nprob-
CKOro 1 BOPKYTUHCKOTO MECTOPOXAEHWI.

Ha cerogHsiwHmin geHb 3A0 «KypraHcTanb-
MOCT» — COBPEMEHHOE, ANHAMUYHO pa3BMBato-
Leecs NpeanpusiTue, OpraHNYHO CodeTaroLLee
MPYBEPXXEHHOCTb TPaAULIMSIM 1 OCHOBOMOSara-
IOLLMM LIEHHOCTSIM C NMPYMEHEHVNEM HOBEMLLMX
TexHorormin. TexHNYecKoe OCHaLLeHe, BbiCOKas
KyrnbTypa Npov3BOACTBa U KBanudukauus nep-
coHarna no3BorsioT co3naBaTb MOCTbI, MOMHOC-
Tl COOTBETCTBYIOLLME CTPOTUM POCCUNCKUM U
€BPONENCK/M CTPOUTENBbHBIM HOPMaM.

3AO «KypraHcTanbmMoCT» — BbICOKOTEXHO-
TIoOrMYHOe NpeanpusTue. 3a CBOK yXe MoYTH
TPUALATUNETHIOD WUCTOPUID MPEOpPUSITUE MPO-
nsgeno 6onee 500000 TOHH METANMOKOHCTPYK-
LW Ans cTpoutenbcTBa bornee ThbiCS4n MOCTOB.
[MpounsBoACTBEHHbIE  MOLLHOCTU  COCTaBSOT
60000T MOCTOBbIX METANIOKOHCTPYKLMUIA B rog,.

Ha npeonpusitum penctByeT nporpamma Tex-
HWNYECKOTO MepeBOOPYXXEHUS: NMPOBOAUTCS 00-
HOBMEHVE OOOPYLOBaHWS, BHEOPSIOTCS HOBble
TEXHOMOrMM WM MeToaukv npowmssoacTea. [lo-
CTOSIHHblE ~ MapTHepcKMe  B3aVMOOTHOLLEHWS
C BedyLMMM POCCUNCKMW U 3apybesxHbIMM
MOCTOCTPOUTENBHBIMU KOMMaHWUSIMU MWL MOA-
TBEPXXOAKT BbICOKOE Ka4eCTBO MpodyKUuMn Me-
TaroKOHCTPYKLMI KypraHCKOro Npou3BOACTBa.
HacToswmm npusHaHneM Ha MexayHa-
POOHOM YPOBHE MOXHO HasBaTb HEMELKVEe 3a-
ka3bl 3AO «KypraHcTanbmocTy, koTopoe cTano
nepBbIM POCCUNCKUM MPeanpusiTueM, nocTas-
nsaowmM nogobHyto npogykumio cTpaHaMm 3a-
nagHon EBponbl. lNMpumevateneH u ToT akT,
YTO [laHHble 3aKka3bl Obln BbIMrpaHbl B XKECTKOW
KOHKYpeHTHOM Gopbbe C BegyLymmn eBponei-
ckvumy npouwssoguTenamun. B 2005 rogy 3AO
«KypraHcTanbmMoCT» M3roTOBWUINO M MOCTaBWIo
B [epMaHnio MeTanmoKOHCTPYKLMW O CTPOW-
TenbLCTBa aBTOAOPOXHOrO MocTa Bbnmaun ropoza
Tevinuyr o6wwmm Becom 730 TOHH. BTopbim 3Ha-
KOBbIM 0ObekToM B epmaHum ctan LUHeTTkep-
MocCT B ropoge JoptmyHa. [ponetHoe cTpoeHune
COCTOWT M3 ABYX MOCTOB-On3HeLoB. [NocTaBku
METaNMOKOHCTPYKLMIA Havanuck B 2006 rogy.
Bbicokve TpeboBaHMs MO KayecTBy U CPoO-
Kam paboT Mo BO3BEOEHWI MOCTOB, MpeabsiB-
NnsieMble COBPEMEHHBLIMN PbIHOYHBIMW YCIIOBU-
MM, 0OycnaBnuBaloT HEOBXOANMOCTb NOCTaBKU
KOHCTPYKLMIA MOCTOB BbICOKOMO KayecTBa TO4HO
B cpok. 3A0 «KypraHcTanbmocT» no npasy SiB-
NsieTCs OOHMM M3 BeayLyX Npennpusitiii no
NMPOV3BOACTBY MOCTOBbIX METANIOKOHCTPYKLMIA.
CoyeTaHne BbICOKOTO KavecTBa U CTPOroro Co-
OntogeHns cpokoB paboT AenaroT NPOAyKLMIO
npeanpusiTusi BOCTpeboBaHHON Ha PbIHKE. m

3AO0 «KypraHctanbmocTt»/
CJSC «Kurganstalmost»
Poccus, 640023

r. KypraH, 3aropogHas, 3
T.: (3522) 47-80-58

cp.: (3522) 47-80-78
market@stalmost.zaural.ru
www.kurganstalmost.ru

BRIDGEBUILDERS’ PRODUCTION FOR
OIL-GAS BRANCH

Qil and gas extraction is one of the most important
branches of the Russian economy. Development and
prospecting work of the oil - gas field, oil processing and
organization of the effective system of sales of products
makes oil-gas branch one of the fundamental factor of
progressive development of the economy of the Russian
Federation, broadens the geography of external econo-
mic activity and strengthens internationally the image of
the country.

Development of the oil-gas field is a very complicat-
ed process that requires building of the objects aimed not
only at extraction of the objects but also all-round auxili-
ary infrastructure including transportation one: building of
approach roads to multiple-well platforms, arrangement of
technological roads when building conduct pipes. Building
of bridges is one of the most important aspects of develop-
ment of transport infrastructure caused by a big number of
rivers and streams at the places of development of deposit
occurrence.

Starting from the moment of its foundation CJSC
«Kurganstalmost» has always been a constant supplier of
the bridge metal structures for arrangement of the roads
to the oil-gas deposit occurrence at hard-to-reach areas
of the Tyumen North and Western Siberia. Bridge metal
structures produced at the enterprise are being succes-
sfully used in the severe climatic conditions of far north.
The company takes part in preparation for realization of
the project «Industrial Ural — Polar Ural» on exploration of
oil-gas fields of the Yamalo-Nenets and Khanty-Mansi Au-
tonomic Areas. At present the enterprise supplies bridge
metal structures for arrangement of Priobsk and Vorkuta
deposit occurrence.

CJSC «Kurganstalmost» is a high-technology ent-
erprise. Within its aimost 30-year-period history the ent-
erprise has produced more than 500 000 tons of metal
structures for building of more than one thousand bridges.
Production capacity is 60 000 tons of metal structures per
year. There is a program of technical retooling at the ente-
rprise: the equipment is being renewed, new technologies
and techniques of production are being constantly intro-
duced. Continuous partnership relations with the leading
Russian and foreign bridge-building companies confirm
high quality of the production of metal structures of Kurgan
manufacturing.

The real international acknowledgement is the Ger-
man orders to CJSC «Kurganstalmost» that has become
the first Russian enterprise supplying the corresponding
goods to the countries of Western Europe. Besides it is
worth mentioning that the above mentioned orders were
won in a rigid competitive battle with the leading European
manufacturers. In the year of 2005 CJSC «Kurganstalmo-
st» manufactured and supplied to Germany metal structu-
res for building of the top-road bridge with the total weight
of 730 tons near the city of Leipzig. The second significant
object in Germany is Schnettker-bridge in the city of Dort-
mund. The superstructure consists of 2 twin bridges. The
supplies of metal structures began in 2006.

High demands to the quality and bridge building pe-
riods introduced by the modem market environment det-
ermine the necessity of the supply of high quality bridge
metal structures in due time. CJSC «Kurganstalmost» is
rightfully considered to be one of the leading enterprises
producing bridge metal structures. The combination of
high quality and strict observance of the production period
make the production of the enterprise entirely actual at the
marketplace.
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Offer their Equipment, Components and Technologies.
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3Kcno3nuua

OCHOBHbIMMX BUAAMM XUAKOrO Tonnuea ansa NMPOMbILWMEHHbIX neyeun ABNAKTCA Ma3yT U TAXelble OCTaTKU, nosfiyyaeMblie B npouecce

nepepa6oTku HedpTH [1].

Mpu cxxuraHumM masyTa B NPOMbILLNIEHHbIX NeYax nepcoHan Kak Ma3yTHbIX XO35IUCTB, TaK U LIeXOB, r4e YCTaHOBMEeHbI Nevu, cTankuea-
eTcs ¢ psaoM Npobnem, KOTopble BUSIOT Ha HAAEXHOCTb paboTbl 060pyA0BaHUsA, MPUBOAAT K Nepepacxoay TONNMUBa, 3arpsi3HeHUIo
OKpY>KatoLlei cpeabl U CHUKEHUIO TEXHMKO-IKOHOMUYECKMX NoKa3aTereil MPOMbILLIIEHHOro NPeanpuATUA B LIESTOM.

CKUTAHUE B ITPOMBINIJIEHHBIX [IEYAX
BOJIOMA3YTHOU DMYJIbCUU
C IOBABJIEHUEM IIPUCAJIKHU

r. KazaHb

M.®.LLAFEEB KasaHckuii rocynapCTBEHHbIN SHEPreTUYECKUI YHUBEPCUTET
T.H.IOCYNOBA WHCTUTYT opraHunyeckon n domandeckorn xummn, Kaszanckuin HL, PAH
.B.POMAHOB WHCTUTYT opraHuyeckoi n dusundeckon xumun, Kasanckuin HL PAH
A.®.LLUATEEB OAO «HWUWHedTENPOMXUM»

B.A.MAPIYINUC OAO «HWUWNHedTENpOMXUMY

XecTkme paboune ycnoBuss B neyax
TpebytoT NpUMeHeHns Ans neyHbix Tpy6 fo-
pOrnx BbICOKOMNErMpoBaHHbIX ayCTEHUTHbIX
cTanew, cneuunanbHow obpaboTku noBepx-
HOCTU U BbICOKMX CKOPOCTEWN ABWXEHUS Cbl-
pbsi B LENsAX MHTeHcudmKauum Tennonepe-
paun. CpepHue 3HayeHUs [omnycKkaemon
TenrnoHanps»KeHHOCT! BO MHOMOM 3aBUCAT
OT PaBHOMEpPHOro pacnpefenexHnst Tenno-
BOW Harpysku Mo BCel MOBEPXHOCTU Tpyo,
4YTO AOCTUraeTcs ONTUMarnbHOW KOMMOHOB-
Ko TpybyaToro 3meeBuKa, ydauHbIM €ro
pasMellieHneM B TOMKe, COBEpLUEHCTBOBA-
HMEM KOHCTPYKLIMM rOpenok u METOA0B CXU-
raHus Tonnvea, a Takke Ka4eCTBOM CaMoro
Xungkoro Ttonnuea. Heobxogmmo cokpatle-
Hue BbIGPOCOB B arMocdepy TOKCUYHbIX
NPOAYKTOB CrOPaHUsi — npexzae Bcero okcu-
[OB Cepbl U a30Ta, a Takke Caxu, TSKemnbIX
meTannoB. He MeHee akTyanbHbIM ANS OCY-
LLIeCTBMNEHNA npoLiecca CXUraHus siBnseTcs
CHMXEeHMe BA3KOCTU U TeMnepaTypbl 3acTbl-
BaHWS masyTa.

e

MepBuYHbIN
BO37YX

BTopuyHbIn
BO34YX

Puc. 1. MpuHUMnnanbHasa cxema opraHvsauum npowecca CxxuraHus MasyTa:

[Ing noAroToBKM BbICOKOBA3KOrO MasyTa
(M100 n M200) k TpaHCNOPTUPOBKE Ha TO-
NMMBHOE XO35IMCTBO MPOMBILLNEHHbIX Npea-
npuATUIA, ero nepepabaTbiBaloT, Tak Kak npu
Temnepatype Hwxe TemnepaTypbl 3acTbl-
BaHMA B HedTenpoaykte obpasyloTcs Kpu-
cTannuyeckue CTpPyKTypbl, MpuaatLie emy
cBovicTBo TBepgoro Tena [2]. Cneuuanb-
HON TepMoobpaboTKOW MOXHO YMEHbLUUTb
MPOYHOCTb CTPYKTYP W CHU3UTb BSA3KOCTb
masyTa.

BBepgeHvne npucagok nossonser 3Hauu-
TENbHO CHU3WUTb TeMmnepaTtypy 3acTblBaHWS
(8o 15-21°C) n noBbICUTb TeKy4YecTb Ma3yTa
[3, 4], HO aTa Mepa He CMOXET peLnTb 60orb-
LUMHCTBa Npobrem, MeLLMNXCS B Ma3yTHOM
X0351CTBE.

M3-3a pacnpocTpaHeHHOW Ha MpOMbILL-
NEeHHbIX NPeanpUATUSX TEXHOMOTMN pasrpys-
KW, XpaHeHUsi 1 nogaepxaHus B ropsiyem pe-
3epBe Ma3yT HacbllwaeTcsa Bogon. Hekotopoe
KONMMYeCTBO BOAbI MOXET OTcTamBaTbcs. Boaa
nonagaeT B Ma3yTonpoBOAbl N Yepe3 HNX K P>
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1 — TonkKa;

2 - ropernka; 3 — hopcyHKa; 4 — 30Ha nogorpeBa TONNMBA; 5 — 30Ha ropeHus; 6 — 30Ha AOXUTraHUA.
Fig.1. Principal Diagram for organization of furnace oil burning process: 1 — hearth; 2- burner;
3 —injector; 4 — fuel heating zone; 5 — burning zone; 6 — afterburning zone.

BURNING WATER BASED FURNACE OIL
EMULSION IN INDUSTRIAL FURNACES WITH
AN ADDITIVE

The principal types of liquid fuel for industrial furna-
ces are furnace oil and heavy residues obtained from
the process of oil refining [1].

When furnace oil is burnt in industrial furnaces the
personnel of both the oil furnace facility and the shops
where the furnaces are installed are confronted with a
number of problems which affect the reliability of the
equipment operation, which lead to excessive use of
fuel, pollution and reduce the technical and economic
performance of the enterprise at large.

Severe operating conditions in the furnaces require
the use for their stacks of expensive high alloy austenic
steels with specially treated surface and high velocities
of material movement for the purpose of intensifying
heat transfer. Average values of allowable thermal str-
ess in many respects depend on uniform distribution of
thermal load throughout the whole surface of the stacks
which is achieved through the optimal arrangement of
the pipe coil, its convenient location in the hearth, by im-
proving the burner design and methods of fuel combus-
tion as well as the quality of liquid fuel itself. It is necess-
ary to reduce the exhaust of toxic combustion products
into the atmosphere, primarily, all the sulfur and nitrogen
oxides as well as soot and heavy metals. No less rele-
vant to the burning process is the reduction of viscosity
and the temperature of furnace oil congelation.

In order to prepare high viscosity furnace oils (M100
and M200) for transportation to a fuel facility of indus-
trial enterprises, they are refined, since at the tempe-
rature below the setting temperature, this petroleum
product develops crystalline structures which impart
the property of a solid body to it [2]. Special heat tre-
atment may reduce the strength of the structures and
decrease the viscosity of the furnace oil. The introdu-
ction of additives allows the setting temperature to be
significantly reduced (down to 15-21°C) and the fluidity
of furnace oil to be increased [3, 4], however this me-
asure cannot deal with the majority of problems that
exist at a fuel facility.

Due to the technology of unloading, storing and
keeping in the hot reserve which is commonly pract-
iced by industrial enterprises, the furnace oil becomes
saturated with water. A certain amount of water may
settle down. The water finds its way through furnace
ail piping, and through those, makes its way to the bu-
mers of the industrial furnaces (a principal diagram for
organization of furnace oil burning process is shown in
Fig.1). As a result of deteriorating burning conditions
for the furnace oil, the flame becomes unstable, the
furnace oil does not burn down completely, the amount
of hazardous substances in the combustion products
increases, the furnaces and their ancillary equipment
become less reliable. A small amount of moisture in
the furnace oil in a finely dispersed state facilitates the
burning process, though the heat released by burning
fuel is less. The normal content of moisture in the furn-
ace oil is 0.3-1.5% [5].

It is possible to improve the operating reliability
and the economic performance of the furnaces und-
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er operating conditions by uniformly distributing water
throughout the whole mass of the furnace oil, i.e. by
creating water based furnace oil emulsion from the
fuel (WBFOE). However, this emulsion, by itself, is
rather unstable and does resolve the issue of burning
water based furnace oils, therefore when producing
the WBFOE (the proportion was developed by the
Organic and Physical Chemistry Institute of the Ka-
zan Research Center, Russian Academy of Scienc-
es) it is required to introduce additives (developed at
OAO «NlIneftepromkhimy), i.e. surface active materi-
als (SAM), which make WBFOE more stable, up to the
extent acceptable in industrial application. The quality
of the resulting fuel is determined, to a great extent, by
its dispersion, i.e. the size of dispersion phase particles
(water). The higher the dispersion is and the smaller
the drops of water are, the more stable the emulsion is
and the higher its quality.

When dispersing the furnace oil in water, such sy-
stems take shape whose dispersion medium can be
either water (see Fig. 2), or petroleum product (see
Fig 30). Of practical value is the product depicted in
Fig.3, it can be regarded as stable fuel. The furnace
oil, whose composition includes significant amounts of
high melting paraffins, when dispersed in water, pro-
duces suspensions. The archeological properties of
the water based furnace oil emulsion depend on the
concentration of the inner phase. When concentrati-
ons are small, the interaction between particles of the
dispersion phase is not great, as the viscosity of the
system is not much dependent on the concentration
and is determined only by the dispersion medium.
When the concentration becomes higher, the intera-
ction between the particles (drops) increases, which
leads to a more intensive increase of the viscosity. The
maximum changes in viscosity are observed in the ra-
nge, close to critical one. [2, 6, 7].

The technology of modifying the furnace oil with ad-
ditives is mainly determined by their structure and the
ability to dissolve in fuel [3, 4, 8].

Fine dispersion of WBFOE particles and their unifo-
rm distribution in the flow cause the active surface of the
reaction to increase, the heating and evaporation of the
particles to become easier and help make combustion
quicker and more complete [9 — 14]. The process of mi-
xing and decomposing WBFOE proceeds more favora-
bly, if air is supplied to the base of the flame. The length
of the flames on all the burners must be the same and
adjusted such that the upper part of the flames does
not reach the surface of the screens. Long and wide-
ly dispersed flames of the liquid burners which, when
fumace oil is bumt, touch the surface of the furnace
stacks, create huge local overheated areas, which pro-
duces the over buming of the metal and results in scale,
while the deposits inside the stacks may cause bulges,
deformation and even burnouts. When the temperature
of the stack surface is low, dispersed long flames, when
buming fumace oil, cause soot to be produced and heat
transfer to be reduced. These issues, in the case of WB-
FOE being burnt with additives, become less relevant
as research has shown that the presence of small drops
of water, 0.8-3 mm in size, improves the burning; when
water changes into vapor, this is accompanied by the
bursting and fragmentation of the furnace oil drops wh-
ich facilitates burning. Given fine distribution of water in
fumace oil, carbonization of the burners lessens, as well
as this has a catalytic effect on the process of burning
down the soot particles.

Table 1 illustrates the change of some of the oper-
ating performance characteristics of the electric power
plant, depending on the content of water in fuel. The
optimal quantity of water in the emulsion is 10-20%.
The maximum saving of fuel amounting to 3-5% is
ensured when there is 12-17% of water in the fuel.
Increased fuel consumption, due to evaporation (up to
1.3% at 20% of water), is made up for by higher effi-
ciency factor of the electric power plant (up to 5.0%).
This is what brings about the overall saving of the fuel.
The optimal water content, as it has to be pointed out,
also reduces heat loss with gas emissions (to 40%),
as well as brings down the average temperature of
gases in the chamber (by 2.0-3.5%) and beyond the
combustion chamber (to 30-35%). The rationally or-
ganized process of burning the WBFOE with a wat-
er content of 10-15% and additives of up to 1.5%, is
reasonable from the environmental point of view, as
this technique is an effective method of protecting the
atmospheric air from pollution [15 — 17]. The presence

ropenkam nNpoMbILLIIEHHbIX Nevew (MPUHLMNK-
anbHas cxema opraHusauumu npouecca Cxu-
raHus masyTa npeacrtaeneHa Ha puc. 1). B
pesynbrate yxyALwwatoTcs YCOBUSI CXUraHWs
MasyTa, daken CTaHOBUTCA HeCTabuIbHbIM,
BbIrOpaHve MasyTa — HeMomnHbIM, yBenu4nea-
eTCcsl KONMMYeCTBO BPefHbIX BelecTB B Npo-
OyKTax CropaHus, CHWXKaeTcsd HaOeXHOCTb
never 1 obcnyxumBarLLero ux o06opyaoBaHus.
Hanunuve HebonbLuoro konuyecTsa Bnaru, Ha-
XOAsLEencs B MasyTe B MENKOAMCIIEPCHOM
COCTOSIHUM, CNOCOBCTBYET NPOLIECCY ropeHust,
XOTS TENNOTa CropaHvs TONMBA CHKAETCS.
HopmanbHoe cogepxaHve Bnarv B MmasyTe
0,3-1,5% [5].

MoBbICUTL HaAEXHOCTb PaboTbl U IKOHO-
MUWYHOCTb MeYeln B yCrnOBUSAX 3KChyatauuu
MOXHO 3a CYET paBHOMEPHOrO pacnpepene-
HWSA BOAbI MO BCel Macce MasyTa, T.e. co3aaThb
13 TOMNMBa BOAOMa3yTHyH0 aMyrnbcuio (BM3).
Ho cama no cebe ata amynbcusi BecbMa He-
yCTOMYMBa U He peLlaeT NpobnemMbl CXUraHns
06BOAHEHHbIX Ma3yToB, MO3TOMY MpWU W3ro-
ToBneHun BMO (nponopuus paspabortaHa
B MHcTuTyTe opraHudeckon u uUsn4eckom
xvmum KaszaHckoro HLL PAH) Heobxoaumo pgo-
6aBnaTb npucagku (paspabotaHHble B OAO
«HWWHedTENPOMXMMY), T.€. MOBEPXHOCTHO-
akTuBHble BellecTBa ([MAB), nosbiwatoLime
cTeneHb yctonunsoctn BMO o npuemnembix
B MPOMBILLIEHHOM WUCMONb3oBaHUK. Kavectso
nonyuYmMBLLErocs  TOMMMBa  onpefensercs
B Oonbluen cTeneHn ero AWCNepCHOCTbLIO,
T.e. pa3MepaMu 4YacTuu AucnepcHow asbl
(Boabl). Yem Bbile AMCNEPCHOCTb Y MeHbLUe
KanenbKku BoAbl, TEM YCTOWYMBEE IMYNbCUS U
BbILLIE €€ KayeCTBO.

Mpv aucneprupoBaHun MasdyTa B Bofe
obpa3syloTcsi CUCTEMbI, AUCMNEPCUOHHOW Ccpe-
OO KOTOPbIX MOXeT ObiTb NMMBo Boga (CM.
puc. 2), nnbo HedTenpodykt (cm. puc. 3).
MpakTuyeckyto LLleHHOCTb NpeacTaBnsieT npo-
DOYKT, N300paXeHHbIi Ha puc. 3, ero MOXHO
paccMmatpuBaTb Kak CTaburnbHOe TOMMMUBO.
Ma3syT, nmelowmn B CBOEM COCTaBe 3Hauu-
TenbHble KONMMYeCcTBa BbICOKOMMAaBKUX Mapa-
(VHOB, Npu AUcneprupoeBaHnn B Boge obpa-
3yeT CyCneHsumio.

Peonoruueckune csoiictBa BoAOMa3syTHOWM
3MYIbCUN 3aBUCHAT OT KOHLEHTPAaLIMN BHYTPEH-
Hew dasbl. MNpyn ManbIx KOHLEHTPaLMAX B3aun-
MopAencTBMe Mexay YacTviuamu QVCnepcHown
das3bl HEBEMUKO — BA3KOCTb CUCTEMbI Cnabo
3aBUCUT OT KOHLEHTpauuMu K onpeaensieTcs
TONbKO BHA3KOCTBIO AMCMEPCUOHHOW Ccpeabl.

Puc. 2. Npsamas BoaomasyTHas aMynbcus
Fig. 2. Direct Water Furnace Oil Emulsion

CbIPbE
RAW MATERIALS

Mpu NOBbLILLEHNN KOHLEHTPaLMKN B3anMoaen-
cTBMEe YacTul (Kanenb) yBenmunBaeTcs, YTo
npuBoaMT K Bonee MHTEHCMBHOMY yBenuye-
HWIO BA3KOCTU. Hanbonee 3HaunTenbHoe u3-
MeHeHMWe BSI3KOCTW HabntogaeTcsa B obnacTsx,
Brnn3kux K KpuTndeckum [2, 6, 71.

TexHonornsi 06paboTkn MasyTa npucag-
Kamu B OCHOBHOM OMpefensieTcsi X CTPyKTy-
poi 1 CNOCOBHOCTBIO PacTBOPSITHCS B TOMK-
Be [3, 4, 8].

Menkoe pacnbinedve vactuy BMO un
paBHOMepHOe WX pacnpefeneHue B MoToke
NpYBOAMT K YBENUYEHUIO aKTUBHOW MOBEpX-
HOCTW peakuuun, obneryaet HarpeB M ucna-
peHune Yactul u cnocobeTByeT GbiCTpOMy U
nonHomy ropexuto [9-14]. Hanbonee 6Gnaro-
NMPUATHO MPOLIECC CMELLEHUSI U Pa3NOXeHUs
BM3 npotekaetr B crnyyae nogsoda BCero
BO37yxa 415 TOPeHUsi K OCHOBaHMIo hakena.
[invHa dakenoB Bcex ropernok AormkHa bbiTb
OOVHAKOBOW W OTperynupoBaHa Tak, 4ToObl
BEpPXHAS YacTb hakenoB He Jocturana no-
BEPXHOCTU 3KPaHOB. [INMHHbIE 1 LLIMPOKO pac-
cesiHHble dhakerbl XWUOKOCTHbIX roperiok, npu
CKUraHMM MasyTa KacaloLmecs NoBepXHOCTU
neyHbix Tpy6, cospatoT BonbluMe MecTHble
neperpeBsbl, YTO NPMBOAWT K NEpeXory metar-
na n 0bpa3oBaHMIO OKanviHbl, a NpW HanMuum
OTNOXEHWI BHYTPU TPy6 MOryT BO3HUKHYTb
oTAYNWHbI, Aedopmauma KU gaxe nporapebl.
Mpwn HU3KOM TemnepaType NOBEPXHOCTU TPYO
paccesiHHble ANWHHbIE hakenbl Npu Cxwura-
HAM MasyTa BbI3bIBAKOT CaxeobpasoBaHue
N CHwxeHve Tennonepepayn. [Mpu cxwra-
Hum BM3 ¢ npucagkamy AaHHble npobnemsl
CTaHOBSITCS MeHee akTyalbHbIMW, T.K. WUC-
CrnefoBaHUsIMK YCTaHOBMEHO, YTO B MPUCYT-
CTBUM HebonbLUMX Kanernek BoAbl pasmMepom
0,8-3 MM ropeHue ynydllaeTcsi; npespaLle-
HVe BoAbl B Nap COMPOBOXAAETCS Pa3pbiBOM
n gpobrieHnem kanenb Masyta, 4To Gnaro-
npuaTcTByeT ropenuto. MNpu menkogucnepc-
HOM pacnpepgeneHun BoAbl B MasyTe yMeHb-
LUaeTCs 3aKOKCOBaHWE roperok, Takke BoAa
oKasblBaeT KaTanuTnyeckoe BNMsiHWE Ha Npo-
Liecc JoropaHns CaxeBblX YacTul,.

B Tabnuue 1 npvBeneHo u3MeHeHve He-
KOTOpbIX XapakTepucTuk paboTel aHeproycTa-
HOBKM B 3aBUCMMOCTM OT COAepXKaHns BoAbl B
Tonnuee. OnNTUMarnbHoe KONMYecTBO BOAbl B
amynbeun coctaensiet 10-20%. Hanbonbluas
akoHomusa Tonnmea 3-5% obecneunBaeTca
npu 12-17% oAbl B Tonnuee. Hekotopoe no-
BblLUIEHME pacxoda TONMBa Ha ucnapeHue
(8o 1,3% npu 20% BoAbI) KOMNEHCHUpYyeTCs P>

Puc. 3. O6paTHas Bogoma3yTHas amMyrnbcusi
Fig. 3. Reverse Water Furnace Oil Emulsion
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poctom KA yctaHosku (8o 5,0%). 310 1 0be-
crneyvBaeT o6LLyH0 9KOHOMUIO TOMNMBA.

Mpn onTumanbHOM coAepXaHun BOAbI
cnefyeT OTMETUTb TaKKe CHUDKEHWE MoTepb
Tenna c orxoaswmmu rasamu (go 40%), a
TaKKe YMEHbLUEHUE CpefHel TemnepaTypbl
rasoB B kamepe (Ha 2,0-3,5%) n 3a kamepoi
cropaHus (8o 30-35%).

PaunoHanbHO  opraHM30BaHHbIN  MpO-
uecc cxurains BMO c copgepxaHnem Bogpl
10-15% v npucagkamu go 1,5% uenecoobpa-
3€H C 3KOIOrMYEeCKoM TOUKM 3PEHUs], TaK Kak
3TOT npueM sBnsieTcs 3PPEKTUBHBIM METO-
OOM 3aWwuTbl BO3AyLHOro GacceiHa OT 3a-
rpsisHeHun [15-17]. Hannune Boabl B TONnmBee
yMeHbLUaET cogepKaHne BpeaHbIX Bbibpocos
C npogyKTamu cropaHusi B atmocdepy. Ypo-
BeHb copepxaHusi B masdyte 10-15% Bogbl no-
3BonsieT cHU3nTb ammceuto NOx Ha 30-35% B
NPOMBILLSIEHHbIX neyax. lMpoucxoanT Takke
6onee rnybokoe BbIropaHue TOonnuea, yMeHb-
LLAKTCS 30M10BblE OT/IOKEHWUSI MO ra3oBOMY
TpaKkTy W, KaK CreacTBue, MOBbILIAETCS Ha-
OEXHOCTb paboTbl NPOMbILLIIEHHbIX NEYEN.

Mepexon Ha cxuraHne BMO npuBoguT K
CHWXKEHMWI0 KOHLEHTpaUM OKCUOOB a3oTa B
NpoAyKTax CropaHusi, YTo crnefyet paccma-
TpYBaeTb B LUMPOKOM AuanasoHe Koaddu-
LIMEHTOB M30bITKa BO3[yxa MO CPaBHEHWIO C
pEXMMaMU  CXKUTAHUS HE3MYNbIMPOBAHHOIO
masyTa.

O6 obecneyeHne MOMHOro CropaHusi To-
nnvBa MOXHO CyAuTb NO KoHueHTpauun CO
B MpOAyKTax CropaHusi, npu cxuraHun BM3
OHa MpakTU4Yeckn npubnmkaeTcs K Hyno [7],
K TOMY € OTCYTCTBYET YEPHbIN AbIMOBOM ha-
Ken Ha Bbixoge 13 AbIMOBOM TPyObI.

[nsa ynyyweHns aKonormyeckoi coctas-
NSOLLEN Ha MPOMBILUIIEHHbIX NPEANPUSTUSIX
pekoMeHayeTcsi npy nsrotosneHnn BM3 npu-
MEHSITb CTOYHbIE BOAbI, O4MLLEHHbIE OT Mexa-
HUYECKNX MPUMECEN.

O6 3KOHOMUYHOCTU CxuraHus BM3I c
npucagkaMmu cyasTt no KodpUUUEHTY Wu3-
ObiTka BO3gyxa. [ins ero HaxoxaeHus oTou-
patoT Npobbl ToNoYHbIX rasoB. Mecta otbopa
npo6 paccpenoToyMBaoT N0 BCEMY ra3oBOMY

Yeenuuenwve Krp, % |- 38 [50 (42 |30
OkoHomuUs - 0,5- [2,0- |3,0- [0-0,5
TonnuBea, % 18 (35 (50
Pacxop Tonnuea - 03 (0,7 |13 |20
Ha ucnap. u ancco-

ynaumto Bogbl, %

Motepu Tenna 26,0 |18,0 [155 |17,0 (12,0
C oTX0ZALMMU

razamu, %

Temnepartypa 1290 |1280(1270 | 1240 (1200
B kamepe

cropatus, °C

Temnepatypa 3a |475 |325 |300 |310 (290
Kamepoun

cropaHus, °C

Ta6nuua 1. BnuaHue copgepxaHusa Boabl

B TONNMUBE Ha XapaKTepuUCTUKU
3HeproyctaHoBku [12]

Table 1. Effect of the Water in Fuel Content on the
Performances of the Electric Power Plant [12]

TpakTy (OKONO ropernok, B HECKOMbKUX MecTax
TOMKW, B KOHBEKLIMOHHOW LUaxXTe).

OKoHuaTenbHOE peLleHne O KayecTBe
BM3 c npucagkamu M NpUMEHEHMM ee Ha
NPOMBbILLUIIEHHbIX NPEaNPUATUSX OnpeaenseT-
CS1 3KOOrMYEeCKOM N TEXHUKO-3KOHOMUYECKOM
onTMMmn3aumen. m
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of water in fuel cuts back on the content of hazardous
exhaust with combustion products in the atmosphere.
The water content of 10-15% in the furnace oil allows
NOx emission to be reduced by 30-35% in industrial
furnaces. Also fuel burns down more completely, soot
build-up reduces in the gas piping and, as a consequ-
ence, the operating reliability of the industrial furnaces
improves.

Transition to burning WBFOE leads to reduced
concentrations of nitrogen oxides in the combustion
products, which is considered within a wide range of
water surplus coefficients, compared to un-emulsified
furnace oil burning modes. The fact that the fuel burns
down completely is evidenced by CO concentration in
the combustion products, as, when WBOFE is burnt,
this concentration virtually approximates zero [7], whi-
le, at the same time, there is no black smoke plume at
the exit from the stack.

To improve the environmental performance, it is re-
commended that the industrial enterprises should use
the affluent cleaned from mechanical impurities, when
producing WBFOE.

The economy of burning WBFOE with additives is
to be judged by the air surplus coefficient. For it to be
determined, samples of hearth fumes are taken. Poin-
ts of sampling are to be distributed throughout the wh-
ole fume piping (in the vicinity of the burners, in several
locations within the hearth, in the convection shaft).

Final decision as to the quality of the WBFOE with
additives and its use by industrial enterprises is made
based on the environmental as well as technical and
economic optimization.
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CpeaHecpouHble 3agayun HedptenepepabaTtbiBaloweit otpacnu Poccum onpegeneHbl dHepreTuyeckom ctpaterneit Poccun Ha ne-
puoa oo 2020 roaa U TeXHUYECKUM perriameHToM «O TpeGoBaHUsAX K aBTOMOGUIILHOMY U aBUALIMOHHOMY GeH3UHY, AN3eNIbHOMY U Cy-
[OBOMY TOMMMBY, TONNUBY AfIS PeaKTUBHbLIX ABUraTernein u ToNoYHoOMy MasyTy». B 6nuxanwme rogbli NpeacToUT YBENIUYUTL FyGuHY

nepepa6oTkn Ao 84%, BbipabGaTbiBasi HEOGXOAUMbLIN aCCOPTUMEHT MOTOPHbLIX TOMSMB, OTBEYaloWmMX TpeGoBaHUAM eBpoHOopMarnen

EBpo-3, EBpo-4 [1].

«BUCBPEKHUHI'-TEPMAKAT®» -
BA30BbBII ITPOLECC /1JIs1 COBPEMEHHBIX HII3
I'IYBOKOH NIEPEPABOTKH HE®TH

A.K. KYPOYKUH
A.B. KYPOYKUH
A.A. KYPOYKHWH

$79,7 mnpa. 3annaHvpoBaHbl K BIIOXEHMIO
poccumnckumn BUHK B passutve Hedprenepepa-
6oTkm Ha Brvkavilee pecstunetve [2]. OcHos-
HOW 0ObeM MHBEeCTULMIA ByaeT HanpaBneH Ha Mo-
AepHuzaumio aevictytolmx HIM3. Mnaxupyetcs
CTpPOMTENLCTBO psifa kpynHbix HIM3 B Pecnybnv-
ke TatapcraH, Ha [JanbHem Boctoke, B KpacHo-
[apCKOM Kpae, NPOEKTUPYIOTCS U CTPOSATCA CBbl-
e gecatka Manbix HIM3 [3].

3atpatbl Ha MOAEpHU3aLMo U CTpOUTENb-
ctBo HIM3 moryT ObITb CHWkeHbI B 1,5-1,7 pasa
MO CPaBHEHWIO C TPAAULIMOHHBIMM Moaxodamu 3a
CYET NPUMEHEHNS1 COBPEMEHHBIX VHTErPUPOBaH-
HbIX MPOLIECCOB, KOTOPble 00ECNEYMBAIOT BbICO-
Ky TEXHOSNOMYHOCTb 1 SKOHOMUYECKYHO adhdpek-
TVBHOCTb NPeanpUATUS.

TpaguumoHHbIe CxeMbl Trybokon nepepa-
60Tkn HedTn (pUc.1), NO KOTOPBIM MOCTPOEHbI
nepefosble poccunckue HI3, BkmoyaloT Ha
6a30BOM TEXHOMOrMYeCKkoM nepeaene, onpeae-
nsoLwem myobuHy nepepaboTkn HedTn Ha HIM3,
OI10Y, nepBuYHYt0 aTMOCHEPHYIO MNEPEroHKY
HedTU C MonyyYeHVem CBETNbIX AWUCTUINATOB
1 MasyTa, BaKyyMHYyIO MEpPEeroHKy masyTta C rno-
ny4YeHVem ryapoHa W BaKyyMHOrO ra3onnsi,
KaTanUTU4ECKVA KPEKMHI BakyyMHOrO rasonns
C MOnyYeHVeM rerkux yrmeBoJopoaoB N GeH-
3vHa. NyapoH nepepabaTbiBaeTcs MO NpoLeccy
BUCOPEKMHIa 40 TOMOYHOMO MasyTa, Unu no npo-
Lieccy 3aMeAsIeHHOro KOKCOBaHWsA 40 apoMaTu-
3MPOBAHHbBIX CBETIIbIX MPOAYKTOB, KOMMOHEHTa
TOMOYHOMO MasyTa U HedTAHOTO KOKCa, Unn Mo
OKUCIUTENBHON TexHonorun o butyma. Yacto
MPUMEHSIIOTCA PasfnyHble KOMOMHALMK LLEeCTM
yKasaHHbIX NPOLIECCOoB.

- @ T

Puc. 1 Cxema HIN3 Ha ocHOBe npoLiecca 3aMeArieHHOro KOKCOBaHuUsl

KaHamaat TEXHUYECKMX HaykK
KaHOngat XMuMNM4YeCKnx Hayk

my6uHa oTbopa CBEeTMbIX NpY UCMONbL30Ba-
HUM yKasaHHbIX 6a30BbIX MPOLIECCOB MpW Nepe-
paboTke HedoTeln Tvna «uralsy go 80%. Oanb-
Helwwee yrnybneHve nepepabotkn — 4o 90% u
BbllLe, Tpebyet komnnekTaummn HIM3 npouecca-
MW rMapoobraropaxunBaHns OCTaTkoB — CaMbl-
MM JOporumm npotieccamy HedbtenepepaboTku.

Haunbonee oLlyTmMoe cHxeHne obbema
KanuTanoBnOXeHWn B CTPOUTENbCTBO M MO-
nepHuzaumo HMN3 MmoxeT BbITb 4OCTUMHYTO 32
CYeT 3ameHbl NPMBEAEHHOrO Bbille TpaauLm-
OHHOro 6a3oBoro Habopa MpPOoLLEeCCOB Ha CO-
BPEeMeHHbIe NPOLIECChbl, OCHOBAHHbIE HA XeCT-
Kux cxemax nepepaboTku, 0ObeaNHSAIOLMX B
ofHoMm 6a3oBOM nepederne NpeanpusaTus cpa-
3y HECKOMbKO TEXHOMOIMIN, B3aMMOYBA3aHHbIX
no MaTepuanbHbIM U TEMNOBbLIM NOTOKaM.

B 70-80-e rogbl Ha kadhenpe TexHonormm
Hed T 1 ra3a Y pumcKoro HepTAHOro MHCTUTY-
Ta 6binn paspaboTaHbl TEOPETUHECKNE OCHO-
Bbl psda npoueccoB rybokor nepepaboTku
HedTV [0 LEHHbIX OCTaTOYHbIX MPOAYKTOB
— BOINOKHOOOpPA3yoLMX MEKoB W anekTpoa-
HbIX Urofib4aThiX KOKCOB. B mpogomkeHne aTnx
paboT BbINyckHWKaMU 3Ton Kadpeapbl Gbina
co3gaHa TexHOMorust TepMOoaKyCTUHEeCKOro
BMCOpEKMHra Ans nonyyYeHnst OCTaTouHbIX 6u-
TYMOB U3 TSXXENOro HeTAHOTO Cbipbsi. HOBbIV
BapVaHT TepMWUYECKOW TEXHOMOrMW Momyyvn
Ha3BaHue «BucopeknHr-TEPMAKAT®», no-
CKOMbKY B €r0 OCHOBE NEXWT Nerkui Tepmu-
YeCKWI KPEKVIHT, @ Ha psiae CTaauvi TepMonnsa
MCMONb3YHTCS MeToAb! («aKyCTUYECKUA KaTa-
nn3»), NO3BOMSAIOLLME NOBLICUTL dppekTrB-
HOCTb pa3paboTaHHoW TexHonorum [4].
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00O «Hay4yHO-Npon3BOACTBEHHBIN LEHTP « TepMakaT®»

DUSUKO-XUMUYECKUE OCHOBbI
NPOLIECCA

Tepmuyeckne npespalleHuss B mpouecce
«BuncopexnHr-TEPMAKAT®»  ocyLuecTBRsitoTCs
MO M3BECTHbIM TEPMOANHAMUYECKM W KAHETU-
YECKUM 3aKOHOMEPHOCTAM MpeBpaLleHns Bbl-
COKOMOITEKYNSAPHBIX  YIMEBOAOPOAOB  TSHKENOro
HedpTAHOrO ChipbS.

KoHuenuwsi mpouecca cocTouT B TOM, YTO
KaXoas TepMmuyeckast  CTaaus  TeXHOMorum
[omKHa ObITb OPUEHTMPOBaHa Ha obecneyeHne
3adaHHbIX  MpeobpasoBaHUn  yIMEeBOAOPOAOB
C YYETOM XMMMUYECKOrO COCTaBa Cbipbsi. [nsi
3TOM0 Ha KaXKOoW CTaauy mpoLecca Co3natoTcst
Takve YCroBusi, KOTOpblE OMTUMAaribHbl AN ee
TexHorormyeckon 3agaun. B uernom ato u no-
3BONSET AOCTWYL BecrnpeleneHTHbIX (ans Tep-
MMYECKNX MPOLIECCOB) XapakTepUCTUK npoLiecca
— rMy6UWHbI NPeBPALLEHVISt OCTAaTOMHOTO Chbipbsi 40
65-70%, a B HekoTopbIX criyyasx n go 90-92%
(6e3 obpasoBaHus kokca!), Mpu CenekTMBHOCTU
Mo An3erbHbIM opakLmsiv okoro 80%.

MpeobpasosaHre yrnmeBogopoaoB UCXOAHO-
ro CbIpbsi MPOMCXOANT B pesyrsrare nocrnenosa-
TenbHo-NapanmnenbHbIX peakuyii, MPoTeKatoLLmX,
MaBHbIM  00pa3oM, MO paavkanbHO-LenHOMY
MexaHu3my. [poTekaHne peakumii B TepMoau-
HaMW4YECKOM OTHOLLIEHWW OBYCIOBMEHO ANCTPO-
MOPLIMOHMPOBaHNEM  TEPMONabWIbHbIX  BbICO-
KOMOMEKYINSAPHbIX  YIMEeBOAOPOAOB  HedTAHOro
CblpbSi B HU3KOMOIEKYApHble  YrneBonopoap!
rasoavCTUMNATHBIX MPOAYKTOB M BbICOKOMOINe-
KYNSpHble KOHOEHCMPOBaHHbIE  YINeBOAopoab!
OCTaTO4HbIX MPOAYKTOB C MOHWKEHNEM CyMMap-
HoV CBOOOAHOM 3HEPrN CUCTEMBI. B>
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Puc.8 BasoBblit npouecc «Buc6peknHr-TEPMAKAT®» no
TEXHONMOrM4YeCKOMy pe3ynbraTty

NpeBOCXOAUT TPaAULIMOHHLIW Habop ycTaHoBok HIM3
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Mo mepe MoBbILLEHWS CTEMNEHU NpeBpalLLie-
HUA B Cblpbe HapacTaeT KOHLEeHTpauus npo-
OYKTOB peakuuii MOMMKOHAEHCAUMM — CMOM 1
acansreHoB. XKngkas dasa cTaHOBUTCS arpera-
TUBHO HEYCTOMYMBOM, N acparsTeHbl HauMHatoT
dornokynmposartk, 0bpasys kapbeHbl 1 kapbonap.
Mpy AOCTWKEHUN KOMMOWAHBIM PaCTBOPOM Kpw-
TUYECKOW KOHLIEHTpaLmn kapbeHbl 1 kapbouap!
06pasytoT reneobpasHyto gasy, OcaXaaroLLyHCcs
Ha BHYTPEHHVX MOBEPXHOCTSAX annapartoB. Ecrn
Yyepes Takme MOBEPXHOCTW MOABOAMUTCA Tenrmo,
BbiMaBLUasi paza He3aMenyMTENbHO KOKCYeTCH
Ha neperpeTbIx CTeHkax. poLecch! 3aKOKCOBbI-
BaHVs1 0bopyAoBaHUA abCoMOTHO HeAOMyCTUMbI
1 SBMSIOTCA IMaBHbIM haKTOPOM, OrpaHN4MBato-
LLYIM JOCTVKUMYIO [y BVHY NpeBpaLLeHmst Coipbst
B TEPMMYECKVX NPOLieccaXx.

B TO Xe Bpems peakumu AeCTpyKUMU U
NOMNVKOHAEHCALMN 3HOOTEPMUYHBI 1 TpebytoT
MOCTOSIHHOTO MOABOAA 3Heprun Ans obecne-
YEeHUs1 TEXHOMNOTNYECKN MPUEMIEMON CKOPOCTU
1 my6uHbl Tepmonusa. OpgHako NoABoL AHep-
rMM Yepes CTEHKy annapata B BUAe Tenna He
MOXeT JdaTb Tpebyemoro TEeXHOOrMYecKoro
abdpekTa. Bo-nepsbix, U3-3a YNOMSIHYTOMO 3a-
KOKCOBbIBaHVSA NMOBEPXHOCTY, @ BO-BTOPbIX, W3-
3a Hecrneumgunyeckoro AencTBusi NOABOAUMON
TENnoBOW 3HepruM Ha Bce CTaaun TEpMOnmnaa,
B TOM u4ucre W HexenatenbHble. Hapsgy c
YCKOPEHNEM NpoLeccoB AECTPYKLMN Npu pocTe
TemnepaTypbl MIHTEHCUULIMPYIOTCS 1 NpoLiec-
Cbl YNNOTHEHWS.

[ns MHTeHCUdUKaLUuM «MomesHbIX» peak-
UM OecTpyKuMn napaduHOBbLIX YrneBOgopoO-
[I0B B HaLLlei TEXHOMOMMN UCMONb3yeTCA METOL,
kaBuTaumn. KaBuTauMoHHO-aKycTU4eckoe BO3-
[encTBre, reHepypyemoe rapoaMHamMmmyecku-
MU M3ny4aTensmu, no3BonseT NoaBoANTL JHEP-
VIO HEMOCPEACTBEHHO K peaKLMOHHON Macce,
MUWHYs1 CTEHKY annaparta. oTOK BbICOKOMOTEH-
LmarnbHOW MexaHU4eCcKon SHEeprn KOMMeHCcH-
pYyeT norrnoLueHne Tenna npu TepMonunse yrne-
BOJOPOAOB V1 BHOCUT OLLYyTUMbIE U3MEHEHNS B
MaKpo- 1 MUKPOrAPOAVNHAMYKY PeaKLUVOHHOWM
cpedbl, MO-pasHOMy BNMSAA Ha MNpoTekaroye
npoueccbl. 3aMeTHO  MHTEHCUULMPYHOTCS
npoLeccbl AeCTpyKUMW, Bo3pacTaeT Aavcnep-
CMOHHasA cTabnnbHOCTb PeaKUMOHHOW Macchl 1
pesko 3ameznsieTcs KokcoobpasoBaHue.

Motok aHeprn, nepeaaBaeMoli peakuyoH-
HOI cpefe 3a CHET KUHETUHECKON SHeprn aBu-
XKEHWSI CTEHOK CXIIOMbIBAOLLMXCSH KaBUTaLWIOH-
HbIX My3bIPbKOB, BECbMa BEMMK, YTO NO3BOMSIET B
Hallem BapviaHTe BUCOpEKVHra CHU3UTb Temne-
patypy Tepmonuaa Ha 50-80°C. Mpouecc MoxHO
NPOBOAWTL BHE 0BMacTy TeMnepaTyp KOKCOBaHUSA
[5]. ArperatmBHasi CTabunbHOCTb pPEaKLMOHHOM
cpedbl COXpaHseTCs Aaxe MpU KOHLeHTpaLmm
acansreHoB 18-24% macc. TepMonm3 MoXHO
BECTU AECATKN MUHYT, Yackl. Pesynirar — Tepmo-
AVHaMUYECKW MaKCUMaribHO JOCTVXKUMAS [y6u-
Ha MpeBpaLLeHns TsKenbIX YrIeBoAopoaoB He-
TAHOrO CbIpbs B GEH3VHO-AM3ErbHbIE dhpakLumm,
Marbiii BbIXOA, Fa30B ¥ MUHUMArIbHbIA — OCTaTOM-
HbIX MpogykToB. [locnegHue, nNpeacTaenss co-
60V KOHLIEHTPMPOBAHHbIN KOMMOUAHBIA PacTBOP
cmon 1 acdansTeHoB, COCTaBMSIOT MaearbHyto
OCHOBY 1151 BbIpabOTKy GUTYMOB.

MATEPUATIbHbIA BANTAHC NMPOLIECCA
MoTeHuman BbIPAGOTKM CBETMbIX MpPO-
[YKTOB U WX KaQYECTBEHHbIE XapaKTepuCTUKM
3aBUCAT MPEXOe BCEro OT (PPaKUMOHHOMO
1 CTPYKTYPHO-TPYMMoBOro cocTasa cbipbsi. Mpu

OOVHaKOBOM (hpaKLMOHHOM cocTaBe HedpTsHoe
cbipbe, oboralleHHoe HadTeHoapoMaThiecku-
MW yrrieBogopoaamu, cMoriaMmn 1 acdansreHa-
MW, SiAPO KOTOPbIX MMEET MPeuMyLIECTBEHHO
apomatuyeckyto npupogy [6,7], UMeeT MuHU-
MarbHyo CBOBOAHYIO 3HEPTUIo 1, criefoBaTesb-
HO, MVHUMAsbHO BO3MOXHYIO MOTEHLMArbHYHO
rmy6vHy NpeBpaLleHns yrnesogoponos. U, Ha-
060poT, HedTV 1 MasyTbl NapacUHOBOrO OCHO-
BaHMSA MUMEIOT MOBbILLEHHbIA 3anac cBoOOaHOM
3HeprUM W1, CcrnepoBaTenbHO, MaKCUMarbHbIN
roTeHLpan BO3MOXHOM ryOuHbI NpeBpaLLeHust.
CumbaTHO C BenuuMHOWM CBOGOAHOW 3Heprun
YIMeBOAOPOAHON CUCTEMbl M3MEHSIETCH U ee
MOJIbHbI 06bEeM, NPV OAVMHAKOBOM  bpakum-
OHHOM cocTaBe 0BpaTHO MPOMOPLMOHANBHbIN
NMNOTHOCTU Chipbsi. TO €CTb anpuopw, nNpu npo-
YUX PaBHbIX YCMOBUSIX, CbIPbE C MUHUMAILHON
MMOTHOCTBIO [OIMKHO [JaBaTb B TEPMUYECKUX
npoLeccax MakcuMarbHyto rmybuHy npespalLie-
HUs1. MPUMEHNTENBHO K OCHOBHOMY Ha3Ha4eHuIo
rpoLecca 310 03Ha4YaeT MaKCVMarbHbINA BbIXOL,
CBETMbIX AUCTUNNSATOB.

Puvc. 2 n 3 unniocTpupytoT NonHyto npu-
MEHMMOCTb  OBLUMX  TEePMOAUMHAMUYECKUX
NPUHUMMOB (DE30THOCUTENBbHO K KaKoW-TO
KOHKPETHOW TexHomoruM 1 annapaTtypHoMy
ochopMreHUIO) K pesynstatam nepepaboTku
pasnunyHbIX BUAOB Chipbsi MO npoueccy «Bu-
copeknHr-TEPMAKAT®». Ha pucyHkax npu-
BefeHbl [jaHHble Mo nepepaboTke pPasnyHbIX
BUOOB HE(PTAHOMO Cbipbs A0 AVCTUMNSATHBIX U
OCTaTO4HbIX NMPOAYKTOB. B cBeTnbIX npoaykTax
BbleneHbl HEKOHOEHCVpyeMble  YrneBoaopos-
Hble rasbl ¢ Tkvn < 35°C, GeH3VHOBbIE dopaKLmn
35-180°C v amsenbHble pakumm 180-360°C. B
Ka4ecTBe OCTaTO4HbIX MPOAYKTOB BblpabatbiBa-
10TCA BTOPUYHbIE MasyTbl C MMOTHOCTHIO Bornee
0,98 r/cm® 1 popoxHble BGUTYMbI C MIIOTHOCTBIO
Bbiwe 1,01-1,02 r/cm®

Bbixog cBemnbix npogyktoB Ha 10-15%
Oorbluie B BapuaHTe Mommy4YeHWst HEOKVUCITEHHOTO
6uTymMa — npoayKTa, YnroTHEHHOro B GonbLuen
CTeneHu, Yem TorMoYHbIN MasyT. [MoTeHuman ot6o-
pa B6eH3VHO-An3enbHbIX OPaKLUMA U OCTATOMHBIX
NPOAYKTOB CYLLECTBEHHO 3aBWCUT OT apoMaTuy-
HOCTV W CEPHUCTOCTU Cbipbs. Tak, mpu nepe-
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paboTke MEpBUYHBLIX CEPHUCTbIX Ma3yTOB Bbl-
XO[, CBET/bIX AUCTUIINISITOB COCTaBMSIET TOMbKO
55-60%, Torga kak mpu nepepabotke napadu-
HUCTbIX Ma3yToB W rasonnen gocturaet 88-92%.
Bbixog AOvdenbHbIX  bpakumin  OTHOCUTENBHO
Mario 3aB1CUT OT MNIOTHOCTU Cbipbsi. MNepepaboT-
Ka Hedoten aaet 60-65% AmsenbHbIX dpakumn,
a nepBUYHbIX MasyToB — 55-60%. Pasnuune He-
BENVKO, YTO [enaeT MpoLecc BecbMa LEHHbIM
€eLLe 1 C TOYKM 3PEeHMst BbIpaboTkn OnTUMAarisHO-
r0O acCcopTUMEHTa MOTOPHBIX TOMIIMB C Y4ETOM
YCTOWYMBON TEHAEHLUMM OM3enu3aummn rpysorne-
PEBO30K.

NPUHLUIMBI TEXHONOIMNMYECKOIo
O®OPMINEHUA

Pa3paboTtaHHbIi HaM1 BapyaHT TEPMUYECKOTrO
npoLiecca nepepaboTku HedO TN KOHLEHTPUPYET B
CBOEM anmnaparypHO-TEXHONOrMYeckoM opopm-
NEHUN COBPEMEHHbIE HayYHble U UHXEHepHble
[ocTwkeHnss B obrnactn  HedpTenepepaboTku
[8]. TexHonornyeckyto CywHOCTbL MpoLecca Co-
CTaBMAOT CTaAMN: NEPBUYHON NEPEroHkn (noa-
roTOBKa CbIpbA TEPMOMM3a), MArkoro Tepmuye-
CKOTO KpeKWHra, TepmMonmaa npu perynvpyemMom
KaBUTaLWIOHHO-aKyCTU4ECKOM BO3AENCTBUM U
TEPMOMOMMKOHAEHCaLMM OCTaTOMHOTO NpoAdyKTa
Tepmonuaa (puc.4).

AnnapaTtypHoe odopmrieHre npoLecca uc-
nonb3yeT psn TPAAWLMOHHBIX PELLEeHWA TepMu-
YECKOro KPeKMHra 1 BUCOPEKMHra — peakLMOHHbIE
neym, COKUHr-Kamepbl, CUCTEMbI cernapaLmm npo-
[OYKTOB, pekynepauumn Tenna u np. Vicnonb3osa-
HYE TEXHOMOrMYEeCcKOro HOBOBBEOEHWS — Mpw-
MEHEHUS KaBUTaLMOHHO-aKyCTUYECKUX HAacoCOB
C perynMpyeMon 3HEpreTVKoN KaBUTaLMOHHOTO
BO3aencTus [9] Nos3BonseT nNpegoTBpaTuTb 3a-
KOKCOBbIBaHVE OOOPYAOBaHWS U 3HAYUTENBHO
CHU3WTL TeMnepaTypbl Npouecca — Ao 440-41°C,
naeneHns — go 0,2-0,6 MlMa, a Takke BOBOe
YMEHBLLNTL METaNNI0eMKOCTb 060PYAOBaHNS.

CpaBHEHNE HEKOTOPbIX TEXHWUKO-3KOHO-
MUYecKUX rokasarernen npouecca «Bucbpe-
kMHr-TEPMAKAT®» Cc  xapakTepucTukammu
Hanboriee pacrnpoCTPaHEHHbIX TEPMUYECKUX
npoLieccoB nepepaboTkn HeTAHBIX OCTATKOB
npveedeHo B Tabnuue 1. »
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Puc. 2 3aBucumocTb BbixoAa yrneBoaopoAHbIX ra3oB, 6€H3MHOBbLIX M AN3eNbHbIX hpakumn
B 3aBMCHMMOCTM OT NIIOTHOCTYU CbIpbs (HedTU, NepBUYHbIE N BTOPUYHbIE Ma3yThbl, Fra30Mnu,
nonyryapoHbl) No BapMaHTy BbIpaGoOTKM BTOPUYHOIO TOMOYHOro masyta Mapku 100
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Puc. 3 3aBUCMMOCTb BbIX0OAA YrNeBOAOPOAHbIX Fa30B, 6EH3UHOBbLIX U AU3ENbHbIX hpaKumn
B 3aBUCUMOCTU OT MIIOTHOCTY CbIpbs (HE(TH, NEPBUYHBIE U BTOPUYHbIE Ma3yTbl, FA30MNMK,
nonyryAapoHbl) N0 BapMaHTy BbIPaboTKM AOPOXHOIo GUTyma.

Ocobo cnegyerT noavepkHyTb MPUHLMNW-
anbHYl0 BaXXHOCTb NPUMEHEHWSI  KABUTALIMOHHO-
aKycTM4eckoro BoaaencTaus. bes ero ucronbs-
30BaHVs MPOLIECChl TEPMONU3a 3ameqIsoTcs,
HanpasneHne NpoLecca CMELLAeTcsl B CTOPOHY
peakuMin  MornMKoHAeHcauMM ¢ obpasoBaHneM
KapbeHOB 1 KapbomnaoB — LIEHTPOB 0Opa3oBaHUst
Kokca. YenaHve npenoTBpaTUTL OBpasoBaHVe
KoKkca TpebyeT CHIKEeHWs1 BpeMeHW NpebbiBaHus
Cbipbsl B pPeakUMOHHOW 30He. YKenaHve coxpa-
HUTb MpUEeMNeMYIO rnyGuHY NpeBpaLleHns Bbi-
3bIBAET HEOOXOAUMOCTb YBENNYEHNS TeMnepaTy-
pbl ¥ AaBneHust. Pesynstar — CHDKEHVE TyGrHbI
NPEBPALLEHNst Cbipbsi, POCT METaSINIOeMKOCTH,
yXyALeHne oBLUMX TEXHUKO-3KOHOMUYECKMX MO-
Kasatenen — npoLecc npeBpallaeTcs B Tpaav-
LIMOHHBIN BapuaHT TEPMMYECKOTO KpPeKuHra Mim
BUCOPEKMHra.

NMPOAOYKTbI NPOLIECCA

KayeCTBEHHbINMKONMYECTBEHHBLINCOCTaBNPOAYK-
TOB ycTaHOBK/ «BuncopeknHr-TEPMAKAT» 3aBu-
CUT OT BUZa UCXOAHOTO Chipbsi. [poBoas npoLiecc
C Y4ETOM XMMUYECKOTO CoCcTaBa HedTh, XuMuye-

TEPMUYECKUX MPEBpaLLeHniA  YIMeBoOAOPOaOB,
BapbMpyst Temneparypy npouecca, AasneHvie
B 30He peakuun, Bpems NpebbiBaHVs Cbipbsi B
peaKLMOHHOW 30He, perynmpys napameTpbl u
VHTEHCVIBHOCTb  KaBUTaLWIOHHO-aKyCTUYECKOro
BO3JEVCTBUSA, YNPaBsas arperatHbiM COCTOAHW-
€M peaKUVOHHON Macchbl, LEMOYKY XUMUHECKMX
npespalleHnn «napaduHbl —  HadTeHbl —
apomaTtvyeckve yrneeogopodbl — CMOMbl —
acdanbsTreHbl — kapbeHbl — kapbouapl (KOKC)»
MOXHO NpepbIBaTh Ha MOBOI Kenaemon cTagum.
Mpy atom nonyyatoT GecnpeLeaeHTHO BbICOKWIA
Anst TEPMUYECKVX MPOLIECCOB BbIXOA, LIENEBbIX
6EH3MHO-AN3ENbHbIX  (PPaKUMA U OCTaTOYHbIE
npoaykTbl Tpebyemoi kBanudukaumm. Bee pas-
HOOOpa3ne accopTMMeHTa OCTaTKOB: BTOPUY-
Hble TOMOYHbIE Ma3yTbl, HEOKUCIIEHHbIE BUTYMbI
[OPOXHBIX W MPOMBILLNIEHHBIX MapoK, cepobu-
TYMHbIE U MONMMEPOUTYMHbIE KOMMO3NLWK, B1-
TYMHbIE 3MYMbCUW, MPOMUTOYHBIE, CBA3YHOLLME,
BOMOKHOODPa3ytoLLme Un crnekaroLye nexku, a
TakKe Cbipbe Arist BbIpaboTkM NPeMmaribHbIX KOK-
COB BblpabaTbIBaETCS TOMBKO 3@ CHET KOPPEKLIM
TEXHOIOMMYECKVX PEXVMOB, 63 3MeHeHns an-

TEXHONOrmum
TECHNOLOGIES

[ns unnocTpaumm KavyeCTBEHHbIX Xapak-
TEepUCTUK NPOAYKTOB nMpoLecca Ha puc. 5,6 un
B Tabn.2 n 3 npMBoasATCs pesynsraThl Uccrneno-
BaHWs NPOAYKTOB nepepaboTku HedpTy 0gHOro
13 ypamnckmx mectopoxgeHun (XMAO).

BeH3uHoBbIEe  dpakumu, nonyyYaemble
B KonunyectBe 6-12%, Onarogaps npu-
CYTCTBUIO OrnedUHOB MO OCHOBHbIM Napa-
mMeTpam 6nmsku Kk aBTOMOGWMBHOMY GeH-
3uHy Hopmanb-80. 3a cuyeT HekoTopoWn
apomaTtusaumu npu Tepmonuse Habniopaet-
csi Hebomnblloe MOoBbILEHWE MNMIOTHOCTM Ha
0,01-0,015 r/cm® no cpaBHEHUIO C NMPSIMOTOH-
HblM 6eH3uHOM. [NoBbILEHHOE CoAepxaHue
(mno 0,1%) copepxaHne AUEHOBBLIX U COMpsi-
YKEHHbIX C apOMaTUYECKNM KOINbLIOM OBONHBLIX
cBsidell obycnaBnmMBaeT HEBbLICOKYH OKUCIU-
TenbHYl0 CTabUNbHOCTL MPOAYKTa W MOBbI-
LIeHHoe coaepxaHue cmon. [mapoobnaro-
paxuBaHue GeH3uHa Tepmornu3a B CMecu ¢
NPSAMOrOHHOW HedTbI0O Ha 3aBOACKOM ycCTa-
HOBKE TMOPOOYUCTKU MO3BONSET Monyyarb
WINN KOMMOHEHT HU3KOOKTaHOBOro GeH3uHa,
WNN Cbipbe MPOLIeCCOoB pudpopMmnHra U nso-
Mepusaumm Ans BblpabOTKU BbICOKOOKTAHO-
BbIX KOMMNOHEHTOB GEH3MHa.

[Oun3enbHble dpakumm 3a cHeT 3amMeTHON
KOHLEHTpauMn a- n (-MOHOONEedUHOB CO-
OTBETCTBYIOT HW3KO3aCTbIBAKOLLMM  Mapkam
OM3enbHbIX TonnmMB. HeckorbKko MoHMKeHa
OKUCNUTENbHAA CTabWUNBbHOCTb  AM3ENbHbIX
ONCTUNNATOB M3-3a cogepxaHusi B Hux 0,05-
0,15% HenpeaenbHbIX COEAUHEHWIA C COMpsi-
JKEHHBbIMU OBOVIHBIMU CBSI3SIMU, XapaKTepPHbIX
Onsi NPOAYKTOB TEPMUYECKOTO MPOUCXOXKAE-
Hus. B ycnosusx HIM3 kayecTBo AM3enbHbIX
TONNMB Takke [OBOAUTCA OO0 TpeboBaHuin
HOPM MMAPOOHNCTKON.

KauecTBO HEOKMCIEHHbLIX OCTATOYHbIX NPO-
[OYKTOB BECbMa BbICOKO: Ka4YeCTBO TOMOYHbIX
Ma3yTOB MOIHOCTLIO COOTBETCTBYET TpeboBsa-
Husm FOCT, a butymoB — TY 1 FOCTam Ha go-
POXHbIE Y MPOMBbILLIIEHHbIE BUTYMbI, 3a4acTyto
npeBocxoast UX. Tak, HEOKUCNEHHbBIE LOPOXHbIE
OUTYMbI, MonyyYaemble K3 BbICOKOCEPHUCTOTO
CbIpbsl, XapaKTEPU3YIOTCA YHUKaNbHbIM KOM-
NEeKCOM CBOWCTB — BbICOKOW AYKTUIBbHOCTbIO,
MOBbILLEHHON TeMMepaTypoi pasmsirdeHust u
HW3KOW TemnepaTypou XpyrnKoCTy.

Mo MHEHWIO HEKOTOPbIX 3KCTMEPTOB, axuri-
necoBansATaHeoKNCNEHHbIX BUTYMOB—MNX HU3-

CKUX U HUBUKO-XMMUYECKVX 3aKOHOMEPHOCTEN  MapaTypHOro ochopmMIieHust. Kasi TEPMOOKUCIIUTENbHAsA CTabUNbHOCTb, P
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1 — neyb BUCOpEKUHra; 2 — peakTop-cenapartop; 3 — atMmocdepHas

pekTMMKALMOHHAA KONIOHHA;

4 — KaBUTALMOHHO-aKyCTUYECKME HACOChI; 5 — peakLMOHHas neysb;
6— peakTop TepMonu3a; 7— peakTop TepMOMNONMKOHAEHCALUK;

8 — cenapartop

.

Puc.7 MNpeBpallyeHne yrneBofopoaoB BaKyyMHOrO ra3onns B ras,
AVUCTUNNATHBIE U OCTaTOYHbIE NPOAYKTLI NPU NepepaboTke nNo

pa3nuyHbLIM TeXHonornyeckum npoueccam [12]
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CBsi3aHHasi C MOBbILIEHHbIM COAEpPXKaHNEM
HeHacblILeHHbIX cBsidei. dTa npobnema pe-
waetcsa B TexHonormn «BucbpekmHr-TEPMA-
KAT®» nytem okucnuTtensHon crabunusauyum
MoslyYyeHHbIX GUTYMOB KMCOPOAOM BO34yXa
unn ceponi. Ctabunmsaums ocyLlecTBnseTcs
nyTeM MNPOBEAEHMSI KOHTPONMPYeMoro mnpo-
Luecca TEPMOOKUCIIUTENbHOM KaBUTaLMOHHOW
nonukKoHAeHcauun ocTtatkoB 6e3 paspbiBa
yrnepoa-yrnepoaHbix cBsA3en n obpasoBaHus
«4yepHoro consipa». lNpombilneHHas ycTa-
HOBKa TaKoro HasHa4yeHusi NMOCTpoeHa Hamwu
ans OAO «lasnpom».

CbIPbE MPOLIECCA
«BUCBPEKUHI-TEPMAKAT®»

OnbIT nepepaboTkn Ha nabopaTopHOM M-
noTHoOW ycTaHoBke Gornee yem 90 BMOOB He-
(PTHHOrO Chlpbsi MOKa3bliBAEeT, YTO MPOLECC
yHUBEpCcareH Mo cbipblo — nepepaboTke nog-
nexar npakTu4ecku niobble BUAbl TSHKENOro
HeTSHOTO Cbipbsi: MPSIMOrOHHbIE Ma3yThbl, MO-
NyryapoHbl, BakyyMHble ra3ownu, Tskenble 1
OMTYMUHO3HbIE HEDTU 1 Jaxke oTpaboTaHHbIe
mMacna v HedTelunamsl.

[Ons nepepaboTkM no TexHomornn «Bu-
cbpeknHr-TEPMAKAT®» nerkux HedTer v ra-
30BbIX KOHAEHCATOB M3 Cbipbsi NpeaBapuTerb-
HO yaansitoT 6eH3MHO-KePOCKHOBBIE DPaKL.
[MepepaboTka Nony4eHHOro Nerkoro Ma3yTa Bo
BTOPWYHOE KOTeNbHOe TomnnmMBo obecneyvBa-
€T BbIX0[ CBETMbIX NpoAykToB cBbile 90% Ha
cbipbe. Tak, ANst OQHOro U3 3aKa3yvKoB Hamu
NpOEKTUpyeTCs ycTaHoBKa rrybokon nepepa-
60TKM TEMHOro BblCOKOMapadUHUCTOrO raso-
BOrO KOHAEHcaTa, No3BossoLLas nony4varb He
meHee 96% macc. 6eH31HO-AM3ernbHbIX dpak-
LIMIA 1 CXUXKEHHOTO rasa.

Tsxenble napaduHucTble HedTV nepe-
pabaTtbiBalOTCA aHanorm4yHo nerkum. nyéu-
Ha nepepaboTkn Takke Benvka — Ao 88-90%
npu BbipaboTke OCTATOYHOrO KOTEMbHOrO TO-
nnuea. Beipabotka 6uTymoB LenecoobpasHa
npu obbeme nepepaboTku cbipbs Gonee 200
ThICSY TOHH B roA. MNpencTaBnsercs nepcnek-
TMBHbIM TaKkKe BapuaHT A0pabOoOTKU BbICOKO-
BA3KON napaduHUCTON HedTU B YCNOBUSAX
KYCTOBbIX MyHKTOB NMOAFOTOBKW HETV Ans no-
BbILLEHNSI €€ COPTHOCTU 3a cyeT obnervyeHus
(hpaKLMOHHOIO CocTaBa 1 CHUKEHNS BA3KOCTU
(cuHTETUYECKasn HedTb).

Ts>kenble CMONUCTbIE U CEPHUCTbIE Hed-
TW C nnoTHocTbio Beiwe 0,885 r/cm® aenstoT-
Csl BEMUKOIENHbIM CbipbeM ANSt BblIpaboTku
OMTyMOB pa3HOOBpa3HbIX MapoK Mo NpoLeccy
«BucopeknHr-TEPMAKAT®». Bbixon Heokuc-
NEHHbIX JOPOXHbIX (MO0 CTpOUTENbHBIX) 6U-
TymoB cocTasnsieT Ao 20-25%, npu aTtom rny-
6uHa nepepabotku coctaBnsiet 70-75%.

MepepaboTka NPSAMOroHHbIX Ma3yToB 1 MO-
nyryapoHoB Takke Hanbornee 3KOHOMUYECKM
BbIFOAHA MpW Norny4YeHun 6uTymMoB, BbipaboT-
Ka KOTOpbIX MOXeT cocTaButb 15-45% wn 30-
60% Ha cbipbe, cooTBeTCTBEHHO. ObpasyeTtcs
Takke Ao 4-5% TonnueHoro rasa. OcTtanbHoe
— CBETMblE ANCTUNNATHBLIE NPOAYKTHI.

BTopyyHble Ma3syTbl BblgeneHsl B OT-
OenbHYI0 CTPOKY B CBSI3W CO 3HAYMTENbHbIMU
konebaHusiMM MX XMMUYECKoro coctasa n u-
3UKO-XVMWYECKNX CBOWCTB B 3aBUCUMOCTU OT
Habopa npoueccoB HIM3. PewweHune o ueneco-
obpasHocTK rnybokor nepepaboTkn Kaxooro
BMAa Takoro Masyta TpebyeT npensapuTtenb-
HbIX MccnegoBaHui. x nepepaboTka Tpebyer,
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Puc.5 TemnepaTypa 3acTbiBaHMsl U NIOTHOCTb NPSIMOTOHHBLIX AUCTUANATHLIX (hpakUUm n
CYMMapHOro AUCTUANATA TEPMONM3a ypanckoil Hed)Tu, Nosly4aeMoro no npoueccy «Buc6pekuHr-

TEPMAKAT®»

KaK npaBuno, AOMNOMHUTENbHbIX CTaaui Mof-
rOTOBKM Cbipbsi. Bbixoa cBeTnbix npu nepe-
paboTke BTOPUYHBIX Ma3yToB konebnetcs
o1 20 o 50%.

Takass «BcesiAHOCTb» npouecca [AaeT
BO3MOXHOCTb  3(ppeKTVBHON nepepaboTku
HeTsHbIX OCTaTKOB U HedTecogep)aLymx
OTXOA0B Pa3fIM4yHOrO NPOUCXOXKAEHNS U XUMU-
YeCKOro coCcTaBa, AaXe YaCTUYHO OKUCIEHHbIX
1 BUTYMUHM3MPOBaHHbIX [10].

«BUCBPEKUHI-TEPMAKAT®»
BbIA MPOLIECC HIM3.

MonyyeHne Ha ooHOM TEPMMYECKOM Nepeaerne u
MaKCVMarbHOrO BbIXofda CBETIbIX MPOAYKTOB, U
OCTaTKOB TOBapHOW KBanunyvkaLmm ocTUraeTcs

KAK BA30-

3a CYET CENEeKTUBHOMO MpeBpaLleHnst MachsiHbIX
pakuMin HedITH, BbIKMMALWKMX B WHTEpBare
360-530°C (ymesomopoapb! C,-C,,), B 6eHauHo-
avsenbHble  dopakummn  (yrmesogopodbl C.-C,,).
W3 rpadhukoB, NprvBedeHHbIX Ha pUC.7, Ha KOTO-
pPOM CpaBHMBAIOTCS BbIXOAbl MPOAYKTOB MNepe-
paboTkN BaKyyMHOrO ra3onnsi no TEXHOMOrUsIM
TEPMMUYECKOTO KpPEKUHra, KaTarnmTU4ecKoro Kpe-
KuHra u «BucopekHr-TEPMAKAT®»,  BuaHo,
4YTO B MocrnefHem criyyqae Tonbko 5-15% macc.
CbIpbsi MPEBpALLAETCs B NPOAYKTbI KOHAEHCaLmm
C MonekynsipHon maccow 6onee 1000 y.e., M nuLb
4-6% macc. — B ymesogopoabl C.-C,.

O6paTuM BHVMMaHWE 4MTatensl, YTo Ha BO-
[0pof, MeTaH, 3TaH U 3TUMEH B CyMME MpUXo-
owtest He Gonee 0,5% macc., Torga kak anst »

HassaHue npuecca

BucbpekuHr

my6okas Tepmu-
Yyeckasi KOHBep-
cus

Tepmunyeckun
crnocob nonyye-
HWS rasonns

BurcHpekuHr-
TEPMAKAT®

JInueHsnap Shell Global Sol. Shell Global Shell Int. Oil Pr- | OOO «HIIL}
Int. B.V., ABB Solutions oducts B.V., ABB | «Tepmakar»
Lummus Global Int. B.V. Lummus Global
B.V. B.V.
Cbipbe BaKyyMHbIN OCTa- | BaKyyMHbI OCTa- | aTMOCHEPHbIN TSKernoe He-
TOK BrinxkHeBo- TOK BriXkHEBO- | ocTaTok bnivxHe- | hTAHOE Chipbe
CTOYHOM HEPTU | CTOYHOW HEPTU |BOCTOUHOW HETH
lop co3panusa 1986 1986 1999 2001
Bbixoa npogykToB,
% (cbipbe 100%)
ras 2,3 4,0 6,4 2,5-4,0
6eH3nH 4,7 8,0 12,9 8,0-12,0
rasonsnb 14,0 18,1 38,6 50,0-75,0
(165-350°C)
napacuHUCTbIN 20,0 22,5 - -
OUCTUNNSAT
ocTaTok/kBanudu- 59,0/mazyT 47,4/ma3yT 42,1/masyt 6,0-35,0/
Kauuns 6utym
OHeprosarpartbl Ha
1 M3 cbipbsi
(180°C)
Tonnueo, MNx 0,42 0,68 0,89 0,88
3M.9Heprus, 3,1 3,2 5,0 7,0
kBT/4ac
nap, Kr 113,0 126,0 182,0 -
(BbIpaboTka)
Bofa, m® 0,6 0,94 0,94 -
Kanutanosnoxe- 6,3-8,8 8,2-10,0 8,8—-10,0 10,0 — 14,0
Hus, Toic. USD Ha
1 m¥cyT.

Tabn. 1 CpaBHeHUe TeXHMKO-3KOHOMMYECKMX Noka3arternen npouecca «BucopekuHr-TEPMAKAT®»
c npoueccamu-aHanoramm no [11]
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Puc.6 Temnepatypa 3acTbiBaHUsi U NIIOTHOCTb MPAMOrOHHbIX AUCTUIIATHBIX Ppakumii u
CyMMapHoro AUCTUnnsATa Tepmonusa Ypanckon HedTu, nony4yaemoro no npoueccy «BucopekuHr-

TEPMAKAT®»

TEPMUYECKOro KpekuHra —2-4% macc., a ans
KatanuTudeckoro kpekuHra — 8-10% macc.
MoTepsi aTtomoB BOAoOpoda C HelenesbiMW
NPOAYKTaMu — rasamu 1 NerkMmmn yrrieBoaopo-
Aamu, BefleT K yMeHbLUEeHUo noTeHumana Bbl-
paboTkn BeH3NHO-AM3enbHbIX AUCTUMNSATOB.
Kaxxabli npoueHT BOAOpoAa B TeXHororude-
CKOM rase — 3T0 notepsi 6-8%macc. cpegHux
AVCTUNNATOB, KaX/AbIA NPOLEHT HEKOHAEHCU-
pyeMblIx raszoB — MUHyc 2-3% macc. B npouec-
ce «BucbpekmHr-TEPMAKAT®» notepsi Bogo-
poga c nerkumu NpoaykTamMn MMHUMansHa. B
TO e BpeMs, AocTuraemas CTerneHb ynrnoTHe-
HWSI OCTaTOuHbIX MPOAYKTOB Gnarogaps npo-
TNOHTMPOBaHHOMY MPOBEAEHWI0  TepMonu3a
— MakcuMmarnbHa, a MoTepu Cbipbsi C KOKCOM
OTCYTCTBYIOT. Pesynbrar — MakcumanbHbIn
BbIXO, KEePOCWHO-AMU3erbHbIX AWUCTUMNSATOB,
YrNeBOAOPOAbI KOTOPbIX MMEKOT CpeaHee, Ha
ypoBHe 1,4-1,5:1, MONbHOE COOTHOLLEHWE BO-
faopopa:yrnepoa.

Pwnc.8 HarnsgHo nokasbiBaeT, YTo npoLecc
«BucbpeknHr-TEPMAKAT®» peluaeT TexHoro-
rMyeckme 3agadn kak MUHUMYM, cpasy natut
npoueccoB TpaguumoHHoro HIM3: armocdep-
HOM U BaKyyMHOW pekTudmKaumn, Katanutu-
YeCKOro KpekuHra, BUCOPEeKMHra 1 oKuCneHus
ryapoHa. Bbixop rasoobpasHbix MpoayKToB B
Takom 6a3oBOM Mnpouecce Mo CPaBHEHWIO C
TEPMUYECKVM W KaTanMTUHECKNM KPEKVHIOM B
1,8 1 5-6 pa3 Hxe, a CenekTMBHOCTb MO Bbl-
X0y LeneBbiXx GeH3UHO-AM3eNbHbIX pakLmii
B 3,5 1 1,3 pasa Bbllwe. Pedynbrat focTuraet-
Cs, Npexae BCero, 3a CHET VMHTErpupoBaHus

otaenbHbIX  HedTe3aBOACKUX  TePMUYECKUX
TEXHOMOMMIN B OQWH npoLecc.

TpaguumnoHHas peakumsi 3aBOACKUX Tex-
HOMOrOB Ha BbILLECKa3aHHOE: KaTanuTU4YecKuii
KPEKVHI BblpabaTbiBaeT TOBapHbI aBTOGEH-
3uH, oneduHbl C,-C,, n306yTuneH n Hesave-
HuM B cTpykType HIM3». OTBeTMM cneayowmm
obpasoM: xOTsi kayecTBO OeH3uHa kaTanu-
TUYECKOTO KpeKMHra AeViCTBUTENbHO Bbille B
CPaBHEHWMN C Ka4eCTBOM MoBbIX TePMUYECKMX
BEH3MHOB, 3TOT aprymMeHT MOXHO Oblno npu-
HATb 10-20 net Ha3apa, Koraa Ka4ecTBo Bbipa-
baTbiBaemoro 6eH3vHa elle CooTBETCTBOBAIO
HopMam Ha aBToOeH3uH. B HacTosiee Bpems
KaTanuTUYecKnii KpekuHr TpebyeT nonosHe-
HWSI MpoLleccaMy MMAPOOYUCTKM NGO Chipbs,
nmbo npoayKTa, a Anst CHXKEHWs konuyecTsa
apoMaTWy4ecKnx YrneBogopoaoB HeobxoanMmbl
npouecchl Ans KOHTPONs CoaepXXaHus apoma-
TKW. TO eCTb NPOLIECC KaTanuTUYecKoro Kpe-
KWHra BaKyyMHOTO ra3onns CTaHOBWTCS B psf
opaMHAapHbIX 3aBOACKUX NPOLIECCOB, NPOU3BO-
AALWMX nonynpoaykTel. 3aaava e BblpaboTkn
HeobxoAMMOoro KonuyecTsa nerkvx onedguHoB
MOXeT ObITb pelleHa psOooOM Apyrx coBpe-
MEHHbIX NpoLeccoB. KaTtanuTuiecknin KpekuHr
He TaK yX 1 Heobxogum ?!

Takum o6pa3om, NOABITOXMBASA BbILLECKA-
3aHHOE, MOXHO cAenaTb BbIBOA, YTO TEXHOMO-
st «BucbpeknHr-TEPMAKAT®» npesocxoauTt
TPaAULUMOHHBIE  TEPMUYECKME  TEXHOMOrUM
nepepaboTkn TSHKENoro HedgTAHOTO Cblpbs
Mo BO3MOXHOCTU YNpaBneHns usnko-xvmu-
YecKMM U XMMUYECKUMU MpeBpaLleHnsMu

3/H (64) mait 2008 r. 3KCMO3ULIMA

CbIpbsi, UX ry6buHe n cenekTneHocTu. 1 pouecc
«BunbpekmHr-TEPMAKAT®», kak 6a30Bblit Npo-
uecc HIM3 npeBocxoauT n3BECTHbIE MPOLECCHI
KaK o 4oCTUraemMbIM TEXHOMOTMYECKUM pesyrb-
Tatam — rnybuHe nepepaboTkun Hed TV 1 BbIXOZY
CBETMbIX NPOAYKTOB, TaK U MO 3KOHOMUYECKUM
rokasaTernsiM: KanuTanoemMKocT! U1 aKcnyara-
LMOHHBIM 3aTpaTam. [ocTpoeHve HedTenepe-
pabaTbiBatoLLero npou3BoACTBa Ha 6ase Takoro
npouecca moxeT obecneuntb HIMN3 TexHonoru-
Yeckyld U 3KOHOMMUYECKYl 3(PEKTVBHOCTD,
a TaKKe YCTONYMBOCTb paboThl B yCMOBUSIX Me-
HSIIOLLIEroCs! PblHKa. m
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HaumeHoBsaHve 3haueHme nokasaTens HaumeHoBaHvne 3HayeHve nokasarensi
nokasarens OnpeseneHo no FOCT el kERE]
MnoTHOCTS Npy 20°C, r/cM? 0,940-0,960 He Hopw. Onpepenero  no FOCT
MeHeTpauus, 0,1Mm npu Temneparype
KnHemaTtuyeckasi Bsa3kocTb npu 80°C, 60-120 118, He Bonee 2 130 91-130
cCr 0°C, He MeHee; 35 28
BsikocTb ycriosHas npu 80°C, ‘BY 8-16 16, He Gonee Temnepatypa pasmsrdyenns,’C no Kulll, He 45 43
CopepxaHue obluei cepbl, 1,2 3,5, He Bonee HWXe,
% macc. Temnepatypa xpynkocTu, °C, He BblLUE; -19 -17
CopepxaHue Boabl, % Macc. OTCYTCT. 1,0, He Bonee Temnepatypa BCrbilwku, °C, He HUXe; 247 230
CopepxaHue mexnpumeceii, % macc. 0-0,5 1,0, He Bonee [ykTunsHocTs npu 25 °C, oM, He MeHee; >100 65
CopepxaHue acansteHoB, % macc. 7,0-10,0 He Hopm.
Mocne nporpeBa: uaMeHeHve TemnepaTypbl 3,0 5
Temnepatypa 3acTtbiBaHus,’C +4—-+15 42, He Gonee pasmsirdeHusi, °C, He 6onee;
TemnepaTtypa BCMbILIKA B OTKPLITOM 170-205 110, He Gonee Cuenneine, no obpasuly Ne:
Tvme. °C C NecKoM/C rpaH1ToM ”n 11-2

Tabn. 2 ®U3nko-xMMmnyeckme CBOMCTBA OCTaTOYHOIO NpPoAyKTa
nepepaboTku ypanckoin HecpTu no npoueccy «BucopekumHr-
TEPMAKAT®» B pexunme «A0 Tono4yHoro masyTta» u Tpe6osanua FOCT

10585-99 Ha Ma3yT ToNoYHbIN Mapku 100

Tabn. 3 ®U3nKo-XxMMMYeckme CBOMCTBA OCTaTOYHOrO NPOAYKTa
nepepaboTku ypanckon HedTn no npoueccy «BucopekunHr-
TEPMAKAT®» B pexume «ao outyma» u tpe6osanmsa MOCT 22245-90 Ha

6UTYM nopoxHbi mapku BHI 90/130
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Pa3Butne HedTerazoBoro Komnriekca ABMAETCA OOHMM U3 MPUOPUTETHbIX HanpaBrieHUA POCCUUCKOM dKOHOMukU. HedbTb M ras
OTHOCATCA K Hanbornee KOHKYPEHTOCNOCOGHbLIM POCCMIUCKMM TOBapam WM NOJSib3yHTCA BbICOKAM U YCTOWYMBBLIM CNIPOCOM Y MUPOBbIX
notpebutenen. Moatomy KayecTBy NPOAYKUUU yAENAETCA NOBbILEHHOEe BHUMaHME.

AHAJIN3 HEOTEINMPOAYKTOB C HIOMOHLIBIO
XPOMATOI'PAOUYECKHUX METOOB

ANALYSIS OF PETROLEUM PRODUCTS USING
CHROMATOGRAPHIC METHODS

A.V. ASTAKHOV, LLC NPF «Meta-Chrome» (Research
and Production Firm «Meta-Chrome» LLC), Yoshkar-Ola

The development of the oil and gas sector is one
of the priorities for the Russian economy. Oil and gas
are among the most competitive Russian commoditi-
es and enjoy a high and steady demand of the world
users. Therefore, heightened consideration is given to
the quality of the products.

One of the methods to control the quality of petroch-
emical products is gas chromatography which, at the pr-
esent time, is one of the most wide spread physical and
chemical research methods. The range of analytical tasks
catered for in the petrochemical industry and energy sector
using gas chromatography analysis methods is extremely
broad, for example:

+ analyzing the component-by-component composition of
natural gas, associated petroleum gas and liquefied gas
with a calculation of their heat values;

* determining the component-by-component and fractional
analysis of oil and petroleum products with a calculation of
some of their physical properties;

« analyzing the content of hydrogen sulfide and mercapta-
ns, chlorine organic compounds in oil;

« analyzing gases dissolved in the oil of power transformers
as well as moisture and anti-oxidizing additives;

« analyzing the air in the working area of the industrial ente-
rprises, industrial emissions, atmospheric air.

The events surrounding the arrest of the Russian ta-
nker in the Persian Gulf, carrying Iraqi oil, aroused interest
in the problem of identifying the origin of oil. Apart from that,
resolution of this problem will be also of interest to forens-
ic investigators and customs authorities from the point of
view of identifying the producer and the grade of petroleum
products, their possible falsification, while it is of interest to
the environmentalists from the point of view of pollution. Ac-
tually the methods of ascertaining the original source of oil
have been known and well developed for a long time now.
The ratio between various hydrocarbons contained in diffe-
rent oil products produced by different producers is telltale
and serves as a finger print. Given comparison samples,
the analysts can obtain unambiguous information as to the
oil producer, the origin of oil spills in the ocean, etc.

The chromatographic method is also used in geolo-
gical exploration to search for oil, gas deposits and even
diamond deposits. The method consists in determining
hydrocarbon gases absorbed in soil or sea water (their
quantities and ratios).

1. Natural gas as an environmentally clean type of fuel

currently meets 50% of the demand for energy. For the
companies which produce, transport and consume natural
and liquefied gas, accurate and operational analysis of its
component-by-component composition, along with meas-
urement of the total quantity and heat value, is an important
job required for settling accounts with each other. At the
present time the gas industry enterprises determine the co-
mponent-by-component analysis of natural gas pursuant
to the following normative documents:
» GOST 23781-87 Standard. Combustible Natural Gases.
Chromatographic Method of determining the component-
by-component composition (method A — determination of
N,,O,,H,, CO,,C, -C, with N2 content to be no more than
20% vol., hydrocarbons C5 and higher to be no more than
1% vol., method B — determination of hydrocarbons C, —C,
with the content from 0.001 up to 0.5% vol.);

A.B. ACTAXOB

OpHMM 13 MeToO0B KOHTPONS KayecTBa
HedTexMMnM4eckon NPOAYKLUUN ABMSETCS ra-
30Basi xpomaTorpadusi, kKoTopasi B HacTos-
Liee BpeMs sBNseTcs ofHUMM U3 Haubonee
LUMPOKO pacrnpoCTpaHeHHbIX (OU3NKO-XUMU-
Yeckux MeTofoB mccneposaHusi. Kpyr aHa-
NNTUYECKNX 3afad, pellaemMblX B HedpTexu-
MUYECKOW MPOMbILLNIEHHOCTN N 3HEpreTuke
C NPYMEHEHMEM ra3oxpomaTorpauyeckmx
MeToAOoB aHanusa, 4pesBbl4aliHO LUMPOK,
Hanpumep:

* aHanu3 KOMIMOHEHTHOro cocTaBa Mnpu-
POAHOrO, MOMYTHOIO U CXWXKEHHOrO rasa ¢
BbIYMCMEHNEM UX TEMMOTBOPHON CMOCO6-
HOCTW;

* onpegeneHve KOMMOHEHTHOTO U dpakLm-
OHHOro coctaBa HedpTU 1 HedTENPOAYK-
TOB C BbIYUCIIEHMEM HEKOTOPbIX UX PU3n-
YeCKMX CBOWCTB;

* aHanu3 copepxanus ceposogopoda u
MepKanTaHOB, XNIOPOPraHNYeCKUX Coeau-
HEeHun B HedPTK;

* aHanu3 rasoB, pPacTBOPEHHbIX B Macne
CUMOBbIX TpaHcopMaTopoB, a Takxe
Brarn u aHTMOKUCTIUTENbHbIX NpUcaiok;

* aHanus Bosgyxa paboyei 30Hbl NPOMBbILL-
NEHHbIX NPEeAnPUSITUA, MNPOMbILLNEHHbIX
BbIGPOCOB, aTMOChepHOro Bo3ayxa.

CobbITuSA, CBA3aHHbIE C 3aepXXaHneM B
[Mepcuackom 3anmBe pPOCCUMINCKOro TaHkepa
C Upakckow HedTbio BO3OYAUNUN UHTEpPeC K
npobneme onpegenenns NCTOYHUKa NpouUc-
xoxgeHust HedpTn. Kpome TOro, B pelueHun
3TON npobnemMbl Takke 3aMHTEepecoBaHbl
KPUMUHANUCTbl 1 TAaMOXEHHbIe CryXbbl ANns
onpefeneHus U3roToBUTENS U Mapku He-
dTENPOAYKTOB, BO3MOXHON UX danbcudu-
Kauuu, 3Konorv — Ans onpeaeneHns BUHO-
BHUMKOB 3arpsi3HeHusi OKpyxatLlen cpeapl.
Ha camom pene, metoabl onpefeneHus
VNCTOYHMKA NPOUNCXOXAEHUS HEDTU AaBHO U
xopowo paspaboTtaHbl. COOTHOLIEHUSI pas-
TNINYHBIX YrNeBOAOPOAOB, COAepXKaluxcs B
pasnuyHbIX HedTenpoaykTax, NponsBeaeH-
HbIX PasnUYHbIMU WU3rOTOBUTENAMU, WUHAU-
BuAyanbHbl, 3TO CBOEro poda «oTneyaTtku
nanbues». MNpn Hannynn obpasuoB cpas-
HEHUS1 aHaNUTUKM MOTYT MONYyYUTb OAHO-
3Ha4yHyl0 WHGOpMaLMio O npousBoauTene
HedTN, NPONCXOXAEHNN HEPTAHBIX MATEH B
okeaHe u ap.

Xpomatorpaduyecknii MeTog NpuMeHs-
10T Takke B reofioropasBefke AN noucka
MEeCTOpPOXAEeHUN HedTH, rasa u gaxe anva-
30B. MeTopn 3akniovaeTcs B onpeaeneHun
afcopbupoBaHHbIX B MOYBE MM MOPCKOWN
BOAE YrNEeBOAOPOAHbIX ra3oB (UX Konuye-
CTBa Y COOTHOLLEHUS).

1.MpvpodHbIi ra3 Kak 3KOMOrnYeckn
YUCTBIN BUA TOMMMBA B HAacCToOsiLLee Bpems

00O HMN® «MeTta-xpom»

r. ExaTtepunbypr

6onee 4yem Ha 50% ynoBneTBopsieT cnpoc

Ha aHeproHocutenu. [Ons pobbiBaOWMX,

TPaHCMOPTMPYIOLWUX U NOTPEBNSIOWMX Npu-

POAHBIA N CXWXEHHBbIN a3 npeanpuaTun

TOYHbIN 1 ONepaTUBHbIA aHanMn3 ero KOMmMo-

HEHTHOro cocTaBa, Hapsily C U3MepeHneM

obLiero konuyecTBa M TENNOTBOPHOW CMO-

COBHOCTU, SABNSAETCS BaXKHOW 3agadven npwu

NpoBeAEeHNY B3aMMOPACYETOB MeXAy COo-

6011. B HacTosiLee BpeMs Ha NpeanpusaTUsix

rasoBoi MPOMBILINIEHHOCTU oOnpeaeneHne

KOMMOHEHTHOrO CocTaBa MPUPOAHOro rasa

NPOBOAMTCA B COOTBETCTBMM C HOpMaTuB-

HbIMW JOKYyMEHTaMW:

« TOCT 23781-87. lasbl ropt4yve npu-
pogHble. XpomaTorpaduyeckun MeTopn
onpeneneHnss KOMMOHEHTHOrO cocTaBa
(meTog A — onpegenerune N, O, H,, CO,,
C,- C, npu cogepxaHun N, He Gonee
20% 06., yrmesogoponos C, v Bbilwe He
6onee 1% 06., meton B — onpepenexune
yrnesopopopos C,- C, npu cogepxaHum
ot 0,001 go 0,5% 06.);

* [OCT 14920-79. 'a3 cyxon. MeTtopg onpe-
[eneHnst KOMNOHEHTHOro cocTasa (onpe-
nenenve C.- C,, atakke N, O,, CO, CO,,
n H,S npu conepxarun ot 0,1% macc. n
BbILLE);

« TOCT 10679-76. T[a3bl yrneBogoposa-
Hble CXWxXeHHble. MeTon onpepeneHus
yrneBOAOPOAHOrO cocTaBa (onpepene-
Hue dpakuum C, - C5 M UX CMEeCu, Haxo-
OsWmuxcs nog M3bbITOYHBIM [aBreHneM
COBCTBEHHBIX MapoB NPWU UX COAepXaHu
0,01%macc. u Bbiwe);

* [OCT 22667-82. a3bl roptoume npupoa-
Hble. PacyeTHbll MeTod onpepeneHus
TeNnoTbl CrOpaHnsi, OTHOCUTENBHON MIOT-
HoOCTK 1 Yyucna Bo66e;

» NOCT 28656-90. Ma3bl yrneBogopoaHble
CXKWXKeHHble. PacueTHbIn MeToq onpeae-
NEeHUsi NNOTHOCTU U AaBMNEeHUs HacbILLEH-
HbIX NapoB;

» 1SO: 6974-84. a3 npupopaHein. Onpepe-
rNieHne copepkaHus BoAopoaa, MHEPTHbIX
rasos n yrnesogopoaos Ao C,. Masoxpo-
maTorpadguyveckuii metog, a Takke ASTM
D1945-96;

* I1SO: 6976-84. a3 npupogHbI. Pacyet
TENsIoTBOPHOM CMOCOBHOCTU, MIOTHOCTH,
OTHOCUTENbLHON NIOTHOCTU U Yncna Bob-
6€e KOMMOHEHTOB;

* MeToauka BbINOMHEHNUS U3MEPEHUI Mac-
COBOW 40NN BOAbl B NOMNYTHOM HE(TAHOM
rase MeTofOM rasoBoi Xxpomatorpaduu.

Ha pucyHke 1 npeacrtaeneHa xpoma-

TorpaMMa npUpOAHOro rasa, nonyyYyeHHas

C MOMOLLbI0 ABYX KaHanoB pasfeneHus u

[EeTEKTOPOB MO TEMONPOBOAHOCTM XpoMa-

Torpadpa «Kpuctanniokc-4000M». »
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2.Ha npepnpuaTtuax, KoTopble Mpowus-

BOASAT MOTOPHblE TOMMUBA, B T.4. GEH3UH,

npu oTtpaboTke peuenTyp W TEXHOMOrnu

N3rOoTOBMNEHNS BbICOKOOKTAHOBbIX HEJTUNN-

poBaHHbIX 6eH3MHOB TpebyeTcs cTabunb-

HbIl M TOYHBIA aHanu3 YrreBoAOPOAHOIO

cocTaBa ¥ npucafgok. [Ona notpebutenen

BaXXHO 3HaTb C BbICOKOW [OCTOBEPHOCTbIO

OKTaHOBOE 4WCIO, MNNIOTHOCTb, [AaBleHune

HaCbILWEHHbIX MNapoB, (PAaKLMOHHbIA CO-

cTaB 6eH3vHa. beH3nH ABMNsieTCA CNOXHOW

CMeCbl0 B OCHOBHOM nNapaduHOBbIX, Ore-

(PUHOBBIX, HAPTEHOBLIX U apOMaTUYECKMX

yrneBoaopoaoB, BbIKMNAKLWKX B GOMbLUMX

npenenax temnepatyp (ot 30° go 230°C). B

HacTosilee BpeMs Ha HedTenepepabarbl-

BaOLMX NPeanpuUaTUSIX onpeaeneHne Kom-

NMOHEHTHOro cocTaBa HedTENPOAYKTOB Mpo-

BOAWTCSI B COOTBETCTBUM C HOPMATUBHbLIMMU

OOKYMeHTaMu:

* ASTM D5134-92. CtaHaapTHbI meToa ae-
TanbHOro aHanusa 6eH3VHONMIPOMHOBOM
pakumm, BKIOYasi H-HOHaH, C NMOMOLLbIO
KanunnsipHon ra3oBon xpomartorpaduu.

+ ASTM D6729-01. CraHgapTHbli MeToq
onpeaenennst MHAMBUAYanbHbIX  KOMMO-
HEHTOB B TOMMMBax ANs ABUratenew c uc-
KPOBbIM BOCMIIaMEHEHNEM Ta30BOW XpO-
Matorpadmen BbICOKOrO paspelueHns Ha
100-MeTpoOBOM KaNUNNAPHOM KOSOHKE, a
Takke ASTM D6730-01, ASTM D6733-01).

* TOCT 29040-91. beHanHbl. MeTog onpe-
neneHnst 6eHsona 1 cymmapHoro cogep-
XaHus apoMaThyecKuXx YrneBoAopOoaoB,
a Tarke FOCT P51941-2002 (ASTM D44-
20) , ASTM D3606, EN12177.

+ ASTM D2887-04a. CtaHgapTHbIN meToq
onpegeneHus gvanasoHa KUneHusi GeH-
3UHOBbIX (hpaKkuMii ra3oBOW xpomatorpa-
duelt (PpakUMOHHBIN COCTaB), a Takxe
ASTM D3710-95.

« ASTM D4815-94. CtaHpapTHbIl meTof
no onpegeneHuto MTB3, 3TES, TAMJ,
ANNY, TpeT-neHTaHona u cnuptos ot C,
fo C, B 6eH3MHe METOAOM ra3oBoOMm Xpo-
matorpacdum, a Takke EN13132.

* MeToamka W3MepeHuss MaccoBOW A0nu
BOAb! B CbIpbE W MPOAYKTax pudopMuHra.

Ha pucyHke 2 npepctaBneHa xpomaro-
rpamma 6eH3avHa AN-95, nonyyeHHas ¢ no-

MoLbto 100-MeTpOBON KanNUNSAPHON KOMOH-

KM U NIaMeHHO-MOHM3aLMOHHOIO AeTekTopa

xpomarorpada «Kpucranniokc-4000M».

3.0npenenexHne copepxaHus B HedTH
nerkux yrnesogopogos C,-C, umeet 60sb-

LLIOE 3KOHOMUYECKOE 3HAYeHMe, MOCKONbKY

3TOT nokasaTenb XapakTepusyeT KayecTBO

__|_ - (=
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TOBapHOW HedTM M obycnoenuBaeT Tex-
HoMornyeckue ycrnosusi nepepaboTku, no-
3BOMSIET BbIIBUTb BO3MOXHYIO MOAKaYKy B
HedTb ra3oBbIX KOHAEHCaTOB B npouecce
ee TpaHcnopTupoBku. B nabopatopHow
npaktTuke HedTenepepabaTbiBatoLmMX 3a-
BOAOB oOMnpefeneHne cogepxaHusa ner-
KUX yrneBogoOpOAOB MNPOBOAUTCS B CO-
otBetctBUM ¢ FOCT 13379-82. HedTb.
Onpepenenve yrnesogopoaos C,-C, me-
ToAOM ras3oBou xpomatorpacuun. Kpome
TOro, BaXHbIM ANs nocriegymllen nepe-
paboTkn HedTM U HedTEeNnpoAyKTOB $B-
nseTcs onpeferneHne ux QpakuuoHHOro
cocTaBa MeTOAOM WMWTMPOBAHHOW AuC-
TMNNSUMM  —  rasoxpomMaTorpadu4eckon
MEeTOOUKOWN, COOTBETCTBYIOLLEN CTaHOapTy
ASTM D2887-04a.

4.Ha npepnpuaTtusix, Kotopble [06bI-
BalT HedTENPOAYKTbI, a Takke MNPOU3BO-
OSiIT MOTOpHble TonnuBa, B T.M. OEH3WH,
TpebyeTcs, cornacHo TpeboaHusim MOCT
P51858-2002 «Hedtb. O6wwue TexHuYe-
ckue ycnosusi» n FTOCT P51313-99 «beHau-
Hbl aBTOMOOUNbHbIe. ObLMe TexHu4eckne
YCINOBUSI», aHanuM3 cofepxaHus B HedTH,
rasoBbIX KOHAeHcaTax, Ierkux yrrnesopo-
POAHbIX PpaKLMAX MaccoBOW 4OMM CepPOoBO-
gopoda v mepkanTtaHoB. CogepxaHue co-
€AVHEHUIN cepbl B Cbipo HETU sBMsEeTCS
BaXXHbIM MoKa3aTernem KayecTBa, NOCKONbKY
CMNOXHOCTb U CTOMMOCTb TEXHONOMMYECKMX
npoueccoB HedTenepepaboTkM CyLLeCTBEH-
HO 3aBWUCAT OT KOnu4yecTBa cepocofepxa-
KX BellecTB. MepkanTaHbl U CEPOBOAOPOA
COoCTaBnsAT 6omMblUy 4acTb COeQUHEHUN
cepbl B HU3KOKMMALLMX HedTsHbIX hpakum-
ax. OHM MMeLOT YpesBblYaHO BbICOKYHO KOP-
PO3MOHHYK aKTUBHOCTb U AABNSATCS sA4aMu
ANs KatanusaTopoB B npoueccax nepepa-
00TKM HedTU. AHann3 NpoBOAUTCA B COOT-
BetcTBun ¢ NOCT P 50802-95. HedbTb. Me-
Toq ornpefeneHus cepoBofopoaa, MeTwur-,
1 3TUNMepKanTaHoB.

5.B npouecce fo6bl4n, TPAHCNOPTUPOB-
Kn 1 nepepaboTku HedpTn B Hee nonagatoT
neTyyne XropopraHuyeckMe CcoeauvHEHUS
(Hanpumep, xnopodopm, uYeTbipexxnopu-
CTbln yrnepog wu gap.) Hanuumne xnopop-
raHU4YeCckUX COEAVMHEHUN SsIBNsSieTCs  no-
TeHUManbHO onacHblM Afs  NpoLeccoB
HedTenepepaboTKkM 1 BbiABNAETCA BO Bpe-
MSI O4UCTKM TEXHonoruyeckoro obopynosa-
Hus1, TpybonpoBoaos u pesepsyapoB. O6pa-
30BaBLUASACS B Npouecce rmapooyUCTKU Unn
pudopMuHra consiHas KucrnoTa NpuBOAMUT K
Koppo3umn obopyaoBaHusa 1 OTpaBrneHuo »

Puc. 1 Xpomartorpamma npupoaHoro rasa, nofiy4eHHas ¢ NoMoLLbI0 ABYX KaHanoB pasgeneHus u
[eTeKTOPOB Mo TenJonpoBoAHOCTU XpomaTtorpada «Kpuctanniokc-4000M».
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* GOST 14920-79 Standard. Dry Gas. The methods of de-
termining the component-by-component analysis (determ-
ination of C, -C_ as wellas N,, O, , CO, CO, and H, S with
the content being from 0.1% mass and more);

* GOST 10679-76 Standard. Hydrocarbon liquefied gases.
The method of determining the hydrocarbon composition
(determination of C1 —C5 and their mixture which are und-
er excessive pressure of their own vapors with their conte-
nt being 0.01% mass and more);

» GOST 22667-82. Combustible natural gases. Calculation
method of determining combustion heat, relative density
and Wobbe number;

» GOST 28656-90 Standard. Liquefied Hydrocarbon Gas-
es. Calculation Method of Determining Density and Press-
ure of Saturated Vapor;

ISO 6974-84. Natural Gas. Determining the content of hyd-
rogen, inert gases and hydrocarbons up to C8. Gas Chro-
matographic method, as well as ASTM D1945-96;

«|SO 6976-84. Natural Gas. Calculation of heat value, dens-
ity, relative density and \Wobbe number of the components;
» Methodology of measuring mass fraction of water in asso-
ciated petroleum gas using gas chromatography method.

Figure 1 shows a chromatogram of natural gas obtai-
ned using two channels of separation and heat conductan-
ce detectors of «Crystal lux-4000M» Chromatograph.

2. The companies which produce motor oils including
gasoline, when refining the recipes and the technology of
producing high octane unleaded brands of gasoline, are in
need of consistent and accurate analysis of the hydrocar-
bon composition and additives. For users it is important to
know and to be confident about the octane number, dens-
ity, saturated vapor pressure, the fractional composition of
gasoline. Gasoline constitutes a complex mixture mainly
of paraffin, olefinic, naphthenic and aromatic hydrocarbons
boiling within a wide range of temperatures (from 30° up
to 230°C). At the present time, oil refineries determine the
component-by-component composition of petroleum prod-
ucts pursuant to the following normative documents:

* ASTM D5134-92. Standard Method of Analyzing in Detail
the Top Fraction Including N-nonane Using Capillary Gas
Chromatography;

* ASTM D6729-01. Standard Method of Determining the
Individual Components in Fuels for Spark Ignition Engines
Using Gas Chromatography of High Resolution on 100-
m Capillary Column as well as ASTM D6730-01, ASTM
D7633-01

* GOST 29040-91 Standard. Gasoline. Methods of Deter-
mining Benzol and Cumulative Content of Aromatic Hydr-
ocarbons as well as GOST R51941-2002 (ASTM D4420),
ASTM D3606; EN 12177.

* ASTM D2887-04a. Standard Method of Determining
the Range of Gasoline Fractions Boiling Using Gas Chr-
omatography (Fractional Composition) as well as ASTM
D3710-95;

+ ASTM D4815-94. Standard Method of Determining MTE,
ETBE, TAME, DIPE, Tret-pentanol and Alcohols from C,
—C, in Gasoline Using Gas Chromatography Method as
well as EN 131132,

» Methodology of Measuring Mass Fraction of Water in the
Oil for Reforming and Reforming Products. Figure 2 shows
a chromatogram of gasoline Al-95 obtained using 100-m
capillary column and the flame ionizing detector of «Crystal
lux-4000M» Chromatograph.

3. Determining the content of light hydrocarbons C,
—C, in oil has a great economic importance since this indi-
cator characterizes the quality of stock tank oil and stipulat-
es the technological conditions for refining, allows possible
roll-in of gas condensates into oil to be ascertained during
its transportation. In the laboratory practice of the oil refin-
eries, determination of light hydrocarbon content is carried
out pursuant to GOST 13379-82. Oil. Determination of C,
—C, Hydrocarbons Using Gas Chromatography. Besides,
critical for subsequent oil and petroleum products refining
is the determination of their fractional composition by me-
ans of simulated distilling method — gas chromatographic
procedure, consistent with ASTM D2887-04a Standard.

4. The companies which produce petroleum products
as well as produce motor fuels including gasoline, require,
under the requirements of GOST R51858-2002 Standard
«Oil. General Technical Requirements» and GOST R513-
13-99 Automobile gasoline. General Technical Requireme-
nts.», an analysis of content in oil of gas condensates, light
hydrocarbon fractions, mass fraction of hydrogen sulfide
and mercaptans. The content of sulfur compounds in cru-
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de oil is an important quality index because the complexity
and cost of oil refining processes significantly depend on
the quantity of sulfur containing materials. Mercaptans and
hydrogen sulfide account for the greatest percentage of
sulfur compounds in low boiling petroleum fractions. They
possess an extremely high corrosive activity and are pois-
ons for catalysts in the oil refining processes. The analysis
is made pursuant to GOST R 50802-95 Standard. Oil. Me-
thods of Determining Hydrogen Sulfide, Methyl and Ethyl
Mercaptans.

5. During the process of producing, transporting and
refining oil, volatile chlorine organic compounds find their
way into it (for example, chloroform, carbon tetrachloride
and others). The presence of chlorine organic compoun-
ds is potentially hazardous for oil refining processes and
is detected during the cleaning of production equipment,
pipelines and reservoirs. The hydrochloric acid produced
during the process of hydraulic cleaning or reforming caus-
es the equipment to corrode and the catalysts of the hydro
catalytic processes to be poisoned which results in equip-
ment failures. Therefore the comprehensive arrangements
of monitoring crude oil must be complemented with oil ana-
lysis for the content of the above compounds. The analysis
is made pursuant to the «Procedure of Taking Readings of
Volatile Chlorine Organic Compounds Content in Oil and
Petroleum Products» No. ROCC RU/0001/512150, devis-
ed by Tomsk-NIPIneft.

6. In the practice of the petrochemical enterprises the-
re arises a need for diagnostics and fault finding in ail filled
electric equipment, including power transformers. Diagnos-
tics of such equipment is an important step from the point of
view of ensuring safety and trouble free operation of power
networks. Transformer oil and insulation materials decom-
pose, releasing the gases whose qualitative and quantita-
tive composition can help forecast the incipient defects of
the oil filled equipment at an early stage and thus prevent
emergency situations in the electric power sector. Analysis
of the gases dissolved in the oil of the power transformers
as well as moisture and anti-oxidizing additives is made
pursuant to the following normative documents:

* RD 34.46.303-98. Methodology Guidelines on Prepar-
ation and Conductance of Chromatographic Analysis of
Gases Dissolved in the Oil of Power Transformer as well
as ASTM D3612-92;

* RD 153-34.0-46.302-00 and RD 34.46.302-89. Metho-
dology Guidelines on Diagnostics of Incipient Defects on
Transformer Equipment Based on the Results of Chromat-
ographic Analysis of the Gases Dissolved in Oil;

* RD34.46.107-95. Methodology Guidelines on Determina-
tion of Water Content and Air Content in Transformer Oll;

* MKXi 01-99 (MKXf 01-99). Procedure of Quantitative
Chromatographic Analysis. Determination of lonol Content
(Furan Derivatives) in Transformer Oils Using Gas Liquid
Chromatography Method.

7. Despite environment protection measures the pet-
rochemical companies remain the principal polluters of the
atmospheric air with saturated, unsaturated, aromatic hy-
drocarbons as well as their derivatives in gaseous, vapor,
spray form, while up to 80% of the hydrocarbon pollutants
is accounted for by lowest saturated and aromatic compo-
unds. Proper analysis of the air pollutants allows labor sa-
fety at industrial enterprises to be organized correctly and
effective control over breaches of sanitary norms applicab-
le to air to be exercised.

Many firms, both Russian and international, are co-
ncemed with development and production of gas chrom-
atographs.

The «Crystal lux-4000M» Chromatograph of «Meta-
chrome» manufacture has a high technology system for
electronic control of gas flows which ensures unique repro-
ductivity of split vent times and hence makes identification
of the compounds under analysis more reliable.

High speed heating and cooling of the chromatogra-
ph thermostat reduces full cycle time for chromatographic
separation. If the user is faced with the need to run serial
tests, automatic dosing units for liquid, equal weight vapor
or gas are available. The automatic dosing devices are de-
signed to work round the clock and to run tests without the
operator in attendance. The chromatograph is controlled
by personal computer. The software interface greatly facili-
tates the operator’s work. The chromatograph can operate
at any distance from the computer, while chromatograph
control as well as data transmission are carried out via st-
andard interfaces.

OBOPYNOBAHUE
EQUIPMENT

AHanu3 ra3oB, paCTBOPEHHbIX B MacAe

CHAOBbLIX TPAaHCHOPMATOPOB, A TaKXe BAATU
M @HTUOKUCAUTEABHbIX MPUCAAOK MPOBOANUTCA B
COOTBETCTBUU C HOPMATUBHBLIMU AOKYMEHTAMM

KaTanvM3aTopoB rMapokaTanuTU4eckux npo-
LleccoB, 4YTO MpPUBOAMT K OTKa3am B paboTe
obopynoBaHus. [03TOMy KOMMMEeKcHasi cxe-
Ma MOHUTOPUHra HE(TSHOTO Chlpbsl OOMKHA
ObITb JOMnorHeHa aHanu3oMm HedpTn Ha co-

OepXXaHue yKasaHHbIX coeauHeHun. AHanu3

npoBoauTcs cornacHo «MeToauke BbINosHe-

HWUSI U3MEPEHWIN COAEepXKaHUSA NMETYYnX XIro-

POPraHNYecKnX CoeanHEHU B HETU U He-

dprenpoayktax» Ne ROCC RU/0001/512150,

paspabotaHHon Tomck-HUTMNHedDTb.

6.B npakTuke HedpTexMmmyeckux npea-
npuaTUA BO3HMKAeT HeobxoAMMOCTb Auna-
FHOCTMKWN W onpeferneHns HencrnpaBHOCTEWN
B MaCIOHaMnofIHEHHOM 3f1eKTpMUYECKOM 060-
pydoBaHWKM, B T.M. CUMOBbIX TpaHcdopma-
Topax. [inarHocTuka Takoro obopygoBaHus
SIBNSETCA BaXHOW 3aJayen C TOYKMU 3peHus
obecneyeHus 6esonacHocTu 1 6ecnepebon-
HOW paboTbl 3HEpPreTU4ecknx ceTen. TpaHc-
dopmaTopHOEe Macno u M30NSAUUOHHbIE
MaTepuansl pasnarawTcs ¢ o6pasoBaHNeEM
rasoB, MO Ka4eCTBEHHOMY W KONMUYECTBEH-
HOMY COCTaBY KOTOPbIX MOXHO NpeAcka3aTb
pasBuBatoLWwuiics AedeKkT MacrnoHanosHeH-
Horo o6opynoBaHUsA Ha paHHeW cTaguy, TeM
camblM NpefoTBpaTUTL aBapuiiHble cuTya-
LUUN B 3NeKTpoaHepreTuke. AHanu3 rasos,
pacTBOPEHHbIX B Macrne CUIOBbIX TpaHC-
dopmaTopoB, a Takke Brarm u aHTMOKUCIIN-
TenbHbIX NPUCaaoK NPOBOAUTCS B COOTBET-
CTBUW C HOPMAaTUBHbLIMW JOKYMEHTaMu:

PO 34.46.303-98. Metognyeckme yka-
3aHWsi MO MOArOTOBKE W MpPOBEOEHUI0
XpomMaTorpadu4eckoro aHanusa rasos,
pPacTBOPEHHbLIX B Macre CUMOBbIX TPaHC-
dopmaTtopos, a Takke ASTM D3612-92;

+ PO 153-34.0-46.302-00 n PO 34.46.302-89.
MeToguueckme ykasaHusi No AMarHO-CTUKe
pasBuBarLLmMXcst AedekToB TpaHcdhopma-
TopHOro obopyAoBaHWs Mo pesynsratam
XpomartorpadMyeckoro aHanusa rasos,
pacTBOPEHHbIX B Macne;

+ PO34.46.107-95. Metvoguyeckne ykasa-
HUSA NO onpefeneHnio COAepPXXaHus Boabl
1 BO3dyxa B TpaHC(OpMaTOpHOM Mache;

* MKXi 01-99 (MKXf 01-99). MeToguka ko-

noHona (cpypaHoBbIX MNPOU3BOAHBLIX) B
TpaHCcOPMaTOpHbIX Macnax MeTOAOM
rasoXunaKOCTHOM Xxpomarorpadum.
7.HecmoTps Ha  nNpupoaoOXpaHHble
MeponpusTUs, NpeanpuaTus HedTeEXMUU
OCTalTCA  OCHOBHbIMW  3arpsA3HUTENSMU
aTMocdepHoro  Bo3gyxa npefenbHbIMU,
HernpeaenbHbIMKW, apomaTuyeckumun yrne-
BOAOPO4AMM, @ TakkKe WX MPOM3BOAHbLIMM,
Haxogswmmuca B raszoobpasHom, napo-
0o6pas3HOM UNU a’apOo30SIbHOM COCTOSHUM,
npuvdyem go 80% yrneBOAOPOAHbIX 3arpss-
HUTenewn NpUXoauTCst Ha 4O HU3LWNX npe-
OernbHbIX U apoOMaTUYEeCKUX COEeAVHEHUN.
[locToBepHbIN aHanu3 3arps3HuTenen BO3-
Ayxa Mo3BOMsieT NpaBUIIbHO OpraHWM3oBaTb
oxpaHy TpyAa Ha MpPOMBbILLIMEHHbIX Npeanpu-
ATUSAX U BECTU 3PMEKTUBHBIA KOHTPOSb 3a
HapyLleHMEM CaHWTapHbIX HOPM, NpeabsiB-
NSieMbIX K OKpy»KatoLLieMy Bo3ayXy.
Pa3paboTkoi n nporM3BoACTBOM ra3oBblX
XpomaTorpadoB 3aHATO MHOXECTBO hupm,
Kak POCCUMCKMX, TaK U 3arpaHunyHbIX.
Xpomatorpad npousBogcTea MeTa-xpom
«Kpuctanntokc-4000M» obrnagaet BbICOKO-
TEXHOMOTMYHON  CUCTEMOW  3MEKTPOHHOIO
yrpaeneHus MoTokamy rasos, 4To obecne-
4YMBAET  YHUKalbHYl  BOCMPOU3BOAUMOCTb
BpEMEH YOEpXWBaHWs, a crefoBaTerbHoO,
nenaert aeHTUUKaLMIO aHanM3npyeMbIx co-
eavHeHu Gornee [OCTOBEPHON. Bblicokocko-
POCTHOI HarpeB W OxNaxaeHue TepmocTtara
Xpomarorpadha cokpallalT Bpemsi MOIHOro
uMKkna Xxpomartorpadguyeckoro pasgerneHus.
Ecnun nonb3oBatens crankvBaetcs ¢ Heobxo-
OVMOCTbLIO NMPOBEAEHNST CEPUMHBIX aHarNun3oB,
K ero ycrnyram — aBToMaTU4eckue [03aTopbl
XKMOKOCTW, paBHOBECHOTO napa unu rasa. As-
TOMaTUYeCcKne 403aTOpbl PacCYUTaHbl Ha Kpy-
rMOCYTOYHY0 paboTy 1 NO3BONSHOT NPOBOAUTL
aHanu3bl B OTCYTCTBUW onepartopa. XpomaTo-
rpad ynpaensieTcs C MOMOLLbIO NePCOHanbHO-
ro KomnbtoTepa. MHTepdenc nporpammHoro
obecrieyeHusi cylecTBeHHO obneryaet pabo-
Ty onepatopa. Xpomarorpad MoxeT pabotaTtb
Ha noboM yganeHun OT KoMMbtoTepa, npu
3TOM ynpaBrieHe xpomatorpadom, a Takke

NNYECTBEHHOro  XpomaTtorpaduyeckoro  nepefaya AaHHbIX OCYLLECTBASIOTCS MO CTaH-
aHanusa. OnpegeneHne cogepkaHuss  OapTHbIM MHTepdeincam. m
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Puc. 2 MNpeacraBneHa xpomarorpamma 6eHsnHa AU-95, nonyyeHHas ¢ nomolybio 100-meTpoBoOM
KanunnsipHOW KONMOHKM U NilaMeHHO-MOHM3aLMOHHOro AeTeKTopa XpoMaTorpaca

«Kpuctanniokc-4000M».
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11 MexnyHapoaHas CrieLiMaIu3MpoBaHHasi KOH(epeHLIns
«[TOZKAPHAS H ITPOMBITILTEHHAA BE3OITACHOCTD
- OBBLEKTOB TOK. YTHJIH3AILINA HEOTAHBIX
3ATPSI3HEHUU. TUKBUIALINSA PA3JINBOB HED®TH:
ITPOBJEMBI 1 ITYTHU UX PEIHITEHW A »

B paMKax 5-H MexnyHapoIHoH crneiHaTH3IHpOBAHHON BEICTABKH

’ «OKODDODOEKTUBHOCTBb-2008»
21-23 okTs10psi 2008 roxa

Mockea, LIBK «DkcnoueHTp», 5 MaBUILOH
TEMATHYECKHE CEKIIMH KOH®OEPEHIIHH:

= KOMILICKCIELIE CHOTEMM DORAPOTYICHNSE 00MKTOR = CPeACTI JOKILINEUNE, COOpA M IMKBILILITNA
TIK, BEANALE MOPCKINE; KOHTRS JAGLHRARHOCTH. pazinson st 1 nedrenpoyETon.
':-":IHI.EI..I'I‘-'I'.-'I.!. CREACTRE WILTHRATYL IR0 JRENT. = KoM CECSE TENI NI KRN TR
' . = H ooz rusisie B S ToOHec KHE 10K eRTh paiansos medimi.
____mlm MEOTITIHATTHRA 110 = FEONOMHIECKUA MOHHTOPMET, OXPaRI
HIpE. ¥ A TEHHI0 H THKBILENHN P UTHBOS ORPYARHEEH Cpee/Ikl, DUEHKA DRI
BETH B A TENPOIYETOR, H TEXHOTEHITLY, KR,

LI YN ILEAMOR, ¥ CTANOREN = HONECTICPTHR H 3003 ¥ IIHT ML R HE
A1 BYPORLIY W HETEHMY HLIAVOS, oFLeKTOR.
' = [ pdhopsiirnn AREC B ICoRHGH PRI D AR
TECUMNHE B PeInLr L CHTY DY,
= COREMEINLE TEICKOMMYIHKRITHONIE
CPEICTEA HpH SRLPIANLIY CHTYRINAY,
= HOpMETHRARE [ METOIECKRE Ty MEITT
B oHAACTH MPETTIPESTERRN 1l TYMEHRS Taapos
i ofsexTax TIK.
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The final stage of the oilfield development, as a rule, is characterized by the established system of producing well and injection
well location, by large volumes of production and water injection with high levels of water-oil ratio. During this period the reservoir
is developed in independent and segregated fields which have taken shape due to heterogeneity of its geological structure. At the
final stage of the oilfield development, forced well operation is used. In the meantime for the oil recovery factor of the formations to
increase, the water flooding system should be well organized.

WAYS OF INCREASING
OIL RECOVERY FACTOR

AT THE FINAL STAGE OF THE OILFIELD DEVELOPMENT

N.S. TYAN Deputy General Director, Science, Yugansk
«YuganskNIPI»

As it is known, in the mode of oil displace-

ment with an agent, the oil recover factor (Korf ) K .=K xK, (3) 0% l o) (4)
is the product of the oil displacement efficiency R = — |
(Kode) and the sweep efficiency of the formati- The sweep efficiency in terms of volu- i
on volume by displacement (Kse): me can be defined as the quotient obtained where:
when the volume of pores filled with injected ¥inj — accumulated injection of water;
K= KX Ko (1) liquid is divided by the total volume of the Zwat — accumulated water production;
moving crude oil (Vmco) which is equivalent Bw - water volume co-efficient
The displacement efficiency is determin-  to the effective volume of water injected into Using formula (4) one can increase the
ed using soil samples under laboratory cond-  the formation: efficiency of developing the reservoir by

itions and does not depend on human activi-

ties; instead it is the result of the effect of the

micro heterogeneity of the porous medium :

and the impact of the capillary forces on the Dependence of Kun on Ksweep by displacement
contact between oil and the displacing age-

nt. The value of the displacement efficiency

depends on the values of initial and residual El,ﬁﬂ{l 7 ]
oil saturation and is determined using the fo- 0.525
llowing formula: ! »
- 0,500 ]
R L] [t o
Ko - (2) . "
i L
. v " |
Proceeding from the formula (1), given I:I,tlﬂﬂ ,
full sweep of the volume of oil saturated soils T e
by the displacement process, i.e. when Kse = = 0,300 1 {
1, the oil recovery factor will be equal to the L
displacement efficiency.
Thus, for the values of initial oil satura- 0,200 1 1
tion, equal to 0.6, and the residual oil satu-
ration, equal to 0.285, at the moment of full 0.100 ! [
sweep of the volume of oil saturated soils by ¥
displacement, the oil recovery factor will be
equal to 0.525. 0000 5} ! ! . !
The sweep efficiency in terms of volume '
is a measure of the effect of the formation 0,000 0,200 0,400 0,600 0,800 1,000
heterogeneity in space. Its value equals the o )
product of the sweep efficiency in terms of Sweep efficiency in terms of volume
area (K,) multiplied by the sweep efficiency in
terms of capacity (K ): >
v Puc. 1
June 1985-January 1987 June 1988 — April 1992 September 1995- May 2003 | Projection from 01.08.2007
Accumulated Water- Accumulated Water- Accumulated Water- Accumulated Water-
oil production oil ratio oil production oil ratio oil production oil ratio oil production oil ratio
220641 0,66 320715 1,70 450924 4,11
273397 1,32 413054 3,97 505118 6,59 533375 10,56
552851 50 688022 50 713750 50 713750 50

Ta6n. 1/ Tab. 1
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increasing the sweep efficiency in terms of
the volume of the oil saturated formation.
Increased volume of the water injected will
cause the sweep efficiency to increase, whi-
le increased volume of water production will
cause it to decrease.

How much water one should inject and
produce? At the final stage of development,
while keeping the material balance, one sho-
uld inject as much water into the reservoir as
the amount of liquid collected from it under
in-place conditions.

In order to determine the volume of wa-
ter production one has to make additional
calculations and determine the dependence
of the water-oil ratio on the accumulated oil
production of the reservoir in question.

Fig. 2 shows the schedule of one of the
oilfield development in the logarithmic sy-
stem of coordinates in which the X axis is
the accumulated production of oil while the
Y axis in the logarithmic scale is the liquid
production, oil production and the value of
water-oil ratio for the period (month).

Dependence of the water-oil factor on
accumulated oil production for the three pe-
riods of development has been determined
based on the data listed in Table 1.

The first dependence has been determi-
ned based on the stable period of developm-
ent from July 1985 through January 1987:

y =0,0378154e0,0000130x (5)

where y — water-oil ratio;

X — accumulated water production.

This particular period of the oilfield devel-
opment is characterized by a scarce network
of producing and injecting wells and the growi-
ng liquid production due to switching the wells
over to mechanized method of operation. The
well bottomhole pressures were no less than
150 kgf per sq.cm.

Using dependence (5) one can determine
the accumulated oil production or extracted oil
reserves for the established system of oilfield
development at the water-oil ratio of 50 whi-
ch corresponds to 98% water flooding of the
reservoir:

0,,.= V.., = (LN(50/0,0378154))/0,000013 =
= 552 851 000 tons (6)

The second dependence of the water-
oil ratio on the accumulated oil production
includes a stable period of oilfield develop-
ment from June 1988 through April 1992:

y = 0,08912060,000009x 7)

This period of oilfield development is
characterized by maximum volumes of lig-
uid production. During this period the infill
drilling ends and all the wells are operated,
primarily, by mechanized method. The bott-
omhole pressures do not decrease and re-
main at the level of 150 kgf per sq.cm. The
oilfield passes over to the stage of declining
oil production.

If such oilfield development system had
been maintained, upon attainment of the
water-oil ratio value equaling 50, the accu-
mulated production would have amounted to
688022 thnd tons: »

MPOEKTUPOBAHUE, PASPABOTKA MECTOPOXOEHUA
PROJECT ENGINEERING, DEVELOPING

Oilfield Reservoir 1 Reservoir 3 Reservoir 4 Reservoir 2
Year 2007 2007 2007 2007
Water-oil ratio 10,59 1,58 6,92 0,95
Qlig tons/day Qlig tons/day Qliq tons/day Qliq tons/day | Qliq tons/day
10 0,86 3,88 1,26 5,12
30 2,59 11,64 3,79 15,36
50 4,31 19,39 6,31 25,60
100 8,63 38,78 12,62 51,19
150 12,94 58,18 18,93 76,79
200 17,25 77,57 25,24 102,39
250 21,57 96,96 31,55 127,98
300 25,88 116,35 37,87 153,58
350 30,20 135,75 44,18 179,18
400 34,51 155,14 50,49 204,78
450 38,82 174,53 56,80 230,37
500 43,14 193,92 63,11 255,97

Ta6n. 2/ Tab. 2
OHl field
Ligued
production
1000,00 4 o 4
produciion
y = 0,0891197e"209®
a e
June 1584-anp 1002 __==,_,.:-""#H

BBEOZ2

.M= 0. 10B325 04 0o

y = 0037815401 ¥ Prognasis T137 50
JUly THESma TRIT:

SEIBEM
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1 T137r s
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Puc. 2 / Fig. 2
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QOrak = (LN(50/0,0891197))/0,0000092 =
= 688 022 000 tons (8)

Implementation of such measures as
down-spacing, establishment of the flooding
system and switchover of the wells to mec-
hanized method of operation has made it
possible to increase the extracted reserves
by approximately 135 million tons. The third
dependence of the water-oil ratio on the ac-
cumulated oil production includes the period
of the oilfield development from September
1995 through May 2003:

y = 0,0811276e0,0000087x (9)
Prior to this period of oil field develo-
pment in the oilfield there had occurred a
drop of liquid production due to de-commi-
ssioning of highly water encroached wells.
The period of oilfield development in hand
is characterized by stabilized liquid produ-
ction, optimized working mode of the wells
by reducing the bottomhole pressure down
to 50 kgf per sq.cm and by growth of liquid
production as well as the shutdown of the
high-output water encroached wells.

If such oilfield development system
had been maintained, upon attainment of
the water-oil ratio value equaling 50, the
accumulated production would have amo-
unted to 713750 thnd tons:

Qnak =(LN(50/0,0811276))/0,0000087 =
= 713 750 000 tons (10)

Thus, the boosted draining and adjust-
ment of the water-oil ratio by shutting down
highly water cut wells would have allowed
the extracted reserves to increase by app-
roximately 25 million tons.

According to the third dependence, the
extracted oil reserves of the oilfield in qu-
estion are estimated as being maximum.
Using this dependence one can determine
the basic water-oil factor for the past per-
iod, given the established levels of liquid
production (Fig. 3).

By comparing the actual established
water-oil ratio with its basic value one can
speak about the efficiency of the oilfield
development. If the actual values of the
water-oil ratio do not exceed the basic val-
ues, that means the oilfield development is
effective and vice versa.

The last period of the oilfield develop-
ment cannot be described as efficient since
the actual value of the water-oil ratio exce-
eded the basic ones obtained according to
the last derived dependence of the water-
oil ratio on the accumulated oil production
(Fig.4). Such further development of the
oilfield would lead to reduced extraction of
the reserves.

In order to prevent it happening one
has to be guided by the dependence of the
water-oil ratio on the accumulated oil pro-
duction obtained based on the coordinate
values of the water-oil ratio and the accum-
ulated oil production of the last period (mo-
nth) of development and the water-oil ratio
value equal to 50 with accumulated produ-
ction being equal to 713750 thnd tons:

3/H (64) mait 2008 r. 3KCMO3ULIMA

Basic and established water-oil ratio for the oil field
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As at 01.08.07 this dependence has the
following form:
For reservoir 1:
y = 0,1063250e0,0000086x (11)
For reservoir 2:
y =0,2135764e0,0000119x (12)
For reservoir 3:
y =0,2543971e0,0000279x (13)
For reservoir 4:
y = 0,2492024e0,0001402x (14)
Each oil reservoir being developed has
its own dependence for a particular period.
Based on these dependences and kn-
owing the accumulated oil production, one
can determine, for the reservoir, the bas-
ic water-oil ratio for the projected period.

Based on the basic value of the water-oil
ratio, one can determine the allowable po-
rtion of water in the well production or min-
imum oil output (Table 2).

One can plot charts where each liquid
output would correspond to oil output dete-
rmined based on the water-oil ratio, accor-
ding to the dependences derived.

Using such charts, you can judge the
efficiency or inefficiency of the well operat-
ion mode and the measures taken.

Fig. 5 sets out a graph of outputs co-
rrespondence for one reservoir of the oi-
Ifield. Those wells are efficient which are
above the line of the chart while the inef-
ficient ones are situated below the line of
the chart.

The chart can be plotted for the out-
puts in terms of reservoirs with reference
totime. =
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CEPTU®UKALIUA, CUCTEMA KAYECTBA

CERTIFICATION

B nocnegHue roabl BeAeTcsi MHOrO CrOPOB BOKPYr Npoueaypbl akkpeauTauuu, o6CYXAalTCA NIHOCbl U MUHYCbI CYLUECTBYHOLLEN
cucTeMbl, NpeAcTaBUTENU pPa3nUYHbIX FOCYAapCTBEHHbIX CTPYKTYpP, 06LecTBEHHbIX OpraHM3auuni n 6usHec-cooblecTBa o6ecyxaarT
nepcrnekTuBbl ped)OpMUPOBaHUA CUCTEMbI aKKpeauTauum, BbisIBNAIOT Haubornee cyuiecTBeHHbIe NPo6nembl, npeanaratoT pelleHus.
PelwweHne npobnem poccuimckon cucTeMbl akkpeauTaLmm cemyac ocobeHHO akTyarnbHO, Tak kak Poccuickan ®enepauus Bce 6onblue
0CO3HaeT cebsi YacTbH MUPOBOro CoOo6LIECTBA, pa3BUBaeT MeTOAbI B3aMMOAENCTBUSA C APYTMMU €ro y4aCcTHUKaMU, akTUBHO MbITaeTcsl
BCTYNUTb B MeXAyHapoAHble opraHu3auum, y4actve B KOTOPbIX BaXXHO A4Sl YCMELWHOro pa3BUTUsi POCCUMCKON 3KOHOMMUKMU.

COCTOSIHUE POCCHUCKOM CUCTEMBI
AKKPEJIUTAITNA

STATUS OF THE RUSSIAN ACCREDITATION
SYSTEM

The resolution of the problems of the Russian acc-
reditation system is especially topical now since the Rus-
sian Federation is coming to view herself more and more
as part of the world community and is developing ways
of interfacing with its other players, is becoming active in
trying to enter intemational organizations the participation
in which is important for a successful development of the
Russian economy.

Since 2000 Russia as represented by the Federal
Service for Environmental, Technological and Atomic
Supervision (Rustechnadzor) has been making attempts
to join the European Accreditation Community (EA) — an
international organization incorporating 32 countries. In
2008 the member countries are to consider the possibility
of the Russian Federation joining this organization. Last
July Constantine Pulikovsky, Head of the Federal Servi-
ce for Environmental, Technological and Atomic Superv-
ision, met up in Moscow with Ms Greau Rodland, Chair
of the Committee on the Multi-Lateral Agreement of the
European Accreditation Community. During this meeting
Ms Rodland spoke positively of the accreditation activities
pursued by the experts of Rustechndzor as well as pointed
out existing problem areas, for example, the inadequacy of
the metrology facilities of the expert organizations. On the
whole, the accreditation activities came in for approval and
Greau Rodland advised that Russia had every chance of
signing an agreement with the European Accreditation
Community in the near future.

In 2008 Russia is planning on joining the WTO which
would mean the opening of its borders for foreign products,
that is to say the issue of Russian goods being competitive
is expected to become one of the pivotal ones. Without
dealing with this issue Russia will not be in a position to su-
rvive in the world marketplace, its industry will not be able
to compete against its international rivals and such a state
of affairs threatens the country with economic crisis. Last
summer another attempt was made to change and impr-
ove the accreditation system, a draft Concept for the esta-
blishment of a unified accreditation system in the Russian
Federation was put forward. The need to create a unified
system instead of several ones divided industry by indust-
ry is predicated by the fact that the division of mandate with
respect to accreditation complicates the process of com-
pliance validation. In order to ensure that consumers trust
the quality of the goods in Russia a certification procedure
was put in place. The idea underlying the certification is
to confirm compliance of certain product features with the
requirements applicable to them; it is carried out by the
certification authorities. However, it is not always that the
certification procedure makes people trust its results. This
is due to the fact that the competence of the authorities
who make the certification is doubted both by Russian
consumers and the international ones. The certification
authorities as well as the test laboratories which run the
necessary tests during the certification must meet a set of
conditions. They have to be manned by competent staff
and use the necessary equipment, etc. The consumers
have to be sure that the compliance certification authority
has the facilities to carry out all the required tests and eva-

C.E.KOHOIMJIEBA

crneumanuct no cepTudukaumnm

r. MockBa

OkcneptHoro LieHTpa «HoBoTecT»

C 2000 ropa Poccus B nuue depe-
panbHOW cnyXbbl MO  3KOMOrM4Yeckomy,
TEXHONMOTrMYeckoMy 1 aTOMHOMY Haf3opy
(PocTtexHag3opa) nblTaeTcss BCTYyNUTb B
EBponeiickoe coapyxecTBo No akkpeauTa-
uun (EA) — mexxgyHapoaHyt opraHusaumio,
BkNntovawwy 32 ctpaHbl. B 2008 roagy
cTpaHbl-uneHbl EC paccMoTpsiT BO3MOX-
HOCTb MPUCOEAVHEHMNS K 3TOW opraHusauum
Poccunckon degepauyuun. B nione npowunoro
ropa pykooautenb ®egepanbHoOR cnyxObl
Nno 3KONOrM4yeckomy, TEXHOMOTNYECKOMY W
aTtomHomy Hapgsopy KoHcTanTuH [lynukoB-
ckui BcTpetuncs B MockBe c npepcena-
TerneMm KoMuTeTa Mo MHOFOCTOPOHHEMY CO-
rnaleHnio eBponenckoro CoapyxecTtsa no
akkpeguTauun rocnoxon Fpo PognaHa. B
XOAe aTow BCTpeun rocnoxa Pognana gana
NONOXMUTENbHY OLeHKY AeATenbHOCTU No
akkpeguTauuMn, NpOBOAUMON  creuuanu-
crammn PocTexHapsopa, a Takke oTmeTuna
CyLlecTBYlOLME HEAOCTATKN, HAaNpumep He-
COBEePpLUEHCTBO METPOnornyeckon 6asbl akc-
nepTHbIX opraHnsauuin. B uenom xe pabota
no akkpeautauum 6bina ogobpeHa, u po
Poanana coobwmna, 4to Poccus nmeet Bce
LaHckl nognucatb cornaweHune ¢ EC no ak-
KpeauTaumm B bnnxanwem dyagyuiem.

B 2008 rogy Poccusi nnaHmpyeT BCTYNUTb
B BTO, a 3HauuT OTKpPbITb rpaHnLbl ANs UHO-
CTPaHHOW NPOAYKLUMU, TO €CTb BOMPOC KOH-
KyPEHTOCMOCOBHOCTN POCCUNCKUX TOBapoB
CTaHeT OOHMM U3 BaxHeWnwwmnx. bes peluenus
[AaHHoro Bonpoca Poccust He CMOXeT BbKUTb
Ha MWPOBOM pPbIHKE, €€ MPOMBbILLNIEHHOCTb
HE CMOXEeT ComnepHuYyaTb C MHOCTPaHHbIMU
KOHKYpeHTaMu, a Takoe MNomoxeHue BeLuewn
rpo3nT CTpaHe 3KOHOMWUYECKUM KPU3WCOM.
Mpoweawum netom 6bina npeanpuHaTa
ouyepefHas nonbiTka U3MEHWUTb U yNyYlWnTb
cucTemy akkpeguTaumun, Obin npeanoxeH
NPOEKT KOHLEenuMn hopMUPOBaHUS eOnHOWM
cuctembl akkpeguTaumm B Poccuiickon ®de-
Aepaunmn. HeobxoaMMoCTb Co3aaHNnsa eanHomn

CUCTEMbI BMECTO HECKOSbKMX, pasaeneHHbIX
no otpacnsm, obycrnoeneHa Tem, YTo pasge-
TieHVe MONTHOMOYUIA B YacTu akkpeguTauun
YCIOXHSIET MPOLECC MOATBEPXKAEHNS COOT-
BETCTBMS.

Ona obecneyeHnss p[oBepust noTpe-
butenen K kavecTBy TOoBapoB B Poccuun
6blna cosfaHa npoueaypa cepTudurKaLnm.
CyLHOCTb cepTMdUKauum cocTouT B Noa-
TBEPXAEHUM COOTBETCTBUSI ONpeaerieHHbIX
XapaKTepucTuK NpoAyKLUUM YyCTaHOBMEHHbIM
K HUM TpeboBaHMAM, NPOBOAUTCS OHA ynor-
HOMOYEHHbLIMU OpraHamu Mo cepTuduka-
uun. Ho He Bcerga npouenypa ceptuduka-
umm obecneunBaet Heobxoanmoe foBepue
K ee pesynbrataMm. OTO 0OYyCMOBMEHO TeM,
YTO KOMMETEHTHOCTbL OPraHoB, NPOBOASALLUX
cepTuduKaunto, Bbl3bIBAET COMHEHME Kak
y poccuicknx notpebutenen, Tak u y 3a-
py6exHbix. OpraHbl no ceptudukauum, a
Takke ucnbiTatenbHble nabopartopuu, Npo-
BoAsiLme Heobxoaumble B xoge ceptudu-
Kauuu UCMbITaHWUs, AOMKHbI YAOBINETBOPSATH
psagy ycnouii. OHM JOSMKHBI UIMETb KOMMe-
TEHTHbIA nepcoHan, Heobxogumoe ob6opy-
nosaHue 1 T.n. MNoTpebutenn omkHbl 6bITh
YBEPEHbI, YTO Y OpraHa no noaTBep>XaeHUo
COOTBETCTBUS MMETCA BO3MOXHOCTU AONs
npoBefeHusi Bcex HeobxoaMMbIX UCMbITAHUIA
n oueHok. lMpouenypa, yctaHaBnueatoLlas
npaBo OpraHu3aLuun Ha NoATBEPXKAEHME CO-
OTBETCTBUSI Ha3blBaeTCs akkpeanTaumen.

Ho, kK coxaneHuto, cyulecTBylollas B
Poccun cuctema akkpegutaumm He cnocob-
Ha obecneunTb goBepue K AesTENbHOCTM Mo
OLleHKe COOTBETCTBUS, CO3AaTb YCrOBUS AN
B3aWMHOIO MPU3HAHUS PEe3ynbTaToB CepTu-
durKkaumMm 3aMHTEpPecoBaHHbIMKU CTOPOHAMM
B pasHblX CTpaHax Mupa, obecneyntb pa.-
Hble U euHble YCINOBUS AOCTYyNa K AeaTerb-
HOCTU MO OLEHKe COOTBETCTBUS AOfs1 BCEX
opraHu3sauuii He3aBMCKMMO OT MX B3aUMOOT-
HOLLEHWA C aKKpeauTyloLen opraHusauu-
eln. Poccuinckaa cuctema akkpegutauum »

cofrac
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He nMpusHaeTcs B ApYrux cTpaHax, 4To, co-
OTBETCTBEHHO, MPWBHOCUT 3aTPyAHEHUS U
B NMpuU3HaHWe pesynbraToB cepTudukaumm,
NPoBOASALLENCS B CUCTEMAX, aKKpeaAUTOBaH-
Hbix B Poccun. [ins Toro 4tobbl M3MEHWUTbL
CMOXMBLUYIOCH CUTyauulo OTBETCTBEHHbIM
3a aKkpeguTauulo opraHam BnacTtu Heob-
X0AMMO OBHapyXuTb OWKNOKN B cUCTEME U
NPUHATL Mepbl MO UX UCMPAaBEHNIO.
Havbonee cyLiecTBEHHbIM HELOCTATKOM
OTHOCUTENMbHO EBPOMEeNCKNX CUCTEM akkpe-
OuTaummn SBnseTcs HeydavHoe pacnpenene-
HWe OTBETCTBEHHOCTU B POCCUINCKOW CUCTe-
me. lNpaBo Ha npoBeAeHWe akkpeauTauun
B obsA3aTenbHON cdepe nepepaHo dene-
panbHbIM OpraHam UCMOMHUTENbHOW BNacTy,
npuyem Kaxabli U3 HUX ycTaHaBNMBaeT CBOU
npasuna. OTo NPMBOAUT K TOMY, 4YTO He BCe
opraHbl No cepTudmMKaLmm 1 UcnblTaTenbHble
nabopaTopun MMeLT paBHbIE BO3MOXHOCTU
npu akkpeguTauuMum Ha npoBefeHve paboT
no noaTBepxaeHunto cootBeTcTBusl. OpraHbl
MCnonHMWTENbLHOW BNacTu Bnpase BbIOUpaTb
Te opraHusauuu, ¢ KOTOpbIMW UM yAobHee
COTPYAHWYaTb, COTPYAHUKN KOTOpbIX Bonee
ynpasnsembl. B cucteme pobposonbHoM
cepTudmKaumn akkpeauTyoT Ha nNpaso Npo-
BefileHnsi paboT No NoATBEPXKAEHMIO COOTBET-
CTBUS Te OpraHusaumu, KoTopble cosganv u
3aperncTpupoBanu cuctemy cepTuduKaumm.
OueBUOHO, YTO ANA HUX BBLIFOAHO MPOBO-
OVTb akkpeauTauuio Tex OpraHoB Mo CepTu-
dvKaumMm 1 ucnbiTatenbHbIX naboparopui,
KOTOpble 3aBUCKMbl OT aKKpeauTyloLen op-
raHM3auunm 1N NPUHOCAT el CBoen AesTerb-
HOCTbIO AOMNOMHUTENbHBIV Aoxod. Takve He-
BnaronpuaTHbIE YCNOBUS NPUBOAAT cenvac K
TOMY, 4TO 06pa3yoTCA CUCTEMbI, B KOTOPbIX
cepTudmumpyowne opraHusaunm 3aBuCAT
OT aKKpPeaWTYIOLLMX, YTO, B CBOK o4vepefb,
3aTpyAHSeT OLEHKY pesynbTaTMBHOCTU cep-
TUmKaumm n cHMxaeT ee aPPEKTUBHOCTb.

Ewe oauvH HegocTaTok CyLLECTBYHOLLETO
cefqac pacrnpefeneHus MosIHOMOYUA U oT-
BETCTBEHHOCTM B obnactu akkpegutauuu
— 3TO CO3[aHue U3NULLIHKMX TpeboBaHuin Ans
notpebutens. Kaxagbln ynonHOMOYEHHbIV Ha
npoBefeHne akkpeautaummn deaepanbHbii
opraH UCMOMHUTENBHON BNAcTU akkpeauTyeT
HEKOTOpOe KONMYecTBO OpraHoB MO CepTu-
dvKauum, KoTopble BbIgalOT paspelunTenb-
Hble [AOKyMeHTbl. Brniocnegctsum cospaetcst
CcuTyauus, korga npousBoauTeNy UNuU npo-
AaBLbl BbIHYXAEHbI norny4atb Heobxoanmble
ONst UX AesiTENbHOCTU JOKYMEHTbI B pasHbIX
opraHu3auusx, Hanpumep, OgMH W TOT Xe
npou3eBoanTenb MOXeT ObiTb 06s3aH nony-
untb ceptudumkar coorsetcTBus NOCT P u
cepTudumKkaT noxapHon GesonacHocTW, Bbl-
[aBaemMble pasHbIMU OpraHM3aunsMu, 4acto
Takke TpebyeTcsi nonyyYeHne caHUTapHO-3MNu-
[EeMUONOorMyeckoro  3akrnyeHuns, paspeLue-
Hns PocTexHagsopa Ha mpvMeHeHue u ap.
MonyyeHne Bcex HeOBXOAUMBIX OOKYMEHTOB
TpebyeT BpeMeHV W crneumanbHbIX 3HaHWN,
KOTOpble NOMOTyT pa3obpaTbCs B YCNOBUAX U
npasunax paboTbl C KaxaoW opraHvu3aumen,
paspelueHne koTopow TpebyeTcsa Ans ocy-
LecTBneHusa gesatenbHocTn. B eBponenckmx
cTpaHax 6onbluee pacnpocTpaHeHue mnory-
Ynn nogxod, NPU KOTOPOM 3a MNpoOBeAeHue
akKkpeauTaumm oTBevaeT onpeaeneHHas rocy-
[apCcTBEHHasi CTPYKTypa, KoTopasi 06beanHsi-
eT n cornacyet TpeboBaHUsi BCeX 3aunHTepe-
COBaHHbIX CTOPOH.

B Poccuiickoin Penepauun obuiee py-
KOBOACTBO akkpeautauuen Obino nopyde-
Ho B 1994 ropy locctaHpapty PO, Tenepsb
OHO HaxoguTcs B BefeHun depgeparnbHOro
areHTCTBa MO TEXHWYECKOMY perynuposa-
HUO 1 meTponorumn (PoctexperynmpoBaHnus),
KoTopoMmy 6binu nepepaHbl yHKumMn [oc-
cTaHpapTa. BeposiTHo, Bo3noxeHue Ha Po-
cTexperynmpoBaHue aTmx obsizaHHocTel, B
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luations. The procedure which validates an organization’s
rights to confirm compliance is called accreditation.

However the system of accreditation which exists in
Russia now is not capable of ensuring confidence in the
compliance evaluation activities, creating the environment
for mutual recognition of the certification results by the int-
erested parties of different countries in the world, ensuring
equal and uniform conditions of access to the compliance
evaluation activities for all the organizations irrespective of
their relationship with the accreditation organization. The
Russian accreditation system is not recognized in other
countries which correspondingly impedes recognition of
the certification results obtained in the systems accredited
in Russia. In order to change the current situation the aut-
horities responsible for certification need to identify errors
in the system and to take action to correct them. The most
essential drawback as compared to European accreditat-
ion systems is the unfortunate distribution of responsibility
in the Russian system. The rights to accredit in the obliga-
tory sphere have been delegated to the federal executive
bodies and each of them lay down their own rules. That
leads to a situation whereby not all the certification auth-
orities and the test laboratories enjoy equal opportunities
to accredit for the performance of compliance certification
work. The executive authorities are entitled to choose tho-
se organizations with which they find it more convenient to
cooperate and whose employees are more manageable.
In the voluntary certification system it is those organiza-
tions who accredit for the right to engage in compliance
certification work that have put in place and secured reg-
istration for their certification system. It is obvious that it is
beneficial for them to accredit those certification authoriti-
es and test laboratories which are dependent on the accr-
editation organization and generate additional revenue by
their operations. Such unfavorable environment causes
systems to be formed where the certification organizati-
ons depend on the accreditation ones which, in its turn,
makes it difficult to assess the efficiency of certification
and reduces its effectiveness. Another drawback inherent
in the current distribution of mandate and responsibilities
in the area of accreditation is the fact that more problems
are being created for the consumer. Every federal execu-
tive authority with accreditation powers accredits a certain
number of certification bodies which issue license docum-
ents. Subsequently a situation unfolds where manufactur-
ers or dealers have to obtain documents which they need
to operate their businesses from different organizations,
for example, the same manufacturer may be obligated to
secure a GOST R compliance certificate and fire safety
certificate issued by different organizations; also it is often
required to obtain the sanitary and epidemiological opini-
on, application license issued by Rustechnadzor, etc. To
get all the necessary documents is time-consuming and
requires special knowledge which would help to understa-
nd the conditions and rules by which one has to deal with
each organization whose license is needed to operate the
business. In European countries it is common for a certa-
in government agency to be responsible for accreditation
which incorporates and coordinates the requirements of
the interested parties.

In the Russian Federation in 1994 the overall oversi-
ght of the accreditation was assigned to the State Standa-
rds of the Russian Federation; it is now accountable to the
Federal Agency for Technical Regulation and Metrology
(Rustechregulation) to which the functions of the State St-
andards were delegated. It would probably be right to say
that to transfer these responsibilities to Rustechregulation
was a mistake. In terms of its status Rustechregulation is
below ministries and departments which it is supposed to
regulate; under such conditions regulation cannot be effe-
ctive by definition. It would make sense if Rustechregulati-
on were to be vested with supervisory functions while gov-
eming functions are to be vested in a separate department
whose position within the structure of governing bodies
would be consistent with the mission assigned to it.

Russia cannot settle for the existing situation where
in European and other countries the certification results
are not recognized and Russian accreditation is not tru-
sted. All this puts up additional barriers in Russia’s trade
relations. Therefore the Russian accreditation system ne-
eds to be reformed. In order to select ways of reforming
the national accreditation system it is worth getting familiar
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with other countries’ experience in the area of accreditati-
on, identifying their advantages and disadvantages, eval-
uating the possibility of using the experience accumulated
with a view to improving the Russian system.

In the U.K. there exists the U.K. Accreditation Serv-
ice (UKAS) which by consolidating the operations of the
National Service for Accreditation in the area of meas-
urements and the National Council for Accreditation of
the Certification Authorities forms a unified service for
accreditation of compliance certification authorities for pr-
oducts, systems, personnel, inspection organizations as
well as test laboratories. Subject to accreditation by UKAS
are the certification authorities for products and services,
certification authorities for quality management systems,
personnel, inspection organizations, laboratories involved
in testing, checking and calibration. UKAS issues decisi-
ons on accreditation which confirm the compliance of the
certification authorities as well as the testing and checking
laboratories with the international criteria which provide for
integrity, technical competence and effectiveness of the
methods employed. The experts of the certification aut-
horities accredited by the UKAS are allowed to evaluate
companies for compliance with the requirements of the
British Standards, European norms and ISO standards.

In France the principal accreditation body is the Fre-
nch Committee on Accreditation (COFRAC); it constitutes
an independent association which accredits the certifica-
tion authorities for products and services, quality systems
and personnel, inspection organizations, testing, checking
and calibration laboratories. COFRAC includes associati-
on members; the Board (and its Bureau); sectors concer-
ned with laboratories, certification authorities or manage-
ment systems and personnel, certification authorities for
products and services, inspection authorities; experts and
external evaluation experts. The association members
appoint members of the Board which performs coordin-
ation and governing functions; it is the Board that carries
out the accreditation. The management committees wh-
ich are part of the sectors make accreditation decisions.
Experts should possess specialist knowledge of specific
fields, they evaluate the competence of the employees of
the organization to be accredited, the compliance of the
activities pursued by them with the quality system. The
evaluation experts specialize in management systems of
all kinds.

In Germany accreditation is the responsibility of
the German Council for Accreditation (DAR) which was
founded in order to set up a unified accreditation sys-
tem in the country in the sphere regulated by law and
in the voluntary sphere which would be recognized at
the international level. The DAR itself is not concerned
with accreditation; it is authorized to coordinate the accr-
editation and recognition activities, to keep a centralized
national register for accreditation and recognition and
carry out representation functions at the international,
European and national organizations in the accreditat-
ion sphere. Decisions and standards developed by the
Council are the basis for the operation of the certification
authorities accredited by the DAR. DAR comprises both
the representatives of the field regulated by law and the
voluntary field. The decisions made by DAR are not bin-
ding; they are of recommendation nature, they cover the
DAR members working in this area. In the field regulated
by law the accreditation of the certification authorities
with different areas of competence are handled by the
Central authorities of the lands acting on the basis of
agreements with the lands as well as the accreditation
authorities which have been established as a result of
the requirements of the EC directives. In the field which
is not regulated by law there operates the Head Organi-
zation for Accreditation (TGA); it coordinates the work of
the independent bodies which handle the accreditation
in the voluntary field. TGA is also the only organization
in Germany which accredits the certification authorities
for quality systems and personnel validation authorities.
Part of the TGA are the authorities for accreditation of
the test laboratories, accreditation bodies for products
certification authorities, a body for accreditation of quality
systems, calibration service, the Cooperation Commis-
sion, the Commission for training experts, the Commi-
ssion for international cooperation, the Commission for
technical matters.

CEPTU®UKALIUA, CUCTEMA KAYECTBA

ObIno owmnbo4HbIM. o cTatycy PocTtexpery-
NMpoBaHNe HUXe MUHUCTEPCTB U BEAOMCTB,
ynpaBsrieHne KOTOpbIMWU eMy MOpYyYeHo; npu
TakMx YCMOBMAX YNpasBreHue MpocTo He
MOXeT OblTb pe3ynbTaTBHbIM. PocTexpery-
nupoBaHuio LienecoobpasHo 6bino H6bl nopy-
YNTb HaA30pHble PYHKLUK, @ ynpasnswoLme
— OTAeNbHOMY BEAOMCTBY, NMOMOXEHWNE KOTO-
poro B CTPYKType OpraHoB BMacTW COOTBET-
cTBOBaro 6bl BO3naraemblM MOSTHOMOYUSAM.

Poccuto He MoxeT ycTpauBaTb HacTto-
sillee NOMoXeHne, Koraa B €BPOMenckux un
APpYrMx cTpaHax He MpU3HalTCA pesynbra-
Tbl cepTudmkaumm, HeT JOBEpPUS K poCCui-
ckowi akkpeauTaumun. Bce aTo cospaet go-
nonHuTenbHble 6apbepbl B MeXAyHapOOHbIX
TOproBblx OTHOWeHuax Poccun. TMoatomy
pedopMmnpoBaHne POCCUINCKON CUCTEMbI
akkpeauTaumm Heobxogumo. [Ons Bbibopa
nyTn pedopMnUpoBaHNsa OTEYECTBEHHON CU-
CTeMbl akKkpeauTauum CTOUT 03HAKOMUTLCA
C OMbITOM APYruX CTPaH B obnacTu akkpeam-
Taumu, BbISIBUTb MX JOCTOMHCTBA, HegocTaT-
KW, OLEHUTb BO3MOXHOCTb UCMONb30BaHUSA
HaKOMMEHHOro OMnbiTa B LENAX yny4vleHuns
POCCUICKOW CUCTEMBI.

B BenvkobputaHum cywectByeT Cnyxba
akkpeautauum Benvkobputanum (UKAS), ko-
Topasi MyTeM KOHCONMuAauun OesTenbHOCTU
HaumonanbHoM cnyx0bl No akkpeautauun
B obnactn umamepeHun un HaumoHanbHoro
coBeTa MO akKpeauTauuu OpraHoB CepTu-
durkaunm obpasyeT eamHyto crnyx0y no ak-
KpeavTaumm opraHoB MOATBEPXAEHUS COOT-
BETCTBMSA NPOAYKLMWU, CUCTEM, nepcoHana,
MHCMNEKLUMOHHbIX OpraHu3auui, a Takke wuc-
nbiTateneHblx nabopartopun. ObbekTamu
akkpegutaumn UKAS aBnstoTcs opraHbl No
cepTndmKaLmm NpoayKUMN 1 YCnyr, opraHsbl
no cepTuduKaLmum CUCTeM MEHeIXXMeEHTa Ka-
YecTBa, nepcoHana, WHCMEKUMOHHbIX opra-
HM3auuin, nabopaTtopun, ocyLlecTBAsioLmMe
MCMbITaHWsA, NoBepKy u kannbposky. UKAS
BblJaeT pelueHns o6 akkpeguTauuu, KoTo-
pble MoATBEPXAAlOT COOTBETCTBME OPraHoB
no ceptTnudukaumm n ncnbiTaTenbHbIX U NO-
BEPOYHbIX nabopaTopuii MexayHapoAHbIM

CERTIFICATION

KpuUTepusiM, npegycMaTpuBalowyM LEenocT-
HOCTb, TEXHUYECKYyl0 KOMMETEHTHOCTb WU
[EeNCTBEHHOCTb  NPUMEHSIeMbIX  METOAO0B.
OkcnepTbl akkpeamToBaHHbIX UKAS opraHos
no ceptTudurKaLum MoryT NpoBOANTL OLIEHKY
KOMMaHW Ha cooTBeTcTBME TpeboBaHWAM
BGpuTaHCKNX CTaHAAPTOB, €BPOMENCKNX HOPM
n ctaHgapTos VICO.

Bo ®paHuun rnaBHbIM OpraHom Mo ak-
kpeautaumm aensietcsas Komutetr ®PpaHuun
no akkpegutauun (COFRAC), oH npeg-
cTaBnseT cobov HesaBUCUMYK accouma-
LMo, MPOBOASLLYIO aKKpeAnTaLuio opraHoB
no ceprudmkaymm NpoaykUUn n ycnyr, cu-
CTeM KayecTBa W nepcoHana, MHCMeKLUMOH-
Hble OpraHusauun, ucnbiTaTenbHble, NoBe-
pOYHble U KanuMbpoBoYHble nabopaTopuu.
COFRAC BkntovaeT B cebs 4neHoB acco-
umaumm; npaesnexme (u ero 6opo); cekTopa,
3aHMMatoLmecst nabopatopusiMu, opraHamm
no cepTudrKaLmMn CUCTEM MEHEeIXMEHTa U
nepcoHana, opraHamu no cepTudukalmn
nNpoayKUUM 1 YCryr, UHCNEKLUMOHHBbIMU Op-
raHamu; 9KCMepTOB U BHELUHUX IKCMepToB
no oueHke. YneHbl accouuauun HasHada-
10T YNEHOB MpaBfieHNs, KOTOPOE OCYLLEeCT-
BMSET KOOPAVHMPYKOLWWKNEe U ynpaensoLlime
MYHKLMN, MMEHHO npaBfieHne MpOBOAUT
akkpegutauumto. PykoBogsiime KOMUTETHI,
BXOASLLME B COCTaB CEKTOPOB, MpUHUMA-
10T pelleHns Mo akkpeauTauuu. OKCnepThbl
[OMKHbI obnagaTtb cneunanbHbIMU 3HAHWSA-
MW B KOHKPETHbIX 06MacTsx, OHW OLeHUBaloT
KOMMETEHTHOCTb pabOTHUKOB akkpeauTye-
MOW OpraHusauumn, cooTBETCTBME OCYLLEeCT-
BMAEMOW AesATEeNbHOCTM CUCTEME KayecTsa.
JKkcnepTbl NO OUEHKe ChneunanvanpyTcs
Ha cucTeMax ynpaBsfieHUsi BCeX BUAOB.

B TlepmaHun akkpeguTaumen 3aHuma-
erca Hemeukuin COBET MO  akKpeauTaumu
(DAR), KOTOpbI GbIN OCHOBaH Ans co3haHus
eVHOW CMCTeMbl aKKpeauTauun B CTpaHe B
perynvpyemol 3akoHopjaTenbHo U [ob6po-
BONMbHOW cdpepax, KoTopasi npu3HaBanacb
6bl Ha MexgyHapogHoM ypoBHe. Cam DAR
He 3aHMMaeTCst akKkpeauTaumen, Ha Hero Bos-
NOXeEHbl MOMHOMOYKSA MO KoopauHauun »
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CERTIFICATION

[eATeNbHOCTU MO akkpeauMTauum 1 npusHa-
HWIO, BEAEHWIO LIEeHTParbHOro HaLMoHarnbHo-
ro peectpa no akkpeguTauum u NnpusHaHu
1 npeacTaBuUTENbCKUE PYHKLNUM B MeXAyHa-
POAHbIX, EBPOMNENCKMX N HALMOHAMbHbBIX Op-
raHusaumsx B cdepe akkpegutauun. Pelue-
HWSA 1 cTaHOapThbl, pa3paboTaHHble COBETOM,
ABNSATCS OCHOBOW ANS AeATEenbHOCTU Op-
raHoB Nno cepTudmkaunm, akkpeanToBaHHbIX
B DAR. B coctas DAR BxoaaT npeacrasu-

TenW Kak 3aKoHOAAaTenbHO perynupyemon

obnactn, Tak n gobposonbHon. PelieHus,

npuHsTele DAR, He o6s13aTernbHbl, OHWM HOCAT
pekoMeHAaTemNbHbIA XapakTep, pacnpocrpa-

HatoTCA Ha yneHoB DAR, paboTatowmx B fto-

6o obnacTu.

B 3akoHopaTenbHO perynvpyemoi o06-
nacTu akkpeauTauui OpraHoB MO CepTu-
pukauum ¢ pasnmnyHbiMKM 06NacTsAMU KoMm-
neTeHLMN NPOBOAST LeHTparnbHble opraHbl
3emMenb, AEeWCTByOLME Ha OCHOBe corna-
LIEeHWU C 3eMNsIMU, a TakXke opraHbl No ak-
Kpegutauun, kotopble 6binu obGpasoBaHbl
BcneacTeue TpebdoBaHunii anpektus EC.

B 3akoHogaTenbHO Heperynupyemoi
obnactu cylwecTByeT TrofioBHasi OpraHu-
3auma no akkpegutaumm (TGA), oHa koop-
AvHUpyeT paboTy He3aBUCUMMbIX OpraHoB,
OCYLLECTBNALNX akkpeamTaumio B 4obpo-
BONMbHOW obrnactu. TGA Takke saBnseTcs
€[QVHCTBEHHOW opraHusaunen B MepmaHun,
KOTOpasi OCyLLeCTBNSAET akkpeauTauuio op-
raHoB Mo cepTudurKkaumm cuctem kadecTtsa
1 opraHoB no aTTtecTauuu nepcoHana. B co-
ctaB TGA BXoAaT opraHbl Mo akkpegutauum
ncnbiTatenbHbix nabopartopuii, opraHbl Mo
akkpeauMTauuyM opraHoB No ceptudukalun
npoayKuuu, opraH no akkpeamTaumm cuctemM
KayecTBa, cnyxba kanMbpoBKku, KOoMUCCUS
Nno COTpyAHWUYECTBY, KoMuccusi no obyuye-
HMIO 3KCNEePTOB, KOMUCCUS MO MexXAyHapos-
HOMY COTPYAHWYECTBY, KOMUCCUS MO TEXHU-
YeckMM BOMpocam.

Poccus  ctpemntcs ctate nonHonpas-
HbIM YIIEHOM MeXAyHapoaHOro coobLiecTsa
B 4aCTW aKKpeauTauum opraHusaumin no nog-
TBEPXXAEHWIO cooTBeTCTBUS. [ns goctuke-
HWUSI TAKOTO pesynbrara HYy>XHO NPOBECTU psig
pechopM B CyLLECTBYHOLLEN CUCTEME aKKpEaM-
Taumun. PoctexperynupoBaHue, OTBETCTBEH-
HOe 3a npoBedeHVe akKpeauTauMn OpraHoB
no cepTudmrKauum n mcnblTatenbHbIX nabo-
paTopuin (LEHTPOB), BbIMOMHSAOLWMX PaboThbl
Nno MOATBEPXOEHUO COOTBETCTBUSA, npen-
TNOXWUMNO HedaBHO MPOEKT KoHuenuuu dop-
MUPOBaHUSI eAVHON CUCTEeMbl akkpeauTauum
B Poccunckon ®epepaummn. Ota KoHuenuusi
pa3paboTaHa B COOTBETCTBUM C MOSIOXKEHUS-
Mu PepepanbHoro 3akoHa «O TEXHUYECKOM
perynupoBaHumn», B KOTOPOM YCTaHaBnuBa-
0TCS crieqyroLme NpUHLUMMbLI akkpeauTaumm:
* 0o6pOBONBHOCTb;

* OTKPbITOCTb M AOCTYNHOCTb NpaBWi ak-
KpeguTauuu;

* KOMMNETEHTHOCTb U HE3aBUCUMOCTb opra-
HOB, OCYLLECTBMASIOLINX aKKpegmTauuio;

* HegonyCTMMOCTb OFPaHUYEHNSI KOHKYpPEH-
LN 1 CO3[aHNst NPEenATCTBUMA B MOMb30-
BaHWW yCryramu opraHoB no cepTudumka-
LN U aKKpeaUTOBaHHbIX UCMbITaTENbHbIX
nabopartopuin (LeHTpoB);

* obecnevyeHne paBHbIX YCMNOBMK nuUaM,
NpeTeHAYLWMM Ha NonyyYeHne akkpeau-
Tauuu;

* HegonyCTMMOCTb COBMELLEHUS MONTHOMO-
UM Ha aKKpeauTauuio 1 NoATBEPXAeHne
COOTBETCTBMS;

* HegonycTMMOCTb YCTaHOBMEHWUs npefe-
NOB AeNcTBUSA [OKYMEHTOB 00 akkpeau-
Tauuy Ha OTAENbHbIX TEPPUTOPUSIX.

Kpome Toro, ons ycnewHoro npmuaHaHus
OTEeYeCTBEHHON CUCTEMbl akkpeguTauuu B
MUpe, HEOOXOAMMO y4YMTbIBaTb U MPUHLU-
Mbl, MEpPEeYUCrieHHble B MexXAyHapoOHbIX
OOKYMeHTax Mo akkpegutauuu. Hanpumep
Takue, Kak HeaonyCTUMOCTb YCTaHOBMEHMUS
npegenoB AeNCTBUMI [LOKYMEHTOB MO ak-
KpeauTauum Ha OTAENbHbIX TeppUTOPUSX;
obecnevyeHne opraHoM MO akkpeauTauun
cbanaHcupoBaHHOro  npeacTaBUTENbCTBA
3aMHTEPECOBaHHbIX CTOPOH; HanMune ogHo-
ro akKpeauTyoLLero opraHa B CTpaHe; Co3-
JaHue OpraHoB Mo akkpeguTauuu Ha bGase
HEKOMMEPYECKMUX OpraHusauuii npu noa-
OepXKKe MpaBUTENbCTBA.

Mpepnaraetca cosgate B Poccuiickon
dPefepauun eanHyo cucTeMmy akkpeguTta-
LN — COBOKYMHOCTb y4aCTHMKOB paboT no
akkpeauTauuu, BKMYas akKpeguTyroLwuia
opraH, 3asBuTeNnen akkpeauTauuu, opraHbl
no OLEeHKe COOTBETCTBUSA U IKCMEpPTOB MO
akkpeauMTauuu, a Takke 3akoHoAdaTerbHO-
npaBoBble M HOPMaTUBHbIE aKThbl, onpege-
ngawme npasuna v npouenypbl akkpeau-
Tauun. EpuHas cuctema akkpeguTauumun
OOIMKHA MPOBOANTb €AUHYI TEXHUYECKYHO
nonuTMKky B obnacTu akkpeautauumum opra-
HOB MO OLEHKe COOTBETCTBUS, obecrneyn-
BaTb paBHble U €AWHble YyCroBWs [OCTyna
K cucTemaMm OLEeHK/M COOTBETCTBUS, cO3aa-
BaTb YCMOBUSI ANS1 BXOXOEHUS CUCTEMbI B
MeXayHapoAdHble opraHusauuM u mexay-
HapoAHble CcornalleHns, MNoBbIlaTb KOM-
NETEHTHOCTb 3a CYET NMPUMEHEHUS €AMUHbIX
npaBun akkpeanTaumm.

CornacHo MOMOXeHWsM  MnpeasioXeH-
HOM KOHUenuuwn, pedOopMUPOBaHNE CO-
BPEMEHHOW CUCTEMbI akKpeauTauuun Lene-
coobpasHo NpoBOAUTbL MO3TanHo. ABTOPbI
KoHuenuun paspaboTtanu BapuaHT, npef-
nonaralwnn Tpu atana Co3haHus eanHomn
CUCTEMbI aKKpeanTaumm.

Ha nepBom aTtane npepnaraetcs co-
XpaHWTb  CYLLUECTBYIOLLYI WHMDPACTPYKTY-
py OpraHoB MO akkpeauTauum u cosgaTb
MEXBEOOMCTBEHHYIO KOMWCCUIO MO akKpe-
avTtauun, kotopas OyaeT Bkno4vaTh B cebs
npenctaBuMTeNen OpraHoB BRactu v obuie-
CTBEHHbIX OpraHu3aumin. Takxke MexBeaoM-
CTBEHHAsi KOMUCCUS AOMKHA NoaaepKmBaThb
CBSI3b MpaBUTENLCTBA U €QUHON KOMUCCUW,
KOOPAMHMPOBaTb [OEATENbHOCTb  OpraHoB
no akkpeguTaumu, paspabartbiBaTb NPOEKTbI
HOPMAaTUBHbIX [OOKYMEHTOB MO YCTaHOBIe-
HUIO eduHbIX MpaBun Mo akkpeauTauun B
P®, npegnaraTe Mepbl MO pa3BUTUIO eQUHON
CUCTEeMbI akkpegutauumn. Takke Ha NepBOM
aTane crnegyeTt co3gatb GLOPO MO akkpeau-
Tauumn, KoTopoe 3aHMManocb Obl BeaeHMeM
cekpeTapvaTa MeXBEeOOMCTBEHHOW KOMMUC-
CuK, NpeAcTaBreHMEM 3auHTEPEeCOBaHHbIM
CTOpOHaM MHcpopmauum B obnactu akkpe-
antauum (B Tom yncne ob akkpeguToBaHHbIX
obbekTax), opraHusaumen u npoBegeHUEM
COBMECTHO C ApYrvMWU OpraHamu Mo akkpe-
antauun paspaboTkym HOPMATMBHbLIX AOKY-
MEHTOB, yCTaHaBMMBaKOLWNX eanHble npaBu-
na no akkpegutauuu Ons yTeepxaeHus b
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Russia is striving to become a full member of the in-
ternational community in terms of accreditation of the co-
mpliance certification organizations. To achieve this result
a number of reforms need to be carried out in the existing
accreditation system. Rustechregulation, who is in charge
of accrediting the certification authorities and the test labo-
ratories (centers) doing compliance certification work, has
recently come up with a draft Concept for establishment of
a uniform accreditation system in the Russian Federation.
This Concept has been worked out in line with the provis-
ions of the Federal law «On Technical Regulation» which
stipulates the following accreditation principles:

« voluntary principle;

« openness and accessibility of accreditation rules;

» competence and independence of the authorities
who handle accreditation;

* unacceptability of restrictions on competition and
interference with the use of services provided by ce-
rtification authorities and accredited test laboratories
(centers);

« providing equal conditions for the persons claiming
accreditation;

* unacceptability of combining the accreditation man-
date and the mandate for compliance certification;

* unacceptability of confining the operating validity of
the accreditation documents to certain territories.

Apart from that, for the national accreditation system
to be successfully recognized worldwide, one also has to
take into consideration the principles set forth in the inte-
mational documents on accreditation. For example, such
as the unacceptability of confining the operating validity of
the accreditation documents to certain territories; making
sure that the accreditation authority represents the intere-
sted parties in balanced manner; existence of a single ac-
crediting authority in the country; setting up accreditation
authorities based on non-commercial organizations with
the Government’s support.

It is proposed that a Single Accreditation System be
established in the Russian Federation — a set of participa-
nts in the accreditation activities including the accrediting
body, accreditation applicants, compliance evaluation au-
thorities and experts in accreditation as well as legislative
and legal as well as normative acts laying down the rules
and accreditation procedures. One single accreditation
system is to steer a uniform technical policy in the area
of accrediting the compliance evaluation authorities, to
ensure equal and uniform conditions for access to the co-
mpliance evaluation systems, to procure that the system
is accepted into the international organizations and inter-
national agreements, to improve competence through the
use of uniform accreditation rules.

According to the provisions of the proposed Concept
it would be practical to reform the accreditation system st-
age by stage. The authors of the Concept have elaborated
an option which contemplates three phases in the creation
of the Single Accreditation System.

At the initial stage it is anticipated that the existing inf-
rastructure of the accreditation authorities is to be retained
and an Inter-Departmental Accreditation Commission is to
be formed which would incorporate representatives of the
govemnment authorities and the public organizations. Also
the Inter-Departmental Commission needs to maintain li-
nks with the Government and the Single Commission, to
coordinate the activities of the accreditation authorities, to
prepare drafts of the normative documents to make co-
mmon accreditation rules in the Russian Federation, to
propose measures aimed at developing the Single Accre-
ditation System. Also at the initial stage it is required to org-
anize an Accreditation Bureau which would function as the
secretariat of the Inter-Departmental Commission, would
furnish to the interested parties the information relevant to
accreditation (including the information about accredited
bodies), would organize and engage, together with oth-
er accreditation bodies, in the development of normative
documents laying down uniform rules on accreditation for
their approval by the Government of the Russian Fede-
ration. The uniform rules on accreditation devised at this
stage must be harmonized with the international rules.

At the second stage of establishing the Single Ac-
creditation System the Accreditation Bureau will need to
create a unified register of accreditation experts and ac-
credited bodies.
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At the third stage on the basis of a non-commerc-
ial non-government organization recommended by the
Inter-Departmental Commission, one single national ac-
creditation authority is to be established. In this connect-
ion, accreditation is removed from the supervision of the
Federal executive authorities. The Single accreditation
system will involve:

« Single national body for accreditation which would
organize accreditation of the compliance evaluation
authorities. Also the National accreditation body would
represent Russia in international organizations and take
part in international agreements on accreditation matte-
rs, form the accreditation council consisting of the repr-
esentatives from the interested parties with mandatory
participation of the representatives of the government of
the Russian Federation;

« The Council for accreditation would accept recomme-
ndations regarding improvement of the activities of the
National body for accreditation from the organizations
representing the interests of manufacturers, consumers,
the state, certification authorities, laboratories and other
interested parties;

« Compliance evaluation bodies.

The authors of the Concept also propose that the
Federal law «On Technical Regulation» should be ame-
nded. This has something to do with the fact that under
the provisions of the Concept, accreditation is a necess-
ary but insufficient condition allowing an organization to
pursue compliance certification in the mandatory sphere.
Therefore, the Federal law «On Technical Regulation»
should be added to with the clauses that would regulate
the procedure of authorizing the certification bodies and
laboratories to carry out mandatory certification in the
Russian Federation.

The proposed draft of the Concept was under ac-
tive discussion by the interested organizations, many
of those gave their opinion of the text of the Concept,
offered their changes and comments. That resulted in
many diverse opinions. Some of them dealt with only
a few inaccuracies in the language and endorsed the
Concept as a whole, others totally rejected both certa-
in provisions and the draft at large. However, one can
isolate certain observations made by the majority of the
organizations who expressed their thoughts with regard
to the draft Concept both in support of it and otherwise.
Virtually everyone spoke against the introduction of the
authorization procedure, arguing that such a procedu-
re would only complicate and confuse the compliance
certification of products, services and quality system as
well as would give an unfair advantage to the authorized
accredited organizations over those which are accredit-
ed but not authorized. Also many proposals were made
regarding the changing of the normative framework
—some omitted documents on accreditation harmonized
with the international ones should be added to it; many
also pointed out the irrelevance of the normative docu-
ments mentioned, specifically speaking, GOST R I1SO/
MEK 17025-2000 «General Requirements Applicable to
the Competence of the Testing and Calibration Labora-
tories» had already been superceded by the GOST R
ISO/MEK 17025-2006 Standard. Also many questions
were posed to the developers of the Concept relating to
the structure of the accreditation system, the number of
accreditation bodies, transfer of powers at the end of the
transition period.

Having examined the feedback from the interested
organizations one can conclude that the proposed Con-
cept cannot tackle the problems existing in the sphere of
accreditation. Though the goals pursued by its adoption
are obviously correct, however the proposed methods
are not capable of making sure that these goals are ac-
hieved. Even without drawing conclusions regarding the
justice of the draft Concept provisions, it may be noted
that many aspects of the Concept implementation have
not been thoroughly thought through, not enough cons-
ideration is being given to the time frame for implement-
ation and the financing issues, to the normative support
of the anticipated activities and the terminology used. Itis
entirely possible that in the near future a new draft Con-
cept will be presented, as, given the number of comme-
nts and contents of these comments, it is not believed to
make much sense to refine the existing document.

CEPTU®UKALIUA, CUCTEMA KAYECTBA

nx MpaButenbctBoM P®. PaspabaTbiBaemble

Ha AaHHOM 3Tane eAviHble NpaBuia no akkpe-

AVTauMn JOMKHbl BbITb rAPMOHMU3NPOBaHbI C

MeXayHapOLAHbIMU.

Ha BTOopom 3aTane cosgaHus eguHoun
cucTeMbl akkpeauTauuym Olopo Mo akkpe-
AVTauumM AOMKHO co3daTth €AUHbIA peecTp
3KCMepTOB MO aKKpeAuTauum U akkpeauTo-
BaHHbIX 0O BLEKTOB.

Ha TpeTbem aTane Ha 6a3e HekoMMmep-
YeCKoW HenpaBWUTENbCTBEHHOW OpraHu3a-
LUK No pekoMeHAaumMm MexBeJOMCTBEHHOM
KoMUCCUM COo3[aeTCA eAUHbIA HauuoHanb-
HbIi opraH no akkpegutauun. B cBsA3n c
3TUM aKKpeAanTaLms BbIBOAUTCA U3 BeeHUs
denepanbHbIX OpPraHoB WCMOMHUTENbHON
BnacTu. B eauHyto cuctemy akkpeautaumu
OyneT BXoauTb:

* eOWHbIA HauMOoHanbHbIN OpraH no ak-
KpeauTauun, KOTopbli W OyaeT 3aHu-
MaTbCA OpraHu3auven u npoBedeHneM
aKkkpeauTauMm opraHoB MO OLEHKe COoOoT-
BETCTBMA. Takke HauMOoHanbHbIA OpraH
no akkpegutauum Oyaet npenctaBnsaTb
Poccuto B MexayHapoaHbIX oOpraHusa-
UMSX U yvacTBOBaTb B MeXAYHapOAHbIX
cornaileHusx no BoMpocam akkpeauTa-
uun, cosgaBaTb COBET MO akkpeauTauum
13 npeacTaBuTenen 3anHTepecoBaHHbIX
CTOPOH C 0b6sA3aTenbHbIM y4acTuem npea-
ctaButenen MNpasutenscrtea P®;

* COBeT MO akkpeauTauuu MpUHUMaEeT pe-
KOMeHAauum no COBEpLUEHCTBOBaHMIO
0eATeNnbHOCTN  HaLMOHaNbLHOrO opraHa
Nno akkpeauTauum oT opraHv3auuii, npea-
CTaBMnSALWNX UHTEPECHI NPOU3BOANTENEN,
notpebuTtenen, rocyaapcTea, opraHoB Mo
cepTudmkaumm, nabopatopun u Opyrux
3auHTEePeCOBaHHbIX CTOPOH;

* OpraHbl MO OLEHKEe COOTBETCTBUS.

Takxke aBTOpamMu KOHLeNuMn npeanara-
eTCsl BHECTU U3MEHeHUS B efiepanbHbIi 3a-
KOH «O TEXHUYECKOM perynupoBaHum». 3To
CBSI3@HO C TeM, YTO, COrMacHO MOMOXEHUSIM
KOHLenummn, akkpeamTaumsa — Heobxoammoe,
HO HeJoCTaToO4YHOE ycroBuve, No3sonsioLiee
opraHu3auuy 3aHMMaTbCA MNOATBEPXKAEHU-
eM COOTBEeTCTBMS B obsizaTenbHou cdepe.
Moatomy B ®3 «O TEeXHUYECKOM perynmpo-
BaHWW» criefyeT BHECTMW MYHKTbI, pernamMmeH-
TVpyloLWme npoueaypy YMNONHOMOYMBaHUS
opraHoB no ceptudukauum n naboparopumn
Ha npoBefeHWe obsi3aTenbHoON cepTudmka-
ummn B Poccunckon ®egepaunn.

[peanoXxeHHbIN NPOEKT KOHUEeNUUN ak-
TMBHO o06Cyxpancs 3avHTepecoBaHHbIMMW
opraHvsaunsaMmn, MHOTMe U3 HMUX Bbickasanu
CBOE MHEeHWEe OTHOCUTENbHO TeKCTa KOH-
uenuuu, Npeanoxunmn CBOU M3MEHEHUS U

CERTIFICATION

3ameyaHus. B nrtore 6b1n10 BbIHECEHO MHO-
XKEeCTBO pasnuyHbIX 3aknoyveHnin. YacTte 3
HUX Kacanacb NULLb HEKOTOPbIX HETOYHO-
cTen B hopmMynupoBkax, ogHU ogobpsanu
KOHUenuuio B Lenom, Apyrue mnosHOCTbio
oTBepranu Kak oTAernbHble MOMOXeHUs, TaK
1 NPOEKT B NpuUHLMNE.

OpHako MOXHO BbIAENUTb HeKOoTopble
3aMeyaHusi, oTMeYeHHble BONbLINHCTBOM Op-
raHu3aLuii, BbICKa3aBLUMX CBOE OTHOLLUEHUE K
NMPOEKTY KOHLeNUWK, Kak MOALEepXUBaoLLMX
Tak U He noppepxwusatowmx ero. [Npaktu-
Yecku BCe BbICKa3anucb MNpOTVMB BBeAEHUs!
npoueaypbl «yrnofIHOMOYMBAHUS», aprymMeH-
TMpOBaB 3TO TeM, YTO AaHHas npoueaypa
OyneT TOMNbKO YCMOXHATL M 3anyTbiBaTb NoA-
TBEPXAEHNEe COOTBETCTBUSA NPOAYKLMN, YCryr
1 CUCTEM KayecTBa, a Takke cosgacT Heobo-
CHOBaHHOE MPenMyLLECTBO YNOMHOMOYEHHbIX
aKKpeaWTOBaHHbIX OpraHusauun nepep ak-
KPeAMTOBaHHBIMW, HO HE YMONTHOMOYEHHBLIMU.
Takke MOCTYNWNO MHOMO MPEANOXEHUA OT-
HOCUTENbHO M3MEHeHUsi HopMaTuBHOW 6a3bl
— B Hee Hy>XHO BHECTW HEKOTOpble Heynoms-
HyTble JOKYMEHTbI MO akKpeauTauum, rapMmo-
HW3NPOBaHHbIE C MEXAYHaPOAHBIMU, MHOTVE
OTMETUNM TaKke HeaKTyarnbHOCTb YKa3aHHbIX
HOPMaTMBHbIX [OKYMEHTOB, B 4aCTHOCTU
OCT P UCO/M3K 17025-2000 «Ob6Lwue Tpe-
60BaHUsi K KOMMETEHTHOCTU MCMbITATENbHbIX
1N KanubpoBouyHbIX nabopatopuiy, ykasaH-
HbI B KOHLIENLMK, YXXe 3aMEeHeH Ha cTanaapT
FOCT P MCO/M3K 17025-2006. Takke MHOro
BONPOCOB ObINo 3a4aHo pa3paboTymkam KoH-
Lenuunm OTHOCUTENbHO CTPYKTYpbl CUCTEMbI
akkpeauTaumm, KONMMYecTBa OpPraHoB MO ak-
KpeguTaumu, nepegayn NoHOMOUMIA MO OKOH-
YaHUW NepEexofHOro Neproaa.

M3y4ynB OT3bIBbI 3aMHTEPECOBAHHbIX
opraHu3auuii, MOXHO CAenaTb BbIBO, YTO
npeanoXeHHas KOHLUENUUS He MOXeT pe-
LWNTb CcyLecTBylolWmMe B chepe akkpeauTa-
umMm npobnembl. XOTA Uenu ee NpUHATUS,
6e3ycnoBHO, BEPHbI, HO NPeanoXeHHbIe Me-
ToAbl He CMOCO6HBI 06eCnevYnTb X [OCTUXKE-
Hue. [laxe He Aenas BbIBOAOB OTHOCUTEMb-
HO CnpaBeanMBOCTY TMOMOXEHWI MpoekTa
KOHLENUMN, MOXHO 3aMeTWUTb, YTO MHOrue
MOMEHTbI peanusauum KoHLenuum HegocTa-
TOYHO MoApobHO npopaboTaHbl, Mano BHU-
MaHus yaenseTcd cpokam peanusauun u
npobnemam UHAHCUPOBAHUSA, HOPMAaTUB-
HoMy obecrneyeHuto npeanonaraemon fes-
TENbHOCTU N NPUMEHAEMON TEPMUHONOTUN.
BeposaTHo, B Gnwxanwem 6yayuiem 6Gyget
BbIBMHYT HOBbI MPOEKT KOHLEeNLuK, Tak Kak,
yuYnTbIBAs KOMUYECTBO W CyTb 3aMeyaHwuw,
nopaboTka CyLecTByOLWEro AOKYMeHTa He
npeacTaBnseTcs LenecoobpasHoii. m

Aa)xe He Aenaf BbIBOAOB OTHOCHUTEAbHO
cnpaBeAAMBOCTH NMOAOXKEHUHN NpoeKTa
KOHUEeNnuuM, MOXXHO 3aMeTHUTb, UTO MHOr1e
MOMEHTbl peaAn3aLumn KOHLENUUU HEAOCTATOUHO
noApo6bHO npopaboTaHbl, MAAO BHUMAHUS
YAEASIETCA CPpOKaM peaAnsaumun u npobaemam
dUHaAHCUpPOBAHUSA, HOPMATMBHOMY obecrneyeHuto
npeAnoAaraeMon AeATEAbHOCTU U MPUMEHAEMOMN

TEPMWNHOAOTUN
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NPOEKTUPOBAHUE, PASPABOTKA MECTOPOXOEHUN
PROJECT ENGINEERING, DEVELOPING

LLmbiroBckui MBaH MetpoBuy —
reHepanbHbIN AUPEKTOP.

3akoHuun JIbBOBCKMI NONUTEXHUYECKUIA
MHCTUTYT B 1973 1., TIOMEHCKUM
MHAYCTpUanbHbIN UHCTUTYT B 1986 T.

Cneunanuctamu  [OKIM  BbinonHsetcs
BeCb 06beM MOArOTOBUTENbHBIX U NMPOEKTHO-
nsblckaTtenbcknux paboT, HaunHasa oT yyacTus
B MOArOTOBKE TEXHUYECKUX 3afaHunii Ha Npo-
eKTMpoBaHue, cbopa WCXOAHbIX [AaHHbIX,
3aKIoYeHUst oroBopa M 3akaHumBas nony-
YeHVeM MOMNOXUTENbHOTO 3aKIYEHUs rocy-
[apCTBEHHOW 3KCMepTU3bl MPOEKTOB U WUH-
XEHEepHbIX U3biCkaHui. bonbloe BHUMaHWe
yaensieTcst NpefnpoekTHON Noarotoske 06b-
eKTOB, Mpeanonarawpwen He Tonbko cbop
NCXOAHbIX AAHHbIX ANs NMPOeKTUPOBaHWUA ©
3anpoc TexHuyeckux ycnosuin. B npepnpo-
€KTHbIN Nepuoa BeAeTCs MroTHas COBMECT-
Has paboTa u3bickaTenen, TEXHOMOTOB W
3KOIOroB, YTO OLLYyTUMO NOBbLILLIAET Ka4eCTBO
VNHXEHEPHbIX U3bICKAHUIA U YMeHbLUaeT Bpe-
MSl Ha MPUHSATME NPOEKTHbIX pelleHun. UH-
)XeHepHble M3bICKaHWSA BbIMOSHATCSA ONbIT-
HbIMU creuvanucTammn oTaena VHXeHEepHbIX
N3bICKaHUA. IHCTUTYT MMEET CBOI UHXEHep-
HO-M3blCKaTeNbCKyto 6a3y, OCHaLLeHHYy Co-
BpeMeHHbIM 060pyaoBaHMEM AN BbIMOSHE-
HWS NOneBbIX reoAe3nYecknX, reonormyeckmnx
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3Kcno3nuua

Bonblias gons ycnyr MHCTUTYTa NPUXOAUTCS Ha pa3paboTKy NpoeKToB oGycTponcTBa
He(dTAHbIX MECTOPOXAEHWUW, BbINOMHAEMbIX AenapTaMeHTOM KOMMIeKCHOro MpoeKTu-
poBaHus. MUHCTUTYT BnageeT NULIEH3USIMU Ha BCe BUAbI NPOEKTUPOBaHUA 06HEKTOB He-
cdhTenobbiumn, B Tom umcne takux, kak HC, KHC, YINCB, yctaHOBKM NoArotoBku Hed Ty,
3HepreTMyeckme o6bekTbl. CneumanucTbl genapTaMeHTa KOMMIIEKCHOro MpOeKTUpo-
BaHusi OO0 «lOraHckHUMU» nmetoT He TONMBbKO GOMBLUOW ONLIT MPOEKTUPOBAHUSA, HO U
onbIT paboTbl HENOCPEACTBEHHO B CUCTEME NMOArOTOBKM MH(ppacTpyKTypbl HedhTeno06bI-

uum, npOMSBOﬂCTBeHHbIﬁ onbIT.

JAEIIAPTAMEHT
KOMIUVIEKCHOI'O

INPOEKTHPOBAHHUA
IOTAHCKHHIIA

.H. NTOXXUOAEBA
KOraHckHUTMA

paboT, 06paboTkM AaHHbIX MHXEHEPHbIX W3-
biCkaHui. B coctaBe oTgena ectb nabopa-
TOpUSt Ansl ONpeAeneHust XapaKTepUCTUK 13-
bICKMBaEMbIX IPYHTOB.

[Mommmo 3TOro AenapTaMeHT KOMMIEKCHO-
ro NPOEKTUPOBaHUS 3aHUMaETCst 0POPMITEHN-
€M U corracoBaHneM JOKYMEHTOB Mo Bblbopy
3eMeSbHbIX Y4aCTKOB.

PervioH pesTenbHOCTM — B OCHOBHOM
TiomeHckasi obnactb, XaHTbl-MaHcuiickui
aBTOHOMHbIN OKpyr. OCHOBHbIMK 3aka3uyunka-
mu siensatotes: OO0 «PH-KOraHckHedTerasy,
OAO «CnaBHetTb-MernoHHedTeras», OO0
«CypryTrasnpom», komnanus «Kanbavikan
Pesopcec UHk», OAO «O6bHedTerasreono-
sy n apyrue.

KonnektnB aenaptameHTa KOMMJIEKCHO-
ro NMpOeKTUPOBaHUsSi ycreLwHo obecrneyvBaeTt
BbIMNOMHEHNE MHXXEHEPHbIX M3bICKaHWIA U Mpo-
eKTUpOBaHMEe nog OObEeKTbl  KanuTarbHOro
CTPOUTENbCTBA, PEKOHCTPYKUMM U KanuTarb-
HOrO PEMOHTA, a TaKKe NPOEeKTHble paboTbl Ha
CTPOUTENLCTBO Pa3BefoYHbIX M AKCMyaTaum-
OHHbIX CKBaXWH. B>

®oto 1. lenapTamMeHT KOMMNNEKCHOro NPOeKTUPOBaHUA

3aM.reH.JupekKkTopa no NpoeKkTnpoBaHUO

r. HedpretoraHck

DEPARTMENT FOR PACKAGE PROJECT
ENGINEERING, YUGANSK RESEARCH AND
PROJECT ENGINEERING INSTITUTE

A large portion of the services rendered by the
Institute lie in the area of developing projects for
oil field construction handled by the Department
for Package Project Engineering. The Institute
holds licenses for all the types of engineering for
oil production projects such as Booster Pipeline
Pumping Stations, Group Pumping Stations,
Preliminary Water Gathering Units, Oil Preparation
Units, Utilities. The professionals of the Department
forPackage Project Engineering, «Yugansk Research
and Project Engineering Institute» LLC do not only
have vast experience in project engineering but are
also experienced in operating directly in the system
of preparing the oil production infrastructure, having
hands-on experience.

The professionals of the Department for Package
Project Engineering do a full range of preparatory,
projects and exploration work, starting from
participation in preparing technical assignments for
project engineering, acquiring input data, concluding
agreements and ending up with securing acceptance
by the government regulatory authorities when they
scrutinize the projects and engineering studies. Great
consideration is given to pre-project preparation of the
facilities which does not only involve collection of input
data for project engineering and request for technical
specifications. During the pre-project period hard work
is done jointly by explorers, process technicians and
environment experts which considerably upgrades
the quality of engineering studies and cuts back on
the time taken to make project decisions. Engineering
studies are pursued by experienced engineers of the
engineering studies section. The Institute has its own
engineering studies facilities featuring state-of-the
art equipment allowing field geodesy and geological
operations to be performed and the data of the
engineering studies to be processed. A laboratory
designed to determine the characteristics of the
researched soils is part of this section. Apart from
that, the department for package project engineering
is concerned with both execution and coordination of
documents on selection of plots of land.

The area of operations is mainly the Tyumen
Region, the Khanty-Mansi Autonomous Territory. The
key customers are: «RN-Yuganskneftegas» LLC,
JSC «Slavneft-Megionneftegas», «Surgutgasprom»
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LLC, the «KanBaikal Resources Inc.» Company, JSC
«Obneftegasgeology» and others. The employees of the
department for package project engineering successfully
ensure performance of engineering studies and the
project engineering for capital construction projects,
reconstruction and overhaul as well as projects planning
for construction of exploration and production wells.

During the period between 2001 and 2007, for
instance, more than 2000 km of pipelines have been
engineered, such projects have been developed as
«Construction of the Entelskaya Site» using new
technologies of oil production and transportation,
«Construction of the Well Cluster in the Shirokovskaya
Site of the East Surgut Oil Field», a pilot operation project
has been worked out for the West Ust-Balykskoe Oil
Field», «Pipeline Overhaul of «RN-Yuganskneftegas»
LLC, «Construction of Untygeyskoe and Kulunskoe
Oil Fields», «Complex of Facilities in the Ob River Oil
Field», «Training Center in the City of Nefteyugansk»,
«Reconstruction of RN-Yuganskneftegas»  LLC
Pipelines, the project for construction of horizontal
wells and others. The Department is working hard to
establish business links and partnership ties both with
customers and other projects organizations in Moscow,
Ufa, Tyumen and Surgut. Between 2006 and 2007 the
Department for Package Project Engineering, working
together with the C-Soft Company, has been putting in
place a CAD system which, given further upgrades, will
enable the projects documentation to be processed in
greater volume and at a faster speed.

Special priority is being given to the development of
the department, to equipping it with modern computer as
well as copying machines, to organizing projects work,
to raising the level of its employees’ technical knowledge
and to introducing cutting edge project engineering
technologies. Our engineers are regular participants in
seminars and workshops dedicated to development and
introduction of new regulatory documents which makes it
possible for them to efficiently respond to changes in the
normative framework.

Another important activity in the projects handled
by the department is project budgeting documentation
respecting construction of wells. This section is headed
by VICTOR ALEXANDROVICH ERMAKOV, a most
experienced and knowledgeable engineer. The team
works over zonal and group projects for construction
of exploration and production wells including inclined
ones with bottom displacement of up to 2300 m.
Schedules for project engineering, preparatory work
and construction of wells have been elaborated for the
oil fields of JSC «Yuganskneftegas». And that was done
using environmental friendly drilling technologies. The
engineers of the section took part in the scientific and
practical conference sponsored by «Burenie» Scientific
and Production Association by contributing a talk on
the subject of «Experience in Constructing Wells with
Hole Nominal Diameter of 215.9 mm and the Casing
String of 177.8 mm at JSC «Yuganskneftegas». Such
wells were designed specially for the Ob River Oil Field.
Incidentally, due to the fact that increased hole diameter
was avoided — and all this had to be justified, proved
and agreed — the saving on each well amounted to no
less than 1.5 million Roubles. When calculated for the
total number of wells in the Ob River Qil Field, this came
up to a fairly handsome amount.

The research and engineering potential of the
department is growing from year to year. Engineers
with top University degrees in engineering, work for
the department. The environmental and industrial
safety sector is headed by V.V. FOMENKO, PhD,
Chemistry, Chief Ecologist. Under his supervision the
rules for construction of multiple well platforms in water
conservation areas were developed.

The expertise and experience built up over the
years, the quality of the projects implemented, the
efficiency of such implementation have earned the
Institute a generally good reputation in the region. And
today its team of employees are in a position to do work
not only for «Yuganskneftegas» LLC but also for other
oil companies in Western Siberia. This helps generate
additional cash to spend on equipment upgrades and to
purchase new software products.

NMPOEKTUPOBAHME, PASPABOTKA MECTOPOXAEHUN
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PROJECT ENGINEERING, DEVELOPING

®oto 2 Pusmko-xummnyeckas naéopartopusa KOHUMAU

B uactHocTu 3a nepuwog ¢ 2001 roga no
2007 rog 3anpoektvpoBaHo 6Gonee 2000 km
Tpy6onpoBoAoB, paspaboTaHbl Takue NPOeKTbI,
kak «OByCTpPOMCTBO OHTENbCKOW MrioLaam» ¢
NPUMEHEHNEM HOBbIX TEXHOMOMMA [00bIYM ©
TpaHcrnopta HedT, «OByCTPOWNCTBO KYyCTOB
ckBaxuH LLnpokosckon nnowagn BocToyHo-
CypryTckoro MecTopoxaeHusi», paspabortaH
NpoeKT NpobHoI akcnnyataummn 3anagHo-YCTb-
Banblikckoro mectopoxaeHusi, «KanutanbHbin
peMoHT Tpy6onpoeogos OOO «PH-tHOrak-
ckHedpTerad», «OBYCTPOMCTBO YHTbIrecKoro
n KynyHckoro mectopoxaeHuny, «Komnnekc
6a3 Ha [Npuobckom MecTopoXxaeHumy, «Y4eb-
HO-TPEHMHIOBbLIN LEHTP B . HedbTetoraHckey,
«PekoHcTpykumsa Tpybonposogos OO0 «PH-
HOraHckHedbTerasy», NPOEKT Ha CTPOUTENBLCTBO
FOPU30OHTArbHbIX CKBaXWH U ApYyrue.

[enaptameHToM Bepetcs Gonblias pa-
00Ta Mo HamnaXvBaHWIO 4EnoBbiX B3aMMOOT-
HOLLEHWI 1 NapTHEPCTBA KakK C 3aKa3dymkamu,
TaK 1 C APYrMMM MPOEKTHLIMW OpraHn3aumsaMm
Mocksebl, Ybl, Tromenn n CypryTa.

B 2006-2007r.r. 8 K coBmecTHO ¢ chump-
Mot «Cun-CodpbT» BHeLpsieTcss cuctema aBTo-
mMaTuavpoBaHHoro npoektuposanus (CAMP),
4YTO NpW JanbHeWleM pasBuUTUM MO3BONUT
yBeNMunTb 0O6bEM UK CKOPOCTb pa3paboTku
NPOEKTHOW JOKYMEHTaLMN.

Ocoboe BHUMaHWe yaensietcs pasBu-
TWIO AenapTaMeHTa, OCHaLLEHNIO ero coBpe-
MEHHOWN BbIYUCIIUTENBHON U KOMMPOBAsbHO-
MHOXWTENbHON  TEXHWKOW,  OpraHusauuu

MPOEKTHbIX

pabor,
TEXHUYECKUX 3HAHWNA COTPYOHWKOB U BHE-
OPEHVIO MEpPEenoBbIX TEXHOMOMM MPOEKTU-

NOBbILLEHUID  YPOBHA

poBaHus. Haww cneumanuctbl SBNSHOTCH
MOCTOSIHHBIMY y4aCTHUKaMy CEMUHApPOB, Mo-
CBSILLEEHHBIX pa3paboTke U BHEAPEHUIO HOBbIX
HOPMaTMBHbIX [JOKYMEHTOB, YTO MO3BOMNseT
OonepaTVBHO pearMpoBaTb Ha W3MEHeHus
HopmaTMBHOM 6a3bl.

[pyroe BaxxHOe HanpaBrieHne NPOEeKTHbIX
paboT, NPoBOAUMBIX AenapTaMeHTOM, — Npo-
€KTHO-CMETHasi [OKyMeHTauusi Ha CTpou-
TENMbCTBO CKBaXWH, OTOT OTAEN BO3rnaensieT
onbiTHenwWwun cneunanuct BUKTOP AJEK-
CAHOPOBWNY EPMAKOB. Konnektmeom Bbl-
MOJTHAIOTCS 30HanNbHbIE M rPYNMOBbIE MPOEKThI
Ha CTPOUTENbCTBO Pa3BEAOYHbIX U IKCMIya-
TALUMOHHBIX CKBaXWH, B TOM 4MUCRE HaKMOH-
HbIX CO cMmeLleHneM 3abos o 2300 meTpos.
Pa3paboTtaHbl pernaMmeHTbl Ha NPOEKTUPOBa-
HVEe 1 BeeHWEe MOATOTOBUTENbHbIX PaboT u
CTPOUTENBCTBO CKBaXMH HA MECTOPOXAEHUSAX
OAOQO «HOraHckHedTeras». MNpuyem coenaHo
3TO MO 3KOMOMMYECKM MaroomnacHblM Tex-
Honorusim Gypenusi. CneumanucTtel otgena
y4acTBOBanM B Hay4YHO-NMPaKTUYECKOW KOH-
depeHumn, nposogumoin HIMO «BypeHuer,
c poknagoM «OnbIT cTpouTenbCcTBa CKBa-
XWH C HOMMWHanbHbIM OMaMeTpoMm CTBona
215,9 MM 1 obcaaHol KonoHHon 177,8 MM B
OAO «HOraHckHedTeras».

Takve CKBaXKUHbI MPOEKTUPOBANUCL Crie-
umanbHo ans Mprobcekoro MecTopoXxaeHust. »

®doto 3. OTaen reonoropasBefo4HbIX paboT 1 MOHUTOPUHra 6anaHca 3anacoB
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NMPOEKTUPOBAHUE, PASPABOTKA MECTOPOXOEHUN

PROJECT ENGINEERING, DEVELOPING

KcTtatun ckasaTb, 3a CYET TOro YTO yaanochb
nsbexatb yBenmueHus guameTpa ctsona —
a BCe 3T0 HeobxoaumMo 6bino 06ocHOBaTD,
JoKkasaTb, cornacoeatb! — 3KOHOMUS MO

KaXX[oW CKBa)KMHe cocTaBuna

HEe MeHee

1,5 mMnH. pybnen. B nepepacyete Ha 06-
lee KOMMYECTBO CkBaxuH [pnobckoro
MEeCTOPOXAEHUS 3TO COCTaBWUMO BecbMa
BHYLUUTENbHY CyMMY.

Hay4HbI U MHXeHepHbIV NoTeHunan ge-

napTameHTa KOMMIIEKCHOTO MPOeKTUPOBaHKS
BO3pacTaeT rof ot roga. B coctase genap-
TameHTa paboTalT chneuuanucTbl C BbiC-
LIMM TexHuYeckum obpasosaHuem. CekTop
3KOMOrMYeCcKON W1 MpOMbILLNEHHON Ge3onac-

HOCTW BO3rMaendaeTt

KaHangaTt XUMMUYecKmnx

Hayk, rmasHbIn akonor B.B. ®POMEHKO. MNog
ee pyKOBOACTBOM paspaboTaH pernameHT
CTPOUTENbCTBA KYCTOBbIX NIOLAA0K B BOAO-
OXPaHHbIX 30HaX.

HapaboTaHHbIN OnbIT, Ka4eCcTBO BbIMOM-

HsieMbIX NPOEKTOB, ONepaTUBHOCTL MX UCMON-
HEeHWsi CO3Aal0T UHCTUTYTY B LIENIOM XOPOLLIA
aBTOPUTET B pervoHe. WM cerogHsa KonmnekTvs
MMeeT pearnbHyl0 BO3MOXHOCTb pabotaTtb He
Tonbko no 3akazam OO0 «HOraHckHedbTerasy,
HO 1 ANs ApYrux HedTAHbIX NpeanpuaTun 3a-
nagHon Cwubupu. Tem camum 3apabatbiBa-
0TCA [ONOMNHUTENbHbIE CPeacTBa, KOTopble
nayT Ha MoAepHM3aLmio obopyaoBaHus, Npu-
obpeTeHne HOBbIX NPOrpamMMHbIX NPOAYKTOB.

OCHOBHbIE PA3PABEOTKU KOJJIEKTUBA:

PO-39P-48738958-003-2001 «PernameHt
XO35ICTBEHHOW AeATENbHOCTY B BOJOOXPa-
HOW 30He NproBCKOro MeCTOPOXAEHNA»
PO39P-48738956-001-2007 «PernameHT Ha
NPOEKTUPOBaHVE NOArOTOBUTENBHBIX paboT
K CTPOUTENBCTBY CKBaXWH Ha MECTOpOXAe-
Hnax OO0 «PH-KOraHckHedTeras»
MoacyeT 3amacoB M TEXHWKO-OKOHOMMYe-
ckoe 0bOCHOBaHWe koadhduLmeHTa n3Bne-
yeHusi Hedptn no Cesepo-CanbIMCKOMy Me-
CTOPOXAEHUIO.

CraHgapT npegnpusitus: Metoamka Bbinon-
HEHUS I3MEPEHMNI MacCOBOI KOHLEHTpaLmM
MeTannoB (HWKens, BaHaaus, Meau, LMHKa)
B HedpTV MeToOOM aToMHonm abcopbumm ¢
NpsIMOV  3NeKTPOTEPMUYECKON aTomu3aLimn-
el npo6.

OnbITHbIE paboTbl MO UCCreaoBaHulo buo-
npenapaToB Ansi pekynsTMBaLmmn Hedtesa-
rPSA3HEHHbIX 3eMenb.

FEONOIrmA U PABPABOTKA HE®TAHDbIX
MECTOPOXOEHUH:

MopcyeT reonornyecknx 3anacos Hed T Mo
MECTOPOXAEHUSIM.

BeneHve 6anaHca 3anacos.

CocraBneHue nporpaMM reorioro-passe-
[OYHbIX PaboT Ha NULEH3NOHHBIX y4YacTKax,
pacrnonoxeHHbix B XMAO.

MoaroTtoBka MaTepranos Ans ohopMneHns
rOpHbIX OTBOJOB.

AHanu3 TekylMX W MPOEKTHbIX MNokasaTte-
neu paspaboTkv 1 BbIMONHEHWS NMPOEKTHBIX
peleHuii B obnactu pa3paboTku MecTo-
POXOEHUA 1 yyacTe COBMECTHO C Heapo-
nonb3oBaTenemM B paboTe exerogHom Tep-
puTOpManbHON KoMuccum no paspaboTke
HedTsHbIX MecTopoxaeHuin (TKP).
Co3gaHve MOCTOSIHHO AEWCTBYHOLLMX Teo-
NOro-TEXHONOMMYECKNX MoAenen HedTAHbIX
MECTOPOXOEHUN.

CocTaBrieHne NPoeKTHbIX JOKYMEHTOB Ha
pa3paboTKy MeCTOPOXAEHUI 1 3almTa B
LIKP.

MoprotoBka M BedeHve 6Gasbl reodmau-
YeCKUX WCCMNefoBaHWn CKBaXWH mnocne
OypeHus.

KOMMNEKCHOE NPOEKTUPOBAHUE
M OBYCTPOWCTBO OBEBLEKTOB
HE®TEOOBbIYN:

MHxeHepHo-reofe3vyeckne 1 reomnornye-
CKNE N3bICKaHUA.

Pa3paboTka NpOEeKTHO-CMETHON [OOKYMEH-
TauuyM Ha CTPOWUTENbCTBO, PEKOHCTPYKLIMIO,
pacluMpeHve, TexHONormyeckoe nepeso-
OpY)XEHWE MaructpasnbHbIX W BHYTPUMPO-
MbICIOBbIX TPyOONPOBOAHbLIX CUCTEM.
Pa3paboTka npoekToB CTpouTenbCcTBa, pe-
KOHCTPYKLMM 1 TEXHONOMMYECKOro NepeBoo-
pyXeHusi 06BEKTOB Mo [06bIYEe, TPAHCMOPTY
1 nogrotoBke HedTM M rasa, o6bLEKTOB ra-
30BOr0 XO3AMCTBA, 3HEPIETUKA U OGBHEKTOB
XKUIULLHO-TPaXKOAHCKOro  Ha3HayeHus, no-
NUroHoB Ans c60pa N yTnnusaumm otxogos.
CosaaHne  MHXeHepHo-Tonorpaduyeckmnx
UMPOBBIX NMaHOB C  WUCMOSb30BaHWEM
GPS.

Pa3paboTka NpoekTHO-CMETHOM AOKYMEHTa-
LN Ha CTPOUTENbCTBO CKBAXWH BCEX KaTe-
rOpu.

PaspaboTka nNpoeKkToB packoHcepBaLWu.
NMKBMOALMN U BOCCTAHOBMEHUSI CKBaXWH.
PaspaboTka TeXHUKO-TEXHOMOTNYECKNX pe-
rMamMeHTOB.

PaspaboTka Hopm pacxoga Matepuarnos,
XUMpeareHToB.

MHXEHEPHBIE U ®U3UKO-XUMUNYECKUE
NCCINEOOBAHUA:

OKOMOrMYeCckNin  MOHUTOPUHT  3arpsi3HeHUs!
npupoaHou cpenbl (aTMocepHbIi BO3OyX,
npupoaHble BOAbI, arMocepHble ocagku,
NoYBbl U JOHHbIE OTNOXEHWS) Ha paspaba-
TbiBAEMbIX MECTOPOXAEHUSAX.
Wccneposanue npo6 HedTM M MNacToBbIX
BOA C Lenbio onpeaeneHnst B HUX MUKPO-
npvmecei meTansos.

OT6op ¥ mccnepoBaHns rMyGUHHBLIX MPO6
HedTn. OnpeaeneHre NonNpaBoYHbIX KO-
druUmMeHTOB ANa noacyeTa 3anacos HedTy.
OnpepeneHve KOMMOHEHTHOTO cocTaBa MU
PM3UKO-XMMUYECKMX NapaMeTpoB NnacTo-
BOW HedTU U rasa.

JkcnepTusa npoMmbilLieHHoN 6Ge3onacHo-
CTW MPOW3BOACTBEHHbIX OMacHbIX OOBbEK-
TOB (TeXHW4Yeckas AMarHoCTVKa W OLeHKa
OCTaToO4HOTO pecypca HedTenpOMbICIIOBOrO
obopynoBaHus).

PaspaboTka  aKonormyeckom — paspeLuu-
TenbHOW  AdokyMeHTauum (toma 1B,
OBOC, akonornyeckne nacnopta npea-
npusSTWIA, nacnopTa  OTXOAOB,  MpOekK-
TOB YCTaQHOBMEHUS BOAOOXPAHHbIX 30H
BOAHbIX OOBEKTOB W WX NPUOPEXHBIX
3aLUMTHBIX NOMOC). m

000 «KranckHUMA»
628307 HedbreroraHck,
TromeHcKkoW 06,

npom-
30Ha, yn. Xunas, gom 10
T.: 8 (3461) 230-368

.: 8 (3461) 251-681
reception@unipi.info

3/H (64) mait 2008 r.

3Kcno3nuua

Principal developments worked out by the team:
RD-39P-48738958-003-2001 «Rules for Business
Operations in the Water Conservation Area of the Ob
River Oil Field»

RD39P-48738956-001-2007 «Rules for Project
Engineering of Preparatory Work to Get Ready
for Construction of Wells in the Oil Fields of «RN-
Yuganskneftegas» LLC.

Estimate of Reserves and Feasibility Study of Oil
Recovery Factor for the North Salymskoe Oil Field.
Enterprise Standard: Methods of Measuring Mass
Concentration of Metals (nickel, vanadium, copper,
zinc) in Oil Using Atomic Absorption with Direct Electro-
thermal Atomization of Samples.

Experimental Work Aimed At Researching Bio
Preparations for Re-Cultivation of Oil Contaminated
Lands.

Geology and development of oil fields:
Estimate of the geological oil reserves by oil fields.
Keeping a balance report of reserves.
Putting together programs of geological and exploration
work in licensed areas situated in the Khanty-Mansi
Autonomous Territory.
Preparation of materials for processing mining
allotments.
Analysis of current and project indicators for working
out and implementing project solutions in the area of
developing oil fields and participation together with the
mineral developer in the proceedings of the annual
territorial committee on oil field development.
Creating standing geological and technological models
of oil fields.
Drafting project documents for development of oil fields
and their presentation to the Central Development
Commission.
Preparing and maintaining geo-physical research data
relating to the wells after boring.

Package Project Engineering and Construction

of Oil Production Facilities:

Engineering and geodesy as well as geological
studies.

Developing project budgeting documentation for
construction, reconstruction, expansion, technological
retooling of the mains and intra-field pipeline systems.
Developing projects for construction, reconstruction
and technological retooling of facilities for oil and
gas production, transportation and preparation, gas
infrastructure facilities, utilites as well as housing and
civil purpose projects, grounds for waste collection and
utilization.

Creating engineering and topographical digital plans
using GPS.

Developing project budgeting documentation for
construction of wells of all classes.

Developing projects for de-conservation, liquidation
and restoration of wells.

Developing technical and technological rules.
Developing consumption standards for materials,
chemical agents.

Engineering, physical and chemical research:
Environmental monitoring of pollution (air in the
atmosphere, natural waters, precipitation, soils and
sea-floor sediments) in the oil fields being developed.
Examination of oil samples and oil field waters for the
purpose of determining trace metals in them.
Sampling and examining subsurface oil samples.
Determining correction factors to calculate oil
deposits.

Determining component analysis as well as physical
and chemical parameters of crude oil and gas.
Expert evaluation of industrial safety at hazardous
industrial facilities (technical diagnostics and evaluation
of residual life of the oil production equipment).
Developing environmental clearance documentation
(maximum permissible discharge, environmental
impact assessment, environmental passports
of enterprises, passports of wastes, projects for
establishment of water conservation areas for water
faciliies and their coastal shelter belts).



Komnanwa aCopreowHgpos yupewaeda s 1988 rogy B
MOCKBE B KAYECTEE YACTHON KOMNAHWW, Chepol OeATENLHOCTH
koTopoil AanAoTcA: ofpaGoTka W UHTEpNpeTaLMA recnoro-
respUIJeckix OaHHLIX C UENLD Pa3BEOKH MECTOPOXOESHHA
HedhTH W rasa; KaprorpadhMa; OUWPPOBKA CeRCMHYaCKMX
Paspe3ns W KapoTaxa, co3naHue recUHPOPMaUMOHHBIX CUCTEM,

PaboTel BeINONHAKTCA BRCOKOEBANUPHUMPOBAHHBIMH rEQnoramy, recdInEamy,
NPOrPAMMUCTaMK, KapTorpadami, NePeBoa-UKaMH U KOHCYNETAHTAMH.

«COBMEOWMHDOR uMeaT HGonewon onsIT BeINCNHEHKA PETMOHANBHEIX NPOAKTOR, HKKE
npruBaaeHs Hauboneea KpynNHBIE M3 HKX:
« Moacwer 3anacos no oaepy Tutukaxa (Mepy) (2006-2007)
* DBpaboTha W MHTEPNPETAUMA CERCMHYECKWX AaHHBIX B NpEnenax cepepHoro Bopra
NPUKBCNWACKON BnaguHe (2004r.)
* JUBHES NepcnekTHE HeTErasoHoCHOCTH JanaaHo-Ramuarckoro wensda (2002-2004 )
« QueHxka nepcnekTHe HediTeraloHOCHOCTH CeBapHOn YacTy Kacnwiackaro mopn (2001-2004 rr)
* JueHEa NepcnekTHe HedTerasonocHoCTH MNevopckoro mopa (19992000 m)
* BolgeneHwe W pAHKUPOBAHKWE NEPCNeXTHEHBIX 00LEKTOB POCCHACKON YacTH
Yeproro sopA (1999-2004 )
« DugHKa NepcnexkTe HeITerasoHoCHOCTH TeHOepHEIX GNOKOR 3aNaaHon YacTH
WMpaka (1999-2000 rr.)
« OueHEa NeponekTHa HePTEra30HOCHOCTH KaMBOIHWACKD-TAUNAHACKON CakTopa
CHaMCKoro 3anvea ¥ ozepa Toune-Can (1999-2000 )
« DUeHKa 3anacos MecTOPOXMASHWA W TEHAEPHLIX BNOKOR CEBEPO-BOCTOUHON YACTH
Nuewu (1999-2000 rr.)
* DueHKa NOTeHUMANEHLIX PpecypooB ApKTUYeCkMY U JansHeBoCTOHHLIX
akearopHd (1993-2004 rr.)
« BolgeneHue NepenesTHBHLIX 0BLeKTOB B NOACONEBEIX OTNOMEHHAX
MpreacnuAckcd enaguHe {1997-1998 )
* Bulgenadue NoTeHUMaNLHLIX NOBYLWEK YIMasoaopanos B pydeiciy n BEHOGCKUX
oTnoseHHax Crbupokol nnatdeopast (2004 r)
« ATnac nopoa-konnexktopos Mpukacnuackon enaguHel (1996-1997 )
* ATnac Nopoa-konnexkTopoR 3anagHod Cubupn [1993-1994 )
« MeonHbOpMaLMOHHAR cucTema no Tumaso-NevopcroMy HedTerasoHocHoMY DacceHy

¢ COBMeOMHON BINONHAET paboTel ANA TAKWX KOMOSHWA, KaK
Nywoian, Faznpom, KHK, w» ap.

« CoBreoMHpon TaKMe BbINONHANA pAL rOCYAapCTEEHHBLIX
28K3308 MUHHMCTEPCTEA NPUPOOHEIX pecypcos Pd.

117049 Poccun, Mockea,

yn. fJonckans, d.4, cmp 3.
Ten./Daxc: +7 (495) 959-80-81
3n. mnoyma: geoi@sovgeoinfo.com
Cadm: www.sovgeoinfo.com



Bonee pecAtn netr B TecHOM
COTPYAHWYECTBE MPEANPUATUSMUI
OO0 HIMM «MPOMIEOCEPBUC»
n 3A0 «EO-TEXHOJIOIMNA» BbI-
nonHsitoTcs paboThbl Mo TeENemMeTpu-
YeCcKOMy U WHMOPMAaLMOHHO-TEX-
HOIMOTMYECKOMY  COMPOBOXAEHWIO
CTPOUTENBLCTBA BCEX TUMOB HETS-
HbIX U Fa30BbIX CKBaXWH, KOHTPOSb
napameTpoB OypeHusi, reomnoro-
TEXHOMNOFMYECKME U  FeoXUMUYe-
CKMe uccrefoBaHUs B CKBaXKMHaX
BO MHOIMX permoHax CTpaHbl — Ha
MecTopoxaeHusix 3anagHon Cubu-
pu, Pecnybnukun Komu, OpeHbypr-
ckon, Camapckou, CapaToBcKoW,
Bonrorpagckon obnacten. [ns
reou3anyYeckoro n TexHomoruye-
CKOTO COMPOBOXAEHUS CTPOUTENb-
CTBa HaKMOHHO-HaMpaBMEHHbIX U
rOpU30OHTanbHbIX  HedTerasoBbIX
CKBaXkMH mcnonb3ytotcs  becka-
6enbHble TENEMETPUYECKME CUCTE-
Mbl COGCTBEHHOIO NMPOU3BOACTBA C

3NIEKTPOMArHUTHBLIM KaHarom CBsi-
3n «BTC-172» u «Tutan-220».
[MpymeHeHne aTUX Tenecucrem
nossonser obecneyntb  TEXHO-
riorMyeckoe U  TernemMeTpuyeckoe
COMPOBOXAEHME  BbICOKOTOYHOMO
N CKOPOCTHOTO CTPOMUTENbCTBA Ha-
KIMOHHO-HaMNpaBIiEHHbIX CKBAXWH C
BGOMbLUMMWN 3EHUTHBIMW  Yramn 1
CcMeLLeHnsIMU 32605 MO NPUHLMMK-
anbHO HOBOM TEXHOMOMMU — TEXHO-
7IOTM  OpUEHTMPYeMoro BypeHus
C TMOCTOSIHHbIM TENEMETPUYECKAM
COMPOBOXAEHNEM OT rMy6uHbI Ha-
Yyara UCKPUBMEHWs CTBOSA CKBaXM-
Hbl B TpebyemoM HanpaBneHuv Ao
NMPOEKTHOW rMy6uHbI. MpyMeHeHre
Tenecuctembl «TuTaH-220» Mo3Bo-
nseT Npov3BoanUTL Habop napame-
TPOB KPUBU3HbI CTBOMA CKBAXWHbI
HEenocpeacTBEHHO M3-Mof HampaBs-
nexus ponotamu #397,3-444,5mMm
o rny6uHbl 6onee 2 000m. HoBas
TEXHOMOrNsA C  UCMONb30BaHUEM

OeckabenbHbix  3ab0OMHbIX  Tene-
cuctem «BTC-172» n «TutaH-220»
3HaAYMTENbHO YMpOLLAeT mnpoLecc
Habopa napamMeTpoB KPWBU3HBbI.
CokpallaloTcss BpeMeHHbIe U du-
HaHCoBble 3aTpaTbl Ha KOHTPOIb-
Hble MHKITMHOMETpU4YeCcKne 3amepbl
N  CrycKO-NOAbEMHbIE —oOnepauuu
ONS CMeHbl KOMMOHOBKM Hu3a Oy-
PWUIBHOM KOMOHHLI B Mpouecce
CTPOUTENbCTBA CKBaXMHbI. Cneuw-
anucTaMu NpeanpuaTuiA - BeayTcs
COBMECTHble paboTbl Mo paspa-
60TKEe U BHEAPEHUIO HOBEWLIMX 06-
pa3uoB GeckabenbHbIX 3ab0NHbIX
WNHKINMMHOMETPUYECKNUX Ternecucrtem,
nepenoBbIX TEXHOMOMn B obnactu
OypeHus HaKIIOHHO-HanpaBIeH-
HbIX U TOPWU3OHTAlIbHbIX CKBaXWH,
co3daHuio anmnapaTypbl ¥ KOMMbto-
TEPU30BaHHbIX  KOMMMEKCOB MO
cbopy, 06paboTke, aHanu3y n nepe-
[adye [OaHHbIX [eorioro-TeXHONoru-
Yeckux nccrnenoBaHui npu 6ypeHun




3KCMIyaTaLUMOHHBIX U pa3BefoYHbIX

CKBaXWH Ha HedpTb M ras. Hosble

TEXHUYECKNE PELUEHUS 3allyLLEHbI

6onee 4yem 30 nateHTamu Ha n30-

OpeTeHnsi, nonesHble Mogenu wu

npoMmbILLeHHble 06pasubl. [lony-

YyeHo 14 cBMAETENbCTB Ha Nporpam-

MHoe obecneyeHne npvema v obpa-

60TKM MHbopMaLMK, NOCTynatoLLei

OT 3aboVHOM  TenemeTpuyecKom

cuctembl. [loneBbiMy  npou3Boa-

CTBEHHbIMW MapPTUSIMU BbIMOMHSIOT-

cs paboTbl MO TEnemMeTpuyeckomMy

N  TEXHOINOrMYECKOMY COMPOBOX-

OEHNI0 KaK CTauMOHapHbIMU, Tak U

MOOUIBHBIMY  TENEMETPUYECKUMU

KOMMeKkcamy,  CMOHTUPOBAHHbI-

MW Ha Be3gexodHbIX TPaHCMOPTHbIX

cpeactBax. BbicokokBanuduumpo-

BaHHbIMM CrieLanncTamm B obnactu

HaKMOHHO-HaNpaBneHHOro U ropu-

30HTarNbHOro OypeHUsi BbIMOMHSATCA

MHOTVE BUAbl CEPBUCHbIX YCHYT:

* COCTaBlieHVe NporpaMM Ha npo-
BOAKY HaKITOHHO-HanpaBIEHHbIX
1 FTOPU3OHTarbHbIX CKBaXWH;
BbInonHeHne pacyetoB KHBK;
BbINOSIHEHVE TENEMETPUYECKOIO U
TEXHOMOMMYECKOTO  COMPOBOXE-
HUS OypeHust HaKMoHHO-Hamnpas-
NEHHbIXMTOPU3OHTANBbHBIXCKBAXWH
C MpUMEHeHWEM GeckaberbHbIX

3ab0MHbIX WNHKIIMHOMETpUYe-
CKMUX TEnecucTem Kak npu Typ-
BGUHHOM, TaK 1 TYypOUHHO-pOTOP-
HOM BypeHuu;

oKkasaHuwe ycnyr rno npokarty u
PEMOHTHOMY obcnyxmBaHuio
rMapaBnmMyecknx 3abONHbIX ABU-
ratefnien ¢ perynupyemMbiM yriom
nepekoca;

KOHTPOMb 32 TEXHOMOrMYeCKMMU
napametpamu bypeHus;
NpoBeAEHMEe reos1oro-TeXHONOor-
YECKMX U FEOXUMMUYECKMX UCCrie-
[OBaHUN;

paspaboTka, W3roToBreHve U
BHEApeHWe annaparypbl u obo-
pyooBaHust  Ans  NpoBEAEHUs!

paboT Mo MpPOBOAKE HAKMOHHO-
HanpaBleHHbIX W TOPU3OHTarnb-
HbIX CKBaXWH;

pa3paboTka, W3roToBreHVe U
BHEAPEHWe annapatypbl 1 o6opy-
[OBaHWs Ans NPOBEAEHUS reoro-
rO-TEXHONOMM4YEeCKnX N reoxmmmn-
YeCKMX UCCrefoBaHUN CKBaXUH.

Bnarogaps nrogoTBOPHOMY
B3aI/IMO,D,eI7ICTBVIIO npoun3BOACTBEH-
HbIX TONEBbIX MoApasgeneHuii 1
nogpasgeneHui,  3aHUMarloLLMXCst
pa3paboTKON HOBOW TEXHWUKU N TEX-
HOMorunii, JOCTUTHYTHI BbICOKUE pe-
3ynbTaTbl B BbINOMHEHUN CIIOXHbIX
TEXHUYECKUX W TEXHONOINMYecKknx
3agaq:

* yBenu4yeHa rnmybuHa npoBeaeHus
pabort (cBbiwe 4000Mm.);
NMOBBICUMOCH Ka4eCTBO BbIMOMHSI-
eMbIx pabor;

COKpaLLEeHO BpeMs CTpouTenb-
CTBa CKBaXKMHbI;

COKpalleHbl 3aTpaTtbl Ha CTpou-
TEenbCTBO CKBAXWUHbI.

MbI OTKpbITBI ANS COTPYAHWUYE-
ctBa. [0TOBbLI paccMoTpeTb Npearo-
JKEHVS1 MO MPOBOAKE HaKIOHHO-Ha-
NpaBIieHHbIX CKBaXVH, NPOBeAEHNE
reonoro-TEXHONMOrMYECKNX 1N reoxu-
MUYECKMX UCCINENOBaAHNIM KakK B Jt0-
6bIx pernoHax Poccuiickon ®depe-
pauuu, TaK 1 3a ee npeaenamu.
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HenaBHo B MockBe npoluna LepeMOoHMsA 4eCTBOBaHMA flaypeaToB FMaBHOW 3KOHOMMYECKOM npemuu cTpaHbl «lpeanpuaTtne ropa-
2007». OgHMM M3 HarpaxAeHHbIX NpeanpuATAA cTarno TioMeHcKoe HedpTerasocepBucHoe npepnpusatTue «FEOOATA». Ha Bonpochkl
KOppecnoHAeHTa «DKCNo3uuun» oTBeyaeT reHepanbHbIN AUpeKkTop komnaHuu Bnagumup Bopucos.

JIBUTATHCS BIIEPE/]]
HAM IIOMOTI'AET 31I0POBAS AMBUITMO3HOCTD

— Bnagumup AnekcaHgpoBuY, 3a4eM U
KOMY HyXHbI ycnyru Bawen komnaHum?

— HayHem c TOro, 4To Hawa komnaHus pabo-
Taet yxe 8 net. N ¢ kaxablM rogom crnekTp
OKa3blBaeMbIX YCINyr CTAHOBWUTCH LUMpE, CO-
OTBETCTBEHHO W CerMeHT MNOTeHUManbHbIX
N [encTBUTENbHbIX MOMNb3oBaTenen Halumx
yCryr paclunpseTcs.

OCHOBHbIMW 3aKa3ynMkamn ycnyr Haiuew
KOMNaHWM SABMASAIOTCS  HeapononbL3oBaTenu,
npeanpusaTus, AobbiBalowye HedTb U ras.
Mo ux 3akazy TEOATA npoBoauT KOMMMEKC
NCCreaoBaHU  CKBaXWH, 3amep ra3oBoro
dakTopa 1 nabopaTtopHble 3IKCMEPUMEHTbI.
HedTsHble 1 razoBble kKOMNaHWK 3avHTEpe-
COBaHbl B MaKCMMarnbHO TOYHbIX pesynbraTax
MUCCNeaoBaHnsi, a Mbl 3TO obecneynBaem,
6narogapsi COBpeMeHHOMY [0pOrocTosiLemy
060pyaoBaHMIO 1 NOArOTOBNEHHBIM BbICOKO-
KBanuduumpoBaHHelM  kagpam. [octosep-
HOCTb pe3ynsTaTtoB nabopaTopHbIX uWccre-
[0BaHVAX SBNAETCS 3anorom JarnbHeunLlero
npaBUNbLHOrO nopbopa pexuma aKcnnyata-
LN CKBAXKWH, OLIEHKN CBOWCTB YrNeBOAOPOA-
HbIX (brtoMaoB 1 noacyeTa 3anacos A0bbIBa-
eMOoW NPOAYKLUN.

Takke Mbl OKasblBaeM ycnyrv ans agmu-
HWUCTPaLWI PasHOro YPOBHS, CTPOUTEMNbHbIX
opraHusaumn. im Mbl npegnaraem nposectu
pAd 9KOMOrMYEeCKUX WCCrnepgoBaHui, B TOM
yncne 9KOMOrMYecKUi MOHUTOPUHT TEPPUTO-
pvi, NpeanpusTui, pa3paboTky akomoruye-
cKoW fokymeHTaumn. OTHOCUTENbHO HOBbLIM,
HO Yy)xe JOCTaTO4HO CUITbHBIM HanpasneHneM
ANS Hac CTano NpoBeAeHWE WHXEHEepHO-re-
OMNOTNYECKUX WU  WHXEHEPHO-IKOMOrMYEeCKNX
N3bICKaHWUNA.

— Kak BbI cuMTaeTe, kakoe MecTo 3aHUMaeT
MHMN «FEOOATA» Ha pbiHKe HedTecep-
BUCHbIX ycnyr?

— [Buratbca Bnepeg Ham nNomoraeT 340-
poBasi ambuumosHocTb. Kaxabin Mmecsy
Mbl MPUHUMAEM Yy4yacTMe He MeHee 4YeM
B OecsATM TeHAepax W, Kak mnpaBuio, Bbl-
urpbiBaeM ux. MHoroypoBHeBasi cucrtema
KOHTPOSNS KayecTBa MO3BOMSIET HaM Bbl-
BEPATb MOKa3aTenu C TOYHOCTbI OO0 ABe-
HaJuaToro 3Haka nocrne 3ansiton, n B 3TOM
MOXHO yb6eauTbcsi Mpu MOMOLUM  MHOro-
CTPaHUYHbIX OTYETOB MO KaXAOMY BbINOM-
HeHHOMY 3akady. OgHako npegena cosep-
LLIEHCTBY He CyLLEeCTBYET, NO3TOMy NpubbInb
MHIM «TEOOATA» BknaabiBaeT B Aanb-
Hellwee pa3BuTMe. Hawa uUenb — cTaTtb
POCCUICKMM U MWUPOBbLIM NMAEPOM B CBO-
eM HanpasneHue. [eorpacduyeckas [u-
BepcuduKkaLumMsa U He uMmeroLass aHanoros
npousBoAcTBeHHas 6a3a nernm B OCHOBY

cTabunbHoro pocta 06beMoB NPON3BOACTBA.
B 2007 rogy obbem pabot coctaBun 150
npoueHToB Kk utoram 2006 roga. Ha ceroa-
HSWHWIA OeHb reorpadus pabot MHIT «E-
OLATA» HacuuTbiBaeT 114 MecTopoXaeHUM
HedTK, ra3a v KoHAeHcaTa. 3a NpoABMKEHNE
B oTpacnu TOK HoBelwnx obpasLoB TeXHU-
K 1 coBpemeHHbIX TexHonornn MHIM «"EO-
OATA» MMeeT MHOroYMUCIIEHHblE AWMMOMbI
N Harpagbl, BXOOUT B CMUCOK NMUAEPOB 3KO-
HoMu4yeckoro passutus Poccun; siBnsetcs
naypeatom koHkypca «100 ny4wmx ToBa-
poB Poccun»; yooctoeHo 3onoToi cTaTyaT-
kM «amma» — BbICLIEN Harpagbl KOHKypca
«Jly4wwme ToBapsl un ycnyrn Cnbupm».

— C Bamwu paGoratoTr 3apybexHble npea-
npuAaTus. Mbl 3Haem, 4Yto Ha 6a3e AHanu-
Tuyeckoro ueHtpa N'EOOATbI npoBoagunu
uccnegoBaHMsi HecbTU MO 3akaly amepu-
KkaHckou komnaHum JJIBAPU-Hedreras.

— BoamoxHocTM AHanuTuyeckoro LeHTpa
KOMMaHWK yXXe OLEHUNN MHorve Hedteraso-
Bble kOMMaHuu. KayecTBo 1 Cpoku BbINOMHe-
HVS paboT ABMSATCSA 3aroroM MHOTOMNEeTHEro
COTpyAHWYECTBa C npeanpusitusimu asnpo-
Ma, [asnpomHedTn, PocHedTn, THK-BP,
PyccHedtv n gpyrux komnaHuin. Bbicokyto
OLEHKY OCHALLLEHHOCTN NabopaTopuit, TOYHO-
CTU U Ka4yecTBy NPOBOAMMBIX UCCredoBaHWUi
Aan KpynHbeln crneumanucT B obnactu raso-
KOHAEHCaTHbIX UCCNEeAOoBaHNUA, LOKTOP Hayk,
akageMuk, npefactaBuUTENb Hay4HOro CEKTO-
pa lasnpomHedT# AnekcaHap Wocudosuy
BEPYCUNOBCKUN. Ha 6ase AHannTuyeckoro
ueHtpa MEOOATbI npoBoauncsi o3HakoMU-
TenbHbIN ceMuHap ¢ nabopaTopHbIMU Kccrie-
AoBaHVAMM Ans npeanpustui PocHedtu, Ha
KoTopoM 6bInu NpeacTaBUTENU Nogpasaene-
HWIA U3 pasHbIX PErMOHOB CTPaHBbI.
[encrenTensHo, B NocrneaHee Bpems ycnyra-
MW Halleln nabopaTopuu Nonb3ykTCst U 3apy-
BGexHble KOMMaHuK, YemMy Mbl, HECOMHEHHO,
OveHb pagbl. Tak, AHaNUTUYECKUA LEHTP
FEOLOATbBI nocetunu akcnepTbl British Pet-
roleum Oasug BOPIMAH n Anan CTE®AH.
OHn ybegnnuck, 4TO Ha pbiHKe HedTeraso-
CEpBUCHbIX YCMyr CyLlecTBYeT [OCTOMHas
KOMMaHus.

— W3 ropa B rogq o6bembl pabor Bawen
KOMMaHUM 3Ha4YUTENbHO YBENMYMBaOTCA.
Tsaxeno nu nogaepXxvMBaTb Takne TeMnbi?
— WHTeHcuBHbIE TEMMbI pocTa 06bLEMOB pa-
60T 006sa3bIBaOT MOCTOSIHHO paboTaTb He
TOMbKO HaA Yyry4lleHWeM MaTepuanbHO-Tex-
HUYECKON OCHALLEHHOCTU, HO M MOBbIWATb
YPOBEHb KBanudukauum coTpyaHukoB. Ha
CerofHsILLHUIA AeHb HaLl NePCOHas HaCUUTbI-
BaeT 6onee cra NATMOECSTU CNELManncToB.

FeHepanbHbIN AUPEKTOP KOMNaHUU
«FEOOATA» B. A. Bopucos

Cpeav HYX 4oKTopa HayK, kaHanaaTtbl, acnu-
paHTbl, ayauTopbl HedTerasocepBUCHbLIX
npeanpusaTui, ayamtopsl no 1ISO 9001-2000.
LLlecTb COTpYyAHVKOB SABNSAOTCS NpenogasaTe-
nsamu BY3oB. OpgHol 13 3agay pykoBogcTBa
KOMMaHUn 9BMSeTCs co3gaHne KOMQOPTHbIX
yCrnoBui TpyAa, NpaBUMbHbIN MEHEOXMEHT.

— KakoBbl HaMe4eHHble NNaHbl Ha Gnvxan-
wee 6yayuwee y Bauwero npegnpusatua?

— Ha 2008 rog poct o6bema pabot no nnaHy
pormkeH coctasutb okoro 30% k 2007 rogy.
Ha cerogHawHWA faeHb nopTdhens 3aka3oB
[OnNsi BbIMOMHEHUSI NaHa y)Xe CKOMMIIEKTOBaH.
OpHako MpOM3BOACTBEHHbIE MOLLHOCTU, a
TaKkke akTMBHas MapKeTMHroBas nosmMTuka ro-
BOPWT O TOM, YTO MnaH OyaeT NepeBbINOSHEH.
Takke Mbl CTaBUM nepef coboi 3agavy BbINTK
Ha MVPOBbIE PbIHKU. Mbl yxe 3HaKOMbI C PbIH-
kom TypkmeHuctaHa, Kasaxcrawa... Kcratu,
Ha HelaBHO MPOXOAMBLLEN BCTPEYE C PYKOBO-
antensamn MexayHapo[aHOro ra3oBOro cor3sa
©ObINo 3asBNEHO, YTO NPEAOCTaBMSAEMbIE YCITy-
M BoCcTpeboBaHbl Ha MUPOBOM PbIHKE, U HaM
ObINO PEeKOMEeHA0BAHO «CMeree y4acTBoBaTb
B HepTerazocepBUCHbIX MPOEKTax, B TOM YuMC-
ne un 3a npegenamun Poccumn». m

000 «MHIN «FrEOOATA»
625014, P®, TromeHcKast 0611.,
r. TiomeHb, yn. Pecny6nukn,
250, ctpoeHue 14

(3452) 68-13-51

(3452) 68-13-59
geodata@mnpgeodata.ru
www.mnpgeodata.ru
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TPIGONPOBOAN
PIPELINE

cneunanusnpoBaHHOE  n3aAHME No3 /HT wionb 2008

WHdopMauuoHHaa NoAAepHKa Nnpou3BoAUTENEH U
NnocTaBLLMKOB TpyoONpoBOAHOH apMaTypbl, TPYOHOM
NPoOAYKLUUKM, Pa3NIMYHbIX BUAOB U3ONALMOHHDBIX W
aHTUKOPPO3MOHHbIX MaTepuanoB. TexHuyecKas
WHdopMaLuA 0 BCeX MaTepuanax, Heo6XoAUMbIX
ana 6ecnepe6oiHoro yHKLMOHMPOBAHUA BCei
TPyoonpoBOAHON CUCTEMb.
Informational Support by the Pipeline Componentry
Suppliers and Producers, Pipe Producers and Suppliers
of Pipe Products, Different Types of Insulation and Anti-
Corrosion Materials. Technical Information About All the
; Materials Necessary for Trouble-Free Operation of All
the Pipeline System.
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3Kcno3nuua

AHanus ocobeHHOCTelN UHTEeNNeKTyanbHbIX AaTYMKOB BUOGPaLMKM B KOHTEKCTe ux npumeHeHus B ACY Tl pacnpeaeneHHbIX 06bEKTOB.
PaccmoTpeHbl OCHOBHble NpoGnemMbl U 3a4a4n KOHTPONA BMOpaUMM NPOMBbILLIIEHHOrO 060pyAOBaHUsA, X BNUsIHME Ha noaxoabl K
NOCTPOEHUIO JATYUKOB U CUCTEM BUOPOKOHTpPONS.

NHTEJIJIEKTYAJIBHBIE IATYUKH
BUBPAIIUAU B ACY TII

3a nocnepnue 30 neTt npousoLuen kaye-
CTBEHHbIN MPOrpecc B pasBUTUM SMEKTPOH-
HbIX BbIYUCINUTENbHBIX CPEACTB, KOTOPbIA
N3MEHWN TPaAWLMOHHbIE NPEeACcTaBeHus o
Jatymkax Kak nepBuuYHbIX npeobpasoBaTte-
nax [1] KOHTponNUpyemow BeNuYMHbI B CUrHar,
yAo6HbIN AN n3MepeHns, nepegayn, npeob-
pa3oBaHuWsi, XpaHEHWs! U perucTpauum.

B dyHKUKMAX 1 CTPYKTYpe AaTyuka, a Tak-
Xe KOHLUeNnTyanbHbIX NpeacTaBneHnsiX 0 Hem
NpOM30LLNK B3aumMoobycrnaenusaioLLme nsme-
HeHUsi: KOMMNboTEePU3aLMs, aBTomMaTsaums u
WHTennekTyanusauus aatyuka [2] (puc. 1).

MHTennekTyanusaums [aTyukoB B CO-
BPEMEHHOM MOHUMaHWM cTana BO3MOXHa

6naro;|ap;| MWHMaTopusaunn - BblHUCTTU-
TelnbHbIX CPEACTB — NOABMEHUD MUKPOMNPO-
LLeCCcopoB.

CpeacTtea BOCTMPUSITUSE U U3MEPEHWS,
OCHALLEHHbIE MUKPOMPOLECCOPOM, MPUHSTO
HasblBaTb WHTENMeKTyarnbHbIMU OaTynKamu,
€CMU OHW MPEACTAaBNAT COBOV MHOTOMYHK-
LMOHasbHbIE  MPOrpaMMupyeMble  M3Mepu-
TerbHble CPEACTBa, BKIIKOYAlOLLME CEHCop U
npeo6pasoBaTteflb B COCTaBe Nporpammupy-
€MOr0  MVKPOKOHTPOINIEpa C OnepaTvBHbIM

Tt s ko Yl
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I.C. TONYLWKWH

Ha4vanbHWK OTAEena;

r. CapoB

Hay4Ho-npon3BoacTBEHHOE
o6beanHeHne BHNI3®-BOJTTOIA3

1 NOCTOAAHHBIM Moayrnem namaTu, AL, KoH-
Tpornepa CBA3UM C TWUMOBLIMW MOMEBbLIMM
ceTamu.

WHTennektyansHble gatunku (M), kpo-
Me BOCTpUSTUSA 1 Npeobpa3oBaHUs CUrHANoB
(ycuneHnue, cTaHgapTU3auus [ManasoHoB,
nuHeapusaumst u  unNeTpauus, aHanoro-
uncpoBoe npeobpasoBaHMe, pacyeT BbIXOa-
HbIX 3Ha4YeHWn NO 3afaHHbIM anropuTMam),
BbINOSHAIOT AONOMHUTENbHbIE PYHKLNN:

» KoppeKuuto BbIXOOQHOMO CuUrHamna no Teky-
MM ToKasaTensam COCTOSHUA n3Mepsie-
Mo cpefbl (TepMOKOMMeHcauus).

* [narHOCTMKY BHYTPEHHMX HENCTPaBHOCTEWN
(oB6pbIB Lenu ceHcopa U T. 1.).

» XpaHeHue v npefocTaBneHve nonb3osare-
0 CBEAEHN O XapaKTepUCTUKax AaHHOro
npubopa (Tvn, 3aBOACKON HOMEP, TEXHNYe-
CKvie mokasaTtenu, AnanasoHbl U3MepeHus,
yCTaHoBMeHHas wkana, sepcus MO, apxus
NpoBefeHHbIX METPOSIOTNYECcKNX MOBEPOK,
CpPOK MpoBedeHus cneayiollenn MoBepKu
aatyvka).

* [IMCTaHLUMOHHYIO HaCTPOWKY OCHOBHbIX Na-
pameTpoB AaTyuka (BblIOOp AnanasoHa us-
MepeHus, MONockl 4acToT). P
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Puc. 1 3Bonioums CTPYKTYpbl AaTYMKa

INTELLIGENT VIBRATORY SENSORS
IN AUTOMATIC CONTROL SYSTEMS
OF COMPUTER AIDED PRODUCTION
PROCESSES

G.S. TOLUSHKIN
Department Chief; Research and Production As-
sociation VNIIEF-VOLGOGAZ, Sarov

The features of the intelligent vibratory se-
nsors in the context of their application in
the automatic control systems of computer
aided production process at assigned facil-
ities are being analyzed. Key problems and
priorities of vibration control in the industrial
equipment are reviewed, their influence on
approaches to building the sensors and vibr-
ation control systems.

In the last 30 years a new level of quality
has been achieved in the development of ele-
ctronic computing devices which has changed
the conventional perception of sensors as being
initial converters [1] of the value under control
into a signal which is convenient for measur-
ement, transmission, conversion, storage and
registration.

In the functions and structure of a sensor as
well as in the conceptual understanding of it the-
re have occurred mutually dependent changes:
computerization, automation and intellectualizat-
ion of a sensor [2] (Fig.1).

The intellectualization of sensors in its mo-
dern perception has become possible thanks to
miniaturization of computing devices, i.e. and
emergence of micro-processors.

The devices for perception and measureme-
nt equipped with a microprocessor are usually te-
rmed «intelligent sensors» if they represent mu-
Iti-functional programmable measuring devices
incorporating a sensor proper and a transducer
as part of a programmable micro-controller with
operational and permanent memory module, an
analog-digital converter, a communications cont-
roller to interface with typical field networks.

The intelligent sensors, apart from receiv-
ing and converting signals (amplifying, stand-
ardizing the bands, linearization and filtration,
analog-digital conversion, computing output
values according to defined algorithms) also
perform additional functions:

« Correcting the output signal according to the
current indicators of the state of the medium
being measured (thermo-compensation);

« Diagnosing internal faults (break in the sensor
circuit, etc.);

» Storing and providing to the user details ab-
out the specifications of the instrument (type,
serial No., technical performance, measuring
ranges, scale set, software version, archive of
the metrological checks made, the date that
the next sensor check is due);
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* Remote adjustment of the sensor’s principal
parameters (selecting the measuring range,
frequency band);

« Supporting well known standards for field ne-
tworks [3] (HART-protocol, Profibus, etc.).

The multiple functions of the intelligent sensor
[4] ensure:

« that distortions of measuring information on
its way from the sensor to the controller are
reduced;

« that readings become more reliable;

« that current readings of the value being me-
asured are provided in the specified units of
measurement (physical values);

« that the sensor has within it a database to sto-
re there the readings of the value being meas-
ured for a specified period of time without ove-
rloading the controller of the automatic control
system (computer aided production process)
with such computing operations.

The process of making the sensor more int-
elligent is reflective of redistribution of functions
in the structure of the automatic control system
(computer aided production process): the functi-
ons of an informational subsystem are assigned
to the sensor [2].

The above mentioned capabilities permit
intelligent sensors to be used in structuring pr-
ospective automatic control systems (computer
aided production process) based on the field bu-
sbar technology whose advantages [5] conside-
rably improve the efficiency of operating control
over facilities [6].

THE FEATURES OF THE INTELLIGENT
VIBRATORY SENSORS, ASPECTS OF
STRUCTURING THE SYSTEMS FOR
MEASURING ON FIELD BUSBARS.
A great many firms are engaged in develo-
ping and manufacturing intelligent sensors (Fig.
2a). Offers of intelligent vibratory sensors are
significantly fewer and far between, Internet si-
tes which offer them are fewer by the order of
magnitude (Fig. 2b).
This is due to the conditions under which
vibration is to be measured in industry which im-
pose mutually contradictory requirements on the
intelligent vibratory sensors:
1.Measuring dynamic processes with a broad
working frequency band and limited put-thro-
ugh capacity of the field networks.

2.Severe conditions under which vibratory sens-
ors are to operate.

The network standard supported in the int-
elligent sensors is mainly compliant with HART-
protocol which allows of «point-to-point» conne-
ctions and network connections.

The put-through of the «high speed» HART-
protocol is more than 4.8 kbits per second which
meets the needs of temperature control, pres-
sure control and other slowly changing param-
eters.

The vibratory sensors are designed to mo-
nitor fast processes with high frequency signals
(up to 30 kHz) and a sufficiently broad dynamic
range (60 dB).

In order to transmit continuously a digitized
signal with a sampling rate of 10 kHz (band up to
5 kHz) and a dynamic range of 60 dB (>10 digits)
one needs a line with a put-through of more than
100 kbits per second.

Therefore intelligent vibratory sensors use
higher speed interfaces, for example, EIA RS-
485 standard. The typical speed of exchange
is 115 kbits per second which in the «point-to-
point» connection mode permits the analog hi-
ghway to be replaced with the digital one. This
provides certain advantages in improving the
authenticity of the data transmitted.

* [NoppepxKy N3BECTHbIX CTaHAAPTOB MOMEBbIX

ceten' [3] (HART-npotokon, Profibus u 7. n.).
MHoroo6pasue dyHkuun N [4] obecne-

YnBaeT:

* YMeHbLUEHMEe UCKaXEeHWUN W3MepUTENbHOM
MHopMaLMM Ha NyTUM OT AAaTyuMKa K KOH-
Tponnepy?.

* [NoBbileHVE HAAEXHOCTUN N3MEPEHMS.

* Bbigavy Tekyulero 3aHayeHuns mamepsiemon
BEMUYUHBI B 3afaHHbIX eanHULax namepe-
HUS (PU3NYECKNX BENMYMHAX).

* Hanuuusa B Hem 6a3bl AaHHbIX ANst XpaHe-
HUS 3HAYEHWUI U3MEPSIEMON BENWYMHbI 3a
3afaHHbIl MHTEpBan BpeMeHW, He 3arpy-
Xasi 9TMU BbIYMCIIUTENbHBIMU OnepaLums-
MU koHTpornep ACY TrI1.

Mpouecc «MHTennekTyanusauMmn» gatyu-

Ka oTpaxaeT nepepacnpeneneHne yHKLnii B

cTpykType ACY TIM: dpyHKUMM MHOPMALIMOH-

HOW MOACMCTEMbI BO3MaratloTcsa Ha AaTyuk [2].

3OTM BO3MOXXHOCTU MO3BOMSIOT MCMONb30-

BaTb MHTENNEKTyanbHble AaT4uKM Npu NoCcTpo-

eHumn nepcnekTnBHbIX ACY TI1, OCHOBaHHbIX Ha

TEXHOMNOrMM MOMEBON LUMHBI, NMPenMyLLecTsa

KoTOpoW [5] pe3ko noBbIWaT 3PEKTUBHOCTL

onepaLmMoHHOro ynpasneHus obbektamm [6].

OCOBEHHOCTU UHTENNEKTYANbHbIX
OATYMKOB BUBPALIMU, ACTNEKTbI
NMOCTPOEHUA CUCTEM UBMEPEHUA HA
MONEBbIX LUMHAX

Pa3paboTkor 1 Npov3BOACTBOM MHTEN-
nekTyanbHblX AaTYUMKOB 3aHUMAETCsl OYeHb
MHOIO oMpM.

MpennoxeHui WHTeNNeKTyanbHbIX AaT-
ynkoB Bubpaummn (MNOB) 3HaunTENBHO MEHb-
e, 6onee Yem Ha NOPSAOK MEHbLLE CalToOB.

CBsi3aHO 3TO C YCNOBUSMWU U3MepPeHus
BMOpauMn B NPOMBbILLIEHHOCTU, HaknaablBa-
towen Ha OB B3auMHO npoTuBOpedvalime
TpeboBaHus:

1. N3mepeHne AMHaMWYHBLIX NPOLIECCOB C
LUMpOKoW paboyeit Norocon 4acTtoT npu
OrpaHWYeHHON MPOMYCKHOM CnocobHOCTM
MoneBbIX CETEN.

2. Tspkenble ycroBums 3KCnyaTaumm 4aT4mKoB
BMGpaumn.

OBOPYONOBAHUE
EQUIPMENT

[MNoppepxmBaembli cTaH4apT ceTen B
WHTEMMeKTyanbHbIX AaTynMkax, B OCHOBHOM,
¢ HART-npotokonom, JonyckawwmMm nog-
KIOYEHNs1 «TOYKa-ToYKa» U ceTeBble Mnog-
KIYeHus.

[MponyckHass cnocobHOCTb «BbICTPOro»
HART-npoTokona cocTtaBnsieT He 6onee
4,8 kbuTt/cek, 4YTO yOOBMNETBOPSIET NOTPEOHO-
CTSIM KOHTPONs Temnepatypbl, AaBMeHUs u
ApYrMxX MEANIEHHO MEHSIIOLLMXCS NapaMeTpoB.

Hatuvkm BMOpaummn paccumTaHbl Ha Mo-
HUTOPWHI ObICTPOTEKYLLMX MPOLIECCOB C Bbl-
COKO4acTOTHbIMK curHanamu (go 30 klu) ¢
[OCTaTOYHO LUMPOKMM AMHAMWYECKUM Auna-
nasoHom (60 ab).

[na HenpepbiBHOM nepegayn oundpo-
BaHHOIO CUrHamna c 4acTtoTow AMCKpeTu3auum
10 'y (nonoca go 5 kl'y) M AUHaAMUYECKUM
AvanasoHom 6046 (210 pa3psifoB) TpebyeTcs
TNIMHMSA C NPOMYCKHOW CMocoBHOCTbi0 bonee
100 kbuT/c.

Mostomy B OB npumeHsitoT Gonee cko-
POCTHbIE NHTepdENChI, HanpuMep, cTaHaapTa
EIA RS-485. TunoBas ckopoctb obmeHa 115
KOUT/C, UTO B peXMME MOAKITIOYEHUN «TOYKa-
TOYKa» MO3BONSET 3aMEHUTb aHaroroBbIN
TPakT uMdpoBbIM. IOTO AAET ONpefeneHHble
nperMyLlecTBa Ans NOBbILEHUS LOCTOBEp-
HOCTV NepefaBaembiX AaHHbIX.

Mpn skcnnyatauumn WOB B cocTtaBe
pacnpegeneHHom U3MepuUTenbHOW  cu-
CTeMbl Ha MONeBOW LWKHe ¢ rpynnow abo-
HeHTOB (puc. 3) cnegyeT yunTbiBaTb He-
npoun3BoAMUTENbHbIE NMOTEPU Ha nepegady
cnyxebHol nHpopmauun (agpec gaTymka,
obecrneyeHne rapaHTMpPOBAHHOW nay3bl
MeXxay naketaMmu JaHHbIX U T. n.). Peanb-
Has CKOpOCTb nepefayn AaHHbIX MOXeT
ObITb paccynTaHa (OPUEHTMPOBOYHO) MO
cnepytowen dopmyne:

Ve, = Ve " g "K g (1)
roe: K, — KoadhpuumeHT wncnonb3osa-

HVA Tpadmka, Ans 6onbLUMHCTBA MPOTO-

konoB He Gonee 0,7, nHaye BO3pacTaer

BEPOSATHOCTb KOMMU3unii; »

Puc. 2 Cuctema BUGPOKOHTpONA Ha 6a3e UHTeNNEKTYyanbHbIX AaT4YUKOB.

B cooTeTcTBIM cO cTaHaapTom IEEE-1451 W[l onpeaensioTcs Kak 4aTumku, KOTOPbIe BbIMOMHAIT yHKLMM
cBepx HeobxoauMbIx Ans HOPMUPOBaHUSI NMPaBUITLHOTO NpeAcTaBneHnst (oTobpaxeHus) usmepsieMon Be-
nn4YnHbl. K Takum yHKUMAM OTHOCUTCSI HE TOMbKO M3MEPEHUE, HOPManu3aums 1 KOppeKkUMs curHana, Ho u

camoTecTUpoBaHue, a Takke LndpoBon nHTepderic.
2KonTpornnep ACY TI.
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OBOPYNOBAHUE
EQUIPMENT

Ko — k0ahpULIMEHT, yunTbIBaIOLLMIA COOT-

HoLLeHWe Yncna 6UToB AaHHbIX K cyMmap-

HOMY 1X 4yncny B nockinke (butel agpeca,

YETHOCTU, BUTBI AAHHBIX U T. A4.), 0ObIYHO

He Gonee 0,2.

MpakTyeckn nonesHas NponyckHas cro-
COBHOCTb MOMEBbIX NNHUI CBSI3W COCTaBnseT
10...20% OT TeopeTnyeckn BO3MOXHOW. [lo-
3TOMy cucTembl BMOBpOMOHUTOpUHra B ACY
Tl 06bIMHO BbIAENSAT B OTAENbHbIE MOACU-
CTeMbl, 4YTO MOBbILLAET CTOUMOCTb CUCTEMbI B
Liernom.

[MpyMeHeHVe B KayecTBe MOMEBbLIX CeTen
Gonee ObicTpol WuHblI cTaHaapTa Ethernet
He BCerga BO3MOXHO, TaK Kak 9T0 NepeHocuT
YaCTOTHYIO MOSIOCy curHana B obnacTtb npo-
MBbILUMIEHHBIX MOMEX.

YKkasaHHylo npobnemy MOXHO peluaTb
pasHbIMU MYTAMMN.

OavH 13 HUX npegnonaraeT aHanua pe-
anbHbIX NOTPEBHOCTEN, peLlaemMbIX CUCTEMOW
BMOpPOMOHUTOPUHra. 3agadn BUOPOMOHUTO-
PVHra MOXHO pa3fenuTb Ha ABe NpakTU4eckn
npYMeHsieMbIe:

* HenpepbiBHbIN MOHWUTOPWHT B peXume
real-time gns onpeneneHns MmomeHTa 3a-
POXAEHUS HEeUCrnpaBHOCTU B LENsx 3a-
LWMTbl arperata OT KaTacTpoduyeckoro
oTkasa (oCyLlecTBnseTcs No HopmaTuB-
HblM TpeboBaHMAM B OTpacnu, a Takke
pekoMeHAauMsam  3aBOAOB-U3rOTOBUTE-
nen). KoHTponupyembiMv napameTpamu
06bIyHO sABnsATCA ypoBeHb CK3 Bubpo-
CKOPOCTM B MONIOCE 4acToT Unn pasmax

BnbponepemeLleHus.
» [lepuoguyeckass  guarHocTuka,  yrny-
bneHHas. [lpegnonaraetT aHanua cnek-

TpanbHOro cocTaBa curHana u apyrue
anropuTmbl, Tpebylowme 3Ha4YnTeEmNbHbIX
BbIYUCMNTENbHbLIX MOLLHOCTeN. [lpoBo-
ONTCS KBanMULMPOBaHHbLIMK 3KcnepTa-
MU C MPUMEHEHNEM 3HaHWI, onbiTa, 6a3bl
OaHHbIX UMW 3KCMEPTHLIMU CUCTEMaMMU,
paboTaWwyMy B aBTOMATU4ECKOM pe-
Xume (crneumnanusmpoBaHHoe 1O Bubpo-
OunarHocTukn). BbinonHsaeTcs B nocTnpo-
LIECCOPHOM peXuMe.

B npepene o6e atu 3agaun cxopdATcs

B HEMNpepbiBHYD aBTOMaTWYECKyl AuarHo-

CTUKY B pexume real-time, HO okoH4YaTenbHO

CWiern

BbIKIMIOYMTB M3 3TOrO MpoLecca Yyerioseka, no
BCeW BEPOSITHOCTU, HEBO3MOXHO.

CHU3UTb Harpy3Ky Ha JIMHWIO CBA3N MOX-
HO 3a cYeT pasgenexus 3agad [7].

PacueT napameTpoB Ans uenen 3awuTbl
He TpebyeT 3Ha4YMTENbHbIX BbIMUCIUTENBHbBIX
MOLLHOCTEN 1 MOXET BbINOSHATLCA B Henpe-
PbIBHOM pexuMe.

Lincdposass obpabotka (Hopmanusauusi
curHana, ®HY, ®BY, Bbiumcnenne CK3 B no-
noce vactot 10...1000 I'y) TpebyeT okoro 100
onepauuii TMnNa YMHOXEHUsI C HaKomMneHnem
nnm obpalleHns K mamMsaTym Ha OAWH OTcyeT
MFHOBEHHOrO 3HaveHusi. CpegHee Yucno Tak-
TOB Ha onepauuio B MUKPOKOHTponrnepax ob-
Lero HasHayeHus coctasnsieT 4. Npu yacTote
avckpetusaumm 2500 My (oGecneyeHve kpute-
pvs HavikBrcTa) TakToBasi YacToTa MUKPOKOH-
Tponnepa gomkHa 6biTb npumepHo 10 MIw.
[ns obecnevyeHns AgUHaMUYECKOro AnanasoHa
TpebyeTcsa 16-Tn pa3psaHas apudmeTrka.

MukpokoHTponnepbl € TpebyembiMu
XapaKTepucTMkaMu [OOCTYMHbl  (Hanpuwvep,
MSP 430 dwmpmbl  Texas Instruments,
ADuc812 dmpmbl Analog Device?).

3alumnTHOE OTKINoYeHWe arperata 06bI4HO
npoussoauTcs B TeveHue 0,5...3 cekyHp no-
Crne npeBbILLEHNS KOHTPONMPYEMbIM napame-
TPOM aBapuiHOW ycTaBku. [MepnognyHOCTb
onpoca AaT4yMKOB MOXET COCTaBnsATb A0 4-X
pa3 B CekyHAy.

dopmyna Ans pacyeTa MUHUManbHON
npornyckHou cnocobHoct Vmin, 6ut/c:

L B

=- (2)
ks I

rae: N — pa3psifHOCTb AaHHbIX, 6UT;
M — konm4ecTBO 4aTYMKOB B CETH;
F — yactoTa onpoca gatunkos, I'u.

Mpn 16-TM paspsaHbiX AaHHbIX U 10-Tu
NOAKIMOYEHHbIX AaTyMkax B CUCTEME MUHM-
MarnbHasi MNpomMyckHasi CMOCOOHOCTb  NUMHWUM
[ormkHa cocTaBnsaATb He MeHee 6400 6uT/c,
41O obecneunBaeTcs ctaHaapTom EIA RS-485
¢ bonbLUMM 3anacom.

Ona uenei BubpoamarHoctTuku Tpebyert-
cs nepegaya Ha ypoBeHb ACY TI1 MrHoBeH-
HbIX 3Ha4YeHul curHana (HeobpaboTaHHbIX) B
MakcuManbHO BO3MOXHOW Moroce 4acTtoTt. b

K

THED s

Puc. 3 MHorokaHanbHasi cxema U3MepeHus.

(DS

IMoaenms mrann

38-paspaaHas WMHa AaHHbIX

3/H (64) mait 2008 r.

3Kcno3nuua

When operating the intelligent vibratory
sensor as part of the dedicated measuring
system on the field busbar with a group of
subscribers (Fig. 3), one has to take into con-
sideration the unproductive losses on transm-
ission of service information (sensor address,
providing a guaranteed pause between data
packages, etc.). The actual speed of data tr-
ansmission can be calculated (approximately)
using the following formula. (1)
whereK _—trafficuse co-efficient, formostprotoc
ols it is no more than 0.7 otherwise the likeli-
hood of collisions increases;

K, — co-efficient which takes into account the

ratio between the number of data bits and

their total number in a transmission (addre-
ss bits, parity bits, data bits, etc.), usually no

more than 0.2.

Practically the useful put-through of the
field communications lines amounts to 10...
20% of the theoretically possible one. Ther-
efore the vibratory monitoring systems in the
automatic control systems (computer aided
production process) are usually segregated
into separated sub-systems which increases
the cost of the system as a whole.

The use of the Ethernet standard higher
speed busbar as field networks is not always
possible as this takes the frequency band of
the signal to the range of industrial interfer-
ences.

The above problem can be attacked in
various ways.

One of them presupposes analysis of
actual requirements to be met by vibratory
monitoring system. The vibratory monitoring
tasks can be divided into two which are in
practical use:

» Continuous monitoring in the real time
mode to pin down the moment at which a
fault comes into being for the purpose of
protecting the unit from a disastrous failure
(to be carried out in accordance with the
normative requirements in effect in the ind-
ustry as well as at the recommendation of
the manufacturing plants). The parameters
to be controlled are usually the level of the
mean square root value of vibration speed
within the frequency band or the sweep of
vibration travel.

* Period diagnostics, in-depth diagnostics.
It involves spectral analysis of the signal
composition and other algorithms which
require significant computing capacity. This
is to be done by qualified experts using ex-
pertise, knowledge and experience, data
bases or expert systems which operate in
the automatic mode (specialist software for
vibration diagnostics). This is done in post-
processor mode.

Ultimately both of these tasks converge
into on-going automatic diagnostics in real
time mode, however, to eliminate a human
from this process altogether is, in all proba-
bility, impossible.

The load on the communication line can
be reduced by separating the tasks [7].

The calculation of parameters for purpo-
ses of protection does not require significant
computing capacity and can be carried out in
a continuous mode.

Digital processing (normalizing the sign-
al, low frequency filter, high frequency filter,
calculating the mean square root value within
the frequency band between 10...1000 Hz)
requires about 100 operations of multiplicat-
ion type with accumulation and memory ref-
erence per one count of instantaneous value.
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The average number of cycles per operation
in general purpose micro-controller is 4. At a
sampling rate of 2500 Hz (meeting Nyquist’s
criterion) the clock speed of the microcontro-
ller should be approximately 10 MHz. To su-
pport the dynamic range, 16-digit arithmetic
is required.

The microcontrollers with the necessary
features are available (for example, MSP 430
Texas Instruments, ADuc812, Analog Device).
Protection shut-down is usually made within
0.5...3 seconds after the parameter under
control has exceeded the emergency setting.
The frequency of polling the sensors can be 4
times a second.

The formula to compute the minimum put-
through Vmin, bits per second is as follows
(2) where:

N — digit pattern of the data, bits;
M — number of sensors in the network;
F — frequency of polling the sensors, Hz.

With 16 digit data and 10 connected sens-
ors in the system, the minimum put-through of
a line must be no less than 6400 bits per se-
cond which is supported by EIA RS-485 with
a great margin.

For purposes of vibration diagnostics it is
required that instantaneous signal values (un-
processed) should be transmitted to the level
of automatic control system (computer aided
production process) within as wide a frequen-
cy band as possible. They can be transmitted
in background mode, by request, with requir-
ed frequency.

Let us evaluate the minimally possible
frequency of diagnostics with the same nu-
mber of sensors in the network. To support
the bottom borderline frequency of 5 Hz it is
necessary that data should be transmitted wi-
thin a period of no less than 1 second. The
upper borderline frequency by the maximally
possible sampling frequency of the analog-
digital converter. Given the sampling rate of
10 kHz the volume of data in one sensor is
160 kbits. With the put-through of the line at
115 kbits per second, it will take approximat-
ely 140 seconds to transmit the data from all
the sensors.

Most of the users actually need equipme-
nt diagnostics far less often.

Another path consists in building up co-
mputing capacity of a sensor and allocating
information parameters for diagnostics tasks
(level of mean square root value on harmo-
nics, harmonics phase, etc.) in the sensor,
while transmitting them through the network
to the level of the automatic control system
(computer aided production process)

General purpose microcontrollers does
have the required high speed. The gap is br-
idged by using specialized signal processors
(DSP) designed for flow type data processing.
They have the required productivity however
they call for sufficiently complex wiring and
piping which has an impact on the cost of the
measuring transducer and its dimensions. In
order to lower the cost of the measuring ch-
annel, given the high productivity of DSP, the
measuring transducer is often used to proc-
ess the signal from several primary transdu-
cers (Fig. 4).

The drawback of such schematics for an
intelligent vibration sensor is its limitation on
use in the dedicated automatic control syste-
ms (computer aided production process) for
small capacity units. In such systems a more
optimum choice would be single channel or
double channel sensors.

[ Witk

Puc. 4 CTpykTypa AaTunka BUGpaumm.

OHu moryT nepegaBaTbCsi B (DOHOBOM pe-
Xume, no 3anpocy, ¢ Tpebyemon nepuo-
ONYHOCTbBIO.

OuEeHMM MUHMMArbHO BO3MOXHYIO Nepu-
OOMYHOCTb ANArHOCTVKM NPU TOM XKe Konude-
CTBEe AaT4/KOB B CETU.

[na obecneyeHns HWXKHEN rpaHWy-
HoM 4acToTbl 5 'y Heobxoammo nepepaTb
OaHHble 3a nepuop He MeHee 1 ceKyHAbl.
BepxHsas rpaHnyHasn yactoTa onpegenseTcs
MakcumMaribHO BO3MOXHOW 4acToToW Auc-
kpeTusaymm ALIT.

Mpu yactote anckpetnsauyum 10 klMy 06b-
€M [aHHbIX B OOHOM [JaTyuke COCTaBnsieT
160 k6uT. MNpK NponyckHon cnocobHOCTM Nu-
HM —115 KBUT/C Ha nepenadvy AaHHbIX OT BCEX
[AaTtyunkoB notpebyetcs npumepHo 140 cekyHa®.

MpakTuyeckne notpebHoOCTM B AuarHo-
CTuke 06opyanoBaHus y 60NbLUMHCTBA NOMb-
30BaTenel BO3HUKAKT 3HAUYUTENBHO pexe.

[pyron nyTb 3akno4aeTcst B HapaluBa-
HUW BbIYUCIIMTENBHON MOLLHOCTY AaTynka u
BblAENEeHUss MHGOPMATMBHBLIX NapamMeTpoB
Ons 3agad gmarHoctukm (ypoBeHb CK3 Ha
rapmMoHukax, casy rapmMoHvK 1 T.n.) B gat-
ynke, nepenasas UX MO CETU HAa YPOBEHb
ACY TM.

MukpokoHTponnepbl 06Liero HasHave-
HUs1 He obecneumBatoT Tpebyemoro ObICTpo-
fencteus. 3agava peluaetcs NpUMeEHeHeMm
crneunanm3npoBaHHbIX CUrHanbHbIX MpoLec-
copoB (DSP), paccuntaHHbIX Ha MOTOKOBYIO
obpaboTky AaHHbix. OHu obnapatoT Tpeby-
€MOI MPOV3BOAUTENBHOCTBIO, HO TpebyoT
[OBOMbHO CMOXHOW CXeMbl 006BA3KM, YTO OT-
paxaeTrcs Ha CTOMMOCTU W3MEPUTENBHOIO
npeobpasoBarens u rabapuTax.

[na CHWXKeHWs1 CTOMMOCTU U3MepuUTeSb-
HOrO KaHana, y4nTbiBasi BbICOKYHO NpOn3BoaM-
TenbHoCcTb DSP, nsmeputenbHbIi npeobpa-
30BaTefb YacToO UCMONb3YyT AN 06paboTku
CUrHana oT HecKonbKUX NepBUYHBIX Npeobpa-
3oBatenen (puc. 4).

Hepoctatkom nogo6bHon cxembl WOB
SABMNSAETCA OrpaHWYeHHOCTb MPUMEHEHUS B
pacnpegeneHHbix ACY Tl arperatoB ma-
non mouwHocTn. B Takux cuctemax Gonee
ONTUMarnbHbIM SIBNSIETCS NPYMEHEeHWe OfHO-
KaHamnbHbIX UK ABYXKaHanbHbIX ATYMKOB.

CepbesHble OrpaHuyeHnsi Ha npuMeHe-
HMe BCTPOEHHbIX MWKPOKOHTPONNEpoB Ha-
KNagablBalOT  YCIOBUSA 3KCMlyaTaumMn aartyu-
KOB BMOpaLumun.

TemnepaTypa B TOYKax KOHTpOMs raso-
TYpOVHHBIX ABUratener (Kopryc noALnnHuKa
onopsbl) TBI coctaBnsiet 6onee 300°C, ypo-
BeHb BUbpauuu (no BMGPOCKOPOCTU) Ha ra3o-
nepekavMBaloLLmMX arperatax ¢ aBMaLMOHHbI-
Mun aBuratensamm coctasnsetr 4o 10 mm/cek.

Pl T

OBOPYOBAHUE
EQUIPMENT

1 I:

=l
RS-485;
CAN

Co3gaHve  MpOMbILWISIEHHOTO  AaTtyMka  C
BCTPOEHHOW 3MEKTPOHMKOW Anst NoAo06HbIX
YCNOBUI SBMSIETCS TPyAHOPAaspeLuvMon 3a-
Aaven, ecnu BooOLle BO3MOXHO. [loatomy
B HacTosilee BpeMsl B AaTyvkax Bubpauuu
BonbLINHCTBO Npou3BOAUTENEN MPUMEHSIIOT
CXEMY C pa3HECEHHbIMU W3MEepUTENbHLIM U
nepBuYHbIM NpeobpasoBatensmu (puc. 5).

Mo cnoxuBLuencs TepMMHONOrMM Takoe
YCTPOWCTBO NPUHSATO Ha3bIBaTb AaTYMKOM, HO
4acTo AATYMKOM Ha3blBalOT MEPBUYHBLIN Npe-
obpasoBatenb; W3MepuTenbHbLIN Npeobpa-
30BaTeNlb MOXET Ha3blBATbCSl COrMacytoLLmMm
YyCTPOWCTBOM, HOpMUpYHOLLMM npeobpasoBa-
Tenem, BTOPUYHbIM NpeobpasoBaTenem.

B 3aBrcuMOCTH OT BMAa U3MepsieMoro na-
pameTpa, B kayecTBe NepBuYHbIX Npeobpaso-
BaTeneil MCnonb3ayloT MNbe30akcenepoMeTpbl
(BnbpoycKkopeHne), BenocmmeTpbl (BUGPOCKO-
pOCTb), BUXPETOKOBbIE Npeobpa3oBaTtenu (OT-
HocuTenbHoe BUbponepemelleHne).

[atumkm BMGpaLUMn ¢ BCTPOEHHOW 3nek-
TPOHMKOW (B MOSIHOM CMbICNE WHTEMMEeKTy-
anbHble JaT4yuKuM) HaxodsAT NpUMEHeHve Ha
obbekTax (arperatax) ¢ HEBbICOKOW pabouei
TemnepaTtypoun B Todke koHTponsi (no 70°C).
CuncTeMbl Ha OCHOBE TakMX AaTyukoB (puc. 3)
MUMEKT MWHMMarnbHYD CTOUMOCTb U3MepU-
TENbHOro KaHana. m
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4C y4eTom saTpar Ha nepegady cryxebHoi MHpopMaLm
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[na HageXxHoOM 3KcnryaTauuu NPoMbIlIIeHHOro o6opyaoBaHMsi TPEOYIOTCS MOCTOSIHHbIA KOHTPONb M AMarHOCTUKa obLuero cocro-
SIHUSI MalWH U MEeXaHM3MOB, a Takke NMpoBepKa NapaMeTpPoB TEXHONOrM4Yeckux npoueccoB. lMpn 3ToMm BaXHbIMW ANsl aHanu3a siB-
NAKTCA NapaMmeTpbl MeXaHMYECKOro ABUXXEHUSA, B YaCTHOCTU NapaMeTpbl Nepuoauyeckux nepemelleHuin uccnegyemoro oosLekra B
npocTpaHcTBe (BMGpauuu). PeaynbsraTthl uccriefoBaHUIA BIIUSIHUSI Pa3fUyYHbIX BUAOB AedeKToB Ha (PyHKLIMOHMpPOBaHMe MalluH noa-
TBepaunu, YTo HambonbLen guarHocTuYeckon nHdopmaumnen obnagaetT MMeHHO curHan BMbpauun.

OATYUNKNV BUBPAIIN /I CICTEM KOHTPOJIA
ITPOMBIIIVIEHHOTO ObOPYJOBAHVA

Xapaktep n macwTtabbl M3MEHEeHUs BU-
Opauun BO BpeMeHu ANs Kaxaoro cryvas
WHAVBMAYanNbHbI, KOHKPETHbIM BUMOpaLOH-
HBI MpOLEecc COAepXMT Gonblion obbem
BaXHenwen nHdpopmaumm, ucnonb3oBaHue
KOTOPOW MO3BONSET AMArHOCTMpOBaTb Tex-
HMYeCckoe COCTOSIHME MEXaHW3MOB WM MalUvH
N paumMoHanbHO yCTpaHAaTb MHorve aedek-
Tbl. B nocnegHwe rogbl  3aBoesano nomny-
NSPHOCTb  OBCNyXMBaHWE MO COCTOSIHUIO,
Korga MallvMHa peMOHTUPYETCS TOMNbKO B TOM
cny4yae, ecrnm U3BeCcTHO, YTO B paboTe y3nos
nosiBnsATCs cbon 1 pasBmMBaeTCA Hencnpas-
HOCTb, KOTOpasi MOXeT MPUBECTU K OTKasy
obopyaoBaHusa. YeM HapexHel n KOHKpeT-
Hel QnarHos, Tem Huxe 3atparbl, Heobxoan-
Mble Ans BOCCTaHOBMeHus arperata [1-5].

OCOBEHHOCTU KOHCTPYUPOBAHUA
U3MEPUTENbHbIX MPEOEPA30OBATEIEN
[locToBEpPHOCTb U3MEPEHUIA N KOPPEKT-
HOCTb MOCTaBIEHHbIX ANArHO308 BO MHOIOM
onpeaensitoTCst Ka4eCTBOM U3MEPUTENbHbIX
kaHanos. NepBbiM 3BeHOM Nto6oro namepwm-
TENbHOro KaHana, npegHasHayYyeHHbIM Ans
N3MEPEHNS] HE3NEKTPUYECKON BENUYUHBI,
ABMAKTCA AaTYNKN — U3MepUTENbHble npe-
obpasoBatenu (UIM). UM — ato cpencTtea
n3MepeHui, npeobpasywlime un3Mepsie-
MY HE3NEKTPUYECKYIO BEMUYMHY B APYryto
(PU3NYECKYID BESIMYUHY, HanpuMmep 3rek-
Tpudeckytlo, yaobHyw Ans nepegjayn Ha
paccTosiHne nHdopmMauun o6 nsmepsiemon
BenuuuHe. lpu paspaboTke n un3roTosne-
HUM [JaTynkoB Heobxoammo obecnedynTb
MUHWMarnbHYl0 3aBUCUMOCTb WX Napame-
TPOB OT pasfINYHbIX BMOOB BHELUHWX BO3-
OencTBui: TemnepaTtypbl, 4aBMEHUS, BRnax-
HOCTW, MarHUTHbIX 1 3NEKTPUYECKMX NOMen,
NPOMBILIIIEHHbIX MOMEX W HaBOAOK, yaap-
HbIX Harpysok, paguaLVMoHHOro obrnyyeHus,
NPOHUKHOBEHWs Bnaru u rasos. B annapa-
Type BMOPOKOHTPOSMS  LUMPOKO MPUMEHIOT-
Csl Mbe303NEKTPUYECKME aKCeNepoMETPbI,
Hanbonee nonHo obecne4yvBatolme Heob-
XoAuMmble xapaktepucTtukm [1-5]. HecmoTps
Ha LUMPOKUIA CMEKTP MMEKLMXCS Ha PblH-
Ke usgenuii, B cnyyae paspaboTku cuctem

IE. KWUBPUK

KOHTPONS U AMarHOCTUKM obopyaoBaHus B
KOHKPETHbIX 06racTsx MPOMbILLIEHHOCTN
BO3HMKaeT HeobXoAMMOCTb B MWHMMU3aA-
LUMN HOMEHKNATYpbl OATYMKOB U KX CTOU-
MOCTU, a Takxke YHU(UKaALUN CUTHANoB U
KOHCTpyKUumi. C Apyron CTOPOHbI, Hepeako
Heobxoanmo obecneuntb ocobblie Tpebosa-
HUSI 3aKa34yuKa 1 y4YuTbiBaTb COBPEMEHHbIN
YPOBEHb AOCTMXEHUI pa3paboTku 1 npomns-
BOCTBa MUKPO3MEKTPOHHbLIX cxeM. Bce aTto
BbIHY>XAaeT upmbl paspabaTtbiBaTb cob-
CTBEHHbIE Creunanu3mpoBaHHble AaT4uKu,
Hanbonee MoOMHO YyOOBMETBOpPSOLINE Tpe-
60BaHUSIM CErofHsILLHErO NPOM3BOACTBA.

Mpounssogumele HMM «TUK» gatymkn Bu-
Opaunu nNpegHasHayveHbl AN CUCTEM AMarHo-
CTUYECKOro 06CnyxuBaHUst PaboTbl POTOPHbIX
MaLLWH C Lerblo CBOEBPEMEHHOTO 0BHapyxe-
HUA nosiBnsAloLWmMXCcs AedekToB. dTM BUBGpoO-
npeobpasoBaTtenu pasgerneHbl Ha NOArpynnb:
* o cnocobam KpenneHus K MallunHe;

* MO BUAY BbIXOAHbIX 3MIEKTPUYECKUX CUT-
Hanos;

* MO TUNY YYBCTBUTENbHbIX 3MEMEHTOB
BubponpeobpasoBartens;

* MO HanM4ynl BCTPOEHHbIX 3MEKTPOHHbIX
cXem.

BHewHun Bua [aTyMKoB U UX pasMe-
pbl onpefensTcs BO MHOTOM crnocobamu
KpenneHus u rabaputamv U3mMepuTenbHbIX
npeobpasoBarenen. MHdopmaTnBHOCTL
cWrHana patyuka 3aBucuT OT crnocoba
YyCTaHOBKM [aTyvMka Ha KOHTpOnupyemow
Toyke. CTauMoOHapHO yCTaHOBIEHHbIE AaT-
YMKM NO3BONSAT Hambonee [AOCTOBEPHO
onpefenaTb Hanuuve U BUA HeucnpasHO-
ctn. Ocoboe BHUMaHWe yaeneHo Hamu pas-
paboTke OBYXMNPOBOAHBLIX BbIXOAHbIX CXEM,
B KOTOPbIX HanpshkeHne nuTaHus u curHan
nofawTcs OQHOBPEMEHHO MO OAHUM U TEeM
e npoBogHMKaM. AHanoroBbll BbIXOAHOW
curHam no HanpsbkeHuto obecneymBaeTcs
ctanpaptom ICP, paspaboTaHHbIM cneuu-
anbHO Ansi nbesoakcenepomeTpoB. B Tex
cny4yasix, koraa HeobxoaMMo UMETb BbIXOA
«TOKOBasi MeTnsi», UCMONb3yeTcs cxema, re-
HepupyloLwas BbIXOAHOW TOKOBbIN CUrHan,
Haxogsawmnecs B guanasoHe 4-20 mA. »

KaHaunaat (bVI3VIKO-MaTeMaTVNeCKVIX HayK
OOO HIMM «TUK»

BHEWHNN BUA AQTUYNKOB U UX pa3Mepbl
ONpPEeAEASHOTCA BO MHOTOM cnocobamu

KPenAeHua n rabaputamMmmn U3MepPUTEAbHbIX
npeobpasoBatenei. UHpOPMATUBHOCTD CUTHaAAA
AaTuMKa 3aBUCHT OT cnocoba yCTaHOBKH
AaTYMKa HA KOHTPOAHMPYEMOM TOUKe
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VIBRATORY SENSORS FOR INDUSTRIAL
EQUIPMENT CONTROL SYSTEMS

G.E. KIBRIK, Candidate, Physics and Mathemati-
cs, OO0 NPP «TIK» («TIK» Scientific and Produ-
ction Enterprise, LLC), Perm

Reliable operation of industrial equipme-
nt requires that constant control and dia-
gnostics of the general condition of ma-
chines and mechanisms should be made
as well as the parameters of the product-
ion processes should be checked. At the
same time, critical for such analysis are
the mechanical motion parameters, spec-
ifically speaking, the parameters of perio-
dic movements in space (vibration) of the
object under investigation. The results of
research to determine the influence of va-
rious types of defects on the functioning
of machines have corroborated that it is
a vibration signal that contains maximum
diagnostic information.

The nature and scale of vibration change in
time for each particular case is specific, a specific
vibratory process contains a large amount of most
important information which, when used, allows
the technical condition of mechanisms and mac-
hines to be diagnosed and many defects to be ra-
tionally eliminated. In recent years it has become
popular to service according to condition when a
machine is repaired only if it is known that failures
will occur in the operation of the components or a
fault may develop which would lead to failure of
the equipment. The more reliable and specific the
diagnosis is, the lower the costs required for the
unit to be fixed are. [1-5].

SPECIAL FEATURES OF THE MEASURING
TRANSDUCER DESIGN

The trueness of readings and the correctness
of diagnoses made are, to a great extent, deter-
mined by the quality of the measuring channels.
The first link in any measuring channel designed
to measure a non-electric value is the senders
— measuring transducers. Measuring transducers
are the measurement devices which convert the
measured non-electric value into another physical
value, for example, an electric one, which is co-
nvenient to transmit information about the value
being measured over some distance. When de-
signing and manufacturing the senders it is nec-
essary to ensure minimum dependence of their
parameters on various types of external effects:
temperature, pressure, humidity, magnetic and
electric fields, industrial interference, impact load,
radiation, penetration of moisture and gases. Pie-
zoelectric accelerometers are widely used in the
vibratory control instrumentation as they meet the
necessary requirements more completely [1-5].
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Despite a broad spectrum of products available
in the market in a situation where one needs to
develop a control and diagnostics system for the
equipment in specific industries, there arises a
need to minimize the model mix of the senders
and their price as well as to commonize signals
and designs. On the other hand, one often has to
satisfy the customer’s special requirements and
to take into consideration the current level of ac-
hievements in the development and production of
microelectronic circuits. All this makes companies
design their own specialized senders which add-
ress in a more comprehensive way the needs of
today’s operations.

The vibratory sensors produced by NPP
«TIK» are intended for diagnostic service systems
to support the operation of rotary machines with a
view to early detecting emerging defects. These
vibratory transducers are divided into sub-groups:
» by the method of attaching to the machine;

» by the type of electric output signals;

» by the type of the vibratory transducer sensitive
elements;

» depending on whether they have inbuilt electro-
nic circuits.

The appearance of the sensors and their di-
mensions are determined, in many respects, by
the method of attachment and dimensions of the
measuring transducers. The informativeness of
the sensor signal depends on the method of posit-
ioning the sender at the control point. The sensors
installed in a stationary manner enable the exis-
tence and the type of fault to be identified most
properly. We have given special consideration to
developing two wire output circuits in which the
power voltage and the signal are fed through the
same conductors simultaneously. Similar output
voltage signal is ensured by the ICP standard de-
vised specially for piezo accelerometers. Where
«current loop» output is required, a circuit genera-
ting a current output signal within the range betw-
een 4-20 mA is used.

PIEZOELECTRIC VIBRATORY TRANSDUCERS

Piezoelectric accelerometer was chosen as a
basic transducer. Sensors based on direct piezoe-
lectric effect are most common in many industries
and have the characteristics corresponding to all
the requirements applicable to a vibratory sensor
and are rather inexpensive. According to the type
of the output value piezoelectric transducers belo-
ng to generating sensors as they are based on the
effect of producing electric charges on the surface
of the piezoelectric material and electric polariz-
ation within it which result from compression and
extension deformations. In order to make sure that
an alarm signal warns that the anti-vibration cable
has broken, Resistor R1 is connected in parallel to
the measuring transducer capacitance. The outp-
ut signal travels through the cable to the input of
the circuit board of the device for communication
with a facility. The most common method of proc-
essing the signal of the piezoelectric vibratory tra-
nsducer is the charge amplification. All the charge
generated accumulates on the feedback capacitor
C of the charge amplifier while the output voltage
U0 equals [6-7] as follows: (1),

where K — conversion coefficient, x — amount
of deformation.

Acceleration signal or the mean square root
value of the vibration speed are normally chosen
as the measuring transducer output value. In the
second case the device is structured as shown in
the functional diagram, given in Fig.1. Microcontr-
oller [8] performs the functions of an analogue-to-
digital converter, a voltmeter of the mean square
root value of the input voltage variable compone-
nt, a level comparator and a code modulator. The

NbE30O3NEKTPUYECKUE
BUBPOMNPEOBPA30BATENU

B kauecTtBe 6asoBoro npeobpasoBaTe-
nsi BbIOpaH Nbe303NeKTPUYECKUIn aKkcenepo-
MeTp. [laTunkn Ha ocHOBE MPSIMOro Mbe303-
nekTpuyeckoro acpcdekrta Hanbonee LIMPOKO
pacnpocTpaHeHbl BO MHOMMX OTpacnsx npo-
MbILUIEHHOCTU, WMEKT  XapakTepPUCTUKH,
yAoBrneTBopsiloLne BceM TpeboBaHMAM K
AaTyvky BuGpauumn, M OOCTaTOMHO HU3KYH
CTOMMOCTb. [10 BMAY BbIXOAHOW BEMUYMHbI
Nbe30aneKTpuyeckme npeobpasoBarenu
OTHOCATCA K TeHepaToOpHbIM AaTynkam, B
HUX uncnonb3yetcs 3addekT obpasoBaHUsi
3MNeKTPUYECKNX 3apsiAoB Ha MOBEPXHOCTU
Nbe303NeKTprka U 3NeKTPUYecKon Mnonsipu-
3aUMM BHYTPU HEro, KOTOpble NpoUCXoasaT
B pesynbrate gedopmauuin cxaTus u pac-
TshkeHusi. [Ina obecneyeHns curHanmsaumm
ob6pbiBa aHTMBMOpaLMOHHOro kabens napan-
nensHo emkoctn UM BkntoveH pesunctop R1.
BbixogHon curHan no kabeno nocTtynaet Ha
BXOA, NnaTbl YCTPOWCTBA CBSI3N C OOBEKTOM
(YCO). Haubonee pacnpocTpaHeHHbIM Me-
ToAoM obpaboTkn curHana mnbe3oanekTpu-
Yyeckoro BubponpeobpasoBaTens ABMASETCA
ycuneHue 3apsiaa. Becb reHepupyembii 3a-
pSA HakannuBaeTcs Ha KoHAeHcaTtope 006-
patHon cBa3n C ycunutens 3apsiga, a Bbl-
xofgHoe HanpskeHve U, pasHo [6-7]:
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3necb K- koadpduumeHT npeobpasoBaHus,
X-BenuynHa gedopmauuu.

B kadecTBe BbiIxogHOM BenuyuHbl UM
06bl4HO BbIOMpatT nMBO curHan yckope-
HMA, Nnbo cpeaHeKkBaApaTUYHOE 3HaYeHue
(CK3) ckopocTtu Bubpauumn. Bo BTopom cny-
Yyae yCTPOMCTBO CTPOMTCA NO PYHKUMOHAMb-
HOWM cxeMe, NpeacTaBneHHon Ha puc.1.

PyHKUMM  aHanoro—undpoBbIX npe-
obpasoBatenen, BonbTMeTpa CK3 nepe-
MEHHOro KOMMOHEHTa BXOAHOro Hanpsxe-
HUSA, perynatopa ycuneHus uuMdpoBoro,
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Komnapatopa ypoBHeW 1 KOJOBOIO MOAY-
naTopa BbINOMHSAET MUKPOKOHTponnep [8].
MoTpebneHve BCcex KOMMOHEHTOB CXeMbl
MeHblwe 4 MA, 4yTo obecneynmBaeT MUHU-
ManbHbI TOK B [ABYXMPOBOAHON CXeme
«ToKoBas netns» 4-20 MA.

B npubopax npumeHEH 8-O6UTHbIN
mukpokoHTponnep ATTINY 15L co BcTpo-
€eHHbIM 4-kaHanbHbiM 10-6UTHBEIM aHano-
ro-umdposbiM npeobpasosatenem [10].
[aHHbI MWKPOKOHTpoOnnep npu Hebonb-
LLIOM 3MeKTponoTpebneHnn n HeBbICOKOW
CTOMMOCTM UMeeT BCce Heobxoanmble yHK-
UMy ONs pelleHnst NocTaBleHHOW 3adauu.
Mporpamma 06paboTku BXOAHbLIX CUTHANOB
ONTUMarnbHO UCMONb3yeT BCe pPecypcChl Mu-
KpokoHTponnepa . bnok — cxema anropuT-
Ma nporpammbl NpMBeAeHa Ha puc.2.

AKTUBHbIE NbE303NNEKTPUYECKUE
BUBPOIMNPEOBPA3OBATEJIU CO
BCTPOEHHbIM 3NEKTPOHHbLIM BTOKOM
[nana3oH pabounx Temnepatyp MHOMMX
NMPOMBbILLMEHHbIX arperaTtoB He OYeHb LUMPOK,
a MakcuMarnbHasi TemnepaTtypa NoBepXHOCTU
He npesbiwaeT +85°C. B atom cny4vae pat-
YMKKM, yCTaHaBNMBaeMble Ha MalUUHbI, MOTYT
copepxaTb B CBOEM COCTaBe 3IEKTPOHHblE
KOMMOHEHTbI, B TOM 4uUCre MonynpoBOAHW-
KOBble MUKPOCXEMbl, AN KOTOPbIX (PUPMbI-
NpON3BOAUTENN rapaHTMpYT obecneyeHne
nacnopTHbIX MapamMeTpoB [Ans Temnepa-
Typ oT - 40°C po + 85°C. NpeobGpasosare-
N CTPOATCS MO TeM Xe (PYHKLMOHamNbHbIM
cxemam (Hanpumep, puc.1), U3 KOTopbIX UC-
KntoyatoTcs BXOAHOW kabenb 1 cxema obpbl-
Ba kabens. B aktuBHbIX UM ncnonbayTcs
TOMbKO [BYXNPOBOAHbIE BbIXOAHbIE CXEMbl,
YTO 3HAYUTENbHO CHIDKAET CTOMMOCTb MNHUIA
CBSI3K, KOTOPbIE BbIMOMHATCA U3 0ObIYHOMO
3KpaHMpoBaHHOro nposoga. 3tn UM, Hanpu-
mep DVA-1-1-2, DVA-1-2-1 (Tabnuua 1) n
Apyrve, UMelT [OOMNONMHUTENbHYK 3KpaHu-
POBKY 3rnemMeHTOB, koTopas obecneymBaet
CYLLIECTBEHHOE CHVDKEHWE YPOBHS MPOMbILL-
NeHHbIX HAaBOAOK Ha BXOAHbIE Lenun. B
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Puc. 1 ®yHkumoHanbHas cxema UM CK3 ckopocTtu BUGpaumm
1) Nbe3oakcenepomeTp; 2) Kabenb; 3) Cxema kOHTpons o6pbiBa kabens; 4) YeunuTenb 3apsaaa;
5) AKTUBHbI MHOTO3BEHHbIN NonocoBon punbTp; 6) PunbTP HU3KKMX YacToT; 7) UHTerpaTtop;

8) Yeunutenb; 9) AHanoro-umdgpoBoi npeobpasoBarenb; 10)

Ananoro-uncpoBom

npeobpa3soBartenb; 11) Komnapatop ypoBHeit; 12) BonstmeTp CK3 nepeMeHHOro KOMNnoHeHTa
BxoaHoro HanpsikeHus; 13) Perynsatop ycunenus uncdposoin; 14) MoaynsaTtop koaoBbIi;

15) LUudpo-aHanoroBbiit npeo6pasoBarenb; 16) UCTOYHMKM BTOPUYHOrO NMUTAHUS CXEM;

17) ®opmupoBaTenb BbIXOAHOro curHana; 18) Cxema nckposawmrbl
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AOCTOBEpPHOCTb NOAYyHaAEMbIX NPH
BUOPOKOHTPOAE pPe3yAbTaTOB U3MEPEeHUN
BO MHOroM 3aBMCHMT OT CNNocoH0B YCTaHOBKMU
N KPEMNAEHUA SIAEMEHTOB U Y3A0B npubopa, a
B 0COHEHHOCTU, YYBCTBUTEABHOTO SAEMEHTA -
MUKPOMEXaHUUYECKOro akcenepomeTpa

BUBPOIMNPEOBPA3OBATENU
HA OCHOBE UHTEIPAJIbHbIX
MUKPOJNEKTPOMEXAHUYECKUX
EMKOCTHbIX AKCENIEPOMETPOB
B HacTtosiLee BpeMsA 4OCTATOMHO LLUMPOKO
NPUMEHSIIOTCS aKcernepoMeTpsbl, Npu paspaboT-
Ke KOTOpbIX Ucrnonb3oBaHa TexHonorus iIMEMS
(MHTerpanbHble MUKpPO3MEeKTpOMEXaHNYecKne
cucTtembl). Cuctema cogepXuT MUKPOMEXaHM-
YeCKUIA CEHCOP U UHTErparbHyH AMEKTPOHHYHO
cxemy. o BMAYy BbIXOAHOW BEMUYMHBI MUKPO-
3AMNEKTPOMEXaHUYECKME EMKOCTHble Mpeob-
pasoBaTenu OTHOCATCA K MNapameTpu4eckuM
gatymkam. MukpomexaHu4eckne ycTponcTsa
Ha OCHOBe KpucTarnna KpeMmHWUsi MO3BOMSOT
N3MepsiTb Kak MOCTOSIHHbIE YCKOPEHWS], Tak 1
napameTtpbl Bubpauun. bbicTpoe passutue
N coBepLUeHCTBOBaHWe TexHornorun iIMEMS
NpWBENO K MOSIBIIEHMIO K HACTOSILLEMY BpemMe-
HW CPaBHUTENMbHO HEJOPOrMX AaT4MKOB, UMe-
IOLLIMX BbICOKME NOTpebUTENbCKe CBOMCTBRA:
* nonoca pa6o4yux yactot ot 0 o 6 kly;
* BbICOKAs TOYHOCTb W LUMPOKMI Juana-
30H U3MepsieMbIX 3HAYEHUIN YCKOpEeHUs
ot 0,025g o 150g;
* BblCOKas TemnepaTypHas cTabunbHOCTb
He xyxe 0,005%/K;
* TemnepaTtypHbli paboynii AnanasoH oT
-55°C po +125°C;
* YyBCTBMTENbHOCTb MO OAHOW, [ABYM WNn
TPEM OCSIM NPV OAHMX U TEX Xe pa3mepax;
* ypapHasa Harpyska go 3500 g.;
* Marnble pa3mepbl KOPNYyCOB MUKPOCXEM;
* BCTPOEHHbIE 3NEeKTPOHHble CcXeMbl 06-
paboTKn CUrHaANoB NPU BbICOKOM YPOBHE
MHTEerpauuu;
* BblcoKkas NuHenHocTb — 0,2%;
* aHanoroBble W LUUPPOBbIE BbIXOAHbIE
cUrHansl;
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Puc. 2 Bnok-cxema anroputma nporpaMmmbi
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* Manas n0Tpe6nﬂemaﬂ MOLLUHOCTb Npwn

TUNUYHOM 3HA4YeHUn noTpebnsiemoro
Toka — 0,6 MA;
* pe3oHaHcHas yacTtoTa ceHcopa

0o 10...18 kly;

* Manas nonepevyHasi YyBCTBUTENbHOCTb,
TUNUYHOE 3HayYeHue KoTopon — 2%;

* OTCYTCTBME TreHepauun BbICOKOBOMbT-
HblX B3PbIBOOMNACHbLIX BbIOPOCOB Hanps-
XXEHUSA Npu yaapHON Harpyske.

Psa napameTpoB uvHTerpanbHbIX ak-
cenepoMeTpoB K HacTOsILLEMY BpeMeHu
AOCTUT 3HAYEHMI, CONOCTaBUMBbIX C Xapak-
TEPUCTUKAMN MNbe303NEeKTPUYECKUX npe-
obpasoBartenen [9]. K ocHOBHbIM Hepo-
cTaTkaM MUKpoakcenepomeTpoB crnepyer
OTHECTW 3aBUCMMOCTb YYBCTBUTENBHOCTHU
OT HamnpshkKeHUs UCTOYHWKa NMuTaHus, 3a-
METHbIi  pa3bpoCc  YyBCTBUTENbLHOCTMH,
3aMeTHOe CMelleHne HYNeBOoro YpOBHSA
BbIXOAHOrO HanpsXeHWs npu HynesoM
YCKOPEHUW, HEeAOCTaTOYHO LUMPOKUI Ana-
nasoH paboynx TemnepaTtyp W, HakoHel,
3aMeTHbIN ypoBeHb LWYMOB. EMKOCTHblE
akcenepomeTpbl, WCMOMHEHHble B BuUAae
CTaHAApTHOM MUKPOCXEMbI U UMeloLne
BbICOKUIA KO3 DUUMEHT anekTpomexa-
Huyeckoro npeobpasoBaHWs, MO3BOMAIOT
ObICTPO NpOEeKTUpoBaTb aKkTUBHbIE BUGPO-
npeobpasoBatenu ANA UHAYCTpPUanbHOro
ncnonb3oBaHnsa. Hay4yHo—nponsBoaCTBEH-
HbiM npegnpustnem «TUK» paspaboTtaH
PS4 @KTUBHbLIX OAaT4YMKOB, B KOTOPbIX WC-
nonb30BaH aHamnoroBbll BbIXOA MWKPO-
cxembl—akcenepometpa. B paTtumkax c
MUKpoakcenepomeTpamu (puc. 3) npume-
HeHbl Takue Xe dneKkTpuyeckne CxXemel,
4YTO M B aKTMBHbIX Nbe30oAaTynkax, UCKIto-
YeH TONbKO yCunuTenb 3apsaa.

Mpn un3mepeHnAX BEeNUYMHBI yCKOpe-
HUA MpPUMEHeH [ABYXMNPOBOAHbIV aHamno-
roBblii BbIXoA, obecnevymBaloWUn cUrHan
dopmata ICP. B atom cnyyae nonoca
nponyckaHusa UMM nexut B ananasoxe 0...3
kl'u. Ecnn Ha Bbixope npubopa Heobxoan-
MO MMeTb CpeAHeKkBaApaTUYHOE 3HaYeHne
(CK3) ckopocTtu BMbpauuu, TOo BblgaeTcs
TOKOBbI CUTHamM, Haxogsawuincs B Anana-
30He 4-20 MA, a nonoca nponyckaHusa Ta-
KMX faT4YNKOB OObIYHO NMEXUT B AuanasoHe
3...1103 I'y. Bo Bcex Tunax gaTymMkoB Au-
anasoH U3MepeHUst YCKOPEHUI, Hanpumep
+2,5g nnn +£150g u 1.4., obecneunBaeTca
yCTaHOBKOW akcenepomMmeTpa, WUMeloLero
HY>XHYIO 4YYBCTBUTENbHOCTb, OCTallbHble
3NeMEeHTbl U pexunmbl paboTbl yCTpOWCTB
OCTaloTCA HEN3MEHHbBIMU.

[locToBepHOCTbL nony4aembiX Mpu Bu-
OpOKOHTpONEe pe3ynLTatoB U3MEPEHUIn BO
MHOroM 3aBMCUT OT cnocoboB ycTaHOBKM
1 KpenneHus aneMeHTOoB U y3noB npubopa
[3], a B ocobeHHOCTU, 4yBCTBUTENbLHOIO
afleMeHTa — MWKPOMEXAHUYEeCKOro akce-
nepometpa. Pasmepbl Bcex getanen un »
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current consumption of all the circuit elements is
less than 4mA, which ensures a minimum current
in the two wire «current loop» circuit of 4-20 mA.

The instruments feature an 8-bit microcontro-
ller ATTINY 15L with in-built 3-channel 10-bit an-
alog-to-digital converter [10]. This microcontroller
with its reasonable current consumption and fairly
low cost has all the necessary functions to tackle
the role assigned to it. The program for input sig-
nal processing makes an optimum use of all the
microcontroller resources. The block diagram of
the program algorithm is set out in Fig.2.

ACTIVE PIEZOELECTRIC VIBRATORY
TRANSDUCERS WITH AN IN-BUILT
ELECTRONIC MODULE

The range of working temperatures of many
industrial units is not very wide while the maxim-
um surface temperature does not exceed +85°C.
In this case, the sensors installed on the machin-
es may contain within, the electronic components
including semi-conductor micro-circuits, for which
their manufacturers guarantee attainment of the
specified parameters at temperatures ranging
from -40°C up to +85°C. The transducers are st-
ructured per the same functional diagrams (e.g.
Fig.1) from which the input cable and the cable
breakage circuit are eliminated. In the active me-
asuring transducers only two-wire output circuits
are used which significantly cuts down the cost
of the communication lines which are made from
regular shielded cable. These measuring transd-
ucers, for example, DVA-1-1-2, DVA-1-2-1 (Table
1) and others, have an additional shielding of the
elements which dramatically reduces the level of
industrial interferences in the input circuits.

VIBRATORY TRANSDUCERS BASED

ON THE INTEGRATED MICRO-

ELECTRIC- MECHANICAL CAPACITANCE

ACCELEROMETERS

At the present time, the accelerometers who-

se design features the IMEMS technology (integ-

rated micro- electric- mechanical systems) are in

wide use. The system incorporates s micro-mec-

hanical sensor and integrated electronic circuit. In

terms of the type of the output, the micro- electr-

ic- mechanical capacitance transducers are refer-

red to parameter sensors. The micro- mechanical

devices based on the silicon crystal allow one to

measure both constant accelerations and vibrat-

ion parameters. Rapid development and improv-

ement of the IMEMS technology have now led to

emergence of comparatively inexpensive sensors

with high consumer qualities:

» working frequency band from 0 to 6 kHz;

» high accuracy and a wide range of acceleration
readings from 0.025g to 150g;

* high temperature stability, no worse than
0.005%/K;

» working temperature range from
+125°C;

» sensitivity on one, two or three axes with the
same dimensions;

» impact load of up to 2500 g;

» small size of the integrated circuit package;

* in-built electronic circuits to process signals
with a high integration level;

* high linearity — 0.2%;

» analog and digital output signals;

* low power consumption with typical current co-
nsumption value at 0.6 mA;

» resonance frequency of the sensor up to 10...
18 kHz;

» low transversal sensitivity, whose typical value
is at — 2%;

* lack of generated high voltage explosion-prone
spikes of voltage at impact load.

-55°C to
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Some parameters of the integrated acceler-
ometers have, by now, reached the level comp-
arable to the characteristics of the piezoelectric
transducers [9]. The key drawbacks of the micro-
accelerometers include the dependence of sens-
itivity on the power supply voltage, the noticeable
variation of the sensitivity, noticeable shift of the
output voltage zero level at zero acceleration, in-
sufficiently wide working temperature range and,
finally, a noticeable level of noise. The capacita-
nce accelerometers produced as a standard mic-
ro-circuit and having a high coefficient of electric
— mechanical conversion allow active vibratory
transducers for industrial application to be rapidly
designed. «TIK» Scientific and Production Enter-
prise has developed a number of active sensors
which use the analog input of the accelerometer
micro-circuit. The sensors with micro-accelerom-
eters (Fig.3) use the same electric circuits as the
active piezo-sensors, it is only the charge amplifier
that is eliminated.

In taking acceleration readings, the two wire
analog output is used which provides a signal in
the ICP format. In this case, the acceptance band
of the measuring transducer lies within the range
between 0...3 kHz. If at the output of the instru-
ment one has to have a mean square root value
of the vibration speed, a current signal within the
range between 4-20mA is issued, while the acce-
ptance band of such sensors usually lies between
3...1+ 103 Hz. In all the types of the sensors, the
acceleration measurement range, for example,
+2.5 g or +150 g, etc., is ensured by installing the
accelerometer with the required sensitivity while
the remaining elements and the operating mode
of the devices remain unchanged.

The trueness of the readings taken during vi-
bratory control, to a great extent, depends on the
methods of installing and attaching the elements
and components of the instrument [3], especially,
those of the sensitive element, i.e. the micro-me-
chanical accelerometer. The size of all the parts
and the sensor printed circuit boards has been
minimized, since the smaller the size, the higher
the mechanical resonance own frequencies are.
The mechanical resonance own frequencies of
the printed circuit boards, especially under flexu-
ral strain, may fall within the acceptance band of
the filters. The filling of all the space with viksint
dampens the vibration of the vibratory transducer
components and cover. Since the brazing of the
accelerometer body without additional attachm-
ent causes resonance within the range between
7...9 kHz, the micro-circuit, prior to brazing, is
glued to the board, using the glue with high mod-
ulus of elasticity. The accelerometer micro-circuit
is installed on the board while the board is secur-
ed in the transducer body with the board and the
sensor deviating from the symmetry centerlines
by no more than 0.50 (Fig.2) to ensure minimum
value of transversal sensitivity.

The vibratory transducers have the type of
explosion protection classified as spark-proof el-
ectric circuit» [10]. Detailed use of capacitance
integrated micro- electric- mechanical accelerom-
eters in the design of the measuring transducers
is described in [11].

MULTI-COORDINATE MEASURING
TRANSDUCERS

A special advantage of a number of micro-se-
nsors is the capability of measuring acceleration
along two or three orthogonal axes. During rand-
om movement of the point of measurement in sp-
ace all the projections of its movement are measu-
red, i.e. the speed and the acceleration change in
terms of absolute value and direction. The accele-
ration of the point in space can be represented as
the sum of the point projection acceleration onto

AOUWATHOCTUKA
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Puc. 3 Acku3s nHTEerpansHoro MmkpomexaHmyeckoro MM
1) Mnarta BbIxoAHas; 2) nnaTta akcenepomMeTpa; 3) BTynka; 4) HaNONHUTENb (BUKCUHT);

5) ocHoBaHwue; 6) cToMKa; 7) raka

neyaTHbIX nnaTt gatynka MUHUMMU3MPOBA-
Hbl, T.K. Y&M MeHblle pa3Mephbl, TEM BblLLE
cobCTBEHHbIE YAaCTOTbl MeXaHU4eCKnx pe-
30HaHcoB. CobCTBEHHblE MexaHu4eckune
pe30HaHCHble 4acToTbl MevyaTHbIX Mnar,
ocobeHHO npu gedopmauun nsrnba, mo-
ryT nonacTb B MONIOCY NponyckaHusa unb-
TpoB. 3anonHeHuWe Bcero npocTpaHcTBa
BUKCUHTOM racuT Bubpawmio KOMNOHEHTOB
n Kkpbiwkn Bubponpeobpasosartens. Tak
Kak npunarika kopnyca akcenepomeTtpa
npunoem 6e3 [OMONMHUTENBHOrO Kpenne-
HUA NPUBOAMT K pPe30HaHCy B AuanasoHe
yacTtoT 7...9 kl'y, MuKkpocxema nepes npu-
namkow npukneuBaeTcs K nnate Kneem,
MMEWLINM BbICOKMIA MOAYMb YMNpyrocTtu.
Mwukpocxema akcenepomeTpa YycTaHaBnu-
BaeTCA Ha nnarte, a nnarta 3akpennsercs B
Kopnyce npeobpa3oBaTensi C OTKIIOHEHUSIMU

OT Oceil CUMMETpUU Nnatbl U AaTynka He
6onee 0,50 (puc.2) ans obecnevyeHms Mu-
HUManbHOW BENWYUHbLI MOMEepPeyHon YyB-
CTBUTENbBHOCTMW.

BubponpeobpasoBatenn uUMeT BUg
B3pbIBO3aALWUTLI «MCKpobe3onacHas arnek-
Tpuyeckas uenb» [10]. MNogpobHee wuc-
nonb3oBaHWe €eMKOCTHbIX WHTerpanbHbiX
MUKPOINIEKTPOMEXaHNYECKNX akcenepome-
TpoB ansa paspabotku UM onucano B [11].

MHOIMOKOOPAOAMHATHbIE
U3MEPUTENBbHbIE MPEOBPA30OBATEIN
OcobbIM NpenmyLLecTBOM psga MUKPO-
AaTUYMKOB ABNSAETCA BO3MOXHOCTb M3MEPATb
YCKOpEeHUs BAONb ABYX WK Tpex OpToro-
HanbHbIX Ooceil. Bo BpemMs Mpou3BObHOroO
ABWXEHNSA TOYKM M3MEpEeHMs B MpoCTpaH-
CTBe BCe MpoeKuMn eé nepemelleHns »

Mbe3oanekTpuyeckunii BuGponpeobpasoBaTtens ANs ManorabapuTHOro BU-

Mbe3oanekTpuyeckuin BUGponpeobpasoBaTenb Ans U3MePeHUst BUGPOYCKO-
PEHUs C YMeHbLUEHHbIM YPOBHEM HaBOMAOK, TUM BLIXOAHOTO MHTepdeica:

Mbe3oanekTpuyeckuii BUGponpeobpasosaTerb Ans U3MepeHusi BUGpoyckope-

HUS C YMEHbLLEHHBIM YPOBHEM HABOAOK, TUM BbIXOAHOMO nHTepdeiica: ICP

Mbe3oanekTpuyeckmn Bubponpeobpasosatens ans CK3 Bubpockopoctn ¢
YMEHbLUEHHbIM YPOBHEM HaBOAOK, TUM BbIXOAHOMO nHTepdenca: 4-20 MA
EmkocCTHBIN BUGponpeobpasoBaTenb AN UsMepeHusi BUOPOYCKOPEHUS, TUM

EMKOCTHBbI BUGponpeobpasosaTenb Al U3MEPeHUs BUGPOYCKOPEHUs, TUM

EmkocTHbIN BUGponpeobpasoBatenb ans uamepexus CK3 BubpockopocTi,
EmkocTHbIN BUGponpeobpasosatens Tuna DVA-1-4-1 Ha wnunbke

EmkocTHbI BubponpeobpasoBaTenb Ans namepexHns makcumyma CK3 Bu-
©pocKopoCTM NO OOHON U3 ABYX KOOPAMHAT, TUM BbIXOAHOrO MHTepdeica:

EmkocTHbIN BUbponpeobpasoBatens ans nsamepexHus CK3 Bnbpockopoctun

EMKocCTHBI 3-x oceBo B1bponpeobpasoBaTtenb ANS U3MepeHus BUOpoy-

Bubponpeo- KoHcTpykumsi, HasHa4eHue BUbponpeobpasoBatens
OpasoBaresnb
DV-1 lMbe3oanekTpuyeckmin BubponpeobpasoBaTens 6a3oBbIv
DV-2

6pometpa «MNOH»
DVA-1-1-1

4-20 mA
DVA-1-1-2
DVA-1-2-1
DVA-1-3-1

BbIXOAHOr0O uHTEpgerica: 4-20 MA
DVA-1-3-2

BbIXogHOro nHTepdenca: ICP, kopnyc nog BUHTHI
DVA-1-3-2¢ EmkocTHbIN BUGponpeobpasosatens DVA-1-3-2 Ha wnunbke
DVA-1-4-1

TUM BbIXOAHOrO MHTepdeica: 4-20 MA
DVA-1-4-1c
DVA-1-6-1

4-20 mA
DVA-1-7-1

B MIOCKOCTU, TUN BbIXOAHOIO UHTepdenica: 4-20 mA
DVA-3-3-3

CKOpEeHUst

Ta6n. 1 NepeyeHb BUGponpeobpasoBaTenemn

81
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M3MEHSIIOTCS, T. €. CKOPOCTb U YyCKOpEHUe
MEHSATCA No abComnTHOW BENUYUHE U
HanpaBreHuo. YCKOPEeHWe TOYKM B Mpo-
CTpPaHCTBE MOXHO NpeacTaBUTb Kak CyMMy
YCKOPEHUS NMPOEKLNN TOYKM Ha MITOCKOCTb
] i/, napannenbHylo OCHOBaHMIO aK-
cenepomeTpa, UM YCKOPEHUSI MpoeKkuumn
TOYKM Ha OCb n_{ , NeprneHAVKYNsSpHY
nnockoctn XY. Wamepsis oba curHana
OBYXOCHOrO akcenepomeTpa, Mbl nony4ya-
em 6onee nomnHy KapTuHy Bubpauum ma-
WKHbL. [N cokpalleHns 3aTpaT Ha NMHUK
CBSI3M MOXHO MCMNOJSb30BaTh TONIbKO OOMH
MHGPOPMaLMOHHBIVA Bbixog. [MoaTomy, uTo-
Obl coXpaHUTb GonblUy YacTb MHGOpMa-
LMW, 3aKIYEeHHOM B JBYMEPHOM CUrHarne,
NPUMEHSIIOTCH MPOCTbIE CUCTEMbI NEPBUY-
HOM 06paboTkM BXOOHLIX HaMPSKEHUN.
Hanpumep, uenecoobpasHo nepenaBaTb
TOT KOMMOHEHT CUrHana u3 AByX, KOTOPbI
nmeeT 6onbluyto BenninHy CK3 Hanpsixe-
Husa [12]:

P T

H) = max

L vouo| e (2)
AhLy X i

rae Ux un Uy - CK3 HanpsixeHun, npo-
nopLmMoHarnbHbIX ckopocTam Bubpauuun. B
cnyvyae npeobnagaHus B cnektpe Bubpa-
u1n 06opOTHOW YacToThl Byaem nony4vaTb
3aHWXKeHHY0 oueHKky UBbix . Makcumanb-
Haa norpewHocTb — 30% uMeeT mecTo
AN OAHOMEpPHOW TpaekTopuu 1 nocneno-
BaTeNbHO YMeHbLIAETCA BMNNOTb [0 Hyns
npv CTPeMneHun opbunTbl K OKPY>KHOCTH.

Ecnn Ha Bbixog BuGponpeobpasosa-
Tens nopaTb CWrHam, COOTBETCTBYIOLLUIA
moaynto CK3 HanpsikeHun, namMepeHHbIX
no ABYM OCSIM, TO 3Ha4yeHuWe cpegHekBa-

OpaTUYHON CKOpPOCTU BMOGpauuyM  MOXKHO
annpoKCMMMPOBaTh BblpaXKeHneMm:

r | (N [r TP 10 i] 15 (3)
.r.._lll_._._.__ll T

3paeck K — koadbduLmeHT nponopumoHanb-
HOCTH,

TP i E7 (1) — nanpskenus, nponopumo-
HanbHbIE CKOPOCTSM BUGPaLMK MO OCSM X, Y,
N — konunuyectBO Touek. MakcumanbHas
norpewHocTb, npubnuantensHo +40%,
MMeeT MecTO [Ansi KpYroBoOW TpaekTopuu
N yMeHbluaeTcsl, obpalasicb B Hynb, Mo
Mepe NpubnuxeHUs TpaekTopuu ABUXKe-
HUSI K OTPE3KY NPSIMON NUHUN.

B parumkax DVA-1-6-1, DVA-1-7-1
npoueaypbl  aHanoro-unugposoro  npe-
obpasoBaHus, BblumcneHns CK3 Bubpo-
CKOpPOCTU, BbIAENEeHUs MaKcumanbHOro
curHana wnv BblYUCIIEHWS MIHOBEHHOTO
3HayYeHnss BUBPOYCKOPEHMS B TMIOCKOCTH
BbIMNOMHAOTCA MUKPOKOHTPOIIEPOM.
PyHKUMOHaNbHbIE CXeMbl ABYXKOOPANHAT-
HbIX OaTYMKOB aHamnornyHbl OAHOKOOPAU-
HaTHbIM, aHanoroeasi 4acTb BTOPOro KaHa-
na aybnupyeTt nepBbIi kaHan BNNOTb A0
Bxoaa ALIM. N3ameHeHUsa BHeCeHbl TOMNbKO
B anroputm paboTbl MUKPOKOHTpoONnepa B
cooTBeTcTBUMN C¢ chopmynamu (2, 3). Pas-
paboTaHbl U MPOU3BOASATCS Takke Tpex-
KoopAanHaTHble BubBponpeobpasoBartenu,
DVA-3-3-3 (cm. Tabnuuy 1), koTopble ume-
10T OTAENbHbIE BbIXOAbI MO TPEM KOOpANHA-
Tam COOTBETCTBEHHO. [Ans BblpaBHUBaHUSA

aMMnnUTyQHO-4aCTOTHbIX XapaKTepuUcTuK B
HUX NMpUMeHeHbl puneTpel Yebbiwesa.

BbiBOA

Haw onbiT paspaboTku BubGponpeo-
6pasoBaTteneit C MCMNONb3oBaHMEM Kak
Nbe303MeKTPUYECKNX, Tak U MUKpoMexa-
HUYECKUX akcernepomeTpoB Mnokasan, 4To
NPOM3BOACTBO COOCTBEHHbIX MpubopoB
AaeT cylleCTBEHHble MpeumyLiecTsa npwu
cOo34aHUM CMCTEM aBTOMaTU3NPOBAHHOIO
KOHTponsi. [pOeKTUPOBLLMK CUCTEM MOXKET
obecneuntb Tpebyemble XxapaKTepuUCTUKK
M onTMMM3MpoBaTb napameTpbl npeob-
pasoBaTenen, ynyywutb Maccorabaput-
Hble nokasaTenu YCTPOWCTB, YMEHbLUUTb
YPOBEHb MPOMBbILMEHHbIX HaBOAOK Ha
YyBCTBUTENbHbIE 3MEMEHTbI CXEeM, CHWU-
3UTb CTOMMOCTb pa3spaboTku. Wcnonb3o-
BaHWE COBPEMEHHbIX MWUKPOAATYMKOB MO-
3BOMSAET MEepeHecTM OCHOBHYK TSXeCTb
MaTepuanbHbiX PacxofoB, CBA3AHHbIX C
Hay4YHbIMW MccnefoBaHUAMU U paspaboT-
KOV NMPUHLMNNANBLHO HOBbIX KOHCTPYKLMNA
N TEXHOMOrUNn, Ha nre4yn Bedywux upm
— MUPOBbLIX NWAEpPOB B MNPOU3BOACTBE
MUKPOSMEKTPOHUKM U MUKPOMEXaHWKMN.
BonbWWHCTBO U3 oNUCaHHbIX B cTaTbe BU-
OponpeobpasoBaTtenen Hawmno LWUPOKOe
npvMeHeHve B npubopax BMOpaLMOHHOrO
KOHTPONS TEXHONOrMYeckux napameTpoB
NPOW3BOACTBEHHbLIX 0OGBEKTOB U B cUCTe-
Max MOHMTOPWHra MPOMbIWNEHHOro obo-
pyaoOBaHWS. m
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the plane parallel to the base of the accelerom-

eter and the acceleration of the point projection

onto the axis perpendicular to the XY plane. By
measuring both signals of the double axis accel-

erometer we get a better idea of the machine vi-

bration. To curtail the costs of the communication

lines one can use only one informational output.

Therefore, in order to retain a large amount of

the information contained in the two-dimensional

signal, simple systems for the initial processing
of input voltages are used. For example, it would
make sense to transmit such a component of the
two ones in the signal as has a greater value of

mean square root voltage [12]: (2)

where Ux and Uy are mean square root vo-
Itage values proportional to the vibration spee-
ds. In the case where the rotational frequency
is converted in the vibration spectrum we will
be getting an under-estimated value of Uoutput.
The maximum error of — 30% exists for a one
dimensional trajectory and consistently decrea-
ses all the way to zero with the orbit tending to
become a circle.

If one supplies a signal corresponding to the
modulus of mean square root value voltages as
measured on the two axes, the value of the mean
square root value of the vibration speed can be
approximated with the following expression (3)
where K —is the coefficient of proportionality,
U,(1), U (1) - voltages proportional to the vibration

speeds on x, y, axes,

N — number of points. The maximum error of ap-
proximately +40% exists for a circular trajec-
tory and decreases, turning into zero, as the
trajectory of motion approximates a section of
straight line.

In the DVA-1-16-1, DVA-1-7-1 sensors the
procedures of analog-to-digital conversion, com-
puting the mean square root value of the vibrat-
ion speed, isolating the maximum signal or cal-
culating the instantaneous value of the vibration
acceleration in the plane are carried out by the
micro-controller. The functional diagrams of the
double coordinate sensors are similar to those of
the single coordinate ones, with the analog part of
the second channel being a copy of the first chan-
nel all the way to the input of the analog-to-digital
converter. Changes have been made only to the
algorithm of the micro-controller operation in line
with formulas (2, 3). DVA-3-3-3 three coordinate
vibratory transducers have been designed and
are in production (see Table 1) which feature se-
parate outputs for three coordinates respectively.
To equalize the amplitude and frequency charact-
eristics, Chebychev filters are used in them.

CONCLUSION

Our experience in designing vibratory tran-
sducers using both piezoelectric and micro- me-
chanical accelerometers goes to show that pro-
duction of one’s own instruments is significantly
advantageous when automated control systems
are created. The system design is in a position to
ensure the required characteristics and to optimi-
ze the transducers’ parameters, as well as to imp-
rove on the mass and dimensions of the devices,
to reduce the level of industrial interferences on
the sensitive elements of the circuits, to lower the
cost of development. The use of modern micro-
sensors makes the foremost firms — world leaders
in the production of micro electronics and micro
mechanics — bear the brunt of the material costs
associated with scientific research and developm-
ent of fundamentally new designs and processes.
The majority of the vibratory transducers describ-
ed in the article have found wide application in the
vibration control instruments for process parame-
ters of the production facilities and in the systems
for monitoring industrial equipment.
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KOPPO3UA
CORROSION

Tema 3alWMTLI OT KOPPO3UU HEe TepsieT CBOEeW aKTyanbHOCTU MHOrme gecATuneTusi. KayecTBo NOKpbLITUS ANs aHTUKOPPO3WOHHOW 3a-
LWMTbI 0COGEHHO BaXXHO B HebTera3zoBou NpPoMbILLNeHHOCTU. B TeueHne gonrux net HedprerasoBas oTpacib UCNONb3YeT pa3fMyHble
peLueHuns Mo NOKPbLITUAM AN 3alWuUThl TPYO, 3NeMeHTOB TPy6ONpoOBOAOB, 3aNOpHOM apMaTyphbl, LUITOKOB, OTBOAOB M APYrux Aetanein.

ITPUMEHEHVE COBPEMEHHDBIX MATEPVAJIOB I
TEXHOJIOTI U IJI 3AIINTBI HEGTETA30BOI'O
OBbOPYITOBAHIA OT KOPPO3UI:

HOBU3HA, aKTYa/IbHOCTD, 3 (PeKTMBHOCTH

USE OF MODERN MATERIALS AND
TECHNOLOGIES TO PROTECT OIL AND GAS
EQUIPMENT FROM CORROSION

novelty, topicality, efficiency
N. IVANTSOVA
«TPK «Alticom» LLC Naberezhnye Chelny

The subject of corrosion protection has not been
losing its topicality for many decades. The quality
of coating for anti-corrosion protection is especially
critical in the oil and gas industry. For many years
the oil and gas industry has been using different
solutions regarding the coatings to protect pipes,
pipeline components, valves, rods, branches and
other parts.

Thousands of kilometers of oil producing pip-
elines of various diameters and applications are
constructed and put into operation in Russia and
other CIS countries annually, thousands of units of
different facilities are being operated. At the pre-
sent time, due to the fact that these facilities are
getting more expensive, and more so, capital ove-
rhaul of them, is getting more expensive, there has
arisen a need for the method of protecting them to
be improved under aggressive conditions for the
purpose of lengthening their service life. A search
of scientific and technical as well as engineering
solutions aimed at creating anti-corrosion strategy
oriented to the specific environment of a modern
enterprise is the main and relevant path followed
by this study. Based on the considered specific
methods of organizing anti-corrosion protection
and long term operation of the pipelines for various
purposes, the analysis of the extensive material
involved, the technical, technological and organi-
zational solutions ensuring the resolution of app-
lied tasks are presented. The proposed methods
of organizing the production operations are aimed
at improving the technical and economic performa-
nce indicators: - improved corrosion and wear res-
istance in different media, corresponding increase
of the operational and environmental safety of the
oil field communications. In the course of the study
which has been going on since January 2005 at
the laboratory of «NPO «ZNOK and PPD» LLC it
has been felt that polyamide powder (polyamide11)
with the «RISLAN» trademark is of interest. During
the study of this material several tasks were dealt
with at the same time: determining the adhesive
properties of the coating, determining the coating
stability in different media, wear resistance and the
method of applying it to steel surface which thus
evaluated the efficiency of the technology.

In order to tackle these tasks, coated samples
produced by the method of dipping into fluidized
layer (the most effective technology) were placed
in different conditions approximating the real ones.
The test results are given in the table. It has been
noted that the polymer coating based on polyami-
de groups had fully retained its adhesion even after
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ExerogHo B Poccun n B gpyrux crpa-
Hax CHI cTposiTca n BBOAATCA B 3Kcnnya-
TauuIo ThICAYN KNTOMETPOB NPOMbICIIOBbIX
TpybonpoBOAOB PasfMyHbIX ANAMETPOB U
pasnUYyHOro HasHa4yeHusi, KCnnyaTupytoT-
CS ThICAYN eAUHUL, Pa3NNYHbIX OOBLEKTOB.
B HacTosiee Bpemsa B cuny yaopoxaHus
AaHHbIX 06BbEKTOB M Tem Bonee kanutanb-
HOr0 pemMOoHTa BO3HWKMAa HeobxoaAMMOCTb
COBEPLUEHCTBOBaHNS cnocoba nx 3awuTbl
B YCMNOBWSIX arpecCMBHOIO BMUSAHUA C Le-
Nbt0 NPOANEHNSA CpoKa CryxObl.

[Monck Hay4YHO-TEXHUYECKNX U NHXEHep-
HbIX PeLleHWin, npu3BaHHbIX obecneynTb

co3faHne OpPUEHTUPOBAHHOW Ha KOHKpeT-
Hble YCNOBUA COBPEMEHHOro NpeanpuaTus
cTpaTeruy 3awmTbl OT KOPPO3UM — FnaBHoe
W aKkTyanbHoOe HanpasreHne NCcrneaoBaHunin
AaHHow paboTbl. Ha 6a3e paccMOTpeHHbIX

‘ r. HabepexHble YernHbl

KOHKPETHbIX METOA0B OpraHM3aLuy 3awuThl
OT KOPPO3UW 1 AONTOCPOYHOI SKCTyaTaumm
Tpy6ONpPOBOAOB Pa3nUYHOrO HasHavyeHus,
aHanusa BOBeYeHHoro obLupHOro mate-
pvana npeacTaBreHbl TEXHUYECKME, TEXHO-
nornyeckne N opraHM3auVoHHbIe peLLeHus,
obecneyvBaloWwne pelleHne npuknagHbIx
3afay. lNpeanoxeHHble MeToAbl opraHu3a-
UMM NpousBoAcTBa paboT HampaBneHbl Ha
ynyyweHne TEeXHUKO-9KOHOMUYECKMX Mo-
KasaTenei: — MOBbILEHNE KOPPO3VNOHHOW
1 W3HOCOCTOMKOCTU B pasfuyHbIX cpepax,
B COOTBETCTBETCTBUW C YeM MOBbILLEHNE
3KCMMyaTaUMOHHON U 3Konormyeckon Ges-
OMacHOCTU MPOMBICIOBbIX KOMMYHWKaLWNA.
B xopme wccnegoBaHwii, NPOBOAMMBIX C
sHBapst 2005 roga B na6opatopun OOO
«HMO «3HOK un MNnAa» (HayyHo-Mpowns-
BoAcTBeHHoe Ob6beanHeHne «3awmTta P

Cpenpbl Temn-pa Bpemsi  [o ucnbiTaHuii MNocne ncnbiTaHui BaknoueHne
nenblTaHnn ncnbiTa- uMcnbiTa-
HUiA, °C  Hui - =

CronkocTb Agreauss. CToMKOCTb Anresus.

K yaapy, 6ann K yoapy, cM 6ann

cM
BoponposoagHas 80 30004 |50 1 50 1 CooTtBetcTBYET
Boda
lMNnacTtoBas Boaa 20 30004 |50 1 50 1 CooTBeTcTBYET
Hedtb 20 30004 |50 1 50 1 CootBetcTBYyeT
3%-HbIln pacTBOp 50 10004 |50 1 50 1 CootBeTcTByeT
NaCl (xnopuctoro
HaTpus)
3%-Hblin pacTBOp 80 10004 |50 1 50 1 CootBetcTBYyET
NaCl (xnopwucToro
HaTpust)
Cwmecb  rekcaH-To- | 20 10004 |50 1 50 1 CootsercTByeT
nyon B COOTHOLUE-
Hum 10:1
[nsenbHoe 20 10004 |50 1 50 1 CooTtBetcTBYET
TOMNMBO
HacbiLueHHbIn 50 10004 |50 1 50 1 CooTBeTcTBYET
pacTBOp NIMMOHHON
KMCNOTbI
MonepemeHHo Boaa | 20 12y 50 1 50 1 CootBetcTByeT
(12 4)-Bo3gyx (12 4) | -18 124
MNnowaab orcnavea- | 293 K 31 peHb | Hopma He Gonee 5 dakT 4,2 CootBetcTBYyeT
HUSI MOKpbITUA npm | (20°C)
nonsipusauuu, cm?
Mnowaapk otcnamea- | 353 K 31 geHb | Hopma He Gonee 5 dakT 4,5 CootBetcTByeT
HUA MokpbITUst Npu | (80°C)
nonsipusaumum, cm?
YcTonumBocTb - 2000 4 | Kopposus Kopposus CootBetcTBYyET
K COMEBOMY TyMaHy oTCcyTCTBYET oTCyTCTBYET
Conpotuenexune - 1000 - [MoTeps macchbl CooTtBetcTBYET
K UICTUPaHNIO LIMKIOB yepes 1000 umknoB
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HedTenpombicioBOoro  obopyaoBaHus  OT

KOppo3nun 1 noaaepXnHMe NnacToBoro Aas-

neHusa»), NHTepec npeAcTaBun nonvamua-

HbI nopowok (nonnamngi1) ¢ TOproBbiM

Ha3BaHnem «RILSAN».B npouecce uccne-

[OBaHMA [aHHOro MaTepuana peLuanocb

HecKonbko 3afay: onpefeneHue aaresu-

OHHbIX CBOWCTB MOKPbITUS, OnpeaeneHve

CTOWKOCTM MOKPbITUS B pas3fnnyHbIX cpeaax,

N3HOCOCTOMKOCTU U cnocoba ero HaHeceHUst

Ha CTarbHYI0 NOBEPXHOCTb, ONpeaenss Tem

cambiM 3PPEKTUBHOCTb TEXHOMNOTUN.

[ina aTux 3agay obpasubl C NOKPbLITUEM,
nonyyYeHHbIe MeTOAOM MOrpy>XeHUs B NCeB-
LOOXKMXOKEHHBIN crnon (Hanbonee addek-
TUBHas TEXHOMOrusi), NOMecTUnM B pasnuny-
Hble yCrnoBus, NPUBNMXEHHbIe K peanbHbIM.
Pesynbratbl ucnbiTaHUi npeacTaBneHbl B
Tabnuue.

OTMeyeHo, 4TO nonvMepHoe MOKpbITUe
Ha OCHOBEe MONMMaMuAHbIX rPYMNMn MOMHOCTbLIO
COXpaHUIo aare3unto faxe nocne BblAEPXKKN
06pasLoB B 60NbLUNMHCTBE arpecCuBHbIX Cpea
1 NPOTMBOCTOSANO KaTOAHOMY OTCRavBaHWio
npu 20 n 80°C B 3%-Mm pacteope NaCl. MNpu
nccnefoBaHUM  rpaHnLbl - «MeTans-nokpbl-
TMe» MPUCYTCTBUSA MPOAYKTOB KOPpPO3WM B
rpaHnYHON 06nacTn He 0GHapYXEHO.

MonoxwuteneHble pesynbraTbl Mccne-
[OBaHHOrO B nabopaTopHbIX YCNOBUAX
nonmamMuaHoro NoKpbITUA NO3BONUMU cae-
naTb BbIBOAbI O BO3MOXHOCTU onpobosa-
HUA B MPOMbICNOBbLIX ycroBusx. C aton
uenbio 6bina paspaboTtaHa nporpamMma
W MeToAaMKa MNPOMBbICMIOBLIX WUCMbITAHWN,
NOAroTOBMEHbI K YCTAHOBMNEHbI 06pasubl ¢
nonmamugHbelM NMOKPbITUEM B HECKOMbKUX
cpepax:

* OAMH u3 0ObekToB (MNacTuHbI) pas-
MeweH B HIOY «JleHWHoropckHedTb»
(a. Kyak6aw) 8 PBC, cogepxawmn H,S;

* BTOpPOM 0OBbEeKT (WwToknm OT BypoBoro
kntoya AKB) yctaHoBneH B A3Hakaes-
ckom YBP, npegBaputensHo npoBefeHbl
npuemMoYHble UcnbiTaHMs Ha 6ase npo-
N3BOACTBEHHOr0 06CNyXNBaHNS B I. A3-
HakaeBo.

lMnaHnpyeTcs nNpoAomKUTb 3KCrnepu-
MeHTbl Ha paboyux konecax LHC (o6bek-
Tbl MOKPbITbI NONMaMUAOM U FOTOBbI K WC-
NbITAHUSM).

Yxe 6Gonee Tpuauatu netr B EBpone
RILSAN npumeHsieTca AN HaHeceHus
NOKPbLITUIA Ha TPyObl, KnanaHbl U PUTUHTK
CUCTEM TPaHCMOPTUPOBKN NMUTLEBOW BOAbI
W OpYrux XuOKoCTeW, MOCKOMbKy 3TU no-
KPbITUSA COYEeTaloT OTNNYHblE U3NYeckne
CBOMCTBA C XOPOLUEN XUMUYECKOW CTOn-
KOCTb0. [lOBbILEHHbIE AHTUKOPPO3UNHbIE
CBOWNCTBA, CTOMKOCTb K UCTUPAHUIO, U3HOCO-
YCTONYMBOCTb ObINM OLEHEHbI MaLLUMHOCTPO-
MTENbHON OTPacsblo, B CBSI3N C YeM AaHHOe
MOKPbITUE HALUMO LUMPOKOE MPUMEHEHUE B
y3nax TpeHus mawuH u mexaHuamoB HTLL
OAO «KamA3» 1. HabepexHble YenHsbl.

[MpumMeHAs nonvaMuaHbI MaTepuan B
KayecTBe MOKPbITUSI, Mbl CMOXeM A06UTb-
Csl nyylero kKayecTBa 3aluTbl 0OBbEKTOB
HedpTeaobblYn OT KOPPO3MM 1 MOBBILLEHUSA
X u3HocoycTonumsocTu. Mpu atom onpe-
nengawowmnm  daktopoM  3APPEKTUBHOCTU
[AaHHON TeXHOMNOrMM 1 AaHHOro matepuana
OyneT noBblWEHWE 3JKCMyaTaluuoHHOW W
aKornormvyecko 6e3onacHoOCTM MpPOMbICIO-
BbIX KOMMYHUKaLWN.

YTO TAKOE NONIMAMUAHOE
MOKPbLITUE RILSAN?

MonnamugHein nopowok (nonuamungi1)
c ToproBbiM HasBaHuem «RILSAN» npeg-
cTaBnseTr cobor MOpOLIOK TepMonnacTud-
HOrO MPOUCXOXAEHUst (CblpbeM ANst Hero
CNY>XWUT KaCTOPOBOE Macrno), 4To obycnasnu-
BaeT ero HEeTOKCUYHOCTb. Ero yHuKkanbHbIv
XMMWYECKUIN cocTaB, OTCYTCTBME OTBEPAU-
Tenewn, pacTBopuTenen W KaTanusaTopos,
TepMonnacTuyHble CBOWCTBa obecneunsaoT
YHUKanbHble  CBOWCTBA MOKPbLITUIA Ha ero
OCHOBE, @ OTCYTCTBME BpPEAHbIX MpuMecen
co3faeT BO3MOXHOCTb MNPUMMEHEHUs npwu
KOHTaKTe C nuLieBbIMU NpoayKkTamu. NopoLu-
KOBble MaTepuanbl, MpeacTaBleHHble Ha
pbIHKE B HacTosiLlee Bpems, He MO3BONSAT
nonyyatb NOKPbITUS C aHaNOrMYHbIMK CBOW-
cTBaMu.

YHUKATbHbIE CBONCTBA

MOKPbITUM RILSAN

e OTnnyHasa yCTOMYMBOCTb K KOPPO3UM.

» Xopowas XMMUyeckas CTONKOCTb,
aTMochepoCTONKOCTb.

* ConpoTuBreHne U3HOCY U UCTUPaHUIO. >

Mokazatenb RILSAN Monnacpup = BnokeuaHbin  AKPUNOBBIVA
nonmmep cononuvep
MnoTHocTb cpeHsis HM3kas HW3kas BbICOKas
YCTOMYMBOCTb K UCTUPAHWIO BbICOKast HM3Kas cpeaHsis cpeaHsis
Ynaponpo4HocTb BbICOKast cpeaHsis HW3kas Hu3Kas
Koppo3voHHasi cToMKoCTb BbICOKast HM3Kas Hu3kas Hu3kas
XUMCTOWMKOCTb BbICOKasi HM3Kas cpenHsis cpenHsis
CTOWKOCTb K AENCTBUIO
t-40°C BbICOKast cpeaHsis cpeaHsis BbICOKas
Apresus (oonrocpoyHas) cpeaHsas | Bbicokas Hu3kas cpenHsis
BbICOKast
M3onsumnoHHble ceoicTea BbICOKasi cpenHsis HW3kas BbICOKas
Okpacka KpOMOK BbICOKasi HM3Kas Hu3kas Hu3kas
ATMOCEepOoCTONKOCTb cpegHss BbICOKast HW3Kas cpeaHsis
JKonornyeckne XxapakTepucTnkm | Bbicokas cpeHss cpenHsis cpenHsis
Bo3MOXHOCTb KOHTaKTa BbICOKast cpeaHsis cpeaHsis BbICOKas
C MULLEeBbLIMY NPOAYKTaMM
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keeping the samples in the majority of aggressive
media and had resisted the cathodic disbondment
at 20 and 80°C in the 3% NaCl solution. When ex-
amining the «metal-coating» interface no presence
of corrosion products in the borderline area was
detected.

Positive results of the polyamide coating studied
under laboratory conditions allowed conclusions to
be drawn about the possibility of testing it under oil
field conditions. With that aim in view a program was
developed and methodology of oil field tests was
worked out, as well as samples with polyamide coa-
ting were prepared and installed in several media:

« one of the items (plates) was located at «Lenin-
ogorskneft» Oil and Gas Production Departme-
nt (the village of Kuakbash) in the vertical stock
tank, containing H2S;

« the second item (rods of the automatic drilling
tongs) is installed at Aznakaevo Drilling Depa-
rtment having preliminarily gone through acce-
ptance tests at the production service facility in
Aznakaevo.

The plan is to continue with the experiments on
the impellers of the centrifugal pumps (the items
are covered with polyamide and ready for testing).

For more than thirty years already RISLAN has
been used in Europe to apply coatings to the pipes,
valves and fittings on the drinking water transport-
ation systems and for other liquids because these
coatings combine excellent physical properties and
good chemical resistance. Improved anti-corrosi-
on properties, abrasive strength, wear resistance
have been appreciated by the engineering industry
and as a result, this coating has found wide appli-
cation in the friction components of machines and
mechanisms at the R and D Center of KAMAZ Inc.,
Naberezhnye Chelny.

By using the polyamide material as a coating we
will be able to achieve the best quality of anti-corro-
sion protection for pieces of oil production equipm-
ent and to improve its wear resistance. At the same
time, the determining factor for the efficiency of this
technology and material will be the improvement of
operating and environmental safety of the oil field
communications.

WHAT IS RILSAN POLYAMIDE COATING?

Polyamide powder (polyamide11) with the RI-
LSAN trademark constitutes a powder of thermo-
plastic origin (the raw material for it is castor oil)
which preconditions its lack of toxicity. Its unique
chemical composition, lack of hardeners, solvents
and catalysts; the thermoplastic properties ensure
the unique properties of coatings based on it while
lack of hazardous impurities allows it to be used in
contact with foodstuffs. The powder materials now
available in the market do not allow coatings with
similar properties to be obtained.

UNIQUE PROPERTIES OF RILSAN COATING
« Excellent resistance to corrosion
«Good chemical resistance,

resistance
* Wear and abrasive resistance
* Level surface
« Elasticity
« Lack of toxicity, etc.

atmospheric

DIFFERENCE FROM OTHER POWDER
COATINGS

RILSAN coating belongs to a group of structural
plastics and in terms of physical and chemical pro-
perties it exceeds such materials as epoxy, polyes-
ter as well as polyolefin (ref. table).

Being thermoplastic, RILSAN powder materials
form a coating much faster than the thermosetting
powder lacquer and paint materials which enables
the time that a product stays in the oven to be red-
uced and thus save energy and use less expensive
equipment.

A new feature compared to the technology of
applying thermosetting coatings which require that



3KCMO3NULMA  3/H (64) man 2008 r.

a product should stay in the oven for a long time for
solidification, is the possibility of applying RILSAN
over a sufficiently large area in the fluidized layer
without subsequent fusion.

The RILSAN materials allow protective coatings
to be produced which have all the above mention-
ed properties almost right after the cooling of the
products.

One of the weaknesses of many of the powder
lacquer and paint materials available in the market
at the present time is poor painting of the product
edges. The thickness of the coating on thin and
narrow edge may amount to only several microns
and that becomes a «weak point» of the coating
where spalling, wear and pockets of corrosion are
possible. The RILSAN coating allows well prote-
cted edges of the products to be produced when
it is applied both by electrostatic method and by
fluidized layer method.

Impact strength and abrasive resistance are, in
the majority of cases, the key criteria for durability
of the painted products and loss reduction in the
manufacture and transportation of the products.

The impact strength of the RILSAN coating is
approximately 3 joules which is almost twice that
indicator for the standard epoxy coatings and 50%
higher than for standard polyester coatings. The
RILSAN coatings have a sufficiently high resista-
nce to abrasion: loss of mass at 100 abrasion cy-
cles using standard method with the help of Taber
abrasive machine amounts to 15 mg compared to
40 mg for the epoxy coating and approximately 60
mg for the polyester coating. A very low coefficient
of friction for the RILSAN coatings (0.15-0.30 sta-
tic and 0.05-0.20 dynamic) makes them unique in
cases where self-lubricating coatings are required,
for examples, when manufacturing the guides for
vehicle doors, monorails for heavy wagons and ot-
her similar parts.

Another advantage of the RILSAN powder co-
atings over the standard powder materials is very
high elasticity and elongation of the films.

Elongation at break of 80% allows the RILSAN
materials to restore without damaging the film. Pi-
pes, metallic sections and other products can be
bent 90 or 180° without damaging the coating. Be-
sides, it is possible to bend the pipes to a curvature
of 30D without spalling the coating.

USE OF RILSAN COATINGS

1. In oil and gas as well as chemical industry

The outstanding properties of the RILSAN po-
lyamide coating, specifically speaking, their good
chemical resistance and excellent corrosion resi-
stance make it possible to use RILSAN coatings
for pipelines which pump and transport aggressive
media as well as for coatings of the reservoirs, ta-
nks, pumps, couplings, valves, etc. In 2001 con-
struction of the gas pipeline between Russia and
Turkey began through the bed of the Black Sea
(«Blue Flow» Project, OAO «Gazpromy).

Based on the fact that the gas pipeline routed
through the Russia land area passes through the
mountainous terrain and the depth of the pipe lying
in the sea throughout the underwater portion of it
reaches 2150 m under the conditions of aggressi-
ve hydrogen sulphide medium, in order to enhance
the reliability of the gas pipeline during its cons-
truction pipes with internal and external RILSAN
polyamide coating were used.

The construction of the «Blue Flow» Project has
ushered in a new page in the history of developme-
nt of modern gas transportation technologies.

2. Other Examples of Using RILSAN coatings

* Food equipment, baskets of dish washing
machines

* Printing rollers of printing presses

« Air conditioning systems, pneumatic systems

» Equipment for marine application

» Water supply systems

» Automotive industry

KOPPO3UA
CORROSION

CBoMcTBa NOAMaMUAHOIO NoKpbiTUA RILSAN
NO3BOAAIOT HAHOCUTDb €ro Ha TpybonpoBoAbI AAA
nepeKauyku ¥ TPaAHCNOPTUPOBKHU arpecCUBHbIX
cpeA, a TakXe Ha NOKPbITUA pe3epByapoB, HACOCOB,
My®T, 3aNOPHOM apMaTtypbl U T.A.

* PoBHasi NOBEPXHOCTb.
¢ OnacTU4YHOCTb.
* HeTokcu4HocTb 1 Ap.

OoTNN4nA oT APYrux
MOPOLUKOBbIX MOKPLITUNA

MokpbiTve RILSAN npuHagnexat k
rpynne KOHCTPYKLMOHHBIX nnactMacc 1 no
PU3NYECKUM U XUMUYECKMM CBOMCTBaM
npeBoCXoAAT Takme mMatepuansbl, Kak 3mok-
cuaHble, monuadupHble, a Takxke nonunone-
uHbI (cM. Tabnuuy).

ABnascb, TepMonnactamu, MNOPOLLIKO-
Bble MaTepuanbl RILSAN dopmupytoT no-
KpblTUE 3HauYUTEnbHO ObicTpee, Yyem Tep-
MopeaKkTuBHble nopowkosBble JIKM, 4TO
Nno3BoOnsieT CHU3UTb BpeMs npebbiBaHUSA
n3genus B neyYn u TakuMm obpasom 3KOHO-
MUTb 3HEPruio U NCnonb3oBaTb MeHee [0-
poroe obopyaoBaHue.

HoBbIM NO CpaBHEHWIO C TeXHOMNoruemn
HaHeceHUs1 TepMOpPEeaKkTUBHbIX MOKPbITUW,
TpebyoLlmx 3HaYuTenbHOro npebbiBaHNs
B Neyun Ans oTBEpXAEeHWs, SBNSIETCs BO3-
MOXHOCTb HaHeceHus nokpbiTus RILSAN
Ha focTaTo4HO 6onbLuyto nnowanb B NCes-
OOOXMXEeHHOM croe 6e3 nocnegytoLlero
onnaBsreHus.

Mopowkosblie maTepuansl RILSAN no-
3BONSAT MonyyaTb 3alMTHbIe MOKPbITUS,
obnapgatowme BCEMU YyKaszaHHbIMU Bbille
CBOWCTBaMu, NOYTU cpasy Nocne oxnaxae-
HUSA U30enun.

OfHUM 13 HeJoCTaTKOB MHOMMX npea-
CTaBMeHHbIX B HacToslwee BpemMs Ha PbiH-
ke nopowkoBbix JIKM saBnsetca nnoxas
oKpacka KpoMku wusgenuin. TonwmHa no-
KpbITUS Ha TOHKOW W Y3KON KPOMKE MOXeT
COCTaBnsATb BCEro HECKONbKO MUKPOH, U
3TO CTAHOBMUTCA «crnabbiM MECTOM» MOKpPbI-
TWS, rAe BO3MOXHbI CKOMbl, UCTUPAHME W
BO3HUKHOBEHME o4aroB koppo3uu. [Mokpbi-
Tme RILSAN nosBonsieT nonyyaTb XOpOLUO
3alUyLLEeHHbIE KPOMKM M3[enui npu HaHece-
HMM Kak 3reKTpocTaTuyeckmm crnocobom, Tak
1 B NCEBOOOXMKEHHOM CIlOE€.

YAaponpoyHOCTb U YCTOMYUBOCTb K UC-
TUpaHuo sBRsSOTCS B BOMbLIMHCTBE Crly-
YaeB OCHOBHbIMU KpPUTEPUSIMW [ONTroBeY-
HOCTW OKpaLUEHHbIX U3AENUA N CHUXKEHUS
noTepb nNpv NPoOuU3BOACTBE U NEepeBO3Ke
n3genun.

YnaponpoyHocTb nokpbiTuss RILSAN
okorno 3 [, 4To moyTu B 2 pasa npeBbl-
lWaeT 3TOT MokasaTenb AN CTaHAapTHbIX
AMNOKCUMAHBIX MOKpbITUA 1 Ha 50% Bbiwe,
YyeM Ans cTaHOapTHbIX NONUIMUPHBLIX MO-
kpbiTuii. TMokpbiTua RILSAN  obnagatot
AO0CTaTOYHO BbICOKOW YCTOMYMBOCTBIO K MC-
TupaHuto: notepsa maccol npu 100 umknax
UCTUPaHWUS CTaHAapTHbIM MeTOAOM npw
nomown abpasuBHon MawwuHbl Taber co-
ctasnsieT 15 mr no cpaBHeHuto ¢ 40 Mr ans
3MNOKCUAHOrO NMOKPbITUSt U okono 60 mr gns
nonuaduMpHOro nokpbiTus. O4YeHb HU3KWIA

K03 puLmMeHT TpeHus nokpbiTuin RILSAN
(0,15-0,30 craTtuctuveckun u 0,05-0,20
ONHaMMyeckuin) genaet UX YHUKanbHbIMU
B cnydvae, korga TpebyloTcs camocmasbl-
BaloLLMeCs MOKPbITUSI, Hanpumep, npu u3-
rOTOBMEHUM HanpaBnsoWmUX AN ABepeW
aBTOMOOUIS,, MOHOPENbCOB  ANS TAXEmNbIX
BaroHeTOK ¥ APYr1X aHanornyHbix getanen.

Euwe ogHMM npenmyLiecTBOM MOPOLL-
KkoBbIX nokpblTun RILSAN nepep ctaH-
AapTHbIMY  MOPOLUKOBLIMW MaTtepuanamu
SIBMSIETCS OYEHb BbICOKAs 3MacTUYHOCTb U
yANWHEHNE NIEeHOK.

YanvHeHue npu paspbiBe 80% nosso-
nset matepmnanam RILSAN BoccTaHaBnu-
BaTbcA 6e3 noBpexaeHus nneHku. Tpyobl,
mMeTannuyeckue npodunu u gpyrve usge-
nus, nokpbltble RILSAN, moryT 6bITh 130-
rHyTbl Ha 90° unn 180° 6e3 noBpexaeHus
nokpblTusi. Kpome TOro, BO3MOXeH u3rub
Tpy6 no kpuBuaHbl 30D 6e3 pactpeckuBa-
HUS MOKPbLITUS.

NMPUMEHEHUE NMOKPbITUN RILSAN

1.B HedTerasoBom M XMMNYECKOW NMpo-
MbILINEHHOCTHN

Bblaatolmecs ceovicTBa nonmamMmugHoro
nokpbiTns RILSAN, B yacTHocTH, xopoLuas
XMMUYecKas CTOMKOCTb U OTMIMYHAsA yCTOW-
YMBOCTb K KOPPO3MWU, AAlOT BO3MOXHOCTb
NOKPbITUS punbcaHoMm TpybonpoBoaos Ans
nepekayku u TpaHCMOPTMPOBKM arpeccus-
HbIX Cpep, a Takxke MOKpbITUS pe3epBya-
poB, HacocoB, MydT, 3anoOpHON apMaTypbl
n 1.4. B 2001 rogy Ha4anocb CTpouTEnb-
cTBO rasonposoga Poccus-Typuusa vepes
akBaToputo YepHoro mops (npoekt «lony-
601 notok, OAO «lasnpomy).

YuuTelBas, 4TO rasonposof, pacno-
TNIOXEHHbI Ha POCCUWACKOM CYXOMyTHOM
yyacTke, NPOXOAMT MO FOPHOW MECTHOCTH,
a rnybuHa saneraHvna Tpybbl Ha MOPCKON
yacTtu gocturana 2150m B ycnosusx arpec-
CUBHOW CepoBOAOPOAHOW cpedbl, AN no-
BbILUEHNA Ha[eXHOCTU rasonposofa npu
ero CTpoOMTENbCTBE MPUMEHSNUCH TPyObI
C BHYTPEHHWM W BHELIHWM MONUAMUAHbBIM
nokpbiTnem RILSAN.

CoopyxeHue «lonyboro notoka» oT-
KpbINIO HOBYIO CTpaHWUy B WCTOpPWUW pas-
BUTUSI COBPEMEHHbIX ra30TPaHCMOPTHbIX
TEXHOMOrnN.

2. lpyrve npvmepbl UCNONb30BaHUA No-
kpbiTui RILSAN

* MuweBoe oGopyaoBaHUe, KOP3WHbI MO-
CyAOMOEYHbIX MaLuuH

» [levyaTHble Banuku
MaLlnH

* CucteMbl KOHAULNOHMPOBAHNS, MHEBMA-
TUYECKNE CUCTEMBI

» ObopynoBaHWe MOPCKOro Ha3Ha4yeHus

* Cuctembl BogocHabxeHusi

* B aBTOMOGUNECTPOEHUMN W

nonurpadguyecknx
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CranbHble Tpyb6onpoBoabl 6e3 HageXHOW aHTUKOPPO3UOHHOW  3alUThbI
HeobGXo4MMO exerogHo nepeknagbiBatb Ha 10% ANMHbI OT UX o6OLen
npoTshkeHHoOcTU. U 3To ncuncnsieTca B gecATKax TbiCSAY KUITOMETPOB.

3arpaTbl Ha NIMKBUOALMUIO 3KONIOMMYECKOro yliep6a TONbKO B TEMOBbLIX CETAX
Poccun B 10 pa3 Bbille CTOMMOCTU 3aTpayMBaeMoOro HarnpacHo TonnuMBa M

A.H. MU30rYB0B A.A.CUPOTUHCKUA A.H.MUIMNOB

BbICOKOTEMIIEPATYPHAAS
AHTUKOPPO3HOHHAA «bPOHS»

/I CTAJIBHBIX TPYBOITPOBO/1OB

A.H. NTN30ryeoB
A.H. nIMrunos .
A.A. CUPOTUHCKUIU

®oro 1. Kamepa ans HaHeceHus
anMoKepamMMyeckoro NoKpbITUA
nrna3meHHbIM METOAOM

reHeparbHbIn avpekTop 3A0 «3asog AKOP ES3K»
Tex. aupexTop 3A0 «3aBog AKOP ES3K»
K.T.H., akageMuk Poccim 1 YkpauHsl,

3KBMBAaneHTHbI ero pacxoay B 15-20 mnH.TH./ropA.

I. YNbsIHOBCK

r. Mockea

3aMm. reHeparibHoro aypektopa no Hayke OAO « METXUMTIKC»

Mpu pekoHCTPYKUMK, a Tem Bonee npu nNpo-
Krnagke HOBbIX TPYGOMPOBOAOB U MHXEHEPHbBIX
ceTelt pa3nMyHoOro Ha3Ha4eHusl, BHe BCSKOrO CO-
MHEHVs1, HaJo AenaTh CTaBKy Ha BbICOKOaddpek-
TVBHblEe TPyGONPOBOALI HOBOIO MOKOMEHUS! C Bbl-
COKUM YPOBHEM Ha[EXHOCTU W [ONMTOBEYHOCTY,
0CODEHHO MpW 3KcmnyaTaumy MarvcTpanbHbIX
TpybonpoBOAOB TEMMOBLIX CETEN U TEXHOMOMU-
Yeckux TpybOnpoBOAOB Mpy TeMnepaTypHbIX pe-
umax pabotbl cebiwe 150°C.

[MpombILLnEHHOe NPOU3BOACTBO AN BbICO-
KOTemnepaTypHbIX YCIOBUIA SKCnyaTaumm Tpy-
60NpoOBOAOB C M30MALUMOHHBIMUA MOKPBITUAMU
ONsi 3alUMTbI HapYXKHOW UM BHYTPEHHeW cTanb-
Hol1 noBepxHOCTU TpybonposozoB B Poccum oT-
CyTCTBOBasO.

[ns pewenus atov npobnemsbl B 1988 rogy
B I. YNbsiHOBCKE ObINO Ha4aTo CTPOUTENBLCTBO
«OnbITHOrO NPOM3BOACTBA AHTUKOPPO3WOH-
HOW 1 TENMNOBOW 3aLMTbl TPy6ONPOBOAOBY.

B ocHoBy npousBoactea Tpy6 u dacoH-
HbIX W3Aenui C aHTUKOPPO3UOHHLIMU MO-
KpbITUAMU B T. YNbAHOBCKe Obina 3anoxeHa
paspaboTaHHasi TexHomnorusi, obopynoBaHue
N peuenTtypa MOKPbLITUIA MOA PYKOBOACTBOM
1 pykoBoguTenem pabot gupektopa LleHTpa
BbICOKOTEMMNEepaTypHbIX NokpbiTun BHUNCTa
K.T.H. CUPOTUHCKOIO A.A. »

®orto 2. CunmkatHoaMareBoe MNOKpbITHE

HIGH TEMPERATURE ANTI-CORROSION
ARMOUR FOR STEEL PIPELINES

A.N. LIZOGUBOV, General Director, JSC
«EKOR EEEK Plant», Ulyanovsk

A.N. PIGILOV, Technical Director, JSC«EKOR
EEEK Plant»

A.A. SIROTINSKY, Candidate, Engineering,
Academician of Russian and Ukraine, Deputy
General Director for Science, JSC «METKHI-
MEX»

10 % of the total length of the steel pipes without
reliable anti-corrosion protection has to be re-laid
annually. This comes up to tens of thousands of
kilometers.

The costs incurred in the elimination of the env-
ironmental damage in the heat networks in Russia
are 10 times more than the cost of the fuel wasted
and equivalent to its consumption at the level of
15-20 million tons per year.

During reconstruction, and even more so, du-
ring the laying of new pipelines and engineering
networks for various purposes, it is beyond any
doubt that one must bank on the highly effective
pipelines of the new generation with a high level of
reliability and durability, especially when the mains
pipelines of the heating networks and production
process pipelines are operated under such tempe-
rature conditions as exceed 150°C.

Industrial production for high temperature oper-
ating conditions of the pipes with insulation coatin-
gs to protect the outside and internal steel surfaces
of the pipes in Russia had not originally been in
existence.

In order to fix this problem in 1988 in the city
of Ulyanovsk, construction of the «Experimental
Production Facility for Anti-Corrosion and Thermal
Protection of Pipelines» commenced.

Underlying the manufacture of pipes and shap-
ed products with anti-corrosion coatings in the city
of Ulyanovsk were the technology, equipment and
recipes of the coatings developed under the supe-
rvision of A.A. Sirotinsky, Candidate, Engineering,
Director of the High Temperature Coatings Center,
VNIIST.

The construction proceeded along the lines of
the special purpose program of the «Russian Un-
ified Energy Systems» Russian Joint Stock Com-
pany. The general contractors for the project en-
gineering were OAO «Giproenergoremont» of the
Ministry of Fuel and Energy of the Russian Feder-
ation. Modern and complete financing of the cons-
truction project by the Research and Development
Fund of the «Unified Electric Power Complex» Co-
rporation enabled production facilities for the app-
lication of various types of anti-corrosion coatings
to the pipes and shaped products to be placed into
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operation on schedule. In 1998 the company prod-

uced a test industrial batch of pipes with insulation

coatings and since 2003 their industrial production
has been underway.

The production lines put in place in Ulyanovsk
for the insulation of pipes and shaped products
are equipped with unique production equipment,
the newest technology and recipes of the coati-
ngs which do not have any equivalents either in
local or in international practice of pipe products
insulation. The equipment of the production lines
and the recipes of coatings for the insulation of the
pipe products are safeguarded by the Russian and
Ukrainian patents.

At the plant in Ulyanovsk five production areas
for the application of anti-corrosion coatings are in
operation:

1. The pipe enamel line for diameters between 57
and 325 mm for the application of powder silic-
ate enamels to the outside and inner surface of
the pipes in the electrostatic field with simultan-
eous induction calcining.

2. The line for plasma application of an alumocer-

amic coating to the outside surface of the pipe,

diameters between 57 and 325 mm.

The line for plasma application of an alumocer-

amic coating to the outside surface of the pipe,

diameters between 273 and 720 mm.

4. Area for enameling shaped products.

5. Area for plasma application of an alumoceramic
coating to shaped products.

@

The equipment of the production lines allows
the pipe products to be insulated using the alumo-
ceramic coating applied to the outside surface and
the inner surface. For the anti-corrosion protection
of the pipelines of the heating networks, for exam-
ple, different high temperature protective coatings
can be used, however each of those has both its
advantages and disadvantages. Mainly that appli-
es to the operating and temperature conditions for
their use. Under RD 153-34.0-20.518-2003 «Typi-
cal Instructions on Protection of Heating Network
Pipelines Against Corrosion» 9 types of coats are
used out of which only silicate enamel and alum-
oceramic coatings have a maximally permissible
temperature of the heat transfer medium of 300°C,
the others are up to 150, 180°C.

1. Production process
1.1. The production process for enameled pipes
consists of the following operations:
« rough annealing of the pipes using induction ca-
Icining;
« shot peening of the outside and inner surfaces
of the pipes;
« applying to the pipe in the electrostatic field pr-
epared powder from the pirmerless enamel;
« induction calcining of the coating;
« thickness control and continuity control of the
primerless coating.
Table No.1 describes the technical specificatio-
ns of the primerless silicate enamel coating.

2. Production process for the plasma application of
the alumoceramic coating

The process for plasma application of the alum-
ocermaic coating to the pipe is virtually unknown in
the literature and has a certain amount of novelty
in Russia compared with the protective coatings in
wide use.

Therefore, an outline of this process has to be
provided as well as a brief explanation.

The methods of plasma spraying belong to th-
ose whose development is being actively pursued
abroad in the area of protective coatings. They
have taken up a place among the industrially deve-
loped methods and are, typically, highly universal,
highly productive, easily automated, characterized
by a high speed at which physical processes pro-
ceed in them, etc.

Both small surfaces of the products and the la-
rge ones can be sprayed, practically, without any
limitation on the size of the surface. The use of pl-
asma permits coatings for various purposes to be
produced (wear-resistant, corrosion proof, heat re-
sistant, electrically insulated coatings and others).

CTpouTensCTBO  OCYLLECTBSNOCh MO Lie-
neson nporpamme PAO «EQC Poccumy. leHe-
parnbHbIM NPOoeKTUPOBLLMKOM BbicTynuno OAO
«MnpoaHepropeMoHT» MuHUcTepcTBa TOMMM-
Ba 1 aHepreTukn PP. CoBpemeHHoe 1 nornHoe
rHaHCUpoBaHMe  cTpouTenscTBa  (POHOAOM
HWOKP Kopnopaumm EgvHbii OnekTpoaHepre-
Tnyeckuii Komnnekc nossonuno B HaMeYeHHbIe
CPOKV OCYLLIECTBUTb BBO, B SKCTyaTaLmio Npo-
N3BOACTBEHHbIX MOLLIHOCTEW N0 HAHECEHMIO pas-
TMYHBIX BUOOB @HTUKOPPO3MOHHbIX MOKPBITUI Ha
TPyObI 1 hacoHHble n3aenus. B 1998 rogy npea-
npusTAE NPOW3BENO  OMbITHO-NMPOMbILLMIEHHbIE
napTum Tpy6 C U3OMALMOHHBIMW NOKPBITUSIMK, @
¢ 2003 roga Ha4anocb NPOMbILLIIEHHOE UX NMPO-
M3BOACTBO.

CospgaHHble B I. YNbAHOBCKE TEXHOMOr-
Yyeckve nMuHUKM no msonsumm Tpyb n dacok-
HbIX M3OEnUiA OCHALLEHbl YHWUKanbHbIM Tex-
Homornyeckum obopyaoBaHUEM, HOBeWLew
TEXHOMOTMEN W PeLenTypon MOKPbITUWA, He
MMEILMMN aHanoroB B OTEYECTBEHHOW W
3apybexHori npakTuke usonsaumMn TpyOHbIX
n3genuii. OBopyaoBaHMEe TEXHOMOrMYECKMX
NVHWIA 1 peuenTypa NOKPbITUN AN U30nsAumMmn
TPYOHbIX M3AEnVn  3alylleHbl NaTeHTamm
Poccum n YkpaunHsi.

B r. YnbsiHOBCKe Ha 3aBope paboTtaroT nstb
TEXHOMOMMYECKUX YHaCTKOB MO HAHECEHUIO aH-
TUKOPPO3MOHHBIX MOKPbITUIN:

1. N'uHnsa smanupoBanus Tpy6 Ans AMaMeTpoB
57+325 MM NO HaHECEeHW MOPOLLKOBbLIX
CUINMKaTHBbIX 3Maren Ha HapyXHyl0 U BHY-
TPEHHIO MOBEPXHOCTb TPYD B anekTpocTa-
TUYECKOM Mone C OAHOBPEMEHHbBIM MHAYK-
LIMOHHBIX OBXUroM.

2.JlnHna nNnasMeHHOro HaHeceHus arnto-
MOKepaMMU4eCcKoro MOKpbITUS Ha Hapyx-
HYI0 MOBEPXHOCTb TPyO AnA AnameTpos
57+325 mm.

3.JIMHMA nna3MeHHOro HaHeceHWs anto-
MOKEpaMMUYECKOro MOKPbITUA Ha HapyX-
Hyl0 NOBepXHOCTb Tpy6 ANs AnameTpoB
273+720 Mm.

4. Y4yacTok amanmpoBaHns (hacoHHbIX N3OENW.

5. Y4yacTok nnasMeHHOro HaHeceHus antomo-
KepaMU4eckoro MOKpbITUS Ha (hacoHHble
n3penvs.

O6opyaoBaHWe TEXHOMOTUYECKMX  TUHUNA
MO3BOMSAET MNPOV3BOAWTL U3OMALMIO TPYOHbIX
M30enuin C HAHECEHEM artoMOKepaMnYeCcKoro
MOKPbITUS HA HAPY>KHYIO MOBEPXHOCTb 1 Ha BHY-
TPEHHIOID MOBEPXHOCTb CUIIMKAaTHO3ManeBoro
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noKpbITUS. [N aHTUKOPPO3MOHHON 3aLUUTbl
TpyGonpoBoAoB, HaNpUMep TENMoBbIX CETew,
NPUMEHSAIOTCH  pPa3nnyHble BbICOKOTEMMEpa-
TYPHbIE 3aLLUTHBIE NMOKPBITUS, OOHAKO KaXaoe
13 HMX MEeEeT Kak NpenmyLLecTBa, Tak 1 Hepo-
cTatkn. B OCHOBHOM 3TO 3KcnflyaTauMOHHble
N TemnepaTypHble YCroBuSi UX NMPUMEHEHUS.
B cooteetctBumn ¢ PO 153-34.0-20.518-2003
«TunoBas VHCTPyKUMst no 3awmte Tpybo-
NPOBOAOB TENOBbIX CETEN OT HapyXHOMU
KOppO3uNM» MpUMeHsoTcs 9 BWMOOB MOKPbI-
TUA, U3 HUX TOMbKO CUMMKaTHO3MarneBoe U
arnoMoKepaMmyeckoe MMelT  MaKcUMarnbHO
JonycTMmylo  Temnepatypy —TennioHocuTens
300°C, ocranbHble go 150-180°C.

1. TEXHONOIrnsa nPOU3BOACTBA
1.1. TexHonormyeckmin npoLecc nponsBoa-

CTBa aManuMpoBaHHbIX TPy6 COCTOUT U3 credy-

IOLLMX onepaumn:

* YepHOBOrO OTXUra MeTanna Tpyd ¢ ncnornb-
30BaHNEM MHAYKLMOHHOIO 06xura;

* OpOGECTPYNHON OYUCTKN HAPYXHOW U BHY-
TPEHHel NOBEPXHOCTM TPyD;

* HaHeceHus Ha Tpyby B 3MEKTPOCTAaTUYECKOM
rione noAroToBNEHHOTO CUMMKATHOTO MOPOLLI-
Ka 13 6e3rpyHTOBOW amanu;

* WHAOYKUMOHHOIO 0GXura nokpbITus;

* KOHTPONS! TOMLMHBI M CMINOLUHOCTY 6e3rpyH-
TOBOIO MOKPbITUS.

B Tabnumue Nel npuBegeHa TexHudeckas

XapaKkTepucTuka ©6e3rpyHToBOrO  CUIMKaTHO-

3MarneBoro MoKpbITUS.

2. TEXHOJNTOM'MYECKWUU NMPOLIECC
NNA3MEHHOIO HAHECEHUA ANOMO-
KEPAMUYECKOIO NOKPbITUA

TexHonorMyeckin npoLecc nnasmMeHHoro
HaHeCceHUs1 arntoMOKEPaAMMYECKOrO MOKPbITUSE
Ha TpyObl NMpPaKTUYECKN HEM3BECTEH B NUTEpa-
TYPHbIX UICTOMHUKaX 1 0bnagaeT onpeaeneHHon
HOBM3HOW B POoCCuM MO CPaBHEHMIO C LUMPOKO
NpYMEHSIEMbIMM 3aLLUTHBIMU NOKPBITUSIMU.

O6 aTtom cnegyeT Oatb MHAOPMaLMIO 1
KpaTKO MOSICHUTL 3Ty TEXHOSOTMIO.

MeTtoabl NnasmMeHHOro HarbleHUsl OTHO-
CATCA K uncny Havbonee akTUBHO pasBuBalo-
LLIMXCHA HampaBneHnn 3a pybexom B obractu
3aWUTHBIX NOKPbITUA. OHW 3aHANMM MecTo B
rpynne NPOMbILLIEHHO PasBUTLIX METOAOB U Xa-
paKTEPU3YIOTCA BbICOKON YHUBEPCANbHOCTHIO,
NpOU3BOANTENBHOCTBIO, NErKOCTbI B aBTOMa-
TW3auUMK, BbICOKOM CKOPOCTbIO MpoTeKaHus P

1 2 3
1. XvMunyeckasi yCTOMUYMBOCTb B COOTBETCTBUM
¢ OCT 26-01-1255-83, mr/cm?:
— 10%-Hon H,SO, 0,2-0,25
— 20, 24%-Hon HCI 0,3-0,4
— 10%-Hoit NaOH 0,75-0,9
2. TepmocTtonkocTb, rpag. C 300
3. TonwmHa NOKPbITUS, MKM 200+400
4. OkcnnyaTaunoHHbI TeMnepaTypHbI uHTepBaan, rpag. C -500 +300
5. [poyHoCTb Ha cxxaTtue, MlMa 1000-1600
6. [MpoyHoCcTb Ha pacTsixeHue, MlMa 100-160
7. Mogynb ynpyroctu, Mla 577-700
8. TeepoocTb no wkane MOOCA (10-anvas) 5-7
9. MpouHocTb cuennenust, % 91,5-99
10. [onroBe4yHoCTb (B 3aBUCMMOCTUN OT TPaHCMOPTMPYEMON cpeabl), 46-50
rogbl

B Ta6. 1 npuBeAeHa TeXHU4YecKasi XxapakTepucTuka 6e3rpyHToBoro

CUNUKaTHO3MarneBoro NoKpbITUA.
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dmsmnyecknx npoueccoB u Ap. Hanbinenve
MOXET NMPON3BOANUTLCS Kak Ha Marble NoBepx-
HOCTW U3Odenuin, Tak U Ha GonbLune npakTuye-
CKkn 6e3 orpaHN4eHns pasmMepoB NOBEPXHOCTU.
Vcnonb3oBaHue nnasmbl NO3BOMSIET CO30aBaTh
MOKPBITUS Pa3NUYHOTO HasHayYeHusi (M3HOCOo-
CTONKNE, KOPPO3VOHHOCTOWKME, TEenno3alumTt-
Hble, ANEKTPOU3ONSLMOHHBIE U APYTUE).

TpaAMUMOHHO ANS MNa3MeHHOro Harbine-
HWS1 MCMOSb30BaNN MHEPTHblE rasbl (a3oT, ap-
TOH, refniuii, aMMm1ak U X CMeCu ¢ BOAOPOLOM).
Mx pnoporosusHa 1 AeduumuTHOCTb X 0bycnaBs-
nMBanv TPYOHOCTb NpY NPaKTUYECKo peanmaa-
LMK Nna3MeHHbIX TEXHOMOTWiA. Vicnonb3oBaHue
B KayecTBe nnasmoobpasytoLLel cpefbl cmecu
BO3lyXa C YIMEeBOAOPOAHbIM ra3oM (MeTaHoM,
nponaHoM, OyTaHOM) MMM cxaToro Bo3dyxa
MO3BONWIO peanun3oBaTb Ha MpakTvike B LUW-
POKOM MPOMBILLIIEHHOM MacluTabe HOBbIN TUM
nrasMeHHbIX ycTtaHoBok. OCOBEHHOCTU Takux
YCTaHOBOK M peanusyeMbIX TEXHOMOrMYeckmx
MPOLIECCOB — KOMOUHVPOBAHWE 3MEKTPUYECKO
1 TENSIOBOW 3HEpruu, KoTopasl BblAensieTcs B
30He HarpeBa MaTepuana.

[pn nNnasmMeHHOM HaHECEeHWU MOKPbITUN
Ha MOBEPXHOCTW m3aenust opMmpyeTcst Crow
M3 YacTuy MopoLulKa, obnaparowmx onpeae-
NEeHHbIM 3aMacoM TEMOBOW U 3MNeKTpUYeckon
3HEepruM, MornyyeHHo B pesynbrate B3au-
MOOENCTBUSE CO CTpyen [yroBOW nna3mbl.
TemnepaTypa nnasmMeHHOM CTpyu [oCTuraet
5000-10000°C, a cKOpOCTb WCTEYEHUs —
1000-3000 m/c. B nna3ameHHom cTpye YacTuupl
nopoLuka rpaHynsauven 20-150 mkm pacnnas-
nsatTca U npuobpetatot ckopoctb 300 m/c 1
BbiLLe. B pesynbsrare HaHeceHuns hopmumpyetcs
KOMMO3MLMOHHOE MOKPbLITUE, KOTOPOE COCTO-
UT 13 artoMUHUEBON MaTpuLbl C PpaBHOMEPHO
pacnpefeneHHbIM1 B HeW 1 MeTanmypruyecku
CBSI3aHHbIMM  YacTVLaMM KEPaMMKU, XOPOLLIO
CLeNnreHo C OCHOBOW — MPOYHOCTb Ha OTPbIB
35 MlMa.

lMpouecc nnasmMeHHOr0 HaHEeceHWs Oocy-
LecTBnsieTcs cnegyowym  obpasom. [MNnas-
MOTPOH 3aKpennsioT B MpucnocobneHnn ans
HaHECEHWUS1 W yCTaHaBMMBAlOT Ha 3adaHHOM
paccTosiHAM OT AeTanu. [uctaHums pacnbine-
Hus cocTaensier 100-300 mMm. lMpucnocobne-
HVe Ans HanblNeHs MOXET obecneunTb nnas-
HOe nepemeLLeHne HambINSeMoro Matepuana
OTHOCWTENBHO MOBEPXHOCTW U3Aenus Ans no-
NyYEHNsST PaBHOMEPHOW TOSLLMHBI MOKPbITUS.
CKOpOCTb NepemMeLLeHnsi CTPyM OTHOCUTENBHO
n3penus coctaensieT 3-15 M/MUH., CKOPOCTb
BpaLleHus nsgenus — 10-15 m/muH. Ocb conna
nrasMoTpoHa AoIkHa ObITe HanpaeneHa K Ha-
MbiNseMoli MoBepXHOCTM nog, yrnom 60-90°. B
Ka4ecTBe nNna3moobpasytoLLero ra3a Ucnornb3ay-
0T KOMMPUMUPOBAHHbIN OYULLIEHHBIV OT Briaru
1 macna Bo3gyx ¢ gaeneHnem go 0,3 MlMa un
meTaH unu nponax-6ytan no MOCT 20443-80.

TexHonornyeckasi NMHWSE MO HaHECEHWIO
arnoMoKepammM4eCcKoro NOKPbITUS Nia3MeHHbIM
METO0M Ha HapY»XHYH NOBEPXHOCTb TPYO Ana-
meTpamu 57-720 MM COCTOUT B OCHOBHOM M3
cnepytoLlero obopyaoBaHus:
* HaKoMnuTEns YepHbIX Tpyo;
* pOnbraHroB Ansi NepeMeLLEHNS U BpaLLEHNS]

Tpy6;
* YCTaHOBKM YEPHOBOTrO OTXMura Tpyo;
* MpOXofHoW ApobecTpyriHOW nnn apobemer-
HOWN YCTaHOBKM;

* KaMepbl Na3MEHHOO HanbIeHUs;
* CTeHAa KOHTPOIsi Ka4ecTBa MOKPbITUN.

B coctaB kamepbl BXOAAT NNasmMoTPOH, ABa
nuTatens-[o3aTopa C CUCTEMOW YrpaBneHus,
WCTOYHUK  3NEKTPOMNUTaHWS, ra3onpuroToBu-
TenbHas CTaHLMS W MynsT yrpaBneHus.

TexHormorvss  NnasMeHHOro  HaHeceHus
anMoKepamMmn4ecKMx NOKpPbITUIA UMeeT crieay-
toLme 0CoBEHHOCTU:

* OTCYTCTBME OFpaHWYEHWiA MO TOSLMHE Mo-
KPbITUSI, HAHOCMMOTO 3a OAMH NMPOXOM;

* IpaHynauMs  HambinNsiemMoro rnopollka [o
150 MKMm;

* BO3MOXHOCTb HaHECEHWs1 MOKPbITUS Ha Ha-
PYXXHbl€ MOBEPXHOCTU TEM BpaLLeHUs.

MokpbITve NpegHasHayYeHo ANS 3aLUThbl
OT KOPPO3WM KOHCTPYKLMIA U3 YEPHbIX MeTar-
0B, KOTOpPble 3KCNIyaTUPYIOTCA B CUMbHO U
cnabo arpeccuBHbIX cpefdax, B TOM 4ucre
TpybonpoBofoB. AmntoMoKkepamuyeckoe Mo-
KpbITUE YCMELUHO KOHKYpUPYeT C fakokpa-
COYHbIMW, FanbBaHUYECKUMU MOKPbLITUSAMU,
nonyyaemMbiMu NOrpy>KEHNEM B CiaB — CUNK-
KaTHOAManeBbIMU, BUTYMHbIMW, BUTYMHO-pe-
31HOBBLIMU, MOMIMMEPHBIMW U 3MOKCUAHBIMU.
[N paHHOro MOKpbITUS XapaKTepHa BbICO-
Kasi CTOVKOCTb K BO3OENCTBUIO arpecCcuBHbIX
cped C BOAOPOAHbIM nokasartenem pH=2-12.
[Mon BO3AecTBMEM OCHOBHBIX 3KCMIyaTauu-
OHHbIX haKkTOpOB CTapeHus (Temneparypsbl,
COBMECTHO TemnepaTtypbl W Braru, arpec-
CVBHbIX Cpef, 3reKTPUYecKnx noTeHumanos)
antoMoKkepammnyeckoe MoKpbITUE HE U3MEHS-
€T CBOVX NepBOHayarnbHbIX CBOMCTB U BbINOS-
HSIET pONb NPOTEKTOPHOW 3alMThl. Beigep-
xuBaeT HarpeB Ao 450°C. MNpu Hanbinexun
Ha CBapHbIe LUBbI HE TOMbKO 3aLLMLLAET LUOB
OT KOppO3uUW, HO W MpWAaeT CBapHOMY CO-
€AVHEHMIO NOBBILLEHHYO CONPOTUBIISEMOCTb
3apoXxaeHuto KOPPO3VMOHHO-YCTaNoCTHbIX
TPeLUVH, B TOM YuCre MHULMMPYEMbIX B Nn-
HVKM crinaBneHns Npu NOBTOPHO-CTATUHECKOM
HarpyxeHun. Hanuune aniomokepamuye-
CKOrO MOKPbITUS 3alUMLLaeT Takke yy4acTkv C
YaCTUYHLIMN OTCIOEHUSIMU MOKPbITUS. 3aBu-
CUMOCTW 3aLUMTHbLIX CBOWCTB OT €ro TOMLu-
Hbl B npegenax 150-400 MKM He BbISIBNEHO.
AntoMokepaMmyeckoe MoKpbITEe He Tpebyet
[OMONHUTENbHOW  MPOKaTKX,  MPEeBOCXOAUT
antoMUHYEBOE MO KOPPO3MOHHOW CTOWMKOCTU
boree 4em B 2 pasa, a N0 M3HOCOCTONKOCTU B
6-8 pas. PesynbsraTbl UCMbITAHUIA antoMoKepa-
MWYECKOro MOKPLITVSA NPU BO3AEVNCTBAN OCHOB-
HbIX 3KCMIyaTauMOHHbIX (DaKTOpPOB CTapeHus
Ha cpMe no Hanazke, COBEPLUEHCTBOBAHWIO
TEXHOMOTMI N AKCMIyaTaLmn anekTpocTaHLui
n cetenn «dupma OPIPIOC» nossonstoT pe-
KOMeHOoBaTb €ro B TOM YUCre U B KayecTse
aHTUKOPPO3NOHHON 3aluTbl TPybonpoBoaoB
noa3eMHON NPOKNaAKy TEMMOBbIX CETEN B CO-
otBetcTBUM ¢ P 153-34.0-20.518-2003.

B Tabnuue Ne2 npviBeaeHb! cpaBHUTESbHbIE
TEXHUKO-OKOHOMUYECKME MoKasaTenm MeTonoB
hOPMMPOBAHUA  METaNIN3ALMOHHBIX, arnomu-
HMEBbIX U antoMOKePaMUYECKNX MOKPbITUN.

3. BbIBOAbI

MHoroumcneHHble nccnenoBaHus 1 gocTa-
TOYHBIV OMbIT 3KCNMyaTauum cTanbHbIX Tpyo ¢
CUNMKaTHO3MarneBbIM MOKPbITUEM AOKa3anu
3hheKTMBHOCTb ero npumeHeHns. Cpok Cryx-
Obl Takoro NokpbITMst — 50 NeT B 3aBMCMMOCTU
OT yCrnoBwi akcnnyataumn. CKopocTb KOPPO3um
cTanu nop nokpbITueM ymeHbLuaeTcs B 10%-10°
pa3 no CpPaBHEHWIO C KOPPO3UNEW HesalLULLeH-
Horo metanna. »
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Historically inert gases (nitrogen, argon, helium,
ammonia and their mixtures with hydrogen) were
used for plasma spraying. The fact that they are
expensive and in short supply made practical im-
plementation of the plasma technologies difficult.
The use of air mixture with hydrocarbon gas (me-
thane, propane, butane) or compressed air as a
plasma forming medium has enabled a new type
of plasma units to be implemented in practice on
a wide industrial scale. A special feature of such
units and the production processes implemented
is the combination of electrical and thermal energy
which is released in the material heat-up zone.

In the plasma application of coatings on the pr-
oduct surface there forms a layer of powder pa-
rticles which have a certain stock of thermal and
electrical energy produced as a result of interaction
with the arc plasma jet.

The temperature of plasma jet reaches 5000-
10000°C, while the flow speed is 1000-3000 m/
sec. In the plasma jet the powder particles, grain
size 20-150 microns, are melted and acquire a ve-
locity of 300 m/sec and more. As a result of the
application, a composite coating is formed which
consists of an aluminum matrix with equally dis-
tributed, metallurgically linked ceramic particles,
within it, and which closely adheres to the base
— tearing strength being 35 MPa.

The process of plasma application is carried out
as follows. The plasmatron is secured in a fixture for
application and is set at a specified distance from
the part. The spraying distance is 100-300 mm.

The fixture for spraying can ensure smooth mo-
vement of the sprayed material over the product
surface with a view to achieving a uniform coating
thickness. The speed at which the jet travels over
the product is 3-15 m/min, the product rotation sp-
eed is 10-15 m/min. The centerline of the plasma-
tron nozzle has to be directed towards the surface
to be sprayed at an angle of 60-90°. Compressed
air, moisture free and oil free at a pressure of up
to 0.3 MPa and methane or propane-butane per
GOST 20443-80 Standard are used as plasma-fo-
rming gas.

The production process line for the application
of alumoceramic coating by plasma method to the
outside surface of the pipes, diameter between 57
and 720 mm, consists mainly of the following eg-
uipment:

* black pipe accumulator;

« rollers for transfer and rotation of the pipes;

* a unit for rough annealing of the pipes;

« through type shot peening and shot blasting ma-
chines;

* plasma spraying chamber;

» coating quality control stand.

The chamber design includes a plasmatron, two
dosing feeders with control system, power su-
pply unit, gas preparation station and a control
panel.

The process of plasma application of alumocera-
mic coatings has the following specific features:

* lack of restriction on the coating thickness appl-
ied in one pass;

* grain size of the powder sprayed up to 150 mic-
rons;

« ability to apply a coating to outside surfaces of
bodies of revolution.

The coating is designed to protect from corro-
sion the structures from ferrous metals which are
operated in severely aggressive and weakly aggre-
ssive media including pipelines. The alumoceram-
ic coating successfully competes with lacquer and
paint coatings, plating produced by dipping into an
alloy, silicate enamel coatings, bitumen and bitum-
en/rubber coatings, polymer and epoxy coatings.
Typical of this coating is high resistance to effect
of aggressive media with pH=2-12. Under the ef-
fect of the principal operational factors of ageing
(temperature, combination of the temperature and
moisture, aggressive media, electric potentials) the
alumoceramic coating does not change its initial pr-
operties and plays a protective role. It stands up to
the heating of up to 450°C. When sprayed onto the
welds it does not only protect the weld from corro-
sion, it imparts to the welded joint higher resistance
to incipient corrosive and fatigue cracks including
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those initiated in the fusion line in the case of rep-
eat static loading. The alumoceramic coating also
protects the areas with a partially peeling off coati-
ng. No dependence of the protective properties on
its thickness within 150-400 microns has been as-
certained. Alumoceramic coating does not require
any additional rolling, it is superior to the aluminum
coating in terms of corrosion strength more than
twice while in terms of wear resistance — 6-8 times.
The test results of the alumoceramic coating under
the effect of the principal operational factors of ag-
eing conducted by a firm who are in the business
of adjustment, improvement of technologies and
operation of electric power stations and networks
(OPGRES» Firm) allow it to be recommended, am-
ong other applications, as anti-corrosion protection
for the subterranean pipelines of the heating netw-
orks as per RD 153-34.0-20.518-2003.

Table No.2 lists comparative technical and econo-
mic performance indicators of the methods of forming
metallized, aluminum and alumoceramic coatings.

3. Conclusions.

Multiple studies and sufficient experience in op-
erating steel pipelines with silicate enamel coating
have proved the efficiency of its use. The service
life of such a coating is 50 years depending on the
operating conditions. The speed of coated steel
corrosion decreases 105-106 times compared with
the corrosion of unprotected metal.

When the internal silicate enamel coating is
used, the hydraulic resistance is reduced 4.8 times,
while pressure loss, compared with the uncoated
pipe, reduces 1.5 times. This makes it possible to
reduce the diameter of the pipeline and cut back on
the metal use 1.2 times, cut back on the capacity of
the pump stations. This coating is not subjected to
abrasive wear, it does not allow of paraffin and salt
deposition on the walls. It is characterized by high
chemical resistance.

Another type of coating is alumoceramic.

Initially this coating was developed for protection
of ice breaker hulls, oil rigs, etc. and other products
which are operated in severely aggressive and we-
akly aggressive media with pH=2-12 and salt solut-
ions. The challenge was to create the most efficient
environmentally friendly coating and an industrial
process of its application at minimum cost.

Strict compliance with the requirements of the
technology for preparing the surface to be insul-
ated and for applying the coating, permit high eff-
iciency of the pipe anti-corrosion protection to be
achieved. The coating itself is highly resistant to
severe overloads during transportation and laying
operations under routing conditions. This coating
under the influence of the principal operational fac-
tors of ageing (temperature, combined temperatu-
re and moisture, aggressive media, electric potent-
ials) does not change its initial properties, besides,
it plays a protective role.

The pipes can be used for construction of he-
ating networks, engineering communications and
other pipelines laid by any method. The thickness
of the coating is less than 250 microns. The insu-
lated pipes can be operated and stored at any te-
mperature of the environment. Combined coating
(inner coating — silicate enamel, outside coating
— alumoceramic) permits the steel pipe to be prot-
ected practically from all types of both internal and
external corrosion. Comparison with any other co-
atings has to be made in a comprehensive manner,
i.e. by taking into consideration not only the price,
but also the service life, environmental safety (en-
vironmental friendliness), proofness to vandalism,
possibility of using small diameter pipes, giving up
canal laying of the pipeline and, finally, the aesthe-
tics of its appearance.

The use of pipes with combined coatings will
make it possible to get rid of the need for corrosion
inhibitors. Besides, there is no need for the use of
higher wall thickness pipes and those made from
specialty steels, simultaneously there occur ene-
rgy savings when products to be transported are
pumped through, the pipeline itself becomes more
eco-friendly, its service life increases considerably.
All this substantially makes up for the costs asso-
ciated with the purchase of pipes with protective
anti-corrosion coatings.
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Mpn vcnonb3oBaHUM  BHYTPEHHETO  CUMW-
KaTHO3MareBoro MOKPbITUS  MMAPaBnMYecKoe
COMpPOTUBIEHNE CHWKaeTcs B 4,8 pasa, a no-
Tepu OaereHns Mo cpaeHeHWo ¢ Tpybon Ge3
MOKPbITUSI yMeHbLUatoTes B 1,5 pasa. 310 no-
3BOSISIET YMEHbLLUATL AVaMeTp TPyOOnpoBOaoB U
CHWXKaTb MeTannoemkocTb B 1,2 pasa, npu 3Tom
CHU3WUTb MOLLIHOCTW HaCOCHbIX CTaHLmiA. 310 no-
KpbITUe He moaBepraeTcs abpasnBHOMY M3HOCY,
He [omnyckaeT napaguHO- U CONEOTNOKEHNs Ha
CTeHKax. XapaKTepuayeTcs BbICOKON XUMUYECKOW
CTONKOCTBHO.

[pyroi BuA MOKpbITUS — antoMoKepamm-
yeckoe.

[MepBoHayanbHO AaHHOE MOKpbITUE pas-
pabatbiBanoch Ans 3alWyTbl KOPMycoB Iedo-
KONnoB, HeTAHbIX Nnaropm n Ap. U3[enun,
KOTOpble JKCMNyaTUPYOTCS B CUIbHO U cnabo
arpeccuBHbIX cpegax ¢ pH=2+12 n pactBopax
conel. 3agaya crosina cosgatb Havbonee ad-
heKTMBHOE aKomnorndeckn besonacHoe MoKpbl-
TUE U MHAYCTPUATIbHYK TEXHOMOMMIO Er0 HaHe-
CEHWs1 Mo HaUMEHbLLEN cebecToMMOoCTy.

Ctporoe cobntogeHne TpeboBaHMn TEXHO-
TIOrM TMOATOTOBKM U305IMPYEMON NMOBEPXHOCTM
1 HAHECEHWS MOKPbLITUSI NO3BOMNSET 06eCneymnTb
BbICOKYI 3(h(heKTUBHOCTb aHTUKOPPO3NOHHOM
3awmTbl Tpy6. Camo nokpbiTMe obnagaet Bbl-
COKOW YCTOMYMBOCTBIO K JXECTKMM neperpys-
KaM Npu TPaHCMOPTMPOBKE M NpU NPOKIagke B
TpaccoBbIX ycroBusix. [JaHHOe MoKpbITUe nof
BO3[ENCTBMEM OCHOBHbIX 3KCMITyaTaLMOHHbIX
(haKTOpOB CTapeHusi (Temneparypbl, COBMECT-
HO Temnepatypbl U Brarv, arpeccuBHbIX cpef,

KOPPO3UA
CORROSION

3MNEKTPUYECKMX MOTEHLUMANoB) He W3MeHsIeT
CBOMX HayarnbHbIX CBOWCTB W, KPOME TOro, Bbl-
NOJHSAIET PONb NPOTEKTOPHOWM 3alLUTbI.

Tpy6bl MOryT ucnonb3oBaTbCA AN CTPO-
UTEenbCTBa TEMMOBbIX CETEN, WHXEHEePHbIX
KOMMYHUWKaLMIA 1 Apyrux Tpy6onpoBoAoB, nNpo-
KnagbiBaeMbix NtobbiM cnocobom. TonuwmHa
NOKpbITUSA HE MeHee 250 MKM. N30nmMpoBaHHble
TPY6bl MOTYT 3KCMITyaTMpOBaTbCS U XPaHUTLCS
npwv nobor TemnepaType okpy>KatoLLen cpeabl.

KoMbuHm1poBaHHOe MOKpbITVE (BHYTPEHHee
— CUINKaTHO3MareBoe, Hapy)XHOe — arntoMoKepa-
MWYECKOE), NMO3BOMSIET 3aLLMTUTL CTarbHYyHO Tpy-
Oy NpaKTU4eckn OT BCeX BUAOB KaK BHYTPEHHEW,
TaK 1 BHeLLHew koppoaun. CpaBHeHVe ¢ nobbiMm
OPYrMI MOKPLITUSIMA Hafo [enatb KOMMIEKC-
HOE, @ UMEHHO Y4NTbIBaTb HE TOMbKO LiEHY, HO
N CPOK CriyxDbl, 3KOMorMyeckyto 6esonacHocTb,
«BaHAAI0yCTONYMBOCTb», BO3MOXHOCTb MpUMeE-
HeHust TpyO MeHblLLUero anameTpa, oTkas Ot Ka-
HarbHOW NPOKIaAKN, HaKOHELL, ee 3CTETUYHOCTb.

[MpumeHeHve Tpyb C KOMOBUHMPOBaHHLIMU
MOKPbLITUSIMW  MO3BOMWT ~ UCKIKOYUTL  NOTPEO-
HOCTb B MHrMbuTopax kopposuu. Kpome Toro,
HET HeobXOAMMOCTM MCMOMb30BaHus Tpyb ¢
yBESIMYEHHOW TOMNLLMHOW CTEHKM U 13 creumanb-
HbIX CTanew, OAHOBPEMEHHO CHIDKaOTCS 3aTpa-
Thl SIEKTPOSHEPTN NPU Nepekadke Npo-AyKToB
TPaHCMOPTUPOBKK,  YBENUYMBAETCA  3KOMOTU-
Yyeckas 6esonacHocTb camoro Tpybonposoga,
pesko BO3pacTaeT CPoK ero cryx6bl. Bce ato
CYLLECTBEHHO MepeKpbIBaeT 3aTpaTtbl Ha npu-
obpeTeHne TpyO C 3aLUTHBIMU aHTUKOPPO3NOH-
HbIMMW MOKPbLITUSIMU.

[Mokaszatenu [a3onnasveH- | OnekTpogyro- | TpaguuMoH- BbicokoaHepreTu-
Hoe Basi METaNn- | Hoe yeckoe
HanbIneHe 3auus NnnasmMeHHoe | mna3MeHHoe
HarbIneHve HaHeceHue
antomokepaMmmye-
CKOTO MOKPbITUS
1 2 3 4 5
Vcrnonb3yembiii ras aLeTuneH, BO34YyX asoT + BO34yX + MeTaH
nponaH-0y- aproH +
TaH + BOZOPOA,
Kucriopog
Pacxop rasa, m®/yac 4 90 5 10
MolLLHocTb, KBT 20 10 30 50-100
MpounsBoanTENBLHOCTD, 8 12 7 30
Kr/yac
KoadhdmumeHT ncronbs- 80 60 75 85
30BaHUA HaMbINISEMOIO
marepvana, %
Hanbinsembin matepuan anoMVHUEBBIN | aNOMMHUEBAS | anOMUHUEBDIN | antoMOKepammKa
MOPOLLIOK npoBorioka MOPOLLIOK
CKopoCTb YacTuL, M/cek 50 80 150 300-500
MopucTocTb nokpbITUS, % 12 15 8 0,5
[MpouHocTb Npu yaape, 10 15 20 50
Krc-CM
MwukpoteepzocTs, MIMa - - - 18000
Temnepartypa akcnnyara- - 150 - 300
uym, °C
BopopozaHhi nokasarernb, - - - 2-12
pH
[a30abpasnBHBbI N3HOC 100 80 40 12
(yBbinb Maccbl), Mr
Pacxon matepranos B - - - 0,8-1,5
3aBMCYMOCTM OT AnameTpa
nsnenus, Kr/m?
TonLumHa N3onsaLMoHHOro 250 250 250 200-250
MOKPbITUS, MKM

B Tabn. 2 npuBeaeHbl CpaBHUTENIbHbIE TEXHUKO-3KOHOMUYECKUe nokasaTesnun MetoaoB
cbopMMpoaava MeTannM3aumoHHbIX, arlloMUHUEBLIX U arlloOMOKepaMn4eCckux nOKprTMﬁ.
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Fast - 6bicTpo, Nno onpepeneHnio KEMPPI o3HauyaeT GbicTpble ABWXKEHUS, NnaBHbIA xoA, nporpecc. CokpaweHune F.A.S.T - Formula
Arc System Technology (chopmyna TexHonorum AyroBow cucTeMbl) - 03Ha4YaeT TEXHUKY ObicTporo cBapoyHoronpouecca MIG/MAG,
TexHonoruto FastMig™. Cnoso «BEbICTPO» MoxeT HanoMuHaTb 0 MHOroM. «BbICTpo» 03Ha4YaeT AnA Hac 6bICcTpoe M rMbKoe NpoABu-
XeHue Bnepea. A 4To 6bINno 6kl yao6Hee u GbicTpee ANs YyHMBepcarbHOW CBapku MeTannoB, Yem npouecc MIG/MAG?

FASTMIG™-

IMPOU3BOJAUTEJIBHOCTD U ITPOCTOTA
B CTUJIBHOM KOPITYCE

Ha mexpyHapoaHol BbicTaBke JcceHa no
cBapke u peske «Schweissen & Schneiden» B
[epmaHun Gbina npeacTaBrneHa MHTEpecHast
HOBasi CBapoYHas TEXHUKA AN NPOMbILLMEH-
HbIX CBapOYHbIX MPOLIECCOB. MOCTPOEHa Mo
HoBom TexHonorun FastMig™ (Formula Arc
System Technology — copmyna TexHonorum
OYroBOW CuCTeMbl), Gasvpylolencss Ha cro-
cobe capkun MIG/MAG. MogynbHasi cBapou-
Has cuctema FastMig™ npepgnaraet wmnpokue
TEXHUYECKME BO3MOXHOCTU, Kak B 6a30Bbix
MoAEensiX, Tak U B CUHEPreTUYECKUX YCTaHOB-
kax MIG/MAG. YctaHoBku FastMig™ BnepBble
npeanaralT Takylo KOMOMHALMIO COBpEeMEH-
HbIX XapaKTEPUCTVK U LIEHbI, KOTOpasi MOXeT
KOHKYpUpOBaTb AaXe C OCHOBHbIMW MOAENs-
MW NMPOMBILLIIEHHOMO Ha3HAYEHUSI.

A 4Tto, B camom pene, FastMig™ paet
KnneHTy? MoxeT BbiTb 6orbLue, YeM Bbl Aaxe
oxuganu. B cepmm cBapoYHbIX ycTaHOBOK Fas-
tMig™ nmetoTca Tpy nctodHuka nutanus: 300,
400 n 500 Amnep. lNpu cpaBHeHUN C coBpe-
MEHHLIMU 1 TPaAMLUMOHHBIMU YCTaHOBKaMu
CO CTyrneH4aTbIM NEPEKITYEHNEM, OHU Gonee
Yem Ha 70% nerye no Becy n Gonee yem Ha
10% wmowHee. Kpome Toro koadppuLmeHTt
moLyHocTn FastMig™ cocrtaenseTt 0,93! Takas
3(pHEKTUBHOCTb  UCMOSb30BaHUS  ANEKTPO-
3HEepruv No3BOSSIET PE3KO COKPATUTb PaCXoabl
npeanpusiTUsS 3a CYET IKOHOMUW SHEPTUK, NPK
3TOM YBENWUYMB NPOM3BOANTENBHOCTL CBaPKM.
Haxe cambii maneHbknii 300A UCTOYHUK Bbl-
Aaét 300A npu MB100%! Bec Bcex nposono-
KonogatoLmx 6rnokoB Hwke 14 kr. Annapartbl
BbIMYyCKAOTCSA B YAAaPONPOYHOM, 3aLLULLEHHOM
N CTUMBHOM KOXYXE B TEXHUYECKU Pas3fnyHbIX
mopensix. Mogenu, npegHasHadeHHble Ans
CaMbIX CIOXHbIX YCroBui paboTbl, U3roToB-
NeHbl U3 BeCbMa NMPOYHOTO ABYXCITONHOIO Hen-
FNIOHOBOrO nnacTvka. MexaHusm nogayv npo-
BOJTOKM BKIOYaeT B cebs HOBbIN HaAEXHbIN
4-x ponukoBbIv npusog Kemppi DuraTorque™
C XOpOLLUMM KPYTSALLMM MOMEHTOM U 3HEproc-
BeperatoLwym MOTOpoM obecneunBaeTt Hagéx-
HbI 1 NAaBHbIN XOA4 NPUCaA0YHOW MPOBOMOKN.
PenykTtop 1 npvBOAHOM MexaHM3M pacroso-
XEHbl BHYTPW CTanbHOW KOPOOKW, MpOBOMO-
konogatolLero 6noka. Bce mogenu FastMig™
CHabxeHbl BonbLUMMUK, YETKUMU CBETOAMOA-
HbIMW UMPOBLIMM AUCTINESMU, PACTONOXEH-
HbIMW NGO Ha UCTOYHUKE MUTaHMS, NMMBO Ha
npoBosiokonofatowem 6roke, € MOMOLLbIO
KOTOPbIX HY)XXHble MapameTpbl CBapku 3aja-
IOTCS Nerko U akkypaTHo. apameTpbl MOXHO
perynupoBatb Aae BO BpeMs CBapKM, YTO No-
3BOMSIET CBAPLUMKY AenaTb TOHKYH HaCTPOWKY
pexuma. Bo Bcex mogudukaumsax umeetcs
Takke BO3MOXHOCTb MSITKOrO nogxura ayru

B.B. CUIMKO

(«soft arc»), 1 yganeHue Luapuka ¢ KoHLa npo-
BOIOKM, KOTOpblE MO3BOMSIOT YMEHBLUUTL KO-
nm4yecTBO BpbI3r U COKPaTUTL BpeMS, Tpebye-
MOe [ O4NCTKM NOCIIe OKOHYaHUS CBAPKW.

B cuHepretuyeckux mogensix FastM-
ig™ 3arpyxxeHa LIMpOKash ramma roToBbIX
nporpamm Ans BCeX CTaHAApPTHbIX KOMOW-
Hauui MpyYcagoYHOM MPOBOMIOKU W 3aluT-
Horo rasa (cuHepreTtuka). OHW npegnaratT
ocobyto TexHuKy ynpaenenuns gyrom MMA un
MIG/MAG, a Takke yHKUMM ropsyero crap-
Ta u 3aBapku kpaTtepa. [Mporpammbl exeme-
cA4YHO OBHOBRAOTCA M AopabaTbiBatoTcs 3a-
BogoM Kemppi, a B cepBUCHOM LieHTpe Bbl
MOXeTe 3arpy3vTb HOBblIE MPOrpamMMbl B CBOW
FastMig™, Tem cambIM He oTCTaBasi OT repe-
noBbiX paspabotok B cdepe cBapku. [Mo-
BbILLEHHAs MpOMyckHasi CnocoBHOCTb anek-
Tpuyeckux uUenew ynpasneHuss FastMig™,
obecneuvBalOT MrHOBEHHYIO peakuuio  Ha
V3MeHEeHVe napamMeTpoB pexuMa Wnm ycro-
BU/ CBapo4HOro npouecca. KomnbtoTepsbl
FastMig™ cHabxeHbl MOLUHBIMW BbIMUCIN-
TenbHbIMU NpoLieccopamu (aHanor 2x npouec-
copos Intel Core 2 Duo), koTopble 6onee 1000
pa3 B cekyHaoy OOHOBMSIIOT W aHanusupyroT
MHOPMaLIMIO O CBAPOYHO Ayre No oGpaTHou
CBSA3M W MOAAEPXKUBAIOT BbICOKYO CTabuib-
HOCTb CBapku B NOObIX YCIOBUSIX.

OnumoHanbHo FastMig™ moxeT Kom-
NMekToBaTbCA  cneumansHon  NporpaMmon
FastROOT™, npegHasHavyeHHOW AN CBapKu
KOPHEBOTO Crosi cBapHoro wea 6e3 pa3bpbi3-
rVBaHWSA MEXaHW3MpOoBaHHLIM cnocobom caap-
k1 (MIG/MAG), cuctema no3BonsieT CokpaTuTb
onepaumio OTAenbHON MNpOBapKy KOPHEBOTo
cros WwBa aproHogyrosoi ceapkoi (TIG).

Kpome Toro, ycraHoBku FastMig™ cHab-
XeHbl HOBbIMW BOASAHLIMU nomnamu. KoHuen-
umns Kemppi HydroCool™ noBbiwaeT gasne-
Hue Hacoca Ha 30%, HO CHWXaeT ero Bec Ao
85 %, a cpok cnyx6bl Hacoca yaanochb yBe-
nnunTb. CBoNcTBa Tennonepegayn Hacoca
ynyydLeHbl, K npumepy, Grnokupyetcsi obpart-
HOe TeyeHve oxnaxparoLlen )uakoctn B bak
C NOMOLLbIO 06paTHBIX N HAMOPHbIX KranaHoB
Ha Topue Hacoca. Hacoc HydroCool™ nopgxo-
OUT TakKe AN nogkadkn 3TUMOBbIX CMECeN.
YCTaHOBKM MPOEKTUPOBaHbLI C Y4ETOM U30MMn-
poBaHHOWM oxnaxaaroLlen cuctembl Kemppi
ICS™ (Isolated Cooling System), B koTopou
CUMoBasi 4acTb 1 YNpaBnsatoLLasa aNeKTPoHMKa
oxnaxjatTcsi pa3feribHbIMUM NOTOKaMn BO3-
ayxa, npegoTeBpalLalolmMK nonajaHve Ya-
CTUL, FPSI3M B UCTOYHUK MUTAHWSA C BO3OYXOM.
Cuctema oxnaxaeHusi ICS™ymeHbLIaeT He-
06X0AMMOCTb B TEXOBCINYXXMBAHWUN U CEPBUC-
Hble pacxofbl, N NOBbILLAET HAAEXHOCTb. |

OMpeKTop
000 «MNMPEMbEPA»

r TonbatTun

FASTMIGTM_ PRODUCTIVITY AND SIMPLICITY IN A
STYLISH CASING
General Director, OO0 “PREMIERA” Togliatti

At the Essen International Welding and Cutting Exh-
ibition “Schweissen & Schneiden” in Germany, some new
welding equipment for industrial welding processes was on
display based on the new FastMig™ technology (Formula
Arc System Technology) and on the MIG/IMAG welding me-
thod. The FastMig™ modular welding system offers broad
technical capabilities both on basic models and in synergetic
MIG/MAG units. The FastMig™ units are the first to offer such
a combination of modern performance characteristics and
the price which can be competitive even to the principal mo-
dels for industrial application.

And what exactly does FastMig™ give the client? — May-
be more than you had even expected. In the line of FastMig™
welders there are three power supplies available: 300, 400 and
500 amperes. When compared to modemn and conventional
units with stepped switching, they are more than 70% lighter
by weight and more than 10% more powerful. Apart from that,
the power coefficient of FastMig™ amounts to 0.93! Such effi-
ciency of electric power utilization allows the enterprise’s costs
to be drastically curtailed through energy savings while at the
same time increasing the welding productivity. Even the sma-
llest 300A power supply produces 300A at 100% duty cycle!
The weight of all the wire feeding modules is less than 14 kg.
The units are produced in impact proof, protected and stylish
casing in technically different models. The models are design-
ed for the most severe working conditions, are made from rath-
er strong two layer nylon plastics. The wire feeding mechanism
incorporates a new reliable 4-roller drive Kemppi DuraTorque-
TM with good torque and energy saving motor and ensures a
reliable and smooth travel of the welding wire. The reducer and
the drive mechanism are located inside a steel box of the wire
feeding module. All the FastMig™ modules are equipped with
large clearly readable LED digital displays, located either on
the power supply unit or on the wire feeding module, by means
of which the required welding parameters are set easily and
accurately. The parameters can be even adjusted during the
welding, which enables the welder to fine tune the mode. In all
the varieties of the unit, there is also a soft arc capability and
ball removal from the end of the wire, which make it possible to
reduce the number of splashes and shorten the time required
for cleaning after the welding ends.

In the synergic FastMig™ models, a wide spectrum of
ready programs have been loaded for all the standard comb-
inations of welding wire and inert gas (synergy). They offer a
special technique of arc control MMA and MIG/NAG as well
as such functions as hot start and crater welding. The prog-
rams are updated every month and refined by the Kemppi
plant and at the service center you can load new programs
into your FastMig™, thus avoiding letting yourself fall behind
the advanced developments in welding. Increased put-thro-
ugh of the electric circuits of the FastMig™ control ensures
instantaneous response to changes in mode parameters or
welding process conditions. FastMig™ computers are equ-
ipped with powerful computing processors (equivalent to 2
processors Intel Core 2 Due) which more than 1000 times
per second update and analyze the information about the
welding arc on the feedback and support the high stability of
welding under any conditions.

Optionally the FastMig™ can be complete with the sp-
ecial program FastROOT™, designed for welding the root
layer of the weld without splashing using the mechanized
welding method (MIG/MAG); the system allows the separate
operation of welding the root layer of the weld by argon arc
welding to be eliminated (TIG).
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AKTyanbHOCTb NpUMeHeHUsi B TPyGonpoBoAHbIX cucTemax Hedprerasoc6opa Tpy6 v AeTaneit Tpy6onpoBoaos
C BHYTPEHHUM NMONMMUMEPHbIM MOKPLITUEM B HacTosIlLEee BPEMS yXKe He MOATEXUT COMHEHUI0. DKOHOMUYECKUi 3dp-
(heKT OT NPUMEHeHUs1 NONIMMEPHbIX MOKPLITUIA A4NS 3aWUTbI TPYGONPOBOAOB OCO3HANN NPAKTUYECKNU BCe KPYMHble
AO6LITYNKU HehTU U rasa, YTo U oGycnaBNMBaeT CTPEMUTENbHBINA POCT NPUMEHEHUsI AaHHOW NPOAYKLMUM.

ITPOBJIEMbI 3AIIIUTDI
CBAPHBIX CTBIKOB TPYBOITPOBO/IOB
C IIOKPBLITUEM U CIIOCOBbI UX PEIIEHUS

CYLWECTBYIOLWME CNOCOBbLI 3ALLUTHI
BHYTPEHHEIO CBAPHOIO LLBA

Ha puc. 1 npeacrtaeneHa ynpoLleHHas
cxema 3aKpbITON cUCTeMbl HedTerazocbopa.
Haunbonee nogBep>keHbl KOPPO3NOHHOMY BO3-
genctauio yyactku 1 n 2 (puc.1), nostomy npu
CO3[aHVN HOBbIX TPY6OMNPOBOAOB MNW 3aMeHe
CTapbIX Ha HOBble, Ha 3TUX y4yacCTKax PeKo-
MeHOyeTcsl NpUMeHsTb TPyObl C 3aBOACKUM
BHYTPEHHVM 1 Hapy>XHbIM 3aLLUMTHBLIM MOKPbI-
Tnem. XopoLUo 3apekoMeHaoBan cebs metof
CBapKV HECKOMbKUX TPYO B MNeTu B 3aBOACKMX
YCNOBUAX C MOCMeaylowmuM HaHeceHneM Ha
HWX BHYTPEHHETO N HAPY>XHOTO 3aLLMTHOTO No-
KPbITUA. MHOXECTBO KOMMNaHUi y>xe OCBOWUMU
HaHeceHVe aHTUKOPPO3NOHHBIX MOKPBITUIA Ha
TpyObl U hacoHHble AeTanu TpybonpoBodos.
Kak npaBuno, BHyTpeHHee MOKpbITME Tpyd
3MOKCUAHOE, a HapYXHOe — MOMUaTUIIeHOBOE
Unm nonuypertaHoBoe. [Ina co3gaHns norHoc-
ThiO 3aLUMLLEHHO OT KOppPO3un TpybonpoBoa-
HOW CUCTeMbl OCTaeTcs pelnTb npobnemsl
3aLUWThl CBapHbIX CThIKOB.

Ha cerogHsilUHW OeHb, NPUMEHSITCA
cnepytoLive MeToAbl 3alWThl CBAPHbIX CTbl-
KOB TPy6OMpPOBOAOB C NOKPbLITUEM:

1. WnukepHbIA

2. MpoTeKkTopHbIN

3. YcTaHoBKM noaknagHbIx koney,

4. MeTannusauum KoHUOB Tpy6 KOppO3WOH-
HOCTOMKMMU MeTannamm u cnnasamm

5. HaHeCceHMs NOKPbITUS Ha BHYTPEHHIOIO MO-
BEPXHOCTb coeAnHeHUI Tpy6 nocne ceapku

6. YCTaHOBKM 3aLLMUTHOW BTYIKN
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LLnvkepHbIn cnocob 3aluTbl CBapHbIX
CTbIKOB 3aKIi04aeTCs B HAHECEHUU crneun-
anbHOW NacTbl — WAMKepa — Ha BHYTPEHHIO
noBepXHOCTb Tpy6 B 30He TOPLOB Heno-
CpeAcTBeHHO nepeq cBapkow. [Mpu cBapke
KONbLIeBOro LUBA LUNWKEP pacnnasnseTcs,
dopMupyst B 30He CBapHOro LUBa KOPPO3n-
OHHOCTOWMKWUI 3alLUTHBIN Cron. JToT MeToa
OuYeHb AelleB, MPaKTUYeH U TeXHOMOTnNYeH,
HO WMeeT psAf OrpaHUMYeHun n HegocTat-
koB. [Mpexage Bcero, OH He MPUMEHUM Ha
TpybonpoBogax C MOMUMEPHBbIM BHYTPEH-
HMM MOKPbLITUEM, Tak Kak nMpu cBapke B 30-
Hax KOHTaKTa pacnnaBMneHHOro LufmKepa
nonMMepHoe MOKPbITUE OCHOBHOW TPYyObl
pa3pyLUNTCs OT BbICOKOW Temneparypsl. o-
3aTOMy Haubonbluee pacrnpocTpaHeHue 3ToT
MeToA Momny4un npu ceapke TpyGbl ¢ cTe-
KnoamaneBblM MOKPbITUEM, Kak Hambonee
POACTBEHHbIN K OCHOBHOMY MOKPbITUIO TPY-
6bl. OCHOBHbIM HeAOCTaTKOM [aHHOro Me-
ToAa ABMSETCS OTCYTCTBME yNpaBnsemMocTu
N KOHTpONSA (POPMMPYHOLLErOCH 3aLUUTHOIO
MOKPBLITUS W, Kak cneacTBue, OTCyTCTBUE ra-
PaHTUW NOMHON 3aLLUTbl CBAPHOrO LUBA.

[MpOoTeKTOpHbIN  MeToA  3awuTbl  CBap-
HbIX CTbIKOB 3aKIlOY4aeTCsl B YCTAHOBKE Ha
BHYTPEHHe MOBEpPXHOCTU KOHLOB Tpyb
KEPTBEHHOrO Martepuana — npoTeKTopa.
[aHHbIN MeTo4 MOMNy4YMrn OYeHb LUMPOKOEe
pacnpocTpaHeHne 3a CYeT CBOeW NpocTo-
Tbl. MHorve 3aBoabl Poccun, Bbinyckatowme
TpyObl C BHYTPEHHUM MOKPbITUEM, Obinn
OPVEHTUPOBAaHbI Ha HaHeCeHWe Pas3nUyHbIMK
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Puc.1 YnpoljeHHasi cxema 3aKpbITON cucTeMbl HedhTerazocbopa
1, 2, 3 — ckBaxuHbl, Al'3Y - aBTOMaTH4eckasi rpynnoBas 3amepHas yctaHoBka, YMNIMNH - yctaHoBka
npeaBapuTenbHON NoAroToBkU HedTh, LINC — LeHTpanbHbIA NYHKT c6opa

rnaeHbIN koHCTpykTOop OO0 «Llenep»

r.Camapa

cnocobamn Ha BHYTPEHHIOK MOBEPXHOCTb
KOHUOB Tpy® npoTeKkTopHOro Martepwuana
13 anMVHWEBOro Ccnnaea, 4YTo Aenanocb
nepen HaHeceHUEeM MOKPbITUS Ha BHYTPEH-
HIOK MOBEPXHOCTb TPy6. Bce cnocobbl nve-
N OBLUMIA KPUTUYHBIA HegocTaTok — MecTa
KOHTaKTa c Tpybow He Oblnn M30nMpOBaHbI.
[Mo 3ToN NpuYMHe NPOTEKTOPHBLIA MaTepuan
13 antMUHMEBOTO CrifaBa, UMEeLLEro anek-
TPO4HbIV NOTeHUman B mopckon soge 0,74 B
(y cranu 20-0,43 B), ObicTpo paspyLiancs
n3-3a KOHTaKTHOW koppo3un. bonee Toro,
OuMLLEHHBbIN MeTann Tpyb, HaxoasiLuiics
nog, NpOTEKTOPOM, SIBMSIETCS aHOAOM Mo OT-
HOLLEHMIO K OKMCIaM xenesa, HaxoasLwmMcst
Ha BHYTPEHHEN MoBEpXHOCTV MeTanna Tpyb
1 CBApHOrO LWBa, 1 6e3 n3onsaunum MecT KOH-
TakTa NpoTekTopa ¢ MeTannom Tpyb npouc-
X0OWT paspylleHne meTanna Tpyb6 no obe
CTOPOHbI OT CBAPHOIO LWBa. ATO NPOUCXOAUT
13-3a BO3HWKHOBEHUSI MPOLECCa 3rEKTPOXU-
MUYeckon kopposuun. B npouecce pasBuTus
[aHHOro MeToda HedTsSHbIMU KOMMaHUAMMU
«TatHedpTb» M «BawHedTb» B nocnegHve
rogbl Obin OCBOEH creaytowmii cnocod MoH-
Taxa npoTektopa. Ha koHuax Tpy6, dyTe-
POBaHHbIX MONUSTUNEHOM, YCTaHaBMUBAOT-
CS1 HaKOHEYHVKM U3 YrnMepoaucToi cTanu u
BTYNKM M3 anoOMUMHWEBOrO CrfaBa NnyTeM Ux
pagvanbHow pasgadv JopHoM. Ho Bbicokas
CTOMMOCTb W3rOTOBMEHUSI HaKOHEYHWKOB U
BTYIOK U HU3Kas HaZEXHOCTb NMPOTEKTOPHOMN
3alUmMThl U3-3a LWEeNeBOon N KOHTAKTHON KOppPOo-
31K He NO3BONWUMY AaHHOMY METOAY Pa3BUTb-
Cs1 O MacCOBOrO NPYMEHEHUS.

YcTaHoBKa noaknagHbIx Kornew sBnsieTcst
elle OOHMM MPOCTbIM 1 AeLleBbIM CNocobom
3alUMTbl CBapHbIX CTbIKOB Tpyb6onpoBogoB
¢ nokpbiTveM. Konbua HeGonbLION AMWHBI
MOryT GbITb U3rOTOBEHbI U3:

* 0ObIYHOW YrmepoancTon crtanm

* 0ObIYHOW YrNepoauncTon ctanu ¢ BHyTPEeH-
HWM NOMMMEPHbBIM MOKPbITUEM

* 0ObIYHON YrNepoancTon CTanu, nnakMpo-
BaHHOW HepxaBeloLLen cTanblo

* HepxaBetoLLen cTanu

[Mpu cBapke KOMbLEBOTO LUBa HAa OCHOB-
HoM Tpy6onpoBode mnoaknagHoe KornbLo
yCTaHaBMMBaEeTCA B 30HE CBapHOro LIBa W
NpUXBaTbIBAETCS1 CBAPKOWN K BHYTPEHHEN MNOo-
BEPXHOCTU cBapuBaeMbIx Tpy6. Tak kak rep-
METUYHOCTU COEAMHEHUsI KombLo-Tpyba P>
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[0BUTbCA MpPaKTUYeCKM HEBO3MOXHO (Aaxe
C MOMOLLbIO OMNPEecCoBKU), OOMTOBEYHOCTb
[aHHON 3alWTbl BECbMa HEBbICOKA W Npak-
TUYECKM He MoAdaeTcs MPOrHo3UpOBaHMIO.
A vcnonb3oBaHve GuMeTannMyeckux konew
WUNW KomMeL, M3 HepXaBelKn MOXeT Jaxe
YCKOPUTb MPOLIECChbl pa3pyLUeHnsi CBapHOro
LLIBa NOCPEACTBOM 06pa3oBaHus 3rEeKTPOXM-
MUYecKon kopposuu. Hanpumep, ctaHpgapT-
HbIi ANEKTPOAHLIN MOTEeHUMan B MOPCKOW
Boge y ctanu mapkn X18H10T paseH +0,8
B., ay ctanu 20 paseH 0,43 B.

MeTannu3auun KoHUOB Tpyb KOppo3w-
OHHOCTOMKMMUW MeTannamu 1 cnnaBamu siB-
nsieTcs elle oaHMM anbTepHaTUBHBIM Bapu-
aHTOM 3alLnTbl BHYTPEHHUX CBapPHbIX LUBOB
TpybonpoBogoB oT koppo3un. CylIHOCTb
MeTofa 3aklovaeTcs B CredyloLleM: BHY-
TPEHHee aHTMKOPPO3MOHHOE MOKPbITUE U3
3MOKCMOHOW MOPOLLKOBON Kpacku B 3aBOA-
CKUX YCMOBMSIX HaHOCWUTCH MO BCeW AnunHe
Tpyb v aetanew, 3a NCKIMIOYEHNEM KOHLIEBbIX
y4aCTKOB — 30H TEPMUYECKOro BIUSHUS, Ha
KOTOpble HanbIsSeTcs MeTannu3aunoHHoe
NOKpbITUE M3 XPOMOHWUKENEBOro Chnnasa.
3alwmnTHOe NOKpbITUE CBapHOro wea op-
MUpyeTcs Npu cBapke Tpy6 B NneTb 3a cyeT
TOro, 4YTO pacnnas caModiocyoLLerocst no-
poLlKka pacTekaeTcsl Mo NMOBEPXHOCTU KOPHS
CBapHOro LWBa C [AOMOMHUTEMbHBIM CIO-
€M CTeKnoobpasHbIX LWakoB. JTOT MeTon
TaKKe He MOoNlyYyns1 MacCoBOro BHeApPEeHWUs
npexzge Bcero u3-3a Toro, 4To hopmMupoBa-
HMe 3aLUMTHOro MOKPLITUS B NpoLecce cBap-
KM HOCWUT [OOBOSIbHO CryYaWHbIN XapakTep
1 He nopgpaetcs ynpasneHuto. Kpome Toro,
npucyTCcTByeT Gomnbluas BEpPOSITHOCTb BO3-
HUKHOBEHWS 3MEKTPOXMMUYECKON KOPPO3UH,
KOTOpasi BO3HUKHET B Crlyyae MOsIBNEHUS
Aaxe caMoro HebomnbLIOro He3alUMLLEHHOTO
y4yacTka CBapHOro LUBa.

HaHeceHve aHTUKOPPO3MOHHbLIX MOKPbI-
TUI Ha BHYTPEHHIOIO NMOBEPXHOCTb COefMHe-
HWUIA TpyD mocrne cBapku Ha NepBblii B3rMsa
KaxeTcsl caMblM NepcrnekTMBHbIM. Ho nomu-
MO OO0nbLUOW TEXHUYECKOW CIOXHOCTW Moa-
FOTOBKM MOBEPXHOCTU U HAHECEHUS] aHTU-
KOPPO3MOHHOIO MOKPbITUS HA CBapHOM LUOB
TpybonpoBoaos HebonbLUMX AamMeTPoB ([0
820 MM. BKMOYUTENBHO), OMEHb MHOIO dak-
TOPOB OTpMLUATENbHO BMUSIOT Ha Ka4yecTBO
MOKPbITUS, HAYMHAs OT NOATOTOBKU BHYTPEH-
HeW NOBEPXHOCTN OKOSOLLIOBHOWN 30HbI CBap-
HOro COeAUHEHNs 1 3aKkaH4MBas NOrogHbIMU
YCMNOBUSMWU U YCMOBUAMW MECTHOCTU, Aaxe
€CIfn CTaHOBUTCS BO3MOXHbIM MpOBeAeHMEe
aTux paboT 4yenosekom (B TpybonpoBogax

Puc.2 YctaHoBneHHas 3awWwuTHas BTynKa B
paspese 1,2 — cBapuBaemMble TpyObl;

3 — macTuka; 4 — MaHxeTa; 5 — NoKpbITHE
Tpy6bl; 6 — TennonsonupyoWwuii MaTepuan;
7 — cBapHoO# WoOB; 8 — ynop

oT 1020 mm. u Bblwe). NprMeHeHne cneuu-
anbHbIX pOGOTOB, 3aMEHSIOLLMX YerloBeKka B
CTECHEHHbIX ycrnoBusix Tpybonposoaa, B Ha-
CTOSILLMIA MOMEHT HEONpaBAaHHO AOPOro.
YcTaHoBKa 3alUTHOM BTYNKW ANs 3a-
LUMTbl BHYTPEHHUX CBapPHbIX LUBOB CTarn npu-
MEHSITbCA B Hallel CTpaHe CpPaBHUTENMbHO
HedaBHO — B koHUe 90-X rogoB NpPOLUNOro
Beka. M3HayanbHO e OH 6bin paspabo-
TaH M BHeOpPEeH aMepUKaHCKOW KoMmnaHuen
«TUBOSCOPE VETCO» okono 30-tu net
Ha3ag. B HacTosiLee Bpems B Hallel cTpa-
He BbIMYCKAKTCA OTEYECTBEHHbIE aHanoru
3aLMTHBIX BTyNoK. MpuHuun paboTbl BTYNKM
3aknvaeTcs B cregyloleM: BTynka ycTa-
HaBINMBAETCS BHYTPU TPyObl B 30HE CBAPHOTO
LBa M NpuxBaTbIBAETCS CBApPKOM NO ynopam
(puc. 2). Pe3anHoBblE MaHXeTbl NpY YCTaHOB-
Ke BTYrKv B TpyBy (hOpMUpYIOT repMeTUYHbIV
Banuk 13 npeaBapuTENbHO HAHECEHHOM cre-
umnanbHow mactuku. [lanee Tpybbl cBapuBa-
totcs. B pesynsrate obpasyeTtcs KonbLeBoOn
CBapHON LUOB, MOSTHOCTbIO 3aLUMLUEHHbIA OT
KOHTaKTa Cc arpeccusHou cpegon. bonee yem
10-T NETHMIN ONbIT NPUMEHEHNS 3ALUTHBIX
BTYNIOK Ha MPOMbBICIIOBbIX W TEXHOMormye-
ckux TpybonpoBodax C BHYTPEHHUM aHTu-
KOPPO3MOHHBIM MOKPLITUEM YXXE MO3BONSET
OLEHUTb OOCTOMHCTBA W HeOoCTaTku AaH-
HOro Metofa 3aluTbl BHYTPEHHUX CBapHbIX
WBOB. HECOMHEHHO, YTO YCTaHOBKY BTYIKU
MOXHO Ha3BaTb OAHVMM W3 CaMbIX MPOCTbIX,
TEXHOSMOIMYHbIX U, FMaBHOE, HaAEXHbIX CMo-
Cco00B 3aLNUTLl BHYTPEHHETO CBApHOro LLBA.
K HegocTatkam gaHHOro Buga ycTponcTs
MOXHO OTHECTM CYLLUECTBEHHOE CyXeHue
NPOXOQHOro ceveHnst TPybonpoBOAOB MarsbiX
onametpoB J76-B114 MM, [ocTuraroLimx
25-30% Ha TONCTOCTEHHbIX TPy6ax, BO3MOX-
HYI0 MOTEPK FEpPMETUYHOCTU Ha Tpybonpo-
BoAax ¢ Gonblummn aasnexdmamu >10 MMa n
onpegeneHHble CIOXHOCTU C ANarHoCTUKOMN
CBApHOro LWBa B MNpoLecce aKcniyarauum
TpybonpoBoga. Cnegyet oTMeTUTb, YTO Mo-
Tepsi repMeTUYHOCTM OKOSOLLUOBHOW 30HbI
Ha HedTenpoMbICNOBbLIX TpybonpoBoaax
He MPUBOAMT K PasBUTUIO KOPPO3UU CBap-
HbIX LLUBOB, TaKk Kak pe4b uaeT BCero nullb O
MUKPOTPELLUHAxX B MaCTHKe, KOTOPbIE O4YEHb
ObICTpO 3abuBatoTcst HETSHbIM  LINaMoM
N MOHOOOMEHHbIE MNpoLEecchbl KOppo3uu He
nonyyatoT passutua. Ha Tpybonposogax,
TpaHcnopTupyLWwmnx Body ¢ GonblUM Cco-
OepxxaHuem cornew, OfHOCTOPOHHWIA MOpbIB
repMETUYHOro Banuka TEOPETUYECKN MOXET
NPUBECTU K Pa3BUTUIO INEKTPOXUMUYECKOM
KOppo3uun. VIMeHHO AaHHbIN cnocob 3aLwunThl
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BHYTPEHHMX CBapHbIX LBOB, HECMOTPS Ha
HeKkoTopble HegoCTaTkU, KOTOpble, BNPOYeM,
He KpUTM4YHbI, B HacTosllee Bpems npumMe-
HsieTcs Hambornee MaccoBo U B 0603pvMOM
OyayLiem UMeeT BCE LaHChl COXPaHUTbL CBOM
nmMavpyoLme no3mumm.

LENUA U 3A0AYM NPUMEHEHUA TPYB
M OETANEN C AHTUKOPPO3UOHHbLIM
NOKPbLITUEM

Llenbto npuMMeEHeHUst BHYTPEHHWUX MO-
TNIMMEPHBIX MOKPbITUA B TPyOGONpPOBOAHbLIX
cucTeMax, Kak WM3BECTHO, SIBMSIETCA YyBEnu-
YeHne obllero pecypca paboTbl CUCTEMBI,
NoBbILLEHNE HAOEXHOCTM paboTbl CUCTEMDI
(yMeHblUeHWe KkonuyecTBa OTKa30B), CHW-
)KEeHVe 3HeprosaTpaT Ha TPaHCMOPTUPOBKY
NpoayKTa W CHWKEHWE 3aTpaT Ha obCcnyxu-
BaHWe CUCTEMbl B npouecce aKcniyartauuu.
Llensto npumeHeHuss nioboro u3 Bbilene-
pPEYUCTIEHHBbIX METOAOB 3alUThl CTbika SIB-
nsieTcs 3awmTa BHYTPEHHUX CBapHbIX LUBOB
Tpy6ONpPOBOAOB C BHYTPEHHUM MONUMEPHbBIM
NMOKPbITUEM OT KOPPO3MWM Ha CPOK, Brinskuin k
CPOKy Cny0bl OCHOBHOWN Tpybbl. HagexHas
3almTa OT KOPPO3UM CBapHbIX LLBOB, B CBOK
ovepenb, MO3BOMSET CO34aBaTb CUCTEMbI
HedTerazocbopa, MOMHOCTHIO 3aALLUMLLEHHbIE
NMONMMEPHbLIM MOKPLITUEM U3HYTPU Ha BCEM
yyacTke: OoT (POHTaHHOW apmaTypbl CKBaXWH
po UMNC (puc.1). Mpun Hanuuum BHyTpeHHero
[OBYXCINONHOMO 3MOKCUAHOIO MOKPbLITUS CPOK
cnyx6bl Takon cucteMbl 6e3 KanuTanbHbIX
PEMOHTOB MOXeT cocTaBuTb 15-20 neT. MNpw-
TOM, YTO W3BECTHbl CryyYan BO3HWKHOBEHUSI
nepBbix MOpbIBOB Ha TpybonpoBogax 6e3
BHYTPEHHEro aHTUKOPPO3UOHHOTO MOKPbITUS
yXe Yepes nonroga, a HeobxoaMMOCTb kanu-
TanbHOro PEMOHTA (MNW Aaxe 3aMeHbl) Takmx
TpybonpoBoAOB BO3HUKana yepes 2-3 roga.

KPUTEPUU BbIBOPA CMOCOBA
SALLUUTBLI BHYTPEHHEIO CBAPHOIO LLUBA
CnepoaTenbHO, Kakoi 6kl cnocob 3aLu-

Tbl CBapHbIX CTBIKOB HU MPUMEHSNCS, OH A01-

XXEH y[OoBMNeTBOPATb CMEAYOLWUM YCIOBUSIM:

1.Cnoco6  3aWwuTbl  CBapHbIX  CTbLIKOB

[omkeH OblTb NPMMEHUMM Kak B 3aBof-
CKUX, TaK U B NOSIEBbIX YCITOBUSAX.

2. CBapHble LWBbI TPy6ONPOBOAOB [AOMKHbI
ObITb rapaHTUPOBAHHO 3aLUULLEHbI OT KOp-
po3uM Ha CPOK, BNN3KMI K CPOKY CryXObl
OCHOBHOro TpybonpoBoaa ¢ NoKpbITUEM.

3.Mpu Hanununm Kakmx-nnbo ycTpowncTe B
30HEe CBAapHOro LIBa He [OIMKHO Cylle-
CTBEHHO BO3pacTaTb rMapaBnMyeckoe co-
npoTveneHune Tpybonposoga. b

Puc.3 lInHamuka nameHeHus konuyectBa otkasoB HIAY «CepruesckHedTb» B CBA3N C
3amMeHOoM 0BbIYHbIX TPY6ONPOBOAOB Ha TPYyGoNpoBOAbl C aHTUKOPPO3UOHHBLIM MOKPbLITUEM
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OYMCTKM U AMarHoCTUKKU. YToBbl AonycTuTb
00 K NPOXOXAEHMIO YCTPOMCTBa B TpybGonpoBo-
e, cnefyeT pacyeTHYHO BENNYUHY CYXeHUs
150 Ha BTYNKe CpaBHWUTb C AONYCTUMOW Benu-
KonuiecTas YMHOWM, yKasaHHOW B nacrnopTe O4YUCTHOro
OTKAI0R 100 1N aunarHoctuyeckoro yctpovictea (tab.1).
BenunuunHa cyxeHus A paccymTbiBaeTcs no

1] dopmyne:

0

2001 2002 2003 2004 2005 2006 2007

A=100-(100xD_ /D

BH.BT. EH.Tp.)

Fne D,, ., — BHYTPEHHUIN AnameTp BTYIIKK,
Kar-B0 oTEas0n 195 174 N7 67 &g a2 L aD,, ., — BHYTPeHHU AnameTp TpyGonpo-
BoJa.
YanuHan gona 1pyh o 76 126 173 177 228 372 503 Kak BuMgHO 13 Tabnuubl, KpuTMdeckue

MCHpRATHEM B CiHAIGM Nages.

Puc.4 luHamuka nameHeHus konuyectsa otka3oB TIIM «JlaHrenacHedpTeras» B 3aBUCUMOCTU
OT o6bema cTpouTenbCcTBa TPY60NPoBOAOB C BHYTPEHHMM aHTUKOPPO3UOHHBLIM MOKPbITUEM

4. 3alimMTHble YCTPONCTBa B 30HE CBapHOro
LUBA He AOMKHbI MPENsiTCTBOBATL MPOXOX-
nexuto COL.

5. 3almnTHblE yCTpOWCTBA B 30HE CBapHOro
lWBa He [OMMKHbl YBEenuuMBaTb AOMYCTW-
MbIi paguyc u3rnba Tpybonposoga npu
yKInaake B rpyHT.

. 3alWwmTHbIE YCTPOWCTBA B 30HE CBapHOro
lWBa He AOMKHbI CMeLLaTbCa OT pasnuu-
HbIX FOPU3OHTamNbHbIX Harpy3ok — ABUXe-
HUSA NoToka unu asmxexHns CO[.

7. 3almTa cBapHOro LIBa He AOMKHA BNUSTh

Ha ero NPOYHOCTb U YNCTOTY.

8. Cnocob 3alwyuThl CBapHbIX CTBIKOB [OMKEH
oKasblBaTb MWHUManbHOE BIUSHUE Ha
TEXHOMNOrMi0 MOHTaxa Tpybonposoaa.

Makc1MmanbeHO NONHO AaHHbLIM YCIIOBUSAM
YOOBMNETBOPSIET CMNoco6 3aluTbl CBapHbIX
LUBOB C MOMOLLbIO CTaNbHOW BTYNKX C NOMu-
MepHbIM NoKpbITUEeM. Kpome Toro, yctaHoBka
BTYNKuM He TpebyeT crneuuarnbHbIX HaBbIKOB
nepcoHana u Hanuuusa cneumnansHoro 06o-
pygoBaHusa. O6 addeKkTMBHOCTM [AaHHOrO
cnocoba MOXHO CyanTb:

* MO YMEHbLUEHUID KONMMYecTBa MNOPbLIBOB
Tpy6onpoBoaoB Hanpsimyto (puc.3 u 4),

* MO POCTYy MPOM3BOACTBA BTYNIOK KOCBEHHO
(puc.5).

TexHonorns ycTaHoBKU BTYNKK B TpyOy He
MEHSIETCS B 3aBUCMMOCTM OT YCIOBUI MOHTa-
Ka — 3aBOACKMX MIK nomnesbIX. Tonbko pabo-
Ta MpY MUHYCOBbIX Temnepatypax Tpebyert

(0]

NPOV3BOAUTL  MPUTOTOBIIEHNE  SMOKCUAHON
MacTUKN B OTannMBaeMoM MOMELLEHUN.

CyLLieCTBEHHbBIM OTNINYMEM [L@HHOTO Cro-
coba oT Apyrux SBNseTca rapaHTMpoBaHHas
3aluMTa CBaApHOrO LUBa NPWU HanNU4umn BTYIKW
B Tpybe. [laxxe npn o4HOCTOPOHHEM NOpbIBE
repMeTMYHOro Banmka Unu npv norpeLuHo-
CTAX ero opMnpoBaHNsi BCreacTBrE Yero-
Beyeckoro chaktopa 3awjmTa Wwea pabotaeT
1 yBenum4mBaeT CPOK Cnyxbbl TpybonpoBo-
Aa OO0 KanuTanbHOro PeMOoHTa MWHUMYM
B 2-3 pasa .

Btynka HecylwecTBeHHO yBenuynsaeT
rMApaBnMYeckoe ConpoTuBreHne Tpybonpo-
Boda. YuuTblBasi, YTO ryapaenumyeckue mno-
Tepu B camoi Tpybe € nonnMepHbIM MOKpPbI-
TMEM MO CpaBHeHUIo ¢ Tpyboi 6e3 NokpbITUS
nagatwT no AaHHeim BHUUCT B 1,45-1,54
pa3a, OTHOCWTENbHas BenuM4MHa MoTepb OT
BTYNIOK B TpybonpoBogax C MOKPbITUEM He-
3HauuTenbHa. Hanpumep, Ha Tpy6onposoae
B114x7 MM, TpaHcnopTupyloLlwem HedTs-
HYI 3MYNbCUI0 OTHOCUTEMBbHOE YBENUYeHve
noTtepb Ha BTynkax Ha 1 kM. Tpybonposoga
coctaBnsieT 2,36%. OCTOpOXHO cnegyet oT-
HOCUTbCSI TONbKO K MPOEKTUPOBaHu0 Tpy6o-
NPOBOAOB C BTyNKaMu GOMbLLOWA MPOTSXKEH-
HocTu amnametpom go @114. C yBennyeHvem
AvameTpa TpybonpoBoga MeCTHble noTepwu
Hanopa Ha BTyrnKax pe3ko nagator.

BTynka He npenaTcTBYeT NpOXOXAEeHWIo
B TpybonpoBode cneuuanbHbIX CpPeacTs

BENUYMHbI CYXeHUs1 HabniogatTcs  Tonb-
Ko Ha TpybonpoBogax ManblX AMaMeTpoB.
BOnNbLUMHCTBO OYNCTHBIX U AUArHOCTUYECKUX
YCTPOWCTB CrnocobHbl npeogonesaTb Mopor
cyxeHnss go 30%. OnbIT nokasbiBaeT, Ha
TpybonpoBogax ¢ BHyTPEHHUM NONMMEPHBLIM
MOKPBLITUEM CYLLECTBEHHO YMEHbLUAETCS KO-
JINYECTBO TBEPAbIX OTNOXEHUI (B OCHOBHOM
napacduHOB), YTO NO3BOMSIET COKPATUTbL pe-
rmaMeHTHble paboTbl MO OYMCTKE MONIOCTU
TpybonpoBofa B 2-3 pasa, a o4yncTka Tpybo-
nposofdoB @76-89 MM. O04eHb 4acTo NpoBO-
OWTCS C NOMOLLbIO NPOMNapKM U NPOMbIBKY.

Brynka xopowo pabotaeTr Ha u3rnb
B Tpybe. B pesynbrate wucnbiTaHuii, npo-
BeJEHHbIX B COOTBETCTBUM C TpeboBaHu-
amm TT 413160-01-01297858-03, 6bino
yCTaHOBMEHO, 4TO Onarogaps cBoWicTBam
mactukn  Y-5-A  (npomsBogctBo OO0
«Llenep») LenocTHOCTb repmeTM4HOro Ba-
NKa CoXpaHATCs Jaxe npu paguyce narmba
7200 mm.

Btynka xopowo conpoTuBnsieTca ro-
pusoHTanbHoMy casury B Tpybe noa Aaewi-
CcTBMEM ABWXyLmxcs notoka wnu COL. B
pe3ynstate UCMblTaHWi, NPOBEAEHHBbIX B
cooTBeTCcTBUM C TpebosaHuammn TT 413160-
01-01297858-03, nony4yeHbl cnepytoLine pe-
3ynbrathl (Tab.2)

[MonyyeHHble B pesynbraTe UcnbiTaHui Be-
TIMYUHBI YCUNUSE CABUFA HAMHOTO NPEBbILLAT
pacyeTHblE BENMYMHBI HArpy3oK, yCTaHOBMEH-
Hble n.7.10 TT 413160-01-01297858-03.

Brynka abcontoTHO He BMUSIET Ha MPOYHOCTb
1 YNCTOTY CBAPHOIO KOSbLIEBOTO LUBa. JTO 0be-
CrneymBaeTCs KOHCTPYKUMEN BTYMOK (puvc.2).»

BenuuuHa cyxeHus Tpy6Gonpoeoga Ha BTynkax B %

DHap, Mm TonwmHa cTeHkn t, mm.
76 32,4 34,8 28,1 - - = = - -
89 25,9 34,2 32,5 - 32,9 - - - -
108 23 21,4 22,9 - - - - - -
114 - 22,1 24,5 23 26,5 25 27,7 - 27,8
159 - 15,4 17 17,9 16,8 17,7 18,7 19,7 20,7
168 - - 15,4 - 17,8 - 17,6 - -
219 - - 12,1 - 11,8 - 13,6 - 183
273 - - 9,58 - 9,73 - 10,3 - 10,4
325 - - 8,31 - 7,44 - 7,54 8,91 8,97
377 - - - - 6,37 7,52 - - -
426 - - - 6,07 5,61 5,88 5,67 - 6,47
530 - - - - 4,86 - 4,9 - 4,94
630 - - - - 4,72 - - - -
720 - - - - 4,12 4,13 4,14 - 417
820 - - - - - 3,87 - - -

Ta6n. 1 BennunHa cyxeHuUsi NPOXOAHOro ceyeHus TpybonpoBoaa Ha BTyJKax
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Puc.5 O6wuin o6em npoussoacTea (OO0 «Llenep») BTyNok BHyTpeHHeW 3almThbl CBapHbIX LWBOB

B cBoto ouepenp, npouecc cBapku Komb-
LeBOro LWBa TakkKe He OKa3blBaeT HMKaKo-
ro BMUSIHUSI Ha BTYNMKY U MacTuky. Makcu-
mManbHasi Temrepatypa Ha Topuax BTYIKu
B 30Hax MPUCYTCTBMS MaCTUKM cCOCTaBuna
+75°C npuTOM YTO MacTvka B COOTBETCTBUM
¢ TY-2241-008-48151375-06 BbigepxuBa-
et +150°C (kpaTkoBpemeHHO go +190°C).
2-3 cnos Tennou3onALUOHHOW FeHTbl [0-
CTaTO4YHO HAAEXHO 3aLUMLLAT NofMMepHoe
MOKpbITUE BTYIKU OT TeMMepaTypHOro paspy-
LeHwsl. Hanpymep, NopoLLKOBOE 3MOKCUAHOE
nokpbitne «OXTIK-3 TpybHasa» mnun «M3r1-
585» paccuuTaHo Ha TPaHCMOPTUPOBKY NPO-
OYKTOB ¢ Temnepatypoi fo +80°C (kpaTkoB-
pemeHHo +100°C). 310 Takke NOATBEPXKAEHO
MHOTOYUCIIEHHBIMU UCTbITaHMSMU (Tab.3).

3awmta CBapHbIX LWBOB C MOMOLLbIO
CTanbHbIX BTYMOK C MOMMMEPHBLIM NMOKPbITH-
eM He TpebyeT HMKaKoro cneumansHoro 06o-
pyOooBaHWs ANs MOHTaxa W He okasblBaeTt
BNUSIHWUSI Ha TEXHOMOTrMI0 MOHTaxa Tpybo-
npoBofa. YcTaHoBKa BTYIMKW, MO OT3biBaM
3akasuukos, coctasnset oT 15 o 30 MUHYT.

HOPMATUBHO-TEXHUYECKAA

OOKYMEHTALMUA
B uione 2003 ropa BHWWCT 6Gbinu
paspaboTaHbl TexHu4Yeckume TpeboBaHUA

K BTYNKaM BHYTPEHHel 3aluTbl CBapHbIX
LIBOB C AHTMKOPPO3MOHHBLIM MOKPbITUEM
(TT 413160-01-01297858-03). B cooTBeT-
CTBUU C HUMU ObiNu nepepaboTaHbl Tex-
Hu4eckue ycnoBusi «BTynku BHYTpeHHeW

Tunopasvep BTynku  Ycunue cogura, T

325x8 16
426x8 36
530x8 40

Tabn. 2 SkcnepumeHTanbHbIe AaHHbIe yCunum
cABUra yCTaHOBIEHHbIX B TPyOONpoBoA BTYNOK

Konnuye- 1cnon 2cnos 3 cnos
CTBO CrOEeB
Tennonso-
nauum

Makcwu-
ManbHad
Temnepary-
pa BTYrnKu B
30He cBap-

HOro wBa

+70°C +64°C +54°C

Ta6n. 3 AkcnepuMeHTanbHbIe AAaHHbIE
TemnepaTtyp BTYNKWA B 30He CBapHOrO LIBa

3aLUMTbl CBApHbIX LUBOB COEAMHEHUIA TPyO»
(TY 1396-001-48151375-2001 n TY 1396-
002-48151375-2003). TexHuyeckune Tpebo-
BaHWA YCTaHaBNMBAKT OCHOBHble Tpebo-
BaHWS K 3aliMTe OT KOPPO3UU BHYTPEHHEW
NMOBEPXHOCTU 30HbI CBapHOro wea Tpyb c
BHYTPEHHUM  @HTUKOPPO3MOHHBIM  MOKPbI-
TMEM M WUMET CTaTyC TEXHUYECKOro pe-
rmameHTa. TT  413160-01-01297858-03
pacnpocTpaHseTcss Ha BCe BWAbl AesTenb-
HOCTW, CBsi3aHHble C MPOEKTUPOBAHMEM,
N3roToBNEHNEM, PEMOHTOM TpybonpoBoaoB
13 Tpy6 C BHYTPEHHUM aHTUMKOPPO3NOHHBLIM
NOKPbITUEM, NMOATOTOBKOW KaApoB, OCYLLEeCT-
BrnsieMon Ha TeppuTtopun Poccuwn, Bknovas
MHOCTPaHHble cupmbl. TY 1396-001-4815-
1375-2001 pacnpocTpaHsalTCs Ha BTYMKU
BHYTPEHHEN 3alUuUTbl CBapHbIX LLUBOB COeAM-
HEeHUN Tpyb C BHYTPEHHUM aHTUKOPPO3NN-
HbIM MOKPbITUEM, MPUMEHSIEMbIX Af151 CUCTEM,
TPaHCNOPTMPYIOLNX HedTerasoBble CMecH,
HEOCYLUEHHbIN HETSIHOW ra3, 0OBOAHEHHYO
CMeCb, CTOYHblE MPOMBICNOBbIE BOAbI C CO-
AepxaHnem cepoBogopoaa v Apyrve arpec-
CVBHble Cpefbl, a Takke Ans Tpybonposoa-
HbIX CUCTEM TEXHUYECKOro BOAOCHABXEeHMS.
MaTeHT Ne 2283739 1 Ne 2283740. TY 1396-
002-48151375-2003 pacnpocTpaHsTCcsa Ha
BTYNKWM BHYTPEHHEW 3aluThbl CBapHbIX LLUBOB
coeVHeHUn Tpy6 C BHYTPEHHUM aHTUKOpP-
PO3UIHBLIM MOKPLITUEM, NMPUMEHSIEMbIX OIS
CWCTEM XOIOAHOTO U ropsiyero BogocHabxe-
HWUS Ha 0ObeKTax XWUMULLHO-KOMMYHaNbHOro
XO35IMCTBa, @ TakkKe Mpu CTPOUTENbCTBE U
pPEMOHTE TENIoBbIX CETEN.

BbIBOObl

Ha ocHoBe M3NOXEeHHbIX AaHHbIX MOX-
HO caenaTb BbIBOA, YTO yCMneLwlHoe npume-
HeHne Tpyb C BHYTPEHHEeN n3onsumnewn, Bbl-
NMOMHEHHON B 3aBOACKUX YCMOBUSIX, 3aBUCUT
OT pa3paboTkM U UCMONb30BaAHUSA MPOCTbIX
1N HaJeXHbIX METO4OB COeAMHeHust Tpyd B
npouecce MoHTaxa Tpybonposoga. OcHoB-
HbIM crnocobom coeguHeHusi Tpyb, Ha ce-
FOAHSILUHWUIA AeHb, ABMSETCA TPaAULMOHHbIN
crnocob anekTpocBapku. [oatomy Haubo-
nee TEXHONMOIMYHbIM U NPOCTbIM CNocobom
3aWnTbl BHYTPEHHEN MNOBEPXHOCTM CBap-
HOro CTblka TpybGOMpOBOAOB C MOKPbITUEM
SIBNSETCA 3awuTa C NOMOLUbK crneunanbs-
HbIX BTynok. B Poccuu aonsa 3awmtbl 30HbI
CBapHOro LWBa NpW WUCMNonb3oBaHUM Tpyo
C aHTUKOPPO3MOHHOW U30MNSALUMERA UCNOSb-
3ylOTCA BTYNKW Pas3fUYHON  KOHCTPYKLUMU.

3/H (64) mait 2008 r.
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B HacTosillee AnNs BHYTpPeHHEM 3alnTbl
CBapHbIX LUBOB COEAWHEHWUA TpybG C BHY-
TPEHHUM @HTUKOPPO3UIHBLIM MOKPLITUEM,
TPaHCMoOPTUPYIOLWLMX HedTerasoBble CMeCH,
HEOCYLUEHHbI HedTsiHOW ra3, 0OBOAHEH-
HYI0 CMeCb, CTOYHbIE MPOMbICIIOBbIE BOAbI
C coepxaHuem cepoBogopoda u Apyrue
arpeccuBHble cpefbl, MOTyT UCMONb30BaTh-
Csl BTYIKMW, NpoLleflive cepTudukaumio u
narotoensiemble no TY 1396-001-481513-
75-2001, TY 1396-002-48151375-2003 un
TY 139600-001- 32802379-2003. m

CNUCOK NUTEPATYPbI:

1.TT 413160-01-01297858-03 «TexHunye-
ckne TpeboBaHus K BTyrKaM BHYTPEHHeN
3alMTbl CBApHbIX LUBOB C aHTUKOPPO3W-
OHHbIM MOKPbLITUEM»

2. TY 1396-001-48151375-2001 n TY 1396-
002-48151375-2003 «Btynku BHyTpeHHel
3aLUMTbl CBApHbIX LLIBOB COEAVHEHNI TPYO»

3.10.A. lopaees, OnbIT 3alWKTbl CBAPHOIO
CTblka TPpy6 C BHYTPEHHUM aHTUKOPPO3n-
OHHbIM MOKPbITUEM 3aLUNTHOW BTYNKON.
Matepuanbl koHdepeHuun «CocTosiHue
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HbIX MOKPbITUI ANS NOBbIWEHUA addek-
TMBHOCTM paboTbl U cpoka cryxbbl He-
dTerasonposogoBy», 2005 .

4.C.B. HoBukoB, Kcnonb3oBaHue wusgenui
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XK. «Tepputopusa Hedpreras» Ne11, 2006 r.

5. KacnapbsiHy K.C. [lMpoekTupoBaHue 06-
YyCTPOWCTBA HEMTAHbIX MECTOPOXOEHUN.
C., CamBeH, 1994 r.

6.B.A. bensesa n gp. lMoa pen. npod.
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dTerasoBoe CTPOUTENbLCTBO, y4eb. noco-
6ue, M., Omera-J1, 2005 .

7.B.H.lMpoTaco.. Teopus n npakTuka npu-
MEHEHUS MONIMMEPHbIX MOKPbITUI B 060-
pyAoOBaHUN U COOPYXeHUsIX HedTeraso-
Bow oTpacnu. M., Hegpa, 2007 r.

8. B.M. AigyraHoB. TexHOMornm 3aLuTbl Co-
eanHEHUN Tpy6 C NMOKPLITUEM OT BHYTPEH-
Hel Koppo3uu Mpu CTpoUTENbCTBE HedTe-
rasonpoMbICIIOBbIX Tpy60nNpoBOAOB.

9.M.E. TanukaeB. [1pon3BOACTBO BHY-
TPEHHero aHTUKOPPO3VMOHHOTO MOKPbITUS
cTanbHbIX HedTenpomMbICNOBbIX Tpy6o-
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Hedpteras» 000 «JIYKOWN-3anagHas
Cnbupb».
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NMPOMBILLUNEHHOE CBAPOYHOE OBOPYONOBAHME
anAa NPOPECCUOHANOB
n3 OuHNaHaumM

000 «MPEMBEPA»
AsTopusupoBaHHbi aunep KEMPPI OY
r. TonbaTTy, yn. CnoptueHas, 22

Ter. (8482) 53-75-67, 71-75-89
The Joy of Welding e-mail: oborudovanie@primjera.ru

YcTaHOBKM Ansi MexaHM3npoBaHHOW cBapku (nonyaBTomatbl) MIG/IMAG

KEMPPI FastMig 300/400/500 c HAC 18%
CBapKa CNoXHbIX MEeTannoKOHCTPYKLMI B LIEXOBbIX YCIOBUAX

MueepTop, MIG/IMAG/MMA, 3~380B, 500A — 70%I[1B, 450A — 100%IB,

np-ka gnam. 0.6-2.4mMm, ck-Tb 25 M/MVH, 4 nof. ponuka, BCTPOEHHbIA KOMMbIOTEpP, CUHEPTETU-
Ka, NamsiTb, aBTOHOM. BOA. OXJ1., Bec 43-60kr.

KEMPPI Kempact 2530

CBapka/cBapKa-nanka TOHKOJIMCTOBOIrO U OLMHKOBaAHHOrO MeTanna 75900 p.
MueepTop, MIG/MAG, 3~380B, 250A-50%I1B, 170A — 100%IMB,

np-ka guam. 0.6-1.2MM, ck-Tb 25 M/MUH, 4 Nod. ponvika, BeC 22Kr.

KEMPPI KempoMat 2100/2500/3200/4200

HapéxHble nonyaBTOMaThl MO NPUeMSIEMON LieHe

TpaHcdopmatop, MIG/MAG, 3~380B, 420A — 50%0MB, 275A — 100%0MB, ot 53 800 p.
np-ka guam. 0.6-1.6MM, ck-Tb 25 M/MUH, 4 nog. ponvka, Bec 54-130kr.

KEMPPI MinarcMig 180 Adaptive

KauecTBeHHOe ManorabapuTHoe pelieHue Ans peMOHTa U MOHTaxa

WuBepTop, MIG/MAG, 1~220B, 180A — 30%[1B, 100A — 100%0B, np-ka gnam. 0.6-1.0mm, 51 500 p.
CK-Tb 18 M/MVH, BCTPOEHHbIN KOMNbIOTEp, crHepreTuka, XKK-gucnnew, kabenb go 50m, yaapo-

NPOYHbIN KOpnyc, Bec 9.8kr.

ot 144 203 p.

YcTaHoBKu gnsa aproHogyroBou cBapku TIG

i KEMPPI MasterTig MLS 2300 ACDC

CBapka nto6oro metanna o601 CroXHOCTU B NOGbLIX YCITOBUAX

WuBeptop, TIGIMMA, 1~220B, 230A — 50%I1B, 180A — 100%0B, noct./nepem. Tok, HacTpoiika ot 147 523 p.
ntobbIX NapaMeTpoB CBaPKU, BCTPOEHHBIN KOMMbIOTEP, CUHEPreThKa, N3MEHeHNe nobbix napame-

TPOB CMHYCOMAbI, UMMYFbCHAs CBapka, NamsiTb, aBTOHOM. BOZ. OXJ1., BEC 15-23kr.

KEMPPI MasterTig MLS 2000/3000/4000
CBapKa CrNoXHbIX METanNOKOHCTPYKLUMUIA Ha NOCTOSAHHOM TOKe
WuBepTtop, TIG/IMMA, 3~380B, 400A — 40%I1B, 280A — 100%IB, HacTpoiika nobbix napame- ot 101 800 p.
TPOB CBapKW, BCTPOEHHbI KOMMbIOTEP, CMHEpreTvka, UMMynbCcHas cBapka, NamsTb, aBTOHOM.
BOA. OX/., Bec 15-33kr.
KEMPPI MinarcTig 180
KauecTBeHHOe mManorabapuTtHoe pelleHMe AN PeMOHTa U MOHTaXa
WHBepTop, TIG/IMMA, 1~220B, 180A — 40%I1B, 130A — 100%0MB, HacTpoiika niobbix napame- ot 66 500 p.
TPOB CBapKu, UMMynbcHas ceapka, kabenb Ao 50M, LM poBon Ancnnen, yaaponpoyHbIi Kopryc,
: Bec 7,8kr.

YcTaHOBKU ANA cBapku NOKpbITbIMK anekTpoaamu MMA

% KEMPPI Master MLS 1600/2500/3500

CBapka B CJTOXHbIX YCITOBUSIX CTPOMMIIOWAA0K U MOHTaXa Tpyo
WHBepTop, MMA/TIG, 1~380B, 230A — 100%0MB, 350A — 40%[1B, ropsuuii cTtapT, AMHamMuKa ot 86 245 p.
Ay, aHTUNPUNUN, CTPOXKa, CUHepreTvka, LndpoBov AMCNnen, NnamaTb, HagéxHoe 1crnosnHe-
Hue anekTpocxeM. Bec 14-21kr.
MpuHapgnexHocTn

KEMPPI Minarc 150

KauecTBeHHOe ManorabapuTHoe pelueHne Ans peMoHTa U MOHTaxa

MHBeptop, MMA/TIG, 1~220B, 110A — 100%IB, 150A — 40%I[1B, ropsuni cTapT, AuHamMmuka 24 000 p.
ayrn, aHtunpunun, kabenb o 50m, yaaponpouyHbiii kopnyc. Bec 4kr

CBapovuHble ropenkun KEMPPI ansa taxénbix ycnoBuit paboThbl
o 500A npu MNB 60% Ha ra3. oxnaxageHun unu go 500A npu MB100% Ha BoA. oxnaxaeHuu, ot 7 300 p.
yao6HbIe, MpoYHbIe 1 Nérkune, ¢ 1Y, ¢ gatymkamu.

CBapouHble macku KEMPPI BETA
CamosateMHsiioLmecs («XxaMeneoHbl») C peryriMpoBKON, NPOYHbIE N NETKMe ot 11 265 p.

FAPAHTUA. CEPBUC. PEMOHT. 3ANYACTHU
ATTECTALUA HAKC




JKcno3muuma

YcTaHoBKa c60poyHas AnsA coeauHeHUs Tpyo npumeHsieTcs Ha HedpTerazogo6biBaloLLMX
npeanpusaTUAX (PEMOHTHbIE NPeANPUATUS, TPYOHble 6a3bl U NPeANPUATUS MO CTPOU-
TeNbCTBY NPOMbLICINIOBbLIX M MarucTpanbHbIX TPyO6ONpoBoAoB) ANsi coeAUHEHUsA TPy6
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MeTo4OM XONoAHOro npeccoBaHuUsA B NOJieBbIX yCNOBUAX.

CBOPOYHAA YCTAHOBKA
AJISA COEAUHEHUSA TPYD 0804

TEXHUYECKASA XAPAKTEPUCTUKA:

* HapyxHbIi guameTtp coeguHsieMbix Tpyo,
MM 159...325

* MakcumanbHoe ycunve npeccoBaHusi npu
nasneHun 25MMMa, Tc 200

* XoA MOABWXXHOIMO 3aXKMMHOTO YCTPOWCTBA,
MM, He 6onee 800

» labaputHble pa3mepbl npecca 6e3 nno-
LWagku onepatopa u TpaBepchbl, M, He 60-
nee: gnuHa/wmnpuHa/eeicoTa 5/2,4/2

» Macca npecca, kr, He 6onee 6800

» Macca cunogoro arperara, kr, He 6onee 2500

» Macca TpaBepchl, kr, He 6onee 200

NP PABOTE YCTAHOBKM

BbIMNONHAKOTCA CNEAYIOLWWE

ONEPALIUN:

* yknagka Tpybbl Ha HanpasnsAwLKne ponu-
KM U LLeHTPOBOYHYIO KapeTky;

* yknagka TpyObl Ha HanpaBnsoLwue ponu-
KV 1 NOABWXHYIO KapeTKy;

* 3axum Tpyo;

* HaHeceHune 3MOKCUAHOro repmeTHKa;

* npeccoBaHue Tpyb.

[laHHOe coelMHeHWe Ha3blBaeTcs «Me-
XaHW4eckoe COeAUHEHUe MeTannmnyeckmx
Tpy6 ¢ HaTarom», nubo «coennHeHue Tpyo
MEeTOO0M XOrnoAHoN ceapku». Cuctema cbop-
KM MexaHU4YecKoro COeAuHeHUs SABnseTcs
YHUKanbHbIM MPOLIECCOM COeAVHEHUSA Me-
Tannuyeckux Tpy6. ObLwuin npouecc cocTouT
13 hopMmpoBaHus pacTpyba Ha OfHOM KOH-
ue TpyObl, KOHyCa Ha KoHLe Apyron Tpybbl n
MexaHW4YeCcKoro coeavHeHunst AByx Tpy6. Ha
coeanHsAeMble KOHLbl TPyD HaHOCKUTCS 3MOoK-
CUAHBIA repMeTVK HenocpeacTBEHHO nepen
coeguHeHnem. epMeTVK CRyXuT CMasKow
ansa Tpy6 Bo Bpems npouecca CoefMHEHUs 1

ABMNSIETCS MPOKNagKkow, npegoTepaliaoLLen
YyTEYKN U co3fatoLlelrt KOppPO3MOHHOYCTONYN-
Byto cpeny. B pesynbrate gaHHoro npouecca
C03[aeTcs KayeCTBEHHOE coeanHeHne Tpyo
Nnpu 04YeHb BbICOKOWN NMPON3BOAUTENBHOCTH.

NMPEUMYLLECTBA CUCTEMbI NEPEQ
TPAOWUMOHHBLIMU METOOAMU
CBAPKMU:

1. 3HauNTENbLHO CHUXAETCA CTOMMOCTb OAHOIO
COeVHEHNS.

2. KpatHo cokpallaetcd Bpemsi paboTbl Hag
OJHVIM COEMHEHVEM.

3. TpebyeTca MeHee KBanMULMPOBaHHbIN
Tpya (cokpallaeTca BpeMs Ha obyyeHue
onepaTopos).

4. TpebyeTcs MeHbluee konuyecTBo pabot-
HWKOB, YeM [nsi BbIMONIHEHUS aHANOMYHOM
CcOOpKM CBapKOW.

5. HeT HeobGxoauMoCTV MpPOBOAWTb PEHTrEH-
KOHTpOIb (COKpaLLaeTcs BPEMS U pacxodbl).

6. 3HaunTenbHO noBbllaeTcs 6e3onacHOCTb
paboTaroLmXx.

7. MNpoLecc 3KONOrn4eckn YUCTbIN, YCTpaHsieT
M3MNy4YeHUs1 OT CBapKU MpY TPaaMLIMOHHOM
mMeTofe cOOpKM CBAPKOMA.

8. XuMm4yecknin coctaB U CTpyKTypa MeTtanna
TPYyObl He U3MEHSIOTCSI B 30HE COEMHEHNS B
OTNIM4YMe OT 30HbI, MOABEPTLLENCS TEMMOBOM
obpaboTke npu cBapke.

9.PaboTta MOXeT nMpoBOAMTLCS NpU TakuxX Mo-
rOAHbIX YCINOBUSIX, KOrda cBapHble paboTbl
3anpeLleHbl.

10.Paborta moxeT npou3BoguTbCst ¢ Tpybamu,
MMEIOLLMMU MOKPbITUE (OCOBEHHO U3HYTPW),
KOTopoe He obropaer, kak npu metoge npu-
coeaiMHeHusi cBapkou. [pon3BoanTEeNbLHOCTD
ot 48 0o 160 CTbIKOB B CMEHY (CMeHa 8 4.) m

OBOPYOBAHUE
EQUIPMENT

B pamkax nporpamMmbl MMNOpTO-
3ameweHna npeanpuatuem 00O
«Cneuy-M» co3paH «Arperat camo-
XOAHbIA AN peMOHTa HedTAHbIX U
rasoBbIX ckBaxuH Ypan 20T. KI'T»
— «KonToGuHr».

«KOJNITIOBUHI»

HasHauyeHvne Arperata — npoBefeHue
PEMOHTHBIX U TEXHONOrMYeckux onepawuin
Ha HeMTSAHbIX, rasoBbIX W ra3oKoHAeHcaT-
HbIX CKBaXMHaX 6e3 UX rMyLeHust ¢ UCNOsb-
30BaHWEM KOMOHHbI TMOKMX Tpy6.

OBECIEYUBAET BbINONHEHUE

OMEPALIUN:

* NUKBMAALMA napadUHOBBLIX OTMIOXEHUNA B
KonoHHe HKT;

* yaaneHue ruapaTHbIX U necyaHbix NPpobok
B KONnoHHe HKT;

» obpaboTka npu3aboliHOW 30HbI, Mogaya
TEXHOMOrMYeCcknx pacTBOpoOB, B TOM YKMC-
e pacTBOPOB COSMSIHOM W MNIABMKOBOM
KUCMOT, ra3o., BKIOYasi asor;

* yCTaHOBKa HaAyBHbIX MOCTOBbIX NPOBOK;

* YCTaHOBKA W CHATUE NaKepoB W KramnaHoB
oTcekaTenem;

* BOCCTaHOBMNEHWE LMPKYMAUMU U rnyLle-
HMEe CKBaXWH;

s CNyck B CKBaXWHy obopyaoBaHus Ans
npoBeAeHns reonsn4ecknx nccnenoBa-
HUM U T.M;

HaunmeHoBaHue nokasatens 3HayeHve

Basosoe Lwaccu LLlaccy aBToMobUns

M3KT-652712 (8x8)

[laBneHuve Ha ycTbe CKBaxuHbl | 35
npy MPOBEAEHNN PEMOHTHbIX
onepauui, He 6onee, MlMa

TaroBoe ycunue TpaHCMopTé-
pa (MexaHu3ma nogauum Tpy-
6bl), He MeHee, KH(T)

240(24)

YcnosHbit anametp KI'T, mm | 33; 38,1; 44,45.

ImybuHa nposedeHust Tex- | 3500
HOMOTMYECKUX OMnepauuii, He

MeHee, M

CkopocTb nepemetueHus KI'T | 48
npy Cnycko-nogbEMHbIX ore-
pauysix, Makcumym, M/MUH.

I'Ipvl BOJ UCMOJTHUTESbHbIX Me-
XaHNU3MoB

Tmopaenuyeckuii

YcnoBHbIN npoxog 6roka npe- | 65
BEHTOPOB, MM

TexHU4Yeckasn xapakTepucTuka Arperata

000 «Cneu-M» r. Mepmb,
yn. OnbxoBcKas, 2,

T.: (342) 272-23-67, 298-34-46,
p.: 272-22-22
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APMATYPA
' 929

KnanaHbl 3anopHbie
& wronsyartbie <KW 400»

Mpouszsoaum
U peanusyem

— rapanTiiinan napabaria ma ovkcai 1200 masaen;
— miinisiil cpeniini preype G000 wnsion;
— cpos; eavialid ibe Mesiee 10 ger

Oy 6, 10, 15, 20, 25 mm
Py 1,6 - 16 MMa "
Max. t paB.cpeas go + 560°C

Mapppaan coiominey detasell: Cran 15, Diao 40, Cracie 15XM, Craii D2X1EHI10T, Cram MOCITHIEMIT,
Tolvmms- §ouypa. | FooT0, 1msTow | 5eosT0xl, IRt 0k, | 5aatT5w]
Palsras cpea |, Blaga, rap, ieerpoos neileg Sz § Faolipa i SIneo gL i ol SmresT e s, i cueci r'l p“ FAaliaesm K
1 Aipeitemesde L i, 110 DT IEMITEEE EED DU e | s e e T ¥
Eowrianrvecas noneossaie ¥ 1, OTH, WXL Cﬂpr‘HH HYECT I:-I'!ll'
|hpronsmnm reikags pomdie (ST BL14 ) K14, Rel S RUE, RelT | KL, Beld, R, Rel 'R
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MIYAWAK] sanaeTcs ofHAM B3 BEAYLME SNOHCKME NPOHIBOANTENSA KONQSHCATOTEOAYHKOE H ADMATYD ANA Napa ¢
onwroM pabore Gonee 70 net. TexHWyeckwe HOBAUWW, HOY-XAY W BHCONDE KOWECTEO NPOOYKUMM NOJBONSET

SAHHMATE AMAMPYIOLIME NOZMLIMA HA MHPOBOM PIHKE KOHAEHCATOTEOQMMKOR.
r ol T

MIYAWAK] GmbH MNpancrapsmen. 8 Poccu.:

Bimbaumemihle 65 15234 Frankfurt (Dder) DEUTSCLAND 000 «BTO allpoMeiwuneHHbIe TEXHONOTHMA®
Ten.: +49-335-4007-0097 (98): dawe: +49.335-4000-122 127299, r. MockBa, /9 41, Ten.ipaks; (495) 225-62-98

E-rmiail; infoi@miyvawaki de E-mail: ptehii@ooo-plech. com;
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00O ApwmatypHbIn 3aBog «lOFTOKAMA» — ogHO U3 KpynHenWwmnx npeanpusaTMin 3anagHoro Ypana v 3aHMmaeT AOCTOMHOe MecTo cpeau
BeAyLMUX Npov3BoauTenein TpyGonpoBoaHON apMaTypbl U HedhTenpoMbICioBoro o6opyaoBaHus. Ero npoayKkuus WMpoko n3BecTHa
M ycneLwHo 3KcnnyaTupyeTcsi KpynHeuwmnmmn npeanpuatuamm Poccun, umnoptupyetcs B KasaxctaH, Benopyccuto, YkpauHy, cTpaHbl

AanbHero 3apybexbs.

UcTtopua n Tpaguumm 3aBopa yxoaodaT B FﬂyGMHy BEKOB, Ha4yaB CBOIO AesATenbHOCTb B 1746 roay Kak megennasuinbHoe Npon3BoACcTBO,
ceroaHsl oH npeacTaBnseT MOLLHbIN HpOMsBOAcTBeHHbII;l KomMnJieKc.

APMATYPHBIU 3ABO/I

Bbicokun NpOV3BOACTBEHHbLIN noTeH-
uparn, COBpEMEHHble TEXHONoMK, Hanuuvie
KOHTPOSbHO-UCTIbITATENBHON 6asbl — Bce 31O
rapaHTUa KayecTBa Hallel npogykuum n obe-
CMeYeHNss ee BbiMycka Ha YPOBHE Ny4LLMX
OTEYECTBEHHbIX U 3apybexHbix — 0OpasoB.
OO0 ApwmartypHbii 3aBog «HOTOKAMAY — ato
NpeanpusaTMe, OCYyLLUECTBISAIOLLEE — U3rOTOBMe-
HMe NPOAYKUMW MO MOMHOMY TEXHOIOMYECKOMY
LMKITY: OT 3aroToBKV A0 COOpPKM, KOHTpOIs, UC-
MbITAHWS TOTOBOTO U3AEMuA. 3TO U rapaHTMpyeT
Ka4ecTBO MPOAYKUMM M OBecrneyvBaeT cxarble
CPOKM BbIMOMHEHWSI 3aKa30B.

OOO ApwmartypHbin 3aBog «FKOTOKAMA»
BbiNyckaeT ycTbeBoe obopynoBaHue Ans no-
Obl4n HedTU (POHTAHHBIM U MEXaHU3UPOBaH-
HbIM crnocobamu, a Takke ANA HarHeTaHus
BoAbl B nnact. HedrenpombicrioBoe o060-
pyOooBaHue MpPOWM3BOAWUTCS Ha JdaBnenus 14,
21 MMa. B HedTepobbiBatowem obopyao-
BaHUM Mbl UCMONb3yeM TpU BuAa 3anopHbIX
YCTPOWCTB: KpaH C KOHWYECKOW npobkon co
CMasKoW, KpaH MPOXOAHOW C LuapoBow Npob-
KO 1 WwnbepHas NpsiMOTOYHAas MacroHanor-
HeHHas 3afBwKka. CxeMbl COOPKM N3rOTOBNS-
eMblIx 3aB0oOM apMatyp cootBeTcTBy0T FTOCT
13846 n okono 200 cxem CepuriHO Bbinycka-
totcsi. KOHCTpyKTMBHOE wucnonHeHne obopy-
AOBaHNA y4uTbIBaeT Hauboree 4acTto npu-
MEHSIEMbIE Ha CKBaXWHaxX TEeXHOMormyeckue
onepauuu. MNpu atom obopyaoBaHNe B OCHOB-
HOM M3roTaBnMBaeM o MHAMBMAYyasbHbIM 3a-
Kasam noTpebuTtenen ¢ y4eToM yCrnoBUIA 3KC-
nnyaTtaumu, BblbpaHHOro Kracca marepuana
KOMMIEKTYIOLLMX U B HEOOXOAMMBIX KOMIMOHO-
BOYHbIX COHETAHMSIX.

[Opyroi ocHoBHOW Bug npogykummn OO0
ApmatypHoro 3asoga «HOTOKAMA» Tpy6onpo-
BOHasi apmarypa — 3afBVKKU CTallbHbE C Bbl-
OBWKHBIM LUMVHOENEM, C pyYHbIM ynpaBneHuem
1 3neKTponpuBoaHble ¢ npoxoaom 50+300 Ha Ho-
MUHarnbHoe gaeneHue 1,6; 2,5; 4,0 MIMa.

[MpOn3BOACTBEHHbIV NPOLIECC U3rOTOBMEHUS
rOTOBOW MpoAyKLMM 6a3npyetcs Ha NoriHOM Tex-
HOIMOMMYECKOM LIMKIe, HauvHasi OT MOryyeHust
TMTBIX W LUTAaMMOBOMYHbBIX 3aroTOBOK M 3aKaH4u-
Basi NPUEMO-CAATOMHBIMM UCTIbITAHVSIMM FOTOBbIX
n3nenvin. B uensx obecrneveHust TexHorornde-
CKOI TOMHOCTU 1 TpebyeMoln Npon3BOANUTENBHO-
CTN eXerofHo B OOHOBMEHME CTaHOYHOTO Mapka
BknagbiBaetcs 6onee 20 MH. py6ne.

Ha npeonpusatin BHegpeHa W ycreLHO
(PYHKUMOHMPYET CcuCTeMa MeEHeMKMEHTa  Ka-
yectea no MOCT P MCO 9001-2001 (UCO
9001:2000) n peanuayemble MepOMPUATASA MO
€e COBEpLUEHCTBOBaHWIO MO3BONMNM CTabunu-
31poBaTh Ka4yeCTBEHHbIE MapameTpbl MOTOBbIX
M3OENUiA 1 MUHMMU3MPOBATL KONMYECTBO U3ae-
TN, IMEIOLLIMX OTKITOHEHWS OT KOHCTPYKTOPCKO-
TEXHOIOMMYECKOW AOKyMEHTaLMM.

<FOI'OKAMA»

OOO ApwmartypHbii 3aBog «FOTOKAMA»
npoBOANT PaboTbl MO MOBBLILLEHNIO KOHKYPEH-
TocnocobHoCTM TpyGonpoBoAHOM apmaTypsl,
a B YaCTHOCTW, MO CHWXEHWI0 MaccorabapuT-
HbIX MapamMeTpoB BbIMyCKaeMbIX 3aaBUXeEK.
COBMECTHBIMW YCUMUSIMU C Hay4HO-UCCreao-
BaTENbCKUM U KOHCTPYKTOPCKMM MHCTUTYTOM
3HeproTexHukn um. H.A. [lonnexans caenana
paboTa no cUCTEMHOWN MoAepHu3auun apma-
Typbl NyTeM NPOUIMPOBaHNSA €€ MPOTOYHON
yacTu.

3a[BUXKKM C Cy>KEHHOW NPOTOYHON YacTbo
pa3paboTtaHbl ANs MNpYMEHEHUs B KayecTse
3aMnopHbIX YCTPOWCTB Ha TEXHOMOMMYECKUX M-
HUSIX C HearpeccyBHbIM NMPUPOAHLIM rasoMm, C
XUOKUMW HearpeccuBHbIMU CPefcTBaMu, BO-
[0, MapoM 1 HedTblo, KpOMe Tex Tpybonpo-
BOZIOB, 1€ MPOMYCKAKTCSt O4UCTUTENN OTIOXE-
HU. OHW pekoMeHAYHTCA Anst MPUMEHEHNS B
cucTemax 6esonacHocTi u npu paborte B 0cobo
CNOXHbIX YCrOBWsIX: paboTa nof NnonHbIM nepe-
nagom AaBneHui 1 T.n.

KOHCTpyKUMM yKka3aHHbIX 3a[BMXKEK MPOLL-
nm HopMKkoHTponb HUKUAT n denepansHon
Cry>001 MO 3KONOrN4ECKOMY, TEXHOINOTMYECKO-
My ¥ @aTOMHOMY HaA30py MOMy4unu paspeLue-
HVe Ha NpumMeHeHue obopyaosaHust ASC.

3a[BWKKM TAKOTO TUNa B MUPE He BbIMNycKa-
0TCS U K HUM NPOSIBANYM MHTEpeC, kak B Poccun
Tak 1 3a pyGexoMm.

Btopas BaxHaa pabota, npoBogumas
OO0 ApwmartypHeim 3aBogoM «HOTOKAMAY
COBMECTHO C WHCTUTYTOM  SHEPrOTEXHUKM
M. H.A. Jonnexansa aTo MogepHu3aums apoc-
cenbHOOperynMpyioLLero  yCcTponcTea c npu-
MEHEHMEM [Jpoccefis C NepecekalLyMnUCcs
KaHaBKaMMu.

Bbicokyto cTeneHb ApoccenMpoBaHus Mo-
TOKa, HeobxoavMyl [Onst HaOEXHOro perynu-
poBaHVs pacxofa cpefpl, 0BblMHO AOCTUraT
YMEHbLUEHVEM MIoWaan MPOXOAHOTO CeveHus
yCTpoIcTBa. ATO MPUBOAUT K BO3PACTaHUK CKO-
POCTU TeYEHWSI CPEAbl U CHYXKEHWIO CPOKa CITyXK-
6bl ycTpONCTBa (BCNEACTBUE 3PO3VIOHHOTO M3HO-
ca unm BuBpaLMOHHOTO pa3pyLueHust). B yakom
MPOXOOHOM CEeYEHMM BO3MOXHO 3aCOPEHNE C He-
[ONyCTVMbIM CHIDKEHMEM pacxoda. [ns yctpa-
HEHVsI TaKUX HexenaterbHbIX 3deKToB, Kak
3p0o3Vis, KaBuUTaumsi, BUOpaLms, HeCTabunbHOCTb
pacxoga, onpeaenseMblx CKOPOCTbIO MPOTEKaHNA
JKUOKOCTY B y3KOM CEYEHMM YCTPOICTBA, pa3pabo-
TaHbl APOCCENbHO-PErynMpYIoLLIME YCTPOWCTBA, B
KOTOpbIX CO3AAKTCHA U peanmaytoTcs NoTepy npu
3aKpyTKE U PE3KUX MOBOPOTax MOTOKa, nocreno-
BaTerbHbIE PACLLMPEHWSI U CY>KEHNS, BUXpeobpa-
30BaHVe, UCKYCCTBEHHas LLEPOXOBATOCTb.

KoHCTpyKLUWst MOAEPHU3MPOBaHHOIO Apocce-
s BbICTPOCMEHHOTO 0becneymBaeT:

*  LUMPOKUI AnanasoH peryrnpoBaHns pacxoaa;
* BbICOKasi CTEMEHb APOCCENMPOBaHMs; B>

«YUGOKAMAY Fittings and Valves Plant

«YUGOKAMAV Fittings and Valves Plant, LLC is
one of the largest enterprises in the West Urals and it
occupies a worthy place among the leading produce-
rs of piping, fittings and valves as well as oil field pr-
oduction equipment. Its products are well known and
successfully operated by major companies in Russia
and are imported by Kazakhstan, Byelorus, Ukraine,
the far abroad countries.

The Plant’s history and traditions go deep into
the centuries. The plant started in 1746 as a copper
melting operation. Today it is a powerful production
complex.

High production potential, modern technologies,
availability of control and testing facilities — all tho-
se are a guarantee of our products’ quality and we
can make sure that the products are made at the le-
vel of the best national and international standards.
«YUGOKAMA» Fittings and Valves Plant, LLC is an
enterprise which manufactures products within the
framework of a complete process flow: from a blank
all the way to assembly, control, test of the finished
product. This both guarantees the quality of the pro-
ducts and ensures that the orders are filled within a
short lead time.

«YUGOKAMAY» Fittings and Valves Plant, LLC
manufactures well head equipment for oil production
using flush and mechanized methods as well as for
pumping water into the formation. The oil equipment
is produced for the pressure of 14.21 MPa. In the wi-
nning equipment we use three types of locking devi-
ces: valve with tapered plug with lubrication, straight
way valve with ball plug, straight flow oil filled vane
valve. The assembly diagrams of the items made by
the plant comply with GOST 13846 and approximate-
ly 200 systems are in volume production. The design
configuration of the equipment takes into considerati-
on the most common process techniques used in the
wells. At the same time we produce the equipment
primarily to customer’s order with consideration given
to the operating conditions, the class of the comp-
onents material selected and in the required layout
combinations.

Another major type of product made by «YUGO-
KAMAD Fittings and Valves Plant, LLC is the pipeline
gear, i.e. steel gate valves with telescopic spindle,
with manual control and electric motor driven control
(nominal inside diameter 50-300) designed for rated
pressure of 1.6; 2.5; 4.0 MPa. The production proce-
ss for the manufacture of finished products is based
on complete process flow starting from receipt of ca-
stings and stampings and ending up with acceptance
tests of the finished products. For the purpose of en-
suring the technological accuracy and required pro-
duction rate more than 20 million Rubles is invested
annually to renew the machine tools. The enterprise
has successfully implemented the quality manage-
ment system as per GOST R ISO 9001-2001 (ISO
9001:2000) and has it fully functioning; the action pla-
ns being implemented and aimed at improving it have
enabled quality parameters of the finished products
to be stabilized and the quantity of the products which
have variances from the design and process docum-
entation to be minimized.

«YUGOKAMA» Fittings and Valves Plant, LLC
is working on enhancing the competitiveness of the
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pipeline gear, specifically speaking, with a view to re-
ducing the weight and dimensions of the gate valves
produced. In a joint effort with the Scientific Research
and Design Institute of Electrical Engineering named
after N.A. Dollezhal, work has been done to effect
radical modernization of the products by profiling th-
eir flow part.

The gate valves with a narrowed down flow part
have been developed for use as locking devices on
the process lines with non-aggressive natural gas,
with liquid non aggressive media, water, steam and
oil, except for those pipelines where deposit cleaners
are pumped through. They are recommended to be
used for safety systems and in the operation under
particularly complex conditions: operation with com-
plete pressure drop, etc.

The design of the said gate valves have been
certified by the NIKIET Institute and the Federal Se-
rvice for Environmental, Technological and Nuclear
Supervision and have been licensed for use at the
Nuclear Power Stations.

The gates valves of this type are not made els-
ewhere in the world and they arouse interest both in
Russia and overseas.

The second important project pursued by «YU-
GOKAMA» Fittings and Valves Plant, LLC jointly
with the Institute of Electrical Engineering named
after N.A. Dollezhal is the upgrading of the throttle
regulating device using a throttle with criss-crossing
grooves.

The high degree of throtting the flow required
for reliable regulation of the medium consumption
is usually achieved by reducing the area of the flow
cross section of the device. That leads to increased
medium flow velocity and reduced service life of the
device (due to erosion wear or vibratory destruction).
The narrow flow section is likely to get plugged with
flow rate becoming unacceptably low. In order to el-
iminate such undesirable effects as erosion, cavitat-
ion, vibration, unstable flow rate determined by the
velocity of fluid flowing through the narrow section
of the device, throttle regulating devices have been
designed in which losses are created and implemen-
ted when the flow swirls and sharply turns, as well as
subsequent expansions and narrowings, eddy form-
ation, artificial irregularities.

The design of the upgraded quickly changeable
throttle ensures:

» awide range of flow rate regulation;

* high degree of throttling;

* low velocity of medium in the narrow cross
section;

* long service life;

« virtual freedom from plugging;

* lack of wear;

* noise free;

The quick change upgraded throttle does not
have any elements which have limited service life.

The enterprise is working closely with product
users. For example, with the depth of oil production
increasing the oil companies felt that they needed
parts of the oilfield equipment with enhanced mec-
hanical characteristics. As a result of the work done,
flush components have been produced with such
mechanical properties of the materials used for the
suspension of the pump and compressor pipes as
allow oil to be extracted from a depth of 3 km.

At the present time, the choice of promising ac-
tivities for the company to focus on is based on the
results of its own market research. Thus, for exam-
ple, the plant has started to produce non-corrosive
gate valves. This year the plan is to launch into pr-
oduction non-corrosive gate valves with the nominal
inside diameter of up to 150 mm while in terms of
oilfield equipment: production of pipeline gear rated
for 35 MPa.

With respect to product modernization, work is
underway to use wear resistant coatings complete
with resilient members which allow the service life of
the products to be increased, their life with initial se-
aling to be increased several times, both for winning,
pumping equipment and pipeline gear.

APMATYPA
COMPONENTS

HESTENPOMBICNOEOE OROFYTIOBAHME
Apsaamypa ceoHTEHER{THN A
AQaTyDE yoTRESA (WTaroHacocHaR|{ T AL

A

Wi HAMHETATEMLHERA]TWN AHE)

DEopYDoRAHWE VOTEA ONA HETAHLL

HECOCHBEE crBama Tan O | OW3IH)

Oienaa wonoHHaRA (Tan OHKT)

Ofienaxs yoibeaad (samsdons olopynoames)
Janmmeed ApAMOToR WishapHnie [Tan LU

K NpomagHbR LEApORRE (Ten KTTLL)

Epai) npofscasse npooiHbie oo cMasol (Tun KNTC)

TPYRONPOBOOHARA AFMATYPA,
= CIABRMHOE CTAMRNE KNAHOS RS W
EMHHOBESE OBYXpeckoas5ss [T 3KM2 u 3KTI3)
C BLIF|BAOSHESE LR
Jagewiat oysareee Py 1.6 MMa
ARATOMHIH BRI ootk S0-18
DA CTAMbHGRE MPNEARHLNE BCTHIK
KnanaHs: ApeHas-se KIH-50:2 5
HnanaHs: JancpHse K3-15x16
Kpasis npofiiane cTank e Tpecoonoaess  (ren KTRT)
Koo npolioase cCTankiee o ool (man BCP)
MAHOPSCROE  APOGKOA MEONOOHENS ST HLE

* HUW3Kasi CKOPOCTb Cpefbl B Y3KOM CeHeHUM;
 BOnbLLOI CPOK CryXObl;

* MpakThyeckas He30capsieMoCTb;

* HenoaBepXeHHOCTb U3HOCY;

*  BecLyMHOCTb;

[Opoccernb GbICTPOCMEHHbI  MOLAEPHU3MPO-
BaHHbIA MpeAHasHayeH Ans WCronb30BaHNs B
Ka4yecTBe perynupytoLLero yCTpoicTea, Mo3Bo-
NSIOLLIETO OMNepaTyBHO U3MEHUTb OGBEM A00bIHM
Hedd TV 1 AaBrneHus cpedpl B NogbEMHOM Tpy6o-
npoBoae MyTeM PerynypoBKU MPOMYCKHOM Cro-
COBHOCTU yCTpoOWCTBa Npy paboyeM OaBreHuu
cpenbl 21 MIMa (210 krc/em?);

[poccenb GbICTPOCMEHHBI  MOAEPHU3MPO-
BaHHbI/ HE UMEET ANEMEHTOB, MMEIOLLIMX OrpaHu-
YEHHbI CPOK Cr1y»Obl.

Mpepnpuatve BnnoTHylo paboTaeT ¢ mno-
TpebuTensimn npoaykumn. Hanpumep: C yBenu-
YeHvem MybuHbl J00bIMM HedTV HedTaHKam
norpeboBanuck aetanu HIMNO ¢ noBbILLEHHBIMK
MexaHU4eCcKMM XapakTepucTukamun. B pesyrb-
TaTe npogenaHHon paboTbl nomyyeHa qroHTaH-
Hasi apMatypa C MexaHU4ECK/MM CBOWCTBaMU
maTepvarnoB MoABECKW HACOCHO-KOMMPeccop-
HbIX TPy6 nossonstoLLen BecT Aobbl4y HedTh
€ my6uHbI 3 KM.

B HacTosiliee Bpemsi BbIGOP nepcrekTus-
HbIX HamnpaBneHW/ pasBUTUA NpeanpusaTUs

LR

Pecia A 614526 MNepacasih spad
Mg Mvo-ranscael yn. Kipona 1
ILHEITIE. palsr T I

4.3 21

AR STy mEa

(32 25-42 47 2055272

OCHOBbIBaeTCA Ha pesynbratax COBCTBEHHbIX
ncernenoBaHvn TOBapHbIX PbIHKOB. Tak, Hanpu-
Mep, 3aBOA, Hadan BbIMyCK HepXaBetoLyx 3a-
ABwxek. B aTom rogy nnaHupyetcs ocBoeHwue:
HepXXaBeroLyX 3aABVPKEK C YCIOBHbIM MPOXO-
nom ao 150 mm, no HedprenpombicrioBoMy 060-
PyAOBaHWIO: BbINyck apMatypbl Ha 35 Mla.

B yactn mogepHusaumn nagenuin BegyTcs
paboTbl MO MPUMEHEHMIO M3HOCOCTOMKMX MOKPbI-
TUI B KOMMNINEKTE C METanNMYeckuMmn ynpyrumm
aremMeHTamMn NO3BOMSAWMX YBENMYUTL [OMNTo-
BEYHOCTb U3[ENniA, B HECKOMNbBKO pas yBenuunTb
NX PEcype C NepBoHaYanbHON repMETUHHOCTBIO,
KaK Ans AoObIYHOro, HarHeTaTenbHoro obopyao-
BaHMWs TaK v TpybONpOBOAHOM apmaTyphbl. m

J torokama

Poccus, 614526, Mepmckun kpan,
noc. lOro-Kamckun, yn. Kuposa, 1.
director@ukmz.perm.ru
+7 (342) 295-43-10
295-42-30, 295-43-25
Kommepueckon cnyxba:
+7 (342) 295-42-42

295-52-72
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Ero BenuuecTBO cny4ya nomMor MHe NO3HAaKOMUTLCA C HENMPUMETHOW Ha NepBbIA B3rNsA4, HO OYeHb MHTEPECHOW U Cepbe3HON KOM-
naHuen — «CATOP-POTAC», B KOTOPYIO Ha CErogHsLHUA AeHb BXOAAT YeTbipe hupmbl: «CaTop» — «TeHeT» — «Onepa» — «PoTac», o
KOTOPbIX 51 U XOTen 6bl paccka3aTb Ha CTpaHULAaX NONyNAPHOro U3aaHus.

B3I'JIA /1 CO CTOPOHDI

B mae mecsiue y Hac nosiBunacb notpet-
HOCTb B MpuoBpeTeHnn TpybomnpoBoaHoM ap-
MaTypbl BbICOKOTO [ABIEHWS, C KOMMIeKTamu
doraHues. Npy BbiGope NocTaBLUvKa, OG3BOHUB
HecKornbko upM, a Takke 3aBOObl-M3rOTOBY-
Term, A pewmn nocemtb dupmy «CATOP»,
Haxodswylocs B Hawem ropoge Ydoe, mno
yn. WHpyctpuaneHoe wocce 112/1, oct. «Copto-
MpOKaTHbIV 3aBOA», Tem Boree 4To OT cTaguoHa
uM. H.l'actenno, Heganeko ot KOTOPOro HaxoauT-
CSl Halle NMpeanpuysiTye, 3To BCEro iBe OCTaHOBKMU.

Mpeno mMHon npeacrano GorbLuoe YeTbipex-
aTaxHoe 3naHue AnvHHow 70, wmpuHon 40 u
BbIcOTOM 20 METPOB, HAPY>XHON OTAENKOW KOTO-
poro 3aHMManvcb paboune-cTpouteni upMbl
«CATOP». Kak a1 y3Han noxe OT reHepasribHOro
ovpekTopa OcbkuHa BukTtopa [lMetpoBuda, rpyn-
na komnaHun «CATOP-POTAC» nmeeT B cBOEM
BraJeHnN YeTbIPEXITaXHOE 30aHne obLuen nro-
Wwaabto 6 992 M?, MexaHoobpabaTbIBatoLLMIA LIEX,
CBOIO Ta30BYl0 KOTEMbHYHO, CBOW aBTOTPaKTOp-
HbI MapK, noapasneneHue Mo PEeMOHTHO-CTPO-
uTenbHbIM paboTtam, KOTOpoe MMEET NULEH3WIO
Ha OCYLLECTBIEHNE CTPOMTENbCTBA 34aHUA U
coopyxeHnin | 1 Il ypoBHen OTBETCTBEHHOCTU B
COOTBETCTBUAN C FOCYAAPCTBEHHLIM CTaHOapPTOM
Ne [1 321203. VimeeT 1 CBOW aBTOCEPBUC MO pe-
MOHTY FNErKOBbIX aBTOMOOWUNEN U COBCTBEHHYIO
oxpaHHyto cryxxdy OO0 YOI «APY>KNHA».

[Mporias 4epe3 oxpaHsemylo MPOXOOHYHO,
NOAHSIBLUVCH HA BTOPOW 3Tax, S OKa3aricsl B aBTO-
cepauce gprpmbl OO0 «POTAC» cpeay MHOXe-
CTBa PEMOHTMPYEMbIX JTEerkoBbIX aBTOMOOMIen.
[Mpn Bxoge GpocaroTcs B rMasa MHOTOYMCIIEH-
Hble boTorpachum B pamkax, pacriornioXeHHble
Ha CTeHe W CBUAOETeNbCTBYyOWYME 06 yyacTum B
POCCUINCKNX aBTOTOHKAX Ha CBOUX «BHEOOPOXHY-
Kax», opraHudyembIx Tpodm-kny6amm 4x4; nony-
YeHHble OVMIIOMbI Y4aCTHUKOB, Mefani, Kyoku n
NOYETHbIE rPaMOTBhl.

«PARTISAN extreme» — napTu3aHckue
cbopbl  BecHa-2006. Tpodom-opueHTMpoBaHne
«BYXAPA-YPAJT», . CHexuHck 2006r. 3aHsanm
Il mecTto B Kateropum «craHgapT» 2-ro arana
Kybka Ypanbckon n Crbmpckor 30HbI Mo Tpodn-
peiripnam-2006 «BOIMYIbCKUE OEBPU». Bbinu
y4acTHUKaMK TpeTbero aTana YemnuoHata YpdO
«CBWHbIE PEYKI-2006».

Oupextop dupmbl OO0 «POTAC» MocksiH
AHgpelt UropeBny pacckasarn, YTo aBTOCepBUC
MMEET NSATb aBTOMAaTU31POBaHHbIX NMOABLEMHUKOB,
YTO MO3BOJISIET MPOM3BOAUTL PEMOHT Cpasy He-
CKONbKUX NETKOBbIX aBTOMOOWIEN, cTanernb Mo
BbITSDKKE Ky30Ba aBTOMOOWIS, KOMMbIOTEPHbIV
MOCT AMAarHOCTUKN. A Taioke MMeeT cBoto nabopa-
TOpUIo Mo noabopy aBToaMarnel, rae NPoMCXoauT
KoMMbtoTepHas nogbopka asToamanen. Vivieetcst
LWkadp Ans CMeLUMBaHUS NTaKOKPaCOYHBIX MOKPbI-
TWI, 3MNEKTPOHHbIE BECHI A1 TOYHON [O3VPOBKM
aBToamarnei. CyllecTBylOT MOKpacovHble Kame-
pbl Ans aBToMOOUnen, YTo No3BONSET ObICTPO U

B. KOPABIEB

Ka4eCTBEHHO MPOMU3BOAMTL MOKPACKY. Y4acTok Mo
PEMOHTY 1 BOCCTaHOBIEHWIO [toparneBblX JIUTbIX
[OVICKOB UMEET TOKaPHbIA CTAHOK, NECKOCTPYWHbIN
annapar, NyHKT CBapKv aproHOM W OKpacku Mo-
POLLIKOBOW 3MarbHo.

Y3HaB O uenuM Moero Bu3uTa, AHOpen
WropEBVY NpOBEN MeHsi B MPOCTOPHbIE MOMELLe-
HUSI LEHTpanbHoro odmca rpynnbl KOMMaHwi
«CATOP-POTAC».

CekpeTapb-pedepeHT cpasy e npeanoxuna
MHe YalLLieyKy Kode 1 nonpocumna NprucecTb Ha Ko-
XaHbIi ovBaH Anst nocetutenen. Paccmarpusas
BUCEBLLIVE HA CTEHE AMMIIOMbI U GriarofapHoCTu,
norny4eHHbIe OOOHIM«CATOPy, ay6eauncs, uto
JaHHas mpmMa [OCTaTOYHO U3BECTHAs Ha pPblHKe
Tpy6OMpoOBOAHOM apMaTypbl U EKEerogHO MpUHU-
MaeT yyacTvie B creuman3upoBaHHbIX BbICTaB-
Kax, NPOXOAsALLMX B pasfnMyHbIX ropogax Poccuu,
MMeeT aunnombl ydactust: B VI PecnybnivkaHckon
BbicTaBke «[pegnpuHumarens-2004», Mexpern-
OHarbHOM MPOMBILLIIEHHOW BbICTaBKe obracten
LleHTpanbHO-4epHO3eMHOr0 pervoHa «BopoHex-
ckasi obrnacTb — Baw naptHep-2004», YetsepTon
ropoackon BbicTaBke «Ydha [Mpomakcrno-2005»,
Il MexxgyHapogHon BbicTaBke «Hedtb. [as.
Xumusa.  Skonorns-2006» B . HabepexHble
Yennbl, XIV MexayHapogHon BbicTaBke«as.
Hedtb. TexHonormmn-2006», Xl MexayHapogHowm
creumanuanpoBaHHoO  BbicTaBke  «Hedoteras-
cepBuC. XumuHpyctpus. Jlabopatopus-2006» B
r. Yde. Tawke mmeeT Heckonbko OnarogapHo-
CTel OT ropoACKOro coumarnbHOro nputoTa Ans
[OETEN-CMPOT U MOApPOCTKOB 3a 6e3Bo3mesaHyto
HEO[IHOKPaTHO OKa3aHHYH0 MOMOLLIb.

MeHemkepbl KOMMaHWM OBGBSICHUMK, YTO
Tpebyemyto MHe TPybGONpoBOAHYIO apmaTtypy C
KOMMJIEKTaMmM OTBETHbIX (hriaHLieB, nacrnoptamu
1 cepTUdmKaTamy s MOry MoryymTb CO CKUAKOW
Ha LieHbl 3aBOfa-N3roToBUTENSA B Te4eHue 25-Tn
aHen co gHsA 100%-om npegonnarbl, @ Npy He-
OJHOKpaTHOM obpalleHun (He MeHee NATK pa3
B rog), T.e Kak NMOCTOSIHHOMY KIMEHTY — u3genus
OyayT goctaBnsATbCsA GecnnatHo Ha cknag Ha-
LLEero NpeanpuUsTUs.

Mpy nosiBNeHUM 3aMeCTUTENS reHeparbHO-
ro aupekTtopa Yynosa Brnagummpa Hykonaesu-
Ya, KOTOpbIA, KaK Okasarnocb, paboTaer B 3TON
KOMMaHuu, — MOoero apyra AeTcTBa, KOTOporo s
3Hato MO COBMECTHOMY 00y4eHuto B KypraHckom
MaLLMHOCTPOUTENIBHOM TEXHUKYME 1 MHOroneT-
Hen pabote Ha OAO «BA3», HacTpoeHne Moe
3aMETHO YNyYLlIMIOCb M Mbl C HAM MOLUMA B
KOMHaTy ANsi KypeHusi, MONMHOCTbI OTAABLUMUCH
CBOUM BOCMOMMUHAHMWSIM.

3ateM Mbl COBEPLUMIIM  «3KCKYPCUO» MO
TpeTbeMy W 4eTBepToMy 3TaxaMm. 3pgecb B
COBPEMEHHO OTAEMaHHbIX MOMELLEHUSX apeHay-
0T 1 pa3MeLLaloT CBou 0dmChbl MHOMME MpMBbl,
crneLyanmavpytoLMecs: Mo pasHbIM HarnpaeneHu
siM B GusHece. [NpaBaa, MHOMVE MOMELLIEHNS eLLe
He 3aHATbI. Kak ckazan Bnagymmp Hukonaesuy, »

3aM. reHepansHoro gupektopa OOO0«POPTYHA»

r. Yoa

OUTSIDER’S PERSPECTIVE

In May we felt we needed to buy high pres-
sure pipes with sets of flanges. When choosing
a supplier and having called several firms as
well as some manufacturing plants, | decided
to visit Messrs «SATOR». A large four storey
building came into view before me, 70 m long,
40 m wide and 20 m high, whose external fi-
nish and décor were being worked on by the
construction workers of Messrs «SATOR». As |
found out later from Victor Petrovich Oskin, Ge-
neral Director, the «SATOR-ROTAS» Group of
Companies owns this four storey building with
a floor space of 6 922 sq.m, a machining shop,
its own gas-fired boiler facility, its truck fleet, a
construction and repair division which holds a
license to construct buildings and facilities, I-st
and II-nd responsibility levels, pursuant to Sta-
te Standard No. D 321203. Its own car repair
facility and its own security service LLC CHOP
«DRUZHINA».

Having passed through the guarded entra-
nce, having come up to the second floor, | fou-
nd myself in the premises of the LLC «ROTAS»
auto service facility, among many passenger
cars under repairs. When you come in, you ca-
nnot miss a great number of framed pictures,
hung on the wall, which tell the story of part-
icipation in Russian motor races on their «off
road vehicles», organized by 4x4 trophy clubs,
participants’ diplomas won by them as well as
medals, cups and honorary citations.

«PARTISAN extreme» — partisan camping,
Spring-2006. Trophy orientation «BUKHARA-
URALS», Town of Snezhinsk 2006. They came
3-rd in standard category of the 2-nd lap of the
Urals and Siberian Zone in the trophy raids
«VOGULSKYE DERBY». Participated in the th-
ird lap of the Ural Federal Area Championships
«SVYNYE RECHKI-2006».

There is a cabinet for mixing lacquers and
paints for coating, an electronic scale for preci-
sion metering of auto enamels. There are paint
booths for cars which allow quick and high qual-
ity painting to be done. The repair area to repair
and recondition dural cast rims has a turning
machine, a sand shot unit, argon welding stati-
on and powder enamel painting unit.

Examining the diplomas and letters of tha-
nks displayed on the wall and received by LLC
NPP «SATORp, | satisfied myself that this firm
was fairly well known in the piping market and
that it took part every year in specialist shows
held in various Russian cities; and that the firm
was a recipient of participation diplomas: VI-th
Republican Exhibition «Entrepreneur -2004»,
the Inter-Regional Industrial Exhibition of the
Central-Black Soil Region «Voronezh Region is
Your Partner-2004», the Fourth City Exhibition
«Ufa Promexpo-2005», lll-rd International Exh-
ibitions «Oil. Gas. Chemistry, Ecology-2006» in
the city of Naberezhnye Chelny, XIV-th Interna-
tional Exhibition «Gas. QOil. Technology-2006»,
Xlll-th International ~ Specialized Exhibition
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«Qil Gas Service. Chemical Industry. Laborato-
ry-2006» in the city of Ufa. It also received seve-
ral letters of thanks from the city social orphana-
ge for children and adolescents for charity.

The managers of the company explained to
me that that so far as the pipes were concerned
which | needed with sets of fitting flanges, pas-
sports and certificates, | could get at a discount
off the prices, charged by the manufacturing
plant, within 25 days from the date of 100% pr-
epayment, while, given repeat orders (no less
than five times a year), since | would then be
treated as a loyal customer, the products would
be delivered, free of charge, to the warehouse
of our enterprise.

When Valdimir Nikolaevich Chudov, Deputy
General Director, showed up, who, as it turned
out, was working for this company, and who was
my childhood friend, whom | knew from our st-
udies at the Kurgan Machine Building Industry
Technical School and from many years of work-
ing together with him for JSSC «BAZ», my mood
significantly improved and we both headed for
the smoking room, giving ourselves up to rem-
iniscing.

Then he gave me a tour of the third and
fourth floors. Here, in modern renovated offices,
many firms in different lines of business rented
their office space. However, not all the offices
had their occupants. As Vladimir Nikolaevich
said, as of now nine companies were renting th-
eir offices here. The floor space area of the third
and fourth floors was large enough to accom-
modate no fewer than twenty offices of various
firms. As the time goes by, this would help to cr-
eate a center for various services to be provided
to users, all focused in one location.

It is like the four roads leading to its sum-
mit where sacrifices were made and magic rites
were performed. It is obvious that in ancient ti-
mes the Sator square could have served to in-
crease the magic influence. It did not act on its
own (and this made it safe and very convenient;
rather it was activated by the idea expressed
verbally or even in thought, like a hyperboloid, it
multiplied many times the potential, transformi-
ng power of the expressed wish.

Vladimir Nikolaevich suggested that | shou-
Id talk to Mikhail Petrovich OSKIN, who is direc-
tly in charge of purchasing all the piping and ac-
cessories as well as in charge of manufacturing
all the components for the piping. Upon entering
his office, having introduced myself and talked
for some 20 minutes, | found out that the piping
components, in addition to all that was said be-
fore, and free of charge, also undergo tightness
tests. | was offered to visit the machining shop
on the first floor, for me to see for myself the
pressure testing stands and machines, which
produce components for the piping. Yuri Boriso-
vich VLASOV, Chief of the Shop, despite being
busy, gave us a tour of the shop and told us
where and what was made here. What | liked
most was very good housekeeping in the shop
and the fact that the shop had an additional 15-
minute break for recreation. Taking leave of the
Group of Companies | was fully convinced of
the need to buy the piping from this particular
company and | succeeded in convincing my
CEO of that, too. Having paid the agreed am-
ount for the piping, we received a delivery of
high quality products 18 days later. In token of
gratitude to my boyhood friend for the efficient
shipment of piping and accessories (I wish it
had not been just a one-off order) | promised to
write an article about my impressions of the visit
with such an interesting and versatile company
as «Sator-Rotas» and this is exactly what | was
delighted to do.

Ha CerofHAWHUA [eHb apeHayloT MoMeLleHus
nop odmc Aesatb dvpm. MNnowane TpeTbero
1 YeTBEpTOro dTaxel Mo3sonser cBoboAHO pas-
MeCTUTb He MeHee ABaguaT Ou1COoB pasnny-
HbIX oMpM. 3TO CO BpeMeHeM MO3BOMUT co3aaTb
LIEHTP MO MPenoCTaBMEHNIO Pa3IMYHbIX YCIyr Mo-
TpebuTensm B 04HOM MecTe.

Ha moii Bonpoc 0 HeoBbIMHOM Ha3BaHWK rpyr-
Mbl KOMMaHUA OH Jarn MHe no4nTate GpoLutopy o
BO3HUKHOBeHMN HasBaHus «CATOP-POTAC», B
KOTOPOW OHM cobpanu BCto MHGOPMALMIO O AaH-
HOM «MarM4eckoM KBagparey.

BkpaTLe xoTenoch Obl NPUBECTU HEKOTOPbIE
BbIAEPXXKN 13 3TON BpOLLIopbI:

Jlorotvnom KoMnaHum SIBNSETCA Marnyeckuin
kBagpat «SATOR-ROTAS», nOMeLLEHHbIN B Kpyr
«30J10TOE CEYEHWEY, roe nnoluaab BHYTPEH-
Hero Kpyra paBHa Hapy><HOMY.

[aHHbIN Marn4eckvin NaTMHCKUIA KBagpaT ume-
€T ApeBHee npovicxoxaeHne. MHorvie Beka Bbi3bl-
BaOLLMIA BOCXYLLIEHME, YXKac N MHOTOMUCHEHHbIE
VHTEprpeTaLmmn, OH UMen OrpoOMHOe CakparbHoe
N OKKYIETHOE 3Ha4eHue, Mo MpefaHuio ero mc-
MONb30BaNMM YEPHOKHWKHUKA 1 KOMayHbl. OTOT
nanuHApPoOM B KBagpaTe, PaBHO YMTaeMblii Kak rno
BEpTUKarnu, Tak 1 no ropy3oHTanu, criesa Hanpaeo
1 cripaBa HareBo, CriocobeH K COBEPLLIEHWIO BENU-
KX Yygec: ycriokansaTb CTUXWM U racuTb Niams,
nomorarb B 6opbbe ¢ Hegyramu, 3MbiM1 gyxamu,
KorngyHamm v BefibMamm, a Takke BbINOMNHATL Jto-
60oe xenaHve. «Popmyna CaTtop» — Tak B KHUre
P. KABEHAWLLIA HasBaH a1oT Havnbornee nonynsp-
HbIi U3 Marndeckux keagpartoB. OH U3BECTEH C
IV Beka HaLLen apbl U CHATAETCA OOHWUM U3 CaMblX
ApeBHVX. Ero Haxoamnm Ha4epyYeHHbIM Ha CTeHax
PUMCKVX ABOPLIOB 1 XpaMoB, a NMopon u Ha da-
cajax paHHEeXpUCTUaHCKUX Liepkeeil. Ero MoxHO
BCTPETUTb HA COCydax Afs NuTbs, Ha GMonuax
W, pasymeeTcs, B TpakTarax rno Marmyeckomy unc-
kycctBy. Ero msobpaxweHne Obino HageHo Ha
korioHHe B Nomnee, kBagpar CaTtop MOMHAT 1 B
ABafuaTom Beke: YMbepTo OKo BBOAUT BTOPOCTE-
NEeHHbIV NEPCOHaX C 3TVM MeHeM B pomaH «Ma-
AtHUK Oykox», a T. NMPATHETT HasbiBaeT nroLa-
abto Catopa (Sator Square) Toprosyto nnoLaes B
AHk Mopropke.

Ero TpakToBanu kak:

*«SATOR» — Cesitenb (Xpuctoc), HacblwwieH-

HbIW POT...,

*«AREPO» — cobcTBeHHOe wMS, MpoayKT
3emnn, HetoponnuebIA, pacnpocTpaHsaeT
cnogo.../ /IMeeT BO3MOXHOCTb...

«TENET» — TsaHeT, ynpaBnsieT, OEpXWuT,
3acTaBnser.

«OPERA» — paborta, npousBegeHue, CO-
UMHEHWE, a Takke [OeNcTBue, AencTBOBaTb.
«ROTAS» — koneco, koreca cyapbbl. (bor ynpas-
NseT TBOPEHMEM, paboTon Noaet U NPOAYKTOM
3eMn1) UM NPUMEPHO Tak: ToT, KOMy €CTb, YTO
cKasartb, 3acTaensieT pabotats Koneca Cyab6b!.

Mono6Ho kpuctanmy, SATOR cnocobeH pactu

B pasHble cTopoHbl. Kpect TENET B ero LeHTpe,

paspacTasicb, 06pa3yeT CrIIOLLHYI0 «TEHETHYHO»

cetb. MNpuyem kaxaoon Gykse T B Hel cooTBeT-

CTBYET KaKoW-Nnbo aTan — >XuU3HW N1, CoBbITUSA n,

ABMNEHNs Nn; kaxxaon bykee N — cmepTb 1 HoBoe

poxaeHue; kaxaon bykee E — nepexop oT ogHo-

ro k gpyromy. Cnoso TENET cpasy npobyxaaet

B MamsiTW, BO-NEPBbIX, aHAMOIMI0 CETU — TEHETa,

1, BO-BTOpbIX, MMS rpedeckoro 6ora cmeptv — Ta-

HaT. Torbko CMepTb 30eCh BbICTYMaeT B Ka4eCcTBe

NMPOMEKYTOUHOTO 3BEHA MEXAY KaXXabIM1 ABYMS!

aTanamu Xu3Hu, CrnocobCTBYst OTMUPaHUIO CTapo-

ro U BO3pOXOeHWo HoBoro. Keagpar Catop —

APMATYPA
COMPONENTS

Takke aHanor nupamuapsl. B atom Hac ybexaaer
TOT Xe «TEHETHbIN» KPECT — Kak YeTblpe Aoporv
Ha ee BEPLUVHY, [e COBEpLUaUCh XepTBOMPU-
HOLLEHUS1 1 MPOU3BOAMIUCE Maruyeckue obps-
abl. OueBnaHO, B ApeBHOCTY KBaapat Cartop mor
CIY>XUTb ONS1 YCUIMEHUSI Marv4eckoro BrVSHUS.
OH pevicTBOBan He cam o cebe (1 aTnm cam Mo
cebe 6bin BesonaceH 1 o4eHb yaobeH), a Byayun
aKTVIBU3MPOBaH WAEEN, BbIPAXKEHHOW CIOBECHO
Unu fiaxe MbICIeHHO, Nodo6HO rnepboronay Bo
MHOTO pa3 ycunvBasi NoTeHLMarbHyto npeobpasy-
FOLLIYHO MOLLIb BbICK3aHHOTO MOXENaHWsI.

B koHue 80-x rogoB reHepanbHbId OMpek-
Top OCbKW/H Buktop lMeTpoBud, OH xe 0auH 13
yJpenuTenen, npodnTan ogHy CTaTbio B rasete
«KomMcomornbckast npaeaa» O YydecHOM BbI3Oo-
POBMEHUN OOHON OONBHOM JKEHLLMHBI, KOTOpast
cama pabotana B rocnuTtarne, ¥ Bpauu HuKaK He
MOV NMOMOMb e NoBopoTh CBOKD HomnesHb. OTuya-
SBLUMCb, OHa obpaTunack 3a MOMOLLBIO K CTapou
uenutenbHule. Bbicnywas ee, LenuTenbHULA
Jana el TpU «nUMonmy, CKPyYeHHble Hamomo-
6vie mManeHbkVX KOHAET 13 NanmpocHol Bymarw,
1 Benena npyHUMaTh KX Yepes AeHb B TEYeHue
Hepenw. [NpyHSB ABE «NUMONM» 1 NMoYyBCTBOBAaB
3HaYMTENBbHOE YryYLLIeHWe, OHa He yaepxanacb
W pasBepHyrna TPeTblo «nurtonoy. KakoBo e
6bIno eé yamBeneHve, Korga oHa obHapyXxuna, YTo
B MPOCTON ManupocHom Bymare, Ha KoTopoW Bbin
1306pakeH Marv4eckuii NaTMHCKUM kBagpar «SA-
TOR-ROTAS», 3aBepHyTa LLenoTka 00blKHOBEH-
HOW P>KaHOW MyKV.

[aHHasi cTaTbsi ero o4eHb 3amMHTEpecoBarna, 1
OH nocTaparicsi Kak MOXHO oribLue y3HaTb O AaH-
HOM MarnyeckoM keappare. Brnocreactsum mpu
€Oo30aHMK rpynMbl KOMMaHWIA BOMPOC O Ha3BaHUM
MpMbI peLumsics cam coboi.

Brnagnmmp Hukonaeswd npeanoxun MHe
NeperoBopuTb C KOMMEPYECKMM AMPEKTOPOM
OCbKNHBIM Muxannom MNeTpoBuyem, KOTOpbI
HernocpeACTBEHHO BO3rnaBnseT paboTy no npu-
obpeTeHuto Bcell TpyGONpoBOAHON apmaTypbl
1 M3rOTOBIEHMIO KOMMNIEKTaUMn K Helt. 3anas K
HeMy B KabM1HEeT, MO3HaKOMMBLLIMCH U TPOrOBOPUB
MuHYT 20, 51 y3Han, 4yto TpyGonpoBoaHasi apma-
Typa A0MonHMTENbHO GecnnaTHo NPOXOAWT MC-
MbiTaHWe Ha repMeTnyHoCTb. MHe Gbino npea-
NOXEHO MOCETUTb MexaHoobpabaTbiBatoLLmii
uex Ha 1-om ataxe, 4Tobbl i CBOMMMU rrasammu
CMOT YBUAETb ONPECCOBOYHbIE CTEHABI N CTaH-
KM, Ha KOTOPbIX U3rOTaBNUBAETCS KOMMIEKTALWS
K Tpyb6onpoBoaHoi apmaType. HavanbHuk Lexa
BNNACOB Opwuii BoprcoBuy, HECMOTpSt Ha CBOO
3aHSTOCTb, MPOBEN Hac Mo LEXY, paccka3blBasi,
rae v yTto narotaBnveaetcs. OcobeHHo noHpa-
BUIUCb MHE YMCTOTa U MOPSAOK B LieXe, 34ecChb
BBeAEH OOMNOMHUTENbHbIN 15-MUHYTHBIN Nepe-
pbiB Ha oTAbIX. [okuaas rpynny KoMnaHwi, s
ObIn MOMHOCTBIO yOexaeH B HeobxoammocTu
3aKynku TpyGOonNpoBOAHONM apMaTypbl UMEHHO B
3TOW KOMMNaHUK, B YeM CMOT BriocrneacTaunmn ybe-
[OWTb CBOErO reHeparbHOro AMpekTopa.

3annatvB JOroBOpHyl CymMMmy 3a TpyGonpo-
BOOHYIO apMaTtypy, Mbl MOMYyYUITN Ka4ECTBEHHbIE
n3nenusa vepes 18 gHen. B 3Hak GnarogapHocTu
MOeMy Apyry AeTCTBa W OnepatuBHOCTU B MO-
CcTaBke TpybonpoBoAHOM apMaTypbl (arko, YTo y
Hac 370 Obin pa3oBbIi 3aka3) A noobeLuan Hanu-
cartb CTaTbi O MOUX BreHaTNEHNSIX O MOCELLEHUM
04YeHb MHTEPECHON 1 MHOFOCTOPOHHEN KOMMaHWm
«Catop-Potacy, 4to s ¢ 60MbLLMM YAOBOMBLCTBU-
eMm 1 caenarn.

Xouetcs noxenarb UM JarnbHelLLero pocTa,
yAayu, NpoLBETaHNS 1 yCNexXoB B paboTe! m
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AneKcaHAp.vaxdnaenuq Jin3ory6os —
reH. pupeKTop)
3A0 « 3aBopg)Akop E93K»

Alexander Nikolaevich Lizoblyudov —
General Director, ZAO «Akor EEEK Plant»

O6wasa nnowaab NpoMnnowankm co-
ctaBnger 3,33 ra, Ha KOTOpon pasme-
cTunucb 3 NpPOM3BOACTBEHHbIX Kopnyca,
ABK, J1BK, kopnyc cknagoB co CTONSAPHbIM
LiexXoM, KoTernbHas, KMCropoAHO-KoMMnpec-
CopHas cTaHuus. VMmetlTca noabesfHble
x/n n aBToMOGUNbHbIE NyTW. MpounsBoa-
CcTBeHHbIV kopnyc Ne 1 (S=5000 m?).

B Hem pacnonoxeHo npakTuyecku Bce
OCHOBHOE NpPOM3BOACTBO:

* 2 NUHUKM anmMoKepamuyeckoro mMokK-
pbITUS;

* JIMHUS CUMUKATHO3IMANEeBOro NOKPbITUS;

* JIMHUU NONIUMEPHbIX NOKPbITUIA;

* y4yacTok Npon3BOACTBa OTBOAOB.

[Mpon3BoACTBEHHbIN Kopnyc Ne2
(S=2440 ™M?) 1 NpoM3BOACTBEHHbIN KOpMNyc
Ne 3 (S=3116 M?) NONMHOCTbIO MOCTPOEHbI,
obecneyeHbl BCEMU UHXEHEPHBLIMU CETAMU
1N KOMMYyHMKaumamu. B HacTosee Bpems
Koprnyca He 3afelCTBOBaHbl. WX MOXHO
MCNonb30oBaTb Ha B3aUMOBLIFOAHbIX YCO-
BUSIX C 3aUHTEpPECOBaHHbIMU NPEANPUATU-
sAMU. Mbl roTOBBI paccMoTpeTb Ntobbie KOH-
CTPYKTUBHbIE NPEANOXEHUS.

3A0 «3aBog AKOP EBS3OK» pacnona-
raet Ha cerofHs 4-ms TEXHONOrM4YeCcKnmu
NUHUSIMU MO HAHECEHUH aHTUKOPPO3WUii-
HbIX NOKPbITUI:

1. IMHNS OOHO- N ABYXCTOPOHHEro amanwu-
poBaHusa Tpy6 @57-325 MM meTOAOM MoO-
POLLUKOBOIO HamnbIfIEHUS B 3rekTpocTaTu-
YeCKOM Mnorne € MHAYKUMOHHBIM 06Xurom;

2. NMHUA antoMOKepaMU4eCcKoro NokpbITUs
Tpy6 B57-325 mm.
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3Kcno3nuua

30 aBrycta 2001 ropga B . YnbsiHoBcke ocypapcTBeHHOW KoMUCCHen Gbin NPUHAT NepBbIii
NyCKOBOW KOMIMJIEKC OMbITHOIMO MPOU3BOACTBA aHTUKOPPO3UWHOW U TEMNOBOW 3aluThbl
Tpy6onpoBoaoB, Nony4YMBLIMIA BrocrnencTBum HassaHue 3asog AKOP EQ3K.

KOPITIOPAIIUA
«EJIUHBIN DJIEKTPOSHEPTETUYECKUU
KOMIUJIEKC POCCHUH»
3AKPBITOE AKIITMOHEPHOE OBIIIECTBO

«3ABO/1l AKOP E93K»

3. NMNHMA anioMokepamMmnyeckoro NOKpbITUS
Tpy6 @273-720 MM MeTOoAOM Mna3meH-
HOro HanblNneHus;

4.nnHnMs nokpbiTua Tpy6 @57-325 mm
MBX- nnéHkon (B MOHTaxe).

O6opynoBaHWe ykasaHHbIX NUHWIA No-
3BOMSAET NPOV3BOANTL KOMOUHMPOBAHHbIE
NOKPbITUSA:
1.BHYTpEeHHee — cunvMKkaTHO3ManeBoe U

Hapy>XHoe — antMOoKepaMnyecKkoe;

2.BHYTpeHHee — cunMkaTHO3aMarneBoe U
HapyxHoe — lNMBX.

Kpome Toro, ecTb ycTaHOBKM Mo ama-
NMPOBAHUIO W HaHECeHWto antomokepa-
MUKW Ha COoeAuHWTEeNbHble AeTanu Tpy-
OonpoBOAOB M Yy4acTOK W3roTOBMNEHUSN
KPYTOU30rHyTbix oTBOAOB (10 MIT).

B 2007 ropy npoaykuus 3AO0
«3aBog AKOP EJ33K» 6bina BHeceHa B
peectp TY, TT n MU gnsa npegnpuaTtuin
OAO «AK «TpaHCcHedTb».

B pononHeHne kK BHYTPEHHEMY cunu-
KaTHO3ManeBOMY NOKPbITUIO 3aBOJ NPOU3-
BOAUT HapyXHoe — anioMokepaMmmnyeckoe.

[aHHOe MoKpbiTUE NoA4 BO34ENCTBUEM
OCHOBHbIX 3KCMnyaTauMOHHbIX (hakTopoB
cTapeHus (TemnepaTypbl, COBMECTHO TEM-
nepaTypbl ¥ BRaru, arpeccuBHbIX cpeq,
3MNeKTPUYECKNX NOTEHLMANOB) HE N3MEHS-
€T CBOMX HavarbHblX CBONCTB W BbIMOMHSA-
€T posnb NPOTEKTOPHOW 3aLUUThI.

Tpy6bl MOryT wucnonb3oBaTbCs And
cTpouTenbCcTBa TEMMOBLIX CeTen, WHXe-
HEPHbIX KOMMYHVKauui n ap. Tpybonposo-
0B, NpoKnagbiBaeMbIX NobbiM cnocobom.

TonwuHa nokpblITuS He MeHee 250 MKM.
M3onvpoBaHHble TpyGbl MOryT aKcnnyaTu-
poBaTbCs U XpaHUTbCSA Npu Nnobon Temne-
paType oKkpyXxatoLen cpeabl.

KoMbuHMpoBaHHOEe MOKpbITUE  (BHY-
TpeHHee — cunukaToamarneBoe, HapyXHoe
— anioMoKkepamMu4yeckoe), KOTopoe MoxXeT
M3roTOBUTb TONbKO Hall 3aBopj, MO3BOS-
eT 3alWMnTUTb cTanbHyl TpyOy npakTude-
CKM OT BCeX BUAOB KaK BHYTPEHHEW, Tak
N BHellHen koppo3uu. Takoun Tpybe, no-
BepbTe, aHarnoroB HeT.

Oco60 xo4yeTcs OTMETUTb, YTO Mbl Ya-
CTO HE LUEHUM U He BUAUM TO, YTO YMEEM
penatb camu. 3apybexHoe — He Bcerga
O3HavaerT nyullee.

Hapo oeHbru TpatuTb BHYTPU CTpaHbI,
noanepuBatb CO6CTBEHHOro NpoM3Boau-
Tensa, Tem 6onee ecnu peyb UAET O HOBOM
TexHonoruu. Mbl OMXHbI HAy4YUTbCS rop-
OANTbCA CBOMMW CMOCOGHOCTSAMM U rnas-
HOe — Hay4YnTbCs UX BHEAPSTb. m

3a Hamu
He 3ap)aBeeT!

Poccusna, 432035,

I. YNbSAHOBCK,

np. AHepreTukos, 9
T.: 8 (8422) 38-40-77
c: 8 (8422) 38-40-83
zavodakor@.mail.ru
www.zavodakor.com
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3JKcno3muua

CORPORATION
«INTEGRAL ELECTRIC POWER COMPLEX»
CORPORATION «IEPC»

On August 30-th 2001 in Ulyanovsk the
State Commission accepted the first start up
complex of the «Experimental Production
Facility of Anti-Corrosion and Thermal Prote-
ction for Pipelines» which was subsequently
branded the zavod «<AKOR».

The total area of the industrial territo-
ry is 3.33 hectares which accommodates
three production buildings, an office and
services building, warehouse building with
carpentry shop, a boiler room, oxygen co-
mpressor station. It has approach railway
lines and automobile roads. Production
building No. 1 (Area = 5000 sg.m). It ho-
uses practically all the core production
facilities:

» 2 alumoceramics coating lines;
* silicate enamel coating line;

* polymer coating lines;

* branches production area.

Production building No. 2 (Area = 2440
sg.m) and Production building No. 3 (Area=
3116 sqg.m) are fully built, are provided with
all the engineering networks and commun-
ications. At the present time the buildings
are not in operation. They can be used on
mutually beneficial basis with interested pa-
rties. We are prepared to consider any co-
nstructive proposals. Today zavod «<AKOR»
has 4 production lines for the application of
anti-corrosion coatings:

3/H (64) man 2008 r.

1. one line for one sided and two-sided ema-
nelling of 57-325 mm diameter pipes by pow-
der spraying method in an electrostatic field
with induction calcining;

2. line for alumoceramic coating of 57-325
mm diameter pipes

3. line for alumoceramic coating of 273-720
mm diameter pipes by plasma spraying me-
thod;

4. line for coating 57-325 mm diameter pipes
with PVC film (being installed)

The equipment of the above lines allows com-
bined coatings to be produced:

1. internal — silicate enamel and outside — al-
umoceramic;

2. internal — silicate enamel and outside
- PVC.

Apart from that, there are units for ena-
melling and applying alumoceramics to con-
nection parts of the pipelines and an area for
producing sharply curved branches (10mP).

In 2007 the products of zavod «AKOR»
were entered into the register of Technic-
al Requirements for the enterprises of «AK
«Transneft».

In addition to the internal silicate enamel
coating, the plant produces external alumoc-
eramic coating.

This coating under the effect of the pri-
ncipal operational factors of ageing (tempe-
rature, combined temperature and moisture,
aggressive media, electric potentials) does
not change its initial properties and plays a
protective role.

The pipes can be used for construction of
heating networks, engineering communications,

KOPO3UA, CMELUTEXHUKA
CORROSION, SPECIAL EQUIPMENT

etc., pipelines laid by any method. The thickn-
ess of the coating is no less than 250 microns.
The insulated pipes can be operated and stor-
ed at any temperature of the environment. The
combined coating (internal — silicate enamel,
external — alumoceramic) which can be pro-
duced only by our plant allows the steel pipe
to be protected from all types of both internal
and external corrosion. Take our work for it,
this pipe does not have any equivalents.

Special mention should be made of the
fact that we do not often appreciate or see
what we can do ourselves. Something from
overseas does not always mean a better
thing.

Money should be spent inside this cou-
ntry, our own producer should be support-
ed, the more so if we are talking about new
technology. We must learn to feel proud of
our own capability and the main thing is to
learn to implement it.

And we will never
let rust grow
under our feet!

Russia, 432035,
Ulyanovsk,
Energeticy Ave., 9
T.: 8 (8422) 38-40-77
d: 8 (8422) 38-40-83
zavodakor@.mail.ru
www.zavodakor.com
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Mo AaHHbLIM CTaTUCTUYECKUX UCCeA0BaHUN psiaa CTpaH, NpsAMbIe 3aTpaThl NPOMbILLNIEHHOCTU Ha NMMKBUAALMIO NOCEeACTBUN aBapui,
CBSI3aHHbIX C KOPPO3UOHHbLIM pa3pyLleHMeM TpyGonpoBoAoB, cocTaBnsloT 3-4% BanoBOro HauMoHanbHoro npoaykta. flo 40% 3aTux
3aTpaT MOXHO u3GexaTb NPU UCMONbL30BaHUM YXKe CYLLEeCTBYHOLUX TEXHONOrMIN 60pb6bl C KOPPO3nEN.

ITOBBIIIIEHHUE

SKCILIYATAITHOHHOM HAAEKHOCTH
HEDOTEI'AZOINIPOBO/JAHLIX TPYD,

OKCIUTYATHUPYIOIIMXCA B KOPPO3MOHHO-AKTHUBHBIX CPEJAX

HedrekoHaeHcaTHoe MecTopoxaeHue Amu-
6ekmMona HaxoguTcst Ha Tepputopun AKTIOOWH-
ckovi obriactn Pecrybnmkn KasaxcraH. Mecto-
poxaeHue oTkpbiTo B 2001 rogy 1 B HacTosiLLee
BpPeMsi COCTOMT B NPOMBbILLIEHHON pa3paboTke.

MnactoBas Boga 1 HedTb coepXar B CBOEM
COCTaBe 3Ha4MTENbHOE KOMMYECTBO CEPOBOAO-
pofa, CepHUCTbIX coeauHeHnin (6onee 150 ppm
n 6ornee 380 ppm COOTBETCTBEHHO) U XI1OpU-
CTbIX coneli (6onee 150 mr/gm®).

Hanunuve cepoBogopopa B coctase HedTe-
MPOMbICIIOBOI Cpefbl MO3BONSET NpeaBuaeTb
peskoe yBernmyeHue KOPPO3VIOHHON arpeccuB-
HOCTW cpefbl Ha bornee No3gHWX CTaausx pas-
pabotku (10 neT 1 6onee), 4TO CBA3AHO C yBENM-
YeHneM 06BOHEHHOCTV MECTOPOXAEHNSI.

Kak nokasbiBaeT npakTyika aKCnepTUsHbIX MC-
crefoBaHUii aBapuwHbIX doparMeHToB Tpy6Go-
MpPOBOAOB, NPU KOHTaKTe MeTarnna ¢ CepoBoao-
poAcoaepallen cpefon paspylleHue Tpyobl
NPOVCXOAMUT B TedeHue 1-2-x neT akcnnyaraumm
No MNPUYMHE NOKanbHON S3BEHHOW KOppO3um
U1 cynbuaHOro KOPPO3MOHHOTO PacTPecku-
BaHUS Mo, HarNpsbkeHneM.

MocnenHwin BUA KOpPO3uM Hanboriee onace,
MOCKOSbKY XapakTepuayeTcsl GbICTpbIM pa3Bui-
TUEM MarmcTpasnbHON TPeLLMHbI Npy Harpy3akax,
3HaYMTENbHO MEHbLLUMX MNpeferna TeKy4ecT Ma-
Tepvana. BeposiTHOCTb pasBuUTVS paspyLUeHUs
no mexaHnamy CKPH onpenensietcst BenuumHom
napumansHoro aaenexus. CornacHo ctaHaapTty
NACE MR 0175/ISO 15156, pactpeckuBaHue
B CEpOBOAOPOACOAEPKaLLe cpefe BO3MOXHO
npn PH2S20,00032 Mla. Opyrumn crioBamu,
Ans TpybonpoBoAOB, 3KCMTyaTUPYHOLLMXCS Mpu
pabounx AaBneHusx B uHTepsane 2-16 Mla,
KOPPO3MOHHOE PacTpeckvBaHWE MOXET Ha4yaTb-
€Sl NPV BeCbMa MaribIX KOHLIEHTPaLMsX CEpPOBO-
popoga: ot 0,015 go 0, 002 Monb%. IMpu aTOM
YeMm Goree HarpyxeH TpybonpoBos (4eMm BbiLLe
paboyee faBneHve), Tem npu Gornee HU3KUX
KOHLIEHTpaLMsX CepOBOAOPOAA MOXET MHULN-
poBaTbCs KOPPO3MOHHOE PaCTPECKMBaHUE.

Takum obpa3om c Lenblo obecrneveHnst aKc-
nryaTauyoHHON HadeXHoCT! Tpybonposoaos
Ha HedbTerasoBOM MeCTOPOXAEHUN AnnGeKkMo-
na HeoOXOAMMO MPUMEHSATb Mepbl aHTUKOPPO-
3VIOHHOW 3aLUUThI.

Ha cerogHsILLHWIA O€Hb, NOBbILLEHNE HaOeX-
HOCTM  HedTenpoMbIcrioBoro  0bopynoBaHWs
NpuW 3KCrlyaTtauum B arpeccuBHbIX cpefax Ao-
CTUraeTcsi pasnmyHbiMK criocobamu:

a) NpMMeHeHeM maTepumarna noBbILLEHHOW KOop-

PO3MOHHOW CTOMKOCTH;

6) NPMMEHEHVEM 3aLLUTHBIX MOKPbITUIA;
B) MPUMEHEHNEM UHIMMOUTOPOB KOPPO3WH;

H.l. KYPEHKOBA
A.0.MEOBEOEB

r) NPUMEHEHNEM XMMUYECKNX PEareHToB, CHY-
XaloLWyX KOPPO3NOHHYK — arpecCcUMBHOCTb
cpenpbl.

MocnegHve Tpu crnocoba Hanbonee adhdek-
TUBHbI B COYETAHNN C MEPBLIM.

B kayectBe matepuanos, obecreunBaroLLyx
CTOMKOCTb MPW 3KCMyaTauum B arpeccyiBHbIX
cpeaax, NPUMEHSIOT HemeTannuyecke Tpyobl
(snokcuaHo-NoNMMMEpHble,  CTEKINOMMacTUKO-
Bbl€), METaNNMNYeckme Tpyobl U3 HEpXKaBetoLLe
UMW HU3KOYTMEPOAWCTOW CTanm o crneumarnbHbl-
My cBovicTBaMU. KaxkabI U3 aTux marepuanos
MMeeT CBOM JOCTOMHCTBA U HEOOCTaTKM.

Metannuyeckne TpyObl U3 HU3KOYrMepoau-
cToV cTanu Gnarogapsi KOMMMEKCy CBOWCTB
(NpoYHOCTW, BHA3KOCTW, KOPPO3MOHHOW CTOW-
KOCTW 1 Ap.) HAa CETOAHSILUHWIA AeHb Nonyyunu
Hanborblulee pacrnpoCTpaHeHNe Ha MEeCTOPOX-
OEHUSIX pasnnyHbIX HETAHbIX KOMMaHWA. 3TN
TpyObl 3HAUNTENLHO AeLleBne Mo CPaBHEHWIO
¢ Tpy6amu 13 HepXxaBetoLLeN CTanu U Heme-
Tannu4eckmm Tpybamu.

[ns  u3rotoBneHns  HedpTerasonpoBOAHbIX
TPYO MOBbLILLIEHHOWN 3KCMITyaTaUVOHHON Hapex-
HOCTW MCNOnb3yeTcst HWU3KOyrnepoaucTas Mu-
KpornermpoBaHHas CTarnb CUCTEM NerMpoBaHus
C-Si-V, C-Cr-V, C-Cr-Mo-Ce. Huskoe cogepxa-
Hue yrmepoga (go 0,23 macc%) obecneuviBaet
XOPOLLYIO CBApMBaeMOCTb.

3a nocnepHee pecAtunetve 3asogjamu PO
OCBOEHO MPOM3BOACTBO TPY6 HedhTAHOrO copTa-
MEHTa MOBbILLEHHON KOPPO3MOHHOW CTOVMKOCTU
1 XNagoCTOMKOCTU 13 cTanm Mapok 20A, 20DA,
09CP, 09rCd, 13XPA, 20XPA, 08XMPYHA kak
6eCLLOBHbIX, TaK U ANEKTPOCBaPHbIX.

TpyObl, W3rOTOBMEHHbIE U3 3TUX MapoK
cTann, wumetoT krnacc npoyHoctn ot K50
po K56, BenuuvHy ygapHoW BSI3KOCTU (npu
Temnepatype  UcCnbiTaHuss  MuHyc  60°C)
Ha ypoBHe 20-30 Krcm/cM?, BbICOKYH CTOMKOCTb
K BogopogHomy pacTtpeckuBaHuio (CLR<3%,
CTR<6% — anst 6ecloBHbIx Tpy6 n CLR<6%,
CTR<3% — ans cBapHbIX Tpyb) 1 cyrnbuaHomy
KOPPO3MOHHOMY PaCTPEeCKVUBaHWIO MoA, Hanpsi-
XeHuem (0,275% ot o, ).

Bbicokui YPOBEHb JKCMNyaTaUnOHHbIX
CBOWCTB [OCTUraeTcs 3a CyeT creuvans-
HOro MVIKPOMErpoBaHusi, obecneyeHn-
€M  YUCTOTbl CnMTKa MO rasoCcoAepXaHuio,

HeMeTanmmM4eckyM BKITIOYEHNAM U BpeaHbIM
NpYMecsiM, a Taikoke creLmansHOM TepMUYECKO
06paboTky.

BhbilenepeyncrneHHble  Mapku  ctanu  oT-
nMyalTca Apyr OT Apyra KfiacCoM MpOYHO-
CTM W YPOBHEM KOPPO3MOHHOM CTOMKOCTU
(Tabn. 1 v Tabn. 2). CpaBHUTENbHBIN aHanm3 »

K. T.H. 3A0 «HUWUIML, «Hedtela3Cepsuc»
3A0 «HUWIML, «Hedtela3CepBuc»

r. Camapa

INCREASING THE OPERATING
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ZAO «NIOTS «NefteGazService»
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According to the statistical research carried
outin a number of countries, the industry’s direct
costs incurred in liquidating the consequences
and aftermath of emergencies associated with
corrosive destruction of the pipelines amount to
3-4% of the gross national product. Up to 40%
of these costs could have been avoided using
already existing technologies of combating cor-
rosion. The oil condensate field of Alibekmol is
situated in the territory of the Aktyubinsk Region
of the Republic of Kazakhstan. The oil field was
opened in 2001 and at the present time it is un-
der industrial development.

The formation water and oil contain a large
amount of hydrogen sulfide, sulfur compounds
(more than 150 ppm and more than 300 ppm
respectively) and chlorine salts (more than 150
mg per cubic cm).

The presence of hydrogen sulfide as part
of the oil field medium allows one to foresee
a sharp increase in the corrosive aggressive-
ness of the medium at later stages of develo-
pment (10 years and more) which has somet-
hing to do with the water encroachment of the
oil field.

As the practice of expert investigations
of emergency fragments of pipelines shows,
when metal comes into contact with hydrogen
sulfide containing medium the pipe is destroy-
ed within 1-2 year of service due to local blis-
ter-like corrosion or sulfide corrosive cracking
under stress.

The last type of corrosion is the most da-
ngerous one, since it is characterized by quick
development of mains crack under load, which
is much lower than yield strength of the mat-
erial. The likelihood of destruction developing
along the lines of sulfide corrosive cracking un-
der stress is determined by the value of partial
pressure. According to NACE MR 0175/ISO 15-
156 Standard, cracking in hydrogen sulfide co-
ntaining medium is possible at PH2S> 0.00032
MPa. In other words, for the pipelines operated
at working pressures ranging from 2 to 16 MPa,
corrosive cracking may commence at rather low
concentrations of hydrogen sulfide: from 0.015
up to 0.002 mol%. In the meantime, the more
loaded the pipeline is (the higher the working
pressure), the lower the concentration of hydr-
ogen sulfide is at which corrosive cracking may
initiate.
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Hence, for the purpose of ensuring the ope-
rating reliability of the pipeline in the oil and gas
field Alibekmol, one has to take anti-corrosive
measures.

Today, increased reliability of the oil field eq-
uipment during operation in aggressive media is
achieved using different methods:

a) by using the higher corrosive strength material;

b) by using protective coatings;

c) by using corrosion inhibitors;

d) by using chemical agents which reduce the corr-
osive aggressiveness of the medium.

The last three methods are most effective if
they are used in combination with the first one.

Non-metallic (epoxy-polymer, glass plastic),
metallic pipes from stainless or low carbon ste-
el with special properties are used as materials
ensuring strength during operation in aggressive
media. Each of these materials has its own adv-
antages and disadvantages. Metallic pipes from
low carbon steel, thanks to a set of properties (st-
rength, viscosity, corrosion resistance, etc.) , as
of today, have found most common application in
the oil fields of different oil companies. These pi-
pes are much cheaper than stainless steel pipes
or non-metallic pipes.

Low carbon micro-alloy steel of alloying sy-
stems C-Si-V, V-Cr-V, C-Cr-Mo-Ce, is used to
produce oil and gas pipes with higher operating
reliability. Low carbon content (up to 0.23 % by
mass) ensures good weldability.

In the last decade, the plants in the Russ-
ian Federation have launched into production
oil grade pipes with higher corrosion resistance
and cold resistance from steel grade 20A, 20PA,
09C®P, 09rCd, 13XPA, 20XPA, 08XMPYA, both
seamless and electrically welded. The pipes,
made from these grades of steel, have the stren-
gth class from K50 to K56, the value of impact to-
ughness (at the test temperature of minus 60°C)
at the level of 20-30 kgf sq.cm, high resistance to
hydrogen cracking (CLR<3%, CLR<6% for sea-
mless pipes and CLR<6%, CLR<3% - for welded
pipes and sulfide corrosive cracking under the
stress of (oth >75% of oT min).

The high level of operating properties is ach-
ieved through special micro-alloying, by ensuring
casting purity in terms of gas content, non-metal-
lic inclusions and noxious impurities as well as by
special heat treatment.

MeXaHU4YeCK/X CBOWCTB M KOPPO3UOHHBIX Xa-
PaKTEPUCTUK TPYO, U3rOTOBMEHHBIX MO HOBbLIM U
TPaAVLIMOHHBIM TEXHOMOIUSIM, NOKa3bIBaET Npe-
MMYLLIECTBO TPYO MOBLILLIEHHOWN 3KCMIyaTaLMOH-
HOW Ha[IEXXHOCTM MO CPaBHEHWMIO C TpyBamu, 13-
rotoBneHHbIMK Mo FOCT, kak Mo MPOYHOCTHLIM
CBOWCTBaM, XJ1a4OCTOMKOCTU, TaK 1 MO KOPPO3n-
OHHbIM XapaKTepUCTVKaM.

Bbigepkka obpasuoB Tpy6 M3 Bcex Ma-
poOK CcTanmM B  CepoBOAOPOACOAEpXaLlen
cpefde, MpYBOOMT K HacblleHUo MeTanna
BogopodoM. OpHako Ans obpasuoB Tpyob,
M3rOTOBMEHHbIX U3 cTanmn mapok 09rCo,
13XPA U T.N. ,HacbILLEeHNe BOAOPOAOM HE3HAUU-
TENbHO U He OKa3bIBAET BMUSHUSI HA XapakTep
paspyLuenHus. [ing obpasuos Tpyb 13 Tpagnum-
OHHbIX Mapok ctanu 20, 09I2C,
17M1C  (Tpy6bl, wusrotoBneHHble no [OCT
8731, NOCT 20295) 3TO HacbilleHNe BeECb-
Ma CyLIeCTBeHHO — AecsiTvkpartHoe (puc. 1),
YTO MPUBOAMUT K OXpyM4MBaHWiO MeTtanna (no-
Teps nnactuyHoctn onee 70%) n npexaes-

5, %

\VETE] o]
cranu
(Steel
Grade)

01’
Krc/Mm?
(kgf/sq
mm)

KFB(;/MMZ
(kgf/sq
mm)

20°C

20A 491 380 | 24 | 160
200A 530 410 | 23 | 270
09CPA | 510 400 | 24 | 17,0
13X0A | 550 440 | 25 | 340
08XM®UA | 510 30 | 25 | 290
20 370 260 | 23 | 45
09r2c | 370 260 | 23 | 45
17rco* | 520 430 | 22 | 50

YnapHas BSI3KOCTb
KCV, krem/cm?,
npu Temneparype
UCnbITaHUs
(Impact Toughness
KCV, kgf/sq cm, at
test temperature)

MUHYC
(minus) 60°C

KOPPO3UA
CORROSION

peEMEHHOMY paspylleHnio obpasua  (Tabn.
3). O6pasey, n3 crann 20 paspyllaercs npu
Harpyske 50% OT o, . MO XPYNKOMY MexaHu3-
My  kBasuckora. MUWKPOCTPYKTYPHbIN aHa-
N3 rnokasbiBaeT Hanuuve TpewwmH CKPH
(pvc. 2).Takmm obBpa3om, B HacTosiee Bpe-
Msi pa3paboTaHbl Mapku CTamM U OCBOEHO
npousBoACTBO Tpy6 €O crneumarnbHbIM - KOM-
NMeKCoM CBOWMCTB: MPOYHOCTHLIMU XapaKTepu-
CTVMKaMW, BS3KOCTbIO paspyLLEeHusi, KOppo3u-
OHHOW CTOWMKOCTbIO, CMOCOBHbIE 3hEKTUBHO
aKcnnyatupoBaTbcs 6e3 paspyLleHust B arpec-
CVBHBIX HE(PTEMPOMBICIIOBbIX CPEaaXx.
MockonbKy HOBbIE Mapku cTanum obragarot Lwu-
POKMM CMEKTPOM MPOYHOCTHBIX CBOMCTB (Kracc
npoyHocTn K48-K56), BA3KOCTU paspyLueHns v
KOPPO3MOHHOW CTOMKOCTU, TO Ar1s KOHKPETHbIX
YCIOBUIA 3KCrnyaTaumy BbIGOp Mapkv cTanmu
DOIMKeH ObITb CAenaH C y4eTOM KOMMOHEHTHOTO
coctaBa HeddTeNpPOMbICIIOBON Cpefbl, napuu-
anbHbix gasneHnit CO,u H,S, pabounx naene-
HWI TpyboNpoBoaa 1 APYrvX MapaMeTpPoB. m

[ons BA3Koi
COCTaBNSOLLEN B
N3rome yaapHbIX
o6pasuos (KCV-60)
(Share of viscous
component in the
fracture of impact
samples

KVC-60)

HopmaTtuBHbii
OOKYMEHT Ha
Tpy6b!
(Normative
Document on the
Pipes)

TY(TS) 1317-
10,0 100 006.1-593377520-
2003
30,0 100
15,0 100
33,0 100
25,0 100
0 0 FOCT(GOST)
25 0 8731
rOCT(GOST)
10 0 20295

Ta6n. 1 MexaHn4yeckue cBoncTBa Hed)Tera3onpoBOAHbIX TPYO

* — OCHOBHOW MeTans 3neKkTpocBapHOM TpyObl

Table 1. Mechanical properties of oil and gas pipes
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* - principal metal of the electrically welded pipe

CkopocTb 06LLEN KOPPO3UK,
MMm/rog, He Gonee

CTOMNKOCTb K BOLOPOAHOMY
pacTtpeckuBaHuio,He Gonee
(no craHgapty NACE
TM0284)

(Resistance to hydrogen

CTOMKOCTb K Cynbdua-
HOMY KOPPO3VOHHOMY
pacTpeck1BaHuto nog
HanpshkeHnem o, B

% OT 0, He MeHee

Kputnyeckun koaddpu-
LIMEHT MHTEHCMBHOCTU
HanpshXeHWi B Bep-
LUINHE KOPPO3VOHHOW
TpewwuHbl (K1SSC), He

HopmaTuBHbIN AOKYMEHT Ha
TpyObI
(Normative Document on Pipes)

(Overall Corrosion Speed,

mm/year, no more than) cracking, no more than (per  (no cranaapty NACE MeHee (no ctaHaapTy
NACE TM0284 Standard)) TMO177) NACE TM0177)

co.- H.S- CLR. % CLR. % (Resistance (Critical coefficient of

co,qzep»(au.laﬂ cé,qep»(au.lasl . . to sulfide corrosion stress intensity at the

cpepa’ cpena? cracking under stress summit of corrosive

(co (H,0 oth in % of aT, no crack (K1SSC), no less

. 2 i less than (per NACE than (NACE TM0177

?,?:éiadml:)? cmo:éﬁjlmr;)g).; TMO0177 Standard)) Standard))
20A 0,30 0,5 3 6 70 85
200A 0,30 0,4 1 & 75 85
09CHA 0.40 05 3 6 75 35 TY (TS) 1317-006.1-593377520-

! g 2003
13XDA 0,20 0,3 0 0 75 40
08XM®YA 0,20 0,3 0 0 80 40
20 0,41 0,50 7 10 55 25
FOCT (GOST) 8731

09ra2c 0,50 0,70 12 17 50 15 ( )
17r1c* 0,68 0,70 23 39 55 17 FOCT (GOST) 20295

Ta6n. 2 Koppo3noHHble xapakTepucTUku HedpTerasonpoBoaHbIX TPY6

MpumeyaHus:

1. coctas CO,-cogepxauwen cpeabl: 17,0 r/n NaCl; 2,0 r/n CaCl,; 0,2 r/n MgCl,; 600-800 mr/n CO, (cocTaB aHanorM4ieH coctaBy NnacToBon BOAbI
MecTopoxaeHuss Anubekmon; 2. coctaB st-co.qep)xau.;eﬁ cpeabl: no ctaHaapty NACE TM0177.

Table 2 Corrosion Characteristics of the oil and gas pipes

Notes:

1.composition of the CO2 containing medium: 17.0 g/liter NaCl; 2.0 g/liter CaCI2; 0.2 g/liter MgCI2; 600-800 mg/liter CO2

(the composition is similar to that of the formation water in Alibekmol oil field;

2.Composition of the H20 containing medium: per NACE TM0177 Standard
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KOPPO3UA

CORROSION
Mapka ctanu McxogHoe cocTosiHue Mocne Bbigepxku B MoTeps
(Steel Grade) (Initial State) cepoBogopoacoaepxallen MAacTUYHOCTH,
cpepe (After keeping in %
Hydrogen Sulfide Containing (Loss of
Medim) plasticity)
@ o, o, o, 5, %
Krc/Mm2 - krc/mm? Krc/Mm?  krc/Mm?
(kgf/sq (kgf/sq (kgf/sq (kgf/sq
mm) mm) mm) mm)
20 37,0 26,0 25 37,5 21,3 7,0 19 72
(TOCT(GOST)
8731)
13XPA (TY(TS) 52,3 44,4 27 53,0 49,0 25,6 1,4 0,5
1317-006.1-
593377520-
2003)

Ta6n. 3 Bnusinve BbiaepXku B cepoBoAOpOAcCOoAepKallel cpede Ha MeXxaHu4Yeckme CBOMCTBa
o6pa3uoB HedTerasonpoBoAHbLIX TPY6

Table 3 Effect caused by keeping in hydrogen sulfide containing medium on the mechanical
properties of the oil and gas pipe samples

"

sorocT 99r2c 1711

L =

KoHueHTpauwa
Bogopoga, ppm

o

FosUunHT RALRA B TANNYRTRYSCROND BOADPO0a KOHLEHTDA LA BO0spoaE

Puc. 1 KoHueHTpauusa Boaopoaa nocne BbIAEPXKU B MOAENbHOW cpefe B TedeHue 720 4acoB
Fig. 1 Hydrogen concentration after keeping in model medium for 720 hours

FeRES0E CuF

B) ctanb 13 X®A

Puc. 2 Bnusinve BbiaepXku B cepoBoaopoacoaepkallein cpeae obpa3LoB HeTenpoBOoAHbIX
TPy6 Ha CTPYKTYypy NOBEPXHOCTU U3NIOMa

Fig.[]

A) steel 20 in initial state

B) steel 20 after keeping it in the medium

C) steel 13 XDA

D) steel 13 X®PA after keeping it in the medium

3/H (64) man 2008 r. 3IKCMO3ULUA

The above listed grades of steel differ from
each other in strength class and the level of co-
rrosion resistance (Table 1 and Table 2). The
comparative analysis of mechanical properties
and corrosive properties of the pipes made usi-
ng new and conventional technologies, eviden-
ce the advantage of the higher operating reliabi-
lity pipes, compared to the pipes made to GOST
Standards, both in terms of strength properties,
cold resistance and corrosive properties.

The keeping of the pipe samples of all the
grades of steel in the hydrogen sulfide medium
causes metal to be saturated with hydrogen.
However, for the pipe samples, grades 09I'Co®,
13X®A, etc. hydrogen saturation is not significa-
nt and it does not have any effect on the nature
of destruction. For the pipe samples from con-
ventional steel grades 20, 09I2C, 17I'1C, (the
pipes made to GOST 8731, GOST 20295 Sta-
ndards) this saturation is rather great — ten fold
(Fig. 1) which causes the metal to become brittle
(loss of plasticity more than 70%) and premature
destruction of the sample (Table 3). The steel 20
sample is destroyed under a load of 50% of oT
min per brittle mechanism of quasi-spalling. The
microstructural analysis indicates the presence
cracks of sulfide corrosion under stress (Fig. 2).

Thus, at the present time the steel grades
have been developed and production of the pi-
pes with the special set of properties: strength
characteristics, fracture toughness, corrosion
resistance, capable of being operated without
destruction in aggressive oil field media, has
been launched.

Since new grades of steel possess a wide
spectrum of strength properties (K48-K56 stre-
ngth class), fracture toughness and corrosion
resistance, for specific operating conditions the
choice of the steel grade should be made dep-
ending on the component composition of the oil
field medium, partial pressures of CO, and H,0,
the working pressures of the pipeline and other
parameters.

r) ctanb 13 XA nocne BblAEPXKKN B cpeae
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WHdopMaLUOHHAA NoA/lepH KA OpraHu3aLu,
3aHATHIX B TAKUX 0011ACTAX, KaK BbICOKOBOJIbTHOE
W HU3KOBOJIbTHOE 000pyA0OBaHKe, KabenbHo-
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/ About the Suppliers and Producers of the Materials
Necessary for the Energy and Oil Industry.
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HU3KOBOJIbTHOE OBOPYAOBAHUE
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PbIHOYHas akoHOMMKa MpegnonaraeT BO3MOXHOCTb NOTpebu-Tento aenartb CBOWN BbIGOP UCTOYHMKA 3HEPTrOCHAGXEHWS, UCXOAS U3 CTOMMOCTH,
KavecTBa n 6ecnepeboHOCTN NOCneaHero.

[MoaTomy Hapsaay ¢ «BONbLLION» SHEPrETUKON B COBPEMEH HbIX YCITOBUSX BECbMa 3HAYUTENBHOWM CTAHOBUTCS U pOSib 06 EKTOB Maron 3HepreTuku,
a UMEHHO aBTOHOMHbIX AN3erb- U ABUraTenb-reHepaTtopoB ¢ Anana3oHoM molHocTen 200... 3000 kBT 1 BbliLwe.

HNEJECOOBPA3HOCTDL INPUMEHEHUA CUCTEM

YTHJIN3AIIUHU TEIIJIOTbI /JABC

[MpumMeHeHne  aBTOHOMHbIX  3HEpro-
NCTOYHMKOB C KOMBUHMPOBAHHbLIM NPOM3BOA-
CTBOM 3I1EKTPUYECKOW U TEMMOBOW IHEPTUU
(koreHepauwnsi) obecneunT onpeaeneHHbIN
3HEepreTMYeckMn pesepB B LEHTpanuso-
BaHHOW CUCTEME U €€ HadexHocTb. Manas
3HepreTka CTaHOBUTCS HE TONbKO anbTep-
HaTUBOW LEHTpann3oBaHHON CUCTEME, HO
1N OCHOBOM ANs GbICTPOro pasBUTUA BHOBb
OCBaVBaeMbIX paiOHOB, OTKPbIBAOLUXCS
HOBbIX MPOWM3BOACTB pas3fnunyHoro npoduns,
B TOM 4uCre npeanpuaTuin HedTeraszoBoro
Komnnekca. Takke HeobxooumMo OTMETUTb
aKkTyanbHOCTb BOMpoca 3HepreTuyeckomn
©6e3onacHocTn obbekTa U peanusauun ue-
neBbIX MporpaMMm «3JHeprocbepexeHns»,
KOTOpble MO3BONSET pellatb MpUMEHeHne
KOreHepaunoHHbIX YCTaHOBOK.

PasBuTue atoro HanpaBneHus onpeae-
nsieTcs uenbiM psaoM hakTopoB, rmaBHbIMY
13 KOTOPbIX SIBMNSHOTCS:

* BblpaboTka PecypCoB MOLLHbIX 3MEKTPO-
cTaHumi Poccun n SIBHO HepocTaTouHble
TeMnbl BBOZa HOBbIX MOLLHOCTEN;

* CHWXEHWe HageXHOCTU U KayecTBa Jrek-
TpocHabxeHus;

* HeobXOAMMOCTb pe3epBUPOBAHUSA JHEP-
roCHabXeHWs OT LEHTPanmn3oBaHHbIX UC-
TOYHWKOB BBUAY YBENUYEHWUSI aBapuiHbIX
CUTYyaL i NOCNEeQHUX U CBA3AHHBIX C 3TUM
3KOHOMWYECKUX MOTEPBD;

+ Gonblwune 3aTpaTbl Ha BBOA MOLLHbIX

3NEKTPOCTaHLMI;
* HebomnbluMe 3aTpaTtbl Ha BBOA MarsbiX
ANEeKTpoCTaHUMi — Tenno—aHepretTmnye-

CKUX KOMMIEKCOB;

* BO3MOXHOCTb BBOJA aBTOHOMHbIX ra3o-
BbIX U AW3enbHbIX 3HEpPreTuyecknx ycra-
HOBOK, B KOPOTKME CPOKU;

* yTUNM3aums NonyTHOro rasa;

* BO3MOXHOCTb MOJlyYE€HUS W MOMNEe3HOoro
MCNONb30BaHWsA AeleBON OTBOAUMON OT
asuratens Tennotbl C MUHUManbHbIMW
TPAHCMNOPTHLIMW NOTEPSMMU.

CerogHs oTMe4aeTcsi, YTO HeJocTaTou-
HOoe 1 HekayecTBEHHOe 3neKkTpocHabxeHue
00bEKTOB Pa3NMYHOro HasHa4YeHus ABnseT-
Csl OOHVM 13 (PaKTOPOB COEPXKMBAHUSA KO-
HOMMWYECKOro pocTa.

KoreHepauusi ABnseTca  npakTMyecku
camblM ONTUManbHbLIM BapuaHToMm obecne-
YeHUs1 HageXHOCTM cHabXeHus anekTpuye-
CKOW aHepruen. OHeprosaBncumas d9KOHOMM-
ka TpebyeT Bce Oonblue 1 Gonblue 3Heprumn
ans pabotbl 1 pas3suTtud. Npu TpagnumoH-
HOM 9HeproobecrnevyeHun BO3HWKAET MHO-
)KECTBO OpraHu3auMOHHbIX, (PUHAHCOBbLIX

A.B. PA3YBAEB K.T.H., JOLEHT,

r. bBanakoBo

Banakosckun WHCTUTYT TEXHUKM TEXHOSOINU 1 ynpaeneHnsa

N TEXHUYECKUX TPyOoHOCTEW Mpu pocTe
MOLLHOCTEW NpPEeanpuaTUs, MOCKOMbKY Ya-
CTO HeobxoauMbl Mpoknagka HOBbIX NUHUN
anekTporiepenad, CTPOUTENLCTBO  HOBbIX
TpaHcopMaTopHbIX  MoACTaHUMKA, nepe-
Knagka tennotpacc u T.4. B 1O Xe Bpems
KoreHepauus npegnaraet kpaviHe rmbkue u
ObICTpble B MfaHe HapaliMBaHUsi MOLLHO-
CcTen pelleHust. HapawimBaHme MOLLHOCTEN
MOXET OCYLLECTBIATLCS Kak ManbiMu, Tak U
[oCTaToyHO GonbwnmMmn gonsiMu. OTUM noga-
OepXMBaeTCcs TOYHasi B3aMMOCBA3b Mexay
reHepaumen n notpebneHnem aHeprumn. Ta-
Kum obpasoM, obecrneumBaloTcs BCe 3Hep-
reTu4eckue Hyxzabl, KOTopble BCerga conpo-
BOXAAT 93KOHOMUYECKUI POCT.

OcobeHHO 3hheKTUBHbI 3HepreTuye-
CKMe yCTaHOBKM, paboTarwlwue Ha nNpupoa-
HOM ¥ ,eLle B OOMbLLON CTEMEHU, Ha NonyT-
HOM rase, KOTOpbli B HacTosilLee BPeMs B
OOnbLUMHCTBE CNyYaeB CxXuraetcst Ha da-
Kenax, 3arpsisHsis atmocdepy v Bblaensis
HUKOMY He HyxxHoe Tenno. [JaHHoe obcTo-
ATENbCTBO O4YEHb BaXXKHO MpW dKCMnyaTaumm
rasoBbIX ABUraTenien, B 3TOM criyyae ux npu-
MeHeHMne CnocobCTBYHOT YyYLLEHMWIO 3KOMO-
rM4YecKkon cuTyaumm B AAHHOM KOHKPETHOM
MEeCTe 1 B LiefIOM Ha MECTHOCTMU.

KaknssecTHo,1BCumetoTkoahpurLmeHT
Nnofie3aHo UCMNosfb3yeMoro Tenna Tonnmea —
34-40 %, a BCce ocTanbHOe TENO OTBOAUT-
csi B aTMocdepy C BbIXITOMHbIMW ras3amu u
oxnaxzaarLLen XnaKkocTbto (0T oxnaxaeHus
asuratens, Macna).

BenvunHa TennoBow MOLUHOCTW, YTU-
NN3MPYEMON TEMMOTbl BbIXMOMHbLIX TA30B U
oxna)aalollen XNOKOCTU ABUratensi cous-
MepuMbl ¢ 3hPeKTUBHOM MoLHoCTbio [OBC,
a yTunusaumsa tenna, oTBOAUMOro C Macriom
1 HagayBOYHbIM BO34YXOM MO3BOMSET [OBe-
CTU KO3PPULIMEHT NONE3HOTO UCMOMb3YEMOro
Tenna, BBOAMMOro ¢ Tonnueom, Ao 80...85 %.

Hapsigy, C 9KOHOMWYECKOW BbIrogomn
nony4yeHns AeLlleBor 3MeKTPO3Heprum ot
aBTOHOMHOIO MWCTOYHUKA, €CTb pearnbHas
BO3MOXHOCTb NOMyYeHusi U AeLleBon — «bpo-
COBOM» — TEMMOTbl OT CUCTEMbI YTUNMU3ALK
[Or. Ncnonb3ys TennoTy BbIXITOMNHbLIX ra30B U
oxnaxpgarLen xmakocTtun razosoro A MoLl-
HocTbto 500 kBT Ha oTonneHue, BO3MOXHO
cHabxaTb Tennom nnowaab, obecnevmBas
HOpMarsbHYl CaHWTapHyl TemnepaTypy B
nomeLleHmm, pasamepom B 4 — 4.5 Tbic. M2,

Vimess B BuAy, YTO NpU OTOMUTENbBLHOM
Ce30He MNPOAOITKUTENBHOCTLIO MPUMEPHO
nonroga 9KOHOMUSA OT  «HEe3aKyMNIeHHO-
ro» TonnvBa AN OTOMNIMEHUsI CoCcTaBuT P

THE PRACTICALITY OF USING

THE SYSTEMS FOR THE UTLIZATION
OF THE INTERNAL COMBUSTION
ENGINE HEAT

A.V. RAZUVAEV

Candidate, Engineering, Assistant Professor,
Institute of Technology, Process Engineering
and Management, Balakovo

Market economy presupposes that it is
possible for a user to choose a source of
power supply, based on its cost, quality and
continuity.

Therefore, along with «big time» energy
sector under modern conditions the role of
«small time» energy is becoming rather im-
portant, namely, stand alone diesel engine
driven generator sets with a power rating
ranging from 200 to 3000 kWt and more.

The use of autonomous energy sources
with combined production of electric and
thermal power (co-generation) will ensure a
certain energy reserve in the centralized sy-
stem and reliability. Small time energy sect-
or is not only becoming an alternative to the
centralized system but also the foundation
for quick development in newly developed
areas, for newly opened production facili-
ties in various lines of business, including
companies in oil and gas industry. Also it is
necessary to point out the relevance of the
issue of a facility’s energy security and the
implementation of special purpose «Energy
Saving» programs which would allow co-ge-
nerating units to be used.

The development of this activity is dete-
rmined by a whole number of factors, the
principal ones of which are:

ereaching the limit of the resources of
Russia’s powerful electric power stations
and obviously insufficient rate of commis-
sioning new facilities;

»reduced reliability and quality of electric
power supply;

« the need to reserve electric power supply
from the centralized sources due to incr-
eased emergency situations on the latter
and the economic losses resulting from
those;

* huge costs required for the commissioni-
ng of powerful electric power station;

« insignificant costs for the start-up of small
electric power stations — thermal and ele-
ctric power complexes;

« the possibility of commissioning autono-
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mous gas and diesel energy units within
a short period of time.

« utilization of associated petroleum gas

« the possibility of obtaining and usefully
utilizing inexpensive heat diverted from
the engine with minimum transportation
losses.

Today, it is noted that insufficient and
poor quality electric power supply of the fa-
cilities for various applications is one of the
factors which restricts the economic growth.
Co-generation is practically the most optim-
al option of ensuring the reliability of electric
power supply. Energy dependent economy
requires more and more energy for opera-
tion and development. With conventional
energy supply there occur many organizati-
onal, financial and technical difficulties with
the expansion of the enterprise’s capability,
because it is often required that new power
transmission lines be laid, new transformer
substations be constructed, thermal pip-
elines be rerouted, etc. At the same time,
co-generation offers flexible and quickly
built-up capacity solutions. Capacity can be
built up both by small increments and rather
great ones. This maintains an accurate lin-
kage between generation and energy con-
sumption. Therefore, all the energy needs,
which are always concomitant to economic
growth, are catered for.

Most effective are such power units as
are operated on natural and, still more so,
on associated petroleum gas, which is curr-
ently, in the majority of cases, is flared, poll-
uting the atmosphere and releasing the heat
that nobody needs. This is very important
for the operation of gas engines, because
their use helps improve the environmental
situation in this particular place and in the
area at large.

Internal combustion engines are known
to have a usefully utilized fuel heat factor
of 34-40%, while the rest of the heat is div-
erted into the atmosphere with exhaust and
coolant (from engine and oil cooling).

The amount of thermal energy, utilized
heat of the exhaust gases and engine co-
olant are commensurate with the effective
power of the internal combustion engine,
while the utilization of the heat diverted with
oil and charge air allows the factor of the
usefully utilized heat introduced with fuel to
reach the level of up to 80...85%.

Along with the economic benefit resulting
from cheap electric power generated by an
autonomous source, there is a realistic ch-
ance of also obtaining inexpensive — «dirt
cheap» heat from the diesel engine utilizati-
on system. Using the heat from the exhaust
and the coolant of the 500 kWt CNG diesel
engine, for heating, it is possible to heat fl-
oor space and ensure normal sanitary tem-
perature in the premises measuring 4...4.5
thousand square m.

Given the fact that during the heating
season approximately half a year long the
saving resulting from the heat «that does
not have to be bought» used for central
heating will represent a significant amount,
the use of thermal power complexes under
more severe climatic conditions will enable
still greater economic efficiency to be ach-
ieved.
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HU3KOBOJIbTHOE OBOPYAOBAHUE
LOW VOLTAGE EQUIPMENT
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Puc. 1. NabapuTHoO-NpucoeanHUTENbHbIE pa3mepbl 6r10Ka yTURM3aumMm Tenna Ans ra3oBoro
ABUratenb-reHepaTopa mowHocTtbio 500 kBT
Fig. 1. Overall Dimensions and Connection Dimensions of the Heat Utilization Module for a CNG

Engine Generator Set, 500 kWt
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HU3KOBOJIbTHOE OBOPYAOBAHUE

LOW VOLTAGE EQUIPMENT

OLLYTUMYIO BENYUHY, a NPVMEHEeHVe Te-
NNo3HepreTUYecknx KoOMmnnekcos B Oonee
CYpOBbIX KNMMMaTUYECKUX YCIOBUAX MO3BO-
NUT MONy4YuTb elle OOonbluylo 3KOHOMMUYe-
CKy0 9P (PEKTUBHOCTD.

Mpeumyliectsa koreHepauunm Ha 6ase
ra3onopLUHEBbIX 3MEKTPOreHepaTopHbIX ycTa-
HOBOK MOTyT NPEeACTaBnATb 0COObLIN NHTEPEC
ANA  KUIULLHO-KOMMYHaIbHbIX  XO35ICTB.
Hanpumep, vcnonb3oBaHne Takux yCTaHOBOK
MO3BOMSAET YMEHbLUMTb 3aTpaTbl Ha CTpOu-
TENbCTBO KOMMyHuKaumn (B 1,5-4 pasa no
CpaBHEHMIO C MOABEAEHNEM LieHTPann3oBaH-
HOro Tenma W 3NeKTPO3HEPrun), MOCKOMNbKY
He TpebyeT NoABEAEHNSA OTAENbHO 3NeKTpu-
YecTBa, BOOOMNPOBOAA C ropsiveri BoAon, He-
obxoanMM TONbKO ra3onpoBoA U BOAOMPOBOZ
C XxonogHow Bopow. W, Hapo ckasaTtb, 3Tu
nperMyLLecTBa YCMeLHO WCMOoMb3yloTcs B
XUMULLHO-KOMMYHaIbHbIX  XO3AWCTBax €B-
ponewickux cTpaH. Kak npasuno, 3T ctaHuum
MOHTMPYIOT Ha base cTapbiX KOTEMbHbIX, U3
KOTOpbIX ybupaetcs ctapoe oGopynoBaHue.
[Moatomy Tenno oTnyckaercs xutensm 6nms-
nexalumx JOMOB, @ NEeKTPOIHEPTUS — B LIEH-
TPanu3oBaHHYIo CEeTb.

YunTbiBasi 0OOCHOBaHHYlO Bbllle Lie-
necoobpasHoOCTb MNPUMEHEHWUS KoreHepa-
LIMOHHBIX YCTAHOBOK, B HacTosilee Bpems
peanusyeTcsi WHHOBALMOHHBIA MPOEKT Mo
Npon3BOACTBY CUCTEM YyTUNMU3aLUN BTOPUY-
Hon TennoTbl, otBogumon ot OBC. lNMpoek-
TOM MpeaycMaTpuBaeTcs oOLeHKa 3KOHO-
MU4eckon 3MPEKTUBHOCTM MPUMEHEHUS
KoreHepaLuVOHHOW yCTaHOBKW, @ Takxe oCy-
LecTBneHne pacyeta, pa3paboTkn n naro-
TOBMEHNSI CUCTEMbI YTUM3ALMM TEMMOTHI NO
nHauBmnayansHblM napametpam 1BC oTeve-
CTBEHHOTO WM MMMOPTHOrO NPOU3BOACTBA
C y4yeToM WHAMBUAYyarbHbIX MNapaMeTpoB
noTpebuTens yTunmanpyemomn Tennothbl.

Tak, ogHVM U3 3aJaHui npegycMmaTpu-
BaEeTCsl U3rOTOBMEHNE CUCTEMbI YTUNMU3aLUN
Tennotbl OnoYHOro wucnonHeHus, obulias
KOMMOHOBKA KOTOPOW MpeAcTaBneHa  Ha
puc 1, a obwmin BMAa Ha puc 2.

[laHHyl0 KOHCTpPyKUMIO GrnovHOM cucte-
Mbl yTUNM3auuu TennoTbl Mpeaycmatpu-
BaeTCsl ycTaHaBnuBaTb C ra3oBblM ABuUra-
Tenb-reHepaTopoM mouwHocTelo 500 kBT B
CTauMOHapHOM WU GrOK-KOHTEMHEPHOM
ucrnonHenmn. bnovHas komnoHoBka 060-
pyAoOBaHUS CUCTEMbI YTUNU3aLuu TennoTbl
CcrnocobCcTBYEeT MUHUMWU3aAUUW 3aTpaT npwu
MOHTaXe U KOHTposnto paboTocnocobHocTH
ee Ha MecTe aKcnnyaTauum.

Brnok ocHallueH COBGCTBEHHbIM LMTOM
npaBrneHusi, 4YTo MO3BOMSIET UCMOMb30BaTh
aBTOHOMHYIO GMOYHYO KOMMOHOBKY CUCTe-
Mbl YTUNM3aUMM TEMNOTbl Ha YXe BBEAEH-
HbIX B 3Kcnnyatauuio obbekTax, obecneun-
BaloLLMX 3NEKTPOCHAGXEHVE OT NOPLUHEBbIX
OBC, yuntbiBasi MMHUMAarbHbIE 3aTpaTbl Ha
ee MOHTax.

Ytunusnpyemoe Tenno ot [ABC Bo3-
MOXHO WCMOSMb30BaTb Ha OTOMMeHue
06BbEKTOB NPOM3BOACTBEHHOIO U GbITOBOTO
Ha3HayeHus, Ha ropsiyee BogocHabxeHve
pasfnnyYHbix 0OBLEKTOB, a TaK e Ha TEXHOo-
noruveckne Hyxabl npowussoacTtsa. [lpu
3TOM 3KOHOMUSI [EHEXHbIX CPeACcTB ouve-
BUAHa, T.k. Tenno ot ABC He BbiGpacbiBa-
eTca B atMocdepy, a HernocpeacTBEHHO
nornesHo wucnonb3yeTcsa Ha TenmnocHab-
XeHne obbekTa, Mpu 3TOM CoOKpaliakTcs
3aKynku TonnuBa ANs 3TUX HyXA. OKOHO-
Mudecknin adpdeKkT Bo3pacTtaeT OT npume-
HEHUS TaKON TEXHONOIUN NpuU ee peanunsa-
LMN B YCIOBUSX MOCTOSIHHOIO NOBbILIEHUS
LeH Ha TOMnMBO C y4eTOM 3aTpaT Ha ero
TPaHCMOPTMPOBKY K MECTy 3KcryaTauuu
3HEProycTaHOBKU. m

Puc. 2. O6wmit BMA 6noka yTunusaumm TennoTbl Ansi ra3oBoro ABuraternb-

reHeparopa MolyHocTblo 500 kBT

Fig. 2. General View of the Heat Utilization Module for CNG Engine-Generator Set, 500 kWt
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The advantages of co-generation based
on gas and piston electric power generator
sets may be of special interest to housing
and communal infrastructure facilities. For
example, the use of such units would allow
the costs incurred in the construction of co-
mmunication networks to be reduced (1.5-4
times compared with the supply of central
heating and electric power), since this syst-
em does not require separate electric power
supply or hot water piping to be arranged
for; what is only required is the gas piping
and cold water supply. And one must say
that these advantages are successfully
made use of by the housing and communal
sector in the European countries. As a rule,
such stations are installed on the basis of
old boiler facilities from which old equipme-
nt is removed. Therefore the heat is suppl-
ied to the residents of the nearby buildings
while the electric power is supplied into the
centralized grid.

Taking into consideration the practicality,
justified above, for the use of co-generati-
ng units, at the present time, an innovation
project is being implemented to produce sy-
stems for the utilization of secondary heat
diverted from the internal combustion eng-
ine. The project provides for the economic
efficiency of the use of a co-generating unit
to be evaluated as well as for calculation,
development and manufacture of a system
for utilization of heat based on the individual
parameters of the internal combustion engi-
ne of national manufacture or imported one,
with regard given to the parameters of the
utilized heat user.

Thus, for example, one of the assignme-
nts contemplates the manufacture of a heat
utilization system of modular design, whose
general configuration is shown in fig.1, while
the general view is illustrated in Fig.2.

Such a design of the modular heat utiliza-
tion system is expected to be installed with
the gas engine generator set, 500 kWt, in a
stationary or modular container configurat-
ion. The modular design of heat utilization
system equipment helps minimize the costs
required for installation and test on the site
where it is to be operated.

The module is equipped with its own con-
trol board which allows the autonomous mo-
dular design of the heat utilization system to
be used on installations which have already
been put into operation and which provide
electric power supply from piston type inte-
rnal combustion engines, given its minimal
installation costs.

The heat utilized from the internal comb-
ustion engine can be used to heat produc-
tion and public services facilities as well as
for industrial production needs. At the same
time, savings of money are obvious as the
heat from the internal combustion engines
is not released into the atmosphere and is
directly and usefully utilized instead to sup-
ply heat to an installation, thus cutting back
on the amount of fuel which needs to be pu-
rchased for such use. The economic benefit
increases from the use of such technology,
if it is implemented in the environment of co-
ntinuously rising fuel prices, inclusive of the
costs charged for its transportation to the
site, where a power unit is operating.
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INSTRUMENTATION AND METERS, AUTOMATIC CONTROLS

CeroaHs Mbl pacckaXxeMm O COBPEeMEHHbIX cUCTeMax BU3yanu3auuMu U apxXuBaLMKM AaHHbIX, CUCTEMaxX KoTopblie Haubornee Lienecoo-
Opa3HO NPUMEHSATb Ha CTAaHLMAX NepPBUYHON NepepaboTku HedTH.
Cuctema Bu3yanusauumn npegHasHavyeHa AnA KOHTPONSA U apXMBUPOBaHUA KOHTPONUpPYeMbIX AaHHBbIX, a TaKkke, ecnu Heob6xoanmo,
ANA ynpaBreHUs TeXHONOrM4yecknm npoLeccom.

CUCTEMA BU3YAJIM3AIINHU

JJI1 CTAHIIU IEPBUYHOH INIEPEPABOTKH HE®TH

A.B. BbICOLIKUM
K.A.BYHTOB

CerogHsa Mbl pacckaXem O COBPEeMEHHbIX
cucteMax Bu3yanusauuu n apxumBauun AaH-
HbIX; cUCTemax, KoTopble Hambonee Leneco-
06pasHO NPUMEHSITb Ha CTAaHLMAX NEPBUYHON
nepepaboTku HedpTw.

CucTtema Bu3yanusaLumm npegHasHadeHa ans
KOHTPOIS U apXVBUPOBAHWS KOHTPOIMPYEMbIX
JaHHbIX, a Takke, ecnm Heobxoaumo, Ans
yrnpaBrieHUst TEXHONOMMYECKNM NPOLLECCOM.

Cuctema nocTtpoeHa MO [ABYXYPOBHEBOW
cxeme. Ha BepxHeM ypoBHE pacrnonoxXeH KoM-
nbloTep AvcneTyepa (nynst onepatopa). Mo
ynpaeneHuem mnynesra onepatopa NPUEMHOrO
otgeneHusi paboTaer MPOMbILLIIEHHBIA NpPo-
rpammupyembli - koHTponnep.  KoHTponnep
ynpaensieT paboTon moaynewt AUCKPETHOTo U
aHanoroBoro BBOAA/BbIBOAA, K KOTOPbIM NoA-
KMtoveHbl n3mepuTenbHble Npubopsl (pacxoao-
Mepbl, YPOBHEMEPbI, AATUYMKN TEMNEPATYPLI U
T.40.). KonnuectBo nameputenbHbIX npnbopos
N UCMOMHUTENbHBIX MEXaHW3MOB, ecrnn Heob-
XOAMMO, ONPEeAENAeTCcst TEXHOMOrMYeCKon cxe-
Mol YIH (yctaHoBka nepepaboTtku HedT).

Ha moHuTope nynbra onepartopa otobpa-
XaeTcsi TexHonornyeckass cxema YIH, rge
AnA kaxgoro ysna OyayT nokasbiBaTbcs B
pexume peanbHOTO BPEMEHW KOHTponupye-
Mble napameTpbl. B yacTHocTH, Kaxapin y3en
MOXHO ByAeT BbIOpaTh C MOMOLLbIO MbILLKW U
NMOCMOTPETb AaHHble apxmBa.

Mpn BbIGOPe TexHuuveckux cpeacts (TC)
1N 6a30BOro MporpaMmHO-mMaTeMaTnyecKoro

reHepanbHbIi gupektop OO0 «KomnaHusi « Tepmocuctembl-ABTOMaTHKa»
3amecTuTenb rmaeHoro nHxeHepa OO0 «KomnaHusa « TepmocucTeMbl-ABTOMaTUKa»

obecnevyenus (MMO) ucnonb3oBanucb crne-
[ytoLimne KpuTepun:
1. HaAEXHOCTb;
2. NpOV3BOANTENBHOCTb CUCTEMbI;
3. Bpems 1 TpyAOEMKOCTb pa3paboTku;
4. HagexXHoCTb NocTaBok 1 nogaepxku NMMO;
5. «ueHa/ka4yecTBO», TO €CTb npuemnemMas
LieHa Npu BbICOKOM KayecTBe.
Mcxopsa u3 atux kputepues, Anst nocTpoe-
Hua ACY Tl B «noneBbIx» ycrioBMsx Obin Bbl-
6paH camblil HaAeXHbIN BapUaHT.

NMPEMMYLLECTBA
MooBoas wTOr, MepeyncnuMm Te npeumy-

LlecTBa, KOTOpble AaloT 3akasuuky npegna-

raemMble «OnbIT U PUPMEHHbIE TUMOBLIE pe-

weHns» npu cosgaHum ACY Tl noarotoBku

HedTH:

* 9KCMJlyaTaLMOHHYH HAAEXKHOCTb MPUHSITHIX
N BHEOPEHHbIX Yy 3aKkasdvka annapatHo-
NporpaMMHbIX CXeM aBTOMaTuU3aLuu;

* MEHbLUYI CTOMMOCTb Ka)Xgoro arana cos-
nanus ACY T, a 3HauuT, U BCEN CUCTEMBbI
B LIEeNOM, B OT/IM4ME OT PasoBblX, YHMKamb-
HbIX pa3paboTok;

* 3HaUMTENbHOE COKpPAaLleHWEe CPOKOB Bbl-

NOMHEHMST Ka)KAoro 13 3TanoB, a 3HauuT, u

Bcen ACY TI1 B uenowm;

BO3MOXHOCTb MO XOPOLUO [OKYMEHTUPO-

BaHHbIM TUMOBLIM annapaTHO-Nporpam-

MHbIM peLleHUsIM NPOBOANUTL COMPOBOXAE-

Hue n mogepHusaumio ACY Tl YMH. =

r. Camapa

DISPLAY SYSTEM
FOR PRIMARY CRUDE OIL PROCESSING
STATIONS

A.V. VYSOTSKY General Director, LLC «Thermo syste-
ms-Automation» Company»

K.A. BUNTOV Deputy Chief Engineer, LLC «Thermo sy-
stems-Automation» Company» Samara

Today we shall speak about the modern systems of
displaying and archiving data, the systems whose appli-
cation would be most practical for primary crude oil pro-
cessing stations.

The display system is intended for monitoring and arc-
hiving the data under control as well as, if necessary, for
running a production process. The system is structured on
the basis of a double level scheme. On the top level there
is a dispatcher computer (operator’s console). Under the
control of the operator’s console of the reception departm-
ent there operates an industrial programmable controller.
The controller manages the operation of the discrete and
analog input/output to which measuring instruments are
connected (flow meters, level meters, temperature se-
nsors, etc.). The number of measuring instruments and
actuators, if necessary, is determined by the process di-
agram of the oil processing unit. The operator’s console
monitor displays the process diagram of the oil processing
unit where for every component in the real time mode the
parameters under control are displayed. Specifically spe-
aking, every component can be selected using a mouse
and archive data can viewed.

The following criteria were used when selecting the har-
dware and basic software:

1. reliability;

2. system productivity;

3. time and labor intensity of the development;

4. reliability of supplies and support of the software;

5. «price-to-quality» ratio, i.e. acceptable price at high qu-
ality level.

Proceeding from these criteria, the most reliable opti-
on was chosen in order to build up an automatic control
system (computer aided production process) under field
conditions.

Advantages

To recapitulate, we shall now spell out those advantag-
es which a customer will have by using the «experience
and proprietary type solutions» we are offering in the se-
tting up of the automatic control system (computer aided
production process) for oil preparation:

 operational reliability of the hardware and software de-
signs for automation adopted and implemented at the
customer’s facilities;

* lower cost of each stage of the setting-up of the auto-
matic control system (computer aided production pro-
cess) and hence that of the system as a whole, unlike
one-off, unique designs;

« significant reduction of the lead time for implementation
of each of the phases and hence that of the entire sys-
tem;

« ability to support and upgrade the automatic control
system (computer aided production process for oil pro-
cessing) using well documented typical hardware and
software solutions.



BbICOKOBOJIbTHOE OBOPYOAOBAHUE

HIGH VOLTAGE EQUIPMENT

3/H (64) mait 2008 r. 3KCMO3ULIMA

Moka eLue HeMHOrMe OTeYeCTBEHHbIE IHEProMalIMHOCTPOUTENbHLIE KOMNAHWUM NPeanaraloT NOSHbIN KOMIIEKC YCIyr N0 BO3BEeAEHMUI0
3Heproo6LEKTOB, BKIOYasi MPOU3BOACTBO IMEKTPOTEXHUYECKoro o6opyaoBaHus. NeHepanbHbI NOAPAAYMK B 3TOM criyyae npego-
CTaBnsieT BeCb CMEKTP YCNyr - OT NPOEeKTMPOBaHUs A0 caayYn o6bekTa B aKCnyaTaumio, oco6o oroBapueasi nogoop, pa3paboTky npu
Heo6Xxo0AMMOCTM, NPOM3BOACTEO U NOCTABKy 060PYAOBaHUs, a TaKXKe ero MOHTaX U CepBUCHOe o6CnyXuBaHue.

Co3zpaHHbIn B MockBe B 1928 I. nepBbIi OTeYeCTBEHHbIN TPaHCGOPMaTOPHLIN 3aBOA «reKTpo3aBoA» Cbirpan 3aMeTHY ponb B
MHAycTpuanusaumu ctpadbl. OH paspa6aTbiBan U nponsBoausn o6opyaoBaHue Ansi CTPOUBLUMXCS NPOMBILNIEHHbIX TMraHToOB, 3Hep-

roo6LEKTOB 1 060POHHOro KOMMIeKca

QQJIEKTPO3ABO 1 »
MHBECTUIIN B HOBBIE TEXHOJIOT' U

CerogHsi MHoronpodunbHas XonauHro-
Basi komnaHus «OnekTtpo3asog» (Mocksa)
peanusyeT nNporpammy KOMMIIEKCHON Mopep-
Hu3aumun. O6Lumnii 06bEM UHBECTULIMIA B NPOU3-
BOZICTBO W Hay4Hble pa3paboTku 3a nocrnegHve
rofbl coctasun 7 mnpA pyonen. lo 2010 r. nna-
HUpyeTcs BNOXuTb elle 3 mnpa. MNpaktuyecku
BCS NpUOBbINb MHBECTUPYETCS XOINANHIOM B TEX-
Honorum, NPoM3BOACTBO, a, CreaoBaTenbLHO, B
pasBuTVE OTPaciy B LIEMOM.

HecmoTps Ha TO, 4TO yxe cerogHsi npo-
N3BOACTBEHHbIE MOLLIHOCTA BXOOSALWMX B
XONATHF NPEeAnpUsiITUA 3arpy>KeHbl NOYTU Ha
100%, B CObITOBOM MOMMTUKE KOMMAHUSA Oe-
naet CTaBKy Ha aKTUBHOE MNPOABWXEHME B
pervoHbl. B MapkeTUHroBon nonuTuke «3nek-
TpO3aBoA» NEPEXOAMT Ha NPEANOXKEHNE KOM-
MMEKCHbIX PELUEHUA — MPOEKT «MOA KITY».
Tak ewe B Poccun mano k1o pabotaetr. 310
No3BONsAeT KOMMNaHUM y4acTBOBaTb B CaMbIX
aMOULMO3HBbIX WHBECTNPOrpaMMax CTpaHbl:
PAO EJSC, ®enepanbHON ceTeBOWM KOMNaHUN,
MoZepHM3aumum aHeprokommnsiekcos MockBbl
N PEernoHoB, OOBbEKTOB aTOMHOWN SHEPreTUKu,
NpeanpusTUiA - MeTannypruv, HedgTeXUMUU,
HedpTerasoBoro komnnekca, PX[I, MuHo6o-
poHbl. [NopTdens 3akasoB Ha 2008 rog npe-
Bblcun $1 mnpa.

B cocTaB xonguHra BXoaaT YeTbipe 3aBO-
[a, cneumnanm3npyoLLMXCcs Ha BbiMyCKe TpaHCc-
(hOpMaToOpOB U 3MEKTPUYECKMX PEeaKTOpPOB
pasnnM4yHOro Ha3Ha4YeHus 1 KOMMYTaLMOHHOTO
obopynoBaHus. HayyHo-uccnenoBaTenbCKon
N KOHCTPYKTOPCKO-TEXHOMornyeckon 6asow
ocTaloTcsl BceykpanHCKWMI MHCTUTYT TpaHc-

dopmaTopocTpoeHus (BUT, r. 3anopoxbe),
cneumannaMpoBaHHbIn MHCTUTYT «Moccneu-
NPOEKT» N KOHCTPYKTOPCKUIA OTAENn MOCKOB-
CKOro NPON3BOACTBEHHOIO KOMMIeKca.

Mexay TeM npOV3BOACTBEHHbIN  KOM-
nnekc B MockBe NpakTUYeCKn MOSNHOCTbLIO
PEKOHCTPYMPOBAH. YXe CerofiHsi TEXHOMOoru-
Yyeckme BO3MOXHOCTW 3aBofa obecneumsatoT
NPOM3BOACTBO CUIOBbLIX TPaHC(HOPMaTopoB
MoLLHoCTbIo Ao 630 MBA Ha knacc Hanpsixe-
Hus 0o 500 kB v WwyHTHpyoWmx peakTopoB A0
300 MBAP Ha knacc HanpspkeHus go 1150 kB.

B 2004 r. B xonauHr BoLuen Ydumckui
3aBog, «3OnekTpoannapar», NPoAYyKUWS KOTO-
poro AononHaeT HOMEHKNaTypy BblMyckaemo-
ro 3anekTpoobopyaoBaHKs: KOMMYTaLMOHHAs
TEXHWKA, KOMMMEKTHble pacnpeaycTponcTea
1 noactaHumn. B Yde Takke 6e3 octaHOBKM
Npou3BOACTBA BEAETCS LLUIMPOKOMACLLTabHas
PEKOHCTPYKLMSI, MOHTUPYETCS COBPEMEHHOE
obopynoBaHue.

B 2005 r. B Ydhe «3OnekTpo3aBog» Havan
CTPOUTb COBPEMEHHbIV 3aBOA, MO NPou3Bof-
CTBY CUIIOBbIX 1 pacnpenenuTenbHbIX TpaHc-
dopmaTtopoB. O6wwmii ob6bemMoM  Bbinycka
TpaHcopmaTtopoB coctaBut o 30 Thicay
MBA B rog. Ha Bbibop nnowagku gnsa cTpo-
MTENbCTBa MOBMMSANO BbIrOAHOE reorpaduye-
ckoe rnonoxeHwue ropoga. K tomy e batukop-
TOCTaH 06nagaeT BbICOKMM UHBECTULMOHHBLIM
PENTUHIOM, Pa3BUTbIM Hay4YHOTEXHUYECKUM
M MPOMBILLMEHHBIM MOTEHUMANoM, a Takke
coumanbHOW 1 MOMUTUYECKOW YCTOMYMBOC-
Tbto. O6LLasi CTOMMOCTb NpOeKTa NpeBbILIaeT
4,5 mnpp py6nen. »

ELECTROZAVOD: INVESTMENTS INTO
TECHNOLOGICAL INNOVATIONS

Nowadays few domestic power engineering co-
mpanies offer a full range services in building
of power facilities, including manufacturing
of electrical equipment. In this case the prime
contractor gives a complete service package -
from designing till commissioning, especially
paying attention to the selection, development
and if necessary, manufacture and delivery of
the equipment, installation and service as well.
Built in 1928, Moscow, the first domestic tran-
sformer production plant ELECTROZAVOD has
taken an appreciable part in industrialization of
the country - the development and production
of the equipment for the new giant industrial
enterprises, power facilities and defensive co-
mplex.

At present the diversified Holding Company
ELECTROZAVOD, Moscow, implements a progr-
am of comprehensive updating. The investments
of last years into production, research and deve-
lopment totaled 7 billion rubles. And forecast inv-
estments up to 2010 are three billion rubles more.
In fact the Holding Company invests all profits into
technology and production and hence, in the deve-
lopment of the whole power engineering branch.

In spite of the fact of almost 100% product-
ion capacity load the sales policy of the Holding
Company is to promote business into regions. The
marketing politics of ELECTROZAVOD Company
suggest promoting the package solutions - a turn-
key project. Very few companies in Russia work
in such a way. It allows the company to take part
in the most arrogant investment programs of the
country: Russian Open Society United Power Sy-
stems, Federal Network Company, renovation of
power complex in Moscow and regions, nuclear
engineering, metallurgy, petroleum chemical pla-
nts and oil-and-gas complex, Russian Railways,
Ministry of Defense. The Order book 2008 has ex-
ceeded $1 billion.

There are four plants in the Holding Company
structure; they produce transformers, various ele-
ctric reactors, switching equipment. Up to now All-
Ukrainian Institute of Transformer Production (VIT)
of Zaporozhye, Industry-specific Institute MOS-
SPECPROJECT and Engineering Development
Department of Moscow industrial complex are the
centers of research and development, design and
engineering of HC. Meanwhile Industrial complex
of Moscow is almost completely reconstructed.
And today the processing capacities of the plant
provide manufacture of power transformers up to
630 MVA, voltage up to 500 KV, and shunt reactors
up to 300 MVA, voltage up to 1150 KV. In 2004 the
Holding comprised ELECTROAPPARAT factory of
Ufa; the factory extended product range of electric
equipment: switching and distributing centers and
substations. Also a large-scale in-process reconst-
ruction of production takes place in Ufa, an install-
ation of modern equipment as well.
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In 2005 ELECTROZAVOD started to build a
modern factory of power and distribution transfo-
rmers production. The total output of transformers
will be up to 30,000 MVA a year. Favorable geog-
raphical position of Ufa city has influenced on the
choice of a plant site. Furthermore the investment
rating of Bashkortostan Republic is of a high level;
the Republic has the advanced scientific engineer-
ing and production capabilities, social and political
stability. The total cost of the project is more than
4.5 billion rubles.

At present the great bulk of civil works in Ufa
comes to the end. The plant is equipped with up-
to-date machinery and appliances supplied by the
leading world companies. Thus, the integrated prod-
uction complex enterprise has been built for a short
and record-breaking period of time - less than 2 ye-
ars. There have been no such a large production co-
nstruction projects in Russia and CIS for the last 30
years. When reached the planned production capa-
city the coming annual amount of products will exc-
eed 8 billion rubles. Approx. 2,000 new workplaces
to be organized and in general high tech ones. The
new enterprises mark a birth of the largest electrical
machinery and engineering complex in Russia. All
over the world there is no similar production of such
high tech level and great size.

Competitive advantages of ELECTROZAVOD
Company are based on unique opportunities in the
field of scientific and technical development. Since
the times of Soviet Union the significant investme-
nts have been made into power engineering as a
strategic branch of industry. ELECTROZAVOD has
managed not only to keep but increase scientific
capability. Investing into innovative development of
transformer production, with established scientific
support of the branch, the Holding Company con-
ducts pure research works, develops, designs and
manufactures test and production samples, tries
out the process and implements it into production.

Additionally the Company business-model is
made completely in accordance with European sta-
ndards. ELECTROZAVOD united production & ser-
vice structure is ready to provide the customers with
service just now. This structure offers the following
main services: delivery, installation and maintena-
nce of the equipment. Service Engineering Centre
ZTZ-SERVICE, Ukraine, is a part of ELECTROZAVOD
Company, focused on diagnostics and repair of the tra-
nsformer equipment. This Centre is a base of the Hold-
ing Company services of new type.

The development strategy of the enterprise
consists of integration with the Super-companies
and the own hi-tech and scientific capabilities for
such complicated product as the development and
building of thermal and power stations on a turn-
key basis. In combination with considered sales
policy based on the high quality level we see that
positive result ELECTROZAVOD has achieved.
The development of the Company is proceeding.
The nearest plans are the foundation of own prod-
uction of up-to-date electrical equipment and com-
ponents, and also expansion of power engineering
structures. The Company goes into establishment
of new joint ventures, obtains necessary licenses
in order to have state-of-the-art production, comp-
etitive products and high-level services. The Com-
pany plans the considerable increasing content of
installation and maintenance works for transforme-
rs and reactors of power facilities.

The focusing of powerful research and deve-
lopment, production, engineering and service ca-
pacities inside the Holding allows the company to
take an active part in implementation of programs
for the development of the country power facilit-
ies. By 2009 production capabilities of the Hold-
ing Company amount more than 45,000 MVA, in
absolute calculation it can cover a significant part
of investment programs needs of Russian power
engineering, and in 2010 the output of products of
the Holding Company enterprises achieves 55,000
MVA and can provide needs of the power branch
in the whole.

BblICOKOBOJIbTHOE OBOPYJOBAHUE

LUyHT peakTop110MBA 750 kB NC Benosepckasa

Cenyac OCHOBHble CTpOUTENbHblE pa-
60Tbl B Ydhe 6nmnssaTcs k 3aBeplueHuto. 3a-
BOJ OCHallaeTcsi coBpeMeHHbIM obopyno-
BaHWeM BeayLinx MUpPOBbIX MPM. Takum
obpasoM, CMOXHbI  NPOW3BOACTBEHHbIN
KOMMNIIEKC MOCTPOEH B PEKOPAHO KOPOTKME
CpOKM — MeHee 4eMm 3a 2 roga. CtpouTens-
CTBO npeanpuaTv nopgobHoro macwrtaba
Ha Tepputopun Poccum n ctpad CHI 3a
nocnegHue 30 net He Benock. Nocne Bbi-
XOAa Ha NPOEKTHYI0 MOLLHOCTb OXUaaeMbii
o6bem nponssoAcTBa NPeBbLICUT 8 MNpA py-
6nen B roa. Ha 3aBoae byaeT opraHn3oBaHo
noytn 2000 HoBbIX paboynx MecT, npuyem
B OCHOBHOM B 00NnacTu BbICOKUX TEXHOMO-
rmi. HoBble NpeanpusaTAS 3HAMEHYIT POX-
AeHve B Poccum kpynHemwero Kommnekca
3MeKTPOTEXHNYECKOrO  MaLUMHOCTPOEHWS.
Mo macwTabam ¥ ypOBHIO UCMOMb3yeMblX
TEXHOMOrNi MPON3BOACTBO HE MMeEEeT aHa-
noroe B Mupe.

KoHKypeHTHble npeumyLiecTBa «Onek-
Tpo3aBofda» ONMParTCs Ha YHVKarbHble BO3-
MOXHOCTW B 0BMacT Hay4YHO-TEXHUYECKUX
paspaboTok. Elle c coBeTCKMX BpemeH B
3HEProMallHOCTPOEHME Kak CTpaTernyeckyto
oTpacnb BKMaAblBanucb BeCbMa 3HauuTenNb-
Hble cpefcTBa. «OnekTpo3aBoay» yAanochb
He TOMbKO COXPaHWTb, HO W MPUYMHOXWUTb
Hay4YHbI MoTeHuuan. VIHBecTMpys B WHHO-
BaLMOHHblE pa3paboTkn B obnactu TpaHc-
OpMaTopoCTPOEHUsi, U CO3[AAB  MOLLHYIO
oTpacnesylo HayyHylo 6asy, xonauHr BegeT
dyHAamMeHTanbHbIe nccnegosaHus, paspaba-
TbIBAET U MPOU3BOAUT OMbITHbIE U MPOMBILL-
neHHble 06pasLbl, oTpabaTbiBaeT TEXHONOMN
1 3anyckaeT Ux B NPOM3BOACTBO.

Kpome Toro, nmpuHsatasi komnanven 6us-
Hec-Mopernb MOMHOCTbIO  OTBEYaeT eBpo-
nenckim ctaHgaptam. O6beauHMB Npous-
BOACTBO W CEPBUC, «INeKTpo3aBody Yyxe
cerogHs WMeeT TrOTOBYIO CTPYKTYpy Ans
obcnyxmBaHNA 3aka3ynkoB. Ee ocHOBHble
PYHKUMN — JOCTaBKa, MOHTaX U AanbHelLee
cepBucHoe obcnyxmaHve obopyaosaHus. B
cocTaB «OneKTpo3aBoda» BXOAWUT CEPBUCHOE
npeanpusitue HUL, «3T3-Cepsuc» (Ykpau-
Ha), cneumanuanpylolieecst Ha AWarHoCTUKe
N peMoHTe TpaHcdopmaTopHoro obopyao-
BaHusA. Ha ero 6a3e xonavHr cosgaet HoBoe
HanpaeneHve Nno okas3aHuio yCnyr.

HIGH VOLTAGE EQUIPMENT

Ctpatervs pasBuTus npeanpusaTust 3a-
KII0YaETCs B MHTErpaLum co CBEPXMOLLHbIMU
KOMMaHWSIMU, Hanu4nmM Co6CTBEHHOW BbICOKO-
TexHornornyHon 6asbl, Hay4Horo noteHuyunana,
BbIMYCKY CTOMb CIOXHOMO NPOAYKTa, Kak pas-
paboTka 1 CTPOUTENbCTBO TEMSIOBLIX U 3reK-
TPOCTaHUMI «Mof Knoy». B coyetaHum ¢ npo-
OyMaHHOW NONMMTUKOW CObITa, OCHOBAHHOM Ha
BblCOYalLleM Ka4ecTBe BblNyckaemMoln Mnpo-
OyKUMKW, oHa flaeT TOT NO3UTWBHbIN pesynbrar,
K KOTOPOMY MpuLLen «3nekTpo3aBony.

Pa3BuTMe kOMNaHWKM NpodorkaeTcs, B ee
BnvkanLwmx nnaHax - cosgaHme cobCTBEHHbIX
NPON3BOACTB AN HOBbIX BMOOB 3MEKTPOTEX-
HM4eckoro 0bopyaoBaHUS Y KOMMMEKTYHOLLMX,
a TakKe pacluMpeHue CTPYKTyp, 3aHuMato-
LLIMXCS MHXUHUPWHIOM B aHepreTuke. C Lenbo
nogaepxaHusi NPOU3BOACTBA Ha COBPEMEH-
HOM YpOBHE, CO3[jaHNs1 KOHKYPEHTOCTOCOBHOM
NPOAYKUMM 1 OKa3aHUs YCIyr BbICOKOrO Kade-
CTBa, KOMMaHWsA CO30aeT HOBblE COBMECTHbIE
npeanpuaTus, npuobpetaeT Heobxoaumble
nuueHsun. lMpeanpusatne nnaHUpyeT 3Haum-
TENbHO YBENMUUUTL 06beM paboT Mo MOHTaxy
1 0BCNyXnBaHWIO TPaHCOPMaTOPHOro 1 pe-
aKTOPHOro napka Ha OObeKTax SHEPreTUKM.

KoHuUeHTpauusi B XOnAuHre MOLLHOW Ha-
YYHO-UCCIeaoBaTeNbCKOW,  MPOV3BOACTBEH-
HOW, WHXWHUPUHIOBOMN WU CepBUCHON 6a3bl
Mo3BOMsieT KOMMaHUM  camblM  aKTUBHbIM
o6pasom npuHMMaTh ydacTue B peanusauun
nporpaMM  pasBUTUS SHEPreTUKN CTPaHbl.
Mpoun3BoaCcTBEHHbIE BO3MOXHOCTY XONAWH-
ra k 2009 rogy coctaBaT Gonee 45 Tbics4
MeraBonsTamnep, YTo B abCOMTHOM UcHUC-
TNIEHNN MOXET MOKPbITb 3HAYUTENBHYIO YacTb
noTpebHocTell MHBECTULIMOHHBIX MNporpaMm
poccuiickux aHepreTukos, a B 2010 r. ob6bem
Bbliycka 06opynoBaHUsi NPeanpusiTUiA, BXO-
OSLWMX B XONAWHT, YXXe OOCTUrHeT 55 Thicsay
MeraBonbsTamnep U CMOXET MOMHOCTbI0 0be-
CneYnTb HYy>Xbl OTpacnv. m

OAO «3nekTpo3aBoa»

JSC «kELECTROZAVOD»
Poccus, 107023, MockBa,
OnekTpo3aBoackas yn., 21

T.: (495) 777-82-26, 962-17-74
cp.: (495) 777-82-11, 962-16-66
info@elektrozavod.ru
www.elektrozavod.ru
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B npousBoacTBeHHON kKoMnaHuu «ANMTEX-A» pazpaboTaHa U 0CBOE€Ha TEXHONOrUsi C60PKM HU3KOBOMLTHLIX KOMMIEKTHLIX YCTPONCTB

B WKadpax cOO0PHOM KOHCTPYKLMU.

Kapkac wkachoB cobupaetcs u3 cneumanbHoro C-o6pa3Horo npouns U yrnoBbixX 35ieMEHTOB, U3roTOBIIEHHbLIX U3 OLMHKOBAHHOIO
CTanbHOro NUcTa TOMWMHON 2 MM. B kauecTBe NPOMeXyTOUYHbIX HeCYLUMUX AeTarnei U CToeK ucnonb3yeTcs cneunanbHbiv L-o6pasHbii
npocunb 1 yronok ¢ nonkamu 25x50 MM, Takke U3roTOBMEHHbIW U3 OLIMHKOBAHHOIO CTarlbHOro NUCTa TOMLWUHOM 2 MM.

HHU3KOBOJIbTHbIE

KOMILJIEKTHBIE YCTPOUCTBA
B IITIKA®AX CBOPHOU KOHCTPYKIINHU

Mpodomnn anuHHOM 2,4 M ¢ warom nepgo-
pauum 25 MM M3roTaBMUBAIOTCA Ha CTaHKax C
YMCIOBbIM MPOrPaMMHbIM YPaBeHNEM.

[etanu kapkaca HeoGxoaMMoW AfUHbI Ha-
pesaroTcs U3 ANMHHOMEPHbIX 3aroTOBOK U Kpe-
NSATCA C MOMOLLBIO CTasbHbIX 3aKMENoK @6 Mm
(HepasbopHoe coeauHeHue) nnu 6onToBLIM CO-
eVHeHNeM.

OnekTpuyeckve annapatbl yCcTaHaBrvBa-
10TCS HA MOHTaXHbIE MaHernu, KoTopble B CBOH
oyepenb KpensaTcs K aneMeHTam Kapkaca.

[Mo 3aBepLueHNO COOPKM HaBELLMBAKOTCA
OBEPU N KpensiTcs AeTany BHELUHEN OBLLMBKY
(6okoBble 1 3aOHSs CTEHKM, Kpbilwa U AHo). He-
Tanu BHELIHeNn OOLUMBKM W3rOTaBMMBAKOTCA U3
CTarnbHOro nuncTa TonwmHom 1,5 MM 1 okpaLum-
BatoTCA NonmacpupHom komnoavumen useta RAL-
7032 warpeHb, o B Apyron LIBET MO 3aKaay.

CBopHasi KOHCTPYKLMS LUKadhoB MO3BOMSIET
NPUMEHSATb YHUPULIMPOBaHHbBIE TEXHMYECKUE pe-
LLIEHNS1 U MUCMOMb30BaTh YHUULIMPOBAHHbIE Ae-
Tanm v yanbl Anst HKY paanuyHoro HasHaveHus:

* wWKadbl 1 WKTBI C annapaTtaMmy aBTomMaTu-
KM 1 ynpaBneHnsi TEXHONOrM4YeCKUMU nNpo-
Lueccamu;

* LWKadbl U LWUTBI aBTOMAaTVIKU, yNpaBreHns un
3aLLUMTBI SHEPrOCKCTEM;

* WKadbl U WMTbl C Grnokamu ynpaeneHus
ACVMHXPOHHBIMU  3reKTpoABMraTensiMn C Ko-
poTKO3aMKHYTbIM poTtopom Ao 300 kBT;

* WKadbl U WMTbI BBOZA W pacrnpeneneHus
ANEKTPUYECKON SHEPTUM 30aHUN;

* pacrnpefenuTeribHble  YCTPOWCTBA  HU3-
KOrO  HampsbkeHust  TpaHcopMaTOpHbIX
NOACTaHLMIA 0BLLENPOMBILLIEHHOTO Ha3Haye-
HMS! 1 KOMMYHAMBHOTO XO3ACTBA;

* pacnpefenuTeribHble yCTponcTBa COBCTBEH-
HbIX HY>K[, NMepeMEHHOrO TOKa 3MEeKTPUYECKUX

Puc.1 KpenneHue npomexyToyHon
BEPTUKaNbHOW CTOWKMU

Fig. 1 Attachment of intermediate vertical
upright

CTaHUMN N TpaHCOPMAaTOPHbIX NOACTaHLMIA
0o 750 kB;

* pacnpegenuTerbHble YCTPOWCTBA COOCTBEH-
HbIX HY>[, MOCTOSIHHOTO TOKa 3IIEKTPUYECKMX
CTaHUMN 1 TpaHCOPMaTOpPHbIX NOACTaHLMIA
no 750 kB.

COopHasi KOHCTPYKLMSI MO3BOMSIET NEerko
pasgensiTb LWKadbl HA OTCEKV U OTAENUTb (OYHK-
LmoHanbHble Grokv ot cOOpHbIX M pacnpene-
JIMTENbHBIX LUWH, KabernbHbIX OTCEKOB W Apyr
ot Apyra. B 3aBMcMMOCTM OT HasHayeHus LwuTa
PYHKLMOHarbHbIe GroKM MOTyT MMETb COBCTBEH-
HYH ABepLy vnu obLuyto ABepb Ha rpynmny, mbo
3aKpbIBaTbCA CbEMHbIMM NaHenaMu. Bua pasne-
neHusi B cootBeTcTBumM ¢ MOCT P. 51321.1-2000
(M3K 60439-1-92) c nepBoro no YeTBEPTLINA.

B pacnpegenuTenbHbIX WyUTax O4HOCTOPOH-
HEro 1 [ABYXCTOPOHHEro obCnyxvBaHus — ycra-
HaBMUBaOTCS TUMOBbIE CUMOBbIE Groku. LTkl
OTNMYaIoTCA ApYr OT Apyra TOMbKO rabapuTHbIMM
pa3vepamu. B Lwikadax ogHOCTOpoHHero obeny-
XUBaHWS kabenbHble OTCeKu pacronaratoTcst
cboky crieBa unm cripaea, a B Lukadpax ABYXCTO-
POHHEro 06CryXVBaHNS KaberbHble OTCekn Mo-
ryT pacrnonaratecsi 6o cooky, Nmbo c3aau.

Mcnonb3oBaHne  yHUULMPOBaHHbIX  CU-
noBbIX OnOKOB  MO3BOMUMO  U3rOTaBNMBATHL
LUMTBl pacrnpefenuTeribHbIX YCTPOWCTB, nped-
HasHa4eHHble ONA pasnuyHbIX OTpacren npo-
MbILLIIEHHOCTM Ha OOLEel  KOHCTPYKTUBHOM
OCHOBE, C WCMOMb30BaHUEM  3IEKTPUYECKUX
annapatoB OTEYECTBEHHOrO W UMMOPTHOIO
NPOV3BOACTBA BEAYLLMX €BPOMENCKNX 1 MUPO-
BbIX NPOU3BOAUTENEN.

Lkadbl ¢ cunoBbiMu Briokamu pacrnipe-
OenuTenbHbIX YCTPOWCTB MOACTaHUMIA  obLue-
MPOMBILLNIEHHOMO Ha3Ha4YeHWsi U MOACTaHLMNA
COOCTBEHHBIX HYX[, MNEKTPUYECKUX CTaHLmMA B>

Puc. 2 Kpennenue geranen

Kapkaca B yrny

Fig. 2 Attachment of framework parts in the
corner

COMPLETE LOW VOLTAGE DEVICES IN THE CON-
TROL CABINETS OF MODULAR DESIGN

«ELTECH-A» Production Company has deve-
loped and launched into production a process of
assembling complete low voltage devices in the co-
ntrol cabinets of modular design. The framework of
the cabinets is assembled from specialty C-shaped
sections and angle elements made from zinc plated
steel sheet, 2 mm thick. Specialty L-shaped secti-
ons and angle with 25x50 mm webs also produced
from zinc plated steel sheet, 2 mm thick, are used
as intermediate bearing parts and uprights.

1.4 m long sections, with perforation pitch of
25 mm are made on CNC machine tools. The fra-
mework parts of the required length are cut from
long blanks and secured using steel rivets, 6 mm
in diameter (unremovable connection) or bolt co-
nnection. Electrical equipment is installed on inst-
allation panels which, in their turn, are attached to
the framework elements.

Upon completion of assembly, doors are hung
and the exterior parts (side and rear walls, roof
and bottom) are attached. Exterior parts are pro-
duced from steel sheet, 1.5 mm thick and painted
with polyester composition, colour RAL7032 shag-
reen or another colour to customer’s order.

Modular design of the cabinets allows comm-
onized technical solutions to be used and comm-
onized parts and components to be used for low
voltage package modules for various purposes:

+ Cabinets and panels with automation equipme-
nt and control of production processes;

+ Cabinets and boards with automation, control
and protection of energy systems;

» Cabinets and boards with control modules for
asynchronous electric motor with squirrel cage
motor up to 300 kWt;

» Cabinets and panels for input and distribution of
the electric power in the buildings;

« Distribution devices of low voltage transform-
er substations of general industrial application
and communal infrastructure;

« Distribution devices for own AC needs of elect-
ric power stations and transformer substations,
up to 750 kWt;

« Distribution devices of own DC needs of electric
power stations and transformer substations, up
to 750 kWi.

Modular design allows the cabinets to be ea-
sily divided into compartments and the functio-
nal modules to be separated from modular and
distribution busbars, the cable compartments to
be separated from each other. Depending on the
purpose of the panel the functional modules can
have their own door or common door for the gro-
up, be enclosed with removable panels. The type
of separation is per GOST R. 51321.1-2000 (MEK
60439-1-92) from the first to the fourth. In the dist-
ribution board of one sided and double sided serv-
ice, type power modules are installed. The boards
are different from each other in overall dimensions
only. In the one side service cabinets the cable
compartments are located on the side on the left
or the right, while in double sided service cabinets
the cable compartments are located on the side
or in the back.
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The use of commonized power modules has allo-
wed distribution devices boards designed for various
industries to be produced on one common design
basis using electrical components of local or impo-
rted manufacture by foremost European and world
producers.

The cabinets with power modules of the distr-
ibution devices of the general industrial purpose
substations and the substations for own needs of
the electric power stations differ in the latter having
cabinets with relay protection modules and commu-
tation automation. The cabinets with relay modules
are placed to abut against the power cabinets on the
installation site and are connected using electric co-
nnectors. Behind the relay module there is a cable
compartment.

The metal structure of the cabinets has the follo-
wing basic dimensions:

* 2200 mm high;
* 400, 600, 800, 1000 mm wide;
« 200, 400, 600, 800, 1000 mm deep.

At the same time it is possible to produce a cabin-
et of any dimension with an increment of 25 mm.

Thanks to flexible approach to the layout of the
boards there is always an opportunity of finding a
solution regarding location of the equipment without
violating the main principles:

« convenience and safety of service;
« reliability and durability;
« reparability

which is especially relevant to reconstruction of
substations and board rooms and location of low vo-
Itage package modules in the existing premises.

In the boards of distribution devices copper bus-
bars are used. In technically justifiable cases and at
the customer’s request it is possible to use busbars
from AD31T aluminum alloy.

Connection of circuit breakers of the outgoing
lines to the distribution busbars is made by using
flexible insulated busbars. Electrical bolt connec-
tions are made using high quality hardware which
ensures reliable electric contact and does not need

to be serviced.

The boards of the distribution devices are manu-
factured to GOST R 51321.1-2000 (MEK 60439-1-
92), undergo acceptance test and checks for functi-
onality. Separate cabinets are supplied which do not
call for the use of special handling equipment with
great load carrying capacity.

NMnMPOMN3IBOLOACTE

SNEKTPOLUTOBOro
OBOPYONOBAHMUS

Puc. 3 LUkad aBycTOpOoHHEro o6cnyxuBaHus
C cunoBbIMK 6nokamm go 630 A

Fig. 3 Two sided service cabinet with power
modules up to 630 A

OTIMYAIOTCA HanMuveM y nocrnenHux wkados ¢
Brnokamu pernenHoi 3aLumThl 1 aBTOMATVIKU Npu-
coeauHeHuii. LLkadbl ¢ peneviHbiMK Briokamm
MPUCTBIKOBBIBAIOTCA K CUIMOBBIM LLKadham Ha Me-
CTe MOHTaXa U COEMHSIOTCS AMEKTPUYECKUMM
pasbeémamu. C3aam peneriHbix 6rokoB pacroro-
)KEeH KabernbHbIN OTCeK.

MeTannokoHcTpykumus WwkadgoB mmveet Ga-

30Bble pa3Mepbl:

* 1o BbicoTe 2200 mMwm;

o wwupuHe 400, 600, 800, 1000 mm;
o rmy6uHe 200, 400, 600, 800, 1000 MMm.

BmecTe ¢ 3TM BO3MOXHO W3roTOBIIEHME
wkada noboro pasmepa ¢ warom 25 Mm.

Bnarogaps rmbkocTv B nogxodax K Komno-
HOBKE LUWTOB, BCErAa BO3MOXHO HaWTh peLue-
HVE MO pa3MELLEHV0 0BOPYAOBaHUS, He Hapy-
Luast rnaBHbIX NPUHLMMOB!

* ynobcTBO 1 Be3onacHOCTb 0OCYXKMBaHUS;
* HaOEXHOCTb M JOMNTOBEYHOCT;
* PEMOHTOMPUrOAHOCTb.

Y10 0COBEHHO aKkTyarnbHO NpU PEKOHCTPYK-
UMM NOACTaHUMIA U LUMTOBBIX U pasMeLLeHnn
HKY B cyLLeCcTBYIOLMX MOMELLEHUSAX.

B wmrtax pacnpenenutenbHbIX YCTPOWCTB
MCTONb3YTC MeAHble LWWHbL. B TexHuyecku
060CHOBaHHbIX Ccrnyvasx M no TpeboBaHWo

alalari LIH o =
[ (]
= ® L] glelel=le
. L L)
LIS
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HU3KOBOJIbTHOE OBOPYAOBAHUE

LOW VOLTAGE EQUIPMENT

Puc. 4 lkacd ogHoCcTOpOHHEro o6¢cnyxuBaHus
¢ cunoBbiMK 6rokamu go 250 A

Fig. 5 Single sided service cabinet with power
modules up to 250 A

3aKas4mka BO3MOXHO NMPUMEHEHME LLNH U3 arto-
MUHWeBoro crinaesa AO31T.

MopknioveHne aBTOMAaTUYECKUX  BbIKIHO-
yatenen OTXOOAWMX FMHWIA K pacnpenenv-
TErbHbIM LUMHAM OCYLLECTBNSIETCS  MMOKUMU
M30MMpOBaHHbIMK  LWMHamK. BonToBble anek-
TPUYECKne COeAMHEHVS BbIMOIHAIOTCS BbICOKO-
Ka4eCTBEHHbIM Kpenexom, 4YTo obecrieunBaet
HaOEXHbIN ANEKTPUYECKUIA KOHTAKT U He Tpe-
ByeT obcnyxunBaHus.

LWLnTel pacnpepenuTenbHbIX YCTPOWCTB
N3roTaBnMBalOTCA B COOTBETCTBUM C
FOCT P 51321.1-2000 (M3K 60439-1-92),
npoxoasiT  MPUEMO-COATOYHbIE  MCMbITa-
HUS U MPOBEPKY Ha (YHKLMOHMPOBaHME.
lMoctaBka ocywecTBNAeTCH OTAENbHbIMM
wkadgamu, 4yTo He TpebyeT cneumanbHOro
TakenaxHoro obopynoBaHus 6onbLuol rpy-
30MOABEMHOCTN. m

«3nTex-A»

107258, MockBa,

yn. 1-aa ByxBocToBa,
a.12/11, k.17, ocp. 201

1.: (495) 221-19-80
www.eltech-a.ru
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Mockoeckue HedpTerasoeblie KOHthepeHUUKH
ExerogHsie ecTpeyun HE(PTAHWKOE M ra30BMKOB

Dxrafps HEQTETAICEPBHC Hedmerasoowi copasc § Poccul

TpaouuWoHHER NNOWaOKEa ONA BCTREY pysoanguTanad eohuasreackux, Gypo-
BbiX NPESNPAATHA, & THIOKE KOMNEHWA, 3AHATHO PEMOHTOM CRBIN0MH, Ha KoH-
HEpEHLME CHW B Hadopmanssol obcTaHoars oBCYMORKT BXTYENLHLE BOMN-
POCH CO COCHMM JIHIPHNKAMA - Hﬂfﬂm“ EOR A MAMA

Yumeermwminm: Eypro, Esgasen, GOH, PH-Bypviss, PH-Copaesc, Wirepa, THE-SP, Cyprymhedmsms,
Blakiar Hugtws Shiustaer, Hallorios

Oexobps HEQTETASWENLS ObGopymosanne ana pabotsl Ha wenbste

Saxarmxamu BecTynaoT OAD «Maanpoms, HK «Pochedmes, HK «TYKOWM»
M PR HHOCTPAHHLG HOMPAHHR. Ha oondpeHumn oHedTerasuens.gs noanora-
BNEHE Taa hupsl Hopeeriw, Banmeoobpuranam w CLILA, wmescue BGoneLusod
NPAXTHWSECKMIA ONWT patoT Ka HechTeraIoRoM LNt

Vascremaw: Masngou. Fasgnor, Cemsopssgnoma, Pocsedas, TYHSEA . KCWME Jsoaaras. Comuau
Voareme-typosce ofomnomaee, Shall, Tolel, Siloditydio, Excondiobl, Aer Kyassrmar,
Hun Capdal Parines, FMC Teohnologkss.

Mapr HEGTEFAICHAE Cuafcenme n HehTerasosoM KoMANEKCE

YuacTHEH KoHtbepeHUMM «Hedmerancxale: - pyxobogumend crysl MTO gpyn-
Hil HehTeraanasx KoMnammin. CnaunancTsl oBCy =0T KoHKYPOH, BONPocH
. npuesEd ofopynoBaHHA, MYTH COBEPILEHCTBOBAHKA npouenyp oTBopa
" nocTaBwMkDe, coagasre Gas nanHex

e

R FuscTHMKE: pyesogeTans [aisoannesraungss, Toproson [Joua = + PCBCN PET el
N T M PSSR Difarneasae Poossbre, Cyprymesieesran, Cnamsedm, THGEP Tamasdms
CHEYR Crpodepssanas, NEspoal edins, PATIE PeooMHedms, HOBRTIE

Tenedous: (495) 514-4468; 514-5856
®axc: (495) T88-7279; infoln-g-k.ru
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KOMIMPECCOPbDI
COMPRESSORS

YensAGMHCKUIA KOMNPECCOPHbLIN 3aBoA Obifl ocHOBaH 25 okTsA6psa 1999 roga. He umes co6CTBEHHbIX NPOU3BOACTBEHHbIX Myowanemn,
3aBoj, apeHAoBas He6OoNbLIOW y4acTOK Ha OQHOM U3 npeanpuAaTur YensabuHcka. 3a nepBbIv rog cBoero cyujectBoBaHus YK3 Bbli-
MyCTUN BCEro BOCEMb POTOPHO-NMIIACTUHUYMTLIX KOMMNPECCOPHbIX ycTaHOBOK. Ho yxxe B 2001 rogy ocBoun npousBoAcTBO BUHTOBbIX
KOMMPEeCCOPHbIX YCTaHOBOK. B KOPOTKUI cpok 3aBoA BbIPOC M MPOYHO YTBEPAUIICS Ha POCCUMACKOM PbIHKe KaK KpynHeNlL i Npou3Bo-
AUTeNb BUHTOBBLIX KOMMPECCOPHbIX YCTaHOBOK ¢ AusenibHbIM (KB) 1 anektpuyeckum (O3H) npuBogom.

3A0 YEJIIBUHCKUH KOMIIPECCOPHBIH 3ABO/1» -
HAJIEKHBIN ITOCTABIIIUK
KAYECTBEHHOTI'O C2)KATOT'O BO3IYXA

CeropHst  YensibvHCKM  KOMMPECCOPHbIN
3aB0A-3TO Oonee OecAaTU ThiCsY KBagpaTHbIX
METPOB MPOM3BOACTBEHHbIX NIowWwanen, rae
YCTaHOBIIEHO HOBOE COBPEMeHHOe 06opyao-
BaHUWe: NasepHble KOMMNMEKChI, MMCTOrMGOYHBI
npecc, NHKS NOPOLLKOBOW Nokpacku, obpaba-
ThbiBalOLLME LEHTPbI C YMCMOBLIM NpOrpamMm-
HbIM ynpaBreHMeM U T. . Ha 3aBofe TpyaaTcs
OKOMO TPEXCOT BbICOKOKBANMMULMPOBAHHbIX
cneuuanncToB. B KOMNpeccopHbIX ycTaHoBKax
YK3 u1crnonb3yroTcs KOMMMEKTYoLWmMe KoMmno-
HEHTbI BeAyLUMX MWPOBbIX MPOW3BOAUTENEN:
Deutz, GHH-RAND, ROTORCOMP, Danfoss,
Schneider Electric.

[lBa cbBopoyHbIX y4acTka 3aBoja exe-
MecsiyHO cobupatoT Gonee cta cemmpecsaTu
KOMMPECCOPHBIX YCTAHOBOK pasfu4Hoi Mo-
andukauum. 25 oktabps 2007 roga, B AeHb
BOCbMUIETUS 3aBOAa, CO COOPOYHOro y4acT-
Ka coLlna YeTblpexTbiCiyHasi KOMNpPeccopHas
yCTaHoBKa.

C 2004 roma Ha npegnpusiTum pabortaet
cepBuUCHasi crnyxba, OCyLLecTBMsOLas MOH-
TaX KOMMPECCOPHbIX YCTAHOBOK, MyckoHamna-
[0YHble paboTbl, rapaHTUHOE U nocnerapaH-
TUIAHOE ux obcnykuBaHue.

3AQ «YensabUuHckMIn KOMNPECCOPHbIV 3aBoa»
CEPUNHO MPOU3BOAMT, OCYLLECTBIISET TEXHUYe-
CKYIO MOOZEPXKKY M CEPBUC BUHTOBBLIX KOMMpEC-
COPHbIX YCTaHOBOK C MPUBOAOM OT 3M1IEKTPUYECKO-

ro geurarens tuna JOH nponsBoguTensHOCTHI0
0,6-43 M*/MVH ¢ pabounm JaeneHvem 5-16 atwm.,
BMHTOBbIX KOMMPECCOPHbIX YCTAHOBOK C AN3€eNb-
HbIM NpuBogoM Tuna KB nponsBoguTensHOCTBIO
3-25 M*/MuH ¢ pabounm aaBneHvem o 16 atm.,
MOpLUHEBBIX KOMMPECCOPHbIX YCTAHOBOK CpeaHe-
ro u Bbicokoro gaeneHuns 40-350 Gap, ooXUM-
HbIX MOPLUHEBBIX KOMMPECCOPHBIX YCTaHOBOK,
obopyaoBaHue No NOATOTOBKE CXaToro BO3Ayxa
(ocywmtenu,  dunbTpbl), MHEBMOUHCTPYMEHT.
KomnpeccopHble ycTaHOBKM — npenHasHauveHbl
Ons paboTtbl B MalUMHOCTPOUTENbHON, MeTan-
TYPruyeckor, TEKCTUMbHOW, TFOpHOW, HedoTera-
300006bIBaOLLEN, MULLEBOM WM OPYrMX OTPacrsix
NMPOMBbILLINIEHHOCTM.

B mae 2007 ropa ¢ BBOOOM B 3KChryaTa-
L0 HOBBbIX MPOV3BOACTBEHHbIX NIoLanen obin
cosfaH Lex CcOopkM Brok-KOHTEMHEPOB KOM-
npeccopHbix (BKK). BKK npencraensior cobow
MOAyrbHYH CTaHLWMIO, OCHALLEHHYH KOMMpec-
COpHOW yCTaHOBKOW U 0BopynoBaHMeM, Heob-
XoauMbIM Ans e€ adpdpekTmBHOM paboTbl. [Ans
BKK He TpebyeTcs cTpouTenscTBO crneumarns-
HOro chyHAAMEHTa UK 30aHus, YTO pacLumMpsieT
[OranasoH ero NPUMEHEHS! B CaMbIX PasfnnYHbIX
oTpacnsix NPOMBbILLIIEHHOCTU U KeNe3HOL0POX-
Horo TpaHcrnopTa. OH OTIMYHO 3apekoMeHOo-
Ban cebsi B ceBepHbIX pernoHax Poccun, roe
BefeTcs pa3paboTka HePTSHbIX U ra3oBbIX Me-
CTOPOXKOEHWUN.

P2 Vommerccormn sason

3A0 «HK3» NPEONATAET:
COBPEMEHHOE KOMNPECCOPHOE OEQPYJOBAHHE

BMHTOBERIZ BEOMAPEC
C NpHBd oM OT AW3I8NEHOND

OpHEI WCTAHOEHK
W ANSKTPAYECHOrD gauMraTaens

SHTEHHEDE] KOMNPECCOPHLIE

CGHHCTRYMEHT ”

HHEF WA CATOIO ED?.J]HA

paspabotia npoexTa = noabop W NoCTagka oDOPYOBAKUA = MOHTAM W AYEKOHANAM0Y HbIE paloTb
FAPAHTVINHOE 11 NOCAETATAHTNVHOE, CEPBNCHOE DOCAYMWBAHNE & YCAYIU NN3MHIOBBIK HOMNAHNW

www.chkz.ru x

Bbicokoe KayecTBO KOMMPECCOPHbIX YCTa-
HoBok 3A0 «YK3» oTmedeHo amnnomamum «100
ny4wmx ToBapos Poccumy.

Y YenabuHckoro KOMMpPeCcCOopHOro 3aBoda
GonbLune nnaHbl Ha Byayliee. Yke cerogHst Be-
[OEeT CTPOUTENBbCTBO HOBOMO MPOV3BOACTBEHHOMO
kopriyca. K koHuy 2008 roga yBenuuutcst Bbl-
MyCK KOMMPECCOPHbIX YCTAHOBOK A0 225 LITYK B
mecsu. Paclumputcs pbliHOK cObiTa npoayKumm
YK3 3a cyeT BbIxoAbl Ha HoBblE pbiHKV CpeaHen
A3nn, 3akaBka3sbsi, YkpaunHbl, KOxxHoro n Cesepo-
3anagHoro PefeparnbHbIx okpyros Poccuu.

CerogHa YK3 He npocTo npogaeT Kom-
NpeccopHble YCTaHOBKM, a npeararaer CBO-
UM KINMEeHTaM KOMMIEKC yCryr: oT ayauTta ux
NHEeBMaTUYEeCKON cuctemMsl 1 nogbopa obopy-
[OBaHus, HeobxoanMoro Anst NonyYeHusl ka-
YeCTBEHHOrO CXXaToro Bo3gyxa, 0 CEPBUCHO-
ro o6Cny>X1BaHNs KOMMPECCOPHbIX CTaHLUMIA 1
MOCTaBKM 3anacHblX YacTeu K Hewn.

B Hactosiee Bpemsi 3AO «YK3» npeno-
CTaBMsieT Ha MPOV3BOAVIMOE KOMMPECCOPHOE
obopyaoBaHue rapaHTuio 0 TPEX MET.

Mpoaykuus cooTBeTCTBYET TPEOOBaHMSM Ka-
yecta [OCT P-MCO 9001-2001. m

454085, r. YenA6UHCK,
L np. lleHuHa, 2-b
> ~ 3 T./cpakc: (351) 775-10-20

q“; s.ales@.chkz.ru

454085, r. Yanubuuck, np, Nausea, 2-6

Ten./taxc {351) 775-10-20
e-mail: salesi@chkz.ru
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4 Ne 1 B Poccum no o6bemy nponsBofcTea 060pyaoBaHvs ANA PEMOHTA U VCTbITaHWs TPyGOonpoBOAHOM apMaTyphbl.®

— : Mpoaykums:
n: *CTeHabl ANA MApaBnMyeckMX 1 MHEBMATUHECKVX UCTIbITAHWIA 3aMOpHON, PErynupytoLLen, NpeaoXpaHUTENsHOM

apmartypbl DN 10-1200 mm.

3AO0 «MNKTBA» «OBopyaoBaHNE [N UCTIbITaHMIA NPEBEHTOPOB, 3a/BIKEK, YCTLEBON apMaTyphbl, BEPTIIONOB, YHUBEPCANBLHBIX rep-
METU3aTOPOB YCTbsA, MaHUOMNbAOB, MAPOAOMKPATOB, KaTyLUEK U T.4,;

*O60opynoBaHVE Arst TEXHNYECKOrO OCBMAETENBCTBOBAHMS FA30BbIX HanmoHOB ANsi CKaTOro Y CKVDKEHHOTO rasa.
*[TonHbI KOMMNEKC 060PyAOBaHUS NS Y4aCTKOB MO PEMOHTY 1 BOCCTAHOBMEHMIO apMaTypbl.

*CBapo4Hoe, HannaBoyHoe 0bopyAoBaHWe Arisi IPoM3BoAUTENEel TPYGoNpoBOaHON apMaTypb!.

200'2_01’ 200-202 *CBapoyHas TEXHUKa Arist MPOMBbILLEHHbBIX MPEANPUSTTUNA.

E-mail: ks@pktba.ru *CobCcTBEHHbIE AaHHbIe KoMMaHumW: paboTas B otpacim ¢ 1962 r., cerogHs MKTBA npoussoauT v npoaaeT Gorblue 060pyaoBaHns
www.pktba.ru [rst pPEMOHTa U UCTIbITaHWst TPYBoNpOBOAHOM apmaTypbl, Yem KTo-nnbo apyroii B Poccum.

Poccus, 440060, r. MeH3a,
np-T Mo6epbl, 75
T./ch. (8412)45-78-00, 45-78-04,

OcHoBHbIM HanpasneHnem aestenbHocTr OO0 HIP « TpaHcHedbTeaBTOMaTVKa», co3gaHHo B 1960 roay, senserca
pa3paboTka 1 M3roTOBEHWE SNEKTPOHArpeBaTenei Ans pa3orpesa Bs3KVX 1 3aCTbIBaOLLMX NPOAYKTOB B Tpy6onpo-
BOZAX, B HA3eMHbIX 1 MOA3EMHbIX pe3epByapax, B >/4 LMcTepHax. Halum HarpeBaTenu Mcnonb3ytoTes B HedoTeraso-
[Oo6blBatoLLel U nepepabaTbiBatoLLElN NPOMBILLIEHHOCTH, Ha HedbTebasax, Ha acansTobeTOHHbIX 3aBoAaX U T.4.
192102, CankT-TNetep6ypr, [ns pasorpesa Tpy60npoBoAoB, pa3MeLLeHHbIX B 3oHax [-l, M-Il v M-Il nicnonbaytot:
yn. Canoga, A. 38 * HarpesaTtenbHble NeHTbl QHITI-1, SHITI-2, SHITY-400 ¢ nonyctvmon Temn. 60-400°C,
T.. +7 (812) 766-55-21, 766-55-23, *B pr6onpoao,qax N TEXHONOrn4eCckom 060py,q0|3ava| BO B3PbIBOOMNACHbLIX 30HaX UCMNOJb3YHKTCA B3PbIBO-
766-55-24, 920-37-13 3alUyLLEHHbIe NeHToYHbIe 1 KabenbHble HarpesaTenu SHITIEx-1 n QHIKEX ¢ gonyctumon t = 180°C
* B Ha3eMHbIX 1 NOA3EMHbIX pe3epByapax, TOM yucre u ¢ butymom, Harpesatenu HBIM 1 HBEB, koHCTpyKUmMSA
KOTOPbIX NMO3BOMSIET OCYLLECTBNSATL UX 3aMeHy 6e3 ONMOPOXHEHUsI pe3epByapa 1 UCKMYaeT BEPOSITHOCTb
KOKcoBaHus npogykTa. B /g unctepHax — HarpeBatenu 3MK-45 n 3MK-82 mowHocTbio Ao 90kBT.

e-mail: term@obogrev.net
www.tnaspb.ru,

www.obogrev.net
_-;m} OO0 HIMnN (fTeI'IJ'IOTeXHVIKa» ocHoBsaH B 1993 roay, 1 cerogHsa Mbl — OOHW U3 NMAEPOB NPOU3BOAUTENEN Tenmno-
TEXHWUYECKON NPOAYKLMUM.
! I Kotnbl cepun OKT npeaHa3HaueHbl 4518 OTONNEHUS CKIMaACKuX, aAMUHUCTPATVBHBIX, CEMbCKOXO3SANCTBEHHBIX M
MPON3BOACTBEHHbIX NomeLleHniA. OgHm n3 paspabotok OO0 HIIM «TennotexHuka» cranm NpoMbiLLNeHHbIe
T TOHoBble anekTpokoTenbHble IKT-M n anektponaporeHepatopbl A, KOTOpbIe yXe HalLMM Ha PbIHKE CBOWX
452620, BawkopTocTaH, notpebuTenen B TOM Y1Crie U B HedoTerasoBoM KoMrrekce. AnekTpokoTenbHas AKT-M npeacranser coboit
r. OKTAGpPbLCKUNA, MOHOBIIOK, MOMHOCTBIO FOTOBbLIV K paboTe. PaboTa anekTpoKoTENbLHOM NPOMCXOAMUT B aBTOMATUYECKOM pexume
yn. Koonepatuehas 140, 6€3 NOCTOSIHHOTO OGCITY)KMBAIOLLETO MepcoHara.

T./cb. (34767) 3-91-22, 3-91-25  aporeHepaTopbl aMeKTpUYECKUe areKTpoaHbie Tvuna A npeaHasHadeHb! Aris POVN3BOLACTBA BOASHONO HAChI-
e-mail:teplotehnical@yandex.ru  wenHoro napa Ans TexHonormyeckux Lenei. MaponponssoautensHocTs or 3 4o 2000 Kr B Yac B 3aBYICUMOCTM
www.termotek.ru OT MCMonHeHus, n3bbiTouHoe Aaenenne ao 0,8 MIa(8kr/cm?), Temnepatypa oo 180°C.

- OAQO «BszeMCKMA MALLWMHOCTPOMTENbLHLIA 3aB0A
Eﬂzh l'“ﬂ:] ww;.vyazm a.su “

XUMYNCTKKM anA cneuyogexabl

B 6a30ByH KOMNMNEKTALWIO MALLMHbI H3HAYANbLHO BXOONAT
BCE HeoDXOAMMbIE ANA NONHOUEHHOW PaboThl ONUWH;

* JKONOrMYeckni puneTp, paboTawwmn 6e3 pUNLTPOBANBHOMO NOPOLLKA; -
* TEPMO3AWNTA ABUTATENEN;

# AETOMaTHYECKHA I'.'ﬂl-l‘l'Fﬂl‘lh CYLUKH

* MPOrpaMMHpPYEMBIA KOMNLIOTEP (PYYHOR/ABTOMATHYECKMA PEXMM;
KOMMNHOTEDHAA OHAMHOCTHMED HEMOMAOOK, .
* CHCTEMa EI‘IDHHFIEBHH NOEOB;

* JAWMTA OT NepeniBea AWCTHUANATOpPA;

* ABOHHOW KOHTPONL TEMNEPaTYPhl AHCTANNALWMA,
* gbecuBe4MBAKWMN PUNLTP-KAPTRPHUAN;

* BCTPOAHHEIA A0IATOP MOKILLMX cpeacTe;

* BEHTHNAUWA 3arpy304HOro nkoKa;

= PEMYNATOR OXNaKaalkwen BoaL W T.4.

(48131) 3-47-34, 3-47-22, . =3\
3-48-22, 3-48-27, 3-48-70 e KAQEC-TE |
e i
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JKcno3muuma

FUNKE RUS “®.,
000 «®PyHke Pyc»

125212, MockBa,
KpoHwTaarckui 6-p, a. 7A
T.:+7(495) 452-58-55

c.: +7(495) 380-08-32
post@funke-rus.ru
www.funke-rus.ru

keap

OAO «3ABOOOYKOBCKUM

MALLMHOCTPOUTEIb HbIA
3ABOO»

627144, TromeHcKas obnacTb,

1. 3aBoAOyKOBCK, yn. 3aBoackas 1 «a».

T./db.: (34542) 2-12-04, 2-33-36, 2-62-25

www.kedrvagon.ru

zmz@kedrvagon.ru

Cn)"l'iTEHH HKA

3A0 NTK «TOYTEXHUKA»

125368 r. MockBa,

yn. Bapbiwwuxa, .19
T./¢p.:(495)981-10-44,
8-926-267-75-48

e-mail: tochteh@mail.ru

AND

2 30 W, Anotsn
000 «3W 3HA OU PYC»,
OOYEPHAA KOM NAHUA
A&D LTD, TOKIO, JAPAN

121357, r.MockBa, yn.Bepeickas,
112 kBaptan «KyHueBo»
TenecpoHn:(495) 937-33-44,

dpakc: :(495) 937-55-66
www.and-rus.ru, www.aandd.jp

KHTHF -2

Poccus, 107078, MockBa, npocnekt
Axapgemuka Caxaposa, A. 10

Ten: +7 (495) 229-88-88

®dakc: +7 (495) 229-88-99

E-mail: info@kungur.com

Internet: www.kungur.com

CHIMX

OAO «<HUMHE®TEMPOMXUM»

420045, Poccus, PT, r.KasaHb,
yn.H.EpwosBa, 29

Ten.(843) 272-52-14

dakc: (843) 272-60-81

e-mail: info@neftpx.ru
http://www.neftpx.ru
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KATANOI OPFTAHU3ALWIA, CTUPATIbHOE OBEOPYOBAHWE
CATALOGUE OF ORGANIZATIONS, WASHING EQUIPMENT

«®PyHke Pyc» — odmumansHoe npeacrasutensctso komnanHim FUNKE GmbH. OcHoBHoe Hanpaenermne pabotbl
npeanpusiTUS — 31O NPOU3BOACTBO TEMII00OMEHHOrO 060PYAOBaHNS PA3IIMYHOTO HasHayYeHWs!. TennoobMeHH-
k1 FUNKE HaLLnm Lwvpokoe npumeHeHne B 06racTsx KOMMyHarlbHOW SHEPTreTUKM, MULLIEBOW MPOMBILLIFIEHHOCTH,
MPOMBILLIFIEHHOTO Npon3BoacTBa. LLnpokui accoptumeHT o6opyaoBaHWst NO3BOMSAET peanv3osarsb nobdyto 3aaa-
4y, CBA3aHHY!0 C nepenadei Tenna. CeTb COOPOYHbIX MPOU3BOACTB MO3BONSET obecneymBaTb 06opyaoBaHMEM
FUNKE obbexTbl Ha Bceln Tepputopun PP. OcHoBHasi MPoM3BOACTBEHHAs NHeNKa o6opyaoBaHMS, MPOn3Bo-
avmoro B Poccun, 310 pa3bopHble nnacTyHYaTble TeMI00OMEHHMKN.

Mcnonb3ys obopynosaHue FUNKE, Mbl 0becrnednBaem BbICOKOe Ka4eCTBO 060pyA0BaHMS MO AOCTYMHOM LiEHe.
MnactrHyaTble TennoobmeHHukn FUNKE:

1) Tennosast MowHocTb 0,2 KBT + 50 MBT; 2) ananasoH pabounx Temneparyp -160°C + +200°C;

3) max paboyee gaenexue 30 6ap; 4) nnowaib NnacTuHbl Ao 3 M?

OAO «3aB0a0yKOBCKMIN MALLMHOCTPOUTENbHbBIV 3aBoA» paboTaeT Ha pOCCUMCKOM pbiHKe Gornee 66 net.

3aBog npoussoant 6onee 500 Moandmkaumii NPULLENOB BaroH-AOMOB NepeaBiXHbIX Mogenu «Keagpy»:

* JKUIble NOMeLLeHWs1, ObITOBbIE MOMELLEHUS, MYHKTbI MUTaHUS,

* cayHbl, AylleBble, oucbl U ap.,

* aTakke 34aHus MoOGUIbHble KoHTeHepHoro Tuna «Kegp-bK» pasnnMyHoro Ha3HayeHus B TOM Yncne u
ons MeguumHckmx uenen (OAr).

Mpennpusitue MeeT cBOU NoAbE3AHbIE XENE3HOAOPOXHbIE NyTW. Hall OCHOBHOM NPOU3BOACTBEH-
HbIA MPVHLMMN - HEOCMOPMMOE Ka4ecTBO NpoayKuun. icnonb3yemble MaTepuarnbl 1 TEXHOMOMMU U BbICO-
KU YpOBEHb NepcoHana 3aBofa, obecneymBaloT OTNMYHbIE NOTPEOUTENBLCKME KavyecTBa BbiMyCKaeMbIX
n3genuin. Msgenusa TpaHCNOPTUPYHOTCA TsiradaMu, OCHALLEHHbIMU TAFOBO-CLEMHbIM YCTPOMCTBOM MO
[OCT 2349-75 n nHeBmo-anekTpoBbiBogamu no NOCT 4364-81, OCT 37.001.441-86 n FOCT 9200-76.

3AO IMTK «ToutexHuka» — gunep OO0 «XongmHroast komnaHust Mukpon» (. Ogecca) npearnaraet K nocTaBke:
*Kannbpbl HedhTsIHOrO copTameHTa pe3b0oBble 1 MaaKkve, Ons KOHTPOMs 3amKoBoi pesbbbl (P3, M3), Tpeyronb-
Hom pe3bbbl HKT (PHK, M'HK), TpaneuenpansHoi pe3sbbl HKT (HKM), TpaneuenaansHol pe3sbbl 06caaHbix Tpyo
(OTTM), ansa ynopHor pe3sdbl (BTC). Kanmbpbl MOryT 13roTaBnmMBatbCsi MO TEXHUYECKOMY 3a[jaHunio Unn YepTe-
XaMm 3aKasquka.

*Kannbpb! 06LLEMALLMHOCTPOUTENBHOMO Has3Ha4YeHUs, AN KOHTPONS METPUYECKOW TPYOHON LMIMMHOPUYECKON,
TPYOHOM KOHMYECKON, TpaneLenaansHou 1 ap. pesso.

*LLlapukoBble BUHTOBbIE Nepenaym (LLBIT) (no cTaHaapTam 3aBoaa v Mo YepTexam 3akasquka).

*MIHCTpyMEHT 0BLLEMALLIMHOCTPOUTESBHOTO Ha3HAYEHNST (PEXYLLIMIA, CNECAPHO-MOHTaXXHbIN, MEPUTENBHBIN).
*CTaHKu yHMBepcanbHble Ans AuHamudeckorn 6anaHcmposky cepumn OMM901.

*YHuBepcarbHble chpesepHblie cTaHku cepi OMM.

ANEKTPOHHBLIE BECbI, AHAITMU3ATOPbI BIIAJXXHOCTU U BA3KOCTU

- LLInpokuin cnekTp SNOHCKUX BECOB: aHanMTU4yeckne, nabopaTopHble, MOPLMOHHLIE, TEXHUYECKue,
CYeTHbIE U NNaTOpPMEHHbIE

- Hannumne nonHoro nepeyHsi ToBapa Ha cknage B Mockse

- becnnatHble BbleaaHble Npe3eHTaummn obopyaosaHus, obyyatolume cemmnHapsl B 13 ropoaax Poccumn

- MNpopaxa n paspaboTka aTTeCcToBaHHbIX METOAMK M3MEPEHUS BNaXHOCTN Ans Bawwnx obpasuos

- Nlobast peknamHas nogaepxka

CootBetcTBre Bcem TpeboaHuam OCT P®, Bce obopynoBaHue BHeceHo B [ocpeectp Cpeacts

N3amepeHnnin

FTAPAHTUA Ha Bce nabopaTopHoe o6opynosaHue - 5 JIET.

XonauHr «KYHIYP — HEGTETASOBOE OBOPYOBAHWE 1 CEPBUCHI» npounssoaut Gornee 50 mogudmka-
LA BbICOKOTEXHOMOTMYHOM TEXHUKM Arisi HedhTEra3o0BOro CeKTopa 3KOHOMMKU. [NpoayKLms KoMNaHum:

* MOBUbHbIE BypOBbLIE KOMMNMEKCHI Arist YCTaHOBOK rpy30mnogbeMHOCTbi0 OT 100 8o 250 TOHH;

* arperatbl Arisi OCBOEHMSI, KanuTanbHOrO0 peMOHTa 1 BypeHusi CKBaXKWH Ipy30MoabeMHOCTbLIO Ha kproke oT 20 1o
250 TOHH;

* CamMoxoaHble 1 nepenBbkHble OypoBble arperarbl U YCTaHOBKM A1151 BypeHrst pOTOPHBIM CoCOB0M CTPYKTYPHO-
MOUCKOBbIX CKBaXXWH Ha HE(HTb, a3, CKBaXKWH CEMbCKOXO3ANCTBEHHOIO 1 MPOMBbILLIIEHHOTO BOJOCHAGXEHMS, BOAO-
MOHVKEHUS, TMAPOreonorim;

* Typ600Oypkl, Typ6oOypbI-OTKIOHWTENM B rabapute ot 105 1o 240 mv;

* BUHTOBbIE 3a00VHbIE ABUraTENM, YHUBEPCATIbHbLIE BUHTOBbIE 3a601HbIe ABUraTeny B rabapute 76 - 240 mv;

* He(PTENPOMBICIIOBbIN UHCTPYMEHT.

OAO «HUWNHedbTenpomxvmy pa3pabaTbiBaeT U NOCTABMSET: KOMMO3ULMM M TEXHOIOMM AN CTUMYNSLMK paboTbl
CKBa)XVH, MOBBbILLEHWSI HEOTEOTAAYM MIACTOB, BKIO4as MUKPOOMONOryeckne MeToabl; MHMMOUTOPLI OTIOXEHNIA
HeopraHU4eckux coren; nHrMbuTopbl 1 yaanutenu ACIMO, XMMNpoayKTbl AN CHUXKEHUST BA3KOCTU HedTU; Ae-
3MyIbraTopbl; UHMMOUTOPLI KOPPO3UK, BakTepyLMAbI, HENTPaNM3aTOPbl CEPOBOAOPOAA M HUBLLMX MEpPKanTaHoB;
XUMMNMPOAYKTbl HA OCHOBE BUTYMa; TEXHUYECKVIE CPEACTBA ArIs MPUTOTORIMEHMS M 3aKaykv XMMMPOAYKTOB B M1acT,
[03VpOBOYHOE 060OPYAOBaHME; NPUGOpPLI 1 NabopaTopHoe 06opyAoBaHVe At HETENPOMBICIIOBOM XvMUK (MO-
CTaBKa, MOHTaX, CepBMCHOe 0BCMyXMBaHMe); NONMMEpPHbIE MOKPLITUS ANs 3aLLmTLI 000pyA0oBaHUS OT KOPPO3WK;
3KOMornyeckoe obecneveHne TEXHOMOMIA 1 pas3paboToK; YCTAaHOBKM OHYUCTKM CTOMHBIX BOA. 10 3akasy notpebure-
ney Mbl MOXEM B KpaTyaiLLvie Cpoku paspaboTarb U NoCTaBUTL HEOOXOAMMOE KOMMHECTBO XMMMPOAYKTOB, 060-
pyAoBaHUs, obecneqnTb MPOMBICIIOBbIE UCTbITAHWS 1 H3A30P 3@ NPUMEHEHVEM.

Mpennpusitne Gbino obpasosaHo B 1978 rogy 1 B 2008 rogy Ham ucnonHunocs 30 net.
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TEXHOIOIrmm
TECHNOLOGIES

3/H (64) mait 2008 r.

3Kcno3nuua

Mbi npepanaraem Baliemy BHUMaHUIO 3anaTeHTOBaHHYH pa3paboTKy SsINTOHCKMX UHXXEHEePOB — CUHycoMAanbHbIA BUGPOBUCKO3MMETP
cepuu SV npousBoactea A&D Company, Ltd (AnoHus). 3ToT meToa OCHOBaH Ha U3MepPeHUU BA3KOCTU NOCPEeACTBOM KaMepTOHHOM
BMOpaLMN CEHCOPHbIX NMAacTUH, NOrpyXeHHbIX B obpa3sel, . BBuay HU3Komn YacToTbl konebanus (30'u) 1 MMHMMaNbHOrO CMeLLeHUs
nnacTuH (MeHee 1MM) cocTaB o6pasLa He HapylLaeTCcs, B OTNIMYME OT POTAaLMOHHOIO BUCKO3UMETpa.

N3MEPEHUE BA3ZKOCTH
HE®TEINPOYKTOB: IPOPHIB TEXHOJIOTHIA!

1. 0 METOAE U NPUBOPE

M3-3a HebombLLOro pasmepa CEeHCOPHbIX
nnacTMH ¥ MWHUManNbHOW TennooTAaun Bsi3-
KocTb obpasLa n3mepsietcs 6e3 Temneparyp-
HbIX NMOTEPb, 1 NPUGOP BOCMPOWN3BOANUT TOUHYHO
3aBUCMMOCTb MEXY U3MEHEHVEM BSI3KOCTU 1
TemnepaTypbl obpasua B pexume peanbHOro
BpemeHW. [Npnbop MOXeT HenpepbIBHO W3-
MepsTb BA3KOCTb B LUMPOKMX AnanasoHax 6e3
3ameHbl NNacTuH. PeaynstaT MamepeHust no-
ABNsAeTCA Ha ancnnee vepes 15 cekyHa.

Mpn BMGpaLMOHHOM MeTode U3MepeHust
NMOTHOCTb 06pasLa CyLeCcTBEHHO BNUSET Ha
3HayeHue BA3KocTW. Ha aucnnee npubopa
SV oTpaxaercs 3HayeHue, paBHOE Npou3Be-
[AEHUI0 AMHAMUYECKOW BA3KOCTU U MIOTHOCTH
obpasua.

BubpaumnoHHbin  Tun  BUCKO3UMETpa W
MeTof, KaMepTOHHOW BMOpaumn OGbln akkpe-
ANTOBaH Kak CTaHAaapTHoe obopyaoBaHue
ANs U3MepeHust BA3KOCTN 1 BHeceH B JCSS
(sinoHcKyto cuctemy ctaHAapToB). Tak e MH-
dopmauua o npubope n metoae gobasneHa
Ha odwmumanbHbin web-cant NITE (Haumo-
HanbHOro MHCTUTYTa TEXHOMOMMW U Pa3BUTUSA
AnoHun) B anpene 2006 roaa.

2. UICNbITAHUA HE®TENPOOYKTOB HA
NMPUBOPE SV-10
[anee mMbl pacCMOTPUM NpUMepbI n3me-
pEHWs BSI3KOCTM YeTblpex 06pa3sLioB HedTe-
NPOAYKTOB C MOMOLLIbK CYHYCOMAAMNBHOIO
BMbposuckosmmeTpa SV-10 npoussoacTea
A&D Company.
* mppaBnuyeckoe
TMna
* Macno ansa ansenbHbIX ABUraTenen
¢ TpaHcmuccunoHHoe macno anst AKT1
* Macno ansa 6eH3VHOBbIX ABUraTenen

M3amepeHue BsI3KOCTU 4eTbipex obpas-
LIOB, Kak nokasaHo Ha puc. 1, 66110 BbINonHe-
HO nocpefcTBoM noaknodeHns SV-10 k nep-
COHaNnbHOMY KOMMbIOTEPY Yepe3 nHTepdenc
RS232C.

Mpouenypa mnamepeHusi BA3KOCTM Obina
cnegywoulas: npeaBapuTenbHO MOAroToBMe-
Ha cTeknsHHas MeHsypka 200 mn, obpasel
mMacrna B 3aKpbITOM pesepByape Obin nepe-
MELLUaH HECKOMbKO pa3 4OCTAaTOMHO MeAneH-
Ho, nocne yero 150 mn obpasua nepenvnu B

Macno CTtaHgapTHOro

NMoAroTOBIEHHYIO MEH3YPKY, a 3aTeM U3Mepe-
HUS BSIBKOCTU ObinM BbINOMHEHbI Ha ropsiyei
Mellasnike B COOTBETCTBMM CO CrieayloLwumm
NyHKTaMK:

1. OTperynupoBaHa rnybuHa MNOrpyxeHusi
CEHCOPHbIX NIAaCTUH B MEH3YPKY 4O PUCOK
Ha nnacTuHax.

2. ObpaseL, NOMELLEH Ha ropsivyo MeLuarsky,
KoTOopas, Bpaljasicb, nepemMeluvsana o6-
paseL, MeaneHHo, Bo u3bexaHue nosiere-
HWS pAGU Ha NOBEPXHOCTMU.

3. MIamepeHune BA3KOCTU ObINO Mpou3BeaeHO
npu KOMHaTHOW TemnepaType B TeYeHue
5 MUHYT.

4. HarpeBatenb ropsdert MeLuanky Obin BKIIO-
YeH, U U3MepeHne NpoaorKarnoch, noka ob-
paseL, He gocTur Temnepatypbl okoro 110°C.

3atem HarpeBaTenb Mellanku Obin Bbl-

KrntoyeH 1 obpasel, ocTaBreH OCTbiBaTb A0

KOMHaTHoW Temnepatypbl nopsigka 30°C, npu

3TOM MPOLECC U3MEPEHUST HE NPepbIBArCS.

3TUM cnocobom (HarpeBaHust 1 oxnaxae-

HVS) GbINyM NPOBEAEHbI U3MEPEHUsT BCeX Ye-

Tbipex obpasuoB mMacen. CKopoCTb MeLuanku

B npoLecce U3MepeHuin He nameHsnacs. aH-

Hble O BSI3KOCTW M TemnepaType obpasua B

npouecce n3MepeHus nepeaaBanncb B PeXu-

Me pearibHOro BPEMEHMU Ha KOMMbIOTEP Yepes

RS232C. NHTepBan namepeHuii 5 cekyHa.

O PE3YNbLTATAX:

Tabnuua 1 nokasblBaeT BA3KOCTb YeTbl-
pex 06pasLioB, U3MEPEHHYIO C NOMOLLbIO SV-
10 npun 40°C 1 100°C B pexumax HarpeBaHusi
n oxnaxaeHus. CuHyconpanbHbli BUGpOBK-
cko3umeTtp SV-10 cormacHo CBOEMY MPUHLU-
ny U3MepeHusi BblAAET MoKa3aHus AvHamu-
YeckoW OTHOCUTENbHOW BA3KOCTM obpasua.
Moatomy abcontoTHasi BsiskocTb o6pasua
MOXeT ObITb MornyveHa no dopmyne nyTem
AeneHns nokasaHui BSI3KOCTU M3 Tabnuubl
1 Ha ypgenbHyl Maccy obpasua. [dononHu-
TEnbHO KMHeTUYeckasi BSI3KOCTb MOXET ObITb
nony4eHa AeneHvemMm abCcomnTHON BA3KOCTU,
KoTOpas BblYMCNEHA BbILLE, HA NIIOTHOCTb Be-
LecTBa (34ecb — TO e camoe, YTO U yaenb-
Has macca).

Ha puc. 4, 5 Bbl MoxeTe yBUAETb U3Me-
HEeHVs1 TemnepaTypbl W BSI3KOCTW MpU Hernpe-
PbIBHOM U3mepeHun. Mpadpmkm Bbinm nonyyeHs

C rnomoLlbio nporpaMMHoro obecneyeHus
WinCT-Viscosity, koTopoe BxoAuWT B CTaH-
[APTHBIN KOMMMEKT NOCTaBKMU.

Puc.4, 5 nokasbiBaeT 3aBUCMMOCTb BSA3-
KOCTW M TemnepaTypbl rugpaBnuyeckoro b

i PEctijeus M TiHE
o '.'- - |
- I Dt Calino@uid
: = |.

e TR T ML

|- TemnecaTypsti COHOT)

O!

CEgaseu

om0l MHCTEH

Q

Puc. 1 BUGpauunoHHbI MeToa U3mepeHust
BAA3KOCTMN

Puc. 2 CuHycompanbHbi BUGPOBUCKO3UMETP
— mopenu SV u SV-A (AinoHus)

Puc. 3 CbéMHoe ycTpoicTBO Aucnnes

Pesynbratbl N3MepeHui BSI3KOCTU 40°C 100°C

Ha SV-10, mPa-s HarpeBanue OxnaxgeHne CpeaHee Harpesatne  OxnaxgeHue CpegHee
1. M'mapaenuyeckoe macrno 39,2 38,5 38,9 5,56 5,8 5,68

2. Macno ans au3enbHbIX ABuratenei 85,1 83,2 84,2 9,32 9,37 IS5

3. TpaHCMUCCMOHHOE Macno 21,3 21,3 21,3 5,11 5,34 5,23

4. Macno ansa 6eH3nHoBbIx ABuratenen | 49,5 48,8 49,2 8,11 8,17 8,14

Tabn.1
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Puc. 4

Macna. Puc.4 (cnesa), mokasbIBaeT: no ropu-
30HTanbHON OCK — BpeMmsi, Mo NeBOW BepTU-
KanbHOW OCY — BA3KOCTb, MO MpaBon BEpPTU-
KanbHoOW ocu — Temnepatypy. CuHsst Kpusas
nokasbIlBaeT NpoLecc M3MEHEHWsI No Temne-
patype; KpacHasi kpuBas, kotopasi HaxoguT-
csi B 0GpaTHOW Nponopumn K TeMnepaTypHomn
KPVBOW, MOKa3sbiBaeT BA3KOCTb. Puc.5 (cnpa-
Ba) NokasblBaeT 3aBUCKMMOCTb BSI3KOCTU OT
Temnepatypbl. Kak Bbl BuanMTe 13 rpacukos,
HenunHelrHaa obpaTHas 3aBUCMMOCTb MeXay
BSI3KOCTbIO U TemMnepaTypolrt MOXET ObITb Ha-
rMsgHO NPOAEMOHCTPUpOBaHa Ha Auvcnnee
KoMnbtoTepa. Takke Ha aTux rpadukax Bbl
MoXeTe HabnogaTe NPEBOCXOAHYI0 NOBTOPS-
€MOCTb pe3ynbTaToB B MPoLecce HarpeBaHns
1 OXnaxpeHust obpasLos.

Takum e 06pa3om Gbinu nony4eHbl aHa-
nornyHble rpaduky npolecca W3MepeHus
BA3KOCTW y Macna Ans Au3erbHblX ABurate-
nen, TPaHCMUCCUOHHOTO Macrna U macna ans
6eH3VHOBBIX ABUraTenen.

BbIiBOAbI

1. BA3KOCTb YeTbipex TUMUYHbIX Macen bbina
YCMELHO U3MepeHa C NMOMOLLbIO BUCKO3U-
meTpa SV-10.

2. ®aKTbl, YTO 3aBUCMMOCTb MEeXay BA3KOC-
TblO M TemnepaTtypon kaxporo obpasua
siBnsieTcs ob6paTHOM HenWHenHoW B npo-
Lieccax HarpeBaHus 1 OXNMaxaeHns 1 4To B
TeyeHue npouecca U3MepeHns AaHHble no-
Ka3blBaloT NPEBOCXOAHYIO0 NOBTOPSAEMOCTb,
ObINV NOATBEPXKAEHDI.

3. HOBMHKA 3TOIo rogA
B 9TOM rofly Ha pOCCUINCKOM PbIHKE MOSIBUT-
CSl HOBMHKA — PEBOMIOLIMOHHBIA BUCKO3UMETP

Mopenb
Metopn nsmepeHus
Yactora Bubpauun

[nana3zoH n3mMepeHuna

CxoaumocTb, He Gonee
MuHumManbHbIN pa3mep obpasua, Min
[vcnnen Temnepatypsbl, C°
MHTepdenc

MO (B kKomMnnekTe)

Ta6n.2 Cneuundmkauus mopenen
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Puc. 5

SV-A, KOTOpbIA NOAHUMET KavyecTBO aHanu-

3a BSI3KOCTU CbIpbsl M Cpend Ha HOBbIWA MpPo-

heccuoHarnbHbI ypoBeHb. OAHO 13 OTNNYMIA
npubopa — CbEMHOE CEHCOPHOE YCTPOWCTBO

(puc.3). 31O yCTpPOMCTBO MCMONb3yeTcs Ans

npoBefeHUs] BblIE3AHOTO KOHTPOS, MOMeBbIX

NCCrnefoBaHvin, N3MEepPEHUn B YCrOBUSX Mpo-

M3BOACTBEHHOIO MpoLiecca.

CraHpgapTHOe nporpaMMHoe obecneve-
Hue WinCT-Viscosity n nocnegoBaTenbHbIN-
USB kabenb nerko nogkntountb k MK 1 BbI-
MOSHATb MOHUTOPUHT C MOMOLLIbIO HOYTOYKa

Bnarogapsi HoBomy npubopy SV-1A no-
ABUIIaCb BO3MOXHOCTb M3MEpsiTb BSA3KOCTb
manoro obbema obpasua (2mn). 3To yganoch
Gnarogapsi HOBOW KOMMOHOBKE CEHCOPHbIX
nnacTvH 1 ceHcopa TemnepaTtypbl (puc.7) un
LUMpokomy Habopy emkocTel ansi obpasuos,
KOTOpble Tenepb BXOAAT B KOMMIEKT MOCTaB-
kv npubopa.

Moyemy akTyanbHO Mcnonb3oBaHWe 06-
pasLoB HeboMbLLOro 06bEMA?

* HekoTopble obpasLbl Ype3BblHanHO [OpPO-

M (Hanpumep, HOBble NMPUCAAKM U OpraHu-
Yyeckue ob6pasLibl BbICOKOW O4UCTKN)
MuHumanbHbIi 06bEM obpa3sua, Heobxo-
OVMbIA ANsi CTaHO4ApTHOrO BUCKO3UMETpa
SV-10 — 10mn. B cnyyae SV-1A nmeewm:
10mMn — 2mn = 8mn — 310 06BLEM 0b6pasua,
KOTOPbIA MOXHO C3KOHOMUTb Ha KaXAoM
N3MepeHnn.
Ecnvn ueHa o6pasLoBon XUAKOCTH, Hanpu-
mep, $10 3a mMn, To Ha Kaxgom uamepe-
HUM MOXHO CaKOHOMMUTbL $10 x 8mn = $80.
MpegnonoxuM, Bbl U3MeEpPsiETE BSI3KOCTb
oavH pa3 B Hegent. B atom cnyyae 3a rog
Bbl MOXeTe cakoHoMuTb $80 x 50 Hepenb =
$4,000!

TEXHONOrmum
TECHNOLOGIES

-l i

r [ ——

CUHSIS KpuBast
(TemnepatypHasi kpusas)

KpacHasi kpusasi
(kpuBasi BA3KOCTH)

s Ll Lo s Lo DT o

Puc. 6

° CyIJ.l,eCTBy}OT XNOKOCTU, KOTOpble TPyAHO
nony4ynTb B O0nbLLIOM KOnn4yecTBe.

3AKINIOYEHUE

Bce npubopbl A&D, koTopble Bac 3anHTe-
pecytoT CBOMMM TEXHUHECKMMUN BO3MOXHOCTSI-
MW — Ka4eCTBEHHbIE N HAAEXHbIE MOMOLLHMKN
B Bawwen paborte. Npnobpetas npmbop, Bel ra-
pPaHTMPOBaHHO Morny4YaeTe TOYHble pe3yrnbra-
Tbl U3MEPEHWI B MUHVMAIbHbIV OTPE3OK Bpe-
MeHw (15cekyHa), oTobpaxeHne nHdopmaumm
B rpacpnyeckom 1 TabnmyHom BUae, XpaHeHve
1 06paboTky nHopmaumm Ha MK. =

Puc. 7 HoBasi koMnoHOBKa CEHCOPOB

SV-10 SV-100 SV-1A SV-10A
CuHycouaanbHblii BUGPOBUCKO3MMETP, UCMONb3YHOLWMIA METOA KaMepTOHHOW BUGpaLmm
30Ty
0,3-10 000 1-100 Pa-c 0,3-1000 0,3-10 000
mPa-c mPa-c mPa-c
1% 1% 1% 1%

35 35 2 10
0-160

RS-232C

RS-232C+USB kabenb

WinCT - Viscosity

127
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5 -7 cheBpansa Bonrorpaa, 20 - 23 mas Ydpa,
[Osopey cnopta lNMpodpco- MeHngeneesa, 158
O6opynoBaHue. 10308, Nnp. JleHuHa, 65 EE“ [a3. HedTb.
Hedtb. 3. Xumnsa. | (8442) 26-51-86 TexHonoruu. (3472) 53-20-30
BBL| PervoH WWW.VZI.ru BLl «BBK» www.bvkexpo.ru
12 - 14 deBpans PT, Hab6. YenHsbi, 21 - 23 mas PT, HuxxHekamck,
ABsTO3aBoACKMI Mp., 1 Skonorus. nn. Jlemaesa, 4a,
(8552) 34-67-53, - HedrenepepaboTtka. | «TexHuk»
Hedtb. [a3. Xumna. | 35-92-43 Hedrexumus. SHepretuka | (8552) 72-82-93
Bl «3kcno-Kama» www.expokama.ru BK «HoBoe Tbicavenetve» | www.nt-expo.ru
13 - 15 deBpans OpeHO6ypr, 21 - 23 man AcTtpaxaHb

HedTb. as.
BLl «Ypan3kcno»

yn.BocTtouHas, 31
(3532) 99-69-39,
99-69-40
www.uralexpo.ru

HedTb 1 a3. SHepro.
3AO «Anekcy

(383) 330-42-30,
330-76-16
www.nsk.su/~apex

19 - 20 deBpans

HedTb 1 Mas. 3Hepro.
3A0 «Anekc»

YcuHck

(383) 330-42-30,
330-76-16
www.nsk.su/~apex

21 - 23 masa

Hedtb. [a3. Meonorus.
«TexHollapk»

Tomck

OAO TMAL
«TEXHOMAPK»
(3822) 41-96-70
www.t-park.ru

27 - 28 dpeBpans

TOK. Hedtb 1 Nas.
Yronb. QHepro.
3A0 «Anekc»

UpkyTCck

(383) 330-42-30, 330-76-16
www.nsk.su/~apex

21 - 24 masa

«Csapka-2008»
000 «JleHakcno»

CaHkT-lMeTepOypr,
Bonboi npocnekt 103,
nas. No7

(812) 321-26-31, 321-27-22
www.weldig.lenexpo.ru

11 mapTa

HedrerascHab
«MockoBckue HedTera-
30Bble KOHbepeHLum»

MockBa,

Mn. EBponsl, 2, oTenb
«PaguncoH-CnaBsiHckas»
(495) 514-58-56
www.n-g-k.ru

26 - 29 mas

PETROLEX / Hedprera-
30Basi NPOMBbILLIIEHHOCTb.
BL «KpokycOkcno»

MockBa

BL| «Kpokyc3Okcno»,
nae. Ne7, 3anbl 6-7
(496) 540-34-22
www.promfair.ru

19 - 21 mapra

VIl MexxgyHapoaHblii

Cankr-leTepOypr,
Bonbwoi np. B.O., 4.
103, naB. Ne7, ogp. 111.

27 - 30 man

POC-IA3-3KCIMO

Cankr-leTepOypr,
MeTtepbyprckuin CKK,
np.tO.MarapuHa, . 8.

etaweno akornoruyecknin popym | (812)321-27-18, 321-26-39 (812) 777-04-07, 718-35-37
OAO «JleHakcrno» www.ecology.lenexpo.ru «PAPIKCIMO» www.farexpo.ru
8 - 10 anpens CaHkr-leTepObypr, 23 - 27 noHA Mockga,
BLl «JleHakcno», naB. Ne3 KpacHonpecHeHckasi Hab., 14
Hedrenepepabotka | (812)320-96-60, HE®TEIA3 (495) 255-37-99,
- o === 1 HedpTexmmma 303-88-63 3A0 YBK 255-39-46
BK «J1eHakcno» www.restec.ru «OKenoueHTp» www.neftegaz-expo.ru
[ 15 - 17 anpens MockBa, L 23 - 27 vioHsA MockBa,
KpacHas MpecHs, nas. Ne7 h Okororus, noxapHasa | LIBK «3kcnoueHTpy,
Tpy6onpoBoaHbIV (495) 105-65-61, NPOMbILLINIEHHAs nas. Ne8
TpaHcnopT 105-65-62 'ﬁl 6e3onacHocTb (495) 744-17-71
[ ==y ]

BK «EBpoakcrio»

www.expopipeline.ru

doHp vm. BepHaackoro

www.efis-expo.ru

23 - 24 anpensa

YxTa

10 - 12 ceHTAGPA

PT, KasaHb,
OpeHb6yprckuin TpakT, 8

(383) 330-42-30, HedTb. [a3. (843) 570-51-11,
HedTb 1 laa. 330-76-16 - —— Hedbrexumms. 570-51-15
OHepro. 3AO «Anekc» : www.nsk.su/~apex BL «KazaHckas sipmapkay» ;| www.oilexpo.ru
14 - 16 masn Cankr-leTepObypr, 16 - 19 ceHTAGpA TioMeHb,
il BLl «CeBepo-3anaga yn. CeBacTononbckas,
f‘ tﬁ Mepeposble TexHonoruu ;| P®», nn. Mobeasl, 4. 2 HedTb. [a3. TOK. 12, BbiCTaBouHbIN 3an
aBToMaTu3auumn. (495) 234-22-10 —— «ToMeHckas (3452) 48-55-56
3A0 «3KCnoTpoHMKay | www.pta-expo.ru sapmMapka» WWW.expo72.ru

20 masa

Hedrerasctangapt
«MockoBckune HedTera-
30Bble KOHbEepEeHLMN»

MockBa,

[n. EBponel, 2, otenb
«PaguncoH-CnaBsiHckas»
(495) 514-58-56
www.n-g-k.ru

24 - 26 ceHTAGpPSA

Tpy6onposoa. Tpy6o-
npoBoaHas apmarypa.
Hacocbl. BIMT «3QPIM»

PT, KazaHb,
MockoBsckas, 1,
«[BopeL cnota»
(843) 541-34-27
WWW.erg-expo.ru
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23 - 26 ceHTAOps

GasSuf
MVK

MockBa,

KBL| « CokonbHMKM»
(495) 105-34-16,
105-34-42
www.gassuf.ru

29 - 31 okTAGpA

HedTb. Ma3. SHepro.
Okonorus. Xvmusi.
BK «HoBoe Tbicsuenetve»

PT, AnbMeTbeBCK,
JleHuHa, 98,

OK «HedTbue»
(8552) 72-82-93
www.nt-expo.ru

24 - 26 ceHTA6pSs

CypryTHedTeras
OBL, «HOropckue
KOHTPaKTbI»

Cypryr,

yn. BeicTpuHckas, . 18/4
TeHHUCHbIN LieHTp
(3462) 52-00-40
www.yugcont.ru

26 - 29 oKTA6pA

[anbnepuHckne
YTeHUst
OAO «LIro»

MockBa,

yn. HapogHoro ononuye-
Hug, a. 38, kopn. 3
(499) 192-65-339
manukov@cge.ru

1 - 3 okTAGpA

nepenoBble TEXHONOrMu
aBTomMaTtusayun

MockBa
OKCnoueHTp,
KpacHas MNpecHs
(495) 234-22-10

28 - 31 okTAGpA

Hedtb. 3. Xumus.
BL] «lMepmckas

Mepmb,
6ynbBap [arapuHa, 65

(342) 262-58-87

BK «3kcnotpoHuka» i www.pta-expo.ru sapmapka» www.expoperm.ru
1 - 3 okTA6pSA OpeHO6ypr, 4 - 6 HOAbpA YkpauHa, Kues,
MexayHapoaHbIN LEHTP
Hedtb 1 Nas. (383) 330-42-30, Bpoapckuii npocnekT, 15
Hedrexvmus. Snepro. : 330-76-16 rl Hedtb 1 a3 (044) 458-46-21
3A0 «Anekc» www.nsk.su/~apex «Acco» www.acco.ua
i 1 - 3 okTAGpSA Coun 5 - 7 HOAGpA Cawmapa,

GAZ INDUSTRY
«PoHa nm.
B.N. BepHapckoro»

3UMHUI TeaTp
(495) 744-17-71,
290-47-92
www.gaz-industry.ru

OIL. Gas. Chemistry
«3Qkcno-Bonray

MuwypuHa, 23 A
(846) 279-04-93,
279-07-08
www.gasoil-expo.ru

7 - 10 okTAGpSA

Hedtb 1 Mas.
ITE KIOGE

KaszaxcTtaH, Anmarhbl,
KUOC «ATakeHT»,
yn. Tumnpssesa, 4.42

www.kioge.ru

10 - 11 HosOpA

OGE
3A0 «MexayHapofHas
BbicTaBo4Hast KOMMaHUs»

MockBa,

KBL| «COKOnMbHUKMY,
CokonbHu4eckuin Ban,
0.1, naBunboH 4

(495) 925-34-19

| 14 - 16 okTAGPSA Caparos, 11 - 14 HosGps Yoa,
dh YepHbiweBckoro, 60/62 b" MeHgeneesa, 146/2
Hedtb. [a3. Xum. (8452) 20-54-70, ) Hedrela3Cepsuc. (347) 256-51-80,
BL, «Cocput-Okcno» 20-58-39 Bl «Bbaw3kcno» 265-54-61
www.expo.sofit.ru www.bashexpo.ru
14 - 16 okTAGPA Yda 25 - 28 HosGps MockBa,
»‘ Tpy6onpoBoaHble BBLl, lNa.. 55
(347) 252-39-88 cvcTEMBI (499) 760-26-48,
Xumusi. Hedprexumms. | 252-67-119 TeaTRMe | 3A0 BBL] «lMpombiner- : 760-31-61
= 000 «Jlurac» www.ligas-expo.ru HOCTb 1 CTPOUTENLCTBOY» | Www.trubosystem.ru
15 - 16 okTA6pA Hosi6pbek ) 25 - 28 HOAGps MockBa,
(383) 330-42-30 F oy AL it ra3F>o BB, nas. 55
-42-30, T ! pOMBbILLINEHHOCTL Poccum
Hed1b 1 Mas. Onepro. : 330-76-16 w 3A0 BBL| «MNpombiuner- | (499) 760-26-48, 760-31-61

3A0 «Anekc»

www.nsk.su/~apex

HOCTb U CTPOUTENBCTBO»

www.expobroker.ru

21 okTAbpA

Hedrerasosbin cepsuc
«MockoBckne HedbTera-
30Bble KOHbepeHLun»

MockBa,

Mn. EBponel, 2, OTenb
«PapucoH-CnaBsiHckasn»
(495) 514-58-56
Www.n-g-K.ru

26 - 28 HOsI6ps

Hedrelas
«Ypanbckue BbICTaBKM
2000»

EkaTtepuHOypr,

LleHTp mexgyHapoaHomn
TOProBemnm

(343) 370-33-74
www.uv2000.ru

21 - 23 oKTAGpSs

Ok03hPEKTUBHOCTb
doHp um.BepHaackoro

MockBa,

LIBK «3QkcnoueHTpy,
nas. Ne5

(495) 744-17-71
www.ecointech.ru

26 - 28 HosAGPA

Hedtb 1 a3
OBL] «tOropckue
KOHTpaKTbI»

HwxHeBapTOBCK

(3462) 52-00-40,
32-34-53
www.yugcont.ru

FCWEXFO

21 - 24 okTa6psa

MexayHapoaHbii
Ddopym
PCVEXPO

Mockga,
CokonbHUYeckuin Ban,
nas. Ne4

(495) 105-34-82
WWW.pPCVEXpo.ru

o

2 - 4 pexkabps

nepenoBble TEXHONOrMN
aBToMaTtusaum
BK «3kcnoTtpoHuka»

ExaTepuHGypr
KOCK «Poccus»,

yn. Beicoukoro, a. 14
(495) 234-22-10
www.pta-expo.ru

>

21 - 24 okTA6psa

Hedtb. Ma3. Xumns
BL «YomypTtusi»

WxeBCK,

yn. KoonepartueHas, 9,
dOLl «3popoBbex
(3412) 25-47-33
www.neft.vcudmurtia.ru

4 pnekabps

Hedreraswenbd
«MockoBckne HedTera-
30Bble KOHbepeHuum»

Mockga, 1n. EBponbl, 2
Orenb «PaancoH-
CnaBsiHCKasa»

(495) 514-58-56
WwWw.n-g-K.ru

29 - 30 oKTA6pSs

Tak. HedTb. Ma3. Yrone.
OHepro.
3A0 «Anekc»

KpacHosipck

(383) 330-42-30,
330-76-16
www.nsk.su/~apex

9 - 12 pekabps

AsTOMaTM3aUUSA
«DAPIKCIO»

CaHkr-leTepObypr,
MeTtepbyprckuin CKK,
np.tO.MarapuHa, g. 8.
(812) 777-04-07
www.farexpo.ru
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BbICTABKU

CneynanusnpoBaHHble
MeXpervoHanbHble BbICTABKN

m Mpurbopsbi m Tpybonposoga. m OtonneHwe.
yyerta TpybonpoeogHas BeHTunauwms.
3HepropecypcoB apmarypa. KoHguynoHupoBaHue
Hacocbl

Ka3aHb
'Y «lBopey Cnopra»

24-26 ceHTA6pA 2008 r.

Oprann3aTopbl:

BoicTapouHan @yWpMa aTaTakcngs
Ten. /ipaxc; (843) 264-59-35.
&-mail: alexposmi.n, |||.'||'.E'Z.-' Vi lalexpo.com

HrdropsaunonHan noanepmea; \ BuicTasoyHoe npeanpuaTie o3P

* o Wer Ten. /harc: (843} 518-07-41
e-mail: mail@erg-expo.ru, hitp: /www.erg-expo.ru

F

6-n1 MexayHapoaHan CNeunanmMInpoEaHHan BbICTaBKA
no rasopacnpeaseAaeHuio v acdhpeKTUBHOMY UCNOALI0BAHUIO rasa

T fozocHabxenwe 23 — 25 GEHTHBPH 2[]['8

u 3pdexTHEHDE

Wcnonk3osanme raza Mocksa, KBLl «CokonbHMK#K»

Mecnonsiosanue n PHpOAHOrG
raia B Ra4YacTes MoOToOpHOrS

e
£
v J Tonnuso
¢
Uy

CRMmeH bR NPHPOAHEIR LUADE LI Bl T BN,
M3 | CHHTETHY 2L KOS E-imail mm@nmﬂ FLT]
MAOKDE TONIMBD TeEas +7 [495) 995-05-95, 929-34-16
. -
e
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BbICTABKA
JKcno3muuma 3/H (64) man 2008 r. EXHIBITIONS 1 31

BrepoccHACKan
nondeperuMa no ACY TN
H BCTPAHEIEMBIM CHCTEMAM

-
Konxypc mypnana -CTA-
[ ]
CeMuMapsl

MEMOYHAPOOHAA
CNEUHANMH3HPOBAHHAA BbICTABKA

obopyAoOBaHHA H TexHonorHA
ANA NPOMBILACKHOR ABTOMATH3AUMH
a H BCTPAHBaeMbIX CHCTEM

& ’#gm/nm-znna

1 - 3 AT H ﬁl{lﬁmmm_

OKTADDA

oL LEl Y- Expolconilia
«JKCNOUEHTP- S | Tenedon: (405)234-2210
NABHNLOH 3 ! 4 e-makk nfo@pta-expon

hitip: vranw. pia-axpouru

Apecc-Korthepedigsa

(TP R TN
CUADH B ARHC KA A AL SR

Qe neagepsime:

Mpemipenta m Npanamesn peTed PecnyGneos TaTapeTis

MeHACTERETEA MPOM bIEAERHOCTHF TOproEAE PecnyBnem Tataperas
Polle HBAC T T AN OF M M NP PO RN peC ypoon Pec rylaman Tatapctan
Tollpisin 1 DpOy @ KA A

M COAEHC TRAN H yaCTHH OAD “TATHESTE ™

15-7 mexayHapoAHan BLICTABKAE
HEDTL & FTA3 &
% HEQPTEXUMUSA

10-12 cenTabpna Kazaus, 2008

o b= QAD “Kazanckan Aapmapra”

ﬁ Poccwa, 420059, KazaHe,
w OpenByprckvia Tpakr, 8 L
L ! Tv./d.: (B43) 570-51-14, 570-51-11 . e
Nrmarna e-mail: expokazan@rambler.ru HewTerny O NGERU




BbICTABKW
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Ta~ 0AD "Tromenckan spMapka”

CNEUMANHNINPOBAHHAA BBICTABKA

IIEIIJ'I'I: MTAS

TONAHBH 3HEPTETHYECHAK KOMIIERC 16-13
ceHTabps

2008

DAD "TiomeHckan apmapka”

51]13 Poccun, yn. Cepactononkckan, 12, BoicTaBouyHbIA 3an.
: 1 Tenedaxc: (3452) 48-55-56, 48-53-33, 41-55-T2

~ hittp:/lwww.expoT2.ru; E-mail: expo@tyumfair.ru

24-26 CEHTABPA

Xill MEMOYHAPOOHAR CNEUMANMMIWPFOBAHHAR BEICTABKA

3671/ 539-59-8, 59-68-1 E-mail: expo_expoiwsmail.ru
3462/ 52-00-40, 32-08-28 wanaLyugeont.ru



JKcno3muuma 3/H (64) man 2008 r.

BbICTABKU
EXHIBITIONS 1 3 ‘

HOCBHU.IEHHA.H I'AEHEIIHKALIHH PEFHUHDB POCCUK

o (T T B St i B LSS L T T LA

p J =3 (TR T
Canon «

| I-I | ~., B ey
TenaoonepreTHia oDBEKTOR NpOMBIILICHROCTH H AKX
Caaon «CTPOHTENLCTRO, IKCIVIYATAIMA HHAKECHEPHBIX CHCTEM H KOMMYHHKALH#H

- _ OdmumansHbiil CAAT BLICTABKMN: WWW.GAI*IHDUSTH‘( RU
OPFAHW3ATOPBI: AEPMKKE:

e T
_ S p—
TEHEPAIBHBIE HHOOPMALMOHHBIE | CNOHCOPDI

¢ L, ra300u a'T_Sam o

TEFREHATORAR
Jlouepanx komnanuwi OAQ <Taznpom» [a30

nREAELNEHEDE TS

HE®DPTb u FA3 2008

Xl MEXXOYHAPOOHASA BbICTABKA

OpraxxiaToph:
MHHHCTEPCTEO TONNHBAO W IHEPTaTHEN YEPOHHE

HAK «Hedreras YepawHen
AKKQ Mureprewsn

Mecra ApOEEq&HNE;

‘ "\__ - —— Yepawna, Knes, Bposapexon np-t, 15
—— -

MexoyHOpoaHsIH BHCTOBOYHBIH LEHTR
- ; T./¢.:+38 (044) 4546 38 04/08
\
lesEpansHsA o | Dipachanon AapTHep PPTOIRM o NP THpAL
nropouponrsi  [Tcayal [T
napeep: e 1 i

TEPMHHADN
----- e oK e EEE
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' HE®TDb A3
HAK OPOPMUTL NOANUCHY HA HHYPHAN

OPOPMNIEHHE NOOMNMCKH ANA SHIMYECKHL MdLU: MoOONHCEY B NOYTOEOMOTOENEHHK:
Zanonu T NpeQNara el ynoe npecca Paccud = NOSNMGCHoR wgerc 25557

Mpcxasacth onnary B moSom caenewi Sanrca NOOMNHCKY MOKHO TAKKE OSOPMHTE HA CARTE:
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b
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-
% o

whw runefi.r
MOOAMMCATEC A MOXHO MO AQPECAM: Pepasupostas NOGMECES NPORIBOANTON ©
HatSepaxpee Hormw, np. Mupa, 3 501, od. 181 AROGOND MECHLA TEKYIIETD Nanyroaua.
Kazars, yi Hapusanmosa 40, o 303 Eypians GOCTMINAEGTCA Mo novTe Ganaeponno.

FEAJAMHEN LEHL DEACTRYIOT Ha TeppuTopKd PE no 30,1208

NOANUCHOU RYNOH

LG

AOMEHOETE

HAZBAHVE M KOPHOHYECKHA CTATYC KOMMAHMK

OCHOBHOW BH QERTENBHOCTH

KOO MPONA, SAKC, TENESROH

HHHEII:E A[PEC
OTMETBETE HOMEPA MYFHANDS,
KOTOPLIE Bl XOTEMW Bkl NONYYKUTEH Cantie-mad
: | CTOMMOCTE NOANKCHM
I i g el ] {FM;IMMBIH MAI'IH?! | :%;;g
HOMED0E | MI0EAA MOANKCES
| Nel o2 e Ned ne5 e |
“Fﬂﬂ.lll'l.l; LI & T L A “Dl.']lrl-lT\l'l-l-r
Mg A2TE25, H ey, Y Tasspcran, 1895, 231 Appec:
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FHH DiES0 140050 FI;
FIE BES0HH] C201 P sec vl e
Pacusmmm cuet:  A0M0ZE10262030103049 Kap. Cuet:
Eop.cwer: I0N0TE N OEMCO00E0 3 Basiw:
Bauiid; O abasik Taragcrasis WSH10 1. Kalaen EelK-
EHE; O ASEDT
CYET Nt 6/H -HMor
llenniscea b wype-an o |peinoEsEHe pHT R0 HONo 1 pAs
T HansoHonauas Em. wam Kon-po Leka Cymma
TICAMACHS Har JO08 1. Fia Aeygian = | [penncemeiatn
! [T TR T T e lon i 1500.0 .
Firpige ] 1 SO0

Cymavan Mpsaris cna: 0 s Teldanis BeiiibonT pyiet 0 koness
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° KOMIAHUSI
- '.’Il: METAJI/IMHBECT

DEAEPANBHBIA NOCTABIW MK METANAONPOKATA

i 4 ‘ BCErQA B HANMU4YUMK:

BAIKA, CBAPHAS BANKA, LLUBENNEP,
YIONOK, APMATYPA, NIUCT, TPYBA,
PENbCbI, KPYT, NONOCA, KBALPAT

* UHOAMBUOYANBbHAA CKMWOOYHARA NOMUTHUKA
- PE3KA METAINA NO PASMEPAM
- QOCTABKA X/0 W ABTOTPAHCMOPTOM

r. Hwkuun Tarun, yn. MaseTtHan, a. 34
Ten.: (3435) 495-777
www.m-invest.ru

eHUamble, dgyxcynensameie;

oOHOCHyI np
swomop-pedyxmopbl c .HE,}H';I:;. t‘.:::l.-
paccmornuem oM 0 oo 160

433750, Poccun, ¥Yneanoackan obn., r. Bapeiw, yn. Muonepckan, 3, Tenkdharc: (B4253) 2-13-53, 2-13-54
e-mail: cao-reduktor@mall.ru  www.jsc-reduktor.ru




634012, Tomck, np.Kupoea, 58, ctp70 Ten.: +7 (3822) 52-22-22, 52-22-30
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